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FMI's Corporate Headquarters, Santa Clara, California.

About Fujitsu

Fujitsu Microelectronics, Inc. is a U.S. subsidiary of
Fujitsu Limited of Tokyo. A California Corporation, FMI's
IC Division is responsible for the marketing and sales of
all semiconductor products in North, Central and South
America.

Its parent company, Fujitsu Limited, was established in
1935 as an offshoot of Fuji Electric Co. Ltd’s Communi-
cations Division. Today, Fujitsu Limited is Japan’s
leading computer manufacturer and one of the world’s
largest suppliers of telecommunications systems and
semiconductors.

With 12 manufacturing sites and operations in nearly two
dozen countries, Fujitsu Limited employs more than
37,000 people and enjoys sales of more than $3.8 billion.

Major product lines include the FACOM computers, and
data processing equipment, personal computers, tele-
communications switching systems, microwave and
lightwave transmission systems, satellite equipment and
video, data and telemetering systems, electronic com-
ponents and semiconductors.

Fujitsu Microelectronics, Inc.

FMI was founded in 1979 as an offshoot of Fujitsu
America, the American sales and marketing arm for all
other Fujitsu disk drives, magnetic tape units, printers,
modems and telecommunications equipment. A separate
Component Sales Division (FAI/CSD) headquartered in
Chicago, markets the company’s bubble memories, relay
switches and hybrid ICs.

In 1981, Fujitsu Limited also founded Fujitsu Mikroelec-
tronik GmbH to market semiconductors in Europe and
Fujitsu Eire, a semiconductor manufacturing company in
Ireland. '

The first products FMI offered were dynamic RAMs, soon
followed by EPROMS, Static RAMs, ECL RAMs, PROMs,

ROMs, as well as special products like microprocessors,

transistors and floppy disc controllers.

In 1981 FMI entered the American custom logic market
with its first Gate Array. (Fujitsu Limited had been
making gate arays for the Japanese market since 1974.)

FMVI’s San Diego Test and Assembly Plant.

Fujitsu now offers a complete line of both CMOS and
Bipolar Gate Arrays, as well as standard cells and pure
custom circuits. FMI also has three regional Gate Array
design centers to bring the designing process closer to
customer.

Fujitsu’s first American test and assembly plant was
opened in 1982 in San Diego, California. That plant now
produces more than three and a half million RAMs and
EPROMs a month for U.S. customers. It also has
developed a customized MIL STD 883B process for FMI's
parts.

In that same year, FMI’s product line expanded again,
this time to include sophisticated microwave and op-
toelectronic components. And, by the end of the year a
third division was born, the Professional Microsystems
Division, to market Fujitsu’s new small business com-
puter, the Micro 16s.

Today, the tradition of selling only the highest quality
products is carried on by FMI in its new corporate head-

- quarters. The 90,000 square foot building on Scott

Boulevard in Santa Clara unites two of the three divi-
sions under one roof, and offers all divisions the room to
grow that they will need to continue to meet the needs of
the electronics revolution.

FMI offers its customers the highest quality and most
reliable parts on the market today, whether it is
memories, microprocessors, power transistors, or
custom circuits. In the MOS memory product line, FMI
offers dynamic RAMs, static RAMs, Static Column
RAMs, EPROMs, and ROMs. In Bipolar technology, FMI
has some of the world’s most advanced ECL RAMs and
PROMSs (contact your local sales office for our PROM
data book.)

Fujitsu’s line of microprocessors and microcomputers,
include a wide array of 4-bit, 8-bit and 16-bit NMOS and
CMOS products. To accompany its microprocessors,
Fujitsu also offers a full line of peripherals including an
ETHERNET chip set and floppy disc controllers.

In addition to these LSI products, FMI offers a broad line
of linear devices including numerous power and
switching transistors (contact your local sales office for
our Linear Data Book. )
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Fujitsu Microelectronics, Inc. makes no warranty for the use of its products described herein.

Circuit diagrams utilizing Fujitsu products are included as a means of illustrating typical semicon-
ductor applications; consequently, 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 semiconductor devices described herein any license under
the patent rights of Fujitsu Limited or others. Fujitsu Limited reserves the right to change device
specifications. :

No part of this document may be copied or reproduced in any form or by any means without the
prior written consent of Fujitsu Microelectronics, Inc.

Additional copies of this manual or other Fujitsu Microelectronics literature may be obtained by
contacting your local Fujitsu sales office.
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NMOS Dynamic RAMs

Quick Guide To Products in This Section o

Access Power
Organization Time Supply Power Package Page
{max) Volts Dissipation

MB8117-10 16K x 1 182/20 mwW 16-pin
MB8117-12 16K x 1 160/20 mW 16-pin

MB8118-10 100 nS +5 182/17 mwW 16-pin
MB8118-12 120 nS +5 160/17 mW 16-pin

150 nS +5 275/22 mW 16-pin
200 nS +5 248/22 mW 16-pin

MB8264A-10 64K x 1 275/22 mw 16-pin
MB8264A-12 64K x 1 248/22 mW 16-pin
MB8264A-15 64K x 1 220/22 mW 16-pin

MB8264A-12W 64K x 1 120 nS +5 305/33 mwW 16-pin
MBB8264A-15W 64K x 1 150 nS +5 275/33 mW 16-pin

MB8265-15 64K x 1 150 nS +5 275/28 mw 16-pin
MB8265-20 64K x 1 200 nS +5 248/28 mW 16-pin
MBB8265A-10 64K x 1 100 nS +5 275256 mwW 16-pin
MB8265A-12 64K x 1 120 nS +5 248/25 mW 16-pin
MBB8265A-15 64K x 1 150 nS +5 220/25 mW 16-pin
MBB8266A-10 64K x 1 100 nS +5 275/25 mW 16-pin
MB8266A-12 64K x 1 120 nS +5 248/256 mW 16-pin
MBB8266A-15 64K x 1 150 nS +5 220/25 mW 16-pin
MB8281-12 64K x 1 120 nS +5 523*/33 mw 16-pin
MB8281-15 64K x 1 150 nS +5 523*/33 mW 16-pin
MB81256-10 256K x 1 100 nS +5 385/256 mW 16-pin
MB81256-12 256K x 1 120 nS +5 358/256 mW 16-pin
MB81256-15 256K x 1 150 nS +5 314/26 mW 16-pin
MB81257-10 256K x 1 100 nS +5 385126 mW 16-pin
MB81257-12 256K x 1 120 nS +5 358/25 mwW 16-pin
MB81257-15 256K x 1 150 nS +5 314/25 mwW 16-pin
MB81416-10 16K x 4 100 nS +5 303/25 mW 18-pin
MB81416-12 16K x 4 120 nS +5 275/25 mW 18-pin
MB81416-15 16K x 4 150 nS +5 248/25 mW 18-pin
MB85101A-10 64K x 4 1110/88 mW 22-pin SIP 1133
MB85101A-12 64K x 4 990/88 mW 22-pin SIP 1133
MB85101A-15 64K x 4 880/88 mW 22-pin SIP 1-133
MB85103A-12 64K x 8 120 nS +5 1980/176 mW  22pin SIP 1136
MB85103A-15 64K x 8 150 nS +5 1760/176 mW  22-pin SIP 1-135
MB85108A-12 256K x 1 120 nS +5 341/99 mwW 22-pin SIP 1137
MB85108A-15 256K x 1 150 nS 5 303/99 mW 22-pin SIP 1137
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NMOS 16,384-BIT DYNAMIC
RANDOM ACCESS MEMORY

MB8117-10
MB8117-12

DESCRIPTION

The Fujitsu MB8117 is a fully
decoded, dynamic NMOS ran-
dom 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 periph-
eral storage and environments
where low power dissipation and
compact layout are required.

Multiplexed row and column ad-
dress inputs permit the MB8117
to be housed in a standard 16-pin
DIP. Pin outs conform to the
JEDEC approved pin out.

FEATURES
* 16,384 x 1 RAM, 16 pin
package
o Silicon-gate, Double Poly
NMOS single-transistor cell
e Address access time
100 ns max (MB8117-10)
120 ns max (MB8117-12)
e Cycle time,
235 ns min (MB8117-10)
270 ns min (MB8117-12)
* Low power:
182 mW max (MB8117-10)
160 mW max (MB8117-12)
19.5 mW max (Standby)
¢ +5V single power supply,
+10% tolerance
¢ On-chip substrate bias
generator
¢ All inputs TTL compatible,
low capacitive load

MB8117 T [
'BLOCK DIAGRAM .. el

The MB8117 is fabricated using
silicon-gate NMOS and Fujitsu’s
advanced Double-Layer Polysili-
con process. This process,
coupled with single-transistor
memory storage cells, permits
maximum circuit density and
minimal chip size. Dynamic cir-
cuitry is employed in the design,
including the sense amplifiers.
Clock timing requirements are
non-critical, and power supply
tolerance is very wide. All inputs
are TTL compatible; the output is
three-state TTL.

¢ Three-state TTL
compatible output

¢ Pin 1 auto refresh
capability

* Common /O 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
Address and Data-in

¢ Offers two variations of
hidden refresh

¢ Pin compatible with
MK4516 and MCM4516
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DIP-16P-MO1

PIN ASSIGNMENT
RFsH[ |1 -/ 16:]vss
D,N|j2 15| | CAS

WE[ |3 o 14 Joour

RAs[]a §§ 13[ ] A
Ao |5 EE‘: 12[ ] As
A6 - 1 JAq
A7 10 JAs
Vee[ |8 9 NnC.

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
high than maximum rated voltages to this
high impedance circuit.




ABSOLUTE MAXIMUM RATINGS (See Note)

MB8117-10/ MB8117-12

Rating Symbol Value Unit
Voltage on any pin relative to Vgg ViNs VouTt —-1to +7 \
Voltage on Vg pin relative to Vgg Vee —-1to +7 \
Cerdip —55 to +150 °
Storage Temperature Plastic Tstg 5510 £125 C
Power dissipation Pp 1.0 w
Short circuit output current — 50 mA

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. Functional operational 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.

RECOMMENDED OPERATING CONDITIONS

(Referenced to Vgg)

Operating
Parameter Symbol Min Typ Max Unit Temperature
V, . . . v
Supply Voltage VCC 405 500 505 v
: : S8 0°C to +70°C
Input High Voltage, all inputs VIH 2.4 — 6.5 Vv
Input Low Voltage, all inputs ViL -1.0 — 0.8 Vv
CAPACITANCE (T, = 25°C)
Parameter Symbol Typ Max Unit
Input Capacitance Ag ~ Ag, DN CiN1 — 5 pF
Input Capacitance RAS, CAS, WE, RFSH CiN2 — 8 pF
Output Capacitance Doyt Cout — 7 pF
STATIC CHARACTERISTICS
(Recommended Operating Conditions unless otherwise noted.)
MB8117-10 MB8117-12
Parameter NOTES Symbol Min Max Min Max Unit
OPERATING CURRENT Average Power
Supply Current (RAS, CAS cycling; tgg = Min) lccq — 33 — 29 mA
STANDBY CURRENT Power
Supply Current (RAS = CAS = V|, lcca - 35 - 35 mA
Doyt = High Impedance)
REFRESH CURRENT 1 Average Power
Supply Current (RAS cycling, Icca —_ 25 — 22 mA
CAS = Viy; tre = Min)
PAGE MODE CURRENT Average Power
%l%)ly Current! (RAS = V|, Icca - 25 — 22 mA
AS cycling, tpc = Min)
REFRESH CURRENT 2 Average Power Supply
Current (RFSH cycling, RAS = CAS = V|; trc = Min) lccs — 28 — 25 mA
INPUT LEAKAGE CURRENT
Current, any input (OV=< V|y=< 5.5V) L -10 10 -10 10 pA
Input pins not under test = 0V,
4.5V< Vo< 5.5V, Vgg = 0V
OUTPUT LEAKAGE CURRENT (Data
out is disabled, OV < Vgyt <5.5V loL -10 10 -10 10 A
OUTPUT LEVEL Output Low Voltage
(loL = 4.2 mA) VoL — 0.4 — 0.4 \%
OUTPUT LEVEL Output High Voltage
(lon = =5 mA) VoH 24 — 24 — \

Notes: EI Icc is dependent on output loading. Specified values are obtained with the output open.




MB8117-10/ MB8117-12

DYNAMIC CHARACTERISTICS[NGTES 1,2, 3]

(Recommended operating conditions unless otherwise noted.)

MB 8117-10 MB 8117-12 .
Parameter Symbol Unit
Min Max Min Max

Time Between Refresh tREF - 2 - 2 ms
Random Read/Write Cycle Time tre 235 - 270 - ns
Read-Write Cycle Time trwe 285 - 320 - ns
Page Mode Cycle Time tpc 125 — 145 - ns
Access Time from RAS @8 | trac — 100 — 120 ns
Access Time from CAS BEl | tcac - 55 — 65 ns
Output Buffer Turn Off Delay torF 0 45 0 50 ns
Transition Time tr 3 50 3 50 ns
RAS Precharge Time trp 110 - 120 — ns
RAS Pulse Width tras 115 10000 | 140 10000 | ns
RAS Hold Time trsh 70 - 85 -- ns
CAS Prechange Time (all cycles except page mode)| tcpn 50 - 55 - ns
CAS Precharge Time (Page mode only) tcp 60 — 70 - ns
CAS Pulse Width tcas 55 10000 | 65 10000 | ns
CAS Hold Time tesH 100 - 120 - ns
RAS to CAS Delay Time 7@ trcp 25 45 25 55 ns
CAS to RAS Precharge Time tere 0 - 0 - ns
Row Address Set Up Time tasR 0 — 0 — ns
Row Address Hold Time tRAH 15 — 15 - ns
Column Address Set Up Time tasc 0 — 0 — ns
Column Address Hold Time tcAH 15 - 15 - ns
Column Address Hold Time Referenced to RAS taAR 60 — 70 — ns
Read Command Set Up Time tRecs 0 — 0 - ns
Read Command Hold Time tRCH 0 — 0 - ns
Write Command Set Up Time &) twes 0 - 0 - ns
Write Command Hold Time twcH 30 —_ 35 — ns
Write Command Hold Time Referenced to RAS twer 75 —_ 90 - ns
Write Command Pulse Width twe 30 — 35 - ns
Write Command to RAS Lead Time tRwL 60 - 65 - ns
Write Command to CAS Lead Time toewL 45 — 50 — ns
Data In Set Up Time tps 0 — 0 - ns
Data In Hold Time ton 30 — 35 - ns
Data In Hold Time Referenced to RAS tonr 75 — 90 -_ ns
CAS to WE Delay @ | tewp 55 - 65 — ns
RAS to WE Delay @ | trwo 100 — 120 — ns
Read Command Hold Time Referenced to RAS tRRH 20 -— 25 —_ ns
RFSH Set Up Time Referenced to RAS tEsR 110 - 120 — ns
RAS to RFSH Delay thFD 110 — 120 — ns
RFSH Cycle Time tec 235 - 270 - ns
RFSH Pulse Width tep 100 - 120 - ns
RFSH Hold Time Referenced to RAS tenR 0 — 0 — ns
RFSH Precharge Time te) 110 — 120 — ns
RFSH to RAS Delay trRD 55 - 65 - ns




Notes:

0l

[l []

An initial pause of 200us is required. Then several cycles
are required after power up before proper device opera-
tion is achieved. Any 8 cycles which perform refresh are
adequate for this purpose.

If internal refresh counter is to be effective, a minimum
of 64 active RFSH initialization cycles is required. The
internal refresh counter must be activated a minimum of
128 times every 2 ms if the RFSH refresh function is us-
ed.

Besides RFSH must be held high even if the RFSH
refresh function is not used.

Dynamic measurements assume ty = 5ns.

Vi4(min) and V) (max) are reference levels for measur-
ing timing of input signals. Also, transition times are
measured between Vi and V).

Assumes that tgop < trgp(max). If tpep is greater than
the maximum recommended value shown in this table,
trac Will increase by the amount that tgcp exceeds the
value shown.

B

i

MB8117-10/ MB8117-12

Assumes that tgcp > trgp(max).

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

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

trac(min) = trap(min) + 2t + tagc(min).

twes: tcwp and tgwp are not restrictive operating
parameters. They are included in the data sheet as elec-
trical characteristics only. If tycs > twcs(min), the cy-
cle is an early write cycle and the data out pin will re-
main open circuit (high impedance) throughout entire
cycle. If towp > tocwp(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.

Test mode write cycle only.

READ CYCLE
Vip— Y
RFS ViL- __/
tRC
t
FSR tRAS
N \ AR
RAS v:: N / \.__.
- K b,
tcsH tRP
tReo tRSH ' [=—tCRP—=
| tcas
— Vik- \
CAS
ViL- \ / ’/
F——tcpr\.
tasr | {tRAH tasc tCAH ‘
COLUMN )
ADDRESSES ADDRESS
— {RCH [——
WE
tcac
tRAC
\VJ —
Dout VOH OPEN
oL~

Don’t Care
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RAS

CAS

ADDRESSES v

Din

Dout

ADDRESSES

DouTt

Din

WRITE CYCLE (EARLY WRITE)
Vin— i
Vies tESR tre
tRAS
ViH— 5\ tAR
V||__— 7 X
tesH _— - tRPp——a—
tRCD ’CA: |=—tCRP—=|

tasc

Vin—
ViL—
tASR | [tRAH
IH™
ViL
Vin—
ViL—

VoL~

READ-WRITE/READ-MODIFY-WRITE CYCLE

Don’t Care

tRWC

tAR

tRAS

tRPp—e—

tRSH
tcas

ViH—
ViL—

tA

tcre

\\

ViH
ViL—

COLUMN 3

ADDRESS

TRWD!
[

tcwp

Vin—
ViL—

Von—

t

CAC

VoL~ 1

oPEN—L]

Vin—
Vi

tRAC

tps
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RAS-ONLY REFRESH CYCLE
Note: RFSH = V|, CAS = V|, WE = Don’t Care

I 'Rc
= tRAS
_ Vi~ {
RAS \
Vi
tRAH—] I tRp
tAsR
v ROW
ADDRESSES ADDRESS
Vou— N
DouT VoL- OPEN
Don’t Care
PAGE-MODE READ CYCLE
\2 —
RFSH vl.:‘—

tRAS

tFsR
_ —-—tAH—i
— v
RAS H §

CAS

\
ADDRESSES

Dout

Don’t Care
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PAGE-MODE WRITE CYCLE

— Vin—

tRAS

VALID
DATA

Don’t Care

HIDDEN RAS-ONLY REFRESH CYCLE

R Vig—
RFSH
VIH“_/]‘

I

PSR tRAS [~—tRp
J— V- R —\
RAS Vi- Z \ /

=—tRCD—
|
CAS Vin- N\ /
Vi tRAH
taAsR tcaH tASR l-_—c-tHAH
— 0 S — ] o

ADDRESSES .ADD. ROW ADD.

tRAC tOF F—wi

Von-
VoL~

DouT VALID DATA

AL
/

Don‘t Care
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RFSH REFRESH CYCLE

RAS
RFSH
ADDRESSES
HIDDEN RFSH REFRESH CYCLE
AAS e /
Aco tCRP—=
—_ ViH—
CAS Vi // \
|___."RFD tep 1F) 1FSR
e T ]

{CAC '
‘/LKHAC_.. TOFF e

Ve -
Dout Vg:_—————-{ VALID DATA

RFSH COUNTER TEST WRITE CYCLE

l—vlFHR
| tR
RAS Vin—- £ R AS
Vi

X
B
%)
I
==
I
[
o
by
O‘

RAS
tRrp
tRCD tcas

J— Vin— h
CAS Vi— \L ’/

1 C A H ——]

taAsC—e] —

COLUMN h
ADDRESSES ADDRESS
WE
Din VALID DATA

| Don't Care
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DESCRIPTION

Address Inputs

A total of fourteen binary input ad-
dress bits are required to decode any
1 of 16,384 storage cell locations
within the MB8117. Seven row-ad-
dress bits are established on the in-
put pins (Ag 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 input addresses
must be stable on or before the fall-
ing edge of RAS. CAS is internally in-
hibited (or “gated”) by RAS to permit
triggering of CAS as soon as the Row
Address Hold Time (tgan) specifica-
tion has been satisfied and the ad-
dress inputs have been changed
from row-addresses to column-ad-
dresses.

Write Enable

The read mode or write mode is
selected with the WE input. A logic
“high” on WE dictates read mode;
logic “low” dictates write mode.
Data input is disabled when read
mode is selected. WE can be driven
by standard TTL circuits without a
pull-up resistor.

Data Input

Data written into the MB8117 during
a write or read-write cycle. The last
falling-edge of WE or CAS is a strobe
for the Data In (DyN) register. In a
write cycle, if WE is _brought low
(write mode) before CAS, D|N 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 DN 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
standard TTL loads. Data-out is the
same 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
trcp (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 strob-
ing the row-address into the MB8117
while maintaining RAS at a logic
“low” throughout all successive
memory operations in which the row-
address doesn’t change. Thus the
power dissipated by the negative go-
ing edge of RAS is saved. Further, ac-
cess and cycle times are decreased
because the time normally required
to strobe a new row-address is elimi-
nated.

RAS-Only Refresh

Refresh of the dynamic memory cell
is accomplished by performing a
memory cycle at each of the 128 row-
addresses at least every two mil-
liseconds. RAS-only refresh avoids
any output during refresh because
the output buffer is in the high im-
pedance 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. Fur-
ther RAS-only refresh results in a
substantial reduction in power dissi-
pation.

RFSH Refresh

RFSH type refreshing available on
the MB8117 offers an alternate
refresh method. When RFSH (Pin 1)
is brought low and RAS is inactive,
on-chip refresh control clock
generators and a refresh address
counter are enabled and an internal
refresh operation takes place. When
RFSH is brought high (inactive) the
internal refresh address counter is
automatically incremented in prepa-
ration for the next RFSH cycle. Only
RFSH activated cycles affect the in-
ternal refresh address counter. The
use of RFSH type refreshing elimi-
nates the need of providing addi-
tional external devices to generate
refresh addresses.

Hidden Refresh

Hidden Refresh Cycle may take
place while maintaining latest valid
data at the output by extending CAS
active time from the previous
memory read cycle.

The MB8117 offers two types of Hid-
den Refresh. They are referred to as
Hidden RAS-Only Refresh and Hid-
den RFSH Refresh.

1) Hidden RAS-Only Refresh
Hidden RAS-Only Refresh is perform-

ed by holding CAS at VL and taking
RAS high and after a specified
precharge period (trp), executing
“RAS- -Only” refresh, but with CAS
held low. RFSH has to be held at V).
2) Hidden RFSH Refresh

Hidden RFSH Refresh is performed
by holding CAS at V|_ and taking
RAS high and after a specified pre-
charge period (tgrpp), executing
RFSH refresh, but with CAS held low.
A specified precharge period (tcpn)
is required before normal memory
Read, Write or Read-Modify-Write cy-
cle after performing either type of
Hidden Refresh.

RFSH (PIN 1) TEST CYCLE

A special timing sequence using the
PIN 1 counter test cycle provides a
convenient method of verifying the
functionality of the RFSH activated
circuitry.

When RFSH is activated prior to and
remains valid through a normal write
cycle, the Dyy is written ‘into the
memory location defined by the cur-
rent contents of the on-chip refresh
counter and the column address pre-
sent at the external address pins dur-
ing the high-to-low transition of CAS.
(See PIN 1 counter test write timing
diagram.)

The following test procedure may be
used to verify the functionality of the
internal refresh counter. There are a
multitude of patterns and sequences
which may also be used to verify the
RFSH feature. This test should be
performed after it has been confirm-
ed that the device can uniquely ad-
dress all 16,384 storage locations.

SUGGESTED RFSH COUNTER TEST

PROCEDURE

1. Initialize the on-chip refresh
counter. 64 cycles are adequate
for this purpose.

2. Write a test pattern of zeroes into
the memory at a single column ad-
dress and all row addresses by us-
ing 128 RFSH (pin 1) refresh
counter test write cycles.

3. Verify the data written into the
RAM by using the column address
used in step 2 and sequence
through all row address combina-
tions by using conventional read
cycles.

4. Compliment the test pattern and
repeat steps 2 and 3.
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CURRENT WAVEFORMS (Ve = 5.0V, Ta = 25°C)
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FUJITSU

MICROELECTRONICS, INC.

NMOS 16,384-BIT DYNAMIC
RANDOM ACCESS MEMORY

MB8118-10
MB8118-12

DESCRIPTION

The Fujitsu MB8118 is a fully de-
coded dynamic NMOS random ac-
cess memory organized as 16,384
one-bit words. The design is op-
timized for high-speed, high per-
formance applications such as
mainframe memory, buffer memory
peripheral storage and environ-
ments where low power dissipation
and compact layout are required.

Multiplexed row and column ad-
dress inputs permit the MB8118 to
be housed in a standard 16-pin DIP.
Pin outs conform to the JEDEC ap-
proved pin out.

FEATURES
® 16,384 < 1RAM, 16 pin package
o Silicon-gate, Double Poly
NMOS, single transistor cell
o Address access time:
100 ns max (MB8118-10)
120 ns max (MB8118-12)
e Cycle time:
235 ns min (MB8118-10)
270 ns min (MB8118-12)
® Low power:
182mW max (MB8118-10)
160mW max (MB8118-12)
16.5mW max (Standby)
e +5Vsingle power supply, +10%
tolerance
e On chip substrate bias
generator

MB 8 1 1 8 RAS ——E@]—— WRITE _
Gy [

BLOCK DIAGRAM

ol
a

The MB8118 is fabricated using
silicon-gate NMOS and Fuijitsu’s ad-
vanced Double-Layer Polysilicon
process. This process, coupled with
single-transistor memory storage
cells, permits maximum circuit den-
sity and minimal chip size. Dynamic
circuitry is employed in the design,
including the sense amplifiers.

Clock timing requirements are non-
critical, and power supply tolerance
is very wide. All inputs are TTL
compatible; the output is three-
state TTL.

o All inputs TTL compatible, low
capacitive load .

® Three-state TTL compatible
output

o Hidden refresh capability

e Common /O capability using
“Early Write”” operation

e Output unlatched at cycle end
allows extended page bound-
ary and two-dimensional chip
select -

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

@ On-chip latches for Addresses
and Data-in

@ Pin compatible with Intel 2118
and MCM4517

J,_

7 BIT
LATCH (coL.)

1]

>
&
7 BIT
LATCH (ROW)

CLOCK GEN. T
NO. 2
— COLUMN =1 DATA
L DECODER N —om
BUFFER
SENSE AMPS -
1/0 GATING __1
L DATA
O [—Pout
g BUFFER
16384 BIT

STORAGE CELL

ROW DECODER

—-—Vee

- Vss

CERDIP PACKAGE
DIP-16C-C03

A o
Ui N
el
Wiy

il
@ o 1h
\\\\\/Vﬂ, }
na

il
PLASTIC PACKAGE

DIP-16P-MO01
PIN ASSIGNMENT

Ne. [ N~ 16 ] Vss
Dy ]2 15[ ] CAS
WE[]3 147 Doyr
RAS[]4 §§ 13 A

sns 52 e[

Ads = 1[ga,

A7 107 A
Vee []8 9[™IN.C.

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



ABSOLUTE MAXIMUM RATINGS (See NOTE)

MB8118-10/MB8118-12

Rating Symbol Value Unit
Voltage on any pin relative to Vgg VN, VouT -1to +7 Vv
Voltage on V¢ pin relative to Vgg Vee -1to +7 \
Storage temperature L - TstG —5210 150 °C
Power dissipation Pp 1.0 \\
Short circuit output current — 50 mA

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. Functional operation should be restricted to the conditions as detailed in the operational

sections of this data sheet. Exposure to absolute maximum rating conditions for extended periods may affect device reliability.

RECOMMENDED OPERATING CONDITIONS
(Referenced to Vgg)

Value
Symbol Min Typ Max Unit
Voo 45 5.0 55 %
Vss 0 0 0
VIH 2.4 6.5
ViL -1.0 0.8

Operating

Parameter Temperature

Supply Voltage

- - 0°Cto +70°C
Input High Voltage, all inputs

< <<

Input Low Voltage, all inputs

CAPACITANCE (Tp = 25°C)

Value
Typ

Parameter
Input Capacitance Ag ~ Ag, D|N
Input Capacitance RAS, CAS, WE
Output Capacitance Doyt

STATIC CHARACTERISTICS

(Recommended operating conditions unless otherwise noted.)

Symbol
Cint
Cinz
Cout

Unit
pF
pF
pF

Max

MB8118-10
Min

MB8118-12
Min

Parameter Notes Max Max | Unit
OPERATING CURRENT
Average Power Supply Current (RAS, CAS cycling; trc = Min)

STANDBY CURRENT

Average Power Supply Current (RAS = CAS = V4, Doyt =

High Impedance)

REFRESH CURRENT ]
Average Power Supply Current (RAS cycling, CAS = V|; trc = Min)
PAGE MODE CURRENT [
Average Power Supply Current (RAS = V., CAS cycling, tpc = Min)
INPUT LEAKAGE CURRENT

Input Leakage Current, any input (OV < V|y < 5.5)

Input pins not under test = 0V, 4.5V < Vg < 5.5V, Vgg = 0V

OUTPUT LEAKAGE CURRENT

(Data out is disabled, OV < VoyT < 5.5V)

OUTPUT LEVEL

Output Low Voltage (lop. = 4.2 mA)

OUTPUT LEVEL

Output High Voltage (loq = —5 mA)

Symbol

33 29 mA

lcct

3.0 3.0 mA

Icc2

25 22 mA

lccs

lcca 25 22 mA

10 10 HA

loL 10 nA

0.4 0.4 \

VoL

VoH
Note: [ Icc is dependent on output loading. Specified values are obtained with the output open.
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MB8118-10/MB8118-12
DYNAMIC CHARACTERISTICS NOTES 12,3

(Recommended operating conditions unless otherwise noted.)

MB8118-10 MB8118-12
Parameter Notes | Symbol Min Typ Max Min Typ Max Unit
Time Between Refresh tREF — —_ 2 — — 2 ms
Random Read/Write Cycle Time tRC 235 — — 270 — — ns
Read-Write Cycle Time tRwWC 285 — — 320 — — ns
Page Mode Cycle Time tpc 125 —_ —_ 145 — — ns
Access Time from RAS @6 | trac — — 100 — — 120 ns
Access Time from CAS BE | tcac — — 55 — — 65 ns
Output Buffer Turn Off Delay toFF 0 —_ 45 0 — 50 ns
Transition Time tr 3 — 50 3 — 50 ns
RAS Precharge Time tRp 110 — — 120 — — ns
RAS Pulse Width tRAS 115 — 10000 | 140 — 10000 ns
RAS Hold Time tRsH 70 — — 85 — — ns
CAS Prechange Time (all cycles except page mode) tcPN 50 — — 55 — — ns
CAS Precharge Time (Page mode only) tcp 60 — — 70 — — ns
CAS Pulse Width tcas 55 — 10000 65 — 10000 ns
CAS Hold Time tcsH 100 — — 120 — — ns
RAS to CAS Delay Time tRCD 25 — 45 25 — 55 ns
CAS to RAS Precharge Time toRrpP 0 — — 0 — — ns
Row Address Set Up Time tASR 0 — — 0 — — ns
Row Address Hold Time tRAH 15 — — 15 — — ns
Column Address Set Up Time tasc 0 —_ — 0 — - ns
Column Address Hold Time tcAH 15 — — 15 — — ns
Column Address Hold Time Referenced to RAS tAR 60 — — 70 — — ns
Read Command Set Up Time tRcs 0 — — 0 — — ns
Read Command Hold Time tRCH 0 —_ —_ 0 - — ns
Write Command Set Up Time B | *wcs 0 — — 0 — — ns
Write Command Hold Time twcH 30 — — 35 — — ns
Write Command Hold Time Referenced to RAS twcr 75 — —_ 90 — — ns
Write Command Pulse Width twp 30 — — 35 — — ns
Write Command to RAS Lead Time tRWL 60 — — 65 — — ns
Write Command to CAS Lead Time towL 45 — — 50 — — ns
Data In Set Up Time tps 0 — — 0 —_ — ns
Data In Hold Time tpH 30 — — 35 — — ns
Data In Hold Time Referenced to RAS tDHR 75 — — 90 — — ns
CAS to WE Delay B | tcwbp 55 — — 65 — — ns
RAS to WE Delay ® | trwD 100 — — 120 — — ns
Read Command Hold Time Referenced to RAS tRRH 20 — — 25 — —_ ns

Notes:

i An initial pause of 200us is required. Then several cycles are
required after power up before proper device operation is
achieved. Any 8 cycles which perform refresh are adequate for this
purpose.

Dynamic measurements assume tt=>5ns.

B V) (min) and V| (max) are reference levels for measuring timing
of input signals. Also, transition times are measured between V4
and V.

@ Assumes that trcp<tpcp (max). If trep is greater than the maxi-
mum recommended value shown in this table, trac will increase by
the amount that tgcp exceeds the value shown.

8 Assumes that trcp>trcp (max).

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

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

trep(min) =tgaH(min)+2t1(ty=5ns)+tasc(min).

B twes, tcwb and tgwp are not restrictive operating parameters.
They are included in the data sheet as electrical characteristics
only. If twcs>twcs (min), the cycle is an early write cycle and the
data out pin will remain open circuit (high impedance) throughout
entire cycle. iftcwp>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.
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READ CYCLE
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READ-WRITE/READ-MODIFY-WRITE CYCLE

tRwWC
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RAS Vi- ) | 7/ N
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PAGE-MODE READ CYCLE
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HIDDEN RAS-ONLY REFRESH CYCLE

—
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DESCRIPTION
Address Inputs

A total of fourteen binary input address bits
are required to decode any one of 16,384
storage cell locations within the MB8118.
Seven row-address bits are established on
the input pins (Ag through Ag) and latched
with the Row Address Strobe (RAS). Seven
column-address bits are established on the
input pins and latched with the Column Ad-
dress Strobe (CAS). All input 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) specifica-
tion 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” on WE dictates
read mode; logic “low” dictates write mode.
Data input is disabled 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 MB8118 during a write
or read-write cycle. The last falling edge of

FIG. 1 HIDDEN REFRESH

DouT

WE or CAS is a strobe for the Data In (DN)
register. In a write cycle, if WE is brought low
{(write mode) before CAS, D\ is strobed by
CAS, and the set-up and hold times are refer-
enced to CAS. In a read-write cycle, WE will
be delayed until CAS has made its negative
transition. Thus D)y is strobed by WE, and
set-up and hold times are referenced to WE.

Data Output

The output buffer is three-state TTL compati-
ble with a fan-out of two standard TTL loads.
Data-out is the same 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 trac from tran-
sition of RAS when trcp (max) is satisfied, or
after tcac from transition of CAS when the
transition occurs after trcp (max). Data re-
mains 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 latching the
row-address into the MB8118 and maintain-
ing RAS at a logic “low” throughout all suc-
cessive memory operations in which the

READ CYCLE

row-address doesn’t change. This saves the
power required by a RAS cycle. Access and
cycle times are decreased because the time
normally required to strobe a new row-
address is eliminated.

RAS-Only Refresh

Refresh of the dynamic memory is accom-
plished by performing a memory cycle at
each of the 128 row-addresses at least every
two milliseconds. RAS-only refresh prevents
any output during refresh because the output
buffer is in the high impedance state since
CAS is at Vjy. Strobing each of the 128
row-addresses with RAS will cause all bits in
the memory to be refreshed. RAS-only re-
fresh results in a substantial reduction in
power dissipation.

Hidden Refresh

RAS-ONLY REFRESH CYCLE may take
place while maintaining valid output data.
This feature is referred to as Hidden Refresh.

Hidden Refresh is performed by holding CAS
at Vj._ from a previous memory read cycle.
(See Figure 1 below)

AS ONLY REFRESH CYCLE

OPEN—-——(

VALID DATA
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Icct, OPERATING CURRENT (mA)

MB8118-10/MB8118-12

FIG. 2— CURRENT WAVEFORMS (V¢ = 5.0V, T = 25°C)
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TYPICAL CHARACTERISTICS CURVES (continued)
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FUJITSU

MICROELECTRONICS, INC.

NMOS 65,536-BIT DYNAMIC
RANDOM ACCESS MEMORY

MB8264-15
MB8264-20

DESCRIPTION

The Fujitsu MB8264 is a fully de-
coded, dynamic NMOS random ac-
cess memory organized as 65536
one-bit words. The design is optimiz-
ed for high-speed, high performance
applications such as mainframe
memory, buffer memory, peripheral
storage and environments where low
power dissipation and compact lay-
out are required.

Multiplexed row and column address
inputs permit the MB8264 to be hous-

The MB8264 is fabricated using sili-
con-gate NMOS and Fujitsu’s ad-
vanced Double-Layer Polysilicon pro-
cess. This process, coupled with
single-transistor memory storage
cells, permits maximum circuit den-
sity and minimal chip size. Dynamic
circuitry is employed in the design,
including the sense amplifiers.

Clock timing requirements are non-
critical, and power supply tolerance
is £10%. All inputs/outputs are TTL

CERAMIC PACKAGE

ed in a standard 16-pin DIP. Pin-outs compatible. CERDIP
conform to the JEDEC approved pin
out. pprovece DIP-16C-C04

FEATURES
© 65,536 x 1 RAM, 16-pin o Three-state TTL compatible output
package * “Gated” CAS

« Silicon-gate, Double Poly
NMOS, single transistor cell
* Row access time:
150ns Max (MB8264-15)

» 128 refresh cycles

o Common /O capability using
“Early Write” operation

* Output unlatched at cycle
R cy;?:;:ax (MB8264.20) end allows extended page
o boundary and two-
g;gns I\Mn;" (mggm;g) dimensional chip select PLAS |1|-=!C1 6‘;’Al\cli OK 3A GE
ns Min ( ) « Read-Modify-Write, RAS-
* Low power: only refresh, and

22 mW Max Standby Page-Mode capabili
275 mW Max Active (MBB26415) 20 Hlods Sapemiily PIN ASSIGNMENTS
248 mW Max Active (MB8264-20) n-chip laiches for U
Addresses and Data-in NC. (1 16 ] Vs
* +10% tolerance on +5V Supply . .
¢ Hidden Refresh Capability CAS
» On-chip substrate bias generator « Pin compatible with HM4864, o []2 15[]C
3 :\II inputs ;l".I'L tI:on‘I’pathle, MK4164, TMS4164, MCM6665, WE[]3 14| ] bour
ow capacitive loa - =
P 1+ PD4164 and IMS2600 RAS |: 4 g E 13 :1 Ag
MB8264 BLOCK DIAGRAM A5 X 12[]As
ARS — | cLocKGen. WRITE| o= A8 1] A
a7 10[ ] A5
_ i ; o | cLock Gen. vec[ 8 9 JAr
CAS —¢ o NO. 2
| DN NC. Vss CAS
1 18 17
D
1] :> Ig’%g;‘g‘ < " - 5
A — 20
i S0 GaTING. [ 2:
2 — 2 =0
Az— WU coee my
] & ¥y ] oo 2%
As—f <@ ROW o> gg (5)::5\ 22 »|BUFFER|
As— DECODER | o v
A S e —w A1 Vec A7 As
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MB8264-15/MB8264-20

ABSOLUTE MAXIMUM RATINGS (See NOTE)

Rating Symbol Value Unit
Voltage on any pin relative to Vgg ViNs VouT -1to +7.0 \
Voltage on Vg supply relative to Vgg Vee -1to +7.0 \
Cerdip —-55to +150
Storage Temperature °
ge femperatu Plastic Tstg —55to +125 c
Power Dissipation Pp 1.0 W
Short Circuit Output Current los 50 mA

NOTE:

(Referenced to Vgg)

Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are

p should be restricted to the conditions as detailed in the
operational sections of this data sheet. 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.

RECOMMENDED OPERATING CONDITIONS

Value
Parameter Symbol Min Typ Max Unit Temperature
Vee 45 5.0 5.5 "
Supply Voltage
Vss 0 0 0 \
0°C to +70°C
Input High Voltage, all inputs VIH 24 — 6.5 Vv
Input Low Voltage, all inputs ViL -1.0 — 0.8 \
CAPACITANCE (15 = 25°C)
Value
Parameter Symbol Min Typ Max Unit
Input Capacitance Ag ~ Az, D|N CiNt — — 5 pF
Input Capacitance RAS, CAS, WE CiN2 — — 8 pF
Output Capacitance Doyt Cout — — 7 pF
STATIC CHARACTERISTICS
(Recommended operating conditions unless otherwise noted.)
Parameter Symbol | Min | Max | Units
OPERATING CURRENT* MB8264-20 | 45 mA
Average power supply current (RAS, CAS cycling; tgc = min) MB8264-15 ce1 — 50 mA
STANDBY CURRENT
Power supply current (RAS = CAS = Vi) Icca — 4 mA
REFRESH CURRENT* MB8264-20 | 36 mA
Average power supply current (RAS cycling, CAS = V|u; trc = min){ MB8264-15 CC3 — 42 mA
PAGE MODE CURRENT *
Average power supply current (RAS = V., CAS cycling, tpc = min) lcca — 34 mA
INPUT LEAKAGE CURRENT
Input leakage current, any input (OV < V|y < 5.5V) TR -10 10 A
Input pins not under test = 0V, Vgg = 5.5V, Vgg = 0V
OUTPUT LEAKAGE CURRENT
(Data out is disabled, 0V < Voyt =< 5.5V) loL -10 10 A
OUTPUT LEVEL
Output low voltage (IoL. = 4.2mA) VoL — 0.4 \)
OUTPUT LEVEL
Output high voltage (lo = —5mA) VoH 24 — v

Note*: Icc is dependent on output loading and cycle rates. Specified values are obtained with the output open.
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MB8264-15/MB8264-20
DYNAMIC CHARACTERISTICS Notes [1,2,3]

(Recommended operating conditions unless otherwise noted.)

MB8264-20 MB8264-15

Parameter Notes | Symbol | Min | Typ | Max | Min | Typ | Max | Unit
Time between Refresh tREF - | — 2 - | - 2 ms
Random Read/Write Cycle Time trc 33 | — — 270 | — —_ ns
Read-Write Cycle Time trRwec | 375 | — — 300 | — — ns
Page Mode Cycle Time tpc 225 | — — 170 | — — ns
Access Time from RAS [4] [6] teac | — | — |20 | — | — | 150 | ns
Access Time from CAS (5] (6] tcac | — | — [ 138 — | — | 100 | ns
Output Buffer Turn Off Delay torFr 0 — 50 0 — 40 ns
Transition Time tr 3 —_ 50 3 — 35 ns
RAS Precharge Time trp 120 | — — | 100 | — — ns
RAS Pulse Width tRas | 200 | — [10000| 150 | — |10000| ns
RAS Hold Time tRsH | 135 | — — | 100 | — — ns
CAS Precharge Time (Page Mode Only) tcp 80 — — 60 — — ns
CAS Precharge Time (All Cycles Except Page Mode) tcpN 30 — — 25 — — ns
CAS Pulse Width tcas 135 | — [10000| 100 | — [10000| ns
CAS Hold Time tcsy | 200 | — — | 150 | — — ns
RAS to CAS Delay Time tRcp | 30 | — | 65 25 | — | 50 ns
CAS to RAS Precharge Time torp 0 — — 0 — — ns
Row Address Set Up Time tasr 0 — — 0 — — ns
Row Address Hold Time tRAH 20 — — 15 — — ns
Column Address Set Up Time tasc 0 — — 0 — — 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 0 — — 0 — — ns
Write Command Set Up Time [9] twes | -10 | — — | -10 | — —_— ns
Write Command Hold Time twcH 55 — - 45 — — ns
Write Command Hold Time Reference to RAS twer 120 | — — 95 — — ns
Write Command Pulse Width twp 55 | — — 45 | — — ns
Write Command to RAS Lead Time tRwWL 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 tDH 55 - — 45 — — ns
Data In Hold Time Referenced to RAS tDHR 120 | — - 95 — - ns
CAS toWE Delay E] tewp | 95 | — | — 70| — | — ns
RAS to WE Delay 9 tRwp | 160 | — — | 120 | — — ns
Read Command Hold Time Referenced to RAS tRRH 25 | — — 20 | — — ns
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Notes:

1.

An initial pause of 200us is required after power-up
followed by any 8 RAS cycles before proper device
operation is achieved.

- trep(min) =

reference point only; if tgcp is greater than the
specified trcp(max) limit, then access time is con-
trolled exclusively by tcac.
tRaH(MIn) + 2tr(ty =
tasc(min).

5ns) +

1-26

2. Dynamic measurements assume tt = 5ns.

3. Viq(min) and V) (max) are reference levels for . twes, tocwp and tgrwp are not restrictive operating
measuring timing of input signals. Also, transition parameters. They are included in the data sheet as
times are measured between V|4 (min) and V|;_(max). electrical characteristics only. If twcs = twgs(min),

4. Assumes that tgcp = trcp(max). If trcp is greater th"e| (r:yge_:‘soan ﬁi‘i‘%‘"’i:'tsicmﬁ a::a:whcee;j 3:2)0“:‘2'2
than the maximum recommended value shown in this ‘tl:\ et‘a| ple ircuit (high imp ughou
table, trac will increase by the amount that tggp ex- & entire cycle.
ceeds the value shown. If tcowp = tcwp(min) and trwp = trwp(min), the cy-

5. Assumes that tgcp = trcp(max). cle is a read-write cycle and data out will contain

6. Measured with a load equivalent to 2 TTL loads and data read from the selected cell. If neither of the
100 pF. above sets of conditions is satisfied the condition of

the data out is indeterminate.

7. Operation within the tggp(max) limit insures that
trac(max) can be met. tggp(max) is specified as a 10. Either trry or trcy must be satisfied for a read cycle.

TIMING DIAGRAMS

READ CYCLE
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RAS v N N
- X 7
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4 t
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~——1tcPN
tasr | |tRAH tasc tcaH
Vin- { ROW COLUMN
}"’ RRH
trcs -—| tRCH
" QOO0 NAXRXX)
WE
\Y) -
' !-‘ tcac
, trRAC
Von- .
DouT Vo - OPEN

POXY Don‘t Care
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WRITE CYCLE (EARLY WRITE)
tRe
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PAGE-MODE READ CYCLE
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“RAS-ONLY” REFRESH CYCLE
NOTE: CAS = V), WE = Don't care
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MB8264-15/MB8264-20
DESCRIPTION

Address Inputs

A total of sixteen binary input address bits are required
to decode any 1 of 65536 storage cell locations within
the MB8264. Eight row-address bits are established on
the input pins (Ag through A7) and latched with the Row
Address Strobe (RAS). Then eight column-address bits
are established on the input pins and latched with the
Column Address Strobe (CAS). All input 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 ad-
dress inputs have been changed from row-addresses to
column-addresses.

Write Enable

The read mode or write mode is selected with the WE in-
put. A logic high (1) on WE dictates read mode; logic low
(0) dictates write mode. Data input is disabled when
read mode is selected.

Data Input

Data is written into the MB8264 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 standard TTL loads. Data-out is the same
polarity as data-in. The output is in a high impedance

1-30

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 tggp (max) is satisfied, or after toac from
transition of CAS when the transition occurs after trgp
(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 MB8264 while maintaining RAS at a logic low
(0) throughout all successive memory operations in
which the row-address doesn’t change. Thus the power
dissipated 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.

Refresh

Refresh of the dynamic memory cells is accomplished
by performing a memory cycle at each of the 128 row-
addresses (Ag~Ag) at least every two milliseconds. Dur-
ing refresh, either V|_ or V| is permitted for A7. 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 128 row-ad-
dresses with RAS will cause all bits in each row to be
refreshed. Further RAS-only refresh results in a
substantial reduction in power dissipation.

Hidden Refresh

RAS-ONLY REFRESH CYCLE may take place while
maintaining valid output data. This feature is referred to
as Hidden Refresh.

Hidden Refresh is performed by holding CAS as V).
from a previous memory read cycle.
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FUJITSU

MICROELECTRONICS, INC.

NMOS 65,536-BIT DYNAMIC
RANDOM ACCESS MEMORY

DESCRIPTION

The Fujitsu MB8264A is a fully decoded,
dynamic NMOS random access memory
organized as 65,536 one-bit words. The de-
sign is optimized for high-speed, high per-
formance applications such as mainframe
memory, buffer memory, peripheral stor-
age and environments where low power
dissipation and compact layout are re-
quired.

Multiplexed row and column address in-
puts permit the MB8264A to be housed in a
standard 16-pin DIP and 18-pad LCC. With
a JEDEC approved pin out.

FEATURES

® 65,536 x 1-bit organization

* Row Access Time/Cycle Time
MB8264A-10 100 ns Max./200 ns Min.
MB8264A-12 120 ns Max.J/230 ns Min
MB8264A-15 150 ns Max./260 ns Min.

* Low Max Power Dissipation (tgc = min)
MB8264A-10 275 mW (Active)
MB8264A-12 248 mW (Active)
MB8264A-15 220 mW (Active)

All devices 22 mW (Standby) max.

* Single +5V supply voltage, +10%

tolerance

¢ All inputs TTL compatible, low

capacitive load

* Three-state TTL compatible output

The MBB8264A 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 dynamic sense
amplifiers.

Clock timing requirements are noncritical,
and the power supply tolerance is very
wide. All inputs and the output are TTL
compatible.

* RAS only and hidden refresh

* 2ms/128 cycle refresh

* Read-Modify-Write and Page Mode
capability

* “Gated” CAS

¢ Output unlatched at cycle end allows

extended page boundary and two-
dimensional chip select

¢ Common /O capability using “Early
Write” operation

¢ On-chip Address and Data-in latches
¢ On-chip substrate bias generator
* tar: twcrs tpHR eliminated

RAS: cu.osg GIEN* WRITE _
‘__l CLOCK | W
GEN.
CLOCK GEN. T
NO. 2 [
L
F
‘ COLUMN =14 DATA
DECODER IN D
A,— BUFFER
A, SENSE AMPS
1/0 GATING =
A,—
|27
A B8 - e — ] ]
g w
A— a5
‘ EES
As— ™
| —=| DATA
Ag— z out - Q
a |i BUFFER
A,—]
4 § ! 65,536 BIT
a |} STORAGE CELL
z |1
5 |1
c |
SUBSTRATE | ~—— Vgg
BIAS GEN. He GND

NOTE: The following IEEE STD. 662-1980 symbols are used in this data sheet:
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MB8264A-10
MB8264A-12
MB8264A-15

PLASTIC PACKAGE
~ DIP-16P-M03

CERAMIC LCC

LCC-18C-F02
PIN ASSIGNMENT
NC.[ |1 18] ] Vss
p[ |2 15[ _|CAS
w[]s _ 14[]a
RAS[ |4 gé 13[ ] Ag
Ao[]5 gg 12[ |Ag
e~ 1A
A7 10 A5
Vec[|8 9 JAs
D N.C. Vgg TAS

2 1 1817

w |3 - 16| Q

RAS |4 38 15| Ag
oL

NC. |5 <> 14| NcC.

me

Ay |6 =3 13[ Az
N

Ay |7 12| Aq

8 9 10 11

Ay Vcc A7 As

D = Data in, W = Write Enable, Q = Data Out.



ABSOLUTE MAXIMUM RATINGS (See Note)

MB8264A

Rating Symbol Value Unit
Voltage on any pin relative to Vgg Vins Vout -1to +7.0 v
Voltage on Vg supply relative to Vgg Veco -1to +7.0 Vv

Cerdip -55to +150
P T L

Storage Temperature Plastic stg 5510 7135 C
Power Dissipation Pp 1.0 W
Short Circuit Output Current los: 50 mA

Note: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. Functional operation should be restricted to tne conditions as detailed in the

This device
cuitry to protect the inputs against damage due to high static voltages or electric fields. It is advised that normal precautions be taken to avoid application of any

operational sections of this data sheet. Exposure to absolute maximum rating conditions for extended periods may effect device

voltage higher than i rated voltages to this high i d circuit.

RECOMMENDED OPERATING CONDITIONS (Referenced to Vgs)

cir-

Value
Parameter Symbol Unit Operating Temperature
Min Typ Max
Supply Voltage Vee 4.5 5.0 5.5 \"
Vss 0 0 0 v 0°Cto +70°C
Input High Voltage, all Inputs VIH 24 — 6.5 \
Input Low Voltage, all Inputs ViL -1.0 — 0.8 Y

CAPACITANCE (Tp = 25°C)

Value
Parameter Symbol Unit
Min Typ Max
Input Capacitance Ag ~ A7, D CiN1 — — 5 pF
Input Capacitance RAS, CAS, W CiN2 — — 8 pF
Output Capacitance Q CouT — — 7 pF
DC CHARACTERISTICS (Recommended operating conditions unless otherwise noted.)
MB8264A-10 | MB8264A-12 | MB8264A-15
Parameter Symbol Unit
Min | Max | Min | Max | Min | Max
OPERATING CURRENT* Average Power Supply Current _ _ _
(RAS, CAS cycling; trg = min,) lcct 50 45 40 | mA
STANDBY CURRENT Power Supply Current _ _ _
(RASICAS = Vjp) lcca 4 4 4 | mA
REFRESH CURRENT* Average Power Supply Current _ _ _
(CAS = Vj; RAS cycling, trg = min.) lccs 38 3 31 | mA
PAGE MODE CURRENT* Average Power Supply Current _ _ _
(RAS =V, CAS cycling; tpg = min.) lcca 3% 32 28 | mA
INPUT LEAKAGE CURRENT,
any input (OV=V|N=5.5V, Vcc = 5.5V, Vgg =0V, m -10| 10 | =10| 10 | —=10| 10
all other pins not under test = 0V)
OUTPUT LEAKAGE CURRENT
(Data out is disabled, OV < Vour = 5.5V) lo. | =10} 10 | =10 10 | =10} 10 | 4A
OUTPUT LEVEL Output High Voltage _ _ _
(on = —5.0 mA) VoH 24 24 24 \
OUTPUT LEVEL, Output Low Voltage _ _ _
(oL = 42 mA) VoL 0.4 0.4 0.4 \

Note*: I is dependent on output loading and cycle rates. Specified values are obtained with the output open.
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MB8264A
AC CHARACTERISTICS (Recommended operating conditions unless otherwise noted.)

MB8264A-10 | MB8264A-12| MB8264A-15
Parameter Notes Symbol ) Unit
Alternate | *Standard | Min | Max | Min | Max | Min | Max

Time between Refresh tREE TRVRV | — 2 — 2 — 2 ms
Random Read/Write Cycle Time tRe TRELREL |200 | — 230 — |260 | — | ns
Read-Write Cycle Time trRwc |TRELREL {230 | — | 265 | — [ 280 | — ns
Page Mode Cycle Time tpc TCELCEL |105 | — (120 — [ 145 | — ns
Page Mode Read-Write Cycle Time tprwe | TCEHCEH | 135 155 180 ns
Access Time from RAS 4),6) | trac TRELQV | — [ 100 | — | 120 | — | 150 | ns
Access Time from CAS ®),©) | tcac TCELQV | — 50 — 60 — 75 ns
Output Buffer Turn off Delay torF TCEHQZ | 0 30 0 35 0 40 | ns
Transition Time tr T 3 50 3 50 3 50 ns
RAS Precharge Time tRP TREHREL | 90 — | 100 — | 100 | — ns
RAS Pulse Width tras | TRELREH | 100 [10000] 120 [10000| 150 [10000| ns
RAS Hold Time thsy |TCELREH|{50 | — | 60 [ — [ 75 | — | ns
CAS Precharge Time (Page mode only) tcp TCEHCEL | 45 — 50 — 60 — ns
CAS Precharge Time (All cycles except page mode) tcPN TCEHCEL | 25 —_ 30 — 30 — ns
CAS Pulse Width tcas | TCELCEH| 50 |10000| 60 |10000| 75 |10000( ns
CAS Hold Time tcsH |TRELCEH|[100 | — | 120 — (150 | — | ns
RAS to CAS Delay Time 4,(7)| trRep |TRELCEL| 20 | 50 | 20 | 60 | 256 | 75 | ns
CAS to RAS Precharge Time tcrp | TCEHREL| 0 —_ 0 — 0 — | ns
Row Address Set Up Time tASR TAVREL | O — 0 — 0 — ns
Row Address Hold Time tRAH TRELAX | 10 — 10 — 15 —_ ns
Column Address Set Up Time tasc TAVCEL | 0 — 0 — 0 — | ns
Column Address Hold Time tcaH TCELAX | 15 — 15| — 20 — | ns
Read Command Set Up Time tRcs TWHCEL | O — 0 — 0 —_ ns
Read Command Hold Time Reference to CAS ©9) | trcH TCEHWX | 0 — 0 — 0 - ns
Read Command Hold Time Referenced to RAS ©) | trrH TREHWX | 20 — 20 — 20 — ns
Write Command Set Up Time @) | twecs TWLCEL | O —_— 0 — 0 — ns
Write Command Hold Time twcH | TCELWH | 20 — 25 — 30 — ns
Write Command Pulse Width twp TWLWH | 20 — 25 — 30 — ns
Write Command to RAS Lead Time trwr | TWLREH | 35 — 40 — 45 — ns
Write Command to CAS Lead Time tow. | TWLCEH | 3 | — | 40| — | 45| — | ns
Data In Set Up Time tps TDVCEL | 0 — 0 — 0 — | ns
Data In Hold Time tbH TCELDX | 20 | — | 26| — | 30 [ — | ns
CAS to W Delay ®| tcwp | TCELWL| 40 [ — | 50| — | 60| — | ns
RAS toW Delay @] thwp | TRELWL | 90 | — | 110 — | 120| — | ns

See notes on following page.

*These symbols are described in IEEE Std. 662-1980: IEEE Standard Terminology for Semiconductor memory.
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Notes:

1.

An initial pause of 200us is required after power-up followed by
any 8 RAS cycles before proper device operation is achieved.

MB8264A

trep (Min.) = tran (Min.) + 2tt + tagc (Min.); ty = 5ns.
twes: tocwp and tpwp are not restrictive operating parameters.

2. AC characteristics assume ty = 5ns. They are included in the data sheet as electrical
3. Vju(min)and V_(max.) are reference levels for measuring tim- :Ir:greatc:tzft::ns dotrl"llz.c:fa::vgﬁtz :\#gﬁl(r:_"ei:{)a'i:‘hg czr?ce:l:'i:i? (ehalrlx
ing of input signals. Also, transition times are measured be- : d ycle, th nout enti P I P 9
tween Vi (min)) and V), (max.). ;;ntpe ancc:) '°;"9' °)” eg tre cye et. (miny, th o
. . cwbD = Icwp (MIn.) and tgwp = tgwp (MIN.), the cycle is a
4. tpep is specm.ed as a .reference point only. If tgop < trep read-write cycle and data out will contain data read from the
(max.) the specified maximum value of tgac (max.) can be met. selected cell. If neither of the above sets of conditions is
It trop > tRep (Max.) then tpag is increased by the amount that satisfied, the condition of the data out is indeterminate.
tRCD exceeds tacp (max.). 9. Eithert t t be satistied f d cycl
. r .
5. Assumes that trcp = trep (max.). e tRRH O tRCH MuS satistied for a read cycle
6. Measured with a load equivalent to 2 TTL loads and 100pF.
TIMING DIAGRAMS
READ CYCLE
tRC
tRAS
- Vi —\ Y\
RAS \
ViL- \\ 7
tcsH tRP
tRCD tRSH F—tcrRp——
} t
J— Vi — cAS
CAS IH
ViL- \t [} /
~——"tcpPN
tasr | |[tRAH V_\f_(|: tcAH
Vin- Y~ ROW cooumh  VVYVVVVYW VYW
A Vi - @i ADDRESS ADDRESS ’A’A A‘A‘A’A‘A‘A‘A“

Lq?::ﬂ»

W ViH-,
Vi~
VoH-
Q VoL~
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MB8264A

TIMING DIAGRAMS (Continued)

‘WRITE CYCLE (EARLY WRITE)
trRc
v _ tRAS
RAS H™ 1 N
S V||_— \( ﬁ
tcsH t
tRSH Rp
~——tRCD- tcas =—tCRP——|
CAS ‘J'H_ \ /| /
- X
"—“‘tCPN*‘*_‘
tAsR | [tRAH  tAsC
.‘_—I ——] tcaH
Vin- f ROW f COLUMN
A ViL— ADDRESS ADDRESS
— ViH—
w ViL—
Vin—
D V-
a vom= OPEN
oL m Don’t Care
READ-WRITE/READ-MODIFY-WRITE CYCLE
‘ N trRwe ]
RAS
J— Vin-
RAS ViL- X
{CsH tRSH —~—1tRp
tRCD— tcas =tcrp
=7a ViH-
CAS Vi \ Y/
-t
tasr| | trRan  tAsc tcAH PN
A ViH- ROW Y COLUMN ,OO(
ViL— ADDRESS # ADDRESS /A
« | |
tRWD towL—
tRCSH tcwp tRWL_"+
. Vin—
L?tCAC twp — l-leFF
Von— VALID }____
OPEN
Q VoL- B DATA
tRAC ol DH
tps
D
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RAS

CAS

g

=

Vin— T Y

MB8264A

PAGE MODE READ CYCLE

tRAS

tRSH tRP-=—

=—tcAs |e———tcRP——

tAsR—]

VoL—

(XXXXX

f‘OFF
——] tRRH
—tRCH
{L

tASR

m Don’t Care

PAGE MODE WRITE CYCLE

tRAS

Vi

Don’t Care
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MB8264A

PAGE MODE READ-WRITE CYCLE

tRAS t RpP——e]

Vig-

et O ]

tRSH
tcas— tPRWC—= (=—tCRP-

— Vig—
CAS
Vie- /

tRAH tASC tep tcas | | tasc tewe

T ASR fe—ai r—. o= htCAH —_i

)
A Viu- ROW x coL { COL CcOL
Vi ADD ADD ADD. ADD

tl tewd tewL|tascel === 'CAH | tRes tRwL
RCS o -~ =t — ¢
RSC ~{tcwp'CWL | 1= wp
— Vin— 1 CWD
W y L7 TN ADOOKX
n-
tcac t
t
] OFF | _ wp teac toFF
<—~'RAC—-’1 twp tCAC .
Q Vor~, VALID VALID X}y, & VALID
VoL- | | DATA DATA 4" N DATA 4
tps t tps| | tpH tpH
e OH, ] —ef |f=tpg
VALID VALID VALID )
D DATA DATA DATA
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|

T
>
[Z]

RAS-ONLY REFRESH CYCLE
NOTE: CAS = V)4, W, D = Don’t Care

tRAS

OPEN!

MB8264A

HIDDEN RAS-ONLY REFRESH CYCLE

:‘X‘V : Don’t Care

-

trc tRC
tRAS =—"1RP tRAS f==—tRP—a—
Vin~ "'—'—-&\ / N
ViL- A
|—t Rg H—o=q

—1trcD tcas
Viu—
Vi . tRAH \\

R
= tasc ™ = can tASR—={ fa— fRAH

Vip- | ROW COLUMN FOW \VAVAVAVAVAVLY,
Vi— m ADDRESS XADDRESS ADDRESS ‘A’A‘A‘A‘A‘A‘A“

___I‘Rcs I____

)\
XA

tcre

- QOO0

Von—
e O P E N——-—-—-<
VoL~

tRAC

tcac

tRRH

toFF

VALID DATA

7

T 1
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MB8264A

DESCRIPTION

Address Inputs

A total of sixteen binary input ad-
dress bits are required to decode any
one of 65,536 storage cell locations
within the MB8264A. Eight row-ad-
dress bits are established on the in-
put pins (Ag through A7) and latched
with the Row Address Strobe (RAS).
The eight column-address bits are
established on the input pins and
latched with the Column Address
Strobe (CAS). All input addresses
must be stable on or before the fall-
ing edge of RAS. CAS is internally in-
hibited (or “gated”) by RAS to permit
triggering of CAS as soon as the Row
Address Hold Time (tgan) specifica-
tion has been satisfied and the ad-
dress inputs have been changed
from row-addresses to column-ad-
dresses.

Write Enable

The read mode or write mode is
selected with the W input. A logic
high (1) on W dictates read mode;
logic low (0) dictates write mode.
Data input is disabled when read
mode is selected.

Data Input

Data is written into the MB8264A dur-
ing a write or read-write cycle. The
last falling edge of W or CAS is a

strobe for the Data In (D) register.In a
write cycle, if W is brought low (write
mode) before CAS, D is strobed by
CAS, and the set-up and hold times
are referenced to CAS. In a read-write
cycle, W will be delayed until CAS
has made its negative transition.
Thus D is strobed by W, and set-up
and hold times are referenced to W.

Data Output

The output buffer is three-state TTL
compatible with a fan-out of two
standard TTL loads. Data-out is the
same 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 tpgp (max) is satisfied, or
after tcac from transition of CAS
when the transition occurs after
trcp (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 strob-
ing the row-address into the MB8264A
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. Access and cycle times
are decreased because the time nor-
mally required to strobe a new row-ad-
dress is eliminated.

RAS Only Refresh

Refresh of the dynamic memory cells
is accomplished by performing a
memory cycle at each of the 128 row-
addresses (Ag ~ Ag) at least every two
milliseconds. During refresh, either
VjL or V|y is permitted for A;. 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 128
row-addresses with RAS will cause all
bits in each row to be refreshed. RAS-
only refresh results in a substantial
reduction in power dissipation.

Hidden Refresh

A RAS-ONLY REFRESH CYCLE may
take place while maintaining valid
output data. This feature is referred to
as Hidden Refresh.

Hidden Refresh is performed by
holding CAS at V|_ from a previous
memory read cycle.

CURRENT WAVEFORM ((Vgc = 5.5V, TA = 25°C)

RAS

LONG RAS/CAS CYCLE RAS-ONLY REFRESH CYCLE

PAGE MODE CYCLE

S J

CAS—H / \

J \ J

g

—\ A J

160

120|

|cc (mA)

80

i

il I |
)
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TYPICAL CHARACTERISTICS CURVES

lcc1. OPERATING CURRENT (mA) trac, NORMALIZED ACCESS TIME

Icc, OPERATING CURRENT (mA)
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lcc1, OPERATING CURRENT (mA) trac, NORMALIZED ACCESS TIME

lec2, STANDBY CURRENT (mA)
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MB8264A

TYPICAL CHARACTERISTICS CURVES (Continued)

leca, STANDBY CURRENT (mA)

Icca, REFRESH CURRENT (mA)

lcca, PAGE MODE CURRENT (mA)
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TYPICAL CHARACTERISTICS CURVES (Continued)

Icca, PAGE MODE CURRENT (mA)

PAGE MODE CURRENT
vs AMBIENT TEMPERATURE
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MB8264A

TYPICAL CHARACTERISTICS CURVES (Continued)
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I
Preliminary

MOS Memories FUJITSU

MB8264A-12-W, MB8264A-15-W
NMOS 65,536-Bit Dynamic

Random Access Memory With
Wide Temperature Range

Description

The MB8264A-W is a 64K x 1 dynamic RAM intended for operation
over the case temperature range —55°C to 110°C. The part is also
available with Fujitsu's 883B high reliability screening.

The MB8264A-W design has been optimized for high speed high
performance applications such as mainframe memory, buffer
memory, and peripheral storage where low power dissipation, com-
pact layout, or wide temperature range operation are required.

The MB8264A-W has fully TTL compatible inputs and output. It
operates on a single +5 V =10% power supply. An on chip G
substrate bias generator provides high performance operation. The ( [
MB8264A-W contains on-chip latches for the address inputs and
for the data input.

=

The MBB8264A-W is fabricated with Fujitsu’s advanced silicon gate
NMOS double layer polysilicon process. This process along with

the use of single transistor storage cells permits maximum circuit
density and minimum chip size. Multiplexed row and column ad-
dressing allows the MB8264A-W to be packaged in a standard 16-pin
DIP.

Features

B Wide Temperature Range
TC= ~-55°C to 110°C
W 65,536 x 1 organization
B Row Access Time:
120 ns max. (MB8264A-12-W)
150 ns max. (MB8264A-15-W)
B Cycle Time:
230 ns min. (MB8264A-12-W)
260 ns min. (MB8264A-15-W)
B Low Power (Active)
305 mW max. (MB8264A-12-W)
275 mW max. (MB8264A-15-W)
33 mW max. (Standby)

B 1 ms/128 cycle refresh

W RAS-Only and Hidden Refresh

W Read-Modify-Write capability

M Page Mode capability

W Common /O capability using
the early write operation

B Output unlatched at cycle end
allows extended page boundary

B TAR, TWCR, TDHR are
eliminated

W 883B processing available

1-47
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MB8264A-12-W
MB8264A-15-W

Block Diagram and
Pin Assignments

m_._.l CLOCK GEN. l.______ WRITE
No.1 CcLOCK

D N.C. Vg CAS

< S
= 2 1 18 17
CLOCK GEN.
[Lr W |3 16| Q
o RAS |4 s’é 15| Ag
I NC. |5 ;g 14| nC.
| C
" = = R B
A ] A7 121 A
o weas 1 : ‘
~— &8 l. ___________ .i ] 8 9 10 11
a— 83 Ay Vee A7 Ag
A
As —~ noAl;rTA I Doyr
A ot BUFFER
STORAGE CELL N.C. 1 N 16 :j Vss
" ~«— GND W 3 = 14 :I Q
-3
RAS [ |4 gg 13] ] Ag
=3
Ag E 5 x> 12 :, A3
==
A[ |8 1] A,
A7 10| ] As
Vee ()8 9 Ja;
Capacitance
(Ta=25°C) Parameter Symbol Typ Max Unit
Input Capacitance Ay ~ A;, D Cing — 5 pF
Input Capacitance RAS, CAS, W Cinz2 — 8 pF
Output Capacitance Doyt Cour — 7 pF
Recommended Operating
Conditions Operating
Paramete ] it
(Referenced to Vsg) ra r Symbol Min Typ Max Uni Temperature (case)
Vee 45 50 55 v
Supply Voltage
pply Voltag Ves 0 0 0 v
Input High Voltage, all inputs V|, 24 - 6.5 v -55°C to +110°C
Input Low Voltage, all inputs  V_ -10 - 08 \"

FUJITSU
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MB8264A-12-W

MB8264A-15-W

AC Characteristics

(Recommended operating MB8264A MB8264A
conditions unless otherwise -12-A -15-W

noted.) Parameter Notes Symbol Min Max Min Max Unit
(Notes 1, 2, 3) )

Time between Refresh tRer — 1 —_ 1 ms

Random Read/Write Cycle Time the 230 — 260 — ns

Read-Write Cycle Time tawe 265 — 280 — ns

Page Mode Cycle Time tec 120 — 145 — ns

Page Mode Read-Write Cycle Time terwe 155 — 180 — ns

Access Time from RAS 4] thac — 120 — 150 ns

Access Time from CAS Bl B teac — 60 - 75 ns

Output Buffer Turn off Delay torr 0 35 0 40 ns

Transition Time tr 3 50 0 50 ns

RAS Precharge Time trp 100 — 100 — ns

RAS Pulse Width tras 120 10000 150 10000 ns

RAS Hold Time trsH 60 — 75 — ns

CAS Precharge Time (Page mode only) tep 50 — 60 — ns

CAS Precharge Time (All cycles except page mode)  topy 30 — 30 — ns

CAS Pulse Width toas 60 10000 75 10000 ns

CAS Hold Time tosH 120 — 150 — ns

RAS to CAS Delay Time @ treo 20 60 25 75 ns

CAS to RAS Precharge Time [ 0 — 0 — ns

Row Address Set Up Time tasr 0 — 0 — ns

Row Address Hold Time thaH 10 — 15 — ns

Column Address Set Up Time tasc 0 — 0 — ns

Column Address Hold Time toan 15 — 20 — ns

Read Command Set Up Time tres 0 — 0 - ns

Read Command Hold Time Reference to CAS thcH 0 — 0 - ns

R Read Command Hold Time Referenced toRAS [0 tgay 20 - 20 - ns

Write Command Set Up Time B twes 0 — 0 — ns

Write Command Hold Time tweH 25 - 30 -— ns

Write Command Pulse Width twp 25 - 30 - ns

Write Command to RAS Lead Time tRwL 40 — 45 — ns

Write Command to CAS Lead Time towL 0 — 46— ns

Data In Set Up Time tos 0 — 0 — ns

Data In Hold Time ton 25— 30 - ns

CAS to WE Delay B towo 5 — 60 — ns

RAS to WE Delay trwp 10 — 120 — ns

Notes:

1) Aninitial pause of 200 s is required after power-up reference point only; if tgcp is greater than the
followed by any 8 RAS cycles before proper device specified trop (Max) limit, then access time is con-
operation is achieved. trolled exclusively by toac.

2) AC characteristics assume ty = 5 ns. 8) trgp (Min) = tgay (Min) + 2ty (tr = Sns) + tagc

3) Vyy (min) and V) (max) are reference levels for (min).
measuring timing of input signals. Also, transition 9) twcs towp and trwp are not restrictive operating
times are measured between V,; (min) and Vy_(max). parameters. They are included in the data sheet as

lectrical characteristics only. If t, =t (min),

4) Assumes that tgop < trgp (Max). If trop is greater e ¢ , wes = twes
than the maximum recommended value shown in this the cycle is an early wrlt:cg{wc_le and the dart‘a outhpln
table, taac will increase by the amount that tacp, ex- will. remalr open circuit (high impedance) throughout
ceeds the value shown. ?fn:"e cye z:w (i) and t o (i), the oy

D= in) an p = tawp (MiN), -

5) Assumes that trcp = taep (Max). cle 8 2 reacwite cycle and data ot will contain data

6) Measured with a load equivalent to 2 TTL loads and read from the selected cell. If neither of the above
100 pF. sets of conditions is satisfied the condition of the

7) Operation within the tpcp (Max) limit insures that data out is indeterminate.
tgac can be met. trep (Max) is specified as a 10) Either tpgy or tgoy Must be satisfied for a read cycle.

FUJITSU
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MB8264A-12-W
MB8264A-15-W

DC Characteristics
(Recommended operating
conditions unless otherwise
noted.)

Parameter Symbol Min Max Unit
OPERATING CURRENT* MB8264A-12W 55
Average Power Supply Current — o1 —_ mA
(RAS, cycling; tge = min) MB8264A-15-W 50
STANDBY CURRENT o | 6 mA
Standby Power Supply Current (RAS =CAS =V},)) cc2

REFRESH CURRENT * MB8264A-12-W 40
Average Power Supply Current ~——— e — mA
(CAS =V, RAS cycling; tgc = min) MB8264A-15-W 35

PAGE MODE CURRENT* MBB8264A-12-W 40
Average Power Supply Current —— oo — mA
(RAS = ViL CAS cycling; tpc=min) MB8264A-15-W 35

INPUT LEAKAGE CURRENT

Input Leakage Current, any input hy -10 10 pA
(0V=V|y=5.5V, Vgc=5.5V, Vgg =0V, all other pins not under test =0V)

OUTPUT LEAKAGE CURRENT I ~10 10 A
(Data out is disabled, 0 < Vg7 < 5.5) oL

OUTPUT LEVELS

Output High Voltage (o = —5mA) Von 24 v
Output Low Voltage (I =4.2mA) VoL 04 VvV

Note *: | is dependent on output loading cycle rates. Specified values are obtained with the output

open.
Description
Address Inputs for the Data In (%%) register. in row-address doesn’t change.

. X . a write cycle, if is brought Thus the power dissipated by
2&’::;:;;':‘:;1;:?% dlr;oput low (write mode) before CTQS, the negative going edge of RAS
decode any 1 of 65,536 storage D,y is strobed by CAS, and the is saved. Further, access and
cell locations withi;m the set-up and hold times are cycle times are decreased
MBB264A-W. Eight row-address referenced to CAS. In a read- because the time normally
bits are est a.bli shed on the in- write cycle, WE will be delayed required to strobe a new row-

! until CAS has made its negative  address is eliminated.

Ipl:t E"“js (ﬁ%tmo‘"qgh AZ\) dznd transition. Thus D,y is strobed

atched with the Row ress by WE, and set-up and hold RAS-Only Refresh

Strobe (RAS). The eight column- i 0" e referenced to WE.

address bits are established on Refresh of the dynamic memory

the input pins and latched with Data Output cells is accomplished by

the Column Address Strobe P performing a memory cycle at

(CAS). All input addresses must  The output buffer is three-state each of the 128 row-addresses

be stabled on or before the TTL compatible with a fan-out (Ag~ Ag) at least every two milli-

falling edge of RAS. CAS is in- of two standard TTL loads. seconds During refresh, either

ternally inhibited (or “gated”) by Data-out is the same polarity as or Vy is permitted for A,.

RAS to permit triggering of data-in. The output is in a high only refresh avoids any

as soon as the Row Address impedance state until CAS is output during refresh because

Hold Time (tgay) specification brought low. In a read cycle, or the output buffer is in the high

has been satisfied and the ad- a read-write cycle, the output is  impedance state unless CAS is

dress inputs have been valid after tg,c from the transi- brought low. Strobing each of

changed from row-addresses to  tion of RAS when tgcp (max) is 128 row-addresses with RAS

column-addresses. satisfied, or after tg,c from the will cause all bits in each row
transition of CAS when the to be refreshed. Further RAS-

Write Enable transition occurs after tpep only refresh results in a sub-
%nﬁg(). Data remain valid until stantial reduction in power dis-

The read mode or write mode is AS is returned to a high level.  sipation.

selected with the WE input. A In a write cycle the identical se-

:ﬁgg’eh;gg'g’;ovxiggfggv'ﬁgd quence occurs, but data is not ~ Hidden Refresh

mode. Data input s disabled  **1% RASONLY REFRESH OYCLE

when read mode is selected. Page Mode maintaining valid output data.

Data Input Page mode operation permits This feature is referred to as
strobing the row-address into Hidden Refresh.

Data is written into the the MB8264A-W while

MBB8264A-W during a write or maintaining RAS at a logic low Hidden Refresh is performed by

read-write cycle. The last falling  throughout all successive holding CAS as V,_from a

edge of WE or CAS is a strobe memory operations in which the  previous memory read cycle.

FUJITSU
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MB8264A-12-W
MB8264A-15-W

Timing Diagrams

Read Cycle
1,
1,
Ras
S v
RAS e /] F\_
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—> I~<—
Vin- W COLUMN
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P

e XXX
\ teac
trac - tq—lg;;
Von - f VALID
Dour Vo - OPEN DATA__ ¢
Write Cycle (Early Write)
g .m
Vig- \ toas \
- \ y N
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o A /
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N v, - DATA
i
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oL
Read-Write/Read-Modify-Write Cycle
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Vi -\ taas \
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v- N / N
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v
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Dy

KXXXXXXXA

thes |~—’| l

XXX
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MB8264A-12.-W ‘
MB8264A-15-W

Timing Diagrams, Continued
Page Mode Read-Write Cycle

J— Vg — =
7AS H - \

A\ "

> w—topg | | torwe —|

Vig—
CAs ;

Vo ! /

ran tasc

Vi~ ROW COL. -
ADDRESSES y _ ADD. 595 XX ADD.
! ! towp Yot | tagc | <] tean
7

v iml.—
WE vln - x M
-
5 [
ST TRAC
Von— # T VALD
Doyr VoL — DATA

Vin =<7 VALID
Dy Vy — DATA

RAS-ONLY Refresh Cycle
Note: CAS = V,, WE, D;y = Don’t Care

- 1,
RC L

g
J— V- """ T Y \
RAS Vi - N N

<«—tpan —> - tpp—————|
—»| tasp |-—

Vig —
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PR p—— s TR . > trp
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FUJITSU

1-52



MB8264A-12-W
MB8264A-15-W

Timing Diagrams, Continued

Page Mode Read Cycle

thas
v q
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FUJITSU

MICROELECTRONICS, INC.

NMOS 65,536-BIT DYNAMIC
RANDOM ACCESS MEMORY

MB8265-15
MB8265-20

DESCRIPTION

The Fujitsu MB8265 is a fully de-
coded, dynamic NMOS random ac-
cess memory organized as 65536
one-bit words. The design is optimiz-
ed for high-speed, high performance
applications such as mainframe
memory, buffer memory, peripheral
storage and environments where low
power dissipation and compact lay-
out are required.

Multiplexed row and column address
inputs permit the MB8265 to be hous-
ed in a standard 16 pin DIP. Pin-outs
conform to the JEDEC approved pin
out.

The MB8265 is fabricated using sili-
con gate NMOS and Fujitsu’s ad-
vanced Double-Layer Polysilicon pro-
cess. This process, coupled with
single-transistor memory storage
cells, permits maximum circuit den-
sity and minimal chip size. Dynamic
circuitry is employed in the design,
including the sense amplifiers.

Clock timing requirements are non-
critical, and power supply tolerance
is very wide. All inputs and output are
TTL compatible.

CERAMIC PACKAGtE
CERDIP
DIP-16C-C04

« 65,536 x 1 RAM, 16 pin « All inputs TTL compatible, i
package low capacitive load

* Silicon-gate, Double Poly
NMOS, single transistor cell
* Row access time:
150ns Max (MB8265-15)

* “Gated” CAS
* 128 refresh cycles
* Pin 1 Refresh capability

PLASTIC PACKAGE
DIP-16P-M03

e Common 1/O capability using
200ns Max (MB8265-20) “Early Write” operation
* Cycle time:
270ns Min (MB8265-15) ¢ Output unlatched at cycle
330ns Min (MB8265-20) end allows extended page
» Low powar: dmensional chip select CERAMIC LCC
275 mW Active, (MB8265-15) imensional chip se'ect
248 mW Active, (MB8265-20) ¢ Read-Modify-Write, RAS- LCC-18C-A02
23 mw Standby (Max) Page Mods sapabilty
* +5V Supply, +10% tolerance 9 P PIN ASSIGNMENTS
¢ On-chip latches for
¢ On chip substrate bias generator Addresses and Data-in RFSA 1 U 8]V
for high performance : ss
o Offers two variations of D 2 15[ cAs
« Three-state TTL compatible output hidden refresh in ]
MB8265 BLOCK DIAGRAM WELja o “[lbour
: BRAS o=
xS cLOCK GEN. whiTE -~ RAS E 4 § E 13 :l Ag
o r—— e [ A5 xg 12[]As
RL i auggegen. | ! A6 = 1] A
o cg&;rg:L A7 10 ]As
INTERNAL VCCE 8 9 j A7
Gl N
BUFF, o TEsh Vss TAS
o GaTiNG =5 [ 2 1 18 17
Ar : — i - 5
:1 22 i : —_ :%’:T: [ Pour % Q
ol B R || o, | [L— <2
10| 23
o | ~——Vee N
e 8 9 10 11

Ay Vec A7 As
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MB8265-15/MB8265-20
ABSOLUTE MAXIMUM RATINGS (See Note)

Rating Symbol Value Unit
Voltage on any pin relative to Vgg Vins VouT -1to +7.0 v
Voltage on Vg supply relative to Vgg Vee -1to +7.0 Vv
Cerdip —55 to +150
Storage Temperatur °
ag perature Plastic Tstg _55to +125 C
Power Dissipation Pp 1.0 W
Short Circuit Output Current los 50 mA

Note: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. Functional operation should be restricted to the conditions as detailed in the
operational sections of this data sheet. Exposure to absolute maximum rating conditions for extended periods may effect device reliability. This device contains cir-
cuitry to protect the inputs against damage due to high static voltages or electric fields. It is advised that normal precautions be taken to avoid application of any
voltage higher than maximum rated voltages to this high impedance circuit.

RECOMMENDED OPERATING CONDITIONS
(Referenced to Vgg)

Value
Parameter Symbol Min Typ Max Unit Temperature
Supply Voltage ://CC 4.5 5.0 5.5 Vv
: : ss 0 0 0 v 0°Cto +70°C
Input High Voltage, all inputs ViH 24 — 6.5 \'
Input Low Voltage, all inputs ViL -1.0 — 0.8 \"
CAPACITANCE (T5 = 25°C)
Value
Parameter Symbol Min Typ Max Unit
Input Capacitance Ag ~ A7, DN CiNt — — 5 pF
Input Capacitance RAS, CAS, WE, RFSH CiN2 — — 8 pF
Output Capacitance Doyt Cout - —_ 7 pF
STATIC CHARACTERISTICS
(Recommended operating conditions unless otherwise noted.)
Parameter Symbol Min Max Unit
OPERATING CURRENT* o MB8265-20 I 45 mA
Average power supply current (RAS, CAS cycling; trc = min) MB8265-15 cC1 — 50 mA
STANDBYCURRENT | _ 5 mA
Power supply current (RAS = CAS = RFSH =V} ) Cc2
REFRESH CURRENT 1 Average power current MB8265-20 I - 36 mA
(RAS cycling CAS = RFSH = V|; trc = min) MBB8265-15 cC3 42
PAGE MODE CURRENT* . - | _ 34 mA
Average power supply current (RAS = V), CAS cycling, tpg = min) CC4
REFRESH CURRENT 2 Average power supply current locs _ 46 mA

(RFSH cycling; RAS = CAS = V|, trc = min)
INPUT LEAKAGE CURRENT

Input leakage current, any input (OV < V|y < 5.5V) TR -10 10 rA
Input pins not under test = 0V, Vgg = 5.5V, Vgg = 0V

OUTPUT LEAKAGE CURRENT

(Data out is disabled, OV =< Voyr < 5.5V) lou -10 | 10 nA
OUTPUT LEVEL v _ 0 v
Output low voltage (loL = 4.2mA) oL .

OUTPUT LEVEL Vor 04 _ v

Output high voltage (loy = —5mA)

Note*: Icc is dependent on output loading and cycle rates. Specified values are obtained with the output open.
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MB8265-15/MB8265-20
DYNAMIC CHARACTERISTICS Notes [T, 2, 3]

(Recommended operating conditions unless otherwise noted.)

MB8265-20 MB8265-15
Parameter Symbol | Min | Typ | Max | Min | Typ | Max | Unit
Time between Refresh tREF — | — 2 — — 2 ms
Random Read/Write Cycle Time tRc 330 | — — 270 | — - ns
Read-Write Cycle Time trRwe | 375 | — — 300 | — — ns
Page Mode Cycle Time tpc 225 | — — 170 | — — ns
Access Time from RAS 4 [6] tRAC — | — 20| — | — | 150 | ns
Access Time from CAS B [8 tcac — | — | 18| — [ — | 100 | ns
Output Buffer Turn Off Delay torE 0 — 50 0 — 40 ns
Transition Time tr 3 - 50 3 - 35 ns
RAS Precharge Time trp 120 | — — | 100 [ — — ns
RAS Pulse Width tras | 200 | — |10000| 150 | — | 10000| ns
RAS Hold Time tRsH | 135 | — - 100 | — — ns
CAS Precharge Time (Page Mode Only) tcp 80 — — 60 — — ns
CAS Precharge Time (All Cycles Except Page Mode) tcPN 30 — — 25 — — ns
CAS Pulse Width tcas | 135 | — |10000{ 100 | — | 10000| ns
CAS Hold Time tcsH 200 | — — 150 | — — ns
RAS to CAS Delay Time thRep | 30| — | 65| 25| — | 50 | ns
CAS to RAS Precharge Time tcrp o | — | — o | — | — ns
Row Address Set Up Time tASR 0 — — 0 — — ns
Row Address Hold Time tRAH 20 | — - %5 | — - ns
Column Address Set Up Time tasc 0 — — 0 — — 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 0 — — 0 — — ns
Write Command Set Up Time Ell twes [-10 | — — | -10 | — — ns
Write Command Hold Time twcH 55 — — 45 — — ns
Write Command Hold Time Referenced to RAS twcr 120 | — — 95 — — ns
Write Command Pulse Width twp 55 — — 45 — — ns
Write Command to RAS Lead Time tRWL 80 | — — 60 — - ns
Write Command to CAS Lead Time towL 80 | — — 60 — —_ ns
Data In Set Up Time tps 0 — — 0 - — ns
Data In Hold Time tbH 55 | — —_ 45 | — — ns
Data In Hold Time Referenced to RAS tour | 120 — | — 95 | — — ns
CAS to WE Delay O] tewp | 5| —| =] 70| —| =] ns
RAS to WE Delay (9 tawp | 60| — | — | 120 — | — | ns
Read Command Hold Time Referenced to RAS tRRH 25 — — 20 — — ns
RFSH Set Up Time Referenced to RAS trsp | 120 — _ 100 — — ns
RAS to RFSH Delay tRep | 120 | — — 100 — — ns
RFSH Cycle Time trc 33| — — | 20| — - ns
@_T%H Pulse Width tep 200 | — — | 150 — - ns
RFSH Inactive Time tr) 120 — — 100 — — ns
RFSH to RAS Delay tRp | 50 | — | — | 4| = — ns
RFSH Hold Time tEsH 20 | — — 15| — - ns
RFSH Address Set Up Time tasE o| —| — o| —| — ns
RFSH Set Up Time Referenced to CAS tesc 5 | — —_ 40| — — ns
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Notes:

1.

An initial pause of 200us is required after power-up follow-
ed by any 8 RAS cycles before proper device operation is
achieved. if internal refresh counter is to be effective, a
minimum of 8 active RFSH initialization cycles required.
The internal refresh counter must be activated a minimum
of 128 times every 2ms if the RFSH refresh function is
used. The RFSH must be held at V| if the RFSH function
is not used.

. Dynamic measurements assume t1 = 5ns.
. Vin(min) and V (max) are reference levels for measuring

timing of input signals. Also, transition times are
measured between V|(min) and V| (max).

. Assumes that tgcp = tgcp(max). If tgep is greater than

the maximum recommended value shown in this table,
trac Will increase by the amount that tgcp exceeds the
value shown.

10.

MB8265-15/MB8265-20

6. Measured with a load equivalent to 2 TTL loads and 100 pF.
7. Operation within the tggp(max) limit insures that

trac(max) can be met. tgcp(max) is specified as a
reference point only; if trop is greater than the specified
trcp(max) limit, then access time is controlied exclusively
by tcac-

. trep(Min) = tran(Min) + 2ty (ty = 5ns) + tagc(min).

9. twes, tcwp and tgwp are not restrictive operating

parameters. They are included in the data sheet as elec-
trical characteristics only. If twcs = twcs(min), the cycle
is an early write cycle and the data out pin will remain open
circuit (high impedance) throughout entire cycle.

If tcwp = tcwp(min) and tgwp > 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.

Either tgpy or tgcH must be satisfied for a read cycle.
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5. Assumes that tgcp = trgp(max). 11. RFSH counter test read/write cycle only.
TIMING DIAGRAMS
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CAS
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>
ol

ADDRESSES

Din
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PAGE-MODE READ CYCLE
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“RAS-ONLY” REFRESH CYCLE
NOTE: RFSH = V|, CAS = V|4, WE = Don’t Care
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HIDDEN RFSH REFRESH CYCLE
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DESCRIPTION

Address Inputs

A total of sixteen binary input address bits are required
to decode any 1 of 65536 storage cell locations within
the MB8265. Eight row-address bits are established on
the input pins (Ag through A7) and latched with the Row
Address Strobe (RAS). The eight column-address bits
are established on the input pins and latched with the
Column Address Strobe (CAS). All input 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 (trap) specification has been satisfied and the ad-
dress inputs have been changed from row-addresses to
column-addresses.

Write Enable

The read mode or write mode is selected with the WE in-
put. A logic high (1) on WE dictates read mode; logic low
(0) dictates write mode. Data input is disabled when
read mode is selected.

Data Input

Data written into the MB8265 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\ is
strobed by CA§_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 standard TTL loads. Data-out is the same
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 tgrcp (max) is satisfied, or after tcac from
transition of CAS when the transition occurs after trcp
(max). Data remains valid until CAS is returned to ahigh
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 MB8265 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. Fur-
ther, access and cycle times are decreased because the
time normally required to strobe a new row-address is
eliminated.

RAS-Only Refresh

Refresh of the dynamic memory cells is accomplished
by performing a memory cycle at each of the 128 row-ad-
dresses (Ag ~ Ag) at least every two milliseconds. Dur-
ing refresh, either V. or V| is permitted for A7. RAS
only refresh avoids any output during refresh because
the output buffer is in the high impedance state unless
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CAS is brought low. Strobing each of 128 row-addresses
with RAS will cause all bits in each row to be refreshed.
Further RAS-only refresh results in a substantial reduc-
tion in power dissipation.

RFSH Refresh

RFSH type refreshing available on the MB8265 offers an
alternate refresh method: (1) When RFSH (pin 1) is
brought low (active) during RAS (Pin 4) is high (inactive),
on-chip refresh control clock generators and a refresh
address counter are enabled and an internal refresh
operation takes place. (2) When RFSH is brought high
(inactive), the internal refresh address counter is auto-
matically incremented in preparation for the next RFSH
refresh cycle. Only RFSH activated cycles affect the in-
ternal refresh address counter.

The use of RFSH type refreshing eliminates the need of
providing additional external devices to generate
refresh addresses.

Hidden Refresh

Hidden Refresh Cycle may take place while maintaining

latest valid data at the output by extending CAS active

time from the previous memory read cycle.

The MB8265 offers two types of Hidden Refresh. They

are referred to as Hidden RAS-Only Refresh and Hidden

RFSH Refresh.

1) Hidden RAS-Only Refresh -

Hidden RAS-Only Refresh is performed by holding CAS
at Vi and taking RAS high and after a specified

precharge period (trp),_executing “RAS-Only” refresh,

but with CAS held low. RFSH has to be held at Vjy.

2) Hidden RFSH Refresh

Hidden RFSH Refresh is performed by holding CAS at

V|L and taking RAS high and after a specified precharge

period (trrp), executing RFSH refresh, but with CAS

held low.

A specified precharge period (tcpn) is required before

normal memory Read, Write or Read-Modify-Write cycle

after performing either type of Hidden Refresh.

Refresh Counter Test Cycle

A special timing sequence provides a convenient
method of verifying the functionality of the RFSH ac-
tivated circuitry.

(A) RFSH Test Read/Write Cycle

When RFSH is given a signal in timing as shown in tim-
ing diagram of RFSH counter Test Read/Write Cycle,
Read/Write Operation is enabled. A memory cell ad-
dress (consisting of a row address (8 bits) and a column
address (8 bits)) to be accessed can be defined as
follows:

*A ROW ADDRESS — Bits Ag ~ Ag are defined when
contents of the internal address counter are latched.
The other bit A7 is defined by latching a level on A7
pin during RFSH = “L” and RAS = “H” (tpgp)-

* A COLUMN ADDRESS — All the bits Ag ~ A7 are defin-
ed by latching levels on Ag ~ A7 pins in a high-to-low
transition of CAS.




DESCRIPTION (Continued)

By using a 16-bit address latched into the on-chip ad-
dress buffers by means of the above operation, any of
64K memory cells can be read/written into/from.

(B) RFSH Test Read-Modify-Write Cycle

Also, Read-Modify-Write Operation (not only the above
normal Read/Write Operations) can be used in this
RFSH Counter Test Cycle.

(C) Example of Refresh Counter Test Procedure

(1) Initialize the internal refresh counter. For this opera-
tion, 8 RFSH cycles are required.

MB8265-15/MB8265-20

(2) Write a test pattern of “0”’s into the memory celis at a
single column address and 128 row addresses by us-
ing 128 RFSH Test Write Cycle or RFSH Test Read-
Modify-Write Cycle. (At this time, A7 (row) must be fix-
ed at “H” or “L”.).

(3) Verify the data written into the memory cells in the
above step (2) by using the column address used in
step (2) and sequence through 128 row address com-
binations (Ag ~ Ag) by means of normal Read Cycle.
(At this time, A7 (row) must be fixed at the same level
as the above step (3).)

(4) Compliment the test pattern and repeat steps (2) and
3).
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TYPICAL CHARACTERISTICS CURVES (Continued)
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lcca. REFRESH CURRENT 1 (mA) Iccz, STANDBY CURRENT (mA)
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TYPICAL CHARACTERISTICS CURVES (Continued)
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TYPICAL CHARACTERISTICS CURVES (Continued)
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FUJITSU

MICROELECTRONICS, INC.

NMOS 65,536-BIT DYNAMIC
RANDOM ACCESS MEMORY

DESCRIPTION

The Fujitsu MB8265A is a fully decoded,
dynamic NMOS random access memory
organized as 65536 one-bit words. The de-
sign is optimized for high-speed, high per-
formance applications such as mainframe
memory, buffer memory, peripheral stor-
age and environments where low power
dissipation and compact layout are re-
quired.

Multiplexed row and column address in-
puts permit the MB82645 to be housed in a
standard 16-pin DIP. Pin-outs conform to
the JEDEC approved pin out.

FEATURES

* 65,536 x 1-bit organization
¢ Row Access Time/Cycle Time
MB8265A-10 100 ns Max./200 ns Min.
MB8265A-12 120 ns Max./230 ns Min
MB8265A-15 150 ns Max.J/260 ns Min.
¢ Low Maximum Power Dissipation
MB8265A-10 275 mW (Active)
MBB8265A-12 248 mW (Active)
MB8265A-15 220 mW (Active)
All devices 25 mW (Standby)
 Single +5V supply voltage, +10%
tolerance
¢ All inputs TTL compatible, low
capacitive load
¢ Three-state TTL compatible output

The MBB8265A 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. Dy-
namic circuitry is employed in the design,
including dynamic sense amplifiers.
Clock timing requirements are noncritical,
and the power supply tolerance is very
wide. All.inputs and output are TTL com-
patible.

¢ Common /O capability using “Early
Write” operation

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

* Read-Modify-Write capability

* Page Mode capability for faster access

* “Gated” CAS

* On-chip Address and Data-in latches

¢ On-chip substrate bias g tor

* taAr: twcrs tpHR eliminated

¢ Pin 1 on-chip refresh

* RAS only refresh

* Hidden refresh

* 2ms/128 cycle refresh

RAS K GEN.
RAS Ry WRITE _
cLock W
e GEN.
CAS
CLOCK GEN. T
NO. 2
REF. L
RFSH CONTROL
cLock
INTERNAL
ADDRESS
COUNTER COLUMN -l DATA
DECODER IN - b
BUFF.
Ul SENSE AMPS »
1/0 GATING
Ag— { 1
A—]
]
Az— ! DATA
) & ! —— ouT —Q
A @8 3 ! |  BUFF.
Tu Q ! 65,536 BIT
As— a5 o | STORAGE CELL
A <@ z i
5 — I
2 |
Ae—l i ——Vce
_.
Aq—
7 —-—Vss
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MB8265A-10
MB8265A-12
MB8265A-15

CERAMIC PACKAGE
CERDIP
DIP-16C-C04

PLASTIC PACKAGE
DIP-16P-M03

CERAMIC LCC
LCC-18C-F02

PIN ASSIGNMENTS

RESH[_|1 ~ 16 Vss

N

o[

15[ |cAs

wls _ 14[Ja

— a2

RAS[ |4 0@ 13[ JAe

Ao[]s 8 12[]As
:>

A [ 11 ]As
AIE 10 JAS
vec[] 8 9:]%

~N O

D RFSH Vgg CAS

w - 16]Q
— -
RAS o 8 As
oo
NC <® NC
Ay m 2 A3
3
Ay N '

A1 Vec A7 As
Note: The following IEEE Std. 662-1980 symbols are used in this data sheet: D = Data in, W = Write Enable, Q = Data Out.



MB8265A
ABSOLUTE MAXIMUM RATINGS (See Note)

Rating Symbol Value Unit
Voltage on any pin relative to Vgg Vin, Vout —1t0 +7 \"
Voltage on Vgc supply relative to Vgs Vee —-1to +7 v
Cerdip -55to +150 o
Storage temperature Plastic Tstg 5510 +125 C
Power dissipation Pp 1.0 W
Short circuit output current _— 50 mA

Note: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. Functional operation should be restricted to the conditions as detailed in the
operational sections of this data sheet. Exp. to absol i rating diti for extended periods may effect device reliability. This device contains cir-
cuitry to protect the inputs against damage due to high static voltages or electric fields. It is advised that normal precautions be taken to avoid application of any
voltage higher than maximum rated voitages to this high impedance circuit.

RECOMMENDED OPERATING CONDITIONS (Referenced to Vsg)

Val
Parameter Symbol Wi :y:e Max Unit Operating Temperature
Supply Voltage Vee 45 5.0 55 Y
Vss 0 0 0 v 0°Cto +70°C
Input High Voltage, all Inputs ViH 24 — 6.5 \
Input Low Voltage, all Inputs ViL -1.0 — 0.8 Vv
CAPACITANCE (T, = 25°C)
Value

Parameter Symbol Min Typ Max Unit
Input Capacitance Ag ~ A7, D CiNg — — 5 pF
Input Capacitance RAS, CAS, W, RFSH Cin2 — - 8 pF
Output Capacitance Q Cout — - 7 pF

DC CHARACTERISTICS (Recommended operating conditions unless otherwise noted.)

Parameter Symbol M SA10 | MBE2GSA12 | M A15 Unit
Min | Max | Min | Max | Min | Max

OPERATING CURRENT* Average power supply current _ _
(RFSH = V|, RAS, CAS cycling; trg = min.) lcct 0 | — | % 40 | mA
STANDBY CURRENT Power supply current _ _
(RAS, CAS, RESH = Vi) lcco 45 | — | 45 45 | mA
REFRESH CURRENT 1* Average power supply current _ _ _
(CAS, RFSH = V|; RAS cycling, trg = min.) lccs 38 35 3t | mA
PAGE MODE CURRENT* Average power supply current _ _ _
(RAS =V, RFSH = V;, CAS cycling; tpc = min.) lcca 3% 32 28 | mA
REFRESH CURRENT 2* Average power supply current _ _ _
(RASICAS = Vi, RFSH cycling; teg = min.) lccs 42 38 34 | mA
INPUT LEAKAGE CURRENT
any input (OV < ViN = 5.5V, Vg = 5.5V, Vgs = 0V, o -10| 10 |-10| 10 | =10 | 10 | pA
all other pins not under test = 0V)
OUTPUT LEAKAGE CURRENT
(Data out is disabled, OV = Vour < 5.5V) oo | ~10} 10} -0} 10 | -10) 10 | kA
OUTPUT HIGH VOLTAGE
(oH = —5 mA) VoH 24 — |24 | — | 24 | — \Y
OUTPUT LOW VOLTAGE
(oL = 4.2 mA) VoL — 04 | — |04 ] — | 04 Vv

Note™: Icc is dependent on output loading and cycle rates. Specified values are obtained with the output open.
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MB8265A
AC CHARACTERISTICS (Recommended operating conditions unless otherwise noted.)

[Notes Symbol MB8265A-10 | MB8265A-12 | MB8265A-15 | , . .
Parameter - - - Unit
Alternate | *Standard | Min | Max | Min | Max | Min | Max

Time between Refresh tREF TRVRV — 2 — 2 — 2 ms
Random Read/Write Cycle Time tRc TRELREL | 200 | — |[230| — |260| — ns
Read-Write Cycle Time tRwc | TRELREL | 230 | — |265| — [280 | — ns
Page Mode Read/Write Cycle Time tpc TCELCEL [105| — 120 — [145| — ns
Page Mode Read-Write Cycle Time tprwc |TCEHCEH | 135 | — [155| — 180 | — ns
Access Time from RAS [6] | thac | TRELQV | — [ 100 | — | 120 | — | 150 | ns
Access Time from CAS 6] tcac | TCELQV | — | 50 | — | 60 | — | 75 | ns
Output Buffer Turn off Delay toFF TCEHQZ | O 30 0 35 0 40 ns
Transition Time tr T 3 50 3 50 3 50 ns
RAS Precharge Time tRp |TREHREL| 90 | — [100| — [100| — | ns
L_R—A—S Pulse Width tras | TRELREH | 100 | 10000 | 120 | 10000 | 150 | 10000 | ns
RAS Hold Time tRgn |TCELREH|[5 | — |60 | — |75 | — | ns
CAS Precharge Time (all cycles except page mode) topN TCEHCEL | 25 — 30 — 30 — ns
CAS Precharge Time (Page mode only) tcp TCEHCEL | 45 — 50 — 60 — ns
CAS Pulse Width tcas | TCELCEH | 50 |10000| 60 |10000| 75 |10000| ns
CAS Hold Time tcsy |TRELCEH|100| — |120| — |150| — | ns
RAS to CAS Delay Time tRcp | TRELCEL | 20 | 50 | 20 | 60 |25 | 75 | ns
CAS to RAS Precharge Time tcRp |TCEHREL|{ 0 | — [ 0 | — [ 0 | — | ns
Row Address Set Up Time tASR TAVREL | O — 0 — 0 — ns
Row Address Hold Time tRAH TRELAX | 10 — 10 — 15 — ns
Column Address Set Up Time tasc TAVCEL | 0 — 0 — 0 — ns
Column Address Hold Time tCAH TCELAX | 15 — 15 — 20 — ns
Read Command Set Up Time tRcs TWHCEL | 0 — 0 — 0 — ns
Read Command Hold Time Referenced to CAS 9] tron | TCEHWX | 0 | — 0 — 0 — ns
Read Command Hold Time Referenced to RAS [9] tRRH | TREHWX | 20| — [ 20| — (20| — | ns
Write Command Set Up Time twcs TWLCEL | O — 0 — 0 — ns
Write Command Hold Time tweH | TCELWH | 20 — | 25| — 30 — ns
Write Command Pulse Width twp TWLWH | 20 — 25 — 30 — ns
Write Command to RAS Lead Time trRwL | TWLREH | 35 — 40 — 45 — ns
Write Command to CAS Lead Time tcwr | TWLCEH | 35 — | 40 | — 45 — ns
Data In Set Up Time tps TDVREL | 0 — 0 — 0 — | ns
Data In Hold Time tpbH TCELDX | 20 — 25 | — 30 — ns
CAS to W Delay towp | TCELWL | 40 | — |50 | — |60 | — | ns
RAS toW Delay tawp | TRELWL [ 90 | — | 110] — |120| — | ns
RFSH Set Up Time Referenced to RAS tr,sg | TFHREL [ 90 | — [ 100| — [100| — | ns
RAS to RFSH Delay trRp | TREHFL | 90 | — [100| — [100| — | ns
'RFSH Cycle Time tec TFLFL [200| — 230} — [260| — | ns
RFSH Pulse Width tep TFLFH | 100| — [120 — [150| — | ns
RFSH Inactive Time tr| TFHFL | 90 | — |100| — [100| — | ns
| 'RFSH to RAS Delay trro | TREHFL | 20 | — | 30 | — | 40| — | ns
RFSH Hold Time t)sy | TRELFH | 30 | — | 40| — |50 | — | ns

See Notes on following page.

*These symbols are described in IEEE Std. 662-1980: IEEE Standard Terminology for Semiconductor Memory.
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MB8265A

Notes:
1. Aninitial pause of 200us is required after power-up followed by 5. Assumes that tgcp = tgep (Max).
any 8 RAS or RFSH cycles before proper device operation is 6. Measured with a load equivalent to 2 TTL loads and 100pF.
achieved. |f the internal refresh counter is to be effective, a ; ] )
minimum of 8 active RFSH initialization cycles are required. The 7. trcp (Min) = tgay (Min) + 2ty (tt = 5ns) + tasc (Min).
internal refresh counter must be activated a minimum of 128 g t icti
’ My haliain = . twcs: tewp and tgwp are not restrictive operating parameters.
times every 2ms if the RESH refresh function is used. RFSH They are included in the data sheet as electrical characteristics
must be held at V| if the RFSH function is not used. only. If twes = twes (min), the cycle is an early write cycle and
2. Dynamic measurements assume tt = 5ns. the data out pin will remain open circuit (high impedance)
: L throughout entire cycle.
3. V|y(min)and V|_(max) are reference levels for measuring timing " . R .
of input signals. Also, transition times are measured between towp = towp (Min) and tawp = trwp (Min), the cycle is a read-
V|y (min) and V)_(max). write cyck.a and data out will contain data re_ad fr9m thfe sglected
. " ) cell. If neither of the above sets of conditions is satisfied, the
4. tpep is specified as a reference point only. If trep = trep (Max) condition of the data out is indeterminate.
the specified maximum valve of tgac (max) can be met. If 9. Eith b isfied f
tRep > tRep (Max) then tpac is increased by the amount that 9 Either tppy or trgy must be satisfied for a read cycle.
trcp exceeds trop (Max). 10. RFSH counter test read/write cycle only.
TIMING DIAGRAMS
READ CYCLE
Vin—
RFSH V- tre
"trsm tRAS
o Vig- '—-——'—'—3\ / p
RAS Vie- X / —
1CSH tRP
)‘——IRCDm—ﬂ tRSH [—tC R p—e
tcas
v Vin- 3
CAS vie - \ / / t ’\
tasr | |tRAH  tasc tCAH . PN
Vin-  ROW #1 COLUMN \V
A ViL- ADDRESS | | ADDRESS
1
trcs I——- |
W Vin-
V- l-—t CAC———=]
tRAC
\2 —_
Q V?)':— OPEN
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TIMING DIAGRAMS (Continued)

CAS

=l

MB8265A

WRITE CYCLE (EARLY WRITE)
Vin—
v “__72
s tEsR the
Vv - tRAs Y\
IH™
ViL— \ 7/ X
tcsH {
1 tRP
tRSH
tRCcD tcas —-—tcp:gp——{
ViH— N\ \ 4
ViL— \ X 7/| /
tASR | |[tRAH tasc I
- F.— _.l - tcAH CPN
Vin— ROW ) COLUMN
ViL— | ADDRESS ADDRESS
v ] +
cwL
twes tweH
ViL—
tRWL

1
tps -~ L—tDH——J
Vin— VALID
ViL— DATA

Vo~

QROCRXXKRXAXXXXXAX

Vo OPEN
READ-WRITE/READ-MODIFY-WRITE CYCLE
Vin—
Viem -J 'FSR
N tRWC
—_— RAS

Vin- N
Vi X A \_

tesH tRSH tRP—e—f

tRCD tcas tcrp
Vin- 3 VAR ; T
Vi tASR| |tRAH tasc \\‘ |j

|aen! ] |— tcaH =—tcPN
Vin- & ROW Y ( COLUMN Y (X)m
Vi ADDRESS ADDRESS
! ! 1 ——
'chsH e tcwD fml
ViL—
tcac twe 4] toFF
ot — R ﬂL
f tRac t::-s~-—l l—-—— toH
Vi W VVVVVVVVVVVVVANV NV VY VALID )
‘A‘A’A’A‘A‘A‘A‘A‘A A A’A A’A‘A‘A‘A‘A’A‘

Vi

1-71

QRXXXKXXXXX

L DATA

m Don’t Care




MB8265A

TIMING DIAGRAMS (Continued)

0
>
2

>

2|

g

PAGE MODE READ CYCLE
AYY
Vig— j 10
ViL—
—— |——tESR thAs
Vin~ N\ &
V- N - ‘ - 7
CSH — tRSH ;-—tnpj
t‘—‘htPC‘—"
~tRCD tcas ~tcp- ‘cas F=—tcas ‘-"—tcnp
ViL- tRAH -
I CAH tcaH
i
tAsR-ﬁ — f—— tAsc

1}

Vin— {ROW)
Vi— \ADD.

CcoL.
ADD.

TAVAVAV
|""_tCAC‘—"" ‘OFF| ~—tcac
]

ADD A
1—-—tCAc
—10FF 1OFF

VALID

ALID VALID
OPE N DATA DATA,

LtRCS
tRCH *Jf—j

4 DATA

— IRRH f—

tRCH——=—

¥

PAGE MODE WRITE CYCLE

" XX

(®

N

tRAS
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MB8265A
TIMING DIAGRAMS (Continued)

PAGE MODE READ-WRITE CYCLE

Vin— Ir
RFSH Vi / L‘

tRAS tRP—=
tesR
R " —
RAS Vi N J
= —tesH— tRSH tcRP
le—tRCD-=f=—tCAS et p RWC——o] ]
b
CAS Vin- Y /f _—
CAS Vi~ ,/ \ / \
trRAHtASC tep tcas | | tasc | = ‘(%AH
tASR [ tCAH =l
) l CWL
Vin- ROW COL coL coL VVVV/Y
A V,L—&( ADD x ADD ADD. ADD A‘A‘A’A‘A‘A‘A‘
T t
| tcwp towi|t | |fee] CAH | trcs t
trcs L oYE S t/]Asc =7 n ‘w;(WL
| RSC [ ltcwo Cwﬂ" T tcwn
W we N 1/ N
Vi
tcac
L—‘ toFF " twp teac l._.tOFF
tRaC— | [tywp teac Nelds
Q Vou~ VALID VALID N, /. VALID
Vor- DATA DATA ¥* N __DATA ,>
tos| | tpy tps| | toH toH
] i —ef |=-tps

Vin~ VALID VALID VALID
D Vi~ DATA DATA DATA

m Don’t Care
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TIMING DIAGRAMS (Continued)

“RAS-ONLY” REFRESH CYCLE
NOTE: RFSH = V|; CAS = Vjy; W, D = Don’t Care

i tRC
k

tRAS

tRp

S XXX XX KKK XX XXRKRX
Q \\;gt: OPEN
RFSH REFRESH CYCLE

NOTE: CAS = V)4; W, D = Don’t Care; Q = Open

N Vip—
RAS ViL—
tRFD—= tep [t | ——] tEsR
Vig-—"— —\
RFSH i
- tRAH

tec tasr

XXXXXXXXXNA

XXX
HIDDEN “RAS-ONLY” REFRESH CYCLE

RFSH MC
ViL—
trc tRC

Mt
FSR t
tRAS RP tRAS
RAS Mo R A N
ViL— K A N tRP—
|t RS H—= [=—e{ tCRP
[=—1tRCD tcas
|
-_— Vig—
CAS IH N\ 27
ViL— . tRAH K .
ASR
tasc | tcaH t l—-——-—tnAH [=CPN
-1 r—— ASR—= |
A Vin ROW COLUMN ROW
V- Y. ADDRESS ADDRESS ADDRESS
tRcsL__
I
— Vv X
W vir- XXXXXKO NXXXXXXXKXRXXX KRN
l——trAC RRH tore
Von— 'CAc;
Q VoL OPEN { VALID DATA J}—-—

m Don’t Care
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TIMING DIAGRAMS (Continued)

Y
>
2l

gl

CAS

=|

HIDDEN RFSH REFRESH CYCLE

MB8265A

Vin—
MiL— /

tep

RSH
Vin—
ViL- K-
tRFD
COL.
A

VoL—

VALID DATA

RFSH COUNTER TEST READ/WRITE CYCLE
NOTE: Q is the waveform in Read or Read-Modify-Write Cycles

f———1Fp = tFl
Vig— y
H tEsH Zf
Vie— K | ‘
tRED FRD-1
tFRD tRSH |
Vin— [—-rtRCD——]
ViL— K
tcas {
Vin— N
Vy —
- tasc
tcaH
Vin= COLUMN
ViL - K_ADDRESS
twes [~=—1twcH
Vib— \N
ViL—
tps F-——tDH——-—

T XKKKKIKX RN

traC

VoH—
OH OPEN

XXX

OF F—=i

VoL~
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MB8265A

DESCRIPTION

Address Inputs

A total of sixteen binary input ad-
dress bits are required to decode any
one of 65536 storage cell locations
within the MB8265A. Eight row-ad-
dress bits are established on the in-
put pins (Ag through A7) and latched
with the Row Address Strobe (RAS).
The eight column-address bits are
established on the input pins and
latched with the Column Address
Strobe (CAS). All input addresses
must be stable on or before the fall-
ing edge of RAS. CAS is internally in-
hibited (or “gated”) by RAS to permit
triggering of CAS as soon as the Row
Address Hold Time (trap) specifica-
tion has been satisfied and the ad-
dress inputs have been changed
from row-addresses to column-ad-
dresses.

Write Enable

The read mode or_write mode is
selected with_the W input. A logic
high (1) on W dictates read mode;
logic low (0) dictates write mode.
Data input is disabled when read
mode is selected.

Data Input

Data is written into the MB8265A dur-
ing a write or read-write cycle. The
last falling edge of W or CAS is a
strobe for the Data In (D) register. Ina
write cycle, if W is W is brought low (write
mode) before CAS, D is strobed by
CAS, and the set-u __p_and hold times
are refe_rgnced to CAS. In a read-write
cycle, W will be delayed until CAS
has made its negative transition.
Thus D is strobed by W, and set-up
and hold times are referenced to W.

Data Output
The output buffer is three-state TTL
compatible with a fan-out of two
standard TTL loads. Data-out is the
same 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 the transition of
RAS when tgcp (max) is satisfied, or
after tcac from the transition of CAS
when the transition occurs after
gfg (max). Data remains valid until
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 strob-
ing the row-address into the MB8265A
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. Access and cycle times
are decreased because the time nor-
mally required to strobe a new row-ad-
dress is eliminated.

RAS-Only Refresh

Refresh of the dynamic memory cells
is accomplished by performing a
memory cycle at each of the 128 row-
addresses (Ag ~ Ag) at least every two
milliseconds. During refresh, either
ViL or Viy is permitted for A7. 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 128
row-addresses with RAS will cause all
bits in each row to be refreshed. RAS-
only refresh results in a substantial
reduction in power dissipation.

RFSH Refresh

RFSH type refreshing available on the
MBB8265A offers an alternate refresh
method: (1) When RFSH_(pin 1) is
brought low (active) when RAS (Pin 4)
is high (inactive), on-chip refresh con-
trol clock generators and a refresh ad-
dress counter are enabled and an in-
ternal refresh operation takes place.
(2) When RFSH is brought high (inac-
tive), the internal refresh address
counter is automatically incremented
in preparation for the next RFSH
refresh cycle. Only RFSH activated
cycles affect the internal address
counter. -

The use of RFSH type refreshing
eliminates the need of providing any
additional external devices to
generate refresh addresses.

Hidden Refresh
A Hidden Refresh Cycle may take
place while maintaining valid data at
the output by extending CAS active
time from the previous memory read
cycle.
The MB8265A offers two types of Hid-
den Refresh. They are referred to as
Hidden RAS-Only Refresh and Hidden
RFSH Refresh.
1) Hidden RAS-Only Refresh is per-
formed by holding CAS at V)_and tak-
ing RAS high and aftera specified pre-
charge period (trp), executing “RAS-
Only” refresh, but with CAS held low.
RFSH has to be held at V|4.
2) Hidden RFSH Refresh is performed
by holding CAS at V|_and taking RAS
high and after a specified precharge
period (t , executing RFSH refresh,
but with CAS held low.
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A specified precharge period (tcpn) is
required before normal memory Read,
Write or Read-Modify-Write cycle after
performing either type of Hidden
Refresh.

Refresh Counter Test Cycle

A special timing sequence provides a
convenient method of verifying the
functionality of the RFSH activated
circuitry.

(A) RFSH Test Read/Write Cycle
When RFSH is given an input signal
as shown in the RFSH counter test
Read/Write cycle timing diagram, a
Read/Write Operation is enabled. A
memory cell can be accessed with an
address consisting of 8 row and 8 col-
umn bits defined as follows:

*ROW ADDRESS—BIits Ag~ Ag are
defined when the contents of the in-
ternal address counter are latched.
I(l' he other bit, A7, is set “low” internal-
y.

*COLUMN ADDRESS—AII the bits
Ag ~ A7 are defined by latching levels
on Ag ~ Az pins in a high-to-low transi-
tion of CAS.

By using a 15-bit address latched into
the on-chip address buffers by means
of the above operation, any of 32K (in
the fixed half cell array) memory cells
can be read or written.

(B) RFSH Test Using the Read Modify
Write Cycle

In addition to the normal read or write
operations, a read-modify-write opera-
tion can be used in this RFSH Counter
Test.

(C) Example of the Refresh Counter

Test Procedure

(1) Initialize the internal refresh
counter. For this operation, 8
RFSH cycles are required.

(2) Write a test pattern of “0”’s into
memory cells at a single column
address and 128 row adresses by
using 128 RFSH Test Write Cycles
or RFSH Test Read-Modify-Write
Cycles.

(3) Verify the data written into the
memory cells in step (2) above by
using the column address used in
step (2) and sequence through 128
row address combinations
(Ag ~ Ag) by means of the normal
Read Cycle.

(4) Compliment the test pattern and
repeat the steps (2) and (3).
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CURRENT WAVEFORM (Vi = 5.5V, TA = 25°C)

RASICAS CYCLE LONG RAS/CAS CYCLE RAS ONLY REFRESH CYCLE PAGE MODE CYCLE RESH REFRESH CYCLE

s \ / T T \ T I

TYPICAL CHARACTERISTICS CURVES

NORMALIZED ACCESS TIME NORMALIZED ACCESS TIME
vs SUPPLY VOLTAGE vs AMBIENT TEMPERATURE

s
12 | _Ta= 2_5 C
trcp = 20ns

Vee = 4.5V y
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A
08 0.8
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TYPICAL CHARACTERISTICS CURVES (Continued)

Icc1, OPERATING CURRENT (mA)

lcc1, OPERATING CURRENT (mA)

lcc2, STANDBY CURRENT (mA)

OPERATING CURRENT
vs CYCLE RATE
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TYPICAL CHARACTERISTICS CURVES (Continued)

Icca. PAGE MODE CURRENT (mA) Iccz, REFRESH CURRENT 1 (mA)

Icca, PAGE MODE CURRENT (mA)

REFRESH CURRENT 1

vs SUPPLY VOLTAGE
I
T =25°C
40f—tgc = 200ns
30 L —T
’/
20
10
4 45 5 5.5 6
Vce, SUPPLY VOLTAGE (V)
REFRESH CURRENT
vs CYCLE RATE
I
Ve = 5.5V
40}—Tp = 25°C
tcas = 50ns
30
20 7
/ §
//
10
0 2 4 6 8 10
1/tpc CYCLE RATE (MHz)
PAGE MODE CURRENT
vs AMBIENT TEMPERATURE
Vee =56.5V
40 I tcas = 50ns
30
— tpc = 105ns
20 ~ e tpc = 1‘50ns_
T —
tpc = 200ns
10

-20 O 20 40

60 80 100

Ta, AMBIENT TEMPERATURE ©c)

lccs, REFRESH CURRENT 1 (mA)

Icca. PAGE MODE CURRENT (mA)

lccs, REFRESH CURRENT 2 (mA)

1-79

MB8265A

REFRESH CURRENT 1
vs AMBIENT TEMPERATURE
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MB8265A
TYPICAL CHARACTERISTICS CURVES (Continued)

REFRESH CURRENT 2 REFRESH CURRENT 2
vs SUPPLY VOLTAGE vs AMBIENT TEMPERATURE
T I [
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TYPICAL CHARACTERISTICS CURVES (Continued)

VOLTAGE (V)

Icc, SUPPLY CURRENT Vg, SUPPLY
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FUJITSU

MICROELECTRONICS. INC.

NMOS 65,536-BIT DYNAMIC
RANDOM ACCESS MEMORY

DESCRIPTION

The Fujitsu MB8266A is a fully decoded
dynamic NMOS random access memory
organized as 65,536 one-bit words. The
design is optimized for high speed, high
performance applications such as main-
frame memory, buffer memory, peripheral
storage and environments where low
power dissipation and compact layout are
required.

The MB8266A offers new functional en-

hancements that make it more versatile

than previous dynamic RAMS. “CAS-

before-RAS” refresh provides an on-chip

refresh capability that is compatible with

upward expansion to 256K dynamic

RAMS, since pin 1 is left as a “no

connect”. The MB8266A also features Nib-

ble Mode, which allows high speed serial

FEATURES

* 65,536 x 1-bit organization

* Row Access Time/Cycle Time
MB8266A-10 100 ns Max./200 ns Min.
MB8266A-12 120 ns Max./230 ns Min.
MB8266A-15 150 ns Max./260 ns Min.

* Nibble Access Time/Cycle Time
MB8266A-10 25 ns Max./60 ns Min.
MB8266A-12 30 ns Max./70 ns Min.
MB8266A-15 40 ns Max./90 ns Min.

¢ Low Maximum Power Dissipation
MBB8266A-10 275 mW (Active)
MB8266A-12 248 mW (Active)
MB8266A-15 220 mW (Active)
All devices 25 mW (Standby) Max.

« Single +5V supply voltage, +10%

tolerance
¢ All inputs TTL compatible, low
capacitive load

¢ Three-state TTL compatible output

access to up to four bits of data. Multiplex-
ed row and column address inputs permit
the MB8266A to be housed in a Jedec stan-
dard 16-pin DIP and 18-pad LCC.

The MB8266A 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 sense amplifiers.

Clock timing requirements are non-critical
and the power supply tolerance is very
wide. All inputs and output are TTL com-
patible.

* Nibble mode capability for faster
access

« CAS before RAS on chip refresh
* RAS only refresh

» Hidden CAS before RAS on chip
refresh

¢ 2ms/128 cycle refresh
* Read-Modify-Write capability

e Common /O capability using
“Early Write” operation

¢ Output unlatched at cycle end allows
two-dimensional chip select

¢ On-chip Address and Data-in latches
¢ On-chip substrate bias generator
* tar, twcR, tpHR eliminated

MB8266A BLOCK DIAGRAM

RS CLOCK GEN.

L %%,fs WRITE _
cLock  |—Ww
GEN.

REF.
CONTROL a4y
cLocK

cLock Gen. | T
NO.2

i

INTERNAL

ADDRESS
COUNTER

—l

ADDRESS
BUFFERS
ROW DECODER

COLUMN ! DATA
DECODER N —o
BUFF.
SENSE AMPS
1/0 GATING L_I \_<
DATA
L our |—a
BUFF.
65,536 BIT
STORAGE CELL
~Vee

—-—Vss

MB8266A-10
MB8266A-12
MB8266A-15

PLASTIC PACKAGE
DIP-16P-M03

CERDIP PACKAGE
DIP-16C-C04

CERAMIC LCC

LCC-18C-F02
PIN ASSIGNMENTS
ne[ 1 1 [ Vss

o[[]2 15[ ) GAS
Wll': 3 1#[ ]a
RAS [ |4 gé 13 Ag"
A5 gg 12[ 7] Ag*
A[ |8 1 A,
A7 10[ | As
Vec[]8 9 ]ar

*A3 and Ag assigned for Nibble Address

D NC vgs CAS

w Q
— -5
RAS o6 As
ox
(-]
NC =3 NC
A E"" A
0
5 3

Ay Vec A7 As

Note: The following IEEE Std. 662-1980 symbols are used in this data sheet: D = Data in, W = Write Enable, Q = Data Out.
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ABSOLUTE MAXIMUM RATING (See Note)

MB8266A

Rating Symbol Value Unit
Voltage on any pin relative to Vgg ViN, VouT -1to +7 \
Voltage on Vg supply relative to Vgg Vce -1to +7 \
Cerdip -55to +150 R
Storage Temperature Plastic Tstg 5510 7125 C
Power Dissipation Pp 1.0 W
Short circuit output current los 50 mA
RECOMMENDED OPERATING CONDITIONS (Referenced to Vgg)
Value Ambient
Parameter Symbol Unit Temn;e::rt'ure
Min Typ Max
V, . X .
Supply Voltage VCC 405 500 505 z
. . SS 0°C to +70°C
Input High Voltage, all inputs ViH 24 — 6.5 \%
Input Low Voltage, all inputs ViL -1.0 — 08 \
CAPACITANCE (T = 25°C)
Value
Parameter Symbol Unit
Min Typ Max
Input Capacitance Ag ~ A7, D CiN1 - — 5 pF
Input Capacitance RAS, CAS, W Cin2 —_ —_ 8 pF
Output Capacitance Q Cout — — 7 pF
DC CHARACTERISTICS (Recommended operating conditions unless otherwise noted.)
MB8266A-10 | MB8266A-12 | MB8266A-15
Parameter Symbol Unit
Min | Max | Min | Max | Min | Max
OPERATING CURRENT* Average power supply current
(RAS, CAS cycling; trc = min) lect — |0 — B |40 mA
STANDBY CURRENT Power supply current
(RASICAS = V|) lccz - 4.5 — 4.5 — 45 | mA
REFRESH CURRENT 1* Average power supply current
(CAS = V), RAS cycling; trg = min) lccs - 38 - 35 - 31 | mA
NIBBLE MODE CURRENT* Average power supply current
(RAS = VL, CAS cycling; tyg = min) lcca | — | 20| — 21 | — | 21 | mA
REFRESH CURRENT 2* Average power supply current
(RAS cycling, CAS-before-RAS) lccs | — | 42| — | 38 | — | 3% mA
'INPUT LEAKAGE CURRENT
any input (0= V|N <5.5V, Voo = 5.5V, Vgg =0V, L -10| 10 | —10| 10 | —-10| 10 A
all other pins not under test = 0V)
OUTPUT LEAKAGE CURRENT
(Data out is disabled, OV = Vot < 55V) loo | -0} 10 | 10| 10 | 10| 10 | uA
OUTPUT HIGH VOLTAGE
(on = -5 mA) VoH 24 — 24 — 24 - \
OUTPUT LOW VOLTAGE
(oL = 4.2 mA) VoL — 0.4 — 04 — 04 \Y

Note: icc is dependent on output loading cycle rates. Specified values are obtained with the output open.
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MB8266A

AC CHARACTERISTICS (Recommended operating conditons unless otherwise noted.)

MB8266A-10 | MB8266A-12 | MB8266A-15
Parameter Notesl Symbol Unit
Alternate| *Standard | Min | Max | Min | Max Min | Max
Time between Refresh tReF TRVRV — 2 — 2 — 2 ms
Random Read/Write Cycle Time tre TRELREL | 200 — 230 — 260 | — ns
Read-Write Cycle Time trwe TRELREL | 230 — 265 - 280 | — ns
Access Time from RAS 4] 16/ tRAC TRELQV - 100 _ 120 — | 150 ns
Access Time from CAS [5] [6] tcac TCELQV — 50 — 60 — 75 ns
Output Buffer Turn Off Delay o torr | TCEHQZ | 0 30 0 35 o | 40 ns
Transition Time ty T 3 50 3 50 3 50 ns
RAS Precharge Time trp TREHREL | 90 — 100 — 100 | — ns
RAS Pulse Width tgas | TRELREH | 100 | 10000 [ 120 |10000 | 150 [10000 | ns
RAS Hold Time tgy | TCELREH | 50 [ — | 60 | — 75| — ns
CAS Precharge Time tcp |TCEHCEL | 50 | — | 50 | — 55 [ — | ns
CAS Pulse Width tcas | TCELCEH | 50 | 10000 | 60 [10000| 75 (10000 | ns
CAS Hold Time tcsy | TRELGEH | 100 — 120 — 150 | — ns
RAS to CAS Delay Time [4] tacp | TRELCEL | 20 | 50 | 20 | 60 25 | 75 ns
CAS to RAS Set Up Time tcrs | TCEHREL | 30 — 30 | — 30 | — ns
Row Address Set Up Time tASR TAVREL 0 - 0 —_ 0 — ns
Row Address Hold Time tRAH TRELAX 10 — 10 — 15 | — ns
Column Address Set Up Time tasc TAVCEL 0 - 0 - 0 — ns
Column Address Hold Time tcaH TCELAX 15 -— 15 — 20 — ns
Read Command Set Up Time thres TWHCEL 0 - 0 —_ 0 — ns
Read Command Hold Time Referenced to RAS [9l trRry | TREHWX | 20 — 20 — 20 | — ns
Read Command Hold Time Referenced to CAS [E]] tRcH TCEHWX 0 — 0 — 0 — ns
Write Command Set Up Time twes TWLCEL 0 — 0 — 0 — ns
Write Command Hold Time tweH TCELWH | 20 — 25 - 30 | — ns
Write Command Pulse Width twp TWLWH 20 - 25 — 30 - ns
Write Command to RAS Lead Time taRwL TWLREH | 35 — 40 — 45 —_ ns
Write Command to CAS Lead Time towL TWLCEH | 35 — 40 — 45 — ns
Data In Set Up Time tps TDVREL 0 — 0 — 0 — ns
Data In Hold Time tpH TCELDX 20 - 25 — 30 | — ns
CAS to W Delay towp | TCELWL | 40 | — | 50 | — 60 | — | ns
RAS to W Delay tswp | TRELWL | 90 — | 110 | — 120 | — ns
CAS Set Up Time Referenced to RAS (CAS before RAS) | tecg | TCELREL | 20 | — | 25 — 30 | — ns
CAS Hold Time Referenced to RAS (CAS before RAS) tecy | TRELCEX | 20 | — | 25 | — 30| — | ns
RAS Precharge to CAS Active Time trpc TREHCEL | 20 — 20 — 20 — ns
Nibble Mode Read/Write Cycle Time tNC TCEHCEH | 60 — 70 — 9 | — ns
Nibble Mode Read-Write Cycle Time tnrwe | TCEHCEH | 75 — 90 — 120 | — ns
Nibble Mode Access Time tNCAC TCELQV — 25 — 30 — 40 ns
Nibble Mode CAS Pulse Width tncas | TCELCEH | 25 — 30 — 4 | — ns
Nibble Mode CAS Precharge Time tncp | TCEHCEL | 25 — 30 — 40 | — ns
Nibble Mode Read RAS Hold Time tnrrsH | TCELREH | 25 - 30 — 40 | — ns
Nibble Mode Write RAS Hold Time tnwrsH | TCELREH | 35 — 40 — 45 | — ns
Nibble Mode Write Command to CAS Lead Time tnewr | TWLCEH | 20 -_ 25 - 3% | — ns
Nibble Mode Write Command Set Up Time tnwes | TWLCEL 0 — 0 — 0 — ns
Nibble Mode CAS to W Delay tnowp | TCELWL | 15 — 20 — 30| — ns
Refresh Counter Test Cycle Time tRTC TRELREL | 300 - 350 - 405 | — ns
Refresh Counter Test RAS Pulse Width trrRas | TRELREH | 200 | — | 240 | — 25| — | ns

See Notes on following page.
*These symbols are described in IEEE STD 662-1980: IEEE Standard Terminology for Semiconductor Memory.



MB8266A.

Notes:
1. Aninitial pause of 200us is required after power up follow- 6. Measured with a load equivalent to 2 TTL loads and
ed by any 8 RAS cycles before proper device operation is 100pF.
achieved. (If the internal refresh counter is to be effective, . . .
a minimum of 8 CAS before RAS refresh initialization 7. tpcp (Min) = tran (Min) + 2ty (ty = 5ns) + tagc (min).
cycles are required.) 8. twcs, tcwp and tgwp are non-restrictive operating
. - _ parameters. They are included in the data sheet as elec-
2. Dynamic measurements assume ty = 5ns. trical characteristics only. If tycs = twcs (min), the cycle
3. Vi (min) and V|_(max) are reference levels for measuring is an early write cycle, and the data out pin will remain
timing of input signals. Also, transition times are open circuit (high impedance) throughout entire cycle.
measured between V| (min) and V;_(max). If towp = towp (Min) and teyp = trwp (Min), the cycle is a
4. tpep is specified as a reference point only. If tep < trep read-write cycle and data out will contain data read from
(max) the specified maximum value of tgac (max) can be the selected cell. If neither of the above sets of conditions
met. If tgop > trep (Max) then tpac is increased by the is satisfied the condition of the data out is indeterminate.
amount that tpcp exceeds trgp (Max). 9. Either trgy or troH Must be satisfied for a read cycle.
5. Assumes that tgcp = trep (Max). 10. Refresh counter test cycie only.
TIMING DIAGRAMS
READ CYCLE
tRC
tRAS
— Vin- !\ ZF
RAS Vie— 9 y, \
tcsH R P ——=]
tCF!S|¢- tReD tRSH - |=—tc RS
Vin- tcas / \
= W/ \ I~
tasr | |tRAH  tasc tcAH ‘ cP
[—t— ] f——
A ViH- ROW ) 1~ COLUMN
ViL- ADDRESS ADDRESS
RRH
tncsl‘. — = tRCH l-‘-
W Vin-
ViL- CAC
tRAC ——] l—1tOFF
VoH- N 7 VALID
Q Vor - OPEN R —
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MB8266A

TIMING DIAGRAMS (Continued)
WRITE CYCLE (EARLY WRITE)
" tRC
RAS ViL— \( / \
tcsH i tgp
TRSH
tcRrs tRCD- tCAS le—tCRS —=]
& e f \ /1 / i
task | |tRAH tés’cl tean S —
A VlH_m ROW ’XXX COLUMN
ViL— | ADDRESS ADDRESS
[ [ t
_ voe twcsb——-—‘ |——iv2twcH
W Vi el IO
! tRWL
tps e tpH—=
Vin= \VAVAVAVAV, vV, VAWAVAWAV;
0 Vie- oars__ KXOOOOOOXXXXKXAXAXX
Q \\;g':_' OPEN
READ-WRITE/READ-MODIFY-WRITE CYCLE
- tRwWC |
—_ RAS
RAS \\;:’:—_ \'c 7 i_
=~ tosw tRSH - [tnp——
"CHSI-— [=——tRCD tcas tcrs
— Vin~ j 3 y
oA Ve tRAH  tAasC \ A J/I /
tASR [+~ — t-— tcaH [—Ttcp—=]
A v R aooness XN Sosaess KON
i T ]
y tRCSH FtRWD tcwD o tfm‘L—-—
—_ IH—
W vit- KAXXXXO0"
tcac twp ] tOFF
@ Vr— oren— TR N
f tRAC tDS‘*-l L—» tbH
Vin— \
D v QOOOOOOOKXXXXXKXKXN bara

K‘X‘ Don‘t Care
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NIBBLE MODE READ CYCLE
RP
ViH~ A
Vi \_
tcRS | |4 mop (CSH ] tne tNRRSH
Vi =—tcAs——] Yy
Vi /l t \ \t / C_\_/_\ tRRH
tASRl=— [t 00
— ] PAHI tcaH Nce | |tNcAs
Vi~ ROW COL. N
Vi— ADD. ADD. Vi
tRcs ~—  'RCH—= r——l FrtRCS tRcH
v N XY XY
tcac
toFF | INcac t
I . - LOFF
V- tRAC
OH 2l VALID ‘> < VALID VALID VALID
VoL~ N _DATA x_DATA - DATA DATA
NIBBLE MODE WRITE CYCLE
RP
VIH"—_ﬂ& \
Vi
t — t
T CSH NWRSH
tCRSI—> RCD tae
VIH_ l~—tcAs f_
Vi -/ \ 1/ \ 2 ML_/
tasr| |tRAH tcAH Nnce ¢
NCAS
tasc
Vin— ROW X COL.
V- ADD. ADD.
tweH ] twCH ——'RWL—-—I
twes lf— INWCS—a] |t~ 4
NCWL
V- N X
toH twp
DG fee—e=| tpst=— ={tpn
Viw VALID VALID VALID VALID
V- DATA \_DATA DATA DATA
V —_
oH OPEN
VoL~

Don‘t Care
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gl

|

2
>
7]

t
NIBBLE MODE READ-WRITE CYCLE AP

VIH_'__-'S‘S N
Vi o

|e———————1 —— t

tcnsl» fRCD fSiL |—rtn ch—-l nwhsH
Vin— " 'aam—
- _/ A Nt S
tﬁiﬁ :EAH lﬁﬂﬂ INee INCAS
-~ H—tasc

Vi~ ROW \# COL.
V- ADD. JA_ADD.

[*T'nwn—> N R .

tRos CWD i r——.— tcwL . tewL ~—'RWL
Ve
v XK N SN AXXX
cac ORF <—4NéAc l

—1tR A C—=] twe ] <—>ltV;IF'
Vo= A TVALID VALID\____/VALID\ / VALID
VoL— \| | DATA > _<; DATA / \\DATA / \_DATA

{.-. toH
Vin— VALID VALID VALID VALID
Vi DATA DATA DATA DATA

“RAS-ONLY” REFRESH CYCLE
Note: CAS = V|4, W, D = Don’t Care

e d N

tASR
v XXX XX XXXXXIX XXX KX XXX
xgt_' OPEN
“CAS-BEFORE-RAS” REFRESH CYCLE
Note: A, W, D = Don’t Care
trc
VlH_ N tRAS c
Vi > 7| trrc \
,_tFcs FCH

Viu—
TN/ RERXRRXKRKRRR
vom™ OPEN

VoL—
m Don’t Care

1-88



MB8266A

TIMING DIAGRAMS (Continued)
HIDDEN REFRESH CYCLE
- tRC
e - LRP-—ay
V- \ trRAS Vs tRAS—————--=|
AAS vie N / \ /
CRS
=-—tRCD ~=tf=—-1IRSH——= .
et FCH
J— Vig- e e
CAS Vi tran N\ —’lj
t
ASR| |4 pscdet | ,
CAH
o DR e et e KRR KIKIXKILKRMIKK
|
trcs —— ~—tRRH-
— Vin- ’I
tRAC tOFF =]
Vin- b
Q V- VALID DATA
_‘FES | tcwp
v - tRwp——>»
— . H\V/V/V/VVVV/Y
WE (Read-write) /"~ A‘A‘A‘A‘A‘A A‘!
CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE
tRTC
— Vin- tTRAS
RAS / \_
Vi —
" trcs tcp tRsH ——tRP—=
v le——tcsH I toas
— IH™ CAS
CAS Vi \ nec \ / \
S, tcAH—=]
SV o aooress XX RKXIKRXKXX
'RCS |=—] == tRRH
= Vi~
READ,
toFF
"Q \\;g:'__ { vaup oatA|l| p—u—nr
trcs tcwp ::‘_Cgl‘-lv-'.—-l
vl Vin- \ twp
wwrite) | XX XXXKXXXXXXXXXXY) N
tps
M AV AVAVAVAV AV AWAVAVAVAVAVAVAVAVAVAVAVAV, VY, vVVVVVVVVVYV
b v::~ A’A‘A’A‘A’A‘A'A’A‘A’A‘A‘A‘A‘A‘A‘A’A‘A‘A" VALID DATA ’A‘A’A‘A‘A‘A’A“‘A’A‘A
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MB8266A

DESCRIPTION

Address Inputs

A total of sixteen binary input address
bits are required to decode any 1 of
65536 storage cell locations within the
MB8266A. Eight row-address bits are
established on the input pins (Ag
through A7) and latched with the Row
Address Strobe (RAS). The eight
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
(trRaH) 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 W input. A logic high
(1) on W dictates read mode; logic low
(0) dictates write mode. Data input is
disabled when read mode is selected.

Data Input

Data is written into the MB8266A dur-
ing a write or read-write cycle. The last
falling edge of W or CAS is a strobe for
the Data In (D) register. In a write cy-
cle, if W_is brought low (write_mode)
before CAS, D is strobed by CAS, and
the set-up and hold times are referenc-
ed to CAS. In a read-write cycle, W
must be delayed until CAS has made
its negative_transition. Thus D is
strobed by W, and set-up and hold
times are referenced to W.

Data Output

The output buffer is three-state TTL
compatible with a fan-out of two stan-
dard TTL loads. Data-out is the same
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
trac from transition of RAS when
trep (max) is satisfied, or after tcac
from transition of CAS when the tran-
sition occurs after tgop (max). Data re-
mains valid until is returned to a
high level. In a write cycle the identical
sequence occurs, but data is not valid.

RAS-Only Refresh

Refresh of the dynamic memory
cells is accomplished by performing a
memory cycle at each of the 128 row-
addresses (Ag ~ Ag) at least every two
milliseconds. During refresh, either

V|L or V|y is permitted for A7. 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 128
row-addresses with RAS will cause all
bits in each row to be refreshed. RAS-
only refresh results in a substantial
reduction in power dissipation.

Nibble Mode

Nibble mode allows high speed serial
read, write or read-modify-write ac-
cess of 2, 3 or 4 bits of data. The bits of
data that may be accessed during nib-
ble mode are determined by the 8 row
addresses and 6 column addresses.
The 2 column address bits (A3, Ag) are
used to select 1 of the 4 nibble bits for
initial access. After the first bit is ac-
cessed by the normal mode, the re-
maining nibble bits may be accessed
by toggling CAS “high” then “low”
while RAS remains “low”. Toggling
CAS causes Ag and A3 to be in-
cremented internally while all the
other address bits are held constant
thereby making the next nibble bit
available for access. (See Table 1).

If more than 4 bits are accessed dur-
ing nibble mode, the address se-
quence will begin to repeat. If any bit
is written during nibble mode, the new
data will be read on any subsequent
access. If the write operation is ex-
ecuted again on subsequent access,
the new data will be written into the
selected cell location.

In nibble mode, read, write, and read-
modify-write operations may be per-
formed in any desired combination.

CAS-before-RAS Refresh

CAS-before-RAS refreshing available
on the MB8266A offers an alternate
refresh method. If CAS is held “low”
for the specified period (trcs) before
RAS goes “low”, on-chip refresh con-
trol clock generators and the refresh
address counter are enabled, and an
internal refresh operation takes place.
After the refresh operation is perform-
ed, the refresh address counter is au-
tomatlcally incremented _in prepara-
tion for the next CAS-before-RAS
refresh operation.

Hidden Refresh

A Hidden refresh cycle may take place
while maintaining the latest valid data
at the output by extending the CAS ar
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tive time. For the MB8266A, a_hidden
refresh cycle is a CAS- before-RAS re-
fresh cycle. The internal refresh ad-
dress counter provides the refresh ad-
dress as in a normal CAS before RAS
refresh cycle.

CAS-before-RAS Refresh Counter

Test Cycle

A s ecial tim |n sequence using the
-before-RAS counter test cycle

provides a convenient method of veri-

fying the functionality of CAS-before-

RAS refresh operation, if CAS goes to

“high” and goes to “low” again while

RAS is held “low”, the read and write

operation are enabled. A memory cell

can be addressed with 8 row address
bits and 8 column address bits defin-
ed as follows:

*A ROW ADDRESS—Bits Ag through
Ag are defined by the refresh
counter. The other bit A7 is set
“low” internally.

*A COLUMN ADDRESS—AI! the bits
Ag through A7 are defined by lat-
ching levels on Ag through A7 at
the second falling edge of CAS.

Suggested CAS-before-RAS Counter
Test Procedure

The timing, as shown in the CAS-
before-RAS Counter Test Cycle, is us-
ed for all the following operations:

(1) Initialize the internal refresh
counter. For this operation, 8
cycles are required.

(2) Write a test pattern of “low”’s into
the memory cells at a single col-
umn address and 128 row ad-
dresses.

(@) Using a read-modify-write cycle,
read the “low” written at the last
operation (Step (2)) and write a new
“high” in the same cycle. This cy-
cle is repeated 128 times, and
“high”s are written into the 128
memory cells.

(4) Read the “high”s written at the last
operation (Step (3)).

(5) Compliment the test pattern and
repeat steps (2), (3) and (4).



Sequence

RAS/CAS (normal mode)

toggle CAS (nibble mode)
toggle CAS (nibble mode)
toggle CAS (nibble mode)
toggle CAS (nibble mode)

RAS/CAS CYCLE

NIBBLE MODE ADDRESS SEQUENCE EXAMPLE

Nibble Bit

- A WN =

Row Address

10101010
10101010
10101010
10101010
10101010

Column Address

101010
101010
101010
101010
101010

A3

-0 O -

MB8266A

As

0 input addresses

1

0 generated internally
1

0 sequence repeats

CURRENT WAVEFORM (Vcc = 5.5V, TA = 25°C)

LONG RASICAS CYCLE

FAS ONLY REFRESH CYCLE

NIBBLE MODE CYCLE

THS REFORE RAS REFRESH CYCLE

3 , | | _ n Lol

\ i I T
I \ i riaa i | i
i /A N N | R VT -]
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MB8266A

TYPICAL CHARACTERISTICS CURVES

NORMALIZED ACCESS TIME
vs SUPPLY VOLTAGE
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TYPICAL CHARACTERISTICS CURVES (Continued)

lcc2. STANDBY CURRENT (mA) lcct, OPERATING CURRENT (mA)

lcca, REFRESH CURRENT 1 (mA)

OPERATING CURRENT
vs AMBIENT TEMPERATURE

|
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lcca, REFRESH CURRENT 1 (mA) icc2, STANDBY CURRENT (mA)

lcc3, REFRESH CURRENT 1 (mA)

STANDBY CURRENT
vs SUPPLY VOLTAGE

MB8266A
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MB8266A
TYPICAL CHARACTERISTICS CURVES (Continued)

lcca. NIBBLE CURRENT (mA) lcca. NIBBLE CURRENT (mA)

lccs, REFRESH CURRENT 2 (mA)

NIBBLE CURRENT
vs CYCLE RATE
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20
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MB8266A
TYPICAL CHARACTERISTICS CURVES (Continued)

ADDRESS AND DATA INPUT VOLTAGE ADDRESS AND DATA INPUT VOLTAGE
vs SUPPLY VOLTAGE vs AMBIENT TEMPERATURE
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MB8266A

TYPICAL CHARACTERISTICS CURVES (Continued)

VOLTAGE (V)
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(mA)

VOLTAGE (V)

Ice, SUPPLY CURRENT  Vee, SUPPLY
(mA)
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FUJITSU

H MB8281-12, MB8281-15
MOS 65,536 Bit Static Column
Dynamic Random Access Memory

Description

The MB8281 is a 64K x 1 static column dynamic RAM. It features
a static mode of operation in which very fast random access
within the same a row is performed by simply changing the col-
umn address. In this mode the MB8281 operates like a static
RAM.

The MB8281 design has been optimized for high performance ap-
plications such as word processing, fast buffer memory, graphics
terminals, and peripheral storage devices where high speed ac-
cess, low power dissipation, compact layout, and low cost are re-
quired.

The MB8281 has fully TTL compatible inputs and output. It
operates on a single +5 V +=10% power supply. An on-chip
substrate bias generator provides high performance operation.
The MB8281 contains on chip address input and data input latches.

The MB8281 is fabricated with Fujitsu’s advanced silicon gate - Ceramic P
NMOS double layer polysilicon process. This process along with . DIP-16C-C04
the use of single transistor storage cells permits maximum cir-

cuit density and minimum chip size. Multiplexed row and column :
addressing allows the MB8281 to be packaged in a standard

16-pin DIP.
Features
M Row Access Time W Low Power
120 ns (MB8281-12) Active 523 mW (max) at
150 ns (MB8281-15) TSC =60 ns
M Static Access Time Standby 33 mW (max) ! | U
55 ns (MB8281-12) W Static mode read/write
70 ns (MB8281-15) W Short read/write ; ' “J
B Random Cycle Time W Edge triggered write i |
230 ns (MB8281-12) W Internal write period control ' Plastic Package
260 ns (MB8281-15) M Fast chip select output control - DIP-16P-M03
M Static Cycle Time M 2 ms/128 cycle refresh ; | i
60 ns (MB8281-12) B RAS-only refresh i
75 ns (MB8281-15)
W Single +5 V Supply, +10%
tolerance

1-97



MB8281-12
MB8281-15

MB8281 Block Diagram

and Pin Assignment -
RS CLOCK GEN. WRITE w U/
> ‘ cLock N.C. [: 1 16 :I Vss
t T D, []2 15[ ] TS
o, | S g B
2 — a
£ ms[Js w3 13[JA
4%
A eH {/L Als =2 w2 D A,
A, 3 =
:2 8 SECODER DATA A, E 6 " ] A,
a are [ A E 7 10 :] A
A | Soaame [ | 1t s
IS { | —— T vec [ 8 9 :] A;
2 g |
w 8 |
ﬂ&’ o '\
g g . STORAGE CELL oaTA [T
3= z |1 BUFF. Deut
2 g |
1
-~ Voo
- Vg

SUBSTRATE
BIAS GEN.
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MOS Memories FUJITSU

B MB81256-10, MB81256-12, MB81256-15

NMOS 262,144-Bit Dynamic
Random Access Memory

Description

The Fujitsu MB81256 is a fully decoded, dynamic NMOS random
access memory organized as 262,144 one-bit words. The design is
optimized for high speed, high performance applications such as
mainframe memory, buffer memory, peripheral storage and en-
vironments where low power dissipation and compact layout are
required. e P

The MB81256 features “page mode” which allows high speed ran- | _
dom access of up to 512-bits within the same row. Additionally, the { M v
MB81256 offers new functional enhancements that make it more i
versatile than previous dynamic RAMs. Multiplexed row and col- [ ll
umn address inputs permit the MB81256 to be housed in a Jedec mi U
standard 16-pin dual in-line package and 18-pad LCC. :

The MB81256 is fabricated using silicon gate NMOS and Fujitsu’s ..DIP-16C-CO
advanced Triple-layer Polysilicon process. This process, coupled
with single transistor memory storage cells, permits maximum cir-
cuit density and minimal chip size. Dynamic circuitry is used in the
design, including dynamic sense amplifiers.

Clock timing requirements are noncritical, and the power supply

tolerance is very wide. All inputs are TTL compatible. - [ II
Ml
Features » (H [/
W 262,144 x 1-bit organization B Page Mode Capability |
W Row Access Time/Cycle Time: W Fast Read-Write Cycle, h
MB81256-10 TRWC = TRC lastic Package
100 ns Max/210 ns Min. B tp, twer: tolmrs tRwp eliminated . DIP-16P-MO3
MB81256-12 B CAS-before-RAS on chip refresh
120 ns Max/230 ns Min. B Hidden CAS-before-RAS on-chip
MB81256-15 refresh
150 ns Max/260 ns Min. B RAS-only refresh
M Low Power Dissipation: W 4 ms/256 cycle refresh
314 mW max. (tgc =260 ns) @ Output unlatched at cycle end
25 mW (Standby) allows two dimensional chip
B +5V supply voltage, select
+10% tolerance W On-chip Address and Data-in
B All inputs TTL compatibie, low latches
capacitive load M Industry standard 16-pin : g
B Three-state TTL compatible out- package . o]
put Ceramic LCC
H Common l/O capability using LCC-18C-FO4
“Early Write” operation ; ;
B On-chip substrate bias
generator
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MB81256-10
MB81256-12
MB81256-15

MB81256 Block Diagram
and Pin Assignments

RAS — [ clocK GEN. WRITE —
NO. 1 CLOCK |=— W
o GEN.
CAs
CLOCK GEN. [}
REFRESH NO.2
CONTROL |<—¢
CLOCK
INTERNAL
ADDRESS
COLUMN DATA
COUNTER =) oecoben N |«—D
BUFF.
| SENSE AMPS /1
Ag 1/0 GATING \:——l
Ay 9BIT —1+— T ____
Ap] LATCH ¥ 1
coL. -
h (oL ] DATA
3 [ 1 = our [—>Q
As— ] | BUFF.
As— S |1 262,144-BIT
Ao & || | STORAGE CELL
9-BIT E3 ! <
A LATCH o |1 Vee
s (ROW) =
[~ <——Vgg

Al N 6Tves
o2 15[TJCAS
wls w» 14
_Whs §e o
RAS[]4 L@ 13[]As
-
A Evg’ 12[7] A3
A = 11[JAs
A0 10[JAs
VccES 9:A7
D AgVgs CAS
2 11817
w3 - 16/ Q
J— =0
RAS |4 Q0 15| A
NC.[s <& 14| NC
Ag |6 gis 13] A3
Ay |7 12| Ay
8 9 10 11

Ay Vee A7 As

NOTE: The foliowing |EEE Std. 662-1980 symbols are used in
this data sheet: D = Data In, W = Write Enable, Q = Data Out.

Absolute Maximum Ratings

(See Note) Rating Symbol Value Unit
Voltage on Any Pin relative to Vgg Vine Vour Ve -1.0t0 7.0 v
Operating Temperature (ambient) Top 0to 70 °C

Gerdi —55 to +150 N

Storage Temperature I"Wi% Tsta TE5to 3125 o]
Power Dissipation Pp 1.0 w
Short Gircuit Output Current los 50 mA

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are

Functional ¢

P ion should be

restricted to the conditions as detailed in the operations sections of this data sheet. Exposure to absolute maximum rating condi-
tions 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.

Recommended Operating
Conditions
(Referenced to Vgg)

Value
Parameter Symbol Min Typ Max Unit Operating Temperature
Vo 4.5 50 55 \
Supply Voltage Voo 0 0 0 V_  0°Cto +70°C (ambient)
Input High Voltage All Inputs Viy 24 — 6.5 \
Input Low Voltage All Inputs Vi -10 — 0.8 \"

FUJITSU
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MB81256-10

MB81256-12

MB81256-15

Capacitance

(Ta=25°C) Value
Parameter Symbol Min Typ Max Unit
Input Capacitance A, to Ag, D Cint — — 7 pF
Input Capacitance RAS, CAS and W Cinz — — 10 pF
Output Capacitance Q Cour — — 7 pF

DC Characteristics
(Recommended operating
conditions unless otherwise
noted.)

Parameter

Symbol

MB81256-10 MB81256-12 MB81256-15
Min Max Min Max Min Max Unit

OPERATING CURRENT*
Average Power Supply Current
(RAS, CAS cycling; tgc = Min.)

lcct

- 70 - 65 — 57 mA

STANDBY CURRENT
Power Supply Current
(RASICAS =V}

lcca

_ 45 — 45 — 45 mA

REFRESH CURRENT 1*
Average Power Supply Current
(RAS cycling, CAS= V,; tgc = Min.)

'CCS

PAGE MODE CURRENT*
Average Power Supply Current
(RAS =V, CAS cycling; tpg = Min.)

lcca

REFRESH CURRENT 2*
Average Power Supply Current
(CAS before RAS; tgc = Min.)

lccs

INPUT LEAKAGE CURRENT

Any Input, (V;y =0V to 5.5V,

Vo = 5.5V, Vgg=0V,

all other pins not under test = 0V)

-10 10 -10 10 -10 10 A

OUTPUT LEAKAGE CURRENT
(Data is disabled, Vo7 =0V to 5.5V)

-10 10 -10 10 -10 10 A

OUTPUT LEVEL
Output Low Voltage
(loL = 4.2 mA)

OUTPUT LEVEL
Output High Voltage
(loy = —5.0 mA)

Vou

2.4 — 24 — 24 -V

Note*: Igc is dependent on output loading and cycle rates. Specified values are obtained with the output open.

FUJITSU
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MB81256-10
MB81256-12
MB81256-15

AC Characteristics
(Recommended operating
conditions unless otherwise

noted.)
Symbol MB81256-10 MB81256-12 MB81256-15
Parameter Notes Alternate *Standard Min Max Min  Max Min  Max Unit
Time between Refresh tReF TRVRV — 4 — 4 — 4 ms
Random Read/Write Cycle Time trc TRELREL 210 — 230 — 260 — ns
Read-Write Cycle Time trwc TRELREL 210 — 230 — 260 — ns
Access Time from RAS 4),(6) tpac TRELQV — 100 — 120 — 150 ns
Access Time from CAS (5),(6) tcac TCELQV — 50 — 60 — 75 ns
Output Buffer Turn off Delay torr TCEHQZ 0 25 0 25 0 30 ns
Transition Time tr T 3 50 3 50 3 50 ns
RAS Precharge Time trp TREHREL 90 — 100 — 100 — ns
RAS Pulse Width tras TRELREH 110 100000 120 100000 150 100000 ns
RAS Hold Time trsH TCELREH 60 — 60 — 75 — ns
CAS Pulse Width toas TCELCEH 60 100000 60 100000 75 100000 ns
CAS Hold Time tosH TRELCEH 110 — 120 — 150 — ns
RAS to CAS Delay Time 4,7 taco TRELCEL 20 50 22 60 25 75 ns
CAS to RAS Set Up Time ters TCEXREL 15 - 20 — 20 — ns
Row Address Set Up Time tasr TAVREL 0 — 0 — 0 — ns
Row Address Hold Time traH TRELAX 10 — 12 — 15 — ns
Column Address Set Up Time tasc TAVCEL 0 — 0 — 0 — ns
Column Address Hold Time tcan TCELAX 15 - 20 — 25 — ns
Read Command Set Up Time thes TWHCEL 0 — 0 — 0 — ns
. Read Command Hold Time Referenced to CAS (10) tgpcy TCEHWX 0 — 0 - 0 — ns
Read Command Hold Time Referenced to RAS (10) tgay TREHWX 20 - 20 — 20 — ns
Write Command Set Up Time 8 twos TWLCEL 0 — 0 — 0 — ns
Write Command Pulse Width twe TWLWH 15 — 20 — 25 — ns
Write Command Hold Time twen TCELWH 15 — 20 — 25 — ns
Write Command to RAS Lead Time tRwL TWLREH 40 — 50 — 60 — ns
Write Command to CAS Lead Time towe TWLCEH 40 — 50 — 60 - ns
Data In Set Up Time tos TDVCEL 0 — 0 — 0 —_ ns
Data In Hold Time toy TCELDX 15 — 20 — 25 — ns
CAS to W Delay 8) towp TCELWL 15 — 20 — 25 — ns
Refresh Set Up Time for CAS Referenced to RAS  trcq TCELREL 20 — 2% — 30 - ns
Refresh Hold Time for CAS Referenced to RAS tecH TRELCEX 20 — 25 - 30 - ns
Page Mode Read/Write Cycle Time tpc TCELCEL 100 — 120 — 150 — ns
Page Mode Read-Write Cycle Time tpRWC TCEHCEH 100 — 120 — 150 — ns
Page Mode CAS Precharge Time top TCEHCEL 40 — 50 — 65 — ns
Refresh Counter Test RAS Pulse Width (9) trras TRELREH 230 10000 265 10000 320 10000 ns
Refresh Counter Test Cycle Time 9) trrc TRELREL 330 — 375 — 430 — ns
RAS Precharge to CAS Active Time trrc TREHCEL 20 — 20 — 20 — ns
Refresh Counter Test CAS Precharge Time © tepr TCEHCEL 50 — 60 — 70 — ns
P Rs mateasy L for GAS before topm TCEMCEL 20 — % — 0 — ns

See Notes on following page.

Notes: *These symbols are described in IEEE STD. 662-1980: IEEE Standard terminology for semiconductor memory.

FUJITSU
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MB81256-10
MB81286-12
MB81256-18

AC Characteristics,
continued

Notes:

6. Measured with a load equivalent to 2 TTL
1. An initial pause of 200us is required after loads and 100pF.
power up, followed by any 8 cycles, in) = .
before proper device operation is achiev- 7. :&?ﬁ)(Mm.) tRan (Min.) + 2t7 + tasc
ed. o
If the internal refresh counter is to be ef- 8. twcs and towp are non restrictive )
fective, a minimum of 8 CAS before RAS operating parameters, apd are included in
refresh initialization cycles are required. the data sheet as electrical .
. o characteristics only. If twcs > twes (Min.),
2. AC characteristics assume ty = 5ns. the cycle is an early write cycle, and the
3. Viy (Min)) and V,_(Max.) are reference data out pin will remain open circuit (High
levels for measuring timing of input Impedance) throughout the entire cycle.
signals. Also, transition times are If towp > towp (Min.), the cycle is a read-
measured between Vi and V. write cycle and data out will contain data
. - ! read from the selected cell. If neither of
4. tRep Is specified as a reference point on- the above sets of conditions is satisfied
y. If taop = tpep (Max.) the specified max- the condition of the data out is Indeter-
imum value of tgac (Max.) can be met. If minate
trep > trop (Max.) then tpac is increased :
by the amount that trgp exceeds tpcp 9. Test mode write cycle only.
(Max.). 10. Either thoy Of trry Must be satisfied for
5. Assumes that tggp > trep (Max.). a read cycle.
Timing Diagrams
Read Cycle
- tae >
q—'RP'—~>‘
. Vi - RAS »| |-
RAS
c / N
tcrs - tesH >
——— tRep——{ _ thsH
ViH D ¢ —
C_A—S - CAS >
v, XX N g
tasr tasc
le—ei la-tRAH-»] |«— tcAH —»
Vv
A v'" ROW.ADD. X  COL.ADD. @I’x‘x
L
I —»I'ncslq— I
v,
w + KROOXXXXXYT
Vi ‘ tcac —»
- trac
v f
Q OH VALID DATA
VoL

Don’t Care
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Timing Diagrams, continued

Write Cycle (Early Write)

Fd
i

CAS

€|

RAS

tre

‘4——'»—:

ViH
ViL

tcrs {——

4]

le—tRcD ——»

" X
Vi

NN

tcas —»

/ \

t t t
ASR ‘RAHV ASC |e—tcan—»]
Vi e
v, DR aoo. COL. ADD. KOOOOOOOOK
- toewL >
twes <->| Q—'WCH——j
ViH - # NYYVVY VY Y VYYYY
R — 1 O L OO
- trwL >
v |« tDs - toH >
v'" VALID DATA OO
L
v *
VZ: OPEN
M Don’t Care
Read-Write/Read-Modify-Write Cycle
- trwe :
RP
Vin tRas > '*— _:I’\
Vie X Zr —
tcr tesh

CAS

=l

il

Vi

l—— tRcp——>|

| —————————— g ————————— |

h \L tcas

tasr trRaH | | tasc

> G le—tcAH—»
Row.ADD. X|  COL.ADD. |

N —

X
Vi

K]
tres L— L—'cwn—»

- trac

|— tRWL

N " TIAX

XXX

tcac

<———-icw|_——>l (> toFF

XXX KKK KK XXXXKAR

— VALID DATA

}___

tos
toH-—»|

VALID DATA

MOOXXXXXXX

KXX] Don’t Care
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Timing Dlagrams, continued

‘‘RAS-Only’’ Refresh Cycle
NOTE: CAS =V, W, D = Don’t Care

tac -]
J— Vi | e——t
RAS H \ RAS Z
Vi
[—tagp > [€——tpgay——> [—— tgp ——>{
ViH
A ROW ADDRESS
Vi
v,
Q OH OPEN
VoL
Page Mode Read Cycle
trp
— tras —>
RAS tec ) : jﬁ
1y
tesn™ tcp tRSH
|— tcas —
_— -t >
CAS CAS \4'“5 r——
tasc—>-| |- tasg
t K -~ [
CcaH CAH toan “’1 RRH
A Vin oW [T CoL. CoL,
e ADD. ADD.: ADD. ADD.
| e
Y 'Rcs->| L- 'ncn—»hyj l-i—trcs . [ tReH
—_ H "7
w
Vie t tcac
cAq torr  |tcac | toFF
. torF
Vou <——trac—> |
Q VALID
VoL DATA
Page Mode Write Cycle
trp
. N | |
J— ViH tRAs
RAS
i —= —
SH
tcrs>| (4, tRCD tpc > [~ tagH—>
e Vi e —tcas —>|
CAs m N teas— N /
tcan
A XRXXXXXXXX
towL > l
w
r—iwp—b
Q
«—tpwi —]
ton
Y AVAVAVAYAYAVAYAYAY,
o \VA A’A’A’A’A‘A AVA

m Don’t Care
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MB81256-15

Timing Diagrams, continued
Hidden Refresh Cycle

l— thp —> .
- thas———> | ———tpag ————>

RAS Vin

— 1,
— v cas I
CAS '"w e\ [ trch—>]
Vie lt—1
tasr tcauH
» | tasc P |« (—>
Al -
A " row. Ao. [¥[|coL. app.
Vi

[
v tres —b’ - ) - 'RRH"’
ViL

"CAC"‘
v < trRac—> toFF —
oH
Q { VALID DATA y—
VoL

tres o >

— § ViH
\'/
\/ .
Don’t Care

“CA§-Boflro-RAS" Refresh Cycle
NOTE: A, W, D = Don’t Care

tre
-t
RP
— Vin tras
RAS / N /] N
L
t
tcPR | tres tecH <5
I ViH ‘:‘S
o 7 RXOQOOOXXXX
Vi
v > |~ torF
H T
Q E OPEN
ViL —

m Don’t Care
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Timing Diagrams, continued

Page Mode Read-Write Cycle

Vi tRas ¢_+\_—_
m_1 -
RAS Vi 7
. [ E——togy—> trsH
cnsl—» <trep tcas—»| |«—tPRWC—n-
A\ 2,_..——-——-————-
CAS X>T tasc
Vie (o &
tasr( | tran | |tcan tep tcas |
a—s| H—»‘ tewl
Viy i
A ROW. x COL. COL. COL.
™ ADD. ADD. ADD ADD,,
| ' tRw|
<= tRWL
tncsl._ _| 'cwn 'cwu. ¢
- Vin l |<— cwL twp
w ~IKOXXXX XXX XXX
v“_ t twp |torr tcac '; i torF
we)
CA(‘I L‘\:JIP torF  toac ;L vore| L |tere
Vin trac
a VALID VALIDY, VALID
™ —_—‘< DATA DATA P’ DATA
tos ton tos| | toH  tos toH
VOH ~—| fa—e’ »>| -
D VALID VALID VALID V V \/ ‘V‘V VA V
VoL DATA DATA DATA
Don't Care
¢‘CAS-Before-RAS’’ Refresh Counter Test Cycle
trrc
RAS Vin ] trRAS /
ViL \.._
tres . . ths the
CSH cpa|
\/
CAS - Nt teas——] \
L 7 1
tasc
Vi (> [—tcan—»]
i
tRRH
Vin Yacs
W s RRRXX XXX XKXKKI oo XX
tcac o
> torF
Vou
Q vz { VALID DATA-
L
tacs| | town | [=— towr—>]
- > lt—tRwi
W i) " RRRXRXXXXXXXRS s
™ \
Vin
YNVVVVVVVVY
D QUXXXXXXXX

i &

m Don’t Care

FUJITSU

1-107




MB81256-10
MB81256-12
MB81256-15

Description

Simplified Timing Requirement
The MB81256 has improved cir-
cuitry that eases timing re-
quirements for high speed ac-
cess operations. The MB81256
can operate under the condi-
tion of tgep (Max) = toac, thus
providing optimal timing for
address multiplexing. In addi-
tion, the MB81256 has minimal
hold times for Addresses
(toan), Write-Enable (tycy) and
Data-in (tpy). The MB81256 pro-
vides higher throughput in
inter-leaved memory system
applications. Fujitsu has made
the timing requirements that
are referenced to RAS non-
restrictive and deleted them
from the data sheet. These in-
clude tpp, twers tong and tpyp.
As a result, the hold times of
the Column Address, D and W
as well as tgyp (CAS to W
Delay) are not restricted by

treo-

Fast Read-Write Cycle

The MB81256 has a fast read-
modify-write cycle which is
achieved by precise control of
the three-state output buffer as
well as by the simplified tim-
ings described in the previous
section. The output buffer is
controlled by the state of W
when CAS goes “low”. When
W is “low’ during a CAS transi-
tion to “low”, the MB81256
goes into the early write mode
in which the output floats and
the common 1/O bus can be us-
ed on the system level. When
W goes “low”, after toyp
following a CAS transition to
“low”, the MB81256 goes into
the delayed write mode. The
output then contains the data
from the cell selected and the
data from D is written into the
cell selected. Therefore, a very
fast read-write cycle

(tawc = tre) is possible with
the MB81256.

Address Inputs

A total of eighteen binary input
address bits are required to
decode any 1 of 262,144 cell
locations within the MB81256.
Nine row-address bits are
established on the input pins
(Aq through Ag) and are latched
with the Row Address Strobe
(RAS). Nine column address
bits are established on the in-
put pins and latched with the

Column Address Strobe (CAS).
All row 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 (tray) specification
has been satisfied and the ad-
dress inputs have been chang-
ed from row addresses to col-
umn addresses.

Write Enable

The read or write mode is
selected with the W input. A
logic “high” on W dictates
read mode. A logic “low” dic-
tates write mode. The data in-
put is disabled when the read
mode is selected.

Data Input

Data is written into the
MB81256 during a write or
read-write cycle. The last fall-
ing edge of W or CAS is a
strobe for the data-in(D)
register. In a write cycle, if W
is brought “low” (write mode)
before CAS, D is strobed by
CAS, and the set-up and hold
times are referenced to CAS. In
a read-write cycle, W will be
delayed until CAS has made
its negative transition. Thus D
is strobed by W, and set-up
and hold times are referenced
to W.

Data Output
The output buffer is three-state
TTL compatible with a fan-out
of two standard TTL loads.
Data out is the same polarity
as data in. The output is in a
glg_g impedance state until

AS is brought “low”. In a
read cycle, or a read-write cy-
cle, the output is valid after
trac from transition of RAS
when trcpmax) is satisfied, or
after tcac from transition of
CAS when the transition oc-
curs after trcpmay. Data re-
mains valid until is return-
ed to “high”. 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 MB81256 while maintaining
RAS at a logic low (0) through-
out all successive memory
operations in which the row

address doesn’t change. Thus,
the power dissipated by the
negative going edge of RAS is
saved. Access and cycle times
are decreased because the
time normally required to
strobe a new row address is
eliminated.

RAS-Only Refresh

Refresh of dynamic memory
cells is accomplished by per-
forming a memory cycle at
each of the 256 row-adresses
(Aq ~ A7) at least every 4 ms.
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 256 row-addresses

(Ag ~ A7) with RAS will cause
all bits in each row to be
refreshed. RAS-only refresh
results in a substantial reduc-
tion in power dissipation.

CAS-before-RAS Refresh
CAS-before-RAS refreshing
available on the MB81256 of-
fers an alternate refresh
method. If CAS is held “low”
for the §Re§cified period (tgcs)
before RAS goes to “low”, on-
chip refresh control clock
generators and the refresh ad-
dress counter are enabled, and
an internal refresh operation
takes place. After the refresh
operation is performed, the
refresh address counter is
automatically incremented in
preparation for the next CAS-
before-RAS refresh operation.

Hidden Refresh

A hidden refresh cycle may
take place while maintaining
the latest valid data at the out-
put by extending the CAS ac-
tive time. For the MB81256, a
hidden refresh cycle is a CAS-
before-RAS refresh cycle. The
internal refresh address
counter provides the refresh _
addresses as in a normal CAS-
before-RAS refresh cycle.

CAS-before-RAS Refresh
Counter Test Cycle

A special timing sequence us-
ing the CAS-before-RA

counter test cycle provides a
convenient method of verifying
the functionality of the CAS-
before-RAS refresh activated
circuitry.

FUJITSU
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After the CAS-before-RAS Suggested CAS-before-RAS (5). Complement the test pat-
refresh operation, if CAS goes Counter Test Procedure tern and repeat steps (2), (3)
to “high” and then goes to The timing, as shown in the and (4).
“low” again while RAS is held CAS-before-RAS Counter Test
“low”, the read and write Cycle, is used for all the
operation are enabled. following operations:
This is shown in the CAS- (1). Initialize the internal
before-RAS counter test cycle rgfresh counter. For thjs opera-
timing diagram. A memory cell tion, 8 cycles are required.
can be addressed with 9 row ;.
address., bits apd 9 column ad- ﬁ)(;u\f\,l’rsltﬁ\?otre}]s;n?g:;e;glg ata
dress bits defined as follows: single column address and 256
row address.
A ROW ADDRESS ) . ,
Bits Ao through A; are defined ~ (3)- Using a read-modify-write
by the refresh counter. The cycle, read the “low” written at
other bit Ag is set “high” inter-  the last operation (Step 2) and
nally. write a new “high” in the same
cycle. This cycle is repeated
256 times, and “high”’s are
A COLUMN ADDRESS written into the 256 memory
All the bits A, through Ag are cells.
defined by latching levels on
A, through Ag at the second (4). Read the “high”’s written at
falling edge of CAS. the last operation (Step 3).
FUJITSU
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FUJITSU

H MB81257-10, MB81257-12, MB81257-15
NMOS 262,144-Bit Dynamic
Random Access Memory
With Nibble Mode

MOS Memories

Description

The Fujitsu MB81257 is a fully decoded, dynamic NMOS random
access memory organized as 262,144 one-bit words. The design is
optimized for high speed, high performance applications such as
mainframe memory, buffer memory, peripheral storage and en-
vironments where low power dissipation and compact layout are
required.

The MB81257 features “nibble mode” which allows high speed

serial access of up to four bits of data. Additionally, the MB81257
offers new functional enhancements that make it more versatile -
than previous dynamic RAMs. “CAS-before-RAS” refresh provides
an on-chip refresh capability that is an upward compatible version
of the MB8266A. Multiplexed row and column address inputs per-
mit the MB81257 to be housed in a Jedec standard 16-pin dual in- ®
line package and 18-pad LCC. ...DIP,

5C-C04

The MB81257 is fabricated using silicon gate NMOS and Fuijitsu’s
advanced Triple-layer Polysilicon process. This process, coupled
with single transistor memory storage cells, permits maximum cir- -
cuit density and minimal chip size. Dynamic circuitry is used in the
design, including dynamic sense amplifiers.

Clock timing requirements are noncritical, and the power supply
tolerance is very wide. All inputs are TTL compatible.

Features l I
262,144 x 1-bit organization Nibble mode capability for
- stic Package
. DI ..q.iﬁpm. 3

Row Access Time/Cycle Time: faster access
MB81257-10 100 ns Max/ Fast Read-Write Cycle,
210 ns Min. TRWC = TRC
MB81257-12 120 ns Max/ twer: to wp eliminated
230 ns Min. @Rg before-m on chip
refresh

MB81257-15 150 ns Max/ _ -
Hidden CAS before-RAS on-

Low Power Dissipation:

314 mW manx. (tgc = 260 ns)

25 mW (Standby)

+5V supply voltage,

+10% tolerance
All inputs TTL compatible, low
capacitive load
Three-state TTL compatible
output
Common 1/O capability using
“Early Write” operation
On-chip substrate bias
generator

n
]
it
n
260 ns Min. ]
n
n
n

chip refresh
only refresh
Refresh 4 ms/256 cycles
Output unlatched at cycle end
|1 two dimensional chip
select

B On-chip Address and Data-in

latches

B Industry standard 16-pin

package
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MB81257-10
MB81257-12
MB81257-18

MB81257 Block Diagram
and Pin Assignments

RS — T CLoCK GEN. WRITE — . A
NO. 1 CLOCK [*—W 0] 16 dVss
- GEN. LI mE] 15[ cAs
CLOCK GEN. W 3 —_ 14 Q
REFRESH %LJ_ IS L z H
CONTROL [<—df rRas[]4 Nz 13[4
CLOCK
7 A [ s f g 12[7 A3
__[inTernaL A0s = 11
ADDRESS
COLUMN DATA A 7 A
COUNTER 4_‘) CoLumn DI O 10[JAs
BUPF. vec 8 9[JAr
A —— e
0 1 . . .
A‘;-I_ e8It I *: Ag (Pin 1) is Assigned for
~ S [ T & 3 J Nibble (4-bit) Address.
2 (coL) —»]
% g || ST
As— s |t BUFF.
As— { g |t 262,144-BIT
Ag— o o : STORAGE CELL
-BIT
A LATCH ’:_:) 3| <«—Vgce D *Ag Vss TAS
A (ROW) « m Ve 2 1 18 17
w3 16| Q
mAS |4 15| Ag
N.C. |5 L$§;,‘§,?g},‘," 14| NC.
Ay |8 13| A3
Ay |7 12| Ay
8 9 10 11
A1 Vec A7 A
NOTE: The following IEEE Std. 6621980 symbols are used in
this data sheet: D = Data In, W = Write Enable, Q = Data Out.
Absolute Maximum Ratings
(See Note) Rating Symbol Value Unit
Voltage on Any Pin relative to Vgg Vine Vour Vee -1.0t07.0 \
Operating Temperature (ambient) Top 0to70 °C
Cerdip =55 to +150 o
Storage Temperature Plastic Tste ~EEto 125 C
Power Dissipation Pp 1.0 W
Short Circuit Output Current los 50 mA

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceedad Funcuonal operation should be

restricted to the conditions as

in the op

of this data sheet. E:

rating condi-

tions for extended periods may affect device reliability. This device contains circuitry lo 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.

Recommended Operating
Conditions
(Referenced to Vgg)

Value
Parameter Symbol MIin Typ Max Unit Operating Temperature
Voo 45 50 55 )4
Supply Voltage Voo 0 0 0 V  0°Cto +70°C ambient
Input High Voltage All Inputs Vi4 24 — 6.5 v
Input Low Voltage Ali Inputs Vi -10 — 0.8 \

FUJITSU
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Capacitance
(TAa=25°C)

Parameter

Symbol

Unit

Input Capacitance A, to Ag, D

CIN1

pF

Input Capacitance RAS, CAS and W

CIN2

pF

Output Capacitance Q

COUT

pF

DC Characteristics
(Recommended operating
conditions unless otherwise
noted.)

Parameter

Symbol

MB81257-10
Max

MB81257-12
Max

MB81257-15
Max

Unit

OPERATING CURRENT*
Average Power Supply Current
(RAS, CAS cycling; tgg = Min.)

lect

70

65

57

mA

STANDBY CURRENT
Power Supply Current
(RAS/CAS =V}

lcc2

4.5

4.5

4.5

mA

REFRESH CURRENT 1*
Average Power Supply Current
(RAS cycling, CAS =V,; tge = Min.)

leca

60

55

mA

NIBBLE MODE CURRENT*
Average Power Supply Current
(RAS =V, , CAS cycling; tyc = Min.)

lcca

22

20

18

mA

REFRESH CURRENT 2*
Average Power Supply Current
(CAS before RAS; tgc = Min.)

lecs

65

55

mA

INPUT LEAKAGE CURRENT

Any Input, (Viy = 0V to 5.5V,

Voo = 5.5V, Vgg=0V,

all other pins not under test = 0V)

10

-10

10

-10

10

wA

OUTPUT LEAKAGE CURRENT
(Data is disabled, Vo1 =0V to 5.5V)

10

-10

10

-10

10

pA

OUTPUT LEVEL
Output Low Voltage
(loL = 4.2 mA)

0.4

0.4

0.4

OUTPUT LEVEL
Output High Voltage
(loy = —5.0 mA)

Vou

24

24

24

Note*: I is dependent on output loading and cycle rates. Specified values are obtained with the output open.

FUJITSU
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AC Characteristics
(Recommended operating
conditions unless otherwise

noted.)
Symbol MB81257-10 MB81257-12 MB81257-18

Parameter Notes Alternate *Standard Min Max Min  Max Min Max Unit
Time between Refresh tRer TRVRV — 4 — 4 — 4 ms
Random Read/Write Cycle Time tro TRELREL 210 — 230 — 260 — ns
Read-Write Cycle Time tawc TRELREL 210 — 230 — 260 — ns
Access Time from RAS (4),(6) tgac TRELQV — 100 — 120 - 150 ns
Access Time from CAS (5),(6) tcac TCELQV — 50 — 60 — 75 ns
Output Buffer Turn off Delay torr TCEHQZ 0 25 0 25 0 30 ns
Transition Time tr L 3 50 3 50 3 50 ns
RAS Precharge Time tgrp TREHREL 90 — 100 — 100 — ns
RAS Pulse Width tras TRELREH 110 100000 120 100000 150 100000 ns
RAS Hold Time trsH TCELREH 60 — 60 — 75 — ns
CAS Pulse Width tcas TCELCEH 60 100000 60 100000 75 100000 ns
CAS Hold Time tesH TRELCEH 110 — 120 — 150 — ns
RAS to CAS Delay Time 4),(7) trep TRELCEL 20 50 22 60 25 75 ns
CAS to RAS Set Up Time tcrs TCEHREL 15 — 20 — 20 — ns
Row Address Set Up Time tasr TAVREL 0 — 0 — 0 — ns
Row Address Hold Time tRaH TRELAX 10 — 12 — 15 — ns
Column Address Set Up Time tasc TAVCEL 0 — 0 — 0 — ns
Column Address Hold Time toAH TCELAX 15 — 20 — 25 — ns
Read Command Set Up Time trcs TWHCEL 0 — 0 — 0 — ns
Read Command Hold Time Referenced to CAS (10) tgoy TCEHWX 0 — 0 — 0 — ns
Read Command Hold Time Referenced to RAS (10) tgpy TREHWX 20 — 20 - 20 — ns
Write Command Set Up Time 8) twes TWLCEL 0 — 0 — 0 — ns
Write Command Pulse Width twe TWLWH 15 — 20 — 25 — ns
Write Command Hold Time tweH TCELWH 15 — 20 — 25 — ns
Write Command to RAS Lead Time trwL TWLREH 40 — 50 — 60 — ns
Write Command to CAS Lead Time towe TWLCEH 20 — 30 - 40 — ns
Data In Set Up Time tps TDVCEL 0 — 0 —_ 0 — ns
Data In Hold Time ton TCELDX 15 — 20 — 25 - ns
CAS to W Delay ®) towo TCELWL 15 — 20 - 25 - ns
Refresh Set Up Time for CAS Referenced to RAS  trcg TCELREL 20 — 2% — 30 — ns
Refresh Hold Time for CAS Referenced to RAS tech TRELCEX 20 — 25— 30 — ns
Nibble Mode Read-Write Cycle Time tNRWC TCEHCEH 50 — 65 — 80 — ns
Nibble Mode Read/Write Cycle Time tne TCEHCEH 50 — 65 - 80 — ns
Nibble Mode Access Time tncac TCELQV — 20 — 30 — 40 ns
Nibble Mode CAS Pulse Width tncas TCELCEH 20 — 30 - 40 - ns
Nibble Mode CAS Precharge Time tnop TCEHCEL 20 — 25 — 30 — ns
Nibble Mode Read RAS Hold Time tNRRSH TCELREH 20 — 30 - 40 — ns
Nibble Mode CAS Hold Time Referenced to RAS  tgyy TREHCEL 20 — 20 — 20 - ns
Nibble Mode Write RAS Hold Time tNwRSH TCELREH 40 — 5 — 60 — ns
Refresh Counter Test Cycle Time 9 tgre TRELREL 330 — 3715 — 430 — ns
Refresh Counter Test CAS Precharge Time ©) tepr TCEHCEL 50 — 60 — 70 — ns
Refresh Counter Test RAS Pulse Width 9) trpas TRELREH 230 10000 265 10000 320 10000 ns
RAS Precharge to CAS Active Time tapc TREHCEL 20 — 20 — 20 — ns
CAS Precharge Time for CAS before torm TCEHCEL 20 — 25 — 0 - ns

RAS Refresh Cycle

See Notes on following page.

*These symbols are described in IEEE STD. 662-1980: |IEEE Standard terminology for semiconductor memory.

FUJITSU
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AC Characteristics

Notes: 6. Measured with a load equivalent to 2 TTL
1. Aninitial pause of 200us is required after loads and 100pF.
power up, followed by any 8 RAS cycles, in) = : .
before proper device operation is achieved. treo (Min) = taay (Min.) + 2t'T + tasc (M"f')'
If the internal refresh_counter is to be effec- twes and toyp are non restrictive operating
tive, a minimum of 8 CAS before RAS parameters, and are included in the data
refresh initialization cycles are required. sheet as electrical characteristics only. If
L twes > twes (Min.), the cycle is an early
2. AC characteristics assume t; = 5ns. write cycle, and the data out pin will remain
3. V4 (Min) and V,_(Max.) are reference levels open circuit (High Impedance) throughout
for measuring timing of input signals. Also, the entire cycle.
transition times are measured between V If towp > towp (Min.), the cycle is a read-
and V. write cycle and data out will contain data
4. tagp is specified as a reference point only. riad f"°";' th‘? seleé:_ttgd cell. If {‘.e'ft.hg' 3: the
If trep < trep (Max.) the specified maximum above sets of conditions is satistied, the
value of tgac (Max.) can be met. If condition of the data out is indeterminate.
trop > trep (Max.) then tgac is increased by 9. Test mode cycle only.
the amount that tpcp exceeds tpep (Max.). 10. Either tggy or tgpy Must be satisfied for a
5. Assumes that tgop > tpep (Max.). read cycle.
Timing Diagrams
Read Cycle
< tac
|e—tRP —|
— Vin N RAS >
RAS N
A\ S"
ters : tesH >
Vin ‘ g I Y R—
fhe \|* tcas
CAS
v S \!
tash tasc
le—=i |l tRAH-> <-—‘CAH—>‘
v
A '"X»g ROw.ADD. X  COL.ADD. REI000300000000046000 00
Vi |
’ —»l 'Rcs‘d— l L'tmm»
— Vin
w LXCRXXKRF
ViL tcac —»| tReH M
N <—toFF
Vou e tRAC —— o
Q < VALID DATA
VoL T~

m Don’t Care
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Timing Diagrams, continued

Write Cycle (Early Write)

- tre : >
|<-— RP ——~{
R Vin - tRAs
RAS Zr
viL =
tcrs - tesH
le—tRCD ——>| thsH -
— Vi 1,
cAs XX}T \ < cAs > / 7 \
Vi
tasm| [tRan | tasc
> <«—tCAH —»
A ViH 1
v {_ row. app. [ COL. ADD.
L — =
1
TWos cwi
}<—>| lt——— tWCH ——»
v A OCOCOOTOTOTOTOe i
" tRwi >
< tDS ] «———tDH————
Viy -
> VALID DATA QORI
viL
v,
Q OH OPEN
Vo
m Don’t Care
Read-Write/Read-Modify-Write Cycle
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MB81257-10
MB81257-12
MB81257-15

Timing Diagrams, continued

“RAS-Only” Refresh Cycle
NOTE: CAS = V|, W, D = Don’t Care

RAS

Vi
viL

Vin
ViL

Vou
VoL

Hidden Refresh Cycle

RAS

CAS

W (Read)

W (Read-Write)
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«“CAS-Before-RAS" Refresh Cycle
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MB81257-10
MB81257-12
MB81257-15

Timing Diagrams, continued

Nibble Mode Read Cycle

tap

2.
RAS Vi - : ‘ tras —>] _A
thep_ O «— tNe —> tNRRSH .
s Vi - tcAS - 3 —
Vi [t
:c:»i tnep 'Ncﬁ b
Viu e ~
NN R XX R
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v 'nlcs-> L!— 'nca——|~ *|| tRcs il
Vi tcac W
toFF  tncac
Vou L— tRAC —»]
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m Don’t Care

Nibble Mode Write Cycle
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Vin
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MB81257-10
MB81257-12
MB81257-15

Timing Diagrams, continued

Nibble Mode Read-Write Cycle

—_ ViH p bl
RAS >
™ tras >/
t
NWRSH -
|«— tNRWC —>>|
_ Vi .
CAS v j
. w ] \ / \
tNep | |tNcas
Vin .
i - X OOOXKXXXX
tacs [tcwp| towL tRwi
|<->| towL
— Vin
v XXX A AXXX
viL — ) ]
tcac| twe  [torr tncac| |twe
VoH |«—tRAC—> M el torF
Q — VAD { VALID { VALID VALID
VoL DATA Y. DATA | DATA DATA
tos| | toH tos| |toH
Vin ‘
D VALID VALID VALID VALID )«Xx
Vi DATA DATA DATA DATA
m DON'T CARE
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MB81257-10
MB812567-12
MB812687-18

Description

Simplified Timing Requirement
The MB81257 has improved cir-
cuitry that eases timing re-
quirements for high speed ac-
cess operations. The MB81257
can operate under the condition
of tgep (Max) = tgac, thus pro-
viding optimal timing for ad-
dress multiplexing. In addition,
the MB81257 has minimal hold
times for Addresses (tcay),
Write-Enable (ty,cy) and Data-in
(ton)- The MB81257 provides
higher throughput in inter-
leaved memory system applica-
tions. Fujitsu has made the tim-
ing requirements that are refer-
enced to RAS non-restrictive
and deleted them from the data
sheet. These include tag, twcrs
torr and tawp. As a result, the
hold times of the Column Ad-
dress, D.and W as well as towp
(CAS to W Delay) are not
restricted by tgcp.

Fast Read-Write Cycle

The MB81257 has a fast read-
modify-write cycle which is
achieved, by precise control of
the three'state output buffer as
well as by the simplified tim-
ings described in the previous
section. The output buffer_is
controlled by the state of W __
when CAS goes “low”. When W
is “low” during a CAS transition
to “low”, the MB81257 goes in-
to the early write mode in which
the output floats and the com-
mon 1/O bus can be_used on the
system level. When W goes
“low”, after toyp following a
CAS transition to “low”, the
MB81257 goes into the delayed
write mode. The output then
contains the data from the cell
selected and the data from D is
written into the cell selected.
Therefore, a very fast read-write
cycle (trwe = tro) is possible
with the MB81257.

Address Inputs
A total of eighteen binary input

address bits are required to
decode any 1 of 262,144 cell
locations within the MB81257.
Nine row address bits are
established on the input pins
(Ag through Ag) and are latched
with the Row Address Strobe
(RAS). Nine column address
bits are established on the in-
put pins and latched with the
Column Address Strobe (CAS).
All input 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 (tpa,y) specification
has been satisfied and the ad-
dress inputs have been chang-
ed from row addresses to col-
umn addresses.

Write Enable

The read or write mode is
selected with the W input. A
logic “high” on W dictates read
mode. A logic “low” dictates
write mode. The data input is
disabled when the read mode is
selected.

Data Input

Data is written into the
MBB81257 during a write or read-
write cycle. The last falling
edge of W or CAS is a strobe
for the Data-in (D) register. In a
write cycle, if W is brought
“low” (write mode) before CAS,
D is strobed by CAS, and the
set-up and hold times are
referenced to CAS. In a read-
write cycle, W will be delayed
until CAS has made its negative
transition. Thus D is strobed by
W, and set-up and hold times
are referenced to W.

Data Output

The output buffer is three-state
TTL compatible with a fan-out
of two standard TTL loads.
Data out is the same 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 transi-
tion of RAS when tacpmay iS
satisfied, or after tcac from
transition of CAS when the
transition occurs after tRepmax)-
Data remains valid until CAS is
returned to “high”. In a write
cycle, the identical sequence
occurs, but data is not valid.

Nibble Mode
Nibble mode allows high speed
serial read, write or read-
modify-write access of 2, 3 or 4
bits of data. The bits of data
that may be accessed during
nibble mode are determined by
the 8 row addresses and the 8
column addresses. The 2 bits of
addresses (CAg, RA) are used
to select 1 of the 4 nibble bits
for initial access. After the first
bit is accessed by the normal
mode, the remaining nibble bits
(n\j_ag be accessed by toggling

AS “high” then “low” while
RAS remains “low”. Toggling
CAS causes RAg and CAgq to be
incremented internally while all
other address bits are held con-
stant and makes the next nib-
ble bit available for access.
(See table | below).

If more than 4 bits are access-
ed during nibble mode, the ad-
dress sequence will begin to
repeat. If any bit is written dur-
ing nibble mode, the new data
will be read on any subsequent
access. If the write operation is
executed again on subsequent
access, the new data will be
written into the selected cell
location.

In nibble mode, the three-state
control of the Doy pin is deter-
mined by the first normal ac-
cess cycle.

The data output is controlled

Table 1
Nibble Mode Address
Sequence Example

Nibble
Sequence Bit RAg; Row Address CAg Column Address Comments
RAS/CAS (normal mode) 1 0 10101010 0 10101010 input addresses
toggle CAS (nibble mode) 2 1 10101010 0 10101010
toggle CAS (nibble mode) 3 0 10101010 1 10101010 generated internally
toggle CAS (nibble mode) 4 1 10101010 1 10101010
toggle CAS (nibble mode) 1 0 10101010 0 10101010 sequence repeats

FUJITSU

1-119




MB81257-10
MB81257-12
MB81257-15

Description, continued

only by the W state referenced
at the CAS negative transition
of the normal cycle (first nibble
bit). That is, when

twes > twes(min.) is met, the
data output will remain open
circuit throughout the suc-
ceeding nibble cycle regardiess
of the W state. When

towp > towp(min.) is met, the
data output will contain data
from the cell selected during
the succeeding nibble cycle
regardless of the W state. The
write operation is done during
the period in which the W and
CAS clocks are low. Therefore,
the write operation can be per-
formed bit by bit during each
nibble operation regardless of
the timing conditions of W
(twes and teywp) during the nor-
mal cycle (first nibble bit). (See
table Il and Figure 2 below).

RAS-Only Refresh
Refresh of dynamic memory
cells is accomplished by perfor-
ming a memory cycle at each
of the 256 row-adresses

~A;) at least every 4 ms.
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 256 row-addresses (Ay ~ A)
with RAS will cause all bits in_
each row to be refreshed. RAS-
only refresh results in a
substantial reduction in power
dissipation.

CAS-before-RAS Refresh
CAS-before-RAS refreshing
available on the MB81257 offers
an alternate refresh method. If
CAS is held “low” for the
specified period (trcg) before
RAS goes to “low”, on-chip
refresh control clock generators
and the refresh address counter
are enabled, and an internal
refresh operation takes place.

After the refresh operation is
performed, the refresh address
counter is automatically in-
cremented in preparation for
the next CAS-before-RAS
refresh operation.

Hidden Refresh

A hidden refresh cycle may
take place while maintaining
the latest valid data at the out-
put by extending the CAS ac-
tive time. For the MB81257, a
hidden refresh cycle is a CAS-
before-RAS refresh cycle. The
internal refresh address counter
provides the refresh addresses
as in a normal CAS-before-RAS
refresh cycle.

CAS-before-RAS Refresh
Counter Test Cycle

A special timing sequence us-
ing the CAS-before-RAS counter
test cycle provides a convenient
method of verifying the func-
tionality of the CAS-before-RAS
refresh activated circuitry.

After the CAS-before-RAS
refresh operation, if CAS goes
to “high” and then goes to
“low” again while RAS is held
“low”, the read and write opera-
tion are enabled.

This is shown in the CAS-
before-RAS counter test cycle
timing diagram. A memory cell
can be addressed with 9 row
address bits and 9 column ad-
dress bits defined as follows:

A ROW ADDRESS

Bits A, through A; are defined
by the refresh counter. The
other bit Ag is set “high” inter-
nally.

A COLUMN ADDRESS
All the bits A, through Ag are
defined by latching levels on A,

.through As at the second falling

edge of CAS.

Suggested CAS-before-RAS
Counter Test Procedure

The timing, as shown in the
CAS-before-RAS Counter Test
Cycle, is used for all the follow-
ing operations:

(1). Initialize the internal refresh
counter. For this operation, 8
cycles are required.

(2). Write a test pattern of
“low”s into memory cells at a
single column address and 256
row address.

(3). Using a read-modify-write
cycle, read the “low” written at
the last operation (Step (2)) and
write a new “high” in the same
cycle. This cycle is repeated
256 times, and “high”s are writ-
ten into the 256 memory cells.

(4). Read the “high”’s written at
the last operation (Step 3).

(5). Complement the test pat-
tern and repeat steps (2), (3) and
@).
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Figure 2 ! i .
Nibble Modo 1) In this case the first nibble cycle is an Early Write cycle.
RAS \ /
CAS f_\__/_\ /T \ /\ ) SE—
wE T N\___/ \ /S
Din XX X XXX
Dour ) High-Z
|<—- Early Write »l‘“Oper\:aotion"l‘_' Write ———»'4-—— Write——»'
(increment
nibble counter) [] vaiid Data
2) In this case the first nibble cycle is a delayed write (Read-Write) cycle.
RAS \ /
s /7 \ /\ V2R A Y
WE \ / \ /
D XXX _X X_X
Pour ) O > —
l<—— Read-Write —>|<— Read-Write—>1<— Read ——>|<—Read-Write ~>|
[ vaiid pata
Table 2
Functional Truth Table
RAS CAS WE Dy Dour Read  Write  Refresh  Note
H H Don’t Care Don’t Care High-Z No No No Standby.
L L H Don’t Care Valid Data Yes No Yes Read.
L L L Valid Data High-Z No Yes Yes Early Write tycs = tycs (min).
L L L Valid Data  ValidData  Yes  Yes Yes Delayed t"V”'e(,%’i:‘ead'W'“e
cwp = tocwp ).
L H Don’t Care Don’t Care High-Z No No Yes RAS Only Refresh.
' CAS-before-RAS Refresh. Valid
L L Don’t Care Don’t Care Valid Data No No Yes data selected at previous Read
or Read-Write cycle is held.
H L Don't Care Don’t Care High-Z No No No CAS disturb.
FUJITSU
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FUJITSU

MICROELECTRONICS, INC.

16,384 WORD BY 4-BIT NMOS
DYNAMIC RANDOM ACCESS MEMORY

PRELIMINARY

Note: This is not a final specification.
Some parametric limits are subject to change.

DESCRIPTION

The Fujitsu MB81416 is a fully decoded,
dynamic NMOS random access memory
organized as 16384 words by 4-bits. The de-
sign is optimized for high speed, high per-
formance applications such as mainframe
memory, buffer memory, peripheral
storage and environments where low
power dissipation and compact layout are
required.

Muitiplexed row and column address in-
puts permit the MB81416 to be housed in a
standard 18-pin DIP that is compatible with
the JEDEGC approved pinout. Greater_re-
fresh versatility is provided by a new CAS
before RAS on-chip refresh capability .
The MB81416 also features “page mode”

FEATURES

¢ Organized as 16384 words by 4-bits

¢ Row Access Time/Cycle Time:
MB81416-10 100nsec max/200 min.
MB81416-12 120nsec max/230 min.
MB81416-15 150nsec max/260 min.

¢ Low Active Power (tgc = min)
MB81416-10 303mW(max.)
MB81416-12 275mW (max.)
MB81416-15 248mW (max.)
All devices 25mW standby

* Single +5V +10% Power Supply

¢ CAS before RAS Refresh

* RAS Only Refresh

* Hidden CAS before RAS Refresh

which allows high speed random access of
up to 64 nibble wide words within the same
row address.

The MB81416 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 the power supply tolerance is very
wide. All inputs and outputs are TTL com-
patible.

2ms/128 cycle Refresh (Ag~Ag)
Read-Modify-Write Capability
Page Mode Capability for
faster access

e Output unlatched at cycle end

e Early Write or Output Enable controls
output buffer impedance

On Chip Address and Data-In latches
Standard 18-pin DIP

All Inputs TTL Compatible, low
capacitive load

Three-State TTL Compatible Outputs
¢ On-chip Substrate Bias Generator

xS CLOCK GEN. WRITE
NO. 1 CLOCK f—W
— GEN.
CAS
CLOCK GEN. 7
REF. - NO.t
CONTROL
CLOCK
INTERNAL Ay~Ag "
gr| | = He o
DECODER N
BUFF.
U SENSE AmPS [}
ooaTNG DQ~0Q4
Ag =1
N . 1
A —] « DATA
" g g ] Ly our
3 g u 8 | 3] BUFF.
3 8 65,536-8IT
A= 8% a ! STORAGE CELL [
a] S8 z (1 ARRAY s
o
g |1
A — Agl - Vec
A7 —
e Vgg

NOTE: The following IEEE Std. 662-1980 Symbols are used in this data sheet: DQ = Data 1/0, G = Output

W = Write Enable.
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PLASTIC PACKAGE
DIP-18P-M01

CERDIP PACKAGE
DIP-18C-C01

PIN ASSIGNMENTS

a[4]
e
oa, 3]
i
=[]
ns 6]
as[7]
a8 ]

vee [

U

18] vss
17] b,
[16] CAS
[15] ba,
14] Ag
of
o
ot

DQ, G Vgg DQy4

2 1 18 17
DQ, | 3 16 | CAS
w4 Lec 15| DQg
RAS |5 TOPVIEW 14|Ag
Ag |6 LCC-18C-F02 43 Ay
As |7 12 (A,
8 9 10 1
Ay Vee A7 Ag
Enable and



PRELIMINARY MB81416-10/MB81416-12/MB81416-15

Note: This is not a final specification,
Svncpln-cﬁkhhmnbhdloclunp

ABSOLUTE MAXIMUM RATINGS (See Note)

Rating Symbol Value Unit

Voltage on any pin relative to Vgg Vin, Vout -1 to +7 \

Voltage on Vg supply relative to Vgg Vce —-1to +7 \

Ceramic —55t0 +150
Storage Temperature - T °

g P Plastic STG —55t0 +125 c

Power Dissipation Pp 1.0 W
Short Circuit Output Current — 50 mA
Permanent device damage may occur if ABSOLUTE MAXIMUM FIATINGS are ded. Functional op ion should be restricted to the condlllons as detalled in the
operational sections of this data sheet. Exposure to ab rating conditi for periods may effect device . This device cir-

cuitry to protect the inputs against damage due to high static voltages or electric fields. It is advised that normal precautions be taken to avoid application of any
voltage higher than maximum rated voltages to this high impedance circuit.

CAPACITANCE (Th=25°C)

Parameter Symbol Typ Max Unit
Input Capacitance Ag~ Az, CiN{ — 5 pF
Input Capacitance RAS, CAS, W, G Cinz — 8 pF
Output Capacitance DQ¢~DQy4 Cp - 7 pF

RECOMMENDED OPERATING CONDITIONS (Referenced to Vgg)
Parameter Symbol Min Typ Max Unit Operating Temperature
Veo 4.5 5.0 5.5 \

Supply Voltage Vss 0 0 0 v
Input High Voltage VIH 24 — 6.5 \" 0°Cto +70°C
Input Low Voltage,
all inputs except DQ Vie -20 08 v
Input Low Voltage, DQ ViLp* -1.0 — 0.8 \

*The device will withstand undershoots to the —2.0V level with a maximum pulse width of 20ns at the ~1.5V level.

DC CHARACTERISTICS (Recommended operating conditions unless otherwise noted.)

Parameter Symbol Min Max Unit

OPERATING CURRENT* MB81416-10 55
Average power supply current MB81416-12 Icct 50 mA
(RAS, CAS cycling; trg = min) MB81416-15 45
STANDBY CURRENT . I 45 A
Power supply current (RAS = CAS = Vj) CCc2 ’ m
REFRESH CURRENT1* MB81416-10 38
Average power supply current MB81416-12 lcca 35 mA
(CAS = Vi, RAS cycling; trc = min) MB81416-15 32
PAGE MODE CURRENT .
Aﬂage powisupply current mgg} :‘11212 lcca gg mA
(RAS = V), CAS cycling; tpc = min) MB81416-15 32
IXEFRESH CURRENT 2* MB81416-10 42

verage power supply current MB81416-12 lccs 38 mA
(RAS cycling, CAS before RAS) MB81416-15 35
INPUT LEAKAGE CURRENT
Input leakage current, any input (0sV|N=<5.5V, Vcc=5.5V, I -10 10 A
Vgs = 0V,all other pins not under test = 0V) :
OUTPUT LEAKAGE CURRENT | 10 10
(Data out is disabled, OV = Vour < 5.5V) oL -
OUTPUT LEVELS
Output high voltage (Ioq = —5mA) VoH 24 \
Output low voltage (lo. = 4.2mA) VoL 0.4

Note*: Igg is dependent on output loading and cycle rates. Specified values are obtained with the output open.
Icc is dependent on input low voltage level V) p, Vy p> —0.5V.
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MB81416-10/MB81416-12/MB81416-15 PRELIMINARY

Note: This is not a final specification.
s;o-cpnnmﬂfﬂhmuwtomm.

AC CHARACTERISTICS (Recommended operating conditions unless otherwise noted.)

MB81416-10 MB81416-12 MB81416-15
Parameter Notes Symbol Unit
Alternate *Standard Min Max Min Max Min Max
Time between Refresh tREF TRVRV — 2 — 2 — 2 ms
Random Read/Write Cycle Time tRe TRELREL 200 — 230 — 260 — ns
Read-Write Cycle Time trRwe TRELREL 290 — 330 — 375 — ns
Access Time from RAS (4), (6) trac TRELQV — 100 — 120 — 150 ns
Access Time from CAS (5), (6) tcac TCELQV — 50 — 60 — 75 ns
Output Buffer Turn Off Delay . torg TCEHQZ 0 30 0 35 0 40 ns
Transition Time tr 1T 3 50 3 50 3 50 ns
RAS Precharge Time tpp TREHREL | 90 — 100 — 100 — ns
RAS Pulse Width tRAs TRELREH 100 | 10000 | 120 | 10000 | 150 | 10000 ns
RAS Hold Time tRsSH TCELREH 50 — 60 — 75 — ns
CAS Precharge Time (Page Mode only) top TCEHCEL 45 — 50 — 60 — ns
“{All cyoles axcopt page mods) fy | TOEHOEL | 40 | — | 45 | — | % | — | ms
CAS Pulse Width tcas TCELCEH 50 10000 60 10000 75 10000 ns
CAS Hold Time ) tcsH TRELCEH 100 — 120 — 150 — ns
RAS to CAS Delay Time 4),(7) trcp TRELCEL 20 50 20 60 25 75 ns
CAS to RAS Set Up Time tcrs TCEHREL | 20 — 25 — 30 — ns
Row Address Set Up Time tasr TAVREL 0 — 0 — 0 — ns
Row Address Hold Time tRaH TRELAX 10 — 10 - 15 — ns
Column Address Set Up Time tasc TAVCEL 0 — 0 — 0 — ns
Column Address Hold Time tcaH TCELAX 15 — 15 — 20 — ns
Read Command Set Up Time tres TWHCEL 0 — 0 — 0 — ns
Read Command Hold Time o | e TREHWX | 20 | — [ 20 | — [ 20 | — | ns
o g Tie o| won | toewx [ o | — o | o] |m
Write Command Set Up Time twes TWLCEL -5 — -5 — -5 — ns
Write Command Hold Time tweH TCELWH 20 — 25 — 30 — ns
Write Command Pulse Width twp TWLWH 20 — 25 — 30 — ns
Write Command to RAS Lead Time tRwL TWLREH 45 — 50 — 60 — ns
Write Command to CAS Lead Time towL TWLCEH 45 — 50 — 60 — ns
Data In Set Up Time tos TDVCEL 0 — 0 — 0 — ns
Data In Hold Time tol TGELDX 20 — 25 — 30 — ns
CAS to W Delay ) towp TCELWL 85 — 100 — 120 — ns
RAS to W Delay 8) tRWD TRELWL 135 — 160 — 195 — ns
Access Time from G toEA TGLQV — 25 — 30 — 40 ns
G to Data in Delay Time toep TGHDV 30 — 35 - 40 - ns
G Hold Time Referenced to W toEH TWLGL 0 — 0 — 0 — ns
Output Butfer Turn Off Delay from G togz TGHQZ 0 30 0 35 0 40 ns
Page Mode Cycle Time tpc TCELCEL 105 — 120 — 145 — ns
Page Mode Read-Write Cycle Time tpRWC TCEHCEH 180 — 205 — 240 — ns
s (S et Ham ratrean) tres TCELREL | 20 | — | 25 | — | 30 | — | ns
Cfﬂ%‘:g%g‘;ﬁiﬁi‘%’%‘geﬂesm tecn TRELCEH | 20 — | s | = | 30 | = ns
'RAS Precharge to CAS Active Time trpC TREHCEL 20 — 20 — 20 — ns
Refresh Counter Test RAS Pulse Width (10) tYRAS TRELREH 280 — 325 — 390 — ns
Refresh Counter Test Cycle Time (10) tRTC TRELREL 380 — 435 — 500 - ns
G to RAS Inactive Setup Time toes TGLREH 0 - 0 - 0 — ns
Data in to CAS Delay Time (11) tpze TDXCEL 0 — 0 — 0 — ns
Data in to G Delay Time (11) tozo TDXGL 0 — 0 — 0 — ns
cg%g’:.fm;g%ﬁ o) tcpR TCEHCEL | 26 | — | 30 | — | 30 | — | ns
Notes: See notes on next page *These symbols are described in |IEEE Std. 662-1980: IEEE Standard Terminology for Semiconductor Memory.
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PRELIMINARY

Note: This is not a final specification.
Some parametric limits are subject to change.

MB81416-10/MB81416-12/MB81416-15

Notes: 6. Measured with a load equivalent to 2 TTL loads and 100pF.
1. An initial pause of 200us is required after power up, 7. trep (Min) = tgay (Min.) + 2tt + tagc (Min.): tt = 5ns.
followed by any 8 RAS cycles, before proper operation is 8 t t n . - .
achioved. f i interal refesh countor s 1o b sifecthe,  ° WS oW, 8nd.tawo, sre nonrestictve operating
a mlgln;uam%a C—/‘\S-before-RAS initialization cycles in- trical characteristics only. If tygs = twgs (Min.), the cycle
stead o S cycles are required. is an early write cycle and the data out pin will remain
2. AC measurements assume t1 = 5ns. open circuit (high impedance) throughout the entire cycle.
3. Vjy4 (min.) and V|_ (max.) are reference levels for measur- If towp = towp (Min.) and tawp = tawp (Min.), the cycle is
ing timing of input signals. Transition times are measured aread-write cycle and data out will contain data read from
between V|y (min.) and V|_(max.). the selected cell. If neither of the above sets of conditions
] » X is satisfied, the condition of the data out is indeterminate.
4. tpcp is specified as a reference point only. If tgep < trep 9. Eith isfied f
(max.) the specified maximum value of tgac (max.) can be . Either trpy OF tRcH must be satistied for a read cycle.
met. If trcp > trop (Max.) then trac is increased by the 10. Refresh counter test cycle only.
amount that tgcp exceeds tpgp (max.). 11. Either tpzg or tpzg must be satisfied for all cycles.
5. Assumes that tgcp = tgep (Mmax.).
READ CYCLE
- tre —>
- tRAS >
v
s " L /| N\
I - tcsH —>| | |[—trP—>
<—lnco—><——T'RS” ™| |=tcrs>
v \4— CAS / N
o ! \
L tasr | [tRAH  tasc tcan | «——tcpN—>
-t ' -<->I | L
A Vi ROW - COLUMN
™ ADDRESS | ADDRESS |
! RRH
tres H | e~ toES—> _|=1—> trReH
W Vin
Vi |<————‘CAc >
Hf tRac le— toFF
DATA Vo HIGH-Z bt p—meHz ——
©UD vo, tozc toea —oe;
DATA VOH. ‘ jJZXXXXX:
N) VoL «———— tpz0— > -« t0ED >
G
Vie - ]
WRITE CYCLE (Ecnly Write)
G = Don’t Care
tre >
RAS Vi N thas 1
ViL = n — \___
[ tcsH thsH 1 tRp —3|
<«—tReD — >« tcas »| | |etcrs-»
—— Vi N R
CAS
ViL t ¢ \ \ ¢ \__
tasr RAH tasc tcaH <«—tcpPN—>
] —>| l«— |]
ViH ROW [T e v AVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAY,
A Vi MADDRESS_EMADDRESS ‘A‘A‘A A‘A’A‘A‘A‘A’A’A’A‘A‘A‘A‘A’A‘A /\
- ! tewe | |
< =1
t
Vi
- tRwL —}
DS —»- |e— L—lon —|
DATAVH VALID VVVVVVVVVVVVVVNNN/
(IN) v, DATA IN ’A’A‘A‘A‘A‘A’A‘A‘A‘A‘A‘A‘A’A‘A‘A‘A‘
V
DATA "
(oum Vi HIGH-Z

1-125

@X] Don’t Care



MB81416-10/MB81416-12/MB81416-15 Some parametec lenite sve subfect 15 change.

WRITE CYCLE
(Output Enable Controlled)

tre
t

. Vi RAS
RAS N\ y \_—

Vi teps trp—

i trcD tcas

— \'/
CAS '“ \ [/ —J\_

ViL trAH +—tcpN

tasr == tasc™| = —{tcan

D 55

Vi

towL——1
' cWL

v WeH tRwL ‘J
W IH

ViL

~—tpzc — ios*jE:_tw':
~~———toH——

Vi z
86)“ > HIGH-Z < VALID DATA IN

ViL |teack——Tioen

tRac'—

V,
DATA OH
oun HIGH-2Z BATA HIGH-Z

oL

|€—tpzo—>| [<topaAlPH tOEZ1 HtOEH'ﬁI

— ViH
e NRAXAXKXXXAXAXX
ViL

Note 1: When toyp is satisfied and G is low (Delayed-Write Cycle), the data out will be “VALID”. But when towp is not satisfied, the data out will be “INVALID”.

READ-MODIFY-WRITE CYCLE
trwe
— Vip ———y tRas
RAS / N\
Vie tcrs tpR
v - ~——*tRcD teas
_ IH
CAS / A\ / a I\
ViL tRAH —topn
tasR— —~ tagc—{— —{tcan
v,
A H ROW COL.
Vi ADD. ADD.
tawp Towd cth—————!
tres RWL
_ ViH o
Wy XXXXXXXXS ./
L )
~—t
| — tpg = =— wP
v DZC DS lee— tDH—f
DATA H VALID
o —wianz— OO0 otat IQOOOOOXXXXX
ViL teac o
trAC
Vou ]
?cﬁJTTA) —————HIGHZ ~(bATA HIGH-Z
Vo toEA -
~—tbzo ~ toEz ~toEH~|
G

- NXAXXXKXAXXXXXK
Vi
m Don’t Care
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Note: This is not a final specification.
m.mhhmnwmm

RAS

CAS

g

DATA
(IN)

DATA
(oun

(2]}

RAS

CAS

E|

DATA
(IN)

DATA
(oum

Vi
ViL

ViH
Vi

ViH
ViL

ViH
Vi

ViH
ViL

Vo
VoL

Vin
ViL

Vi
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PAGE MODE READ CYCLE

_— tRas {_1
It
tcrs tec - tRSH tRp—
T tcsn ~tcp— ~—tcas o te
AN "
tasp| | tasC tasc
=== ==1tcaH == T ~tcan ‘
tRAH ] tcan tasc =1
ROW coL. COLUMN ) T Y AVAVAVAVAVAVAVAVAVAV,
ADD. ADD. ADDRESS Kmy ADD. "A A“.‘A"‘AA
tRCH
fncs--l = | tRCH—™ r‘* ~+trcs tReH - M +'ncs |
XXXX AV NXXXXX
tpzc tozc toze
f tcac to70 J tozo toac tpzo J \
T T[T torF torr T torF
HIGH-Z VALID\ HIGH-Z VALID X! [ HIGH-Z! = AL ‘ HIGH-Z
DATA /| DAT
toa—+ — 'c:ez —
OED
PAGE MODE WRITE CYCLE
(G =Don’t Care)
tras
{ L 7
tcrs tpc ’ t
tesH ¢ l‘-‘cp-— . e tREH——| RP
Vv, CAS —
H / \ tcas /l' \F‘ N ‘cas / /
ViL traAH! t
tasr| [~ ASC| |tcan -+ ~tcan
7] 1t tasc™ ] tean == tasc -
ROW)\/ COL. FCOLUMN | COL.
ADD. /Al ADD. ADDRESS ADD.
1 }
He —towL L towl K} tawL
twes—={ - twes —~ twes o[ T ieWL™
tv]“'" ‘weH twcH
t t ” t
DS I‘J ton DS L”“DH tps- L_l:—" DH
VALID VALID VALID
DATA DATA DATA
HIGH-Z 1t
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Note: This is not a final specification.
Some parametric’limits are subject to change.

PAGE MODE READ-WRITE CYCLE

_ Vig ——— tRas
RAS \
ViL tcrs |tR 4
ped ] tpRwe

L

§
. N [ tRsH trp—

v CSH Cp—
as H I 3 toas— —{._tc,\s le—tcas—+ / /

Vi 41"""_'! tasc tasc

tasr[*= L. tcan = ~tcan le—={tcAH

A Vin ROW\| COL. coL. fcoL.)

Vi ADD./\'! ADD. ADD. ADD.

t tres| | tewp tres
tres[*> [towpJm ' *|[|= towl ] = [~ towp™.|\CWL
twe,

Vi

Vs

€|

tos= 1 |

ViH ) fon
DATA /VALID\
L
VALID tcac—~l
pata Vo DATA ,
OUT) = H'GH'Z—‘J
( VOL tOEA
—’I toez toEz
_ \ {
s N
ViL
RAS ONLY REFRESH CYCLE
NOTE: CAS = Vjy; A7, W, G, = Don’t Care
- tre >
Vin | ———— tgpg ———— >
RAS v N 7 N
[<—tpaH - trp >
tASR la——
ViH

Ay RRXXXXX

DQ OPEN
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Note: This is not a final specification.
Some parametric limits are subject to change.

CAS-BEFORE-RAS REFRESH CYCLE
NOTE: A, W, G = Don’t Care

- tRe >
|e——trRp——|
Vin «———tRAS————»
Vi N | W
teer tecs trcH trpc
__ Vin - o - —
CAS / m
v, —/ \
Vou
pQ OPEN
VoL
HIDDEN REFRESH CYCLE
- tre - > tre >
<«—trp—>
v <« tRas ————>| -«——— tRAs———>
H

o —_— -

RAS Vi \ / N «— thp —» \
tcrs . . <> tcrp
< |- — - -— - »

RCD? RSH | tech

- Vin L —
VA ATV /7

ASR) e tasc | tean
Dl —lbl l<- <>

v
A 'H ROW COLUMN
Vi ADDRESS JA ADDRESS
! o J
tres
> < ‘—'I tRRH
_ Vi
oo KXXXXXXUXXXXXXX
I
| €——tpacT—>
v <> toFF—»| |=—0
OH tcac, -
DATA 4
oun g, HIGH-Z VALID DATA OUT —
- <>t
_ Vi toea 0EZ
: /
ViL tpzc
<> lesd toED

.

Vi tpz
o KRR
Vi
m Don’t Care
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Note: This is not a final specification.
Some parametric limits are subject to change.

CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE

v f= tarc
_ H
s \
ViL trp
tRsH
v ).‘—"_‘ tcsH toPN—= tcas
— H t
CAS v ‘\‘cs / \ /
L
tasc| [tcan
S 55
Vi -
tres '—H _I"nnn
~=tRCH
_ VIH [ :
ViL

LN

DATA ViH tozc
(IN) Vi ‘l»

~—tcac— ~{toFF
DATA  Vou
(READ) HIGH-Z { VALID DATA I
(un ot bl (4=Ltoep
)
Vv toes topz—+| =—!
_ H v r
G (READ) v /\
* 1) 1) ~—tew. —=
tres "- tcwp tRwL .
— Viy L |
wounra ' SKXXKXKXKKKXRKY N
ViL )
CAC
DATA  Vou
(WRITE) v HIGH-Z 1) HIGH-Z
“—'
©un oL tozc | toea? Df
-~ tpH
DATA V4
(WRITE) ‘oa p#
(IN) Vi

toeo toL_r;l
_ ViH

m Don’t Care

Note 1: When tgyyp is satisfied and G is low (Delayed-Write Cycle), the data out will be “VALID”. But when towp is not satisfied, the data out will be “INVALID”.
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Note: This is not a final specification.
Some parametric limits are subject to change.

DESCRIPTION
Address Inputs

A total of 14 binary input address bits
are needed to decode any one of
16,384 nibble wide words from the
MBB81416’s 65,536 memory cells. Ad-
dressing a Random 4-bit word is in-
itiated by establishing 8 row address
bits on the address input pins, (Ag
through A7), and after they are stable,
latching these address bits with the
falling edge of the Row Address
Strobe (RAS). Then 6 column address
bits are established on the address in-
put pins A4 through Ag. After the ad-
dresses are stable, they are latched
with the falling edge of the Column
Address Strobe (CAS). Address timing
is made non-critical by the MB81416’s
“gated CAS” circuitry which automat-
ically inhibits CAS until the Row Ad-
dress Hold time (tgan) has been
satisfied and the address inputs have
changed from row to column ad-
dresses.

Data Input/Output

The MB81416 has 4 common 1/O pins
(DQ¢, DQg, DQ3, and DQg). Read or
write modes are_selected with the
write enable pin (W). An output enable
pin (G) controls the state of the output
buffers making delayed write and
read-modify-write cycles possible. The
DQ pins provide TTL compatible in-
puts and three-state TTL compatible
outputs with a fan-out of two standard
TTL loads. Data-out has the same
polarity as data-in.

Write Enable

The read mode or write modes are
determined by the state of the write
enable pin (W). A logic high on W
selects the read mode and a logic low
on'W selects the write mode. When W
is high (read mode), the data inputs
are disabled. If W goes low and
satisfies the write_command set-up
time (twcs) before CAS goes low, the
data outputs will remain in the high-
impedance state for the duration of
the cycle. This allows a write cycle to
occur regardless of the state of the
output enable (G).

MBB81416-10 /MB81416-12/ MB81416-15

Output Enable

The output buffers are controlled by
both CAS and_output enable (G). If
either CAS or G are high the output
buffers are in the high impedance
state. During a read or read-modify-
write cycle if both CAS and G are low,
the output buffers are enabled. During
an early write cycle G has no effect on
the output buffers.

Data Inputs

Data may be written into the MB81416
during a write or read-modify-write cy-
cle. The last falling edge of CAS or W,
strobes the data into the 4 on-chip
data latches. In an early-write cycle, W
is brought low prior to CAS, and the
data is strobed in by CAS with both
the set-up time (tpg) and hold time

) referenced to the fallmg edge of
d%% The outputs are in the high im-
pedance state regardless of G’s state.
In a delayed write or a read-modify-
write cycle, W is brought low after
CAS, data is strobed-in by W, and set-

up and hold times are referenced to

W. To avoid buss contention on I/O
pins, it is necessary during a delayed

write or a read-modify-write cycle for

G to be high prior to data input so that
the output buffers are in the high im-
pedance state when data is being
written.

Data Outputs

Data can be read from the MB81416
with either a read or a read-modify-
write cycle. These cycles begin with
the outputs in the high impedance
state. The outputs contain_active,
valid data only after both CAS and G
have been brought low and have satis-
fied the minimum access time from
RAS (trac) and the minimum access
time from the output enable togp.
Outputs contain valid data as long as
both CAS and G are held low. They
return to the high impedance state
when either CAS or G go high.

RAS-Only Refresh

The MB81416’s dynamic memory cells
may be refreshed by performing any
memory cycle at each of the 128 row
addresses (Ag through Ag) at least

*Note: CAS Before RAS Refresh available on request.
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every 2 milliseconds. When a row is
accessed all bits in the row are
refreshed. During refresh, A7 (Pin 10)
is not used and either V| or V|_ may
be applied to this pin.

RAS-only Refresh is a simplified cycle
that consists of strobing a row ad-
dress with RAS while CAS remains
high. During a RAS-only Refresh cycle,
CAS is high and the output buffers are
in the high impedance state. Strobing
each of the 128 row addresses (Ag
through Ag) with RAS will refresh all
65,5636 memory cells in the MB81416.
RAS-only Refresh results in a substan-
tial reduction in power dissipation
compared to a full RAS/CAS memory
cycle.

CAS Before RAS Refresh

CAS before RAS refresh is an on-chip
refresh capability that eliminates the
need for external refresh addresses. If
CAS is held low for the specified set-
up time (trcg) before RAS goes low,
the on-chip refresh control clock
generators and refresh address
counter are enabled. An internal
refresh operation automatically oc-
curs and the refresh address counter
is internally incremented in prepara-
tion for the next CAS before RAS
refresh operation.

Hidden CAS Before RAS Refresh

A hidden refresh cycle may be per-
formed while maintaining the latest
valid data at the output by extending
the CAS active time and cycling RAS.
The refresh row address is provided by
the on-chip refresh address counter.
This eliminates the need for the exter-
nal row address that is required by
DRAMSs that do not have CAS before
RAS refresh capability.

CAS Before RAS Refresh Counter
Test Cycle

A special timing sequence using the
CAS before RAS Refresh Counter Test
Cycle provides a convenient way to
verify the functionality of the CAS
before RAS refresh circuitry. The cycle
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begins with a CAS before RAS opera-
tion. Then CAS is cycled “high” and
then “low”. This enables a read, write,
or read-modify-write operation to oc-
cur. Four memory cells are accessed
with the location defined as follows:

Row Address —Bits Ag through Ag
are supplied by the
on-chip refresh coun-
ter. Bit A7 is set low
internally.

Column Address — Bits Aq through
Ag are strobed-in
by the_ falling
edge of CAS asin
a normal memory
cycle.

Suggested CAS Before RAS Refresh
Counter Test Procedure

The CAS before RAS Refresh Counter
Test Cycle timing is used in each of

the following steps:

1.

Initialized the internal refresh coun-
ter by performing 8 cycles.

. Write a test pattern of “lows” into

each set of 4 memory cells at a sin-
gle column address and 128 row
addresses. (The row addresses are
supplied by the on-chip refresh
counter.)

. Using read-modify-write cycles,

read the “lows” written during step
2 and write “highs” into the same
memory locations. Perform this
step 128 times so that “highs” are
written into the 128 sets of 4
memory cells.

. Read the highs written during step

3.

. Compliment the test pattern and

repeat steps 2, 3, and 4.

PRELIMINARY

Note: This is not a final specification.
Some parametric limits are subject to change.

Page Mode

Page mode memory cycles provide
faster access and lower power
dissipation than normal memory
cycles. In page mode, it is possible to
read, write, or read-modify-write. As
long as the applicable timing re-
quirements are observed, it is possi-
ble to mix these cycles in any order. A
page mode cycle begins with a normal
cycle. While RAS is kept low to main-
tain the row address, CAS is cycled to
strobe in additional column ad-
dresses. This eliminates the time re-
quired to setup and strobe sequential
row addresses for the same page. Up
to 64 nibble wide words may be ac-
cessed with the same row address.



FUJITSU

B MB85101A-10, MB85101A-12, MB85101A-15
MOS 65,536 x 4-Bit
Dynamic RAM Module

Description

The Fujitsu MB85101A is a 64K x 4 dynamic RAM high density
memory module. It consists of four MB8264A DRAMSs in 18-pad
LCC packages mounted on a 22-pin multilayer ceramic substrate.

The MB85101A is intended for use in memory applications in
which large amounts of memory are required in a compact space
or in which board space is limited. Significant size reduction can
be realized in applications such as mainframe memory, buffer
memory, desktop computers and peripheral storage.

Features

M 65,536 x 4-bit DRAM module
B Row Access Time
100 ns max. (MB85101A-10)
120 ns max. (MB85101A-12)
150 ns max. (MB85101A-15)
M Cycle Time
200 ns min. (MB85101A-10)
230 ns min. (MB85101A-12)
260 ns min. (MB85101A-15)
B Single +5 V supply, £10%
tolerance
B Low power (active)

W 2 ms/28 cycle refresh
B RAS-only and Hidden refresh

capability

B Read-Modify-Write and Page
Mode capability

B Common I/O capability using
Early Write operation

B Output unlatched at cycle end
allows extended page boundary
and two dimentional chip
selects.

B On-chip latches for Addresses

1100 mW max. (MB85101A-10)
990 mW max. (MB85101A-12)
880 mW max. (MB85101A-15)

88 mW max. (standby)

and Data-in
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MB85101A-10
MB85101A-12
MB85101A-18

MB85101 Block Diagram
and Pin Assignment ADDRESS

RS Vss
RS Vee
w
Dinz Dino
Do L Douro
— 1 CAS
CHIP 0 CHIP 2
A,
= Douro = Dourz Ag
D
iNa A,
D
Nt DIN1
CHIP 1 CHIP 3 Dours
I Dourt — Doyra w
A,
A;
Block Dlagram for A
Each Chip 6
- GLOGK GeN. ware | Dourz
- CLOCK —W D
GEN. N2
CLOCK GEN.
| I - A,
’D—I—> NO. 2 I A:
CAS
RAS
A COLUMN DATA Dins
_) DECODER I D,
BUFFER ouT3
SENSE AMPS
110 GATING [~ L Vss
g |
wwl |} e - ——
£t v 1
a2
<@
g =
w —
3 BUFFER [ OOV
3 65,536-BIT
a STORAGE CELL
z
SUBSTRATE 2 -— v
BIAS GEN. ~%—— GND
Package Dimensions
Dimensions in inches 22-Lead Single
(millimeters) In-Line Package
(Module MDL-22S-CC01)
2.175(55.25) .180(4.57)
2.226(56.52) MAX

sotrabres 0 | 0 sssa .MAXE
‘ TV, s

020(0.51)TYP
_ .090(2.29)
I 110(2.79)

T

015(0.38) .036(0.91) .120(3.05)
023(0.58) ™ 04a(112) .150(3.81)

2.100(53.34)TYP

[r nonnn 1Iml pooon 30 nopnn 1Ml nonon I] L

.050(1.27)
.070(1.78)
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FUJITSU

B MB85103A-12, MB85103A-15
MOS 65,536 x 8-Bit
Dynamic RAM Module

Description
The Fujitsu MB85103A is a 64K x 8 dynamic RAM high density
memory module. It consists of eight MB8264A DRAMSs in 18-pad
LCC packages mounted on a 22-pin multilayer ceramic substrate.
The MB85103A is intended for use in memory applications in
which large amounts of memory are required in a compact space m
or in which board space is limited. Significant size reduction can
be realized in applications such as mainframe memory, buffer )
memory, desktop computers and peripheral storage. ] {1
|| v
Features W 65,536 x 8-bit DRAM module M 2 ms/128 cycle refresh
B Row Access Time M RAS-only and Hidden refresh
120 ns max. (MB85103A-12) capability
150 ns max. (MB85103A-15) W Page Mode capability
B Cycle Time B Common /O
230 ns min. (MB85103A-12) W Output unlatched at cycle end
260 ns min. (MB85103A-15) allows extended page boundary
W Single +5V supply, =10% and two dimentional chip
tolerance selects.
M Low power (active) B On-chip latches for Addresses

1980 mW max. (MB85103A-12) and Data-in
1760 mW max. (MB85103A-15)
176 mW max. (standby)
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MB85103 Block Diagram
and Pin Assignment

Vgs 1
Vee 2
E‘; DQ, 3
cw DQ, DQ, DQ, pa, 4
0, I - - CAS 5§
b —— . - —— A; 6 ]
CHIP 0 CHIP 2 CHIP 4 CHIP 6
J As 7
F r A, 8
DQ, 9
Do, [ - ]_ DQ; 10
) ] o
— — 1"
CHIP 1 CHIP 3 — cHips “— cHip7 }—no, w
— L A, 12
:I 0as A; 13
00, 4 A, 14
DQ, 15
Block Diagram for DQ; 16
Each Chip RS CLOCK GEN,
RAS ——————————» - WRITE
NO. 1 CLOCK |—-W A, :; 1
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CLOCK GEN. T Ay
NO. 2 I RAS 19
= DQg 20
TAS
DQ; 21
;‘ ! A COLUMN DATA Vss 22
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A 8 65,536-BIT BorFER
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2
; =
BIAS GEN. anD
Package Dimensions
Dimensions in inches 22-Lead Single
(millimeters) In-Line Package
(Module MDL-22S-CC02)
| 2.175(56.25) .300(7.62)
‘ 2.225(56.52) MAX
.300(7.62)TYP D D .335(8.51)MAX
.008(0.20)
.012(0.30)
020(0.51)TYP .
.090(2.29) 015(0.38) .036(0.91) .120(3.05)
I~ 110(2.79) 1023(0.58) " oaa(112) .150(3.81)
l 2.100(53.34)TYP
Il nononn 1ol nopon 1 l
EEEEEEEEEEEEEEEEEEEEEEEEEE
~.070(1.78)
.090(2.29)
FUJITSU
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FUJITSU

H MB85108A-12, MB85108A-15
MOS 262,144 x 1-Bit
Dynamic RAM Module

Description

The Fujitsu MB85108A is a 256K x 1 dynamic RAM high density
memory module. It consists of four MB8266A DRAMs in 18-pad
LCC packages mounted on a 22-pin multilayer ceramic substrate.

The MB85108A is intended for use in memory applications in
which large amounts of memory are required in a compact space
or in which board space is limited. Significant size reduction can
be realized in applications such as mainframe memory, buffer
memory, desktop computers, and peripheral storage.

The MB85108A features two new functional enhancements that
make it more versatile than previous dynamic RAM’s. The CAS-
before-RAS refresh mode provides an on-chip refresh capability.
The nibble mode function allows high speed serial access to up

to 4 bits of data.

Features

W 262,144 x 1-bit DRAM module
B Row Access Time
120 ns max. (MB85108A-12)
150 ns max. (WVB85108A-15)
M Cycle Time
230 ns min. (MVB85108A-12)
260 ns min. (MB85108A-15)
B Nibble Cycle Time
70 ns min. (MB85108A-12)
90 ns min. (MB85108A-15)
W Single +5 V supply, +10%
tolerance
B Low power (active)

M 2 msi28 cycle refresh

W RAS-only, Hidden and CAS-
before-| refresh capability

W Read-Modify-Write capability

W Nibble Mode capability

B Common 1/O capability using
Early Write

B On-chip Address and Data-in
latches

W Output unlatched at cycle end
allows extended page boundary
and two dimentional chip
selects.

341 mW max. (MB85108A-12)
303 mW max. (MB85108A-15)
99 mW max. (standby)
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MB85108 Block Dlagram

ADDRESS
and Pin Assignment D Vgs 1
CAS V, 2
w Yoo
RAS2 RAS 0 3
RAS 0 (N Doyr 4
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PO 2
Ag 6 —/
Diy 7
RAS3 w 8
RAS 1 L RAS 1 9
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Package Dimensions
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(millimeters) In-Line Package
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2.175 (55.25) .180 (4.57)
2.225 (56.52) MAX

.300 ('IJTGZ) TYP I:I D .335 (8.151) MAX E

T TTTTrrry v rgrrrrey e

1020 (0.51) TYP
.090 (2.29) 1015 (0.38) .036 (0.091) 1120 (3.05)
110 279) "1™ 023 (0.58) ™ 044 (112 150 (3.81)

2.100 (53.34) TYP

C nnnnn Ml oonnn 10 npnooon 13l nooog lI l

B e B B e e

050127
070 (1.78)

FUJITSU
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Quic uide To Prodﬁcts n This Section

Access Power
Device Organization Time Supply Power Package Page
(max) Volts Dissipation

MB8128-10 550/110 mW
MB8128-15 385/83 mW

MB8167A-55 660/140 mW 20-pin
MB8167A-70 660/140 mW 20-pin
MB8168-55 826/220 mW 20-pin
MB8168-70 825/220 mW 20-pin




FUJITSU

MICROELECTRONICS, INC.

NMOS 16,384-BIT STATIC
RANDOM ACCESS MEMORY

DESCRIPTION

The MB8128 is fabricated using
N-channel silicon gate MOS tech-
nology. It uses fully static cir-
cuitry throughout and therefore
requires no clocks or refreshing
to operate.

FEATURES

* 2048 words x 8-bit
organization
» Static operation: no clocks
or refresh required
¢ Fast access time:
MB8128-10 100 ns Max.
MB8128-15 150 ns Max.

¢ Single +5V supply voltage

MB8128 is designed for memory
applications where high perfor-
mance, low cost, large bit
storage, and simple interfacing
are required. The MB8128 is com-
patible with TTL logic families in
all respects; inputs, outputs and a
single +5V supply.

¢ Three-state output with
OR-tie capability

¢ Chip Enable for simplified
memory expansion

¢ Automatic power down

¢ Industry standard 24-pin
DIP package

¢ Pin compatible with MB8416

 Common data inputs and (CMOS Static RAM) and
outputs MBM2716 (EPROM)
¢ TTL compatible inputs and
outputs
MB8128 BLOCK DIAGRAM
A D S— Yee Y
: — .
A s—
A > — 0
A Aﬁ MEMORY ARRAY
As 1' >3 § 128 ROWS BY
A m 128 COLUMNS
[ - 1
T 1/0 CIRCUITS ]
DQy B— -
INPUT COLUMN SELECT
§ § o o
DQy R
F T
W A7 Ag Ay A
1
5 - § A N
N ]
POWER
DOWN
SIRCUIT TRUTH TABLE
[ E W MODE SUPPLY CURRENT 1/0 PIN
H X X NOT SELECTED Isg HIGH Z
L | H]|H Dout DISABLE Icc HIGH Z
L] L|H READ lcc Dout
L X L WRITE lec Din

22

MB38128-10
MB8128-15

CERDIP PACKAGE
DIP-24C-C03

PLASTIC PACKAGE

DIP-24P-M01
PIN ASSIGNMENT
A1 ~ 24 Vee
Ag[]2 23| ]Ag
As[]3 22[ Ay
A4 21 1W
Aasds 20[]G
Amlle 83 190k
a7 55 18[1E
amls 2% 170oq
DQy |9 16[ ] DQg
DQ4 []10 15[ ] DQs
DQ, (11 14[71DQq4
vss []12 13[1DQ3




ABSOLUTE MAXIMUM RATINGS (See NOTE)

MB8128-10/ MB8128-15

Rating Symbol Value Unit
Voltage on Any Pin With Respect to Vgg Vins VouT: Vee -35t0+7 Vi
Temperature Under Bias TA - 10 to+85 °C
Storage Temperature TstG - 65to +150 °C
Power Dissipation Pp 1.2 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. This device contains circuitry to protect
the inputs against damage due to high static voltages or electric fields. It is advised that normal precautions be taken to avoid
application of any voltages higher than maximum rated voltages to this high impedance circuit.

RECOMMENDED OPERATING CONDITIONS (Referenced to Vss)

Ambient (1)
Parameter Symbol Min Typ Max Unit Temperature
Supply Voltage Voo 45 5.0 55 \"
Input Low Voltage ViL -3.0 — 0.8 \ 0°Cto +70°C
Input High Voltage ViH 2.2 - 6.0 \

NOTE: 1) The operating ambient temperature range is guaranteed with traverse airflow exceeding 2 linear meters/second.
DC CHARACTERISTICS (Recommended operating conditions unless otherwise noted.)
Parameter Symbol Min Typ Max | Unit
Input Leakage Current
(ViN = Vss to Vg, Voe = Max) i =10 - 10 pA
Input/Output Leakage Current
(Elor G = Vi, Viyo = Vss to Voe, Vo = Max) Lo -10 | — 10 | wA
MB8128-10 - 70 —
Ta= 25°C
Power Supply Current A 5 MB8128-15 — 50 —
(\é%c= &:);)E e Tpo=0°C MB8128-10 o — — 199
A= MB8128-15 N 70
Output Low Voltage (loL = 2.1 mA) VoL — — 0.4 v
Output High Voltage (loq = — 1.0 mA) VoH 24 - ~— \4
- MB8128-10 — 8 20
Standby Current (Vgg = Min to Max, E =V, ! mA
y Current (Vg = Min to Max H) MB8128-15 SB — 6 15
Peak Power-On Current (Vog = Vss to Vog Min, | MB8128-10 - - 20
E = Lower of Vg or Vi Min) MB8128-15 lpo — — 15 | MA
AC CHARACTERISTICS (Recommended operating conditions unless otherwise noted.)
READ CYCLE
Parameter Symbol MB8128-10 MB8128-15 Unit
Min Typ Max Min Typ Max
Read Cycle Time TAVAV 100 — — 150 — — ns
Address Access Time TAVQV — — 100 — — 150 ns
Chip Enable Access Time TELQV — — 100 — — 150 ns
Output Hold from Address Change TAXQX 15 — — 20 —_ — ns
Chip Enable to Output Active TELQX 0 — — 0 — — ns
Chip Enable to Output in High Z TEHQX — — 40 — — 60 ns
Output Enable to Output Valid TGLQV — — 50 — — 60 ns
Output Enable to Output Active TGLQAX 10 — — 10 — — ns
Output Enable to Output in High Z TGLQZ — — 40 — — 60 ns
Chip Select to Power Up Time TELIH 0 — — 0 — — ns
Chip Select to Power Down Time TEHIL — — 40 — — 60 ns




MB8128-10/MB8128-15
CAPACITANCE (Tp = 25°C, f = 1MHz2)

Parameter Symbol Typ Max Unit
Input Capacitance (Viy = 0V) CiN —_ 5 pF
Input/Output Capacitance (Voyt = 0V) Cio - 7 pF
AC TEST CONDITIONS
Input Pulse Levels: 0.8V to 2.4V
Input Pulse Rise and Fall Time: 10 ns
Timing Measurement Reference Levels: Input: 1.5V
Output: 1.5V

Output Load:

Output

1 TTL Gate and C|_ = 100 pF

(o,

e

>

READ CYCLE
READ CYCLE: ADDRESS CONTROLLED?
TAVAV ‘
ADDRESSES )l(
TAVQV |
TAXQX
Q PREVIOUs DATA vaLiDX X X DATA VALID
l

READ CYCLE: CE CONTROLLED®

-

TGLQV

TGLQAX

TELQV

TELQX

lcc
Vee
SUPPLY
CURRENT

Isg

Note:

=+ TELIH

DATA VALID

J‘ 50%
|

1) W is high for Read Cycle. _
2) Device is continuously selected, E=V), G=V).

3) Addresses valid prior to or coincident with E transition low.

K 50%

: Don’t Care

m: Undefined Data




MB8128-10/MB8128-15

WRITE CYCLE
Parameter Symbol MB8128-10 MBE8128-15 Unit
Min Typ Max Min Typ Max

Write Cycle Time TAVAV 100 — — 150 — — ns
Address Valid to End of Write TAVWH 95 — — 140 — - ns
Chip Select to End of Write TELEH 95 — — 140 — — ns
Data Valid to End of Write TDVWH 40 — — 60 —_ — ns
Data Hold Time TWHDX 5 — — 5 — — ns
Write Pulse Width TWLWH 85 — — 130 — — ns
Write Recovery Time TWHAX 5 —_ —_ 10 — — ns

. TAVWL 0 — — 0 — — ns
Address Setup Time TAVEL 0 — — 0 — — s
Output Active From End of Write TWHQX 10 — — 10 — — ns
Write Enable to Output in High Z TWLQZ — — 40 — — 60 ns

WRITE CYCLE

WRITE CYCLE: W CONTROLLEDz)
L

ADDRESSES

ol

w \Y
TWLOZ I;'TDVWH_'
D [\ DATA IN VALID
——TGLQZ—-—\ TwHax
a ZXZXZM/ HIGH-Z @ZXXZ

: Don’t Care

R : Undefined Data

WRITE CYCLE: £ |CONTROLLED?
} TAVAV -

ADDRESS

[2]]

1 ~TELEH .
ﬁ B —
N TWLWH -
w
. TDVWH—+
TWLQZ
D DATA IN VALID
~—TGLQZ—=

@ XXX

: Don’t Care

[ : Undetined Data

Note: 1) If E goes low simultaneously with W low, the outputs remain in a
high impedance state.

2) E or W must be high during address transitions.

25




MB8128-10 / MB8128-15

OVERVIEW

The MB8128 from Fujitsu is a
high performance part, designed
for high speed and low system
power requirements.

The high speed is obtained by ad-
vanced NMOS processing. The
low system power requirements
are achieved by the use of the
MB8128 chip-enable (active low).
The MB8128 automatically en-
ters standby operation drawing

only Isg whenever the chip enable
is high. Upon activation of chip
enable (E = LOW) the MB8128
automatically powers up. This
automatic power up/down is an
extremely useful feature. Care
must be used as proper decoupl-
ing will minimize power line glit-
ches.

Input and data bus lines are an
additional area of concern. Un-
less bus lines are properly de-

2-6

signed and terminated, cross
coupling, cross talk and reflec-
tions can occur. Of particular im-
portance is the undershoot on
address lines. Once again, care-
ful attention to good PC board
layout and proper termination
techniques will yield a well
designed and reliable memory
system.



MOS Memories FUJITSU

B MB8167A-55, MB8167A-70

NMOS 16,384-Bit
Static Random Access Memory

The Fujitsu MB8167A is a 16,384 words by 1-bit static random ac-
cess memory fabricated using N-channel silicon gate MOS technol-
ogy. Separate input/output pins are provided. All devices are fully
compatible with TTL logic families in all respects: inputs, output
and the use of a single +5 V DC supply.

Description

For ease of use, chip enable (E) permits the selection of an in-
dividual package when outputs are OR-tied, and automatically
powers down the MB8167A. This device offers the advantages of
low power dissipation, low cost, and high performance.

Features

MOrganized as 16,384 words x B Three-state output with OR-tie
1-bit capability 1
M Static operation: no clocks or M Chip enable for simplified i i
refresh required memory expansion and PL j;

MFast Access Time: automatic power down srdip Pac a

MB8167A-55 55 ns Max. HAIl inputs and output have --DIP-20C+C
MB8167A-70 70 ns Max. protection against static charg
M Single +5 V DC supply voltage M Standard 20-pin DIP package
W Separate data input and output
WTTL compatible inputs and
output

2-7




MB8167A-45
MB8167A-55
MB8167A-70
MB8167A Block Diagram
and Pin Assignment
N N B — —vwe Al T w[vee
1
L (- S -~ Vs A2 19 Aq3
D e || -
a [: SELECT 128 COLUMNS| A2[]3 18 [ ]A12
ag——— Py Aslde 2 7[dAn
‘va—{/é\_—_ _T : A5 gg 16 ] Ao
-
D——W H COLUMN 110 CIRCUITS ——i As[]e ¥ B 1] A
COLUMN SELECT As E 7 14 j Ag
INPUT Q E 8 13 :] A
o || ’
. TROL | W[: 9 12[]D
E—
vss[]10 n[JE
AL As Ag Ay Ay Ay Ay
W—]
o
CIRCUIT
Truth Table
E W Mode Output  Power
H X NOT SELECTED HIGHZ  STANDBY
L L WRITE HIGHZ  ACTIVE
L H READ Dour ACTIVE
Absolute Maximum Ratings
(See Note) Rating Symbol Value Unit
Voltage On Any Pin with Respect to Vgg VIN, VOUT, VCC -35t0 +7 Vv
Temperature Under Bias TA -10to +85 °C
Ceramic TSTG —65 to +150
Storage Temperature - °
Plastic TSTG -55to +125
Power Dissipation PD 1.2 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 operations sections of this data sheet. Exposure to absolute maximum rating conditions for extended
periods may affect device reliability.
Capacitance
('I',,_p=.25 °C; f= 1 MHz, this Parameter Symbol Typ Max Unit
parameter is sampled, Input Capacitance (VIN =0V) CIN — 5 pF
not 100% tested.) -
Output Capacitance (VOUT =0V) couTt — 6 pF
Recommended Operating Amblent?)
(Referenced to VSS) Parameter Symbol Min Typ Max Unit Temperature
Supply Voltage VCC 45 5.0 55 Vv
Input Low Voltage VIL -3.0 — 0.8 Vv 0°C to +70°C
Input High Voltage VIH 20 — 6.0 \'
Note: (1) The op ing range is with airflow ding 2 linear d.
FUJITSU



MB8167A-45
MB8167A-55
MB8167A-70

DC Characteristics

(Recommended operating Parameter Symbol Min Typ Max Unlt
conditions unless otherwise
noted.) Input Leakage Current I — 001 10 WA
(VIN = VSS to VCC, VCC = Max) :
Output Leakage Current
— 50
E = VIH, VOUT = VSS to VGG Min, VCC = Max) o o1 #A
Power Supply Current
. = — 120 A
(VCC = Max, E = VIL, IOUT = 0mA) Icc %© m
Output Low Voltage (IOL = 16mA) VoL — — 045 V
Output High Voltage (IOH = —4mA) VOH 24 — — \
Standby Current
= — 15 25 A
(VCC = Min to Max, E = VIH IS8 m
Peak Power-On Current
(VCC = VSS to VCC Min, E = Lower of VCC or VIH Min) PO - - x m
AC Characteristics
(Recommended operating Read Cycle
conditions unless otherwise MBB167A-55 MBS8167A-70
noted) Parameter [Notes]  Symbol Min Max Min Max  Unit
Read Cycle Time TAVAV 55 — 70 — ns
Address Access Time TAVQV 55 — 70 ns
Chip Enable Access Time TELQV — 55 — 70 ns
Output Hold from Address Change TAVQX 5 — 5 — ns
Chip Enable to Output Active 1] [2] TELQX 10 — 10 — ns
Chip Enable to Outputin HighZz ] [2] TEHQZ 0 30 0 40 ns
Chip Enable to Power Up Time TELIH 0 — 0 — ns
Chip Enable to Power Down Time TEHIL — 30 — 35 ns
Read Cycle: Address Controlled34
TAVAV- |
a X J(
TAVQV. |
TAVQX:
a  PRevious DATA VALID ¥ X X DATA VALID
Read Cycle: E Controlled3 5
TAVAV
= —\_ {—_——
E N /1
TELQV | TEHGZ
TELQX
Q HIGHZ DATA VALID J————H'GH'Z
|=-TELIH L—TEHIL
vcC ICC —— —_—
SUPPLY o 50% 50%
CURRENT
Notes:

1. Transition is measured at the point of +500mV from steady state voltage.
loading in Fig.2.

2. This is with specifi
3.W is high for Read Cycle. _
4. Device is continuously selected, E = VIL.

5. Addresses valid prior to or coincident with E transition low.

FUJITSU
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MB8167A-45
MB8167A-55
MB8167A-70

AC Characteristics
(Recommended operating
conditions unless otherwise
noted.) (continued)

Write Cycle
MB8167A-55 MB8167A-70
Parameter Symbol Min Max Min Max Unit
Write Cycle Time TAVAV 55 —_ 70 - ns
Address Valid to End of Write TAVWH 45 — 50 - ns
Chip Enable to End of Write TELEH 50 — 60 — ns
Data Valid to End of Write TDVWH 35 — 45 — ns
Data Hold Time TWHDX 0 — 0 — ns
Write Pulse Width TWLWH 35 — 45 - ns
Wirite Recovery Time TWHAX 5 —_ 10 — ns
TAVWL 5 —_ 5 - ns
Address Setup Time
up TAVEL 0 — 0 — ns
Output Active From End of Write [7] TWHQX 0 — 0 — ns
Write Enable to Output in HighZ [7) TWLQZ — 30 — 35 ns
Write Cycle: W Controlled®
. TAVAV-
A XXX (XOOXXKXX
TELEH:
E\_ T
TAVWH———— | TWHAX
TAVWL— pe——TWLWH—— ]
w K P

——TDVWH— TWHDX
D DATA VALID

TwLaz

~—TWHQX
o SXXXXX XXX KRR —HeH 2

Write Cycle: E Controlled?

TAVAV
Anoaessesm( KOO0
TAVEL—] TELEH
E X /
TAVWH,
[=—— TWLWH —={ TWHAX
w AALLLARRRRRRRRRRNRNY (7777777777777,

- TDVWH—] TWHQX
D m DATA VALID

TWLQZ
TELQX HIGH-Z
o ORI

Notes:

6. If E goes high simultaneously with W-high, the output remains in a high impedance state.
7. Transition is measured at the point of +500mV from steady state voltage.
8. 1_'his parameter is measured with specified loading in Fig. 2.

9.E or W must be high during address transitions.

FUJITSU
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MB8167A-45
MB8167A-55
MB8167A-70

AC Test Conditions

Input Pulse Levels: 08Vto22V
Input Pulse Rise and Fall Times: 5ns
Timing Measurement Reference Levels: Inputs: 1.5V
Output: 1.5V
Load Capacitance: 5 pF for TEHQZ, TWLQZ, TELQX and TWHQX

30 pF for all others
Fig. 2: Output Load

2v

100Q

Douyr

CL
(Including
Scope and Jig)

FUJITSU
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FUJIT

SU
MICROELECTRONICS, INC.

NMOS 16,384-BIT STATIC
RANDOM ACCESS MEMORY

MB8168-55
MB8168-70

DESCRIPTION

The Fujitsu MB8168 is a 4096
word by 4-bit static random ac-
cess memory fabricated using
N-channel silicon gate MOS
technology. The memory is fully
static and requires no clock or
timing strobe. All pins are TTL
compatible and a single 5V power
supply is required.

A separate chip select E pin
simplifies multipackage system

design. It permits the selection of
an individual package when out-
puts are OR-tied. Furthermore,
when selecting a single package
by E, the other deselected pack-
ages automatically power down.

All Fujitsu devices offer the ad-
vantages of low power dissipa-
tion, low cost and high perfor-
mance.

FEATURES
¢ Organized as 4096 words x * Single +5V DC Supply
4-bits Voltage, +10% tolerance

¢ Fully Static Operation, no
clocks or timing strobe
required
* Fast Access Time:
MB8168-55 55 ns Max.
MB8168-70 70 ns Max.

e Common data input and output

* Three-state output with OR-tie
capability

¢ Chip select for simplified
memory expansion, automatic
power-down

1|‘“H||m||

%@\Wa‘”
Wy ‘FH

iy

CERDIP PACKAGE
DIP-20C-C03

PLASTIC PACKAGE

o 5OmA Mar. (ctive)  ° Standard 20-pin DIP package DIP-20P-M01
CC = ax. (ARC . - .
Isg = 40mA Max.(Standby) * Pin compatible with Intel 2168
MB8168 BLOCK DIAGRAM PIN ASSIGNMENT
L ) Sum— <+—O0Vee
" i Az [HR] - 20| |Vce
L P S— M aows
. o———m Jow 128 COLUMNS AG E 2 19 j A8
e > s H As[]3 18 ] Ag
Ao F ] T I A4 -z A1
Avo— Py 2w
l/ocg:n‘g:::‘ﬁ A3 E 5 f g 16 :I A11
* j H Ay E 6 & 8 15 :' DQg
- CEC:T;;}OL L Aq E 7 14 j DQ4
- g Aol 8 13 [ DQ,
|L Ay Ay Ay A A VSS 10 1 jW
<D
TRUTH TABLE
:%:&:»a E | W MODE ) POWER
T A e

212



MB8168-55 / MB8168-70

ABSOLUTE MAXIMUM RATINGS (See Note)

Rating Symbol Value Unit
Voltage On Any Pin with Respect to Vgg Vins VouTt, Vee -3.51t0 +7.0 v
Short Circuit Output Current — 20 mA
Temperature Under Bias Ta -10to +85 °C
Storage Temperature Tstg -65 to +150 °C
Power Dissipation Pp 1.2 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 effect device reliability. This device contains circuitry to protect the inputs against
damage due to high static voltages or electric fields. It is advised that normal precautions be taken to avoid application of any
voltage higher than maximum rated voltages to this high impedance circuit.

RECOMMENDED OPERATING CONDITIONS

(Referenced to Vss )

Ambient?)
Parameter Symbol Min Typ Max Unit Temperature
Supply Voltage Vee 45 5.0 5.5 \"
Input Low Voltage ViL -3.0 — 0.8 \' 0°C to +70°C
Input High Voltage ViH 20 — 6.0 v

Note: 1. The operating ambient temperature range is guaranteed with transverse airflow exceeding 2 linear meters/second.

CAPACITANCE (Tp = 25°C, f = 1 MHz, this parameter is sampled, not 100% tested.)

Parameter Symbol Typ Max Unit
Input Capacitance  Address, W: V) = OV CiN — 7 pF
Input Capacitance E: V)N = 0V Cg — 8 pF
Output Capacitance Data I/O, Voyt = 0V Cout — 8 pF
DC CHARACTERISTICS
(Recommended operating conditions unless otherwise noted.)
Parameter Symbol Min Max Unit
Input Leakage Current
| -10 10
(ViN = Vss to Vg, Voc = Max) U wA
Output Leakage Current _
(E = Vin, VouT = Vss to 45V, Voo = Max) o 50 50 A
Power Supply Current _
(Voc = Max, E = Vyi, loyt = 0mA) Icc 150 mA
Output Low Voltage (IoL. = 8mA) VoL — 04 v
Output High Voltage (Ioq = —4mA) VoH 24 — Vv
Standby Current _
(Vce = Min to Max, E =V, loyt = 0mA) IsB 40 mA
Peak Power-On Current | _ 50 mA
(Voc = Vss to Vg Min, [E = Lower of Vg or Viy Min) PO
Output Short Circuit Current
1 -200 200 mA
(Vour = Vss to Vce) 08
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MB8168-55 / MB8168-70

AC CHARACTERISTICS

(Recommended operating conditions unless otherwise noted)

READ CYCLE
Parameter Symbol MB8168-55 MB8168-70 Unit

Min Typ Max Min Typ Max

Read Cycle Time TAVAV 55 — — 70 — — ns
Address Access Time TAVQV — — 55 — — 70 ns
Chip Enable Access Time TELQV —_ — 55 — - 70 ns
Output Hold from Address Change TAXQX 5 — — 5 — —_ ns
Chip Enable to Output Active  [1] [2] | TELQX 10 - - 10 - — ns
Chip Enable to Output in High Z [1] |Z| TEHQZ 0 — 30 0 — 40 ns
Chip Enable to Power Up Time 3] | TELIH 0 — — 0 —_— — ns
Chip Enable to Power Down Time [3] | TEHIL — — 55 — — 70 ns

READ CYCLE: ADDRESS CHANGING 45

TAVAV
ADDRESSES D( )k

TAVQV

|
TAXQX
pa  PREvious DATA VALID X X X DATA VALID

XX undefined pata

READ CYCLE: CS CHANGING 4.6

TAVAV
E \ /
TELQV { TEHQZ

TELQX

. .z
DQ HIGHZ DATA VALID HIGH

r~-TELIH —=—TEHIL
Vce lcc———————
SUPPLY 50% 50%

CURRENT 's8
m Undefined Data
Notes: 1. Transitibn is measured at the point of £500mV from steady state voltage.
2. This parameter is measured with specified loading in Fig. 2. This parameter is sampled and not 100% tested.
3. I=lcc (Maxy IL=1sB (Max)
4.W is high for Read Cycle. _
5. Device is continuously selected. E = V..
6. Addresses valid prior to or coincident with E transition low.
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MB8168-55 / MB8168-70

WRITE CYCLE
MB8168-55 MB8168-70
Parameter NOTES; Symbol Min | Typ | Max | Min | Typ Max | Unit
Write Cycle Time TAVAV 55 — — 70 — — ns
Address Valid to End of Write TAVWH 50 - — 60 - — ns
Chip Enable to End of Write TELWH 50 —_ — 60 — — ns
Data Valid to End of Write TDVWH 25 — — 30 — — ns
Data Hold Time TWHDX 0 — — 0 — — ns
Write Pulse Width TWLWH 50 — — 60 — — ns
Write Recovery Time TWHAX, TEHAX 0 — — 0 — —_ ns
Address Setup Time TAVWL, TAVEL 0 — —_ 0 — — ns
Output Active From End of Write (7 8 TWHQX 0 — — 0 — — ns
Write Enable to Output in HighZ [8] TWLQZ 0 — 30 0 — 40 ns
Chip Enable to Output Active TELQX 10 — — 10 — — ns
WRITE CYCLE: W CONTROLLED10
TAVAV
ADDRESSES _ ) )
- TELWH
E ANAN [/ 7Y 7777777
TAVWH
~——TAVWL ——  ~ TWLWH—| TWHAX
w \{ S \
- TDVWH *-% DX
HIGH Z E—
D VALID I
TELQX ]
DQ12 { TWLQZ — ~— TWHQX
HIGH Z
Q
WRITE CYCLE: E CONTROLLED 10
TAVAV
ADDRESSES :> ADDRESS VALID
TAVEL — TELWH
11 M
E \ TEHAX
TAVWH
=— TWLWH —~
w AMILANLRRRRNNANY (/[ /7]
+—TDVWH —f——~| TWHDX
D HIGH Z VALID
DQ12 —~ TELQX - ~TWLQZ
Q — HIGH Z

{X¥ undefined pata /)
Ny

Notes: 7. Transition is measureed at the point of +500 mV from steady state voltage.
8. This parameter is measured with specified loading in Fig. 2.
9. If Egoes high simultaneously with w high, the output remains in a high impedance state.
10. E or W must be high during address transitions.
11. If W is low for the entire cycle Data Out remains High Z throughout the cycle.

12. Q shows when the DQ pin is driven by the memory chip. D shows when the DQ pin is externally driven.

Can Change Any Time
In the Direction Shown

215



MB8168-55 / MB8168-70

Input Conditions:

Input Pulse Levels:
Input Pulse Rise/Fall Times:
Input Timing Reference Level:

Output Conditions:

Output Timing Reference Level:

Output Load:

AC TEST CONDITIONS v
cC
0V to 3.0V
5ns
1.5V Ry
Doyr
0.8V to 2.0V (o)

Rq

Rz

Cc

Parameters Measured

Load |

4800

2550

30pF

except TELQX, TEHQZ, TWLQZ, and
TWHQX

(Includ Cc R,
Scope and Jig)

Load Il |480Q | 2550

5pF | TELQX, TEHQZ, TWLQZ, and TWHQX

DEVICE OPERATION

Controls

The MB8168 has two control in-
puts, Chip Enable (E) and Write
Enable (W). When E = V|y, the
device is deselected and auto-
matically controlled to the stand-
by mode, reducing the power re-
quirements to less than one-sixth
of the selected state. When E <
V)L, the device is selected (active)
and read or write cycles may be
performed. E should be controlled
to track Vgg during the initial
system power-on to prevent all of
the MB8168’s in a system from
drawing active Igc during power-
up.

When W = V|4 and the chip is
selected, a read cycle may be per-

formed. When W < V|_ and the
chip is selected a write cycle may
be performed.

Read Cycle

Aread cycle is selected whenE <
ViL and W = V|H. Read access
time is measured from either the
E high to low transition or from
valid address as shown in the
read cycle timing diagrams.

Write Cycle

A write cycle is seleted when E <
ViL and W < V|4. The actual
beginning of the write cycle is in-
itiated by the latter of E or W go-
ing low as shown in the write cy-
cle timing diagrams. The address
setup times shown in the timing

2-16

OUTPUT LOAD

diagrams must be met and the ad-
dresses must remain stable for
the entire write cycle. The write
cycle is terminated by either E or
W going high. If the timing
specifications are not met, data
may be-altered or lost.

In summary, the write cycle may
be initiated by the latter of E or W
going low and may be terminated
by E or W going high, whichever
occurs first, and the setup and
hold times must be referenced to
the controlling signal transitions.
Either E or W must be high
(greater than V)y), during an ad-
dress transition.



Power
Supply
Voits

Organization

MB8416-20
MB8416-20L
MB8416A-12
MB8416A-15
MB8416A-12L
MB8416A-15L

MB8417-20L
MB8417A-12
MBB8417A-15
MB8417-12L
MB8417A-15L
MB8418-20
MB8418-20L
MB8418A-12
MB8418A-15
MB8418A-12L
MB8418A-15L
MB8464-10
MB8464-15
MB8464-10L
MB8464-15L

Power
Dissipation

Package

Page

330 mWI55 yW 24-pin
330 mWI5.5 yW 24-pin
330 mWI55mW 24-pin
330 mMW/55mW 24-pin
330 mWI275uW 24-pin
330 mW/275uW  24-pin
330 mWI/55 W

330 mW/5.5 uW

330 mW/55 mW 24-pin
330 mW/55 mW 24-pin
330 mW/275 uW 24-pin
330 mW/275 uW 24-pin
330 mWI55 uW  24-pin
330 mW/5.5 yW 24-pin
330 mW/55 mW

330 mW/55 mwW

330 mW/275 uW

330 mW/275 uW

500 mW/11 mW 28-pin
500 mW/11 mW 28-pin
330 mW/1.1 mW 28-pin
330 mW/1.1 mW 28-pin




FUJITSU

MICROELECTRONICS, INC.

CMOS 16384-BIT STATIC
RANDOM ACCESS MEMORY

DESCRIPTION

The Fujitsu MB8416 is a 2048
word by 8-bit static random ac-
cess memory fabricated with high
density, high reliability Comple-
mentary MOS silicon-gate tech-
nology.

The memory utilizes asynchro-
nous circuitry and may be main-
tained in any state for an in-
definite period of time. All input
and output pins are TTL-compat-
ible, and a single 5 volt power sup-

FEATURES

¢ Extended temperature range:
MB8416-20: —40° to +85°C
MB8416-20-L: —40° to +70°C
¢ Organized as 2048 words by
8-bits
* Fast Access Time: 200 ns Max.
¢ Low Standby Power:
MB8416-20: 55 W
MB8416-20L: 5.5 uW

ply is used. It is possible to retain
data at low power supply voltage.

The MB8416 can be optimized for
high performance applications
such as microcomputer systems
where fast access time and ease
of use are required. Output
Enable (G) input permits the
disable of all outputs when out-
puts are OR-tied. The MB8416 is
packaged in an industry standard
24-pin dual in-line package, or
32-pin leadless chip carrier.

e Completely Static Operation,
no clocks required

¢ Single +5 Volt Power Supply

e TTL Compatible
Inputs/Outputs

e Low Data Retention Voltage:
2.0V Min. i

¢ Pin compatible with HM6116,
TC5517 and xPD446

’ —O Vee
Arg O—— -
. —O vss
L] . .
- BUFFER . ROW ° MEMORY MATRIX
DEC. 128 x 16 x 8
. . .
.
A O— - n
?CEB ® 6 0o 0 0o o
A3 O——
: BUFFER : 110 GATE & COL. DEC.
A O—
? o o o
CEB
TO— CEB
— BUFFER BUFFER
w O—
?CEB $ LRI (L
Dag Day
i0— So—q > TRUTH TABLE
elalw SUPPLY
E1S1 "] wooe | cunrent |uopi
H [ x| X [ NotSelected | Isg | HighZz
L [ H| H | Doyr Disable lec High-Z
CL|H Read lcc | Dour
NEINS Write [ Din
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MB8416-20
MB8416-20L

CERDIP PACKAGE
DIP-24C-C03

PLASTIC PACKAGE
DIP-24P-M01

§
ggggmrodr
gggs s

guju|nin|a|EjuIE|EIE
gggs

Az NC NC NC VCC NC NC
T 1 T T T T T

130
asf st 82 1 38 W0
A5 |6 28 A9
As L7 27-{ NC
A3 |8 26-W
A2} 9 MB8416 254G
(2048 x 8)
A1 |10 244 A10
A0 |11 234 E
NC [-12 22 @y
DQy - 13 21 DQg
[ 1415 18 17 18 19 20
L 1 1 1 1 1 L 'a

DQ4|DQ; |VSS NC DQg bQ4|DOs



ABSOLUTE MAXIMUM RATINGS

MB8416-20 /MB8416-20 L

Parameter Symbol Min Max Unit
Cerdip -65 150
Storage Temperature | pjastic Tstg —40 125 °C
Temperature Under Bias Thias -40 85 °C
Supply Voltage Vee -0.5 8.0 v
Input Voltage VIN -05 Vee + 0.5 v
Input/Output Voltage Viio -05 Vec + 0.5 v
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. 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 voltage higher than maximum rated voltages to this high impedance circuit.

RECOMMENDED OPERATING CONDITIONS (Referenced to Vg = 0V)

MB8416
Parameter Symbol Min Typ Max Unit
. MB8416-20L —40 — +70 o
Ambient Temperature Ta MB8416.20 ~40 — 485 C
Supply Voltage Vee 4.5 5.0 5.5 v
Input High Voltage VIH 2.2 — Vec +03 \
Input Low Voltage ViL -0.3 — 0.8 \Y
CAPACITANCE
(Ta = 25°F, f = 1 MH2)
Parameter Symbol Min Max Unit Condition
Input Capacitance CIN — 7 pF ViN=0V
Input/Output Capacitance Ciio —_ 10 pF Vijo =0V
STATIC CHARACTERISTICS
(Recommended Operating Conditions unless otherwise noted.)
Parameter Condition Symbol Min Max Units
E = Voo - 0.2toVgg + 0.2V MB8416-20L | — 1
Standby Supply Current Isg1 rA
ViN = —0.2V to Vgg +0.2V MB8416-20 — 10
E=V
Standby Supply Current Vin'= ~0.2V to Vo +02V Isg2 _ 2 mA
. E=V_
Active Supply Current ViN = Vi or Viy; lout =0 Icct _ 80 mA
R Cycle = Min, Duty = 100%
Operating Supply Current lout = 0 lcc2 _ 60 mA
Input Leakage Current ViN =0V to Voo N -1.0 1.0 A
Output Leakage Current \Ei"=o\7| 3V toVee ILo -1.0 1.0 A
Output High Voltage loyt = —1.0 mA VoH 2.4 — \
Output Low Voltage lout =40 mA VoL — 0.4 v

3-3




'MB8416-20 /MB8416-20 L

AC TEST CONDITIONS
Input Pulse Levels: 0.6V to 2.4V
Input Pulse Rise and Fall Times: 10 ns
Input Timing Reference Level: 0.8V to 2.2V
Output Timing Reference Level: 0.8V to 2.2V
Output Load: 1 TTL Gate and

CL =5 pF for TEHQZ, TGHQZ and TWLQZ
CL = 100 pF for all others.

Output
c }o

DYNAMIC CHARACTERISTICS
Parameter Symbol Min Max Unit
Read Cycle Time TAVAV 200 — ns
Write Cycle Time TAVAV 200 — ns
Address Access Time TAVQV — 200 ns
Chip Enable Access Time TELQV — 200 ns
Output Hold from Address Change TAVQX 15 — ns
Output Low Z from E TELQX 15 — ns
Output High Z from E TEHQZ — 60 ns
Output Low Z from G TGLQX 15 - ns
Output High Z from G TGHQZ — 60 ns
Output Low Z from W TWHQX 15 — ns
Output High Z from W TWLQZ — 60 ns
Output Enable to Output Valid TGLQV — 100 ns
Address Set Up Time TAVEL, TAVWL 0 — ns
Read Set Up Time TWHEL, TWHAV 0 — ns
Read Hold Time TAXWL, TEHWL 0 — ns
Write Set Up Time TWLEL 0 — ns
Write Hold Time TEHWH 0 — ns
Address Valid to End of Write TAVWH 160 — ns
Chip Enable to End of Write TELEH 160 — ns
Write Pulse Width TWLWH 140 — ns
Write Recovery Time TWHAX, TEHAX 10 — ns
Data Set Up Time TDVEH, TDVWH 60 — ns
Data Hold Time TWHDX, TEHDX 0 — ns

34



WAVEFORMS

MODE 1. W Controlled: (E = Low,G = Low)
Read Cycle

MB8416-20/MB8416-20L

A

TAVAV

"X

TWHAV

- > TAXWL

- TAVQV

Y

TAVQX

Q VALID

HIGH-Z

Write Cycle

A

TAVAV

A
TAVWH————————— > TWHAX

TWHQV

35




MB8416-20/MB8416-20L
WAVEFORMS (Continued)

MODE 2:E Controlled, (G = Low)

Read Cycle
- TAVAV >
><F
ADD
N
TAVEL
\
777 R\
N
TWHEL
> » TEHWL
/[ NN
l«—— TELQV <> | TEHGZ
r«——TELQX—>
Q Q VALID )—-———
Do wewz
Write Cycle
- TAVAV »
s \ /
ADD ){ X
\ X
IAVEL < TELEH <«—| TEHAX
/ X
: \
4 / AN
TWLEL TEHWH
w
\ iz; : : : : /
O e HIGH-Z o
€—TDVEH—>| TEHDX
D D VALID
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MB8416-20 /MB8416-20L.
'WAVEFORMS (Continued)

Enable/Disable G Controlled; (E = Low,W = High)
Read Cycle

Q VALID

G
_-I}—TG Lav TGHQZ
TGLAX
Q

DYNAMIC CHARACTERISTICS

Data Retention Characteristics, NOTES [1, 2, 3|(Recommended operating conditions unless otherwise noted.)

Parameter Notes Symbol Min Max Unit
Data Retention Supply Voltage [1] VDR 2.0 55 v
; MB8416-20 — 10 uA
Data Retention Supply Current IZI IDR MB8416-20L — 1 A
Data Retention Set Up Time 3 TEHVCL 60 — ns
Recovery Time K] TVHEL 60 —_— ns
NOTES: '

[lJE=2.2V to VDR + 0.3V when VDR =25V to 5.5V
E =VDR 0.3V when VDR =2.0 to 2.5V.
[EJVoe=VDR=2.0V, E=VDR0.2V Vjy= — 0.2V to VDR +0.2V.

]V = 4.5V on the falling transition, Vi = 4.5V on the rising transition. DATA :}ISTDEENTION
—_———
4.5V 3 F- 4.5V
Vee 'r\ ,1
= == (VpR)— —~
TEHVL FTVHEL
= 22V N\ 7 22V
E —————— — — —
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MOS Memories

FUJITSU

MB8416A-12, MB8416A-12L,
MB8416A-15, MB8416A-15L

CMOS 16,384-Bit
Static Random Access Memory

T

Description

The Fujitsu MB8416A is a 2048-word by 8-bit static random ac-
cess memory fabricated with CMOS silicon gate process. The
memory utilizes asynchronous circuitry and may be maintained in
any state for an indefinite period of time. All pins are TTL com-
patible, and a single 5 volt power supply is required.

The MB8416A is ideally suited for use in microprocessor systems
and other applications where fast access time and ease of use
are required. All devices offer the advantages of low power
dissipation, low cost, and high performance.

Features

M Organization: 2048 words x
8-bits
B Fast Access Time:
120 ns max. (MB8416A-12/12L)
150 ns max. (MB8416A-15/15L)
B Completely static operation:
No clocks required
B TTL compatible inputs/outputs
W Three-state output
B Common data input/output

W Single +5V power supply
B Low power standby:
5.5 mW max. (MB8416A-12/15)
275,W max. (MB8416A-12L/15L)
B Data retention: 2.0V min.
B Jedec Standard 24-pin DIP
(Ceramic Cerdip/Plastic Mold)
M Also Jedec Standard 32 pad
LCC package.
B Pin compatible with HM6116,
TC5517 and ,PD446
B Output Enable (G) pin for
precise data bus control

3-8
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MB8416A-12
MB8416A-12L
MB8416A-15
MB8416A-15L

MB8416A Block Dilagram
and Pin Assignment

Ao O— - 1 Voo A‘I [: 1 ~ 24 j VCC
. <«—O Vss
. . . A 2 23
. ADDRESS | ROW . 128 x 16 x 8 e [j ] Aa
. BUFFER : DECODER |, Msrﬂsx ‘t’:ELL A |: 3 22 : Ay
A ] 4 21 W
Ay O—— - - &
‘ A ] s 8= 0[]
Tcsa MR | A2E 6 g§ 19_l__]Aﬂ)
A 7 %3 18 |E
A; O—1 nooress . V0 GATE 1 [: -] b4 | JE
A O—— BUFFER 2 COLUMN DECODER Ao [: 8 17 : pa7
? I pao[] o 16 |_] D@6
ces pa1[_]10 15[ ] pas
50—
i BUFFER DATA 1/0 BUFFER <CE—B DG2 E " 14 : DQ4
vo Vss []12 13| ] pas3
- & weer b
DQ, DQ;
to—{ >0 > @ ’
Truth Table
o Supply .
E, G W Mode Current 1/0 Pin
H X X Not Selected Igg High-Z
L H H DgyyDisable Igc High-Z
L L H Read loc Doyt
L X L Write lcc Din
Absolute Maximum Ratings
(See Note) Rating Symbol Value Unit
Storage Temperature gggtlic Tatg :—3—2% °C
Temperature Under Bias Thias -10to +85 °C
Supply Voltage Voo -05to +7.0 \
Input Voltage Vin —-0.5t0 Vg +0.5 \
Input/Output Voltage Vio -0.5to Vcc +05 \
should be

NOTE: Permanent devuce damage may occur if ABSOLUTE MAXIMUM RATINGS are
; as N

to the

in the
puts against damage due to high static voltages or electric fields. However, it is advised that normal precautions be taken to avoid ap-

of this data sheet. This device contains circuitry to protect the in-

plications of any voltage higher than rated to this high i circuit.
Capacitance
Parameter Symbol Min Typ Max Unit
1/0 Capacitance (V)o = 0V) Cio — — 10 pF
Input Capacitance (V) =0V) Cin — — 7 pF
Recommended Operating
Conditions Parameter Symbol Min Typ Max Unit
(Referenced to GND)
Supply Voltage Vee 45 5.0 55 \"
Input Low Voltage Vi -0.3 — 0.8 \
Input High Voltage Vi 2:2 — Voo +0.3 \
Ambient Temperature Ta 0 — 70 °C

FUJITSU



MB8416A-12
MB8416A-12L
MB8416A-15
MB8416A-15L

DC Characteristics
(Recommended operating

MB8416A- MB8416A-

conditions unless otherwise 12115 12L/15L

noted.) Parameter Condition Symbol Min Max Min Max Unit
Standby Supply Current 1 Sl:' _Zofo_ Z(J\.lztz)ov\éic:o?éslv’ (. - 1 — 005 mA
Standby Supply Current 2 V,:-YITO.ZV to Vg +0.2V lsg2 — 2 — 1 mA
Active Supply Current 5[:_:'\'7“_ or Vi loyr =0 lecy — 60 — 60 mA
Operating Supply Current %L:'Z; Min, Duty =100% leca — 60 — 60 mA
Input Leakage Current ViN=0V to Ve Iy -10 10 -10 10 A
Output Leakage Current \El"i’\?,,?\{)r%vf\c/m o 10 10 -10 10 A
Output High Voltage loyr= —1.0 mA Vou 24— 24— \
Output Low Voltage loyr = 4.0 MA VoL —_ 04 — 04 V
Note: All voltages are referenced to GND.

AC Test Conditions Input Pulse Levels: 0.6V to 2.4V 22v
Input Pulse Rise and Fall Times: 5ns

(Transient Time between 0.8V and 2.2V) 3200
imi . : =08V, =22V .
Timing Reference Levels: ::r)lgtu;:ut\:/l\lio:):t;l.s\\;,".\‘/ - := v (o)
Output Load: Cy =5pf for TEHQZ, TGHQZ and TWLQZ =c, 3Ke
C =100 pF for all others. Including Jig
= =
h r

(Recommended operating MBs4tcA-  MBS41eA

conditions unless otherwise

noted.) Parameter Symbol Min Max Min Max Unit
Read Cycle Time TAVAV 120 —_ 150 - ns
Write Cycle Time TAVAV 120 — 150 — ns
Address Access Time TAVQV - 120 — 150 ns
Chip Enable Access Time TELQV — 120 — 150 ns
Output Hold from Address Change TAXQX 15 _ 15 — ns
Output Low Z from E TELQX 15 —_ 15 — ns
Output High Z from E TEHQZ — 40 — 50 ns
Output Low Z from G TGLQX 10 — 10 - ns
Output High Z from G TGHQZ — 40 —_ 50 ns
Output Low Z from W TWHQX 15 — 15 — ns
Output High Z from W TWLQZ — 40 — 50 ns
Output Enable to Output Valid TGLQV - 50 - 60 ns
Address Set Up Time TAVEL, TAVWL 0 — 0 — ns
Read Set Up Time TWHEL, TWHAV 0 — 0 — ns
Read Hold Time TAXWL, TEHWL 0 — 0 - ns
Write Set Up Time TWLEL 0 — 0 — ns
Write Hold Time TEHWH 0 — 0 — ns
Address Valid to End of Write TAVWH 100 — 120 —_ ns
Chip Enabled to End of Write TELEH 100 — 120 — ns
Write Pulse Width TWLWH 70 — 90 — ns
Write Recovery Time TWHAX, TEHAX 5 — 5 — ns
Data Set Up Time TDVEH, TDVWH 35 —_ 40 — ns
Data Hold Time TWHDX, TEHDX 0 — 0 — ns

FUJITSU
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MB8416A-12
MB8416A-12L
MB8416A-15
MB8416A-15L

Mode 1 — W Controlled

(E = Low, G = Low) Read Cycle Timing Diagram
- TAVAV
\ \-
ADDRESS x ADDRESS VALID
’_
TAVWL
TWHAX |
_ // - \Y
W \
TAXQX
- TAVQV
A
Q Q VALID
0 HIGH-Z

Write Cycle Timing Diagram

TAVAV
—
ADDRESS ADDRESS VALID
N
- TAVWH——————————— | TWHAX
‘ TAVWL
_ TWLWH Z \: g\
w
7
H—Twmzq 4—-—TWHOX‘-1/_
Q
HIGH-Z
D

FUJITSU
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MB8416A-12
MB8416A-12L
MB8416A-15
MB8416A-15L

Mode 2 — E Controlled
(G = Low)

Read Cycle Timing Diagram

ADDRESS Xt ADDRESS VALID

TAVEL
3 7 N / \

N

TWHEL TEHWL
_ 4 \
" AN
Q
D HIGH-Z

Write Cycle Timing Diagram

- 4
ADDRESS x ADDRESS VALID X
\N 7
TAVEL | | TEHAX
TELEH
7
/4 /
7
TWLEL TEHWH
- .
HIGH-Z
Q
TEHDX
[—TDVEH —>{

D x D VALID

FUJITSU
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MB8416A-12
MB8416A-12L
MB8416A-15
MB8416A-15L

Mode 3 — G Controlled
(E = Low, W = High, Address
Valid)

G \
TGLQV TGHQZ
TGLAX
HIGH-Z HIGH-Z
Q Q VALID
Data Retention
Characteristics -
(Recommended operating MB3416A MB8416A
" 4 12/15 12L/15L
conditions unless otherwise
noted.) Parameter Symbol Min Max Min Max Unit Test Condition
Data Retention Supply Voltage  Vpg 2.0 5.5 2.0 5.5 \ Note 1
Data Retention Supply Current  Ipg — 0.5 - 0.03 mA Note 2
Data Retention Set Up Time TEHVL 40 — 40 — ns Note 3
Recovery Time TVHEL 40 — 40 — ns Note 3

Note 1. E=2.2V to VDR +0.3V when VDR =25V to 5.5V, E=VDR=0.3V when VDR=2.0 to 2.5V.
Note 2. Voo = VpR= 3.0V, E=VpRr—0.2V to VpR+0.2V, VjN = —0.2V to VpR+0.2V.
Note 3. V| =4.5V on the falling transition, V4 = 4.5V on the rising transition.

Data Retention Timing
Diagram

MODE

DATA RETENTION

N ’
=== (VpR)=—+~

A 4.5V

TVHEL

FUJITSU
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MB8416A-12
MB8416A-12L
MB8416A-15
MB8416A-15L

Typical Characteristics

Curves Standby Supply Current Standby Supply Current Supply Current
vs. Ambient Temp vs. Supply Voltage (Active/Operating)
vs. Ambient Temp
T El T 4 El T
=E= =V, 13 + +
% 102 Vee 55V . N ot E o
& S cE 12
§ § P E g 0 E 3 8
3 N 8 11
gg * gé o - / g%é 1.0 \\‘
pd 4 W ] ~
: e g L 45" 09
L g o g¢
H o H <0 o8
K L1 8 02 28
- 07
10-1 0
] 10 20 30 40 50 60 70 2 25 3 35 4 45 5 55 (] 10 20 30 40 50 80 70
Ta AMBIENT TEMPERATURE (°C) Ve SUPPLY VOLTAGE (V) Ta AMBIENT TEMPERATURE (°C)
Supply Current Access Times Access Times
(Active/Operating) vs. Ambient Temp vs. Supply Voltage
vs. Supply Voltage
w
13 ] g 13 1 2 |
3 Ta=25°C ﬁ Voo =45V ﬁ To=25°C
g 12 12 12
ééa // § |~ <
39 11 a 11 (-] 11
328 ] —— 5
¥ El 1
335 10 2 10 F ST
R I H
'g E 2 0s < 2 0 g 09 \‘
> >
§g 08 / g [X] s 08
8 b -
5 o7 5‘ 7 § [ %
]
45 4 5.0 5.26 55 & o 10 20 30 40 50 80 70 E 45 4TS 5.0 5.25 55
Ve SUPPLY VOLTAGE (V) Ta AMBIENT TEMPERATURE (°C) Vcc SUPPLY VOLTAGE (V)
Access Times Supply Current
vs. Load Capacitance vs. Frequency
§ 18 ] 13 | s m-'n |zlvn;
2 75T § b
g 4 & 12 A Vi Vi
< o
g 1.2 Eg 11
54
S w0 a E
§ 22
Z o8 Fh
§ g
z o0s 08
H
g
100 200 300 400 10-1 1 10!
C LOAD CAPACITANCE (pF) 1t FREQUENCY (MH2)

FUJITSU
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FUJITSU

MICROELECTRONICS, INC.

CMOS 16,384-BIT STATIC
RANDOM ACCESS MEMORY

MB8417-20
MB8417-20L

DESCRIPTION

The Fujitsu MB8417 is a 2048
word by 8-bit static random ac-
cess memory fabricated with high
density, high reliability Comple-
mentary MOS silicon-gate tech-
nology.

The memory utilizes asynchro-
nous circuitry and may be main-
tained in any state for an in-
definite period of time. All input
and output pins are TTL-compat-
ible, and a single 5 volt power sup-

FEATURES

¢ Extended temperature range:
MB8417-20: —40°C to +85°C
MB8417-20L: —40°C to +70°C
¢ Organized as 2048 words by
8-bits .
e Fast Access Time:
200 ns Max. (E Controlied)
100 ns Max. (S Controlled)
¢ Low Standby Power:
MB8417-20: 55 xW
MB8417-20L: 5.5 xW

ply is used. It is possible to retain
data at low power supply voltage.

The MB8417 can be optimized for
high performance applications
such as microcomputer systems
where fast access time and ease
of use are required. Chip Select S
permits the fast access time. The
MB8417 is packaged in an in-
dustry standard 24-pin dual in-line
package or 32-pin leadless chip
carrier.

o Completely Static Operation,
no clocks required

¢ Single +5 Volt Power Supply

¢ TTL Compatible Inputs/Outputs

¢ Low Data Retention Voltage:
2.0V Min.

¢ Pin compatible with TC5516
and PD447

CERDIP PACKAGE
DIP-24C-C03

PLASTIC PACKAGE
DIP-24P-MO1

LEADLESS CHIP CARRIER

MB8417 BLOCK DIAGRAM LCC-32C-A02
A O—J | | T‘ —O Vee
. ——O ves PIN ASSIGNMENT
R - N e S
. . . As[]2 230 ]Ag
. As[] 3 2[4
AyO— — A 8 21w
A s 20§
fc“ e e i Az[c§§ 19 7 Av
MO 7 x3 1B 1E
A3 O——f - ] e © 17[] oo,
H BUFFER : 110 GATE & COL. DEC. 0o [ o 16[7 oo,
40 00y |10 15]7] pas
T wde "B
CEB Vss [}12 13 DQy
_ ces
W O—— BUFFER BUFFER A7 NC NC NC V¢ NC NC
AL T T T T T
403 2 1 32 31 %
i 4 5 ul
css . e Asl g
DO, bar Al
§0— surren | ——JcsB) TRUTH TABLE Asl 8
. SUPPLY Ax -9 MB8417
E|{s|(w MODE | CURRENT |10 PIN Ao
H | X | X | NotSelected | gz | HighZ no L1
L [ H [ X | Not Selected | _lgc__| HighZ I
C[LC[HA Read Toc Dout Ne2
DQy |18
Lftl:E Write lec Oin [ T4 15 16 17 18 19 20

DG, DQ, VssNC DOz DO, DA

315




MB8417-20 /MB8417-20L

ABSOLUTE MAXIMUM RATINGS

Parameter Symbol Min Max Unit
Storage Temperature Cerdip Tstg —65 150 °C

Plastic -40 125

Temperature Under Bias Thias —-40 85 °C
Supply Voltage Vee -0.5 8.0 Vv
Input Voltage VIN -05 Ve + 05 \
Input/Output Voltage Viio -0.5 Vec + 0.5 v

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. 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 voltage higher than maximum rated voltages to this high impedance circuit.

RECOMMENDED OPERATING CONDITIONS, vgs = GND

MB8417
Parameter Symbol Min Typ Max Unit
. MB8417-20L —40 — +70 .
Ambient Temperature Ta MB841720 ~20 — 485 C
Supply Voltage Ve 45 5.0 55 \"
Input High Voltage ViH 22 — Vge + 0.3 \
Input Low Voltage ViL -03 - 0.8 \'
CAPACITANCE
(Ta = 25°C,f=1 MH2)

Parameter Symbol Min Max Unit Condition
Input Capacitance CiN — 7 pF VIN =0V
Input /Output Capacitance Cio — 10 pF Vio =0V

STATIC CHARACTERISTICS
(Recommended operating conditions unless otherwise noted.)
Parameter Condition Symbol Min Max | Units
E=Vgg —0.2toVgg + 0.2V MB841720L | — 1
Standby Supply Current Isg1 A
ViN = —0.2V to Vg +0.2V MB8417-20 — 10
E=ViH
Standby Supply Current Vin = —0.2V to Vg +02V Isg2 _ 2 mA
. E=V)_
Active Supply Current Vin = Vi of Vie; lour = 0 lcct _ 60 mA
. Cycle = Min, Duty = 100%
Operating Supply Current louT = 0 lcc2 _ 60 mA
Input Leakage Current ViN =0V to Vee I -1.0 1.0 pA
\_/J/O =0V tO_ VCC _
Output Leakage Current E=Viyor S=Vin Lo 1.0 1.0 pA
Output High Voltage lout = —1.0mA VoH 24 — \'
Output Low Voltage loyT =40 mA VoL — 0.4 Vv
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Input Pulse Levels:

Input Pulse Rise and Fall Times:
Input Timing Reference Level:
Output Timing Reference Level:

Output Load:

MB8417-20 /MB8417-20 L
AC TEST CONDITIONS

0.6V to 2.4V
10 ns

0.8V to 2.2V
0.8V to 2.2V

1 TTL Gate and

CL =5 pF for TEHQZ, TGHQZ and TWLQZ
CL = 100 pF for all others.

Output '—'}
o ’ o
DYNAMIC CHARACTERISTICS
Parameter Symbol Min Max Unit
Read Cycle Time TAVAV 200 — ns
Write Cycle Time TAVAV 200 — ns
Address Access Time TAVQV — 200 ns
Chip Enable Access Time TELQV — 200 ns
Chip Select Access Time TSLQv — 100 ns
Output Hold from Address Change TAXQX 15 — ns
Output Low Z from E or S TELQX, TSLQX 15 — ns
Output High Z fromE or S TEHQZ, TSHQZ — 60 ns
Output Low Z from W TWHQX 15 — ns
Output High Z from W TWLQZ — 60 ns
Address Set Up Time TAVWL, TAVSL, TAVEL 0 - ns
Read Set Up Time TWHAYV, TWHEL, TWHSL 0 — ns
Read Hold Time TEHWL, TAXWL, TSHWL 0 — ns
Write Set Up Time TWLSL, TWLEL 0 — ns
Write Hold Time TSHWH, TEHWH 0 — ns
Address Valid to End of Write TAVSH, TAVWH 160 - ns
Chip Enable to End of Write TELEH 160 — ns
Chip Selection to End of Write TSLSH 100 — ns
Write Pulse Width TWLWH 140 - ns
Write Recovery Time TEHAX, TWHAX, TSHAX 10 — ns
Data Set Up Time TDVWH, TDVEH, TDVSH 60 — ns
Data Hold Time TEHDX, TWHDX, TSHDX 0 — ns




MB8417-20 /MB8417-20L

WAVEFORMS
MODE 1: W Controlled: (E = Low,S = Low)
Read Cycle
TAVAV >
\_
ADD >< | jx
TWHAV ‘ P _
h o CTAXWL
w /Q 7‘ e Q g <
- TAVQV > | TAXQX
s
D —— HIGH-Z ) —_
Write Cycle
-t TAVAV >

ADD >§F i
K
TAVWH > | | TWHAX

I e AN

l«TWLGZ | — TWHQX
AV HIGH-Z
Q

TDVWH —> TWHDX

A

D D VALID
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MB8417-20 /MB8417-20 L

WAVEFORMS (Continued)

MODE 2: E Controlled, (S = Low)

Read Cycle

- TAVAV >

AP XL

- »1 TAVEL

TWHEL
Rl 'TEHWL
w/ 1 2222 ;] <
‘ TELQV «—>| TEHOZ
«—TELOX—>]
[ Y wewz OO
Write Cycle
< TAVAV »

<
N
<
N

oD X

< [ TELEH > »| TEHAX

‘TAVE: B
/
/// / \\
7
| - TEHWH
TWLEL
w
\ i
HIGH-Z
Q = = o . ——————————————————————————————————————————————— -
<¢— TDVEH —>~ TEHDX

D x D VALID
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MB8417-20 /MB8417-20 L

WAVEFORMS (Continued)
MODE 3: S Controlled, (E = Low)

Read Cycle

ADD

g

- TAVAV

|

4 1

X

Vi AN

<«—>»| TSHWL

| ——TSLQV———>
TAVQV

L1

AN

| > || TSHQ2Z
<—TSLQV —> |

HIGH-Z
D e e ——— —
Write Cycle
- TAVAV »|
A
ADD >§
N
- TAVSH —
l«——>| TSHAX
<«——TAVSL——>»| |¢«——— TSLSH—— > k
“

w

/4 N

NN

<«—>»| TSHWH

__ HIGHZ

<«—TDVSH—»| [<»| TSHDX

f

D VALID
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MB8417-20/MB8417-20L

DYNAMIC CHARACTERISTICS
Data Retention Characteristics, NOTES [1][2]3](Recommended operating conditions unless otherwise noted.)
Parameter Notes Symbol Min Max Unit
Data Retention Supply Voltage VDR 2.0 5.5 '
. MB8417-20 — 10 pA

Data Retention Supply Current [é_'l IDR MB8417-20L — 1 WA
Data Retention SetUp Time  [3] TEHVL 60 — ns
Recovery Time 3] TVHEL 60 — ns

NOTES:

1. E=2.2V to VDR + 0.3V when VDR =2.5V to 5.5V, E = VDR 0.3V when VDR =2.0 to 2.5V.
2. Vgo=VDR=2.0V, E=VDR+ 0.2V V|y= - 0.2V to VDR +0.2V.
3. V_=4.5V on the falling transition, Viy=4.5V on the rising transition.

DATA RETENTION
MODE
Vee 4.5V‘Jr\ S asv
~==(Vpr-—~
TEHVL TVHEL
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MOS Memories FUJITSU

MB8417A-12, MB8417A-12L,
MB8417A-15, MB8417A-15L

CMOS 16,384-Bit
Static Random Access Memory

Description
The Fujitsu MB8417A is a 2048-word by 8-bit static random ac- 7
cess memory fabricated with CMOS silicon gate process. The :
memory utilizes asynchronous circuitry and may be maintained in N
any state for an indefinite period of time. All pins are TTL com-
patible, and a single 5 volt power supply is required. 77T 22 g "
The MBB8417A is ideally suited for use in microprocessor systems o ]
and other applications where fast access time and ease of use | e
are required. All devices offer the advantages of low power U
dissipation, low cost, and high performance. L.
4:-Lead Cera
Features 2 ~log amlc (Cordip)
B Organization: 2048 words x B TTL compatible inputs/outputs —RIR-2 03
8-bits B Three-state output
M Fast Access Time: B Common data input/output
E Controlled: A Single +5V power supply
120 ns max. B Low power standby:
(MB8417A-12/12L) 5.5 mW max. (MB8417A-12/15) "
150 ns max. 275,W max. (MB8417A-12LM5L)
_ (MB8417A-15/15L) W Data retention: 2.0V min. o
S Controlled: W Jedec Standard 24-pin DIP bt It
50 ns max. (Ceramic Cerdip/Plastic Mold) - (
(MB8417A-12/12L) B Jedec Standard 32-pin leadl l
60 ns max. chip carrier [
(MB8417A-15/15L) B Pin compatible with TC5516
B Completely static operation: ...24:Lond Plastic DIP.
No clocks required IP-24P-MO1
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MB8417A-12
MB8417A-12L
MB8417A-18
MB8417A-15L

MB8417A Block Diagram

and Pin Assignment o O Ve A, Em: Veo
. ~+——O Vss
. . . 2 23 A,
. ADDRESS | o ROW . 128 x 16 x 8 As E j 8
: BUFFER . DECODER : Merﬁo:\; (v:EI.L As [: 3 22 :| f_‘
A ] 4 21 W
A4 O— A ] 5ﬁg 20[]§
1(:55 | cret L A2E6§§ 19:]‘\10
(] -
A:SO—-— ADDRESS . 110 GATE At E ! 8;‘ 18 :I E
o o—oA| BUFFER : COLUMN DECODER Ay [: 8 17 :] DQ7
f ‘ I pao [} o 16| 1 pas
ces ceen
pat [ |10 15| ] D@5
© DATA /0 BUFFER :E DQ2 E 1 14 : DQ4
(L é Vss []12 13 DQ3
DQg ) DQ;
Truth Table
o Supply
E S W Mode Current 1/O Pin
H. X X NotSelected Igg High-Z
L H X NotSelected I High-Z
L L H Read lcc Dout
L L L Write lec Din
Absolute Maximum Ratings
(See Note) Rating Symbol Value Unit
Cerdip —65 to +150 o
Storage Temperature Plastic Tsig “40to +125 C
Temperature Under Bias Thias -10to +85 °C
Supply Voltage Vee -05to +7.0 \i
Input Voltage Vin ~05to Ve +0.5 \
Output Voltage Vio -051t0 Ve +0.5 v

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

Capacitance
Parameter Symbol Min Typ Max Unit
110 Capacitance (Vg = 0V) Cio — — 10 pF
Input Capacitance (V,y = 0V) Cin — — 7 pF
Recommended Operating
Conditions Parameter Symbol Min Typ Max Unit
(Referenced to GND)
Supply Voltage Vee 45 5.0 55 \"
Input Low Voltage Vi -03 — 0.8 \
Input High Voltage Viy 2.2 - Vec +0.3 \
Ambient Temperature Ta 0 - 70 °C

FUJITSU
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MB8417A-12
MB8417A-12L
MB8417A-15
MB8417A-15L

DC Characteristics
(Recommended operating
conditions unless otherwise
noted.)

MB8417A-
12/115

MB8417A-
12L/15L

Parameter Condition Symbol Min Max Min Max Unit
E=Vcc—0.2to Vo +0.2V,
Standby Supply Current 1 Vin= —0.2V t0 Vg +0.2V lsg1 — 1 — 005 mA
E= Vi
Standby Supply Current 2 V= ~0.2V 10 Vg +0.2V lsg2 — 2 — 1 mA
. E= Vi
Active Supply Current Vi = Vi of Vi logr =0 lcct — 60 — 60 mA
Operating Supply Current I?U:IZE Min, Duty = 100% loce — 60 — 60 mA
Input Leakage Current ViN=0V to Vo Iy -10 1.0 -10 10 A
Vio=0V to Ve
Output Leakage Current  g'® Vy o §=V,y o -10 1.0 -10 10 A
Output High Voltage lour= —1.0 mA\ Von 24 — 2.4 — \"
Output Low Voltage loyt = 4.0 mA Vo - 04 — 04 V
Note: All voltages are referenced to GND.
AC Characteristics
(Recommended operating MB8417A- MB8417A-
conditions unless otherwise 12/112L 15/15L
noted.) Parameter Symbol Min _ Max  Min Max Unit
Read Cycle Time TAVAV 120 — 150 — ns
Write Cycle Time TAVAV 120 — 150 — ns
Address Access Time TAVQV — 120 — 150 ns
Chip Enable Access Time TELQV — 120 — 150 ns
Output Hold from Address Change TAXQX 15 — 15 - ns
Output Low Z from E TELQX 15 — 15 — ns
Output High Z from E TEHQZ — 40 — 50 ns
Output Low Z from S TSLQX 10 - 10 — ns
Output High Z from S TSHQZ — 40 — 50 ns
Output Low Z from W TNHQX 15 — 15 — ns
Output High Z from W TWLQZ — 40 — 50 ns
Chip Select to Output Valid TSLQv — 50 — 60 ns
Address Set Up Time TAVEL, TAVWL 0 — 0 — ns
Address Set Up Time TAVSL 20 — 20 — ns
. TWHEL, TWHAV,
Read Set Up Time TWHSL 0 — 0 — ns
. TAXWL, TEHWL,
Read Hold Time TSHWL 0 — 0 — ns
Write Set Up Time TWLEL, TWLSL 0 — 0 — ns
Write Hold Time TEHWH, TSHWH 0 — 0 - ns
Address Valid to End of Write TAVWH, TAVSH 100 — 120 — ns
Chip Enabled to End of Write TELEH 100 — 120 — ns
Chip Selection to End of Write TSLSH 50 — 60 — ns
Write Pulse Width TWLWH, TWLSH 70 — 90 — ns
N TSHAX, TWHAX,
Write Recovery Time TEHAX 5 — 5 — ns
TDVSH, TDVEH,
Data Set Up Time TDVWH 35 — 40 — ns
" TSHDX, TWHDX,
Data Hold Time TEHDX 0 — 0 —_ ns

FUJITSU
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MB8417A-12
MB8417A-12L
MB8417A-18
MB8417A-15L
AC Test Conditions 22V
Input Pulse Levels: 0.6V to 2.4V
Input Pulse Rise and Fall Times: 5ns
(Transient Time between 0.8V and 2.2V) 3200
Timing Reference Levels: Input: V) =08V, V|y=2.2V -
Output: Vg =0.8V, Vo =2.2V
Output Load: C =5pf for TEHQZ, TSHQZ and TWLQZ =CL 3Ke
Cy =100 pF for all others. Incluf:\q Jig
Mode 1 — W Controlied
(E = Low, S = Low) Read Cycle Timing Diagram
- TAVAV
3 N
ADDRESS x ADDRESS VALID x
7 7
TAVWL
TWHAX >
_ // - \}
" N
TAXQX
TAVQV
4
Q Q VALID
 —
D HIGH-Z
Write Cycle Timing Diagram
TAVAV
4 A
ADDRESS X ADDRESS VALID
N
t——— o T Ay WH > | TWHAX
TAVWL
W - TWLWH Z \t S\
7
<-rwn.ozq l— TWHQX ——l/__
Q
HIGH-Z
D

FUJITSU
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MB8417A-12
MB8417A-12L
MB8417A-15
MB8417A-15L
Mode 2 — E Controlled
(S=Low) Read Cycle Timing Diagram
TAVAV |
ADDRESS Xt ADDRESS VALID
TAVEL
\
5 7, \ / \§
/ N
TWHEL TEHWL
— 7 \ \
N/ N
TELQV y TEHQZ
Q
D HIGH-Z
Write Cycle Timing Diagram
TAVAV -
A {
ADDRESS X ADDRESS VALID x
N X
TAVEL | | TEHAX
TELEH
7
E 7 /
7
TWLEL TEHWH
w
a HIGH-Z
TEHDX
|—TDVEH —>]
"] x D VALID
FUJITSU
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MB8417A-12
MB8417A-12L
MB8417A-18
MB8417A-15L

Mode 3 — § Controlled
(E = Low, W = High, Address
Valid)

Read Cycle Timing Diagram

——

Write Cycle Timing Diagram

ADDRESS

TAVAV:

ADDRESS VALID

X

<«—TAVSL—>
/4 N N
TWHSL TSHWL
| |
4
T T
«—TsLav——
[ TAVQV || TsHaX
—TSLQX —>=|
Q avaup e
HIGH-Z

o

TAVAV

A

ADDRESS VALID

Y

|4—— TAVSL —>|

<«———TSLSH——>|

TWLSL

el

TWLSH

<——>| TSHAX

HIGH-Z
]
<<~TDVSH -»| L’ TSHDX
o x D VALID )K
Data Retention
Characteristics MB8417A- MB8417A-
(Recommended operating 12/115 12L/15L
co?;;t)lons unless otherwise Parameter Symbol Min Max Min Max Unit Test Condition
noted.
Data Retention Supply Voltage  Vpg 20 5.5 2.0 5.5 v Note 1
Data Retention Supply Current  Ipg — 0.5 - 003 mA Note2
Data Retention Set Up Time TEHVL 40 — 40 - ns Note 3
Recovery Time TVHEL 40 — 40 - ns Note 3

Note 1. E=2.2V to VDR +0.3V when VDR =25V 055V, E=VDR=0.3V when VDR=2.0 to 2.5V.
Note 2. Voo =VpR= 3.0V, E=VpR—0.2V to Vpr+0.2V, Vjy= 0.2V to VpR +0:2V.

Note 3. V| =4.5V on the falling transition, Vi =4.5V on the rising transition.

Data Retention Timing
Diagram

Vee

m

DATA RETENTION
MODE

_—
4.5V

TEHVL

N ’
= o= = (Vpp) = =~

/ 2 ;7 22V N NOTE 1 22y #@
- ———— —— —

U eren—
# 4.5V

TVHEL

FUJITSU

3-27



MB8417A-12
MB8417A-12L
MB8417A-15
MB8417A-15L

Typlcal Characteristics

Curves Standby Supply Current Standby Supply Current
vs. Ambient Temp vs. Supply Voltage
T T 4 ™
% 102 p— Vec=E=55V . s $A=‘v§s¢. c
g
§§ gs 1.0
Eg 101 e §§ L1
sz £ oe -
cdiiE e
H i ! >
§ ! /’/ g 0.4 |
3 / _E 0.2
10-1 0
o 10 20 30 60 70 2 25 35 4 45 5 55
Ta AMBIENT TEMPERATURE (°C) Vce SUPPLY VOLTAGE (V)
Supply Current Access Time
(Active/Operating) vs. Ambient Temp
vs. Supply Voltage
w
13 ! 6!- 13 ! !
5 Ta=25°C 5 Vgg = 4.5V
& 12 o 12
gz V b
§§§ " = g " — =
Seg F 1 |
AT 10 F w0
229 § L1
wES o P = 08
2 >
“’_g 08 v g 08
o E 07
‘AAS 475 X 5.25 55 o 10 20 30 @0 50 60 70
Vg SUPPLY VOLTAGE (V) Ta AMBIENT TEMPERATURE (°C)
Access Times Supply Current
vs. Load Capacitance vs. Frequency
w
2 r
g Vee = A.Isv 3 Rl sy T 200;'! ‘270 i
ﬁ Th=25°C / é 1 zsec
5 14 5,\ 12
g 1.2 ;Q 1
i3
§ 10 gg 1.0
d £%
0.8 g 0.9
= o y
3 §
E 04 < 0.7
100 10-1 101

400 1
€L LOAD CAPACITANCE (pF) 1 FREQUENCY (MHz)

Iccr, ACTIVE SUPPLY CURRENT
IcCa. OPERATING SUPPLY CURRENT
(NORMALIZED)

TELQV, TAVQV, NORMALIZED ACCESS TIME

Supply Current

(Active/Operating)
vs. Ambient Temp
|

+—t
Voo = 55V

ny

0 10 20 30 4 S0 60 70
Ta AMBIENT TEMPERATURE (°C)

Access Time
vs. Supply Voltage

Ta=25°C

45 ars 5.0 5.25 5.5
Vcc SUPPLY VOLTAGE (V)

FUJITSU
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FUJITSU

MICROELECTRONICS, INC.

CMOS 16,384-BIT STATIC
RANDOM ACCESS MEMORY

MB8418-20
MB8418-20L

DESCRIPTION

The Fujitsu MB8418 is a 2048
word by 8-bit static random ac-
cess memory fabricated with high
density, high reliability Comple-
mentary MOS silicon-gate tech-
nology.

The memory utilizes asynchro-
nous circuitry and may be main-
tained in any state for an in-
definite period of time. All input
and output pins are TTL-compat-
ible, and a single 5 volt power sup-
ply is used. It is possible to.retain
data at low power supply voltage.

FEA

¢ Extended temperature range:
MB8418-20: -40°C to +85°C
MB8418-20L: —40°C to +70°C

¢ Organized as 2048 words by
8-bits

* Fast Access Time: 200 ns
Max.

¢ Low Standby Power:

The MB8418 can be optimized for
high performance applications
such as microcomputer systems
where fast access time and ease
of use are required. Two Chip
Enables (E2 and Eq) permit the
selection of an individual device
when the outputs are OR-tied. Ea
controls minimum power con-
sumption. The MB8418 is packag-
ed in an industry standard 24-pin
dual in-line package, or 32-pin
leadless chip carrier.

¢ Completely Static Operation,
no clocks required

¢ Single +5 Volt Power Supply

e TTL Compatible
Inputs/Outputs

¢ Low Data Retention Voltage:
2.0V Min.

¢ Pin compatible with HM6116,

CERDIP PACKAGE
DIP-24C-C03

PLASTIC PACKAGE
DIP-24P-MO01

MB8418-20: 55,W TC5517 and PD446
MB8418-20L: 5.5.W LEADLESS CHIP CARRIER
MB8418 BLOCK DIAGRAM LCC-32-A02
“10 o—- - =0 Vece
. —O vss
: BUFFER : row |° MEMORY MATRIX
DEC. |° 128x16x 8
. . .
Ay Ol a
. ]
A3 O——
H BUFFER : 110 GATE & COL. DEC.
Ay O——
?csa | : I
cse A7 NC NC NC VCC NC NC
W O——— BUFFER BUFFER lt— ST T T T T T T
aelst 3 2 v @I |
? $ $ Ast-6 28 A®
cse ¢
DQg oay L7 27-{ NC
- A3l 8 26 W
Eq BUFFER  —>CsB TRUTH TABLE Azl9 MB8418 25 Ey
(2048 x 8)
=lslw SUPPLY Al 10 24 A10
E2|E1|W| MODE |CURRENT| 10 PIN a0 b1 »E
H | X | X |Not Selected lsg High-Z Ne k12 22- b,
E X | H| X |Not Selected| Isp High-Z
Eg DQg }-13 214 DQ,
L]IL]H Read lcc Dour ol w15 16 17 18 19 ¢
Ll Write loc Dy DQ, DQ, VSS NCDQ3DQ,DAs
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MB8418-20 /MB8418-20L

ABSOLUTE MAXIMUM RATINGS
Parameter Symbol Min Max Unit
Cerdip —-65 150

Storage Temperature | pjastic Tstg —40 125 °C
Temperature Under Bias Tbias -40 85 °C
Supply Voitage Vee -0.5 8.0 \
‘Input Volitage ViN -05 Vee + 05 v
Input/Output Voltage Vio -05 Veg + 0.5 \

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. 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 voltage higher than maximum rated voltages to this high impedance circuit.

RECOMMENDED OPERATING CONDITIONS, (Referenced to Vgg = GND)

MB8418
. Parameter Symbol Min Typ Max Unit
MB8418-20L —40 — +70 R
Ambient Temperature Ta MB841820 ~20 — 485 C
Supply Voltage Vece 45 5.0 5.5 \"
Input High Voltage ViH 2.2 — Vog +0.3 \
Input Low Voltage ViL -0.3 — 0.8 Vv
CAPACITANCE
(Ta = 25°C,f=1 MH2)

Parameter Symbol Min Max Unit Condition
Input CapacltanCe CiNn - 7 pF ViN =0V
Input /Output Capacitance Cio — 10 pF Vo =0V

STATIC CHARACTERISTICS
(Recommended operating conditions unless otherwise noted.)
Parameter Condition Symbol Min Max | Units
E»=Vgc+020R _ MB8418-20L — 1
Standby Supply Current | Eqj=Vgg+0.2V and Eo=Vgg+0.2v| Isgy uA
Vin= —0.2V to Vg +0.2V MB8418-20 — 10
. 12 orE1=Vjy
Standby Supply Current Vin = — 02V to Vg +0.2V IsB2 _ 2 mA
Ex=VyL
Active Supply Current ViN = VjLor Viy; lour =0 lect _ 60 mA
p Cycle = Min, Duty = 100%
Operating Supply Current lout = 0 lcc2 _ 60 mA
Input Leakage Current ViN =0V to Ve I -10 | 10 uA
Viio =0V to V¢ - .
Output Leakage Current Eo= Vijy of E1=Viy ILo 1.0 1.0 A
Output High Voltage louT= =1.0 mA VoH 24 — Y
Output Low Voltage lout = 4.0 mA VoL — 0.4 v
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Input Pulse Levels:

MB8418-20 /MB8418-20L

AC TEST CONDITIONS

0.6V to 2.4V

Input Pulse Rise and Fall Times: 10 ns (0.8V to 2.2 V)
Input Timing Reference Level: 0.8V to 2.2V
Output Timing Reference Level: 0.8V to 2.2V

Output Load:

1 TTL Gate and
CL =5 pF for TEHQZ and TWHQZ
CL = 100 pF for all others.

Output
o I >o e}
I
DYNAMIC CHARACTERISTICS
Parameter Symbol Min Max Unit
Read Cycle Time TAVAV 200 — ns
Write Cycle Time TAVAV 200 — ns
Address Access Time TAVQV — 200 ns
Chip Enable Access Time TELQV — 200 ns
Output Hold from Address Change TAVQX 15 — ns
Output Low Z from E; or E4 TELQX 15 — ns
Output High Z from Ej or E4 TEHQZ — 60 ns
Output Low Z from W TWHQV 15 — ns
Output High Z from W TWLQZ — 60 ns
Address Set Up Time TAVEL, TAVWL 0 — ns
Read Set Up Time TWHEL, TWHAV 0 — ns
Read Hold Time TAXWL, TEHWL 0 — ns
Write Set Up Time TWLEL 0 — ns
Write Hold Time TEHWH 0 — ns
Address Valid to End of Write TAVWH 160 — ns
Chip Enable to End of Write TELEH 160 — ns
Write Pulse Width TWLWH 140 — ns
Write Recovery Time TWHAX, TEHAX 10 — ns
Data Set Up Time TDVEH, TDVWH 60 — ns
Data Hold Time TWHDX, TEHDX 0 — ns
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MB8418-20/MB8418-20 L

WAVEFORMS

MODE 1: W Controlled: (E3 = Ej = LOW)
Read Cycle

TAVAV.

A

| ADD ><

TAXWL

rt——————————TAVQV———

\\

TAVQX

Q VALID

D HIGH-Z

Write Cycle

TAVAV

ADD >§
TAVWH

jl
TWHAX

—
N
TAVWL
_/ - ™
W LWH
u

7 DN

TWHQV—~

-TWLQZ
HIGH-Z
Q
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MB8418-20/MB8418-20 L
WAVEFORMS (Continued)
MODE 2: E3 or E; Controlled (E2=Low or Ej=Low)

Read Cycle
-% TAVAV =I
X Xli
TAVEL = >
N
TWHEL | TEHWL
_/ \
“"_//Z/Z// \
e———TELQV TEHQz
r<— TELQX
Qe = —— Q VALID >)——-————
D e weWz 00
Write Cycle
- TAVAV |
><f 3
ADD
N\ 7
TAVEL | TEHAX
- > |t TELEH <>
_ b
/// / \\\
TWLEL / TEHWH
w
\ ;#; : ; : : /
O e — HIGH-Z —_——
+<¢—TDVEH —» TEHDX

D x D VALID
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MB8418-20/MB8418-20 L

DYNAMIC CHARACTERISTICS
Data Retention Characteristics, NOTES i, 2, 3|(Recommended operating conditions unless otherwise noted.)

Parameter Notes Symbol Min Max Unit
Data Retention Supply Voltage [1] VDR 2.0 5.5 v
A MB8418-20 — 10 A
Data Retention Supply Current [ZI IDR MB3418-20L — T WA
Data Retention Set Up Time K] TEHVCL 60 —_ ns
Recovery Time TVHEL 60 — ns
Notes:

@] Ep=2.2V to Vg £0.3V for VDR =25V to 5.5V
Ep=Vgog£0.3V for VDR=2.0 to 2.5V.

[2] vco=VpR, E2=VpR-0.2V to VpR+0.2V, V|N = —0.2V to VDR +0.2V.
B Vi =45V on the falling transition, V= 4.5V on the rising transition.

DATA RETENTION
MODE

—
Vee 45V A 4.5V

N ’
- —— (VDR) - o
TEHVL TVHEL

_ FYON +22vN
Eo ; [ — R
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MOS Memories FUJITSU

H MB8418A-12, MB8418A-12L,
MB8418A-15, MB8418A-15L
CMOS 16,384-Bit
Static Random Access Memory

The Fujitsu MB8418A is a 2048-word by 8-bit static random ac-
cess memory fabricated with CMOS silicon gate process. The
memory utilizes asynchronous circuitry and may be maintained in
any state for an indefinite period of time. All pins are TTL com-
patible, and a single 5 volt power supply is required.

The MBB8418A is ideally suited for use in microprocessor systems
and other applications where fast access time and ease of use

are required. All devices offer the advantages of low power ] v
dissipation, low cost, and high performance. = Lk

Features
B Organization: 2048 words x B Low power standby: ~Ceramic Package (Cerdip)
8-bits 5.5 mW max. (MB8418A-12/15) -DIP-24C-C03
B Fast Access Time: 275mW max. (MB8418A-
120 ns max. (MB8418A-12/12L)  12LM5L)
150 ns max. (MB8418A-15/15L) M Data retention: 2.0V min.
B Completely static operation: B Standard 24-pin DIP (Ceramic
No clocks required Cerdip/Plastic Mold)
M TTL compatible inputs/outputs B Standard 32-pin leadless chip
B Three-state output carrier .
B Common data input/output W Dual chip enable inputs for
B Single +5V power supply battery back-up use.

Plastic Package
-.DIP-24P-MO1
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MB8418A-12
MB8418A-12L
MB8418A-15
MB8418A-15L

MB8418A Block Dlagram

and Pin Assignment o | || -0 Ve A, Cmb Vee
. «——O Vss.
s |1 ot 1] gt l S =
As[]3 22 A,
Ay O—ro - H A, [: 4 21 : \ﬁl
3 ML) S 52 200 1E
ki j l A, ]6 22 19[ A,
Aso— © 5 —
s ADDRESS 110 GATE A E 7 Xg 18 E
. BUFFER 1 ™ [ 2
Ay COLUMN DECODER &>
A ] 8 17 ]oar
o r I pao[ ] 9 16 |_] DQ6
W O——| BUFFER DATA 1/0 BUFFER :S—B DQ1 E: 10 15 D°5
¥ T T pQ2 [N 14 DQ4
PR \'
css R S ss []12 13 ] pa3
E1O——| BUFFER [—»
csB
Truth Table
Supply
E, E; W Mode Current 1/0 Pin
H X X NotSelected Igg High-Z
X H X NotSelected lgg High-Z
L L H Read loc Doyt
L L L Write lcc Din
Absolute Maximum Ratings
(See Note) Parameter Symbol Value Unit
Cerdi —65to +150 o
Storage Temperature F’_IE'sTl% Terg _40t0 +125 C
Temperature Under Bias Thias -10to +85 °C
Supply Voltage Voo ~0.5to +7.0 \'
Input Voltage Vin -0.5to Vg +0.5 \
Input/Qutput Voltage Vio ~05t0 Vg +0.5 \
NOTE: Permanent device damage may occur If ABSOLUTE MAXIMUM RATINGS are exceeded. Functional operation should be
d to the cc d in the ( of this data sheet. This device contains circuitry to protect the in-
puts against damage due to hlgh static voltages or electnc fields. However, it is advised that normal precautions be taken to avoid ap-
plications of any voltage higher than rated ges to this high il circuit.
Capacitance
(f=1MHz, T,=25°C) Parameter Symbol Min Typ Max Unit
1/0 Capacitance (Vo = 0V) Cyo — - 10 pF
Input Capacitance (V,y =0V) Cin — — 7 pF
Recommended Operating
Conditions Parameter Symbol Min Typ Max Unit
Referenced to GND;
( ) Supply Voltage Veo 45 5.0 5.5 \
Input Low Voltage Vi -03 — 0.8 \
Input High Voltage Viy 2.2 — Ve +0.3 \4
Ambient Temperature Ta 0 — 70 °C

FUJITSU
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MB8418A-12
MB8418A-12L
MB8418A-15
MB8418A-15L
DC Characteristics
(Recommended operating MB8418A- MB8418A-
conditions unless otherwise 12115 12L/15L
noted.) Parameter Condition Symbol MIin Max Min Max Unit
E;=Vc+0.2 OR
Standby Supply Current 1 I::z =Vgc+0.2V and Isg1 - 1 - 005 mA
E;=Vgg+0.2V
Vin= =0.2V to Vs +0.2V
Standby Supply Current 2 Epor Ey=Vy, 1 - 2 — 1 mA
Vin= —0.2V to Vg +0.2V SB2
. E,=E,=V,
Active Supply Current 1727 VL | — 60 — A
i Vin=Vy or Vi loyr=0 et o m
Operating Supply Current C):;'io Min, Duty =100% locz - 60 — 60 mA
Input Leakage Current V,N =0V to Voo Iy -10 1.0 -10 10 A
=0V to V,
Vio cc
Output Leakage Current E,= Vi o E, Vi o -10 1.0 -10 10 A
Output High Voltage lour= —1.0 MA Vou 24 — 24 — \
Output Low Voltage loyr = 4.0 MA Voo — 04 — 04 V
Note: All voltages are referenced to GND.
AC Test Conditions
Input Puise Levels: 0.6V to 2.4V 2.2V
Input Pulse Rise and Fall Times: 5ns
(Transient Time between 0.8V and 2.2V) 3200
Timing Reference Levels: Input: V) =0.8V, V|y=2.2V
Output: Vg =0.8V, Vo =22V .——
Output Load: Cy =5pg for TEHQZ and TWHQZ m | e
C_ =100 pF for all others. == CL
Including Jig
AC Characteristics
(Recommended operating MB8418A- MB8418A-
conditions unless otherwise 12/12L 15/15L
noted.) Parameter Symbol Min Max Min Max Unit
Read Cycle Time TAVAV 120 — 150 — ns
Write Cycle Time TAVAV 120 — 150 — ns
Address Access Time TAVQV — 120 — 150 ns
Chip Enable Access Time TELQV — 120 — 150 ns
Output Hold from Address Change TAXQX 15 — 15 — ns
Output Low Z from E, or E, TELQX 15 — 15 — ns
Output High Z from E, or E, TEHQZ — 40 — 50 ns
Output Low Z from W TWHQX 15 — 15 — ns
Output High Z from W TWLQZ — 40 — 50 ns
Address Set Up Time TAVEL, TAVWL 0 — 0 — ns
Read Set Up Time TWHEL, TWHAV 0 — 0 — ns
Read Hold Time TAXWL, TEHWL 0 — 0 — ns
Write Set Up Time TWLEL 0 — 0 —_ ns
Write Hold Time TEHWH 0 — 0 —_ ns
Address Valid to End of Write TAVWH 100 — 120 — ns
Chip Enabled to End of Write TELEH 100 — 120 — ns
Write Pulse Width TWLWH 70 — 90 — ns
Write Recovery Time TWHAX, TEHAX 5 — 5 — ns
Data Set Up Time TDVEH, TDVWH 35 — 40 — ns
Data Hold Time TWHDX, TEHDX 0 — 0 — ns
FUJITSU
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MB8418A-12
MB8418A-12L
MB8418A-15
MB8418A-15L

Mode 1 — W Controlled

(E = Low) Read Cycle Timing Diagram
TAVAV
*
ADDRESS x ADDRESS VALID
7 7
TAVWL
TWHAX | -«
s T \
w
TAXQX
TAVQY
Q X Q vaLID
o HIGH-Z
Write Cycle Timing Diagram
- TAVAV
i '
ADDRESS y ADDRESS VALID
N
TWHAX

£|

TAVWH

TAVWL
i z ; 5 ; TWLWH

<-Twmzq

)\
|
s
3
Tl

HIGH-Z

FUJITSU
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MB8418A-12
MB8418BA-12L
MB8418A-15
MB8418A-15L

Mode 2 — E, or E,

Controlled Read Cycle Timing Diagram
(E=Low)
- TAVAV >
C
ADDRESS )<\_ ADDRESS VALID
TAVEL
£ N \Y
N
TWHEL TEHWL
— 7 X \
N/ AN
- TELQV TEHQZ
|«——TELQX
o 0
\VAVAV/,
o HIGH-Z
Write Cycle Timing Diagram
- TAVAV >
s * 4
ADDRESS ADDRESS VALID x
X -
TAVEL =~ TEHAX
TELEH
7
E / /
7l
TWLEL TEHWH
AN Z /1
HIGH-Z
Q
TEHDX
[—TDVEH —
D x D VALID
FUJITSU
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MB8418A-12
MB8418A-12L
MB8418A-15
MB8418A-15L

Data Retention
Characteristics
(Recommended operating
conditions unless otherwise
noted.)

MB8418A- MB8418A-

12115 12L/15L
Parameter Symbol Min Max Min Max Unit Test Condition
Data Retention Supply Voltage  Vpg 20 5.5 20 5.5 \' Note 1
Data Retention Supply Current IpR — 0.5 003 mA Note 2
Data Retention Set Up Time TEHVL 40 — 40 — ns Note 3
Recovery Time TVHEL 40 — 40 — ns Note 3

Note 1. Ep=2.2V to Vg +0.3V for VDR=2.5V t0 5.5V
Ep=Vgc %03V for VDR =20 to 2.5V.

Note 2. Vo = VpRr=3.0V, Ep = Vpr—0.2V to Vpg +0.2V, Vi = =0.2V to Vpr +0.2V.

Note 3. V| =4.5V on the falling transition, Vi = 4.5V on the rising transition.

Data Retention Timing
Diagram

Vee

E Z Z ;;Fz.zv S_

—l

DATA RETENTION
MODE
4.5V A 45V
7 N ’
= = (VpRr)— —~
TEHVL TVHEL
s722v N
— ——— —— —

FUJITSU
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MB8418A-12
MB8418A-12L
MB8418A-15
MB8418A-15L

Typlcal Characteristics

Curves Standby Supply Current Standby Supply Current Supply Current
vs. Ambient Temp vs. Supply Voltage (Active/Operating)
vs. Ambient Temp
L S 1 LI
- 102 p— Vec=E=s5v E= cc, 13 I. j
1 5 12 | Ta=2°C g Vee =55V
£ @ LE 12
FERRY ] 2 | Eg
£ gz o8 >33
2g / 52 F2E 10
g A R ™
; ! - = § 04 / gé S
5 1 % % os
k] / 5 02 _3:‘3
10-1 ] o
[ 10 20 30 40 50 60 70 2 25 3 s a4 45 5 5.5 o 10 20 30 40 50 60 70
Ta AMBIENT TEMPERATURE (°C) Vce SUPPLY VOLTAGE (V) Ta AMBIENT TEMPERATURE (°C)
Supply Current Access Time Access Time
(Active/Operating) vs. Ambient Temp vs. Supply Voltage
vs. Supply Voltage w
H
Y m— N PR —
5 Ta=25°C iy Vee =45V % Ta=25°C
~§ 1.2 < 12 I 1.2
g g g 1 // g 1.1 ] 2
£28 v 8 ) L 2
3ay 3 ] &
¥ H 1 3
§ »n E 1.0 g 10 / ; 10
$¢o z
g%‘z' 09 7 B 09 § 09 S
25 g 3
2‘0‘_ o8 :' 08 ‘;’ 08
2 o g 07 z o7
45 475 5.0 5.25 55 o 10 20 30 0 60 70 & 45 475 X 5.25 5.5
Vg SUPPLY VOLTAGE (V) Ta AMBIENT TEMPERATURE (°C) Vce SUPPLY VOLTAGE (V)
Access Time Supply Current
vs. Load Capacitance vs. Frequency
w —
g . 1 13 T s 200;\5 n‘o s
2 v 1 g ey
8 14 g 1.2
Q 2
= -8
12 N 11
= ad ¢
& 2
z 08 E 09
= w
g 06 3& 08
s H
3 04 - 07
o
= 100 400 10-1 1 101
€ LOAD CAPACITANCE (pF) 1 FREQUENCY (MHz)
FUJITSU
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FUJITSU

MICROELECTRONICS, INC.

CMOS 65,536-BIT STATIC
RANDOM ACCESS MEMORY

DESCRIPTION

The Fujitsu MB8464 is a 8192 word by 8-bit
static random access memory. This device
is fabricated using a combination of Fujit-
su’s high-speed N-Channel MOS silicon-
gate technology and the low power con-
sumptive complementary MOS silicon-
gate technology.

The memory utilizes asynchronous cir-
cuitry and may be maintained in any state
for an indefinite period of time. All inputs
and output pins are TTL compatible, and a
single +5V power supply is used. It is pos-

FEATURES

¢ Organized as 8192 words by 8-bits

* Fast access times:
MB8464-12/-12L: 120 ns Max.,
MB8464-15/-15L: 150 ns Max.

¢ Low Power Consumption:
MB8464-12/-15: 500 mW Max. (Active)
MB8464-12L/-15L: 330 mW Max (Active)
MB8464-12/-15: 11 mW Max. (Standby)
MB8464-121/15L: 0.55 mW Max. (Standby)

sible to retain data at low power supply
voltage.

The MB8464 can be used for high perfor-
mance applications such as microcom-
puter systems where fast access times
and ease of use are required. Output
Enable G input permits the disable of all
outputs when outputs are OR-tied. The
MB8464 is packaged in an industry stan-
dard 28-pin dual in-line package and is also
available in a 32-pin leadless chip carrier.

* Completely static operation: no clock
or refresh needed

* Single +5V supply voltage, +10%
tolerance

 Common data inputs and outputs

e TTL compatible inputs and outputs

¢ Low data retention voltage: 2.0V min.

* Standard 28-pin DIP and 32-pin leadless
chip carrier

as— 51 |
e -— Vee
[ - — MEMORY ARRAY -~ Vgs
Ae_—_m how, : 256 ROWS
%-—J,gt seLect . ( 32 COLUMNS )
Ato D —
L > w— _—
N gy = —
[
PQy E 3 1/0 CIRCUITS H
. NpUT [T
. * DATA
. M CONTROL COLUMN SELECT
oo, E—

1t

<1
W T
TRUTH TABLE

_ _ SUPPLY
Ey |E,| G| W MODE CURRENT | 1/0 PIN
R | X | X | X | Not Selected Tss High-Z
X | L | X | X |NotSelected Isg High-Z
L | H|H/|H |DoyrDisable | Icc High-Z
LIH]|]L|H Read lcc Dout
L|H|X]|L Write Icc Din
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MB8464-L

PRELIMINARY

Note: This is not a final specification.
Some parametric limits are subject to change.

PLASTIC PACKAGE
DiP-28P-M02

LEADLESS CHIP CARRIER
LCC-32C-A02
PIN ASSIGNMENTS
Ne[1 28] Vee
A2(]2 270W
Az (3 2601 g,
A4 25[7] Ag
AsC]5 24[7 ag
A: =[] § = 2Pagy
agr 88 2pE
A x R b A
ade R 20F
Ao < 193,06,
DAy 11 18{3;DQg
0a, 12 17[1/pQs
DO []13 16[1 DQg
Vgs (14 15[7'DQy

A7A12NCNCVce W Ep

4 3 2 1323130
29

2
27
%
MB8464 25
2
2
24,
13 21
14 15 16 17 18 19 20

DQ4 DQ, Vss NCDQA3DQ4 DA5




PRELIMINARY

N Tht ot il specitcaton. MB8464/MB8464
Some parametric lmits are subject to change.
ABSOLUTE MAXIMUM RATINGS
Parameter Symbol Value Unit
Cerdip —65 to +150 °C
Storage Temperature Plastic Tstg 40 to +125 C
Temperature Under Bias Toias -10to +85 °C
Supply Voltage Vee -05t0 +7.0 \Y
Input Voltage VIN ~0.5to Vgc + 0.5 \
Output Voltage Viio -0.5to Voo + 0.5 '

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are

advised that normal precautions be taken to avoid applications of any voltage higher than maximum rated voltages to this high impedance circuit.

RECOMMENDED OPERATING CONDITIONS (Referenced to Vgg)

i should be restricted to the conditions as detailed in the
operational sections of this data sheet. This device contains circuitry to protect the lnpms against damage due to high static voltages or electric fields. However, it is

Parameter Symbol Min Typ Max Unit Ambient Temperature
Supply Voltage Vee 4.5 5.0 55 \"
Input High Voltage ViH 22 — Ve +03 v 0°C to 70°C
Input Low Voltage /T -03 - 0.8 \
CAPACITANCE (T5 = 25°C)
Parameter Symbol Min Max Unit Condition
Input Capacitance CiN — 7 pF ViN=0V
Input/Output Capacitance Cio — 10 pF Vyo =0V

DC CHARACTERISTICS (Recommended operating conditions unless otherwise noted.)

Parameter Symbol Min Max Unit
Input Leakage Current (V|N = Vsg to Vo) I — +10 A
E;y= VIHOREz = VILOR G = Vi4 _
Output Leakage Current OR W = Vi, Viio = Vs to Voo ILo +10 A
Standby Power Supply Current / —0.2V <Epx< 0.2V OR Standard — 2 mA
Voo - 0.2V <Ey=<Vgg +0.2V Is1
Voc —0.2V <Ey=< Voo +0.2V /| L-Version — 0.1 mA
Ei=VIH Standard - 5 mA
Standby Power Supply Current ( OREz= V) ) CVersion IsB2 — 3 A
. Ey=ViL E2 = vy ) Standard - 30 mA
Active Power Supply Current(VlN = ViorVit, lout =0 L-Version lcct — %5 A
. Cycle = Min., Duty = 100% ) Standard — 90 mA
Active Power Supply Current ( lour =0 LVersion lcc2 — 80 A
Output High Voltage (lon = —1.0mA) VOH 24 — v
Output Low Voltage (IloL = 2.1mA) VoL — 0.4 \

**V|(min) = — 0.3V for DC level, Vj (min)= — 3.0V, for <50 nsec pulse.
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MB8464/MB8464-L

AC TEST CONDITIONS
Input Pulse Levels:

06Vto24V

Input Pulse Rise and Fall Times: 5ns

Timing Reference Level:

Output Load:

Input=08V,22V
Output =0.8v,2.0V

PRELIMINARY

Note: This is not a final
Some parametric

1 TTL gate + 5pF (including scope & jig) for

TGHQZ, TWLQZ, TEHQZ, TWHQX, TGLQX and TEHQX

1 TTL gate + 100pF for all others.

AC CHARACTERISTICS (Recommended operating conditions unless otherwise noted.)

epecification.
limits are subject to change.

READ CYCLE
MB8464-12/12L MB8464-15/15L
Parameter Symbol Min Max Min Max Unit
Read Cycle Time TAVAV 120 150 ns
Address Access Time TAVQV 120 150 ns
Ej Access Time TE1LQV 120 150 ns
Eo Access Time TE2HQV 120 150 ns
Output Enable to Output Valid TGLQV 50 60 ns
Output Hold from Address Change TAXQX 10 10 ns
Chip Enable to Output Low-Z TE1LQX, TE2HQX 10 10 ns
Output Enable to Output Low-Z TGLQX 5 5 ns
Chip Enable to Output High-Z TE1HQZ, TE2HQZ 40 50 ns
Output Enable to Output High-Z TGHQZ 40 50 ns
READ CYCLE No.1"2
f— TAVAV
I
ADDRESS b
t TAVQV
TAXQX
Q PREVIOUS DATA VALID DATA VALID
READ CYCLE No. 2"
i TAVAV |
ADDRESS X X
! TAVQV
B N W77 777
{=—— TE1LQV
——TE1LGX—— TE1HQZ
TE2HQV——-=1
\—-TE2HOX TE2LQZ—
L} A N | L1
TGLQV—- TGHQZ
a HIGH-Z TGLQAX DATAVALD HIGH-Z

Note: 1) W is high for Read Cycle.

2) Device is continuosly selected, Eq = G = V), Ex = Vi
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PRELIMINARY

evrerratrigh MB8464/MB8464-L
WRITE CYCLE
MB8464-12/12L MB8464-15/15L
Parameter Symbol Min Max Min Max Unit
Write Cycle Time TAVAV 120 150 ns
Address Valid to End of Write TAVWH, TAVE1H, TAVE2L 85 — 100 - ns
Chip Enable to End of Write TE1LE1H, TE2HE2L 85 — 100 — ns
Data Valid to End of Write TDVWH, TDVE1H, TDVE2L 40 — 50 — ns
Data Hold Time TWHDZ, TE1HDZ, TE2LDZ 0 — 0 — ns
Write Pulse Width TWLWH 70 — 90 — ns
Address Setup Time TAVWL, TAVE1L, TAVE2H 0 — 0 — ns
Write Recovery Time TWHAX, TE1THAX, TE2LAX 5 — 5 — ns
Chip Enable to Output Low-Z TE1LQX, TE2HQX 5 — 5 — ns
Write Enable to Output Low-Z TWHQX 5 — 5 — ns
Write Enable to Output High-Z TWLQZ — 40 — 50 ns
WRITE CYCLE TIMING DIAGRAMS
WRITE CYCLE NO. 1 (W Controlled)
TAVAV AL
ADDRESS X
TAVWH ————-—I TWHAX
G
B TE1LE1H
Ey AN L
TE2HE2L
E zu/ AAARANRRARARNANANN
TAVWL | TWLWH——
v /
t=~—TDVWH—= TWHDZ
D HIGH:Z DATA IN VALID HIGH:Z
TWHQZ
TWLQZ—~ |=—
e XXX a—

Note: 1) IF G, E, and E; are in the READ Mode during this period, /O pins are in the output state so that the input
signals of opposite phase to the outputs must not be applied.
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MB8464/MB8464-L PRELIMINARY

eI S
WRITE CYCLE NO. 2 ( E; Controlled)
TAVAV ~]
ADDRESS
TAVE1H
G
B TAVEIL =~ ~{~———TEILE1H '—— —TE1HAX
Ey
TE2HE2L —
Ep LI
TWLWH
v NN 2777777777777
=—TDVE1H——{t= - TE1HDZ
D HIGH Z 4 DA%A IN VALID hHicH2
TE1LQX(1) TWwLQZ()
Q HIGH-Z .——m} HIGH-Z
WRITE CYCLE NO. 3 ( E2 Controlled)
TAVAV {
ADDRESS '
TAVE2L
G
TE1LE1H |
E I 77777777
TE2HE2L TE2LAX
E, TAVE2H 2
TWLWH
w 3 /
+—~—TDVE2L— TE2LDZ
D HicHZ DATA IN VALID HiGH:2

TE2HQX @) TWLQZ(@)
Q HIGH-Z m§ HIGH-Z

Note: 1) If G, Ep and W are in the READ Mode during this period, I/O pins are in the output state so that the input
signals of opposite phase to the outputs must not be applied.

2If G, E1 and W are in the READ Mode during this period, I/O pins are in the output state so that the input
signals of opposite phase to the outputs must not be applied.
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PRELIMINARY MB8464/MB8464-L

Note: This is 5ot a fiual specification.
Some parametric limits are subject to change.

DATA RETENTION CHARACTERISTICS (Recommended operating conditions unless otherwise noted)

Parameter Notes Symbol Min Max | Unit
Data Retention Supply Voltage 1 VDR 20 55 \"
. L-Version 0.1 mA
Data Retention Supply Current 2 Standard IDR — 50 A
Data Retention Set Up Time 3 TE2LVL, TETHVL 0 ns
Recovery Time 3 TVHE1L, TVHE2H TAVAV ns

Note 1:  E; controlled: E; < 0.2V
E4 controlled: Eq1=VpR~0.2V (Ep<0.2V or Ex=Vpgr—0.2V)

Note 2:  E; controlled: Vpr=3.0V, Ep<0.2V
Eq controlled: Vpr=3.0V, E1=Vpr—0.2V (E2<0.2V or Ex=Vpgr—0.2V)

Note 3: V| =4.5V on falling transition, Vi = 4.5V on rising transition.

DATA RETENTION TIMING
CONDITION A:
|=————DATA RETENTION MODE
X a5v 4.5V
Vee . Vonr /
TE2LVL ~-TVHE2H
Ez
\ 0.4v CSy<0.2V 0.4v /
OR
CONDITION B: <«————DATA RETENTION MODE ———>|
p i
Vee 3 \4;5v Vor 4.-5_v/ v
<«—TE1HVL—> |—TVHE1L —»
B 2.2v - 2.2V
E{=Vpp—-02V
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MB8464/MB8464-L

TYPICAL CHARACTERISTICS CURVES

Iccz (mA)

Isg1 vs- Vee
100
TA =25°C
3
% 50
m
0
0
4 5 6
Vee (V)
Iccq vs- Vee
10
TpA=25°C
<
S
©
0
4 5 R
Vee V)
Icc2 vs- Vee
Tao=25°C
tcyc =100 ns
40
20
0
4 5 6
Vec V)
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""“," This e not a fiial specificath
c Binits are subject to change.

Isgq vs. Ta
100

Vee=5.5V

50

IsB1 (#A)

0 ___/

50 70
Ta (°C)

lgc1 vs. Ta
10

Ve =55V

\

Icct (MA)

50 70
Ta(°C)

lccz vs- Ta

Vee =5.5V
tcyc =100 ns

———

Iccz (MA)




PRELIMINARY

Note: This ks not a fimal
Some parametric

specification.
lismits are subject to change.

TYPICAL CHARACTERISTICS CURVES (Continued)

TE1LQV, TE2HQV (ns) TAVQV (ns)

TGLQV (ns)

lsgy vs. Ta

150

-
Qo
o

Ta=25°C

\\

50

150

100

40

20

Vee (V)

TEILQV, TE2HQV vs. Ve

Ta=25°C

~.

T

Vee V)

TGLQV vs. Ve

Ta=25°C

Vee (V)

3-49

TAVQV (ns)

TE1LQV, TE2HQV (ns)

TGLQV (ns)

150

g

50

MB8464/MB8464-L

taavs. Ta

Vec=4.5V

//

0 50 70

150

100

50

40

20

Ta(°C)

TE1LQV, TE2HQV vs. T

Vee=4.5V

//
/
0 50 70
Ta (°C)
TGLQV vs. Ty
Vee=4.5V

/

0 50 70
Ta(°C)







MBM2764-20

MBM2764-25

MBM2764-30

MBM2764-30X
MBM27C64-25
MBM27C64-30
MBM27128-25
MBM27128-30
MBM27256-20
MBM27256-25
MBM27256-30
MBM27C256-25
MBM27C256-35
MBM27C25645

Tech- Organli-
nology zation

16K x 8
16K x 8

32K x 8
32K x 8
32K x 8
32K x 8
32K x 8
32K x 8

Access
Time
(max)

Power

S

Supply Power pation Package Page

Volts

Active Standby

40 mW/MHz 550 W
40 mW/MHz 550 xW

40 mW/MHz 550 uW 28-pin
40 mW/MHz 550 yW  28-pin
40 mW/MHz 550 yW

-




FUJITSU MBM2764-20

MICROELECTRONICS, INC. MBM2764-25
MBM2764-30

NMOS 65,536-BIT UV ERASABLE AND MEBM2764.30-X

ELECTRICALLY PROGRAMMABLE
READ ONLY MEMORY

DESCRIPTION

The Fujitsu MBM2764 is a high-
speed 65,536-bit static N-channel
MOS erasable and electrically
reprogrammable read only mem-
ory (EPROM). It is especially
suited for applications where
rapid turn-around and/or bit pat-
tern experimentation are impor-
tant.

A 28-pin dual in-line package with
a transparent lid is used to
package the MBM2764. The trans-
parent lid allows the user to ex-
pose 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 MBM2764 is fabricated using
N-channel double polysilicon

. gate technology with single tran-

sistor stacked gate cells. It is
organized as 8,192 words by 8 bits
for use in microprocessor ap-
plications. Single +5V operation
greatly facilitates its use in
systems.

FEATURES
¢ Organized as 8192 words ¢ Extended temperature
by 8-bits, fully decoded range: MBM2764-30-X:

¢ Fast Access Time:

—40°C to +85°C

r
CERDIP PACKAGE
DIP-28C-C01

LCC Package

MBM276420 ~ 200ns  « No clocks required, Fully LCC-32C-A01
mgmggtgg 3053 ns static operation
ns o TTL compatible PIN ASSIGNMENT
_MBM2764-30-X 300 ns inputsioutputs
* Simple programming * Three-state output vee [t~ 280 Vee
requirements with OR-tie capability A2 2[F
* Single location * Output Enable G pin for A7 Qs % pINC
programming simplified memory NN M he
* Programs with Quick Pro™ expansion ,:5 E: z: g 29
(see page 4-7) « Single +5V Operation nd, 2% »phs
* Low power requirement: * Standard 28-pin DIP nls S 21040
550mW ac“ve package Ao 35 20 E
193mW standby * Pin compatible with Ao 10 oo
Intel 2764 go E " 8 g ge
1 12 17 5
Q 4
MBM2764 BLOCK DIAGRAM @ o vl eBe

OUTPUT ENABLE &
CHIP ENABLE &
PROGRAM LOGIC

o mi O

ouTPUT
BUFFER

DATA INPUT ;
B & I

Yo COLUMN

"
Ro—T COLUMN '
Aret ‘I DECODER

GATING

AT ROW
N DECODER
Anr

256x256
Xo CELL MATRIX

Xass

ERE
o
1

46
o0
T
=8
25
£3
2

! ! t

Vep Vee Vss
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ABSOLUTE MAXIMUM RATINGS (see NOTE)

MBM2764

Parameter Symbol Value Unit
Temperature Under Bias m:mgg:gg{;&w TA _:(5) :z :Zg °C
Storage Temperaturé Tstg -65to +125 °C
Inputs/Outputs with Respect to Vgg Vin, Vout -06to +7 Vv
Vg with Respect to Vgg Vee —-06to +7 \'
Vpp with Respect to Vgg Vpp -06to +22 Vv

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 con-
ditions for extended periods may effect device reliability.

FUNCTIONS AND PIN CONNECTIONS Vcc (28) = +5, Vss (14) = GND

Function _ _ _ Icc
(DIP Pin Address Input Data Q E G P Supply | Vpp
No)| (2-10,21,23~25) | (11~13,15~19) | (20 @2 @n (28) A)
Mode
Read AIN Dout ik VL ViH lcc2 | Vec
. . VIH Don’t Care
Output Disable AN High Z ViL Don't Care Vi lcc2 Vee
Stand By Don’t Care High Z VIH Don’t Care Don’t Care lcct Vee
Program AN DiN ViL | ViH Vi Icc2 Vpp
Program Verify | AN Dout Vi [ ViL ViH lcc2 Vpp
Program Inhibit Don’t Care High Z ViH Don’t Care Don’t Care lcct Vpp
Note: 1. P works as if G (output enable) during reading operation.
CAPACITANCE
(TA=25°C, f =1 MH2)
Parameter Symbol Typ Max Unit
Input Capacitance (VN = 0V) CIN 4 6 pF
Ouput Capacitance (VoyT = 0V) Cout 8 12 pF
RECOMMENDED OPERATING CONDITIONS
(Referenced to Vgg = GND)
Operating Temperature
Parameter Symbol Min Typ Max Unit
MBM2764-20/-25/-30 | -MBM2764-30-X
Supply Voltage Ve 4.50 5.0 5.50 \'
Supply Voltage Vpp Voc —0.6 — Vee + 0.6 \%
0°Cto +70°C —40°C to +85°C
Supply Voltage Vss - GND — v ° to +8
Input High Voltage VIH 2.0 — Vee +1 \
Input Low Voltage ViL -0.1 — 0.8 v

43




MBM2764

DC CHARACTERISTICS
(Recommended operating conditions unless otherwise noted.)
Parameter Conditions Symbol Min Max Unit
Input Load Current V|N = 5.5V I — 10 A
Output Leakage Current Vout =55V Lo — 10 A
Vpp Supply Current Vpp = Vg £ 0.6V lpp — 15 mA
Vg Standby Current E=VH lcct _ 35 mA
Vce Supply Current (Active) E=V)L lcc2 — 100 mA
Input Low Voltage — ViL -0.1 +0.8 \
Input High Voltage — ViH 2.0 Voo +1 v
Output Low Voltage loL =2.1mA VoL — 0.45 \'
Output High Voltage loH = —400A VoH 24 — Vv
AC CHARACTERISTICS
(Recommended operating conditions unless otherwise noted.)
MBM2764-20 | MBM2764-25 | IAtn2r 0430
Parameter Symbol Unit | Test Conditions
Min | Max| Min| Max| Min | Max
Address to Output Delay TAVQV| — | 200 — | 250 — [ 300 | ns | E=G =V
E to Output Delay TELQV — | 200 — | 250] — [ 300 | ns [E=V)
G to Output Delay TGLQV| 10 70 10 | 100] 10 120 | ns | E=V)
Output Enable High to Output Float | TGHQZ, 0 60 0 60 0 105 | ns | E=V|
TEHQZ
Address to Output Hold TAXQX| 0 — 0 — 0 — | ns |E=G=V
AC TEST CONDITIONS Output Load:
Input Pulse levels: 0.8V to 2.2V
Input Rise and Fall Time: <20nsec
Timing Measurement Reference Levels: 1.0V and 2.0V for inputs CL
0.8V and 2.0V for outputs I
1 TTL gate and Cy = 100 pF =
OPERATION TIMING DIAGRAM
ADDRESSES i(
ADDRESSES >d§ VALID
E
/
~— TELQV—>] ~ TEHQZ >
s 7/
ToLQv TAXQX
1
<«——TAVQV—> < TeHaz,
1
OUTPUT HIGH Z V4 VALID OUTPUT\_ \\ HIGH Z—
AN //

Notes: (1) G may be delay up to TAVQV—TGLQ! after the falling edge of E without impact on TAVQV.
(2) TGHQZ or TEHQZ are specified from G or E, whichever occurs first.




NORMALIZED SUPPLY CURRENT

lccr.

Icc1, NORMALIZED SUPPLY CURRENT
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TYPICAL CHARACTERISTICS CURVES

SUPPLY CURRENT (STANDBY)
vs SUPPLY VOLTAGE
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lcc2. NORMALIZED SUPPLY CURRENT lcc2, NORMALIZED SUPPLY CURRENT
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SUPPLY CURRENT (ACTIVE)

vs SUPPLY VOLTAGE

MBMZ2764
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MBM2764
TYPICAL CHARACTERISTICS CURVES (Continued)
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315 515
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PROGRAMMING/ERASING INFORMATION

MEMORY CELL

DESCRIPTION

The MBM2764 is fabricated using a
single-transistor stacked gate cell
construction, implemented via
double-layer polysilicon technology.
The individual cells consist of a bot-
tom floating gate and a top select
gate (see Fig. 1). The top gate is con-
nected 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 float-
ing gate. The presence of the charge
on the floating gate causes a shift in
the cell threshold (refer to Fig. 2). In
the initial state, the cell has a low
threshold (V1H1) which will enable the
transistor to be turned on when the
cell is selected (via the top select
gate). Programming shifts the thresh-
old to a higher level (Vyyo), thus
preventing the cell transistor from
turning on when selected. The status
of the cell (i.e., whether programmed
or not) can be determined by examin-
ing its state at the sense threshold
(VTHs), as indicated by the dotted line
in Fig. 2.

CONVENTIONAL
PROGRAMMING

Upon delivery from Fujitsu, or after each
erasure (see Erasure section), the
MBM2764 has ail 65,536-bits in the “1”
or high state. “0’s” are loaded into the
MBM2764 through the procedure of pro-
gramming.

The programming mode is entered
when_+21V_is applied to the Vpp pin
and E and P are both at V| . During
programming, E is kept at V.. A 0.1 uF
capacitor between Vpp and Vgg is
needed to prevent excessive voltage
transients, which could damage the
device. The address to be programmed
is applied to the proper address pins.
Eight bit patterns are placed on the
respective output pins. The voltage
levels should be standard TTL levels.
When both the address and data are
stable, 50 msec, TTL low level pulse is
applied to the P input to accomplish
the programming.

The procedure can be done manually,
address by address, randomly, or au-
tomatically via the proper circuitry. All
that is required is that one 50 msec
program pulse be applied at each ad-
dress to be programmed. It is neces-
sary that this program pulse width not
exceed 55 msec. Therefore, applying a
DC level to the P input is prohibited
when programming.

MBM2764

Fig. 1 — MEMORY CELL

SELECT GATE

_}/DRAIN

|
1| ——FLOATING GATE
'

—F,,_’——SOURCE

Fig. 2 — MEMORY CELL THRESHOLD SHIFT
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1
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1
1
|
1
|
|
|
I
|
1

VTH1
(NOT PROGRAMMED)

VirHs VTHo

(SENSE THRESHOLD) (PROGRAMMED)

SELECT GATE VOLTAGE (V)

QUICK PRO™

In addition to the standard 50 milli-
second pulse width programming pro-
cedure, the MBM2764 can be program-
med with a fast programming algorithm
designed by Fujitsu called Quick Pro™,
The algorithm (shown in figure 3)
utilizes a sequence of 1 millisecond
pulse to program each location. This al-
gorithm will typically yield a savings of
86% in programming time per device
when utilized in commercially available
programmers. However, in custom pro-
grammer designs that require less over-
head the savings can be even greater.

The programming mode is entered
when +6V is applied to the VCC pin
followed by applying +21V to VPP pin.
A TTL low input must be applied to the
E input. Conversely, a TTL high input
must be applied to the G input. After the
programming voltages and TTL levels
have stabilized, a sequence of 1 milli-
second pulses must be applied to the P
pin for programming. After each pulse,
a pulse counter must be incremented
and the location should be checked for
accuracy. Upon verification, an addi-
tional sequence of 1 millisecond pulses
equal to the present value of the pulse
counter must be applied to the location
to ensure proper levels of stored
charge. An alternate approach to the
additional pulses would be to apply a
single TTL low pulse with a width equiv-
alent to the value of the pulse counter
multiplied by 1 millisecond. When the
pulse counter reaches a maximum of
20, the verification procedure is skipped

4-7

and a flag is set to indicate a program
failure. Upon completion of program-
ming of the entire device, a final array
verification (all locations) is required.
All Fujitsu devices will typically require
only two 1 millisecond pulses (one in-
itial and one additional) to reach proper
stored charge levels.

ERASURE

In order to clear all locations of their
programmed contents, it is necessary
to expose the MBM2764 to an
ultraviolet light source. A dosage of
15W-seconds/cm? is required to com-
pletely erase an MBM2764. This
dosage can be obtained by exposure
to an ultraviolet lamp (wavelength of
2537 Angstroms (A) with intensity of
12,000pWicm2 for 15 to 20 minutes.

The MBM2764 should be about one
inch from the source and all filters
should be removed from the UV light
source prior to erasure.

It is important to note that the
MBM2764 and similar devices, will
erase with light sources having
wavelengths shorter than 4000 A.
Although erasure times will be much
longer than with UV sources at 2537
A, nevertheless, the exposure to
fluoresc~1t light and sunlight wili
eventually erase the MBM2764 and
such exposure should be prevented to
realize maximum system reliability. If
used in such an environment, the
package windows should be covered
by an opaque label or substance.



MBM2764

PROGRAMMING/ERASING INFORMATION (Continued)

DC CHARACTERISTICS
(Ta =25+5°C, Vgg =5V 5%, Vpp = 21V +0.5V)
Parameter Symbol Min Max Unit Test Conditions
Input Leakage Current I — 10 uA V|N = 0.45V-5.25V
Output Low Voltage VoL — 0.45 v loL=2.1mA
Output High Voltage VoH 24 —_ v lon = —400xA
Vce Supply Current lcc — 100 mA —
Input Low Voltage ViL -0.1 0.8 v —
Input High Voltage ViH 20 Ve +1 \ —
Vpp Supply Current Ipp — 30 mA CE=PGM =V)_
AC CHARACTERISTICS
(Ta =25x5°C, Vgg =5V £5%, Vpp = 21V £ 0.5V)
Parameter Symbol Min Typ Max Unit
Address Setup Time TAVPL 2 — — us
E Setup Time TELPL 2 — - us
Data Setup Time TDVPL 2 — — us
Address Hold Time TGHAX 0 —_ — s
Data Hold Time [l TPHDZ 2 — — us
Chip Enable to Output Float Delay TGHQZ — — 130 ns
Vpp Setup Time TVPPHL 2 — — 1S
P Pulse Width-Conventional TPLPH 45 50 55 ms
P Puise Width-Quick-Pro™ TPLPH 0.45 1.00 1.05 ms
G Setup Time ] TDZGL 2 — — us
Data Valid from G TGLQV — — 150 ns
Notes:
] TPHDZ + TDZQL = 50ps.
PROGRAMMING WAVEFORM
ADDRESSES ADDRESS N y
TAVPL TGHAX
DATA — DATAIN STABLE o = { DATAOUT &
P4 - ) VALID
TDVPL TPHDZ TGLQV TGHQZ
Vpp i
Vep
N
TVPPHPL
ViH
E \
ViL 5
TELPL
V,
B IH \ Y
Y TPLPH
——TDZGL-‘
- le —
¢ N /
ViL




MOS Memories FUJITSU

H MBM27C64-25, MBM27C64-30
CMOS 65,536-Bit UV Erasable and
Electrically Programmable
Read Only Memory

Description

The Fujitsu MBM27C64 is a high speed 65,536-bit static Comple-
mentary MOS erasable and electrically reprogrammable read only
memory (EPROM). It is especially suited for applications where the
extremely low power consumption of CMOS is essential. The
device dissipates only 40 mW/MHz when active, typically 5sW when
in standby, yet it provides the same high speed performance as the
NMOS MBM2764-type devices.

This package is available in either a Jedec Standard 28-pin dual-in- ]
line package or a Jedec Standard 32-pin LCC package both of . S—
which have a transparent lid. The transparent lid allows the user to »
expose the device to ultraviolet light in order to erase the memory - s
bit pattern previously programmed. At the completion of erasure, a v X ]
new pattern can be programmed into the memory. !

The MBM27C64 is fabricated using CMOS double polysilicon gate
technology with single transistor stacked gate cells. It is organized —Ceramic
as 8192 words by 8-bits for use in microprocessor applications. Sin-  ...DIP-28C-
gle +5V operation greatly facilitates its use in systems.

0%v

01

Features

B CMOS Power Consumption: m Single +5V operation % SR YOV NS SO SO S
550,W max. (Standby) W 10% Vo tolerance standard - ™~

5.5uW typ. (Standby) o .
40mWIMHz (Active) W TTL compatible inputs/outputs @

tput provides OR-
B Fast Access Time: W Three-state output p

tie capability b 2
e movs max oSN

M Utilizes the same simple pro- precise data bus control ‘
gramming requirements as & Pin and function cpmpallble
MBM2764 with 2764-type devices dies

W —40°C to +85°C and —-55°C to cC-32
+125°C temp. ranges available

ip Carrier

» 0
-

B May be programmed 8 times
faster than conventional
methods using Fujitsu’s
0Ul$KPRO algorithm (see page
4-14)

49




MBM27C64-25
MBM27C64-30

MBM27C64 Block Diagram
and Pin Assignments

G

= OUTPUT ENABLE & full OUTPUT
E ———> CHIP ENABLE & BUFFER

E »{ PROGRAM LOGIC [

—t

DATA INPUT
BUFFER & |
PROGRAMMING !
CONTROL S

COLUMN
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Yo COLUMN
T » GATING
|

256x256
CELL MATRIX

Vss
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A O
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A
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© 0N O AW N =

281
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|
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15 [
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o0
Do
=3
P33
23

2

Vce
B
NC
Ag
Ag
_A11
G
Ao
E
Q7
Qs
Qs
Qg
Q3

Absolute Maximum Ratings
(See Note) Parameter

Symbol Value Unit
Temperature Under Bias Ta —-25to +85 °C
Storage Temperature Tstg —65to +125 °C
Inputs/Outputs with Respect to Vgg Vine Vout "—06to +7 \
Vgc with Respect to Vgg Vee -06to +7 \
Vpp With Respect to Vgg Vep -0.6to +22 \

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 condi-
tions for extended periods may effect device reliability. This device contains circuitry to protect the inputs against damage due to
high static voltages or electric fields. It is advised that normal precautions be taken to avoid application of any voltage higher than
maximum rated voltages to this high impedance circuit.

Functions and

Pin Connections Function
(Vec(28) = +5, Vgg(14) = GND) (DIP Pin No.)
- — Iec
Address Input Data 1/0 E G P Supply Vpp
Mode (2-10,21,23-25) (11-13,15-19) (20) (22) (27) (28) (1)
Read AN Doyr Vi Vi Vin lect Vee
Output Disable A High Z Vo Don't Care v
P! IN g L Don't Care V, cct cc
Stand By Don’t Care High Z V)y Don’t Care Don’t Care lgg, Veo
Program AN Diy Vi Vi Vie loct Vep
Program Verify Ay Dour Vi Vi Vin leor Ver
Program Inhibit Don’t Care High Z V)y Don’t Care Don't Care lgg, Vep

FUJITSU
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MBM27C64-25
MBM27C64-30

Capacitance
(Ta=25°C, f =1 MHz) Parameter Symbol Typ Max Unit
Input Capacitance (Vjy = 0V) Cin 4 6 pF
Output Capacitance (Voyr = 0V) Cout 8 12 pF
Recommended Operating
Conditions Operating
(Referenced to Vgg = GND) Parameter Symbol Min Typ Max Unit Temperature
Supply Voltage (Note 1) V¢ 450 5.0 5.50 \"
Supply Voltage Vpp Vec-06 — Vec+06 V 0°Cto +70°C
Supply Voltage Vsg — GND — Vv Note 2
Input High Voltage Viy 20 — Ve +0.3 v
Input Low Voltage Vi -0.1 — 0.8 \

Note 1. Vo must be applied either before or coincident with Vpp and removed either after or coincident with Vpp.
Note 2. —40°C to +85°C available as MBM27C64-25-X, MBM27C64-30-X —55°C to +125°C available as MBM27C64-30-W.

DC Characteristics

(Recommended operating Parameter Symbol Min Typ Max Unit

conditions unless otherwise (Note 1)

noted.)
Input Load Current (V,y = 5.50V) Iy — — 10 rA
Output Leakage Current (Vo7 = 5.50V) Lo — — 10 .y
Vpp Supply Current lpp — 1 100 A
Ve Standby Current (E = V) lsgy — — 1 mA
2/ =S\'/‘:: i ;ge‘\‘/:;c +0.3V, loyr = OmA) Ise2 - 1 100 A
Ve Active Current (E=V,) [ — — 30 mA
Vg Operation Current (f = 4MHz, lgyr = OmA) lcc2 — -— 30 mA
Output Low Voltage (I, = 2.1mA) VoL - — 0.45 \
Output High Voltage (I = —400pA) Vo 2.4 — — \"
Note 1. Ve = 5.0V and TA = 25°C.

AC Characteristics

(Recommended operating MBM27C64-25 MBM27C64-30

conditions unless otherwise Parameter Symbol Min Max Min Max Unit

noted.)
Foe ‘V"ILC,’,%‘QU\‘II':)"'“ TAVQV — 250 — 300 ns
E to Output Delay (G =V, P =V, TELQV — 250 — 300 ns
G to Output Delay E = V), P = V) TGLQV 10 100 10 150 ns
P to Output Delay (E= G = Vi TPHQV 10 100 10 150 ns
(%l:epllfltotE:aZ;)le High to Output Float TGHQZ © 60 0 105 ns
Address to Output Hold TAXQX 0 — 0 — ns

Note 2. TGHQZ is specified from E, G, or P, whichever occurs first.

AC Test Conditions

Input Pulse Levels: 0.8 Vto 2.2 V

Input Rise and Fall Time: <20nsec

Timing Measurement Reference Levels: 1.0 and 2.0V for inputs

0.8 and 2.0V for outputs
1TTL gate and C| = 100 pF

Output Load:

1"

FUJITSU
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MBM27C64-25
MBM27C64-30

Operation Timing Diagram

ADDRESSES

£ \ /
[ ——— TELQV —— |
s \ /
€~ TGLQV 3>
5
/ N\
[ TPHQV -3 l€— TGHQZ+—>]
OUTPUT High Z ‘\ \2 OUTPUT VALID A High Ze—

N

ADDRESSES VALID

X

[ E———— TAVQV ———— >

= TAXQX

Note 3. G may be delayed up to TAVQV—TGLQV after the falling edge of E without impact on TAVQV.

Typical Characteristics
Curves
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MBM27C64-25
MBM27C64-30

Typical Characteristics
Curves, continued

Output Source Current
vs Output High Voitage

H T

£ cc=sv —]
E 20 Ta=25°C—
b

o

o

5

(&)

w

g

5 10

<]

a

5

£ ™~

5 N

9] \\
o0

o 3.0 4.0 5.0

Vou. OUTPUT HIGH VOLTAGE (V}

Output Sink Current

Address Access Time

vs Output Low Voltage ¥ vs Load Capacitance

- =

< ! ! )

E e i v

20—Ta= Q Ta=25°C

= |—Ta

5 a <

z /1 @14

2 / & >

Q

X Vi 212

z <

@ 2

= N

2 / 3

'5 1, =

<) 3

5 L 2 o8

S 0 2
0 02 04 06 08 10 1.2 g o 200 400
VoL, OUTPUT LOW VOLTAGE (V) 2 C_., LOAD CAPACITANCE (pF)

Programming/Erasing
Information

Memory Cell Description
The MBM27C64 is fabricated
using a single-transistor stack-
ed gate cell construction, im-
plemented via double-layer poly-
silicon technology. The in-
dividual cells consist of a bot-
tom floating gate and a top
select gate (see Fig. 1). The top
gate is connected to the row
decoder, while the floating gate
is used for charge storage. The
cell is programmed by the injec-
tion of high energy electrons
through the oxide and onto the
floating gate. The presence of
the charge on the floating gate

causes a shift in the cell thresh-

old (refer to Fig. 2). In the initial
state, the cell has a low thresh-
old (Vyy4) 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 (Vq19), thus preventing the
cell transistor from turning on
when selected. The status of
the cell (i.e., whether program-
med or not) can be determined
by examining its state at the
sense threshold (Vyyg), as in-
dicated by the dotted line in
Fig. 2.

Upon delivery from Fujitsu, or
after each erasure (see Erasure
section), the MBM27C64 has all
65,536 bits in the “1” or high
state. “0’s” are loaded into the
MBM27C64 through the pro-
cedure of programming.

Conventional Programming
The programming mode is
entered when +21V is applied
to the Vpp pin and E and P are
both at V, . During program-
ming, E is kept at V. A 0.1uF
capacitor between Vpp and Vgg
is needed to prevent excessive

voltage transients, which could
damage the device. The ad-
dress to be programmed is ap-
plied to the proper address
pins. A pattern of eight bits are
placed on the respective output
pins. The voltage levels should
be standard TTL levels. When
both the address and data are
stable, 50 msec, TTL low level
pulse is applied to the P input
to accomplish the program-
ming.

The procedure can be done
manually, address by address,
randomly, or automatically via
the proper circuitry. All that is
required is that one 50 msec
program pulse be applied at
each address to be program-
med. It is necessary that this
program pulse width not exceed
55 msec. Therefore, applying a
DC level to the P input is pro-
hibited when programming.

Fig. 1 — Memory Cell
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MBM27C64-25
MBM27C64-30

Programming/Erasing

Information, continued Quick Pro™ Programming

In addition to the standard 50
millisecond pulse width pro-
gramming procedure, the
MBM27C64 can be programmed
with a fast programming
algorithm designed by Fujitsu
called Quick Pro™. The
algorithm (shown in figure 3)
utilizes a sequence of 1 millise-
cond pulses to program each
location. This algorithm will
typically yield a savings of 86%
in programming time per device
when utilized in commercially
available programmers.
However, in custom program-
mer designs that require less
overhead the savings can be
even greater. .

The programming mode is
entered when +6V is applied to
the VCC pin followed by apply-
ing +21V to VPP pin. A TTL low
input must be applied to the E
input and a TTL high input
must be applied to the G input.
After the programming voltages
and TTL levels have stabilized,
a sequence of 1 millisecond
pulses must be applied to the P
pin for programming. After each
pulse, a pulse counter must be
incremented and the location
should be checked for ac-
curacy. Upon verification, an
additional sequence of 1
millisecond pulses equal to the
present value of the pulse
counter must be applied to the
location to ensure proper levels
of stored charge. An alternate
approach to the additional
pulses would be to apply a
single TTL low pulse with a
width equivalent to the value of
the pulse counter multiplied by
1 millisecond. When the pulse
counter reaches a maximum of
20, the verification procedure is
skipped and a flag is set to in-
dicate a program failure. Upon
completion of programming of
the entire device, a final array
verification (all locations) is re-
quired. All Fujitsu devices will
typically require only two 1
millisecond pulses (one initial
and one additional) to reach
proper stored charge levels.

Erasure .

In order to clear all locations of
their programmed contents, it is
necessary to expose the
MBM27C64 to an ultraviolet
light source. A dosage of

15W-seconds/cm?2 is required to
completely erase an
MBM27C84. This dosage can be
obtained by exposure to an
ultraviolet lamp (wavelength of
2537 Angstroms (A) with inten-
sity of 12,000xW/cm?2) for 15 to
20 minutes. The MBM27C64
should be about one inch from
the source and all filters should
be removed from the UV light
source prior to erasure.

It is important to note that the
MBM27C64 and similar devices,

will erase with light sources
having wavelengths shorter
than 4000 A. Although erasure
times will be much longer than
with UV sources at 2537 A, nev-
ertheless, the exposure to fluo-
rescent light and sunlight will
eventually erase the MBM27C64
and such exposure should be
prevented to realize maximum
data retention. If used in such
an environment, the package
windows should be covered by
an opaque label or substance.

Fig. 3 — Quick Pro™ Program Flow Chart

Vee = 6V = 0.25V
Vpp = 21V = 05V

Tpw = 1mMms = 50us
(* = Xms * 5%)

G: START ADDRESS
N: STOP ADDRESS

MAXIMUM 40 ms + o/BYTE
MINIMUM 2 ms + o/BYTE

(FOR EXAMPLE

64K BIT EPROM
MAXIMUM 320sec + 8
MINIMUM 16sec + 8

APPLY ADDITIONAL PROG. PULSE

imsxXorXmsx1

ADDRESS +1

Quick PROTM IS A TRADEMARK OF FUJITSU LIMITED

FUJITSU
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MBM27C64-25
MBM27C64-30

DC Characteristics
(To=25+5°C,

Ve = 5V £10% (Conventional),
Voo =6V % 0.25V (Quick Pro™)
Vpp = 21V £0.5V)

Parameter Symbol Min Max Unit Test Conditions
Input Leakage Current Iy — 10 uA V| = 0.45V-5.25V
Output Low Voltage During Verify Voo —_ 0.45 \ loo =2.1mA
Output High Voltage During Verify ~ Vgy 24 — v loy = —400mA
Ve Supply Current loct — 30 mA —

Input Low Voltage Vi -01 08 v —

Input High Voltage Viy 20 Vec+03 V —

Vpp Supply Current lopp _ 30 mA E=P=V,

During Programming Pulse

Note 1. V¢ must be applied either coincidently or before Vpp and removed either coincidently or after Vpp.

Note 2. Vpp must not be greater than 21.5 volts including overshoot. Permanent device damage may occur if the device
is taken out or put into socket remaining Vpp = 21 volts. Also, during E = P =V}, Vpp must not be switched from 5

volts to 21 volts or vise-versa.

AC Characteristics
(Tp =25 £5°C, Parameter Symbol Min Typ Max Unit
Vce = 5V +10% (Conventional), : - -
Voo =6V + 0.25V (Quick ProT™™) i\ddress Setup Time TAVPL 2 us
Vpp = 21V £0.5V) E Setup Time TELPL 2 — — s
Data Setup Time TDVPL 2 — — us
Address Hold Time TGHAX 0 — — us
Data Hold Time 1] TPHDZ 2 — — us
Chip Enable to Output Float Delay TGHQZ 0 — 130 ns
Vpp Setup Time TVPPHPL 2 — — us
P Pulse Width-Conventional TPLPH 25 50 55 ms
P Pulse Width-Quick-Pro™ TPLPH 0.95 1.00 1.05 ms
G Setup Time TDZGL 2 - — us
Data Valid from G TGLQV — - 150 ns
Note[d] TPHDZ + TDZGL = 50ps.
Programming Waveform
ADDRESSES X ADDRESS N ;
TAVPL TGHAX
HIGH 2 DATA OUT
Q — DATA IN STABLE VLT F——
TDVPL TPHDZ IGLQV  TGHQZ
VPP '3
Vep
Vee
v - » TVPPHPL
_ H
E v \(
* TELPL |
O /
ViL
TPLPH TDZGL
& Vi4 —
ViL |

FUJITSU
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MOS Memories FUJITSU

B MBM27128-25, MBM27128-30

UV Erasable 131,072-Bit
Read Only Memory

Description

The Fujitsu MBM27128 is a high speed 131,072-bit static N-chan-
nel MOS erasable and electrically reprogrammable read only
memory (EPROM). It is especially well suited for applications
where rapid turn-around and/or bit pattern experimentation are
important.

A 28-pin dual in-line package or leadless chip carrier (32-pin) with
a transparent lid is used to package the MBM27128. The trans-
parent 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 MBM27128 is fabricated using N-channel double polysilicon
gate technology with single transistor stacked gate cells. It is . Cordi
organized as 16,384 words by 8-bits for use in microprocessor ap- DIP-28C-CO1
plications. Single +5V operation greatly facilitates its use in R
single supply systems.

Features

M Organized as 16,384 x 8 fully W TTL compatible
decoded inputs/outputs ah
B Low power requirement: B Three-state output with OR-tie
[550 mW (act), capability _
193 mW (standby)] M Output Enable G pin provides
B No clocks required (fully static precise control of the data bus
operation) M Single +5V operation
W Programmable utilizing the W Standard 28-pin DIP package
Quick Pro™ Algorithm R Pin compatible with Intel 27128
M Program compatible with the -
Intel intgligent Programming ™

-Leadless-Chip Carrier
Algorithm ... hCEC-32C-A01

M Fast access Time:
MBM27128-25 250 ns Max.
MBM27128-30 300 ns Max.

Quick Pro™ is a trademark of Fujitsu Microelectronics Inc. !
intgligent Programming ™ is a trademark of Intel Corporation. ! i
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MBM27128-25
MBM27128-30

MBM27128 Block Diagram
and Pin Assignments % @
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Absolute Maximum Ratings
(See Note) Parameter Symbol Unit
Temperature Under Bias Ta —25to +85 °C
Storage Temperature T§§L —65to +125 °C
Inputs/Outputs with Respect to Vgg Vins Vour -06to +7 \
Vpp With Respect to Vgg Vep -06to +22 \
Ve with Respect to Vgg Veo -06to +7 \4
Note: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are ded. Functional ion should be i to

the conditions as detailed in the operations 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 voitages or elec-
tric fields. It is advised that normal precautions be taken to avoid application of any voltage higher than maximum rated voltages to this
high impedance circuit.

Functions and

Pin Connections Function
(DIP Pin No.)
Address Input Data E G P Vee Vep Vss
Ap-Aqy Q,-Q, (20) (22) (27) (28) (1) (14)
Mode (2-10,23-26,21) (11-13,15-19)
Read A Dour Vi Vi Vin Vee Ve Vss
V Don’t Care
Output Disable Don’t G High Z v i Vee V.
utput Disable Don’t Care ig " BontCare V oc Vec Vss
Stand by Don’t Care High Z Viy Don’t Care Don'tCare Vs Vec Vss
Program A Din Vie Vi Vi Vec Vep Vss
Program Verify Ay Dour Vi Vp Viu Vee Vep Vss
Program Inhibit Don’t Care High Z V); Don’t Care Don't Care Vgc Vpp Vgs
FUJITSU
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MBM27128-25
MBM27128-30
Capacitance
(Ta=25°C, f = 1MH2) Parameter Symbol Min Typ Max Unit
Input Capacitance (V) = 0V) Cin — 4 6 pF
Ouput Capacitance (Voyr = 0V) Cout — 8 12 pF
Recommended Operating
Conditions Parameter Symbol Min Typ Max Unit Operating Temperature
(Referenced to Vgg)
Vo Supply Voltage V¢ 4.5 5.0 5.5 \
Vpp Supply Voltage  Vpp Voc—-06 — Voc+06 V 0°C to +70°C
Input High Voltage V|, 2.0 — Vo +1 \
Input Low Voltage Vi -0.1 — 0.8 \
DC Characteristics
(Recorpmended operating Parameter Symbol Min Typ Max Unit
conditions unless otherwise
noted.) Input Load Current (V,y = 5.5V) Iy - - 10 vA
Output Leakage Current (Vou1 = 5.5V) o — — 10 uA
V¢ Standby Current (E = V) leet — — 35 mA
Ve Supply Current (E = V,)) [ — — 100 mA
Vpp Supply Current (Vpp = Vg = 0.6V) lpp — — 5 mA
Output Low Voltage (Vo = 2.1mA) VoL — — 0.45 \
Output High Voltage (Ioy = — 400pA) Vou 2.4 — — \
AC Characteristics
(Recommended operating
Lo g MBM27128-25 MBM27128-30
gg;\edc?)lons unless otherwise Parameter Symbol Min Max Min Max
Address Access Time TAVQV — 250 - 300 ns
E to Output Delay TELQV — 250 — 300 ns
G to Output Delay TGLQV — 100 — 120 ns
Address to Hold Time TAXQX 0 — 0 - ns
E or G High to Output Float TGHQZ, TEHQZ 0 60 0 105 ns
AC Test Conditions
(Including programming)
Input Pulse levels: 0.8V to 2.2V o - o
Input Rise and Fall Time: <20nsec
Timing Measurement Reference Levels: 1.0V and 2.0V for inputs
0.8V and 2.0V for outputs CL
Output Load: 1 TTL gate and C| =100 pF I

FUJITSU

4-18



MBM27128-25
MBM27128-30

Operation Timing Diagram

ADDRESSES )
|8

ADDRESSES
VALID

ol

TAXQX
TGLQV Fe—=] toH

TAVQV

: y
ALID OUTPUT

toF —=i TGHQZ

Note 1. G may be delayed up to TAVQV-TGLQV after falling edge of E without impact on TAVQV.
Notes 2. TGHDZ or TEHQZ is specified from G or E respectively, which ever occurs first.

Programming/Erasing
Information

Memory Cell Description

The MBM27128 is fabricated
using a single-transistor
stacked gate cell construc-
tion, implemented via double-
layer polysilicon technology. .
The individual cells consist of
a bottom floating gate and a
top select gate (see Fig. 1).
The top gate is 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
presence of the charge on the
floating gate causes a shift in
the cell threshold (refer to Fig.
2). In the initial state, the cell
has a low threshold (V1y4)
which will enable the tran-
sistor to be turned on when
the cell is selected (via the top
select gate). Programming
shifts the threshold to a
higher level (Vq), thus
preventing the cell transistor
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 (Vyg), as in-
dicated by the dotted line in
Fig. 2.

Conventional Programming
Upon delivery from Fujitsu, or
after each erasure (see
Erasure section), the
MBM27128 has all 131,072-bits
in the “1” or high state. “0’s”
are loaded into the MBM27128

through the procedure of pro-
gramming.

The programming mode is
entered when +21V is applied
to the Vpp pin and E and P are
both at V. During programm-
ing, E is kept at V. A 0.14F
capacitor between Vpp and
Vgg is needed to prevent ex-
cessive voltage transients,
which could damage the
device. The address to be pro-
grammed is applied to the
proper address pins. Eight bit
patterns are placed on the
respective output pins. The
voltage levels should be stan-
dard TTL levels. When both

the address and data are
stable, 50 msec, TTL low level
pulse is applied to the P input
to accomplish the programm-
ing.

The procedure can be done
manually, address by address,
randomly, or automatically via
the proper circuitry. All that is
required is that one 50 msec
program pulse be applied at
each address to be programm-
ed. It is necessary that this
program pulse width not ex-
ceed 55 msec. Therefore, ap-
plying a DC level to the P in-
put is prohibited when pro-
gramming.

Fig. 1 — Memory Cell
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Fig. 2 — Memory Cell Threshold Shift
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MBM27128-25
MBM27128-30

Programming/Erasure
Information, continued

““Quick Pro™? Programming

In addition to the standard 50
millisecond pulse width pro-
gramming procedure, the
MBM27128 can be program-
med with a fast programming
algorithm designed by Fujitsu
called Quick Pro™. The
algorithm (shown in figure 3)
utilizes a sequence of 1 millise-
cond pulse to program each
location. This algorithm will
typically yield a savings of
86% in programming time per
device when utilized in com-
mercially available pro-
grammers. However, in custom
programmer designs that re-
quire less overhead the sav-
ings can be even greater.

The programming mode is
entered when +6V is applied
to the VCC pin followed by ap-
plying +21V to VPP pin. A TTL
low input must be applied to
the E input and a TTL high in-
put must be applied to the G
input. After the programming
voltages and TTL levels have
stabilized, a sequence of 1
millisecond pulses must be ap-
plied to the P pin for program-
ming. After each pulse, a pulse
counter must be incremented
and the location should be
checked for accuracy. Upon
verification, an additional se-
quence of 1 millisecond pulses
equal to the present value of
the pulse counter must be ap-
plied to the location to ensure
proper levels of stored charge.
An alternate approach to the
additional pulses would be to
apply a single TTL low pulse
with a width equivalent to the
value of the pulse counter
multiplied by 1 millisecond.
When the pulse counter
reaches a maximum of 20, the
verification procedure is skip-
ped and a flag is set to in-
dicate a program failure. Upon
completion of programming of
the entire device, a final array
verification (all locations) is re-
quired. All Fujitsu devices will
typically require only two 1
millisecond pulses (one initial
and one additional) to reach
sufficient stored charge levels.

Erasure
In order to clear all locations
of their programmed contents,

it is necessary to expose the
MBM27128 to an ultraviolet
light source. A dosage of
15W-seconds/cm? is required
to completely erase an
MBM27128. This dosage can
be obtained by exposure to an
ultraviolet lamp (wavelength
of 2537 Angstroms (A) with in-
tensity of 12,0004W/cm2 for
15 to 20 minutes. The
MBM27128 should be about
one inch from the source and
all filters should be removed
from the UV light source prior
to erasure.

It is important to note that the

MBM27128 and similar
devices, will erase with light
sources having wavelengths
shorter than 4000 A. Although
erasure times will be much
longer than with UV sources
at 2537 A, nevertheless, the
exposure to fluorescent light
and sunlight will eventually
erase the MBM27128 and
such exposure should be pre-
vented to realize maximum
system reliability. If used in
such an environment, the
package windows should be
covered by an opaque label or
substance.

Figure 3. — Quick ProT™ Flow Chart

Vgg = 6V = 0.25V
Vpp = 21V = 05V

T, = 1ms = 50us
(* = Xms % 5%)

G: START ADDRESS
N: STOP ADDRESS

MAXIMUM 40 ms + o/BYTE
MINIMUM 2 ms + o/BYTE
(FOR EXAMPLE

64K BIT EPROM

MAXIMUM 320sec + 8
MINIMUM 1i6sec + 8

APPLY ADDITIONAL PROG. PULSE
1msxXorXmsx1

ADDRESS +1

Quick PROTM is A TRADEMARK OF FUJITSU LIMITED

FUJITSU
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MBM27128-28
MBM27128-30

Programming Characteristics

DC Characteristics
(Ta=25+5°C,

Ve = 5V £5% (Conventional),
Vec=6V = 0.25V (Quick Pro™)
Vpp = 21V £0.5V)

Parameter Symbol Min Max Unit Test Conditions
Input. Leakage Current I — 10 sA V) =5.25V/0.45V
Vpp Supply Current During Programming Puise  lppy — 30 mA E=P=V,

Vpp Supply Current During Verify Ippa — 5 mA E=V, P=Vy
Vpp Supply Current Program Inhibit (Active) Ipps — mA E=Vy

Vcc Supply Current Program Inhibit lect — 35 mA E=Vy

Ve Supply Current Program & Verify lcca —_ 100 mA —

Input Low Voltage Vi -01 +08 V —

Input High Voltage Vi 20 Vge+t V —

Output Low Voltage During Verify VoL - 0.45 \ oo =21 mA
Output High Voltage During Verify Vou 24 — \ loy = —400pA

Note 1. Vo must be applied either coincidently or before Vpp and removed either coincidently or after Vpp.

Note 2. Vpp must not be greater than 21.5 volts inciuding overshot. Permanent device change may occur if the
device is taken out or put into socket remaining Vpp = 21 volts. Also, during E = P = V|, Vpp must not be

switched from V¢ to 21 volts or vise-versa.

AC Characteristics

(Ta =25 £5°C, Parameter Symbol Min Typ Max Unit
Ve =5V £5% (Conventional), Add t " - - —
Voo =6V = 0.25V (Quick ProTH) d. ress Setup Tlme‘ TAVPL 2 us
Vpp = 21V 20.5V) Chip Enable Setup Time TELPL 2 —_ — s
Output Enable Time l TDZGL 2 — — us
Data Setup Time TDVPL 2 — — us
Address Hold Time TGHAX 0 - — us
Data Hold Time [il] TPHDZ 2 —_ — us
Output Enable to Output Float Delay TGHQZ —_ — 130 ns
Data Valid from Output Enable TGLQV — — 150 ns
Vep Setup Time TVPPHPL 2 — — us
P Pulse Width-Conventional TPLPH 25 50 55 ms
P Pulse Width-Quick-Pro™ TPLPH 0.95 1.00 1.05 ms
Note[t] TPHDZ + TDZGL = 50us.
Programming Waveform
ADDRESSES X ADDRESS N X
TAVPL TGHAX
HIGH Z
a — DATA IN STABLE PAALRT a5———
TDVPL TPHDZ TGLaQV TGHQZ
Vep Vep 7
Vee
v TVPPHPL
IH——\
E v g
L
TELPL
— Viu —_— s
P v
n *Wﬁ{/ TDZGL
v ' :
— H ;
G Vi L/

FUJITSU
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MOS Memories FUJITSU

B MBM27256-20, MBM27256-25, MBM27256-30
CMOS 32,768 X 8-Bit UV Erasable and
Electrically Programmable
Read Only Memory

Description

The Fujitsu MBM27256 is a high speed 262,144-bit static N-channel
MOS erasable and electrically reprogrammable read only memory
(EPROM). It is especially well suited for applications where rapid
turn-around and/or bit pattern experimentation, and low-power con-
sumption are important.

A 28-pin dual in-line package with a transparent lid and 32-pad
leadless chip carrier (LCC) are used to package the MBM27256. The
transparent lid allows the user to expose the device to ultraviolet
light in order to erase the memory bit pattern previously programm-
ed. At the completion of erasure, a new pattern can then be written
into the memory.

The MBM27256 is fabricated using N-channel double polysilicon ...DIP-28C-CO1.
gate technology with single transistor stacked gate cells. It is
organized as 32,768 words by 8-bits for use in microprocessor ap-
plications. Single +5V operation greatly facilitates its use in
systems. ’

Features

H 32,768 words by 8-bits organiza- M Three state output with OR-tie
tion, fully decoded capability

B Programming utilizing the W Output Enable (OE) pin for
Quick Pro™ Algorithm simplified memory expansion

M Programs with two 1 ms pulses M Fast Access Time:

B Low Power requirement MBM27256-20 200 ns max.
[525 mW (act.), MBM27256-25 250 ns max. -
210 mW (standby)] MBM27256-35 300 ns max. Ceramic Pach

B No clocks required (fully static M Single +5V operation ....LCC-32C-A01
operation) M Standard 28-pin DIP

B TTL compatible inputs and package/32-pad LCC
outputs
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MBM27256-20
MBM27256-28
MBM27256-30

MBM27256 Block Diagram

0, [
and Pin Assignments " s Voo LT " 281 Vee
I; __________ ‘] A2 27 [J A
A, []3 26[ ] A1z
OE OUTPUT ENABLE & ouTPUT A4 25[7] Ag
_ CHIP ENABLE & BUFFER
CE——={ PROGRAMLOGIC [ As ()5 24 A,
A6 S = 23[]A,
D, a7 RZ 206
DATA INPUT b F >
Beedinuno | N D B =
PR =
CONTROL S, aAs 2¢ 2[E
______ A, (10 19 Q,
___________ Q, 1 1817 Qq
Yo COLUMN
Ao COLUMN T GATING Q, 12 177 Qs
DECODER ! Q,[]13 1617 Q,
Vs []14 15[7aq,
512 x 512
CELL MATRIX
Vep Vce
Vep Vee GND
Absolute Maximum Ratings
(See Note) Parameter Symbol Value Unit
Temperature Under Bias Ta -25to0 +85 °C
Storage Temperature Tstg —65 to +125 °C
Inputs/Outputs with Respect to GND Vine Vour ~06to +7 v
Vpp with Respect to GND Vpp —-0.6to +22 \
Ve With Respect to GND Voo -0.6to +7 \
Note: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are Fi ional ion should be
restricted to the conditions as detailed in the operational sections of this data sheet. to rating condi-

tions for extended periods may effect device reliability. This device contains circuitry to protect the inputs against damage due to
high static voltages or electric fields. It is advised that normal precautions be taken to avoid application of any voltage higher than

rated voltages to this high il circuit.
Functions and
Pin Connections Function o
(DIPPin No.) Address input Data 1/O CE OE Vee Vpp QND
- (2~10,21, (11~13, (20) (22) (28) 1) (14)
23~27) 15~19)

Mode
Read An Dour Vi Vi Voo Voo GND
Output Disable Ay High Z Vi Vm Voo Voo GND
Stand By Don't Care High Z Vi Don'tCare Vg Veo GND
Program AN Din Vii Vi Veo Vep GND
Program Verify Ay Dour Vi Vi Voo Vpp GND
Program Inhibit  Don’t Care High Z Vyy Don'tCare Vg Vep GND

FUJITSU
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MBM27256-20
MBM27256-25
MBM27256-30
Capacitance
(To=25°C, f =1 MH2) Parameter Symbol Min Typ Max Unit
Input Capacitance (V,y = 0V) Cin — 4 6 pF
Output Capacitance (Vo1 = 0V) Cour — 8 12 pF
Recommended Operating Operating
Conditions Parameter Symbol Min Typ = Max Unit Temperature
(Referenced to GND)
Ve Supply Voltage() Veo 4.75 5.0 5.25 v
Vpp Supply Voltage Vpp Vo —-06 — Voo +0.6 \% 0°Cto +70°C
Input High Voltage Vi 2.0 — Voo +1 \"
Input Low Voltage Vi -0.1 — 0.8 \

Note 1. Vo must be applied either before or coincident with Vpp and removed either after or coincident with Vpp.

DC Characteristics
(Recommended operating

conditions unless otherwise Parameter Symbol Min Typ Max Unit

noted,) input Load Current (V,y = 5.25V) I — — 10 4A
Output Leakage Current (Vo7 = 5.25V) Lo — — 10 pA
Vg Standby Current (CE=V,y) leot — — 40 mA
Ve Supply Current (CE= V) lccz — — 100 mA
Vpp Standby Current (Vpp =V +0.6V) Ipp — — 5 mA
Output Low Voltage (I, = 2.1 mA) VoL — — 045 V
Output High Voltage (I = —400pA) Von 2.4 — — \

AC Test Conditions

Input Pulse Levels: 08Vto22V
Input Rise and Fall Times: =< 20 ns
Timing Measurement Reference Levels: 1.0 V and 2.0 V for inputs

0.8 V and 2.0 V for outputs C,
Output Load: 1 TTL gate and C,_ =100 pF T
AC Characteristics
(Recommended operating MBM27256-20 MBM27256-25 MBM27256-30
conditions unless otherwise Parameter Symbol Min Typ Max Min Typ Max Min Typ Max Unit
noted) Address to Output Delay™! taco - - 200 — — 250 — — 300 ns
CE to Output Delay tee - - 200 — — 250 @ — — 300 ns
OE to Output Delay*! toe 10 — 70 10 — 100 10 — 120 ns
Address to Output Hold ton 0 — - 0 - - 0 — — ns
Output Enable High _ _
to Output Float*2 tor o - & o 60 0 105 ns
Notes: _
*1. OE may be delayed up to tycc—to after the falling edge of CE without impact on tacc.
*2. tpr is specified from OE or CE, whichever occurs first. Output Float is defined as the point where data is no
longer driven.
FUJITSU
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MBM27256-20
MBM27256-25
MBM27256-30

Operation Timing Diagram

Vig — ADDRESS
ADDRESS :: B VALID
CE Viu - \ j’
Ve T tor
|— tcg —>| <
% Vm- \ A
Vi T
I"'oz’»‘ ton
|t cc >
Vou - HIGH-Z /777 HIGH-Z
VALID OUTPUT
OUTPUT - ARAN®

Programming/Erasing
Information

Memory Cell Description

The MBM27256 is fabricated
using a single-transistor
stacked gate cell construction,
implemented via double-layer
polysilicon technology. The
individual cells consist of a
bottom floating gate and a top
select gate (see Fig. 3). The top
gate is 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
presence of the charge on the
floating gate causes a shift in
the cell threshold (refer to Fig.
4). In the initial state, the cell
has a low threshold (V1)
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
transistor 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 (Vyg), as indicated by
the dotted line in Fig. 2.

Conventional Programming

Upon delivery from Fujitsu, or
after each erasure (see Erasure
section), the MBM27256 has all
262,144 bits in the “1”, or high,
state. “0’s” are loaded into the
MBM27256 through the pro-
cedure of programming.

Quick Pro™ Programming

The programming mode is en-
tered when +12.5V and +6V
are applied to the Vpp pin and
V¢ pin respectively, and CE
and OE are V). A 0.14F

capacitor between Vpp and
GND is needed to prevent ex-
cessive voltage transients,
which could damage the device.
The address to be programmed
is applied to the proper address
pins. The 8 bit pattern are
placed on the respective data
output pins. The voltage levels
should be standard TTL levels.
When both the address and
data are stable, a 1 msec, TTL
low-level pulse is applied to the
CE pin and after that additional
pulse is applied to the CE pin
to accomplish the programming.

Procedure of Quick Pro™
(Refer to the attached flow
chart.)

1

=

2

3
4

5

7

Input the start address
(Address = G).

Set the Voo =6V and Vpp=
12.5V.

Data input.

Compare the input data. If
data are FF, jump to the 11).
If data are not FF, proceed
the next step.

Set the number of program-
ming pulse to 0. (X=0).

Apply ONE programming
pulse to CE pin (tpyy =1 ms
Typ.)

Count the programming
pulse (X=X+1).

Fig. 1 — Memory Cell

Select Gate

iy

J,/ Drain

| Floating Gate

_—*_,,_,/ Source

Fig. 2 — Memory Cell Threshold Shift

1
=
° Not Programmed | Programmed
o wqn | «gr
2 |
c
« !
o
[~ |
= |
r | Program
N ]
5 1
g | E
3 | Erase
e
< |
= I
-
H |
= |
3 1 1 L !
VTH1 VTH VTHo

(Not Programmed)

T H
(Sense Threshold) (Programmed)

Select Gate Voltage (V)
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MBM27256-20
MBM27256-25
MBM27256-30

Programming/Erasing
Information, continued

8) Compare the number of pro-
gramming pulse. If X=20,
jump to the 10). If X< 20,
proceed the next step.

9) Verify the data. |f program-
med data are the same as
input data, proceed the next
step. If programming data
are not the same as input
data, repeat the 6) thru 8).

10) Apply the additional pro-
gramming pulse to the CE
pin (1 ms x X or X ms x 1).

11) Compare the address. If the
programmed address is end
address, proceed the next
step.

If the programmed address
is not end address, proceed
from step 3) for next ad-
dress (G +).

12) Verify the data. If program-
med data are not the same
as input data, the part is no
good. If programmed data
are the same as input data,
programming is end.

All that is required is that one 1
msec program pulse be applied
at each address to be program-
med. It is necessary that one
program pulse width does not
exceed 1.05 msec. Therefore,
applying a DC level to the PGM
input is prohibited when pro-
gramming.

In order to clear all locations of
their programmed contents, it is
necessary to expose the
MBM27256 to an ultraviolet
light source. A dosage of
15W-seconds/cm? is required to
completely erase an
MBM27256. This dosage can be
obtained by exposure to an
ultraviolet lamp (wavelength of
2537 Angstroms (A) with inten-
sity of 12,000pW/cm?2) for 15 to
20 minutes. The MBM27256
should be about one inch from
the source and all filters should
be removed from the UV light
source prior to erasure.

It is important to note that the
MBM27256 and similar devices,
will erase with light sources
having wavelengths shorter
than 4000 A. Although erasure
times will be much longer than
with UV sources at 2537 A, nev-
ertheless, the exposure to fluo-
rescent light and sunlight will
eventually erase the MBM27256
and such exposure should be
prevented to realize maximum
system reliability. If used in
such an environment, the
package windows should be
covered by an opaque label or
substance.

Programming Waveform

| «—— PROGRAM ——»|«——VERIFY—»

tas
-

ADDITIONAL

PROGRAM I
'AH
|4._,‘

=~

ADDRESSES X ‘K
tor tos ton tov tor
e B -] |- I<—>
— \ o
DATA DATA IN STABLE } At~ DATAIN STAB;>——

tow

tces  toes

DAY
=E Vin - — \ \ s
CE \
v, — C i L/
* _/ toen 'OAT

oF Vin =
Vi—

tces

<

/

*itpw=1xXms
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MBM27266-20
MBM27256-25
MBM27256-30

Programming/Erasing
Information, continued

DC Characteristics
(To=25°£5°C,

Vgo = 6V £.025V,
Vpp = 125V +£0.5V)

Parameter Symbol Min Typ Max Unit
Input Leakage Current

(Vi = 5.25V/0.45V) lu - - 10 A
Vpp Supply Current During

Programming Pulse (CE=V,)) lep - - 30 mA
Ve Supply Current loc — — 30 mA
Input Low Voltage \n -0.1 — 0.8 \i
Input High Voltage ViH 20 — Vgc+0.3 Vv
Output Low Voltage During Verify _ _

(lo, = 2.1 mA) VoL 0.45 v
Qutput High Voltage During Verify Vo 24 _ _ v

(lon = —4004A)

Notes:

(1) Vg must be applied either coincidently or before Vpp and removed either coincidently or after Vpp.

(2) Vpp must not be greater than 13 V including overshoot. Permanent device damage may occur if the device is taken
out or put into socket remaining Vpp = 12,5 volts. Also, during CE = V)|, Vpp must not be switched from 5 volts to 12.5

volts or vise-versa.

AC Characteristics
(Ta=25+5°C,

Voo = 6V +0.25V,
Vpp = 21V +0.5V)

Parameter Symbol Min Typ Max Unit
Address Setup Time tas 2 — — us
CE Setup Time tees 2 — — us
OE Setup Time toes 2 — — us
Data Setup Time tos 2 — - us
Vpp Setup Time tys 2 — — us
Address Hold Time tan 2 — - us
OE Hold Time* toEH 2 — — us
Data Hold Time o 2 — — us
OE Recovery Time* toa 2 — — us
CE to Output Valid tov — — 1 us
Output Disable to Output Fioat Delay tor — — 130 ns
Programming Pulse Width tow 0.95 1 1.05 ms

*togH + tor = 50 ks

FUJITSU
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MBM27256-20
MBM27256-25
MBM27256-30

Programming /Erasing
Information, continued

Fig. 3 — Quick Pro™ Program Flow Chart

ADDRESS = G

Vee = 6V = 0.25V
Vpp = 21V = 0.5V

Tow = 1 ms = 50us
('p: X ms = 5%)

G: START ADDRESS
N: STOP ADDRESS

MAXIMUM 40 ms + o/BYTE
MINIMUM 2 ms + o/BYTE

(FOR EXAMPLE

64K BIT EPROM
MAXIMUM 320sec + 3
MINIMUM 16sec + 3

APPLY ADDITIONAL PROG. PULSE
1msxXorXmsx1

ADDRESS + 1

QUICK PROTM |S A TRADEMARK OF FUJITSU LIMITED

FUJITSU
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MOS Memories

FUJITSU

B MBM27C256-25, MBM27C256-30, MBM27C256-45
CMOS 32,768 X 8-Bit UV Erasable and
Electrically Programmable
Read Only Memory

Description

The Fujitsu MBM27C256 is a high speed 262,144-bits complementary
MOS erasable and electrically reprogrammable read only memory
(EPROM,). It is especially well suited for application where rapid
turn-around and/or bit pattern experimentation, and low-power con-

sumption are important.

A 28-pin dual-in line package with a transparent lid and 32-pad
leadless chip carrier (LCC) are used to package the MBM27C256.
The transparent lid allows the user to expose the device to ultra-
violet light in order to erase the memory bit pattern previously pro-
grammed. At the completion of erasure, a new pattern can then be

written into the memory.

The MBM27C256 is fabricated using CMOS double polysilicon gate
technology with single transistor stacked gate cells. It is organized
as 32,768 words by 8-bits for use in microprocessor applications.
Single +5V operation greatly facilitates its use in systems.

Features

B CMOS Power Consumption:
550 »W max. (Standby)
40 mW/MHz (Active)

W 32,768 words by 8-bits organiza-
tion, fuly decoded

B Simple programming re-
quirements

M Single location programming

B High speed programming
algorythm (typically two 1 ms
pulses)

M No clock required (fully static
operation)

B TTL compatible inputs and out-
puts
H Three state output with OR-tie
capability
B Output Enable G pin for
simplified memory expansion
B Fast Access Time:
MBM27C256-25 250 ns max.
MBM27C256-30 300 ns max.
MBM27C256-45 450 ns max.
H Single +5V operation
M Jedec Standard 28-pin DIP
package/32-pad LCC

4-29
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MBM27C256-25
MBM27C256-30
MBM27C256-45

MBM27C256 Block Diagram
and Pin Assignments

Vep (1 28 v
I, __________ <{ A []2 27['Aqq
A, []3 26[] Az
G———= OUTPUT ENABLE & OUTPUT A4 25171 Aq
_ CHIP ENABLE & BUFFER
E———=| PROGRAMLOGIC [ A; (5 24[7] Ay
’ A ]6 = E 23[ Ay,
AC]7 N2 22[JG
DATA INFUT Do A“ g s 2% ” g R
BUFFER Ed
PROGRAMMING I = Y -t
CONTROL D, A, [j 9 ~ g 20 E
______ A, []10 19[]0Q,
___________ Q, 11 18[70q,
Y, COLUMN
A COLUMN ;° GATING Q,[]12 171 Qs
s DECODER : Q,[]13 1610,
Vss []14 15070
512 x 512
CELL MATRIX
N ! 45
Vep Vee Vss [oX+]
T
<N
73
3
S
Absolute Maximum Ratings
(See Note) Parameter Symbol Value Unit
Temperature Under Bias Ta -25to +85 °C
Storage Temperature Ts_lg_ —65to +125 °C
Inputs/Outputs with Respect to GND Vine Vour -06to +7 \
Vpp with Respect to GND Vep -0.6to +22 \
Ve with Respect to GND Voo -0.6to +7 \
Note: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are ded. Fi ional should be
restricted to the conditions as detailed in the c i of this data sheet. Exp to absol i rating condi-

tions for extended periods may effect device re'lvlabilny‘ This device contains circuitry to protect the inputs against damage due to
high static voltages or electric fields. It is advised that normal precautions be taken to avoid application of any voltage higher than

rated voltages to this high imped circuit.
Functions and
Pin Connections Function — —
(DIPPin No.) Address Input Data E G Vee Vpp Vss
(2~10,21,23~27) (11~13,15~19)  (20) (22) (28) 1) (14)
Mode
Read An Doyt Vi Vi Veo Veo GND
Output Disable  Aj High Z Vi Vm Voo Voo GND
Stand By Don’t Care High Z Viy Don'tCare Vgo Vee GND
Program AN Din Vi VH Voo Vpp GND
Program Verify Ay Dour Vi Vi Veo Vep GND
Program Inhibit  Don’t Care High Z Viy Don’tCare Vgo Vpp GND

FUJITSU
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MBM27C256-25
MBM27C256-30
MBM27C256-45

Capacitance

(Ta=25°C, f=1MHz) Parameter Symbol Min Typ Max Unit
Input Capacitance (V)y = 0V) Cin — 4 6 pF
Output Capacitance (Vg1 = 0V) Cour — 8 12 pF
Recommended Operating
Conditions Operating
(Referenced to GND) Parameter Symbol Min Typ Max Unit  Temperature
Ve Supply Voltage® Veo 4.50 5.0 5.50 v
Vep Su;?ply Voltage Vpp Voc =06 — Vec +0.6 \ 0°C to +70°C
Input High Voltage Viy 20 — Vec+03 V
Input Low Voltage Vi -01 . - 0.8 \

Note 1. Vi must be applied either before or coincident with Vpp and removed either after or coincident with Vpp.

DC Characteristics

(Recommended operating Parameter Symbol Min Typ Max Unit

oty untess otherwise - joo it Toad Current (Vi = 5.25V) Iy — - 10 4A
Output Leakage Current (Vouy = 5.25V) o — — 10 A
Vep Supply Current lpp — 1 100 uA
V¢ Standby Current (E = V,,)) [ - — 1 mA
zlﬁ?:: e 1 IZ??/‘CC +0.V, lour = OmA) lsg2 - 1 100 uA
V¢c Active Current (E = V) [ — — 30 mA
V¢ Operation Current (f = 4AMHz, | ;; = OmA) lcon - — 30 mA
Output Low Voltage (I = 2.1mA) VoL — — 0.45 \
Output High Voltage (Ioy = —400xA) o 24 — — \
Output High Voitage (Ioy = —100xA) Vonz V=07 — — Vv

AC Test Conditions

Input Pulse Levels: 08Vto 20V
Input Rise and Fall Time: =20 ns
Timing Measurement Reference Levels: 1.0V and 2.0 V for inputs

0.8 V and 2.0 V for outputs c
Output Load: 1TTL gate and C_= 100pF I L
AC Characteristics
(Recommended operating MBM27C256 MBM27C256 MBM27C256
conditions unless otherwise -25 -30 -45
noted.) Parameter Symbol Min Max Min Max Min Max Unit
Address to Output Delay _ _ _
E=G=V,) TAVQV 250 300 450 ns
E to Output Delay (G=V,)  TELQV — 250 — 300 — 450 ns
G to Output Delay (E= \'M) TGLQV — 100 — 120 — 150 ns
Output Enable High _
to Output Float (See Note) TGHGZ 0 60 0 105 130 ns
Address to Output Hold TAXQX 0 — 0 — 0 — ns

Note: TGHQZ is specified from E, or G, whichever occurs first.

FUJITSU
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MBM27C256-25
MBM27C256-30
MBM27C256-45

Programming/Erasing
Information, continued

The programming mode is
entered when +6V is applied
to the VCC pin followed by ap-
plying +21V to VPP pin. A TTL
low input must be applied to
the E input and a TTL high in-
put must be applied to the G
input. After the programming
voltages and TTL levels have
stabilized, a sequence of 1
millisecond pulses must be ap-
plied to the P pin for program-
ming. After each pulse, a pulse
counter must be incremented
and the location should be
checked for accuracy. Upon
verification, an additional se-
quence of 1 millisecond pulses
equal to the present value of
the pulse counter must be ap-
plied to the location to ensure
proper levels of stored charge.
An alternate approach to the
additional pulses would be to
apply a single TTL low pulse
with a width equivalent to the
value of the pulse counter

multiplied by 1 millisecond.
When the pulse counter
reaches a maximum of 20, the
verification procedure is skip-
ped and a flag is set to in-
dicate a program failure. Upon
completion of programming of
the entire device, a final array
verification (all locations) is re-
quired. All Fujitsu devices will
typically require only two 1
millisecond pulses (one initial
and one additional) to reach
sufficient stored charge levels.

Erasure

In order to clear all locations of
their programmed contents, it is
necessary to expose the
MBM27C256 to an ultraviolet
light source. A dosage of
15W-seconds/cm? is required to
completely erase an
MBM27C256. This dosage can
be obtained by exposure to an
ultraviolet lamp (wavelength of

2537 Angstroms (A) with inten-
sity of 12,000uW/cm?) for 15 to
20 minutes. The MBM27C256
should be about one inch from
the source and all filters should
be removed from the UV light
source prior to erasure.

It is important to note that the
MBM27C256 and similar
devices, will erase with light
sources having wavelengths
shorter than 4000 A. Although
erasure times will be much
longer than with UV sources at
2537 A, nevertheless, the ex-
posure to fluorescent light and
sunlight will eventually erase
the MBM27C256 and such ex-
posure should be prevented to
realize maximum system
reliability. If used in such an en-
vironment, the package win-
dows should be covered by an
opaque label or substance.

DC Characteristics
(Tp=25%5°C,

Vcc =6V =0.25V,
Vpp = 21V £0.5V)

Parameter Symbol Min Typ Max Unit

Input Leakage Current _ _

(Vi = 5.25V/0.45V) u 10 HA

Vpp Supply Current During _

Programming Pulse (E=V)) lpp - 30 mA

Ve Supply Current loc — — 30 mA

Input Low Voltage Vi -0.1 — 0.8 \

Input High Voltage ViH 2.0 — Voc+0.3 Vv

Output Low Voltage During Verify _ _

(o = 2.1 mA) Vou 0.45

Output High Voltage During Verify v 24 v
OH - - -

(loy = —400.A)

Notes:

(1) Ve must be applied either coincidently or before Vpp and removed either coincidently or after Vpp.
(2) Vpp must not be greater than 21.5 V including overshoot. Permanent device damage may occur if the device is
taken out or put into socket remaining Vpp = 21 volts. Also, during E= V|, Vpp must not be switched from 5 volts to 21

volts or vise-versa.

FUJITSU
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MBM27C256-25
MBM27C256-30
MBM27C256-45

Operation Timing Diagram

ADDRESSES >< ADDRESSES VALID ‘;(
7
TAXQX
-« TAVOV————> P
E s 1‘
———TELQV ——>
G
Sl P
|<—‘re|.ov—> < TGHOZ [~
ouTRUT HIGH Z L OUTPUT VALID HIGH Z—
AN

Notes:

2. TGHQZ is specified from E or G, whichever occurs first.

1. G may be delayed up to TAVQV—TGLQV after the falling edge of E without impact on TAVQV.

Programming/Erasing
Information

Memory Cell Description

The MBM27C256 is fabricated
using a single-transistor stack-
ed gate cell construction, im-
plemented via double-layer poly-
silicon technology. The in-
dividual cells consist of a bot-
tom floating gate and a top
select gate (see Fig. 3). The top
gate is connected to the row
decoder, while the floating gate
is used for charge storage. The
cell is programmed by the injec-
tion of high energy electrons
through the oxide and onto the
floating gate. The presence of
the charge on the floating gate
causes a shift in the cell thresh-
old (refer to Fig. 4). In the initial
state, the cell has a low thresh-
old (Vry4) 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 (V0), thus preventing the
cell transistor from turning on
when selected. The status of
the cell (i.e., whether program-
med or not) can be determined
by examining its state at the
sense threshold (Vyg), as in-
dicated by the dotted line in
Fig. 4.

Conventional Programming

Upon delivery from Fujitsu, or
after each erasure (see Erasure
section), the MBM27C256 has
all 262,144 bits in the “1”, or
high, state. “0’s” are loaded in-
to the MBM27C256 through the
procedure of programming.

The programming mode is en-
tered when +21V is applied to
the Vpp pin and E is at V. Dur-
ing programming, E is kept at
V). A 0.14F capacitor between
Vpp and Vgg is needed to pre-

vent excessive voltage tran-
sients, which could damage the
device. The address to be pro-
grammed is applied to the pro-
per address pins. A pattern of
eight bits are placed on the
respective output pins. The
voltage levels should be stan-
dard TTL levels.

The procedure can be done
manually, address by address,
randomly, or automatically via
the proper circuitry. All that is
required is that one 50 msec pro-
gram pulse be applied at each
address to be programmed. It is
necessary that this program
pulse width not exceed 55.0
msec.

¢Quick Pro’’ Programming

In addition to the standard 50
millisecond pulse width pro-
gramming procedure, the
MBM27C256 can be program-
med with a fast programming
algorithm designed by Fujitsu
called Quick Pro™. The
algorithm (shown in figure 3)
utilizes a sequence of 1 millise-
cond pulse to program each
location. This algorithm will
typically yield a savings of
86% in programming time per
device when utilized in com-
mercially available pro-
grammers. However, in custom
programmer designs that re-
quire less overhead the sav-
ings can be even greater.

Fig. 1 — Memory Cell

Select Gate

!
| G Floating Gate
'

_*’,/ Source

Fig. 2 — Memory Cell Threshold Shift

Current Through Cell Transistor

]
Not Programmed | Programmed
wqr i “wgr
|
|
i
H Program
1
|
: Erase
|
|
|
I
1 1 1 1
VTH1 VTHs VTHo

(Not Programmed)

(Sense Threshold) (Programmed)

Select Gate Voltage (V)

FUJITSU




MBM27C256-25
MBM27C256-30
MBM27C256-45

AC Characteristics

(Ta=25x5°C, Parameter Symbol Min Typ Max Unit
Voo =5V 5% .
Vep = 21V £0.5V) f\_ddress Setup Time TAVEL 2 - — us
E Setup Time TEHGH 2 — — us
G Setup Time TGHEL 2 — - us
Data Setup Time TDVEL 2 - — us
Vpp Setup Time TVPPHEL 2 — — us
Address Hold Time TEHAX 2 — — us
G Hold Time TEHGL 2 — — us
Data Hold Time TEHDZ 2 — — us
G Recovery Time TGLEL 2 — — us
E to Output Valid TELQV — — 1 us
Output Disable to Output Float Delay TEHQZ — — 130 ns
Programming Pulse Width -Quick-Pro™ TELEH 0.95 1.00 1.05 ms
Programming Pulse Width-Conventional TELEH 45 50 55
TEHGL + TGLEL > 50 us
Programming Waveform
r—- TAVEL > TEHAX
\
ADDRESSES X ‘&
TEHQZ TDVEL TEHDZ TELQV TEHQZ
j > |- I« —| |-
VPP
Ver v —f
TVPP;;U -
\ TELEH f
Viy \ 2
E Vi _/ \ 7
TGHEL|
TEHGL | [TGLEL
& Vin

FUJITSU
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Bipolar RAMs

Quick Guide To Products in This Section

Maximum
Power
Access Power Dissipation
Technology Organization Time Supply with Typical Package Page
(max) Volts Power
Supply
MBT7072E ECL 256 x 4 125nS +5.2 1040 mW 22-pin 52
MBM10415AH  ECL 1K x 1 20nS ~5.2 780 mW 16-pin 57
MBM10422 ECL 256 x 4 10nS -5.2 1040 mwW 24-pin 5-12

MBM10422A-7 ECL 256 x 4 7nS -5.2 1040 mW 24-pin 517

MBM10470A-10 ECL 4K x 1 20nS -5.2 1040 mW 18-pin 5-22
MBM10480-25  ECL 16K x 1 25nS ~5.2 936 mW 20-pin 5-30
MBM93419 TTL 64 x 9 45nS +5 1000 mW 28-pin 5-34
MBM100422A-7 ECL 256 x 4 7nS ~45 900 mW 24-pin 5-38
MBM100474-15 ECL 1K x4 15nS —4.5 900 mW 24-pin 5-42
MBM100480-256 ECL 16K x 1 15nS —4.5 1100 mW 20-pin 5-47




FUJIT

MICROELECTRONICS, INC.

ECL 256 X 4-BIT BIPOLAR
RANDOM ACCESS MEMORY

MB7072E

DESCRIPTION

The Fujitsu MB7072 is a fully
decoded 1024-bit ECL read/write
random access memory designed
for high-speed scratch pad, con-
trol and buffer storage applica-
tions. The MB7072 offers extreme-
ly small cell and chip sizes, realiz-
ed through the use of Fujitsu’s
patented DOPOS (Doped Polysili-

con), as well as |OP (Isolation by
Oxide and Polysilicon) proces-
sing. As a result, very fast access
time with high yields and out-
standing device reliability are
achieved in volume production.
Operation for the MB7072 is
specified over a temperature
range of 0°C to 75°C (ambient).

FEATURES
¢ Organized as 256 words by e Address Access Time:
4-bits MB7072E 12ns Max.

¢ On-chip voltage
compensation for improved
noise margin

e DOPOS and IOP Processing
¢ Two block select pins for

flexibility in organization CERAMIC PACKAGE

¢ Fully compatible with DIP-22C-F01
industry standard 10K-series
ECL families
Fig. 1-MB7072E BLOCK DIAGRAM
As Ag Az
Y — DECODER/DRIVER ]
T T T
] | | _ —_
he O j I ! ! 8, 7 2w
Az O— ; : 256 X 4 BITS CELL ARRAY [} Eo C 2 21 M1 Vee
N ! } | Ao O3 20 [ Veco
g 1 : | A 19[q
A1 O— E BLOCKO : BLOCK1 | BLOCK2 : BLOCK3 Ay s ﬁg 18 []Qq
2o O—1 ! : | s 8% v
| 8 1 ] ! A, 7 28 18[00
_ i 11 L As (e 15 Do
w SAMWA SAMWA : SAMWA SAWA
[ ] | ] Ag (]9 14 [Jb,
Q Do a; D a, 0 a; Dy vege 1 12Dy
TRUTH TABLE
INPUT
B w pi | OUTPUT MODE Small geometry bipolar integrated circuits
_ are occasionally susceptible to damage
H X X L DISABLE H = HIGH VOLTAGE LEVEL from static voltages or electric fields. It is
———{ L = LOW VOLTAGE LEVEL therefore advised that normal precautions
L] L |H L WRITE “H X = DON'T CARE be taken to avoid application of any voltage
L L L L WRITE “L” higher than maximum rated voltages to this
Ll H | X DO | READ device.




ABSOLUTE MAXIMUM RATINGS (see Note)

MB7072E

Rating Symbol Value Unit
Vgg Pin Potential to Ground Pin (Vo) VEE +0.5to -7.0 \
Input Voltage VIN +0.5 to Vgg Vv
Output Current (DC, Output High) lout -30 mA
Temperature Under Bias Ta -25to +125 °C
Storage Temperature TstG —65to +150 °C

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

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

GUARANTEED OPERATING RANGES

Functional operation should be restricted

Supply Voltage (Vgg)
Part Number Ambient Temperature
Min Typ Max
MB7072 E —5.46V -5.2V —4.94V 0°Cto 75°C
CAPACITANCE
Parameter Symbol Min Typ Max Unit
*Input Pin Capacitance CiN — — 8 pF
Output Pin Capacitance Cout — — 8 pF
*B Capacitance = 12pF (max)
DC CHARACTERISTICS
(Vee = Veco = 0V, VEg = —5.2V, Output Load = 502 to —2.0V, with transverse airflow = 2.5 m/s, unless otherwise noted.)
Parameter Symbol Min Typ Max Unit Ta
—1000 — -840 0°C
Output High Voltage VoH —-960 — -810 mV 25°C
VIN = ViHmax OF ViLmin) —900 - -720 75°C
—-1870 — -1665 0°C
Output Low Voltage VoL —1850 —_ -1650 mv 25°C
(VIN = ViNmax O ViLmin) —1830 - —1625 75°C
-1020 — - 0°C
Output High Voltage VoHc —980 — — mV 25°C
VIN = ViHmin Or ViLmax) —-920 - — 75°C
— — ~1645 0°C
Output Low Voltage VoLc - —_— ~1630 mV 25°C
(VIN = ViHmin 0T ViLmax - - —1605 75°C
—1145 — -840 0°C
Input High Voltage (Guaranteed Input ViH -1105 — -810 mV 25°C
Voltage High for All Inputs) —1045 — -720 75°C
—1870 — ~1490 0°C
Input Low Voltage (Guaranteed Input ViL —1850 — -1475 mV 25°C
Voltage Low for All Inputs) —1830 — ~1450 75°C
*Input High Current (ViN = ViHmax) i1 — — 220 pA 0°t0 75°C
**Input Low Current (ViN = ViLmin) i, 0.5 — 170 A 0°to 75°C
Power Supply Current
(All Inputs and Output Open) 135 —200 - - mA 0°to 75°C

“B Input High Current = 300uA (max)
**B Input Low Current = 240uA(max)




MB7072E
AC CHARACTERISTICS

(Vee = Veco =0V, VEg = —5.2V £5%, Tp =0° to +75°C with transverse airflow = 2.5 m/s, Output Load = 5002 to —2V
and 15 pF to GND, unless otherwise noted.)

Fig. 2 — AC TEST CONDITIONS

GND

T 09V - —— - 80%

Vee: Veco -1V 20%
Qy—- Q4 tr i
RL
VEE cL ty = tf = 2.5ns typ.
L]
6 OUTPUT LOAD: R =500
I v = CL =15 pF
= VEE -2.0v "~ (INCLUDING JIG AND STRAY CAPACITANCE)
READ CYCLE
MB7072E
Parameter Symbol Unit
Min Typ Max
Address Access Time taa — —_ 12 ns
Block Select Access Time tAB — 3.0 5.0 ns
Block Select Recovery Time tRe — 3.0 5.0 ns
READ CYCLE
B ADDRESSES X 50%
tAA
Q Q 50%




ADDRESSES

S|

MB7072E

WRITE CYCLE
MB7072E
Parameter Symbol Unit
Min Typ Max
Write Pulse Width tww 9.0 5.5 —_ ns
Write Recovery Time twr -— 6.0 9.0 ns
Write Disable Time tws — 3.0 5.0 ns
Address Set Up Time tsa 3.0 —_ — ns
Block Select Set Up Time tsB 2.0 —_ — ns
Data Set Up Time tsp 20 —_— — ns
Address Hold Time tHA 2.0 — — ns
Block Select Hold Time tHB 2.0 —_ — ns
Data Hold Time tHD 20 - - ns
WRITE CYCLE
) /
tSp [ —— tHD
’ XK A
—tHA—
tSA tww tHB
tsg 50% 50%
— tws WA
RISE TIME AND FALL TIME
MB7072E
Parameter Symbol Unit
Min Typ Max
Ouput Rise Time tr — 3.0 —_ ns
Output Fall Time ts — 3.0 — ns




MB7072E

APPLICATION INFORMATION

The Fujitsu MB7072E is a fully decoded 256 word
by 4-bits ECL memory. High speed makes them
ideally suited to mainframe applications, including
cache and microprogram control. Figure 3 il-

lustrates one application; a 4K word x 8-bit
memory. As with all ECL memory systems, ex-
treme care must be taken in PC board layout and
bussing to minimize reflections and crosstalk.

Fig. 3 — 4K WORD X 8-BIT MEMORY SYSTEM

COLUMNO — — — — — — — — — — — — — COLUMN 3
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FUJITSU MBMI10415AH

MICROELECTRONICS, INC.

ECL 1024-BIT BIPOLAR
RANDOM ACCESS MEMORY

DESCRIPTION

The Fujitsu MBM10415AH is a ful-
ly decoded 1024-bit ECL read/
write random access memory
designed for high-speed scratch
pad, control and buffer storage
applications. It is organized as
1024 words by one bit, and
features on-chip voltage compen-
sation for improved noise margin.

The MBM10415AH offers ex-
tremely small cell and chip sizes,
realized through the use of

(Doped Polysilicon), as well as
IOP (Isolation by Oxide and Poly-
silicon) processing. As a result,
very fast access time with high
yields and outstanding device
reliability are achieved in volume
production.

Operation for the MBM10415AH
is specified over a temperature
range of from 0°C 75 °C (ambient).
It also features frit-sealed 16-pin
dual in-line packaging, and is fully
compatible with industry-

CERAMIC PACKAGE

Fujitsu’s patented DOPOS  standard 10K-series ECL families. DIP-16C-FO1
FEATURES
¢ 1024 words x 1-bit organization e Chip select access time:
* On-chip voltage compensation opm‘ax:i‘::;s:‘:;u ‘ ?o?ilawsaex.
for improved noise .rna-rgm of memory expansion PIN ASSIGNMENT
. FU"\:’C?dm%alzible WI“E'CI:T_dUSW' * Low power dissipation of
standard 10K-series
families R %g';géb“ . ol Y ] vee*
and IOP processing
¢ Address access time: ¢ Pin compatible with Ao ]2 15 :] o
MBM10415AH: 20 ns Max. F10415 and MCM10146 M s w[]s
£
]
a(ls 3 g 13 1w
MBM10415AH As As A7 Ag Ag S E 52 12[] ag
BLOCK DIAGRAM T T T T T =2
Aq E 6 T n j Ag
Y-ADDRESS DECODER A5 E 7 10 J A7
U VEE 8 9 j Ag
*Vec grounded
Ag 0—
A4 0—] X 32 x 32 TRU.I'H TABIE
Az 0—{ Aookess :> MEMORY CELL ARRAY INPUT
A s | w D OUTPUT MODE
A3 Z: H X )I(N L DISABLED
4 L L L L WRITE"L”
L L H L WRITE"H"
L H X Dout READ
H=HIGH VOLTAGE LEVEL
G L=LOW VOLTAGE LEVEL
_s. o— X=DON'T CARE
—_— CONTROL
W 00— LOGIC by SENSE AMP OUTPUT BUFFER
D o—




MBMI10415AH

ABSOLUTE MAXIMUM RATINGS (See Note)

Rating Symbol Value Unit
Vgg Pin Potential to Ground Pin (Vgc) VEgE +05to -7.0 v
Input Voltage VIN +0.5 to VEg \
Output Current (DC, Output High) lout -30 mA
Temperature Under Bias Ta —-55to +125 °C
Storage Temperature TstG —65 to +150 °C
Note: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. Functional operation should be icted to the as detailed in the

operational sections of this data sheet. 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.

GUARANTEED OPERATING CONDITIONS

(Referenced to V¢c)

Parameter Symbol Min Typ Max Unit Ambient Temperature
Supply Voltage Vee -5.46 -5.2 —-4.94 \' 0°Cto +75°C
CAPACITANCE
Parameter Symbol Min Typ Max Unit
Input Pin Capacitance CIN — 4 5 pF
Output Pin Capacitance Court — 7 8 pF
DC CHARACTERISTICS
(Vcc =0V, VEg = —5.2V, Output load = 502 to —2.0V and Airflow = 2.5 m/s unless otherwise noted.)
Parameter Symbol Min Typ Max Unit Ta
Output High Voltage -1000 — 840 0°C
(ViN = ViH max. O ViL min) VoH - 960 - - 810 mv 25°C
- 900 - 720 75°C
Output Low Voltage - 1870 - 1665 0°C
(VIN = VIH max. OF V||_ min.) VOL — 1850 —_ - 1650 mV 25°C
—-1830 - 1625 75°C
Output High Voltage -1020 0°C
(ViN=VIH min. OF ViL max, VoHe - 980 - - mv 25°C
- 920 75°C
Output Low Voltage -1645 0°C
(ViN=ViH min. OF ViL max) VoLc - — - 1630 mV 25°C
- 1605 75°C
Input High Voltage —-1145 — 840 0°C
(Guaranteed Input Voltage High for All Inputs) ViH - 1105 - - 810 mV 25°C
— 1045 - 720 75°C
Input Low Voltage —-1870 — 1490 0°C
(Guaranteed Input Voltage Low for All Inputs) ViL - 1850 — — 1475 mV 25°C
' -1830 — 1450 75°C
Input High Current (ViN = V|4 max, i — — 220 pA  |0°to 75°C
Input Low Current (ViN= VIL min.) |||_ -50 —_ — pA 0°to75°C
S input Low Current (Vin = V)L min, e 0.5 — 170 pA |0°to 75°C
Power Supply Current ) -125 _ _ mA 75°C
(All Inputs and Outputs Open) EE -150 0°C
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AC CHARACTERISTICS

MBM10415AH

(Full Guaranteed Operating Ranges, Output Load = 502 to —2.0V and 30pf to GND and Airflow = 2.5 m/s unless

otherwise noted.)

AC TEST CONDITIONS
GND
-0.9V— — —

Vee -1.7v

Ql —|t |—

RL t,=t;=2.5ns typ
CL Output Load: RL = 50Q
Vee C_ = 30pF
(including jig and stray capacitance)
0.014F L
o
Vee v =
= -2V = NOTE: All timing measurements referenced to 50% input levels.
READ CYCLE
MBM10415AH

Parameter Symbol Typ Max Unit
Address Access Time taA 13 20 ns
Chip Select Access Time tac 5 8 ns
Chip Select Recovery Time trB 5 8 ns

READ CYCLE
§ ADDRESSES
AA
Viy MIN
Q Q Vi MAX




MBMI10415AH

WRITE CYCLE
MBM10415AH
Parameter Symbol Unit
Min Typ Max
Write Pulse Width tww 14 9 — ns
Write Disable Time tws - 5 10 ns
Write Recovery Time twr - 5 10 ns
Address Set Up Time tsa 5 3 - ns
Chip Select Set Up Time tsc 4 0 — ns
Data Set Up Time tsp 4 0 — ns
Address Hold Time tHA 3 0 — ns
Chip Select Hold Time tHe 4 0 — ns
Data Hold Time tHD 4 0 — ns
WRITE CYCLE
(3 —
\ 7
ADDRESS } ><
D
tsp f= - D
W N /
7 tHaA——
sa Tww tHe
T e Vin MIN
a i \L V| LMAX
~— tws L wr
RISE TIME AND FALL TIME
MBM10415AH
Parameter Symbol Min Typ Max Unit
Output Rise Time t — 5 — ns
Output Fall Time t — 5 — ns
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MBM10415AH
APPLICATIONS INFORMATION

LARGE SYSTEM APPLICATION

16K WORDS x n BIT

MEMORY SYSTEM
6?-— J—
: ADDRESS BUS
Ay —_———  —_—_——_——————
w
> _ o4 :> _ D |4 :> o 9
—— bW - — W F— W
1_ 5 g 5 g ’_-{ 5 g
= . L
a— 2 w O @ 2 w O [—4 — 2 w
l_ 5 g 5 4 E
Ay — L] L L
chip ) A T e
SELECT) 5, ——] DECODE
Az
BOARD ‘
ENABLE
1 —% "N e 2 w Oy — 2 w
5 g 1‘3 a _[‘ 5 o
| |
. — I
L U A L.
3 4 3 g )
[ [ Bl
. L

Do
5
Qo
Qq ;
ayt

2 " g
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FUJITSU

MICROELECTRONICS, INC.

ECL 1024-BIT BIPOLAR
RANDOM ACCESS MEMORY

MBM10422

DESCRIPTION

The Fujitsu MBM10422 is a fully
decoded 1024-bit ECL read/write
random access memory designed
for high-speed scratch pad, con-
trol and buffer storage applica-
tions. This device is organized as
256 words by 4-bits and features
on-chip voltage compensation for
improved noise margin.

con), as well as IOP (Isolation by
Oxide and Polysilicon), proces-
sing. As a result, very fast access
time with high yields and out-
standing device reliability are
achieved in volume production.

Operation for MBM10422 is speci-
fied over a temperature range of
0° to 75°C (ambient). It features

The MBM10422 offers extremely metal sealed 24-pin dual in-line CERAMIC PACKAGE
small cell and chip size, realized packaging, and is fully compati- DIP-24C-A02
through the use of Fujitsu’s pa- ble with industry standard
tented DOPOS (Doped Polysili- 10K-series ECL families.
FEATURES
256 words x 4-bits organization * Block select access time: PIN ASSIGNMENT
¢ On-chip voltage compensation 5ns max. —
forimproved noise margin * Open emitter output for easy Veea d 1 24 [ Vec*
¢ Fully compatible with industry- memory expansion Q2 23[1q,
standard 10K-series ECL  Power dissipation of 0.7 mW/bit B, 3 22 [18,
families * DOPOS and IOP processing Qs 21 50,
¢ Address access time: 10ns max. * Pin compatible with F10422 B.s _ 2200 5,
D, e §§ 19 [0,
D []7 RQ 1D
BLOCK DIAGRAM Vs SRy Fa
Ag Ag A; As[ 9 16 [ A,
? ? ? As [] 10 15 [1A,
A 1 14 1A
| Y DECODER/DRIVER j Vee T 12 13 :A;

il T

*V¢c Grounded

T T T Small geometry bipolar integrated circuits
Ao O— : ! : are occasionally susceptible to damage from
5 : : | stagic voltages or electric fieAIcL It is therefore
A o— 2 ! ; ! Voia sppiction of any veltage higher tan
[=] ' | , maximum rated voltages to this device.
Ag O——— 5 MEMORY CELL ARRAY
8 | ! : TRUTH TABLE
Ay 0—— § ! X X NPUT
x | 1 | B w DI | OUTPUT MODE
Ay 0—] :L ! 5 H X X L DISABLED
| I I I H | | L L H L WRITE"“H"”
— | i j L L]L L WRITE“L”
W O——————— SA/WA | SAWA i SAIWA : SAIWA CTh Ix oo READ
Il

b0888 6466466856

Dy By Qy D, B, O D3 B3Q3 Dy Bs Qg
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H = HIGH VOLTAGE LEVEL
L=LOW VOLTAGE LEVEL
X=DON'T CARE



ABSOLUTE MAXIMUM RATINGS (see Note)

MBM10422

Rating Symbol Value Unit
VEg Pin Potential to Ground Pin (Vgg) VEE +05to -7.0 \
Input Voltage VIN +0.5 to VEg \
Output Current (DC, Output High) lout -30 mA
Temperature Under Bias Ta —55to +125 °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.

GUARANTEED OPERATING CONDITIONS

(Referenced to Vgg)

Parameter Symbol Min Typ Max Unit Ambient Temperature
Supply Voltage Vee —5.46 -5.2 -4.94 \' 0°Cto +75°C
CAPACITANCE
Parameter Symbol Min Typ Max Unit
Input Pin Capacitance Cin — 4 — pF
Output Pin Capacitance Cout — 6 — pF
DC CHARACTERISTICS
(Vece =0V, VEg = —5.2V, Output load = 502 to —2.0V and Airflow = 2.5 m/s unless otherwise noted.)
Parameter Symbol Min Typ Max Unit Ta
Output High Voltage -1000 — 840 0°C
(ViN = ViH max. OF ViL min) Vou - 960 — - 810 mv 25°C
- 900 - 720 75°C
Output Low Voltage - 1870 - 1665 0°C
(ViN = ViH max. OF ViL min) VoL -1850 — —1650 mV 25°C
—1830 - 1625 75°C
Output High Voltage -1020 0°C
(ViN = ViH min. O VIL max) Vone - 980 - — mv 25°C
- 920 75°C
Output Low Voltage — 1645 0°C
(ViN = VIH min. OF VIL max,) Voic - — —1630 mv 25°C
- 1605 75°C
Input High Voltage - 1145 — 840 0°C
(Guaranteed Input Voltage High for All Inputs) Vin - 1105 — - 810 mvV 25°C
- 1045 - 720 75°C
Input Low Voltage - 1870 — 1490 0°C
(Guaranteed Input Voltage Low for All Inputs) ViL - 1850 — - 1475 mV 25°C
- 1830 — 1450 75°C
Input High Current (VN = Viy4 max, hH — — 220 wA  [0°to75°C
Input Low Current (Viy = V| min) I - 50 — — pA  |0°to75°C
W Input Low Current (VN =V min, I 0.5 — 170 pA  |0°to75°C
Power Supply Current _ _ _ o °
(Al Inputs and Outputs Open) lee 180 mA 0°t075°C
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MBM10422

AC CHARACTERISTICS
(Full Guaranteed Operating Ranges, Output Load =502 to —2.0V and 30pF to GND and Airflow=2.5m/s

unless otherwise noted.)

AC TEST CONDITIONS
GND
-09V— — —
Vee —1.7V
1
01‘QA‘ >t | -— —t l<—
RL t, =t =2.5ns typ
C, Output Load: RL = 509
Vee C_ = 30pF
(including jig and stray capacitance)
0.014F L I
I Ve 20V =
- o - NOTE: All timing measurements referenced to 50% input levels.
READ CYCLE
- Parameter Symbol Min Typ Max Unit
Address Access Time taa — -_ 10 ns
Block Select Access Time taB — — 5 ns
Block Select Recovery Time tre — — 5 ns
READ CYCLE TIMING DIAGRAM
E <5;°/°
- tpp——>
: W

— |t |- — |t | ——
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MBM10422

WRITE CYCLE

Parameter Symbol Min Typ Max Unit
Write Pulse Width tww 7 — — ns
Write Disable Time tws — — 5 ns
Write Recovery Time twr — — 10 ns
Address Set Up Time tsa 1 — — ns
Block Select Set Up Time tsg 1 — — ns
Data Set Up Time tso 1 — — ns
Address Hold Time t A 2 — — ns
Block Select Set Up Time tHp 2 - — ns
Data Hold Time tho 2 — — ns

WRITE CYCLE TIMING DIAGRAM
B \ /
ADDRESS y( >(
D
—»| tgp | | tp |-
W ; 7é— tHa —>
-+ g - tyw— > | —— tyg ——>
a - tgy > 50% 50%
- t -
| tws -+ WR
RISE TIME AND FALL TIME
Parameter Symbol Min Typ Max Unit
Output Rise Time t — 2 — ns
Output Fall Time t¢ — 2 — ns
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MBM10422

TYPICAL CHARACTERISTICS CURVES

Vow. OUTPUT HIGH VOLTAGE (V)

tan. ADDRESS ACCESS TIME (ns)

OUTPUT HIGH VOLTAGE
vs AMBIENT TEMPERATURE
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LN
>

4
o

L
)

'
~

4
©

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

ADDRESS ACCESS TIME
vs SUPPLY VOLTAGE

20

o

S

w

N

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

WRITE PULSE WIDTH
vs SUPPLY VOLTAGE

-4 -4.5 -5 -6.5 -6
Vgg, SUPPLY VOLTAGE (V)

lgg. SUPPLY CURRENT (mA)

tww, WRITE PULSE WIDTH (ns)

SUPPLY CURRENT
vs AMBIENT TEMPERATURE

200
150
N\
[~
100 —
50
0
0 20 a0 60 80
Ta, AMBIENT TEMPERATURE (°C)
WRITE PULSE WIDTH
‘vs AMBIENT TEMPERATURE
6
5
a
I
3
2
1
0 20 40 60 80

Ta, AMBIENT TEMPERATURE (°C)




FUJITSU

MICROELECTRONICS, INC.

ECL 1024-BIT BIPOLAR
RANDOM ACCESS MEMORY

MBMI10422A-7

DESCRIPTION

The Fujitsu MBM10422A is a fully
decoded 1024-bit ECL read/write
random access memory designed
for high-speed scratch pad, con-
trol and buffer storage applica-
tions. This device is organized as
256 words by 4-bits and features
on-chip voltage compensation for
improved noise margin.

The MBM10422A offers extremely
small cell and chip size, realized
through the use of Fujitsu’s pa-
tented DOPOS (Doped Polysili-
con), as well as IOP-l (Isolation by

FEATURES

e 256 words x 4-bits organization

¢ On-chip voltage compensation
for improved noise margin

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

¢ Address access time: 7ns max.

Oxide and Polysilicon), proces-
sing. As a result, very fast access
time with high yields and outstan-
ding device reliability are achiev-
ed in volume production.

Operation for MBM10422A is
specified over a temperature
range of 0°C to 75°C (T for DIP,
Tc for flat package). It features
cerdip 24-pin dual in-line and flat
packaging, and is fully compati-
ble with industry standard 10K-
series ECL families.

¢ Block selectaccess time:
5ns max.

e Open emitter output for easy
memory expansion

¢ Power dissipation of 0.7 mW/bit

e DOPOS and IOP-ll processing

¢ Pin compatible with F10422

MBM10422 BLOCK DIAGRAM

Ag Ag A;

S S

L

Y-DECODER/DRIVER |

I

i 1
! 1
! [}
| 1
| |
) |
| 1

MEMORY CELL ARRAY
i
'

i
1
1
|
1

Ay O—
@
w
A o— =2
[
Q
apo—— §
=)
[=}
A [$]
3 O-——r] w
Q
>
Ay 0—]
W o——

SA/WA

A R

SAWA | SAIWA | SAIWA
1

9 NP S S S S G S A

D, By @y D, B, Q,D3B8;Q; D, B, Q4
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CERDIP PACKAGE
DIP-24C-C05

FLAT PACKAGE

FPT-24C-C02
PIN ASSIGNMENT
Veea [ 1 24 [ Vet
e [2 23[7aq,
E|1C3 22:64
Q2[:‘4 21:03
Bs 28
D‘1C6§§19:Dn
Dp[]7 xR 18Dy
Wll:seﬁnjl\.
As 9 16 [1A,
As ] 10 15 1A,
A7 11 14 1A,
Vee [ 12 13 A

*Vcc Grounded

Small geometry bipolar integrated circuits
are occasionally susceptible to damage from
static voltages or electric field. It is therefore
advised that normal precautions be taken to
avoid appliction of any voltage higher than
maximum rated voltages to this device.

TRUTH TABLE
NPUT
B | W D,y |OUTPUT MODE
H | X |X L DISABLED
L L |[H L WRITE*H"
Ll Lt L WRITE"“L”
L | H|x | pout READ

H=HIGH VOLTAGE LEVEL
L=LOW VOLTAGE LEVEL
X=DON'T CARE



MBM104224.7
ABSOLUTE MAXIMUM RATINGS (See Note)

Rating Symbol Value Unit
VEg Pin Potential to Ground Pin (Vgo) VEE +05to —-7.0 \'
Input Voltage VIN +0.5 to Vg \
Output Current (DC, Output High) lout -30 mA
Temperature Under Bias Ta -55to +125 °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. Small geometry bipolar integrated circuits are occasionally P to 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.

GUARANTEED OPERATING CONDITIONS
(Referenced to Vgg)

Parameter Symbol Min Typ Max Unit Temperature*

Supply Voltage Vee —-5.46 -5.2 -4.94 \ 0°Cto +75°C

* Ambient Temperature for DIP, case temperature for flat package

CAPACITANCE
Parameter Symbol Min Typ Max Unit
Input Pin Capacitance Cin — 4 5 pF
Output Pin Capacitance Cout — 6 8 . pF
DC CHARACTERISTICS

(Vcc =0V, VEg = —5.2V, Output load =500 to — 2.0V, To =0°C to 75°C for DIP, Tc =0°C to 75°C for flat package, and
Airflow = = 25 m/s, unless otherwise noted.)

Parameter Symbol Min Typ Max Unit Ta
Output High Voltage -1000 — 840 0°C
(Vin = VIH max. ©F ViL min,) Vo - 960 — - 810 mvV 25°C
— 900 - 720 75°C
Output Low Voltage - 1870 - 1665 0°C
(VIN = ViH max. OF ViL min) VoL —1850 — —1650 mv 25°C
- 1830 -1625 75°C
Output High Voltage -1020 0°C
(ViN = ViH min. OF ViL max,) Vohne - 980 - - mV 25°C
. - 920 75°C
Output Low Voltage — 1645 0°C
(Vin = ViH min. OF ViL max,) Voie — - - 1630 mv 25°C
—1605 75°C
Input High Voltage -1145 — 840 0°C
(Guaranteed Input Voltage High for All Inputs) ViH -1105 — - 810 mvV 25°C
— 1045 - 720 75°C
Input Low Voltage -1870 - 1490 0°C
(Guaranteed Input Voltage Low for All Inputs) ViL — 1850 — — 1475 mV 25°C
-1830 — 1450 75°C
Input High Current (Vin=Vin max.) iy —_ —_ 220 rA 0°to 75°C
Input Low Current (Vi = V| min, I - 50 — — pA  |0°to75°C
B Input Low Current (Vi =V min) m 0.5 — 170 uwA |0°to 75°C
Power Supply Current _ _ _ o o
(All Inputs and Outputs Open) lee 200 mA 107 to75°C
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FUNCTIONAL DESCRIPTION

The Fujitsu MBM10422A-7 is fully decoded 1024-bit
read/write random access memory organized as 256
words by 4-bits. Memory cell selection is achieved
by means of a 8-bit address designated Ag ~A7. The
active low Block Select B input is provided for
memory expansion. The read and write operations
are controlled by the state of the active low Write

AC CHARACTERISTICS

MBM10422A-7

Enable W input. With W and B held low, the
data at Dy is written into the addressed location. To
read, W is held high, while B is held low. Data at
the addressed location is then transferred to Doyt
and read out non-inverted. Open emitter outputs are
provided to allow for maximum flexibility in output
wired-OR connection.

Output Load =50Q to — 2.0V and 30pF to GND, Tp =0°C to 75°C for DIP, Tc=0°C to 75°C for flat package, and

Airflow = = 25 m/s, unless otherwise noted.

AC TEST CONDITIONS
GND
-09V— — —
Vcc -1.7v ‘
Q —|t, ]4— —> t ’4—
R, t, =t{=2.5ns typ
CL Output Load: RL = 500
Ve C, = 30pF
(including jig and stray capacitance)
0.01.F
e}
Vee 20V =
- e - NOTE: All timing measurements referenced to 50% input levels.
READ CYCLE
Parameter Symbol Min. Typ Max Unit
Address Access Time taa — 5 7 ns
Block Select Access Time tas — 2.5 4 ns
Block Select Recovery Time tre — 25 4 ns

READ CYCLE TIMING DIAGRAMS
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MBM10422A-7

WRITE CYCLE

Parameter Symbol Min Typ Max Unit
Write Pulse Width tww 5 — - ns
Write Disable Time tws — — 4 ns
Write Recovery Time twr - — 8 ns
Address Set Up Time tsa 1 — — ns
Block Select Set Up Time tsg 1 — — ns
Data Set Up. Time tsp 1 — - ns -
Address Hold Time tHa 1 — -— ns
Block Select Hold Time ths 1 — — ns
Data Hold Time tHo 1 — - ns

WRITE CYCLE

B \ 7
Addresses ){ }

D *

—»| tgp | - typ |
w N J<— tha —>
- tgp — | — tyy — > | —— tyg —>
a - gy ———> 50% 50%
< tyg—>
— tws -+ WR
RISE TIME AND FALL TIME
Parameter Symbol Min Typ Max Unit
Output Rise Time t, —_— 15 ’ — ns
Output Fall Time t¢ — 15 — ns
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TYPICAL CHARACTERISTICS CURVES

OUTPUT HIGH VOLTAGE OUTPUT LOW VOLTAGE
vs AMBIENT TEMPERATURE vs AMBIENT TEMPERATURE
S -07 S 14
w w
¢ ¢
5 -08 516
Qo o
> L >
g " 2
Q.09 S -16
I )
[ -
2 @
£ 1.0 5 17
3 3 L
T 5
>o -1 >o 1.8
0 20 40 60 80 0 20 20 60 80
T, AMBIENT TEMPERATURE ( C) Ta AMBIENT TEMPERATURE ( C)
ADDRESS ACCESS TIME ADDRESS ACCESS TIME
vs AMBIENT TEMPERATURE vs SUPPLY VOLTAGE
@
z 8 & 8
c
=~ w
s H
E 6 C s
2 @
g 2 T 2
< a
< < [
L 0 2o
0 20 40 60 80 ) ~a45 5 55 =
T, AMBIENT TEMPERATURE ("C) Vg, SUPPLY VOLTAGE (V)
WRITE PULSE WIDTH
vs SUPPLY VOLTAGE
z
y
= 6
e
=
w
4
5 4
T
w
E
o
g 2
B
Z 0
4 45 -5 55

Veg, SUPPLY VOLTAGE (V)
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lgg, SUPPLY CURRENT (mA)

tyww , WRITE PULSE WIDTH (ns)

MBM10422A-7

SUPPLY CURRENT
vs AMBIENT TEMPERATURE
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100
50
0
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Ta, AMBIENT TEMPERATURE ('C)

WRITE PULSE WIDTH
vs AMBIENT TEMPERATURE

20 40 60 80
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Bipolar Memories PUJITSU

B MBM10470A-10
ECL 4096-Bit Bipolar Random
Access Memory

Description

The Fujitsu MBM10470A-10 is fully decoded 4096-bit ECL read/write
random access memory designed for high-speed scratch pad, con-
trol and buffer storage applications. This device is organized as
4096 words by one bit, and it features on-chip voltage compensa-
tion for improved noise margin.

The MBM10470A-10 offers extremely small cell and chip size,
achieved through the use of Fujitsu’s patented DOPOS (Doped
Polysilicon), as well as IOP (Isolation by Oxide and Polysilicon),
processing. As a result, very fast access time with high yields and
outstanding device reliability are achieved in volume production.

Operation for the MBM10470A-10 is specified over a temperature
range of from 0° to 75°C (ambient). It also features 18-pin dual-in-
line ceramic packaging, and is fully compatible with industry-
standard 10K-series ECL families.

Features

W 4096 words x 1-bit organization B Chip Select Access Time:

B On-chip voltage compensation 6 ns max.
for improved noise margin W Open emitter output for ease of
B Fully compatible with industry- memory expansion
standard 10K-series ECL B Low Power Dissipation:
families 0.22mW/bit
B Address Access Time: B DOPOS and IOP Ii pi
10 ns max. W Pin compatible wnh the F10470
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MBM10470A-10

MBM10470A Block Diagram
and Pin Assignment

Q
64 X 64
WORD 1
DRIVER ARRAY
SENSE AMPS
AND 5
WRITE
DRIVERS
{ w
X-ADDRESS
Y-ADDRESS
DECODERS DECODERS R
ITTT FTTTT
Ag Ay Az Ay AgAs Ag A Ag AgAyg Ay
Truth Table
Input
s w Dy Q Mode
—
H X X L Disabled
L L H L Write “H”
L L L L Write “L”
L H X Doyt Read
H=High Voltage Level L=Low Voitage Level X=Don't care

Impl 18[] Vec*
A [0 2 17[Jp
LY 3 16:§
A0 15w
A s 147 Ay
A s 137 A
A7 12[] A,
A8 1] Ag
Vee [] 9 10[] A,

*V¢c grounded

Absolute Maximum Ratings
(See Note)

Rating Symbol Value Unit
Vge Pin Potential to Ground Pin Vee +0.5t0 -7.0 \
Input Voltage Vin +0.5 to Ve \
Output Current (DC, Output High) lout -30 mA
Temperature Under Bias Ta -55to +125 °C
Storage Temperature Tste -65to +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 operational sections of this data sheet. Small geometry bipolar integrated circuits are
occasionally susceptible to damage from static voltages or electric fields. It is therfore advised that normal precautions be taken
to avoid application of any voltage higher than maximum rated voltages to this device.

Capacitance
Parameter Symbol Min Typ Max Unit
Input Pin Capacitance Cin — 4 — pF
Output Pin Capacitance Cour — 6 — pF
Guaranteed Operating
Conditions Parameter Symbol Min Typ Max Unit Ambient Temperature
(Referenced to Vge)
Supply Voltage Ve —5.46 -5.2 —-4.94 \ 0°C to +75°C

Functional Description

The Fujitsu MBM10470A-10 is
fully decoded 4096-bit read/write
random access memory
organized as 4096 words by one
bit. Memory cell selection is
achieved by means of a 12-bit
address designated Ay ~ A,4.
The active low Chip Select §

input is provided for memory
expansion. The read and write
operations are controlled by the
state of the active low Write
Enable W input. With W and

S held low, the data at D,y is
written into the addressed loca-
tion. To read, W is held high,

while S is held low. Data at
the addressed location is then
transferred to Doy and read
out non-inverted. Open emitter
outputs are provided to allow
for maximum flexibility in out-
put wired-OR connection.

FUJITSU
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MBM10470A-10

DC Characteristics

(Ve =0V, Vgg= -5.2V, Parameter Symbol Min Typ Max Unit Ta
Output Load =502 and 30 pF to "
—2.0V, T,=0°C to 75°C, Output High Voltage -1000 -840 0°C
Airflow > 2.5 m/s, unless (Vin=ViH max O ViL min) Vou -960 -810 mv 25°C
otherwise noted.) —900 -720 75°C
Output Low Voltage —1870 -1665 0°C
(Vin= Vit max ©" VIL min) VoL —1850 —1650 mV 25°C
—1830 -1625 75°C
Output High Voltage -1020 0°C
(Vin=V1H min OF VL max) Vore —980 mv. 25°C
-920 75°C
Output Low Voltage —1645 0°C
Vin=ViH min OF ViL max) Voie —-1630 mv  25°C
—-1605 75°C
Input High Voltage -1145 -840 0°C
(Guaranteed Input Voltage Viy -1105 -810 mV 25°C
High for All Inputs) -1045 —-720 75°C
Input Low Voltage -1870 —1490 0°C
(Guaranteed Input Voltage Vi —1850 —1475 mV 25°C
Low for All Inputs) -1830 —1450 75°C
Input High Current (Viy =V iy may) ™ 220 pA 0°C to 75°C
Input Low Current (Vi = V)i min) M -50 pA 0°C to 75°C
S Input Low Current (Viy= V)i min) [ 0.5 170 rA 0°C to 75°C
Power Supply Current lgg -200 mA 0°C to 75°C

(All Inputs and Output Open)

AC Characteristics

(Full Guaranteed Operating Figure 2—AC Test Conditions
Ranges, Output Load =50Q to
—2.0V and 30 pF to GND, GND —0.9V — — = —
TA=0°C to 75°C and Airflow =
2.5 m/s unless otherwise noted.) -1.7v
Vee
t. t
Q t,=t,=2.5ns typ !
Vee R c,
Output Load: R, =500
C,_=30pF
0.01uFl (including jig and stray capacitance)
-2.0V
= Ve = Note: All timing measurements referenced to 50% input levels.

Read Cycle

Parameter Symbol Min Typ Max Unit

Address Access Time tan = - 10 ns

Chip Select Access Time tac — — 6 ns

Chip Select Recovery Time tre — — 6 ns

Read Cycle Timing Diagrams:

S ADDRESSES 50%
————— gy ——>
Q Q 50%

FUJITSU
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MBM10470A-10

AC Characteristics

(Full Guaranteed Operating Write Cycle

Ranges, Output Load = 50Q to

—2.0V and 30 pF to GND, Parameter Symbol Min Typ Max Unit

To=0°C to 75°C and Airflow = - -

2.5 mis unless otherwise noted.) ~ Write Pulse Width tww 12 — — ns
Write Disable Time tws —_ — 6 ns
Write Recovery Time twr — — 10 ns
Address Set Up Time tsa 1 0 — ns
Chip Select Set Up Time tse 1 0 — ns
Data Set Up Time tsp 1 0 — ns
Address Hold Time tha 2 0 — ns
Chip Select Hold Time the 2 0 — ns
Data Hold Time thp 2 0 — ns
Write Cycle Timing Diagram
s N A
ADDRESSES X X
D

tsp |-— —| two
w \\ /| <—tya—>|
-ty — > |ty — | ———tyc——>
—_———
Q - tsc »| 50% 50%
—>| tws <—twr

Rise Time and Fall Time
Parameter Symbol Min Typ Max Unit
Output Rise Time t, = 15 — ns
Output Fall Time t — 15 — ns

FUJITSU
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FUJITSU MBM10474-15

MICROELECTRONICS, INC.

ECL 4096-BIT BIPOLAR
RANDOM ACCESS MEMORY

DESCRIPTION

The Fujitsu MBM10474 is a fully
decoded 4096-bit ECL read/write
random access memory designed
for high speed scratch pad, con-
trol and buffer storage applica-
tions.

The MBM10474 offers extremely
small cell and chip sizes, realized
through the use of Fujitsu’s pat-
ented DOPOS (Doped Polysili-
con), as well as IOP (Isolation by
Oxide and Polysilicon) process-

ing. As a result, very fast access
time with high yields and outstan-
ding device reliability are achiev-
ed in volume production.

Operation for the MBM10474 is
specified over a temperature
range of 0°C to 75°C (ambient). It
features 24-pin dual in-line
ceramic packaging and is fully
compatible with industry-
standard 10K-series ECL families.

CERAMIC PACKAGE

FEATURES DIP-24C-A02
¢ 1024 words x 4-bits ¢ Chip select time:
organization 8ns Max.
¢ On-chip voltage compensa- 4ns Typ.
tion for improved noise margin ¢ Open emitter output for easy
¢ Fully compatible with memory expansion PIN ASSIGNMENT

industry-standard 10K-series
ECL families
* Address access time:

e Low power dissipation:
0.2mW/bit
¢ DOPOS and IOP processing

15ns Max. ¢ Pin compatible with F10474 Veea 1 1 Vee
11ns Typ. Q3] 2 ) Q2
Q4 3 Q4
Ag 4 g Dy
MBM10474 BLOCK DIAGRAM A1 s 3 S D3
A2 6 BZ 191D
TRUTH TABLE Az[]7 Q181D
INPUT A a5 -
TS | WE | o | OUTRUT MODE Ag Ay Ag Ag 4 8 Taa7 ] ?_
H X X T DISABLED As 9 16 [JW
L L H L WRITE"H”
L L L L WRITE"L" ? T T ? NC : Ag
U L B READ | Y-ADDRESS DECODER ] As [ Ag
LloW votTaaE Lever, oM cARe TT Vee 1 A7
1
Ay o—| 8 ! | '
A2 o—{ a 1024 x 4 '
" — MEMORY CELL ARRAY
A3 o— & | ! |
A -4 | t I
«o— § I
< | | |
As o— x : : ;
_ 11 ‘ i 1 11
%8 | SAWA ' SAWA | SAWA & SA/WA
R

Dy Q D2 QD3 Q3D Q

5-26



ABSOLUTE MAXIMUM RATINGS (See Note)

MBM10474-15

Rating Symbol Value Unit
Vgg Pin Potential to Ground Pin (Vcg) VEE +05to -7.0 v
Input Voltage Vin +0.5 to Vgg \
Output Current (DC, Output High) lout - =30 mA
Temperature Under Bias Ta -55t0 +125 °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. Small geometry bipolar integrated cir-
cuits are occasionally susceptible to damage from static voltages or electric fields. It is therefore advised that normal precau-

tions be taken to avoid application of any voltage higher than maximum rated voltages to this device.

GUARANTEED OPERATING CONDITIONS

(Referenced to Vgc)

Parameter Symbol Min Typ Max Unit Ambient Temperature
Supply Voltage Vee -5.46 -5.2 —4.94 \Y 0°Cto +75°C
CAPACITANCE
Parameter Symbol Min Typ Max Unit
Input Pin Capacitance Cin — 4 6 pF
Output Pin Capacitance Cour — 6 8 pF
DC CHARACTERISTICS
(Voc =0V, VEg = —5.2V, Output load = 502 to —2.0V and Airflow = 2.5m/s unless otherwise noted.)
Parameter Symbol Min Typ Max Unit Ta
Output High Voltage —1000 — 840 0°C
(Vin = ViH max. OF ViL min) Vor - 960 - - 810 mv 25°C
— 900 - 720 75°C
Output Low Voltage —1870 -1665 0°C
(V'N = VIH max. OF V"_ min.) VOL - 1850 —_ - 1650 mV 25°C
—1830 - 1625 75°C
Output High Voltage —1020 0°C
(ViN = ViH min. OF VIL max,) Voue - 980 - - mv 25°C
- 920 75°C
Output Low Voltage - 1645 0°C
(Vin=ViH min. OF ViL max,) Voic - - - 1630 mv 25°C
-1605 75°C
Input High Voltage — 1145 —~ 840 0°C
(Guaranteed Input Voitage High for All Inputs) Viu -1105 — - 810 mV 25°C
—-1045 - 720 75°C
Input Low Voltage —1870 - 1490 0°C
(Guaranteed Input Voltage Low for All Inputs) ViL —1850 — - 1475 mVv 25°C
- 1830 — 1450 75°C
Input High Current (VN = Viy max,) (™ — — 220 pA  |0°t0 75°C
Input Low Current (VlN =V min.) llL - 50 —_ -_ uA 0°to 75°C
S Input Low Current (Vi = VL min, I 0.5 — 170 pA  [0°to 75°C
Power Supply Current _ _ _ o °
(All Inputs and Outputs Open) lee 200 mA 10°1075°C
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MBM10474-15

FUNCTIONAL DESCRIPTION

The Fujitsu MBM10474 is fully decoded 4096-bit
read/write random access memory organized as
1024 words by 4-bits. Memory cell selection is
achieved by means of a 10-bit address designated
Ag ~ Ag. The active low Chip Select S inputis pro-
vided for memory expansion. The read and write
operations are controlled by the state of the active

AC CHARACTERISTICS

low Write Enable W input. WithW and S held
low, the data at Dyy is written into the addressed
location. To read, W is held high, while S is held
low. Data at the addressed location is then transfer-
red to Doyt and read out non-inverted. Open emitter
outputs are provided to allow for maximum flexibili-
ty in output wired-OR connection.

(Full Guaranteed Operating Ranges, Output Load =500 to —2.0V and 30pF to GND and Airflow=2.5m/s

uniess otherwise noted.)

AC TEST CONDITIONS
GND
-0V— — —
Vee -1.7v
Qq-Qy ——»t,'<—— —> t,|<——
tr=t;=2.5ns typ
C. Output Load: RL = 500
Vee R CL = 30pF
(including jig and stray capacitance)
0.01.F L
o)
Vee 20V =
- e - NOTE: All timing measurements referenced to 50% input levels.
READ CYCLE
Parameter Symbol Min Typ Max Unit
Address Access Time tAA — 11 15 ns
Chip Select Access Time tac — 4 8 ns
Chip Select Recovery Time tRc — 4 8 ns
READ CYCLE

[7]]
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MBM10474-15

WRITE CYCLE

Parameter Symbol Min Typ Max Unit
Write Pulse Width tww 15 — — ns
Write Disable Time tws — — 8 ns
Write Recovery Time twr — — 8 ns
Address Set Up Time tsa 2 — — ns
Chip Select Set Up Time tsc 2 — — ns
Data Set Up Time tsp 2 — — ns
Address Hold Time tHA 3 _ — ns
Chip Select Hold Time tHe 2 — — ns
Data Hold Time tHD 2 — —_ ns

WRITE CYCLE

§ N\ /
Addresses >< ><

D

—»| tgp |- | thp |-
W X( 741—— tha —
< tgp— > tyw— > ——— tyoc —>
Q < tsc — > 50% 50%
- t —
— tWS - WR
RISE TIME AND FALL TIME
Parameter Symbol Min Typ Max Unit
Output Rise Time t, 15 2 5 ns
Output Fall Time t 1.0 2 5 ns
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FUJITSU |

MICROELECTRONICS, INC.

ECL 16,384-BIT BIPOLAR
RANDOM ACCESS MEMORY

MBM10480-25

PRELIMINARY

Note: This is not a final

specification.
Some parametric limits are subject 10 change.

DESCRIPTION

The Fujitsu MBM10480 is a fully
decoded 16,384-bit ECL read/write
random access memory designed
for main frame memory, control
and buffer storage applications.
This device is organized as 16,384
words by one bit, and it features
on-chip voltage compensation for
improved noise margin.

FEATURES

e Organized as 16,384 x 1
¢ On-chip voltage compensation
for improved noise margin

¢ Fully compatible with
industry-standard 10K-series

Operation for the MBM10480 is
specified over a temperature
range of 0°C to 75°C (Ta for DIP,
Tc for flat package). It features
cerdip 20-pin dual in-line and flat
packaging, and is fully compat-
ible with industry-standard 10K-
series ECL families.

¢ Open emitter output for easy
memory expansion

¢ Low power dissipation of
0.05 mW/bit

e DOPOS processing (Doped

CERDIP PACKAGE
DIP-20C-C03

ECL families ; Polysilicon)
¢ Address Access Time: ¢ Pin compatible with the
25 ns max. F10480
e Chip select access time:
15 ns max.
MBM10480 BLOCK DIAGRAM F';'-T_Ag:é‘\gg :
Q
128 x 128
WORD > CELL
DRIVER ARRAY
l T PIN ASSIGNMENT
SENSE AWPS | — ) a]1 N Vee®
WRITE ——‘@:1 s Ao []2 19[]D
DRIVERS |
Ai[]s 18]S
T - 1 8[]8
A2[1e =2 v 1w
o
becoben ADoREss o Asls g2 1604w
As[s ’_‘.§ 151 A2
PRI TP TRUTH TABLE sz upba
Ag A1 Az2A3A4 A5 Ag A7 Ag Ag AjoAq1A12A13 INPUT OUTPUT | MODE C "
S| Wby Re ] 8 13 A1
H|x|x L | Disabled A7[]e 12[] Ag
L L H L Write “H”
H = High Voltage Level — " 10 11 ] A
L = Low Voltage Level LjLyt L [Write "L ee D s
X = Don’t care L {H ]| X ] Doyr Read *Vec grounded
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PRELIMINARY MBM10480-25

Note: This is not a final specification.

Some parametric limits are subject to change.

ABSOLUTE MAXIMUM RATINGS (See Note)

Parameter Symbol Value Unit
Veg Pin Potential to Ground Pin (Vgg) VEE +05to -7.0 \
Input Voltage VIN +0.5 to Vgg \%
Output Current (DC, Output High) lout -30 mA
. DIP Ta o

Temperature Under Bias Flat To -55to +125 C
Storage Temperature TstG —-65to +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 effect device reliability. This device contains circuitry to protect the inputs against
damage due to high static voltages or electric fields. It is advised that normal precautions be taken to avoid application of any
voltage higher than maximum rated voltages to this high impedance circuit.

GUARANTEED OPERATING CONDITIONS (Referenced to Vgg)

Parameter Symbol Min Typ Max Unit Temperature*
Supply Voltage VEE -5.46 -5.2 —-4.94 \ 0°Cto +75°C
* Ambient Temperature for DIP, case temperature for flat package
CAPACITANCE
Parameter Symbol Min Typ Max Unit
Input Pin Capacitance CiN — 5 — pF
Output Pin Capacitance Cout — 6 — pF
DC CHARACTERISTICS

(Vcc = 0V, Vgg = —4.5V, Output Load = 500 and 30 pF to —2.0V, T = 0°C to 75°C for DIP, Tc =0°C to 75°C for Flat
package and Airflow = 2.5 m/s, unless otherwise noted.)

Parameter Symbol Min Typ Max Unit Ta
—-1000 — 840 0°C
Output High Voltage VoH - 960 — - 810 mV 25:C
(VIN = ViHmax. f ViLmin) - 900 - 720 75°C
—1870 —1665 0°C
Output Low Voltage VoL —1850 — —-1650 mV 25°C
(VIN = ViHmax. Of ViLmin.) —1830 —1625 75°C
-1020 0°C
Output High Voltage VoHe — 980 — — mV 25°C
(VIN = ViHmin. O ViLmax.) - 920 75°C
—1645 0°C
Output Low Voltage VoLc — — -1630 mV 25°C
(VIN = ViHmin. O ViLmax.) —1605 75°C
—1145 — 840 0°C
Input High Voltage ViH —-1105 — - 810 mV 25°C
(Guaranteed Input Voltage High for All Inputs) —1045 - 720 75°C
-1870 ~1490 0°C
Input Low Voltage ViL —-1850 — —-1475 mV 25°C
(Guaranteed Input Voltage Low for All Inputs) —1830 —1450 75°C
Input High Current (ViN = ViHmax.) iH — — 220 A 0°to 75°C
Input Low Current (ViN = ViLmin) e —-50 — — pA 0°to 75°C
S Input Low Current (ViN = ViLmin.) e 0.5 — 170 pA 0°to 75°C
Power Supply Current _ _ _ ° °
(All Inputs and Outputs Open) lee 200 mA | 0°1075°C

5-31




MBM10480-25

FUNCTIONAL DESCRIPTION

The Fujitsu MBM10480 is a fully decoded 16,384-bit
read/write random access memory organized as
16,384 words by one bit. Memory cell selection is
achieved by means of a 14-bit address designated
Ag ~ A13. The active low Chip Select S input is
provided for memory expansion. The read and write
operations are controlled by the state of the active

AC CHARACTERISTICS

PRELIMINARY

Note: This is not a final specification.
Some parametric limits are subject to change.

low Write Enable W input. With W and S held
low, the data at Dy is written into the addressed
location. To read, W is held high, while S is held
low. Data at the addressed location is then transfer-
red to Doyt and read out non-inverted. Open emitter
outputs are provided to allow for maximum flexibili-
ty in output wired-OR connection.

(Vcc =0V, Output Load =500 to — 2.0V and 30pF to GND, T4 =0°C to 75°C for DIP, Tc =0°C to 75°C for flat

package, and Airflow = = 25 m/s, unless otherwise noted.)

AC TEST CONDITIONS
GND
-0.9V— — —
Vee -1.7v
Q — t, ‘4——— — b I<—
RL t, =ty =2.5ns typ
CL Output Load: RL = 50Q
Vee C_ = 30pF
(including jig and stray capacitance)
0.014F "E
o
Vee 20V —
- e - NOTE: All timing measurements referenced to 50% input levels.
READ CYCLE
Parameter Symbol Min Typ Max Unit
Address Access Time tAA — — 25 ns
Chip Select Access Time tac — — 15 ns
Chip Select Recovery Time trc — — 15 ns

READ CYCLE TIMING DIAGRAMS
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PRELIMINARY MBM10480-25

Note: This le not a final specification.
Some paramatric imits are subject to change.

WRITE CYCLE
Parameter Symbol Min Typ Max Unit
Write Pulse Width tww 25 — — ns
Write Disable Time tws — — 15 ns
Write Recovery Time twr — — 20 ns
Address Set Up Time tsa 5 — — ns
Chip Select Set Up Time tsc 5 — — ns
Data Set Up Time tsp 5 — — ns
Address Hold Time tHA 5 — — ns
Chip Select Hold Time the 5 — — ns
Data Hold Time tHD 5 — — ns

WRITE CYCLE TIMING DIAGRAM

s N\ 7[
- X

D
—»| tgp |= - thp |
w - tya —>|
< tgp —> | t— tyyw—>|<—— tyc ——»
Q ¢ > 50% 50%
<— tyg—>
— 'WS - WR
RISE TIME AND FALL TIME
Parameter Symbol Min Typ Max Unit

Output Rise Time tr — 3 — ns
Output Fall Time t — 3 — ns
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FUJITSU

MICROELECTRONICS, INC.

TTL 576-BIT BIPOLAR
RANDOM ACCESS MEMORY

DESCRIPTION

The Fujitsu MBM93419 is a high
speed TTL read/write random-
access memory, organized as 64
words by 9 bits, with open-
collector outputs.

MBM93419 is packaged in a
28-pin dual-in-line package, and is
plug-in replaceable with F93419. It

FEATURES

¢ Organization:

64 words x 9-bits
* +5V Single Power Supply
e TTL Inputs and Outputs
¢ Open Collector Outputs
o Address Access Time:

45 ns Max.

is ideally suited for scratchpad,
small buffer and other applica-
tions where the number of re-
quired words is small and the
number of required bits per word
is relatively large. The ninth bit
can provide parity for 8-bit word
systems.

e Chip Select Access Time:
40 ns Max.

e Power Dissipation:
1.3mWbit Typ.

e Compatible with F93419

MBM93419 BLOCK DIAGRAM

ADDRESS
DECODER

WORD
DRIVER

SENSE

AMP
WRITE
DRIVER

'H = HIGH VOLTAGE LEVEL
L = LOW VOLTAGE LEVEL
X = DON'T CARE

*DATA OUTPUT IS THE

COMPLEMENT OF DATA INPUT

W-
TRUTH TABLE
INPUT
OUTPUT MODE

S|W |D

H X | X H DISABLED

L L |H H WRITE “H”

L L L H WRITE “L”

L H X Dout READ
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CERAMIC PACKAGE

DIP-28C-A01
PIN ASSIGNMENT
Azl 1 V2 [l vee
As] 2 27[] A2
As[] 3 26 [ A4
Do[] 4 25 (1 Aq
Di[] 5 241 Qg
2l e _E =%
D3] 7 ﬁg 221 Q;
Da[] 8 :‘92 21 %63
Ds[] o © 20[]G,
Dg [] 10 19[]1 Qs
o7 n 18 [1 Qg
Dg ] 12 17 %67
W[]3 16 [] Gg

GND [] 14 15 []5

Small geometry bipolar integrated circuits
are occasionally susceptible to damage from
static voltages or electric field. It is therefore
advised that normal precautions be taken to
avoid application of any voltage higher than
the maximum rated voltages to this device.



ABSOLUTE MAXIMUM RATINGS (See Note)

MBM93419

Rating Symbol Value Unit
Power Supply Voltage Vee -05t0 +7.0 \
Input Voitage (DC) VIN -0.5t0 +5.5 \
Input Current (DC) N -12.0to +5.0 mA
Output Voltage (Voyt = “H") VouTt -05to +55 \
Output Current (DC, Voyt = “L") lout +20.0 mA
Storage Temperature Ts1G —-65to +150 °C

Note:

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

GUARANTEED OPERATING RANGES

Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. Functional operation should be

Parameter Symbol Min Typ Max Unit Ambient Temperature
Power Supply Voltage Vce 4.75 5.0 5.25 v
Input High Voltage ViH 21 — — \" 0°C to +75°C
Input Low Voltage Vi — — 0.8 v

CAPACITANCE
(TA =25°C, Voo =5.0V, Viy = 2.0V, f = 1 MH2)
Parameter .Symbol Min. Typ. Max. Unit
Input Pin Capacitance CiN — — 5.0 pF
Output Pin Capacitance Court — — 8.0 pF
DC CHARACTERISTICS
(Vocc =5V £5%, Tp =0°C to 75°C, Air Flow = 2.5m/sec, After Warm-up = 2 min.)
Parameter Symbol Test Condition Min Typ Max Unit
Output Low Voltage VoL Vce = Min, loL = 12mA — 0.4 0.5 \
Input High Voltage ViH —_ - 1.6 — \Y)
Input Low Voltage ViL — — 1.5 — "
Input Low Current e Vce = Max, ViN = 0.4V — -250 -400 rA
Input High Current hH1 Vcc = Max, Vin = 4.5V — 1.0 40 uA
Input High Current liH2 Vce = Max, VN = 5.25V — — 1.0 mA
Output Leakage Current lcex Vce = Max, Vout = 4.5V — 1.0 100 uA
Input Clamp Diode Voltage Vco Vce = Max, Vout = 4.5V — -1.0 -1.5 \Y
Power Supply Current lcc Vcec = Max, Ta =25°C — 160 200 mA
All Input GND
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MBM93419
AC CHARACTERISTICS

(Voo =5V £ 5%, Ta = 0°C to 75°C, Air Flow = 2.5 m/sec, After Warm-up = 2 min.)

Vee _—
+ 90%
3.5 Vpp
\Y A
cc RL1 _ i 10%
a -t — - tf
0~8
Input Pulse Voltage:3.5Vp_p
GND Ri2 CL Input Pulse Rise and Fall Time: 10ns
Output Load: RL1 = 45002
RL2 = 75002
CL = 30pF (Including Jig)
- -_— Timing Measurement Levels: Input = 1.5V
Output = 1.5V
READ CYCLE
Parameter Symbol Min Typ Max Unit
Address Access Time tAA — 26 45 ns
Chip Select Access Time tAc — 18 40 ns
Chip Select Recovery Time tRc — 18 40 ns
READ CYCLE
s Ag™Ag
—»| toC |€— —»| tRC |<*— tAA —————>
Q Q
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MBM93419

WRITE CYCLE
Parameter Symbol Min Typ Max Unit
Write Pulse Width tww 35 7 — ns
Write Recovery Time twr — 20 45 ns
Write Delayed Time tws — 20 40 ns
Address Setup Time tsa 5 0 — ns
Chip Select Setup Time tsc 5 0 — ns
Data Setup Time tsb 5 0 —_ ns
Address Hold Time tHA 5 0 — ns
Chip Select Hold Time tHC 5 0 — ns
Data Hold Time tHD 5 0 — ns
WRITE CYCLE

s N\

° X X

w N ]K

—»| tsp |€-— —»| tHD [|[€*—
<— tgp — P |———— tyw — typ—>|
| ———t§C¢ ——— > - tHe ——>
Q
—>| tws |[—— —»| twg |E——

5-37




FUJITSU

MICROELECTRONICS, INC.

ECL 1024-BIT BIPOLAR
RANDOM ACCESS MEMORY

MBMI100422A-7

PRELIMINARY

Note: This is not a final specification.
Some parametric limits are subject to change.

DESCRIPTION

The Fujitsu MBM100422A is a fully
decoded 1024-bit ECL read/write
random access memory designed
for high speed scratch pad, con-
trol and buffer storage applica-
tions. This device is organized as
256 words by 4-bits, and it fea-
tures on-chip voltage compensa-
tion for improved noise margin.

The MBM100422A offers extreme-
ly small cell and chip sizes, realiz-
ed through the use of Fujitsu’s
patented DOPOS (Doped Polysili-
con), as well as IOP-ll (Isolation by

FEATURES

¢ 256 words x 4-bits organization

* On-chip voltage compensation
for improved noise margin

e Fully compatible with industry-
standard 100K-series ECL

Oxide and Polysilicon) process-
ing. As a result, very fast access
time with high yields and outstan-
ding device reliability are achiev-
ed in volume production.

Operation for the MBM100422A-7
is specified over a temperature
range of 0°C to 85°C (Ta for DIP,
Tc for flat). It features cerdip
24-pin dual in-line or flat packag-
ing, and is fully compatible with
industry-standard 100K-series
ECL families.

* Block Select Access Time:
4 ns max.

¢ Open emitter output for easy
memory expansion

¢ Low power dissipation of

CERDIP PACKAGE
DIP-24C-C05

FLAT PACKAGE

families 0.7 mW/bit FPT-24C-C02
* Address Access Time: ¢ DOPOS and IOP-Il processing
7 ns max. ¢ Pin compatible with
the F100422
MBM100422A BLOCK DIAGRAM PIN ASSIGNMENT
TRUTH TABLE Ag Ag A,
—NPu Q ]
SR o] o | e S S ol a0
g wATE N l Y-ADDRESS DECODER ] Bs ]2 23 [ Ag
L H x Dour READ Il Q3 s 221 A3
Ulowvores e PONT e || I I || By 4 22 [ Az
; . Qs 20 [0 A4
T - o
Ao O « E ' | Veer T]6 & 19 [ Ao
A a | ! | VCCAE7:§18 3 Vee
! 3 f | ! adsT BvpOar
Apo— | 4 MEMORY CELL ARRAY Bije e 1A
2 § ' ! . Q2 10 15 [J As
A = . | | B2 [ 11 14 [ W
30— a ! : \ D1 12 13 3Dy
D 1 | I
A x : ! ! *V¢g Grounded
1 | N | N
— Ll 1
W O————1 SA/WA : SA/WA ! SA/IWA ! SA/WA NOTE: DIP and Flat package styles con-
. i form to the same pin assignment.

5

D

1

IR
B, Q,

D, B, Q; D; B; Q; D, B, Q4
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PRELIMINARY

Note: This is not a final specification.
Some parametric limits are subject to change.

FUNCTIONAL DESCRIPTION

The Fujitsu MBM100422A is fully decoded 1024-bit
read/write random access memory organized as 256
words by 4 bits. Memory cell selection is achieved
by means of a 8-bit address designated Ag ~ A7. The
active low Block Select B input is provided for
memory expansion. The read and write operations
are controlled by the state of the active low Write

ABSOLUTE MAXIMUM RATINGS (See Note)

MBM100422A-7

Enable W input. With W and B held low, the
data at D\ is written into the addressed location. To
read, W is held high, while B is held low. Data at
the addressed location is then transferred to Doyt
and read out non-inverted. Open emitter outputs are
provided to allow for maximum flexibility in output
wired-OR connection.

Rating Symbol Value Unit
Vg Pin Potential to Ground Pin (Vcg) VEE +05to -7.0 v
Input Voltage VIN +0.5 to Vg Vv
Output Current (DC, Output High) louT -30 mA
Temperature Under Bias DIP=Tp, Flat=Tg —55to +125 °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. 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.

GUARANTEED OPERATING CONDITIONS

(Referenced to V)

Parameter Symbol Min Typ Max Unit Temperature*
Supply Voltage VEE -5.7 —45 —-4.2 Vv 0°C to +85°C
* Ambient for DIP, case for Flat package.
CAPACITANCE
Parameter Symbol Min Typ Max Unit
Input Pin Capacitance Cin — 4 — pF
Output Pin Capacitance Cout — 6 — pF

DC CHARACTERISTICS

(Voo =0V, Vgg = —4.5V, Output Load = 502 and 30 pF to —2.0V, Tp = 0°C to 85°C and Airflow = 2.5 m/s,

unless otherwise noted.)

Parameter Symbol Min Typ Max Unit
Output ngh Voltage V, —~1025 — —880 mV
(VIN = ViHmax. OF ViLmin.) OH
Output Low Voltage v, —~1810 — —1620 mv
(VIN = ViHmax. Or ViLmin.) oL
Output High Voltage vV, —1035 _ — mV
(VIN = ViHmin. OF ViLmax.) oHe
Output Low Voltage v — - -1610 mv
(VIN = ViHmin. OF ViLmax.) oLe
Input High Voltage _ — -
(Guaranteed Input Voltage High for All Inputs) ViH 1165 880 mv
Input Low Voltage _ _ -
(Guaranteed Input Voltage Low for All Inputs) Vie 1810 1475 mv
Input High Current (ViN = ViHmax.) iH — — 220 A
Input Low Current (ViN = ViLmin) i —50 — — pA
B Input Low Current (ViN = ViLmin.) I 05 - 170 HA
Power Supply Current - —_ —
(All Inputs and Outputs Open) lee 200 mA
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MBM100422A-7 PRELIMINARY

Note: This is not a final specification.
Some parametric limits are subject to change.

AC CHARACTERISTICS

(Voc =0V, VEg = —4.5V 5%, Tp = 0°C to 85°C for DIP, To= 0°C to 85°C for Flat package, Output Load = 50Q to —2.0V
and 30pF to GND, and Airflow = 2.5 m/s, unless otherwise noted.)

AC TEST CONDITIONS
GND
-0V— — —
Vece -1.7v
- —|t |<——- —>| by |-
01-Qq t, =t =2.5ns typ I
CL Output Load: RL = 509
Ve RL Ci=30pF .
. (including jig and stray capacitance)
0.014F

11'———{
o

-2V T NOTE: All timing measurements referenced to 50% input levels.
READ CYCLE
Parameter Symbol Min Typ Max Unit
Address Access Time tan — 5 7 ns
Block Select Access Time tas — 25 4 ns
Block Select Recovery Time tre — 25 4 ns

Addresses 50%

|<* taa———>

Q 50%
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PRELIMINARY

Note: This is not a final specification. mmoomA‘7

Some parametric limits are subject to change.

WRITE CYCLE

Parameter Symbol Min Typ Max Unit
Write Pulse Width tww 5 — - ns
Write Disable Time tws — - 4 ns
Write Recovery Time twR — — 8 ns
Address Set Up Time tsA 1 - — ns
Block Select Set Up Time tsB 1 — — ns
Data Set Up Time tsp 1 — — ns
Address Hold Time tHA 1 — — ns
Block Select Hold Time tHB 1 — — ns
Data Hold Time tHD 1 — — ns
WRITE CYCLE

B N\ 7l

Addresses ><

D
e tsp |=— —» typ l<—
w § 7é——— tHa —
g — Pty — > g ———>
a -ty ——> 50% 50%
- tWR_‘»
—3 tWS -
RISE TIME AND FALL TIME
Parameter Symbol Min Typ Max Unit
Output Rise Time t, — 15 — ns
Output Fall Time t — 15 — ns
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FUJITSU

MICROELECTRONICS, INC.

ECL 4096-BIT BIPOLAR
RANDOM ACCESS MEMORY

MBM100474-15

DESCRIPTION

The Fujitsu MBM100474 is a fully
decoded 4096-bit ECL read/write
random access memory designed
for high speed scratch pad, con-
trol and buffer storage applica-
tions. This device is organized as
1024 words by 4-bits, and it fea-
tures on-chip voltage temperature
compensation for improved noise
margin.

The MBM100474 offers extremely
small cell and chip sizes, realized
through the use of Fujitsu’s

FEATURES
1024 words x 4-bits

patented DOPOS (Doped Polysili-
con), as well as IOP (Isolation by
Oxide and Polysilicon), process-
ing.

Operation for the MBM100474 is
specified over a temperature
range of 0°C to 85°C (Ta for DIP,
Tc for Flat Package). It features
24-pin cerdip dual in-line packag-
ing and flat package, and is fully
compatible with industry-stan-
dard 100K-series ECL families.

Open emitter output for easy

CERDIP PACKAGE
DIP-24C-C05

organization memory expansion
¢ On-chip voltage/temperature e Low power dissipation:
compensation for improved MBM100474-15:
noise margin 0.2mW/bit typ. CERDIP PACKAGE
L4 .FU"y compatible with . e DOPOS and IOP processing FPT-24C-C02
industry-standard 100K-series , pin compatible with the
ECL families F100474
e Address Access Time: PIN ASSIGNMENTS
MBM100474-15: 15 ns max. \
D21 247]D4
¢ Chip select access time: 0s]2 »hs
MBM100474-15: 8 ns max. o =
s 2w
' []s 21 Ay
Q2[5 oz ] As
Vee [ §§ 197 A7
MBM100474 BLOCK DIAGRAM vee 7 ;g 18] Vee
Ao ar he Ao Q;[]8 17[] As
? ? ? ? Q[]e 16 JNC
Y-DECODER/DRIVER J A [J1o 5[]4s
IT A [On 1] A,
R T— — Ma 1[04
wo— ! | :
no— & ! A ' Ag Ag A7 Veg Ag NC
A2 0— E : i : —d
A u : MEMORY CELL ARRAY : Wi
*© 8 ! | | TRUTH TABLE Hu
M > | i i INPUT o[ MBM100474
As ! ! ! —— OUTPUT| MODE o.0] (1024 x 4)
_ | S | S| B S|{¥ |ow D’
% SAIWA E SAIWA i SawA | sawa J ': ’: : t x:;:"':“ DSE o
& A r é & $ & (S B L Write “L” 4 8 9 10 11 12
Dy Q D Q D3 QD4 Qs D1 X ] Dour | e

H = High Voltage Level

L = Low Voltage Level

X = Don't care
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FUNCTIONAL DESCRIPTION

The Fujitsu MBM100474 is fully decoded 4096-bit
read/write random access memory organized as
1024 words by 4 bits. Memory cell selection is
achieved by means of a 10-bit address designated
Ap ~ Ag. The active low Chip Select S input is pro-
vided for memory expansion. The read and write
operations are controlled by the state of the active

ABSOLUTE MAXIMUM RATINGS (see Note)

MBM100474-15

low Write Enable W input. With W and S held
low, the data at DyN is written into the addressed
location. To read, W is held high, while S is held
low. Data at the addressed location is then transfer-
red to Doyt and read out non-inverted. Open emitter
outputs are provided to allow for maximum flexibili-
ty in output wired-OR connection.

Parameter Symbol Value Unit
VEg Pin Potential to Ground Pin (Vcc) VEE +0.5to0 -7.0 \"
Input Voltage VIN +0.5 to Vgg \
Output Current (DC, Output High) lout -30 mA
Temperature Under Bias Ta —55to +125 °C
Storage Temperature TstG —65to +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. Small geometry bipolar integrated cir-
cuits are occasionally susceptible to damage from static voltages or electric fields. It is therefore advised that normal precau-
tions be taken to avoid application of any voltage higher than maximum rated voltages to this device.

GUARANTEED OPERATING CONDITIONS

(Referenced to V¢g)

Parameter Symbol Min Typ Max Unit Temperature*
Supply Voltage VEE -57 -45 —-4.2 \" 0°Cto +85°C
* Ambient for DIP, case for flat package.
CAPACITANCE
Parameter Symbol Min Typ Max Unit
Input Pin Capacitance Cin — 4 5 pF
Output Pin Capacitance Cout — 7 8 pF

DC CHARACTERISTICS

(Vec = 0V, VEg = —4.5V, Output Load = 502 to —2.0V, Tp = 0°C to 85°C for DIP, Tg=0°C to 85°C for Flat package and

Airflow = 2.5 m/s, unless otherwise noted.)

Parameter Symbol Min Typ Max Unit

Output High Voltage v 1025 _ _880 mv
(VIN = ViHmax. OF ViLmin.) OH
Output Low Voltage

Vi -1810 — -1620 \
(VIN = ViHimax. O ViLmin) oL 8 m
Output High Voltage v -1 _ _ v
(VIN = ViHmin. O ViLmax.) OHC 035 m
Output Low Voltage )

Vi — — -161 Vv
(VIN = ViHmin. O ViLmax.) oLe ° m
Input High Voltage _
(Guaranteed Input Voltage High for All Inputs) ViH —1165 - 880 mv
Input Low Voltage
(Guaranteed Input Voltage Low for All Inputs) ViL —1810 - —1475 mv
Input High Current (ViN = ViHmax.) iH - — 220 uA
Input Low Current (Vin = ViLmin.) M -50 - — 7
S Input Low Current (ViN = ViLmin) I 05 —_ 170 rA
Power Supply Current _
(All inputs and Outputs Open) lee 200 - - mA
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NBM100474-15

AC CHARACTERISTICS

(Vcc =0V, VEg = —4.5V +5%, Tp = 0°C to 85°C for DIP, Tc = 0°C to 85°C for Flat package, Output Load = 502 to —2.0V
and 30pF to GND, and Airflow > 2.5 m/s, unless otherwise noted.)

AC TEST CONDITIONS
GND
-09V— — —
Vee -1.7Vv
- — |t |
04-Q, ' t, =ty =2.5ns typ
CL Output Load: RL = 500
Vee Ry C_ =30pF )
(including jig and stray capacitance)
0.014F
[¢]
Vee 20V —
- e - NOTE: All timing measurements referenced to 50% input levels.
READ CYCLE
MBM100474-15
Parameter Symbol Unit
Min Typ Max
Address Access Time taA 4 15 ns
Chip Select Access Time tac 2 8 ns
Chip Select Recovery Time trc 2 8 ns
READ CYCLE

s Addresses 50%

- tagp———>

Q >< 50%

5-44



MBM100474-15

WRITE CYCLE
MBM100474-15
Parameter Symbol Unit
Min Typ Max
Write Pulse Width tww 15 — —_ ns
Write Disable Time tws — — 8 ns
Write Recovery Time twRr — — 8 ns
Address Set Up Time tsa 2 - - ns
Chip Select Set Up Time tsc 2 — —_ ns
Data Set Up Time tsp 2 - —_ ns
Address Hold Time tHA 3 — — ns
Chip Select Hold Time tHe 2 — - ns
Data Hold Time tHD 2 - —_ ns
WRITE CYCLE
5 N\ }
Addresses )( ><
D
— tsp |- - typ |-
w \ 7é— tha —>
- sy — B tyy — | —— tye ——=
a - tgg ——— > 50% 50%
_4»{ \ - < twp— >
ws
RISE TIME AND FALL TIME
Parameter Symbol Min Typ Max Unit

Output Rise Time tr 1.5 2 5 ns
Output Fall Time tf 1.0 2 5 ns
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MBM100474-15

Vou, OUTPUT HIGH VOLTAGE (V)

Taa, ADDRESS ACCESS TIME (ns)

TYPICAL CHARACTERISTICS CURVES

OUTPUT HIGH VOLTAGE
vs AMBIENT TEMPERATURE

-0.7

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

ADDRESS ACCESS TIME

vs AMBIENT TEMPERATURE
20
15

10 r
5

:

0

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

VoL, OUTPUT LOW VOLTAGE (V)

taa, ADDRESS ACCESS TIMME (ns)

tww, WRITE PULSE WIDTH (ns)

OUTPUT LOW VOLTAGE
vs AMBIENT TEMPERATURE

1
-
1Y

1
=
®

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

ADDRESS ACCESS TIME
vs SUPPLY VOLTAGE
20
15
—
10
5
0
-4 -45 -5 -55 -6
Vgg, SUPPLY VOLTAGE (V)
WRITE PULSE WIDTH
vs SUPPLY VOLTAGE
20
15
10
5
0

-4 -45 -5 -55 -6
Vgg, SUPPLY VOLTAGE (V)
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Igg, SUPPLY CURRENT (mA)

tww» WRITE PULSE WIDTH (ns)

8
S

g

g

[
o

8

-
o

-
o

SUPPLY CURRENT
vs AMBIENT TEMPERATURE

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

WRITE PULSE WIDTH
vs AMBIENT TEMPERATURE

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



FUJITSU

MICROELECTRONICS, INC.

ECL 16,384-BIT BIPOLAR
RANDOM ACCESS MEMORY

MBM100480-25

PRELIMINARY

Note: This is not a final
Some parametric

specification.
limaits are subject to change.

DESCRIPTION

The Fujitsu MBM100480-25 is a
fully decoded 16384-bit ECL
read/write random access mem-
ory designed for main, control
and buffer storage applications.
This device is organized as 16384
words by 1-bit, and it features on-
chip voltage/temperature com-
pensation for improved noise
margin.

The MBM100480-25 offers ex-
tremely small cell and chip sizes,

FEATURES

* 16384 words x 1-bits
organization

¢ On-chip voltage/temperature
compensation for improved
noise margin

¢ Fully compatible with
industry-standard 100K-series

realized through the use of
Fujitsu’s patented DOPOS (Doped
Polysilicon), as well as IOP-1I (Iso-
lation by Oxide and Polysilicon)
processing.

Operation for the MBM100480-25
is specified over a temperature
range of 0°C to 85°C (Ta for DIP,
T¢ for Flat Package). It features
20-pin Cerdip dual in-line or flat
packaging. It is fully compatible
with industry-standard 100K-series
ECL families.

¢ Chip select access time:
15 ns max.

¢ Open emitter output for easy
memory expansion

¢ Low power dissipation of
0.04 mW/bit
e DOPOS and IOP-ll

CERDIP PACKAGE
DIP-20C-C03

CERDIP PACKAGE

ECL families ) « Pin compatible with the FPT-20C-CO1
¢ Address Access Time: F100480
25 ns max.
MBM100480 BLOCK DIAGRAM PIN ASSIGNMENT
N Y
128 x 128 Q E] 1 20[] vee®
WORD | CELL
DRIVER ARRAY Ao (]2 190 b
v 1 as 18[1s
SENSE AMPS —‘ A4 < 17 W
AND ~
WRITE _® * A5 22 16[] A
DRIVERS | 2=z
% o
1 w As[]6 :g 15[ ] Aq2
As[]7 14 Aqq
ADDRESS
DECODER st o Ag]8 13 ] Aqo
[TTTTTT TTTT 771 #Ge 12 A
'AB
Ao AjA2A3A4 A5 Ag A7 Ag Ag AqgAq1A12A13 II.III:I;'UTHOI.';I'I"PUT LEMODE Vee []10 1] Ag
S|W [Dy *V¢c grounded
HlXx X L Disabled Note: DIP and Flat Package styles con-
H = High Voltage Level | -]t [H L |wite H form to the same pin assignment.
L = Low Voltage Level Ljcjt L Write “L
X = Don’t care L | H | X | Doyr Read




MBM100480

FUNCTIONAL DESCRIPTION

The Fujitsu MBM100480 is fully decoded 16,384-bit
read/write random access memory organized as
16,384 words by 1 bit. Memory cell selection is
achieved by means of a 8-bit address designated
Ap ~ A13. The active low Chip Select S input is
provided for memory expansion. The read and write
operations are controlled by the state of the active

ABSOLUTE MAXIMUM RATINGS (see Note)

PRELIMINARY

Note: This is not a final specification.
Some parametric limits are subject to change.

low Write Enable W input. WithW and S held
low, the data at D|N is written into the addressed
location. To read, W is held high, while S is held
low. Data at the addressed location is then transfer-
red to Doyt and read out non-inverted. Open emitter
outputs are provided to allow for maximum flexibili-
ty in output wired-OR connection.

Parameter Symbol Value Unit
Vg Pin Potential to Ground Pin (Vgg) VEE +0.5t0 —7.0 v
Input Voltage VIN +0.5 to Vgg Vv
Output Current (DC, Output High) lout -30 mA
Temperature Under Bias Ta for DIP/T¢ for Flat Pack -55t0 +125 °C
Storage Temperature TstG —-65to +150 °C
GUARANTEED OPERATING CONDITIONS (Referenced to Vo)
Parameter Symbol Min Typ Max Unit Temperature*
Supply Voltage VEE -5.7 -45 —-42 \ 0°Cto +85°C
* Ambient for DIP, case for Flat package.
CAPACITANCE
Parameter Symbol Min Typ Max Unit
Input Pin Capacitance CiN — — — pF
Output Pin Capacitance Cout —_ — - pF

DC CHARACTERISTICS

(Vo =0V, VEg = —4.5V, Output Load = 502, 30pF to —2.0V, Tp = 0°C to 85°C for DIP, Tc =0°C to 85°C for Flat package

and Airflow = 2.5 m/s, unless otherwise noted.)

Parameter Symbol Min Typ Max Unit
Output High Voltage
(VIN = ViHmax. ©F ViLmin.) Von 1025 —880 mv
Output Low Voltage
(VIN = ViHmax. ©T ViLmin) Vou 1810 - 1620 mv
Output High Voltage _
(ViN = ViHimin. O ViLmax.) VoHc 1035 - mvV
Output Low Voltage
(VIN = ViHmin. O ViLmax.) Voc 1610 mv
Input High Voltage
(Guaranteed Input Voltage High for All Inputs) Vin —165 - —880 mv
Input Low Voltage
(Guaranteed Input Voltage Low for All Inputs) ViL —1810 - —1475 mv
Input High Current (ViN = ViHmax.) iH - — 220 A
nput Low Current (Vin = ViLmin) M —50 — — kA
S Input Low Current (V)N = Vi min) I 05 — 170 pA
Power Supply Current
(All Inputs and Outputs Open) lee —200 - - mA
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PRELIMINARY MBM100480
Note: Thefe et o el cpscenton ampe,
AC CHARACTERISTICS

(Voo =0V, VEg = —4.5V +5%, Tpo =0°C to 85°C for DIP, T = 0°C to 85°C for Flat Pack,
Output Load = 5092 to —2.0V and 30pF to GND, and Airflow = 2.5 m/s, unless otherwise noted.)

AC TEST CONDITIONS
GND
-09V— — —
Vee -1.7v
i
Q _'"r - —> "|<—
t, =ty = 2.5ns typ
CL Output Load: RL = 50Q
Vee Ru C, = 30pF
(including jig and stray capacitance)
0.01,F
o
Vee 20V —
- e - NOTE: All timing measurements referenced to 50% input levels.
READ CYCLE
Parameter Symbol Min Typ Max Unit
Address Access Time taA - — 25 ns
Chip Select Access Time tac — — 15 ns
Chip Select Recovery Time trc — — 15 ns
READ CYCLE

5

Addresses 50%

|<———1AA~————>

50%
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MBM100480 PRELIMINARY

Note: This is not a final specification,
Some parametric limits are subject to change.

WRITE CYCLE
Parameter Symbol Min Typ Max Unit
Write Pulse Width tww 25 — — ns
Write Disable Time tws - — 15 ns
Write Recovery Time twr — —_ 20 ns
Address Set Up Time tsa 5 — — ns
Chip Select Set Up Time tsc 5 — — ns
Data Set Up Time tsp 5 — — ns
Address Hold Time tHA 5 — — ns
Chip Select Hold Time tHe 5 — — ns
Data Hold Time tHD 5 — — ns
WRITE CYCLE
] N\ j
Addresses X )(
D -
—»| tgp | - tup |<—
w ; 74— tHa —
- ts‘A——><—— tww —> | — tyc ——>
Q - tgo > 50% 50%
- t —
— ) tWS - WR
RISE TIME AND FALL TIME
Parameter Symbol Min Typ Max Unit
Output Rise Time tr — 3 — ns
Output Fall Time tf — 3 — ns
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Fujitsu Microelectronics offers a full line of Schottky TTL bipolar PROMs
ranging from 4K to 64K. All FMI PROMs are manufactured using our
patented DEAPTM (diffused eutectic aluminum process) technique which
produces unmatched reliability and performance. The DEAP technique is
responsible for a smaller cell size of 0.56 mil2 — less than half the size of
conventional PROMs. Two passive isolation techniques, SVG (shallow
V-groove) and IOP (isolation by oxide and polysilicon) also give a closer cell
spacing. These processes increase PROM density, cut die size in half, and
ultimately, result in lower chip costs, higher speeds and higher programm-
ing yields.

Fujitsu Microelectronics also offers extended temperature range versions
of our PROMs which operate between —55°C and 125°C.

For more information on all Fujitsu Microelectronics PROMs, consult our
1983 PROM Data Book.




¢9

& & <
<? & 2 > 2 N & &
> & s S & N & & $© & &

& & S ST S S e & & & Q@*\@o o Q
MB7117 | 2048 | 256 x 8| 0G| 18 536308 541745470 TBP18SA22
MB7118 | 2048 | 255 x8 | 35|20 5316309 s417aS471 TBP18S22
MB7121 | 4006 |1024 x 4] 0C|18 AM27532 | 93452 | HM7642 | HN25044 | 3605 | 53/6352 | MCM7642 | DM54/745572 | xPB4GH N/S825136 | TBP24SA4T
MB7122 | 4096 |1024 x 4] 35 |18 AM27533 | 93453 | HIM7643 | HIN25045 | 3625 | 53/6353 | MCM7643 | DMba/745573 | 1PBA26 NIS82S137 | TBP24S41
MB7123 | 4096 | 512 x 8] 0C |20 AM27528 FiM7648 5306348 DM54/745473 20620 | N/S825146 | TBP2BSAGZ
MB7124 4006 | 512 x 8] 35 |20 AM27529 HM7649 5356349 DM541745472 20621 | NiS825147 | TBP28Sa2
MB7127 | 8192 | 2048 x 4] 0C |18 AM275184 FM7684 | HN25084 5316383 | MCM7684 | DM77/875184 20650 | N/S825184 | TBP24SABI
MB7128 | 8192 |2048 x 4] 35 |18 AM275185 FIM7685 | HINZ5085 5316380 | MCM7685 | DM77/875185 20651 | N/S825185 | TBP24581
MB7131 8192 |2048 x 8] 0C |24 AM275180 | 93450 | HM7680 | HN25088 | 3608 | 53/6380 | MCM7680 | DM77/87S180 20630 | NISB25180 | TBPZBSAGH
MB7131.5K | 8192|1024 x 8{ 0C |24 f:ﬁo"v‘/"pkg AM275280 DM77/875280
MB7132 | 8192 |1024 x 8] 35 |24 AM275181 | 93451 | HM7681 | FIN25089 | 3628 | 53/6381 | MCM7681 | DM771875161 | 7PB417 | 20631 | N/S825161 | TBP28586
MB7132:5K | 8192 |1024 x 8| 35 |24 f:go"vjl"pkg AM275281 DM77/875281
MB7134 | 16384 | 4096 x 4] 35 |20
MB7137 | 16384 | 2048 x 8] 0C 24 AM275190 | 93510 FINZ5168 MCM76160 | DM77/675190 | 4PB403 | 29680 | N/S825190 | TBP2BSA166
MB7137-5K | 16384 | 2048 x 8| 0C |24 f:f:o"v‘v”pkg AM275290 DM77/875290
MB7138 | 16384 |2048 x 8] 35 |24 AM275191 | 93511 | FIM76161| FIN25169 | 3636 | 6351681 | MCM76161| DM77/875191 | xPBA23| 29681 | N/S82S181 | TBPZBS166
MB7138-SK | 16384 | 2048 x 8| 35 |24 f:gor\'l‘v"pkg AM275291 DM771875291
MB7141 | 32768 | 409 x 8] 0C|24 29670 | NiS825320
MB7142 | 32768 |4096 x 8] 35 | 24 AM27543 AM76321 3632 | 6353281 DM77/875321 20671 | NiS825321
MB7143 | 655636 |8192 x 8] 0C |24
MB7144 | 65536 |8192 x 8] 35 |24 FM76641
MB7151 | 16384 |4096 x 4] 0C|20 AM27540
MB7152 | 16384 |4096 x 4| 35 |20 AM27541 FM76165 53635 1641 N/S825135

apInD adualojay SSoi1d WOHd Jejodig



C lal Temp e Range PROMS (0°C to +75°C Operating Temperature)
Access Power
! Or Time Supply Power Package
(max) Volits Dissipation

MB7117E 256x8 45nS +5 140mA 20-pin
MB7117H 256 x 8 35n8 +5 140mA 20-pin
MB7118E 256 x 8 45nS +5 140mA 20-pin
MB7118H 256 x 8 45nS +5 140mA 20-pin
MB7121E 1K x 4 45nS +5 150mA 18-pin
MB7121H 1K x 4 35nS +5 150mA 18-pin
MB7122E 1K x 4 45nS +5 150mA 18-pin
MB7122H 1K x 8 35nS +5 150mA 18-pin
MB7123E 512x 8 45nS +5 170mA 20-pin
MB7123H 512x 8 35nS +5 170mA 20-pin
MB7124E 512x 8 45nS +5 170mA 20-pin
MB7124H 512x 8 35nS +5 170mA 20-pin
MB7127E 2K x4 55nS +5 155mA 18-pin
MB7127H 2K x 4 45nS +5 155mA 18-pin
MB7128E 2K x 4 55nS +5 155mA 18-pin
MB7128H 2K x 4 45nS +5 155mA 18-pin
MB7128Y 2K x 4 35nS +5 155mA 18-pin
MB7131E 1K x 8 55nS +5 175mA 24-pin
MB7131H 1K x 8 45nS +5 175mA 24-pin
MB7132E 1K x 8 55nS +5 175mA 24-pin
MB7132H 1K x 8 45nS +5 175mA 24-pin
MB7132Y 1K x 8 35nS +5 175mA 24-pin
MB7133E 4K x 4 55nS +5 170mA 20-pin
MB7133H 4K x 4 45nS +5 170mA 20-pin
MB7134E 4K x 4 55nS +5 170mA 20-pin
MB7134H 4K x 4 45nS +5 170mA 20-pin
MB7134Y 4K x 4 35nS +5 170mA 20-pin
MB7137E 2K x 8 55nS +5 180mA 24-pin
MB7137H 2K x 8 45nS +5 180mA 24-pin
MB7138E 2K x 8 55nS +5 180mA 24-pin
MB7138H 2K x 8 45nS +5 180mA 24-pin
MB7138Y 2K x 8 35nS +5 180mA 24-pin
MB7141E 4K x 8 65nS +5 185mA 24-pin
MB7141H 4K x 8 55nS +5 185mA 24-pin
MB7142E 4K x 8 65nS +5 185mA 24-pin
MB7142H 4K x 8 55nS +5 185mA 24-pin
MB7143E 8K x 8 65nS +5 190mA 24-pin
MB7143H 8K x 8 55nS +5 190mA 24-pin
MBT7144E 8K x 8 65nS +5 190mA 24-pin
MB7144H 8K x 8 56nS +5 190mA 24-pin
MB7151E 4K x 4 45nS +5 170mA 20-pin
MB7151H 4K x 4 55nS +5 170mA 20-pin
MB7152E 4K x 4 45nS +5 170mA 20-pin
MB7152H 4K x 4 55nS +5 170mA 20-pin
MB7152Y 4K x 4 35nS +5 170mA 20-pin

Extended Temperature Range PROMS (—55°C to +125°C Operating Temperatures)

Max
Max Power

Device Size Organi- Output Package A Dissi| P; Alt

zation Pins Time (ns) tion (MA) Source
MB7128EW 8192 2048x4 3S 18 55 155 ZFV 825185
MB7132EW 8192 1024x8 3S 24 55 175 ZFV 825181
MB7138E-W 16384 2048 x8 3S 24 55 180 Z FV 825191
MB7142E-W 32768 4096 x8 3S 24 65 185 ZFV 8258321
MB7144E-W 65536 8000x 8 3S 24 70 190 ZFV

Fujitsu also offers a family of DEAP PROMs available in extended temperature range (~55°C to
+125°C). These PROMs are of the same generic family as the commercial temperature range pro-
duct and utilize the same programming methods and more elaborate testing procedures. This pro-
duct is available processed to Mil. Std. 883B or 883C.
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Reliability Testing

Reliability testing includes
three types of tests — lot tests
(after production starts),
periodic tests, and “occa-
sional” tests. This section ex-
plains the details of each test
in turn.

Lot Tests

The particulars of ot tests are
listed in Table 5. There are two
types of lot tests, called group
A tests and group B tests.
Group A tests and Group B
tests are performed on items
that are tested regularly, usu-
ally every week.

Details of individual tests vary
with the product under test, but
all samples are selected at ran-
dom from every cycle lot. Tests
are not performed in any par-
ticular, order unless specified.
Rather, they are performed for
each device type.

Note that the high-temperature
storage and continuous-
operation tests usually take
500 hours, although they may
take only 168 hours in special
cases. Good samples are
returned to their lots after non-
destructive testing. Bad
samples and samples that
have undergone destruction
testing are disposed.

Table 5 Sampling Plan for Reliability Testing.

Device Classification

Perlodic Tests

Particulars of the periodic tests
arealsolistedinTable5.There
aretwotypesof periodictests —
group Ctestsand group D tests.
Group Ctestsare performedon
itemsthataretestedregularly,
usually every 13weeks. Group D
testsinclude specialreliability
testandvery longlifetests.The
Group Dtestisusuallydone
onceevery 26 weeks.

Detailsof individual testsvary
withthe productundertest, but
allsamples areselectedatran-
dom. Tests arenot performedin
any particularorderunless

Device Group 1

specified. Rather, they are per-
formed foreachdevice type.

Notethatthehigh-temperature
storageand continuous opera-
tiontests forgroup Ctake 1000
hoursandthose forgroup Dtake
3000 hours.

Occasional Tests .
Occasional tests are performed
onproducts wheneverneces-
sary.Thetestsaresimilarto
periodictests, but theirdetails
arespecified by the QC/Reliabili-
ty Engineering Departmentac-
cordingtothepurposeofthe
test.

Device Group 2

Group Subgroup Test items Sampling Plan
A1l External Visual Inspection 100% Test of Sampling Devices (All Sampled Devices)
A2 Fuction Test LTPD 5% A;=0

A A3 Electrical Static Characteristics LTPD 5% A,=0
o Characteristics
A4 Dynamic/Switching Characteristics LTPD 5% A,=0

Sample Acceptance Sampl Accep
gsllz_e Number Size Number

B1 Physical Dimensions 9 1 6 1
B2 Environmental Thermal Environmental Test 9 1 9 1
B3 Tests Mechanical Environmental Tests 9 1 9 1
B4-1 Solderability (230°C, 5s) 1 9 1 3 1

B B4-li Solderability (260°C, 5s)"1 9 1 3 1
BS Lead Integrity " 9 1 3 1
B6 Pressure-Temperature-Humidity Storage *2 9 13 9 13
B7. High-Temperature Storage *S 14 174 7 174
B8 Continuous Operation 24 174 1 174
B9 High-Humidity Storage 85°C, 85%RH 2 24 14 " 174
< High-Temperature Storage *5 14 16 7 16

C Cc2 Endurance Continuous Operation 24 176 1 16
c3 Test High-Humidity Storage 85°C, 85%RH *6 24 16 1 174

T D1 High-Temperature Storage *5 *7 14 — 7 —

D D2 Continuous Operation ‘7 24 — 1 —

D3 High-Humidity Storage 85°C, 85%RH 27 24 — 11 —




Reliability Testing continued

Test Cycle: Groups A and B for every weekly lot, Goup C every 13 weeks, Group D every 26 weeks

Notes

*1: Electrical reject devices can be used in this test.
*2: These tests are performed on resin-sealed devices.
*3: This test takes 96 hours.

*4: These tests normally take 500 hours. But if no
defects are found in the first 168 hours, the lot can
be passed and the test may be terminated.

These tests are performed if the junction
temperature during continuous operation is less
than the maximum rated storage temperature
specified for such devices.

*6: These tests take 1000 hours.

*7: These tests take 3000 hours.

&

*

o

Table 6 — Device Classification

Capacity in bits Logic/Analog (No. El
Element Classification Bipolar MOS Power Consumption)
Group 1 (SS1 and MSI devices) up to 5000 up to 10,000 up to 1000/500 mW
Group 2 (LSI devices) over 5000 over 10,000 Other
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Quality Control Flow Chart

FIG. 3 THE QUALITY CONTROL FLOW CHART

PROCESS

INSPECTION OF INCOMING MATERIAL
WAFER PROCESSING

CHECK ITEMS DIFFUSION/ION IMPLANTATION

INSPECTION OF WAFERS,
MASKS, PACKAGES, PIECE
PARTS, CHEMICALS, ETC.

WAFER SURFACE INSPECTION AND SAMPLE
TESTS OF THICKNESS, SURFACE RESISTANCE.
DIFFUSION DEPTH, ELECTRICAL PARAMETERS, AND DOPING.

WAFER SURFACE AND PATTERN INSPECTION
WAFER SURFACE INSPECTION, MONITOR TEST OF FILM THICKNESS

PHOTOETCHING

METALLIZATION
PASSIVATION (INSULATING LAYER FORMATION)

PROBING TEST

WAFER SURFACE INSPECTION, MONITOR TEST OF FILM THICKNESS WAFER SHIPPING INSPECTION

TEST OF ELECTRICAL CHARACTERISTICS, STRESS TEST DICING (CHIP SEPARATION)

CHIP SELECTION

CHIP SHIPPING INSPECTION
ASSEMBLY
DIE BONDING

WIRE BONDING

WAFER SURFACE AND PATTERN SAMPLING INSPECTION ‘
VISUAL AND SURFACE INSPECTION

SAMPLE SURFACE INSPECTION ‘ :

BOND-WETTING AND SURFACE INSPECTION, MONITOR TEST OF PILOT RUN FOR MACHINE CALIBRATION
BOND-POSITION AND SURFACE INSPECTION, SAMPLE WIRE BOND STRENGTH TEST, MONITOR TEST OF SAMPLE RUN FOR MACHINE CALIBRATION

PRE-CAP VISUAL

INSPECTION
INTERNAL
MERCHANT
INSPECTION

INTERNAL VISUAL INSPECTION

INTERNAL SAMPLING VISUAL INSPECTION ‘

LEGEND:
O PRODUCTION PROCESS

D TEST/INSPECTION
@ PRODUCTION PROCESS AND TEST/INSPECTION

<> QC GATE (SAMPLING)

NOTE: THE FLOW SEQUENCE MAY VARY SLIGHTLY WITH INDIVIDUAL PRODUCT TYPE.




Quality Control Flow Chart continved

TABLE 2. SAMPLING PLAN FOR THE SHIPPING TESTS.

TEST ITEM SAMPLING PLAN
Electrical Characteristics

Appearance AQLO0.25% (Level i)
Marking

Hermeticity (Fine and Gross Leak Tests)* AQL2.5% (Level Il)

Appearance

Note: * Applies to hermetic packages only.

SEALING OR MOLDING
AGING (AFTER ENCAPSULATION)

LEAK TEST (HERMETIC PACKAGE ONLY)

LEAD PLATING
FINE AND GROSS LEAK TESTS

EXTERNAL SAMPLING VISUAL INSPECTION :

EXTERNAL SAMPLING VISUAL INSPECTION

LEAD TRIM AND CUTTING
MARKING
MARKING

CURING
EXTERNAL SAMPLING VISUAL INSPECTION
EXTERNAL VISUAL INSPECTION

EXTERNAL VISUAL INSPECTION I

EXTERNAL SAMPLING VISUAL INSPECTION ‘

EXTERNAL MECHANICAL INSPECTION
URN-IN (OPTIONAL)

e,

FINAL TEST

SHIPPING TESTS

TEST OF AC/DC CHARACTERISTICS, AND FUNCTIONS RELIABILITY TESTS

LOT TESTS/PERIODIC
HERMETICITY (FINE AND GROSS LEAK TESTS.) EXTERNAL AND MARKING INSPECTIONS, TESTS

ELECTRICAL CHARACTERISTICS TESTS, ALL SAMPLING TESTS WAREHOUSING

ENDURANCE AND ENVIRONMENTAL TESTS ‘
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Package Dimensions oimcnsons in inches (millimeters)

— — e =" 0°~9’
R.050(1.27)REF 1
287(7.29) 290(7.37)
INDEX AREA .299(7.59) :310(7.87)
DIP-16C-A02
.760(19.30)
I “806(30.33) .008(0.20)
16-LEAD CERAMI 12030
MB-ETAL SEAL c ———I [-—,osou.anAx
DUAL IN-LINE PACKAGE : .
.120(3.08)
L 150(3.81)
.090(2.29) .032(0.81)
110(2.79) REF J -020(0.51)
: 7 1043(1.09)
.700(17.781REF
.042(1.07) ‘_j .015(0.38)
062(1.57) [023(0.581
0°~15°
O TP TF TF TF TF TF [ -
R.025(0.64)REF
.264(6.71) .305(7.75)
281(7.14) 325(8.26) 300782TYP
DIP-16C-C03 T CF b b F o5 5 J T |
.754(19.15)
788(20.02) 008(0.201 j
—={ [=—os001.271mMAX 014(0.36)
16-LEAD CERDIP |
DUAL IN-LINE PACKAGE '—L .200(5.08)MAX
.
L J 1120(3.08)
.150(3.81)
.090(2.29) 032(081)
1020(0.51)
110(2.79) oa0ir 29
! 700(17 78)REF
osen 42) 013(0.33)
062(1.57) 1023(0.58)
0°~15°
—
R.025(0.64)REF
Soaran  miae 007,60 TYP
DIP-16C-C04 T e T L /
754(19.15)
788(20.02) 1008(0.20)
— 050(1.27IMAX 014{0.36)
16-LEAD CERDIP
DUAL IN-LINE PACKAGE i
.120(3.05)
150(3.81)

090(2.29)
.110(2.79)

020(051)
050(1.27)
! (17 T8IREF
oseu -013(0. 33)
oszu:.z) -023(0.58]
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PﬂCkage DimenSiOnS Dimensions in inches (millimeters)

0°~9°
R.040(1.02)REF ’
.287(2.29) .290(7.37)
.299(7.59) .310(7.87)
INDEX AREA
DIP-16C-F01
.760(19.30)
e - .008(0.20)
-800{20.32) “012(0.30)
16-LEAD CERAMIC e omon2nAx
FRIT SEAL ™ .
DUAL |N'L|NE PACKAGE __{ .200(5.08)MAX
.120(3.05)
.150(3.81)
.090(2.29) .032(0.81),
o mestl | oo
l .700(17.78) REF
.042(1.07) __“‘ﬁ@:«_s)
~062(1.57) .023(0.58)
)—0‘“-9"
R.050(1.27) ’
REF
.287(7.29) .290(7.37)
.299(7.59) .310(7.87)
INDEX AREA
DIP-16C-F02
] .760(19.30)
T .800(20.32) -00810.20)
.012(0.30)
.050(1.27)MAX
16-LEAD CERAMIC N ,
T
FR'T sEAL "-L .200(5.08)MAX
DUAL IN-LINE PACKAGE
.120(3.05)
.150(3.81)
.032(0.81)|
110(2.79) REF -020(0.51)
| .043(1.09)
700('7 78) REF
.042(1. 07) __‘ 0|5(038)
.062(1.57) .023(0.58)
el n el sl el - Lo
s : .240(6.10) ,300(I7.62) TYP.
INDEX .260(6.60) J
DIP-16P-M01 HO W L -
.748(19.00)
.798(20.27) T .008(0.20)
.014(0.36)
.050(1.27) MAX
16-LEAD PLASTIC —L  —
DUAL IN-LINE PACKAGE [ \ y
.197(5.00) MAX
[
118(3.00) MIN.
.100(2.54)] _.j .015(0.38)
TYP. .023(0.58) .020 (0.51) MIN.
.047(1.19)
.062(1.57)
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P30kage Dimen3i0ns Dimensions in inches (mi!limeters)

woset [10 0 L ¢
.250(6.35) .290(7.37}
.267(6.85) .310(7.87)
INDEX-2
DIP-16P-M03 [T EA LT L o b &
776019.7) .009(0.24)
.014(0.36)

16-LEAD PLASTIC ‘LI“‘“"“”’M“ Sesraar] [
DUAL IN-LINE PACKAGE l ;

ATING PLANE
J118(3.0)MIN
.100(2.54) .016{0.40)
TYP '
.04

.023(0.59)  .020(0.51)MIN
7(1.20)
.059(1.50)

e Y Y s Y s T e O e Y e B e WY 0~18°
R.025(0.64) /
REF
.286(7.24) .305(7.75)
) s2atea 300(7.62) TYP
R x T T 7 T T 7 3 3 I
DIP-18C-CO1 .882(22.40)
912(23.16)
— r——,056(1.43)MAX -014(0.36)
18-LEAD CERDIP
DUAL |N-L|NE PACKAGE H .200(5.08)MAX
o
.120(3.05)
.150(3.81)
.090(2.29) .032(0.81)
110(2.79) TYP .0200.51)
.050(1.27)
"800(20.32)REF
042(1.07) .013(0.33)
[062(1.58) 023(0.68)
= — 0°~9°
R.032(0.81)REF
278(7.06) .290(7.37)
.298(7.57) 310(7.87)
INDEX AREA
DIP-18C-F02
!_ -890(22,61)

910(23.117) .008{0.20)

18-LEAD CERAMIC R 01200.30)
FRIT SEAL e -
DUAL IN-LINE PACKAGE | [2co0mmax

.150(3.81)

' .120(3.085)

-090(2.29) J .032(0.81)
110(2.79) REF

! 1800(20.32)REF
.042(1.07)

.062(1.57)

. _| .020(0.51)

| .050(1.27)

| .015(0.38)
1023(0.58)
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PaCkage DimenSionS Dimensions in inches (millimeters)

DiP-18P-MO1

18-LEAD PLASTIC

T s e T o Y o o Y

INDEX™ |

O

.240(6.101
260(6.60)

| [ N O OO B

898(22.82IMAX

J"“AQ (1.26) MAX
r

.009(0.24)
.014(0.36)

DUAL IN-LINE PACKAGE > 197(6.00MAX
118(3.00IMIN
.100(2.54) 047 (1.20) 0160.40) 1020(0.511MIN
TYP 059 (1.50) 023(0.59)
.435(11.05)
.450(11.43) o 1030(0.76)
= -025(0.64)IMAX .045(1.14)
.250(6.35)
300(7:62)
FPT-18C-CO01
it 900(2286IMIN
18-LEAD CERDIP
FLAT PACKAGE
PIN #1 IDENT
250(6.35)
300(762)
.016(0.- -004(0.10)
asananrve—| | ~ g 90610.15)
.395(10.03) - F=—1090(2.29)MAX
405(10.29)
*PIN 1 INDEX PIN 1 INDEX
J ] U D .0325(‘2.'0)TVP
433(3]8) E ’
LCC-18C-A02 —
= 3
. Y R.008(0.20)
.3251?.33 = TYP(18PLCS) 9 2001508 v
18-PAD CERAMIC = =
025(064)] 050(1.27)TYP
METAL SEAL 02! H DD H
— R.012(0.30) <1
LEADLESS CHIP CARRIER TVP (4PLCS] L__‘_] 045(1.14)TYP
280(7.11) 0500121 TYP__|
295(7.49)
085(2.16)MAX

150(3.81)TYP

*Shape of Pin 1 index : Subject to change without notice
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PaCkage DimenSions Dimensions in inches (millimeters)

*PIN NO. 1 INDEX
R.012(0.30)TYP

@ pLCs)
d 115(2.92)
.155(3.94) “TYP
T‘VP
e ] =
] R.008(0.20)TYP
LCC-18C-AQ4 agstr2.32) T8 PLCS) PIN NO. 1 INDEX = 269(5,60)
1500(12.70) = [ 200(5.08)
025(0.64)
— TVP :1‘1
— [
18-PAD CERAMIC T :
LEADLESS CHIP CARRIER e Losaa
TYP
050020 __| | 070(1.78)
280(7.11) TYP | — TP
295(7.49) 1100(2.54IMAX 150(3.811TYP 045(1.14)
195(4.95)TYP TYP

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

*PIN NO.1 INDEX

F g =

1125(2.
R.012(0.30)TYP L 289)
4 PLCS)

0825(2.10)
125(3.18) TYe
TYP

LCC-18C-F02

R.008(0.20)TYP

-l
mg
P
b1

t
i

025(0.64)
TYP
.050(1 .2%) .045(1.14)

.280(7.11) TV TP
.295(7.49) 100(2.54MAX 067501.71)
150(3.81)TYP TVP

195 951TYP

|
T

420(1067) 260(6.60)
18-PAD CERAMIC 435(11.05)
FRIT SEAL

LEADLESS CHIP CARRIER

Qoono

pnnna

(
I

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

*PIN NO. 1 INDEX

R.012(030)TYP
@pLcs)
r — b
4 U U 115(292)
155(3.94) TYP
TYP
LCC-18C-F04 — - (¢
—1 Rroos020TYP
485012.32) W\:’ PIN NO. 1 INDEX = 260(5,60)
'500(12.70) — P ] [ 200(5.08)
025(0.64)
18-PAD CERAMIC = m:] = _l
FRIT SEAL — TZ [
LEADLESS CHIP CARRIER e o
YR TYP
- L L
050(1.27) [ 070(1.78)
280(7.11) TP TP
265(7.48) .—J 115(2.92) MAX 150(3.81)TYP 045(1.14)
1195(4.95/TYP TYP

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




PaCkage DimenSions Dimensions in inches (millimeters)

e b

=" 0~
R.050{1.27)REF
278(7.06)  .290(7.37)
INDEX AREA 298(757)  310(7.87)
DIP-20C-A01 L o0 1 sos0z0 7
|—— 050(1.27)MAX
20-LEAD CERAMIC 1 Fmeso
METAL SEAL
DUAL IN-LINE PACKAGE 150G
.090(2.29) 015(0.38)
1002 79; A’l 1023(0.58] .020(0.51)
900(22 B61REF osotr.2n
.040(1.02)
[060(1.52)
0°~15"
i D s I s Y s Y s N s N v Y s [ s S e A
R.025(0.64)REF .284(7.21) '
sozren 300(7.62)TYP
313(7.95)
DIP-20C-C03 s

20-LEAD CERDIP
DUAL IN-LINE PACKAGE

OO 7 7 CJ 7 7 7 J 7 1J
l .940(23 .88)

1.000125.4)
] |- —.050(1.27)MAX

.008(0.20) %

014(0.36)

J -200(5.08)MAX

120(3.05)
150(3.81)

| i
090(2.24) 1032(0.81) 020(0.51)
110{2.79) —~ “'I . .l .050(1.27)
T 90022 86IREF _
.042(1.06) 013(0.33)
1062(1 581 - 023(6.58)

DiP-22C-F01

22-.LEAD CERAMIC
FRIT SEAL
DUAL IN-LINE PACKAGE

INDEX AREA

0°~9°

R.050(1.27)
REF.

T

.380(9.65) .390(9.91)
.396(10.06)

.410(10.41

)

L 1.070(27.18)

" 1.100(27.94)

——‘ |-—.050(1 27)MAX
[ 1

L [2005.080max
.120(3.08)
150(3.81)
.090(2.29) .042(1,07) _.1 015(0.38) | o00(051)
[062(1.57) [023(058) | (050(1.27)

.110(2.79)
b

1.000(25.40)REF

008(0.20)
.012(0.30}
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P aCkage DimenSianS Dimensions in inches (millimeters)

A
¥
R.025(0.64)REF
578(14.68)  590(14.99)
598(15.19)  610(15.49)
DIP-24C-A01 INDEX AREA
[ 1.186(30.12) .008(0.20)
24-LEAD CERAMIC ! 1.214(30.84) [012(0.30)
METAL SEAL —-l r-?Aosm.Aswa
DUAL IN-LINE PACKAGE 1
_t 177as0mAx
\ .120(3.05)
1150(3.81)
090«2 29) .015(0.38)
110(2 79) — -023(0.58) ot §§,
1100(27.94)REF
ossi0’
.044(1.12)
Vo
R.032(0.81) ,
REF
.380(9.65) .390(9.91)
3061008 4T0(T0AN)
INDEX AREA C—
DIP-24C-A02 I
1.168(29.66) 1008(0.20)
! 1.212(30.78) 7012(0.30)

24-LEAD CERAMIC
METAL SEAL
DUAL IN-LINE PACKAGE

.056(1.42)MAX
__| r

4

177(4.500MAX

.120(3.05)
.150(3.81)

.090(2.29) .032(0.81)
.110(2.79)

1.100(27.94)REF

-040(1.02)
.060(1.52)

025(0.64)
|045(1.14}

.015(0.38)
.023(0.58)

DIP-24C-C02

24-LEAD CERDIP
WITH TRANSPARENT LID
DUAL IN-LINE PACKAGE

iminieinininininisinininl

0°~18°

R.025(0.64)REF

350(8.89)DIA
TYP,

.514(13.06) .600(15.24)

541(13.74) .625(15.88) -B00(18.241TYP

L N Ny N N N [y Ny
1.200(30.48)

T 1.300(33.02)

.014(0.36)

—+

i .230(5.84)MAX

+120(3.05)
.150(3.81)

I—‘J 00(2.54)MAX
.032(0.81)
REF

1.100(27.94)REF
.042(1.07)

.062(1.57]

.090(2.20) ’__]

110(2.79)

J .013(0.33)

023(0.58)

.020(0.51)
050(1.27)
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PaCkage DimenSions Dimensions in inches (millimeters)

v

== 0°~15°
R.025(0.64) '
REF

g szl || | wovsaare

DIP-24C-C03 ‘
A
LIS iy IS [ N S [ Sy N A N WA SOy e = =
1.200(30.48) .008(0.20)

24-LEAD CERDIP 1.300(33.02) 1014(0.36)
DUAL IN-LINE PACKAGE = aootzsamax

| | [|motseamAx

.120(3.05)
-150(3.81)
.090(2.29) .032(0.81)
a10(2.79) [ i} Tve L ;gggi?;g‘,}
1.100(27.94)REF
.042(1.06) 013 (0.33)
1062(1.58) 1023 (0.58)

0°~15°
iminininininEnlslnis) e

(

R,O?S(O.GMR\EF

.514(13.06) .600(15.24)

541(13.74) 625(15.88) -800(18.24)TvP

350(8.89)DIA
TYP,
/

DIP-24P-MO01

Ly B B S -
1.200(30.48)
e e 1.300(33.02)

24-LEAD PLASTIC ~  ~-.100(2.54IMAX
DUAL IN-LINE PACKAGE t - . )

“014(0.36]

l .2;3015,84)MAX

B ; .120(3.08)
‘ - 1150(3.81)
.090(2.29) .032(0.81) |
; REF 1020(0.51)

110(2.79)
T .050(1.27)
1.100(27.94)REF j
042(1.07) .013(0.33)
£062(1.57) ™ o231058)

LlsuMAX
Eininisininininininlis] —Z—[

(EJECTOR MARK)

INDEX ~ 1
13.31)  .590(14.99h

/ 524(
543(13.79) .610(15.49)

DIP-24P-M02 g

L N U N O O O W |
1.171(29.74) .008(0.20)
1.197(30.40) .012(0.30)

24-LEAD PLASTIC
.039(0.99)

DUAL IN-LINE PACKAGE ~ — [-—on2max .
il \
.195(4 96)MAX
1
.118(3.00)MIN
.100(2.54) .015(0.38)
TYP _4 .021(0.53) .020(0.51)MIN
.059(1.50)

.080(2.03)

7-13



PaCkage Dimen3i0ns Dimensions in inches (millimeters)

FPT-24-C02

24-LEAD CERDIP
FLAT PACKAGE

0°~15°

siminininininininisininl

L.O

INDEX”|
524(13.31) 590(14.99)
.643(13.79) .610(15.49)

|0 S N D O I I O I O )

1.171(29.74) .008(0.20}
1.197(30.40) -014(0.36)
-039(0.99)
r—.050(|.27)MAx 059(1.50" |

7 .197(5.00}MAX

L h .118(3.00/MIN
.100(2.54) .015(0.38)
TvP I".Wa(oTa) 020 (0.51)MIN
.059(1.50)
~080(2.03)
FPT-24C-F01 NORX L .260(6.60)
— .280(7.11) -900(22.861TYP
24-LEAD CERAMIC
272(6.91)
FRIT SEAL 400(10.16)
FLAT PACKAGE
.050(1.27) .010(0.254) 1|l o03c0.081
TP =~ T 020(0.508) 1008(0.20)
T BB0(13 97 TYPE —] L——JOO(ZSMMAX

390(9.91)
406(10.31)

DIP-28C-A01

28-LEAD CERAMIC
METAL SEAL
DUAL IN-LINE PACKAGE

0°~9°

050“ 27) 1
|
.585(14.86) .590(14.99)
.605(15.37) 610(15.49)
INDEX AREA
P

1.386(35.20) ; -008(0.20)
1.414(35.92) 1012(0.30}

057(1.45)MAX

177(4.50)MAX
.120(3.05)
.150(3.81)

09012 29)] 046(1 ‘7’ _ | osess 040(1.02)
g m(z 791 05a(1.371 023(0.58) e
i 1.300(33.02)REF
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PaCkage DimenSions Dimensions in inches (millimeters)

A

0°~15°

R .025(0.64)
REF

i A 570(14.48) 600(15.24) ! JA)REF
S 895(15.11) 625(15.88) 600(15,2

DIP-28C-CO1

L) |

i 1.435(36.45) ‘

! 1.500(38.10) ! .008(0.20)
28-LEAD CERDIP | smniamns et
WITH TRANSPARENT LID T i
DUAL IN-LINE PACKAGE || 20t samax

L.m(s.os)
1150(381)
.090(2.29) 04201.07) 032(0.81)
110279 06201.57) REF H Qa00m
! 1.300(33.02)REF
013(033)
1023(0.58)
PIN NO. 1
/INDEX .015(0.38)
= =
LCC-32C-A01 5 =
= [
280(7.11) gggi 3%: z R.008(0.20)TYP E ‘400“07"??)
DIA TYP . L
32.PAD CERAMIC = 5 osonzy) |
METAL SEAL = St
LEADLESS CHIP CARRIER = o=
.040(1.02)TYP f .025(0.64)
) oreest |50 .2 LTo:';u 14)TYP
o 445111.30) TP : .
460 o8 b 130(3.30MAX -300(7.62)TYP
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Ordering Information

Product Marking
Ordering Code MB 8264-15 Z
- ==
L PACKAGE
C-CERAMIC
P-PLASTIC
Z-CERDIP

PERFORMANCE VARIATIONS (WHEN USED)
E, H OR DASH NUMBERS DENOTE ACCESS TIME VARIATIONS
L-DENOTES LOW POWER

DEVICE TYPE

MANUFACTURER DESIGNATOR
MB-DEVICE TYPE IS FUJITSU INTERNAL NUMBER
MBM-DEVICE TYPE IS INDUSTRY STANDARD MEMORY NUMBER
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Sales Office Listing

Field Sales Offices

Representatives

HEADQUARTERS

Fujitsu Microelectronics, Inc.

3320 Scott Boulevard
Santa Clara, CA 95051
(408) 727-1700

Telex I/il: 910-338-0190

NORTHERN CALIFORNIA

Fujitsu Microelectronics, Inc.

595 Millich Drive
Suite 210
Campbell, CA 95008
(408) 866-5600

SOUTHERN CALIFORNIA

Fujitsu Microelectronics, Inc.

840 Newport Center Drive
Suite 460

Newport Beach, CA 92660
(714) 720-9688

ATLANTA

Fujitsu Microelectronics, Inc.

3169 Holcomb Bridge
Suite 506

Norcross, GA 30071
(404) 449-8539

AUSTIN

Fujitsu Microelectronics, Inc.

8240 Mopac Expwy. 395 G
Austin, TX 78759
(512) 343-0320

BOSTON

Fujitsu Microelectronics, Inc.

57 Wells Avenue
Newton Centre, MA 02159
(617) 964-7080

CHICAGO

Fujitsu Microelectronics, Inc.

1501 Woodfield Road
Suite 202, South Bldg. IV
Schaumburg, IL 60195
(312) 885-1500

TWX: 910-687-7378

DALLAS

Fujitsu Microelectronics, Inc.

1101 East Arapaho Road
Suite 225

Richardson, TX 75081
(214) 669-1616

HOUSTON

Fujitsu Microelectronics, Inc.

10550 W. Office Drive
Suite 102

Houston, TX 77042
(713) 784-7111

MINNEAPOLIS

Fujitsu Microelectronics, Inc.

3460 Washington Avenue
Eagan, MN 55122
(612) 454-0323

N. Cal
S. Cal
Dallas
Chicago
Boston

New York

NEW YORK

Fujitsu Microelectronics, Inc.

1. (408) 866-5600
2. (714) 720-9688
3. (214) 669-1616
4. (312) 934-6400
5. (617) 964-7080
6. (516) 361-6565

601 Veterans Memorial Highway

Hauppauge, NY 11788
(5616) 361-6565
TWX: 510-227-1049

Arizona

Thom Luke Sales, Inc.
2940 N. 67th Place
Suite H

Scottsdale, AZ 85251
(602) 941-1901

California

Harvey King Inc.
8124 Miramar Road
San Diego, CA 92126
(619) 566-5252

NorComp Inc.

2975 Scott Blvd.
Santa Clara, CA 95050
(408) 727-7707

Colorado

Straube Associates
7970 Sheridan Ave.
Suite C

Westminster, CO 80003
(303) 426-0890

Connecticut

Comp Rep Associates
605 Washington Ave.
North Haven, CT 06473
(203) 239-9762

Georgia

Dixie Technical Marketing
925 Main Street, Suite 203
Stone Mountain, GA 30086
(409) 962-2530

Idaho

Cascade Components

2419 W. State Street, No. 10
Boise, ID 83702

(208) 343-9886

Hinois

ZMS Electronic Sales

3227 N. Frontage Road, #2702
Arlington Heights, IL 60004
(312) 394-4422

Indiana

Gaertner Associates
6505 E. 82nd Street, #107
Indianapolis, IN 46250
(317) 842-0373

lowa

Electromec Sales Inc.
1500 2nd Ave., S.E.
Suite 205

Cedar Rapids, IA 52403
(319) 362:6413

Kansas

PMR Corporation

P.O. Box 6264

Overland Park, KS 66206
(913) 381-0004

PMR Corporation
P.O. Box 18089
Wichita, KS 67218
(316) 684-4141

Maryland

Component Sales, Inc.
3701 OId Court Rd., #14
Baltimore, MD 21208
(301) 484-3647

Massachusetts

Comp Rep Associates
100 Everett Street
Westwood, MA 02090
(617) 329-3454

Michigan

AP Associates
9880 E. Grand River
Brighton, Mi 48116
(313) 229-6550

Minnesota

Electromec Sales, Inc.

101 W. Burnsville Parkway
Burnsville, MN 55337
(612) 894-8200

717

Missouri

PMR Corporation

P.O. Box 1539

Maryland Heights, MO 63043
(314) 569-1220

New Jersey

Technical Applications Marketing
389 Passaic Avenue

Fairfield, NJ 07006

(201) 575-4390

New Mexico

Straube Associates, Inc.
11701 Menaul Bivd. N.E.
Suite E

Albuquerque, NM 87112
(505) 292-0428

New York

Tech-Mark/Upstate Associates
P.O. Box 173

Mendon, NY 14506

(716) 624-3840

Technical Applications Marketing
1727 Veterans Highway

Suite 408

S. Hauppauge, NY 11722

(516) 348-0800

Ohio

Makin & Associates
3165 Linwood Road
Cincinnati, OH 45208
(513) 872-2424

Makin & Associates

5077 Olentangy River Road
Suite 28

Columbus, OH 43214

(614) 459.2423

Makin & Associates
1640 Frankland Ave.
Suite 5

Kent, OH 44240
(513) 872-2424

Oregon

Olson, Ferree and Associates
2215 N.E. Cornell

Hilisboro, OR 97124

(503) 640-9660

Pennsylvania

Omni Sales

1014 Bethlehem Pike
Erdenheim, PA 19118
(215) 233-4600

Utah

Straube Associates
3509 S. Main Street

Salt Lake City, UT 84115
(810) 263-2640

Washington

Olson, Ferree & Associates
12727 N.E. 20th

Suite 4

Bellevue, WA 98005

(206) 883-7792

Wisconsin

ZMS Electronic Sales

250 N. Sunnyslope Road, #337
Brookfield, Wl 53005

(414) 782-2222

Canada

Pipe-Thompson Ltd.

5468 Dundas Street West
Suite 206

Islington, Ontario M9B 6E3
(416) 236-2355

Woodbery Electronics Sales Ltd.
107A-3700 Gilmore Way
Burnaby, BC V5G 4M1

(604) 430-3302

Puerto Rico

Comp Rep Associates
KQH8 Miradero

P.O. Box 724
Mayaguez, PR 00708
(809) 832-9529



Distributors

Arizona

Cetec Moltronics
3617 N. 35th Ave.
Phoenix, AZ 85017
(602) 2727951

Marshall Industries
835 West 22nd Street
Tempe, AZ 85281
(602) 968-6181

Time Electronics Arizona
1203 W. Geneva Drive
Tempe, AZ 85252

(602) 967-2000

California

Cetec Electronics
3940 Ruffin Street
Suite E

San Diego, CA 92123
(619) 278-5020

Cetec Electronics
721 Charcot Avenue
San Jose, CA 95131
(408) 263-7373

Cetec Electronics
5610 E. Imperial Hwy
Southgate, CA 90280
(213) 773-6521

Image Electronics
15052 Red Hill Ave.
Unit A

Tustin, CA 92680
(714) 730-0303

Marshall Industries
8015 Deering Ave.
Canoga Park, CA 91304
(213) 999-5001

Marshall Industries
17321 Murphy Avenue
Irvine, CA 92741

(714) 556-6400

Marshall Industries

10105 Carroll Canyon Road
San Diego, CA 92131

(619) 578-9600

Marshall Industries
788 Palomar Ave.
Sunnyvale, CA 94086
(408) 732-1100

Pacesetter Electronics
3137 W. Warner Street
Santa Ana, CA 92704
(714) 557-7131

Time Electronics West
2410 E. Cerritos Ave.
Anaheim, CA 92806
(714) 937-0911

Time Electronics Norcal
1339 Moffett Park Drive
Sunnyvale, CA 94086
(408) 734-9888

Time Electronics West
19210 S. Van Ness
Torrance, CA 95051
(213) 320-0880

Western Microtechnology
10040 Bubb Road
Cupertino, CA 95014
(408) 725-1660

Colorado

Bell industries

8155 West 48th Avenue
Wheatridge, CO 80033
(303) 424-1985

Marshall Industries
7000 N. Broadway
Denver, CO 80221

(303) 427-1818

IEC JACO

5750 N. Logan St.
Denver, CO 80216
(303) 292-6121

Connecticut

Marshall Industries
Village Lane

Barnes Industrial Park
Wallingford, CT 06492
(203) 265-3822

Milgray Connecticut
378 Boston Post Road
Orange, CT 06477
(203) 795-0711

Florida

Marshall Industries

1101 NW 62nd Street
Suite 306D

Ft. Lauderdale, FL 33309
(305) 928-0661

Marshall Industries
4205 34th Street S.W.
Orlando, FL 32805
(305) 841-1878

Milgray Florida

1850 Lee Road, Suite 104
Winter Park, FL 32789
(305) 647-5747

Time Electronics Florida
6610 N.W. 21st Avenue
Ft. Lauderdale, FL 33309
(305) 974-4800

Georgia

Marshall Industries
43504 International Blvd.
Norcross, GA 30083
(404) 923-5750

Milgray Atlanta

17 Dunwoody Park
Suite 102

Atlanta, GA 30338
(404) 393-9666

Hlinois

Classic Component Supply
3336 Commercial Ave.
Northbrook, IL 60062

(312) 272-9650

Intercomp Inc.

2200 N. Stonington
Hoffman Estates, IL 60195
(312) 843-2040

Marshall Industries
1261 Wiley Dr.
Schaumburg, IL 60195
(312) 490-0155

NEP Electronics
8300 W. Addison
Chicago, IL 60634
(312) 625-8400

lowa

DEECO

2500 16th Ave., South West
Cedar Rapids, IA 52406
(319) 365-7551

Kansas

Milgray Kansas

6901 W. 63rd. Street
Overland Park, KS 66202
(913) 236-8800

Maryland

Marshall Industries
8445 Helgerman
Gaithersburg, MD 20760
(301) 840-9450

Miigray Washington
11820 Parklawn Drive
Room 102

Rockville, MD 20852
(301) 468-6400

Massachusetts

Future Electronics Corp.
133 Flanders Road
Westboro, MA 01581
(617) 366-2400
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Marshall Industries
One Wilshire Road
Burlington, MA 01830
(617) 272-8200

Milgray New England
79 Terrace Hall
Burlington, MA 01803
(617) 272-6800

Time Electronics New England

150C New Boston Street
Woodburn, MA 01801
(617) 935-8080

Michigan

Caulder Associates
6731 28th St. S.E.
Grand Rapids, Ml 49503
(616) 949-2900

Marshall Industries
13760 Merriman Road
Livonia, MI 48150
(313) 525-5850

Reptron Electronics
34403 Glendale
Livonia, MI 48150
(313) 525-2700

Minnesota

Marshall Industries
13810 24th Ave., North
Suite 460

Plymouth, MN 55441
(612) 559-2211

Missouri

Time Electronics
330 Sovereign Court
St. Louis, MO 63011
(314) 391-6444

New Hampshire
C & H Electronics
19 Park Avenue
Hudson, NH 03051
(603) 882-1133

New Jersey
Marshall Industries
101 Fairfield Road
Fairfield, NJ 07004
(201) 882-0320

Marshall Industries
102 Gaither Drive
Mt. Laurel, NJ 08054
(215) 627-1920

(609) 234-9100

Milgray Del Valiey

3002 Greentree Exec. Campus

Suite B
Marlton, NJ 08053
(609) 983-5010

New York

Current Components
215 Marcus Bivd.
Hauppauge, NY 11787
(516) 273-2600

Marshall industries
10 Hooper Road
Endwell, NY 13760
(607) 754-1570

Marshall Industries
275 Oser Ave.
Hauppauge, NY 11787
(516) 273-2424

Marshall Industries
1260 Scottsville Road
Rochester, NY 14624
(716) 235-7620

Mast Distributors

215 Marcus Blvd.
Hauppauge, NY 11788
(516) 273-4422

Milgray Electronics

77 Schmitt Blvd.
Farmingdale, NY 11735
(516) 420-9800

Rome Electronics
216 Erie Blvd. East
Rome, NY 13440
(315) 337-5400

Ohio

Marshall Industries
6212 Executive Blvd.
Dayton, OH 45424
(513) 236-8088

Marshall Industries
5905B Harper Road
Solon, OH 44139
(216) 248-1788

Reptron Electronics
830 Busch Court
Columbus, OH 43229
(614) 436-6675

Oklahoma
Radio, Inc.

1000 South Main
Tulsa, OK 74119
(918) 587-9123

Oregon

Marshall Industries
8230 S.W. Nimbus Ave.
Beaverton, OR 97005
(503) 844-5050

Moore Electronics

15824 S.W. Upper Boones Ferry Rd.
Lake Oswego, OR 97034

(503) 684-3100

Pennsylvania

Time Electronics Mid Atlantic
620 Parkway Ave.

Broomall, PA 19008

(215) 359-1200

Texas

Active Component Technology
4951 Airport Parkway

Suite 590

Dallas, TX 75248

(214) 980-1888

Active Component Technology
6448 Hwy. 290 E.

Bldg. A No. 108

Austin, TX 78723

(512) 452-5254

Marshall Industries
8705 Shoal Creek Blvd.
Suite 202

Austin, TX 78753

(512) 458-5654

Marshall Industries
14205 Proton Road
Dallas, TX 75234
(214) 233-5200

Marshall Industries
3698 Westchase Drive
Houston, TX 77036
(713) 789-6600

Washington
Marshall Industries
14102 NE 21st Street
Bellevue, WA 98007
(206) 747-9100

Wisconsin

Classic Components
2925 S, 160th Street
New Berlin, Wi 53151
(414) 786-5300

Marsh Electronics
1563 S. 101st Street
Milwaukee, WI 53214
(414) 475-6000

Canada

Future Electronics Corporation
237 Hymus Blvd.

Pointe Claire, Quebec HIR 5C7
(514) 694-7710

Carsten Electronics Ltd.

25 Howden Road Unit 5
Scarborough, Ontario M1R 3E8
(416) 751-2371



