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Fujitsu Limited

Semiconductor Products

Fujitsu Limited, headquartered near Tokyo, Japan, is Japan’s largest supplier
of computers and ranks in the top ten companies operating in Japan.

Fujitsu is also one of the world’s largest suppliers of telecommunications
equipment and semiconductor devices.

Established in 1935 as the Communications Division spinoff of Fuji Electric
Company Lirnited, Fujitsu Limited, in 1985, celebrated 50 years of service to
the world through the development and manufacture of state-of-the-art
products in data processing, telecommunications and semiconductors.
Fujitsu operates subsidiaries worldwide in two dozen countries and employs
over 70,000 people to generate annual sales in excess of six billion US dol-
lars. (As of March 31, 1985 consolidated base.)

Fujitsu has five plants in key industrial regions in Japan covering all steps of
semiconductor production. Five wholly owned Japanese subsidiaries provide
additional capacity for production of advanced semiconductor devices. Two
additional facilities operate in the U.S. and Europe to help meet the growing
worldwide demand for Fujitsu semiconductor products. In all, Fujitsu opera-
tions occupy over 1.6 million square meters of manufacturing space
worldwide.

In 1985 Fujitsu introduced 1M-bit DRAMs as well as a 256K-bit SRAM, 1M-bit
EPROMs and a 1M-bit ROM. A 1M-bit SRAM will be introduced in 1986 or
1987 to further compliment the already available full range of dynamic and
static memories in low-power CMOS as well as high-speed NMOS and ECL
versions.

Fujitsu offers a full line of 4-bit, 8-bit and 16-bit microprocessors and
peripherials to provide designers with a total of 150 products including 90
products in CMOS families, 50 products in NMOS families and 10 products in
bipolar peripherals.

Fujitsu’s Digital Signal Processor provides designers of telecommunications
and speech recognition equipment with the world’s fastest digital signal
processor. It is also one of the world’s largest integrated circuit designed
using “standard cell” technology.

Other Fujitsu industry standard products include GaAs FETs, GaAs FET
amplifiers, Si MW transistors and light wave semiconductors. Discrete
products include a high speed switching power transistor and a Darlington
transistor.

Fujitsu’s custom product lines include application-specific gate arrays and

standard-cell arrays using high-speed Bipolar and ECL technologies and ad-

vanced CMOS technologies. Gate arrays ranging in size from 350 to 20,000

gates are available, many with on-chip memory. Standard-cell arrays are

gtailable up to 8000 gate equivalents and also include on-chip memory and
A.

Virtually every major type of electronics equipment on the globe utilizes
Fujitsu technology in integrated circuits. Fujitsu’s leadership position in
worldwide integrated circuit development and manufacturing assures equip-
ment manufacturers that they will always be able to design with the latest in
technology utilizing the highest standards of quality and reliability.




Fujitsu Microelectronics, Inc.

Established in 1979, Fujitsu Microelectronics, Inc., headquartered in Santa
Clara, California, markets Fujitsu semiconductors through representatives
located throughout the U.S. and North America.

The Component Division, Fujitsu Component of America, Inc., markets
bubble memories, keyboards, plasma displays, relay switches, hybrid ICs
and the newly introduced “IC Card” which incorporates a microprocessor
into a credit card.

FMI's San Diego manufacturing facility provides capacity for manufacturing of
many high-technology devices for the U.S. and North American market.

Customer support for custom designs is available through Fujtsu’s design
centers in Santa Clara, Dallas and Boston. Technology Centers offering on-
site customer training, CAE design facilities and design assistance are
planned for 1986.

Fujitsu Mikroelektronik GmbH (European Sales Center)

Fujitsu Mikroelektronick GmbH (FMG) was established 'in June, 1980, in
Frankfurt, West Germany, and is a totally owned subsidiary of Fujitsu
Limited, Tokyo. FMG is the sole representative of the Fujitsu Electronic
Device Group in Western Europe. The wide range of IC products, LSI
memories and, in particular, gate arrays are noted throughout Western
Europe for design excellence and unmatched reliability. Five branch offices
to support Fujitsu’s semiconductor operations are located in Munich, London,
Paris, Stockholm, and Milan.

Fujitsu Microelectronics Ireland, Ltd (European Production Center)

Fujitsu Microelectronics Ireland, Ltd. (FME) was established in 1980 in the
suburbs of Dublin as Fujitsu’s European Production Center for integrated cir-
cuits. FME supplies 64K/256K DRAMs, 64K CMOS/NMOS EPROMSs, 256K
EPROMSs, and other LS| memory products.

Fujitsu Microelectronics, Ltd (European Design Center)

Fujitsu Microelectronics, Ltd., Fujitsu’s European VLSI Design Center, opened
in October of 1983 in Manchester, England. The Design Center is equipped
with a highly-sophisticated CAD system to ensure fast and reliable process-
ing of input data. An experienced staff of engineers is available to assist in
all phases of the design process.
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FUJITSU
MICROELECTRONICS

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 x 1 RAM, 16 pin package
e Silicon-gate, Double Poly

NMOS, single transistor cell e Three-state TTL compatible Tr W
© Address access time: output ;\\\\\\<</\/<</\’<////////,“\\\\\\\X\,\\\\\\X\' ‘
100 ns max (MB8118-10) o Hidden refresh capability [‘ iy )
120 ns max (MB8118-12) e Common /O capability using ‘ ;
o Cycle time: ‘“Early Write” operation

235 ns min (MB8118-10)

The MB8118 is fabricated using
silicon-gate NMOS and Fujitsu’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.

e All inputs TTL compatible, low
capacitive load

e Output unlatched at cycle end

CERAMIC PACKAGE
DIP-16C-C03

270 ns min (MB8118-12) allows extended page bound- PLASTIC PACKAGE
o Low power: ary and two-dimensional chip DIP-16P-MOl
182mW max (MB8118-10) select
160mW max (MB8118-12) o Read-Modify-Write, RAS-only
16.5mW max (Standby) refresh, and Page-Mode
e +5V single power supply, +10% capability
tolerance e On-chip latches for Addresses PIN ASSIGNMENT
e On chip substrate bias and Data-in
generator o Pin compatible with Intel 2118 Nne. S 16[J Vs
and MCM4517 —
b, []2 15| ] CAS
MB8118 A cLocx gen e B WE : 3 14 : Dourt
BLOCK DIAGRAM _ w T RAS[]4 g § 13[] A
Ay E 5 o 5 12 :] I
&R | A []s =~ 1] A,
L I } AO7 1007 As
g j_ SENSE AMPS e ) Vcc E 8 9 N'c‘
Ao ] i’ 10 GATING
‘: s l 77777777777777 l This device contains circuitry to protect the

>
7 81T
LATCH (ROW)

ROW DECODER

DATA

our  |-Dour
BUFFER

16384 BIT
STORAGE CELL

-—Vee

——Vgs

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.

FUJITSU reserves the right to change products and specifications without notice. This information does not convey any license under patent rights

of FUJITSU LTD. or others.
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MB8118-10/MB8118-12
ABSOLUTE MAXIMUM RATINGS (See NOTE)

Rating Symbol Value Unit
Voltage on any pin relative to Vgg Vin: VouT —-1t0 +7 \
Voltage on Vg pin relative to Vgg Vee —1to +7 \
Storage temperature o TsTa =Sl °C
Power dissipation Pp 1.0 w
Short circuit output current — 50 mA
T etmont of ths cata ahecs Expasure 1o apsolots masimum g condtions for siended perods may hectaev s enaming - o0 o "® 2o detaledn e operatona
RECOMMENDED OPERATING CONDITIONS
(Referenced to Vgg)
Value Operating
Parameter Symbol Min Typ Max Unit Temperature
Supply Voltage Vee 4.5 5.0 55 \
Vss 0 0 0 v
- - 0°Cto +70°C
Input High Voltage, all inputs VIH 2.4 — 6.5 \
Input Low Voltage, all inputs ViL -1.0 — 0.8 \
CAPACITANCE (T = 25°C)
Value
Parameter Symbol Min Typ Max Unit
Input Capacitance Ag ~ Ag, DN Cint — — pF
Input Capacitance RAS, CAS, WE Cing — — 8 pF
Output Capacitance Doyt CouT — — 7 pF
STATIC CHARACTERISTICS
(Recommended operating conditions unless otherwise noted.)
MB8118-10 MB8118-12
Parameter Notes | Symbol | Min | Max | Min | Max Unit
OPERATING CURRENT ]
Average Power Supply Current (RAS, CAS cycling; trc = Min) lcet — 33 — 29 mA
STANDBY CURRENT
Average Power Supply Current (RAS = CAS = Vi, Doyt =
High Impedance) lcc2 — 3.0 - 3.0 mA
REFRESH CURRENT
Average Power Supply Current (RAS cycling, CAS = V|; trc = Min) lces - 25 — 22 mA
PAGE MODE CURRENT ]
Average Power Supply Current (RAS = Vi, CAS cycling, tpc = Min) lcca — 25 — 22 mA
INPUT LEAKAGE CURRENT
Input Leakage Current, any input (OV < VN < 5.5)
Input pins not under test = 0V, 4.5V < Vgg < 5.5V, Vgg = 0V L -10 10 -10 10 nA
OUTPUT LEAKAGE CURRENT
(Data out is disabled, OV < Voyt < 5.5V) loL -10 10 -10 10 HA
OUTPUT LEVEL
Output Low Voltage (Ig|. = 4.2 mA) VoL — 0.4 — 0.4 Vv
OUTPUT LEVEL
Output High Voltage (loq = —5 mA) VoH 2.4 — 24 — \

FUJITSU

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

= MICROELECTRONICS

1-3




DYNAMIC CHARACTERISTICS NOTES 1,23

(Recommended operating conditions unless otherwise noted.)

MB8118-10/MB8118-12

mMB8118-10 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 tRwC 285 — —_ 320 —_ — ns
Page Mode Cycle Time tpc 125 — —_— 145 —_ — ns
Access Time from RAS AE | trac — — 100 - — 120 ns
Access Time from CAS 5] tcAC — — 55 — — 65 ns
Output Buffer Turn Off Delay toFF 0 — 45 o] — 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) tceN 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 tReD 25 — 45 25 — 55 ns
CAS to RAS Precharge Time tcrp o] — — 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 — — ns
Read Command Hold Time tRcH 0 — —_ 0 —_ — ns
Write Command Set Up Time B twcs 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 tbH 30 — — 35 — — ns
Data In Hold Time Referenced to RAS tbHR 75 — — 90 — — ns
CAS to WE Delay ® | tcwp 55 — — 65 — — ns
RAS to WE Delay ® | trwD 120 — — 120 — - ns
Read Command Hold Time Referenced to RAS tRRH 20 — — 25 — — ns

Notes:

[ 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.

2 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 V|
and V.

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

Assumes that trcp>trcp (max).

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

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

trcp(min) =tgaH(min) +2ty(tr=5ns) +tagc(min).

@ twcs, tcwp 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. 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.

FUJITSU

MICROELECTRONICS u




MB8118-10/MB8118-12

READ CYCLE TIMING DIAGRAM

trc
tRAS
— ViH- R taR
RAS
Vie \ 4 A
tesH— tRP
|
tRco tRSH tcrRp——|
Il - t
_ Vin- cAS \
CAS
Vie- \t / ‘/
tepn
tasr | |[tRAH tAasc tCAH
Vin- ROW COLUMN
ADDRESSES Vi~ | ADDRESS 4 ADDRESS ,>< , x
WE ViH-
ViL-
Von-
DouT Voo -
D Don’t Care
WRITE CYCLE (EARLY WRITE)
tRC
v —_— — tRAS
RAS VIH \L AR
-
icsH -
SH
tRCD- ' tcas
—_— v p— '
CAS H 3’\ \ i
ViL— /
. tCPN———
tasr | {tRAR  tAsc
== ! tcaH
Vin— ROW { COLUMN
ADDRESSES v, — \_ADDRESS 4 \ ADDRESS X
| |
..E!VSS—-' 1—‘WCH’-
ViH— \ twe
WE ViL— v | | /
t '
tweRr- . |
f=tost=—toH
5 Viu— VALID
IN ViL— DATA
tDHR 1
Von—
DouTt - HIGH-Z
VoL D Don't Care
= MICROELECTRONICS




READ-WRITE/READ-MODIFY-WRITE CYCLE

MB8118-10/MB8118-12

: tRwC
RAS
J— Vin- Yo
RAS Vie- N tAR ; N
1 I
tRSH f=——tRpP—=
tRcD . . tcas F=tcrp=
o Vee | —
CAS Vi— \ |/
tasr| | tran  tASC teaH teen
ViH- ROW COLUMN
ADDRESSES /| _ XADDRESS, ADDRESS £ X
| T
tRWD tewL—=
chsH |—h tcwp ———— tRwWL—
— ViH—
WE V- |
tcac twe ——l ~—toFF
VoH— o d VALID
Dout Vore | HIGH-Z )‘F VALID P
tRAC tDH
r tDsH
Vin- VALID
Din V- )( DATA .
[ pon’t care
“RAS-ONLY” REFRESH CYCLE
NOTE: CAS = V|4, WE = Don't care
tRc
tRAS
I V- \
RAS Vi R 7/( \¥
f——tR AH— l trp
tASR
Vin- ROW A
ADDRESS /

ADDRESSES y

Von—

HIGH-Z

Dour VoL-

D Don’t Care

FUJITSU
MICROELECTRONICS =
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MB8118-10/MB8118-12

PAGE MODE READ CYCLE

tRAS—
RAS n /
10
. tRSH trp
ftep— tcas =—tcas F:tcnp
TAS \ //
tcAH t
tasc CA CAH
= tasc :
v l daV arceTs
ADDRESSES Son X aop
4
3¢ ¢
to;F“"’*CAC —tcac
— —tOFF toFF
|
Dout f |
—tres N
tRCH |—— tRCH [.

PAGE MODE WRITE CYCLE

tRAS
=xa Vik- ——tAR--I
RAS V-

—————tcsH
= tPC

—~—tRcD tcas—— ~tcp tcas—=—
cAs Mo \ /
ViL— tRAH X /
tcaH t
**‘ tASC |*‘ CAH
—

CcoL K
ADD

twer— tWCHL'——)
tewr—= tewL—=
wE Ve %[ 4 !*[ / N/

{f

= twp—| twp—f 'WP"—I
le—twCR tRWL—
tps —tDH—~ tos tDH -~ tos tDH -

tASR

ADDRESSES oM™
Vi

L
D Vi~ VALID ¢ VALID I VALID ><
N Vi DATE DATE M DATE
IDHR—=
D Don’t Care
| FUJITSU
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HIDDEN RAS-ONLY REFRESH CYCLE TIMING DIAGRAM

MB8118-10/MB8118-12

tRC
[ tRP—*
tRAS
V-
oo N \ /
|a—tRCD—o=
Il [r—
JU— ViH—
CAS Viee tRAH /|
tASR tcaH tASR P——tnAH
— g —] e
ADDRESSES ROW ADD. COL.ADD.K 1 X row app. )( KA :
tRes
tRRH |-—
tcac —
tRAC 1OF F—ami f—
VoH— y 4 N
Dour o < VALID DATA D—
Don’t Care
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). Allinput 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 (traH) 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 (DiN)
register. In a write cycle, if WE is brought low
Lv;{_iée 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 Dy 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 trep (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

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 V|y. 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 V)L from a previous memory read cycle.
(See Figure 1 below)

} READ CYCLE

TN\

RAS

ONLY REFRESH CYCLE

—

HIGH-Z——(

VALID DATA

>___
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trac. NORMALIZED ACCESS TIME (ns)

lcct, OPERATING CURRENT (mA)

MB8118-10/MB8118-12

FIG. 2— CURRENT WAVEFORMS (Vcc = 5.0V, T = 25°C)
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lcc2, STANDBY CURRENT (mA)
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MB8118-10/MB8118-12

PACKAGE DIMENSIONS Dimensions in inches (millimeters)

16-LEAD CERAMIC (CERDIP) DUAL IN-LINE PACKAGE
DIP-16C-C03 \

M TF TF TP TP TP P M

R.025(0.64)REF
AN
\

.754(19.15)

uuua_sa_x,a_h'a_bul

.788(20.02)

— [——.050(1.27DMAX
1

" 0-~1§
264(6.71) .305(7.75)
300(7,62)TY
281(7.14) 325(8.26) 7gaTYe
N
!
.008(0.20)

.110(2.79)

\ \
.090(2.29) H __‘ .032(0.81)

REF

T

.200(5.08)MAX

.700(17.78)REF
.056(1.42)
.062(1.57)

—

.120(3.08)
.150(3.81)
.020(0.51)
050(1.27)
.013(0.33)
.023(0.58)

.014(0.36)

Dimensions in
inches (millimeters)

16-LEAD PLASTIC DUAL IN-LINE PACKAGE
DIP-16P-MO1

N O O A O O B e

O

INDE X

.240(6.10)
.260(6.60)

.748(19.00)

I_IL_ILJLJLJL_JLJLJJ

.798(20.27)

.050(1.27) MAX

L COAR AL

.008(0.20)
.014(0.36)

.100(2.54)]

TYP.

__J .015(0.38)

.023(0.58)
:047(1.19)
.062(1.57)

7 .197(5.00) MAX
.118(3.00) MIN.
.020 (0.51) MIN.

.300(7.62) TYP.
|
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MOS Memories FUJITSU

H 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.

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

The MB81256 is fabricated using silicon gate NMOS and Fujitsu’s ! Cer.
advanced Triple-layer Polysilicon process. This process, coupled DJP-16G-AD4
with single transistor memory storage cells, permits maximum cir-
cuit density and minimal chip size. Dynamic circuitry is used in the /l/
design, including dynamic sense amplifiers.

Clock timing requirements are noncritical, and the power supply

tolerance is very wide. All inputs are TTL compatible. o
tagtigc Package |
1
Features
W 262,144 x 1-bit organization W Page Mode Capability
B Row Access Time/Cycle Time: B Fast Read-Write Cycle,
MB81256-10 TRWC =TRC i
100 ng Max/200 ns Min. B tp, twer: toup, tawo eliminated [
MBB1256-12 W CASbetore-RAS on chip refresn !
120 ns Max/220 ns Min. B Hidden CAS-before-RAS on-chip [
MB81256-15 refresh PlastioPapkag
150 ns Max/260 ns Min. B RAS-only refresh DIP-16P-M03
B Low Power Dissipation: B 4 ms/256 cycle refresh N
314 mW max. (tac = 260 ns) g Output unlatched at cycle end .
25 mW (Standby) allows two dimensional chip .
B +5V supply voltage, select
+10% tolerance B On-chip Address and Data-in
B All inputs TTL compatible, low latches ramic LCC
capacitive load M Industry standard 16-pin “FO
B Three-state TTL compatible out-  package |
put
B Common VO capability using
“Early Write” operation
B On-chip substrate blas '
generator
LCCL18P-M02

1-12



MB81256-10
MB81256-12
MB81256-15

MB81256 Block Diagram
and Pin Assignments

RAS———— »-[CLOCK GEN. WRITE — </
r—’l NO. 1 I CLOCK [«— W as L1 16 Vss
o GEN. ol 15[ cAs
CLOCK GEN. } =
REFRESH LJ‘OL}_ Wl uHe
CONTROL = aas La (zgzB 1"}3‘?‘) 84
7 a s 12[7] A
N = HEN
ADDRESS COLUMN DATA O 10[7A
DECODER IN  |<—D ALy [14s
BUFF.
" SENSE AMPS <,‘:| Vee [ ]8 A
A 110 GATING M
A 9B ————F— o __
A LATCH | % ¥ 1 1 GAS
A, LaTeH - Py D A, Vs CAS
Aﬁ |1 —| our [—>Q
" g |1 BUFF. 2 Ot 18 17
s o |1 262,144-BIT
Ao & | ! | sToraGE CELL
LY o s | INDEX
A7 LATCH :} o |! V¢
Ag (ROW) = wl[ | 18] |a
L | <——Vgg j
LCC-18P-M02
_ s e 15[] A
D Ag Vss CAS O TOP VIEW ]

LEAD #1
(Aa CAS Ag W Ag Ay A7 Ag

Q Vss D RAS A; Vcc A53
16

NC. |: 5 14 :| N.C.
Ay I: 6 13 :I Ay

8 9 10 "

LITITLIU

A Vec A7 Ag

LCC-18C-F04
TOP VIEW

ZIP-16P-MO1
BOTTOM VIEW

1819 110i11}
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.

Absolute Maximum Ratings
(See Note)

Rating Symbol! Value Unit
Voltage on Any Pin relative to Vgg Vine Vour Vee -1.0t0 7.0 \
Operating Temperature (ambient) Top 0to70 °C
Ceramic’ =55 to +150 .
Storage Temperature Plastic Tsta “55t0 +125 Cc
Power Dissipation Pp 1.0 w
Short Circuit Output Current los 50 mA
NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are Functional ops 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
V 4.5 50 55 \
Yec
Supply Voltage Voo 0 0 0 V_ 0°Cto +70°C (ambient)
Input High Voltage All Inputs Vi 2.4 6.5 \
Input Low Voltage All Inputs Vi —2.0 08 V

FUJITSU




MB81256-10
MB81256-12
MB81256-15

Capacitance
(To=25°C)

Parameter

Value
Symbol Min Typ Max

Unit

Input Capacitance A, to Ag, D

Cini 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.)

MB81256-10 MB81256-12 MB81256-15

Symbol Min Max Min Max Min Max

OPERATING CURRENT "1
Average Power Supply Current
(RAS, CAS cycling; tgc = Min.)

Iect 70 65 57

mA

STANDBY CURRENT
Power Supply Current
(RASICAS = V)

locz 45 45 45

mA

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

locs 60 55 50

mA

PAGE MODE CURRENT"!
Average Power Supply Current
(RAS = V), CAS cycling; tpc = Min.)

mA

REFRESH CURRENT 2'1
Average Power Supply Current
(CAS before RAS; tgg = Min.)

lecs 65 60 55

mA

INPUT LEAKAGE CURRENT

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

Vgo = 5.5V, Vgg =0V,

all other pins not under test = 0V)

I -0 10 -10 10 -10 10

pA

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

OUTPUT LEVEL
Output Low Voltage
(loL = 4.2 mA)

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

Vou 24 24 24

Note: 1 Icc is dependent on output loading and cycle rates. Specified values are obtained with the output open.

FUJITSU




MB81256-10
MB81256-12
MB81256-15

AC Characteristics 123
(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 trer TRVRV 4 4 4 ms
Random Read/Write Cycle Time tre TRELREL 200 220 260 ns
Read-Write Cycle Time trRwe TRELREL 200 220 260 ns
Access Time from RAS'46 trac TRELQV 100 120 150 ns
Access Time from CAS™56 teac 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 85 90 100 ns
RAS Pulse Width tras TRELREH 105 100000 120 100000 150 100000 ns
RAS Hold Time tRsH TCELREH 55 60 75 ns
CAS Pulse Width tcas TCELCEH 55 100000 60 100000 75 100000 ns
CAS Hold Time tosh TRELCEH 105 120 150 ns
RAS to CAS Delay Time'7 taco TRELCEL 20 50 2 60 25 75 ns
CAS to RAS Set Up Time teas TCEXREL 10 10 10 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 toan TCELAX 15 20 25 ns
Read Command Set Up Time tres TWHCEL 0 0 0 ns
Read Command Hold Time Referenced to CAS"10 tacH TCEHWX 0 0 0 ns
Read Command Hold Time Referenced to RAS'10 tRRH TREHWX 20 20 20 ns
Write Command Set Up Time™8 twes TWLCEL 0 0 0 ns
Write Command Pulse Width twp TWLWH 15 20 25 ns
Write Command Hold Time twen TCELWH 15 20 25 ns
Write Command to RAS Lead Time tRwL TWLREH 35 40 45 ns
Write Command to CAS Lead Time towL TWLCEH 35 40 45 ns
Data In Set Up Time tos TDVCEL 0 0 0 ns
Data In Hold Time ton TCELDX 15 20 25 ns
CAS to W Delay® towp TCELWL 15 20 25 ns
Refresh Set Up Time for CAS Referenced to RAS  tgog TCELREL 20 20 20 ns
Refresh Hold Time for CAS Referenced to RAS tecH TRELCEX 20 25 30 ns
Page Mode Read/Write Cycle Time tpc TCELCEL 100 120 145 ns
Page Mode Read-Write Cycle Time tpRWe TCEHCEH 100 120 145 ns
Page Mode CAS Precharge Time tcp TCEHCEL 40 50 60 ns
Refresh Counter Test RAS Pulse Width™® tyRaAs TRELREH 230 10000 265 10000 320 10000 ns
Refresh Counter Test Cycle Time'® 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
RS aage [ime for GAS before torn TCEHCEL 20 25 30 ns
Notes: *These symbols are described in IEEE STD. 662-1980: IEEE for Of memory.
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MB81256-10
MB81256-12
MB81256-15

AC Characteristics
(Continued)

Notes: *1 An initial pause of 200us is required after power up, followed by any 8 RAS cycles, before device operation is achieved.

If the internal refresh counter is to be effective, a minimum of 8 CAS before RAS refresh initialization cycles are required.

*2 AC characteristics assume ty = 5 ns.

*3 Vi (Min.) and V) _(Max.) are reference levels for measuring timing of input signals. Also, transition times are measured between
Vi and VL.

4 'FCD is specified as a reference point only. If tacp < trcp (Max.) the specified maximum value of tac (Max.) can be met.

tRCD > trep (Max.) then tRac is increased by the amount that tggp exceeds trop (Max.).

*5 Assumes that tgcp > trop (Max.).

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

7 tRop (Min) = tgap (Min) + 2t + tagg (Min.).

*8 twes and towp are and are included in the data sheet as electrical characteristics only. If

twes > twes (Min.), the cycle is an. early write cycle, and the data out pin will remain open circuit (High Impedance) throughout
the entire cycle.

I tcwp > towp (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.

*9 Test mode write cycle only.
*10 Either tgcp or tRrH Must be satisfied for a read cycle.

Timing Dlagrams
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= \ ——
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l—> | tRAH-»] |e— tcAH —»

v
A '”X»g ROW.ADD. [ coL.app.

ViL
[ L]

w
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trac
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[m Don’t Care
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MB81256-10
MB81256-12
MB81256-15

Timing Diagrams

(Continued) Write Cycle (Early Write)
tac -
Id——— tRp —|
i Viy tras >
RAS AN
ViL
tcrs tesH
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RE ViH t
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A »g ROW. ADD. COL. ADD. YOOOOOKX
w & XXX
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Vie
= tDS e toH———— >
Vin
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Read-Write/Read-Modify-Write Cycle
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MB81256-10
MB81256-12
MB81256-15

Timing Diagrams

(Continued) “RAS-Only”’ Refresh Cycle
NOTE: W, D = Don't Care, Ag, V} or V.
[ thas———————>1
w N zl‘ X
N A
trec
SN INI9.9.9.9.9.9. 0.9.9.0.9.9.9.9.99999.9.9.9.9.9.9.9.99.99.9.99.9.9.9.9.9.9,
S0 009090000¢ 000900999999090999.09999990.0999999
ADDRESS Vi XX X XX X X XXX XXX XN 0000909999999 0999900999999.9999999,
Boto ) i LRSS T A2PRESS BB
tcrs
XXX )W/
tAS Vi XXX XXXXXXXXXKR
¢ Ve SRR
torF
Q zg: ) HIGH-Z
KXX pon't care
Page Mode Read Cycle
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v
) v;j 3 B UK
v 'ncs->| L- tRCH—>| |¢~| trcs o nen
W IrIz c a C a a V W
e lonc torr  |tcac f—ﬁ
<——1tRac el
v, 1
o TR TR H——
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MB81256-10
MB81256-12
MB81256-15

Timing Diagrams

(Continued) Page Mode Write Cycle
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tre >
r—tpp —
—_— v [—— 1, —_— - t
RAS H __1S RAS RAS —_—ﬂ /_
Vie
t
'cns-id-b |«—trcp—> RSH X
— v - teas >
CAS H <——tfcH—
tRaAH
A A
tasr tcan
v tasc P |« >
IH
A ROW. ADD. COL. ADD.
Vi
v tncs-'>| - ‘ *'RRH"‘
H
V
L etcac™
Vou »'RA.T iosr—»] —
Q VALID DATA —
Vou
tcwp |e—tywp—>
v tres > >
— IH
Vi
m Don’t Care
FUJITSU



MB81256-10
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MB81256-15

Timing Diagrams

(Continued) “CAS-Before-RAS’’ Refresh Cycle
NOTE: A, W, D = Don’t Care
the
.HY
RS ViH / - K tras / 3
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MB81256-10
.MB81256-12
MB81256-15

Timing Diagrams

(Continued) “CAS-Before-RAS’’ Refresh Counter Test Cycle
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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) = tgac, thus
providing optimal timing for
address multiplexing. In addi-
tion, the MB81256 has minimal
hold times for Addresses
(tcan), 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 tag, twer, tonr @nd tawp.
As a result, the hold times of
the Column Address, D and W
as well as toyp (CAS to W
Delay) are not restricted by

trco-

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 I/O bus can be us-
ed on the system level. When
W goes “low”, after towp
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

(trwe = 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
(A, 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”) égé«s
to permit triggering of

soon as the Row Address
Hold/Time (tgay) 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 brou ht “low” (write mode)
before , 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 cy-
cle, the output is valid after
trac from transition of RAS
when trep(max) 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 dlssmated 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
(Ag ~ 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

(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 specified 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-

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

FUJITSU
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Description
(Continued)

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
operation 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 Ay 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 Ag at the second

falling edge of CAS.

Suggested CAS-before-RAS
Counter Test Procedure

cells.

The timing, as shown in the

CAS-before-RAS Counter Test
Cycle, is used for all the
following operations:

(1). Initialize the internal
refresh counter. For this opera-

and (4).

tion, 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
written into the 256 memory

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

(5). Complement the test pat-
tern and repeat steps (2), (3)

Typical Characteristics
Curves

Current Waveforms (Vi = 5.5V, T, = 25°C)
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160 A
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8 80 I \
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Normalized Access time Normalized Access Time
vs. Supply Voltage vs. Ambient Temperature
T, l25°c
AT Vee = 5.0V
1.2
12 w vV
w \ -] /
E
=
o1 N 2 1
7 L~
3 10 < 10 pd
< Ful 7
2 E /
§ 09 N s FY 2
3 ]
g z
2 08 g o8
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&
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Vcc, SUPPLY VOLTAGE (V)

Ta, AMBIENT TEMPERATURE (°C)
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Typical Characteristics

Curves Operating Current Operating Current
(Continued) vs. Cycle Rate vs. Supply Voltage
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Typical Characteristics
Curves
(Continued)

Refresh Current 1
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Refresh Current 2
vs. Supply Voltage
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Typical Characteristics
Curves
(Continued)

Address and Data Input Voltage
vs. Ambient Temperature
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Typical Characteristics
Curves
(Continued)

Current Waveform During Power Up
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Package Dimensions
Dimensions in inches
(millimeters)

16-Lead Ceramic (Metal Seal) Dual In-Line Package

(Case No.: DIP-16C-A03)

R.050(1.27)
REF

INDEX AREA D
O

287(7.29)  .290(7.37)
2997.59)  .310(7.87)

i
- Lomozn

760(19.30)
1800(20.32) 1012(0.30)
— .050(1.27)MAX
- —
i .200(5.08)MAX
J 1120(3.05)
150(3.81)
.090(2.29) -032(0.81) 020(0.51
110(2.79) REF l :M2§1.10=

700(17.T8)REF
.042(1.07) .015(0.38)
7062(1.58) 1023(0.58)
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Package Dimensions

(Continued) 16-Lead Seam Weld DIP Package
Dimensions in inches (Case No.: DIP-16C-A04)
(millimeters) _ ___,i o~
R.030(0.76)
v N .287(7.29) .290(7.37)
1303(7.70) 310(7.87)
INDEX AREA \
L4
I g T T ——— s ———— pa ——— pa ——— g =
.760(19.30) l
800(20.32) I L_—-'_mgjg
.043(1.09) TYP
-— e
—>| |<—.050(1427)MAX > (x4 PLCS)
[ |
T
l .200(5.08)MAX
A
.120(3.05)
.150(3.81)
.090(2.29) -032(0.81) .020(0.51;
110(2.79) : > I" - “REF ‘ 1050 1.27;
! 700(17.78)REF l !
.042(1.07) .015(0.38)
~002(1.58) > 1023(0.58)
16 Lead Plastic Zig-Zag In-Line Package
ZIP-16P-MO1
0.785(19.95) - o 0.104(2.65)
0.813(20.85) “0.120(3.05)
/\ ~ T
0.250(6.35)
0.270(6.85) 0.350(8.90)
(O==—NDEX mfx
~}
2y / N
0.102(2.60) MIN|[ _ %
0.024(0.60) 0.050(1.27) TYP _J 0.100(2.54) TYP
0.016(0.40) ) ‘
16-Lead Plastic Dual In-Line Package
DIP-16P-M03
INDEX-1 P-l rn., I'"'I ﬁ ﬁ ‘J'LI I’n'l o
.250(6.35) 290(7.37)
.267(6.85) 310(7.87)
=
INDEX-2'
PRI P N R O R
.748(19.0)
.776(19.7) .009(0.24)
.014(0.36)

047(1.20)
A] r—-,osou.zv)mu s T
7 .183(4.65IMAX

TING PLANE
118(3.0MIN
.100(2.54) .016(0.40)
TYP

.023(0.69)  .020(0.51)MIN
.047(1.20)
£059(1.50)
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Package Dimensions

(Continued) 18-Pad Ceramic Leadless Chip Carrier
Dimensions in inches LCC-18C-F04
(millimeters)
*PIN NO. 1 INDEX
R.012(0.30)TYP
{4 PLCS)
+—
J T U U 115(2.92)
1155(3.94) TYP
TYP
] R.008(0.20)TYP
(18 PLCS) PIN NO. 1 INDEX E .260(6.60)
= s || o
VIEW A " '2"‘.;.%”’
= .025(0.64) BOTTOM VIEW ‘:
= Z;—J
.050(1.27)
TYP
L ) 1.
osog12n | ! | .070(1.78)
.280(7.11) TP TYP
T amsgas a F‘m 045(1.14)
195(4.95)TYP TYP
*SHAPE OF PIN 1 INDEX SUBJECT TO CHANGE WITHOUT NOTICE
18-Lead Plastic Chip Carrier
LCC-18P-M02
.132(3.35)
“340(3.55)
.317(8.05) .060(1.52) min.
[~ az78:31)
~__ 2827.16) .020(0.51) min.
288(7.32)
066(1.68)
a
t z
O g
@
S
oo ok 0 g
&le si@ h >
gl S8
Si§ESE - .
JE58 5 P ]
g = [
: ) < ¢
' 3
s
5
g
A OO —
T .030(0.76) typ.
2z
&
gl
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MOS Memories

FUJITSU

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

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.

The MB81257 is fabricated using silicon gate NMOS and Fujitsu’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

" pip-16ciacla

262,144 x 1-bit organization B Nibble mode capability for
Row Access Timel/Cycle Time: faster access
MB81257-10 100 ns Max/ W Fast Read-Write Cycle,
200 ns Min. TRWC = TRC
MB81257-12 120 ns Max/ B typ twers to wop eliminated
220 ns Min. u bef ore-m on chip
MB81257-15 150 ns Max/ refresh _
260 ns Min. W Hidden CAS before-RAS on-
Low Power Dissipation: chip refresh
314 mW max. (tgc =260 ns) B ﬁlgponly refresh
25 mW (Standby) B Refresh 4 ms/256 cycles
+5V supply voltage, B Output unlatched at cycle end
+10% tolerance allows two dimensional chip
All inputs TTL compatible, low select
capacitive load W On-chip Address and Data-in
Three-state TTL compatible latches
output B Industry standard 16-pin
Common /O capability using package
“Early Write” operation
On-chip substrate bias
generator
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MB81257 Block Diagram
and Pin Assignments D ‘A, Ves CAS

l > ChoeK 2 Q1 18 17
[
CLOCK GEN. [} A
NO. 2 INDEX
REFRESH
CONTROL |«—
cLOCK w| |s 16 j a
[]
LCC-18P-M02
INTERNAL RAs E ‘ TOP VIEW e
ADDRESS
COLUMN DATA
COUNTER __> SobER N o ne[]s 1 e
BUFF.
v SENSE AMPS
A 110 GATING C:‘—l a[e w[] A
Ay 9BIT —1T— | ______ l A A
A LATCH | 3 { 1 2 [: 7 12 :] ‘
2 (coL) 1 DATA 8 9 10 11
hs g |1 —| our [0 | I
Ay 8 |t BUFF. A Voo A A
As { S I 262,144.BIT votee T T
A 8 | ! | sTorAGE CELL
9.BIT H o
A7 LATCH 3 ! ~—Vcc D Ag Vss CAS
A (ROW) R \
] . -« Vgg /2 1 18 17
LEAD #1 \ W 16
( Ag I: 1 16 :] Vss wis e
A¢ CAS Ag W Ap Ay A7 Ag qu 15[ ] cAs aas | a 5] a
6
L e s s s 7 T uJa
RAS o CC-18C-Fo4
Q Vgs D RAS A, Vcc As fﬁ as s esiosr 1 M ae NC.|5 LTOP oC-Fo 14| NC.
16 als  (@8214x0) als ola
0 3
ZIP-16P-MO01 ae 1[JAs
BOTTOM VIEW a7 107 s a7 12| A
vec[]8 o[ As
8 9 10 1
* Ag (Pin 1) is assigned for N j
nibble (4-bit) address A1 Vce 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.

Absolute Maximum Ratings

(See Note) Rating Symbol Value Unit
Voltage on Any Pin relative to Vgg Vine Vours Vee -10t07.0 v
Operating Temperature (ambient) Top 0to 70 °C
Ceramic =55 to +150 o

Storage Temperature Plastic Tstg 5o 1155 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 d. F i P ion should be
restricted to the as detailed in the op: of this data sheet. to i rating condi-
tions for extended periods may affect device ity. This device ins 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 m Unit Operating Temperature
Vee 4.5 5.0 5.5 \

Supply Voltage Ves 0 0 0 V  0°Cto +70°C ambient

Input High Voltage All Inputs Vi 24 6.5 \

Input Low Voltage All Inputs Vi —2.0 038 \

FUJITSU
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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 Cout 7 pF

DC Characteristics

(Recommended operating MB81257-10 MB81257-12 MB81257-15
conditions unless otherwise Parameter Symbol Min Max Min Max Min Max Unit

noted.)
OPERATING CURRENT"!
Average Power Supply Current loct 70 65 57 mA
(RAS, CAS cycling; tac = Min.)

STANDBY CURRENT
Power Supply Current lco2 45 4.5 45 mA
(RAS/CAS = V)

REFRESH CURRENT 11
Average Power Supply current loea 60 55 50 mA
(RAS cycling, CAS = V|; tgc = Min.)

NIBBLE MODE CURRENT"!
Average Power Supply current lccs 22 20 18 mA
(RAS = V,, CAS cycling; tye = Min.)

REFRESH CURRENT 2"
Average Power Supply Current lcos 65 60 55 mA
(CAS before RAS; tgc = Min.)

INPUT LEAKAGE CURRENT

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

Vee = 5.5V, Vgg =0V, I -10 10 -10 10 -10 10 A
all other pins not under test = 0V)

OUTPUT LEAKAGE CURRENT

(Data is disabled, Vour =0V to 5.5V) oL -0 10 -1 10 -10 10 A

OUTPUT LEVEL
Output Low Voltage Voo 0.4 0.4 04 Vv
(loL = 4.2 mA)

OUTPUT LEVEL
Output High Voltage Vou 2.4 2.4 2.4 \
(lon = — 5.0 mA)

Note: *1 g is dependent on output loading and cycle rates. Specified values are obtained with the output open.

FUJITSU
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AC Characteristics 123
(Recommended operating
conditions unless otherwise

noted.)

Symbol MB81257-10 MB81257-12 MB81257-15
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 the TRELREL 200 220 260 ns
Read-Write Cycle Time trRwe TRELREL 200 220 260 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 tore TCEHQZ 0 25 0 25 0 30 ns
Transition Time tr T 3 50 3 50 3 50 ns
RAS Precharge Time tpp TREHREL 85 90 100 ns
RAS Pulse Width tras TRELREH 105 100000 120 100000 150 100000 ns
RAS Hold Time tRsH TCELREH 55 60 75 ns
CAS Pulse Width toas TCELCEH 55 100000 60 100000 75 100000 ns
CAS Hold Time tosH TRELCEH 105 120 150 ns
RAS to CAS Delay Time™47 [ TRELCEL 20 50 22 60 25 75 ns
CAS to RAS Set Up Time tcrs TCEHREL 10 10 10 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 toan TCELAX 15 20 25 ns
Read Command Set Up Time tros TWHCEL 0 0 0 ns
Read Command Hold Time Referenced to CAS"10 thRcH TCEHWX 0 0 0 ns
Read Command Hold Time Referenced to RAS"10 tRRH TREHWX 20 20 20 ns
Write Command Set Up Time™ twes TWLCEL 0 0 0 ns
Write Command Pulse Width twp TWLWH 15 20 25 ns
Write Command Hold Time tweH TCELWH 15 20 25 ns
Write Command to RAS Lead Time tawL TWLREH 35 40 45 ns
Write Command to CAS Lead Time towL TWLCEH 20 30 35 ns
Data In Set Up Time tps TDVCEL 0 0 0 ns
Data In Hold Time oy 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  trcg TCELREL 20 20 20 ns
Refresh Hold Time for CAS Referenced to RAS trcH TRELCEX 20 25 30 ns
Notes: *These symbols are described in IEEE STD. 662-1980: IEEE for Jctor memory.

*1 Aninitial pause of 200us is required after power up, followed by any 8 RAS cycles, before proper device operation is achieved.
If the internal refresh counter is to be effective, a minimum of 8 CAS before RAS refresh initialization cycles are required.

*2 AC characteristics assume ty = 5ns.

*3 Vjy (Min.) and V|_(Max.) are reference levels for measuring timing of input signals. Also transition times are measured between
Vi and Vy.

*4 tgep Is specified as a reference point only. If tacp < tgop (Max.) the specified maximum value of tgac (Max.) can be met. If
tRCD > tRep (Max.) then tgac is increased by the amount that tgcp exceeds trep (Max.).

*5 Assumes that tgcp > trop (Max.).

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

*7 trep (Min) = tgay (Min) + 2(1- + tasc (Min.).

*8 twcs and towp are and are included in the data sheet as electrical characteristics only. If
twes > twcs (Min.), the cycle is an early write cycle, and the data out pin will remain open circuit (High Impedance) throughout
the entire cycle.

If towp > towp (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.

*10 Either tycH OF trry Must be satisfied for a read cycle.
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MB81257-10

MB81257-12
MB81257-15

AC Characteristics
(Continued)
(Recommended operating
conditions unless otherwise

noted.)
Symbol MB81257-10 MB81257-12 MB81257-15
Parameter Notes Alternate *Standard Min Max Min  Max Min Max Unit
Nibble Mode Read-Write Cycle Time tnrwe TCEHCEH 45 50 60 ns
Nibble Mode Read/Write Cycle Time tne TCEHCEH 45 50 60 ns
Nibble Mode Access Time tncac TCELQV 20 25 30 ns
Nibble Mode CAS Pulse Width tnoas TCELCEH 20 25 30 ns
Nibble Mode CAS Precharge Time tnep TCEHCEL 15 15 20 ns
Nibble Mode Read RAS Hold Time tNRRSH TCELREH 20 25 30 ns
Nibble Mode CAS Hold Time Referenced to RAS  tayy TREHCEL 20 20 20 ns
Nibble Mode Write RAS Hold Time tawRSH TCELREH 35 40 45 ns
Refresh Counter Test Cycle Time™ tarc TRELREL 330 375 430 ns
Refresh Counter Test CAS Precharge Time'™® topr TCEHCEL 50 60 70 ns
Refresh Counter Test RAS Pulse Width® trras TRELREH 230 10000 265 10000 320 10000 ns
RAS Precharge to CAS Active Time trpc TREHCEL 20 20 20 ns
CAS Precharge Time for CAS before
RAS Refresh Cycle tepr TCEHCEL 20 25 30 ns
Notes:  *9 Test mode cycle only.
Timing Diagrams
Read Cycle
- tre
|e——tRP ——|
_ Vin - tras > ¥
RAS v - N
L
tcRs T tosH
Vin ‘ [y S S Y —
Cas v W N\ tcas
* task tasc
l—=1 latRAH-»| |— tcAH —»-
\7
A v'“ mﬁnow. ADD. Ax COL. ADD.
i

‘ ->| 'ncs‘q— ’ L—tRLH—>|

w o RXXXXRXCKF
Vi ! tcac —» tReH
|-t
v, I trac > OFF
OH g
Q VALID DATA
Vo 7]

m Don’t Care
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Timing Diagrams
(Continued) Write Cycle (Early Write)

trc

tras i

2
ol
=< <
[ 4

L
4

tcrs - tesh
|e—tRCD —| tRsH
Vin t i \
— - _
cAS W "\ CAS ———»
Vi
tasr| | tRAH tasc
- <—!CAH- »]
Vin 5
A XX ROW. ADD. X COL. ADD.
Vie
twes
S tweH
ViL -
|e-tDS 2 - tDH———
Vin
D ) VALID DATA
Vie
Von
Q HIGH-Z
Vor

M Don't Care

Read-Write/Read-Modify-Write Cycle

thwe
AAS ViH \ < tras Zf ,K

ViL
tcrs . tesH >
Vin RCD - tRsH

tasr tRAH tasc
| SR le—tcAH

Vin
A XXX ROW.ADD. [X|  COL.ADD.
.

Vi

LY
j

f
tRcs| t |
\ 14—»‘ towp—»| [T RWL—>
" " LQCOQOC0 "
Vi t
CAC
i <————lcw|_—->| l»| toFF
4
Q Vo : e < VALID DATA
VoL =

tos
toH—>|
o Vi N
ViL

m Don’t Care
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Timing Diagrams

(Continued) “RAS-Only” Refresh Cycle
Note: W, IN = Don't Care, Ag = V,; or V,_
1
p
AAS Vin
RAS v
tRAH
tasr
ADDRESS Vi ROW
(Agto A7) Vi ADDRESS
> tcrs
4
ViH
m VIL W
j'o#
Q vou HIGH-Z
oL ———j
m Don't Care
Hidden Refresh Cycle
- trc L
|<—lgp—>
_ v, < t - tRAs
RAS H B RAS Zf /—
Vi
'cns<‘<-> |«— trcp —>|<— thsy—>>| . )
- cAS >
CAS Vin trcH
v W tRAH
[ -
tasr tcan
»| |tasc P (=
v,
A " row. ADD. [X||coL. aop. m XOY.
ViL ] I
'ncs->| - |<—'RRH‘>|
— ViH
i t-tcac o _>|
Vou HRAC toFF [
Q ' VALID DATA —
Vou
tcwp twp—>|
lqcs—»' L
_ ) Vin
Vi
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Timing Diagrams

(Continued) ‘“CAS-Before-RAS’’ Refresh Cycle
NOTE: Address, W, D = Don't Care
- tre
-« tgp——>|
J— Vv -
RS H / \ tras > Z —
Vi _—
'CPFL _trcs | | _trcH <_tnpc.>l
as " N /
" TRUXXXXXXXXXXX
[*~{torF
Vin
Q HIGH-Z
Vip ——
M Don’t Care
Nibble Mode Read Cycle
trp
|—>|
RAS thas >/
tesh—>| tne
. INRRSH |[—>
s e tcas —»|
tRRH
tcan tep | |tNcas L—»‘
|| [
A
tRCH
tRCH—| |< 'l |‘L'ncs D
w =
e A4 A%
> toFF | tneac
" «— trac i [ i
oH —>
Z] VALID VALID VALID VALID
a VoL | oata p— DATA
m Don’t Care
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Timing Diagrams

(Continued) Nibble Mode Write Cycle
—_ ViH —|
RAS \‘
ViL
tcsh —>
-
e ViH
CAs - tcAs > Z
viL
tcan tnep
[ >
Vin
A ROW. coL.
Vi ADD. ADD.
towL-»]
twes — twek towL i d
I - tweH A
W H ]
ViL 3
twp— twp
Vou l |
Q HIGH-Z
VoL <—tpy
tos| |toH tos
Vin
D VALID VALID VALID VALID
Vi DATA DATA DATA DATA
m Don’t Care
Nibble Mode Read-Write Cycle
tap
RAS thas >
- CSH —— tNWRSH ¢
tcas ! |« INRWC —> - RNH
CAS / \ \ / \
tcan tNee | [tNCAs)
ey - - —bl towL
A0, | XXX
viL f ADD. J |
trcs [tcwo| towt tRWL
tewL
— ViH
v | VS0 LXK
Vi | - \
tcac| twp |torr tncac| |twel
Vou < taac—a]l [ '.- torr
Q VALID VALID VALID VALID
Vou DATA DATA DATA DATA
1
lD—S—‘ toH tos| [ton
i m
ViH
D VALID VALID VALID VALID
viL DATA DATA DATA DATA
m DON’T CARE
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Timing Diagrams

(Continued) «“*CAS-Before-RAS’’ Refresh Counter Test Cycle
- tarc

RAS ViH tTRAS: Z -

i N_

trcs tcer tRSH [e—tRp —>|
[———tFCH ——| |

J— Vin N |l t
CAS Z AS \

Vi ! 1

tasc
v F— |—tcaH—>
IH
ViL
. ‘ ‘ | tRRH
acs’-——‘ L—»

— Vin
Woea o TR RX KKK Neorou

Vi l'ncn

tcac
[~ toFF

Von { VALID DATA

a VoL R
tacs| | towo . e towL—»]

Vin - tRwL
Wone o ORI N (TRXXKXHK

ViL f

tos
[— toH —>-|
Vi
L
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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 tgop (Max) = tgac, thus pro-
viding optimal timing for ad-
dress multiplexing. In addition,
the MB81257 has minimal hold
times for Addresses (tcan),
Write-Enable (ty,c,) and Data-in
(tpn). 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
tprr and tpwp- As a result, the
hold times of the Column Ad-
dress, D_and W as well as tgyp
(CAS to W Delay) are not
restricted by tpep.

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 /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 s internally
inhibited (or “gated”) by RAS to
permit triggering of CAS as
soon as the Row Address
Hold/Time (tgay) 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 , and the
set-up and hold times are
referenced to CAS. In a read-
write cycle, W will be delayed
until 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 tacpmax) 1
satisfied, or after tcac %rorn
transition of CAS when the
transition occurs after tropmaxy
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, RAg) 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
g;é be accessed by toggling
“high” then “low” while
RAS remains “low”. Toggling
CAS causes RAg and CAq 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

Nibbie
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
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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 in the
high-impedance state throughout
the succeeding nibble cycle re-
gardless 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
AS 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 towp) during the
normal cycle (first nibble bit).

(See table 2 and Figure 1 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 (Ag ~ A7)
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
%:Ifled period (tecg) 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 1 . . . . N
Nibble Mode 1) In this case the first nibble cycle is an Early Write cycle.
RAS \ /
CAS _/_"'\__/_'\ /'_\ /—\ /'—
D XX XX XX
i -
Q )- High-Z
|<—- Early Write "’l‘"OpeNr:tion"’I‘—'_ Write —>|<— Write —»I
(increment
nibble counter) '///} Valid Data
2) In this case the first nibble cycle is a delayed write (Read-Write) cycle.
RAS \ /
CAS [/ \ / \ / \ / \ /
D XK XWX XX
o D ID—IID——ID——D———
|<——— Read-Write —>|<— Read-Write—>I<— Read ——>I<— Read-Write-»l
{773 vaiid pata
Table 2
Functional Truth Table
RAS CAS WE Dy Douy 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 = twes (Min).
L L L Valid Data Valid Data Yes Yes Yes Delayed Write or Read-Write
towp = "_cwq (min).
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.
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Typical Characteristics
Curves

Current Waveform (V. = 5.5V, T, = 25°C)
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Typical Characteristics

Curves Operating Current Standby Current
(Continued) vs. Ambient Temperature vs. Supply Voltage
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Typical Characteristics
Curves
(Continued)

Nibble Mode Current
vs. Supply Voltage
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Typical Characteristics
Curves
(Continued)

RAS, CAS and W Input Voltage
vs. Ambient Temperature
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Package Dimensions
Dimensions in inches
(millimeters)

16-Lead Ceramic (Metal Seal) Dual In-Line Package
(Case No.: DIP-16C-A03)

R.050(1.27) T
REF
287(7.29)  .290(7.37)
INDEX AREA 299(7.59)  .310(7.87)
.760(19.30) | .008(0.20)
1800(20.32) 2012(0.30)
4.1 {4—.050(1.27)qu
[ 1
1
& .200(5.08)MAX
1120(3.05)
.150(3.81)
.090(2.29) oaz(o 81) 0(0.51)
110(2.79) ’ ‘ 043(1 10)
700(17 78)REF
042(1 07) -015(0.38)
062(1.58) -023(0.58)
16-Lead Seam Weld DIP Package
(Case No.: DIP-16C-A04)
P — = f—
R.030(0.76)
TYP
N .287(7.29) .290(7.37)
.303(7.70) .310(7.87)
INDEX AREA \
-
.760(19.30) | '
.800(20.32) ! L-008(0.20)
043(1.09)TYP 012030
—>| |<—4oso(1A27)MAx (x4 PLCS)
}
.200(5.08)MAX
A
.120(3.05)
150(3.81)
.090(2.29) .032(0.81) 1020(0.51)
oY) | I” I~ “"REF 1050(1.27)

f |
0az2(1.07) 700(17-TE)REF ' 015(0.38)
002(1.58) —>| ~5z:05
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MB81257-10
MB81257-12
MB81257-15

Package Dimensions

(Continued) 16 Lead Plastic Zig-Zag In-Line Package
Dimensions in inches ZIP-16P-MO01
(millimeters)
0.785(19.95) | ] 0.104(2.65)
0.813(20.85) 0.120(3.05)
0.250(6.35)
0.270(6.85) 0.350(8.90)
(O~ INDEX MAX
0.102(2.60) MIN || _,. ||  0.008(0.20)
¥ 0.012(0.30)
0.024(0.60) J 0.050(1.27) TYP \ 0.100(2.54) TYP
} |—— |
> 0016040 >
16-Lead Plastic Dual In-Line Package
DIP-16P-MO3
— 0“.,,‘5’
woexa. [0 1 [ M M M
.250(6.35) 1290(7.37)
.267(6.85) .310(7.87)
o T T L T
.748(19.0)
776(19.7) .009(0.24)
1014(0.36)
.047(1.20),
-—’beo.son.zﬂl\AAx sisor]
7 .183(4.65)MAX
| SEATING PLANE
.118(3.00MIN
0024 ||| __1 016(0.40)
TYP .023(0.59)  .020(0.51)MIN
.047(1.20).
.059(1.50)
FUJITSU
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MB81257-10
MB81257-12
MB81257-15

Package Dimensions
18-Pad Ceramic Leadless Chip Carrier

(Continued)
Dimensions in inches LCC-18C-F04
(millimeters)
*PIN NO. 1 INDEX
R.012(0.30) TYP
(4 PLCS) N
115(2.92)
.155(3.94) TYP
TYP {
l Y
= | B—T T
R.008(0.20)TYP \
ass(1232) (18 PLCS) PIN NO. 1 INDEX = 25%5'«,50)
Tor 500012.70) — [ a0ison
.025(0.64) BOTTOM VIEW
= TYP B
— 9
+145(3.68) ‘ .050(1.27)
TYP e
J I — 1
osozny || | | o078
.280(7.11) TVYP | : TP
.295(7.49) K} .150(3.81)TYP .045(1.14)
.195(4.95)TYP TYP
*SHAPE OF PIN 1 INDEX SUBJECT TO CHANGE WITHOUT NOTICE
18-Lead Plastic Chip Carrler
LCC-18P-M02
.132(3.35)
7403 55)
.317(8.05) .060(1.52) min.
- 327(8.31)
. asr0 | 02005 min.
2887.32) | -
.066(1.68)
: S
t 2
O' @
&
g
8E 58 o n & e
Sl oo O u] E—=s
s EF —g—- =1 ==
85 58 & =
[n ul = s
0 ul = z
' <
S
5
L g
p. |y ) ) -y -
t .030(0.76) typ.
2]
S
gls
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MOS Memories FUJITSU

H MB81256-12-W, MB81256-15-W
NMOS 262,144-Bit Dynamic
Random Access Memory

Description
The Fujitsu MB81256-W is a fully decoded, dynamic NMOS ran-
dom access memory organized as 262,144 one-bit words. The de-
sign is optimized for high speed, high performance applications
such as mainframe memory, buffer memory, peripheral storage
and environments where low power dissipation and compact layout Z
are required. ~
The MB81256-W features “page mode” which allows high speed ? ]
random access of up to 512-bits within the same row. Additionally, > {
the MB81256-W offers new functional enhancements that make it nz
more versatile than previous dynamic RAMs. Multiplexed row and thl
column address inputs permit the MB81256-W to be housed in a M f
Jedec standard 16-pin dual in-line package and 18-pad LCC. U
I
The MB81256-W is fabricated using silicon gate NMOS and DIP-15C{A03
Fuijitsu's advanced Triple-layer Polysilicon process. This process,
coupled with single transistor memory storage cells, permits maxi-
mum circuit 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 1
tolerance is very wide. All inputs are TTL compatible. 1 ”
[P
Features L
B Wide temperature range: W On-chip substrate bias [
Tc = —55°C to +110°C generator
W 262,144 x 1-bit organization W Page Mode Capability | DIp-
B Row Access Time/Cycle Time: M Fast Read-Write Cycle,
MB81256-12-W trwe = tac
120 ns max./250 ns min. B tar, twer tonrs tRwo
MB81256-15-W eliminated _
150 ns max./280 ns min. W CAS-before-RAS on chip
B Page cycle time refresh =
MB81256-12-W 120 ns max. W Hidden CAS-before-RAS
MB81256-15-W 150 ns max. on-chip refresh ||
B Low Power Dissipation: ® RAS-only refresh
347 mW max. (tgc = 280 ns) M 2 ms/256 cycle refresh - - -
33 mW (Standby) B Output unlatched at cycle - lﬂ’
B +5V supply voltage, end allows two dimensional N g
+10% tolerance chip select
B All inputs TTL compatible, W On-chip Address and [ IECC-TBCE
low capacitive load Data-in latches
B Three-state TTL compatible B Industry standard 16-pin
output package
B Common I/O capability
using “Early Write” operation
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MB81256-12-W
MB81256-15-W

MB81256 Block Diagram

nd Pin Assignments
and ssig AAS —————» CLOCK GEN e as [ ~ 16[ ] vss
NO. 1 -
S —— -l = <5
CAS CLOCK GEN. T w[]s 1u[]a
NO. 2 J—
REFRESH RAS[]4  wmesizsew 13[] A
CONTROL [=—¢ (262,144 x 1)
CLOCK A []s 12[] A3
y
Az 6 11 A
INTERNAL E g ¢
ADDRESS DATA a7 10[] As
COUNTER [fé:)%’s‘E’:l IN <D
) BUFF. vec [ 8 9] Ar
SENSE AMPS
no T eatme. KL
Ay 9BIT M—7T— | _____
A2 LATCH ¥ ¥
(coL.) Wi DATA
:’ § | Ll our p-a
4 | BUFF.
Q
As f Q E 262,144-BIT
Ag o-BIT =] ) STORAGE CELL D Ag Vss CAS
-
A7 watch =) 3 || ~—Vee 72 1 8 17 Y
RO [
As (ROW) ] -«— Vss
w3 16| Q
RAS |4 15 | Ag
LCC-18C-A06
NC. |5 TOP VIEW 14 | N.C.
Ao |6 13 | A3
A |7 12 | As
8 9 10 M
—
A1 Vec A7 As
Note: The following |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 Vours Veo -1.0t0 7.0 \
Operating temperature (case) Top -551t0 110 °C
Storage temperature Tsta —5510 +150 °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 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 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.
FUJITSU
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MB81256-12-W
MB81256-15-W

Description

Simplifed Timing Requirement

The MB81256-W has improved
circuitry that eases timing re-
quirements for high speed ac-
cess operations. The MB81256-
W can operate under the condi-
tion of tgep (Max) = toac, thus
providing optimal timing for ad-
dress multiplexing. In addition,
the MB81256-W has minimal
hold times for Addresses (tcan),
Write-Enable (tycy) and Data-in
(tpn)- The MB81256-W provides
higher throughput in inter-leaved
memory system applications.
Fujitsu has made the timing re-
quirements that are referenced to
RAS nonrestrictive and deleted
them from the data sheet. These
include tag, twcr, torr and tgwp-
As a result, the hold times of the
Column Address, D and W as
well as toyp (CAS to W Delay)
are not restricted by trcp.

Fast Read-Write Cycle

The MB81256-W 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 timings
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
MB81256-W goes into the early
write mode in which the output
floats and the common /O bus
can be used on the system level.
When W goes “low”, the
MB81256-W goes into the de-
layed 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 (tgwc = trc) is possible
with the MB81256-W.

Address Inputs

A total of eighteen binary input
address bits are required to de-
code any 1 of 262,144 cell loca-
tions within the MB81256-W. Nine
row-address bits are established
on the input pins (A, through Ag)
and are latched with the Row Ad-
dress Strobe (RAS). Nine column
address bits are established on
the input 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
(tran) specification has been sat-
isfied and the address inputs
have been changed from row ad-
dresses to column addresses.

Write Enable

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

Data Input

Data is written into the MB81256-
W 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) be-
fore 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 un-
til 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 imped-
ance 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). Data remains
valid until CAS is returned to
“high”. In a write cycle, the iden-
tical sequence occurs, but data is
not valid.

Page Mode

Page mode operation permits
strobing the row address into the
MB81256-W while maintaining
RAS at a logic low (0) throughout
all successive memory opera-
tions 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 re-
quired to strobe a new row ad-
dress is eliminated.

RAS-Only Refresh

Refresh of dynamic memory cells
is accomplished by performing a
memory cycle at each of the 256
row-addresses (A, ~ A;) at least
every 2 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 reduction in power
dissipation.

CAS-before-RAS Refresh

CAS-before-RAS refreshing
available on the MB81256-W of-
fers an alternate refresh method.
If CAS is held “low” for the speci-
fied period (trcs) before RAS
goes to “low”, on-chip refresh
control clock generators and the
refresh address counter are ena-
bled, and an internal refresh op-
eration takes place. After the
refresh operation is performed,
the refresh address counter is
automatically incremented in
preparation for the next CAS-be-
fore-RAS refresh operation.

Hidden Refresh

A hidden refresh cycle may take
place while maintaining the latest
valid data at the output by ex-
tending the CAS active time. For
the MB81256-W, a hidden re-
fresh cycle is a CAS-before-RAS
refresh cycle. The internal refresh
address counter provides the re-
fresh addresses as in a normal
CAS-before-RAS refresh cycle.

CAS-before-RAS Refresh
Counter Test Cycle

A special timing sequence using
the CAS-before-RAS counter test
cycle provides a convenient
method of verifying the function-
ality of the CAS-before-RAS re-
fresh activated circuitry.
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MB81256-12-W
MB81256-15-W

Description
(Continued)

After the CAS-before-RAS re-
fresh operation, if CAS goes to
“high” and then goes to “low”
again while RAS is held “low”,
the read and write operation 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 address bits
defined as follows:

A Row Address

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

A Column Address

All the bits A, through Ag are de-
fined by latching levels on A,
through Ag at the second falling
edge of CEA_§

Suggested CAS-before-RAS
Counter Test Procedure

The timing, as shown in the CAS-
before-RAS Counter Test Cycle,
is used 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 memory cells at a single
column address and 256 row
address.

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 re-
peated 256 times, and “high”’s
are written into the 256 mem-
ory cells.

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

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

3

=

4

=

Recommended Operating

Conditions Value
(Referenced to Vgs) Parameter Symbol Min _Typ Max Unit Operating Temperature (Tc)
Vee 45 50 55 V
Supply voltage
Vss 0 0 0
- —55°C to +110°C (case)
Input high voltage all inputs Vi, 24 65 V
Input low voltage all inputs  V_ —-20 0.8 \
Capacitance
(Tp = 25°C) Value
Parameter Symbol Min Typ Max Unit
Input capacitance A, to Ag, D Cing 7 pF
Input capacitance RAS, CAS and W Cine 10 pF
Output capacitance Q Cour 7 pF
FUJITSU
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MB81256-12-W
MB81256-15-W

DC Characteristics

(Recommended operating MB81256-12-W MB81256-15-W
CO;‘:;“)O"S unless otherwise Parameter Symbol  Min Max Min Max Unit
noted.
Operating current™!
Average power supply current lecy 72 63 mA
(RAS, CAS cycling; tgc = min.)
Standby current
Power supply current loce 6.0 6.0 mA
(RAS/CAS = V)
Refresh current’!
Average power supply current lecs 61 55 mA
(RAS cycling, TAS = V; tge = min.)
Page mode current”
Average power supply current lcca 33 28 mA
(RAS = V,, CAS cycling; toc = min.)
Refresh current 271
Average power supply current lecs 66 61 mA
(CAS before RAS, tgc = min.)
Input leakage current
Any input, (V)y = 0V to 5.5V, _ _
Vo = 5.5V, Veg = OV, I 10 10 10 10 uA
all other pins not under test = 0V)
Output leakage current _ _
(Data is disabled, Vgr = OV to 5.5v) ot 010 o0 KA
Output level
Output low voltage VoL 0.4 0.4 \
(loL = 4.2 mA)
Output level
Output high voltage Von 24 24 \
(loy = —5.0 mA)
Note: *1 Ig is dependent on output loading and cycle rates. Specified values are obtained with the output open.
AC Characteristics
(Recommended operating Symbol MB81256-12-W MB81256-15-W
cond(;tions unless otherwise Parameter Alternate *Standard Min Max  Min Max  Unit
noted.
) Time between refresh trer TRVRV 2 2 ms
Random read/write cycle time  tge TRELREL 250 280 ns
Read-write cycle time trwe TRELREL 250 280 ns
Access time from RAS™46 trac TRELQV 120 150 ns
Access time from CAS'56 teac TCELQV 60 75 ns
Output buffer turn off delay torr TCEHQZ 0 25 0 30 ns
Transition time tr T 3 50 3 50 ns

Notes: *1 An initial pause of 200us is required after power up, followed by any 8 RAS cycles, before proper device operation is achieved. If

the internal refresh counter is to be effective, a minimum of 8 CA

*2 AC characteristics assume tr = 5ns.
*3 Vi (min.) and V) _(max.) are reference levels measured between Vi and V)| .
"4 tgcp is specified as a reference point only. If tgep < tgep (Max.) the specified maximum value of tgac (max.) can be met. If

tRCD > tRep (Max.) then tpac is increased by the amount that tgop exceeds tgop (Mmax.)

*5 Assumes that tgcp > tgep (Mmax.).
*6 Measured with a load equivalent to 2 TTL loads and 100 pF.

before RA

refresh initialization cycles are required.




MB81256-12-W
MB81256-15-W

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

Symbol MB81256-12-W MB81256-15-W
Parameter Alternate ‘*Standard Min Max Min Max Unit
RAS precharge time trp TREHREL 120 120 ns
RAS pulse width tras TRELREH 120 10000 150 10000 ns
RAS hold time trsH TCELREH 60 75 ns
CAS pulse width tcas TCELCEH 60 10000 75 10000 ns
CAS hold time tesh TRELCEH 120 150 ns
RAS to CAS delay time™47 trep TRELCEL 22 60 25 75 ns
CAS to RAS set up time tcrs TCEXREL 20 20 ns
Row address set up time tasr TAVREL 0 0 ns
Row address hold time traAH TRELAX 12 15 ns
Column address set up time  tpgc TAVCEL 0 0 ns
Column address hold time tean TCELAX 20 25 ns
Read command set up time  tgcg TWHCEL 0 0 ns
Read command hold time
referenced to CAS™® tRcH TCEHWX 0 0 ns
Read command hold time
referenced to RAS'9 trRH TREHWX 20 20 ns
Write command set up time™®  tyycg TWLCEL 0 0 ns
Write command pulse width  typ TWLWH 20 25 ns
Write command hold time twen TCELWH 20 25 ns
Write command to
RAS load fime tawL TWLREH 50 60 ns
Write command to
CAS lead time towe TWLCEH 50 60 ns
Data in set up time tps TDVCEL 0 0 ns
Data in hold time ton TCELDX 20 25 ns
CAS to W delay’8 towo TCELWL 20 25 ns
Refresh set up time for CAS
referenced to RAS tros TCELREL 25 80 ns
Refresh hold time for CAS
referenced to RAS tech TRELCEX 25 30 ns
RAS precharge to CAS
active time trpc TREHCEL 20 20 ns
Page mode read/write
cydle time tpc TCELCEL 120 150 ns
Page mode read-write
cycle time terwe TCEHCEH 120 150 ns
Page mode CAS
precharge time tep TCEHCEL 50 65 ns
CAS precharge time for CAS toen TCEHCEL 25 30 ns

before RAS refresh cycle

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

*4 tpcp is specified as a reference point only. If tacp < tgep (Max.) the specified maximum value of tgac (max.) can be met. If
tRCD > tReD (Max.) then trac is increased by the amount that tgcp exceeds tgop (max.)

*7 tgep (Min) = tgay (Min) + 2ty + tagc (Min.).

“8 twcs and towp are non restrictive operating parameters, and are included in the data sheet as electrical characteristics only. If

twes > twes

(min.), the cycle is an early write cycle, and the data out pin will remain open circuit (High Impedance) throughout

the entire cycle. If towp > towp (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.

*9 Either tgop or tggy Must be satisfied for a read cycle.

FUJITSU
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MB81256-12-W
MB81256-15-W

Timing Diagrams

Read Cycle

tre
[ e—1tRp
N
moon N /
Vie N__ i
tcsH
{e———trcD tRsH
—>| l— tcrs t
CAS ViH
- T N
tasr tasc
'4— tRAH ’4— tcan
YRR R CIXIIR < <
Vi . A 0900999900,
P o o AKX XXX LR
I tRRH
tRCS |w—
* XXX X
w Ve A XXXXXXX)
" Vi KK
le— tcac —»| — [€— treu
trac —4 toFF
Q Vou gl VALID DATA
Vou -
[KX3 oon'T care
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MB81256-12-W
MB81256-15-W

Timing Diagrams

(Continued) Write Cycle (Early Write)
tRe
tRas > tRp —— |
BAS Vin —\X
ViL N 7 N
tesH
—b‘ [&— tchs < 1 >
tRcD = tcas
—= Vin 3
TAS v W \\ ; / ; \
tasr tasc
tRAH o
.V.V’V’V’V"’V’V’V’V’V"‘V‘V’V"’V"’V"’V’V"’V"’V’V \\/ "
Vim . ADD. COL. ADD. G0 000.090090.090000 00000000 00.00.00¢
ADDRESS QO O AP XN
twes twen
twp
_ vin QR LRGN
W o 2XNCNEK0N RN
toH >
RN IAXAXNKN
° KRR
[ Vou HIGH-Z
VoL
R&3 poN'T care
FUJITSU
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MB81256-12-W
MB81256-15-W

Timing Diagrams
(Continued)

Read-Write/Read-Modify-Write Cycle

tawc
tras trp
Vin -
= v N 7 )
tesH ‘ I
{¢—————trCD tasH |
tcrs tcas
p
Vin
- T\ |
tasn| [€tRAH tasc
[e—tcan
AppRESS M ROW. ADD. cOL. ADD
Vi
tAwL
tres tcwo [—— twp
XOOOAOOOOONXX XXX N
- Vi OOOOOOOOOOOXXXX XXX X)
w
e KR N
(& tcac -] e——— towL — torr
Q Vi ;L VALID DATA
Vi N
tRac ‘1— oy
tos
XX XXXXHXXXXEXXXHKX XXX XXXHKXXXXXRXXKXXXXKKXXXHKXXHXKXXHK XXX 9.99999099999999.99999.999.999.9
ALLDO0.90999.090900900009999090.090.0900000000000000900090909000090 S000000000900009099099099999
D OOAOAOAAAAAOOAAAOAAAAOBOAXXXXXXXXXXOOOOOOOOOOOXXXXXX XXX vALID DATA  IOXXXX XX XXXXXXXXXXXXXXXKXXXXX
L A Y BRI

XX oon'T care
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MB81256-12-W
MB81256-15-W

Timing Diagrams
(Continued)

“RAS-Only” Refresh Cycle
Note: CAS = Vi, W, D = Don’t Care, Ag = Vj_or Viy

ViH
A

RAS

ADDRESS M :‘:’:’:’:’:‘:’:‘:‘:’:‘:’N X

- tgp—————————|

0009900
e

2K

ROW
Boroan QIO 2o AR XXX KRR KKK,
trpC
(————»| toFF
Q zz: HIGH-Z
KXX poN'T caRe
Page Mode Read Cycle
[’
tras > :_ ”_>|
— ViH
RAS \
Vi N~ = 2 7
tesH tRsH
tcrs l<~> le—tRCD t ta— tcP | |e— tcas teas
Via / 3 F— Zﬁ
CAS
X A -
e tasc —»  |w— tasc
o tcan ‘_:— tcan - <—>{hsc 1 R
1 r; | tRAH CAH
ADDRESS Vi w ROW. ADD. COL. ADD. COL. ADD. }m@icm ADD
Vi
4>| [ trcs tRcH —] '4— el thcs «— then—>
w
Vi
t— tcac —» torF o
thac > — le— tcac
p - X
Q Von { VALID DATA VALID DATA }-&——< VALID DATA
vau § i i ,
XX oon'T care
FUJITSU
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MB81256-12-W
MB81256-15-W

Timing Diagrams
(Continued)

Page Mode Write Cycle

| e
ViH
RAS 4
Vi N 22 7
?
tesH
tcrs < ———tRSH ——=]
(& tRC] + tpc
| [ tcas
CAS N
(4e—tasc
ADDRESS (‘:\gla
t<— twer —]
v X 4
‘"r Lt
Q
TN
tos toH toH — ton
Vi VALID VALID VALID
D v DATA DATA DATA
(19

[XX3 pon'T care
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MB81256-12-W
MB81256-15-W

Timing Diagrams

(Continued) Hidden Refresh Cycle
- tac |
trp
tRas le—thas—— 5|
_ ViH \
X 1 -
tcrs .<—> [—tRCD —»-1t—— tRSH——>| [&——— tFCH ————»
- tcas
ViH
- N f
tRAH | a
tash tcan
— ’1‘— tasc
ADDRESS ‘\/,': ROW. ADD. COL. ADD.
/
—» = |tRCS ’q—‘nan—»
— ViH ( 3y
W (READ)
Vi TRWL
<—'CAC—“|
tRac — torF
Q VoH VALID DATA
VoL
tres [ tewn twp
WReap  Vin XXXXXXXXXXXXRXXLY BB R R LR,
W i QO K A0SR
KXN pon'T care
FUJITSU
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MB81256-12-W
MB81256-15-W

Timing Diagrams
(Continued) “CAS-Before-RAS” Refresh Cycle
Note: A, W, D = Don't Care

trc

4 | 4

RAS RP
ws W i T

K
< trcs | - trpc
tcPr
— Vit \
CAs ViL
a My HIGH-Z
LS

(XX] oon'T care
Page Mode Read-Write Cycle
| . i
Vin 5&
RAS
Vie N Y,
tcsH
[t 1 tcas PRWC
——l [4—tcrs tRsH
Vi
tasr tasc <—tcp —|
tRAH tcan
Vin Row coumn ) AL oy
sooncss N aooecss ) AR SRR KRR KRR
| L’lcwn* tewe
<> trcs
\ TR RRRTXXKRKTIKKRR
w 109.9990900909990990999900.
w 999999.9999999.999999999999,
2RI
tRac
Vou
a
Vou
vin R AT R R R RN
D XXX KRR XXX XKRRRRRE LK

) )
GEBEXANBIGIEEN

KXX] boN'T caRE
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MB81256-12-W
MB81256-15-W

Timing Diagrams

(Continued) “CAS-Before-RAS” Refresh Counter Test Cycle
trTC
trRas
mAS / \_
7]
tcp > | tcas -
ors \ 71\
N 7
|e——tcaH
—tasc
V0.0 99.9.9.9.9.9
D00909909009000 COLUMN
ADDRESS 000009009000000¢ )
ERRRRREBEEENES ADORESS
tRcs H tRRH
o i W
tttRCH:
tcac - torF
Q “II‘:)': VALID DATA
D —
twp
N VAV, v’v‘v.v.v.v.v’v.v’v’v.v‘v‘v.v‘v’v’v‘v.v’v."’@'
Vin X X XXXXXXXOOOOOOODOOOONNN
W (WRITE)
ARG S
tos
KT KX X X TR KX X KKK XXX CRRTXXXXKKXXKE
0 AR RRXRXXEXNAEINRR  uacro oara RXKAXAKINNL
" XXX PRI
KXY pon'T care
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Package Dimensions
Dimensions in inches

me 16-Lead Ceramic (Metal Seal) Dual In-Line Package
(millimeters)

(Case No.: DIP-16C-A03)

R.050(1.27) T
REF
D 287(7.29)  .290(7.37)
INDEX AREA .299(7.59) .310(137)
Q——=—=—=——=—=’—=

.760(19.30) | .008(0.20)
1800(20.32)

1012(0.30)
— .050(1.27)MAX
- -
i .200(5.08)MAX
y
.120(3.05)
150(3.81)
.090(2.29) -032(0.81) .020(0.51)
110(2.79) REF 1043(1.10)
700(17.78)REF
.042(1.07) .015(0.38)
~062(1.58) 1023(0.58)
16-Lead Seam Weld Dip Package
(Case No.: DIP-16C-A04)
!
R.030(0.76) ’
e .287(7.29) .290(7.37)
.303(7.70) .310(7.87)
INDEX AREA \
R e L BB —— = — #
.760(19.30) - .008(0.20)
~800(20.32) :?Z‘(o m;
< 2800TYP
—>| |<«— .050(1.27)MAX (x4 PLCS)
[
“. ] |l .200(5.08)MAX
3
1120(3.05)
.150(3.81)
090(229) | .020(0.51)
110(2.79) .050(1.27)
oaz(1.07) TOO(17.78REF 015(0.38)
002(1- X
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Package Dimensions
(Continued)

Dimensions in inches
(millimeters)

18-Pad Ceramic Leadless Chip Carrier

LCC-18C-A06)

PIN NO. 1 INDEX

J

.485(

2.32)

1505(12.83)

-280(7.11)

"295(7.49)
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R.012(0.30)TYP

(apLCS)

045(1.14)TYP

e A

R.008(0.20) TYP
(18PLCS)

.025(0.64)
TYP

.145(3.68)
T

]

PIN NO. 1 INDEX | g

.400(10.16)
TYP
.200(5.08)

P

REREREN

.050(1.27)

RINIAENI

.083(2.11)MAX

.070(1.78)

1
.050(1.27)
TP

TYP

.150(3.81)TYP
195(3.95)TYP

e

.045(1.14)
P



MOS Memories FUJITSU

MB81257-12-W, MB81257-15-W
NMOS 262,144-Bit Dynamic
Random Access Memory

With Nibble Mode

Description

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

The MB81257-W features “nibble mode” which allows high speed |
serial access of up to four bits of data. Additionally, the MB81257- — —
W offers new functional enhancements that make it more versatile
than previous dynamic RAMs. “CAS-before-RAS” refresh provides L
an on-chip refresh capability that is an upward compatible version U [ LI

of the MB8266A. Multiplexed row and column address inputs per- N

mit the MB81257-W to be housed in a Jedec standard 16-pin dual

in-line package and 18-pad LCC.

The MB81257-W is fabricated using silicon gate NMOS and
Fuijitsu’'s advanced Triple-layer Polysilicon process. This process,
coupled with single transistor memory storage cells, permits maxi-
mum circuit 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 | e
B Wide temperature range: On-chip substrate bias
Tc = —55°C to 110°C generator l]
262,144 x 1-bit organization Nibble mode capability for
Row Access Time/Cycle Time: faster access =
MB81257-12-W Fast Read-Write Cycle,
120 ns max./250 ns min. tawe = tre
MB81257-15-W AR twers toHr: tRwp
150 ns max./280 ns min. eliminated
B Low Power Dissipation: CAS-before-RAS on chip
347 mW max. (tzc = 280 ns) refresh
33 mW (Standby) Hidden CAS-before-RAS
B Nibble cycle time: on-chip refresh —
MB81257-12-W 65 ns max. RAS-only refresh
MB81257-15-W 80 ns max. Refresh 2 ms/256 cycle <

H EE B B B B m B®
-

W +5V supply voltage, refresh M g%
+10% tolerance Output unlatched at cycle
B All inputs TTL compatible, end allows two dimensional _M ada
low capacitive load chip select i
B Three-state TTL compatible B On-chip Address and
output Data-in latches
B Common I/O capability B Industry standard 16-pin
using “Early Write” operation package
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MB81257 Block Diagram
and Pin Assignments

RAS ———————» * 1 16
CLON%f fEN WRITE - Ag [ vss
[_—_—> cLocK [-W o[]2 15[ ] CAS
CAs [ )—»] crock gen. - w[]a 1u[]a
NO. 2 _
REFRESH RAS[]4  wmeeizse-w 13[]As
coteet [+ ] wgs
o[ ]5 3
Y
A []s 1] A
INTERNAL E [~
ADDRESS COLUMN a7 10[7] As
COUNTER DECODER -0 ds =
cc 7
SENSE AMPS
Ao 1/0 GATING
Aq 9BIT ——7— =
m ] t -
N |~ *
A= {coL) g | o D *Ag_Vss TAS
- As 8 i 2 1 18 17
As { Q11 262,144-BIT
As & | ! | sTorAGE cELL
9-BIT = | v _
A7 LATCH g || ~—Vee W3 16|Q
A (Row = e - Vs _
RAS |4 15| Ag
LCC-18C-A06
N.C. TOP VIEW 14 | NC.
Ao |6 13| Ay
A |7 12 | Ag
8 9 10 M

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.

Absolute Maximum Ratings

(See Note) Rating Symbol Value Unit

Voltage on any pin relative to Vgg Vine Vours Vee -1.0t07.0 v
Operating temperature (case) Top -55to 110 °C
Storage temperature Tsta —55to +150 °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 ded. i ion should be ( to
the conditions as detailed in the operations sections of this data sheet. Expt to absolute i rating conditions for 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 high than maximum rated voltages to this high
impedance circuit.

FUJITSU
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Description

Simplified Timing Requirement

The MB81257 has improved cir-
cuitry that eases timing require-
ments for high speed access
operations. The MB81257 can
operate under the condition of
trep (Max.) = teac, thus provid-
ing optimal timing for address
multiplexing. In addition, the
MB81257 has minimal hold times
for Addresses (tcay), Write-Ena-
ble (tycy) and Data-in (tpy). The
MB81257 provides higher
throughput in interleaved memory
system applications. Fujitsu has
made the timing requirements
that are referenced to RAS non-
restrictive and deleted them from
the data sheet. These inciude
tar: twer: tonr @nd tawp. As a re-
sult, the hold times of the Column
Address, D and W as well as
towp (CAS to W Delay) are not
restricted by tgrcp.

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 timings
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 into the early
write mode in which the output
floats and the common |/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 (tawc = tro) is possible
with the MB81257.

Address Inputs

A total of eighteen binary input
address bits are required to de-
code any 1 of 262,144 cell loca-
tions within the MB81257. Nine
row address bits are established
on the input pins (A, through Ag)
and are latched with the Row Ad-
dress Strobe (RAS). Nine 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 sat-
isfied and the address inputs
have been changed from row ad-
dresses to column addresses.

Write Enable

The read or write mode is se-
lected 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 MB81257
during a write or read-write cycle.
The last falling edge of W or CA
is a strobe for the Data-in (D)
register. In a write cycle, if W is
brought “low” (write mode) be-
fore 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 un-
til 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 imped-
ance 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 tpac from transition of RAS
when taepmax) is satisfied, or
after tcac érom transition of CAS
when the transition occurs after
R - Data remains valid un-
il is returned to “high”. In a
write cycle, the identical se-
quence 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 ad-
dresses and the 8 column ad-
dresses. The 2-bits of addresses
(CAg, RAg) are used to select 1
of the 4 nibble bits for initial ac-
cess. After the first bit is ac-
cessed by the normal mode, the
remaining nibble bits may be ac-
cessed by toggling CAS “high”
then “low” while RAS remains
“low”. Toggling CAS causes RAg
and CAg to be incremented inter-
nally while all other address bits
are held constant and makes the
next nibble bit available for ac-
cess. (See table | below).

If more than 4-bits are accessed
during nibble mode, the address
sequence 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 executed again
on subsequent access, the new
data will be written into the se-
lected cell location.

Nibble Mode Address
Sequence Example

SEQUENCE NIBBLEBIT  RA;  ROWADDRESS  CAg ADDRESS COMMENTS
RAS/CAS (normal mode) 1 [] 10101010 [} 10101010 input addresses
toggle CAS (nibble mode) 2 1 10101010 0 10101010

toggle CAS (nibble mode) 3 0 10101010 1 y
toggle CAS (nibble mode) 4 1 10101010 t 10101010

toggle CAS (nibble mode) 1 [} 10101010 0 10101010 sequence repeats
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Description
(Continued)

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

The data output is controlled only
by the W state referenced at the
CAS negative transition of the
normal cycle (first nibble bit).
That is, when tycg > twcs (min.)
is met, the data output will re-
main open circuit throughout the
succeeding nibble cycle regard-
less of the W state. When tgyp
> towp(min.) is met, the data
output will contain data from the
cell selected during the succeed-
ing 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 performed bit by bit dur-
ing each nibble operation regard-
less of the timing conditions of W
(twes and toyp) 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 performing a
memory cycle at each of the 256
row-addresses (A, ~ 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
(Ag ~ 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 speci-
fied period (tecg) before RAS
goes to “low”, on-chip refresh
control clock generators and the
refresh address counter are ena-
bled, and an internal refresh op-
eration takes place. After the
refresh operation is performed,
the refresh address counter is
automatically incremented in
preparation for the next CAS-be-
fore-RAS refresh operation.

Hidden Refresh

A hidden refresh cycle may take
place while maintaining the latest
valid data at the output by ex-
tending the CAS active time. For
the MB81257, a hidden refresh
cycle is a CAS-before-RAS re-
fresh cycle. The internal refresh
address counter provides the re-
fresh addresses as in a normal
CAS-before-RAS refresh cycle.

CAS-before-RAS Refresh
Counter Test Cycle

A special timing sequence using
the CAS-before-RAS counter test
cycle provides a convenient
method of verifying the function-
ality of the CAS-before-RAS re-
fresh activated circuitry.

After the CAS-before-RAS re-
fresh operation, if CAS goes to
“high” and then goes to “low”
again while RAS is held “low”,
the read and write operation 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 address bits
defined as follows:

A Row Address

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

A Column Address

All the bits A, through Ag are de-
fined by latching levels on A,
through A; at the second falling
edge of CAS.

Suggested CAS-before-RAS
Refresh Counter Test
Procedure

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

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

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

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 re-
peated 256 times, and “high”s
are written into the 256 mem-
ory cells.

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

5) Complement the test pattern
and repeat steps 2, 3,

2

=

3

and 4.
Functional Truth Table
RAS CAS w IN out 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
Early Write
L L L Valid Data High-Z No Yes Yes twes = twes (min)
Delayed Write or Read-Write
L L L Valid Data Valid Data Yes Yes Yes town = towp (min)
L H Don’t Care Don’t Care High-Z No No Yes RAS-only Refresh
] CAS-before-RAS Refresh.
L L Don’t Care Don’t Care Valid Data No No Yes Valid data selected at previous
Read or Read-Write cycle is held
H L Don’t Care  Don’t Care High-2 No No No CAS disturb

FUJITSU
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Recommended Operating

Conditions Value
(Referenced to Vsg) Parameter Symbol Min Typ Max Unit Operating Temperature {Te)
Veo 4.5 5.0 55 V
Supply voltage
Vss 0 o] 0 v
—55°C to +110°C (case)
Input high voltage all inputs V) 2.4 6.5 \
Input low voltage all inputs  V; -20 08 Vv
Capacitance
(Tp = 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 MB81257-12-W MB81257-15-W
noted.) Parameter Symbol  Min Max Min Max Unit
Operating Current!
Average power supply current lcct 72 63 mA
(RAS, CAS cycling; tgc = min.)
Standby Current
Power supply current leca 6.0 6.0 mA

(RAS/CAS = V)

Refresh Current 171
Average power supply current lcos 61 55 mA
(RAS cycling, CAS = V|,; tgc = min.)

Nibble Mode Current™
Average power supply current lcca 22 20 mA
(RAS = V|, CAS cycling; tyc = min.)

Refresh Current 21
Average power supply current lecs 66 61 mA
(CAS before RAS, tgc = min.)

Input Leakage Current

Any input, (V| = OV to 5.5V, |
Ve = 5.5V, Vgg = 0V, L
all other pins not under test = 0V)

Output Leakage Current |
(Data is disabled, Vot = OV to 5.5V) oL

Output Level
Output low voltage VoL 0.4 0.4 )
(loL = 42 mA)

Output Level
Output high voltage Vou 24 24 \"
(lon = —5.0 mA)

-10 10 -10 10 nA

Note: *1 Ioc is dependent on output loading and cycle rates. Specified values are obtained with the output open.
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AC Characteristics
(Recommended operating
conditions unless otherwise
noted.)

MB81257-12-W

Symbol MB81257-15-W

Parameter Alternate ‘Standard Min Max Min Max Unit
Time between refresh trer TRVRV 2 2 ms
Random read/write cycle time tg¢ TRELREL 250 280 ns
Read-write cycle time tawe TRELREL 250 280 ns
Access time from RAS™4.6 trac TRELQV 120 150 ns
Access time from CAS'5.6 tcac TCELQV 60 75 ns
Output buffer turn off delay  tore TCEHQZ 0 25 0 30 ns
Transition time tr T 3 50 3 50 ns
RAS precharge time tap TREHREL 120 120 ns
RAS pulse width thas TRELREH 120 100000 150 100000 ns
RAS hold time tash TCELREH 60 75 ns
CAS pulse width toas TCELCEH 60 100000 75 100000 ns
CAS hold time tesH TRELCEH 120 150 ns
RAS to CAS delay time™7  tgep TRELCEL 22 60 25 75 ns
CAS to RAS set up time tors TCEHREL 20 20 ns
Row address set up time tasr TAVREL 0 0 ns
Row address hold time tran TRELAX 12 15 ns
Column address set up time  tygc TAVCEL 0 0 ns
Column address hold time tcan TCELAX 20 25 ns
Read command set up time  tpcg TWHCEL 0 0 ns
head command RIS M oo TCEHWX 0 0 ns
R T O UM tann TREHWX 20 20 ns
Write command set up time™8  tycg TWLCEL 0 0 ns
Write command pulse width  typ TWLWH 20 25 ns
Write command hold time twer TCELWH 20 25 ns
Brite Sommand to trw TWLREH 50 60 ns
A towe TWLCEH 30 40 ns
Notes: * These symbols are described in IEEE STD. 662-1980: |IEEE for memory.

*2 AC characteristics assume ty = 5 ns.
*3 V) (min.) and V) (max.) are reference levels for measuring timing of input signals. Also, transition times are measured between

ViH and V.

.L_s

the internal refresh counter is to be effective, a minimum of 8 CA!

*1 An initial pause of 200 us is required after power up, followed by any 8 RAS
before

cles, before proper device operation is achieved. If
refresh initialization cycles are required.

*4 tpep is specified as a reference point only. If tgcp < trgp (Max.) the specified maximum value of tgac (max.) can be met. If

trep > tRep (max.) then tyac is increased by the amount that tgop exceeds tgep (max.).

5 Assumes that tgcp > trgp (max.)
*6 Measured with a load equivalent to 2 TTL loads and 100 pF.
*7 trep (Min) = tgap (Min) + 2tp + tagg (Min.).

"8 twcs and towp are non restrictive operating parameters, and are included in the data sheet as electrical characteristics only. If
twes > twes (min.), the cycle is an early write cycle, and the data out pin will remain open circuit (High Impedance) throughout
the entire cycle. If towp > towp (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.

*10 Either tgc or tgry Must be satisfied for a read cycle.

FUJITSU
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MB81257-15-W

AC Characteristics

ggommued) dod i Symbol MB81257-12.W MB81257-15.W

ecommended operating -

conditions unless otherwise Parameter Alternate *Standard Min Max Min Max Unit

noted.) Data in set up time tos TDVCEL 0 0 ns
Data in hold time ton TCELDX 20 25 ns
CAS to W delay™ town TCELWL 20 25 ns
Refresh set up time for CAS
referenced to trcs TCELREL 25 30 ns
Refresh hold time for CAS
referenced to RAS trom TRELCEX 25 30 ns
Nibble mode read-write
cycle time tnRwe TCEHCEH 65 80 ns
Nibble mode read/write
cycle time tne TCEHCEH 65 80 ns
Nibble mode access time tncac TCELQV 30 40 ns
Nibble mode CAS
pulse width tnoas TCELCEH 30 40 ns
Nibble mode CAS
prechargs time tnoe TCEHCEL 25 30 ns
Nibble mode read RAS
hold time tNRRSH TCELREH 30 40 ns
Nibble mode CAS hold time
referenced to RAS tRNH TREHCEL 20 20 ns
Nibble mode write RAS
hold fime tawhsH TCELREH 50 60 ns
RAS precharge to CAS
active time trpc TREHCEL 20 20 ns
CAS precharge time for CAS
before RAS refresh cycle teer TCEHCEL 25 30 ns
Notes: * These symbols are described in IEEE STD. 662-1980: IEEE for memory.

*8 twcs and 'CW? are non restrictive operating parameters, and are included in the data sheet as electrical characteristics only. If

twes > twes

the entire cycle. If toywp > t?

If neither-of the above sets of
*9 Test mode cycle only.

min.), the cycle is an early write cycle,

and the data out pin will remain open circuit (High Impedance) throughout

WD (min.), the cycle is a read-write cycle and data out will contain data read from the selected cell.

conditions is satisfied, the condition of the data out is indeterminate.
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Timing Diagrams

Read Cycle
e trc »l
<€—tRp
s tRas >
AS ViH S\l J Z
Vi N
tesH
< trco > tRsH ———4
——-i l4— tcrs teas
) k \
CAS ViH
CAS v W \\( y Z
tasr te— tasc
lq-— tRan Iq_ tcan
ADDRESS '™ ROW. ADD. COL. ADD.
ViL
. [ tRRH
RCS |w—
(XXX XXX XX )
Vi X XXX
w
e XK
L— tcac —| — re— tRCH
tRac - torF
Q Von J)( VALID DATA
Vo .

XX pon'T care
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Timing Diagrams
(Continued)

2|
P
17

|

O
>
o

ADDRESS

Write Cycle (Early Write)

- tRe
tras tRp —— |
ViH 1
viL X( . \
l— tcrs 1—1————’mn
taco tcas
ViH
ol N / / \_
tasr tasc
tRan [e—tcaH
’V’V.V’V‘V‘V"’V’V’V’V’V’V’V’V’V’"V YVYY V‘V""’V"""""
vin . ADD. oL. ADD. G YRS
o £orADP N e e ot
twes L* - tweH
twp
TIXXXRIXTIXID
vin XA
i XKD 2

[—————1tpH

VALID DATA

R BRI
$0009.0000900.09999.9999.909.
%

D

OPEN

&3 ooN'T care
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Timing Diagrams
(Continued)

Read-Write/Read-Modify-Write Cycle

tawe
tRAs tRp
ViH 1
] N
Ve N ‘
tesn I
< 1 tRsH
tcrs teas
v p r
TAS " \ Z
Vi K _
tasn| [*tRAH tasc
le— tcan
ADDRESS z‘" ROW. ADD. COL. ADD
L
tRwL
’<—> tRes tcwo e twp ——|

~ N N NN 3
TR N
[ tcac tewL torr
Q ‘\I"" ‘& VALID DATA
n
tRac ‘4— toH
tos
R KRR X KXY XK XX KR XY KKK X XXX XX XKKXXKKKXXKIKKK KK KKK KKI KL X
ALID00.0.9.0.00.0000009090090000.00.90000000.0000000000000090090090904 2000000000 00000990099999090,
D OOOOOOOOOOOOOOOOOOOOOOONNOOOOOOOOONXXXXN]  vALID DATA  YXXXXXXXO D0000000000900.9
B I I N s YRR
XX bon'T care
FUJITSU
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Timing Diagrams
(Continued)

“RAS-Only” Refresh Cycle

Note: W, D = Don't Care, Vg = V,; or V_

tre

«————1RAS
= # i
‘KD‘ ']
.......... R XXX KX XXX XXX XXX XXX
Vi (XX XXX XXX XXXXXXXXXXOOOOOXX Y
oo KRR XXX KRR XXX
i - trPC
torr
Vou
Qa VoL HIGH-Z
KXX pon'T care
“CAS-Before-RAS” Refresh Cycle
Note: Address, W, D = Don't Care
| tre
tRas | tRp ———~
woou i N
trpC
w
Q x:‘: OPEN

[XX] pon'T care
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MB81257-12-W
MB81257-15-W

Timing Diagrams

(Continued) Hidden Refresh Cycle
f - tre
tRp —
tras [e——thRaAs ——————»|
Vin \
Ras Vi \ 7 N
tcrs [€—— tRCD —»1<t—— tRSH——3>] trcH
tcas
Vi
tRAH N /
task tcan
—p= l&—|tasc
ADDRESS ‘\//I: ROW. ADD. COL. ADD. (
/
—»| | |tacs Lﬁ tRRH —]
— Vin / Y
W (Read) " tRwL
re—tcac
- tRAC! — tore
a Vo <£ VALID DATA
Vou K
tres [— towp > twp
o 7 VNNV VY VYV 9.V.V.9
woe TR\ SRR
Write) ViL .‘."“‘.“""‘..."““‘. \ Z A‘A’A’A’A’A‘A‘A‘A XXX XXX XXX XX XXX XXX
KXY pon'T care
FUJITSU
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MB81257-12-W
MB81257-15-W

Timing Diagrams
(Continued) Nibble Mode

*1 THE CASE OF FIRST NIBBLE CYCLE IS EARLY WRITE

-\

(ADD INCREMENT)

HIGH-Z

EARLY WRITE 4+— NO OPEN—»<«———WRITE ‘+—‘—'WRITE-—‘.‘

// /| vaLID DATA
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MB81257-12-W
MB81257-15-W

Timing Diagrams

(Continued)

*2 THE CASE OF FIRST NIBBLE CYCLE IS DELAYED WRITE (READ-WRITE)

-\ /
AN ANAWANY
TN S
S /0 S— -
- >0 m-O-D

I‘— READ-WRITE—DId— READ-WRITE v—b‘ﬁ—-— READ READ~WR|TE

VALID DATA
Nibble Mode Read Cycle
tRas f—tap
ViH N
RS Vi &( Z
V|
tesH
re— tacp —|
——‘ t—tcRs tcas
= U N :
ViL
tasm tasc tRRH
——1 tRAH [—tcan
Vi
ADDRESS Vi ADDRESS ESDL:EMS';
—j l‘—'ncs }—— tRcs l<-|ncu~>
[t
— |‘~ RCIH
i (TS ‘Q@Q’ ‘Q@V w
w (X QNNO (XXX
v RN,
[—tcac toFF
[————1tRac tncac
VoL DATA DATA DATA DATA
DON'T CARE
FUJITSU
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MB81257-12-W
MB81257-15-W

Timing Diagrams
(Continued)

Nibble Mode Write Cycle

CAS

ADDRESS

g

)

Vi

tens

— thp

N

tras

tesH

trco

[— tcas —>|

Vin Wﬁ

NC INWRSH tRNH

AN NNV
vaup  \AGKGKKKXKRKY

oATA_/ QRN
{XX) oon'T caRe
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MB81257-12-W
MB81257-15-W

Timing Diagrams

(Continued) Nibble Mode Read-Write Cycle
tras trp
AAS v
e N 7
+— tcRs
tesH [——1tNRWC INWRSH tRNH
|- tRCD-3~a— tcas—]
CAS ViH Z .
Vie N 7 - j
—>1'ASR'<— t tasc tnep
tRAH | [ tcAH | hfcns
Vi ROW cou )
ViL ADD. ADD. 7
i
< tcwp } ;47 tRwL
tres towL re—towL
" N
Vi
—»itcac torr - r<— torF |
— twp
tRAC |
VoL o LID
a Vou 4 oara
| tps
e ton
[RV0.0.0.0.0.00.0.0.00.0,
o X0 vae
Vi RRREEEAS
B poN'T care
FUJITSU
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MB81257-12.W
MB81257-15-W

Package Dimensions
Dimension in inches

me 16-Lead Ceramic (Metal Seal) Dual In-Line Package
(millimeters) (Case No.: DIP-16C-A03)
— ==i -9
R.050(1.27) T
REF
D 287(7.29)  .290(7.37)
INDEX ARE{{ 299(7.59)  .310(7.87)
o -7““9‘3”) | 1008(0.20)
-800(20.32) 1012(0.30)
— .050(1.27)MAX
C
* .200(5.08)MAX
A
.120(3.05)
.150(3.81)
.oso(z.zs) oaz(o 81) 020(051)
.110(2.79) .043(1.10)
700(17 .78)REF
042(1 07) .015(0.38) Dimensions in
1062(1.58) 1023(0.58) inches (millimeters)
16-Lead Seam Weld DIP Package
(Case No.: DIP-16C-A04)
IS S
R.030(0.76) ]
Tve .287(7.29) .290(7.37)
> .303(7.70) -310(7.87)
INDEX AREA \
N —— s ——— s —— e —— aaa —— . — #
.760(19.30) | t 008
.008(0.20)
-800(20.32) ' 072(0.30)
.043(1.09) TYP
—>| I<— .050(1.27)MAX (x4 PLCS)
A
—ﬂ 200(5.08)MAX
A
.120(3.05)
.150(3.81)
.090(2.29) .032(0.81) 1020(0.51)
1102.79) |’> REF | 1050(1.27)
.700(17.78)REF .
.042(1.07) I .015(0.38)
7002(1.58) —> 7023(0.58)
FUJITSU
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MB81257-12-W
MB81257-15-W
Package Di i
(Continued) 18-Pad Ceramic Leadless Chip Carrier
Dimensions in inches LCC-18C-A06
(millimeters) oEX
FIN NO 1 IN R.012(0.30) TYP 045(1.14)TYP
(aPLCS) \a <
L —] ;4
o’ .oas(z.es)rvp I:I Ij Ivl
v
{— D]  PINNO.1INDEX [
C—] R008(020TYP [ | .aoqlg 016)
.485(12.32) (18PLCS) \ (5.
.505(12.33; — b ] g 2908
.025(0.64) |
— v D] =
= b ] [
}— .050(1.27)
.145(3.68) TYP
TYP
N\ } [:I D l:l Ve
.050(1.27) .070(1.78)
.280(7.11) TYP - > TYP
-295(7.49) »1—.083(2.11)MAX -150(3.81)TYP .045(1.14)
195(4.95)TYP TYP

“SHAPE OF PIN 1 INDEX: SUBJECT TO CHANGE WITHOUT NOTICE
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MOS Memories

FUJITSU

B MB81416-10, MB81416-12, MB81416-15

NMOS 65,536-Bit Dynamic
Random Access Memory

Description

The Fujitsu MB81416 is a fully decoded, dynamic NMOS random
access memory organized as 16384 words by 4-bits. 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.

Multiplexed row and column address inputs permit the MB81416 to
be housed in a standard 18-pin DIP that is compatible with the
JEDEC approved pinout. Greater refresh versatility is provided by a
new CAS before RAS on-chip refresh capability. The MB81416
also features “page mode” which allows high speed random ac-
cess of up to 64 nibble wide words within the same row address.

The MB81416 is fabricated using silicon gate NMOS and Fuijitsu’s
advanced Double-Layer Polysilicon process. This process, coupled
with single-transistor memory storage cells, permits maximum cir-
cuit 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 compatible.

Features

B Organized as 16384 words by
4-bits

B Row Access Time/Cycle Time:

MB81416-10 100nsec
max/200 min.
MB81416-12 120nsec
max/230 min.
MB81416-15 150nsec
max/260 min.

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

B Single +5V £10% Power

W 2ms/128 cycle Refresh (Ay~Ag)

B Read-Modify-Write Capability

B Page Mode Capability for
faster access

M Output unlatched at cycle end

B Early Write or Output Enable
controls output buffer im-
pedance

B On Chip Address and Data-In
latches

B Standard 18-pin DIP

B All Inputs TTL Compatible, low
capacitive load

B Three-State TTL Compatible
Outputs

B On-chip Substrate Bias
& "

Supply
W CAS before RAS Refresh
B RAS Only Refresh
M Hidden gTS before RAS
Refresh

[ ]
.
[
]
|_DIE-18C-C01
] [
|
! i
U
__DpIR-18p-Mo1
CE-18C-Fo

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

and W = Write Enable.
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MB81416-10
MB81416-12
MB81416-15

MB81416 Block Diagram and

Pin Configurations ‘e s U
RAS TE 1 \
Lt | clock w s
ThS GEN. 0Q, ’z 17| DQ,
cLock GeN. | ¥ _
REF L, NO. 1 DQ, E CAS
CONTROL _
crock wis 15| DQy
INTERNAL Ay~hg A RAS E 14] Ao
ADDRESS
COUNTER F:a gggg‘e'; <14 “f'}“ Ag E 13| Ay
BUFF
SENSE AMPS 4-1 As E El Az
10 GATING nall l_4 DQy~DQy
Ao | Epp———— T I Agl 8 Az
N = Veel| o E, A
DATA cc 7
i PP a | Lol ur
~o Q § S 1! 865,536-BIT r’ v
A a5 3 |! STORAGE CELL T = DQ; G Vg DQ
A: <2 : | ARRAY s il Ss 74
2| 2 1 18 a7
Ag Ag~A; 1, ] ~— Vcc
A — ~— Vss DQ, |3 16 | CAS
w4 Lec 15 | DQy
RAS |5 TOPVIEW 14|Ag
Ag |6 LCC-18C-FO2 134,
As |7 12 | Ay
8 9 10 11
Ay Vec A7 Ag
Absolute Maximum Ratings
(See Note) Rating Symbol Value Unit
Voltage on any pin relative to Vgg Vine Vour —-1to +7 \
Voltage on V¢ supply relative to Vgg Voo -1to +7 \
Ceramic -55to +150 .
Storage Temperature = ——— Tsta —_— C
Plastic —55to +125
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
to the as in the operations sections of this data sheet. Exposure to absolute maximum rating condi-
tions for extended periods may affect device reliability. This device ins 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.

Capacitance
(TAa=25°C) Parameter Symbol Typ Max Unit
Input Capacitance Ay~A;, Cing — 5 pF
Input Capacitance RAS, CAS, W, G Cinz — 8 pF
Output Capacitance DQ,~DQ, Cp - 7 pF
Recommended Operating
Conditions Parameter Symbol  Min Typ Max Unit Operating Temperature
(Referenced to Vgg)
Vee 45 5.0 55 )
Supply Voltage
Vss 0 0 0 \'
Input High Voltage Vi 2.4 — 6.5 \% 0°Cto +70°C
Input Low Voltage,
all inputs except DQ Vic -20 - 08 v
Input Low Voltage, DQ  V, p* -10 — 0.8 \

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

FUJITSU
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MB81416-10
MB81416-12
MB81416-15

DC Characteristics
(Recommended operating
conditions unless otherwise
noted.)

Parameter Symbol Min Max Unit
OPERATING CURRENT* MB81416-10 55

Average power supply current MB81416-12 lcot 50 mA
(RAS, CAS cycling; tgc = min) MB81416-15 45

STANDBY CURRENT _ \ 45 mA
Power supply current (RAS = CAS = V) cc2 i

REFRESH CURRENT1* MB81416-10 38

Average power supply current MB81416-12 lces 35 mA
(CAS =V, RAS cycling; tgc = min) MB81416-15 32

PAGE MODE CURRENT MB81416-10 38

Average power supply current MB81416-12 loca 35 mA
(RAS =V, , CAS cycling; tpg = min) MB81416-15 32

REFRESH CURRENT 2* MB81416-10 42

Average power supply current MB81416-12 lees 38 mA
(RAS cycling, CAS before RAS) MB81416-15 35

INPUT LEAKAGE CURRENT

Input leakage current, any input

(0=V|y=55V, Vgc=5.5V, Vgg=0V, I -10 10

all other pins not under test = 0V)

OUTPUT LEAKAGE CURRENT | 10 10

(Data out is disabled, 0V =< Voyr < 5.5V) oL

OUTPUT LEVELS

Output high voltage (Igy = ~5mA) VoH 24

Output low voltage (I, = 4.2mA) VoL 0.4 \

Note*: Io¢ is dependent on output loading and cycle rates. Specified values are obtained with the output open. Igc is
dependent on input low voltage level V p, V| p> —0.5V.

FUJITSU
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MB81416-10
MB81416-12
MB81416-15

AC Characteristics
(Recommended operating
conditions unless otherwise

noted.)
MB81416-10 MB81416-12 MB81416-15
Symbol
Parameter Notes Alternate *Standard Min Max Min  Max Min Max Unit
Time between Refresh tRer TRVRV — 2 — 2 — 2 ms
Random Read/Write Cycle Time trc TRELREL 200 — 230 — 260 — ns
Read-Write Cycle Time tawc TRELREL 290 —_ 330 — 375 — ns
Access Time from RAS 4),6) tgrac TRELQV — 100 — 120 — 150 ns
Access Time from CAS (6),(6) tcac TCELQV — 50 — 60 — 75 ns
Output Buffer Turn Off Delay torr TCEHQZ 0 30 0 3 0 40 ns
Transition Time tr T 3 50 3 50 3 50 ns
RAS Precharge Time tap TREHREL 90 — 100 — 100 — ns
RAS Pulse Width thas TRELREH 100 10000 120 10000 150 10000 ns
RAS Hold Time tasH TCELREH 50 — 60 — 75 — ns
CAS Precharge Time (Page Mode only) tcp TCEHCEL 45 — 50 — 60 — ns
c()fﬁ\\lsl :;if:sag?:;;?:age mode) torn TCEHCEL 40 - 4 - % - ns
CAS Pulse Width toas TCELCEH 50 10000 60 10000 75 10000 ns
CAS Hold Time tosn TRELCEH 100 — 1200 — 150 — ns
RAS to CAS Delay Time @),  taco TRELCEL 20 50 20 60 25 75 ns
‘CAS to RAS Set Up Time tors TCEHREL 20 — 25 — 30 — ns
Row Address Set Up Time tasr TAVREL 0 — 0 — 0 —_ ns
Row Address Hold Time tran TRELAX 10 — 10 — 15 — ns
Column Address Set Up Time tasc TAVCEL 0 — 0 — 0 — ns
Column Address Hold Time toan TCELAX 15 — 15 — 20 — ns
Read Command Set Up Time tacs TWHCEL 0 - 0 - 0 - ns
Read Command Hold Time @ e TREHWX 20  — 20 - 2 - ns
e g ime  to  ToEWC 0 — 0 - o - m
Write Command Set Up Time twos 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 [ 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 ton TCELDX 20 — 25 — 30 — ns
CAS toW Delay ®  town TCELWL 85 — 100 — 120 — ns
RAS toW Delay ®  tawo TRELWL 135 — 160 — 195 — ns
Access Time from G toea TGLQV — 25 - 30— 40 ns
G to Data in Delay Time toen TGHDV 30 —_ 35 — 40 — ns
G Hold Time Referenced to W toem TWLGL 0 — 0 — 0 — ns
Output Buffer Turn Off Delay from G toez TGHQZ 0 30 0 3% 0 40 ns
Page Mode Cycle Time tp TCELCEL 105 — 120 — 145 — ns
Page Mode Read-Write Cycle Time trrWC TCEHCEH 180 — 205 — 240 — ns
Cgs%g"(’(%é‘%;g‘r‘z%‘; sfresh) teow TRELCEH 20  — %  — 30 - ns
RAS Precharge to CAS Active Time [ TREHCEL 20 — 20 — 20 — ns
Refresh Counter Test RAS Pulse Width  (10)  trpag TRELREH 280 — 325 — 390 — ns
Refresh Counter Test Cycle Time (10)  tgre TRELREL 380 — 435 — 500 — ns
G to RAS Inactive Setup Time toes TGLREH 0 — 0 -0 — ns
Data in to CAS Delay Time (1) tpye TDXCEL 0 — 0 — 0 — ns
Data in to G Delay Time (1) tyo TDXGL 0 — 0 - 0 — ns
Rt et i) term TCEMCEL 25  —  — 30 - ns
Notes: See notes on next page. *These symbols are described in |EEE Std. 662-1980: IEEE Standard Terminology for Semiconductor Memory.
FUJITSU




MB81416-10
MB81416-12
MB81416-15

AC Characteristics
(Continued)

Notes:

1.

An initial pause of 200us is required after
power up, followed by any 8 RAS cycles,
before proper operatlon is achieved. If the in-
ternal refresh counter is to be effective, a
minimum of 8 CAS-before-RAS initialization
cycles instead of 8 RAS cycles are required.

7. taep (Min.) = tgay (Min.) + 2ty + tage (Min.):

tr = 5ns

8. twesr towp @nd tpyp are non-restrictive

operating parameters. They are included in
the data sheet as electrical characteristics on-
ly. If twes = twes (Min.), the cycle is an early
write cycle and the data out pin will remain

2. AC measurements assume ty = 5ns. ggz?ecé;%'-"g (high impedance) throughout the
3. Viy (min.) apd V!L (rnax.) are refqrence levels ) I towp = towp (M) and tawo = tawp (MiIN.,
for measuring timing of input signals. Transi- the cycle is a read-write cycle and data out
tion times are measured between V, (min.) e cycle Y
iy H will contain data read from the selected cell. if
and Vy_(max.). neither of the above sets of conditions is
4. tpep is specified as a reference point only. If satisfied, the condition of the data out is in-
trep = trep (Max.) the specified maximum determinate.
value of tgac (Max.) can be met. If tgop > tpep ) ’
(max,) then tp,e s increased by the amount 9. Either tggy or tpey Must be satisfied for a read
that tagp exceeds tgep (Max.). cycle.
5. Assumes that taep = tgep (Max.). 10. Refresh counter test cycle only.
6. Measured with a load equivalent to 2 TTL 11. Either tp,¢ or tpzo must be satisfied for all
loads and 100pF. cycles.
Timing Diagrams Read Cycle
- Re
RAS
wl T . N, —
- osH—— ] "
v ¢ \q———‘cns b
CAS 1H §
Vie tasr | [tRAH  tasc tcaH ! ’ teen:
A z': AD%%EM_MCI%#'EWSNS X
L 1 r
I tRes F—'oss—» | ey e tRCH
L ~ RUXOXXXX
Vi AC
} trac ——I [e— torr
DATA V. ¥ b .
©oun vg: 'chHlGH, - DATA OUT !\:E;HIGH—Z
pata VoH
XK QXXX
N VoL tz0 t0ED ]
= Vi
€ W A
Write Cycle (Early Write)
G = Don't Care
RAS ViH g tnas T k
Vie —
fcsH 4 tRP —
|«——tRCD tcas l—tCRS -2
o s > ' b
tash | [tRAH  tasc tCAH tepn:
A Um XE%_’ COLUNN
ViL ADDRESS | ADDRESS
L I .
twese] <-|wcn
R 10207007 e L0 NSO
1 ¥
tos
DATAV /NN N NN NNV NVVVVYVYYYYY
(N vI.T "A‘A‘A‘A’A’A’A’A‘A‘A’A’A‘A‘A’A‘A’A’
pata Vi HIGH:Z
©uny,

m] Don't Care

FUJITSU
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MB81416-10
MB81416-12
MB81416-18

Timing Dlagrams
(Continued)

RAS

=l

DATA
(IN)

DATA
©oun

G

ViH
viL

ViH
viL

ViH
i

ViH
A\

Vin
viL

Vou
VoL

Vin
Vi

Write Cycle
(Output Enable Controlled)

tre
tras
—
tcrs ['np*-l\_—
= taco tcas
tRaH tcpN] —
tasR tasc~ [~ —-1'cm i
ROW COL.
ADD. ADD.

r-;Qch ——

D — 411 12 T4

HIGH-Z VALID DATA IN
1
. CSAc toep
- trac

VALID HIGHZ

) DATA1

<—tpz0 “*toea’™ toez

= toEH~|

NUXURXAXXXXXAXX

Note 1:  When toyyp 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

RAS

CAS

gl

DATA
(IN)

DATA
(oum

ol

“INVALID".

Vih ———

i

Vi
Vi

Vin
Vi

ViH
Vi

A\
viL

Vou
VoL

\[}
Vi

Read-Write/Read-ModIify-Write Cycle

trwc
tras
tcrs N N ['vn -
RCD 'CAS ————_—-‘
tRan '—'cwj —
tasr tasc - —— —tcan
O
- n—."d
pu—
. RWD towo CW.L
RCS -~ RWL

=t :i

—tpze =] tos = "%,
VALID i
——HiGHZ- Toeo DATA IN
tcac=—
A
. ALl HIGH.2.
HIGH-Z BATA HIGH-Z
toea -—‘1

~—tpzo [~ toez = e 'oen—1

m Don't Care

FUJITSU
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MB81416-10 ) ‘

MB81416.12
MB81416.15

Timing Diagrams
(Continued)

H

|

DATA
(IN)

DATA
(oun

ol

DATA
N

DATA
(©oun

Page Mode Read Cycle

ViH —

A\

tras m
trp

ViH
Vi

Vin

Von

Vo

ViH
Vi

ViH
Vi

Page Mode Write Cycle

(G =Don’t Care)

tras

Vin
Vi

Vin
Vi

Vin
ViL

Vin
Vi

Vou

Vo

FUJITSU
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MB81416-10
MB81416-12
MB81416-15

Timing Diagrams
(Continued) Page Mode Read-Write Cycle

thas
RAS 4
Vie 'c}_“ij 'R:CD! ~—PRWC——» trp

tesH—= |==tcp~
Vin

cAs 4 ] \c—'CAs - }‘___‘v—'c»\s
viL _tRan tasc
tasr ‘Asc tcan e ""'cau
A Vi RO ‘ COL.
ADD., ADD ADD.

tow 'RCS| [ Tcwp
tresi== [tcwp iy

£

DATA
(IN)

DATA
(oun

o]

RAS Only Refresh Cycle
NOTE: CAS = V,;: A;, W, G = Don’t Care

tre
t, —
Vin RAS

"

B
P
2
~y

Vi

|<—tran—>] trp

—| tasr

™ ADDRESS

Vou

Da HIGH-Z
VoL
CAS-Before-RAS Refresh Cycle
NOTE: A, W, G = Don't Care
trc
|t——— tRp———>|
Vin tRAS ———>
N N /
PR tres trcH thec
. < -
— VH
L
Vou
[+ 1e] HIGH-Z
Vo

m Don’t Care

FUJITSU
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MB81416-10
MB81416-12
MB81416-15

Timing Diagrams

(Continued) Hidden Refresh Cycle
‘v\ .m.
Vi tRas s tRas———
RAS thp—» \
|| tcpp
—
s Jl/}
a 0
tacs|
— Vin ,——I ~T l'_.l nn l
L, W REXXXHXX XXX XXX XXXAXX
v ) 'os;—»! |—
OH 'CAC,
DATA v,
N vo, HIGHZ VALID DATA OUT —
_ Vin ] togs 4
¢ Vi toze |[1
toeo
Vin tozo
DATA HIGH.Z -
e XXX XXXX
CAS-Before-RAS Refresh Counter Test Cycle
Vi [ng “RTC |
e vm /j\-
i tRp
1
I.-—'csn tcpN—| 'cn"
Vin [
s Fes
ViL
tasc| |tcan
N Vin E&%
A\ ! ~
t?gj . -+ [-"nm
[<'Rc
winean) XXX XXXXXKXXXXX XXX
Viu
DATA Vi tozc
(IN) A\
- tcac = 1 [={torF
DATA  V,
(READ) o HIGH-Z VALID DATA
oun Vo toea
. 1) e
~ Vin O torz el =
G (READ)
\[ ! —towr —=
'ncs"r- F—tewp!—= tawt ——]
— Vin Q-
> teac?
DATA v,
ware " HIGH-Z
(oun  Vou toze
DATA Vi
fihe " OXXRKKKIXXIR
mN v 4
AL AvAvavAvAVAVAVAY, \VAV
aware - XOXXOOOOOQOOOOON
[ oor oo
Note 1: When tcyp 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".
FUJITSU
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MB81416-10
MB81416-12
MB81416-15

Description

Address Inputs

A total of 14 binary input ad-
dress bits are needed to decode
any one of 16,384 nibble wide
words from the MB81416’s
65,536 memory cells. Ad-
dressing a Random 4-bit word
is initiated by establishing 8
row address bits on the ad-
dress input pins, (A, through
A;), and after they are stable,
latching these address bits with
the falling edge of the Row Ad-
dress Strobe (RAS). Then 6 col-
umn address bits are establish-
ed on the address input pins A,
through Ag. After the addresses
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” cir-
cuitry which automatically in-
hibits CAS until the Row Ad-
dress Hold time (tgay) has been
satisfied and the address in-
puts have changed from row to
column addresses.

Data Input/Output

The MB81416 has 4 common
110 pins (DQy, DQ,, DQ,, and
DQ,). Read or write modes are
selected with the write enable
pin (W). An output enable pin
(G) controls the state of the out-
put buffers making delayed
write and read-modify-write
cycles possible. The DQ pins
provide TTL compatible inputs
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 com-
mand set-up time (tycs) before
CAS goes low, the data outputs
will remain in the high-
impedance state for the dura-
tion of the cycle. This allows a
write cycle to occur regardless

of the state of the output
enable (G).

Output Enable

The output buffers are controll-
ed by both CAS and 1 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 cycle. The last fall-
ing 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
(tps) and hold time (tp) refer-
enced to the falling edge of
CAS. The outputs are in the
high impedance 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 /O pins, it
is necessary during a delayed
write or_a read-modify-write cy-
cle for G to be high prior to
data input so that the output
buffers are in the high imped-
ance 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 satisfied the minimum ac-
cess time from RAS (tgao) 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 im-
pedance state when either CAS
or G go high.

*Note: CAS Before RAS refresh available on request.

RAS-Only Refresh

The MB81416’s dynamic
memory cells may be refreshed
by performing any memory cy-
cle at each of the 128 row ad-
dresses (A, through Ag) at least
every 2 milliseconds. When a
row is accessed all bits in the
row are refreshed. During
refresh, A; (Pin 10) is not used
and either V,, or V; may be ap-
plied to this pin.

RAS-only Refresh is a simplified
cycle that consists of strobing
a row address 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 (A, through Ag) with
RAS will refresh all 65,536
memory cells in the MB81416.
RAS-only Refresh results in a
substantial reduction in power
dissipation compared to a full
RASICAS 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 (tecg) before RAS goes
low, the on-chip refresh control
clock generators and refresh
address counter are enabled.
An internal refresh operation
automatically occurs and the
refresh address counter is inter-
nally incremented in prepara-
tion for the next CAS before
RAS refresh operation.

Hidden CAS Before RAS
Refresh

A hidden refresh cycle may be
performed while maintaining
the latest valid data at the out-
put by extending the CAS ac-
tive time and cycling RAS. The
refresh row address is provided
by the on-chip refresh address
counter. This eliminates the
need for the external row ad-
dress that is required by
DRAMs that do not have CAS
before RAS refresh capability.

FUJITSU
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MB81416-10

MB81416-12

MB81416-15

Description, — J— —

(Continued) CAS Before RAS Refresh Suggested CAS Before RAS Page Mode
Counter Test Cycle Refrei Counterrfi Procedure Page mode memory cycles pro-
A special timing sequence us- The CAS before RAS Refresh vide faster access and lower
ing the CAS before RAS Counter Test Cycle timing is us-  power dissipation than normal

Typical Characteristics

Curves

RAS/CAS CYCLE

Refresh Counter Test Cycle pro-
vides a convenient way to verify
the functionality of the CAS
before RAS refresh circuitry.
The cycle begins with a CAS
before RAS operation. Then
CAS is cycled “high” and then
“low”. This enables a read,
write, or read-modify-write
operation to occur. Four
memory cells are accessed with
the location defined as follows:”

Row Address —

Bits A, through Ag are sup-
plied by the on-chip refresh
counter. Bit A; is set low inter-
nally.

Column Address —

Bits A, through Ag are
strobed-in by the falling edge of
CAS as in a normal memory cy-
cle.

ed in each of the following
steps:

1. Initialized the internal refresh
counter by performing 8
cycles.

. Write a test pattern of
“lows” into each set of 4
memory cells at a single col-
umn address and 128 row
addresses. (The row ad-
dresses are supplied by the
on-chip refresh counter.)

. Using read-modify-write
cycles, read the “lows” writ-
ten 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.

4. Read the highs written dur-

ing step 3.
5. Compliment the test pattern
and repeat steps 2, 3, and 4.

N

w

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

LONG RAS/CAS CYCLE

RAS-ONLY REFRESH CYCLE

PAGE MODE CYCLE

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
possible 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 addresses. This
eliminates the time required to
setup and strobe sequential
row addresses for the same
page. Up to 64 nibble wide
words may be accessed with
the same row address.

CAS-BEFORE-RAS REFRESH CYCLE

s

\ ST T

A

tec(mA)
8
LTI

T
1T

=

V1

50ns/Division
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MB81416-10
MB81416-12
MB81416-18
Typical Characteristics
Curves
(Continued)
NORMALIZED ACCESS TIME NORMALIZED ACCESS TIME
vs SUPPLY VOLTAGE vs AMBIENT TEMPERATURE
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MB81416-10
MB81416-12
MB81416-15
Typical Characteristics
Curves
(Continued)
STANDBY CURRENT vs REFRESH CURRENT 1 vs
AMBIENT TEMPERATURE CYCLE RATE
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MB81416-10
MBS1416-12
MBS1416-15

Typical Characteristics

Curves
(Continued)
PAGE MODE CURRENT vs REFRESH CURRENT 2 vs
AMBIENT TEMPERATURE CYCLE RATE
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MB81416-10
MB81416-12
MB81416-15

Typical Characteristics
Curves
(Continued)

RAS, CAS, WE AND OFE INPUT

RAS, CAS, WE AND GE INPUT VOLTAGE vs AMBIENT TEMPERATURE

VOLTAGE vs SUPPLY VOLTAGE
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SUPPLY CURRENT vs SUPPLY VOLTAGE DURING POWER UP
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MB81416-10
MB81416-12
MB81416-15

Typical Characteristics

Curves
(Continued)
SUBSTARATE VOLTAGE
vs SUPPLY VOLTAGE
DURING POWER UP
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MB81416-10
MB81416-12
MB81416-15

Package Dimensions
Dimensions in inches
(millimeters)

18-Lead Cerdip

Dual In-Line Package
DIP-18C-CO1

R.025(0.64)
REF

e S e Y s S s S s O s D e S s B s |

.285(7.24) .305(7.75)

.302(7.67) .325(8.20) 3000762

.882(22.40)

| S gy Sy S g S gy S g Su g S m—" i

.912(23.16)
r'— .056(1.43)MAX

"014(0.36)
N B 1200(5.08)MAX
L J_L
.120(3.05)
.150(3.81)
.090(2.29) .032(0.81)
110(2.79) TYP .020{0.51)
.050(1.
~800(20.32)REF —1 .05001.27)
1.042(1.07) | 013(0.33)
1062(1.58) 1023(0.58)
18-Lead Plastic
Dual In-Line Package
DIP-18P-MO1 /:L
0°~15°
0 T e e Y S I O N ,
1240(6.10) .290(7.37)
INDEX_ | 1260(6.60) .310(7.87)
S [ [ I N [ O O
.866(22.00) )
898(22.81) .008(0.20)
2014(0.36)
— ’-—.050“.27)MAX
7 197(5.00)MAX
.118(3.00MIN
.100(2.54) .047(1.19) .015(0.38) .020(0.51)MIN
TYP [062(1.57) 1023(0.58)
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MB81416-18

Package Dimensions
(Continued)

Dimensions in inches
(millimeters)

18-PAD CERAMIC (FRIT SEAL) LEADLESS CHIP CARRIER
(CASE No.: LCC-18C-F02)
*PIN NO.1 INDE 1125(2.86)

R.012(0.30)TYP VP

{4 pLCS)

_; N TOT T ToT TS
4 1 0825(2.10)
125(3.18) TVP
TYP
= [
] roos020TYr P [ 26016.50)
42001067) nepPLes) N PIN NO. 1 INDEX “ove
1435(11.06) 4 b1 [ 200(5.08)
—_ | b ] (I
| — LY
025(064) | MM EA
TYP 050(1.27)
TYP
gy S— "\ ) Vg
050(1.27) le—of:045(1.14)
.280(7.11) Ve TP
295(7.49) .100(2.54)MAX 0675(1.71)
.150(3.81)TYP TYP

.195(4.95)TYP

“Shape of Pin 1 index: Subject to change without notice
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Preliminary

MOS Memories FUJITSU

MB81461-12, MB81461-15
NMOS 262,144-Bit Dual Port
Dynamic Random Access
Memory

Description

The Fujitsu MB81461 is a fully decoded dual port dynamic NMOS
random access memory organized as a 65,536 word by 4-bit dy-
namic RAM port and a 256 word by 4-bit serial access memory
(SAM) port.

The DRAM port is identical to the Fujitsu MB81464 with four bit -
parallel random access 1/O while the SAM port is designed as four
256-bit registers each operating as a serial I/O. The four serial reg-
isters operate in parallel with each other during SAM port opera- L]
tion. Internal interconnects give the device the capability to transfer {
data bi-directionally between the DRAM memory array and the IJ

SAM datd registers. v

The MB81461 offers completely asynchronous access of both the
DRAM and SAM ports except when data is being transferred be-
tween them internally.

The design is optimized for high speed and performance which
makes the MB81461 the most efficient solution for implementing
the frame buffer of a bit-mapped video display system. Multiplexed
row and column address inputs permit the MB81461 to be housed
in a 400 mil wide 24 pin Dual-Inline-Package.

The MB81461 is fabricated using silicon gate NMOS and Fujitsu's
advanced Triple Layer Polysilicon process technology. This proc-

ess, coupled with single-transistor memory storage cells, permits

maximum circuit density and minimum chip size.

All inputs and outputs are TTL compatible.

Features
W Dual Port organization
64K x 4 Dynamic RAM Port (DRAM)
256 x 4 Serial Access Memory Port (SAM)

® DRAM Port MB81461-12  MB81461-15
Access Time (tgac) 120 ns max. 150 ns max.
Cycle Time (tpc) 230 ns min. 260 ns min.

W SAM Port MB81461-12  MBB81461-15
Access Time (tgac) 40 ns ihax. 60 ns max.
Cycle Time (t5¢) 40 ns min. 60 ns min.

B Low Power Dissipation mpBg1461-12 MB81461-15
DRAM Port Active 523 mW max. 468 mW max.
SAM Port Active 275 mW max. 220 mW max.
Both Ports Standby 110 mW max. 110 mW max.

Single +5V supply voltage, +/—10%
tolerance

Bi-directional Data Tt fer b

DRAM and SAM

Fast serial access asynchronous to
DRAM except transfer mode operation
Real Time Read Transfer capability
Read-Modify-Write capability

Page mode capability for faster access
Bit Mask Write mode capability
Refresh 4 ms/256 cycles

RAS-only refresh

CAS-before-RAS on chip refresh

All inputs and outputs TTL compatible
24 pin 400 mil wide plastic package
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MB81461-12
MB81461-13
Block Diagram of MB81461
and Pin Assignment J—
RAS
CAS MD0/DQO MD1/DQ1 MD2/DQ2 MD3/DQ3
REFRESH /0 1o 10 110 i
ADDRESS BUFFER|BUFFER| BUFFER | BUFFER 1 Gen.
COUNTER COLUMN
DECODER ‘11—‘ — OMEW
~ [ [ ]
Ao SENSE AMP) |4 )|
. —
o 1 o TR/OE
L] -
256256 256256 256x256 256x256
ADDRESS CELL CELL CELL CELL TRANSFER
BUFFERS ARRAY ARRAY ARRAY ARRAY CONTROL
7 DECODER
DATA
REGISTER
SAS POINTER
(SAM)
Vee—
Vgg——— 10 1o 10 10 o SE
BUFFER | BUFFER | BUFFER | BUFFER
SDO sD1 sD2 sD3
Pin Number Symbol Parameter Mode A4
il sas []1 24 ] vss
1 SAS Serlal access Input
memory strobe spo[] 2 23] sp3
23,2223 Soate Serial data /0 o so1[] s 22[] sp2
4 TR/OE Transfer enable/ Input TR/OE E 4 2 :] SE
output enable moo/oao [} 5 20 [] mMD3/Da3
MD0/DQO /o ToP
56,19.20 t ;a:;kl;tgm/ Mnlugj Os e, 19 [ ] mp2/0Q2
MD3/Da3 mMeEw []7 18] cas
o Mask mode enable/ Input e
i 7 ME/W write enable RAS[] 8 17[] Ao
s o Row address Input a6 []o 16 ] a1
strobe
as[] 10 15 ] A2
910,113 Ag-A: Address input Input
14,15,16,17 o7 a1 147 a3
Power
12 Vee Supply voltage +5V sopply vee [ 12 13[] a7
o Column address Input
. CAS strobe
21 SE Serial port enable Input
Power
1 v d
2 ss Groun supply
FUJITSU
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MB81461-12
MB81461-15

Absolute Maximum Ratings

Rating Symbol Value Unit
Voltage on any pin

relative to Vgg Vin Vour —1to +7 v
Voltage on V¢

relative to Vgg Vee —1to +7 v
Storage .
Temperature Tsta —55t0 +125 C
Power Dissipation Pp 1.0 W
Short Circuit 0 "

output current

DRAM Operation

RAS;

This pin is used to strobe eight
row-address inputs from A, to A,
and is used to select the opera-
tion mode of subsequent cycle,
such as DRAM operation or_
transfer operation (by TR/OE)
and bit mask write cycle or not
(by ME/W and MDO/DQO to
MD3/DQ3). Since RAS = “L" is
the active condition of circuit,
maintaining RAS = “H” (Standby
condition) lowers power
dissipation.

CAS;

This pin is used to strobe eight
column address inputs at the fall-
ing edge. The CAS pin also func-
tions to enable or disable the
output at “L”’ and “H” respectively
during the read operation.

Another function of CAS is to se-
lect “early_write” mode condi-
tioned by ME/W = “L.

ME/W,

This pin is used to select read or
write cycle. ME/W = “L selects
write mode and ME/W = “H” se-
lects read mode. This pin is also
used to enable bit mask write
cycle. If ME/W = “L” at the falling
edge of RAS, bit mask write is
enabled.

TR/OE;

This pin is used to select Trans-
fer operation or not at the falling
edge of RAS. TR/OE = “H”
enables DRAM operation and
TR/OE = “L” enables Transfer
operation between DRAM and
SAM. After the falling of RAS
with ty, this pin is used for out-
put enable.

The TR/OE controls the im-
pedance of the output buffers.
TR/OE = “H” forces the output
buffers to high impedance state.
TR/OE = “L’ brings the output
buffers to low impedance state.
However, in early write cycle, the
output buffers are in high imped-
ance state even if TR/OE is low.

Apto As;

These are multiplexed address
input pins and used to select 4
bits of 262,144 memory cell loca-
tions in parallel within the
MBB81461. The eight row address
inputs are strobed by RAS and
the following eight column ad-
dress inputs are strobed by CAS.
These inputs are also used to se-
lect the start address of serial ac-
cess memory.

MDO0/DQO to MD3/DQ3;

These are common |/O pins of the
DRAM port. I/O mode is as speci-
fied for each functional mode in
the truth table.

Data Outputs;

The output buffers have three-
state capability, “H’, “L’ and
“High-Z". To get valid output data
on the pins, one of the read oper-
ations is selected such as “read-
modify-write” mode. During a
refresh cycle, if RAS-only or
CAS-before-RAS mode is
selected, output buffers are set in
“High-Z” state.

Data Inputs;

These are used as data input
pins when a data write mode
such as “Early-Write’,
“OE-Write” or “Read-modify-
write” is selected. In any of the
above cases, these pins are set
at high-Z state to enable data-in
without any bus conflict.

In any operation mode; read,
write, refresh, transfer and their
combined functions, output states
“H’", “L, “High-Z" are set by con-
trol signals RAS, CAS, ME/W
and/or TR/OE. When “Bit mask
write” mode is set, these pins are
used as a control signal for inhibit
with MDi/DQi = “L” on selected
bit i.

Page Mode;

The page mode operates by
strobing the column address
while RAS is maintained at “L”
through all the accessive memory
operations if the row address
doesn't change. This mode can
lower power dissipation and im-
prove access time due to elimi-
nation of RAS function.

Refresh;

Refresh of the DRAM cells is
performed for all 256 rows every
4 milliseconds.

The MB81461 offers the following

three types of refresh. —

1) RAS-Only refresh; The RAS-
Only refresh is performed with
CAS = “H” condition. Strob-
ing all 256 row addresses,
RAS will complete all bits of
memory array to be refreshed
while all outputs are invalid

due to “High-Z" state. Further,

RAS-only refresh lowers

power dissipation substantially.
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DRAM Operation
(continued)

Example of Bit Mask Write
Operation

Functional Truth Table for
DRAM Operation

2 CAS-before-RAS refresh; The
CAS-before-RAS refresh offers
an alternate refresh method. If
CAS is set low for the speci-
fied period (tcg) before the
falling edge of , refresh
control clock generator and re-
fresh address counter are ena-
bled, and a refresh operation
is performed. After the refresh
operation is performed, the re-
fresh address counter is incre-
mented automatically for the
the next CAS-before-RAS
refresh.

3 Hidden refresh; The hidden re-
fresh is performed by main-
taining the valid data of last
read cycle at MD/DQ pins
while extending CAS low. The
hidden refresh is equivalent to
CAS-before-RAS refresh be-
cause CAS stays low when
RAS goes low in the next
cycle.

Bit Mask Write;

This mode is used when some of
the bits should be inhibited to be
written into cells. The bit mask

write mode is executed by setting
ME/W = “L” at the falling edge of
RAS during write mode (early,
OE-write or read-modify-write
cycle). The bits to be masked (or
inhibited to write) are determined
by MD/DQ state at the falling
edge of RAS. For example, if
MD0/DQO and ME/W are both low
at the falling edge of RAS, the
data on MDO/DQO pin is not writ-
ten into the cell during the cycle.

FALLING EDGE OF RAS
— FUNCTION
TR/OE MEW | mpo/DQo | mD1/DQ@1 | MD2/DG2 | MD3/DQ3
H X X X X WRITE ENABLE
H L W L " L WRITE ENABLE FOR DQO AND DQ2
WRITE DISABLE FOR DQ1 AND DQ3
X: DON'T CARE
RAS CAS ME/W TR/OE Address DQO to DQ3 Function
H H X X X X Standby
L L H H—-L Valid Valid Data Out Read
L L L H—=X Valid Valid Data In Early Write
L L H-L H->X->H Valid Valid Data In OE-Write
: Valid Data Out . N
L L H—=L H—->L—-H Valid —»Valid Data In Read-Modify-Write
L H X H—>X Row address  High-Z RAS-Only Refresh
H-L L X H—>X X High-Z CAS-before-RAS Refresh

Transfer Operation

The transfer operatign featured in
the MB81461 is used to transfer
256x4 data from DRAM to SAM
or from SAM to DRAM. The di-
rection of transfer is determined
by the state of ME/W at the falling
edge of RAS. ME/W = “H” de-
fines the transfer from DRAM to
SAM (Read Transfer Cycle) and
ME/W = “L” defines the transfer
from SAM to DRAM (Write Trans-
fer Cycle).

1/0 mode of SDO to SD3 is deter-
mined while the transfer opera-
tion is set (TR/OE = “L) in
conjunction with ME/W state.

TR/OE;

This pin is used to enable trans-
fer_operation at the falling edge
of RAS. TR/OE = “L” enables the
transfer operation.

ME/W;

This pin is used to select the di-
rection of transfer at the falling
edge of RAS.

Ao to Az;

These pins are used to select the
row address of DRAM port to be
transfered from or to, and the
start address of SAM port for the

serial read or write operation.
The row address is strobed by
RAS and the start address is
strobed by CAS.

Pseudo Write Transfer;

To start serial write cycle, the SD
pins must be set to input mode.
To do this, a write transfer cycle
should be executed. This pseudo
write transfer cycle changes the
SD pins to input mode without
data transfer from SAM to
DRAM.
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MB81461-15

Serial Access Operation

The MB81461 has a 256 word by
4-bit Serial Access Memory
(SAM) corresponding to the 64K
word by 4-bit DRAM. The fast se-
rial read/write access feature is
achieved by this SAM architec-
ture. Read or write cycle is deter-
mined by the last transfer
operation. If the last transfer op-
eration was read transfer, the se-
rial port is in the output mode
until the next write or pseudo
write transfer cycle is executed.
On the other hand, if the last
transfer operation was write or
pseudo write transfer, the serial
port is in the input mode. In the
serial write operation, 256 word
by 4-bit data stored in the SAM
can be transferred to the DRAM
under SE = “L” condition. The
SE = “H” condition disables data
transfer from SAM to DRAM. The
serial access operation can run
asynchronously from the DRAM
port.

SAS;

This pin is used as a shift clock
for SAM port. The serial access
is triggered by the rising edge of
SAS. In the write cycle, the data
on the SD pins are strobed by
the rising edge of SAS and writ-
ten into the selected cell. In the

read cycle, output data become
valid after tgpc from the rising
edge of SAS and the data remain
valid until the next cycle is de-
fined. The SAS clock increments
the SAM address automatically.
When the SAM address exceeds
#255 (Most Significant Address)
it returns to #0 (Least Significant
Address).

SE;

This pin is used to_enable serial
access operation. SE = “H” dis-
ables serial access operation. In
the serial read operation, this pin
is used for output enable, i.e.,

= “H” drives SD pins to “High-Z"
state. SE = “L' drives SD pins to
valid data with specified access
time. In the serial write operation,
this pin works as write enable
control pin.

SDO to SD3;

These are used as data input/
output pins for SAM port. Input or
output mode is determined by the
previous transfer operation. If the
previous operation was read
transfer mode, they are in output
mode. If the write transfer mode
was set, SD pins are enabled to
write data into SAM.

Refresh;

Since the SAM is composed. of
dynamic memory cells, refresh is
necessary to maintain the data in
it. The refresh of SAM must be
done by 256 cycles of SAS
clock/4 ms _in either output or in-
put mode. SE = “H” allows re-
fresh of SAM with SD pins at
“High-Z” state.

Real Time Read Transfer;

This feature is used to obtain
continuous valid data output
when the row address is
changed. Data flow is continuous
from the last bit of the previous
row to the first bit of the new row
with no timing loss. Data transfer
from DRAM to SAM is triggered
by the rising edge of TR/OE after
the preparation of internal circui-
try for this operation. The SAM
port can continue its read opera-
tion asynchronously from the
above mentioned internal opera-
tion. Once TR/OE retums to “H"
with the restricted timing specifi-
cations trg and tygp referred to
SAS clock, SD pins can output
valid data continuously. The key
to achieving this feature is to ap-
ply the SAS clock continuously
while giving consideration to the
timing requirements referenced

to the rising edge of TR/OE.
Functional Truth Table for J—
Serial Access Falling edge of RAS
(Asynchronous from DRAM TR/OE ME/W SAS SE SDO to SD3 Function
port) H X Clock L Input/output* Sequential access enable
Clock H Input/output* Sequential access disable
NOTE: * The read or write operation of SAM port is pi by the last transfer cycle. Input mode is for write operation.
Output mode is for read operation.
X; DON'T CARE
Recommended Operating .
Conditions Operating
(Referenced to Vgg) Parameter Symbol Min Typ Max Unit temperature
Vee 45 5.0 55 \
Supply voltage Ves 0 0 0 v
Input high voltage Vi 24 65 v 0"Cto +70°C
Input low voltage Vi -20 0.8 \




MB81461-12
MB81461-15
Capacitance
(To = 25°C) Parameter Symbol Typ Max Unit
Input capacitance (A, to A;) Cint 7 pF
Input capacitance (RAS, CAS, W, SAS) Cinz pF
Input capacitance (SE, TR/OE) Cino 10 pF
Input/output capacitance (DQO to DQ3) Cios 7 pF
Input/output capacitance (SDO to SD3) Cio2 pF
DC Characteristics _
(Recommended operating Sam Standby SE = V,, SAS =V,
conditions unless otherwise Parameter Symbol Min Max Unit
noted.
) Operating Current* MB81461-12 95
Average power supply current _— lect — mA
(RAS, CAS cycling; tag = min) MB81461-15 85
Standby Current
Power supply current lccz 20 mA
(RAS = CAS = V)
Refresh Current™ MB81461-12 77
Average power supply current — loes mA
(CAS =V}, RAS cycling; tge = min) MB81461-15 70
Page mode current* MB81461-12 50
Average power supply current —— lcca mA
(RAS =V, CAS = cycling, toc = min) MB81461-15 45
Rusrage power supply curent MBSUEZ 70 A
vera wer supply current — ccs m
(RAS cycling, CAS before RAS) MB81461-15 70
Transfer mode current MB81461-12 110
Average power supply current —_— lccs mA
(RAS, C_EsA cycling; tge = min) MB81461-15 100
Sam Active tgc = min, SE =V,
Parameter Symbol Min Max Unit
Operating Current* MB81461-12 130
Average power supply current —_— lccr mA
(RAS, CAS cycling; tgc = min) MB81461-15 110
Standby Current MB81461-12 50
Power supply current e | —_ mA
(RAS = CAS = V) MB81461-15 O 40
Refresh Currentt MB81461-12 12
Average power supply current — oo mA
(CAS = V,,, RAS cycling; tae = min) MB81461-15 95
Page Mode Current* MB81461-12 85
Average power supply current —_— lecio mA
(RAS =V, CAS cycling, tpc = min) MB81461-15 70
Refresh Current™2 MB81461-12 112
Average power supply current —— e mA
(RAS cycling, CAS before RAS) MB81461-15 95
Transfer Mode Current MB81461-12 145
Average power supply current —_— l mA
RS ercinert MB81461-15  O'2 125

(RAS, CAS cycling; tgc = min)

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

*1 Aninitial pause of 200 us is required after power-up followed by any 8 R RAS and SAS cycles before proper device operation

is achieved. When using internal refresh counter, a minimum of 8 CAS-before-RAS initialization cycles instead of RAS-cycles is

required.
*2 AC characteristics assume t = 5 ns.
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DC Characteristics

(Continued) Parameter Symbol Min Max Unit

(Recommended operating

conditions unless otherwise Input Leakage Current .

noted.) Input leakage current, any input i ~10 10 uA
(0 < V) < 5.5V, Vg = 5.5V, Vgg = 0V, ©
all other pins not under test = 0V)
Output Leakage Current
(Data out is disabled, low -10 10 uA
0 < Vgyr < 5.5V)
Output Level 3
Output high voltage Vou 2.4 \'
loy = —5 mA for DQ pins
loy = —2mA for SD pins Voo 0.4
Output low voltage
(loL = 42 mA)

AC Characteristics *123

(Recommended operating MB81461-12 MB81461-15

Co't"dg')ms unless otherwise Parameter Symbol Min Max Min Max Unit

noted.
Time between refresh trer 4 4 ns
Random read/write cycle time tre 230 260 ns
Read-modify-write cycle time tawc 305 345 ns
Page mode cycle time trc 120 145 ns
Page mode read-modify-write
cydle time trRWC 195 225 ns
Access time from RAS'46 trac 120 150 ns
Access time from CAS'5.8 tcAC 60 75 ns
Output buffer turn off delay torr 25 0 35 ns
Transition time tr 50 3 50 ns
RAS precharge time trp 100 100 ns
RAS pulse width tras 120 10000 150 10000 ns
RAS hold time tasH 60 75 ns
CAS precharge time (page
mode only) tep 50 60 ns
CAS precharge time (CAS
before RAS mode only) teer 25 30 ns
CAS pulse width toas 60 10000 75 10000 ns
CAS hold time tosh 120 150 ns
RAS to CAS delay time'7:8 troo 22 60 25 75 ns
Notes: *1 An initial pause of 200 us is required after power-up followed by any 8 RAS and SAS cycles before proper device operation is

achieved, When using internal refresh counter, a minimum of 8 CAS-before-RAS initialization cycles instead of 8 RAS cycles is

required.

*2 AC characteristics assume ty = 5 ns.

*3 Vi (min.) and Vy_(max.) are reference levels for measuring timing of input signals. Also,

V)4 (min.) and V)_ (max.).

betv

times are

*4 Assumes that tpcp < trop (Max.). If tgop is greater than the maximum recommended value shown in this table, trac Will be in-
creased by the amount that tgcp exceeds the value shown.

*5 Assumes the tgcp = tRep (Max.).

*6 Measured with a load equivalent to 2 TTL load and 100 pF

*7 Operation within the tgcp (max.) limit insures that trac (max.) can be met. ‘RCED (max.) is specified as a reference point only; if
I

tRcD is greater than the specified tgcp (max.) limit, then access time is control

*8 tpep (Min.) = tran (Min.) + 2t1 + tage (Min.).

led exclusively by toac:
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MB81461-15

AC Characteristics

(Continued) MB81461-12 MB81461-15

(Recommended operating Parameter Symbol Min Max Min Max Unit

conditions unless otherwise — -

noted.) CAS to RAS set up time ters 10 10 ns
Row address set up time tasr 0 0 ns
Row address hold time tRAH 12 15 ns
Column address set up time tasc 0 0 ns
Column address hold time tcaH 20 25 ns
Read command set up time tacs 0 0 ns
P ™ b 2 s
2$$’?g:;n:: %%gg ime tacH 0 0 ns
Write command set up time twes -5 -5 ns
Write command hold time tweH 30 35 ns
Write command pulse width twp 30 35 ns
'\l/;I:(;et itr:lt‘):wmand to RAS trnL 40 45 ns
I\gl:(tjeﬁ(':“t:;nmand to CAS towL 40 45 ns
Data in set up time tos 0 0 ns
Data in hold time toH 30 35 ns
Access time from OE’6 toea 35 40 ns
OE to data in delay time toep 25 30 ns
f(i)(t:':.'puf)t_é)uffer turn off delay toez 0 25 0 30 ns
OE hold time referenced to WE toen 0 0 ns
OFE to RAS inactive set up time toes 0 0 ns
Data in to CAS delay time tozc 0 0 ns
Data in to OE delay time tozo 0 0 ns
Refresh set up time for CAS refer- 25 a0 ns
enced to RAS (CAS before RAS)  FCS
Refresh hold time for CAS refer- 25 30 ns
enced to RAS (CAS before RAS)  FCH
:cit\sep{;:::arge to CAS tapc 20 20 ns
Serial clock cycle time tsc 40 50000 60 50000 ns
Access time from SAS™!! tsac 40 60 ns
Access time from SE'11 tsea 40 50 ns
SAS precharge time tsp 10 20 ns
SAS pulse width tsas 10 20 ns
SE precharge time tsep 25 45 ns
SE pulse width tee 25 45 ns
Serial data out hold time after tson 10 10 ns

SAS high

Notes: "6 Measured with a load equivalent to 2 TTL loads and 100 pF

*10 Either tgpy Or tcH Must be satisfied for a read cycle.

*11 Measured with a load equivalent to 2 TTL loads and 50 pF
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MB81461-12
MB81461-15
AC Characteristics
(Continued) MB81461-12 MB81461-15
(Recommended operating Parameter Symbol Min Max Min Max Unit
conditions unless otherwise Sorial ot buffor & m
erial output buffer turn of
noted) delay frorr? SE tsez 0 25 0 30 ns
Serial data in set up time™16 tsps 0 0 ns
Serial data in hold time™16 tspH 20 25 ns
Transfer command (TR) to
RAS set up time trs 0 0 ns
Transfer command (TR) to
RAS hold time tarH 80 110 ns
Transfer command (TR) to
CAS hold time tet 30 35 ns
Transfer command (TR) to
SAS lead time trs 5 10 ns
Transfer command (TR) to
Fas end ama e (TR b 130 140 ns
Transfer command (TR) to
RAS delay time trRD —65 -50 ns
First SAS edge to transfer
command delay time trso 25 35 ns
W to RAS set up time twsr 0 0 ns
W to RAS hold time trum 12 15 ns
Mask data (DQ) to RAS
set up time tvs 0 0 ns
Mask data (DQ) to RAS
Mask data (DQ) tm 25 45 ns
Serial output buffer turn off
delay fr o FAG 13 tepz 10 60 10 75 ns
SAS to RAS set up time*16 tsrs 40 60 ns
RAS to SAS delay time™3 tsrp 30 45 ns
Serial data input to SE
delay time tsze 0 0 ns
Serial data input delay from
RAG'13 P v tsop 60 75 ns
Serial data‘ input to RAS tazs 0 0 ns
delay time*15
Pseudo transfer command t 0 0 ns
(SE) to RAS set up time'14 ESR
Pseudo transfer command
(3E) to RAS hold time™'4 then 12 15 ns

Notes: *13 Write transfer and Pseudo write transfer only.

*14 Pseudo write transfer only.

*15 Read transfer only in the case that the previous transfer was write transfer.

*16 Input mode only.
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AC Characteristics

(Continued) MB81461-12 MB81461-15
(Recommended operating Parameter Symbol Min Max Min Max Unit
conditions unless otherwise Py— Bo ot
erial write enable set u|
noted.) raser p tews 20 30 ns
Serial write enable hold time*16 tswH 80 120 ns
Serial write disable set up time tswis 20 30 ns
Serial write disable hold time™16 tswin 40 60 ns
Asynchronous command (TR)
to RAS set up time tvs 0 0 ns
Asychronous command (TR) to
hold time by 12 15 ns
RAS to SD buffer turn on Time tsro 0 0 ns
Time between Transfer cycle tREFT 4 4 ms
Write Transfer Command Hold 4
Time Referenced to RAS RTHW 12 15 ns
CAS Precharge Time for 40
Normal Cycle tepn 50 ns
Note: *16 Input mode only.
AC Test Conditions 1)INPUT
Vin = 2.4V
ViL = 0.8V
tr = 5ns
2) OUTPUT
VoH =2.4V
HIGH-Z
Vo= 0.4V
3) OUTPUT LOAD
MEASURING MEASURING
SDO TO SD3 POINT

DQO TO D@3
o

[.. - L.

J
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Timing Diagrams

Read Cycle
AAS Vin NS Zz_—§
Vi N . -\
tcrs tesH —
s N 4 p
=FE Vi
CAS
Vi / \\T ya tcPN
tRaH
tasr tasc |*tcan
I‘-b tRRH
tRes toes e—tRcH
ww /) / % XW ///
Vi v
L——'uc——-—b
RAC > [ torF
v . / N
('f,'f,’-,",‘,’m VZ: HGHz Z VALID DATA OUT 75__.__
[e—toEa—]
toze—|
mppa VM / HIGH-Z 7%
(NPUT) —
> [ tvs tozo
[ tyy toez—
TR/OE
Vi
DON'T CARE
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OE Write Cycle .
tRc
tRas > trRp —>|
— ViH )
RAS N N
vio N 1
‘b;ﬂ
‘CRS .H\-IJ N .Hkﬂ
. cas
J— v 7
cAs ™ \
ViL N 7 tCPN
tRAH |
tasm tascl<-tcan>
ADDRESS :"' ROW ADD. COL. ADD. W / / //// //// / /
|9
<—k:wn.—>[
[e—twsr |—— tRwL
<€ tRwH —| twen >
ME/W Vin NOTE *1 N /
viL 7 '/
tMH l— twp —>
[<— tpzc — —tps
tms - toH
MD/DQ VM . N( HIGH-2 VALID
(NPUT) NOTE *1 DATA IN
w
tcac
trac —» |[<—togp
MD/DQ VoH HIGH-Z 7Z TE *2 HIGH-Z
(OUTPUT) g, NO
tozo
—tys toea— |<—toEH
[ tyy —>| togz—»
X 4
moe /)
Vi
NOTES: *1 WHEN ME/W = “H’, ALL DATA ON THE MD/DQ CAN BE WRITTEN INTO THE DON'T CARE
CELL.

WHEN WME/W = I} THE DATA ON THE MD/DQ ARE NOT WRITTEN (MASKED)
EXCEPT WHEN MD/DQ = “H” AT THE FALLING EDGE OF RAS.
*2 WHEN TR/OE IS KEPT “H” THROUGH A CYCLE, MD/DQ IS KEPT IN HIGH-Z

STATE.
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Timing Diagrams

(Continued) Read-Modify-Write Cycle
tRe
tras tRp —>
Vin \
RAS Vi N
N 7
tcrs N tesH -
RCD RSH
‘\.nb
—_ Vin / 4 ) \ /
CAS
Vi \ N b, tcen
tRAH tasc ch; toes
tasr le—
Vin
RS L row oo o XTI,
w /
"
tRwH
| tres le——tcwL
twsg l— ’4—- [—— tRwL ——
_— ViH p
ME/W NOTE *1
Vi 7 K
tmH
t
tms [4— |—tpzc —> 0s
ViH \ -
MD/DQ Ok weHz
(INPUT) vy NoTE ‘7L
tcac |toeo
I
mpipa VoH HIGH-Z - VALID HIGH-Z
(OUTPUT) v, N_DATA
tozo
tys —» (4— toea—»~  lw— togz [ tOEH
e tyy
—_—— ViH
TR/OE
i
NOTE: *1 WHEN ME/W = “H’, ALL DATA ON THE MD/DQ CAN BE WRITTEN INTO THE CELL. m DON'T CARE

WHEN ME/W = “L; THE DATA ON THE MD/DQ ARE NOT WRITTEN (MASKED)
EXCEPT WHEN MD/DQ = “H" AT THE FALLING EDGE OF RAS.
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Page Mode Read Cycle

trc
tRAS [t— tRp —=
_ Vin Z£ \
RAS
Vi >3 j
[— tRSH —»
[ tcas
Vi 5
CAS Vi S
tasr |<— tcan | |<—tcm4
v r—
W coL.
ADDRESS
= A, // //////////
—
t —-I»I [<¢—1RRH
— | |e—trcH tRcH
v, P
Vi
— [¢—1oFF —»  |—toFF
tcac — |je—tcac
Vi / S
MD/DQ OH D }_____
(OUTPUT) g, vaup p2a—1—  va
|<— tpzc [-— tpzc
\{}
MD/DQ — IGH-Z
(INPUT) o HIGH-Z HIGI
tozo
| tozo
# t
OEA. 1oz OEA |—1toEz
woE
ViL / K A

Y//ooN'T care
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Timing Diagrams

(Continued) Page Mode Write Cycle (Early Write)
tRas 4
— ViH 4 \
AAS Vi \
Vi 2 7]
tcas
— ViH
CAS f ;
Vi N7
|<—‘cAH
—\
ADDRESS :'" coL.
" —7
- twen
—> twes
—_— ViH
i
o yi é
|-I- twe
toH
[4—tos
mppa VM VALID
(INPUT) DATA //
mojpg VoM HIGH-Z N
(OUTPUT) o T ¢
L—ivn
—>|
> &
Vi y /
NOTE: “1 WHEN ME/W = “H’; ALL DATA ON THE MD/DQ CAN BE WRITTEN INTO THE CELL. m DON'T CARE

WHEN ME/W = “L, THE DATA ON THE MD/DQ ARE NOT WRITTEN (MASKED)
EXCEPT WHEN MD/DQ = “H” AT THE FALLING EDGE OF RAS.
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Page Mode OE Write Cycle

'u\.
4
RAS
tRp
Vin A
RAS v N
n N 02 7 \
[e————tcsH——— . | |—tRSH —=
tcRs tcas —| tpc
|¢—tRCD tcas >
—_ ViH )1
CAs v N
v N 7 |\
-+ tasc tcp—|
tasr [P tRAH tasc
— [+ [ tcan tcaH
-
ADDRESS ViH ROW COL. COL.
viL ADD. ADD.. ADD.
tew towL
tRWH [—
twsR |—twp
twp
—_— ViH
ME/W NOTE
Vi “ y
tMH toH  tps —
tms —»>| tos —
mopa VM // /N votE
(NPUT) “
NOTE *2 NOTE *2
mpipa VOH HIGH-Z /_\; HGHZ
(OUTPUT) v, \ 7
<—toen toEz
tys | =P tyl toeo
[~ | |toez | [e—toen —>| [<—toen —toen
—_— VM X N Aq
TRIGE
ViL
NOTES: "1 WHEN ME/W = “H'; ALL DATA ON THE MD/DQ CAN BE WRITTEN INTO THE DON'T CARE
CELL.
WHEN ME/W = “L; THE DATA ON THE MD/DQ ARE NOT WRITTEN (MASKED) XX} vaLo pata n
EXCEPT WHEN MD/DQ = “H” AT THE FALLING EDGE OF RAS.

‘2 ngl:!‘E.N TRIOE IS KEPT “H” THROUGH A CYCLE, MD/DQ IS KEPT IN HIGH-Z
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Timing Diagrams
(Continued)

Page Mode Read-Modify-Write Cycle

RC

trp —|

/

towr

Tl
=

<—>| tRwL

Vi,

toH

tRAS
— Vi A
RAS v N
[ N
‘Han
tcRS —= tcas
v /, 4
CAS VL
— I<—icm
tasr —tsac
Vi ROW COL.
ADDRESS | ADD. Y . ADD.
t — P—tcva —
trlsn — RCS twp —>| tRCS twp 4>| —tRcs
= =/ 4
ME/W
viL
k T
I‘—ton I‘—'DH +—tos
[ S —tps
Vin

MD/DQ
(NPUT)

mojpa  VoH

(OUTPUT) v,

toen

NOTE: *1 WHEN ME/W = “H’, ALL DATA ON THE MD/DQ CAN BE WRITTEN INTO THE CELL.
WHEN ME/W = “L', THE DATA ON THE MD/DQ ARE NOT WRITTEN (MASKED)
EXCEPT WHEN MD/DQ = “H” AT THE FALLING EDGE OF RAS.

N

/7] bon'T care
N\ vALID DATA IN

B& vauio pata our
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Hidden Refresh Cycle

'RC d .r“, S
| tRA§ ——————>{ | €—— tRp—>| |[E———tRas —>>| trp
=5 Vin \ 4 \
RAS
Vi S§ 7; x
tcrs
[ tRSH—>| |e———— trcH ———>
r | tcas 7
. Vin // 4
CAS
Vi K P
<«—tcaH
tRAH ——|
| I < tasc
tAsn_\
Vin Row Y coL. / // //// /////
ADDRESS | ao0. 4 Ao, //////// / / /)
b T tRes [——tRRH
w7 7 YW Wi
ME/W
= 7
t
tRac —> —| le—torF
l‘tucb
N
Vou HIGH-Z .
MD/DQ
(OUTPUT) vy VALID DATA OUT 7(
tys
toea toez
—_— /, —
TRioE /
ViL
tozo
[ tozc -»-
mppa VM X HIGH-Z
(INPUT) v 7(

{//} bon'T care
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Timing Diagrams
(Continued) Read Transfer Cycle’!
(DQ = Don’t Care)

tre
tRAs - trp
N\ X
J— Vin
AAS N V
vie N 7
4
tcs
[&——tRcp —— > tRSH —————— >
l4—tcRs tcas
_ v 3
cAs M / \ /
Vi K
—p tRAH tcan
tash 4— | —>fetasc
Vin ROW fsam s'rAm5
ADDRESS | = ADD. K ADDRESS
[4—trs teth tTRL
(‘m" — |<€—trRD
— /
TRIGE VW Z
i 7
—p |€—tawn
[T twsm
_ A
ME/W "
Vi
\TSL|<> trsp
tsp tsp tsp tsp —tsp
Vin /
SAS
ViL
tsas tsas tsas |tsas |tsAs
e——tsc tsc—»>re—1tsc tsc tsc—»
= v 4 A
s H
ViL K
tse r*—tsep
sD Vin HIGH-Z
(NPUT)
tsea — tsac—= tsac—> tsac
tsac — tsoH —1 tSOH—3 tsoH—1 tsoH
SD Vou VALID VALID VALID VALID VALID
(OUTPUT) v DATA DATA DATA DATA DATA
|
PREVIOUS ROW " NEW ROW
NOTES: *1 IN THE CASE THAT THE PREVIOUS TRANSFER IS READ TRANSFER. DON'T CARE

2 IF SE IS LOW, THE VALID DATA WILL APPEAR WITHIN tsac or tsga.
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MB81461-15

Read Transfer Cycle’!
(DQ = Don’t Care)

tras L tRp ——————>]
R ViH h\S
AAS N\ R
viL N 7
4——laco——<><::"——tnsn—>
— tcrs tcas
’ A
@& ™/ \ /
Vi K 7
—_— tRAH tcan
tasr [e—tasc
1 |
Vi
vomss 1 R 38 KU KU
L
trRD
[4—trs 'cm—bi tTRL
4
wmoe ™ &22222222
i
<—>{lawn
—>| <4—twsr
wew ™ 7
Vi ) /
trsp
tsks tsp tsp tsp tsp
SAS Vi XX\ \
Vi
tsas tsas tsas tsas
<I—- tszs [ tSC—>t——tsC— - tt—tsC
= Y
Vi
'SDH—-I
tsps|
sD Vi HIGH-Z
(INPUT) viL
——>‘ tSEA| tsac tsac
tSRD: —»| tsac —> = tsoH
tsou
v / /
sD 'OH HIGH-Z INVALID VALID VALID VALID
(OUTPUT) VoL N DATA - DATA DATA
|
NEW DATA

NOTES: *1 IN THE CASE THAT THE PREVIOUS TRANSFER IS WRITE TRANSFER.
*2 IF SE IS LOW AND THE PREVIOUS CYCLE IS SERIAL WRITE CYCLE, THIS SHOULD BE
VALID DATA INPUT.

V72 pon'T care

XN mHiBIT TRANSITION
ViLTO Vi
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MB81461-12
MB81461-15

Timing Diagrams

(Continued) Write Transfer Cycle*
trc

AAS Vin N /

v K 7 \

4—:—_ tRsH——————> trp
ters tRcp = tcas

cAS Vin 7 \

\! R

—p tRAH
tasr tasc| tcan

Vi ///// ROW { sam START /////// / // / //

ADDRESS [ADDRESS}| ADDRESS
—> [4—trg
TRTHW

/111 R
TRIOE

Vie N 7

twsr tRwH
= T
B I ‘slns tsrD tsc—
tISAls tsp— [w-tgas

ViH l ) \ \\\ \\\\\\ l_
sAs / /

Vi 7 Y

- tReH l tsp
tesr

~ T LT,

Vi

tsoH l tspH T
[ tsos
sD Vi VALID* // / / / / VALID**
(INPUT) e DATA DATA
sp Vox HIGH-Z
(outPun
NOTE: *1 IF SE IS HIGH THIS DATA IS NOT WRITTEN INTO THE SAM. /] poN'T caRe
*IN THE CASE THAT THE PREVIOUS TRANSFER IS WRITE TRANSFER.
A\ INHIBIT TRANSITION
ViL TO Vin
FUJITSU
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MB81461-12
MB81461-15

Timing Diagrams

(Continued) Serial Read Cycle
e————tpas

AAS Vin

Vi

S

—_— / 4
el R
SE Vi z \

\[% 72 %

s ~; ! tsep oo | tsc
[e-tsas: tsp <*—tsas tsp—| [€—tsas

Vin 4 y

o hL X u
tson
sD Vou
(OUTPUT) vo
SD Vin
(NPUT)
IN THE CASE OF SE = “L"
=
|- tsas-»| tsp—p| le—tsas—m| tsp tsas tsp

7

w / / f ’\ /
tsac | «—tsac ¢ tsac—g]
tsoH —+ tsoH ——— |—1sOH| [—tsoH
(sonuwu*r) ::L" VALID DATA VALID DATA ! VALID DATA j
SD Vin HIGH-Z
(INPUT) Vi
F7 vont care
KXY mvaLp pata
FUJITSU
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MB81461-12
MB81461-15

Serial Write Cycle

tRas >

J— Vin
RAS

Vi N

. YH
—_—  |e—tys

[ Vin /
TR/OE

Vi / / / // /// W

tsep | tse tsep > tsg —>
= ViH ' \
SE i /
tsws -+— tswis tswiH — tswH
tswh: - — tsws —>]
tsp— |[w——tsas |—tsp— |w—tsas | tsp |

ViH 4
SAS

/ K /

tsc tsc
VoH HIGH-Z

sD
(OUTPUT) yq,

|<—tspH

sD Vin
(INPUT) v,

IN THE CASE OF SE = “L"

ViH
Vi

SAS

Vou

—p |-t
[P SDH
it
VALID
DATA

tsc

HIGH-Z

tsp — % |——1tgas tsp »| [€—tsas

sD
(OUTPUT) o

sp Vi
(INPUT)

/3 oonT care
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|
Preliminary

FUJITSU

B MB81464-10, MB81464-12, MB81464-15
NMOS 65,536 Word By 4-Bit
Dynamic Random Access Memory

Description

The Fujitsu MB81464 is a fully decoded, dynamic NMOS random l I
access memory organized as 65,536 words by 4 bits. 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 is
required.

Multiplexed row and column address inputs permit the MB81464 to be !
housed in a standard 18-pin DIP and 18-pad LCC. Other package A U
options include a 20-pin plastic zig zag in-line package, 18 and
22-pin PLCC packages, and a 22-pad LCC. Additionally, the
MB81464 offers new functional enhancements that make it more 5
versatile than previous dynamic RAMs. “CAS-before-RAS” refresh
provides an on-chip refresh capability. The MB81464 also features
“page mode” which allows high speed random access up to

256 bits within a same row.

The MB81464 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 employed in
the design, including the sense amplifiers.

Clock timing requirements are non-critical, and power supply toler-
ance is very wide. All inputs and outputs are TTL compatible.

Features

W 65,536 x 4 RAM, 18 pin B On chip substrate bias g
package tor for high performénce

H Silicon-gate, Triple Poly NMOS, B All inputs TTL compatible
single transistor cell B Three state TTL compatible

B Row access time outputs
100 ns max. (MB81464-10) W 4ms/256 refresh cycles
120 ns max. (MB81464-12) B Output unlatched at cycle end
150 ns max. (MB81464-15) W Early Write or G to Control

W Cycle time Output buffer im| nce
200 ns min. (MB81464-10) u “CAS-before- and
220 ns min. (MB81464-12) RAS-Only refresh capability |
260 ns min. (MB81464-15) B Read-Modify-Write, page mode

M Single +5V Supply, +10% capability
tolerance B On-chip latches for Address

B Low power, (Active) and DQ o
385mW max. (MB81464-10)
358mW max. (MB81464-12)
314mW max. (MB81464-15)

27.5mW max. (standby)
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MB81464-10
MB81464-12
MB81464-15

MB81464 Block Diagram
and Pin Assignments

DQl G VSS DQ4

PN [T E—— apajrgT
- = ; Q2 [3] [i8] TS
e e | Vo 5] pa3
“oloce [ RES [5] [%] a0
INTERNAL ' A6 E E Al
Soumren siosoen (<t | oW odr ~ <hv 85 7] [z 42
i SENSE AMPS. ’_“—\_4 s s ][9] 10] 1]
. 110 GATING 0Q1- D¢ oa1 [ 2 17[] oas A4 VCC A7 A3
N ~ s ooz Qs g eas TOP VIEW
A, « DATA —
~aghl | g ma 1 vg- g e
~— & g JE N 1 . mas[]s Torview 1[]a, QLG ¥ss D
As z s
N g v A e 137 A, pQ2 [3] CAS
A S A 12[7] &, ¥ [ 9] pq3
A Qe npg s [5] i8] a0
9 10 A
v P~ w @ i
Ne [ L&) nc
;g*g a6 [8] 5] a1
DQ@ DQy DQ; RAS NC As Vce A5 E E A2
|=IJ="=U=“=|J="—JL"=1L|HL”J=”=H;) [9[Tiiz]E3]
AL VCC A7 A3
Lead Vgs DQy As A7 A A.,
NO.2 BOTTOM VIEW TOP VIEW
Absolute Maximum Rating
(See Note) Rating Symbol Value ) Unit
Voltage on any pin relative to Vgg Vine Vour —-1to +7 v
Voltage on V¢ supply relative to Vgg Vee -1to +7 "
Ceramic - 55 to + 150 o
Storage temperature “Plastic Tsta 5510 +125 C
Power dissipation Pp 1.0 w
Short circuit output current _ 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. 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.

Capacitance (T, =25°C)

Parameter Symboq Typ Max Unit
Input Capacitance Ag~A; Cing - 7 pF
Input Capacitance RAS, W, G, CAS Cinz — 10 pF
Data I/0 Capacitance DQ1~DQ4 Cp — 7 pF

FUJITSU
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MB81464-10
MB81464-12
MB81464-15

Recommended Operating
Conditions
(Referenced to Vgg)

Parameter Symbol Min Typ Max Unit Operating Temperature
Voo 45 50 55 V

Supply Voltage Ve 0 ] ) v

Input High Voltage, all inputs Vi 24 — 65 V 0°C to 70°C

Input Low Voltage, all inputs except DQ V. -20 — 08 V

Input Low Voltage, DQ Vo -10 — 08 V

*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

MB81464-10

MB81464-12

MB81464-15

Symbol Min

Max

Min Max

Max

Operating current*
Average power supply current
(RAS, CAS cycling; tgc = min.)

lec

70

65

57

Standby current
Power supply current
(RAS = CAS = V)

lece

5.0

5.0

5.0

mA

Refresh current 1*

Average power supply current
(CAS = Vy, RAS cycling;
trc = min)

lcca

60

55

50

mA

Page mode current*

Average power supply current
(RAS = V,, CAS = cycling;
tpc = min)

lcca

40

35

30

mA

Refresh current 2*
Average power supply current
(CAS-before-RAS; tgc = min)

lccs

65

60

55

mA

Input leakage current

Input leakage current,

any input (0 < V) < 5.5V,
Ve = 5.5V, Vgg = 0V,

all other pins not under test—
ov)

hw -10

10

nA

Output leakage current
(Data out is disabled,
0V < Vgur = 5.5V)

Ioa)

-10

10

rA

Output levels
Output high voltage
(loy = —5mA)
Output low voltage
(loL = 4.2mA)

Vou 24
Voo

0.4

24
0.4

24

0.4

Note: * Icc is dependent on output loading and cycle rates. Specified values are obtained with the output open. I is dependent on input low
voltage level V| p, V| p > —0.5V.

FUJITSU
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MB81464-10
MB81464-12
MB81464-15

AC Characteristics'1.23
(Recommended operating
conditions unless otherwise
noted.)

MB81464-10 MB81464-12 MB81464-15
Parameter Symbol Min Max Min Max Min Max Unit
Time between refresh tRerF 4 4 4 ms
Random read/write cycletime trc 200 220 260 ns
Read-modify-write cycle time tgyc 270 305 345 ns
Page mode cycle time tpc 100 120 145 ns
zﬁ?:;‘gl‘;eﬁ::d'mw'fy' trwe 170 195 225 ns
Access time from RAS4.6 trac 100 120 150 ns
Access time from CAS’5.6 tcac 50 60 75 ns
Output buffer turn off delay  torr 25 25 0 30 ns
Transition time tr 50 3 50 3 50 ns
RAS precharge time trp 80 90 100 ns
RAS pulse width tras 100 100000 120 100000 150 100000 ns
RAS hold time thsH 50 60 75 ns
g)ﬁgepﬁgg:'gﬁl;')me tp 40 50 60 ns
CAS precharge time
(all cycles except page tepn 30 32 35 ns.
mode)
CAS pulse width tcas 50 100000 60 100000 75 100000 ns
CAS hold time tosH 100 120 150 ns
RAS to CAS delay time'78  trep 20 50 22 60 25 75 ns
CAS to RAS set up time tors 10 10 10 ns
Row address set up time tasr 0 0 0 ns
Row address hold time tran 10 12 15 ns
Column address set up time  tygc 0 0 0 ns
Column address hold time ~ tcay 15 20 25 ns
Read command set up time  tgeg 0 0 0 ns
e e ™ w10 1 = s
™ 0 0 0 -
Write command set up time  tycg -5 -5 -5 ns
Write command hold time twen 25 30 35 ns
Write command pulse width  typ 25 30 35 ns
t‘iNn:i;e command to RAS lead - a5 40 45 ns
t\il:IT:'Ze command to CAS lead towt 35 40 45 ns
Data in set up time tos 0 0 0 ns
Data in hold time ton 25 30 35 ns
See note on the following pages.
*These symbols are described in IEE 662-1980: IEE for memory.

FUJITSU
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MB81464-10
MB81464-12
MB81464-15

AC Characteristics,
(continued)

MB81464-10 MB81464-12 MB81464-15

Parameter Symbol Min Max Min Max Min Max Unit
Access time from G toea 27 30 40 ns
G to data in delay time toeo 25 25 30 ns
Output buffer turn off delay from G toez (] 25 0 25 0 30 ns
G hold time referenced to W toen 0 0 0 ns
CAS set up time referenced to RAS

(CAS-before-RAS refresh) tes 20 20 20 ns
CAS hold time referenced to RAS

(CAS-before-RAS refresh) tecH 20 25 30 ns
RAS precharge to CAS active time trpc 10 10 10 ns
CAS precharge time

(CAS-before-RAS cycle) tepr 30 0 30 ns
G to RAS in active setup time toes 0 ] 0 ns
IN to CAS delay time"11 toze 0 0 0 ns
IN to G delay time*!1 thzo 0 0 0 ns

Notes:

"1 Aninitial pause of 200 us is required after power-up followed by any 8 RAS cycles before proper device operation is achieved. In
case of using internal refresh counter, a minimum of 8 CAS-before-RAS initialization cycles instead of 8 RAS cycles are required.

*2 AC characteristics assume tt = 5 ns.

*3 Viy (min.) and Vy_(max.) are reference levels for measuring timing of input signals. Also, transition times are measured between
Vi{ (min.) and V) (max.).

*4 Assumes that tgcp < trop (Max.). If tgop is greater than the maximum recommended value shown in this table, tgac will be
increased by the amount that tgcp exceeds the value shown.

*5 Assumes that tgop = tgep (Max.).

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

*7 Operation within the tgcp (max.) limit insures that tRac (Max.) can be met. tgop (Max.) is specified as a reference point only; if
trcp is greater than the specified tgcp (max) limit, then access time is controlled exclusively by tcac-

"8 tgep (Min.) = tgan (Min.) + 2tr(ty = 5 ns) + togg (Min.).

"9 twcs is not restrictive operating parameters. They are included in the data sheet as electrical characteristics only. If tycg =
‘Wc?s (min.), the cycle is an early write cycle and the data out pin will remain open circuit (high impedance) throughout entire
cycle.

10 Either tgry Or tgcH Must be satisfied for a read cycle.
*11 Either tpz¢ or tpzp must be satisfied for all cycles.

FUJITSU
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MB81464-10
MB81464-12
MB81464-15

Timing Diagrams

Read Cycle
4
- Rc
. Vi - Ras
RAS VI.: - N
tcrs tesH | tap
I theo - thsH

_ Vi - \ cAs /
CAs F 4

Vi ™ \ 74—- tCPN —»|

tasr than tasc
«l - [tcan —I |«—1toes —»-

Vi - ROW COLUMN

ADDRESS _ ADDRESS ADDRESS
t
tres |<'> AR tacH

— - X
vt QOOOAXX ' XXX

Vi = CAC torr

trac — e
DATA Von - 7 VALID
©oum) Vou - : HIGH-Z { oataour J———HieHz—
DZC
toen | |<-tosz>
DATA Vin — b HiGH: 7
v XK XXX
tozo >| toep —>

_ A VAV AVAVAVAVAVAY AVAVAVAVAVAYAYAYAVAYAYAYAY
G Vi~ ‘A‘A‘A‘A‘A’A’A’A‘A‘A‘A‘A‘A‘A‘A’A‘A‘A’A‘A /N

[XX] pon'T care

Write Cycle (Early Write)

G: Don’t Care
| : the -
J— Vi - RAS —\
RAS vl: - N\ N
ters tos [ > < tpp—>
RSH

v s thoo teas ] |
w“ L RN y

Vo = |e—1CPN

| e | [ [ teay

ADDRESS

=

DATA
(N)

DATA
(©oum

tasr tran tas
RO!

|
Vig - r
e OO aosntss XN, o X XXXCHOOORXIIKCKXKKX KK

twes

|<"w<:n>

[XX] poN'T cARE

FUJITSU

1-134



MB81464-10
MB81464-12
MB81464-15

Timing Dlagrams
(Continued)

QG Write Cycle

=~ treo

Vin—
RAS

\
CAS
ADDRESS VM~

Vi —
W Vin—
w

Vie—
DATA Vin—
) Vio—
DATA Vou —
(oum VoL -
s Vi—

Vie—

V|N_
RAS

Vie—
CAS Vin—

Vi —
ADDRESS UM~

Vii—
W Vin=
w

Vie—
DATA Viu—
Ny Vo —
DATA Vou—
U Vo -

Vin—
& Vie—

tran

R\

tasp ol “l tasc et tean
Row COLUMN
ADDRESS ADDRESS

<— tpzc —|

L

|| 1,
I=*tcaci |
o cAci

trac
- HIGH-Z
<topa |
t,
=t [T T fetons
[XX] bON'T CARE
- Awe —
N tras
. IS ) —
tens ™
jo— (€———tncp teas -
tasn
than tasc m_ﬂk—
tasp|=—| te> — | || tcan
COLUMN

ROW
ADDRESS

ADDRESS

l —tow ——>!
e Wi thwe |
tos *‘wpol
| < tpzc —| —| l— ton
\VAVAVAVAY: VALID
‘A‘A‘A‘A‘A, E_"'GT'Z Tors DATA IN
i
| taac
HIGH:Z —{ o HIGH-Z
1y
tozo—> Tl tog > *'oﬁn"

XXX, A

NXXXXXXXXXXXX

[XX] ooN'T CARE
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MB81464-10
MB81464-12
MB81464-15

Timing Diagrams
(Continued)

Page Mode Read Cycle

AAS Vin- as >~ |

Vie- tcrs vy i i et _L

l‘— ‘4.—'csu—>1 tep | .vmnl

CAS Vin= ; R [-teas > | —tcas — —i= \f‘c‘\s

V= tasr| tasc tasc

'RAH"'" I'_ ~tcan +>| [ tean tascr] [ tean —| b thrn
sooness 1 "OONAIK s st BOOOXREss OO IHXKK
'Rcs-"' ~ t"c“" H"Rcs ‘“c"*l : taes |" —»1tach
w Vin-
e Y Ry XXX
tozc—| | I tozc — toze
e (X ] H-Z HIGH. A
w T EXXXX P ~—§@;;—"'°H-Z // oz
1t
v, ) i‘-. torr o o > —torr
:)0‘3'1: VZ':: HIGHZ I W JrHiaHz AT ! HIGH-Z
[

7 :.—oizl'oen
G "= VAVAVAVAVAVAVAVAVAVAY,
° V= A‘A‘A‘A‘A‘A’A’A‘A‘A’A

[XX] DON'T CARE

VALID DATA

Page Mode Write Cycle
(G =Don’t Care)

Vin-—

RAS
Va._ . /
tcrs [ T - tpe >
tosH—m| |[—tcp— ASH
- Vin— ;r toas > N <—tcas > / i Sﬁtc.s
Yo tasa| (sman Ty tasc
[ e 5] fetoan tasejae] | | 1o
— ASC
Vin— "
ADDRESS v'“ B ooness P AoBESS RooREss Rooness
L
twes>| |- twes ._L" twen twes <—
v W = | RO Rk RRKRXXXY
V||_— I > 'WCH $
tpso e I"‘ ton tos ton 'ns-’!l I‘— ton
DATA V- — WS YAVAVAVAVAVAVAVAVAVAVAV,
) Vo - o i AAAAAAAAAAAA
DATA  Vou— . "
oun vor_ HIGH-Z 1

[XX] DON'T CARE
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MB81464-10
MB81464-12
MB81464-15

Timing Diagrams

(Continued) Page Mode Read-Modify-Write Cycle
Vi — [ tras / N\
RAS Vi - Ii . \.
tens [ PR A —) v ) N . tre
cp—| nsH .
&AS Vin— \<— toas—>| < tcas =]
Vi - Y 4 ;
tasc . 1, —
sl 2] e
Vi = \N/\F & COLUMN COLUMN coL.
ADDRESS | A“ ADD. X ADDRESS, ADDRESS ADD. !
t, 1 1 g tRWL
st~ | o T To
w Wi
DATA
)
DATA
(oum)
[

m DON'T CARE

RAS-Only Refresh Cycle
(WE, OE=Don'’t Care)

RC

Vik— 3 o B

ViL— tens N \_

ADDRESSES VIH™
v

-
N Vin-
CAS Vi X
DATA Vou~
ouT) Vor— g HIGH-Z

[XX] 0ON'T cARE
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MB81464-10
MB81464-12
MB81464-15

Timing Diagrams
(Continued)

CAS-before-RAS Refresh Cycle
Note: Address, W, G = Don’t Care

CAS

DATA
©oun

B .N'
N | .
Vi N as y
Vi - . L_____
cpR . -t
Fes Fc e
we AXXXXX
V- J torF \
-]
Vou = b

Voo

[XX] oon't care

Hidden Refresh Cycle

ADDRESS

=

DATA
(ouT)

(2]}

DATA
N

" 'OFF_’I -
Vou — feac -
v HIGHZ — VALID DATA OUT —
oL~
1,
‘OEZ
Vin — toea jr——'——
Vi — toze toen
N
Vin— i HIGH-Z b,
v b HIGH-Z {

[XX]} DON'T CARE
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MB81464-10
MB81464-12
MB81464-15
Description _
Address Inputs: high before togp to return the RAS-only Refresh:
A total of sixteen binary input data pins to input mode. In an ;
address bits are required to gal_'ly write cycle, data pins are g:.f;efsha%fcgﬁ:.i’;"haerg'gy":,‘g}g',‘f
decode parallel 4 bits of 262144  in input mode regardless of the ming a memory cycle at each
storage cell locations within the ~ Status of G. of the 256 row-addresses (Aq ~
MB 81464. A,) at least every 4 ms. The
. X Data Outputs: only refresh avoids any
Eight row-address bits are P output during refresh because
established on the input pins The three-state output buffers the output buffer is in the high
(Ag through A;) and latched with  provide direct TTL compatibility impedance state unless CAS is
the Row Address Strobe (RAS). with a fan-out of two standard brought low. Strobing each 256
The eight column-address bits TTL loads. Data-out is the same  row.addresses (Ag ~ Ay) with
are established on the input polarity as data-in. The outputs will cause bits in éach row
pins (Aq through A7) and latched  are in the high-impedance state g pe refreshed. Further RAS-
with the Column Address until CAS is brought low. In a only refresh results in a sub-
Strobe (CAS). read cycle, the outputs go stantial reduction in power
active after the access time in- dissipation.
The row and column address terval tgpc and togy are
::pfuts n;‘usft Il:uie stable onf cg_s satisfied. The outputs become
efore the falling edge of RA valid after the access time has .| . ]
and CAS, respectively. CAS is elapsed and remain valid while CAS before-RAS Refresh:
internally inhibited (or “gated”) ~ CAS and G are low. In a read CAS-before-RAS refreshing
%LgAS to permit triggering of operation, either G or CAS available on the MB81464 offers
AS as soon as the Row Ad- returning high brings the out- an alternate refresh method. If
dress Hold Time (tgan) puts into the high impedance CAS is held on low for the
specification has been satisfied state. specified period (tgcg) before
and the address inputs have RAS goes to low, on chip
been changed from row- refresh control clock generators
addresses to column-addresses. . and the refresh address counter
Output Enable: are enabled, and an internal
Write Enable: The G controls the impedance refresh operation takes place.
: of the output buffers. In the
:gfe;feag m?#fhzrw:;:: ;E"::lﬁ els high state on G, the output After the refresh operation is
(W) input. A high on W selects buffers are high impedance performed, the refresh address
read mode and low selects state, input mode. In the low counter is automatically in-
write mode. The data in state on G, the output buffers cremented in preparation for
X puts are
disabled when the read mode is ~ 2re low impedance state, out- the next CAS-before
3 i - h operation.
selected. When W goes low put mode. But in early write cy refres|
prior to CAS, data-outs will re- ﬁl.e,hthne‘ Ol.:;(put bu{fetrs are ":‘f &
main in the high-impedance nigh impedance state even |
state allowingga wri":e cycle. is IcI)w.GIn the page mode read Hidden Refresh:
ﬁ,“/ cle, G can be allowed low Hidden refresh cycle may take
. rough the cycle. In the page lace whil intaining latest
Data Pins: mode early write cycle, G can pace while maintaining jates
Data Inputs: be allowed high throughout the ‘tla"gi dathaé thci.outtput by ex:
" ; " cycle. In the page mode read- ending active time.
Data is written during a write or K . N
. modify-write or delayed write .
read-modify-write cycle. The cycle. G must be changed from In the MB81464, hidden refresh
falling edge of CAS or W Igw to high with t 9 means CAS-before-RAS refresh
strobes data into the on-chip 0 high with togp- and the internal refresh ad-
data !atches. In early-write cy- dresses from the counter are
cle, W brought low prior to CAS Page Mode: used to refresh addresses i.e., it
and the data is strobed in by ge : doesn’t need to apply refresh
CAS with setup and hold times ~ Page Mode operation permits addresses, because is
referenced to . In a read- strobing the row-address into always low when RAS goes to
modify-write cycle, CAS will the MB81464 while maintaining low in this mode.
already be low, thus the data RAS at a low throughout all
will be strobed in by W with set-  successive memory operations
up and hold times referenced to  in which the row-address
w. doesn’t change. Thus the power
_ dissipated by the negative
In a read-modify-write cycle, G going edge of RAS is saved.
must be low after tpzg to Further, access and cycle times
change the data pins from in- are decreased because the time
put mode to output mode and normally required to strobe a
then G must be changed to new row-address is eliminated.
FUJITSU
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MB81464-10
MB81464-12
MB81464-15

Typical Characteristics
Curves
CURRENT WAVEFORM (Vgc =55V, Ta =25°C)
Read/Write Cycle Long Cycle
RAS / /
[y \ / \
OF
. 2
£
o 50| AL s \ AN A /'\ "
VUL A~Y Y g N Y |
50 ns/Division
Page Mode Cycle RAS only Refresh Cycle CAS-before-RAS Refresh Cycle
mi / \
CAS M\ /
TE
AR
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Typical Characteristics

Curves
(Continued)
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Typical Characteristics
Curves

(Continued)
STANDBY CURRENT REFRESH CURRENT 1
vs. AMBIENT TEMPERATURE vs. CYCLE RATE
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Typical Characteristics

Curves
(Continued)
REFRESH CURRENT 2 ADDRESS AND DATA INPUT
vs. SUPPLY VOLTAGE VOLTAGE vs. SUPPLY VOLTAGE
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Typical Characteristics

Curves
(Continued)
OUTPUT CURRENT OUTPUT CURRENT
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MB81464-12
MB81464-15

Package Dimensions
Dimensions in inches
(millimeters)

18-Lead Ceramic (Metal Seal) Dual In-Line Package

(Case No.: DIP-18C-A01)

.287(7.29) .290(7.37)
.303(7.70) .310(7.87)

el @]
] —
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191023.11) :ou:o.aei
— .055(1.40)MAX
— -,
i .200(5.08)MAX
A 120(3.05)
.150(3.81)
1020(0.51)
.050(1.27)
.015(0.38)
.062(1.58) -023(0.58)
18 Lead Plastic Dual-In-Line Package
DIP-18P-M03
o ol ol O s T e O e O e e M
INDEX-1
0.250 (072:;;
O 635) G310
(EJECTOR MARK) £ ?::; (r.en
otz 7 TH P —
_'I_I 1:20)
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{1.50)
‘ 0.850 (21.60)
‘ 0.876 (22.25)
0.197 (5.00) MAX
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0.020
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(1.25) (2.549)

0.118 (3.0) MIN

SEATING PLANE
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Package Dimensions
Dimensions in inches

18-Pad Ceramic (Metal Seal) Leadless Chip Carrier

(millimeters) (Case No.: LCC-18C-A06)
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Package Dimensions
Dimensions in inches
(millimeters)

22-Lead Plastic Chip Carrier
(Case No.: LCC-22P-M01)
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Preliminary

MOS Memories FUJITSU

MB811000-12, MB811000-15
1,048,576-Bit Dynamic Random
Access Memory

Description

The Fujitsu MB811000 is a fully decoded, dynamic NMOS random

access memory organized as 1,048,576 one-bit words. The design
is optimized for high speed, high performance applications such as
mainframe memory, buffer memory, peripheral storage and envi- |
ronments where low power dissipation and compact layout are
required. —

The MB811000 features “page mode” which allows high speed TS i K
random access of up to 1024-bits within the same row. Additionally, | i ]
the MB811000 offers new functional enhancements that make it i
more versatile than previous dynamic RAMs. Multiplexed row and
column address inputs permits the MB811000 to be housed in a ic/Package
Jedec standard 18-pin dual in-line package or 20 lead SOJ package.

The MB811000 is fabricated using silicon gate NMOS and Fuijitsu’s
advanced Triple-layer Polysilicon process. This process, coupled
with an innovative stacked capacitor memory cell, permits maxi-
mum circuit 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 M [}
W 1,048,576 x 1-bit organization B Low power dissipation
| Silicon-gate, NMOS, single 550 mW max. (MB811000-12)

transistor cell
W Access time (t 8)
120 ns max. (MB811000-12)
150 ns max. (MB811000-15)
B Cycle time (tpc)
230 ns min. (MB811000-12)
260 ns min. (MB811000-15)
B Page cycle time (tpc)
120 ns min. (MB811000-12)
150 ns min. (MB811000-15)
W Single 5V supply, =10%
tolerance

490 mW max. (MB811000-15)
25 mW max. at standby

B Refresh 8 ms/512 cycles

B RAS-only, CAS-before-RAS
and hidden refresh capability

B High speed read-write cycle
capability

B Output unlatched at cycle end
allows two dimensional chip
select

W On chip address and data-in
latches

B Industry standard 18-pin
DIP package
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MB811000-12
MB811000-15

MB811000 Block Diagram

and Pin Assignment

o[]1 18[ ] vss
w2 17[Ja
BLOCK DIAGRAM s [a 16 jm
. NCc[a 15[ ] A
RAS cLock - TOP sH
CAs GEN. 1 WRITE p—
AS warre L A [ls VIEW 14 ] As
GEN. a[s 13[]A,
REFRESH
CONTROL a7 12 j Ag
CLOCK
A8 1] As
T cLock Vee I: 9 10[ A
INTERNAL — GEN. 2
ADDRESS
COUNTER
p[]1 26 [ ] Vss
Ag—=f W2 25(]Q
Ayl DATA AAS CAS
1 7] coLomn P~ ~ o RAS [] 3 24 [] CAS
ADD. DECODER BUFFER N.C. 4 23 A
Az ] BUFFER _J - 9
SENSE AMP. &
Aoed] 110 GATE <__, NC. |5 2[]Ne
Ag i SOJ
TOP
Ag -] VIEW
N o S
- . LL
BUFFER —1 %ﬂ‘# Ao 9 18 : Ag
— D,
Ag-em| 2 BUFFER ouT A [ 10 171 1A,
Ag—e] A [ 11 16 Ag
roe] vee A3 [ 12 15 [ ] As
L -_— e Voo [] 13 14 [ A
Absolute Maximum Ratings
Rating Symbol Value Unit
Voltage on any pin relative to Vgg Vins Vour —1t0+7 \Y
Voltage on V¢ relative to Vgg Vee -1to+7 \
Storage temperature Ceramic Tste —55t0 +150 oc
Plastic —55t0 +125
Power dissipation Pp 1.0 w
50 mA

Short circuit output current

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 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 voitages to this high impedance circuit.

Recommended Operating

Conditions
(Referenced to Vgg)

Unit Operating Temperature

Value
Parameter Symbol Min Typ Max
Vee 45 50 55 \
Supply Voltage Vee 0 0 0 v
Input High Voltage All Inputs Vi 24 6.5 A
Input Low Voltage All Inputs Vi —2.0 08 \

0°C to +70°C (ambient)

FUJITSU
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MB811000-12
MB811000-15

Capacitance
(TA=25°C)

Parameter

Symbol

Value
Min

Typ Max

Unit

Input Capacitance A, to Ag, D

Cing

pF

Input Capacitance RAS, CAS a

nd W

clN2

pF

Output Capacitance Q

Cour

~N|o|~

pF

DC Characteristics
(Recommended operating
conditions unless otherwise
noted.)

Parameter

Symbol

MB811000-12

MB811000-15

Unit

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

lee

100 90

mA

STANDBY CURRENT
Power Supply Current
(RASICAS = V)

lec2

45 4.5

mA

REFRESH CURRENT 1*
Average Powe_r_S*upply Current
(RAS cycling, CAS= V\; tpe =

Min.)

lcca

90 80

mA

PAGE MODE CURRENT*
Average Power Supply Current
(RAS = V,, CAS cycling; tpc =

Min.)

lcca

45 40

mA

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

Iccs

90 80

mA

INPUT LEAKAGE CURRENT
Any Input, (Viy = 0V to 5.5V,
Voo = 5.5V, Vgg =0V,

all other pins not under test = 0V)

e

-10

nA

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

5.5V)

lou

-10

rA

OUTPUT LEVEL
Output Low Voltage
(lo. = 4.2 mA)

Vou

0.4 0.4

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

Von

2.4

24

Note*: I is dependent on output loading and cycle rates. Specified values are obtained with the output open.
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MB811000-12
MB811000-15

AC Characteristics
(Recommended operating
conditions unless otherwise

noted.)
Symbol MB811000-12 MB811000-15
Parameter Notes Alternate *Standard Min  Max Min Max Unit
Time between Refresh trer TRVRV 8 8 ms
Random Read/Write Cycle Time tre TRELREL 230 260 ns
Read-Write Cycle Time tawe TRELREL 285 325 ns
Access Time from RAS™4.6 taac TRELQV 120 150 ns
Access Time from CAS'56 toac TCELQV 60 75 ns
Output Buffer Turn off Delay torr TCEHQZ 0 25 0 35 ns
Transition Time ty T 3 50 3 50 ns
RAS Precharge Time tap TREHREL 100 100 ns
RAS Pulse Width tras TRELREH 120 100000 150 100000 ns
RAS Hold Time trsh TCELREH 60 75 ns
CAS Pulse Width tcas TCELCEH 60 100000 75 100000 ns
CAS Hold Time tesH TRELCEH 120 150 ns
RAS to CAS Delay Time'47 trep TRELCEL 22 60 25 75 ns
CAS to RAS Set Up Time tcrs TCEXREL 0 ns
Row Address Set Up Time tasr TAVREL 0 0 ns
Row Address Hold Time tran TRELAX 12 15 ns
Column Address Set Up Time tasc TAVCEL 0 0 ns
Column Address Hold Time tcan TCELAX 20 25 ns
Read Command Set Up Time trcs TWHCEL 0 0 ns
Read Command Hold Time Referenced to CAS 10 treH TCEHWX 0 0 ns
Read Command Hold Time Referenced to RAS'10 tRRH TREHWX 20 20 ns
Write Command Set Up Time'8 twes TWLCEL 0 0 ns
Write Command Pulse Width twe TWLWH 20 25 ns
Write Command Hold Time twen TCELWH 20 25 ns
Write Command to RAS Lead Time trwL TWLREH 50 60 ns
Write Command to CAS Lead Time towt TWLCEH 50 60 ns
Data In Set Up Time tos TDVCEL 0 0 ns
Data In Hold Time ton TCELDX 20 25 ns
CAS to W Delay® towo TCELWL 60 75 ns
‘CAS Precharge Time (Normal Cycle) tcen 22 25 ns
RAS to W Delay*8 tawD 120 150 ns
Notes: *1. An initial pause of 200 us is required after power up, followed by any 8 RAS FcAygcles, before proper device operation is achieved.
I the internal refresh counter is to be effective, a minimum of 8 before refresh initialization cycles are required.
“2. AC characteristics assume ty = 5ns.
3. \‘;IH ;Min.) and V)_ (Max.) are reference levels for measuring timing of input signals. Also, ition times are bet
4. (,:l:;o is s;‘o-ciﬁsd as a reference point only. If tgcp < trep (Max.) the specified maximum value of tgac (Max.) can be met. If
tRCD > tRCD (Max.) then tac in increased by the amount that trcp exceeds tpep (Max.)
*5. Assumes that tgcp > trcp (Max.).
*6. Measured with a load equivalent to 2 TTL loads and 100 pF
*7. tacp (Min) = tray (Min) + 2ty + tagc (Min.).
*8. twcs and towp are non restrictive operating parameters, and are included in the data sheet as elecrical characteristics only. If
:Kvecg\ ‘T’ ;wy%ii (Min.), the cycle is an early write cycle, and the data out pin will remain open circuit (High Impedance) throughout
I towp > tcwp (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 ions is satisfied, the lion of the data out is indeterminate.
*10. Either tycy Of tyRH Must be satisifed for a read cycle.
FUJITSU
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MB811000-12
MB811000-15

AC Characteristics
(Recommended operating
conditions unless otherwise
noted.)

Symbol MB811000-12 MB811000-15
Parameter — !.lo_ln Alternate *Standard Min Max Min  Max Unit
Refresh Set Up Time for CAS Referenced to RAS  tgcg TCELREL 0 0 ns
Refresh Hold Time for CAS Referenced to RAS tech TRELCEX 20 20 ns
Page Mode Read/Write Cycle Time tec TCELCEL 120 150 ns
Page Mode Read-Write Cycle Time tpRWG TCEHCEH 175 215 ns
Page Mode CAS Precharge Time tep TCEHCEL 50 65 ns
RAS Precharge to CAS Active Time trrc TREHCEL 20 20 ns
Gr%”é';%r;raergs g;gee for CAS before topn TCEHCEL 05 30 ns

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

Description

Simplified Timing Requirement

The MB811000 has improved cir-
cuitry that eases timing require-
ments for high speed access
operations. The MB811000 can
operate under the conditions of
tacp (Max.) = tcac, thus provid-
ing optimal timing for address
multiplexing. In addition, the
MB811000 has minimal hold
times for Addresses (tcay), Write-
Enable (tycy) and Data-in (tpy).
The MB811000 provides higher
throughput in inter-leaved mem-
ory system applications. Fujitsu
has made the timing require-
ments that are referenced to
RAS non-restrictive and deleted
them from the data sheet. These
include tyg, twer, tonr @and tgwo-
As a result, the hold times of the
Column Address, D and W as
well as toyp (CAS to W Delay)
are not restricted by tpcp.

Fast Read-Write Cycle

The MB811000 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 timings
described in the previous section.
The output buffer is controlled by
the state of W when CAS goes
“low”. When W is “low’; the
MB811000 goes into the early
write mode in which the output
floats and the common 1/O bus
can be used on the system level.

When W goes"low", after toyyp
following a CAS transition to
“low’, the MB811000 goes into
the delayed write mode. The out-
put then contains the data from
the cell selected and the data
from D is written into the cell se-
lected. Therefore, a very fast
read-write cycle (tawc = trc) iS
possible with the MB811000.

Address Inputs

A total of twenty binary input ad-
dress bits are required to decode
any 1 of 1,048,576 cell locations
within the MB811000. Ten row-
address bits are established on
the input pins (A, through Ag)
and are latched with the Row Ad-
dress Strobe (RAS). Ten column
address bits are established on
the input 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
(tran) specification has been sat-
isfied and the address inputs
have been changed from row ad-
dresses to column addresses.

Write Enable

The read or write mode is se-
lected 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 MB811000
during a write or read-write cycle.
The last falling edge of W or CAS
is a strobe for the data-in (D) reg-
ister. In a write cycle, if W is
brought “low” (write mode) be-
fore 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 un-
til 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 imped-
ance state until CAS is brought
“low”. In a read cycle, or a read-
write cycle, the output is valid
after tgac from transition of
when trop(may) i satisfied, or
after !CACD}rom transition of CAS
when the transition occurs after
tRCD(Max) - Data remains valid until
CAS in returned to “high” In a
write cycle, the identical se-
quence occurs, but data is not
valid.
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MB811000-12
MB811000-15

Description
(Continued)

Page Mode

Page mode operation permits
strobing the row address into the
MBB811000 while maintaining RAS
at a logic low (0) throughout all
successive memory operations in
which the row address doesn't
change. Thus, the power dissi-
pated by the negative going edge
of RAS is saved. Access and
cycle times are decreased be-
cause the time normally required
to strobe a new row address is
eliminated.

RAS-Only Refresh

Refresh of dynamic memory cells
is accomplished by performing a
memory cycle at each of the 512
row-addresses (Ag~ Ag) at least

every 8 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 512 row-addresses
(Ag ~ Ag) 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 MB811000 offers
an alternate refresh method. If
CAS is held “low” for the speci-
fied period (trcg) before RA!
goes to “low’; on-chip refresh
control clock generators and the

refresh address counter are ena-
bled, and an internal refresh op-
eration takes place. After the
refresh operation is performed,
the refresh address counter is
automatically incremented in
preparation for the next CAS-be-
fore-RAS refresh operation.

Hidden Refresh

A hidden refresh cycle may take
place while maintaining the latest
valid data at the out-put by ex-
tending the CAS active time. For
the MB811000, a hidden refresh
cycle is a CAS-before-RAS re-
fresh cycle. The internal refresh
address counter provides the re-
fresh addresses as in a normal
CAS-before-AAS cycle.

FUJITSU
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Timing Diagrams

Read Cycle
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tash tasc
e tRAH | |— tcAH —»|

Vin — - AVAVAYAVAVAVAVAVAVAVAVAVAVAVAVAVAVAV

A Vi ROW. ADD. COL. ADD. QUOXXXXIXXXXXXXXXXY
‘ —>|lncs}<- ‘ tRRH—>

= ViH
w RKXXXXXXXT

Vi ‘ Iq\ tcac —» tRCH

—»| |=—toFF

Vou It trac >
Q HIGH-Z — VALID DATA

VoL 7

{m Don’t Care

Write Cycle (Early Write)

-< tRe >
Id—'np —
Vi 4 tras -
RAS Zr N
Vi F
tcRs tesH >
le—1tRCD ——— tRsH > ul
S Vin M le——— tcAs —»
Vi tcen
tasp| | tRAH tasc '
}4—» > [<—"CAH —»|

Vin
A ROW. ADD. COL. ADD.

ViL
twes 4_.| l«——twechH

— Vin - 1 VAVAVAVAVAVAVAVAVAVAV
v v QRROORE— ™ KRRRKKIXXXX
v < tDS =] «—— o ———
ViL
Vou
Q Vor HIGH-Z:
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Timing Diagrams

Read-Write/Read-Modify-Write Cycle

(Continued)
- tRwe >
. '<—|Rp —>|
. v, - >
AAS H RAS Zr )'\
viL N
tcrs - tcsH >
v t«—— tpcp - trsh
CAS H x
CAS - tc
Vi W \\ -~ tepn
tasr tRAH tasc
| | s [e—tcAH—»]
Vi y
A | Row.ADD. |  cOL.ADD.
Vi
[ {—L tawp 4
1 'RCS—»{ e e tewo—»| [ "RWL—>
_ Vi - \<— twp—>|
R SRR XXRRXRK
ViL tcac
f-—— lch—>l ’1—> toFr
Vom <—tnAc——>ﬁ
Q v VALID DATA
oL 3
tos
tOH—
D VALID DATA
KXX] Don’t Care
‘“RAS-Only’’ Refresh Cycle
NOTE: W, D = Don’t Care, Ag= V) or V)_
tre -
RAS Vin | tRas —r}
Vi
[ tasp > tRaAH trp
Vin
A ROW ADDRESS
Vie
CAS Vin +
7 TRPC [e—ef
toFF
Q Vou HIGH-Z
|7 S ——
FUJITSU
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Timing Diagrams
(Continued)

Page Mode Read Cycle

RAS

CAS

€l

trp
f
Vin——p Z::"\_
& {f
R smmanad |Rs“ —
- (c‘s |
<~'cAs:V ?F
l ‘
! R
| tean tcan ‘*l RH
L
ADD.,
.N\aﬂ

- toFF

Vou VALID
DATA
Vou
Page Mode Write Cycle
tRp
Vin | tras
i (e
tcsh ™ > Ll
tcrs - taco tpe | tggy —|
|-—t |

Vin cAs

cas

tcan

m Don't Care
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Timing Diagrams

(Continued) Hidden Refresh Cycle
- tac >
[—tpp —>
—_— t —]
RS ViH S tRAs RAS Vet
e trsH
'cas1<> |«—trcD X
J— CAs
CAS Vin \ <«—trcu—>
v tRaH \
[ [
tasr tcan
1 [tasc P |« (=
v
A " & ROW. ADD. COL. ADD.
Vi ’
v t,cs—>| F - tRRH |
= H
Wrea XXX et
[etcac
Vou ."‘“I‘ o -
Q VALID DATA }-—
VoL |ae——— tawp——»|
tcwp [ typ |
v tr«:s—P{ <
W (Read-Write) " \
ViL
V\/ ,
}‘““ Don't Care
6 A§-Boflro-RAS" Refresh Cycle
NOTE: A, W, D = Don’t Care
tRe
.NV
J— Vin thas
RS / N / N
tcPR | tges trcw _trec
— Vin
CAS
Vi {
> |=torF
a Y ) HIGH-Z
Vg —f
m Don’t Care
FUJITSU
1-167




MB811000-12
MB811000-15

Timing Diagrams
(Continued)

Page Mode Read-Write Cycle

|
(7

O]
ol

>

5|

4 I<—'nP—>l
ViH ——— RAS
v /I N
. [ tcsH—> thsH
Vi °“sl" |<treD. tcAs—-| |«—tPRWC—>-
S
X || v
L
tasr| | tRaH | |tcaH tcp tcas ! :
Vi N , cwL
ROW. COL. OL. coL.
Vi ADD. ADD. ADD ADD;,
Tasc— T
'Lcsl._.l l'cwn thLT 'CAH<_ tewt ~=|tRwL
< e
- ] | *HOCRXXXXXXRXX
VIL T T I |'Y 1,
tcac |twp |torr tcac wp_J teac OFF
..l e T toFF [
Vi trac
VALID VALID s I VvAuD
Vi ‘—‘——“ DATA DATA Mf DATA
tos ton tos| |ton  tos || toH
v || »| |-
OH
XX, Dt
VoL DATA | DATA DATA

m Don’t Care
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Package Dimensions
Dimensions in inches

(millimeter) (DIP-18C-A01)

Ceramic Seam Weld Package

R.050(1.27)REF

INDEX AREA

J

.287(7.29)
.303(7.70)

l

890(22.61) t !
! .910(23.11) -003(0.20)
1014(0.36)
.055(1.40)MAX
—T 222014
[ T
[r i .200(5.08)MAX
.020(0.51) | .120(3.05)
050(1.27) §  .150(3.81)
1090(2.29) .042(1.07) .032(0.81)
110(2.74) T T 062(1.58) " REF
- '800(20.32)REF _»J .015(0.38)
“023(059)
18 Lead Plastic Dual-In-Line Package
(DIP-18P-M03)
0.008(0.20)
lo.mz(o.ao)
e
e el Y e e Yl O e e | ¥
INDEX-1 r 15° MAX
0.250 0.290
(6.35) (7.37)
0.270 0310
(EJECTOR MARK) 5: (6.85) (7.87)
[l . ;
—INDEX-2 = 5\657 P N P P P
(1.20)
—J* 0.059
(1.50) 0.850(21.60)
0.876(22.25)
+ 0.197(5.00)MAX
. ¢ SEATING PLANE
MINT )
0.020 0.118(3.0)MIN
MAX 0.51) \i
0.049 0.100 TYP
(1.25) (2.54) (0.40)
> - > I~0023
(0.59)
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Package Dimensions

(Continued) 26 Lead SOJ Package
Dimensions in inches

(millimeter)

R et | B

|
I

.050(1.27)TYP.

%

.100(2.54)TYP.

.675(17.15)NOM.

.098(2.5)NOM.

.140(3.55)MAX.

025(0.64)MIN.

.327(8.31)

.337(8.56)
.300(7.62)NOM.

»!

=

-

.088(2.25)

.032(0.81)MAX.
J ]

1013(0.33)
.021(0.53)
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Advanced Information

MOS Memories FUJITSU

B MB811001-12, MB811001-15
1,048,576-Bit Dynamic Random
Access Memory

Description

The Fujitsu MB811001 is a fully decoded, dynamic NMOS random

access memory organized as 1,048,576 one-bit words. The design
is optimized for high speed, high performance applications such as
mainframe memory, buffer memory, peripheral storage and envi- |
ronments where low power dissipation and compact layout are
required. 1

The MB811001 features “nibble mode” which allows high speed se- e |
rial access of up to four bits of data. Additionally, the MB811001 of- T U
fers new functional enhancements that make it more versatile than U
previous dynamic RAMs. “CAS-before-RAS" refresh provides an
on-chip refresh capability. Multiplexed row and column address in- gstic Rackage
puts permit the MB811001 to be housed in a Jedec standard 18-pin
dual in-line package or 20 lead S0J package.

The MB811001 is fabricated using silicon gate NMOS and Fuijitsu’s
advanced Triple-layer Polysilicon process. This process, coupled
with an innovative stacked capacitor memory cell, permits maxi-
mum circuit density and minimal chip size. Dynamic circuitry is
used in the design including dynamic sense amplifiers.

Clock timing requirements are r ‘critical, and the power supply 1
tolerance is very wide. All inputs are TTL compatible. i [ } o

Features i v
B 1,048,576 x 1-bit organization B Refresh 8 ms/512 cycles v
| Silicon-gate, NMOS, single B RAS-only, CAS-before-RAS

transistor cell and hidden refresh capability m‘
B Access time (tpac) W High speed read-write cycle
120 ns max. (MB811001-12) capability
150 ns max. (MB811001-15) W On chip address and data-in
B Cycle time (tpc) latches
230 ns min. (MB811001-12) L~
260 ns min. (MB811001-15)
B Nibble mode capability for —
faster access
B Single 5V supply, +10%
tolerance 1
B Low power dissipation
550 mW max. (MB811001-12)
490 mW max. (MB811001-15)
25 mW max. at standby
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MB811001 Block Diagram

and Pin Assignment AAS
e et wele s ogr T epw
CLOCK w =
GEN. w2 17[Ja
REFRESH mAs s 16| ]CAS
CONTROL
cLOCK Ne [ 15[ JAe
TOP
* cLocK a5 VIEW 19[4
INTERNAL GEN. 2 A 6 13 A
ADDRESS O a7
COUNTER a7 12[ ] Ae
.J ¥ A8 1[]As
Ao py— vee )0 107 A
e COLUMN N COLUMN IN _ |e—IN
A, > ADD. DECODER BUFFER
? BUFFER SENSEAMP & [« | |
Ay > 1/0 GATE - D 1 26 [] Vss
o o o w 2 25 Q
Ag>] v O |
RAS [|3 24 [ ] CAS
As > .
* oy row[ | 10a8576mIT ne. [ 23] as
Ag > 9 DEC.| ® | STORAGE CELL DATA
6 BUFFER . ouT our Nc.[s 2 [NC.
BUFFER
A7 > ngP
T
Ag > VIEW
Ao > -~ :cc
L - ss a9 18 [J ag
A [ 10 17 [ ar
A [ 16 [] Ag
A3 [ 12 15 [ As
Vee [} 13 14 Ay
Absolute Maximum Ratings
Rating Symbol Value Unit
Voltage on any pin relative to Vgg Vine Vout —-1to +7 \
Voltage on V¢ relative to Vgg Vee —-1to +7 \
Ceramic T —55 to +150 e
Storage temperature _— _
Plastic ste ~55 10 +125
Power dissipation Pp 1.0 w
Short circuit output current 50 mA
NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are Functional o 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 Value
(Referenced to Vgg) Parameter Symbol Min Typ Max Unit Operating Temperature
V 4.5 5.0 5.5 \
Vee
Supply Voltage Ve 0 0 0 V  0°Cto +70°C ambient
Input High Voltage All Inputs Vi 24 6.5 \
Input Low Voltage All Inputs Vi -20 0.8 \

FUJITSU
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Capacitance
(Ta=25°C)

Parameter

Value
Symbol Min

Typ Max

Unit

Input Capacitance Ag to Ag, D

CIN1

pF

Input Capacitance RAS, CAS and W

Cinz

pF

Output Capacitance Q

Cour

N~

pF

DC Characteristics
(Recommended operating
conditions unless otherwise
noted.)

MB811001-12

Parameter Symbol Min Max

MB811001-15
Min Max

Unit

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

100

90

mA

STANDBY CURRENT
Power Supply Current lcca
(RASICAS = V),

45

45

mA

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

20

80

mA

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

25

23

mA

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

90

80

mA

INPUT LEAKAGE CURRENT

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

Ve = 5.5V, Vgg=0V, e
all other pins not under test = 0V)

A

OUTPUT LEAKAGE CURRENT |
(Data is disabled, Vqoyr =0V to 5.5v) Ot

uA

OUTPUT LEVEL
Output Low Voltage VoL
(loL = 4.2 mA)

0.4

0.4

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

2.4

2.4

Note*: Icc is dependent on output loading and cycle rates. Specified values are obtained with the output open.
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AC Characteristics
(Recommended operating
conditions unless otherwise

noted.)

Symbol MB811001-12 MB811001-15
Parameter Notes Alternate *Standard Min  Max Min  Max Unit
Time between Refresh trer TRVRV 8 8 ms
Random Read/Write Cycle Time tac TRELREL 230 260 ns
Read-Write Cycle Time trwe TRELREL 285 325 ns
Access Time from RAS'46 taac TRELQV 120 150 ns
Access Time from CAS'56 tcac TCELQV 60 75 ns
Output Buffer Turn off Delay tore TCEHQZ 0 25 0 35 ns
Transition Time tr T 3 50 3 50 ns
RAS Precharge Time tap TREHREL 100 100 ns
RAS Pulse Width taas TRELREH 120 100000 150 100000 ns
RAS Hold Time tasH TCELREH 60 75 ns
CAS Precharge Time (Normal Cycle) toPN TCELCEL 22 25 ns
CAS Puise Width tcas TCELCEH 60 100000 75 100000 ns
CAS Hold Time tesk TRELCEH 120 150 ns
RAS to CAS Delay Time™47 taco TRELCEL 2 60 25 75 ns
RAS to W Delay Time *8 tRWD TRELWL 120 150 ns
CAS to RAS Set Up Time tens TCEHREL 0 0 ns
Row Address Set Up Time tasr TAVREL 0 0 ns
Row Address Hold Time tRan TRELAX 12 15 ns
Column Address Set Up Time tasc TAVCEL 0 0 ns
Column Address Hold Time tCAH TCELAX 20 25 ns
Read Command Set Up Time tacs TWHCEL 0 0 ns
Read Command Hold Time Referenced to CAS™0 ., TCEHWX 0 0 ns
Read Command Hold Time Referenced to RAS"10 [ TREHWX 20 20 ns
Write Command Set Up Time™® twes TWLCEL 0 0 ns
Write Command Pulse Width twe TWLWH 20 25 ns
Write Command Hold Time twen TCELWH 20 25 ns
Write Command to RAS Lead Time tawe TWLREH 50 60 ns
Write Command to CAS Lead Time towL TWLCEH 50 60 ns
Data In Set Up Time tos TDVCEL 0 0 ns
Data In Hold Time ton TCELDX 20 25 ns
CAS to W Delay'® town TCELWL 60 75 ns
Refresh Set Up Time for CAS Referenced to RAS  tgcg TCELREL 0 0 ns
Refresh Hold Time for CAS Referenced to RAS tech TRELCEX 20 20 ns

*These symbols are described in IEEE STD. 662-1980: IEEE Standard terminology for semiconductor memory
Notes: *1 An initial pause of 200 us is required after power up, followed by any 8 RAS cycles, before proper device operation is achieved.
If the internal refresh counter is to be effective, a minimum of 8 CAS before RAS refresh initialization cycles are required.
*2 AC characteristics assume t1 = 5 ns.
3 xIH (Min& and Vy_ (Max.) are reference levels for measuring timing of input signals. Also, transition times are measured between
and V) .
‘4 t,;:D is s;:ciﬁed as a reference point only. If tacp < trcp (Max.) the specified maximum value of tyac (Max.) can be met. If
tRCD > tRCD (Max.) then tpac is increased by the amount that trcp exceeds tpop (Max.).

*5 Assumes that tacp > trep (Max.).

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

*7 tRep (Min) = tRan (Min) + 2t7 + tagc (Min.).

*8 twcs and towp are non restrictive operating parameters, and are included in the data sheet as electrical characteristics only. If
twes > twgi (Min.). the cycle is an early write cycle, and the data out pin will remain open circuit (High Impedance) throughout
the entire cycle.

It tcwp > towp (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.

*10 Either tac or trry must be satisfied for a read cycle.

FUJITSU
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AC Characteristics
(Continued)
(Recommended operating
conditions unless otherwise
noted.)

Symbol MB811001-12 MB811001-18
Parameter Notes Alternate *Standard Min  Max Min  Max Unit
Nibble Mode Read-Write Cycle Time tnRWC TCEHCEH 105 135 ns
Nibble Mode Read/Write Cycle Time tne TCEHCEH 70 90 ns
Nibble Mode Access Time tneac TCELQV 30 40 ns
Nibble Mode CAS Pulse Width tncas TCELCEH 30 40 ns
Nibble Mode CAS Precharge Time tnep TCEHCEL 30 40 ns
Nibble Mode Read RAS Hold Time tnRASH TCELREH 30 40 ns
Nibble Mode Write RAS Hold Time tNwRSH TCELREH 50 60 ns
RAS Precharge to CAS Active Time tapc TREHCEL 20 20 ns
% ;;ﬁ‘;h'ggygg“e for CAS before topm TCEHCEL 25 30 ns
Wrte Command Set Up Time twee TWLCEL 22 25 ns
Nibble Mode Write Command to CAS Lead Time tycu TWLCEH 25 35 ns
Nibble Mode W to CAS Delay Time tnewd TCELWL 30 40 ns

Description

Simplified Timing Requirement

The MB811001 has improved cir-
cuitry that eases timing require-
ments for high speed access
operations. The MB811001 can
operate under the condition of
trep (Max.) = tgac, thus pro-
viding optimal timing for address
multiplexing. In addition, the
MB811001 has minimal hold times
for Addresses (tcay), Write-
Enable (tycy) and Data-in (tpy).
The MB811001 provides higher
throughput in interleaved memory
system applications. Fujitsu has
made the timing requirements
that are referenced to RAS non-
restrictive and deleted them from
the data sheet. These include
tar: twer tonr @nd tawp- As @
result, the hold times of the Col-
umn Address, D and W as well
as towp (CAS to W Delay) are
not restricted by trcp.

Fast Read-Write Cycle

The MB811001 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 timings
described in the previous section.
The output buffer is controlled by
the state of W when goes
“low”. When W is “low” during a
CAS transition to “low”, the

MB811001 goes into the early
write mode in which the output
floats and the common 1/O bus
can be used on the svstem level.
When W goes “low’; after tcyp
following a CAS transition to
“low’, the MB811001 goes into
the delayed write mode. The out-
put then contains the data from
the cell selected and the data
from D is written into the cell se-
lected. Therefore, a very fast
read-write cycle (tawc = trc) is
possible with the MB811001.

Address Inputs

A total of twenty binary input ad-
dress bits are required to decode
any 1 of 1,048,576 cell locations
within the MB811001. Ten row ad-
dress bits are established on the
input pins (A, through Ag) and
are latched with the Row Ad-
dress Strobe (RAS). Ten 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 sat-
isfied and the address inputs

have been changed from row ad-
dresses to column addresses.

Write Enable

The read or write mode is se-
lected 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 MB811001
during a write or read-write c?l%
The last falling edge of W or CA:
is a strobe for the Data-in (D
register. In a write cycle, if W is
brought “low” (write mode) be-
fore , 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 un-
il 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
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Description
(Continued)

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 tgepm ax) IS
satisfied, or after toac }r
transition of CAS when the
transition occurs after trcpmaxy
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 column
address inputs (A, to Ag). The 2
bits of addresses (RAg and CAy),
are used to select 1 of the 4 nib-
ble bits for initial access. After
the first bit is accessed by the
normal mode, the remaining
nibble blts may be accessed by
togglin: “hlgh" then “low”
while RA remalns “low”.
Toggling CAS causes RA4 and
CAg to be incremented internally
while all other address bits are

held constant and makes the
next nibble. bit available for
access. (See table 1 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 redd 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.

RAS-Only Refresh

Refresh of dynamic memory cells
is accomplished by performing a
memory cycle at each of the 512
row-addresses (A, ~ Ag) at least
every 8 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 512 row-addresses
(Ag ~ Ag) 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 MB811001 offers
an alternate refresh method. If
CAS is held “low” for the speci-
fied period (trcg) before

RAS goes to “low’, on-chip re-
fresh control clock generators
and the refresh address counter
are enabled, and an internal re-
fresh 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 output by ex-
tending the CAS active time. For
the MB811001, a hidden refresh
cycle is a CAS-before-RAS re-
fresh cycle. The internal refresh
address counter provides the re-
fresh addresses as in a normal
CAS-before-RAS refresh cycle.

Table 1
Nibble Mode Address
Sequence Example

Sequence :lllbb e Row Address RA; Column Address CA; Comments
RAS/CAS (normal mode) 1 101010101 0 101010101 0  input addresses
toggle CAS (nibble mode) 2 101010101 1 101010101 0

toggle CAS (nibble mode) 3 101010101 0 101010101 1 generated internally
toggle CAS (nibble mode) 4 101010101 1 101010101 1

toggle CAS (nibble mode) 1 101010101 0 101010101 0  sequence repeats

FUJITSU
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Table 2
Functional Truth Table RAS CAS W IN ouT Mode Note
H H X X High-Z Standby
L L H X Data Read tacs = tres Min
L L L Data High-Z Early Write twes = twes Min
L L H—L Data Data Read-Write tcwp = towp Min and
tawp = tpwp Min
L H X X High-Z RAS-only refresh
L X X High-Z CAS-before-RAS tres = tecg Min
Refresh
Timing Diagrams
Read Cycle
< tac
‘ . «—RP —»|
— Vin RAS
RAS
W . / N
tcrs -— tcsh
~<—— thRco—— '
. Vi , - RSH o -
CAs X x y _ ‘—'%
e ' tepn
tash Asc
I tRAH -2 |- <«— {CAH —»| |
ViH Y
Vie |
‘ ->| 'RcsL— { L—'nau*[
— Vin
w RXRCRXXR0F
Vie tcac —»| 'ncu&XXXX
[!
Vou L*— N — |~ OFF
Q VALID DATA
Vou

m Don’t Care
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Timing Diagrams

(Continued) Write Cycle (Early Write)
< tre >
’d—'kp—»
o v, - tras >
AAS " %
v F
tcrs tesH
le—tRCD > e tpsH - .
] Vin W tcas > 7t
viL 'cpn———q &S
tasr| | tRAH tasc
| > |—tcAH —»
A Vin <
ROW. ADD. COL. ADD.
Vi I~
twes
<—>| ﬂ——'wcu———«»
Vi
.-'DSJ - tDH
ViH
ViL
Vou
Q HIGH-Z
Vou
m Don’t Care
Read-Write/Read-Modify-Write Cycle
- trwe
v . ‘4—!;.p—>|
e H RAS zr 1&
ViL N
ters tesH —>
v R E— tnco————><_______'ksﬂ___—>
J— " !
CAS M 3 -« tcas > (@
viL \ tcpN
tasr tRan |, tasc
- e <—‘CAHj
Vin
Vi T
‘RWL gl
trCs) t ’
<—>I <« tcwp——p| [ RWL—
w Vin \q—twp—«»Z:‘/zy
Vie MXXM tcac i
<—‘cwu.—->‘ [e»| toFF
t, ey
o Vou RAC "
Vou 4 VALID DATA —
'Ds‘ .
[ DH—|
C e K 4
VALID DATA
ViL
m Don’t Care
FUJITSU
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Timing Diagrams
(Continued)

“RAS-Only” Refresh Cycle

NOTE: Ag = V| or V., W, D = Don't Care

trc

- tRas

[ tRp ———>|

|<—'Asa—> tRan

trpc

ROW ADDRESS

l
tcrs ——»l

— Vin
RAS

ViL

Vin
A XXX
(Ao to Ag) Viu

Viu
CAS

v

Vo —mMmMm ———
Q (

Vop —————8 ———7

Hidden Refresh Cycle

|

torF

4

HIGH-Z

- the >
i<—tnp ]
— 7 3 t > - t
RAS H RAS Zr RAS /—
Vi
'cns-’<> [<—tRcD —>~|€— tagy —>]
Vi - tcas .
— [
CAS w tnan <—-ch!4—>2
VL |
tasr tcan
tasc P |- >
ViH
A ROW. ADD. COL. ADD.
Vie |
v tacs —»] - - tRRH >
W (Read) "
Vi r— tRwL
"'CAC“‘L
v tRac 'orscvl —
OH |
Q : VALID DATA }-———
Vo tRwp
tcwo [ty p -
v 'ncs—>| L
= IH
v /XX
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MB811001-12
MB811001-15

Timing Diagrams
(Continued) «CAS-Before-RAS’’ Refresh Cycle
NOTE: Address, W, D = Don't Care

tre
trp

— Vin tras
RAS / S N

Vie

‘cer Ut trcH le-trpc

" x R RT

VIL _j T

= torr

Vin
Q HIGH-Z

Vi ———4

m Don’t Care

Nibble Mode

1) REPEATED NIBBLE MODE

- T\ /ST

s DRKOX L .

DON'T CARE
K\ vauio pata

FUJITSU
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MB811001-12
MB811001-15

Timing Diagrams
(Continued)

Nibble Mode
(continued)

2) EACH NIBBLE BIT

- T\ -
NV AV
S 111 S U

WRITE READ READ-WRITE WRITE

{//)ooNT care
[N vauio bata

D
i

=l

Nibble Mode Read Cycle

trp
vV,
— H «—
RAS - tras »>
ViL A
«— tNC —»
INRRSH |a—>
CAS
tRRH
tNcp | |tNcAs
[ |
A
tRcH
- -I trcs
w 1(2;)" \(y’ W
> 10FF  ltncac
|- [
VoH «— tRAC —

ZFVALID VALID VALID VALID
e Vou <L DATA bars >—< btk )—< AR >——
m Don’t Care
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MB811001-12
MB811001-15
Timing Diagrams
(Continued) Nibble Mode Write Cycle
trp
v —
RAS " - tans >l 1 Jﬁ
Vi
tesn —>
tcrs tRep tNe NWRSH tRNH
— v,
CAs " - tcas >
A
w L AKX
Q
S, TR
Vi IAVAVAVAYAVAVAN
m Don't Care
FUJITSU
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MB811001-12
MB811001-15

Timing Diagrams

(Continued) Nibble Mode Read-Write Cycle
thp
— ViH
RAS t >
ViL : RAS \_
—— IcgH ——» 1
e NWRSH tann
v < tcAS | |«—tNRWC
— H
CAS f \ / \ /
Vi \ /|
tcan tNep | | tNcas
Vin
v __f¥._ADD.
tres [tcwp| fowl . tRwL
[<->| |<—> NCWL
—_ Vin
v LXXXA OO LXK
V|L Ll T O |
tcac| twe PQEF tNcac| | twe
Vou <«—tRAC—>] — |- torr
Q R — G ) YN[ ) VALID ] VALID )__( VALID )__
VoL DATA | DATA DATA DATA
'nﬂ toH tos| |toH
bt
Vi

D W VALID VALID VALID VALID
™ DATA DATA DATA DATA
[ son cane

FUJITSU
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MB811001-12
MB811001-16

Package Dimensions
Dimensions in inches
(millimeters)

Ceramic Seam Weld Package
(DIP-18C-A01)

_ _==FT 0o~
R.050(1.27)REF f T
.287(7.29) .§?g(;,:;;)
INDEX AREA -303(7.70) 370(7.87)
.890(22.61) t |
! .910(23.11) ";(:2((‘;‘22
.055(1.40)MAX
4’] e
[ 1
:200(5.08)MAX
[
.020(0.51) | .120(3.05)
050(1.27) § .150(3.81)
.090(2.29) .042(1.07) .032(0.81)
110(2.74) T 062(1.58) " REF
1800(20.32)REF _4 7015(0.38)
1023(0.58)
18 Lead Plastic Dual-In-Line Package
(DIP-18P-M03)
0.008(0.20)
lo‘on(o.w)
e
W :
INDEX-1 T T 15° MAX
0.250 0.290
(6.35) (7.37)
0.270 0310
(EJECTOR MARK) 5: (6.85) (7.87)
- b
_HDEX2 [ ;LOJ;L LTI P R P R NP R —
(1.20)
> |—T0059
(1.50) 0.850(21.60)
- 0.876(22.25)
[ + 0.197(5.00)MAX
- ¢ SEATING PLANE
MINT )
0.020 0.118(3.0)MIN
MAX @5 ¥
0.049 0.100 TYP
(1.25), (2.54) (0.40)
- B} 0023
(0.59)
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MB811001-12
MB811001-15

Package Dimensions
(Continued)

Dimensions in inches
(millimeters)

26 Lead SOJ Package

Rnnd | Al

PINNO.®'I- Ly g o g
5

.050(1.27)TYP. .100(2.54)TYP.

-675(17.15)NOM.

|
.

.098(2.5)NOM.

| -140(3.55)MAX.

| .025(0.64)MIN.

327(8.31)

337(8.56)
300(762NOM.

|
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.088(2.25)

.032(0.81)MAX.
) |
|

.013(0.33)
021(0.53)




[T mos es5536-BIT  EmyyryTeTy
FUIITSU ERTEIIGEINNe Y MB 8264A-12
(T ACCESS MEMORY | "

65,5636-BIT DYNAMIC RANDOM ACCESS MEMORY

The Fujitsu MB 8264A is a fully decoded, dynamic random access memory
organized as 65,536 one-bit words. The design is optimized for high-speed,
high performance applications such as mainframe memory, buffer memory,
peripheral storage and environments where low power dissipation and com-
pact layout is required.

Multiplexed row and column address inputs permit the MB 8264A to be
housed in a standard 16 pin DIP and 18 pad LCC. Pin-outs conform to the
JEDEC approved pin out.

The MB 8264A is fabricated using silicon gate NMOS and Fujitsu’s advanced

Double-Layer Polysilicon process. This process, coupled with single-transistor CERAI(V(I:ISRPDI:PC)KAGE
memory storage cells, permits maximum circuit density and minimal chip size. DIP-16C-C04
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.

® 65,536 x 1 RAM, 16 pin DIP/18 ® RAS-only and Hidden refresh

pad LCC capability
® Silicon-gate, Double Poly NMOS, ® Read-Modify-Write and Page-Mode
single transistor cell capability
- - . PLASTIC PACKAGE
® Row access time, ® Common 1/0O capability using DIP-16P-M03
100 ns max (MB 8264A-10) Early Write operation
120 ns max (MB 8264A-12) ® Output unlatched at cycle end LCC-18C-F02: See Page 1-191
150 ns max (MB 8264A-15) allows extended page boundary
® Cycle time, and two-dimensional chip select PIN ASSIGNMENT
190 ns ml.n (MB 8264A-10) ® On-chip latches for Addresses and
230 ns min (MB 8264A-12) Data-in e
260 ns min (MB 8264A-15) . - <
® Single +5V Supply, £10% tolerance taR. twer, tonp are eliminated ony
'ng pply, =10% ® Standard 16-pin Ceramic (Cerdip) wel]s
Low power (active) DIP: Surfix-Z mAs[] 4
275 mW max (MB 8264 A-10) Standard 16-pin Plastic a[s
248 mW max (MB 8264A-12) DIP: Surfix-P A,C 6
220 mW max (MB 8264A-15) Standard 18-pad Ceramic a7
22 mW Standby (max) LCC: Surfix-TV vee[Js
® 2ms/128 refresh cycles
N
Din CVSSEE
(2] ]
ABSOLUTE MAXIMUM RATINGS (See NOTE) L
Rating Symbol Value Unit % E*: ,‘:-5 ::‘”
144 15
Voltage on any pin relative to Vgg Vin. VouT -1to+7 A\ ﬁ‘: 24: VT.OE;, E;:.; 20
Voltage on V¢ supply relative to Vgg Vee ~1to+7 Vv az[71 B Aj
Ceramic -55 to +150 °
Storage temperature Pastic TsTG 55101125 c 1317 STiORT!
Power dissipation Pp 1.0 w Vee
Short circuit output current 50 mA
» " ——
NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM I.;ﬁ‘fi';ﬁisf"é'ﬂ:;ecéf:':? htighpsrtztt?gtv;?:
RATINGS are exceeded. Functional operation should be restricted to ages or elecltric fields. However, it is adviseg
et . : : . . that normal precautions be taken to avoi
the conditions as detailed in the operat!onal sections of this data application of any voltage higher than maxi-
sheet. Exposure to absolute maximum rating conditions for extended mum rated voltages to this high impedance
periods may affect device reliability. circuit.
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(T ey Y- 8264A-IO

FUJITSU MB 8264A-12
T - mB 8264A-15
Fig. 1 — MB 8264A BLOCK DIAGRAM
RAS CLOCK GEN. WRITE
NO.1 CLOCK  |=—WE
GEN.
CLOCK GEN. T
NO. 2
*~—
CAS: q
COLUMN DATA
DECODER IN =-DIn
Ao BUFFER
A— SENSE AMPS
1/0 GATING
Ap—
(7]
Az— ﬁ g [— .
-4
M 22 [
Ag— [
—= DATA
Ag— ﬂ:_, — ouT = DouT
a |° BUFFER
Ar— > § 65,536 BIT
a |° STORAGE CELL
2
s |-
SUBSTRATE —~——Vec
BIAS GEN. o GND
CAPACITANCE (14 =25°C)
Parameter Symbol Typ Max Unit
Input Capacitance Ag~A7, D,y Cint 5 pF
Input Capacitance RAS, CAS, WE Cin2 8 pF
Output Capacitance Doyt CouTt 7 pF
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mB 8264A-10  IHIHMIHmHm;
MB A-12 FUJITSU

8264
MB 8264A-15 il

RECOMMENDED OPERATING CONDITIONS

(Referenced to Vgg)

. . Operating
Parameter Symbol Min Typ Max Unit Temperature
Vee 4.5 5.0 5.5 \%
Supply Voltage
Vss 0 0 0 v
Input High Voltage, all inputs 2 24 6.5 \ 0°C to +70°C
Input Low Voltage, all inputs ViL* -1.0 0.8 \)
Note * : The device can withstand undershoots to the -2V level with a pulse width of 20 ns.
(Recommended operating conditions unless otherwise noted.)
Parameter Symbol Min Max Unit
OPERATING CURRENT* MB 8264A-10 50
Average power supply current MB 8264A-12 lcca 45 mA
(RAS, CAS cycling; trc = min) MB 8264A-15 40
STANDBY CURRENT
_ — lcc2 4 mA
Standby Power supply current (RAS = CAS =V, )
REFRESH CURRENT * MB 8264A-10 38
Average power supply current MB 8264A-12 lccs 35 mA
(CAS=V|H,RAScycIing;tRc=min) MB 8264A-15 31
PAGE MODE CURRENT* MB 8264A-10 35
Average power supply current MB 8264A-12 lcca 32 mA
(RAS = V,_, CAS cycling; tpc = min) MB 8264A-15 28
INPUT LEAKAGE CURRENT
Input leakage current, any input hw -10 10 uA
(OVEV |y 5.5V, Vc=5.5V, Vgg=0V, all other pins not test=0V)
OUTPUT LEAKAGE CURRENT
o lo(w) -10 10 kA
(Data out is disabled, OVEV o 1<5.5)
OUTPUT LEVELS
Output high voltage (loy = -5mA) Von 2.4 \Y
Output low voltage (I = 4.2mA) Voo 0.4 i

Note * : |- ¢ is dependent on output loading and cycle rates. Specified values are obtained with the output open.
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(T 8264A-'|O
FUJITSU MB 8264A-12

I MmB 8264A-15

AC CHARACTERISTICS

(Recommended operating conditions unless otherwise noted.)

Parameter Symbol M8 8264A-10 | MB 8264A-12 | MB 8264A-15 Uni
Min Max Min Max Min Max
Time between Refresh trer 2 2 2 ms
Random Read/Write Cycle Time trc 190 230 260 ns
Read-Write Cycle Time trwe 230 265 280 ns
Page Mode Cycle Time tpc 105 120 145 ns
Page Mode Read-Write Cycle Time terwe | 135 155 180 ns
Access Time from RAS 4] trac 100 120 150 ns
Access Time from CAS a tcac 50 60 75 ns
Output Buffer Turn Off Delay torF 0 30 0 35 0 40 ns
Transition Time tr 3 50 3 50 3 50 ns
RAS Precharge Tim trp 80 100 100 ns
RAS Pulse Width tRAs 100 | 10000| 120 | 10000| 150 | 10000 | ns
RAS Hold Time tRsH 50 60 75 ns
CAS Precharge Time (Page mode only) tep 45 50 60 ns
CAS Precharge Time (All cycles except page mode) tepn 20 20 25 ns
CAS Pulse Width tcas 50 10000 | 60 10000 | 75 10000 | ns
CAS Hold Time tesy | 100 120 150 ns
RAS to CAS Delay Tim treo 20 50 20 60 25 75 ns
CAS to RAS Precharge Time tcre 0 ns
Row Address Set Up Time tasR 0 0 ns
Row Address Hold Time tRAH 10 10 15 ns
Column Address Set Up Time tasc 0 0 0 ns
Column Address Hold Time tcaH 15 15 20 ns
Read Command Set Up Time tres 0 ns
Read Command Hold Time Referenced to CAS trRcH 0 0 ns
Read Command Hold Time Referenced to RAS tRRH 20 20 20 ns
Write Command Set Up Time twes 0 0 0 ns
Write Command Hold Time tweH 20 25 30 ns
Write Command Pulse Width twe 20 25 30 ns
Write Command to RAS Lead Time trwe 35 40 45 ns
Write Command to CAS Lead Time tewe 35 40 45 ns
Data In Set Up Time tps 0 0 0 ns
Data In Hold Time toH 20 25 30 ns
CAS to WE Delay tewn 40 50 60 ns
RAS to WE Delay trwo 90 110 120 ns
RAS Precharge to CAS Hold Time (RAS-only refresh) | tgpc 20 20 20 ns
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Notes:

BE

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

AC characteristics assume tr =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 trep < tpep (max). If tgep is greater
than the maximum recommended value shown in this
table, tgac Wwill increase by the amount that tgcp
exceeds the value shown.

Assumes that tgcp > trep (max).

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

MB 8264A-10 IIKHHm
MB 8264A-12 FUJITSU

8
MB 8264A-15 M

reference point only; if tgrcp is greater than the
specified tgrcp (max) limit, then access time is
controlled exclusively by tcac.

trep (Min) = tgap (min) + 2ty (tv=5ns) + tagc (min)

B E

twcs, tcwo and tgwp are not restrictive operating
parameters. They are included in the data sheet as
electrical characteristics only. If tycs 2 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 Ztcwp (min) and tgwp = trwo (mMin), 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.

Operation within the tgcp (max) limit insures that Either tgpy Or tgrcy Must be satisfied for a read
trac (max) can be met. tgcp (max) is specified as a cycle.
Read Cycle
trRAS

VIH——_\\

RAS
Vi -

tcsH le——tRp _4

tcrp

tRSH

— Vin-"F
CAS
Vn.-,__/

\ tcas / | /,

bt

v,H_D :l ROW COLUMN
ADDRESSES ViL- \ ADDRESS ADDRESS l X

WE Vin-
ViL-
Vor-
DouT Vou-

D Don’t Care

1-180



T me 8264A-10
FUJITSU MB 8264A-12
HRARMRNANN  mB 8264A-15

Write Cycle (Early Write)

tRc
v —— tRAS / -\
RAS H™ N
ViL— \x /
tcRP tcsH tren tRp
tRCD tcas
— 4
CAS \ /
A\ L/
[~—"tcPN
task | [tRAH tasc
et o] fr—— "CAH

ROW COLUMN ¥/~ e
ADDRESS ADDRESS A\ . . ; L

Vin—
ADDRESSES v, _ ',

WE

_...I f- tDS =—tDH
o v VALID

IN o DATA :
V —_—
Dout vg:‘_ HIGH-Z
Don't Care
Read —Write/Read—Modify—Write Cycle
" tRWC
RAS
J— Viu- Y
RAS Vie- N _ N\
CRP |~ tcsH tRsH - tRp—=
tRcD - tcas

oS N A/ \

tRWD “"CWL_"‘
tcwo tRwWL—
WE
tcac twp —= |=toFf
VoH— , d VALID ‘>
DouT Vor- L HIGH-Z L DATA 4
[

Din
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MB 8264A-10  IIHHHHImm
MB 8264A-12 FUJITSU

MB 8264A-15 M0

Page Mode Read Cycle

tRAS

—_— Vin— H\ [
RAS Vi — - m
4
'—P-— f————tRgH———=| |=—tRpP
—_—
tepe] ———‘CAsjf-t le—tca
t
tasc CAH

(Asc

7l

CAS

ADDRESSES \\//’“
o

Vou—
DouT VoL—
Vin—
WE Vi

Don’t Care

Valid Data

Page Mode Write Cycle

tRAS

tRP

[;tCP-
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U - mB 8264A-lo

FUJITSU

MB 8
IINAHAAND -~ MB 8264A-15

Page Mode Read-Write Cycle

tRAS trp
RAS / N
tRSH
>——tPRWC—=
o ! O
CAS / \ j
tcp tcas | |tasc_ | | _tcwr
ADDRESSES v
\Y ADD
kel tRWL
WE
: e
OFF i LYY P tcac toFF
“—!RAC—= | |twp teac l=——{toFF
Von—
D Z| | VALID VALID VALID >_
ovT Vo~ IGH-2 AL pAaTA DATA 4 _DATA
tps t t t tDH
DH DS DH — L"‘tDS
D VALID N/'Nf VALID 7 VALID
IN DATA \ DATA DATA
Don’t Care
RAS-only Refresh Cycle
Note: WE, Dyy=Don’t care, A7 = Vi or Vi_
| trRec
tRAS
JE— Viu- \
[ \_
——tRAH tRP
———-l tASR |
v ROW .
ADDRESSES ADDRESS
(Ao to Ag) .
CRP
CAS
toFF
Dour HIGH-Z

Don’t Care
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MB 8264A-10  IMIMNIIHI)
FUJITSU

MB 8264A-
MB 8264A-15  [IHMIHMHHAR

Hidden Refresh Cycle

tRc

e tRp —!

tRc
lm—tRP

|

ViH-

P
>
ol

Vie-

tRAs

tRAS

|

O]
>
[

ADDRESSES v

ROW

ADDRESS

VALID DATA

E (Read)
—
Vou— tcac
DouT vg:‘— HIGH-Z <
l—-——wac
tcwp
WE Vin—
(Read-write) V,_—
DS || f=-tpp=]
Din

[. ] Don't Care

DESCRIPTION

Address Inputs:

A total of sixteen binary input address
bits are required to decode any 1 of
65536 storage cell locations within the
MB 8264 A. Eight row-address bits are
established on the input pins (Ag
through A;) 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 permite triggering of CAS as
soon as the Row Address Hold Time

(tran) specification has been satisfied
and the address inputs have been
changed from row-addresses to column-
addresses.

Write Enable:

The read mode or write mode is selected
with the WE input. A high on WE
selects read mode and low selects write
mode. Data input is disabled when read
mode is selected.

Data Input:

Data is written into the MB 8264 A dur-
ing a write or read-write cycle. The later
falling edge of WE or CAS is a strobe for

1-184

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 afe
referenced to CAS. In a read-write
cycle, WE can _be low_after CAS has
been low and CAS to WE Delay Time
(tcwp) has been satisfied. Thus Dy is
strobed by WE, and set-up and hold
times are referenced to WE.

Data Output:

The output buffer is three-state TTL
compatible with a fan-out of two stand-
ard TTL loads. Data-out is the same
polarity as data-in. The output is in a



NI MB 8264A-10

FUJITSU MB 8264A-12
MWW M8 8264A-15
high impedance state until CAS is ations in which the row addresses don't because the output buffer is in a high

brought low. In a read cycle, or read-
write cycle, the output is valid after
trac from the falling edge of RAS
when trep (max) is satisfied, or after
tcac from the falling edge of CAS when
the transition occurs after tgcp (max).
Data remains valid until CAS is returned
to a high. In a write cycle the indentical
sequence occurs, but data is not valid.

Page Mode:

Page-mode operation permits strobing
the row-address into the MB 8264A
while maintaining RAS at a low
throughout all successive memory oper-

change. Thus the power dissipated by
the falling edge of RAS is saved. Fur-
ther, access and cycle times are de-
creased because the time normally re-
quired to strobe a new row addresses are
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 milli-
seconds. During refresh, either V,_ or
Vi is permitted for A;. RAS-only re-
fresh avoids any output during refresh

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. Further 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 as V,_ from a previous memory
read cycle.

RAS/CAS CYCLE

LONG RAS/CAS CYCLE

Fig. 2 — CURRENT WAVE FORM (V¢ = 5.5V, T4 = 25°C)

AAS ONLY REFRESH CYCLE PAGE MODE CYCLE

J \ ]

Icc (mA)

) \ \
| 1 |
s | n Jl VI\ / \\ - J."l\ i

100 nS/Division
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TYPICAL CHARACTERISTICS CURVES

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

lcc1, OPERATING CURRENT (mA)

Fig. 3 — NORMALIZED ACCESS TIME

vs SUPPLY VOLTAGE
Ta=25°C
1.2 —t:cp =20ns
~N
1.0
T—
0.8
4 45 5 5.5 6

Vce. SUPPLY VOLTAGE (V)

Fig. 5 — OPERATING CURRENT

vs CYCLE RATE

Vee = 5.5V
50—Ta = 25°C

tras = 100ns

Y
/1
40| /
30 //
20 ,/
0
0 2 3 4 5 6

1 /tre, CYCLE RATE (MHz)

Fig. 7 — OPERATING CURRENT

vs AMBIENT TEMPERATURE

[ ]
Vee = 5.5V
h |
50—tgag = 100ns
trc = 200ns
20 —1
trc = 250ns
L
30 trc = 300ns
20
-20 O 20 40 60 80 100

Ta, AMBIENT TEMPERATURE (°C)

1-186

trac. NORMALIZED ACCESS TIME

Icc1, OPERATING CURRENT (mA)

Icca, STANDBY CURRENT (mA)

MB 8264A-10 Il

MB 8264,

FUJITSU

MB 8264A-15  [HIHIEHIENI

Fig. 4 — NORMALIZED ACCESS TIME

vs AMBIENT TEMPERATURE

12 | Vec =45V /
- trcpD = 20ns /
10 ,/
d
08
-20 O 20 40 60 80 100

Ta, AMBIENT TEMPERATURE (°C)

Fig. 6 — OPERATING CURRENT

vs SUPPLY VOLTAGE
Ta= |25"c
50—tgc = 200ns
-~
40 —
-
30
20
4 45 5 5.5 6
Vce, SUPPLY VOLTAGE (V)
Fig. 8 — STANDBY CURRENT
vs SUPPLY VOLTAGE
]
Ta=25°C
4
3
4 45 5 5.5 6

Ve, SUPPLY VOLTAGE (V)



I - mB 8264A-10

FUJITSU

MB 8264A-12

I MB 8264A-15

lccz, STANDBY CURRENT (ma)

Icca, REFRESH CURRENT (mA)

lcca, PAGE MODE CURRENT (mA)

Fig. 9 — STANDBY CURRENT
vs AMBIENT TEMPERATURE

I I
Vee = 5.5V

»

-20 0 20 40 60 80 100
Ta. AMBIENT TEMPERATURE (°C)

Fig. 11 — REFRESH CURRENT
vs SUPPLY VOLTAGE

Ta=25C
40 —Tgrc = 200ns
30 T
-
//
20
10
4 4.5 5 55 6

Vee, SUPPLY VOLTAGE(V)

Fig. 13 — PAGE MODE CURRENT
vs CYCLE RATE

Vee = 5.5V
40—Tp =25°C
tcas = 50ns
30
® / /
//
10
0 2 4 6 8 10

1/tpc, CYCLE RATE (MHz)
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lcc3. REFRESH CURRENT (mA) lcc3. REFRESH CURRENT (mA)

lcca. PAGE MODE CURRENT (mA)

Fig. 10 — REFRESH CURRENT
vs CYCLE RATE

Ve = 5.5V
50——Ta =25°C

tgas = 100ns
40

P
30
//
20 /
10 //
0 2 4 6

1/tre, CYCLE RATE (MHz)

Fig. 12 — REFRESH CURRENT
vs AMBIENT TEMPERATURE

I [
Ve =5.5V

40—tgag = 100ns

4 trc = 200ns
— L L
30 ¢ i
J trc = 250ns
20 tre = 300ns ]

10

-20 O 20 40 60 80 100
Ta, AMBIENT TEMPERATURE (°C)

Fig. 14 — PAGE MODE CURRENT
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Fig. 15 — PAGE MODE CURRENT
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Fig. 19 — RAS, CAS AND WE VOLTAGE
vs AMBIENT TEMPERATURE
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Fig. 16 — ADDRESS AND DATA INPUT VOLTAGE

vs AMBIENT TEMPERATURE vs SUPPLY VOLTAGE
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W - M8 8264A-10
MB 8264A-12
WM - mB 8264A-15

FUJITSU

VOLTAGE (V)

Icc, SUPPLY CURRENT  Veg, SUPPLY
(mA)

VOLTAGE (V)

lcc. SUPPLY CURRENT V¢, SUPPLY
(mA)

Ve, SUPPLY
VOLTAGE (V)

Vgug. SUBSTRATE
VOLTAGE (V)

Fig. 20 — CURRENT WAVE FORM DURING POWER UP
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Fig. 21 — CURRENT WAVE FORM DURING POWER UP
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Fig. 22 — SUBSTRATE VOLTATE
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MB 8264A-10 MMM
M 64A-12 FUJITSU

B 826
MB 8264A-15  [IllIMNIIHHmIIm

PACKAGE DIMENSIONS

Standard 16-pin Ceramic DIP (Surfix : -Z)

16-LEAD CERAMIC (CERDIP) DUAL IN-LINE PACKAGE \/

(CASE No. : DIP-16C-C04)
/ 0°~15°

e _9p gp g-p gp ogp [

R.025(0.64)

REF
.284(7.21) .313(7.95)
S 302(7.67)  .325(8.26) -300(7.62)TYP

.754(19.15) I

.788(20.02) i .008(0.20)
] ,——.05011.27)MAX 01410.36)
] ’—r ‘ .200(5.08)MAX
.120(3.05)
.150(3.81)
.090(2.29) 032(081)
110(2.79) TVP ;858}?;3;;
70017 78IREF ' Dimensions in
imensions i
:056(1.4 :013(0.33) inches (millimeters)

.062(1 52i .023(0.58)

Standard 16-pin Plastic DIP (Surfix : -P)

16-LEAD PLASTIC DUAL IN-LINE PACKAGE
(CASE No.: DIP-16P-M03)

Y

woexa [901 1 ¢ 1 M r—%
.250[6.35) .290(7.37)
.270(6.85) .310(7.87)
_—
INDEX-2
LT O L T GIT
.748(19.0)
.776(19.7) .009(0.24)
.014(0.36)
—= [=—.050(1.27)MAX (())45;2—11;?)))" -—

7 .183(4.65)MAX

.118(3.0)MIN
.100(2.54) .016(0.40)
TYP .023(0.59)  .020(0.51)MIN Dimensions in
047(1.20)

inches (millimeters)

.059(1.50)
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WA me 8264A-10
FUJITSU MB 8264A-12

IIRIWHA - mB 8264A-15

PACKAGE DIMENSIONS

Standard 18-pad Ceramic LCC (Surfix : -TV)

18-PAD CERAMIC (FRIT SEAL) LEADLESS CHIP CARRIER
(CASE No.: LCC-18C-F02)

. 1125(2.86)
PIN NO.1 INDEX .0120030TYP 2
(@ pLCS)
vl YT <
! 0825(2.10)
125(3.18) TYP
TTP
— I I [
] R.008(0.20TYP
2001067) ABpLes) N\ PIN NO. 1 INDEX 260(6.60)
'435(11.05) [ [ 200(5.08)
— P [
0250064 }
TYp H H H 050(1.27)
TYP
. A o — ] - ]
05001.27)| | lo ~|:04501.14)
280(7.11) TVP | TYP
295(7.49) 100(2.54)MAX Il 0675(1.71)
| Tis0(38NTYP TVP
.195(a.95)TYP
Dimensions in inches
“Shape of Pin 1 index: Subject to change without notice (millimeters)
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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 +5V +10% power supply. An on chip
substrate bias generator provides high performance operation. The
MBB8264A-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 L~

8 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)

W 1 ms/128 cycle refresh

W RAS-Only and Hidden Refresh

B 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

m tAR, twcRr, tonr are
eliminated

305 mW max. (MB8264A-12-W) W 883B processing available

275 mW max. (MB8264A-15-W)

33 mW max. (Standby)

1-192
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MB8264A-12-W
MB8264A-15-W

Block Dlagram and

Pin Assignments - CLOCK GEN. - D N.C.Vgs CAS
= coek [ "2 1 18 7 )
CLOCK GEN. ~T
‘D—’- Nz F w3 16]|Q
CAS BAC [ g
ehs RAS |4 §8 15| Ag
[ N.C.|5 <> 14|N.C.
o m o
e - R S L I
A BUFFER )
A SENSE AMPS :_L A |7 12| A,
A /0 GATING b
A é é _l f— ] ] 8 9 10 11
o -H Ay Vec A; A5
A —> DATA
N i | e [
g STORAGE GELL NC.[ |1 \/ 16 j Vss
: — o[z Y gt
. ~%—— GND W
w( |3 14 ]a
O .5 “F
RAS[ |4 ‘ég 13 ] Ag
A[]s = § 12[ ] Ag
A[ |8 1] JA,
I 10[ ] As
Vec[] 8 9 1A;
Capacitance
(Ta=25°C) Parameter Symbol Typ Max Unit
Input Capacitance Ay ~ A;, D Cing - 5 pF
Input Capacitance RAS, CAS, W Cinz — 8 pF
Output Capacitance Doyt Cour — 7 pF
Recommended Operating
Conditions Operating
(Referenced to Vsg) Parameter Symbol Min Typ Max Unit Temperature (case)
Vee 45 5.0 5.5 v
Supply Voitage
upply Vollag Ves 0 0 0 v
Input High Voltage, all inputs ~ V, 24 — 6.5 \ -55°C to +110°C
Input Low Voltage, all inputs V) -10 - 0.8 v
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 thwe 265 — 280 — ns

Page Mode Cycle Time tee 120 — 145 — ns

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

Access Time from RAS trac — 120 — 150 ns

Access Time from CAS B [0 tcac — 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 [ 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)  tgpy 30 — 30 — ns

CAS Pulse Width tcas 60 10000 75 10000 ns

CAS Hold Time tosn 120 — 150 — ns

RAS to CAS Delay Time trco 20 60 25 75 ns

CAS to RAS Precharge Time tere 0 — 0 — ns

Row Address Set Up Time tasr 0 —_ 0 - ns

Row Address Hold Time traH 10 — 15 — ns

Column Address Set Up Time tasc 0 - 0 — ns

Column Address Hold Time tean 15 — 20 — ns

Read Command Set Up Time tres 0 — 0 — ns

Read Command Hold Time Reference to CAS [ 0 — 0 — ns

Read Command Hold Time ReferencedtoRAS ~ [0] tggy 20 — 20 - ns

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

Write Command Hold Time twen 25 — 30 — ns

Write Command Pulse Width twe 25 — 30 — ns

Write Command to RAS Lead Time thwL 40 —_ 45 — ns

Write Command to CAS Lead Time towl 40 — 45 — ns

Data In Set Up Time tos 0 —_ 0 - ns

Data In Hold Time toH 25 - 30 - ns

CAS to WE Delay towp 5 — 60 — ns

RAS to WE Delay tawn 110 — 120 — ns

Notes:

1) Aninitial pause of 200 ps is required after power-up reference point only; if tacp 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 tt = 5 ns. 8) tggp (Min) = tgay (Min) + 2ty (ty = 5ns) + tagc

3) V)4 (min) and V,,_(max) are reference levels for (min).
measuring timing of input signals. Also, transition 9) twcs towp and tgyp are not restrictive operating
times are measured between V, (min) and Vy;_(max). parameters. They are included in the data sheet as

4) Assumes that tp = trgp (Max). If trop is greater electrical characteristics only. If tycg = tywcs (Min),

than the maximum recommended value shown in this the cycle is an early write cycle and the data out pin

table, tgac Will increase by the amount that tgop ex- wnIIA remain open circuit (high impedance) throughout
ceeds the value shown. entire cycle. ) .

If towp = towp (Min) and tryyp = tryp (Min), the cy-

5) Assumes that trep = trep (Max). cleis a read-write cycle and data out 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 trcp (max) limit insures that data out is indeterminate.

trac can be met. tgep (Max) is specified as a 10) Either tggy OF troy Must be satisfied for a read cycle.

FUJITSU

1-194




MB8264A-12-W
MB8264A-15-W

DC Characteristics
(Recommended operating
conditions unless otherwise
noted.)

Parameter

OPERATING CURRENT*
Average Power Supply Current
(RAS, CAS cycling; tae = min)

MB8264A-12W
MB8264A-15W

mA

STANDBY CURRENT

Standby Power Supply Current (RAS = CAS =V,,))

mA

REFRESH CURRENT*
Average Power Supply Current

(CAS =V,,,, RAS cycling; tpc = min)

MBB8264A-12-W
MBB8264A-15-W

mA

PAGE MODE CURRENT*
Average Power Supply Current

(RAS =V, CAS cycling; tpc = min)

MB8264A-12-W
MB8264A-15-W

818&18 ©|8|&

INPUT LEAKAGE CURRENT
Input Leakage Current, any input

(OV=V,y=5.5V, Voo =5.5V, Vgs =0V, all other pins not under test=0V)

e
o

o -10

OUTPUT LEAKAGE CURRENT

(Data out is disabled, 0 < Vg7 < 5.5)

e
o

low -10

OUTPUT LEVELS

Output High Voltage (o= —5mA)

Output Low Voltage (Ig, =4.2mA)

Von 24 v
VoL 04 V

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

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

. . a write cycle, if is brought Thus the power dissipated b!
:dtgrt:s!sogi?sm;:nreb;z?rrgdlTgm low (write mode) before CAS, ghe negative going edge of RZKS
decode any 1 of 65,536 storage D,y is strobed by CAS, and the is saved. Further, access and
cell locations wlthiﬁ 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 estébli 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.
put pins (Aq through A;) and t ition. Thus D is st
latched with the Row Address ransition. Thus Dyy is strobed
BAG y by WE, and set-up and hold RAS-Only Refresh
Strobe (RAS). The eight column- times are 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 ~ A 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  V, or V,, is permitted for A;.
RAS to permit triggering of CA data-in. The output is in a high R*Sonly refresh avoids any
as soon as the Row Address impedance state until CAS is output during refresh because
Hold Time (tpay) 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 trcp (Max) is 128 row-addresses with RAS
column-addresses. satisfled, or after to,c from the will cause all bits in each row
transition of CAS when the to be refreshed. Further RAS-

Write Enable transition occurs afte:lzaco . only refresh results in a sub-

: . max). Data remain valid unt stantial reduction in power dis-
The read mode or write mads is %TS is returned to a high level.  sipation.
selected with the WE input. A In a write cycle the identical se-
:gg:;’e!‘:g'g’ig%vx%%f:;:iﬁ;d quence occurs, but data is not Hidden Refresh
mode. Data input is disabled valid. xﬁ’gﬁ::l‘:s:sﬁﬁg CYCLE
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
MB8264A-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 Dilagrams

Read Cycle
4
[ ZM— -
m A . LS
L:c‘" N e
%wn‘—‘ BSH e
CAS Viu- “cAs
Vi~ . <——'cm—$_
tasn | |tran  tasc | toan
Vi
soomesses 1 YW oY T\ ST Y X XX XXX
tag
tacs |._. —:| c:c.. -—
- v
; e XX | .
taac —> torr
Dour z:: HIGHZ——————— Y30
Write Cycle (Early Write)
1,
Voo - thas:
s " N
tesn— |«——"trp—>
. <« thon— 'c:" | tcrr—»|
wm \ / “]\_
topn—|
ADDRESSES :’:: Aass e
- Vi i I
W OO R XXXXXXKXXRX
[ tpg ton—|
v v
on = SO R XXX XXXXXX
w
Vou- HIGH-Z.
Dour va-

Read-Write/Read-Modify-Write Cycle

ADDRESSES

. XXX
ve - LXXKRXXK NS ]
——tec [ twp| [ tore
o oz B

1,

trac

ton
. fos
v XXX XX XRAKIA St JORXRKXXKKK

Mnomcm

FUJITSU
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MB8264A-12-W
MB8264A-15-W

Timing Diagrams, Continued

Page Mode Read-Write Cycle

tras > | |—tRp—p|
— Vig—
FAS ] - 1’\
Vi —
tosn tasH
|t | [——toawc —> ) | | tepp »|
_ Vi— — -
Cas Vi Y/ / N
Ran tasc tcp teas tasc towe |
tash [ e I<—> toan || | |<-—>
Vin ROW COL oL COL.
ADDRESSES " _ ADD. ADD. Kx s X AKX ADD. XX
I ll I o] fowo ‘....CWL tasc~ |‘ _'.cf T“ ‘ﬁgs B e L
v ncsl tasc| | [+ itowp "% "
— ' — ¢ 3
w oo N/ /7N RIXKXRXRR
5 ':l."l torr ftwe teac <> torr
<—tgac—> teac torr 11
D Von— 7 VALID ALID Y, I VALD ¥
out VoL — ATA DATA /™ DATA Y
tos| | tou tos | | ton ton
el | | || e bt
V-7 VALID } VALID VALID
D Vi DATA DAT, DATA
RAS-ONLY Refresh Cycle

Note: CAS = V|, WE, Dy = Don’t Care, A7 = V| or Vi

1,

'RC

-t g ———
s Vin— Y 3
RAS Va = N N
< tpan —> tap >
— | tasp |—
Vih—
ADDRESSES v': - AD'},ORVE’ss
(Ag to Ag)
Vou —
Dour VZ'L‘ - HIGH-Z
Hidden Refresh Cycle
[ tac |
taas > [t tras <t
[ y
RS Vi 7 N /
<> topp
CAs {7 topn \
N \VAVAVAVAVAVAVAAVAVAVAV
ADDRESSES ‘A’A‘A‘A’A‘A A ‘A‘A’A‘A
WE
torp—>| |=—
Dour OPEN VALID DATA —

m Don't Care

FUJITSU
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MB8264A-12-W
MB8264A-15-W

Timing Diagrams, Continued

Page Mode Read Cycle
< taas >
p— Vg —
RAS H Z \—
Vv, — it
* - tosi—— _ ———tasH——>| [ tpp>
*.wa,‘_'c‘s:> <tcpr| [<— teas—>] < tops»| |a——terr —|
RS e J 4
w
- ltcan tasc | [+ tomn Intghad
tash o |- | -t tase > b
Vi — ) = oL, NAF coL
ADDRESSES ™ _ now ) @i M . ADD. }(XX)‘ XXXRXXXXX
[ |—toac—| tasc ]
« I thac = > tore | e <—t|:;: — i torr
Dour Vou - OPEN ark Bt )
VoL - 44~
VALID >t
thcs | tacn—>|

DATA

Ve —

— %
- tacH >

XXX

Valid Data

Page Mode Write Cycle

- thas
V=" ¥

RAS VI::— ¢ 7
<—‘csn'—>"‘c 4 ~—tho ] | tgp
e = teas ] [*tep |— toas—>|

CAS

ADDRESSES v,

XOOXOXXX

3 A
twr twp> " S
tos - j=tp> toH»- tos.ey e |<-|____”'.>
Vin -V v VALID V VALID VALID
O Vi - AAX OO BATR DATA

FUJITSU
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L ME 8265A-10
FUJITSU INTLIIGLIY TN MB 8265A-12
[T ACCESS MEMORY Bkt

65,536-BIT DYNAMIC RANDOM ACCESS MEMORY

The Fujitsu MB 8265A is a fully decoded, dynamic random access memory
organized as 65,536 one-bit words. The design is optimized for high-speed,
high performance applications such as mainframe memory, buffer memory,
peripheral storage and environments where low power dissipation and com-
pact layout is required.

Multiplexed row and column address inputs permit the MB 8265A to be
housed in a standard 16 pin DIP and 18 pad LCC. Pin-outs conform to the
JEDEC approved pin out.

The MB 8265A is fg!)ricated using siliicon gate NMOS and.Fuji.tsu’s advar.\ced CERAMIC PACKAGE
Double-Layer Polysilicon process. This process, coupled with single-transistor CERDIP
memory storage cells, permits maximum circuit density and minimal chip size.
Dynamic circuitry is employed in the design, including the sense amplifiers.

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

® 65,536 x 1 RAM, 16 pin DIP/18 ® Offers two variations of Hidden

pad LCC refresh
® Silicon-gate, Double Poly NMOS, ® Read-Modify-Write, and
single transistor cell Page-mode capability
® Row access time, ® Common 1/0 capability using PLASTIC PACKAGE
100 ns max (MB 8265A-10) Early Write operation DIP-16P-M03
120 ns max (MB 8265A-12) ® Qutput unlatched at cycle end
LCC-18C-F02: See P: 1-218
150 ns max (MB 8265A-15) allows extended page boundary b
® Cycle time, and two-dimensional chip select
190 ns min (MB 8265A-10) ® On-chip latches for Addresses and PIN ASSIGNMENT
230 ns min (MB 8265A-12) Data-in

260 ns min (MB 8265A-15)

® t,r.twcr. toHg are eliminated
® Single +5V Supply, £10% tolerance

® Standard 16-pin Ceramic (Cerdip)

® Low power (active) DIP: Suffix-z
275 mW max (MB 8265A-10) Standard 16-pin Plastic
248 mW max (MB 8265A-12) DIP: Suffix-P

220 mW max (MB 8265A-15)
25mW standby (max)

® 2 ms/128 refresh cycle

® RAS-only and RFSH (pin 1)
refresh capability

Standard 18-pad Ceramic
LCC: Suffix-TV

ABSOLUTE MAXIMUM RATINGS (See NOTE) R_W_E ::3:: {16} :5007
Rating Symbol Value Unit N :1
Voltage on any pin relative to Vgg Vin: VouT -1 10 +7 \ Az zj Ag
Voltage on V¢ supply relative to Vgg Vee -11t0+7 \
Storage temperature Ceramic Tste ~55t0 +150 °c
Pastic -55 to +125 Vee
Power dissipation Pp 1.0 w LCC PAD CONFIGURATION : See Page 1-218:
Short circuit output current 50 mA

This device contains circuitry to protect the
NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM | inputs against damage due to high static volt-
RATINGS are exceeded. Functional operation should be restricted to | 2ges or electric fields. However, it is advised

. . . . . . N that normal precautions be taken to avoid

the conditions as detailed in the operational sections of this data | application of any voltage higher than maxi-
sheet. Exposure to absolute maximum rating conditions for extended mum rated voltages to this high impedance

periods may affect device reliability. circuit.
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[ ey 8265A—IO
FUJITSU MB 8265A-12

AR B 8265A-'Is

Fig. 1 — MB 8265A

BLOCK DIAGRAM

RAS CLOCK GEN.
RAS NO. 1 WRITE .
CLOCK |=—WE
— GEN.
CAS
[ CLOCK GEN. )
NO. 2
REF. L
RFSH CONTROL
CLOCK
INTERNAL
ADDRESS
COUNTER COLUMN DATA
DECODER IN DN
BUFF.
‘ SENSE AMPS
1/0 GATING
Nl ] |
Ar—
Az— o« DATA
wa [ u . ouT = DouT
As— B M 8 BUFF.
Cu o 65,536 BIT
As— 8% a STORAGE CELL
<@
Ag— g
A « SUBSTRATE
6] BIAS GEN.
Ay—
~——Vcc

~a—Vgg

CAPACITANCE (14 =25°)

Parameter Symbol Typ Max Unit
Input Capacitance Agto A7, Dy Cint 5 pF
Input Capacitance RAS, CAS, WE, RFSH Cinz 8 pF
Output Capacitance Doyt Cout 7 pF
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RECOMMENDED OPERATING CONDITIONS

MB 8265A-10 NI
MB 8265A-12 FUJITSU
MB 8265A-15  [lllHHmmmHmm

(Referenced to Vgg)
. . Operating
Parameter Symbol Min Typ Max Unit Temperature
Vee 45 5.0 5.5 Y
Supply Voltage
Vss v
Input High Voltage, all inputs Vig 2.4 6.5 v 0°C to +70°C
Input Low Voltage, all inputs Vi * -1.0 0.8 \%
Note * : The device can withstand undershoots to the -2V level with a pulse width of 20 ns.
(Recommended operating conditions unless otherwise noted.)
Parameter Symbol Min Max Unit
OPERATING CURRENT* MB 8265A-10 50
Average power supply current MB 8265A-12 lcea 45 mA
(RFSH = V4, RAS, CAS cycling; trc = min) MB 8265A-15 40
STANDBY CURRENT | 45 mA
Standby power supply current (RAS = CAS = RFSH = V,4) ce2 |
REFRESH CURRENT 1* MB 8265A-10 38
Average power supply current MB 8265A-12 lcea 35 mA
(CAS = RFSH = V4 ,RAS cycling; tgc = min) MB 8265A-15 31
PAGE MODE CURRENT* MB 8265A-10 35
Average power supply current MB 8265A-12 lcca 32 mA
(RAS = V), RFSH =V, CAS cycling; tec = min) MB 8265A-15 28
REFRESH CURRENT 2* MB 8265A-10 42
Average power supply current MB 8265A-12 lces 38 mA
(RAS = CAS = V4, RFSH cycling; tgc = min) MB 8265A-15 34
INPUT LEAKAGE CURRENT
Input leakage current, any input
-10 10 A
OV €V £55V, Ve = 5.5V, Vgg = 0V, all other pins hw K
not test = QV)
OUTPUT LEAKAGE CURRENT | -10 10 uA
(Data out is disabled, OV < Vg1 < 5.5V) o)
OUTPUT LEVELS v 2.4
Output high voltage (Igy = -5mA) V°” ’ 04 v
Output low voltage (g, = 4.2mA) ot ’

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



W - M8 8265A-10
FUJITSU MB 8265A-12

NN - me 8265A-15

AC CHARACTERISTICS

(Recommended operating conditions unless otherwise noted.) [NOTE

Y2,

] MB 8265A-10 | MB 8265A-12 | MB 8265A-15
Parameter [NOTES |Symbol Unit
Min Max Min Max Min Max

Time between Refresh tREF 2 2 2 ms
Random Read/Write Cycle Time tre 190 230 260 ns
Read-Write Cycle Time trwe 230 265 280 ns
Page Mode Cycle Time tpc 105 120 145 ns
Page Mode Read-Write Cycle Time tprwe | 135 155 180 ns
Access Time from RAS ] trac 100 120 150 ns
Access Time from CAS B ® tcac 50 60 75 ns
Output Buffer Turn Off Delay torF 0 30 0 35 0 40 ns
Transition Time tr 3 50 3 50 3 50 ns
RAS Precharge Tim trp 80 100 100 ns
RAS Pulse Width tRAs 100 10000 120 |10000| 150 | 10000 | ns
RAS Hold Time trsh | 50 60 75 ns
CAS Precharge Time (Page mode only) tcp 45 50 60 ns
CAS Precharge Time (All cycles except page mode) tepn 20 20 25 ns
‘CAS Pulse Width teas 50 10000 | 60 10000 | 75 10000 | ns
CAS Hold Time tesm 100 120 150 ns
RAS to CAS Delay Time @ treo 20 50 20 60 25 75 ns
CAS to RAS Precharge Time tere 0 0 0 ns
Row Address Set Up Time taAsSR 0 0 0 ns
Row Address Hold Time tRAH 10 10 15 ns
Column Address Set Up Time tasc 0 0 0 ns
Column Address Hold Time tcaH 15 15 20 ns
Read Command Set Up Time trcs 0 0 0 ns
Read Command Hold Time Referenced to CAS trRcH 0 0 0 ns
Read Command Hold Time Referenced to RAS tRRH 20 20 20 ns
Write Command Set Up Time twes 0 0 0 ns
Write Command Hold Time tweH 20 25 30 ns
Write Command Pulse Width twe 20 25 30 ns
Write Command to RAS Lead Time tRwL 35 40 45 ns
Write Command to CAS Lead Time tewL 35 40 45 ns
Data In Set Up Time tps 0 0 0 ns
Data In Hold Time ton 20 25 30 ns
CAS to WE Delay ] tewp 40 50 60 ns
RAS to WE Delay tawo | 90 110 120 ns
RAS Precharge to CAS Hold Time (RAS-only refresh) | tgrpc 20 20 20 ns
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MB 8265A-10 NI
MB 8265A-12 FUJITSU
MB 8265A-15 [N

AC CHARACTERISTICS

(Recommended operating conditions unless otherwise noted.)

p Symbol MB 8265A-10 | MB 8265A-12 | MBB8265A-15 Uni
arameter [NOTES] ymbo - nit
Min Max Min Max Min Max
RFSH Set up Time Referenced to RAS tesh 90 100 100 ns
RAS to RFSH Delay (RFSH refresh) trrD 90 100 100 ns
RFSH Cycle Time (RFSH refresh) tec 200 230 260 ns
RFSH Pulse Width (RFSH refresh) tep 100 120 150 ns
RFSH Inactive Time (RFSH refresh) te 90 100 100 ns
RFSH to RAS Delay (K] trrD 20 30 40 ns
RFSH Hold Time tesH 30 40 50 ns
Notes:
|I| An initial pause of 200 us is required after power-up Operation within the tgcp (max) limit insures that
followed by any 8 RAS or RFSH cycles before proper trac (max) can be met. tgcp (max) is specified as a
device operation is achieved. reference point only; if tgcp is greater than the
If internal refresh counter is to be effective, a mini- specified tgecp (max) limit, then access time is con-
num of 8 active RFSH initialization cycles is re- trolled exclusively by tcac.
quired. The internal refresh counter must be activated t min) = t (min) + 2t (tr=5ns) + t (min)
a minimum of 128 times every 2 ms if the RFSH reo | )= tran T ASC
refresh function is used. 8] twes, tcwp and trwp are not restrictive operating
If the RFSH refresh function is not used, RFSH (pin 1) parameters. They are included in the data sheet as
pin can be open. electrical characteristics only. If twcs=twcs (min),
e =5n the cycle is -an early write cycle and the data out pin
[2] AC characteristics assume tr S will remain open circuit (high impedance) throughout
[3] Vi (min) and V|| (max) are reference levels for mea- entire cycle.
suring timing of input signals. Also, transition times If tcwp2tcwp (min) and tpwptrwp (min), the
are measured between V,; (min) and V,_ (max.). cycle is a read-write cycle and data out will contain
Assumes that trep < trep (Max). If trep is greater data read from the selected cell. If neither of the above
than the maximum recommended value shown in this sets of conditions is satisfied the condition of the data
table, tgac Will increase by the amount that tgcp out is indeterminate.
exceeds the value shown. [10] Either tgry Or trey must be satisfied for a read cycle.

Assumes that trep = trep (max).

Measured with a load equivalent to 2 TTL loads and
100 pF.
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NI MB 8265A-10

FUJITSU MB 8265A-12
NI - mB 8265A-15
Read Cycle
RFSH V'H__f
ViL- t
'—tFSR tRAgRC
PR ViH-
RAS vl,':_ \( / \_
tcsH [t R P
_tcmp tReo tRSH
tcas
cAs \ / 1/ \_
tasr | [tRAH tasc tCAH foen
-
f ROW | coLul
ADDRESSES ADDRESS , ADDRESS
I trcs I
WE ViH-
tRAC
b Von-
ouT Vor - HIGH-Z
Don’t Care
Write Cycle (Early Wirte)
— Vin—
RFSH V- % trsA
t
Vi —— tRAS Re s -
RAG H
s U \ / N
_i
CAS \
ADDRESSES v
WE
Din
Dour 30“_‘ HIGH-Z
oL Don’t Care
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MB 8265A-10 I
MB 8265A-12 FUJITSU

MB 8265A-15 (Il

Read—Write/Read—Modify —Write Cycle

N Vin—
RFSH Vi
FSR tRwe
tRAS
Vin- \_
RA Vi N =
. q
tcRP tcsH tRSH . tRP—e=t
tRCD tcas
J— ViH- j 3 \ /
CAS Vi - y. | /
L tRAH  tasc >
tasr f— tCAH ~—tcpPn
Vig- 7 ROW Y N\f COLUMN ’K
ADDRESSES V- :X ADDRESS v ADDRESS 4
! tRWD tewL—=
tRCSH tcwp tRWL—
— ViR— h
WE Vie— S
teac twp — toFF
VoH— | i VALID
DouT Vg:‘— I '”GH'Z_<‘ DATA
1
t
f Rac tDsH—J l‘_""‘DH
ViH— i VALID Y/
D i B :
IN Vi >< DATA AN
D Don’t Care
Page Mode Read Cycle
3
__ Vin- K
RFSH ViL—
=—tFsr
tRAS
RAS
CAS

ADDRESSES v

DouTt

Don’t Care
Valid Data
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I - mB 8265A-10
FUJITSU MB 8265A-12

I mB 8265A-15

Page Mode Write Cycle
_— Viy— {
RFSH H "
ViL—_#|tesr
ViH- tRAS
RAS Vi [X i /
f——tRSH—= tRP
Flcp— ~—tcAs
CAS
tcaH —=tcAH
L twp—] ﬁ
tpsr—-— -t H - tps tDH—=
>< VALID VALID
i DATA DATA
HIGH-Z
Don’t Care
Page Mode Read-Write Cycle
Vin-
RFSH Vit
tRAS tRP
FSR
— V-
RAS V- S( 7 ) W
tcrp | ~——1csH tRSH
I_. —_tRCD’——tCAs: le——tPRWC !
— —
CAS A
N / \ ‘
tRAH tasC tep fcas | tasc_| 7] ‘(‘IAH
ADDRESSES
WE
DouTt
o VALID DA
IN DATA L
-] Don‘t Care
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MB 8265A-10 MMM
MB 8265A-12 FuJITSU

MB 8265A-15 (Il

RAS-only Refresh Cycle
Note: RFSH =V, WE, Djy=Don’t care, A7=Vy or V_
| the
RAS
= Vin~ f )
RAS V- \_
tRAH— trp
tASR
Viu- " j ROW 3 R
(’:5’3':55553 Vie- ADDRESS 4
|-—tcnp ——I |“—‘RPC
o Vin- 1\
c ViL— ____—_/
Vou— H
DouT VoL HIGH-Z
D Don’t Care
RFSH Refresh Cycle
Note: CAS=V,y, WE, Dy = Don't care
Vig—
RAS vii-
tRFD—= tep r_tFl—— tFSR
R \Y _—'—51 Y
RFSH tH
ViL— TRAH
b
trC tASR—=
Vin— ' ] i i T N\A ROW ’><
ADDRESSES , " : U , : , L ADD.
V —_
DouT oH HIGH-Z
VoL—
D Don’t Care
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WM - me 8265A-10

FUJITSU MB

UM

8265A-1
B 8265A-15

2

3

ADDRESSES

WE (Read)

DouTt

WE (Read-write) “IH™

Din

Hidden RAS only Refresh Cycle

Don't Care

Hidden RFSH Refresh Cycle

Vin— y
RAS VIS /] N
trRcD tRsH tcrpP o
CAS M N e
tRFD cPn—
trp | trsR
RFSH y,:'-l_‘:
+tasc
tca
tRAH—" o —

ADDRESSES z:tj Ray|

tRCS—

Vin—
WE Vi—

OL.
DD

1_[>q

tcac

DouT

Von-—
vonz ——HIGH-Zz—

——1tRAC—

VALID DATA

Don’t Care
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MB 8265A-10  [IIMAHImmm;
MB 8265A-12 FUJITSU
MB 8265A-15 |l

RFSH Counter Test Read/Write Cycle
Note: Dgyt is the waveform in Read or Read Modify Write Cycles.
Ve trp f= tE) .
RFSH H tFSH ?f N
ViL— K 7 tERD
t |
I‘ RFD tFRD |e————tRsH
RAS Vin- tRco
ViL—
tcas {
J— Vin— b ¥
CAS H N ,l[
Vie- tasc
——l tcAH
Vin—- \ £ COLUMN
ADDRESSES v, _ )< ADDRESS
twes — tyy CH——e=]
— Vib— \
WE Vi - L y
tps |--—tDH—-—
Vv p—
Din V::— )( VALID DATA X
I-———tRAC tOF F—ef r—
VoH—
DouT vg’:_ HIGH-Z < VALID DATA —
—— =—tCAC
E:I Don‘t Care
Address Inputs: Write Enable: times are referenced to WE.

A total of sixteen binary input address
bits are required to decode any 1 of
65536 storage cell locations within the
MB 8265A. Eight row-address bits are
established on the input pins (Ag
through A;) 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 permite triggering of CAS as
soon as the Row Address Hold Time
(tran) specification has been satisfied
and the address inputs have been
changed from row-addresses to column-
addresses.

The read mode or write mode is selected
with the WE input. A high on WE
selects read mode and low selects write
mode. Data input is disabled when read
mode is selected.

Data Input:

Data is written into the MB 8265A dur-
ing a write or read-write cycle. The later
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, Dy is strobed by
CAS, and the set-up and hold times are
referenced to CAS. In a read-write
cycle, WE can be low after CAS has
been low and CAS to WE Delay Time
(tcwp) has been satisfied. Thus Dy is
strobed by WE, and set-up and hold
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Data Output:

The output buffer is three-state TTL
compatible with a fan-out of two stand-
ard TTL loads. Data-out is the same
polarity as data-in. The output is in a
high impedance state until CAS is
brought low. In a read cycle, or read-
write cycle, the output is valid after
trac from the falling edge of RAS
when tgep (max) is satisfied, or after
tcac from the falling edge of CAS when
the transition occurs after tgcp (max).
Data remains valid until CAS is returned
to a high. In a write cycle the indentical
sequence occurs, but data is not valid.

Page Mode:
Page-mode operation permits strobing



NI - ms 8265A-10
FUJITSU 65A-12

MB 82
NI mB 8265A-15

the row-address into the MB 8265A
while maintaining RAS at low through-
out all successive memory operations in
which the row-address doesn’t change.
Thus the power dissipated by the falling
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 milli-
seconds. The MB 8265A offers the
following three types of refresh.

1) RAS-only Refresh;

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.
Further RAS-only refresh results in a
substantial reduction in power dissipa-
tion. During RAS only refresh, either
V)L or V y is permitted for A;.

2) RFSH Refresh;

RFSH type refreshing available on the
MB 8265A offers an alternate refresh
method: (1) When RFSH is brought low
(active) during RAS is high (inactive),
on-chip refresh control clock generators
and a refresh address counter are
enabled and an internal refresh opera-
tion takes place.

(2) When RFSH is brought high (in-
active), 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 elimi-

nates the need of providing any addi-
tional external devices to generate re-
fresh addresses. Refer to the Fig. 2 for
the example of RFSH refresh.

3) 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 or cycle
or read-write.

The MB 8265A offers two types of Hid-
den Refresh. They are referred to as
Hidden RAS-only Refresh and Hidden
RFSH Refresh.

A) Hidden RAS-only Refresh

Hidden RAS-only Refresh is performed
by holding CAS at V,_ and taking RAS
high and after a specified percharge
period (tgp), executing “RAS-only” re-
fresh, but with CAS held low.

RFSH has to be held at V4.

B) Hidden RFSH Refresh

Hidden RFSH Refresh is performed by
holding CAS at V,_ and taking RAS
high and after a specified precharge
period (tgep), executing RFSH refresh,
but with CAS held low.

A specified precharge period (tcpy) is
required before normal memory Read,
Write or Read-Modify-Write cycle after
performing either type of Hidden Re-
fresh.

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 a signal in timing as
shown in timing diagram of RFSH
counter Test Read/Write Cycle, Read/
Write Operation is enabled. A memory
cell address (consisting of a row address
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(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 A; is set low inter-
nally.)

COLUMN ADDRESS — All the bits
Ao~ A, are defined by latching
levels on Ag~ A7 pins in a high-to-
low transition 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/written into/from.

A

(B) RFSH Test Read Modify Wirte
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:

Initialize the internal refresh count-
er. For this operation, 8 RFSH
cycles are required.

(2) Write a test pattern of lows into
memory cells at a single column
address and 128 row addresses by
using 128 RFSH Test Write Cycle
or RFSH Test Read Modify Write
Cycle.

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 combinations (Ag ~
As) by means of normal Read
Cycle.

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

(1

-

(3

-

(4)



MB 8265A-10 |l
MB 8265A-12 FuJITSU
MB 8265A-15 ||l

Fig.2 — EXAMPLE OF RFSH REFRESH

MB 74LS161A MB 74LS74A

1 MHz CLOCK ——=] K rj2-E- DATA AEr

RAS1* ek @ —'—_—_D—- RAS2**
,_D——— RFSH

OO0 m>»

ol

CLR

To CPU
(BUSY)

BUSY | ]
Fas2 L I
RFSH | |

NORMAL CYCLE  RFSH REFRESH CYCLE NORMAL CYCLE

**|f RFSH refresh in not used, RAS1 is connected to RAS input.
**RAS2 should be connected RAS input.

Fig.3 — CURRENT WAVE FORM (Vcc = 5.5V, T = 25°C)

Iec(maA)

CYCLE LONG RAS/CAS CYCLE RAS ONLY REFRESH CYCLE PAGE MODE CYCLE RFSH REFRESH CYCLE

Vg \ I / / \

I

b

S \ T\

=

|
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=

=
L

C

>
T
<
U
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—
U B |

|t

100nS/Division
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[N - mB 8265A-10
FUJITSU MB 8265A-12

NN - MB 8265A-15

TYPICAL CHARACTERISTICS CURVES

Fig. 4 — NORMALIZED ACCESS TIME Fig. 5 — NORMALIZED ACCESS TIME
vs SUPPLY VOLTAGE vs AMBIENT TEMPERATURE
w w
S ) :
F 4ol Ta=257C E 1ol_Vec=45v Y
§ trco = 20ns § trcD = 20ns /
Q 3]
2 ~ 2 /|
o a /
N 10 N 10 e
3 ~ 3 v
= =
o T p
] o
2 z
G 08 5 08
< <
x x
4 4.5 5 5.5 6 -20 O 20 40 60 80 100
Vee, SUPPLY VOLTAGE (V) Ta. AMBIENT TEMPERATURE (°C)
Fig. 6 — OPERATING CURRENT Fig. 7 — OPERATING CURRENT
vs CYCLE RATE vs SUPPLY VOLTAGE
_ ] 2
2 Veg =55V E | Ta a5
e 50(—Ta =25°C [ trc = 200ns
z tras = 100ns =4
w y.d g:" L~
E 40 / g /
=) 40
3] /] o
o 30 7 Q —
2z S
= =
':( 20 / é 30
o
w w
5 &
© 10 7 -
5 §=
0 2 3 4 5 6 4 4.5 5 5.5 6
1/tgc, CYCLE RATE (MHz) Vee, SUPPLY VOLTAGE (V)
Fig, 8 — OPERATING CURRENT Fig. 9 — STANDBY CURRENT
vs AMBIENT TEMPERATURE vs SUPPLY VOLTAGE
- T T
E Vclc =55V < Ta = 25°C
© 501 —tgas =100ns E 4
2 =
i tgc = 200ns ]
I l g
£ — A R
3} 5 3
g tre = I250ns ;
E — 3
g 30 trc = 300ns4 E 2
w
5 o
:
8 20 S
-20 O 20 40 60 80 100 4 4.5 5 5.5 6
Ta., AMBIENT TEMPERATURE °c) Ve, SUPPLY VOLTAGE (V)
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lcc2. STANDBY CURRENT (mA)

lcca. REFRESH CURRENT 1 (mA)

Icca, PAGE MODE CURRENT (mA)

Fig. 10 — STANDBY CURRENT
vs AMBIENT TEMPERATURE

1
Ve = 6.5V

~_

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

Fig. 12 — REFRESH CURRENT 1

vs SUPPLY VOLTAGE
|
Ta=25°C
40f—tR¢ = 200ns
30 T
—

//
20
10

4 45 5 5.5 6

Vce, SUPPLY VOLTAGE (V)

Fig. 14 —PAGE MODE CURRENT

vs CYCLE RATE

40—Tp = 25°C

I
Vee = 5.5V

tcas = 50ns

30

]

20

//

-~

2 4 6 s 10
1/tpc CYCLE RATE (MHz)

lcca. REFRESH CURRENT 1 (mA) lcca, REFRESH CURRENT 1 (mA)

lcca, PAGE MODE CURRENT (mA)
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MB 8265A-10 NI

MB 8265A

-12 FUJITSU

MB 8265A-15 [l

Fig. 11 — REFRESH CURRENT 1
vs CYCLE RATE

I
Ve = 6.5V
50}—Ta = 25°C
thag = 100ns
40
30 //
* / /
10 ,/
0 2 4 6

1/tgc, CYCLE RATE (MHz)

Fig. 13 — REFRESH CURRENT 1
vs AMBIENT TEMPERATURE

]
Vee = 5.5V

40[—tgag = 100ns

i tRc 200ns
30 i !

4 tre = l250ns

. |

T— .

20 trc = 300ns
10

-20 O 20 40 60

80 100

Ta, AMBIENT TEMPERATURE (°C)

Fig. 15 — PAGE MODE CURRENT

vs SUPPLY VOLTAGE
Ta=25°C
40 I tpc = 105ns
30
——_.———___———'_—
20
10
4 45 5 5.5 6

Vce, SUPPLY VOLTAGE (V)
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Fig. 16 — PAGE MODE CURRENT Fig. 177 — REFRESH CURRENT 2
vs AMBIENT TEMPERATURE vs CYCLE RATE
— - ]
< 2 -
£ Vee =55V £ Ve~ 55V
£ ol ) S 50—Ta=25°C
[ tcas = 50ns -
E z tep = 100ns
z & 40
3 30 5
a tpc = 105ns 2 30 -~
8 T—— PC z L~
= - tpc = 150ns P e
g 20| - " — &; /
< [— o« /
n‘. tpc = 200ns ©w 10
< (3]
8 10 L
-20 0 20 40 60 80 100 Y 2 4 €
Ta, AMBIENT TEMPERATURE (°C) 1/tec, CYCLE RATE (MHz)
Fig. 18 — REFRESH CURRENT 2 Fig. 19 — REFRESH CURRENT 2
vs SUPPLY VOLTAGE vs AMBIENT TEMPERATURE
T _ T T
P Ta=25°C < Vee =55V
E - £ tep = 100ns
&  40—trc = 200r < 40—tre
o« o FFC = ?OOns
€ 30 Tt T 30 trC - 250ms
3 // 3 'FC ‘
5 z d tgc = 300ns
w w
T 20 o 20
w w
« T
5 .
S 10 _§ 10
4 45 5 55 6 -20 0 20 40 60 80 100
Vce, SUPPLY VOLTAGE (V) Ta, AMBIENT TEMPERATURE c)
Fig. 20 — ADDRESS AND DATA INPUT VOLTAGE Fig. 21 — ADDRESS AND DATA INPUT VOLTAGE
vs SUPPLY VOLTAGE vs AMBIENT TEMPERATURE
40 40
. < I
o _ Ta=26C < Vee = 5.0V
e 2
o w 3.0 2 S 3.0
0 O <<
w < w
e 20
33 | 8¢
<> 20 Vi (Min)__ § 220 Vi (Min) ™
.l S " i
> 2 —_— <. - ] ]
a2z " V)L (Max) 22 V)L (Max)
Zgo0 2210
g 2
> <
I
0 S 0
4 45 5 5.5 6 20 0 20 40 60 80 100
Ve, SUPPLY VOLTAGE (V) Ta, AMBIENT TEMPERATURE (°C)
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Fig. 22 — RAS, CAS AND WE INPUT VOLTAGE

RAS, CAS AND WE

INPUT VOLTAGE (V)

Vin AND V,,

vs SUPPLY VOLTAGE

4.0
Ta=25°C
3.0
V) (Min)
2.0 a
VL (Max)
1.0
4]
4 4.5 5 5.5 6

VOLTAGE (V)

lce, SUPPLY CURRENT Vg, SUPPLY
(mA)

VOLTAGE (V)

lcc, SUPPLY CURRENT V¢, SUPPLY
(mA)

Vce, SUPPLY VOLTAGE (V)

MB 8§65A-IO ([

MB 8265A.

FUJITSU

MB 8265A-15 [

Fig. 23 — RAS, CAS AND WE VOLTAGE

vs AMBIENT TEMPERATURE
40
H v 5.0V
s cc =5
%330
2w
Lo
’:’,- <
!; 3 20 Vin (Min)_|
> |
2= VL (Max)
=2
2210
<
I
S
0
-20 0 20 40 60 80 100

Ta AMBIENT TEMPERATURE (°C)

Fig. 24 — CURRENT WAVE FORM DURING POWER UP

[ —
o
20—TA = 25°C
15
RAS = CAS = Vgg
10 ( l
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Fig. 26 — SUBSTRATE VOLTATE
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PACKAGE DIMENSIONS

Standard 16-pin Ceramic DIP (Surfix : -2)

16-LEAD CERAMIC (CERDIP) DUAL IN-LINE PACKAGE
(CASE No. : DIP-16C-C04) \3/

/o°~1s°
L1 9P g-p 9P gp g-p _gp N O —

[

R.025(0.64)

REF
284(7.21) .313(7.95)
& 302(7.67) .325(8.26) s oAl

LJd&F dF dBb db dBb dB [J A &

.754(19.15)
.788(20.02) .008(0.20)
— ’-.osou 27)MAX 01410.36)
- -
J .200(5.08)MAX
.120(3.05)
.150(3.81)
.090(2.29) .032(0.81) 020(0.51)
110(2.79) TYP 1050(1.27)
0881 70)0(17 .78)REF o o;
01 X imensions in
m % inches (millimeters)
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PACKAGE DIMENSIONS

Standard 16-pin Plastic DIP (Surfix : -P)

MB 8265A-10 NI
MB 8265A-12 FUJITSU

MB 8265A-15 [l

woex [0 [ [ [ [ [

16-LEAD PLASTIC DUAL IN-LINE PACKAGE
(CASE No.: DIP-16P-M03)

0° ~15°

.047(1.20)
.059(1.50)

1 .250l6.35) 290(7.37)
-270(6.85) .310(7.87)
/‘
R | = N I T e
748(19.0)
.776(19.7)
——][———.050(1.27)MAX '345,;:—11—'25?)— f—
7 .183(4.65)MAX
118(3.0MIN
1100(2.54) ,016(0.40)
TYP ' 023(059) .020(0.51)MIN

.009(0.24)
.014(0.36)

Dimensions in
inches (millimeters)
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MB 82
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PACKAGE DIMENSIONS

Standard 18-pad Ceramic LCC (Surfix : -TV)

18-PAD CERAMIC (FRIT SEAL) LEADLESS CHIP CARRIER
(CASE No.: LCC-18C-F02)

*PIN NO.1 INDEX

R.012(0301TY
(4 PLCS)

.1125(2.86)
=y

P TYP

f_—"‘ i 1
| | o82502.10)
125(3.18) by
TYP e
= ) =t |
|- i
| CJ  R.008(0.20)TYP N . 26016.60)
PO P spLCs) PIN NO. 1 INDEX | 26016
435(11.05) = b1 200(5,08)
YP
= i b1 BT :
= - R
| 025064) } b=t '
| TYP 1.050(1.27)
TYP
— Ao t——
| oso12n|_ | b Jesia
| 280(741) | e T i Tvp
= 295(7.49) - | 1002 541mAx

“Shape of Pin 1 index:

Subject to change without notice

L Ll oe7st1)
150(3.81)TYP ] TP
T 1950495 TYP T

Dimensions in inches
(millimeters)

1-218




| MOS 65536-BIT

FUJITSU IR0
|| ACCESS MEMORY

65,536-BIT DYNAMIC RANDOM ACCESS MEMORY

The Fujitsu MB 8266A is a fully decoded, dynamic random access memory
organized as 65,5636 one-bit words. The design is optimized for high-speed,
high performance applications such as mainframe memory, buffer memory,
peripheral storage and environments where low power dissipation and compact
layout is required.

Multiplexed row and column address inputs permit the MB 8266A to be
housed in a standard 16 pin DIP and 18 pad LCC. Pin-outs conform to the
JEDEC approved pin out. Additionally, the MB 8266A 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
acceptable upward to 256K dynamic RAMs, as pin 1 is left no-connect. The
MB 8266A also features ““Nibble Mode” which allows high speed serial access
to up to 4 bits of data.

The MB 8266A is fabricated using silicon gate NMOS and Fujitsu’s advanced
Double-Layer Polysilicon process. This process, coupled with single-transistor
memory storage cells, permits maximum circuit density and minimal chip size.
Dynamic circuitry is employed in the design, including the sense amplifiers.

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

® 65,536 x 1 RAM, 16 pin DIP/18 220 mW max (MB 8266A-15)
pad LCC 25 mW standby (max)
® Silicon-gate, Double Poly NMOS, ® 2ms/128 refresh cycles
single transistor cell ® CAS-before-RAS, Hidden and
® Row access time, RAS-only refresh capability
100 ns max (MB 8266A-10) ® Common 1/O capability using
120 ns max (MB 8266A-12) Early Write operation
150 ns max (MB 8266A-15} ® Output unlatched at cycle end
® Cycle time, allows two-dimensional chip
190 ns min (MB 8266A-10) ® Read-Modify-Write capability

230 ns min (MB 8266A-12)

260 ns min (MB 8266A-15) ® On-chip latches for Addresses and

. i Data-in
® Nibble cycle time, -
60 ns min (MB 8266A-10) ® tar.twcr. town are eliminated
70 ns min (MB 8266A-12) ® Standard 16-pin Ceramic(Cerdip)
90 ns min (MB 8266A-15) DIP: Surfix-Z
® Single +5V Supply, +10% tolerance g::"dg"d f1.6-gin Plastic
: Surfix-
® Low power (active) Star;dard 18 .
-pad Ceramic
275 mW max (MB 8266A-10) LCC: Surfix-TV

248 mW max (MB 8266A-12)
ABSOLUTE MAXIMUM RATINGS (See NOTE)

Rating Symbol Value Unit
Voltage on any pin relative to Vgg ViNn. VouT -1 to +7 \4
Volitage on V¢ supply relative to Vgg Vee -1to+7 \'4
Ceramic -55 to +160 °
Storage temperature'T Tste 5510 1125 (o3
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. Exposure to absolute maximum rating conditions for extended
periods may affect device reliability.
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MB 8266A-10
MB 8266A-12
MB 8266A-15

CERAMIC PACKAGE
DIP-16C-C04

.
e
2

i

PLASTIC PACKAGE
DIP-16P-M03

LCC-18C-F02 : See Page 1-237

PIN ASSIGNMENT

<iolonal
LIl

2
=
S
2

FETEToToY

1819110111
A

Vee

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




NI mB 8266A-10
FUJITSU MB 8266A-12

W mB 8266A-15

Fig. 1 — MB 8266A BLOCK DIAGRAM

AAS CLOCK GEN.
NO.1 WRITE _
CLOCK |=—WE
. GEN.
CAS ¢
I [ CLOCK GEN. )
NO. 2
REF. -
CONTROL f
CLOCK
INTERNAL
ADDRESS
COUNTER —N COLUMN DATA
—1/] DECODER IN l=—Din
: BUFF.
J L r— SENSE AMPS
1/0 GATING e |__<.
Nl l 1
A‘| R
Az—] - DATA
Ba | w . OUT }=Dour
As— 8T ] BUFF.
Eu Q 65,536 BIT
As— a5 o . STORAGE CELL
<
Ag— g
T SUBSTRATE
Ag— BIAS GEN.
~——Vee
CAPACITANCE (1, =25°c)
Parameter Symbol Typ Max Unit
Input Capacitance Ag~ A7, D)y Cint 5 pF
Input Capacitance RAS, CAS, WE Cinz 8 pF
Output Capacitance Doy Cour 7 pF
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RECOMMENDED OPERATING CONDITIONS

(Referenced to Vgg)

MB 8266A-10 NI
MB 8266A-12 FUJITSU
MB 8266A-15 MY

Parameter Symbol Min Typ Max Unit Operating
Temperature
Vee 45 5.0 55 \Y
Supply Voltage
Vss 0 0 0 \%
Input High Voltage Vin 24 6.5 v 0°C to +70°C
Input Low Voltage Vit -1.0 0.8 \Y
Note * : The device can withstand undershoots to the -2V level with a pulse width of 20 ns.
(Recommended operating conditions unless otherwise noted.)
Parameter Symbol Min Max Unit
OPERATING CURRENT* MB 8266A-10 50
Average power supply current MB 8266A-12 leet 45 mA
(RAS, CAS cycling; tgc = min) MB 8266A-15 40
STANDBY CURRENT 45
Standby Power supply current (RAS = CAS =V, ) lecz ) mA
REFRESH CURRENT 1* MB 8266A-10 38
Average power supply current MB 8266A-12 leea 35 mA
(CAS = VIH , RAS cycling; tre = min) MB 8266A-15 31
NIBBLE MODE CURRENT* MB 8266A-10 21
Average power supply current MB 8266A-12 lcca 21 mA
(RAS =V, , CAS cycling; tye = min) MB 8266A-15 21
REFRESH CURRENT 2* MB 8266A-10 42
Average power supply current MB 8266A-12 lees 38 mA
(RAS cycling, CAS-before-RAS) MB 8266A-1 5 34
INPUT LEAKAGE CURRENT
Input leakage current, any input (0 < Vy £5.5V, [ITTR) -10 10 MA
Vee = 5.5V, Vgg = 0V, all other pins not test =0 V)
OUTPUT LEAKAGE CURRENT | -10 10 UA
(Data out is disabled, OV < Vout < 5.5V) ow
OUTPUT LEVELS v 24
Output high voltage (lgy = -5mA) VOH : 0.4 \%
Output low voltage (lo, = 4.2mA) oL '

Note * : I¢ is dependent on output loading and cycle rates. Specified values are obtained with the output open.
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UIINKAALL - MB 8266A-10
FUJITSU MB 8266A-12

NN mB 8266A-15

AC CHARACTERISTICS

(Recommended operating conditions unless otherwise noted.)

Parameter Symbol MB 8266A-10 | MB 8266A-12 | MB 8266A-15 Unit
Min Max Min Max Min Max
Time between Refresh tREF 2 2 2 ms
Random Read/Wire Cycle Time tre 190 230 260 ns
Read-Write Cycle Time tewe 230 265 280 ns
Access Time from RAS trac 100 120 150 ns
Access Time from CAS tcac 50 60 75 ns
Output Buffer Turn Off Delay torr 0 30 35 40 ns
Transition Time tr 3 50 50 3 50 ns
RAS Precharge Time trp 90 100 100 ns
RAS Pulse Width tras 100 {10000 | 120 |10000 | 150 | 10000 | ns
RAS Hold Time trsH 50 60 75 ns
CAS Precharge Time tcp 40 50 60 ns
CAS Pulse Width tcas 40 10000 | 60 10000 | 75 10000 | ns
CAS Hold Time tesh 100 120 150 ns
RAS to CAS Delay Time tgeo | 20 |50 20 |60 25 75 ns
CAS to RAS Set Up Time tcRs 30 30 30 ns
Row Address Set Up Time tAsR 0 0 0 ns
Row Address Hold Time tRAH 10 10 15 ns
Column Address Set Up Time tasc 0 0 0 ns
Column Address Hold Time tcAH 15 15 20 ns
Read Command Set Up Time trcs 0 0 ns
Read Command Hold Time Referenced To CAS tRCH 0 ns
Read Command Hold Time Referenced To RAS tRRH 20 20 20 ns
Write Command Set Up Time twcs 0 0 0 ns
Write Command Hold Time tweH 20 25 30 ns
Write Command Pulse Width twe 20 25 30 ns
Write Command to RAS Lead Time trRwL 35 40 45 ns
Write Command to CAS Lead Time tewe 35 40 45 ns
Data In Set Up Time tps 0 0 0 ns
Data In Hold Time ton 20 25 30 ns
CAS to WE Delay a tcwp | 40 50 60 ns
RAS to WE Delay a tawp | 90 110 120 ns
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MB 8266A-10 I
MB 8266A-12 FUJITSU

MB 8266A-15 I

AC CHARACTERISTICS

(Recommended operating conditions unless otherwise noted.)

Parameter Symbol MB 8266A-10 | MB 8266A-12 | MB 8266A-15 Unit
Min Max Min Max Min Max
CAS Set Up Time Referenced to RAS (CAS-before-RAS)| tecg 20 25 30 ns
CAS Hold Time Referenced to RAS (CAS-before-RAS) | tpcy 20 25 30 ns
RAS Precharge to CAS Hold Time (Refresh Cycles) trpc 20 20 20 ns
Nibble Mode Read/Write Cycle Time tne 60 70 90 ns
Nibble Mode Read-Write Cycle Time tyrwe | 75 90 120 ns
Nibble Mode Access Time tncac 25 30 40 ns
Nibble Mode CAS Pulse Width tncas | 25 30 40 ns
Nibble Mode CAS Precharge Time tnep 25 30 40 ns
Nibble Mode Read RAS Hold Tim tnrRsH| 25 30 40 ns
Nibble Mode Write RAS Hold Time tnwrsH| 35 40 45 ns
Niople Mode Write Command Set Up Tim tnwes | O 0 0 ns
Nibble Mode Write Command to CAS Lead Time tnewe | 20 25 35 ns
Nibble Mode CAS to WE Delay tnewo | 15 20 30 ns
Refresh Counter Test Cycle Time trTC 300 350 405 ns
Refresh Counter Test RAS Pulse Width [11] trras | 200 240 295 | ns
Notes:
n An initial pause of 200 us is required after power up. trac (max) can be met. tgep (max) is specified as a
And then several cycles (to which any 8 cycles to reference point only; if tgcp is greater than the

perform refresh are adequate) are required before pro-
per device operation is achieved.

If internal refresh counter is to be effective, a minimum
of 8 CAS-before-RAS refresh cycles are required.

AC characteristics assume t1 = bns.

Vi (min) and V,_ (max) are reference levels for mea-
suring timing of input signals. Also, transition times
are measured between V, (min) and V,_ (max.).

Assumes that tgep < tpep (mMax). If tgep is greater
than the maximum recommended value shown in this
table, tgac Wwill increase by the amount that tgep
exceeds the value shown.

Assumes that tgcp = trep (max).

specified tgcp (max) limit, then access time is con-
troiled exclusively by toac.

trep (Min