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Fujitsu’s MOS Memory Products

Introduction

DRAMs

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

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

Fujitsu manufactures a complete family of leading
technology dynamic random access memories for the
data processing, telecom, and industrial markets. This
family consists of the highest density devices currently
available with a broad selection of organizations, access
modes, and packages.

MOS Application-Specific Memories

MOS RAM Modules

Our application-specific memories include a CMOS
dual-port RAM that has two separate I/0 ports, a CMOS
cache buffer RAM that offers a two-byte width data path,
and a CMOS TAG RAM that enhances memory
performance of cache-based systems.

Fujitsu manufacturers a complete family of reliable CMOS
dynamic and static RAM-memory modules for those
applications requiring high density and large memory
storage capability. Fujitsu’s family of memory modules
are pin compatible with Jedec standards.

High-speed CMOS SRAMs

Fuijitsu’s high-speed CMOS static RAMs offer the
advantages of low power dissipation, low cost, and high
performance. Features includes TTL compatibility and a
separate chip select pin that simplifies multipackage
systems design.
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Application-Specific Static Memories

Low-Power CMOS SRAMs

NMOS Erasable PROMs

CMOS Erasable PROMs

To address the system needs of cache memory chips,
Fujitsu’s application-specific memory line includes both
cache TAG RAM and high-speed static RAM, as well as
port: RAMS for multiprocessor systems. Additionally,
Fujitsu will be offering control chips for memory transfers
between CPU, main, and cache memories.

These low-power static random access memories are
ideally suited for use in microprocessor systems and
other applications where fast access time and ease of
use are required. The memories utilize asynchronous
circuitry and may be maintained in any state for an

indefinite period of time.

Fujitsu currently offers 64K density EPROMs in NMOS
technology to allow our customers with NMOS designs
the time to change over to the newer CMOS technology.

" This family includes densities from 64K to 1 Mbit and is

suited for applications with extremely low power

- consumption. The line is available in standard CERDIPs
~and surface mount packages with windows. New product

CMOS One-Time PROMs

development is expanding the offering to higher densities
and to speeds under 100 ns.

These productsk have ihe programming features of the
EPROMS but are much more cost effective since they

- are not reprogrammable and come in plastic packages.

All devices are available in standard DIPs and several are
offered in flat packages and leaded chip carriers.



Fujitsu’s MOS Memory Products (Continued)

CMOS EEPROMs

NMOS Non-Volatile RAMs

These user-programmable, electrically erasable products
are used for systems that require in-system
reprogrammability. Such applications include digital
instrumentation, industrial controls, and systems such as
point-of-sale terminals. The features include latched
addresses, self-timed write cycles, and write-protect
circuitry.

Fujitsu’s NMOS non-volatile RAMs combine a high-speed
static RAM with an EEPROM to provide read and write
capability together with non-volatile storage. These RAMs
are used in systems that require volatile memory that
can be change at fast microprocessor speed. The
features include an unlimited recall endurance and a

~10-year data retention store.

CMOS Mask ROMs

These factory-programmed devices are available in
densities from 258K to 48Mbits and are ideal for
problem-free designs in high-volume production. These
products are not reprogrammable and come in plastic
packages. New product development will increase the
density offering to 8Mbits and beyond.
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Section 1

NMOS DRAMs
Maximum
Access Package Sealing
Page Device Time(ns) Capacity Options Method
1-3 MB81256-10 100 262144 bits 16-pin Plastic DIP Plastic
MB81256-12 120 (262144w x 1b) 16-pin Ceramic DIP Metal
MB81256-15 150 16-pin Ceramic DIP CERDIP
16-pin Plastic 2ZIP Plastic
18-pad Plastic LCC Plastic
18-pad Ceramic LCC  Frit Glass
1-25 MB81256-80 80 262144 bits 16-pin Plastic DIP Plastic
(262144w x 1b) 16-pin Ceramic DIP Metal
16-pin Plastic ZIP Plastic
18-pad Plastic LCC  Plastic
1-45 MB81257-10 100 262144 bits 16-pin Plastic DIP Plastic
MB81257-12 120 (262144w x 1b) 16-pin Ceramic DIP  Metal
MB81257-15 150 16-pin Ceramic DIP CERDIP
16-pin Plastic ZIP Plastic
18-pad Plastic LCC  Plastic
18-pad Ceramic LCC  Frit Glass
1-69 MB81257-80 80 262144 bits 16-pin Plastic = DIP Plastic
(262144w x 1b) 16-pin Ceramic DIP Metal
16-pin Plastic ZIP Plastic
18-pad Plastic LCC  Plastlc
1-93 MB81464-10 100 262144 bits 18-pin Plastic DIP Plastic
MB81464-12 120 (65536w x 4b)  18-pin Ceramic DIP Metal
MB81464-15 150 18-pad Plastic LCC  Plastic
20-pin Plastic ZIP Plastic







e MOS 262144-BIT

SISl DYNAMIC RANDOM TR PTEED
| ACCESS MEMORY

262,144-BIT DYNAMIC RANDOM ACCESS MEMORY Edition 4.1

The Fujitsu MB 81256 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 environments where low power dissipation and
compact layout is required.

MB 81256-10
MB 81256-12

Multiplexed row and column address inputs permits the MB 81256 to be
housed in a standard 16 pin DIP/ZIP and 18 pad LCC. Pin-out conform to the
JEDEC approved pin out. Additionally, the MB 81256 offers new functional ) PLASTIC PACKAGE
enhancements that make it more versatile than previous dynamic RAMs. DIP-16P-M03
“CAS-before-RAS” refresh provides an on-chip refresh capability. The
MB 81256 also features “page mode’ which allows high speed random access
to up to 512 bits within a same row.

The MB 81256 is fabricated using silicon gate NMOS and Fujitsu’s advanced
Triple-Layer Polysilicon process. This process, coupled with single-transistor PLASTIC PACKAGE
memory storage cells, permits maximum circuit density and minimal chip size. LCC-18P-M02

Dynamic circuitry is employed in the design, including the sense amplifiers. !

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

® 262,144 x 1 RAM, 16 pin DIP and  ® CAS-before-RAS, RAS-only,

ZIP/18 pad LCC Hidden refresh capability
® Silicon-gate, Triple Poly NMOS, @ High speed Read-while-Write cycle PLASTIC PACKAGE
single transistor cell ® tar, twcr: toHR, tRWD, are ZIP-16P-M01
® Row access time, ) eliminated DIP-16C-A03: See Page 17
100 ns max. (MB 81256-10) ® Output unlatched at cycle end g:g::gg:ég:; g:: I'::g: 1’8
120 ns max. (MB 81256-12) allows two-dimensional chip select LCC-18C-F04: See Page 24
150 ns max. (MB 81256-15) ® Common |/0 capability using
® Cycle time, Early Write operation :
200, ns min. (MB 81256-10) ® On-chip latches for Addresses and PIN ASSIGNMENT
220 ns min. (MB 81256-12) Data-in '
260 ns min. (MB 81256-15) ® Standard 16-pin Ceramic (Seam Weld) s []
® Page cycle time, DIP (Suffix: -C) o]
100 ns max. (MB 81256-10) Standard 16-pin Ceramic (Cerdip) we]
120 ns max. {(MB 81256-12) DIP (Suffix: -Z) s ] 13
145 ns max. (MB 81256-15) Standard 16-pin Plastic Rl ToPViEw
® Single +5V Supply, £10% tolerance DIP (Suffix: -P) a2
® |ow power, Standard 18-pad Ceramic g
385 mW max. (MB 81256-10) LCC (Suffix: -TV) vee
358 mW max. (MB 81256-12) Standard 18-pin plastic
314 mW max. (MB 81256-15) LCC (Suffix: -PV)
25 mW max. (standby) Standard 16-pin Plastic BB
® 256 refresh cycles every 4ms ZIP (Suffix. -PSZ) R
ABSOLUTE MAXIMUM RATINGS (See NOTE) RLAES §j ) s
Rating Symbol Value Unit ”:\"; g,: ToP view 14
Voltage on any pin relative to Vgg Vin. VouT ~-1to+7 v N ;1
Voltage on V¢ supply relative to Vgg Vee -1t0+7 \ h
Ceramic -55 to +150 °
Storage temperature |_PTastic— TstGg 55 10 +125 C
Power dissipation Pp 1.0 w
Short circuit output current - 50 mA Pin assignment for ZIP: See Page 21
NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM This device contains circuitry to protect the
RATINGS are exceeded. Functional operation should be restricted to inputs against damage due to high static volt-
the conditions as detailed in the operational sections of this data prao ?"ofr':;"';r:c':'lﬂsibn':°Vé’:vet;'k;; 'st:d;";f:'ig
sheet. Exposure to absolute maximum rating conditions for extended application of any voltage higher than maxi-
periods may affect device reliability. vcvi\rl::r:"rated voltages to this high impedance
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Fig. 1. — MB 81256 BLOCK DIAGRAM

RAS CLOCK ‘GEN.
NO. 1 .
CAS :
al) cLock Gen. ware |
: CLOCK |—=—MWE
GEN. '
REFRESH
~_CONTROL
CLOCK
i INTERNAL
‘ ADDRESS 5y VA BN
COUNTER COLUMN -
DECODER BUFF.
A _r - SENSE AMPS ——]
o1 } } I/0 GATING
A— i )
- ;
Ay —1 ERd
2 m28 -1 .
Ag— e N : DATA
i o ouT —— Doyt
As— o BUFF.
4 i o
A - b 262,144 BIT
5] . o STORAGE CELL
5z :1/-'\ 'z
Ag—] E"O 8
Ay— 3 -—Vee
Ag— ———Vss
CAPACITANCE (1, - 25°)
Parameter Symbol Typ Max Unit
Input Capacitance Agto Ag, Dy Cint 7 pF.
Input Capacitance RAS, CAS; WE Cinz2 10 - pF
" Output Capacitance DOQT.' CouTt 7. pF

1-4




MB 81256-10 TN
MB 81256-12 FUJITSU

MB 81256-15 I “

RECOMMENDED OPERATING CONDITIONS

(Referenced to Vgg)

. . . Operating
Parameter Symbol Min Typ . Max Unit Temperature
S Vee 45 5.0 5.5 \Y
upply Voltage
Vss 0 \
 Input High Voltage, all inputs Vin 24 65 v 0°C to +70°C
Input Low Voltage, all inputs ViL -2.0 ) 0.8 \
(Recommended operating conditions unless otherwise noted.)
Value
Parameter Symbol Unit
Min Typ Max .
OPERATING CURRENT* : MB 8125610 o LS :
Average Power Supply Current MB 81256-12 “leer 65 mA
R ling; tge = Min. -
(RAS, CAS cycling; tgc = Min.) MB 81256-15 57

STANDBY CURRENT .
Standby Power Supply Current . leca 4.5 mA

(RAS, TAS=V,14)

MB 81256-10 60

REFRESH CURRENT 1* _

Average Power Supply Current MB 81256-12 leca : 55 mA
(RAS cycling, CAS = V,; tgc = Min.) . MB 8125615 50

PAGE MODE CURRENT* M 81256-10 35

Average Power Supply Current MB 81256-12 leca 30 mA
(RAS =V, CAS cycling; tpc = Min.) | MB 81256-15 . %
REFRESH CURRENT 2* MB 81256-10 ‘ 65

Average Power Supply Current MB 81256-12 lecs - 60 mA
(CAS-before-RAS; tgc = Min.) MB 81256-15 85

INPUT LEAKAGE CURRENT any input {(V,y =0V to

5.5V, Ve = 5.5V, Vgg = 0V, all other pins not under test = 0V) hw -10 5. . 10 HA
OUTPUT LEAKAGE CURRENT (Data is disabled, , )

Vour = OV to 5.5V) v low) 10 10 HA
OUTPUT LEVEL Output Low Voltage (lo_ = 4.2 mA) VoL ) ; 0.4 Y,
OUTPUT LEVEL Output high Voltage (Ioy = -5.0 mA) Von | 24 : v

NOTE *: |g¢ is depended on output loading and cycle rates. Specified values are obtained with the output open. 1-5



IS - mB 81256-10
FUJITSU  MB 81256-12
n« TN - mB 81256-15

AC CHARACTERISTICS -

(Recommended operating conditions unless otherwise noted.)

MB 81256-10 MB 81256-12 MB 81256-15
Parameter Symbol Unit
. Min Max | Min Max Min Max

Time between Refresh ! tReF 4 4 4 ms
Random Read/Write Cycle Time tpe 200 - 220 260 ns
Read-Write Cycle Time ! trwc 200 220 ' 260 ns
Access Time from RAS | thrac 100 120 150 ns
Access Time from CAS teac 50 60 75 ns
Output Buffer Turn off Delay torr 0 25 0 25 0 |30 ns
Transition Time ]t 3 50 | 3 50 |3 5 | ns
RAS Precharge Time trp 85 90 100 ns
RAS Pulse Width tras 105 [100000{ 120 |100000| 150 [100000( ns
‘RAS Hold Time tash 55 | 60 75 ns
'CAS Pulse Width ‘ teas 55 |100000{ 60 [100000| 75 [100000| ns
CAS Hold Time ‘tCSH 105 120 : 150 ns
RAS to CAS Delay Time trep 20 50 22 60 25 75 ns
CAS to RAS Set Up Time ‘teps 10 10 10 s

Row Address Set Up Time task 0o 0 0 ns
Row Address Hold Time tRan 10 ‘ 12 15 ; ns
Column Address Set Up Time tasc 0 0 0 ns
Column Address Hold Time tcan 15 20 25 ns
Read Command Set Up Time o k tres 0 0 0 ns
z)e%%ommand Hold Time Referenced ’ thew 0 0 : 0 s
E)eaF;iTCsommand Hold Time Referenced tran 20 20 ‘ 20 ns
Write Command Set Up Time 10 twes 0 0 0 ns
Write Command Pulse Width twe 15 20 25 ns
Write Command Hold Time tweH 15 i 20 ©25 ns
Write Command to RAS Lead Time tRwL 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 o ton 15 20 25 ns
CAS to WE Delay 10 tewo 15 20 25 ns
| rg_;;i;;:g;_:;i ;2;6)CAS Referenced to RAS tren 29 25 20 : ns
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AC CHARACTERISTICS

(Recommended operating conditions unless otherwise noted.)

MB 81256-10 Il
MB 81256-12 FUJITSU

MB 81256-15 [l “

Parameter Symbol MB 81256-10 | MB 81256-12 | MB 81256-15 Unit
Min Max Min Max Min Max
~ CAS Precharge Time (CAS-before-RAS cycle) tepr 20 25 30 ns
FRAjrePsrsccl';acrlge(: )to CAS Active Time tapc 20 20 20 ns
. Page Mode Read/Write Cycle Time tec 100 120 145 ns
Page Mode Read-Write Cycle Time trrwWC 100 120 145 ns
Page Mode CAS Precharge Time tep 40 50 60 ns
Refresh Counter Test Cycle Time trTC 330 375 430 ns
Refresh Counter Test RAS Pulse Width trRAS 230 | 10000 | 265 10000 | 320 | 10000 ns
Refresh Counter Test CAS Precharge Time . tepT 50 60 ' 70 ns

Notes:

An initial pause of 200 s is required after power-up,
And then several cycle (to which any 8 cycle to per-
form refresh are adequate) are required before. proper

device operation is achieved.

If internal refresh counter is to be effective, a mini-
mum of 8 CAS before RAS refresh cycles are required.

AC characteristics assume t1 = 5 ns.

Viu (min) and V| (max) are refrence levels for mea-
suring timing of input signals. Also, transition times

are measured between V,; (min) and V,_ (max.).

Assumes that trep < trep (Max.) If trep is greater
than the maximum recommended value shown in this
table, tgac Will increase by the amount that tgcp

exceeds the value shown,
Assumes that tgep = trep (max.).

Measured with a load equivalent to 2 TT
100 pF.

L loads and

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

‘B trco (min) = taan (min) + 2t {ty = Bns) + tasc
(min). 4

- Either tggry Or tgcy Must be satisfied for a read cycle.

twes and tcwp are not restrictive operating para-
meters, They are included in the data sheet as elec-
‘trical characteristics only. If twcs = twes (min),
the cycle is an early write cycle and the data out pin
will remain open circuit (high impedance) throughout
entire cycle.
1f tewp 2 tewp (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 satis-
fied the condition of the data out is indeterminate.

Test mode cycle only.
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Read Cycle
YBC
tRA
RAS / N
RAS 7 .
tcsH r—‘HP—-— . ‘
tray
tReD tFrsn .
i CAS
CAS \ \ /
tasr | [tRAH tAsc__ tCAH
\
ADDRESSES
WE
DouT
Write Cycle (Early Write)
- - tRC— :
- - tRAS
_ Vin- .
RAS V:*L*_ ” N y N\
. — tesH s | tRp——a—]
o ; g - tRSH e :
: ) tRCD- tcas .
CAS \
‘, tasr | |[tRAH tasc|
ot e

p o e
CoOLUMN X/ T

v
ADDRESSES { ADDRESs

twe G
WE L o
f—— LIDH——

VALID

Din DATA
Von— HIGH-Z g
D
our VoL~ Don't Care
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MB 81256-10 M
MB 81256-12 FUJITSU

MB 81256-15 I “

Read—Write/Read —Modify—Write Cycle

I tRWC :
v tRAS -
J— IH=
RAS Vi X Jt \
tcsH -
tcRs tTRSH !RP———4
tRCD tcas

Vin-
CAS Vi .

[[7]] Don't Care

Page Mode Read Cycle

RAS

D
:
(7]
<<
rI
roy
o

1CcRs tcsH tpc btRSHﬁ_.( —tRp
t~—tcas-——| !
CAS |
ADDRESSES
——tcac"
b | tRAC
Verie
DouT v ———————HIGH-Z
oL 1‘ :
— [RCH_.J
WE ‘

Valid Data

19



WIS pmB 81256-10

FUJITSU MpB 81256-12 .
n NI mB-81256-15
Page Mode Write Cycle
tRAS
RAS “
tCsH tpc " le—tRsH—= |=-tRP
tcAS—= o —“tCAS‘} . Fe—tcas
— ! 7_——-
CAS 7 \ / ' \
[~={tcaH a—{tcAH —=ltcan
—‘AISC ‘Asc~—|
ADDRESSES VIH™  NROWR(Y Laos o
= AN ot
tweH f—e] }
WE
mtwp—=i
pualna
T X
Dout \\;0”' HIGH-Z
oL—
Don’t Care
Page Mode Read-Write Cycle
tRAS tRP—]
RAS / ) W
CAS
v
ADDRESSES .
tcwD tcwL |tasc-=
th'acs-ll
WE j
loFF
Pl
twe
Vou- A VALIDY, /[ VALID
Dour VZ:_—_H'G“'Z' {| |pata. DK Jara Pt {_ oata P
el — ps| | toH
IR o I B
oH
Di VALID /| VALID
IN DATA DATA
Don’t Care
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M 256-12 FUJITSU

B 81
MB 81256-15  [IlIIMIAMIIIN n

RAS-only Refresh cycle '
NOTE: WE, D,y = Don't care, Ag = V,,; or V,_

tRc
f ‘RAS
e - B
RAS Vin N /
Vig—
ADDRESSES
(Ag to Ay)
CAS

Vo pym .
Dout VoL— - HIGH-Z

Don’t Care

CAS-before-RAS Refresh Cycle
NOTE: Address, WE, Dy, = Don't care

trRC
tRP
tRA

s v»«-__/—_—ﬂ s : \

Vi ~

N -
tcPr | | trcs tECH_ RPC

—_ Vin— , 4 =
CAS v'” /- ‘

- i

torr

Von— X
DouTt HIGH-Z
ov Voo A

¢4 Don’t Care

1-11



O
TSU

(A

FUJI

MB 81256-10
MB 81256-12
MB 81256-15

B
ol

[e]
7

ADDRESSES

E (Read)

S

Dout

WE (Read-Write)

Hidden Refresh Cycle .

tRC

RP

f=———tRAS

tRAS

|t RS H =

AS

e

e

VALID DATA. .

- s
m Don’t Care
CAS-before-RAS Refresh Counter Test Cycle
RTC
t
Vi TRAS
RAS Vi~ \S \\_
t
FCS . _tceT t tap
: | teas ,
o N A\
1, .
Y e tcAH———
" ADDRESSES OL. ADDRESS
RRH
WE (Read)
tRCH
tcac toFE
VoH— A N
DouT Vors HIGH-2 < VALID DATA }———
e e
WE (Write) D
i
Din VALID DATA

Don’t Care




DESCRIPTION

Simple Timing Requirement

The MB 81256 has improved circuitry
that eases timing requirements for high
speed access operations. The MB 81256
can operate under the condition of
trep (Max) = tcac thus providing
optimal timing for address multiplexing.
In addition, the MB 81256 has the
minimal hold time of Address (tcan),
WE (twcn) and Dy (tpn). The
MB 81256 provides higher through-
put in inter-leaved memory system
applications. Fujitsu has made timing
requirements that are referenced to
RAS ‘nonrestrictive and deleted them
from the data sheet, these include tag,
twcr, topnr and trwo- As a result,
the hold times of the Column Address,
Din and WE as well as tcwp (CAS to
WE Delay) are not ristricted by trep.

Address Inputs:

A total of eighteen binary input address
bits are required to decode any 1 of
262,144 cell locations within the
MB 81256. Nine row-address bits are
established on the input pins (Ag
to Ag) and are latched with the Row
Address Strobe (RAS). Nine column-
address bits are established on the input
pins and are latched with the Column
Address Strobe (CAS). All row ad-
dresses 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 (tgan) speci-
fication has been satisfied and the
address inputs have been changed from
row-addresses to column-address.

Write Enable:

The read mode or write mode is selected
with the WE input. A high on WE
selects read mode; low selects write
mode. The data input is disable when
read mode is selected.

Data input:

Data is written into the MB 81256 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 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
delayed after CAS has been low and
CAS to WE Delay Time (tcwp) has
been satisfied. Thus D,y is strobed by
WE, and set-up and hold times are
referenced to WE.

Data Output:

The output buffer is three-state TTL
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 untit CAS is
brought low. In a read cycle, or read-
write cycle, the output is valid after
tgac from transition of RAS when
tpep (max) is satisfied, or after toac
from transition of CAS when the
transition occurs after tgpen (max).
Data remain valid until CAS is re-
turned to a high level. In a write cycle
the identical sequence occurs, but data
is not valid.

Fast Read-While-Write cycle

The MB 81256 has a fast read while
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 WE when CAS goes low. When
WE is low during CAS transition to low,
the MB 81256 goes into the early write
mode in which the output floats and the
common 1/0 bus can be. used on the
system level. Whereas, when WE goes
low after tcwp following CAS transi-
tion to low, the MB 81256 goes into the
delayed write mode. The -output ‘then
contains the data from the cell selected
and the data from D,y is written into
the cell selected. Therefore, a very fast
read write cycle (tgwc = tgpc) is
possible with the MB 81256.

Page Mode:

Page-mode operation permits strobing
the row-address into the MB 81256
while maintaining RAS at a low through-
out all successive memory operations
in which the row-address doesn’t chan-
ge. Thus the power dissipated by the

MB 81256-10 I
FUJITSU

MB 81256-15 [l

MB 81256-12

falling edge of RAS is saved. 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 256 row-addresses
(Agto A;) at least every 4ms. The
MB 81256 offers the following 3 types
of refresh. : )

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 256 row-addresses
(Ag to A7) with RAS will cause all bits
in each row to be refreshed. Further
RAS-only refresh results in a substantial
reduction in power dissipation. During
RAS-only refresh cycle, either V,y or
V,_ is permitted to Ag.

CAS-before-RAS Refresh;
CAS-before-RAS refreshing available on
the MB 81256 offers an alternate
refresh method. If CAS is held “low”
for the specified period (tgcg) 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 perform-
ed, the refresh address counter is
automatically incremented in prepara-
tion for the next CAS-before-RAS
refresh operation.

Hidden Refresh;

A hidden refresh cycle may takes place -

while maintaining the latest valid data
at the output by extending CAS active
time.

For the MB 81256 a hidden refresh is
a CAS-before-RAS refresh cycle. The
internal refresh address counters pro-
vide the refresh addresses, as in a normal
CAS-before-RAS refresh cycle.

CAS-before-RAS Refresh Counter Test
Cycle:
A special timing sequence using CAS-

1-13
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before-RAS counter test cycle provides
a convenient method of verifying the
functionality of the CAS-before-RAS
refresh activated circuitry.

After the CAS-befor-RAS refresh opera-
tion, if CAS goes to high and then
goes to low again while RAS is held low,
the read and write operations are
enabled. .
This is shown in the CAS-before-RAS
counter test cycle timing diagram.
A memory cell address (consisting of a
row address (9 bits) and column address.
(9 bits) to be accessed can be defined
as follows:

*A ROW ADDRESS — Bits Ag to A,

are defined by the refresh counter.
The bit Ag is set high internally.
*A COLUMN ADDRESS — All the bits
Ag to Ag are defined by latching
levels on Ag to Ag 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 cycles is used for
the following operations:

(1) Initialize ‘the internal refresh ‘ad-
dress counter by using eight CAS-
before-RAS refresh cycles.

(2) Throughout the test, use the same

(3)

(4)

(5

(6)

column address, and keep RA8
high. :
Write. “low” to all 256 row. ad-
dress on the same column address
by using normal early write cycles.
Read “low’” written in step 3) and
check, and simultaneously write
“high’’ to the same address by using
internal refresh counter test read-
write cycles. This step is repeated
256 times, with the addresses being
generated by internal refresh ad-
dress counter.

Read ‘‘high” written in step 4) and
check by using normal read cycle
for all 256 locations. )
Complement the test pattern and
repeat step 3), 4).and 5).

RAS/CAS Cycle

Hic_iden Refresh kCycIe RAS-only Refresh Cycle

g Fig. 2 — CURRENT WAVEFORM (V¢c=5.5V, Ta = 25°C)

Page Mode Cycle
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TYPICAL CHARACTERISTICS CURVES

Icc1. OPERATING CURRENT (mA) trac. NORMALIZED ACCESS TIME

lcc1. OPERATING CURRENT (mA)

Fig. 3 — NORMALIZED ACCESS TIME

vs SUPPLY VOLTAGE
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Fig. 5 — OPERATING CURRENT
vs CYCLE RATE
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Fig. 7 — OPERATING CURRENT
vs AMBIENT TEMPERATURE
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Fig. 4 — NORMALIZED ACCESS TIME
vs AMBIENT TEMPERAUTRE
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lcc2. STANDBY CURRENT (mA)

lcca. REFRESH CURRENT 1 (mA)
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_lcca. PAGE MODE CURRENT (mA)

56-12

Fig. 9 — STANDBY CURRENT
vs AMBIENT TEMPERATURE

c=5.5V
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Fig. 11 — REFRESH CURRENT 1
vs SUPPLY VOLTAGE
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Fig. 13 — PAGE MODE CURRENT
vs SUPPLY VOLTAGE
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Fig. 10 — REFRESH CURRENT 1
vs CYCLE RATE
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Iccs. REFRESH CURRENT 2 (mA)

Fig. 15 — REFRESH CURRENT 2
vs SUPPLY VOLTAGE
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Fig. 177 — ADDRESS AND DATA INPUT

VOLTAGE vs AMBIENT TEMPERATURE

Vin AND V,_, ADDRESS AND DATA
INPUT VOLTAGE (V)
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Fig. 19 — RAS, CAS AND. WE INPUT
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Fig. 16 — ADDRESS AND DATA INPUT
VOLTAGE vs SUPPLY VOLTAGE
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Fig. 18 — RAS, CAS AND WE INPUT
VOLTAGE vs SUPPLY VOLTAGE
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Fig. 21 — OUTPUT CURRENT
vs OUTPUT VOLTAGE
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Fig. 22 — OUTPUT CURRENT
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PACKAGE DIMENSIONS

Standard 16-pin Ceramic DIP (Suffix: -C)

DIP-16C-A03

16-DEAD CERAMIC (METAL SEAL)DUAL IN-LINE PACKAGE
(CASE No.: DIP-16C-A03) l

R.050(1.27)
REF -‘
D , 287(7.29)  .290(7.37)
299(7. 310(7.
N ARE‘\ 299(759)  310(7.87)
.760(19.30) " | .008(0.20)
:800(20.32) o 1012(0.30)

——1 ‘—*.050(1 27)MAX
[ 1
!
{ .200(5.08)MAX

.120(3.05)
.150(3.81)
.090(2.29) '2352 F(O .020(0.51)

.81)
.110(2.79) .043(1.10)
.700(17.78)REF
.042(1.07) .015(0.38) Dimensions in
062(1.58) 023(0.58) inches (millimeters)
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PACKAGE DIMENSIONS

Standard 16-pin Ceramic DIP (Suffix: -C)

DIP-16C-A04

16-LEAD SEAM WELD DIP PACKAGE
(CASE No.: DIP-16C-A04)

.287(7.29)
.303(7.70)

.760(19.30) l

‘-l I——-—.OSO(1,27)MAX
T

.800(20.32)

.090(2.29)

.110(2.79)

I \. J 032(0.81), 020(051)
REF .050(1.27)
.700(17.78)REF :

1042(1.07) ‘ 1015(0.38)

1062(1.58) 1023(0.58]

.043(1.09)TYP

.200(5.08)MAX

.120(3.05)
.150(3.81)

===
.290(7.37)
.310(7.87)
||
.008(0.20)
.012(0.30)

Dimensions in
inches and (millimeters)
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PACKAGE DIMENSIONS

Standard 16-pin Ceramic DIP (Suffix: -2)

DIP-16C-C04

16-LEAD CERAMIC (CERDIP) DUAL IN-LINE PACKAGE \/
(CASE No. : DIP-16C-C04)

[/ _g-p 9 p g p g-p 9 p g p [

R.025(0.64)
REF

]

.284(7.21)  .313(7.95)

302(7.67) .325(8.26) - 300(7.62)TVP

LJ d b d 8 dF d B dB d- b W‘ —

.754(19.15)
l .788(20.02) L 1008(0.20)
o] I—.—— 050(1.27)MAX .014(0.36)
B 1200(5.08)MAX
i i
.120(3.05)
.150(3.81)
.090(2.29) 1032(0.! 81) :
110(2.79) TP 'gggg?'g;;
05601, 4700(17 .T8)REF '( o
.013(0.33) Dimensions in
.062(1.52) .023(0.58) inches (millimeters)
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PACKAGE DIMENSIONS

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

(CASE No.:

D e e e e Y I o Y

16-LEAD PLASTIC DUAL IN-LINE PACKAGE
DIP-16P-M03)

0° ~15°

.009(0.24)
.014(0.36)

.059(1.50)

INDEX-1
.250(6.35) .290(7.37)
.270(6.85) .310(7.87)
P
OB T L L7 L] G LI
.748(19.0)
.776(19.7)
.047(1.;
le—.050(1.27)MAX % e
7 .183(4.65)MAX
.118(3.0)MIN
.100(2.54) .016(0.40)
TYP .023(0.59) .020(0.51)MIN
.047(1.20)

Dimensions in
inches (millimeters)

Standard 18-pin Plastic LCC (Suffix: -PV)

o B B |
-

.487(12.37)
.493(12.52)

.522(13.26)
532(13.61)

g

an
— 00O ToOon

J
| NN [ S [y W i |
.282(7.16)
288(7.32)
.317(8.05)
.327(8.31) !

18-LEAD PLASTIC CHIP CARRIER

(CASE No.: LCC-18P-M02)

il

.007(0.18)
.010(0.25)

.030(0.76)
TYP

.017(0.43)
TYP

.026(0.66)
TYP

.020(0.51)
MIN
.060(1.52)

MIN
.132(3.35)

.140(3.55)

.050(1.27)
TYP

Dimensions in
inches (millimeters)
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PACKAGE DIMENSIONS

Standard 16-pin Plastic ZIP (Suffix: -PSZ)

PIN ASSIGNMENT

LEAD
No. 1
NAs CAS Ag WE Ag Ay Ay Ay

Dout Vss Dy RAS Ay Vo As AR
16

ZIP-16P-M01

16 LEAD PLASTIC ZIGZAG-IN-LINE PACKAGE
(CASE No.: ZIP-16P-M01)

.785(19.95) .104(2.65)
813(20.65) 1120(3.05)
7
INDEX , .250(6.35)
:270(6.85) 327(8.3)
j MAX
i HH i il ’ ’ ,
H H H H H
.008(0.20) . .118(3.0)MIN
! U \ U\ 1012(0.30) ‘ i
.050(1.27) l .016(0.40) 100(2.54)
TYP 1024(0.60) TYP

| N N O |
ouuuurLTf)

Dimensions in
inches (millimetres)
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PACKAGE DIMENSIONS

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

LCC-18C-F04

18-PAD CERAMIC (FRIT SEAL) LEADLESS CHIP CARRIER

(CASE No.: LCC-18C-F04)

PIN NO.1 INDEX RO120030)TYP _ .025(064) 070(1.78)
- @pLcs) TP TYP
r \V N
\0 A 1-?(2&92) 155(3.94)
YR
—]
— D]
.200(5.08) ‘
PIN NO.1 R.008(0.20)TYP
485(12.32) — VP s PRoe R.008(0.20)TYP
'500(12.70) 1260(6.60) (18PLCS)
— e + 3
050(1.27)| 145(3.68)
TP TYP
- N\ j.
0s0(1.27) | __| | oss(1.14)
.280(7.11) 115(2.92) TYP 150(3.81) Tve
.295(7.49) MAX —Fvp

.195(4.95)TYP

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

Dimension in
inches (millimeters).
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262,144-BIT DYNAMIC RANDOM ACCESS MEMORY

The Fujitsu MB 81256 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 environments where low power dissipation and
compact layout is required.

MOS 262144-BIT

Multiplexed row and column address inputs permits the MB 81256 to be
housed in a standard 16 pin DIP/ZIP and 18 pad LCC. Pin-out conform to the
JEDEC approved pin out. Additionally, the MB 81256 offers new functional
enhancements that make it more versatile than previous dynamjc RAMs.
“CAS-before-RAS" refresh provides an on-chip refresh capability. The
MB 81256 also features “page mode’ which allows high speed random access
to up to 512 bits within a same row. .

The MB 81256 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 circuit density and minimal chip size.
Dynamic circuitry is employed in the design, including the sense amplifiers.

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

® 262,144 x 1 RAM, 16 pin DIP ® High speed Read-while-Write cycle
and ZIP/18 pad LCC ® taAr. twch: tpHR. tRwD, are
® Silicon-gate, Triple Poly NMOS, eliminated
single transistor cell ® Output unlatched at cycle end
® Row access time (tgac), ~ allows two-dimensional chip select
80ns max. (MB 81256-80) ® Common /0 capability using
® Randam cycle time (tgc), Early Write operation .
175ns min. (MB 81256-80) ® On-chip latches for Addresses and
® Page mode cycle time (tpc), Data-in ‘
100ns min. (MB 81256-80) ® Standard 16-pin Plastic
® Single +5V supply, 10% tolerance DIP (Suffix: -P)
® | ower power, ® Standard 18-pin Plastic
385mW max. (MB 81256-80) LCC (Suffix: -PD)
25mW max. (standby) ® Standard 16-pin Plastic
® 256 refresh cycles every 4ms ZIP (Suffix: -PSZ)
o CAS-before-RAS, RAS-only, ® Standard 16-pin Ceramic

Hidden refresh capability DIP (Suffix: -C)

ABSOLUTE MAXIMUM RATINGS (See NOTE)

Rating Symbol Value Unit
Voltage on any pin relative to Vgg Vin: VouT ~11t0+7 \
Voltage on V¢ supply relative to Vgg Vee -11t0+7 \
Storage temperature |-—(M—— TsTtG —55 to +150 °c
Plastic -55 to +125
Power dissipation Pp 1.0 w
Short circuit output current - 50 mA

DYNAMIC RANDOM
ACCESS MEMORY

MB 81256-80

March 1987
Edition 1.0

PLASTIC PACKAGE
DIP-16P-M03

PLASTIC PACKAGE
.LCC-18P-M02

PLASTIC PACKAGE
ZIP-16P-M01

DIP-16C-A03: See Page 17
DIP-16C-A0Q4: See Page 18

PIN ASSIGNMENT
) .}

A1 16[ JVss
o2 15[ JCAS
we[]3 14[Joour
RAS[ 14 13f [Ae
Aocs TOP VIEW |?%A3
Az‘és 1[]As
A 10[]As
vee[]8 s[Ja;

Din Ag Vss TAS

WEL3 16[Joour

AAS 15[]A¢
ne.f]s -Topview ‘1afInG.
Aoll6 13{1As
A2l]7 12[ A

A1 Vec A7 As

Pin assignment for ZIP: See Page 22

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

This device contains circuitry to protect the
inputs against damage due.to high static volt-
ages or electric fields. However, it is advised
that normal precautions be taken to avoid
application of any voltage higher than maxi-
mum rated voltages to this high--impedance
circuit.
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Fig. 1 — MB.81256 BLOCK DIAGRAM

CLOCK GEN
NO. 1

Ao—i

Ay

Ax—

Ag—
As —
Ag—

Az —]

P
I
—N

Ag—]

g ¢ ;
’—D——‘ oz WRITE _
g : CLOCK  |=—WE
: : ' GEN.
REFRESH
CONTROL
CLOCK
INTERNAL :
ADDRESS TRt . DATA o
COUNTER - COLUMN IN ——Din
: DECODER IV |
{ SENSE AMPS -*————I
1/0 GATING
5 I}
[
oy
el 1
a52
o DATA
ouT L =D
& BUFF. our
| 8 :
) S 262,144 BIT
: o STORAGE CELL
5s z .
S B
< 4
oJd—= —~— Ve

———Vsg

'CAPACITANCE (7. -0

1-26

Parameter Symbol 'Typ Max Unit
Input Capacitance Ag to Ag, D\n Cina 7 pF .
Input Capacitance RAS, CAS, WE Cinz £ 10 pF
Odtput Capacitance Doyt Cout 7 pF
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RECOMMENDED OPERATING CONDlTlONS

(Referenced to Vgg)

Parameter ’ Symbol Min Typ Max Unit ’g'r):;trlant%re

Vee 45 5.0 5.5 \Y)
Supply Voltage

upply Yoirag Ves 0 0 0 v

Input High Voltage, all inputs Viy 24 , 6.5 v 0°C to +70°C
Input Low Voltage, all inputs Vi -2.0 0.8 \'

(Recommended operating conditions unless otherwise noted.)
Value
Parameter Symbol Unit

Min Typ Max

OPERATING CURRENT* ;
Average Power Supply Current : MB 81256-80 lcer ) 70 - mA
(RAS, CAS cycling; tge = Min.) : i

STANDBY CURRENT | 45 mA
Standby Power Supply Current (RAS, CAS = V) ccz } o 1

REFRESH CURRENT 1* .
Average Power Supply Current MB 81256-80 lces : 60 mA
(RAS cycling, CAS = Vy ; tge = Min.)

PAGE MODE CURRENT* ’
Average Power Supply Current MB81256-80 lcca R R 35 mA
(RAS = V,_, CAS cycling; tpc = Min.) :

REFRESH CURRENT 2* ‘
Airage Power Supply Current MB 81256-80 lecs 65 mA
(CAS-before-RAS; tre = Min.)

INPUT LEAKAGE CURRENT any input ) )
(Vin =0V to 5.5V, Ve = 4.5V 10 5.5V, Vgg = 0V, liw) -10 10 MA
all other pins not under test = OV) :

ouTP ' ;
UTPUT LEAKAGE CURRENT low) -10 10 MA

(Data is disabled, Vout = 0V to 5.5V)

OUTPUT LEVEL

Output Low Voltage (lg, = 4.2mA) Vou 04 V
E - - i .

OUTPUT LEVEL Von 24 i v

Output High Voltage (loy = -5.0mA)

NOTE* : Icc is depended 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.)

} 1 ' Value

hParameter ’ k ] Symbol i Mox Unit
Time between Refresh i tree Y 4 ) ms
Random Read/Write Cyble Time inc 175 ns
Read-Write Cycle Time : trwe 180 ns
Access Time from RAS ' ' trac 80 ns
Access Time from CAS teac: 45 ns
Output Buffer Turn off Delay torr 0 ‘ 25 ns
Transition Time ‘ ty 3 50 ns
RAS Precharge Time tre 80 ns
RAS Pulse Width tras 85 100000 ns
RAS Hold Time thsh 50 : : ns
CAS Pulse Width v " teas 50 100000 ns
CAS Hold Time ‘ tesn 85 ' ns
RAS to CAS Delay Time ; trco 20 35 ons
CAS to RAS Set Up Time i ters 10 : ns
Row Address Set Up Time tash 0 V ns
Row Address Hold Time ‘ tRAH 10 ns
Column:Address Set Up Time - ) : tasc 0 ns
Column Address Hold Time teaH 15 ©ns
Read Command Set Up Time tres “ 0 ns
Read Command Hold Time Referenced to CAS treH 0 ns
Read Command Hold Time Referenced to RAS triaH 20 ; . ns
Write Command Set Up Time 10 twes 0 ns
Write Command Pulse Width twp 15 . ns
Write Command Hold Time tweH : 15 ) ns
Write Command to RAS Lead Time tRwL 35 ns
Write Command to CAS Lead Time tewr 35 ’ ‘ ns
Data In Set Up Time tps 0 s
Data In Hold Time . a ' k toH 15 : o ns
CAS to WE Delay 10 tewn 15 k ns
Refresh Set Up Time for CAS Referenced to RAS :
(CAS-before-RAS cycle) tres 2., ns
Refresh Hold Time for CAS Referenced to RAS tron 20 "
(CAS-before-RAS cycle) .

-1-28



I|l|||||||l||||||||||"|WIIIIIIIIIIIIIIIIIIIHIIIII
FUJITSU

MB 81256-80 Il
(RAegmmce!l-cllee ﬁcﬁglﬁﬁ!cﬁrr!lecﬁ%herwise noted.)
Value
Parameter Symbol Unit
Min Max
CAS Precharge Time (CAS-before-RAS cycle) tcem 20 ns
RAS Precharge to CAS Active Time (Refresh cycles) trpc 20 , ns
Page Mode Read/Write Cycle Time tpc 100 ns
Page Mode Read-Write Cycle Time tpRWC . 100 ns
Page Mode CAS Precharge Time tep 40 ns
Refresh Counter Test Cycle Time ' trTC 330 ns
Refresh Counter Test RAS Pulse Width trraAs 230 10000 " ns
Refresh Counter Test CAS Precharge Time tepr 50 ns
Notes:

An initial pause of 200 us is required after power-up,

o]

>}

And then several cycle (to which any 8 cycle to per-
form refresh are adequate) are required before proper
device operation is achieved.

If internal refresh counter is to be effective, a mini-
mum of 8 CAS before RAS refresh cycles are required.

AC characteristics assume tt = 5 ns.

Viy (min) and V,_ (max) are refrence levels for mea-
suring timing of input signals. Also, transition times
are measured between V, (min) and V,_ (max.).
Assumes that tpcp < tpep (max.) If trep is greater
than the maximum recommended value shown in this
table, tgac will increase by the amount that tgep
exceeds the value shown.

Assumes that tgcp 2 trep (max.).

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

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

treo (Min) = tgap (min) + 2t¢ (ty = 5ns) + tasc
(min).

Either tggry or tgcy Must be satisfied for a read cycle.

twes and tcwp are not restrictive operating para-

meters. They are included in the data sheet as elec-
trical characteristics only. If twcs = twes (min),
the cycle is an early write cycle and the data out pin
will remain open circuit {high impedance) throughout
entire cycle.
If tewp = 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 conditions is satis-
fied the condition of the data out is indeterminate.

Test mode cycle only.
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Read Cycle
'RC - - B
. tRAS
s Vin- % -
RAS Vie- \‘ ‘ e
- 1 tesH tRP——]
t >
CRs " tmco tRSH .
« t, L
V- CAS
CAS e
ViL- \ \ /
: tasr | [tRAH ‘ASC__ tCAH

V- ROW _-l COLUMN
ADDRESSES ,V'L_’{ ADDRESS }.{ ADDRESS

- 1 1 t
l tRcs . ! n RRH
- cH
WE L
ViL- tcac

l—- tRAC —e{ [|=—tOFF
VoHr- R
D HIGH. b VALID
ouT VoL - HIGH-Z < DATA }——-——
- Don’t Care

Write Cycle (Early Write)

. - 'RC :
i Vg~ —\ RAS )
ViL— : \‘ i i“ N
) . tcrs g tcsH { t
: . tRSH T RP )

RCD tcAs—
— Viu— p )

CAS V- \ \ ,/ /

tasr | [tRAH tasc
|

P
L%}

S Vip— ROW
ADDRESSES V”__,' ADDRESS K
— ViH~ —
E
o R

tpg —e=i

Viu— d
D
IN ViL— N
Doyt + JOHT HIGH-Z

VoL-

m Don’t Care
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Read—Write/Read—Modify—Write Cycle

trRwe
tRAS
U Vin-
RAS ViL—
J— Vin—
CAS ViL-
tasr

Viu-
ADDRESSES Vi

— Vin—
WE ViL-

Von—
DouT - .

VoL~ L

. : tRAC tosten] <ot ton

Vin- T —— -

Oin v:[‘— b * S
Don‘t Care
Page Mode Read Cycle
tRAS

RAS
CAS

\
ADDRESSES

Dout

n Don’t Care
Valid Data
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- Page Mode Write Cycle (Early Write) '
. ; tRAS
RAS Wi
VIL-7 t # t . t
; CSH— [=—tRSH—= RP
tcrs| t t lek, ‘
-] l=tRCcD CAS~ ——ICASTZ » r=—lcas
V-
N H ey,
CAS ]
Ny < | tpan £ N ;o N ’
. tcaH
—
Vv,
ADDRESSES: - N
WE
Din
DouT
Page Mode Read-Write Cycle
tRAS | trRp
RAS
CAS
ADDRESS
WE
DouT
toH ‘ toH| —= = toH |
Vin-TEn T e VALID & VALID £/ VALID
L Vie-b S pata A A bATA AKX DATA
[ -] Don’t Care
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RAS-only Refresh cycle
NOTE: WE, D,y = Don't care, Ag = V4 or V,,_

RAS
ADDRESSES
(Ag to A7)
CAS
Von— k
D, HIGH-Z
ouT Vor— ‘ !

- Don‘t Care

CAS-before-RAS Refresh Cycle
NOTE: Address, WE, D,y = Don't care

RP

t
RAS \

A

Von b HIGH-Z

- Don’t Care
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I
|

ol

ADDRESSES -

— vV
WE (Read-Write)

Viu-
VIL_'

Vi
Vie-

Hidden Refresh Cycle .

tRC
tRp
1, 1 ]
RAS j \ RAS: ’
crs R tRs )
]... t=—tRCD—] v
cAs
BN | ]
. RAH
tasR CAH
1RRH
~{toFF
VALID DATA

- Don't Care

|
ol

Y
i

WV
ADDRESSES

E (Read)

3|

Dout

WE (Write)

© Viwe

CAS-before-RAS Refresh Counter Test Cycle

RTC

TRA!

tepT 1R!

tasc
e | i—‘—-—-‘cAH_——_‘

OL. ADDRESS
RRH
TRCH_
tcAC !

=={tOFF
Vou—
o HIGH-2 < VALID DATA

oL J
tRcs cwp oW L —=

[t WL ——f

e twp

tos
e

e tpH—e

VALID DATA

m Don’t Care

1-34




N
FUJITSU

MB 81256-80 [l

DESCRIPTION

Simple Timing Requirement

The MB 81256 has improved circuitry
that eases timing requirements for high
speed access operations. The MB 81256
can operate under the condition of
trep (Max) = tcac thus providing
optimal timing for address multiplexing.
In addition, the MB 81256 has the
minimal hold time of Address (tcan),
WE (tWCH) and DIN (tDH ). The
MB 81256 = provides higher through-
put in interleaved memory system
applications. Fujitsu has made timing
requirements that are referenced to
RAS nonrestrictive and deleted them
from the data sheet, these include tag,
twcr, tonr and trwo- As a result,
the hold times of the Column Address,
D.N and WE as well as tcwp (CAS to
WE Delay) are not ristricted by tpcp.

Address Inputs:

A total of eighteen binary input address
bits are required to decode any 1 of
262,144 cell locations within the
MB 81256. Nine row-address bits are
established on the input pins (Aq
to Ag) and are latched with the Row
Address Strobe (RAS). Nine column-
address bits are established on the input
pins and are latched with the Column
Address Strobe “(CAS). ‘All- row ad-
dresses 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 (tgan) speci-
fication has been satisfied and the
.address inputs have been changed from
row-addresses to column-address.

Write Enable:

The read mode or write mode is selected
with the WE input. A high on WE
selects read mode; low selects write
mode. The data input is disable when
read mode is selected.

Data input:

Data is written into the MB 81256 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 before

- transition occurs after t

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
delayed after CAS has been low and
CAS to WE Delay Time (tcwp) has
been satisfied. Thus D,y is strobed by
WE, and set-up and hold times are
referenced to WE.

Data Output: .
The output buffer is threestate 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 read-
write cycle, the output is valid after
tgac from transition of RAS when
tgep (max) is satisfied, or after toac
from transition of CAS when the
(max).
Data remain valid until CAS is re-
turned to a high level. In a write cycle
the identical sequence occurs, but data
is not.valid.

Fast Read-While-Write cycle

The MB 81256 has a fast read while
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 WE when CAS goes low. When
WE is low during CAS transition to low,
the MB 81256 goes into the early write
mode in which the output floats and the
common /O bus can be used on the
system level. Whereas, when WE goes
low after tcwp following CAS transi-
tion to low, the MB 81256 goes into the
delayed write mode. The output then
contains the data from the cell selected
and the data from Dy is written into
the cell selected. Therefore, a very fast
read write cycle is possible with the
MB 81256.

Page Mode:

Page-mode operation permits strobing
the row-address into the MB 81256
while maintaining RAS at a low through-
out all successive memory operations
in which the row-address doesn’t chan-
ge. Thus the power dissipated by the

falling edge of RAS is saved. 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 256 row-addresses
(Apto Ay) at least every 4ms. The
MB 81256 offers the followmg 3 types
of refresh.

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 256 row-addresses
(Ag to A;) with RAS will cause all bits
in each row to be refreshed. Further
RAS-only refresh results in a substantial
reduction in power dissipation. During
RAS-only refresh cycle, either V,y or
VL is'permitted to Ag.

CAS-before-RAS Refresh;
CAS-before-RAS refreshing available on
the MB 812566 offers an alternate
refresh method. If CAS is held “low’
for the specified period (tgcg) 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 perform-
ed, the refresh address counter is
automatically incremented in prepara-
tion for the next  CAS-before-RAS
refresh operation.

Hidden Refresh;

A hidden refresh cycle may takes place
while maintaining the latest valid data
at the output by extending CAS active
time.

For the MB 81256 a hidden refresh is
a CAS-before-RAS refresh cycle. The
internal refresh address counters pro-
vide the refresh addresses, as in a normal
‘CAS-before-RAS refresh cycle.

CAS-before-RAS Refresh Counter Test
Cycle:
A special timing sequence using CAS-
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before-RAS counter test cycle provides are defined by the refresh counter. column address, .and keep RAS8
a convenient method. of verifying the The bit Ag is set high internally. high.: . - ;
functionality of the CAS-before-RAS  *A COLUMN ADDRESS — All the bits  (3) Write “low” to all 256 row ad-

refresh activated circuitry.

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

This is shown in the C_gbefore RAS
counter test cycle timing - diagram.
A memory cell address (consisting of a
row address (9 bits) and column address
(9 bits) to be accessed can be defmed
as follows ; ;

A ROW ADDRESS - Blts Ap to A,

Ao to Ag are defined by latching
levels on Ag to Ag 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 cycles is used for
the following operations: )

(1) Initialize the internal refresh ad-
dress counter by using eight CAS-
before-RAS refresh cycles.

(2) Throughout the test, use the same

(4)

(5

(6)

dress on the same column address
by using normal early write cycles.
Read “low’’ written in step 3) and
check, and simultaneously . write
high’’ to the same address by using
internal -refresh counter test read-
write cycles. This step is repeated
256 times, with the addresses being
generated by internal refresh ad-
dress counter.

Read ‘*high’’ written in step 4) and
check by using normal read cycle
for all 256 locations.

Complement the test pattern and
repeat step 3), 4) and 5).

- Fig. 2 — CURRENT WAVEFORM (V¢c =5.5V, T =25°C)

RAS/CAS Cycle Hidden Refresh Cycle monly Refresh Cycle Page Mode Cycle
e 7 U e ~—
- ‘160
% 120 . A j\
) 80 e l \ ; i \ \ i
‘0 MVM N AN M \ |
A VN[ NIV RN ORI

50ns/Division
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TYPICAL CHARACTERISTICS CURVES

Icc1. OPERATING CURRENT (mA)

Iccq. OPERATING CURRENT (mA)

trac, NORMALIZED ACCESS TIME

Fig. 3 — NORMALIZED ACCESS TIME
vs SUPPLY VOLTAGE

TA=[25°C
12—y
1.4 \\
1.0 <
0.9 =
0.8
2.0 5.0 6.0

Vce SUPPLY VOLTAGE (V)

Fig. 5 — OPERATING CURRENT
vs CYCLE RATE
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/
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1/tpc, CYCLE RATE (MHz)

Fig. 7 — OPERATING CURRENT
vs AMBIENT TEMPERATURE
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[ trc=175ns
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Ta. AMBIENT TEMPERATURE (°C)

trac, NORMALIZED ACCESS TIME

lccz, STANDBY CURRENT (mA)

Icc1. OPERATING CURRENT (mA)

U
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Fig. 4 — NORMALIZED ACCESS TIME
vs AMBIENT TEMPERAUTRE

| |

Vee=5.0V

1.2
-
1.1 >
1.0 /
-~

0.9 -
0.8

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

Fig. 6 — OPERATING CURRENT
vs SUPPLY VOLTAGE
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Fig. 8 — STANDBY CURRENT
vs SUPPLY VOLTAGE

T
Ta=25°C

N
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Ve, SUPPLY VOLTAGE (V)
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Icca. REFRESH CURRENT 1 (mA)

lcca. PAGE MODE CURRENT (mA)

‘MB 81256-80

Fig. 9 — STANDBY CURRENT
vs AMBIENT TEMPERATURE

N

=20 0 20 40 .60 80 100
" Ta, AMBIENT TEMPERATURE (°C)

. Fig. 11 — REFRESH CURRENT 1
vs SUPPLY VOLTAGE
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Fig. 13 — PAGE MODE CURRENT
vs SUPPLY VOLTAGE
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lccs, REFRESH CURRENT 2 (mA)
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Fig. 10 — REFRESH CURRENT 1
vs CYCLE RATE
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Fig. 12 — PAGE MODE CURRENT
vs CYCLE RATE
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Fig. 14 — REFRESH CURRENT 2
vs CYCLE RATE
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Fig. 16 — REFRESH CURRENT 2 Fig. 16 -~ ADDRESS AND DATA INPUT
vs SUPPLY VOLTAGE VOLTAGE vs SUPPLY VOLTAGE
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Fig. 177 — ADDRESS AND DATA INPUT -Fig. 18 — RAS, CAS AND WE INPUT
VOLTAGE vs AMBIENT TEMPERATURE : VOLTAGE vs SUPPLY VOLTAGE
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Fig. 21 — OUTPUT CURRENI ) Fig. 22 — OUTPUT CURRENT
vs OUTPUT VOLTAGE } vs OUTPUT VOLTAGE
P ‘ T
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Fig. 23 —~ CURRENT WAVEFORM - Fig. 24 — SUBSTRATE VOLTAGE
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PACKAGE DIMENSIONS

(Suffix: -C)

DIP-16C-A03
16-LEAD CERAMIC (METAL SEAL)DUAL IN-LINE PACKAGE
(CASE No.: DIP-16C-A03)
. === 0°109°
R.050(1.27)
REF +.008 . :
: 2957010 .300+.010
INDEX AREA (7.49°320) . (7'6210’,25)
; J .010£.002
+.024 70.61 e
7767 3e19.717 000 (0.25+0.05)
— [‘-.050(1.27)MAX
| — —
1200(5.08)MAX
134,014
(3.40+0.36)
.100£.010 ______l 1..032(0.81) .032+.012
(2.54+0.25) REF (0.81:0.30)
l_ " .700(17.78)REF ’
015, 5,+0.38 .005 0.13 Dimensions in
-047:005“~20i0.13) ~°18:,003(°'46:0,03) inches (millimeters)
©1987 FUJITSU LIMITED D16035S -3C
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PACKAGE DIMENSIONS

(Suffix: -C)

DIP-16C-A04

"16-LEAD CERAMIC (METAL SEAL) DUAL IN-LINE PACKAGE
(CASE No.: DIP-16C-A04)

©1987 FUJITSU LIMITED D16044s-2C

i ====" 0°t9°
R.030(0.76) +.008
TYP 2957510 (300010
+0.20 7.62£0.25)
INDEX AREA (7.497,55)
, L T 1010+.002
; 7767078 (15717061, b (0.25:0.05)
. -.016 " -0,
041 .043(1.09) TYP
-I t=—050(1.27)MAX 1 [~arics)
[ -
[l_ 1 i 200(5,08)MAX_
, | .
‘ : .134+.014
. (3.40:0.36)
.100£.010 _| | .032(0.81) E
(2.54+0.25) REF : .035+.015
(0.89+0.38)
[ .700(17.78)REF
.0507:012(1.27°9:39) 0187 002(0.4673:1%) Dimensions in

inches (millimeters)
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PACKAGE DIMENSIONS

(Suffix: -P)
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16-LEAD

o e o o o O i

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

(1.20%3:%)

©1987 FUJITSU LIMITED D16030S-2C

INDEX-1
260£.010
(6.60+0.25)
o T T T L T LI
e .766%-395(19.45"5-2) oy
+.008 - +.012
.033+:9%8 04778
085133 (1.2'33)
183(4.65)MAX
118(3.0MIN
.100(2.54) 018%:9%8
Typ +.012 1020(0.51)MIN
04720 (0.45*3:34)

L

15° MAX

.300+.010
(7.62£0.25)

0.25:3:0])

Dimensions in
inches (millimeters)

(Suffix; -PD)

) o s B e |
-
O i
.490+.003
(12.45+0.08) 1 a
.527+.005 g H
(13.39:0.13) [n 0
O ]
| END R I R 8 W )
.285:.003
= (7.24:0.08)
| .322+,005
(8.18+0.13)

©1986 FUJITSU LIMITED C18016S-3C

18-LEAD PLASTIC LEADED CHIP CARRIER

(CASE No.: LCC-18P-M02)

+.002 +0.05
~-008"002(0.2070:0%)

R.030(0.76)TYP

.017(0.43)
TYP

.026(0.65)
TYP

I

.020(0.51)
MIN
.060(1.52)
MIN

+.006 +0.15
13477 502(3.47 o)

.050(1.27)

TYP

Dimensions in
inches (millimeters)
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PACKAGE DIMENSIONS

(Suffix: -PSZ) '

PIN ASSIGNMENT

No. 1 "

' ZIP-16P-M01

16 LEAD PLASTIC ZIGZAG-IN-LINE PACKAGE
(CASE No.: ZIP-16P-M01) .

©1987 FUJITSU LIMITED Z160018-3C

803100870 4102 ) :112+.008
—012177-0.3 i (2.85:0.2)
INDEX .260.008
.327(8.3)
(6.600.20) oA
1010£.002 .118(3.0)MIN
(0.25+0.05)
.050(1.27) .020+.004 .100(2.54)
TYP (0.500.10) TYP

Dimensions in
inches (millimeters)
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Circuit = diagrams utilizing

Fujitsu products are includ-
ed as a means of illustrating
typical semiconductor appli-
cations; consequently, com-

“plete information sufficient

for construction purposes is
not necessarily given. The
information has been care-
fully checked ‘and 'is' be-
lieved to be entirely reliable.
However, no responsibility
is assumed for inaccuracies.
Furthermore, such informa-
tion does not convey to the
purchaser of the semicon-
ductor devices  described
herein any license under the
patent rights of Fujitsu
Limited or others. Fujitsu
Limited reserves the right to
change device specifications.



e MOS 262144.BIT

MB 81257-10

FUJITSU o\ [eN7:\\s]e]/ I MB 81257-12

| ACCESS MEMORY

262,144-BIT DYNAMIC RANDOM ACCESS MEMORY

The Fujitsu MB 81257 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 environments where low power dissipation and
compact layout is required.

Multiplexed row and column address inputs permit the MB 81257 to be
housed in a standard 16 pin DIP/ZIP and 18 pad LCC. Pin-outs conform to the
JEDEC approved pin out. Additionally, the MB 81257 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 MB 8266A. The MB 81257 also features ’Nibble
Mode' which allows high speed serial access to up to 4 bits of data.

The MB 81257 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 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.

® 262,144 x 1 RAM, 16 pin DIPand @ CAS-before-RAS, RAS-only,

ZIP/18 pad LCC Hidden refresh capability
® Silicon-gate, Triple Poly NMOS, ® High speed Read-white-Write cycle
single transistor cell ® tar. twcr, toHR. tRWD are
® Row access time, eliminated
100 ns max. (MB 81257-10) @ Qutput unlatched at cycle end
120 ns max. (MB 81257-12) allows two-dimensional chip select
150 ns max. (MB 81257-15) ® Common 1/0 capability using
® Cycle time, Early Write operation :
200 ns min. (MB 81257-10) ® On-chip latches for Addresses and
220 ns min. (MB 81257-12) Data-in
260 ns min. (MB 81257-15) ® Standard 16-pin Ceramic (Seam Weld)
® Nibble cycle time, DIP (Suffix:-C)
45 ns max. (MB 81257-10) Standard 16-pin Ceramic (Cerdip)
50 ns max. (MB 81257-12) DIP (Suffix: -Z) )
60 ns max. (MB 81257-15) Standard 16-pin Plastic
® Single +5V Supply, £10% tolerance DIP (Suffix: -P)
® Low power, Standard 18-pad Ceramic
385 mW max. (MB 81257-10) LCC (Suffix: -TV)
358 mW max. (MB 81257-12) Standard 18-pin Plastic
314 mW max. (MB 81257-15) LCC (Suffix: -PV)
25 mW max. (standby) Standard 16-pin Plastic
® 256 refresh cycles every 4ms ZIP (Suffix: -PSZ)
ABSOLUTE MAXIMUM RATINGS (See NOTE)
Rating Symbol Value Unit
Voltage on any pin relative to Vgg Vin: VouT, -1t0+7 \
Voltage on V¢ supply relative to Vgg Vee ~1to+7 \
Storage temperature I—g’;’:%— TstG :g: :z I:gg °c
Power dissipation Pp 1.0 w
Short circuit output current — 50 mA

MB 81257-15

September 1985
Edition 4.0

PLASTIC PACKAGE
DIP-16-M03

PLASTIC PACKAGE
LCC-18P-M02

PLASTIC PACKAGE
ZIP-16P-M01
DIP-16C-A03: See Page 19
DIP-16C-A04: See Page 20
DIP-16C-C04: See Page 21
LCC-18C-F04: See Page 24

PIN ASSIGNMENT

[1vss
[cas
(oour
13 ]As
12[ JAs
o)
[4s
a7

TOP VIEW

SR

[

1211 '|BLL7}
h

31
mrss} lis] ag
NCIS: 7or view {14|NC
Aof6} - 13] Ay
Az|7} As

Pin assignment for ZIP: See page 23

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

This device contains circuitry to protect the
inputs against damage due to high static volt-
ages or electric fields. However, it is advised
that normal precautions be taken .to avoid
application of any voltage higher than maxi-

‘mum rated voltages to this high impedance

circuit.
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.Fig. 1 — MB 81257 BLOCK DIAGRAM

RAS CLOCK GEN. | . )
NO.1 )
CAS CLOCK GEN.
NO. 2 WRITE
. CLOCK  |=WE
REFRESH GEN. :
CONTROL
cLock
INTERNAL ! DNA
ADDRESS =—Din
— COUNTER __:j gg'égg‘gﬁ BUFF!
] ) 6  SENSE AMPS ———I
Ao ] | /O GATING <:
A L] :
&3 1 B
Ay—] ] =0
: > 538
Az 2= DATA
. & ouT -~ DouT
-] : a BUFF.
.A4 i Q
] b 262, 144 BIT
As—1 | £ a STORAGE CELL
—] . [ UE 2
Ag 5'5;0 :: > . 8 :
2 | [ V)
A —{ o= cc
Ag —]
L ——Vss

CAPACITANCE (7, -25°)

Parameter Symbol Typ Max Unit

Input Capacitance AgtoAg, Diy Cing 7 pF

“Input Capacitance RAS, CAS, WE Cinz 8 pF
-Output'Capacitance Doyt Cout 7 pF
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RECOMMENDED OPERATING CONDITIONS

(Referenced to Vgs)

. . 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 Vin 2.4 6.5 Y 0°C to +70°C
Input Low Voltage, all inputs Vie -2.0 b.8 \%
(Recommended operating conditions unless otherwise noted.)
) Value
Parameter ‘Symbol Unit
. ’ Min Typ Max .
OPERATING CURRENT* MB 81267-10 : 70
Average Power Supply Current MB 81257-12 lect 65 mA
(RAS, CAS cycling; tgc = Min.) MB 81257-15 57
STANDBY CURRENT )
Standby Power Supply Current leca 4.5 mA
(RAS, CAS =V ) ) )
REFRESH CURRENT 1* MB 81257-10 | 60
Average Power Supply Current MB 81257-12 leca - 55 ~ mA
(RAS cycling, CAS = V| ; tge = Min.) MB 81257-15 50
NIBBLE MODE CURRENT* MB 81257-10 22
Average Power Supply Current MB 81257-12 leca 20 - mA
(RAS =V, , CAS cycling; tye = Min.) MB 81257-15 ) 18
REFRESH CURRENT 2* MB 81257-10 65 .
Average Power Supply Current MB 81257-12 lecs 60 mA
(CAS-before-RAS; tgc = Min.) MB 81257-15 55 -
INPUT LEAKAGE CURRENT any input
(Vin =0V to 5.5V, Ve =5.6V, Vgg = 0V, all other pins TR} -10 10 HA
not under test = 0V)
OUTPUT LEAKAGE CURRENT :
- 0 A
(Data is disabled; Vot = OV to 5.5V) low 10 ! K
OUTPUT LEVEL Output Low Voltage '
0.4 \
(loL =4.2 mA) Vou
OUTPUT LEVEL Output high Voltage
24 \
(lon = -5.0 mA) Von .

NOTE *: Icc is depended 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.) NSRS

it ! MB 81257-10 | MB 81257-12 | MB 81257-15
- Parameter Symbol Unit
¥ : : - Min Max | Min Max Min Max

Time between Refresh tRer - 4 : 4 4 ms
Random Read/Write Cycle time tre 200 220 260 ns
Read-Write Cycle Time trwe 200 220 260 ns
Access Time from RAS . 4 )] trac 100 120 150 ns
‘Access Time from CAS tcac ! 50 60 75 ns
Output Buffer Turn off Delay =~ tore 0 25 0 25 0 30 ns
Transition Time tr 3 50 3 50 3 50 ns
RAS Precharge Time tre 85 90 100 ns
RAS Pulse Width tras 105 [100000{ 120 [100000| 150 [100000{ ns
RAS Hold Time . . tRsH - 55 . 60 ! 75 ns
CAS Pulse width o tcas 55 |100000| 60 100000/ 75 100000/ ns
CAS Hold Time . tesh 105 120 150 ns
RAS to CAS Delay Time : 74 8] trep . | 20 50 22 60 25 75 ns
CASto RAS SetUp Time ters 10 | 10 10 | ns
Row Address Set Up Time ] tasm 0 0 1o ns
Row Address Hold Time g . tRAH 10 12 15 . ns
Column Address Set Up Time ' ; tasc | O 0 0 ns
Column Address Hold Time - tcan 15 20 25 B ns
Read Command Set Up Time i thes 0. | 0 0 ns
z)ezi gommand Hold Tlme Referenced | tacn 0 ¢od 0 | o »» e
;:)ee%\%qmmand Hold Time Refereﬁced e 20 : 2 3 e
Write Command Set Up Time twes 0 0 |0 " ns
Write Command Pulse Width tywe 15 | 20 25 ns
Write Command Hold Time twen 15 B 20 ) 25 ns
Write Command to RAS Lead Time tawe 35 40 45 ns
Write Command to CAS Lead Time towe 20 30 | 25 . ns
Data In Set L{p Time ) tos 0 0 3 0 ns
Data In Hold Time - ton 15 20 |25 ns
CAS to WE Delay 10 tewn 15 20 25 ns
Refresh Set Up Time for CAS tres 20 20 ) 20 ‘s

Referenced to RAS (CAS-before-RAS cycle)

Refresh Hold Time for CAS

Referenced to RAS (CAS-before-RAS cyc|e) tren 0 % 39 ns
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AC CHARACTERISTICS

(Recommended operating conditions unless otherwise noted.)

MB 8125710 M0
MB 81257-12 FUJITSU

MB 8125715 NI “

MB 81257-10 | MB81257-12 | MB 81257-15 Unit
Parameter [NOTES] Symbol n
v Min Max Min Max Min Max
CAS Precharge Time (CAS-before-RAS cycle) tcrr 20 25 30 ns
RAS Precharge to CAS Active Time
(Refresh cycles) tRec 20 20 20 ns
Nibble Mode Read/Write Cycle Time tne 45 50 60 ' ns
Nibble Mode Read-Write Cycle Time tNRWC 45 50 60 ns
Nibble Mode Access Time , tNeAC 20 25 30 ns
Nibble Mode CAS Pulse Width tNCAS 20 25 30 ns
Nibble Mode CAS Precharge Time tnep 15 | .15 20 ns
Nibble Mode Read RAS Hold Time tyrRsH | 20 25 30 ns
Nibble Mode Write RAS Hold Time tnwrsH | 35 40 45
" Nibble Mode CAS Hold Time Referenced
to m tRNH 20 20 20 ns
Refresh Counter Test Cycle Time: trRTC 330 375 430 ns
Refresh Counter Test RAS Pulse Width trRAS 230 [10000 | 265 {10000 | 320 | 10000 | ns
Refresh Counter T P
T}e resh Counter Test CAS Precharge tepr 50 60 70 ns
ime
Notes:

An initial pause of 200 us is required after power up.
And then several cycles (to which any 8 cycles to per-
form refresh are adequate) are required before proper
device operation is achieved.

If internal refresh counter is to be effective, a mini-
mum of 8 CAS before RAS refresh cycles are required.

AC characteristics assume ty = 5 ns.

Vy (min) and V, (max) are reference levels for
measuring timing of input signals. Also, transition
times are measured between V,, (min) and V,_
(max.). :

n Assumes that tgcp £ tpep (max). If tgep is greater
than the maximum recommended value shown in this
table, tpac will increase by the amount that tpop
exceeds the value shown,

8] Assumes that trep = trep (Max).

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

Operation within the tgep (max) limit insures that
tpac (max) can be met. tgo, (max) is specified as a
reference point only; if tgop is greater than the
specified tgep (max) limit, then access time is con-
trolled exclusively by teac.
tpep (Min) = trAH (min) + 2t (t;=5ns) + tygc (Min)
Either tggry or trcy Must be satisfied for a read cycle.
twes and tcwp are not restrictive operating para-
meters. They are included in the data sheet as electrical
characteristics only. If tyes = twes (min), the cycle
is an early write cycle and the data out pin will remain
open circuit (high impedance) throughout entire cycle.
If tcwp = tcwo (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 satis-
fied the condition of the data out is indeterminate.

Test mode cycle only.
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CAS

DouT

RAS

'Raad. Cycle

tRC
tRAS
Vik- !'\ \ —_—
Vie- = 1, ‘ 7 t ,
CcSH RP.
: fcrs tReD tRSH
kS t }
v.H—t \ e /
ViL-
" tasm | [trAan: t/_-\’_sllc____ tCAH
; v ——s : COLUMN
ADDRESSES |, ' ADDRESS m ADDRESS
"~ ) g 1
| tRes b=
Vin- i =
V- L—tCAc———-

T

"RAC —— le—tOFF

H d VALID i :
HIGH-Z— - { DATA }———-—— -

. ' Don’t Care

CAs

Din

DouT

: Vin— : ’ y

ety
ADDRESSES V”"_-<
§ I ‘

Write Cycle (Early Write)

tRC

ViL— N

tRAS

tcRs

tesH | : t -
-~ tRSH————— =] RE ; .

Vi~ b
VL=

, tAsSR

tcas

lw—altcan

VoL~

HIGH-Z

m Don't Care
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Read—Write/Read—Modify—Write Cycle

} tRWC
v tRAS
IH- N
RAS Vi K 7
tcrs tcsH Rt - tRp
H —
|e—+—tRCD tcas

tR
I AC tos )-—I I——— toH

Din
Nibble Mode Read Cycle
tRP
Vi — tras
RAS N N
Vi~
t .
tcRs trop  OoH INC tNRRSH
Y y— -
\ / ' \ A tRRH
tcaH
COL.
ADD.

F=l ‘RCH—:'; }tacs»EtHCH

tcac

torr | INcAC I
l— OFF
tR AC—=
D Vou~ HIGH-Z < VALID VALID VALID VALID
ouT VoL~ HIGH- Y DATA DATA DATA DATA

- Don’t Care
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Nibble Mode Write Cycle
trp

- tras
W ul N _ —

INWRSH| [tRNH

tcrs ~thco tcsH

f——tng——

NS S S O

\
ADDRESSES

Nibble Mode Read-Write Cycle
tRP

tRAS

|
J

)
b
N\
-

INWRSH| | 'RNH

—

[e]
>
%]

\
ADDRESSES

WE
s VALID \, VALID
Doyt DATA >‘—< DATA >'—
L—ﬂtDH
/ VALID \/

Don‘t Care
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RAS-only Refresh Cycle
NOTE: WE, D,y = Don’t care, Ag = Vy or V|
trc
tRAS
R Vig- \ -
RAS _ % N
e Asm b t tRp
= HAH_" trRPC
Vin- d ROW : ,
ADDRESSES Vi- ADDRESS
(Ag to A7)
tcRs
CAS Vin-|
Vi torF -
Vou- X "
DouT VoL~ 4 1IGH-2
Don’t Care
CAS-before-RAS Refresh Cycle
NOTE: Address, WE, D,y = Don't care
tRC It
f——tRP——— |
- Vin—
RAS 1H
Vies
—_— \
CAS tH
Vi
Vou-—\{ )
D HIGH-Z
R N
Don’t Care
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ol

O
71

ADDRESSES

— v
WE (Read-Write)

Hidden Refresh Cycle

VALID DATA

Don’t Care

D
>
12

ADDRESSES

WE(Read)

DouTt

WE (Write)

Din

CAS-before-RAS Refresh Counter Test Cycle

Vou~
Vo~

o] f——tcAH—

COL.. ADDRESS

tcac

d

VALID DATfR

N

tcwp

VALID DATA X

Don‘t Care
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DESCRIPTION

Simple Timing Requirement

The MB 81257 has improved circuitry
that eases timing requirements for high
speed access operations. The MB 81257
can operate under the condition of
tpcp (max) = tcac thus providing
optimal timing for address multiplexing.
In addition, the MB 81257 has the
minimal hold times of Address (tcan),
WE - (twcn) and Dy  (tpn). The
MB 81257 provides higher throughput
in inter-leaved memory system applica-
tions. Fujitsu has made timing require-
ment that are referenced to RAS
non-restrictive and deleted them from
the data sheet. These include tag,
twer, tonmr and trwp. As a result,
the hold times of the Column Address,
Din and WE as well as tcwp (CAS
to WE Delay) are not ristricted by
trcD-

Address Inputs:

A total of eighteen binary input address
bits are required to decode any 1 of
262,144 cell locations within the
MB 81257. Nine row-address bits are
established on the input pins (Ag
to Ag) and are latched with the Row
Address Strobe (RAS). Nine column-
address bits are established on the input
pins and are latched with the Column
Address Strobe (CAS). All row ad-
dresses 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 (tgan) speci-
fication 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, low selects write
mode. The data input is disabled when
read mode is selected.

Data Input:

Data is written into the MB 81257
during 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

before CAS, D,y is strobed by CAS,
and the set-up and hold times are re-
ferenced to CAS. In a read-write cycle,
WE can be delayed 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
standard TTL loads. Dataout 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
tpac from transition of RAS when
tpep (max) is satisfiegl_or after to ¢
from transition of CAS when the
transition occurs after tgcp (max:)
Data remain valid until CAS is re-
turned to a high level. In a write cycle,
the identical sequence occurs, but data
is not valid.

Fast Read-While-Write cycle

The MB 81257 has a fast read while
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
sate of WE when CAS goes low. When
WE is low during CAS transition to
low, the MB 81257 goes into the
early write mode in which the output
floats and the common 1/0O bus can be
used on the system level. Whereas, when
WE goes low after toywp following CAS
transition to low, the MB 812567 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. There-
fore, a very fast read write cycle (tgwc
= trc) is possible with the MB 81257.

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 normal mode, the remaining
nibble bits may be accessed by toggling
CAS high then low while RAS remains
low. Toggling CAS causes RAg 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).

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 selected cell foca-’
tion.

In nibble mode, the three-state control
of the Dgyt pin is determined by the
first normal access cycle.

The data output is controlled only by
the WE state referenced at the CAS
nedative transition of the normal cycle
(first nibble bit). That is, when twcs>
twes (min) is met, the data output will
remain high impedance state throughout
the succeeding nibble cycle regardless
of the WE state. Whereas, when tewp >
tcwo (min) is met, the data output will
contain data from the cell selected
during the succeeding nibble cycle re-
gardless of the WE state. The write
operation. is done during the period in
which the WE and CAS clocks are low.
Therefore, the write operation can be
performed bit by bit during each nibble
operation regardless of timing con-
ditions of WE (tycs and tewp) during
the normal cycle (first nibble bit).

See Fig. 2.

Refresh:

Refresh of the dynamic memory cells is
accomplished by performing a memory
cycle at each of the 256 row-addresses
(A to A;) at least every 4 ms.

The MB 81257 offers the following 3
types of refresh.

RAS-only Refresh;

The RAS only refresh aboids any out-
put during refresh because the output
buffer is in the high impedance state un-
less CAS is brought low. Strobing each
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of 256 row-addresses (AgtoA;) with
RAS will cause all bits in each row to

be. refreshed. Further RAS-only refresh .

results in a substantial . reduction in
power . dissipation.. During - RAS-only
refresh cycle, either V,y or V,_ is per-
mitted to Ag. i

CAS-before-RAS Refresh;

CAS-before-RAS refreshing available on
the MB 81257 offers an alternate re-
fresh method. If: CAS is held low
for the specified period (tpcs) 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 perform-
ed, the refresh address counter is auto-
matically - incremented in preparation
for the next CAS-before.-RAS refresh
operation. k

Hidden Refresh;

A hidden refresh cycle may takes place
while maintaining latest valid data at
the output by extending the CAS active
time. For the MB 81257, a hidden
refresh cycle is CAS-before-RAS refresh,

The internal refresh address counters
provide the refresh addresses, as in a
normal CAS-before-RAS refresh cycle. -

CAS-before-RAS Refresh Counter Test
Cycle: .
A special timing sequence using CAS-
before-RAS counter test cycle provides
a convenient method of verifying the
functionality of CAS-before-RAS re-
fresh activated circuitry. After the
CAS-before-RAS refresh operation, if
CAS goes to high and goes to low again
while RAS is held /low, the read and
write operation are enabled. This is
shown in the CAS-before-RAS counter
test cycle timing diagram. A memory
cell address, consisting of a row address
(9 bits) and a column address (9 bits),
to be accessed can be defined as fol-
lows: :

*A ROW ADDRESS — Bits Ag to A
are defined by the refresh counter.
The bit Ag is set high internally.

*A COLUMN ADDRESS — All the bits
Ao to Ag are defined by latching
levels on Ag to Ag at the second
falling edge of CAS.

Table 1 — NIBBLE MODE ADDRESS SEQUENCE EXAMPLE

SEQUENCE

m/c_ﬁ@,(normal mbde) ’
toggle CAS (nibble mode)
toggle CAS (nibble mode)
toggle CAS (nibble mode)
toggle CAS (nibbte mode)

- W N =
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"~ NIBBLE BIT RAg

ROW ADDRESS ~ CAg
0 10101010 0
1 10101010 0
o 10101010 1
1 10101010 1
0 10101010 0

Suggested CAS-before-RAS Counter Test
Procedure

The timing, as shown in the CAS-before-

‘RAS Counter Test Cycle, is used for

the following operations:

1) Initialize the internal refresh address
counter by using eight CAS-before-

. RAS refresh cycles.

2) Throughout the test, use the same
column address; and keep RA8 high.

3) Write “low”’ to all 256 row address

on the same column address by using

normal early write cycles.

Read “low’ written in step 3) and

check, and simultaneously write

“high’’ to the same address by using

internal refresh counter test read-

write ~cycles. This step is repeated

256 times, with the addresses being

‘generated by internal refresh address.

counter.

Read “high” written in step 4) and

check by using normal read cycle for

all 256 locations. '

6) Complement the test pattern and
repeat step 3), 4) and 5).

4

5

COLUMN
ADDRESS
10101010
10101010
10101010
10101010
10101010

input addresses

generated internally

sequence repeats
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Fig. 2 — Nibble Mode

1) The case of first nibble cycle is Early write

ms -\
s/ —/ w/

DouTt )

L—E‘aﬂy Write——L———No Ope. | ~Write Writ

(Add. Increment)

2) The case of first nibble cycle is delyed write (Read-Write)

| Read-Writ | e Feaawei Foad——elaRoad-Write—er|
¥ 1 d-Wri J R ea - ite:

- B : velid Data
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Table-2 FUNCTIONAL TRUTH TABLE

RAS | CAS WE Din Dour Read © Write Refresh Note
H H Don’t Care | Don’t Care High-Z No No No Standby
L L H Don‘t Care | Valid Data Yes No Yes .| Read
L L L Valid Data | High-z | No Yes Yes | Eorly Write
twes2twes (min)
g Delayed Write or Read-Write
L L L Valid Data | Valid Data Yes Yes Yes (twes < twes (min) or
tewp = tewp (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
i or Read-Write cycle is held.
‘ H L Don’t Care | Don’t Care High-Z No No No CAS disturb.
Fig. 3 — CURRENT WAVEFORM (V¢c=5.5V, Tp =25°C)
RAS/CAS Cycle Hidden Refresh Cycle RAS-only Refresh Cycle Nibble Mode Cycle
RAS / \ Ve N \ /
CAs /7 \ /
_. 160 -
<
g A A
R [\ \ \
L0
80 \
0 AAV ] \ V/ \ / \ \\ \
_JYN N T AT YINLAA
50 ns/Division
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TYPICAL CHARACTERISTICS CURVES

Fig. 4 - NORMALIZED ACCESS TIME

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

lcct, OPERATING CURRENT (mA)

vs SUPPLY VOLTAGE

!
TA=25°C

1.2
N
1.1 \\
1.0
0.9 ™~ 9
0.8
4.0 5.0 6.0

Ve SUPPLY VOLTAGE (V)

Fig. 6 — OPERATING CURRENT
vs CYCLE RATE

60

50 | Vce=5.5v /
Ta=25°C e

; W
/

y

30

. /,/

2 3 4 ¢
1/tc, CYCLE RATE (MHz)

Fig. 8 — OPERATING CURRENT
vs AMBIENT TEMPERATURE

701 oons
60
50
40
30
20

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

Icc1. OPERATING CURRENT (mA) trac. NORMALIZED ACCESS TIME

Icc2, STANDBY CURRENT (mA)

MB 81257-10  HIMMImIAImm
MB 81257-12 FUJITSU

MB 8125715 ||l n

Fig. 5 — NORMALIZED ACCESS TIME
vs AMBIENT TEMPERAUTRE

vc‘Ls.oJ

A

ol L

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

Fig. 7 — OPERATING CURRENT
vs SUPPLY VOLTAGE

80
TaA=25°C
70 —tRc=200ns
60 =
50 -~
40 3
30
20
4.0 5.0 6.0
Ve, SUPPLY VOLTAGE (V)
Fig. 9 — STANDBY CURRENT
vs SUPPLY VOLTAGE
|
Ta=25°C
4
3‘
1
4.0 5.0 6.0

Vce, SUPPLY VOLTAGE (V)
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Fig. 10 — STANDBY CURRENT Fig. 11 — REFRESH CURRENT 1
vs AMBIENT TEMPERATURE vs CYCLE RATE
_ _ 60
< <
£ Vcc‘5~5J E | Vec=5.5V
Pl : - 50—1,os°c
£ 5 /'
4 & a0 »
z o
3 4 3
s> 3 — 30
2 T z
s /
2 2 A I
o T A
_g 1 g 10|
- . - ‘ - o
-20 0 20 40 60 80 100 1 2
Ta, AMBIENT TEMPERATURE (°C) 1/tpc, CYCLE RATE (MHz2)
Fig. 12 — REFRESH CURRENT 1 - Fig. 13 — NIBBLE MODE CURRENT
vs SUPPLY VOLTAGE vs CYCLE RATE
_ 80 - % 60
< ~
£ ol_Ta25°C £ gol_VecT8EV
- trc=200ns z F_TA=25 c
2 [\
w g0 £ a0
£ 3
ol w
O 50 et o 30
= (<]
é L~ i s
E 40 et Y 20 L
§ B e
§ 30 2 10 e
K 3
§ . O 0
2 4.0 5.0 6.0 - 4 12 16 20
Vee. SUPPLY VOLTAGE (V) 1/tnc, CYCLE RATE (MH2) -
Fig. 14— NIBBLE MODE CURRENT Fig. 15— REFRESH CURRENT 2
vs SUPPLY VOLTAGE vs CYCLE RATE
z 60 — __ 60
: <
£ : T
= tnc=45ns £ | Vce=5.5V
% 50— omo0 ~ 80— r:Cosoc -
2
€ 40 ¥ 40
=) T s .
2 30 3 3 v
g T /
s @ N
Y 2 € 20 v
o« - w /
@ 4
z 10 5 10
- 2.0 5.0 6.0 g 1 4 ¢
Vce, SUPPLY VOLTAGE 1/tmc, CYCLE RATE (MHz) -
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V4 AND V,_, ADDRESS AND DATA

Vin AND V,, RAS, CAS AND WE

INPUT VOLTAGE (V)

lccs. REFRESH CURRENT 2 (mA)

INPUT VOLTAGE (V)

Fig. 16 — RE

FRESH CURRENT 2

vs SUPPLY VOLTAGE

TaA=26°C
70— ¢pc=200ns
60
]

50 — L
20 1

+7
30
20

ry) 5.0 6.0

Ve, SUPPLY VOLTAGE (V)

Fig. 18 — ADDRESS AND DATA INPUT
VOLTAGE vs AMBIENT TEMPERATURE

3.0 T T
Vcc=5.0V
2.0 V1 (Min.)
i
|
T
V. (Max.)
1.0
~-20 O 20 40 60 80 100

Ta, AMBIENT TEMPERATURE (°C)

Fig. 20 — RAS,

CAS AND WE INPUT

VOLTAGE vs AMBIENT TEMPERATURE
3.0

|
Vee=5.0V

ViH(Min.)

g
o

V) (Max.)

-
(=]

-20 O 20

40 60 80 100

Ta, AMBIENT TEMPERATURE (°C)

Fig. 177 — ADDRESS AND DATA INPUT
VOLTAGE vs SUPPLY VOLTAGE

Vi AND V;_, ADDRESS AND DATA
INPUT VOLTAGE (V)

Vin AND V|, RAS, CAS AND WE
INPUT VOLTAGE (V)

Atrac., ACCESS TIME (ns)

MB 81257-10  ININHIINIn
MB 81257-12 FUJITSU

MB 81257-15 [l “

3.0 T
Ta=25°C.
20 Vi (Min.) — et
/’/ ~
,‘/

T Vi (Max.)
10

2.0 5.0 6.0

Fig. 19 — RAS, CAS AND WE INPUT
VOLTAGE vs SUPPLY VOLTAGE

Vce. SUPPLY VOLTAGE (V)

3.0 T
TA=25°C
Vy4(Min.)
2.0 S
g1
Vi (Max.)
1.0
i
0
4.0 5.0 6.0

Fig. 21 — ACCESS TIME vs LOAD

Vce, SUPPLY VOLTAGE (V)

CAPACITANCE

Vec=4.5V
20— S25°C
15|
10
5 g
"1

100 200 300 400 500
Cp. LOAD CAPACITANCE (pF)

1-61



NN MB 81257-10
FUJITSU MB 81257-12

m' UM MB 8125715

Fig. 22 — OUTPUT CURRENT Fig. 23 — OUTPUT CURRENT
vs OUTPUT VOLTAGE vs OUTPUT VOLTAGE
1
_ Tam25°C /{/ 2z l TA=25°C
E 250 / Vcc=5.5V E 125
= =
Z 200 / Vee=4.5V] & —100 \‘
T - « Vce=5.5V
c / 4 cc
3 180} , - o -75 \
5 5 \
g 100 & -50
3 3 N Vec=4.5V
5 50 r —
3 3 A\
’ NN
2 4 5 0 2 4 :
VoL, OUTPUT VOLTAGE (V) * VoH, OUTPUT VOLTAGE (V)
Fig. 24 — CURRENT WAVEFORM - Fig. 256 — SUBSTRATE VOLTAGE
>s DURING POWER UP -3 DURING POWER UP
22
iy s iy s
ag | 2
= O
>8 3 OL/T Ll $9 0 = . ——— -
> -Ta=25°C 0 \ TA=25°C
e . : w
- =
5 S < -1
% £ ! , RAS-CAS=Vgg £ E \\
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2 go _,
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PACKAGE DIMENSIONS
Standard 16-pin Ceramic DIP (Suffix: -C)
DIP-16C-A03
16-DEAD CERAMIC (METAL SEAL)DUAL IN-LINE PACKAGE
(CASE No.: DIP-16C-A03) l
=== 0°~Q°

—]

R.050(1.27)
REF
.287(7.29)  .290(7.37)
.299(7.59)  .310(7.87)|
INDEX AREA

A ———

.760(19.30) l

.008(0.20)
v -800(20.32) :012(0.30)
—] r—,050(1 27)MAX
[ 1
i -
____‘_ .200(5.08)MAX
.120(3.05)
.150(3.81)
.090(2.29) .032(0.81)
R Cad il - .020(0.51)
.110(2.79) REF .043(1.10)
.700(17.78)REF ' .
.042(1.07) .015(0.38) Dimensions in
" 062(1.58) = 023(058) inches (millimeters)
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PACKAGE DIMENSIONS

Standard 16-pin Ceramic DIP (Suffix: -C)

DIP-16C-A04

16-LEAD SEAM WELD DIP PACKAGE
(CASE No.: DIP-16C-A04)

A

=== 0°~9°

R.030(0.76)
TYP 287(7.29) 290(7.37)
'303(7.70) 310(7:87)
INDEX AREA\ . '
e R e e e — -
6011930 - ooe020
L - 1012(0.30)
043(1.09) TYP .
--l |~—.050(1.27)MAX e T ea—
I — :

|

o90220)| | J L

] 1 1200(5.08)MAX

T , 1 T12003.08)
150(3.81)
i 032(0.81) ( 020(051)

.110(2,79) REF .050(1.27)
.700(17.78)REF ‘
.042(1.07) .015(0.38) Dimensions in
062(1.58) .023(0.58) inches and (millimeters)
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PACKAGE DIMENSIONS

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

DIP-16C-C04
16-LEAD CERAMIC (CERDIP) DUAL IN-LINE PACKAGE
(CASE No. : DIP-16C-C04) N
/ 0°~15°
—mﬂmmq — £z -
R.025(0.64)
REF

.284(7.21)  .313(7.95)

302(7.67) .325(8.26) -300(7.62) TYP

I &k da&F dbF db dBb &b I

.754(19.15)
.788(20.02)

—=] ,——.050(1 27)MAX .014(0.36).

b .200(5.08)MAX

.120(3.05)
.150(3.81)
.090(2.29) , 1032(0. 81)
.110(2.79) TYP .020(0.51)

.050(1.27)
05601 473)0(17 .78)REF
.013(0.3. Dimensions in
.062(1.52) <—02~3(1(T2: inches (milli:neters)
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PACKAGE DIMENSIONS

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

16-LEAD PLASTIC DUAL IN-LINE PACKAGE

(CASE No.: DIP-16P-M03)

0° ~15°
woexa 1300 M el :
.250(6.35) .290(7.37) |
1 270(6.88)  .310(7.87)
)
M T D I
748(19.0)
776(19.7) .009(0.24)
\ 014(0.36)
0470120
—| |=—.050(1.27)MAX QNI
» 183(4.65)MAX
118(3.0)MIN
100025 | .016(0.40)
TVP o 1 023(059) .020(0.51)MIN Dimansions
.047(1.20) IV\ICTI:: ‘(Ir:mi::eters)
1059(1.50)

Standard 18-pin Plastic LCC (Suffix: -PV)

O MmO

O

.487(12.37)
.493(12.52)

522(13.26)
.632(13.51)

AN n

| NN Ny Sy
. .282(7.16) __ |
T 288(7.32)
317(8.05)
327(8.31)

| S ) I g 6y §

__J .020(0.51)

18-LEAD PLASTIC CHIP CARRIER
(CASE No.: LCC-18P-M02)

.007(0.18)

.010(0.25)

.030(0.76)
TYP

.017(0.43)
TYP

.026(0.66)
TYP

___] ’ AOS(.27)

TYP

MIN
.060(1.52)

MIN
.132(3.35)

.140(3.55)

Dimensions in
inches (millimeters)
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PACKAGE DIMENSIONS

Standard 16-Pin Plastic ZIP(Suffix: -PSZ)

PIN ASSIGNMENT

ZIP-16P-M01

MB 81257-10 MMM
FUJITSU

MB 21257-12 RN n
MB 81257-15

16 LEAD PLASTIC ZIGZAG-IN-LINE PACKAGE
(CASE No.: ZIP-16P-M01)

|
T

.785(19.95)
.813(20.65)
y
INDEX .250(6.35)
/ .270(6.85)
.008(0.20)
: | 012(0.30)
.050(1.27) .016(0.40)
- TYP .024(0.60)

.104(2.65)

.120(3.05)

.327(8.3)
MAX

.118(3.0)MIN

1

-

TYP

Dimensions in
inches (millimetres)
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n HIAMN0n MB 81257-15

PACKAGE DIMENSIONS

Standard 18-pin Ceramic LCC (Suffix: -TV)

LCC-18C-F04

PIN NO.1 INDEX

18-PAD CERAMI‘i (FRIT SEAL) LEADLESS CHIP CARRIER
4

.295(7.49)

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

.485(12.32)
/500(12.70)
.280(7.11)

ASE_No.: LCC-18C-F04)

R.012(030/TYP 025(0.64) 07001.78)
@pLCS) ﬁ TVP TYP
115(2.92)
TYP 155(3.94)
TYP
— 5 l
H 200{5,08) = PINNO.1 S R.008(020TYP
= 260 sem 1 woex [ /mm_
= 1 =
l
°5°“ 27’ 145(3.68)
H TYP
< : 050(1.27) | 045(1.14)
115(2.92) TP Tve

MAX

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

change device specifications.
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| ACCESS MEMORY

MB 81257-80

March 1987
Edition 1.0

262,144-BIT DYNAMIC RANDOM ACCESS MEMORY

The Fujitsu MB 81257 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 environments where low power dissipation and
compact layout is required. .

Multiplexed row and column address inputs permit the MB 81257 to be PLAg;ggsgﬁgsAGE
housed in a standard 16 pin-DIP/ZIP and 18 pad LCC. Pin-outs conform to the
JEDEC approved pin out. Additionally, the MB 81257 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 MB 8266A. The MB 81257 also features “’‘Nibble
Mode’’ which allows high speed serial access to up to 4 bits of data. PLASTIC PACKAGE
The MB 81257 is fabricated using silicon gate NMOS and Fuijitsu’s advanced LCC-18P-M02
Triple-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.

PLASTIC PACKAGE

® 262,144 x 1 RAM, 16 pin DIP ® High speed Read-white-Write cycle ZIP-16P-MO1
and ZIP/18 pad LCC ® tar. twer,toHR tRWD. are DIP-16C-A03: See Page 19
® Silicon-gate, Triple Poly NMOS, eliminated DIP-16C-A04:. See Page 20
single transistor cell . ® Output unlatched at cycle end
® Row access time (tgac). allows two-dimensional chip select
80ns max. (MB 81257-80) ® Common 1/O capability using PIN ASSIGNMENT
® Randam cycle time (tgpc), Early Write operation
175ns min. (MB 81257-80) ® On-chip latches for Addresses and
® Nibble Mode cycle time (tnc), Data-in
45ns min. (MB 81257-80) ® Standard 16-pin Plastic
® Single +5V supply, £10% tolerance DIP (Suffix: -P) < orview
® L ower power, ® Standard 18-pin Plastic 2
385mW max. (MB 81257-80) LCC (Suffix: -PD)
25mW max. (standby) ® Standard 16-pin Plastic
® 256 refresh cycles every 4ms ZIP (Suffix: -PSZ)
e CAS-before-RAS, RAS-only, ® Standard 16-pin Ceramic
Hidden refresh capability DIP (Suffix: -C)

ABSOLUTE MAXIMUM RATINGS (See NOTE)

Rating Symbol Value Unit
Voitage on any pin relative to Vgg Vin. VouT ~11t0 +7 \4
Voltage on V¢ supply relative to Vgs Vee ~1to+7 \
St T Ceramic . T -55 to +150 e :
orage ¢ [Prastic sT6 —55to +125 Ach R
Power dissipation Po 1.0 w Pin assignment for ZIP: See page 23
Short circuit output current - 50 mA
NOTE: Permanent device damage may occur. if ABSOLUTE MAXIMUM :';":: "":‘;':;" d'mm - ‘o'hf:h'm;'c 2the
RATINGS are exceeded. Functional operation should be restricted to ages or electric. fields. However, it is advised
the conditions as detailed in the operational sections of this data thag normal 1precnut‘-:ns b: thaker;htg :‘v:;?
sheet. Exposure to absolute maximum rating conditions for extended :fm'c':.';’e"d ':m,'t'.':e: o) '2,5;,', impedince
aeric s flaet ice reliability. circuit. :
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Fig. 1 — MB 81257 BLOCK DIAGRAM
RAS CLOCK GEN.
NO. 1
cas h_j:)__,_ |CLOCK GEN. ‘ '
o , NO. 2 WRITE -
G - - g ) cLOCK le— WE
"] REFRESH GEN.
CONTROL
cLock
—| s Nz o
4 ~ COLUMN 1 O
—] CouNTER j coLUMN . | | e ’
] { SENSE AMPS —I
Po —l 1/0 GATING <:
Ay — : 8 : Hl
AU P e | U
i 1
Ay— DATA
1 & N SRy ouT [—=Dout
Ag— e '-——— [=] - B L . . BUFF, . '
- ' § . 262,144 BIT
As : g 2 :STORAGE CELL
s ) 02 E 3
A | R B |- S
Ay — Pt ———Vcc
A°—_J —=——Vss
CAPACITANCE (1. =25°c)
Parameter Symbol Typ Max  Unit
Input Capacitance AgtoAg, Diy ; ‘ Cint. ’ - ‘ 7 pF
Input Capacitance RAS, CAS, WE ; S Cne | 10 oF
Output Capacitance Doyr - o R S 2 . PF
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RECOMMENDED OPERATING CONDITIONS

(Referenced to Vgg)
Parameter Symbol Min Typ Max Unit .g;‘;""';ﬂm
S Vee 45 5.0 5.5 v
ta
pply Voltage Ves 0 0 0 v
Input High Voltage, all inputs Viu 24 6.5 : v 0°Cto +70°C
Input Low Voltage, all inputs Vi -2.0 0.8 \Y
(Recommended operating conditions unless otherwise noted.)
' . Value :
Parameter : Symbol Unit
; Min Typ Max .

OPERATING CURRENT* . , ‘
Average Power Supply Current MB 81257-80 leet 70 mA
(RAS, CAS cycling; tge = Min.) ;

STANDBY CURRENT

Standby Power Supply Current (RAS, CAS = V) leca . 45" mA

REFRESH CURRENT 1*
Average Power Supply Current MB 81257-80 leea . 60 mA
(RAS cycling, CAS = Vy; tgc = Min.)

NIBBLE MODE CURRENT* -
Average Power Supply Current MB 81257-80 lece : 22 mA
(RAS = v, , CAS cycling; tye = Min.) '

REFRESH CURRENT 2* ,
Aerage Power Supply Current - MB 81257-80 lces 65 mA
(CAS-before-RAS; tgc = Min.) . ' )

INPUT LEAKAGE CURRENT any input . .
(Vin =0V 10 5.5V, Ve = 4.5V t0 5.5V, Vg = 0V, L) ~-10 ) - 10 HA
all other pins not under test = OV) v

OUTPUT LEAKAGE CURRENT

(Data is disabled, Vout = OV to 5.5V) lowy | -10 10 A
OUTPUT LEVEL ) ’
Output Low Voltage (Io =4.2mA) Vou 04 V
OUTPUT LE : : ‘

LEVEL Vou 24 o R

Output High Voltage (loy = -5.0mA)

NOTE"* : I is depended 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.)

(CAS-before-RAS cycle):

. : Value
‘. ‘Parameter : ‘ ’ OTES Sym§ol ; Min Mox Unit
Time between Refresh tRer 4 ms
Random Read/Write Cycle Time tac 175 ns
Read-Write Cycle Time tawe 180 ns
Access Time from RAS [5] tpac 80 ns
Access Time from CAS 1 §6] teac 45 ns
Output Buffer Turn off Delay o torr 0 ' 25 ns
Transition Time ty 3 50 ns’
RAS Precharge Time the 80 ns
RAS Pulse Width tras 85 100000 ns
RAS Hold Time iasH 50 ns
CAS Pulse Width tcas 50 100000 ns
CAS Hold Time tesh 85 ns
RAS to CAS Delay Time ng thco 20 35 ns
CAS to RAS Set Up Time tcrs 10 ns
Row Address Set Up.Time tasr 0 ns
Row Address Hold Time tRaH 10 ns
Column Address Set Up Time tasc -0 ns
Column Address Hold Time tcan 15 ns
Read Command Set Up Time tacs 0 . ns
Read Command Hold Time Referenced to CAS [l tacw 0 ns .
Read Command Hold Time Referenced to RAS @I taaH 20 ns
Write Command Set Up Time . . NN twes 1] ns
Write Command Pulse Width twe 15 ns
Write Command Hold Time tweH 15 ns
Write Command to RAS Lead Time “tawe 35 ns
Write Command to CAS Lead Time tewr 35 ns
Data In Set Up Time _ tps 0 ns
_Data In Hold Time i ton 15 ns
CAS to WE Delay '; j m tewo 15 ns
Refresh Set Up Time for CAS Referenced to RAS
(CAS-before-RAS cycle) trcs 29 ne
Refresh Hold Time for m Referenced to RAS
trcH 20 ns
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(Recommended operating conditions unless otherwise noted.)

Value
Parameter . Symbol Unit
Min Max
CAS Precharge Time (CAS:-before-RAS cycle) tepn 20 ns
RAS Precharge to CAS Active Time (Refresh cycles) tapc 20 ns
Nibble Mode Read/Write Cycle Time tane 45 ns
Nibble Mode Read-Write Cycle Time tnRwe 45 ns
Nibble Mode Access Time tucac 18 ns
Nibble Mode CAS Pulse Width tncas 20 ns
Nibble Mode CAS Precharge Time tnep 15 ns
Nibble Mode Read RAS Hold Time tNRRSH 20 ns
Nibble Mode Write RAS Hold Time tNWRSH 35 ns
Nibble Mode CAS Hold Time Referenced to RAS taNH 20 ns
Refresh Counter Test Cycle Time tate 330 ns
Refresh Counter Test RAS Pulse Width trRas 230 10000 ns
Refresh Counter Test CAS Precharge Time tepr 50 ns

Notes:

An initial pause of 200 us is required after power up.
And then several.cycles (to which any 8 cycles to per-

form refresh are adequate) are required before proper )

device operation is achieved.
If internal refresh counter is to be effective, a mini-
mum of 8 CAS before RAS refresh cycles are required.

P4 AC characteristics assume t+ = 5 ns,

Viy (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 tocn < tpep (max). If tgep is greater
than the maximum recommended value shown in this
table, tpc will increase by the amount that tpop
exceeds.the value shown.

B Assumes that tRcD g trco (max).

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

Operation within the tgpe.p (max) limit insures that
taac (max) can be met. tpep (max) is specified as a
reference point only; if tgcp is greater than the
specified tacy (max) limit, then access time is con-
trolled exclusively by toac.
taco (min) = tgan (min) + 2t (t;=5ns) + t,gc (Min)
8] Either tapp OF tacn Must be satisfied for a read cycle.
§] twecs and tcwp are not restrictive operating para-
meters. They are included in the data sheet as electrical
characteristics only. If twes 2 twes (min), the cycle
is an early write cycle and the data out pin will remain
open circuit (high impedance) throughout entire cycle.
If tewp 2 tcwo (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 satis-
fied the condition of the data out is indeterminate.
Test mode cycle only.

o] ]
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Read Cycle
RC
tRAS .
— Vin- ) :
RAS ViL- \L — J/ ) \
CSF — RF . oo
+—!RCD noH
tcas 4
s A\ 4
tash | [tRAH tasc . tcaH
Vin- B\ £ Row COLUMN i ot iy TR
ADDRESSES Vu.'%< ADDRESS JR: ;M | ADDRESS bt R TR T fe
" (]
! : tacsr—. X
WE Vin- C
. ViL- tcac
tRAC j—rtorr

Vou- ' . ] : 3 T
D HIGH.. VALID A
ouT ~VoL- HIGH-Z - - 4 DATA >————————-——

Write Cycle (E-rly‘Write)

N . tRC— i
¢ ¢ Vin- PN tRAS - : - ‘
RAS ML ) . \

S Vi \ s / ; :
& tons : o ) B
fa——tRCD tcas

= e A Y/
r—tis-a—‘ -‘.R.AH ‘ﬁ.r— P_.ltCAH

ADDRESSES z!”:
‘i

ROW
ADDRESS

i, Viu—
WE ViL—
L—_'DH
VALID
DN DATA
Dout Vor-— . HIGH-Z
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Read—Write/Read—Modify—~Write Cycle
tRWC:
tRAS!
Vin= ¥
RAS Vi K
tcrs {CSH tRSH tRP —ed
fe———tRCD tcas
e ViK-
Ml tRAH  tasc
tasr 1 -
Vin- W -
ADDRESSES y;,, ADDRESS

t,

CAC

HIGH-Z—]

tRAC

tos

Vin—
WE Vie-

v -—
DouTt vg:'—
Din

tRp

fes—tC AS —o~]

INRRSH

tcaH

tcAC
torr  [tncac |tore
-
tRAC
o Von- HGH.7 S VALID VALID
out VoL- HIGH-Z  DATA DATA

VALID
DATA

(Bata )

Don‘t Care
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Nibble Mode Write Cycle (Early Writé)

tRP
- V= = RAS /
Vi \\
tcrs 1
el tacp_, oM tNe INWRSH |tANH
_— e |
1T Ny A 4(
tcAH tnep
tNcAs [=-tcwL: .
—‘A§c
. L. ’
ADDRESSES DD. ><
1
tweH tewL
twes et~ e o L tweH tAWL ]
Viu— - H1twp -~ wes
W_E ™ " - /-—-\ ) /_—
Vi ‘
o toH wp
DS jo—en] F=— tps h'DH =
Vin—g VALID VALID VALID VALID
O v.L—P’ DATA X )‘ DATA DATA DATA
v -
Dour vg:— HIGH-Z
D Don't Care
Nibble Mode Read-Write Cycle
o : tRP
tRAS
FAT VIH‘—ﬁ\
V- \.
teRs| [“ipcp 'CSH o] e tnwasH| | tRNH
hg - . -_'-I, .
. .
- Neg ncAs —= t—tcwL
tewe e bty et pe—tRWL
, N NN LN/
tCAC =] " © INCAC twp
e tRAC—e]| |WP tOFF
Vou VALID N\ VALID ALID VALID
Dour Vou- HieHz=—{] | P P DATA. ,
' D] el . 'os ‘ tn,
: ] DH
. toH R
Din Vin= T VALID VALID VALID VALID
Vicmk DATA DATA DATA DATA

Joontcare
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RAS-only Refresh cycle
NOTE: WE, D, = Don’t care, Ag = V,,, or V,_

tRC

‘RAS’

Vin= » R
RAS Vi~ ‘ASRS /

i e =

v -
ADDRESSES v'"_ ) AGDRE .
(Ag to Ay) it
tcrs

Vin=-'
CAS "

ViL—, torF
N fre—a{

VOH-# . P B
Dour VoL— HIGH-Z.

D Don't Care

CAS-before-RAS Refresh Cycle
NOTE: Address, WE, D,y = Don‘t care

tRC
t
tRAS
p— V- -
s N / \
v.L-__/ |
t
tcer tecs tECH RPC
— Viu—
s /) N / \
V- .
torF
Vou- b "
Dout vg:- D HIGH-Z

[ oon'tcare
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RAS

ADDRESSES

WE (Read)

Oour

\'7
WE (Read-Write)
Vi~

Hidden Refresh Cycle

VALID DATA

cAH
- =
(L 3 COL. &
Vi ADDRESS /Y R 350
tRRH
Vin-
Vi lcac
c
Vou= GH-Z
Voo~

-

RAS
CAS
. v

ADDRESSES
WE (Read)

Vou p
Dour Vour HIGH-2 { VALID DATA By

tacs WD e tewi

§ r. fo———t AW ——]

WE (Writel " E e
w -
tps
=—r1oH

Din

M vauooata B -
T 1

Don’t Care
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DESCRIPTION

Simple Timing Requirement

The MB 81257 has improved circuitry
that eases timing requirements for high
speed access operations. The MB 81257
can operate under the condition of
trco (max) = tcac thus providing
optimal timing for address multiplexing.
In addition, the- MB 81257 ' has the
minimal hold times of Address (tcan),
WE (twcw) and D,y (tpw). The
MB 81257 provides higher throughput
in inter-leaved memory system applica-
tions. Fujitsu has made timing require-
ment that are referenced to RAS
non-restrictive and deleted them from
the data sheet. These include tagm,
twcr. toHr and tgwp. As a result,
the hold times of the Column Address,

D;y_and WE as well as tcwp (CAS

to WE Delay) are not ristricted by
treo-

Address Inputs:

A total of eighteen binary input address
bits are required to decode any 1 of
262,144 cell “locations = within the
MB 81257. Nine row-address bits are
established on the input pins (Ag
to Ag) and are latched with the Row
Address Strobe (RAS). Nine column-
address bits are established on the input
pins and are latched with the Column
Address Strobe (CAS). All row ad-
dresses must be stable on or before the
falling edge of RAS. TAS is internally
inhibited (or “gated”) by RAS to
permit triggering of CAS as soon as the
Row Address Hold Time (tgawn) speci-
fication 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; low selects write
mode. The data input is disabled when
read mode is selected.

Data Input:

Data is written into the MB 81257
‘during 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

before CAS, D,y is strobed by CAS,
and the set-up and hold times are re-
ferenced to CAS. In a read-write cycle,
WE can be delayed 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
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 read-
write cycle, the output is valid after
tpac from transition of RAS when
taep (max) is satisfied, or after to ¢

‘from transition of CAS when the

transition occurs “after tpcp (max.)
Data’ remain valid until CAS is re-
turned to a high level. In a write cycle,
the identical sequence occurs, but data
is not valid.

Fast Read-While-Write cycle

The MB 81257 has a fast read while
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
sate of WE when CAS goes low. When
WE is low during CAS transition to
low, the MB 81257 goes into the
early write mode in which the output
floats and the common 1/0O bus can be
used on the system level. Whereas, when
WE goes low after tcwp following CAS
transition to’ low, the MB 81257 goes
into the delayed write mode. The
output then contains the data from the
cell selected and the data from D,y
is written into the cell selected. There-
fore, a very fast read write cycle is
possible with the MB 81257.

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 normal mode, the remaining
nibble bits may be accessed by toggling
CAS high then low while RAS remains
low. Toggling CAS causes RAg 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).

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. |f the
write operation is executed again
on subsequent access, the new data will
be written into the selected cell loca-
tion. ’ ;

In nibble mode, the three-state control
of the Doyt pin is determined by the
first normal access cycle.

The data output is controlled only by
the WE state referenced at the CAS
negative transition of the normal cycle
(first nibble bit). That is, when twcs™>
twcs (min) is met, the data output will
remain high impedance state throughout
the succeeding nibble cycle regardless
of the WE state. Whereas, when tewp >
tewo (min) is met, the data output will
contain data from the cell selected
during the succeeding nibble cycle re-
gardless of the WE state. The write
operation is done during the period in
which the WE and CAS clocks are low.
Therefore, the write operation can be
performed bit by bit during each nibble
operation regardless of timing con-
ditions of WE (twcs and tewp) during
the normal cycle (first.nibble bit).

See Fig. 2.

Refresh: .

Refresh of the dynamic memory cells is
accomplished by performing a memory
cycle at each of the 256 row-addresses
(Ag t0 A;) at least every 4 ms.

The MB 81257 offers the following 3
types of refresh.

RAS-only Refresh;

The RAS only refresh aboids any out-
put during refresh because the output
buffer is in the high impedance state un-
less CAS is brought low. Strobing each
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of 256 row-addresses .(Ag to Ay) with
RAS will cause all bits in each row to
be refreshed. Further RAS-only refresh
results in a substantial reduction in
‘power dissipation. During RAS-only
refresh cycle, either V.H or V,._ is per-
mitted to Ag.

CAS-before-RAS Refresh; ;
CAS-before-RAS refreshing available on

the MB 81257 offers an alternate re-

fresh method. If CAS is .held low
for_the specified period (tecg) before
RAS goes to low, on-<hip refresh
control clock generators and the refresh
address counter are enabled, and an
internal refresh operation takes place.
After the refresh operation is perform-

ed, the refresh address counter is auto-

matically incremented in preparation
for the next CAS-before RAS refresh
operatton !

Hidden Refresh;

A hidden refresh cycle may takes place
while maintaining latest valid data at
the output by extending the CAS active
time. For the MB 81257, a' hidden
refresh cycle is CAS-before- RAS refresh.

The internal refresh. address .counters
provide the refresh addresses, as in a
normal CAS-before-RAS refresh cycle.

CAS-before-RAS Refresh Counter Test
Cycle:

A special timing sequence using CAS-
before-RAS counter test cycle provides
a convenient method of verifying the
functionality of CAS-before-RAS re-
fresh . activated . circuitry. After the
CAS-before-RAS refresh operation, if
CAS goes to high and goes to low again
while. RAS is held low, the read and
write operation  are enabled. This is

_shown in the CAS-before-BAS counter

test cycle timing diagram. A memory
cell address, consisting of a row address
(9 bits) and a column address (9 bits),
to be accessed can be def-ned as fol-
lows:

“A ROW ADDRESS - Bits Ag to A,
are defined by the refresh counter.
The bit Ag is set high internally.

*A COLUMN ADDRESS — All the bits
Ag to Ag are defined by latching
devels on Ag to Ag at the second
falling edge of CAS.

Table 1 — NIBBLE MODE Aooaeés SEQUENCE EXAMPLE

SEQUENCE

RAS/CAS (normal mode)
toggle CAS (nibble mode)
toggle CAS (nibble mode)
'tog'gle EK§ (nibble mode)
toggle CAS (nibble mode)

- AW N -

1-80

NIBBLE BIT . RAg

ROW ADDRESS CAg
0 10101010 0
1 10101010 0
() 10101010 1
C 10101010 1
0 110101010 0.

Suggested CAS-before-RAS Counter Test

Procedure

The timing, as shown in the C'A'S-before-

RAS Counter Test Cycle, is used for

the following operations:

1) Initialize the internal refresh address
counter by using eight CAS-before-
RAS refresh cycles.

2) Throughout the test, use the same
column address, and keep RA8 high.

3) Write “low” to all 266 row address
on the same column address by using
normal early write cycles.

4) Read “low” written in step 3) and
check, and simultaneously write
“’high”” to the same address by using
internal refresh” counter test read-
write cycles. This step is repeated
256 times, with the addresses being
generated by internal refresh address
counter.

6) Read “high’” written in step 4) and
check by using normal read cycle for
all 256 locations.

6) Complement - the test pattern and
repeat step 3), 4) and 5).

_COLUMN
ADDRESS
10101010
10101010
10101010
10101010
10101010

input addresses
generated internally

sequence repeats
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Fig. 2 — Nibble Mode

1) The case of first nibble cycle is Early write

RAS \

w o \___/ \

Oin XX

Dour )

Writ: l
Wr

L-.—Early Write—#-l-—-No Ope. L‘ Write:

(Add. iIncrement)

2) The case of first nibble cycle is delyed write (Read-Write)

[T : vatid Data

D ) G G G @& X X
Pour > O—CCCo—CCo0——5
— ) g N/
N SR B S
[ : valid Data
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Table-2 FUNCTIONAL TRUTH TABLE

RAS | CAS WE Din Dourt Read Write Refresh Note
H H Don‘t Care | Don’t Care High-Z No No No Standby
L L ' H Do_n"t Care | Valid Data Yes No Yes Read
EYRT . . Early Write }
If L L Valid Data High-Z ’ No Yes Yes twesStwes (min)
Lo L L Valid Data | Valid Data |  Yes Yes Yes | Detaved Write or Read-Write
(tewp 2 tewo (min))
L H Don‘t Care | Don’t Care High-Z No No Yes RAS-only Refresh
i ‘ 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,
* Fig. 3— CURRENT WAVEFORM (V¢ =5.5V, Tp =25°C)
RAS/CAS Cycle Hidden Refresh Cycle RAS-only Refresh Cycle Nibble Mode Cycle
RAS Ve ~ y, N ~ 7
CAS 7T\ /
z 160
£ 12 f\ i\
o
. Al A \
wof—{afh / 1\ Vil / 1/ \\ A
50ns/Division
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TYPICAL CHARACTERISTICS CURVES

Fig. 4 — NORMALIZED ACCESS TIME Fig. 5 — NORMALIZED ACCESS TIME
vs SUPPLY VOLTAGE vs AMBIENT TEMPERAUTRE
Y Taszs'c H Vee=5.0V
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1T\ ’
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g 11 N o 11 —
. <
o o L~
N 10 < g 10 ]
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< N I a/
2 o9 s g 09
e 2
5 0.8 5 08
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3 £
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Vce SUPPLY VOLTAGE (V) Ta., AMBIENT TEMPERATURE (°C)
Fig. 6 — OPERATING CURRENT Fig. 7 — OPERATING CURRENT
vs CYCLE RATE vs SUPPLY VOLTAGE
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Fig. 8 — OPERATING CURRENT Fig. 9 — STANDBY CURRENT
vs AMBIENT TEMPERATURE vs SUPPLY VOLTAGE
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2
E 60 uoog
=) o
3} 8 R
2 * 2
E o
< 40 4 ”
o a 2
w =
3 1
- 30 8 1
8 K3
= 20
-20 0 20 40 60 80 100 2.0 5.0 6.0
T 4. AMBIENT TEMPERATURE (°C) Ve, SUPPLY VOLTAGE (V)

1-83



A
FUJITSU

1-84

.l A

Icc2, STANDBY CURRENT (mA)

icca. REFRESH CURRENT 1 (mA)

icca. NIBBLE MODE CURRENT (mA)

~MB 81257-80

Fig.10— STANDBY CURRENT
vs AMBIENT TEMPERATURE

Vce=5.5V

N

—-20 "0 20 40 60 80 100

Ta. AMBIENT TEMPERATURE (°C)

Fig. 12 — REFRESH CURRENT 1
vs SUPPLY VOLTAGE

60

| Ta=25°C
‘trc=175ns

40

30

V/

4.0 5.0 6.0
. +Vee. SUPPLY VOLTAGE (V)

Fig. 14 — NIBBLE MODE CURRENT

~vs SUPPLY VOLTAGE

601

50

tpc=100ns
[ TA=25°C

40

30

20

10

a0 50 5.0
Ve, SUPPLY VOLTAGE (V)

lccs. REFRESH CURRENT 2 (mA)

lcca, REFRESH CURRENT 1 (mA)

Icca. NIBBLE MODE CURRENT (mA)

Fig. 11— REFRESH CURRENT 1
vs CYCLE RATE

60
_Vcc‘5<5V
5011 =25°c
40 /
.,
30 / )
20| /r/
10| 4
0 c y. E
1/tgc, CYCLE RATE (MHz2)

Fig. 13 — NIBBLE MODE CURRENT
vs CYCLE RATE

60
_Vcc=5.5V
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o
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Fig. 15 — REFRESH CURRENT 2
vs CYCLE RATE
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lccs. REFRESH CURRENT 2 (mA)

Viy AND V|, ADDRESS AND DATA

INPUT VOLTAGE (V)

Fig. 16 — REFRESH CURRENT 2
vs SUPPLY VOLTAGE

Fig. 17 — ADDRESS AND DATA INPUT
VOLTAGE vs SUPPLY VOLTAGE

30
< |
- Ta=25°C
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£ |
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Ve, SUPPLY VOLTAGE (V)

Fig. 18 — ADDRESS AND DATA INPUT
VOLTAGE vs AMBIENT TEMPERATURE

Vce. SUPPLY VOLTAGE (V)

Fig. 19 — RAS, CAS AND WE INPUT
VOLTAGE vs SUPPLY VOLTAGE
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Fig. 20 — RAS, CAS AND WE INPUT
VOLTAGE vs AMBIENT TEMPERATURE
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Fig. 21 — ACCESS TIME vs LOAD
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Fig. 22—

OUTPUT CURRENT

]
Ta=25°C

vs OUTPUT VOLTAGE

250

/‘ Vcc=5.6V

200——A— Vee=4.5V
- g
y/dENN

/

o

loL, OUTPUT CURRENT (mA)
-

3 5

Voi. OUTPUT VOLTAGE (V)

" Fig. 24 — CURRENT WAVEFORM

DURING POWER UP

Vee, SUPPLY
VOLTAGE (V)

—T=25°C:

R_As‘m‘ Vss

Icc, SUPPLY
CURRENT (mA)
-
(=]

N S
RAS'.CAS'VCC or Vi

| [ |
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lon., OUTPUT CURRENT (mA)

Vsyg. SUBSTRATE
VOLTAGE (V)

Vce, SUPPLY
VOLTAGE (V)

Fig. 23 - OUTPUT CURRENT
- vs OUTPUT VOLTAGE
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Fig. 25 — SUBSTRATE VOLTAGE
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(Suffix: -C)
DIP-16C-A03
16-LEAD CERAMIC (METAL SEAL)DUAL IN-LINE PACKAGE
(CASE No.: DIP-16C-A03)
=222 0°109°
R.050(1.27)
REF .008
-295:.010 . .300.010
INDEX AREA . 4913:22) (7.6210.25)
.010£.002
7767022 19.7120:%Y) , 10.25:0.05)
— r—.osoum)mx
1 1
} .200(5.08)MAX
.1341.014
(3.40:0.36)
.100£.010 __| 032¢,012
(2.5410.25) . REF (0.810.30)
L 700(17.78IREF ,
0472, 00801:20703%)  —— e—.018":00%104670.02) inches imiltimeters)
©1987 FUJITSU LIMITED D16035S-3C
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PACKAGE DIMENSIONS

(Suffix: -C)
DIP-16C-A04
16-LEAD CERAMIC (METAL SEAL) DUAL IN-LINE PACKAGE
(CASE No.: DIP-16C-A04) i
= .=:’-’—_—h-=_==v—?—l—°‘7 109
R.030(0.76) .008 !
TYP 2057900 (.73gc2):.010
) +0.20 .62+0.25)
INDEX AREA (7.49752¢)
l_ : ) (.omzémz)'
} | 0.25:0.05!
776% 02211971799 ,
: & .043(1.09)TYP
-—1 r-—.050(1.27)MAX (x4 PLCS)
| .
! J .200(5.08)MAX
.134:.014
(3.40:0.36)
100£.010 | 032(0.81) l ' . :
I I .035:.015
(2.54:0.25) REF (0.89:0.38)
l .700(17.78)REF
+.012 +0.30 +.005 +0.13 Dimensions in
'050-.003“'27-0,20) -01 8—.003(0’46-0.08) inches (millimeters)

©1987 FUJITSU LIMITED D16044S-2C
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PACKAGE DIMENSIONS

(Suffix: -P)

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

moexs, [0 1 01 MMM

INDEX-2" |

HL) BB R T R

+.008 +0.2,

e .766"095(19.45" 0 2} —————

.008 +.012
033132 470
08592 (12133

)|

+.006
.100(2.54) I l 018 002
TYP

+.012
04755 10.45%3:09)

11.20°9-39)

©1987 FUJITSU LIMITED D16030S-2C

L 15° MAX

.300+.010
(7.6210.25)

Dimensions in
inches (millimeters)
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PACKAGE DIMENSIONS

(Suffix: -PD)
18-LEAD PLASTIC LEADED CHIP CARRIER
(CASE No.: LCC-18P-M02)
+.002 +0.05
0087057 (0.2075;05)
R.030(0.76)TYP
y o O e B e B =
] (
g
.490:.003 [a .017(0.43)
(12.45:0.08) l TYP
.527+.005 g T
113.39:0.13) g .026(0.65)
0 TYP
|0y s oy ___l iy
.285:.003 _ _ | | .020(0.51)
T (7.24:0.08) MIN _..l L_M
3224.008 .060(1.52) YR
(8.1810.13) MIN
+.006, ,+0.15
138 0023 “-o 0s'
Dimensions in
©1986 FUJITSU LIMITED C18016S-3C inches (millimeters)
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PACKAGE DIMENSIONS

(Suffix: -PSZ)

PIN ASSIGNMENT

ZIP-16P-M01

16 LEAD PLASTIC ZIGZAG-IN-LINE PACKAGE
(CASE No.: ZIP-16P-M01)

+.008 o 4+0.2 .112+.008
m..o,z(zo-‘.o.a'————-' r—‘m
V4 T

.260+.008
.327(8.3)
(6.6010.20) 2718,
.010£.002 .118(3.0)MIN
(0.25+0.05)

.100(2.54)

TYP (0.560+0.10) TYP

o e

©1987 FUJITSU LIMITED 216001S-3C

Dimensions in
inches (millimeters)
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65,536 x 4 DYNAMIC RANDOM ACCESS MEMORY

The Fujitsu MB 81464 is fully decoded, dynamic random 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 system memory for microprocessor unit where low
power dissipation and compact layout is required.

The multiplex row and column address inputs permit the MB 81464 to be
housed in a standard 18 pin DIP, 18 pin PLCC, and'20 pin ZIP. Additionally
the MB 81464 offers new functional enhancements that make it more versatile
than previous dynamic RAMs. The “CAS-before-RAS" refresh cycle is pro-
vided an on chip refresh capability. MB 81464 also features ‘‘page mode’
which allows high speed random access to up 256 bits within a same row.

The MB 81464 is fabricated using silicon gate NMOS and Fujitsu’s advanced
“Triple Layer Polysilicon” process technology. 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.

The clock timing requirements are non critical, and power supply tolerance is
‘very wide. All inputs and outputs are TTL compatible.

® 65,536 x 4 DRAM, 18 pin DIP, ® All inputs/outputs are TTL com-
18 pin.PLCC, and 20 pin ZIP. patible
® Silicon gate, Triple Poly NMOS, ® 4 ms/256 refresh cycles

single transistor cell. ® Early write or OE controlled write
® Row access time (tgac). capacity I
100 ns max. (MB 81464-10) ® “CAS-before-RAS", RAS-only and
120 ns max. (MB 81464-12) hidden refresh capability
150 ns max. (MB 81464-15) ® Read write capability

® Cycle time (tgc), ® On chip latches for addresses and
DQs

200 ns min.  (MB 81464-10) .
220 ns min.  (MB 81464-12) ® Compatible with uPD41254,
260 ns min.  (MB 81464-15) HM50464, and TM4464

® Page cycle time (tpc), ® Stanadard 18-pin Ceramic

100 ns min.  (MB 81464-10) (Metal Seal) DIP (Suffix: -C)
120 ns min.  (MB 81464-12) ® Standard 18-pin Plastic
145 ns min.  (MB 81464-15) DIP: (Suffix: -P)
® Single +5V supply, 10% tolerance ® Standard 18 pin PLCC
Low power, (Suffix: -PD)

385 mW max. (MB 81464-10) ® Standard 20 pin ZIP
358 mW max. (MB 81464-12) (Suffix: -PSZ)
314 mW max. (MB 81464-15)
27.5 mW max. (Standby)
® On chip substrate bias generator
for high performance

ABSOLUTE MAXIMUM RATING (See NOTE)

MOS 262144-BIT
DYNAMIC RANDOM
ACCESS MEMORY

Rating Symbol Value Unit
Voltage on any pin relative to Vgg Vin. VouT -1 to+7 \2
Voltage on Ve supply relative to Vgg Vcé -1to +7 \%
Storage temperature Ceramic Tstg =55 t0 +150 °Cc
Plastic -55 to +125
Power dissipation Pp 1.0 w
Short circuit output current - 50 mA

MB 81464-10
MB 81464-12
MB 81464-15

June 1987
Edition 4.0

PLASTIC PACKAGE
DIP-18P-M03

PLASTIC PACKAGE
LCC-18P-M02

PLASTIC PACKAGE
Z1P-20P-MOT

DIP-18C-A01: See Page 22

PIN ASSIGNMENT

Vechr %
Pin assignment for ZIP: See page 21

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

This device contains circuitry to protect the
inputs against damage due to high static volt-
ages or electric fields. However, it is advised
that normal precautions be taken to avoid
application of .any voltage higher than maxi:
mum rated voltages to this high impedance
circuit.
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Fig. 1 — MB 81464 BLOCK DIAGRAM
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Parameter ! Symbol ~Unit

Typ Max S

Input Capacitance Aokto Ay Cint - 7 pF

_ Input Capacitanct RAS, CAS, WE;E Cing = 10 pF
Data I/0 Capacitance (DQ1 to DQ4) Coa - 7 pF
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RECOMMENDED OPERATING CONDITIONS

(Referenced to Vsg)

Value o .
Parameter Symbol Unit perating
Min Typ Max Temperature
Vee 45 5.0 6.5 Vv
Supply Voltage
Vss 0 0 0 \%
Input High Voltage, all inputs Vin 24 - 6.5 Vv 0°C to 70°C
Input Low Voltage, all inputs except DQ VL -20 - 0.8 \)
Input Low Voltage, DQ ViLo* -1.0 - 0.8 \%

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

DC CHARACTERISTICS

(At recommended operating conditions unless otherwise noted.)

Value
. Parameter Symbol Unit
Min Typ Max
OPERATING CURRENT* MB 81464-10 70
Average Power Supply Current MB 81464-12 lect 65 mA
(RAS, CAS cycling; tgc = min) MB 81464-15 57
STANDBY CURRENT | . 5.0 mA
Power Supply Current (RAS = CAS = V) cc2 T .
REFRESH CURRENT 1* MB 81464-10 60
Average Power Supply Current MB 81464-12 lces 55 mA
(CAS = Vi, RAS cycling; tpc = min) MB 81464-15 50
PAGE MODE CURRENT* MB 81464-10 40
Average Power Supply Current MB 81464-12 lcca 35 mA
(RAS = V,_, CAS = cycling; tpc = min) MB 81464-15 30
REFRESH CURRENT 2* MB 81464-10 65
Average Power Supply Current MB 81464-12 lees 60 - mA
(CAS-before-RAS; tge = min) ME 81464-15 : 55
INPUT LEAKAGE CURRENT any input :
(OVE Vi €55V, 4.5V < Ve 5.5V, Vgg = 0V, ho -10 10 LA
" all other pins not under test = 0V)

OUTPUT LEAKAGE CURRENT | -10 10 A
(Data out is disabled, 0 V < Vo7 £ 6.5 V) oo BA
OUTPUT LEVEL '
Output High Voltage (loy = -5 mA) Vou 24 v
OUTPUT LEVEL
Output Low Voltage (Lo, = 4.2 mA) Vor 04 v

Icc is dependent on output loading and cycle rates. Specified values are obtained with the output open.
lcc is dependent on input low voltage level V) p, V; p >-0.5 V.
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AC CHARACTERISTICS

(At recommended operating conditions unless otherwise noted.) .

MB 81464-10 MB 81464-12 MB 81464-15

Parameter Symbol o e i . PP Unit
Time between Refresh trer 4 4 4 ms
Random Read/Write Cycle Time tre 200 220 260 ns
Read-Modify-Write Cycle Time trwe 270 305 345 ns
Page Mode Cycle Time tpc 100 120 145 ns
_I:_?g:aeMode Read-Modify-Write Cycle torwe 170 195 ) 225 | ns
Access Time from RAS trac 100 120 150 ns
Access Time from CAS teac 50 60 75 ns
Output Buffer Turn Off Delay tore 0 25 - 0 25 0 30 ns-
Transition Time tr 3 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 tRsH 50 60 75 ns
CAS Precharge Time (Page mode only) tep 40 50 60 ns
?lecz/ﬁzzae?:el;r:.:ge mode) teen 3 32 3% ns
CAS Pulse Width - i tcas 50 100000 | 60 100000 | 75 100000 ns
CASHold Time tésm 100 : 120 150 ns
RAS to CAS Delay Time tReo 20 50 22 60 25 75 ns
CAS to RAS Set Up Time. : tchs 10 10 10 ns
Row Address Set Ukp Time tASR 0 0 : 0 ns
Row Address Hold Time tRAH 10 12 1 15 ns
Column Address Set Up Time tasc 0 0 0 ns
Column Address Hold Time tcaH 15 20 25 ns
Read Command Set Up Time trecs 0 0 0 ns
R o g e e | O 0 o o
Write Command Set Up Time 10 twes -5 -5 -5 ons
Write Command Hold Time . tweH 25 30 - 35 ns
Write Command Pulse Width : twe 25 30 35 ns
Write Command to RAS Lead Time m tRwL 35 40 45 ns
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L
AC CHARACTERISTICS (cont’d)
(At recommended operating conditions unless otherwise noted.)
s MB 81464-10 MB 81464-12 MB 81464-15 U
Parameter [NOTES] ymbol nit
Min Max Min Max Min Max
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 25 30 35 ns
Access Time from OE toea 27 30 40 ns
OE to Data In Delay Time toep 25 25 30 ns
Output Buffer Turn Off Delay from OE | toez o | 25 0 25 0 30 ns
OE Hold Time Referenced to WE toeH 0 0 0 ns
CAS Set Up Time Referenced to RAS ' :
(CAS-before-RAS refresh) trcs 20 20 20 ns
CAS Hold Time Referenced to RAS
(CAS-before-RAS refresh) teew | 20 | 25 30 ns
RAS Precharge to CAS Hold Time |
(Refresh cycles) trec 10 : 10 110 ; ns
CAS Precharge Time ;
(CAS-before-RAS cycles) teen 30 30 . 30 ns
OE to RAS in active Set Up Time toes 0 0 0 ns
D;n to CAS Delay Time tpzc 0 1 0 0 ns
D, to OE Delay Time tpzo 0 0 0 ns
Refresh Counter Test Cycle Time trTC 375 430 505 ns
Refresh Counter Test Cycle
—_ 2 t S
RAS Pulse Width TRAS 285 10000 330 10000 395 10000 n
Refresh Cou.nter Test CAS 12 tepT 50 60 70 ns
Precharge Time
Notes: . .
An initial pause of 200us is required after power-up Measured with a load equivalent to 2 TTL loads and
followed by any 8 RAS cycles before proper device 100 PF_~ o . o
operation is achieved. In case of using internal refresh Operation within the tpcp (max) |'rf1't insures that
counter, a minimum of 8 CAS-before-RAS initialization ~  trac (max) can be met. taco (max) is specified as a
cycles instead of 8 RAS cycles are required. reference point only; if tgcp is greater than the speci-
AC characteristics assume t =5 ns. fied tgep (max) limit, then access time is controlled
Vi (min) and V,_ (max) are reference levels for meas- exclusively by tcac-
uring timing of input signals. Also, transition times are Bl trco (Min) = tgap (min)+ 2ty (ty =6 ns) + tasc (min)
measured between V) (min) and V,_ (max). . Either tgry Or trcy Must be satisfied for a read cycle.
Assumes that tgcp < trep (max). If trep is greater [} twcs is not restrictive operating parameter. It is included
than the maximum recommended value shown in this in the data sheet as electrical characteristics only. Even if
table, tgac Will be increase by the amount that tgcp twes S twes(min), the write cycle can be excuted by
exceeds the value shown. satisfying trw,_ or towy specification.
Assumes that trep 2 trep (Max). _Either tpzc or tpro Must be satisfied for all cycles.
Refresh Counter Test Cycle only.
1-97




WHIMAMIY  pmp g1464-10

FUJITSU MB 81464-12
n M MmB 8146415

Read Cycle
— tRC
) RAS=: -
"AS M
RAS ;
e A 7 N
. tcrs tron tesH trp ‘
w ul
tASR tRAH tasc|
N aaad
ADDRESSES z'H' AT s
-
WE
) toFF
tRAC ——] f—
. ba N / VALID
(OUTPUTY v, 1IGH-Z oAt OUT ,>——HIGH-Z——
tOEA |l - -
pa OEZ
(INPUT) - HIGH-Z
tozo —I ~—toED
e N /
- Don’t Care
Write Cycle (Early Write)
OE: Don't care
tRc
I _ tRAS / -\
RAS le \ ]
-
t s oon tRp——=]
. - ca; tRCD - tcas
CAS ‘\;lH \ \
-
tasR | | tRAH tasc| tepN—=
e - \
Vin~ . ROW COLUMN
ADDRESSES | _ ADDRESS ADDRESS
. twcs .
WE Vin -
Vi~ :
tDS—ﬂ
ba Vin~ i .
(INPUT) V- DATA IN
ba OF 1IGH-Z:
{OUTPUT) v -

' Don’t Care
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MB 81464-10  IMIMIAIHIINI

MB 8}
MB 81464-15 [N “

FUJITSU

E Write Cycle
tRC
AS Viu- h tRAS \
Vi ‘crs tesH tRp-J
—-1RrcD tcAS
tRSH
CAS x'H \ / T j
I
tas tRAH. tasc N le—tcpN
ASR —-———l CAH
N
ADDRESSES V::_.&gggss oL
- i towl
WCH- tRwL
WE Vin~ /
Vi~ tps -
tpzc—= P twe
[o]e} ViH g VALID
(INPUT) ViU HIGH-Z H DATA IN
thC toED :
! trac?) \
ba VoHT JAvatiby )
(OUTPUT) v — HIGH-Z DATA HIGH-Z
t I toEH ‘
f=—tDZ0 toeall
toez1)
5e Vi OEZ
VL& .
- Don’t care
Read-Modify-Write Cycle .
TRWC
- — tRAS
RAS zIH_ N i
' crs tCSH— tRP
~——1RCD cAS
tﬂ@ﬂ
CAS Vi~ A\ \ / T 1\
Vi tRaH  tAsc b—tcpN
tasr -] f— tcAH
aporesses Viv~ [N a0 SR
V- i
tRCS !
WE Vin~
Vie L tyyp:
1 =
DZC— ——I ton
Da Vg~ " VALID
(INPUT) Vir— HIGH-Z DATA IN
I l
tRAC—
DS reum  VoH™ HIGH-Z ~{ a0 1IGH-2
Voo~ __toEA
le—tpzO orz
s Viu
OE
Vie—

B8 oon't Care

Note: 1) When OE is kept high through a cycle, the DQ pins are kept high-Z state.
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TN
FUJITSU M

n (A

B 81464-10
B 81464-12
B 81464-15

Page Mode Read Cycle
fRAD 1 ]
RAS xm‘ 4 ] F
% tcrs o - “tRp
——tcsH— [=-tcp-=] [~ 'RSH—
CAS ML T\\ tcas I
Vn."t ASC tasc
ASTHA' H'I.I:H* et tcAH
aoonesses |- [N MBS %
I ! )
tRcs™.f= | 'RCH
WE Vig—
Vil
tpzc S
pa Vik= HIGH:2
(INPUT) vy = e
tcac t
“tozoHe~] ry OFF
VoH— ; 7]
Da OH HIGH-2Z: {VALOWLHiGH-zp= VAL HIGH-Z
(OUTPUT) VoL~ N DATA DATA i
toEZ OEZ
: toEA— - 10ED toea —={toED
— Vi
OE Wiyl
Vi
[ pon't Care
Page Mode Write Cycle
(OE=Don't Care)
tR
VIH_—.! AS
A )
I teRs |- o 4 - trp
———tcsH— |=—tCP—=| [———tRSH——=
Vi t —if )
RS i i K\ tcas |/ [~teas—f tcas
M sa !IRAT.. tasc -
i t t — =tcAH
- | T e tcan ~—jfcan  tasci] r'
Vig—
ADDRESSES v:H adsatss M Soemn SOLoM o
L= - L
WCS—=| = twes f twes —
tar L= WCH
. Vin~ tweH
WE Vies :
tp, 4
tpg = b= toH S tHH . tos-—~f |=— | 'OH
pQ Vin— VALID VALID VALID)
(INPUT) V- DATA DATA DATA.
pa Von~, 1GH-2Z: 4t
(OUTPUT)  Vou~ by ,
B8 pon't care
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MB 81464-10
MB 81464-
MB 81464-15

WA
FUJITSU

WA '.

|

py
b2
[

O
>
ol

ADDRESSES v

DQ
(INPUT)

DQ
(OUTPUT)

Page Mode OE Write Cycle

tRAS

u Don‘t Care

/4 \NVALID DATA

Note: 1) When OE is kept high through a cycle, the DQ pins are kept high-Z state.
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MM me s1464-10
FUJITSU

MB 81464-12
n WM - mB 81464-15

Page Mode Read Modify-Write Cycle

RAS ML
V-
t
[ PRWE
_ Viu-E t,
CAS VIH . \<- cas
't tasc CAH
e tcA
Vi
ADDRESSES v' H o5
= -
tCWL‘F‘_E"SL_
— Vi ' t
WE IH wp
Vi “ tps
toH
ba Vin— VALID
HIGH-2 VALID
(INPUT) V= DATA oo DATA
toep
tcac
Von

DQ
(OUTPUT) v —

HIGH-2Z: @ HI G H-Z el o HIGH-Z:

toEZ
OF Vin—
ViL—
R s-OIll_! efresh Cycle
(WE, OE=Don'’t Care)
tRC
tRAS
SRS Viu—
RAS
Vie—

ADDRESSES VIH™
Vi—

Viu-
Vi

Vow=——"""

HIGH-Z

Da
(OUTPUT)  vq - .

Don’t Care
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MB 81464-10 MMM
MB 81464-12 FUJITSU
MmB 81464-15 MMM

CAS-before-RAS Refresh Cycle
NOTE: Addresses, WE, OE = Don't care

tRC
'l’l"
tRAS |
RAS Viu~ ) )\ \ -
Vi~
tepr |
trcs teCcH tRPC
— Vin—
CAS .
_ V.L_i N
pQ VoH™ HIGH-Z
HIGH-Z:
(OUTPUT) VoL~
. Don‘t care
Hidden Refresh Cycle
tRC tRe
v \ tRAS S 'RAST
RAS W™
[=—tRCD—=f=—tRSH— t
FCH
CAs Vin® \
Vi~ . tRAH
ASR | | tasc
Vin~ ROW COLUMN
ADDRESSES Vu.‘.g ADDRESS ADDRESS
WE Vin~
ViL— ,-p—'oss-——
r [
v tcac
[o]e} OoH™, 1IGH- VALID DATA OUT
{(OUTPUT) v - HIGH-Z % —
toEZ
toEA i
J— Vin—
o IH /

. t
ViL— tpzc—— OED
ba v tbzo
IH™ H - -
(INPUT) V- lenz

- Don't care
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[

~and the address

WURIANMND g 31m_1o
FUJITSU

MB 8
IR M 81464-15

v
ADDRESSES v

Refresh Counter Test Cycle
- Vin— tTRAS S |
RAS Vie- 7 )\
trcs | f=—trcH fcpT [ T —— tRp—e=|
w
————-*cm-a——»l

n—
_ Vig= !
WE 'H
Vi
Q v tos :—tDH—-—
D [
INPUT) i - —-p@m-lo DATA IN
. !
. |e f=titoED
v -—
(%%TPUT) VOH_ HIGH-Z g‘oﬁ’rg,L HIGH-Z,
o tozo top Ae t0EH
— Vig—
OF IH
Viu

- Don’t Care

DESCRIPTION

Address lnpufs:

A total of sixteen binary input address ~

bits are required to decode parallel 4
bits of 262,144 storage cell Iocatlons
within the MB 81464.

Eight row-address bns are establashed 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 (Ag
through Ay) and latched with the
Column Address Strobe (CAS).

The row and column address inputs

must be stable on or before the falling'

edge of RAS and CAS, respectively.
CAS is internally inhibited (or ““gated"’)
by RAS to permit triggering of CAS as
soon as the Row Address Hold Time
(tran ) specification has been satisfied
inputs have been
changed from row-addresses to column-
addresses.

1-104

Write Enable: )

The read mode or write mode is selected
with the Write Enable (WE) input. A
high on WE selects read mode and low
selects write mode. The data inputs are
disabled when the read mode is selected.

- When WE goes low prior to.CAS, data-

outs will remain in the high-impedance
state allowing a write cycle.

Data Pins:

Data Inputs;

Data are written during a write or read-
modify-write cycle. The :later falling
edge of CAS or WE strobes data into the
on-chip data latches. In an early-write
cycle, WE is brought low prior to CAS
and the data is strobed by CAS with
setup and hold times referenced to CAS.
In a read-modify-write cycle, thus the
data will be strobed by WE with set-up
and hold times referenced to WE.

In a read-modify-write cycle, OE must

be low after tpzo to change the data
pins from input mode to output mode
and then OE must be changed to low
before togp to return the data pins to
input mode. In an early write cycle,
data. pins are in input mode regardless
of the status of OE.

Data Outputs;

The three-state output buffers provide
direct TTL compatibility witha fan out
of two standard TTL loads. Data-out
are the same polarity as data-in. The
outputs are in the high-impedance state
until CAS is brought low. In a read
cycle, the outputs go active after the
access time interval tgac and toga are
satisfied. The outputs become valid
after the access time has elapsed and re-
main valid while CAS and OE are low.
In a read operation, either OE or CAS
returning high brings the outputs into’
the high impedance state. :



Output Enable:

The OE controls the impedance of the
output buffers. In the high state on OE,
the output buffers are high impedance
state. In the low state on OE, the out-
put buffers are low impedance state.
But in early write cycle, the output buf-
fers are in high impedance state even if
OE is low. In the page mode read cycle,
OE can be allowed low through the
cycle. In the page mode early write
cycle, OE can be allowed high through-
out the cycle. In the page mode read-
modify-write or delayed write cycle,
OE must be changed from low to high
with togp.

Page Mode:

Page Mode operation permits strobing
the row-address into the MB 81464
while maintaining RAS at a 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 256 row-addresses
(Ag through A;) at least every four
milliseconds.

The MB 81464 offeres the following
three types of refresh.

RAS-Only Refresh:

RAS-only refresh avoids any output
during refresh because the output buf-
fuers are in the high impedance state
unless CAS is brought low. Strobing

each of 256 row-addresses with RAS
will cause all bits in each row to be re-
freshed. .

Further RAS-only refresh results in a
substantial reduction in power dissipa-
tion.

CAS-before-RAS Refresh;
CAS-before-RAS refreshing available on
the MB 81464 off_ers an alternate re-
fresh method. If CAS is held low for
the specified period (trcg) before RAS
goes to low, on chip refresh control
clock generators and the refresh address
counter are enabled, and a internal
refresh operation takes place.

After the refresh operation is per-
formed, the refresh address counter is
automatically incremented in prepara-
tion for the next CAS-before-RAS
refresh operation.

Hidden Refresh:

Hidden refresh cycle may take place
while maintaining latest valid data at
the output by extending CAS active
time. .

In MB 81464, hidden refresh means
CAS-before-RAS refresh and the inter-
nal refresh addresses from the counter
are used to refresh addresses i.e., it
doesn’t need to apply refresh addresses,
because CAS is always low when RAS
goes to low in the cycle.

CAS-before-RAS Refresh Counter Test
Cycle:

A special timing sequence using CAS-
before-RAS counter test cycle provides
a convenient method of verifying the
functionality of CAS-before-RAS re-
fresh activated circuitry. After the
CAS-before-RAS refresh operation, if

MB 81464-10
MB
MB 81464-15

CAS goes to high and 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 address, consisting of a row address

(9 bits) and a column address (9 bits),

to be accessed can be defined as fol-

lows:

*A ROW ADDRESS — Ail bits are
defined by the refresh counter.

*A COLUMN ADDRESS — All the bits
Ag to A, are defined by latching
levels on Ag to Ay 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 the

following operations:

1) Initialize the internal refresh address
counter by using eight CAS-before-
RAS refresh cycles. :

2) Throughout the test, use the same
column address.

3) Write “low” to all 2566 row address
on the same column address by using
normal early write cycles.

4) Read “low’’ written in step 3) and
check, and simultanéously write
“high’’ to the same address by using
internal refresh counter test cycles.
This step is repeated 256 times, with
the addresses being generated by
internal refresh address counter.

5) Read “high” written in step 4) and
check by using normal read cycle for
all 2566 locations.

6) Complement the test pattern and
repeat step 3), 4) and 5).
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(NI - e 81464-10
FUJITSU Mg 8 :

; 1464-12
n W - me 81464-15

Fig. 2 — CURRENT WAVEFORM (V¢e =565V, T = 25°C)

Read/Write Cycle

Long Cycle
RAS 4 /
CAS \ s \
OE
<
£
) . i :
= A A j j N i A N\
\V / N 1 U\

50 ns/Division

Page Mode Cycle RAS only Refresh Cycle

"' CAS:before-RAS Refresh Cycle

RAS| a J \
CAs| M\ w4
OF

Icc (mA) ©

ANEEYAREN SRR YAV
" Y

50 ns/Division
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TYPICAL CHARACTERISTICS CURVES

icc1, OPERATING CURRENT (mA) trac, NORMALIZED ACCESS TIME

lcct1. OPERATING CURRENT (mA)

Fig. 3 — NORMALIZED ACCESS TIME
vs. SUPPLY VOLTAGE

13 T
Ta=25°C
1.2
1.1
1.0 \\
0.9 <
08
4.0 5.0 6.0

Vce, SUPPLY VOLTAGE (V)

Fig. 5 — OPERATING CURRENT
vs. CYCLE RATE

60

Ta=25°C
Ve = 5.5V
50 CcC
40
30

20 /

0 1 2 3 4 5 6
I/tgc, CYCLE RATE (MHz)

Fig. 7 — OPERATING CURRENT
vs. AMBIENT TEMPERATURE

80[y e = 5.5V
tre =230 ns

70

60

50

a0l

30

20
-20 O 20 40 60 80 100

Ta, AMBIENT TEMPERATURE (°C)

lccq, OPERATING CURRENT (mA) trac, NORMALIZED ACCESS TIME

lccz2. STANDBY CURRENT (mA)

1a6a10 I
M8 8 FUJITSU

MB 81464-12
MB 81464-15 [N

Fig. 4 — NORMALIZED ACCESS TIME
vs. AMBIENT TEMPERATURE

1.3 T
Vge = 5.0V
1.2

1.1

1.0

Pl

0.9 >

L~

0.8

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

Fig. 6 — OPERATING CURRENT
vs. SUPPLY VOLTAGE

80

Ta=25°C
70 trc = 230ns
60
50
L
40 ,‘
—
30
20
4.0 5.0 6.0
Vce, SUPPLY VOLTAGE (V)
Fig. 8 — STANDBY CURRENT
' vs. SUPPLY VOLTAGE
6 T
Ta =25°C
5
4
3
2
1
4.0 5.0 6.0

Ve, SUPPLY VOLTAGE (V)
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RGN mp 81464-10
FUJITSU
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lccz. STANDBY CURRENT (mA)

lcca, REFRESH CURRENT 1 (mA)

Icca. PAGE MODE CURRENT (mA)

MB 81464-12
n HIARIGIE  me 81464-15

Fig. 9 — STANDBY CURRENT
vs. AMBIENT TEMPERATURE

|
chc =5.5V

()

5

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

Fig. 11 — REFRESH CURRENT 1
vs. SUPPLY VOLTAGE

T[ra=25°c
70 trc = 230ns
60|
50
40 -
3 — |

0

"1
20 -
4.0 5.0 6.0

Vce, SUPPLY VOLTAGE

Fig. 13 — PAGE MODE CURRENT
vs. CYCLE RATE

60
Ta=25°C

=1
50 tpc= 120ns
40
30

"]
20
10
0]
4.0 5.0 6.0

Vee, SUPPLY VOLTAGE (V)

lcca, PAGE MODE CURRENT (mA) lcca. REFRESH CURRENT 1 (mA)

Iccs, REFRESH CURRENT 2 (mA)

60

Fig. 10 — REFRESH CURRENT 1
vs. CYCLE RATE

60

Ta = 25°C
Vee = 5.5V
50
40
30
20 / ',/
10
0 1 2 3 4 5

l/tgc, CYCLE RATE (MHz)

Fig. 12 — PAGE MODE CURRENT
vs. CYCLE RATE

Ta=25°C

Vee = 5.5V
5o} V€S
40
30

/
20
//
10
0 4 6 8 10

I/tpc. CYCLE RATE (MHz)

Fig. 14 — REFRESH CURRENT 2
vs. CYCLE RATE

Ta=25°C '

Ve = 5.5V

60

p /
/(

20‘ /

10

[V 2 3 4 5
I/tgc, CYCLE RATE (MHz)



MB 81464-10 MMM
MB 81464-12 FUJITSU

MB 81464-15 [l

Fig. 15 — REFRESH CURRENT 2 Fig. 16 — ADDRESS AND DATA INPUT
vs. SUPPLY VOLTAGE VOLTAGE vs. SUPPLY VOLTAGE
E CON =TS 5 o
£ t:c=230ns g Ta=25"C
o~ 7 o —~
= zz2
& e o 820 Vi (Min)
[ a4«
3 x5
o 50 g )
u}): 1 < : //VIL (Max)
r 40— L 2510
w L1 Sa
T — a2
. 30 ~ P4
8 <
L 20 I
4.0 5.0 6.0 > 4.0 5.0 6.0
Vce, SUPPLY VOLTAGE (V) Ve . SUPPLY VOLTAGE (V)
Fig. 17 — ADDRESS AND DATA INPUT Fig. 18 — RAS, CAS, WE AND OE INPUT
VOLTAGE vs. AMBIENT TEMPERATURE w VOLTAGE vs. SUPPLY VOLTAGE
< 30— B so—
= Vec =5.0V o Ta=25°C
4
o <
[a -
23 2 Vi (Min)
< u20 Vin (Min). ll%:u.r 2.0 AT —
20 lg q 1 :
w < -
+ '3
2 e V) (Max) E >
“E 10 55 10
>:'§ Z‘—‘g Vi (Max)
[a]
z 2
T 0 I
> 20 0 20 40 60 80 100 > 0 a0 5.0 6.0
Ta, AMBIENT TEMPERATURE (°C) Vce. SUPPLY VOLTAGE (V)
Fig. 19 — RAS, CAS, WE AND OE INPUT Fig. 20 — ACCESS TIME
s VOLTAGE vs. AMBIENT TEMPERATURE vs. LOAD CAPACITANCE
w
o 30 25 T
T Ta=25°C
o Ve =5.0V z
z _ cc 2 Vee = 4.5V
w > - -
Ig_ml0 Vit (Min) 2
[7XC] e
I£ 2 p
5 2 A
) w 10
l( Qo Q /
T > o
[ < /
4>1.0 | -
>g ViL (Max) 2
- o
g i o0
<
I, -
> -20 0 20 40 60 80 100 100 200 300 400 500 600
Ta. AMBIENT TEMPERATURE (°C) CL. LOAD CAPACITANCE (pF)
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KIMAARINN  mp g1464-10
FUJITSU  mp 81464-12

~ MB 8146
NI mB 81464-15

Fig. 21 —OUTPUT CURRENT
o OUTPUT VOLTAGE
3

2501~

%0 Ve = 5.5V
]
/ L ~Vee=45v
7
)4

o 1 2 3 4 b5 6
VoL, OUTPUT VOLTAGE (V)

150}

100

50

loL. OUTPUT CURRENT (mA)

(o]

Fig. 23 — SUBSTRATE VOLTAGE

%2 DURING POWER UP

Sw ¢ !

20

U)'S /

OO Ok

>

w

<s 1 \

£ - - N\|Ta=25°C

2o N\

23 -

? K \

&0 N

o> -3

2 N
-4

0" 50 100 150 200 250 300
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-150

Fig. 22 — OUTPUT CURRENT
5 ‘vs. OUTPUT VOLTAGE

T I
Ta=25°C

i ]
2 n
s B

®

N

N

|
o
o

| \ \/:C =55V
N

\\

lon. OUTPUT CURRENT (mA)
] !
N y
] o

(=]
o

\i/cc = ‘IL,SV\\\

1 2 3 4 5 6
Vou. OUTPUT VOLTAGE (V)

Fig. 24 — CURRENT WAVEFORM
DURING POWER UP

Vee, SUPPLY
VOLTAGE (V)

20

T
Ta =25°C
I

RAS = CAS = Vgg

Icc, SUPPLY
CURRENT (mA)

o

RAS = CAS = Ve or Viy—]

o N N |
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M8 8146410  INHINMIHANIN
MB 8146412 FUJITSU

MB 81464.-15  HIMMNHINm n

PACKAGE DIMENSIONS

(Suffix: -P)

18 LEAD PLASTIC DUAL-IN-LINE PACKAGE
(CASE No.: DIP-18P-M03)

1M M ] Licun

INDEX-1
INDEX-2 .260+.010
(6.60£0.25)
(EJECTOR MARK)

LT L L BN BN P |

.300:,010
(7.62+0.25)

+.008 +0.20 .0101.002
86875 8(22'05—0.45) (0.25+0.05)
.049(1.25) 0472521120709
MAX

[ .197(5.00)MAX

.118(3.0)MIN
+.012
.100(2.54) '°“_7-330 .020(0.51)MIN

TYP (1.2079-39)

-0 +.006 +0.14

018 502 (0.45_0.05)

Dimensions in
© FUJITSU LIMITED1985 D18011S-2C inches (millimeters)
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UKANKRA - me 81264-10

FUJITSU MB. 81464-12

n NN M8 81464-15

PACKAGE DIMENSIONS

(Suffix: -PD)
18-LEAD PLASTIC LEADED CHIP CARRIER
(CASE No.: LCC-18P-M02)
+.002 +0.05
:008 "7 (0. 20_O 02)
R.030(0.76) TYP
! o S e e B | \ . 4
5 X | 017(0.43)
.490+.003 . .
(12.45:0.08) i L .
.527+.005 9 . j T
(13.39:0.13) [ ‘B 026(0.65)
O u} TYP
| 51 R N 8 s ' ) ' i d i
.285+,003 .020(0.51
~ T (7.24:0.08) ~ MIN 052( \1?27)
322005 .060(1.52)
~T(8.1840.13) "MIN
+.006 0.15
1345023415 05

©FUJITSU LIMITED 1986 C18016S-3C

Dimensions in
inches (millimeters)
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PACKAGE DIMENSIONS

(Suffix: -PSZ)

(TOP VIEW)

CAS Vss DQ; WE NC Ag As Ay

Az Ao

21141, 611 _Bn 1011 121 1411 161 181, 2011
t'l.l'.'.ltﬂl:['.lr_" ACLICICITICICACIIOICICACIED
1y gt st 7l ol 41} 131 154 170 194

DQ3; DQs OE DQz RAS NC.

As Vec Az Aq

Mn 81464-10  MIMHIHKINMH
FUJITSU

B 81464-12
MB 81464-15  [[MIMNAAHA

-.018

1.019+995(25,88*0-12)

(CASE NO.: ZIP-20P-M01)

~0.45

INDEX

.260:.010
(6.60+0.25)

.050(1.27)TYP

.020+.004
(0.50+0.10)

©FUJITSU LIMITED1986 220001S-3C

20-LEAD PLASTIC ZIGZAG-IN-LINE PACKAGE

.010+.002

.112:.008
(2.85+0.2)

.325(8.26)MAX

.118(3.0)MIN

.100(2.54)TYP

Dimensions in
inches (millimeters)
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TR mp 81464-10
FUJITSU MB 81464-12
n TR - mB 81464-15

PACKAGE DIMENSIONS

(Suffix: -C)

DIP-18C-A01

18-LEAD CERAMIC (METAL SEAL) DUAL IN-LINE PACKAGE

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

©FUJITSU LIMITED 1987 D18014S-4C

__——_ 0°to9°
,,+.008
INDEX AREA .29?:312% Sose
.20, (7.62£0.25)
(7.45755¢)
.900+.010 ] ! 010+-004
(22.8610.25) ! 19_002°
: (0.25*3:19)
— ‘-r .055(1.40)MAX ;
I 1
1
| |e00G08mMAX
+.016 .41
347014 (3.407090)
.100+.010 ‘ .032(0.81) :
(2.64+0.25) REF ’I ) (3?3323?%3)
.800(20.32)REF 005‘ s
.050¢.010 018+9%5(0.46*0-13)
(1.27+0.25) [~ =003~ -008

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



Section 2

CMOS DRAMs
Maximum
Access Package Sealing
Page Device Time(ns) Capacity Options Method
2-3 MB81C258-10 100 262144 bits 16-pin Plastic = DIP Plastic
MB81C258-12 120 (262144w x 1b)  18-pad Plastic LCC  Plastic
MB81C258-15 150
2-25 MB81C466-10 100 262144 bits 18-pin Ceramic DIP Metal
MB81C466-12 120 (65536w x 4b) 18-pin Plastic = DIP Plastic
MB81C466-15 150 20-pin_ Plastic  ZIP Plastic
2-41 MB81C1000-70 70 1048576 bits 18-pin Ceramic DIP Metal
MB81C1000-80 80 (1048576w x 1b) 18-pin Plastic DIP Plastic
MB81C1000-10 100 20-pin Plastic ZIP Plastic
MB81C1000-12 120 26-pad Plastic. LCC  Plastic
2-61 MB81C1001-70 70 1048576 bits 20-pin Plastic = ZIP Plastic
MB81C1001-80 80 (1048576w x 1b) 18-pin Ceramic DIP Metal
MB81C1001-10 100 18-pin Plastic DIP Plastic
MB81C1001-12 120 26-pad Plastic LCC Plastic
2-81 MB81C1002-85 85 1048576 bits 18-pin Ceramic DIP Metal
MB81C1002-10 100 (1048576w x 1b) 18-pin Plastic DIP Plastic
MB81C1002-12 120 20-pin Plastic DIP Plastic
26-pad Plastic LCC  Plastic
2-105 MB81C1003-85 85 1048576 bits 18-pin Ceramic DIP Metal
MB81C1003-10 100 (1048576w x 1b) 18-pin Plastic DIP Plastic
MB81C1003-12 120 20-pin Plastic ZIP Plastic
26-pad Plastic - LCC  Plastic
2-123 - MB81C4256-85 85 1048576 bits 20-pin Ceramic DIP Metal
MB81C4256-10 100 (262144w x 4b)  20-pin Plastic DIP Plastic
MB81C4256-12 120 20-pin Plastic ZIP Plastic
26-pad Plastic LCC  Plastic
2-147 MB81C4257-85 85 1048576 bits 20-pin Ceramic DIP Metal
MB81C4257-10 100 (262144w x 4b)  20-pin Plastic DIP Plastic
MB81C4257-12 120 20-pin Plastic ZIP Plastic
26-pad Plastic LCC  Plastic
26-pad Ceramic LCC  Metal

2-1

}
'
|
|
|



CMOS DRAMs

22,

(Continued)
Maximum

Access Package Sealing

Page Device Time(ns) Capacity Options Method
2-175  MBB81C4258-85 85 1048576 bits 20-pin Plastic ZIP Plastic
. ' MBB81C4258-10 100 (262144w x 4b)  26-pad Plastic LCC Plastic
MB81C4258-12 120 20-pin Ceramic DIP Metal
} 20-pin Plastic = DIP Plastic
2-199 'MBB1C4259-85 85 1048576 bits 20-pin Ceramic DIP Metal
MB81C4259-10 100 (262144w x 4b)  20-pin Plastic = DIP Plastic
+MB81C4259-12 120 20-pin Plastic = ZIP Plastic
: 26-pad Ceramic LCC  Metal
. 26-pad Plastic LCC Plastic
| 2-225  MB814100-80 80 4194304 bits ~'18-pin Plastic DIP Plastic
MB814100-10 100 (4194304w x 1b) :20-pin Plastic - ZIP Plastic
MB814100-12 120 26-pad Plastic LCC  Plastic




L 262144 BIT CMOS
FUJITSU [y eeoTiY

| DYNAMIC RAM

262,144 x 1 BIT CMOS STATIC COLUMN DYNAMIC RAM

MB81C258-10
MB81C258-12
MB81C258-15

October 1988
Edition 3.0

The Fujitsu MB 81C258 is CMOS static column dynamic random access memo-
ry, SC-DRAM, which is organized as 262144 word by 1 bit. This SC-DRAM is
designed for high speed, high performance applications such as main frame
memory, buffer memory, and video memory, and.for applications to battery
backed-up systems where very low power dissipation and compact layout is
required.
The advantage of SC-DRAM is achieving the static mode operation such as
read, write and read-modify-write cycles in spite of dynamic RAM and the
fast read and write operation can be performed by this mode.
The MB 81C258 is fabricated using silicon gate CMOS process. Since the PLASTIC PACKAGE
CMOS circuit dissipates very small power, it can be easily used in battery DIP-16P-M03
backed-up application system such as hand held computer.
The MB 81C258 is pin compatible with HM 51258.
All inputs and outputs are TTL compatible.
® 262144 x 1 SC-DRAM, 16-pin ® |ow Power Dissipation
DIP/18-pin PLCC 330 mW max. (MB 81C258-10)
® Silicon-gate, CMOS, single 275 mW max. (MB 81C258-12)
transistor cell 248 mW max. (MB 81C258-15)
® Row Access Time (tgac). 11 mW max. (TTL level input)
100 ns max. (MB 81C258-10) 1.65 mW max. (CMOS level input) PLASTIC PACKAGE
120 ns max. (MB 81C258-12) Single 5V supply, £10% tolerance LCC-18P-M02
150 ns max. (MB 81C258-15) 32 ms/256 refresh cycles
® Random Cycle Time (trc), RAS-Only, CAS-before-RAS, and
200 ns min. (MB 81C258-10) Hidden refresh capability
230 ns m!n. (MB 81C258-12) Standard 16-pin Plastic DIP PIN ASSIGNMENT
260 ns min. (MB 81 C258-15) (SUfﬁXZ -P)
® Address Access Time (taa), Standard 18-pi : -
-pin Plastic LCC Ag[]1 16]] v,
45 ns max. (MB 81C258-10) Suffix: -PD) o} s
55 ns max. (MB 81C258-12) wel] 3 1A o
70 ns max. (MB 81C258-15) mase  tor 1301 Ag‘”
e Static Mode Cycle Time (tgc), A5  view 120043
50 ns min. (MB 81C258-10) A6 1] As
60 ns min. (MB 81C258-12) A7 10[] As
75 ns min. (MB 81C258-15) veel]8 9 a A7
ABSOLUTE MAXIMUM RATINGS O A Vss TS
AN LKL
Rating Symbol Value Unit
Voltage on any pin relative to Vgg Vin: VouT -1to+7 \) svgg ::tm
Voltage on Ve relative to Vss Vee ~1t0+7 v rotls
a7 12has
Storage Temperature Tsta -55t0+1256 | °C
Power Dissipation Po 1.0 w fiechs e
Short Circuit output current 50 mA

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.

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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Fig. 1 — BLOCK DIAGRAM

CLOCK -
: WRITE - f=——WE
GEN. 1 CLOCK
GEN. |
|
+—CAS
cLOCK
GEN. 2
o
Ag —=
A" ; = DATA
11— ,::> D
COLUMN > COLUMN BUFFER N
ADD. DECODER
Az —= BUFFER ;
SENSE AMP. &
A 1/0 GATE —
3 —=1 .
. L ] . ‘
Ag —] F—-— " -
Ag —f '
2 ROW .
: :'\> ADD. ROW | - | 262,144 BIT
Ag —=— BUFFER DEC. | * | STORAGE CELL DATA |
. =1 ouT
A BUFFER |—=PouTt
7 —= F__
Ag —=i
SUBSTRATE Vcé
BIAS GEN. Ves
CAPACITANCE (7 = 25°C, = 1 MHz)
Parameter Symbol Typ Max Unit
Input Capacitance, Ag to Ag and Dy Cfm - 7 pF.
Input Capacitance, RAS, CAS, WE Cinz - 10 pF
* Output Capacitancé; D,OUT CouTt - 7 pF
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MB 81C258-10 AN
MB81C258-12 FUJITSU

MB81C258-15 MM

(Referenced to Vgg) '
Parameter Symbol Min Typ Max Unit Operating
Temperature
V 45 5.0 5.5
Supply Vol ce :
upply Voltage Ves 0 0 0 \V
] o
Input High Voltage, all inputs Viy 24 — 6.5 v 0°Cto+70°C
Input Low Voltage, all inputs ViL -1.0 - 0.8 v
(At recommended operating conditions unless otherwise noted)
Values
Parameter Conditions Symbol Unit
Min Max
MB81C25810 | _ _ - | &0
Operating Current™ CAS=V,_orVy,
(Average power MB81C258-12 RAS cycling; lccr - 50 mA
supply current) tpe = min
MB81C258-15 - 45
Standby Current TTL level RAS=CAS =V y - 2.0
(Power supply — lecz mA
current) CMOS level RAS = CAS 2 V¢ -0:2V - 0.3
MB81C258-10 - 40
Static Mode RAS=CAS=V_,
Current™ MB81C258-12 RAS cycling; tsc = min. lees - 35 mA
MB81C258-15 — 30
CAS-before-RAS MB81C258-10 RAS oycling - 55
Refresh Current™ P .
(Aversge power MB81C258-12 fIAS-befere-,RAS, lcca - 45 mA
= min .
current) MB81C258-15 Re - 40
ov<V )y £5.5Y,
Vee =5.5Y,
Input Leakage Current Ves = OV; pins not TN -10 10
under test = 0V HA
' 0V < Vour £ 5.5V;
Output Leakage Current Data out disabled lo) -10 10
Output High Voltage lon =-bmA Vou 24 -
Vv
Output Low Voltage loL =4.2mA VoL - 0.4

NOTE: *; lcc depends on the output load operating speed. The specified values are with the output pin open.



NI - MB 81C258-10
FUJITSU - MB81C258-12
IGHEIMIGG  MmB81C258-15

AC CHARACTERISTICS

(At Recommended operating conditions unless otherwise noted)

MB 81C268-10 MB 81C258-12 MB 81C258-15

Parameter Symbol i Viox i o o o Unit
Time Between Refresh trer - 32 - 32 - 32 ms
Random Read/Write Cycle Time tre 200 - 230 - 260 = ns
Read-Modify-Write Cycle Time trwe 245 - 285 - 326 - ns
Access Time from RAS , thac - 100 - 120 - 150 ns
Access Time from CAS teac - 25 - 30 - 35 ns
Output Buffer Turn off Delay Time torf 0 25 0 25 0 30 ns
Transition Time tr 3 50 3 50 3 50 ns
Column Address Access Time [ taa - 45 - 55 - 70 ns
oo o |5 [ =[5 | <[5 [ - |
Access Time from WE Precharge twpa - - 25 = 30 - 35 ns
cvtl:r;:teess Time Relative to last ] taiw - 20 _ 110 _ 140 ns
Write Latched Data Hold Time twor -0 - 0 - 0 - ns
RAS Precharge Time tre 90 - 100 - 100 - ns
RAS Pulse Width thas 65 [ 100000 75 | 100000 95 | 100000 ns
RAS Hold Time trsh 2% | - 30 - 35 ns
CAS Pulse Width (Read) teas 25 100000 | 30 100000 | 35 100000 | ns
CAS Pulse Width (Write) tcas k 15 100000 | 20 100000 | 25 100000 | ns
CAS Hold Time (Read) - tesH 100 - 120 - 150 - ns
CAS Hold Time (Write) tesH 80 - 95 - 15 - ns
RAS to CAS Delay Time trep 25 75 25 90 30 115 ns
CAS to RAS Set Up Time tchs 20 Ve— 25 - 30 - ns
Row Address Set Up Time tasRr 0 - 0 - 0 - ns
Row Address Hold Time - ’ tRAH 15 = 15 - .20 - ns
Column Address Set Up Time tasc 0 - 0 - 0 = ns
Column Address Hold Time tcaH 20 - 25 - 30 - ns
-?il:‘setO Column Address Delay a taap 20 55 20 65 25 80 ns
%‘;‘;’r‘; é:dti’eg%gdd Time tan 100 | - 120 - 150 - ns
Write Address Hold Time A 80 - 20 - | 110 - ns

Referenced to RAS

Read Address to RAS Lead Time traL 45 | = 65 - 70 - ns

Column Address Hold Time

Referenced to RAS Rising Time M@ | tawn 18 B 15 B 2 B ns
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MBS8IC258-12 FUJITSU
MmBg1C258-15 MMM
+
AC CHARACTERISTICS (Cont'd)
(At Recommended operating conditions unless otherwise noted)
p Svmbol MB 81C258-10 MB 81C258-12 MB 81C258-15 Unit
arameter INOTES] mbol ni
Y . Min Max Min Max Min Max
'[‘)aej:;”;'f:‘f Column Address tiwao | 20 a5 20 55 25 70 s
Column Address Hold Time :
20 - - 4 - .

Referenced to Last Write tanLw 1o 140 s
Read Command Set Up Time _
Referenced to CAS tRecs 0 - 0 - 0 ns
Read Command Hold Time
Referenced to RAS tRAH 10 - 10 - 10 B ns
Read Command Hold Time _
Referenced to CAS tRcH 0 - 0 - 0 ns
WE Pulse Width twe 15 - 20 - 25 - ns
WE Inactive Time twi 15 - 20 _ 25 - ns
Write Command Hold Time tweH 15 - 20 - 25 - ns
1V§I;;:: Command to RAS Lead tawL %5 _ 30 _ 35 = ns
mt: Command to CAS Lead tewL 25 _ .30 _ 35 _ ns
RAS to WE Delay Time trwbp 100 - 120 - 150 - ns
CAS to WE Delay Time tewn 25 - 30 - 35 - ns
%or:;mn Address to WE Delay tawD 45 _ 55 _ 70 T ns
?;:18;0 Second Write Delay tmswo 105 _ 125 _ 155 = ns
Write Command Hold Time
Referenced to' RAS twer 80 - 9 116 ns
‘Zf;fePrecharge Time from Last tapLw 135 _ 155 _ 165 _ ns
Write Set Up Time for Output _ _ -
Disable tws 0 0 0 o ns
Write Hold Time for Output '
Disable ° twh 0 - 0 - 0 - ns
D\n Set Up Time tps 0 - 0 - 0 - ns
Din Hold Time ton 20 - 25 - 30 - ns
b d Ti .
RX‘S Hold Time Reference to tonn 80 _ 90 _ 110 _ ns
Refresh Set Up Time for CAS )
Referenced to RAS tecs 20 - 25 - 30 - ns
(CAS-before-RAS cycle)
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FUJITSU MB81C258-12
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AC CHARACTERISTICS (Cont’d)

(At Recommended operating conditions unless otherwise noted) :

MB 81C258-10 MB 81C258-12 MB 81C258-15
Parameter Symbol - Unit
. Min Max Min Max Min Max
Refresh Hold Time for CAS . ‘
Referenced to RAS teeH 20 - 25 ~ 30 = ns
(CAS-before-RAS cycle) V
CAS Precharge Time g
(CAS-before-RAS cycle) terr 20 - % - 30 - ns
RAS Precharge Time to CAS 1
Active Time (Refresh cycles) trrc 20 - 20 - 2 4 - ns
?’:::;c Mode Read/Write Cycle tsc 50 _ 60 _ 75 C s
Static Mode Read-Modify- ' *
Write Cycle Time tsAwe 9 - 15 - 145 - ns
Static Mode CAS Precharge i -
g g tep 15 = 20 - 25 - ns
Refresh Counter Test Cycl
iz il tatc 40 | - 520 - 610 - ns
Refresh Counter Test RAS
P:h':jm dt‘:‘" er tes trras 340 | 10000 | 410 | 10000 | 500 | 10000 | ns
Refresh Counter Test CAS :
Precharge Time 15 tepr 50 = 60 - 70 - ns
Refresh Counter Test CAS to _ )
Col. Address Delay Time (L tcaoT 100 120 150 ns
Refresh Counter Test Access )
Time from CAS teacT - 135 - 165 - 205 ns
Refresh Counter Test CAS .
to WE Delay Time B | towor 136 - 165 B 205 - ns

NOTES: o

An Initial pause (RAS = CAS = V) of 200 us is required after
power-up followed by any 8 RAS-only 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. :

AC characteristics assume tT = 5ns, V| =0V to 3V, V iy =24V,
VL =08V, Vo =24V, and Vg =04V,

Assumes that tgap < trap (max). If tgap is greater than the
maximum recommended value shown in this table, tgac Will be
increased by the amount that tg A p exceeds the value shown.

Assumes that tgap > trap (Max).

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

A Assumes that t_ wap < tLwap (max). f t_wap is greater than
the maximum recommended value shown in this table, ta w will
be increased by the amount that t, wap exceeds the value shown.

A Write Cycle Only.
E] Operation within the tgap (max) limit insures that tgac (max)
can be met. tgap (max) is specified as a reference point only;

2.8

if tgap is greater than the specified trap (max) limit, then
access time is controlled by taa.

: E trap (Min) = tgapy (Min) + ty (ty =5ns)

tEHB is specified to latch column address by the rising edge of

Operation within the t; wap (max) limit insures that ta )y (max)
can be met. t_ wap (max) is specified as a reference point only;
if t_waAp is greater than the specified t_wap (max) limit, then
access time is controlled by taa. .

Bt wap (min) =tcap (min) + ty (ty =5ns).

[E] Either tggy OF trcH Must be satisfied for a read cycle.

[ tws, twH, and tgwp are specified as a reference point only.
If tws > tws (min) and twy > twy (Min), the data output pin
will remain High-Z state throughout entire cycle. It tgwp >
tgwp (min), The data output will contain data read from the
selected cell,

CAS-before-RAS refresh counter-test cycle only.



mB81€258-10 [
MB8IC258-12 FUJITSU

MB81C258-15 Il

Read Cycle

tRc
tRAS )
Vg~ =
ViLs \ N

D
b3
ol

trp
tCcRs CSH RP
c l~—trcD tRSH
t
CAS’

Vin~ / tRAH \

ViL® —H p=—tay
I ~——| ; R

tRAL

COLUMN

\

Ol
>
[z

ADDRESSES VIH
ViL—=

tRCH

—={ |=—tOFF

VALID Pt | G H - Z e

Don’t Care

*; If taap 2 trap (Max), access time is taa.

Write Cycle (WE Controlled)

RC

AAS -
Vi A / N_

IcRrs CSH RP

——tRCD: tRSH————|

CAS Vin-
VI

ADDRESSES Y/IH

I
1
WO HR 1 . ¢
WE tasc—= " CAH WH
Vin- WP /
Vil™ .
tps~— RPLW

O ML VALIDE
1.
=—toFF
_ —_——
DouT xg:_ HIGH-Z { INVALID

Don‘t Care

=, Write Cycle only.
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KA - mB 81C258-10
M

258-12

8
UNIARIWANY - MB 81C258-15

Din

Dour

ADDRESSES vm !

Write Cycle (CAS Controlled)

tRc
tRAS
Vib~ )
Vi~ \
tesH- trp.
SH
cRrs h AP
trRCD TRSH
, tcAS—e}
Vi i T CAS
_ RAH
ViL —-—-—j =" tagc*2
t *2
tasR Ao CAH
WA

HIGH-Z"

Don’t Care

17 1 tws = tws (min) and twn > twr (min), Dous is high-Z.
*2; Write Cycle only.

VIH_
ADDRESSESV —
1N

ViLT

Read-Modify-Write Cycle
tew
RWC
tRAS
i -
tcRs tcsH ~tRP———
~—tRCD tRSH
1,

e
Vit —

COLUMN

tcwp;

HIGH-Z:

Don’t Care

*; Invalid Data
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MBg1c258-10 MMM
MB8IC258-12 FUJITSU

MB81C258-15 MMM

Static Mode Read Cycle:
tRC
tRAS
RAS V| o ey
- [ /
ViL 45 \_
tesH l—tRP——p
tAR [—r7tcp t—tRSH—=
~tRCD tcas tcas
N V-
CAS IH )
V- (
t
RAD tsc ,tz-: tRAL:
TAHR——
ViH-1 - { ¢
ADDRESSES ::_ COLUMN 1 COLUMN 2 COLUMN N
tRCS J
J— ViH-
WE Vi — | |tcac
L1 e f—
tAA f=—]
tRAC—— —
VoH- —
DouT V‘;:_ HIGH-Z VALID X+ X VALID J—HIGH-z—=  VALID ——
¢
Don’t Care
*; Invalid Data.
Static Mode Write Cycle
RAS Vig-
Vi
-.—(HSH—O—
tcas
CAS Vi
ViL~
—tCAH—]
ADDRESSES /it~ TTTT7 XcoL2 X)) X coLumn N
'Rw..———l
t tewL
. tws—aff Hae l:l~ twh || g ! tRPLW
WE MEE ——twcn-a——:P .t__.y__—
V- ! twi_ N N WCH
1.
19
tps
bR tps
Din VALIDY
TDHR
Vou-
Dout Vo"_ HIGH-Z"
oL
L] Don‘tCare

*; If tws 2> tws (min) and twy > twy (Min), Doy is high-Z.
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FUJITSU MB81C258-12
IR MB81C258-15

Static Mode Read-Modify-Write

VL

Vi~ b

t
RC
t
RAS:
RAS ey
Vin-
Vi— / \
tens tRSH tRp
'\43!1
tRco
CAS Vin- \
Vil
tRAH—H tSRW + tsrRwc tRPL
taASR {RAD l-—-“CAH | [-——"cm-« tcan
ADDRESSES le: ROW COLUMN 1 COLUMN 2 COLUMN 3
I T ! 1 1
1, fet
R AW t RWL-
tewp fo—=f [=—tLWAD- Ol—tLwan AYVD tcwL
o tAWD[ -twp twe. twp
WE
twi
tps
tpH
Din VALID
’ taa toFF
twpa—|
tcAC . twoH WOH
DouT ¥0H:—HIGH-Z—N VALID VALID VALID
oL
! tALw = tALw
Don’t Care
X tnvatid Data
. . *1
Static Mode Mixed Cycle
tRC:
f— RAS:
RAS

DouTt

VALID

VALID

Read-Modify-Write
nn'f Care
[XX] tnvalid Data

*1; This is an example of static mode mixed cycle.
*2; If t_wap is satisfied its min/max value, ta w = tsc (min) +tan (max)
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MB81¢258-10 MK
MB81C258-12 FUJITSU

MB81C258-15 I

|
i

M
M

ADDRESSES xm
(Ag~A7z) o

HZ
L

RAS-Only Refresh Cycle
(Note; WE, D, = Don’t Care, Ag = V4 or V)

trRC

tRAS

J— N
CAS IH
ViL~
e
DouT Vo~ - HIGH-Z:
VoL
Don’t Care
CAS-before-RAS Refresh Cycle
(Note; Address, WE, D,y = Don't Care)
tRC
tRAS
Vin~ / 3
RAS ViL™ trcs A i -
tepR—= —trcH taec
__ Viu \ L
€As VL
toFF I
DouT VorZ HIGH-Z
VoL
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NRRRINIIN - MB81C258-10
FUJITSU MB81C258-12
NI - MB81C258-15

Hidden Refresh Cycle

tRC

RAS TRAS———] tRAS
Vin— 3 y/
ViL~ ) / \
tcps |F—tRCD—~ l——tpp———f
! tRSH tFCH———
= Vi~ ] -
CAS IH_
Vio _.—._/ tASR e
tRAH-= tRAL
tRAD | f—tAHR
ADDRESSES \6'“: ROW COLUMN
I T ——I 1
1 tRRH
WE - Vin™ t
vir- t CAC &
P AA toFF f—
DouT VoH— HIGH- 7 DATA
Vor- IGH-Z VALID DATA —
Don‘t Care
CAS-before-RAS Refresh Counter Test Cycle
—1RTC
1TRAS
RAS B ———
Viu~ \ I
Y gy n
le—tE O H——=y tRP
o : tepT——
cAs} VIH" F—_js
Vi~
lcADT
ADDRESSES \\;m: o COLUMN
I
WE Vin— t
{Read) Vil AR
tCACT = toFF
DouT \\’/OH: HIGH-Z VALID !.____—
oL
thes tAWD ey “_tRWL—"l
F—tcWDT—= tewL——
WE Via—
. H
(Write) ViL—
Din Vin—
ViL~

Don’t Care
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MBB81C258-12 FUJITSU
mB81c258-15 MMM

DESCRIPTION

Address Inputs:

A total of eighteen binary input address
bits are required to decode any one of
the 262,144 storage cells within the
MB 81C258. Nine row address bits
are established on the address input pins
(Ao to Ag) and latched with the Row
Address Strobe (RAS). The nine column
address bits are established on the ad-
dress input pins (Ag to Ag) after the
Row Address Hold Time has been satis-
fied. In read cycle, the column address
are not latched by the Column Address
Strobe (CAS), so the column address
must be stable until the output becomes
valid. In write cycle, the column ad-
dresses are latched by the later falling
edge of CAS or WE.

Write Enable:

Read or Write cycle is selected with the
WE inputs. A high on WE selects read
cycle and low selects write cycle. The
write operation is asserted on the later
falling edge of CAS or WE (Both CAS
and WE are low). The time period of
the write operation is determined by
internal circuit, thus next write opera-
tion will be inhibited during the write
operation.

Data Input:

Data is written into the MB 81C258
during write or read-modify-write cycle.
The input data is strobed and latched by
the later falling edge of CAS or WE.

Data Output:

The output buffer is three state TTL
compatible with a fan out of two stand-
ard TTL loads. Data out has the same
porality as data in. The output is in high
impedance state until CAS is brought
low. In a read cycle, the access time is
determined by the following conditions:
1. tgac from the falling edge of RAS.
2. taa from the column address inputs.
3. tcac from the falling edge of CAS.
When both tgcp and tgap satisfy their
. maximum limits, tgac=trcp+*tcac OF
trac=trapttaa-

Data output remains valid while the
column address inputs are kept con-
stant. However, when CAS goes high,
the output returns to high impedance
state. In the static mode, the output

data is internally latched by the later

falling edge of CAS or WE and remains

valid internally until either returns to
high.

Static Mode:

The static mode operation allows con-

tinuous read, write, or read-modify-

write cycle within a row by applying
new column address. In the static mode,

CAS can be kept low throughout static

mode operation. The following four

cycles are allowed in the static mode.

1. Static mode read cycle;

In a static mode read cycle, the
access time is tgac from the falling
edge of RAS or taa from the
column address input. The data
remains valid for a time tpon after
the column address is changed.

2. Static mode write cycle,

In a static mode write cycle, the
data is written into the cell triggered
by the later falling edge of CAS or
WE. If both tyg and ty are greater
than their minimum limits, the data
output pin is kept high impedance
state through the static mode write
cycle. .

3. Static mode read-modify-write cycle;
In the static mode read-modify-write
cycle, WE goes low after tawp from
the column address inputs and
tcwp from the falling edge of CAS.
The data and column address inputs
are strobed and latched by the falling
edge a of WE.

4. Static mode mixed cycle,

In the static mode, read, write, and
read-modify-write cycles can be
mixed in any order.

In the next read cycle of static mode

write cycle or read-modify-write cycle,

the access time is determined by the
following conditions.

1. tauw from the falling edge of
WE at previous write cycle.

2. taa from the column address inputs.

3. twpa from the rising edge of WE at
the read cycle.

4. tcac from the falling edge of CAS.

Refresh:

Refresh of dynamic memory cells is
accomplished by performing a memory
cycle at each of the 256 row addresses
(Ag to A7) at least every 4ms.

The MB 81C258 offers the following

three types of refresh.
1. RAS only refresh;
The RAS-only refresh avoids any
output ‘during refresh because the
output buffer is high impedance state
due to CAS high. Strobing of each
256 row address (Ag to Ay) with
RAS will cause all bits in each row

-~ to be refreshed. During RAS-only
refresh cycle, (either V|, or V, )
is permitted to Ag.

2. CAS-before-RAS refresh;
CAS-before-RAS refreshing available
on the MB 81C258 offers an alter-
nate refresh method. If CAS is held
low for the specified period (tgcs)
before RAS goes low, on chip refresh
control clock generator and the
internal refresh address counter are
enabled, and an internal refresh
operation is executed. After the re-
fresh operation, the refresh address
counter is automatically incremented
in preparation for the next CAS-
before-RAS refresh.

3. Hidden refresh;

A hidden refresh cycle will be
executed while maintaining latest
valid data at the output pin by
extending the CAS low time. For the
MB 81C258, a hidden refresh cycle
is CAS-before-RAS refresh. The
internal refresh address counter pro-
vides the refresh address, as in a
normal ~ CAS-before-RAS  refresh
cycle.

CAS-before-RAS refresh counter Test:
A special timing sequence using CAS-
before-RAS refresh counter test cycle
provides a convenient method of verify-
ing the function of CAS-before-RAS
refresh activated circuitry. After the
CAS-before -RAS refresh cycle, if CAS
goes to high and goes to low again while
RAS is held low, the read and read-
modify-write cycles are enabled accord-
ing to the state of WE. This is shown in
the CAS-before-RAS counter test cycle
timing diagram. A memory cell address,
consisting of a row address (9 bits) and
a column address (9 bits), to be accessed
is shown below.
ROW ADDRESS — Bits Ag to Ay are
provided by the refresh counter. The
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LKA - MB 81C258-10
FUJITSU MB81C258-12

MDD - MB8IC258-15

bits Ag is set high internally. ;
COLUMN ADDRESS — All the bits Ag
to Ag are provided by externally
after tcapT- .
The. recommended procedure of -CAS-
before-RAS refresh counter test cycle is
shown below. The timing of CAS-
before-RAS refresh counter test cycle
should be used.
1) Initialize the internal refresh address

counter by using eight CAS-before-

. RAS refresh cycles.

2) Throughout the test, use the same
column address.

3) Using a write cycle, write Os to all
256 row addresses.

4) Using CAS-before-RAS - refresh
counter test cycle in read-modify-
write mode, read the O written in
step 3), and simultaneously write a 1

to the same cell. This step is repeated
256 row address generated by inter-
nal refresh address counter.

5) Using a normal read cycle, read back
the 1s written in step 4), from all
256 locations,

6) Complement the test pattern and
repeat step 3), 4), and 5).

Fig. 2 — CURRENT WAVEFORM (V¢ =55V, Ta = 25°C)

RAS/CAS Cycle Hidden Refresh Cyble ) RAS-anly Refresh Cycle Static Coiumn Mode Cycle

F_‘_? / - \ / \. - \\ /

CAS / S
3 200
E

150
8

100 /‘(

50 A\ : A‘ 'y \;/Jn \A

100ns/Division
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mB81c258-10  [lHIHIMINIIIY
MB8IC258-12 FUJITSU

MB81c258-15 [N

TYPICAL CHARACTERISTICS CURVES

Fig. 3 — NORMALIZED ACCESS TIME (tgac) Fig. 4 — NORMALIZED ACCESS TIME (trac)
vs SUPPLY VOLTAGE vs AMBIENT TEMPERATURE
w o w N
s Ta=25°C = Vee=5.0V
F2 a0
2 a »
3] ]
e 11 N o1 v
] \ 2 /]
N 10 N10 -
2 2 v
=2 09 S~ 209 4
o 19
E; E
5 0.8 60‘8
< <
r &
4.0 5.0 6.0 . -20 20 40 60 80 100

Vce SUPPLY VOLTAGE (V) T, AMBIENT TEMPERATURE (°C)

Fig. 5 — NORMALIZED ACCESS TIME (tap) Fig. 6 — NORMALIZED ACCESS TIME (taa)
vs SUPPLY VOLTAGE vs AMBIENT TEMPERATURE
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Fig. 7 — OPERATING CURRENT Fig. 8 — OPERATING CURRENT
vs CYCLE RATE vs SUPPLY VOLTAGE
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lcc2. CMOS STANDBY CURRENT (1A) Icc1, OPERATING CURRENT (mA)

lccs, REFRESH CURRENT 1 (mA)

58-12

. Fig. 9 — OPERATING CURRENT -
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Vi AND V,_, ADDRESS AND DATA

lcca, PAGE MODE CURRENT (mA)

Fig. 19 — ADDRESS AND DATA INPUT
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FUJITSU  MB81C258-12

WM - mB 81C258-15
Fig. 21 — RAS, CAS AND WE INPUT VOLTAGE Fig. 22 — RAS, CAS AND WE INPUT VOLTAGE
vs SUPPLY VOLTAGE vs AMBIENT TEMPERATURE
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Fig. 23 — ACCESS TIME (tgac) vs LOAD Fig. 24 — ACCESS TIME (taa) vs LOAD
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Fig. 27 — CURRENT WAVEFORM Fig. 28 — CURRENT WAVEFORM
DURING POWER UP (1) DURING POWER UP (2)
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FUNCTIONAL TRUTH TABLE

Clock Input Address Input Data
Operation Mode — — — -

RAS CAS E Row Column Input Output
Standby H H X X X X High-Z
Read Cycle L L H Valid Valid X Valid
Write Cycle L L L Valid Valid Valid High-z*'
Static Mode Read Cycle L L H Valid*? Valid X Valid
Static Mode Write Cycle L L L Valid*? Valid Valid High-z*'
Static Mode Mixed Cycle L L L/H Valid*? Valid Valid High-Z or Valid
RAS-only Refresh Cycle L H X Valid X X High-Z

X: Don’t Care H: High level L: Low level
Note: *1: If tws < tws(min) @ twr < twi (min), the data output become invalid.
*2: After first cycle, row address is not necessary.
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UAMIGIIANANN, -~ mB 81C258-10

FUJITSU - MB81C25¢
IMIMRIWINY - mB 81C258-15

(Suffix: -P)

8-12

PACKAGE DIMENSIONS

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

15° MAX

© 1987 FUJITS

U LIMITEDD16030S-2C

moex1 (Mo
.260£,010 .300.010
(6.60+0.25) (7.62:0.25)
INDEx2™ P
7667-095(19.45732)—
. . +0.11
.033+~g$g ,047:301 2 (0.2575'4)
| f 012 D R W :
 (0.85732) (1.2°33)
I .183(4.65)MAX
118(3.0)MIN
.100(2.54) 0187-398
TvP 047+‘°12 +0.14 :020(0.51)MIN Dimensions in
-0 (0.4575'g5) inches (millimeters)
(1207939 i :
-0
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mB81¢258-10 I
MB81C258-12 FUJITSU

MB 81¢258-15  IIIMIHHHIMIN

PACKAGE DIMENSIONS

(Suffix: -PD)

18-LEAD PLASTIC LEADED CHIP CARRIER
(CASE No.: LCC-18P-M02)
+.002 +0.05
.008 001 (0.20 0. 02)
R.030(0.76)TYP
T o o I s o | (
g ]
.490+.003 s 0 .017(0.43)
(12.45+0.08) L TYP
O
.527+.005 H
(13.39:0.13) O u .026(0.65)
O 1 TYP
A—
| N I N A B O | H H H
285,003 | [~-020(051) ,050(1.27)
(7.24+0.08) MIN
060(1.52) Tvp
.322+.005 - Y
(8.18+0.13) MIN
+.006 +0.16
1345023475 0g)
Dimensions in
© 1986 FUJITSU LIMITED C18016S-3C inches (millimeters)
The information contained in this document does not convey any given. The information contained in this document has been carefully-
license under copyrights, patent rights, software rights or trademarks checked and is believed to be reliable. However, Fujitsu assumes no
claimed by Fujitsu. Circuit diagrams utilizing Fujitsu products are responsibility for inaccuracies. Fujitsu reserves the right to change
included as a means of illustrating typical applications. Complete products or specifications without notice.

information sufficient for construction purposes is not necessarily
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L 262144 BIT CMOS
FUJITSU T eXSo RN

e DYNAMIC RAM

65,5636 x 4 BIT CMOS STATIC COLUMN DYNAMIC
RANDOM ACCESS MEMORY

The Fujitsu MB 81C466 is static column dynamic random access memory,
SC-DRAM, which is organized as 65536 word by 4 bits. This SC-DRAM is
designed for high speed, high performance applications such as main frame
memory, buffer memory, and video memory, and for applications to battery
backed-up systems where very low power dissipation and compact layout is
required. :

The advantage of SC-DRAM is achieving the static mode operation such as
read, write and read-modify-write cycles in spite of dynamic RAM and the
fast read and write operation can be performed by this mode.

The MB81C466 is fabricated using silicon gate CMOS process. Since the
CMOS circuit dissipates very small power, it can be easily used in battery
backed-up application system such as hand held computer.
The MB 81C466 is pin compatible with Intel’s 51C259.

~ All inputs and outputs are TTL compatible.

MB 81C466-10
MB 81C466-12
MB 81C466-15

March 1987
Edition 2.0

CERAMIC PACKAGE
DIP-18C-A01

PLASTIC PACKAGE
DIP-18P-M01

® 65536 x 4 SC-DRAM, 18-pin DIP/ ® | ow Power Dissipation

20-pin ZIP
Silicon-gate, CMOS, single tran-
sistor cell
Row Access Time (tgac),
100 ns max. (MB 81C466-10)
120 ns max. (MB 81C466-12)
150 ns max. (MB 81C466-15)
Random Cycle Time (tgc),
200 ns min. (MB 81C466-10)
230 ns min. (MB 81C466-12)
260 ns min. (MB 81C466-15)
Address Access Time (taa),
45 ns max. (MB 81C466-10)
55 ns max. (MB 81C466-12)
70 ns max. (MB 81C466-15)
Static Mode Cycle Time (tsc),
50 ns min. (MB'81C466-10)
60 ns min. (MB 81C466-12)
75 ns min. (MB 81C466-15)

ABSOLUTE MAXIMUM RATINGS

385 mW max. (MB 81C466-10)
330 mW max. (MB 81C466-12)
275 mW max. (MB 81C466-15)
11 mW max. at standby with
TTL level input
1.65 mW max. at standby with
. CMOS,level input
Single 5V supply *10% tolerance
Internal write period control
On chip latches for address and
data inputs
32ms/256 refresh cycle
RAS-Only, CAS-before-RAS, and
Hidden refresh capability
Standard 18-pin ceramic. (Metal
seal) DIP (Suffix: -C)
Standard 18-pin Plastic DIP
(Suffix: -P)
Standard 20-Pin Plastic ZIP
(Suffix: -PSZ)

Rating Symbol Value Unit
Voltage on any pin relative to Vgg Vin: VouT -1to+7 \'
Voltage on V¢ relative to Vgg Vee ~-1to+7 \ A Ves 00, WE NC Ag Aq A A; Ao
Storage Ceramic T -55 to +1504 °c o Tsvc]n:‘:u,E:vz SR .
Temperature Plastic STG -55 to +125 \u |3 I A R KT RES K R A AT 7
Power Dissipation ‘ Pp 1.0 . w 202004 OF 0z FAE NC A5 Vec As Ay
Short Circuit output current 50 mA

‘PLASTIC PACKAGE
ZIP-20P-M01

PIN ASSIGNMENT

This device contains circuitry to protect the
inputs against damage due to high static volt-
ages or electric: fields. However, it is advised
that normal precautions be taken to avoid

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 I PO e ren fo avoie

. . v et cation n 1 r n X1+
shegt. Exposure to abs'olute ‘maximum rating conditions for extended ""’Sm rated volta;es .oagthss ghigh impedan'c'e
periods may affect device reliability. circuit.
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WA - MB 81C466-10
FUJITSU MB 81C466-12
WML - MB 81C466-15

BLOCK DIAGRAM

RAS Frvis write [ WE
) cLock
GEN.
L_—l p————y
] n
; | CAS
cLock
GEN. 2
Al
A1 p— B ‘ DATA
] 4 COLUMN IN
cal_éxy N > DECODER BUFFER
Ay —] - ‘
RUFFER i SENSE AMP. &
Az —=— 1/0 GATE =
l el | _Dpaito
M ] DQ4
As — N ROW . .
—J| ADD. — row | _z214am7
Ag —— BUFFER DEC. STORAGE CELL L DATA |_|
v A ? ouT
A ‘ BUFFER
7 —]

|

SUBSTRATE Vee
BIAS GEN. Ves
CAPACITANCE (T4 = 0°C to +70°C, V¢ = 5V £ 10%, f = 1MHz)
Parameter e Syﬁ}bol Typ Max Unit
Input Capacitance, Ag to Ay "Cm_, 7 pF
|n5ut Capacitance, RAS, CAS, WE, —E Cinz 10 pF
" Input/Output Capacitance, DQ, to DQ4 C.by 7 pF
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MB 81C466-10  IHHIHHIMmMmI
MB 81C466-12 FUJITSU
MB 81C466-15 (MMM

RECOMMENDED OPERATING CONDITIONS

(Referenced to Vgg)

. . Operating
Parameter Symbol Min Typ Max Unit Temperature
Vee 45 5.0 55
Supply Voltage Vss 0 0 0 \Y
o -]
Input High Voltage, all inputs Viu 24 65 \" 0°Cto+70°C
Input Low Voltage, all inputs Vin -1.0 0.8 \)
(Recommended operating conditions unless otherwise noted)
Value
Parameter -Symbol Unit
Min Typ Max
OPERATING/REFRESH CURRENT* MB 81C466-10 0 .
Average Power Supply Current MB 81C466-12 lcct 60 mA
(RAS, CAS cycling; tgc = min) ’ MB 81C466-15 50
STANDBY CURRENT TTL Level 2
Standby Power Supply Current leca mA
(RAS, CAS = V) CMOS Level 0.3
STATIC MODE OPERATING CURRENT* MB 81C466-10 50
Average Power Supply Current ) .
(RAS = V,_, CAS, WE or Address = cycling; MB 81C466-12 lees 40 mA
tsc = min) MB 81C466-15 35
CAS-BEFORE-RAS REFRESH CURRENT* | MB 81C466-10 65
Average Power Supply Current MB 81C466-12 lcca 55 mA
(CAS-before—RA§; tre = min) MB 81C466-15 : 45 .

INPUT LEAKAGE CURRENT, ALL INPUTS .
(Vin =0V to 5.5V, Ve =5V, Vgg =0V, all other L -10 10 MA
inputs not under test = 0V)

INPUT/OUTPUT LEAKAGE CURRENT

(Data is disabled, Vour = 0V to 5.5V) loaqw) -10 10 HA
OUTPUT LEVEL, OUTPUT LOW VOLTAGE v : 04 v
(oL = 4.2mA) oL -

OUTPUT LEVEL, OUTPUT HIGH VOLTAGE va v

(low = -5.0 mA) Vou

NOTE *; lcc is depended on the output loading and cycle rate. The specified values are obtained with the output open.
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URIRIENIEN - MB 81C466-10
FUJITSU MB 81C466-12
UMMM MB 81C466-15

AC CHARACTERISTICS

(At Recommended operating conditions unless otherwise noted)

| MB81C466-10 MB 81C466-12 MB 81C466-15
Parameter EEE | Symbol — - Unit
Min Max Min Max Min Max

Time Between Refresh tree 32 32 32 ms
Random Read/Write Cycle Time - tre 200 230 260 ns -
‘Read-Modify-Wrivte Cycle Time trwe 270 315 360 ns
Access Time from RAS thac ‘ 100 ’ 120 150" n$
Access Time from CAS tcac 25 30 35 ns
Output Buffer Turn off Delay Time tore 0 25 0 25 30 ns
Transition Time tr 3 50 3 50 3 50 ns
Column Address Access Time tan 45 55 70 ns
2:;?2:5'-(';(:.':“;"‘& from Column taom 5 5 5 ns
Access Time from WE Precharge tw§ A 25 . 30 35 ns
Access Time Relative to Last Write taLw 90, T .| 140 ' ns’ ) 1.
RAS Precharge Time trp 920 100 100 ns
RAS Pulse Width : tras | 65 100000 | 75 100000 | 95 100000 | ns
RAS Hold Time ; tasH 25 ‘ _ 30 35 ns
CAS Pulse Width (Read) teas 25 100000 30 100000 | 35 100000 | :'ns
CAS Pulse Width (Write) i teas 15. |.100000 | 20 100000 | 25 100000 [ ns
CAS Hold Time (Read) - tesH 100 120 150 ’ ns
CAS Hold Time (Write) tesh " 80 o] es 115 ns '
RAS to CAS Delay Time treo 25 75 - 25 90 30 115 ns .
CAS to RAS Set Up Time tecrs | 20 25 30 ns
Row Address Set Up Time g tasr 0 A 10 0 k, ns
Row Address Hold Time tRAH 15 . 15 ~20 ‘ns
Column Address Set Up Time . tasc 0 T ] ns
Column Address Hold Time tean 20 ‘ 25" 30 ns -
-F:::‘Seto Covlumn Address Delay B taap 20 - 55 1 20 65 » 25 80 e
g:;:::cﬁ;“::,e“_”g‘"d Time tan 100 2120 150 ns
e ot T | o | | |
Read Address to RAS Lead Time tRAL- 45 55 70 ns
gzlfzz:c’:c::r;;:gzi:;nﬁme tanm 15 5 20 ns
D o Coumn Adress  BER | twao | 20 |45 |20 fss | 25 |70 ns
Reforoncs to Lt Wit [tow [ 20 || mo 140
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MB 81€466-10 MBI

MB 81C466-12 FUJITSU
MB 81C466-15 MMM
AC CHARACTERISTICS (Cont'd)
(At Recommended operating conditions unless otherwise noted)
. MB 81C466-10 MB 81C466-12 MB 81C466-15
Parameter Symbol |- Unit
Min Max Min Max Min Max
g T |we | 0 o o -
Retronesd 1o RS B | tren | 10 10 10 ns
Reteronend 19 GRS thow | 0 0 0 n
WE Pulse Width twe 15 20 25 ns
WE Inactive Time tw 15 20 25 ns
Write Command Hold Time tweh 15 20 25 ns
Write Command to RAS Lead Time tawL 25 30 35 ns
Write Command to CAS Lead Time tewL 25 30 35 ns
RAS to WE Delay Time tawp 125 150 185 ns
CAS to WE Delay Time tewo 50 60 70 ns
Column Address to WE Delay Time tawp 70 85 100 ns
RAS to Second Write Delay Time trswb 105 125 155 ns
RAS Precharge Time from Last Write tRPLW 135 155 165 ns
\II)V:S;:Z liet Up Time for Output B | tws 0 0 0 ns
Write Hold Time for Output Disable twH 0 0 0 ns
Din Set Up Time tps 0 0 0 ns
D,y Hold Time ton 20 25 30 ns
D,y Hold Time Referenced to RAS toHR 80 90 110 | ns
Access Time from OE toea 25 30 35 ns
OE to Data In Delay Time toep 20 .25 30 ns
fC:Z::thtB_uffer Turn off Delay Time toez 0 20 0 25 0 30 ns
OE Hold Time Referenced to RAS B | toeur 20 20 20 ns
OE Hold Time Referenced to CAS [ | toemc 20 20 20 ns
Refresh Set Up Time for CAS
Referenced to RAS tecs 20 25 30 ns
(CAS-before-RAS cycle)
Refresh Hold Time for CAS
Referenced to RAS tecn 20 25 30 ns
(CAS-before-RAS cycle) )
(Cm_A;l‘::::: -g;_;;rénlscle) teen 20 % 30 ns
e o T e | 2 2 :
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UM mB 81€466-10

FUJITSU MB

1€466-12

‘8
NN M8 81C466-15

AC CHARACTERISTICS (Cont’d)

(At Recommended operating conditions unless otherwise noted)

. - MB 81C466-10 MB 81C466-12 MB 81C466-15
Parameter Symbol |— ~ Unit
) ‘Min Max Min Max Min Max
Static Mode Read/Write Cycle Time tsc 50 60 75 ns
Static Mode Read-Modify-Write : S
Cyels Time tsawc 120 145 180 | ns
Static Mode CAS Precharge Time tep 16 20 25 ns
OE to RAS Inactive Set Up Time toes 25 30 35 | ns
Din to CAS Delay Time . B | tozc 0 0 0 ns
'Djn to OE Delay Time . W | tozo 0 0 0 ns
-Refresh Counter Test Cycle Time trRTC 465 550 645 ) ns
‘Refresh Counter Test ! y
w? drt‘: ouniter Test RAS Pulse trmas | 365 | 10000 | 440 | 10000 | 535 | 10000 | ns
Refresh Counter Test CAS . .
Precharge Time teer 50 60, 7 .- ns.
Refresh Counter Test CAS to
Column Address Delay Time tcaot 100 120 150 ns
Refresh Counter Test Access . ;
Time from CAS teacT 135 165 205 ns
Refresh Counter Test CAS to .
WE Delsy Time tewnT 135 165 205 ns
NOTES: e :
An_Initial pause (RAS=CAS=V,,) of 200us is required trap (Min) =tgan (Min) +t1 (ty =5ns)

after power-up followed by any 8 RAS-only 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. )
AC characteristics assume ty = 5ns, V;y = OV to 3V,
Vig =24V, V, =08, Voy =2.4V,and Vo =04V.
Assumes that thrap S trap (max). If tgap is greater
than the ‘maximum recommended value shown in this
table, tgac Will be increased by the amount that tgap
exceeds the value shown.

Assumes that tgap = trap (Max).

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

Assumes that tiwap < tuwap (max). If tiwap is
greater than the maximum recommended value shown in_
this table, ta w Will be increased by the amount that
t.wap exceeds the value shown.

. Write Cycle only.

Operation within the tRAD (max) limit insures that .

trac (max) can be met. tgap (max) is specified as a
reference point only; if tgap is greater than the speci-
fied trap (max) limit, then access time is controlled

by taa.
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tanr is specified to latch column address by the rising

EBE

o

EB

edge of RAS.

Operation within the t wap (max) limit insures that
taLw (max) can be met. t_wap (max) is specified as a
reference point only; if t_ wap is greater than the speci-
fied t_wap (max) limit, then access t|me is controlled
by taa.

tiwap (min) =tcay (Min) + t7 (ty = 5ns).

Either tgrp OF trcy Must be satisfied for a read cycle.
tws. twh, and tgwp are specified as a reference point
only. If twg = tws (min) and tyy = twy (min), the
data output pin will remain High-Z state throughout
entire cycle. It tgwp = trwp (min). The data output
will contain data read from the selected cell.

Either tognr OF tognc is satisfied, output is disabled.
Either tpzc or tpzo must be satisfied.

CAS-before-RAS refresh counter test cycle only.



MB 81€466-10 MMM
MB 81C466-12 FUJITSU

MB 81C466-15 Il

py
>
ol

CAS

ADDRESSES

DQ
(OUTPUT)

DaQ
(INPUT)

Read Cycle
tRre
tRAS
- —
\\jm_ \
I = e ﬁ
SH S
t e
tRsH
¥/|H: CAS' -
I v AHR
tRAL
Ve COLUMN
Vi = -
OES
Vi S e e
Vi et ¥ tc;Ac
AA
— traC
xg‘:_ HIGH-Z VALID ) HIGH-Z
t
Dz¢ l-tOE A—=~ — F“OEZ

Vig— 7
ViL— -
ViH-
ViL— <

*; If tgap 2 trap (Max), access time is ta .

D
>
[

ADDRESSES

Da
(INPUT)

DQ
(OUTPUT)

OE

Vou~
VoL~

Vi 7

Vi

Write Cycle (WE Controlled)

tRe.
tRAS
/
tcsH { S - r——
tRSH —
tcas )
]
tasc tCAH
COLUMN i i i
tRWL i
[— twp—=—|
[DZC, t-g-i tcwr
tDHR
et H]
tHIGH-2 VALID HIGH-Z
f RPLW
N toeD tOEA torr
HIGH-2: HIGH-Z A\ \
toEZ tozo
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FUJITSU MB

81C466-12

HMININIWAN  MB 81C466-15

D
P
[

CAs
ADDRESSES

WE"

Da
(INPUT)

DQ
(OUTPUT)

Vi d‘;:

r___——'-!

* VoH—-

Write Cycle (CAS Controlled)
ﬁ; Don’t Care

Viy— ] ’s

ViL—
tcRs

trc

tRAS

tRSH

Lu——-—tRp————q—

Viu-

Viu~
v

n-

Vi~
ViL—

Viu—
Vies

VoL~

HIGH-Z*

Don’t Care

: If OE is kept high through a cycle or tws = tws (min) and twy = tww (mMin) are met,
DQ pins are kept high impedance state. ’

CAS

ADDRESSES

[a]e]
(INPUT)

DQ
(OUTPUT)

OE

Reaq-Modify-Write Cycle

trRwe
tRAs
S —
Vi N 7
.t tcs t
=CAS{ [ taco— — P T
v CAS
V:E: tRAH N i/
tASR : I TRWL.
"—-—J —‘tR{AD—J[ ‘AWD—'*"‘"—l |..—tcw|_.|__
vir- R row XEX CE
: s T tRes: I
tcwp
Viu—
Vi
Vin—
ViL—
1OFF | toEHR
Vour.
VoL~ \ HIGH-Z
fe—f —toEHC—=
ViH- e
ViL—

. Don’t Care

N\ invalid Data
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MB 81€466-10 MMM
MB 81C466-12 FUJITSU
MB 81C466-15 - (MMM

Static Mode Read Cycle

tRC
v TRAS:
IHe
RA ViL- tens (( N_
tesH 2 ~—tRP—=|
tAR e tREH—=|
v [~tRco tcas toas
_ e
CAS vVit- ' (A
t trap | )
ASR t sc tsc tRAL tAHR
tRAH L
ADDRESSES x:r: ROW COLUMN 1 COLUMN2 X COLUMN N
tRCS 1= i L] tRCH
TRRH:
pu— V|H_.
e Vit~ Lteac
TAA feto]
AS . |toFF
tRACT —
Da Vor- VALID VALID . S
{ouTPuT) VoL HIGHZ—  VALID
‘oEz— ~—topa —| (=toez [~ _J — t=toez
pa Vin- T (
(INPUT) Vil toep) !
v ) tpzo
5E 1H™
OE Z / (
Viu Y
Static Mode Write Cycle
tRC
v tRAS
J—— I1H—
RAS Vi (- / N_
—1csH tep —=] f=—tRg H—= ‘_tRP—J
tcas tcas
— —~ tcas
CAS VIHZ y \ ‘)——-.F
it N tasc
H— ASC = Ak
[~tcan—| I——-—I ——tcan—ii-|
ADDRESSES ViH~ ROW /1 COLUMN 1 COL.ZW& COLUMN N K
I
l ‘ -—Hawn_—--”I
1 tewL—
. - tRPLW
WE Vin- - WP"‘i
e ' toEHC
[ ==
toH toEHR=
DaQ Vin—
(NPUT) V|- ‘ﬁvm.m: -
el OFF
tpz toep twpA| 1 P
vV, —
DQ OH— HIGH-Z (
outpuT) VoL - T AN
__|tpzo D20 tor, —] D20
v - =
OE 1H™
oe v N

Invalid data

Don’t Care

233




UINANARINY - mB 81C466-10

FUJITSU MB 81C466-12
AN - MB 81C466-15
i
|
Static Mode Read-Modify-Write Cycle
tRC
Vin trAs
_ —
= '
RAS V“—; '<:|=«s.Ii - oon 4§ =—trP |-
—tRCcD - tRSH
CAS Vig— ((' 7
Vi~ tRAH )Y tOEHR
1 .
ADDRESSES |'"~ rROW X COLUMN
} tRWD- ——tLwAD——|
—tcwp
~tAwD— ¢ It
__ Vin- WP T
WE Vi toze tos [F—
Vi r——
aneun Vit~ LT tan
tcac
DQ - Vou~ — L
(outpuT)  yorL —THIGHZ HIG
: toez
toea toeD
Vig- TT0
oF Vi &
EX valid Data  [X] Invalid Data ] Don't Care
- Static Mode Mixed Cycle
tRC
tRAs
"AS Vin- k '
RAS Vi h - - _._tnp_...\._
tcsH TRWL——{ 11—
3 o tewL—— 1= toFF
— ~ CAS— e
CAsS \\5:‘:_ S
r-tasc e tRPLW
- tAHva t
‘CAH—ﬁ CAH 4| .
ADDRESSES y!H™ "COLUMN COLUMN L coLumn K
‘LWA toEHC
= Vig—
W IH
E ViL—
DQ M
(INPUT) Vie—
paQ Vou—
toutput) VoL~
OE ViH-
Vi
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MB 81€466-10 MMM
MB 81C466-12 FUJITSU

MB 81C466-15 I

RAS-Only Refresh Cycle
(Note; WE, OE, D,y = Don’t Care)

tRc
tRAS
Vin— 3
RAS o \ / \

tASR tRAH tRp :
ADDREsSES \/'H_ T ROW IR i |
I f
tRP |
|
— g {
CAS }
Da Von~ ] 1GH-Z |

(OUTPUT) VoL~ ———————d ity

{ Don’t Care

CAS-before-RAS Refresh Cycle)
(Note; Address, WE, OE, D\ = Don‘t Care)

tRC
tRAS
RAS ML [ N
' trcs,

tcPR --‘FCH“L
CAS VinT
CAS Vi~ ;

toFF
ba Vor-— !
(OUTPUT) VoL~ e HIGH-Z

Don’t Care
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UIRIEINENE M8 81C466-10
FUJITSU  MB 81C466-12

HHMHNARANE  MmB 81C466-15

Hidden Refresh Cycle

tRC
tRAS RN -y - S——
— Vi =\
s s z s —
et tRP. -
tcRs RCD-—  tasn R e
— Vin—
CAS RV \
. tAR
. o tasr RAH tRAL—
tRAD : H = tAHR
ADDRESSES x:t: ROW COLUMN
= T tron
WE ooy tcac
AC— ) toFF
ba Vou— a
outrur) v GHZ= VALID DATA —
pa \
(INPUT)
toEs toez
fa—tOE A—e— oD
OE
_ Don’t Care
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MB 81€466-10 NI
MB 81C466-12 FUJITSU
MB 81C466-15  lIIMHMMKIHI

CAS

ADDRESSES v,/

WE
(Read)

Da
(INPUT)
(Read)

Da
(OUTPUT)
(Read)

58
(Read)
WE

(Write)

Da
(INPUT)
(Write)

ba
(OUTPUT)
(Write)

OE
(Write)

ViH_ =

ViL—

ViH—
ViL-

Vin—

ViH—
ViL—

Vii— B

ViL—

VoH-
VoL~

ViH—

tFcs

CAS-before-RAS Refresh Counter Test Cycle

tFCH tepT

tcacT ﬁ ‘

HIGH-Z VALID

toEZz—

toED

7] Don’t Care

X invalid Data
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T, MB 81C466-10
FUJITSU 1C466-12

A MB 81C466-15

DESCRIPTION

Address Inputs:

A total of sixteen binary input address
bits are required to decode parallel 4
bits of the 262,144 storage cells within
the MB81C466. Eight row address
bits are established on the address
input pins (Ag to A7) and latched with
the Row Address Strobe (RAS). The
eight column address bits are established
on the address input pins (Ag to Ay)
after the Row Address Hold Time has
been satisfied. In read cycle, the column
addresses are not latched by the Column
Address Strobe (CAS), so the column
address must be stable until the output
becomes valid. * In  write  cycle, the
column addresses are latched by the
later falling edge of CAS or WE

Write Enable:

Read or Write cycle is selected with the
WE inputs. A high on WE selects read
cycle and low selects ‘write cycle. The
write operation is asserted on the later
falling edge of CAS or WE (Both CAS
and WE .are low). The time period of
the write operation is determined by
internal circuit, thus the next write
operation will be inhibited during the
write operation.

Data Pins:

Data Inputs;

Data are written |nto the MB 81 C466
during write or read-modify-write cycle.
The input data is strobed and latched
by the later falling edge of CAS or WE.

Data Output:

The output buffer is three state TTL
compatible ‘with a fan out of two
standard TTL loads. Data out has the
same porality as data in. The output is
in high impedance state until CAS is
brought low. In a read cycle, the access
time is determined by the following
conditions:

1. trac from the falling edge of RAS.
2. taa from the column address inputs.
3. teac from the falling edge of CAS.
4. toga from the falling edge of OE.
When both tgcp and tgap satisfy their
maximum limits, tgac =trcep ttcac OF
trac=traD*taa-

Data output remains valid while the
column address inputs are kept con-

2-38

stant. However, when either CAS or OE
goes high, the output returns to a high
impedance state. In the static write
cycle (CAS controlled), if both
tws=tws (min) and tywy 2twy(min) are
met, data pins are input mode regardless
of the state of OE.

Output Enable:

The OE controls the impedance of the
output buffers. In the high state on OE,
the output buffers are high |mpedance
state. In the low state on OE, the
odtput buffers are low lmpedance
state. In the write cycle (WE con-
trolled), the: OE must be high before
the data applied to DQ pins. When WE
controlled write cycles is not used, OF
can be low throughout the operation.

Static Mode:
The static mode operation allows con-
tinuous ‘read, write, or read-modify-
write cycle within a row by applying
new column address. In the static mode,
CAS can be kept low throughout static
mode operation. The following four
cycles are allowed in the static mode.
1. Static mode read cycle;
In-"a static mode read cycle, the
access time is tgac from the falling
edge of RAS or taa from the column
address input or tgga from the fall-

ing edge of OE. The data remains

valid for a time taon after the
column address is changed.

2. Static mode write cycle;

In a static mode write cycle, -the
data is written into the cell triggered
by the later falling edge of CAS or
WE. If both tws and twy are greater
than their minimum limits, the data
output pin is kept high impedance
state through the static mode write
cycle. The OE must be high before
the data are applied to DQ pins.

3. Static mode read-modify-write cycle;
In the static mode read-modify-write
cycle, WE goes low after tawp from
the column address inputs and tewp
from the falling edge of CAS. The
data and column address inputs are
strobed and latched by the falling
edge of WE. The OE must be high
before the data are applied to DQ
pins.

4. Static mode mixed cycle;
In the static mode, read, write, and
read-modify-write cycles can be
mixed in any order.
In the next read cycle of static mode
write cycle or read-modify-write cycle,
the access time is determined by the
following conditions.
1. tauw from the falling edge of WE
at previous write cycle.
2. taa from the column address inputs.
3. twpa from the rising edge of WE at
the read cycle. )
4. tcac from the falling edge of CAS.
5. toga from the falling edge of OE.

Refresh:
Refresh of dynamic memory cells is
accomplished by performing a memory

" cycle at each of the 256 row addresses

(Ag to A;) at least every 4ms.

The MB 81C466 offers the followmg

three types of refresh. :

1. RAS only refresh;

The RAS-only refresh avoids any
outputs during refresh because the
outputs buffers are high impedance
state due to CAS-high. Strobing of
each 256 row address (Ag to A;)
with RAS will cause all bits in each
row to be refreshed.

2. CAS-before-RAS refresh;
CAS-before-RAS refreshing available
on the MB 81C466 offers an alter-
nate refresh method. If CAS is
held low for the specified period
(tecs) before RAS goes low, on chip
refresh control clock generator and
the internal refresh address counter
are enabled, and an internal refresh
operation is e)xecuted. After the
refresh operation, the refresh address
counter is automatically incremented -
in preparation for the next CAS- be-
fore- RAS refresh.

3. Hidden refresh;

A hidden ‘refresh cycle " will be
executed while maintaining latest
valid data at the output pin by ex-
tending the CAS low time. For the
MB 81C466, a hidden refresh cycle is
CAS-before-RAS refresh. The inter-
nal refresh address counter provides
the refresh address, as in a normal
CAS-before-RAS refresh cycle.



CAS-before-RAS refresh counter Test:

A special timing sequence using CAS-
before-RAS refresh counter test cycle
provides a convenient method of verify-
ing the function of CAS-before-RAS
refresh activated circuitry. After the
CAS-before-RAS refresh cycle, if CAS
goes to high and goes to low again
while RAS is held low, the read and
read-modify-write cycles are enabled
according to the state of WE. This is
shown in the CAS-before-RAS counter
test cycle timing diagram. A memory
cell address, consisting of a row address
(8 bits) and a column address (8 bits),

to be accessed is shown below.

ROW ADDRESS — All bits Ag to A;
are provided by the refresh counter.

COLUMN ADDRESS — All the bits
Ap to Ay are provided by externally
after tcapt- -

The recommended procedure of CAS-

before-RAS refresh counter test is

shown below. The timing of CAS-
before-RAS refresh counter test cycle
should be used.

1) Initialize the internal refresh address
counter by using eight CAS-before-
RAS refresh cycles.

2) Throughout the test, use the same

PACKAGE DIMENSIONS

MB 81C466-10 MBI
MB 81C466-12 FUJITSU
MB 81C466-15 Il

column address.

3) Using a write cycle, write Os to all
256 row addresses.

4) Using  CAS-before-RAS  refresh
counter test cycle in read-modify-
write mode, read the 0 written in
step 3), and simultaneously write a
1 to the same cell. This step is
repeated 256 row address generated
by internal refresh address counter.

5) Using a normal read cycle, read back
the 1s written in step 4), from all
256 locations.

6) Complement the test pattern and
repeat step 3), 4), and 5).

(Suffix: -C)
18-LEAD CERAMIC (METAL SEAL) DUAL IN-LINE PACKAGE
(CASE No.: DIP-18C-A01)
P 0°to 9°
+.008
INDEX AREA 92010 3001 010
A (7.45%0:29) (7.62:0.25)
.900£.010 ’ 010+004
(22.86%0.25) = : -.(()’0120
+0.
(0257332

—= I.~.055(1 40)MAX
—

T

]

.200(5.08)MAX

+0.41
13477014 (3.407

©1987 FUJITSU LIMITED D18014S-4C

.100£.010 :032(0.81) ,_H__ .035:.015
(2.64:0.25) REF (0.89+0.38)
.800(20.32)REF 1
.050+.010 0187005046 0:33)
(1.2720.25) —

+.016
0.36

Dimensions in
inches (millimeters)
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NI - MB 81C466-15
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PACKAGE DIMENSIONS

(Suffix: -P) (Suffix: -PSZ)

18-LEAD PLASTIC DUAL IN-LINE PACKAGE )

{CASE No.: DIP-18P-M01)

th oMM

INDEX—] :

LTI ELP NP R

+.008 +0.2

+.016
+244 004

+0.4)
62134

15°MAX

" 3004010
(7.62:0.25)

—868_072(22.05753) .010£,002
) {0.25:0.05)
+.012
. 04778 ;
V.owu.zsmu (——'420:8‘30’ T
1197(5.00/MAX
118(3.00/MIN
+.012 X
1100(2.54) 04727 0187398 1020(0.51)IMIN
TYP +0.30, +0.14,
01.202570 (04875 05) Dimensions in
inches (miltimeters)
© 1987 FUJITSU LIMITED D18003S-2C
20-LEAD PLASTIC ZIGZAG-IN-LINE PACKAGE
(CASE NO.: ZIP-20P-M01)
dize008
+.005 +0.12 .85:0.2) .
1.0197:09%(25.8870'12).
INDEX 1260+.010 ’
(6.60+0.25) 35(8.261MAX
,0102.002 1
(0.26:0.05) L118(3.0MIN
.050(1.27)TYP .020+.004 .100(2.54)TYP
: 10.5020.10)

© 1986 FUJITSU LIMITED 2200018-3C

Dimensions in
inches (millimeters)

240,

Circuit diagrams utilizing
Fujitsu products are includ-
ed as a means of illustrating
typical semiconductor appli-
cations; consequently, com-
plete information sufficient
for construction purposes is
not necessarily given. The

“information has been care-

fully checked and is be-
lieved to be entirely reliable.
However, no responsibility
is assumed for inaccuracies.
Furthermore, such informa-
tion does not convey to the
purchaser of the semicon-

ductor - devices described
herein any license under the
patent rights of Fujitsu

Limited or others. Fujitsu
Limited reserves the right to
change device specifications.
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FUJITSU

ARSI

CMOS 1,048,576 x 1 BIT FAST PAGE MODE DYNAMIC RAM

FAST PAGE

The Fujitsu MB81C1000 is CMOS fully decoded dynamic RAM organized as
1,048,576 words x 1 bit. The MB81C1000 has been designed for mainframe
memories, buffer memories, and video image memories requiring highspeed,
high-band width output with low power dissipation, as well as for memory
systems of handheld computers which need very lower power dissipation.

Fujitsu’s advanced three-dimensional stacked capacitor cell technology makes
the MB81C1000 high a-ray soft error immunity and fong refresh time.

Since the CMOS circuits are used for peripheral circuits, low power dissipation
and high speed operation are realized.

This specification is applied to ““BC"” version revised with intent to realize
faster access time. So faster speed version (70ns and 80ns) are available on this
chip.

PRODUCT LINE

Parameter MB81C1000 | MB81C1000 { MB81C1000 | MB81C1000
-70 -80 -10 -12
Row Access time 70ns max. 80ns max. | 100ns max. | 120ns max.
Random Cycle Time 140ns min. 155ns min. 180ns min. 210ns min.
Column Address Time 43ns max. 45ns max. 50ns max. 60ns max.
Column Access Time 25ns max. 25ns max. 30ns max. 35ns max.
:ia::age Mode Cycle 53ns min. 55ns min. 60ns min. 70ns min.

" Low Power Dissipation
® Operating current
© Standby current

413mW max. | 385mW max. | 330mW max. | 275mW max.
11mW max. (TTL level)/5.5mW max. (CMOS level)

FEATURES
o 1,048,576 word x 1bit organization
® Silicon Gate, CMOS, 3D-Stacked

® RAS-only, CAS-before-RAS, or
Hidden Refresh

CMOS 1048576-BIT

DYNAMIC RAM

Capacitor Cell
® All input and output are TTL
compatible

® Fast Page Mode, Read-Modify-
Write capability
® On chip substrate bias generator

® 512 refresh cycles every 8.2ms
® Common /O capability by using
early write

for high performance

ABSOLUTE MAXIMUM RATINGS (See NOTE)

Rating Symbol Value Unit
Voltage on Any Pin Relative to Vgg Vin, VouT -1t0+7 Vv
Voltage on V¢ Relative to Vgg Vee -1t0+7 \
Storage Temperature Ceramic TsTG -5 10 +150 °c
Plastic -55 to +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 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.

MB81C1000-70
MB81C1000-80
MB81C1000-10
MB81C1000-12

Edition 1.0

* September 1988

PLASTIC PACKAGE
DIP-18P-M04

PLASTIC PACKAGE
LCC-26P-M01

PLASTIC PACKAGE
ZIP-20P-M02
DIP-18C-A01: See Page 19

PIN ASSIGNMENT

O[] i 18] JVgs
WE]2 17[300ur
RAS[3 16[ ] CAS
Te[]4 15[ ] Ag
Alds w1404
Ai[e 13DA7
A7 12[] As
As(e 1[JAs
Vee[Jo 10[JAq

*: Test Enable (will be available)
Pin Assignment
For SOJ: See Page 17

Pin Assignment
For ZIP: See Page 18

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

MBI MB81¢1000-12

-12

Fig. 1 —

BLOCK DIAGRAM

O 3|
a

Ag—
Ay ——
Ay —-]
Az —=]
Ag—]
As—=|
Ag —=]
Ag ——
Ag—

Ag —

peongd WRITE
GEN. 1 s
CLOCK |=——WE
GEN.
MODE
CONTROL
L
cLoCK
GEN. 2
DATA
COLUMN IN ~——DIN
—/] DECODER BUFFER
ADDRESS SENSEGAMP. &
BUFFER 1/0 GATE K
PRE- ‘ e, i
DECODER
—% ) |
ROW | | 1,048,576 BIT
{\ﬁ DEC. STORAGE CELL DATA ’
¢ = ouT p—=DOUuT
REFRESH ahis
ADDRESS |~
COUNTER

SUBSTRATE
BIAS GEN.
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MB&1€1000-70 [

MB81C1000-80 FUJITSU
MB81C1000-10
mB81c1000-12 I
CAPACITANCE o
(Ta =25°C)
Value
Parameter Symbol Unit
Typ Max
Input Capacitance, Ag to Ag, D)y Cint 5 pF
Input Capacitance, RAS CAS, WE Cinz 5 pF
Output Capacitance, Doyt Cout 5 pF
RECOMMENDED OPERATING CONDITIONS
(Referenced to Vsg)
Value Ambient
Parameter Symbol Unit Operating.
Min Typ Max Temperature
Y )
Supply Voltage V;:;: 3'5 g.o 2'5 Y
o (-]
Input High Voltage, All inputs Viu 24 6.5 0°Cto+70°C
Input Low Voltage, All inputs Vie -2.0 0.8
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MB81C1000-70"
MB81C€1000-80
MB81C1000-10
MB81C1000-12

A
FUJITSU

R

E DC CHARACTERISTICS

(At recommended operating conditions unless otherwise noted)

Values
Parameter Conditions Symbol - Unit
Min Max
Oerating C o MB81C1000-70 75
perating Curren _—
(Average power MB81C1000-80 5A3=&m<i3r/'\8 cycling; leet 70 mA
Supply current) MB81C1000-10 Re 60
MB81C1000-12 50
Standby Current TTL level RAS=CAS =V 4 2.0
(Power supply — lee2 mA
current) CMOS level RAS =CAS 2 V¢c-0.2V 1.0
Refresh C i MB81C1000-70 70
efresh Current — == :
(Average power MB81C1000-80 S'lem' -VtIH' ZA,;-,S,,-, leca | 65 mA
supply current MB81C1000-10 veing: tae 55
MB81C1000-12 45
. MB81C1000-70 47
“ Fast Page Mode MB81C1000-80 RAS=V,_, CAS 45 '
Current® cycling; tpe = min leca mA
MB81C1000-10 40
MB81C1000-12 33
MB81C1000-70 70
Refresh Current 2* RAS eveli
(Average power MB81C1000-80 SAS ;y: lngm lces 65 mA
-before-RAS;
current) MB81C1000-10 . 55
RC = Min
MB81C1000-12 45
0V <V, €55V,
45V < Ve €55V,
Input Leakage Current Ves = OV; pins not Ly -10 10
under test = 0V BA
OV £ Vour £5.5V;
Output Leakage Current Data out disabled lo(w) -10 10
Output High Voltage lon =~5mA Vou 24 v
Output Low Voltage loLr =4.2mA VoL 0.4

NOTE: *; lcc depends on the output load conditions and cycle rate. The specified values are obtained with the output open.
lcc depends on the number of address change as RAS = V,_and CAS = V.
leet, lees and Iges are specified at three time of address change during RAS = V) and CAS = V.
lcca is specified at one time of address change during RAS = V| and CAS = V.

2-44



AC CHARACTERISTICS

(At recommended operating conditions unless otherwise noted.)

MB81€1000-70
MB81C€1000-80 “WW{'WW@W'

MEa1C1000-12 I

MB81C1000-70 MB81C1000-80 MB81C1000-10 MB81C1000-12
No. Parameter Symbol Unit
Min Max Min Max Min Max Min Max
1 | Time Between Refresh tREF 8.2 8.2 8.2 8.2 ms
2 | Random Read/Write Cycle Time | tgc 140 165 180 210 ns
3 | Read-Modify-Write Cycle Time trRwe 167 182 210 245 ns
4 | Access Time from RAS tRAC 70 80 100 120 ns
5 | Access Time from CAS tcac 25 25 30 35 ns
Access Time from p
6 Column Address taa 43 45 50 60 ns
7 | Output Data Hold Time toH 7 7 7 7 ns
Output Buffer Turn on Delay
8 Time ton 5 5 5 5 ns
Output Buffer Turn Off -
® | Delay Time toFF 25 25 25 ; 26 ns
10 | .Transition Time tr 3 50 3 60 3 50 3 50 ns
11 | RAS Precharge Time trp 60 65 70 80 ns
12 | RAS Pulse Width tRAS 70 100000 80 100000 100 100000 120 100000 ns
13 | RAS Hold Time tRSH 25 25 30 35 , ns
14 | CAS to RAS Precharge Time tcRP 0 0 (] 0 ns
RAS to CAS
15 | Delay Time tRcD 20 45 22 56 25 70 25 85 ns
16 | CAS Pulse Width tcas 26 25 30 35 ns
17 | CAS Hold Time tesH 70 80 100 120 ns
CAS Precharge Time o
18 | CBR Cycle) tepN 15 15 15 15 ns
19 | Row Address Set Up Time tASR 0 0 0 0 ns
20 | Row Address Hold Time tRAH 10 12 15 15 ns
21 | Column Address Set Up Time tasc ] ] 0 0 ns
22 | Column Address Hold Time tcAH 15 15 15 20 ns
RAS to Column Address
23 | Dotay Time tRAD 15 27 17 35 20 50 20 60 ns
Column Address to RAS
24 T tRAL a3 45 50 60 ns
25 | Read Command Set Up Time tRcs 0 0 0 0 ns
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. omicico 70

AN MB81c1000-12

AC CHARACTERISTICS (Cont’d)

(At recommended operating conditions unless otherwise noted:)

‘ MB81C1000-70 | MB81C1000-80 MB81C1000-10 MB81C1000-12
No. Parameter Symbol Unit
: Min Max: Min Max Min Max Min Max
Read Command Hold Time pe=
—_— 12
% Referenced to RAS - tRRH 0 0 0 ) 0 ns
Read Command Hold Time :
e 12
27| Referenced to CAS B | tacH 0 0 9 0 ns
Write Command Set Up
28 | 1ine twes 0 0 0. ’ 0 ns
29 | Write Command Hold Time tweH 15 15 15 20 ns
30 | WE Pulse Width twp 15 15 15 20 ns
| Write Command to RAS
31 Lead Time . - tRwi 22 . 22 25 30 ns
Write Commnd to CAS : :
32 Lead Time toewe 17 17 20 . 25 ns
33 | Dy Set Up Time tps [ 0 0o 0 ns
34 | D)y Hold time ) 1 ton 15 15 15 20 S ns
35 | RAS to WE Delay Time tRWD 70 80 100 120 ns
36 | CAS to WE Delay Time tcwp 25 25 30 35 ns
Column Address to WE .
13
37 Delay Time 3 tAWD 43 45 50 60 ' ns
" RAS Precharge Time to CAS
38 | Active Time (Refresh Cycles) tRPC 0 0 0 0 ns
CAS Set Up Time for . )
39 CAS-before-RAS Refresh tcsm 0 0 0 0 ns
CAS Hold Time for :
40 | ZAS-before-RAS Refresh tchr | 15 s 5 20 ns
Access Time from CAS '
M (Counter Test Cycle) teat 8 45 50 60 ns
Fast Page Mode Read/Write :
50 | Gyele Time tpe 53 55 60 | 70 ns
Fast Page Mode Read-Modify- .
51| Write Cycte Time tPRWC s 7 85 100 ns
Access Time from CAS. oy | ~
52 Precharge tcpa 53 55 60 70 n.s
Fast Page Mode CAS
53 Precharge Time t;g 15 15 15 15 ns
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NOTES:

An initial pause (RAS = CAS = V) of 200 us is required
after power-up followed by any 8 RAS-only 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.

AC characteristics assume t+ =5 ns.

V) (min) and V,_(max) are reference levels for meas-
uring timing of input signals. Also, transition times are
measured between V| (min) and V| (max).

Assumes that trcp < trep (Max), tgap < tgap(ma
x). If tgeplor trap)is greater than the maximum rec-
ommended value shown in this table, tgac Will be incre-

ased by the amount that tgep (or trap) exceeds the
value shown. Refer to Fig. 2 and 3.

If theo = trep (Max), tgap = trap (max), and
tasc = taa-tcac-tr, access time is tcac-

If trap 2> trap (Max) and tage < taa-tcac-tr. access
time is taa-

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

torr is specified that output buffer changes to high
impedance state.

Operation within the tgcp (max) limit insures that
tgac (max) can be met. tgcp (max) is specified as a
reference point only; if tgcp is greater than the speci-
fied trep (max) limit, access time is controlled exclu-
sively by tcac or taa-

MB81C1000-70 - |{HHHiIIm
FUJITSU

mes1c1000-12 - HIIMMHIHI

MB81C1000-80
MB81C1000-10

tpeo (Min) = teay (Min) + 2t7 + tage (min).

Operation within the tgap (max) limit insures that
trac (max) can be met. tgap (max) is specified as a
reference point only; if tgap is greater than the speci-
fied tgap (max) limit, access time is controlled exclu-
sively by tcac Or taa- .

Either tgry OF trcw Must be satisfied for a read cycle.

twes: tcwo. trwp and tawp are not a restructive
operating parameter. They are included in the data sheet
as the electrical characteristics only. If twcs = twcs
(min),  the cycle is an early write cycle and Doyt pin
will maintain high impedance state throughout the
entire cycle. If tcwp = tcwp (Min), trwp = trwo
(min), and tawp = tawp (min), the cycle is a read-
modify-write cycle and data from the selected cell will
appear at the Doyt pin.
If neither of the above conditions is satisfied, the cycle is
a delayed write cycle and invalid data will appear at the
Doyt Ppin, and write operation can be executed by
satisfing tpwi, tcwr, and tgac specifications.

tepa is access time from the selection of a new column
address (that is caused by changing CAS from “L" to
“H"). Therefore, if tcp is long, tcpa is longer than tcpa
(max). :

Assumes that CAS-before-RAS refresh and CAS-before-
RAS refresh counter test cycle only
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m— 0070

I MBa1c1000-13

Fig. 2 — tgac Vs treD

120ns Version

100ns Version

Fig. 3 — tgac Vs tRAD

trac (ns)
2
o

140 -
120ns Version
120

100ns

Version
80ns

|
! |
80 | 80ns Version : E %0 | Version i i
70ns Version, | | rsion |
6o F ns ersni:oni : : 60 _7Qns \i/e}m?n :
1 b Lo
o T ot
T 1 1 1 :l ’! I: 1 1 1 : ,I ! ‘I 1 1 1
20 40 60 80 100 120 20 40 60 80 100 120
traD (ns) ’ trep (ns)
Operation . Clock Input . Address Input Data
Mode - - Refresh Note
° RAS CAS WE Row | Column | Input | Output
Standby H H X = - - High-Z | —
Read Cycle L L H Valid | Vvalid | - Valid 0" | thes > trcs (min)
Write Cycle . . " . * . .
(Early Write) L L L Valid Valid Valid High-Z o) twes = twes (min)
Read-Modify- . . X . * .
Write Cycle L L H->L Valid Valid Valid Valid ) tcwp = tewp (min)
RAS-only . _ _ .
Refresh Cycle L H X Valid High-Z o]
CAS-before- . .
RAS Refresh L L X High-Z @) tcsr = tesr (Min)
Hidden . . .
Refresh Cycle H->L L X - Valid O Previous data is kept.

X; an or uLII

v
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MB81C1000-70
MB81C1000-80
MB81C1000-10
MB81C1000-12

[
FUJITSU

R

Read Cycle
tRc
RAS
— ViH— p
RAS Vie— N
tcsH tRP———{
tcrp tRCD tRSH
t |
CAS
x Vige— 2 \
ViL— |~—tRAD o \
JASR_|RAH tascll L | a
RESSE! COLUMN
ADDRESSES ADDRESS |
WE thAn
tcac
tRAC

HIGH-Z.

Dout

—

n “H” oor YL

U/} Invalid Data

Write Cycle (Early Write)

tRc
tRAS
ViH— 3
RAS N
ViL— -
tcsH T N
RSH RP——
tCRP tRCcD tcAs
Vig— A p
TAS
ViL — :
L ~—tRAD -=
tasr | |tRAH tasc|
ADDRESSES
WE
Din
DouTt

m"“" or “L”
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AN

MB81C1000-70

FUJITSU MB81C1000-80
MB81C1000-10
WA, mB81€1000-12
Read-Write/Read-Modify-Write Cycle
trwec
=s Vin — tRAS
RAS Vi — N j / N
tcrp tcsH — .
tRcD = Re
CAS

Dout

Din

\
ADDRESSES

" or “L”
Invalid Data

Fast Page Mode Read Cycle
tRAS

e T R P]

e ViH— X[ Y
R
AS vy — N )N 12
e tCSH—— R tRSH———— =
tcrp =tR A Deft—-—tpC. T
tCAS—— (=0 ——‘cAs4~LH [=—tcAs—= |
. a— ’
CAS .,Z N ) tasc /
tcaH <—-—‘tCAH M=y tcAH
tasc t
o RAL—=
Py e
L coL.” COL.
ADDRESSES D ADD. ADD.
: tRcs
tRCH— T—tAAﬂ
o . iy
WE toH
= —taa TAA——y o toFF
-——%E -»—Iton tcac—={!" [togf [=—tcAC—
¢ t
: tRAc OFF CPA on |
e on :
Dour  °HT ———HIGHZ 7%
5 VoL .

m “H" or “L"

B valid Data

Invalid Data
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MB81C1000-70
MB81C1000-80

AR

FUJITSU
MB81C1000-10
me81c1000-12 [N
Fast Page Mode Write Cycle (Early Write)
tRAS
— VI
RAS N
ViL— )) P
tcrp tcsH N f=—1RSH— trp
. tpc L———
—tRcD tcas — or tcas
e ViH— SS Hﬁ
¢ Vie— tRAH — ‘
hap | tcAH
tASR tasc
ADDRESSES
WE
Din
D
OUT voL— H or L
Fast Page Mode Read-Modify-Write Cycle
tRAS tRP
RAS Vi
Vi — o 7
tcRP tCgH—— tRSH
CAS tasc|
tRAL
ADDRESSES
tewe
e H
twe
Ryp-
VoH— ¥ TVALID VALID
Pour VoL— DATA
l=tpH DH
o i
VALID VALID
Din DATA DATA

“H or

g

Invalid Data
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TmImEy tancooe s

'MB81C1000-10
JNAKAMOIRANE  mB81€1000-12

RAS-only Refresh Cycle
NOTE: WE, Djyy = “H"0F"L”, Ag = Vg or V.

Rc
tRAS—
J— V- ’
BAS VIH_
't tASR
tRAH

Vin- ROW
ADDRESSES B ADDRESS
(Ag to Ag) L -

: - tcrp

— o V=T ‘
CAS . t

Vie- H|toFF

s toH
. i Von- " L "
DouT Vo= ——— 1IGH-Z

m T or ML
CAS-before-RAS Refresh Cycle
NOTE: Address, WE, D = "“"H"or"'L"
trc
trRAS tRp
Vin— ) S — ‘
RAS N
V- S 1Z
: | tesR tCHR tRPC

2
<=
o3

s i
:_K'__
™N
e

Dout

HIGH-Z
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MB81C1000-70
MB81C1000-80

A

FUJITSU
MB81C1000-10
mB81c1000-12 I
Hidden Refresh Cycle
tRc tRC
tRAS [=-tRP tRAS tRp =
J— V|
RAS V= N / N Z‘ N
|=-tRCD —=f=—TRSH —=|
tcrp 1 aan tcas
oAs V= i LK tCHR—|
ViL—. RAH
tASR tRAL—
‘[ASC}— I tcaH
ADDRESSES ADDRESS XSB%“SQ‘SI
’ tRRH
WE
(Read)
DouTt

WE
(Read-Modify-
Write)

Din :
“H” or “L” Invalid Data
CAS-before-RAS Refresh Counter Test Cycle i
L —_—
RAS \\;'““ N j \
-
t t
il tCHR CPN tRSH ~—1RpP
tcas
TAS Vin— \ \ )
ViL— — tasc | = 7
ool |e—tcAH —o
Vig—
ADDRESSES v:’: SN
=] tRAL
WE X
e TRCH [\
(Read) tAA—=] -
~—{ toFF
tcAT —1
Vou ton OH
Dour HIGH-Z ; VALID DATA
oL—
t
tRoS. AW [=—tcwL
— ) [y TRWL
WE CWD - twp
(Read-Modify- A
Write) Vie tos I~ ]
] ot —et

Din

VALID DATA

[ “H" or “L”

Invalid Data
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UNKINANINN MB8&1€1000-70
FUJITSU

UNIAMAKNG  mB81c1000-12

MB81C1000-80
MB81C1000-10

DESCRIPTION

Address Inputs:

A total of twenty binary input address
bits are required to decode any one of
the 1,048,576 storage cells whthin the
MB 81C1000. Ten row address bits

“ are established on the address input pins

(Ag to Ag) and latched with the Row
Address Strobe (RAS). The ten column
address bits are established on the
address input pins (Ag to Ag) and
latched with the Column -Address
Strobe (CAS). All row and column

' address must be stable . on or before

the falling ‘edge of RAS ‘and CAS,
respectively. Since the flow through
type address latches are used, address
information at address pins-are auto-

" matically latched as column address

after tray (Min) + ty.
Thereforg, to get valid data within

trac. it is necessary to apply column
. address within tgap (max). ki
If thap > trap (max), access time is

tcac OF taa Whichever occur later.

Write Enable:

Read or Write cycle is selected with

the WE inputs. A high on WE selects

read cycle and low selects write cycle.-

Data input is ignored during read cycle.
Data output is high impedance state
during write cycle.

Data Input:

Data is written into the MB 81C1000
during write or.read-modify-write cycle.
The input data is strobed and Iatched
by the later falling edge of CAS or WE.

In an early .write. cycle, data input is.

strobed by CAS, and set up and hold
times are referenced to CAS. In a
delayed write or read-modify-write
cycle, WE is set low after m,kTth,
data input is strobed by WE, and set
up and hold times are referenced to
WE.

Data Output:

The output buffer is three state TTL
compatible with a fan out ‘of two
standard TTL loads. Data out has the
same porality as data in. The output

2-54

is high impedance state until CAS is
brought low. In a read or read-modify-
write cycle, the output becomes valid
after tgac from the falling edge of CAS
when tgcp (max) is satisfied or after
tcac When tgcp is longer than tgep
(max). The data output remains valid
until CAS returns to' high with toy
and becomes high ‘impedance state
after topg. In an early write cycle,
the output buffer is high impedémce
state during the entire’ ‘cycle. In. a
delayed write cycle, if tawp OF tcwp
is less than tgwp (min) or tewp (min),
the output is invalid.

Read Cycle:

The read cycle is executed by keeping - -

both RAS and CAS “L" and keeping
WE ““H” throughout the cycle. The row
and column addresses are latched with
RAS and CAS, respectively. The data
output is remain valid with CAS “L",
i.e., if CAS goes “H"", the data becomes
invalid” with tg,;. During read cycle,

© the D\y pin is “H" or “L"”. The access

time is determined by RAS (tgac),
CAS (tcac), or Column address input
(taa). If ‘tgep (RAS to CAS delay
time) is greater than the specification,
the ~access time .is tcac. f trap s
greater than the specification, the access
time is taa-

Write Cyclé:

THe write cycle is executed by the same” -
_manner as read cycle except for the

state of WE and D,y pin. The data on
Dyn pin is latched with the later falling
edge of CAS or WE and written into-
memory. In  addition, during write
cycle, ‘tawr, tcwr and trar must be
satisfied the specifications.

Read-Modify-Write Cycle:
The read-modﬂ-write cyc'e is executed
by changing WE high to low after the

_data_appears on the Doyt pin. After

the current data is readout, modified
data can be re-written into the same
address quickly.

Fast Page Mode Read Cycle:

The fast page mode read cycle is ex-
ecuted after normal cycle with holding
RAS “L", applying column address and
CAS, and keeping WE “H"”. Once an
address is selected normally using the
RAS and CAS, other addresses in the
same row can be selected by only chang-
ing the column address and applying the
CAS. So power consumption and cycle
time are reduced. During fast page
mode, the access time is tcac, taa. OF
tcpa. Whichever occur later. Any of the
1024 bits belonging to each row can be
accessed.

Fast Page Mode Write Cycle:

The fast page mode write cycle is exe-
cuted by the same manner as fast pagé
mode read cycle except for the state of
WE. The data on Dyy pin is latched with
the falling edge of CAS and written into

-the. memory. During fast page mode

write cycle, tcw, must be satisfied.
Any of the 1024 bits belonging to
each row can be accessed.

Fast Page Mode Read-Modify-Write
Cycle:

During fast page mode, the read-modify-
write cycle can be executed by changing
WE high to low after the data appears
at the Doyt pin as well as normal cycle.
Any of the 1024 bits bélonging to each
.row can be accessed.

Refresh:

The refresh of DRAM is executed by
normal read, write or read-modity-write
cycle, i.e., the cells on the one row line
are refreshed by executing one of three
cycles. 1024 row address must be re-
freshed every 8.2 ms period. During the
refresh cycle, the cell data connected to
the selected row are sent to sense
amplifier and re-write to the cell. The
MB 81C1000 also has three types of
refresh modes, RAS-only refresh, CAS-
before-RAS refresh, and Hidden refresh.



1. RAS-Only Refresh;

The RAS-only refresh is executed by
keeping RAS “’L"” and keeping CAS
“H" through the cycle. The row
address to be refreshed is latched
with the falling edge of RAS. During
RAS-only refresh, the Doyt pin is
kept high impedance state.

2. CAS-before-RAS Refresh;

The CAS-before-RAS refresh is ex-
ecuted by bringing CAS "L’ before
RAS. By this timing combination,
the MB81C1000 executes CAS-
before-RAS refresh. The row address
input is not necessary because it is
generated internally.

uearcioooTo BN

MB81C1000-10

me81c1000-12 AN

3. Hidden Refresh;

The Hidden refresh is executed by
keeping CAS “L"” to next cycle,
i.e., the output data at previous
cycle is kept during next refresh
cycle. Since the CAS is kept low
continusely from previous cycle,
followed refresh cycle should be
CAS-before-RAS refresh.
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NI - MeS1¢1000-70
FUJITSU MB81C1000-80

MB81C1000-10
IKIMKIKSHMN  mee1c1000-12

| PACKAGE DIMENSIONS

(Suffix: -P)

18 LEAD PLASTIC DUAL-IN-LINE PACKAGE
(CASE No.: DIP-18P-M04) -
“onoexa || EJECTOR MARK
N | : .300(7.62)TYP,
INDEX-2 2831,006
/ (7.20£0.15)
T od oT GJ GJ o7 o7 o7 O —
865"-008 (25 05+0.20, 010™
868_'12 (2205 5734 7200
025:311)
| = .050(1.27)MAX
] .197(5.00)MAX
1 125(3.18)MIN
.100(2.54) o012 +.006
Tve 047%y L ‘013;31?3 .020(0!51 MIN
(120733 (0.45_¢ 05!
0327012 |——
+0.30
© 1986 FUJITSU LIMITED D180155-4C (0'82—0 )

~.0004

16° MAX

Dimensions in
inches (millimeters)
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PACKAGE DIMENSIONS

(Suffix: -PJ)

PIN ASSIGNMENT

Ding Vss
wE(g PDout
RASO P CAS
TE* O gNC»
Ne. g Ag
TOP
VIEW
Ao LAQ
A1Q DAy
A2( D Ag
As( 0 Ag
Vee( NA,

MB81C1000-70 |
MCOGHS rusrrsy
M 1 -

m881¢1000-12 MMM

.050+.005

26-LEAD PLASTIC LEADED CHIP CARRIER

*.6752

(CASE No.: LCC-26P-M01)

.005

(17.15£0.13)

o B o W o]

OoMn o o;

® @

14

NDEX | O
§ 0 9@ q

.300(7.62) .332+.005
NOM  (8.43£0.13)

LEAD No.(1)-=15 -t ==

(1.27+0.13)

=g =
.100(2.54)

TYP

LIy

.600(15.24)REF

.098(2.50)NOM

NOTE: 1. +: This dimension includes resin protrusion, (Each side: .006(0.15)MAX)

2. Although this package has 20 leads only, its pin positions are the same as that of 26-lead package.
Foot-print compatible with *SOJ-26", LCC-26C-A01)

© 1988 FUJITSU LIMITED C26003S-6C

.140(3.55)MAX
.089(2.25)NOM
.025(0.64)MIN

.268+.020
(6.81£0.51)

.032(0.81)
MAX

.017+,004

(0.43+0.10)

Detail of "“A’’ part

Dimensions in
inches (millimeters)
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T o s

RN Mes1c1000-12

PACKAGE DIMENSIONS

(Suffix: -PSZ)

PIN ASSIGNMENT

(TOP VIEW)

CAS Vss WE TE* NC

A1 Az Ag  As  Ag

20-LEAD PLASTIC ZIG-ZAG IN:LINE PACKAGE
(CASE No.: ZIP-20P-M02)

+.008 +0.20 . . .112+.008
1.0197975(25.887550) : (2.85:0.20)
/ a
.335+.010 :
: Q (8.50+0.25) .387+.013
INDEX : : (9.83:0.33)
] ] ] 10104.002
(0.25:0.05) || _
U U U U
) .020+.004 )
I .050(1.27) (0.50+0.10) .100(2.54)TYP | .118(3.00)MIN
TYP - (ROW SPACE)
LE/AD No.(D) '

Srrrrrrrrry

(BOTTOM VIEW) N
|

©1988 FUJITSU LIMITED Z20002S-4C

Dimensions in
inches (millimeters)
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MB81€1000-12 NI

2
PACKAGE DIMENSIONS -

(Suffix :-C)

DIP-18C-A01

18-LEAD CERAMIC (METAL SEAL) DUAL IN-LINE PACKAGE
(CASE No.: DIP-18C-A01)

0°to 9°

+.008
293
° _'312% .300:.010)
+0.20) (7.62:0.25
(7.457558)

ﬁ

.900+£.010 ‘ 0107004

INDEX AREA

(22.86+0.25) = -.%012
+0.10
(0257019

— r‘055(1 A40)MAX
[ ]

& .200(5.08)MAX

+.016 +0.41
134014 (3.407573¢)
.100£.010 .032(0.81)
____.l = ..l L_ .035£,015

(2.5410.25) (0.89+0.38)
.800(20.32)REF 00; 043
+. +0.
.050+.010 018755310467 02)

(1.27+0.25) . . .
Dimensions in

©1987 FUJITSU LIMITED D18014S-4C inches (millimeters)
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‘® All input and output are TTL

MR

FUJITSU

R

CMOS 1,048,576 x 1 BIT NIBBLE MODE DYNAMIC RAM

NIBBLE
DYNAMIC RAM

The Fujitsu MB81C1001 is CMOS fully decoded dynamic RAM organized as
1,048,676 words x 1 bit. The MBB1C1001 has been designed for mainframe
memories, buffer memories, and video image memories requiring highspeed,
high-band width output with low power dissipation, as well as for memory
systems of handheld computers which need very lower power dissipation.

Fujitsu’s advanced three-dimensional stacked capacitor cell technology makes
the MB81C1001 high a-ray soft error immunity and long refresh time.

Since the CMOS circuits are used for peripheral circuits, low power dissipation
and high speed operation are realized.

This specification is applied to “BC"” version revised with intent to realize
faster access time. So faster speed version (70ns and 80ns) are available on this
chip.

PRODUCT LINE

Parameter MB81C1001 [ MB81C1001 | MB81C1001 | MB81C1001
-70 -80 -10 -12

Row Access Time 70ns max. 80ns max. | 100ns max. | 120ns max.
Random Cycle Time 140ns min. 186ns min. | 180ns min. | 210ns min.
Column Address Time 43ns max. 45ns max. 50ns max. 60ns max.
Column Access Time 25ns max. 25ns max. 30ns max. 35ns max.
Nibble Mode Cycle Time 50ns min. 50ns min. 55ns min. 60ns min.
Low Power Dissipation
® Operating current 413mW max. | 385mW max. | 330mW max. | 275mW max.
® Standby current 11mW max. (TTL level)/5.5mW max. (CMOS level)

FEATURES

® 1,048,576 word x 1bit organization

® Silicon Gate, CMQOS, 3D-Stacked
Capacitor Cell

e RAS-only, CAS-before-RAS, or
Hidden Refresh

® Nibble Mode, Read-Modify-Write
capability

® On chip substrate bias generator
for high performance.

compatible

® 512 refresh cycles every 8.2ms

® Common 1/O capability by using
early write

ABSOLUTE MAXIMUM RATINGS (See NOTE)

Rating Symbol Value Unit
Voltage on Any Pin Relative to Vgg Vin. VouT -1to+7 \
Voltage on V¢ Relative to Vgg Vee -1t0+7 \"
Storage Temperature Ceramic Tste -55 to +150 °
Plastic -55to +125
Power Dissipation Pp 1.0 w
Short Circuit Output Current - 50 mA

CMOS 1048576 BIT

MB81C1001-70
MB81C1001-80
MB81C1001-10
MB81C1001-12

September 1988
Edition 1.0

PLASTIC PACKAGE
DIP-18P-M04

PLASTIC PACKAGE
LCC-26P-M01

PLASTIC PACKAGE
ZIP-20P-M02
DIP-18C-A01: See Page 19

PIN ASSIGNMENT

N\
o] 18[] vss
We[]2 17[30our
RAS[]3 16[ ] TAS
Te*[]a 15[ J A
: TOP
Ao[]s view [1Ag
Ai[e 13[]A;
A7 12[]As
Az]s 1] As
Vee[9 10[JAs

*: Test Enable (will be available)
Pin Assignment
For SOJ: See Page 17
Pin Assignment
For ZIP: See Page 18

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

This device contains circuitry to protect the
inputs against damage due to high static volt-
ages or electric fields. However, it is advised
that normal precautions be taken to avoid
application of any voltage higher than maxi-
mum rated voltages to this high impedance
circuit.
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HHERIUINN - me81c1001-12
Fig. 1 — BLOCK DIAGRAM
il Pt WRITE
CAS GEN. 1 CLOCK |——WE
GEN.
MODE
CONTROL
cLock
NIBBLE GEN. 2
ACCESS
COUNTER
ol
DATA
M COLUMN IN DIN
> DECODER BUFFER
Ay —=|
ADDRESS SENSE AMP. & | ,
Az =] :_J‘> BUFFER 1/O GATE N—
PRE- l e
Agsab o DECODER
P
Ag —| [ .
ROW | , 1,048,576 BIT
Ag — ﬁ DEC. STORAGE CELL DATA
. ‘—{ out |—=DouT
REFRESH BUFFER
Ar— ADDRESS |=- |
COUNTER
Ag —=—
Ag —— SUBSTRATE - Vee
BIAS GEN. - Vg
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mea1c1001-12  HHHHNIIMHIN

CAPACITANCE (Ta =25°C)
Value
Parameter Symbol Unit
Typ Max
Input Capacitance, Ag to Ag, D)y Cing 5 pF
Input Capacitance, RAS CAS, WE Cinz2 5 pF
Output Capacitance, Doyt CouTt 5 pF

RECOMMENDED OPERATING CONDITIONS

(Referenced to Vgg)
Value .
. Operating
Parameter Symbol i Tvo o Unit - Temperature
‘ Vee 45 5.0 55
Supply Voltage Ves 0 0 0 \
o +7 O
Input High Voltage, All inputs Vin 24 - 65 v 0°Cto+70°C
Input Low Voltage, All inputs Vio -2.0 - 0.8
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MB81C1001-80

FUJITSU \p81€1001-10

AWIIHAMMAEL - mB81C1001-1 2

DC CHARACTERISTICS

(At recommended operating conditions unless otherwise noted)

Values
Parameter Conditions Symbol - Unit
Min Max
. MB81C1001-70 75
Operating Current® MB81C1001-80 s o A L 70
(Average power - RAS_& (?AS cyeling; lcet mA
supply current) MB81C1001-10 thc = min . 60
MB81C1001-12 50
Standby Current TTL level AS=CAS =V 2.0
(Power supply ——— leca mA
current) CMOS level RAS = CAS = Vc-0.2V 1.0
MB81C1001-70 70
Refresh Current 1* MB81C1001-80 T 5iE o " 65
(Average power - - CA? 'Y""’ R_AS. lees - mA
supply current) MB81C1001-10 cycling; tge = min 55
MB81C1001-12 45
MB81C1001-70 45
Nibble Mode MB81C1001-80 RAS = V,_, CAS cycling; 45
* . |cc4 mA
Current MB81C1001-10 | tNc =min 35
MB81C1001-12 25
MB81C1001-70 70
Refresh Current 2* ‘MB81C1001-80 RAS cycling, 65
(Average power CAS-before-RAS; lces mA
current) MB81C1001-10 tre = min 55
MB81C1001-12 45
OV V,y £55V,
4.5V < Voo 5.5V,
Input Leakage Current Vs = OV; pins not L) -10 10
under test = 0V BA
0V < Vout £ 5.5V;
Output Leakage Current Data out disabled low) -10 10
Output High Voltage lop = -5mA Von 24
\%
Output Low Voltage loL = 4.2mA VoL 0.4

NOTE: * Icc depends on the output load conditions and cycle rate. The specified values are obtained with the output open.
Icc depends on the number of address change as RAS = V|, and CAS =V
leet. leca and lecs are specified at three time of address change during RAS = V,_ and CAS = V4.
lcca is specified at one time of address change during RAS = V,_ and CAS = V.
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AC CHARACTERISTICS

(At recommended operating conditions unless otherwise noted.)
MB81C1001-70 MB81C1001-80 MB81C1001-10 MB81C1001-12
No. Parameter Symbol Unit
Min Max Min Max Min Max Min Max
1 | Time Between Refresh tREF 8.2 8.2 8.2 8.2 ms
2 | Random Read/Write Cycle Time | trc 140 155 180 210 ns
3 | Read-Modify-Write Cycle Time trwC 167 182 210 245 ns
4 | Access Time from RAS tRAC 70 80 100 120 ns
6 | Access Time from CAS tcac 25 25 30 35 ns
Access Time from
6 Column Address tan 43 45 50 60 ns
7 | Output Data Hold Time toH 7 7 7 7 ns
Output Buffer Turn on Delay
8 Time toN 5 5 5 5 ns
‘o | Output Buffer Turn Off
9| Delay Time B | tore 25 25 25 25 ns 1
10 | Transition Time tr 3 50 3 50 3 50 3 50 ns
11 | RAS Precharge Time tgrp 60 65 70 80 ' ns
12 | RAS Pulse Width tRAS 70 100000 80 100000 | 100 100000 | 120 100000 | ns
13 | RAS Hold Time tRSH 25 25 30 35 ns
14 | CAS to RAS Precharge Time tcrp -0 0 0 i 0 ns
RAS to CAS
15| Delay Time tRcD 20 45 22 55 25 70 25 85 ns
16 | CAS Pulse Width tcas 25 25 30 35 ns
17 | CAS Hold Time tcsH 70 80 100 120 ns
CAS Precharge Time
18 | EBR Cycle) tepN 15 15 15 15 ns
19 | Row Address Set Up Time tASR 0 0 0 0 ns
20 | Row Address Hold Time tRAH 10 12 15 15 ns
21 | Column Address Set Up Time tasc ] 0 0 o] ns
22 | Column Address Hold Time tcAH 15 15 15 20 ns
RAS to Column Address
23| Delay Time tRAD 15 27 17 35 20 50 20 60 ns
Column Address to RAS
24 Lead Time tRAL 43 45 50 60 ns
25 | Read Command Set Up Time tRrcs 0 0 0 0 ns
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AC CHARACTERISTICS (Cont'd)

(At recommended operating conditions unless otherwise noted.)

i . MB81C1001-70 MB81C1001-80 MB81C1001-10 MB81C1001-12
No. Parameter Symbol - Unit
. . Min Max Min Max Min Max Min Max
Read Command Hold Time ;
iy 1
26 | Referenced to RAS tRRH 0 0 0 0 ns
Read Command Hold Time
— 12 .
27 | Referenced to CAS B | trcw 0 0 0 0 ns
Write Command Set U
28 | Tine ) twes 0 0 0 0 ns
29 | Write Command Hold Time tweH 15 15 15 ’ 20 ns
30 | WE Pulse Width twp 15 15 15 20 ns
Write Command to RAS
31 Lead Time tRWL 22 22 25 30 ‘ ns
Write Commnd to CAS .
32 Lead Time tcwL 17 17 20 25 ns
33 | Dy Set Up Time tps 0 0 o [¢] ns
34 | Dy Hold time . toH 15 15 15 20 ns
35 | RAS to WE Delay Time tRwD 70 80 100 120 ns
36 | CAS to WE Delay Time tewp 25 | | 25 30 35 | ns
Column Address to WE
b 3
37 | Detay Time tAwD 43 45 50 60 ns
RAS Precharge Time to CAS
38 Active Time (Refresh Cycles) tRPC 0 0 0 0 ns
CAS Set Up Time for
39 | CAS-before-RAS Refresh tesr 0 0 ° 0 ns
CAS Hold Time for
40 | CAS-before-RAS Refresh tcHR 15 15 15 20 ns
Access Time from CAS
M (Counter Test Cycle) tcat 43 45 50 60 ns
Nibble Mode Read/Write ) )
50 | Gyele Time tne 50 50 55 60 ns
Nibble Mode Read-Modify-
51 | Write Cycle Time tNawe | 67 67 s 8 ns
Access Time from CAS
k4 t
52 | praanarge 7] NPA 45 45 50 55 | ns
53 ?;:}:Ie Mode CAS Precharge tnep 15 15 15 15 . ns
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NOTES:

An initial pause (RAS =CAS = V,,;) of 200 us is required
after power-up followed by any 8 m-only 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.

AC characteristics assume t+ = 5 ns.
V)4 (min) and V,_ (max) are reference levels for meas-

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

I8 Assumes that taep < trep (Max), thap < trap(max).

If trep (or tgap) is greater than the maximum recom-

mended value shown in this table, tgacwill be increased
by the amount that tgcp (or trap ) exceeds the value

shown. Refer to Fig. 2 and 3.

If thep = tmep (Max), tgap = tgap (max), and
tasc = taa-tcac-tr, access time is tcac-

If taap = trap (Max) and tage < taa-tcac-ty, access
time is taa. . .

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

BB torr is specified that output buffer changes to high
impedance state.

[EB Operation within the tgcp (max) limit insures that
tgac (max) can be met. tgcp (max) is specified as a
reference point only; if tgrcp is greater than the speci-
fied tgcp (max) limit, access time is controlled exclu-
sively by tcac or taa-

MB81c1001-70 NI

MB81C1001-80

FUJITSU
MBa1CIoon1S M

tacp (Min) = tgan (Min) + 2ty + tagc (min).

Operation within the tgap (max) limit insures that
trac (max) can be met. tgap (max) is specified as a
reference point only; if tgap is greater than the speci-
fied tgap (max) limit, access time is controlled exclu-
sively by tcac Of taa-

Either tary OF tgcn Must be satisfied for a read cycle.

twes: tcwp. trwp and tawp are not a restructive
operating parameter. They are included in the data sheet
as the electrical characteristics only. If twcs 2= twes
{min), the cycle is an early write cycle and Doyt pin
will maintain high impedance state throughout the
entire cycle. If tcwp = tcwp (Min), trwp = trwo
(min), and tawp = tawp (min), the cycle is a read-
modify-write cycle and data from the selected cell will
appear at the Doyt pin.
If neither of the above conditions is satisfied, the cycle is
a delayed write cycle and invalid data will appear at the
Doyt pin, and write operation can be executed by
satisfing trwe. tewe . traL Specifications.

typa is access time from the selection of a new column
address (that is caused by changing CAS from L to
"“H"). Therefore, if tycp is long, typa is longer than
typa (max).

Assumes that CAS-before-RAS refresh and CAS-before-
RAS refresh counter test cycle only
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Fig. 2 — tgac vs trcp
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Fig. 3 — tgac Vs tRAD
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20 40 60 8
traD (ns) taep (ns)
Operation Clock Input Address Input Data
Mode — S e Refresh Note
RAS CAS WE Row |Column | Input | Output
Standby H ) H X - - - High-Z -
Read Cycle L L H Valid Valid - Valid O« |trcs = tres (min)
Write Cycle . . ) ) )
(Early Write) L L L Valid | Valid | Valid | High-Z Ox | twes = twes (min)
. X

Read-Modify- . . . . .
Write Cycle L L H->L Valid Valid Valid Valid O, |tcwp = tewp (min)
RAS-only i _ B .
Refresh Cycle L H X Valid High-Z O
CAS-before- . )
RAS Refresh L L X - = High-Z o tesh = tesr (Min)
Hidden . " .
Refresh Cycle H=L L X - - Valid O Previous data is kept.

X; “H" or “L"

*; Itis impossible in nibble mode.
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MB81C1001-70
MB81C1001-80
MB81C1001-10
MB81C1001-12

(T
FUJITSU

(N

Read Cycle
tRc
tRAs
— ViH— b
RAS
ViL— &r -
1, t
tcrp P cSH r—— RP
eas T A \
ViL— |- tRAD—my -3
tasR_| [tRAH tasc|| letcAH=—
Vig— ROW COLUMN
ADDRESSES || 1T ADDRESS ADDRESS
tRCS f=—eti
ViH—
WE VIH taA
L— tcac
f tRAC - N
ON
o Von— HIGH-Z
. Pour h
VoL —

n “H or YL

{//] Invalid Data

Write Cycle (Early Write)

tRc {
) tRAS
RAS ViH— b
Vie— x‘r 7
esn tRSH tRP
crp trCD
Vig— r
TAS
ViL— le— tRAD —o=]
tasr | |TRAH tasc]
ADDRESSES
WE
Din
DouTt VOH_ HIGH-Z
oL—

“H" op L
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MB81C1001-70

FUJITSU MB81C1001-80
MB81C1001-10
UMMM - me81c1001-12
Rea&-Write/ Read-Modify-Write Cycle
tRwe
J— Vig— RAS
RAS ViL— 1Z \_
tcre tcsH . .
tRCD tc';‘:sn me
— Vin—
CAS Vi — \\t 1/
. ‘=—tRAD— .
Asti1 tRAH“ tascT oA RAL
ADDRESSES ¥
e tewL——|
t—TRWL —=
WE N
L tyyp tor toFF
3 VALID
ouT DATA
tRAC tD§f== |=—={'DH
b VALID
IN DATA

% “H" or “L" Invalid Data

py
>
Z

O
(%]

Dout

! VMin
ADDRESSES
Viu

Nibble Mode Read Cycle

tRP
tRAS
G N /N
ViL— 1 ol
- tcsH tne
tCRPjer| |=tRCD = tRSH
v tRAD =-tcAas—— | A
Vig— Z
ViL— tasc] | Nk -,/ \
tasr ™ T teaH tnep | | tcas tcas tcas tRARH
COL.
ADD.
) treH
tRCH= ttRcs [tRcH 'RCS trcH 'RCS
Vi
Vio 1, v
: CAC - |-
c oFr - |tcAc,| [tOFF, |tcac tcac OFF
~—tAA——
le—trAC toH tNPA toH toH
Von— _ ¢ ALID. ALID ALT
VoL — \DATA DAT. DAT.
- ton - ton toN ton

% “H or “L”
Invalid Data
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MB81C1001-70
et

FUJITSU
MB81C1001-10
meg1¢1001-12 AT
Nibble Mode Write Cycle (Early Write)
tRAS RP
ViH ——
o N A N
t‘:':“’_'1 .Jnco——tfsu N {RSH
v RAD le—tcAS —=
R IH— R e /
cAS ViL—, -:/ xu / \L \ / \
tASR| tRaH tnep| | fcas| |'Nce Lt_%%{ tNCP | |TcAs
= | e towe |

e or L

Nibble Mode Read-Modify-Write Cycle

tRAS trp
=== ViH—
RAS
W N ]
tcrp
~tRCcD
JE— Vg — ¢
cas "
IL— tRAD
tASR f——i
e+ |ee{tR
o]

v
ADDRESSES | ,'H
L

X

\7
I RCS T P
tRWDtcwn tewt tcwL tcwiL CV‘\IEI |HWL
tcwp—— ‘CWD-| twe —= tewL
t
we V4
S

toFF |tcAac |toFF, |tcAc, toFf
|
f | =

toH toH toH
VALI gVALI
DAT. DAT.
ton— L tou toN—= .
tDS<——, tps .4 .__.|°H

& VALID
\_/ DATA




HHNAAIA - MB81C€1001-70

MB81C1001-80

FUJITSU
MB81C1001-10
VIKMARISHENN  mB81c1001-12

RAS-Only Refresh Cycle
NOTE: WE, D,y = “H"0r"L", Ag =V, or V,,

tRC

tRAS

“RAS Viu- St - N

tASR

ViL~

tIRP—————————=

ROW
ADDRESS

ADDRESSES
(Ag to Ag)
N Vin="" = -
CAS Vie- K| toFe, ’R
toH
Ve -
Dout Vor - HIGH-Z
ﬁ e or L
CAS-before-RAS Refresh Cycle
NOTE: Address, WE, D, = “H"or"’L"
trc
trRAs tRp
RAS z'“' / 33 / N
I S A
; tcsr tCHR tRPC
|=—tcpn—] {
— Vin—
CAS V'” N “\
n-
torr i
toH-=—{ '
Vou~ e
D |
OUT v - HIGH-Z
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N cIo0r89 FuJITSU
megicioon.12 NN

Hidden Refresh Cycle
tre - - tRe ; '
: tRAS = tRp — tRAS tRp =
_ V) | ;_
RA IH
s ViL— N / N \—
l=—tRCD —=f=—tRSH —=|
t : t
CHPH TRAD CAS onm
TAas  Vin— R
ViL— tRAH
tasR TH—TRAL——
- tascy— = tcaH
ROW COLUMN
ADDRESSES ADDRESs PYADDRESSA | -
tRRH
trcs -
WE Vin ¢ o
(Read) ViL ::I cAC
toFF
toH|
Dour VALID DATA
WE
(Read-Modify-
Write)
Din
H"” or “L" [///] Invalid Data
CAS-before-RAS Refresh Counter Test Cycle
o —_— .
RAS z'“‘ N 7/
=
tcsR - T ,
tCHR PN RsH (=—o1tRp
tcas {
— ViH— \
CAS ViL— tasc | =
oo fa——tCAH ——e]
ADDRESSES SBERYA ~ .
t
tRAL RRH
WE t -
(Read) taa— Ren 1
=
tcaT toH — toFF
VoH-— ' oNn
DouTt V:H HIGH-Z - VALID DATA
L—
TtAWD T | f=—towL—f
} t
— ™ RWL
WE tCWD") twp
(Read-Modify-
Write) tps
o] e tDH —]
Din VALID DATA
“H" or “L" /] Invalid Data’
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'FUJITSU

AN mes81c1001-1 2

MB81C1001-80
MB81C1001-10

DESCRIPTION

Address Inputs:

A total of twenty binary input address
bits are required to decode any one of
the 1,048,576 storage cells within the
MB 81C1001. Ten row address bits
are established on the address input pins
(Ag to Ag) and latched with the Row
Address Strobe (RAS). The ten column
address bits are established on the
address input pin (Ag to Ag) and
latched with the Column Address
Strobe (CAS). All row and column
addresses must be stable on or before
the falling "edge of RAS and CAS,
respectively. . Since the flow through
type address latches are used, address
information at address pins are auto-
matically “latched as column address
after tgan (Min) + '
Therefore, to get valid data within
trac, it is necessary to apply column
address.within tgap (max}. .

If trap = trap (mMax), access time is
tCAc or ta 5 Whichever occure later.

Write Enable:

Read or Write cycle is selected wnth
the WE inputs. A high_on WE selects
read cycle and low selects write cycle.
Data input-is ignored during read cycle.
Data output is high impedance state
during write cycle.

Data Input:

Data is written into the MB 81C1001
during write or read-modify-write cycle.
The input data is strobed and latched
by the later falling edge of CAS or WE.
In an early write cycle, data input is
strobed by CAS, and set up and hold
times are referenced to CAS. In a
delayed write ~ or read-modify-write
cycle, WE is set low after CAS. Thus,
data input is strobed by WE, and set
up and hold times are referenced to
WE.

Data Output:

The output buffer is three state TTL
compatible with a fan out of two
standard TTL loads. Data out has the
same porality as data in. The output
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is high impedance state until CAS is
brought low. In a read or read-modify-
write cycle, the output becomes valid
after tgac from the falling edge of CAS
when tgcp (max) is satisfied or after
tcac When tgep is longer than tgep
(max). The data output remains valid
until CAS returns to high with toy
and becomes high impedance state
after tope. In an early write cycle,
the output buffer is high impedance
state during the ‘entire cycle. In ‘a
delayed write cycle, if tgwp Of tcwp
is less than tgwp (min) or tewp (Min),
the output is invalid.

Read Cycle: .

The read cycle is executed by keeping
both RAS and CAS “L’ and keeping
WE “H"" through-out the cycle. The row
and column addresses are latched with
RAS and CAS, respectively. The data
output is remain valid with CAS “L",
i.e., if CAS goes ““H", the data becomes
invalid with tgoy. During read cycle,

_ the Dyy pin is “Don’t Care”. The access

time is determined by RAS (tgac)

CAS (tcac), or Column address input.

(taa)- If tgep (RAS to CAS delay
time) is greater than the specification,
the access time is tcac. If tgap is
greater than the specification, the access
time is taa - k

Write Cycle:

The write cycle is executed by the same
manner as read cycle except for the
state of WE and.D,y pin. The data on
D, pin is latched-with the later falling
edge of CAS or WE and written into
memory. In addition, during write
cycle, trwe, towe and tgaL must be
sati’sfied the specifications.

Read-Modify-Write Cycle:;
The read-modify-write cycle is executed

by changing WE high to low after the

data appears at the Doyt pin. After
the current data is read out, modified

data can be re-written into the same -

address quickly.

Nibble Read/Write Cycle:

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 9 row and
9 .column addresses. The 2 bits of
addresses (RA9 and CA9) are used to
select one of four nibble bits for initial
access. After the first bits is accessed by
normal mode, the remaining nibble bits
can be accessed by toggling CAS “H"
then “L”. Toggling CAS causes RA9
and CA9 to be incremented internally
while all other address bits are held
constant and makes the next nibble bit
available for access.

Refer to the table 1 for nibble mode
address sequence.

If more than four bits are accessed
during nibble mode, the address se-
quence will begin to repeat.

Nibble Mode Read-Modify-Write Cycle:
The read-modify-write cycle can be used
during nibble mode as well as normal
mode ‘operation. During the nibble
mode, all combinations of read, write,
and read-modify-write cycle can be
applied as well as normal mode opera-
tion.

Refresh:

The refresh of DRAM is executed by
normal read, write or read-modify-write
cycle, i.e., the cells on the one row line
are refreshed by executing one of three
cycles. 1024 row address must be re-
freshed every 8.2 ms period. During the
refresh cycle, the cell data connected to
the selected row are sent to sense
amplifier and re-write to the cell. The
MB 81C10001 also has three types of
refresh modes, RAS-Only refresh, CAS-
before-RAS refresh, and Hidden refresh.



1. RAS-Only Refresh;

The RAS-Only refresh is executed by
keeping RAS “L” and keeping CAS
““H” through the cycle. The row
address to be refreshed is latched
with the falling edge of RAS. During
RAS-Only refresh, the Doyt pin is
kept high impedance state.

2. CAS-before-RAS Refresh;

The CAS-before-RAS refresh is ex-
ecuted by bringing CAS “L’* before
RAS. By this timing combination,
the MB81C1001 executes CAS-
before-RAS refresh. The row address
input is not necessary because it is
generated internally.

Table 1 — NIBBLE MODE ADDRESS SEQUENCE

MB81C1001-70
MB81C1001-80
MB81C1001-10
MB81C1001-12

(AR
FUJITSU

UM

3. Hidden Refresh;

The Hidden refresh is executed by
keeping CAS ““L” to next cycle,
i.e., the output data at previous
cycle is kept during next refresh
cycle. Since the CAS is kept low
continuousely from previous cycle,
followed refresh cycle should be
CAS-before-RAS refresh.

Nibble Row address Column address
Sequence Mode bit RAg {Ag ~ Ag) CAg (Ag ~ Ag)
RAS/CAS Normal 1 0 101010100 0 101010100 Input address
Toggle CAS | Nibble 2 1 101010100 ] 101010100
Toggle CAS | Nibble 3 0 101010100 1 101010100 | Generated
: Internally

Toggle CAS | Nibble 4 1 101010100 1 101010100
Toggle CAS Nibble 1 0 101010100 0 101010100 Sequence repeats
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PACKAGE DIMENSIONS

(Suffix: -P)

MM ooty ey ey 1]

18 LEAD PLASTIC DUAL-IN-LINE PACKAGE
(CASE No.: DIP-18P-M04)

A

15° MAX

INDEX:1

D ~ INDEX-2 -

EJECTOR MARK

.300(7.62) TYP,

- .283+.006
(7.200.15)

| S R L

+.008

+O.20)

+0.11

. 050(1.27)MAX

LA
868770 (22.0870 57

0.2570:01)

.100(2.54) - +012
Typ ; 0a7']
' (1.207330)

© FUJITSU LIMITED 1986 D18015S-4C

+.
002
=0 45t0.14
(045703

.018

|
| i

.197(5.00)MAX

.125(3.18)MIN

02000511 N

+.012 |
03275

10.82'339)

S

Dimensions in
inches (millimeters)
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PACKAGE DIMENSIONS
(Suffix: -PJ)
PIN ASSIGNMENT
Din Vss
WE g D Dout
RASO D CAS
TE* b NC.
NC. D Ag
TOP
VIEW
Ao( D Ag
A1Q DAy
A2( D Ag
AzQ b As
VeeQ DA,
26-LEAD PLASTIC LEADED CHIP CARRIER
(CASE No.: LCC-26P-M01) 140(3.55)MAX
.089(2.25)NOM
*.675+.005

(17.15£0.13)

el elal

® 6| ® @
! @)
P @

.332+.005

.300(7.62)
(8.43+0.13)

NOM

LEAD No.(1)-=1
.050+.005
(1.27:0.13)

OO0 04
.100(2.54)
TYP

.600(15.24)REF

.098(2.50)NOM

Foot-print compatible with *’SOJ-26", LCC-26C-A01)
© 1988 FUJITSU LIMITED C26003S-6C

—

.268+.020
(6.81x0.51)

.032(0.81)
MAX

.017+.004

LT
(0.43+0.10)

Detail of /A"’ part

NOTE: 1. «: This dimension includes resin protrusion. (Each side: .006(0.15)MAX)
2. Although this package has 20 leads only, its pin positions are the same as that of 26-lead package.

Dimensions in

inches (millimeters)

|_0250064MIN
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PACKAGE DIMENSIONS

(Suffix:-PSZ)

PIN ASSIGNMENT

(TOP VIEW)

CAS Vss WE TE* NC A1 A3 A; As Ag

14 181¢ I
l'LJ::‘E:IC."L‘.H:TE:I‘T[lLTEiI'IK.’U’-T:'-\E-Tl'.lt:"-’a
i3t 9ty 1t 13t 1541 1711 1941

Y O o

Ag Dout Din RAS NC Ao Ay Vec As Ay

20-LEAD PLASTIC ZIG-ZAG IN-LINE PACKAGE
(CASE No.: ZIP-20P-M02)

+.008 +0.20
1.019*:005(25.887020)

.336

(8.50

.010
0.25)

I
I
I
T

J U U U

.020+,004
(0.50+0.10)

.050(1.27)

{BOTTOM VIEW) :

©1988 FUJITSU LIMITED Z20002S-4C

.112+,008
(2.85:0.20)

.387+.013
(9.83+0.33)

N\ /
e

.010+.002
(0.25+0.05)

§

.100(2.54)TYP .118(3.PO)MIN

(ROW SPACE)

Dimensions in
inches (millimeters)
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PACKAGE DIMENSIONS

MBS1C1001-70 |{immuimn
MBaIcIoon 19 FUJITSU
mB81c1001-12 [N

(Suffix: -C)
DIP-18C-A01
18-LEAD CERAMIC (METAL SEAL) DUAL IN-LINE PACKAGE
(CASE No.: DIP-18C-A01)
0°to 9°
+.008
'293_'812% .300¢.o1o)
INDEX AREA +0.20, (7.62:0.25
(7457050 {
.900+.010 ‘ +.004
010
(22.86+0.25) o _;%0120
(0.2573:39)
—— r.055(1.40)MAX
— 1
_J_ 1200(5.08)MAX
_J L J 1347538 @B
.100+.010 .032(0.81) 035£.015
{2.5420.25) REF - (0.89+0.38)
.800(20.32)REF ! 1
.050+.010 0187:39%(0.46%0: 03
(1.27+0.25) - Dimensions in
©1987 FUJITSU LIMITED D180145-4C inches (millimeters)
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IV

CMOS 1,048,576 BIT
STATIC

COLUMN
DYNAMIC RAM

MB81C1002-85
MB81C1002-10
MB81C1002-12

December 1988

Edition 1.0
CMOS 1,048576 X 1 BIT Static Column Mode Dynamic RAM
The Fujitsu MB81C1002 Is CMOS fully decoded dynamic RAM organized as 1,048,576
words x 1 bit. The MB81C1002 has been designed for mainframe memories, buffer
memorles, and video Image memorles requiring high speed, high-band width output with
low power dissipation, as well as for memory systems of handheld computers which
need very low power dissipation.
Fujitsu’s advanced three-dimensional stacked capacitor cell technology makes the
MB81C1002 High x-ray soft error Immunity and long refresh time.
The CMOS circuits can be used as peripheral circuits. In addition, low power dissipation
and high speed operation are realized.
The CMOS standby current is about one-fifth that of the conventional NMOS DRAM, so
large-capacity memory systems shuch as semiconductor disks with less power and
battery backup becomes possible, i.e., low standby current makes the RAM applicable DIP-18P-M04
as non-volatile memoriles.
PRODUCT LINE & FEATURES
Row Access Time 85ns max. 100ns max. 120ns max.
Random Cycle Time 160ns min, 180ns min. 210ns min.
Column Address Time 50ns max. 50ns max. 60ns max.
C A . . .
olumn Access Time 25ns max 30ns max 35ns max DIP-18C-A01
Static Column Mode 55ns min.’ 55ns min. 65ns min.
Cycle Time )
Low Power Dissipation -
e Operating current 358mW max. | 330mwW max. 275mW max.
® Standby current 11mW max. (TTL level) /5.5mW max. (CMOS level)
® 1,048,576 words x 1 bit organization e Common I/O capabiliity by using early write
o Sliicon gate, CMOS, 3D-Stacked o RAS only, CAS-before-RAS, or Hidden
Capacitor Cell Refresh
® All input and output are TTL compatible 4 ggzgzlfflumn Mode, Read-Modify-Write LCC-26P-M01
® 512 refresh cycles every 8.2 ms o On chip substrate blas generator for high
performance
ABSOLUTE MAXIMUM RATINGS (see NOTE)
Voltage at any pin relative to VSS Vine Vour -1to +7 \"
Voltage of Vcc supply relative to VSS Vee -1to +7 v
ZIP-20P-M02
Power Dissipation PD 1.0 w
Short Circult Output Current —= 50 mA
Ceramic -55 to +150 o
Storage Temperature Pract Tsta m 125 c
astio SSto+ ;I‘hls dovlee‘ eon:’nlm clrcgltry tm mortlectt ttl}o
NOTE: Permanent device damage may occur Iif the above Absolute Maximum piivvivd .a:rn:‘lnct:lg‘ le(ds.u. H%wevoer sn‘ I:

Ratings are exceeded. Functional operation should be restricted to the
conditions as detalled In the operational sections of this data sheet. Exposure
to absolute maximum rating conditions for extended periods may affect
device reliabllity.

Copyright ©1988 by FUJITSU LIMITED

advised that normal precautions be taken to
avold application of any volt: higher than
rated voltages to this high imp 1ce

n
circult.
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Fig. 1 — MB81C1002 DYNAMIC RAM—BLOCK DIAGRAM

DIN

DOUT

CAPACITANCE (t,- 25°c, ¢

Input bapackance. A0:to A9, Dy Cini i 5 PF
Input Capacitance, RAS, CAS, WE Cinz - 5 PF
Output Capacitance, Dout Cour — S PF
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PIN ASSIGNMENTS AND DESCRIPTIONS

18-Pin DIP: 26-PIn 80J:
(TOP VIEW) (TOP VIEW)
on O 4 18 n Vss DIN 1 26|P Vss
\A—I-ECZ 17JDOUT Wﬁgz 35le
el s . M~ RAS 3 24 g CAS
RAS 16| cas ne. gf 4 2|p no.
e O+ 15 [ a9 e f]s 2{h Ao
A0 38 140 as
A1 e 13 [ a7
A2 7 12 [ As Ao Ole 18lp Ag DN Data Input.
Az s Ay gQf1o 7@ A D
O 1 as N | B 1 pA7 ouT Data Output.
2 6 —
vOCE 9 10 [J a¢ Az g2 15]p As WE - Write Enable.
Vec QLIS 1Ip As RAS Row address strobe.
NC No connection.
20-Pin ZIP: A0 to A9 Address Inputs.
(TOP VIEW)
—_— —_— . vce +5 volt power supply.
CAS Vgs WE TE NC. Ay Az Ay Ag Ag
it = = = = TE - Test Enable (will be available)
Bii &L 7 CAS Column address strobe.
Ag Doyt DN RAS NC. Ag Ay vee As Az VSS Circuit ground.

RECOMMENDED OPERATING CONDITIONS

(All voltages referenced to ground; TA = 0°C to 70°C)

Vee 4.5 5.0 5.5
Supply Voltage \"
. VSS 0 0 0
Input High Voitage, all inputs VIH 2.4 - 6.5 \"
Input Low Voltage, all inputs VIL -2.0 - 0.8 \%

Note: Undershoots of up to -2.0 volts with a pulse width not exceeding 20ns are acceptable.
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FUNCTIONAL OPERATION

ADDRESS INPUTS

Twenty Input bits are required to decode any one of 1,048,576 cell addresses in the memory matrix. Since only ten address bits
are available, the column and row inputs are separately strobed by TAS and RAS as shown In Figure 1. First, nine row address
bits are Input on pins AO-through-A9 and latched with the row address strobe (RAS) then, ten column address bits are input and
latched with the column address strobe (CAS). Both row and column addresses must be stable on or before the falling edge of

TAS and RAS, respectively. The address latches are of the flow-through type; thus, address information appearing after traH
(min)+ trIs automatically treated as the column address.

WRITE ENABLE

The read or write mode Is determined by the logic state of WE . When WE Is active Low, a write cycle Is Initiated; when WE is
High, a read cycle is selected. During the read mode, Input data Is ignored.

DATA INPUT

Data is written Into the MB81C1002 during write or read-modify-write cycle. The Input data Is strobed and latched by the later -
falling edge-of TAS or WE. In an early write cycle, data input Is strobed by TAS, and set up and hold times are referenced to
TAS. In a delayed write or read-modify-write cycle, WE Is set low after m Thus, data input Iis strobed by ‘WE, and set up
and hold times are. referencad to WE.

DATA OUTPUT

The three-state buffers are TTL compatible with a fanout of two TTL Ioads Polarity of the output data Is Idéﬁtlcal id that of the
Input; the output buffers remain in the high-impedance state until the column address strobe goes Low. When a read or
read-modify-write cyole is executed, valid outputs are obtained under the following conditions:

tRAC:  from the faling edge of TAS when trco (max) is satisfled.
tCAC: from the féillng edge of TAS wﬁen tReD Is greater than trcp (max).

tAA frdm colurhh address Input when tRaD Is greater then trap (max).
STATIC COLUMN MODE OF OPERATION

The static column mode operation allows-continuous read, write, or read-modify-write cycle within a row by applying new column
address. In the static column mode, RAS can be kept low throughout static column mode operation. The following four cycles
are allowed In the static column mode.
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DC CHARACTERISTICS

(Recommended operating conditions unless otherwise noted)

MB81C1002-85 ' mummmmmm

MB81C1002-10 FUJITSU
MB81C1002-12 ENEEEEEN

Output high voltage Vou IOH = -5 mA 2.4 — - v
Output low voltage VoL 0L = 4.2 mA — - 0.4
Input leakage current (any input) hw ov < VIN X 5.5V;
4.5V< VCC < 5.5V; -10 10
V8S=0V;All other pins RA
under test =0V
Output leakage current low) 0V SVOUT <6.5V; -10 10
Data out disabled
MB81C1002-85 — — 65
Operating current icc, RAS & CAS cycling; N
(Average pow:r MB81C1002-10 (Note) the = min — 60 m,
supply current) MB81C1002-12 50
Standby current TTL level RAS=CAS=VIH 2.0
(Power supply - ICC2 — — - mA
current) CMOS level RAS=CAS >VCC-0.2V 1.0
Refresh current MB81C1002-85 —_ — 60
#1 (Average power | MB81C1002-10 :ﬁg&) CA:‘V'”' RAS | - 55 mA
supply current) | ypg1C1002-12 ovelng; tac = min 45
Static column mode | MB81C1002-85 AAS = CAS =VIL . 120
current MB81C1002-10 | IcC, | RAS= CAS= _ 30 mA
- (Note)." | cycling; tgc = min
MB81C1002-12 , 23
Refresh current MB81C1002-85 cc RAS cycling ; 60
#2 (Average power | MB81C1002-10 | S7F. | TAS-before-RAS; - 55 mA
supply ourrent) MB81C1002-12" tpe = min 45

Note: ICC depends on output load conditions, input levels, and cycle rates; the value of ICC Is also a function of the Input low

voltage level with VILD 2 -0.5V. All specified values are measured with the output open.
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AC CHARACTERISTICS

(At recommended operating conditions unless otherwise noted.) Notes 1, 2 3

1 | Time Between Refresh tﬁﬂ; .

2 | Random Read/Write Cycle Time tre 160 — 180 - 210 - ns -
3 Read-Modify-Write Cycle Time trwe 190 — 210 — 245 — ns —
4 | Access Time from RAS tRac - 85 - 100 — | 120 ns 4,7
5 | Access Time from CAS teac - 25 — 30 - 35 ns 7
6 Column Address Access Time tan - 50 - 50 - 60 ns 6,7
7 | output Hold Time ton - 7 - 7 — |.ns —
8 Output: Buffer Turn on Delay Time ton 5 — 5 — 5 = ns —;
9 | output Butfer Turn off Delay Time | torr — | 25 — |35 = | 25 ns | 8
10 | Transition Time tr 3 50 3 50 3 50 ns -
11 | RAS Precharge Time trp 65 — 70 = | ‘80| — ns -
12 | RAS Pulse Width tras 85 100000 100 100000 - 120 ‘| 100000 ns Enct
13 | RAS Hold Time tasH 25 = 30 - s | — ns -
14 | CTAS to RAS Precharge Time torp 0 — 0o | — 0. - ns: =
15 | RAS to CAS Delay Time treo 22 60 25 70 | 25 | 85 ns | 9,10
16 | CAS Pulse Width toas 25 — 30 — 35 | — | ns -
17 | ‘CAS Hold Time tesn | 85 - 100 | — 1220 | — | ns -
18 |. CAS Precharge Time (E—B-—ﬁ cycle) torn 15 - 15 - 15 - ns 19
19 | Row Address Set Up Time tasr 0 - 0 - 0 — ns e
20 | Row Address Hold Time tran 12 — 15 - 15 - ns -
21 | Column Address Set Up Time tasc 0 - o | — o | — | ns 5
22 | Column Address Hold Time toan 20 - 20 == 25 - ns -
23 | RAS to Column Address Delay Time trAD 17 35 20 50 20 60 ns 11
24 | Column Address to RAS Lead Time traL 45 - 50 - 60 - ns -
25 | Read Command Set Up Time thes 0 - 0 - 0 - ns -
28 ::?:';Z?r taon %/%ﬂd e thRH o = 0 - 0 - ns 12

Read Command Hold Time

27 | Referenced to CAS tacu 0 - 0 - 0 - ns 12
28 | Write Command Hold Time tweH 20 - 20 - 25 - ns -
29 | WE Pulse Width twe 15 = 15 = 20 - ns =
30 | Write Command to RAS Lead Time | taw. 25 - 25 — 30 - ns -
31 | Write Command to CAS Lead Time towr 20 - 20 — 25 — ns —
32 | DIN Set Up Time tos 0 — 0 — 0 — ns —_
33 | DIN Hold Time ton 20 — 20 — 25 —_ ns —
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AC CHARACTERISTICS (Continued)
h

34 | RAS to WE Delay Time tawp 85 - 100 - 120 - ns |13, 18
35 | CAS to WE Delay Time tewn 25 — 30 - 35 - ns 13
36 | Column Address to WE Delay Time t awD 50 — 50 - 60 — ns 13
37 | RAS Precharge Time to CAS trre 0 — 0 - 0 _ ns -
Active Time (Refresh Cycles)
38 | CAS Set Up Time for CAS-before tcsr 0 - 0 - 0 - ns —
-RAS Refresh
39 | CAS Hold Time for CAS-before tcHR 15 — 15 - 20 — ns -
-RAS Refresh
Access Time from CAS - — - -
40 (Counter Test Cycle) toar 50 50 ] 80 ne
Statlc Column Mode Read/Write —_ —_ — —
50 Cyele Time tsc 55 55 65 ns »
Static Column Mode Read-Modify- —_ — — —
51 | Write Cycle Time t srwc| 95 ‘ ‘ 95 115 ns
52 ?:atlc Column Mode CAS Precharge tep 15 - 15 - 15 - ns -
me
53 | Access Time Relative to Last ergé taw - 90 — 90 —_ 110 ns 14
54 | Access Time from WE Precharge twpa — 30 —_ 30 - 35 ns —
Output Hold Time for Column Address
55 Cha%ge taon 10 - 10 - 10 — ns -
56 | Write Latched Data Hold Time t woH 0 — 0 — 0 - ns —
Column Address Hold Time. — - —
57 | Referenced to RAS Rising Time t aHr 18 18 15 ne 15
58 [ past Write to Column Address tiwao| 26 | 40 | 25 | 40 | 30 | 50 | ne |16, 17
Column Address Hold Time
59 | Referenced to Last Write tamw| 83 = 95 - 120 — ns -
60 | RAS to Second Write Delay Time trswo| &8s - 100 - 120 - ns -
L 61 | WE Inactive Time twi 15 - 15 - 20 — ns -
Write Set Up Time for Output
62 | Doaoigst P P tws 0 - 0 - 0 - ns 18
63 | Write Hold Time for Output Disable twh [} — 0 —_ 0 — ns 18
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Notes:

1.

o

10.
.

. Assumes that trcDS tRep (max),

An Initial pause (RAS=CAS=VIH) of 200ps Is required
after :power-up followed by any 8 RAS-only cycles

‘before proper device operation is achieved. In case of

using Internal - refresh- counter, a minimum. of 8
TAS-before-RAS Initialization cycles instead of 8 RAS
cycles are required.

AC characteristics assume tr = 5ns

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

(max). If trco (or traD) Is greater than the maximum
recommended value shown in this table, trac will be

Increased by the amount that trcp (or trRap) exceeds
the value shown. Refer to Fig. 2 and 3.

Assumes that write cycle only.

If tRAD2 tRAD (max), access time is tAa .
Measured with a load equlvalent to two TTL loads and
100 pF.

torr Is specified that output buffer change to high
impedance state.

Operation within-the trcp (max) limit insures that trac
(max) can be met. trcp (max) Is specified as a
reference point only; If trcp Is greater than the specified
trep (max) limit, access time Is controlled exclusively
by tcacor taa.

treb (min) = traH (Min)+ 2t T + tasc (min).

Operation within the trap (max) limit insures that tRac
(max) can be met. tRap (max) is specified as a
reference point only; If tRapIs greater than the épeclﬂed
trAD (max) limit, access time Is controlled exclusively
by tcac or taa.

2.88

-and tRADS tRAD °

13.

14.

15.

16.

17.

.. Either trrH or-trRcH must be satisfied for a read cycle.

tcwp, tRwD and tawp are not-a restrictive operating
parameter. They are included in the data sheet as an
electrical characteristic only. If tewop 2 tcwo (min),
tRWD 2 tRWD (min), and tawp 2 tawp (min), the cycle
Is a read modify-write cycle and data from the selected -
cell will apper at the DouT pin.

If neither of the above condltlons is satlsfled the cycle Is
a delayed write cycle and invalid-data will appear the
Dout pin, and write operation can be executed by

satisfying tRwL, tcwi, and tRAL specifications.

Assumes that tLwaD S tLWAD (max). If tLwAD s
greater than the maximum recommended value shown ;
In this table, tawL will be Increased by the amount that
tLWAD exceeds the value shown S

tAHn Is specified to Iatch column address by the rising
edge of

Operation within the tLwAD (max) limit insures that tawL
(max) can be met. tLwAD(max) s specified as a
reference '.point only; If tLwAD leAgreater than the
specified tLwaD (max) limit, then .access time s
controlled by tAA. : : .

tLWAD (min) = tcAH (min) + tT (tT=5ns).

tws, twH and tRwD are specified as a reference point
only. If tws 2 tws(min) and twH 2 twH(min), the data
output pin will remain High-Z state through entire cycle.
If It tRwp 2 tRwD(min), the data output will contain data
read from the selected cell.

Assumes that ‘CAS-before-RAS refresh; CAs be-
fore-RAS RAS refresh counter test cycle only e
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Fig. 2 - tgacVs. tgep Fig. 3 - tgacVs. thap

tpac(ns) 160 tpac(ns) 160 |~
140 140 -

120ns Version
120 I~

120

|100ns Version
100 100

80 I~

|

|

|

80 85ns Version :
|

4 '
| I

20 40 60 80 100 120 20 40 60 80 100 120 |

taco(ne) tran(ne)

FUNCTIONAL TRUTH TABLE

Standby H H — — — High-Z
" Read Cycle L L H | vaid | Valid - Valid tres2 tres(min)
tron2 tren(min)
:’é':tr; Syete ) L v ] v [ vaia | vaia | vaia |0 tws = tws (min)
Bty Modify-Write L | v [Hoo| vaia | vaa | $gn | vaia towp2t cwp(min)
e Syaiann Mode Lfoe | H {2 | vad [ — | vaid :22:; :zz:::::;
Pratio Soamn Mode Ll ou | u R | v | vai |
lsateagc'i‘iﬁggffvamgecvch L L |[H=L v;f,d Valid \);;,,’d Valid towp2t cwn(min)
e Eowmn Mode L v Jwn | 2, | vaid | vaig | HEn-Z
E‘%;:R%ycve | mf o x | vae | — — | righz
Refresh Cyole. I e e e
glfggn Refresh He L L X _ _ _ Valid 'I:;::lous data is

Notes:
X : “H" or “L”

*1: If tws < tws (min) and twH < twH (min), the data output become invalid.

*2: After first cycle, row address Is not necessary.
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TIMING DIAGRAMS

Fig. 4 - READ CYCLE

tRe |
ViH— tRAS
S viL— S( 72
toRP .
‘ tosH =|‘ [+ tRP
tRCD tRSH
| |
ViH— tcas
B - *
r_ tRAD =¥
tASR tRAH tRAL
r—n
A0 to Ag COLUMN ADDRESS
WE
Dour Vo HIGH-Z

*1; If tRAD 2 tRAD (max), access time is tCAC or tAA whl'chever ‘occeur later. H"or“L"

DESCRIPTION

The read cycle Is executed by keeping both RAS "RAS and CAS “L” and keeplng WE “H" through out the cycle. The row and
column addresses are latched with RAS and CAS respectively.. The data output remain valid with CAS “L”, l.e., If CAS
_goes “H", the data becomes Invalid with toH. During read cycle, the D DIN pinIs “H” or “L". The acces time Is determined by
RAS(trAC), CAS(tCAc) or Column address input(taa). If tRcD (RAS to CAS delay time) Is greater than the speclﬂcatlon,
the access time Is tCAC or tAA whichever occur later.
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Fig. 5 - WRITE CYCLE (Early Write)

tRC

tRAS
BAS VH— 5@ /
S

viL—

[+—— tRP

tcsH

.

trRCD tRsSH

tcRP -
toas .

TAS VH—
viL—

Ao to Ag VH—
viL—

towL

S
3

twcH

tos

I‘—tDH —

DIN VIH—
viL—

*

pour YOHT HIGH-Z
VoL

“Hror*L"

*1; If tws 2 tws (min) and twH 2 twH (min), Dour is high-Z.

DESCRIPTION

The write cycle is executed by the same manner as read cycle except for the state of WE and DIN pin. The data on DIN pin
is latched with the later falling edge of CAS or WE and written into memory. In addition, during write cycle, tRwL, tcwL and
tRAL must be satisfled the specifications. ’
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Fig. 6 - READ WRITE/READ-MODIFY-WRITE CYCLE

tRwWC
ms ™I T N T | N
) VIL_ " - " " tRP —J -
tcsH =|'
tcrP tRCD tRSH >
) |
c—A—s- ViH e \ tcas |
ViLe— je— tRAD —») L
tAsR
r‘-’ tRAH I | tAWD
ViH— ROW
Ao to Ag ViL _ ADD COLUMN ADDRES:
| | } 1
i tRCs Cold E tcAH
jg— tCWD ———in
WE
tRWD
on  VH—
ViL—
tcAC —
4——--|—— tAA
tRAC
Dour VOH—
VoL— HIGH—‘ ) " VALID DATA
ke ton
“H"oreLr
DESCRIPTION

The read-modify-write cycle is executed by changlng‘vﬁ from High to Low after the data appears on the DOLﬁ" pin.
This new data Is written into the same address as read out.
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Fig. 7 - STATIC COLUMN MODE READ CYCLE

tRe
tRAS
— VHe =)
AS S
R ViL— {( \
LU
tRP -
tep
tcRp tosH e tRSH -»
lc-o fe— tRCO ~ toas :
tCAS —o
— VIH—
IS
viL— tRAH 'S
tsc tsc
tasR o | |‘
tAHR
i : :
ViH—
A0 to A9 COLUMN z COLUMN COLUMN
ViL— ADDRESS 1 ADDRESS 2 ADDRESS N
]
tRCH
tRCS»le
i tRRH
— VH— s
" \/
. viL— :
tcac
le- tAA
AA
I.tou toFF ™ 'o toFF

Doutr VOH™
VoL—

“HTortL"
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Fig. 8 - STATIC COLUMN MODE WRITE CYCLE
tRC
3 e - tRAS |
—— VH— _—l&r tRSWD »
RAS  yi— | \
tcRP tcsH tRP >
‘ je— tRSH -
le— tRCD —-l tep
| S]] teas
-—=  VH— : tcas _147
CAS  vi— J  tasc I
' » |l '
tRAH CAH tASC e
fe—  tsC —> ]
tcaH !
I : tcAH
A0 to Ag VH— " COLUMN COLUMN Wi N~ coLuMN
ViL— ADDRESS 1 ADDRESS 2 ADDRESS N
e tASC e tws
> e i
L tWH le—— tcwL
Ctws .
twon | twoen
we  ViH— [
WE
viL— wi twi >
. )
DN = VH—
ViL— VALID DATA
*1
Doutr VOH™
VoL HIGH-Z

CH M ore "
*1; If tws > tws (min) and twH > twH (min), DouT Is high-Z. or

DESCRIPTION

In a static column mode write cycle, the data is written into the cell triggered by the later falling edge of CAS or WE. If both
tws and twH are greater than their minimum limits, the data output pin is kept high impedance state through the static
column mode write cycle.
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Fig. 9 - STATIC COLUMN MODE READ-MODIFY-WRITE CYCLE
|
trRC

tRAS |
—_—— ViH— \
RAS vy — Il 2
" tRP
tcrRP tRSH
e~ tRCD —of
tcAs
—— VH— } /.!—
CAS ViL— j I \ (s y. /
tRAH & | "
tsrwe tsRwWC
tASR tRAD tcaH | tCAH toan
ViH—
A0 to A9 COLUMN COLUMN
L ADDRESS 1
jo—— tRWD ——n
je— tLWAD*1 -
tAWD tAWD tAWD
tCWDja—p twp
- | twp twp
WE VH—
ViL—
DN VH—
viL—
toH
tAA
twoH
VOH— Y
Dour VALID DATA
VoL—
*1; If tLWAD (min) StLWAD S tLWAD (max), tALW = tsc (min) + tAA (max). “H"or“L"
DESCRIPTION
in the static column mode read-modify-write cycle, WE goes low after tawD from the column address Inputs and tcwb from
the faling edge of CAS. The data and column address Inputs are strobed and latched by the falling edge of WE.
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Fig. 10 - STATIC COLUMN MODE MIXED CYCLE *1

; tRC -
: 1 tRAs .l
— ViH—
RAS Vi : i : . \-—
tcRP . toSH — o tRP -
e— tRCD — tep teas | tep e
tcas [ tCAS ———¥
— ViH— ) é 4 .
CAS ViL— . tasc 1y ﬂl
e tcan |
| tRWL
fe— tLWAD*2
Al
. - — tAHLW |
A0 to Ag  VH— COLUMN - COLUMN COLUMN
ViL— ADDRESS 2 ADDRESS 2 ADDRESS N
tALW -l-—-—q b tCAH
e twH
| [e— towL —»
. j&— tAWD
1l twp
ViH—
WE ViL— l [ .
e ; tWP'A —] tos
L—q ht
tos ' tAA ’
DIN ViH—
ViL— VALID ‘A VALD
we | T o
10AG .| le | fe> tcac r
’ fa— tWoH toFF
toN tAA
Dour Y,g?_: —_ HIGH-2== VALID, ( ) VALID DATA
WRITE CYCLE - - READ CYCLE READ-MODIFY-WRITE CYCLE
*1; This is an example of ‘static column mode mixed cycle. WM oreLn

*2; If tLwAD Is satisfled its min/max value, tALW = tsc (min) + tAA (max)

DESCRIPTION

In the static column mode, read, write, and read-modify-write cycles can be mixed in any order.
In the next read cycle of static column mode write cycle or read-modify-write cycle, the access time is determined by the
following conditions. .
1. taLw from the falling edge of WE or CAS at previous write cycle.

2. taa from the column address inputs. -

3. twPA from the rising edge of WE at the read cycle.

_ 4. tcac from the falling edge of CAS.
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Fig. 11 - RAS-ONLY REFRESH CYCLE
NOTE: A9, WE,DIN=“H"” or"“ L"

trRC
tRAS

s W N . ZL N
tRPC

Ao to As xr - X_ ROW ADDRESS
) tcRP
V|t - ——-——3\z
tOFF

toH .——-l

Von —
Dout V.

HIGH-Z
oL =

DESCRIPTION

Refresh of RAM memory cells is accomplished by performing a read, a write, or a read-modify-write cycle at each of 512
row addresses every 8.2-milliseconds. Three refresh modes are avallable: RAS-only refresh, CAS-before-RAS refresh, and
hidden }refresh‘.

RAS-only refresh Is performed by keeping RAS Low and CAS High throughout the cycle; the row address to be refreshed is
latched on the falling edge of RAS. During RAS-only refresh, DouT pin is kept In a high-impedance state.

Fig. 12 - CASFBEEQRE—RAS REFRESH CYCLE
NOTE: AOto A9, WE,DIN=“H " or“ L"

tRc
Vi == 1tRAS
Vi — t
CSR
tcPN "- tCHR

TAS Yn—

Vi = toFF

je- tOH
pour VM HIGH
ouT VoL — ~£!
DESCRIPTION

CAS-before-RAS refresh Is an on-chip refresh capabliity that eliminates the need for external refresh addresses. If TAS Is
held Low for the specified setup time (tcsr) 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
Internally incremented in preparation for the next CAS-before-RAS refresh operation.
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Fig. 13 - HIDDEN REFRESH CYCLE

tRC tRC

e tRAS [e— tRP > e tRAS —
— ViH— 3\ Z X
RAS ViL— tRP — \

je— tRCD —»]

[¢— tRSH —

tcRP

-I le-| tRAD I] tCAS I
—_ ViH— ; Y }- tCHR [
RAH
CAS ViL— a ‘_.l |-\

t
L

tAsR
tAHR
A o As VHT
Botof® e COLUMN ADDRESS
tRRH
W_E ViH—
(Read) ViL—
jt— tCAC —i
| ] tAA —ny ) tO#F.
tRAC toH
toN
Dour VoH— i
VoL HIGH-2 I VALID DATA
I._. tcAH
A0 to A9 ey ROW x
(Read/Write ViL— ADDRESS COLUMN ADDRESS
Cycle) : .
tRWD
L, "——‘. tcwp
le— tAWD —p

ﬁ ViH—
(Read/Write - ViL—
Cycle)

tDs,

ot
VH—
DN VALID
’ ViL—
DESCRIPTION “H"or“L"

A hidden refresh cycle may be performed while maintaining the latest valld data at the output by extending the active time of
CAS and cycling RAS. The refresh row address is provided by the on-chip refresh address counter. This eliminates the need
for the external row address that Is required by DRAMs that do not have CAS-before-RAS refresh capabillity.
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Fig. 14 - CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE

— Vi —
RAS v:f —_ q
tCHR tRSH [ tRP
tcsR tePN toas
CAS x'“ - N
[N
tRAL
v tasc
Ao to Ao T COLUMN ADDRESS
(Read)
— Viy —
WE vz
(Read)
Vou = ‘
Dout VOL _ J

A0 to Ag iy —
(Write) ViL —

GILl‘-tAWD — je— tCWL —J

WE ViH —
(Write)  ViL —

Vi —
DN v VALID DATA
[
CHroreLn
DESCRIPTION

A special timing sequence using the CAS-before-RAS refresh counter test cycle provides a convenient method to verify the
functionality of CAS-before-RAS refresh circultry. If, after a CAS-before-RAS refresh cycle. CAS makes a transition from
High to Low while RAS is held Low, read and write operations are enabled as shown above. Row and column addresses are
defined as follows:

Row Address: Bits A0 through A9 are defined by the on-chip refresh counter.
Column Address: Bits A0 through A9 are defined by latching levels on AO-A9 at the second falling edge of CAS.

The TAS-before-RAS Counter Test Cycle Is designed for use with the following procedures:

1) Initlalize the Internal refresh address counter by using eight CAS-before-RAS refresh cycles.

2) Use the same column address throughout the test.

3) Write zeroes (0s) to all 512 row addresses at the same column address by using normal early write cycles.

4) Read zeroes written in procedure 3 and check; simultaneously write ones (1s) to the same addresses by using
Internal refresh counter test read-write cycles. Repeat this procedure 512 times with addresses generated by
the Internal refresh address counter.

5) Read and check data written in procedure 4 by using normal read cycle for all 512 memory locations.

6) Complement test pattern and repeat procedures 3, 4, and 5.
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'PACKAGE DIMENSIONS

(Suffix: -P)

18-LEAD PLASTIC DUAL IN-LINE PACKAGE
(CASE No.: DIP-18P-M04))
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PACKAGE DIMENSIONS (Continued)

(Suffix: -C)

18-LEAD CERAMIC (METAL SEAL) DUAL IN-LINE PACKAGE
(CASE No.: DIP-18C-A01)
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'FUJITSU  MB81C1002-10
EEEEEEE MB31C1002-12

PACKAGE DlMENSIONS (Continued)

(Suffix: —PJ)

26-LEAD PLASTIC LEADED CHIP CARRIER (SOJ-26)
(CASE No.: LCC-26P-M01)
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PACKAGE DIMENSIONS (continued)

(Suffix: -PSZ)

20-LEAD PLASTIC ZIGZAG-IN-LINE PACKAGE
(CASE No.: ZIP-20P-M02)

The information contained in this document does not convey any license
under the copyrights, patent rights, software rights or trademarks claimed
by Fujitsu. Circuit diagrams utilizing Fujitsu products are Included as a
means of illustrating typical applications. Complete information sufficient

for construction purposes Is not necessarily given. The information
contained in this document has been carefully checked and is believed to
be reliable. However, Fujitsu assumes no responsibility for inaccuracies.
Fujitsu reserves the right to change products or specifications without
notice.
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| cMOs 1048576 BIT
FUJITSU B et

R

CMOS 1,048,576 x 1 BIT
SERIAL ACCESS MODE DYNAMIC RAM

The Fujitsu MB81C1003 is CMOS fully decoded dynamic RAM organized as
1,048,576 words x 1 bit. The MB81C1003 has been designed for mainframe
memories, buffer memories, and video image memories requiring highspeed,
high-band width output with low power dissipation, as well as for memory
systems of handheld computers which need very lower power dissipation.

MB81C1003-85
MB81C1003-10
MB81C1003-12

October 1988
Edition 1.0

PLASTIC PACKAGE

DiP-18P-M04

Fujitsu’s advanced three-dimensional stacked capacitor cell technology makes
the MB81C1003 high a-ray soft error immunity and long refresh time.

Since the CMOS circuits are used for peripheral circuits, low power dissipation
and high speed operation are realized.

The CMOS standby current is about one fifth that of the conventional NMOS
DRAM, so large capacity memory systems with less power and battery backup
becomes possible, i.e., low standby current makes the RAM applicable as non-
volatile memories.

PLASTIC PACKAGE
LCC-26P-M01

® 1,048,576 x 1 CMOS DRAM, 18-  ® Serial Access Mode Cycle Time (tga),

pin DIP, 26-pin SOJ, and 20-pin 60 ns min.  (MB81C1003-85)
ZIP 60 ns min.  (MB81C1003-10)
® Silicon gate, CMOS, 3D-Stacked 70 ns min.  (MB81C1003-12)

Capacitor Cell

Row Access Time (tgac),
85 ns max. (MB81C1003-85)
100 ns max. (MB81C1003-10)
120 ns max. (MB81C1003-12)

Random Cycle Time (tgc),
160 ns min. (MB81C1003-85)
180 ns min. (MB81C1003-10)
210 ns min. (MB81C1003-12)

® Single 5V+10% Supply

Low Power Dissipation
358 mW max. (MB81C1003-85)
330 mW max. (MB81C1003-10)
275mW max. (MB81C1003-12)
11 mW max. (TTL level input)
5.5 mW max.(CMOS level input)

® 512 refresh cycles every 8.2 ms

PLASTIC PACKAGE
Z1P-20P-M02

DIP-18C-A01: See Page 16

PIN ASSIGNMENT

® RAS-only, CAS-before-RAS, or Wl % 181 ves
® Column Access Time (tcac), Hidden Refresh . e Houss
25 ns max. (MB81C1003-85) - .
Early Write and Delayed Writ RAS
30 ns max. (MB81C1003-10) y Yiteand Deiavec Hirite FAsCYs 18RS
35 ns max. (MB81C1003-12)  ® Common /0 capability by using Teeg4 1504
early write Ao[]s V*l‘:; 147 Ag
Arse 13 A,
ABSOLUTE MAXIMUM RATINGS (See NOTE) =N 12Pne
1" A
Rating Symbol Value Unit VCZEZ wg:
Voltage on Any Pin Relative to Vgg VN, VouT -1to+7 \ “
Voltage on V¢ Relative to Vgg Vee -11to+7 \ *: Test Enable (will be available)
Ceramic -55 to +150 o Pin Assignment.
Storage Temperature Plastic Tstc 8510 +125 € For SOJ: See Page 14
Power Dissipation Pp 1.0 w Pin Assignment
Short Circuit Output Current _ 50 mA For ZIP: See Page 15

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

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM
RATINGS are exceeded. Functional operation should be restricted to
the conditions as detailed in tl"e operat!onal segt!ons 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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AR 53
FunTsy MB8IC1003.85

RN MBS1E1903 1

Fig. 1 — BLOCK DIAGRAM
RAS cLock ,
. WRITE
GEN. 1 i
CAS £ CLOCK }=——WE
GEN.
MODE 51 \
CONTROL 1/
cLock
SERIAL : : GEN. 2
ACCESS
COUNTER
Ag—=
DATA
A1 N COLUMN IN  |=—DN
V] DECODER BUFFER
Ay —o] :
ADGRESS SENSE AMP. & <):____]
Az =] _‘_‘)> BUFFER 1/0 GATE
PRE- ' { . . .
Ag—] DECODER
| Ag —= :> . ‘
: ' ‘ row |, | 1048576 BIT
Ag — {} : DEC. STORAGE CELL DATA
N ‘- OouT |—=DOUT
REFRESH BUFFER
Ar— ADDRESS |~ -
COUNTER
Ag —=]
Ag — , SUBSTRATE = Vee
BIAS GEN. Vss
- J
CAPACITANCE , , (Ta = 25°C)
Value
Parameter Symbol Unit
. . Typ- Max
Input Capacitance, Ag to Ag, Diy Cint 5 pF
“Input Capacitance, RAS CAS, WE i Cinz ' . 5 ! pF
Output Capacitance, Doy i Cout 5 PF
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c1003-85 MMM

MB81
MB81C1003-10 FUJITSU
MmB81c1003-12 MM
(Referenced to Vgs)
: Value .
. Operating
Parameter Symbol o v o Unit Temperature
Vee 45 5.0 5.5
Supply Voltage Ves 0 0 0 \%
o + ]
Input High Voltage, Al inputs Vin 24 - 6.5 v 0°Cto+70°C
Input Low Voltage, All inputs A\ -2.0 - 0.8 \%
(At; ded operating conditi unless otherwise noted)
Values
Parameter Conditions Symbol Unit
Min Max
o MB81C1003-85 - 65
. Operating Current® RAS & CAS -
(Average power MB81C1003-10 | HAS & CAScycling; lect -~ | e0 mA
supply current) trc = min
MB81C1003-12 — 50
Standby Current TTL level RAS=CAS =V, - 2.0
(Power supply — lec2 mA
current) CMOS level RAS=CAS2> V¢c-0.2V - 1.0
MB81C1003-85 - 60
Refresh Current 1* BRE o "AE
(Average power MB81C1003-10 CA? Y'H' ?AS leca - 55 mA
supply current cycling; tge = min
MB81C1003-12 _ 45
MB81C1003-85 — 40
Serial Access Mode MB81C1003-10 RA§ =V, CAS‘ lcca _ 40 mA
Current* cycling; tga = min
MB81C1003-12 - 33
MB81C1003-85 — . — 60
Refresh Current 2* RAS cycling,
(Average power MB81C1003-10 CAS-before-RAS; lces . 55 mA
current) =mi
MB81C1003-12 | 'Rc=mMin _ 45
oV YV £5.5YV,
4.5V < Vee £5.5V
I > Veec > . -
nput Leakage Current Ves = OV: All other pins L) 10 10 B
not under test = OV MA
OV £ Vour £5.5V;
Output Leakage Current Data out disabled low) -10 10
Output High Voltage lon = -BmA Vou 2.4 -
Vv
Output Low Voltage loL =4.2mA VoL - 0.4

NOTE: *; Icc depends on the output load conditions and cycle rate. The specified values are with the output open.
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R MB81C1003-12

AC CHARACTERISTICS

(At recommended operating conditions unless otherwise noted.)

No. Parameter Symbol MB81C1003-85 - MB81C1003-10 MB81C1003-12 Unit
Min Max, Min Max Min Max
1| Time Between Refresh tREF 8.2 8.2 8.2 ms
2 | Random Read/Write Cycle Time trc 160 180 210 ns
3 | Read-Modify-Write Cycle Time tRWC 190 210 245 ns
4| Access Time from RAS B tRAC 85 100 120 ns
5 | Access Time from CAS tcAC 25 30 35 ns
6 232?-?5 ;I'ime from Column B tAn 50 50’ 60 ns
7 | Output Data Hold Time toH 7 7 7 ns
8 | Output Buffer Turn On Delay Time toN 5 5 5 ns
9 %t:’t‘zut Buffer Turn Off Delay E toFE 25 25 25 ns
10| Transition Time tr 3 50 3 50 3 50 ns
11 | RAS Precharge Time tpp 65 70 80 : - ns
12 | RAS Pulse Width : tRAS 85 100000 100 100000 120 100000 ns
13 | RAS Hold Time tRSH 25 30 35 ns
14| CAS to RAS Precharge Time tcRP 0 0 [} ns
15 | RAS to CAS Delay Time tReD 22 60 25 "~ 70 25 85 ns
16 | CAS Pulse Width teas 25 30 35 ns
17 | CAS Hold Time ‘ tesH 85 100 120 ns
18 | CAS Precharge Time (C-B-R Cycle) tepN 15 15 | 18 ns
19 | Row Address Set Up Time tAsSR ] : -0 0 ns
20 | Row Address Hold Time tRAH 12 15 15 ns
21 | Column Address Set Up Time tasc 0 0 0o ns
22 | Column Address Hold Time tCAH 15 15 20 ns
23 .ﬁt\r:seto"Column ‘Address Delay tRA‘D 17 35 20(d 50 20 60 ns
24 | Column Address to RAS Lead Time tRAL 45 ‘ 50 60 ns
25 | Read Command Set Up Time tRcs 0 0 0 ns
o T L -] I 0 : .
27 |l Commrang ok Tine E 0 0
28 | Write Command Set Up Time m twes 0 0 ) 0 ns
29| Write Command Hold Time tweH 15 15 20 ns
30 | WE Pulse Width twe | 15 15 20 ns
31 | Write Command to RAS Lead Time TRWL 25 25 30 ns
32 | Write Command to CAS Lead Time tewL 20 20 25 ns
33 | Dy Set Up Time ) tps 0 0 0. . ns
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MB81C1003-85

MB81C1003-10 FUJITSU
Mme81c1003-12  IIINAmNmI
AC CHARACTERISTICS (continued)
(At recommended operating conditions unless otherwise noted.)
—
MB81C1003-85 MB81C1003-10 MB81C1003-12
No. Parameter Symbol Unit
Min Max Min Max Min Max

34 | Dy Hold Time tDH 15 15 20 ns
35 | RAS to WE Delay Time tRWD 85 100 120 ns
36 | CAS to WE Delay Time tewn 25 30 35 ns
37 _Cr?r::.;mn Address to WE Dealy tawp 50 50 60 ns

RAS Precharge Ti CAS
38 ActiveEle'?maer?lg(eflr':sitgycles) tRPC 0 0 0 ns

CAS Set Up Time for CAS-before-
39 m Reetfre:;‘ ime for efore: tCSH 0 0 0 ns
40 % Hold Time for CAS-before- tcHR 15 15 20 ns

A Time from CAS
M (é::::ster"'?:strg\rx:le) tcaT 50 50 60 ns
50 (S:t:;"iiael 1A'|‘|:-:1::ss Mode Read/Write tsa 60 60 70 ns
51 g';/r::?; ?::;iss Mode Read-Modify-Write tsARW 85 85 100 ns
52 :;ie;:r;;me from CAS tspa 60 60 70 ns
53 | Serial Access Mode CAS Precharge Time | tscp 15 15 : 15 ns
NOTES:

Il An initial pause (RAS=CAS = V) of 200 us is required

2

3

after power-up followed by any 8 RAS-only 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.

AC characteristics assume t1 = 5 ns.

Vi (min) and V,_ (max) are reference levels for meas-
uring timing of input signals. Also, transition times are
measured between Vy (min) and V,_ (max).

Assumes that tgcp < trep (Max), trap < trap(max).

If trep (or trap) is greater than the maximum recom-

mended value shown in this table, tgacwill be increased
by the amount that tgcp (or tgap ) exceeds the value

shown. Refer to Fig. 2 and 3.

If taep 2 trep (Max), trap = tgap (max), and

tasc 2 taa-tcac-tr, access time is tcac:

If taap = trap (Max) and tasc < taa-tcac-tt, access
time is taa. .

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

torF is specified that output buffer changes to high
impedance state.

Operation within the tgcp (max) limit insures that
trac (max) can be met. tgep (max) is specified as a
reference point only; if tgep is greater than the speci-

fied tgep. (max) limit, access time is controlled exclu-
sively by tcac or taa.

trep (Min) = tgap (Min) + 2tr + tage (Min).
Operation within the tgap (max) limit insures that

trac (max) can be met. tgap (max) is specified as a
reference point only; if tgap is greater than the speci-
fied tgap (max) limit, access time is controlled exclu-
sively by tcac Of taa.

Either tgry Or trcy Must be satisfied for a read cycle.
twes: tcwp., trwp and tawp are not a restructive

operating parameter. They are included in the data sheet
as the electrical characteristics only. If twcs 2 twcs
(min), the cycle is an early write cycle and DOUT‘ pin
will maintain high impedance state throughout the
entire cycle. If tcwp = tcwp (Min), tawp 2 tRwp
(min), and tawp = tawp (min), the cycle is a read-
modify-write cycle and data from the selected cell will
appear at the Doyt pin.

If neither of the above conditions is satisfied, the cycle is
a delayed write cycle and invalid data will appear at the
Doyt pin, and write operation can be executed by
satisfing tgwe, tcwL. traL specifications.

tspa is access time from the selection of a new column

address (that is caused by changing CAS from ‘L’ to
“H"”). Therefore, if tscp is long, tgpa is longer than
tspA(maX).

Bl Assumes that CAS-before-RAS refresh, CAS-before-

RAS refresh counter test cycle only.
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Fig. 2 — trac Vs trep

160
— 140
g : "
:120 | 120ns Version
; 100k 100ns Vérsion /:

85ns Version /
EEE——

[+
(=]

___(l;

1 1 1 1 L
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Fig. 3 —tgac vs traD

7z

| 120ns Vérsion

100nsVersion,
!

[~ 85ns Version
[ ]

Tt

L -
20 40 60 80 100 120

trep (ns) traD (ns) .
FUNCTIONAL TRUTH TABLE
oph:z;;on . Cloﬂyput i _ Address Input Data fefcsh .~
’ RAS CAS, WE Row - | Column | Input | Output

Standby ‘t H H X - = - High-Z -

Read Cycle L L H Valid |- Valid - Valid Oy |tRes =2 tncg (min)

‘("é’;:fycvz‘r’:fe) L L L Valid | valid | valid High-; Ou |twes itwcs (min)
a’:f’t‘i“é;;':y L L H>L | Valid | Valid Ci;)id valid | O, |towp =tewp (min)
,:ﬁ:: Iéycle L H X | valid | - = fwez| o

;?é’%f;’; L L X < - - |HighZ | O |tcsm =tcsn (min)
| ';::‘::; Cycle H->L L X - - - Valid e} Previous data is kept.

x. llHII or IlLll
;
*, Itis impossible in serial access mode.
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me81c1003-85 NI
MBS 03-10 FUJITSU

1C10
MB81€1003-12  [IHIHHHHIN

Read Cycle
trc
tRAS
— VIH— "\
RAS
ViL— &
tcRP F—_— tcsH — tRp——

 Vinu—
CAS le 3 \
nL— le—tRAD oy

tASR | |tRAH tasc .
il SO e ~tcap=—
ADDRESSES ROW COLUMN
ADDRESS ADDRESS
taa

tcac

tRAC

k ton
DouT HIGH-Z
VoL—

m ‘" or “L”

Invalid Data

Write Cycle (Early Write)

tRc
tRAS
Vg
RAS N
ViL— x
tcsH
RSH trp
crP tRcD tcas
Vig— ' \ /
VIL— le—tRAD —=| \—
tasr | |I1RAH tas tRAL
ADDRESSES
WE
Din
Dout

“H or L
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Read-Write/Read-Modify-Write Cycle
tRwec

t
R Vig— RAS
RAS M N\ / N
([ Wt :
tcrp tcsH " .
RSH - RP—

) '-’ tRCcD tcas
Viu —r ~\ '

CAS

\
ADDRESSES

WE
DouT
Din
H” or “L” [ Invalid Data
Serial Access Mode Read Cycle
t
tRAS RP
__ Vin— .
RAS y, _ %
|——1csH tsA
tcrP =tRCD-~ i tRSH
v tRAD | tcas—
. IH—""
CAS
ViL— tasc / \ Z -
tAsR ™ tcaH “|tscp | | tcas tcas tcas tRRH
Y
ADDRESSES 28g~ hd gg'a
o tres [ o : . trcH
, 2 tRCHA tRes [tRcH "l‘fs trcH 'RCS
we U™ ]
: Vi tcac It 1 t
torr  |tcac | [toFF, ‘|tcac | [tOFF, CAC QFF
el tAA—=] = e ] =] - !
Iy aia I~ ToRSPA™ | |le——jtoH toH tom
DU VYoH— . . . ALID S ALl ALl ALl
VoL— DATA DATA DATA ¢/ N\DAT
) ) i — toN ton |—={t=—ton ' —f—ton
i H* or “L"
22 invalid Data
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Serial Access Mode Write Cycle (Early Write)

tRAS *RP,

“H" or “L”

Serial Access Mode Read-Modify-Write Cycle
tRAS tRP

1CSH——— tRsH
~!RCD—={atcas— |=—ISARW —=] |
Il

tAsR| ==t tscp tcas| [tscp| |tcas| |tscp tcas

‘ i i
towL tewy fcWD tRwL

|
tcwp—] tcwblee! | typ ”:'l— towl
we |/
orr |lcac, [toFF, |lcAc, TfOFF
f 1
toH ton
VALI g ALI
DAT DAT.
[ ton [oN K
tDS‘-‘ DH
VALID M VALID
DATA DATA

I I
“H" or “L" [7] Invalid Data
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03
MM - MB81C1003-12

RAS-Only Refresh Cycle '
NOTE: Ag WE, Dyy = “H" or “'L"

tRAS

tasr tRp

ADDRESSES AGDRESS

(Ag to Ag)

tcrP

CAS Et ’1\
VIL— OFF'
o . toH ;

_' .
Vop— "

DouT

HIGH-Z
VoL~ i

“H op L

CAS-before-RAS Refresh Cycle
NOTE: Address, WE, D\, ="'H" or “L""

tRC
tRAS trp————
RAS :’/'“' / :g . ‘ ‘ N
-
i : tcsm tCHR | tRPC
- win o f=—tcPN— -
cAs ™M N 4 N
ViL— - Z
torr
toH-— .
Vor— N
DouT v° : HIGH-Z
[T
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Hidden Refresh Cycle
tac tRC

tRAS [=-tRp = tRAs tRP—
- Vi ————
RAS H
Vie— / / N

| = tRCD —=f=—IRSH —af

tcRP I—-— RAD tcas !
€As Vi~
ViL— tRAH
tASR
tasc
ROW COLUM
ADDRESSES ADDRESS ADDRE:
tRcs

WE

(Read)

DouT VALID DATA

WE
(Read-Modify-
Write)
Din
“H"” or “L"” Invalid Data
CAS-before-RAS Refresh Counter Test Cycle
—_—
RAS :'”‘“ N /|
= t T
o2 tCHR— CPN tRSH——————{ |=—1tRp

tcas )

CAS ViH— Z

\r

ViL— - tasc
lew{ |e——~=tCcAH —=
LUMN
ADDRESSES EBDRESS
tRAL
WE L
(Read) tAA~—] [ e

tcAT toH j'tom:
1,
D Von- il VALID DATA
ouT HIGH-Z
VOL - N

-t "~
tacs| 'AWD __tc:m‘;v—..
RWL

[
WE fewoy twe
(Read-Modify-
Write) tps

] | t D e

VALID DATA

“H” or “L” Invalid Data

Din
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DESCRIPTION

Address Inputs:

A total of twenty binary input address
bits are required to decode any one of
the 1,048,576 storage cells within the
MB81C1003. . Ten -row address bits
are established on the address input pins
(Ap to Ag) and latched with the Row
Address Strobe (RAS). The ten column
address bits are established on the
address input pin (Ag to Ag) and
latched with the. Column Address
Strobe (CAS). All row and column
addresses must be stable on or before
the falling edge of RAS and CAS,
respectively. Since the flow through
type address ‘latches are used, address
information at address pins are auto-
matically latched as column address
after tHAH‘ (min) +tr

Therefore, to get valid data within
trac. it is necessary to apply column
address within tgap (max).

If tap = trap (max), access time is
tcac OF taa whichever occure later.

Write Enable:

Read or Write cycle is selected with
the WE inputs. A high on WE selects
read cycle and low selects write cycle.
Data input is ignored during read cycle.
Data output is high impedance state
during write cycle.

Data Input:

Data is written into the MB81C1003.
during write or read-modify-write cycle.
The input data is strobed and latched
by the later falling edge of CAS or WE.
In an early write cycle, data input is
strobed by CAS, and set up and hold
times are referenced to' CAS. In a
delayed write or read-modify-write
cycle, WE is set low after CAS. Thus,
data input is strobed by WE, and set
up and hold times are referenced to
WE.

Data Output:

The output buffer is three state TTL
compatible with a -fan out of two
standard TTL loads. Data out has the
same porality as data in. The output

2-116

is high impedance state until CAS is
brought low. In ‘a read or read-modify-
write cycle, the output becomes valid
after tgac from the falling edge of CAS
when tgep (max) is satisfied or after

tcac When tpep is longer than tgep

(max). The data output remains valid
until CAS returns to high with toy
and becomes high impedance state
after tgpe. In an early write cycle,
the output buffer is high impedance
state during the entire cycle. In a
delayed write cycle, if tawp or tcwp
is less than tgwp (min) or tewp (min),
the output is invalid.

Read Cycle:

The read cycle is executed by keeping
both RAS and CAS “L" and keeping
WE “H"” thrqugh-out the cycle. The row
and column addresses are latched with
RAS and CAS, respectively. The data
output is remain valid with CAS “L",
i.e., if CAS goes "“H", the data becomes
invalid with tgy. During read cycle,

" the Dy pin is “Don’t Care”. The access

time is determined by RAS (tgac),
CAS (tcac), or Column address input
(tan). If tprep (RAS to CAS delay
time) is greater than-the specification,
the access time is tcac. If trap is
greater than the specification, the access

‘time is taa -

Write Cycle:

The write cycle is executed by the same
manner as read cycle except for the
state ‘of WE and D,y pin. The data on
D,n pin is latched with the later falling
edge of CAS or WE and written into
memory. In addition, during write
cycle, tpwi. tcwe, and tgaL Must be
satisfied tne specifications.

Read-Modify-Write Cycle:

The read-modify-write cycle is executed
by changing WE high to low after the
data appears at the Doyt pin, After the
current data is read out, modified data
can be re-written into the same address
quickly.

Serial Access Mode Read/Write Cycle:
Serial Access mode allows high speed
serial read, write or read-modify-write
access of 2 to 1024 bits of data. The
bits of data that may be accessed during
serial access mode are determined by
the 10 row addresses. The remaining
10 bits of addresses (CAg to CAg) are
used to select one of 1024 serieal access
bits for initial access. After the first bits
is accessed by normal mode, the remain-
ing serial access bits can be accessed by
toggling CAS “H then “L”. Toggling
CAS causes CAp, to CAg to be in-
cremented internally while all other
address bits are held constant and makes
the next serial access bit available for.
access.

Refer to the table 1 for serial access.
mode address sequence.

If more than 1024 bits are accessed
during serial access mode, the address
sequence will begin to repeat.

Serial Access Mode Read-Modify-Write
Cycle:

The read-modify-write cycle can be used
during serial access mode as well as
normal mode operation. During the
serial access mode, all combinations of
read, write, and read-modify-write cycle
can be applied as well as normal mode
operation.

Refresh:

The refresh of DRAM is executed by
normal read, write or read-modify-write
cycle, i.e., the cells on the one row line
are refreshed by executing one of three
cycles. 1024 row address must be re-
freshed every 8.2 ms period. During the
refresh cycle, the cell data connected to
the selected row are sent to sense
amplifier and re-write to the cell. The
MB81C1003 also has three types of
refresh modes, RAS-Only refresh, CAS-
before-RAS refresh, and Hidden refresh.



a5 W
MB8ICI003.10 FUJITSU
megici003-12 NI

1. RAS-Only Refresh; 2. CAS-before-RAS Refresh; 3. Hidden Refresh;

The RAS-Onlyrefresh is executed by
keeping RAS L and keeping CAS
““H"” through the cycle. The row
address to be refreshed is latched
with the falling edge of RAS. During
RAS-Only refresh, the Doyt pin is
kept high impedance state.

The CAS-before-RAS refresh is ex-
ecuted by bringing CAS ““L" before
RAS. By this timing combination,
the MB81C1003 executes CAS-
before-RAS refresh. The row address
input is not necessary because it is
generated internally. -

The Hidden refresh is executed by
keeping CAS “L” to next cycle,
i.e., the output data at previous
cycle is kept during next refresh
cycle. Since the CAS is kept low
continuousely from previous cycle,
followed refresh cycle should be
CAS-before-RAS refresh.

Table 1 — SERIAL ACCESS MODE ADDRESS SEQUENCE

Sequence Mode Serial access bit | Row address (RAs~RAo) |Column address (CA9~CAo)
RAS/CAS |Normal mode 1 0101010101 0000000000 Input address
Toggle CAS | Serial access 2 0101010101 0000000001
Toggle CAS | Serial access 3 0101010101 0000000010
Generated

. Internally
Toggle CAS | Serial access 1,023 0101010101 1111111110
Toggle CAS | Serial access 1,024 0101010101 1111111111
Toggle CAS Seria! access 1 0101010101 0000000000 Sequence repeats
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PACKAGE DIMENSIONS

(Suffix: -P)
18 LEAD PLASTlC DUAL-IN-LINE PACKAGE
(CASE No.: DIP-18P-M04)
i T e O e IR e RN e W sl N e A e WY | 15° MAX
INDEX-1 B
N 1300(7.62)TYP

. INDEX-2: O .283:.006
;/ (7.20£0.15)

[F R LT LT BT T R ' ' '
+0.20, 010+-004

+.008
-868_";, (22.05 0.30 —.0004
' ) ‘ +0.11
(0.25*3 4

.050(1.27)MAX : »

] 197(5.00)MAX

.125(3.18)MIN

.100(2.54) ’ . +.012 +.006
TYP ‘ s %0 018 602 .020(0.51)MIN
(1.20%93) (0.4510- 1% 0327012
: ) (O.BZtg'so) Dimensions in
©© 1988 FUJITSU LIMITED D18015S-4C - inches (millimeters)

2-118



PACKAGE DIMENSIONS (continued)

(Suffix: -PJ)

PIN ASSIGNMENT
O P Vss
WE g P Dout
RAsQ P CAS
NC. 1 NC.
TE* D Ag

TOP
VIEW

Ao b Ag

Aig PAy
A2 D Ag

A3 D Ag
Veed DA,

(MR
msslaoo:s-ss FUJITSU

Maarero03-12 A

(CASE No.: LCC-26P-M01)

*.675+.005
(17.15£0.13)

(8.43:0.13

} |
| O 300(7.62) .332+.005
NOM

O
[n
O

.050+.005
(1.27£0.13)

LEAD No.@—-—; l.i.l.:l 1=} ITT

,098(2.50)NOM

NOTE: 1. »: This dimension includes resin protrusion. (Each side: .006(0.15)MAX)

Foot-print compatible with *SOJ-26'’, LCC-26C-A01)
© 1988 FUJITSU LIMITED C26003S-6C

26-LEAD PLASTIC LEADED CHIP CARRIER

2. Although this package has 20 leads only, its pin positions are the same as that of 26-lead package.

.140(3.55)MAX
.089(2.25)NOM
025064

1 —_—
.268+.020
) (6.81£0.51)
L JE—

.032(0.81)
e e
MAX

__I 017+.004

(0.43+0.10)
Detail of “A’’ part

Dimensions in
inches (millimeters)
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PACKAGE DIMENSIONS (continued)

(Suffix:-PSZ)

PIN ASSIGNMENT

(TOP VIEW)

§ Vss WE TE' NC A1 Ag

Ag Ag Ag

u, 3u B

4N 6i1 10y 1217 145 1611 1811 205
JCIC-"L-ICJI:J‘TI:ICTEJIJCJJ’JC’C-TL'-IE:'L.L
740 9Ll Mt 13t 1841 1711 1914

Ag Doyt DN RAS NC Ag

A2 Vec  As Ay

(CASE No.: ZIP-20P-M02)

+0.20

Crrrrrr Ty

(BOTTOM VIEW)

©1988 FUJITSU LIMITED Z20002S-4C

+.008
1.019*:998 (25.88*3-29)
7
335:.010
(8.50+0.25)
O—~"NDEX
: .020+.004
.050(1.27) (0.50:0.10)
' TVP
LEZ\D No.(D)

20-LEAD PLASTIC ZIG-ZAG IN-LINE PACKAGE

.112+.008
(2.85+0.20)
.387+.013
(9.83+0.33)
5 |
2\
.010+£.002
(0.25+0.05)
(0.25:008) _fl
.100(2.54)TYP A 18(3.90)M|N

- (ROW SPACE)

Dimensions in
inches (millimeters)
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PACKAGE DIMENSIONS (continued)

(Suffix: -C)
DIP-18C-A01
18-LEAD CERAMIC (METAL SEAL) DUAL IN-LINE PACKAGE
(CASE No.: DIP-18C-A01)
/J—Ooto 9°
+.008
293_010  300¢.010
INDEX AREA (7-451'8:%?) (7.62+0.25)

900,010 010+-004

(22.86+0.25) ! -.002

(0.25+0-19)
— ".055(1 A40JMAX
= 1

-0.05
I

__L .200(5.08)MAX

+.016 o 40+0.41
134514 (3.4075°35)
.100£.010 :032(0.81) _“._ 035+.015
1

(2.5420.25) REF {0.89:0.38)
.800(20.32)REF 005, 4013
+.| .
(050010 [-018-.003%46-0.08
.27+0.25) Dimensions in
©1988 FUJITSU LIMITED D180145-4C inches (millimeters)
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CMOS 1,048,576 BIT )
FUJITSU FAST PAGE ﬁggiggggﬁ
L DYNAMIC RAM

December 1988
Editlon 1.0

CMOS 262,144 x 4 BIT Fast Page Mode DYNAMIC RAM

The Fujitsu MB81C4256 is a fully decoded CMOS Dynamic RAM (DRAM) that contains
1,048,576 memory cells accessible in 4-bit Increments. The MB81C4256 features a
“fast page” mode of operation whereby high-speed random access of up to 512-bits of
data within the same row can be selected. The MB81C4256 DRAM Is Ideally suited for
mainframes, buffers, hand-held computers, video Imaging equipment, and other
memory applications where very low power dissipation and high bandwidth are basic
requirements of the design. Since the standby current of the MB81C4256 is only about
one-fifth that of a conventional NMOS DRAM, the device can be used as a non-volatile

memory In equipment that uses batterles for primary and/or auxillary power. DIP-20P-M03

The MB81C4256 Is fabricated using slicon gate CMOS and Fujitsu’s advanced
triple-layer polysilicon process. This process, coupled with three-dimensional stacked
capacitor memory cells, reduces the possibility of soft errors and extends the time
Interval between memory refreshes. Clock timing requirements for the MB81C4256 are
not critical and all inputs are TTL compatible.

PRODUCT LINE & FEATURES

Row Access Time . 85ns max. 100ns max. 120ns max.
Random Cycle Time 160ns min. 180ns min. 210ns min. DIP-20C-A03
Column Address Time 50ns max. 50ns max. 60ns max. 1
Column Access Time 25ns max. 30ns max. 35ns max.
Fast Page Mode Cycle Time | 60ns min. 60ns min. | 70ns min.
Low Power Dissipation

e Operating current 358mW max. 330mW max. 275mW max.

e Standby current 11mW max. (TTL level) /5.5mW max. (CMOS level)

® 262,144 words x 4 bit organization o Early write or 'OF controlled write capacity

o Sllicon gate, CMOS, 3D-Stacked o RAS only, CAS-before-RAS, or Hidden
Capacitor Cell Refresh

e All input and output are TTL compatible o Fast page Mode, Read-Modify-Write

capacity LCC-26P-M0O1
® 512 refresh oycles every 8.2 me o On chip substrate bias generator for high

performance
ABSOLUTE MAXIMUM RATINGS (see NOTE)

Voltage at any pin relative to VSS Vin, Vour ~1 to +7 \"

<

Voltage of Vcc supply relative to VSS Vee -1 to +7

Power Dissipation PD 1.0
Short Circult Output Current - 50 mA )
Ceramic -55 to +150 ZIP-20P-M02

Storage Temperature Tsta °C
This device contains circuitry to protect the

Plastic -55 to +126
NOTE: Permanent device damage may occur If the above Absolute Maximum e o e lolde® ooy, e

Ratings are exceeded. Functional operation should be restricted to the advised that normal precautions be taken to
conditions as detailed in the operational sections of this data sheet. Exposure avoid application of any volta%o higher ‘than
to absolute maximum rating conditions for extended periods may affect maximum rated voltages to this high impedance
device reliability. circuit.

Copyright © 1988 by FUJITSU LIMITED 2-123




I \1831C4256-85
FUJITSU  MB81C4256-10
BESMSNSN = MB31C4256-12

Fig. 1 - MB81C4256 DYNAMIC RAM - BLOCK DIAGRAM

>

“DQ1 ~
DQ4

CAPACITANCE (14= 25°C, f = 1MHz)

Input Capacitance, A0 to A8 ) Cint o - B pF
. Input Capacitance, RAS, CAS, WE, OE Cine - s . pF
Input/Output Capacitance, DQ1 to DQ4 Cpa —_ 6 p?
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PIN ASSIGNMENTS AND DESCRIPTIONS

MB81C4256-85
MB81C4256-10
MB81C4256-12

T
FUJITSU

18-Pin DIP: 26-Pin SOJ:
(TOP VIEW) (TOP VIEW)
T ——————
o/
pat [ 1 20 ] vss pat gl1 26|P vss
paz [ 2 19 1 bas paz O} 2 25 |P pas
—_— we 4Q]s 24 |P pas
We Os 18 F pas s al« 2 |p S8
ras O 4 17 P Cas ne. G s 22|P oE
Ne. O s 16 |3 oE
Ao O 150 Ag )
A Qv 14 A, Ao 4o 1] |
A s 13 Ag :121? 17;,«7
P | B 18|P Ag
A3 Qs 120 Ag P | B s|P ag
2 H A4 Voo Jliee __1sJP A4
20-Pin ZIP:
(TOP VIEW)
CTAS DQ4 DQ1 WE NC. A1 A3 A4 A6 A8
211 411 611 811 1011 12r 11411 1611 1871 2001
ﬂ'ﬁl—tﬂmurti—tﬂ TTIITTLITTALITTLIITT
3t 541 7Hi 9Lt iRt 131 1611 171 1044
OFE DQ3 Vgg DQ2 RAS A0 A2 Voo AS A7

DQ1 to DQ4 Data Input.

WE Write Enable.

RAS Row address strobe.
NC No connection.

AO to A8 Address inputs.

VCC +5 volt power supply.
OE Output -enable.

CAS Column address strobe.

VSS Circuit ground.

RECOMMENDED OPERATING CONDITIONS

(All voltages referenced to ground; TA = 0°C to 70°C)

Vee 4.5 5.0 5.5
Supply Voltage v
VvSss 0 0 0
Input High Voltage, all inputs ViH 2.4 - 6.5 \"
Input Low Voltage, all inputs viL -2.0 - 0.8 v
Input Low Voltage, DQ( Note ) VILD -1.0 - 0.8 \'%

Note: Undershoots of up to -2.0 volts with a pulse width not exceeding 20ns are acceptable.
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BESSSESE 1010425685
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FUNCTIONAL OPERATION

ADDRESS INPUTS

Elghteen input bits are required to decode any four of 1,048,576 cell addresses in the memory matrix. Since only nine address
bits are avallable, the column and row inputs are separately strobed by TAS and RAS as shown in Figure 1. First, nine row
address bits are Input on pins AO-through-A8 and latched with the row address strobe (RAS ) then, nine column address bits are
input and latched with the column address strobe (TAS). Both row and column addresses must be stable on or before the falling
edge of TAS and RAS, respectively. The address latches are of the flow-through type; thus, address information appearing

after tRaH (min)+ tt Is automatically treated as the column address.

WRITE ENABLE

The read or write mode is determlned by the logic state of WE . When WE s active Low, a write cycle is initiated; when WE Is -
High, a read cycle Is selected. During the read mode, Input data is ignored.

DATA INPUT

Input data Is written into memory In either of three basic ways--an early write cycle, an OE (delayed) write cycle, and a
read~-modify-write cycle. The falling edge of WE or TAS, whichever Is later, serves as the input data-latch strobe. In an early
write cycle, the Input data (DQ1-DQ4) is strobed by TAS and the setup/hold times are referenced to CAS because WE goes
Low before CTAS. In a delayed write or a read-modify-write cycle, WE goes Low after CAS; thus, Input data Is strobed by WE
and all setup/hold times are referenced to the write-enable signal.

DATA OUTPUT

The three-state buffers are TTL compatible with a fanout of two TTL loads. Polarity of the output data is identical to that of the
Input; the output buffers remain in the high-impedance state until the column address strobe goes Low. When a read or
read-modify-write cycle Is executed, valid outputs are obtained under the following conditions:

tRAC: from the faling edge of RAS when trcp (max) is satisfied.
tCAC: from the falling edge of CAS when trcp Is greater than trcp, tRAD (max).
tAA from column address input when trap Is greater then tRAD (max).

tOEA: from the falling edge of OE when OE Is brought Low after tRAC, tCAc, or taa .

The data remains valid until either tA's or OE returns to a High Ioglc level. When an early write Is executed the output buffers
remain in a high-impedance state during the entire cycle.

FAST PAGE MODE OF OPERATION

The fast page mode of operation provides faster memory access and lower power dissipation. The fast page mode Is
implemented by keeping the same row address and strobing In successive column addresses. To satisfy these conditions, RAS Is
held Low for all contiguous memory cycles in which row addresses are common. For each fast page of memory, any of 512-bits
can be accessed and, when muitiple MB 81C4256s are used, CAS Is decoded to select the desired memory fast page. Fast
page mode operations need not be addressed sequentially and combinations of read, write, and/or ready-modify-write cycles
are permitted.
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DC CHARACTERISTICS

(Recommended operating conditions uniess otherwise noted)

MB31C4256-85

MB81C4256-10 FUJITSU
MB81C4256-12 EEEENE

Output High Voltage VOH IoH = -5 mA 2.4 - —
- \'
Output Low Voltage VoL loL=4.2 mA —_ —_ 0.4
OVSVINESS55V;
Input Leakage Current (Any Input) | 4.5V<SVocs 5.5V, -10 — 10
I(L) Vss = 0 V; All other pins not
under test = 0V MA
0V<Vour<565V;
Output Leakage Current baw) | pata out disabled -10 — 10
MB81C4256-85 65
Operating Current | TS 4 CAS ing:
(Average Power | MB81C4256-10 ?\lc‘t cyeing; — — 60 mA
Supply Current) (Note) tRC = min
MB81C4256-12 50
Standby Current | TTL Level RAS = CAS = VH 2.0
(Power Supply Iccz —_ -_— mA
Current) CMOS Level RAS = CAS 2 Vcc -0.2 V 1.0
Refresh Current MB81C4256-85 60
#1 (Average lcca CAS = VH, RAS cycling;
Power Supply MB81C4256-10 (Note) tRe = min — — 55 mA
Current) MB81C4266-12 45
MB81C4256-85 40
Icca e un ——
Fast Page Mode | \iea1c4256-10 (Note) RAS =VIL, CAS cycling _ _ 40 mA
Current - tpc = min
MB81C4256-12 33
Refresh Current | MB81C4256-85 RAS cycling 60
#2 (Average Iccs CAS-before-RAS;
MB81C4256-10 ' — — 55 mA
Power Supply (Note) | tac = min
Current) MBB81C4256-12 45

lcc depends on the Input low voltage level VIL, VIL>-0.5V.

Note: Icc depends on the output load conditions and cycle rates; The specified values are obtained with the output open.
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BmmmeN  MBS1CA4256-12

AC CHARACTERISTICS

(At recommended operating conditions unless otherwise noted.) Notes 1, 2, 3

1 Time Between Refresh tRer - 8.2 — 8.2 - 8:2 ms -
2 Random Read/Write Cycle Time the 160 - 180 - 210 - ns -
" 3 | Read-Modify-Write Cycle Time tawec | 220 - 240 — 275 — ns —
4_| Access Time from RAS _tRac = 85 — 100 — | 120 | ns 47
5 | Access Time from CAS teac - 25 - 30 - 35 ns 5,7
6 | Access Time from Column Address ‘ taa — 50 - 50 - 60 ns 6,7
7 | Output Hold Time ton 7 - - 7 - ns_ -
8 Output Buffer Turn On Delay Time ton. 5 — 5 — 5 — ns —
9 | Output Buffer Turn off Delay Time tore - 25 — 25 — 25 ns 8
10 | Transition Time try 3 50 3 50 3. | .50 ns -
11 | RAS Precharge Time tap 65 - 70 - s0 | — ns ~
12 | RAS Pulse Width thas 85 100000 [ 100 | 100000] 120 |100000 | ns -
13 | RAS Hold Time taen | 25 | — 0 | — | 8] - [ | =
14 | CAS to RAS Precharge Time tcre 0 — 0 - 0 - ns | —
15 | RAS to CAS Delay Time Ctmep | 22 60 25 70 | 25 | 85 ns | 9,10
16 | CAS Pulse Width toas 25 — 30 — 3% | — ns —
17 | CAS Hold Time toen | 85 — 100 | — 120 | — ns -
18 | CAS Precharge Time (Normal) 'c:N 15 - 15 - 15 = ns 17
19 | Row Address Set Up Time tasr 0 - 0 - 0 - ns -
20 | Row Address Hold Time tRAH 12 - 15 - 15 - ns . -
21 | Column Address Set Up Time tasc 0 - o | - 0 | — ns -
22 | Column Address Hold Time © toaH 15 - 15 - 20 — ns -
23 | RAS to Column Address Delay Time| tgpap 17 35 20 50 20 | .60 ns 11
24 | Column Address to RAS Lead Time thaL 45 - 50 - 60 - ns -
25 | Read Command Set Up Time tres 0 - 0 - 0 - ns —
o | pacmegigatme [ ] o[ - o -[ o[ -[w ][
27 | Road Command fiold Time tacH o | - o | = | of = | ne 12
28 | Write Command Set Up Time twes 0 - 0 = 0 - ns 15
29 | Write Command Hold Time twen 15 - 15 - 20 - ns -
30 | WE Pulse Width twe 15 = 15 = 20 — ns —
31 | Write Command to RAS Lead Time |  tgpw 25 — 25 — 30 — ns —
32 | Write Command to CAS Lead Time tow 20 — 20 —_ 25 — ns —
33 | DIN set Up Time tos 0 - 0 — o | — ns —
1| 34 | DIN Hold Time toH 15 - 15 - 20 - ns —_
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AC CHARACTER'ST'CS (Continued)

(At recommended operating conditions unless otherwise noted.) Notes 1, 2, 3

RAS Precharge Time to CAS
35 | Active Time _ trec 0 - 0 - 0 - ns -
CAS Set Up Time for CAS-before _ _ - _
36 | RAS Refresh tosn 0 0 0 ns
CAS Hold Time for CAS-before

37 | RAS Refresh tenm 15 - 15 — 20 - ns -

38 | Access Time from OE toea — 22 - 25 30 ns 7

39 | Outpyt _Buffer Turn Off Delay t - — —

from OF OEZ 25 25 25 ns 8

40 | OE to RAS Lead Time for Valid Data | tog 10 — 10 — 10 — ns —

41 | OE Hold Time Referenced to WE toeH 0 - 0 - 0 — ns 13

42 | OE to Data In Delay Time toep 25 — 25 — 25 — ns

43 | DIN to CAS Delay Time tozc 0 — 0 — 0 — ns 14

44 | DIN to OE Delay Time tpzo 0 — — 0 — ns 14

Access Time from CAS
t — 50 — 50 — 60 -
45 (Counter Test Cycle) CAT ne
Fast Page Mode Read/Write _ _ _ _
50 1 cycle Time tpe 60 60 70 ns
51 | Fast Page Mode Read-Modify-Write t
Cycle Time PRWC| 115 — 11§ — 130 - ns —_
52 | Access Time from CAS Precharge tcpa - 60 - 60 - 70 ns 7.16
53 | Fast Page Mode CAS Precharge Time| tcp 15 - 15 - 15 - ns -
Notes: .

1. An Initial pause (RAS=CAS=VIH) of 200us Is required 9. Operation within the tacp (max) limit ensures that trac
after power-up followed by any eight -only cycles (max) can be met. trcp (max) Is specified as a
before proper device operation Is achieved. In case of R
using Internal refresh counter, a minimum of eight reference point only; If trcpis greater than the specified
TAS-before-RAS Initialization cycles Instead of 8 RAS trep (max) limit, access time Is controlled exclusively
cycles are required. by tcacor taa .

2. AC characteristics assume tr = 5ns 10. trcp (min) = tRAH (Min)+ 2t T + tasc (min)

3. Vi (min) and Vi (max) are reference levels for 11. Operation within the trap (max) limit ensures that trac
measuring timing of input signals. Also transition times (max) can be met. tmap (max) lIs specified as a
are measured between V4 (min) and ViL (max). reference point only; if tRaDIs greater than the specified

trRAD (max) limit, access time Is controlled exclusively

4, Assumes that taco < tmcp (max), trRap < tRAD by tOAG OF tAA .

(max). If trcp Is greater than the maximum

recommended value shown in this table, trac will be 12. Either tRAH or tAcH must be satisfied for a read cycle.
Increased by the amount that trcp exceeds the value 13. Assumes that twcs < twcs (min)

shown. Refer to Fig. 2 and 3. 14. Elther tpzc or tpzo must be satisfied. .

5. Assumes that trcp = tmRcD (max), tRAD = trAD 15. twcs Is specified as a reference point only. If twes =

(max). If tasc = taa - tcac-tT, access time Is tcac. twes (min) the data output pin will remain High-Z state
: through entire cycle.
6. If tRAD = tRAD (max) and tasc < taa - tcac - tT, . | e from ihe seioticn of N
. tcpa Is access time from the selection of a new column
ti Ist B
access time 18 taa address (that Is caused by changing from “L” to

7. Measured with a load equivalent to two TTL loads and “H"). Therefore, if tcp Is shortened, tcra Is longer than
100 pF. tcPa (max).

8. torF and toez Is specified that output buffer change to 17. Assumes that CAS-before-RAS refresh, CAS-be-

high impedance state.

fore-RAS refresh counter test cycle only.
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FUNCTIONAL TRUTH TABLE

Standby H H X X — — — High-2
Read Cycle L] L H L Valid Valid — ~ Valid O * trestres (min)
Write Cycle 1 )
(Early Write) L] L L | x Valid Valid Valid High-Z | O * | twcsatwes (min)
Read-Modify- A . 1 '
Write Cycle L L |H—=L|L—H]| Vald Valid Valid Valid O *
RAS-only o )
Refresh Cycle L H X X Valid — - High-Z O
CAS-before- .
RAS Refresh L L X X - — — High-Z (@) tesratwesr (min)
Cycle . :
Hidden Refresh  |H=t] L | x| ¢ - - - Valid o Previous data
Cycle . ’ Is kept. !

X; “H"or “L”

*; It Is impossible in Fast Page Mode
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TIMING DIAGRAMS

Fig. 4 - READ CYCLE
|
tre
- tras
JE—— V= ) -
RAS H_ \ /
ViL ¢ N y,
CRP |
tosn B tre
tFKJD ‘RSH
| !
m o ]
Vo — [+ trap—* :
t + tRaL ,
t RAH |
ASR t
o] A% toan I" toet."l"
Agto Ag ROW ADD COLUMN ADD |
: [* trau]
ln—. tacH
— t N
WE AR | l._
teac |
taac
ODQ Vou
(Output) v, __
tON
v —
DQ H
HIGH-Z
(input)  ViL—
OE
“H" or “L"
DESCRIPTION
To implement a read operation, a valid address is latched in by the RAS and CAS address strobes and, with WE settoa High leve! and
OE set to a Low fevel, the output is valid once the memory access time has elapsed. The access time Is determined by ‘RAS ('RAC) )
TAS (tcac ). OE (tOEA ) or column addresses (t AA ) under the following conditions:
o If trcD > tRCD (Max), access time =tcac,
* It tRaD > tRAD (Max), access time =t aa,
o If OE Is brought Low after tRac tcAC: ©f taa (which ever occurs later), access time = toEA,
However, it either CAS or OE goes High, the output returns to a high-impedance state after toy Is satisfied.
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Fig. 5 — EARLY WRITE CYCLE (OE = “H” or “L")

tre
' tras
—_— Ve A
RAS M S Z
ViL—
tosm =||
S p——
terp—™ : tRsH L RP
toas
—_— Ve
CAS , M~ /
Vi Y,
tash || 4 _ s
> tran [ o RAL T
tasc™] }.. |._. toan I
p
; A _to A COLUMN
| o' g ADD
WE
DQ
(Input)
pDQ ‘VOH'_

(Output) VoL —

“H" or “L”

DESCRIPTION

A write cycle is ‘slmllar to a read cycle except WE s set to a Low state and OE is a “H” or “L" signal. A write cycle can be implemented
in el(hpr of three ways — eariy write, 'OF write (delayed write), or read-modify-write. During all write cycles, timing parameters tRWL,
tcwL and tRAL must be satisfied. In the early write cycle shown above tyycg satisfied, data on the DQ pins Is latched with the falling
edge of CAS and written into memory. '
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Fig. 8 — OE (DELAYED WRITE CYCLE)

CAS

Aoto A8

ba VALID
(Input) DATA OUT

bQ
(Output) Vo, —

“H or “L”

DESCRIPTION . Invalid Data

In the OF (delayed write) cycle, t\ycg Is not satistied; thus, the data on the DQ pins is latched with the falling edge o'\_N-E and written into
memory. The Output Enable «_JE) signal must be changed from Low to High before WE goes Low (togp + tpg):
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- Fig. 7 — READ—MODlFY—WHlTE-CYCLE
tawe
t
L Ve __j\ RAS
RAS VIL - - \
: tesH AP
tonel — taep I toas
t »l
RSH
s Vin— \

Aoto Aa
WE
be  Vi— VALID
(Input)  Vy — DATA IN
DQ Von —
(Output) VoL —

Vig—

3
Vi —
1_’ o “H" or "L"
DESCRIPTION :

The read-modify-write cycle Is executed by changing WE from High to Low after the data appears on the DQ pins. in the read-modify-write
cycle, ‘OE must be changed from Low to High after the memory access time.
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Fig. 8 - FAST PAGE MODE READ CYCLE

t

V,
t RAD! (

RAS

CAS
Vi —
Agto Ay, i
Vi —

DQ Vin—
(lnput)  ViL —

VoH =
DQ OH

(Output) Vo, —

—_— Vv, —

OE H
V“_ -

DESCRIPTION

t

|
t
RP
fe—— tosh 'ﬂ

CAS, [

tean

tHAL

im

“H" o “L”

- Valid Data

The fast page mode of operation permits faster successive memory operations at multiple column locations of the same row address. This
operation is performed by strobing in the row address and maintaining RAS at a Low level and WE ata High level during all successive
memory cycles In which the row address Is latched. The access time is determined bytcac: taa + tCPA ' OF tOEA + Whichever one

is the latest in occuring.
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Fig. 9 — FAST PAGE MODE WRITE CYCLE (OE = “H” or “L")

t

RAS

RAS

CAS

Aoto Aa

DQ
(Input)

pQ Vou —
(output) Vo —

HIGH-Z

“HY op 4 L”

DESCRIPTION

The fast page mode write cycle is executed in the same manner as the fast page mode read cycle except the states of WE andFE are reversed.
Data appearing on the DQ pins is latched on the falling edge of CAS and written into memory. During the fast page mode write cycle, including
the delayed ( OE ) write and read-modify-write cycles, tcyy must be satisfied.

2-136



MB81C4256-85 I
MB81C4256-10 FUJITSU
MB81C4256-12 | EESEETNENN

Fig. 10 — FAST PAGE MODE OE WRITE CYCLE

— Vin—
RAS
ViL—
R Vin—
CAS
ViL —
Vg —
Ao to As
L —
WM
ViL =
DQ le -
(Input) Vi, —
DQ YOH -
(Output) Vg —
—_— Vi —
OE
Vi —
“H" or L
- Invalid Data
DESCRIPTION

The fast page mode O (delayed) write cycle Is executed in the same manner as the fast page mode write cycle except for the states of
WE and OF. Input data on the DQ pins are latched on the falling edge of WE and written Into memory. In the fast page mode delayed write cycle,
‘OE must be changed from Low to High before WE goes Low (togp + tpg)-
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Fig. 11 - FAST PAGE MODE READ-MODIFY-WRITE CYCLE

RAS

CAS

Ajto Ay

pQ
(Input)

DQ
(Output)

DESCRIPTION

the DQ pins during a normal cycle.

Ul op HL"

Valid Data

During fast page mode of operation, the read-modify—write cycle can be executed by:switching WE from High to Low after Iinput date appears at
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Fig. 12 — RAS-ONLY REFRESH (WE = OE = “H” or “L”") E

tre

tras

DQ  Vow —
(Output) Vg, — HIGH-Z

“H" or “L"

DESCRIPTION

Refresh of RAM memory cells is accomplished by performing a read, a write, or a read-modify-write cycle at each of 5§12 row addresses every
8.2-milliseconds. Three refresh modes are available: RAS—-only refresh, CAS -before—- RAS refresh, and hidden refresh.

RAS -only refresh is performed by keeping RAS Low and CAS High throughout the cycle; the row address to be Is on the
falling edge of RAS . During RAS-only refresh, DQ pins are kept in a high-impedance state. .
Fig. 13 — CAS-BEFORE-RAS REFRESH (ADDRESSES = WE = OE = “H” or “L")
tre
v ' thas . thp ——u
H = -
RAS Vi — ‘i N
tosr
tepn e tenr e tRPc’l
TAS YW N
ViL —
tor
tor -
DQ Vo —
(utput) Vg, — ] HIGH-2

DESCRIPTION

CAS -before— RAS refresh is an on—chip refresh capability that eliminates the need for external refresh addresses. If CASIs held Low for the
specified setup time (tcgR) 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 internally incremented in preparation for the next

CAS -before- RAS refresh operation.
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- Fig. 14 - HIDDEN REFRESH CYCLE
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