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Fujitsu’s Dynamic RAM Products

Introduction

NMOS and CMOS 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 RAMs.

The Dynamic RAM 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.

This data book includes product information on the following
DRAM 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.

Application-Specific DRAMs

Fujitsu offers a family of dual-port dynamic random access
memories tailored for video imaging and graphics
applications. These devices adhere to JEDEC standards
where applicable and are available in the popular packages.

MOS and CMOS DRAM Modules

Fujitsu manufactures a complete family of reliable MOS and
CMOS dynamic 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.
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NMOS DRAMs — At a Glance

Section 1

Maximum
Access Package
Page Device Time (ns) Capacity pti
1-3 MB81256-10 100 262144 bits 16-pin Plastic  DIP, ZIP
-12 120 (262144wx 1b)  16-pin Ceramic DIP
18-pin Plastc  LCC
-15 150 18-pad Ceramic LCC
1-25 MB81257-10 100 262144 bits 16-pin Plastic  DIP, ZIP
-12 120 (262144wx 1b)  16-pin Ceramic DIP
-15 150 18-pin Plastic  LCC
18-pad Ceramic LCC
1-49 MB81464-10 100 262144 bits 18-pin Plastic  DIP, LCC
-12 120 (65536w x 4b) 18-pin Ceramic DIP
-15 150 20-pin Plastic  ZIP

1-1
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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.

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 dynamic 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 and ® CAS-before-RAS, RAS-only,
ZIP/18 pad LCC Hidden refresh capability
® Silicon-gate, Triple Poly NMOS, ® High speed Read-while-Write cycle

single transistor cell ® tar. twcR. toHR, tRWD. are
® Row access time, eliminated
100 ns max. (MB 81256-10) ® Qutput unlatched at cycle end
120 ns max. (MB 81256-12) allows two-dimensional chip select
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
220 ns min. (MB 81256-12) Data-in
260 ns min. (MB 81256-15) ® Standard 16-pin Ceramic (Seam Weld)

DIP (Suffix: -C})
Standard 16-pin Ceramic (Cerdip)
DIP (Suffix: -Z)
Standard 16-pin Plastic
DIP (Suffix: -P)
Standard 18-pad Ceramic
LCC (Suffix: -TV)
Standard 18-pin plastic
LCC (Suffix: -PV)
Standard 16-pin Plastic
ZIP (Suffix. -PSZ)

ABSOLUTE MAXIMUM RATINGS (See NOTE)

® Page cycle time,
100 ns max. (MB 81256-10)
120 ns max. (MB 81256-12)
145 ns max. (MB 81256-15)
® Single +5V Supply, £10% tolerance
® Low power,
385 mW max. (MB 81256-10)
358 mW max. (MB 81256-12)
314 mW max. (MB 81256-15)
25 mW max. (standby)
® 256 refresh cycles every 4ms

MOS 262144-BIT
DYNAMIC RANDOM
- ACCESS MEMORY

Rating Symbol Value Unit
Voltage on any pin relative to Vgg Vin, VouT -1 10 +7 \
Voltage on V¢ supply relative to Vgg Vee -1t0+7 \
Ceramic -55 to +150 o
Storage temperature }—W Tsta 5510 1125 C
Power dissipation Pp 1.0 W
Short circuit output current — 50 mA

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

December 1985
Edition 4.1

PLASTIC PACKAGE
DIP-16P-M03

PLASTIC PACKAGE
LCC-18P-M04

PLASTIC PACKAGE
ZiP-16P-M01
DIP-16C-A03: See Page 17
DiIP-16C-A04: See Page 18
DIP-16C-C04: See Page 19
LCC-18C-F04: See Page 24

PIN ASSIGNMENT

ag[ ] — 16[ ] Vss
oin(]2 15[ JCAS
ﬁgz 14[Joour
s e TOP VIEW 1%
Ao 12[]As
A e 1n[JAs
A7 10[ JAs
vee[Te o[ JAr

f2yne]

TOP ViEW 14

3
4
S
6
7

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.

1-3
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NI, - MB 81256-15
Fig. 1 — MB 81256 BLOCK DIAGRAM
RAS CLOCK GEN
NO. 1
CAS CLOCK GEN
S S e | e
GEN
REFRESH
CONTROL
cLock
INTERNAL DATA 5
ADDRESS -
— COUNTER __> ggégg‘g‘ﬂ BL‘J?F ™
M SENSE AMPS <::———]
Ao~ ‘ 1/0 GATING
Aq—]
5 1
Az— > = :é
Az—] o= DATA
& ouTt = DouT
Aq—] o) BUFF
4 { o)
:‘; o 262, 144 BIT
As —] &) STORAGE CELL
5z z
Ae — E:o :> 2
Ay— s ——— Ve
As | ———Vss
CAPACITANCE (7, -25°c)
Parameter Symbol Typ Max Unit
Input Capacitance Agto Ag, Dy Cint 7 pF
Input Capacitance RAS, CAS, WE Cin2 10 pF
Output Capacitance Doyt Cour 7 pF
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MB 2 FUJITSU

81256-1
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RECOMMENDED OPERATING CONDITIONS

(Referenced to Vgg)

i . Operating
Parameter Symbol Min Typ Max Unit Temperature
Vee 45 5.0 5.5 \%
Supply Voltage
Vss 0 0 0 \%
Input High Voltage, all inputs \e 2.4 6.5 Y 0°C to +70°C
Input Low Voltage, all inputs A\ -2.0 0.8 \Y
(Recommended operating conditions unless otherwise noted.)
Value
Parameter Symbol Unit
Min Typ Max
OPERATING CURRENT* MB 81256-10 0
Average Power Supply Current MB 81256-12 leeq 65 mA
RAS, CA ling; t = Min.
(RAS, CAS aveling: tac = Min. MB 81256-15 57

STANDBY CURRENT
Standby Power Supply Current lceo 4.5 mA
(RAS, CAS=V )

REFRESH CURRENT 1' MB 8125610 €0

Average Power Supply Current MB 81256-12 lces 55 mA
(RAS cycling, CAS =V, tge = Min.) MB 81256-15 50

PAGE MODE CURRENT* MB 8125610 3°

Average Power Supply Current MB 81256-12 lcea 30 mA
(RAS = V,_, CAS cycling; tpc = Min.) MB 81256-15 25
REFRESH CURRENT 2* MB 81256-10 65

Average Power Supply Current MB 81256-12 lces 60 mA
(CAS-before.RAS; tge = Min.) VB 81256-15 55

INPUT LEAKAGE CURRENT any input (V,y = 0V to | _10 10 uA
5.5V, Vee = 5.5V, Vgg = 0V, all other pins not under test = 0V) o

OUTPUT LEAKAGE CURRENT (Data is disabled,

Vour = OV to 5.5V) tow) 10 10 HA
OUTPUT LEVEL Output Low Voltage {lo =4.2 mA) Voo 0.4 \
OUTPUT LEVEL Output high Voltage (I = -5.0 mA) Vou 2.4 \%

NOTE ¢ is depended on output loading and cycle rates. Specified values are obtained with the output open.

Cle
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AC CHARACTERISTICS

(Recommended operating conditions unless otherwise noted.)

Parameter Symbol MB 81256-10 | MB81256-12 | MB 81256-15 Unit
Min Max Min Max Min Max
Time between Refresh tReF 4 4 4 ms
Random Read/Write Cycle Time thre 200 220 260 ns
Read-Write Cycle Time trwe 200 220 260 ns
Access Time from RAS B thac 100 120 150 ns
Access Time from CAS 6] tcac 50 60 75 ns
Output Buffer Turn off Delay torE 0 25 0 25 0 30 ns
Transition Time tr 50 3 50 3 50 ns
RAS Precharge Time trp 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 tcas 55 100000| 60 100000 | 75 100000 ns
CAS Hold Time tesH 105 120 150 ns
RAS to CAS Delay Time 5] trep 20 50 22 60 25 75 ns
CAS to RAS Set Up Time tcrs 10 10 10 ns
Row Address Set Up Time tasR 0 0 0 ns
Row Address Hold Time tRAH 10 12 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 tres 0 0 0 ns
tRoez%‘%ommand Hold Time Referenced B tacn 0 0 0 ns
:)ee;i_A%ommand Hold Time Referenced g o 20 20 20 ns
Write Command Set Up Time twes 0 0 0 ns
Write Command Pulse Width twp 15 20 25 ns
Write Command Hold Time tweH 15 20 25 ns
Write Command to RAS Lead Time tRWL 35 40 45 ns
Write Command to CAS Lead Time tewl 35 40 45 ns
Data In Set Up Time tps 0 0 0 ns
Data In Hold Time ton 15 20 25 ns
CAS to WE Delay tewn 15 20 25 ns
o R R IE .
?g;_rse-sse:)c::%z;:e()ms Referenced to RAS tren 20 25 20 ns




AC CHARACTERISTICS

(Recommended operating conditions unless ctherwise noted.)

MB 81256-10 [l
MB 81256-12 FUJITSU

MB 81256-15

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
(F%R/t?rzsr:cci;aéii)to CAS Active Time trec 20 20 20 ns
Page Mode Read/Write Cycle Time tee 100 120 145 ns
Page Mode Read-Write Cycle Time tPRWC 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 tTRAS 230 10000 | 265 10000 | 320 10000 ns
Refresh Counter Test CAS Precharge Time tepr 50 60 70 ns

Notes:

n An initial pause of 200 us 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.

am

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.).

B Assumes that tgcp < trep (max.) If tgep 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 tgcp 2 trep (max.).

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

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

B taco (min) = tgay (min) + 2t (ty = Bns) + tasc
(min).

Either tggy or tgcy must be satisfied for a read cycle.

twes and tewp are not restrictive operating para-
meters. They are included in the data sheet as elec-
trical 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 tcwp 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.

T
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MB 81256
UHEHARITN - mB 81256-15

Read Cycle

tRc
e
—
ViH=

RAS V- \\ 7] \_

. tcsH [=——tRP ——e]
CRS t
’“ tRCD RsH
t
CAS
JE— Vi- 7 \ / F
CAS
Vi /
tasr | {tRAH tasc tCAH
]

\ COLUMN i
ADDRESSES ADDRESS \

tRAC

Dour

HIGH-Z

Don’t Care

Write Cycle (Early Write)

tRC
tRAS

2
>
w
<<
I
1
] J
b
w
/
s
; }
I

tcsH

tRSH
f=—--1tRCD- tcas

CAS Vi / i \ 1/ /
tASR mH tasc == tcan

COLUMN
ADDRESS

ROW

v
ADDRESSES ADDRESS

[
— we
WE [ | :
tDs—=| l‘" LtDH—-(

\ VALID

Din ) DATA
Vou— HIGH-Z

Dour VoL~ Don’t Care




MB 81256-10 [N
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Read-—-Write/Read—Modify —Write Cycle

v tRWC
tRAS
Vin- -
RAS ViL- N 7
tcRs -Ls tRSH tRP—=]
tRCD tcas
ViH~ 3
= /] N /
RAH tasc
tASR —] f—-— tcAH
Vip- T ROW COLUMN e '
ADDRESSES / _ ADDRESS. ADDRESS
tewp TRWL——
__ Vin— "o - 3 ; o, /
WE V'H_
LT e - - -
tcac toFF
VoH— o i VALID
Dout Vor- v-lGH‘Z'—<L DATA

tRA
f ¢ tps I’*’-"DH

Vin—
Vi

Don’t Care

Page Mode Read Cycle

tRAS

7

3
J
4

N

\
€
chs tcsH trc fmm e IR H e —thr:’l[
-
ﬂ‘tRCD*——'—'CAS—-' ~tcp tcas— ——tcas-——
7
CAS
ADDRESSES
tOFF «l—- —-tOFF
DouTt %
——= 1RRH |=——
TS T—
WE

Don’t Care
Valid Data
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Page Mode Write Cycle
trAS
RAS it
n
— CSH tpe |—tRSH — tRP.
F=tRCD tcAs—=— ~—tcas ~—tcas
rtCP-!\ ,’{ q 7————-—
CAS
tRAH tcaH e—ltcan t——tcan
—{f= tAsc ‘ASC"1"‘*
|
ADDRESSES Xoos Koo X a5 X
tWeH =] tweH
twes—= 4
/
twp Ht twe—]
t=t D =]
VALID %/ N
Din DATA K S
Dour HIGH-Z
Page Mode Read-Write Cycle
tRAS tRp—]
RAS / \
teAS——| _—-———tpﬂwc——-j fm—e—itRSH
o N
¢ tcp tcas
CAH
temitcA
\ COL.
ADDRESSES AD
t tc t [
cwD cwL ,igsc }: __1
tRCS_.I —)
—
loFF =t
[Pl
twp tcac
D VALID “\
ouT DATA \
L t t
DS DH
pH
Din VALID VALID N/
DATA DATA i)
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RAS-only Refresh cycle
NOTE: WE, D,y = Don’t care, Ag = V,jy or V,_

tRC
RA
JR—— — N B
RAS X'“_ N % \
= tash - R
RAH D
Vig— T s ROW
ADDRESSES )g P(
(Ag t0 Ay) V- \____ADDRESS
‘cas_——l
. V-
CAS .
ViL— - toFF \
Vou-"—"" X
D HIGH-Z
ouT VoL — P4

m Don’t Care

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

tRC

t
RAS — \

3
>
)
<<
r I
[
Vel

tcPR |, tFcs tecH

torF

HIGH-Z

D

Don‘t Care
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Hidden Refresh Cycle

tRC
f=—tRp—o—]
_ —tRAS:
RAS
1
J— 1
CAS
ADDRESSES .
tRRH
tﬁcsj .——i
— Vip-TT - o
WE (Read) Vi— / tcac
tRAC b tOFF
V-
DouT vo” GH-Z { VALID DATA ) S—
oL”
|- TRWL

v
WE (Read-Write)

[Joontcare

CAS-before-RAS Refresh Counter Test Cycle

tgTc— - e -
SR § e S
- Viu- TRAS / \
RAS Vi
tFCs . . tepT t Lﬂ—‘RP ]
[ 1,
cas M J/F ~ W \
Vi
' i tasc
| rleAH
Vi T — ;
ADDRESSES Vl.:— RGO R *f>< COL. ADDRESS X
(RcSr. f——t IRRH
WE Vi T b o
WE (Read) v,
tRCH
1
CAC [ orr
Vou~ s —
Dour _ HIGH-2 VALID DATA
Vou N ]
trcs tcwo ‘CWL__{
e AWl ——ed
_ Vi -
WE (Write) v:':- N twp
T
tps
et L—'DH——
Vin— — —
Din vy - VALID DATA X BN
o

D Don’t Care
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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 (twen) and Dy (tpy). 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 taR,
twcr. tpnr 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 trcp.

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 (tgap) 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 IL_(DlN) 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 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
tgac from transition of RAS when
trep (max) is satisfied, or after topc
from transition of CAS when the
transition occurs after tgop (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 Dy is written into
the cell selected. Therefore, a very fast
read write cycle (tgwc = trc) 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
(Agto Ay) 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 A5) 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 Vy 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 s
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
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,
high.

Write “low’ to all 266 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).

and keep RA8

RAS/CAS Cycle

Hidden Refresh Cycle

RAS-only Refresh Cycle

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

Page Mode Cycle

%12(} A A

5 [\ \

NN AWV A M
_JVI'\ VN NN N YT UAT

50ns/Division
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TYPICAL CHARACTERISTICS CURVES

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

Icc1, 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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Fig. 6 — OPERATING CURRENT

vs SUPPLY VOLTAGE
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Fig. 8 — STANDBY CURRENT
vs SUPPLY VOLTAGE
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lcca, REFRESH CURRENT 1 (mA) Icca. STANDBY CURRENT (mA)

lcca, PAGE MODE CURRENT (mA)

Fig. 9 — STANDBY CURRENT
vs AMBIENT TEMPERATURE
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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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Fig. 12 — PAGE MODE CURRENT
vs CYCLE RATE
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Fig. 14 — REFRESH CURRENT 2
vs CYCLE RATE
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Vi AND V|, RAS, CAS ANDWE

Iccs, REFRESH CURRENT 2 (mA)

Vi AND V|, ADDRESS AND DATA
INPUT VOLTAGE (V)

INPUT VOLTAGE (V)

Fig. 15 — REFRESH CURRENT 2
vs SUPPLY VOLTAGE
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Fig. 17 — ADDRESS AND DATA INPUT
VOLTAGE vs AMBIENT TEMPERATURE
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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

Fig. 18 — RAS, CAS AND WE INPUT
VOLTAGE vs SUPPLY VOLTAGE
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Fig. 21 — OUTPUT CURRENT Fig. 22 — OUTPUT CURRENT
vs OUTPUT VOLTAGE vs OUTPUT VOLTAGE
I
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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
_==2" 0°~9°
R.050(1.27)
REF
.287(7.29) .290(7.37)
.299(7.59) .310(7.87)
INDEX AREA

] t
!‘ .760(19.30) | .008(0.20)
.800(20.32)

.012(0.30)
—~14J-—050(1 27)MAX
| [ 1

_i 1200(5.08)MAX

l .120(3.05)
’} .150(3.81)
.090(2.29) .032(0.81)
o Altalll —_ .020(0.51)
110(2.79) REF Pretee
\ .700(17.78)REF
.042(1.07) .015(0.38) Dimensions in
062(1.58) = 0230058) 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)

R.030(0.76)
TYP .287(7.29)
.303(7.70)

INDEX AREA

‘ .760(19.30) ‘

S W

T
|

.290(7.37)
.310(7.87)

|

.008(0.20)
.012(0.30)

.043(1.09)TYP

.800(20.32)
~—| !@7.050(1A27)MAX
[

]

) i

.200(5.08)MAX

.120(3.05)
.150(3.81)

090(2. 032(0.81
090(2.29) \ ] (0.81)

.020(0.51)
.050(1.27)

110(2.79) REF
700(17.78)REF

042(1.07) _ 015(0.38)

062(1.58) 1023(0.58)

Dimensions in
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)

7 ﬁ_—
R.025(0.64)
REF »

284(7.21)  313(7.95)
302(7.67) .325(8.26) 300(7.62) TP

/

.754(19.15)
.788(20.02) .008(0.20)

.014(0.36)
J—— r——A050(1,27]MAX
H l 1200(5.08)MAX
.120(3.05)
150(3.81)
.090(2.29) .032(0.81 )
1020(0.51)
110(2.79)| TYP 1050(1.27)
.700(17.78)REF ! Dimensions in
imensions i
.056(1.42) :013(0.33) inches (millimeters)
062(1.52) .023(0.58)
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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)

.059(1.50)

\

RN

" 0" ~15°
woexs [0 1 1 71 1 O] j
.250(6.35) .290(7.37)
.270(6.85) .310(7.87)
" T W LI LT LT =
.748(19.0)
.776(19.7) .009(0.24)
.014(0.36)
.047{1.20)
—| =—.050(1.27)MAX "059(1.50] =~
7 .183(4.65)MAX
.118(3.0)MIN
.100(2.54) .016(0.40)
TP .023(0.59)  .020(0.51)MIN Dimensions in
.047(1.20) inches (millimeters)

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

©1988 FUNTSU Limi

18-LEAD PLASTIC CHIP CARRIER

(CASE No.: LCC-18P-M04)

+.006,, , +0.15
.322+.005 134_002(340_ 5 o5
(8.18+£0.13) .060(1.52) MIN
F%. 1025(0.64)MIN
0,68
Falailai=t o o
J 1 j
i I 527 005 '
@ x| 5@ (13.39£0.13) :004(0.10)
r i
468+.020
5 490+ .003 4
L (12.45+0.08) (11.8940.51)
@ pa
) U i

.026(0.66)

+.002

'008—.001

R.030(0.75) TYP

+0.05, .200(5.08)
2 (0.20_4 5)) REF
‘ 017(0.43) {
TP |
.263+.020 1
(6.68+0.51) i

TED C180198-1C

]
.050+.005
(1.27+£0.13)

{9 LEAD No.

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 A1 Ay A,

Dout Vss Din RAS Ay Vee As  Ag

16

Z1P-16P-MO01

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

.785(19.95) .104(2.65)
.813(20.65) .120(3.05)
7
INDEX .250(6.35)
.270(6.85) .327(8.3)
MAX
8
.008(0.20) .118(3.0)MIN
B e e
| 1012(0.30)
.050(1.27) .016(0.40) .100(2.54)
TYP .024(0.60) TYP

o

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 R.012(0.30)TYP 1025(0.64) .070(1.78)
(4PLCS) \ TYP TYP
— b4 N
\) .115(2.92)
VP .155(3.94)
TYP
— — P 1
= ,200(5.08) p1 PIN NO.1 =
.485(12.32) P TYP 5] INDEX 'R.008(0.20)TYP
.500(12.70) .260(\/6’560) (18 PLCS)
T
— = 3
— = [%
-05001.27)) 1145(3.68)
TYP TYP
| — N 4
.050(1.27) [ .045(1.14)
.280(7.11) .115(2.92) TYP 150(3.81) TYP
.295(7.49) MAX - Tvé

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

.195(4.95)TYP

Dimension in
inches (millimeters).
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| MOS 262144-BIT
2084358100 DYNAMIC RANDOM
(T ACCESS MEMORY

MB 81257-10
MB 81257-12
MB 81257-15

September 1985
Edition 4.0

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
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 PLAS&E,::‘&';AGE
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,

Z1P/18 pad LCC Hidden refresh capability
® Silicon-gate, Triple Poly NMOS, ® High speed Read-white-Write cycle
single transistor cell ® t,r. twer. tonR, tRwp are PLA;;I;%GI:,A&;'AGE
® Row access time, eliminated DIP-16C-A03: See Page 19
100 ns max. (MB 81257-10) ® Qutput unlatched at cycle end DIP-16C-A04: See Page;z:)
120 ns max. (MB 81257-12) allows two-dimensional chip select DIP-16C-C04: See Page
150 ns max. (MB 81257-15) ® Common 1/0 capability using LCC-18C-FO4: See Page 24
® 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 PIN ASSIGNMENT
260 ns min. (MB 81257-15) ® Standard 16-pin Ceramic (Seam Weld) o]
@ Nibble cycle time, DIP (Suffix:-C) o]
45 ns max. (MB 81257-10) Standard 16-pin Ceramic (Cerdip) we[]
50 ns max. (MB 81257-12) DIP (Suffix: -Z) ] -
60 ns max. (MB 81257-15) Standard 16-pin Plastic A TOP VIEW
® Single +5V Supply, £10% tolerance DIP (Suffix: -P) ol 12
® | ow power, Standard 18-pad Ceramic A2
385 mW max. (MB 81257-10) LCC (Suffix: -TV) ~0
358 mW max. (MB 81257-12) Standard 18-pin Plastic vee [
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)
3}
ABSOLUTE MAXIMUM RATINGS (See NOTE) ;: iE
Rating Symbol Value Unit o T
Voltage on any pin relative to Vgg Vin. VouT -1to+7 \Y 7
Voltage on V¢ supply relative to Vgg Vee —1to +7 \4 e
Ceramic -55 to +150 N [sionoit:
Storage temperature ’—W—— Tsta 5510 +125 C -
Power dissipation Pp 1.0 W
Short circuit output current — 50 mA Pin assignment for ZIP: See page 23
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 L';'Z‘s"ira%T'e'é’t'rifa?eTﬂi dﬁgy:zv:r'ghh“i:"a‘;:iglg
the conditions as detailed in the operational sections of this data that normal precautions be taken to avoid
sheet. Exposure to absolute maximum rating conditions for extended application of any voltage higher than maxi-
periods may affect device reliability. Z?::Ti:.mwd voltages to this high impedance
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FUJITSU MB 81257-12

IO mB - 81257-15
Fig. 1 — MB 81257 BLOCK DIAGRAM
RAS CLOCK GEN.
NO. 1
CAS D__+ CLOCK GEN
NO. 2 WRITE
CLOCK  |=—TWE
REFRESH GEN.
CONTROL
cLock
INTERNAL D/|\'\"II"A 5
ADDRESS
— COUNTER ) coLumN. BUFF. "
] SENSE AMPS —I
Ao~ r 1/0 GATING <,‘:
A — - T
Az — N = f—’: *
V| 2<8
[o 4
Ag— DATA
A 81 | ~oour
4 — | .
An ] - § 262,144 BIT
5 a STORAGE CELL
I —
Ag — EPE Y 3
L 4 i ———
Ay — od= Vee
Ag ml —~ e Vgg
CAPACITANCE
Parameter Symbol Typ Max Unit
Input Capacitance AgtoAg, Diy Cint 7 pF
Input Capacitance RAS, CAS, WE Cin2 8 pF
Output Capacitance Doyt CouT 7 pF
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RECOMMENDED OPERATING CONDITIONS

(Referenced to Vgg)

MB 81257-10 MMM
57.12 FUJITSU

MB 812
MB 81257-15 Il

. . Operating
Parameter Symbol Min Typ Max Unit Temperature
Vee 45 5.0 5.5 \
Supply Voltage
Vss 0 0 0 \
Input High Voltage, all inputs Viy 2.4 6.5 \Y 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™ MB 81257-10 70
Average Power Supply Current MB 81257-12 leeq 65 mA
(RAS, CAS cycling; tge = Min.) MB 81257-15 57
STANDBY CURRENT
Standby Power Supply Current lce2 4.5 mA
(RAS, CAS = V)
REFRESH CURRENT 1% MB 81257-10 60
Average Power Supply Current MB 81257-12 leea 55 mA
(RAS cycling, CAS = V iy ; tgc = Min.) MB 81257-15 50
NIBBLE MODE CURRENT™ MB 81257-10 22
Average Power Supply Current MB 81257-12 lcca 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 lces 60 mA
(CAS-before-RAS; tge = Min.) MB 81257-15 55
INPUT LEAKAGE CURRENT any input
(Vin =0V to 5.5V, V¢ =5.5V, Vgg = 0V, all other pins Ly -10 10 MA
not under test = OV)
OUTPUT LEAKAGE CURRENT
1 -10 10 A
(Data is disabled, Vo1 = OV to 5.5V) ow i
OUTPUT LEVEL Output Low Voltage Voo 0.4 v
(loL =4.2mA)
OUTPUT LEVEL Output high Voltage
2.4 \%
(lon = 5.0 mA) Vo

NOTE

¥ lcc is depended on output loading and cycle rates. Specified values are obtained with the output open.
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I mB 81257-10
FUJITSU MB 81257-12

NI MB 8125715

AC CHARACTERISTICS

(Recommended operating conditions unless otherwise noted.) NEIENE

MB 81257-10 | MB81257-12 | MB 81257-15
Parameter Symbol Unit
Min Max Min Max Min Max
Time between Refresh tREF 4 4 4 ms
Random Read/Write Cycle time tre 200 220 260 ns
Read-Write Cycle Time trwc 200 220 260 ns
Access Time from RAS 4] 6] tRAC 100 120 150 ns
Access Time from CAS BB tcac 50 60 75 ns
Output Buffer Turn off Delay torr 0 25 0 25 0 30 ns
Transition Time tr 3 50 50 3 50 ns
RAS Precharge Time tre 85 90 100 ns
RAS Pulse Width tras 106 (100000 120 |[100000{ 150 |100000| ns
RAS Hold Time tRsH 55 60 75 ns
CAS Pulse width teas 55  |100000| 60 [100000{ 75 |100000| ns
CAS Hold Time tesh 105 120 150 ns
RAS to CAS Delay Time B treo 20 50 22 60 25 75 ns
CAS to RAS Set Up Time tcrs 10 10 10 ns
Row Address Set Up Time taAsk 0 0 0 ns
Row Address Hold Time tRAH 10 12 15 ns
Column Address Set Up Time tasc 0 0 0 ns
Column Address Hold Time teaH 15 20 25 ns
Read Command Set Up Time tres 0 0 0 ns
tF:)e%g_ommand Hold Time Referenced B trcn 0 0 0 ns
tl‘i)ez;d;;ommand Hold Time Referenced a _ 2 20 20 ns
Write Command Set Up Time twes 0 0 0 ns
Write Command Pulse Width twe 15 20 25 ns
Write Command Hold Time twen 15 20 25 ns
Write Command to RAS Lead Time tarwL 35 40 45 ns
Write Command to CAS Lead Time tewt 20 30 25 ns
Data In Set Up Time tos 0 0 0 ns
Data In Hold Time ton 15 20 25 ns
CAS to WE Delay tewo 15 20 25 ns
gz::::i? ip%ge(%?gesfore-m cycle) tres 20 20 0 ns
fresh ime f
2;;:“‘:2“:;% o(%i_/S\-sbefor&m cycle) treH 2 % 30 ns
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MB 81257-10  IIIIImm:

MB 81257-12 FUJITSU
MB 81257-15  ilINnmmmImi:
(Recommended operating conditions unless otherwise noted.)
MB 81257-10 MB 81257-12 MB 81257-15 Unit
Parameter [NOTES] Symbol n
v Min Max Min Max Min Max
CAS Precharge Time (CAS-before-RAS cycle) tcer 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 tNCAC 20 25 30 ns
Nibble Mode CAS Pulse Width tNCAS 20 25 30 ns
Nibble Mode CAS Precharge Time tNCP 15 15 20 ns
Nibble Mode Read RAS Hold Time tnmrse | 20 25 30 ns
Nibble Mode Write RAS Hold Time tnwrsH | 35 40 45
Nibble Mode CAS Hold Time Referenced
to RAS tRNH 20 20 20 ns
Refresh Counter Test Cycle Time tRTC 330 375 430 ns
Refresh Counter Test RAS Pulse Width [l tTRAS 230 | 10000 | 265 | 10000 | 320 | 10000 ns
Refresh Counter Test CAS 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 tt = 5 ns.

V,y (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 tpep < tgep (max). If tgop is greater
than the maximum recommended value shown in this
table, tgac Will increase by the amount that tpcp
exceeds the value shown.

Assumes that tgcp = trep (Mmax).

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

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

thep (Min) =ty (Min) + 2t; (t=56ns) + tgc (Min)
Either tgry Or trcy Must be satisfied for a read cycle.
twes and tewp are not restrictive operating para-
meters. They are included in the data sheet as electrical
characteristics only. If tycs = 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 = 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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FUJITSU MB 812
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RAS

CAS

Vin- Y ROW Y COLUMN -
ADDRESSES v,._-}q ADDRESS Q‘ ADDRESS }(
!

Read Cycle
trc
tRAS
e
Vin \ / h
Vi N A \
t tcsH tRp
CRS t
tReD '_-—_'RSH
Vi ™ CAS / /
ViL-
tasr | [IRAH tAsc tCAH

WE
tcac
trRAaC
Von-
DouT Voo - HIGH-Z 4
Write Cycle (Early Write)
tRc
tRAS
=as Vin— 3
RAS vi— N J N\
1
tcRs tcsH P— { [Tye——
tRCD tcas
— Vip— \ /
CAs Vi N
IR
tRAH “tasc
L r—-— [e—=tcaH

v
ADDRESSES

Din

Douv

h J COLUMN
ADDRESS

1H™
ViL—

VoH— HIGH-Z

Don’t Care
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MB 81257-10 IIMImmmm
MB 81257-12 FUJITSU

MmB 8125715 [l

Read—Write/Read—Modify—Write Cycle

} tRWC

tRAS
Vin- N
—
ters tesH tRsh ] trp

tRcD tcas
S Vi~ b \ / 4
CAS VIL—fﬂ 2 [ /

tas tRAH tasc
—] L_ tcAH

Py

>

7
<
r

i
-4

Viu- 7~ ROW “\f COLUMN "K ><
ADDRESSESVIL_ . /N ADDRESS \  ADDRESS .
towL—]
trcs tcwp TRWL—
WE VIN— TR 5T i
tcac twp-—]
VoH— u VALID
DouT Vo 1IGH-Z L DATA
l———~———t ——
RAC QDS_,..] L—..tg...
Vin= 7 IGEAR S - R VALID T
D S
N T R L e : X( DATA ey
Don‘t Care
Nibble Mode Read Cycle
tRP
tras
RAS 4
t
tNe INRRSH
[ F=—tcAas—=— Y
CAS ,Z \ / \ / Slk /| ItrRH
INcP | [INCAS
Vi~ T\ S G § i
ADDRESSES o
Viu
Viu-
WE
Vi~
toFF
S/ R B F=-={toFF

VoH~ K VALID Y VALID VALID VALID
Pout VoL— HIGH-Z pata P pata DATA > <DATA >‘—

Don’t Care
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Nibble Mode Write Cycle

tras
RAS j
INWRSH| |tRNH
tNC
CAS
ADDRESSES
WE
tbs tosf=—1 F~{tpn
D VALID @ VALID
IN DATA % DATA
DouTt HIGH-Z
Don't Care
Nibble Mode Read-Write Cycle
RP
v RAS
———H 5 H N / \-
INWRSH tRNH
Jea— 4 !
CAS i
+—towL
ADDRESSES
TRwL
WE
VALID VALID X / VALID \ / VALID\
Dour >—‘< DATA ¥ \_DATA / \_DATA /
tps ¢
tou I-o DH
D VALID & VALID VALID
N DATA DATA DATA
Don‘t Care
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MB 81257-12 FUJITSU
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RAS-only Refresh Cycle
NOTE: WE, D,y = Don't care, Ag = V iy or V;_

tRc
[ TRAS

_ Vig- 3
FAS -

ViL tASR

tRAH—

Viw— 2
ADDREsses '™ | ADDRESS
(Ag to Ay)
CAS
bour HIGH-Z

Don't Care

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

tRC

RP

TRAS

Py
>
»n
<<
L 4
[
Vel

tcPR | | trcs

Vi
CAS H /l

Vi

torF
—

OoH N
Dour HIGH-Z
° VoL e A

Don‘t Care
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Hidden Refresh Cycle

tRC
fa— t R P ]
S— |
Vi~ tRAS: Ir t

VlL_

2
7
W

tcRs RS H—e]

r— [~ Ree tcas
. Ve o PR
CAS Vi / N\ /

tRAH
fask | tcaH
ASC -
v |
TR ROW COL. K . )
ADDRESSES x S
V- ADDRESS ADDRESS e

tﬁcsﬂ f—
Viu- T G
Vi —

|

=

E (Read)

tcac \ : RIS M S

leitoFe

VALID DATA —

tRAC

A\

Dout

tewp | [ tRWL
= WP

J— \%
WE (Read-Write)

[[Jpont care

CAS-before-RAS Refresh Counter Test Cycle

tRTC
Vin- tTRA
RAS V- N / N
trcs . | _tepT tRSH f=——tRP——=
SH
Vin- ),——ﬁ tcas
CAS
Q N AT\
o fe—tcAH—]
ADDRESSES L. ADDRESS
WE (Read)
fcac
[=t—=lOFF
Vo~
Doyt Vo~ HIGH-Z { VALID DATA| | B
tacs| | towp | —towL—=]
tRWL—"

|

1,
\ WP’

WE (Write)

tbs

b et ey
Din | VALID DATA

Don‘t Care




MB 81257-10 i
MB 81257-12 FUJITSU
M. 81257-15 [l

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
trep (mMax) = 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 (tpy). 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,
twcr, topnr and tgwp. As a result,
the hold times of the Column Address,
Dy and WE as well as tcwp (CAS
to WE Delay) are not ristricted by
treD-

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, Dy 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

has been satisfied. Thus Dy is strobed

by WE, and set-up and hold times are

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 fow. In a read cycle, or read-
write cycle, the output is valid after
tgac from transition of RAS when
trep (max) is satisfied, 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/O bus can be
used on the system level. Whereas, when
WE goes low after tewp 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 Dy
is written into the cell selected. There-
fore, a very fast read write cycle (trwc
= 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 subseqguent 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 tywcs™>
twes (Min) is met, the data output will
remain high impedance state throughout
the succeeding nibble cycle regardless
of the WE state. Whereas, when teywp >
tewp (mMin) is met, the data output will
contain data from the cell selected
during the succeeding nipbble 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 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 (AgtoAz) 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.

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 (tpgg) 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.

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 Ay
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

RAS/CAS (normal mode) 1
toggle CAS (nibble mode) 2
toggle CAS (nibble mode) 3
toggle CAS (nibble mode) 4
toggle CAS (nibble mode) 1

1-36

NIBBLE BIT RAg

ROW ADDRESS CAg
0 10101010 0
1 10101010 0
0 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 RAS8 high.

3) Write “low”" to all 2566 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

&= [ \n_/ \_/ \ /~\ .
w \___/ \ S
XX XX XX

Dout > HIGH-Z

L‘—Earlv Write—~l———No Ope.——l—————-Writg I Writ I

Add. Increment
{Add. Increment) [ : vaid pata

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

s T\ Van
T e e
XXXX XX

L Read-Writ ! Read-Wri | R A—-—L——Read-Write——l
[ : valid pata
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Table-2 FUNCTIONAL TRUTH TABLE

RAS | CAS WE Din Dout 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 | FarlyWrite
twesZtwes (Min)
Delayed Write or Read-Write
L L L Valid Data | Valid Data Yes Yes Yes (twes < twes (min) or
tewp 2 tewo (min))
L H Don't Care | Don’t Care High-Z No No Yes RAS-only Refresh
CAS-before-RAS Refresh Valid
L L Don’t Care | Don’t Care | Valid Data No No Yes data selected at previous Read
or Read-Write cycle is held.
H L Don’t Care | Don’t Care High-Z No No No CAS disturb.
Fig. 3 — CURRENT WAVEFORM (V¢ =5.5V, Ta =25°C)
RAS/CAS Cycle Hidden Refresh Cycle RAS-only Refresh Cycle Nibble Mode Cycle
RAS \ / \ \ /
CAS / [ ——
— 160
<
: A I A
£ [\ \ I\
°
80 \
M f N o \ M | N
40 V I
_J YN VI VU VYN AL

50 ns/Division
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TYPICAL CHARACTERISTICS CURVES

Fig. 4 — NORMALIZED ACCESS TIME Fig. 5 — NORMALIZED ACCESS TIME
vs SUPPLY VOLTAGE vs AMBIENT TEMPERAUTRE
w T w I |
= Ta=25"C = Vee=5.0V
= =
n 12 512 ”
w A w
w
8 11 § 1.1 V//
< N < L~
a 2 P
N 1.0 K10 L
E 2 A
Z o9 S Z 09—
g g
o 08 5 08
L g
4.0 5.0 6.0 -20 0 20 40 60 80 100
Vee SUPPLY VOLTAGE (V) Ta, AMBIENT TEMPERATURE (°C)
Fig. 6 — OPERATING CURRENT Fig. 7 — OPERATING CURRENT
vs CYCLE RATE vs SUPPLY VOLTAGE
60 | [ _ 80
< <
£ ol Vecssv / E Jol_Ta=25°C
E TaA=25°C L/ = tRc=200ns
w w
a0 / & 60
2 / 2 /
o /] o —
© 30 9 50 -~
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s |/ 8
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1/tgc, CYCLE RATE (MHz) Ve, SUPPLY VOLTAGE (V)
Fig. 8 — OPERATING CURRENT Fig. 9 — STANDBY CURRENT
vs AMBIENT TEMPERATURE vs SUPPLY VOLTAGE
_ 8 I
z ~ ! o
£ ol Veessv E- - Tat26°C
E trc=200ns ;_’ e
E z
£ 60 T 4
2 o
: 3
% 50 x 3
= a
& 40 zZ 3
g G
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lcc3. REFRESH CURRENT 1 {mA) lcc2. STANDBY CURRENT (mA)

Icca, NIBBLE MODE CURRENT (mA)

Fig. 10 — STANDBY CURRENT
vs AMBIENT TEMPERATURE

s

Vee=5.5V

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

Fig. 12 — REFRESH CURRENT 1
vs SUPPLY VOLTAGE

80
TA=25°C
701 ¢ 1 c=200ns
60
50 =T
40 ]
v/
30
20
2.0 50 6.0

Ve, SUPPLY VOLTAGE (V)

Fig. 14 — NIBBLE MODE CURRENT
vs SUPPLY VOLTAGE

60
| tnc=45ns
50—1,225°C
40
30
20 b
10
4.0 5.0 6.0

Ve, SUPPLY VOLTAGE

lccs. REFRESH CURRENT 1 (mA)

lcca, NIBBLE MODE CURRENT (mA)

Iccs. REFRESH CURRENT 2 (mA)

Fig. 11 — REFRESH CURRENT 1
vs CYCLE RATE

60
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1/tpc, CYCLE RATE (MHz)

Fig. 13 — NIBBLE MODE CURRENT
vs CYCLE RATE
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Fig. 15 — REFRESH CURRENT 2
vs CYCLE RATE
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Fig. 16 — REFRESH CURRENT 2
vs SUPPLY VOLTAGE
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Fig. 18 — ADDRESS AND DATA INPUT
VOLTAGE vs AMBIENT TEMPERATURE
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Fig. 20 — RAS, CAS AND WE INPUT
VOLTAGE vs AMBIENT TEMPERATURE
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Fig. 177 — ADDRESS AND DATA INPUT
VOLTAGE vs SUPPLY VOLTAGE
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Fig. 19 — RAS, CAS AND WE INPUT
VOLTAGE vs SUPPLY VOLTAGE
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VOLTAGE (V)
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Fig. 22 — OUTPUT CURRENT
vs OUTPUT VOLTAGE
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MB 81257-10 I
MB 81257-12 FUJITSU

MB 8125715 il

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) j_
=== 0°~9°
R.050(1.27)
REF
D .287(7.29) .290(7.37)
INDEX AREA .299(7.59) .310(7.87)
.760(19.30) | .008(0.20)
.800(20.32) .012(0.30)
——] ,‘—.05011 227)MAX
1
_{ .200(5.08)MAX
.120(3.05)
.150(3.81)
.090(2.29) 032(0 81)
110(2.79) 0330500
.700(17.78)REF
.042(1.07) .015(0.38) Dimensions in
T062(1.58) m inches (millimeters)
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MWW mB 81257-10
FUJITSU MB 81257-12

(RN MB 81257-15

PACKAGE DIMENSIONS

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

DIP-16C-A04

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

=== 0°~9
— f
R.030(0.76)
TYP .287(7.29) .290(7.37)
.303(7.70) .310(7.87)
INDEX AREA

.760(19.30) | ty
' 800(20.32) ' .008(0.20)

.012(0.30)
.043(1.09)TYP
-—-] !———.050(1.27DMAX
[

—
J] { .200(5.08)MAX

\,
1120(3.05)
1150(3.81)
.090(2.29) 032‘0 3” 020(0.51)

.110(2.79) .050(1.27)
.700(17. 78)HEF
.042(1.07) .015(0.38) Dimensions in
062(1.58) 023(0.58) inches and (millimeters)
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MB 81257-10 MMM
MB 81257-12 FUJITSU

MB 8125715 [l

PACKAGE DIMENSIONS

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

n||'| i '
Uk

Iy
|

%
% i

?' \

DIP-16C-C04

Wy

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

/0°~15°

.300(7.62)TYP

R.025(0.64)

REF
.284(7.21)  .313(7.95)

.302(7.67)  .325(8.26)

/

.754(19.15) ’
.788(20.02) .008(0.20)

- '——.050(1.27)MAX .014(0.36)

.200(5.08)MAX

.120(3.05)

.150(3.81)
.090(2.29) 032(0. 81) -
.110(2.79) VP .020(0.51)

.050(1.27)
700(17 78)REF o
:056(1.42) .013(0.33) Dimensions in
.062(1.52) -023(0.58) inches (millimeters)
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A MB 81257-10

FUJITSU

57-12

B 812
VA MB 81257-15

PACKAGE DIMENSIONS

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

16-LEAD PLASTIC DUAL IN-LINE PACKAGE

.026(0.66)

+0.05

(020" 555)

TYP
.263+.020
(6.68+0.51)

| .017(0.43)
i

©1989 FUNTSU LIMITED C18019S-1C

.050+.005
(1.27+0.13)

(CASE No.: DIP-16P-M03)
""" 00~ 15°
moex4. 101 M M MM
1250(6.35) .290(7.37)
1270(6.85) 1310(7.87)
R R S
748(19.0)
776(19.7) .009(0.24)
1014(0.36)
,047(1.20)
—] |=—.050(1.27)MAX Seeisor]
7 J .183(4.65)MAX
118(3.00MIN
.100(2.54) .016(0.40)
TP 023(059)  .020(0.51)MIN N
.047(1,20) inoes. tmitimetars)
1059(1.50)
Standard 18-pin Plastic LCC (Suffix: -PV)
18-LEAD PLASTIC LEADED CHIP CARRIER
(Case No. : L.CC-18P-M04) +.006 +0.15
3221+ .005 134002340 5!
(8.182£0.13) .060(1.52) MIN
e .025(0.64)MIN
o I@n — -
] | !
i L .527+.005 )
®E |NDExi 5@ (13.3&710.13) )
H— - ———-—5 .490+.003 - 468:+.020
d b (12.45+0.08) (11.89£0.51)
@ \ pa2
| n
R.030(0.75) TYP

®9:: LEAD No.
Dimensions in
inches (millimeters)
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MmB 81257-10 I
MB 81257-12 FUJITSU

8
MB 81257-15 NI

PACKAGE DIMENSIONS

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

PIN ASSIGNMENT

LEAD
No. 1

NAs CAS Ag WE Ag Ay Ay Ay

Dout Vss Djny RAS Ay Vee Ag A3\
16

Z|P-16P-MO01

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

.785(19.95) .104(2.65)
813(20.65) 1120(3.05)
.
INDEX .250(6.35)
.270(6.85) .327(8.3)
MAX
0 0
i I
.008(0.20) -118(3.0)MIN
J U .012(0.30)
.050(1.27) .016(0.40) .100(2.54)
TYP 1024(0.60) TYP

E I ” | I | | ” I ) Dimensions in

inches (millimetres)
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(W MmB 81257-10
FUJITSU MB 81257-12
[ MB 81257-15

PACKAGE DIMENSIONS

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

LCC-18C-F04

PIN NO.1 INDEX
PIN NO.1 INDEX

485(12.32)

500(12.70}
280011}
1295(7.49)

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

18-PAD CERAMIC
[

{FRIT SEAL) LEADLESS CHIP CARRIER
(CASE No.: LCC-18C-F04)

|

paonnan

[

15(2.92)

Al

MAX

R.01210.30)TYP

.......... 02510.64) (:07011.78)
Tapics f‘ TvE TV
.115(2.92)
Ve 155(3.94)
TYP
? o
1200(5.08)
| Trve g fsworye
260(6.60) /G8PLCS)
TYP B
e
,P§ML’P 145(3 68)
TP TYP
05001.27) | .|04511.14)
TVF ‘” TVP

195(4 951 TYP

Dimension in
inches (miltimeters)
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| MOS 262144-BIT
FUJITSU IR I 6]V
(I ACCESS MEMORY

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

June 1987
Edition 4.0
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 PLASTIC PACKAGE
than previous dynamic RAMs. The “CAS-before-RAS" refresh cycle is pro- DIP-18P-M03
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 PLASTIC PACKAGE
very wide. All inputs and outputs are TTL compatible. LCC-18P-M02
® 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 (trac), capacity o
100 ns max. (MB 81464-10) ® “CAS-before-RAS”, RAS-only and
120 ns max. (MB 81464-12) hidden refresh capabilit
150 ns max. (MB 81464-15) ® Read write capability Y PLASTIC Plf\ﬁ:é'?GE
® Cycle time (tgc), ® On chip latches for addresses and ZIP-20P-
200 ns min.  (MB 81464-10) DQs. DIP-18C-A01: See Page 22
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 PIN ASSIGNMENT
100 ns min.  (MB 81464-10) (Metal Seal) DIP (Suffix: -C) .
120 nsmin.  (MB81464-12) @ Standard 18-pin Plastic o Cvss
145 nsmin.  (MB 81464-15) DIP: (Suffix: -P) o] [oas
® Single +5V supply, 10% tolerance ® Standard 18 pin PLCC caz[]s Dess
Low power, (Suffix: -PD) wel) Heos
385 mW max. (MB 81464-10) ® Standard 20 pin ZIP Aas (] mEY
358 mW max. (MB 81464-12) (Suffix: -PSZ) As [ A
314 mW max. (MB 81464-15) As[] (4,
27.5 mW max. (Standby) A mES
® On chip substrate bias generator Jar
for high performance
ABSOLUTE MAXIMUM RATING (See NOTE)
Rating Symbol Value Unit b
Voltage on any pin relative to Vgg Vin: VouT -1to +7 \% 3.::
Voltage on V¢ supply relative to Vgg Vee -1 1to +7 \% g:"
s Ceramic T ~55 to +150 o pa
torage temperature Plastic STG 5510 1125
Power dissipation Pp 1.0 W A4V Ay A3
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
RATING}S(are exceede@ Functional operation should be restricted to ;;Z:‘;,a%?;gtrifa;?;gidﬁzvsgvg'?hns'i:“a%‘x:;g
the conditions as detailed in the operational sections of this data that normal precautions be taken to avoid
sheet. Exposure to absolute maximum rating conditions for extended application of any voltage higher than maxi-
periods may affect device reliability. :::JcTi,_ra'ed voltages to this high impedance
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A
Funtsy MB 81464-10

MB 81464-12
HIRHGHKTIR  mB 81464-15

Fig. 1 — MB 81464 BLOCK DIAGRAM

aET CLOCK GEN.
RAS NO. 1 WRITE
cLock  |=—we
I GEN.
CAS
p— CLOCK GEN. )
NO. 2
REF.
CONTROL ]
CcLOCK
INTERNAL
ADDRESS COLUMN BATA
COUNTER ﬂ DECODER 11 IN
BUFF.
SENSE AMPS
iLh 1/0 GATING — l_< DQ1~D04
Ag— l l ]
Ay—oI
_——
Az— « DATA
90 I o out |-
Az—] Q= a] BUFF.
et S 262,144 BIT
As— 85 8 STORAGE CELL {
3 ; 3
Ag—] g
Ag— ~———=Vec
.
A ~— Vsg
SUBSTRATE
BIAS GEN.
CAPACITANCE (1 =25°c)
Value
Parameter Symbol Unit
Typ Max
Input Capacitance Ag to A, Cini - 7 pF
Input Capacitanct RAS, CAS, WE, OE Cin2 - 10 pF
Data I/0O Capacitance (DQ1 to DQ4) Cpa - 7 pF
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mB 81464-10 MMM

MB 81464-12 FUJITSU
Mg 81464-15 [N
(Referenced to Vsg)
Value o .
Parameter Symbol Unit T perating
Min Typ Max emperature
Vee 45 5.0 5.5 \
Supply Voltage
Vss 0 0 0 v
Input High Voltage, all inputs Vin 24 - 6.5 \Y 0°C to 70°C
Input Low Voltage, all inputs except DQ ViL -2.0 — 0.8 Y
Input Low Voltage, DQ ViLp* -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.
(At recommended operating conditions unless otherwise noted.)
Value
Parameter Symbol Unit
Min Typ Max
OPERATING CURRENT* ME 81464-10 70
Average Power Supply Current MB 81464-12 leet 65 mA
(RAS, CAS cycling; tge = min) MB 81464-15 57
STANDBY CURRENT | 5.0 mA
Power Supply Current (RAS = CAS =V ) cez2 ’
REFRESH CURRENT 1* MB 81464-10 60
Average Power Supp)y Current MB 81464-12 lces 55 mA
(CAS = V,j4, RAS cycling; tge = min) MB 8146415 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 lces 60 mA
(CAS-before-RAS; tgc = min) MB 81464-15 55
INPUT LEAKAGE CURRENT any input
OV V) £5.5V,45V < Vee £5.5V, Vgg =0V, hw) -10 10 uA
all other pins not under test = 0V)
OUTPUT LEAKAGE CURRENT | _10 10 uA
(Data out is disabled, 0 V £ Vo1 £5.5 V) pa(L)
OUTPUT LEVEL
V, Vv
Output High Voltage (loy = 5 mA) oH 24
OUTPUT LEVEL
4 \Y
Output Low Voltage (Lo, = 4.2 mA) VoL 0

lcc is dependent on output loading and cycle rates. Specified values are obtained with the output open.
Icc is dependent on input low voltage level V| p, V| p > -0.5 V.
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AN pme 81464-10
FUJITSU

MB 81464-12
UMW - me 81464-15

AC CHARACTERISTICS

(At recommended operating conditions unless otherwise noted.) NEREEFE]

MB 81464-10 MB 81464-12 MB 81464-15 )
Parameter Symbol Min Max Min Max Min Max untt
Time between Refresh tReEF 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 tec 100 120 145 ns
_FI’_?rg:eMode Read-Modify-Write Cycle torwe 170 195 295 ns
Access Time from RAS B | trac 100 120 150 ns
Access Time from CAS tecac 50 60 75 ns
Output Buffer Turn Off Delay torF 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
?AA; Isczr(flztirsgegltn;;ge mode) tepn 30 32 35 ns
CAS Pulse Width tcas 50 100000 | 60 100000 | 75 100000 ns
CAS Hold Time tesh 100 120 150 ns
RAS to CAS Delay Time 7]8] treo 20 50 22 60 25 75 ns
CAS to RAS Set Up Time tcrs 10 10 10 ns
Row Address Set Up Time tasR 0 0 0 ns
Row Address Hold Time tRAH 10 12 15 ns
Column Address Set Up Time tasc 0 0 o] ns
Column Address Hold Time tcaH 15 20 25 ns
Read Command Set Up Time trcs 0 0 0 ns
ot Command H99Tme g | oy | 10 s 20 -
R Aga T e | o : : :
Write Command Set Up Time M | twes -5 -5 -5 ns
Write Command Hold Time tweH 25 30 35 ns
Write Command Pulse Width twp 25 30 35 ns
Write Command to. RAS Lead Time tRwL 35 40 45 ns
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MB 81464.-10 I
MB 81464-12 FUJITSU
MB 81464-15 [l

AC CHARACTERISTICS (cont’d)

(At recommended operating conditions unless otherwise noted.)

MB 81464-10 MB 81464-12 MB 81464-15
Parameter Symbol Unit
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 0 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) trch 20 25 30 ns
RAS Precharge to CAS Hold Time
(Refresh cycles) taec 10 10 10 ns
CAS Precharge Time
(CAS-before-RAS cycles) terr 30 30 30 ns
OE to RAS in active Set Up Time toes 0 0 0 ns
D,n to CAS Delay Time toze 0 0 0 ns
D,y to OE Delay Time tpzo 0 0 0 ns
Refresh Counter Test Cycle Time trTC 375 430 505 ns !
Refresh Counter Test Cycle
— t
RAS Pulse Width TRAS 285 10000 330 10000 395 10000 ns
Refresh Counter Test CAS
12 t 50 60 70
Precharge Time 12 crT ns
Notes: . .
Bl 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.

Operation within the tgcp (max) limit insures that
trac (max) can be met. tgcp (max) is specified as a
reference point only; if tgep is greater than the speci-

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. fied tgcp (max) limit, then access time is controlled
Viy (min) and V,_ (max) are reference levels for meas- exclusively by tcac-
uring timing of input signals. Also, transition times are B tgco (min) = tran (Min) + 2ty (tr =5 ns) + tagc (min)
measured between V (min) and V,_ (max). BB Either tgpy or trey must be satisfied for a read cycle.
Assumes that tgep < trep (max). If tgep is greater twes 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 tgy or tow specification.
Assumes that tgep = trep (mMax). Either tpz¢ or tpro Must be satisfied for all cycles.

Refresh Counter Test Cycle only.
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N
FUJITSU MB 81

81464-1
IRIANEWED - mB 81464-15

MB 81464-12

Read Cycle
tRc
— tRAS:
RAS ! / N\
tesH I 2 —
tRcD TRSH
tcas
CAS N\ N\ / /
tASR tRAH tasc tcAH tePN
|amr
Vg ! ROW g COLUMN
ADDRESSES v.,_—% ADDREss X ADDRESS
WE
tRAC
pa N GH.2. VALID )
(OUTPUT) HIGH-2 =\ DATA OUT ) HIGH-2:
tpzc TOEA |—m] -
paQ OEZ
(INPUT) HIGH-Z:
tbzo ——
OE
Write Cycle (Early Write)
OE: Don't care
tre -
tRAS \
— V-
RAS IH
\( \___
tcsH Tren tRp—=|
tRCD tcas
CAS \ \
t tRAH tasc teeN
ASR }‘5 ASC tean

ROW

v
ADDRESSES ADDRESS

COLUMN
\ ADDRESS

twes
=

WE
pa e VALID
(INPUT) A DATA IN
[o]o Vou— "
HIGH-Z
(ouTPUT)

Don’t Care
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mB 81464-10  HIMIMAMNIH
464-12 FUJITSU

MB 81
MB 81464-15  [[{HHIHAIIY

OE Write Cycle
tRC
RAS ViH— \ tRA F
ViLtm
CRS T
I~ trco CSH tcas tRP
RSH
—_— Vig—3
CAS H }
Vn_‘@_- \\ // te—tCPN
ADDRESSES
WE
DQ VALID
(INPUT) DATA IN
[5%e} Von—
(OUTPUT) v HIGH-Z
oEH
OE
Don‘t care
Read-Modify-Write Cycle
tRWC
J— — RAS
s T . N_
' tcRs tesH— " tRp
e tRCD: CAS e ‘
— Vi — X
CAS H % \\ // ——
Vi tRaH  tasc Fr—tceN
TASR bee] ] f fme] tcAH
ADDRESSES V1M~
Vil
WE Vin
Vi
DQ
(INPUT)
DQ
(OUTPUT)
OE

Note: 1) When OE is kept high through a cycle, the DQ pins are kept high-Z state.
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IR - me 81464-10
FUJITSU 4

MB 81464-12
WA - MB 81464-15

Page Mode Read Cycle

RA

e tcs H—]

tpc

0O
>
iy

tRAH

AN

ASC

et tcAH

=i

tCas / \N——‘CASj 1

tcaH

ADDRESSES *'"
Vi

\% COLUMN COLUMN
ADDRESSES V:t‘_ AuﬁucmssMADDRESS ADDRESS
tRcs
fret— t et i
RCH treH
WE
- F—-tpzc
ba HIGH-2 e i —
(INPUT) TopalIGH-Z
AC o] bt
p tcac OFF
pa Vou~, ) {VALD o:::GH z VALID }H,GH_;CAC VAL HIGH.Z
(OUTPUT) Vo~ HIGH-Z QL oata - DATA DATA -
N oez 0EA t10EZ
OEA I toE 1
toEA O D OED
OF Vin-
Vie
Don’t Care
Page Mode Write Cycle
(OE=Don't Care)
—— tRAS
AAS MisH
ViL
— Vin—
CAS H

. Vin-
We Vi
pa Viw—
(INPUT) v,
1o} Vo~
(OUTPUT) Vo™

Don’t Care
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mB 81464-10  MIIMNIIT
FUJITSU

MB 81464-12
MB 81464-15  [HHIHHMMRHHI

Page Mode OE Write Cycle

RAS

A
ADDRESSES

Da
(INPUT)

DQ
(OUTPUT)

Don’t Care
4 INVALID DATA

.

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

1-57



WANIEAAR  mp 81464.- o
FUJITSU

MB 81464-1
KA - mB 81464- 5

Page Mode Read Modify-Write Cycle
— tRAS
RAS Vin
Vi
— Vi~
CAS tH
Vi~
Vin—
ADDRESSES
Vie-
WE
Da Y
(INPUT) TATA
DQ
(OUTPUT)
OE
Don’t Care
AS-Only Refresh Cycle
(WE, OE=Don't Care)
tRe
RAS
ADDRESSES
CAS
[o]e] Vou~ N .
(OUTPUT)  vg, - ? 1IGH-Z
Don’t Care
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mB 81464-10 MMM
FUJITSU

MB 81464-12
MB 81464-15 NI

CAS-before-RAS Refresh Cycle
NOTE: Addresses, WE, OE = Don't care
tRC
tRp
tRAS {
RAS ViH~ h / h
Vi
tepr
=5 VuH‘i ;
CAS
Vi
[o]e] Vou~ HIGH-Z
(OUTPUT)  vg -
m Don’t care
Hidden Refresh Cycle
tRC tRc
1 1 4 |
RAS \ RAS \
J— Ve N
RAS IH
Vi — \ JZ<_tHP_>NK——JZL7tRp_.\_
crs
- | tRCD et RG] teeH |
CAS VinT N
Vil tRAH
tasc | tcAH
— ] I‘—
Vin~ ROW COLUMN
ADDRESSES |, - aobhtss K SODAESS
[ tres
WE
f—
[o]e} Vou, HIGH-Z { VALID DATA OUT —
(OUTPUT) v, -~ - 3
loez
toea c
— Vg~
OE
Vi~
pa Vin~ HIGH-Z
(INPUT) Vi
23] Don’t care
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MB 81464-10

FUJITSU 464-12
U - mB 8146415
Refresh Counter Test Cycle
" tRTC

=iE Viu— TRAS |
RAS

Vyy — N

"t 'FeS| lmtrcpy tcpT trsH ’ZLt
s Vin— T tcas - e
CAS Vi~ N B ;
tASC| fea—1tc AHA._|
g IS

Vig— -

ADDRESSES v::— X coLumn AppREss X
tres <——] :i?ghﬂ
ez 7 )
-
1
ba v 1 tDS—=—] — Wt’;:——l
(INPUT) v:':— }——Hl(sH-z-—pi VALID DATA IN
t ' toED
ba OH™, VALID . L
HIGH-Z 1IGH-Z:

(OUTPUT) v — to70 tOEAj‘ DATAY orn

v |———-—- toEz
oF IH a— /I‘ -

ViL— N

D Don‘t Care

DESCRIPTION

Address Inputs:

A total of sixteen binary input address
bits are required to decode parallel 4
bits of 262,144 storage cell locations
within the MB 81464.

Eight row-address bits are established on
the input pins (Ag through A;) and
latched with the Row Address Strobe
(RAS). The eight column-address bits
are established on the input pins (Ag
through A;) 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
(tgan) specification has been satisfied
and the address inputs have been
changed from row-addresses to column-
addresses.

1-60

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 tggp 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 with a 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 ﬁ,
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 toep.

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 offers an alternate re-
fresh method. If CAS is held low for
the specified period (tecg) 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 81464-15

CAS goes to high and goes to low again
while RAS is held fow, 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 — All bits are
defined by the refresh counter.

*A COLUMN ADDRESS — All the bits
Ao to A, are defined by latching
levels on A to A, 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 256 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 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 256 locations.

6) Complement the test pattern and
repeat step 3), 4) and 5).
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Fig. 2 — CURRENT WAVEFORM (Vge =55V, Ta =25°C)

Read/Write Cycle

Long Cycle
RAS / S
CAS \ S \
OFE
I
£
9
S
; A N\ A \
N v NN\ LT\ \
50 ns/Division
Page Mode Cycle RAS only Refresh Cycle CAS-before-AAS Refresh Cycle
RAS / \
CAS M\ /
3
2
£
9
I
Al l \ AN \ A/ A
v v \
AL N\ AW

50 ns/Division
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TYPICAL CHARACTERISTICS CURVES

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

lcct1. OPERATING CURRENT (mA)

Fig. 3 — NORMALIZED ACCESS TIME
vs. SUPPLY VOLTAGE
1.3

—

Ta=25°C
1.2
1.1
1.0 \

\\
0.9 <
0.8
2.0 5.0 6.0

Vce, SUPPLY VOLTAGE (V)

Fig. 5 — OPERATING CURRENT
vs. CYCLE RATE

60 Ta=25°C
Ve = 6.5V

s0l.VcC

40

30 /

20 /I

10

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

Fig. 7 — OPERATING CURRENT
vs. AMBIENT TEMPERATURE

80[v =55V

70 trc =230 ns

60

50

40

30

20

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

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

Icc2, STANDBY CURRENT (mA)

MB 81464-10  MIIINIHIIIN
FUJITSU

4-12
ME 8146415 I

Fig. 4 — NORMALIZED ACCESS TIME
vs. AMBIENT TEMPERATURE

13—
Vee = 5.0V
1.2
1.1
1.0
0o ///
0.8

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

Fig. 6 — OPERATING CURRENT
vs. SUPPLY VOLTAGE

d FONSP Y
70 tRc = 230ns
60
50 /
l/
40 -
T
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

Vce, SUPPLY VOLTAGE (V)
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Fig. 9 — STANDBY CURRENT Fig. 10 — REFRESH CURRENT 1
vs. AMBIENT TEMPERATURE vs. CYCLE RATE
_ T 2 801 = 25°¢
< Vec =55V € Vee =55V
£ 5 Z 50
-
: :
g 4 E 40
3 — 3
3| - F—] O 30
& xI
@ 17
2]
z E 20 //
% T 7
g 1 5 10
Ry 8
=20 0 20 40 60 80 100 0 1 2 3 4 5
Ta. AMBIENT TEMPERATURE (°C) I/trc, CYCLE RATE (MHz)
Fig. 11 — REFRESH CURRENT 1 Fig. 12 — PAGE MODE CURRENT
vs. SUPPLY VOLTAGE vs. CYCLE RATE
1 = 6 5
< 80TA=2?C < O[Ta-25°C
f 20LtRe = 230ns = ol Ve 5.5V
Z
= w
L% 60 % 40
£ 3
S 50 g 3%
: —
T 40 w 20
£ 30 — & 10 -
L ©
2 4.0 5.0 6.0 0 2 4 6 8 10
Vee, SUPPLY VOLTAGE I/tpe, CYCLE RATE (MHz)
Fig. 13 — PAGE MODE CURRENT Fig. 14 — REFRESH CURRENT 2
vs. CYCLE RATE vs. CYCLE RATE
= 60 = . 60 —
‘é Ta=26°C <Et TA=25CV
E 5ol tRC= 120ns < 50 Vce =565
w [
P4
£ 40 o 40 ///
2 o
o z /
§ 30 ; 30 ///
> 2 —| 4 5 y
w
w
£ 8 -
. 10 .10
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Q [&]
L oo i3]
40 5.0 6.0 0 1 2 3 4 5
Vee, SUPPLY VOLTAGE (V) I/tgc, CYCLE RATE (MHz)
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Fig. 15 — REFRESH CURRENT 2 Fig. 16 — ADDRESS AND DATA INPUT
vs. SUPPLY VOLTAGE VOLTAGE vs. SUPPLY VOLTAGE
. 80 y < 3.0 T
2 Ta=25°C 2 Ta=25°C
£ tre =230 ns a A
70
o~ o —
= z =
z )
w60 @ 5 2.0 Vi (Min)—
c w < |
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o 50 g )
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o 40 e 4510
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© 30p - feT] Ea
8 <
L 20 B
4.0 5.0 6.0 > 4.0 5.0 6.0
Vee, 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 " VOLTAGE vs. SUPPLY VOLTAGE
< 30 T B 30 T
= Vee =5.0V ] Ta=25°C
o <
o= w S
z 2 lg < Vi (Min) L1
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v
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53 95
a3 Vi (Max) = >
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z Z
I 0 s
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Fig. 19 — RAS, CAS, WE AND OE INPUT Fig. 20 — ACCESS TIME
VOLTAGE vs. AMBIENT TEMPERATURE vs. LOAD CAPACITANCE
w
S 3.0V T BT, 225°C
cc o =4,
<z( B | E 20 Vee 5V
w > -
'Eh =20 1 (Min) L s
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I
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o = w 10
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Fig. 21 — OUTPUT CURRENT Fig. 22 — QUTPUT CURRENT
vs. OUTPUT VOLTAGE vs. OUTPUT VOLTAGE
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_ Fig.23 — SUBSTRATE VOLTAGE Fig. 24 — CURRENT WAVEFORM
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PACKAGE DIMENSIONS

(Suffix: -P)
18 LEAD PLASTIC DUAL-IN-LINE PACKAGE
(CASE No.: DIP-18P-M03) J—
e O e B e B i W e B e B W . 15" ax
INDEX-1

INDEX-2 .260£.010 .300+.010
(6.60+0.25) (7.62+0.25)
( j (EJECTOR MARK)

FRELV LT R RN R P N BN - -

+.008 +0.20 .010£.002
'868—.018(22'05-—0,45) (0.25+0.05)

+.012 +0.30

.049(1.25) 0475 "11.20757)

T [ TAx ]
[ |

] .197(5.00)MAX

( .118(3.0)MIN

+.012 I
.100{2.54) 047 % .020(0.51)MIN

TYP +0.30
(1-20_57) 018008 0 cr0.14)
: -.002 *7""Y-0.05

Dimensions in
© FUJITSU LIMITED1985 D18011S-2C inches (millimeters)
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NI - mB 81464-15

PACKAGE DIMENSIONS

(Suffix: -PD)

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

+.002 +0.05
.00870°8(0.20" 005

R.030(0.76)TYP

f o B B |

O 1
.490+.003 .017(0.43)
(12.4510.08)E i L TYP
527:.005 0 H
(13.39+0.13) [w u} [ .026(0.65)
B N TYP

R 0y I Ry Gy o |

286,003 _ ] | oz0t051 .050(1.27)

(7.24+0.08) MIN

TYP
| - .322:.005 .060(1.562)
(8.18+0.13) MIN
+.006 , ,+0.15
1347 0053470 05)

©FUJITSU LIMITED 1986 C18016S-3C
Dimensions in
inches (millimeters)
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MB 81464-15 [l

PACKAGE DIMENSIONS

(Suffix: -PSZ)

(TOP VIEW)

CAS Vss DQ; WE NC. As As A7 Ay Ao

201 41 611 8nh 101 1211 1411 1611 181 20.”.%

T1CITIALICICICIACICACITILICICICICLICACIND
61 30 5 70 9b 11y 13 154 175 194
DQ3 DQs OE DQz RAS NC. As Vec Az Aq

20-LEAD PLASTIC ZIGZAG-IN-LINE PACKAGE
(CASE NO.: ZIP-20P-M01)

.112:.008
— 008 +0.12 (2.85:0.2)
——1.019"9% 25,88 312
INDEX .260+.010
©.60:095) 325(8.26)MAX

| Nl .010+.002
J J (0.25:0.05) .118(3.0IMIN
U U |
-050(1.27)TYP .020+.004 .100(2.54)TYP

(0.50+0.10)

T

e

©FUJITSU LIMITED1986 Z20001S-3C

Dimensions in
inches (millimeters)
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PACKAGE DIMENSIONS

(Suffix: -C)
DIP-18C-A01
18-LEAD CERAMIC (METAL SEAL) DUAL IN-LINE PACKAGE
(CASE No.: DIP-18C-A01)
__—="__ 0°to9°
+.008
293010 ,300:.010
INDEX AREA (7A5f8§g)‘752*°29
.900%.010 010+-004
(22.8610.25) K . '-%020
+0.1
(0.2573:00)
——-‘ ,055(1.40)MAX
[ ]
1
i 200(5.08)MAX
1342018 (6.40704)
.100+.010 .032(0.81) 1035:.015
(2.5420.25) REF .J L— (0.89:0.38)
.800(20.32)REF (;5‘ 013
.050£.010 018709%(0.4670- 13,
(1.2720.25) (=003 008 .
O©FUJITSU LIMITED 1987 D18014S-4C iDnI;er‘s(I:’i?lslilr:eters)
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CMOS DRAMs — At a Glance

Section 2

Maximum
Access Package
Page  Device Time (ns) Capacity Options
2-3 MB81C258-10 100 262144 bits 16-pin Plastic DIP
-12 120 (262144w x 1b) 18-pin Plastic LCC
-15 150
2-25 MB81C466-10 100 262144 bits 18-pin Plastic DIP
-12 120 (65536w x 4b) 18-pin Ceramic DIP
-15 150 20-pin Plastic  ZIP
2-41 MB81C1000-70 70 1048576 bits 18-pin Plastic DIP
-80 80 (1048576w x 1b) 18-pin Ceramic DIP
-10 100 20-pin Plastic  ZIP
-12 120 26-pin Plastic LCC
2-61 MB81C1000A-60 60 1048576 bits 18-pin Plastic DIP
-80 80 (1048576w x 1b) 18-pin Ceramic DIP
-10 100 20-pin Plastic ZIP
26-pin Plastic LCC
2-63 MB81C1001-70 70 1048576 bits 18-pin Plastic DIP
-80 80 (1048576w x 1b) 18-pin Ceramic DIP
-10 100 20-pin Plastic  ZIP
-12 120 26-pin Plastic LCC
2-83 MB81C1001A-60 60 1048576 bits 18-pin Plastic DIP
-80 80 (1048576w x 1b) 18-pin Ceramic DIP
-10 100 20-pin Plastic  ZIP
26-pin Plastic LCC
2-85 MB81C1002-70 70 1048576 bits 18-pin Plastic  DIP
-80 80 (1048576w x 1b) 18-pin Ceramic DIP
-10 100 20-pin Plastic  ZIP
-12 120 26-pin Plastic LCC
2-109  MB81C1002A-60 60 1048576 bits 18-pin Plastic DIP
-80 80 (1048576w x 1b) 18-pin Ceramic DIP
-10 100 20-pin Plastic  ZIP
26-pin Plastic LCC
2-111 MB81C4256-70 60 1048576 bits 20-pin Plastic  DIP
-80 80 (262144w x 4b) 20-pin Ceramic DIP, ZIP
-10 100 26-pin Plastic LCC
-12 120
2-135 MB81C4256A-60 60 1048576 bits 20-pin Plastic  DIP, ZIP
-80 80 (262144w x 4b) 20-pin  Ceramic DIP
-10 100 26-pin Plastic LCC
2-137 MB81C4257-85 85 1048576 bits 20-pin Plastic DIP.ZIP
-10 100 (262144w x 4b) 20-pin Ceramic DIP
-12 120 26-pin Plastic LCC
2-161 MB81C4258-70 70 1048576 bits 20-pin Plastic  DIP, ZIP
-80 80 (262144w x 4b) 20-pin Ceramic DIP
-10 100 26-pin Plastic LCC
-12 120
2-185 MB81C4258A-60 60 1048576 bits 20-pin Plastic  DIP, ZIP
-80 80 (262144w x 4b) 20-pin Ceramic DIP
-10 100 26-pin Plastc LCC
2-187 MB814100 -80 80 4194304 bits 18-pin Plastic DIP
-10 100 (4194304w x 1b) 20-pin Plastic ZIP
-12 120 26-pin Plastic LCC
2-207  MB814400-80 80 4194304 bits 20-pin Plastic  DIP, ZIP
-10 100 (1048576 x 4b) 26-pin Plastic LCC
-12 120
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262,144 x 1 BIT CMOS STATIC COLUMN DYNAMIC RAM

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
CMOS circuit dissipates very small power, it can be easily used in battery
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 ® Low 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 (tgrac), 11 mW max. (TTL level input)
100 ns max. (MB 81C258-10) 1.65 mW max. (CMOS level input)
120 ns max. (MB 81C258-12) ® Single 5V supply, £10% tolerance
150 ns max. (MB 81C258-15) ® 32 ms/256 refresh cycles

262144 BIT CMOS
FUJITSU gacyrivenee RV
DYNAMIC RAM

® Random Cycle Time (trc),
200 ns min. (MB 81C258-10)
230 ns min. (MB 81C258-12)
260 ns min. (MB 81C258-15)

® Address Access Time (taa),
45 ns max. (MB 81C258-10)
55 ns max. (MB 81C258-12)

RAS-Only, CAS-before-RAS, and
Hidden refresh capability
Standard 16-pin Plastic DIP
(Suffix: -P)

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

70 ns max. (MB 81C258-15)
e Static Mode Cycle Time (tgc),
50 ns min. (MB 81C258-10)
60 ns min. (MB 81C258-12)
75 ns min. (MB 81C258-15)

ABSOLUTE MAXIMUM RATINGS

Rating Symbol Value Unit
Voltage on any pin relative to Vgg Vin. Vour -1t0+7 \%
Voltage on V¢ relative to Vgg Vee -1 to+7 \Y
Storage Temperature Tsta -55to +125 °c
Power Dissipation Po 1.0 w
Short Circuit output current 50 mA

MB81C258-10
MB81C258-12
MB81C258-15

October 1988
Edition 3.0

PLASTIC PACKAGE
DIP-16P-M03

PLASTIC PACKAGE
LCC-18P-M04

PIN ASSIGNMENT

Ag[]1 ~ 16[] vgs
Din(] 2 15[] CAS
we[] 3 147 ooyt
RAS[]4  top 13[JAs

Aoll5  view 12[]Ag

Az2[]s 1] A

A7 10[] As
Vee [ 8 914,

O AnVes TS

WEL]3 16{]00ur
RAS[Ja 1s0Ag
NC.[s  ToPvIEW 1afInc
Aolle 13[0A;
A20]7 1203A4

8 9 10 11
-

oog
Ay Vee Az A

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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IWRERILANNG - mB 81C258-10
FUJITSU  MB81C258-12

HRNEMIN - mB81C258-15

Fig. 1 — BLOCK DIAGRAM
BAS CLOCK _
RAS WRITE p=——TWE
GEN. 1 Clock
GEN. }=—
] ]
+—CAS
cLock
GEN. 2
Ao —
A —N — DATA
b V{coLumn COLUMN IN Din
ADD. DECODER BUFFER
Az —— BUFFER
SENSE AMP. &
1/0 GATE ——
Ag —=]
{ .« o s {
Ag—u)
Ag —]
® ROW *
ADD. ROwW | 262,144 BIT
Ag —= BUFFER DEC. STORAGE CELL DATA |
. l~ out
A BUFFER [—Pour
7 ™ -
Ag —=|
SUBSTRATE - Vee
BIAS GEN. v
- ss
CAPACITANCE (T4 = 25°C, t = 1 MH2)
Parameter Symbol Typ Max Unit
Input Capacitance, Ag to Ag and D)y Cing — 7 pF
Input Capacitance, RAS, CAS, WE Cinz - 10 pF
Output Capacitance, Doyt Cout - 7 pF
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MB 81¢258-10 MMM
MB81C258-12 FUJITSU

MB81C258-15 il
RECOMMENDED OPERATING CONDITIONS
(Referenced to Vgg)
. . Operating
Parameter Symbol Min Typ Max Unit Temperature
Vee 45 5.0 5.5
Supply Voltage Ves 0 0 0 \
] o
Input High Voltage, all inputs Viy 2.4 = 6.5 \ 0°Cto+70°C
Input Low Voltage, all inputs VL -1.0 - 0.8 \

DC CHARACTERISTICS

(At recommended operating conditions unless otherwise noted)

Values
Parameter Conditions Symbol Unit
Min Max
MB81C258-10 J— - 60
Operating Current® CAS =V,_orV,
(Average power MB81C258-12 RAS cycling; lcer - 50 mA
supply current) trc = min
MB81C258-15 - 45
Standby Current TTL level RAS=CAS =V 4 - 2.0
(Power supply leea mA
current) CMOS level RAS = CAS 2 V¢ -0:2V - 0.3
MB81C258-10 — 40
Static Mode RAS=CAS=V,_,
Current™ WB81C25812 RAS cycling; tsc = min. leca — 35 mA
MB81C268-15 — 30
C_A§~before-ﬁ—€ MB81C258-10 RS oycling - 55
Refresh Current — [
(Average power MB81C258-12 tCAS—befjsre-RAS, lcca - 45 mA
=min
current) MB81C258-15 Re - 40
oV V) £55Y,
Vee =5.5V,
input Leakage Current Ves = 0V; pins not i) -10 10
under test = OV uA
ov g VOUT g 5.5V;
QOutput Leakage Current Data out disabled lo() -10 10
Output High Voltage lop =-5mA Von 2.4 -
\
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.
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FUJITSU MB81C258-12
UMMM - mB 81€258-15

AC CHARACTERISTICS

(At Recommended operating conditions unless otherwise noted) [PTTYMF]

Parameter Symbol MB 81C258-10 MB 81C258-12 MB 81C258-15 Unit
Min Max Min Max Min Max

Time Between Refresh tReF - 32 - 32 - 32 ms
Random Read/Write Cycle Time tre 200 - 230 - 260 - ns
Read-Modify-Write Cycle Time tRwe 245 - 285 - 325 - ns
Access Time from RAS B | trac - 100 - 120 - 150 ns
Access Time from CAS teac — 25 - 30 - 35 ns
Output Buffer Turn off Delay Time torr 0 25 0 25 0 30 ns
Transition Time tr 3 50 3 50 3 50 ns
Column Address Access Time [4)5] taa — 45 - 55 - 70 ns
23;?::511<;I3n;;me from Column trom 5 _ 5 _ 5 _ s
Access Time from WE Precharge twpA - 25 - 30 - 35 ns
Cv(;ic::s Time Relative to last a taLw _ % _ 110 _ 140 ns
Write Latched Data Hold Time twoH 0 - 0 - 0 - ns
RAS Precharge Time trp 90 - 100 - 100 - ns
RAS Pulse Width tras 65 100000 | 75 100000 | 95 100000 | ns
RAS Hold Time tRsH 25 - 30 - 35 ns
CAS Pulse Width (Read) teas 25 100000 | 30 100000 | 35 100000 | s
CAS Pulse Width (Write) teas 15 100000 20 100000 25 100000 ns
CAS Hold Time (Read) tesh 100 - 120 - 150 - ns
CAS Hold Time (Write) tesh 80 - 95 - 115 - ns
RAS to CAS Delay Time taeo 25 75 25 90 30 115 ns
CAS to RAS Set Up Time teRs 20 - 25 - 30 - ns
Row Address Set Up Time tasR 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
_F:iﬁseto Column Address Delay am traD 20 55 20 65 25 80 ns
%‘;L‘;:’r“ c":dt‘i’%“'d Time tan 100 - 120 - 150 - ns
I s o i v w0 | e | - e | -]
Read Address to RAS Lead Time tRAL 45 - 55 - 70 - ns
o e @ |t | % | - | | - | ™ | - |




MB81C258-10  HlHHIiHHimIIm
MB81C258-12 FUJITSU
MB81C258-15 |l

AC CHARACTERISTICS (Cont’d)

(At Recommended operating conditions unless otherwise noted) [NIXCTIAFA
MB 81C258-10 MB 81C258-12 MB 81C258-15

Parameter INOTES] Symbol Unit
Y Min Max Min Max Min Max
Last Write to Column Address
112 t 45 2 55 25 70
Delay Time 12 LWAD 20 0 ns
Column Address Hold Time
90 — 110 — 140 -
Referenced to Last Write taHLw ns
Read Command Set Up Time _
Referenced to CAS tres 0 - 0 - 0 ns
Read Command Hold Time _
Referenced to RAS tRAn 10 - 10 - 10 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 twen 15 - 20 - 25 - ns
Write Command to RAS Lead _
Time tRwL 25 - 30 - 35 ns
Write Command to CAS Lead
_ 0 — —
Time towL 25 3 35 ns
RAS to WE Delay Time tRwo 100 - 120 - 150 - ns
CAS to WE Delay Time tewo 25 - 30 - 35 - ns
Column Address to WE Delay
4 _ — _
Time tawD 5 55 70 ns
RAS to Second Write Delay
Time tRSWD 105 - 125 - 155 - ns
Write Command Hold Time
Referenced to RAS twer 8 - 98 115 ns
RAS Precharge Time from Last _ _
Write tRPLW 1356 — 155 165 ns
Write Set Up Time for Output _ _ _
Disable o tws 0 0 0 ns
Write Hold Time for Output _ _ _
Disable twh 0 0 0 ns
Dyn Set Up Time tps 0 - 0 - 0 - ns
Dy Hold Time toH 20 - 25 - 30 - ns
D,y Hold Time Reference to
RITNS tonR 80 - 90 - 110 - ns
Refresh Set Up Time for CAS
Referenced to RAS trcs 20 - 25 - 30 - ns
(CAS-before-RAS cycle)
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MB81C258-12
MW - mB81C258-15

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 tecH 20 - 25 - 30 - ns
(CAS-before-RAS cycle)
CAS Precharge Time
(CAS-before-RAS cycle) tepr 2 - % - 30 - ns
RAS Precharge Time to CAS
Active Time (Refresh cycles) tapc 20 - 20 - 20 - ns
Static Mode Read/Write Cycle
Time tsc 50 B 60 - 5 - ns
Static Mode Read-Modify-
— 1 _ -
Write Cycle Time tsrwe 95 15 145 ns
Static Mode CAS Precharge
Time tep 15 - 20 - 25 - ns
Refresh Counter Test Cycle
Time taTe 440 - 520 - 610 - ns
Refresh Counter Test RAS 340 100 4
Pulse Width tTRAS 00 10 10000 500 10000 ns
Refresh Counter Test CAS
Precharge Time tepr 50 B 60 - 70 - ns
Refresh Counter Test CAS to N _ 100 _ 2 _
Col. Address Delay Time CADT 120 150 ns
Refresh Counter Test Access N _ 135 _ _
Time from CAS CACT 165 205 ns
Refresh Counter Test CAS
to WE Delay Time tewoT 135 165 - 205 - ns

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 t1 =5ns, V|y =0V to 3V, V| = 24V,
V| =08V, Voy =24V, and Vo =04V.

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

A Assumes that tgap > tRap (Max).

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

A Assumes that t_ wap < tLwap (max). If t_ wap is greater than
the maximum recommended value shown in this table, ta _yw will
be increased by the amount that t|_ yap exceeds the value shown.

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 tgap (max) limit, then
access time is controlled by taa-

El trap (min) =tgap (min) + t (ty =5ns)
taAHR is specified to latch column address by the rising edge of
RAS.

Operation within the t wap (max) limit insures that tayw (max)

can be met. t_ wap (max) is specified as a reference point only;

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

tLwap (min) = tcay (min) + t (ty = 6ns).

Either tgrH OF trcH Must be satisfied for a read cycle.

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

CAS-before-RAS refresh counter test cycle only.




MmB81c258-10 NI
MB81C258-12 FUJITSU

MmB81c258-15 MM
Read Cycle
tRc
o tRAS
RAS V| ey
i \ -
tcRS R tesH N tRP
~—tRcD RSH
1,
J— V- CAS
CAS VS tRAH A taun
tAR
&i,—tm"' ~_tRaL
ADDRESSES YIH™ o COLUMN
vt X row XN —C
— Htncs I B it
we we T teac -~
! taAA: ——{ |=—toFF
L—vtRAc‘—-—————

DouT Vou~, HIGH-Z { VALID HIGH-Z

Vor~
D Don’t Care

*; If thap = trap (Max), access time is tan.

Write Cycle (WE Controlled)

tRC
tRAS
RAS VlH:——'_’g l
s \_
o J—— trp
tcrs P tcsH . RP
[ iat-lal
JE— tcas
CAS Vin- 1
Vil™ tRAH /
taASR | = AW tewL——e]
ADDRESSES \\;m: ROW X' X COLUMN ‘
I8
tRWL d
twer
t L i B
. tasc—— H CAH twH
WE \ twp- /
1H-
i —
RPLW
tos—| -:'—(DH-—-‘ o
1DHR
Din ylnH: i VALIDE
n -——I
f=—toFF
_ —
DouT Vou~ HIGH-z { INVALID
Vou

Don’t Care

=, Write Cycle only.
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UKD - mB 81C258-10
FUJITSU MB81C258-12
IR - mB 81C258-15

Write Cycle (CAS Controlled)

tRC
TRAS
RAS V| —y
IH
Ve A N
tcas tcsH TRp
tRCD tRSH
Vi F—tcAs—=
CAS H_ TRAH
Viem — BAH sct2
'ASﬂ
= TAWR
ADDRESSES \\;m: o row X X COLUMN K
I
twer
_ Vg — -
WE WH ol LN
Vi - - ‘T
tpSla—ai| toH
tDHR
AV ——— T——
Din VR 000 i 5 VALID
Viu SRR,
Von- .
DouT VoL~ HIGH-Z
Don‘t Care
*1; If tws > tws (min) and twy > twy (Min), Doyt is high-Z.
*2; Write Cycle only.
Read-Modify-Write Cycle
tRWC
N tRAS
RAS v ey
=
| / -
tcRrs tcsH tRpP——e]
—trCcD RSH
—— Vo= tcas
CAS H \
ViL tRAH
tasr| =1 tRWL
=1 f=tRAD: tAwWD i tewL ——
Vpy—
ADDRESSESV:’L‘_ X row COLUMN e e
tcwo——ﬁ =tCAH— {
tRCS — L-— : TRPLW
f— - =—twp—=i G
WE Yz T e 4 \ [
ViL - o
tRWD
Din ylm: T L TH e i
[N
l—'tCAC-" | —*l-_‘*tm:s
tAA——]
tRAC tWoH~—=
Vou™ HIGH. HIGH-Z
DouT vars HIGH-Z: VALIL * G

Don’t Care

*, Invalid Data

2-10



MB81C258-10 I
MB81C258-12 FUJITSU

MB81C258-15 MMM

Static Mode Read Cycle
TRC
tRAS
RAS VlH—- .—.-——..—-.-..—.,s a
Vi~ ()«) \
tcrs tcsH e tRp——|
AR fe——tCp—— e t RS H—e]
~tRcD tcas tcAS
CAS le— —; \ ( 5._12 | E—
- t
tASR}e= RAR tsc tsc tRAL
tRAH—— = tAHR— |=—
Vin— { ¢
ADDRESSES /"~ XrowX X coLumN 1 COLLMN 2 coluMn N X
{
tRCs , - =t
tp:tcs|---—l tRCH — |~ H tranl RCH
j— Vin- - {
WE Vi~ : L tcac tan ) . tcac
tAA o] taoH i‘AA—"
tRAC —=] ] f— —! |=1OFF —{ |=1OFF
Von- ¢
Dourt Vo HIGH-Z g vaLip K- X VALID J—HIGHz—L __ VALID  p——
D Don’t Care
*: Invalid Data.
Static Mode Write Cycle
tRC
tRAS
RAS Vig- — )
V:E— tct=<ss 4§ -
— - —— — tRP —ei
CSHE g™ 1CP tcas cp tRSH RP
—~trcD tcas
— Vi (
CAS VIH_ z‘ N \—\ /—
" tAsR—— (A‘s«C H tasc tase
Ha - | e b
tRAH —| = CAH II'CIAH - tcan
ADDRESSES le: ROW COLUMN 1 X coL.2 D coLUMN N X
N r
tRswo “I tewL 1 trwe —] |
- tAWHt N L twi ’CWLt |
WE WS I WH | RPLW
WE Vip- —tweh . ﬂHH —
Vllt— :b twi N | twen J
1 1 1
1sc ttsc ton
tps | F==—itDH — =
v (22 toH ‘DS——| f— tps —f
Din e X VALID YoALI Kj VALID
I -
L—-tDHH-—’“ I
Vou-
DouTt vg:— HIGH-Z"
D Don’t Care

*; If tws 2 tws (min) and twy > twy (min), Doy is high-Z.
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FUJITSU

MB81C258-10
MB81C258-12

NG00 - MmB8IC258-15

Static Mode Read-Modify-Write

tRC
t
_ RAS
RAS B ——
:I/IH: N X
s
1
tcrs " tRSH RP:
CSH
f——e{ tRCD
CAS \\;m: 7
s
1nAu—-r tSRWC: tSRWC- tRPLW.
tASR “RAD f——‘“cm-n I“—‘CAH tcAH
ADDRESSES x"": A row COLUMN 1 Kcoromn 2 ) - - X coLumna o
I T l
TRWD— tawi t —tawe—|
tewp e l—tLwap——22R et WA AWD | tewe
. tAWD (= twp— =—twp——{ twp
WE Ve
V:t_ \ b W | e 1, /
Htps —f Hetps —— tos
T toH toH
™ =L " & o
Din le: R 0GR DD R O G
Iw rr f
e trac—] l'.AAL-—— L l—»—:]'AA toFF
taA twpA=—| twpA:
tcac twoH = TWOH =i tWOH
DouT vorZ—rigHz—Q\\\\\{__VALID VALID VALID
oL
l‘-—-iALw L—tm_w
[:j Don’t Care
|S Sl Invalid Data
. . *1
Static Mode Mixed Cycle
'r\
AAS _— fRAs
Viu~
Vie™
tesH
‘I ‘aco, tcas—=] - AS
CAS M L
Y | RaH tAHL
tasc |
L LWAD "2y
task t—| ‘CAIH
ADDRESSES Vi~ ~ N row X" ) coL 1 ¥ T coL. 2 ) i .
o
tAWR—— =1t tsc—--[ —tca
—] e twyCH twH tAW  foto] fae
—tws twe
WE —
xm:
I I
twer (lex-—
taL t t
. i tos t?H W I Ds|| toH
Din V:*L*: L vALD K
T
tonr tcac -]
1,
_ AA
DouT ¥g:‘_ IGH-2 VALID VALID
Write Read Read-Modify-Write

Don’t Care
m invalid Data

*1; This is an example of static mode mixed cycle.
*2; If tuwap is satisfied its min/max value, ta w = tsc (min) +taa (max)
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MmB81c258-10 NI

MB81C258-12

FUJITSU

mB81c258-15 I

RAS-Only Refresh Cycle

(Note; WE, D,y = Don’t Care, Ag = Viy or V)

tRC
RAS _ Ras
MES
Vil™ \ \__
t
AEE— L—‘RAH-—— trp
ADDRESSES VIH™ ROW
oDRESSES T A X
H‘cns l—-—‘lnpc
J— Vi
CAS IH
ViL™ T\
toFF
Dout M HIGH-Z
oL
D Don’t Care
CAS-before-RAS Refresh Cycle
(Note; Address, WE, D, = Don't Care)
rC
tRAS
le_ / A 7
RAS o
tFC
tcPR *‘FCH*} RPC
MO
CAs VL™ A\
toFF !
Dout Vo~ HIGH-Z
VoL
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UNIRARAN - MB81C258-10

FUJITSU MB81C258-12
NI - mB81C258-15
Hidden Refresh Cycle
trRC
RAS TRAS————— fe——tRAS —
Vig—
Vie- \ / \ /
tcrs |[—'RCD~] N tRp )
RSH: tECH
— Vin— —
CAS v tne btAD /
TRAH-= = tRAL
tRAD L—tAHR
ADDRESSES ViH~ -
v:[‘~ Rc%w O ] COLUMN )
tF-'ICS | ——l [=tRRH |
_ Vi
WE V:t‘“‘ . ) ttCAc } " - 5
i o -
D VoH— H
ouT ver- HIGH-Z VALID DATA —
D Don’t Care
CAS-before-RAS Refresh Counter Test Cycle
tRTC
S tTRAS
RAS Vier )
W T
=—T1FCH RP
- tepT——
CAS Vik- ! ——
ViLo
tcaDT ¢
AHR
ADDRESSES VIH_ X COLUMN X
I
tRcs l:- TRRH
'>“'tRCH
WE Vin— -
e VI 7  —
tcacT I~ toFF
DouT \\’/‘S'Z: HIGH-Z VALID —
tRcs tAWD =—ef tRWL~—-|
r——— fe—tcwDT— tewL
WE Vg twe —
Write) I i N 4
tps toH ‘
D ViH— -
IN Vi - = X vaup X
Don’t Care
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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
(Ag 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. tpa from the column address inputs.
3. tcac from the falling edge of CAS.
When both tgcp and tgap satisfy their
maximum limits, tgac=trcottcac OF

trac=trap ttaa-

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 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 tyg and tyy 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. tarw 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
(Ap to A7) at least every 4ms.

MB81C258-10 I
MB81C258-12 FUJITSU
MB81C258-15 I

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 Az) with
RAS will cause all bits in each row
to be refreshed. During RAS-only
refresh cycle, (either V,y 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 (tgcg)
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 A; are
provided by the refresh counter. The
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U - mB81C258-15

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 0 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¢ = 5.5V, Ta = 25°C)

l
|

RAS/CAS Cycle

Hidden Refresh Cycle

RAS-only Refresh Cycle

- Static Column Mode Cycle
FE N / \. s \ e
CAS / - 4

~ 200

<

£

o 150

©
100 N
50 A A i\ n /l N

\ | VANV LY

100ns/Division
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TYPICAL CHARACTERISTICS CURVES

Fig. 3 — NORMALIZED ACCESS TIME (tgac) Fig. 4 —~ NORMALIZED ACCESS TIME (tac)
vs SUPPLY VOLTAGE vs AMBIENT TEMPERATURE
w " eo w T T
s Ta=25°C s Vece=5.0V
b2 "2
2 3 g
“ u yd
o 11 N Q1.1
< < /
a \ a /
410 N 1.0 7
2 3 yd
S 09 \‘ =09 Ll
o o
2 S
5 08 508
< <
r x
4.0 5.0 6.0 20 0 20 40 60 80 100

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

Fig. 5 — NORMALIZED ACCESS TIME (taa) Fig. 6 — NORMALIZED ACCESS TIME (taa)
vs SUPPLY VOLTAGE vs AMBIENT TEMPERATURE

T !
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Fig. 9 — OPERATING CURRENT
vs AMBIENT TEMPERATURE
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Fig. 11 — CMOS STANDBY CURRENT
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Vi AND V|, ADDRESS AND DATA

mB81C258-10 [l
MB81C258-12 FUJITSU

lcca, PAGE MODE CURRENT (mA)

lccs, REFRESH CURRENT 2 (mA)

INPUT VOLTAGE (V)

MB81€258-15  [IINIHIHmm
Fig. 15 — STATIC COLUMN MODE Fig. 16 — STATIC COLUMN MODE
CURRENT vs CYCLE RATE CURRENT vs SUPPLY VOLTAGE
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Fig. 177 — REFRESH CURRENT 2 Fig. 18 — REFRESH CURRENT 2
vs CYCLE RATE vs SUPPLY VOLTAGE
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UG - mB 81C258-10
FUJITSU  MB81C€258-12

WAV mB 81€258-15
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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Ve SUPPLY VOLTAGE (V) Ta, AMBIENT TEMPERATURE (°C)
Fig. 23 — ACCESS TIME (tgac) vs LOAD Fig. 24 — ACCESS TIME (tan) vs LOAD
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Fig. 26 — OUTPUT CURRENT Fig. 26 — OUTPUT CURRENT
vs OUTPUT VOLTAGE vs OUTPUT VOLTAGE
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MmB81c258-10 I

MB81C258-12 FUJITSU
MB81c258-15 [l
Fig. 27 — CURRENT WAVEFORM Fig. 28 — CURRENT WAVEFORM
DURING POWER UP (1) DURING POWER UP (2)
= 5S
& w S L Tw s
S50 [ S50 |
] ﬁ //‘ 7] 5 //
83 o . 8g o
>9Q | Ta=25°c| | 2 Ta=25°C
. RAS = CAS = 0.8V (TTL V) 5
3 z RAS = CAS = 5V
Eéz L~ &, (CMOS V)
55 /_ L % £ | RAS=CAS=o0v /
tg ; ) FAS=C:ii€4%_ aw (CMOS V)
o H o \ /
3 / °3 I, T T
0 ol A |
200us/Division 200us/Division
Clock Input Address Input Data
Operation Mode —
RAS CAS WE 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*2 Valid Valid High-2*'
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-2

X: Don’t Care H: High level L: Low level
Note: "1: If tws < tws(min) @3nd twh < twi (min). the data output become invalid.
*2: After first cycle, row address is not necessary.
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IMKKARN -~ MB81C258-10
FUJITSU

MB8SIC
(NNAMKRNAW - MmB 81C258-15

1C258-12

PACKAGE DIMENSIONS

(Suffix: -P)
16-LEAD PLASTIC DUAL IN-LINE PACKAGE
(CASE No.: DIP-16P-M03)
woex4 11 MMM 157 MAX
.260+.010 .300+.010
(6.60:0.25) (7.62:0.25)
INDEX2" |

+.006
.100(2.54) 0187005
TYP [

HLI LT LI LI LT LI

+.008 +0.2

.766_ 51219 45_ g 3)

033j g?g 047+ 012
212 0 e
(0.8578'2) (1223
-0.3 -0

(-

+.012 +0.14
'047~O (0.45%0:-24)

(1.20*9-39)

© 1987 FUJITSU LIMITEDD16030S-2C

.020(0.51)MIN

0107394

+0.11
(0.25°34)

.183(4.65)MAX

.118(3.0)MIN

Dimensions in
inches (millimeters)
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MB81c258-10 I
MB81C258-12 FUJITSU
mB81c258-15 I

PACKAGE DIMENSIONS

(Suffix: -PD)

18-LEAD PLASTIC LEADED CHIP CARRIER
(Case No.: LCC-18P-M04) +.006 +0.15

3223005 _ L 1%%- 00213490 05
(8.18+0.13) .060(1.52) MIN
.7285i .003 .025(0.64)MIN

. : 527+.005
3)q (9 (13.39£0.13)
p |
.490+.003 4_ -
[ (12.45+0.08)

468+.020
(11.89£051)

1
_R.030(0.75) TYP
.160(3.81)

.026(0.66)

+.002

- .001
7005

(0:20_502)

008

.200(5.08)
REF

IJL‘m 7(0.43)

™
263+.020
6.68£0.51)

©1988 FUNTSU LIMITED C18019S-1C

{9 LEAD No.

Dimensions in
(1.27£0.13) inches (millimeters)
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WO

FUJITSU 7 (oo TN
| DYNAMIC RAM

65,636 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 MB 81C466 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.

262144 BIT CMOS

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 385 mW max. (MB 81C466-10)
® Silicon-gate, CMOS, single tran- 330 mW max. (MB 81C466-12)
sistor cell 275 mW max. (MB 81C466-15)

11 mW max. at standby with
TTL level input

® Row Access Time (tgac),
100 ns max. (MB 81C466-10)

PLASTIC PACKAGE

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 (tgc),
50 ns min. (MB'81C466-10)
60 ns min. (MB 81C466-12)
75 ns min. (MB 81C466-15)

ABSOLUTE MAXIMUM RATINGS

1.65 mW max. at standby with
CMOS level input
® Single 5V supply +10% tolerance
® |nternal 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 \
Storage Ceramic -55 to +150 °

- Tsta C

Temperature Plastic -55t0 +125
Power Dissipation Pp 1.0 w
Short Circuit output current 50 mA

ZIP-20P-M01

PIN ASSIGNMENT

6?@1 ~ g v
pQq ]2 17[]DQ,
DQ,[]3 16[ ) CAS
Wel]4 1gp 8[1DQ3
RAS[]5 VIEW 14[]Aq
Ag e 13[] A4
As 7 12[] A,
Asls 1] A3
Vee [o 10[]A7

Cas vss 0O, WE NC Ag Ay Ay A; Ao
N 0 N L S TN R 0 |
ToP view

\ /
O I3Ts 7 e i3 ]a6 17]19]

DQ3 D0, GE DO, RAS NC Ag Ve Az A,

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 cf any voltage higher than maxi-
mum rated voltages to this high impedance
circuit,
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MW mB 81€466-10
FUJITSU MB 81C466-12
I MB 81C466-15

Py
|
1%

BLOCK DIAGRAM

Ag —]

CLOCK
GEN.1

LY
COLUMN

ADD.
Az —— BUFFER

Az —e

Ay —]

Ag ——] ROW :i>
ADD. ROW

Ag —— BUFFER

J—

DEC.

WRITE E
cLock
GEN.
— T |
—— CAS
CLOCK
GEN. 2
DATA
COLUMN IN 1
> DECODER BUFFER
SENSE AMP. &
1/0 GATE —
T e c . } | _Dbalto
DQ4
1
o
262,144 BIT
L]
STORAGE CELL DATA
o L ouT
BUFFER

SUBSTRATE
BIAS GEN.

|

CAPACITANCE (Ta = 0°C t0 +70°C, V¢ = 5V * 10%, f = IMHz)

Parameter Symbol Typ Max Unit
Input Capacitance, Ag to Ay Cint 7 pF
Input Capacitance, RAS, CAS, WE, OE Cinz 10 pF
Input/Output Capacitance, DQ, to DQa Cio 7 pF
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MB 81C466-10 NI
MB 81C466-12 FUJITSU

MB 81C466-15 Il

RECOMMENDED OPERATING CONDITIONS

(Referenced to Vgg)

Parameter Symbol Min Typ Max Unit Operating
Temperature
Vee 4.5 5.0 55
Supply Voltage Ves 0 0 0 \Y
<] o
Input High Voltage, all inputs Vin 24 6.5 v 0°Cto+70°C
Input Low Voltage, all inputs Vin -1.0 0.8 \Y
(Recommended operating conditions unless otherwise noted)
Value
Parameter Symbol Unit
Min Typ Max
OPERATING/REFRESH CURRENT* MB 81C466-10 70
Average Power Supply Current MB 81C466-12 lceq 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 y A
(RAS = V,,_, CAS, WE or Address = cycling; MB 81C466-12 leca 40 m
tgec = min) MB 81C466-15 35
CAS-BEFORE-RAS REFRESH CURRENT* | MB81C466-10 65
Average Power Supply Current MB 81C466-12 lcca 55 mA
(CAS-before-RAS; tge = min) MB 81C466-15 45
INPUT LEAKAGE CURRENT, ALL INPUTS
(Vin =0V t0 5.5V, Ve =5V, Vgg =0V, all other L -10 10 MA
inputs not under test = 0V}
"INPUT/OUTPUT LEAKAGE CURRENT | 10 10 A
(Data is disabled, Vout =0V to 5.5V) pafL) h H
OUTPUT LEVEL, OUTPUT LOW VOLTAGE v 0.4 v
(loL =4.2mA) o ’
OUTPUT LEVEL, OUTPUT HIGH VOLTAGE v 24 v
(loy =-5.0 mA) OH :

NOTE *; Icc is depended on the output loading and cycle rate. The specified values are obtained with the output open.
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WA - me 81€466-10
FUJITSU MB 81C466-12

NN - mB 81C466-15

AC CHARACTERISTICS

(At Recommended operating conditions unless otherwise noted)

Parameter Symbol MB 81C466-10 MB 81C466-12 MB 81C466-15 Unit
Min Max Min Max Min Max
Time Between Refresh tREF 32 32 32 ms
Random Read/Write Cycle Time the 200 230 260 ns
Read-Modify-Write Cycle Time trwe 270 315 360 ns
Access Time from RAS thac 100 120 150 ns
Access Time from CAS B | tcac 25 30 35 ns
Output Buffer Turn off Delay Time toFr 0 25 0 25 0 30 ns
Transition Time tr 3 50 3 50 3 50 ns
Column Address Access Time B tan 45 55 70 ns
233::;?::,;:19 from Column taon 5 5 5 ns
Access Time from WE Precharge twpa 25 30 35 ns
Access Time Relative to Last Write [ | taLw 90 110 140 ns
RAS Precharge Time trp 90 100 100 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) teas 15 100000 | 20 100000 | 25 100000 ns
CAS Hold Time (Read) tesh 100 120 150 ns
CAS Hold Time (Write) tesH 80 95 115 ns
RAS to CAS Delay Time tren 25 75 25 90 30 115 ns
CAS to RAS Set Up Time tcrs 20 25 30 ns
Row Address Set Up Time tasR 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 tean 20 25 30 ns
?:nseto Column Address Delay 88| teno 20 55 20 65 25 80 ns
ﬁ‘;'f:z:c/::‘i;es;_g"d Time tan 100 120 150 ns
e s R T | ° -
Read Address to RAS Lead Time tRAL 45 55 70 ns
o T W | : : -
l';"ej:;"’fr'::em Column Address tiwap | 20 | 45 20 |55 2% |70 ns
I ™ | | % -
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MB 81€466-10 Uil
MB 81C466-12 FUJITSU
MB 81C466-15 ML

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
im

gZi:reﬁmocr::th%t oo Time thes 0 0 0 ns
e g e K o o ;
taroneea o0 CAS then | 0 0 0 ns
WE Pulse Width twp 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 thwo 125 150 185 ns
CAS to WE Delay Time tewp 50 60 70 ns
Column Address to WE Delay Time tawp 70 85 100 ns
RAS to Second Write Delay Time tRswD 105 125 155 ns
Refoanent 10 A8 twen | 80 % s "
RAS Precharge Time from Last Write trpLw 135 1565 165 ns
Y)Vi:;zsﬂ Up Time for Output tws 0 0 0 ns
Write Hold Time for Output Disable [} | tww 0 0 0 ns
D)y Set Up Time tos 0 0 0 ns
Dy Hold Time toH 20 25 30 ns
Din Hold Time Referenced to RAS toun 80 90 110 ns
Access Time from OE toea 25 30 35 ns
OE to Data In Delay Time toep 20 25 30 ns
2;:tg_é3uffer Turn off Delay Time toez 0 20 0 25 0 30 ns
OE Hold Time Referenced to RAS toeHR 20 20 20 ns
OE Hold Time Referenced to CAS toeHe 20 20 20 ns
Refresh Set Up Time for CAS
Referenced t@ tecs 20 25 30 ns
(CAS-before-RAS cycle)
Refresh Hold Time for CAS
Referenced tc_ai—AS_ tecH 20 25 30 ns
(CAS-before-RAS cycle)
z%?;::zfg%n;cle) ferr 20 % 30 ns
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MB 8'IC466-10
C466-12
MB 8'IC466-'|5

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
Cycle Time tsrwe 120 145 180 ns
Static Mode CAS Precharge Time tep 15 20 25 ns
OE to RAS Inactive Set Up Time toes 25 30 35 ns
D\ to CAS Delay Time W | tozc 0 0 ns
Din to OE Delay Time tozo 0 0 ns
Refresh Counter Test Cycle Time trTC 465 550 645 ns
Refresh Counter Test RAS Pulse
Wit unter N trras 365 | 10000 | 440 | 10000 | 535 | 10000 | ns
Refresh Counter Test CAS
Precharge Time tepr 50 60 70 ns
Refresh Counter Test CAS to r N 100 120 5
Column Address Delay Time CADT 150 ns
Refresh Counter Test Access
Time from CAS tcacT 135 165 205 ns
Refresh Counter Test CAS to
WE Delay Time tewoT 135 165 205 ns
NOTES: o
H An Initial pause (RAS=CAS=V ) of 200us is required E trap (Min) =tgay (Min) + t1 (t1 = 5ns)

o]~

oo

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 = bns, V|5 = 0V to 3V,
Viy =24V, V, =08, Voy =24V, and Vg =0.4V.
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 tgap
exceeds the value shown.

Assumes that tgap = trap (Max).

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

Assumes that t wap < tLwap (max). If 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.

Write Cycle only.

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, then access time is controlled

by taa-

2-30

tanr is specified to latch column address by the rising

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 time is controlled
by taa-

tiwap (Min) =tean (Min) + t¢ (t3 = 5ns).

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

tws. twn, and tgwp are specified as a reference point
only. If tyws = twg (min) and tywy = twy (min), the
data output pin will remain High-Z state throughout
entire cycle. It tgyp = tgwp (min). The data output
will contain data read from the selected cell.

Either topyg OF tognc is satisfied, output is disabled.
HA Either tpzc or tpzo must be satisfied.
CAS-before-RAS refresh counter test cycle only.



MB 81€466-10 I
MB 66-12 FUJITSU

81C4
MB 81C466-15 Il

Read Cycle
trc
tRAS
=hs Vin— 3
RAS V- \._._
tcrs tcsH tRp
~—1RcD :HSH
CAS Vinz tRAH \ CAS 1
CAS V,,_—____J tash |- = —| l=—taHR
=tRAD tRAL
ADDRESSES x:t': X Row COLUMN
to |
tRcs =S trcH _—T<_IRRH
WE Vin
WE — Y \
\% l——1tcaC
- ‘ L N __|toFF
tRAC
pQ Vou~ y VALID HIGH:-
(OUTPUT)  VoL— HIGH-Z : z
Dz¢ |+ togA— oy l~toEz
DQ Vig— \ f—
(INPUT) Vi HIGH-Z
toED
tDzo—--|
== Vik- /
OE ViL—

D Don’t Care

*; If tgap = trap (Max), access time is taa .

CAS

ADDRESSES ,

[»]e]
(INPUT)

DQ
(OUTPUT)

OE

[ %

M
ViL

Vin=
-

Vin—
ViL—

Vib—
ViL—

Vou~
Vou

V)
Viee

tRC
trAas
Vin- _“'45 1 \_
t tcsH tRP——ef
t—C_R.S. f=—tRCD tRSH
7 X tcas 4
t tawr
ASR ~——tRAH tasc ,_.__H__QCAH__
X row X COLUMN
¢ RWL- {
WeR '\NV {
tpzc tps T
= CWL
DHR
b=t H—
HIGH-Z VALID HIGH-Z
'f—tﬂAc- | tRPLW
toED tOEA
tcacy le—{toFF
HIGH-Z HIGH-Z A\ \D
t OEHC+
OEZ tbzo "I I—_ thEHR
/ X

Write Cycle (WE Controlled)

Eﬂ Invalid Data D Don’t Care
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WM - me 81C466-10

FUJITSU 81C466-12
TN - mB 81C466-15
Write Cycle (CAS Controlled)
OE; Don’t Care
trC
tRAS
RAS Vies — / \_
[CRS Tp— - tRSH tRp
_ Vi n ~—tCAS—=
CAS L RAH
VL ———-AL tASR :;AD tAtASC oan

WR
ADDRESSES x:[*: ROW COLUMN B

! t m——q{»
WE ¥IH" = ;v—lwcn 7tWH

-
tps T tRPLW
DH™
DHR
[»]e] _
(INPUT) z:'L*_ X vaLbD i - ~
pa Vou- .
(OUTPUT) Vo’:- HIGH-Z
D Don‘t Care

DQ pins are kept high impedance state.

*: |f OE is kept high through a cycle or tws = tws (min) and twy = twy (min) are met,

CAS

ADDRESSES |,

ba
(INPUT)

DQ
(OUTPUT)

OE

Read-Modify-Write Cycle
tRwe
tRAS
Vin— 3
Vi \ /
tcRs, tesH tRp
[_._.. —1=tRCD : tRSH
Vin- CAS
Vi— Z RAH
tASR TRWL.
tRAD tawD——— tewL——
VII':: ROW COLUMN
tRCS— (4 f=-tc AH—— r
tewD: , 1 tRPLW
i
tRWD WP A
f~-tpzCc-=—i tpgles ketpH-~—
le_‘_ g VALID
I —=—tcAC !
=-tAA— OFF | toEHR
——tRAC toeD
vor~ +—HIGH-Z——{VALID N\ HIGH-2
oL tpzo_, toeA
—{ —toEz tpzo —toeHc—
Vin~ T . Nk St
ViL— / - S

@ 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
tre
v tRAS
IH ———
RS - \ / _
RAS Viu tcRs ((
tesh ! = tRp—f
tAR: f=— tRE H—=|
~trRcD tcas tCcAS
. Ve —
CAS V= \ (A
N tRAD | p N
ASR |~ ~r—tsc e RAL- tAHR
= tRAH . —t
ADDRESSES \MD ROWX Y(COLUMN 1} COLUMN2 _ X__COLUMN N
tncsr— tRCH——| r IR’EE} Lt_.l—r(RCH
H
v ] gt ‘ RR
WE W 7 T -
WE ViL— i—a.-—-——'——J_JCAS_ taa K—ﬂ tcaC L_
tAA tAQH topp —tAA— toFF
l=—tgrACt e A.— — ]
%0 pUT) ‘\jOH: HIGH-Z: VALID VALID HIGHt-Z——l VALID e
oty o ©0Ez— |-tgga — —toez (- ‘1 — rtoez
—1 ~—toES
[ole] ViH- T ( e
(INPUT)  VIL™ = - toeD)| " topp = —
1pzo =] tDzol———{ — "‘("DZO —— =toED
P
_ V= = - :
OE vi- - i N y R
L )
E] Don’t Care
Static Mode Write Cycle
trC
tRAS
N ViH—
RAS Vi— I / N_
tep —=—{|=—tRSH—=— =—tRP—
tcas ¢
cAs
s UM T [\ — /
N tasc tasc
tASR—=—] I H_— o tasc— TeaH ]
e b= tc AH~] i._.. b tc AH—f=
ADDRESSES V1™ coLumn 1 X.coL.2 OB CoTON .
-
I teswo __.—tHw.____ll ’
tAWR t tewL—
WS-t R twp - tRPLW
WE yllH— tweH *—% - twe
- J twi " ' tOEHC
twcr T ttDH A .
sc sc DH OEHR=
s fee] oot toH tDS_.I - ’
DQ V- /
(NPUT)  VIFZ VALID (VAL VALID _’Jtosp
|=—1DHR—] toED toED twpa =
Veu— l——1tD2Z )
pa OH™~ HIGH-Z ; A\
(outpuT) VoL
tpzo tpzo—- tpzo
] I.._ j(tOEZ ——
BE V- )
OE Vi~ L_; U
m Invalid data Don’t Care
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MR - mB 81€466-10
FUJITSU MB

UNKIARAIAG - mB 81C466-15

81C466-12

Static Mode Read-Modify-Write Cycle

tRC
Vipe tRAS
RAS Vi 4§ e trp N
tcsH
TRSH
CA Vin—
Vi {6 fltoeun
tcAH tcan ‘oml-:Hc
ViH— ==
ADDRESSES v:’:—- ; COLUMN coLumN Y -
t e T L WA D—mrd e
F=—t—tcwD- tSRWC
—tawD—] ( = tAWD=] f=—=]
. ViH— s-——-twp T N
WE Vi tpzc tps tps
S H- ol
tpH -
[»]e} Vi~ {( P
(INPUT) Vi~ o)) " VALID —
pa Vou—
OUTPUT)  vOr- HZ—)
toEA
+-t0EZ
— tozoy ~toEp—i|~tDz0
— Vin- 777 )
OE Vi -
m Valid Data [SSI Invalid Data Don‘t Care
Static Mode Mixed Cycle
trC
tRAS
— VIH_. - ——
RAS Vi 4§ _._tRP—-—‘\—
: tcsH TRWL—=] o
RE, . tewL——-tOFF
— VIH" ~—1CAS
CAs Vil tRAH i
H H-tasc tRPLW
TAHLW
tcAH CAH [+
ADDRESSES \\;:E: RoW| COLUMN X COLUMN el :}) COLUMN il o
tLwAD— t—tcw |-—v~ tc:‘nsm:
i) | mep AT LN e
o RCS
v —1a ‘HAWH‘WCF\ i < taw
WE I H— ) WP T
Vi — CAC
"+ o1 I -—f;—/i—-* oty cac tps bH
OH_taw —~
DQ Vin- - 5 { ( T
(INPUT) ViL— | o )Y 3 VALID
twpa —tAn tOEHR
pa Vo~ 1IGH- HIGH-Z VALID
outpuT) VoL~ i tozo
DZO—~ toEZ ~— togz OEA ltoep~ H-1pz0
oF v = toeA - “oEz
1H— toeA
Ve (oenf . )R S S,
Write Read Read-Modify-Write

m Invalid Data

2-34




MB 81€466-10 MMM
MB 81C466-12 FUJITSU
MB 81C466-15 MM

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

tRc

tRAS:

3|
>
ol

ADDRESSES v

DaQ Von~ H B
(OUTPUT) VoL ™ = IGH-2
Don’t Care
CAS-before-RAS Refresh Cycle)
(Note; Address, WE, OE, D,y = Don’t Care)
trC
v tRAS
"H™ )

RAS ViL— N i |\

FCS, tre

tcPR --tFCH‘L
CAS Vinz
CAS Vi~
toFF l

DQ Vou=" 3 -
{OUTPUT) VO = oo HIGH-Z

Don‘t Care
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HMAGIANG - mB 81C466-10
FUJITSU MB 81C466-12
W - MB 81C466-15

Hidden Refresh Cycle
trC

TRAS tRAS————f

RAS 7 N /
=—-tRCD—~ 1RP
f=——tRSH——= tECH
—
CAS \ /
tAR
={tRAE tRAL
tRAD
ADDRESSES o COLUMN
WE cAC
WE e tA A—|
TRAC
ba Vou— HIGH.
outpum) VoI HIGH-Z Po— VALID DATA
DQ
(INPUT)
OE
Don’t Care
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MB 81€466-10 MMM
MB 81C466-12 FUJITSU

MB 81C466-15 [l
CAS-before-RAS Refresh Counter Test Cycle
tRTC
v tTRAS
I N
Fos tECH tepT— tRp
TS 3 ) \
tcaDT F——{tAHR
ADDRESSES x:{‘Z ahe RS COLUMN X.
y 'ncn-] H =—tRRH
WE IH— ==
(Read) Vie— sl
pa ViH— )
(INPUT) v:['— R
(Read) tan | torr
oa tcacT
(OUTPUT) xg”: HIGH-Z VALID HIGH
(Read) L oeA |, |
I OEZ—
v -'——4 toED
oFE IH— ™
(Read) Vi
tasc
-tcwo::l
WE ViH-
(Write) ViL-

[»]e} Vig—
(INPUT) -
(Write)

ole} Ven_
outeum) (M
(Write)

OE Vig—
(Write) ViL—

Don’t Care
] Invalid Data
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A M 81€466-10
FUJITSU 66-12

MB 81C4
INIMANID - 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 A;)
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 into the MB 81C466
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. tcac from the falling edge of CAS.
4. toga from the falling edge of OE.
When both tgep and tgap satisfy their
maximum limits, tgac=trcp ttcac OF
trac=tRaD ttaA-

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
tws2tws (Min) and twy 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 impedance
state. In the low state on 65, the
output buffers are low .impedance
state. In the write cycle (m con-
trolled), the OE must be high before
the data applied to DQ pins. When WE
controlled write cycles is not used, OE
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 tas from the column
address input or toga from the fall-
ing edge of OE. The data remains
valid for a time taoun 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 tyy 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 tcwp
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. taLw 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 following

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 As)
with RAS will cause all bits in each
row to be refreshed.

2. CAS-before-RAS refresh;
CAS-before-RAS refreshing available
on the MB81C466 offers an alter-
nate refresh method. If CAS is
held low for the specified period
(tres) 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
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 A; are provided by externally
after tcapr.

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 8'lC466-'IO
MB 81C46
MB 8'IC466-15

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 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)
0°to 9°
+.008
INDEX AREA 293_312% '300i'010)
+ 7.62:0.25
(7.457550) !
.900+.010 ! +.004
(22.86+0.25) ' 010 ?)02
+0.10
(0.2575:00)
—— ’——.05511.40)MAX
T I 1
i 1200(5.08)MAX
+.016 0.4
1347 514 (3407 36)
.100£.010 032(0.81) 015
(2.540.25) REF - (0.89:0.38)
800(20.32)REF oos ors Dimensions in
“

.050£.010 018" 003(0 4670 03 inches (millimeters)
(1.2720.25) S

©1987 FUJITSU LIMITED D18014S-4C
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I - MmB 81C466-10
FUJITSU MB 81C466-12
HNWMANmmn - mB 81C466-15

PACKAGE DIMENSIONS

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

18-LEAD PLASTIC DUAL IN-LINE PACKAGE
(CASE No.: DIP-18P-M01)

ke S e Y ke O e Y e O e O s |

+.016
INDEX—] ro -2447 004

0.4
(6.2:94)

{

© 1987 FUJITSU LIMITED D180035-2C

20-LEAD PLASTIC ZIGZAG-IN-LINE PACKAGE
(CASE NO.: ZIP-20P-M01)

{0.50:0.10)

© 1986 FUJITSU LIMITED 220001$-3C

15°MAX

.300+.010
(7.6240.25)

RV LT LY R RN R h
[ 8687:095(22.08"5 3} —— | 10102002

10.25:0.08)

047712
WI’:—_OABH 25)MAX “_20:3,30)

7 .197(5.00)MAX

.118(3.00MIN

012 g
.100(2.54) [ | 04723 0182908 1020(0.51)MIN

TP (1.207339 0.45:338)

Dimensions in
inches (millimeters)

(J |2k,008)
+.005 +0.12 2.85:0.2
e -1.0197:095126.887 9 3 2) -y
INDEX oo 325(8.26)MAX
Il .010+.002
(0.25+0.05) 18(3.0MIN
.05001.27)TYP .0202.004 .100(2.54)TYP

Dimensions in
inches (millimeters)
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DATA SHEET ——

FUjiTSU

MB&81C1000-70/-80/-10/-12

CMOS 1048576 BIT FAST PAGE DYNAMIC RAM

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

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 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 MBB:I 7001 000 MBS_I8 % 1000 MBS_11%‘I 000 MBB_11C2 1000

RAS Access Time 70ns max. 80ns max. 100ns max. | 120ns max.
Random Cycle Time 140ns min. 155ns min. 180ns min. 210ns min.
Address Access Time 43ns max. 45ns max. 50ns max. 60ns max.
CAS Access Time 25ns max. 25ns max. 25ns max. 35ns max.
Fast Page Mode Cycle . . . .
Time 53ns min. 55ns min. 60ns min. 70ns 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)

PLASTIC PACKAGE
DIP-18P-M04

PLASTIC PACKAGE
LCC-26P-M04

PLASTIC PACKAGE
Z1P-20P-M02
DIP-18C-A01: See Page 19

FEATURES

® 1,048,576 word x 1bit organization

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

® All input and output are TTL
compatible

® 512 refresh cycles every 8.2ms

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

® Fast Page Mode, Read-Modify-
Write capability

® On chip substrate bias generator
for high performance

® 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 -1t0+7 \
Voltage on V¢ Relative to Vgg Vee -1t0+7 v
Ceramic -55 to +150 °
Storage Temperature l—m—-— TstG 550125 Cc
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.

PIN ASSIGNMENT
N\

O[] 18[JVes
we(]2 17[3Pour
RAS[]3 16[ ] CAS
T [ 15[ Ao
Ao VTI(;; 14 Ag
A e 13 ]A;
A0 12[]Ag
Az[]8 1] As
Vee[9 10[]As

*. 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 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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MB81C1000-70

MB81C1000-80
MB81C1000-10
MB81C1000-12
Fig. 1 — BLOCK DIAGRAM
RAS cLock WRITE
- el CLOCK f=——WE
GEN.
MODE
CONTROL
| I
CLOCK
GEN. 2
Ag ——]
— DATA
M COLUMN IN DIN
> DECODER BUFFER
Ay —wi
ADDRESS SE'NSEG/;MT: &
Az —= BUFFER / —
PRE- l T
A4A.1 DECODER L
po] =y
ROW |, 1,048,576 BIT
Ae DEC. STORAGE CELL DATA
* ‘= outr [—=DOUT
A REFRESH BUrTER
7 ADDRESS |= |
COUNTER
Ag —]
Ao — SUBSTRATE ~— Ve
BIAS GEN. v
Ss
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MB81C1000-70

MB81C1000-80
MB81C1000-10
MB81C1000-12
CAPACITANCE .
(Ta=25C)
Value
Parameter Symbol Unit
Typ Max
Input Capacitance, Ag to Ag, Dy Cint 5 pF
Input Capacitance, RAS CAS, WE Cina 5 pF
Output Capacitance, Doyt CouT 5 pF
RECOMMENDED OPERATING CONDITIONS
Value Ambient
Parameter Symbol Unit Operating
Min Typ Max Temperature
v . X 55
Supply Voltage V;:sc g 5 g 0 0 \%
o O
Input High Voltage, All inputs Vi 24 6.5 \% 0°Cto+70°C
Input Low Voltage, All inputs Vi -2.0 0.8 \%
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MB81C1000-70
MB81C1000-80
MB81C1000-10
MB81C1000-12

DC CHARACTERISTICS

(At recommended operating conditions unless otherwise noted)

Values
Parameter NOTES Conditions Symbol Unit
Min Max
o ina C MB81C1000-70 75
perating Current R — .
(Average power MB81C1000-80 RAS & CAS cycling; lec 70 mA
tre = Min
Supply current) MB81C1000-10 60
MB81C1000-12 50
Standby Current TTL level RAS =CAS =V 4 2.0
(Power supply p— lec2 mA
current) CMOS level AS = CAS > Ve -0.2V 1.0
Refresh C 1 MB81C1000-70 70
efresh Current —— ——
(Average power MB81C1000-80 CAS =V, RAS lecs 65 mA
cycling; tgc = min
supply current MB81C1000-10 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 BAS cveli
(Average power MB81C1000-80 RAs cycling, lces 65 mA
current) CAS-before-RAS;
MB81C1000-10 o 55
trc = min
MB81C1000-12 45
OV<Vy <55V,
45V < Ve 5.5V,
Input Leakage Current Vs = OV pins not (T8 -10 10
under test = 0V HA
0V < Vour < 5.5V;
Output Leakage Current Data out disabled lo) -10 10
Output High Voltage lon = ~bmA Von 24 v
Output Low Voltage loL =4.2mA VoL 0.4
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MB81C1000-70
MB81C1000-80
MB81C1000-10
MB81C1000-12

AC CHARACTERISTICS

(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
1 | Time Between Refresh tREF 8.2 8.2 8.2 8.2 ms
2 | Random Read/Write Cycle Time | tgc 140 155 180 210 ns
3 | Read-Modify-Write Cycle Time thwe 167 182 210 245 ns
4 | Access Time from RAS  [6](9] | tmrac 70 80 100 120 ns
5 | Access Time from CAS  [7](9] | tcac 25 25 25 35 ns
Access Time from
6 Column Address @ taa 43 5 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
9 | Detay Time toFF 25 25 25 25 ns
10 | Transition Time tr 3 50 3 50 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 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 tesH 70 80 100 120 ns
CAS Precharge Time
18| ©BR cycle) feen 1 19 ® 1 "
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 0 0 ns
22| Column Address Hold Time tcAH 15 15 15 20 ns
RAS to Column Address
2 | pejay Time tRAD 15 27 17 35 20 50 20 60 ns
Column Address to RAS
2 e tRAL 43 45 50 60 ns
25 | Read Command Set Up Time tRCS 0 0 0 0 ns
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MB81C1000-70
MB81C1000-80
MB81C1000-10
MB81C1000-12

AC CHARACTERISTICS (Cont’d)

(At recommended operating conditions unless otherwise noted.): [Notes 3,4,5

MB81C1000-70 MB81C1000-80 MB81C1000-10 MB81C1000-12
No. Parameter Symbol Unit
Min Max Min Max Min Max Min Max

Read Command Hold Time

26 | Referenced to RAS tRRH 0 0 0 0 ns
Read Command Hold Time

27 Referenced to CAS tRCH 0 0 0 0 ns
Write Command Set Up

28| Lo [8] | 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 tRwWL 22 22 25 30 ns
Write Commnd to CAS

32| o Time tewL 17 17 20 25 ns

33 | Dy Set Up Time thg 0 0 0 0 ns

34 | Dy Hold time ton 15 15 15 20 ns

35 | RAS to WE Delay Time tRWD 70 80 100 120 ns

36 | CAS to WE Delay Time tewd 25 25 30 35 ns
Column Address to WE

15

37 Delay Time [15] | tawp 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 fesR 0 0 0 0 ns
CAS Hold Time for

40 | CAS-before-RAS Refresh CHR 5 15 5 20 ns
Access Time from CAS

4 (Counter Test Cycle) tcaT 43 45 50 60 ns
Fast Page Mode Read/Write

50 Cycle Time tpc 53 55 60 70 ns
Fast Page Mode Read-Modify-

100

51 Write Cycle Time tPRWC s 7 85 ne
Access Time from CAS

52 | brocharge B tepa 53 55 60 70 ns
Fast Page Mode CAS

53 Precharge Time tcp 15 15 15 15 ns
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NOTES:
II‘ Referenced to Vgg.

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 changes as
RAS=V,_and CAS=V,,.
lcc1, lcca and lccs 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,,.

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

E 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 Vg (min) and V,_ {max).

@ Assumes that tgcp < tgep (max), trap < trap(ma
x). If treplor 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 thep > trep (Max), tgap = tgap (Max), and
tasc = taa-tcac-tT, access time is teac-

If thap = trap (Max) and tase < taa-tcac-tr, access
time is taa-

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

tore Is specified that output buffer changes to high
impedance state.

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 speci-
fied tgcp (max) limit, access time is controlled exclu-
sively by tcac of taa-

[12] trep (Min) = tgap (Min) + 2ty + tage (min).

[13] 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-

14 ] Either tgry Or trcy Must be satisfied for a read cycle.

twes, tewp. tRwp and tawp are not a restructive
operating parameter. They are included in the data sheet
as the electrical characteristics only. If tywes 2> twes
(min), the cycle is an early write cycle and Doyt pin
will maintain high impedance state throughout the
entire cycle. If tcwp = tewp (Min), tawp = trwo
(min), and tawp = tawp (mMin), the cycle is a read-
modify-write cycle and data from the selected cell will
appear at the Doy 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 tgwi, tcwer, and tga, 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 tepa
(max).

Assumes that CAS-before-RAS refresh and CAS- before-
RAS refresh counter test cycle only
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trac (ns)
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Fig. 2 — tpac vs trcp
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Fig. 3 — tgac vs traD
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1 T L 1 1 1 1 L
20 40 60 80 100 120 20 30 40 50 60 70
trep (ns) traD (ns)
Operation Clock Input Address Input Data
Mode Refresh Note
RAS CAS WE Row | Column | Input | Output

Standby H H X - - - High-Z2 -
Read Cycle L L H Valid | Valid - Valid O™ | tres = tres (min)
\(Iér;:fyc\;/\»;(r:il:e) L L L valid | Valid | Valid | HighZ | O | twes > twes (min)
Read-Modify- . . X . .
Write Cycle L L HoL | Valid | Valid | o | Valid O™ | tewp = tewp (min)
RAS-only . _ _ f
Refresh Cycle L H X Valid High-Z ]
CAS-before- . .
AAs Refr;sh L L X - ~ - HighZ | O | tesk = tcsw (min)
:::f:; Cycle H->L L X - - - Valid @] Previous data is kept.

X. IIHII or IILII
;
*. Itis impossible in
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Read Cycle

tRc

tRAS

Vi
Vi —

3
el
N,

b

tcsH tRp—f
tRcD tRSH

| RAD ol \ \T

IASR IRAH tAsC

crpP

O
pd
ol

Vi —

f— "'CAH"
Vig—

ADDRESSES ROW COLUMN
ViL— ~ ADDRESS ADDRESS _

(HCS{‘—»

— ViH— "

WE t

ViL— . /_ AA

tcac
tRAC

tRAL

toN
VoH —

VoL —

HIGH-Z

DouTt

D “H” oor L7

7] Invalid Data

Write Cycle (Early Write)

tRe .
tRAS
Vig—"""")
RAS \
ViL— 4
tcsH
tRSH trp
tcrp tRCD tcas
x Vin— r Y \ / /
o T N
- |~—tRAD = Z
tasr | |TRAH tasc — onn tRAL
ADDRESSES VM ROW | COLUMN
VL — =i /N ADDRESS ADDRESS .
= twcs t tewe
WCH =
WE \\;m‘—“‘ v twp -
n—
TRWL
DS~ [=— = tpy —
D VALID
N DATA 4
oH—
ouT HIGH-Z
oL—

D“Hn or “L"”
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Read-Write/Read-Modify-Write Cycle
tRwe
— \ RAS
RAS v:H 3
L \
crP tcsH
tRSH tRp—=—i
tRCD tcas
e ViH iy
CAS Vie — j \ \t P /
poa— R A D=
tASR| (tRaH tasc RAL
fae] pid | -
Vin — ROW COLUMN ) \
ADDRESSES ,‘ X
ViL — ADDRES_S}.E ADDRESS
e tCW L —y
tRCSh—-— [ tRW L —1=
WE Vi taA N J/ /
cac toFF
t=—TtON—= ety o
, 2 - VALID
Dout HIGH.Z &@ e
tRAC tpg fes] |=—silDH
e R )@ VALID }(
Din DATA
] H or 1
Invalid Data
Fast Page Mode Read Cycle
tRAS
Vg —m\
RAS y' N
tesH
tcrp _iam: tpc
l=tRCD f=—tcas-——f
— ViH— g
CAS
ViL—, tRAH y 7
et CAH
Vig—
ADDRESSES /"
— Vig—"TT
WE :
ViL—
VoH—
Dourt VZ:-—
P
B2 valid Data
Invalid Data
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Fast Page Mode Write Cycle (Early Write)
tRAS
=== VIH—TY
RAS
ViL— St )) 7
tcRp tesH— H e tRSH—=] l=—tRp
PC
tcas ™| [ep [=—tcAs —= —tcAs—
CAS N ZF N N /
———1tCAH
] T AL
0 coL. ;
ADDRESSES o ADD.,’P( X
H wcH,
1 T tewe
WE
RiC o —
v — ‘ |08 f=—e toH
o IH— ) VALID K t VALID K " 2
NV — ' DATA A B DATA 4 o
(ol
VoH—
Dourt Vo:—- HIGH-Z
[ or 1
Fast Page Mode Read-Modify-Write Cycle
tRas tRp—=]
. ViH_o
RA ViL— r : A \
tcRP tesH [=——tPRWC—— tRSH
lt- tRC D —mte— tC AS H
-\
CAS tRAD \< / ZtASC" ,Z;
tRAH 5 ‘H.AL
“Alau = \ cwL™
ADDRESSES ‘N ROwW x coL. e [ xi
ADD. ADD. L :
tRes|  [tewp, towL —-'éwL L tawe
tRWD— WD n
ViH— L e we
WE . tAWD~—
ViL— _/rtCAc - Xr 2
j—taa——{' [twP 1 twp
—tRAC = R égFF
t
bour VOH— ONONATVALID AL VALID
VoL— DATA . \ DATA DATA
ON

—1DH - toy  tps toH

tDs— ~ tps =
Din ViH— . VALID VALID VALID
ViL— _ __/N\_DATA DATA __DATA

v or “v*  [Z] tnvalid Data
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RAS-only Refresh Cycle
NOTE: WE, D)y = “H"or"L"", Ag =V, or V,,
tre
I RAS:
RAS Vin- -‘
RAS \
Vi tasr trp
tRAH—— l__,(RPC
Vin~ ROW
ADDRESSES
(B to Ag) e )gL ADDRESS X
tcrp
P ViH-
CAS Vi~ toFF R\
toH
Vou-—"""_ »
DouT VoL~ HIGH-Z
D o L
CAS-before-RAS Refresh Cycle
NOTE: Address, WE, Dy = ““H"or"L"”
tRC
tRAS: tRp
— vm~——_//———————~——3 - —
RAS
VIL_ S\- _‘Z \——
tcsr t tRPC
e tep—e] c CHR
CAS \\le‘ ] .l\
I
torr
toH-=—
V1 e
DouT VOH HIGH-Z
(O] S ——
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Hidden Refresh Cycle
tRe- tRC

tRAS [=tRP tRAS F—:
J— V), —
RAS H N
ViL— N /

|- tRCD —f=—tRSH —=rif

tcrp 1 tcas
cas Vi == anDb_\\ tCHR — /_
ViL—. RAH /

tASR| H—TtRAL
tasc—{ = tcAH
|

Vig—") ROW COLUMN | B )
ADDRESSES , cADDRESS% Gosan: I — /
tRRH

tRcs -

WE : tcac e e
(Read) iisimsmsesiinih ‘K. i

tOH pa—i

VALID DATA

Dout ‘\;g:‘:meu-z

e tﬁcs—J
WE Vig— ;:
(Read-Modify- vt 7
Write) L=
v - £4
o V:t_ SR e !
EE “H” or “L"” Invalid Data
CAS-before-RAS Refresh Counter Test Cycle
RAS X'H— A
" ‘csR tcPN .
tCHR— RSH———————=| |=—T1Rp
s \ tcas
CAS
tasc| -
[~ —tcAH—=—
COLUMN ;P(;
ADDRESSES QOLUMN.
IRAL
WE ViH—
(Read) Vv, —
tcAT
Von— ‘?N
DouT Voo HIGH-Z ] VALID DATA }_
- et
tacs | AP = towL—
_ | RWL
WE WD~y twp
(Read-Modify- L
Write) tos
| f—tDH —=y
V |y e - .
PN vy B S X vauio pata

[ “H” or “L” Invalid Data
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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 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 tgap (Min) + t.

Therefore, to get valid data within
trac, it is necessary to apply column
address within tgap (max).

If trap 2 trap (max), access time is
teac 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 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 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 tope. In an early write cycle,
the output buffer is high impedance
state during the entire cycle. In a
delayed write cycle, if tgwp 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" 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 tgy. During read cycle,
the Dy pin is “H" or “L". The access
time is determined by RAS (tgac),
CAS (tcac), or Column address input
(tan). If trep (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)y pin is latched with the latter falling
edge of CAS or WE and written into
memory. In addition, during write
cycle, trwi, tcwr and trar must be
satisfied the specifications.

Read-Modify-Write Cycle:

The read-modify-write cycle is executed
by changing WE from “H" to "'L" after
the data appears on the Dgyt pin.
After the current data. is read out, modi-
fied 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 occurs 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 page
mode read cycle except for the state of
WE. The data on Dy 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
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 belonging to each
row can be accessed.

Page Mode Read-Modify-Write

Refresh:

The refresh of DRAM is executed by
normal read, write or read-modiqy-write
cycle, i.e., the cells on the one row line
are refreshed by executing one of three
cycles. 512 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-written to the cell. The
MB81C1000 also has thdee types of
refresh modes, RAS-Only refresh, CAS-
before-RAS refresh, and Hidden refresh.



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

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.

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
continuosly from previous cycle,
followed refresh cycle should be
CAS-before-RAS refresh.
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PACKAGE DIMENSIONS

(Suffix: -P)
18 LEAD PLASTIC DUAL-IN-LINE PACKAGE
(CASE No.: DIP-18P-M04)
e T e T e T s Yl N el e Y il B 15°MAX
INDEX-1 EJECTOR MARK
: .300(7.62)TYP
INDEX-2 .283+.006
/ (7.20£0.15)
| PP R R A L LT L 004
+.008 +0.20 .010_"
868715 (22.05750) -.0004
- - +0.11
0.287547)
.050(1.27)MAX
I ] y 197(5.00)MAX
‘? .125(3.18)MIN
.100(2.54) 012 +.006
Tve L»J 047’5 ‘018—6033 ,020(0§51)M|N
+0.
(120tg30, (0.4575 o)
0327912 F—
© 82+0'30) Dimensions in
© 1986 FUJITSU LIMITED D18015S-4C -0 inches (millimeters)
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MB81C1000-80
MB81C1000-10
MB81C1000-12
PACKAGE DIMENSIONS
(Suffix: -PJ)
PIN ASSIGNMENT
O Vss
WE PDouTt
RAS( E&E
TE* NC
NC. P Ag
TOP.
VIEW
AoQ D Ag
A1 DAy
A2d D Ag
Az DA
Veed DA,
26-LEAD PLASTIC LEADED CHIP CARRIER
(CASE No.: LCC-26P-M04) 140(3.55)MAX
.089(2.25)NOM
*.675+.005 )
(17.15+0.13) B 025(0 64)MIN

o | N o B o B e W o r ._._1
' ——
® @ @
.300(7.62) .332+.005 .268+.020
/ INDEX NOM  (8.43:0.13) (6.8120.51)

LEAD No.()-=—tFoForos 1
.050+.005 .100(2.54)

11.27+0.13)
' p _.032(081)
MAX
e
4 )
R .098(2.50/NOM

(D] ®40.10] | .017:.004

(0 43:0.10)
Details 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
©1989 FUJITSU LIMITED C26054S-1C inches (millimeters)
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PACKAGE DIMENSIONS

(Suffix: -PSZ)

PIN ASSIGNMENT

(TOP VIEW)

TAS Vss WE TE" NC A1 Az A  As  Ag

WSk T o Vg i3y 18a 17
Ag Doyt DN RAS NC Ao Az Vec A A7

+.008 +0.20
1.019%:005(25.8873:35)

O

.336+.010
(8.50+0.25)

v Vv UV V
,020£,004
.050(1.27) (0.50:0.10)
TYP
LEAD No.(D)
v

SrrrrrT Ty

(BOTTOM VIEW)

©1988 FUJITSU LIMITED Z20002S-4C

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

.112+,008
(2.85:0.20)
.387+.013
(9.83+0.33)
—
2\
.010+.002
(0.25:0.05)
(025:005) |
.100(2.54)TYP .118(3.00)MIN

(ROW SPACE)

Dimensions in
inches (millimeters)

2-58




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

PACKAGE DIMENSIONS

(Suffix :-C)
DIP-18C-A01
18-LEAD CERAMIC (METAL SEAL) DUAL IN-LINE PACKAGE
(CASE No.: DIP-18C-A01)
/l 0°to 9°
+.008
INDEX AREA 292010 300:.010
(7.45:3-.53) (7.62£0.25)
.900£.010 ’ 010+-004
(22.86%0.25) = 0107602
+0.10
(0.2573:10)
—— ’»—-—‘055(1.40)MAX
| I |
i .200(5.08)MAX
+.016
.100%.010 .032(0.81) 354,01
(2.54:0.25)"‘"1 REF - (099:0.38)
.800(20.32)REF 005' o013
.050+.010 .0187-00%(0.46+0-13)
(1.2720.25) [ 003 " -0.08
pimensior_‘s‘in
©1987 FUJITSU LIMITED D18014S-4C inches (millimeters)
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October 1989
Edition 1.0

DATA SHEET —/—/————

/e ®)
FUJITSU

MB81C1000A-60/-80/-10

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

CMOS 1,048,576 X 1 BIT Fast Page Mode Dynamic RAM

The Fujitsu MB81C 1000A is CMOS fully decoded dynamic RAM organized as 1,048,576 words x
1 bit. The MB81C 1000A has been designed for mainframe memories, buffermemories, and video
image memories 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 MB8 1C 1000A
High a—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.

PRODUCT LINE & FEATURES
RAS Access Time 60ns max. 80ns max. 100ns max.
Randam Cycle Time 130ns min. 155ns min. 180ns min.
Address Access Time 30ns max. 40ns max. 50ns max.
TAS Access Time 15ns max. 20ns max. 25ns max.
Fast Page Mode CycleTime 45ns min. 55ns min. 65ns min.
Low Power Dissipation 330mW max. 275mW max. 248mW max.
e Operating current
® Standby current 11mW max. (TTL level) / 5.5mW max. (CMOS level)

e Common I/O capability by using early write
o RAS only, CAS-before-RAS, or Hidden
Refresh

® 1,048,576 words x 1 bit organization

o Silicon gate, CMOS, 3D-Stacked
Capacitor Cell

o Allinput and output are TTL compatible o Fast Page Mode, Read—Modify—Write
® 512 refresh cycles every 8.2 ms capability
i o On chip substrate bias generator for high
performance

ABSOLUTE MAXIMUM RATINGS (see NOTE)

Voltage at any pin relative to VSS Vin, Vour 11047
Voltage of Vcc supply relative to VSS Vee ~1to+7 v
Power Dissipation PD 1.0 W
Short Circuit Output Current — 50 mA
Ceramic -55 to +150
Storage Temperature T T
g6 Tempe Plastic st 5510 +125

DIP-18P-M04

DIP-18C-A02

LCC-26P-M04

ZIP-20P-M02

Permanent device damage may occur if the above Absolute Maximum Ratings are

NOTE:
exceeded. Functional operation should be restricted to the conditions as detailed in the [This device contains circultry to protect the Inputs against
operational sections of this data sheet. Exposure to absolute maximum rating conditions | damage due to high static voltages or electric fields.
for extended periods may affect device reliability. However, It s advised that normal precautions be taken to
avoid of any voltage higher rated
wvoltages to this high impedance circult.
Copyright®© 1889 by FUJITSU LIMITED
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Edition 3.0

DATASHEET—

P
FUJITSU

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

CMOS 1048576 BIT NIBBLE DYNAMIC RAM

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

The Fujitsu MB81C1001 is CMOS fully decoded dynamic RAM organized as
1,048,576 words x 1 bit. The MB81C1001 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 MBS.17CO‘I 001 MBB:I;? 001 MB8:I1%1 001 M88:11021 001
RAS Access Time 70ns max. 80ns max. 100ns max. | 120ns max.
Random Cycle Time 140ns min. 155ns min. 180ns min. 210ns min.
Address Access Time 43ns max. 45ns max. 50ns max. 60ns max.
CAS Access Time 25ns max. 25ns max. 25ns 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

® RAS-only, CAS-before-RAS, or

PLASTIC PACKAGE
DIP-18P-M04

PLASTIC PACKAGE
ZIP-20P-M02

DIP-18C-A01: See Page 19

PIN ASSIGNMENT

® 1,048,576 word x 1bit organization -
® Silicon Gate, CMOS, 3D-Stacked Hidden Refresh o 18[JVss
Capacitor Cell ® Nibble Mode, Read-Modify-Write wel]2 17[J00ur
® All input and output are TTL capability RAS[]3 16 ] CAS
compatible ® On chip substrate bias generator Ter[a 15[ Ag
® 512 refresh cycles every 8.2ms for high performance. Alls o 1a[das
® Common /O capability by using As 1374,
early write INat 1217 A6
ABSOLUTE MAXIMUM RATINGS(See NOTE) As[]s 1[7As
Rating Symbol Value Unit Vee[]o 104
Voltage on Any Pin Relative to V, Vin. V. -1to+7 \"
Voltage on Vg Relative to Vgg B INvccOUT 1047 v *: Test Enable (will be available)
Pin Assignment
Storage Temperature Ceramic TsTG -55 to +150 °c For SOJ: See Page 17
Plastic -55to +125 Pin Assignment
Power Dissipation Pp 1.0 w For ZIP: See Page 18
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.

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 — BLOCK DIAGRAM
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CAPACITANCE (Ta =25°C)
Value
Parameter Symbol Unit
Typ Max
Input Capacitance, Ag to Ag, Dy Cint 5 pF
Input Capacitance, RAS CAS, WE Cinz 5 pF
Output Capacitance, Doy Cout 5 pF
RECOMMENDED OPERATING CONDITIONS
Value . Operating
Parameter Symbol in Tvo " Unit Temperature
\Y 45 5.0 55
Supply Voltage E V(S:SC 0 0 0 \%
o ]
Input High Voltage, All inputs |I] Vi 24 - 6.5 Y 0°Cro+70°C
Input Low Voltage, All inputs ViL -2.0 — 0.8 \
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DC CHARACTERISTICS

(At recommended operating conditions unless otherwise noted)

Val
Parameter NOTES Conditions Symbol w it m Unit
in ax
MB81C1001-70 75
Operating Current MB81C1001-80 == o ARE A 7
(Average power - RAS & (.:AS cycling; leca 0 mA
supply current) [2] | MB81C1001-10 trc = min 60
MB81C1001-12 50
Standby Current TTL level RAS=CAS=V,4 2.0
(Power supply - — leca mA
current) CMOS level RAS = CAS 2 V¢c-0.2V 1.0
MB81C1001-70 70
Refresh Current 1 MB81C1001-80 FAS = =S 65
(Average power CAS = Viy, RAS leca mA
supply current) MB81C1001-10 cycling; tge = min 55
MB81C1001-12 45
MB81C1001-70 45
Nibble Mode MB81C1001-80 RAS = V,_, CAS cycling; \ 45 .
=mi cca
Current MB81C1001-10 | N =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 tme = min 55
MB81C1001-12 45
0V < ViN<55V,
4.5V < Ve 5.5V,
Input Leakage Current Ves = OV; pins not [FTTR) -10 10
under test = 0V uA
0V < Vour £5.5V;
Output Leakage Current Data out disabled lo) -10 10
Output High Voltage loy = -BmA Vou 24 v
Output Low Voltage loL =4.2mA VoL 0.4
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AC CHARACTERISTICS

(At recommended operating conditions unless otherwise noted.) LNotes 3.4.5

MB81C1001-70 MB81C1001-80 MB81C1001-10 MB81C1001-12
No. Parameter NOTES| | 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 140 155 180 210 ns
3 | Read-Modify-Write Cycle Time tRweC 167 182 210 245 ns
4 | Access Time from RAS  [6](8] | tmac 70 80 100 120 ns
5 | Access Time from CAS  [7][8] | tcac 25 25 25 35 ns
Access Time from
6 Column Address [-_§| taa 43 48 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
9| Delay Time toFF 25 25 25 25 ns
10 | Transition Time tT 3 50 3 50 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 o] 0 0 0 ns
RAS to CAS
15| Delay Time il tReD 20 45 22 55 25 70 25 85 ns
16 | CAS Pulse Width tcas 25 25 30 35 ns
17 | TAS Hold Time tesH 70 80 100 120 ns
CAS Precharge Time :
18 | B8R 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 18 15 ns
21 | Column Address Set Up Time tasc 0 0 0 0 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 tRcs 0 0 0 0 ns
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AC CHARACTERISTICS (Cont’d)

(At recommended operating conditions unless otherwise noted.) | Notes 3.4.5

MB81C1001-70 MB81C1001-80 MB81C1001-10 MB81C1001-12
No. Parameter NOTES|| Symbol Unit
Min Max Min Max Min Max Min Max
Read Command Hold Time
26 Referenced to RAS tRRH 0 0 0 0 ns
Read Command Hold Time
27 Referenced to CAS tReH 0 0 0 0 ns
Write Command Set Up .
8| o (5] | twes 0 0 0 0 ns
29 | Write Command Hold Time tweH 15 15 15 20 ns
30 | WE Pulse Width twe 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 towi 17 17 20 25 ns
33 | Dy Set Up Time tps 0 0 0 0 ns
34 | D)y Hold time tow 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
15
37 | Doty Time [15] | tawo 43 45 50 60 ns
RAS Precharge Time to CAS
4] 0 0
38 Active Time {Refresh Cycles) tRPC 0 ns
CAS Set Up Time for
39 | TAS-before-RAS Refresh fcsr 0 0 -0 0 ns
CAS Hold Time for
i i 2
40 | CAS before-RAS Refresh fcHr 15 15 5 ° ne
Access Time from CAS
43 45 50 60 ns
4“1 (Counter Test Cycle) teat
Nibble Mode Read/Write
t, 50 50 55 60 ns
50 Cycle Time NC
Nibble Mode Read-Modify-
85 ns
51 | Write Cycle Time tNRwc | 67 67 s
Access Time from CAS
1, 55 ns
52 | brecharge 9] NPA 45 45 50
53 -anrt:‘k;le Mode CAS Precharge tnep 15 15 15 15 ns
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NOTES:

Referenced to Vgg.

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 changes as
RAS =V, and CAS=V,,.
lec1, leca and lccs 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,,.

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.

E AC characteristics assume tt = 5 ns.

Vin (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).

[[6] Assumes that trep < trep (max), taap < trap(ma
x). If trep(or trap)is greater than the maximum rec-
ommended value shown in this table, tgac will be incre-
ased by the amount that tgcp (or trap) exceeds the
value shown. Refer to Fig. 2 and 3.

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

If thap = trao (Max) and tage < taa-tcac-tr, access
time is taa.

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

10 | togr is specified that output buffer changes to high
impedance state.

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

[12] tgrep (Min) = tgap (Min) + 2t1 + tage (min).

[13] 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 tggry Or tren mMust be satisfied for a read cycle.

[75] twes. tewp. trwp and tawp are not a restructive

operating parameter. They are included in the data sheet
as the electrical characteristics only. If twes 2 twes
(min), the cycle is an early write cycle and Doyt pin
will maintain high impedance state throughout the
entire cycle. If tcwp = tewp (Min), tgwo = 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 tpwi, tcwr, and tga, specifications.

tepa i 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 tepa
(max).

Assumes that CAS-before-RAS refresh and CAS- before-
RAS refresh counter test cycle only
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treo (ns) trap (ns)
FUNCTIONAL TRUTH TABLE
O[:':;roeg;on _ Clorilifput _ Address Input Data Fetredh Nots
RAS CAS WE Row Column Input OQutput

Standby H H X - - - High-Z -

Read Cycle L L H Valid Valid - Valid Oy tres = tres (Min)
‘("é::fycvzfi'fe) L L L Valid | Valid | Valid | HighZ | O, !twes=twes (min)
vF:/ii(je“cAjggy L L H-L | valid | Valid cz:id Valid O, | tewo = tewo (min)
;ﬁ:::'éycle L H X Valid - - |Highz | ©

?Tz':e:f"r:‘h L L X - - - |Highz | O |tcsn > tesn (min)
'F:::‘::s’; oyele | M L X - - - Valid O | Previous data is kept.

X: “H" or “L"
'

*; Itis impossible in nibble mode.
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Read Cycle

tRe

tRAS

ViL— N ,ZL \

tcrp . tcsH tRp
RCD

s ViH— 4 \ /

ViL— |+ tRAD —my X 2

tASR tRAH tasc
fr——

D
>
[

O
(%]

e f-— ~tCcAH
ADDRESSES 'H™ ROW COLUMN
Vie— ADDRESS _ ADDRESS
tgcsr_._
we U R
V“__ L B AA

tcac
tRAC

tRAL

toN

DouTt HIGH-Z

D “H" or “L"

/7] Invalid Data

Write Cycle (Early Write)

tRc )
tRAS
Vg
ras M \
ViL— c 4
tcsH
tRSH tRp
tcrp trRCcD tcas
Vig— 4 X
CAS VIH x\ / /
- e tRAD =] Z
tasr | |TRAH tasc] tRAL
~— ] f— tcAH
ADDRESSES M ROW N COLUMN
Vg — ADDRESS ADDRESS
= twcs tewr
F=twcH"
WE twe
tRwWL
DS~ [=— |=—1tpyH
DN \ VALID
. DATA
VoH—
Dour HIGH-Z
oL—

D “HT oor L
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Read-Write/Read-Modify-Write Cycle
tRwc
_ — RA
RAS \\;::— N ) 7
tcre tcsH " .
RSH —tRp —=
tRcD tcas
I ViH—
CcAs Vil — j \t 1
pm—tR A D]
tASR| [tRaH tasc - oan RAL
ADDRESSES S . X
tewL—=—
=——tRWL —f=
" N_ LT 17
L twp— b to -+ foFF
o VALID
ouT DATA
tRAC tDg|ee{ fe—eitoH
Vin— s N - X VALID T PRSI T
Pin V)| — i DATA .
IR

[ “w” or “ ] tnvalid Data

Nibble Mode Read Cycle

tRP

tRAS

D
5
<<
FI
.
\
™~

tesH tNne -
tcrp |=tRCD = RSH

O
2
<<
r I
[
4
X
<
A
™\
e

“H" or L™

[/} Invalid Data
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Nibble Mode Write Cycle (Early Write)
tRAS ‘Re
AAS VlH———A\ /
ViL— K A ’\_
tcsH t
'CRP—| [~ tacp—f tNe ASH
v tRADle—wy | |e—tcas—=|
R IH— v N s
CAS
ViL— \L____J/ /| V Y / \
tASR| tran tnep | | tcas| |INcp| [tcas| |INcP| |Tcas
—={tCAH | y
y I” ld {tase HetewL HetowL — - towL
IH— ROW. COL.
ADDRESSE ><
SES V,L_X ADD. Xk ADD.
WL ——= tweH [*—={twcH
tweH e Hetrw L —
v wes—— = . —— [~ 'WCS tWCS ol WCS o twcH
— IH— WP —=| Htwp
Vi — \ / twp N twp A
i
tps| ('DH tos| |toH Ips L‘E]H os | |'oH
Din Vin— VALID VALID VALID VALID X
VL — DATA DATA \_DATA \ _DATA
VoH—
DouTt HIGH-Z
VoL —
[ “w" or v
Nibble Mode Read-Modify-Write Cycle
tRAS tRp
= VYim— Y
RAS
L — 7
tcrP tRSH
== ViH— 7
CAS
Vi _j // \
tASR
ADDRESSES "/H ™ RO
ViL — ADD. :
t |1t
. Fl‘wo‘cwn tewL JRW'-
v HCSI‘ tAWD. [—: = c.va
WE H— j | twe/ twe
ViL — ! /
~— laas ]
tcac b 'Qi”.'
v tRAC ton
OH—
DouT VALI :,
VoL — DATA/
D ViH — X‘ VALID '\ VALID VALID VALID
IN Vi — . DATA . DATA DATA DATA

D “H” or “L" Invalid Data

2-73



MB81C1001-70

MB81C1001-80
MB81C1001-10
MB81C1001-12
RAS-Only Refresh Cycle
NOTE: WE, Dy = “H"”or"L", Ag = V|, or V,_
tRC
tRAS
RAS VIH:
Vi ¢
ASR
tRAH
ESSES IH™ ROW g
{\A%Dtg :B) = ADDRESS ;
tcrp
CAS Vin- Z f
AS ViL- H|toFF, \

toH

_ e——————————
VoH

HIGH-Z

A TR —

DouTt VoL- -
uyr op L
CAS-before-RAS Refresh Cycle
NOTE: Address, WE, Dy, = “H"or’L"
tRC
tRAs tRp
RAS \\;“"- J—_——:S Z N
=
: tcsR tCHR tRPC
fe— t o p N
— Vin-
CAS Vi - L ; / \
torr
toH =
Vg e
Dour on HIGH-Z
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Hidden Refresh Cycle
tRc tRC
trAS [=-tRP = tRAS tRp =
RAS Vin— Y {
RAS iz N 7 3
= tRCD —efe—tRSH —=f .
== eAs l=——1ICHR rqmmmm——
s %
ADDRESSES
tRRH
WE
(Read)
tOH Fe—=i
Doyt VOHT HIGHZ VALID DATA

WE
(Read-Modify-

Write)
Din
H" or “L"” Invalid Data
CAS-before-RAS Refrash Counter Test Cycle
AAS z'H- 7/
i t T
ceg tCHR cen tRSH le—tRP
tcas
— Vig— \
CAS ViL— Z tasc \‘ Z
o fe—tCAH —=
COLUMN
ADDRESSES ADDRESS __ 4
IRAL
WE
(Read)
tcaT toH {torF
Vor— foN
Dour VoL HIGH-2 VALID DATA
'n?;_'IAWD_— —teW L —==|
— r TCWD ERWL
WE N wp
(Read-Modify-
Write) tps
e B e o TR R
Vig — —
IRV - X vaLio bata

3 “W” or 1 Invalid Data
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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
MB 81C1001. 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 tgapn (Min) + ty,

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 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 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 tgcp 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 tgyp Or tewp
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 toy. During read cycle,
the D,y pin is “Don’t Care”. The access
time is determined by RAS (tgac).
CAS (tcac), or Column address input
(taa). If treo (RAS to CAS delay
time) is greater than the specification,
the access time is tcac. f tgap 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
DN pin is latched with the latter falling
edge of CAS or WE and written into
memory. In addition, during write
cycle, trwr, tcwp and tgaL must be
satisfied the specifications.

Read-Modify-Write Cycle:

The read-modify-write cycle is executed
by changing WE from "“H" to “L" after
the data appears at the Doyt pin.
After the current data is read out,modi-
fied data can be re-written into the same
address quickly.

Nibble Mode Read/Write/Read-Modify-
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 address bits (RAO to RA8 and
CAO to CAB8). The 2 bits of addresses
(RA9 and CA9) are used to select 1 of
4 nibble bits for initial access. After the
first bit is accessed by the normal
mode, the remaining nibble bits may be
accessed by toggling CAS “H" then
“L” while RAS remains “'L". Toggling
CAS causes RA9 and CA9 to be in-
cremented 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 4 bits are accessed during
nibble mode, the address sequence will
begin to repeat.

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. 512 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-written to the cell. The
MB81C1001 also has three types of
refresh modes, RAS-only refresh, CAS-
before-RAS refresh, and Hidden refresh.
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. 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 " 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.

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
continuosly from previous cycle,
followed refresh cycle should be

CAS-before-RAS refresh.

Table 1 — NIBBLE MODE ADDRESS SEQUENCE

Nibble Row address Column address

Sequence Mode bit RAg (Ag ~ Ag) CAg (A ~ Ag)
RAS/CAS Normal 1 0 101010100 0 101010100 Input address
Toggle CAS | Nibble 2 1 101010100 0 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)
18 LEAD PLASTIC DUAL-IN-LINE PACKAGE
(CASE No.: DIP-18P-M04)
M ™ ™™ 15°MAX
INDEX-1 EJECTOR MARK
N .300(7.62) TYP
INDEX-2 .283+.006 |
;/ ‘7‘2%0'15) L
P L e N o L LT | o 004
868+.008 (22 05+0.20) 4010__‘0004
©995_ 012 14495930 p
E - +0.11
1025001
o 1=-050(1.27)MAX
[ \ I
] i 197(5.00)MAX
T .125(3.18)MIN
.100(2.54) 4012 +.006 - B
Ty L-‘ 047 4 l‘ '018~~00?§ 020(051MIN
+0.
“ ,zojg-30) (0.45_0%5)
+.012. |-
03275
© 82+0A30) Dimensions in
© FUJITSU LIMITED 1986 D18015S-4C CC-0 inches (millimeters)
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PACKAGE DIMENSIONS
(Suffix: -PJ)
PIN ASSIGNMENT
Din Vss
WE P OouTt
RASQ P Cas
TE* O b NC
Ne. b Ag
TOP
VIEW
Aol P Ag
Ard 0Ay
A2Q D Ag
A3 (] D As
Veeq DAy
26-LEAD PLASTIC LEADED CHIP CARRIER
(CASE No.: LCC-26P-M04 ) 140(3.55)MAX

.089(2.25)NOM

*.675%.005 ,

(17.15£0.13) .025(0. 64)MIN
mnomno | o B o B e B o B e}

[ - _
% @ j a
! .300(7.62) .332%,005 268+.020
, INDEX NOM  (8.4320.13) (6.81+0.51)
LEAD No.(1) ST e T B | o
_.050+£.005 _ | | .100(2.54) T
|
1

(1.27+0.13) TTTYe
.600(15.24)REF

o _.032(081)
/A [~ vax
74 )
4 ii ,098(2.50)NOM
!
1 1
'}

[ wo0] | o17eg0s

"10.43+0. 10)
Details 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
©1989 FUJITSU LIMITED C26054S-1C inches (millimeters)
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MB81C1001-70
MB81C1001-80
MB81C1001-10
MB81C1001-12

PACKAGE DIMENSIONS

(Suffix:-PSZ)

PIN ASSIGNMENT

(TOP VIEW)

CAS Vss WE TE' NC A1 A3 Ag  As  Ag

Ty 160

IR tEoathoa3toasrt a7l

20 4n 61 T 104 125 1811 2050
M1CITILo T TR AT EICTICILICANTEACTIEAL TR

1911

Ag Doutr Din RAS NC  Ag Ay Vec As

A7

(CASE No.: ZIP-20P-M02)

+.008 +0.20
1.019%:998(25.88+929)
/
335:.010
(8.50+0.25)
O’ INDEX
.020+.004
.050(1.27) (0.50%0.10)
! TYP
LE/AD No.(D)

Crrrrrrrrry

(BOTTOM VIEW)

© 1988 FUJITSU LIMITED Z20002S-4C

20-LEAD PLASTIC ZIG-ZAG IN-LINE PACKAGE

.112+.008
(2.85+0.20)

.387£.013
(9.83+0.33)

.010+.002
(0.25+0.05)

.100(2.54)TYP
(ROW SPACE)

.118(3.PO)M|N

Dimensions in
inches (millimeters)
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MB81C1001-70

MB81C1001-80
MB81C1001-10
MB81C1001-12
(Suffix: -C)
DIP-18C-A01
18-LEAD CERAMIC (METAL SEAL) DUAL IN-LINE PACKAGE
(CASE No.: DIP-18C-A01)
//\' 0°to 9°
— —— — . . o #
+.008
.293_4812% 300t.010)
INDEX AREA +0.20 (7.62:0.25
(745705
.900+.010 ‘ +.004
010
(22.86+0.25) ! —;%0120
(0.25%0:19)
——] [—*.055(1‘4ODMAX
[ ]
T
i 200(5.08)MAX
a9 a07p2y
.100+.010 032(0.81) | o3st.015
(2.54%0.25) REF - (0.89:0.38)
800(20.32)REF . 005‘, 013
.050+.010 0187005104670 02)
(1.270.25) — Dimensions in
©1987 FUJITSU LIMITED D18014S-4C in'c";‘irs‘s('r‘:‘?ﬁimeters)
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October 1989
Edition 1.0

DATA SHEET

[o®)
FUJITSU

MB81C1001A-60/-80/-10

CMOS 1,048,576 BIT NIBBLE MODE DYNAMIC RAM

CMOS 1,048,576 X 1 Bit Nibble Mode Dynamic RAM

The Fujitsu MB81C1001A is CMOS fully decoded dynamic RAM organized as 1,048,576 words x
1bit. The MB81C 1001A has been designed for mainframe memories, buffer memories, and video
image memories 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 MB81C1001A
High 0~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.

PRODUCT LINE & FEATURES

RAS Access Time 60ns max. 80ns max. 100ns max.
Randam Cycle Time 130ns min. 155ns min. 180ns min.
Address Access Time 30ns max. 40ns max. 50ns max.
CAS Access Time 15ns max, 20ns max. 25ns max.
Nibble Mode Cycle Time 35ns min. 42 ns min. 50ns min.
Low Power Dissipation 330mW max. 275mW max. 248mW max,
e Operating current
® Standby current 11mW max. (TTL level) / 5.5mW max. (CMOS level)

e Common I/O capability by using early write
« RAS only, CAS-before-RAS, or Hidden

® 1,048,576 words x 1 bit organization
° Smcon gatg lC|:MOS 3D-Stacked

Capacitor Cel Refresh
o All input and output are TTL compatible o Nibble Mode, Read-Modify-Write
@ 512 refresh cycles every 8.2 ms cepabc ity
i o On chip substrate bias generator for high
performanoe

ABSOLUTE MAXIMUM RATINGS (see NOTE)

Voltage at any pin relative to VSS Vin, Vour -110 +7 v
Voltage of Vcc supply relative to VSS Vee 110 +7 v
Power Di ion PD 1.0 w
Short Circuit Output Current — 50 mA
Ceramic -55 to +150
Storage Temperah Plastic Tar 55104125 °
NOTE: Permanent device damage may occur if the above 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.

DIP-18C-A02

LCC-26P-M04

ZIP-20P-M02

;hls devk;o mmﬂmkﬁw to "{.‘Z’“ the Inputs
lamage due static voltages or
However, it

avold awlkzation of any vol hi
voltages to this high lrmodk:g:o‘grc

electric
Is advised that normal pvocnullons be taken to
than maximum rated

inst
lelds.

Copyright© 1989 by FUJITSU LIMITED
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November 1989
Edition 1.1

DATA SHEET —/—/———

[e®)
FUJITSU

MB81C1002-70/-80/-10/-12

CMOS 1,048,576 BIT STATIC COLUMN MODE DYNAMIC RAM

CMOS 1,048,576 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 mainf ies, buffer memories, and video
image memories 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 itor cell technology makes theMB81C 1002

kad

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

PRODUCT LINE & FEATURES
RAS Access Time 70ns max. 80ns max. 100ns max] 120ns max.
Random Cycle Time 140ns min. 155ns min. 180ns min.|  210ns min.
Address Access Time 43ns max. 45ns max. 50ns max. 60ns max.
TAS Access Time 25ns max. 25ns max. 25ns max. 35ns max.
g‘;‘t}g %?,[,:m" Mode 48ns min. 50ns min. 55ns min. 65ns min.
Low Power Dissipation 413mW max.| 385mW max.| 330mW max| 275mW max.
e Operating current
e Standby current 11mW max. (TTL level) / 5.5mW max. (CMOS level)

o Common /O capability by using early write
o RAS only, CAS-before-RAS, or Hidden
Refresh

o Static column Mode, Read-Modify-Write
capacity

o On chip substrate bias generator for high
performance

® 1,048,576 words x 1 bit organization

o Silicon gate, CMOS, 3D-Stacked
Capacitor Cell
o Allinput and output are TTL compatible

* 512 refresh cycles every 8.2 ms

ABSOLUTE MAXIMUM RATINGS (see NOTE)

DIP-18C-A01

LCC-26P-M04

Voltage at any pin relative to VSS Vin, Vour 110 +7 v
Voltage of Vg supply relative to VSS Vee —-1to+7 \
Power Dissipation PD 1.0
Short Circuit Output Current — 50 mA
Ceramic -55 to +150
Storage Temp ~ Tsta c
Plastic -55to +125
- - ZIP-20P-M02
NOTE: Permanent device damage may occur if the above Absolute Maximum Ratings are
exceeded. Functional operation should be restricted to the conditions as detailed in the ["This device contains circuitry to protect the inputs against
operational sections of this data sheet. Exposure to absolute maximum rating conditions | damage due to high static voltages or electric fiokds.
for extended periods may affect device reliability. However, It Is advised that normal precautions be taken to
avoid application of any voltage higher than maximum rated
voltages to this high impedance circuk.
Copyright© 1989 by FUJITSU LIMITED
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MB81C1002-70
MB81C1002-80
MB81C1002-10
MB81C1002-12

Fig. 1 — MB81C1002 DYNAMIC RAM—BLOCK DIA-
GRAM

DIN

DouT

CAPACITANCE (1= 25°C, f = 1MHz)

Input Capacitance, A0 to A9, Dy Cine — 5 PF
Input Capacitance, RAS, CAS, WE Cine — 5 PF
Output Capacitance, D out Cour — 5 pF
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PIN ASSIGNMENTS AND DESCRIPTIONS

18-Pin DIP: 26-Pin SOJ:
(TOP VIEW) (TOP VIEW)
T ——————
on O 1 18 P Vgs DN Q! 26|P Vss
we -2 17 n} Dout WE 8] ¥ 25 P E(lu-r
=d- =) ras Q| 3 2410 cas
RAS 16 CAS e O]+ 23|10 nNc.
e 4 15 [ A9 ne. dl s 2|h aq
M [Os 14 [0 as
Al 13 [ A7 on -
a7 12 [ Ae Ao O] s wlp A, DIN Data Input.
m e 1 s A Qo i | DouT Data Output.
A, I 1610 Ag — -
Voc[: 9 10 [J a4 Ay )2 150 As WE Write Enable.
Vee QLE LI0 As RAS Row address strobe.
NC No connection.
20-Pin ZIP: AOto A9 Address inputs.
(TOP VIEW)
—_ —_— VvCC +5 volt power supply.
CAS Vggs WE TE NC. Ay A, A, Ag Ag
BT 1007 1257 1457 16T 1e 2002 TE Test Enable (will be available).
@'_EL%HUITIJI‘FLE. : 1;5’.'!1-.5!'.“-'5’.'?1-,‘7. v %T.t CAS Column address strobe.
AgDoyr Dy RAS NC. Ag Ay vge As Ao VSS Circuit ground.

RECOMMENDED OPERATING CONDITIONS

Supply Voltage E] - - ' "
Vss 0 0 0
0 °Cto +70 °C
Input High Voltage, all inputs VIH 24 — 6.5 Vv
Input Low Voltage, all inputs E] VIL -20 — 0.8 \"
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MB81C1002-70
MB81C1002-80
MB81C1002-10
MB81C1002-12

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 CAS 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(TAS ). Both row

and column addresses mustbe stable on or before the falling edge of CAS and RAS , respectively. The address latches are of the flow-through type;

thus, address information appearing after tRa4 (min)+ tr is 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 MB8 1C 1002 during write or read—modify—write cycle. The input data is strobed and latched by the later falling edge of CAS or
WE. Inan early write cycle, data input s strobed by TAS , and set up and hold times are referenced to CAS . In a delayed write or read-modify—write
cycle, WE is set low after TAS . Thus, data input is strobed by WE, and set up and hold times are referenced to WE.

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 falling edge of RAS when trcp (max) is satisfied.

tCAC :  from the falling edge of CAS when tacp is greater than trcp, tRap (max).

tAA from column address input when tRap 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 rowby applying new column address. In the static
column mode, RAS can be kept low throughout static column mode operation.
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MB81C1002-70
MB81C1002-80
MB81C1002-10
MB81C1002-12

DC CHARACTERISTICS

(Recommended operating conditions unless otherwise noted) Notes 3

Output high voltage Vou IOH=-5mA 24 — — v

Output low voltage Voo IOL =4.2mA — — 0.4
Input leakage current  (any input) [I7) OV < VIN < 55V;
45V < VCC < 55V, -10 — 10
VSS=0V;All other pins uA
not under test =0V
0V < VOUT < 55V;
Output leak: t | ' -10 — 10
utput leakage curren oL Data out disabled
MB81C1002-70 75
Operating current MB81C1002-80 [ — .
(Average power ICC4 RAS & C AS cycling; - - 70 mA
supply current) MB81C1002-10 tac =min 60
MB81C1002-12 50
Standby current TTL level RAS=CAS=VIH 20
(Power supply ICC» — — mA
current) CMOS level RAS=CAS 2 VCC-0.2V 1.0
MB81C1002-70 70
Refresh current MB81C1002-80 GAS-VIH, FAS _ B 65
#1 (Average power MB81010021 ICC3 . . mA
supply current) E} ~10 cycling; tge= min 55
MB81C1002-12 45
MB81C1002-70 37
Static column mode | MB81C1002-80 RAS = CAS =VIL 35
t ICC4 — — mA
curren E' MB81C1002-10 cycling; tc = min 30
MB81C1002-12 23
MB81C1002-70 —_— " 70
Refresh current V5810100080 RAS cydling ;
#2 (Average power IcCs CAS-before-AAS; — — 65 mA
supply current) E MB81C1002~10 tre =min 55
MB81C1002-12 45
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MB81C1002-70
MB81C1002-80
MB81C1002-10
MB81C1002-12

AC CHARACTERISTICS

(At recommended operating conditions unless otherwise noted.) Notes 3, 4, 5

1 | Time Between Refresh toer — 8.2 — 8.2 — 8.2 — 8.2 ms
2 Random Read/Write Cycle Time tre 140 - 156 - 180 - 210 - ns
3 Read-Modify-Write Cycle Time trwe 167 — 182 — 210 — 245 — ns
4 | Access Time from RAS L62]| trac — 70 — 80 — 100 — 120 | ns
5 Access Time from CAS m teac _ 25 — 25 — 25 — 35 ns
6 Column Address Access Time taa — 43 - 45 — 50 — 60 ns
7 | Output Hold Time ton 7 — 7 — 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 — 25 ns
10 | Transition Time tr 3 50 3 50 3 50 3 50 ns
11 | RAS Precharge Time tre 60 - 65 — 70 — 80 - ns
12 | TAS Pulse Width tras 70 |100000 | 80 {100000 | 100 |100000 | 120 | 100000 | ns
13 | RAS Hold Time tasy 25 — 25 - 30 — 35 — ns
14 | TAStoRAS Precharge Time tore 0 — 0 - 0 - 0 - ns
15 | RAS to CAS Delay Time 13| tpeo 20 45 22 55 25 70 25 85 | ns
16 | CTAS Pulse Width tons 25 - 25 — 30 —_ 35 — | ns
17 | CAS Hold Time tosh 70 — | e - 100 - 120 — |ns
18 | TAS Precharge Time (C-B-R cycle) @ teon 15 - 15 - 15 - 15 - ns
19 | Row Address Set Up Time tasr 0 — 0 — 0 — 0 — ns
20 | Row Address Hold Time t gan 10 - 12 - 15 - 15 - ns
21 | Column Address Set Up Time tasc 0 - 0 - 0 - 0 — | ns
22 | Column Address Hold Time tean 20 - 20 - 20 - 25 - ns
23 | RAS to Column Address Delay Time[ 13 ]| tgaap 15 27 17 35 20 50 20 60 ns
24 | Column Address to RAS Lead Time taaL 43 — 45 - 50 — 60 — ns
25 | Read Command Set Up Time thos 0 - [ - 0 — 0 - ns
2 | passSomperdio e tw| o[ = Jo -] o -] o]~ [
27 | poad Command ol Time tew [ o | — [ o | = o | — o | — |ns
28 | Write Command Hold Time twen 20 — 20 — 20 - 25 — ns
29 | WE Pulse Width twe 15 — 15 — 15 — 20 - ns
30 | Write Command to RAS Lead Time tawm 22 — 22 — 25 — 30 —_ ns
31 | Write Command to CAS Lead Time tow 17 — 17 — 20 - 25 — ns
32 | DIN SetUp Time tos 0 — 0 — 0 — 0 — ns
33 | DIN Hold Time ton 20 —_ 20 —_ 20 — 25 —_ ns
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MB81C1002-70
MB81C1002-80
MB81C1002-10
MB81C1002-12

AC CHARACTERISTICS (continued)

At recommended operating conditions unless otherwise noted.) Notes 3, 4, 5

34 | RAS to WE Delay Time 523 tawo 70 - 80 - 100 — 120 — ns
35 | CAS to WE Delay Time 357 tewo | 25 — 25 — 30 — 35 — ns
36 | Column Address to WE Delay Time [[15 ]| t swp 43 — 45 — 50 - 60 — ns
37 RAS Precharge Time to CAS _ _ _ _
Active Time (Refresh Cycles) treo 0 0 0 0 ns
38 | CAS Set Up Time for CAS—before tesm 0 — 0 — 0 — 0 — ns
—TAS Refresh
39 | CAS Hold Time for CAS-before _ _ - - ns
TS Rofrect tcHr 15 15 15 20
Access Time from CAS _ _ _ _
40 | {Counter Test Cycle) tear 43 45 50 60 ns
Static Column Mode Read/Write — — — —
50 | Cycle Time tsc 48 50 55 65 ns
Static Column Mode Read-Modify— — — — —
51 | Write Cycle Time fy tsawc | 96 100 110 130 ns
52 | Access Time Relative to Last Write taw — 91 — 95 — | 105 - 125 ns
53 | Access Time from WE Precharge t wea — 25 — 25 — 30 — 35 ns
Output Hold Time for Column Address
54 | Ghange taow | 10 - 10 - 0| - 10 - ns
55 | Write Latched Data Hold Time t woH 0 —_ 0 —_ 0 —_ 0 — ns
Column Address Hold Time
oAl 15 — 15 — —_ —_—
56 | Referenced to RAS Rising Time tann 15 15 ns
Last Write to Column Address
57 | Delay Time tiwao | 25 48 25 50 25 55 30 65 ns
Column Address Hold Time
58 | Referonced to Last Write taw | ot - 95 - 105 - 125 - ns
59 | RAS to Second Write Delay Time trswo | 70 — 80 — 100 — 120 — ns
60 | WE Inactive Time twi 13 — 15 — 15 _ 20 — ns
Write Set Up Time for Output
61 | Disablo ® tws o - 0 - 0 — 0 — ns
62 | Write Hold Time for Output Disable twu 0 — 0 — 0 — 0 — ns
63 %t;téc Column Mode CAS Precharge ter 15 _ 15 _ 15 _ 15 _ ns
Write Command Hold Time
54 | Referanced to RAS twin 5 - 5 - 5 — 5 - ns
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MB81C1002-70

MB81C1002-80
MB81C1002-10
MB81C1002-12
Notes:

1. Referenced to VSS 12. trep (min) = traH (min)+ 2t 1 + tasc (min).

2. Icc depends on the output load conditions and cycle rates; The
specified values are obtained with the output open. 13. Operationwithin the trRap (max) limitinsures thattrac (max)can
Icc depends on the number of address change as RAS = ViLand be met. trap (max) is specified as a reference point only; iftrRap
CAS = V. . . - L
lcet, Iccaand Iccs are specified at three time of address change is greater than tﬁe specified thap (max) limit, access time is
during TRAS = ViL and CAS = VIH. controlled exclusively by tcac or taa .

Iccuis specified at one time of address change during FAS = Vil 16. Assumes that tLwaD S tLwAD (max). IftLwaDis greater than the
and TAS = ViH. ) o )
maximum recommended value shown in this table, taw. will be

3. An Initial pause (FAS =CAS =VIH) of 2004s is required after increased by the amount that tLwap exceeds the value shown.
power-up followed by any 8 RAS —only cycles before proper
device operation is achieved. In case of using internal refresh 17. tanr is specified to latch column address by the rising edge of
counter, a minimum of 8 CAS —before—RAS initialization cycles
instead of 8 RAS cycles are required. 18. Operationwithin the tLwaAD (max) limitinsures thattawL (max) can

4. AC characteristics assume tr = 5ns be met. tLwaD(max) is specified as areference pointonly; iftLwap
Vi (min) and V)L (max) are reference levels for measuring is greater than the specified {LwAD (max) limit, then access time is
timing of input signals. Also, transition times are measured controlled by taa.
between Vi (min) and Vi (max). 19.  tuwap (min) = tcaH (min) + tr (tr=5ns).

6. Assumes that treo S trep (max), and trap £ trap (max). If 20. tws, twr and tRwD are specified as a reference point only. Iftws
treo (or trap ) is greater than the maximum recommended value 2 tws(min) and twr 2 twH(min), the data output pin will remain
shown in this table, trac will be increased by the amount that High-Z state through_ entire cycle. If It tRwp 2 trwo(min), the
trco (or trap ) exceeds the value shown. Refer to Fig. 2 and 3. data output will contain data read from the selected cell

7. Assumes that write cycle only. 21. Assumes that CAS —before—RAS refresh, CAS —before—RAS

test cycls I

8. Iftrap 2 trap (max), access timeis taa . refresh counter test cycle only

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

10. torr is specified that output buffer change to high impedance
state.
11. Operation within the trcp (max) limit insures that taac  (max)

can be met. treo (max) is specified as a reference point only; if
trep is greater than the specified trep (max) limit, access time is
controlled exclusively by tcac or taa .
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MB81C1002-10
MB81C1002-12

Fig. 2 — tgac Vs. trep Fig. 3 — qac Vs. trap
t aac (ns) 160 |- t gac (nS) 160 |-
140 |- 140 -
120ns Version 120 | 120ns Version,
120 =
. 100ns Version
100 100ns Version { 100
80ns Version/” | | 80 BOHS Version; |
ol P i ! | <-1'—"70ns Version
70ns Versio) | | q
N S 1 |
ob ikt
T ' UL T 2|0”40 60 BIO 1(|)O 1120
20 40 60 80 100 120
t ns
t rep (NS) rap (NS)

FUNCTIONAL TRUTH TABLE

Al ) P!
Standby H H X — — High-Z —

Valid — Valid o tres 2 tres (min)

Read Cycle L L H Valid i
i tRcH 2 treH (min)
Write Cycle : N . *1 .
(Early Write) t L L Valid Valid Valid High-Z o tws 2 tws (min)
Read-Modily-Writs L Lo (Hot| vaid | vaid | S [ vai o) town >t owo (min)
Static Column Mode 2 ) . tRes = tres (min)
Read Cycle L L H Valid Valid - Valid X tron 2 t on (min)
Static Column Mode *2 . . *1
Witte Gycle L L Lo vag | vaie | vaie | lls X
Static Column Mode 2 . X— . )
Read-Modify-Write Cycle L L |HoL| yaig | Valid | ygig | Vaid X tewn 2t cwp (min)
Static Column Mode 2 : ; High-Z
Mixed Cycle L L L/H Valid Valid Valid or Valid X
RAS-only . .
Refresh Cycle L H X Valid — — High-Z (o]
CAS-before—RAS .
Refresh Cycle L L X - - - High-Z ©
gldden Refresh HoL L X _ _ _ Valid o Previous data is
ycle
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.

2-93



MB81C1002-70
MB81C1002-80
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TIMING DIAGRAMS

Fig. 4 - READ CYCLE

RAS ViH—

DESCRIPTION

ViL—
== ViH—
CAS ViL—

ViH—
Ao to Ag ViL—

WE VH—
WE

ViL—

Dour  Vow—
VoL—

tRC
’S tRAS
N
tCRP
tCsH :l] [e— tRP
tRCD tRSH
]
7 tcas
[e— tRAD =¥
1SR tRAH tRAL
r—- tAHR
ROW ADD. COLUMN ADDRESS
tRCS |
- :
m
I |
| tCAC
| tRAC
HIGH-Z
||= tON

*1; If tRAD > tRAD (max), access time is tCAC or taA whichever occur later.

“HuorL"

The read cycle is executed by keeping both RAS and TAS “L" and keeping WE “H” through out the cycle. Therow and column addresses are
latched with RAS and TAS, respectively. The data output remain valid with TAS “L”, i.e., if CAS goes “H”, the data becomes invalid with DH.
During read cycle, the DIN piniis “H" or “L". The acces time is determined by RAS(RAC), CAS(tcAc), or Column address input(taa). If taeo (RAS
to CAS delay time) is greater than the specification, the access time is CAC or taa whichever occur later.
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MB81C1002-80
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Fig. 5 - WRITE CYCLE (Early Write)

tRC

tRAS

WA VH— _—"35
ViL— .

o [« thp —™

tRCD tRSH

tCRP  ~
| CAS |

TAS VH—
ViL—

Ao 0As VH—
viL—

I
towt - L__ -
:

tws
tWCH
= VH—
WE ViL—
DN VH—
ViL— 4
Dout ‘\’/f;: HIGH-Z

“Hror~L*

*1; If tws 2 tws (min) and twH > twH (min), Dout 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, duringwrite cycle, tRwL, tcwL and tRAL must be satisfied the specifications.
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Fig. 6 — READ WRITE/READ-MODIFY-WRITE CY-
CLE

tRWC

—_—  VH— —'!\ e

viL—

7 thp _.\_

tcsH

tCRP r tRCD tRSH
) |

—_—  VH— tcas
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DESCRIPTION

The read-modify-write cycle is executed by changing WE from High to Low after the data appears on the DOUT pin.
This new data is written into the same address as read out.
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Fig. 7 - STATIC COLUMN MODE READ CYCLE
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Fig. 8 - STATIC COLUMN MODE WRITE CYCLE
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*1; If tws > tws (min) and twH > twH (min), DouT is high-Z.
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. Itis <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>