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[I IC MEMORY LINE-UP AND TYPICAL

CHARACTERISTICS
ak ——{ akx1 |Hmsmazar |{mMsmazas |

- 16K 1 16K x1 |{msm3716 |
—{ Oynamic }-{ nmos {32k ] 32k x 1 |-{msm3732H|-{MSM3732L |
ek} 64K x1 [{msmazes |
-{ 256K |—256K x 1_|—{MSM37256|+

RAM

ak_ |— 1kx4 [{msm2114L]
1 NMOS
16K |— 2kx8 |-{msm2128-1{msm-2128 |

4Kx 1 |{msms104 |
1K x4 |{MSM5114 |-{MSM5115

2K x8 {MSM5128 |

64k — 8Kx8 |-{msmsiss |+

16Kk 2Kk x8 |{msmz2916 |
32k - akx8 |-{msm2032 |

[ Aos | 64Kk —] 8Kx8 [{Msm2965
—{ Mask ROM 128K |—1 16K x 8 |{MSM38128]

{ nmos M 16 x 18F || MSM28101 - msm28201
{ cmos || zsex |1 32k x8 |-{Msms3256]

-4 2k |— 256x8 |{msm27s0 ]
8K }— 1kx8 }-{mMsm2708 |

——{ erroM H Nmos -1 16k — 2k x8 |H{msm271s |

64K 8Kx8 |-{MsM2764 |*

[ 128k }—{ 16K x8 |{Msm27128]

* Under development




¢ DYNAMIC RAMS

BIC MEMORY-UP AND TYPICAL CHARACTERISTICSH

Num- Pawer
warmory (P05 | Acoss | eyce | S8 | por |
ory _— ’ A .| Pins { Time Time Supply Equivalent
Model Name Capac- Circuit Functian CDT::‘I::JIH per | MAX MIN m:c\\:? Voltage Deovics
ity Pack- | (ns} {ns} Operating/ [L%)]
08 Standby
MS . : +12, +4,
M3741 AK | 22 Pin Dynarmic AMOGx1| 22 300 550 750/5 5 TMS4060
Pin Hi
MSM3746 ak |22 Fin High Spsed a096x1{ 22 | 100 | 20 | eoore |71
ynamic -6
MSM3716-2 150 375 528/20 | 45 .5 | MK4VIE2
16K |16 Pin Dynamic 16384x 1| 16 ! :5 ’
MSM3716-3 200 375 52820 I MK4116-3
MEM3ITI2ZH-12 120 240 248/28 [
16 Pin Dynamic
MEM3IT3I2H-15 32K A7 iColumnl = H 32768« 1| 16 150 210 248428 +5
MSM3732H-20 200 320 248/28
MEMITIZL-12 120 240 24B/28
msmaz32L.9s | a2k |16 Fin Dynamic 32768x1| 16 | 180 | 270 | 243/28 +5
A7 (Column) = L
MSM3732L-20 200 T 330 248/28
MSM3764-12 120 240 248128
MSM2764-16 | 64K |16 Pin Dynamic 65536x 1| 16 160 270 2481328 ‘ +5 TM54164-15
M5SM3764-20 200 330 248128 i TM54164-20
T !
MSM372E6 | 286K, | 16 Pin Dynamic 262144 x 1| 16 106/120| 200/240 300/23 | +5
¢ NMOS STATIC RAMS
Num- Powar
Mem- Memoty ber of | Access | Cycle Con::::p- Power Equivalent
ory I : - .| Pins | Tima Time Supply quivalen
Modal Name Capac- Circuit Function Cm:::lura per MAX MIN ?Ilmnwﬁ Voltage Devica
ity Pack- | {ns) Ins} Cperating/ (V)
ago Standby
MSH2114L-2 200 200 396 2114L2
MSM2114L-3 4K, | Static, Common 1O 1024 x 4 18 aoe 300 306 +5 2114L3
MSMZ2114L 450 450 346 2114L
MSM2128-1 200 200 788
- 16K | Static, Cammeon 1O 2043 x 8 24 +5 TMS4016
MEM2128-13 300 300 a8
MSM2128-12 120 120 660/110
Static, Camman 10 TMMZ2016
MSMZ128-15 16K | ith Power Down Mode | 20988 | 24 150 150 s80/110 ¥ | mss725
M5M2128-20 200 200 550/110




BIC MEMORY-UP AND TYPICAL CHARACTERISTICS &

e CMOS STATIC RAMS

Num- Pawer
Mem- Memory b;' of | Access. | (:I:_Yd' co:'i‘:nmp- Pawer Equivalent
ory — " | Ping | Time ime Supply quivalen
Model Name c!m' Circudt Function Cor:!‘:;g“nra pec | MAX MIN ?lll:‘\")g Voltage Device
ity P:;I:A ns) ins} Operating/ I\
Standby
MSMS114-2 200 200 192/0.04
Fully Static TCE5514
- + 19240, +5
MSM5114-3 4K Comman 1/Q 1024 x 4 18 300 300 F2/0.04 4PD444
M5ME114 450 450 192/0.04
M5M5115-2 ) 200 300 33/0.04
4K gioc ked Slt?élc. 1024 x 4 18 +5 HM6514
MSME1 153 emman 300 470 | 33/0.04
MSM5104-2 . 200 300 33/004
aK glncked E:félcf 4096 x 1 18 +5 HMBE504
MSMB104-3 omman 200 420 33/0.04
MSME128-12 120 120 330/0.275
Fully Static, . HME 116
M5M5128-15 16K Cormmon (/0 2048x8 24 150 150 300/0.275 5 LPDA4B
MS5128-20 200 200 275/0.279
¢ EPROMS
Power
Nurm.-
Mem- tior of | Access | Cycle | COPBTE | ooy
Model Name ary Circuit Function CT:IF?OL::;- Ping | ¥ima Time htlllxr)'( Supply | Eduivslent
Capac- i per | MAX | MIN {mw) | Voltaga | Device
ity P:;:- {ns} [nsl Oparating/ v}
Standby
MSM2760 2K | 24 Pin EPROM 256 x5 24 1000 1000 2000 +5, -8 | 1702
. +12, t5,
MSM2708 8K | 24 Pin EPROM 1024 x 8 24 450 450 800 % 2708
MSM2T16 16K | 24 Pin EPFROM 2048 8_| 24 460 450 525/132 +5 2716
MSMZ2732 32K | 24 Pin EPROM AQ96 x 8 24 260 250 787/168 +5 27324
MSM2764 BAK | 28 Pin EFROM B192 %8 28 200 200 790/185 +5 2764
e MASK ROMS
Num- Pawer
Mem- Memory | beY of | Actess ?l_vcle CO?::: 1 Power . |
ory N . A [ Ping | Time ime Supply quivalant
Model Name Capac- Cireuit Functicn Cnr;:‘l’g:ta por | MAX MIN I;lr!nt): Valtage Device
ity Pac:(- Lns) ins) Dperating/ vl
o Standby
MSM2316 24 Pin MASK ROM 2048 x 8 24 450 450 526{132 +5 2716 EFROM
16K
MSM2916 24 Pin MASK ROM 2048 x 8 24 250 260 550 +5 2716 EPROM
MEMZ2932 32K | 24 Pin MASK ROM 4096 % 8 24 200 300 560 +5 2532 EPRDM
MSMZE65 B4K | 24 Pin MASK ROM 8182 x 8 24 300 300 687 +5 2564 EPROM
MSM3B128 128K | 28 Pin MASK ROM 16,384 x 8 28 450 450 B&O110 +5
JI5-Chinesa-
character
MSM2ZR101 40 Fin MASK RAM coding system
. 0~7,16~47
1M | 18 x 16 Chinesecharac- i?‘lsaox 16 40 D53 Blus 530 45
MSM28201 ter font output H8 Chiness-
character
coding system
A4B~-87
Pi
MSM53256 266K | g CMOSMASK | 5r 768 x8 | 28 | 250 | 250 +5
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PACKAGING

Packages
Name RS _——AS
No. of Pins
PLASTIC CERDIP CERAMIC
MSM3746 22 O
3716 16 O O
3732 16 ] O
3764 16 o O
37256 16 @] - O
- 211aL 18 o |
2128-1 24 O
5114 18 O .
5115 18 O |
I 5104 | 18 O
e x| o '_
5188 28 O O
2916 24 O O
2932 24 O Q
[ 2965 24 O O
38128 28 O O
1 28101 10 O
28102 40 O
53256 28 O O
2708 24 O
2?16#\- 24 O
B 2732 24 O
2128 24 O

Mote: Model names suffixed by RS denote piastic maold devices, while AS denotes cerdip or ceramic devices,
plastic mold device
cerdip or ceramic device

Ex.

MSM291BRS
MSM2916AS
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RELIABILITY INFORMATION

1. INTRODUCTION

Semiconductor memories play a leading role in the
expiosive progress of semiconductor technology. They
use some of the most advanced design and manu-
facturing technology deveioped to date. With greater
integration, diversity and raliability, their applications
have expanded enormously. Their use in large scale
computers, control equipment, calculators, electronic
games and in many other fields has increased at a fast
rate.

A failure in electronic banking ar telephone switching
equipment, for example, could have far reaching effects
and can cause incalculable losses. So, the demand, for
stable high quality memory devices is strong.

We, at Oki Electric is fully aware of this demand. 5o
we have adopted a comprehensive quslity assurance
systern based on the concept of consistency in devel-
opment, manufacturing and sales.

With the increasing demand for improvement in func-
tion, capability and reliability, we will expand our
efforts in the future. Qur quality assurance system and
the underlying concepts are outlined friefy below.

2. QUALITY ASSURANCE SYSTEM
AND UNDERLYING CONCEPTS

The quality assurance system employed by Oki Electric
can be divided into 4 major stages: device planning,
developmenial prototype, production prototype, and
mass production. This system is outlined in the follow-
ing block diagram (Fig. 1-1).

1} Device plarming stage

To manufacture devices that meet the market demands
and salisfy customer needs, we carefully cansider
functional and f{ailure rate requirements, utilization
form, environment and other cenditions. Once we
determine the praper type, material and structure,
we check the design and manufacturing techniques and
the line processing capacity. Then we prepare the
development planning and time schedule.

2) Developmantal prototype stage

We detwermine circuits, pattern design, process settings,
assembly techniques and structural requirements during
this stage. At the same time, we carry cut actual proto-
type reliability testing. )

Since device quality is largely determined during the
designing stage, Oki Electric pays careful attention to
quality confirmation during this stage.

14

This is how we do it:

{1} After completion of circuit design {or pattern
design), personnel from the design, process tech-
nology, production technalogy, installation tech-
nolagy and religbility departments get together far
a thorough review to ensure design guality and 0
anticipate problems that may occur during mass
production. Past experience and kKnow-how guide
these discussions.

{2) Since many semiconductor memories involve new
concepts and employ high level manufacturing
technology, the TEG evaluation test is often used
during this stage.

Note: TEG (Test Element Groupl refers to the
device group designed for stability evalua-
tion of MOS transistors, diodes, resistors,
capacitors and other circuit component
element used in LS| memaries,

(3) Prototypes are subjected to repeated reliability ang
other special svaluation tests. In addition, the
stability and capacity of the manufacturing process
arg checked,

3} Production prototype stage
During this stage, various 1ests check the relisbility and
other special features of the production prototype at
the mass production factory lavel, After confirming
the quality of device, we prepare the various standards
required for mass production, and then start production.
Although reliability and other spacial tests perfarmed
on the production prototype are much the same as
those performed on the developmental prototype, the
personnel, facilities and preduction site differ for the
two prototypes, necessitating repeated confirmation
1ests.
4) Mass production
Curing the mass production stage, careful management
of purchased materjals, parts and facilities used during
the manufacturing process, measuring eguipment,
manufacturing conditions and environment is necessary
10 ensure device gquality first stipuiated during the
designing stages. The manufacturing process tincluding
inspection of the completed device) is followed by a lot
guarantge inspection to check that the specified guality
is maintained under conditicns identical to those under
which a customer would actually use the device. This
lot guarantee inspection is perfarmed in 3 different
forms as shown below.
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Fig. 2 Defact Processing Flowchart

Failure report processing

Failure
repori

Sales
_—— Department

Analysie
report

Request for
technical
improvement

- Engineering
e — Qartment
Report on
! results of —7

investigation
& improvement =
e —
. o W o
Quality <5E| |o¢
Assurance ol =
Department SEgl |5 ¢
256 g =
@ fE |y ]
Report on oC~=
results of

investigation |
& improvement
———————— Manufacturing
Department

Request for \

manufacturing
improvement

{1] Group A tests: appearance, labels, dimensions
and electrical characteristics in-
spection

{2) Group B tests: check of durability under thermal
and mechanical environmental
stresses, and operating life charac-
teristics

performed periodically to check
operational life etc on long term
basis.

Note: Like the reliability tests, the group B tests con-

form to the following standards.

MIL-STD-883B, JIS C 7022, EVAJIC-121

Devices which pass these lot guarantee inspectians are
stored in a warehouse awaiting shipment to customers.
Standards are also se1 up for handling, storage and
transportation during this period, thereby ensuring
quality prior to delivery.
B} At Oki Electric, all devices are subjected to tharough
quality checks. If, by chance, a failure does occur after
delivery 10 the customer, defective devices are procassed
and the problem rectified immediately to minimize the
inconvenience to the customer in accordance with the
following Hawchart.

(3} Group C tests:

16

3. EXAMPLE OF RELIABILITY TEST
RESULTS

We have outlined the guality assurance systemn and
the undetlying concepts employed by Oki Electric.
Now, we will give a few examples of the reliability tests
performed during the developmental and production
prototype stages. Al reliability tests performed by Oki
Electric conferm with the following standards,
MIL-STD-883B, JIS C 7022, EIAJ-IC-121




B RELIABILITY

OKI MEMORY-LSI RELIABILITY TEST RESULTS

INFORMATION B

Device MSM3764-15A5 MSM2764-15RS MSM2128-1A5
i, Function B4Kbit DRAM 64K bit DRAM {;Gsﬁzl:usaﬁgml
est -
N-channel 2-layer Si gate|N-channel 2-iayer Si gate N-channei S gate
Structure MOS MOS E/D MOS
16-pin ceramic 16-pin plastic 24-pin ceramic
MNumber Number | _ Number] _ 1
Test itern Test candition of test | 1est | Defec- | of tese | Test | Defec- | of test hTest Defec-
samples Ihours Lves | eamples |hours| tives | gmplgg |MAurs | tives
S |
Steady state Ta-150¢ 145 |2000| o 50 |2000| 0
operating lift _ ) | I |
test T T T T T T T T I
Ta=125"C
] Vee-bsv | 3 180 |2000| o
150°C 30 (2000] o l
High-temperature Ta<200°C ]I |
storage test 250° € ] 20 2000 0
I - R 30 jz2000] o
Low-temperature Ta=-30°C I
operating lift test Vee = 6V 26 15000 0
Moisture a |
resistance 85°C 85% _—t T
{storage) Plastic only 'I
et asiconty ||| A
‘ * indicates on/off — 120 2000
{operation} operation .)
121°¢C, I
P;‘:fig’e 2 atmaspheric S 100 300 0
e r pressure
Deavica MSM5128-RS MSM3B12B-XXRS MSMZ716AS
. 16Khit SRAM 128Kbit Mask ROM )
Test Function {Asynchronous) {Asynchronous) 16Kbit EPROM
) N-channel Si gate N-channel Si gate
Structure grqs S1 gate E/D MOS E/D MOS
-pin plastic 78-pin plastic 24-pin ceramic
Number [ | Number Number
Test item Test condition || of test | Test | Defec- “of esy | Test | Defec | of o | Test | Defec:
samples |NOUrs| tives | samples hours| tives | gimpleg | NOUrS | tives
[ ! a
Ta=150°C ; 168~
Steady state Vee = 5.5 V 50 l2000| o 375 | gopg | Data
operating lift | srasure
test as1=e 100 } 1000 0 48 |3000| o
- 1?0_”_9 N _L_ 20_ __3.6.06’ - E _F—F—BE)—_-_T’ 0
High-termperature Ta- 200 | L 50 Hooo| o
storage test 250°C T 40 || 3}bats
300°C 5 || hofre
(=] E
Law-temperatura Ta=-30"C
operating lift test Voo =6V ) | 48 2000 o
- T
Muoisture ! |
resistance 82°C 55% RH l 120 2000 0
{storage) lastic only |
st Btestic only a0 |1000| o ; 0 |20 0
resistance ) * indicates on/foff 2000 0
{operation operation ]
127°¢,
Frossare 2atmospheric || 48 | 168 © | 60 | 188 o
pressure
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B RELIABILITY INFORMATION B

OKY's MEMORY LSI ENVIRONMENTAL STRESS ENDURANCE TEST RESULTS

Mo serigs resistance

MSM23764-16A5 | MSM3764-20RS MSM2128-1AS
. Number Number Number
Cia:,g ifi- Test name Test condition of test Defec- | "¢ test | Defec | of et Dﬁ::c.
cation samples tes | pies | BYES | sarnples ives
Resistance Subjected to 260°C
to soldering for
= £ heat 10 seconds 20 0 20 o
£ £ < [ Thermal shock ':Watef]' OUC"" 10000 100'!'0'55 30 0
& 58 5 min & min
-2 -BE’C  150°C
o Temperature or  ~ or 100
cycle -65°C  125°C Cycles 200 0 120 0
i 30 min 30 min
i 100 ~ 2000 Hz 20G
| Vibration 4 min. percycle x 4 times
-2 | in XY Z directions
88 | 1500G 0.5msec
E<§| Shock 5 times each in X, ¥, and Z 60 0 20 0 20 0
§_E - directions
=
F3 -
2§ Acceleration 100306 or 2)?0306 d1zm'"
|steady state) “‘*c;," T, an
irections
OKI capacitor
discharge system
Electro static C = 200pF Passed after
discharge test Surge voltage applied improvement Passed Passed
for 5 times
No series resistance
L MSM5 128RS MSM3B128-X XAS MSM2716AS
" Number Mumber Numbser
CIa:‘S'f" Test name Test condition of test Dgfec- of test | Defec- | of teqr | Defec-
caiion samples tives samples tives samples tives
)' Resistance Subjected to 260°C
| to soldering for
£ | heat 10 seconds
TE (Woter) 0°C~100°C 100ycles|| - 0 20 0 20 0
E € ;f Thermal shack 8 min 5 min
= -B5°C  150°C
o Temperature or  ~ ar 100
cycle -BE°C  125°C  Cycles 85 0 120 0 40 0
30 min__ 30 min _
;I 100 ~ 2000 Hz 206G
Vibration 4 min. percycle x 4 times
s E I| in X¥ 2 directions
SE_I 1500G 0.5msec
F g w Shock B tirmes each in X, Y, and £ 18 W] 24 0 30 Q
g ; = directions
=5 Accelerati 10000G or 20000G 1 min
L ::ct;erat Lon} Oncein X,Y,and Z
steady state directions
OKI capacitor
discharge system
Electro static C = 200pF
discharge test Surge voltage applied Passed Passed Passed
for 5 times
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¢ Data example 1
Device: MSM3764-15A8
Test: Continuous operation under bigh temperature
Test conditions:  Ta = 150°C, Vee = 5.5V, f = 500 kHz
Test circuit MAX
Measurament:
_ Vee = 4.5V March pattern ¢ MEAN
= 8op Ta'= 25°C
GND MiN
]
{inc vss [16 weac |
o—{2]bin TAS [15}—o fns)
R Voo 70+
o—{3| wE Dout {TA}—Aann—m N
2.7k B8V 1
Signal | o—{4|FAS A 130 |
input buLT !
o—{5]A, afZ—o | |
Signai + 4 4 -
D——{ A A . 80
b 4 E—-o input J:
o—{7la, A, [0 —o 7
| 1 1 [ N
8|vee A E_o OH 1B8H 500H  1000H  2000H
Start » Test ime
Yeo
5.5V
Test timing f =500 kHz
s Tus
| T Measured at sbsolute maximum Vee
RAS 7 P A ——
o March pattern
:a_. | 0.2us = Ta=25"C
|
pr— |
¢ s—‘—‘]: | ]———-] Vec
4 L
i 4%
|
' L1 1 1 ]
1 0.3us Voo MIN
B IR
L “H" Read
WE
L Write | 3
I
I
Din 1 —L L 1 1 1
o X X DM 968H GOOH  TDODH  300GH
Ay BT Start — Test time
|
Diagonai scanning for addresses A, ta A, Excaptionally stable performance
demonstrated for all characteristics
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B RELIABILITY INFORMATION &

¢ Data Exampla 2
Device: MEMb12BRS
Test: Cantinuaus operation under high temperature
Test conditions: Ta = 150°C, Vec = 5.6V, f = BOQ kHz
Test ci it
est circul Measurement: MAX
100k Voo = 4.5V MEAN
March pattern MIN
Veo = 6.5V tac Ta=25"C
B [nsh
a0
-
h——y i
t,o—{11a, Vee 80f
i, D—E:As A,
70
fo—{3]a, A, ;
f 0_4:‘& Wi
H 414, WE 50;_
f,o—{5 A, oE |
F a A { n L I L 1
» o—{8)a, 1o oH 168t 500H 1000 1500H2000H
f.o—{71A, cs Start — Test time
fr o—{8]A, uos@——
——{81 1101 1107 {16) ]
Measurement:
7] { leet Vee = 5.8V
| {mAl Ta=25"C
12 3 2t
[
fIJ
L. | 1t
1
- 0 I
lnput of waveforms halved successively L L . —_— el
from f, 1o f, OH  168H SOOH  1000H 1500H 2000H
fs: 500kHz Start v Test time

Since these relighility tests must determine performance
under actual working conditions in 2 short period of
time, they are performed under severe test conditions.
For example, the 125"°C high temperature continuous
operation test perfarmed for 1000 hours is eguivalent
to testing device {ife from 2 to 300 years of use at
Ta=40"C.
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By repeating these accelerated reliability tests, device
quality is checked and defects analyzed. The resulting
infarmatian is extremely useful in improving the manu-
facturing processes. Some of the more commoen defects
in memory LS| elements and their analysis are described
below,



4. SEMICONDUCTOR MEMORY
FAILURES

The lite-span characteristics of semiconductor elements
in general (not only semicanductor IC devices) is
described by the curve shown in the diagram belaw.
Although semiconductor memory failures are similar to
those of ordinary integrated circuits, the degree of
integration (miniaturization), manufacturing complexity
and other circuit element factors influence their
incidence.

< Semiconductor Element Lifespan Curve >

1 lnlitial SHIPPING Wear-out

® failure Chanes | failure

g failure -

i

@ i m>1

5 i

= General xf
electronic s
devices

i | =+ Time
Semiconductar
elements

‘-__v_.._..l
Debugging by burn-in

screening

1] Surge Destruction
This is destruetion of the inputfoutput stage circuits by
external surge currents or static electricity. The
accompanying photograph shows a point of contact
between aluminum and poly-silicon that has been
dissolved by a surge current. A hole has formed in the
substrate silicon, leading to a short circuit, This kind of
failure is traceable in about 30% of defective devices
returned to the manufacturer. Despite minaturization
of semiconductor memary component elements {which
means the elements themselves are less resistant], these
failures usually occur during assembly and other handi-
ing opearatians.

At Oki Electric, all devices are subjected to static
electricity intensity tests {under simulated operational
conditions} in the development stage to reduce this type
of failure. In addition 1o checking endurance against
surge currents, special protective circuits are incorporated
in the input and output sections.

Exampie of surge destruction

—8 RELIABILITY INFORMATION ®

k) Tt input section
4 —
Aluminum 7 z?{}r_/_z?%_ﬂf
wire 1~ Poly $i
Destruction
position

2) Oxide Film Insulation Destruction {Pin Holes)
Unlike surge destruction, this kind of failure is caused
by manufacturing defects. Local weakened sections are
ruptured when subiected ta external electrical stress.
Although this problem is accentuated by the miniaturizs-
tion of circuit elements, it can be resolved by maintain-
ing an ultra-clean manufacturing environment and
through 100% burn-in screening.

3) Surface Deterioration dus to lonic Impurities

Under same temperature and glectnic fiefd conditions,
charged ionic impurities moving within the oxide film
previously resulted in occasional deterioration of silicon
surfaces. This problem has been eliminated by new
surface stabilization techniques.

4} Photolithagraphic Defects

Integrated circuits are {ormed by repeated photographic
etching processes. Dust and scrathces on the mask
{which corresponds to a photographic neagativel can
cause catastrophic defects. At present, component

elements have been reduced in size ta the order of 107
cm through miniaturization. However, the size of dust
and scratches stays the same. At Oki Electric, a high
degree of automation, minimizing human intervention
in the process, and unparalleled clealiness solves this
problem.

Photolithographic Defect
{Gate not formed in circled area)
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5) Aluminum Corrasion

Aluminum carrosian is due to electrolytic reactions
caused by the presence of water and minute impurities,
When aluminum dissolves, lines break, This problem is
unique to the plastic capsules now used widely to re-
duce costs. Oki Electric has carefully studied the pos-
sibie cause and effect relationship between structure
and manufacturing conditions on the one hand, and
the generation of aluminum carrasion an the other.
Refinements incorparated in Oki LSIs permit superior
endurance to even the most severe high humidity
conditions.

6} Alpha-Particle Soft Failure

This prablem occurs when devices are highly minia-
turized, such as in 84-kilobit RAMs, The inversion af
merory cell data by alpha-particle generated by radio-
active elements like uranium and thorium {present in
minute gquantities, measured in ppbl in the ceramic
package material causes defects. Since failure is only
temporary and normal operation restored quickly, this
is referrad to as a “soft” failure, At Oki Electric we
have eliminated the problem by coating the chip surface
of B4Xkiiobit RAMs with a resin which effectively
screens out these alpha-particle,

Package ceramic

S e

— Silicon oxide
fitm

Substrate silicon

lonization alang
tha «-particle path

7} Degradation in Performance Characteristics Due to
Hot Electrons

With in¢reased miniaturization of circuit elements,
internal electric field strength in the channels increases
since the applied voltage remains the same at 5. As
a result, electrons flowing in the channels, as shown in
the accempanying diagram, tend to enter into the oxide
film near the drain, leading to degradation of perfor-
mance, Although previous low-temperature operation
tasts have indicated an increase of this failure, we have
confirmed by our low-temperature acceleration tests,
including checks on tast element groups, that no such
problem exists in Oki LSls.

DOrain
+VD
*l"&l '
]
Gate ! H |
Source WG ot electron
l Gate +Vp
Source Silicon oxide © & /1 / Drain

WX

Substrate silican
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Characteristic deterioration caused by hot electron

With further progress in the miniaturization of c¢ircuit
camponents, failures related to pin hole oxide film
destruction and photolithography have increased. To
eliminate these defects during manufacturing, we at
Oki Electric have been continually improving our pro-
duction processes based on reliability tests and infarma-
tion gained from the field. And we subject all devices
to high-temperature burn-in screening for 48 10 96
hours to ensure even greater reliability.
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MOS MEMORY HANDLING PRECAUTIONS

1. Static Electricity Countermeasures

Since voltage is generally controlled by means of the
transistor gate oxide film in MOS memories, the input
impedance is high and tha insuiation tends to be de-
stroyed more readily by static electricity,

Although Oki MOS memories incorporate built-in
protector circuits to protect all input terminals from
such destruction, it is not considered possible to give
complete protection against heat destruction due to
overcurrents and insulation film destruction due to
irregular high wvoltages. 1t is, therefare, necessary to
ohserve the following precautionary measures.

1} Under no circumstances must valtages or currents
in excess of the specified ratings be applied to any
input terminal.

Always use an electrically conductive mat or maga-
zine for storage and transporting purposes.

3) Avoid wearing apparel made of synthetic fiber
during operations. The wearing of cottons which <o
not readily generate static electricity is desirable.
Also avaid handling devices with bare hands. If
hangling with bare hands cannot be avoided, make
sure that the hody is grounded, and that & 1MQ
resistor is always connected between the body and
ground in order 1o prevent the generation of static
alectricity.

Maintaining the relative humidity in the oparation
room at 50% helps to prevent static electricity.
This should be remembered especially during dry
Seasons,

When using a soldering iron, the iron should be
grounded from the tip. And as far as possible, use
low power soldering irons {12V ar 24 V irans).
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2. Power Supply and Input Signal Noise
2.1 Power supply noise absorption

In dynamic memories, the fiow of power supply
current differs greatly between accessing and standby
modes.

Although very little pawer is consumed by CMOS
memorigs during standby mode, considerable current
is drawn for charging and discharging {instantaneaus
current requirements) during access mode. In order to
absorb the "spike noise’’ generated by these current
requirements, the use of relatively large capacitance
capacitors (about one 10uF capacitor for every 8 to
10 RAMs! is recommended along with good high fre-
quency response capacitors of about Q.1uF for each
memary element. Power line wiring with as little line
impedance as possible is also desirable.

2.2 Input signal noise absorption

Overshaoting and undershooting of the input signal
should be kept to a bare mainimum. Undershooting in
particular can result in Joss of cell data stability within
the memary, For this reason,
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{1) Avoid axcassive undershooting when using an
address common bus for memoery board RAMs and
ROMs.

{2) Since noise can be genarated very easily when using
direct drive for applying memory board RAM
addresses from other driver boards, it is highly
recommeanded that these addresses be first received
by buffer.

13} Methods available for eliminating undershooting
generated in the address line include
a) Clampling of the undershooting by including a

diode.
b} Connect 10~ 208} in series with driver outputs.
¢} Smooth the rising edge and falling edge wave-
forms.

3. CMOS Memory Dperating Precautions
3.1 Latch-Up

I the CMOS memory input signal level exceeds the
Vee power |ine voltage by +0.3V, or drops below the
ground potential by -3.3V, the latch-up mechanism
may be activated, And once this latch-up mode has
been activated, the memory power has to be switched
off before normal operating mode can be restored.
Destruction of the memory element is also possible if
the power is not switched off,

Althaugh Oki CMQOS memories have been designed
o counter these tendencies, it is still recommended that
input signal overshooting and undershooting by avoided,

3.2 Battory Back-Up

Take special note of the following 4 points when
designing battery back-up systems.

{1} Do not permit the input signal H level to exceed
Vee +0.3 V when the memory Vcc power is dropped.
To achieve this, it is recommended thai & CMOS
driver using a Vee power common with the CMOS
memary, or an open callector buffer or open drain
buffer pulled-up by a Voe power common with the
CMOS memory be used for driving purposes.

{2} Set the chip select input signal CE to the same H
level as the CMOS memory Vce power line, And in
order to minimize Memary pOWer consumption, set
the write enable input WE level, the address input
and the data input to either ground level or to the
same H level as the CMOS memory Voo power |ing,

{3} Make sure that the CMOS memory Voo power ling is
increased without “ringing’’ or temporary breaks
when restoring the battery back-up mode.

(41 When using synchronous type CMOS memaries
{MSM5115, MSMB5104), make sure that accessing
occurs after elapse af the chip enable off time (tg)
prescribed in the catalog after the Weo power line
has reached the guaranieed operating voltage range.
For further details, refer to "CMOS Memory Battery

Back-up” at the end of this manual,



EPROM WRITING
AND

ERASURE




EPROM WRITING AND ERASURE

1. EPROM Writing Erasure
1.1 EPROM MSM2716/2732A/2764 writing

Writing in the MSM271BAS invalves setting the drain
and gate voltages of the floating gate stage 10 a high
voltage. When the drain voltage exceeds 15V and the
gate voltage 20V, the channel charge (electrans) ba-
comes highly energized and flow over the oxide film
Barrier into the floating gate. And since the high gate
voltage is positive polarity, electrons will flow into the
floating gate very gasily. When electrons tuild up in
the fioating gate, the memory element “'threshold
voltage’" is changed, and subseguently stored as memory
data. Once the charge has been puilt up, the surraunding
oxide film {high insulation} prevents escape of electrons.
The data is thus stered as “non-volatile” data.

Drain
Gate
»
B

Fioating Gate

When the MSM2718AS5 is shipped fram the factory,
the flaating gate is left in discharged status {all bits "1},
i.e. "blank™ status. During writing processes, +25Y s
applied to the Vpp terminal and Vi te the OF input.
The data to be orogrammed is apphied in parallel 1o the
outputs {Qp 7). After the address and data have been
set up, application of V |y level for BOms to the CE
input will enable writing of data. Since the +26V
applied to Vpp is fairly close to the element's with-
standing voltage, make sure that the voltage setting is
maintained strictly within the 26V +1V range. Applica-
tion of veltages in excess of the rated voltage, and
overshooting, to ihe Vpp terminal can result in perma-
nent damage 1a the element.

Although MSM2716AS rewriting should be chacked
asbout 100 times by sample testing, in actual practice b
to 10 times is usually the limit. This will not likely
result in any probiem,
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1.2 PROM writer

Oki Electric employs a system wherefyy the various
writers availaple on the market are examined, and
agreements reached with different writer manufacturers,
The purpase of this system is to check compatibility
between writer manufacturers and Oki Electric devices,
and making modifications whanevar required. Users are
thus ensured trouble-free use.

in the avent of EPROM trouble with Oki devices and
approved writers, probiems will be handled by both Oki
and driver manufacturer except where such problems
have been caused purposely.

1.3 Erasure

Erasure of data written in the MSMZ716AS can be
effected by ultra-violet irvadiation of the memory
element. In this case, the charge is discharged into the
substrate or elecirode by the ultrawiolet energy, hut
note that the following erasure conditions must be met.
if a memory which has not been properly erased is used,
writing problems and operating failures are likely to
arise. Also note that excessively long erasure times (of
several hours duration) can also result in failure.

Charging

-

Exposure time

- tE —wfe— 2tg ]

Lengthy exposure to direct sunlight can also result
in loss of bits, Dirgct exposure of the MGM2116AS 10
the strong summer sun for a single day can result in bit
changes. Although normal fluorescent lights have
practically no effect, light rays beamed onto elements
can cause special changes. It is therefore recommended
that the glass face be covered with a screening label.



2. EPROM Handling

2.1 Defacts caused by static electricity
The generation of static electricity on the EPROM
glass face can result in changes in the memory con-
tents. This, however, can be restored by brief expostire
{several seconds) to ultraviolet irradiation. But this
exposure must be kept short. Exposure for 30 seconds
ar more can cause changes in the normal bits.

2.2 Handling precautions

(1) Aveid carpets and clothes etc where static electricity
is generated,

(2) Make sure the writer and mounting system are
securely grounded.

BEPROM WRITING AND ERASURER

{3) Also make sure that any soldering iron employed is
praperly grounded.

4] Always carry in an electrically conductive plastic
mat.

{5) Written ROMs are also to be kept in an elactrically
conductive plastic mat.

{6l Do not touch the glass seal by hand since this can
result in deterioration of the ultra-violet permeabiiity
recuired for erasure, and subsequently lead to poor
erasure,

2.3 System debugging precautions

During system debugging, check operations with a
voltage of +5% {oscillating).
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MASK ROM CUSTOMER PROGRAM

SPECIFICATIONS

The mask ROM custom program code
writing method is outlined below.

1. Usable media

{11 Magnetic tape

{21 Paper tape

{3l EPROM
Magnetic tape and EPROM are used as standard (with
MSM29 16 and MSM2932 employing only EPROM].

2.  Magnetic tape specifications

2.1 Use the following types of magnetic tape in mag-
netic tape units compatible with IBM magnetic tape
units.

{1) Length: 2400 feet, 1200 feet or 600 feet
(2] No jabel

(3} Width: 142 teet

{4) Channels: 9 channels

(5) Bit density: 800BPI standard, although 1600BPI
can also be employed.

{6) Block size: Integer muitiples of 256 bytes
possinle with 256 bytes as standard,
1 black, 1 recard is standard.

2.2 Magnetic tape format :

(1) The data for a single chip should not extend into
several tapes. Data for several chips are allowed to
include in a single magnetic tape, multiple file format
being permitted. In this case, include the data of a
single chip in one file.

{2) Use tape marks for file partitions when employing
multiple file formats.

{3} Denote the compiletion of a magnetic tape file by
two successive tape marks.

2.3 Magnetic tape data format

{1} The data contained in a single file on magnetic tape
must be inserted from the head address {0000 e, of
the device up to the final address in succession for a
single chip.

{2] In this case, the LSB of the data should correspond
to Dy, and the M5B 10 D, .

{3} 1" bits in the data denote high device output,
while 0" denotes low output,

2.4 Magnetic tape examples

Multi-file format lm chips)

% ! tape mark

B E
a 1-chip data file 1 * £ * | % 0
T File 2 File m T
,! T — - _—
/ - ——
/ —— _ __
I ) i i |
R R R R R
Block 1 G Block 2 G Block 2 G G Black n-1 G Block n
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3. Paper Tape
{1} BNPF punch format

BNPF punch format denotes B bits in a single address
data exprassed by 8 characters. That is, the "1 leve!
bit of the data is expressed by the character “P”, and

@ MASK ROM CUSTOMER PROGRAM SPECIFICATIONS m

the 0" level bit by “N". These 8 bit characters are
enclosed by the character “B" (start character) and the
character “F" (stop character}, 10 characters being
punched out in the paper tape as a single record {all
output characters conforming with ASCIl characters),

M5B

B NPNNN
|
! Feed 600 frames min. - Record
/MSB ’/ LSB
Fl-|CRltr B Flo[ 0 T iFUCHLE
© trecord
o _._’4 records__“ T
1
AL R

Final record |

Feed 600 frames min. '\
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B MASK ROM CUSTOMER PROGRAM SPECIFICATIONS B

{2) HEX punch formast
HEX punch format involves editing and punching of a

meaximum of 16 bytes of data into a single record (all
output characters canforming to ASCLI characters),

ChlLfg

q

Feed B0O frames min.

1 record

% "L -1‘ Next record

bl B

1 record Feed

-1

""""" 7 6{2 E[OHLE

—
| I—

1 ! I N i
S S ! et s et et SO et e, it [ —
~ N n 5] o 7] 1]
5 ¢ £ 2 7 % 3
£ -] g = [ E] ] 5] a
v B % k) ki
g O c g 2
2 e w 0
T« = '
&
-
o End Record ;]J
T T I T T
0 oo 00 O/0 1F FlCRiLg
| | T 1 |
[ — [——
= 5 w Iy I—-————i——
5 2 8 & £
E oz o & = Feed
T 8 B g o B00 frames min.
o O c 2 2
3 o © 2
o B -
|5}
G
a
Record mark: colon ™" 2-digit hexadecimal number.

Code no.:

Location address:

Hecord type:

Caode:

32

Represents the code no. in 1 record
by & 2-digit hexadecimal number,
Maximum na. is 10 ihexadecimall
with 00 denoting the final record.
Address of head data of that record.
These are 4-digit hexadecimal nos.
with 0000 denaoting the final record.
Record type denoted by a 2-digit
hexadecimai number. This is normally
00, but 01 for final record.

Single byte of data expressed by

Check sum: Value obtained by sequential dec-
rementing of code no., location
address, record type and codes from
initial wvalue expressed as 2-digit
hexadecimal no,

4., EPROM Specifications

(1) MSM2718, MSM2764, Intel 2716, 2732, 2764 or
equivalent device may be used.

12} Prepare 2 EPROMS cantaining identical data,
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MASK ROM DEVELOPMENT FLOWCHART

h 4

— No
IExamination y

@

Examination

*TURN-AROUND-TIME

|
|
User’s ! Mask ROM
' . autamatic
ROM data I designing program
|
|
|
|
I
1
ROMdata  |g !
check list |
|
I
|
|
|
1
‘es |
Appraval "
i v
|
1
1
§
|
|
| Mask ROM
; manufacture
|
I
|
1
i
Engineering |
Test sample :
sampling shipment TAT® 4
!
1
I
I
1
Yes |
Approval |
| v
Il Mass
| production
- Production |
shiprnant {
. TAT? |
Shipment < I
|
I
|
R
|
|
i
|
User : Oki Electric
|
|
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TERMINOLOGY AND SYMBOLS

1. Pin Terminology

l
[ Term | EPROM ROM Static RAM Dynamic RAM
) Vop- Vee Voo Voo Voo, Voo
Power supply voltage pin
VaGe: Vee Vag
l, I
!' Address input pin A, ~ AL Ay, ~ A A, ~ A, Ay~ A,
! .
{. Data input pin Dl OIN
f_ Data output pin 0, ~0, D, ~ DO, | DO DOouT
| —
| —_—————————— ]
.f Data input/cutput pin { 1O, ~1/0,
| H
: i
'f Chip enable pin CE CE i CE
i .
| Output enable pin OE OE ' QE
: |
| j
| Address enable pin AE j
i H
| Chip select pin [ | CcSs
J T
! Write enable pin WE I WE WE
! j
.I | g
; Row address strabe pin RAS
i
i i
i Column address strobe pin | CAS
i—.—...—.——....—
|
| Program input pin Program, Vpp . |
! j —
! Data valid pin ] DV
! ___._|L_____
]
Clock input pin &1
i
; L L
Ground pin Vgs Vs Vsg Vg
I
Wacant terminal NC NC
| |




B TERMINOLOGY AND SYMBOLS R

2. Absolute Maximum Ratings

I.
Term EPRCGM ROM Static RAM Dynamic RAM |
Vop. Vec vVee - Vee Vpp. Ve
Power supply voltage VYGa. VBB I VBE
Vss Vss | Vss Vss
|
[ |
Terminal voitage VT [ : VT vT
S |[ S S I
Input voltage V) (A I V) V|
I | _
[ .
Output voltage Vo | Vo . Vp Vo
———— _______.TL_- T A
input current |
Output current '| Ts}
U + S
] :
Output shorting current I los
I
F— - — j . —
Load capacitance ]l
e N ]
Permissible loss | Pp Po Po | Pp |
- S S
Operating temperature Topr Topr Topr Topr |
e — P . A
Storage temperature Tstg Tstg Tstg Tstg lll
Y AU RN,
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B TERMINOLOGY AND SYMBOLS B

3. Recommended Opsration Conditions

Term EFPROM *‘ ROM Static RAM Dynamic RAM
I
Vpo. Vee ! Vee vee : Vbo. Vee
Power supply voltage VoG ves | T
i I
Vss | Vss vss | Vss
“H" clock input voltage , ViHe
I
“H" input voltage ViH | VK ViH ViH
PR U POV BN
'L’ input voitage VL ViL ViL ViL
Data storage voltage VeceH
Load capacitance j CL CL ‘{
Fan-out N N N [
i
I !
Ogperating temperature Topr Topr Topr Topr 'I
]
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B TERMINOLOGY AND SYMBOLS N

4. DC Characteristics

- =
‘ Term EPROM ROM Static RAM Dynamic RAM
 “'H” output voltage Vou Vou Vor VoH
!
i
ll LY output voltage VoL VoL Voo VoL
I
[
: “H'" autput current loH
[ O e e
“L output current
e 1
fnput leak current I ) } Lt It
) R ____:L___.________.___.___._
I
Output leak current Lo lig o ILo
S S S
1/ leak current l o
——— [ |
Program terminal current lpp1. lpp2 '
e - 1
Peak power an current lpo tpo, IsgP s :
Ipp. lce lgc. Ices Ice,icca  |!DDt.'cer.18BY
|
Power supply current 'BB. icCt leca fecrlecez | Ibp2.'ce2-'BB2 |
lec2 lccs. Ieest | Ippa leca. ees,
Isa 'DD4. lcc4. 1BBA4,
T
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@ TERMINOLOGY AND SYMBOLS ®

5. AC Characteristics
{1} Read cycle

40

Term EPROM AOM Static RAM Dynamic RAM II
Read eycle time tc. IRC. IGYE (=T tRC E
|
Iy
Address access time tace taa tACC ta, TAC, ]
1ACC: TAA _J'
Chip select access time 0o teg Q. LACST . i
tACS2 '
Chip enable access time tcE tACE tAC
e e e e e — — i
| Output enable access time tNE | tCo tOE
—— e s e e e e e = e —_— I
Output setting time |tz tox. tLz
|
T
Qutput valid time toH J| tOH tOH, 1OHA
Cutput disable tirme 1DF : tHZ toTD. tHZ. tOFF
| tOFF
Address set-up time l tAG tas L
I _.___| —— ]
Address hald time | tAH tAH
- — — — — T I
Chip enable off time oo
Chip anable pulse width toE
i e R
Power-up time | tpy tpy
S
Power-down time | tpn tpp
_—_ R P - JE
Address enable pulse width ' tAE
Data valid access time i A
Data valid delay time : | D
Clock delay time : twWH
i
Clock puie width | | tH
——— T — il
i ]
Clock delay time | It
- —_ j
Output delay time | I tpp
N _—t
Chutput access time I ( oA
Qutput hold time : iDH ]
—— 1 |
——— n | |
Address enable set-up time | tAES I |
e e A L o - - .— —_—




B TERMINOLOGY AND SYMBOLS W

{2) Write Cycle

il Term EPROM ROM Static RAM Dynamic RAM
| _ ]
ll! Write cycle time | tWe Wwe
| —_—
Address set-up time tAS tAS, taw |
| i
Write pulse width tpwy g tw, twp | twp
b e e e o o f |
Write recovery time ! [ twR |
: | | o T T T
Data set-up time | tps I DS, tDW , DS
—_— e — _ —.
. | I !
Data hald time I tpH tDH . TDH
S S P —
Qutput off time ' tDF | OTw Wz OFF !
, : —————— ]
Chip select set-up time © eSS | tow . :
| e — — — - - T S T : S
Address hold time : tAH | TAH.-tWR | J|
————m o - - T
Chip enable off time ! | tee i I
o I - - - - - S
Chip enable pulse width | | tow. ICE | '
| SR A A
Write enable set-up time ws i :
R I
_— ] |l -
Wri ble read ti ! '
rite enable read time | wWeL i
e e o i —
Write enable hold time l tWH | :
I i
Address/write enable setting time | taw | :
R i e i- - B
Write enable cutput activation i 0w | |
' i i
Cutput enable set-up time | OES l | i
———— | + !
Qutput enabie hold time | toeEH JI | i
e e e - ] = - S |
Program read delay time I tpPR | | :
- —— L |
_— e — e f—— — e f
Cutput enable deiay time e | | |
] | — ! ]
T i |I )
l Chip enable data valid time I tpy | i |
R A |
1
. . i I
Program pulse rising edge time |: iPRT | _11
———————— o e
Program pulse faling edge time : tPFT |
i O FO N S
Vpp restoration time l‘ tvR ' |:
Chip enable hold time toH : T
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OKI semiconductor
MSM3716-AS/RS

16384 WORD X 1 BIT DYNAMIC RAM

GENERAL DESCRIPTION

The Oki N-MOS integrated circuit MSM3716- x AS/RS is an address multiplex type dynamic RAM with a 16,384
word x 1-bit configuration, featuring a wide operational margin and high-speed low power consumption while using a
singke transistar.

FEATURES
» 16,384 words x 1 bit e Qutput data controllted by CAS only, while system
# 150ns access time and 375ns cycle time design freedom is increased by not latch at cycle end.
{MSM3716-2AS/RS} ® Read modify write, f§AS only refresh and page mode
200ns access time and 375ns cycle time operations possible,
{MSM3716-3AS/RS) & TTL compatible low capacitance for all inputs.
# Standard 16-pin layout # 128 refresh cycla,
¢ Low power consumption: 528mW (operation), 20mw
{standby}

PIN CONFIGURATION
]

o

FEEFEFEE R
FEEE EEEE

1 Vep 9 Ve
2 N 10 A,

3 WRITE 1 A,

4 RAS 12 Ay

5 A, 13 A,

6 A, 14 DouT
7 A T 25 CAS
8 VDD 16 Vss
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ELECTRICAL CHARACTERISTICS
ABSOLUTE MAXIMUM RATINGS

W DYNAMIC RAM - MSM3716-AS/RS B

{Ta = 25°C}
Item Symbaol Conditions Rating Unit
VoD -1.0~+15.0
Respect to Vss
Vee -1.0~+150
vep Respect ta Vss Vpp - Vss > 0- 0 0 ~-200
Power supply voltage
vpp -0.5 ~ 4200 v
Vee Respect to Vgg -0.5 ~ +20.0
Vss -0.5 ~ +20.0
Input voltage Vi -0.5 ~ +20.0
Respect to VgR
Output voltage Vo -5 ~ +20.0
Storage temperatura Tstg -55 ~ +150 “C
Permissible loss Pp 1 w

RECOMMENDED DC OPERATING CONDITIONS

Recommended Operating
tem Symbol Conditions Conditéons Unit
Min, Typ, Max.
VDD 10.8 12.0 13.2
Power supply voltage Voo 4.5 5.0 55
_ VBB -4.5’“__-3'.5‘_1-_-3._5"#' v
*H" clock input voltage (note 1) ViHC Vss=0 2.7 ]I 6.0
“H" input voltage {note 2} VIH 2.4 | 6.0
“L*” input voltage {note 3) Vi -1.0 | oa
Qparating temngperature Tapr 0 T 70 °c

Nates: 1.

RAS, CAS and WRITE inputs

2. A, ~ A, and Dy inputs

3. All inputs
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BDYNAMIC RAM - MSM3716-AS/RSH

DC CHARACTERISTICS
(Vpp = 12.0V10%, Vec = B.0V:10%, Vgg = -5.0V10%, Vss = OV, Ta = 0~70°C)

Special Ratings
Item Symbol Canditions Unit Note
Min. Max.
'DD1 40 mA 4
Average power supply current
) ) l tre = 375 |
during operation cei RC ns ;
| 200 A
BB1 n u
D2 | 15 ! ma
Power supply current during . RAS=VHC TW
standby mode cc2 DouT = High Impedance }
IBB? 100 uA
IbD3 27 mA 4
Refresh power supply current iccs trg =375ns -10 10 BA :
IBB2 200 BA |
1 29 mA | 4
PD3 | RAs-v. .
Page mode power supply current loca
tpg =226 ns
laB4 200 uh
Vgg = -6V i
| t leak | -10 10 A,
nput leak current 11 0< V, < 6.0V A |
= Drisabl i
Qutput leak current Lo g%UJ {Dsls;l\)fe -10 10 A |
SV, =86
“H" output voltage VOH Ip=-5mA 24 A" |
L' output voltage VoL Ig =4.2mA 04 v }

Notes: 4. Ippq. lpD3 2nd Ipp4 depend on cycle time,
8. logq and lpcg are changed by output load. Vee is connected to Doy at low impedance during reading
of "H" lavel data.
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- DYNAMIC RAM - MSM3716-AS/RS B

AC CHARACTERISTICS AND RECOMMENDED OPERATING CONDITIONS
Vpo = 12.8V£10%, Vee = 5.0V:10%, Vpg = -5V 10%, Vss = DV, Ta = 0~70°C) (Notes; 6, 7. 8)

MSM3716-2AS/AS J MSM3716-3AS/RS
Parameter Symbol } Units Note
Min, Mex. | Min. Max.

Random read/write cycle time RO 375 ! 375 ns

Read and writ{:;\;t_:nl-;_tni_r'r—'l;—' tRWC 375 ; 375 ns T

Page mode cycle time tpe 170 1 225
_Ac;es_s t:n; fTom RAS tRAC 150 | 200 an

Access time from CAS T TC;C_F._" T w00 135 ns 10,11
) Qutput turn-off delay time tOFF 0 40 0 50 ns

Rise and fall ¢ime | o 3 35 3 50 ns
HHTA_S_p;echar;,;e time tﬂﬂw _10_0 _:_ e 120 ns

RAS pufse width tRAS 150 10,000 - 200 10,000 ns

RAS hold time tRSH 100 135 ns

CAS pulse width tCAS 100 10,000 135 10,000 ns

CAS hold time 1CSH 150 | 200 ns

FAS and TAS defay time RED 25 50 | 30 8 | ns |12

RAS and TAS precharge time 1CRP -20 i -20 ! ns

Row address set-up time tASR a [ 0 I ns

Row address hold time tRAH 20 25 1 ng

Column address set-up time TA;C_ ] T _-5 ns

Column address hoid time tcAH 45 55 ng

Cotumn address hold time from RAS | AR 95 120 ns

Read command set-up time tRCS | 0 L ns

Read command hold time tRCH 0 | ns [

Write command hold time TWeH 45 55 ns |

Write command hoid tim éTr“om RAS _1\;(:3 95 120 ns

Write command pulse width nwp 45 b5 ! ns

Write command and RAS read time TRWL 60 80 T ns

Write command and CAS read time tewL 60 80 ns

Data irTrH):ths;t‘;p.Er;ﬁ_e _ _Lts | Q_ L o ns | 1 3_ o

Data input hold time toH 45 55 | ns 13

Input hold time for date from RAS | towr | 95 | | 120 | e |

CAS precharge time tep 80 80 ns

Write command set-up time twes =20 =20 ns 14

CAS and write command delay time tCWD 70 95 ns 14

RAS and write command delay time tRWD 120 160 ns 14

Refrash cycle tREF 2 2 ms
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EBDYNAMIC RAM - MSM3716-AS/RS I

NQTES: 6. Normal memory operation may not be possible unlass at least 8 cycles of operation are performed
after the power is switched on.
7. AGC measurements when tf = bns,
8. Prescribed timing input levels of Vg [MIN], Vi {MIN} and V| (MAX].
9. In the case of tRcn = treD IMAXY; tRAC 15 increased only for tgop—tReD MAX) for trep >
tpcp (MAX) case.
10. For tpcD 2 tRep (MAX) case,
1. For 2TTL + 100pF load casa.
12, 1gcp (MAX) is the value guaranteed by tgpac (MAX), and when tRep > trop (MAX) it is distrib-
uted by teac.
13. tpg and tpp are specified by the CAS falling edge during the write cycle learly write), and by the
WRITE falling edge during read madify write cycle.
14. wyes. tewp and trwp are not parameters specifying operational limits.
wes = tweg (MIN) results in write cycle (early write} with high impedance output.
1oWD = twes IMIN) and tgwp 2 trwp (MIN} result in read modify write cycle.
READ CYCLE
- tHC i
oy ‘tHAs —
J— _ 1
RAS VIHC A AR
ViL -
- —— —1iCSH— — - —1RP-
- J ‘RSH ™ p=tchp
#xg VIHC— = T CAS ¥
CRS e : | —)?/ /
L ICAH
VIH — @g UMN ,
ADDRESSES " RESS //////?/////A// //0(
l.-—a- e tHCHL"'—‘——
WRiTE YIHC-7 Y
WRITE O LU KL
[e——1CAC
fo—— — RAC - IOFF
VOH— VALID
DouTt OPEN
VoL— DATA
BZ2 1", “Lo=Dont Care
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BDYNAMIC RAM - MSM3716-AS/RS®

WRITE CYCLE (EARLY WRITE)

RS Yiho- R C T
B D—e tCAS ~ | picRe=
CAS :’,'IEE_ N ydV
ADDRESSES ::':: ALDDHI;SSI ED'E':HES% ////// / ///0(
wre Vo 770" tt:w:////////////// T
*—_“.W‘ﬁi‘t—s_—:ta;;
on Vi TN, SBR W7 T

Dout Vgt OPEN

% “H", “1.""=Don’t Care

READ-WRITE/READ-MODIFY-WRITE CYCLE

- ~TRWC .

t , .
— VIHC— ‘\ AR RAS
RAS ViL— e 4
tRSH =1+
‘[CS“
tHCD I" - —-1CAS [~iCR

s e \ [
1A|§E tRAH, TASC tCAH |
woonssses ol X SRR N
ot TRWD e—TCWT
tncs|-»-l tcwin Fe—tRWT—=
WRITE X::—_IC_——/ !ﬁ‘_twp r
tCAC - — 1OFF
DouT \\';gﬂ: OPEN < BATA )
j-———————tRAC— —— - e

NN ///////@% R

% ‘TH", "L"=Don't Care
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Hm DYNAMIC RAM - MSM3716-AS/RS -

“RAS-ONLY"” REFRESH CYCLE CAS = ViHC, WRITE = Don't Care

p= RC

| tRAS
—V — Y
RRs yHe f \
tRAH RP
ASR T

ADDRESSES ﬁ:'l'_': /52_//_52222222_’% ADBRESS W//////////////V////////////////

Vad—
CouT Vgt_ OPEN

VA "H”,"L"=Don’t Care

PAGE MODE READ CYCLE

. IRAS

RAS VIHC™ T \=—TAR—= z{ %
ViL— h / |
"""lCSH—' -~ t H T
RSH RP

~tROD H-tCp tCAS e tCAS—~ [=——1CRP
TAS VIHC— p R ! 4
ViL- RAH oAl -
TASR —fla— a ™ tascll, 1ASC o] e eA
ADDRESSES z:[‘::ﬂﬁg ) ////// EBEKZEEEE, Eolﬁ—ﬁ/ '7///////////
i 1 -t
tRAC . tOFiAC tog::c tOFF
DouT :;gll'_‘:_——""""ﬂ'—"-OPEN—“—{ D 1 b —flzf
tRCS—~] b tRCHJ[-:-! ,,  tRCH-—=

e \o-77777F Y — X

EZ "7, "L "=Don't Care
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BDYNAMIC RAM - MSM3716-AS/RSH

PAGE MODE WRITE CYCLE

e RAS
RAS  Vinc—-")
ViL— -
_ tCRP
CAS  ViHC—
Vie—
tASR
Vibg—
ADDRESSES V:'I'_'_ A]__ /_/XZ/
HRITE e S 2 ( v ///12:721Er VA,

L - TP~
- wCREMW t‘“’" LA TR
tD P-tDH tps

TOH DS !+ T H-"
w7 KN B WU e WL

r——IDHR—™

g;r,zg s, “L"=Dan't Care

TERMINAL CAPACITY CHARACTERISTICS
{(Vpp = 12.0V + 10%, Vgg =0V, Vgp = 5.0V + 10%, Ta= 0~ 70°C)

Standard Maximum :. Unit Remarks
Input capacity (A, ~A,, D)y} c, 4 5 |
nput RAS,CASWRFEY | ¢, | 8 | 10 !
" Outputcapacity Oout) C, s |7 EAS-V|c
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HDYNAMIC RAM - MSM3716-AS/RSH

TYPICAL CHARACTERISTICS

Cycle time tpe ns)
378

p‘ 1000 500 400) 300 250
W 7 '

m

£ 70 Ta IMAX)

2 ~N

=3

B \
g 60 R
£

]

£ 504

‘g 0 1.0 20 3.0 40
=L

Frequency [MHz) = 10° figg (ns)

Cycle time tge (ns)

100 500 400 300 250

50

Maximum Ippq power current {mA)

0 1.0 2.0 3.0 40

Frequency (MHz) = 10% ftpc (ns)

54

Maximum Ippz power current (MA)

Maximum Ipng power current {mA)

Cyele time trg (ns}
1000 500400 300 250

50 f—
a0
0 & R
Q;B(‘@ /
+‘_\ b
A 7
20 WS TRE
O <
//
10
P ¢
7
s
0

a 1.0 20 3.0 4.0

Frequency {MHz) = 10°* /tgg {ns)

Cycle time tpg {ns}
1000 500 400 300 250

50
40
30 =
L
?‘a“ge/
P:F\ ] ]
20 \@ / T -
\W A
- P
-
0 al

0 1.0 2.0 3.0 4.0

Frequency {MHz} = 10% /tpg (ns)



OKI semiconductor
MSM3732 -AS/RS

32,768-BIT DYNAMIC RANDOM ACCESS MEMORY

GENERAL DESCRIPTION

The Qki MSM3732H/L is a fully decoded, dynamic NMOS random access memory organized as 32,768 one-bit words.
The design is optimized for high-speed, high performance applications such as mainframe memory, huffer memory,
peripheral storage and environments where low power dissipation and compact layout is required.

Multiplexed row and column address inputs permit the MSM3732 to be housed in a standard 16 pin DIP. Pin-outs
confarm to the JEDEC approved pin put,

The MSM3732 is fabricated using silicon gate NMOQOS and Oki’s advanced Double-Layer Polysilicon process. This
process, coupied with single-transistor memary storage cells, permits maximum circuit density and minirmum chip
size. Dynamic circuitry is employed in the design, including the sense amplifiers.

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

FEATURES
» 32 768 x 1 RAM, 16 pin package # All inputs TTL compatilde, low capacitive load
e Silicon-gate, Double Poly NMGS, singte transistor cell ® Three-state TTL compatible output
» Row access time, ® “Gated” CAS
120 ns max (MSM3732-12) ® 128 refersh cycles
150 ns max {MSM3732-15) » Common 1/0 capahility using “Early Write™
200 ns rmax (MSM3732-20) operation
® Cycle time, ® Dutput uniatched at cycle and allows extended page
240 ns min (MSM3732-12} boundary and two-dimensional chip select
270 ns min (MSM3732-15} » Read-Modify -Write, RAS-only refresh, and Page-
330 ns min (MSM3732-20} Mode capability
s Low power: 248 mW active, # Onchip latches for Addresses and Data-in
28 mW max standby ® On-chip substrate bias generator for high
# Single +5Y Supply, +10% tolerance performance

PIN CONFIGURATION

.
ne [0 15 :| Vs
i CAR
D'"E ? 1 D Pin Names Function
WEE 3 18 jDout A A, Address Inputs
AAS Raw Addrass Strobe

ot
5
&
=
=
L
>
.
2
H

A Column Addrass Strobae
A, E 5 12 ]A,' W.E Writa Enable
Din Data Input
Az'Eﬁ 1" :]A:- Dout Data Qutput
Vee Power (+5V)
s [] o[ A vgg Ground {0V)
e E 8 g :]A“ * Refrash Address
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EDYNAMIC RAM - MSM3732-AS/RSB———

BLOCK DIAGRAM

|

RAS Timing
ohE Generator _\—D— Timing
Generator
(\;ulfrite .
Column I\ Geneorc;lltfor We
Column
Address /
Buffers Dezcoders
~ = /0 pP=~{Output
Ay A"E Sense Armps q""‘"iﬂl‘l__‘ Bﬂf’?:l’ —Dout
Row , T
Address ] B
Buffars R Word
ow ar Data
De- Diriv- Memory Input |==— —DNin
coders| | ers Cells Registor
vee - a
On chip VBB
ABSOLUTE MAXIMUM RATINGS (see Note)
Rating Symbol Value ; Unit
Voltage on any pin relative 1o Vgg VinN: VouT -1 ta +7 ! V')
[ T
Voltage on Vi supply relative to Vgg Vee -1to+7 il W
Qperating temperature Topr D170 °C
Storage temperature Tstg | -55 to +150 °C
Power dissipation Pp ) 1.0 W
Short circuit output current ! 80 ma

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

RECOMMENDED OPERATING CONDITIONS

{Referanced to Vgg)

T -
, \ Oparating
Parameter Symbol Min Typ Max Unit Temperature
vee a5 | s0 | 85 | WV
Supply Voltage Vss - 0 ! ) 3 v
e : e = ] 6 10 470°C
Input High Voltage, all inputs VIH | 24 | 6.5 W
Input Low Voltage, all inputs vip | -1e ! 0.8 Y
|
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@DYNAMIC RAM - MSM3732-AS/RSHE

DC CHARACTERISTICS

{Recommended operating conditians unless otherwise noted.)

Parameter Symbol Min, Max. Unit Notes
OPERATING CURRENT*
Average power supply current leet 45 mA

{RAS, CAS cycling; tr = min.)
STANDBY CURRENT
Power supply current icoz 5.0 mA
{RAS = CAS = v|y)
REFRESH CURRENT
Average power supply current leea 35 ma,
{RAS cycling, TAS = Vj; trg = min.}
PAGE MODE CURRENT*

Average power supply current lccs 42 ma,
{RAS = v|, CAS cycling; tpg = min.}
INPUT LEAKAGE CURRENT

Input leakage current, any input

{0V < Vn = 5.5V, all other pins not
under test = DV)

OUTPUT LEAKAGE CURRENT
{Data out is disabled, ILo -10 10 A
OV = Vpyr < 5.5V)

QUTPUT LEVELS
Cutput high voltage {Igy = -5 mA) VOH 24 v
Qutput low voltage (gL = 4.2 mA) VoL 04 v

] -10 10 pA

Note*: ICC is dependent on output loading and cycie rates. Specified values are obtained with the ouiput open.

CAPACITANCE
{T,=25°C, =1 MHa)
Parameter Symbol Typ. Max. Unit
Input Capacitance (A, ~ A,. DN} CiNg 4.5 5 ’ pF
Input Capacitance (RAS, CAS, WPE']—“_ CINZ 7 10 | pF
Output Capacitance (DoyT} Cour 5 7 | pF

Capacitance measured with Boanton Meter.
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WDYNAMIC RAM - MSM3732-AS/RS &

AC CHARACTERISTICS

MNotes 1, 2,3 Under Recommended
Operating conditions
MSM3732-12 | MSM3732-15 | MSM3732-20
Parameter Symbol | Units T Note
Min. | Max. | Min. | Max. |Min. | Max.
Refresh period tREF mg 2 [ 2 2
Random read or write eycle time tRC ns 240 270 i_ 330
Read-write cycle time tRWC | ns | 240 270 | 330
Page mode cycle time tpe ns 150 170 225
Access time from RAS IRAC ns | 120 }_150 200 4,6
Access :;e .f:c_;hmhﬁsh%_"w“m?(;gc ns i_ 80 [ 100 135 5,6
Qutput buffer turn-off delay tOFF ns | 35 [ 40 Q 50
Transition time T ns | a3 | 35 L3 35 3 50
RAS precharge time tRP ns 90 I[ 100 120
RAS pulse width tras | ns | 120 10,000 [ 150 [10,000 | 200 10,000
RAS hald time tesH ns 80 100 136
CASprechargetime | wp | ms | 50 | 10 | e |
CAS pulse width tcAS 0% 80 10,000 100 10,000 ;135 110,000
CAS hald time tesH ns 120 | | 150 200
RAS to CAS delay time tRep | ns | 20 (40 | 20 [ B0 | 25 | 66 7
CAS to AAS precharge time iCRP ns o . :. 0
Row Address setup time w ASR ns 0 j ! 0 Rl
Row Address hold time w®RAH | ns 20 ! 20 25
Column Address set-up time tASC ns 0 ‘|— F 0 0
Column Address hold time icAH ns 40 Jr I a5 . 55 N L
: [
i tiy ‘i‘"j“’ tap | ms | 80 ! [ 95 120
Read command set—t;p -time 1;(;5 ns 0 : 0 Q
Read command hold time RCH _,_.__ns,______?__._},.__ o _Cl__ B 0
Write command set-up time wes ns =10 | -10 =10 8
Write commald_hgld_tiine 7 _;‘\;V(Z_H_ oS __45 h?_ o hl _4_5 B b5
- : ! i
g™ Lwen [ | e |
_ Write commang pulse width wp ns 40 I 45 55 | |
Write command 1o RAS lead time | tRwWL s | 40 _h__L 45 55
Write command to CAS lead time | tow) ns 40 1 55
-B;;in set-up time 1ns ns o 0 0
Data-nholdtime | ton | »s Tao 7 [ as | 55
f:)a% hold time referenced tDHR ns 80 a5 : 120
CAS to WE delay 1CWD ns 50 G0 j 80 8
RAS to WE delay 1|:|wp:_-£s_ | ,_?_0 | 1]{L_ 145
eI S R P e SE
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——=— — — - fDYNAMIC RAM - MSM3732-AS/RS®

NOTES: 1) An initial pause of 100us is required after power-up followed by any B RAS cycies [Examples; RAS
anly) before praper device operation is achieved.

2) AC measurements assume tT = Bns.

3} VIH (Min.) and V(L {Max,) are reference levels for measuring timing of input signals. Also, transition
times sre measured between V|4 and VL.
Assumes that trep < tRCD (max.).
If tRCD is greater than the maximum recommended value shown in this table, tR AC will increase by
the amount that tRCD exceeds the values shown,
5) Assumes that tgen < tRCD {Max.)
6) Measured with a load circuit equivalent to 2 TTL loads and 100 pF,
7} Operation within the trep (max.) limit insures that tRAC {max.} can be met. tRCD (max.) is spe-
cified as a reference point only; if tyep is greater than the specified 1RCD {max.) limit, then access
time is controlled exclusively by tcAC.
WCS, tewD and tRWD are not restrictive operating parameters. They arg included in the data sheet
ag electrical characteristics only; if twes 2 twes (min.), the cycle is an early write cycle and the data
out pin will remain open circuit (high impedance) throughout the entire cycle; if towWD 2 ICWD
{min.} and tRWD > tRWD {min.}) the cycle is read-write cycle and the data out will contain data read
from the selected cell; if neither of the above sets of conditions is satisfied the condition of the data
out (at access time) is indeterminate,

4

B

READ CYCLE TIMING

VIH— 3 AR == ’j |
RAS VL - q. | tFtP—*-—-L
- ioxs e
1CAH ‘esH ‘
Addresses M Arggrgsl,W///// ///// // ////// {é/c H?(
RCS LtF{RH
w T | - J Ny
Doyt :g':: !

"H", ~L'* = Dan't Care
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WRITE CYCLE TIMING
(EARLY WRITE)

O i AN g
s tRCD ' tct:: ! .y F‘j‘z;:
R R 7y S N
Addresses \\':"‘I:-_I - Mcﬂg?&% / // / ///// / / //// ///@(
TS e WL
wE o : / W
W}l_.c.;R;__J_._TDH——RwL
o = T 1A Ve 2

READWRITE/READ-MODIFY-WRITE CYCLE

f ___._,___t — tIRWC R
e ViH- B taAR :
T ] /
. tRSH tRP
- tRCD tcAs l-tCRP

o Y- )k (- VN

LtesH ]

1ASR| [traH 1asC tCAH |
—TR Mr B

" tRpwWD CWL—=
tRCS f—————tCWD TRWL =
— VIH- N
WE v -
typ
tCAC —= —] OFF

DOUT — OPEN }—<‘ Valid Data
RAC IDS| | tDH

N A SR A

“M, "L’ = Don't Care
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RAS ONLY REFRESH TIMING
(CAS: VIH, WE & DIN: Don't care)

i \{"'E ) | I-'—tHAH ;I: tRP :\_

e L7 = Don't Care

PAGE MODE READ CYCLE

IRAS

-

tos 1
tCAS— }79_\"« tc;xsj/ » ""‘CAS‘}E“JCHP
] , 7
i

k.
| T Iy
CaH SC CAH

> m = L /T
! By EF‘ tmc% Et:;?c% EvtOFF
- N { . ;)(;-‘SEN s —-I
- |sRes tncﬂ@"“ ‘ [ tRCH
w T : .

778 M “L""=Dorit Care

ik
¥
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PAGE MODE WRITE CYCLE

tRAS
s T , .
b tPC - N re—tR S H T
y ZﬁEFﬁiTcEI R e tCAS ] ._té'is: e
—— VIH- ! P ,f‘-—-
CAS vy - tRAH | / F p k /
tasR| [~ ___it:i'éT:_lCAH“rﬁsc —tcaH tagc) [ T{CAH
ViH- .
Addresses - ARSI, s KL
TWCH ] TWWCH e TWCH
v W "CWL—- TCWL— WL —=
wE M- W
Vi - nwp.. W s
WC“T;‘ 1Dk 108 R R
OIN \\’,'I‘:j Valtd Data @E;and Data Valid Data

~—toHR

.

“L"" = Don't Care

PAGE MODE, READ-MODIFY-WRITE CYCLE

Addresses v

WE ViH

ViL
Din \\;::‘
DouT 33‘:

tRAS

tcp

tasc]

tCAH taS
01,

Wi

I,

|[TCWD

7,

wp

A
tRCS tcwo “R]ES_} 1CWO |
’/%/fﬂ ,b/ ////f Jl
DS tDH tps [FpH [
/”/ /

k—tcac-— [toFF

IRAC
QOPEN

il O TN T T

l—'—tCAC——-:,' ol —tcac
e

e o

* = Don't Care
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HIDDEN REFRFSH

MDYNAMIC RAM : MSM3732-AS/RS R

I Read Cycle.

VIH L . TR P —an
RAS v, Wan% F——>

L. _VIH
CAS vy
tASR] AH
v
Addresses V:t

tasSR

I_
pPLUITIA 1@////// I

TRAH

__‘ }_t_acn

WE x:t iz (tCAc

TRAC——

N0

1OFF

v Y
DouT yor ———OPEN———~

Valid Data

s’ L = Don't Care

DESCRIPTION

Address Inputs:

A total of fifteen binary input address bits are required
to dacode any 1 of 32,768 storage cell lacations within
the MSM3732, Eight row-address bits are established on
the input pins (A,~A,) and lawched with the Row
Address Strobe {RAS). The seven column-address bits
{A, through A,) are established on the input pins and
latched with the Cotumn Address Strobe {TAS). All
input addresses must be stable an or before the falling
edge of HAS. TAS is internally inhibited {or “gated”)
by RAS to permit triggering of CAS as soon as the Row
Address Hold Time f{tgapH) specification has been
satisfied and the address inputs have been changed fram
row-addresses to column-addresses,

Qne Column Address {A,) has to be fixed at logic 0"
{low levei} for MSM3732L, and at logic “1°* {high level)
for MSM3I732H.

Write Enable:

The read mode or write mode is selected with the WE
input. A flogic high {1) on WE dictates read made;
logic low (D) dictates write mode. Data input is dis-
abled when read mode is selected.

Data Input:

Data is written inta the MSM3732 during a write or
read-write cycle. The last fatling edge of WE or CAS is
a strobe for the Data In (D} register. In a write
cycle, if WE is brought low {write mode) before CTAS,
D) is strobed by CAS, and the set-up and hold timas
are referenced to CAS. In a read-write cycle,WE will
be delayed untit CAS has made its negative transistion.
Thus Dypy is strobed by m, and set-up and holg times
are referenced to WE.

Data Output:
The output buffer is three-state TTL compatible with

a fan-out of twa standard TTL loads. Data-out is the
same polarity as data-in. The output s in a high im-
pedence state until TAS is brought low, In a read cycle,
or read-write cycle, the output is valid after tg o from
transition of RAS when trep (max.) is satisfied, or
after toa e from transitian of TAS when the transition
occurs after tgep (max.). Dats remain valid until CAS
is returned to a kigh levei. In a write cycle the identical
sequence occurs, but data is not valid.

Page Mode:

Page-made operation permits strobing the row-address
into the MSM3732 while maintaining RAS at a logic
low (0} throughout all successive memory operations in
which the row-address doesn’t change. Thus the pawer
dissipated by the negative going edge of RAS is saved.
Further, access and cycle times are decreased because
the time normally required to strobe a new raw-address
is eliminated.

Refresh:

Refresh of the dynamic memory cells is accompiished
by performing a memory cycle at each of the 128 row-
addresses {A,~A_,) at least every two miliiseconds.
During refresh, either V)| or V| is permitted for A,
RAS only refresh &voids any output during refresh
because the output buffer is in the high impedance
state unless CAS is brought low. Strohing each of 128
row-addresses with FAS will cause all bits in each rwo
to be refreshad, Further RAS-anly refresh resuits in a
substantial reduction in power dissipation,

Hidden Refresh:

HAS ONLY REFRESH CYCLE may take place while
maintaining valid output data, This feature is referred
to as Hidden Refresh,

Hidden Refresh is performed by holding CAS as ViL
from a previous memory read cycle.
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TYPICAL CHARACTERISTICS

Access time from RAS
{Relative value) v.s, Vee

= Ta=25"C

()

R N

I ~

o

Z

$10

i

X

8 \
= o R:]

[T

g

i

a

4.0 4.5 5.0 5.5 6.0
Vee[V]
Access time from CAS
{Relative valuel v.s. Vee

. T

= Ta =50°C

@ TRCD = max.
oy

w14

g
> Ta=0°C

3]

1.0

§ N
3
> 09 a

Q \

o
o M

4.0 4.5 5.0 85 B.0

50

40

Vee [V

Icct (tras: Constant]
v.s. Cycle rate

30

20

lcey {(Operation) [mA]

Ga

Ta = 25:°c
IRAS=40ns|  yop - BBV
¥ 5.0V
/4.5\/
A
7/

2 3 a 5
Cycle Rate (1/tre) (MHz]

Icct (Operation) [mAl

Access time from RAS
(Relative valuel v.5. Ta

50

40

30

20

Ve V]

gt (tRas: Constant)

vs. Ta

1
9- Vee =5.0V
& 1 4
I
n /
E
C
< 10
i J
]
2 D9
Q2
<
x
u] 25 50 5
Tal*C]
logt (tras: Constant)
vs. Voo
50 T
Ta = 2E§°C
—_ thas = 140 ns AD TS,
§ 40 RO TR
E M/ 30 1
= 30
& T
ks hoo0ns
N e
4.0 4.5 8.0 5.5 6.0

L] .1
Ve = 5.6Y
tRAs =140 ns

1

——ciiRg =

-—-.._______-_-

T ——

270 ns}
T

240 ng

————]

!
330 nis3

500 ns

———
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Icct {Operation) [mA]

log (Operation) [mA]

Iecy (Stand-by) [mA]

Icet itrp: Constant)

v.s, Voo
50 T
Ta=25°C
trp = 100 ns oo os
49 }C'ﬁ
30 _4-*/_.-—"'/ 500 ns
1 =
T o0
20 frmame=—t—"""1
4.0 4.5 8.0 5.5 6.0
Ve (V)
lect (trp: Constant}
v, Ta
50 T —
Vc'c = 5.5\:’
tRrp = 100 ns
40— RO =
I"‘"-‘._ RC 240 g
-....._._‘-.-"‘-"- -
"--.___ 330 s B
30 ——]
[— 500 ne
""-‘.__‘_‘- r\‘{_
h\"g-..oo as
20 —

Ta [°C]

Igez (MSM3764-15/-20)

v.s. Voo
VN max.
50
4.0
3.0 1-_3_:_050
_—j Cl -
2.0 L o
5 Cl——
,_,....7-.-'-"'
4.0 4.5 5.0 5.5 B.0
Vee [V

ADYNAMIC RAM - MSM3732-AS/RS ®

leet {trp: Constant)
vs. Cycte rate

50 T
Ta= 25I c
— |®mP=100ns | o .58y
E 40
= //5.0\/
< 4.5v
£ ;/;r_é-’
=
=
e
S 20
e
1 2 3 ) L]
Cycle Rate (1/tg ) [MHz]
legz IM5M3764-12)
v.s. Veo
T
Wy = max.
_ sl
L8
E
3 40 Ty = O
-E __,...-—""".—.-__,.22-9'_.-—-"
2 ---'-""'-_-I‘----'-l _50_.:-9'.-'
& 3.0 T
8| T LT
L ,....--""’-—‘
20

4.0 4.5 5.0 55 6.0

vee [V

Icc2 V.5. Ta

rV ||—5\5\"
5,01 YeE ~ 5

V|‘.|: max.

4.0

Yy,
3
3.0~ 2.

2

Iceg (Stend-by) [mA]
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loeg (Refrash Cyclel [mA] lees [Refresh Cyclel [mAl

Igea (Refresh Cycle) [mA]

a0

30

2

40

30

20

10

£
(=]

[
o

]
=]

e
[=

lees (tRaS: Constant)

vs Vec

T
Ta=25°C
tRAS = 140 ns

|

="
a1

|

4.0 4.5 5.0
Vee (V]

55 6.0

Ieea (tras: Constant)

vs Ta

T
Vc:! = 5.5\.!'1
trAS = 140 ns

hI_'_"-'_--.-__-

——

I 330 ns

D g

[————

--_.____500 ng

[——— 100D

D 25 50
Ta [°C)

75

lces itpp: Constant)

v.5. Cyeole rate

1
Ta=25°C
tRP = 100 ns

=55V
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==

 5.0v

=

1 2 3
Cycle rate (1/tpc} [MHZ)

4 5]

Icca (Refresh Cycle) [mA] Igca {Refresh Cycle}l (mA]

leea (Refresh Cyele) [mA]

lcea (tras: Const
v.5, Cycle rate

40

ant)

1
Ta=25°C
tRAS = 140 ns
30

Vee = 5.5V

20 <4
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[~ 5.0V
- 4.5V

=

10

1 2 3

4 5

Cycle rate {1/ige) [MHz]

lces pp: Constant!

v.s Veo
40
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4.0 4.8 5.0 5.5 6.0

Vee [V]

Ices (tgp: Constant)

v.s. Ta
40

’;cg = 5.5V’
iRp = 100 ns
30

~

""-E—C:_E 240 ns

i 5

500 nel |

20

00 s

Ta [°C]



Iccs {Page Cyctel [mAl

icea (Page Cycle) [mA]

Icca [Page Cyclel [mal

Icca iteas: Constant)
v.s. Ve

Ta=25,°C
tcAas = 100 ns

44

30

_/.‘

=]
E:
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3
O
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-
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>
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v.s Ta

I
Vee = 5.5V
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S
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-—-..____-
—

Tal®
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T
Ta=25"C
tep =50 ns

=55V

/

I\

/5"

L%
/4/4.053
/

2 4

6
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Iccyg (Page Cyclet ImAl

Iccy (Page Cycla)l [mA]

lccs (Page Cycle) ImA]
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v.s. Cycle rate

[ L
Ta=257C
teas = 100 ns
40
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e DOV
30 /;.—-—uv
20
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v.s, Vee
1
Ta=25"C
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Input level [V]

Input level [V]

vl

Input level [

Address input

v.s Vee
I
Ta=25"C [
V1 min
2.0 /_,/
15 /J/,//
[T ViL max
1.0
40 456 5.0 685 6.0
Vee [V]
Clack Input
v.s. Vee
[ I
Ta=25"C
20
1.5 M/PA
LT~ V) max
1.0
4.0 4.5 5.0 5.5 8.0
Vee [V]
Data Input
vs. Ta
Vee = 5.0V
2.0
15 V4 ntin
V|| max
1.0
0 25 50 75
Ta [°C)

Input jevel [V]

Input fevel {V]

Input level [V]

Data Input
vE. Voo

20

T
Ta=25°C

1.0

Vit min A

i

"]
"]

VL max

15

40 45 5.0 5.5

Ve [V]

Address Input

vs. Ta
Voo = 5.0V
20 Vin min
1.5 V)L max
1.0
4] 25 50 75
Ta[°C]
Clock Input
ws. Ta
Ve = 5.0V
2.0
VY min
i5
V| max
1.0 L
0 25 50 75
Ta [°C]
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RAS/CAS CYCLE LONG RAS/CAS CYCLE RAS ONLY CYCLE PAGE MODE CYCLE

RAS [\ J \ \
-

cas[ L \ R

80

60
Icc

20

VTN JIVY

50 ns/div
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MSM3732 Bit MAP {Physical-Decimal} [PS-1]

r
MSM3732H BIT MAP MSM3792L BIT MAP
/ [A7 column = “H"] S £ {A7 column = “L"] D PIN 16 AN
1| 120|v2a) . |1e2]ie3 191[190 129128] ... . |1a2]iga 2541255
256|255 268|266] T - | |255}255 1271127 127h127 J & [ 127|127 127|127
aaazl 1| old e L] B4] 65 B3] 62 1[ ol o] 64| 65] J126pr27
255|255 255|255 265]255 127j127 1270127 127827 1274127
63| &2 1 ol olh] 64] 65 a3 62 1 oid it 64 &5 1261127
254|254 254254 254} 264 126|126 1264126 126126) |126]126
191190 12081284 L od4-J192]193 191|190 12912814 Yoo {192{193 26412585
254l254] | 254|284 ( ] 254|254 1261126 126[126 126§126 126]126
191120 129{128]] L 192193 191|190 1280|1284 L2 | [192[193 264|258
263|353 253|253 | 263|253 126126 125|125 126(125 126|128
63| 62 1|ot L} e4f 65 a3f 62 11 old L L) aaf s8] [128[127
253|253 252|253 " f253j283 125[125 125(125 J 125[126 125]125
63| 52 i Q 2 [\ g4 66 63] 62 1 Q o 64) 65 126|127
252|252 252|252 rj252) 252 124[124 124{124 124[124 124]124
191|190 1209|128 Lﬁg 157[193 181190 129128 o 192]193 264|255
262]252 252252 { 252252 124)12a 124[12a [ ] 124|124 124|124
191[190 12812811 5 192[192 1941190 129{12814 Yoo {192]103 264|268
251|251 251)251] ] | 251}251 123]123 123[123 123]123 123|123
i
|
|
|
|
(Colurmn)

191 [190 120|128 Lu 192193 2541255 191|180 1291
4l 4 4

2L L 19z ez 254|255
132|132 132132 [ J 132|132 132]132 4 al 4 4] 4
191|190 120]128 N 132|193 254255, 191|190 129128 192193 254]255
131713 131131 131134 121 3| 2 3 317 i 3 k] I
63| 62 1] © J‘ L | 84| 65 1261127 63| 62 1l o] L] 64| 65 126127
1311131 1311133 ]J“’ [ 131131 131131 3| 3 3 3] i [ 3| 3 21 3
63| 62 1t 0 J 641 65 1264127 63| B2 1] © o 84| 65 1261127
130k30] ° |130p30()’ 130{130 130{130 2| 2 2l 287 2| 2
181 190 128{128 'LM J1oz21193 2541255 191|190 12028|| L )] |192]|193 2541255
130f130 N 1304120 1300130 2| 2 2| 2 "’] 2| 2 2 2
131190 129[128 1921192 2541285 191 (190 120128 [ L 182193 254|255
129|129 128(129 1290128 1291129 1] 1 1| 117 1] 1 1] 1
63| 62 1l o 69] 65 1261127 €3] 62 1 ¢ a B4| 65 1264127
129[129 128[129 ] ~ [ 120l120 1201129 1 1 1| 1 ] 1 1 1] 1
63| 62 1] opdl g 64] 6% 1261127 63| 62 1 o 64| 85 126{127
128128 128|128 1281128 1281128 ol o of o al © ol o
hmﬁ 120 120fM28) | L _J | Ivez1a3 2541255 191[180 129128 | L.) | [19zes 2541255
128)128 128128 b 1281128 1280128 ol o ol 0 ol o ol 0

\ (T TT] [II1]

\ Fatresh Address /ﬁ/ Refresh Addiess _Refresh Address

\ Aot Addhes

Y 163 <~ 0} e 64— 127 1N 83 — 0 |

\ Loy J ! /
l:JI

i ! —
Oin o, D, D, Din . Din D, o, O, U, ODin
| iPositivel INegative) {Positive} [Negative)

\

Refresh Address

{64 = 127}

Fin 8 {Rowl

A = Aow Address {Decimal) . Word Dri .
E - Cel B © Column Address (Decimal} re e & ¢ SemseAmp

H : Sub Amp IC = Number af Bus Line)
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OXK I semiconductor
MSM3764-AS/RS

65,5636-BIT DYNAMIC RANDOM ACCESS MEMORY

GENERAL DESCRIPTION

The Oki M5M3764 is a fully decoded, dynamic NMOS random access memory arganized as 65536 one-bit words.
The design is optirnized 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.

Muitiplexed row and colymn address inputs permit the MSM3764 to be housed in a standard 16 pin DIP, Pin-outs
conform to the JEDEC approved pin out.

The MSM3764 is fabricated using silicon gate NMOS and Oki's advanced Double-Layer Polysiticon process. This
process, coupled with single-transistor memory storage cells, permits maximum cireuit density and minimum chip
size. Dymamic circuitry is employed in the design, including the sense amplifiers.

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

FEATURES
#65,536 x 1 RAM, 16 pin package & Al inputs TTL compatible, fow capacitive load
# Silicon-gate, Double Poly NMOS, single transistor cell ® Three-state TTL compatible putput
= Row access time, ® “Gated” TAS
120 ns max (M3M3764-12} ® 128 refersh cycles
150 ns max (M5M3764-15) * Common 1/0 capability using “Early Write"”
200 ns max (MSM3784-20} operatiod .
# Cycle time, = Qutput unlatehed at cycle and allows extended page
240 ns min (MSM3764-12} boundary and two-dimensional chip sefect
270 ns min {MSM3764-15} # Read-Modify-Write, R AS-only refresh, and Page-
330 ns min {MSM3764-20} Mode capability
® Low power: 248 mW active, @ On-chip latches for Addresses end Data-in
28 mW max standby ® On-chip substrate bias generator for high
e Single +5V Supply, $10% tolerance performance

PIN CONFIGURATION

.
MG [: 1 16 j\m
i CAs
D'"E ? 15 j Pin Namas Funetion
WE ] 14 :] Dout Ag~A, Address Inputs
j BAS Row Addrass Strobe
FIASE 4 131 {A" CAS Column Address Strobe
WE w
A s 12 ]As' rite Enabie
Din Data Input
Ay E " 11 ]N" Dout Data Output
VCC Fowar (+5V)
' 0[JA"  veg Ground {OV)
Ve I: 8 s[Ja- * Refresh Address
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BLOCK DIAGRAM
RAS Timing
— | Generator l_NID Timing
Generator
=
‘é\:’riti WE
Calumn Gmgfator w
\ Column
Address _/
Buffers Decoders
~ =1 1/0 1{Output
Ay A?E Sense Amps Selection} .| BLL:fI?:r Doyt
Row ’ ‘;
Address ] ]
Buffers R Word
ow or Data
De- | | Driy- Memary Input je———Din
cocers} | ers Cells Registor
vee JLI—
w{ On chip VBB
ABSOLUTE MAXIMUM RATINGS (Ses Note)
Rating Symibol Value I Unit
Voltage on any pin relative to Vgg VIN. VOUT =1 to +7 —rL
Voltage on Vg supply relative to Vgg Ve -1 to+7 I v
Operating termperature Topr (to 70 ' °cC
Storage temperature Tstg -85 10 +1560 | ‘C
Power dissipation Pp 1.0 ' w
Shart circuit autput current . . B 50 : maA

Note: Permanent device demage may occur if ABSOLUTE MAXIMUM RATINGS are exceedsd. Functional opera-
tion should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure
1o absolute maximum rating conditions for extended periods may affect device reliability.

RECOMMENDED OPERATING CONDITIONS
{Referenced to Vgg!

T l -
. . Operating
Parameter Symbal Min. Typ. Max. .' Unit Temperature
{
| vec | 485 | 80 |} 985 ) V |
Supply Vaitage Vas 0 o ) #_ v
' T T T 0°C o +70°C
Input High Voltage, all inputs VIH 24 6.5 * v I
Input Low Voltage, all inputs VL -1.0 0.8 W |
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DC CHARACTERISTICS

{Recommended operating conditions unless otherwise noted.)

Parameter Symbal Min. Max. Unit . Notes
OPERATING CURRENT* |
Average power supply current lee 45 mA |
{RAS, CAS cycling; tge = min.} i |
STANDBY CURRENT ' o
Pawer supply current Icea 50 mA

{(RAS =CAS = v i
REFRESH CURRENT
Average power supply current lces 35 mA
{RAS cycling, CAS = V[ trc = min.)
PAGE MODE CURRENT*
Average power supply current lgca a2 maA |
{RAS = v, CAS cycling; tpg = min.) !
|
|
|

INPUT LEAKAGE CURRENT

Input leakage current, any input

{0V < V| £ 5.5V, ali other pins not
under test = OV}

CUTPUT LEAKAGE CURRENT
{Data out is disabled, fLo =10 10 A
0V = Vayr £5.5v)

OUTPUT LEVELS
Output high voltage oy = -5 mA) VoH 24 v
Cutput low voltage (g = 4.2 mA]} VoL 0.4 v

Il -10 10 LA

Note*: [CC is dependent on output Inading and cycle rates. Specified valuas are abtained with the output open.

CAPACITANCE
{Tg=25°C, f= 1 MHz)

Parameter Symbol Typ. T Max, _|r Unit
Input Capacitance (A, ~ A,, Djy) Cing 4.5 5 ! pF
Input Capacitance {RAS, EA_S,WE;_HH CInZ 7 10 ! pF
Qutput Capacitance (Do} CouTt 5 7 i DF. T

Capacitance measured with Boonton Meter,
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AC CHARACTERISTICS

Motes 1, 2, 3 Under Recommended

Operating conditions

—
Paramster Symbol | Units E MSM3764-12 MSM3764-1?’ MSM3764-20 Note
 Min. | Max, | Min. | Max, [Min, | Max.
Refresh period tRe | ms | 2 2 ) 2
Random read or write cycle time IRC ns 240 270 i 330 P
Read-write cycle time tRWC ns 240 270 ! 330
Page mode cycle time tpe ns 150 170 | 225
Accass time from RAS RAC ns 120 150 200 4.6
Access ime from CAS | tcac | ms | g0 | | 100 135 | 5,6
Outputbuffer tum-offdelay | toff | ns | O | 36 | ©0 | 40 | 0 | 50
Transition time N L s 3 35 3 35 3 50
RAS precharge time tRp l ns a0 100 120
RAS pulse width tRAS :. ns 120 10,000 | 150 [10,000 | 200 10,000
A4S hald time RSy |, s | 80 100 135
CAS precharge time tcp I ns 50 60 a0
CAS pulse width 1CAS : ns 8C 10,000 | 100 10,000 | 135 110,000
CAS hold time tCSH ns | 120 150 200
RAS to CAS delay time tRCD ns | 20 40 20 50 25 65 7
TAS to RAS precharge ume | _l;-;;{p_ —I ns 0 0 T
Row Address set-up time tASR i ns 0
Row Address hold time IRAH ns 20 '_u2-_0 25
Colurnn Address set-up time H_tASC ns 0 0 0 J
Column Address hold time tCAH | s 40 45 ! 55
. I |
rooronead 0 RAS AR i i ’ % |12
Read command set-up time tRCS ns D Q o
Read command hold time tRCH ns f 0 _i 0 o
Write command set-up time twes ns -10 | -1a =10 8
Write command hold time WoH ns 40 l ‘ 45 55
g | wen [ (w0 | |
Write command pulse width uyp ns i 40 45 i 55
Write command to RAS lead 1ims tRWIL ns | 40 45 —[ 55
Write command to CAS lead time | tow| ns [ 40 45 | | BB
Data-in set-up time tpsg ns | O ¢ ll 0
Data-in hold time tDH ns 40 45 | 5E
:::::r;hold time referenced o iD H“_Hq_ | :m_ 80 95 | 120
CAS to WE delay ICWD ns 50 60 i 80
RAS ta WE delay IRWD ns a0 110 145
roerencsd 10 FRE wAH | ms | 20 20 2

74



NOTES: 1

2
3

4

5
&
7

8

M DYNAMIC RAM - MSM3764-AS/RS &

} An initial pause of 100 us is required after power-up followed by any 8 RAS cycles (Examples; RAS
only} bafore proper device operation is achieved.

} AC measurements assume tT = 5 ns.

) ViR (Min) and V| [Max.) are reference levels for measuring timing of input signals. Also, transition

times are measured between V| and VL.

Assumes that tRep < trCD (max.).

If treo is greater than the maximum recommended value shown in this table, tg AC will increase by

the amount that tRCp exceeds the values shown,

} Assumes that trcp < trCD lmax.)

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

} Operation within the trcp (max.) limit insures that trac [max.) can be mat. tReD (max.) is spe-

cified as a reference point only; if tRCD is greater than the specified trgp (max.} limit, then access

time is controlled exclusively by toAC.

tWes, towD and tRWD are not restrictive operating parameters, They are included in the data sheet

as electrical characteristics anly; if tweg 2 twes {minl), the cycle is an early write cycte and the tata

aut pin will remain open circuit {(high impedance) throughout the entire cycle; if tcwp 2 tCWD

{min.} and trwp > tRWD (Min.} the cycle is read-write cycle and the data out will contain data read

from the selected cell; if neither of the above sets of conditions is satisfied the candition of the data

out {at access time} is indeterminate.

READ CYCLE TIMING

o v/
w

O
W

Addresses

DouTt

- T i

S N )
———
N Y h_-
. |tcan | i
con%nagress_;)@///////////////////%

TRCH
tHCS"" i L'(HHH-—

“H”, #L* = Don't Care
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WRITE CYCLE TIMING
(EARLY WRITE)

- x:t" \ AR =RA£HC
——IRCD tct::H ) f:tt?:;:q
s YHT N L f N\
Adaresses UM = 777N "Rtores “iu?f /////////////// T
TWCS L_}_\a\_!c_l-t_ oL
wE W !*wpl W A
‘_tmﬁm RWL -
ow W=7 ////////’( Vatid Data ’/////////////////////////////////////////////////

READ-WRITE/READ-MODIFY-WRITE CYCLE

R T e T Y
~——{RCD; " A F_:F(]‘::p_:

o YN o A\

o As[__Fl TRAN TASC| [ GAH
Addresses V:IE— m Colu amn S_W /////////////// //%

VIH - ‘RCSF'“'J e ‘RWD tCwD @:

DouT V%': T—1——  opeN  —— Valid Data —
N B XL

“H", "L’ = Don't Care
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RAS ONLY REFRESH TIMING
{CASZ: VJH, WE & DIN: Don't care)

- iRC
1RAS
_— VIH - Y X
RAS vy - N K
F=—TRAH tRp————n]
TASR=——

VIH -

adaresies vy N R 2o i

Vod -

Dout -
VoL - J OPEN
an' = Dontt Care
PAGE MCDE READ CYCLE
IRAS
VIH -'—"".'n\-—tAH——-
RAS V)L - % ;; 4
pek PG RSH tRP
RCD— O
=tRCD ICAS

"

te AL (a——LCRP
i /!
' 1
tASC CAH

A V|H_
CAS v - tRAH [\
Vin- N

t F-1CAC |
v RAC tOFF ‘OFF
DouT Vgt‘_j OPEN p

v ) 1RCS tHCﬂ }____—V . "*TF{CH
WE VIL‘W %

A" H " "L "= Donrit Care
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PAGE MODE WRITE CYCLE

RAS
; tReH—] {=taF
1CAS-»| tCAS - FCR
r . ‘ 14
fe—1CAH tasc| jicAH
-— —-;r-l'—
7 AL,
tWeH et twctﬂ-——l
TCWL = 1CWL—=
TF, e
—m—pp] -:VDVH _._ttwlRW[_—-
ViH 3 .
o %andnmai@mandoat% // Valid Data
fr—tDHR—
B2 H, ~L" = Don't Care
PAGE MODE, READ-MODIFY-WRITE CYCLE
i- RAS
RAS
" e tRgH——eerd RP
As | __J
S| [lcAR  +~——tCRP
v e :
Addresses Ve G
D
WE oo T
v - S LTI
N - _ i 7,
y __._._.t;';CtCAC LJ:F i—fCAC OFFF-—tcAc
Dout O OPEN OPEN

L = Don't Care
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HIDDEN REFRFSH
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RAS onty cycle

Read Cycle
—  VIH TRP—=
RAS y,, ~— YR N
MU
ViL
YASR AH tasr | [TRAH
IH

v
Addresses VIL

Y,

l@l L,

_‘ 1_t_HCH

= V
e i ZZIZI | eac X
tOFF
tRAC
DouTt Xg'l'_'—-—-—-OPEN Valid Data
“H”", “L" = Don't Care
DESCRIPTION same polarity as data-in, The output iz in a high im-

Address Inputs:

A total of sixteen binary input address bits are required
to decode any 1 of 66536 storape cell locations within
the MSM3764. Eight row-addrass bits are established on
the input pins {A,~A,] and laiched with the Row
Addrass Strobe (RAS). The eight column-address
bits are established on the input pins and latched with
the Column Address Strobe (CAS). All input addresses
must be stable on or before the falling edge of RAS.
CAS is internally inhibited (or “gated”) by RAS to
permit triggering of CAS as soon as the Row Address
Hold Time (tgaH) specification has been satisfied and
the address inputs have been changed from row-addrassas
to column-addresses.

Write Enable:

The read made or write mode is selected with the WE
input. A logic high (1) on WE dictates read mode;
logic low (Q) dictates write mode, Data input is dis-
abled when read maode is selected.

Data Input:

Data is written into the M3M3764 during a write or
read-write cycle. The last falling edge of WE or CAS is
a strobe for the Data In (DN} register, In a write
cycle, if WE is brought low {write mode) before CAS,
Dy is strobed by CAS, and the set-up and hold times
are referenced to CAS. In a read-write cycle, WE will
be delayed until CAS has made its negative transistion.
Thus Dyp is strobed by WE, and set-up and hold times
are referenced to WE.

Data Qutput:
The output buffer is three-state TTL compatible with
a fan-out of two standard TTL loads. Data-out is the

pedance state until TAS is brought low. In a read cycle,
or read-write cycle, the output is valid after tgac from
transition of RAS when tgep (max.} is satisfied, or
after toac from transition af TAS when the transition
occurs after tgop (max.). Data remain valid until CAS
is returned to a high level. In awrite cycle the idantical
sequence gccurs, but data is not valid.

Page Mode:

Page-mode operation permits strobing the row-address
into the MSM3764 while maintaining RAS at a logic
low (0} throughout all successive memory operations in
which the row-address doesn't change. Thus the power
dissipated by the negative going edge of RAS is saved,
Further, access and cycle times are decreased because
the time normally required to strobe a new row-addrass
is eliminated, ’

Refresh:

Refresh of the dynamic memory cells is accomplished
by performing 8 memary cycle at each of the 128 row-
addresses (A, ~A, ) at least every two milliseconds,
Curing refresh, either V| or VR is permitted for A,.
RAS only refresh aveids any output during refresh
because the output buffer is in the high impedance
state uniess CAS is brought low. Strobing each of 128
row-acidresses with FTAS will cause all bits in each rwo
to be refreshed, Further RAS-only refresh results in a
substantial reduction in power dissipation,

Hidden Refresh:

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

Hidden Refresh is performed by holding CAS as V|
fram a previous memory read cycle.
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TYPICAL CHARACTERISTICS

Access time from RAS
{Relative value] v.s. Voo

5 Ta=25C
=
W
r 1.1 \
o N
o
2
Y10
o
X
g 0.9 [~
Q
s
z
40 4.5 5.0 55 6.0
Vec[V]
Access time from CAS
[Relative value} v.5. Vee
T
5 Ta=50°C
=t TRCD = max.
w
W 1.1
3
> Ta=0°C
Q
§ 1.0 N
3
> 09 a
g \
3] ™
4.0 4.5 5.0 55 6.0

50

40

Vee [V

Icct (tpas: Constant)
v.5. Cycle rate

-
Ta = 25]“0
HAS = 14005 | oo =65y

30

5.0V

20

Iccy 1Operation) [mA]

80

4.6V
A

2 3 4 5
Cycle Rate (1/trc) [MMz]

Access time from RAS

{Relative value} v.5, Ta
1
55 Vee = 5.0V
& 1 -
I
-] /
E
Q2
< 19
E -
S
‘s
E 09
[}
<L
r
0 25 50 75
Tal"Cl
Icot itras: Constant)
v.s. Voo
50 T
Ta = 25|°C
—_ iRAS = 140 ns o 05
=
g w0 eSS
= /
5 // 220 s
g 30 —
] ,,.-—-“"-
) " 500 08
g 20—
o 1000 05|
4.0 45 5.0 55 B0
Vee [V
Icct [tRas: Constant}
vs. Ta
50— T
Vc!c =8, {
= tRAS = 140 ns
E 40 S— t = 2
= y— 1% 2‘;0 LR
s —=220s]
g.;- 30 e 130 "y i
=)
: —— 500 ns
8 20
"'--"""—L\‘IOOO ns

0 25 50 75

Ta [°Cl



Iceq (trp: Constant)

8.0

vs. Vee
50 T
Ta=25°C
_ tap = 100 ns lon0rs
< 40 G -ﬁ
E
N -
s —-ﬂ“"‘—
2 o Tt Q008
£ 30/— — _?_,...a—-
—— E--
— 20 J— Ny
Q
L
4.0 4.5 5.0 55
Vee [V]
lect (trp: Constant)
vs. Ta
50
Ve = 6.5V
. tRp =100 ns
T 40 J RC = 2357
: e ——) b
5 . """-‘_‘_‘_‘_‘-— 330 ne 5
B 0 e
& “‘\\-_E.E'Ei.
2 1%
5 20 83—
o
1] 25 50 75
Ta [C]
lees IMSM3764-15/-200
v.s. Veo
rV|H: max.
. 5.0
<L
E
3 4.0
°
g Ooc
§ | e
L P I
2.0 75 Cl——
4.0 4.5 5.0 5.5 6.0
Ver [V]

Ioe2 (Stand-by) [mMA) gt (Operation}) {mA]

locz (Stand-by) {mA)

Ieeq (trp: Constant)

v.5. Cycle

rate

40

Ta= ZSLC

tRp = ‘iOO ns

Vpop = 5.5V

2

/5.0\}'
L~ 4.5V

20

A\

[

A

2 3

4

Cycle Rate {1/tg ) (MHz]

Ioc2 {MSM37

64-12}

vs. Voo

5.0

T
V )y = max.

4.0

3.0

\
\

\

L
olo

20

4.0 4.5 5.0
Vec (V]

o
=3

b
[=)

&
[=)

N
o

5.5 6.0

IcC2 V.5, Ta

I
Vee = 5.5Y

Vi4: max.

~. %75‘;

~ ! 2
w‘b&,\h

Pt 7 & /?O

b] 25 50 75
Ta {°C]
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Iccg (Refresh Cycte) [mA])

loea (Refresh Cyclel (mA]

Iccs (Refresh Cycle) [mA]

82

Ices tras: Constant}

vs Voo
40 7
Ta=25°C
tRAS = 140ns 28005
30 Tac S'ng:-;
-.-""-1 o
" 30 0
R 500 ns
_——-—"'—_—-_
000 ng
10

4.0 4.5 5.0 55 6.0

40
30 T
20 —

Vee [V]

Igca [tRAS: Constant)
v.s. Ta

yR Y
tRag = 14 ns

H—
-'—-—__h—-___ 330 ng [

[ ——

Ta [°C]

lccs itrp: Constantd
v.5. Cycle rate

40 T
Ta=25°C
TRP = 100 ns =
20 Voo - 5.6V
%' 5.0v
> 4.5V
20 //é/
/
10
1 2 3 4 5

Cycle rate {1/tpg) [MHz]

teeg (Refresh Cyclel [mAl 1cea (Refresh Cyclel [mAl

loea (Refresh Cyelel [mAl

Iccz itras: Constant)
vs. Cycle rate

40

T
Ta=26°C

RAS=140ns | 00 _ g5y

-
. 5.0v

" //// |~ 4.5V
A

1 2 3 4 5

30

Cycle rate {1 tgc) IMHz]

lees tRp: Constant)
v.s, Voo

40

1
Ta=25°C
trp = 100 ns 40 08
30 we 2

|
mﬁ’ﬁ
"]

S

50005
000 03]

I\

10

4.0 4.5 5.0 5.5 5.0
Vee [V]

Iees (tpp: Constant}
v.s. Ta

T
Voo = 5‘5V|
trp = 100 ns
30

tRe= 240
[T
"""—-—_._-.____ -500 ns]

20
_'-—-__——_____1‘0-9-9-2.5-

4] 25 50 5
Ta [°C]



Icca {(toas: Constant)

v.s. Ve
T
Ta=25°C
=z tcas =100 ns
E 40 o 150 057
e T jﬂ ns:
> 30 // 23008
P " | g0 58
-... _...--"""’ "]
o P
4.0 4.5 5.0 55 6.0
Vee [V]
lcca ltoas: Constant)
vs. Ta
Vee = 5.5V
= icasg = 1000s
E 40
_E o— I’pc = 150
o ns
3 30 —] ‘7—7";;""455_'—
-] -‘-""""-. 230
= ‘-‘-‘-""-‘%ns
& I
[ "‘--.___“--.___-.__QO ns
3 20 —
LY
0 25 50 75
Ta [°C]
Igcs (tep: Constant)
v.5. Cycle rate
T
Ta=25"C
T tep = 50 ns
E 40
= Ve = 5,5V
&
2 //§.ov
S 30 |~ T a5y
& é;//
-]
a -
g =
& 20
L

2 4

6

Cyecle rate {1 /tpc} (MHZ]

Ice4 (Page Cycle) [mA]

lcca (Page Cycle} [mA]

lecg (Page Cyclel [mA]
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Icca {tcag: Constant}
vs. Cydle rate

40

1
Ta=25°C
teas = 100 ns

30

Ve = 5.5V

L1 sov

G

’-,.p-""— 4.5V

20

2 4

»]

Cyele rate {1/tpg) [MHz]

lgeq (top: Constant)
v.s, Vee

40

1
Ta=25"C
tcp=50ns

30

c® 150 15
1p gﬁ
—

23085

/:::"
FH
-_.-'-'_

AQQ NS
—-ﬂ#—m

20

4,

40

a 4.5 8.0

Vee [V]

5.5

8.0

iccs ttep: Canstant)
v.s. Ta

] Ji
Vee = 5.5V|

ICP =50 ns

Ipe g
M o

50 n
i 0o

/L]

\
h--.,\""--

Ta ["C)
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{nput level [V]

Input level [V]

Input level [ V]

84

Address Input

v.s Veo
I
Ta=25°C |
ViH min
20 /V/
S /,V”_ max
1.0
40 45 5.0 58 6.0
Vee [V)
Clack Input
v.s Voo
]
Ta=25°C
20
V| H min
fﬁ
"1 VL max
1.0
40 45 5.0 55 6.0
vee [V]
Data Input
vs. Ta
[ |
Ve = 5.0V
20
15 ViH min |
VL max
1.0
0 25 50 75

Ta [*C]

Input level [V]

Input level [V]

Input fevel [V]

Data I~put
v.s. Vee
1
Ta=25°C
20
V(H min
1.0 ,...-"'"'-H"‘-
//
=T Wy max
1.5
40 45 5.0 5.5 6.0
Vee (V]
Address Input
vs Ta
! [
Voo = 5.0V
2.0 V|H min
15 V(L max
1.0
1] 25 50D 15
Ta [°C]
Cloek Input
v.s. Ta
I
Voo = 5.0V
2.0
VIH min
1.6
V max
1.0 1L
a 25 50 75
Ta [°C]
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RAS/CAS CYCILE LONG RAS/CAS CYCLE RAS ONLY CYCLE PAGE MODE CYCLE
RAS [ | y 1 \
cas[ L \ ]
80
60 |
1cc
[I"I"IA] 40 A h
4N V A A ; \ ]z
20 \/ \/
\ VWM N TV

50 nsfdiv
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MSM3764 Bit MAP {Physical-Decimal) [PS-1]

—
MSMI/IIH BIT MAP

MSM3732L BIT MAP

o [o=]

B = Column Address {Decimal)

Sub Amp IC = Number of Bus Linal

14 [AT column = “H*] . 4 [A7 column = “L"] D PIN1E
191 [14a 129]128] o {192]193 191190 1zgfizsl 1192|193 264255
25525 255|255 ]\ 255|255 127127 127|127 J 122|127 127127
63| 62 1| o &4 65 63| 62 1| oles e sf 64| 65 1264127
265}25 255|265 ] I [ 255|265 127]127 127|127 127127 1271127
63| 621 1 olile 64| 65 63] 62 1| ofedad] 64| 65 [126|127
254[254{  |254{254 J ["|254{ 254 126)126]  |126]126 128]126] [126)126
191[190 1291128 { Loc | 192193 191{190 129|128 ] 192|193 254|255
254[254 254|254 ‘i 254254 126|126 26128 j 126[126 126|128
191190 120/128|4 Lo 192183 191190 1200128115, 192[193 254|255|
253[263 253|253 ] 2531252 125[125 125)12sf [ [ 1 |128]125 125[125
63| 62 1| olll ot h] 64f 65 &3] 62 1| odl.lb] 64 65 126127
2531253 253|253 ] [ [ 263|263 125]126 125[125 J { 126125 126j125
63| 62 1| o L&l s 126{127 83| 62 1 o 84] 68 126]127
262|252 252|252 J [ 1252|262 252|252 124]124 124{124 1724]v24 124]124
191[190 1200128) ) L 192|193 264|255 191]190 120[128 ] o0 1 1192|193 254|255
2521252 252 252| ] 252|252 252|252 1241124 1241122 124{124 12a)124
191[190 129]128] | Lo 192{193 254|255 191150 129128 bedd 192|103 2E4{265
2511251 251|251 251]251 251|251 123{123 123{123 123123 123|123
1911180 126128 | L 192[193 254|255 191190 129128l L) j e oz 254|255
132]132 132|327 T 132[132 132|132 '} 4| & [“] 4| a a| 4
191|190 120f128] | | 132[193 254|255 191|190 128[128 192[193 254|255
131121 121|131 131131 131131 3] 3 3| 3 [ 5 3| 3 3l 3
63| 62 1| a L| 64| 65 126 (127 63] 62 1| ofdi.iL] 64| 65 126[127
131hat 131[134 - [ 131131 121131 3] 3 3| 3 ] = [ S 2] 3
&3 62 sl olll, 64| 65 126]127 63) 62 1] o] 64| 65 126127
120130 130]130]) ¢ [1307130 130[130 2| 2 2] 2 2| 2 2l 2
191[190 rzahzap ] L_ )| hozlies 2541255 191|190 129f128f | L_J | [192]|193 254|255
130130 130(130 [ 130130 130130 21 2 21 2 [ 2| 2 2l 2
191180 129128 192|103 264|255 191 [190 120128 )1 1eaig2 254255
129129 120429 120129 129129 i o 17 1| 1 1
63| 82 1l o 64} 65 126127 83| 62 i o 64| 65 126127
129129 1209(129 1 “ { 1201120 128]129 i1 1] 1 1l 1 1} 1
63| 62 1| oldias 64] 65 126127 63| 62 1] o 64| 65 126|127
128128 128[128[) [ 128|128 128128 ol o ol o ol 0 o o
191]190 129[128] | L ) [ 192|192 264|255 101190 129l128] | | _) | [192]183 264 | 265
128128 12212877 heerzs 128[128 0 af o o| o ol o
i
Refresh Address Rafresh Address Aefresh Address Retresh Address
{62 ~ 0 1 54 —127) N L {63 « 0} ?H';\ 64— 127)
1 T 7
Din C, D, O, D, Din Cc, o, b, DB, Dn
(Positvet * "7 (Negativel iPositivel ~ © } * (Negativel
Pin 8 [z1-T0]
call A = FAow Address {Decimal) Word Driver o Sense Amp

(Column)



OKI semiconductor
MSM37256-AS/RS

262,144-BIT DYNAMIC RANDOM ACCESS MEMORY

GENERAL DESCRIPTION

The Oki MSM37258 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, buffar memaory,
peripheral storage and environments where low power dissipation and compact layout is required.

Multiplexed row and calumn address inputs permit the MSM37256 10 be housed in a standard 16 pin DIF. Pin-outs
conform to the JEDEC approved pin out,

The MSM37266 is fabricated using silicon gate NMOS and Oki‘s advanced VLS] Double-Layer Polysilicon process.
This process, coupled with single-transistor memory storage cells, parmits maximum circuit density and minimum
chip size. Dynamic circuitry is employed in the design, including the sense amplifiers.

Clock timing reguirements are noncritical, and power supply tolerance is very wide. Al! inputs and output are TTL
compatible.

FEATURES

€262,144 x 1 RAM, 16 pin package ® All inputs TTL compatible, low capacitive load

» Silicon-gate, Double Poly NMOS, single transistor cell # Three-state TTL compatible output

» Row actess time, ® "Gated’ CAS
100 - 120 ns max * 756 refresh cycles

& Cycle time, « Common | /O capability using “Early Write"”
200 - 240 ns max aparation

® Low power: 300 mW active, e Cutput unlatched at cycle and allows extended page
28 mW max standby baundary and two-dimensional chip select

» Single +5V Supply, +10% tolerance * Read-Modify -Write, RAS-only refresh, and Page-

Mode capability
& On-chip latches for Addresses and Data-in
® On-chip substrate bias generator for high
performance

PIN CONFIGURATION
.« SN
Al 16] Jvss
gi"E 2 s :IHS Pin Names Function
7-@[:3 :a:IDaut Ay~ Ay Address [nputs
. E RAS Row Address Strobe
s N 13D’°‘f-‘ CAS Column Address Stroba
WE wWrite Enable
An” 5 12 AT
i I: j ! Din Cata Input
A;’Eﬁ n ]AQ- Cout Data Qutput
Vee Powar {+5V}
A o) Ja Vag Ground {OV)
ee [: 8 8 j‘c‘“ * Refresh Address
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BLOCK DIAGRAM

ARAS Timing

— | Generator Timing

CAS Generator

[}
Write —

| GE‘IOCk | WE
Column \ Column erator
Address A Decoders
Buffers 4

=1 /0 P=Qutput
Ao ~ Py E Sense Amps [Selection|_.] Buffer Dout
Row :
Address
Buffers R Word 5
ow or ata
Memor .
\ De- | | Driv- Cellsv R'"P':tr j=—-———Din
coders| ers gasto
Voo >
vss
|  Onchip V¥gp
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OKI semiconductor
MSM2114LRS

4096-B!T (1024 x 4) STATIC RAM

GENERAL DESCRIPTION

The Oki MSM2114L is a 4096-bit static Random Access Memory organized as 1024 words by 4 bits using Oki's
reliable N-channel Silicon Gate MOS technology. 1t uses fully static circuitry and therefore requires no clocks or
refreshing to operate. Directly TTL compatible inputs, outputs and operation from a single +5V supply simplify
system designs. Common data input/output pins using three-state qutputs are provided,

The MSM2114L series is offered in an 18-pin dual-in-line plastic {RS Suftfix) package. The series is guaranteed for
aperation from 0°C to 70°C,

FEATURES

# Fully Static Operation ® Directly TTL Compatible
* Common 1/Q Capability using e N-channel Silicon Gate MOS8 Technalogy

= Law Power Dissipation
& Single +5V Supply (+10% Tolerancel

# High Density 300-mil 18-Pin Package  Three-State  Qutputs ® |[nterchangeable with Intel 2114L Devices
2114L-2 2114L-3 2114L
Max. Access Time INS) 200 300 450
Max. Power Dissipation (MW] 370 370 370

FUNCTIONAL BLOCK DIAGRAM

WE
__C_E_ WE G Mode
H X Hi-Z Not Selected
L L H Weite 1
An o~ ALt Address Inputs L L L Write O
WE. Write Enable L H D-out Read

CS: Chip Selexy

WO, 140, Data lmput!Output

Voo +5Y Supply
Wgg ¢ Ground

|
|
!
| A1 ]
l . — T
1
! a —'—{b i - oo
| RO ! MEMQA™Y &RRAY
o - SELECT B4 2 6 _—— e
| fe— i
! *‘~——L}; §
l L.
|
1, = COLUMN D
— — CIRCUIT
Q. INPUT
— JATH COLUMN SELECT
1. CONTROL
-
- A & ﬂ M
i ]
Aw M B, A,
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e e mSTATIC RAM - MSM2114LRS &

ABSOLUTE MAXIMUM RATINGS

Rating Symbol Value Unit Conditions
Temperature Under Bias Topr 010 +70 “C
Starage Temperature Tstg -85 to +150 °c
Supply Voltage Ve -0.5 to +7 v
Input Voltage Vin -0.5to +7 A Respect to Vgg
Qutput Voltage VouT -0.5 to +7 v
Power Dissipation Pn 1.0 w '

Note: Stresses above thase listed under ABSOLUTE MAXIMUM RATINGS may cause permanent damage ta the
device. This is a stress rating only and functional operation of the device at these or at any other condition
above those indicated in the operational sections of this specification is not implied. Expasure to absolute
maximum rating conditions for axtended periods may affect device reliability.

OPERATING CONDITIONS

Parameter Symbol Min. Typ. Max. Unit l Conditions
Supply Voltage Vee 45 5 5.5 v r 5V +10%
v 20 | 5 5.5 v o
Input Signal Level ALl | Respect ta Vgg
Vi -0.5 0 08 | v J
Operating Temperature Topr ] +70 ! °C ;|
DC CHARACTERISTICS
(Voo =5V £10, Ty = 0°C to +70°C, unless otherwise noted)
Parameter Symbol Min. Typ. Max. Unit Conditions
Input Load Curremt Iy 10 uA Vin = 0to +5.5V
I/O Leakage Current ILoL 10 uA (\:f_g.,:) E‘E\Lv
1/0 Leakage Current lLoH 10 f17:% [\:I?;; ingV
Output High Voltage Vior 2.4 Vee \" loH = -0.2mA
Output Low Voltage “Tvoe | ] T T T 04| v foL = 2.0mA
Voo =5.25V
Power Supply Current lce 70 ma 1/C = OmA
Ta=0D°C
Voo 5.5V
Power Supply Current lce 72 mA 110 = 0mA.
Ty =0C
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AC CHARACTERISTICS
READ CYCLE
(Voo =5V £10%, T, = 0°C 10 +70°C)
2114L-2 2114L-3 2114L
Parameter Symbol Unit
Min. Max. Min. Max. Min. Max.
Read Cycle Time tge 200 300 450 ns
Agccess Time tac 200 300 450 ns
Chip Selection to Qutput
Valid tco 70 100 120 ng
Chip Selection to Output
Active tox 20 20 20 ns
QOutput 3-state from
Desslection ioTD 60 80 100 ns
Output Hold from
Address Change toHA 10 10 10 ns
-t tRC
o~ A )4
-+ tAC
N
€s \
O T Dt
b ———————— ]
OHA =t
t—— 1 ¢~
INPUT/DUTPUT {
Notes: 1. A Read occurs during the overiap of a low C3 and a high WE,
2. toHA and tOTD ara specified by the tima when DATA QUT is floating.
3. Input Pulse Levels: 0.8V 10 +2,0V
4. Input Rise and Fali Time: 10ns
5. Timing Measurement Reference Levsls: 1.5V
6. QOuiput Load: 1 TTL Gate and Ct = S0pF
WRITE CYCLE
(Voo =5V 210%, Tz =0°C 10 70°C)
2114L.-2 2114L-3 2114L
Parameter Symbal - - Unit
Min. Max. Min. Max. Min, Max.
Write Cycie Time we 200 300 450 ns
Write Time w 120 150 200 ns
Write Release Time Wi 20 30 50 ns
Address Setup Time tas 0 ¢ 0 ns
Data Setup Time ips 120 150 200 ns
Data Hold From R ‘}W 0 OM 0 ns
Write Time bH ‘
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WRITE CYCLE

~ wC

e X X
cs \ /

w L wWR -

WE tAg —) le———tpDsg 4
e\ —
DH
INPUT/OUTPUT )( DATA IN STABLE
Notes: 1. A Write occurs during the overlap of a low €S and a low WE.

1
2. Input Pulse Levels: 0.8V to +2.0V

3. Input Rise and Fall Tima: 10ns

4. Timing Measuremant Refarence Leveis: 1.5V

5. tw: Overlap time of a low 5 and low WE

6. tas is specified from CF or WE, whichever occurs last.

7. twR, 1Dg and tnH are specifisd from TS or WE, whichever occurs first.

8. toTw is specified by the time when DATA OUT is floating, not defined by output level.
9. When 1/0 pins are Data output maode, don't force inverse signal 1o those pins.

CAPACITANCE
{T,= 25°C, f= 1MHz}

Parameter Symbol Min. Typ. Max, Unit
Input/Qutput Capacitance C/0 6 8 pF
Input Capacitance Cin 4 & pF

MNote: This parameter is periadically sampled and not 100% tested.
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OKI semiconductor
MSM2128-1AS

16,384-BIT (2048 x 8) STATIC RAM

GENERAL DESCRIPTION

The Oki MSM2128-1 is a 16384-bit static Random Accass Memory organized as 2048 words by 8 bits using Oki's
Advanced N-channel Silicon Gate MOS technology, It uses fully static circuitry and therefors requires no clocks or
refreshing to operate, Directty TTL compatible inputs, outputs and operation from a single +5V supply simplify
system designs. Common data inputfoutput pins using three-state outputs are provided.

The MSM2128-1 series is offered in an 24-pin dual-in-line ceramic (AS suffix} package. Operation is guarantead
from Q°C to0 70°C,

FEATURES
& Low Power Dissipation « Comman /0 Capability using Three- MOS Technology
* Single +5V Supply {+10% Tolerance) State Qutputs  Pin compatible with MSM27186,
# 2048-word x B-bit Organization ¢ Directly TTL Compatible 16,384 Bit UV Erasable PROM
¢ Fully Static Operation * Advanced N-channel Silicon Gate
21281 2128-13
fMax. Access Time (NS) 200 300
Max. Powsr Dissipation (MW) 800 800

FUNCTIONAL BLOCK DIAGRAM

Ay——————
A, ———]
A —— ] MEMORY ARRAY
f—— [oF—1 FRow 128 ROWS -—— Wor
A SELECT 16 COLUMNS
" - — x 8 BLOCK -— Vs
Ay — ]
PIN * b
CONFIGURATION 10y~
[
a1 2ah Voo 0z o
A2 23P A 110 L] COLgMN 1/0 CIRCUITS
Ada a2h 4, iy ~—— [ o gq:]gg COLUMN SELECT
e 21pwE 17Q1 > convRoL
fgs  2poE 1435 L
[ e
Ags iaha, 1Oy {7
g7 18ATE [Ler i IJ:‘f_ Ay Ay A A;
Ayl 8 170 [i0y ] I —
10,0 9 18P 10, s J :
140,510 15RO,
170,611 14810, WE
vy 012 13p 1o,

DE

Ap~eP g Address Inputs

1/0,~1/04: Data \nput/
Cutput

Vee: +BV Supply

VES : Ground

WE: Writa Enabla

C8: Chip Select

OE: Cutput Enabla
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ABSOLUTE MAXIMUM RATINGS

Rating Symbol | Value Unit | Conditions
Temperature Under Bias Top lr' Oto+70 °C ]
Storage Temperature Tsig I —55 to + 150 °c |!
Supply Voltage Ve ‘ —05ta+7 \d }
Input Voltage VIN —-05t0+7 v i Respect to VS
Qutput Voltage VouTt —0D5w+7 v }
Power Dissipation Pp 1.0 w i

Note: Stresses above thase listed under ABSOLUTE MAXIMUM RATINGS may cause permanent damage to the
device. This s a stress rating only and functional operation of the device at these or at any other condition
above those indicated in the operational sections of this specification is not implied. Exposure 1o absolute
maximum rating conditions for extended periods may affect davice reliability.

OPERATING CONDITIONS

Parameter Symbal [ Min. Typ. Max. Unit Conditions
Supply Voltage Voo l 4.5 5 55 v BV + 10%
Input Signal Level VIH } 20 i 60 i Respect to Vgg
ViL | -05 5 0.8 v
Operating Temperature Topr 0 || +70 °‘c ]

DC CHARACTERISTICS

(Vcc =BV +10%: Ta= (°C to + 70°C unless otherwise noted)

Parameter Symbol Min. Typ. Max. Unit Conditions
Voo = +5.5
Input Load Current Iy =10 10 RA VIN = 0 to Ve
C5=0OE= 24V
1/O Leakage Current Lo -10 Lo10 pA Vo = +B.5V
[ Voyr=0ta Ve
Qutput High Vaitage Voo 1 2.4 |[_ v lgH = =-1.0 mA
Qutput Low Voltage VoL [' 0.4 A lgL=2.1tmA
Voo = +6.5V
Power Supply Currant lee Jl_ 145 mA /o= OmA

AC CHARACTERISTICS
READ CYCLE
Ve =5V £10%, Ta= 0°C to +70°C)

Parameter : Symbol '__“_PEI'ISMN 28-1 M5M2128-13 Unit
MIN MAX MIN MAX
Read Cycle Time RC 200 300 ns
Access Tima A _EJO o 300 ns
Chip Selection to Output Valid tco 70 100 ns
Chip Selection to Output Active 1oX 10 —Fd—u_?;. ns
Output 3-Siate from Deselection 10TD 60 o 80 ns
Output Hald from Address Change 10HA 20 20 ns
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READ CYCLE

tRC

s X X

A
o NARRRNNY L/ LN
=100 —* 0TD
L ANV NNNNNNY L/ LI
—— oy f— FtOHA™
HIGH v
1o MPEDANCE VAN DATA VALID
Notes: 1. A Read occurs during the overlap of a low C5, a low OFE and a high WE.

2. toQ and toy are specified from CS or CE, whichever occurs last.
3. tQTg is specified from T8 or OE, whichever occurs first.
4. toTp and toH a are specified by the time when DATA OUT is floating.
5. Input Pulse Levels: 0.8V to +2.0v
8. Input Rise and Fall Time: 10ns
7. Timing Measurements Reference Level: 1.5V
8. Output Load: 1 TTL Gate and C|_= 50 pF

WRITE CYCLE
{Vee = 5Y £10%, Ta = 0°C 1o +70°C)

MSM2128-1AS M5M2128-13A5
Parameter Symbol g Mo i, Mo, Unit
Write Cycle Time Wwe 200 300 ns
Writa Time ny 120 150 ns
Write Release Time WR 20 30 ns
Output 3-State from Write 10TW I &0 80 ns
Data to Wri:;Time Overlap oW ! 120 150 ns
Data Hald from Write Time toH ] 0 a ns
Address to Write Setup Time tAW i 0 ns
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WRITE CYCLE

. We |
Ao "‘"Alo )(
b=——tWR
[ 9
/]
r=taw
] - L
WE y/
A\L ,
oTW = Ty Yy — o= — Ty — )
NSNS NN HIGH A NS
1O 777 77 [4 IMPEDANCE \/ DATA IN STABLE '-'E-\"-——-———--'-‘)LAA

Notes: 1. A Write Cycle occurs during the overiap of a low CS and low WE.
2. OE may be both high and low in a Write Cycle.
3. taw is specified from CS or WE, whichever occurs last.
4. tyyisa overlap time of a low CS and fo@.___
5. twR. tpw and tpy are specified from CS ar WE, whichever occurs first.
8. tpTw is specified by the time when DATA OUT is floating, not defined by output level.
7. When |/0 pins are Data output mode, dan’t force inverse signal to those pins.
8. InputPulse Levels: 0.8V to + 2.0V
9. Input Rise and Fall Time: 10ns
10. Timing Measurements Reference Level: 1.5V
CAPACITANCE
Ty =25°C, f = iMHz)
Parameter Symbal Min. Typ- Max, Unit
Input/Output Capacitance Ci/o 4 6 pF
Input Capacitance Cin 4 4] pF

Note: This parameter is periodically sampled and not 100% tested.
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OXK I semiconductor
MSM2128-RS

2 KW x 8 BIT STATIC RAM

GENERAL DESCRIPTION

OKI MSM2128 is a 16384 bits static Random Access Memory organized as 2048 words by B bits using Advanced
N-channet Silicon Gate MOS technology. It uses fully static circuitry through out and no clacks or refresh required.
The reduced standby power dissipation is automatically performed by CS control, Single +5V Power supply, All
inputs and outputs are directly TTL compatible. Common data §/O using three-state outputs. 24 pin package is pin
compatible with 16 K UV Erasable Programmable ROM.

FEATURES
# Single power supply . .. M5M2128-12RS
® Exterpal clock and refresh operation not required ... BBOMW (max}
& Acoess time during standby . . . 110mW {max}
MSM2128-12RS . .. 120ns {max) & TTL compatible 1/O
MSM2128-16RS5 . . . 150ns {max) » Tristate 1/Q
MSM2128-20R5 . _ . 200ns {max} # Common data 1/O capability
& Low power dissipation o Power down mode using chip select signal
during operation . . . MSM2128-15R5/20RS » Convertibility of pins used in 16KEPROM MSM2716

. BSDmW {max}

BLOCK DIAGRAM

B . J— — Voo
:: — B MEMORY ARRAY =——GND
M— = osiyio

PIN ARRANGEMENT e — ] x B Block
 — . ——

Pvce 1oy ——y ———L— ‘ ]

e L8 —
Hag 153, ] [— ] cOLUmMN D CIRCLITS |
[WE s . gu:g: F—— coOwumnSELECT
ng 110, 7 CONTROL ;

1] L/, .
pes 1O, — 1N L |, .
010y vo,— L i

i

akil

[0y A+H I An AL By A
Ria. i J L

plo, g QS M S s
10 (4 E_m

a8

Ay™A 1 Address Inputs

14O, "I1/Gy 1 Data nput/Output
Voo Power (5V)

v5s: Ground

‘WE: Write Enable

: Chip Select

OE: Output Enable

&
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B STATIC RAM - MSM2128-RS &

ABSOLUTE MAXIMUM RATINGS

Item Symbol Value Unit Conditions
Supply Voltage Vee 0.5t ? v Respact to Vs
Input Voltage Vin -05ta7 v
Operating 'I-'emperﬂtu re Topr 0to 70 °c
Storage Temperature Tstg -55 to 150 °C
Power Dissipation Pp 1.0 W

DC AND OPERATING CHARACTERISTICS
iTa=0°C to + 70°C, Vo = 6V # 10% unless otherwise notes.}

212812 2128-15/20 .
Itam Symbol Unit Condition
Min. | Typ. | Max. | Min. | Typ, | Max.
Input Load _ Voe = Max.
Current i 10 10 10 0 HA VIN = GND 10 Vi
€S =0E = Vn,
g::f;tt Leakage | | o | -10 10 | -10 10 | pA | Vo =Max.
Vout = GND to Ve
Current tcc 120 00 | ma | Ve i L,
JU - ye = 7T
Standby Ve = Min. to Max.
Current Isg i 20 20 mA | TE= VIH
H -
Peak Power-on Yee = GND to Ve = Min.
Isgp 20 20 mA | C§ = Lower of Vi,
Current
or VIH
ViH 2 8 6 2 5 6 v
Input Voltage Respect to Vss
viL | -05 0 a8 | -05 0 08 v
V 24 v, 24 v v 1 ==-1.0mA
Output Voltage CH e L oH
VoL 0.4 04 v lgL = 2.1 mA
Notes 1. Typical limits are at V. = 5V, T4 = 26°C, and specified loading.
AC CHARACTERISTICS
iTa=0°Cto + 70°C, Voo = 5V + 10%, unless otherwise noted.)
AC TEST CONDITIONS
ITEM CONDITIONS
fnput High Level 2.0V
Input Low Level 0.8v
Input Rise and Fall Times 10ns
Input and Output Timing Levels 1.5v
Output Load CL=100pF, 1TTL Gate
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W STATIC RAM - MSM2128-RS &

READ CYCLE

212812 2128-16 2128-20 N
Itam Symbol = Unit | Condition
Min. | Max. | Min. | Max. | Min. | Max.
Aead Cycle Time tRC 120 150 200 ns
Address Access Time AC 120 150 200 ns
Quiput Enable to
70
Output Delay Ok 50 60 m
Chip Select Access Time | top 120 | 150 200 | ns
Chip Selection to 2 10 10
Output in Low Z cx 10 1 ns
Chip Selection to (3)
Output in High Z WOTD 0 40 0 50 0 60 ns
Output Hold fram
Address Time foHA 10 10 10 e
Chip Select to
Power Up Time PU ° 0 0 ns
Chip Select to
Power Down Time D 50 60 80 ne
READ CYCLE NO. 1@
tge
AgNA L, >( ><
tac - toTD
NN b HA
OE
QORI /] ] 7
Fe—C) [~ TOHA
H0{out) K DATA VALID >—-——

READ CYCLE NO. 218 {10

tRc

N /]

C 0

8)

/

o
7
7

r=--—10TD
cx
1HO{qut) < DATA VALID
|
LT f=——1p

Vee lce

Supply

Current lsg

Notes: 8. WE is high for Read Cycle.
9. Device is continuously selected. C5 = Vy.
10. Address valid prior to or coincident with T5 transition low.
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WRITE CYCLE 415}

2128-12 2128-1% 2128-20
Item Symbai - Unit | Condition
Min, | Max. | Min. | Max. | Min. | Max.
Write Cycle Time we 120 160 200 ns
Chip Sealection ta End
of Write ow 100 120 150 ns
Address Setup Time tAS 20 20 20 ns
Write Pulse Width twp 80 a0 100 ns
Write Recovery Time twr'® 10 10 10 ns
Dats Valid to End of Write | tpg(6} 5D 70 90 ns
Data Hold Time tpH(6) 10 15 15 ns
Write Enabled to Quiput 7
in High 2 to"rw 0 40 0 50 0 60 ns
Qutput Active from
5 ns
End of White WX ® 8
Notes 1. A read occurs during the overlap of a low CS, a low OE and a high WE.

2. tcyx is specified from €8 or OE. whichever occurs last.

3. 1oTD is specified from TS or OF, whichever occurs first.

4. A write occurs during the averlap of a low €5 and a jow WE.

5, OE may be allowed in a3 Write Cycle both high and iow.

B. tWR. tDS, and tpH are specified from CS or WE, whichever occurs first.

7. 1T is specified by the time when DATA OUT is floating, not defined by output level.

WRITE CYCLE NO. 111M013)

~ we -
v K X
= N\ W
- twp - WR
" __tAs_\_\ A

S _wx_
10 AN "
{DauT) S
DS tpH —=
l{gm} ‘\ \
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B STATIC RAM - MSM2128-RS B

WRITE CYCLE NO. 2012)13)

e X X
tAs
tcw -
3 N\ 4
N
|J twp R
g
AR /
Hi
—- toTw
110 NN\
{DouT) s
tps =t DH
1o N
Oy
Notes 11, WE control made
12. CS control mode
13. When 1/0 pins are Data output mode, don't force inverse signal to these pins.

FUNCTION TRUTH TABLE

3 WE OF Mode Qutput Power
X X Not Selected High 2 Standby
L L X Write High 2 Active
H L Read DouT Active
L H H Not Selected High Z Active
CAPACITANCE
Item Symbol Min Max. Unit Condition
input Capacitance CIN 6 pF Viy =0V
Input/Output Capacitance Cijo 8 pF Vijo=0v
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OKI semiconductor
MSM5104 RS

4096-BIT (4096 x 1) CMOS STATIC RAM

GENERAL DESCRIPTION

The Oki MSMS5104 is 8 4096-bit static Random Access Memory organized as 4096 words by 1 bit using Oki’s reliable
Silicon Gate CMOS technology. Microwatt power dissipation typical of all CMOS is exhibited in all static state,
Directly TTL compatible inputs, output, operation from 2 single +5V supply and on-chip address-data registers
simplify system designs.

The MSMb5104 series is offered in an 18-pin plastic {RS suffix) package. The series is guaranteed for operation from
0°C to 70°C and over a 4V 1o B V power supply range,

FEATURES
® Low Power Dissipation & High Density 300-mil 18-Pin & Three-State Ouput
A0uW Max, Standby Power Package ® Directly TTL/CMOS Compatible
33mW/MHz Max. Operating Power ® On-Chip Address and Data & Silicon Gate CMOS Technology
® Data Retention to V=2V Registers # Pin-compatible with Mostek 4104,
# Single 4 ~ 6V Power Supply # Saparate Data Input and Output Interchangeabte with Harris 6504
5104-2 5104-3
Max. Access Time [NS) 200 300
Max. Operating Power (MW/MHz) 33 33
Max. Standby Powar () 40 40

FUNCTIONAL BLOCK DIAGRAM

Ay o—] A
e Eosrd pog I s
A &4 MATRIX
2‘: REGISTER 5 DECODER
PIN CONFIGURATION ©

1 64

1
I T
s N - T AND DATA 110
A 21 A )
A 0 As
A0 D) Aa a a
40 =R LateH e £ 1 aten 6 18
Doy 0 A, a &
wed = Juiy J
wd = | e

REGISTER
%’ETO Ayyi Address Inputs ? ZI\ llilll
: Writa Enabla

CE: Chip Enable wE o

D|N: Datainput
DoyT: Data Cutput
Vee: +5V Supply
ves ¢ Ground

Ag g dg By
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ABSOLUTE MAXIMUM RATINGS
Rating Symbol Value Unit
Supply Volitage Ve -0.3t0 7.0 v
Input Voltage VIN ~0.3to Ve +0.3 v
Output Voltage VouT 0to Vee v
Storage Temperature Tsty -55 to 160 *c

Note: Stresses above those listed under ABSOLUTE MAXIMUM RATINGS may cause permanent damage to the
davice. This is a stress rating only and functional operation of the device at these or at any athar condition
above thaose indicated in the operational sections of this specification is not implied. Exposure to absolute
maximum rating conditions for extended periods may affect device reliability.

OPERATING CONDITIONS

Parameter Symbiol Min. Typ. Max. Unit Conditions
Supply Voltage Voo 4 6 v 5V + 20%
- ViR 2.4 Vee| v
Input Signal Level —\;;L——- _0:3 08 v Respect 10 Vgg
Operating Temperature Topr o 70 °C
DC CHARACTERISTICS
(Ve =5V £ 10%; Ta = 0°C to +70°C, unless otherwise noted)
Parameter Symbol Min, Typ. Max. Unit Conditions
Input Load Current g -1 1 uh ViN=0to Voo
Qutput Leakage Current o -1 1 mA Vijo=0to Ve
Output High Voltage VOoH 4.2 v lguT = ~40uA
" Output Low Voltage VoL 04 | V iQUT = 1.6mA
Qutput High Current loH -1.0 mA, VouT = 24V
Standby Supply Current Iccs 0.2 50 kA VinN=Qor Ve
Operating Supply Current lce 6 mA :,F:IE\:I: 10::: Vee.
AC CHARACTERISTICS
(VoC=5V10%, Ty = 0°C to +70°)
5104-2 5104-3 .
Parameter Symbot —_M_m— Max. Min. Max. Unit
Read/Write Cycle Time tRC, tWC 300 420 ns
Chip Enable Access Time tac | 200 300 ns
Chip Epable Pulse Width teE 200 f 300 ng
Chip Enable Off Tima toe 100 120 ns
Address Hold Time tAH 40 80 ns
Address Setup Time tAS N 0 0 ns
Output Disable Time tOFF 70 0 100 ns
Write Enable Pulse Width twp 100 130 ns
Write Enable_ Setup Time tws a 0 ns
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5104-2 51043
Paramatar Symhbol Unit
Min. Max, Min. Max.
Write Enable Hold Tims WH 120 150 ns
Data Setup Time tps 0 0 ns
Data Hold Time tOH 80 80 ns
Data Valid Time to Write Pulse Dy 0 0 ns
Write Enable Read Time tWCL 150 200 ns

AC TEST CONDITIONS

input Pulse Levels: 0.8V to 2.4V
Timing Measurement Refarence Levels: 1.5V
Input Rise and Fall Time: 10ns

Vee

24 kQ

Dout © +

1.1 K l

50 pF ({including Scope and Jig}

READ CYCLE

Ap~Ag, NEXT ADD
tRC |
tce - CE !
CE N\
--—‘tAC——| .
OFF o
HIGH HIGH
Cour IMPEDANCE m VALID DATA OUTPUT ) IMPEDANCE
WE HIGH
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EARLY WRITE CYCLE

—~ %% HTRIH A I A IR IR H A I IR
A1 R R R RIS NEXT ADD
twe | {
teC =t tCE -
CE N
: —! s I"'*"WH’/W
we ////Th YN
—= tpg |=tpH '
5’6'6'6’5"’3’5'6'6".3’6’5’6’3"".";’5’5’3"’:‘;"’;‘;’;’;’;‘0
PIN RO TA VAL DR S ISR SN NEXT DATA
HIGH HIGH
DouT
IMPEDANCE IMPEDANCE

READ MODIFY WRITE CYCLE

Ay~Asy SRS R RIS KL EHANEXT ADD
toG —
CE [\ S N
- twel
--——twp—-—
WE A
WE / \ N
pv
tps |=—tpH
tACc —
HIGH ) HIGH
D LIS LE S—
OUT ~\MPEDANCE @( VALID DATA OUTPUT IMPEDANCE
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LOW Ve DATA RETENTION CHARACTERISTICS
{Ta= 0°C to +70°C, unless otherwise nated.}

Parameter Symbaol Min. Typ. Max. Unit Conditions
Ve for Data Retention VeooH 2 v Vin= OV or Ve
. Veoe=2VVCE =Ver
Data Retention Current IccH 0.1 20 HA, Vin = OV or Ve
CE to Data Retantion Time tsu 0 ns
Ogperation Recovery Time R tRC ns

LOW Vcc DATA RETENTION WAVEFORM

— — STANDBY MODE —————i~—— TR"_"'

CAPACITANCE
(Ta=25°C, f= 1 MHz)
Parameter Symbol Min. Typ. Manx, Unit
Input/QOutput Capacitance Cljo 10 pF
lnput Capacitance CIN 8 pF

Nota: This parameter is periodically samplad and not 100% tested.
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OKI semiconductor

MSM5114RS

4096-BIT {1024 x 4) CMOS STATIC RAM

GENERAL DESCRIPTION

The Oki M3M5114 is a 4096-bit static Random Access Memory organized as 1024 words by 4 bits using Oki’s
rejiable Silicon Gate CMOS technology. It uses fully static circuitry and therefore requires no clocks or refreshing
to operate. Microwatt power dissipation typicat of all CMOS is exhibited in all static states. Directly TTL com-
patible inputs, outputs and operation from a single +8V supply simplify system designs. Commeon data input/output
pins using three-state outputs are provided.

The MSM5114 serias is offered in an 18-pin plastic (RS suffix) package. The series is guaranteed for operation from
0°C ta 70°C and over a 4V 10 6V power supply range,

FEATURES
# Fully Static Operation » Data Retention to Voe=2V ¢ Directly TTL/CMOS Compatible
® Low Power Dissipation # Singie 4 ~ 6V Powar Supply & Silicon Gate CMOS Technology
40uW Max. Standby Power # High Density 300-mil 18-Pin Package » Interchangeahle with Intel 2114L
165mW/MHz Max. Oparating ® Common /O Capability using Three- Davices
Power State Ouiputs
5114-2 5114-3 5114
Max. Access Time (NS} 200 300 450
Max. Gperating Power {MW/MHz} 165 165 165
Max, Standby Power (W) 40 40 40
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ABSOLUTE MAXIMUM RATINGS

B STATIC RAM - MSM5114RS B

Rating Symbaol Value Unit Conditions
Supply Voltage Vee -0.3t07.0 \'
Input Voltage Vin 0.3 to Ve +0.3 v Respect to V&5
Dota /O Voltage | vp ~0.3to Vo + 0.3 v
Storaga Temperature Tseg -55 to 150 °c

Note: Stresses above those listed under ABSOLUTE MAXIMUM RATINGS may cause permanent damage to the
device. This is a stress rating only and functional operations of the device at these or at any other condition
above those indicated in the oparational sections of this specification is not implied. Exposure to absolute
maximum rating conditions far extended periads may affect device reliability.

OPERATING CONDITIONS

Parameter Symbal Min. Typ. Max. Unit Conditions
Supply Valtage veo 4 5 6 v BV = 20%
T v 2.4 Voo v
Input Signzl Level 1H Respect to Vgg
VIL -0.3 a 0.8 v
Operating Temperature Topr 0 70 °c
DC CHARACTERISTICS
Voo = 5V + 10%; Ta= 0°C to +70°C, unless atherwise noted.)
Parameter Symbol Min. Typ. Max. Unit Canditions
Input Load Current Ly -1 1 uA Vin=0te Voo
Data 1/0 Leakage Current Lo -1 1 HA Vijo=0to Vee
Qutput High Valtage VoH 4.2 v lguT = ~40 kA
Output Low Voitage Va_a H_—O;‘I_F— v 7 'OUT-;T-s mA
Output High Current | loH -1.0 mA VouT = 24V
Standby Supply Current lecs 0.2 50 | 7T Vin=0QorVee
. ViN=0or Voo,
Operating Supply Current lee 30 mA tRC = 1 s
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B STATIC RAM - MSM5114RS B

AC CHARACTERISTICS
READ CYCLE
Voo =5V £10%, Ty = 0°C to +70°C)

6114-2 5114-3 5114
Paramater Symbol Unit
Min, Max. Min, Max, Min. Max,
Raad Cycle Time tRe 200 300 450 ns
Access Timae tac 200 300 450 ns
Chip Selection to Output tco 200 300 450 ne
Valid
ChiP Selection to Output tex 20 20 20 ne
Active
Output 3-state from
Deaselection toTD 60 80 100 ns
Output Hold from Address
Change tOHA 10 10 10 ns
READ CYCLE
tRC
Ay~ay ><
t
= AC
& N
N\
10TD
- co
IOHA
-—‘tcx ‘—|/
i
INPUT/OUTPUT ‘\ N
Notes: 1. A Resd occurs during the overlap of a low T3 and high WE.
2. Input Pulse levels: 0.8V 1o +2.4V
3. Input Rise and Fail Time: 10ns
4. Timing Measurement Reference Lavels: 1.5V
5. Qutput Load: 1 TTL Gate and C_ = 50 pF
WRITE CYCLE
(Voo =5V £10%, T3 =0°C to +70°C)
6114-2 5114-3 6114 .
Parameter Symbol Unit
Min. Max. Min. Max. Min. Max.
Write Cycle Time we 200 300 450 ns
Write Time W 15¢ 190 250 ns
Writa Release Time tWR 20 30 50 ns
Address Setup Time tAS 20 20 20 ns
Data Setup Time tps 120 150 200 ns
Data Hold Fram Write Time IDH o 0 0 ns
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—l STATIC RAM - MSM5114RS B

WRITE CYCLE

WE | tag N DS

IDH

INPUT/QUTPUT >< DATA IN STABLE

Notes: 1. A Write occurs during the averlap of a lew CS and low WE.
. Enput Pulse Levels: 0.8V ta +2.4V

Input Rise and Fail Time: 10 ns

Timing Measurement Reference Levals: 1,5V

tw: Overlap time of a low C5 and low WE.

ta5: Low WE from address or low C5 from address

. YWR. tDs and tpH are defined from High CS or High WE, whichever occurs first.

NOO AN~

LOW Ve DATA RETENTION CHARACTERISTICS

(Ta = 0°C to +70°C, unless otherwise noted.}

Pararneter Symbot Min. Typ. Masx. Unit Conditions
Ve for Data Retention VeocH 2 v VN = O or Voo
; Vee=2V Ves=Veo
Data Retention Current tecH 0.1 20 pA VIN = OV or Veg
CE to Data Retention Time t5uy ¢ ns
Operation Recovery Time R tRC ns

LOW Voo DATA RETENTION WAVEFORM

I--- gy —+——STANDBY MODE
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W STATIC RAM - MSM5114RS B

CAPACITANCE
{Ta=26"C, f= 1 MHz}
Parameter Symbol Min, Typ. Max. Unit
Input/Output Capacitance Ci/o 10 pF
Input Capacitance Cin 8 pF

Note: This paramater is periodically samplad and not 100% tested.
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OKI semiconductor
MSMS5115RS

4096-BIT {1024 x 4) CMOS STATIC RAM

GENERAL DESCRIPTION

The Oki MSM51 15 is a 4096-bit static Random Accass Memory organized as 1024 words by 4 hits using Oki’s reliable
Silicon Gate CMOS technology. Microwatt power dissipation typical of aill CMOS is exhibited in all static states.
Directly TTL compatiblie inputs, cutputs, operatior from a single +5V supply and on-chip address registers simplify
system designs. Common data input/output pins using three-state outpuis are provided.

The MSM5115 series is offered in an 18-pin plastic (RS sutfix) package. The series is guaranteed for aperation from
0°C 1o 70°C and over a 4 V ta 6V power sugply range.

FEATURES
& Low Power Dissipation # High Density 300-mil 18-Pin # Directly TTL/CMOS Compatible
40uW Max, Standby Power Package « Silicon Gate CMOS Technology
33mW/MHz Max. Operating Power » On-Chip Address Register ® Pin-compatibfe with Intel 2114,
& Data Retention ta Ve = 22V s Common /O Capability using Interchangeable with Harris 6514
# Single 4 ~ BY Pawer Supply Three- State Cutputs
5114-2 5115-3
Max. Access Time (NS} 200 300
Max. Operating Powear (MW/MHz) 33 33
Max. Standby Power (W) 40 40
’ FUNCTIONAL BLOCK DIAGRAM
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A STATIC RAM - MSM5115RS =

ABSOLUTE MAXIMUM RATINGS

Rating Symbal Value Unit
Supply Voltage Voo 0310 7.0 v
Input Voltage Vin -0.3t0 Voo +0.3 v
Data 1/O Valtage Vo -0.3t0 Vo + 0.3 v
Storage Temperature Tstg -55to 150 °c

Nate: Stresses above those listed under ABSOLUTE MAXIMUM RATINGS may cause permanent damage to the
device, This is a stress rating only and functional aperation of the device at these or at any other condition
above those indicated in the operational sections of this specification is not implied. Exposure to absolute
maximum rating conditions far extended periods may affect device reliability.

OPERATING CONDITIONS

Pararneter Symbol Min. Typ. Max. Unit Conditions
Supply Vohage Ve 4 5 6 v 5V + 20%
V) 2.4 5 v v
Input Signal Level H cc Raspect to Vgs
ViL -0.3 0 a8 v
Operating Temperature Taopr 4] 70 °c

DC CHARACTERISTICS
Vo =5V £ 10%; Ty = 0°C to +70°C, unless otherwise noted)

Parameter Symbol Min. Typ. Max, Unit Conditions
Input Load Current N} -1 1 KA Vin=0to Voo
Data 1/O Leakage Current ILo -1 1 gA Vijo=0to Ve
QOutput High Voltage VYoH 4.2 v louT = —40uh,
Qutput Low Voltage VoL 0.4 v loyTt = 1.6mA
Qutput High Current loH -1.0 mA VouTt = 2.4V
Standby Supply Current Ices 0.2 50 uh ViN=0or Voo
Operating Supply Current lee 5] mA :,F:EI: ,?'T: vee.

m AC CHARACTERISTICS
Ve = BY £10%, Ta = 0°C to +70°C)

Parameter Symbol 21152 51153 Unit
Min, Max. Min. Max.
Read/Write Cycle Time tRC, tWC 300 420 ns
Chip Enable Access Time TAC 200 300 ns
Chip Enable Pulse Width tCE 200 300 ns
Chip Enable Off Time e 100 120 ns
Address Hold Time tAH 40 50 ns
Address Setup Time tas 0 0 ns
Qutput Disable Time tOFF Q 70 ¢ 100 ns
Write Enable Pulse Width twp 100 130 ns
Write Enable Setup Time tws 0 a ns
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M STATIC RAM - MSM5115RS B

5115-2 5115-3
Parameter Symboal Unit
Min. Max. Min. Max.
Write Enable Hold A 170 250 ns
Data Setup Time tps 100 130 ns
Data Hold Time tDH 0 0 ns
Data Valid Time to Write
Pulse oV ¢ ¢ ns
Write Enable Read Time WL 150 200 ns
READ CYCLE
tRC
tag

~ (CSERRIIIR,

Ag~A, .‘:.:’:.o’:‘:. KK > NEXT ADD
too tcE
TN
- \ / N
tAC o IOFF—= =0
17Q HIGH VALID DATA OUT ) HIGH
IMPEDANCE IMPEDANCE
HIGH
WE
WRITE CYCLE

}‘"‘AH

VALID ARD

R TS OO
SRR *3&.*% ‘0%0’«‘

- __._twc_—_ —_— —_.,‘
'CE '

v

—— -weL- o -
!
twp —l/
E /;’,_/;.fj;..- :: E \.\\‘\_\ N, \‘\ \\
/ ’7 S ;’;' Ay \\' A \ \\" \ N
1O HIGH ]/VA 1D DATA INPUT HIGH
IMPEDANCE t. LID DAT IMPEDANCE
— —-1p§ e tpH
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B STATIC RAM - MSM5115RS B-

READ MODIFY WRITE CYCLE

NEXT ADD

wWcCL I

// (/;/,: ,///"" ;/

[—tDS —— |--—1'DH

HIGH HIGH
110 IMPEDANCE INPUT DATA IMPEDANCE
Motes: 1. Input Rise and Fall Time: 10ns
2. Timing Measurement Reference Levels: 1.5V
3. Output Load: C| =50pF
4. Input Pulse Levels: 0.BV ta 2.4V
LOW Veoe DATA RETENTION CHARACTERISTICS
{Ta= 0°C to +70°C, unless otherwise noted)
Parameter Symbal Min, i Typ. Max., Unit Conditions
Ve for Data Retention VocoH 2 . v Vin =0V or Voo
. Voo =2V CE=Voe
Data Retention Current lceH I 0.1 2 rA Vin=0Vor Vee
CE to Data Retantion Time tsy 0 J ns
Operation Recavery Time iR 1RC J ns

LOW Vee DATA RETENTION WAVEFORM

STANDBY MODE —— —
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# STATIC RAM - MSM5115RS &

CAPACITANCE
(Ta=25°C, f= 1 MKz}
Parameter Symbol Min, Tyn. Max. Unit
Input/Output Capacitance Cljo 10 pF
Input Capacitance CIN 8 pF

Note: This parameter is periodicaily sampled and not 100% tested.
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OXK I semiconductor
MSM5128RS

2048-WORD x 8-BIT C-MOS STATIC RAM

GENERAL DESCRIPTION

MSM512BRS is a 2048-word B-bit CMOS static RAM featuring 5V power supply operation and direct TTL coupling
for inputs and outputs. And since the circuitry is completely static, external clock and refreshing operations are
unnecessary, making this device very easy to employ, MSM5128RS is also a CMOS silicon gate device which requires
very little power during standby (maximum standby current of S0pA) when there is no chip selection. Stored data is
retained if the power voltage drops ta 2V, thereby enabling battery back-up.

A byte system is adopted, and since there is pin compatibility with ultra-violet erasable type programmable ROMs,
this device is ideal for use as a peripheral memaory for microcomputers and data terminal units etc, In addition, TS5
and DE signals enabte OR ties with the autput terminals of other chips, thereby facilitating simple memory expansion
and bus line control ete.

FEATURES
® Single 5V Supply ® Direct TTL Compatibls. {Input and QOutput)
@ Battery Back-up at 2V # 3-State Qutput
» Operating tamperature rangs Ta = -30°C to +B85°C # Pin Compatible with
# Low Power Dissipation 16K EPROM {MSM2716}
Standby; 275 uW MAX 16K NMOS SRAM  {M5M2128)

Qperation; 200 mmW TYP
® High Speed (Equal Access and Cycle Timea)
MSM5128-12/15/20; 120 ns/150 ns/ 200 ns MAX

FUNCTIONAL BLOCK DIAGRAM
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ApwA L, Address

1O I/OY . Data Input/OCutput
T35: Chip Selact

WE: Write Enabla

OE; Qutput Enable

Voo, vss: Supply Voltage
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W STATIC RAM - MSM5128RS B—

TRUTH TABLE

Mode 5 WE OF 1/0 Operation
Standby H x X High Z
L H H High Z
Read
L H L Cout
Write L L X Din
X: Horl
ABSOLUTE MAXIMUM RATINGS
Itemn Symbol Rating Unit Conditiaons
Supply Valtage V' -03t0 7.0 v
ce Respect to GND
Input Voltage VIN 03t Vee+03 v
Operating Temperatuse Topr -301t0 85 °C
Storage Temperature Tstg -55 to 150 °C
Power Dissipatian Pp 1.0 W

RECOMMENDED OPERATING CONDITION

T
Itemn Symboi Min, Typ. Max. = Unit Conditions
. vee 45 5 55 | V BY = 10%
Supply Voltage +
Vgg v
Data Starage Supply Voltage VeeH 2 5 B.5 i v
VIH 2.2 Voo +0.3 v
Input Voltage .
Vi -0.3 0.8 V'
CL 100 pF
Output Load
TTL 1
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E STATIC RAM - MSM5128RS B

DC CHARACTERISTICS
(Voo =BV 2 10%, T3 = -30°C 10 +85"C)

MSM5128-12 MSM5128-15 MSMG128-20
Item Symbol T Unit Test Condition
Min. | Typ. |Max. | Min. | Typ. [Max. | Min, |Typ. |Max.
Input i'
Leakage Iy -1 1 -1 1 -1 1 } A | VN =010 Voo
Current |
Output | | C§+V |y or
Leakage ILo -1 1 -1 1 -1 1 pA L OE=V)y
Current ( Vijo=0toVeg
VoH | 2.4 24 24 V | loH=-1mA
Output | 'C}L = 4;mﬁ;.
Valtage 5128/12
You | o4 04 04 |V |ioL=21maA
. (512B-15/20}
J 8 = Voo-0.2V
Standby lees 0.1 | 50 01 | 50 0.1 |50 | sA | V|yS02Vor
Supply VN 2 Voe-0.2v
Current | Cs = ViH
CCS, 3 7 3 7 3 7 mA tcyc = Min. CVC‘B
Operating 40 | 80 | 37 | 55 35 |50 { mA [Min. |Ta=0~88°C
Supply lcca 1
Current 40 |67 | 37 | 62 35 |57 | mA |ovcle| Ta=_30~86°C
AC CHARACTERISTICS
Test Condition
ftemn Conditians
Input Pulse Level VIH=2.2V, V=08V
{nput Rise and Fall Times 10 ns _
B lhput and Qutput
Timing Reference Level 18V
Cutput Load CL=100pF, 1 TTL Gate
READ CYCLE
(Vop = BV £ 10%, Ty = —30° to +85°C)
MSM5128-12 | MSMB128-15 [ M3MS5128-20
ltem Symbol - - T — Unit
Min. Max. Min. . Max. [ Min. I Max.
Read Cycte Time twe | 120 150 | | 200 ns
Address Access Time tAC | 120 | 150 | 200 ns
Chip Select Access Time tco 120 . 160 | 200 ns
Gutput Enable to Qutput Valid 10E !. 80 | 100 120 ns
Chip Selection to Cutput Active toX 10 15 | 20 ns
Output Hold Time From : I
Address Change fOHA 10 ) 15 20 ns
Output 3-state from Deselection 10D 0 50 0 50 )] 60 ns
|
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B STATIC RAM - MSMS128RS W

READ CYCLE
- 1RC
RV ¢ D¢
— tAC
IR X SN
100 - —mms 1OTD————w=
= NNN\NKC*TT
—— g
170 < DATA QUT VALID A\

Notes: A Read occurs during the overlap of a low T3, 3 low DE and a high WE.
. toy is specified from C5 or DE, whichever occurs last.
. toTD is specified from C3 or OF, whichever occurs first.

- tOHA and toT() are specified by the time when DATA OUT is floating.

L

WRITE CYCLE
(Voo =5V £ 10%, Ty = -30°C to +85°C)

MSM5128-12 | MSM5128-15 ' MSME&128-20
Itern Symbol l Unit
Min. | Max, | Min, | Max. Min. | Max.
Write Cyele Time e 120 150 ] 200 ns
Address 1o Write Setup Time tas 15 20 20 ns
Write Time w 70 90 120 | | s
Write Recovery Time WR 15 | 20 20 | | e
Data Setup Time tDs 50 0 | | a0 s
Data Hold from Write Time | tpy | 5 T 10 10 ns
Output 3-State from Write IOTW 1750 50 60 ns

Notes: 1. A Write Cycle occurs during the overlap of a low CS and a low WE,

2. OE may be both high and low in a Write Cycle.

3. tag is specified from TS or WE, whichever occurs last.

4. tyy is an overlap time of a low CS and a low WE.

B. twR. tpg and tpy are specified from CS or WE, whichever occurs first.

6. toTw is specified by the time when DATA OUT is floating, not defined by output level.
7. When 1/O pins are Data output mode, don"t force inverse signal to those pins.
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B STATIC RAM - MSM5128RS B

WRITE CYCLE
m— twe
omn X X
tw
s __—_—\\ //_
r—1AS—w] =R
WE AN A
o™ 10 e~ 1DH -]
77¢ >>> DATA IN STABLE>!< —_—

LOW Voc DATA RETENTION CHARACTERISTICS

{Ta= -30°C to +85°C, unless otherwise noted}

Parameter Syrmbol Min. Typ. _1 Max. Unit Conditions
Vg for Data Retention VCCH 2 i v VN = OV or Veg
r Vee=2V V@@=V
, | ce C5=Vee
Data Retention Current IccH 0.05 20 77 VIN = OV or Vg
CE to Data Retention Time  [tgy | O ns
Oparation Racovery Time tR ( tRC ns

STANDBY MODE — ——

GND— — — — — — e — -
CAPACITANCE
{Ta=25"C, f = 1 MHz}
Parameter Symbol Min. Typ. Max, Unit
Input{Cutput Capacitance Cijo g pF
Input Capacitance CIN 6 pF

Note: This parametar is periodically sampled and not 100% tested.
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OKI semiconductor

MSM5188RS/AS

8,192-WORD x 8-BIT C-MOS STATIC RAM

GENERAL DESCRIPTION

M3SMGE 188 is a 8192 word 8-bit CMOS static RAM featuring 5V power supply aperation and direct TTL coupling for
inputs and outputs. And since the circuitry is completely static, external clock and refreshing operations are
unnecessary, making this device very easy to employ. MSM5188 is also a CMOS silicon gate device which requires
very low power during standby (standby current of 2mA) when there is no chip selection.
A byte system is adopted, and since there is pin compatibility with ultrawiolet erasable type programmable ROMs,
this device is ideal for use as a peripheral memory for microcomputers and data terminal units etc. |n addition, CE,
CE and OE signals ensble OR ties with the output terminals of other chips, thereby facilitating simple memory

expansion and bus line control etc.

FEATURES

# Single Y Supply

® Direct TTL Compatible. {Input and Qutput)

e« 0°C~ 70°C « 3 S5tate Output

& Low Power Dissipation & Pin Compatible with
Standby; 100xW TYP 10mwW MAX 64K EPROM {MSM2764)
QOperation; 100mW TYP  150mW MAX B4K NMOS SRAM (MSM2188)

® High Speed {Equal Access and Cycle Time)
100 - 120 ns MAX

@ 28-pin DIP PKG

PIN CONFIGURATION FUNCTIONAL BLOCK DIAGRAM
Ag
Ay —a—
1 As | |MEMORY ARRAY
i g ROW | | 256 ROWS -0 Ve
A eLect] ! ] a2 coLumns
Ay e ‘ = o
™ A 1 xeBLock Ves
ey Ay
Lo Ap
Ay
= @ == el
o]
vy 10y 00—y
wl 110, o e _L—E COLUMN I/0
(2] 1105 o e INPUT = clrcuits  f—
(=] 110 < {2 DATA F=JcoLumMN SELECT
0] 1105 © B> CON-
- 1105 0 T=1 TROL . :
= 110, o - AT
2 105 © i H |
il W Ay A Ay Az Ag |
|
Ay~ B, @ Address -
1/0, ~ 1/0, : Pata Input/Output CE
CE, CE : Chip Select TE
WE : Write Enable wE
BE i Dutput Enable . ‘
Vcc, Vss : Supply VD“BDB CE o——7 -7 -
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.OKI semiconductor
MSM2916RS

16,384-BITS STATIC 16 K MASK ROM

GENERAL DESCRIPTION

The MSM2916RS is a 16,384-bits static, N channel MOS Aead only memary crganized as 2,048 words by B bits,

The three-state outputs and TTL inputsfoutputs jevel allow for direct interface with common system bus structures.
The MSMZ216RS single +5V power supply and 260 ns access time are both ideal for usage with high performance
MicToComputers.

The three chip selects CS,, C5, and C5, may be defined by customer and fixed during the masking process.

ROM DATA Accepting flow from customer.

Preparing next two in customer's side

1} Twe master devices, programming finished 16K EP-ROM.

2) Chip select €5, , CS, and C3, logic table,

After received customer’s RCM DATA, print out ROM DATA in Hex CODE and copy finished 16K EP-ROM send to
customer.

Verified ROM DATA in customer’s side, OKI send engineering samples mask programed customer's ROM DATA.

FEATURES

# Organization ., . ..., 2048 W x 8 bit # Output Voltage . . . . . VoH = 2.4V Min,,
« Syatic Operation . . . . No clocks required VoL = 0.45V Max,
* Supply Yoltage . . . . . BV £10% ePackage .. ....... 24 PIN OWP

® Access Time ., . . . . 260 ns Max.

® Power Dissipation . . , 550 mW Max.

* InputVoltage . . . . .. VIH = 2.0V Min.

ViL =08V Max.

t ¢
|——‘.’ Dutput buffer ;

PIN CONFIGURATION Ve O 1
&, MM!::?
vis O— . 16384 bit {2048 x )
s cs, Chip
Aq1 24fvee select ﬁ
A02 23[A, CSy
A;03 2204, l Addrass decoder i
A4 21[1C8,
A, 05 20[1C8, ﬂ
A 08 iB80A, L Address buffer -‘
A 07 1BCS;
ade 17, I ]
p,09 160D, Ao Ay Ato
o,gte 1510;
0.0 147D,
vssalz 1300,
| —

Note: CS,,CS, and C5,; are pragrammable
CHIP SELECTS
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- MASK ROM - MSM2916RS W

ABSOLUTE MAXIMUM RATINGS

Rating Symboi Value Unit
Supply Voltage Vee -05t0+7.40 Vv
Input Voltage V) -05to+7.0 v
Output Vol-tage o Vo -05to+7.0 v
Operating Temperaturéﬂd I _F'F;p:_ —_HFH_D‘:J SO___—— °C -
Storage Temperature Tstg =65 to +150 °C

RECOMMENDED OPERATING CONDITIONS

Parameter Symbol Rin, Tvp. } Max Unit
Supply Voitage Ve 45 5.0 i LR v
“H’* Input Valtage ViH 20 B j Vee v
“L" input Voltage ViL -05 [ ; 0.8 1Y
DC CHARACTERISTICS
{Vee =5V £ 10%,Vss =0V, Ta=0C to +70°C)
Parameter Symbol Conditions Min, _'L Typ. Max. : Unit
“H’ Input Voltage VIH 20 ! Ve J Y
L Input Yoltage ViL -05 ! [VR:] T \
*H* Qutput Voltage VOH lgy = ~100uA 2.4 I v
'L Output Voltage VoL oL = 1.6mA . 04 v
Input Leak Current IR V=0~ Vce 10 Jl BA
Output Leak Current Lo Vo =0~ Vec | 10 i wA
T
Power Supply Current lee Vee = 5.5V | 100 mA
Input Capacity C, Vi-Ov.Vo= OV 6 oF
: f=1MHz
Qutput Capacity cC, Ta=25°C 12 pF
AC OPERATING CHARACTERISTICS
Ve =5V + 10%, Vss =0V, Ta=0"C ta +70°C)
Parameter Symbol Kin. Max, T Unit
Read Cycle time teye I 250 ! ns
Address Access time tALC : 250 ! ns
Chip Select Access time s ‘ 100 ns
Qutput Disable Delay time (5] ! 100 s
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BMASK ROM - MSM2916RS B--

ADDRESS

CHIP SELECT

Qutput

Vg = 20V, Vi = 0.8V, VgH = 2.0V, VoL = 0.8V
Output Load = 1 TTL GATE + 100PF

1.5V

X

ace

|

HIGH Z

tDF

A
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OKI semiconductor

MSM2932RS

32,768-BITS STATIC-32K MASK ROM

GENERAL DESCRIPTION

The MSM2932RS is a 32,768-bits static, N channel MOS Read only memory organized as 4,096 words by 8 bits,

The three-state outputs and TTL inputs/outputs level allow for direct interface with common system bus structures.
The MSM2932RE single +5V power supply and 300 ns access time are both ideal for usage with high perfarmance
microcompu ters.

The two chip selects CS, and CS, may be defined by customer and fixed during the masking process.

ROM DATA Accepting flow from customer.

Preparing next two in customer’s side

1} Twa master davices, pragramming finished 32K EP-BOM.

2] Chip select CS, and CS, logic tabie.

After received customer's ROM DATA, print out ROM DATA in Hex CODE and copy finished 32K EP-ROM send to
customar.

Verified ROM DATA in customer's side, DK send engineering samples mask programed customer’s ROM DATA,

FEATURES

& Organization 4096 W x 8 bit e Output Voltage VoH= 2.4V Min.,
» Static Operation No clocks required VoL =045V Max.
# Supply Voltage 5W +10% » Package 24PINDIP

® Access Time 300 ns Max.

a Power Dissipation 550 mW Max.

# Input Voltage Vig = 2.0V Min,,

ViL =08V Max.

FUNCTIONAL BLOCK DIAGRAM

Dy By === D,
n }
i ;
e Qutput butfer
1 Tt \a.
Ver O —= L 1 L -
Memory
Matri
PIN CONFIGURATION Vs O e 32768 bit (4096 x B) |
Chip
.y 8 — ] select
A0 —
Acl] ( Address decoder |
—
A,00 ;
a0 4{ |
A0 l Address butfar |
a0 — i
Aal l 1 __________ {l;
o[ as A, A
o,
Dzd
Vsl

Note: CS,, CS, are programmable CHIP SELECTS
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BMASK ROM - MSM2932RS B

ABSOLUTE MAXIMUM RATINGS

Rating Symboi “alue Unit
Supply Voltage Voo -05t0+7.0 v
Input Vaitage Vi ~-05t0+70 v
Qutput Voltage Vo -05to+7.0 W
Operating Temperature Topr Ota+70 °c
Storage Temperature Tstg -55 to +150 *C
RECOMMENDED OPERATING CONDITIONS
Parameter Symbol Rin. Typ. Max, Unit
Supply Voltage Vee 45 5.0 55 v
“H" Input Voltage ViH 2.2 Ve v
’I”_l nput Voltage ViL 05 0.8 L'
DC CHARACTERISTICS
{Vee =65V £ 10%, Vss =0V, Ta=0°C 10 +70°C)
Parameier Symhbol l Conditions Min Typ. Max, E Unit
_Hipuvotmse | Vi 20 Voo | V
L' Input Voltage ViL -05 0.8 PV
“H” Dutput Voltage VoH loH = -100uA 24 Lo
“L" Qutput Voltage VoL oL = L.6mA 04 i Vv
Input Leak Current Iy V=0~ Vce 10 nA
Cutput Leak Current o Vp =0~ Ve 10 pA
Pawer Supply Current lec Veeo = 5.25V I 0 766 mA
- ] ___\?I:FEV_\TJ;&_ 1.
Input Capacity C, . 1Mz 6 pF
Qutput Capacity o Ta=25°C 12 pF
AC OPERATING CHARACTERISTICS
{(Voc =BV £ 10%, Vss = 0V, Ta = 0°C 10 +70°C)
Parameter Symbal Min, Max. Linit
Read Cycle time tcye 300 ns
Address Access time taCC 300 ns
Chip Select Access time cs 100 ns
S _'5u§BEBEéE|€nJay time tpE 100 ns

130



B MASK ROM - MSM2832RS m

Vil =20V, VL = 0.8V, VoH = 2.0V, VgL = 0.8V
Output Load = 1 TTL GATE + 100PF

ADDRESS 15v X
1
CHIP SELECT - ace .
1.5:\#» e — L
toF |
Output HIGH 2 < E
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OXK X semiconductor
MSM2965RS

65,536 BITS STATIC 64K MASK ROM

GENERAL DESCRIPTION

The MSM29B5RS is a 65336-bits static, N channel MOS Read only memory organized as 8,192 words by 8 hits.

The three-state cutputs and TTL inputsfoutputs level allow for direct interface with common system bus structures,
The MSM2966RS single +5V power supply and 300 ns access time are both ideal for usage with high performance
MiGrocomputerns.

CS, may be defined by customer and fixed during the masking process.

ROM DATA Accepting flow from customer.

Preparing next two in customer's side

1} Two master devices, programming finished 64K EP. ROM or two 32K EP. ROMs.

2} Chip select CS logic table.

After received customer’'s ROM DATA, print out ROM DATA in Hex CODE and copy finished 64K EP, ROM or two
32K EP. RDMs send to customer,

Verified ROM DATA in customer's side, OKI send engingering samples mask programed customer’'s ROM DATA.

FEATURES

# Organization 8192 W x B bit # Qutput Yoltage VoH = 2.4V Min,,
# Static Operation No clacks required VoL = 0.4V Max,
® Supply Voltage 5Vt 10% » Package 24 PIN DIP

® Access Time 300 ns Max.

# Power Dissipation 887 mW Max,

* Input Voltage ViH =20V Min,,

ViL =08 Y Max.

FUNCTIONAL BLOCK DIAGRAM

R y .: 4_! Dutput buffer ‘
——. r -

- Ver O-—w
Memary
Matrix
PIN CONFIGURATION VE O g ] on 66538 hit (8192 x 8}
in
A:EI 1 240vee select ‘[ l‘
a2 23|]As L
a3 2204, I Address decoder ‘
a4 210 A, 5 ~
a.05 2001 G5 i
A6 190 A 1 Address buffer
LY 1B0A,, T
A.08 1 D- i I I
0,02 16 ED, ; As A P
n,0we 15[ D«
& 0n 1400,
vgg 12 1300,
Note: CS is programmable CHIP SELECTS.
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ABSOLUTE MAXIMUM RATINGS

Rating Symbol Value Unit
Supply Voltags Voo -0510+70 \
Input Voltage V) ~05w+70 v
Output Voltage Vo -0510+7.0 V'
Operating Temperature Topr Oto+70 C
.Storage Temperafl.; I _‘Fstg o —55” t_t;'l' 1 50._ 0 T
RECOMMENDED OPERATING CONDITIONS
Pararmeter Symbal Min. Typ. Max. Unit
Supply Valtage Vee 45 5.0 55 \'
“H" Input Voltage VIH 20 Vee v
"L Input Voltage VL -05 0.3 v
AC OPERATING CHARACTERISTICS
(Vee =5V +10%, Vss =0V, Ta=0"Cto +70°C)
Parameter Symbol hlin, Max. Unit
Raad Cycle time toye 300 ns
Address Access time ACE 300 ns
Chip Sefect Access.time ws 100 ns
Qutput Disable Delay time 1DF 100 a5
DC CHARACTERISTICS
(Vee =6V £ 10%, Vss = 0V, Ta=0°C 10 +70°C}
Parameter Symbol Conditions Min. Typ. Max, Unit
“H" input Voltage VK 20 Veo \Y
"L Input Voltage ViL ~05 0.8 v
“H" Output Voltage VOH iR = -100uA 24 v
“L" Qutput Vol tage VoL lgL=16mA 04 W
Input Leak Current ('Y V=0~ Ver 10 uA
Cutput Leak Current Lo Vo =0~ Veo 10 uA
Power Supply Current lee Vee =65V 125 mAa
Input Capacity C, Vi =0V, Vo =0V [ pF
: = 1MHz
Cutput Capacity C, Ta = 25°C 12 pF
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ViM = 2.0V, VL = 0.8V, VgH = 2.0V, Voo = D.8V
Qutput Load = 1 TTLL GATE + 100PF

ADDRESS 1.5v X
(- tACC
CHYP SELECT —
ir—tcs——- /
iDF
Output HIGH Z <
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OKIX semiconductor

MSM38128RS

16384 WORD X 8 BIT MASK ROM

GENERAL DESCRIPTION

MSM38128RS is an N-channel silicon gate E/D MOS device ROM with a 16,384 word x 8 bit capacity.

It operates on

a 5V single power supply and the all inpitts and outputs can be directly connected to the TTL. The adoption of an
asynchronous system in tha circuit requires no external clock assuring extremely easy operation. The avaitability of
power down mode contributes to the low power dissipation which is as low as 20 mA (max] when the chip is not
selected. The application of a byte system and the convertibility of the ping with a programmable ROM whase
memory can be erased by ultraviolet ray radiation is most suitable for use as & large-capacity fixed memory for

microcomputers and data terminals,

Since it provides both CE and OE signals, the connection of output terminals of ather chips with the wired OR is

possible ensuring an easy expand operation of memory and bus line control.

FEATURES
» 16384 words x 8 bits & |nputfoutput TTL compatibie = Power down mode
® BV single pawer supply # 3-state output # 28-pin DIP

® Access time: 450 ns MAX

FUNCTIONAL BLOCK DIAGRAM

Mote: The DE actlve leval ia
spacified by customaer.

PIN CONFIGURATION A oo oo
Ncﬂ A o —_-— Yee
Ay O] |—a] Matrix - e
A”I A o0—nd I
A"[ PR — I 16384 x B
A As ] pddrass
A is 0_-: etier | | | 44 T ‘—]
A.[ A? O]
A,[ a‘ Multiplexer l o CE
9 O
A Arvo oE cE
A Ay o—— ¥ cantral 2 OF
1, " or
:0{ Az 0 Cutput buffer OE
o A 30—
ol 1P PPwYP)
DyDy 03 D3 Oy D5 D, D
D,
Vssﬁ
JE : Output enable
Voo, Vss @ Powar supply voltage
Ay~Ayy 1 Address Input
D,~D, : Dataoutput
CE :  Chip enable
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ABSOLUTE MAXIMUM RATINGS
{Ta =25°C}
Itemn Symbaol Rating Unit Conditions
Power Supply Voltage Vee -05t0 7 v
Input Voltage V) -05to0? Vv Respect to Vgg
Output Voltage Vo —0.5t07 v
QOperating Temperature Tapr Oto 70 °C
Storage Temperature Tetg -5510 150 °c

OPERATING CONDITION AND DC CHARACTERISTICS

Rating
ltern Symbol Measuring Condition Unit
Min, | Typ. | Max.

Vee 45 5 5.5 v
Power Supply Voltage

Vg 0 0 0 v

VIH 1— 2 5 8 v
input Signal Level —— = -——

ViL -0.5 0 0.8 v

vV 1 = -400 pA 24 Vee v
Output Signal Level OH OH

VoL oL =2.1 mA 04 v
Input Leak Current 1) V| =0V or Vee -10 10 T

Vo=0Vor Vee

Output Leak Current Lo Chip not setected -10 10 ph

lec Ve = Max. I =0 mA 120 ma
Pawer Supply Current

lecs Veeo = Max. 20 mA

] | Vee=GND ~ Vee Min, o
Paak Powar ON Current Ipo TE = Veo or ViH [ 20 mA
Operating Temperature Topr ! 4] 70 "G
L
n AC CHARACTERISTICS
TIMING CONDITIONS
Item Conditions

Input Signal Level

VIH=2.0V V| =08V

Input Rising, Falling Time

Timing Measuring Paint

Voltage

tr=ty=15 ns

Input Voltage=1.5V

Output Voltaga=0.8 & 2.0V

Loading Condition

CL=100pF + 1 TTL
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READ CYCLE
Item Symbal Specification Value Unit Hemarks
Min. | Typ. | Max.

Cycle Time te _ 450 ns
Address Access Time tAA 450 R ns T
Access Time

Output Delay Time tco 150 ns
Output Setting Time Lz 20 ns
Qutput Disable Time tHZ 0 120 ns
Qutput Retaining Time 1oH 20 ns
Power Up Time tpy 1] _7;0 ns
Power Down Time tpD 120 ns

1) READ CYCLE-1'"

S ——

——— tc

pare > <

. 1A — ]

(3) O

{4) ) [~ TOH =

]_"-_Z_.. tHZ ——=]
BPout < ;-—-—'—

2) READ CYCLE-2?

— S —

cE N A

—— ———1ACE t
P 4)
OE {3) ™. \ Co / d -
..tsz
0wz
Dout ><
PO

Ve
supply
current
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Note: (1) TEis “L" leval.
{2) Ths address is decided at the same time as or ahead of CE "L level.
{3) OE iz shown in the negative logic here, howsver the sctive level is freely selectad.
{4) 1o and t_Z are determined by the latar CE “L” or OF “L".
tHz is detarmined by the earlier CE "H" ar OE "H".
tHz shows time until floating therefare it is not determined by the output level.

INPUT/OUTPUT CAPACITY
{Ta = 25°C, f = 1 MHz)

Specification
Item Symbol Value Unit Remarks
Min, Max.
Input Capacity <y 8 pF V=0V
Output Capacity Co 10 pF Vo=0Vv
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OKI semiconductor
MSM28101AS

CHINESE-CHARACTER GENERATING 1M BIT MASK ROM

GENERAL DESCRIPTION

MSM28101AS is a 1M Bit Mask ROM using the N channel silicon gate MQS process which stores 3,760 characters of
numeric characters, Japanese cursive and square syllabarys, JIS 1st standard chinese-characters, ete., in one chip.

Since it is of large capacity, chinese-character pattern of 3,760 characters can be generated with only one chip.
Furthermore, since the dot matrix character form ¢f 18 fines x 16 strings is available from the data out pin by anly
inputting the JIS chinese-character code into the address pin, it excels in functioning property and proves optimum
fer constituting the chinesa-character tarminal.

The power supply voltage is of 5V single power supply, the input levsl is of TTL compatible, the data output is of
3-state output, the data valid is the output of the open collectar and is packaged on the 40-pin DIP,

FEATURES
¢ Function 18 x 18 chinesa-character font e Clock 1 each (¢r) DC ~ 500 kHz
output ® Used tempera- Ta=0~ 70°C
# Configuration  Duplex configuration of cell- ture
array using the defect permissible ® Access time 25 ps MAX
technigue & Data transfer  8M Bit/s
& Storage capacity 1082880 Bits ratg
¢ Number of 3,418 characters ¢ Interface TTL level
generating ® Power supply 5V single power supply (5%}
characters vaoltage
* Storage Partition 0 ~ 7 and partition ® Power con- 500 mW TYP
charactar ranga 16 ~ 47 of chinase-character code sumption
system for JIS information ® Package Semi-ceramic 40-pin DIP
processing # Process E/D MOS process

® Address input 14 Bits (A ~A,,])

& Data output

16 Bits (D, ~D,,. 3state)

¢ Momory cell

Multi-gate ROM

# Output mode 18 Bits x 18 times transfer
® Address enable 1 each {AE) This specification is sometimes subjsct to change without
® Data valid 1 each {DV, open collector output) notice
PIN CONFIGURATION
ves] 1 40| T
vsst] 2 k-1 T
AE [ 3 380w
vee[J 4 37 P=n
Ay l[15 36 _| Dy Ao ~B . Address input
oz De~fas P
i:T % ? ::fg? D, ~D 5 : Dataautput
A D 8 1no; AE: Address enable
As 118 a2 ]¢r CV: Data valid output
As [ 110 A |vee @1 Clock input
A, [N 30 _Jvss Veop! Power supply voltage (5V)
Ay D12 2B_]o¥  vgg: GND (OV)
4s [ 12 28_ 107
A, 113 27 0.
i: g:z i:zg_f {Note) Connect all Voo and Vgg terminals.
A, E17 2,
& 018 2370,
Vel 12 22D,
vgg 120 210,
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B MASK ROM - MSM28101AS

FUNCTIONAL BLOCK DIAGRAM

AEO—

— 7]
} Timing
f 1 cireunl o ¢_1'
|
&y O —2 O,
Adddress ",
Ay O & IM Bit cel array IDaw [ —G T
Ay O Decoger |7, _|// atch oD;
A O — —=0 ;7
As O — e
& O i A outps =0T
A. O Selector Jl> buffer - T
A O =071,
Ay O ’—l/ Y.
Aup O—rit Acddress M, | [—=< 6
A O . & __1/ M it call array J\ E:’; 0,
P Decader s o7
By O -+ —0 0
o —0 by
] t =000
P — m
ABSOLUTE MAXIMUM RATINGS
[Ta=25°C)
ltem Symbal Conditions Rating Unit
Pawer supply voltage Vce Respect 10 Vss ~0.3~7 v
input terminal voltage VinN Respect to Vss -0.3 ~7 v
Qutput terminal voltage VouT Respect 10 Vss =03 ~7 v
Permissible loss Pp 2 w
Oparating temperature Topr 0 ~70 °C
Starage temperature Tsty -36~ 125 °C
RECOMMENDED OPERATING CONDITIONS
Specification valug .
Item Symbol Conditions Unit
Min. Ty Max.
Power supply voltage Vee BV £ 6% 4,75 <] 5.25 v
Power supply voltage Vss Q0 0 L} v
VIH Respect to Vss 2.0 5 ) vV
Input signal levet
ViL Respect to Vss | —0.3 0 0.8 v
QOperating temperature Topr 0 70 °c
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DC CHARACTERISTICS
{Vec = 5V 6%, Ta= 0°C to +70°C)

: Specification value
Item Symbal Conditions : Lnit
Min. Typ. Max.
Vouj lgH=-0.2 mA ! 24 Vee v
Output signal level VOLT foL =18 mA | 0.6 v
VoL IgL =0.8 mA, ; 0.4 \4
Input leak current Iy V|N=0 ~Vce I 10 10 A
VouT=0~Vee | _
Output teak current Lo VAE=0.8V : 10 10 LA
Average power supply current tRC=01 us, [
Icca tC=2 us ‘ 120 maA
taAR=500 ns
Staady state power supply current iccs V AE=0.8V ‘ 120 mA

AC CHARACTERISTICS
TIMING CONDITIONS

Item Conditions

input signal level Vg = 2.0V, V= 0.8V

Input riging, falling time tr=ti=15ns

Input timing level 1.6V

Loading condition CL =50 pF, 1TTL Gate

READ CYCLE
(Vee = 5V t8%, T; = °C 10 +70°C}
item Symbaol Conditians Speciﬁcatio?_Value Unit
Min. Typ. Max.

Read Cycle Time tRC B1 HS
Address Setting Time tAS ] ns
AE Pulse Width tAE 500 | ns
Address Retaining Time taH 300 ns
DV Access Time tya 25 uS
DV Detay Time tyD 400 800 ns
DV Retaining Time wH 900 ns
&7 Pulzse Width TH 200 ns
¢r Delay Time T 1800 ns
Output Delay Time inp 0 ns
Output Access Time tpA 8OO ng
Output Retaining Time DH . E 400 ns
AE Setting Time TAES I 0 ng
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ADDRESS

VALl DON'T CARE
(A, ~A,,) LD

TtAS AE taH

AE 7 i

tRC

- A tAES
| {Nota 1) INota 2§

tH by et Ty HT=—
(Note 3}
1 2 18 19
o7 7
iR oD La T DH
1c 3

High Impedance {Nots 4) High Impedance

D ouT
{D,~D,;}

{Note 1) DV is determined by the falling of ¢r.

{Note 2) DV changes with the falling of ¢r.

{Note 3) &7 and Dn DATA are repeatec 18 times during OV is Low,

{Note 4)  The Dn timing levels are 2.0V and 0.8 V.

{Note 5}  Sometimes it will not normally aperate unless input is made at least once with
AE as the dummy after input of power supply.

(Note 6} DV is an open collector output and Dn is a 3-stage output.

INPUT/OUTPUT CAPACITY
(Ta=25°C, f = 1 MHz)

Spacification value

Item Symbol r Condition Unit
Min. Typ. Max,

Input capacity {excluding AE] CIN ViN = OV 15 pF

Input capacity (AE terminal ) CIN VN = OV 35 pF

Output capacity CouT Vourt =0V 10 pF
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FUNCTIONAL CHARACTERISTICS

Item Specification Unit l Remarks
Font type 18 tines x 16 strings dfot matrix |
Output made 16 hits x 18 times transfer I {Note 1)
Number of generating |
characters ans Word I
T
Storage character range 0 ~ 7 {Nan chinese-character area} L |
16 ~ 47 [H3S 1st standard) Partition i (Note 2)

{Note 1}  The correspondence of the 18 lines x 16 strings matrix and the data out pins are as shown in the diagram

below,
Cutpuyz for the character portion will be Low {(V(y) ) and the output for the background partion will be

High {VgHl.

16 lines

strir

e UL FL, ol L fol fw] [T
[--—--L-——--l e

Ar, ary Ary,

DV ! 2 J
|
; I

[Note 2}  The correspandence of the 1st and 2nd bytes of 145 C 6226 and the address pins are as shown below.

Sescond byte First byte
JIS C 6226 - I _
bT bﬁ bs b-‘ b! b2 | bl b? bé bS b"} b! b3 E bl
Address pin Aol A Au [Aul A DA a [ a [ A ] A | A A ]A ] A,
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OKI semiconductor
MSM28201AS

1M BIT MASK ROM FOR CHINESE-CHARACTER PATTERN

GENERAL DESCRIPTION

MSM28201 is a 1M-bit mask ROM employing an N-channe! silicon gate MQS process, and with 3760 chinese-charac-
ters (kanji conforming with JI15 ne.2 standards) incomporated in a single chip.

With this large capacity, 3760 chiness-character patterns can be generated in a single chip. And by only a single
input of JIS chinese-character code via the address pin, 18-row x 18-column dot matrix character forms can be
obtained from the data output pin, making this device ideal for construction of functionally versatile chinese-charac-
ter terminals.

The power supply voltage is 5V single, the input level TTL compatibie, outputs are tri-state data out, and data valid
is denoted by open cotlector. The device is mounted in a 40-pin DIF.

FEATURES
® Fupction - . .. ... 18 x 16 chinese-character font & Address enable . . . 1 {AE)
output eDatavalid .. ... . 1 {DV, open coliector cutput)
& Configuration . . . . Duplex configuration employing eClock , . ....... 1 {¢T} DL 1o 500kHz
defect permissible technique # Operating tempera-
® Storage capacity . - - 1082880 bits ture . ., .. .. ... Ta=0°C to 70°C
® Number of generated ® Accass time . ., |, 26us MAX.
characters . ... .. 3384 characters ® Data transfer rate , , BMBits/sec.
» Accommodation. . . Chinese-character encoded ® interface , , ., , .. TTL level
character region partitions 48 to 87 for JIS # Power supply voltage 5V single (+5%)
data processing. # Power consumption , 500mW TYP
® Address input . .. . 14 bits (A, to Ay,) ®Package, .. .. ... Ceramic 40-pin DIP
* Data output . . . .. 16 bits (D, to D, tristate) ®Process | ., ,.... E/D MOS process
® Qutput made , . , , 16 bit x 18 transfers ® Memory cell | | Multi-gate ROM

RN RN

§5a9

~ A, : Address inputs
~ D5 ¢ Data outputs
AE : Address enabla
DV : Data valid output
¢T: Clock input
Vee @ Power supply valtage (5 V)
Vss: GND (0 V)

Aq
D,

PIEmRsandg

MNote: All Vss pins are to be connected
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— MASK ROM - MSM28201ASH

FUNCTIONAL BLOCK DIAGRAM
S Ll
* I Timing —=o OV
—— Circuit |0 o 57T
= s
A, _—
A it Adgress :> 1 M8t :> Data | °g°
A, o Decoder Call Array Larch [— ) :[T:
=i = D e
A, o —= o,
A, o i Cut D,
A, o d > p:ft =00,
Ay o Bur er—-o'D_,
A, o : o,
4,0 Addrass . ; | —wcD
1 MBit Data | s 3
A, o T & :> ;’> L —=oD,,
A,‘: o % = Decodar Cell Array Latch [
Ao T o Du,
13 =] —=a D,
i or
1 t —o 0y,
-=Q Es
ABSOLUTE MAXIMUM RATINGS
iTa=25°C}
ltem Symbol Conditions Rating Unit
Power supply voltage Vee Respect to Vss -0.3~7 v
Input voltage V| Respact 10 Vss -0.3~7 v
QOutput voltage Vo Respect to Vss ~0.3~7 W
Permissible loss Pp 2 W
Oparating temperature Topr 0~70 C
Storage temperature Tsty ' -36~125 °c
RECOMMENDED OPERATING CONDITIONS
Itermn Symbol Conditions Range Value Unit
_ MIN TYP | MAX
Power supply valtage Veo !— 5v+5% 4.75 5 5.25 A
Pawer supply voltage Vss r o] 0 0 v
"H” input voltage VIH Respect to Vss 2.0 5 6 v
“L" input voitage VL Respect 1o Vss —0.3 0 0.8 vV
Operating temperature Topr 0 70 °c
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DC CHARACTERISTICS
Voo =5V 5%, Ta=0°C to +70°C)

item Symbol Cenditions Range Value Unit
MIN TYP MAX
"H" autput voltage VoH lgH=-0.2mA 24 Ver v
" output voltage VoL lgy=1.6mA 0.6 v
VoL lgL=0.8mA 0.4 v
Input feak current I V=0~ Vee —10 10 HA
Qutput leak current ILo xg;g CT 8\:,“ -10 10 pA
Average power supply current leca 1RC=61us, te=2us 120 mA
14, E=500ns
Rated power supply current lces Vap=0.8v 120 ma
AC CHARACTERISTICS
TIMING CONDITIONS
Itemn Conditions
Input signal level VIiH=2.0V, V| =0B YV
Input rise/fall time tr=tf=1bns
Input timing tevel 1.8V
Output load C=50pF, 1TTL Gate
READ CYCLE
(Voo =5V 6%, Ta=0"C to +70°C)
Ranga Value
ltem Symbaol Conditions Uinit
MIN TYP MAX
Read cycle time tRC 61 us
Address set-up time —tAs 0 O=ns
AE pulse width 1AE 500 O=ns
CAddresshold ime  1am 300 O=ns
DV aceess time i ty A, 25 us
DV delay time ' typ 400 800 G=ns
OV hold tlme - tyH 900 O=ns
T pulse width tH 200 O=ns
#T delay time L 1806__ O=ns
Cutput delay time tno ¢ O=ns
Qutput access time tnA 800 O=ns
Output hold time tpH 400 O=ns
AE set-up time ) ";AES o O=ns
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Address

. DV is changed by the ¢T falling edge.
. Dn timing levels of 2.0V and 0.8V.

the power is switched on.

9
2 —

3. oT and DnDATA are repeated 18 times when DV is low.
4

5

6. DV denotes open collector output, and Dn the tristate output.

(A, ~A13] DON'T CARE
tas
.« s
. R -
t t )
VA AES
oV N_{_Note 1) {Note 2}|/
N__ /
. t
] tvp | ‘Tﬁ'—
{Note 3)
T 1 2 18 19
J
t t
DD | . DA DH
{Note 3)
po " X
. 17
High Impedance {Note 4) High impedance
NOTE: 1. DV is determined by the ¢T falling edge.

. Normat operation may not be possible unless there is at leasi one AE dummy input after

INPUT/OUTPUT CAPACITY
{Ta=25°C, =1 MHz}

Range Valua
Item Symbol Conditions — Unit
MIN | TYP | MAX
Input capacity (excluding AE) C V=0V | 15 pF
Input capacity {AE pin) C V=0 V 35 pF
Output capacity Co Vp=0V 10 pF
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FUNCTIONAL CHARACTERISTICS

Itermn Range Unit | Remarks
Font format 18-row x 16-column dot matrix |
Qutput moda 16 bit x 18 transfors i {Note 1)
Nunﬁ;r_t':::hh:r;cters generated o 3384 Word ‘
Character accommodsation region 48~87 (IS No.2 standard} Partition ' {Note 2}

Note 1. The relation between the 18+ow x 16-column matrix and the data output pins is outlined below. The ocutput
is low (V| ) for the charecter portion, and high {Vp) for the backgraund area.

fe———— — ~— 16 columns —u———-i

l t=or,
t=or,

|

[

[

|

|

|

|

18 rows I

|

|

{

|

!

|
=57y
=07,

Data output ping 60 b, 6,00, D,DP,D,0 D, D, 0;1D;,D,30,.D;5

Note 2. The address pins are related to the JIS C6226 no.1 and no.2 bytes in the following way.

No.2 byte No.1 bytes
115 € 6226 b, | b, | b |b, | By | by | b b, | by |bg [by | B | by | b,
Address pin A 1A [Agy |Aa [ A [ A | A | A [ A [AC Ay [ A JA | A
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OKI semiconductonr
MSM53256AS/RS

32,768 WORD X 8 BIT MASK ROM

GENERAL DESCRIPTION

MSME32B6AS5/RS is a silicon gate C-MOS device ROM with a 32,768 words x 8 bit capacity, It operates an a 5§V
single power supply and all inputs and outputs can be directly connected to the TTL. The adoption of an
asynchronous system in the circuit requires no external clock assuring extremely easy operation. The availability of
power down mode contributes to the low power dissipation which is as low as 50 A (max} when the chip is not
selected. The application of a byte system is most suitable for use as a large-capacity fixed memory for micro-
computers and data terminals.

Since it provides CE, CS and OE signals, the connection of output terminals of other chips with the wired OR is
possible ensuring an easy expand operation of memory and bus [ine control.

FEATURES
® 32,768 words x 8 bits # Input/output TTL compatible & Standby current 50 A MAX
« 5V single power supply » 3-state ouiput =« 28-pin DIP

® Access time: 250 ns MAX

FUNCTIONAL BLOCK DIAGRAM

PIN CONFIGURATION A
o Memory cell —~—C Ve
cs[i Za]ves A o= ]
A”[ 3 27 :z o _—— 5 Marrrx -] e
adfl 3 26(] 4, 5 P decoder — 22768 % 8
Adf 4 2514, As O—-w sddress |
] & 24[) A, [V — S T B S -
an butler
Al s 23[Ja,, e 1
aifl 7 27 ]"U_E :3 I Mulnpiexer ] TE
5 O—= |- -
aofl 8 21flaes Are l l l O cE
af o 20]0E LY. s ¥ Cantral [0 OF
A"E 1 ® %D’ Az 0—e decader Qutplt bufter cs
o[ 18[] 0w Ay 30— _—— ar
A, sd il =
D,[l2 ”]Ds o DUD,DQD,éDSIIJL,[;I?
of]13 5[],
visfl14 15]]o,
OE :  Qutput anable
Vee, Vss ¢ Pawar supply voltage
Ag~A, . :  Address input
o,~D, : Data output
C'E ¢ Chip enable
cs 1 Chip select

Note: The CS active laval s
specifiad by custamer,
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OKI semiconductor

MSM2750AS

2048-BIT UV E
READ-ONLY M

RASABLE ELECTRICALLY -PROGRAMMABLE
EMORY MABL

GENERAL DESCRIPTION

MSM 2750 is a Programmable Read-Only Memory (PROM) of P-channel structure capable of electric write from
outside and rewrite after erasion by ultraviclet rays.

PIN CONFIGURATION FUNCTIONAL BLOCK DIAGRAM
Data Output 0 Data Output 7
1 T
a[i]e 37 voo C§ —m Output Butter
AlE 23 |NC
A3 2z |NC
naraouto[2] [21] A,
DATA DUTT [B] [20] 44 Program 2048 Bit 12&6 x 8)
DATA OUWCE 75 A Memory Matrix
pATA 0UT3 (T (78] A !
DATA QUT4 [ [17 ]2,
DATA ouTs [ 16 | VGG
DATA 0UTe TG T ves Address Decoder
DATA QUT? (17 [14]53 Y
vee [z [13 |PROGRAM
Address Butter
A, A Az
ABSOLUTE MAXIMUM RATINGS
Paramater Symbol Rating Unit
Read +0.5 ~ ~20 vV
Input and Supply Voltage
Program +0.5 ~ 48 v
Power Dissipation PD 2 Max. w
Storage Temperature Tstg -B5 ~ +126 °c
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READ OPERATION
RECOMMENDED OPERATING CONDITIONS

Parameter Symbol Conditions Range Unit
Voo 5:0.25 v
Supply Voltage VDD -4 +0.45 v
VGG -9+045 v
Operating Temperature Topr 0~ 470 °c
Load Number N TTL. Gate Load
STATIC ELECTRICAL CHARACTERISTICS
Parameter Symbol Canditions Min. Typ. Max. Unit
e Vee Voo
Input H" Voltage VIH -2 ) +0.2 _V_
Input “L" Voltage ViIL -1.0 Veo v
) -4.2
Output “H"' Voltage VOH loy =-100 pA 35 v
Output “L” Voltage VoL ipL=1.6 mA 0.45 v
input Leakage Current L VN =0V 1 BA
Vout =0V
0 Laak Ci ol
utput Leakage Current ILo TS = Voo — 2V 5 MA
Gate Supply Current Fele) 1 BA
Ts=0v
Suppfy Current DD DATAOUT OPEN 30 45 ma
Output Clamp Current fCF Vout = -1.0v 13 mA
AC CHARACTERISTICS
Parameter Symbal Caonditions Min, Typ. Max, | Unit
Data Valid Time toH 100 nS
. 1.0
Access Time tace Input Pulse Amplitude ns
=0D~4V 1.2
Rise and Fall Time of 100
. £ S
Chip Select Delay tes Input Pulse & 50 n 00 ns
Output Load
Output Delay from cs 1co =1 TTL Gate 900 ns
Qutput Deselect 10D 300 n3

{Notal Numerals above snd below the obligue line respectively show the values of each MSM2750-1A and

MSM2750-24,
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B EPROM - MSM2750AS B

CYCLE TIME = 1/FREQ

I ‘_..{
1 ||
VIH 10%
ADDRESS }{
viL :><9°"" f
| |
— 1C§ r-—~—~ I tOH

— VH | I ' I

Cs | | |

ViL : |

|

. |

VOH | | |

DATAOQUT I D‘I"T\fAO‘IJ; | |
VoL NVAL - I,_

i tACC = DATA OUT
INVALID

s

ViH
ADDRESS
ViL

—

_ovim T ' 10%
cs | |
ViL 90% '
| |
. : —topk—
VoH v | | |
DATA OUT | |
VoL ‘| | |
— o
PROGRAMMING
RECOMMENDED OPERATING CONDITIONS
Parametar Symbaol Conditicns Range Unit
Sooply Vol VBB 11 ~13 v
ueply Voltage Vee, CF 0 v
Operating Temperature Topr 20~ 30 °C
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STATIC ELECTRICAL CHARACTERISTICS

Pararneter Symbol Conditions Min, Typ. Max., Unit
tnput *'H’* Voltage VIHP 0.3 v
Data Input Pulse “’L" Valtage VILP1 -4 -48 v
Address Input Fulse *'L"
Voltage VILPZ =40 -48 v
“L” Vpp Input Pulse Voltage | V)| p3 -46 | -48 v
Program [nput Pulse “L" '
Voltage ViLpa -48 —48 v
VG Ioput Pulse L _
Voltage ViLPs 35 k 40 v

VDD = Vprog =-48V
Ipp Pulse Supply Current lopp VoG = -35V 200 mA
Address Data Input Leakage _
Cutrent nipt ViN = -48Y 10 mA
Program VGG Leakage -
Current hip2 VN =-48Y 10 ma,
AC CHARACTERISTICS
Parameter Symbaot Conditions Min. Max. Unit
Duty Cycle (Vpp. VGG! 20 %
Program Pulse Width taPW 3 ms
Data Setup Time tow Rise and Fall Time 25 us
N of Input Pulse
Data Hold Tim t 10 S
ata Hold Time DH Time < 1 5 M

Vpp, Vgag Setup Time VW 100 HS
VoD, VGG Held Time tyD 10 100 HS
Address Complemeant Setup Time tACW 25 us
Address Complement Hold Timea tACH 25 uS
Address True Setup tATW 10 uS
Address True Hold tATH 10 uS
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ACH
| i
1'-——— tacw — — —— - ! . |
o] - I
ADDRESS /" BINARY COMPLEMENT | BINARY COMPLEMENT
| ADDRESS OF WORD [ | ADDRESS OF WORD |
TO BE PROGRAMMED | TO BE PROGRAMMED
—40 to -48 l I [ ; !
l __1| | —e m—Wp |
| ™ o
0 I | TATW L :
PULSED Vpp N\ | | ! I
POWER SUPPLY | /] |
-40 to -48 Pl ’ o !
L | ! |
\ o
0 | } L L
| |
PULSED Vpp N I 'l ! |
POWER SUPPLY | ! |
=35 to -40 | T \ |
: : tyw | l
I
a - | !
PROGRAMMING [~ SOPW [
PULSE | :*"—“‘ATH —
—46 to —48 | " | ton
| I tow e lr-—
o '[ ]
DATAINPUT DATA CAN | DATASTABLE |  DATACAN
(DEVICE OUTPUT CHANCE I TIME | CHANCE
LINES) i L
-45 to -48 I
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OKI semiconductor
MSM2708AS

8192-BIT UV ERASABLE ELECTRICALLY-PROGRAMMABLE
READ-ONLY MEMORY

GENERAL DESCRIPTION

The CGki MSM2708 AS (Campatible to the [atel 2708) is & 8192-bit ultraviolet light erasable and electrically repro-
grammabie EPROM, ideally suited where fast turnaround and pattern experimentation are impartant requirements.
All data inputs and outputs are TTL compatible during both the read and grogram modes. The outputs are three-
state, aflowing direct interface with comman systern bus structures.

The MSM2708 AS is fabricated with the N-channsl silicon gate FAMOS technology and is available in a 24-pin dual
in-line package.

FEATURES
¢ Data Inputs and Qutputs TTL & Three-State Cutputs — OR-Tie ® Static — No Clocks Reguired
Compatible during both Read and Capability

Program Modss

Max. Power | Max. Access l- Organjzation
MSEM 2708 AS 800 mw 450 ns l 1K x8
FUNCTIONAL BLOCK DIAGRAM
DATA OUTPUT
Tgre Oy
'''' AREREA
PIN CONFIGURATION _ e
EB/WE LoGIC DUTPUT BUFFERS
a.[ ~ 34 |Moo l
Ay I
a2 FEIEY : TS DEOSDEFG — ¥ GATING
L 2 A l ADDRESS o -
INER 71 | vgp!l! INPUTS -
A2 20 Jesrwe ﬁi: x : 64 x 128
(8 T8 ]voo A== DECODER h AOM ARRAY
A7 18 | PROGRAM | b
Aq[ B M7]o, l I
M ] A ;
o.[10] 115 ]0s
o[ (12 ] 04
vss[i2] 13 Jo,
Ay~ Ag Address [nputs
O, ~ 0y Data Outputs/Inputs
C5/WE Chip Select/Write
Enabla input
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PIN CONNECTICN DURING READ OR PROGRAM

PIN Number
Address | !
Data /O Inputs | _
9~11, 1~8, Vgg Program  Vpp | CS/WE VBe vee
Moda 13 ~17 . 22,23 12 18 19 20 21 24
Read DouT AN GND GND +12 VL -5 +5
Deselect High Impedance Don't Care GND GND +12 VIH -5 15
Program DN AIN GND Pulsed +12 ViHW -5 +5
26V
ABSOLUTE MAXIMUM RATINGS*
eTemperature Under Bias. . . . .. .. . . L e e e -25°C 1o +85°C
®Storage Yernperature . . . . .. .. ... .. e e e e e e e e -65°C 10 +1256°C
eVppwith Respect to VBB . . . . . . . . o o o e e e e +20V to 0.3V
sVocand Ve With ReSpeCt tO VBB v - v - v o v v vt v e et et e e e et e e e e e +15V 10 0.3V
* All Input or Output Voltages with Respect to Vggduring Read . , . . .. .. ... ......... +15V 10 -0.3V
®» CS/WE Input with Respect to Vg during Programming . . . . . ... ... .. .. .. ....... +20V to -0.3V
®Program Inputwith Respect to VBB . . . . . - . . L Lo e e e e +35V 10 -0,3V
e Power Dissipation . . . . . . . .. L e e e e e e e e e e 1.5W

*
Stresses above those listed under *Absolute Maximum Rating’’ may cause permanent damage 10 the device. This is
a stress rating only and functional operation of the device at these or any other conditions above those indicated
in the cperational sections of this specification is not implied. Exposure 1o absolute maximum rating conditions for
extended periods may affect device reliability.

DC AND AC OPERATING CONDITIONS DURING READ

Temperature Range 0°C ta 70°C
Vo Power Supply 6 + 6%
Vpp Powar Supply 12V & 6%
Vg Power Supply -5V 1 5%
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READ OPERATION
DC AND OPERATING CHARACTERISTICS

Parameter | Symbol Min, Typ‘(z:‘ Max. { Units Test Conditians
Address and Chip Select ILt [ ) ]
Input Leakage Cur!'ent t 10 i KA VIN=5.25V o_r.V|N—V|L
Output Leakage Current Lo 1 16 | pA VouT=5.5v, C§ /WE=EV
Vpo Supply Current IDD(S:' 50 65 ma Worst Case Supply
Ve Supply Current (3) 6 1 A | Currents

CC Supply Lurren lec o m All Inputs High:

VgR Supply Current IBB[3I 30 45 mA CSME=6V; T;=0°C
Input Low Voltage ViL l Vg 0.65 v
Input High Vattage VIH ’ 3.0 veeH v
Output Low Voltage VoL T 0.45 v lgL=1.BmA
Cutput High Voltage VOH1 3.7 v lgH=-100 A
Output High Voltage VOH? 2.4 v IgH=-1mMA
Power Dissipation Pp 800 W Ta=70°C

Note: 1. Vgp must be applied prier to Vi and Vpp.VRR must also be the Jast power supply switched off.
2. Typical values are for Tg = 25°C and nominal supply voltages,
3. The total power dissipation is not calculated by summing the various currents (ipp, o, and igg}
multiplied by their respective voltages since current paths exist bhetween the various power supplies ang
Vgg. Thelpp, Igg and Igpg currents should be used to determine power supply capacity anly.

RANGE OF SUPPLY CURRENTS ACCESS TIME VS, TEMPERATURE
V5. TEMPERATURE

80 T T T 500 [ T
ALL POSSIBLE OPERATING b
CONDITIONS: 1TTL LOAD + 100pF
- Voo = 5.2V
o L Voo = 12.6V 400
£ 60 7 Swe VBB =625V
o = HiGH /
z / =
] £ 300 -
i £
] I—| /
g 40 CSME = H} 8 /
o I ) DD =z ——
> CSWE = [ Oy 200 [~
A
U:"} 20 \ \‘u_\\\i\\\\\\\"\ 2 'bg
ARG NN 100
0-.--.- OO0 oo T ‘:HCC
o] 20 40 60 80 100 0—-20 G 20 40 60 80
T °C) T4 °C)
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® EPROM - MSM2708ASH

A.C. CHARACTERISTICS

Pararmeter Symbol Min. Tvp. ! Max. Linits
Address 1o Output Delay tACC 350 | 450 ns
Chip Select to Qutput Dalay i Tels) 60 120 ns
Chip Deselect to Qutput Fioat tDF 0 120 ns
Address to Qutput Hold 10H 0 [
CAPACITANCE!)
{Ta=25"C, = 1MHz)
Parameter Symbal Typ. Max. Unit, Conditions
Input Capacitance Cin 4 6 pF Vin =0V
Qutput Capacitance CouT 8 12 oF VouTt =0V
Note: 1, This parameter is periodically sampled and is not 100% tested,
AC TEST CONDITIONS:
Timing Measurement
Dutput Load: 1 TTL gate and C_ = 100 pF Reference Levels: 0.8V and 2.8V for inputs;
Input Rise and 0.8V and 2.4V for cutputs.
Fall Times: <20 ns input Pulse Levels: Q.85Y ta 2.0V
WAVEFORMS
ADDRESS ‘><
I
b —10H —e
.._ T
CS/WE | I
I i
|t |
| DF
I
DATA - DATAOUT
ouT b FLOATING
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ERASURE CHARACTERISTICS

The erasure characteristics of the MSM 2702 AS are such that erasure begins to occur when exposed to light with
wavelengths shorter than approximately 4,000 Angstrom {A). It should be noted that suntight and certain types of
fluorescent lamps have wavelengths in the 3,000—4 000A range, Data show that constant exposure to roam level
fluorescent lighting cauld erase the typical device in approximately 3 years, while it would take approximately 1 week
to cause erasure when exposed 1o direct sunlight, If the MSM 2708 AS is to be exposed to these types of lighting
conditions for extended periods of time, opaque iabels are availsble from Oki which should be placed aver the MS
3578 AS window to prevent unitentional erasure.

The recommended erasure procedure for the MSM 2708 AS is exposure to shortwave uitraviolet light which hag a
wavelenath of 2837 Angstroms {A}. The integrated dose (i.e., UV intensity x Expasure time} for erasure shoutd be a
minimum of 16 W-secfem? . The erasure time with this dosage is approximately 15 to 20 minutes using an ultraviolet
lamp with a 12,000 gW/em® power rating. The device should be placed within 1 inch of the lamp tubes during
erasure. Some iamps have a filter on their tubes which should be removed before erasure.
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OKI semiconductonr
MSM2716AS |

16384-BIT UV ERASABLE ELECTRICALLY PROGRAMMABLE
READ-ONLY MEMORY

GENERAL DESCRIPTION

The MSM2716AS is a read only memory with the capacity of 2048 words x 8 bits whose contents can be erased by
ultraviolet ray irradiation. Since the memory contents can be programmed as desired by the user and the alteration
is easy, 1t is wdeal for a processor program.

The MSM2716AS is processed as the N-channei silicon gate MOS with floating gates, and is encasad in a standard
24-pin ceramic package.

FEATURES
eSinglepowarsupply . ... ...... +5V ¢ Full decoding - . . . . 2048 words x B bits
® Low power Dissipation .. .. B25mWin *Staticoperation .. .. .. ... No clock

cperation and 132 mW in standby state requirement
#UV  grasable and electrically pro- s TTL connection for inputs/outputs

grammablg. {tristate ouipuyt)
* Minimum programming time . . . .. . . . # Easy expansion of memory capacity
100 saconds for all 16,384 bits, {wired-OR connection}

®Accesstime , . ... ........ 450 ns
#Pin  compatible with INTELs 2716

FUNCTIONAL BLOCK DIAGRAM

0,0 —~—rm— o, —— o,
v — | i
PIN CON FIGU RATION VPP Q== — i Curput buffer
VEg O . f
WS
. 24|V
G EIACC TEo— =] CE Memary matrix
g 23] s Circuit 16284 bits (2048xB)
AsE 7 |8,
A 4] 71 ] vpp 7
5] ot
a6} 19 ] 40 Address decoder
A [7] (18 )CF geo— =] OF I
A8 17 |DATA DUT: Circunt
DaTA QUT,[§ | [16 |DaTA OUT, Address buffer
pata out, 0] [15 JoaTa DUT: é)
DATA OUT[11] P12 ]DATA OUT, A A 5.
Vs E-—'———"‘EDATA ouT: The spacifications

are subject to
change without notice.
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FUNCTION TABLE

-— M EPROM

+ MSM2716AS W

. Pins CE OE Vpp Vee OUTPUTS
Mode e {i8) (20 (21) 24) {9~11,13~17)
Read Vit ViL 15V +5V D out
Stand by VIiH Don’t care +5V :EV High Z
Program r:l\:f: viL VIH +2BV +HHV Din
Program Verify ViL ViL +256V +BV | 0 out
Program Inhibit R Vin +25V PV High Z
High £ = High Impadante
ELECTRICAL CHARACTERISTICS
ABSOLUTE MAXIMUM RATING
1tem Symbol Canditions Rated Value Unit
Storage Temperature Tstg - 1 -55 10 +125 °c
Termina! Voltage {to Vss} R
Address Input and Data )nput 0310 +6
Program Input Vpp -0.3 to +28 V'
vee _ -03%0 6 |
Power Dissipation i Pp 525 mW
READ OPERATION
Operating range (for Vss = V|
Item Symbol i Canditions Guaranteed Range Unit
Vee | +5 to +0.25 v
Source Supply Volage .
Vpp | Voo £+ 0.6 W
mo_pg_ritjr?i Tﬂ'rj.perature Topr 5 L _O_t_gl?o °c
Number of Leads N ﬁ TTL gate load 1 —
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DC OPERATING CHARACTERISTICS
[Vec = BV = §%, Vpp = Voo 0.6V, Ta = ¢°C to +70°C uniess specified otherwise)

[tem Symbol Conditions Guaranteed Fi]ange Unit
Min Typ. Max.
Input Leak Current. Iy VN = 5.26V i 10 uA
Dutput Leak Current Lo YouT = 5.25V [ 10 LA
Program Pin Current lpp Vpp = 585V l | 5 mA
?;::‘;f;}supp"' Current leet TE=Viu.BE=vi | " 10 25 mA
Teomaorswmv et | | mmemen. T

{Active} lec? E=CE=V|L j | 60 | 100 mA
“H" Input Voltage VIH I 22 | Veo+ v
“L" Input Voltage ViL -0 | 0.8 v
"H” Cutput Voltage VoH iOH = ~400 uA 24 ] v
“L" Qutput Voltage VoL loL =2.1 mA 0.45 v

Note: Ve must be supplied before or when Vpp is supplied, and must be cut off when or after Vpp is cut off.

AC OPERATING CHARACTERISTICS
{Veo = 5V * 5%, Vpp = Veo 0.8V, Ta= 0°C to +70°C unless specified atherwise)

Guarantead range
Item Symbot Conditions - Unit
Min, Typ. Max.
Address Output Delay Time tacc | OE=CE=V|_ 260 | 450 ns
CE Output Datay Time teE OE = Vy_ ! 280 450 | ns
OE Output Delay Time tOE CE=V|L ! [ 120 -
Output Disable Delay Time DF CE=v_ o ‘] I 100 ns
L 1
*AC characteristics measuring conditions
Inputpulsedevel . .. .. ... ... ...... 08~2.2v
Inputriseffall time . . . . ... ... ... .. Within 20 ns
Outputload . . . ... ... . ... ... ... 1TTL Gate + 100 pF
Timing measurement reference levels . . . . Input 1V and 2V, Qutput 0.BV and 2.4V
TIME CHART
Read Mode
/ —_
ACDDRESS ) ADDRESS VALID X
- —_—
CE /
1oE -]
OE
e tacC =y —
OUTPUT HiSHZ < OUTPUT VALID HIGH 2
N
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PROGRAMMING OPERATION
{Voc =5V + 5%, Vpp =25V £ 1V, Ta = 25°C £ 5°C unless specified oiherwise)

Item Symbol Conditions Guaranteer Range ll Unit
Min. Typ. Max. |

Input Leak Current FN) VN = 5.25V/0.45Y 10 KA
Prog_r-amFi; .Cu rrent lppq CE = VL i T ) _; mA
Programming Currant Ipp2 CE=V|H 30 ' ma
Collector Supply Current lee 100 mA

Ty Input V;:Ita;ge o Viy ) - 2.2 Yoo+ | v

“L* Input Voltage VL 01 | ‘ 08 | V

AC CHARACTERISTICS
{Wee =6V + B%, Vpp = 25V + 1V, Ta = 25°C * 5°C unless specified otherwise)

Item Symbol — Guarlanteed Bange Unit
Min. . Typ. Max,
Address Setup Time tas 2 us
OE Setup Time . tOES 2 | us
Data Setup Time DS 2 us
" Address Hold Time 1 tan 2 | T s
OFE Hold Time tOEH 2 LS
Data Hold Time IDH 2 us
Output Disable Delay Time toF a 120 ns
Output Enable Delay Time tOE ; 120 ns
" Program Pulse Width .  ow | a5 | so | 85 | ms
- “Program Pulse Falt Time . . tp.ngTrm ”_.5“ LT B .ns -
Program Pulse Risa Time tPFT & ns

* AC characteristics measurement conditions are the same ag thase for read operation,

TIME CHART (PROGRAM MODE)

PROGRAM
PROGRAM VERIFY
r
ADDRESS { ADDRESS N ADDRESS N+m
TAS
- et A DATA QUT

| ~VALID ADD.N

L[ DATA IN STABLE
\ ADD.N+m

tOE IDF

DATA

—

Ds tpw  |tDH
- e

10ES T0EH
- | -
5 AN /
tPRT tPFT

185



B EPROM - MSM2716AS B

OPERATION

* Read mods
When OE is set to “L" lavel, reading of tha memory
contents starts 450 ns {Tace) after the address or
120 ns (toE) after OF if the address is alveady fixed.

& Dutput desslection
Muttiple MSM2716AS5 chips may be combined by
wired-OR connection. The data in ane MSM2716AS
is read when OE is at "L level. Other M5M2716AS
chips are set 1o the output deselection state by setting
the OE to the “"H'’ level.

¢ Standby made
Setting CE to "H" level causes the power to be de-
creased to 1/4 of that in the read mode (526 mW —
132 mw).

» Programming

All bits of the MSM2716AS5 are set to “H* level at
the time of delivery or after erasure. When 0 is
written, the corresponding bit goes to L™ level.
In the pragramming mode, DE input at Vpp=25V is
used as “H'" level.

The programming data must be supplied in parallel
to output pins {d, ~ 0,). The address and input are
both TTL level. Supplying CE input {TTL “H" level}
at 50 ms intervals after setting up the address and data
enables programming. Avoid pragramming by supply-
ing a DC signal to CE pin.

« Program verify
The MSM2716AS can be verified in the programming
mode. Vpp for this operation is 25V.

# Program inhibit
Multiple MSM2718AS chips can be programmed in
parallel and with different data in this mode. All
pins other than CE can be used in common for all
chips.

Supply TTL “H“ level ta CE pins of the chips to be
programmed and TTL “L”, level to CE pins of the
chips not to be programmed.

HANDLING OF MSM2716AS

Since the MSM2716AS5 is an ERROM of N-channel
silicon gate FAMOS type, pay special attention as
follows in addition 1o gereral handling caution of
MOS (Cs so as to maintain high reliability.
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« Attention during writing
Since all bits of the MSM2716AS are erased bafare
delivery, writing can be started as it is. Sufficient
erasure is nacessary before reprogramming.

For writing operation, avoid a location with strong
fight intensity. 100—200 lux is allowable.

& Attention during erasure

The contents of the MSM2716AS can be erased by
irradiation of ultraviolet rays. The charge {electrons)
in the floating gates decreases with the time lapse,
but erasing time tg till the threshold point (where all
bits are judged as 1 by a writer] is insufficient.
Irradiate for another 2 tE for sufficient discharge of
alectrons. ’

Threshold point
Charpe -
leve!
ttrrars srre—
Irradiation
f— tE —of 2E -] time

The irradiation energy for erasure of the
MSM2716AS cantents is 18W-secicm?.

# Caution for handling

1) Keep away from carpet or clath that generates
static electricity,

{2) Perfectly ground the using writer and the system
in which the MSM2718AS is used.

{3) If a soldering iron is used, be sure to ground it.

{4) Always carry in electrically conductive plastic mat.

{5) The programmed ROM must be encased in
electrically conductive plastic mat.

(6] Do not touch the glass seal portien with a hand
10 prevent insufficient erasure caused by decreasad
UV ray transmission.

» Caution for system debugging
Check the functioning status by fluctuating the
voltage by +5%.



OKI semiconductor

MSM2764AS

65536-BIT UV ERASABLE ELECTRICALLY PROGRAMMABLE

READ-ONLY MEMO

INTRODUCTION

MSM2764AS is a 8192 word x 8-bit read-only memory capable of being erased by ultra violet fight. The user may
thus gensrate the desired memory contents, and subsequently alter the contents very simpiy, making this device ideal

for processor programming etc.

MSM2764AS has been manufactured by N-channel silicon gate MOS technigues with a floating gate, and sealed in a

standard 28-pin cerdip package.

FEATURES
# Single power supply . . . ., +5Y
= Power consumption . . ., ., 7883 mW during opera-

tion, 18¢mW during
standby mode
& Ultra violet light erasable, and electrically rewritabie
& Raduced programming time. 400 seconds for all
65536 bits

@ Fulldecading . . .. .. ... 8192 wards x 8 bits

# Static operation . ... ... Clock unnecessary

® [nputfoutput TTL connection possible (tristate
output)

& Simple expansion of memory capacity (wired OR
connegctions)

e Accesstime . ., L. ..., 2580 ns

& Pin-compatible with Inte! 2764

Vee O—
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{Note) MS5M3764 le«—— Type No.
120 | P.G p+——- Package Material
1. DYNAMIC RAM L Acoess Time {ns) max.
| |
s::‘::' Té}itta I'I g(a)rru- Jleel:rg; Oki Hitachi Intel Texas ! Mostek Maotorola NEC Toshiba Mitsubishi Fujitsu
:zation‘_ Fin I
'r ; 29175 { MCM411630 |  uPD416
' soolp.e i ( 300 1 G.C | 300 [ P.G
HMA4716A-4 | 2117-4 | TMS411625 | MK41164 imc'mna-zs WPDA16-1 | TMMA416-4 | MSK41164 | MBS116N
| 250 | PG |250|p.6| 250 |r.c.c 250 | po 250 | Gc |20 [ p6 {280 | 6 [280] PG [as0 | ©
| MSM3716-3 | HMA7168A-3 | 2117-3 | TMS4116-20 | MK4116-3 Emcmns-zo uPD416-2 | TMM416-2 | M5K41163 | MB3116E
imk t6304] 1g 200J c | 200 L P.G 2001P.G 200 IP.G.C 200 | P.G ;i_zuo j G.C | 200 | P.G | 200 t G 2001 P.G 2ooL c
i x 1 MSM3716:2 | HMA716A-2 | 2117-2 | TMS4116-15 | MK41162 'MCM4116-15| wPD416-3 | TMMA4162 | M5KA1162 | MBS116H
| 150 T:%_h1§d_l_PTG_' 75_6[;:(3__157)—[:;6‘.6' Héblhp.-é #15010‘0 150 | .G | 150 LG‘ 1501P.G 150 | ¢
' lamarean | T B MB8216E
i 120 ] P.G 120 L c
[ HM4816
5 100| c [
|
[
| MSM3764-12 MK4164-12
65535 20| ¢ 120 ] ¢
6ak | 1| 16
MSM3764-15 | HMA864-2 [2164-15 | TMS4164-15 | MK4164-15 |MCMGB64-15 | uPD4164-3 | TMM4164C-3| M5K4164-16 | MB8264-15
150 | ¢ |10] ¢ fso|c o] e f1s0] ¢ {1s0] ¢ [0 ¢ [1s0] c [1wo]| ¢ [1s0] ¢
MSM3764-20 | HMA4864.3 MK4164.20 {MCMGE64-20 | 4PD4164-2 |TMMA164C4 | M5K4164-20 | MBB264-20
200 ¢ |200] ¢ 200 ¢ |200] ¢ |200| ¢ |180| ¢ [200]| ¢ [200] ¢
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2. STATIC RAM

Qr- |Num-
SLT::- Tgittal gani- |ber of ki Hitachi Intel Texas Muostak Motarola NEC Tashiba Mitsubishi Fujitsu
zation | Pin
MSM2125H-2 2125H.1
% | ¢ 2|6
TR AT [ [o |
MSM2125H-3 | MC2125
3 | C 6 | C
."1'“"472”4‘“ TMS4045-15 uPD2114L 5 MB8114H
150 | PG 150 I_n;.e.c 150 | PG 150 ] P.C
B —_—— e e e — b — —— — .—._,—__,—._,—-'_..
HM472114A TMS40/ MCM21/ o | TMM318A7 | MSL2114L
% msm211aL2 | B erraL2 | 090 mkatas | YOO |weo2viaLs | ) A MBS114EL
200] 3 2oo| P 2ODTP.G 200 ] P.G.C | 200 rp.c 2oo| P.C 2oo| PG |200| P 2oo| PG 2oo| P.C
' TMS40/ MCM21/ }
g MKat1a4 | MCMZV | upp211412
250 LP.G.C 250 I P.C 250| P.C 250| PG |
S J— |l
NMOS MSMZ114L-3 | HM472114-3 R114/L-3 MK4114-5 f&"_";o” uPD2114L-1 | gsl_znzu_ MB8114NL
ak {1024 | 12 [300 | P [300] p.G [300]PG] 1300 | p.c |so0 [ pc [s00] PG | 300 [ r.6 {300 [ pc
x4 T
| TMS40; MCM21/
MSM2114L |HMAT21144 | 21147 | TMS40 Mo 4PD2114 | TMM314A/L | M5L2114L
450—L P |4s0] ra 450]1).(; 450 | P.G.C 450[ P.C .|450‘ P.G 450( P 450| P.G
MSM2148-45 2148H |
% | ¢ 516 R R R D
MSMZ148-55 21483 MCH2148 T
55 | C 55 | G | 55 | C L
MSM2148-70 | (HMEB148) | 2148 MK2148
0] ¢ [70] p |w]ec 70
TMM2016P-1 MB8168
100 P 100
16k | 2048 | 94
x 8 MSM2128-12
120 P
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Struc- ‘Totai

ture | Bit

COMmS

Qr-

gani-

'fation

1024
x4

tlz\:;rlln;—[ Oki ‘ Hitachi ‘ Intel ‘ Texas Mosiek Motarola ‘1 NEC Toshiba Mitsubishi Fujitsu
| Pin S S S S R R
| MSM2128-15 | | I | TMM2016P | 5872515 MB8168
| 150 | P | ‘ ]‘ :’150l P {150 ‘ P.C 1501
i MsM212820 : _i_ o r - f_ - 4!_ 58725 o
R S N S AN N 5 1
| I msm2128-1 | TMS4016__ , |
_mfe ) MT _______ L |
| | MSM51042 | i

f200 | P | ‘ 1 ;
j | | j 250 [ P
] | MSM5104-3 ( T_ﬂ_—; h I I L—
! 18 i300 P | ?

G _Hﬁﬁw_ T | mcm146504 TC5504 ]:

i a50 | P ] l'L B 450 | P.C 450 I | J

I ' ! | | TC5504-1 ! J

| L R D R ...l L :

!» j TCE504-2 | :

| } .f 800 ’ [

“1?5'\35715{'"_7_"_____"___ ' | ' |
20| |-
_r | ' MBS414E
18 J ] 2507
MSME1 163 [ e T e e R
300 | P }
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. Or- | Num-
Struc- Total | gani- Jber of | Ok Hitachi | Intel Texas Mostek | Matorola NEC Toshiba | Mitsubishi | Fujitsu
zation] Pin
l| TC5047-1
55O | P
ak {1023] 49 ll I
-1 e TC5047-2
|
= | 5 g0 | P -]
| i v
MSM512812 | HMB116/L-2 i | uPD446-2 HI
120 L P 120 P ?- [ 120 [ P E
| —— — —— e ! — |
} MSME128-16 | HMB116/L-3 | uPD446-1 | {
| :
1 l P | 180 [ p ' 150 ‘ P L.
16k Q%Bl P | ! |
Il MSM5128-20 | HMB116/L-4 uPD426 | |
' 200] P 200‘ P 200 | P | |l
| | Tcs518 |
COMS ! ’ |
| ol s |
| MSM5114-2 uPD444-3 .! |[
| - |
| 2004| P 200 P | |
4PD4442 | :
250 | P | i
| MSM51143 | HM43343 #PDA441 |
ak |1024| 4q 300J p sooJ P 300! P |
x4 e e e R L -+
| MSMB114 | HM43304 uPD424 | TCB514 | M58981-45
{
4501 p laso| p 450 | P l450| P 450 | G
| 450 50 | S DU R LN AR Y l
TCE514-1
650 | P
TC5515-2
800 | P
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3. MASK ROM

] Or-

i Num- ]
Struc) TO&} | qani- berof|  Oki | Hitachi | intel Texas Mostek Motorola NEC Toshiba | Mitsubishi |  Fujitsu
jzation| Pin | .
] {
i I 1
) MSM2916 | HN462316E | 2316E MK34000-3 5 ’3‘,"1%"';‘63“ TMM334 MBB316
] |
T T
. looag as0! p 1450 | P lasoles 350 | Pc 350 | P.C 450 | P 450 | P
18k | 24 : !
. x8B 7
.- i MK31000-3 | MCMEBA | ,ppa3ie | TMM331A | MS58731
; r 316A
: -“' 550 | P.c [350 | Pc [4s0 | PG 450 ) P [es0 | PG
: MSM2032 2332A uPD2332 | TMM333 M58333 MB8332
, |
5. 14096 a0 | p ! as0|P.G 450 | .G [450] P [es0 | P [200] P
3% 24 _
1 x8 . -
. | HN46332 TMS4732 | MK320005 | HATMEBA
| 350 ] P as0 | PG 300 | PG |350 | PO
|-
NMDS | MK 36000-5 MCMEEBA,
| I 364
! | 300 [ PG 250 | PC
; 24 -+ A
gak ;2192 | HN48364 MOMBEA M58334
350 [ P 350 | P.C 650 | P
' 2364A nPD2364 TMM2364
28
as0| p.G aso | pc 20| P
MSM381728 uPD23128
128k 28 e i
450 | P 250| c

B 1517 JION3Y3I43Y SSOo”HO A




S/

4. EPROM

Or- {Num- I T
P | Tt | gani- fber of | Oki Hitachi | intel Texas Mostek Motorola NEC Toshiba | Mitsubishi | Fujitsu
zation| Pin | |
—— e e e | -
1 27161 MK27166 | MCM27A i
[ 1 — i !
L 350 | ¢ w0 | ¢ || ¢ |
: 27162 MK2716-7 i
1
|
| I <] N S—— T S S
L |o0eg as0ns | HN462716 | 2716 MK27168 | MCM2716 | wPD2716 | TMM323 | MSL2716 | MBa516
16k 24 | cerdip -
l x8 450 | ¢ |as0]c 450 [ ¢ [aso| c [as0] ¢ |aso| c [4s0] c jas0| ¢
| RS i [P — (S S —— —_—— —
! MBL2718 T
65
6s0 | ¢ |
— - L
| TMS2516 I
|
NMOS| S 4|0 lee | | 1 |
I‘ HN462732 | 2732 M5L2732 | MB8532
| T o
450 T c 450| c 450 | C 480 | C
45(3;}5 P— =t = Py f
a0 cerdip 51.2732-6 |
a2 20| 24
§50 | C |
HN462532 TMS2532 .l
as0 | ¢ 450 | G.C t
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64K BIT DYNAMIC RAM APPLICATION NOTES

1. MEMORY SYSTEM RELIABILITY

1.1 Relisbility Determination Factors

The memory system reliability depends upon tha four
factors shown in the left column of the following talte,
These factors are determined as shown in the right
column of this table.

Memopry system

s Factor determination
reliability factor

Systemerequired
refiability

Determined by the user-required
specifications {MTBF).

Unit capacity o [MB] = [word depth] %
[bit count]
Parts reliability Logic elsment Hard error
Memaory element Saft error

Cost

1.2 Hard Error and Soft Error

(1) Hard error
A hard error is a permangnt error which occurs each
time a certain address is accessed,

{1} Softerror
A soft error is a transient arror that does not repeat, The
following are the six causes for soft errors:

{1} Input dats paitern dependahility
{2] Refresh margin

(3] Temperature cycle dependability
(4) Insufficient powsr margin

(B) Insufficient system noise margin
{6) particle failure

items {1} through (5) are largely influenced by the
system design. Far item (8), it is required to consider
whether a remedy such as ECC should be taken or not
to satisfy the system-required reliability based on the
parts reliability (pertaining to bard errors and soft
orrors). See 1.3 and 1.4 for details.

1.3 Measures for Reliability Enhancement

The following are the two typical means for the en-
hancement of system reliability.

{1} Parity......  Error detection only (makes no
contribution to the MTBF enhance-
ment)

{2} BCC..... .. The SEC-DED* is used in general

* Single Eryor Correct — Double Error Detect
{one bit error correction and twoe bit error detection}

1.4 Raliabijlity Calculation Method

MTBF for a hard error and a soft error
{1} Memory element reliability

Hard error
Soft error

H = et (LW Hard error ratet
rg =g t (A5 : Soft error rate

178

Reliability
n n-1
R={rg) +nC, lrH-rgt — -{1 —rH}
ol

D
@ Probability of no hard error
@ Probability of one bit hard error followad

by no hard or soft error

Find a value for t when the value of R is e .

The following calculations are based on the assumption
that there is a low probability of two bit soft error
occurrance.

{2} Memory unit reliabdlity
Assume a memoary unit whose size is n bits in bit
width and k blacks in address capacity. The
memory alemsnt raliability is expressed as
follows:

- g M

r {A: error rate)

@ One bit correction
Find a value for t which satisfies the following
expression:

R={"+pc, "

(1 -r) }Xse

® @
@ Probability of all bits being correct
® Probability of arror occurrence for only one

bit
@ Only parity error detection without bit correc-
tion
Find a value for t which satisfies the following
expression:

R={M =g

& blocks i =

n bits

1.5 Rbeliability Calculation Result Example

{1} Comparison of 64k byte, 128k byte, and 256k
byte configurations {without ECC)

(1) sakbyte

Element | () (k) m::;
B4k 100 1000 115
200 106

100 100 15.9

50 21.1

16k

200 12.7

50 100 21.1

50 31.7
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(2 128Kkby1e (3) 256kbyte
AH AS MTBF AH AS MTBF
E
lement (Fit) (Fit) {vears) Element {Fit} {Fi1) {years)
B4k 100 1000 ‘5.8 Bak 100 1000 2.9
200 53 200 2.6
——————]
100 100 7.9 100 100 4.0
| S N —
[=1t] 10.6 50 5.3
16k 16k
200 6.3 200 3.2
50 100 10.6 s0 100 5.3
50 15.9 50 7.9

Notes: 1, The bit width is 9 bits for each case,
2, 1 bit is used for parity error detection.

{2) Comparison of 1M byte configurations Uwith ECC)

Reliability {years)
Elament AH (Fit A5 {Fit)
Bit width: 22 bits Bit width: 39 bits
100
{100%) 1000 8.2 (0.76) 7.910.79)
64k
100 1000 13.9 {0.76) 14.5 (0.79)
{50% 50%) - l ’
100 :
{100%) 100 8.3 (1.08) 6.8 {1.08)
16k
100 100 13.0 {1.05) 10.7 {1.08}
{50% 50%) ! ! ) !
Notes: 1. When the bit width is 22 bits, six bits are 4, The (50%, 50%) in the AH column means
used for the ECC. that 50% of the hard error rate AH is han-
2. When the bit width is 39 bits, seven bits are dled as the total bit hard error rate and the
used for the ECC. remaining 50% is handled es the one bit
3. Values in parentheses are the reliabilities in hard error rate {which reflects the hard
the case of parity error detection without error mode analysis resubt confirmed so far).
ECC.
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2. DECOUPLING CAPACITORS

The dynamic MOS RAM is featured by the great
power current at the active time in comparison
to that at the standby time,

For sxample, the rated value {lcc1) of the mean
power currant of the MSM3784 is 45mA, whils
the standby current {lcc2} of the MSM3764-12
{120ns version] is SmA. The former is approximately
10 times greater than the latter. The peak current
of the MSM3764 approaches 90mA in the worst case.
It is approximately 20 times as great as the standby
current lcc2,

Therefore, the power circoit must be designed so
as to prevent the above current wvariation from
causing an errongous operation of the mamoery.
A by-pass capacitor must be inserted for this
purpose. There are two types of by-pass capaci-
tors: high frequency capacitor and low fraquency
capacitor.

2.1 High Frequency Capacitor

In the lcc current waveform, the peak current
rises at a high speed such as 10ns, and a high
frequency noise represented by the following
expression is caused to occur by the L compo-
nent of the current applied to the capacitor:

A
Ly = Lﬂ_\t

To reduce the fluctuation oV, the wvalue of L
must be reduced.

For this purpose, the capacitor must be placed as
close as possible to the power pin of the IC. Fur-
ther, sufficient capacity for supplying the peak
current is required. The standard capecity for a
double sided circuit board (two layer circuit
board) is Q.05 ~0.1pF or more. The capacity
may be lass than this value for & multi layer
circuit board since the L component is less than
the former.

When designing a board, mount one capacitor
with excelient high frequency characteristics for
every two or three MOS IC memory chips, near
the power pins of these |C chips,

2.2 Low Frequency Capacitor

A low frequency capacitor is required for sup-
pressing the power fluctuation due to a sudden
current variation (for example, curreént wvariation
caused by a status change from the standby
status t0 the continuous access status or concur-
rant refreshment of the entire board) in a board
unit. The power fluctuation in this case is a slow
variation of several handrad ns,

For this reason, tha low frequency capacitor
must have a capacity larger than the high fre-
quency capacitor.

Though the capacity requirement depends upon
the number of memories which operate simulta-
neously {bit width), 50uF is enough for a 16~

180

32 hit systemn in 8 practical use.

As an example of capacitor which satisfies the
requirements in both 2.1 and 2.2 above, &
small-sized  tantalurn  capacitor  with  excellent
high frequency characteristics is showm in  the
folowing teble. It is desirable 1o mount a low
frequency capecitor near the power input pin in
order to suppress the fluctuation of power sup-

plisd from outside, even if 1this capacitor is
mounted.

Manufacturer Model Capacity {uf)
Oki Ceramic Co, | Mode) CA

0.1 ~ 20uF
tantalurm capacitor

The frequency charscteristics of the above
capacitor and the power bus bar are illustrated
in attached figure 1.

3. PRINTED CIRCUIT BOARD

3.1 Numbar of Layers

Considering the measures against power noise which was
described in 2, above and the routing to ba described in
3.2, two layers are enough in principle.

3.2 Routing

An example of routing on a two-layer circuit board is
shown in attached drawing 2. In designing the routing,
note the following four paints:

{i) The MOS drive line based on the TTL must be as
short 85 possible to prevent ringing {reflection) and
reduce crosstalk,

{11} Considerations are required to lowsr the imped-
ance of the power line (including the ground). (Far
exampla, make a solid or grid-formed power line
pattern. It is desirable that the power line pattarn
has width of at least 1.27mm.}

(111} 1f a signal line is to be branched far multi drive,
the line must be branched at the driving end.
{See the following figure.)

{1V} The memory matrix must be designed in an inte-
grated form, and peripheral drivers must be placed
near the mamory matrix.

— {0
—
O

Memory slement
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4., PERIPHERAL CONTROL CIRCUIT

The three types of dynamic RAM control 1Cs shown in
the following table are available at present.

Manufactuser Maodel Functions
intel i-3242 o Seven-bit address multiplex function {for 16K bit
dynamic RAM)
o Seven-bit refresh address count function
Motorala MC-3242 o Direct driving of mamory eternents {for approx. 20 elemants.

250 pF/25 ns 15 pF /9 ns}
© Application to a 84K bit dynamic RAM, example
{see the following figure)

Texas Instruments 74L 5601 © Refresh timer using an RC multivibrator
{T. 1} 603 o Timing generation
o Refresh address (7-bit address)
Advanced Micro AM2964A o Address latch/multiplex function (16-bit address)
Device (AMD) o Refresh addrass counter

o RAS decoder (2 ~ 4)

REF

ENABLE

A, , ! A,

| 3242 |

A — 1 ’ A, Msm3764
A‘!

A, 4R

A, ™

ROW ENABLE
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5. NOTES ON MOUNTING 1 MB memary on a board from the viewpoint of mounting
MEMORY ON A BOARD space. In this case, however, note the following paints

since the number of memory elements mounted is so
The advent of a 64K bit dynamic RAM such as the large as 128 ~ 176 (when redundant bits are provided).
MSM3764 has made it extremely easy to mount 1 MB

Point to be noted ! Consideration Practical example
Mounting of ( Meamory elemeants may be integrated or I M
memory r divided. Driver 41 r:-:'lorv
elements E {Design the memory array{s) to makse T 1 arvay
\ the drive lines shortest,)
4 | l R
. 4 Tivar )
| HtH L1
:i Memory array Mernary array
Memory Take care abaut the delay time and Drive alement
alement undershoot noise of the drive element.
driving method {if the condition V) min = -1V recom- Parameter Delay | {mA} _
mendad far the MOS dynamic RAM time 1oL Naise
operation is satisfied, the memory elements Element
will display the full reliability.)
sy ¥ 7404 Medium
16 je]
speed
74504 High 20 X
spead
Measuras o Two layers are enough for a board,
apainst noise {Pay attention to the power line pattern.)

o High frequency noise Mount a (.1 ~ 1 uF capacitor for every two
memory elemeants.

o Low frequency naise Mount a tantalum capacitor etc. of 50 uF
or more near the power input pin of tha
memory package. :

Timing design o Pravant skew between each timing in order Use 1Cs of the same tipe for racing timing
to enhance the system access speed. {for example, RAS or CAS).

o Make a sufficient margin in timing design, Skew and mounting delay

Thermal design Thermal design under the worst condition QOperation at a case temperature of 70°C
is required. must be guaranteed.
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6. MEMORY DRIVER

There are prohlems in driving MOS ICs by a TTL driver:
increase of driver delay time due to capacitive load and
ringing waveform at the falling edgs.

An example of the increase of delay time due to capaci-
tive load is shown in the following figure.

The number of load memory elements must he taken
into cansideration when designing the timing.

In case of LS

PROPAGATION DELAY TIMES
vs
LOAD CAPACITANCE

20 v T I5V - I
cc= !
o 18tR| =250 - ]
Ty =265°C .| 1 _| -

| 16-'a [
g 14 ) el
= L~
i 1 L~ ]
> 12}~ g
2 101 e :
] . o e
5 3-‘ l.
g ¢l A
8 6. !
a — |
a 4E' ;

2

ol |

D 10 20 30 40 50 60 70 80 90 100
€L — Load Capacitance — PF
In casa of §

‘5112,78113,'S114
AVERAGE PROPAGATICN DELAY TIME
CLOCK TO QUTPUT
Vs
LOAD CAPACITANCE

16 VC(I;=3\K.F
141 Ry =2808 ]
Ty =25°C

12

10 .

— Average Propagation Delay Time

0 25 BO 75 100 125 150 175 200

IPLH + IPHL
2

€|, — Load Capacitance — PF

M 64K BIT DYNAMIC RAM APPLICATION NOTES m

e1f the number of icad memory elements is 20 ~ 40
{150 ~ 300PF) on a two layer board, an undershoot
of -2 to -3V {peak voltage) occurs. Therefore, meas-
ures against ringing must be taken as described in the
following.

# Measuras against ringing

{1) No consideration is required for the rising edge
since there is 2 marpin,

{21 Since a ringing may be considered as a reflection

due to mismatching between the driver autput
impedance and signal line impedance, it can be
prevented by taking the tine matching {termina-
tion).
For memaory arrays, howevar, termination with
pull up or bleeder resistance is not effective.
instead, series resistance {damping resistance) is
suitable for memory arrays.

{3} Make the signal lines as short as possible, Multj-
layer board design is effective in reducing the
undershoot {as the signalt line impedance is
lowered).

{4) The optimul value of saries resistance differs
depending upon the speed, pattern siatus, and
driver, Experiences wili halp much in determining
the eptimul seriss resistance.

As a standard, a resistance of 10 ~ 100% is
suitable,

Note that the speed will be lowered if the resist-
ance is so great. An example is shown in attached
drawing 3.
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7. MEMORY COMPARISON
STANDARD

In ganeral, power, speed, and usability are reguired for
memory elements. At prasant, 64K bit dynamic RAMs
can be supplied by a lot of manufacturers, and thess
elements have almost unified specifications.

In designing a circuit board to achiave stsble system
operation, however, considerations must be given to the
specification vatues and margins against the specification
values, pertaining to the points shown in the following
table. Factors that will affect the stable system opera-
fion are power, temnperature, aging, clock skaw, unevan
operation of peripheral ICs, and so forth.

Point Actual item to be considered Reason
to be noted
Power o Currents (lccl, lee3, and lced) at the operating The power system must be noted.
time and current (lec2) at the standby time {sxample: with battery backup}
© Current waveform {especially the peak current The noise margin must be strict for
value} memories with large peak current.
Timing o Address setup (taAgR, tasc) and hold GraAH, In system designing, these timing pulses
margin toaH) timing are directly ralated to the access time.
o Data setup (tpg) timing and writa pulse width These timing pulses are related to the
{twp! cycle time in writing,
Voltags, temperature, and dependability of each The temperature inclination must be
timing (especially the tREF and tRAC) little for the timing pulses tREF and
tRAC:
Valtage It is impaossible to achieve the ideal voltage status A sufficient voltage margin must be
margin when used within a systam. provided under consideration of various
factors which will affect the system
operation stability.

Attached drawing 1
Frequency characteristics of capacitor and Q/PAC

50 ~

)

0.5¢

Model CB tantalum 1.0pF
capacitor {manufactured
by the Oki Seramic)

—--— Q/PAC {manufactured by
o the Rogers)

Model CB o pac

{between pins
1 and 2)

Q-PAC
{between pins|
2and 3}

0.06

50 100
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Attached drawing 2
Two layer board circuit pattern example
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Attached drawing 3
Input waveform axample Harizontal: S0 ns/div
{Vertical: 1 valt/div
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CMOS RAM BATTERY BACK-UP

A practical example of formation of non-
volatile data by CMOS static RAM battery
back-up is outlined below,

1. System power and battery switching
circuit

The most simplest RAM power supply {CMOS Vel is

outlined in Fig. 1, In this case, the CMOS Veo for

narmal operation is kept at a valtage 0.7V below the

systern wvoltage by the voltage drop across a diode
{forward direction),

System

Battery
battery

CMOS Voo

Fig. 1

Fig. 2 is an example of use of a chargeable Ni-Ca battery
as the back-up battery, While the system power is being
employed, the Ni-Ca battery is gradually charged up via
Rec. As in Fig. 1, the diode voltage drop alsc poses a
problem in this circuit.

D2 {optional}
r- M-

System _, I » TTL Ve

battery

CMOS Vee

D1
Rc

= Ni-Ca battery

us

Fig. 2

The conditions for formation of non-volatile data (data
retention) by batiery back-up are listed helow.

{3) The input signal H level must nat exceed Veo +
0.3V when the CMOS RAM Vce power voltage is
dropped.

(2) CE {or CS) must maintain CMOS Vee “H” level.

{3} In order to minimize power consumption, WE,
AD, DIN {or 1/Q) must be set to GND level or to
the same "H” lavel as CMOS Vec. [This is not
necessary, however, for CMQOS RAMs with chip
select floating capability).

Note: CS floating capability
Power down posszible irrespective of other input
levels when memaory has not been selected (i.e.
when CS = H).

Consequently, i§ the TTL Vcc level is greater than the
CMOS RAM supply voltage, and the RAM driver is at
the TTL Ve levet, the CMOS RAM input voltage will
exceed CMOS Vee + 0.3V (a situation which must be
avoided). Therefore, in order to reduce the voltags
difference between CMOS Ve and TTL Voo with the
battery voltage set to at least 4.5V or 4.76V {due to
the RAM operating suppty voltage range}, the D2 diode
may be added to abtain a system voltage level at least
0.7V above 4.5 ~ 4.76V {which will keep CMOGS Veceo
and TTL Vecc within the respective CMOS and TTL
operating supply voltage rangesh.

To cope with {1} and {3), a CMOS driver which will also
operate at a low voltage Vo during data hold may be
employed, or else, the open collector and open drain
buffer may be pulted up to CMOS Vcc in arder to drive
the RAM.

A control circuit for coping with {2) when an abnormal
system power supply is detected is also required.

2. Switching Circuit Modifications

Modification of the diode switching circuit can employ
PNP transistors, Voltage drops by PNP transistor Vg
are smaller by about 0.2V, and this can lead to the
generatian of a system “power fail’”’ signal.

System
battery

K2N222:3J” l

Fig. 3

Fig. 3 outlines a switching circuit employing a PNP
transistor. The Fc used when a chargeable batiery is
employed is replaced by a diode when a non-chargeabie
battery is used, In this case, switching occurs at the
zener diode voltege, so “‘power fail’’ must be detected
by another circuit, and CE set to CMOS Ve “high”
level.
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W CMOS RAM BATTERY BACK-UP &

Figs. 4 and 5 are examples of circuits capable of generat- point being tha need for a smooth gradual changa in
ing a POWER FAIL output signal. In thesa circuits, tha CMOS Vee when the system power is cut. Soa next page
C2 capacitance must be rather large, the important for further details.

L » TTL Voo

System >

¥ CMOS Voo Qi @ 2ZN2807 or 25A495

battery ~ ¢ |, N Re b .
L ez 1. e Q: : 2N2222 or 25C372
J;'— R, $F 4 I’ Rs :1K R2  :100

Rs :500 R4 ;47K

POWER
FAIL < D, :38v Bec :2.00
R, Ni-Cad : 3.6V
{7OmAH}

Fig. 4

# POWER FAIL signal

| —

' # TTL Vec or system Voo
TNAGTA 1K

3oV

battary

# CMOS Vec

| .
) BV L 4.6V Determined by Ct
System battery g /
' CMOS Ve | Example.
‘/ ' ' 0 3V > 2.0V
| .t=
N Cr = Battary (
=0 T LiLoad = 3V C_EZ v 2.6V
I \ €MOS Vee
=0.1 ~0.2Vv
C7 = C2 + (anothsr decoupling capacitor) GND > 1.5V
Fig. 6
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3. Data Retention Mode

The RAM driver (peripheral cireuwitl is determined
according to conditions {1} and {3) required for data
rewention. n Oki Electric CMOS RAMs, the power
voltage during data retention is kept at a minimum of
2,0V. The CE [or C5) voltage at this time has to be kept
at about Voo —0.2V. And as was mentioned earlier, the
CMOS Voo must drap smoothly when the system power

@ CMOS RAM BATTERY BACK-UP m

s cut until it reaches the power voltage for dara reten-
tion {practically equivalent to the battery voltage, or
else reduced by the diode voltage drop), And although
CE traces the slope of CMOS Vee reduction at this time,
a smooth change in CTE is also a necessary condition for
actual circuits,

{4) Whan switching to retention made, or from reten-
tion mode to operation mode, CE must exhibit a
smaoth change. If noise is generated in CE in this case,
the data will be subject to rewriting.

QOparation mode
Cmos Vee BV £+ 10%

Einput VTR =
Voo — 2.0V
{MIN)

Other inputs V|| =
0.8V (MAX)

'—' Data retention mode

Must be free of noise

L
{RAMP waveform) 2.0V (MIN)
ey ol
Vee — 0.2V
1 0.5V (MAX)

GND ————— = — —— l— ————————————
t=0 M

ay be longer

Fig. 7

{5} When switching to operation mode, commence
operation sfter elapse of tgye (read cycle time) following

Vee reaching the operating power voltage range,

Data .
i Operation
retention —-—| mode
mode CMOS Vec = 5V £10%
4.5V '
/2.5V {MIN)
““““““ = V|H = Ve — 2.0V
CMOS Vee . s 2.5V = 1{/2Vcc {MIN}
\\—_—
/'-_._—
CE ' I .
| | CE V|L = 0.8V IMAX]
GND —————1————— —I— - —— 1T ————-GND
May be longer ' tRC min,
Fig. 8
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4. Interfacing

A} TTL Interface
In the case of CMOS RAM drive by TTL, use an open-
collectar type TTL according to conditions (1) and {3).

When the system powaer line {i.e. TTL Veco) is cut, the
open-collector TTL Q2 in Fig. 9 is turned aff, followed
by Q1 also being turned off, resulting in the CMQOS
RAM input baing pulled-up to CMOS Vce.

CMOS Vee

TTL Vee

Switching circuit

. System power line
" or TTL Vec

R
ol

)
I

Fig. 8

When the power line voltage in LS type TTL is dropped
to ground, the output is also dropped to ground,
thereby making the pull-up rasistors for address line
buffers etc no longer necessary. In this case, howaver, it
will not be possible to employ this as a control line
buffer which must be switched to “high" during CE {ar
C5) data retention.

{6) 1in order to minimize the consumption current
during data retention, all inputs except CE {or T5, this
being designated as either “high" or "low’) must be

maintained at either GND or CMOS Vee. (This does
not apply, however, for CMOS RAMs equipped with C§
floating functient.

B} CMOS Interface

In systems where the CMOS RAM is driven by CMOS
buffer, operation must be at the data retention power
voltage, and the corresponding output voltage must
satisfy the raquirements indicated in Figs. 7 and 8.

YT 1 1 4 CMOS Ve
313 o, Voo
7
+ |
i CMOS
PR RAM
[
b
- b
Fig. 10

5. Miscellaneous

In order to further reduce power consumption during
data retention by even a small margin, the use of a MQS
FET as the transistor generating the POWER FAIL
output signal is recommended. This is in order to
prevant flow of current from the 14k12 resistor.
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MASK ROM KANJI GENERATION MEMORY
DESCRIPTION

1. KANJI GENERATION MEMORIES

IC Number | Character storing Config- Character Bit Access
models of codes capacity uration style capacity time

JIS standard No. 1

M 5 M38128- 00
¢ 3418 characters

18 24x24 Ming style 128K bits 450us max

M S M38128-17

Ms MB;IR& 18 . JIS standard No. 1

10
M S M38128- 27 3418 characters

High speed
memories

16 x 18 | Gathic style | 128K bits 450us max

JIS standard No. 1 . . 25us max
78 M S M28101 ! 3418 characters 16x 18 | Gothic style | 1M bits {16 x 18 transfer)
@D
g% JIS standerd No, 2 25
3 . . . 35 max
g 5| M M0 " | 3384 characters | 18718 | Gothiestvle | TMBIS 16, 15 transfer)
|
2. MSM38128 SERIES is represented by low level output.

The electrical specifications of the MSM38128 series

high speed kanji generation memory I1Cs conform to the 2.1 Pattorn Storing Method

specifications of the MSM38128 16384 word x 8 bit {1) 24x24..... Ming style

mask ROM, except that the output enable (OF) signal is The 8 address x B bit data per character is stored
active when set at a low level. The character data is in one chip, and one character is configured with
representad by high level output and background data nine chips,

Data

D,D,D,D,D,0,D, D,

n+1
n+2

n+3
n+4

Address

n+5

nth

n+7

Data direction and
address direction

be——————- Address direction

Data di ractign_'l_ . One character storing method
{24 x 28)

24 bits

oM



@ MASK ROM KANJI GENERATION MEMORY DESCRIPTION B

Since appraximately 2K bits of character data
can be stared in nine chips, the 3418 JIS standard
No. T characters are divided into two for storing
in two groups of nine chips.

The nine codes to form a character are stored in
nine chips as shown in the following figure,

M S M38128 M S M38128 M 5 M38128
=00 =01 -02

M5 M38128 MSM3IBI28 | M5 M3IBIZB
-03 ~04 -06

MS M38128 M5 M38128 | M5 M33128
-08 -7 -0

MSM38128 | MSM38128 | MSM38128
~09 -10 -1

M SM38128 | MS M38128 | MS M38128
-12 -13 -14

MSM38128 | MSM3B128 | MSM3s1Z8
18 -15 -17

Correspondence of chips to nine codes of a character

(2) 18x18..,.., Gothic style
The 4 address x 8 bit data per character is stored
in one c¢hip, and one character is configured with
ten chips, Each character data is associated with

unused data of two addresses,

4addres=es%: T
18 bits _"- , i

| . ]
2vind T B

— B bits -wf=— B bits a-‘
D,-— - D0y - - D
|
|
|

T :m
4 addresses|
+ |

f

4 lﬁ_jdl Tty

4 addresses

l-—— Data direction ——

]
!
-
T
[ A
-—--|

- Address direction — -

Data

—

0,0, 0,0,0,0,D, D,

n

n+1
n+2

Address

—

nt+3
L

Data direction and address direction

One character stofing method

{16 x 18)

The ten codes to form a character are stored in
ten chips as shown in the foll owing figure,

M S M38128 M S M38128
-18 -19

M S M38128 M S M38128
—-20 =21

M5 M38128 M S M38128
-22 =23

M S M38128 | MSM3B128
-24 25

MS M38128 | M35 mM3B128
-26 =27
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il MASK ROM KANJI GENERATION MEMORY DESCRIPTION &

2,2 Code Comprassion

The MSM38128 series memories perform code com-
pression so that a correspondence can be established
between the JIS kanji codes and compressed codes.

Y {second byte)

00 20 40 B0 7F
00
2121 Non-kanji area
20 7 7 gy 7 e i o
U ® e e A
277E
3021 1 |
X (first byte} 40 JIS standard No, 1
4F7E
60
7F Kanji code
Code
conversion
Second byte
00 20 20 60 7F

Undefined area)| 0021

. 10 | @ JIS standard
First byte @ No. 1
1F7E

1F Compressed code

@ : 0901 ~OF1F
® :1100~171F Non-kanji area
© :1900 ~1F1E

Note: In the csse of 24 x 24 character data, the part
above the broken line is stored in the MSM38128-00
to 08 chips and the part under the broken line is
stored in the MSM38128-09 to 17 chips.
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B MASK ROM KANJI GENERATION MEMORY DESCRIPTION m

< Compressed code >
First byte 0 0 8, a,, a,, ay Bp
Second byta a, ag a, a, a, By @
The following rule applies to the code conversion from JIS kanji code 1o compressed code.
JIS kaniji code
First byte Second byte
X? xi xs xd x3 x2 xl Y’J’ Yﬂ YS YI YS Y! Yl
~_Conversion ;
Comprassed code
<. Non-kanji area >
First byte Second byte
@3 3y 3y 8, By a7 3 dy 3 8 a, 3
0 (] Y, Y Xy X, X, 0 0 Y Y, Y, Y, Y,
< JIS standard No. 1 kanji area >
0 [0 X [ X, X | X |X Yo Ly [ v, |y, 1y, ]y, Iy,
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2.3 Code Compressing Conversion Circuit Example

74157
1A
1Y o a
X, o——D: 1B "
2A 2Y o a
X, o— 28 "
3A
3Y O B,
Y, o 3B
A ay o a,
Y, o 4B
SELECT
~

7}—

X

Yy O O ag
Y, o G A,

Y, & —3 @y

Y, o 0 a

Y, © -0 &,

X, o Q 34y
X; © © a,

K, O —0 a,
J1S kanji code Compressed cocle
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B MASK ROM KANJI GENERATION MEMORY DESCRIPTION ®

2.4 Simultaneous Reading of 24 Hirizontal Bits of 24 x 24 Character Data, Example

Compressed code - T T a, a, | < 12 bits >
MSB LSB
Row address within a [bs b, by b, b, ] < B bits >
character MSB LSB

The correspondence between the M3M38128 address input signal and compressed coda is shown in the following
table,

Address input Agg | Aga | Ay [Age | Ag | Ag [ Aq | Ay | A | Ay Al | A | A Ay

Compressed code a8, | a5, a ap a, a ay a, 8, a, 8, b, b, by

For the selection of ROM codes, a decode signal composad of bits bd, b5, and a12 is input to the CE and OE pins.

a, by b, ROM codes
o] ] 0 MSM32128-00, -01, 002
0 0 1 MSM38128-03, -04, -05
0 1 4] MSM38128-06, -07, -08
1 g o R MSMI38128-09, -10,-11
1 0 1 MSM38128-12, -13, -14
1 1 0 MSM38128-15, -16,-17

2.5 Simulteneous Reading of 16 Horizontal Bits of 16 x 18 Character Data, Example

Compressed code I T TR a a,]
MSB LSB

Row address within a character [by; b, b, b, b, |

MSB LSB

The correspondence between the MSM3B8128 address input signal and compressed code is shown in the following
table,

Address input Ay | A

Compressed-code a;; | 8y, La“, ag 8y a, a ag S a, a, a, b, b,
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B MASK ROM KANJI GENERATION MEMORY DESCRIPTION N

For the selection of ROM codes, a decode signal composed of bits b;, b,, and b, is input to the CE and OE pins.

brg B, [T ROM cades

MSM3812818, -18

MSM38128-20, -21

=
=]
—
_—_— ]

0 1 4] MSM38128-22, -23
0 1 1 MSM38128-24, -25
1 0 0 MSM38128-28, -27

3. MSM28101, MSM28201
For the MEM28101 and MSM28201, refer to the product catalogs,
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