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@ IC MEMORY LINE-UP AND TYPICAL CHARACTERISTICSH

o DYNAMIC RAMS

N Power
um- Consump-
Mem- Memory - [ber of| Access| Cycle tion Power .
Model Name | .°"Y | Circuit Function | Configura-| PInS | Time | Time | \ax |Supply | Equivalent
Capac- tion | P& | MAX | MIN (mw) |Voltage | Device
ity :;e - (ns) (ns) 0perating/ (V)
Standby
MSM3716-2 150 375 528/20 | +12,+5 | MK4116-2
16k 16 Pin Dynamic 16,384x 1| 16
MSM3716-3 200 375 528/20 -5 MK4116-3
MSM3732H-15 16 Pin Dynamic 150 270 248/28
32k A7 (Column)=H 32,768x 1| 16 +5
MSM3732H-20 200 330 248/28
MSM3732L-15 . . 150 270 248/28
32k L67 '?'é‘ Pvna)rg'c 32,768x 1| 16 +5
MSM3732L.-20 olumn)=L 200 | 330 | 248/28
MSM3764-15 150 270 248/28 TMS4164-15
64k 16 Pin Dynamic 65,536x 1| 16 +5
MSM3764-20 200 330 248/28 TMS4164-20
MSM3764A-12 120 230 330/28
MSM3764A-15| 64K 16 Pin Dynamic | 65,536x1| 16 150 260 330/28 +5
MSM3764A-20 200 330 330/28
MSM37256-15 150 270 440/28
256k | 16 Pin Dynamic 262,144x1, 16 +5
MSM37256-20 200 330 440/28
MSM41256-10 100 200 415/28
MSM41256-12 | 256k | 16 Pin Dynamic 262,144x1| 16 120 230 415/28 +5
MSM41256-15 150 280 415/28

® NMOS STATIC RAMS

Num- Power
Mem- Memory ber of | Access Cycle Cort\is:':np- Power Equivalent
ory PR . N _| Pins | Time Time Supply quivaien
Model Name Capac- Circuit Function Corg:,g:ra per MAX MIN I(vrln/-‘\z? Voltage Device
ity Pack- | (ns) (ns) Operating/ (\2]
age Standby
MSM2114L-2 200 200 396 211412
MSM2114L-3 4K | Static, Common 1/0 1024 x4 18 300 300 396 +5 2114L3
MSM2114L 450 450 396 2114L
MSM2128-12 120 120 660/110
Static, Common /O TMM2016
- : 50/11 +5
MSM2128-15 16K with Power Down Mode 2048 x8 24 150 150 550/110 M58725
MSM2128-20 200 200 550/110
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® CMOS STATIC RAMS

Num- Power
Mem- ber of [Access |Cycle [Consump- | Power
ory Memory | Pins | Time | Time tion Supply| Equivalent
Model Name |[Capac- | Circuit Function |Configura-| per | MAX | MIN MAX Voltage Device
ity tion Pack-| (ns) (ns) (mw) (V)
age Operating/
Standby
MSM5114-2 200 200 192/0.04
Fully Static, TC5514
MSM5114-3 4K Common 1/0 1024x4 18 300 300 192/0.04 | +5 uPD444
MSM5114 450 450 192/0.04
MSM5115-2 . 200 300 33/0.04
ak | Gockea Stetc. | 1024xa | 18 +6 | HME514
MSM5115-3 o 300 | 420 33/0.04
MSM5104-2 . 200 300 33/0.04
ak | Gocked Swte, | ao9ex1 | 18 +5 | HM6504
MSM5104-3 300 420 33/0.04
MSM5128-12 120 120 330/0.275
Fully Static, HM6116
MSM5128-15 16K Common 1/0 2048x8 24 150 150 300/0.275| +5 uPD446
MSM5128-20 200 200 275/0.275
MSM5127-15 16K Fully Static " 150 150 300/0.275 +5
Common 1/0 2048x8 2
MSM5127-20 16K 200 200 275/0.275
MSM5129-15 16K Fully Static 150 150 300/0.275 5
Common /0 2048x8 24
MSM5129-20 16K 200 200 275/0.275
MSM5126-20 16K Fully Static 2048x8 " 150 150 385/0.165 5
Common 1/0 X
MSM5126-25 16K 200 200 385/0.165
100 100
Fully Static
MSM5165 64K Common 1/O 8192x8 28 120 120 495/5.5 +5
150 150
e EPROMS
Power
Mem- l':l el:,':;; Access | Cycle | Consump- | Power
ory Memory Pins Time | Time tion Supply Equivalent
Model Name | Capac-| Circuit Function |Configura- MAX | MIN MAX |Voltage .
N N per Device
ity tion Pack. | (ns) (ns) (mW) (v)
age Operating/
Standby
MSM2708 8 | 24PinEPROM | 1024x8 | 24 | 450 | 450 | 800 |"'3*S1 2708
MSM2716 16k 24 Pin EPROM 2048 x 8 24 450 450 525/132 +5 2716
MSM2764 64k 28 Pin EPROM 8192x8 28 200 200 790/185 +5 2764
MSM27128 128k | 28 Pin EPROM 16,384x8 | 28 250 250 788/184 +5 27128




e MASK ROMS

= IC MEMORY LINE-UP AND TYPICAL CHARACTERISTICS= n

Power
Num- Consump-
Mem- ber of | Access | Cycle SUMP- | power
Model Name ory Circuit Function Ch::;? c:’r:/a- Pins | Time | Time n:z& Supply Equivalent
Capac- tiogn per | MAX | MIN (mW) Voltage Device
ity Paack- (ns) (ns) Operating/ (V)
98 Standby
MSM2916 16K | 24 Pin MASK ROM | 2048x8 | 24 250 250 550 +5 2716 EPROM
MSM2932 32K |24 Pin MASK ROM | 4096x8 | 24 300 300 687 +5 2532 EPROM
MSM2965 64K | 24 Pin MASK ROM| 8192x8 | 24 300 300 687 +5
MSM3864 64K |28 Pin MASK ROM | 8192x8 | 28 250 250 550 +5
MSM38128 128K | 28 Pin MASK ROM | 16384x8 | 28 450 450 660/110 +5
MSM38128A 128K | 28 Pin MASK ROM | 16384x8 | 28 250 250 550 +5
MSM38256 256K | 28 Pin MASK ROM | 32768x8 | 28 250 250 660 +5
JIS-Chinese-
character
MSM28101 coding system
40 Pin MASK RAM 3760x16 0~7, 16~47
1M | 18x16 Chinese-cha- x18 40 10uS | 22uS 893 +5
racter font output JIS Chinese-
character
MSM28201 coding system
48~87
28 Pin CMOS
MSM53256 256K MASK ROM 32768x8 | 28 200 200 +5
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PACKAGING

Packages
Name RS AS
No. of Pins
PLASTIC CERDIP SIDE-BRAZED

MSM3716 16 O @)

3732 16 O O

3764 16 O O

3764A 16 O O

37256 16 O

2114L 18 ©) O

2128 24 O

5104 18 O O

5114 18 @) O

5115 18 O @]

5126 24 O

5127 24 O

5128 24 O

5129 24 @)

5165 28 O O

2916 24 @) O

2932 24 O O

2965 24 O

3864 28 O

38128 28 O

38128A 28 O

38256 28 O

38256A 28 O

53256 28 O

28101A 40 O

28201A 40 O

2708 24 O

2716 24 O

2764 28 O

27128 28 O

Note: Model names suffixed by RS denote plastic mold devices, while AS denotes cerdip or side-brazed devices.

Ex.

MSM2916RS
MSM2916AS

plastic mold device

cerdip or side-brazed device
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RELIABILITY INFORMATION

1. INTRODUCTION

Semiconductor memories play a leading role in the
explosive progress of semiconductor technology. They
use some of the most advanced design and manu-
facturing technology developed to date. With greater
integration, diversity and reliability, 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 or 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. So
we have adopted a comprehensive quality assurance
system 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. Our quality assurance system and
the underlying concepts are outlined briefy 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,
developmental prototype, production prototype, and
mass production. This system is outlined in the follow-
ing block diagram (Fig. 1-1).

1) Device planning stage

To manufacture devices that meet the market demands
and satisfy customer needs, we carefully consider
functional and failure rate requirements, utilization
form, environment and other conditions. Once we
determine the proper 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) Developmental prototype stage

We determine circuits, pattern design, process settings,
assembly techniques and structural requirements during
this stage. At the same time, we carry out 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.

16

This is how we do it:

(1) After completion of circuit design (or pattern
design), personnel from the design, process tech-
nology, production technology, installation’ tech-
nology and reliability departments get together for
a thorough review to ensure design quality and to
anticipate problems that may occur during mass
production. Past experience and know-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 Group) refers to the
device group designed for stability evalua-
tion of MOS transistors, diodes, resistors,
capacitors and other circuit component
element used in LS| memories.

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

3) Production prototype stage
During this stage, various tests check the reliability and
other special features of the production prototype at
the mass production factory level. After confirming
the quality of device, we prepare the various standards
required for mass production, and then start production.
Although reliability and other special tests performed
on the production prototype are much the same as
those performed on the developmental prototype, the
personnel, facilities and production site differ for the
two prototypes, necessitating repeated confirmation
tests.
4) Mass production
During the mass production stage, careful management
of purchased materials, parts and facilities used during
the manufacturing process, measuring equipment,
manufacturing conditions and environment is necessary
to ensure device quality first stipulated during the
designing stages. The manufacturing process (including
inspection of the completed device) is followed by a lot
guarantee inspection to check that the specified quality
is maintained under conditions identical to those under
which a customer would actually use the device. This
lot guarantee inspection is performed in 3 different
forms as shown below.
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Fig. 2 Defect Processing Flowchart
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(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, EIAJ-IC-121

Devices which pass these lot guarantee inspections are
stored in a warehouse awaiting shipment to customers.
Standards are also set up for handling, storage and
transportation durihg this period, thereby ensuring
quality prior to delivery.
5) At Oki Electric, all devices are subjected to thorough
quality checks. If, by chance, a failure does occur after
delivery to the customer, defective devices are processed
and the problem rectified immediately to minimize the
inconvenience to the customer in accordance with the
following flowchart.

(3) Group C tests:
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3. EXAMPLE OF RELIABILITY TEST
RESULTS

We have outlined the quality assurance system and
the underlying concepts employed by Oki Electric.
Now, we will give a few examples of the reliability tests
performed during the developmental and production
prototype stages. All reliability tests performed by Oki
Electric conform with the following standards.
MIL-STD-883B, JIS C 7022, EIAJ-IC-121
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OKI MEMORY LSI LIFE TEST RESULTS

INFORMATION B

Device name

MSM3764-XXRS

MSM2128-XXRS

MSM5128-XXRS

Function 65536 x 1 bit 2048 x 8 bit 2048 x 8 bit
DYNAMIC RAM STATIC RAM STATIC RAM
Structure Si gate N-MOS Si gate N-MOS Si gate C-MOS
16P plastic package 24P plastic package 24P plastic package
. . Sample| Test . Sample| Test . Sample | Test .
Test item Test condition size | hours Failures Size |hours Failures size hours Failures
Ta=125°C
175 | 3000 0 40 1000 0 100 1000 0
Operating Vcc = 5.5V 0
life test Ta=150°C
Vee = 5.5V 50 | 1000 0 50 2000 0
140°C 85%
20 100 0 20 100 0
Temperature Vec =5.5V
humidity test 85°C 85%
Vee = 5.5V 520 | 3000 0 40 |1000 0 70 1000 0
Pressure 121°C 100%
cooker test No bias 340 300 0 40 300 0 50 300 0
Device name MSM2764-AS MSM38128-XXRS MSM2965-X XRS
Function 8192 x 8 bit 16384 x 8 bit 8192 x 8 bit
UV erasable EP ROM Mask ROM Mask ROM
Structure Si gate N-MOS Si gate N-MOS Si gate N-MOS
28 P cerdip 28P plastic package 24P plastic package
i . Sample| Test . Sample | Test . Sample | Test .
Test item Test condition size | hours Failures Size |hours Failures size hours Failures
Ta=125°C
40 | 2000 0 40 2000 0
Operating Vee =5.5V
life test Ta = 150°C
Vee = 5.5V 40 | 1000 0
140°C 85%
Temperature Vee = 5.5V
humidity test 85° C 85%
Vee = 5.5V 50 | 1000 0 20 | 2000 0 40 1500 0
Pressure 121°C 100%
cooker test No bias 40 500 0 40 168 0
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B RELIABILITY INFORMATION -

OKI MEMORY LSI ENVIRONMENTAL TEST RESULTS
Device name MSM3764-XXRS| MSM2128-XXRS |MSM5128-XXRS
Test item Test condition Sample Failures Sample Failures Sample Failures
size size size
Soldering 260°C
heat 10 sec
5 00° 20 (0] 20 0 25 [o]
Thermal 0 C~1 0C .
5 min 5 min
Thermal shock 10 cycles
environmental Y .
test -55°C~RT~150°C
Temperature | 30min  30min | 320 0 100 0 65 0
yeling 100 cycles
Variable 100Hz~200Hz
frequency 4 min per cycle
vibration 4 timesinX,Y,Z
Mechanical 1500G, 0.5 ms,
environmental Shock 5 times in each 20 0 20 0 18 0
test X, Y, 2
Constant 10000G or 20000G
acceleration 1 minineach X, Y, Z
Electrical
Environmental ESD 200pF, 0%2, 5 times 10 0 10 0 10 0
test
Device name MSM2764AS |[MSM38128-XXRS|MSM2965-X XRS
Test item Test condition Sample Failures Sample Failures Sample Failures
size size size
Soldering 260°C
heat 10 sec
0°C~100°C 50 (0] 10 0 50 0
Thermal 5 min 5 min
shock 10 |
Thermal cycles
environmental 50
test . . (-65°~
-55"C~RT~150"C RT~
Temperature | 30min  30min || 150°C | 0 126 0 80 0
yeling 100 cycles 30’ 3’
30’
20)
Variable 100Hz~200Hz
frequency 4 min per cycle
vibration 4 timesin X, Y, 2
. 1500G, 0.5 ms
Mechanical T ’
environmental Shock 5 times in each 50 0
test X ¥.Z
Constant 10000G or 20000G
acceleration 1minineach X, Y, Z
Electrical
environmental ESD 200pF, 0£2, 5 times 10 0] 10 0 10
test
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¢ Data example 1

Device: MSM2128-XXRS
Test: Continuous operation under high temperature
Test conditions: Ta=125°C, Vcc = 5.5V, f = 63 kHz

Test circuit

1/08
1107
1/06
1/05
1104

i

5.5V

€3 Timing

cs | L I
Iﬂ1 .Bus 16us

A, X X

VoH MAX

(v)

Tl

s+ 1 [ 1

'_
—

2._
OH  48H 168H BOOH
VoL MAX
V)
0.3+
0.2}
01k
OH  48H 168H 500H 1000H
Tac
(ns)L
110
100}
T 1 T i T
L L 1 pa 1
90

OH 48H 168H

500H 1000H
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¢ Data example 2

Device: MSM5128-XXRS
Test: Continuous operation under high temperature
Test conditions: Ta=125°C, Vcc = 5.5V

Test circuit
+5.5V
A
fyo—[1]A, Vee (22—
f,o—=[2]A, A, 23— 1,
feo—[3] A, A, [22+—o0f,,
fso——E A, WE [27}«—of,,
f,o—{5]A, OE 20—
fio—[6]A, A, o[Ble—of,,
f, 7]1A, CsS|18 fo
f,0——[8]A, 1/08[17
g]1/01 1/07 {16
[10] 1/02 1/06 (15} fia
11| 1/03 1/05[14]
f@ GND 1/04 13
- P ov

VoH MIN
(V)
4.4}

I T o ol T
43r T T T2
4.2+

Il 1 | 1
OH 168H 500H 1000H
VoL MAX
(V)
0.3f
T T 7T
E\f T 1
0.2}
0.1F
1 1 1 1
OH 168H 500H 1000H
TAc
(ns)
110
100

80}

P4

1
OH 168H

1
500H

1
1000H
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¢ Data example 3

Device: MSM3764-XXRS

Test conditions:

Test: Continuous operation under high temperature
Ta=125°C, Vcc = 5.5V, f = 330 kHz

Test circuit
Vee
Vee R
o———RAS
o———/CAS
o—WE
o——D|N DouT
o——A,
I
I
1
o—|A,
Vss
TREF
(ms) _ _
103
10%

OH 168H

500H 1000H 2000H 3000H

IR
o T

OH 168H 500H 1000H 2000H 3000H

Vce MAX
(V)
7'0-T T T T/I_—T
JL 1]
6.0-
OH  168H 500H 1000H 2000H 3000H
Vce MIN
(V)
a0l
3.5¢
LT 1T 1 T__I
I I 1 1 T
3.0F

| | 1 1 !
OH 168H 500H 1000H 2000H 3000H

Since these reliability tests must determine performance
under actual working conditions in a short period of
time, they are performed under severe test conditions.
For example, the 125°C high temperature continuous
operation test performed for 1000 hours is equivalent
to testing device life from 2 to 300 years of use at
Ta=40°C.

By repeating these accelerated reliability tests, device
quality is checked and defects analyzed. The resulting
information is extremely useful in improving the manu-
facturing processes. Some of the more common defects
in memory LS| elements and their analysis are described
below.
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4. SEMICONDUCTOR MEMORY
FAILURES

The life-span characteristics of semiconductor elements
in general (not only semiconductor IC devices) is
described by the curve shown in the diagram below.
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 Failure Rate Curve >

-8 RELIABILITY INFORMATION m

2 N Input section
Aluminum j/j[[ﬁfl
wire \T‘ Poly Si

Destruction
position

N Initial SHIPPING Wear-out

° failure Random failure

s failure

1

P m> 1

-

5 /

i General //
electronic /
devices

. | - Time
Semiconductor
elements

N————
Debugging by burn-in
screening

1) Surge Destruction

This is destruction of the input/output 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 miniaturization
of semiconductor memory component elements (which
means the elements themselves are less resistant), these
failures usually occur during assembly and other handl-
ing operations.

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 to checking endurance against
surge currents, special protective circuits are incorporated
in the input and output sections.

=

Example of surge destruction
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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 subjected to external electrical stress.
Although this problem is accentuated by the miniaturiza-
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 due to lonic Impurities

Under some temperature and electric field 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) Photolithographic Defects

Integrated circuits are formed by repeated photographic
etching processes. Dust and scratches on the mask
(which corresponds to a photographic negative) can
cause catastrophic defects. At present, component

elements have been reduced in size to the order of 10
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 cleanliness solves this
problem.

Photolithographic Defect
(Gate not formed in circled area)
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5) Aluminum Corrosion

Aluminum corrosion 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-
sible cause and effect relationship between structure
and manufacturing conditions on the one hand, and
the generation of aluminum corrosion on the other.
Refinements incorporated in Oki LSls permit superior
endurance to even the most severe high humidity
conditions.

6) Alpha-Particle Soft Failure

This problem occurs when devices are highly minia-
turized, such as in 64-kilobit RAMs. The inversion of
memory cell data by alpha-particle generated by radio-
active elements like uranium and thorium (present in
minute quantities, measured in ppb) in the ceramic
package material causes defects. Since failure is only
temporary and normal operation restored quickly, this
is referred to as a “soft”” failure. At Oki Electric we
have eliminated the problem by coating the chip surface
of B64-kilobit RAMs with a resin which effectively
screens out these alpha-particle.

Package ceramic

S s eover

Silicon oxide
film

Substrate silicon

lonization along
the a-particle path

7) Degradation in Performance Characteristics Due to
Hot Electrons

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

Drain
+VD
+Vag A
——I |
Gate : Hot elect
ron
Source g ot electrol
Gate
’L +Vp
Source Silicon oxide 00/ / Drain

%//*77777?&/ 80 ;;/N;///

Substrate silicon

Characteristic deterioration caused by hot electron

With further progress in the miniaturization of circuit
components, 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 informa-
tion gained from the field. And we subject all devices
to high-temperature burn-in screening for 48 to 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 the insulation 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 voltages. It is, therefore, necessary to
observe the following precautionary measures.

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

2) Always use an electrically conductive mat or ship-
ping tubes for storage and transporting purposes.

3) Avoid wearing apparel made of synthetic fiber
during operations. The wearing of cottons which do
not readily generate static electricity is desirable.
Also avoid handling devices with bare hands. If
handling with bare hands cannot be avoided, make
sure that the body is grounded, and that a 1M
resistor is always connected between the body and
ground in order to prevent the generation of static
electricity.

4) Maintaining the relative humidity in the operation
room at 50% helps to prevent static electricity.
This should be remembered especially during dry
seasons.

5) When using a soldering iron, the iron should be
grounded from the tip. And as far as possible, use
low power soldering irons (12V or 24 V irons).

2. Power Supply and Input Signal Noise
2.1 Power supply noise absorption

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

Although very little power is consumed by CMOS
memories during standby mode, considerable current
is drawn for charging and discharging (instantaneous
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 0.1uF for each
memory element. Power line wiring with as little line
impedance as possible is also desirable.

2.2 Input signal noise absorption

Overshooting and undershooting of the input signal
should be kept to a bare minimum. Undershooting in
particular can result in loss of cell data stability within
the memory. For this reason,
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(1) Avoid excessive undershooting when using an
address common bus for memory board RAMs and
ROM:s.

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

(3) Methods available for eliminating undershooting
generated in the address line include
a) Clamping of the undershooting by including a

diode.
b) Connect 10~20% in series with driver outputs.
c) Smooth the rising edge and falling edge wave-
forms.

3. CMOS Memory Operating Precautions
3.1 Latch-Up

If the CMOS memory input signal level exceeds the
Vcc power line voltage by +0.3V, or drops below the
ground potential by -0.3V, 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.

Although Oki CMOS memories have been designed
to counter these tendencies, it is still recommended that
input signal overshooting and undershooting by avoided.

3.2 Battery 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
Vcc +0.3 V when the memory Vcc power is dropped.
To achieve this, it is recommended that a CMOS
driver using a Vcc power common with the CMOS
memory, or an open collector buffer or open drain
buffer pulled-up by a Vcc 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 Vcc power line. And in
order t0 minimize memory 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 Vcc power line.

(3) Make sure that the CMOS memory Vcc power line is
increased without ‘'ringing’’ or temporary breaks
when restoring the battery back-up mode.

(4) When using synchronous type CMOS memories
(MSM5115, MSM5104), make sure that accessing
occurs after elapse of the chip enable off time (t¢c)
prescribed in the catalog after the Vcc power line
has reached the guaranteed operating voltage range.
For further details, refer to “CMOS Memory Battery

Back-up’’ at the end of this manual.
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EPROM WRITING AND ERASURE

1. EPROM Writing Erasure
1.1 EPROM MSM2716/2764 writing

Writing in the MSM2716AS involves setting the drain
and gate voltages of the floating gate stage to a high
voltage. When the drain voltage exceeds 15V and the
gate voltage 20V, the channel charge (electrons) be-
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 easily. When electrons build up in
the floating gate, the memory element ‘threshold
voltage’’ is changed, and subsequently stored as memory
data. Once the charge has been built up, the surrounding
oxide film (high insulation) prevents escape of electrons.
The data is thus stored as ‘non-volatile’”” data.

Drain

ate \/
/

Floating Gate

When the MSM2716AS is shipped from the factory,
the floating gate is left in discharged status (all bits **1'’),
i.e. “"blank” status. During writing processes, +25V is
applied to the Vpp terminal and V |y to the OE input.
The data to be programmed is applied in parailel to the
outputs (O, —7). After the address and data have been
set up, application of V| level for 50 ms to the CE
input will enable writing of data. Since the +25V
applied to Vpp is fairly close to the element’'s with-
standing voltage, make sure that the voltage setting is
maintained strictly within the 25V +1V range. Applica-
tion of voltages in excess of the rated voltage, and
overshooting, to the Vpp terminal can result in perma-
nent damage to the element.

Aithough MSM2716AS rewriting should be checked
about 100 times by sample testing, in actual practice 5
to 10 times is usually the limit. This will not likely
result in any problem.
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1.2 PROM programmer

Oki Electric employs a system whereby the various
programmer available on the market are examined, and
agreements reached with different programmer manu-
facturers. The purpose of this system is to check
compatibility between programmer manufacturers and
Oki Electric devices, and making modifications when-
ever required. Users are thus ensured trouble-free use.

In the event of EPROM trouble with Oki devices and
approved programmer, problems 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 MSM2716AS can
be effected by ultra-violet radiation of the memory
element. In this case, the charge is discharged into the
substrate or electrode by the ultra-violet energy, but
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
|
. Threshold

>

Exposure time

- tE wfe—— 2tE——]

Lengthy exposure to direct sunlight can also result
in loss of bits. Direct exposure of MSM2716 to
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 Defects 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 exposure
(several seconds) to ultra-violet radiation. But this
exposure must be keptshort. Exposure for 30 seconds
or more can cause changes in the normal bits.

2.2 Handling precautions

(1) Avoid carpets and clothes etc where static electricity
is generated.

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

HMEPROM WRITING AND ERASUREN

(3) Also make sure that any soldering iron employed is
properly grounded.

(4) Always carry in an electrically conductive plastic
mat.

(5) Written ROMs are also to be kept in an electrically
conductive plastic mat.

(6) Do not touch the glass seal by hand since this can
result in deterioration of the ultra-violet permeability
required 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
programming method is outlined below.

1. Usable media

(1) Magnetic tape

(2) EPROM
Magnetic tape and EPROM are used as standard (with
MSM2916 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 label

(3) Width: 1/2 feet

(4) Channels: 9 channels

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

(6) Block size: Integer multiples of 256 bytes
possible with 256 bytes as standard.
1 block, 1 record 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 be
included 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 completion 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)he, 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
toD,, and the MSB to D,,.

(3) 1" bits in the data denote high device output,
while 0" denotes low output.

2.4 Magnetic tape examples

Multi-file format (m chips)

%k : tape mark
B E
o 1-chip data file 1 * * * | % o
T File 2 File m T
/ - — —_—
/ ———
/ T ——
| | | | |
R R R R R
Block 1 | G| Biock2 | €| Block3 | G| Blockn-1| G|  Block n
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3. EPROM Specifications

(1) MSM2716, MSM2764, Intel 2716, 2732, 2764 or
equivalent device may be used.

(2) Prepare 2 EPROMs containing identical data.
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MASK ROM DEVELOPMENT FLOWCHART
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TERMINOLOGY AND SYMBOLS

1. Pin Terminology

Term EPROM ROM Static RAM Dynamic RAM

Power supply voltage pin Voo Vee Vee Vee Voo Vee
VGG VBB \7:1:]

Address input pin A, ~A, A, ~A, A, ~ A, A, ~A,

Data input pin DI D IN

Data output pin 0, ~ 0, Dy, ~D,; DO D oOUT

Data input/output pin 1/0, ~ 1/04

Chip enable pin CE CE CE

Qutput enable pin OE OE OE

Address enable pin AE

Chip select pin CS CS

Write enable pin WE WE WE

Row address strobe pin RAS

Column address strobe pin CAS

Program input pin Program, Vpp

Data valid pin DV

Clock input pin oT

Ground pin Vss Vss Vss Vss

Vacant terminal NC NC
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B TERMINOLOGY AND SYMBOLS B

2. Absolute Maximum Ratings

Term EPROM ROM Static RAM Dynamic RAM
Vpp. Vce Vee Vee Vpp. Vee
Power supply voltage VYGG. VBB \2:1:]
vss Vss Vss Vss
Terminal voltage VT \%A ¥ vt
Input voltage V) V) V| V)
Output voltage Vo Vo Vo Vo
Input current
Output current lo
Output shorting current los
Load capacitance
Permissible loss Pp Pp Pp Pp
Operating temperature Topr Topr Topr Topr
Storage temperature Tstg Tstg Tstg Tstg
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B TERMINOLOGY AND SYMBOLS ®m

3. Recommended Operation Conditions

Term EPROM ROM Static RAM Dynamic RAM

Vpp: Vce Vee Vee Vpp: Vce

Power supply voltage VGG. VBB VBB
Vss Vss Vss Vss

““H’’ clock input voltage ViHC

“H'’ input voltage ViIH VIH VIH ViH

L input voltage ViL ViL ViL ViL

Data storage voltage VeeH

Load capacitance CL CL

Fan-out N N N

Operating temperature Topr Topr Topr Topr
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4. DC Characteristics

B TERMINOLOGY AND SYMBOLS m

Term EPROM ROM Static RAM Dynamic RAM

““H’" output voltage VOH VoH VOH VoH

“L” output voltage VoL VoL VoL VoL

““H’" output current loH

L' output current

Input leak current IR} I I Ly

Output leak current ILo ILo ILo ILo

1/0 leak current ILo

Program terminal current Ipp1, Ipp2

Peak power on current Ipo Ipo. IsBP
Ipp. Icc Icc. fces Icc, lcca Ibp1.Icct. 18B1

Power supply current IBB. Icct lcca fcci.lcc2  |lpbp2 lcc2.!BB2
Icc2 lccs Iccs1 | lbpa.lcca 1BB3

Iss IDD4. Icca. 8B4
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5. AC Characteristics
(1) Read cycle

Term EPROM ROM Static RAM Dynamic RAM
Read cycle time tc.tRC. tcyc | tRC tRC
Address access time tacC tAA. tACC tA. tAC,
tACC. tAA
Chip select access time tco tcs tco. tACS1.
tacs2
Chip enable access time tcE tACE tAC
Output enable access time tOE tco tOE
Output setting time tLz tex. tLz
Output valid time toH toH tOH. tOHA
Output disable time tpF tHZ tOTD: tHZ, tOFF
tOFF
Address set-up time tAS tAS
Address hold time tAH tAH
Chip enable off time tce
Chip enable pulse width tCE
Power-up time tpy tpy
Power-down time tPD tPD
Address enable pulse width tAE
Data valid access time tvA
Data valid delay time tvD
Clock delay time tvH
Clock pule width tH
Clock delay time Tt
Output delay time DD
Output access time tDA
Output hold time tDH
Address enable set-up time tAES
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(2) Write Cycle

B TERMINOLOGY AND SYMBOLS m

Term EPROM ROM Static RAM Dynamic RAM
Write cycle time twe twc
Address set-up time tAS tAS, tAW
Write pulse width tpw tw, twp twp
Write recovery time WR
Data set-up time tps tps. tpw tps
Data hold time tDH tDH tDH
Output off time tDF tOTW. tWz tOFF
Chip select set-up time tCcSS tcw
Address hold time tAH tAH, tWR
Chip enable off time tcc
Chip enable pulse width tcw. tCE
Write enable set-up time tws
Write enable read time twCL
Write enable hold time twH
Address/write enable setting time tAW
Write enable output activation tow
Output enable set-up time tOES
Output enable hold time tOEH
Program read delay time tDPR
Output enable delay time tOE
Chip enable data valid time tpv
Program pulse rising edge time tPRT
Program pulse falling edge time tPFT
Vpp restoration time tvR
Chip enable hold time tCH
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OKI semiconductor
MSM3716 AS/RS

16384 WORD x 1 BIT DYNAMIC RAM (E3-S-001-32)

GENERAL DESCRIPTION

The Oki N-MOS integrated circuit MSM3716 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 iow power consumption while using a
single transistor.

FEATURES
® 16,384 words x 1 bit e Output data controlled 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, RAS only refresh and page mode
200ns access time and 375ns cycle time operations possible.
(MSM3716-3AS/RS) e TTL compatible low capacitance for all inputs.
e Standard 16-pin layout @ 128 refresh cycle.
® Low power consumption: 528mW (operation), 20mW
(standby)
PIN CONFIGURATION
(Top View)
/
] o]
g o
o )
(=] 2]
[ 1]
] 0]
[e] B
1 VBB 9 Vce
2 DN 10 A,
3 WRITE 11 A,
4 RAS 12 A,
5 A, 13 A
6 A, 14 DouT
7 A, 25 CAS
8 VDD 16 Vss
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ELECTRICAL CHARACTERISTICS
ABSOLUTE MAXIMUM RATINGS

# DYNAMIC RAM -

MSM3716AS/RS m

(Ta=25°C)
Rating Symbol Conditions Value Unit
VpD -1.0~ +15.0
Voo Respect to Vss 10~+15.0
Power supply voltage VBB Respect to Vss Vpp — Vss > 00 0 ~-200
VDD -0.5 ~ +20.0 v
Vce Respect to Vgg -0.5 ~ +20.0
Vss -0.5 ~ +20.0
Input voltage V) -0.5 ~ +20.0
Output voltage Vo Respect to VBB -0.5 ~ +20.0
Storage temperature Tstg -55 ~ +150 °C
Permissible loss Pp 1 W
RECOMMENDED DC OPERATING CONDITIONS
Recommended Operating
Parameter Symbol Conditions Conditions Unit
Min. Typ. Max.
VbD 10.8 12.0 13.2
Power supply voltage Vee 45 5.0 55
VBB -4.5 -5.0 -5.5 v
“H" clock input voltage (note 1) ViHC Vss =0 2.7 6.0
“’H" input voltage (note 2) ViH 24 6.0
“L” input voltage (note 3) ViL -1.0 0.8
Operating temperature Topr 0] 70 e

Notes: 1. RAS, CAS and WRITE inputs
2. A, ~ A, and D) inputs

3. All inputs
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EDYNAMIC RAM - MSM3716AS/RS®

DC CHARACTERISTICS
(Vpp = 12.0V10%, Vce = 5.0V+10%, Vgg = -5.0V+10%, Vss = 0V, Ta = 0~70°C)

Special Ratings

Parameter Symbol Conditions Unit Note
Min. Max.
DD 40 mA
Average power supply current _
during operation fect tRC =375 ns
18B1 200 MA
IDD2 | —— 1.5 mA
Power supply current during RAS =ViHqc
lcc2 -10 10 MA
standby mode DouT = High Impedance
iBB2 100 kA
IDD3 27 mA 4
Refresh power supply current lccs trc=375ns -10 10 HA
IBB3 200 HA
| __ 29 mA
DD4 RAS =V,L
Page mode power supply current lcca
tpc=225ns
'BB4 200 RA
Input leak current I XEB\; _j\é oV -10 10 uA
SV, X
Doyt = Disable
- 1 A
Output leak current Lo 0=V, <55V 10 0 M
"H"" output voltage VOH lp=-5mA 2.4 \
L' output voltage VoL lp=4.2mA 0.4 \

Notes: 4. Ipp1, Ipp3 and Ippg depend on cycle time.
5. Icc1 and Iccg are changed by output load. Vcc is connected to DoyT at low impedance during reading
of ""H" level data.
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M DYNAMIC RAM - MSM3716AS/RS B

AC CHARACTERISTICS AND RECOMMENDED OPERATING CONDITIONS
(Vpp = 12.0V£10%, Vec = 5.0V+10%, Vgg = -5V+10%, Vss = 0V, Ta = 0~70°C) (Notes; 6, 7. 8)

Parameter Symbol MSM3716-2AS/RS MSM3716-3AS/RS Units | Note
Min. Max. Min. Max.

Random read/write cycle time tRC 375 375 ns
Read and write cycle time tRWC 375 375 ns
Page mode cycle time tpC 170 225
Access time from RAS tRAC 150 200 9,1
Access time from CAS tCAC 100 135 | ns |10,11
Output turn-off delay time tOFF 0 40 0 50 ns
Rise and fall time tT 3 35 3 50 ns
RAS precharge time tRP 100 120 ns
RAS pulse 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 tCSH 150 200 ns
RAS and CAS delay time tRCD 25 50 30 65 ns 12
RAS and CAS precharge time tCRP -20 -20 ns
Row address set-up time tASR 0 0 ns
Row address hold time tRAH 20 25 ns
Column address set-up time tASC -5 -5 ns
Column address hold time tCAH 45 55 ns
Column address hold time from RAS | taR 95 120 ns
Read command set-up time tRCS 0 (0] ns
Read command hold time tRCH 0 0 ns
Write command hold time tWCH 45 55 ns
Write command hold time from RAS | twcR 95 120 ns
Write command pulse width twp 45 55 ns
Write command and RAS read time tRWL 60 80 ns
Write command and CAS read time tCWL 60 80 ns
Data input set-up time tps 0 0 ns 13
Data input hold time tDH 45 55 ns 13
Input hold time for data from RAS tDHR 95 120 ns
CAS precharge time tcp 60 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
Refresh cycle tREF 2 2 ms
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EDYNAMIC RAM - MSM3716AS/RS H

NOTES: 6. Normal memory operation may not be possible unless at least 8 cycles of operation are performed
after the power is switched on.
7. AC measurements when tT = 5ns.
8. Prescribed timing input levels of V)¢ (MIN), Viy (MIN) and V| (MAX).
9. In the case of trcp < treD (MAX); trac is increased only for trcp—trcD (MAX) for trcp >
treD (MAX) case.
10. For trcD = tRcD (MAX) case.
11. For 2TTL + 100pF load case.
12. trcD (MAX) is the value guaranteed by tRac (MAX), and when trcp > tReD (MAX) it is distrib-
uted by tcaC-
13. tpg and tpH are specified by the CAS falling edge during the write cycle (early write), and by the
WRITE falling edge during read modify write cycle.
14. twcs, tcwp and trwp are not parameters specifying operational limits.
twes = twes (MIN) results in write cycle (early write) with high impedance output.
tcwD = twes (MIN) and trwp = trwD (MIN) result in read modify write cycle.
READ CYCLE
tRC
RAS
== VIHC — 2 AR
RAS
Vi - N y N
tCSH f TRP ——{
1
tRCD- RSH = tCRP
cas ViHc - tcAs 7
CAS
ViL — \t /
tASR | ItRAH tASC
e e tCAH

ADDRESSES :’,:E:%iw%%“éss | SSEHYS Xk

tRCS .
wwre e~ 77777070000 Y77,
tRAC
DouT xg'l:': OPEN

Z “H"”, "L""=Don’t Care
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B DYNAMIC RAM - MSM3716AS/RS R
WRITE CYCLE (EARLY WRITE)
tRC
tRAS
RAS
tRSH - tRP—
tCAS r-—tCRP*

CAS

ADDRESSES

WRITE

ViH—

DIN
ViL—

VoH—
pout O™

OPEN

VoL—

% “H"”, “L"=Don’t Care

READ-WRITE/READ-MODIFY-WRITE CYCLE

tRWC

—— ViHC— 3

tRAS

RAS v, ~

tRSH

tRP

tCAS

——— ViHC—
CAS V:L_

tASR

RAH

[=~-CRP

ICAH

VIH — RO
ADDRESSES
ViL— mDDRESS

W

COLUMN /
ADDRESS 4

/.

tRcsl——l

TRWD

=—1tCWT

tcwD

ViHc—

WRITE
ViL—

VOoH-

_/

re——1ICAC———

tOFF

PouT g, -

OPEN

tRAC

ViH —
ViL —

W

V4

E4 “H", “L"=Don't Care
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E DYNAMIC RAM - MSM3716AS/RS -
““RAS-ONLY" REFRESH CYCLE CAS = V|Hc, WRITE = Don‘t Care
o tRC
tRAS ———=| \
RAS V::'_'C— g N
tRAH = RP
tASR
ADDRESSES ., V| /// ADRD%V\IIESS / //

VoH
D OPEN
OUT o,
£ “H","L"=Don't Care
PAGE MODE READ CYCLE
tRAS -
RAS Ve = tAR o
a—tCSH T e |e——TRSH tRP =
~tROD tCAS tcp tCAS <—tCAS e——tCRP
— Vihge— h /"
cas | HC N \
IL— tRAH v onn tc 9y
t tasc| [~ CA A
tASR ~-—_VJ L [AsC He tASC
—_—— =) C| Y
ADDRESSES z:['__ RO/ SSE &XS 5, 85X 7
tcac |=—tcac tCAC
rtIRAC tOFF tOFF tOFF
VoH— | )
DouT OPEN t
VoL—- L
J tRCS
fRCS—={ k= tRCH—=i|~ )y tRCH—= =
waE VIHC— b
WRITE
ViL— f W W
4 “H",“L'=Don’t Care
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EDYNAMIC RAM - MSM3716AS/RS H

PAGE MODE WRITE CYCLE

I tRAS
RAS  ViHc—T ) \‘———tAR—‘-

ViL- it

[=-tCSH e tRP

_ ~-tRCD! tCAS ™ tCRP
CAS VIHC—

ViL— tRAH 1

tASR tRAH [~=!CAH

5{'_ o,
ViH- ROW coL
ADDRESSES

V| L—{//}ADD ADD/ /

tWCHI‘_’1

VU

WRITE Virc- ///i;_ /7 7) J//;; % — I

tpgr=— =tDH % tDH% ;os ~ toH
/17, W58 o ) B

'~ tDHR— !

@ ““H"”, “L"=Don’t Care

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

Parameter Symbol Standard Maximum Unit Remarks
Input Capacitance (A, ~A,, D|n) o] 4 5
Input Capacitance (RAS, CAS, CRITE) (o] 8 10 pF
Output Capacitance (DoyT) Co 5 7 CAS=Vinc

57



EDYNAMIC RAM - MSM3716AS/RS B

TYPICAL CHARACTERISTICS

Cycle time trc (ns)

0 1.0 2.0 3.0 4.0

375
é’, 1000 590 4@ 3?0 250
i | l
£ 70 Ta (MAX)
e N
3
g AN
g 60 AN
£
e
£ 50
g
S
<

Frequency (MHz) = 10° /trc (ns)

Cycle time tgc (ns)

100 500 400

300 250

50

q,'/‘//
/

Maximum Ipp1 power current (mA)

0 1.0 2.0 3.0 4.0

Frequency (MHz) = 10%/trc (ns)
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Maximum Ipp3 power current (mA)

Maximum Ippg power current (mA)

Cycle time tgg (ns)
1000 500400 300 250

50
40
06
&7
30 3 4
Q@QQ /
n 3
2
20 \ Q~
o <t
\®)
//
101
7
s/
0

50

40

30

20

10

0 1.0 2.0 3.0 4.0

Frequency (MHz) = 10% /tgc (ns)

Cycle time tpg (ns)

1000 500 400 300 250

y ’,‘x(\’ I
A

\ .

P

0 1.0 2.0 3.0 4.0

Frequency (MHz) = 10% /tp¢ (ns)



OKI semiconductor
MSM3732 AS/RS

32,768-BIT DYNAMIC RANDOM ACCESS MEMORY (E3-S-002-32)

GENERAL DESCRIPTION

The Oki 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, buffer 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.
The MSM3732 is fabricated using silicon gate NMOS and Oki‘s advanced Double-Layer Polysilicon process. This
process, coupled with single-transistor memory storage cells, permits maximum circuit density and minimum chip

size. Dynamic 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
032,768 x 1 RAM, 16 pin package ® Three-state TTL compatible output
e Silicon-gate, Double Poly NMOS, single transistor cell ® ""Gated’’ CAS
® Row access time, ® 128 refersh cycles
150 ns max (MSM3732H/L-15) ® Common |/O capability using “’Early Write”
200 ns max (MSM3732H/L-20) operation
® Cycle time, e Qutput unlatched at cycle and allows extended page
270 ns min (MSM3732H/L-15) boundary and two-dimensional chip select
330 ns min (MSM3732H/L-20) ® Read-Modify-Write, RAS-only refresh, and Page-
® Low power: 248 mW active, Mode capability
28 mW max standby ® On-chip latches for Addresses and Data-in
e Single +5V Supply, +10% tolerance ® On-chip substrate bias generator for high
e All inputs TTL compatible, low capacitive load performance

PIN CONFIGURATION
(Top View)
Y4

NC E 1 16 j Vss
DmE 2 5 jm Pin Names Function
WE [: 3 14 jDoul A ~A, Address Inputs
- RAS Row Address Strobe
RASE 4 13 :]AG* CAS Column Address Strobe

. WE Write Enable
A 5 12 A"
? E ] : Din Data Input
Az*EG 1 ]A4~ Dout Data Output

Vee Power Supply (+5V)

At Q7 10 jAS“ Vss Ground (0V)
Vee E 8 9 j Ar * Refresh Address
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EBDYNAMIC RAM - MSM3732AS/RS B

FUNCTIONAL BLOCK DIAGRAM

-FWS Tlmlng
Generator t_j: Timing
CAS 1 Generator
Timing 1
Write _
Generator Clock |=e E
Column A\ [Generator|
Column
Address Decod
Buffers ecoders
Ag~A == 1/0 [™Output
0 7 E Sense Amps Selection|_] Buffer —Dout
Row ‘ 3
Address ]
Buffers R Word
ow or Data
De- | | Driv- Mzr:’?ry Input [=—————Din
coders| | ers s Registor
vce
Vss
On chip VBB
ABSOLUTE MAXiIiMUM RATINGS (See Note)
Rating Symbol Value Unit
Voltage on any pin relative to Vgg VIN. VouT -1to +7 Vv
Voltage on V¢ supply relative to Vgg Vee -1to+7 \
Operating temperature Topr 0to 70 °C
Storage temperature Tstg -55 to +150 °C
Power dissipation Pp 1.0 w
Short circuit output current 50 mA

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

RECOMMENDED OPERATING CONDITIONS

(Referenced to Vgg)

. . Operating
Parameter Symbol Min. Typ. Max. Unit Temperature
vce 45 5.0 5.5 \
Supply Voltage Vss 0 0 0 v
0°C to +70°C
Input High Voltage, all inputs ViH 24 6.5 \
Input Low Voltage, all inputs ViL -1.0 0.8 \
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#DYNAMIC RAM - MSM3732AS/RS B

DC CHARACTERISTICS

(Recommended operating conditions unless otherwise noted.)

Parameter Symbol Min. Max. Unit Notes

Operating Current®
Average power supply current Icct 45 mA
(RAS, CAS cycling; trc = min.)

Standby Current
Power supply current lcc2 5.0 mA
(RAS=CAS =V n)
Refresh Current

Average power supply current lcc3 35 mA
(RAS cycling, CAS = V|H; trc = min.)

Page Mode Current*
Average power supply current lcca 42 mA
(RAS =V, CAS cycling; tpc =min.)

Input Leakage Current

Input leakage current, any input |
(0V < VN £5.5V, all other pins not Ll
under test = 0V)

Output Leakage Current
(Data out is disabled, ILo -10 10 uA
0V < Voyt £5.5V)

Output Levels
Output high voltage (IgH = -5 mA) VoH 2.4 Y,
Output low voltage (g = 4.2 mA) VoL 04 \

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

CAPACITANCE
(Ta=25°C, f=1MHz)
Parameter Symbol Typ. Max. Unit
Input Capacitance (A, ~ A,, DN) CIN1 4.5 5 pF
Input Capacitance (RAS, CAS, WE) CIN2 7 10 pF
Output Capacitance (DoyT) CouT 5 7 pF

Capacitance measured with Boonton Meter.
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EDYNAMIC RAM - MSM3732AS/RS m

AC CHARACTERISTICS

62

Notes 1, 2,3 Under Recommended
Operating conditions

Parameter Symbol | Units MSW373215 | MSM373220 Note
Min. | Max. | Min. | Max.
Refresh period tREF ms 2 2
Random read or write cycle time tRC ns 270 330
Read-write cycle time tRWC ns 270 330
Page mode cycle time tpC ns 170 225
Access time from RAS tRAC ns 150 200 4,6
Access time from CAS tCAC ns 100 135 5,6
Output buffer turn-off delay tOFF ns 0 40 0 50
Transition time tT ns 3 35 3 50
RAS precharge time tRP ns 100 120
RAS pulse width tRAS ns | 150 (10,000 | 200 (10,000
RAS hold time tRSH ns | 100 135
CAS precharge time tcp ns 60 80
CAS pulse width tCAS ns 100 [10,000 | 135 |10,000
CAS hold time tCSH ns | 150 200
RAS to CAS delay time tRCD ns 20 50 25 65 7
CAS to RAS precharge time tcRP ns 0
Row Address set-up time tASR ns
Row Address hold time tRAH ns 20 25
Column Address set-up time tasC ns 0 0
Column Address hold time tCAH ns 45 55
eronesd 0 FAS | e | 9 120
Read command set-up time tRCS ns 0 0
Read command hold time tRCH ns 0 0
Write command set-up time twes ns -10 -10 8
Write command hold time tWCH ns 45 55
ferenced 0 FAS Wem | ns | % 120
Write command pulse width twp ns 45 55
Write command to RAS lead time | tRwL ns 45 55
Write command to CAS lead time | towL ns 45 55
Data-in set-up time tps ns 0 0
Data-in hold time tpH ns 45 55
:)a::;g hold time referenced tDHR ns 95 120
CAS to WE delay tcwD ns 60 80
RAS to WE delay tRWD ns 110 145 8




EMDYNAMIC RAM - MSM3732AS/RS B

NOTES: 1)

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

2) AC measurements assume tT = 5ns.
3) ViH (Min.) and VL (Max.) are reference levels for measuring timing of input signals. Also, transition

4

-~

times are measured between V|4 and V|L.

Assumes that trcp < tRCD (max.).

If trcD is greater than the maximum recommended value shown in this table, tR AC will increase by
the amount that tRCcp exceeds the values shown.

5) Assumes that trcp < tRCD (max.)
6) Measured with a load circuit equivalent to 2 TTL loads and 100 pF.
7) Operation within the trcp (max.) limit insures that tRAC (max.) can be met. tRcp (max.) is spe-

8

-

READ CY

cified as a reference point only; if tRgp is greater than the specified tRcp (max.) limit, then access
time is controlled exclusively by tCcAC.

twCs, tcwD and tRwD are not restrictive operating parameters. They are included in the data sheet
as electrical characteristics only; if tywcs = twcs (min.), the cycle is an early write cycle and the data
out pin will remain open circuit (high impedance) throughout the entire cycle; if tcwp 2 tcwD
(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.

CLE TIMING

tRC
RAS] -~
tAR
VIH — R
RAS N | / N
ViL — N 7
|t— tR P —f
tRCD tRSH tCRP+»
TAS vy _ Y L N\
tCSH
tCAH
fe—
ViH — Column
Addresses ViL - Address jW %
tRCH
IRR H >
WE  viL- /
tCAC
IRAC

Doyt YOH- { OPEN +—m——{

VoL~

Valid Data

“H", “L'" = Don’t Care
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WRITE CYCLE TIMING

(EARLY WRITE)
—1RC
— ViH—"" 73 tAR RAS
RAS vy~ X S N
| tRSH tRP—=
v tRCD tCAS |=-tCRP-=|
CAS v - NN | Wi \
tCSH
tASR| [tRAH L [caH
ViH — Column
Addresses ViL — { "~ Address W
|
t
Twes tweH |, cWb
—  VIH-— twp
WE g N T Y/ 7
; tRWL
tWCR
tp§——{ |=—f=—1DH
V .
DIN V'I"L'_V 7 % Valid Data
v tDHR {
bout I # OPEN :
READ-WRITE/READ-MODIFY-WRITE CYCLE
[ —IRWC
RAS
—— VIH- tAR {
RAS ViL— N —-! — ) trp
tRCD ’ tCAS -tcRP
— VIH- VA 4
CAs ViL- ‘ K \ ‘ I‘I / \
| 1t
tASR| [TRAR tASC, L tCAH | °oH
V|H-/ R
Addresses V||__—2’ {A%Véress; COIum%ress A
L' trwD towL —=—
v tRespel  =———tcwD tRWL —|
—_— IH- \
WE v - Wi
twp
tCAC —— tOFF
D VOH“ o "
OUT g -~ OPEN — Valid Data
tRAC tDS| | tDH
V _ T
D IH Valid
IN VL - /// % Data // A
“H’*, “L" = Don't Care
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RAS ONLY REFRESH TIMING
(CAS: VIH, WE & DIN: Don't care)

EBDYNAMIC RAM -

MSM3732AS/RS B

tRC

N

tRAS {
——= VIH -
RAS ViL - \( - ?H/
=—tRAH

I
tASR!

tRP

ViIH -
Addresses ViL - Row Address

i

Dout VoH -
VoL - OPEN -
70 “H", “L" = Don’t Care
PAGE MODE READ CYCLE
tRAS

—— VIH-T Y~ 'AR—

RAS  V|L- \ ” y
ol tPC—f fe——tRSH——— [=tRP

f——————tCSH— | {
—!RCD Cst%AS—q S —tcas ~tCAS= =—1CRP
SAs VIH- N P - /1
ViL- tRAH A\ - - . N_ -
tASR ,1A§€ CAH  Thascl ~J'CAH tasc| CAH

Adresses V1774350 WA, //NAdd.
. l——tCAC—' tOFF| f=-tcac t=tCAC |
RAC tOFF tOFF

DouT Vgt‘- OPEN tROCPsEN ¢ _—]
tRes  tRey| le—tRCH

~ =
VIH-
WE ViL - / / ﬂ 4 /

va .

‘L"'=Don't Care
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PAGE MODE WRITE CYCLE

tRAS

tRSH—= =R
1CRP

(SH—FCeE]
CAS-—+
N  —
“tAsct_ ICAH
VAKX I
WeHR—= |
~—tcwL
Yy S T, W
WP, ’ ‘-tWP-—
v ~[=DH _ tDSp— f+DHw _tos— ol
DN i //AMValid Data}(/// X Valid DataW ( valid Da%&// W
le—tDHR
P B H", L' = Don't Care
PAGE MODE, READ-MODIFY-WRITE CYCLE
tRAS
RAS
tcP tRSH RP
CAS N i
=~tCAH tasd [tcan taS c tCAH <———tCRP——~
v
Addresses TS Add
tCWD

‘IRCS| WDy |

WE
Din

VOH
DouT VoL

VA Wi
el
tWP
1:OF‘F FtCAC tCAC
OPEN
“H","”L" = Don't Care
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HIDDEN REFRFSH

EDYNAMIC RAM - MSM3732AS/RS B

Read Cycle

v
RAS V:t Y TARA-l

FtRP——W

RAS only cycle

tASRL‘ASE tCAH fASR | |IRAH
Addresses AQ - 233{'

e ‘ ‘_‘ tRCH
\' , s

WE v:t ///////////// tCAC W

tOFF
y tRAC

DouT vgt opEN_{ S

“H"”, “L'" = Don't Care

DESCRIPTION
Address Inputs:

A total of fifteen binary input address bits are required
to decode any 1 of 32,768 storage cell locations within
the MSM3732. Eight row-address bits are established on
the input pins (A,~A,) and latched with the Row
Address Strobe (RAS). The seven column-address bits
(A, through A,) 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 (trRaH) specification has been
satisfied and the address inputs have been changed from
row-addresses to column-addresses.

One Column Address (A,) has to be fixed at logic ‘0"’
(low level) for MSM3732L, and at logic “‘1’* (high level)
for MSM3732H.

Write Enable:

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

Data Input:

Data is written into the MSM3732 during a write or
read-write cycle. The last falling edge of WE or CAS is
a strobe for the Data In (DyN) register. In a write
cycle, if WE is brought low (write mode) before CAS,
DN 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 Dy is strobed by WE, and set-up and hold times
are referenced to WE.

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

a fan-out of two standard TTL loads. Data-out is the
same polarity as data-in. The output is in a high im-
pedance state until CAS is brought low. In a read cycle,
or read-write cycle, the output is valid after tgac from
transition of RAS when tgrcp (max.) is satisfied, or
after tcac from transition of CAS when the transition
occurs after tycp (max.). Data remain valid until CAS
is returned to a high level. In a write cycle the identical
sequence occurs, but data is not valid.

Page Mode:

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

Refresh:

Refresh of the dynamic memory cells is accomplished
by performing a memory cycle at each of the 128 row-
addresses (A,~A,) at least every two milliseconds.
During refresh, either V| or V| is permitted for A, .
RAS only refresh avoids any output during refresh
because the output buffer is in the high impedance
state unless CAS is brought low. Strobing each of 128
row-addresses with RAS will cause all bits in each 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 output data. This feature is referred
to as Hidden Refresh.

Hidden Refresh is performed by holding CAS as V|
from a previous memory read cycle.
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TYPICAL CHARACTERISTICS
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Icc2 (Stand-by) [mA] Icc2 (Stand-by) [mA]
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Icca (Page Cycle) [mA]
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Icca (Page Cycle) [mA]
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Address Input
v.s Vcc

I
Ta=25°C I
V|H min

/C/

/,V“_ max

2.0

1.5

Input level [V]

L
/

1.0

40 45 5.0 55 6.0

Vce [V]
Data Input
v.s. Vcc
1
Ta = 25°C
— 20
2
B VIH min
;'>.’ 1.0 //
2 L—"T V)L max
15

40 45 5.0 55 6.0
Vcee [V]

Clock Input
v.s. Vcc

1
Ta=25°C

20
ViH min
'5 /ﬁ

L—T VL max

Input level [V]

1.0

4.0 4.5 5.0 5.5 6.0
Vce [V]
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Input level [V]

Input level [V]

Input level [V]

Address Input

vs. Ta
Vce = 5.0V
2.0 Vi min
15 VL max
1.0
0 25 50 75
Ta [°C]
Data Input
vs. Ta
|
Vce =5.0V
2.0
1.5 ViH min
VL max
1.0
0 25 50 75
Ta [°C]
Clock Input
vss. Ta
Vce =5.0V
2.0
V|IH min
1.5
VL 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 [\ / \
CAS[ L \
80
60 |
icc
[mA] 49 i ﬂ
LN NV \’h’ N ;\v
\ \ JY

50 ns/div
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MSM3732 Bit MAP (Physical-Decimal)
‘ x

—
MSM3732H BIT MAP MSM3732L BIT MAP

/ [A7 column = “"H"] ! [A7 column = "L"] Orin1e \
191190 129128 192{193 254|255 191|190 129|128 192193 254/255
255(255 255|255 l 255255 255|255 127)127 127|127 J [ 127|127 127|127
63] 62 11 ol o 64| 65 126}127 63| 62 1l o 64| 65 126|127
255255 255|255 255] 255 256{255 127127 127|127 127[127 127[127
63| 62| 1 o 64] 65 126{127 63| 62 1l o 64| 65 126|127
254|254 254|254 [ |254]254 254|254 126126 126|126 126[126 126(126
191190 129{128 oc4 4192|193 254|255 191{190 129128 192{193 254|255
254|254 254|254 { J 254|254 254254 126126 126126 J 126{126 126{126
191190 129]128 192[193 254]255 191]190 129(128 192(193 254|255
253[253 253|253 [ [ 253|253 253253 125125 125{125 125125 125125
63| 62 1l o 64| 65 126(127 63| 62 1] oldlell) 64 65 126127
253|253 253]253[ { 253|253 253|253 125|125 125125 [ 125125 125|125
63| 62 il o 64| 65 126127 63| 62 1| of¢ 64| 65 126{127
252|252 252|252 252|252 252{252 124124 124]|124 124{124 124[124
191190 129128 192]193 254|255 191[190 129128 192|193 254|255
252|252 252|252 [ ] 252|252 252|252 124{124 124|124 E] 124|124 124|124
191}190 1291128 192|193 254|255 191|190 129|128 192|193 254|255
251|251 251{251 251|251 251|251 123/123 123123 123123 123[123

(Column)
191[190 129(128 | L 192[193 254255 191190 1291281 { L./ | |192]193 254|255
132{132 1321132 [ J 132/132 132132 4] 4 4| 4 r 4| 4 4] 4
191|190 129128 192(193 254255 191|190 129]128 J 192(193 2541256
131[131 131[131 131(131 131[131 3| 3 3| 3[T7° 3| 3 3| 3
63| 62 11 o 64| 65 126[127 63| 62 1 ) L| 64| 65 126]127
131131 131{131 [ 131[131 131131 3| 3 3| 3 3l 3 2| 3
63| 62 ) 64| 65 126127 63| 62 1| o 64| 65 126]127
130[130 130(130 130{130 130[130 2| 2 2l 2(1T°171 2! 2 2| 2
191|190 129]128 192]193 254|255 191[190 129(128] | | 192|193 254|255
130130 130{130[ 7 ] 130[130 130[130 2| 2 2| 2 [] 2| 2 2| 2
191{190 129|128 L 192|193 254|255 191190 129128 192|193 254|255
129129 12912917 129[129 129{129 1 1 1 1 1 1 1 1
63| 62 1l o 64| 65 126127 63| 62 11 o L| 64| 65 126127
129/129 129129 - £129129 129|129 1 1 1 1 [ 1 1 1 1
63! 62 1l o 64| 65 126|127 63| 62 1 o 64| 65 126{127
128128 1281281 128128 128128 o] o o] o ol o o] o
191[190 129]128 192193 254|255 191[190 129]128 192193 2541255
128|128 128[128 128128 128{128 ol o ol o ﬂ ol o ol o

Refresh Address Refresh Addiess Refresh Address Refresh Address
(63}—0) ‘%-st (64—]»127) | (63"-0) v YHT\._ (64->127) |
Din D, D, D, D, Din Bin D, b, D, D, Din
{Positive) (Negative) (Positive) (Negative)
Pin 8 (Row)
A = Row Address {Decimal) W Dri :
Cell B = Column Address (Decimal) ord Driver ©- i SenseAmp
B : Sub Amp (C = Number of Bus Line)
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OKI semiconductor
MSM3764 AS/RS

65,536-BIT DYNAMIC RANDOM ACCESS MEMORY (E3-S3-003-32)

GENERAL DESCRIPTION

The Oki MSM3764 is a fully decoded, dynamic NMOS random access memory organized as 65536 one-bit words.
The design is optimized for high-speed, high performance applications such as mainframe memory, buffer memory,
peripheral storage and environments where low power dissipation and compact layout is required.

Multiplexed row and column address inputs permit the 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 Polysilicon process. This
process, coupled with single-transistor memory storage cells, permits maximum circuit density and minimum chip
size. Dynamic 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
065,536 x 1 RAM, 16 pin package ® Three-state TTL compatible output
o Silicon-gate, Double Poly NMOS, single transistor cell ® “Gated’” CAS
® Row access time, ® 128 refresh cycles
150 ns max (MSM3764-15) ® Common 1/0 capability using “Early Write'’
200 ns max (MSM3764-20) operation
® Cycle time, ® Output unlatched at cycle and allows extended page
270 ns min (MSM3764-15) boundary and two-dimensional chip select
330 ns min (MSM3764-20) ® Read-Modify-Write, RAS-only refresh, and Page-
® Low power: 248 mW active, Mode capability
28 mW max standby ® On-<chip latches for Addresses and Data-in
e Single +5V Supply, +10% tolerance ® On-chip substrate bias generator for high
o All inputs TTL compatible, low capacitive load performance

PIN CONFIGURATION

(Top View)
. U
NCE 1 16]_Jvss
Di"E2 15:m Pin Names Function
—EE 3 14 jDou( Ay~A, Address Inputs
- RAS Row Address Strobe
RAS[: 4 13 ___lAe' CAS Column Address Strobe
. WE Write Enable
A 5 12 A"
o l: ] ? Din Data Input
A E 6 1 jAa. Dout Data Output
Vee Power Supply (+5V)
A E 7 10 As*
Vss Ground (0V)
Vee E 8 9 D A * Refresh Address
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MSM3764AS/RS &

FUNCTIONAL BLOCK DIAGRAM

RAS Timing
Generator Timing
CAS T Generator
Timing !
Generator ggéi WE
Column I\ Col Generator|
Address ) D 0 u;nn
Buffers ecoders
~ =] 1/0 [™]Output
Ao A-,I: Sense Amps Selection .| Buf‘f):,— LDout
Row ’
N
Address T-
Buffers R Word
ow or Data
De- Driv- Memory Input fe—0+—Din
o Cells Registor
|COUETS ers
| -
vce
Vss
On chip VBB
ABSOLUTE MAXIMUM RATINGS (see Note)
Rating Symbol Value Unit
Voltage on any pin relative to Vgg ViIN. VouT -1to +7 \
Voltage on V¢ supply relative to Vgg Vee -1to+7
Operating temperature Topr 0to 70 °C
Storage temperature Tstg -55 to +150 °C
Power dissipation Pp 1.0 w
Short circuit output current 50 mA

Note: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. Functional opera-
tion should be restricted to the conditions as detailed in the operational sections of this data stieet. Exposure

to absolute maximum rating conditions for extended periods may affect device reliability.

RECOMMENDED OPERATING CONDITIONS

(Referenced to Vgg)

. X Operating
Parameter Symbol Min. Typ. Max Unit Temperature
Vce 45 5.0 5.5 \
Supply Voltage Vss 0 0 0 v
0°C to +70°C
Input High Voltage, all inputs ViH 24 6.5 \)
Input Low Voltage, all inputs ViL ~-1.0 0.8 \
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DC CHARACTERISTICS

(Recommended operating conditions unless otherwise noted.)

@ DYNAMIC RAM

MSM3764AS/RS B

Parameter

Symbol Min.

Max.

Unit

Notes

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

lcct

45

mA

Standby Current
Power supply current
(RAS =CAS=V|H)

Icc2

5.0

mA

Refresh Current
Average power supply current
(RAS cycling, CAS = V|H; trc = min.)

folox]

35

mA

Page Mode Current*
Average power supply current
(RAS = V|, CAS cycling; tpc = min.)

lcca

42

mA

Input Leakage Current

Input leakage current, any input

oV < VN £5.5V, all other pins not
under test = 0V)

L -10

10

MA

Output Leakage Current
(Data out is disabled,
0V < VouT £5.5V)

o -10

10

uA

Output Levels
Output high voltage (IgH = -5 mA)
Output low voltage (Ig_ = 4.2 mA)

VoH 2.4
VoL

0.4

\
\%

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

CAPACITANCE
(Ta=25°C, f=1MHz)
Parameter Symbol Typ. Max Unit
Input Capacitance (A, ~ A,, D|n) CIN1 4.5 5 pF
Input Capacitance (RAS, CAS, WE) CIN2 7 10 pF
Output Capacitance (DoyT) CouTt 5 7 pF

Capacitance measured with Boonton Meter.
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AC CHARACTERISTICS

Notes 1, 2,3 Under Recommended
Operating conditions

MSM3764-15 | MSM3764-20
Parameter Symbol | Units Note
Min. Max. Min. Max.

Refresh period tREF ms 2 2
Random read or write cycle time tRC ns 270 330

Read-write cycle time tRWC ns 270 330

Page mode cycle time tpC ns 170 225

Access time from RAS tRAC | ns 150 200 | 4,6
Access time from CAS tCAC ns 100 135 5,6
Output buffer turn-off delay tOFF ns 0 40 0 50
Transition time tT ns 3 35 3 50

RAS precharge time tRP ns 100 120

RAS pulse width tRAS ns | 150 [10,000 | 200 {10,000

RAS hold time tRSH ns 100 135

CAS precharge time tcp ns 60 80

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

CAS hold time tesH ns | 150 200

RAS to CAS delay time tRCD ns 20 50 25 65 7
CAS to RAS precharge time tCRP ns 0

Row Address set-up time tASR ns 0 0

Row Address hold time tRAH ns 20 25

Column Address set-up time tASC ns 0 0

Column Address hold time tCAH ns 45 55
gt L R

Read command set-up time tRCS ns 0 0

Read command hold time tRCH ns 0 0

Write command set-up time twes ns -10 -10 8
Write command hold time tWCH ns 45 55

Write command pulse width twpP ns 45 55

Write command to RAS lead time | tRwL ns 45 55

Write command to CAS lead time | tcwL ns 45 55

Data-in set-up time tps ns 0 0

Data-in hold time tDH ns 45 55

2:?2; hold time referenced tDHR ns 05 120

CAS to WE delay tcwD ns 60 80 8
RAS to WE delay tRWD ns 110 145

Read command hold time tRRH ns 20 25

referenced to RAS
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NOTES: 1

2
3

4

5
6
7

8

)

)
)

-

)
)
)

-

i DYNAMIC RAM - MSM3764AS/RS B

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

AC measurements assume tT =5 ns.

ViH (Min.) and VL (Max.) are reference levels for measuring timing of input signals. Also, transition
times are measured between V|4 and V|L.

Assumes that trcp < tRCD (max.).

If trcD is greater than the maximum recommended value shown in this table, tR AC will increase by
the amount that tRCp exceeds the values shown.

Assumes that trcp < tRCD (max.)

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 met. tRcD (max.) is spe-
cified as a reference point only; if tRcD is greater than the specified tRcp (max.) limit, then access
time is controlled exclusively by tCAC.

twCs. tCwD and tRwWD are not restrictive operating parameters. They are included in the data sheet
as electrical characteristics only; if tycs = twcs (min.), the cycle is an early write cycle and the aata
out pin will remain open circuit (high impedance) throughout the entire cycle; if tcwp = tcwD
(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.

READ CYCLE TIMING

Dout

\Y)
Addresses

tRC -
tRAS-
t
ViH — Y AR 3
ViL — N 7 . \__
RP—=|
1 H
tRCD RSH =tcRP =
Vim — q tCAS
IH / \
ViL — K
tCSH
tASR| [tRAH _ | fcaw
IH— Column W //
ViL — Address /ﬁ(
‘ ! TRCH
tRcs}—" L {RRH=
VIH— / “W
ViL- b tcac
tRAC
VoH- | OPEN +——————< Valid Data
VoL~

an' “|" = Don't Care
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WRITE CYCLE TIMING

(EARLY WRITE)

MSM3764AS/RSE

—_ ViH—
RAS v _—
— VIH —
TAS v T

tRC
\ AR tRAS
A\ 7 \
| tRSH —iIRP—
'RCD) J | tCAS |=-tCRP-
Wi N\
tCsSH
tASR| [tRAH _ [eaH

Addresses \\//1': _ 7 3 C%Igmgss / %(
twecs | tWCH fowL
w "
0 TRWL
e ——— YR
DIN ‘\’/|"l"_:/ Avmid pata W)/
IDHR
DouT \68::': OPEN F

READ-WRITE/READ-MODIFY-WRITE CYCLE

tDS| | tDH

——TRWC
RAS
-"—\k<————tAR-———
N /]
T
, tRSH f=—tRP
tRCD tCAS tcRp
| L7\
1 | t
tASR| [TRAH tASC AR CSH
R Column
A%Véress ° uAdciress m
' tRWD towL——
tRc}fJ fe————tcwD tRWL —=
W h\
typ
tCAC—= —= tOFF
_——t————  OPEN '__{ Valid Data
tRAC

T

Valid
Data

//

“H"”, “L" = Don't Care
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RAS ONLY REFRESH TIMING

(CAS: VIH, WE & DIN: Don't care)

B DYNAMIC RAM - MSM3764AS/RS B

tRC
tRAS !

== VIH -
RAS v, -

tRAH-»
tASR=—

f -

I tRP

Addresses \\;:t :y//////////////

Row Address

T

b VOH -
OUT voL - OPEN
70|, “‘L"" = Don't Care
PAGE MODE READ CYCLE
RAS
— VIH- ‘“\——tAR—ﬂ
RAS VL- \ i »
[e——tRSH——| [=tRpP
tCAS ~—tCAS™ =—ICRP
——  ViH- - /7 T
CAS |- . .
tASR tCAH taoc] ICAH

VIH-
Adresses ViL-

VOH-

PouT y g, -

. iﬁa_cs tacﬁ ;

tCAC =-tCAC |
tOFF tOFF
OPEN $ !
RCS

Col.
Add.

N,

N/ §

!‘—tRCHi

V/)'"H"",""L"'=Don't Care
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PAGE MODE WRITE CYCLE

MSM3764AS/RS B

X
>

—— ViH-""

Addresses

Din

tRAS

VI ki {‘_Rp;]\_
SRR Teas = FHCh (=-tcAs FCRP

ViL - tRAH l ;Fi‘ B

tasR|["] _|tABc (CAHT tASC_I‘_—TCAH

NN/ ) 1 N SN T

| tW(:H|--:C—{WL_ﬂ tWCHl-TC—VJVL_-

%:*:-Wmﬁlm . /m\r .1 M S
‘—-tv_v'c':‘tD: DS tDH—‘ DS ETWRWL

- Zd;vm.d Dj%%Vahd Data% @&vm.d Data%///////////ﬂ/
~—tDHR

“L'"" = Don't Care

PAGE MODE, READ-MODIFY-WRITE CYCLE

CAS

Addresses

DiN

Dout

VIH
ViL

ViH
ViL

VIH ~

ViL

ViH
ViL

ViH
ViL

VoH
VoL

tRAS

tcp

sl

tRP

[=——tRSH—

/

N

- tCAH

tASC

tCAH /I;’:T\

tCAH

Ly ‘.%?E’///////

‘thc_:gl 1CWD e |

A

——tCR PA*I

d

tcwD

r‘-.
XXXV
tOFF FtCAC tOFFFtCACb

OPEN

ea .

“L" = Don’t Care
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HIDDEN REFRFSH

MSM3764AS/RS B

Read Cycle————— =
R VlH tRP—=
RAS viL FtAR N
s v ] l
Vi
tASR *ASR | IRAH
\Y
Addresses V::-_‘
’j ]ECH
we VIH
WE Vi M
ViL 211 tCAC :W
OFF
Vo tRAC
H Y X
DouT VoL ———OPEN—+ Valid Data
“H", "L’ = Don’t Care
DESCRIPTION same polarity as data-in. The output is in a high im-

Address Inputs:

A total of sixteen binary input address bits are required
to decode any 1 of 65536 storage cell locations within
the MSM3764. Eight row-address bits are established on
the input pins (A;~A,) and latched with the Row
Address Strobe (RAS). The eight column-address
bits are established on the input pins and latched with
the Column Address Strobe (CAS). All input addresses
must be stable on or before the falling edge of RAS.
CAS is internally inhibited (or “gated’”) by RAS to
permit triggering of CAS as soon as the Row Address
Hold Time (tRaH) specification has been satisfied and
the address inputs have been changed from row-addresses
to column-addresses.

Write Enable:

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

Data Input:

Data is written into the MSM3764 during a write or
read-write cycle. The last falling edge of WE or CAS is
a strobe for the Data In (D) register. In a write
cycle, if WE is brought low (write mode) before CAS,
D|N is strobed by CAS, and the set-up and hold times
are referenced to CAS. In a read-write cycle, WE will
be delayed until CAS has made its negative transistion.
Thus Dy is strobed by WE, and set-up and hold times
are referenced to WE.

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

pedance state until CAS is brought low. In aread cycle,
or read-write cycle, the output is valid after tgac from
transition of RAS when tgcp (max.) is satisfied, or
after tcac from transition of CAS when the transition
occurs after trcp (max.). Data remain valid until CAS
is returned to a high level. In awrite cycle the identical
sequence occurs, 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-address
is eliminated.

Refresh:

Refresh of the dynamic memory cells is accomplished
by performing a memory cycle at each of the 128 row-
addresses (A ~A;) at least every two milliseconds.
During refresh, either V| or V| is permitted for A,.
RAS only refresh avoids any output during refresh
because the output buffer is in the high impedance
state unless CAS is brought low. Strobing each of 128
row-addresses with RAS will cause all bits in each 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 output data. This feature is referred
to as Hidden Refresh.

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

Access time from RAS
(Relative value) v.s. Vcc

S Ta=25°C
o
1)
1.1 \
o N
3]
2
€10
3
7‘3 \
> 09
Q
<
3
4.0 4.5 5.0 5.5 6.0
Vee[V]

Access time from RAS
(Relative value) v.s. Ta

i

;5 Vce =5.0v
& 11 -
] /
©
e

(8]

< 1.0

x <
~
®
E 09

o

<

r

0 25 50 75
Tal°C]
Access time from CAS
(Relative value) v.s. Vcc

- T

S Ta=50°C

Q TRCD = max.
10

1.1

8

> Ta=0°C

(&]

1.0

g N

X

8
> 09 B

g \

e N

4.0 4.5 5.0 55 6.0
Vce [V]
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lcct (tras: Constant)

v.s. Vee
50 L}
Ta = 25|°C
—_ tRAS = 140 ns S
£ 40 -
E Bt 210
’g // 330 s
s 30
o —
@ L
S 500 1S
- 20 —
Q
S | 10001S
4.0 4.5 5.0 55 6.0
Vee [V]
Icct (tRAS: Constant)
v.s. Cycle rate
50 T
Ta = 251°C
< tRAS = 140 ns VDD = 5.5V
£ 40 "
= 5.0V
c
i) 4.5V
§ 30 /A
2 //
Q
o 20
°
2 3 4 5
Cycle Rate (1/tgc) [MHz]
Icct (tRAS: Constant)
vs. Ta
50— T
Vclc = 5.5\{
< tRAS = 140 ns
E 40 RC = 24
= 0 ns
i -\i‘m.
g ——
2 % —=2%0ns
o
: T ——— 500 ns
O 20
o
T — 1000
[——t——— NS
0 25 50 75

Ta [°C]



Icc1 (Operation) [mA] Icc? (Operation) [mA]

Icc1 (Operation) [mA]

Icc (trp: Constant)
v.s. Vcc

50

|
Ta=25°C
trp = 100 ns 240 ©°

40 WRC
/
é/ 50005

]
— = [
——/’//‘1000 ns)
LA,

30

20

4.0 4.5 5.0 5.5 6.0
Vee [V]

lcct (trp: Constant)
v.s. Cycle rate

Vpp =5.5V
/5.0V

40

20

-

2 3 4 5
Cycle Rate (1/tgc) [MHz]

Icc1 (trp: Constant)
v.s. Ta

50 T T
Vcec = 5.5V

tR;a =100'ns

40— T
—

1\

[
~——
30 \\.
~—~——

~\
20 <

BDYNAMIC RAM - MSM3764AS/RS B
Icec2
v.s. Vec
Vin: max.
_ 50
<
E
'_.°>I 4.0
°
& o°C
& 3.0 T
& _— 25°CL
y | TS
- P
2.0 75°C -
4.0 45 5.0 5.5 6.0
Vee [V]
Icc2V.S. Ta
\"/ c = 5.5V
5.0
< 1H: max.
E
= 4.0
Keo]
ke
s
& 3.0
N \
13) \
° S~
2.0 ~
0 25 50 75

Ta [°C]
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Icc3 (Refresh Cycle) [mA] Icc3 (Refresh Cycle) [mA]

Icca (Refresh Cycle) [mA]
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lcc3 (tRAS: Constant)
v.s Vce

40

T
Ta=25°C
tRAS = 140 ns
30

/é
— T |

20

10

4.0 4.5 5.0 5.5 6.0
Vee [V]

Icc3 (tRAS: Constant)
v.s. Cycle rate

40

T
Ta=25°C

tRAS=140ns| oo - 55y

-
r 5.0v

,é L 4.5V

30

20

o

1 2 3 4 5
Cycle rate (1/tgrc) [MHz]

A\

Icc3 (tRAs: Constant)
vs. Ta

40

T T
Vce = 5.5V|
tRAS = 140 ns
30 TRA <
\'?C 24 ? ns
B 330 ns

220 ns |

20

i
10 000 nsl

Ta [°C]

MSM3764AS/RS &

Icc3 (Refresh Cycle) [mA] Icc3 (Refresh Cycle) [mA]

Icc3 (Refresh Cycle) [mA]

lcc3 (trp: Constant)
v.s. Vcc

40

T
Ta=25°C
tRp =100 ns A0 0
30 \RC 22T
NS

_—
_——F— P50

]

L—

20—

10

4.0 4.5 5.0 5.5 6.0
Vee [V]

Icc3 (trp: Constant)
v.s. Cycle rate

40 T
Ta=25°C

tRP = 100 ns Vee = 5.5V

C 5.0V
- 4.5V

30

A\

20

|\

//
———

10

1 2 3 4 5
Cycle rate (1/tpc) [MHz]

Icc3 (trp: Constant)
v.s. Ta

40 T
Vce = 5.5V|

tRp = 100 ns
30 tRAS
\ﬁ 240 ns
'\#\,_3'3’0_%
\.'\ 500 ns

20

10

Ta [°C]



Icca (Page Cycle) [mA]

icca (Page Cycle) [mA]

lcca (Page Cycle) [mA]

Icca (tcAs: Constant)
vs. Vee
T
Ta=25°C
tcAas = 100 ns
40 7350 ns]
vC @
30 / 230 nS-‘
/;/ 200 05
/ S
ol o0y
//
4.0 4.5 5.0 5.5 6.0
Vce [V]
Icca (tcAs: Constant)
v.s. Cycle rate
1
Ta=25°C
tcAs = 100 ns
40 *
Vcc =55V
%0 A1 s0v
o
/
20
2 4 6
Cycle rate (1/tpc) [MHz]
Icca (tcas: Constant)
vs. Ta
T
Vcec = 5.5V,
tcAas = 100 ns
40
[ pe =
\\C. 1§0 ns
30 T —] Sals]
\\m230 ns
\‘OO Ds
20 ——J ]
0] 25 50 75
Ta [°C]

Icca (Page Cycle) [mA] Icc4 (Page Cycle) [mAl

Icca (Page Cycle) [mA]

# DYNAMIC RAM -

lcca (top: Constant)

v.s. Vce
I
Ta=25°C
tcp =50 ns
40 0 s
1pC Fjﬁ
— 1230
30 /‘ 0 s
40
— T |t
20 — T
4.0 45 5.0 5.5 6.0
Vce [V]
Icca (tep: Constant)
v.s. Cycle rate
T
Ta=25°C
tcp =50 ns
40
Vcc = 5.5V
L5 ov
30 Vzﬁ.sv
2]
20
2 4 6
Cycle rate (1/tpc) [MHz]
Icca (tcp: Constant)
vs. Ta
T T
Vce =5.5V
ICP =50 ns
40
P
\4@%_
.\%
\§E§Qo ns
20 2007 —
0 25 50 75
Ta [°C]

MSM3764AS/RS B
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Address Input
v.s Vee

I
Ta=25°C l
ViH min_

/C
/ VL max

g
(=)

Input level [V]
2]

/1
/

1.0

40 45 5.0 55 6.0

Vee [V]
Data Input
v.s. Vee
1
Ta=25°C
- 20
2
° ViH min
‘_cl _—"1 VL max
1.5
40 45 5.0 55 6.0
Vcee [V]
Clock Input
v.s. Vee
1
Ta=25°C
< 20
2 ViIH min
©
g
£ 10 L—"1 VL max

40 45 5.0 55 6.0
Vce [V]
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Input level [V]

Input level [V]

Input level [V]

Address Input
vs. Ta
Vce = 5.0\
2.0 V|H min
15 V)L max
1.0
0 25 50 75
Ta [°C]
Data Input
vs.Ta
Vce = 5.0V
2.0
15 ViH min {
VL max
1.0
0 25 50 75
Ta [°C]
Clock Input
vs. Ta
|
Vee =5.0V
2.0
ViH min
1.5
Vi max
1.0

0 25 50 75
Ta [°C]
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AS/CAS CYCLE LONG RAS/CAS CYCLE RAS ONLY CYCLE PAGE MODE CYCLE

R
RAs [\ \
ﬂ

cAS \ I

80

60 |

ICC

NI SV NANY

50 ns/div

"
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MSM3764 Bit MAP (Physical-Decimal)
|

r
MSM3732H BIT MAP MSM3732L BIT MAP .

/ [A7 column = ""H"'] 4 [A7 column = “L"] Orinie \
191190 129128 192{193 2541255 1911190 1291128 1921193 254|255
255|255 255|255 J [ 2565]255 255|255 127)127 1271127 J L 1271127 1271127

63| 62 1 0 64] 65 1261127 63| 62 1 O 64| 65 126]127
255|255 255|255 ] [ 255|255 255{255 1271127 127]127 127127 127|127

63| 62 1 Of¢ 64| 65 1264127 63| 62 11 o ’~ 64] 65 126|127
2541254 254|254 254|254 254254 126(126 126|126 126]126 126]126
191190 1291128 192|193 2544255 1911190 1291128 192193 254|255

126|126 126]126
192{193 254|255

2541254 2541254 ] 254|254 254254 126|126 1261126
191190 129{128} 4 § 1921193 254|255 191[190 129]128

¢

253|253 253]253 253253 253|253 125[125 125|125 125}125 1251125
63| 62 1 O 5] 64} 65 126127 63| 62 11 0 ° 641 65 1261127
253|253 2531253 [ 253]253 253|263 125|125 125|125 ] [ 125(125 125}125
63] 62 1] Oldde 64| 65 126(127 63| 62 11 Ol¢ 64| 65 1264127
252]252 252}252 252]252 252|252 124|124 1241124 124124 1241124

191]190 120]128] | L J | [192]193 254]255|  [191]190 129|128} | L. J | 192|193 254|256
2562|252 252|252 [ ] 252|252 252|252 |124[124 124|124 ] 124]124 124124

1911190 129128 192|193 254255 191|190 129|128 1921193 2541255
251]2561 251|251 251} 251 251]251 123|123 123123 123]123 123123

191190 129(128) | L _J | 1192]193 254255 191190 129 (128 || L, 192193 254|255
132[132 1321132 | [ ] 132|132 132]132 4] 4 4| 4 [ 4] 4 4| 4
191190 129128 192193 254255 191{190 129128 192|193 2541255
131131 131|131 131131 131[131 3l 3 3 307 3] 3 3] 3
63| 62 11 ol! L] 64} 65 126]127 83| 62 1l o L| 64| 65 126[127
131131 131131 [ 1311131 131[131 3l 3 3l 3 3| 3 2| 3
63] 62 1] o 64] 65 126[127 63| 62 11 o 64] 65 126]127
130130 130[130[ 1304130 130[130 2| 2 2| 2j 2] 2 2| 2
191{190 129(128 192|193 254|255 191|190 1290128] | L 192{193 254(255
130130 130]130 [ ] 130|130 130[130 2| 2 2l 217 ] 2| 2 2] 2
191190 129|128 192|193 254|255 191190 129)128{ ] L_J | |]192}193 254|255
129|129 129129 129129 129]129 1 1 1| 1 - 1 1 1] 1
63} 62 1l 0 64| 65 126127 63| 62 1] oldiglh] 64} 65 126127
129[129 129129 ] [ 129|129 129129 1 1 1] 1 11 1 1
63| 62 1l o o 64| 65 126127 63| 62 11 olddl,g 64 65 126(127
128|128 128128 ) [ 128|128 128128 o] o o] o o] O ol o
1911190 129(128 J | h9z2]193 254 (255 191190 129(128 192|193 254255
128(128 128128 128|128 128[128 ol o o] o ol o o] o

Refresh Address Refresh Address Refresh Address Refresh Address

b
£

Refresh Address__ —Refresh Address Refresh Address
(63<0) | 64-127) (63 < 0) | 7"[\ (64— 127)
h . D T / \ L
Din D, D, D, D, Din Din D , D, D, Din
(Positive) (Negative) (Positive) (Negative)
Pin 8 (Row)
Cel A = Row Address (Decimal) Word Driver -©O- : Sense Amp

B = Column Address (Decimal)

Sub Amp (C = Number of Bus Line)

= [=7]
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OKI semiconductor
MSM3764 AAS/ARS

65,536-BIT DYNAMIC RANDOM ACCESS MEMORY (E3-S-004-32)

GENERAL DESCRIPTION

The Oki MSM3764A is a fully decoded, dynamic NMOS random access memory organized as 65536 one-bit words.
The design is optimized for high-speed, high performance applications such as mainframe memory, buffer memory,
peripheral storage and environments where low power dissipation and compact layout is required.

Multiplexed row and column address inputs permit the MSM3764A to be housed in a standard 16 pin DIP. Pin-outs
conform to the JEDEC approved pin out.

The MSM3764A is fabricated using silicon gate NMOS and Oki’s advanced Double-Layer Polysilicon process. This
process, coupled with single-transistor memory storage cells, permits maximum circuit density and minimum chip
size. Dynamic 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
065,536 x 1 RAM, 16 pin package e All inputs TTL compatible, low capacitive load
® Silicon-gate, Double Poly NMOS, single transistor cell @ Three-state TTL compatible output
® Row access time, ® “Gated”” CAS
120 ns max (MSM3764A-12) ® 128 refersh cycles
150 ns max (MSM3764A-15) ® Common |/O capability using “‘Early Write'’
200 ns max (MSM3764A-20) operation
® Cycle time, e Output unlatched at cycle and allows extended page
230 ns min (MSM3764A-12) boundary and two-dimensional chip select
260 ns min (MSM3764A-15) © Read-Modify-Write, RAS-only refresh, and Page-
330 ns min (MSM3764A-20) Mode capability
® Low power: 330 mW active, ® On-<chip latches for Addresses and Data-in
28 mW max standby ® On-chip substrate bias generator for high
o Single +5V Supply, +10% tolerance performance

PIN CONFIGURATION
(Top View)
U/
L[]

NCE 1 16 jVss
Di"E 2 15 :lm Pin Names Function
WE 3 14 jDout Ag~A, Address Inputs
o RAS Row Address Strobe
RASE 4 13 ]As’ CAS Column Address Strobe
At : . 12 DAa' W Write Enable

Din Data Input
At [: 6 1 qu. Dout Data Output

Vee Power Supply (+5V)
A w[]A" vgg Ground (0V)
Vee E 8 ol _JA * Refresh Address

91



B DYNAMIC RAM - MSM3764AAS/ARS B

FUNCTIONAL BLOCK DIAGRAM
enerator m Timing
CAS 1 3 Generator
Timing 1
Write _
Generator Clock | WE
Column rator
Column
Address > Decod
Buffers ecoders
~ E ==1_ 1/0 [*]Output
Ao~A, Sense Amps . ISelection| | Buffer [Dout
Row l f
o=y
Address
Buffers R Word
ow or Data
De- | | Driv- MZZTSW Input f==—-+——Din
coders ers Registor
vee A
V§g ———=
On chip VBB
ABSOLUTE MAXIMUM RATINGS (see Note)
Rating Symbol Value Unit
Voltage on any pin relative to Vgg VIN. VouT -1to +7 \
Voltage on Vcc supply relative to Vgg Vee -1to +7
Operating temperature Topr 0to 70 °C
Storage temperature Tstg -55 to +150 °C
Power dissipation Pp 1.0 w
Short circuit output current 50 mA

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

RECOMMENDED OPERATING CONDITIONS

(Referenced to Vgg)

. . Operating
Parameter Symbol Min. Typ. Max. Unit Temperature
vVce 4.5 5.0 5.5 \
Supply Voltage Vss 0 0 0 Y,
0°C to +70°C
Input High Voltage, all inputs ViH 24 6.5 \Y
Input Low Voltage, all inputs ViL -1.0 0.8 \
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DC CHARACTERISTICS

(Recommended operating conditions unless otherwise noted.)

#DYNAMIC RAM - MSM3764AAS/ARS B

Parameter

Symbol Min.

Max.

Unit

Notes

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

Icct

60

mA

Standby Current
Power supply current
(RAS = CAS = VW)

lcc2

5.0

mA

Refresh Current
Average power supply current
(RAS cycling, CAS = V|H; tRc = min.)

lcc3

40

mA

Page Mode Current*
Average power supply current
(RAS = V|, CAS cycling; tpc = min.)

lcca

mA

Input Leakage Current

Input leakage current, any input

(0V < VN £ 5.5V, all other pins not
under test = 0V)

I -10

10

uA

Output Leakage Current
(Data out is disabled,
0V < Vout £5.5V)

Lo -10

10

MA

Output Levels
Output high voltage (IgH = -5 mA)
Output low voltage (Ig_ = 4.2 mA)

VOH 24
VoL

0.4

\%
\%

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

CAPACITANCE
(Ta=25°C, = 1 MHz2)
Parameter Symbol Typ. Max. Unit
Input Capacitance (A, ~ A,, DjN) CIN1 4.5 5 pF
Input Capacitance (RAS, CAS, WE) CIN2 7 10 pF
Output Capacitance (DoyT) Cout 5 7 pF

Capacitance measured with Boonton Meter.
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AC CHARACTERISTICS

Notes 1, 2,3 Under Recommended
Operating conditions

MSM3764A-12 | MSM3764A-15 | MSM3764A-20

Parameter Symbol | Units Note
Min. | Max. | Min. | Max. | Min. | Max.
Refresh period tREF ms 2 2 2
Random read or write cycle time tRC ns 230 260 330
Read-write cycle time tRWC ns 255 280 345
Page mode cycle time tpc ns 130 145 190
Access time from RAS tRAC ns 120 150 200 4,6
Access time from CAS tCAC ns 60 75 100 5,6
Output buffer turn-off delay tOFF ns 0 35 0 40 0 50
Transition time tT ns 3 35 3 35 3 50
RAS precharge time tRP ns 100 100 120
RAS pulse width tRAS ns 120 10,000 | 150 (10,000 | 200 (10,000
RAS hold time tRSH ns 60 75 100
CAS precharge time (Page cycle) tcp ns 60 60 80
CAS pulse width tCAS ns 60 10,000 | 75 [10,000 | 100 [10,000
CAS hold time tCcSH ns | 120 150 200
RAS to CAS delay time tRCD ns 25 60 25 75 30 100 7
CAS to RAS precharge time tCRP ns
Row Address set-up time tASR ns
Row Address hold time tRAH ns 20 20 25
Column Address set-up time tASC ns 0 0 0
Column Address hold time tCAH ns 20 20 25
Column Address hold time

referenced to RAS ‘AR ns 80 9% } 125
Read command set-up time tRCS ns 0 0 [ 0
Read command hold time tRCH ns 0 o | 0
Write command set-up time twes ns -10 -10 { -10 8
T T
Write command hold time tWCH ns 40 45 55
Y:;:;zz:j"t‘znﬁdg'd time tWeR | ns | 100 120 155
Write command pulse width twpP ns 40 45 55
Write command to RAS lead time tRWL ns 40 45 55
Write command to CAS lead time | tcwL ns 40 45 | 55
Data-in set-up time tps ns 0 0 } 0
T
Data-in hold time tDH ns 40 45 [ 55
233’:;:‘3' hold time referenced {DHR ns 100 120 [ 155
CAS to WE delay tcwD ns 40 45 55
RAS to WE delay tRWD ns 100 120 155
e e | e | v | 0 : :
CAS precharge time tCPN ns 30 35 45

9



NOTES: 1

2
3

4

5
6
7

8

)

)
)

-

)
)
)

#DYNAMIC RAM . MSM3764AAS/ARSH

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

AC measurements assume tT = 5 ns.

ViH (Min.) and V|L {Max.) are reference levels for measuring timing of input signals. Also, transition
times are measured between V| and VL.

Assumes that trcp < tRCD (max.).

If tRcD is greater than the maximum recommended value shown in this table, tR AC will increase by
the amount that tRCp exceeds the values shown.

Assumes that trcp < tRCD (max.)

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 met. tRcp (max.) is spe-
cified as a reference point only; if trcp is greater than the specified trcp (max.) limit, then access
time is controlled exclusively by tcAC.

twCs. tCWD and tRwD are not restrictive operating parameters. They are included in the data sheet
as electrical characteristics only; if tycs = twcs (min.), the cycle is an early write cycle and the aata
out pin will remain open circuit (high impedance) throughout the entire cycle; if tcwp = tcwD
(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.

READ CYCLE TIMING

ml
>
1721

|

O
>
[

Addresses

DouT

tRC —
tRAS
AR
— N Y
fs— tR P —
14 ————
RSH =tCRP-+~
tCAS ,
N 4 N
tcsH tCPN—

VOH- ,
VoL~

| tCAH

Column b
Address

tRCH

[+tRRH

Valid Data

07} 1", “L" = Don't Care
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AM -

WRITE CYCLE TIMING

(EARLY WRITE)

MSM3764AAS/ARS &

—— ViH-—
RAS  viL—
— V|IH —
Y

Addresses ViH
ViL

ViH -
ViL -

WE

ViH—
ViL—

DouT vg': :

o tRC
_ AR tRAS
\x 7 N
| tRSH —tRP—=
la——tRCD tCAS le-tCR P+
p R
N /7 \
tCSH tCPN
AH

7

7

JIK

tASR | [tRAH
<-—‘tA ot
- 7 Row Column
- N Address Address
I

T "I,
twc H_tDH RWL
T / ’%// T

READ-WRITE/READ-MODIFY-WRITE CYCLE

RAS

ViH
I

; Astch '
—1R
T ‘AR - )
- tRSH tRP
~——tRCD— tCAS ~tCRP ,
| L7 R
tASR| [tRAH tASC tCAH fcsH = tCPN-*
i i@ji_ﬂ//////ﬂ// 77
L' trwD tcwn_——
tResfes  le————tCWD————=| |=—tRWL —=|
tCAC—— — tOFF
——t———  OPEN ———{ Valid Data
tRAC 't‘D‘S'l tDH
T I o I
/1 “H"”, “L’" = Don’t Care
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AS ONLY REFRESH TIMING
(CAS: VIH, WE & DIN: Don’t care)

tRC

tRAS '
— V - 3 "\
RAS Vllll-_| — \( ?H N—

F=—tR AH-=] f tRP

naseses 1 T /////M T

VOH -

Pout VoL - — OPEN

P71 “H", “'L"" = Don't Care

PAGE MODE READ CYCLE

TRAS

V‘H——_\\——-IAR———-
RAS V|- X — A
r————tPC———‘ fe—— tRSH—— tRP
fe——————t{CSH——1 | t
= TRCD—-HEAS—— =k CAS CRP

~-tCAS™ =1
- ’11/ 7
N

1
) — E
tASR 1CAH tCAH tasC]ICAH
OW'

tASC

NN IR Y /?5@ ST ’///////l/////////

t — t t
| fteac— tOFF| l=-tcAc f=tCAC .
VOH-
DouT 2" OPEN OPEN
Vol L‘-BCS __l

— hﬁCS tRQﬁl l_—_> }‘*tRCH
we 7770770

1

% “H",“L“= Don't Care
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PAGE MODE WRITE CYCLE

tRAS

|

VIH -
ViL-

D
>
)

ViH -]
ViL -

tASR

CAS

Addresses

F(tCAS——
7

Ttasc

l— tCAH
VAKX

le—tCWL —=

R
tCRP.

F____

I

we V-7 T YT ﬁm
1T WP =tW -|
~— Y oh  tpse 1DH— DS EtﬁWL_.
DN M- @(vm.d %@(Vand Dataw Y { Volid Data] T,
l=—tDHR
)''H"", “L'" = Don't Care
PAGE MODE, READ-MODIFY-WRITE CYCLE
tRAS
S v N
tcp tRSH RP
v
AS vy /7
tASR| S tASC [tCAH taSc tCA“ r=——ICRP
VIH =]
Addresses - AR Y, ‘ﬁ.ﬁ’/////// £, J/
}mr_c_s‘ (WD gy | tcwp
wE 7\ (I
wp
DIN \\;:E 777 /
FFl—tcac
DouT \68"‘ b

ea-

H", ”L" = Don’t Care
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HIDDEN REFRFSH

@ DYNAMIC RAM -

MSM3764AAS/ARS H

Read Cycle

— ViH
RAS V'“_ - tAR——{

Ftnp——\i

RAS only cycle

ViH —
CAS Vi tRAH \

tASR‘LtASC JEAH taSR | [IRAH
\ /
Addresses V::j ;W
tRCS ’ 4] tRCH
I B -
WE ViL 7 tCAC XL
tOFF
tRAC
VOH Y
D N < lid Dat:
ouUT VoL OPE } Valid Data
“H”, *’L'" = Don't Care
DESCRIPTION same polarity as data-in. The output is in a high im-

Address Inputs:

A total of sixteen binary input address bits are required
to decode any 1 of 65536 storage cell locations within
the MSM3764A. Eight row-address bits are established
on the input pins (A,~A,) and latched with the Row
Address Strobe (RAS). The eight column-address
bits are established on the input pins and latched with
the Column Address Strobe (CAS). All input addresses
must be stable on or before the falling edge of RAS.
CAS is internally inhibited (or ‘‘gated’’) by RAS to
permit triggering of CAS as soon as the Row Address
Hold Time (tganH) specification has been satisfied and
the address inputs have been changed from row-addresses
to column-addresses.

Write Enable:

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

Data Input:

Data is written into the MSM3764A during a write or
read-write cycle. The last falling edge of WE or CAS is
a strobe for the Data In (D) register. In a write
cycle, if WE is brought low (write mode) before CAS,
DN 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 Dy is strobed by WE, and set-up and hold times
are referenced to WE.

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

pedance state until CAS is brought low. In a read cycle,
or read-write cycle, the output is valid after tgaoc from
transition of RAS when tRcp (max.) is satisfied, or
after tcac from transition of CAS when the transition
occurs after tycp (max.). Data remain valid until CAS
is returned to a high level. In a write cycle the identical
sequence occurs, but data is not valid.

Page Mode:

Page-mode operation permits strobing the row-address
into the MSM3764A while maintaining RAS at a logic
low (0) throughout all successive memory operations in
which the row-address doesn’t change. Thus the power
dissipated by the negative going edge of RAS is saved.
Further, access and cycle times are decreased because
the time normally required to strobe a new row-address
is eliminated.

Refresh:

Refresh of the dynamic memory cells is accomplished
by performing a memory cycle at each of the 128 row-
addresses (A;~A,) at least every two milliseconds.
During refresh, either V| or V |y is permitted for A,.
RAS only refresh avoids any output during refresh
because the output buffer is in the high impedance
state unless CAS is brought low. Strobing each of 128
row-addresses with RAS will cause all bits in each 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 output data. This feature is referred
to as Hidden Refresh.

Hidden Refresh is performed by holding CAS as V|
from a previous memory read cycle.
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OKI semiconductor
MSM37256AS

262144-BIT DYNAMIC RANDOM ACCESS MEMORY <Page Mode Type>

GENERAL DESCRIPTION

The Oki MSM37256 is a fully decoded, dynamic NMOS random access memory organized as 262144 one-bit words.
The design is optimized for high-speed, high performance applications such as mainframe memory, buffer memory,
peripheral storage and environments where low power dissipation and compact layout is required.

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

The MSM37256 is fabricated using silicon gate NMOS and Oki's advanced Double-Layer Polysilicon process. This
process, coupled with single-transistor memory storage celis, permits maximum circuit density and minimal chip
size. Dynamic circuitry is employed in the design, including the sense amplifiers.

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

FEATURES
0262144 x 1 RAM, 16 pin package e All inputs TTL compatible, low capacitive load
e Silicon-gate, Double Poly NMOS, single transistor cell ® Three-state TTL compatible output
® Row access time, ® “Gated”’ CAS
150 ns max (MSM37256-15AS) e 256 refresh cycles
200 ns max (MSM37256-20AS) ® Common /O capability using “‘Early Write’’
® Cycle time, operation
270 ns min (MSM37256-15AS) ® Output unlatched at cycle and allows extended page
330 ns min (MSM37256-20AS) boundary and two-dimensional chip select
® Low power: 440 mW active, ® Read-Modify-Write, RAS-only refresh, and Page
28 mW max standby Mode capability
e Single +5V Supply, +10% tolerance ® On-chip latches for Addresses and Data-in
® On-chip substrate bias generator for high
performance

PIN CONFIGURATION

.
Ag E 1 16 jVss
i A
D'“E2 15]t_5 Pin Names Function
WE 3 14 joom A, ~ A, Address Inputs
o RAS Row Address Strobe
RASE 4 13 :]Ao' CAS Column Address Strobe
WE Write Enable
Ao* 5 12 As”
° E ] 2 Din Data Input
At E 6 1 jAa’ Dout Data Output
Vee Power (+5V)
A E 7 10 As* \
vVss Ground (0V)
Vee E 8 9 jA" * Refresh Address
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—A DYNAMIC RAM - MSM37256AS B

BLOCK DIAGRAM
RAS Timing
| Generator Timin
CAS 9
i Generator
[]
Write J—
Clock WE
Column \ Generator|
Column
Address / Decod
Buffers ecoders
A, ~ =1 /0 []Output
o A,E Sense Amps | _ISelection| | Btjf'f):r —Dout
Row t }
Address i ]
Buffers R Word
ow or Data
De- | {Driv- Memory Input Din
coders| | ers Cells Registor
o1 =
vce
On chip VBB
ABSOLUTE MAXIMUM RATINGS (see Note)
Rating Symbol Value Unit
Voltage on any pin relative to Vgg VIN. VouT -1to +7 v
Voltage on V¢ supply relative to Vgg Vece -1to +7 \
Operating temperature Topr 0to 70 °cC
Storage temperature Tstg -55 to +150 °C
Power dissipation Pp 1.0 W
Short circuit output current 50 mA

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

RECOMMENDED OPERATING CONDITIONS
(Referenced to Vgg)

] X
| . . Operating
Parameter Symbol } Min. Typ. Max. Unit Temperature
Vol vee | 45 5.0 5.5 \%
Supply Voltage Vss ; 0 0 0 v
0°C to +70°C
Input High Voltage, all inputs VIH 24 6.5 \%
Input Low Voltage, all inputs ViL -1.0 0.8 Vv L
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DC CHARACTERISTICS

(Recommended operating conditions unless otherwise noted.)

Parameter

Symbol Min.

Max.

Unit

Notes

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

Tolo]

80

mA

STANDBY CURRENT
Power supply current
(RAS = CAS = VQ)

Icc2

5.0

mA

REFRESH CURRENT
Average power supply current
(RAS cycling, CAS = V|H4; trc = min.)

lces

65

mA

PAGE MODE CURRENT*
Average power supply current
(RAS = V), CAS cycling; tpc = min.)

Icca

60

mA

INPUT LEAKAGE CURRENT

Input leakage current, any input

(0v < VN £ 5.5V, all other pins not
under test = 0V)

10

uA

OUTPUT LEAKAGE CURRENT
(Data out is disabled,
0V < VouT £5.5V)

ILo -10

10

MA

OUTPUT LEVELS
Output high voltage (IgH = =5 mA)
Output low voltage (I = 4.2 mA)

VoH 24
VoL

0.4

\%
\%

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

CAPACITANCE
(Ta=25°C, f= 1 MHz)
Parameter Symbol Typ. Max. Unit
Input Capacitance (A, ~ Az, D) CIN1 5 7 pF
Input Capacitance (RAS, CTS_W—E_)y CIN2 7 10 pF
Output Capacitance (DgyT) Cout 5 7 pF

Capacitance measured with Boonton Meter.
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AC CHARACTERISTICS

Notes 1, 2, 3 Under Recommended
Operating conditions

MSM37256-15 | MSM37256-20
Parameter Symbol | Units Note
Min. Max. Min. Max.

Refresh period tREF ms 4 4

Random read or write cycle time tRC ns 279 330

Read-write cycle time tRWC ns 270 330

Page mode cycle time tpC ns 170 225

Access time from RAS tRAC ns 150 200 4,6
Access time from CAS tCAC ns 100 | 135 5,6
Output buffer turn-off delay tOFF ns 0 40 | O 50
Transition time tT ns 3 35 | 3 50

RAS precharge time tRP ns 100 120

RAS puise width tRAS ns 150 [10,000 | 200 [10,000

RAS hold time tRSH ns 100 135

CAS precharge time tcp ns 60 80

CAS pulse width tcAS ns | 100 [10,000 | 135 [10,000

CAS hold time tCSH ns | 150 200

RAS to CAS delay time tRCD ns | 20 50 25 65 7
CAS to RAS precharge time tCRP ns

Row Address set-up time tASR ns

Row Address hold time tRAH ns 20 25

Column Address set-up time tASC ns 0 0

Column Address hold time tCAH ns 45 55

Column Address hold time

referenced to RAS AR ns 9 120
Read command set-up time tRCS ns 0 0
Read command hold time tRCH ns 0 0
Write command set-up time twes ns -10 -10 8
Write command hold time tWCH ns 45 55
reforenced to FAS we | s | 9 120
Write command pulse width twp ns 45 55
Write command to RAS lead time | tRwL ns 45 55
Write command to CAS lead time | tcwL ns 45 55
Data-in set-up time tps ns 0 0
Data-in hold time tDH ns 45 55
Za% hold time referenced tDHR ns 05 120
CAS to WE delay tcwD ns 60 80
RAS to WE delay tRWD ns 110 145
Read command hold time tRRH ns 20 o5

referenced to RAS
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NOTES:

1

2
3

4

5
6
7

8

)

)
)

)
)

)
)

-

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

AC measurements assume t1 = 5 ns.

ViH (Min.) and V| (Max.) are reference levels for measuring timing of input signals. Also, transition
times are measured between V| and V|L.

Assumes that trcp < 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.

Assumes that trcp < tRcD (max.)

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 met. tRcp (max.) is spe-
cified as a reference point only; if trcp is greater than the specified tRcp (max.) limit, then access
time is controlled exclusively by tCcAC.

twcs, tcwD and tRWD are not restrictive operating parameters. They are included in the data sheet
as electrical characteristics only; if tyycs = twcs (min.), the cycle is an early write cycle and the data
out pin will remain open circuit <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>