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PRODUCT LINE-UP (1

—1 8 BIT SERIES

256K WORD|————{ MSC2328A |

512K WORD MSC2330A
iM WORD —I MSC2313A |

MSC2358

— 9 BIT SERIES |—

— 256K WORD }— MSC2329

I

MSC2316
MSC2331A
1M_WORD MSC2312A
MSC2359
—{4M WORD |——— MSC2340 |
—{ 32 BIT SERIES |—1— 256K WORD MSC2327A

512K WORD MSC2333A

[1M WORD | MSC2357

— 36 BIT SERIES |—

— 256K WORD MSC2320A

— 512K WORD}———— MSC2321A |

—|1M WORD I'——-l MSC2355 |

CMOS

CMOS

CMOS

CMOS

NMOS
CMOS
CMOS

CMOS
CMOS

CMOS

CMOS

CMOS

CMOS

CMOS

CMOS

CMOS
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PRODUCT LINE-UP (2)
— NMOS f——— 23M |——{256K X9 |—— MSC2329

— CMOS |—— 20M |——256K x8 |———{ MSC2328A |

{23M |——256K X9 MSC2316 |

{40M }——T512K x8 —— MsC2330A |
—{80M |—1—256K X 32— MSC2327A |

— 1M X8 MSC2313A |

—{9.0M F—1—]256K x 36— MSC2320A |

—{1mMx9 MSC2312A |

— 16.0M 512K X 32— MSC2333A |
— 18.0M [——512K X 36— MSC2321A |
{320M —1Mx32 — mscass7 |

1 360M —T—{1Mx36 ——mscasss |
——14mx9 |——mMsc2340 |




TYPICAL CHARACTERISTICS

= INTRODUCTION =

Power
Memory Number | Access | Cycle Cort\;)unmp- Power
. Circuit ~ Memory of Time | Time Supply
Model Nama Ca&?t‘)"‘y Function |Configuration | Pins per| MAX | MIN (':Anl\\/)v() Voltage
Package| (ns) (ns) Operating/ V)
_ Standby
MSC2328A-80 80 160 | 825/11
YS2/KS2 Socket
2M Insertable | 262,144x8 30 +5
MSC2328A-10 Module 100 190 | 715/11
YS2/KS2
MSC2330A-80 80 160 | 847/22
YS4/KS4 Socket
4M Insertable | 524,288x8 30 +5
MSC2330A-10 Module 100 190 | 737/22
YS4/KS4
MSC2313A-70 70 140 | 3740/44
YS8/KS8
MSC2313A-80 Socket 80 160 | 3300/44
YS8/KS8 8M Insertable |1,048,576x8 30 +5
Module
MSC2313A-10 100 190 | 2860/44
YS8/KS8
MSC2358-80 80 160 | 990/11
KS2 Socket
8M Insertable |1,048,576x8 30 +5
MSC2358-10 Module 100 190 | 880/11
KS2
MSC2329-10 100 200 | 1155/50
YS3/KS3 Socket
2.3 M | Insertable | 262,144x9 30 +5
MSC2329-12 Module 120 220 | 1073/50
YS3/KS3
MSC2316-80 80 160 | 2970/124
YS9 Socket
2.3 M | Insertable | 262,144x9 30 +5
MSC2316-10 Module 100 190 | 2475/124
YS9
MSC2331A-80 80 160 | 1155/25
YS3/KS3 Socket
2.3 M |Insertable | 262,144x9 30 +5
MSC2331A-10 Module 100 190 | 990/25
YS3/KS3
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TYPICAL CHARACTERISTICS (cont'd)

YS9

Power
Memory Number | Access | Cycle Cor:;l:,mp' Power
y Circuit Memory of Time | Time Supply
Model Name Ca(‘;i‘;"y Function [ Contfiguration | Pins per| MAX | MIN (':An/‘)),() Voltage
Package| (ns) (ns) Operating/ \%
Standby
MSC2312A-70 70 140 | 4208/50
YS9/KS9
MSC2312A-80 Socket 80 160 | 3713/50
YS9/KS9 9M Insertable |1,048,576x9 30 +5
Module
MSC2312A-10 100 190 | 3218/50
YS9/KS9
MSC2359-80 80 160 | 1403/17
YS3 Socket
9M Insertable |1,048,576x9 30 +5
MSC2359-10 Module 100 190 | 1238/17
YS3
MSC2340-80 80 160 | 4455/50
YS9/KS9 Socket
36 M |Insertable |4,194,304x9 30 +5
MSC2340-10 Module 100 190 | 3960/50
YS9/KS9
MSC2327A-80 80 160 | 3150/42
YS8 Socket
8M Insertable | 262,144x32 72 +5
MSC2327A-10 Module 100 190 | 2730/42
YS8
MSC2333A-80 80 160 | 3234/84
YS16 Socket
16 M |Insertable | 524,288x32 72 +5
MSC2333A-10 Module 100 190 | 2814/84
YS16
MSC2357-80 80 160 | 3780/42
YS8 Socket
32 M |Insertable |1,048,576x32 72 +5
MSC2357-10 Module 100 190 | 3360/42
YS8
MSC2320A-80 80 160 | 4410/95
YS9 Socket
8M Insertable | 262,144x36 72 +5
MSC2320A-10 Module 100 190 | 3780/95
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TYPICAL CHARACTERISTICS (cont'd)

Power
Memory Number | Access | Cycle Cor:;unmp- Power
A Circuit Memory of Time | Time Supply
Model Name Ca&i‘)’“y Function |Configuration | Pins per| MAX | MIN (",",:NX) Voltage
Package| (ns) | (ns) Operating/ (V)
Standby
MSC2321A-80 80 160 |4568/189
YS18 Socket
16 M |Insertable | 524,288x36 72 +5
MSC2321A-10 Module 100 190 | 3938/189
YS18
MSC2355-80 80 160 |5355/63
YS12 Socket
36 M |Insertable |1,048,576x36 72 +5
MSC2355-10 Module 100 190 | 4725/63
YS12
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TERMINOLOGY AND SYMBOLS

1. PIN TERMINOLOGY

2. ABSOLUTE MAXIMUM RATINGS

Term Dynamic RAM Term Dynamic RAM
Power Supply Voltage Vee Power Supply Voltage Veer Vss
Address Input Pin A0 ~ A10 Terminal Voltage |
Data Input Pin D,, D8 Input Voltage Vi
Data Output Pin Dgyrr Q8 Output Voltage Vour
Data Input/Output Pin DQO ~ DQ35 Output Shoft Circuit Current los
Output Enable Pin OE Power Dissipation Py
Write Enable Pin WE Operating Temperature Topr
Row Address Strobe Pin E_ - Storage Temperature Tstg
RASO ~ RAS3
Column Address Strobe Pin {| CAS,
CASO ~ CAS3
Ground Pin Vg
3. RECOMMENDED OPERATING 4. DC CHARACTERISTICS
CONDITIONS
Term Dynamic RAM Term Dynamic RAM
Power Supply Voltage Voo Vss “H” Output Voltage Vou
“H” Input Voltage Vi “L” Output Voltage VoL
“L” Input Voltage Vi “H” Output Current lon
Operating Temperature Topr “L” Output Current |

Input Leakage Current

Output Leakage Current

Power Supply Current
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5. AC CHARACTERISTICS

(1) Read Cycle (2) Write Cycle

Term Dynamic RAM Term Dynamic RAM
Read Cycle Time tae Write Cycle Time tac

Address Access Time taa Address Set-up Time tasr tasc
Qutput Enable Access Time toea Write Pulse Width twe

Output Disable Time torer toez Data Set-up Time tos

Address Set-up Time tasr tasc Data Hold Time ton

Address Hold Time toam toan Qutput Off-time tore

Clock Pulse Width taas: toass twe Address Hold Time toar toan
Clock Delay Time taeor thao













PACKAGING

PRODUCT NAME

PACKAGE CODE

MSC2328A-xxYS2

SIMM30- 2HSOJ

MSC2328 A-xxKS2

SIMP 30 - 2HSOJ

MSC2330A-xxYS4

SIMM30- 4HSOJ

MSC2330A-xxKS4

SIMP 30 - 4HSOJ

MSC231 3A-xxYS8

SIMM30- 8S0J

MSC231 3A-xxKS8

SIMP 30 - 850J

MSC2358-xxKS2

SIMP 30 - 2HSOJ

MSC2329-xxYS3

SIMM30- 2HSOJ 1HQFJ

MSC2329-xxKS3

SIMP 30 - 2HSOJ 1HQFJ

MSC2316-xx YS9

SIMM30- 9QFJ

MSC2331 A-xxYS3

SIMM30- 2HSOJ 1HQFJ

MSC2331 A-xxKS3

SIMP 30 - 2HSOJ 1HQFJ

MSC2312A-xx YS9

SIMM30-9S0J

MSC231 2A-xxKS9

SIMP 30 - 9S0J

MSC2359-xx YS3

SIMM30- 3HSOJ

MSC2340-xxYS9

SIMM30- 9HSOJ

MSC2340-xxKS9

SIMP 30 - 9HSOJ

MSC2327 A-xx YS8

SIMM72 - 8HSOJ -1

MSC2333A-xxYS16

SIMM72-16HSOJ

MSC2357-xxYS8

SIMM72-8HSOJ

MSC2320A-xx YS9

SIMM72- 8HSOJ 4HQFJ

MSC2321 A-xxYS18

SIMM72-16HSOJ 8HQFJ

MSC2355-xxYS12

SIMM72-12S0J

(NOTE)

Typical Description of Package Code:

S

IMM 30-8HQFJ

Package name put on the module

fH : Package to be mounted horizontally
IN/A: Package to be mounted vertically

Number of packages on the module
Pin count

Module type

13
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30PIN [SIMM30-2HSOJ l (UNIT:mm)

88.90:£0.20
3.38TYP 8214TYP

5.28MAX

$3.18

’ O

@)

l o

G|

2
]

16.50+0.20
10.16TYP

635TYP | |C
—-),————1‘—

%wmnrmmrmnmrmmﬂnmm mininininininininin|
203TYP | [5.59TYP 2541025 1.78TYP
T 7 1274020 ||
73.66
PRODUCT NAME
MSC2328A-xxYS2
30PIN [SIMP30-2HSOJ [ (UNIT:mm)
88.90 +0.30 5.28MAX
3.38TYP 8214TYP
$3.18 fan sonag
] >
L L 8 0% s
() VYVYY i
2.03TYP
0.27+0.20
—

PRODUCT NAME
MSC2328A-xxKS2
MSC2358-xxKS2
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30PIN | SIMM30-2HSOJ 1HQFJ | (UNIT : mm)
8890020 szeMAx
3.38TYP 82.14TYP
$3.18 z
g ) O i
= (ninininininininisininininininininininininininininininininin
2.5410: 1.78TYP
2,03TYP | 5.59TYP 545025 M__
73.66
PRODUCT NAME
MSC2329-xxYS3
MSC2331A-xxYS3
30PIN | SIMP30-2HSOJ 1HQFJ | (UNIT:mm)
88.90 £0.30 5428MAL
3.38TYP 82.14TYP
$318 an .

A I 013

Ele - o EHE

£8) it

—
o AR s L)
SEATING PLANE
73.66

PRODUCT NAME

MSC2329-xxKS3

MSC2331A-xxKS3
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30PIN | SIMM30-3HSOJ

88.90£0.20

(UNIT:mm)

5.28MAX

3.38TYP 8214TYP

16.51£0.20

Tﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂfnﬂﬂﬂﬂﬂﬂﬂ

10.16TYP

©

= T

2.54MIN

minininininininin)

I

2.03TYP| | 5.59TYP

2.54+0.25 1.78TYP

73.66

1.27+0.20

PRODUCT NAME
MSC2359-xxYS3

30PIN | SIMM30-4HSOJ

(UNIT:mm)
88.90+0.20 5.0BMA1(__
3.38TYP 82.14TYP
4318 N ] -
g e [ == s
8l el & ¢> l O P
6| g F o (o) o o o
el el .
el ¢ minisisininisininininininininininininininininisininininininl
203TYP 5A59]TYP 2.54+0.25 1.78TYP 1274020 ||
T
73.66

PRODUCT NAME
MSC2330A-xxYS4
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30PIN | SIMP30-4HSOJ

(UNIT : mm)

5.08MAX
88.90+0.30 AR
3.38TYP 82.14TYP
¢ 318
L2 LL L O |2
% §I o o _ o 3%
s 2 NODOOmIL IO °
VOYVY VYT vy Y

73.66

2.03TYP 5.59TYP ﬂ 0.50£0.10 @ 5025 @
0.27+0.20
73.66
SEATING PLANE
PRODUCT NAME
MSC2330A-xxKS4
30PIN |SIMM30-8S0J (UNIT:mm)
88.90+0.20
3.38TYP L 82.14TYP
5.28MAX
$3.18
>
- [ g o|
X > & 3
] & z]*j ) ] [¢] ) o [e] [o] o o
8l o ‘Tﬂﬂﬂﬂﬂf‘ll‘ﬂﬂl’ nonnnnNAnNanNNnnaAnnnMhse
203TYP | |5.59TYP 254025 1.78TYP 127£020 ||

PRODUCT NAME

MSC2313A-xxYS8
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30PIN | SIMP30-8S0J (UNIT :mm)
78.74+0.30 5.28MAX
8 f
@] O o] o @) O [¢] « g
(T L .. 0 A, 4
(1T 7
050010 _025 ® e 0274020
2.54TYP ‘ 73.66 §
' PRODUCT NAME
SEATING PLANE
MSC2313A-xxKS8
30PIN | SIMM30-9S0J | (UNIT: mm)
88.90+0.20 5.28MAX
3.38TYP 82.14TYP
4318 5 ’gr
3 z i
5 o \t B b b b ! > g z
¥ & il Ao off off o off of N‘
8 MONONO00000OO00ANAONNAANANNNANLs0 | i
] 2.54+0.25 1.78TYP
2.03TYP 5.50TYP
L 73.66 1.27+0.20
I
PRODUCT NAME
MSC2312A-xxYS9
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30PIN | SIMP30-9S0J (UNIT :mm)
5.28MAX
88.90 +0.30
3.38TYP 82.14TYP
4318 E»
« =
s
\J zZ| © E
o S| o =
5l & £
o

10.16TYP
6.35TY!

|
2.03TYP | |5.59TYP

) 1|! 0.50+0.10 E@
L 7366

0.27+0.20

e —

SEATING PLANE

PRODUCT NAME
MSC2312A-xxKS9

30PIN [SIMM30-9HSOJ (UNIT :mm)

5.28MAX

88.90+0.20
3.38TYP 82.14TYP

4318 ‘ I
% Q (o) ©) W
: S z i
q e 9) mn O 3
1% EI—W o o o o ~ ql
el @ ‘W]ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂl’]ﬂ!‘lﬂ!ﬂﬂﬂl‘lﬂ"I’]I’lﬂl‘lﬂﬂl‘)ﬂl’]BO U
2.03TYP | [5:59TYP 254+025 1.78TYP 1274020
73.66

PRODUCT NAME
MSC2340-xxYS9
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30PIN | SIMP30-9HSOJ

88.90+£030

gV

o
fo1

L b
L

254 V 0.50£0.10
= ] ¢ 40.25 W)

73.66

(UNIT:mm)
5.28MAX
T
Ol .
g s
30 S c% )
7

SEATING PLANE

0.27+0.20
e T e

PRODUCT NAME

MSC2340-xxKS9
30PIN I SIMM30-9QFJ (UNIT:mm)
88.90+020
3.38TYP 82.14TYP
5.08MAX

$3.18

16.51+£0.20

10.16TYP
6.35TYP

S TaTalnTaTARIRTRIAT il R IATAT R RTRTATR Ao AT ara s (iR

203TYP | [5.50TYP 2544025 1.78TYP

| e

1.27+0.20

L@jﬁt

PRODUCT NAME
MSC2316-xxYS9
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72PIN [SIMM72-8HSOJ (UNIT:mm)
107.95 +0.20 9.3MAX
3.38TYP 101.19TYP $3.18
*|g 8 i

N
9
g
2
3

1.04 TYP 1.27£020

PRODUCT NAME
MSC2357-xxYS8

72PIN | SIMM72-8HSOJ-1 | (UNIT :mm)
107.95+0.20
3.38TYP 101.19TYP
5.28MAX
Tr—
8 $3.18 m
i e z§ z
2.03TYP
12740102 1

PRODUCT NAME
MSC2327A-xxYS8
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72PIN | SIMM72-8HSOJ 4HQFJ |

107.95+0.20

(UNIT:mm)

3.38TYP

101.19TYP

5.28MAX
ler

10.16TYP
6.35TYP

RN

§ $3.18 m
203TYP |_4.32|’TYP 1272020 57 1.04TYP 1270102
PRODUCT NAME
MSC2320A-xxYS9
72PIN | SIMM72-12S0J (UNIT:mm)
107.95+0.20 9.3MAX
3.38TYP 101.19TYP
§ $3.18 :
: O O

g
2
o

L

4.32TYP

O T T T
1.27 £0.20 1.04TYP

2.54MIN

95.25

PRODUCT NAME

MSC2355-xxYS12
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72PIN [ SIMM72-16HSOJ |

(UNIT: mm)

9.3MAX

3.38TYP

25.40+0.20

10.16TYP

107.95 +0.20
101.19TYP

+0.102
27 008 ||

317MIN
7.23MIN

PRODUCT NAME
MSC2333A-xxYS16

72PIN | SIMM72-16HSOJ 8HQFJ |

(UNIT:mm)

9.3MAX

3.38TYP

25.40+0.20

10.16TYP
6.35TYP J

2.03TYP

107.95 +0.20
101.19TYP
| m

+0102
12742102
—

23MIN

2.54MIN
3.17MIN
7.

PRODUCT NAME
MSC2321A-xxYS18
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RELIABILITY INFORMATION

1. INTRODUCTION

Semiconductor devices play a leading role in the
explosive progress of semiconductor technology.
They use some of the most advanced design and
manufacturing 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 are fully aware of this demand. So we
have adopted a comprehensive quality assur-
ance system based on the concept of consisten-
cy in development, manufacturing and sales.
With the increasing demand for improvement in
function, 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 can
be divided into four major stages: device planning,
developmental prototype, production prototype, and
mass production. This system is outlined in the fol-
lowing block diagram (Fig. 1).

1) Device planning stage

To manufacture devices that meet 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 re-

quirements during this stage. At the same time,
we carry out actual prototype reliability testing.

Since device quality is largely determined during

the designing stage, Oki pays careful attention

to quality confirmation during this stage.

This is how we do it:

(1) After completion of circuit design (or pattern
design), personnel from the design, process
technology, production technology, installa-
tion technology 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 in-
volve new concepts and empioy high level
manufacturing technology, the TEG evalua-
tion test is often used during this stage.
Note: TEG (Test Element Group) refers to

the device group designed for stabili-
ty evaluation of MOS transistors,
diodes, resistors, capacitors and
other circuit component element
used in LS| memories.

(3) Prototypes are subjected to repeated relia-
bility 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 relia-
bility and other special features of the production
prototype at the mass production factory level.
After confirming the quality of a device, we pre-
pare 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 in-
spection 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 in-
spection is performed in three different forms as
shown below.

(1) Group A tests: appearance, labels, dimen-
sions and electrical charac-
teristics inspection

(2) Group Btests: check of durability under
thermal and mechanical envi-
ronmental stresses, and
operating life characteristics

(3) Group C tests: performed periodically to
check operational life, etc.,
on a long term basis.

Note: Like the reliability tests, the group B tests

conform to the following standards.
MIL-STD-883B, JIS C 7022, EIAJ-IC-121
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PR

Electrical Test

2nd Sorting ® Regular Check of Measuring
Equipment
. ® Group A Test
?“‘9"'{"9 e Group B Test
nspection ® Group C Test

Storage

|

Shipping

Figure 2 Manufacturing Process

Devices which pass these lot guarantee inspec-
tions are stored in a warehouse awaiting ship-
ment to customers. Standards are also set up for
handling, storage and transportation during this
period, thereby ensuring quality prior to delivery.
Figure 2 shows the manufacturing flow of the
completed device.

5) At Oki, 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.

Failure
report

Sales
Department

Analysis
report

Request for
technical

improvement . i
Engineering

F—o-=——--— Department
Report on
I results of —

investigation
& improvement =] .
s_gf |3
s E AS 5
Assurance w08 |EG
g £
Department SEQ| (o8
gogl| |®o
Report on clE
results of
investigation L
& improvement
________ Manufacturing
Department

Request for
manufacturing
improvement

Figure 3 Failure report process
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3. 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 inci-
dence.

Cami Auctar El

Failure Rate Curve

1 Initial SHIPPING Wear-out
failure Random failure

o | ——=f

® failure

14

o m>1

[

5 /

5 General /
electronic s/
devices 7

. - Time
Semiconductor
elements

-
Debugging by burn-in
screening

1) Surge Destruction

This is destruction of the input/output stage cir-
cuits by external surge currents or static elec-
tricity. The accompanying photograph shows a
point of contact between aluminum and poly-
silicon that has been dissolved by a surge cur-
rent. 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 re-
turned to the manufacturer. Despite miniaturiza-
tion of semiconductor memory component ele-
ments (which means the elements themselves
are less resistant), these failures usually occur
during assembly and other handling operations.
At OKki, all devices are subjected to static elec-
tricity intensity tests (under simulated operation-

Example of surge destruction

® RELIABILITY INFORMATION =

al conditions) in the development stage to
reduce this type of failure. In addition to checking
endurance against surge currents, special pro-
tective circuits are incorporated in the input and
output sections.

Al
b AN Input section
Aluminum Z _{i_{/.%é

wire 1 Polysi
Destruction
position

2) Oxide Film Insulation Destruction (Pin Holes)

Unlike surge destruction, this kind of failure
is caused by manufacturing defects. Local wea-
kened sections are ruptured when subjected to
external electrical stress. Although this problem
is accentuated by the miniaturization of circuit
elements, it can be resolved by maintaining an
ultra-clean manufacturing environment and
through 100% burn-in screening.

3) Surface Deterioration due to lonic Impurities
Under some temperature and electric field condi-
tions, charged ionic impurities moving within the
oxide film previously resulted in occasional dete-
rioration of silicon surfaces. This problem has
been eliminated by new surface stabilization
techniques.

4) Photolithographic Defects

Integrated circuits are formed by repeated pho-
tographic 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, a
high degree of automation, minimizing human in-
tervention in the process, and unparalleled
cleanliness, solves this problem.
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5) Aluminum Corrosion

Aluminum corrosion is due to electrolytic reac-
tions 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 reduce costs. Oki
has carefully studied the possible cause and
effect relationship between structure and manu-
facturing conditions on the one hand, and the
generation of aluminum corrosion on the other.
Refinements incorporated in Oki LSIs permit su-
perior endurance to even the most severe high
humidity conditions.

6) Alpha-Particle Soft Failure

This problem occurs when devices are highly
miniaturized, such as in 1 megabit RAMs. The in-
version of memory cell data by alpha-particle
generated by radio-active elements like uranium
and thorium (present in minute quantities, mea-
sured 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 we have
eliminated the problem by coating the chip sur-
face of 1 megabit RAMs with a resin which effec-
tively screens out these alpha-particles.

Package ceramic

Y sy eover

- Silicon oxide
= film

Substrate silicon

. a-particle
lonization along

the a-particle path
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7) Degradation in Performance Characteristics
Due to Hot Electrons

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

Drain
+VD

+Vg [}

--‘ 1

Gate |

Source Hot electrons

+Vg

Source Silicon oxide © © 4}

(&L
D®
Substrate silicon

Characteristic deterioration caused
by hot electrons

With further progress in the miniaturization of cir-
cuit components, failures related to pin hole
oxide film destruction and photolithography have
increased. To eliminate these defects during
manufacturing, Oki has been continually improv-
ing its production processes based on reliability
tests and information 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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OKI semiconductor

MSC2328A-xxYS2/KS2

262,144 Word BY 8 Bit DYNAMIC RAM MODULE : FAST PAGE MODE TYPE

GENERAL DESCRIPTION

The Oki MSC2328A-xxYS2/KS2 is a fully decoded, 262,144 word X 8 bit CMOS dynamic random
access memory composed of two 1Mb DRAMs in SOJ (MSM514256AJS). The mounting of two SOJs
together with two 0.2 xF decoupling capacitors on a 30 pin glass epoxy Single-In-Line Package supports
any application where high density and large capacity of storage memory are required. The electrical
characteristics of the MSC2328A-xxYS2/KS2 are same as the original MSM514256AJS; each timing
requirements are noncritical, and power supply tolerance is very wide.

FEATURES

® 262,144 word X 8 bit organization
® 30-Pin Socket Insertable Module
® Family organization

. Access Time (MAX) Cycle Time Power Dissipation
Family -
tRAC tAA tcAC (MIN) | Oparating (MAX) | Standby (MAX)
MSC2328A-80YS2/KS2 80ns 40ns 20ns 160ns 825mwW HmW
MSC2328A-10YS2/KS2| 100ns | 50ns | 25ns 190ns 715mw | (MOS level)

Single + 5V supply, +10% tolerance

Input : TTL compatible

Output : TTL compatible, tristate, nonlatch
Refresh : 512 cycles/8 ms

FUNCTIONAL BLOCK DIAGRAM

RAS
CAs

WE

A0-A8 _ }——

- —
DQO-3 DQ OE
- vce VSS
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PIN CONFIGURATION

MSC2328A-xxYS2

O O

o) [©)

nONANONNNNAAOO0NNNONANAANa0nNNNa
1 30

MSC2328A-xxKS2

PIN No. PIN NAME PIN No. PIN NAME PIN No. PIN NAME
1 Vee 1 A4 21 WE
2 CAS 12 A5 22 Vss
3 DQo 13 DQ3 23 DQ6
4 A0 14 A6 24 NC
5 Al 15 A7 25 pQ7
6 ple]] 16 DQ4 26 NC
7 A2 17 A8 27 RAS
8 A3 18 NC 28 NC
9 vss 19 NC 29 NC

10 DQ2 20 DQ5 30 Vee

ABSOLUTE MAXIMUM RATINGS (See Note)

Rating Symbol Value Unit
Voltage on any pin relative to Vgs VIN, VouT -1~ +7 v
Voltage on VG supply relative to Vsg Vce -1~ +7 v
Operating temperature Topr 0~70 °C
Storage temperature Tstg —40 ~ 125 °C
Power dissipation Pp 2 w
Short circuit output current los 50 mA

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

Operatin
Parameter Symbol Min. yp. Max. Unit temp:e?atu?e

Vce 45 50 55 Y
Supply Voltage

vss 0 0 0 v

0°C ~ +70°C

Input High Voltage,
all inputs VIH 24 — 6.5 v
Input Low Voltage,
all inputs ViL -10 — 08 v

DC CHARACTERISTICS
(Vcc=5V£10%, Ta=0~ +70°C)

MSC2328A- | MSC2328A-
Parameter Symbol Condition 80YS2/KS2 | 10YS2/KS2 Unit | Note
Min. | Max. | Min. | Max.
OV<V|N<B.5V:
Input Leakage Current 1Lt All other pins —20| 20 | —20| 20 | A
not under test=0V
is disab

Output Leakage Current ILo 8\7"2\? gltJ'll? Sd :’ng -10| 10 | —10| 10 | A
Output high voltage VOH | loH=—5.0mA 24 | — |24 | — | V
Output low voltage VoL | loL=4.2mA — |04 |— |04 | V
Average power supply current RAS cyaling,

6rage power supply curre Icc1 | CAS cycling, — | 150 | — [ 130 | mA | 1,2
(Operating) trc=min
Power supply current | RAS=V|H TIL | — | 4 | — | 4 | mA
(Standby) CC21CAS=VIH mos|— |2 | —| 2 |mA
Average power supply current RASI cycling,
AVere =V — —
(RAS only refresh) lcca ?R'?:miw 150 130 | mA 11,2
Average power supply current o . o
(CAS before RAS refresh) lcce | tRG=min. 150 130 | mA |

RAS=V)_

Average power supply current o - o o
(Fast page mode) Iccr :r(‘:szaﬁ:tng 130 | 120 | mA (1,3

Note : 1. Icc in dependent on out put loading and cycle rates.
Specified value are obtained with the output open.
2. Address can be changed once or less while RAS=V)|_,

3. Address can be changed once or less while CAS=V|H,
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CAPACITANCE
(Ta =25°C,f =1 MHz2)
Parameter Symbol Max. Unit
Input Capacitance (AO—A8) Cint 30 pF
Input Capacitance (RAS, CAS, WE) CIN2 30 pF
Data Input/Output Coq 20 PF

Capacitance (DQ0 — DQ7)

Capacitance measured with Boonton Meter.



AC CHARACTERISTICS

= DYNAMIC RAM-MSC2328A-xxYS2/KS2 =

(Vcc = 5V £ 10%, Ta = 0 ~ +70°C) Note 1, 2, 3

MSC2328A- | MSC2328A-
Parameter Symbol 80YS2/KS2 10YS2/KS2 Unit Note

MIN | MAX | MIN | MAX

Refresh period tREF - 8 — 8 ms

Random read or write cycle time tRc 160 - 190 - ns

Fast page mode cycle time tpc 50 — 55 — ns

Access time from RAS tRAC - 80 — 100 | ns |4,5,6

Access time from CAS tcAC - 20 - 25 ns |4.5

Access time from column address tAA - 40 - 50 ns [(4,6

Access time from CAS precharge tcPA - 45 - 50 | ns |4

Output low impedance time from CAS tcLz 0 — 0 — ns |4

Output buffer turn-off delay tOFF 0 20 0 20 ns

Transition time T 3 50 3 50 ns |3

RAS precharge time tRp 70 — 80 - ns

RAS pulse width tRAS 80 | 10K | 100 | 10K | ns

:T:':\jt ‘;‘2;: wian oycle only) tRasP | 80 | 100K | 100 | 100K | ns

RAS hold time tRSH 20 - 25 - ns

(Fast page mode cycie only) e |0 | - |0~ s

CAS pulse width tcas 20 | 10K | 25 | 10K | ns

CAS hold time tcsH 80 | — | 100 | — | ns

RAS to CAS delay time tRCD 22 | 60 | 25 | 75 | ns |5

RAS to column address delay time tRAD 17 40 | 20 | 50 | ns |6

CAS to RAS precharge time tcRP 10 - 10 - ns

Row address set-up time tASR 0 - 0 — ns

Row address hold time tRAH 12 - 15 - ns

Column address set-up time tasc 0 - 0 - ns

Column address hold time tcAH 15 - 20 - ns

Column address hold time from RAS tAR 60 - 75 - ns

Column address to RAS lead time tRAL 40 - 50 - ns
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AC CHARACTERISTICS (Continued)

MSC2328A- | MSC2328A-
Parameter Symbol 80YS2/KS2 10YS2/KS2 Unit Note

MIN | MAX | MIN | MAX

Read command set-up time tRCS (0] - 0 - ns
Read command hold time tRCH 0 - 0 - ns (7
Write command hold time from RAS twWCR 60 - 75 - ns
Write command set-up time twcs 0 - 0 - ns
Write command hold time twCH 15 - 20 - ns
Write command pulse width twp 15 — 20 - ns
Date-in set-up time tps 0 - 0 - ns
Data-in hold time tDH 15 - 20 - ns
Date-in hold time from RAS tDHR 60 - 75 - ns
RAS to CAS set-up time tcsh 0 B . B s

(CAS before RAS)

RAS to CAS hold time

(CAS before RAS) ICHR 80 | = | 30— | s

CAS active delay from RAS

precharge tRPC 10 10 ns

CAS precharge time tcPN 10 - 15 - ns -

Notes: 1. An initial pause of 100us is required after power-up followed by any 8 RAS cycles
(Example : RAS only refresh cycle) before proper device operation is achieved.

2 The AC characteristics assume atty =5 ns.

3 V|4 (min) and V| (max.) are reference levels for measuring of input signals. Also, transi-
tion times are measured between V|4 and V.

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

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

6 Operation within the trap (max.) limit insures that trac (max.) can be met. tgrap (max.)
is specified as a reference point only; if tRAD is greater than the specified tgap (max.)
limit, then access time is controlled exclusively by tpa.

7 Either tgrH or tRcH must be satisfied for a read cycle.
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READ CYCLE
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FAST PAGE MODE READ CYCLE
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RAS ONLY REFRESH CYCLE

RC

tRP

tRAS

tcrp tapc

tASR tRAH
|-

Sk SIS Y

OPEN

Don't care

NOTE: WE =Don't care,

CAS BEFORE RAS AUTO REFRESH CYCLE

'RC
. trp
tRAS
RAS zwo- §
o tRPC

tcPN | tcsr tCHR
cre VYIH— /
CAS /

VIL -
toFF

VoH — =
oa - OPEN
VoL “

Don'tcare

NOTE : WE=Don't care, AO ~ A8=Don't care
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HIDDEN REFRESH READ CYCLE
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OKI semiconductor
MSC2330A-xxYS4/KS4

524,288 Word BY 8 Bit DYNAMIC RAM MODULE : FAST PAGE MODE TYPE

GENERAL DESCRIPTION

The Oki MSC2330A-xxYS4/KS4 is a fully decoded, 524,288 word X 8 bit CMOS dynamic random
access memory composed of four IMb DRAMSs in SOJ (MSM514256AJS). The mounting of four SOJs
together with four 0.2uF decoupling capacitors on a 30pin glass epoxy Single-in-Line Package supports
any application where high density and large capacity of storage memory are required. The electrical
characteristics of the MSC2330A-xxYS4/KS4 are same as the original MSM514256AJS; each timing
requirements are noncritical, and power supply tolerance is very wide.

FEATURES

® 524,288 word X 8 bit organization
® 30-Pin Socket Insertable Module
® Family organization

Famil Access Time (MAX) Cycle Time Power Dissipation
amily

tRAC tAA tcAC (MIN) Oparating (MAX) |Standby (MAX)
MSC2330A-80YS4/KS4 80ns 40ns 20ns 160ns 847TmW 20mwW
MSC2330A-10YS4/KS4| 100ns | 50ns | 25ns 190ns 73rmw | (MOS level)

Single + 5V supply, +10% tolerance
Input : TTL compatible

Output : TTL compatible, tristate, nonlatch
Refresh : 512 cycles/8 ms

FUNCTIONAL BLOCK DIAGRAM

A0-A8__}
RAS0 ——————— RASI
CAS
WE
OE
+A{ A-A8 1/01— DQo  —{1/O AQ-AB |/
RAS I/02|— pat  —1/02 RAS
CAS /03— paz —1/03 CAS
WE 1/04|— paz —1/04 WE
% vee vss vss vec OF
- Ao-A8 1/O1 — DQ4 —1/O1 AO-ABH-!
L{Ras 1/02{— DQs — 1/02 RAS
CAS I/03|— pas —1/03 CAS
WE I/04— par —{1/04 WE
OE vce vss vss vcc OF
vce
m:{:———:{:ca
vss
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PIN CONFIGURATION

MSC2330A-xxYS4

o ano anon noono an anno
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1 30

MSC2330A-xxKS4

PIN No. PIN NAME PIN No. PIN NAME PIN No. PIN NAME
1 Vce 1 A4 21 WE
2 CAS 12 A5 22 Vss
3 DQO 13 DQ3 23 - DQ6
4 A0 14 A6 24 Vce
5 Al 15 A7 25 DQ7
6 DQ1 16 DQ4 26 VSS
7 A2 17 A8 27 RASO
8 A3 18 NC 28 OE
[} Vss 19 RAST 29 NC

10 DQ2 20 DQs 30 Vee

ABSOLUTE MAXIMUM RATINGS (See Note)

Rating Symbol Value Unit
Voltage on any pin relative to Vgg VIN, VouT -1~ +7 v
Voltage on Vcc supply relative to Vsg Vce -1~ +7 \'
Operating temperature Topr 0~70 °C
Storage temperature Tstg —40 ~ 125 °C
Power dissipation Pp 4 w
Short circuit output current los 50 mA

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



RECOMMENDED OPERATING CONDITIONS

(Referenced to Vgs)
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Parameter Symbol Min. Typ. Max. Unit teomp:::tt?e
Vce 45 5.0 55 v
Supply Voltage
vss 0 0 0 v
v 0°C ~ +70C
Input High Voltage,
all inputs ViH 24 - 6.5 v
Input Low Voltage,
all inputs ViL -10 — 08 v
DC CHARACTERISTICS
Vcc=5V+10%, Ta=0~ +70°C)
MSC2330A- | MSC2330A-
Parameter Symbol Condition BOYS4/KS4 | 10YS4/KS4 Unit | Note
Min. | Max. | Min. | Max.
OVVIN<ZB.5V :
Input Leakage Current L All other pins —40| 40 | —40| 40 | xA
not under test=0V -
Output Leakage Current ILo 832\? CL;L_II_S Sd :g\l;le —20| 20 | —20| 20 | pA
Output high voltage VOH | loH=—5.0mA 24 | — |24 | — | V
Output low voltage VoL | loL=4.2mA — | 04| — 04|V
Average power supply current RASO, RAS! cycling,
- | CAS cycling, — | 154 | — | 134 | mA | 1, 2
(Operating) CCt tR C-—-rﬁin 9
Power supply current lcco RASD, Fr\?:H T | — |8 | — |8 |m
(Standby) CAS=Vjy |MOS|— | 4 |— | 4 |mA
Average power supply current RASO, RAS! cycling,
(RAS only refresh) lccs tCRAf:n\‘/i'r';' T4 18 mA T2
Average power supply current - o o
(CAS before RAS refresh) Icce | tRC=min. 154 134 | mA | 1
RASO, RAS1=V|_
Average power supply current e et ! o -
(Fast page mode) lccr fpgszﬁﬂmg 134 124 | mA | 1,3

Note* : 1. Igc in dependent on out put loading and cycle rates.
Specified value are obtained with the output open.
2. Address can be changed once or less while RAS=V|_

3. Address can be changed once or less while CAS=V|H_
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CAPACITANCE
(Ta =25°C,f =1 MHz)

Parameter Symbol Max. Unit

Input Capacitance (AO—AS8) CINt 30 pF
Input Capacitance

e L R CiN2 40 pF

(RASO, RAS1, CAS, WE, OE)

Data Input/Output
Capacitance (DQ0 — DQ7) coa % PF

Capacitance measured with Boonton Meter.
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AC CHARACTERISTICS
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(Vcg = 5V + 10%, Ta = 0 ~ +70°C) Note 1, 2, 3

MSC2330A- | MSC2330A-
Parameter Symbol | 80YS4/KS4 | 10YS4/KS4 | ynit | Note

Min. | Max. | Min. | Max.

Refresh period tREF - 8 - 8 ms

Random read or write cycle time tRC 160 — 190 - ns

Read/write cycle time trRwc 215 — 255 - ns

Fast page mode cycle time tpc 50 — 55 — ns

Fast page mode Read/write cycle time | tpRMW 105 - 120 — ns

Access time from RAS tRAC - 80 — 100 ns (4,56

Access time from CAS tCAC - 20 - 25 ns |4.5

Access time from column address tAA — 40 - 50 ns [(4,6

Access time from CAS precharge tcPA - 45 - 50 ns |4

Output low impedance time from CAS tcLz 0 - 0] — ns |4

Output buffer turn-off delay tOFF 0 20 0 20 ns

Transition time tT 3 50 3 50 ns |3

RAS precharge time tRP 70 - 80 - ns

RAS pulse width tRAS 80 | 10K | 100 | 10K | ns

gg::t Zﬂzz xlgctlg cycle only) tRASP 80 100K | 100 | 100K ns

RAS hold time tRSH 20 - 25 - ns

e o w 0| -0 |

CAS pulse width tcAS 20 | 10K | 25 | 10K | ns

CAS hold time tCSH 80 - 100 - ns

RAS to CAS delay time tRCD 22 60 25 75 ns

RAS to column address delay time tRAD 17 40 20 50 ns

CAS to RAS precharge time tcRP 10 - 10 - ns

Row address set-up time tASR 0 - 0 — ns

Row address hole time tRAH 12 - 15 — ns

Column address set-up time tasC 0 — 0 - ns

Column address hold time tcAH 15 - 20 - ns

Column address hold time from RAS tAR 60 - 75 — ns

Column address to RAS lead time tRAL 40 - 50 - ns
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AC CHARACTERISTICS (Continued)

MSC2330A- | MSC2330A-
Parameter Symbol 80YS4/KS4 10YS4/KsS4 Unit Note

Min. | Max. | Min. | Max.

Read command set-up time tRrcs 0 — 0 - ns
Read command hold time tRCH 0 - 0 - ns |8
Write command hold time from RAS tWCR 60 - 75 - ns
Write command set-up time twcs 0 - 0 - ns |7
Write command hold time twCH 15 - 20 - ns
Write command pulse width twp 15 - 20 - ns
Write command to RAS lead time tRWL 20 - 25 - ns
Write command to CAS lead time towL 20 - 25 - ns
Data-in set-up time tps 0 - 0 - ns
Data-in hold time tDH 15 - 20 - ns
Data-in hold time from RAS tDHR 60 — 75 - ns
CAS to WE delay tcwD 50 - 60 - ns |7
RAS to WE delay tRWD 110 - 135 - ns
Column address to WE delay time tAWD 70 - 85 - ns
Q?Zf’eﬁé’mi"%?é"d e tRRH 10 - 10 - ns |8
(F::ATSStge?é?: %‘)’p time tCSR 0| — | 10] - | ns
(%%‘%tge?g: %%I—Sq) time tCHR 30 - 30 - ns
CAS active delay from RAS precharge tRPC 10 — 10 - ns
CAS precharge time tCPN 10 - 15 — ns
RAS hold time refemenced to OE tROH 20 - 20 - ns
Access time from OE tOEA - 20 - 25 ns
OE delay time tOED 20 - 25 - ns
OE to data output buffer turn-on delay | togz 0 20 0 25 ns

OE command hold time tOEH 20 - 25 - ns
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Notes: 1. An initial pause of 100us is required after power-up followed by any 8 RAS cycles
(Example : RAS only Refresh cycle) before proper device operation is achieved.

2. The AC characteristics assume at tT =5 ns.

3. V|4 (min.) and V|_ (max.) are reference levels for measuring of input signals. Also,
transition times are measured between V|4 and V(.

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

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

6. Operation within the tgap (max.) limit insures that tgac (max.) can be met. tyap (max.) is
specified as a reference point only; if tRaD is greater than the specified trap (max.) limit,
then access time is controlled exclusively by taa.

7. twCs. tcwD. tRWD and tawp are not restrictive operating parameters. They are included
in the data sheet as electrical characteristics only; if tyycs = tyycs (min.) the cycle is an
early write cycle and the data out pin will remain open circuit (high impedance) throughout
the entire cycle; if toyyp (min.), tRwD = trwD (Min.) and tawp = tawp (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.

8. Either tRrH or tRCcH must be satisfied for a read cycle.



= DYNAMIC RAM-MSC2330A-xxYS4/KS4 =

READ CYCLE
RAS X:'L* AR IRA? ::PRP N\
L ’_‘ﬁp. tRCD tCAStRSH |
I A TN |/ _
wasess 277X o NOR_comn KZZ7777777777777777X
A/ rr— 7777777777
* W ZZI7TTTITIN. | 77777777 77T
DQ zgf: OP::C o Vathalan-jut s
Don't Care
WRITE CYCLE (EARLY WRITE)
T e e W
BRI e \
wssess W2 777X eor YO cwm R77Z77777T77TTTTTTIX
w v 7T TN 77T T T TT7777
® W T T T T 7T T777 T,
[Tws | [P ton
DQ z:r: Valid Data-in OPEN
23 pon'tcare




WRITE CYCLE (OE CONTROL WRITE)

= DYNAMIC RAM-MSC2330A-xxYS4/KS4 =

GAS VM~
viL -

—_— VlH -
CAS
Vi -

Address z‘“ -
I

WE VH ™
viL -

tRC

— N = N\
tASR tF:ARHAD j:sc\ tCAH l tg;f: \—
| e e [ AR

) = XX o X7/ /71K

towL

tRWL

L

‘M—Pj////////////////// /L,

E LI ey (NI,
D " /)] vwavusn X /77T
Don'tCare
READ/WRITE CYCLE
RAS ://:'L": S 48 '{ { tcap\___
! tCsH
tcrp I < tRSH [“
CAs z'H' =\ I tcas 7—-\
Address [ 777K Fow ////////////// AN
tRAD tcwo CWL _‘
W CY S - ‘L
toEA
O z:f: /////////;i tOED
tcac | toez | tos| | tou
'RAC
DQ z: g:‘: — _Vi:";"oa‘a \ Valid Data-in i///////
Don't Care
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FAST PAGE MODE READ CYCLE

Address

DQ

'RASP trp
V- AR
ViL - : 1 : tcRe
PC RSH -
t t
CRP RCD icp
Vin- tcas tcas — 'cAs
[
ViL - ,ﬂ'?_1 Ji \
taASR 'csH - TRAL
—t==1.i'RaH 'asc  ['can tasc| | tcaH tasc | |'CAH
V -
V:r— Row Column Column Column ////A
tnt9§.| 'RCH tRCS | 1| tacs tRcH
ViH- ] 7f
V.L_///////r tAn | t ! / /’
AA 'AA 1
1 | - A RRH || o
y toea tOEA , tOEA
" /N
e TI7 777777 77 77N .
t t t t k t t
t CAC 'Lng CAC t OFF CAC t | LQFF
RAC OEZ toLz OEZ oLz OEZ
VOH ™~ WX Vaia Valid >_, Vahd
VoL ~ Data-out /A Data-out ¥ _ Data-out
tcLz m Don't Care

FAST PAGE MODE WRITE CYCLE (EARLY WRITE)

Address

DQ

'RASP RP
Vin- N ‘AR
Vi - 3 1t 'crp \
t ' 'pC " 'RSH
CRP RCD icp
Vin- tcas F‘ tcas /—-;/-—qs tcas
Vi - | A |
tASR _losH y tRAL
1« "TRAH 1aSC|_CAH tasc || tcan tasc| | tcanH
waH 8 it
Vi - =
V:':— Row Column X Column Column
'RAD . '
wCs
twes 'wCH 'wWCH twes tweH
1 t
Vig - / WP wp w W
ViL - »
'Ds| | ton tps| | toH ps | | 'oH
-y }‘—-
ViH'/ // valid Valid y Vaiid_ ////////
ViL - Data-in Data-in Data-in "/
i
'DHR

m Don't Care

OE = Don'tCare
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FAST PAGE MODE WRITE CYCLE(OE CONTROL WRITE)

trASP tRP
T
RAS v:[‘ —
'csH tpc tRSH tCRP

tcrp tReD . tep tcp
- | CAS tcAs ‘cas
CAS

ViL —J t Z
RAD
tasr| [flRaH A tcwil| tasc||tcaH  tcwL| Asc|ltcan
*tasd] kc_/'w r’ —

Address \\;:*L‘: Rom Column "Column Column /,IIIIIIIIII

'AR RWL_
LV_V.': twp towl
ViL - Twen f avws
tOEH 'oEH tOEH
= O/ B
ot I s Lo os | |'on tos
toeo | _ || toED toED tDH
tDHR
pa v LTI IR Des al,

m Don’t Care
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FAST PAGE MODE READ/WRITE CYCLE

tRASP
‘AR
== VIH '_# ———-—————i
MAS vy - \ T 'RP, \_
tcsH
tRCD tcas 'CRP
CAs zIH’ 'RAD
L= RAH
t t
tASR taSC [CAH
=
Vi
Address """ 7 Reowl X coumn X7/ /, :oiumK?// '/ °W// /S
'RWD l('.WL tRWL
‘Rcl_s_ tcwp tcwbp fowL tcwp towL
a= VIH -~ L
we v,L-/ 74 tAwD uu( tAWD wo N J
i tROH twp
'0EA twp {OEA we! OEA
— X
® - 7 \|
OE
T -
'L taa | ‘oeD|| | tcPa| " loep tcPA '0ED
t 3 t
CAC CAC H
'RAC tAA_| [tOEZ 'AA | | toez
ips tOH tps 'DH
L
V, -
DQ VOH outd N - N Y
VivoL ~ 2= A R
ol ez tcLz cLz
Don't Care
RAS ONLY REFRESH CYCLE
'Rc
tRP
'RAS.
=xs VIHT
RAS
ViL -
‘crP tRpPC
fas VIH™
CAS
ViL -
tASR tRAH
e —-!
- Z ) U
Address Vi - Row
1
R % Don't Care
Notes: WE, OE =Don't Care
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CAS BEFORE RAS AUTO REFRESH CYCLE

'RC
'RP 'RAS 'RP
Ju—— VIH -
RAS
viL-__/ / 'RPC
'RPC
'CPN | | lCSR 'CHR
— V'H -
CAS ] /
ViL - . \__
(3
1o
VoH - X OPEN
bQ Vou __—Jy
Notes: WE, OE, AO ~ A8 = Don't Care

HIDDEN REFRESH READ CYCLE

'RC 'RC
'RAS 'RP 'RAS tRP
— Viu- N\ 'AR
RAS ViL - \ \ \_—
‘[C_Flﬂ 'RCO 'RSH 'CHR
—= ViH~ 'RAD *\—
&R M- j a0, \
ASR 'RAH 'CAH
Vi -
asress "7 Moo XN e X//7/177 11177777 TTTTTTTTTK

'RCS _] tRAL '_,(_‘ﬂ
WLl e LT

ViL - tROH

tOEA

= w1 4/ ﬁ///////////

ViL -
'cac | tOFF
‘cLz t
tRAC O€2Z
VOH - / ) N
DQ VoL - \ Valid Data-out '
|

m Don’t Care
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HIDDEN REFRESH WRITE CYCLE

RAS _—1\ / S
‘lc_gtg_ 'RCD. 'RSH 'CHR
s W PRI / \
Address 77X V. CES I
WE “::v e
o t:fi////{/{/ ///7[//////////////////////////
oo TN wwomen X777 77TTTTTTT 7777777777

I 'DHR

Don't Care
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OXK I semiconductor
MSC2313A-xxYS8/KS8

1,048,576 Word BY 8 Bit DYNAMIC RAM MODULE : FAST PAGE MODE TYPE

GENERAL DESCRIPTION

The Oki MSC2313A-xxYS8/KS8 is a fully decoded, 1,048,576 word X 8 bit CMOS dynamic random
access memory composed of eight IMb DRAMs in SOJ (MSM511000AJS). The mounting of eight SOJs
together with eight 0.2 xF decoupling capacitors on a 30 pin glass epoxy Single-In-Line Package
supports any application where high density and large capacity of storage memory are required. The
electrical characteristics of the MSC2313A-xxYS8/KS8 are same as the original MSM511000AJS; each
timing requirements are noncritical, and power supply tolerance is very wide.

FEATURES

® 1,048,576 word X 8 bit organization
® 30-Pin Socket Insertable Module
® Family organization

. Access Time (MAX) Cycle Time Power Dissipation
Family -
tRAC tAA tcAC (MIN) | Oparating (MAX) |Standby (MAX)
MSC2313A-70YS8/KS8 70ns 35ns 20ns 140ns 3740mW 4amW
MSC2313A-80YS8/KS8 80ns 40ns 20ns 160ns 3300mwW M OSn}eveI)
MSC2313A-10YS8/KS8 100ns 50ns 25ns 190ns 2860mW
® Single + 5V supply, +10% tolerance
® Input : TTL compatible
® Output : TTL compatible, tristate, nonlatch
® Refresh : 512 cycles/8 ms
FUNCTIONAL BLOCK DIAGRAM
AO-A9 j——
was
p—+—q AO-A9 b i AO-AD
AR L
RS A3
WE WE
00 Py vsF 0 Pucc v
,_*: “AgAQ :%AQ
o W
oot Ovecvs oas. Ve v
b A0-A9 b AO-AQ
. LU WA
S S
a2 cvssf Dos: A v,
\.,_J A0-A9 Le{a0-a0
LY ARS
il e
WE WE
0a3 T Do S T zlccvssa"‘l
vee —tete
vss > S o
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PIN CONFIGURATION

MSC2313A-xxYS8

q
q
q

Ol ¢ @) o o [®] o o
anannnnanOnnnnnnNnannann0nnnnn

MSC2313A-xxKS8

Off 4 o) [e] o o] [¢] [e) (o]
m[{fm{fm{fnnfwmfw ?WWW
CEBIBBEBF crororercoanaas885ERE

PINNo. PINNAME| PINNo. PINNAME| PINNo. PIN NAME
1 Vee 1 v 21 WE
2 CAS 12 A5 22 vss
3 DQO 13 DQ3 23 DQ6
4 A0 14 A6 24 NG
5 Al 15 A7 25 blerg
6 el 16 DQ4 26 NC.
7 A2 17 A8 27 RAS
8 A3 18 A9 28 NC
9 vss 19 NC 29 NC

10 DQ2 20 DQ5 30 Vee

ABSOLUTE MAXIMUM RATINGS (See Note)

Rating I Symbol Value Unit
Voltage on any pin relative to Vgg VIN: VouT -1~ +7 v
Voltage on Vg supply relative to Vgg Vce -1~ +7 v
Operating temperature Topr 0~70 ‘C
Storage temperature Tstg —40 ~ 125 °C
Power dissipation Pp 8 w
Short circuit output current los 50 mA

Note: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS aré éiceeded‘ Functional operation
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to
absolute maximum rating conditions for extended periods may affect device reliability.
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RECOMMENDED OPERATING CONDITIONS (Referenced to Vgg)

in
Parameter Symbol Min. Typ. Max. Unit tfmp;e'?:tu?e
vce 45 5.0 58 v
Supply Voltage
vss 0 0 0 v
Input High Volt 0C ~ +70C
nput High Voltage,
all inputs ViH 24 — 65 v
Input Low Voltage, \
all inputs Vi -1.0 — 08 v

DC CHARACTERISTICS
(Vec=5V£10%, Ta=0~ +70°C)

s MSC2313A- | MSC2313A- | MSC2313A-
Parameter ym Condition TOYS8/KSS | BOYSE/KSS | 10YSE/KS8 Unit |Note
bol Min. [Max.|Min. Max.|Min. Max.
OV<VINLB.5V :
Input Leakage Current IL1 | All other pins —80| 80 [—80| 80 |—80| 80 | A
not under test=0V
is disabl
Output Leakage Current ILo 83:\78'{;;;2\/6 —10| 10 |—10| 10 |—10| 10 | xA
Output high voltage VOH |loH=—5.0mA 24| —|24|— |24 |— | V
Output low voltage VoL |loL=4.2mA —|04|— 104 |—|04| V
Average power supply current RAS cycling,

. | CAS cycling, — | 680 | — {600 | — | 52! At 2
(Operating) CCi tgczrﬁin 9 0|m
Power supply current | RAS=V|H TIL|—| 16 |—| 16 |—| 16 |mA
(Standby) CC2|cAS=V|4 Mosl—| 8 |—| 8 |—| 8 |ma
Average power supply current RAS cyaling,

(RAS only refresh) lccs %ACS:"\‘/:# —|080) 7| 800|520 mA 1, 2

Average power supply current o . - -

(CAS before RAS refresh) lcce|tRe=min. 680 600 520\ mA | 1
RAS=V|L

Average power supply current A i . . .

(Fast page mode) Iccr tCPACSZ%gan 560 480 440\ mA |1, 3

Note : 1. Icc in dependent on out put loading and cycle rates.
Specified value are obtained with the output open.
2. Address can be changed once or less while RAS=V|__

3. Address can be changed once or less while CAS=V|4,
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CAPACITANCE
(Ta=25°C,f =1 MHz)
Parameter Symbol Typ. Max. Unit
Input Capacitance (A0 —A9) CIN1 37 60 pF
Input Capacitance (RAS, CAS, WE) CiN2 35 65 pF
Data Input/Output Coa 7 20 oF

Capacitance (DQ0—DQ7)

Capacitance measured with Boonton Meter.



AC CHARACTERISTICS
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(Vec = 5V =+ 10%, Ta = 0 ~ +70°C) Note 1, 2, 3

MSC2313A- | MSC2313A- | MSC2313A-
Parameter Symbol 70YS8/KS8 | 80YS8/KS8 | 10YS8/KS8 Unit | Note

MIN |[MAX| MIN |MAX| MIN |MAX

Refresh period tREF - 8 - 8 - 8 | ms

Random read or write cycle time tRC 40| — (160 | — (190 | — | ns

Fast page mode cycle time tpc 45 | — | 50| — [ B85 | — | ns

Access time from RAS tRAC —|70| — |8 | — |100| ns |4,56

Access time from CAS tcAC -~ 120 —|20| — |25 | ns | 45

Access time from column address tAA - | 3| — (40| — | 50| ns | 46

Access time from CAS precharge tcpA — | 40| — | 45| — | B0 | ns 4

Output low impedance time from CAS tcLz 0 - 0 - 0 — | ns 4

Output buffer turn-off delay tOFF 0|20 0O |20 | O | 20 | ns

Transition time tT 3 |50 | 3 |5 | 3 |50]| ns 3

RAS precharge time trp 60 | — |70 | — | 80| — | ns

RAS pulse width tRAS 70 |10K | 80 | 10K | 100 | 10K | ns

::’;ft %‘::: x'::; oycle only) trRasp | 70 [100K| 80 [100K| 100 [100K| ns

RAS hold time tRSH 20| -|20| - |25| — | ns

(CI:;::t r:)r:;gar;%z;mc::cle only) tcp 00— |10} =10 ~]ns

CAS pulse width tcas 20 |10K | 20 |10K | 25 | 10K | ns

CAS hold time tcsH 70| — |80 | — |100]| — | ns

RAS to CAS delay time tRCD 22 |50 |22 | 60 | 25 | 75 | ns 5

RAS to column address delay time tRAD 177 |35 | 17 | 40 | 20 | 50 | ns 6

CAS to RAS precharge time tCRP 0| —-|10]|—-|10|—-|ns

Row address set-up time tASR 0 - 0 - 0 — | ns

Row address hold time tRAH 2| — (12| — |1 | — | ns

Column address set-up time tASC 0 - 0 — 0 — | ns

Column address hold time tcAH 5| — (1| — 20| — | ns

Column address hold time from RAS tAR 55 | — | 60| — | 75| — | ns

Column address to RAS lead time tRAL 35| — |40 | — [ 80| — | ns
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AC CHARACTERISTICS (Continued)

MSC2313A- | MSC2313A- | MSC2313A-
Parameter Symbol 70YS8/KS8 | 80YSB/KS8 | 10YS8/KS8 Unit | Note

MIN | MAX| MIN |MAX | MIN | MAX

Read command set-up time tRCS 0 - 0 - 0 — | ns
Read command hold time tRCH o|-]0]—-10 — | ns 7
Write command hold time from RAS twer | 55| — |60 | — | 75| — | ns
Write command se-up time twcs o|—-—]0]| —-—]0]|~—=1|ns
Write comman hold time twCH 5| - |16 —120| — | ns
Write command pulse width twp 15 - | 15 - 120 | — ns
Data-in set-up time : tps 0 - 0 — 0 — | ns
Data-in hold time tpH 5| — |16 — 20| — | ns
Data-in hold time from RAS tDHR 55| — | 60| — | 75| — | ns
%L\A%tge?:: %;’p time tcsR | 10| — |10 | —|10] —|ns
Z%tge?o’?:’ -;—Zlg) time tchrR |30 | — |3 | - [30| - | ns
CAS active delay from RAS precharge tRPC 10 — 10 - 10 - ns
CAS precharge time ' tCPN 10| ~-(10] (15— |ns

Notes:

An initial pause of 100 us is required after power-up followed by any 8 RAS cycles
(Example : RAS only refresh cycle) before proper device operation is achieved.
The AC characteristics assume attT =5 ns. '

ViH (min) and V|_ (max.) are reference levels for measuring of input signals. Also, transi-
tion times are measured between V|4 and V.

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

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

Operation within the tgap (max.) limit insures that tgac (max.) can be met. tyap (max.)
is specified as a reference point only; if tRap is greater than the specified tgap (max.)
limit, then access time is controlled exclusively by taA.

Either tRrH or tRCH Mmust be satisfied for a read cycle.



READ CYCLE
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tRe
tRP
tRAS
J— _— '
RAS ;::" Z N
tcsH
terp tRCD tRsH tcrp
t
- cas
=7 \
'rAD tRAL
tash | | than tasc tean
et (akid
Vin~ -\
Address ! % Row Column W // ///
tar
tRCH
trcs tepn |
wE VYmH -
WE i - toac
tan
tcrz torF
trac =~
VoH -
OPEN J! Valid Data
VoL -
—
tre
trp
tRAS
T
RAS M -\
Vie - ‘
tRco tRSH
teap tcrp
tosmH
tcas
s ViH™ \
CAS /
VIL—J
tar
taao tRAL
t t t, t,
AsR_| | than ASC CAH
s " TR_eon /Y
-
twer
twes| tweH
et
twe
= L Y,
WE i - 7 L //,
tonm
tps toH

" [
SN/

KU

Don'care
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FAST PAGE MODE READ CYCLE

tRASP tRp
vy -
AAS
ViL - w.
tesH tec tRSH
tcRP tRCD toas | fcp tcas | top tcas tcrp
1
RS zm' o E .\'
- N
tRAL
tar | i I
1
t t t 1, 1 t tcan
A ﬁ_‘ | Ry tasc | FC' H ASC| CAH ASC. C.
/1L
Address J
) ) R ), = /
tRAD tRRH
taeH tRCH
tRe: tres I‘ tres tRCH
" 7 7 \/
L= teac tcAC tcAC
fae
taa tan tan
tRAC tepa tcpa
oa VOH- fVaia Valid
vou - Data Data
torF tOFF
torz torz
V ’
Doncare
tRASP e
=N
tpc tRsH
terp taco tcas ,  tep tcas ,  tep tCAS tcre
=w_/ \ '\\_:‘Fk
tn I i tRAL
tasr| | tRAH  tasc toaH 'Aru.:. tcAH tasc | tCAH
-
sasen e TR _pom o WX KO WKL/
d
tRAD
tweR _{
twes twen  twes|  |twew twes twCH
v - fwe twp twp
w LTINS /
Vi -
* T T 1 T
tos tou tos| o tos| |tow
Vi - [
oa i /{ ! { f ! f{ Zx Vaiid Data Valid Data Valid Data
- T
o
W Don'tcare
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RAS ONLY REFRESH CYCLE

R
'RP
tRAS
TN
tcrp 'RPC
GAS z:[*:_/
tASR 'RAH
=
Vi -
Sk SN Y
ba OH” OPEN
VoL -
Don't care
NOTE: WE =Don't care,
CAS BEFORE RAS AUTO REFRESH CYCLE
tRe
tRP
tRAS -
RS | Y/ e N\ \__
tceN | tCsR tcHR )
s N ,V
toFF
oa :Z:: > OPEN
Don't care
NOTE: WE =Don't care, AO ~ A9 =Don't care ‘
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HIDDEN REFRESH READ CYCLE

AR N / N\ /
iy ([gy_‘ tRco tRSH tcHr
=/ \ /|
s (47 77K Fow D
kAN UL,
trac | Jore,
oa :°"' Y/ Valid Data —
Don't care
HIDDEN REFRESH WRITE CYCLE
N /l \ /
e -
tasR tRA‘HRAD j:sc &
s (1 TR s WO/IILLLLITILITTTIT LUV
L 7 -/ 77
S/ esaoue LI

toHR

Don'tcare




A
OKI semiconductor \'94‘2/,,,,/
MSC2358-xxKS2 IS

1,048,576 Word x 8 Bit DYNAMIC RAM MODULE: FAST PAGE MODE TYPE

GENERAL DESCRIPTION

The Oki MSC2358-xxKS2 is a fully decoded, 1,048,576 word by 8 bit CMOS dynamic random access
memory composed of two 4Mb DRAMSs in SOJ (MSM514400JS). The mounting of two SOJs together
with two 0.2 uF decoupling capacitors on a 30 pin glass epoxy Single-In-Line Package supports any
application where high density and large capacity of storage memory are required. The electrical
characteristics of the MSC2358-xxKS2 are same as the original MSM514400JS; each timing require-
ments are noncritical, and power supply tolerance is very wide.

FEATURES

* 1,048,576 word x 8 bit organization
»  30-Pin Socket Insertable Module
« Family organization

Access Time Power Dissipation
Famil MAX Cycle Time
! ( ) (MIN) Operating Standby
tanc ta toac (MAX) (MAX)
MSC2358-80KS2 80ns | 40ns | 20ns 160 ns 990 mW 11mwW
MSC2358-10KS2 | 100ns | 50ns | 25ns | 190ns ggomw | (MOSlevel

« Single +5V supply, +10% tolerance

* Input : TTL compatible

»  Output : TTL compatible, tristate, nonlatch

* Refresh: 1024 cycles/16 ms

- CAS before RAS refresh, CAS before RAS hidden refresh, RAS only refresh capability
«  Multi-bit test mode capability
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FUNCTIONAL BLOCK DIAGRAM

RAS
CAS
WE
A0
A1
A2 1 RAS DQ1—DQo
| A3 —— CAS DQ2[—DQ1
A4 WE DQ3}—DQ2
A5 »— A0-A9  DQ4—DQ3
A6 OE
A7 VCC VSS _I
A8 l ]
7 o -
A9 vcé; T +
1 c2
VSS D

RAS

7l

A0-A9

DQ1}— DQ4
DQ2— DQ5
DQ3— DQ6
DQ4— DQ7

OE
V(iC VSS I

PIN CONFIGURATION

MSC2358-xxKS2

T

30
Pin No. Pin Name PinNo.  Pin Name Pin No. Pin Name

1 VCC 1 A4 21 WE
2 CAS 12 A5 22 VSS
3 DQO 13 DQ3 23 DQ6
4 A0 14 A6 24 N. C.
5 A1l 15 A7 25 DQ7
6 DQ1 16 DQ4 26 N. C.
7 A2 17 A8 27 RAS
8 A3 18 A9 28 N. C.
9 VSS 19 N. C. 29 N.C.
10 DQ2 20 DQ5 30 vCcC
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MSC2329-xxYS3/KS3

262,144 Word BY 9 Bit DYNAMIC RAM MODULE : PAGE MODE TYPE

GENERAL DESCRIPTION

The Oki MSC2329-xxYS3/KS3 is a fully decoded, 262,144 word X 9 bit dynamic random access
memory composed of two 1 Mb DRAMs in SOJ(MSM514256AJS) and one 256Kb DRAM in PLCC
(MSM41256AJS). The mounting of two SOJs and one PLCC together with three 0.2 4F decoupling
capacitors on a 30 pin glass epoxy Single-In-Line Package supports any application where high density
and large capacity of storage memory are required. The electrical characteristics of the MSC2329-
xxYS3/KS3 are same as the original MSM41256AJS; each timing requirements are noncritical,and power
supply tolerance is very wide.

FEATURES

® 262,144 word X 9 bit organization
® 30-Pin Socket Insertable Module
® Family organization

. Access Time (MAX) Cycle Time Power Dissipation
Family -
tRAC tcac (MIN) Oparating (MAX) |Standby (MAX)
MSC2329-10YS3/KS3 100ns 50ns 200ns 1155mW 50mW
MSC2329-12YS3/KS3 120ns 60ns 220ns 1073mW

Single + 5V supply, +10% tolerance

Input : TTL compatible

Output : TTL compatible, tristate, nonlatch

Refresh : 512 cycles/8 ms

Common CAS Control for eight Common Data-in and Data-Out Lines
Separate CAS Control for One Separate Pair of Data-in and Data-Out Lines

FUNCTIONAL BLOCK DIAGRAM

A0-A8 _}—
RAS
WE —
CAS
WE
DQO-3 oa o
vee  vss
4—rA— 0-a8
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= DYNAMIC RAM-MSC2329-xxYS3/KS3 =

PIN CONFIGURATION

MSC2329-xxYS3

o“ol I} ©

@]

minininininininininininininininininininininininisininininin]
1 30

MSC2329-xxKS3

PIN No. PIN NAME PIN No. PIN NAME PIN No. PIN NAME
1 Vce 1 A4 21 WE
2 CAS 12 A5 22 VsSs
3 DQO 13 DQ3 23 DQ6
4 A0 14 A6 24 NC
5 Al 15 A7 25 DQ7
6 DQ1 16 DQ4 26 Q8
7 A2 17 A8 27 RAS
8 A3 18 NC 28 CAS8
9 Vss 19 NC 29 D8

10 DQ2 20 DQ5 30 Vcc

ABSOLUTE MAXIMUM RATINGS (See Note)

Rating Symbol Value Unit
Voltage on any pin relative to Vgg VIN, VouT -1~ +7 \'
Voltage on Vg supply relative to Vgs Vce -1~ +7 \
Operating temperature Topr 0~70 °C
Storage temperature Tstg —40 ~ +125 ‘C
Power dissipation Pp 4 w
Short circuit output current los 50 mA

Note: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. Functional operation
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to
absolute maximum rating conditions for extended periods may affect device reliability.
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= DYNAMIC RAM-MSC2329-xxYS3/KS3 =

RECOMMENDED OPERATING CONDITIONS (Referenced to Vgg)

Parameter Symbol Min. Typ. Max. Unit 13'19:;?:{:‘?8
vee 45 50 55 v
Supply Voltage
vss (o] o] (o] v
Input High Voltage, 0C ~ +70C
all inputs VIH 24 — 6.5 v
Input Low Voltage,
all inputs viL -1.0 — 08 v
DC CHARACTERISTICS
(Vcc=5V+10%, Ta=0~ +70°C)
MSC2329- MSC2329-
Parameter Symbol Condition 10YS3/KS3 | 12YS3/KS3 Unit | Note
Min. | Max. | Min. | Max.
OV<V|N<6.5V :
Input Leakage Current IL1 | All other pins —30| 30 | —30| 30 | A
not under test=0V
Output Leakage Current ILo 8\? g;lbgizgfg\a/ble —10 | 10 | —10| 10 uA
Output high voltage VOH | loH=—5.0mA 24 | — | 24 | — v
Output low voltage VoL | loL=4.2mA — | 04 | — | 04 \'
Average power supply current RAS, CAS, CAS8
- | cycling,| — | 21 — | 1 Al 1,2
(Operating) CC1 tRG=min ycling 0 95 [ m
Power supply current RAS=ViH - .
(Standby) Icc2| Cas, CASB=VIy ° 9 | mA
RAS cycling,
Average power supply current CAS — _ _
(RAS only refresh) lccs &S:S:nsa ViH 208 190 | mA 1.2
Average power supply current —— o .
(CAS before RAS refresh) lcce | tRC=min. 208 190 | mA | 1
RAS=V
Average power supply current Y . . .
(Fast page mode) lcc7 t%:;s_—_gﬁqse cycling 150 13 | mA | 1,3

Note : 1. Icc in dependent on out put loading and cycle rates.
Specified value are obtained with the output open.
2. Address can be changed once or less while RAS=V|_,

3. Address can be changed once or less while CAS=V|H,
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CAPACITANCE
(Ta =25°C, f =1 MHz)
Parameter Symbol Max. Unit
Input Capacitance (AQO —AS8) Cini 40 pF
Input Capacitance (RAS, CAS, WE) Cin2 40 pF
o €28 — o o | m |
Input Capacitance (CAS8) CiN3 10 pF
Input Capacitance (D8) CiNg 10 pF
Qutput Capécitance (Q8) Cout 15 pF

Capacitance measured with Boonton Meter.
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AC CHARACTERISTICS :

= DYNAMIC RAM-MSC2329-xxYS3/KS3 =

(Vcc = 8V £ 10%, Ta = 0 ~ +70°C Note 1, 2, 3
MSC2329- MSC2329-
Parameter Symbol 10YS3/KS3 12YS3/KS3 | ynit | Note
MIN | MAX | MIN | MAX

Refresh period tREF - 4 - 4 ms
Random read or write cycle time trc 200 - 220 - ns
Page mode cycle time tpc 100 - 120 - ns
Access time from RAS tRAC - 100 - 120 | ns | 4,5
Access time from CAS tcac - 50 - 60 |ns | 4.5
Output buffer turn-off delay tOFF 0 30 30 ns
Transition time tT 3 50 3 50 ns 3
RAS precharge time tRP 90 - 90 - ns
RAS pulse width tRAS 100 | 10K | 120 | 10K | ns
RAS hold time tRSH 50 — 60 — | ns
:Ii:lzep:ggzrcg::ctl?gnly) tcp 40 - 50 - ns
CAS pulse width tcAS 50 | 10K | 60 | 10K | ns
CAS hold time tcsH 100 - 120 - ns
RAS to CAS delay time 1 tReD 25 50 25 60 | ns| 5
CAS to RAS set-up time tcRs 20 - 25 — | ns
Row address set-up time tASR 0 - 0 - ns
Row address hold time tRAH 15 - 15 - ns
Column address set-up time tasc 0 - 0 - ns
Column address hold time tcAH 20 - 20 - ns
Column address hold time from RAS tAR 75 — 90 — ns
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AC CHARACTERISTICS (Continued)

MSC2329- MSC2329-
Parameter Symbol 10YS3/KS3 12YS3/KS3 Unit | Note
MIN | MAX | MIN | MAX
Read command set-up time tRCS 0 . 0 — ns
Read command hold time tRCH 0 - 0 - ns 6
Write command hold time from RAS tWCR 75 - 90 - ns
Write command set-up time twcs 0 - 0 - ns
Write command hold time twCH 20 - 20 - ns
Write command pulse width twp 20 - 20 - ns
Date-in set-up time tDs 0 - 0 - ns
Data-in hold time tDH 20 - 20 - ns
Data-in hold time from RAS tDHR 75 - 90 - ns
Read command hold time
referenced to RAS tRRH 20 - 20 - ns | 6
RAS to CAS set-up time
(CAS before RAS) tFCs 20 2 ns
RAS to CAS hold time
(CAS before RAS tFCH 20 N 2 - ns
CAS precharge time
(CAS before RAS) 'CPR 20 25 ns
CAS active delay from RAS
precharge tRPC 20 20 - ns
Notes: 1 An initial pause of 100 us is required after power-up followed by any 8 RAS cycles
(Example : RAS only refresh cycle) before proper device operation is acieved.
2 The AC characteristics assume atty =5ns. :
3 V|H (min) and V|_ (max.) are reference levels for measuring of input signals. Also, transi-
tion times are measured between V|4 and Vj(.
4 Measured with a load circuit equivalent to 2 TTL loads and 100pF
5 Operation within the tgcp (max) limit insures that tgac (max.) can be met. trcp (max.)
is specified as a reference point only: if tRcp is greater than the specified trcp (max.)
limit, then access time is controlled exclusively by tCAC-
6 Either tgrH or tRCH Must be satisfied for a read cycle.
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= DYNAMIC RAM-MSC2329-xxYS3/KS3 =

READ CYCLE

tRC
trp
G (S Z"——'_:»
Ve - \\___.
tcsH
tors tRCD tASH hiid
v, - [ teas
cas M /‘ /
ASS Vie -
TASR | | tRAH | tasc tcan
Address xr:% Row Cotumn D A
AR
tRCH
'RCS tRRK -
I
— V-
" V4 e
toFr
tRAC |
oa 'OM" OPEN %F Vahd Data
ae Vou -
[77) oorcare
WRITE CYCLE (EARLY WRITE)
tre
tRp
tRAS
s N /j N
vy - 3
tRco tRSH
s

\Ch

tcrs
tesH
tcas
o o A 7

CAss - tar

S G ) S /N

tcan

. tWCR l
= e TIIN /N
I/, ST Y

Don' care
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= DYNAMIC RAM-MSC2329-xxYS3/KS3 =

PAGE MODE READ CYCLE

tRAS 'Rp
L —
A5 VM \
ViL -
tesH tpc tRSH
ters tRCD tcas tCAS tcrs
L‘"’ 1
e VM-
Ll )
CAS8
tar I
U
tasR | | tRAM  tAsC toAH fean
oo el e }.,
Vi -
Address
) R s
tRRK
tRCH tRCH
tRCS "l‘ tRCS tRcs tRCH
W
- tcac tcac
tRaC
oa VOH- Vala Vahd
a8 VoL - Data Data
toFF toFF

Dortcare

PAGE MODE CYCLE (EARLY WRITE)

tRAS trp
STy
fAs VM \
Vi -
tec tRSH
tcRs trco tcas tcas tors
cas VM- R\
CAS
@ \ R\ L[
CAS8
taR |
1
tasr| | tRAH  tasc tcan tCAH
b

-
gt/ o
,

' 1
i
twer .{ i
twes twen  twes|  |twel twes tweH
sl bl b
v twe. twe twe
We Ym-”
L - /
? +
tos tou tos toH ttF_ foH
r_*. 2
ViH -
oa /// / / // 0{ Valid Oata Vaixd Data vahdData
Qs ViL- X
toHR

Don't care
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= DYNAMIC RAM-MSC2329-xxYS3/KS3 =

RAS ONLY REFRESH CYCLE

tRC

tRp

tRAS

AAS /M TN

ViL -

tcRs tRPC

CAS YH~
— VI =
CAS8

tasr tRAH
-

sk SIS I I

VoH -
oQ OPEN

as VoL-

%
Don't care

NOTE: WE =Don't care

CAS BEFORE RAS AUTO REFRESH CYCLE

*Re
tRP
tRAS |
pra— VlH _
RAS N
ViL —
" tRPC \
tcpR | tFCS tFCH »
CAs VM~ x
==z VIL - /
CAS8
toFF
Vo - =\
on E OPEN
ot R o N —
m Don't care
NOTE : WE=Don't care, AO~A8=Don't care
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HIDDEN REFRESH READ CYCLE

tRC
tRAS tRP. tRAS
vy -
RA!
Su- N /l \ 1
tchs trco tRSH tCHR
GAs YT
— Il -,
CAS8

tcan

/1 = 1 = I

tar %
It_n_rS tRAH

/e K\ U

tcac

toFF

tRAC

VOH -
© _—'————'—@ Valid Data }‘——

ooncare
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OKI semiconductor
MSC2316-xxYS9

262,144 BY 9 BIT DYNAMIC RAM MODULE : FAST PAGE MODE TYPE

GENERAL DESCRIPTION

The Oki MSC2316-xxYS9 is a fully decoded, 262,144 word X 9 bit CMOS dynamic random access
memory composed of nine 256K DRAMs in plastic leaded chip carrier (MSM51C256JS). The mounting
of nine PLCCs together with nine 0.2uF decoupling capacitors on a 30 pin glass epoxy Single-in-Line
Package supports any application where high density and large capacity of storage memory are
required. The electrical characteristics of  the MSC2316-xxYS9 are same as the original MSM51C256JS;
each timing requirements are noncritical, and power supply tolerance is very wide.

FEATURES

® 262,144 word X 9 bit organization
® 30-Pin Socket Insertable Module
® Family organization

. Access Time (MAX) Cycle Time Power Dissipation
Family ,
tRAC tAA tCAC (MIN) Oparating (MAX) | Standby (MAX)
MSC2316-80YS9 80ns 40ns 20ns 160ns 2970mwW 124mW
MSC2316-10YS9 100ns 50ns 25ns 190ns 2475mW (MOS level)

Single + 5V supply, +10% tolerance

Input : TTL compatible

Output : TTL compatible, tristate, nonlatch

Refresh : 256 cycles/4 ms

Common CAS control for eight common Data-in and Data-out lines.
Separate CAS control for one separate pair of Data-in and Data-out lines.
Fast Page Mode capability

FUNCTIONAL BLOCK DIAGRAM

A0-A8
RAS
CAS
WE
—— AO-AB >_.—4— ;%-:s
CAS CAS
WE WE
bao Pvec vs] bas Pugg vs: $
] Ac-A8 b A0-AB
{ | RAS o — L
cAs RS
i WE
oat I Pvecvss ] bas Ve ved'
A0-A8 A0-AB
| T8 =
g oS
AWE o WE
DG2 ‘ccVss DQs Yee ved)
A0-AB p—r— A0-A8
RAS ——=] RAS
CAS TAS
WE WE
0as Puce vsSf) 007 Vecvss]
Ly Jacne
e L
TASE CAS
g3
D8 0 Y
Voo vecVss
Ic Lo S
Vss T T
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= DYNAMIC RAM-MSC2316-xxYS9 m

PIN CONFIGURATION

MSC2316-xxYS9

FIﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂHﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ

1 30

PIN No. PIN NAME PIN No. PIN NAME PIN No. PIN NAME
1 Vce 1 A4 21 WE
2 CAS 12 A5 22 VSs
3 DQO 13 DQ3 23 DQ6
4 AO 14 A6 24 NC
5 Al 15 A7 25 DQ7
6 DQt 16 DQ4 26 Q8
7 A2 17 A8 27 RAS
8 A3 18 NC 28 CAS8
9 Vss 19 NC 29 D8

10 DQ2 20 DQ5 30 Vce

ABSOLUTE MAXIMUM RATINGS (See Note)

Rating Symbol Value Unit
Voltage on any pin relative to Vgg VIN, VouT -1~ +7 \
Voltage on Vcc supply relative to Vsg vVce -1~ +7 Vv
Operating temperature Topr 0~70 ‘C
Storage temperature Tstg —40 ~ 125 °C
Power dissipation Pp 4 w
Short circuit output current los 50 mA

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



= DYNAMIC RAM-MSC2316-xxYS9 =

RECOMMENDED OPERATING CONDITIONS (Referenced to Vsg)
Parameter Symbol Min. Typ. Max. Unit teomp:;?:t?ﬁe
vVee 45 50 5.5 v
Supply Voltage
vss 0 0 v
| t High Volt 0C ~ +70C
nput High Voltage,
allinputs ViH 24 — | Vect1o v
Input Low Voltage,
all inputs viL -1.0 — 08 v
DC CHARACTERISTICS
(Vcc=5V+10%, Ta=0~+70°C)
MSC2316- | MSC2316-
Parameter Symbol Condition 80¥Se 10¥S9 Unit | Note
Min. | Max. | Min. | Max.
OVVINSVCcCcH1V
Input Leakage Current I All other pins not | —90! 90 | —90| 90 | xA
under test=0V
DAta out is disable
Output Leakage Current Lo OV<VouT <55V —10]| 10 | —10| 10 | kA
Output high voltage VOH | loH=—5.0mA 24| — |24 | —| Vv
Output low voltage VoL | loL=4.2mA — |04 | — |04 |V
Average power supply current RAS cycling,
(Operating) lcct ?Rl::s,:?n?:B cycling, | — | 540 | — [ 450 | mA | 1, 2
RAS=V, J— _
Power supply current loc2 CAS. %Sﬁ TTL 315 315 | mA
(Standby) vy | Mos | — |225| — |225| mA
Average power supply current @ c_y_gliﬂg,
(RAS only refresh) lcca tCRI;S_,_:‘?f8=V|H T T mA 2
Average power supply current . . .
(CAS before RAS refresh) lcce | tre=min. 540 450 | mA | 1
Average power supply current ﬁz—\L
(Fast page mode) Icc7 ;;;S;gﬁss cycling | — | 360 | — [ 315 | mA [ 1,3

Note* : 1. Icc in dependent on out put loading and cycle rates.

Specified value are obtained with the output open.
2. Address can be changed once or less while RAS=Vj_

3. Address can be changed once or less while CAS=V|H,
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u DYNAMIC RAM-MSC2316-xxYS9 =

CAPACITANCE
(Ta=25°C,f=1MHz)
Parameter Symbol Typ. Max. Unit

Input Capacitance (A0 —A8) CINt 40 70 pF
Input Capacitance (RAS, CAS, WE) Cin2 40 75 pF
g::;cl:?tr::c/:eo ?’S‘S’S- DQ?) Coa ! 20 PF
Input Capacitance (CAS8) CIN3 5 10 pF
Input Capacitance (D8) CiN4 4 10 pF
Output Capacitance (Q8) ' CouTt 4 15 pF
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AC CHARACTERISTICS

= DYNAMIC RAM-MSC2316-xxYS9 »

(Vec = 5V + 10%, Ta = 0 ~ +70°C) Note 1, 2, 3

MSC2316- MSC2316-
Parameter Symbol 80YS9 10YS9 Unit | Note

MIN | MAX | MIN | MAX

Refresh period tREF — 4 — 4 ms

Random read or write cycle time tRC 160 - 190 - ns

Fast page mode cycle time tpc 55 - 55 — ns

Access time from RAS tRAC - 80 — | 100 | ns |4,56

Access time from CAS tcac - 20 - 25 | ns | 4.5

Access time from column address tAA - 40 - 50 ns 4,6

Access time from CAS precharge tcPA - 45 — 50 ns 4

Output low impedance time from CAS tcLz 0 — 0 — ns 4

Output buffer turn-off delay tOFF 0 20 0 30 ns

Transition time tr 3 50 3 50 ns 3

RAS precharge time tRP 70 - 80 - ns

RAS pulse width tRAS 80 | 10K | 100 | 10K | ns

RAS hold time tRSH 20 - 25 - ns

o e v oo o7 e o -] |

CAS pulse width tcAs 20 | 10K | 25 | 10K | ns

CAS hold time tcsH 80 - | 100 - ns

RAS to CAS delay time tRCD 22 | 60 | 25 | 75 | ns 5

RAS to column address delay time tRAD 17 40 20 50 ns 6

CAS to RAS precharge time tcRP 10 - 10 - ns

Row address set-up time tASR 0 - 0 — ns

Row address hold time tRAH 12 — 15 - ns

Column address set-up time tASC 0 - 0 - ns

Column address hold time tcaAH 15 - 20 - ns

Column address hold time from RAS taR 60 - 75 - ns

Column address to RAS lead time tRAL 40 - 50 - ns

89
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AC CHARACTERISTICS (Continued)

MSC2316- | MSC2316-
Parameter Symbol 80YS9 10YS9 Unit | Note
MIN | MAX | MIN | MAX

Read command set-up tRCs 0 - 0 — ns
Read command hold time tRCH 0 - 0 - ns 7
Write command hold time from RAS tweR 60 - 75 - ns
Write command set-up time twcs 0 - 0 - ns
Write command hold time twCH 15 - 20 - ns
Write command pulse width twp 15 - 20 - ns
Data-in set-up time tps 0 - 0 - ns
Data-in hold time tDH 15 - 20 - ns
Data-in hold time from RAS tDHR 60 - 75 - ns

Read command hold time

referenced to RAS tRRH 10 N 10 - ns 7
RAS to CAS set-up time _

(CAS before RAS) 'CsR 10 10 = | ns

RAS to CAS hold time

(CAS before RAS) {CHR 8 | - |8} - s

CAS active delay from RAS precharge tRPC 10 - 10 - ns

CAS precharge time tcPN 10 - 15 - ns

Notes: 1 An initial pause of 100 s is required after power-up followed by any 8 RAS cycles
(Example : RAS only refresh cycle) before proper device operation is achieved.

2 The AC characteristics assume atty =5ns.

3 VjH (min) and VL (max.) are reference levels for measuring of input signals. Also, transi-
tion times are measured between V| and V|_.

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

5 Operation within the tycp (max.) limit insures that tgac (max.) can be met. trcp (max.)
is specified as a reference point only: if trcp is greater than the specified tycp (max.)
limit, then access time is controlled exclusively by tcaC.

6 Operation within the tR AD(max.) limit insures that tga (max.) can be met. tgap (Max.) is
specified as a reference point only; if tgap is greater than the specified tgap (Mmax.) limit,
then access time is controlled exclusively by taa

7 Either tgpy or tggy must be satisfied for a read cycle.
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= DYNAMIC RAM-MSC2316-xxYS9 =

READ CYCLE
tRC
'RP
tRAS
v - -
RAS ~H Z |\
I \t
tCSH
tcRp tRCD tRSH ‘cRp
- tcas
Cas VH _/ \ \ /
—es VIL - -
CAS8
. 'RAD tRAL
tasSR tRAH tasCc tCAH
=~
Vi = r — -
Address 1M m Row @g Column XEZE;;;ZZEEZE;;;;;;;;;Z;;Z
w-
tAR
tRCH
‘n'_c's:i tRAH
Vin =7 )
= ViH -
= w I \
tAA
tcLz toFF v
tRAC
oa Vo - e
Q8 OPEN ; Valid Data
VoL -

Don'tcare




= DYNAMIC RAM-MSC2316-xxYS9 =

WRITE CYCLE (EARLY WRITE)

tRCD

tRSH
tcRP
tCSH
tcas
t

‘ASF. tRAH tasc tCAH
waes W TR_een XOR e WILIITTITTITTIITIL,
" TN, — /I

tDHR

I, S Y,

Don't care
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FAST PAGE MODE READ CYCLE

= DYNAMIC RAM-MSC2316-xxYS9 =

tRAS tRP
—_— V-
AAS M N / \
ViL - x
tCSH tpC tRSH
tCRP tRCD tcas | tce tcas | tcp tCAS tCRP
_ - —
L \ N N
cass =
| RAL
tAR | I
1
tasSR tRAH  tASC tcaH | tasc tCAH | tasC tCAH
peo- o pr——ei -‘—.I by
Ad Vin -
S Vi Row Col Col Col
L 1 1
t tR|
RAD RH
tRCH tRCH
tRCS tRCS ‘Res 'RCH
L
we Ym- T
L tcAC tcac tcac
oo it
taa tAA tAA
! |
tRAC tcpa tCPA
pa VOH- J Valid "\ Valid 7 Vaiid b__
Q8 g - [\ Data _J' Data Data
tOFF tOFF tOFF
.‘ e .1._ s ..1,,___
cLz tcLz tcLz
|

Don'tcare
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= DYNAMIC RAM-MSC2316-xxYS9 =

FAST PAGE MODE WRITE CYCLE (EARLY WRITE)

RAS

CAS

CAS8

Address

A

O
ViL -

MG

Vie -

tRAS trp
\_
tpc tRSH
tcrp trco 'CAS tcp tcas tcp tCAS tcRp
tAR | . tRAL
| I
tasr| | tRAH tasc tCAH 'A% tCAH tAs_q tCAH
le—enl oo
pow o XX X7/
tRAD '
'weRr |
=
twcs twcH  twes tWCH twcs twCH
o et
WW twp WP m twp W
tos toH tos toH tps tOH
ey
Valid Data m Valid Data m Valid Data // / / //
)
DHR

Don't care




RAS ONLY REFRESH CYCLE

= DYNAMIC RAM-MSC2316-xxYS9 =

fAS VK~

CAS UM~
cass VL -
CAS8

Address VIH~
ViL -

pa VoH-
VoL -

ViL -

- \ tRAS \_
i \__/
Sl YA

m Don't care

NOTE: WE =Don't care, A8 = Don't care

CAS BEFORE RAS AUTO REFRESH CYCLE

RAS H

Viy —
Vi - /

tras

tRP

trPC

CAS z'“ - /
CASS

pa VOH-—"T

a8 Vou e A

tcen

tCSR

tCHR

toFF

v

OPEN

NOTE: WE =Don't care, AO ~ A8 =Don't care

77) oonrs
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= DYNAMIC RAM-MSC2316-xxYS9 =

HIDDEN REFRESH READ CYCLE

tac
tRAS tpp 'RAS
N / N\ /
tcrp tRCD tRSH tCHR
— - e
&=y \ /
'RAD tRAL
1
'ASE. RAH tts.c‘ tCAH
o TR Sl Y
AR
'RCS tRRH
=27 L /I,
tAA
tRAC toFF
?)% :z:‘: — y Valid Data

—
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HIDDEN REFRESH WRITE CYCLE

Re
S 'RAS
i
s TN \ /
L .
tcrp tgco RSH tCHR
A VM- \ /
s L -
AR
‘RAD |
-t
S tRAH tasc | tc
gt | pa——many

SR/ I ) S

twes tWCH

= s TN T
I

‘DS toH

I iy

tOHR

Don'tcare
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OKI semiconductor
MSC2331A-xxYS3/KS3

262,144 Word BY 9 Bit DYNAMIC RAM MODULE : FAST PAGE MODE TYPE

GENERAL DESCRIPTION

The Oki MSC2331A-xxYS3/KS3 is a fully decoded, 262,144 word X 9 bit CMOS dynamic random
access memory composed of two 1 Mb DRAMs in SOJ (MSM514256AJS) and one 256Kb DRAM in PLCC
(MSM51C256JS). The mounting of two SOJs and one PLCC together with three 0.2 xF decoupling
capacitors on a 30 pin glass epoxy Single-in-Line Package supports any application where high density
and large capacity of storage memory are required. The electrical characteristics of the MSC2331A-
xxYS3/KS3 are same as the original MSM514256AJS; each timing requirements are noncritical, and
power supply tolerance is very wide.

FEATURES

® 262,144 word X 9 bit organization
® 30-Pin Socket Insertable Module
® Family organization

. Access Time (MAX) Cycle Time Power Dissipation
Family -
tRAC tAA tcAC (MIN)  |Oparating (MAX) |Standby (MAX)
MSC2331A-80YS3/KS3| 80ns 40ns 20ns 160ns 155mW 25mW
MSC2331A-10YS3/KS3 | 100ns | 50ns 25ns 190ns goomw | (MOS level)

Single + 5V supply, +10% tolerance

Input : TTL compatible

Output : TTL compatible, tristate, nonlatch

Refresh : 512 cycles/8 ms

Common CAS control for eight common Data-in and Data-out lines.
Separate CAS control for one separate pair of Data-in and Data-out lines.

FUNCTIONAL BLOCK DIAGRAM

xo28 ——
RAS
-A
s 1 pose
WE —/ —_
CAS
WE
DQO-3 pa o
VCC VSS
»—’L AO-AB
RAS
[
WE
DQ4-7 +#oa ot
VCC _vss
+ AO-A8
RAS
CASs CAS
| WE
08 ————————— D aF—
VCC vss @
vce
C1 3C3
Vvss
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PIN CONFIGURATION

= DYNAMIC RAM-MSC2331A-xxYS3/KS3 u

MSC2331A-xxYS3

O“o

o]

el

:

OO00ANNNNANNANANNONANNAaaNaaaann

O

1
MSC2331A-xxKS3

30

PIN No. PIN NAME PIN No. PIN NAME PIN No. PIN NAME

1 Vee 1 A4 21 WE

2 CAS 12 A5 22 Vss

3 DQO 13 DQ3 23 DQ6

4 A0 14 A6 24 NC

5 Al 15 A7 25 [olerg

6 DQ1 16 DQ4 26 Q8

7 A2 17 A8 27 RAS

8 A3 18 NC 28 CAS8

9 vss 19 NC 29 D8

10 DQ2 20 DQ5 30 Vec
ABSOLUTE MAXIMUM RATINGS (See Note)

Rating Symbol Value Unit

Voltage on any pin relative to Vgg VIN, VouT -1~ +7 \'
Voltage on Ve supply relative to Vgg Vce -1~ +7 \'
Operating temperature Topr 0~70 °C
Storage temperature Tstg —40 ~ 125 °C
Power dissipation Pp 4 w
Short circuit output current los 50 mA

Note: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. Functional operation

should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to
absolute maximum rating conditions for extended periods may affect device reliability.

99



= DYNAMIC RAM-MSC2331A-xxYS3/KS3 =

RECOMMENDED OPERATING CONDITIONS (Referenced toVsg)
) . Operating
Parameter Symbol Min. Typ. Max. Unit temperature
vVee 45 50 55 v
Supply Voitage
vss 0 0 0 \Y
0°C ~ +70°C
Input High Voltage,
allinputs ViH 24 — 6.5 v
Input Low Voltage,
all inputs ViL -10 — 08 v
DC CHARACTERISTICS
(Vcc=5V+£10%, Ta=0~+70°C)
MSC2331A- | MSC2331A-
Parameter Symbol Condition BOYS3/KS3 | 10YS3/KSS | ;it | Note
Min. | Max. | Min. | Max.
OV<VIN<6.5V :
Input Leakage Current L All other pins —30| 30 |—30| 30 | xA
not under test=0V
Dat t is disabl
Output Leakage Current ILo 03 2\?&,_': Sd:gve —10| 10 | —10| 10 | KA
Output high voltage VOH | loH=—5.0mA 24 | — 124 | — | V
Output low voltage VoL | loL=4.2mA — {04 | — | 04 \"
RAS cycling,
Averagg power supply current Icct CAS, CAS8 cycling, | — | 210 | — | 180 | mA | 1, 2
(Operating) tRc=min ’
Power supply current lcc2 %i&t—“ss TIL | — |75 | — |75 | mA
(Standby) ’ Vi MOS | — | 45 | — | 45 | mA
Average power supply current E cycling,
(RAS only refresh) lccs ?R/\Csv_g:?=VIH — |210 | — | 180 | mA | 1,2
Average power supply current — . .
(CAS before RAS refresh) Icce | tre=min. 210 180 | mA | 1
Average power supply current &S:L
(Fast page mode) lcc7 f:PACSLmISB cycling | — | 170 | — | 155 | mA | 1,3

Note : 1. Icc in dependent on out put loading and cycle rates.
Specified value are obtained with the output open.
2. Address can be changed once or less while RAS=V|_

3. Address can be changed once or less while CAS=V|H,
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CAPACITANCE
(Ta =25°C,f =1 MHz)
Parameter Symbol Max. Unit
Input Capacitance (AO —A8) CIN{ 40 pF
Input Capacitance (RAS, CAS, WE) CiN2 40 pF
Capachancs (5600a7) coa 20 oF
Input Capacitance (CAS8) CIN3 10 pF
Input Capacitance (D8) CiNg 10 pF
Output Capacitance (Q8) CouTt 15 pF

Capacitance measured with Boonton Meter.

= DYNAMIC RAM-MSC2331A-xxYS3/KS3 =
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= DYNAMIC RAM-MSC2331A-xxYS3/KS3 =

AC CHARACTERISTICS

(Vcc = 8V £ 10%, Ta = 0 ~ +70°C) Note 1, 2, 3

MSC2331A- | MSC2331A-
Parameter Symbol | B0YS3/KS3 | 10YS3/KS3 | ynit | Note

MIN | MAX | MIN | MAX

Refresh period tREF - 8 - 8 ms

Random read or write cycle time tRC 160 — 190 - ns

Fast page mode cycle time tpc 50 - 55 — ns

Access time from RAS tRAC - 80 — | 100 | ns [4,5,6

Access time from CAS tCAC - 20 - 25 | ns |4.5

Access time from column address tAA - 40 - 50 ns |4,6

Access time from CAS precharge tcPA — 45 — 50 ns |4

Output low impedance time from CAS tcLz 0 — 0 — ns |4

Output buffer turn-off delay toFF 0 20 0 20 ns

Transition time tT 3 50 3 50 ns |3

RAS precharge time tRP 70 - 80 - ns

RAS pulse width tRAS 80 | 10K | 100 | 10K | ns

('th ‘:;'Z: x‘(‘,’;: eyele ol tRASP | 80 | 100K | 100 | 100K | ns

RAS hold time tRSH 20 — 25 - ns

g::\\:t l:)f::: a::\%z:rgjcle only) tcp 10 - 10 - ns

CAS pulse width tcAs 20 | 10K | 25 | 10K | ns

CAS hold time tcSH 80 - | 100 | — ns

RAS to CAS delay time tRCD 2 | 60 | 25 | 75 | ns |5

RAS to column address delay time tRAD 17 40 20 50 ns |6

CAS to RAS precharge time tCRP 10 - 10 - ns

Row address set-up time tASR 0 - 0 - ns

Row address hold time tRAH 12 - 15 - ns

Column address set-up time tasC 0 - 0 - ns

Column address hold time tcAH 15 - 20 - ns

Column address hold time from RAS tAR 60 - 75 - ns

Column address to RAS lead time tRAL 40 - 50 - ns
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AC CHARACTERISTICS (Continued)

= DYNAMIC RAM-MSC2331A-xxYS3/KS3 =

MSC2331A- MSC2331A-
Parameter Symbol 80YS3/KS3 10YS3/KS3 Unit Note

MIN | MAX | MIN | MAX
Read command set-up tRcs 0 — 0 - ns
Read command hold time tRCH 0 - 0 - ns
Write command hold time from RAS tWCR 60 - 75 - ns
Write command set-up time twcs 0 - 0 - ns
Write command hold time tWCH 15 - 20 — ns
Write command pulse width twp 15 - 20 - ns
Data-in set-up time tps 0 - 0 - ns
Data-in hold time tDH 15 - 20 - ns
Data-in hold time from RAS tDHR 60 - 75 - ns
Read command hold time tRRH 10 _ 10 _ ns
referenced to RAS
Fa%tﬁe?ﬁz ;%ts;'p time tcSR 0| - | 10| - |ns
%’:—%tgefﬁz g%g) time tCHR 0 | - |3 | — | ns
CAS active delay from RAS precharge | tRpc 10 - 10 - ns
CAS precharge time tcPN 10 - 15 - ns

Notes:

An initial pause of 100ys is required after power-up followed by any 8 RAS cycles
(Example : RAS only Refresh cycle) before proper device operation is achieved.

The AC characteristics assume attt =5 ns.

V|H (min) and Vi (max.) are reference levels for measuring of input signals. Also, transi-
tion times are measured between V| and Vj_.

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

Operation within the trcp (max ) limit insures that tRAc (max.) can be met. tycp (max.)
is specified as a reference point only: if trcp is greater than the specitied trcp (max.)
limit, then access time is controlled exclusively by {cAC-

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

Either trRH or tRCH Must be satisfied for a read cycle.
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= DYNAMIC RAM-MSC2331A-xxYS3/KS3 =

READ CYCLE

tRc

tRp
tRAS N
P L
RAS x::‘ \ -‘\
fesH
tcap tRCD tRSH tcrP
- tcas
GAs VM j \
s - 3
tRAD. tRAL
ta N tRAH tasc tcaH

tRcs

-
Address ::[‘:% Row }@g Column *W/ / 7, /7 ///

tRAH

w T

VoH -
oa OPEN v Vahd Data
ag Vou - k—_—_—)

WRITE CYCLE(EARLY WRITE)

N / N
=y SN /
), WU
- ,
= s T S/
S, R 7
m Don't care
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FAST PAGE MODE READ CYCLE

= DYNAMIC RAM-MSC2331A-xxYS3/KS3 =

Don't ca

tRASP tpp
L —
RAS VM N
Vi -
tesH tec tRsH
tere taco tcas || tcp tcas | tep tcas tcRp
1
w7 e\
—_— L= 3
CAS8
tRAL
taR | i
|
tasr | | tRa) tasc CAH | tsC 1CAH | tasc can
P 1 oy il R e .ﬂ I
Vi =
Address V::‘_m Row col Col Col W // /;/
tRaD RRH
tRom |, | tRcH
®RCS ‘RCS Res RCH
— V,
Wwe ™M / 7 R(‘:f
ViL -
" tcac tcac tcAC
tan tAA A
I
tRaC tcea tcra
oa VOH- [ Vaio Y fVaia }, [ Vaia
a8 VoL - Data Dala Data
toFF tOFF toFF
terz torz torz
tRASP tRp
== ViH"~
RAS M 4
vip -
tec tRSH
crp taco tcas | | tep tcas | tep tCAS tcrRp
CAs VM- J N
—_— Vi -
TASS
tRAL
taR | i
1
tasr| | tRAH ",s.‘i tCAH  tAsC tCAH  tasc tcaH
Address YIH™
dress Row Col Cot Col //
ViL - L
tRAD ' '
twen |
=1
twes twCH  twCs twCH  twes tweH
Ve - twe. twe twe
W_E L
w7 /
| i ? ¥
tos toH tos toH tos toH
Vin -
oa | ////////M Vaiid Data Vaiid Data @ vaiid Data
Do - L
OHR

re
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= DYNAMIC RAM-MSC2331A-xxYS3/KS3 =

RAS ONLY REFRESH CYCLE

tRP

tRAS

FAS '_’\ N

IL -

tcrP tRpPC

CAS xIH" Vi
CAss 'L -
tAS% tRAH

s 0TI WL TTT T 7777777,

%
Don't care

NOTE: WE =Don't care,

CAS BEFORE RAS AUTO REFRESH CYCLE

tRC
tRP
tRAS
— V) -
RAs H \ N
ViL -
t tRPC
tCPN | 'CSR tCHR
GAs VH ™ \ /
CAss L - 7
toFF

VOH - =
oa OH
a8 VoU "

OPEN

N7

Don'tcare

NOTE : WE=Don't care, AO ~ A8=Don't care
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u DYNAMIC RAM-MSC2331A-xxYS3/KS3 =

HIDDEN REFRESH READ CYCLE

RAS

'RAS

Vil = \

'CHR

‘RSH

e/ :
e TN WD NI

e
~w YT | | T

We
AA
'RAC
Vi -
oa OH Valid Data
Vo -
s ot ez

m Don't care

HIDDEN REFRESH WRITE CYCLE
tRAS . tRpP 'RAS
TN }__ \ 28
cReP trcD tAsH tCHR
GAg ViH- ,‘*
tRAD !_ RAL
AF.‘ | Rar ASC | CAH |
- Sl Y,

i T

SN Ay

oo v TN
oHR
Don‘lcare
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OKI semiconductor
MSC2312A-xxYS9/KS9

1,048,576 Word BY 9 Bit DYNAMIC RAM MODULE : FAST PAGE MODE TYPE

GENERAL DESCRIPTION

The Oki MSC2312A-xxYS9/KS9 is a fully decoded, 1,048,576 word X 9 bit CMOS dynamic random
access memory composed of nine iIMb DRAMs in SOJ (MSM511000AJS). The mounting of nine SOJs
together with nine 0.2 yF decoupling capacitors on a 30 pin glass epoxy Single-In-Line Package
supports any application where high density and large capacity of storage memory are required. The
electrical characteristics of the MSC2312A-xxYS9/KS9 are 'same as the original MSM511000AJS; each
timing requirements are noncritical, and power supply tolerance is very wide.

FEATURES

® 1,048,576 word X 9 bit organization
® 30-Pin Socket Insertable Module
® Family organization

. Access Time (MAX) Cycle Time Power Dissipation
Family -
tRAC tAA tCAC (MIN)  |Oparating (MAX) |Standby (MAX)
MSC2312A-70YS9/KS9 70ns 35ns 20ns 140ns 4208mwW
MSC2312A-80YS9/KS9| 80ns 40ns 20ns 160ns 3713mW (Msgsml\c,a\(/el)
MSC2312A-10YS9/KS9 | 100ns 50ns 25ns 190ns 3218mwW

Single + 5V supply, +10% tolerance

Input : TTL compatible

Output : TTL compatible, tristate, nonlatch

Refresh : 512 cycles/8 ms

Common CAS Control for eight Common Data-in and Data-Out Lines
Separate CAS Control for One Separate Pair of Data-in and Data-Out Lines

FUNCTIONAL BLOCK DIAGRAM

A0-A9
ARS

s
wE

3
3
3
3
3

¢
i
3
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PIN CONFIGURATION

= DYNAMIC RAM-MSC2312A-xxYS9/KS9 =

MSC2312A-xxYS9

cmanl) o
EREE HRHER

o]

ESE

0]

BERASH

pd
pd
bd
bd

o o

o]

@]

BEEE _REEBRE
HEE

VY

MSC2312A-xxKS9

o o o o e o . o e o o s S . o o

- ————

PINNo. PINNAME| PINNo. PINNAME| PINNo. PIN NAME
1 Vee 1 A4 21 WE
2 CAS 12 A5 22 vss
3 DQO 13 DQ3 23 DQ6
4 AO 14 A8 24 NC
5 At 15 A7 25 DQ7
6 pat 16 DQ4 26 Q8
7 A2 17 A8 27 RAS
8 A3 18 A9 28 CASs
9 vss 19 NC 29 D8
10 DQ2 20 DQs 30 Vee
ABSOLUTE MAXIMUM RATINGS (See Note)
Rating Symbol Value Unit
Voltage on any pin relative to Vgg VIN, VouT -1~ +7 \Y
Voltage on Vg supply relative to Vgg Vce -1 ~ +7 \'
Operating temperature Topr 0~70 °C
Storage temperature Tstg —40 ~ 125 °C
Power dissipation Pp 9 w
Short circuit output current los 50 mA

Note: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. Functional operation
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to
absolute maximum rating conditions for extended periods may affect device reliability.
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= DYNAMIC RAM-MSC2312A-xxYS9/KS9 =

RECOMMENDED OPERATING CONDITIONS (Referenced toVgg)

tin,
Parameter Symbol Min. Typ. Max. Unit tfm‘,’:;fa'w?e
Vce 45 50 55 '
Supply Voitage
vss 0 ) 0 v
Input High Voltage, y 2 0°C ~ +70°C
all inputs H 4 — 6.5 '
Input Low Voltage,
all inputs viL -1.0 — 08 v
DC CHARACTERISTICS

(VoG =5V +10%, Ta=0~ +70°C)

s MSC2312A- | MSC2312A- | MSC2312A-
Parameter ym Condition TOYSO/KSO | BOYSO/KSI | 10¥59/KS9 Unit |Note
bol Min.|Max.|Min. Max.|Min. [Max.
OV<VIN<6.5V :
Input Leakage Current IL1 | All other pins —90| 90 |—90( 90 |—90| 90 | A
not under test=0V
Output Leakage Current ILo 3\7:\%&': Sdésg\t;le —10{ 10 |—10{ 10 |—10} 10 | A
Output high voltage VOH| loH=—5.0mA 24| —|(24|—|24|—| V
Output low voltage VoL IOL=4.2mA —|04|—|04|— |04 | V
A I RAS cycling,
verage power supply current . | GAS, CAS8 cycling, | — |765| — |675 | — | 585 | mA |1, 2
Operating) f )
(Operating trc=min
Power supply current | gﬁ%;%;% TIL|—| 18 |—| 18 |—] 18 |mA
(Standby) CC2| LAS,
=VIH MOS|—| 9 |—| 9 |—| 9 |mA
Average power supply current RAS cycling,
Vere =V — - -
(RAS only refresh) lcca S:E;S,:?n?r?s H 765 675 585 mA |11, 2
Average power supply current _ . o o
(CAS before RAS refresh) Icce| tRg=min. 765 675 585/ mA| 1
RAS=V)_,
(P S5 POWer SUPPly CUTeNt iy | CAS, CASS cyoling | — |630| — 540 — 495 mA 1,3
(Fast page tpc=min.

Note : 1. Igc in dependent on out put loading and cycle rates.
Specified value are obtained with the output open.
2. Address can be changed once or less while RAS=V_

3. Address can be changed once or less while CAS=V|H,
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CAPACITANCE
(Ta =25°C, f =1 MH2)
Parameter Symbol Typ. Max. Unit
Input Capacitance (A0 — A9) CiNt 40 70 pF
Input Capacitance (RAS, CAS, WE) CiN2 40 75 pF
I()Séao Iipgtcé%utput Capacitance copa 7 20 oF
Input Capacitance (EA@) CIN3 5 10 pF
Input Capacitance (D8) CiNg 4 10 pF
Output Capacitance (Q8) CouTt 4 15 pF

Capacitance measured with Boonton Meter.

= DYNAMIC RAM-MSC2312A-xxYS9/KS9 =
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= DYNAMIC RAM-MSC2312A-xxYS9/KS9 »

AC CHARACTERISTICS

(Vcc = 8V £ 10%, Ta = 0 ~ +70°C) Note 1, 2, 3

MSC2312A- | MSC2312A- | MSC2312A-
Parameter Symbol 70YS9/KS9 | 80YS9/KS9 | 10YS9/KS9 Unit | Note

MIN | MAX | MIN | MAX | MIN | MAX

Refresh period tREF - 8 - 8 - 8 ms

Random read or write cycle time trc 140 - 160 - 190 - ns

Fast page mode cycle time tpc 45 - 50 - 55 - ns

Access time from RAS tRAC - 70 - 80 — | 100 | ns | 456

Access time from CAS tcAC - | 20 - | 20 — | 25 | ns | 45

Access time from column address |tAA - 35 - 40 - 50 ns 4,6

Access time from CAS precharge tcPA - 40 - 45 - 50 ns 4

g:_g)ut low impedance time from toLz 0 _ 0 _ 0 _ ns 4

Output buffer turn-off delay tOFF 0 20 0 20 0 20 ns

Transition time tT 3 50 3 50 3 50 ns 3

RAS precharge time tRp 60 | — | 70 | — | 80 | - | ns

RAS pulse width tRAS 70 | 10K | 80 | 10K | 100 | 10K | ns

(F::t ‘;‘:ZZ xf;'; oycle only) trasp | 70 |100K | 80 |100K | 100 |100K | ns

RAS hold time tRsSH | 20 | — | 20 - | 25 - ns

:t:"::t r::ae:: i:?)il;m;jcle only) tcp 10 - 10 - 10 - ns

CAS pulse width tcAs | 20 | 10K | 20 | 10K | 25 | 10K | ns

CAS hold time tcsH | 70 | — | 80 | — | 100 | — | ns

RAS to CAS delay time tRoD | 22 | 50 | 22 | 60 | 25 | 75 | ns 5

RAS to column address delay time [tRap | 17 | 35 | 177 | 40 | 20 | 50 | ns 6

CAS to RAS precharge time tcRP 10 - - 10 - 10 - ns

Row address set-up time tASR 0 - 0 - 0 - ns

Row address hold time tRAH 12 . 12 - 15 - ns

Column address set-up time tasc 0 - 0 - 0 - ns

Column address hold time tcAH 15 - 15 - 20 - ns

Column address hold time from RAS | taAR 55 | — | 60 | — | 75 - ns

Column address to RAS lead time |traL | 35 — 40 — 50 — ns
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= DYNAMIC RAM-MSC2312A-xxYS9/KS9 m

AC CHARACTERISTICS (Continued)

MSC2312A- | MSC2312A- | MSC2312A-
Parameter Symbol 70YS9/KS9 | 80YS9/KS9 | 10YS9/KS9 Unit | Note

MIN [ MAX | MIN | MAX | MIN | MAX

Read command set-up time trRcs 0 — 0 — 0 — ns
Read command hold time tRCH (o] - 0 - 0 - ns 7
Write command hold time from RAS|twcr | 65 | — | 60 | — | 75 | — | ns
Write command se-up time twcs 0 — 0 — 0 — ns
Write comman hold time twcH | 15 - 15 - 20 - ns
Write command pulse width twp 15 - 15 - 20 - ns
Data-in set-up time tbs 0 - 0 - 0 - ns
Data-in hold time tDH 15 - 15 - 20 - ns
Data-in hold time from RAS topHR | 55 | — | 60 | — | 75 | — | ns

Read command hold time

referenced to RAS \RRH | 10 - 10 - 10 - m 7

RAS to CAS set-up time .

(CAS before RAS) fcsR | 10 | — | 10§ = 110 ) — | ns

RAS to CAS hold time

(CAS before RAS) ‘CHR | 80 | — | 80 | — | 80§ — | ns

CAS active delay from RAS

precharge tRRc | 0 | — | 10| — | 10| — | ns

CAS precharge time tCPN 10 - 10 - 15 - ns

Notes: 1 Aninitial pause of 100 us is required after power-up followed by any 8 RAS cycles
(Example : RAS only refresh cycle) before proper device operation is achieved.

2 The AC characteristics assume attT =5 ns.

3 V|4 (min) and Vi (max.) are reference levels for measuring of input signals. Also, transi-
tion times are measured between Vi and Vy .

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

5 Operation within the tcp (max.) limit insures that tRac (max.) can be met. trcp (max.)
is specified as a reference point only: if tRcp is greater than the specified trcp (max.)
limit, then access time is controlled exclusively by tCAC.

6 Operation within the tgap (max.) limit insures that trac (max.) can be met. trap (max.)
is specified as a reference point only; if tRAD is greater than the specified trap (max.)
limit, then access time is controlled exclusively by taa. ’

7 Either tyrH or tRCH must be satisfied for a read cycle.
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= DYNAMIC RAM-MSC2312A-xxYS9/KS9 »

READ CYCLE
tRe
tRp
tRAS
TN N
tesH
cRP. tRCD tRSH ‘erp
— - tcas
s g f \ /
CASE
tRAD tRAL
tASR tRAH tasc tCAH
) h .—.' "—.
S/ SE ), 2R I
AR
tRCH
taan [ |

= Wi

e R2E
WRITE CYCLE(EARLY WRITE)
= N z:\_
_:g z:l :J i, 4 \ tcas f
- z:r:@{” = W,
= o T /Y
I R U
Don'tcare
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= DYNAMIC RAM-MSC2312A-xxYS9/KS9 »

FAST PAGE MODE READ CYCLE

tRASP tap
—_— V=T )
RS
Vie - N
tesH tPC tRSH
tcrRP tRco tcas | tcp tcas tcp tcas tcRP
r" ] R 1
=T -l Q:ji \3:17
CAss -~ y 7
tan | L tRAL
| [
ta ru tRaH  tasc Fc H t.sq lcan | 'asc| |[‘can

/) = XK= W=

tRAD l . tRAH
tRCH tRCH
RC: tRCS tRCS RCH

— V-7 e s
Vlt-/zzzzz;zzz t t, M
cac ‘cAC cAC
by

taA A tAA
' I
‘RAC tcea tcPa
pa Vou- [VaiaY [Vaia Y [ Vaiia
@8 Vou - Data Osta_y X Dala
| |ftorr | frore d tOFF
oLz T e T oz T

Dontcare

FAST PAGE MODE WRITE CYCLE (EARLY WRITE)

tRASP R
—_— Vi~ X
ARS M S
W -
teC tRSH
tcrp tRCD tcAs |, tcP tcas ,  tcp tcas tcRp
&xs ;m-j I\ F=\ \_
ChAss L~ ) 3
AR | . 'RAL
| [
!A's_q 'RAH tasc ICAH  'ASC ICAH  tasc CAH
ey F M
Vi
/) ca c o KL
tRAD
WCR |
1
twes twCH twes tWCH twCs tweH
Vit - WP twe twp
= w T,
Vie - /
1 ¥
DS toH ¢ ..S-J fDH tos toH
r_. e i toe ]
0a ViH -
[21:] Vu. - //]/////M Vald Data Valid Data Valid Data
toHR

Don't care
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= DYNAMIC RAM-MSC2312A-xxYS9/KS9

RAS ONLY REFRESH CYCLE

tRe
tRP

tRAS

AAS V- ’\
ViL -
tcrRP

\_/

CAS :m - f
CAss 't -

I

v -
Address 'IH
S

OPEN

pa VoH-

Q8 VoL -

N~

NOTE: WE =Don't care,

CAS BEFORE RAS AUTO REFRESH CYCLE

tRC
tRP
tRAS F:

— V| -
RAs M /
ViL -
tRPC

tcPN

tCHR

tCSR

EAs VIH ™ /
CAS
— — Vi -

CAS8

toFF

pQ VOH-—
Q8 Vo -

OPEN

N1

77) ot

NOTE : WE Don't care, AO~A9=Don't care
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HIDDEN REFRESH READ CYCLE

= DYNAMIC RAM-MSC2312A-xxYS9/KS9 =

pa Vou-
@ Vou-

maT N 7N /
'Ic_»g_ trcD tRSH tCHR
=W/ N /
ASR | | tRAH D tIsc :::—L-
[ l
/) I Y

-
W e i

tRAC

o
UL

tOFF
l—q

tez

Valid Data é"—

(//) oonrcare

HIDDEN REFRESH WRITE CYCLE

T Z‘ \ 2
lcaru taco tRSH tcHR
% v::j tAR
'AsIa__ [taan 7;5‘ [coan ]
), Y
w T i T
_‘354 toH
B N Y,
toHR
Don't care
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OKI semiconductor \"7@4/,,,/

MSC2359-xxYS3 WS
3

1,048,576 Word x 9 Bit DYNAMIC RAM MODULE: FAST PAGE MODE TYPE

GENERAL DESCRIPTION

The Oki MSC2359-xxYS3 is a fully decoded, 1,048,576 word by 9 bit CMOS dynamic random access
memory composed of two 4Mb DRAMs in SOJ (MSM514400JS) and one 1Mb DRAM in SOJ
(MSM511000AJS). The mounting of three SOJs together with three 0.2 pF decoupling capacitors on
a 30 pin glass epoxy Single-In-Line Package supports any application where high density and large
capacity of storage memory are required. The electrical characteristics of the MSC2359-xxYS3 are
same as the original MSM514400JS; each timing requirements are noncritical, and power supply
tolerance is very wide.

FEATURES

« 1,048,576 word x 9 bit organization
» 30-Pin Socket Insertable Module
» Family organization

Access Time Power Dissipation
Famil MAX Cycle Time
R4 ( ) (MIN) Operating Standby
taac tan toac (MAX) (MAX)
MSC2359-80YS3 80 ns 40 ns 20 ns 160 ns 1403 mW
17mwW
MSC2359-10YS3 [ 100ns | 50ns | 25ns | 190ns 1238 mw (MOS level)

» Single +5V supply, £10% tolerance

* Input : TTL compatible

«  Output : TTL compatible, tristate, nonlatch

« Refresh: 1024 cycles/16 ms

«  Common CAS control for eight common Data-in and Data-out lines

«  Separate CAS control for one separate pair of Data-in and Data-out lines

«  CAS before RAS refresh, CAS before RAS hidden refresh, RAS only refresh capability
«  Multi-bit test mode capability
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Din

——D8

Ao-Ag  Dout—ae

RAS
TAS
WE
A0
A1 -
A2 RAS pQ1|—-DbQo L{RAS DQij—DQ4 BAS
A3 —TAS DQ2|—DQ1 L—TAS DQ2(— DQ5 LAz
A4 WE DQ3|-DQ2 WE DQ3{— DQ6 WE
AS »— A0-A9  DQ4{—DQ3 +—A0-A9  DQ4}—DQ7
A6 OF OF
A7 VCC VSS | VCC VSS | vCC Vss
A8 l P l P
QY o e
vss— T

PIN CONFIGURATION

MSC2359-xxYS3

Pin No. Pin Name PinNo. Pin Name Pin No. Pin Name
1 vee 11 A4 21 WE
2 CAS 12 A5 22 VSS
3 DQO 13 DQ3 23 DQ6
4 A0 14 A6 24 N.C.
5 Al 15 A7 25 DQ7
6 DQ1 16 DQ4 26 Qs
7 A2 17 A8 27 RAS
8 A3 18 A9 28 CAS8
9 VSS 19 N.C. 29 D8
10 DQ2 20 DQ5 30 vCC
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OKI semiconductor
MSC2340-xxYS9/KS9

4,194,304 Word x 9 Bit DYNAMIC RAM MODULE: FAST PAGE MODE TYPE

GENERAL DESCRIPTION

The Oki MSC2340-xxYS9/KS9 is a fully decoded, 4,194,304 word by 9 bit CMOS dynamic random
access memory composed of nine 4Mb DRAMs in SOJ (MSM514100JS). The mounting of nine SOJs
together with nine 0.2pF decoupling capacitors on a 30 pin glass epoxy Single-In-Line Package
supports any application where high density and large capacity of storage memory are required.
The electrical characteristics of the MSC2340-xxYS9/KS9 are same as the original MSM514100JS;
each timing requirements are noncritical, and power supply tolerance is very wide.

FEATURES
® 4,194,304 word x 9 bit organization
® 30-Pin Socket Insertable Module

® Family organization

Access Time Cycle Time Power Dissipation
Family (MAX) y ,
(MIN) Operating Standby
trac | taa | tcac (MAX) (MAX)
MSC2340-80YS9/KS9 80ns | 40ns | 20ns 160 ns 4455 mW 50 mW
(MOS level)
MSC2340-10YS9/KS9 100ns| 50ns | 25ns 190 ns 3960 mW

® Single +5Vsupply, * 10% tolerance

® input: TTL compatible

® Output: TTL compatible, tristate, nonlatch

® Refresh: 1024 cycles/16 ms

e Common CAS control for eight common Data-in and Data-out lines

e Separate CAS control for one separate pair of Data-in and Data-out lines

® CAS before RAS refresh, CAS before RAS hidden refresh, RAS only refresh capability

® Multi-bit test mode capability
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PIN CONFIGURATION
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MSC2340-xxYS9

T — =

30

PIN PIN PIN ] PIN PIN PIN PIN PIN PIN PIN PIN PIN
No. NAME No. NAME No. NAME No. NAME No. NAME No. NAME
1 VSS 6 DQ1 1 A4 16 DQ4 21 WE 26 Q8
CAS 7 A2 12 AS 17 A8 22 AN 27 RAS
3 DQO 8 A3 13 DQ3 18 A9 23 DQ6 28 CAS8
4 A0 9 A 14 A6 19 A0 24 NC 29 D8
5 Al 10 DQ2 15 A7 20 DQ5 25 DQ7 30 Ve
FUNCTIONAL BLOCK DIAGRAM
Ao-A1o:]—
%
W
A0:-A10 AQ-A10
$-t—>-(RAS $—+—>RAS
|cas jcas
Qo 1Py Q4 vy
AQ-A10
——>=|RAS
|CAS
0Q! 0Qs oy
$-[ma-a10
——>|RAS
|CAS
JWE
DQ2 DQ6 DV V.
A0-A10
—>{RAS
|Ca3
DQ3 Q7 +Hovgv.
0-a10
—>|RAS_
CAs8 3 |ﬁ
D8 Ov. va—Q8
Ve =G.=G 1
ves % T
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ELECTRICAL CHARACTERISTICS

ABSOLUTE MAXIMUM RATINGS

Rating Symbol Conditions Value Unit
Voltage on any pin Vine Ta=25°C -1.0~+7.0 v
relative to Vgs Vourt
Voltage on Ve supply oco T
relative to Vs Vce Ta=25°C 1.0~+7.0 \Y
Short circuit output los Ta=25°C 50 mA
current
Power dissipation Pp Ta=25°C 9 w
Operating Topr - 0~ +70 °C
temperature
Storage temperature Tstg - -40~ +125 °C

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

RECOMMENDED OPERATING CONDITIONS

(Referenced to Vgs)
Parameter Symbol MIN | TYP | MAX | Unit TOP erating
emperature
Vee 4.5 5.0 5.5 v
Supply Voltage
Vss 0 0 0 \
0°C~ +70°C
Input high voltage Viy 24 - 6.5 \
Input low voltage Vi -1.0 - 0.8 \"
CAPACITANCE
(Ta=25°C, f=1MHz)
Parameter Symbol TYP MAX Unit
Input Capacitance (A0 -A10) Cing 55 70 pF
Input Capacitance (RAS, CAS, WE) Cinz 55 75 pF
Data Input/Output Capacitance (DQO - DQ7) Cpq 12 20 pF
Input Capacitance (CAS8) Cin3 7 15 pF
Input Capacitance (D8) Cina 7 15 pF
Output Capacitance (Q8) Cout 8 15 pF

Capacitance measured with Boonton Meter.



DC CHARACTERISTICS
(Vec=5V£10%, Ta=0~ +70°)

= DYNAMIC RAM-MSC2340-xxYS9/KS9 =

MSC2340-80 MSC2340-10
Parameter symbol| Conditions YS9/KS9 YS9/KS9 Unit |[Note
MIN MAX MIN MAX
inout leak OVSVyS6.5V;
nput leakage all other pins _ -
current I | ot under 90 90 90 90 pA
test=0V
DQO-7.Q8
Output leakage o ~disable | ~10 | 10 -10 | 10 |pa
OV Vour<55V
Output high voltage | Vou [lon=-5.0mA 24 Vce 24 Vce
Output low voltage | VoL |lo =4.2mA 0 0.4 0 0.4
Average power 'RAS, CAS, CAS8
supply current Icct | eycling, - 810 - 720 mA | 1,2
(Operating) tpe = min
RAS=Vy,
Power supply Cas,CasE | - 18 - 18
current lec2 =Viy mA
(Standby) DQO~7, MOS - 9 - 9
Q8 =Hz
Average power RAS cycling,
supply current lccs | CAS,CAS8=V,, - 810 - 720 mA [ 1,2
(RAS only refresh) tac = min
RAS =V
Power supply oo
current Ices ggsdf’;sgg Vi - as - 45 |mA |1
(Standby) =enable
Average power N
supply current RAS cycling, _ _
(CAS before RAS lccs 810 720 | mA
refresh)
RAS =V
Average power — e
supply current lecy CAS‘CCAIS.G - 720 - 630 mA 1,3
(Fast page mode) . _n{icn'“g
pC=

Note: 1. Iccisdependenton outputloading and cycle rates. Specified values are

obtained with the output open.

2. Address can be changed once or less while RAS = V).

3. Address can be changed once or less while CAS = V.
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AC CHARACTERISTICS

(Vce=5V£10%,Ta=0~ +70°C) Note 1, 2, 3, 9, 10
MSC2340-80 MSC2340-10
Parameter Symbol YS9/KS9 YS9/Ks9 Unit | Note
MIN MAX MIN MAX

Random read or write cycle time tre 160 - 190 - ns
Fast page mode cycle time tpc 55 - 65 - ns
Access time from RAS trac - 80 - 100 | ns |4.5
Access time from CAS teac - 20 - 25 ns | 4.5
Access time from column address tan - 40 - 50 ns | 4.6
Access time from CAS precharge tcea - 45 - 55 ns | 4
Output low impedance time from CAS tcz 0 - 0 - ns | 4
Output buffer turn-off delay time torr 0 20 0 25 ns | 7
Transition time tr 3 50 3 50 ns | 3
Refresh period tRer - 16 - 16 ms
RAS precharge time trp 70 - 80 - ns
RAS pulse width tras | 80 10K 100 10K | ns
RAS pulse width (Fast page mode) trasP 80 100K 100 100K | ns
'RAS hold time trsw | 20 - 25 - ns
[ precharge time tep 10 - 10 - ns
CAS pulse width teas | 20 10K 25 10K | ns
'CAS hold time tesH 80 - 100 - ns
CAS to RAS precharge time tcre 10 - 10 - ns
'RAS to CAS delay time tep | 22 60 25 75 |ns| s
'RAS to column address delay time trAD 17 40 20 50 ns | 6
Row address set-up time tasr 0 - 0 - ns
Row address hold time trAH 15 - 15 - ns
Column address set-up time tasc 0 - 0 - ns
Column address hold time tcaH 15 - 20 - ns
Column address hold time from RAS taR 60 - 75 - ns
Column address to RAS lead time traL | 40 - 50 - ns

124



= DYNAMIC RAM-MSC2340-xxYS9/KS9 =

AC CHARACTERISTICS (Continued)

MSC2340-80 MSC2340-10
Parameter Symbol YS9/KS9 YS9/KS9 Unit | Note

MIN MAX MIN MAX
Read command set-up time tres 0 - 0 - ns
Read command hold time trRCH 0 - 0 - ns | 8
Read command hold time reference
to RAS tRRH 10 - 10 - ns | 8
Write command set-up time twces 0 - 0 - ns
Write command hold time twecH 15 - 20 - ns
Write command hold time fromRAS [ twer | 60 - 75 - ns
Write command pulse width twp 15 - 20 - ns
Data-in set-up time tos 0 - 0 - ns
Data-in hold time toH 15 - 20 - ns
Data-in hold time from RAS towr | 60 - 75 - ns
CAS active delay time from RAS trpc 10 _ 10 _ ns
precharge
E to CAS set-up time _ _
(CAS before RAS) tosr 10 10 ns
RAS to CAS hold time
(CAS before RAS) tenr 20 - 20 - ns
CAS precharge time
(Refresh counter test) tepr 40 - 50 - ns
@o RAS precharge time _ _
(CAS before RAS) twrp 10 10 ns
WE hold time from RAS
(CAS before RAS) twrn | 20 - 20 - ns
RAS to VV—Eset-up time (Test mode) twsr 10 - 10 - ns
RAS to WE hold time (Test mode) twar | 20 - 20 - ns
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Notes: 1.

10.

An initial pause of 200ps is required after power-up followed by a minimum of
eight initialization cycles (RAS only refresh cycle or CAS before RAS refresh cycle)
before proper device operation is achieved.

In case of using internal refresh counter, a minimum of eight CAS before RAS
initialization cycles is required.

The AC characteristics assume tt=5ns.

Viu (min.) and V) (max.) are reference levels for measuring of input signals. Also,
transition times are measured between V,y and V.

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

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

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

torr (max.) defines the time at which the output achieves the open circuit
condition and is not referenced to output voltage levels.

Either trry O trcy Must be satisfied for a read cycle.

The test mode is initiated by performing a WE and CAS before RAS refresh cycle.
This mode is latched and remains in effect untill the exit cycle is generated.

The test mode specified in this data sheet is 8-bit parallel test function.

RA10, CA10 and CAO are not used. In a read cycle, if all internal bits are not
equal, then the data output pin will indicate a low level.

The test mode is cleared and the memory device returned to its normal
operational state by performing a RAS only refresh cycle or a CAS before RAS
refresh cycle.

In a test mode read cycle, the value of an access time parameters is delayed by
Sns from the specified value. These parameters should be specified in test mode
cycles by adding the above value to the specified value in this data sheet.
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READ CYCLE
s &‘ = ; =
B tesH = m
Sn- S e, N Vi
e e Bl ne
so-nio " Z 7K wow  MON_conumn ’/////////////////////////////////////////
. tar | - | Srep,
«  EEEEE | . -
N o
320'7 :2: : OPEN %@: Valid Data E._

“H" or "L”

WRITE CYCLE (EARLY WRITE)

wul N I R
S | s w— =
S R\ —' /
so-ni0 2 Z 77K won XN C°'"m"033
w7 e
! |
= v - D000 v X

HorL

127



= DYNAMIC RAM-MSC2340-xxYS9/KS9 =

FAST PAGE MODE READ CYCLE

trasp tre
— Vi~ b -+, -
Ras Vi — \" *‘/ \..
tesH trsH
Itcr(g tReD - teas tep tere
TAS Viy — y X teas A
= Fv N %r-:::!f
tar tRAL
tasr [ | traH  tasc tean tasc hsc tean
_ = l‘*‘ 1 ]
o v =T YO YA 2@0 o Y
Vi tRAD |
thcs treH(] . tRRH
| } tres i
Vi~ teag leac teac
taa | taa taa
trRaC teea ! tcpa
DQO-7 Vou = A Vali lid %, A Valid '}
a7 Yon b S—-OK b (e
OFF
taz | I‘OFF taz ! Yorr tay] =
m “H" or "L"
FAST PAGE MODE WRITE CYCLE (EARLY WRITE)
trasp 1 tre
— vy — T X *ﬁ-
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tere trco ter tep tere
T T e e O
CAS8 Vi "—/ tesu \"‘ I \'. \:d
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RAS ONLY REFRESH CYCLE

&l
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.
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trec
tere

CAS Vi — i
CAS8 ViL —

we ==

DQO-7 Von —
Q8 VoL —

OPEN

NOTE: WE, A10= "H" or "L" VA "H"or "L

CAS BEFORE RAS AUTO REFRESH CYCLE

— V £
RAS V|N _ A
L tReC

CAS Vi — A
CAS8 Vi "—-—/

WE VW~

DQO-7 Vou—

) OPEN
B Voome— F

NOTE: A0-A10=“H" or “L” VA “Heor"L”
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HIDDEN REFRESH READ CYCLE
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CAS BEFORE RAS REFRESH COUNTER TEST
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OKI semiconductor

MSC2327A-xxYS8

262,144 Word BY 32 Bit DYNAMIC RAM MODULE: FAST PAGE MODE TYPE

GENERAL DESCRIPTION

The Oki MSC2327A-xxYS8 is a fully decoded, 264,144 word x 32 bit CMOS dynamic random access

memory composed of eight 1 Mb DRAMs in SOJ (MSM514256AJS). The mounting of eight SOJs

together with eight 0.2 uF decoupling capacitors on a 72 pin glass epoxy Single-In-Line Package

supports any application where high density and large capacity of storage memory are required.
The electrical characteristics of the MSC2327A-xxYS8 are same as the original MSM514256AJS;
each timing requirements are noncritical, and power supply tolerance is very wide.

FEATURES

® 262,144 word x 32 bit organization
e JEDEC compatible dimensioning
® Family organization

Access Time Cycle Power Dissipation
. (MAX) Time
Family Operating Standby
taac taa teac (MIN) (MAX) (MAX)
MSC2327A-80YS8 | 80ns | 40ns 20ns | 160ns 3150mwW 42mwW
MSC2327A-10YS8 |100ns | 50ns 25ns | 190ns 2730mW (MOS level)

Single +5V supply, + 5% tolerance

Input  : TTL compatible

Output : TTL compatible, tristate, nonlatch
Refresh : 512 cycles/8ms

Fast access and cycle times

CAS before RAS refresh, CAS before RAS hidden refresh, RAS only refresh capability
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FUNCTIONAL BLOCK DIAGRAM
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PIN CONFIGURATION

MSC2327A-xxYS8
TOP
(@] (@] (@] O
O Qoannn Annnn, _oanon. . anann, Qaann . _annnn aoaan oann O
(@I (@) (@]
1 — 36 37 pom e o
ﬂlll]IIHHIHlHH/\(] i ' |
R1.57£0.05
PIN No. PIN NAME |PIN No. PIN NAME | PIN No. vPIN NAME [ PIN No. PIN NAME | PIN No. PIN NAME
1 VSS 16 A4 31 A8 46 HQ 61 DQ13
2 DQoO 17 A5 32 NC 47 WE 62 DQ30
3 DQ16 18 A6 33 NC 48 NC 63 DQ14
4 DQ1 19 NC 34 RAS2 49 DQs8 64 DQ31
5 DQ17 20 DQ4 35 NC 50 DQ24 65 DQ15
6 DQ2 21 DQ20 36 NC 51 DQ9 66 NC
7 DQ18 22 DQ5 37 NC 52 DQ25 67 PDO
8 DQ3 23 DQ21 38 NC 53 DQ10 68 PD1
9 DQ19 24 DQ6 39 VSS 54 DQ26 69 PD2
10 VCC 25 DQ22 40 CASO 55 DQ11 70 PD3
11 NC 26 DQ7 41 CAS2 56 DQ27 71 NC
12 A0 27 DQ23 42 CAS3 57 DQ12 72 VSS
13 Al 28 A7 43 CAS1 58 DQ28
14 A2 29 NC 44 RASO 59 vCC
15 A3 30 VCC 45 NC 60 DQ29
Pin No. [ Pin Name | MSC2327A- | MSC2327A-
80YS8 10YS8
67 PDO VSS VSS
68 PD1 N.C. N.C.
69 PD2 N.C. VSS
70 PD3 VSS VSS
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ABSOLUTE MAXIMUM RATINGS (See Note)

Rating Symbol Value Unit
Voltage on any pin relative to Vg Vv Your -1 ~ 47 \
Voltage on V. supply relative to Vg Vee -1 ~ 47 v
Operating temperature Topr 0 ~ +70 °C
Storage temperature Teo —40 ~ +125 °C
Power dissipation Py 8 w
Short circuit output current bos 50 mA

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

RECOMMENDED OPERATING CONDITIONS (Referenced to V)

Parameter Symbol Min. Typ. Max. Unit Operating
temperature
V, 4.75 5.0 5.25 v
n Supply Voltage e
Vss 0 0 0 Vv
i 0°C ~ +70°C

Input High voltage,

all inputs Vi 24 - 6.25 v

Input Low voltage, v 1.0 - 0.8 v

all inputs L :
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DC CHARACTERISTICS

(Vec = 5V 5%, Ta = 0 ~ +70°C)

# DYNAMIC RAM-MSC2327A-xxYS8 =

MSC2327A- | MSC2327A-
Parameter Symbol Condition 80YS8 10YS8  (Unit(Note
Min. |Max. | Min. | Max.

Input Leakage Current I, V<V, <625V -80| 80| -80| 80 |unA

All other pins not

under test = 0V)
Output Leakage Current lo Data out is disable, -20| 10| -10| 10 |pMA

0V < V,,; <525V
Output high voltage Vou | low = 5MA 24| —| 24 — |V
Output low voltage Voo | lo = 42mA —| 04| —| 04}V
Average power supply leey | RASO-RAS2 cycling, —| 600 —| 520 ImA|1, 2
current CAS0-CAS3 cycling:
(Operating) oo = min.
Power supply current lcc, | RASO-RAS2=V, (TTL —| 16 16 |mA
(Standby) CAS0-CAS3=V,,|MOS| — 8| — 8 [mA
Average power supply lecs | RASO-RAS2 cycling, — 1 600 —| 520 imA |1, 2
current CASO-CAS3 = V,,,
(RAS only refresh) toe = min.
Average power supply lecs | tae = min —| 600 | —| 520 (mA| 1
current S
(CAS before RAS refresh)
Average power supply lec; | RASO-RAS2 =V, , —| 520 —| 480 [mA |1, 3
current CAS(0-CAS3 cycling,
(Fast page mode) toc = min.

Note: 1.

with the output open.

2. Address can be changed once or less while RAS = V,.

3. Address can be changed once or less while CAS = V, ..

l.c is dependent on output loading and cycle rates.

Specified values are obtained
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CAPACITANCE

(Voo =5 V 5%, f = 1MHz, Ta = 0~ +70°C)

Parameter Symbol Min. Max. Unit
Input Capacitance (A0 - A8) Cii — 60 pF
Input Capacitance (WE) Cinz — 76 pF
Input Capacitance (RASO, RAS2) Cins — 43 pF
Input Capacitance (CASO - CAS3) Cne — 29 pF
VO Capacitance (DQO - DQ31) cba - 17 pF

Capacitance measured with Boonton Meter.
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AC CHARACTERISTICS
(Voo =5V #5%, Ta= 0 ~ +70°C)

= DYNAMIC RAM-MSC2327A-xxYS8 »

MSC2327A- MSC2327A-
Parameter Symbol 80YS8 10YS8 Units Notes
Min. | Max. Min. | Max.

Random read or write cycle time tac 160 — 190 —_ ns
Fast page mode cycle time toc 50 - 55 — ns
Access time from RAS taac — 80 — | 100 ns 2,7
Access time from CAS teac — | 20 — | 25 ns 2,7
Access time from column address ta — | 40 — | 50 ns 2,8
Access time from CAS precharge teon — | 4 — | s0 ns 2
‘CAS to output in Lo-Z toz 0| — 0| — ns 2
Output buffer turn-off delay tore 0 20 0 20 ns 3
Transition time (Rise and Fall) t, 3 50 3 50 ns 1
RAS precharge time toe 70 | — 80 | — ns
RAS pulse width taas 80 | 10k 100 | 10k ns
RAS pulse width (Fast page mode) toase 80 |100k 100 {100k ns
RAS hold time tosu 20 — 25 — ns
CAS hold time tesu 80 | — 100 | — ns
CAS pulse width toas 20 | 10k 25 | 10k ns
RAS to CAS delay time teco 22 | 60 25 | 75 ns 7
RAS to column address delay time taan 17 | 40 20 | 50 ns 8
CAS to RAS precharge time tomp 10 | — 10| — ns
CAS precharge time (Fast page mode) tep 10 —_ 10 —_ ns
Row address set-up time L 0 — 0 — ns
Row address hold time taan 12 — 15 — ns
Column address set-up time tasc 0 -_ 0 — ns
Column address hold time toan 15 — 20 — ns
Column address hold time refer. to RAS tan 60 - 75 — ns
Column address to RAS lead time toa 0 | — 50 | — ns
Read command set-up tacs 0 — 0 — ns
Read command hold time tacu 0 — 0 — ns 4
Read command hold time refer. to RAS tann 10 — 10 — ns 4
Write command hold time twen 15 — 20 — ns
Write command hold time refer. to RAS twcn 60 | — 75| — ns
Write command pulse width twp 15 —_ 20 —_ ns
Date set-up time tos 0 - 0 -_ ns 5
Date hold time ton 15 — 20 — ns 5
Date hold time referenced to RAS tour 60 — 75 — ns
Refresh period taer — 8 —_ 8 ms
Write command set-up time twes 0 — 0 —_ ns 6
CAS set-up time(CAS before RAS cycle) tesn 10 | — 10 | — ns
CAS hold time(CAS before RAS cycle) toum 30 | — 30 | — ns
RAS to CAS precharge time tapc 10 — 10 — ns
CAS precharge time [, 10 | — 15 | — ns
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NOTES:

142
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AC measurements assume t,=5ns.

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

tore (Max) defines the time at which the output achieves an open circuit condition.

Either t..,, or t,,,, must be satisfied for a read cycle.

These parameters are referenced to CAS leading edge.

tycs IS not a restrictive operating parameter. This is included in the data sheet as electrical characteris-
tic only. If t, o>t s (min), the cycle is an early write cycle and the data out pin will remain an open circuit
(Hi-2)

Operation within the t, ., (max) limit insures that t,,, . (max) can be met. t., (max) is specified as a reference
point only: if t.., is greater than the specified t,.,, (max) limit, then access time is controlled by t.,..
Operation within the t., , (max) limit insures that t_, . (max) can be met. t,, (max) is specified as a reference
point only: if t.,, is greater than the specified t,,, (max) limit, then access time is controlled by t,,.
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READ CYCLE
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e FAST PAGE MODE READ CYCLE
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I M
CAS Y 7 N
‘AR
‘ASR ‘A%?' #;‘
v,
Address v,[': @g ROW Col /
'ng R RRH
t t
F_‘_" _S’ RCH,
VE W | oo KA
e
‘an
hac ,
Ny — , b
oa yor f;wg‘,, S — O
L OFF! OFF OFF
' oLz, _1_'0" 277} Don't care
e FAST PAGE MODE WRITE CYCLE (EARLY WRITE)
‘Rasp 'RP
AAS V. c
. - _PC ‘RSH
il ‘o ons, fep.| oasy lop | [loas, fome
v
EER N l’l \,jj \_:y
YR L 'L
tasR (Fay 'ASF. ;SeH 'Als‘c+ mi ‘Arrss ‘ﬁiH
Vo L
Address M % Row R ca @q‘f I 7, R
!——&'m! TNt t ‘WCS 't
LI we wp
— Ve 7 we)
WE w2770 2 N T | W7
‘os| ‘oW, ‘os| |'ow ‘Ds_l o1
S P T e
ole} z':: 70 vaw paa ’}@Zvuid Data 7 XVald Data
t
b DHR ]
[777) Don't care




e RAS ONLY REFRESH CYCLE

= DYNAMIC RAM-MSC2327A-xxYS8 m

v,

Address ‘\,I H
w

v
[o]e} Vg:{

RAS v'l:

CAS V-
CAS y i

‘RC

RP
'RAS

‘RPC

A

'RAH

OPEN

WE 77 \
NOTE WE = Don't care Don't care

o CAS BEFORE RAS REFRESH CYCLE

RAS Vw
RAS \M
CAS “I’m:

I

Vv,
ba yor

‘RC

—/ ‘RPC

'CPN

'RAS ) ilJ
N # \_
t

/

CSR 'CHR
3‘: /

'OFF

fe——>|
OPEN

NOTE WE = Don't care A0-A8 = Don't care

% Don't care
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= DYNAMIC RAM-MSC2327A-xxYS8 m

o HIDDEN REFRESH READ CYCLE

B}
gk
T
H
T

o

‘ReD , 'RSH 'cHR tcPN R
—— -
H
cas g F A i
tAsR tRAR[ | |CAH
Vi
Address v'lt‘ %@é Column
| e traL *ARH
W U m
w CAC G
trac %q 2" OFF
v,
DQ (  Vaid Data-out

Don't care

e HIDDEN REFRESH WRITE CYCLE

CTS.:I/:( j ’JPEA% AL e »
v, el A ‘RaL |

o |'wc 'weH

vE W»l ) ammm Y

oa i v om0 X

'DHR
Don't care
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OKI semiconductor

MSC2333A-xxYS16

524,288 Word BY 32 Bit DYNAMIC RAM MODULE: FAST PAGE MODE TYPE

GENERAL DESCRIPTION

The Oki MSC2333A-xxYS16 is a fully decoded, 524,288 word x 32 bit CMOS dynamic random
access memory composed of sixteen 1 Mb DRAMs in SOJ (MSM514256AJS). The mounting of
sixteen SOJs together with eight 0.2 uF decoupling capacitors on a 72 pin glass epoxy Single-In-
Line Package supports any application where high density and large capacity of storage memory
are required. The electrical characteristics of the MSC2333A-xxYS16 are same as the original
MSM514256AJS; each timing requirements are noncritical, and power supply tolerance is very wide.

FEATURES

o 524.288 word x 32 bit organization
e JEDEC compatible dimensioning
o Family organization

Access Time Cycle Power Dissipation
. (MAX) Time .
Family Operating Standby
taac taa teac | (MIN) (MAX) (MAX)
MSC2333A-80YS16 | 80ns | 40ns 20ns | 160ns 3234mwW 84mW
MSC2333A-10YS16 [100ns | 50ns 25ns | 190ns 2814mW (MOS level)
Single +5V supply, + 5% tolerance
Input : TTL compatible
Output : TTL compatible, tristate, nonlatch

Refresh : 512 cycles/8ms

Fast access and cycle times

CAS before RAS refresh, CAS before RAS hidden refresh, RAS only refresh capability
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= DYNAMIC RAM-MSC2333A-xxYS16 =

FUNCTIONAL BLOCK DIAGRAM

A0-A8T}

CAS1
vce

vss
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PIN CONFIGURATION

= DYNAMIC RAM-MSC2333A-xxYS16 =

MSC2333A-xxYS16
TOP

PIN No. PIN NAME | PIN No. PIN NAME | PIN No. PIN NAME | PIN No. PIN NAME | PIN No. PIN NAME
1 vss 16 A4 31 A8 46 NC_ 61 DQ13
2 DQO 17 A5 32 NC 47 WE 62 DQ30
3 DQ16 18 A6 33 RAS3 48 NC 63 DQ14
4 DQf 19 NC 34 RAS2 49 DQ8 64 DQ31
5 DQ17 20 DQ4 35 NC 50 DQ24 65 DQ15
9 DQ19 21 DQ20 36 NC 51 DQ9 66 NC
6 DQ2 22 DQS5 37 NC 52 DQ25 67 PDO
7 DQ18 23 DQ21 38 NC 53 DQ10 68 PD1
8 DQ3 24 DQ6 39 vss 54 DQ26 69 PD2

10 vee 25 DQ22 40 CASO 55 DQ11 70 PD3
11 NC 26 pQ7 4 CAS2 56 DQ27 71 NC
12 A0 27 DQ23 42 CAS3 57 DQ12 72 vss
13 A1 28 A7 43 CAS1 58 DQ28
14 A2 29 NC 44 RASO 59 vce
15 A3 30 vce 45 RAST 60 DQ29
Pin No. | Pin Name | MSC2333A- | MSC2333A-
80YS16 10YS16
67 PDO N.C. N.C.
68 PD1 vss vss
69 PD2 N.C. vsS
70 PD3 VSS vsS
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= DYNAMIC RAM-MSC2333A-xxYS16 =

ABSOLUTE MAXIMUM RATINGS (See Note)

Rating Symbol Value Unit
Voltage on any pin relative to Vg Ve Vour -1 ~ +7 \
Voltage on V. supply relative to Vg Voo -1 ~ 47 v
Operating temperature Toor 0 ~ +70 °C
Storage temperature L —40 ~ +125 °C
Power dissipation P, 16 w
Short circuit output current los 50 mA

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

periods may affect device reliability.

RECOMMENDED OPERATING CONDITIONS (Referenced to V)

Parameter Symbol | Min. | Typ. | Max. | Unit Operating
temperature
V, 4.75 5.0 5.25 v
Supply Voltage ce
Vss 0 0 0 Y
- 0°C ~ +70°C
Input High voltage,
all inputs Vin 24 - 6.25 v
Input Low voltage, Y, 1.0 _ 0.8 v
all inputs it : :
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DC CHARACTERISTICS

(Vec = 5V 5%, Ta = 0 ~ +70°C)

= DYNAMIC RAM-MSC2333A-xxYS16 =

MSC2333A- | MSC2333A-
Parameter Symbol Condition 80YS16 10YS16 |Unit|Note
Min. (Max. | Min. | Max.

Input Leakage Current I, |OV<V, <625V: —160 | 160 -160| 160 [ A

All other pins not

under test = OV
Output Leakage Current lo | Data out is disable, —20| 20| -20| 20 |pA

0V <V, <525V
Output high voltage Vou | loy = 5MA 24| — | 24| —|V
Output low voltage Vou | lo = 42mA —| 04| —| 04|V
Average power supply lecy | RASO-RAS3 cycling, —| 616 | —| 536 [mA |1, 2
current CASO0-CAS3 cycling:
(Operating) tie = min.
Power supply current lec. | RASO-RAS3=V TTL | —| 32 32 |mA
(Standby) CAS0-CAS3=V,,|[MOS| —| 16| —| 16 {mA
Average power supply lec; | RASO-RASS cycling, —| 616 —| 536 [mA|1, 2
current CASO-CAS3 =V,
(RAS only refresh) toe = min.
Average power supply lece | tae = min —| 616 | —| 536 |mA| 1
current -
(CAS before RAS refresh)
Average power supply lec; | RASO-RAS3 = V,, — | 536 —| 496 [mA |1, 3
current CASO0-CAS3 cycling,
(Fast page mode) toe = min.
Note: 1. |.. is dependent on output loading and cycle rates. Specified values are obtained

with the output

open.

2. Address can be changed once or less while RAS = V,.

3. Address can be changed once or less while CAS = V,,.
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= DYNAMIC RAM-MSC2333A-xxYS16 =

CAPACITANCE
(Voo = 5 V 5%, f = IMHz, Ta = 0~ +70°C)
Parameter Symbol Min. Max. Unit
Input Capacitance (A0 - A8) Ci1 — 115 pF
Input Capacitance (WE) Cz _ 137 pF
Input Capacitance (RASO - RAS3) Cins - 48 pF
Input Capacitance (CASO - CAS3) Cina — 48 pF
VO Capacitance (DQO - DQ31) cDbQ, — 29 pF

Capacitance measured with Boonton Meter.
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AC CHARACTERISTICS
(Voo =5V 5%, Ta = 0 ~ +70°C)

= DYNAMIC RAM-MSC2333A-xxYS16 =

MSC2333A- MSC2333A-
Parameter Symbol 80YS16 10YS16 Units Notes
Min. | Max. Min. | Max.

Random read or write cycle time tac 160 —_ 190 — ns
Fast page mode cycle time toc 50 —_ 55 —_ ns
Access time from RAS [ — | 80 — | 100 ns 2,7
Access time from CAS teac — | 2 — | 25 ns 2,7
Access time from column address ta — 40 — 50 ns 2,8
Access time from CAS precharge tora — | 45 — | 50 ns 2
CAS to output in Lo-Z torz 0| — 0| — ns 2
Output buffer turn-off delay torr 0 20 0 20 ns 3
Transition time (Rise and Fall) t 3 50 3 50 ns 1
RAS precharge time tap 70 | — 80 | — ns
RAS pulse width taas 80 | 10k 100 | 10k ns
RAS pulse width (Fast page mode) taase 80 |100k 100 |100k ns
RAS hold time tasu 20 — 25 — ns
CAS hold time tosn 80 | — 100 [ — ns
CAS pulse width teas 20 | 10k 25 | 10k ns
RAS to TAS delay time toco 22 | 60 25 | 75 ns 7
RAS to column address delay time tono 17 | 40 20 | 50 ns 8
CAS to RAS precharge time tomp 10 | — 10 | — ns
CAS precharge time (Fast page mode) tep 10 — 10 —_ ns
Row address set-up time tash 0 — 0 — ns
Row address hold time taan 12 — 15 — ns
Column address set-up time tasc 0 — 0 — ns
Column address hold time toan 15 — 20 — ns
Column address hold time refer. to RAS tn 60 | — 75| — ns
Column address to RAS lead time taa 40 | — 50 | — ns
Read command set-up tacs 0 — 0 — ns
Read command hold time tack 0 — 0 — ns 4
Read command hold time refer. to RAS toan 10 | — 10 | — ns 4
Write command hold time tweu 15 — 20 — ns
Write command hold time refer. to RAS twen 60 | — 7% | — ns
Write command pulse width twe 15 — 20 — ns
Date set-up time tos 0 — 0 — ns 5
Date hold time tou 15 — 20 — ns 5
Date hold time referenced to RAS tonn 60 | — 75 | — ns
Refresh period toer — 8 — 8 ms
Write command set-up time twes 0 — 0 — ns 6
CAS set-up time(CAS before RAS cycle) tesn 10 — 10 — ns
CAS hold time(CAS before RAS cycle) teun 30 — 30 — ns
RAS to CAS precharge time [ 10 | — 10 | — ns
CAS precharge time torn 10 | — 15 | — ns
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= DYNAMIC RAM-MSC2333A-xxYS16 =

NOTES: 1) AC measurements assume t. = 5ns.
2) Measured wirth a load equivalent to 2 TTL loads and 100pF.
3) tor (max( defines the time at which the output achieves an open circuit condition.
4) Either t.,, ort.., must be satisfied for a read cycle.
5) These parameters are referenced to CAS leading edge.

6) t,cs is not a restrictive operating parameter. This is included in the data sheet as electrical characteris-
tic only. If t, >t (min), the cycle is an early write cycle and the data out pin will remain an open circuit
(Hi-Z)

7) Operation within the t. ., (max) limitinsures thatt_, . (max) can be met. t_., (max) is specified as a reference
point only: if t.., is greater than the specified t..,, (max) limit, then access time is controlled by t,..

8) Operation within the t,, , (max) limit insures thatt,, . (max) can be met. t.,, (max) is specified as a reference
point only: if t.,, is greater than the specified t,,, (max) limit, then access time is controlled by t,,.
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e READ CYCLE

= DYNAMIC RAM-MSC2333A-xxYS16 m

LM - ’ N
wn S N —4 y
Address z'l': @1 Row }@Z Column *SW//////////W//
= l'Ff‘, tRAH <
wE g 7////////{ o A
'RaC k3 E’F
ba ::: : OPEN 9{ Valid Data —
Don‘lcaro
o WRITE CYCLE (EARLY WRITE)
U — tRAS 2"::;\_
S - e
Address " @( Row }@Z‘ Column ’W
e R
SN e S

Don't care
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= DYNAMIC RAM-MSC2333A-xxYS16 =

FAST PAGE MODE READ CYCLE

—
RAS M

———
cAS vy

Address :,':

—
WE M

DQ You-
VoL~

'RASP tRP
— aa—
K.
'CSH
'CIE'; tRCD
X
A \
‘AR
tASR :RAI- tASC
O] — i
37,
tRAD
F 'RCS
7
V4
tAA tAA tAA '—.‘
‘RAC ! I'|CP’A I tCPA
) y )
- v-'wT} FVaid FVaidy
{ Data i - Data_f ' - Data §
OFF OFF {OFF 77
!CLLJ ELL —] oz, ...4__‘_ ,//z Don't care

o FAST PAGE MODE WRITE CYCLE (EARLY WRITE)

< V-
RAS W'

e Vg -
cas ).

Address

WE Y-

Vi
oa Jw:

Vig-
Vi -

‘RASP i
EE—
N J N
e 'RSH
c]f_': 'RCD  |'CAStcP | (tcAs, tcP | |tcas | 'CRP
¢
A N '_j
‘AR ) | RAL
’l N
tAsR| liray  tasc| |tcadtasc| ican tasc| [tcan
-y — N — 1

"
twes| [tweH twes|  [tweH twes | |twel

H

e | Pl P
VA, i 5
‘DS 'DH ‘DS 'DH ‘D‘S—J 'DH
— o [ —
m Vaid Data }@g Vaid Data 5@( Vaid Data

L tDHR

% Don't care
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= DYNAMIC RAM-MSC2333A-xxYS16 =

e RAS ONLY REFRESH CYCLE

'RC

—y. — i
RAS V'.'L'- N r

'cRP

‘RPC
CAS Ym j K /
Vi

t
ASR | | tpay

Address x"’t‘ % Row
fy A

V,
DQ \oH OPEN
Vou©

_ 77
NOTE WE = Don't care % Don't care

e CAS BEFORE RAS REFRESH CYCLE

‘RC
- »
'RAS ) il
—_— . - d
RAS M- X
i _J 'RPC K. \___
'cPN | j'csR 'CHR
CAS Ymr B /
Vi /
t
OFF
>
Vow
DQ oK OPEN
oL

Don't care

NOTE WE = Don't care A0-A8 = Don't care
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" mDYNAMIC RAM-MSC2333A-xxYS16

o HIDDEN REFRESH READ CYCLE

!Rc 'RC
‘RAS 'Rp 'RAS tRp
— ¥ |[—
ms Y e TN ‘SN
‘eRP || “tacp N 'RSH iR 'cPN
sy i b::l\
sk, || il T oy
paess %t:ﬁ@w s(ﬂ///J///////////////l///////%
‘&% LN 'RRH
WE //MK* ey B0 W//ﬁ/////V/////////A
tRAC "_C*Z‘ | 'OFF
DQ xg:f —“————3%}‘ Valid Data - out p——
% Don't care
e HIDDEN REFRESH WRITE CYCLE
- ki ‘RC
'RAS o1 R 'RAS 'RP
wly ey -
‘eRP|| tRep ‘:'RISH_’ 'CHR y ‘PN
CAS \‘;m‘ {

i

Address \\;'I'I’_"
Vin

WE Vi

pQ VM
Vi

|‘—’ D,
{RAD,
2=

||W° 'WeH

) awmminn

| DS 'DH

m Veld Data-in

'DHR

Don't care




OKI semiconductor
MSC2357-xxYS8

1,048,576 Word x 32 Bit DYNAMIC RAM MODULE: FAST PAGE MODE TYPE

GENERAL DESCRIPTION

The Oki MSC2357-xxYS8 is a fully decoded, 1,048,576 word by 32 bit CMOS dynamic random
access memory composed of eight 4Mb DRAMs in SOJ (MSM514400JS). The mounting of eight
SOdJs together with eight 0.2 uF decoupling capacitors on a 72 pin glass epoxy Single-In-Line Pack-

age supports any application where high density and large capacity of storage memory are required.

The electrical characteristics of the MSC2357-xxYS8 are same as the original MSM514400JS; each
timing requirements are noncritical, and power supply tolerance is very wide.

FEATURES

+ 1,048,576 word x 32 bit organization
+ 72-Pin Socket Insertable Module
+  Family organization

Access Time Power Dissipation
Famil MAX Cycle Time
v (WA (MIN) Operating Standby
teac tan toac (MAX) (MAX)
MSC2357-80YS8 80 ns 40 ns 20 ns 160 ns 3780 mwW '
42 mW
MSC2357-10YS8 [100ns | 50ns | 25ns 190 ns 3360 mW (MOS level)

«  Single +5V supply, +5% tolerance
* Input : TTL compatible
» Output : TTL compatible, tristate, nonlatch
* Refresh: 1024 cycles/16 ms
+  CAS before RAS refresh, CAS before RAS hidden refresh, RAS only refresh capability
»  Multi-bit test mode capability
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= DYNAMIC RAM-MSC2357-xxYS8 »

PIN CONFIGURATION

MSC2357-xxYS8

O

D ]
36 37
Pin No. Pin Name PinNo. Pin Name Pin No. Pin Name
1 VSS 25 DQ22 49 DQ8
2 DQO 26 DQ7 50 DQ24
3 DQ16 27 DQ23 51 DQ9
4 DQ1 28 A7 52 DQ25
5 DQ17 29 N.C. 53 DQ10
6 DQ2 30 vCC 54 DQ26
7 DQ18 31 A8 55 DQ11
8 DQ3 32 A9 56 DQ27
9 DQ19 33 N. C. 57 DQ12
10 VCC 34 RAS2 58 DQ28
11 N.C. 35 N.C. 59 vCC
12 A0 36 N. C. 60 DQ29
13 A1 37 N.C. 61 DQ13
14 A2 38 N. C. 62 DQ30
15 A3 39 VSS 63 DQ14
16 A4 40 CASO 64 DQ31
17 A5 41 CAS2 65 DQ15
18 A6 42 CAS3 66 N. C.
19 N.C. 43 CAS1 67 PDO
20 DQ4 44 RASO 68 PD1
21 DQ20 45 N. C. 69 PD2
22 DQ5 46 N. C. 70 PD3
23 DQ21 47 WE 71 N.C.
24 DQ6 48 N. C. 72 VSS
Pin No. Pin Name MSC2357-80YS8 | MSC2357-10YS8
67 PDO N.C. N.C.
68 PD1 N.C. N.C.
69 PD2 N.C. N.C.
70 PD3 N.C. N.C.

72
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= DYNAMIC RAM-MSC2357-xxYS8 »

FUNCTIONAL BLOCK DIAGRAM

CAS0 TAST TAS? CAS3
RASO RAS2
WE
A0
A1
A2 Hmis  pa1[20| | |4{mas  paiP9® || {{dmas  Dai1|RQ|||s{AAs Dat g—g-z‘;
A3 H{eAS 3 022! | [41EAS ¢ 02|22 || H{EAS 1 0ae|P3"| {4 {EAS 3 Dol
e || HHWE = 0asP9 [HdwE = pasd' we = 0oafP18| {1 S palPI%6
A8 +A0-A9  DQalDQ3 A0-A9  DQ4 D11 A0-A9  DQ4|2Q19 A0-A9  DQ4fDR27
A7 OF OF OE OE
A8 VCC VSS l VCC VSS l VCC VSS l VCC VsS I
he- 1 DQ4 ! bQi2 b DQ20 ! DQ28
L pat |29 L pa1 22 - pa1 22 | pa1 |2
RAS Datrns RAS Datp RS ba2t T 7o
L CAS ¥ DQ2}— L TAS ¥ DQ2{— L—{CAS ¢ DQ2}— L CAS ¥ DQ2|—
L {wr = 0a3|?%® (L Jwr S00s22"|L|gr 3 ps|29? WE = paaf2S®
A0-A9 Da4l297 L—daoa0 DafP25L—sdacas DaafPSBL—daoae paaf2S®!
OF OE OE OF
VCC VSS vc[c vss I vcl;c vss l vcic vss I
VCC —to7 1t
vss —& T
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OXKI semiconductor

MSC2320A-xxYS9

262,144 Word BY 36 Bit DYNAMIC RAM MODULE : FAST PAGE MODE TYPE

GENERAL DESCRIPTION

The Oki MSC2320A-xxYS9 is a fully decoded, 262,144 word X 36 bit CMOS dynamic random access
memory composed of eight iIMb DRAMs in SOJ (MSM514256AJS) and four 256 Kb DRAMs in PLCC
(MSM51C256JS). The mounting of eight SOJs and four PLCCs together with twelve 0.2 xF decoupling
capacitors on a 72 pin glass epoxy Single-In-Line Package supports any application where high density
and large capacity of storage memory are required. The electrical characteristics of the MSC2320A-
xxYS9 are same as. the original MSM514256AJS; each timing requirements are noncritical, and power

supply tolerance is very wide.

FEATURES

® 262,144 word X 36 bit organization
® JEDEC Compatible Dimensioning

® Family organization

. Access Time (MAX) Cycle Time Power Dissipation
Family -
tRAC tAA tCAC (MIN) Oparating (MAX) |Standby (MAX)
MSC2320A-80YS9 80ns 40ns 20ns 160ns 4410mW 95mW
MSC2320A-10YS9 100ns 50ns 25ns 190ns 3780mwW (MOS level)

Input : TTL compatible

Refresh : 512 cycles/8 ms

Fast access and cycle times

Single + 5V supply, +5% tolerance

Output : TTL compatible, tristate, nonlatch

FUNCTIONAL BLOCK DIAGRAM

CAS before RAS refresh, RAS only refresh, hidden refresh, and fast page mode capability

TASD
WE

JrITeY,; S—
FASD —

G

[T

_J P
| RAS
] cas
{ T W
LDF_FJ
B R & == T T
] £
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= DYNAMIC RAM-MSC2320A-xxYS9 =

PIN CONFIGURATION

MSC2320A-xxYS9

TOP

PINNo. PINNAME| PINNo. PINNAME| PINNo. PINNAME| PINNo. PINNAME| PINNo. PIN NAME
1 Vss 16 A4 31 A8 46 NC 61 DQ14
2 DQO 17 A5 32 NC 47 WE 62 DQ33
3 pQi8 18 A6 33 NC 48 NC 63 DQts
4 ple] 19 NC 34 RAS2 49 DQ9 64 DQ34
5 DQ19 20 DQ4 35 DQ26 50 DQ27 65 DQt6
6 DQ2 21 DQ22 36 DQs 51 DQ10 66 NC
7 DQ20 22 DQ5 37 DQt7 52 DQ28 67 PDO
8 DQ3 23 DQ23 38 DQ35 53 pat 68 PD1
9 DQ21 24 DQ6 39 vsS 54 DQ29 69 PD2
10 vce 25 DQ24 40 CASO 55 DQ12 70 PD3
1l NC 26 DQ7 4 CAS2 56 DQ30 7 NC
12 A0 27 DQ25 42 CAS3 57 DQ13 72 vsS
13 Al 28 A7 43 CAS1 58 DQ3
14 A2 29 NC 44 RASO 59 vcC
15 A3 30 vce 45 NC 60 DQ32
) ) MSC2320A- | MSC2320A-
Pin No. Pin Name 80YS9 10YS9
67 PDO VSS vSS
68 PD1 N.C. N.C.
69 PD2 N.C. VSS
70 PD3 VSS VSS
ABSOLUTE MAXIMUM RATINGS (See Note)
Rating Symbol Value Unit
Voltage on any pin relative to Vgg VIN, VouT -1~ +7 \
Voltage on Vcc supply relative to Vgg Vce -1~ +7 v
Operating temperature Topr 0~70 °‘C
Storage temperature Tstg —40 ~ 125 °C
Power dissipation Pp 12 w
Short circuit output current los 50 mA

Note: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. Functional operation

should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to
absolute maximum rating conditions for extended periods may affect device reliability.




= DYNAMIC RAM-MSC2320A-xxYS9 =

RECOMMENDED OPERATING CONDITIONS (Referenced toVgs)

Parameter Symbol Min. Typ. Max. Unit tgn":;f;m .

vee 475 5.0 5.25 v

Supply Volitage
Vss 0 0 ) v

Input High Voltage 0C ~ +70C

allinputs ' ViH 24 — 6.25 v

Input Low Voltage,

allinputs Vi -10 — 08 v

DC CHARACTERISTICS
(Vco=5V +5%, Ta=0~+70°C)

MSC2320A- | MSC2320A-

Parameter Symbol Condition 80YS9 10¥S9 Unit | Note
Min. | Max. | Min. | Max.
OV<V|N<6.25V :
Input Leakage Current L1 All other pins —120| 120 |—120| 120 | uA

not under test=0V

Data out is disable

Output Leakage Current Lo |ov <VoUT<5.25V —10| 10 | —10| 10 | (A
Output high voltage VOH | loH=—5.0mA 24 | — |24 | — | V
Output low voltage VoL | loL=4.2mA — 104 | — | 04 \'
A | t RASDO, RAS2 cycling,

verage power supply curren Icot CASO—CASS3 cycling] — | 840 | — | 720 | ma 1,2
(Operating) tRG=min
Power supply current | RASO, RAS2=ViH TIL| — | 80 | — | 30 | mA
(Standby) CC2 | CASO-CASI=ViH [mos] — | 18 | — | 18 | ma

RASO, RAS2 cycling,

Average power supply current _CAS3=V - -

(RAS only refresh) lcc3 &S:Omi?‘AS H 840 720 | mA | 1,2

Average power supply current . - .

(CAS before RAS refresh) lcce | tRe=min. 840 720 | mA | 1
RASOQ, RAS2=V)__,

Average power supply current | . | GASH CAS3 cyoling| — | 680 | — | 620 | mA | 1,3

(Fast page mode)

tpc=min.

Note : 1. Icc in dependent on out put loading and cycle rates.
Specified value are obtained with the output open.
2. Address can be changed once or less while RAS=V|_,

3. Address can be changed once or less while CAS=V|H,
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= DYNAMIC RAM-MSC2320A-xxYS9 =

CAPACITANCE
(Voc=5V £5%, f=1MHz, Ta=0~ +70°C)
Parameter Symbol Min. Max. Unit
Input Capacitance (A0 — A8) Cini — 88 pF
Input Capacitance (WE) Cinz - 104 pF
Input Capacitance (RASO, RAS2) Cina - 57 pF
Input Capacitance (CASO—CAS3) Cing - 36 pF
I/O Capacitance (DQ0—7, 916, 18—25,27—34) |  CDQ - 17 pF
1/O Capacitance (DQ8, 17, 26, 35) CDQ:2 - 22 pF

Capacitance measured with Boonton Meter.
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= DYNAMIC RAM-MSC2320A-xxYS9.»

AC CHARACTERISTICS
(Vcc = 8V + 5%, Ta = 0 ~ +70°C)

Parameter Symbol MSC2320A-80YS9 | MSC2320A-10YS9 Unit Note

MIN MAX MIN MAX

Random read or write cycle time tRc 160 - 190 — ns
Fast page mode cycle time tpc 50 — 55 — ns
Access time from RAS tRAC — 80 — 100 ns 2,7
Access time from CAS tCAC — 20 — 25 ns 2,7
Access time from column address tAA — 40 - 50 ns 2,8
Access time from CAS precharge tCPA — 45 — 50 ns 2
CAS to output in Lo-Z tcLz 0 — 0 — ns 2
Output buffer turn-off delay tOFF 0 20 0 20 ns 3
Transition time (Rise and Fall) tT 3 50 3 50 ns 1
RAS precharge time tRP 70 - 80 - ns
RAS pulse width tRAS 80 10K 100 10K ns
RAS pulse width (Fast page mode) tRASP 80 100K 100 100K ns
RAS hold time tRSH 20 — 25 — ns
CAS hold time tcsH 80 — 100 — ns
CAS pulse width tcAS 20 10K 25 10K ns
RAS to CAS delay time tRCD 22 60 25 75 ns 7
RAS to column address delay time tRAD 17 40 20 50 ns 8
CAS to RAS precharge time tCRP 10 — 10 — ns
CAS precharge time (Fast page mode) tcp 10 - 10 — ns
Row address set-up time tASR 0 — 0 — ns
Row address hold time tRAH 12 - 15 — ns
Column address set-up time tasc 0 — 0 — ns
Column address hold time tCAH 15 — 20 — ns
Column address hold time refer. to RAS | taoR 60 - 75 — ns
Column address to RAS lead time tRAL 40 — 50 — ns
Read command set-up tRcs o - 0 - ns
Read command hold time tRCH 0 — 0 - ns 4
Read command hold time refer. to RAS | trrH 10 — 10 — ns 4
Write command hold time twcH 15 — 20 - ns
Write command hold time refer. to RAS | twcR 65 — 75 — ns
Write command pulse width twp 15 — 20 — ns
Date set-up time tps o — 0 — ns 5
Date hold time tpDH 15 — 20 — ns 5
Date hold time referenced to RAS tDHR 65 - 75 — ns
Refresh period tREF - 8 - 8 ms
Write command set-up time twcs 0 — 0 - ns 6
CAS set-up time (CAS before RAS cycle) | tcsr 10 — 10 — ns
CAS hold time (CAS before RAS cycle) | tcHR 30 — 30 — ns
RAS to CAS precharge time tRPC 10 — 10 — ns
CAS precharge time tCPN 10 — 15 — ns

NOTES :
1) AC measurements assume tT =5ns.

2) Measured with a load equivalent to 2 TTL loads and 100pf.
3) torF (max) defines the time at which the output achieves an open circuit condition.
4) Either tRcH or tRRH Must be satisfied for a read cycle.

5) These paramenters are referenced to CAS leading edge.

6) twcs is not a restictive operating parameter. This is included in the data sheet as electrical characteristic only. If tyycs>tywcs (min), the

cycle is and early write cycle and the data out pin will remain as open circuit (Hi-2)

7) Operation within the trcp (max) limit, insures that tyac (max) can be met. trcp (max) is specified as a reference point only : if trcp is

greater than the specified trcp (max) limit, them access time is controlled by tcac.

8) Operation within the tRAp (max) limit, insures that tRac (max) can be met. trap (max) is specified as a reference point only : if tRap is

greater than the specified trap (max) limit, them access time is controlled by taA.
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® READ CYCLE
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® FAST PAGE MODE READ CYCLE
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® RAS ONLY REFRESH CYCLE
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® CAS BEFORE RAS REFRESH CYCLE
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OXK I semiconductor
MSC2321A-xxYS18

524,288 Word BY 36 Bit DYNAMIC RAM MODULE : FAST PAGE MODE TYPE

GENERAL DESCRIPTION

The Oki MSC2321A-xxYS18 is a fully decoded, 524,288 word X 32 bit CMOS dynamic random access
memory composed of sixteen 1 Mb DRAMs in SOJ (MSM514256AJS) and eight 256 Kb DRAMs in PLCC
(MSM51C256JS). The mounting of sixteen SOJs and eight PLCCs together with twelve 0.2 xF decoupling
capacitors on a 72 pin glass epoxy Single-In-Line Package supports any application where high density
and large capacity of storage memory are required. The electrical characteristics of the MSC2321A-
xxYS18 are same as the original MSM514256AJS; each timing requirements are noncritical, and power
supply tolerance is very wide.

FEATURES

® 524,288 word X 36 bit organization
® JEDEC Compatible Dimensioning
® Family organization

. Access Time (MAX) Cycle Time Power Dissipation
Family -
tRAC tAA tcac (MIN) | Oparating (MAX) |Standby (MAX)
MSC2321A-80YS18 80ns 40ns 20ns 160ns 4568mW 189mW
MSC2331A-10YS18 100ns 50ns 25ns 190ns 3938mwW (MOS level)

Single + 5V supply, +5% tolerance

Input : TTL compatible

Output : TTL compatible, tristate, nonlatch

Refresh : 512 cycles/8 ms

CAS before RAS refresh, RAS only refresh, hidden refresh, and fast page mode capability
Fast access and cycle times

FUNCTIONAL BLOCK DIAGRAM
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PIN CONFIGURATION

= DYNAMIC RAM-MSC2321A-xxYS18 =

MSC2321A-xxYS18
TOP

PINNo. PINNAME| PINNo. PINNAME| PINNo. PINNAME| PINNo. PINNAME| PINNo. PIN NAME
1 vss 16 A4 31 A8 46 NC 61 DQ14
2 DQO 17 A5 32 NC 47 WE 62 DQ33
3 DQ18 18 A6 33 RAS3 48 NC 63 DO15
4 lel} 19 NC 34 RAS2 49 DQ9 64 DQ34
5 DQ19 20 DQ4 hs DQ26 50 DQ27 65 DQte
6 DQ2 21 DQ22 36 ole:] 51 DQ10 66 NC
7 DQ20 22 DQ5 37 pQt17 52 DQ28 67 PDO
8 DQ3 23 DQ23 38 DQ35 53 pan 68 PD1
9 DQ21 24 DQ6 39 VvSS 54 DQ29 69 PD2
10 vce 25 DQ24 40 CASO 55 DQi2 70 PD3
1l NC 26 parz @ CAS2 56 DQ30 7 NC
12 A0 27 DQ25 42 CAS3 57 DG3 72 vss
13 Al 28 A7 43 CASI 58 DQ31
14 A2 29 NC 44 RASO 59 vce
15 A3 30 vce 45 RAST 60 DQ32
: : MSC2321 A- | MSC2321 A-
Pin No. Pin Name 80YS18 10YS18
67 PDO N.C. N.C.
68 PD1 VSS VSs
69 PD2 NC. VSs
70 PD3 vss VSS
ABSOLUTE MAXIMUM RATINGS (See Note)
Rating Symbol Value Unit
Voltage on any pin relative to Vgg VIN, VouT -1~ +7 \
Voltage on VoG supply relative to Vss Vce -1~ +7 \"
Operating temperature Topr 0~70 C
Storage temperature Tstg —40 ~ 125 °C
Power dissipation PD 4 w
Short circuit output current los 50 mA

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

Parameter Symbol Min. Typ. Max. Unit \ gn":;f:t'l‘ﬁe
vVee 4.75 50 525 v
Supply Voltage
vss 0 0 0 Y
0°C ~ +70°C
Input High Voltage, _
allinputs VIH 24 6.25 v
Input Low Voltage,
allinputs viL -1.0 — 08 v

DC CHARACTERISTICS
(VeG=5V+5%, Ta=0~+70°C)

MSC2321A- | MSC2321A-
80YS18 10YS18

Parameter Symbol Condition Unit | Note
Min. | Max. | Min. | Max.
OV<V|N<6.25V :
Input Leakage Current ILI | All other pins —240| 240 |—240| 240 | pA

not under test=0V

Data out is disable

Output Leakage Current ILo OV<VoUT<5.25V —20| 20 |—20| 20 | KA
Output high voltage VoH | loH=—5.0mA 24 | — |24 | — | V
Output low voltage VoL | loL=4.2mA — |04 |— |04 | V

Average power supply current RASO—RASS cycling,

; Icot | CASO—CAS3 cycling) — | 870 | — | 750 | mA | 1,2
(Operating) tRC=min
Power supply current | RASO-RAS3=Vjy| TTL| — | 80 | — | 60 | mA
(Standby) CC2 | CASO-CAS3=VIH [os| — | 36 | — | 36 | mA

Average power supply current RASO—RASS cycling,

(RAS only refresh) Icca tCRACSg;ﬁASSﬂIH — | 870 | — | 750 | mA | 1,2
Average power supply current — . .
(CAS before RAS refresh) lcce | tRe=min. 870 750 | mA | 1

RASO—RAS3=V|_,
Icc7 | CASO—CAS3 cyclingl — | 710 | — | 650 | mA | 1, 3
tpc=min.

Average power supply current
(Fast page mode)

Note : 1. Icc in dependent on out put loading and cycle rates.
Specified value are obtained with the output open.
2. Address can be changed once or less while RAS=V|_

3. Address can be changed once or less while CAS=V|H,
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CAPACITANCE
(Voo =5V 5%, f=1MHz, Ta=9~ +70°C)
Parameter Symbol Min. Max Unit
Input Capacitance (AO —A8) CIN1 - 161 pF
Input Capacitance (WE) Cin2 — 193 pF
input Capacitance (RASO—RAS3) CIN - 62 pF
Input Capacitance (CASO—CAS3) CiNg - 62 pF
1/O Capacitance (DQ0O—7, 9—16, 18—25, 27—34) Cpai — 29 pF
1/0O Capacitance (DQ8, 17, 26, 35) Cpq2 - 39 pF

Capacitance measured with Boonton Meter.
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AC CHARACTERISTICS
(Voe = 5V + 5%, Ta = 0 ~ +70°C)

MSC2321A-80YS18 | MSC2321A-10YS18 )
Parameter Symbol MIN MAX MIN MAX Unit Note
Random read or write cycle time tRc 160 — 190 — ns
Fast page mode cycle time tpc 50 — 55 — ns
Access time from RAS tRAC — 80 — 100 ns 2,7
Access time from CAS tCAC — 20 — 25 ns 2,7
Access time from column address tAA — 40 — 50 ns 2,8
Access time from CAS precharge tcpPA - 45 — 50 ns 2
CAS to output in Lo-Z tcLz 0 — 0 — ns 2
Output buffer turn-off delay tOFF (0] 20 0 20 ns 3
Transition time (Rise and Fall) tr 3 50 3 50 ns 1
RAS precharge time tRP 70 - 80 —~ ns
RAS pulse width tRAS 80 10K 100 10K ns
RAS pulse width (Fast page mode) tRASP 80 100K | 100 | 100K ns
RAS hold time tRSH 20 — 25 - ns
CAS hold time tcsH 80 — 100 - ns
CAS pulse width tcAS 20 10K 25 10K ns
RAS to CAS delay time tRCD 22 60 25 75 ns 7
RAS to column address delay time tRAD 17 40 20 50 ns 8
CAS to RAS precharge time tCRP 10 — 10 — ns
CAS precharge time (Fast page mode) tcp 10 — 10 — ns
Row address set-up time tASR 0 — [*] — ns
Row address hold time tRAH 12 - 15 - ns
Column address set-up time tasc [¢] — 0 — ns
Column address hold time tcAH 15 — 20 - ns
Column address hold time refer. to RAS tAR 60 — 75 — ns
Column address to RAS lead time tRAL 40 — 50 — ns
Read command set-up tRcs o - 0o — ns
Read command hold time tRCH 0 - 0 — ns 4
Read command hold time refer. to RAS tRRH 10 - 10 — ns 4
Write command hold time twcH 15 — 20 — ns
Write command hold time refer. to RAS twCR 60 — 75 - ns
Write command pulse width twp 15 — 20 — ns
Date set-up time tps 0 — [*] — ns 5
Date hold time tpH 15 — 20 — ns 5
" Date hold time referenced to RAS tDHR 60 — 75 — ns
Refresh period tREF - 8 — 8 ms
Write command set-up time twcs 0 — 0 — ns 6
CAS set-up time (CAS before RAS cycle) tcsR 10 — 10 — ns
CAS hold time (CAS before RAS cycle) tCHR 30 — 30 - ns
RAS to CAS precharge time tRPC 10 - 10 — ns
‘CAS precharge time tCPN 10 — 15 — ns

NOTES :

1) AC measurements assume t =5ns.

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

3) tOFF (max) defines the time at which the output achieves an open circuit condition.

4) Either tRoH or tRrH Must be satisfied for a read cycle.

5) These paramenters are referenced to CAS leading edge.

6) twcs is not a restrictive operating parameter. Tis is included in the data sheet as electrical characteristic only. If tywcs>twcs (min), the
cycle is and early write cycle and the data out pin will remain as open circuit (Hi-Z)

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

8) Operation within the tRap (max) limit insures that tyac (max) can be met. tRap (Mmax) is specified as a reference point only : if tRap is
greater than the specified tRap (max) limit, then access time is controlled by taa.
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® FAST PAGE MODE READ CYCLE
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® RAS ONLY REFRESH CYCLE
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OKI semiconductor
MSC2355-xxYS12

1,048,576 Word x 36 Bit DYNAMIC RAM MODULE: FAST PAGE MODE TYPE

GENERAL DESCRIPTION

The Oki MSC2355-xxYS12 is a 1,048,576 word by 36 bit dynamic Random Access Memory (RAM)
Module which is comprised of eight pieces of the MSM514400 and four pieces of the MSM511000A
mounted on a SIMM printed circuit board. The MSC2355-xxYS12 is a fully decoded SIMM module
constructed using Oki's proprietory silicon gate CMOS process. The MSC2355-xxYS12 has been
designed for use in systems where high density, large capacity memory is required. This includes
applications such as PC main memory, work stations and computer graphics.

FEATURES

e 1,048,576 word x 36 bit organization
e 72-pin Socket Insertable Module
e Family organization

Access Time Power Dissipation
(MAX) Cycle
Family Time Operating Standby
taac ta teac (MIN) (MAX) (MAX)

MSC2355-80YS12 | 80ns | 40ns 20ns | 160ns 5355mW 63mwW
MSC2355-10YS12 {100ns | 50ns 25ns | 190ns 4725mW (MOS level)

Single +5V supply, + 5% tolerance

Input : TTL compatible

Output : TTL compatible, triastate, nonlatch

Refresh : 1024 cycles/16mS o o
CAS before RAS refresh, CAS before RAS hidden refresh, RAS only refresh capability
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PIN CONFIGURATION

MSC2355-xxYS12
0 0 0 0 0 o)
1 36 37 72
PIN No. PIN NAME [PIN No. PIN NAME PIN No. PIN NAME |PIN No. PIN NAME |PIN No. PIN NAME
1 vss 16 A4 31 A8 46 NC. 61 DQ14
2 DQO 17 A5 32 A9 47 WE 62 DQ33
3 DQ18 18 A6 33 N.C. 48 N.C. 63 DQ15
4 DQ1 19 N.C. 34 RAS2 49 DQ9 64 DQ34
5 DQ19 20 DQ4 35 DQ26 | 50 DQ27 | 65 DQ16
6 DQ2 21 DQ22 36 DQ8 51 pQio | 66 N.C.
7 DQ20 22 DQs5 37 DQ17 52 D28 | 67 PDO
8 DQ3 23 DQ23 38 DQ35 53 DQi1 | 68 PD1
9 DQ21 24 DQ6 39 vss 54 DQ29 | 69 PD2
10 vce 25 DQ24 40 CASO 55 pQi2 | 70 PD3
1 N.C 26 DQ7 41 CAS2 56 D30 | 71 N.C.
12 A0 27 DQ25 42 CAS3 57 DQ13 | 72 vss
13 A1 28 A7 43 CASi 58 DQ31
14 A2 29 N.C. 44 RASO 59 vce
15 A3 30 vce 45 N.C. 60 DQ32
PIN No. | PIN NAME {MSC2355- |MSC2355-
80YS12 | 10YS12
67 PDO N.C. N.C.
68 PD1 N.C. N.C.
69 PD2 N.C. N.C.
70 PD3 N.C. N.C.




FUNCTIONAL BLOCK DIAGRAM
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ELECTRICAL CHARACTERISTICS
ABSOLUTE MAXIMUM RATINGS

Rating Symbol Conditions Value Unit
Voltage on any pin relative to Vs | Vi, Vour Ta = 25°C -1.0 ~+7.0 \
Voltage V... supply relative to Vg Veo Ta=25°C | -1.0 ~+7.0 v
Short circuit output current los Ta = 25°C 50 mA
Power dissipation Py Ta = 25°C 12 w
Operating temperature Toor - 0~ +70 °C
Storage temperature L - —-40 ~ +125 °C

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

RECOMMENDED OPERATING CONDITIONS
Referenced to Vg

Parameter Symbol | MIN | TYP | MAX | Unit | Operating
temperature
Supply Voltage V., |475 | 50 | 525 | V
, Ves 0 0 0 Vo ~ 470°C
Input high voltage Viu 2.4 - 6.25 \"
Input low voltage \'A -1.0 _ 0.8 Vv
CAPACITANCE
(T, = 25°C, f = 1 MHz)
Parameter Symbol TYP MAX Unit
Input Capacitance (A0-A9) Ci 65 80 pF
Input Capacitance (WE) Cne 60 75 pF
Input Capacitance (RASO, RAS2) Cs 35 50 pF
Input Capacitance (CAS0-CAS3) Cine 20 30 pF
Input Capacitance (DQO-7, 9-16, 18-25, 27-34) Coar - 15 pF
/O Capacitance (DQ8, 17, 26, 35) Coa2 12 20 pF

Capacitance measured with Boonton Meter.
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DC CHARACTERISTICS
(Vee = 5V 5%, Ta = 0 ~ +70°C)
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MSC2355- | MSC2355-
Parameter Symbol| Conditions 80YS12 10YS12 Unit | Note
MIN. [MAX. | MIN. | MAX
0V <V, <6.25V;
Input leakage current all other pins not -120| 120 | -120| 120 | pA
I, under
text = OV
Output leakage DQO0-35 = disable
current o fov< Vgur < 5.25V S0 10 10 10 A
Output high voltage| V., |l = -5.0mA 24 | Vg 24 | Vo | V
Output low voltage | V, (I, =4.2mA 0 |04 0 | 04 [V
Average power RASO0, RAS2, CASO-CAS3
supply current ley |cycling - |1020 - 900 | mA | 1,2
(operating) tac = min
Power supply RAS0, RAS2=V,,
current CASO-CAS3 =V, || — |2 | - | %
loca mA
(Standby) DQO-35 = Hz MOS| - 12 - 12
Average power RASO, RAS2 cycling
supply current l.cs |CASO-CAS3 =V, - {1020 - 900 | mA | 1,2
(RAS only refresh) toe = min
Power supply RASO, RAS2 = V,,
current les |CASO-CAS3 =V, - | 60 - 60 [mA | 1
(Standby) DQ0-35 = enable
Average power RASO, RAS2 cycling
supply current loce - | 1020 - 900 | mA | 1
(CAS before RAS
refresh)
Average power RASO, RAS2 =V,
supply current leey |CASO-CAS3 = cycling - | 880 - 780 | mA | 1,3
(Fast page mode) t,, = min

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

2. Address can be changed once or less while RAS =V,
3. Address can be changed once or less while CAS = V,,,
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AC CHARACTERISTICS
(Vec = 5V 5%, Ta = 0 ~ +70°C)

Note 1, 2, 3
MSC2355- MSC2355-
Parameter Symbol 80YS12 10YS12 Unit Notes
Min. | Max. Min. | Max.

Random read or write cycle time tac 160 - 190 - ns

Fast page mode cycle time toe 55 - 65 - ns

Access time from RAS tanc - | 80 - | 100 ns 45
Access time from CAS toc -1 2 -| 25 ns 45
Access time from column address taa - 40 - 50 ns 4.6
Access time from CAS precharge tora - | 4 -| 55 ns 4
Output low impedance time from CAS | t,, 0 - 0 - ns 4
Output buffer turn-off delay time torr 0) 20 0 25 ns 7
Transition time t 3| 50 3 50 ns 3
Refresh period Yoer - 16 - 16 ms

RAS precharge time tee 70 - 80 - ns

RAS pulse width tans 80 | 10K | 100 | 10K ns

RAS pulse width (Fast page mode) | S 80 |100K 100 | 100K ns

RAS hold time tasn 20| - | 25 - ns

CAS prechage time tep 0] - | 10 - ns

CAS pulse width tors 20 | 10K | 25 | 10K ns

CAS hold time tosn 80 | - | 100 - ns

CAS to RAS precharge time tore 10| - 10 - ns

RAS to CAS delay time teo | 22| 60 | 25 | 75 ns

RAS to column address delay time toao 17 | 40 20 50 ns 6
Row address set-up time tash 0 - 0 - ns

Row address hold time taan 12 - 15 - ns

Column address set-up time tasc 0 - 0 - ns

Column address hold time tean 15 - 20 - ns

Column address hold time from RAS tar 60 - 75 - ns

Column address to RAS lead time toa 4| - | 50 - ns
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AC CHARACTERISTICS (Continued)
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MSC2355- MSC2355-
Parameter Symbol 80YS12 10YS12 Unit Notes

Min. | Max. Min. | Max.

Read command set-up time tacs 0 - 0 - ns

Read command hold time tecH 0 - 0 - ns 8

Read command hold time tean 10 - 10 - ns 8

reference to RAS

Write command set-up time twes 0 - 0 - ns

Write command hold time twen 15 - 20 - ns

Write command hold time from RAS twer 60 - 75 - ns

Write command pulse width twe 15 - 20 - ns

Data-in set-up time tos 0 - 0 - ns

Data-in hold time ton 15 - 20 - ns

Data-in hold time from RAS tonr 60 - 75 - ns

CAS active delay time from RAS torc 10| - 10| - ns

precharge

ﬁ_sw CAS _set-up time tesn 10 - 10 - ns

(CAS before RAS)

RAS to CAS hold time toum 20 | - 20 | - ns

(CAS before RAS)

W_Ltoﬁs precharge time twre 10 - 10 - ns

(CAS before RAS)

WE hold time_from RAS tumm 20 | - 20 | - ns

(CAS before RAS)

RAS to WE set-up time (Test mode) tusr 10 - 10 - ns

RAS to WE hold time (Test mode) tuw | 20 | - 20| - ns
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= DYNAMIC RAM-MSC2355-xxYS12 =

Notes: 1.

10.

An initial pause of 200 us is required after power-up followed by a minimum of eight
initializatiojn cycles (RAS only refresh cycle or CAS before RAS refresh cycle) before
proper device operation is achieved. - -
In case of using internal refresh counter, a minimum of eight CAS before RAS
initialization cycles is required.

The AC characteristics assume t. = 5 ns.

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

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

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

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

t.sr (Max.) defines the time at which the output achieves the open circuit condition
and is not referenced to output voltage levewls.

Either t_.,, or t..,, must be satisfied for a read cycle.

The test mode is initiated by performing a WE and CAS before RAS refresh cycle.
This mode is latched and remains in effect untill the exit cycle is generated.

The test mode specified in this data sheet is 8-bit parallel test function.

RA10, CA10 and CAO are not used. In a read cycle, if all internal bits are not

equal, then the data output pin will indicate a low level.

The test mode is cleared and the memory device returned to its normal
operational state by performing a RAS only refresh cycle or a CAS before RAS

refresh cycle.

In a test mode read cycle, the value of an access time parameters is delayed by
5ns from the specified value. These parameters should be specified in test
mode cycles by adding the above value to the specified value in this data sheet.
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e RAS ONLY REFRESH CYCLE
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NOTICE

L.

The information contained herein can change without notice
owing to product and/or technical improvements. Please make
sure before using the product that the information you are
referring to is up—to—dated.

The outline of action and examples of application circuits
described herein have been chosen as an explanation of the
standard action and performance of the product. When you
actually plan to use the product, please ensure that the outside
conditions are reflected in the actual circuit and assembling
designs.

. NO RESPONSIBILITY IS ASSUMED BY US FOR ANY CON-

SEQUENCE RESULTING FROM ANY WRONG OR IMPROPER
USE OR OPERATION, ETC. OF THE PRODUCT.

Neither indemnity against nor license of a third party’s indus-
trial and intellectual property right, etc. is granted by us in
connection with the use of the product and/or the information
and drawings contained herein. No responsibility is assumed
by us for any infringement of a third party’s right which may
result from the use thereof.

The products described herein falls within the category of
strategical goods, etc. under the Foreign Exchange and Foreign
Trade Control Law. Accordingly, before exporting the product
you are required under the Law to file the application for the
export license by your local Government.

No part of the contents contained herein may be reprinted
or reproduced without our prior permission.

MS-DOS is a registered trademark of Microsoft Corporation.

Copyright 1990 OKI SEMICONDUCTOR
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