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-------------------------•INTRODUCTION• 

PRODUCT LINE-UP (1) D 
8 BIT SERIES 256K WORD MSC2328A CMOS 

512K WORD MSC2330A CMOS 

1M WORD MSC2313A CMOS 

MSC2358 CMOS 

9 BIT SERIES 256K WORD MSC2329 NMOS 

MSC2316 CMOS 

MSC2331A CMOS 

1M WORD MSC2312A CMOS 

MSC2359 CMOS 

4M WORD MSC2340 CMOS 

32 BIT SERIES 256K WORD MSC2327A CMOS 

512K WORD MSC2333A CMOS 

1M WORD MSC2357 CMOS 

36 BIT SERIES 256K WORD MSC2320A CMOS 

512K WORD MSC2321A CMOS 

1M WORD MSC2355 CMOS 
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•INTRODUCTION•----------------------

• PRODUCT LINE-UP C2l 

NMOS 1-----1 2.3 M 1-----1 256K X 9 1-----1 MSC2329 

CMOS 2.0M 256K XS MSC232SA 

2.3M 256K X9 MSC2316 

MSC2331A 

4.0M 512K XS MSC2330A 

8.0M 256K X32 MSC2327A 

1M XS MSC2313A 

MSC235S 

9.0M 256K X36 MSC2320A 

1MX9 MSC2312A 

MSC2359 

16.0M 512K X32 MSC2333A 

1S.OM 512K X36 MSC2321A 

32.0M 1M X32 MSC2357 

36.0M 1MX36 MSC2355 

4MX9 MSC2340 
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-----------------------•INTRODUCTION• 

TYPICAL CHARACTERISTICS 

Power 

Number Access Cycle 
Consump-

Power 
Memory Circuit Memory of Time Time 

lion 
Supply 

Model Name Capacity Function Configuration Pins per MAX MIN 
MAX 

Voltage 
(bit) (mW) 

Package (ns) (ns) Operating/ (V) • 
Standby 

MSC232SA-SO so 160 S25/11 
YS2/KS2 Socket 

2M lnsertable 262,144xS 30 +5 
MSC232SA-10 Module 100 190 715/11 
YS2/KS2 

MSC2330A-SO so 160 S47/22 
YS4/KS4 Socket 

4M lnsertable 524,2SSxS 30 +5 
MSC2330A-10 Module 100 190 737/22 
YS4/KS4 

MSC2313A-70 70 140 3740/44 
YSS/KSS 

MSC2313A-SO Socket so 160 3300/44 
YSS/KSS SM lnsertable 1,048,576xS 30 +5 

Module 
MSC2313A-10 100 190 2S60/44 
YSS/KSS 

MSC235S-SO so 160 990/11 
KS2 Socket 

SM lnsertable 1,04S,576xS 30 +5 
MSC235S-10 Module 100 190 SS0/11 
KS2 

MSC2329-10 100 200 1155/50 
YS3/KS3 Socket 

2.3M lnsertable 262,144x9 30 +5 
MSC2329-12 Module 120 220 1073/50 
YS3/KS3 

MSC2316-SO so 160 2970/124 
YS9 Socket 

2.3M lnsertable 262,144x9 30 +5 
MSC2316-10 Module 100 190 2475/124 
YS9 

MSC2331A-SO so 160 1155/25 
YS3/KS3 Socket 

2.3M lnsertable 262,144x9 30 +5 
MSC2331A-10 Module 100 190 990/25 
YS3/KS3 
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•INTRODUCTION•-----------------------

TYPICAL CHARACTERISTICS (cont'd) 

Power 

Number Access Cycle 
Consump-

Power 
Memory Circuit Memory of Time Time 

lion 
Supply Model Name Capacity Function Configuration Pins per MAX MIN 

MAX 
Voltage 

(bit) Package (ns) (ns) 
(mW) 

(V) Operating/ 
Standby 

MSC2312A-70 70 140 420S/50 
YS9/KS9 

MSC2312A-SO Socket so 160 3713/50 
YS9/KS9 9M lnsertable 1,04S,576x9 30 +5 

Module 
MSC2312A-10 100 190 321S/50 
YS9/KS9 

MSC2359-SO so 160 1403/17 
YS3 Socket 

9M lnsertable 1,04S,576x9 30 +5 
MSC2359-10 Module 100 190 123S/17 
YS3 

MSC2340-SO so 160 4455/50 
YS9/KS9 Socket 

36M lnsertable 4, 194,304x9 30 +5 
MSC2340-10 Module 100 190 3960/50 
YS9/KS9 

MSC2327A-SO so 160 3150/42 
YSS Socket 

SM lnsertable 262,144x32 72 +5 
MSC2327A-10 Module 100 190 2730/42 
YSS 

MSC2333A-SO so 160 3234/S4 
YS16 Socket 

16 M lnsertable 524,2SSx32 72 +5 
MSC2333A-10 Module 100 190 2S14/S4 
YS16 

MSC2357-SO so 160 37S0/42 
YSS Socket 

32 M lnsertable 1,04S,576x32 72 +5 
MSC2357-10 Module 100 190 3360/42 
YSS 

MSC2320A-SO so 160 4410/95 
YS9 Socket 

SM lnsertable 262,144x36 72 +5 
MSC2320A-10 Module 100 190 37S0/95 
YS9 
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-----------------------•INTRODUCTION• 

TYPICAL CHARACTERISTICS (cont'd) 

Power 

Number Access Cycle 
Consump-

Power 
Memory lion 

Model Name Capacity 
Circuit Memory of Time Time MAX Supply 

Function Configuration Pins per MAX MIN Voltage 
(bit) Package (ns) (ns) 

(mW) 
(V) Operating/ 

Standby 

MSC2321A-80 80 160 4568/189 
YS18 Socket 

16 M lnsertable 524,288x36 72 +5 
MSC2321A-10 Module 100 190 3938/189 
YS18 

MSC2355-80 80 160 5355/63 
YS12 Socket 

36M lnsertable 1,048,576x36 72 +5 
MSC2355-10 Module 100 190 4725/63 
YS12 
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TERMINOLOGY AND SYMBOLS 

1. PIN TERMINOLOGY 

Term Dynamic RAM 

Power Supply Voltage Vee 

Address Input Pin AO -A10 

Data Input Pin DIN' DB 

Data Output Pin Douro 08 

Data lnpuVOutput Pin DOO- D035 

Output Enable Pin OE 

-
Write Enable Pin WE 

Row Address Strobe Pin RAS, 
RASO- RAS3 

Column Address Strobe Pin GAS, 
CASO- CAS3 

Ground Pin vss 

3. RECOMMENDED OPERATING 
CONDITIONS 

Term Dynamic RAM 

Power Supply Voltage Vee• Vss 

"H" Input Voltage VIH 

"L" Input Voltage VIL 

Operating Temperature Topr 

2. ABSOLUTE MAXIMUM RATINGS 

Term Dynamic RAM 

Power Supply Voltage Vee, Vss 

Terminal Voltage VT 

Input Voltage VIN 

Output Voltage VOUT 

Output Shott Circuit Current los 

Power Dissipation Po 

Operating Temperature Topr 

Storage Temperature Tstg 

4. DC CHARACTERISTICS 

Term Dynamic RAM 

"H" Output Voltage VOH 

"L" Output Voltage VOL 

"H" Output Current IOH 

"L" Output Current IOL 

Input Leakage Current lu 

Output Leakage Current ILO 

lccP Ices 
Power Supply Current lcc2• Ices 

ICC3' ICC7 
ICC4 



-----------------------•INTRODUCTION• 

5. AC CHARACTERISTICS 

(1) Read Cycle 

Term 

Read Cycle Time 

Address Access Time 

Output Enable Access Time 

Output Disable Time 

Address Set-up Time 

Address Hold Time 

Clock Pulse Width 

Clock Delay Time 

Dynamic RAM 

tRC 

tAA 

tOEA 

!OFF' !OEZ 

IASR• tASC 

tRAH' tCAH 

tRAS' !CAS' !WP 

tRCD• !RAD 

(2) Write Cycle 

Term Dynamic RAM 

Write Cycle Time tRC 

Address Set-up Time tASR' !ASC 

Write Pulse Width lwP 

Data Set-up Time tos 

Data Hold Time !DH 

Output Off-time !OFF 

Address Hold Time !RAH• !CAH 
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PACKAGING 

PRODUCT NAME PACKAGE CODE 
MSC2328A-xx YS2 SIMM30- 2HSOJ 

MSC2328A-xxKS2 SIMP 30 - 2HSOJ 

MSC2330A-xx YS4 SIMM30- 4HSOJ 
MSC2330A-xxKS4 SIMP 30 - 4HSOJ 
MSC231 3A-xx YS8 SIMM30- BSOJ 

MSC2313A-xxKS8 SIMP 30 - BSOJ 
MSC2358-xxKS2 SIMP 30 - 2HSOJ 

MSC2329-xxYS3 SIMM30- 2HSOJ 1HQFJ 

MSC2329-xxKS3 SIMP 30 - 2HSOJ 1HQFJ 
MSC231 6-xxYS9 SIMM30- 9QFJ 

MSC2331 A-xxYS3 SIMM30- 2HSOJ 1HQFJ 

MSC2331 A-xxKS3 SIMP30- 2HSOJ 1HQFJ 
MSC2312A-xxYS9 SIMM30- 9SOJ 

MSC2312A-xxKS9 SIMP30-9SOJ 

MSC2359-xx YS3 SIMM30- 3HSOJ 
MSC2340-xxYS9 SIMM30- 9HSOJ 

MSC2340-xxKS9 SIMP 30- 9HSOJ 

MSC2327 A-xx YS8 SIMM72-8HSOJ -1 

MSC2333A-xx YS16 SIMM72-16HSOJ 

MSC2357-xxYS8 SIMM72-8HSOJ 

MSC2320A-xx YS9 SIMM72- 8HSOJ 4HQFJ 
MSC2321 A-xxYS18 SIMM72-16HSOJ 8HQFJ 

MSC2355-xxYS12 SIMM72- 12SOJ 

(NOTE) 

Typical Description of Package Code: 

'-------- Module type 

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

88.90±0.20 

3.38TYP 

B2.14TYP ---------+------+-~ r~ 
2.03TYP 

73.66 

30PIN SIMP30-2HSOJ 

88.90±0.30 

3.38TYP B2.14TYP 

DD 

73.66 
SEATING PLANE 

~ 
PRODUCT NAME 

MSC2328A-xxYS2 

(UNIT: mm) 

5.2BMAX 

~ 
0.27±020 11 

PRODUCT NAME 
MSC2328A-xxKS2 
MSC2358-xxKS2 



30PIN SIMM30-2HSOJ 1HQFJ 

30PIN SIMP30-2HSOJ 1HQFJ 

88.90±0.30 

3.38TYP 82.14TYP 

ODD 
2.03TYP 

SEATING PLANE 

73.66 

(UNIT:mm) 

PRODUCT NAME 

MSC2329-xxYS3 
MSC2331 A-xxYS3 

(UNIT:mm) 

5.28MAX 

·~·· 

0.27± 0.20 ~. 

PRODUCT NAME 

MSC2329-xxKS3 
MSC2331 A-xxKS3 

15 



30PIN SIMM30-3HSOJ 

88.90±0.20 

3.38TYP 82.14TYP 

ODD 
2.03TYP 

2.54±0.25 

73.66 

30PIN SIMM30-4HSOJ 

88.90±0.20 

3.38TYP 82.14TYP 

! a. 

~ 
"' .; 

I 
2.03TYP 5.59TYP 

73.66 

16 

(UNIT:mm) 

v 
1.27±0.20 .,I I 

PRODUCT NAME 
MSC2359-xxYS3 

(UNIT: mm) 

5.0BMAX 

i z 
:ii 
~ 

1.27±0.20 11 

PRODUCT NAME 
MSC2330A-xxYS4 



30PIN SIMP30-4HSOJ 

88.90±0.30 

82.14TYP 

2.03TYP 5.59TYP j\, 0.50±0.10 I EJJ I ¢0.25 @I 
73.66 

30PIN SIMM30-8SOJ 

88.90±0.20 

3.38TYP 82.14TYP 

(UNIT:mm) 

5.08MAX 

-~ 

SEATING PLANE 
= ... 1 

PRODUCT NAME 
MSC2330A-xxKS4 

(UNIT:mm) 

5.28MAX 

~ 
~ 

PRODUCT NAME 
MSC2313A-xxYS8 

17 
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30PIN SIMP30-8SOJ 

2.54TYP 

30PIN SIMM30-9SOJ 

3.38TYP 

~ 

~ ~ 
~ n ~ ~ irh 0 0 0 ,01 'JOI illoJ 

2.03TYP 5.59TYP 

1 

18 

78.74±0.30 

88.90±0.20 

82.14TYP 

0 0 0 

DJJI IDrr jo_[ 

2 54±02511 

73.66 

~ 
0 0 0 

TI:il1l 1 r lh r 30 

l 1.78TYP 

(UNIT:mm) 

PRODUCT NAME 
MSC2313A-xxKS8 

(UNIT:mm) 

5.28MAX 

z 
:il ;g 

'" 

dL 
PRODUCT NAME 
MSC2312A-xxYS9 



30PIN SIMP30-9SOJ 

88.90+0.30 

3.38TYP 82.14TYP 

a. 
>-
I-

"' ~ 

2.03TYP 

30PIN SIMM30-9HSOJ 

88.90+0.20 

3.38TYP 82.14TYP 

73.66 

(UNIT: mm) 

5.28MAX 

·1 rr 
~1 
0 

0.27±02011 

z 
~ 
;i; 
oi 

PRODUCT NAME 
MSC2312A-xxKS9 

(UNIT:mm) 

PRODUCT NAME 
MSC2340-xxYS9 

19 
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•PACKAGING•-------------------------

30PIN SIMP30-9HSOJ 

88.90±Cl30 

¢3.18 

II 0.50±010 I cj) l @I I ¢0.25 M 

SEATING PLANE 

73.66 

30PIN SIMM30-9QFJ 

88.90±0.20 

3.38TYP 82.14TYP 

2.03TYP 5.59TYP 2.54±0.25 

73.66 

20 

0 

(UNIT: mm) 

PRODUCT NAME 

MSC2340-xxKS9 

(UNIT: mm) 

i 
127±o 20 ll. 

PRODUCT NAME 
MSC2316-xxYS9 



72PIN SIMM72-8HSOJ 

72PIN SIMM72-8HSOJ -1 

3.38TYP 

~ 0 0 

n~_u 
-U' 

0 0 
1 Ill! 
I 

11.27±0.20 2.03TYP 4.32TYP 

T 

107.95 ±0.20 

10795±020 

101.19TYP 

0 

0 

llll lnc 

~ 5 ~ 
95.25 

0 

iO 

(UNIT:mm) 

¢3.18 

PRODUCT NAME 
MSC2357-xxYS8 

(UNIT:mm) 

'.) ~ 

72 

;:\ 
~ 

1.21:'.:8:~2 

PRODUCT NAME 
MSC2327 A-xxYS8 

21 



72PIN SIMM72-8HSOJ 4HQFJ 

107.95 ±0.20 

3.38TYP 101.19TYP 

~J ~ ~Do 0 - 0 

~lilr "-.! lo m )o 
~ ~ 0 

;;? ~ T1it1 
·_ 

I JI 127±0.20 R157=w 1 I 104TYP 2.03TYP 4.32TYP 

6.35 

95.25 

72PIN SIMM72-12SOJ 

107 95±020 

3.38TYP 101.19TYP 

22 

0 

lo 

(UNIT: mm) 

110 ~ 
"' 

PRODUCT NAME 
MSC2320A-xxYS9 

(UNIT:mm) 

11 
!~1 
127+0102 ! I . -008 

PRODUCT NAME 

MSC2355-xxYS12 



72PIN SIMM72-16HSOJ 

107.95±020 

3.38TYP 101.19TYP 

72PIN SIMM72-16HSOJ8HQFJ 

107.95±0.20 

3.38TYP 101.19TYP 

(UNIT:mm) 

PRODUCT NAME 
MSC2333A-xxYS16 

(UNIT:mm) 

PRODUCT NAME 

MSC2321 A-xxYS18 

23 









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 employ 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 LSI 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- l!:m 
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 B tests: check of durability under 
thermal and mechanical envi­
ron m enta I 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-8838, JIS C 7022, EIAJ-IC-121 
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------------------•RELIABILITY INFORMATION• 

Material 

Production 
Process 

Wafer Process 
& 

Assembly 

1st Sorting 

Burn-in 
Screening 

• Acceptance Inspection 

• Production Process Quality Control I Lot Control 
Equipment Conditions 
In-Process Inspection 
Thermal Screening 
Seal Test 

• Early Removal of Defective Devices 

2nd Sorting 
• Electrical Test 
• Regular Check of Measuring 

Equipment 

Outgoing : g~~~~ ~ i::: 
~--1-"'-P~•c_ti_o_n_~ • 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. 

Request for 
technical 
improvement 

r-R"e"P;t~;;----
1 results of 
I investigation 

~--- & improvement 

Report on 
1 results of 
I investigation 
L _ ~ ~~r~v_:~e~t 

Request for 
manufacturing 
improvement 

Engineering 
Department 

~ c 
0 Qj 
--E 
- "'Qj 
~-~ > 
::Jc 0 
C".c c. 
a>~ E 
a: - ·-

Figure 3 Failure report process 
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Use Quality 

--
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Service 
Failure Analysis 

• Customer Information Analysis 

i t 
Quality Assurance 

& 
,--~~~->.....;:Q~u~al~it~y~C~o~n~tr;o.I~:__~~~ 

• Quality and Reliability Information 
Quality Evaluation 
Defective Analysis 

• Reliability Engineering 
• Quality Management and Education 

i t 
• Operation Standard 
• Technical Standard 

Quality Standard 
Design Review 

• Prototype Review 

Target Quality 

-
Design Oual ity 



------------------•RELIABILITY INFORMATION• 

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. 

Semiconductor Element Failure Rate Curve 

lnitiai SHIPPING Wear-out 
failure • Random ___ ...,.-:f::::ailure 

failure 

m>1 
I 

General / 
electronic / 
devices / 

---~".'._, __ j_/// 
m<1. 

-...---- ~Time 
Debugging by burn-in Semiconductor 
screening elements 

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 co"mponent ele­
ments (which means the elements themselves 
are less resistant), these failures usually occur 
during assembly and other handling operations. 
At Oki, all devices are subjected to static elec­
tricity intensity tests (under simulated operation-

Example of surge destruction 

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 
~' Input section 

Alun:num W.(.f'~/,ft/'h~ . , __ , t 
wore t Poly Si 

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 Ionic 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 1 O 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. 

Photolithographlc Defect 
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•RELIABILITY INFORMATION•------------------

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 LSls 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. 
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Package ceramic 
cover 

Silicon oxide 
_:_c_:.::.:..:_:_:-.o-:""-"~-'-'-"-'--"-'-'i-'"""'-~ f i Im 

/ ++ __ -

. a-particle 
Ionization along 

Substrate silicon 

the a-particle path 

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 

~
Vo 

+VG l 

G~ J 
Source Hot electrons 

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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OK.I se111lconductor 
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 µ F 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 lnsertable Module 
• Family organization 

Family 
Access Time (MAX) Cycle Time Power Dissipation 

tRAC tAA tcAC (MIN) Oparating (MAX) Standby (MAX) 

MSC2328A-80YS2/KS2 80ns 40ns 20ns 160ns 825mW 11mW 

MSC2328A-10YS2/KS2 100ns 50ns 25ns 190ns 715mW (MOS level) 

• Single + 5V supply, ±10% tolerance 
• Input : TIL compatible 
• Output : TIL compatible, tristate, nonlatch 
• Refresh : 512 cycles/8 ms 

FUNCTIONAL BLOCK DIAGRAM 

'-----Iii 

DQ4-7 1-----+--lDQ VCC VSS Oi 

YCC 
C1 C2 

vss 
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•DYNAMIC RAM•MSC2328A-xxYS2/KS2 •-------------
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PIN CONFIGURATION 

MSC2328A-xxYS2 

~O oogooo~;;Lnnnnnooooj 
1 30 

MSC2328A-xxKS2 

1 30 

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

1 Vee 11 A4 21 WE 
2 CAS 12 A5 22 vss 
3 000 13 003 23 006 
4 AO 14 A6 24 NC 
5 A1 15 A7 25 007 
6 001 16 004 26 NC 
7 A2 17 AB 27 RAS 
8 A3 18 NC 28 NC 
9 VSS 19 NC 29 NC 

10 002 20 005 30 Vee 

ABSOLUTE MAXIMUM RATINGS !See Note) 

Rating Symbol Value Unit 

Voltage on any pin relative to Vss V1N. VouT -1 - +7 v 

Voltage on Vee supply relative to Vss Vee -1 - +1 v 

Operating temperature Topr 0 - 70 ·e 

Storage temperature Tstg -40 - 125 ·e 

Power dissipation Po 2 w 

Short circuit output current ios 50 mA 

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



-------------•DYNAMIC RAM·MSC2328A-xxYS2/KS2 • 

RECOMMENDED OPERATING CONDITIONS <Referenced to Vssl 

Parameter Symbol Min. Typ. Max. Unit 
Operating 

temperature 

Vee 
Supply Voltage 

Vss 

Input High Voltage, 
V1H all inputs 

Input Low Voltage, 
V1L all inputs 

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

4.5 

0 

2.4 

-1.0 

5.0 5.5 v 

0 0 v 

- 6.5 v 

- 0.8 v 

MSC2328A-

Parameter Symbol Condition 
80YS2/KS2 

Min. Max. 

OVsV1Ns6.5V: 
Input Leakage Current iu All other pins -20 20 

not under test=OV 

Output Leakage Current ILQ 
Data out is disable 

-10 10 OVsVoLJTS5.5V 

Output high voltage VoH loH=-5.0mA 2.4 -

Output low voltage VOL loL=4.2mA - 0.4 

Average power supply current 
RAS cycling, 

1cc1 CAS cycling, - 150 (Operating) tRc=min 

-- TTL - 4 Power supply current 
1cc2 

RAS=V1H 
(Standby) CAS=V1H MOS - 2 

Average power supply current 
RAS1 cycling, 

ICC3 CAS=V1H - 150 
(RAS only refresh) tRc=min 

Average power supply current 
ices tRc=min. - 150 (CAS before RAS refresh) 

--
Average power supply current RAS=V1L. 

(Fast page mode) ICC? CAS cycling - 130 
tpc=min. 

Note : 1. Ice 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=V1L. 

3. Address can be changed once or less while CAS=V1H. 

O'C - +70'C 

MSC2328A-
10YS2/KS2 

Unit Note 
Min. Max. 

-20 20 µA 

-10 10 µA 

2.4 - v 

- 0.4 v 

- 130 mA 1, 2 

- 4 mA 

- 2 mA 

- 130 mA 1, 2 

- 130 mA 1 

- 120 mA 1, 3 
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•DYNAMIC RAM•MSC2328A-xxYS2/KS2 •--------------

CAPACITANCE 
(Ta = 25°C, f = 1 MHz) 

Parameter 

Input Capacitance (AO-AS) 

---
Input Capacitance (RAS, CAS, WE) 

Data Input/Output 
Capacitance (DQO - DQ7) 

Capacitance measured with Boonton Meter. 
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Symbol Max. Unit 

C1N1 30 pF 

C1N2 30 pF 

coo 20 pF 



-------------•DYNAMIC RAM•MSC2328A-xxYS2/KS2 • 

AC CHARACTERISTICS 
(Vee = 5V ± 10%, Ta = o - + 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 to FF 0 20 0 20 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 pulse width 
tRASP 80 100K 100 100K ns (Fast page mode cycle only) 

--
RAS hold time tRSH 20 - 25 - ns 

CAS precharge time 
tcp 10 - 10 - ns 

(Fast page mode cycle only) 

CAS pulse width tcAS 20 10K 25 10K ns 

CAS hold time tcsH BO - 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 

GAS 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 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 

Date-in set-up time tDs 0 - 0 - ns 

Data-in hold time tDH 15 - 20 - ns 
--

Date-in hold time from RAS tDHR 60 - 75 - ns 

Read command hold time 
tRRH 10 10 7 -- - - ns 

referenced to RAS 

RAS to GAS set-up time 
tcsR 10 - 10 - ns 

(GAS before RAS) 

RAS to GAS hold time 
tcHR 30 30 

(GAS before RAS) 
- - ns 

GAS active delay from RAS 
tRPC 10 - 10 - ns 

precharge 

GAS precharge time tcPN 10 - 15 - ns 

Notes: 1. An initial pause of 100µs 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 at IT= 5 ns. 2 

3 

4. 

5 

6 

7 
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V1H (min.) and V1L (max.) are reference levels for measuring of input signals. Also. transi­
tion times are measured between V1H and VIL· 

Measured with a load circuit equivalent to 2TTL loads and 100 pF. 
Operation within the IRCD (max.) limit insures that IRAC (max.) can be met. IRCD (max.) 
is specified as a reference point only: if tRCD is greater than the specified tRCD (max.) 
limit, then access time is controlled exclusively by tcAC· 

Operation within the IRAD (max.) limit insures that IRAC (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. 



-------------•DYNAMIC RAM•MSC2328A-xxYS2/KS2 • 

READ CYCLE 

- V1H - 71,TTT,'71i7Ti77i71i7Ti'7.f"--r-----------r-,mT7 
WE Vil - .L.1.J.J../..l.J../..1./..1..1./..1..1./..1..l..Li..V 

E?2J Don't care 

WRITE CYCLE(EARLY WRITE) 

DO V1H - ,.,-,.,..,..,..,.,-,.,..,..,..,..,..rrT.,...,... J.----~-"'r'n"TT:rTl"TTT'r:'7"J-r7-rTTT'T 
VIL - Lf..l.'.LJ...'.LL../.LL/..1..1.~LJ.ll'F----->!''ll..<~.U...'-t-/..L.J..1...J...j'-t-/...L.i..L.J..u..t.J 

~ Don'lcare 
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FAST PAGE MODE READ CYCLE 

v,H -rn>.-1·----.,,. 17"\--I'""----" ,,..,._,l"'-~.....,,.rn,_,..~~-rri"T7"7'7"T7"1 

VIL - .1..1.."1'--,,--..;f" '>l.Jl1'-.,.-......-'f "'f'l"--,,...-,-''f""#l......,--,,.-''f-\1'_µ.J...1.J...1..LJ. 

Wf V1H -

V1L-~~~~~ 

~Oon'lcare 

FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 
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00 v,H --r.'7"'.rT77..,...,,-F.-----~.ITA-F----~,m.cF-----~,,..,-,..,...,'"'T".rr 

V1L - '-'-'U-L.L,..U.J..1.f1<------""f" X.V1'~---"'f" "-V"J<-.---~'IW'-'-LJ..J...L. 

~ Oon'lc1re 



-------------•DYNAMIC RAM•MSC2328A-xxYS2/KS2 • 

RAS ONLY REFRESH CYCLE 

'RAS 

VoH-
00 ~-----------OPEN--------------~ 

(2:1 Don't care 

NOTE: WE =Don't care, 

CAS BEFORE RAS AUTO REFRESH CYCLE 

1RC 

CAS V1H -

Vil ----1 

10FF 

DO VoH -
1>--------0PEN--------------

VoL -------'1 

~ Don'tcare 

NOTE : WE=Don't care, AO - AB=Don't care 
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•DYNAMIC RAM·MSC2328A-xxYS2/KS2 •--------------

HIDDEN REFRESH READ CYCLE 

Adc;lrl'SS V1H -

¥1L - "-'-'-Jo-~~'<-"1"--~of-''1..l...LJ..1..LJ..<'""'-''-'-'--'-"-U...'-'-'-'-LJ.J-.J....L..J....L..1-1. 

~ Oon'1C•re 

HIDDEN REFRESH WRITE CYCLE 

AOc1•es.s-VIH­

V1L - """"'1<-~--''""--"'1._--~ '-i..i..1..U..u....i...1-1...1....1...!....W'-'-'-"-L..U....U.../-I...~ 

~ Don'tcare 
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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 1Mb DRAMs in SOJ (MSM514256AJS). The mounting of four SOJs 
together with four 0.2µF 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 lnsertable Module 
• Family organization 

Family 
Access Time (MAX) Cycle Time Power Dissipation 

tRAC tAA tcAC (MIN) Oparating (MAX) Standby (MAX) 

MSC2330A-80YS4/KS4 80ns 40ns 20ns 160ns 847mW 22mW 

MSC2330A-10YS4/KS4 100ns 50ns 25ns 190ns 737mW (MOS level) 

• Single + 5V supply, ±10% tolerance 
• Input : TTL compatible 
• Output : TTL compatible, tristate, nonlatch 
• Refresh : 512 cycles/8 ms 

FUNCTIONAL BLOCK DIAGRAM 

AO-AB 
RASO---­
CAs---..-f-+--------------------+-+-. 
WE---.--+-f-+--------------------+-+-+--> 
OE---.--+-+-f-+--------------------+-+-+-1--. 

~AO-AB 
t-t--- RAS 

t-t-+- CAS 
>-+--t-+---1 WE 

OE VCC VSS 

lf- AO-AB 
'----RAS 

'---- CAS 
~----<WE 

I 

1/01 f- 000 -11/01 
1/02 f- 001 ---i 1/02 
1/031- 002 -11/03 
1/04 f- 003 -I 1/04 

1/01 f- 004 - 1/01 
1/02 I- 005 - 1/02 
1/03 f- 006 - 1/03 
1/04 I- 007 - 1/04 

AO-ASH 
RASt-f­
CAS 1---t--t-1 
WE .___,f-+-+--+ 

VSS VCC OE 

I 
AO-ABf-P 

RASl--­
CAS~ 
WEt---~ 

~------i OE VCC VSS VSS VCC OE 1--------' 

vcc --------+--------'--1 --+--------+-----'J c{--{C4 vss--...._ _ ___. ____ _,_ ________ _, 

47 
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PIN CONFIGURATION 

MSe2330A-xxYS4 

0 

1 30 

MSe2330A-xxKS4 

30 

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

1 Vee 11 A4 21 WE 
2 CAS 12 A5 22 VSS 
3 oao 13 DQ3 23 DQ6 
4 AO 14 AS 24 Vee 
5 Al 15 A7 25 007 
6 DQ1 16 DQ4 26 VSS 
7 A2 17 A8 27 RASO 
8 A3 18 NC 28 OE 
9 VSS 19 RAS1 29 NC 

10 002 20 005 30 Vee 

ABSOLUTE MAXIMUM RATINGS !See Note) 
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Rating Symbol Value Unit 

Voltage on any pin relative to Vss V1N. VouT -1 - +7 v 

Voltage on Vee supply relative to Vss Vee -1 - +7 v 

Operating temperature Topr 0 - 70 oe 

Storage temperature Tstg -40 - 125 oe 

Power dissipation Po 4 w 

Short circuit output current ios 50 mA 

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



-------------•DYNAMIC RAM•MSC2330A-xxYS4/KS4 • 

RECOMMENDED OPERATING CONDITIONS !Referenced to Vssl 

Parameter Symbol Min. Typ. Max. Unit 
Operating 

temperature 

Vee 
Supply Voltage 

Vss 

Input High Voltage, 
V1H all inputs 

Input Low Voltage, 
Vtl all inputs 

DC CHARACTERISTICS 
(Vcc=5V±10%, Ta=O- + 70°C) 

45 

0 

2.4 

-1.0 

5.0 5.5 v 

0 0 v 

- 6.5 v 

- 0.8 v 

MSC2330A-

Parameter Symbol Condition 
80YS4/KS4 

Min. Max. 

OV sV1N s6.5V : 
Input Leakage Current iu All other pins -40 40 

not under test=OV 

Output Leakage Current ILO 
Data out is disable 

-20 20 OVsVouTs5.5V 

Output high voltage VoH loH=-5.0mA 2.4 -

Output low voltage VoL loL=4.2mA - 0.4 

Average power supply current 
RASO, RAS1 cycling, 

lcC1 CAS cycling, - 154 (Operating) 
tRc=min 

Power supply current 
RASO, RAS1 TIL - 8 

(Standby) 1cc2 =V1H 
CAS=V1H MOS - 4 

Average power supply current 
RASO, RAS1 cycling, 

ICC3 CAS=V1H - 154 (RAS only refresh) tRC=min 

Average power supply current 
lcC6 tRC=min. - 154 (CAS before RAS refresh) 

----
Average power supply current RASO, RAS1=V1L. 

(Fast page mode) ICC7 CAS cycling - 134 
tpe=min. 

Note• : 1. Ice 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=V1L. 

3. Address can be changed once or less while CAS=V1H. 

0°C - +70°e 

MSC2330A-
10YS4/KS4 

Unit Note 
Min. Max. 

-40 40 µA 
-

-20 20 µA 

2.4 - v 

- 0.4 v 

- 134 mA 1, 2 

- 8 mA 

- 4 mA 

- 134 mA 1, 2 

- 134 mA 1 

- 124 mA 1, 3 
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•DYNAMIC RAM·MSC2330A-xxYS4/KS4 •-------------

CAPACITANCE 
(Ta = 25°C, f = 1 MHz) 

Parameter 

Input Capacitance (AO-AB) 

Input Capacitance 
(RASO, RAS1, CAS, WE, OE) 

Data Input/Output 
Capacitance (DQO - DQ7) 

Capacitance measured with Boonton Meter. 
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Symbol Max. Unit 

C1N1 30 pF 

C1N2 40 pF 

coo 30 pF 
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-------------•DYNAMIC RAM•MSC2330A-xx.YS4/KS4 • 

AC CHARACTERISTICS 
(Vee = 5V ± 10%, Ta = o - + 10°C) Note 1, 2, 3 

MSC2330A- MSC2330A-

Parameter Symbol 80YS4/KS4 10YS4/KS4 Unit 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 tRWC 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, 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 to FF 0 20 0 20 ns 

Transition time ty 3 50 3 50 ns 3 

RAS precharge time tRP 70 - 80 - ns 

RAS pulse width tRAS 80 10K 100 10K ns 

RAS pulse width 
tRASP 80 100K 100 100K ns 

(Fast page mode cycle only) 

RAS hold time tRSH 20 - 25 - ns 

RAS precharge time 
tcp 10 - 10 - ns 

(Fast page mode cycle only) 

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 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/KS4 Unit Note 

Min. Max. Min. Max. 

Read command set-up time tRCS 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 tcwL 20 - 25 - ns 

Data-in set-up time tDs 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 tcwo 50 - 60 - ns 7 

RAS to WE delay tRWD 110 - 135 - ns 7 
-

Column address to WE delay time tAWD 70 - 85 - ns 7 

Read command hold time 
tRRH 10 10 8 -- - - ns 

referenced to RAS 

RAS to CAS set-up time 
tcsR 10 - 10 - ns 

(CAS before RAS) 

RAS to CAS hold time 
tcHR 30 30 

(CAS before RAS) 
- - 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 to EA - 20 - 25 ns 

OE delay time toED 20 - 25 - ns 

OE to data output buffer turn-on delay toEZ 0 20 0 25 ns 

OE command hold time to EH 20 - 25 - ns 
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Notes: 1. 

2. 

3. 

4. 

5. 

6. 

7. 

An initial pause of 100µs 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 at tr= 5 ns. 

V1H (min.) and V1L (max.) are reference levels for measuring of input signals. Also, 
transition times are measured between V1H and VIL· 

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

Operation within the tRCD (max.) limit insures that tRAC (max.) can be met. tRCD (max.) is 
specified as a reference point only; it tRCD is greater than the specified tRCD (max.) limit, 
then access time- is controlled exclusively by tcAC· 

Operation within the tRAD (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 lRAD (max.) limit, 
then access time is controlled exclusively by tAA 

twcs. tcwo. tRWD and tAWD are not restrictive operating parameters. They are included 
in the data sheet as electrical characteristics only; if twcs ~ twcs (min.) the cycle is an 
early write cycle and the data out pin will remain open circuit (high impedance) throughout 
the entire cycle; if tcwo (min.), tRWD ~ tRWD (min.) and tAWD ~ tAWD (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 tRCH must be satisfied for a read cycle. 



•DYNAMIC RAM·MSC2330A-xxYS4/KS4 •--------------

READ CYCLE 

1RC 

tRP 
1RAS 

RAS V1H-

VIL -
tAR tcRP 

1csH 

1RSH 

CAS V1H-

VIL -

tcAS 

Address 
V1H-

VIL-

WE 
V1H-

VIL -

6E V1H -

VIL -

DO voH -
Vol -

fZZJ Don't Care 

WRITE CYCLE (EARLY WRITE) 

1RC 

1RAS 

RAS 
VIH - 1AR 
VIL - tcRP 

1csH 
tcRP 1RSH 

CAS V1H -

VIL -
tCAS 

Address 
V1H-

V1L-

V1H -
WE 

V1L -

6E V1H -

V1L -

DO V1H -

VIL -
I>-----OPEN-----------

fZJ Don't Care 
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-------------•DYNAMIC RAM·MSC2330A·xxYS4/KS4 • 

WRITE CYCLE (OE CONTROL WRITE) 

1RAS 1RP 

1AR 

RAS 
VIH -

tCRP 
VIL -

1csH I 
I 

CAS V1H -

VIL -

Address V1H-

VIL -

WE 
V1H -

VIL -

OE 
VIH -

VIL -

DO V1H -

VIL -

t'ZJ Don't Care 

READ/WRITE CYCLE 

RAS 
V1H -

VIL -

CAS 
V1H-

V1L -

Address V1H-

VIL -

WE 
V1H -

VIL -

6E V1H-

VIL -

DO V110H-
V110L -

IZ'.] Don't Ca re 
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•DYNAMIC RAM•MSC2330A-xxYS4/KS4 •-------------

FAST PAGE MODE READ CYCLE 

RAS V1H- IAR 

VIL -

V1H-CAS 
VIL -

V1H-
Address 

VIL-

WE V1H-

VIL-

OE V1H-

VIL -

DO 
VoH-
VQL -

FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 
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fZZJ. Don't Care 

OE = Don't Care 



-------------•DYNAMIC RAM·MSC2330A-xxYS4/KS4 • 

FAST PAGE MODE WRITE CYCLE(OE CONTROL WRITE) 

CAS V1H - _....,.,=--++------,:e._ 
VIL -

WE V1H -
V1L-..1..J...1..J.J.,1,.-'-'-J.,1,.J....J...t..1...t..1...t..1...t..1..4""'--,..._J.,1,.J....J...t.J...t..1...t..1..~---4-''..J-J.'..J-J.'..J-J.'-'1"11'o--4--'-'-''-'-''-'-''-'-'-

~V1H_..,...,..,...,..,...,...,...,......,."'7""T"'7""T..,.,.O.--++--_.,...,_,....,..,...,.., .... -++--..,,.,,...,....,.,,.,_~l---:il....,...,...,-r-t"'7"'7" 

OE VIL---------

v 1 H_..,.,.,,,.,,,.,,,.,,,.,,..,...,..,...,"T-'l.r,:~°"rrrrrrrrr'T-'!i.-Fl~~•n'"T'l'"T'l~~~~•rrrrrrrrr 

DO V1L-'-'-''-'-''-'-''-'-''-'-''..J-J.'..J-J.'..J-J...Q11'10'"=-""f"~L.J.... ........ '..J,..J.'-1....<~~"""'""""~~'-'-''-'-'~'~~~~.l..L..1..L..1..L.1...L. 

[ZZZJ Don't Care 
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•DYNAMIC RAM•MSC2330A-xxYS4/KS4 •-------------

FAST PAGE MODE READ/WRITE CYCLE 

tRASP 

.... 
IN~ IN [:1)u~ 

I"' ....ol 

~z --
~ Don'ICare 

RAS ONLY REFRESH CYCLE 

IRAS. 

RAS 
V1H-

VIL -
tcRP 

CAS V1H-

VIL -

Address 
V1H-
V1L -

Notes: WE, OE =Don't Care 
rz.21 Don't Care 
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-------------•DYNAMIC RAM·MSC2330A-xxYS4/KS4 • 

CAS BEFORE RAS AUTO REFRESH CYCLE 

RC 

1RP IRAS 

RAS V1H -

VIL - _J 1RPC 

1CPN 
!-'--

tcsR 
1-"-1 

tcHR 

CAS 
V1H -

VIL - _j ~ v 
10F< 

1---1 

DO VoH-
VOL -

OPEN 

Notes: WE, OE, AO - AB =Don't Care 

HIDDEN REFRESH READ CYCLE 

Address v,H -
VIL -

WE V1H-
V1L - ..._._._....,_,.._.., 

!RP 

F 
IRPC 
1--

\ 

OE V1H -

VIL-..1....'-'--'-J....1.-'-'-"~-'-'..;;qc--+---------....£.'+"--'-~...,_.......,_.__._..._.. ...... ..._.._. 

DO voH - ---------u 
Vol -

l'.7J Don't Care 
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•DYNAMIC RAM•MSC2330A-xxYS4/KS4 •------------

HIDDEN REFRESH WRITE CYCLE 

60 

v -
CAS IH 

VIL -

Address v,H -
VIL -

1CRP IRCO. tcHR 

I m1 '"'" .. ::~-mzr4 .":" ¥zzzzzzzzzzzzzzzzzzzzzn 
OE ~:~ =1m111111111111111111111111111111111111 

I toH 

toHR 

~ Oon'tCare 



OKI 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 1Mb DRAMs in SOJ (MSM511000AJS). The mounting of eight SOJs 
together with eight 0.2 µF 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 lnsertable Module 
• Family organization 

Family 
Access Time (MAX) Cycle Time Power Dissipation 

tRAC tAA tcAC (MIN) Oparating (MAX) Standby (MAX) 

MSC2313A-70YS8/KS8 70ns 35ns 20ns 140ns 3740mW 

MSC2313A-80YS8/KS8 80ns 40ns 20ns 160ns 3300mW 
44mW 

(MOS level) 
MSC2313A-10YS8/KS8 100ns sons 25ns 190ns 2860mW 

• Single + SV supply, ±10% tolerance 
• Input : TTL compatible 
• Output : TTL compatible, tristate, nonlatch 
• Refresh : 512 cycles/8 ms 

FUNCTIONAL BLOCK DIAGRAM 

•cc ---....~....---+-----~ '=.1 __ _ '•• __.__.......___.__ _____ ___, 
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•DYNAMIC RAM•MSC2313A-xxYS8/KS8 •--------------

PIN CONFIGURATION 

MSC2313A-xxVS8 

MSC2313A-xxKS8 

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

1 Vee 11 A4 21 WE 
2 CAS 12 AS 22 vss 
3 DQO 13 003 23 006 
4 AO 14 A6 24 NC 
5 A1 15 A7 25 007 
6 001 16 004 26 NC 
7 A2 17 AB 27 RAS 
8 A3 18 A9 28 NC 
9 VSS 19 NC 29 NC 

10 002 20 005 30 Vee 

ABSOLUTE MAXIMUM RATINGS (See Note) 

Rating Symbol Value Unit 

Voltage on any pin relative to Vss V1N. VouT -1 - +7 v 

Voltage on Vee supply relative to Vss Vee -1 - +7 v 

Operating temperature Topr 0 - 70 "e 

Storage temperature Tstg -40 - 125 "e 

Power dissipation Po 8 w 

Short circuit output current ios 50 mA 
, .. -" 

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

62 



--------------•DYNAMIC RAM·MSC2313A-xx:YS8/KS8 • 

RECOMMENDED OPERATING CONDITIONS (Referenced to Vss> 

Parameter Symbol 

Vee 
Supply Voltage 

Vss 

Input High Voltage, 
V1H all inputs 

Input Low Voltage, 
V1L all inputs 

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

Min. Typ. Max. 

4.5 5.0 5.5 

0 0 0 

2.4 - 6.5 

-1.0 - 0.8 

MSC2313A-

Parameter 
Sym 

Condition 
70YS8/KS8 

bol Min. Max. 

ov:::;;v1N:::;;6.5V: 
Input Leakage Current iu All other pins -80 80 

not under test= OV 

Output Leakage Current ILO 
Data out is disable 

-10 10 ov:::;;VoUT:::;;5.5V 

Output high voltage VoH loH=-5.0mA 2.4 -

Output low voltage VOL loL=4.2mA - 0.4 

Average power supply current 
RAS cycling, 

1ro CAS cycling, - 680 (Operating) tRC=min 

-- TTL - 16 Power supply current 
1cc2 

RAS=V1H 
(Standby) CAS=V1H MOS - 8 

Average power supply current 
RAS cycling, 

icca CAS=V1H - 680 (RAS only refresh) tRC=min 

Average power supply current 
icce tRc=min. - 680 (CAS before RAS refresh) 

Average power supply current RAS=V1L. 
1cc1 CAS cycling - 560 (Fast page mode) 

tpc=min. 

Note: 1. Ice 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=V1L. 

3. Address can be changed once or less while CAS=V1H. 

Unit 

v 

v 

v 

v 

MSC2313A-
80YS8/KS8 

Min. Max. 

-80 80 

-10 10 

2.4 -

- 0.4 

- 600 

- 16 

- 8 

- 600 

- 600 

- 480 

Operating 
temperature 

0°e - +70°C 

MSC2313A-
10YS8/KS8 

Unit Note 
Min. Max. 

-80 80 µA 

-10 10 µA 

2.4 - v 

- 0.4 v 

- 520 mA 1, 2 

- 16 mA 

- 8 mA 

- 520 mA 1, 2 

- 520 mA 1 

- 440 mA 1, 3 
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•DYNAMIC RAM•MSC2313A-xxVS8/KS8 •--------------

CAPACITANCE 
(Ta = 25°C, f = 1 MHz) 

Parameter 

Input Capacitance (AO -A9) 

Input Capacitance (RAS, CAS, WE) 

Data Input/Output 
Capacitance (DQO-DQ7) 

Capacitance measured with Boonton Meter. 
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Symbol 

C1N1 

C1N2 

Coo 

Typ. Max. Unit 

37 60 pF 

35 65 pF 

7 20 pF 



--------------•DYNAMIC RAM·MSC2313A-xxYS8/KS8 • 

AC CHARACTERISTICS 
(Vee = 5V ± 10%, Ta = o - + 70"CJ 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 140 - 160 - 190 - ns 

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

Access time from RAS tRAC - 70 - 80 - 100 ns 4, 5, 6 
--

Access time from CAS tcAc - 20 - 20 - 25 ns 4. 5 

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

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

Output low impedance time from CAS tCLZ 0 - 0 - 0 - ns 4 

Output buffer turn-off delay to FF 0 20 0 20 0 20 ns 

Transition time ty 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 

RAS pulse width 
tRASP 70 100K 80 100K 100 100K ns 

(Fast page mode cycle only) 
--
RAS hold time tRSH 20 - 20 - 25 - ns 

CAS precharge time 
tcp 10 - 10 - 10 - ns 

(Fast page mode cycle only) 
--
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 17 35 17 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 tAR 55 - 60 - 75 - ns 
--

Column address to RAS lead time tRAL 35 - 40 - 50 - ns 
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•DYNAMIC RAM·MSC2313A-xxYS8/KS8 •--------------

AC CHARACTERISTICS (Continued) 

MSC2313A- MSC2313A- MSC2313A-

Parameter Symbol 70YS8/KS8 80YS8/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 0 - 0 - 0 - ns 
--

Write command hold time from RAS twcR 55 - 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 tDs 0 - 0 - 0 - ns 

Data-in hold time tDH 15 - 15 - 20 - ns 

Data-in hold time from RAS tDHR 55 - 60 - 75 - ns 

Read command hold time 
tRRH 10 10 10 -- - - - ns 

referenced to RAS 

RAS to CAS set-up time 
tcsR 10 - 10 - 10 - ns 

(CAS before RAS) 

RAS to CAS hold time 
tcHR 30 30 30 

(CAS before RAS) 
- - - 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 µs 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 tr = 5 ns. 

7 

7 

3 V1H (min.) and V1L (max.) are reference levels for measuring of input signals. Also, transi­
tion times are measured between V1H and VIL· 

66 

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

5 Operation within the tRcO (max.) limit insures that tRAC (max.) can be met. tRCD (max.) 
is specified as a reference point only: if IRCO is grealer than the specified tRcD (max.) 
limit, then access time is controlled exclusively by tcAC· 

6 Operation within the tRAD (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· 

7 Either tRRH or tRcH must be satisfied for a read cycle. 



--------------•DYNAMIC RAM•MSC2313A-xxYS8/KS8 • 

READ CYCLE 

RAS V1H ---"1<1-------"'"::::'::.5 ------1 
VIL -

tcsH 

GAS V1H ---r-ri-----~,'\ ~-_'.Q~---1 
VIL -

'"' 

tcRP 

Address V1H­

Vll-:.t.1.J•~---""""1'--...,.--.,..--"f XLU:..LLi.JJ.41-':..LL./....l...LLU..W....:...l....i. 

- v1H-77777777777777777''7Tr'ni0----+----------+---,ln;'77 
WE Vil - .J..JJ..L.L.L.L.L.L.t..J...1"'"'-'"'-'-'-'-'-" 

~Do_n'1care 

WRITE CYCLE(EARLY WRITE) 

IRAS 

tcRP 

00 v,H - n77777777T.r777T.7T7~ ,i.----.,._.,f77TT;r'T7777T.r77'77'TJ'TJ777 

V1L - .LLJ.:..L.L.<..LLLU:..LLL.l.<:..L.L.V1"'------"f-"-':..LL.L.L.'-'-':..L.L.LL.L.L.L.L.L.L.LJ.<,_., 

~Oon'lcare 
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•DYNAMIC RAM•MSC2313A-xxYS8/KS8 •-----------

FAST PAGE MODE READ CYCLE 

68 

Address 

WE V1H -

VIL-~~~~~ 

00 VoH----------H1/JI 
Vol -

~Don'tcare 

FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 

Address V1H­

V1L -'-'-1.r ..__-#'LJ>'"---->"<-U">---"' 

~0on·1care 



--------------•DYNAMIC RAM•MSC2313A-xxYS8/KS8 • 

RAS ONLY REFRESH CYCLE 

00 VoH --------------OPEN---------------
VoL -

~ Don'tcare 

NOTE: WE= Don't care. 

CAS BEFORE RAS AUTO REFRESH CYCLE 

tcPN tcsR tcHR 

CAS V1H­
V1L -__ __, 

to FF 

DO VoH-----.....,":->--------OPEN--------------
VoL - ____ __., 

~ Don'tcare 

NOTE: WE =Don't care, AO - A9 =Don't care 
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70 

HIDDEN REFRESH READ CYCLE 

Address VtH -
V1L -,,_.,,..._ _ ___, 

WE V1H­

V1L -/..l..l..<:.t..t..1..t..u.L.1..J.J 

~ Oon'tcare 

HIDDEN REFRESH WRITE CYCLE 

'os 

V1H - .,..,.,..,.,-,...,-r,.-rr.,..,.. J.----..... r,...,...,,..,...,-rr.,...,-,...,...,,..,...,-rr"T"r"T"r-rrT 
oa 

V!L - ~~~~~l<-----'f '-1-'-''-1-L..J...J....J...l...W..'--W.J..J....J...J...J....L.J.J-/.. 

~ Don'tcare 



OKI semiconductor 
MSC2358-xxKS2 
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 DRAMs in SOJ (MSM514400JS). The mounting of two SOJs together 
with two 0.2 µF 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 lnsertable Module 
Family organization 

Access Time 
Family (MAX) 

tRAC !AA 

MSC2358-80KS2 80 ns 40 ns 

MSC2358-1 OKS2 100 ns 50 ns 

Single +5V supply, ±1 0% tolerance 
Input : TTL compatible 

ICAC 

20 ns 

25 ns 

Output : TTL compatible, tristate, nonlatch 
Refresh : 1024 cycles/16 ms 

Power Dissipation 
Cycle Time 

Standby (MIN) Operating 
(MAX) (MAX) 

160 ns 990mW 
11mW 

190 ns 880mW 
(MOS level) 

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

71 



•DYNAMIC RAM· MSC2358-xxKS2 •----------------

FUNCTIONAL BLOCK DIAGRAM 

RAS-----------------. 
CAS---+-+---------~ 

WE-~....+-+--------~ 

AO-r--...........,t-+-+---------. 

RAS D01 DOO 
CAS D02 D01 

RAS D01 D04 
CAS DO DOS 

A1 
A2 
A3 
A4 
AS 
A6 
A7 

WE D03 D02 
....__~-1 AO-A9 D04 D03 

OE 

WE DO D06 
~------ AO-A9 DO D07 

OE 
vcc vss vcc vss 

AB 
A9 vcc--...---...---+-----------' 

C2 C1 
vss----------------------1 

PIN CONFIGURATION 

MSC2358-xxKS2 

0 DD 0 

30 

Pin No. Pin Name Pin No. Pin Name Pin No. Pin Name 

-
1 vcc 11 A4 21 WE 
2 CAS 12 AS 22 vss 
3 DOO 13 003 23 D06 
4 AO 14 A6 24 N. C. 
s A1 1S A7 2S D07 
6 D01 16 D04 26 N.C. 
7 A2 17 AS 27 RAS 
8 A3 18 A9 28 N.C. 
9 vss 19 N.C. 29 N.C. 

10 D02 20 DOS 30 vcc 
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OK.I sa1'111conc1uctor 

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 µF 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 lnsertable Module 
• Family organization 

Family 
Access Time (MAX) Cycle Time Power Dissipation 

tRAc tCAC (MIN) Oparating (MAX) 

MSC2329-10YS3/KS3 100ns 50ns 200ns 1155mW 

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 

AO-AS 

RA5 
~ 

~++---tim 
DQ0-3 -+-++-+-t'"-i DO 

vcc 

ce----1 vcc vss a QB 

VCC-0--+----' 
Cl ·'C3 

vss---+-----' 

Standby (MAX) 

50mW 
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•DYNAMIC RAM•MSC2329-xxYS3/KS3 •--------------

PIN CONFIGURATION 

MSC2329-xxYS3 

~ O mognu~;;;Lgoooo O I 
30 

MSC2329-xxKS3 

~o r::J r::J D ol 
w~wwwwwwwwwwwwwwwwwwwwwwwwwwww 

30 

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

1 Vee 11 A4 21 WE 
2 CAS 12 A5 22 vss 
3 000 13 003 23 006 
4 AO 14 A6 24 NC 
5 A1 15 A7 25 007 
6 DQ1 16 004 26 08 
7 A2 17 AB 27 RAS 
8 A3 18 NC 28 CASS 
9 vss 19 NC 29 DB 

10 002 20 005 30 Vee 

ABSOLUTE MAXIMUM RATINGS <See Note) 

Rating Symbol Value Unit 

Voltage on any pin relative to Vss V1N. VouT -1 - +7 v 

Voltage on Vee supply relative to Vss Vee -1 - +7 v 

Operating temperature Topr 0 - 70 oe 

Storage temperature Tstg -40 - +125 oe 

Power dissipation Po 4 w 

Short circuit output current ios 50 mA 

Note: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. Functional operation 
should be restricted to !he 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 Vssl 

Parameter Symbol 

Vee 
Supply Voltage 

Vss 

Input High Voltage. 
all inputs V1H 

Input Low Voltage. 
V1L all inputs 

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

Min. Typ. Max. 

45 5.0 5.5 

0 0 0 

2.4 - 65 

-1.0 - 0.8 

MSC2329-

Parameter Symbol Condition 
10YS3/KS3 

Min. Max. 

OV'5:V1N'5:6.5V: 
Input Leakage Current iu All other pins -30 30 

not under test=OV 

Output Leakage Current ILO 
DQ0-7, Q8=disable 

-10 10 OV'5:VOUT'5:5.5V 

Output high voltage VoH loH=-5.0mA 2.4 -

Output low voltage VoL loL=4.2mA - 0.4 

Average power supply current 
RAS, CAS,CAS8 

lcC1 cycling, - 210 (Operating) tRc=min 

--
Power supply current 

1cc2 
RAS=Jlu:L - 9 (Standby) CAS, CAS8=V1H 

Average power supply current 
RAS cycling, 

ICC3 CAS, CASS= V1H - 205 (RAS only refresh) tRc=min 

Average power supply current 
ICC6 tRc=min. - 205 (GAS before RAS refresh) 

Average power supply current RAS=..YIL__ 

(Fast page mode) 1cc1 CAS, CASS cycling - 150 
tpc=min. 

Note : 1. Ice 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=V1L. 

3. Address can be changed once or less while CAS=V1H. 

Unit 
Operating 

temperature 

v 

v 

O'C - +70°C 
v 

v 

MSC2329-
12YS3/KS3 

Unit Note 
Min. Max. 

-30 30 µA 

-10 10 µA 

2.4 - v 

- 0.4 v 

- 195 mA 1, 2 

- 9 mA 

- 190 mA 1, 2 

- 190 mA 1 

- 135 mA 1, 3 
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CAPACITANCE 
(Ta = 25°C, f = 1 MHz) 

Parameter 

Input Capacitance (AO -AS) 

---
Input Capacitance (RAS, GAS, WE) 

Data Input/Output 
Capacitance (DQO - 007) 

Input Capacitance (CASS) 

Input Capacitance (08) 

Output Capacitance (QB) 

Symbol 

C1N1 

C1N2 

Coo 

C1N3 

C1N4 

Gour 

Capacitance measured with Boonton Meter . 

78 

Max. Unit 

40 pF 

40 pF 

20 pF 

10 pF 

10 pF 

15 pF 



--------------•DYNAMIC RAM·MSC2329-xxYS3/KS3 • 

AC CHARACTERISTICS 
(Vee = 5V ± 10%, Ta = o - + 70°C) Note 1, 2, 3 

MSC2329- MSC2329-

Parameter Symbol 10YS3/KS3 12YS3/KS3 Unit 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 tQFF 0 30 0 30 ns 

Transition time tr 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 

CAS precharge time 
tcp 40 - 50 - ns 

(Page mode cycle only) 
--
CAS pul,se width tcAS 50 10K 60 10K ns 

CAS hold time tcsH 100 - 120 - ns 

RAS to CAS delay time tRCD 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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•DYNAMIC RAM·MSC2329-xxYS3/KS3 •--------------

AC CHARACTERISTICS (Continued) 

MSC2329.-

Parameter Symbol 

MSC2329-
10YS3/KS3 12YS3/KS3 Unit Note 

Read command set-up time 

Read command hold time 

Write command hold time from RAS 

Write command set-up time 

Write command hold time 

Write command pulse width 

Date-in set-up time 

Data-in hold time 

Data-in hold time from RAS 

Read command hold time 
referenced to RAS 

RAS to CAS set-up time 
(CAS before RAS) 

RAS to CAS hold time 
(CAS before RAS 

CAS precharge time 
(CAS before RAS) 

CAS active delay from RAS 
precharge 

twCR 

twcs 

twCH 

twp 

tDs 

tDH 

tDHR 

tFCH 

tcPR 

MIN MAX MIN MAX 

0 0 ns 

0 0 ns 6 

75 90 ns 

0 0 ns 

20 20 ns 

20 20 ns 

0 0 ns 

20 20 ns 

75 90 ns 

20 20 ns 6 

20 25 ns 

20 25 ns 

20 25 ns 

20 20 ns 

Notes: An initial pause of 1 00 µs is required after power-up followed by any 8 RAS cycles 
(Example : RAS only refresh cycle) before proper device operation is acieved. 

80 

2 The AC characteristics assume at tr = 5 ns. 

3 V1H (min.) and V1L (max.) are reference levels for measuring of input signals. Also. transi­
tion times are measured between V1H and VIL· 

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

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

6 Either IRRH or IRCH must be satisfied for a read cycle. 



--------------•DYNAMIC RAM•MSC2329-xxYS3/KS3 • 

READ CYCLE 

tRC 

tcsH 

Ci\S ~IH -

CASB IL -

~OonlCllff' 

WRITE CYCLE {EARLY WRITE) 

'"' 

V1H -

VIL - '.f.L.>''\..----1 

DO VtH - =~~~~~~~ J.,----.,.j_rr'T-rTrT7-r77"7"TT:rr;,.,...,77777 

Q8 VIL - i.i..l.'.i.LiLLf.LJ'./.Lf.LJ'.L.{.ff'~---~-\LJ'.L(..LJ_LJ..LJ..1.:.Ll..LJ.J...L.LJ_LJ..UJ 
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•DYNAMIC RAM•MSC2329-xxYS3/KS3 •--------------

PAGE MODE READ CYCLE 

VrH -

Vil - 111/L . , 

00 VOH-~-------~~ 
Q8 VOL -

~OonlcMe 

PAGE MODE CYCLE (EARLY WRITE) 

DD 
\11H ---.....l.--r-----.l 

Q8 V1L-:..L.<'..L..l...L/....LLU'lo----

~Oon1care 
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--------------•DYNAMIC RAM·MSC2329-xxYS3/KS3 • 

RAS ONLY REFRESH CYCLE 

tcRS 

Row 

DO VoH --------------OPEN---------------
QB Vol -

[2:a Don't care 

NOTE: WE~ Don't care 

CAS BEFORE RAS AUTO REFRESH CYCLE 

ICPR If CS If CH 

GAS V1H -

CASB Vil ----

IOFF 

~ Don'tcare 

NOTE : WE=Don't care, AD-AB=Don't care 
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•DYNAMIC RAM·MSC2329-xxYS3/KS3 •--------------

HIDDEN REFRESH READ CYCLE 

IRC 

tcHR 

WE v,H­
Vtt -1..1..1..<Cl..LJ..LJ..L.LJ....£.I 

~ Oon'te•re 
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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 0.2µF 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 1 theMSC2316-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 lnsertable Module 
• Family organization 

Family 
Access Time (MAX) Cycle Time Power Dissipation 

tRAC tAA tcAC (MIN) Oparating (MAX) Standby (MAX) 

MSC2316-80YS9 80ns 40ns 20ns 160ns 2970mW 124mW 

MSC2316-10YS9 100ns sons 25ns 190ns 2475mW (MOS level) 

• Single + SV supply, ±10% tolerance 
• Input : TTL compatible 
• Output : TTL compatible, tristate, nonlatch 
• Refresh : 256 cycles/4 ms 
• Common GAS control for eight common Data-in and Data-out lines. 
• Separate GAS control for one separate pair of Data-in and Data-out lines. 
• Fast Page Mode capability 

FUNCTIONAL BLOCK DIAGRAM 

RAS 
ffi-~~--­
M-~-j--j------~ 
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•DYNAMIC RAM• MSC2316-xxYS9 •----------------

PIN CONFIGURATION 

30 

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

1 Vee 11 A4 21 WE 
2 GAS 12 A5 22 vss 
3 DQO 13 DQ3 23 DQ6 
4 AO 14 A6 24 NC 
5 A1 15 A7 25 DQ7 
6 DQ1 16 DQ4 26 as 
7 A2 17 AS 27 RAS 
s A3 1S NC 2S CASS 
9 VSS 19 NC 29 DS 

10 DQ2 20 DQ5 30 Vee 

ABSOLUTE MAXIMUM RATINGS (See Note) 

Rating Symbol Value Unit 

Voltage on any pin relative to Vss V1N. VouT -1 - +7 v 

Voltage on Vee supply relative to Vss Vee -1 - +7 v 

Operating temperature Topr 0 - 70 ·e 

Storage temperature Tstg -40 - 125 ·e 

Power dissipation Po 4 w 

Short circuit output current ios 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•MSC2316-xxYS9 • 

RECOMMENDED OPERATING CONDITIONS (Referenced to Vssl 

Parameter Symbol Min. Typ. Max. Unit 
Operating 

temperature 

vcc 
Supply Voltage 

Vss 

Input High Voltage. 
V1H all inputs 

Input Low Voltage, 
V1L all inputs 

DC CHARACTERISTICS 
(Vcc=5V ±10%, Ta=O- + 70°C) 

Parameter 

4.5 

0 

2.4 

-1.0 

Symbol 

5.0 5.5 v 

0 0 v 

- Vcc+to v 

- 0.8 v 

MSC2316-

Condition 
80YS9 

Min. Max. 

OV~VIN~Vcc+1V 
Input Leakage Current iu All other pins not -90 90 

under test=OV 

Output Leakage Current ILO 
DAta out is disable 
ov,,;;vouT:<>:5.5V 

-10 10 

Output high voltage VoH loH=-5.0mA 2.4 -

Output low voltage VOL loL=4.2mA - 0.4 

Average power supply current 
RAS cycling, 

lcC1 CAS, CASS cycling, - 540 (Operating) 
tRc=min 

Power supply current 
RAS=V1H TTL - 31.5 

(Standby) 1cc2 CAS,CAS8 
=V1H MOS - 22.5 

Average power supply current 
RAS cycling, 

ICC3 CAS, CASS= V1H - 540 (RAS only refresh) 
tRc=min 

Average power supply current 
ices tRC=min. - 540 (CAS before RAS refresh) 

Average power supply current 
RAS=V1L. 

ICC7 CAS, CASS cycling - 360 (Fast page mode) 
tpc=min. 

Note* : 1. Ice 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=V1L. 

3. Address can be changed once or less while CAS=V1H. 

0°C - +70°C 

MSC2316-
10YS9 

Unit Note 
Min. Max. 

-90 90 µA 

-10 10 µA 

2.4 - v 

- 0.4 v 

- 450 mA 1, 2 

- 31.5 mA 

- 22.5 mA 

- 450 mA 1, 2 

- 450 mA 1 

- 315 mA 1, 3 
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•DYNAMIC RAM·MSC2316-xxYS9 •----------------

CAPACITANCE 
(Ta= 25°C, f = 1 MHz) 

Parameter 

Input Capacitance (AO -AB) 

Input Capacitance (RAS, CAS, WE) 

Data Input/Output 
Capacitance (DQ0-007) 

Input Capacitance (CASS) 

Input Capacitance (08) 

Output Capacitance (08) 

88 

Symbol 

C1N1 

C1N2 

Coo 

C1N3 

C1N4 

cour 

Typ. Max. Unit 

40 70 pF 

40 75 pF 

7 20 pF 

5 10 pF 

4 10 pF 

4 15 pF 



----------------•DYNAMIC RAM•MSC2316-xxVS9 • 

AC CHARACTERISTICS 
(Vee = 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, 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 to FF 0 20 0 30 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 
--
RAS hold time tRSH 20 - 25 - ns 

CAS precharge time 
tcp 10 - 10 - ns 

(Fast page mode cycle only) 
--
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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•DYNAMIC RAM·MSC2316-xx:YS9 •----------------

AC CHARACTERISTICS (Continued) 

Parameter Symbol 

MSC2316-
80YS9 

MSC2316-
10YS9 Unit Note 

Read command set-up 

Read command hold time 

Write command hold time from RAS 

Write command set-up time 

Write command hold time 

Write command pulse width 

Data-in set-up time 

Data-in hold time 

Data-in hold time from RAS 

Read command hold time 
referenced to RAS 

RAS to CAS set-up time 
(CAS before RAS) 

RAS to CAS hold time 
(CAS before RAS) 

CAS active delay from RAS precharge 

GAS precharge time 

twcR 

twcs 

twCH 

twp 

tDs 

tcsR 

tcHR 

tCPN 

MIN MAX MIN MAX 

0 0 ns 

0 0 ns 

60 75 ns 

0 0 ns 

15 20 ns 

15 20 ns 

0 0 ns 

15 20 ns 

60 75 ns 

10 10 ns 

10 10 ns 

30 30 ns 

10 10 ns 

10 15 ns 

Notes: An initial pause of 100 µs 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 tr= 5 ns. 

7 

7 

3 V1H (min.) and V1L (max.) are reference levels for measuring of input signals. Also. transi­
tion times are measured between V1H and V1L· 

4 
5 

6 

7 

90 

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

Operation within the tRCD (max.) limit insures that tRAC (max.) can be met. tRCD (max.) 
is specified as a reference point only: ii tRCD is greater than the specified tRCD (max.) 
limit. then access time is controlled exclusively by tcAC· 

Operation within the tRAolmax.) 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. 



----------------•DYNAMIC RAM• MSC2316-xxYS9 • 

READ CYCLE 

RAS 
VIH -

v,l -

GAS 
V1H -

CASB 
VIL -

Address VIH -
VIL -

tcRP 

WE V1H -

VIL - ..u.J....L.t..L.1....i..L..J...L.LL..J...L..1...1....1...1..L.u 

DO VoH -
08 VOL-------- OPEN 

tcRP 

Valid Data 

~ Oon'1care 
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•DYNAMIC RAM•MSC2316-xxYS9 •----------------

WRITE CYCLE (EARLY WRITE) 

tos 

00 V1H - ---------- J,,,-----...,,tJ._,..,....,...,....,....,....,.....,...r'"?'".,.....,...,....,....,....,...'7""7.....,...r-r"T"T' 
QB VIL - IU.l...i....1...J...U..U..U..U..L..1....1...J....Q .,.:..._Va-lid-Oa-1a_....;lf'"\L..l....l...J...l...LJ....l...L..oU..L..1...J....l...L.t..../....l....<U..1..J...1 

~ Oon'tcare 
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----------------•DYNAMIC RAM• MSC2316-xxYS9 • 

FAST PAGE MODE READ CYCLE 

CAS V1H­

CAS8 VIL -

ICAP 

WE V1H -
VIL - _._...._....._._._._...._.,., 

1csH tpc 

tcAS tcRP 

~ Don'lcare 
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•DYNAMIC RAM·MSC2316-xxYS9 •----------------

FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 

94 

We V1H -
V1L-._....~'-'--'-''--"-..t.....'--",._-+-+--"P--''"-"""'"+--+--¥-;...;.."'l"'-+-+--"F"'-"-"-'-'--"-'-'-

00 VIH - -r,-,-r""T""r-7-r"" ..Jo:-----~ 

Q8 VIL - _._.._._......_......,...._,, ,....._ ___ __ 

~ Don'tcare 



----------------•DYNAMIC RAM·MSC2316-xx:YS9 • 

RAS ONLY REFRESH CYCLE 

- V1H­
CA$ V 

CASS IL -

'CAP 

'RAS 

'RC 

'RP 

'RPC 

DO VoH -·-------------OPEN----------------
08 Vol -

NOTE· WE• Don'! care, AB =Don'lcare 

CAS BEFORE RAS AUTO REFRESH CYCLE 

·- V1H­
CAS V 

CASS IL -----J 

DO VoH -

'CPN 'CSR 'CHA 

10FF 

~ Oon'tcare 

'RAS 

1~-------0PEN--------------
08 Vol------~ 

~ Don'lcare 

NOTE: WE =Oon1care,AO -A8-Don'tcare 
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•DYNAMIC RAM•MSC2316-xxVS9 •----------------

HIDDEN REFRESH READ CYCLE 

96 

CAS V1H­

CAS8 Vil -

'CRP 1RCO 

WE v,H-
V1L - ......................................... .. 

1RAS 1RAS 

IRSH ICHR 

!OFF 

ValldOala 

~ Oon1care 



----------------•DYNAMIC RAM·MSC2316-xxYS9 • 

HIDDEN REFRESH WRITE CYCLE 

- V1H­
CAS V 
CASS IL -

ICAP 1CHA 

WE V1H -

V1L-......._....._......._ ....... ......_......_""-"ll'--~--'"""'I...._....._.....,._._......._ ........ ....._.....,......._._........_......_.....,._._..._._._..._ 

oa V1H - .,...,..,...,..,..,...,..,...,..,...,..,....,. u,..-------.1.. ,......,...,,_,..,..,..,........,....,...,..,....,...,,.............,,....,....,...,,.._, ....... ... 

Q6 VIL - -----~- i-------'I ._..._. ...................................... _._..._._..._._..._._._ ...... ....... 

fZ'.'.] Oon1 care 
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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 µF 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 lnsertable Module 
• Family organization 

Family 
Access Time (MAX) Cycle Time Power Dissipation 

tRAC tAA tcAC (MIN) Oparating (MAX) 

MSC2331A-80YS3/KS3 sons 40ns 20ns 160ns 1155mW 

MSC2331A-10YS3/KS3 100ns 50ns 25ns 190ns 990mW 

• 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 
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.,,._ .. 
AO-AB 

RAS 
m 

H-+-t----iWE 
000·3 -+-++-+-,"°" D Q 

vcc 

RAS 
rn 
WE 

004.7 

,.,_ .. 
iiAS 

CASS CAS 
WE 

08 
VCC VSS 

vcc 
Cl "'C3 

vss 

08 

Standby (MAX) 

25mW 
(MOS level) 



--------------•DYNAMIC RAM·MSC2331A-xxYS3/KS3 • 

PIN CONFIGURATION 

MSC2331A-xxYS3 

~O ooogoognngnonn OI 
30 

MSC2331A-xxKS3 

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

1 Vee 11 A4 21 WE 
2 CAS 12 AS 22 vss 
3 DQO 13 DQ3 23 DQ6 
4 AO 14 A6 24 NC 
5 A1 15 A7 25 007 
6 001 16 DQ4 26 QB 
7 A2 17 AB 27 RAS 
8 A3 18 NC 28 CASS 
9 vss 19 NC 29 DB 

10 002 20 DQ5 30 Vee 

ABSOLUTE MAXIMUM RATINGS !See Notel 

Rating Symbol Value Unit 

Voltage on any pin relative to Vss V1N. Vour -1 - +7 v 

Voltage on Vee supply relative to Vss Vee -1 - +7 v 

Operating temperature Topr 0 - 70 oe 

Storage temperature Tstg -40 - 125 oe 

Power dissipation Po 4 w 

Short circuit output current ios 50 mA 

Note: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. Functional operation 
should be restricted to !he 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 to Vss> 

Parameter Symbol Min. Typ. Max. Unit 
Operating 

temperature 

Vee 
Supply Voltage 

Vss 

Input High Voltage, 
V1H all inputs 

Input Low Voltage, 
V1L all inputs 

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

4.5 5.0 5.5 

0 0 0 

2.4 - 6.5 

-1.0 - 0.8 

MSC2331A-

Parameter Symbol Condition 
80YS3/KS3 

Min. Max. 

OV~VIN~6.5V: 
Input Leakage Current iu All other pins -30 30 

not under test=OV 

Output Leakage Current ILQ 
Data out is disable 

-10 10 
OV~VouT~5.5V 

Output high voltage VOH loH=-5.0mA 2.4 -

Output low voltage VOL loL=4.2mA - 0.4 

Average power supply current 
RAS cycling, 

ICC1 CAS, CASS cycling, - 210 (Operating) tRc=min 

Power supply current RAS=V1H TTL - 7.5 

(Standby) 1cc2 CAS,CAS8 
=V1H MOS - 4.5 

Average power supply current 
RAS cycling, 

iccs CAS, CAS8=V1H - 210 (RAS only refresh) 
tRC=min 

Average power supply current 
ices tRc=min. - 210 (CAS before RAS refresh) 

Average power supply current 
RAS=V1L. 

(Fast page mode) ICC? CAS, CASS cycling - 170 

tpc=min. 

Note: 1. Ice 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=V1L. 

3. Address can be changed once or less while CAS = V1H. 

100 

v 

v 
0°C - +70°C 

v 

v 

MSC2331A-
10YS3/KS3 

Unit Note 
Min. Max. 

-30 30 µA 

-10 10 µA 

2.4 - v 

- 0.4 v 

- 180 mA 1, 2 

- 7.5 mA 

- 4.5 mA 

- 180 mA 1, 2 

- 180 mA 1 

- 155 mA 1, 3 



--------------•DYNAMIC RAM•MSC2331A-xxVS3/KS3 • 

CAPACITANCE 
(Ta = 25°C, f = 1 MHz) 

Parameter 

Input Capacitance (AO -AB) 

Input Capacitance (RAS, CAS, WE) 

Data Input/Output 
Capacitance (000-007) 

--
Input Capacitance (CASS) 

Input Capacitance (08) 

Output Capacitance (08) 

Symbol 

C1N1 

C1N2 

Coo 

C1N3 

CIN4 

couT 
Capacitance measured with Boonton Meter. 

Max. Unit 

40 pF 

40 pF 

20 pF 

10 pF 

10 pF 

15 pF 
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•DYNAMIC RAM•MSC2331A-xxYS3/KS3 •--------------

AC CHARACTERISTICS 
(Vee = 5V ± 10%, Ta = 0 - + 70'C) Note 1, 2, 3 

MSC2331A- MSC2331A-

Parameter Symbol 80YS3/KS3 10YS3/KS3 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 GAS tcAC - 20 - 25 ns 4. 5 

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

Access time from GAS precharge tcPA - 45 - 50 ns 4 
--

Output low impedance time from GAS tcLZ 0 - 0 - ns 4 

Output buffer turn-off delay to FF 0 20 0 20 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 pulse width 
tRASP 80 100K 100 100K ns 

(Fast page mode cycle only) 
--
RAS hold time tRSH 20 - 25 - ns 

GAS precharge time 
tcp 10 - 10 - ns 

(Fast page mode cycle only) 
--
GAS pulse width tcAS 20 10K 25 10K ns 
--
GAS hold time tcsH 80 - 100 - ns 

RAS to GAS delay time tRCD 22 60 25 75 ns 5 
--
RAS to column address delay time tRAD 17 40 20 50 ns 6 
-- --
GAS 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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•DYNAMIC RAM·MSC2331A-xxYS3/KS3 • 

AC CHARACTERISTICS (Continued) 

MSG2331A- MSG2331A-

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

MIN MAX MIN MAX 

Read command set-up tRGs 0 - 0 - ns 

Read command hold time tRGH 0 - 0 - ns 7 

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

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

Write command hold time twGH 15 - 20 - ns 

Write command pulse width twp 15 - 20 - ns 

Data-in set-up time tDs 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 

referenced to RAS 
- - ns 7 

RAS to GAS set-up time 
tGsR 10 - 10 

(GAS before RAS) 
- ns 

RAS to GAS hold time 
tGHR 30 

(GAS before RAS) 
- 30 - ns 

GAS active delay from RAS precharge tRPG 10 - 10 - ns 

GAS precharge time tGPN 10 - 15 - ns 

Notes: An initial pause of 100µs 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 tr = 5 ns. 

3 V1H (min.) and V1L (max.) are reference levels for measuring of input signals. Also. transi­
tion times are measured belween V1H and VIL· 

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

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

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

7 Either IRRH or IRCH must be satisfied for a read cycle. 
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READ CYCLE 

'RC 

- VIH - TTT:'7T!"T77"77T777",'77''1'nlr---+----------f---,t,7777 
WE Vil -.1...1..J..t..J..J.-'.J.JJ..l.J.J...'-'-'-<.J..J..J..LI 

~Oon1CM{' 

WRITE CYCLE(EARLY WRITE) 

104 

Acldress V1H­

V1L- .l../../,''1-----.f 

00 Vu-1 - ,.,.,-,""7777-r77-r77"T7"l'>< .l<----.l-nrn-rr:'7"7"Tr.'7"7"Tr.,.,,"77T 
[)8 Vtl - U/..LL./..LL./..i.LJ.'.1..J..i.L.L..f..l/'1------->f"'ILJ..<CLL.LJ.1.J.J..LJ.1...U...U...<J..J.J...t...JJ 

~ Don·1care 
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FAST PAGE MODE READ CYCLE 

V1H­

VIL - .J..LJ'"--~ 

WE V1H -

V1L-~~~~~ 

~Oon·1ca1e 

FAST PAGE MODE WRITE CYCLE {EARLY WRITE) 

Addreu V1H-//r\1'- --- .. /77',r------uTTH' 

V1L -~· ~-~'<1''"---.0 \<'_LJ"----_---1 '<-U'""'----~ \l...LJ...LJ...LJ..L 

OO V1H -7')-r;-,';rr;-,.F-----.j. 

09 VIL - ~~_.,.~~1"----'! 
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RAS ONLY REFRESH CYCLE 

tcRP 

00 VoH --------------OPEN---------------
QB Vol -

D Oon'tcare 

NOTE: WE~ Don't care. 

CAS BEFORE RAS AUTO REFRESH CYCLE 

1CPN 1CSR 'CHA 

GAS VIH -
CASS VIL -__ __, 

IOFF 

~ Don'tcare 

NOTE : WE=Don't care, AO - AS=Don't care 
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HIDDEN REFRESH READ CYCLE 

'oc 

~Oon'lcare 

HIDDEN REFRESH WRITE CYCLE 

~Oon·1care 
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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 1Mb DRAMs in SOJ (MSM511000AJS). The mounting of nine SOJs 
together with nine 0.2 µF 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 lnsertable Module 
• Family organization 

Family 
Access Time (MAX) Cycle Time Power Dissipation 

tRAC tAA tcAC (MIN) Oparating (MAX) 

MSC2312A-70YS9 /KS9 70ns 35ns 20ns 140ns 4208mW 

MSC2312A-80YS9 /KS9 80ns 40ns 20ns 160ns 3713mW 

MSC2312A-10YS9/KS9 100ns sons 25ns 190ns 3218mW 

• 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 
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- --1-1----+----I 
M--t--t-----f 

'" ~''' .. T,t,-,;--. ___ _:r 

Standby (MAX) 

50mW 
(MOS level) 
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PIN CONFIGURATION 

MSC2312A-xxYS9 

e9 ~ 9 19 r9 q ~ 
0 

0 0 0 0 0 0 0 0 0 

ill_[ ilDil lilD1 nm lilDJ oru lilD1 IDI lOil 

MSC2312A-xxKS9 

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

1 Vee 11 A4 21 WE 
2 GAS 12 A5 22 vss 
3 OQO 13 003 23 OQ6 
4 AO 14 A6 24 NC 
5 A1 15 A7 25 OQ7 
6 OQ1 16 OQ4 26 Q6 
7 A2 17 AB 27 RAS 
8 A3 18 A9 28 CASB 
9 vss 19 NC 29 08 

10 OQ2 20 OQ5 30 Vee 

ABSOLUTE MAXIMUM RATINGS !See Note) 

Rating Symbol Value Unit 

Voltage on any pin relative to Vss V1N, VouT -1 - +7 v 

Voltage on Vee supply relative to Vss Vee -1 - +7 v 

Operating temperature Topr 0 - 70 oe 

Storage temperature Tstg -40 - 125 oe 

Power dissipation Po 9 w 

Short circuit output current ios 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 Vss> 

Parameter Symbol 

Vee 
Supply Voltage 

Vss 
Input High Voltage, 
all inputs V1H 

Input Low Voltage, 
V1L all inputs 

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

Parameter 

Input Leakage Current 

Output Leakage Current 

Output high voltage 

Output low voltage 

Average power supply current 
(Operating) 

Power supply current 
(Standby) 

Average power supply current 
(RAS only refresh) 

Average power supply current 
(eAS before RAS refresh) 

Average power supply current 
(Fast page) 

Min. Typ. 

4.5 5.0 

0 0 

2.4 -

-1.0 -

Sym 
Condition 

bol 

ov::;;v1N::;;a.5v: 
iu All other pins 

not under test=OV 

ILO 
Data out is disable 
ov::;;vour::;;5.5V 

VoH loH=-5.0mA 

VoL loL=4.2mA 

RAS cycling, 

ICC1 CAS, CASS cycling, 
tRc=min 

RAS=V1H TTL 
1cc2 CAS,CASB 

=V1H MOS 

RAS cycling, 

ices CAS, CASB = V1H 
tRC=min 

ices IRC=min. 

RAS=V1L. 
ice? CAS, CASS cycling 

tpc=min. 

Max. 

5.5 

0 

6.5 

0.8 

MSC2312A-
70YS9/KS9 

Min. Max. 

-90 90 

-10 10 

2.4 -

- 0.4 

- 765 

- 18 

- 9 

- 765 

- 765 

- 630 

Note : 1. Ice 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=V1L. 

3. Address can be changed once or less while CAS=V1H. 

110 

Unit 

v 

v 

v 

v 

MSC2312A-
80YS9/KS9 

Min. Max. 

-90 90 

-10 10 

2.4 -

- 0.4 

- 675 

- 18 

- 9 

- 675 

- 675 

- 540 

Operating 
temperature 

Q°C - +70°C 

MSC2312A-
10YS9/KS9 

Unit Note 
Min. Max. 

-90 90 µA 

-10 10 µA 

2.4 - v 

- 0.4 v 

- 585 mA 1, 2 

- 18 mA 

- 9 mA 

- 585 mA 1, 2 

- 585 mA 1 

- 495 mA 1, 3 
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CAPACITANCE 
(Ta = 25°C, f = 1 MHz) 

Parameter 

Input Capacitance (AO -A9) 

-----
Input Capacitance (RAS, GAS, WE) 

Data Input/Output Capacitance 
(DQO-DQ7) 

--
Input Capacitance (CASS) 

Input Capacitance (08) 

Output Capacitance (08) 

Capacitance measured with Boonton Meter. 

Symbol 

C1N1 

C1N2 

coo 

C1N3 

CIN4 

couT 

Typ. Max. Unit 

40 70 pF 

40 75 pF 

7 20 pF 

5 10 pF 

4 10 pF 

4 15 pF 
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AC CHARACTERISTICS 
(Vee = 5V ± 10%, Ta = o - + 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 4,5,6 

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

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

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

Output low impedance time from 
tcLZ 0 - 0 - 0 - ns 4 

CAS 

Output buffer turn-off delay to FF 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 

RAS pulse width 
tRASP 70 100K 80 100K 100 100K ns 

(Fast page mode cycle only) 

RAS hold time tRSH 20 - 20 - 25 - ns 

CAS precharge time 
tcp 10 - 10 - 10 - ns 

(Fast page mode cycle only) 

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 tRAo 17 35 17 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 tAR 55 - 60 - 75 - ns 

Column address to RAS lead time tRAL 35 - 40 - 50 - ns 
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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 tRGS 0 - 0 - 0 - ns 

Read command hold time tRGH 0 - 0 - 0 - ns 

Write command hold time from RAS twGR 55 - 60 - 75 - ns 

Write command se-up time twGs 0 - 0 - 0 - ns 

Write comman hold time twGH 15 - 15 - 20 - ns 

Write command pulse width twp 15 - 15 - 20 - ns 

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

Data-in hold time tDH 15 - 15 - 20 - ns 

Data-in hold time from RAS tDHR 55 - 60 - 75 - ns 

Read command hold time 
10 

referenced to RAS tRRH - 10 - 10 - ns 

RAS to GAS set-up time 
tGsR 10 10 10 

(GAS before RAS) 
- - - ns 

RAS to GAS hold time 
(GAS before RAS) tGHR 30 - 30 - 30 - ns 

GAS active delay from RAS 
tRPG 10 10 10 

precharge 
- - - ns 

--
GAS precharge time tGPN 10 - 10 - 15 - ns 

Notes: 1 An initial pause of 100 µs 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 tr= 5 ns. 

7 

7 

3 V1H (min.) and V1L (max.) are reference levels for measuring of input signals. Also. transi­
tion times are measured between V1H and VIL· 

4 
5 

6 

7 

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

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

Operation within the tRAD (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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READ CYCLE 

RAS v,H---'rf--------'=------1 
Vil -

Addr• V1H­

Vll-~'"1<...--~ 

~ 0on·1care 

'RP 

WRITE CYCLE(EARLY WRITE) 
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- V1H­
CAS V 

CASS IL -

IRAS 
'RP 

'RSH 

oa 111H - 177".'f77".'f77"."1"T77rn-n.jc------,.i..,rrrrn-rr.r-n-rr.r-r7-rrrr.rn-r 
08 Vil - i.l..l..u.J..l..LJ.:.Ll..<:..LJ...LJ..J../..ll·'F-----·\LJ.lJ.LJ...LJ'-'-l.J...LJ'-'-l..LJ...J...1..Jr..LJ...L; 

~ Don'tcare 



--------------•DYNAMIC RAM•MSC2312A-xxYS9/KS9 • 

FAST PAGE MODE READ CYCLE 

'RASP 

Addr- v,H - rrr•-Jo----'-->l,rr•-F-""'"""'"-n">.4,....,__,_--!-,7"'r'--:.......l-rrrn'77-rr7 
VIL - -'-'-''1"--;--'"'-'1'--:--,....-'1'""-f'"J''-o--,-4°'"-'f""f<---,-,-"'r-"-,(---L;-'--'---L-'----'-'-

We V1H -777TT'T'r:rTJ'"*-t---t--#t#--t--,,.;.,o,.--t--11---.<;'TT7 
VIL - '""--'--'---'-'---',-'--'-'-' 

DQ YoH---------14'/) 
08 VoL -

~ Oon'lcare 

FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 

CA'§ V1H -

CA.Sa VIL -

Address YiH­

Vll - '""-"' 1"---,--7f-'<-L.f1'-;-;-"\""--'-'~fo--,--"f-'<-lJ-F--,---~f"'l<..Li-..Li-.LLJ 

oa v1H -77T7TI777\-JF-----k-,rn.-F--~~m,-F---=k1TTrrrrT 
oe Ytl - '-'-'--'---'-*'-'---'-'-"~----"f"''U/-F----:>~X-<i<ic---~'"--LLL~ 

~ Oon'lcare 
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RAS ONLY REFRESH CYCLE 

tcRP 

DO VoH-------------OPEN--------------~ 
08 Vol -

~ Oon'lcare 

NOTE: WE •Don't care, 

CAS BEFORE RAS AUTO REFRESH CYCLE 

IRAS 

tcPN tcsR tcHR 

CAs V1H-
CAS8 Vil ___ __, 

DO VoH------~ 
08 VOL - l>--------OPEN 

~ Oon'tcare 

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

HIDDEN REFRESH WRITE CYCLE 

CAS V1H -

CASB VIL -

'RC 

00 V1H - -rri..,..,..,"TTn-r.,..,_.J.-----ol-rrrrrri-rr-rr-rrr-,,,..,-,,...,..,,...,..,"TT 
DB V1L - LL/.il.i..l...L<CLL.LIJ'-lc...----=>f-x.L.LLL.Ll.:-'-1...LJ..LLU....U--U--w...J~ 
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OKI semiconductor 
MSC2359-xxYS3 
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 1 Mb DRAM in SOJ 
(MSM511 OOOAJS). The mounting of three SOJs together with three 0.2 µF 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 
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1,048,576 word x 9 bit organization 
30-Pin Socket lnsertable Module 
Family organization 

Access Time Power Dissipation 
Family (MAX) 

tRAC tAA tCAC 

MSC2359-80YS3 80 ns 40 ns 20 ns 

MSC2359-1 OYS3 100 ns 50 ns 25 ns 

Single +5V supply, ±10% tolerance 
Input : TTL compatible 
Output : TTL compatible, tristate, nonlatch 
Refresh: 1024 cycles/16 ms 

Cycle Time 
(MIN) Operating 

(MAX) 

160 ns 1403 mW 

190 ns 1238 mW 

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 

Standby 
(MAX) 

17mW 
(MOS level) 

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



----------------•DYNAMIC RAM·MSC2359-xxYS3 • 

FUNCTIONAL BLOCK DIAGRAM 

CASB~~~~~~~~~~~~~~~~~~~~ 

RAS~~-.~~~~~~~~,.._~~~~~~~~i-. 

~~~-+-+~~~~~~~-.. 

we~--..-+-+~~~~~~--t-t-+-~~~~~~~~ 

AO....-..+-+-+~~~~~~-+-+-+-+-~~~~~~--. 

RAS Din 
~ 

A1 
A2 
A3 
A4 
AS 
AS 
A7 
AB 

000 
001 
002 
003 

004 
DOS 
DOS 
DQ7 

WE'" 
Dout AO-A9 

vcc vss 
A9 VCC-+~..-----;;--~~~~~~---+-~~~~~~~~ 

C1 
vss---~...____...._~~~~~~~---~~~~~~~~-' 

PIN CONFIGURATION 

MSC2359-xxYS3 

~o ooogooednngn o I 
30 

Pin No. Pin Name Pin No. Pin Name Pin No. Pin Name 

1 vcc 11 A4 21 WE 
2 CAS 12 AS 22 vss 
3 DOO 13 DQ3 23 DOS 
4 AO 14 AS 24 N.C. 
5 A1 15 A7 25 D07 
s D01 1S D04 2S OB 
7 A2 17 AB 27 RAS 
B A3 1B A9 2B CASS 
9 vss 19 N.C. 29 DB 

10 D02 20 DOS 30 vcc 

DB 

OB 
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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 0.2µF 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 MSM5141 OOJS; 

each timing requirements are noncritical, and power supply tolerance is very wide. 

FEATURES 

• 4, 194,304 word x 9 bit organization 

• 30-Pin Socket lnsertable Module 

• Family organization 

Access Time 
Cycle Time 

Power Dissipation 
Family (MAX) 

(MIN) Operating Standby 
tRAC tAA tcAC (MAX) (MAX) 

MSC2340-80YS9/KS9 80ns 40 ns 20 ns 160 ns 4455mW 50mW 

MSC2340-1 OYS9/KS9 
(MOS level) 

100 ns 50 ns 25 ns 190 ns 3960mW 

• Single + 5 V 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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PIN CONFIGURATION 

MSC2340-xxYS9 

MSC2340-xxKS9 

CJDDDD 
OD[CJCJCJO 

30 
PIN PIN PIN PIN PIN PIN PIN PIN PIN PIN PIN 
No. NAME No. NAME No. NAME No. NAME No. NAME No. 

1 ~ 6 DQ1 11 A4 16 DQ4 21 WE 26 
2 CAS 7 A2 12 AS 17 AB 22 vss 27 

DQO 8 A3 13 DQ3 18 A9 23 DQ6 28 
4 AO 9 vss 14 A6 19 A10 24 NC 29 
5 A1 10 DQ2 15 A7 20 DQS 25 DQ7 30 

FUNCTIONAL BLOCK DIAGRAM 

AO-A10 

I 

Vee ~... c, 
Vss 

PIN 
NAME 

QB 
RAS 

CASS 
DB 
v 
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ELECTRICAL CHARACTERISTICS 

ABSOLUTE MAXIMUM RATINGS 

Rating Symbol Conditions 

Voltage on any pin VIN• Ta= 25•c 
relative to Vss Vour 

Voltage on Vee supply 
Vee Ta= 25•c 

relative to Vss 

Short circuit output 
los Ta =25°c 

current 

Power dissipation Po Ta=25°c 

Operating 
Topr -temperature 

Storage temperature Tstg -

Value Unit 

-1.0-+ 7.0 v 

-1.0-+ 7.0 v 

50 mA 

9 w 

o- +70 ·c 

-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 Vss) 

Parameter Symbol MIN TYP MAX Unit 
Operating 

Temperature 

Vee 4.5 5.0 5.5 v 
Supply Voltage 

Vss 0 0 0 v 
o·c- + 7o•c 

Input high voltage V1H 2.4 - 6.5 v 
Input low voltage V1L -1.0 - 0.8 v 

CAPACITANCE 
(Ta= 25°C, f = 1 MHz) 

Parameter Symbol TYP MAX Unit 

Input Capacitance (AO -A 10) C1N1 55 70 pF 

Input Capacitance (RAS, CAS, WE) C1N2 55 75 pF 

Data Input/Output Capacitance (DQO- DQ7) Coo 12 20 pF 

Input Capacitance (CASS) C1N3 7 15 pF 

Input Capacitance (DB) C1N4 7 15 pF 

Output Capacitance (QB) Cour 8 15 pF 

Capacitance measured with Boonton Meter. 
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DC CHARACTERISTICS 

(Vee= 5 V ± 10%, Ta= o- + 70°C) 

MSC2340-80 MSC2340-10 

Parameter Symbol Conditions YS9/KS9 YS9/KS9 

MIN MAX MIN MAX 

Input leakage 
0 V"". V1N"". 6.SV; 

lu 
all other pins -90 90 -90 90 

current not under 
test=OV 

Output leakage 
DQ0-7,QB 

current ILO =disable -10 10 -10 10 
0 V"". V0 ur"". 5.5 V 

Output high voltage VoH 10 " = -5.0 mA 2.4 Vee 2.4 Vee 

Output low voltage VOL 10 , =4.2 mA 0 0.4 0 0.4 

Average power RAS, CAS, CASS 
supply current lcc1 cycling, - 810 - 720 
(Operating) tRc= min 

RAS=~ TTL 
Power supply CAS,CASB - 18 - 18 
current lcc2 =V1H 
(Standby) DQ0-7, MOS - 9 - 9 

QB =Hz 

Average power RAS c:t£!!.!!9, 
supply current lcC3 CAS, CASS= V1H - 810 - 720 
(RAS only refresh) tRc= min 

Power supply ~=..Yw_ 

current Ices 
CAS. CASS= Vil - 45 - 45 

(Standby) DQ0-7,QB 
=enable 

Average power 
RAS cycling, supply curreQ!_ 

lccG - 810 - 720 (CAS before RAS 
refresh) 

-
Average power ~=J6i.,_ 

supply current lcu 
CAS, CASS - 720 - 630 

(Fast page mode) cycling 
tpc =min 

Note: 1. Ice 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= Vil· 

3. Address can be changed once or less while CAS = ViH· 

Unit Note 

µA 

µA 

v 

v 

mA 1, 2 

mA 

mA 1, 2 

mA 1 

mA 1 

mA 1,3 
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AC CHARACTERISTICS 
(Vcc=5V±10%,Ta=O- +70°Q 

Parameter 

Random read or write cycle time 

Fast page mode cycle time 

Access time from RAS 

Access time from CAS 

Access time from column address 

Access time from CAS precharge 

Output low impedance time from CAS 

Output buffer turn-off delay time 

Transition time 

Refresh period 

RAS precharge time 

RAS pulse width 

RAS pulse width (Fast page mode) 

RAS hold time 

CAS precharge time 

CAS pulse width 

CAS hold time 

CAS to RAS precharge time 

RAS to CAS delay time 

RAS to column address delay time 

Row address set-up time 

Row address hold time 

Column address set-up time 

Column address hold time 

Column address hold time from RAS 

Column address to RAS lead time 
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Symbol 

tRC 

tpc 

tRAC 

tcAC 

tAA 

tcPA 

tCLz 

to FF 

tr 

tREF 

tRP 

tRAS 

tRASP 

tRSH 

tcp 

tcAS 

tcsH 

tcRP 

tRCD 

tRAD 

tASR 

tRAH 

tASc 

tcAH 

tAR 

tRAL 

MSC2340-80 
YS9/KS9 

MIN MAX 

160 -
55 -
- 80 

- 20 

- 40 

- 45 

0 -
0 20 

3 so 
- 16 

70 -

80 10K 

80 100K 

20 -

10 -

20 10K 

80 -

10 -
22 60 

17 40 

0 -
15 -

0 -

15 -

60 -

40 -

Note 1, 2, 3, 9, 10 

MSC2340-10 
YS9/KS9 Unit Note 

MIN MAX 

190 - ns 

65 - ns 

- 100 ns 4.5 

- 2S ns 4.5 

- 50 ns 4.6 

- 55 ns 4 

0 - ns 4 

0 25 ns 7 

3 50 ns 3 

- 16 ms 

80 - ns 

100 10K ns 

100 100K ns 

25 - ns 

10 - ns 

25 10K ns 

100 - ns 

10 - ns 

25 7S ns 5 

20 so ns 6 

0 - ns 

15 - ns 

0 - ns 

20 - ns 

75 - ns 

50 - ns 



--------------•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 tRcS 0 - 0 - ns 

Read command hold time tRCH 0 - 0 - ns 8 

Read command hold time reference 
tRRH 10 10 8 

to RAS - - ns 

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

Write command hold time twcH 15 - 20 - ns 

Write command hold time from RAS twCR 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 toHR 60 - 75 - ns 

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

precharge 

RAS to CAS set-up time 
tcsR 10 - 10 - ns 

(CAS before RAS) 

RAS to CAS hold time 
tcHR 20 20 

(CAS before RAS) - - ns 

CAS precharge time 
tcPT 40 - so - ns 

(Refresh counter test) 

WE to RAS precharge time 
twRP 10 - 10 - ns 

(CAS before RAS) 

WE hold time from RAS 
twRH 20 20 

(CAS before RAS) - - ns 

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

RAS to WE hold time (Test mode) twHR 20 - 20 - ns 
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•DYNAMIC RAM·MSC2340-xx.YS9/KS9 •--------------

126 

Notes: 1. An initial pause of 200µs 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. 

2. The AC characteristics assume tr= 5 ns. 

3. V1H (min.) and V1L (max.) are reference levels for measuring of input signals. Also, 

transition times are measured between V1H and V1L· 

4. Measured with a load circuit equivalent to 2TTL loads and 1 OOpF. 

5. Operation within the tRco (max.) limit insures that tRAc (max.) can be met. tRcD 

(max.) is specified as a reference point only; if tRco is greater than the specified 

tRco (max.) limit, then access time is controlled exclusively by tCAc· 

6. Operation within the tRAo (max.) limit insures that tRAC (max.) can be met. tRAo 

(max.) is specified as a reference point only; if tRAo is greater than the specified 

tRAD (max.) limit, then access time is controlled exclusively by tAA. 

7. toFF (max.) defines the time at which the output achieves the open circuit 

condition and is not referenced to output voltage levels. 

8. Either tRRH or tRcH must be satisfied for a read cycle. 

9. The test mode is initiated by performing a WE and CAS before RAS refresh cycle. 

This mode is latched and remains in effect until! 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. 

10. 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. 



--------------•DYNAMIC RAM· MSC2340-xx:YS9/KS9 • 

READ CYCLE 

DQO· 7 VoH -
QS Vol - ------ OPEN -----~ 

WRITE CYCLE (EARLY WRITE) 

V1H -

V1L -

V1H -
AO-A10 Vil _ 

WE V1H -
V1L -

DQ0-7 v,H -
08 Vil -

Valid Data 

- ·w or"L" 

1RC 

QB VoH - OPEN ----------------Vol - -------------

- "H"or"L" 
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•DYNAMIC RAM• MSC2340-xxYS9/KS9 •--------------

FAST PAGE MODE READ CYCLE 

tRASP 

CAS V1H 

CASS v,L 

AO-AlO V1H 

v,L 

WE V1H 

v,L 

DQ0-7 VoH-

QB VoL -

- "H"or"L" 

FAST PAGE MODE WRITE CYCLE {EARLY WRITE) 

AO-A10 
V1H 

v,L 

WE 
V1H 

v,L 

DQ0-7 V1H 

08 v,L 

QS VoH- --------------OPEN ----------------
Vol -
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--------------•DYNAMIC RAM•MSC2340-xxYS9/KS9 • 

RAS ONLY REFRESH CYCLE 

RAS 

AO-A9 
V1H -

V1L -

DQ0-7 VoH ------------
QS Vol -

t•c 

OPEN 

NOTE: WE,A10= ·w or "L" 

CAS BEFORE RAS AUTO REFRESH CYCLE 

RAS V1H -
V1L -

CAS V1H -

CASS VIL - ----.J 

tcHR 

t•c 

t., 

... H"or"L" 

w•::=~I~~" ~I 
DQ0-7 VoH------h-----
QS Vot - -----=1 OPEN 

NOTE: A0-A10= "H" or "L" -"H"or"L" 
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•DYNAMIC RAM•MSC2340-xxYS9/KS9 •--------------

HIDDEN REFRESH READ CYCLE 

CAS V1H -
CAS8 V1L -

V1H -
A0-A10 

V1L -

V1H -
WE 

Vil -

DQ0-7 VoH-

08 Vol -

- ·wor"L" 

HIDDEN REFRESH WRITE CYCLE 

tRAS 

RAS 
VoH -
Vil -

tRCD tRSH 

CAS VoH -
CAS8 Vil -

VoH -
AO-A10 v,, -

Q8 VoH- -------------OPEN---------------
Vol -

- '"H"or"'L" 
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--------------•DYNAMIC RAM•MSC2340-xxYS9/KS9 • 

CAS BEFORE RAS REFRESH COUNTER TEST 

WRITE CYCLE 

QS VoH ----++---OPEN ------H-----------­
VoL -

m "H"or"L" 

TEST MODE INITIATE CYCLE 

t•c 

CAS V1H -

CASS VIL - ----

W• ::: = ..r 1, 

-3FF 
OQ0-7 VoH- ·----------
QS Vol - -----

twHR 

·~ 

OPEN 

NOTE: AO-A10,D9="H"or"L' - "H"or"L' 
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32 Bit Series II 





OKI semiconductor 
MSC2327 A-xxYS8 
262,144 Word BY 32 Bit DYNAMIC RAM MODULE: FAST PAGE MODE TYPE 

GENERAL DESCRIPTION 

The Oki MSC2327 A-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 µF 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 
• JEDEC compatible dimensioning 
• Family organization 

Access Time Cycle Power Dissipation 
(MAX) Time 

Family Operating Standby 
tRAC tAA tCAC (MIN) (MAX) (MAX) 

MSC2327 A-80YS8 80ns 40ns 20ns 160ns 3150mW 42mW 

MSC2327 A-1 OYS8 100ns 50ns 25ns 190ns 2730mW (MOS level) 

• Single +5V supply, ± 5% tolerance 
• Input : TTL compatible 
• Output : TTL compatible, tristate, nonlatch 
• Refresh : 512 cycles/8ms_ _ 
• GAS before RAS refresh, GAS before RAS hidden refresh, RAS only refresh capability 
• Fast access and cycle times 
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•DYNAMIC RAM·MSC2327A-xxYS8 • ---------------

FUNCTIONAL BLOCK DIAGRAM 

vcc VCC 

vcc --r-~_,_-+-----------' 
C1 ___ CB vss _ ___._ _ _._ _ ___,~ __________ __J 
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0016 
DQ17 
DQ18 
DQ19 

"""' DQ21 
DQ22 

0023 

0024 
0023 

"""' DQ27 

"""' 0023 
llQ30 
0031 



----------------•DYNAMIC RAM· MSC2327A-xxYS8 • 

PIN CONFIGURATION 

MSC2327 A-xxYS8 

TOP 

PIN No. PIN NAME 

1 vss 
2 OQO 
3 0016 
4 001 
5 0017 
6 002 
7 0018 
8 003 
9 0019 

10 vcc 
11 NC 
12 AO 
13 A1 
14 A2 
15 A3 

PIN No. 

16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

PIN NAME PIN No. PIN NAME 

A4 31 AS 
A5 32 NC 
A6 33 NC 
NC 34 RAS2 
OQ4 35 NC 
0020 36 NC 
005 37 NC 
0021 38 NC 
006 39 vss 
0022 40 CASO 
007 41 CAS2 
0023 42 CAS3 
A7 43 CAS1 
NC 44 RASO 
vcc 45 NC 

Pin No. 

67 
68 
69 
70 

PIN No. PIN NAME PIN No. PIN NAME 

46 NC 61 0013 
47 WE 62 0030 
48 NC 63 0014 
49 008 64 0031 
50 0024 65 0015 
51 009 66 NC 
52 0025 67 POO 
53 0010 68 P01 
54 0026 69 P02 
55 0011 70 P03 
56 0027 71 NC 
57 0012 72 vss 
58 0028 
59 vcc 
60 0029 

Pin Name MSC2327A- MSC2327A-
SOY SS 10YS8 

POO vss vss 
P01 N.C. N.C. 
P02 N.C. vss 
P03 vss vss 
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•DYNAMIC RAM·MSC2327A-xxYS8 • ----------------

ABSOLUTE MAXIMUM RATINGS (See Note) 

Rating Symbol Value Unit 

Voltage on any pin relative to V ss VIN' VOUT -1 - +7 v 
Voltage on V cc supply relative to V ss Vee -1 - +7 v 
Operating temperature Topr 0 - +70 oc 

Storage temperature Tstg -40 - +125 oc 

Power dissipation PD 8 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 ss) 

Parameter Symbol Min. Typ. Max. Unit Operating 
temperature 

Vee 4.75 
Supply Voltage 

5.0 5.25 v 

vss 0 0 0 v 
Input High voltage, 0°c - +70°C 

all inputs VIH 2.4 - 6.25 v 
Input Low voltage, 

VIL -1.0 - 0.8 v 
all inputs 
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----------------•DYNAMIC RAM·MSC2327A-xxYS8 • 

DC CHARACTERISTICS 
(Vee = 5V ±5%, Ta = o - +70°C) 

MSC2327A- MSC2327A-
Parameter Symbol Condition 80YS8 10YS8 Unit Note 

Min. Max. Min. Max. 

Input Leakage Current lu OV $ VIN $ 6.25V : -80 80 -80 80 µA 
All other pins not 
under test = OV) 

Output Leakage Current ILO Data out is disable, -20 10 -10 10 µA 
OV $ VOUT $ 5.25V 

Output high voltage VOH l0 H = -5mA 2.4 - 2.4 - v 
Output low voltage VOL l0 L = 4.2mA - 0.4 - 0.4 v 
Average power supply lcc1 RASO-RAS2 cycling, - 600 - 520 mA 1, 2 
current CASO-CAS3 cycling: 
(Operating) \ic = min. 

Power supply current ICC2 RASO-RAS2=V1H TTL - 16 16 mA 

(Standby) CASO-CAS3=V1H MOS - 8 - 8 mA 
----

Average power supply ICC3 RASO-RAS2 cycling, - 600 - 520 mA 1, 2 
current CASO-CAS3 = VIH' 
(RAS only refresh) tRc = min. 

Average power supply ICC6 tRc = min - 600 - 520 mA 1 
current 
(CAS before RAS refresh) 

----
Average power supply ICC7 RASO-RAS2 = VIL' - 520 - 480 mA 1, 3 
current CASO-CAS3 cycling, 
(Fast page mode) tPc = min. 

Note: 1. 100 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 = V1L. 

3. Address can be changed once or less while GAS = V1w 
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•DYNAMIC RAM•MSC2327A-xxYS8 • ----------------

CAPACITANCE 
<Yee = 5 V ±5%, f = 1MHz, Ta= 0 - +70°C) 

Parameter Symbol Min. Max. Unit 

Input Capacitance (AO - AS) CINI - 60 pF 

-
Input Capacitance (WE) CIN2 - 76 pF 

Input Capacitance (RASO, RAS2) CIN3 - 43 pF 

Input Capacitance (CASO - CAS3) CIN4 - 29 pF 

VO Capacitance (DQO - DQ31) CDQ - 17 pF 

Capacitance measured with Boonton Meter. 
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----------------•DYNAMIC RAM·MSC2327A-xx:YS8 • 

AC CHARACTERISTICS 
(Vee= 5 V ±5%, Ta= 0 - +70°C) 

MSC2327A- MSC2327A-
Parameter Symbol 80YS8 10YS8 Units Notes 

Min. Max. Min. Max. 

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

Fast page mode cycle time ~ 50 - 55 - ns 

Access time from RAS t •• ,., - 80 - 100 ns 2, 7 

Access time from ~ 'cAc - 20 - 25 ns 2, 7 

Access time from column address k - 40 - 50 ns 2,8 

Access time from CAS precharge !CPA - 45 - 50 ns 2 

"CAS to output in Lo-Z lcLZ 0 - 0 - ns 2 

Output buffer turn-off delay '°•• 0 20 0 20 ns 3 

Transition time (Rise and Fall) t,. 3 50 3 50 ns 1 

RAS precharge time tRP 70 - 80 - ns 

RAS pulse width IRAS 80 10k 100 10k ns 

RAS pulse width (Fast page mode) !RASP 80 100k 100 100k ns 

RAS hold time IRSH 20 - 25 - ns 

CAS hold time 'csH 80 - 100 - ns 

~ pulse width -1.As 20 10k 25 10k ns 

RAS to "C1iS' delay time tRCO 22 60 25 75 ns 7 

RAS to column address delay time !RAO 17 40 20 50 ns 8 

CAS to RAS precharge time ~RP 10 - 10 - ns 

CAS precharge time (Fast page mode) le. 10 - 10 - ns 

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

Row address hold time !RAH 12 - 15 - ns 

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

Column address hold time _lc_AH 15 - 20 - ns 

Column address hold time refer. to RAS IAR 60 - 75 - ns 

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

Read command set-up 'iics 0 - 0 - ns 

Read command hold time 'iicH 0 - 0 - ns 4 

Read command hold time refer. to RAS tRRH 10 - 10 - ns 4 

Write command hold time lwcH 15 - 20 - ns 

Write command hold time refer. to RAS lwcR 60 - 75 - ns 

Write command pulse width ly,p 15 - 20 - ns 

Date set-up time •os 0 - 0 - ns 5 

Date hold time IOH 15 - 20 - ns 5 

Date hold time referenced to RAS !OHR 60 - 75 - ns 

Refresh period !REF - 8 - 8 ms 

Write command set-up time lwcs 0 - 0 - ns 6 

CAS set-up time(CAS before RAS cycle) t,,~. 10 - 10 - ns 

CAS hold time(CAS before RAS cycle) le HR 30 - 30 - ns 

RAS to CAS precharge time '-•c 10 - 10 - ns 

CAS precharge time lcPN 10 - 15 - ns 
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NOTES: 1) 

2) 

3) 

4) 
5) 

6) 

7) 

8) 
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AC measurements assume t,.=5ns. 

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

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

Either tRcH or !RAH must be satisfied for a read cycle. 

These parameters are referenced to CAS leading edge. 

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

Operation within the i..co (max) limit insures that tRAc (max) can be met. i..co (max) is specified as a reference 
point only: if !Rco is greater than the specified tRco (max) limit, then access time is controlled by lcAc· 

Operation within the !RAD (max) limit insures ,that !RAC (max) can be met. !RAD (max) is specified as a reference 
point only: if t,.Ao is greater than the specified tRAo (max) limit, then access time is controlled by !AA" 



----------------•DYNAMIC RAM·MSC2327A-xxYS8 • 

• READ CYCLE 

Address ~11~ 

DO votf 
Va: 

• WRITE CYCLE (EARLY WRITE) 

Address VIH-
VIL" 

WE V1H· 
VIL. 

DO v, ... 
VIL" 

~Don't care 

~Don't care 
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•DYNAMIC RAM•MSC2327A-xxYS8 • ----------------

e FAST PAGE MODE READ CYCLE 

Address ~~~ 

WE ~',~: 

~Don't care 

e FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 

1AP 

DO ~11~: 

~Don't care 

144 



----------------•DYNAMIC RAM· MSC2327A-xxYS8 • 

• RAS ONLY REFRESH CYCLE 

1RC 

1RAS 

1CRP 

-----------OPEN ------------

NOTE WE = Don't care ~ Don't care 

• CAS BEFORE RAS REFRESH CYCLE 

1RC 

1RAS 

1CPN 'csR 1CHR 

CAS V1w 
VIL-

10FF 

DQ VOH" 
VOL· ~ OPEN 

~ Don't care 

NOTE WE = Don't care AO-AS = Don't care 
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• HIDDEN REFRESH READ CYCLE 

DOV"" 
Va: 

• HIDDEN REFRESH WRITE CYCLE 

Address ~1:: 

DO~,~: 
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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 µF 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 

• 524.288 word x 32 bit organization 
• JEDEC compatible dimensioning 
• Family organization 

Access Time Cycle Power Dissipation 
(MAX) Time 

Family Operating Standby 
tRAC tAA tCAC (MIN) (MAX) (MAX) 

MSC2333A-80YS16 sons 40ns 20ns 160ns 3234mW 84mW 

MSC2333A-10YS16 100ns 50ns 25ns 190ns 2814mW (MOS level) 

• Single +5V supply,± 5% tolerance 
• input : TIL compatible 
• Output : TIL compatible, tristate, nonlatch 
• Refresh : 512 cycles/ams 
• CAS before RAS refresh, CAS before RAS hidden refresh, RAS only refresh capability 
• Fast access and cycle times 
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•DYNAMIC RAM•MSC2333A-xxYS16 •---------------

FUNCTIONAL BLOCK DIAGRAM 

CAS1 ~...__~~--+~+--~~~~~-+~+--~~--' 
VCC 

vss 
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---------------•DYNAMIC RAM· MSC2333A-xxYS16 • 

PIN CONFIGURATION 

MSC2333A-xxYS16 

TOP 

c::J c:JD _Q_ 

0 j c:Jc:Jo 0 JQ_ 

lWillllllU illWilIDlllilll JJlLll..llLllll IllTIIillliill 
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 AS 46 NC 61 0013 
2 DQO 17 A5 32 NC 47 WE 62 0030 
3 0016 1S A6 33 RAS3 4S NC 63 0014 
4 001 19 NC 34 RAS2 49 DOS 64 0031 
5 0017 20 004 35 NC 50 0024 65 0015 
9 0019 21 0020 36 NC 51 009 66 NC 
6 002 22 005 37 NC 52 0025 67 PDO 
7 DQ1S 23 0021 3S NC 53 0010 68 PD1 
s 003 24 DQ6 39 vss 54 0026 69 PD2 

10 vcc 25 0022 40 CASO 55 0011 70 PD3 
11 NC 26 007 41 CAS2 56 0027 71 NC 
12 AO 27 0023 42 CAS3 57 0012 72 vss 
13 A1 2S A7 43 CAS1 5S 0028 
14 A2 29 NC 44 RASO 59 vcc 
15 A3 30 vcc 45 RAS1 60 0029 

Pin No. Pin Name MSC2333A- MSC2333A-
SOVS16 10YS16 

67 PDO N.C. N.C. 
6S 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 V ss VIN' VOUT -1 - +7 v 

Voltage on V cc supply relative to V ss Vee -1 - +7 v 

Operating temperature Topr 0 - +70 oc 

Storage temperature T.,9 -40 - +125 oc 

Power dissipation PD 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 ss) 

Parameter Symbol Min. Typ. Max. Unit Operating 
te"!.e.erature 

Vee 4.75 
Supply Voltage 

5.0 5.25 v 

vss 0 0 0 v 

Input High voltage, 0°c - +70°C 

all inputs VIH 2.4 - 6.25 v 

Input Low voltage, 
VIL -1.0 - 0.8 v 

all inputs 
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---------------•DYNAMIC RAM•MSC2333A-xxYS16 • 

DC CHARACTERISTICS 
(Vee = 5V ±5%, Ta = 0 - +70°C) 

MSC2333A- MSC2333A-
Parameter Symbol Condition 80YS16 10YS16 Unit Note 

Min. Max. Min. Max. 

Input Leakage Current lu ov ::; VIN ::; 6.25V : t-160 160 t-160 160 µA 
All other pins not 
under test = OV 

Output Leakage Current ILO Data out is disable, -20 20 -20 20 µA 
OV ::; VOUT ::; 5.25V 

Output high voltage VOH l0H = --5mA 2.4 - 2.4 - v 
Output low voltage VOL l0 L = 4.2mA - 0.4 - 0.4 v 
Average power supply ICC1 RASO-RAS3 cycling, - 616 - 536 mA 1, 2 
current CASO-CAS3 cycling: 
(Operating) \ic = min. 

----
Power supply current lcc2 RASO-RAS3= VIH TTL - 32 32 mA 

(Standby) CASO-CAS3=V1H MOS - 16 - 16 mA 

Average power supply ICC3 RASO-RAS3 cycling, - 616 - 536 mA 1, 2 
current CASO-CAS3 = VIH' 
(RAS only refresh) tRe = min. 

Average power supply Ices tRc = min - 616 - 536 mA 1 
current 
(CAS before RAS refresh) 

Average power supply lee7 RASO-RAS3 = VIL' - 536 - 496 mA 1, 3 
current CASO-CAS3 cycling, 
(Fast page mode) tPc = min. 

Note: 1 . Ice 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 = V1L. 

3. Address can be changed once or less while CAS = V1H. 
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•DYNAMIC RAM· MSC2333A-xxVS16 •---------------

CAPACITANCE 
IYcc = 5 V ±5%, f = 1MHz, Ta= 0 - +70°C} 

Parameter Symbol Min. Max. Unit 

Input Capacitance (AO - AB) CIN1 - 115 pF 

-
Input Capacitance (yVE) CIN2 - 137 pF 

Input Capacitance (RASO - RAS3) CIN3 - 48 pF 

Input Capacitance (CASO - CAS3) CIN4 - 48 pF 

-- --
110 Capacitance (DQO - DQ31) CDQ1 - 29 pF 

Capacitance measured with Boonton Meter. 
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---------------•DYNAMIC RAM· MSC2333A-xxVS16 • 

AC CHARACTERISTICS 
(Vee= 5 V ±5%, Ta= 0 - +70°C) 

MSC2333A- MSC2333A-
Parameter Symbol 80YS16 10YS16 Units Notes 

Min. Max. Min. Max. 

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

Fast page mode cycle time tPC 50 - 55 - ns 

Access time from RAS lo•~ - 80 - 100 ns 2, 7 

Access time from CAS jCAC - 20 - 25 ns 2, 7 

Access time from column address jAA - 40 - 50 ns 2, 8 

Access time from CAS precharge icPA - 45 - 50 ns 2 

GAS to output in Lo-Z icLZ 0 - 0 - ns 2 

Output buffer turn-off delay jOFF 0 20 0 20 ns 3 

Transition time (Rise and Fall) t,. 3 50 3 50 ns 1 

RAS precharge time tRP 70 - 80 - ns 

RAS pulse width t,.AS 80 10k 100 10k ns 

RAS pulse width (Fast page mode) !RASP 80 100k 100 100k ns 

RAS hold time jRSH 20 - 25 - ns 

CAS hold time jCSH 80 - 100 - ns 

GAS pulse width jCAS 20 10k 25 10k ns 

RAS to CAS delay time jRCD 22 60 25 75 ns 7 

RAS to column address delay time lo•n 17 40 20 50 ns 8 

CAS to RAS precharge time ICAP 10 - 10 - ns 

CAS precharge time (Fast page mode) lcp 10 - 10 - ns 

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

Row address hold time jRAH 12 - 15 - ns 

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

Column address hold time jCAH 15 - 20 - ns 

Column address hold time refer. to RAS jAR 60 - 75 - ns 

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

Read command set-up jRCS 0 - 0 - ns 

Read command hold time tACH 0 - 0 - ns 4 

Read command hold time refer. to RAS !RAH 10 - 10 - ns 4 

Write command hold time lwcH 15 - 20 - ns 

Write command hold time refer. to RAS lwcR 60 - 75 - ns 

Write command pulse width iw. 15 - 20 - ns 

Date set-up time los 0 - 0 - ns 5 

Date hold time tDH 15 - 20 - ns 5 

Date hold time referenced to RAS !OHR 60 - 75 - ns 

Refresh period tREF - 8 - 8 ms 

Write command set-up time lwcs 0 - 0 - ns 6 

CAS set-up time(CAS before RAS cycle) t~OD 10 - 10 - ns 

CAS hold time(CAS before RAS cycle) jCHR 30 - 30 - ns 

RAS to CAS precharge time !RPC 10 - 10 - ns 

CAS precharge time !CPN 10 - 15 - ns 
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•DYNAMIC RAM·MSC2333A-xxVS16 •---------------

NOTES: 1) 

2) 

3) 

4) 

5) 

6) 

7) 

8) 
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AC measurements assume tr = 5ns. 

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

t,,,, (max( defines the time at which the output achieves an open circuit condition. 

Either IRcH or ~RH must be satisfied for a read cycle. 

These parameters are referenced to CAS leading edge. 

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

Operation within the tRco (max) limit insures that !RAC (max) can be met. IRco (max) is specified as a reference 
point only: if IRco is greater than the specified tRco (max) limit, then access time is controlled by lcAc· 

Operation within the ~Ao (max) limit insures that tRAc (max) can be met. tRAo (max) is specified as a reference 
point only: if tAAo is greater than the specified tRAo (max) limit, then access time is controlled by IAA" 



---------------•DYNAMIC RAM·MSC2333A-xxYS16 • 

• READ CYCLE 

--·~· CAS Vil-

Address ~~: 

----OPEN 

• WRITE CYCLE (EARLY WRITE) 

Address ~~: 

'RC 

Valid Data 

~Oon'tcare 

'RC 

'RP 

~Don'tcare 
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•DYNAMIC RAM•MSC2333A-xxYS16 •---------------

• FAST PAGE MODE READ CYCLE 

--v ... 
CAS Y11..· 

Address ~~: 

DQ Yow 
VOL· 

• FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 
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--v,.. 
CAS yll.. 

Address ~~: 

~Don'tcare 

~Don'tcare 



---------------•DYNAMIC RAM•MSC2333A-xxYS16 • 

• RAS ONLY REFRESH CYCLE 

1RC 

1RP 
1RAS 

RAS v,w 
v,L-

1CRP 1RPC 

CAS v,w 
VIL" 

1ASR 

Address VIH" 
VIL. 

DO Votf 
Voe OPEN 

NOTE WE • Don't care ~ Don't care 

e CAS BEFORE RAS REFRESH CYCLE 

'RC 

1RAS 

1CHR 

·~i------OPEN -----------

~ Don't care 

NOTE WE = Don't care AO-AS = Don't care 

157 



•DYNAMIC RAM•MSC2333A-xxYS16 •---------------

• HIDDEN REFRESH READ CYCLE 

WE 

DO Vmr 
VOi: 

• HIDDEN REFRESH WRITE CYCLE 

WE 
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~ Don't care 

~ Don't care 



OKI semiconductor 
MSC2357-xxVS8 
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 
SOJs together with eight 0.2 µF 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 
liming requirements are noncritical, and power supply tolerance is very wide. 

FEATURES 

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

Access Time 
Family (MAX) 

jRAC jAA 

MSC2357-80YS8 80 ns 40 ns 

MSC2357-10YS8 100 ns 50 ns 

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

ICAC 

20 ns 

25 ns 

Output : TTL compatible, tristate, nonlatch 
Refresh: 1024 cycles/16 ms 

Power Dissipation 
Cycle Time 

Standby (MIN) Operating 
(MAX) (MAX) 

160 ns 3780 mW 
42mW 

190 ns 3360 mW (MOS level) 

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 

36 37 72 

Pin No. Pin Name Pin No. Pin Name Pin No. Pin Name 

1 vss 25 D022 49 DOB 
2 DOO 26 D07 50 D024 
3 D016 27 D023 51 DQ9 
4 D01 28 A7 52 D025 
5 D017 29 N.C. 53 D010 
6 D02 30 vcc 54 D026 
7 D018 31 AB 55 D011 
8 D03 32 A9 56 D027 
9 D019 33 N.C. 57 D012 

10 vcc 34 RAS2 58 D028 
11 N.C. 35 N.C. 59 vcc 
12 AO 36 N.C. 60 D029 
13 A1 37 N.C. 61 D013 
14 A2 38 N.C. 62 D030 
15 A3 39 vss 63 D014 
16 A4 40 CASO 64 D031 
17 A5 41 CAS2 65 D015 
18 A6 42 CAS3 66 N.C. 
19 N.C. 43 CAS1 67 PDQ 
20 D04 44 RASO 68 PD1 
21 D020 45 N.C. 69 PD2 
22 D05 46 N.C. 70 PD3 
23 D021 47 WE 71 N.C. 
24 D06 48 N.C. 72 vss 

Pin No. Pin Name MSC2357-80YS8 MSC2357-10YS8 

67 PDQ N.C. N.C. 
68 PD1 N.C. N.C. 
69 PD2 N.C. N.C. 
70 PD3 N.C. N.C. 
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----------------•DYNAMIC RAM·MSC2357-xxYS8 • 

FUNCTIONAL BLOCK DIAGRAM 

RASO~--+t--~~~~~~-r. 

WE~~r--~~~~~~~i--~~~~~-""!H-t-~~~~~~--, 

AO...,....++~~~~~~-..~~~~~~~_.,f-1.-1.~~~~~~~ 

A1 
A2 
A3 
A4 
AS 
AG 
A7 
AS 
A9 

m 001 °00 

~ ... 002 001 

~ i 003 002 
3 

m 001 
~"'D 005 )( 02 

~ ::;: 003 °06 

AO-A9 - 004 D07 

~ 

m 001 °08 

~ ... 002 °09 

~ i 003 0010 

AO-A9 004 D011 

V CVS 

m oo1 oo24 

~ .... 002 0025 

~ i 003 0026 

AO-A9 004 D027 

m oo1 o02s 

~ ... 0020029 

wr i oo3 oo30 

AO-A9 - 004 D031 

~ 
vcc vs 

vcc~...,,..,..---+<-=--+~~~~~--1...._-+-~~~~~_....~-+-~~~~~-' 

vss~---~_......~-+~~~~~~~--~~~~~~~---~~~~~~--' 
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OK.I 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 1Mb 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 µF 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 

Family 
Access Time (MAX) Cycle Time Power Dissipation 

tRAc tAA tcAC (MIN) Oparating (MAX) Standby (MAX) 

MSC2320A-80YS9 80ns 40ns 20ns 160ns 4410mW 95mW 

MSC2320A-10YS9 100ns sons 25ns 190ns 3780mW (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 

~~.l---r---------;=--; 

= "' -rtt-t-----, 
oorn 
DQ19 
DQlO 
0()21 

OQ3t 
!JQJ2 
DQ:l.1 
rx;rn 
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•DYNAMIC RAM·MSC2320A-xxYS9 •----------------

PIN CONFIGURATION 

MSC2320A-xxYS9 

TOP 

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 AB 46 NC 61 0014 
2 000 17 AS 32 NC 47 WE 62 0033 
3 0018 18 A6 33 NC 48 NC 63 0015 
4 001 19 NC 34 RAS2 49 009 64 0034 
5 0019 20 004 35 0026 50 0027 65 0016 
6 002 21 0022 36 008 51 0010 66 NC 
7 0020 22 005 37 0017 52 0028 67 POO 
8 003 23 0023 38 0035 53 0011 68 P01 
9 0021 24 006 39 VSS 54 0029 69 P02 

10 VCC 25 0024 40 CASO 55 0012 70 P03 
11 NC 26 007 41 CAS2 56 0030 71 NC 
12 AO 27 0025 42 CAS3 57 0013 72 vss 
13 A1 28 A7 43 CAS1 58 0031 
14 A2 29 NC 44 RASO 59 vcc 
15 A3 30 vcc 45 NC 60 0032 

Pin No. Pin Name MSC2320A- MSC2320A-
80YS9 10YS9 

67 POO vss vss 
68 P01 N.C. N.C. 
69 P02 N.C. vss 
70 P03 VSS vss 

ABSOLUTE MAXIMUM RATINGS !See Note) 

Rating Symbol Value Unit 

Voltage on any pin relative to Vss V1N. VouT -1 - +7 v 

Voltage on Vee supply relative to Vss Vee -1 - +7 v 

Operating temperature Topr 0 - 70 "e 

Storage temperature Tstg -40 - 125 "e 

Power dissipation Po 12 w 

Short circuit output current ios 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·MSC2320A-xxYS9 • 

RECOMMENDED OPERATING CONDITIONS (Referenced to Vssl 

Parameter Symbol Min. Typ. Max. Unit 
Operating 

temperature 

Vee 
Supply Voltage 

Vss 

Input High Voltage, 
V1H all inputs 

Input Low Voltage, 
V1L all inputs 

DC CHARACTERISTICS 
(Vcc=SV±5%, Ta=0-+70'C) 

4.75 5.0 5.25 v 

0 0 0 v 

2.4 - 6.25 v 

-1.0 - 0.8 v 

MSC2320A-

Parameter Symbol Condition 
BOYS9 

Min. Max. 

OVsV1NS:6.25V: 
Input Leakage Current iu All other pins -120 120 

not under test=OV 

Output Leakage Current ILO 
Data out is disable 

-10 10 OV sVouTS:5.25V 

Output high voltage VoH loH=-5.0mA 2.4 -

Output low voltage VOL IOL=4.2mA - 0.4 

Average power supply current 
RASO, RAS2 cycling, 

lcC1 CASO-CAS3 cycling, - 840 (Operating) 
tRc=min 

---- TTL - 30 Power supply current 
1cc2 

RASO, RAS2=V1H 
(Standby) CASO-CAS3=V1H MOS - 18 

Average power supply current 
RASO, RAS2 cycling, 

ICC3 CASO-CAS3=V1H - 840 (RAS only refresh) tRc=min 

Average power supply current 
ices tRc=min. - 840 (CAS before RAS refresh) 

Average power supply current RASO, RAS2=V1L. 
ICC? CASO-CAS3 cycling - 680 (Fast page mode) 

tpc=min. 

Note: 1. Ice 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=V1L. 

3. Address can be changed once or less while CAS=V1H. 

Q°C - +70'C 

MSC2320A-
10YS9 

Unit Note 
Min. Max. 

-120 120 µA 

-10 10 µA 

2.4 - v 

- 0.4 v 

- 720 mA 1, 2 

- 30 mA 

- 18 mA 

- 720 mA 1, 2 

- 720 mA 1 

- 620 mA 1, 3 
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•DYNAMIC RAM•MSC2320A-xxYS9 •----------------

CAPACITANCE 
(Vcc=5V±5%, f=1MHz, Ta=O- +70'C) 

Parameter Symbol Min. Max. Unit 

Input Capacitance (AO - AB) C1N1 - 88 pf 

-
Input Capacitance (WE) C1N2 - 104 pf 

----
Input Capacitance (RASO, RAS2) CIN3 - 57 pf 

-- --
Input Capacitance (CASO-CAS3) CIN4 - 36 pf 

1/0 Capacitance (DQ0-7, 9-16, 18-25, 27-34) CDQ - 17 pf 

1/0 Capacitance (008, 17, 26, 35) CD02 - 22 pf 

Capacitance measured with Boonton Meter. 
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----------------•DYNAMIC RAM· MSC2320A-xxYS9• 

AC CHARACTERISTICS 

(Vee = SV ± 5%, Ta = 0 - +70°C) 

Parameter Symbol 
MSC2320A-80YS9 

MIN MAX 

MSC2320A-10YS9 

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 tcPA - 45 - 50 ns 2 
CAS to output in Lo-Z tcLZ 0 - 0 - ns 2 
Output buffer turn-off delay to FF 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 tAR 60 - 75 - ns 
Column address to RAS lead time tRAL 40 - 50 - ns 

Read command set-up tRcs 0 - 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 tDs 0 - 0 - ns 5 
Date hold time tDH 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) toFF (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 twcs>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 tRCo (max) limit, insures that tRAc (max) can be met tRCD (max) is specified as a reference point only : if tRCD is 
greater than the specified tRCo (max) limit, them access time is controlled by tcAC· 

8) Operation within the tRAo (max) limit, insures that tRAc (max) can be met. tRAo (max) is specified as a reference point only : if tRAD is 
greater than the specified IRAD (max) limit, them access time is controlled by tM. 
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•DYNAMIC RAM· MSC2320A-xxYS9 •----------------

e READ CYCLE 

W. VIH -

Vil -

tRAC 

DQ VoH -
OPEN 

VOL -
VahdOata 

[Z?} Don t care 

e WRITE CYCLE (EARLY WRITE) 

170 

DQV1H-.,.,..,~"rr'f"rl...,....,.,.-rr-rrT'l.~.,-----..,,._rr:,..,..,"7"'l..,-,..,.,...,..,...,..,r-Tr1"7"77"'!'"r-r 

VtL - J..1...'-'-'J..1..1....i..U...'-'-''-'-'-'-'.JJ' ·~-----.o!"'L..i...1-1....i..l....i...i...l-.i...l-.i...1-.L..i...J..1.'"-'-W..l....i...l..I 
~ Oon'tcare 



-----------------•DYNAMIC RAM·MSC2320A-xxYS9 • 

e FAST PAGE MODE READ CYCLE 

Address VrH -

Vll-.1..1...1.t~l<-~~~~Cll-1'=-~""T'"--l"~-i'-11=--,-_,..~,~.IJ-jl=.....-....,.....;;l\'-'-l...J...J...l...J..~ 

WE ·v1H -

VIL - --'-''-'-'-'--'-'--'-'J 

e FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 

Address v,1-4 -
VtL-..1..V1~-.-~>f-''-"''~~_,~ot-''-'-11'~~~.>t-X...:./1'~~.,.-.....--"'-.Li.:..l...t....:..l.~ 

WE V1H -

V1L-1...1....t....C'"-.l...i...t....l../..~~...;--1~~l...l..""""-+~!---":U.-U!"-1~+--"1-'-'-'-..t....:..l..l...I.-

OQV1H-""1"7"7..,..7"'""1"-r-~~,,,-~~~-.(,-n~~.,.-~~...i-n~~..-~~~~rr7-r-r--r-r-r 

V1L--'-"-'-'-.Li.'-'--'-'~~ ..... ~~~~-"-Vi"'-~~-"'l~~u11<-~~--r''-'--'-'-'--'-L 

~ Oontcare 

~ Oon'tcare 
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•DYNAMIC RAM•MSC2320A-xxYS9 •----------------

e RAS ONLY REFRESH CYCLE 

Address ViH -
VIL -

00 VoH··-------------"OPEN---------------
VoL -

D Oonicare 

NOTE WE •Don t care. 

e CAS BEFORE RAS REFRESH CYCLE 

tcPN tcsR ICHR 

CAS V1H-

V1L ----

to FF 

00 VoH------...,~ 
VOL - ll--------OPEN 

~ Don·1care 

NOTE: WE=Don't care, AO - AB=Don't care 
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----------------•DYNAMIC RAM· MSC2320A-xxYS9 • 

e HIDDEN REFRESH READ CYCLE 

'RC 

tcRP 

V1H - rT"\ ..,,...-.,._ "'"'.~-'---,ti- rr7-7-'n-rr-r-rr-r-,--,.-r-r-i-+-r-r-r-r..-r"'T\ 
Address 

V1L-

V1H_..,.-,..,-rf-,-,..J,J::::j::::::::==::::i._:_J,,,..-,-.,.-,,..-,--.-,,-.--.-,,-,-l.--,.,-,-...-,,-.--.-,,-,--,-,. 

VIL - .1-'.-"-''-..L..'-" 

DO 

IZ(J Don't Care 

e HIDDEN REFRESH WRITE CYCLE 

1RC 

1RAS 1RAS 

V1H- 1AR 
RAS 

V1L-

V1H-
CAS 

V1L -

V1H-
Address 

V1L -

V1H-
W. 

V1L-

V1H-
DO 

V1L-

fL72'J Don't Care 
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OKI 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 µ F decoupling 
capacitors on a 72 pin glass epoxy Single-Jn-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 

Family 
Access Time (MAX) Cycle Time Power Dissipation 

tRAC tAA tcAc (MIN) Oparating (MAX) Standby (MAX) 

MSC2321A-80YS18 80ns 40ns 20ns 160ns 4568mW 189mW 

MSC2331A-10YS18 100ns sons 25ns 190ns 3938mW (MOS level) 

• Single + SV supply, ±5% tolerance 
• Input : TIL 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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---------------•DYNAMIC RAM· MSC2321A-xxYS18 • 

PIN CONFIGURATION 

MSC2321A-xxYS18 

TOP 

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 AB 48 NC 61 D014 
2 DOO 17 A5 32 NC 47 WE 62 0033 
3 D018 18 AS 33 RAS3 48 NC 63 D015 
4 D01 19 NC 34 RAS2 49 DQ9 64 D034 
5 D019 20 004 h5 D026 50 D027 65 D016 
6 D02 21 D022 36 DOB 51 D010 66 NC 
7 D020 22 D05 37 D017 52 D028 67 PDQ 
8 D03 23 D023 38 D035 53 D011 68 PDl 
9 D021 24 DOS 39 VSS 54 D029 69 PD2 

10 vcc 25 D024 40 CASO 55 D012 70 PD3 
11 NC 26 D07 41 CAS2 56 D030 71 NC 
12 AO 27 D025 42 CAS3 57 DQ3 72 vss 
13 A1 28 A7 43 CAS1 58 0031 
14 A2 29 NC 44 RASO 59 VCC 
15 A3 30 vcc 45 RAS1 60 D032 

Pin No. Pin Name MSC2321A- MSC2321A-
80YS18 10YS18 

67 PDQ N.C. N.C. 
66 PD1 vss vss 
69 PD2 N.C. VSS 
70 PD3 vss vss 

ABSOLUTE MAXIMUM RATINGS !See Note) 

Rating Symbol Value Unit 

Voltage on any pin relative to Vss V1N. VouT -1 - +7 v 

Voltage on Vee supply relative to Vss Vee -1 - +7 v 

Operating temperature Topr 0 - 70 oe 

Storage temperature Tstg -40 - 125 oe 

Power dissipation Po 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 !he 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• MSC2321A-xxYS18 •----------------

RECOMMENDED OPERATING CONDITIONS (Referenced to Vss> 

Parameter Symbol Min. Typ. Max. Unit 
Operating 

temperature 

Vee 4.75 5.0 5.25 v 
Supply Voltage 

Vss 0 0 0 v 
O"C - +70°C 

Input High Voltage, 
VtH all inputs 

Input Low Voltage, 
V1L all inputs 

DC CHARACTERISTICS 
(Vcc=5V±5%, Ta=0-+70"C) 

2.4 - 6.25 v 

-1.0 - 0.8 v 

MSC2321A-

Parameter Symbol Condition 
80YS18 

Min. Max. 

OV~VIN~6.25V: 
Input Leakage Current iu All other pins -240 240 

not under test=OV 

Output Leakage Current ILO 
Data out is disable 

-20 20 OV ~VOUT~5.25V 

Output high voltage VoH loH=-5.0mA 2.4 -

Output low voltage VOL loL=4.2mA - 0.4 

Average power supply current 
RASO-AAS3 cycling, 

1cc1 CASO-CAS3 cycling, - 870 
(Operating) tRc=min 

Power supply current RASO-RAS3=V1H TTL - 60 
1cc2 (Standby) CASO-CAS3=V1H MOS - 36 

Average power supply current 
RASO-RAS3 cycling, 

ICC3 CASO-CAS3=V1H - 870 (RAS only refresh) 
tRc=min 

Average power supply current 
icca tRc=min. - 870 (CAS before RAS refresh) 

Average power supply current RASO-AAS3=V1L. 

(Fast page mode) Ice? CASO-CAS3 cycling - 710 
tpc=min. 

Note : 1. Ice 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=V1L. 

3. Address can be changed once or less while CAS=V1H. 
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MSC2321A-
10YS18 

Unit Note 
Min. Max. 

-240 240 µA 

-20 20 µA 

2.4 - v 

- 0.4 v 

- 750 mA 1, 2 

- 60 mA 

- 36 mA 

- 750 mA 1, 2 

- 750 mA 1 

- 650 mA 1, 3 
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CAPACITANCE 
(Vee= 5V±5%, f=1MHz, Ta=9- +70'C) 

Parameter Symbol Min. Max. Unit 

Input Capacitance (AO -AB) C1N1 - 161 pf 

Input Capacitance (WE) C1N2 - 193 pF 

Input Capacitance (RASO-RAS3) CIN3 - 62 pF 

Input Capacitance (CASO-CAS3) CIN4 - 62 pF 

1/0 Capacitance (000-7, 9-16, 18-25, 27-34) CDQ1 - 29 pF 

1/0 Capacitance (DQ8, 17, 26, 35) CDQ2 - 39 pF 

Capacitance measured with Boonton Meter. 
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AC CHARACTERISTICS 

(Vee= sv ± 5%, Ta= o - +1o'C) 

Parameter Symbol 
MSC2321A-80YS18 MSC2321A-10YS18 

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 tAR 60 - 75 - ns 
Column address to RAS lead time tRAL 40 - 50 - ns 
Read command set-up tRCS 0 - 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 60 - 75 - ns 
Write command pulse width twp 15 - 20 - ns 
Date set-up time tDs 0 - 0 - ns 5 
Date hold time tDH 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 ~ 10 - 15 - ns 

NOTES: 
1) AC measurements assume tr =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 tRCH or IRRH must be satisfied for a read cycle. 

5) These -amenters are referenced to CAS leading edga. 

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

7) Operation within the tRCQ (max) limit insures that IRAC (max) can be met. tRCo (max) Is specified as a reference point only : if IRCD is 
greater than the specified tRCo (max) limit, then access time is controlled by tcAc;. 

8) Operation within the tRAO (max) limit Insures that tRAc (max) can be met. IRAo (max) is specified as a reference point only : If tRAo is 
greeter than the specified tRAO (max) limit, then access time is controlled by tAA. 
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e READ CYCLE 

CAS VIH -

VIL -

tcRP 

tRAL 

Address ViH­

vll-:..LJ.§~lc...----'*'"""'-'~1<-------"'tX.LJ..1...i..LJ..U...'..i..1.:..:....i.:..1..1....£..LJ....w:...:...'-i.~ 

DQ VOH - ------OPEN --------JY I Vahd Data 
VOL- -\:.'-l~c,_----------"!-

[221 Don 1 care 

e WRITE CYCLE (EARLY WRITE) 

'•• '<>AS 

fil VIH -

VIL-.1..J...'..LJ..U...1..J...'..i..1.'..LJ..U...LJ.."'4"-...J.---J------=*'-'-'-'-'-'-'-'-l....i...l...:.J...l.....W'-'-i..:... 

()Q VtH - ~-------- J.,------,>L.1'T7'"M'-r"r"T?-r,...,..,M""rT"T?"T"r7""M'-r­

V1L - J..1..U...l...U'..LJ.J...l..J...l..J...l..J...l..~.,._-----T'"""J...l..J...l.....W...W'-'-'-'-1....i.....W'-'-t....l..J...1....J.; 
~ Oontcare 
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e FAST PAGE MODE READ CYCLE 

CAS v,H - -=i=,-++----......,*" 
Vil -

Address v,H -
VIL-.t.1..V~"'---"~~:J-'ll;..--.<#"~'.p-1"-.,-...,...~-"-'~~~,..-..-~'~..i.....:...L..t..1...l..I. 

Wf 'V1H -

VIL - -'-'-'-'-'-"""".J.<'-' 

e FAST PAGE MODE WRITE CYCLE {EARLY WRITE) 
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Address v,H­
V1L -..J.v4.._...,..._.~~.;J-"1&--,..-...,...--'t·"-r.J"!o-..--.at-'-"-l1'......,-..-..,._,"-l..k..L.J...k.1...t. 

WE v,H­

V1L -<-.:...1..1...i.....:...L..,_..._._*'-__,.,......;--="""'~"'-4-+---=l'"'-"""'"-l---l--of;:..;_.L.J...i.....'-'-"-

DQV1H--r'f7'.,..,,...,..,..,""'-F'---"""'i~n?.-J""""--"""'-rr~-¥.----~rrr7.,..,,...,.-r 

VIL - _,_,_..._,_,..,.,._,_l.-P._,........,......,......,-"f-".U-1"-......,......,.,;;;;f- 'U'-jl;;......,......,.....;;f"·"-''-'-.L..l.:...L.I-

~ Oonlcare 

~ Don'tcare 
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e RAS ONLY REFRESH CYCLE 

RAS 
VIH -

VrL -

tcRP 

CAS VtH -

Vil -

Address Vu• -
v,L - -'-''-1-,.._ __ ....... r ""~~-'-''-'-'-""-'-'-'--'--'--':.....-'-""-'-'-'--'--'-.l......'-'--'--'--' 

00 VOH -·------------OPEN---------------
VOL -

D Oontcare 

e CAS BEFORE RAS REFRESH CYCLE 

CAS v,H­

VrL ---..J 

'OFF 

00 VoH -·------,L 
Vol _ !>-------- OPEii 

~ Donrcare 

NOTE: WE=Don't care, AO - AB=Don't care 
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e HIDDEN REFRESH READ CYCLE 

Address 

V1H­

V1L-

1RC 

'AR 

1RC 

1RAS 

V1H- ""...,Lrr~l==:f=::=::::=L.:.:~rr-:;_rr-r-;.-rr7..,Jh,..r-r-rr-r-rr-r-r 
V1L- .._. ........ _.,.<....U 

fZ2J Don't Care , 

e HIDDEN REFRESH WRITE CYCLE 

V1H-

RAS 
V1L-

CAS" 
V1H-

VtL-

V1H-
Address 

V1L-

V1H-
"WE 

V1L-

V1H-
DO 

V1L-

~ Don'tCare 

182 



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 MSM511 OOOA 
mounted on a SIMM printed circuit board. The MSC2355-xxYS12 is a fully decoded SIMM module 
constructed using Oki's proprietary 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 

• 1,048,576 word x 36 bit organization 
• 72-pin Socket lnsertable Module 
• Family organization 

Access Time Power Dissipation 
(MAX) Cycle 

Family Time Operating Standby 

~AC tAA tcAc (MIN) (MAX) (MAX) 

MSC2355-80YS12 sons 40ns 20ns 160ns 5355mW 63mW 

MSC2355-1OYS12 100ns sons 25ns 190ns 4725mW (MOS level) 

• Single +SV supply, ± 5% tolerance 
• Input TIL compatible 
• Output : TIL compatible, triastate, nonlatch 
• Refresh : 1024 cycles/16mS 
• CAS before RAS refresh, CAS before RAS hidden refresh, RAS only refresh capability 
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PIN CONFIGURATION 

MSC2355-xxYS12 

0 D D D D D D 0 

36 37 72 

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

1 vss 16 A4 31 AS 46 N.C. 61 0014 
2 OQO 17 A5 32 A9 47 WE 62 0033 
3 0018 18 A6 33 N.C. 48 N.C. 63 0015 
4 001 19 N.C. 34 RAS2 49 009 64 0034 
5 0019 20 004 35 0026 50 0027 65 0016 
6 002 21 0022 36 008 51 0010 66 N.C. 
7 0020 22 005 37 0017 52 0028 67 POO 
8 003 23 0023 38 0035 53 0011 68 P01 
9 0021 24 006 39 vss 54 0029 69 P02 

10 vcc 25 0024 40 CASO 55 0012 70 P03 
11 N.C. 26 007 41 CAS2 56 0030 71 N.C. 
12 AO 27 0025 42 CAS3 57 0013 72 vss 
13 A1 28 A7 43 CAS1 58 0031 
14 A2 29 N.C. 44 RASO 59 vcc 
15 A3 30 vcc 45 N.C. 60 0032 

PIN No. PIN NAME MSC2355- MSC2355-
80YS12 10YS12 

67 POO N.C. N.C. 

68 P01 N.C. N.C. 

69 P02 N.C. N.C. 

70 P03 N.C. N.C. 
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FUNCTIONAL BLOCK DIAGRAM 

AO-A9 
RASO 
CASO 
CAS1 

WE 
DOO AO-A9 D018 
D01 RAS D019 
D02 GAS D020 
D03 WE D021 

VCG 

D04 AO-A9 D022 
D05 RAS D023 
D06 GAS D024 
D07 WE D025 

VGC 

AO-A9 

DOB RAS D026 
GAS 
WE 
VGG 

D09 AO-A9 D027 
D010 RAS D028 
D011 CAS D029 
D012 WE D030 

VGC 

DO D013 AO-A9 D031 
DO D014 RAS D032 
DO --D015 GAS D033 
DO --D016 WE D034 
OE 

vss VGG 

AO-A9 
D 

D017 
RAS D035 

0 CAS 
WE 

vss VCG vss 

RAS2 
CAS2 
CAS3 

vcc C1 12 

vss 
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ELECTRICAL CHARACTERISTICS 
ABSOLUTE MAXIMUM RATINGS 

Rating Symbol 

Voltage on any pin relative to V ss VIN' VOUT 
Voltage V cc supply relative to V ss Vee 
Short circuit output current los 

Power dissipation Po 
Operating temperature Topr 
Storage temperature T••u 

Conditions Value Unit 

Ta= 25°C -1.0 - +7.0 v 
Ta= 25°C -1.0 - +7.0 v 
Ta= 25°C 50 mA 

Ta= 25°C 12 w 
- 0 - +70 oc 

- -40 - +125 oc 

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 V ss 

Parameter Symbol MIN TYP MAX Unit Operating 
temperature 

Supply Voltage Vee 4.75 5.0 5.25 v 
vss 0 0 0 v 

v 0°c - +70°C 
Input high voltage VIH 2.4 - 6.25 

Input low voltage VIL -1.0 - 0.8 v 

CAPACITANCE 

{T8 = 25°C, f = 1 MHz) 

Parameter Symbol TYP MAX Unit 

Input Capacitance (AO-A9) CIN1 65 80 pF 

Input Capacitance (WE) CIN2 60 75 pF 

Input Capacitance (RASO, RAS2) CIN3 35 50 pF 

Input Capacitance (CASO-CAS3) CIN4 20 30 pF 

Input Capacitance (DQ0-7, 9-16, 18-25, 27-34) CDQ1 - 15 pF 

110 Capacitance (DQ8, 17, 26, 35) CDQ2 12 20 pF 

Capacitance measured with Boonton Meter. 
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DC CHARACTERISTICS 
(Vee = 5V ±5%, Ta = o - +70°C) 

MSC2355- MSC2355-
Parameter Symbol Conditions 80YS12 10YS12 Unit Note 

MIN. MAX. MIN. MAX 

ov :s; VIN :s; 6.25V; 
Input leakage current all other pins not -120 120 -120 120 µA 

lu under 
text= OV 

Output leakage 
ILO 

DQ0-35 = disable 
-10 10 -10 10 µA current OV :s; v OUT :s; 5.25V 

Output high voltage VOH 10H = -5.0mA 2.4 Vee 2.4 Vee v 

Output low voltage VOL IOL = 4.2mA 0 0.4 0 0.4 v 

Average power RASO, RAS2, CASO-CAS3 
supply current ICC1 cycling - 1020 - 900 mA 1, 2 
(operating) tRc =min 

----
Power supply RASO, RAS2 = V1tt TTL 24 24 

CASO-CAS3 = V1tt 
- -

current 
ICC2 mA 

(Standby) D00-35 =Hz MOS - 12 - 12 

----
Average power RASO, RAS2 cycling 
supply current ICC3 CASO-CAS3 = V1H - 1020 - 900 mA 1, 2 
(RAS only refresh) tRc = min 

----
Power supply RASO, RAS2 = V1H 
current Ices CASO-CAS3 = VIL - 60 - 60 mA 1 
(Standby) 000-35 = enable 

----
Average power RASO, RAS2 cycling 
supply current ICC6 - 1020 - 900 mA 1 
(CAS before RAS 
refresh) 

Average power RASO, RAS2 = VIL 
supply current ICC7 CASO-CAS3 = cycling - 880 - 780 mA 1, 3 
(Fast page mode) tpc = min 

Note: 1. Ice 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 = V1L 

3. Address can be changed once or less while GAS = V1H 
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AC CHARACTERISTICS 
(Vee = 5V ±5%, Ta = o ~ +70°C) 

Note 1, 2, 3 

MSC2355- MSC2355-
Parameter Symbol 80YS12 10YS12 Unit Notes 

Min. Max. Min. Max. 

Random read or write cycle time tRC 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 ~ - 20 - 25 ns 4.5 

Access time from column address tAA - 40 - 50 ns 4.6 

Access time from CAS precharge lcPA - 45 - 55 ns 4 

Output low impedance time from CAS lctz 0 - 0 - ns 4 

Output buffer turn-off delay time ta,.., 0 20 0 25 ns 7 

Transition time ti- 3 50 3 50 ns 3 

Refresh period tREF - 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 tRSH 20 - 25 - ns 

CAS prechage time lcP 10 - 10 - ns 

CAS pulse width 1cAs· 20 10K 25 10K ns 

CAS hold time lcsH 80 - 100 - ns 

CAS to RAS precharge time lcRP 10 - 10 - ns 

RAS to CAS delay time ~ 22 60 25 75 ns 5 

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 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) 

MSC2355- MSC2355-
Parameter Symbol 80YS12 10YS12 Unit Notes 

Min. Max. Min. Max. 

Read command set-up time !ACS 0 - 0 - ns 

Read command hold time IACH 0 - 0 - ns 8 

Read command hold time tAAH 10 - 10 - ns 8 
reference to RAS 

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

Write command hold time IWCH 15 - 20 - ns 
-

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

Write command pulse width !WP 15 - 20 - ns 

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

Data-in hold time !DH 15 - 20 - ns 

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

- -
CAS active delay time from RAS IAPC 10 - 10 - ns 
precharge 

- -
RAS to CAS set-up time tCSA 10 - 10 - ns 
(CAS before RAS) 

- -
RAS to CAS hold time tCHA 20 - 20 - ns 
(CAS before RAS) 

- -
WE to RAS precharge time IWAP 10 - 10 - ns 
(CAS before RAS) 
~ 

WE hold time from RAS tWAH 20 - 20 - ns 
(CAS before RAS) 

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

- -
RAS to WE hold time (Test mode) tWHA 20 - 20 - ns 
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Notes: 1. An initial pause of 20.Q..g_s 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. 

190 

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

2. The AC characteristics assume tr = 5 ns. 

3. V1H (min.) and V1L (max.) are reference levels for measuring of input signals. Also, 
transition times are measured between V1H and V1L. 

4. Measured with a load circuit equivalent to 2 TTL loads and 1 OOpF. 

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

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

7. t0 FF (max.) defines the time at which the output achieves the open circuit condition 
and is not referenced to output voltage levewls. 

8. Either tRRH or tRcH must be satisfied for a read cycle. 

9. 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. 

10. 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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• READ CYCLE 

AO-A9 

~ "H"or"LM 

• WRITE CYCLE (EARLY WRITE) 

AO-A9 
v,,, 
V1L· 

WE VIH-
Vil-

DO v,,, 
v,L-

~ "H"or"L" 
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• FAST PAGE MODE READ CYCLE 

DO Vo;< 
VOL· 

1CSH 

1RASP 

hz 'clz 

• FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 

Address ~~~: 
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~ "H" or "L" 

~ "H"or"L" 
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• RAS ONLY REFRESH CYCLE 

1AC 

1AAS 

'cRP 

DO~~: ---------- OPEN -----------

NOTE WE= "H" or "L" ~ "H"or"L" 

• CAS BEFORE RAS REFRESH CYCLE 

1RC 

1RAS 

RAS ~:~: 

'CP 1CSR 1CHR 

CAS ~:~ 

tWRH 

w: v, ... 
VIL" 

DO VOtf 
V01.- ~ OPEN 

NOTE : AO- A9 = "H" or "L" ~ "H" or "L" 
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• HIDDEN REFRESH READ CYCLE 

AO-A9 V1w 
VIL-

WE v,w 
VIL" 

~ "H" or"L" 

• HIDDEN REFRESH WRITE CYCLE 

WE 

~ "H"or"L" 
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NOTICE 

1 . 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. 

2 . 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. 

3 . NO RESPONSIBILITY IS ASSUMED BY US FOR ANY CON­
SEQUENCE RESULTING FROM ANY WRONG OR IMPROPER 
USE OR OPERATION, ETC. OF THE PRODUCT. 

4 . 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. 

5 . 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. 

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

7 . MS-DOS is a registered trademark of Microsoft Corporation. 

Copyright 1990 OKI SEMICONDUCTOR 
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