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TO THE READER: 

This FIFTH Edition contains the data of following new devices in addition to the 

descriptions in FOURTY Edition. 

1. DRAM 3. SRAM 

MSM511000A MSM51257AL 

MSM511001A MSM51257ALL 

MSM511002A 

MSM514256A 4. MROM 

MSM514258A 
MSM534000A 

MSM514100 
MSM534001A 

MSM514102 
MSM534002A 

MSM514400 

MSM514402 
5. E2PROM 

2. SIMM/SIMD MSM28C256 

MSC2312A-XXYS9/KS9 
6. ASMP 

MSC2313A-XXYS8/KS8 
MSM514212 

MSC2320A-XXYS9 
MSM51C262 

MSC2321 A-XXYS 18 

MSC2328A-XXYS2/KS2 

MSC2331 A-XXYS3/KS3 

MSC2340-XXYS9/KS9 
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---------.IC MEMORY LINE-UP AND TYPICAL CHARACTERISTICS. 

• DYNAMIC RAMS 
(I 

Num- Power 

Mem- berof Access Cycle Consump- Power 
ory Circuit Memory Pins Time Time tion Supply Equivalent Model Name Configura- MAX Capac- Function tion per MAX MIN (mw) Voltage Device 
ity Pack- (ns) (ns) Operating/ (V) 

age Standby 

MSM3764A-12 120 230 330128 
64k Dynamic 65.536xl 16 +5 

MSM3764A-15 150 260 303128 

MSM41256A-l0 100 200 303128 

MSM41256A-12 256k Dynamic 262.144xl 16 120 220 275128 +5 

MSM41256A-15 150 260 248128 

MSM41257A-l0 100 200 330128 

MSM41257A-12 256k Dynamic 262.144xl 16 120 220 303128 +5 
f-- --
MSM41257A-15 150 260 275128 

MSM41464-10 100 200 385128 

MSM41464-12 256k Dynamic 65.536x4 18 120 230 358128 +5 

MSM41464-15 150 260 330128 

MSM51C256-80 80 145 330120 

MSM51C256-1O 256k Dynamic 262.144xl 16 100 175 275120 +5 

MSM51 C256-12 120 205 248120 

MSM511000A-70 70 140 468/5.5 
18 

MSM511000A-80 80 160 413/5.5 

MSM511 OOOA-10 1M Dynamic 1.048.576xl 26 100 190 358/5.5 +5 

MSM511000A-8A 80 160 413/5.5 
20 

MSM511 OOOA-1 A 100 190 358/5.5 

MSM511001A-70 70 140 468/5.5 
18 

MSM511001A-80 80 160 413/5.5 

MSM511001A-l0 1M Dynamic 1.048.576xl 26 100 190 358/5.5 +5 

MSM511001A-8A 80 160 413/5.5 
20 

MSM511001A-1A 100 190 358/5.5 

MSM511 002A-70 70 140 468/5.5 
18 

MSM511002A-80 80 160 413/5.5 

MSM511 002A-1 0 1M Dynamic 1.048.576x1 26 100 190 358/5.5 +5 

MSM511002A-8A 80 160 413/5.5 
20 

MSM511002A-1A 100 190 358/5.5 

MSM514256A-70 70 140 468/5.5 

MSM514256A-80 20 80 160 413/5.5 

MSM514256A-1 0 1M Dynamic 262,144x4 100 190 358/5.5 +5 

MSM514256A-8A 26 80 160 413/5.5 

MSM514256A-1 A 100 190 358/5.5 

5 



II 
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Num- Power 

Mem- ber of Access Cycle Con sump- Power 
ory Circuit Memory Pins Time Time tion Supply Equivalent Model Name Capac- Function Configura- per MAX MIN MAX Voltage Device tion (mw) ity Pack- (ns) (ns) Operating 1 (V) 

age Standby 

MSM514258A-70 20 70 140 468/5.5 

MSM514258A-80 80 160 413/5.5 

MSM514258A-l0 1M Dynamic 262, 144x4 26 100 190 358/5.5 +5 

MSM514258A-8A 80 160 413/5.5 
20 

MSM514258A-1A 100 190 358/5.5 

MSM514100-80 18 80 160 495/5.5 

MSM514100-8A 4M Dynamic 4.194.304xl 26 80 160 ·495/5.5 +5 

MSM5141 00-10 20 100 190 440/5.5 

MSM514102-80 18 80 160 495/5.5 

MSM514102-8A 4M Dynamic 4.194.304xl 26 80 160 495/5.5 +5 

MSM514102-1O 20 100 190 440/5.5 

MSM514400-80 20 80 160 495/5.5 

MSM514400-8A 4M Dynamic 1.048.576x4 26 80 160 495/5.5 +5 

MSM514400-10 20 100 190 440/5.5 

MSM514402-80 20 80 160 495/5.5 

MSM514402-8A 4M Dynamic 1.048.576x4 26 80 160 495/5.5 +5 

MSM514402-1O 20 100 190 440/5.5 

6 



---------.IC MEMORY LINE-UP AND TYPICAL CHARACTERISTICS. 

• SIP/SIMM MODULE 

Num- Power 

Mem- ber of Access Cycle Consump- Power 
ory Circuit Memory Pins Time Time tion Supply Equivalent Model Name Configura- MAX Capac- Function tion per MAX MIN (mw) Voltage DeviG.e 
ity Pack- (ns) (ns) Operating 1 (V) 

age Standby 

MSC2304-10 100 200 26401220 YS8/KS8 

MSC2304-12 
Socket 

YS8/KS8 2M Insertable 262,144x8 30 120 220 24201220 +5 
Module 

MSC2304-15 150 260 22001220 YS8/KS8 

MSC2304-10 100 200 29701248 YS9/KS9 

MSC2304-12 
Socket 

YS9/KS9 2M Insertable 262,144x8 30 120 220 27231248 +5 
Module 

MSC2304-15 150 260 24751248 YS9/KS9 

MSC2307-10 100 200 29701248 YS9/KS9 

MSC2307-12 
Socket 

YS9/KS9 2M Insertable 262,144x8 30 120 220 27231248 +5 
Module 

MSC2307-15 
150 260 24751248 YS9/KS9 

MSC2312A-80 80 160 3713/49.5 

MSC2312A-l0 Socket 100 190 3218/49.5 
9M Insertable 1,048,576x9 30 +5 

MSC2312A-8A Module 80 160 3713/49.5 

MSC2312A-1A 100 190 3218/49.5 
~-

MSC2313A-80 80 160 3300/44.0 

MSC2313A-l0 Socket 100 190 2860/44 
8M Insertable 1,048,576x8 30 +5 

MSC2313A-8A Module 80 160 3300/44 

MSC2313A-l A 100 190 2860/44 

MSC2320A-80 80 160 4410/99 

MSC2320A-l0 Socket 100 190 3780/99 
8M Insertable 262,144x36 72 +5 

MSC2320A-8A Module 80 160 4410/99 

MSC2320A-l A 100 190 3780/99 

MSC2321A-80 80 160 4568/198 

MSC2321 A- 10 Socket 100 190 3938/198 
16M Insertable 524,288x36 72 +5 

MSC2321A-8A Module 80 160 4568/198 

MSC2321 A-l A 100 190 3938/198 

MSC2328A-80 80 160 825/198 

MSC2328A-l0 Socket 100 190 715/198 
2M Insertable 262,144x8 30 +5 

MSC2328A-8A Module 80 160 825/198 

MSC2328A-l A 100 190 715/198 

MSC2340-80 
80 160 4455/49.5 YS9/KS9 

MSC2340-8A 
Socket 

YS9/KS9 4M Insertable 4,194,304x9 30 80 160 4455/49.5 +5 
Module 

MSC2340-10 
100 190 3960/49.5 YS9/KS9 

7 



II 
.IC MEMORY LINE-UP AND TYPICAL CHARACTERISTICS ... --------

• CMOS STATIC RAMS 

Num- Power 

Mem- berof Access Cycle Consump- Power 
ory Circuit Memory Pins Time Time tion Supply Equiva-

Model Name Capac- Function Configura- per MAX MIN MAX Voltage lent 
tion (mw) Device ity Pack- Ins) Ins) Operating/ (V) 

age Standby 

MSM5165AL-10 
Fully Static 

100 100 230/0.55 

MSM5165AL-12 64k Common 8,192x8 28 120 120 303/0.55 +5 

MSM5165AL-15 I/O 150 150 375/0.55 

MSM5188-45 
Fully Static 

45 45 605/11 

MSM5188-55 64k Common 16,384x4 22 55 55 605/11 +5 

MSM5188-70 I/O 
70 70 605/11 

MSM51257L-85 
Fully Static 

85 85 440/0.55 

MSM51257L-100 256k Common 32,768x8 28 100 100 385/0.55 +5 

MSM51257L-120 I/O 120 120 385/0.55 

MSM51257AL-85 
Fully Static 85 85 440/0.55 

MSM51257AL-100 256k Common 32,768x8 28 100 100 385/0.55 +5 

MSM51257AL-120 I/O 120 120 385/0.55 

MSM51257ALL-85 
Fully Static 

85 85 440/0.11 

MSM51257ALL-100 256k Common 32,768x8 28 100 100 385/0.11 +5 

MSM51257ALL-120 I/O 
120 120 385/0.11 

MSM51256-10 Fully Static 100 100 385/0.0055 
256k 32,768x8 28 +5 

MSM51256-120 Common I/O 120 120 385/0.0055 

• MASK ROMS 

Num- Power 

Mem- ber of Access Cycle Con sump- Power 
ory Circuit Memory Pins Time Time tion Supply Equiva-

Model Name Capac- Function Configura- per MAX MIN MAX Voltage lent 

ity tion Pack- Ins) Ins) (mw) (V) Device 
Operating/ age Standby 

MSM3864 64k Fully Static 8,192x8 28 250 250 550/165 +5 

MSM38128A 128k Fully Static 16,384x8 28 250 250 550/165 +5 

MSM38256 256k Fully Static 32,768x8 28 250 250 660/165 +5 

MSM38256A 256k Fully Static 32,768x8 28 150 150 330/33 +5 

MSM53256 256k Fully Static 32,768x8 28 150 150 83/0.55 +5 

MSM531000 1M Fully Static 131,072x8 28 250 250 83/0.55 +5 

MSM531001 1M Fully Static 131,072x8 32 120 120 110/0.28 +5 

MSM534000 4M Fully Static 262,144x16 40 200 200 275/0.55 +5 

MSM534000A 4M Fully Static 262,144x16 40 150 150 274/0.28 +5 

MSM534001A 4M Fully Static 524,288x8 32 150 150 275/0.28 +5 

MSM534002A 4M Fully Static 262,144x16 40 150 150 275/0.28 +5 

8 



--------.... IC MEMORY LINE-UP AND TYPICAL CHARACTERISTICS. 

• EPROMS II 
Num- Power 

Mem- ber of Access Cycle Consump- Power 
ory Circuit Memory Pins Time TIme tion Supply Equivalent Model Name Capac- Function Configura- per MAX MIN MAX Voltage Device 
ity tion Pack- (ns) (ns) (mw) (V) Operatingl age Standby 

MSM2764A 64k EPROM 8,192x8 28 120 120 525/184 +5 276A 

MSM27128A 128k EPROM 16,384x8 28 120 120 525/184 +5 27128A 

MSM27256 256k EPROM 32,768x8 28 150 150 525/184 +5 27256 

MSM27512 512k EPROM 65,536x8 28 150 150 525/184 +5 27512 

MSM271000 1M EPROM 131,072x8 32 120 120 525/184 +5 27010 

MSM271024 1M EPROM 65,536x16 40 120 120 630/184 +5 27210 

MSM27C256 256k EPROM 32,768x8 28 100 100 165/0.55 +5 27C256 

MSM27C256H 256K EPROM 32,768x8 28 55 55 525/184 +5 27HC256 

MSM27Cl024 1M EPROM 65,536x16 40 100 100 175/0.55 +5 27C210 

MSM27C2000-10 100 100 385/28 

MSM27C2000-12 2M EPROMS 262,144x8 32 120 120 385/28 +5 27C020 

MSM27C2000-15 150 150 385/28 

MSM27C2048-10 100 100 550/28 

MSM27C2048-12 2M EPROMS 131,072x6 40 120 120 550/28 +5 27C220 

MSM27C2048-15 150 150 550/28 

MSM2764AZB 64k EPROMS 8,192x8 28 150 150 525/184 +5 P2764A 

MSM27128AZB 128k EPROMS 16,984x8 28 150 150 525/184 +5 P27128A 

MSM27256 256k EPROMS 32,768x8 28 170 170 525/184 +5 P27256A 

200 200 525/184 
MSM27512ZB 512k EPROMS 65,536x8 28 +5 P27512 

150 150 525/184 

MSM271000~B 1M EPROMS 131,072x8 32 150 150 525/184 +5 P27010 

MSM271024ZB 1M EPROMS 65,536x16 40 170 170 63Ox184 +5 P2721 0 

MSM27C256HZB 256k EPROMS 32,768x8 28 70 70 525x184 +5 

9 
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.IC MEMORY LINE-UP AND TYPICAL CHARACTERISTICS .---------

Mem-
ory Circuit Model Name Capac- Function 
ity 

MSM16811 lk E2PROM 

MSM16811P lk E2PROM 

MSM16911 lk E2PROM 

MSM16911P lk E'PROM 

MSM16812 2k E2PROM 

MSM16912 2k E2PROM 

MSM28C16A-15 
16k E2PROM 

MSM28C16A-20 

MSM28C64A-1 5 
64k E2PROM 

MSM28C64A-20 

MSM28C256 256k E'PROM 

*: Clock Frequency MAX (kH) 
**: Clock Pulse MIN (!ls) 

• ASMP 

I) 

Mem-
ory Circuit Model Name Capac- Function 
ity 

MSM514212-28 

MSM514212-34 40k ASMP 

MSM514212-50 

MSM514221-3 
1M ASMP 

MSM514221-6 

MSM514252-10 
1M ASMP 

MSM514252-12 

MSM51C262-80 

MSM51C262-10 256k ASMP 

MSM51 C262-12 

MSM514201 1M ASMP 

10 

Num-
ber of Memory Pins Configura-

tion per 
Pack-
age 

64x16 or 
8 

128x8 

64x16 or 
8 

128x8 

64x16 or 
8 

128x8 

64x16 or 
8 

128x8 

128x160r 
8 

256x8 

128x16 or 
8 

256x8 

2,048x8 24 

8,192x8 28 

32x8 28 

Num-

Memory ber of 
Pins Configura-

tion per 
Pack-
age 

5,048x8 28 

262,263x4 16 

262,144x4 28 

65,536x4 24 

1,048,576xl 18 

Power 

Access Cycle Consump- Power 
Time Time tion Supply Equivalent 
MAX MIN MAX Voltage Device (mw) (ns) (ns) Operating/ 

(V) 

Standby 

*250 **1.0 16.5/0.55 +5 CAT93C46 

*250 **1.0 16.5/0.55 +5 CAT93C46I 

*250 **1.0 16.5/0.55 +5 CAT59Cll 

*250 **1.0 16.5/0.55 +5 CAT59Clli 

*1000 **0.25 16.5/0.55 +5 CAT35Cl02 

*1000 **0.25 16.5/0.55 +5 CAT35C202 

150 150 165/0.55 
+5 X2816A 

200 200 165/0.55 

150 150 165/0.55 
+5 X28C64A 

200 200 165/0.55 

200 200 165/0.55 +5 

Power 
Consump-Access Cycle tion Power 

Time Time Supply Equivalent 
MAX MIN MAX Voltage Device (mw) (ns) (ns) Operating/ (V) 

Standby 

28 28 600128 

34 34 600128 +5 

50 50 600128 

25 30 275128 
+5 

30 60 275128 

100 190 660128 
+5 

120 220 550128 

80 145 660/44 

100 175 550/44 +5 

120 205 468/44 

3000 4000 28/0.5 +4.5 
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II MOS MEMORY HANDLING PRECAUTIONS 

1. STATIC ELECTRICITY COUNTER· 
MEASURES 

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

Although Oki MOS memories incorporate built-in 
protector circuits to protect all input terminals from 

such destruction, it is not considered possible to give 
complete protection against heat destruction due to 
overcurrents and insulation film destruction due to 

irregular high voltages. It is, therefore, necessary to 
observe the following precautionary measures. 

1) Under no circumstances must voltages or currents 

in excess of the specified ratings be applied to any 
input terminal. 

2) Always use an electrically conductive mat or ship

ping tubes for storage and transporting purposes. 

3) Avoid wearing apparel made of synthetic fiber 

during operations. The wearing of cottons which do 

not readily generate static electricity is desirable. 
Also avoid handling devices with bare hands. If 
handling with bare hands cannot be avoided, make 

sure that the body is grounded, and that a 1Mn 

resistor is always connected between the body and 

ground in order to prevent the generation of static 
electricity. 

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

seasons. 
5) When using a soldering iron, the iron should be 

grounded from the tip. And as far as possible, use 
low power soldering irons 112 V Or 24 V irons!. 

2. POWER SUPPLY AND INPUT SIGNAL 
NOISE 

2.1 Power supply noise absorption 

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

modes. 
Although very little power is consumed by CMOS 

memories during standby mode, considerable current 
is drawn for charging and discharging linstantaneous 

current requirements) during access mode. I n order to 

absorb the "spike noise" generated by these current 
requirements, the use of relatively large capacitance 

capacitors (about one 1O"F capacitor for every 8 to 

10 RAMs) is recommended along with good high fre

quency response capacitors of about 0.1"F for each 
memory element. Power line wiring with as little line 

impedance as possible is also desirable. 

2.2 Input signal noise absorption 

Overshooting and undershooting of the input signal 

should be kept to a bare minimum. Undershooting in 

particular can result in loss of cell data stability within 

the memory. For this reason, 

(1) Avoid excessive undershooting when using an 

address common bus for memory board RAMs and 

ROMs. 
(2) Since noise can be generated very easily when using 

direct drive for applying memory board RAM 

addresses from other driver boards, it is highly 
recommended that these addresses be first received 
by buffer. 

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

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

forms. 

3. CMOS MEMORY OPERATING 
PRECAUTIONS 

3.1 Latch-Up 

If the CMOS memory input signal level exceeds the 
Vcc power line voltage by +0.3 V, or drops below the 
ground potential by -0.3 V, the latch-up mechanism 
may be activated. And once th is latch-Up mode has 

been activated, the memory power has to be switched 
off before normal operating mode can be restored. 

Destruction of the memory element is also possible if 
the power is not switched off. 

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

3.2 Battery Back-Up 

Take special note of the following 4 points when 

design ing battery back-up systems. 

11) Do not permit the input signal H level to exceed 

Vcc +0.3 V when the memory Vcc power is dropped. 

To achieve this, it is recommended that a CMOS 
driver using a Vcc power common with the CMOS 

memory, or an open collector buffer Or open drain 

buffer pulled-up by a Vcc power common with the' 
CMOS memory be used for driving purposes. 

(2) Set the chip select input signal CE to the same H 

level as the CMOS memory Vcc power line. And in 

order to minimize memory power consumption, set 
the write enable input WE level, the aJdress input 

and the data input to either ground level or to the 

same H level as the CMOS memory Vee power line. 
(3) Make sure that the CMOS memory Vee power line is 

increased without "ringing" or temporary breaks 
when restoring the battery back-up mode. 

(4) When using synchronous type CMOS memories 

(MSM5115, MSM5104), make sure that accessing 
occurs after elapse of the chip enable off time (tcc) 
prescribed in the catalog after the Vcc power line 
has reached the guaranteed operating voltage range. 

For further details, refer to "CMOS Memory Battery 

Back-up" at the end of this manual. 
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MASK ROM CUSTOMER PROGRAM 
SPECIFICATIONS 

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

1. USABLE MEDIA 
(1) Magnetic tape 

(2) EPROM 

Magnetic tape and EPROM are used as standard. 

2. MAGNETIC TAPE SPECIFICATIONS 
2.1 Use the following types of magnetic tape in mag
netic tape units compatible with IBM magnetic tape 

units. 

(1 ) Length: 2400 feet, 1200 feet or 600 feet 
(2) No label 
(3) Width: 1/2 feet 

(4) Channels: 9 channels 
(5) Bit density:800BPI standard, although 1600BPI 

can also be employed. 
(6) Block size: Integer multiples of 256 bytes 

possible with 256 bytes as standard. 
1 block, 1 record is standard. 

2.2 Magnetic tape format 
(1) The data for a single chip should not extend into 
several tapes. Data for several chips are allowed to be 
included in a single magnetic tape, multiple file format 
being permitted. In this case, include the data of a 
single chip in one file. 
(2) Use tape marks for file partitions when employing 
multiple file formats. 
(3) Denote the completion of a magnetic tape file by 
two successive tape marks. 

2.3 Magnetic tape data format 
(1) The data contained in a single file on magnetic tape 
must be inserted from the head address (OOOO)hex of 
the device up to the final address in succession for a 
single chip. 
(2) In this case, the LSB of the data should correspond 
to Do, and the MSB to 0,. 
(3) "1" bits in the data denote high device output, 
while "0" denotes low output. 

2.4 Magnetic tape examples 

Multi-file format (m chips) 
*: tape mark 

B 

,;", (( H H-I I ~ I 0 1-chip data file 1 * T File m 

I - - - -/ - - ---I - ---
I I I (~ I I 
R R R R R 

Block 1 G Block 2 G Block 3 G G 
Block n-1 G Block n 



II 
• MASK ROM CUSTOMER PROGRAM SPECIFICATIONS .---------

3. EPROM SPECIFICATIONS 
(1) MSM2764A. MSM27128A. MSM27256 or Intel 

2764A. 27128A. 27256 equivalent device may be 
used. 

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

User's 
ROM data 

ROM data 
check list 

Mask ROM 
automatic 

designing program 

I"~,,,,;o,~>y_e_s ____ --,-__________ --,~ 

Test 
sampling 

I 
I 
I 
I 

I 
I 
I 
I 
I 

Engineering I 

sample : 
shipment TAT' I 

Mask ROM 
manufacture 

r-------------------------- -_._- ---, , , 

I ' .. m;,,,;o, --N-0Y~ ------ ----------,--_-_-_-_-_-_--"'--__ ---, 
Mass 

production 

Production 
shipment I 

I 
TAT' I 

Shipment 
I 
I 

¢==J c) 
User Oki Electric 

'TURN-AROUND-TiME 

[I 
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TERMINOLOGY AND SYMBOLS 

1. PIN TERMINOLOGY 

Term EPROM Mask ROM EEPROM Static RAM Dynamic RAM 

Power Supply Voltage Pin 
Vee, Vpp VCC Vee vce vDD, VCC 

Address Input Pin Ao~A16 Ao - A17 Ao~A12 Ao ..... A14 Ao -AlO 

Data Input Pin 01 DIN,D9 

Data Output Pin OO~O15 Do - DIS DO DOUT,09 

Data Input/Output Pin 
I/OO~ 

I/O, - 1/0, DOl~D08 
1/07 

Chip Enable Pin CE CE eE CEI, CE2 

- -
Output Enable Pin OE OE OE OE OE 

Address Enable Pin 

-
Chip Select Pin CS CS 

Write Enable Pin WE WE WE 

Row Address Strobe Pin RAS 

Column Address Strobe Pin CAS 

Program Enable Pin PGM, Vpp 

Data Valid Pin 

Clock Input Pin 

Ground Pin VSS VSS VSS VSS VSS 

Vacant Terminal NC NC NC 



II 
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2. ABSOLUTE MAXIMUM RATINGS 

Term EPROM Mask ROM EEPROM Static RAM Dynamic RAM 

Vee, Vpp Vee Vee Vee VDD, Vee 

Power supply voltage 

VSS VSS VSS VSS VSS 

Terminal voltage VT VT VT 

Input voltage VI VI VI VI VI 

Output voltage Vo Vo Va Vo Vo 

Input current 

Output current 10 

Output short circuit current lOS 

Load capacitance 

Power dissipation Po Po PD Po Po 

Operating temperature Topr Topr Topr Topr Topr 

Storage temperature Tstg Tstg Tstg Tstg Tstg 



-----------------. TERMINOLOGY AND SYMBOLS. 

3. RECOMMENDED OPERATION CONDITIONS 

Term EPROM Mask ROM EEPROM Static RAM Dynamic RAM 

Vee, vpp Vee vcc vcc VDD,VCC 

Power Supply Voltage VBB 

VSS Vss VSS Vss Vss 

"H" Clock Input Voltage VIHC 

"H" Input Voltage VIH VIH VIH VIH VIH 

"L" Input Voltage VIL VIL VIL VIL VIL 

Data Retention Voltage VCCH 

Lead Capacitance CL CL CL CL 

Fan-out N N N 

Operating Temperature Topr Topr Topr Topr Topr 

25 
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4. DC CHARACTERISTICS 

Term EPROM Mask ROM EEPROM Static RAM Dynamic RAM 

"H" output voltage VOH VOH VOH VOH VOH 

"L" output voltage VOL VOL VOL VOL VOL 

"H" output current 10H IOH IOH 10H IOH 

"L" output current IOL IOL IOL IOL IOL 

Input leakage current III III III III III 

Output leakage current ILO ILO ILO ILO ILO 

1/0 leak current ILO 

Program terminal current IpP1. lpP2 

Peak power on current IpO 

ICC·ICC1. ICCA.ICCS ICCA.ICCS. ICCS.ICCS1 IDD1. ICC1. IBB1 

Power supply current ICC2 ICCS1 ICCS1 ICCA IDD2. ICC2. IBB2 

IDD3. ICC3. IBB3 

IDD4. ICC4. IBB4 

26 
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5. AC CHARACTERISTICS 

(1) Read cycle 

Term 

Read cycle ti me 

Address access time 

Chip select access time 

Chip enable access time 

Output enable access time 

Output setting time 

Output valid time 

Output disable time 

Address set-up time 

Address hold time 

Chip enable off time 

Chip enable pulse width 

Power-up time 

Power-down time 

Address enable pulse width 

Data val id access ti me 

Data valid delay time 

Clock delay ti me 

Clock pule width 

Clock delay time 

Output delay time 

Output access time 

Output hold time 

Address enable set-up time 

EPROM Mask ROM 

tc 

tACC tAA 

tcs 

tCE tACE 

tOE tco 

tLZ 

tOH 

tDF tHZ 

tpu 

tpD 

EEPROM Static RAM Dynamic RAM 

tRC tRC tRC 

tM tAC tAA 

tco 

tCE tCD 

tOE tOE tOEA 

tLZ, tOLZ tcx, tox 

tOH tOHA 

tHZ, tOHZ tOTD,tCTD tOFF, tOEZ 

tAS tASR, tASC 

tRAH,tCAH 

tRAS' tCAS' twp 

tRCD' tRAD 

27 
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(2) Write Cycle 

Term EPROM EEPROM Static RAM Dynamic RAM 

Write cycle time twc twc tRC 

Address set-up time tAS lAS tAS tASR,tASC 

Write pulse width tpwtOPW twp,ICW tw twp 

Write recovery time tWR 

Data set-up time tos tDS tos tos 

Data hold time tDH tDH tOH tOH 

Output oft-time tDFP tOTW tOFF 

Address hold time tAH tAH tRAH' tCAH 

Chip enable off time 

Chip enable pulse width tcw 

Write enable set-up time tcs 

Write enable read time 

Write enable hold time tCH 

Address/write enable setting time 

Write enable output activation 

CE set-up time tCES tcs 

OE set-up time tOES tOES 

Data valid from OE tOE 

Vpp power set up time tvs 

Output enable hold time tOEH 

Data latch time tDL 

Data load time tPL 

28 
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----------------------------------------------------------.PACKAGING. 

PACKAGING 
PACKAGES 

RS GS JS ZS AS KS/YS 
Name PLASTIC 

PLASTIC SOP/ QF) (PLCC)/ 
DIP/PLASTIC PLASTIC DIP CERDIP MODULE 

SKINNY DIP 
PLASTIC QFP PLASTIC SO) 

fill 
MSM3764A DIP16-P-300 - QFJ18-P- - - -R290 

MSM41256A DIP 16-P-300 - QFJ18-P- - - -R290 

MSM41257A DIP16-P-300 - QFJ18-P- - - -R290 

MSM41464 DIP18-P-300 - . - - -
MSM51C256 DIP16-P-300 - . - - -

MSM511000A DIP18-P- - SOJ26-P- ZIP20-P-400 - -
MSM511001A 300-W1 300 

MSM511002A 

MSM514256A DIP20-P- - SOJ26-P- ZIP20-P-400 - -
MSM514258A 300-W1 300 

MSM514100 DIP18-P-400 - SOJ26-P- ZIP20-P- - -
MSM514102 350 400-W1 

MSM514400 DIP20-P-400 - SOJ26-P- ZIP20-P- - -
MSM514402 350 400-W1 

MSC2304(8) 
30 PIN - - - - - SIMM/SIMP 

MSC2304(9) - - - - - 30 PIN 

MSC2307(9) SIMM/SIMP 

MSC2312A(9) - - - - - 30 PIN 

MSC2313A(8) SIMM/SIMP 

MSC2320A(9) - - - - - 72 PIN 

MSC2321 A( 18) SIMM 

MSC2328A(2) 
30PIN - - - - - SIMM/SIMP 

MSC2340(9) 
30PIN - - - - - SIMM/SIMP 

MSM5165AL DIP28-P-600 
SOP28-P-
430-K - - - -

MSM5188 
DIP22-P-
300-S1 - - - - -
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PACKAGES 

RS GS JS ZS AS KS/YS 
Name PLASTIC 

DIP/PLASTIC 
PLASTIC SOP/ QFJ (PLCC)/ 

PLASTIC DIP CERDIP MODULE 

SKINNY DIP 
PLASTIC QFP PLASTIC SOJ 

MSM51257L DIP28-P-600 SOP28-P- - - - -
MSM51257AL 430-K 

MSM51257ALL 

MSM51256 

MSM3864 DIP28-P-600 - - - - -
MSM38128A 

MSM38256 

MSM38256A 

MSM53256 DIP28-P-600 - - - - -

MSM531000 DIP28-P-600 
QFP60-P- - -1519-VK - -

MSM531001 DIP32-P-600 - - - - -
MSM534000 DIP40-P-600 - - - - -
MSM534000A 

MSM534001A DIP32-P-600 

MSM534002A DIP40-P-600 

MSM2764A - - - - WDIP28-G- -
MSM27128A 600 

MSM27256 

MSM27512 

MSM271000 - - - - WDIP32-G-
600 

-

MSM271024 - - - WDIP40-G-- 600 
-

MSM27C256 DIP28-P-600 - - - WDIP28-G- -
MSM27C256H 600 

MSM27Cl024 - - WDIP40-G-- - 600 -

MSM27C2000 - WDIP32-G-- - - 600 -

MSM27C2048 - - WDIP40-G-- - 600 -
MSM2764AZB DIP28-P-600 - - - - -
MSM27128AZB 

MSM27256ZB 

MSM27512ZB 



----------------------------------------------------------.PACKAGING. 

PACKAGES 

RS GS JS ZS AS KS/YS 
Name PLASTIC 

PLASTIC SOPI QFJ (PLCC)I 
DIPiPLASTIC PLASTIC DIP CERDIP MODULE 

SKINNY DIP 
PLASTIC QFP PLASTIC SOJ fI 

MSM271000ZB DIP32-P-600 - - - - -
MSM271024ZB DIP40-P-600 - - - - -
MSM27C256ZB DIP28-P-600 - - - - -
MSM27C256 
HZB 

MSM16811 DIP8-P-300 SOP8-P-250- - - - -
MSM16811P K 

MSM16911 

MSM16911P 

MSM16812 DIP8-P-300 8PIN - - - -
PLASTIC 

MsM16912 SOP* 

MSM28C16A DIP24-P-600 - - - - -
MSM28C64A DIP28-P-600 

SOP28-P-
430-K - - - -

MM28C256 DIP28-P-600 - - - - -
MSM514212 - - - ZIP28-P-400 - -
MSM514221 

DIP16-P- SOJ26-P-
ZIP20-P-400 

300-W1 - 300 - -
MSM514252 - - - ZIP28-P-400 - -
MsM51C262 

24PIN 
* - - - PLASTIC ZIP - -

MsM514201 - - QFJ 18-P- - - -R290 

33 
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PLASTIC DIP 
8 PIN PLASTIC DIP 

DIP18-P-300 

16 PIN PLASTIC DIP 

DIP16-P-300 

16 PIN PLASTIC DIP 

DIP16-P-300-W1 

34 
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19.10:tO.30 

O.992±O,10 1.27±O,10 

1:'·62U ol 

DtDDDtD ; ~I E1 
V vT~ 1 i' ~ 

o~L ~5 ~50".': I5 ® ~ff 0-15. 
\ Seating Plana 



• PACKAGING. 

PLASTIC DIP 
18 PIN PLASTIC DIP 

DIP18-P-300 @ @ fI 0 I 
® 

Index Mark 

22. BO±(). 30 

1:,62U I ,. 

~r:l 1. 14TY? 

18 PIN PLASTIC DIP 

DIP18-P-300-W1 @ @ 

0 J 
(i) ® 

Index Mark 
22. 60±Q. 30 

1,',62U I i(l 

~~ 1,14TYP 

18 PIN PLASTIC DIP 
@ @ 

DIP18-P-400 

J 0 

(i) ® 
Index Mark 

22. 60:tG, 30 

r:1 i(l ,. 
ill ~ 

~n 
.; ..; 

"' '( 

1.14TYP 
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• PACKAGING .1----------------------_ 

PLASTIC DIP 
20 PIN PLASTIC DIP 

DIP20-P-300-W1 

/0 
/lndaxMark 

@ 

24.40tO.30 

O.BB5±010 1.27±O.10 ~ 1:762~'30 I 

20 PIN PLASTIC DIP 

DIP20-P-400 

J[ J JDDDDD,lii El 
~ VV~ ~.~~i' '" 

0.762'YP _I 1 1,.54±0.25 4+110~'50=~.!.'Cj1O 1M" ~ ®~ i02S ?fJ.,S ~+-- ~ ~S 0-15' 

Seating PIa .. 

@ 

f?p °1 /J50=cr=o=n=r=;=;~~@ 
/l'ndax Mark 

24.. 4OtO. 30 

O.a8S±O.10 ·111.27~.1O t~~ 
J[ ] JDDDDD ~ ~ 

o~_~n~~l~~ 
Seating PIa .. 

22 PIN PLASTIC SKINNY DIP 

DIP22-P-300-S 1 @ @ 

i:::::::~JI 
26. 9O±O. 30 

1.119±O.10 1.27±O,lQ 

::J t ::J 0 D t 

~ ~~~ ;1 
O.50±O.10 •. 25 ® M 

Seating Plano 
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---------.PACKAGING. 

PLASTIC DIP 
24 PIN PLASTIC DIP 

DIP24-P-600 

28 PIN PLASTIC DIP 
® @ 

I-----DIP28-P-600----l ~~ ~~ ~ ~ ~ ~ ~ ~ ~ ~] I 
CD @ 

32 PIN PLASTIC DIP 

DIP32-P-600 
@ @ 

~~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ]1 
41.7QjO.30 

~~~~I ~. I ".2~.~ I 

~~ ~ 
...... 10 ,,. "~ !~.~-P.1$ Jl-

t. ~ 0-15" 

Seati Plane 
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_PACKAGING __ -------

PLASTIC DIP 
40 PIN PLASTIC DIP IJ DIP40-P-600 

38 

e~ ~ ~~~ ~ ~ ~ ~ ~~ ~ ~: ~~ ~ ~ ~jJ 
52.~.3D 

Seating Plane 



--------------------------------------------------------.PACKAGING. 

PLASTIC SOP/QFP 
8 PIN PLASTIC SOP 

SOP8-P-250-K 

28 PIN PLASTIC SOP 

SOP28-P-430-K 

Index Mark 

SelltingPla ... 

60 PIN-V PLASTIC QFP 

QFP60-P-1519-VK 

.00±O.30 

, 
O.35:t{l.10~~~ 

lB.50±O.30 

0.UJ'0.10 0.25 ® 

iGl ill 
~ :fi "'21 ~3 1?? 

CI"IiIiIi"Ii~Ii)~~ ~~~O-IO' 
c 0.30 ~'!:I 

??I O. 8S±O. 20_ 

~: 

Vent Hole 
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.PACKAGING.~-------------------------------------------------------

PLASTIC SOJ 
26 PIN PLASTIC SOJ 

SOJ26-P-300 

Index Mark 

Seating Plane 

26 PIN PLASTIC SOJ 

SOJ26-P-350 

Index Mark 

Seating Plane 

40 

17. 15±0.20 

@ @ @ 

1$10.18 ®I 



• PACKAGING. 

PLASTIC QF 
18 PIN PLCC J (P L C C) 

QF J 18-P-R290 fI 

Seating Plo ... 

41 



.PACKAGING.,--------------------------------______________________ __ 

PLASTIC ZIP 
20 PIN PLASTIC ZIP 

ZIP20-P-400 25.50<0.30 

o 
o 

20 PIN PLASTIC ZIP 

ZIP20-P-400-Wl 25.50<0.30 

"I 
0 

0 

@) 

28 PIN PLASTIC ZIP 

ZIP28-P-400 36.00<0.30 

I' 

42 

Plane 
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~ : 
+0.15 

0.25+0.05 

2.~ 30 

2.80<0 25 

~ 
2. 4±0 30 

"I 

Plane 

g g 
..; 

~ 
0 
g 
..; 

+0.15 
0.25+0.05 

2.~ 30 

~ ~ 
0' 

g g 
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------------.PACKAGING. 

CERDIP 
28 PIN CERDIP 

WDIP28-G-600 

32 PIN CERDIP 

WDIP32-G-600 

40 PIN CERDIP 

WDIP40-G-600 

53.5OI1AX I 15.24:*0.30 
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.PACKAGING.--------------------------------------------------------

MODULE SIMM/SIMP 
30 PIN SIMM (FOR MSC2304/2307YS(9) 

88.9 

3.38 82.14 

Chip capacitor 

z 
i 

00 .... 
N"'! 
N"" 

fl-t{).15 
1.271-000 

(UNIT: mm) 

30 PIN SIMM (FOR MSC2304/2307KS(9) 

3.38 
88.9 .AX 

82.14 tr 
000JJ030 ~~ 

=-=--l·II-· 22!.W- II +0.1 3 

Seating Plane -II- 0.27 -0.0 7 
Glass epoxy board' 

18·lead PlCC 

Chip capacitor 

(UNIT: mm) 
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-----------------------------------------------------------PACKAGING_ 

MODULE SIMM/SIMP 
30 PIN SIMM (FOR MSC2304YS(8) 

3.38 

30 PIN SIMP (FOR MSC2304KS(8) 

88.9 

82.14 

OOOJJ 
GtasswEpoxy Board 

18 pin PLCC 

Chip capacitor 

88.9 
3.3 . .::8---j.-t-______ ..:8:.:,2.:..:.l.,;.4 ______ --i 

CD .-

o~L4~~~~~~~~~~~~~~~ 

Glass-Epoxy Board 
l8pin PLCC 

Chip Capacitor 

5.08MAX 

1.27±O.13 

(UNIT: mm) 

5.08~IAX 

(UNIT: mm) 
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.PACKAGING.I---------------------------------------------------

MODULE SIMM/SIMP 
30 PIN SIMM (FOR MSC2305YS18A 

46 

cor-::=3=.=38:;;::::::::::_~=a_2'-'-·._9.:....1_4~-_-_-_-_-_-_-_-_-_-,,",\~3.,,~i~~MAX ~r 
"'::n ~ ;h ....... -'" . . 
-\OQ~ .... N 

........ \0 

.59 
73.66 

Glass-Epoxy Board 
18 pin PLCC 
Chip Capacitor 

1.78 Jl +015 
1.27 -0:08-

(UNIT:mm) 



----------------------------------------------------------.PACKAGING. 

MODULE SIMM/SIMP 
30 PIN SIMM (FOR MSC2312AYS9) 

889 
3.38 82.14 

o 

N ~1~f11 O~O 0 ~ 0 ~OOOOOO~OO 
2.03 II I I I 2.54 II 1.78 
5.59 73.66 

Glass-Epoxy substrate 

26 pin 

Chip Capacitor 

30 PIN SIMP (FOR MSC2312AKS9) 

3.38 

88.9 

82.14 

73.65 
Glass-Epoxy substrate 

26 pin SOJ 
Chip Capacitor 

o o 
o 0 

I 

p 

'" N 
N 

(UNIT: mml 

5.28 MAX. 

~ 
.11 1.27~g:6~ 

(UNIT: mml 

5.28 MAX 

~ 
~ 

0.27~:6~ 

SEATING 
PLANE 

47 
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_PACKAGING _____________________________________________________ _ 

MODULE SIMM/SIMP 
30 PIN SIMM (FOR MSC2313AYS8) I 

88.9 (UNIT: mm) 

3.38 ~----------~8=2.~14~----------~ 
1.45 MIN 5.28 MAX 

r- n 
~'l ~u~~raoru@~M1lDi5.ffilC~~"C~ cf±:::::2X 14>3.18 00 iJ1iGO~~~~Wn~~ -= ~ 
~ 1.78 JL ~ Jt27~:~~ 

7.62 2.54 ~ 

2.54 x 29 = 73.66 (BOTH SlOES) N 
R 
~ ___ Glass·Epoxy substrate 

___ 26 pin SOJ 

- __ Chip Capacitor 

30 PIN SIMP (FOR MSC2313AKS8) I 

48 

78.74 

c--I I 

V Glass·Epoxy substrate 

r .,--26 pin 

VChiP Capacitor 

5.28 MAX n IUN", ~I 

~ 
JL 

O.27~:~~ 



--------------------------------------------------------_PACKAGING_ 

MODULE SIMM/SIMP 
30 PIN SIMM (FOR MSC2331 AYS3 OR MSC2329AYS3) 

88.90±0.15 

I I 82.14±0.13 I 3.38.0. ,511--' _~---I' 

A1.SO/ ~ IT I I I ~ I 7.62:tO.15 2.54:t0.10-l ~ 
g _ I-- 2.54 X 29 .. 73.14±0.13 (Both Sides) 

2.03±0.15 

~ 1.78.0.10 ~ 

~ H a C'J 

LDDDn 
t 

Note: 
1) Substrate: Glass-Epoxy (FR-4) 
2) Chip Capacitor: Under Component (0.22 x3pcs) 
3) Contact Finish: 2.S4um Min PS/Sn Over 1.9um Min Ni 
4) Contacts are on both sides of PC Board 
5) Thickness includes plating 

30 PIN SIMM (FOR MSC2328AXXYS2) I 

~ 
88.90±0.15 I 

3.38.0.15 I--_~---I' I 82.14±0.13 

/,,3.18±O.13 

G~ 
':! 
~ ':! 11"""'1 11"""'1 ~ ~ ~ ~ .. ~I t:;,~ ~ ~ mm 
~ cD %" 0nnnr lnnnnnnnnilnnnnnrln30 

A1.SO/ ~ l1..--L7.62±O.,5 2.54'0.'0~ ~ I 
~_ ~ L' 2.54X29.73.14.0.13 (Bo1hSides) 

2.03±0.15 

i 1.78±O.10 ~ 

U) HaN 
LDDDn 
t 

Note: 
1) Substrate: Glass-Epoxy (FA-4) 
2) Chip Capacitor: Under Component (0.22 x2pcs) 
3) Contact Finish: 2.54urn Min PBlSn Over I.gum Min Ni 
4) Contacts are on both sides of PC Board 
5) Thickness includes plating 

o 5.25 MAX 

J 
II .0.10 

-II-- 1.27 +0.08 

05.25 MAX 

J 
II .0.10 

-II- 1.27 +0.08 
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-PACKAGING __ -------------------

MODULE SIMM/SIMP 
72 PIN SIMM (FOR MSC2320AYS9) I 

I' 
107.95 

~i] + 
101.19 .1 , -I-- 0.2 MIN 1.5MIN_ 

V 2-1213.18 

~ 110 ~Io ~I ~I ~ 0 110 ,.t 
l(l 

~I= .1=_0 c=J 0 
~~T 1 110 110 

2.03~ y, A157iJ 

..... ~.-~ 
127--11_ 

6.35 

95.25 
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-----------------.PACKAGING. 

MODULE SIMM/SIMP 
72 PIN SIMM (FOR MSC232 1 AYS18) I 

UI 

50-A 



.PACKAGING •• --------------------------------------------------------

MODULE SIMM/SIMP 
30 PIN SIMM (FOR MSC2340YS9) 

MSC2340YS9 

NOTE 1) SUBSTRATE GLASS EPOXY (FR-4) 

2) CONTACT PADS. Pb/Sn or Au PLATING 

3) 4M x 1 DRAM x9 pes 

30 PIN SIMP (FOR MSC2340KS9) 

MSC2340KS9 

1-0--------- 96.S2 --------..; 
88.90 

rS.28 MAX. 

82.14 

7.62 
II +01 

2.S4 MIN ....,1---0.27 - 0.05 

SEATING PLANE 
1-0---------- 73.66 ---..; 

NOTE 1) SUBSTRATE GLASS EPOXY (FR-4) 

2) CONTACT LEAD . Pb I Sn SOLDER 

3) SEATING PLANE (PAl 0.83, PITCH 2.S4) 

4) 4M x 1 DRAM x 9 pes 

50-8 
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RELIABILITY INFORMATION 

1. INTRODUCTION 

Semiconductor devices playa 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
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 8 tests: check of durability under 
thermal and mechanical envi
ron m ental 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 8 tests 
conform to the following standards. 
MIL-STD-8838, JIS C 7022, EIAJ-IC-121 
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Production 
Process 

Wafer Process 
& 

Assembly 

• Acceptance Inspection 

• Production Process Quality Control 
CD Lot Control I Equipment Conditions 

In-Process Inspection 
4 Thermal Screening 
5 Seal Test 

• Early Removal of Defective Devices 

• RELIABILITY INFORMATION. 

• Electrical Test 
• Regular Check of Measuring 

Equipment 

• Group A Test 
• Group B Test 

'-___ ,--__ --'. Group C Test 

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 

i-Re-;;;t-;;;---
: results of 

investigation 

Engineering 
Department 

Failure 
report 

Failure report & improvement 

Customer 
delivery Quality 

Assurance 
Department 

Report on 
I results of 
I investigation 

L _ ~ ~~r~v-=~e~t Manufacturing 
'---------\ Department 

Figure 3 Failure report process 

Request for 
manufacturing 
improvement 

55 



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

Service 
Failure Analysis 

• Customer I "formation Analysis 

use Quality ! t 
Quality Assurance 

& 

--
Quality Control 

Quality and Reliability I "formation 
Quality Evaluation 

• Defective Analysis 
• Reliability Engineering 
• Quality Management and Education 

• Operation Standard 
• T echn iear Standard 
• Quality Standard 
• Design Review 
• Prototype Review 

3. EXAMPLE OF RELIABILITY TEST 
RESULTS 

We have outlined the quality assurance system 
and the underlying concepts employed by Oki. 
NoW, we will give a few examples of the reliability 
tests performed during the developmental and 
production prototype stages. All reliability tests 
performed by Oki conform to the following stan
dards. 

MIL-STD-883B, JIS C 7022, EIAJ-IC-121 

Since these reliability tests must determine per
formance under actual working conditions in a 
short period of time, they are performed under 
severe test conditions. For example, the 125°C 
high temperature continuous operation test per
formed for 1000 hours is equivalent to testing 
device life from 2 to 300 years of use at Ta = 
40°C. 
By repeating these accelerated reliability tests, 
device quality is checked and defects analyzed. 
The resulting information is extremely useful in 
improving the manufacturing processes. Some 
of the more common defects in LSl elements and 
their analysis are described on next page. 
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-------------------. RELIABILITY INFORMATION. 

OKI MEMORY LSI LI FE TEST RESULTS 

~ Device name MSM511000ARS MSM514256AJS MSM511000AZS 

Function lMx 1 bit 256K x 4 bit lMx 1 bit 
DYNAMIC RAM DYNAMIC RAM DYNAMIC RAM 

------ ----
Si gate C-MOS 

Structure Si gate C-MOS Si gate C-MOS 
18P P-DIP 26PSOJ 20P ZIP 

Test item Test condition Sample Test Failures Sample Test Failures Sample Test Failures size hours Site hours size hours 

Ta=125°C 
200 2000 0 200 2000 l' 100 2000 0 

Operating Vcc = 7.0V 

life test Ta = 150°.V 
Vcc = 7.0V 100 2000 0 100 2000 0 - - -

.. _--- 1--
130°C 85% 100 120 0 100 120 0 100 120 0 Vcc = 5.5V 

I Temperature "---
humidity test 85°C 85% 

2000 I Vcc = 5.5V 400 2000 I 0 500 2000 0 200 0 
-- \---- - 1----- --

Pressure 121°C 100% 
50 500 0 50 500 0 50 5001 0 cooker test No bias i e------ - I--

Low tempera· Ta = -10°C 
60 2000 0 22 2000 0 - - I -ture life test Vcc = 7.0V 

Temperature -1l5°C - 25°C - 1000 
0 300 

1000 0 200 1000 0 cycling test 150°C 400 cycles cycles cycles 

(70min/cycle) 

Device name MSM41256ARS MSM2312YS9 MSC2304KS 
-- ---

Function 256K x 1 bit 1M x 9 bit 256K x 9 bit 
DYNAMIC RAM DYNAMIC RAM DYNAMIC RAM 

---- ------------\-

Structure Si gate N-MOS 
16P P-DIP 

Test item Test condition Sample Test Failures 
size hours 

Ta = 125°C 
Vcc = 7.0V 500 2000 0 

Operating 
life test Ta = 150°C 

Vcc = 7.0V 45 4000 0 

130°C 85% 
Vcc = 5.5V 100 120 0 

Temperature 
humidity test 

85°C 85% 
Vcc = 5.5V 300 2000 0 

Pressure 121°C 100% 
100 500 0 cooker test No bias 

Low tempera- Ta=-10°C 
60 2000 0 ture I ife test Vcc = 7.0V 

Temperature -65°C - 25°C 1000 
cycling test 150°C 200 cycles 0 

(70min/cycle) 

•. SINGLE BIT FAIL **. O°C ~ 125°C 
20 min/c 

Si gate C-MOS Si gate N-MOS 

30P SIMM 30P SIP 
--------

Sample Test Failures ample Test Failures size hours size hours 

I 
40 1000 0 , ~r~ 0 

--

- - -

! 
- - - - - -

40 1000 0 40 1000 0 

- - - - - -

- - - - - -

2000 2000 
40 cycles 0 40 cycles 0 

*. ** 
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• RELIABILITY INFORMATION .------------------

OKI MEMORY LSI LIFE TEST RESULTS 

Device name MSM51257ALRS MSM271000AS MSM534000RS 

Function 32K x 8 bit 128K x 8 bit 512Kx8bit 
STATIC RAM UV erasable EP ROM Mask ROM 

Structure Si gate C-MOS Si ~ate N-MOS Si gate C-MOS 
28P P-DIP 8P cerdip 28PP-DIP 

Test item Test condition Sample Test Failures Sample Test Failures Sample Test Failures 
size hours size hours size hours 

Operating Ta = 125°C * 
Life test Vcc=7.0V 

200 2000 0 88 2000 0 88 2000 0 

High tempera-
ture storage life Ta = 200°C - - - 100 2000 1 ** - - -

130°C 85% 50 120 0 - - - 22 120 0 
Temperature Vcc = 5.5V 

humidity test 85°C 85% * 
Vcc = 5.5V 200 2000 0 50 1000 0 80 2000 0 

Pressure 121°C 100% 50 500 0 - - - 50 200 0 
cooker test No bias 

.-
Low tempera- Ta =-lOoC 

22 2000 0 22 2000 0 22 2000 0 
ture life test Vcc = 7.0V 

Temperature -65°C-25°C 1000 500 500 0 
cycling test 150°C 200 cycles 0 100 cycles 0 100 

cycles 
(70min!cycle) 

Device Name MSM51257AGSK MSM271000zBRS MSM28C64ARS 

Function 
32K x 8 bit 128K x 8 bit 8Kx8bit 

STATIC RAM OTP EEPROM 

Structure 
Si gate C-MOS Si gate N-MOS Si gate C-MOS 

28P SOP 28P P-DIP 28P P-DIP 

Test item Test Condition 
Sample Test 

Failures 
Sample Test 

Failures 
Sample Test 

Failures 
size hours size hours size hours 

Operating Ta = 125°C * 
Life test Vcc= 5.5V 

- - - 88 2000 0 100 2000 0 

High tempera- Ta = 155°C *** 
ture storage life - - - 100 2000 0 200 2000 1 

130°C 85% * 
Temperature Vcc= 5.5V 

50 120 a 50 120 0 50 120 0 

humidity test 85°C 85% * 
Vcc= 5.5V 

200 2000 0 100 2000 0 100 2000 0 

Pressure 121°C 100% 
50 300 0 22 300 0 22 300 0 

cooker test No bias 

Low tempera- Ta=-10oC 
22 2000 0 22 2000 0 

ture life test Vcc=7.0V 
- - -

Temperature -65°C - 25°C - 200 500 0 100 500 0 100 500 0 
cycling test 150°C (70 min/cycle) 

* : Vcc = 5.25V **: Charge loss fail 
***: Charge loss fail (high temperature storage test after 10k W/E cycles test atTa = 25°C) 
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OKI MEMORY LSI ENVIRONMENTAL TEST RESULTS 

~ 
Device name MSM511000ARS MSM514256AJS i MSM511 OOOAZS 

Test condition Sample Failures Sample Failures Sample Failures 
size size size 

Soldering 260°C 
heat 10 sec 

Thermal 
O°C-lOO°C 

Thermal shock 5min 5 min 22 0 22 0 22 0 
environmental 

10 cycles 

test Temperature -65"C - RT - i 50°C 
30min 30mi,; 

cycling 20 cycles 

HI 
Variable 100Hz-2000Hz 

frequency 4 min per cycle 
vibration 4 times in X, Y, Z 

Mechanical 1500G, 0.5 ms, 22 0 

I 
22 0 22 0 

environmental Shock 5 times in each 
test X, Y,Z 

Constant 20oo0G 
acceleration 1 min in each X, Y, Z 

Electrical 100pF, 1.5kfl, 5 times Environmental ESD 10 0 10 0 10 0 
test ±l000V 

~ 
Device name MSM41256ARS I MSC2312YS9 MSC2304KS9 

-_. 

Test condition Sample Failures Sample Failures Sample Failures 
size size size 

Soldering 260°C 
heat 10 sec 

Thermal 
0°C-100°C 

shock 
5 min 5 min 

I 
Thermal 10 cycles * * 

environmental 22 0 22 

I 
0 22 0 

test 

Temperature -65°C - RT - 150°C 
I 30 min 30min 

cycling 20 cycles 

Variable 100Hz-2000Hz 
frequency 4 min per cycle 
vibration 4 times in X, Y, Z 

Mechanical 
1500G, 0.5 ms, 

Shock 5 times in each 
environmental X,Y,Z 22 0 - - - -

test 
Constant 10oo0G or 20000G 

acceleration 1 min in each X, Y, Z 

Electrical 
100pF, 1.5kfl, 5 times environmental ESD 10 0 - - - -

test ±l000V 

*. TEMPERATURE CYCLING: -40°C - 2SoC - 12SoC (20 cycles) 
(30 min) (30 min) 
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OKI MEMORY LSI ENVIRONMENTAL TEST RESULTS 

~ 
Device name MSM51257ALRS MSM271000AS MSM534000RS 

Test condition Sample Failures Sample Failures Sample Failures 
size size size 

Soldering 260°C 
heat 10 sec 

11 
Thermal 

0°C-l00°C 
5 min 5 min 

shock 10 cycles 
Thermal 

environmental 22 0 22 0 22 a 
test 

Temperature -65°C - RT - 150°C 
30min 30 min 

cycling 20 cycles 

Variable 100Hz-2000Hz 
frequency 4 min per cycle 
vibration 4 times in X, Y, Z 

Mechanical 1500G,0.5ms, 

environmental Shock 5 times in each 
22 0 22 a 22 0 

test 
X, Y,Z 

Constant 10000G or 20000G 
acceleration 1 min in each X, Y. Z 

Electrical 
l00pF, 1.5kO, 5 times environmental ESD 10 0 10 0 - -

test ±loooV 

~ 
Device name MSM51257AGSK MSM27000ZBRS MSM28C64ARS 

Test condition 
Sample 

Failures 
Sample 

Failures 
Sample 

Failures 
size size size 

Soldering 260°C 
heat 10 sec 

Thermal 
aoc -100°C 

Thermal 5 min 5 min 
environmental shock 

10 cycles 22 0 22 0 22 a 
test 

Temperature 
-65°C - RT - 150°C 

30min 30 min 
cycling 

20 cycles 

Variable 100Hz - 2000Hz 
frequency 4 min per cycle 
vibration 4 times in X, y, Z 

Mechanical 1500G, 0.5 ms, 
environmental Shock 5 times in each 22 a 22 0 22 0 

test X,Y,Z 

Constant l0000G or 20000G 
acceleration 1 min in each X, Y, Z 

Electrical 
l00pF, 1.5kO, 5 times 

environmental ESD - - - - 10 a 
test 

±loooV 
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HIGH TEMPERATURE OPERATING LIFE TEST 
MSM511000ARS Ta = 25°C Sample size 200 

0 48 168 500 1000 2000 

MAX. 54.60 54.60 54.40 54.60 54.40 54.40 

MIN. 50.60 50.40 50.20 50.40 50.40 50.60 

ICC1 rnA MEAN 52.85 52.86 52.89 52.87 52.66 52.76 

S.D. .87 .85 .84 .87 .92 .88 

DEL. 0.00 0.00 0.00 0.00 0.00 0.00 

MAX. 1.0200 1.0200 1.0200 1.0200 1.0400 1.0400 

MIN. .4780 .4800 .4800 .4820 .4860 .4800 

ICC2 rnA MEAN .5586 .5603 .5626 .5615 .5562 .5627 

S.D. .0756 .0741 .0732 .0750 .0765 .0747 

DEL. 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

MAX. 68.0 68.0 68.0 68.0 68.0 68.0 

MIN. 61.0 60.0 60.0 61.0 60.0 61.0 

TRAC ns MEAN 64.8 64.6 64.6 64.7 64.5 64.7 

S.D. 1.6 1.7 1.7 1.7 1.7 1.7 

DEL. 0.0 0.0 0.0 0.0 0.0 0.0 

MAX. 21.0 21.0 21.0 21.0 21.0 21.0 

MIN. 19.0 19.0 . 19.0 19.0 19.0 19.0 

TCAC ns MEAN 20.4 20.3 20.3 20.3 20.3 20.3 

S.D. .6 .6 .6 .6 .6 .6 

DEL. 0.0 0.0 0.0 0.0 0.0 0.0 

TRAC TCAC 
ns ns 

74 42 

68 

f---- 1----1 ----1--- -1----1 
34 

62 26 

56 18 
1'----I--- -:I----~----I----,! 

0 48 168 500 1000 2000 0 48 168 500 1000 2000 

Time(H) Time (H) 

ICC1 ICC2 
mA mA 

56 1.6 

52 1---1----1----1---1---I 1.2 

48 .8 I----I----I----r----I---~I 44 .4 

0 48 168 500 1000 2000 0 48 168 500 1000 2000 

Time (H) Time (H) 
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HIGH TEMPERATURE OPERATING LIFE TEST 
MSM511000ARS Ta = 25°C 

0 48 

MAX. 25.0 25.0 

MIN. 22.0 22.0 

TRP ns MEAN 24.0 24.0 

S.D. .8 .8 

DEL. 0.0 0.0 

MAX. 4096.0 4096.0 

MIN. 787.0 774.0 

TREF ms MEAN 2933.3 2915.1 

S.D. 1313.0 1451.9 

DEL. 0.0 0.0 

MAX. 3.320 3.310 

MIN. 3.070 3.060 

VeeM11'+- V MEAN 3.167 3.162 

S.D. .056 .057 

DEL. 0.000 0.000 

MAX. 7.000 7.000 

MIN. 7.000 7.000 

Vee MAX V MEAN 7.000 7.000 

S.D. 0.000 0.000 

DEL. 0.000 0.000 

V 
VccM1N 

V 

4 9 

3 :i----~----I--- - I---- i: --- - i: 
8 

Sample size 200 

168 500 1000 2000 

25.0 25.0 25.0 25.0 

22.0 22.0 22.0 22.0 

23.9 23.9 23.9 23.9 

.9 .8 .9 .8 

0.0 0.0 0.0 0.0 

4096.0 4096.0 4096.0 4096.0 

983.3 803.0 876.0 844.0 

3015.6 2951.7 3013.6 2988.6 

1246.6 1287.2 1273.4 1290.9 

0.0 0.0 0.0 0.0 

3.290 3.300 3.300 3.290 

3.050 3.050 3.050 3.050 

3.156 3.159 3.154 3.155 

.056 .055 .055 .055 

0.000 0.000 0.000 0.000 

7.000 7.000 7.000 7.000 

7.000 7.000 7.000 7.000 

7.000 7.000 7.000 7.000 

0.000 0.000 0.000 0.000 

0.000 0.000 0.000 0.000 

VccMAX 

2 7 *-- - -x---- *-- --J( - ---iC---- iC 

6 

0 48 168 500 1000 2000 0 48 168 500 1000 2000 
Time (H) Time (H) 

TRP TREF 
ns ms 

50 4000 

---- j----- ----[---1 
40 3000 ----

30 2000 

1--- -1----1--- - I -- --I---- I 
20 1000 

0 48 168 500 1000 2000 0 48 168 500 1000 2000 
Time (H) Time (H) 
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HIGH TEMPERATURE OPERATING LIFE TEST 
MSM511000ARS Ta = 25°C 

0 48 

MAX. 1.100 1.100 

MIN. .940 .940 

VILA V MEAN 1.047 1.047 

S.D. .028 .028 

DEL. 0.000 0.000 

MAX. 1.700 1.710 

MIN. 1.560 1.560 

VIHA V MEAN 1.656 1.656 

S.D. .027 .027 

DEL. 0.000 0.000 

MAX. 1.330 1.330 

MIN. 1.040 1.040 

VILC V MEAN 1.166 1.165 

S.D. .061 .062 

DEL. 0.000 0.000 

MAX. 1.940 1.940 

MIN. 1.770 1.780 

VIHC V MEAN 1.876 1.876 

S.D. .032 .032 

DEL. 0.000 0.000 

V 
VILC 

V 

1.48 2.24 

1.32 

I----1----1---}---1 ----I 
2.08 

1.16 1.92 

1.76 

0 48 168 500 1000 2000 
Time (H) 

VILA 
V V 

1.2 1.8 

1.1 fttl-Y--f 1.7 

1.6 

.9 1.5 

0 48 168 500 1000 2000 
Time (H) 

Sample size 200 

168 500 1000 2000 

1.100 1.100 1.100 1.200 

.930 .940 .940 .950 

1.047 1.042 1.045 1.046 

.029 .028 .028 .029 

0.000 0.000 0.000 0.000 

1.710 1.710 1.710 1.710 

1.570 1.560 1.560 1.560 

1.656 1.656 1.658 1.656 

.027 .027 .028 .027 

0.000 0.000 0.000 0.000 

1.330 1.330 1.330 1.330 

1.040 1.040 1.040 1.040 

1.168 1.166 1.160 1.163 

.062 .060 .057 .060 

0.000 0.000 0.000 0.000 

1.940 1.940 1.940 1.940 

1.780 1.780 1.770 1.770 

1.878 1.877 1.877 1.876 

.031 .032 .032 .031 

0.000 0.000 0.000 0.000 

VIHC 

1----1----1----1----1----1 

0 48 168 500 1000 2000 
Time (H) 

VIHA 

1----1----1 ----i----i----I 

0 48 168 500 1000 2000 
Time (H) 
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4. SEMICONDUCTOR MEMORY 
FAILURES 

The life-span characteristics of semiconductor 
elements in general (not only semiconductor Ie 
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 

Initial SHIPPING 
1 failure ~ 

Wear-out 

S 
Random ___ ... ...:f""ailure 
failure '" a: 

e .= 
'iii 
LL 

\ 
\ 

m>l 
\ 
\ , 

\ , .. 
m<l. 

General / 
electronic / 
devices // 

___ ~':.l __ J--/ 
'-v-" -+ Time 

Debugging by burn-in Semiconductor 
screening elements 

1) Surge Destruction 

I 

This is destruction of the input/output stage cir
cuits by external surge currents or static elec
tricity. The accompanying photograph shows a 
pOint of contact between aluminum and poly
silicon that has been dissolved by a surge cur
rent. A hole has formed in the substrate silicon, 
leading to a short circuit. This kind of failure is 
traceable in about 30% of defective devices re
turned to the manufacturer. Despite miniaturiza
tion of semiconductor memory component ele
ments (which means the elements themselves 
are less resistant), these failures usually occur 
during assembly and other handling operations. 
At Oki, all devices are subjected to static elec
tricity intensity tests (under simulated operation-

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. 

...... AI 

Alu~num .wl1'4:.$G7R~ 
~' Input section 

. , __ , 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 10 cm 
through miniaturization. However, the size of 
dust and scratches stays the same. At Oki, a 
high degree of automation, minimizing human in
tervention in the process, and unparalleled 
cleanliness, solves this problem. 

Photolithographic Defect 
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5) Aluminum Corrosion 
Aluminum corrosion is due to electrolytic reac
tions caused by the presence of water and 
minute impurities. When aluminum dissolves, 
lines break. This problem is unique to the plastic 
capsules now used widely to reduce costs. Oki 
has carefully studied the possible cause and 
effect relationship between structure and manu
facturing conditions on the one hand, and the 
generation of aluminum corrosion on the other. 
Refinements incorporated in Oki 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. 

P 

/" ++---

.. ,,·partlcle 
IOnizatIon along 
the ,,·particle path 

Package ceramic 
cover 

Substrate sil icon 

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 

+VG • ~
VD 

G~ : 
Source Hot electrons 

Substrate silicon 

Characteristic deterioration caused 
by hot electrons 

Drain 

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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D MOS DYNAMIC RAMS 

MSM3764A 

MSM41256A 

MSM41257A 

MSM41464 

MSM51C256 

MSM511000A 

MSM511001A 

MSM511002A 

MSM514256A 

MSM514258A 

MSM514100 

MSM514102 

MSM514400 

MSM514402 

MSC2304YS8-KS8 

MSC2304YS9-KS9 

MSC2307YS9-KS9 

MSC2312A-XXYS9/KS9 

MSC2313A-XXYS8/KS8 

MSC2320A-XXYS9 

MSC2321 A-XXYS 18 

MSC2328A-XXYS2/KS2 

MSC2340-XXYS9/KS9 

65,536-Word x 1-Bit RAM (NMOS) <Page Mode> ........ 69 

262, 144-Word x 1-Bit RAM (NMOS) <Page Mode> ....... 85 

262, 144-Word x 1-Bit RAM (NMOS) <Nibble Mode> ..... 100 

65,536-Word x 4-Bits RAM (NMOS) <Page Mode> ...... 116 

262, 144-Word x 1-Bit RAM (CMOS) .................. 131 

1 ,048,576-Word x 1-Bit RAM (CMOS) <Fast Page> ..... 147 

1 ,048,576-Word x 1-Bit RAM (CMOS) <Nibble Mode> ... 162 

1 ,048,576-Word x 1-Bit RAM (CMOS) <Static Column> ., 177 

262, 144-Word x 4-Bits RAM (CMOS) <Fast Page> ...... 191 

262, 144-Word x 4-Bits RAM (CMOS) <Static Column> .. , 205 

4, 194,304-Word x 1-Bit RAM (CMOS) <Fast Page> ..•.•• 220 

4, 194,304-Word x 1-Bit RAM (CMOS) <Static Column> •.• 234 

1 ,048,576-Word x 4-Bits RAM (CMOS) <Fast Page> ..•.. 248 

1 ,048,576-Word x 4-Bits RAM (CMOS) <Static Column> .. 262 

262,1 44·Word X 8·Bits RAM (NMOS) <Page Mode> (MODULE) .••••.. 277 

262,1 44-Word x 9-Bits RAM (NMOS) <Page Mode> (MODULE) •...... 292 

262, 144,word x 9-8its RAM (NMOS) <Nibble Page Mode> (MODULE) .. 307 

1 ,048,576-Word x 9-Bits RAM (CMOS) (MODULE) ..... 321 

1 ,048,576-Word x 8-Bits RAM (CMOS) (MODULE) ..... 331 

262, 144-Word x 36-Bits RAM (MODULE) . . . . . . . . . . . .. 341 

524,288-Word x 36-Bits RAM (MODULE) ............. 351 

262,144-Word x 8-Bits RAM (MODULE) .............. 360 

4, 159,300-Word x 9-Bits RAM (CMOS) (MODULE) ..... 370 



OKI semiconductor 

MSM3764 A 
65,536-BIT DYNAMIC RANDOM ACCESS MEMORY (E3-S-004-32l 

GENERAL DESCRIPTION 

The Oki MSM3764A is a fully decoded, dynamic NMOS random access memory organized as 65536 one-bit words. 
The design is optimized for high-speed, high performance applications such as mainframe memory, buffer memory, 

peripheral storage and environments where low power dissipation and compact layout is required. 

Multiplexed row and column address inputs permit the MSM3764A to be housed in a standard 16 pin 
DIP or 18 pin PLCC. Pin-outs conform to the JEDEC approved pin out. 

The MSM3764A is fabricated using silicon gate NMOS and Oki's advanced Double-Layer Polysilicon process. This 
process, coupled with single-transistor memory storage cells, permits maximum circuit density and minimum chip 
size. Dynamic circuitry is employed in the design, including the sense amplifiers. 

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

FEATURES 

.65,536 x 1 RAM, 16 or 18 pin package 
• Silicon-gate, Double Poly NMOS, single transistor cell 

• Row access time, 
120 ns max (MSM3764A-12) 
150 ns max (MSM3764A-15) 

• Cycle time, 
220 ns min (MSM3764A-12) 
260 ns min (MSM3764A-15) 

• Low power: 330 mWactive, 
28 mW max standby 

.Single +5V Supply, ±10% tolerance 

• All inputs TTL compatible, low capacitive load 

• Three-state TTL compatible output 

• "Gated" CAS 
• 128 refresh cycles/2 ms 
• Common I/O capability using "Early Write" 

operation 

• Output unlatched at cycle end allows extended page 
boundary and two-dimensional chip select 

• Read-Modify-Write, RAS-only refresh, and Page
Mode capabil ity 

• On-chip latches for Addresses and Data·in 
• On-chip substrate bias generator for high 

performance 

PIN CONFIGURATION 

Om t-IC Vss CAS 

2 1 1817 
Pin ..... m .. ~"nc1l0" Pi" Names Function 

Dout ,... ~A, Ado, .. lnDua 

A; I\4S Aoww Add,.... StrObe 
en Column Add' .... Strobe 

NC Wl" Wrl,. Enable 

Ao-A, Address Inpun 

= Row Addr." Strobe 

',' CAS Column Addr ... Strobe 

WE' Writ. Enabl. 
A· J Din 0.,. Input " Din Catl Input 

.... OGO" 0.,.0u-q,ut .,' Oout O.t. Output 

Vee Power 1+5VI VCC Po~' Supply (+5V) 

VSS Ground IOV) 

NC No ConnectIon 
8 9 10" 

.,' VSS around IOV) 

• A.fresh Add, ... 

• Ratr .. h Addr ... 
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FUNCTIONAL BLOCK DIAGRAM 

Buffers 

Row 

Address 
Buffers 

Row Word 
De· Driv· 

ers 

vee---~y~-I ___________ ~ VSS-
On chip VBB 

Memory 

eells 

I----WE 

Dout 

I-----Din 

ABSOLUTE MAXiMUM RATINGS ISee Note) 

Rating Symbol Value Unit 

Voltage on any pin relative to Vss VIN, VOUT -1 to +7 V 

Voltage on Vee supply relative to VSS Vee -1 to +7 V 

Operating temperature Topr o to 70 °e 

Storage temperature T stg -55 to +150 °e 

Power dissipation Po 1.0 W 

Short circuit output current 50 mA 

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

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

RECOMMENDED OPERATING CONDITIONS 
IReferenced to VSS) 

Min. Typ. Max. Unit 
Operating 

Parameter Symbol Temperature 

Vee 4.5 5.0 5.5 V 
Supply Voltage 

VSS 0 0 0 V 

6.5 V 
O°C to +70°C 

Input High Voltage, all inputs VIH 2.4 

Input Low Voltage, all inputs VIL -1.0 -1.0 0.8 V 
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--------------------. DYNAMIC RAMS· MSM3764A. 

DC CHARACTERISTICS 
(Recommended operating conditions unless otherwise noted.) 

Parameter Symbol Min. Max. Unit Notes 

Operating Current" 

Average power supply current ICC1 60 mA 

(RAS, CAS cycling; tRC = min.! 

Standby Current 

Power supply current ICC2 5.0 mA 

(RAS = CAS = VIH! 

Refresh Current" 
Average power supply current ICC3 40 mA 

(RAS cycling, CAS = VIH; tRC = min.! 

Page Mode Current" 

Average power supply current ICC4 60 mA 

(RAS = VI L, CAS cycling; tpc = min.! 

Input Leakage Current 

Input leakage current, any input 
III -10 10 IJ.A 

(OV :0; VIN :0; 5.5V, all other pins not 

under test = OV! 

Output Leakage Current 

(Oata out is disabled, lLO -10 10 IJ.A 
OV :0; VOUT:O; 5.5V! 

Output Levels 

Output high voltage (IOH = -5 mAl VOH 2.4 V 

Output low voltage (lOL = 4.2 mAl VOL 0.4 V 

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

CAPACITANCE 
(Ta =25°C,f=1MHz! 

Parameter Symbol Typ. Max. Unit 

Input Capacitance (Ao - A" DIN! CIN1 - 5 pF 

Input Capacitance (RAS, CAS, WE! CIN2 - 8 pF 

Output Capacitance (DOUT! COUT - 7 pF 

Capacitance measured with Boonton Meter. 
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AC CHARACTERISTICS 
(Recommended operating conditions unless otherwise noted.) Note 1,2,3 

MSM3764A-12 MSM3764A-15 
Parameter Symbol Units Note 

Min. Max. Min. Max. 

Refresh period tREF ms 2 2 

Random read or write cycle time tRC ns 220 260 

Read-write cycle time tRWC ns 245 280 

Page mode cycle time tpc ns 120 145 

Access time from R AS tRAC ns 120 150 4,6 

Access time from CAS tCAC ns 60 75 5,6 

Output buffer turn-off delay tOFF ns 0 35 0 40 

Transition time tT ns 3 35 3 35 

RAS precharge time tRP ns 90 100 

RAS pulse width tRAS ns 120 10,000 150 10,000 

RAS hold time tRSH ns 60 75 

CAS precharge time (Page cycle) tcP ns 50 60 

CAS pulse width tCAS ns 60 10,000 75 10,000 

CAS hold time tCSH ns 120 150 

RAS to CAS delay time tRCD ns 25 60 25 75 7 

CAS to RAS precharge time tCRP ns 0 0 

Row Address set-up time tASR ns 0 0 

Row Address hold time tRAH ns 15 15 

Column Address set-up time tASC ns 0 0 

Column Address hold time tCAH ns 20 20 

Column Address hold time 
80 95 

referenced to R AS tAR ns 

Read command set-up time tRCS ns 0 0 

Read command hold time tRCH ns 0 0 

Write command set-up time twcs ns -10 -10 8 

Write command hold time tWCH ns 40 45 

Write command hold time 
100 120 

referenced to RAS tWCR ns 

Write command pulse width twp ns 40 45 

Write command to RAS lead time tRWL ns 40 45 

Write command to CAS lead time tCWL ns 40 45 

Data-in set-up time tDS ns 0 0 

Data-in hold time tDH ns 40 45 

Data-in hold time referenced 
100 120 

to RAS tDHR ns 

CAS to WE delay tCWD ns 40 45 8 

RAS to WE delay tRWD ns 100 120 8 

Read command hold time 
0 0 

referenced to RAS tRRH ns 

CAS precharge time tCPN ns 30 35 
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--------------------. DYNAMIC RAMS, MSM3764A. 

NOTES: 1) 

2) 

3) 

4) 

5) 

6) 

7) 

8) 

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

AC measurements assume tT = 5 ns. 

VIH IMin.) and VI L IMax.) are reference levels for measuring timing of input signals. Also, transition 

times are measured between VI H and VI L. 

Assumes that tRCD < tRCD Imax.). 
If tRCD is greater than the maximum recommended value shown in this table, tRAC will increase by 
the amount that tRCD exceeds the value shown. 

Assumes that tACO < tRCD Imax.) 
Measured with a load circuit equivalent to 2 TTL loads and 100pF. 

Operation within the tRCD Imax.) limit insures that tRAC Imax.) can be met. tRCD Imax.} is spe
cified as a reference point only; if tRCD is greater than the specified tRCD Imax.) limit, then access 

time is controlled exclusively by tCAC. 

twcs, tCWD and tRWD are not restrictive operating parameters. They are included in the data sheet 
as electrical characteristics only; if twcs ;::: twcs Imin.), the cycle is an early write cycle and the oata 

out pin will remain open circuit Ihigh impedance) throughout the entire cycle; if tewD ~ tCWD 

Imin.) and tRWD > tRWD Imin.) 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 lat access time) is indeterminate. 

READ CYCLE TIMING 

RAS 
VIH -

VIL -

VIH -
CAS VIL -

Addresses 
VIH-

VIL -

WE 
VIH-
VIL -

DOUT 
VOH-

VOL-

~--------------------tRC------------------~~ 

~------------tRAS------------~~ 

---,II--------tAR "I Lr------.! 

'-----

~---+--tRSH------~ 

--------~-,. t-----+--tCAS------~ r-'---+------.J 

tCSH -----~., 

I 
t------tCAC I 

---J ~----------tRAC---------~ 

J-----.J.. 
OPEN Valid Data 

tOFF 

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

tRC 

VIH- tAR 
tRAS 

RAS VIL -

tRSH 

tCAS 

CAS 
VIH --
VIL -

WE 
VIH-
VIL -

DIN 

DOUT 
VOH-
VOL -

READ-WRITE/READ-MODI FY-WRITE CYCLE 

74 

VIH- tAR ""I lE
~---------------------TRWC----------------------}

---------------tRAS----------------~~~ 

VIL - tRSH ~tRP 
tRCD--o!---'----tCAS tCRP I 

VIH-------------~~~ 

VIL -

Addresses VV I H -
IL -

VIH-~~~nr,~~~----------------------,I 

V I L - '-'.I..LL.U...'4"L.U...:.LLL.u, L 
tCAC 

DOUT VOH - OPEN r-----\V~a;t;lidd[D;;;a;,ta;_------,l_-----
VOL-

_ ~tRAC ~tDS~tDH 
ulN VIH - Ijlll, Valid V%'W 

VIL - '1111, ., Data 'II~ 

~ "H", "L" = Don't Care 
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RAS ONLY REFRESH TIMING 
ICAS: VIH,~ & DIN: Don't care) 

rr;R,"~'R" L'R,J-~~ASR~ 
Addresses ~:~ =""'~"",7T7':",""~,.,,rrrr ~R-O-W-A-d-d-r-es-s 

VOH -
DOUT 

VOL 

PAGE MODE READ CYCLE 

CAS 

VIH
Adresses VI L -

OPEN 

~"H", "L" = Don't Care 

tRAS--------------------~ 

DOUT VOH- _____ _ 

~~*-----rrn~--~sj~--~~-tR~-H,~~~ 
~"H","L"=Don't CarE 
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PAGE MODE WRITE CYCLE 

~------------------tRAS------------------~ 

Addresses vV I H - 'lhJ'Rn.IIJ~IIArC, 
IL-

~"H", "L" ~ Don't Care 

PAGE MODE, READ-MODIFY-WRITE CYCLE 

RAS 
VIH 
VIL 

tAR---j 

tcp 

VIH 
CAS VIL 

VIH Addresses 
VIL 

WE VIH 
VIL 

VIH DIN 
VIL 

DOUT VOH 
VOL 

~ "H" , "L" ~ Don't Care 
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HIDDEN REFRESH 

Addresses 

DOUT 

~ ttRA~CtCAC ~'o;f$l/I/!$ 
VOH ---OPEN _ ~-----V-a-lid-D-a-ta----- .-
VOL 

DESCRIPTION 

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

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

Data Input: 
Data is written into the MSM3764A during a write or 
read-write cycle. The last falling edge of WE or CAS is 
a strobe for the Data In (DIN) register. In a write 
cycle, if WE is brought low (write mode) before CAS, 
DIN is strobed by CAS, and the set-up and hold times 
are referenced to CAS. In a read-write cycle, WE will 
be delayed until CAS has made its negative transistion. 
Thus 0 I N is strobed by WE, and set-up and hold times 
are referenced to WE. 

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

~ "H", "L" = Don't Care 

same polarity as data-in. The output is in a high im
pedance state until CAS is brought low. In a read cycle, 
or read-write cycle. the output is valid after tRAC from 
transition of RAS when tRCD (max.) is satisfied, or 
after tCAC from transition of CAS when the transition 
occurs after tRCD (max.). Data remain valid until CAS 
is returned to a high level. In a write cycle the identical 
sequence occurs, but data is not val id. 

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

Refresh: 
Refresh of the dynamic memory cells is accomplished 
by performing a memory cycle at each of the 128 row
addresses (Ao-A.) at least every two milliseconds. 
During refresh, either VIL or VIH is permitted for A,. 
RAS only refresh avoids any output during refresh 
because the output buffer is in the high impedance 
state unless CAS is brought low. Strobing each of 128 
row-addresses with RAS will cause all bits in each rwo 
to be refreshed. Further RAS-only refresh results in a 
substantial reduction in power dissipation. 

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

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

Access time from RAS 
:> (Relative value) v.s. VCC 
o 1.4 
Lri 
II 

~ 1.2 
~ 
u 
~ 1.0 

-t:: 
U 
~ 0.8 
u 
<C 
u 

Ta = 25°C 
tRCO: min 

"'-

'" ............ 
~ 

... 4.0 4.5 5.0 5.5 

U 1.4 

VCC [V] 

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

6.0 

°LCl 
('oj 

Vce = 5.0V 
tRCO: min 
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II 1.2 
'" t:. 
u 
<C 1.0 
c: 

-t:: 
ca 
t:. 0.8 
u 
<C 
c: ... 

l/ V 
V" 

o 25 50 75 
Ta rC] 

Access time from CAS 
:> (Relative value) v.s. VCC 
o 1.4 .----=--:---.----,--=_=__, 
Lri tRCO: max 
II 

~ 1.2 t-----'IIId-"II..---+----\-----i 
> 
u 
~ 1.0 r----+'~""""r"'-l:__---l 

-t:: Ta=50°C 
U Ta= 25°C 
~ 0.8 Ta = O°C 

u 
<C 
s= 4.0 4.5 5.0 5.5 6.0 

Vec [V] 

ICCl (tRAS: Constant) 

50 V.s. VCC 

:? 
S 40 
"2 
0 

';:J 
30 ~ .. 

Q. 

Q - 20 u 
u 

tRC = 1000 ns 

4.0 4.5 5.0 5.5 6.0 
VCC [V] 

ICCl (tRAS: Constant) 

O v.s. Cycle rate 5 ~ __ ~~.-__ .-__ , 
Ta = 25°C 

:? tRAS = 120 ns S 40~--+---~--~~r 
c: 
o 

';:J 

~ 30t----+--~~~-~ 
Q. 

Q 

2 3 4 5 
Cycle Rate (l/tRC) [MHz] 

50 

:? 
S 40 
"2 o 
';:J 

~ 30 
~ o 
u 20 
u 

ICCl (tRAS: Constant) 
v.s. Ta 

.. VCC = 5.5V ;1 
tRAS = 120 ns 

tR 
I 

tR 
'f 

tR 

I 
tR 
I 

C = 220 flS 

C = 260 ns 

C = 330 ns 

tR 

C = 500 ns 

c=1000ns 
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';? 
E 

c: 
0 .;::; 
~ 
Q) 
Q. 

2 
~ 

u u 

';? 
..§.. 
c: 
0 .;::; 
~ 
Q) 
Q. 

2 
U 
u 

';? 
E 

c: 
0 .;::; 
co 
Q; 
Q. 

2 
u 
u 

ICC1 (tRP: Constant) v.s. VCC 
50 

Ta = 25°C tRC = 220 ns 
tRP = 90 ns 

40 tRC = 260 ns , 
tRC = 330 ns 

I 
30 tRC = 500 ns 

I 
tRC = 1000 ns 

20 

4.0 4.5 5.0 5.5 6.0 
VCC [V] 

ICC1 (tRP: Constant) 

50 
v.s. Cycle rate 

Ta = 25°C 
VCC = 5.5V 

I 

VCC = 5.0V 
I 

VCC = 4.5V 

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

50 ICC, (tRP: Constant) v.s. Ta 

t I 
40 -
30 

20 
---r-- I--. 

VCC = 5,5V 
tRP = 90 ns 

o 

- I"'t 

I'"t 

-I"'t 

t 

75 

RC = 220 ns 

RC = 260 ns 
I 

I 
RC = 330 ns 

RC = 500 ns 
I 

I 
RC = 1000 ns 

I 

5.0 

';? 
..§.. 4.0 

ICC2 v.s, Vce 

VIH:1max 

>: ..c 
-0 
c: 3.0 
co .., 
~ 

_ Ta = 

- -:Ta -

- Ta = 
f5 2.0 Ta = 
!:} 

4.0 4.5 5.0 5.5 6.0 
VCC [V] 

5.0 
ICC2 v.s. Ta 

VCC = 5.5V 

';? VIH: max 
E 4.0 

>: ..c 
-0 3.0 
c: 
co .., 
~ 

- ....... ............. r----- .. 
f5' 2.0 
u 

o 75 
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80 

40 
ICC3 (tRAS: Constant) v.s. VCC 

~ ..s 
a; 30 
'U 
Ci 
.<= 20 .. .., 
~ 
Q) 

r:t!" 10 

0 
!:? 0 

4.0 4.5 5.0 5.5 6.0 
VCC[V] 

ICC3 (tRAS: Constant) 
v.s. Cycle rate 

40 
~ Ta = 25°C 
E 

tRAS = 120 ns VCC = 5.5V 
a; 30 VCC = 5.0V 

I 'U VCC = 4.5V >-u 
.r:. 20 .. 
~ -Q) 

a: 10 
M 
U 
!d 0 

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

ICC3 (tRAS: Constant) v.s. Ta 
40 

~ 
E 
~ 

a; 30 
'U 
>-
U 
~ 20 
~ -.., a: 10 
M 
U 
t.) 

o 
o 

VCC = 5.5V 
tRAS = 120 ns 

25 50 
Ta eC] 

J 
I 

tR 
C = 220 ns 
c=260ns 

I 
tR 

I 
t~ 

tl 

75 

C = 330 ns 

C = 500 ns 

C = 1000 ns 

ICC3 (tRP: Constant) v.s. VCC 
40 

~ tRC = 220 ns E 
~ tfiC. = 260 ns 
a; 30 

tRG. = ~ ns 'U 
>- tRG = 500 ns 
U 
.<= 20 tR = 1000 ns .. .., ... -Q) 

a: 10 
M 
U 
!d 0 

4.0 4.5 5.0 5.5 6.0 

40 
~ ..s 
a; 30 
'U 
>-
U 
.<= .. 
~ -.., a: 10 
M 
u 
u 

0 

40 
~ ..s 
a; 30 

~ 
u 
.<= 20 .. 
~ -Q) 

a: 10 
M 
U 
U 

o 

VCC[V] 

ICC3 (tRP: Constant) 
v.s. Cycle rate 

Ta = 25°C 
tRP = 90 ns VCC = 5.5V 

Vec = 5.0V 
VCC = 4.5V 

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

ICC3 (tRP: Constant) v.s. Ta 

..... 

...... -

o 

VCC - 5.5V 

tj 
tRP = 90 ns 

tR" - tR" 
tR - tR 

C = 220 ns 
C = 260 ns 
C = 330 ns 
C = 500 ns 
c=1000ns 

25 50 75 
Ta roC] 
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ICC4 (tCAS: Constant) 
v.s. VCC 

50r--~~~--.--' 

Ta = 25°C 
~ tCAS = 60 ns 
E 40 tpc = 120 ns 
'" tpc = 145 ns 
u I G 30 >-~"';"~~~--I---=tPc = 230 ns 
'" 1 g tp = 400 ns 
~ 20~~~~~----+---~ 
"<t 
U 
U 

4.0 4.5 5.0 5.5 6.0 
VCC [V) 

ICC4 (tCAS: Constant) 
v.s. Cycle rate 

50~--~--~--~--~ 

Ta = 25°C 
~ ..s 40 tCAS = 60 ns 

2 4 6 8 10 
Cycle Rate (l!tpC) [M HzJ 

ICC4 (tCAS: Constant) v.s. Ta 
50 

~ 
~ 40~~~~~~-~~ 
'" ~ tpc = 120 ns 
u 30 I-' ...... -=c+----II----==I"-tpc = 145 ns 
~ I 
'" tpc = 230 ns 
~ I 
"<t 20 tpc = 400 ns 
u u 

o 25 50 75 
Ta rOC) 

ICC4 (tcp: Constant) v.s. VCC 
50 

~ 
E 40~-~~~~~-~ 

'" u 
G 30~--~~~~--+---~ 
'" Cl 

'" Co. 
"<t 20~~~--~~~+---~ 

u 
u 

~ 
E 
~ 

'" u 
> u 
'" Cl 

'" ~ 
"<t 
U 
U 

'" u 
> 

4.0 4.5 5.0 5.5 6.0 

50 

40 

30 

50 

2 

VCC [V) 

ICC4 (tcp: Constant) 
v.s. Cycle rate 

Ta = 25°C 
tcp = 50 ns 

4 6 8 10 
Cycle Rate (l!tpC) [MHz) 

ICC4 (tcp: Constant) v.s. Ta 

u 30>-~---+---->--=~~ 

'" Cl 

'" 
: 20L-r::::t~~~::t 
u u 

o 25 50 75 
Ta rOC) 
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Address Input v.s. Vee 

> 2.0 

1.0 f--+--+---t------j 

4~ 4~ 5~ 5.5 6~ 

Vee [V] 

Data Input v.s. Vee 

~ 2.0 1---+---'-'--;:=-=--'=-+---"""...-1 
> 
~ 
~ 1.5 1---"..t!5"""'---4--+---1 
.... 
::J 
0. 

c 1.0 f----i------1---t---j 

4.0 4~ 5~ 5~ 6~ 

Vee [V] 

Clock Input v.s. Vee 

Ta = 25°C 
:> 2.0 

Qj 
> 
~ 1.5 .... 
::J 
0. 
C 

1.0 

4.0 4.5 5.0 5.5 6.0 
Vee [V] 

> 

:> 2.0 

~ 
~ 1.5 .... 
::J 
0. 
C 

1.0 

:> 2.0 

Qj 
> 

1.5 ~ ... 
::J 
0. 
c 

1.0 

Address Input v.s. Ta 

vJe= 5.bv 

~IH mi~ 

VIL max 

o 75 

Data Input v.s. Ta 

vJe= 5.L 

VIH min 

VIL max 

o 75 

Clock Input v.s. Ta 

vbe = 5.6v 

~IH mi~ 
I 

I I 
VIL max 

o 75 
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RAS 

CAS 

140 

ICC 120 

[rnA] 
100 

80 

60 

40 

20 

0 

VCC = 5.5V 
Ta = 25°C 
50 ns/div 

RAS/CAS CYCLE LONG RAS/CAS CYCLE RASONL Y CYCLE PAGE MODE CYCLE . 

l- i-
\ol-V V 1'-1-

l-I-~ V I'-~ ~V~ ~.i-' '""" 1-1-

.. 
\I ~ 
11 WI 

lA I_~ ~ ~ ~ ~ ~ 
\i V V 
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MSM3764A Bit MAP (Physical-Decimal) 

[A7 column - "H"J 

63 62 
255 255 

1 0 
r<>--

64 65 
255 255 255 255 

126 127 
255 255 

191 190 
255 255 

129 128 ....,... 192 193 
255 255 255 255 

254 255 
255 255 

63 62 
254 254 

1 0 >-<>- 64 65 
254 254 254 254 

126 127 
254 254 

191 190 
254 254 

fe3 62 
253 253 

129 128 W< 192 193 
254 254 254 254 

1 0 ~ 
64 65 

253 253 253 253 

254 255 
254 254 

126 127 
253 253 

191 190 
253 253 

129 128 --&-
192 193 

253 253 253 253 
254 255 
253 253 

63 62 
252 252 

1 0 --&- 64 65 
252 252 252 252 

126 127 
252 252 

191 190 
252 252 

129 128 ~ 192 193 
252 252 252 252 

254 255 
252 252 

63 62 
251 251 

1 0 ~ 64 65 
251 251 251 251 

126 127 
251 251 

191 190 129 128 
~ 

192 193 254 255 
132 132 132 132 132 ~ 132 132 

63 62 1 0 
~ 
~ 65 126 127 

131 131 

~ ~ 
131 131 131 131 

191 190 f-<>-
192 193 254 255 

131 131 131 131 131 131 131 131 
I-- r--

63 62 1 0 f-<>- 64 65 126 127 
130 130 130 130 130 130 130 130 

191 190 129 128 
~ 

192 193 254 255 
130 130 130 130 130 130 130 130 

63 62 1 0 
~ 

64 65 126 127 
129 129 129 129 129 129 129 129 

191 190 129128 h>- 192193 254255 
129129 ~~ 129129 129129 

1~~ 1~~ 12~ 12~ ~ 1~~ 1~~ ~~~ m 
f;gj ~ I;fs I;Ta ~ 192 193 254 255 OJ ill ~ m[128 

Refresh Address? l~Refresh Address,--

(63 - OJ I I 1\ (64 ~ 1271 --.-J 

63 62 
127 127 

191 190 
127 127 

63 62 
126 126 

191 190 
126126 

63 62 
125125 

191 190 
125 125 

63 62 
124124 

191 190 
124124 

63 62 
123 123 

191 190 
4 4 

63 62 
3 3 

i9i 190 
-..2 -..2 

63 62 
2 2 

i9i 190 
2 2 

63 62 
1 1 

i9i' 190 
1 1 

63 "62 
~ 

0 
t;go 

0 0 

{A7 column - "L"] 

1 0 
r<'I 

64 
127 127 ~ 129 128 r<>- 192 
127 127 127 

1 0 f-..- 64 
126 126 126 

129 128 il<>' 192 
126 126 126 

1 0 
~ 

64 
125 125 125 

129 128 f-..- 192 
125 125 

~ 1 0 -<>-
124 124 ..!.!! 
129 128 )e< 192 
124 124 124 

1 0 )<>< 64 
123 123 123 

I 

129 128 
~ 192 

4 4 4 

1 0 
~ 

64 
3 3 3 

129 128 tv 192 
3 3 3 

1 0 
f-<>-

64 
2 2 2 

129 128 
~ 

192 
2 2 2 

1 0 
~ 

64 
1 1 1 

129 128 
~ 

192 
1 1 1 

1 0 ~ 
64 

0 0 

rw% 129 128 
~ 0 0 0 

OPIN 16 \ 

65 126 127 
127 127 127 
r;-ro 254 255 

~ 
127 127 

126 127 
126 126 126 

193 254 255 
126 126 126 

65 126 127 
125 125 125 

193 254 255 

~ 
65 

125 125 

126 127 

~ 124 124 

193 254 255 
124 124 124 

65 126 127 
123 123 123 

193 254 255 
4 4 4 

65 126 127 
3 3 3 

193 254 255 
3 2 3 

65 126 127 
2 2 2 

193 254 255 
2 2 2 

65 126 127 
1 1 1 

193 254 255 
1 1 1 

65 126 127 

~ 
0 0 

254 255 
0 0 0 

Ell ill ~ CD ill 
.Refresh AddreS!! 7Eh1~efreSh Address 

(63 - O! ill (64 ~ 127! 

I _ "- ~ 
DIn 04 D3 

(Positive) 
0, 04 DIn 

(Negative) 

\ 

Om 6, 0, 0, b; oI-n 

Pin 8 
: 

(Po""ve! 0 (Nega"ve! 

(Rowl 

Cell A == Row Address (Decimail 
B == Column Address (Decimal) 

Word Driver -e--- Sense Amp 

~ Sub Amp (e = Number of Bus LIne! 

(Column) 
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MSM41256A 
262,144-BIT DYNAMIC RANDOM ACCESS MEMORY <Page Mode Type> 

GENERAL DESCRIPTION 

The Oki MSM41256A is a fully decoded, dynamic NMOS random access memory organized as 
262144 one-bit words. The design is optimized for high-speed, high performance applications such 
as mainframe memory, buffer memory, peripheral storage and environments where low power .dissipa
tion and compact layout is required. 

Multiplexed row and column address inputs permit the MSM41256A to be housed in a standard 
16 pin DIP or 18 pin PLCC. Pin-outs conform to the JEDEC approved pin out. Additionally, the MSM 
41256A offers new functional enhancements that make it more versatile than previous dynamic RAMs. 
"CAS-before-RAS" refresh provides an on-chip refresh capability. ".. 

The MSM41256A is fabricated using silicon gate NMOS and Oki's advanced VLSI Polysilicon ~ 
process. This process, coupled with single-transistor memory storage cells, permits maximum circuit 
density and minimum chip size. Dynamic circuitry is employed in the design, including the sense 
amplifiers. 

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

FEATURES 

• 262,144 x 1 RAM, 16 or 18 pin package 
• Silicon-gate, Double Poly NMOS, single 

transistor cell 
• Row access time: 

100 ns max (MSM41256A-1 0) 
120 ns max (MSM41 256A-1 2) 
150 ns max (MSM41256A-15) 

• Cycle time: 
200 ns min (MSM41256A-1 0) 
220 ns min (MSM41 256A-1 2) 
260 ns min (MSM41256A-15') 

• Low power: 
330 mW active (MSM41 256A-1 0) 
303 mW active (MSM41 256A-1 2) 
275 mW active (MSM41256A-15) 
28 mW max standby 

• Single +5V Supply, ±1 0% tolerance 

• All inputs TTL compatible, low capacitive load 
• Three-state TTL compatible output 
• "Gated" CAS 
• 256 refresh cycles/4 ms 
• Common I/O capability using "Early Write" 

operation 
• Output unlatched at cycle end allows 

extended page boundary and 
two-dimensional chip select 

• Read-Modify-Write, RAS-only refresh, 
capability 

• On-chip latches for Addresses and Data-in 
• On-chip substrate bias generator for high 

performance 
• CAS-before-RAS refresh capability 
• "Page Mode" capability 

PIN CONFIGURATION (TOP VIEW) 

Pin Names Function 
Din A. Vss CAr 

Ao-A& Addrese Inputs , 1 18 17 

RAS Row Address Strobe 

,"fnN __ 

' .. nw:tlort 

A.-A. A"'_I~ .. 
CAS Column Address Strobe If.i! "_A ..... StrotMo 

WE WrileEnllble CAl Cotumfl Addr_ StroM 
NC NC IV<" Wrtt.lEn .... 

D'N Data Input A; 
OOto'."...1 

DOUT OalaOulpul 
A; D~. Dot.Olltp", 

Vee '"_C+5V' 
VCC Power Supply 1+5V) .... SS G,ound tOVI 

8 9 1011 
VSS Ground (OV) No Con...c1ion 

• Refresh Address A; A!A: 
• A.f • ...., Add, ... Vce 
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FUNCTIONAL BLOCK DIAGRAM 

~~~--------.r>-----<- 1.. 1 ______ -' L--j OnchipVSB 

ELECTRICAL CHARACTERISTICS 
ABSOLUTE MAXIMUM RATINGS (See Note) 

Rating Symbol Value Unit 

Voltage on any pin relative to VSS VIN, VOUT -1 to +7 V 

Voltage on Vee supply relative to VSS Vee -1 to +7 V 

Operating temperature Topr Oto 70 °e 

Storage temperature Tstg -55 to +150 °e 

Power dissipation PD 1.0 W 

Short circuit output current 50 mA 

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



-------------------. DYNAMIC RAMS, MSM41256A. 

RECOMMENDED OPERATING CONDITIONS 
(Referenced to VSS) 

Parameter Symbol Min. 

VCC 4.5 
Supply Voltage 

VSS 0 

Input High Voltage, all inputs VIH 2.4 

Input Low Voltage, all inputs VIL -1.0 

DC CHARACTERISTICS 

Typ. Max. 

5.0 5.5 

0 0 

6.5 

0.8 

(Recommended operating conditions unless otherwise noted.) 

Parameter Symbol 

OPERATING CURRENT' MSM41256A-10 
Average power supply current MSM41 256A-1 2 ICC1 
(RAS, CAS cycling; tRC = min.) MSM41256A-15 

STANDBY CURRENT 
Power supply current ICC2 
(RAS = CAS = VIH) 

REFRESH CURRENT l' MSM41256A-10 
Average power supply current MSM41256A-12 ICC3 
(RAS cycling, CAS = VIH; tRC = min.) MSM41 256A-15 

PAGE MODE CURRENT' MSM41256A-10 
Average power supply current MSM41 256A-1 2 ICC4 
(RAS =VIL, CAS cycling; tpc = min.) MSM41256A-15 

REFRESH CURRENT 2' MSM41 256A-1 0 
Average power supply current MSM41256A-12 ICC5 
(CAS before RAS; tRC = min.) MSM41256A-15 

INPUT LEAKAGE CURRENT 
Input leakage current, any input 

III (OV :S VIN :S 5.5V, all other pins not 
under test = OV) 

OUTPUT LEAKAGE CURRENT 
ILO (Data out is disabled, OV :S VOUT :S 5.5V) 

OUTPUT LEVELS 
Output high voltage (lOH = -5 mAl VOH 
Output low voltage (lOL = 4.2 mAl VOL 

Unit 
Operating 

Temperature 

V 

V O°Cto +70°C 

V 

V 

Min. Max. Unit Notes 

60 
55 mA 
50 

5.0 mA 

55 
50 mA 
45 

40 
35 mA 
30 

55 
50 mA 
45 

-10 10 f1.A 

-10 10 f1.A 

2.4 V 
0.4 V 

Note*: ICC is dependent on output loading and cycle rates. Specified values are obtained with the 
output open. 
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CAPACITANCE 
(Ta = 25°C, f = 1 MHz) 

Parameter Symbol Typ. Max. Unit 

Input capacitance (AD - As, DIN) CIN1 - 6 pF 

Input capacitance (RAS, CAS, WE) CIN2 - 7 pF 

Output capacitance (DOUT) COUT - 7 pF 

Capacitance measured with Boonton Meter. 

11 
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--------------------1. DYNAMIC RAMS· MSM41256A. 

AC CHARACTERISTICS 
(Recommended operating conditions unless otherwise noted.) Note 1,2,3 

MSM41256A- MSM41256A- MSM41256A-

Parameter Symbol Unit 10 12 15 Notes 
Min. Max. Min. Max. Min. Max. 

Refresh period tREF ms 4 4 4 

Random read or write 
cycle time tRC ns 200 220 260 

Read-write cycle time tRWC ns 205 225 260 

Access time from RAS tRAC ns 100 120 150 4,6 

Access time from CAS tCAC ns 50 60 75 5,6 

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

Transition time tT ns 3 50 3 50 3 50 

RAS precharge time tRP ns 90 90 100 

RAS pulse width tRAS ns 100 10",s 120 1 O",s 150 10",s 

RAS hold time tRSH ns 50 60 75 

CAS pulse width tCAS ns 50 10",s 60 10",s 75 10",s 

CAS hold time tCSH ns 100 120 150 

RAS to CAS delay time tRCD ns 25 50 25 60 25 75 7 

CAS to RAS set-up time tCRS ns 20 25 30 

Row address set-up 
time tASR ns 0 0 0 

Row address hold time tRAH ns 15 15 15 

Column address set-up 
tASC ns 0 0 0 time 

Column address hold 
tCAH 20 20 25 time ns 

Read command set-up 
time tRCS ns 0 0 0 

Read command hold 
time referenced to CAS tRCH ns 0 0 0 

Read command hold 
time referenced to RAS tRRH ns 20 20 20 

Write command set-up 
time twcs ns 0 0 0 8 
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• DYNAMIC RAMS, MSM41256A .1--------------------
AC CHARACTERISTICS (Continued) 
(Recommended operating conditions unless otherwise noted.) 

MSM41256A- MSM41256A- MSM41256A-

Parameter Symbol Unit 10 12 15 Notes 

Min. Max. Min. Max. Min. Max. 

Write command pulse 
twp 15 20 width ns 25 

Write command hold 
tWCH time ns 15 20 25 

Write command to 
RAS lead time tRWL ns 35 40 45 

Write command to 
CAS lead time tCWL ns 35 40 45 

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

Data-in hold time tOH ns 20 20 25 

CAS to WE delay time tcwo ns 15 20 25 8 

Refresh set-up time for 
tFCS 20 CAS referenced to RAS ns 25 30 

Refresh hold time for 
tFCH CAS referenced to RAS ns 20 25 30 

CAS precharge time 
tCPR 20 25 (C before R cycle) ns 30 

RAS precharge to 
tRPC ns 20 20 20 CAS active time 

Page mode cycle 
tpc 100 120 time ns 145 9 

Page mode read 
tPRWC 105 write cycle time ns 125 145 9 

Page mode CAS 
tcp 40 precharge time ns 50 60 9 

Refresh counter test 
tRTC cycle time ns 315 355 415 10 

Refresh counter test lOllS. RAS pulse width tTRAS ns 215 1 OILS 255 305 1 OILS 10 

Refresh counter test 
tCPT CAS precharge time ns 50 60 70 10 
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-------------------. DYNAMIC RAMS· MSM41256A. 

Notes: 

2 

3 

4 

5 

6 

7 

8 

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

The AC measurements assume tT = 5 ns 

VIH (Min.) and VIL (Max.) are reference levels for measuring of input signals. Also transi
tion times are measured between VIH and VIL. 

Assumes that tRCD -;; tRCD (Max.). If tRCD is greater than the maximum recommended 
value shown in this table, tRAC will increase by the amount that tRCD exceeds the value 
shown. 

Assumes that tRCD ~ tRCD (Max.). 

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; if tRCD is greater than the specified tRCD (Max.) 
limit, then access time is controlled exclusively by tCAC' 

twcs and tCWD are not restrictive operating parameters. They are included in the data 4 
sheet as electrical charcteristics 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 tCWD ~ tCWD (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. 

9 Page mode cycle. 

10 CAS before RAS Refresh Counter Test Cycle only. 
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READ CYCLE 

DOUT 

VVIIHL~~ 1 ~ ~ --;r~/+ f--tCAC~ '~ 

1·~.o---------tRAC ~ £---tOFF 
VOH-________ ......,I OPEN I 1--:-6:-~":'~~~...;..- ...... ------
VOL- ~ 

~ Don'tCare 

WRITE CYCLE (EARLY WRITE) 

RAS 
VIH-

___ --Ji======--tRC====~===::J 1~------tRAS-------~ 

VIL -

CAS 
VIH-

VIL -

Addresses 
VIH-

VIL-

V I H- ",,,,,,,,,,,,,,,,,,,,,m,, 
VIL- ~~~~~~~q---~--~----~~~~~~~~f"~~~~~~~~~ 

DIN ~
OS tOH~ 

V'H- Valid 
VIL- _ . __ ..:O;.:;a;.:;ta::.-__ -' _ 

DOUT 
V OH- _______________________ -11 OPEN 

VOL-
~ Don'tCare 
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--------------------. DYNAMIC RAMS· MSM41256A. 

READ-WRITE/READ-MODIFY-WRITE CYCLE 

~------------------------tRWC----------------------~ 
~------------------tRAS--------------------~~ ____ ~ 

tCSH 
tRSH 

--~~----------~tCAS------------~ 

V I H ~ -ir--:-:----------v---. )--1..---------
VIL ~ 

VIH~ 
Addresses V I L ~ 

DOUT 

~ Don'tCare 

PAGE MODE READ CYCLE 

CAS 

VIH
Adresses V I L -

tRAS------------------~~--~~ 

~------------::~~~-~----------~ tRSH::::;f~tRP~~ 
tCAS 

DOUT VOH- ____ _ 

...,..,.,.,.,..,.,.,.,.,"""'"::i--__ ----<f..,...,..,f,.----__ ---\\jr-__ ..:..r-_t_R~_H~='_m.,.,.,..,.,.,.,.,., 
~"H" ,"L"= Don't Care 
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PAGE MODE WRITE CYCLE 

~------------------tRAS------------------~ 

Addresses VIH- 7),.;~iiii'Lru~ 
VIL- ~~·~~~~'~~f~~~~~?~ 

~"H", "L" ; Don't Care 

PAGE MODE, READ-MODIFY-WRITE CYCLE 

~ "H" . "L" ; Don't Care 
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-------------------. DYNAMIC RAMS· MSM41256A. 

RAS ONLY REFRESH CYCLE 

NOTE: CAS = VIH, WE, DIN = Don't care 

DOUT 
VOH- _____________ 1 OPEN 

VOL-

~ Don't Care 

CAS-BEFORE-RAS REFRESH CYCLE 

NOTE: Address, WE, DIN = Don't care 

RAS 
VIH -

VIL -

CAS 
VIH-
VIL -

r OH DOUT 
VOH-

VOL- ~----------------~I OPEN 

~ Don'tCare 
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HIDDEN REFRESH CYCLE 

RAS VIH-
VIL -

VIH -
CAS VIL -

VIH-Addresses 
VIL -

D WE (Read) 

DOUT 
vOH-

VOL-

~ VIH-

(Read-Write) VIL-

~ Don'teare 

CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 

tRTe 

RAS VIH-

VIL-

teAs 
CAS VIH-

VIL-

Addresses 
vIH- . 

VIL-

WE (Read) VIH-
VIL-

DOUT 
VOH-

vOL-

VIH-
WE (Write) 

VIL-

VIH-DIN 
VIL -

~ Don't Care 
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--------------------. DYNAMIC RAMS· MSM41256A. 

FUNCTIONAL DESCRIPTION 

Simple Timing Requirements: 
The MSM41256A has the circuit considera

tions for easy operational timing requirements 
for high speed access time operations. The 
MSM41 256A can operate under the condition of 
tRCD (max) = tCAC which provides an optimal 
time space for address multiplexing. In addition, 
the MSM41256A has the minimal hold time of 
Address (tCAH), WE (tWCH) and DIN (tDH). And 
the MSM41256A can commit beUer memory 
system through-put during operations in an inter
leaved- system. Furthermore, Oki has made 
timing requirements referenced to RAS non
restrictive and deleted from the data sheet 
which includes tAR, tWCR, tDHR and tRWD: 
Therefore, the hold times of the Column Address 
DIN and WE as weH as tCWD (CAS to WE Delay) 
are not restricted by tRCD. 

Fast Read- While-Write Cycle: 
The MSM41256A has the fast read while 

write cycle which is achieved by excellent con
trol of the three-state output buffer in addition 
to the simplified timings described in the pre
vious section. The output buffer is controlled 
by the state of WE when CAS goes low. When 
WE is low during CAS transition to low, the 
MSM41256A goes to early write mode where 
the output becomes floating and common I/O 
bus c~e used on the system level. Whereas, 
when WE goes low after tCWD following CAS 
transition to low, the MSM41 256A goes to 
delayed write mode where the output contains 
the data from the cell selected and the data from 
DIN is written into the cell selected. Therefore, 
very fast read write cycle becomes available. 

Address Inputs: 
A total of eighteen binary input address bits 

are required to decode any 1 of 262,144 storage 
cell location within the MSM41 256A. Nine row
address bits are established on the input pins 
(AD through As) and latched with the Row Ad
dress Strobe (RAS). Then nine column address 
bits are established on the input pins and 
latched with the Column Address Strobe (CAS). 
All input addresses must be stable on or before 
the falling edge of RAS. CAS is internally inhibit
ed (or "gated") by RAS to permit triggering of 
CAS as soon as the Row Address Hold Time 
(tRAH) specification has been satisfied and the 
address inputs have been changed from row
addresses to column-C1ddresses. 

Write Enable: 
The read or write mode is selected with the 

WE input. A logic "high" on WE dictates read 
mode, logic "low" dictates write mode. Data input 
is disabled when read mode is selected. 

Data Input: 
Data is written into the MSM41 256A during a 

write or read-write cycle. The last falling edge of 
WE. or CAS is a strobe fo.!....!.he Data in (DIN) 
register. In a write cycle, if WE is brought "low" 
(write mode) before CAS, DIN is strobed by CAS, 
and the set-up and hold times are referenced to 
CAS.~ read-write cycle, WE will be delayed 
until CAS has made its negative transition. Thus 
DIN is strobed by WE, and set-up and hold times 
are referenced to WE. 

Data Output: 
The output buffer is three-state TTL compati

ble with a fan-out of two standard TTL loads. 
Data out is the same polarity as data in. The 
output is in a high impedance state until CAS is 
brought "low". In a read cycle, or a read-write 
cycle, ~output is valid after tRAC from transi
tion of RAS when tRCD (max) is satisfied, or after 
tCAC from transition of CAS when the transition 
occurs after tRCD (max). Data remain valid until 
CAS is returned to "high". In a write cycle, the 
identical sequence occurs, but data is not valid. 
Page Mode: 

Page-mode operation permits strobing the 
row-address while maintaining RAS at a logic 
low (0) throughout all successive memory opera
tions in which the row-address doesn't change. 
Thus the power dissipated by the negative going 
edge of RAS is saved. Further, access and cycle 
times are decreased because the time normally 
required to strobe a new row-address is elimi
nated. 
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RAS Only Refresh: 
Refresh of the dynamic memory cells is ac

complished by performing a memory cycle at 
each of the 256 row-addresses (AD to A 7) at least 
every 4 milliseconds. RAS only refresh avoids 
any output during refresh because the output 
buffer is in the high impedance state unless CAS 
is brought low. Strobing each of the 256 row
addresses (AD toA7) with RAS will cause all bits 
in each row to be refreshed. Further RAS only re
fresh results in a substantial reduction in power 
dissipation. 

CAS Before RAS Refresh: 
CAS before RAS refreshing available on the 

MSM41 256A offers an alterhate refresh method. 
If CAS is held on low for the specified period 
(tFCS) before RAS goes to low, on chip refresh 
control clock generators and the refresh address 
counter are enabled, and an internal refresh op
eration takes place. After the refresh operation is 
performed, the refresh address counter is auto
matically incremented in preparation for the next 
CAS before RAS refresh operation. 

Hidden Refresh: 
Hidden refresh cycle may take place while 

maintaining latest valid data at the output by ex
tending CAS active time from the previous 
memory read cycle. In MSM41256A hidden re
fresh means CAS before RAS refresh and the in
ternal refresh addresses from the counter are 
used to refresh addresses, because CAS is 
always low when RAS goes to low in this mode. 
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CAS Before RAS Refresh Counter Test Cycle: 
A special timing sequence using CAS before 

RAS counter test cycle provides a convenient 
method of verifying the functionality of CAS 
before RAS refresh activated circuitry. As shown 
in CAS before RAS Counter Test Cycle, if CAS 
goes to high and goes to low again while RAS is 
held low, the read and write operation are 
enabled. A memory cell address, consisting of a 
row address (9 bits) and a column address (9 
bits), to be acceded can be defined as follows: 
• A ROW ADDRESS 

Bits AD through A7 are defined by the refresh 
counter. The other bit As is set "high" 
internally. 

• A COLUMN ADDRESS 
All the bits AD through As are defined by 
latching levels on AD through As at the 
second falling edge of CAS. 

Suggested CAS before RAS Counter Test 
Procedure: 

The timing, as shown in CAS before RAS 
Counter Test Cycle, is used for all the operations 
described as follows: 
(1) Initialize the internal refresh c.ounter. For 

this operaton, 8 cycles are requiried. 
(2) Write a test pattern of lows into memory 

cells at a single column address and 256 
row addresses. 

(3) By using read-modify-write cycle, read the 
low written at the last operation (Step (2)) 
and write a new high in the same cycle. This 
cycle is repeated 256 times, arid highs are 
written into the 256 memory cells. 

(4) Read the high written at the last operation 
(Step (3)). 

(5) Complement the test pattern and repeat the 
steps (2), (3) and (4). 
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252 253 254 

128 128 128 

252 253 254 

384 384 384 

252 253 254 

129 129 129 

252 253 254 

385 385 385 

252 253 254 

254 254 254 

252 253 254 

510 510 510 

252 253 254 

255 255 255 

252 253 254 

511 511 511 

252 253 254 

383 383 383 

252 253 254 

127 127 127 

252 253 254 

382 382 382 

252 253 254 

126 126 126 

252 253 254 

257 257 257 

252 253 254 

1 1 1 

252 253 254 

256 256 256 

252 253 254 

0 0 0 

MSM41256A Bit Map (Physical-Decimal) 
o Pin 16 

255 3 2 

128 128 128 

255 3 2 

384 384 384 

255 3 2 

129 129 129 

255 3 2 

385 385 385 

255 3 2 

254 254 254 

255 3 2 

510 510 510 

255 3 2 

255 255 255 

255 3 2 

511 511 511 

ROW DECODER 

255 3 2 

383 383 383 

255 3 2 

127 127 127 

255 3 2 

382 382 382 

255 3 2 

126 126 126 

255 3 2 

257 257 257 

255 3 2 

1 1 1 

255 3 2 

256 256 256 

255 3 2 

0 0 0 

A8ROW="L" 
REFRESH ADDRESS 

(0-255) 

o 
Pin8 

1 0 256 

128 128 128 

1 0 256 

384 384 384 

1 0 256 

129 129 129 
ex 

1 0 LU 256 
Cl 

385 385 a 385 
() 
LU 
Cl 

Z 
1 0 ::2 256 ::J 

254 254 -' 254 a 
1 0 

() 
256 

510 510 510 

1 0 256 

255 255 255 

1 0 256 

511 511 511 

1 0 256 

383 383 383 

1 0 256 

127 127 127 

1 0 256 

382 382 382 

1 0 ex 
LU 

256 

126 126 Cl 126 a 
() 
LU 
Cl 

Z 
1 0 ::2 256 

257 257 ::J 257 -' a 
1 0 () 256 

1 1 1 

1 0 256 

256 256 256 

1 0 256 

0 0 0 

257 

128 

257 

384 

257 

129 

257 

385 

257 

254 

257 

510 

257 

255 

257 

511 

257 

383 

257 

127 

257 

382 

257 

126 

257 

257 

257 

1 

257 

256 

257 

0 

258 259 511 

128 128 128 

258 259 511 

384 384 384 

258 259 511 

129 129 129 

258 259 511 

385 385 385 

258 259 511 

254 254 254 

258 259 511 

510 510 510 

258 259 511 

255 255 255 

258 259 511 

511 511 511 

ROW DECODER 

258 259 511 

383 383 383 

258 259 511 

127 127 127 

258 ·259 511 

382 382 382 

258 259 511 

126 126 126 

258 259 511 

257 257 257 

258 259 511 

1 1 1 

258 , 259 511 

256 256 256 

258 259 511 

0 0 0 

A8 ROW ="H" 
REFRESH ADDRESS 

(0-255) 

510 509 

128 128 

510 509 

384 384 

510 509 

129 129 

510 509 

385 385 

510 509 

254 254 

510 509 

510 510 

510 509 

255 255 

510 509 

511 511 

510 509 

383 383 

510 509 

127 127 

510 509 

382 382 

510 509 

126 126 

510 509 

257 257 

510 509 

1 1 

510 509 

256 256 

510 509 

0 0 

CELL 
A = ROW ADDRESS (DECIMAL) 

B = COLUMN ADDRESS (DECIMAL) 

ROW ADDRESS 
8N+6, 8N+7, 8N, 8N+1 
8N+2, 8N+3, 8N+4, 8N+5 
8N+6, 8N+7, 8N, 8N+1 
8N+2, 8N+3, 8N+4, 8N+5 

N=O, 1,2, .. ····63 

COLUMN ADDRESS 
2N 
2N 
2N+1 
2N+1 

N=O, 1,2, .. ····255 

POSITIVE 
NEGATIVE 
NEGATIVE 
POSITIVE 

508 

128 

508 

384 

508 

129 

508 

385 

508 

254 

508 

510 

508 

255 

508 

511 

508 

383 

508 

127 

508 

382 

508 

126 

508 

257 

508 

1 

508 

256 

508 

0 
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OKI semiconductor 

MSM41257A 
262,144-BIT DYNAMIC RANDOM ACCESS MEMORY <Nibble Mode Type> 

GENERAL DESCRIPTION 
The Oki MSM41257 A is a fully decoded, dynamic NMOS random access memory organized as 

262144 one-bit words. The design is optimized for high-speed, high performance applications such 
as mainframe memory, buffer memory, peripheral storage and environments where low power dissipa
tion and compact layout is required. 

Multiolexed row and column address inouts permit the MSM41257 A to be housed in a standard 
16 pin DIP or 18 pin PLCC. Pin-outs conform to the JEDEC approved pin out. Additionally, the 
MSM41257A offers new functional enhancements that make it more versatile than previous dynamic 
RAMs. "CAS-before-RAS" refresh provides an on-chip refresh capability. 
high speed serial access to up to 4 bits of data. 

The MSM41257 A is fabricated using silicon gate NMOS and Oki's advanced VLSI Polysilicon 
process. This process, coupled with single-transistor memory storage cells, permits maximum circuit 
density and minimum chip size. Dynamic circuitry is employed in the design, including the sense 
amplifiers. 

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

FEATURES 
• 262,144 x 1 RAM, '16 or 18 pin package 
• Silicon-gate, Double Poly NMOS, single 

transistor cell 
• Row access time: 

100 ns max (MSM41257A-l0) 
120 ns max (MSM41257 A-12) 
150 ns max (MSM41257 A-15) 

• Cycle time: 
200 ns min (MSM41257A-l0) 
220 ns min (MSM41257A-12) 
260 ns min (MSM41257A-15) 

• Low power: 
330 mW active (MSM41257A-l0) 
303 mW active (MSM41257A-12) 
275 mWactive (MSM41257A-15) 

28 mW max standby 

• Single +5V Supply, ±1 0% tolerance 
• All inputs TTL compatible, low capacitive load 
• Three-state TTL compatible output 
• "Gated" CAS 
• 256 refresh cycles/4 ms 
• Common I/O capability using "Early Write" 

operation 
• Output unlatched at cycle end allows 

extended page boundary and 
two-dimensional chip select 

• Read-Modify-Write, RAS-only refresh, 
capability 

• On-chip latches for Addresses and Data-in 
• On-chip substrate bias generator for high 

performance 
• CAS-before-RAS refresh capability 
• "Nibble Mode" capability 

PIN CONFIGURATION (TOP VIEW) 

Din A. VSS CAS 
Pin Names Function 

Ao-As Address Inputs 
A. VSS 

D,N CAS 

2 1 1817 
Pin N.m" 'unction 

AAS Row Address Strobe 

CAS Column Address Strobe 

WE Write Enable 

WE DOUT 

RAS A,' 

Daut A. - A. Add, ... lnpun 

A: 
lIAS Row Add, .. Strott. 
CAl Cohlmn Add, ... Strobe 

NC WI[ Writ. Enebl. 

D,N Data Input Ao' A," 
A' 01. 0.1. Input 
A;, 0 ... e.ta OutpUt 

A," A<" DOUT Data Output Vee POW*" (+5VI 

VCC Power Supply (+5V) A,' A,-
VSS Ground IOVI 

NC No Connection 
8 9 1011 

VSS Ground IOV) Vee A·-

• Refresh Address 
• Ref,.." Add' .... 
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-------------------. DYNAMIC RAMS, MSM41257A. 

FUNCTIONAL BLOCK DIAGRAM 

~~~ ---------~~~- L. I ______ ~ L---J On chip VBe 

ELECTRICAL CHARACTERISTICS 
ABSOLUTE MAXIMUM RATINGS (See Note) 

Rating 

Voltage on any pin relative to VSS 

Voltage on Vee supply relative to VSS 

Operating temperature 

Storage temperature 

Power dissipation 

Short circuit output current 

Symbol 

VIN, VOUT 

Vee 

Topr 

Tstg 

PD 

I-----WE 

Dour 

Value Unit 

-1 to +7 V 

-1 to +7 V 

Oto 70 °e 

-55 to +150 °e 

1.0 W 

50 mA 

Note: Parmanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 
Functional operation should be restricted to the conditions as detailed in the operational sec
tions 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 Min. 

VCC 4.5 
Supply Voltage 

VSS 0 

Input High Voltage, all inputs VIH 2.4 

Input Low Voltage, all inputs VIL -1.0 

DC CHARACTERISTICS 

Typ. Max. 

5.0 5.5 

0 0 

6.5 

0.8 

(Recommended operating conditions unless otherwise noted.) 

Parameter Symbol 

OPERATING CURRENT' MSM41257A-10 
Average power supply current MSM41257A-12 ICC1 
(RAS, CAS cycling; tRC = min.) MSM41257A-15 

STANDBY CURRENT 
Power supply current ICC2 
(RAS = CAS = VI H) 

REFRESH CURRENT 1 MSM41257A-10 
Average power supply current MSM41257A-12 ICC3 
(RAS cycling, CAS = VIH; tRC = min.) MSM41257A-15 

NIBBLE MODE CURRENT' MSM41257A-10 
Average power supply current MSM41257A-12 ICC4 
(RAS = VIL, CAS cycling; tNC = min.) MSM41257A-15 

REFRESH CURRENT 2 MSM41257A-10 
Average power supply current MSM41257A-12 ICC5 
(CAS before RAS; tRC = min.) MSM41257A-15 

INPUT LEAKAGE CURRENT 
III Input leakage current. any input 

(OV :::: VIN :::: 5.5V, all other pins not under test = OV) 

OUTPUT LEAKAGE CURRENT 
ILO (Data out is disabled, OV :::: VOUT :::: 5.5V) 

OUTPUT LEVELS 
Output high voltage (lOH = -5 mAl VOH 
Output low voltage (lOL = 4.2 mAl VOL 

Unit Operating 
Temperature 

V 

V O°C to +70°C 

V 

V 

Min. Max. Unit Notes 

60 
55 mA 
50 

5.0 mA 

55 
50 mA 
45 

30 
27 mA 
25 

55 
50 mA 
45 

-10 10 }LA 

-10 10 }LA 

2.4 V 
0.4 V 

Note*: ICC is dependent on output loading and cycle rates. Specified values are obtained with the 
output open. 
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CAPACITANCE 
(Ta = 25°C, f = 1 MHz) 

Parameter Symbol Typ. Max. Unit 

Input capacitance (AD - As, DIN) CIN1 - 6 pF 

Input capacitance (RAS, CAS, WE) CIN2 - 7 pF 

Output capacitance (DOUT) COUT - 7 pF 

Capacitance measured with Boonton Meter. 
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AC CHARACTERISTICS 
(Recommended operating conditions unless otherwise noted.) Note 1,2,3 

MSM41257A- MSM41257A- MSM41257A-

Parameter Symbol Unit 10 12 15 Notes 

Min. Max. Min. Max. Min. Max. 

Refresh period tREF ms 4 4 4 

Random read or write 
tRC 200 220 260 cycle time ns 

Read-write cycle time tRWC ns 205 225 260 

Access time from RAS tRAC ns 100 120 150 4,6 

Access time from CAS tCAC ns 50 60 75 5,6 

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

Transition time tT ns 3 50 3 50 3 50 

RAS precharge time tRP ns 90 90 100 

RAS pulse width tRAS ns 100 1Ol-'S 120 1Ol-'s 150 1Ol-'S 

RAS hold time tRSH ns 50 60 75 

CAS pulse width tCAS ns 50 1Ol-'S 60 1Ol-'S 75 1Ol-'S 

CAS hold time tCSH ns 100 120 150 

RAS to CAS delay time tRCD ns 25 50 25 60 25 75 7 

CAS to RAS set-up time tCRS ns 20 25 30 

Row address set-up 
tASR ns 0 0 0 time 

Row address hold time tRAH ns 15 15 15 

Column address set-up 
tASC ns 0 0 0 time 

Column address hold 
tCAH 20 20 25 time ns 

Read command set-up 
tRCS ns 0 0 0 time 

Read command hold 
tRCH 0 0 0 time referenced to CAS ns 

Read command hold 
time referenced to RAS tRRH ns 20 20 20 

Write command set-up 
twcs ns 0 0 0 8 time 
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AC CHARACTERISTICS (Continued) . 
(Recommel'lded operating conditions unless otherwise noted.) 

MSM41257A- MSM41257A- MSM41257A-

Parameter Symbol Unit 10 12 15 Notes 

Min. Max. Min. Max. Min. Max. 

Write command pulse 
twp 15 width ns 20 25 

Write command hold 
time tWCH ns 15 20 25 

Write command to 
RAS lead time tRWL ns 35 40 45 

Write command to 
CAS lead time tCWL ns 35 40 45 

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

Data-in hold time tDH ns 20 20 25 

CAS to WE delay time tCWD ns 15 20 25 8 

Refresh set-up time for 
tFCS 20 CAS referenced to RAS ns 25 30 

Refresh hold time for 
CAS referenced to RAS tFCH ns 20 25 30 

CAS precharge time 
tCPR (C before R cycle) ns 20 25 30 

RAS precharge to 
tRPC CAS active time ns 20 20 20 

Nibble mode read/write 
60 cycle time tNC ns 70 80 9 

Nibble mode read-write 
tNRWC 60 cycle time ns 70 80 9 

Nibble mode access 
time tNCAC ns 25 30 35 9 

Nibble mode CAS 
pulse width tNCAS ns 25 30 35 9 

Nibble mode CAS 
precharge time tNCP ns 25 30 35 9 

Nibble mode read 
tNRRS~ RAS hold time ns 25 30 35 9 

Nibble mode write 
RA$ hold time tNWRSH ns 45 50 60 9 

Nibble mode CAS hold 
time referenced to RAS tRNH ns 25 30 35 9 
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AC CHARACTERISTICS (Continued) 
(Recommended operating conditions unless otherwise noted.) 

MSM41257A- MSM41257A- MSM41257A-

Parameter Symbol Unit 10 12 15 
Notes 

Min. Max. Min. Max. Min. Max. 

Refresh counter test 
tRTC 315 355 415 10 cycle time ns 

Refresh counter test 
tTRAS 215 lOJ.Ls 255 10J.Ls 305 10J.Ls 10 RAS pulse width ns 

Refresh counter test 
tCPT 50 60 70 10 CAS precharge time ns 

Notes: 
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2 

3 

4 

5 

6 

7 

8 

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

The AC characteristics assume at tT = 5 ns 

VIH (Min.) and VIL (Max.) are reference levels for measuring of input signals. Also transi
tion times are measured between VIH and VIL. 

Assumes that tRCD '£ tRCD (Max.). If tRCD is greater than the maximum recommended 
value shown in this table, tRAC will increase by the amount that tRCD exceeds the value 
shown. 

Assumes that tRCD ~ tRCD (Max.). 
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; if tRCD is greater than the specified tRCD (Max.) 
limit, then access time is controlled exclusively by tCAC. 

twcs and tCWD are not restrictive operating parameters. They are included in the data 
sheet as electrical charcteristics 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 tCWD ~ tCWD (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. 

9 Nibble mode cycle. 

10 CAS before RAS Refresh Counter Test Cycle only. 
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READ CYCLE 

tRC 
tRAS 

RAS 
VIH-

VIL -

tRSH 

VIH-
tCAS 

CAS 
VIL -

Addresses 
VIH-

VIL -

DOUT 

VIH-~ I ~ V//lllll//M 
V I L - .u.~'.L..l.t.~~(..(.LI.;.a I----tCAC-------+j 'W//(/III4; 

1 ..... e-------tRAC ----I ~ tOFF 

VOH-________ -I
1 

OPEN I l--"-'v""'a'''"id''-- -____ _ 
VOL - ~ Data _ 

~ Don'tCare 

WRITE CYCLE (EARLY WRITE) 

RAS VIH-

VIL-

CAS 
VIH-

VIL-

Addresses 
VIH-

VIL-

V1H-
WE 

VIL-

VIH-
DIN VIL -

DOUT 
VOH- I OPEN I 
VOL-

~ Don'tCare 
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READ-WRITE/READ-MODIFY -WRITE CYCLE 

VIH
Addresses V I L -

DOUT 

~------------------------tRWC----------------------~ 
~------------------tRAS---------------------1~-----J 

tCSH 
tRSH 

--~~~----------tCAS------------~ 

~~~-------- ~~------

~ Don't Care 

NIBBLE MODE READ CYCLE 

VIH- ~~~~~~-+--------~~~~--~~~~----~~~----------~~ 
VIL- ~~:::.:;;:;:::.:;;:;~ 

DOUT 

~ Don't Care 
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NIBBLE MODE WRITE CYCLE 

RAS 
VIH-

VIL -

CAS 
VIH-

VIL -

Addresses 
VIH-

VIL -

WE 
vIH-

VIL -

DIN 
vIH-

VIL -

VOH-
Open DOUT 

VOL-
~ Don't Care 

NIBBLE MODE READ-WRITE CYCLE 

RAS VIH-

VIL -

CAS VIH-

VIL -

Addresses 
VIH-

VIL-

WE 
vIH-

VIL -

DOUT 
VOH-

VOL-

DIN 
VIH-

vlL -

~ Don't Care 
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RAS ONLY REFRESH CYCLE 

NOTE: CAS = VIH, WE, DIN = Don't care 

rcRotwRAH~"" L,,,J.~tASR r_~ 
Addresses VIH-

v I L - ~""""""'''"''''"''~ ,-_..:..A;,;;d,;:.d ;.,;;r8.;;,;ss:..... ..... 

DOUT 
VOH- ___________ -11 OPEN 

VOL-

~ Don't Care 

CAS-BEFORE-RAS REFRESH CYCLE 

NOTE: Address, WE, DIN = Don't care 

RAS 
VIH -

VIL -

CAS 
VIH-
VIL-

DOUT 
VOH-

VOL- ---------~I OPEN ~I ----------

~ Don't Care 
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HIDDEN REFRESH CYCLE 

RAS vIH-
VIL -

CAS 
VIH -
VIL -

Addresses 
VIH -
VIL -

WE (Read) 

DOUT 
VOH-

VOL -

WE VIH-
(Read·Write) v I L -

~ Don't Care 

CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 

RAS VIH-
VIL -

CAS VIH-
vIL-

Addresses 
VIH-
VIL -

WE (Read) 
VIH-

VIL-

DOUT 
VOH-

VOL-

VIH-
WE (Write) 

VIL-

VIH-DIN 
VIL -

~ Don't Care 

III 
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FUNCTIONAL DESCRIPTION 

Simple Timing Requirements: 
The MSM41 257 A has the circuit considera

tions for easy operational timing requirements 
for high speed .access time operations. The 
MSM41257 A can operate under the condition of 
tRCD (max) = tCAC which provides an optimal 
time space for address multiplexing. In addition, 
the MSM41257 A has the minimal hold time of 
Address (tCAH), WE (tWCH) and DIN (tDH)' And 
the MSM41257 A can commit better memory 
system through-put during operations in an inter
leaved system. Furthermore, Oki has made 
timing requirements referenced to RAS non
restrictive and deleted from the data sheet, 
which includes tAR, tWCR, tDHR and tRWD· 
Therefore, the hold times of the Column Address 
DIN and WE as well as tCWD (CAS to WE Delay) 
are not restricted by tRCD. 

Fast Read- While-Write Cycle: 
The MSM41257 A has the fast read while 

write cycle which is achieved by excellent con
trol of the three-state output buffer in addition 
to the simplified timings described in the pre
vious section. The output buffer is controlled 
by the state of WE when CAS goes low. When 
WE is low during CAS transition to low, the 
MSM41257 A goes to early write mode where 
the output becomes floating and common 1/0 
bus can be used on the system level. Whereas, 
when WE goes low after tCWD following CAS 
transition to low, the MSM41257 A goes to 
delaye.d write mode where the output contains 
the data from the cell selected and the data from 
DIN is written into the cell selected. Therefore, 
very fast read write cycle becomes available. 

Address Inputs: 
A total of eighteen binary input address bits 

are required to decode any 1 of 262,144 storage 
cell location within the MSM41257 A. Nine row
address bits are established on the input pins 
(Ao through As) and latched with the Row Ad
dress Strobe (RASl. Then nine column address 
bits are established on the input pins and 
latched with the Column Address Strobe (CAS). 
All input addresses must be stable on or before 
the falling edge of RAS. CAS is internally inhibi!
ed (or "gated") by RAS to permit triggering of 
CAS as soon as the Row Address Hold Time 
(tRAH) speCification has been satisfied and the 
address inputs have been changed from row
addresses to column-addresses. 

Write Enable: 
The read or write mode is selected with the 

WE input. A logic "high" on WE dictates read 
mode, logic "low" dictates write mode. Data input 
is disabled when read mode is selected. . 
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Data Input: 
Data is written into the MSM41257 A during a 

write or read-write cycle. The last falling edge of 
WE or CAS is a strobe for the Data in (DIN) 
register. In a write cycle, if WE is brought "low" 
(write mode) before CAS, DIN is strobed by CAS, 
and the set-up and hold times are referenced to 
CAS. In a read-write cycle, WE will be delayed 
until CAS has made its negative transition. Thus 
DIN is strobed by WE, and set-up and hold times 
are referenced to WE. 

Data Output: 
The output buffer is three-state TTL compati

ble with a fan-out of two standard TTL loads. 
Data out is the same polarity as data in. The 
output is in a high impedance state until CAS is 
brought "low". In a read cycle, or a read-write 
cycle, the output is valid after tRAC from transi
tion of RAS when tRCD (max) is satisfied, or after 
tCAC from transition of CAS when the transition 
occurs after tRCD (max). Data remain valid until 
CAS is returned to "high". In a write cycle, the 
identical sequence occurs, but data is not valid. 
Nibble Mode: 

Nibble mode allows high speed serial read, 
write or read-modify-write access of 2, 3 or 4 
bits of data. The bits of data that may be ac
cessed during nibble mode are determined by 
the 8 row addresses and the 8 column addres
ses. The 2 bits of addresses (CAB RAB) are used 
to select 1 of the 4 nibble bits for initial access. 
After the first bit is accessed by normal mode, 
the remaining nibble bits may be accessed by 
CAS "high" then "low" while RAS remains "low". 
Toggling CAS causes RAB and CAs to be incre
mented internally while all other address bits are 
held constant and makes the next nibble bit 
available for access. (See Table 1) 

If more than 4 bits are accessed during 
nibble mode, the address sequence will begin to 
repeat. If any bit is written during nibble mode, 
the new data will be read on any subsequent 
access. If the write operation may be executed 
again on subsequent access, the new data will 
be written into the selected cell location. 

In nibble mode, the three-state control of 
DOUT Pin is determined by the first normal ac
cess cycle. 

The data output is controlled by only WE 
state referenced at CAS negative transition of 
the normal cycle (first Nibble bit). That is, when 
twcs > twcs (min) is met, the data output will 
remain open circuit throughout the succeeding 
Nibble cycle regardless of WE state. Whereas, 
when tCWD > tCWD (min) is met, the data 
output will contain data from the cell selected 
during the succeeding nibble cycle regardless of 
WE state. The write operation is done during the 
period where WE and CAS clocks are low. 
Therefore, write operation can be done bit by bit 
during each nibble operation at any timing condi
tions of WE (twcs and tCWD) at the normal 
cycle (first Nibble bit). 



--------------------'. DYNAMIC RAMS, MSM41257A. 

Table 1 NIBBLE MODE ADDRESS SEQUENCE EXAMPLE 

NIBBLE ROW COLUMN 
SEQUENCE BIT RAe ADDRESS CAe ADDRESS 

RAS/CAS (normal mode) 0 10101010 0 10101010 ... input addresses 

toggle CAS (nibble mode) 2 10101010 0 10101010 

\ 
toggle CAS (nibble mode) 3 0 10101010 10101010 generated inter-

toggle CAS (nibble mode) 4 1 10101010 10101010 
nally sequence 
repeats 

toggle CAS (nibble mode) 0 10101010 0 10101010 

RAS Only Refresh: 
Refresh of the dynamic memory cells is ac

complished by performing a memory cycle at 
each of the 256 row-addresses (AD to A 7) at least 
every 4 milliseconds. RAS only refresh avoids 
any output during refresh because the output 
buffer is in the high impedance state unless CAS 
is brought low. Strobing each of the 256 row
addresses (AD to A7) with RAS will cause all bits 
in each row to be refreshed. Further RAS only re
fresh results in a substantial reduction in power 
dissipation. 

CAS Before RAS Refresh: 
CAS before RAS refreshing available on the 

MSM41257 A offers an alternate refresh method. 
If CAS is held on low for the specified period 
(tFCS) before RAS goes to low, on chip refresh 
control clock generators and the refresh address 
counter are enabled, and an internal refresh op
eration takes place. After the refresh operation is 
performed, the refresh address counter is auto
matically incremented in preparation for the next 
CAS before RAS refresh operation. 

Hidden Refresh: 
Hidden refresh cycle may take place while 

maintaining latest valid data at the output by ex
tending CAS active time from the previous 
memory read cycle. In MSM41257 A hidden re
fresh means CAS before RAS refresh and the in
ternal refresh addresses from the counter are 
used to refresh addresses, because CAS is 
always low when RAS goes to low in this mode. 

CAS Before RAS Refresh Counter Test Cycle: 
A special timing sequence using CAS before 

RAS counter test cycle provides a convenient 
method of verifying the functionality of CAS 
before RAS refresh activated circuitry. As shown 
in CAS before RAS Counter Test Cycle, if CAS 
goes to high and goes to low again while RAS is 
held low, the read and write operation are 
enabled. A memory cell address, consisting of a 
row address (9 bits) and a column address (9 
bits), to be acceded can be defined as follows: 
• A ROW ADDRESS 

- Bits AD through A7 are defined by the refresh 
counter. The other bit Ae is set "high" 
internally. 

• A COLUMN ADDRESS 
- All the bits AD through Ae are defined by 

latching levels on AD through Ae at the 
second falling edge of CAS. 

Suggested CAS before RAS Counter Test 
Procedure: 

The timing, as shown in CAS before RAS 
Counter Test Cycle, is used for all the operations 
described as follows: 
(1) Initialize the internal refresh counter. For 

this operaton, 8 cycles are required. 
(2) Write a test pattern of lows into memory 

cells at a single column address and 256 
row addresses. 

(3) By using read-modify-write cycle, read the 
low written at the last operation (Step (2)) 
and write a new high in the same cycle. This 
cycle is repeated 256 times, and highs are 
written into the 256 memory cells. 

(4) Read the high written at the last operation 
(Step (3)). 

(5) Complement the test pattern and repeat the 
steps (2), (3) and (4). 
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NIBBLE MODE 

1) The case of first nibble cycle is Early write 

RAS~ ~ 

\~. --------------------------~I 

\\-_...JI \'-____ ..... 1 

----~~-----~-------

11 ===>~-------------Hi9h-Z-----------------
~ Early Write~NO ope.----o.~I ... --Write--.... _tI .... --Write~ 

(Add Increment) ~ : Valid Data 

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

RAS ~ r--
\\-. ---------_____ ~I 

\'--___ ~I \\-__ --JI 

-----~---------~-----
DOUT 

l.--- Read-Write .. I. Read-Write--,,+--- Read------t-- Read-write---I 

~: Valid Data 
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252 253 254 

128 128 128 

252 253 254 

384 384 384 

252 253 254 

129 129 129 

252 253 254 

385 385 385 

252 253 254 

254 254 254 

252 253 254 

510 510 510 

252 253 254 

255 255 255 

252 253 254 

511 511 511 

252 253 254 

383 383 383 

252 253 254 

127 127 127 

252 253 254 

382 382 382 

252 253 254 

126 126 126 

252 253 254 

257 257 257 

252 253 254 

1 1 1 

252 253 254 

256 256 256 

252 253 254 

0 0 0 

MSM41257A Bit Map (Physical-Decimal) 
o Pin 16 

255 3 2 

128 128 128 

255 3 2 

384 384 384 

255 3 2 

129 129 129 

255 3 2 

385 385 385 

255 3 2 

254 254 254 

255 3 2 

510 510 510 

255 3 2 

255 255 255 

255 3 2 

511 511 511 

ROW DECODER 

255 3 2 

383 383 383 

255 3 2 

127 127 127 

255 3 2 

382 382 382 

255 3 2 

126 126 126 

255 3 2 

257 257 257 

255 3 2 

1 1 1 

255 3 2 

256 256 256 

255 3 2 

0 0 0 

AB ROW ="L" 
REFRESH ADDRESS 

(0-255) 

o 
PinB 

-
1 0 

128 128 

1 0 

384 384 

1 0 

129 129 
cr: 

1 0 UJ 
Cl 

385 385 0 
(,) 
UJ 
Cl 

Z 
1 0 

::;: 
::) 

254 254 ..J 
0 

1 0 
(,) 

510 510 

1 0 

255 255 

1 0 

511 511 
1-

~ 

1 0 

383 383 

1 0 

127 127 

1 0 

382 382 

1 0 cr: 
UJ 

126 126 Cl 
0 
(,) 
UJ 
Cl 

Z 
1 0 ::;: 

257 257 
::) 
..J 
0 

1 0 (,) 

1 1 

1 0 

256 256 

1 0 

0 0 

256 257 

128 128 

256 257 

384 384 

256 257 

129 129 

256 257 

385 385 

256 257 

254 254 

256 257 

510 510 

256 257 

255 255 

256 257 

511 511 

256 257 

383 383 

256 257 

127 127 

256 257 

382 382 

256 257 

126 126 

256 257 

257 257 

256 257 

1 1 

256 257 

256 256 

256 257 

0 0 

258 259 511 

128 128 128 

258 259 511 

384 384 384 

258 259 511 

129 129 129 

258 259 511 

385 385 385 

258 259 511 

254 254 254 

258 259 511 

510 510 510 

258 259 511 

255 255 255 

258 259 511 

511 511 511 

ROW DECODER 

258 259 511 

383 383 383 

258 259 511 

127 127 127 

258 259 511 

382 382 382 

258 259 511 

126 126 126 

258 259 511 

257 257 257 
f---

258 259 511 

1 1 1 

258 259 511 

256 256 256 

258 259 511 

0 0 0 

ABROW="H" 
REFRESH ADDRESS 

(0-255) 

510 509 

128 128 

510 509 

384 384 

510 509 

129 129 

510 509 

385 385 

510 509 

254 254 

510 509 

510 510 

510 509 

255 255 

510 509 

511 511 

510 509 

383 383 

510 509 

127 127 

510 509 

382 382 

510 509 

126 126 

510 509 

257 257 

510 509 

1 1 

510 509 

256 256 

510 509 

0 0 

CELL 
A = ROW ADDRESS (DECIMAL) 

B = COLUMN ADDRESS (DECIMAL) 

ROW ADDRESS 
BN+6, BN+7, BN, BN+1 
BN+2, BN+3, BN+4, BN+5 
BN+6, BN+7, BN. BN+1 
BN+2, BN+3, BN+4, BN+5 

N=O, 1,2,·· .. ·63 

COLUMN ADDRESS 
2N 
2N 
2N+1 
2N+1 

N=O, 1,2, ······255 

POSITIVE 
NEGATIVE 
NEGATIVE 
POSITIVE 

508 

128 

508 

384 

508 

129 

508 

385 

508 

254 

508 

510 

508 

255 

508 

511 

508 

383 

508 

127 

508 

382 

508 

126 

508 

257 

508 

1 

508 

256 

508 

0 
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OKI semiconductor 

MSM41464 
65,536-WORD x 4-BITS DYNAMIC RANDOM ACCESS MEMORY 

GENERAL DESCRIPTION 

The Oki MSM41464 is a fully decoded, dynamic NMOS random access memory organized as 
65,536 words by 4 bits. The design is optimized for high-speed, high performance applications such 
as mainframe memory, buffer memory, peripheral storage and environments where low power dissipa
tion and compact layout is required. 

Multiolexed row and column address inputs permit the MSM41464 to be housed in a standard 18 
pin DIP or PLCC. Pin-outs. conform to the JEDEC approved pin out. Additionally, the MSM41464 
offers new functipnal enhancements that make it more versatile than previous dynamic HAMs. "CAS
before-RAS" refresh provides an on-chip refresh capability. 

The MSM41464 is fabricated using silicon gate NMOS and Oki's advanced VLSI Polysilicon 
process. This process, coupled with single-transistor memory storage cells, permits maximum circuit 
density and minimum chip size. Dynamic circuitry is employed in the design, including the sense 
amplifiers. 

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

FEATURES 

• 65,536 x 4 RAM, 18 pin package 
• Silicon-gate, Double Poly NMOS, single 

transistor cell 
• Row access time: 

100nsmax (MSM41464-10J 
120 ns max (MSM41464-12) 
150 ns max (MSM41464-15) 

• Cycle time: 
200 ns min (MSM41464-10) 
220 ns min (MSM41464-12) 
260 ns min (MSM41464-15) 

• Low power: 
385 mW active (MSM41464-1 0) 
360 mW active (MSM41464-12) 
330 mW active (MSM41464-15) 

28 mW max standby 

• Single +5V Supply, ±1 0% tolerance 
• All inputs TTL compatible, low capacitive load 
• Three-state TTL compatible output 
• "Gated" CAS 
• 256 refresh cycles/4 ms 
• Output impedance controllable through early 

write and OE operations 
• Output unlatched at cycle end allows 

extended page boundary and 
two-dimensional chip select 

• Read-Modify-Write, RAS-only refreSh, 
capability 

• On-chip latches for Addresses and Data-in 
• On-chip substrate bias generator for high 

performance 
• CAS-before-RAS refreSh capability 
• "Page Mode" capability 

PIN CONFIGURATION (TOP VIEW) 
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Pin Names I Funclion 

Ao--A, ~UIS < 

---- -----
"AS n°w Add,." S"obe 

C~S___ ____ Column Address Strobe 

DO, - DO. Data tn/Data Out 

Vee 

VSS 

I Power Supply (+5V) 

-t~;~~;~~--

OE 
VSS DO. 

DO, 
r-'-2'-'-,'u,-'-a W'7' 

8 9 1011 

Pin Names Function 

Ao-A. Address Inputs 

CAS "AS Row Address Strobe 

003 CAS Column Address Strobe 

Ao 00,-00 .. Oala InJData Qui 

,£1'1 OE Output Enable 

A2 WE WrileEnable 

Vee Power Supply (+5V) 

VSS Ground (Ov) 



--------------------. DYNAMIC RAMS, MSM41464. 

FUNCTIONAL BLOCK DIAGRAM 

~~~ -~------'r'-- L. I ______ ....J L--j OnchipVSB 

ELECTRICAL CHARACTERISTICS 
ABSOLUTE MAXIMUM RATINGS (See Note) 

Rating 

Voltage on any pin relative to VSS 

Voltage on Vee supply relative to VSS 

Operating temperature 

Storage temperature 

Power dissipation 

Short circuit output current 

Symbol 

VIN. VOUT 

Vee 

Topr 

Tstg 

Po 

Value Unit 

-1 to +7 V 

-1 to +7 V 

o to 70 De 

-55 to +150 De 

1.0 W 

50 rnA 

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

117 



• DYNAMIC RAMS· MSM41464 .--------------------

RECOMMENDED OPERATING CONDITIONS 
(Referenced to VSS) 

Parameter Symbol Min. 

VCC 4.5 
Supply Voltage 

VSS 0 

Input High Voltage, all inputs VIH 2.4 

Input Low Voltage, all inputs VIL -1.0 

DC CHARACTERISTICS 

Typ. Max. 

5.0 5.5 

0 0 

6.5 

0.8 

(Recommended operating conditions unless otherwise noted.) 

Parameter Symbol 

OPERATING CURRENT" MSM41464-10 
Average power supply current MSM41464-12 ICC1 
(RAS, CAS cycling; tRC = min.) MSM41464-15 

STANDBY CURRENT" 
Power supply current ICC2 
(RAS = CAS = VI H) 

REFRESH CURRENT 1" MSM41464-10 
Average power supply current MSM41464-12 ICC3 
(RAS cycling, CAS = VIH; tRC = min.) MSM41464-15 

PAGE MODE CURRENT" MSM41464-10 
Average power supply current MSM41464-12 ICC4 
(RAS = VIL, CAS cycling; tpc = min.) MSM41464-15 

REFRESH CURRENT 2" MSM41464-10 
Average power supply current MSM41464-12 ICC5 
(CAS before RAS; tRC = min.) MSM41464-15 

INPUT LEAKAGE CURRENT 
Input leakage current, any input 

III (OV ::; VIN ::; 5.5V, all other pins not 
under test = OV) 

OUTPUT LEAKAGE CURRENT 
ILO (Data out is disabled, OV ::; VOUT ::; 5.5V) 

OUTPUT LEVELS 
Output high voltage (lOH = -5 mAl VOH 
Output low voltage (lOL = 4.2 mAl VOL 

Unit 
Operating 

Temperature 

V 

V O°C to +70°C 

V 

V 

Min. Max. Unit Notes 

70 
65 mA 
60 

5.0 mA 

60 
55 mA 
50 

45 
401 mA 
35 

65 
60 mA 
55 

-10 10 iJ-A 

-10 10 iJ-A 

2.4 V 
0.4 V 

Note·: ICC is dependent on output loading and cycle rates. Specified values are obtained with the 
output open. 
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CAPACITANCE 
(Ta = 25°C, f = 1 MHz) 

Parameter Symbol Typ. Max. Unit 

Input capacitance (Ao --:- A7) CIN1 - 6 pF 

Input capacitance (RAS, CAS, WE, OE) CIN2 - 7 pF 

Data I/O capacitance (DQ 1 - DQ4) CD - 7 pF 

Capacitance measured with Boonton Meter. 
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AC CHARACTERISTICS 
(Recommended operating conditions unless otherwise noted.) Note1,2,3 

MSM41464- MSM41464- MSM41464-

Parameter Symbol Unit 10 12 15 Notes 

Min. Max. Min. Max. Min. Max. 

Refresh period tREF ms 4 4 4 

Random read or write 
cycle time tRC ns 200 220 260 

Read-write cycle time tRWC ns 270 300 355 

Page mode cycle time tpc ns 100 120 145 

Access time from RAS tRAC ns 100 120 150 4,6 

Access time from CAS tCAC ns 50 60 75 5,6 

Output buffer turn-off 
tOFF ns 0 25 0 30 0 40 delay 

Transition time tT ns 3 50 3 50 3 50 

RAS precharge time tRP ns 90 90 100 

RAS pulse width tRAS ns 100 10",s 120 lO",s 150 10",s 

RAS hold time tRSH ns 50 60 75 

CAS precharge time 
tcp ns 40 50 60 (Page mode cycle only) 

CAS pulse width tCAS ns 50 10",s 60 lO",s 75 lO",s 

CAS hold time tCSH ns 100 120 150 

RAS to CAS delay time tRCD ns 25 50 25 60 25 75 7,8 

CAS to RAS set-up time tCRS ns 20 25 30 

Row address set-up 
tASR ns 0 0 0 time 

Row address hold time tRAH ns 15 15 15 

Column address set-up 
tASC ns 0 0 0 time 

Column address hold 
tCAH 20 20 25 time ns 

Read command set-up 
tRCS ns 0 0 0 time 

Read command hold 
tRCH 0 0 0 10 time ns 

Write command set-up 
twcs ns 0 0 0 9 time 
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AC CHARACTERISTICS (Continued) 
(Recommended operating conditions unless otherwise noted.) 

MSM41464- MSM414.S4- MSM41464-

Parameter Symbol Unit 10 12 15 Notes 

Min. Max. Min. Max. Min. Max. 

Write command pulse 
twp 25 30 width ns 35 

Write command hold 
time tWCH ns 25 30 35 

Write command to 
RAS lead time tRWL ns 35 40 45 

Write command to 
CAS lead time tCWL ns 35 40 45 

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

Data-in hold time tDH ns 25 30 35 

CAS to WE delay tCWD ns 80 95 120 9 

RAS to WE delay tRWD ns 130 155 195 9 

Read command hold 
time reference to RAS tRRH ns 20 20 20 10 

Access time from OE tOEA ns 25 30 40 

OE data delay time tOED ns 25 30 40 

OE hold time tOEH ns 0 0 0 

Turn-off delay time 
tOEZ 0 25 0 30 from OE ns 0 40 

RAS to CAS set-up time 
tFCS 20 25 (CAS before RAS) ns 30 

RAS to CAS hold time 
(CAS before RAS) tFCH ns 20 25 30 

CAS active delay from 
tRPC 20 20 20 RAS precharge ns 

CAS precharge time 
tCPR 20 25 30 (CAS before RAS) ns 

Read/write cycle 
tRTC 380 430 11 

(Refresh counter test) ns 510 

RAS pulse width 
tTRAS 280 10",s (Refresh counter test) ns 330 10",s 400 10",s 11 

CAS precharge time 
tCPT 50 60 70 (Refresh counter test) ns 11 

Read/write cycle time 
tPRWC 170 200 240 (Page mode) ns 
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• DYNAMIC RAMS· MSM41464 .--------------------

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

2 The AC characteristics assume at tT = 5 ns 

3 VIH (Min.) and VIL (Max.) are reference levels for measuring of input signals. Also transi
tion times are measured between VIH and VIL. 

4 Assumes that tRCD ~ tRCD (Max.) If tRCD > tRCD (Max.), tRAC will increase by {tRCD 
- tRCD (M~x.)}. 

5 Assumes that tRCD ~ tRCD (Max.). 

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

7 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 th8n the specified tRCD (Max.) 
limit, then access time is controlled exclusively by tCAC. 

8 Assumes that tRCD (Min.) = tRAH (Min.) + 2tT + tASC (Min.) 

9 twcs, tCWD and tRWD are not restrictive operating parameters. They are included in 
the data sheet as electrical charcteristics only; if twcs > twcs (Min.), the cycle is an 
early write cycle and the data in/data out pin will remain open circuit (high impedance) 
throughout the entire cycle; if tCWD ~ tCWD (Min.) and tRWD ~ tRWD (Min.) the cycle 
is read-write cycle and the data in/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. 

10 Either tRRH or tRCH must be satisfied for a read cycle. 

11 CAS before RAS refresh counter test cycle only. 

READ CYCLE 

tRAS 

~ ______________ tCSH-__________ _ 

t R S H ------+--I 
________ ~------~~~ ~-------tcAS------~ ~--~-------------

CAS V IH -
VIL --

Addresses V I H 
VIL 

to F 

DATA V 0 H __________ _ 
VOL - OPEN Valid Data 

V IH 

V IL ZZLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL+-____ -Z~LLLLLLLLLLLLLLLLL 

~ "H", "L" = Don't eare 
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WRITE CYCLE (EARLY WRITE) 

OE WRITE CYCLE 

IUS V IH -

V IL -

CAS V IH -

V IL -

WE V IH 
VIH~~~~~~U7 

IRe 

t RAs 

tCSH 
tRSH 

tCA 

r OED 

-V IH-_ 
OE VIL 

~ "H". "LOO = Don't Ca,e 

~ "H", "L" = Don't Ca,e 
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READ/WRITE AND READ MODIFY WRITE CYCLE 

DATA 

~ "H", "L" = Don't Care 

PAGE MODE READ CYCLE 
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RAS 

Addresses V I H 

VIL 

~----------------------- tRAS H 
l'-----------fI---t-RSu:==:j- . tRP 

tCRS 

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

RAS V 1H -
V 1L -

CAS V 1H -
V 1L -

Address V 1H 
VlL 

WE V 1H 
V 1L 

DATA 
V 1H 
V 1L 

OE 

~ "H", "L" = Don't Care 

PAGE MODE OE WRITE CYCLE 

~-----_tpc----------~ t R S H ___ ----I 
____ tCAS ____ ~ RC----'-.t------t CAS -------I 

CAS V I H =-+F=====tj- t CSH 

V lL - r-------------------f 

Address 

WE V I H -=;:TT77T.rnTTm------------~ 
VIL~~~~~ r----~------J 

DATA V1H/VOH 
V I L/V 0 L -='-'-'.L.L'--'..lCLi.-'-'-"-'-'-'-""-'-''-t-LL'-<.b!" 1'-__ ---.J \LLLL'--'-''-'-''-L.f...t..t....'-t-LLLf.-'-'-':D[ 1<--,-----J "-"-'-'--'-'-"-'-'''-

h 
'OEH tOED 

W;/$///J//I/$!ffaA 
'OED 

OE ~:: :W/#/I/$//////Jj$$ 
W "H", "L" = Don't Care 
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PAGE MODE READ/WRITE CYCLE 

HAS VIH ___ ~~,r-------------------------I~R~A~S~ ________________________ ~.r-__ ~ 
V IL --- r-__________ IPRWL-________ ~ IRS H ______ --I 

I CAS -------1 

Address 

WE VIH~M7~~7T~--+---------~ 

VIL-Z~~LU~ff r~--~-----J 

OE V I H =-----------. 
V IL --

~ "H", "L"= Don't Care 

RAS ONLY REFRESH CYCLE 

NOle: CAS = VIH, WE and OE not dependent on the high or low level. 

126 

Address 

VIH 
VIL --

DATA VOH -------------------------
VOL 

OPEN 

fZZl "H", "L" = Don't Care 
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CAS BEFORE RAS REFRESH CYCLE 

V IH 
RAS V IL 

CAS VIH
VlL -

HIDDEN REFRESH CYCLE 

RAS 
V IH -
V lL -

CAS 
V IH -
V 1L -

Address 

WE 

DATA VOH -
VOL -=-- OPEN 

V I H ------------------

VlL -

Note: WE and OE not dependent on the high or low level. 

~ Don'tCare 

tRSH 

~tOFF CACJc ______________________________________ ~ 

Valid Data 

tOEA 

~ "H", "L"= Don't Care 
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 

I-----------~ tRTC ~----------__t 

~--~~--------tTRAS ~-------__t~~----~I 

tcp 1 ___ ~tRSH -----< 

1 Ir--------.,JI--~~- tCAS ~-----l.~----""-

FUNCTIONAL DESCRIPTION 

Address Inputs: 
16 bits of binary address input are required 

to decode anyone of the 65,536 words by 4 bit 
storage cell locations. 

8 row-address bits are set up on address 
input pins Ao through A7 and latched onto the 
chip by the row address strobe (RAS). Then 8 
column-address bits are set up on pins Ao 
through A7 and latched onto the chip by the 
column address strobe (CAS). 

All addresses must be stable on or before the 
falling edges of RAS. CAS is internally inhibited 
(gated) by the RAS to permit triggering of CAS as 
soon as the Row Address Hold Time (tRAH) spe
cification has been satisfied and the address 
inputs have been changed from row-addresses 
to column-addresses. 

Therefore specifications permit column ad
dresses to be input immediately after the row ad
dress hold time (tRAH). 
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~ "H", "L" = Don't Care 

Write Enable: 
The read mode or write mode is selected with 

the WE input. The logic high of the WE input 
selects the read mode and a logic low selects 
the write mode. The data input is disabled when 
the read mode is selected. Data-out will remain 
in the high-impedance state allowing a write 
cycle with WE grounded. 

Data Input: 
Data is written during a write or read-modify 

write cycle. Depending on the mode of operation, 
the falling edge of CAS or WE strobes data into 
the on-chip data latches. In an early-write cycle, 
WE is brought low prior to CAS and the data is 
strobed in by CAS with setup and hold times 
referenced to this signal. In a delayed write or 
read-modify-write cycle, CAS will already be low, 
thus the data will be strobed in by WE with setup 
and hold times referenced to this signal. In 
delayed or read-modify-write, OE must be high 
to bring the output buffers to high impedance 
prior to impressing data on the I/O lines. 



___________________ 1. DYNAMIC RAMS, MSM41464. 

Data Output: 
The th ree-state output buffer provides direct 

TTL compatibility with a fan-out of two standard 
TTL loads. Data-out is the same polarity as data
in. The output is in the high-impedance (floating) 
state until CAS is brought low. In a read cycle the 
output goes active after the access time interval 
tCAC that begins with the negative transition of 
CAS as long as tRAC and tOEA are satisfied. 
The output becomes valid after the access time 
has elapsed and remains valid while CAS or OE 
are low. CAS or OE going high returns it to a high 
impedance state. In an early-write cycle, the 
output is always in the high impedance state. In 
a delayed-write or read-modify-write cycle, the 
output must be put in the high impedance state 
prior to applying data to the DQ input. This is ac
complished by bringing OE high prior to applying 
data, thus satisfy tOED· 

Output Enable: 
The OE controls the impedance of the output 

buffers. When OE is high, the buffers will remain 
in the high impedance state. Bringing OE low 
during a normal cycle will activate the output buf
fers putting them in the low impedance state. It is 
necessary for both RAS and CAS to be brought 
low for the output buffers to go into the low impe
dance state. Once in the low impedance state, 
they will remain in the low impedance state until 
OE or CAS is brought high. 

Page Mode: 
Page-mode operation permits strobing the 

row-address while maintaining RAS at a logic 
low (0) throughout all successive memory opera
tions in which the row-address doesn't change. 
Thus the power dissipated by the negative going 
edge of RAS is saved. Further, access and cycle 
times are decreased because the time normally 
required to strobe a new row-address is elimi
nated. 

RAS Only Refresh: 
Refresh of the dynamic memory cells is ac

complished by performing a memory cycle at 
each of the 256 row-addresses (AD to A 7) at least 
every four milliseconds. RAS only refresh avoids 
any output during refresh because the output 
buffer is in the high impedance state unless CAS 
is brought low. Strobing each of 256 (AD to A7) 
row-addresses with RAS will cause all bits in 
each row to be refreshed. Further RAS-only re
fresh results in a substantial reduction in power 
dissipation. 

CAS Before RAS Refresh: 
CAS before RAS refreshing offers an alter

nate refresh method. If CAS is held on low for the 

specified period (tFCS) before RAS goes to low, 
on chip refresh control clock generators and the 
refresh address counter are enabled, and an in
ternal refresh operation takes place. After the re
fresh operation is performed, the refresh address 
counter is automatically incremented in prepara
tion for the next CAS before RAS refresh 
operation. 

Hidden Refresh: 
Hidden refresh cycle may take place while 

maintaining latest valid data at the output by ex
tending CAS active time. Hidden refresh means 
CAS before RAS refresh and the internal refresh 
addresses from the counter are used to refresh 
addresses, because CAS is always low when 
RAS goes to low in this mode. 

CAS Before RAS Refresh Counter Test Cycle: 
A special timing sequence using CAS before 

RAS counter test cycle provides a convenient 
method of verifying the functionality of CAS 
before RAS refresh activated circuitry. As shown 
in CAS before RAS Counter Test Cycle, if CAS 
goes to high and goes to low again while RAS is 
held low, the read and write operation are 
enabled. This is shown in the CAS before RAS 
counter test cycle. A memory cell address, con
sisting of a row address (8 bits) and a column ad
dress (8 bits), to be acceded can be defined as 
follows: 
• A ROW ADDRESS 

- Bits AD through A7 are defined by the refresh 
counter. 

• A COLUMN ADDRESS 
All the bits AD through A7 are defined by 
latching levels on AD through A7 at the 
second falling edge of CAS. 

Suggested CAS before RAS Counter Test 
Procedure: 

The timing, as shown in CAS before RAS 
Counter Test Cycle, is used for all the operations 
described as follows: 
(1) Initialize the internal refresh counter. For 

this operaton, 8 cycles are required. 
(2) Write a test pattern of lows into memory 

cells at a single column address and 256 
row addresses. 

(3) By using read-modify-write cycle, read the 
low written at the last operation (Step (2)) 
and write a new high in the same cycle. This 
cycle is repeated 256 times, and highs are 
written into the 256 memory cells. 

(4) Read the high written at the last operation 
(Step (3)). 

(5) Complement the test pattern and repeat the 
steps (2), (3) and (4). 
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I 

252 
128 

252 
128 

252 
129 

252 
129 

252 
130 

252 
130 

252 
253 

252 
253 

252 
254 
252 
254 

252 
255 

252 
255 

252 
127 

252 
127 

252 
126 

252 
126 

252 
125 

252 
125 

252 
2 

252 
2 

252 
1 

252 
1 

252 
0 

252 
0 

o 
Pin9 

130 

253 254 
128 128 

253 254 
128 128 

253 254 
129 129 

253 254 
129 129 

253 254 
130 130 

253 254 
130 130 

253 254 
253 253 

253 254 
253 253 

253 254 
254 254 
253 254 
254 254 

253 254 
255 255 

253 254 
255 255 

253 254 
127 127 

253 254 
127 127 

253 254 
126 126 

253 254 
126 126 

253 254 
125 125 

253 254 
125 125 

253 254 
2 2 

253 254 
2 2 

253 254 
1 1 

253 254 
1 1 

253 254 
0 0 

253 254 

0 0 

MSM41464 Bit Map (Physical-Decima/) 
DQl DQ2 DQ4 DQ3 

255 3 2 1 0 0 1 2 3 255 254 
128 128 128 128 128 128 128 128 128 128 128 
255 3 2 1 0 0 1 2 3 255 254 
128 128 128 128 128 128 128 128 128 128 128 

255 3 2 1 0 0 1 2 3 255 254 
129 129 129 129 129 129 129 129 129 129 129 

255 3 2 1 0 0 1 2 3 255 254 
129 129 129 129 129 129 129 129 129 129 129 

255 3 2 1 0 O. 1 2 3 255 254 
130 130 130 130 130 130 130 130 130 130 130 

255 3 2 0 
a: 

0 1 2 3 255 254 1 UJ 
0 

130 130 130 130 130 a 130 130 130 130 130 130 
() 
UJ 
0 

Z 

'" 255 3 2 1 0 :3 0 1 2 3 255 254 a 
253 253 253 253 253 

() 253 253 253 253 253 253 

255 3 2 1 0 0 1 2 3 255 254 

253 253 253 253 253 253 253 253 253 253 253 

255 3 2 1 0 0 1 2 3 255 254 

254 254 254 254 254 254 254 254 254 254 254 

255 3 2 1 0 K 0 1 2 3 255 254 
254 254 254 254 254 254 254 254 254 254 254 

255 3 2 1 0 0 1 2 3 255 254 -
255 255 255 255 255 255 255 255 255 255 255 

255 3 2 1 0 0 1 2 3 255 254 
255 255 255 255 255 255 255 255 255 255 255 

ROW DECODER I I ROW DECODER 

255 3 2 1 0 0 1 2 3 255 254 

127 127 127 127 127 127 127 127 127 127 127 

255 3 2 1 0 0 1 2 3 255 254 

127 127 127 127 127 127 127 127 127 127 127 

255 3 2 1 0 0 1 2 3 255 254 

126 126 126 126 126 126 126 126 126 126 126 

255 3 2 1 0 0 1 2 3 255 254 

126 126 126 126 126 126 126 126 126 126 126 

255 3 2 1 0 
T f-E 

0 1 2 3 255 254 

125 125 125 125 125 125 125 125 125 125 125 

255 3 2 1 0 ffi 0 1 2 3 255 254 
0 

125 125 125 125 125 a 
~ 

125 125 125 125 125 125 

0 

z 

'" 255 3 2 1 0 
:J 

c: 0 1 2 3 255 254 

2 2 2 2 2 () 2 2 2 2 2 2 

255 3 2 1 0 0 1 2 3 255 254 

2 2 2 2 2 2 2 2 2 2 2 

255 3 2 1 0 0 1 2 3 255 254 

1 1 1 1 1 1 1 1 1 1 1 

255 3 2 1 0 0 1 2 3 255 254 

1 1 1 1 1 1 1 1 1 1 1 

255 3 2 1 0 

~ 
k 

0 1 2 3 255 254 

0 0 0 0 0 0 0 0 0 0 0 

255 3 2 1 0 0 1 2 3 255 254 

0 0 0 0 0 0 0 0 0 0 0 
--

REFRESH ADDRESS REFRESH ADDRESS 

(0-255) (0-255) 

A = ROW ADDRESS (DECIMAL) 
CELL 

DPin 18 

253 252 
128 128 
253 252 
128 128 

253 252 
129 129 

253 252 
129 129 

253 252 
130 130 

253 252 
130 130 

253 252 
253 253 

253 252 
253 253 

253 252 
254 254 

253 252 
254 254 

253 252 
255 255 

253 252 
255 255 

I 
253 252 
127 127 

253 252 
127 127 

253 252 
126 126 

253 252 
126 126 

253 252 
125 125 

253 252 
125 125 

253 252 
2 2 

253 252 
2 .~ 

253 ',52 

1 1 

253 252 
1 1 

253 252 
0 0 

253 252 
0 0 

B = COLUMN ADDRESS (DECIMAL) 



OKI semiconductor 
MSM51C256 
262,144 WORD X 1-BITS DYNAMIC RAM 

GENERAL DESCRIPTION 

The MSMS1C2S6 is a new generation dynamic RAM organized as 262,144 words by 1 bit. The 

technology used to fabricate the MSMS1C2S6 is OKl's CMOS silicon gate process technology. The 

device operates at a single + SV power supply. Its I/O pins are TIL compatible. 

FEATURES 

• Silicon gate, double polysilicon CMOS, 
l-transistor memory cell 

• 262,144 words by 1 bit 

• Standard 1 61ead plastic DIP/l 81ead PLCC 

• Family organization 

Power Dissipation 

Family Access Time Cycle Time 
Operating Standby (MAX) 

MSMS 1 C2S6-80 BOns 

MSM51C256-10 100 ns 

• Single + SV supply, ± 10% tolerance 

• Input: TIL compatible, address input, 
data input latch 

• Output: TIL compatible, tristate,. nonlatch 

• Refresh: 2S6 cycles/4 ms 

• Common I/O capability using" Early Write" 
operation 

MSMS 1 C256RS 
16 Lead Plastic DIP PIN CONFIGURATION 

Top View 

AS 1 16 Vss 

DIN 2 15 CAS 

WE 3 14 DOUT 

RAS 4 13 A6 

Ao S 12 A3 

A2 6 11 A4 

A, 7 10 As 

Vee 8 9 A7 

(MIN) (MAX) (MAX) 

160 ns 330mW 
20mW 

190 ns 27SmW 

• Fast page mode, read/write capability 

• CAS before RAS refersh, Hidden refresh, 
RAS only refresh capability 

• "Gated" CAS 

• Built-in Vss generator circuit 

MSM51C2S6JS 
18 Lead PLCC Package PIN CONFIGURATION 

Top View 

2 1817 

WE 3 16 DOUT 
RAS 4 15 A6 

NC 5 14 NC 

Ao 6 13 A3 

A2 7 12 A4 
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DYNAMIC RAM·MSM51 C256RS/JS 

FUNCTIONAL BLOCK DIAGRAM 

Ao
As 

Column 
Address 
Buffers 

Internal 
Address 
Counter 

Row 
Address 
Buffers 

VCC -----..-

Refresh 
control 
clock 

VSS - '----~~ I On chip VBB 

ELECTRICAL CHARACTERISTICS 

• Absolute Maximum Ratings 

Rating Symbol 

Voltage on any pin relative to Vss VT 

Short circuit output current los 

Power dissipation Po 

Operating temperature Topr 

Storage temperature Tstg 

• Recommended Operating Conditions 
(Ta = 0 to + 70°C) 

Column 
Decoders 

Sense 
Amps 

Memory 
Cells 

Condition 

Ta= 25°C 

Ta = 25°C 

Ta = 25°C 

-

-

Parameter Symbol Conditions Min 

Supply Voltage Vee - 4.5 

Vss - 0 

Input high voltage VIH - 2.4 

Input low voltage VIL - - 1.0 
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Write 
Clock 
Generator 

WE 

Output Dour 
Buffer 

Data 
Input 

Register 

.. 

Value 

- 1.0 to + 7.0 

50 

1 

Oto + 70 

- 55 to + 125 

Typ Max 

5.0 5.5 

0 0 

- Vee+ 1.0 

- 0.8 

Unit 

V 

mA 

W 

°C 

°C 

Unit 

V 

V 

V 

V 
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• DC Characteristics 
(Vcc= 5V ± 10%, Ta = Oto + 70°C) 

MSM51C256 MSM51C256 
Parameter Symbol Conditions -80 -10 Unit Note 

Min Max Min Max 

Output high 
VOH IOH= -5.0mA 2.4 voltage - 2.4 - V 

Output low 
VOL IOL=4.2mA - 0.4 - 0.4 V voltage 

Input Vss~VI~Vcc 
leakage ILl all other pins not -10 10 -10 10 llA 
current under test = OV 

Output DouT disable 
leakage ILO Vss~VO~Vcc - 10 10 -10 10 llA 
current 

Average RAS, CAS cycling, 
power supply ICC1 tRC= min 60 50 mA current* - -
(Operati ng) 

Power supply RAS=VIH TTL - 3.5 - 3.5 mA 
current" ICG CAS=VIH 
(Standby) 

DouT= Hz MOS 2.5 2.5 mA - -
Average RAS = cycling, 
powersup..I2.!Y. ICC3 CAS=VIH - 60 - 50 mA current* (RAS tRc=min 
only refresh) 

Average RAS = cycling, 
power suP.e!l.. ICC6 CAS before 
current* (CAS RAS - 60 - 50 mA 
before RAS 
refresh) 

Average RAS = VIL, 
power supply ICG CAS = cycling 40 35 mA current* (Fast - -
page mode) tpc= min 

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

• Capacitance 
(Ta = 25°C, f= 1 MHz) 

Parameter Symbol Conditions TYP MAX 

Input capacitance (AO to A8, DIN) CIN1 - - 4 

Input capacitance (RAS, CAS, WE) CIN2 - - 5 

Output capacitance (DOUT) COUT - - 6 

Unit 

pF 

pF 

pF 
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• AC Characteristics 
(Vcc= 5V ± 10%, Ta = Oto + 70°C) Note 1,2,3 

MSM51C256 MSM51C256 
Parameter. Symbol ·80 ·10 Unit Note 

Min Max Min Max 

Refresh period tREF - 4 - 4 ms 

Random read or write cycle ti me tRC 160 - 190 - ns 

Read/write cycle time tRWC 185 - 220 - ns 

Fast page mode cycle time tpc 55 - 55 - ns 

Fast page mode read/write tPRWC 80 - 90 - ns 
cycle time 

Access time from RAS tRAC - 80 - 100 ns 4.5 

Access time from CAS tCAC - 20 - 25 ns 4.5 

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

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

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

Output buffer turn-off delay tOFF 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 del ay ti me tRCD 22 60 25 75 ns 5 

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

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-uptime tASC 0 - 0 - ns 

Column address hold time tCAH 15 - 20 - ns 
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• AC Characteristics (Cont.) 

MSMS1C2S6 MSMS1C2S6 
Parameter Symbol -80 -10 Unit Note 

Min Max Min Max 

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

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

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

Read command hold time tRCH 0 - 0 - ns 8 

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

Write command set-uptime 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 tRwL 20 - 25 - ns 
time 

Write command to CAS lead tCWL 20 - 25 - ns 
time 

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 to WE delay tcwo 20 - 25 - ns 7 

RAS to WE delay tRwO 80 - 100 - ns 7 
-

Column address to WE delay tAwO 40 - 50 - ns 7 
time 

Read command hold time tRRH 10 - 10 - ns 8 
reference to RAS 

--
RAS to CAS set-up time (CAS tCSR 10 - 10 - ns 
before RAS) 

RAS to CAS hold time (CAS tCHR 30 - 30 - ns 
before RAS) 

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

CAS precharge time (Refresh tCPT 40 - 50 - ns 
,counter test) 

CAS precharge time tCPN 10 - 15 - ns 

135 



• DYNAMIC RAMS, MSM51C256 .-------------------

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

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

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

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

5. 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 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 bytAA. 

7. twcs, tCWD' 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 el;lrly write cycle and the data out pin will remain open circuit (high 
impedance) throughout the entire cycle; if tcwD (min.), tRwD;;;; tRwD (min.) and 
tAWD;;;; tRwD (min.) the cycle is read/write cycle and the data out will contain data 
read from the selected cell; if neither of the above sets of conditions is satisfied the 
condition of the data out (at access time) is indeterminate. 

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

READ CYCLE 

DOUT VOH- ------Open ------<v / Valid data VOL- ~ ________ ~ 

~ Don'lcare 
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WRITE CYCLE (EARLY WRITE) 

Dour VOH- ______________ Open _____________ _ 

VOL-

~ Don'\care 
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REAOIWRITE CYCLE 

DOUT vow -----Opeo __ --+--«/ Valid Data 
VOL - 1"------------"'1" 

~ Don'tcare 
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FAST PAGE MODE READIWRITE CYCLE 

tRAS 

RAS 
VIH-
VIL -

lASH 

CAS 

VIH-AD-A8 
V1L -

91 V1H -WE 
VIL -

DOUT 
VOH-

VOL -

D,N 
VIH-

V,L -

Valid Valid Valid Data 
Data Data tz:J Don't care 

RAS ONLY REFRESH CYCLE 

AO-A7 
VIH -
V,L _ 

Dour 
VOH------------------------OPEN--------__________________ _ 
VOL-

[2L) Don't care 

NOTE: WE :=: Don't eare, AS "'Don'teare 
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CAS BEFORE RAS REFRESH CYCLE 

tePN !CSR ICHR 

DOUT VOH - ~------OPEN ___________ _ 

VOL ------"r 

~ Don'teare 

NOTE: WE = Don', care, AO-A8 "" Don't care 
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FAST PAGE MODE READ CYCLE 

RAS 
V1H -

VIL -

91 
CAS 

VIH -
V1L -

AD-A8 

~ VIH-7777~rT77~~_t----r_--~~~--+-----~~--+_----+_--~~"7 

VIL - :.4.~-'-''-':-.J..J.~ 

DOUT VOH- ____________________ ~/~ 

VOL -

~ Don'tcare 
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FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 

RAS 
V1H -

V,L -

II 
CAS 

V,H -
V1L -

WE V1H -

VIL-~~~~~~~--t__r~~~f_r_+_~~~~--t_~~~~~~ 

D,N V,H - -rrr-rn-r"" .je--------.I. 
V,L - ...L'-4..L~..Lu/ i"--------{ 

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

~ Don'lcare 
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HIDDEN REFRESH READ CYCLE 

'AAS 

AO-A8 ~:~ = 

WE V1H -

v, L - £.I...=.I..I...'-',':..u...I.J 

DOUT vOH-_________ HYIJCJ Valid Data 

VOL - }--------------~ 
teLz 

~ Don'tcare 
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HIDDEN REFRESH WRITE CYCLE 

teAP tCHR 

AO-A8 VIH-
V1L _ 

DIN VIH

V IL - 1..I....r..u..LLLl.-I....I...UJ "1'-------"1' '-'-.i...L-'-'--'-'-"-w..J...I.-.i....L-'-''-'-,"-,--'-''-'-'-

·1 

DOUT VOH-______________ OPEN ____________ _ 

VOL -

~ Don'tcare 
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FUNCTIONAL DESCRIPTION 

Simple timing Requirements: 

The MSM51 C256 is a CMOS dynamic RAM optimized for high speed access time operations, low 

power applications. It is functionally similar to a traditional dynamic RAM. The MSM51C256 

reads and writes data by multiplexing 18-bit address into 9-bit row and 9-bit column address. 

Because access time is primarily dependent on a valid column address rather than the precise 

time that CAS edge occurs, the delay time from RAS to CAS (tRCO) has little effect on the access 

time. And the MSMS 1 C256 can commit better memory system through-put during operations in 

an interleared system. 

Fast-Read-While-Write Cycle: 

The MSM51 C256 has the fast read while write cycle which is achieved by excellent control of the 

three-state output buffer in adition to the simplified timings described in the previous section. 

The output buffer is controlled by the state of WE when CAS goes low. When WE is low during 

CAS transition to low, the MSM51 C256 goes to early write mode where the output becomes 

floating and common 1/0 bus can be used on the system level. Whereas, when WE goes low 

after tcwD following CAS transition to low, the MSM51 C256 goes to delayed write mode where 

the output contains the data from the cell selected and the data from DIN is written into the cell 

selected. Therefore, very fast read write cycle becomes available. 

Address Inputs: 

A total of eighteen binary input address bits are required to decode any 1 of 262,144 storage cell 

location within the MSM51C256. Nine row-address bits are established on the input pins (Ao 

through As) and latched with the Row Address Strobe (RAS). Then nine column adress bits are 

established on the input pins and latched with the Column Address Strobe (CAS). All input 

addresses must be stable on or before the falling edge of RAS, CAS is internally inhibited (or 

"gated") by RAS to permit triggering of CAS as soon as the Row Addres Hold Time (tRAH) 

specification has been satisfied and the address inputs have been changed form row-addresses 

to column-addreses. 

Write Enable: 

The read or write mode is selected with the WE input. A logic "high" on WE dictates read mode, 

logic "low· dictates write mode. Data input is disabled when read mode is selected. 

Data Input: . 

Data is written into the MSM51 C256 during a write or read-write cycle. The last falling edge of 

WE or CAS is a strobe for the Data in (DIN) register. In a write cycle, if WE is brought "low" 

(write mode) before CAS, DIN is strobed by CAS, and the set-up and hold times are referenced to 

CAS. In a read-write cycle, WE will be delayed until CAS has made its negative transition. Thus 

DIN is storbed by WE, and set-up and hold ti mes are referenced to WE. 
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Data Output: 

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

out is the same polarity as data in. The output is in a high impedance state until CAS is brought 

"low". In a read cycle, or a read-write cycle, the output is valid aftertRAc from transition of RAS 

when tRCD (max) is satisfied, or aftertcAc from transition of CAS when the transition occurs 

after tRCD (max.). Data remain valid until CAS is returned to "high". In a write cycle, the 

identical sequence occurs, but data is not valid. 

Page Mode: 

Page-mode operation permits strobing the row-address while maintaining RAS at a logic low 

(0) throughout all successive memory operations in which the row-address doesn't change. 

Thus the power dissipated by the negative going edge of RAS is saved. Further, access and cycle 

times are decreased because the time normally required to strobe a new row-address is 

eliminated. 

RAS Only Refresh: 

Refresh ofthe dynamic memory cells is accomplished by performing a memory cycle at each of 

the 256 row-addresses (Aoto A7) at least every 4 milliseconds. RAS only refresh avoids any 

output during refresh because the output buffer is in the high impedance state unless CAS is 

brought low. Strobing each ofthe 256 row-addresses (Ao to A7) with RAS will cause all bits in 

each row to be refreshed. Further RAS only refresh results in a substantial reduction in power 

dissipation. 

CAS Before RAS Refresh: 

CAS before RAS refreshing available on the MSM51 C256 offers an alternate refresh method. If 

CAS is held on low for the specified period (tCSR) before RAS goes to low, on chip refresh control 

clock generators and the refresh address counter are enabled, and an internal refresh 

operation takes place. After the refresh operation is performed, the refresh address counter is 

automatically incremented in preparation for the next CAS before RAS refresh operation. 

Hidden Refresh: 

Hidden refresh cycle may take place while maintaining latest valid data at the output by 

extending CAS active time from the previous memory read cycle. In MSM51C256 hidden refresh 

means CAS before RAS refresh and the internal refresha ddresses from the counter are used to 

refresh addresses, because CAS is always low when RAS goes to low in this mode. 

146 



OKI semiconductor 

MSM511000A 
1,048,576-WORD x 1-BITS DYNAMIC RAM 

GENERAL DESCRIPTION 

The MSM511000A is a new generation dynamic RAM organized as 1.048.576 words by 1 bit. The tech
nology used to fabricate the MSM511000A is OKl's CMOS silicon gate process technology. The device 
operates at a single +5V power supply. Its I/O pins are TTL compatible. 

FEATURES 

• Silicon gate. tripple polysilicon CMOS. 
1 -tranSistor memory cell 

• Family organization 

Family 
Access Time 

(MAX) 

MSM511000A-70 70ns 

MSM511000A-8A/80 80ns 

MSM511000A-1A/10 100ns 

• Single +5V supply. ~ 10°0 tolerance 
• Input: TTL compatible. address input. data 

input latch 
• Output TTL compatible. tristate. nonlatch 
• Refresh: 512 cycles/8 ms 
• Common 110 capability uSing "Early Write" 

operation 

• 1.048.576 words by 1 bit 

Cycle Time Power Dissipation 

(MIN) Operating (MAX) Standby (MAX) 

140ns 468mW 

160ns 413mW 5.5mW 

190ns 358mW 

• Fast page mode. readlwrite capability 
• CAS before RAS refresh. Hidden refresh, 

RAS only refresh capability 
• "Gated" CAS 
• Built-in VBB generator circuit 

PIN CONFIGURATION (TOP VIEW) 

Flin Names Function 

AO to A9 Address Input 

RAS Row Address Strobe 

CAS Column Addre,s Strobe 

DIN Olt,lnput 

t A6' Oour Data Output 
I 

AS' WE Writ. Enable 
t8 PIN DIP 

26 PIN sOJ 20 PIN ZIP vCC Power SuPPIV I +5VI 

VSS Ground 10VI 

• Refresh Address N.C . I No ConnectIOn 
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FUNCTIONAL BLOCK DIAGRAM 

Ao-A. 

Memory 
Cells 

~~~ -_-_-_---11---J r-------, 
~ Onch,pVBB 

ELECTRICAL CHARACTERISTICS 
ABSOLUTE MAXIMUM RATINGS 

Rating 

Voltage on any pin relative to Vss 

Short circuit output current 

Power dissipation 

Operating temperature 

Storage temperature 

RECOMMENDED OPERATING CONDITIONS 
(Ta = 0 to +70°) 

Parameter Symbol 

VCC 
Supply Voltage 

VSS 

Input high voltage VIH 

Input low voltage VIL 
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Symbol 

VT 

los 

Po 

Topr 

Tstg 

Conditions 

-

-

-

-

Conditions 

Ta=25°c 

Ta=25OC 

Ta = 25°C 

-

-

MIN 

4.5 

0 

2.4 

-1.0 

1----- WE 

DOUT 

Value Unit 

-1.0 to+7.0 V 

50 mA 

1 W 

o to+70 °c 

-55 to+150 °c 

TYP MAX Unit 

5.0 5.5 V 

0 0 V 

- 6.5 V 

- 0.8 V 



---------------------------__ MSM511000A_ 

DC CHARACTERISTICS 
(Vec = 5V ±1 0%, Ta = 0 to +lODC) 

MSM511000 MSM511000 MSM511000 MSM511000 MSM511000 

Parameter Symbol Conditions A-8A A-1A A-70 A-80 A-10 
Unit Noto 

MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX 

Output high voltage VOH IOH=-5.0mA 2.4 VCC 2.4 Vee 2.4 Vee 2.4 Vec 2.4 Vee V 

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

Input leakage 
OV;;;VI;;;6.5V; 

current III all oter pins not -10 10 -10 10 -10 10 -10 10 -10 10 J.lA 
under test=OV 

Output leakage 
ILO DOUTdisable -10 10 -10 10 -10 10 -10 10 -10 10 J.lA current OV;;;VO;;;5.5V 

Average power RAS, CAS cycling, 
supply current" lecl TRc=min 

- 75 - 65 - 85 - 75 - 65 mA 
(Operating) 

Power supply RAS=VIH TTL - 2 - 2 - 2 - 2 - 2 

current" (Standby) ICC2 eAS=vIH mA 
DOUT=Hz MOS - 1 - 1 - 1 - 1 - 1 

Average power RAS cycling, 
supply current" ICC3 CAS=VIH - 75 - 65 - 85 - 75 - 65 mA 
(RASonly represh) tRC=min 

Average power 
RAS cycling, 

supply current" (CAS ICC6 CAS before RAS 
- 75 - 65 - 85 - 75 - 65 mA 

before RAS refresh) 

Average power RAS=VIL, 
supply current" Ice7 CAS cycling - 55 - 55 - 70 - 60 - 55 mA 
(Fast page mode) tpc=min 

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

CAPACITANCE 
(Ta = 25°C. f = 1 MHz) 

Parameter Symbol Conditions TYP MAX Unit 

Input capacitance (AO to A9, DIN) CINl - - 6 pF 

Input capacitance 
CIN2 7 pF (RAS, CAS. WE) - -

Output capacitance (DOUT) COUT - - 7 pF 
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AC CHARACTERISTICS 
(Vee = 5V ± 10%, Ta = 0 to +70C e) Note 1,2,3 

MSM511000 MSM511000 MSM511000 MSM511000 MSM5ll000 

Parameter Symbol A-8A A-1A A-70 A-80 A-l0 Unit Note 
MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX 

Refresh period tREP - 8 - 8 - 8 - 8 - 8 ms 

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

Read/write cycle time tRWC 185 - 220 - 165 - 185 - 220 - ns 

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

Fast page mode read/write cycle 
tpRWC 60 - 85 - 70 - 75 - 85 - ns 

time 

Access time from RAS tRAC - 80 - 100 - 70 - 80 - 100 ns 4.5 

Access time from CAS tcAC - 25 - 30 - 20 - 20 - 25 ns 4.5 

Access time fro columu address tAA - 40 - 50 - 35 - 40 - 50 ns 4.6 

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

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

CAS 

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

Transition time IT 3 50 3 50 3 50 3 50 3 50 ns 3 

RAS prechrge time tRP 70 - 80 - 60 - 70 - 80 - ns 

RAS pulse width tRAS 80 10000 100 10000 70 10000 80 10000 100 10000 ns 

RAS pulse width 
tRASP 80 100000 100 100000 70 100000 80 100000 100 100000 ns 

(Fast page mode cycle only) 

RAS hold time tRSH 25 - 30 - 20 - 20 - 25 - ns 

CAS precharge time 
tcp 10 - 10 - 10 - 10 - 10 - ns 

(Fast page mode cycle only) 

CAS pulse width tCAS 25 10000 30 10000 20 10000 20 10000 25 10000 ns 

CAS hold time tCSH 80 - 100 - 70 - 80 - 100 - ns 

RAS to CAS delay time tRCD 25 55 25 70 22 50 22 60 25 75 ns 5 

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

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

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

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

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

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

Column address hold time from RAS tAR 60 - 75 - 55 - 60 - 75 - ns 

Column address to RAS lead time tRAL 40 - 50 - 35 - 40 - 50 - ns 
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AC CHARACTERISTICS (CONT.) 

MSM511000 MSM511000 MSM511000 MSM511000 MSM511000 

Parameter Symbol 
A-8A A-1A A-70 A-80 A-l0 Unit Note 

MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX 

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

Read command hold time tRCH 0 - 0 - 0 - 0 - 0 - ns 8 

Write connand hold time from RAS twCR 60 - 75 - 55 - 60 - 75 - ns 

Write command set-up time twcs 0 - 0 - 0 - 0 - 0 - ns 7 

Write command hold time tWCH 15 - 20 - 15 - 15 - 20 - ns 

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

Write command to RAS lead time tRWL 20 - 25 - 20 - 20 - 25 - ns 

Write command to CAS lead time tCWL 20 - 25 - 20 - 20 - 25 - ns 

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

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

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

CAS to WE delay tCWD 25 - 30 - 20 - 20 - 25 - ns 7 

-- -
RAS to WE delay tRWD 80 - 100 - 70 - 80 - 100 - ns 7 

Column address to WE delay time tAWD 40 - 50 - 35 - 40 - 50 - ns 7 

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

reference to RAS 

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

(CAS before RAS) 

-- --
RAS to CAS hold time 

tCHR 30 30 30 30 30 
(CAS before RAS) 

- - - - - ns 

CAS active delay fron RAS 
tRPe 10 - 10 - 10 - 10 - 10 - ns 

preharge 

CAS precharge time 
tCPT 40 - 50 - 40 - 40 - 50 - ns 

(Refresh counter test) 

--
CAS precharge time tCPN 10 - 15 - 10 - 10 - 15 - ns 

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

2 The AC characteristics assume at tT = 5 ns. 

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

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

5 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 tCAC. 
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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 tWCS. tCWD. tRWD and tAWD are not restrictive operating parameters. They are includ
ed 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 tCWD ~ tCWD (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. 

READ CYCLE 

ICSH 

CAS 
VIH -
VIL _ 

IRAD 

AO -A9 
VIH-
VIL _ 

WE VIH -

V IL - .J.J..t...i..'-I..I.;.u.J...I.J..I..'-'-'-'-'-L.l'"U 

Dour VOH - ______ OPEN _______ ,(1 

VOL -
Valid Dala 

~ Don'tcare 
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WRITE CYCLE (EARLY WRITE) 

IRCD IRSH 

tCSH 

DIN VIH - rrr'r~~r'r~"""'''''''''''''''',""", .r-----""""L,.,..,..,.....,..,..,...,. ..... ..,.., ........... .....,,..,...,...., .............. 
V IL _ ..... 4.L.4.L. ..... 4.L.LJ...L.I.~'_'_J..V.,... __ Va_l_id_D_al_a __ t"'\'-'-'-'-.l..J.~'-'-.l..J.~'-'-...... '-'-.I...I.:...L..I..J.~ 

Dour VOH- _________________ OPEN _______________ __ 

VOL -

~ Don'lcare 
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READ/WRITE CYCLE 

IRWC 

IRAS IRP 

RAS 
VIH -

VIL -

11 IRSH 

IRCD IRWL 

ICAS 
CAS 

VIH-

VIL -

tRAD 

AO-A9 VIH-
VIL _ 

IAWD 

WE VIH -

VIL - '-'-............ ~ ...... .I..I.J.I 

DIN VIH

V1L - '-'-L.l...L.I...":L.l...L.l...L.I....I...I..J..J..L.J.:...L..~.J..J..u 11;....----~ '-.l..L-'-'-'--'-'-'-.L.J.:...L...L...J...L 

Dour VOH
VOL _-------OPEN -----I~C.f Valid Dala 

~ Don'lcare 
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FAST PAGE MODE READ CYCLE· 

-- VIH
RAS Vll- '\ 

1----
tCSH 

tCRP r::. tRCD 

J 1\' 
tAR 

IAS~ ~-1 IA~ 

ROW)® Col 

!RAD 

I 

I ~~ 
'1/////////1 

tRASP 

tCAS tcp -
\\ -

I 
tCAH -. tASC 

rH-

~ Col 

I tRCH 
--'---It- "tRCS 

-tF-
tCAC 'If 

...;..;;... -- \... 
tpc tRSH 

tCAS tcP tCAS tCRP 

- I--'-- I--

II \\ 1/ - -
tRAl 

t~sc tCAH tCAH 
-.:. .... -
~? Col f0 '1/////~ 

I 
~RH 

tRCH 
--'-

.... tRCS tRCH 

-tF- -'-"'-- -

tCAC 'II tCAC ~ 
I-- I--- --

Dour VOH

VOL -

tAA 

'RAC 

tClZ 

tAA 

tCPA 

~1"'Va,id"\_ ~ ~11;r (J~ Data 
1-

tOFF i 
'ClZ 

~ Don"tcare 

tAA 

tCPA 

~ ~i~ Data 

tOFF r- r---r tOFF 

tClZ I 
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FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 

156 

'RASP 

'PC 

WE V'H
VIL-~~~~~~~F-~--~--~~~_r~~~~~~r_~--~~~~~~ 

0IN VIH-
VIL - ..L..I....L...L..y...L..1..V ,... ___ ~ 

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

~ Oon'lcare 



----------------------------. MSM511000A. 

FAST PAGE MODE READ/WRITE CYCLE 

tCRP 

AO--A9 ~:~~~RO~ Cot Wm/,~~ CotV/~//~ cotlV//////~'l'///~ 
...... "1""" tRWD ~ I'-r-'I " I 

tR~ tCWD tCWl ~ t~ tCWD tCWl 

WE VtH - '/////7 tAWD tAWD tt tAWO tf-+--+----
Vtl-~ 

tAA rt'WP tCPA l-++tC?=,!P~A __ 
t '- tAA _ t L. tAA - t 

I.RA~ ~~ -~FF ~~ t'('p OFF"-~.s twp _~~ 
__ ~~~~f7 /iy-~va~lIdcti Vatid Valid 

tRAC' f" Data,s ~ Data.z ~ Data 
DOUT 

VOH -

Val -

DIN 
VIH -

Vil -

tCll j tCll II 'ClZ I -~ 
,. tDS tDH tDS tDH tDS _I L r; tDH 

valid 
Data 

Val,d 
Data 

Valid Data 
f?J Oon't care 

RAS ONLY REFRESH CYCLE 

AD-A9 VIH -
Vil _ 

DOUT 
VOH---------------OPEN-----------------
Val -

rz:a Don't care 

NOTE: WE ~Don'tcare,A9 ~OOn'tcare 
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CAS BEFORE RAS AUTO REFRESH CYCLE 

tCHR 

CAS VIH

V1L -;""'---' 

DOUT VOH-
~---------------OPEN-----------------------------VOL-__________ ~ 

~ Don'lcare 

NOTE: WE = Don'l care, AD - A9 = Don't care 
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------------------------------------------------------•• MSM511000A. 

HIDDEN REFRESH READ CYCLE 

IRAS IRP IRAS 

RAS 
VIH -

Vll _ 

IRCD IRSH ICHR 

CAS 
VIH -

Vll -

WE ~:~ = :'/};'?Z, ,IV;: I ~j,W /II !l/III!Jl/j/// u... .............. ..I..I.~.,i..IJ I, 

I~ I 
I. IIAA ·1 b 

:-- IRAC I .1 IDFF 

Dour ~~:I ~----------II-fI(,.------v-a-lid-D-a-la-------.l.}
'Clz.1 I. 

~ Don'lcare 
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• MSM511000A •• ---------------------------

HIDDEN REFRESH WRITE CYCLE 

160 

tRC 

tRAS tRAS 

RAS 
VtH -

VtL -

tRCD tRSH tCHR 

CAS VtH -
VtL _ 

WE VtH -

VtL-~~~~~~~~--+_~----~~~~~~~~~~~~~LL~~~~ 

DtN 
VtH -

VtL -

tDHR ·1 

DOUT 
VOH -

VOL -
OPEN-----------------------------

Ez::::1 Don't care 



------------------------------------------------------___ MSM511000A_ 

CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 

~i 
tRAS 

tRSH 
RAS 

VIH -

VIL -
tCHR tCAS 

VIH -
I 

CAS I 
VIL -

91 AO-A9 VIH -
VIL - ! 

READ CYCLE 

DOUT 
VOH-

VOL-

WE 
VIH-

VIL -

WRITE CYCLE 

DOUT 
VOH - OPEN 
VOL - tRWL 

tCWL 

WE VIH -
VIL _ ,. I 

DIN 
VIH -

VII -
Valid Data 

READ/WRITE CYCLE 

VOH -
DOUT VOL _ OPEN 

~ . Don't care 
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OKI semiconductor 

MSM511001A 
1.04~.576-WORD x 1-BITS DYNAMIC RAM 

GENERAL DESCRIPTION 

The MSM511001A is a new generation dynamic RAM organized as 1,048,576 wOlds by 1 bit. The 
technology used to fabricate the MSM511001A is OKl's CMOS silicon gate process technology. The 
device operates at a single +5V power supply. Its I/O pins are TIL compatible. 

FEATURES 

• Silicon gate, tripple polysilicon CMOS, 
1-transistor memory cell 

• Family organization 

Family 
Access Time 

(MAX) 

MSM511001A-70 70ns 

MSM511001A-8A/80 SOns 

MSM511001A-1A/10 100ns 

• Single +5V supply, ± 1 0% tolerance 
• Input: TTL compatible, address input, data 

input latch 
• Output: TTL compatible, tristate, non latch 
• Refresh: 51 2 cycles/8 ms 
• Common I/O capability using "Early Write" 

operation 

• 1,048,576 words by 1 bit 

Cycle Time Power Dissipation 

(MIN) Operating (MAX) Standby (MAX) 

140ns 468mW 

160ns 413mW 5.5mW 

190ns 358mW 

• Nibble mode, read/write capability 
• CAS befo(e RAS refresh, Hidden refresh, 

RAS only refresh capability 
• "Gated"CAS 
• Built-in VBB generator circuit 

PIN CONFIGURATION (TOP VIEW) 

DIN 

W£ 

RAS 

N.C. 

AD" 

AI" 

A2" 

AJ" 

162 

s:: 
(J) 

s:: 
~ 

~ 
l> 
:D AI" 
(J) 

18 PIN DIP 

• Refresh Address 

26 PIN SOJ 

A9 1 

DOUT DOUT 3 
CAS 

N.C 

A9 

20 PIN ZIP 

Pin Names Funcllon 

AO loA9 Address Input 
----- --- -- ---~~----

RAS Row Address Strobe 

CAS Column Address Strobe 
--

DIN Data Input 

DOUT Data Output 

WE Write Enable 

VCC Power Supply (+5V) 

VSS Ground (OV) 

NC No Connection 



------------------------------------------------------~.MSM511001A. 

FUNCTIONAL BLOCK DIAGRAM 

Ao-A. 

Word 
Driv
ers 

Memory 
Cells 

~~~ =-=-~----~1--· J r-------, 
~ OnChipVBB 

ELECTRICAL CHARACTERISTICS 
ABSOLUTE MAXIMUM RATINGS 

Rating Symbol 

Voltage on any pin relative to VSS 

Short circuit output current 

Power dissipation 

Operating temperature 

Storage temperature 

RECOMMENDED OPERATING CONDITIONS 
(Ta = 0 to +70°) 

Parameter Symbol 

Supply Voltage 
VCC 

VSS 

Input high voltage VIH 

Input low voltage VIL 

VT 

los 

PD 

Topr 

Tstg 

Conditions 

-

-

-

-

Conditions 

Ta = 25°C 

Ta = 25°C 

Ta = 25°C 

-

-

MIN 

4.5 

0 

2.4 

-1.0 

1----- WE 

Value 

-10 to +7.0 

50 

1 

o to +70 

-55 to +150 

TYP MAX 

5.0 5.5 

0 0 

- 6.5 

- 0.8 

DOUT 

Unit 

V 

mA 

W 

°c 

°c 

Unit 

V 

V 

V 

V 
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DC CHARACTERISTICS 
(VCC =5V ±10%, Ta =Oto +70°C) 

MSM MSM MSM MSM 

Parameter Symbol Conditions 511001A-BA 511001A-1A 511001A-70 511001A-80 

MIN MAX MIN MAX MIN MAX MIN MAX 

Output high voltage VOH IOH=-5.0mA 2.4 VCC 2.4 VCC 2.4 VCC 2.4 VCC 

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

Input leakage 
OV;;;;VI;;;;6.5V; 

III all oter pins not -10 10 -10 10 -10 10 -10 10 
current 

under test=OV 

Output leakage 
ILO DOUT disable -10 10 -10 10 -10 10 -10 10 

current OV;;;;VO;;;;5.5V 

Average power RAS, CAS cycling, 
supply current' ICCl tRc=min 

- 75 - 65 - 85 - 75 
(Operating) 

--
TTL 2 2 2 2 RAS=VIH - - - -

Power supply 
ICC2 CAS=VIH current' (Standby) 

DOUT=Hz MOS - 1 - 1 - 1 - 1 

--
Average power RAS cycling, 
supply qurrent' ICC3 CAS=VIH - 75 - 65 - 85 - 75 
(RAS only represh) tRc=min 

Average power --

supply current' (CAS ICC6 
RAS cycling, 

- 75 - 65 - 85 - 75 
before RAS refresh) 

CAS before RAS 

--
Average power RAS=VIL, 
supply current' ICC8 CAS cycling - 55 - 50 - 70 - 60 
(Nibble mode) tNc=min 

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

CAPACITANCE 
(Ta = 25°C, f = 1 MHz) 

Parameter Symbol Conditions TYP 

Input capacitance (AO to A9, DIN) CIN1 - -

Input capacitance 
CIN2 (RAS, CAS, WE) 

- -

Output capacitance (DOUT) COUT - -

164 

MSM 
511001A-10 

Unit Noto 

MIN MAX 

2.4 VCC V 

0 0.4 V 

-10 10 J.lA 

-10 10 J.lA 

- 65 mA 

- 2 
mA 

- 1 

- 65 mA 

- 65 mA 

- 55 mA 

MAX Unit 

6 pF 

7 pF 

7 pF 



--------------------------------------------------------_._MSM511001A_ 

AC CHARACTERISTICS 
(Vee = 5V ±1 0%, Ta = 0 to +700 e) Note 1,2,3 

MSM MSM MSM MSM MSM 

Parameter Symbol 511001A-BA 511001A-1A 511001A-70 511001A-80 511001A-l0 Unit Note 
MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX 

Refresh period tREP - 8 - 8 - 8 - 8 - 8 m 

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

Read/write cycle time tRWC 185 - 220 - 165 - 185 - 220 - ns 

Nibble mode cycle time tNC 55 - 60 - 50 - 50 - 55 - ns 

Nibble mode read/write cycle time tNRMW 80 - 90 - 75 - 75 - 85 - ns 

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

Access time from CAS tCAC - 25 - 30 - 20 - 20 - 25 ns 4, 5 

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

Nibble mode access time tNCAC - 25 - 30 - 20 - 20 - 25 ns 4 

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

CAS 

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

Transition time IT 3 50 3 50 3 50 3 50 3 50 ns 3 

--
RAS prechrge time tRP 70 - 80 - 60 - 70 - 80 - ns 

RAS pulse width tRAS 80 10000 100 10000 70 10000 80 10000 100 10000 ns 

RAS hold time tRSH 25 - 30 - 20 - 20 - 25 - ns 

CAS pulse width tCAS 20 10000 30 10000 20 10000 20 10000 25 10000 ns 

CAS hold time tCSH 80 - 100 - 70 - 80 - 100 - ns 

RAS to CAS delay time tRCD 25 55 25 70 22 50 22 60 25 75 ns 5 

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

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

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

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

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

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

-
Column address hold time from RAS tAR 60 - 75 - 55 - 60 - 75 - ns 

--
Column address to RAS lead time tRAl 40 - 50 - 35 - 40 - 50 - ns 

Read command set-up time tRCS 0 - 0 - 0 - 0 - 0 - ns 
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_ MSM511001A __ ---------------------------

AC CHARACTERISTICS (CONT.) 

MSM MSM MSM MSM MSM 

Parameter Symbol 511001A-8A 511 001 A-1A 511001A-70 511001A-80 511001A-l0 Unit Note 
MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX 

Read command hold time tRCH 0 - 0 - 0 - 0 - 0 - ns 8 

Write connand hold time from RAS tWCR 60 - 75 - 55 - 60 - 75 - ns 

Write command set-up time twcs 0 - 0 - 0 - 0 - 0 - ns 7 

Write command hold time twCH 15 - 20 - 15 - 15 - 20 - ns 

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

Write command to RAS lead time tRWL 20 - 25 - 20 - 20 - 25 - ns 

Write command to CAS lead time tCWL 20 - 25 - 20 - 20 - 25 - ns 

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

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

Data-ds hold time from RAS tDHR 60 - 75 - 55 - 60 - 75 - ns 7 

CAS to WE delay tCWD 25 - 30 - 20 - 20 - 25 - ns 7 

RAS to WE delay tRWD 80 - 100 - 70 - 80 - 100 - ns 7 

Column address to WE delay time tAWD 40 - 50 - 35 - 40 - 50 - ns 7 

Read command hold time 
tRRH 10 10 10 10 10 8 reference to RAS 

- - - - - ns 

RAS to CAS set-up time 
tCSR 10 - 10 - 10 - 10 - 10 - ns (CAS before RAS) 

RAS to CAS hold time 
tCHR 30 30 30 30 30 

(CAS before RAS) 
- - - - - ns 

CAS active delay fron RAS 
tRPe 10 - 10 - 10 - 10 - 10 -

preharge ns 

CAS precharge time 
tCPT 40 - 50 - 40 - 40 - 50 - ns (Refresh counter test) 

CAS precharge time tCPN 10 - 15 - 10 - 10 - 15 - ns 

Nibble mode pulse width tNCAS 25 - 30 - 20 - 20 - 25 - ns 

Nibble mode CAS precharge time tNCP 20 - 20 - 20 - 20 - 20 - ns 

Nibble mode RAS hold time tNRSH 25 - 25 - 20 - 20 - 25 - ns 

Nibble mode CAS to WE delay iNCWD 25 - 30 - 20 - 20 - 25 - ns 

Nibble mode write command 
tNRWL 20 25 20 20 25 

to RAS lead time 
- - - - - ns 

Nibble mode write command 
iNCWL 20 25 20 20 25 to CAS lead time 

- - - - - ns 
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--------------------------------------------------------~.MSM511001A. 

Notes: 1 

2 

3 

4 

5 

6 

7 

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

The AC characteristics assume at tT = 5 ns. 

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

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

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

tWCS. tCWD. tRWD and tAWD are not restrictive operating parameters. They afe includ-
ed in the data sheet as electrical characteristics only; if twcs ~ twcs (min.) the cycle 4 
is an early write cycle and the data out pin will remain open circuit (high impedance) 
throughout the entire cycle; if tCWD ~ tCWD (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. 
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READ CYCLE 

VIH-
WE 

Vll-

tAA 

tRAC 
tClZ 

Dour 
Vow 

VOl-
Open Valid data 

~ Don'tcare 
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--------------------------------------------------------_._MSM511001A_ 

WRITE CYCLE (EARLY WRITE) 

tCSH 

WE VIH

VIL - ..... r...L. ...... -'-f-'--'-I....i...k..I.-'--4-+--+-----~~~:.......:.-'-....... :.......:.-'-L....~:.......:.~ 

DOUT VOH- ------------------------------Open------------------------------
VOL-

~ Don'tcare 
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• MSM511001A .... ---------------------

READ/WRITE CYCLE 

RWC 

'RAS 
'RP 

I 
\ V 

'RSH 

'CRP 'RCD 'RWl 'CRP 
~r- r--

\ \ 
'CAS V I 

'CSH . 'AR 'CWl 
'RAD 'RAl 

~~I 'ASC 'CAH 
~ 

Row ~ Column WlIIII I I I II III/II I I / 
'AWD 

I,w. 'RWD 

'CWO 
--'--

1'/////////~~ \ (j / / / / / 1// I I I /1 

'OS I 'DH r---

jill I II II IIII//IIII/) Valid data ¥l11111111111/ 

I 

'CAC ---=--=-
'AA 

I 'OFF 

I· 'RAC f----

~ Open Valid Da'a ~ 
'ClZ 

~ Don"care 
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--------------------------------------------------------_._MSM511001A_ 

NIBBLE MODE READ CYCLE 

rZ2l Don't care 

NIBBLE MODE WRITE CYCLE (EARLY WRITE) 

V1H-
RAS 

VIL-

VIH-
CAS 

Ao-A9 
VIH-

VIL -

WE 

fZ2l Don't care 
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.MSM511001A •• ~-------------------------------------------------------

NIBBLE MODE READ/WRITE CYCLE 

RAS 
VIH-

VIL -

CAS 
VIH-

VIL -

Ao--A9 
VIH-

VIL -

WE 
VIH-

VIL -

DIN 
VIH-

,VIL -

DOUT 
VOW 

VOL -

~ Don'lcare 

RAS ONLY REFRESH CYCLE 

Ao-A9 
VIW· 

VIL -

DOUT 
VOH- ------------------------Open ________________________________ __ 
VQL-

~Don'tcare 

Note: WE = Don't care, A, = Don't care 
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---------------------------...... MSM511001A. 

CAS BEFORE RAS AUTO REFRESH CYCLE 

DOUT VOH- 1>-________ Open--------------

VOL - ------"'f 

~ Don'tcare 

Note: WE = Don't care, Ao ~ Ag = Don't care 
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HIDDEN REFRESH READ CYCLE 

tRC 

tRAS tRP tRAS 

V1H-

11 RAS 
VIL -

tRCD tRSH tCHR 

CAS 
V1H-

V1L -

WE VIH

V IL - ..J...I. ..... '-'-"'-':-'-"-'-.JJ 

ILL:J Don't care 
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---------------------------------------------------------1. MSM511001A. 

HIDDEN REFRESH WRITE CYCLE 

IRC 

IRAS IRAS 

VIH-
RAS 

VIL -

IRCD IRSH ICHR 

CAS 
VIH-

VIL -

DIN VIH

VIL - ............... '-'-.J,...J.'-J...J,...J.'-J..v 1'------------"r 

DOUT VOH- _____________________________ open ______________________________ __ 

VOL-

~ Don'lcare 
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 

A.-A, VIH

VIL - ............ ~ ...................... ;...o..'_'_'_'_~..t_'_'_"'" 1''----:--:-~-~ "-'-'-'-'--"1"''-I-'-+''''''"-'-L...I. ........ 

READCYCLf 

D VOH-
OUTVOL_--------------~-~~~~ 

~.~----~~~~~ 

WE VIW 
V IL - ;.4..'_'_ ............. -'-'_'_L...I.""'_''_'__'_'_'_'_'_JI 

WRITE CYCLE 

DOUTVOH-______________ -4_-+~----- __ +-~+-___ _ 
VOL_ Open 

tWCH 

WE VIH
VIL-.~_'_'_'_'-'-_'_'_'_'_'_""'_''_'__'_'_'_'_'_'''''_'~~-~r-----~L...I.-'-~+~'''''-''-'-..t-'-'-~ 

READ/WRITE CYCLE 

DOUT VOH-_________ -----+--~-~y~ 
VOL- Open 

WE VIH

VIL - -'-'-'-'_'_-'-'_'_""'_''-'-'''''_''_'_-'-'-''-'-I.J 

DIN VIH
VIL - .......................... ..t....I...l...'-I-.......... J...I...l...'-'-"-'..l...t...I.-'-' 1"---r-:--"'t "-''-'-''--I.~''--I.....J...'-

~ : Don't care· 
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OKI semiconductor 

MSM511002A 
1,048,576-WORD x 1-BITS DYNAMIC RAM 

GENERAL DESCRIPTION 

The MSM511002A is a new generation dynamic RAM organized as 1,048,576 words by 1 bit. The 
technology used to fabricate the MSM511002A is OKl's CMOS silicon gate process technology. The 
device operates at a single +5V power supply. Its 1/0 pins are TTL compatible. 

FEATURES 

• Silicon gate, tripple polysilicon CMOS, 
1 -transistor memory cell 

• Family organization 

Family 
Access Time 

(MAX) 

MSM511'002A-70 70ns 

MSM511002A-8A/80 80ns 

MSM511002A-1A/10 100ns 

• Single +5V supply, + 10°0 tolerance 
• Input: TTL compatible, address input. data 

input latch 
• Output: TTL compatible, tristate. non latch 
• Refresh: 512 cycles/8 ms 
• Common 1/0 capability using "Early Write" 

operation 

• 1,048,576 words by 1 bit 

Cycle Time Power Dissipation 

(MIN) Operating (MAX) Standby (MAX) 

140ns 468mW 

160ns 413mW 5.5mW 

190ns 358mW 

• Static column mode, readlwrite capability 
• CS before RAS refresh, Hidden refresh, 

RAS only refresh capability 
• Suilt-in VSS generator circuit 

PIN CONFIGURATION (TOP VIEW) 

A2' 

A3' 

Vee 
---".._---1"-

18 PIN DIP 

• R.lrtlh Addr ... 

26 PIN SOJ 

A9 1 

~UT DOUT 3 
es 

20 PIN ZIP 

Pin Names 

AO 10 A9 

RAS 

es 

DIN 

DOUT 

AS' WE 

Vee 

Vss 

NC 

Fu"'ctlo'" 

Address Input 

Row Address Strebe 

ChiD Slleet Input 

Dlta Inp"t 

Data O"tP"t 

Writ. Enable 

Power S"Pply I ,5VI 

Gro"nd IOVI 

No Connection 
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• MSM511002A ... ---------------------------

FUNCTIONAL BLOCK DIAGRAM 

A.-A, 

Memory 
Cells 

~::----------1~~--· ~---------~ 
~ OnChipVBB 

ELECTRICAL CHARACTERISTICS 
ABSOLUTE MAXIMUM RATINGS 

Rating Symbol 

Voltage on any pin relative to VSS 

Short circuit output current 

Power dissipation 

Operating temperature 

Storage temperature 

RECOMMENDED OPERATING CONDITIONS 
(Ta = 0 to +70°) 

Parameter Symbol 

Supply Voltage 
VCC 

VSS 

Input high voltage VIH 

Input low voltage VIL 

178 

VT 

los 

PD 

Topr 

Tstg 

Conditions 

-

-

-

-

Conditions 

Ta = 25°C 

Ta = 25°C 

Ta = 25°C 

-

-

MIN 

4.5 

0 

2.4 

-1.0 

1------- WE 

Dour 

1------ D,N 

Value Unit 

-1.0 to +7.0 V 

50 mA 

1 W 

o to +70 °c 

-55 to +150 °c 

TYP MAX Unit 

5.0 5.5 V 

0 0 V 

- 6.5 V 

- 0.8 V 



--------------------------------------------------------___ MSM511002A_ 

DC CHARACTERISTICS 
(Vee = 5V ± 10%, Ta = 0 to +700 e) 

MSM MSM MSM MSM 

Parameter Symbol Conditions 
511002A-8A 511002A-1A 511002A-70 511002A-80 

MIN MAX MIN MAX MIN MAX MIN MAX 

Output high voltage VOH IOH=-5.0mA 2.4 Vee 2.4 Vee 2.4 Vee 2.4 Vee 

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

Input leakage 
OV;£VI;£6.5V; 

III all oter pins not -10 10 -10 10 -10 10 -10 10 
current 

under test = OV 

Output leakage 
ILO 

DOUT disable -10 10 -10 10 -10 10 -10 10 
current OV<;,VO;£5.5V 

Average power --
RAS, CAS cycling, 

supply current" lee1 tRc=min 
- 75 - 65 - 85 - 75 

(Operating) 

RAS=VIH TTL 2 - 2 - 2 - 2 
Power supply 

lee2 eS=vIH current" (Standby) 
DOUT=Hz MOS - 1 - 1 - 1 - 1 

--
Average power RAS cycling, 
supply current" lee3 eAS=VIH - 75 - 65 - 85 - 75 
(RAS only represh) tRe=min 

Average power 
RAS cycling, 

supply current" (eAS lee6 eAS before RAS 
- 75 - 65 - 85 - 75 

before RAS refresh) 

--
Average power RAS=VIL, 
supply current" leeg es cycling - 55 - 55 - 70 - 60 
(Static column mode) tSe=min 

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

CAPACITANCE 
(Ta = 25°C, f = 1 MHz) 

Parameter Symbol Conditions TYP 

Input capacitance (AO to A9, DIN) CIN1 - -

Input capacitance 
CIN2 (RAS, es, WE) 

- -

Output capacitance (DOUT) COUT - -

MSM 
511002A-10 

Unit Nota 

MIN MAX 

2.4 Vee V 

0 0.4 V 

-10 10 J<A 

-10 10 J<A 

- 65 mA 

- 2 
mA 

- 1 

- 65 mA 

- 65 mA 

- 55 mA 

MAX Unit 

6 pF 

7 pF 

7 pF 
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• MSM511 002A •• -----------------------------

AC CHARACTERISTICS 
(Vee = 5V ±1 0%, Ta = 0 to +700 e) Note 1,2,3 

MSM MSM MSM MSM MSM 

Parameter. Symbol 511002A-8A 511002A-1A 511002A-70 511002A-80 511002A-l0 Unit Note 
MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX 

Refresh period tREP - 8 - 8 - 8 - 8 - 8 m 

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

Read/write cycle time tRWC 185 - 220 - 165 - 185 - 220 - ns 

Static column mode cycle time tsc 55 - 55 - 45 - 50 - 55 - ns 

Static column mode read/write 
tSRwe 80 - 100 - 70 - 80 - 100 - ns 

cycle time 

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

Access time from CS tCAC - 25 - 30 - 20 - 20 - 25 ns 4, 5 

Access time from column address tAA - 40 - 50 - 35 - 40 - 50 ns 4,6,7 . 
Access time from last write tAlW - 75 - 95 - 65 - 75 - 95 ns 4, 7 

Output low impedance time from CS tClZ 0 - 0 - 0 - 0 - 0 - ns 4 

Data out put hold time reference 
tAOH 5 - 5 - 5 - 5 - 5 - ns 

to column address 

Data output enable time reference 
tow - 30 - 30 - 30 - 30 - 30 ns 

to WE 

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

Transition time IT 3 50 3 50 3 50 3 50 3 50 ns 3 

RAS prechrge time tRP 70 - 80 - 60 - 70 - 80 - ns 

RAS pulse width tRAS 80 10000 100 10000 70 10000 80 10000 100 10000 ns 

RAS pulse width 
tRAse 80 100000 100 100000 70 100000 80 100000 100 100000 ns 

(static column mode cycle only) 

RAS hold time tRSH 25 - 30 - 20 - 20 - 25 - ns 

CS precharge time tcp 10 - 10 - 10 - 10 - 10 - ns 

CS pulse width tcs 25 10000 30 10000 20 10000 20 10000 25 10000 ns 

CS pulse width 
ICSC 25 100000 30 100000 20 100000 20 100000 25 100000 ns 

(Static column mode cycle only) 

CS hold time tCSH 80 - 100 - 70 - 80 - 100 - ns 

RAS to CAS delay time tReD 25 55 25 70 22 50 22 60 25 75 ns 5 

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

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

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

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

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

Column address hold time tCAH 15 - 20 - 15 - 15 - ~O - ns 
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AC CHARACTERISTICS (CONT.) 

MSM MSM MSM MSM MSM 

Parameter Symbol 511002A-8A 511002A-1A 511002A-70 511002A-80 511002A-l0 Unit Note 
MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX 

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

Column adress hold time reference 
tAWR 60 75 55 60 75 -

to RAS (WRITE CYCLE) 
- - - - ns 

Column address hold time 
tAR 95 115 85 95 115 -

reference to RAS 
- - - - ns 

Column address hold time 
tAH 10 10 10 10 10 -

reference to RAS precharge 
- - - - ns 

Column address hold time 
tAHLW 75 95 65 75 95 -

reference to WE 
- - - - ns 

Last write to column address delay tLWAD 20 35 25 45 20 30 20 35 25 45 ns 7 

Read command se-up time tRCS 0 - 0 - 0 - 0 - 0 - ns 

Read command hold time 
tRCH 0 0 0 0 0 9 

reference to CS 
- - - - -- ns 

Write connand hold time from RAS tWCR 60 - 75 - 55 - 60 - 75 - ns 

Write command set-up time twcs 0 - 0 - 0 - 0 - 0 - ns 8 

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

Write invalid time !wI 10 - 10 - 10 - 10 - 10 - ns 

Write command hole time 
tWCH 15 20 15 15 20 8 

(Dout disable) 
- - - - - ns 

Data-in hold time fromRAS tDHR 60 - 75 - 55 - 60 - 75 - ns 

Data output hold time reference 
tWOH 0 - 0 - 0 - 0 - 0 - ns 

to WE 

Write command to RAS lead time tRWL 20 - 25 - 20 - 20 - 25 ns 

Write command to CS lead time tCWL 20 - 25 - 20 - 20 - 25 - ns 

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

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

CS to WE delay tCWD 25 - 30 - 20 - 20 - 25 - ns 8 

RAS to WE delay tRWD 80 - 100 - 70 - 80 - 100 - ns 8 

--
Column address to WE delay time tAWD 40 - 50 - 35 - 40 - 50 - ns 8 

RAS to second WE delay tRSWD 95 - 115 - 80 - 95 - 115 - ns 

Read command hold time 
tRRH 10 10 10 10 10 9 

reference to RAS 
- - - - - ns 

RAS to CS set-up time 
tCSR 10 - 10 - 10 - 10 - 10 - ns 

(CAS before RAS) 
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AC CHARACTERISTICS (CONT.) 

MSM MSM MSM MSM MSM 

Parameter Symbol 511002A-8A 511002A-1A 511002A-70 511002A-OO 511002A-10 Unit Note 

MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX 

RAS to CS hold time 
(CS before RAS) tCHR 30 30 30 30 30 ns 

CS active delay from RAS 
tRPC 10 10 10 10 10 ns 

precharge 

CS precharge time 
(Refrech counter test) 

50 40 40 50 ns 

CS precharge time tCPN 10 15 10 - 10 15 ns 

Notes: 

182 

2 

3 

4 

5 

6 

7 

8 

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

The AC characteristics assume at tT = 5 ns. 

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

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

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

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

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

9 Either tRRH or tRCH must be satisfied for a read cycle. 



____________________________ ..... MSM511002A. 

READ CYCLE 

RC 

tRP 

tRAS - j i'--tCSH 

I tASR tRAH t tRAL ~~ I 

:W Row XLZZJ Column WIIIIIIII; 
tAR 

! 
~ 

tRAD tRSH TeRP 
tRCO 

=J 
tcs 

jI tRCH 

I tRCS tRRH 

"/11 I I 11111/1///;1 tCAC I ~//I;: 
tAA 

tRAC ~ 
- r 

tCLZ ~ 
11: OPEN Valid Data .I -

-I 

~ : Don't care 

WRITE CYCLE (EARLY WRITE) 

RAS 
VIH -

VIL -

AO - A9 VIH-
VIL -

Column 

• tCAH .1 

CS 
VIH-
VIL -

tcs 

WE 
VIH -

VIL -

DIN 
VIH-
VtL -

DOUT 
VOH -

VOL - ---------------------------OPEN----------------------------
o : Don't care 
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READ/WRITE CYCLE 

IRWC 

IRP 

RAs VIH- IRAS 

VIL -

ICAH 

AD -A9 
VIH-

Column 

11 VIL -

tRAD tRAL 

tcs 
CS 

VIH-
VIL _ 

tRCS 

tCWD 

tAWD tCWl 

VIH-
WE 

VtL _ 
tCSH 

DtN 
VIH -
VIL _ 

tRAC 

DOUT 
VOH -

VOL -
tClZ 

IZl Don't care 
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------------------------------------------------------~.MSM511002A. 

STATIC COLUMN MODE READ CYCLE 

AO -A9 VIHV1L _ 

DOUT VOH- ____________________ ~ 

VOL -

~ Don'tcare 
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• STATIC COLUMN MODE WRITE CYCLE (EARLY WRITE) 

tRP 

VIH-
RAS 

VIH-
AD-A9 

VIL -

VIH-
CS 

VIL -

II VIH-
wr 

VIL -

VIH-
DIN 

VIL -

VOH- OPEN DOUT 
VOL -

~ Don't care 

• STATIC COLUMN MODE WRITE CYCLE (EARLY WRITE) 

VIH-

RAS 
VIL -

VIH-
AD-A9 

VIL -

VIH-
CS" 

VIL -

~ 
VIH~ 

VIL -

DIN 
VIH-

VIL -

°OUT 
VOH- -----------------------------OPEN----------------------------
VOL-

~ Oon'IClre 
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------------------------------------------------------4. MSM511002A. 

STATIC COLUMN MODE READ/WRITE CYCLE 

RAS VIH- IRAse 

VIL -

AO-A9 

os VIW 
VIL-

We 

DIN 

DOUT 
VOH -
VOL -

~ : Don't care 

STATIC COLUMN MODE READ/WRITE MIXED CYCLE 

RAS VIH -

VIL-

AO-A9 VIH-
VIL _ 

CS VIH-
VIL -

WE 
VIH -

VIL -

VIH-
DIN VIL _ 

VOH -
DOUT 

VOL -

~ : Don't care 
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RAS ONLY REFRESH CYCLE 

RAs V,H -

V,L -

CS V'H-
V,L -

D 
VOH- _______________________ _ 

DOUT V'OL _ 'OPEN 

~ Don't care 

N'OTE: WE = Don't care, A9 = Don't care 

CS BEFORE RAS AUTO REFRESH CYCLE 

tRC 

tRP 'RAS 

RAS 
V,H -

V,L -

'CHR 

V,H -CS V,L _ 

'D'OUT 
V'OH -

'OPEN V'OL _ 

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

RAS VIH -

VIL -

CS 

AD -A9 VIH-
VIL -

WE 
VIH -

VIL -

Dour 
VOH -

VOL -

~ : Don'tcare 

HIDDEN REFRESH WRITE CYCLE 

AD -A9 VIH -
V1L _ 

WE 
VIH -

VIL -

DIN 
VIH -
V1L -

Dour 
VOH -

VOL -

[23 . Don't care 
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CI BEFORE RAS REFRESH COUNTER TEST 

AD -A9 VIHVIL _ 

READ CYCLE 

VOH -
Dour VOL-

WRITE CYCLE 

AD -A9 VIH
VIL -

WE VIH-
VIL -

READ/WRITE CYC 

190 

AD -- A9 VIH
VIL -

o VIH-
IN VIL _ 

tRP 

tRSH 

~ ~ ~ 

~ 
tCHR ~ 

tCRP 
tcs 

~ l- II tAH 

I 

IIIIIIIIIIIIIIII/) Column ~ 
tRAL I 

tAA 1# CAC 

I:CL~ Valid Oats ~ 
tRCS tRRH 

1 

III I I I I I I I I I I I I~ tRCH KLilL 
t-f--

tCAH 

H 
II I I I I I I I I I I I I IJj, Column ](I 111/ I / ljjj I I I I 

tASC 

II I 
OPEN 

twcs I 
'WCH 

Illnl/I/IIII/)J 
twp 

'11111111111 
tDS tDH II 

IIIIIIIIIIIIII/) ValidData JQLLll I I I I I I I I I 

LE 
I ~ II I 

TTl7 I I II I I I I I j)( Column ~IIIIIIII/ 
tAA 

~ 
I 

tCAC tj2ff. 

~ Valid Data 

tRCS tCWL 

tAWD tRWL 
tCWD 

~FWP.l7J7 I I I I I I I 1111111111111) 
tos ~I 

IIII/jjllllllllllll~ ~~l~ ~IIIIIIIII 

m : Oon'l care 



OKI semiconductor 
MSM514256A 
262,144-WORD x 4-81TS DYNAMIC RAM 

GENERAL DESCRIPTION 

The MSM5 1 4256A is a new generation dynamic RAM organized as 262, 1 44 words by 4 bits. The technology 
used to fabricate the MSM514256A is OKl's CMOS silicon gate process technology. The device operates at 
a single +5V power supply. Its I/O-pins are TTL compatible. 

FEATURES 

• Silicon gate. tripple polysllicon CMOS. 
1-transistor memory cell 

• Family organization 

Family 
Access Time 

(MAX) 

MSM5l4256A-70 70ns 

MSM5l4256A-8A/80 80ns 

MSM514256A-1A/l0 lOOns 
-

• Single +5V supply, ± 10% tolerance 
• Input: TTL compatible, address input, data 

input latch 
• Output: TTL compatible, tristate, non latch 
• Refresh: 512 cycles/8 ms 
• Output impedance controllable through early 

write and OE operations 

I 

• 262.144 words by 4 bits 

Cycle Time Power Dissipation 
(MIN) Operating (MAX) Standby (MAX) 

140ns 468mW 

l60ns 4l3mW 5.5mW 

190ns 358mW 

• Fast page mode, read/write capability 
• CAS before RAS refresh, Hidden refresh, 

RAS only refresh capability 
• "Gated"CAS 
• Built-in Vee generator circuit 

PIN CONFIGURATION (TOP VIEW) 

DO' , 
004 

OQ3 

s: Pm Names Function 

Vl 2 ~ s: I 
s: Vl AOto A8 I Address Input 

~ 
s: 

t '" 
~ RAS Row Address Strooe 

'" '" j 

'" '" I a> '" CAS Column Address SIrobe 
l> a> 

~Ot toOQ4 j " A" ~ Oala InlOata Out Vl Vl t 6E j 
Output Enable 

Vee AB· WE Wnte Enable 

20 PIN DIP 
20 PIN ZIP 

VCC Power Supply (+5VI 
26 PIN SOJ 

VSS Ground lOV) 

• Refresh Address N.C No Connection 
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• MSM514256A ... ----------------------------

FUNC:rIONAL BLOCK DIAGRAM 

Ao-A. 

ELECTRICAL CHARACTERISTICS 
ABSOLUTE MAXIMUM RATINGS 

Rating 

Voltage on any pin relative to vss 

Shorl circuit output current 

Power dissipation 

Operating temperature 

Storage temperature 

Memory 
Cells 

Symbol 

VT 

los 

Po 

Topr 

Tslg 

RECOMI/IENDED OPERATING CONDITIONS 
(Ta = 0 to +70°) 

Parameter Symbol Conditions 

Vee -
Supply Voltage 

VSS -

Input high voltage VIH -

Input low voltage VIL -

192 

Conditions 

Ta = 25°e 

Ta = 25°e 

Ta = 25°C 

-

-

MIN 

4.5 

0 

2.4 

-1.0 

OE 

Value Unit 

-1.0 to +7.0 V 

50 mA 

1 W 

o to +70 °e 

-55 to +150 °e 

TYP MAX Unit 

5.0 5.5 V 

0 0 V 

- 6.5 V 

- 0.8 V 



__________________________________________________ ~ __ ~.MSM514256A. 

DC CHARACTERISTICS 
(VCC = 5V ±1 0%, Ta = 0 to +70°C) 

MSM514256 MSM514256 MSM514256 MSM514256 MSM514256 

Parameter Symbol Conditions 
A-8A A-1A A-70 A-80 A-lO 

Unit Noto 

MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX 

Output high voltage VOH IOH=-5.0mA 2.4 VCC 2.4 VCC 2.4 VCC 2.4 VCC 2.4 VCC V 

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

Input leakage 
OV;;;: VI;;;: 6.5V; 

current III all oter pins not -10 10 -10 10 -10 10 -10 10 -10 10 J1A 
under test=OV 

Output leakage 
ILO 

DOUTdisable -10 10 -10 10 -10 10 -10 10 -10 10 J1A current OV;;;:VO;;;:5.5V 

Average power --
RAS, CAS cycling, 

supply current' ICCl TRC=min 
- 75 - 65 - 85 - 75 - 65 mA 

(Operating) 
--

TTL 2 2 2 2 2 
Power supply RAS=VIH - - - - -

current' (Standby) ICC2 CAS=VIH mA 
DOUT=Hz MOS - 1 - 1 - 1 - 1 - 1 

Average power RAS cycling, 
supply current' ICC3 CAS=VIH - 75 - 05 - 85 - 75 - 65 mA 
(RAS only represh) tRC=min 

Average power --

supply current' (CAS ICC6 
RAS cycling, 

- 75 - 65 - 85 - 75 - 65 mA 
before RAS refresh) 

CAS before RAS 

Average power RAS=VIL, 
supply current' ICC7 CAS cycling - 60 - 60 - 75 - 65 - 60 mA 
(Fast page mode) tpc=min 

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

CAPACITANCE 
(Ta = 25°C, f = 1 MHz) 

Parameter Symbol Conditions TYP MAX Unit 

Input capacitance (AO to AS) CINl - - 6 pF 

Input capacitance 
CIN2 - - 7 pF 

(RAS, CAS, WE,OEf 

Output capacitance (001 to D04) CliO - - 7 pF 
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AC CHARACTERISTICS 
(Vee = 5V ± 1 0%, Ta = 0 to +700 e) Note 1, 2,3 

MSM514256 MSM514256 MSM514256 MSM514256 MSM514256 

Parameter Symbol A-8A A-1A A-70 A-80 A-l0 Unit Note 
MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX 

Refresh period tREP - 8 - 8 - 8 - 8 - 8 ms 

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

Read/write cycle time tRWC 215 - 255 - 195 - 215 - 255 - ns 

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

Fast page mode read/write cycle 
tpRWC 110 - 120 - 100 - 105 - 120 - ns 

time 

--
Access time from RAS tRAC - 80 - 100 - 70 - 80 - 100 ns 4.5 

Access time from CAS tCAC - 25 - 30 - 20 - 20 - 25 ns 4.5 

Access time fro columu address tAA - 40 - 50 - 35 - 40 - 50 ns 4.6 

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

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

CAS 

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

Transition time tT 3 50 3 50 3 50 3 50 3 50 ns 3 

RAS prechrge time tRP 70 - 80 - 60 - 70 - 80 - ns 

RAS pulse width tRAS 80 10000 100 10000 70 10000 80 10000 100 10000 ns 

RAS pulse width 
tRASP 80 100000 100 100000 70 100000 80 100000 100 100000 ns (Fast page mode cycle only) 

RAS hold time tRSH 25 - 30 - 20 - 20 - 25 - ns 

CAS precharge time 
tcp 10 - 10 - 10 - 10 - 10 - ns 

(Fast page mode cycle only) 

CAS pulse width tCAS 25 10000 30 10000 20 10000 20 10000 25 10000 ns 

CAS hold time tCSH 80 - 100 - 70 - 80 - 100 - ns 

RAS to CAS delay time tRCD 25 55 25 70 22 50 22 60 25 75 ns 5 

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

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

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

Row addr$s hold time tRAH 15 - 15 - 12 - 12 - 15 - ns 

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

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

Column address hold time from RAS tAR 80 - 75 - 55 - 60 - 75 - ns 
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AC CHARACTERISTICS (CONT.) 

MSM514256 MSM514256 MSM514256 MSM514256 MSM514256 

Parameter Symbol A-8A A-1A A-70 A-80 A-l0 Unit Note 
MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX 

--
Column address to RAS qead time tRAL 40 - 50 - 35 - 40 - 50 - ns 

Read command set-up time tRCS 0 - 0 .- 0 - 0 - 0 - ns 

Read command hold time tRCH 0 - 0 - 0 - 0 - 0 - ns 8 

Write connand hold time from RAS twCR 60 - 75 - 55 - 60 - 75 - ns 

Write command set-up time twcs 0 - 0 - 0 - 0 - 0 - ns 7 

Write command hold time tWCH 15 - 20 - 15 - 15 - 20 - ns 

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

Write command to RAS lead time tRWL 20 - 25 - 20 - 20 - 25 - ns 

Write command to CAS lead time tCWL 20 - 25 - 20 - 20 - 25 - ns 

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

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

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

CAS to WE delay tCWD 55 - 65 - 50 - 50 - 60 - ns 7 

RAS to WE delay tRWD 110 - 135 - 100 - 110 - 135 - ns 7 

--
Column address to WE delay time tAWD 70 - 85 - 65 - 70 - 85 - ns 7 

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

I 
- - - - - ns 

reference to RAS 

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

(CAS before RAS) 

RAS to CAS hold time 
tCHR 30 30 30 30 30 

(CAS before RAS) 
- - - - - ns 

CAS active delay fron RAS 
tRPC 10 - 10 - 10 - 10 - 10 - ns 

preharge 

CAS precharge time 
tCPT 40 - 50 - 40 - 40 - 50 - ns 

(Refresh counter test) 

CAS precharge time tCPN 10 - 15 - 10 - 10 - 15 - ns 

RAS hold time reference to OE tROH 20 - 20 - 20 - 20 - 20 - ns 

Access time from OE tOEA - 20 - 25 - 20 - 20 - 25 ns 

-
OE delay time tODE 20 - 25 - 20 - 20 - 25 - ns 

-
OE to data output guffer 

tOEZ 0 20 0 25 0 20 0 20 0 25 ns 
turn-off delay 

-
OE command hold time tOEH 20 - 25 - 20 - 20 - 25 - ns 
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Notes: 

8 

196 

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

2 The AC characteristics assume at tT = 5 ns. 

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

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

5 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 exclusiveiy 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 tWCS. tCWD. tRWD and tAWD are not restrictive operating parameters They are includ
ed 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 tCWD ~ tCWD (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. 

Either tRRH or tRCH must be satisfied for a read cycle. 



___________________________________________________________ MSM514256A-

READ CYCLE 

tRC 

tRAS 
tRP 

tAR 

tCSH 

tRSH 

OE VtH

Vil -~~~~~~~~~~~~~~--_+~~~~~~~~-4~~~-4~~~ 

f'ZZJ Don't Care 

WRITE CYCLE (EARLY WRITE) 

tRC 

tRAS tRP 

RAS 
VIH - tAR 

Vil -
tCSH 

tRSH 

CAS VIH - tCAS 
Vil -

tRAl 

AO -AS VIH-

Vll-

VIH -
WE 

Vtl -

DE ~~~ = mmZORlIj/(ZZZZZZZZZZZZZZZZZZZZZZZZ/ 
I- lOS tOHR tOH 

001 - OQ4 VIH - --------(/ Valid Data-In f}------ OPEN -------------------
Vil - "1'-----~ tza Don't Care 
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.MSM514256A •• ----------------------------------------------------

WRITE CYCLE (OE CONTROL WRITE) 

CAS VIH -
Vil _ 

AD' A8 
VIH-

Vll -

VIH -
WE 

Vil -

DE VIH -
Vil _ 

001 -004 

READ/WRITE CYCLE 

AD A8 VIH
Vll _ 

001 - 004 VltOH - -----------+--f" 
VltOl - ~!!!!..---r 

~ Don't Care 
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fZJ Don't Care 



--------------------------------------------------------___ MSM514256A-

FAST PAGE MODE READ CYCLE 

RAS 
VIH- IAR 

VIL -

VIH-CAS V1L _ 

AD - A8 VIH-
V1L _ 

WE 
V1H -

vIL-

VIH-OE 
VIL -

DOt -004 Vm~-

VOL -

tCll 

FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 

tRASP 

RAS 
VIH- tAR 

VIL -

VIH-CAS 
V1L -

AD - A8 
VIH -
V1l _ 

V1H -
WE 

Vil -

~Ot -004 VIH -
Vil _ 

IZZl Don't Care 

OEI= i Don't Care 
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FAST PAGE MODE WRITE CYCLE(OE CONTROL WRITE) 

200 

CAS VIH - - ...... -tt------,:oh 
V1L -

AO-AB VIH
vIL-~U1~~~'~~--~,~~~~?--~~~~.v?_~--~,~~~~~~ 

__ VIH-~~~777T7T7T~~-~-~~~~---++-~~~~-H-~~7T7T~ 
OE V1L -...i....<~~~~:..L..I.:..L..I...u 

VIH-~~~~~~~~;tt;;;;L~~~~~l~~~~n~~J~~~rn~~7T 
DQ1-DQ4vIL_~~~~~:..L..I.:..L..I.:..L..I.~~~~~~~~~~,~~~~~~,~~~~~~~ 

rzz:zJ Don't Care 



----------------------------__ MSM514256A-

FAST PAGE MODE READ/WRITE CYCLE 

_---. tAR _I ~ 
RAS ~:~ = ,....----+-------------------4 tRP '-

tCSH 
tRSH 

tCAS 
tCRP 

if 

~ Don't Care 

RAS ONLY REFRESH CYCLE 

RAS 
V1H -

VIL -

CAS 
VIH-
V1L _ 

AO-A8 
VIH-
V1L -

Notes: WE, OE = Oon't Care 
rzJ Don't Care 
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CAS BEFORE RAS AUTO REFRESH CYCLE 

RC 

tRP tRAS tRP 

~ tRPC 
tRPC ---RAS VIH -

VIL _ 

tCPN tCSR tCHR 
~ -

---1 
"........,~ / \ 

tOF" 
~ 

CAS VIH-
VIL -

OPEN 

11 DOl -004 
VOH-
VOL -

Notes: WE, OE, AD - A8 = Don't Care 

HIDDEN REFRESH READ CYCLE 

WE VIH -
VIL-.l....J....J...~.,.....JJ 

6E VIH-

VIL-~~~~~~...J...~~--~----------------~~~+_~-L~~~-L~~~ 

Valid Data-ou\ 

l?ZJ Don't Care 
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-------------------___ MSM514256A_ 

HIDDEN REFRESH WRITE CYCLE 

AD -- AS VIH
V1L -

tRAS 

tCHR 

I ml tWCH 

Wi ::~=zmrl£f : ':" ¥WZWZZZlZZZZZlZ77ZZl. 
5E ~:~ =01177777077777777777777777777 777777777 

~~I~~~==~n~~~~~~~~~rr 
oat -004 V1H -

VtL - -'-I...J....J.J ~ ___ ~ \....L..J-L...J-L...J-L...'-J...-J-L....J....J-.J....I.-'--'~-'--'-'-

tOHR 

~ Don'tCare 
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• MSM514256A •• ----------'--------------------

CAS BEFORE RAS REFRESH COUNTER TEST 

I~AS 

ICSR I ICHR T CPT IRSH r 1------""-"-'-- j"-__ ,,, r-~ __ __=IC::.:A=_S ___ __1 ,.-H*----

11 
AO AS VIH

V1L - J....J.:.o..i... ....... '-'-J....J.'-'-_'_ ....... r......L....J....JJ 1"--....,...,---4 ~~ ....... ..J...."--''-'-r'-....,..+-r' ....... -'-..J.... ....... 

READ CYCLE 

WE V1H -

VIL - ....... ..t....I.'-'-.J..,.I.....L.. ......... ~---.J.......<~I__-H_~__+~ 

6E VIH

VIL--'-..J....~_'_..J...."--'~_'__'_ ....... ~~....J...~~~~_+-----~~"--'~~~-'-..J....~ 

VOH -
001-004 VOL--------

WRITE CYCLE 

OE 

001 -004 VIH- _____ OPEN ___ ~I 
VIL -

READ/WRITE CYCLE 

WE VIH

VIL -..J.... ....... '--'~ ....... -'-..J.... ....... J......I........I.~l--~~_-l 

6E VIH

V I L _-'-....... '--' .............. -'--'--'-....... '-''-'--'-'--':-:~~-' 

001 -004 VI/OH- _____________ ...... -{j 
VI/OL -

E22J Don'l Care lalld Dala-in 
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OKI semiconductor 

MSM514258A 
262,144-WORD x 4-81TS DYNAMIC RAM 

GENERAL DESCRIPTION 

The MSM514258A is a new generatien dynamic RAM .organized as 262,144 werds by 4 bit. The 
technelegy used te fabricate the MSM514258A is OKI's CMOS silicen gate precess technelegy. The 
device .operates at a single +5V pewer supply. Its I/O pins are TTL cempatible. 

FEATURES 

• Silicen gate, tripple pelysilicon CMOS, 
1-transister memery cell 

• Familyerganizatien 

Family 
Access Time 

(MAX) 

MSM514258A-70 70ns 

MSM514258A-8A/80 80ns 

MSM514258A-1A/10 100ns 

• Single +5V supply. ,+ 1 0% telerance 
• Input: TTL cempatible, address input. data 

input latch 
• Output: TTL c.ompatible. tristate. n.onlatch 
• Refresh: 512 cycles/8 ms 
• Output impedance c.ontrellable threugh early 

write and OE .operati.ons 

• 262.144 werds by 4 bits 

Cycle Time Pewer Dissipatien 

(MIN) Operating (MAX) Standby (MAX) 

140ns 468mW 

160ns 413mW 5.5mW 

190ns 358mW 

• Static celumn mede, read/write capability 
capability 

• CS befere RAS refresh, Hidden refresh, 
~ .only refresh capability 

• Built-in VBB generater circuit 

PIN CONFIGURATION (TOP VIEW) 

;!: Pin Names Function 

(fl 
AQ toA8 Address Input ;!: 

~ .RAS Row Address Strobe 
~ 

~ CS Chip select input CD » 
N D01 to D04 Data In/Data Out 
(fl 

.oE Output Enable 

WE Write Enable 

20 PIN DIP 26 PIN S.oJ 20 PIN ZIP VCC Power Supply (+5V) 

VSS Ground (OV) 

• Refresh Address 
N.C No Connection 
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_ MSM514258A __ ---------------------------

FUNCTIONAL BLOCK DIAGRAM 

Ao-A. 

Memory 
Cells 

VCC ----1--
VSS - 1 JLr=========~-_~ ~ OnchlpvBB 

ELECTRICAL CHARACTERISTICS 
ABSOLUTE MAXIMUM RATINGS 

Rating 

Voltage on any pin relative to Vss 

Short circuit output current 

Power dissipation 

Operating temperature 

Storage temperature 

Symbol 

VT 

los' 

Po 

Topr 

Tstg 

RECOMMENDED OPERATING CONDITIONS 
(Ta = 0 to +70°) 

Parameter Symbol Conditions 

VCC -
Supply Voltage 

VSS -

Input high voltage VIH -

Input low voltage I VIL -

206 

Conditions 

Ta = 25°C 

Ta = 25°C 

Ta = 25°C 

-

-

MIN 

4.5 

0 

2.4 

I 
-1.0 

1----- WE 

DQ,-DQ, 

Value I Unit 

-1.0to+7.0 V 

50 mA 

1 W 

o to +70 °c 

-55 to +150 °c 

TYP MAX Unit 

5.0 5.5 V 

0 0 V 

- 6.5 V 

- 0.8 V 



------------------------------------------------------~.MSM514258A. 

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

MSM MSM MSM MSM 

Parameter Symbol Conditions 
514258A-BA 514258A-1A 514258A-70 514258A-BO 

MIN MAX MIN MAX MIN MAX MIN MAX 

Output high voltage VOH IOH=-5.0mA 2.4 Vee 2.4 Vee 2.4 Vee 2.4 Vee 

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

Input leakage 
OV~VI~6.5V; 

III all oter pins not -10 10 -10 10 -10 10 -10 10 
current 

under test=OV 

Output leakage 
ILO 

DOUT disable -10 10 -10 10 -10 10 -10 10 
current OV~VO~5.5V 

Average power 
RAS, CS cycling, 

supply current' lee1 tRc=min 
- 75 - 65 - 85 - 75 

(Operating) 

Power supply RAS=VIH TTL - 2 - 2 - 2 - 2 
current" lee2 eS=VIH 
(Standby) DOUT=Hz MOS - 1 - 1 - 1 - 1 

Average power RAS cycling, 
supply current" lee3 eAS=VIH - 75 - 65 - 85 - 75 
(RAS only represh) tRe=min 

Average power 
RAS cycling, 

supply current" (eS lee6 es before RAS 
- 75 - 65 - 85 - 75 

before RAS refresh) 

--
Average power RAS=VIL, 
supply current" leeg es cycling - 60 - 60 - 75 - 65 
(Static column mode) tse=min 

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

CAPACITANCE 
(Ta = 25°C, f = 1 MHz) 

Parameter Symbol Conditions TYP 

Input capacitance (AO to AS) CINl - -

Input capacitance 

(RAS, CS, WE, OE) CIN2 - -

Output capacitance (001 to 004) CliO - -

MSM 
514258A-10 

Unit Noto 

MIN MAX 

2.4 Vee V 

0 0.4 V 

-10 10 J.'A 

-10 10 J.'A 

- 65 mA 

- 2 
mA 

- 1 

- 65 mA 

- 65 mA 

- 60 mA 

MAX Unit 

6 pF 

7 pF 

7 pF 
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• MSM514258A ... ---------------------------

AC CHARACTERISTICS 
(Vee = 5V ±1 0%, Ta = 0 to +700 e) Note 1, 2,3 

MSM MSM MSM MSM MSM 

Parameter Symbol 514258A-8A 514258A-1A 514258A-70 514258A-80 514258A-l0 
Unit Note 

MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX 

Refresh period tREP - 8 - 8 - 8 - 8 - 8 ms 

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

Read or write cycle time tRWC 215 - 255 - 195 - 215 - 255 - ns 

Static column mode cycle time tsc 55 - 55 - 45 - 50 - 55 - ns 

Static column mode read/write 
tSRWC 110 - 135 - 100 - 110 - 135 - ns 

cycle time 

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

Access time from CS tCAC - 25 - 30 - 20 - 20 - 25 ns 4, 5 

Access time from column address tAA - 40 - 50 - 35 - 40 - 50 ns 4,6,7 

Access time from last write tAlW - 75 - 95 - 65 - 75 - 95 ns 4, 7 

Output low impedance time from CS tClZ 0 - 0 - 0 - 0 - 0 - ns 4 

Data output hold time reference to 
tAOH 5 - 5 - 5 - 5 - 5 - ns 

column address 

Data output enable time reference 
tow - 30 - 30 - 30 - 30 - 30 os 

to WE 

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

Transition time tT 3 50 3 50 3 50 3 50 3 50 ns 3 

RAS prechrge time tRP 70 - 80 - 60 - 70 - 80 - ns 

RAS pulse width tRAS 80 10000 100 10000 70 10000 80 10000 100 10000 ns 

RASpulse width 
tRASC 80 100000 100 100000 70 100000 80 100000 100 100000 ns 

(Static column mode cycle only) 

RAS hold time tRSH 25 - 30 - 20 - 20 - 25 - ns 

CS precharge time 
tcp 10 - 10 - 10 - 10 - 10 - ns 

(static column mode) 

CS pulse width tcs 25 10000 30 10000 20 10000 20 10000 25 10000 ns 

CS pulse width 
tcsc 25 100000 30 100000 20 100000 20 100000 25 100000 ns 

(Static column mode cycle only) 

CS hold time tCSH 80 - 100 - 70 - 80 - 100 - ns 

RAS to CS delay time tRCD 25 55 25 70 22 50 22 60 25 75 ns 5 

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

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

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

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

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

Column address hold time tCAH 15 - 20 - 15 - 15 - 20 - ns 
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----------------------------__ MSM514258A_ 

AC CHARACTERISTICS (CO NT.) 

MSM MSM MSM MSM MSM 

Parameter Symbol 514258A-8A 514258A-1A 514258A-70 514258A-80 514258A-10 Unit Note 
MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX 

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

Column adress hold time reference 
tAWR 60 75 55 60 75 

to RAS (WRITE CYCLE) 
- - - - - ns 

Column address hold time 
tAR 95 115 85 95 115 

reference to RAS 
- - - - - ns 

Column address hold time 
tAH 10 10 10 10 10 

reference to RAS precharge 
- - - - - ns 

Column address hold time 
tAHLW 75 95 65 75 95 - - - - - - ns 

reference to WE 

Last write to column address delay lLWAD 20 35 25 45 20 30 20 35 25 45 ns 7 

Read command se-up time tRCS 0 - 0 - 0 - 0 - 0 - ns 

Read command hold time tRCH 0 - 0 - 0 - 0 - 0 - ns 9 

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

Write command set-up time twcs 0 - 0 - 0 - 0 - 0 - ns 8 

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

Write invalid time tWI 10 - 10 - 10 - 10 - 10 - ns 

Write command hole time 
tWCH 15 20 15 15 20 8 

(Dout disable) 
- - - - - ns 

--
Data-in hold time fromRAS tDHR 60 - 75 - 55 - 60 - 75 - ns 

Write command to RAS lead time tRWL 20 - 25 - 20 - 20 - 25 - ns 

Write command to CS lead time tCWL 20 - 25 - 20 - 20 - 25 - ns 

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

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

CS to WE delay tCWD 55 - 65 - 50 - 50 - 60 - ns 8 

RAS to WE delay tRWD 110 - 135 - 100 - 110 - 135 - ns 8 

COlu~ address to WE delay time tAWD 70 - 85 - 65 - 70 - 85 - ns 8 

RAS to second WE delay tRSWD 95 - 115 - 80 - 95 - 115 - ns 

Read command hold time 
tRRH 10 10 10 10 10 9 -- - - - - - ns 

reference to RAS 

RAS to CS set-up time 
tCSR 10 - 10 - 10 - 10 - 10 - ns 

(CS before RAS) 

RAS to CS hold time 
tCHR 30 30 30 30 30 

(CS before RAS) 
- - - - - ns 

CS active delay from RAS 
tRPC 10 - 10 - 10 - 10 - 10 - ns 

precharge 
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• MSM514258A •• ---------------------------

AC CHARACTERISTICS (CONT.) 

MSM MSM MSM MSM MSM 

Parameter Symbol 514258A-8A 514258A-1A 514258A-70 514258A-80 514258A"10 Unit Note 
MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX 

-
CS precharge time 

tCPT 40 50 40 40 50 ns - - - - -

(Refrech counter test) 

CS precharge time tCPN 10 - 15 - 10 - 10 - 15 - ns 

RAS hold time reference to OE tROH 20 - 20 - 20 - 20 - 20 - ns 

Access time from OE tOEA - 25 - 30 - 20 - 20 - 25 ns 

OE delay time tOED 20 - 25 - 20 - 20 - 25 - ns 

OE to data outkut buffer turn-off 
tOEZ 0 20 0 25 0 20 0 20 0 25 delay ns 

OE command hold time tOEH 20 - 25 - 20 - 20 - 25 - ns 

Notes: 

210 

2 

3 

4 

5 

6 

7 

8 

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

The AC characteristics assume at tT = 5 ns, 

VIH (min) and VIL (max) are reference levels for measuring of input signals, Also, transi
tion times are measured between VIH and VIL, 

Measured with a load circuit equivalent to 2TTL + 100 pF, 

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

Operation within the tLWAD (mad limit insures that tALW (max,) can be met tLWAD 
(max) is specified as a reference pOint only; if tLWAD is greater than the specified 
tLWAD (max) limit, then access time is controlled exclusively tAA, 

twes, tewD, tRWD and tAWD are not a restrictive operating parameters, They are included in 
the data sheet as electrical characteristics only; if twes ;;;;; twes (min,), the cycle is an early 
write cycle and the data out pin will remain open circuit (high impedance) throughout the 
entire cycle; if tewD ;;;;; tewD (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. 

9 Either tRRH or tRCH must be satisfied for a read cycle. 



• MSM514258A. 

READ CYCLE 

OPEN_+_--

~ Don't care 
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.MSM514258A.~----------------------------~-------------------

WRITE CYCLE (EARLY WRITE) 

IRAS 

\1------ IAWR __ --I RAS VIH-
VIL-

ICSH 

ICRP 

CS VIH-
VIL _ 

AO AS VIH -
VIL _ 

WE VIH -
VIL _ 

OE ~:~ = VIIIIIIIIZ?II h I I {III IIII I III I I II I I I 1/ 
f-~~ 

DQ1 - DQ4 ~:~ =--------<{ Velld D~)>-----OPEN-------
EZJ Don 1 UHO 

WRITE (OE CONTROL WRITE) 

WE V,H -

V I L - _'_'__'___'__'--'--...I._i.-'-.l.......J..._'_'--'----'----'~'---_"1'~-'--'--'-...I.-i.-'-'--'---'-J........I..-'-J........I..-

OE ~:~ =?lllllllllj~~ '-VII/II/I//IIIIIII I 
! lOS' tOH 
I r--' I---~ 

DQ1 . DQ4 ~:~ =_~)~~~~/r-7Z~ZZ"""'~j"'ld Dol" In Xr-,Z"""7ZZ""T'Z-r"Zr-Z,.......,/--rZ~/;--r-1 Z--'--(-r"; Zr-Zr-Zr-; 

InVillld D<'ltCl-Ollt [Z] Don't cClre 

212 



___________________________________________________________ MSM514258A-

READ/WRITE CYCLE 

i------~----
'RWC 

'RAS ~ 
~ V'H - 'RAL .fi" "-RAS 

VIL -
'CSH --f--

~ 'RCD 'RSH t= 
CS VIH:~ 'RAD '\ 'cs 17 

VIL - I~ 

~~ ~ 
AO A8 V'H- Row ~ Column WIIIII/IIII V'L -

'CWD 'CWL 

'RWD 'RWL---I 

- VIH -
'AWD 'WP YI / / I I I I I I WE 

VIL _ 
'OEA 

~:~ ~7TT! I / / / / / / i/ / 1>1 -I 
, 

OE J 'OED 
r 

I 

1 

I. 'CAC 1 I+~ , 
, 

'RAC 'OEZ F ~ 1+4 
DOl - D04 VI/OH- ~ra'id Da,a-ou~-{~ Valid Da'a-In '/ / / / / / / / VI/OL -

'CLZ I 
• 'AA IZZl Don't care 

STATIC COLUMN MODE READ CYCLE 

'RAse 
RAS 

AO A8 

WE 

001-004 VOH- ____________________ ~~· 

VOL - 'eLZ LI ,'~ I ~ 

Valid Data Valid Data 
-out -out 

EZZl Don" care 
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_MSM514258A __ ---------------------------------------------------------

• STATIC COLUMN MODE WRITE CYCLE (EARLY WRITE) 

VIH-
RAS 

VIH-
AO-AS 

VIL -

VIH-
CS 

VIL -

III VIH-

WE 
VIL -

OE 

VIH -

001 -004 
VIL -

E'Z2l Don't care 

• STATIC COLUMN MODE WRITE CYCLE (EARLY WRITE) 

I I tRASC 
~.--------------~~------------~~~~ 

I 
RAS 

VIH-
AO-AS 

VIL -

tAWR 

tRCD 

VIH-

CS 
VIL -

tWI twp tWI twp 

VIH-

WE 
VIL -

VIH-

DE 
VIL -

VIH -
001 -004 

VIL -

£ZJ Don't care 
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--------------------------------------------------------_._MSM514258A-

STATIC COLUMN MODE READ/WRITE CYCLE 

AO A8 

WE VIH
VIL _ 

DO' - 004 VI/OW _______ -KV 
VI/OL-

Data-out 
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• MSM514258A •• ---------------------------------------------------------

STATIC COLUMN MODE READ/WRITE MIXED CYCLE 

RAS VIH 

VIL----------------------------------------------------------------

leWD 

WE 
V1H -
VIL _ 

OE VIH -
VIL -

I 
I IREADI r-- --- I 

(WRITEI ! (READI I' 

--~·---------~·~I·~-------· 

E2:l Don't care 

RAS ONLY REFRESH CYCLE 

Notes: WE.6E = Don't care 
EL:1 Don't care 
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------------------------------------------------------___ MSM514258A_ 

CS BEFORE RAS AUTO REFRESH CYCLE 

RAS V1H -

VIL - tRPC 

tCPN tCSR tCHR 

DOt-004 VOH- ~ ______________ ___ 
VOL -. ____ ....3" OPEN 

Note' WE, BE, AD - AS ~ Don't care 

HIDDEN REFRESH READ CYCLE 

RAS V1H -
VIL _ 

cs VtH
V tL -

AO AS VtH-
V'L _ 

OE 

v -
DO' -004 OH 

VOL _ 

I-- 'CHR 

! 

1 tCAC 

'RAC 
'1cLzI 

~ Valid Data-out 

tCPN 

.1 1..1 .~---=tC"-R"-P-_. I 
I I 

, I tOFF 

~ 

o Don't care 
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• MSM514258A •• ----------------------------

HIDDEN REFRESH WRITE CYCLE 

WE 

OE 

D01 - D04 VIH -------<1 Valid Dala-In I}------- OPEN -----------
VIL_ ~ ____ ~ 

rz::J Don't Ci'lre 
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------------------------------------------------------~.MSM514258A. 

CS BEFORE RAS REFRESH COUNTER TEST 

- VIH
CS VIL -

READ CYCLE 

'CPT 'RSH 

'CS 

AO AS VIH - Column 
VIL --,-"--,-"",-,-,--,--,--,,-,--,-,,,,,,,,,,,,, 1"-"T7--------.,.-t-~- ~--'-.I-

OE ~:~?ZZZZZZZ/ZZZZZZZZZZItlA 
II I 

DO' - D04 VOH -------- -----1 .......... --<Y VOL _ OPEN 

WRITE CYCLE 

Valid Data-In 

AO -AS V'H

VIL - ""'-'-.......... ~ ........ -'-...i.......<'-'--'-........ ':" lro---:-;------""':""'t "'4.L...J.....-'-I.....L...J.-I.....L.~ 

WE VIH -

V IL - ;""O"-'-i-I-..J.-I.....L.-'--'--I.....J....J.-~ 

OE VIH

V IL - .J-J.-'-....,....'-'--'-.J-.I.-'-...i.......< ........ ........,. ....... -'-~-....I 

DO' -OQ4 VI/OH -------------~ 
VI/OL -

~Don'tcare Valid Data-out 
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OKI semiconductor 
MSM514100 
4, 194,304-WORD x 1-BIT DYNAMIC RAM: FAST PAGE MODE TYPE 

GENERAL DESCRIPTION 

The MSM5141 00 is a new generation dynamic RAM organized as 4,194,304 words by 1 bit. 

The technology used to fabricate the MSM514100 is OKI's CMOS silicon gate process technology. 

The device operates at a single + 5 V power supply. Its I/O pins are TTL compatible. 

FEATURES 

• Silicon gate, quadruple polysilicon CMOS, 1 transistor memory cell 

• 4,194,304 word by 1 bit organization 

• 350 mil 26-pin plastic SOJ, 400 mil 20-pin plastic ZIP, 400 mil 18-pin plastic DIP 

• Family organization 

Access Time Cycle Time 
Power Dissipation 

Family 
(MAX) (MIN) Operating Standby 

tRAC tAA tCAC (MAX) (MAX) 

MSM514100-8 80 ns 40 ns 20 ns 160 ns 495mW 

MSM514100-8A 80 ns 40 ns 25 ns 160 ns 495mW 5.5mW 
(MOS level) 

MSM514100-10 100 ns 50 ns 25 ns 190 ns 440mW 

• Single + 5 V supply, ± 10% tolerance 

• Input: TTL compatible 

• Output: TTL compatible, tristate, nonlatch 

• Refresh: 1024 cycles/16 ms 

• Common I/O capability using "Early Write" operation 

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

• Multi bit test mode capability 

• Built-in VBB generator circuit 
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----------------------------------------------------------.MSM514100. 

PIN CONFIGURATION (TOP VIEW) 

DIN VSS 
A9' 

Vss WE S DOUT 

Dour CAS 
DOUT 

CAS DIN 

A9' 
RAS 

AO' 
N.C 

A1' 
AO' 

A2' 
A2' 

A3' Vee 

Vee A4' 
AS' 

A4' 
A7' 

Vee 
1S PIN DIP 

26 PIN SOJ 20 PIN ZIP 

, Refresh Address 

FUNCTIONAL BLOCK DIAGRAM 

Column f---------..!---'\ 
Address f-----------~/ 

CAS 

Vss 
WE 

A10 

N.C 

A1' 

A3' 

A4' 

A6' 

AS' 

Buffers '-~-~--' 

AO 

I 

A10 

Refresh 
Control Clock 

Pin Names Function 

AOtoA10 Address Input 

--
RAS Row Address Strobe 

--
CAS Column Address Strobe 

DIN Data Input 

Dour Data Output 

--
WE Write Enable 

Vee Power Supply < + SV> 

Vss Ground <OV> 

N.C No Connection 

~-----WE 

Dour 
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• MSM514100.----------------------------------------------------------

ELECTRICAL CHARACTERISTICS 

ABSOLUTE MAXIMUM RATINGS 

Rating Symbol Conditions 

Voltage on any pin 
VT Ta=25°C 

relative to Vss 

Short circuit output 
los Ta=25°C 

current 

Power dissipation PD Ta=25°C 

Operating 
Topr -

temperature 

Storage temperature Tstg -

RECOMMENDED OPERATING CONDITIONS 

(Ta = 0 to + 70°C) 

Parameter Symbol 

Vee 
Supply Voltage 

Vss 

Input high voltage V1H 

Input low voltage V1L 

MIN 

4.5 

0 

2.4 

-1.0 

Value Unit Note 

-1.0to + 7.0 V 1 

50 mA 1 

1 W 1 

Oto + 70 °C 1 

- 55 to + 150 °C 1 

TYP MAX Unit Note 

5.0 5.5 V 2 

0 0 V 

- 6.5 V 2 

- 0.8 V 2 

Notes: 1. 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. 

2. All voltages are referenced to Vss. 
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----------------------------------------------------------.MSM514100. 

DC CHARACTERISTICS 

(Vcc=5V±10%,Ta=Oto +70°C) 

Parameter Symbol Conditions 

Output high voltage VOH 'OH= -5.0mA 

Output low voltage VOL 1m =4.2 mA 

o v,. VI ~ 6.5V; 

Input leakage current III 
all other pins 
not under 
test=O V 

Output leakage 
ILO 

DOUT = disable 
current o v<; VO~ 5.5 V 

Average power RAS, CAS 
supply current ICC1 cycling, 
(Operating) tRC = min 

Power supply current RAS =V'H TTL 

(Standby) ICG CAS=V'H 
DOUT= Hz MOS 

Average power RAS cycling, 
smly current ICC3 CAS = V'H 
(RA only refresh) tRC = min 

Power supply current ~=V'H 

(Standby) lec5 CAS = Vil 

DOUT = ena ble 

Average power 
RAs cycling, s~16 curreQL ICC6 ( efore RAS CAS before RAS 

refresh) 

Average power RAS=V'L' 
supply current ICC7 CAS cycling 
(Fast page mode) tpc = min 

MSM 
514100-S 

MIN MAX 

2.4 Vec 

0 0.4 

-10 10 

-10 10 

- 90 

- 2 

- 1 

- 90 

- 5 

- 90 

- SO 

MSM MSM 
514100-SA 514100-10 Unit 

MIN MAX MIN MAX 

2.4 Vcc 2.4 Vcc V 

0 0.4 0 0.4 V 

-10 10 -10 10 llA 

-10 10 -10 10 llA 

- 90 - SO mA 

- 2 - 2 
mA 

- 1 - 1 

- 90 - 80 mA 

- 5 - 5 ~ mA 

- 90 - SO mA 

- 80 - 70 mA 

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

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

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

CAPACITANCE 

(Ta = 25°C, f = 1 MHz) 

Note 

1,2 

1,2 

1 

1 

1,3 

Parameter Symbol Conditions TYP MAX Unit 

Input capacitance (AO to A 10, DIN) CIN1 - - 6 pF 

Input capacitance 
CIN2 - - 7 pF 

(RAS, CAS, WE) 

Output capacitance (DOUT) COUT - - 7 pF 
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AC CHARACTERISTICS 

(Vcc=5V±10%,Ta=Oto +70°C) 

Parameter 

Random read or write cycl e ti me 

Read/write cycle time 

Fast page mode cycle time 

Fast page mode read/write cycle time 

Access ti me from RAS 

Access ti me 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 

tRWC 

tpc 

tPRWC 

tRAC 

tCAC 

tAA 

tCPA 

tClZ 

tOFF 

tT 

tREF 

tRP 

tRAS 

tRASP 

tRSH 

tcp 

tCAS 

tCSH 

tCRP 

tRCD 

tRAD 

tASR 

tRAH 

tASC 

tCAH 

tAR 

tRAl 

MSM 
514100-8 

MIN MAX 

160 -

185 -

55 -

80 -
- 80 

- 20 

- 40 

- 45 

0 -
0 20 

3 50 

- 16 

70 -
80 10,000 

80 100,000 

20 -

10 -

20 10,000 

80 -
10 -

22 60 

17 40 

0 -

12 -
0 -

15 -
60 -
40 -

Note 1,2,3,10,11 

MSM MSM 
514100-8A 514100-10 Unit Note 

MIN MAX MIN MAX 

160 - 190 - ns 

190 - 220 - ns 

55 - 65 - ns 

80 - 95 - ns 

- 80 - 100 ns 4.5 

- 25 - 25 ns 4.5 

- 40 - 50 ns 4.6 

- 45 - 55 ns 4 

0 - 0 - ns 4 

0 20 0 25 ns 7 

3 50 3 50 ns 3 

- 16 - 16 ms 

70 - 80 - ns 

80 10,000 100 10,000 ns 

80 100,000 100 100,000 ns 

25 - 25 - ns 

10 - 10 - ns 

25 10,000 25 10,000 ns 

80 - 100 - ns 

10 - 10 - ns 

25 55 25 75 ns 5 

20 40 20 50 ns 6 

0 - 0 - ns 

15 - 15 - ns 

0 - 0 - ns 

15 - 20 - ns 

60 - 75 - ns 

40 - 50 - ns 
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AC CHARACTERISTICS (Continued) 

MSM MSM MSM 

Parameter Symbol 514100-8 514100-8A 514100-10 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 8 

Read command hold time reference to 
tRRH 10 10 10 8 iVS3 - - - ns 

Write command set-up time twcs 0 - 0 - 0 - ns 9 

Write command hold time tWCH 15 - 15 - 20 - ns 

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

Write command pulse width twp 15 
-

15 - 20 - ns 

Write command to RASlead time tRWL 20 - 25 - 25 - ns 

Write command to CAS lead time tcwL 20 - 25 - 25 - ns 

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

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

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

CAS to WE delay time tcwo 20 - 25 - 25 - ns 9 

Column address to WE delay time tAWO 40 - 40 - 50 - ns 9 

RAS to WE delay time tRWO 80 - 80 - 100 - ns 9 

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

precharge 

RAS to CAS set-up time (CAS before 
tCSR 10 - 10 - 10 - ns RAS) 

RAS to CAS hold time (CAS before RAS) tCHR 20 - 20 - 20 - ns 

CAS precharge time (Refresh counter 
tCPT 40 - 40 - 50 - ns test) 

WE to RAS precharge time (CAS before 
tWRP 10 - 10 - 10 - ns RAS) 

WE hold time from RAS (CAS before 
tWRH 20 - 20 20 ns RAS) - -

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

RAS to WE hold time (Test mode) tWHR 20 - 20 - 20 - ns 
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Notes: 1. An initial pause of 200 Ils 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. VIH (min.) and VIL (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 100pF. 

5. 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 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. 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. twcs, tCWD' 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 will remain open circuit (high 

impedance) throughout the entire cycle; if tcwD~tcwD (min.), tRWD~tRWD 

(min.) and tAWD~tAWD (min.), the cycle is read/write cycle and 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. 

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

This mode is latched and remain in effect until the exit cycle is generated. 

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

RA 10, CA 10 and CAO are not used. In a read cycle, if all internal bits are equal, 

the data output pin will indicate a high level. If any internal bits are not equal, 

then 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 cycl e. 

11. In a test mode read cycle, the value of access time parameters is delayed for 5 ns 

for 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. 



-----------------------------------------------------------MSM514100_ 

READ CYCLE 

CAS 

AO-A1O 

WE 

DOUT 

V 1H -

V1l -

V,H -
VIL -

V,H -
VIL -

V ,H -
VIL -

VOH-

VOL _ 

WRITE CYCLE (EARLY WRITE) 

V,H -
RAS 

VIL -

V ,H -
CAS 

VIL -

AO-A10 V,H -
VIL -

V,H -
D,N V,L -

_"H"or"l" 

VOH-
DOUT VOL _ 

________________________ OPEN __________________________ __ 

_"H"'or"L" 
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READIWRTIE CYCLE 

V,H -
RAS 

Vil -

V,H -
CAS 

Vil -

AO.Al0 V,H 
V,l -

VOH-
Dour VOl _ -----

FAST PAGE MODE READ CYCLE 

V 1H -

VIL -

AO.Al0 V,H -
V1l -

WE V,H 

V,l -

DOUT 
VOH-

VOl-
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Valid Data 

• "H"or"L" 

• "H"or"l" 
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FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 

V,H -
RAS 

VIL -

V'H -
CAS 

VIL -

v -
AO-Al0 IH 

V 1L -

V,H -
WE 

VIL -

V,H -
D,N 

VIL -

Dour 
VoH -

Vol - ------------------------OPEN--------------------------
_"H"or"L" 

FAST PAGE MODE READIWRITE CYCLE 

V,H -
RAS 

VIL -

V,H -
CAS VIL -

Dour 
VOH -
VOL _ 

V,H -
D,N VIL 
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RAS ONLY REFRESH CYCLE 

RAS V'H-
VIL -

CAS 
VIH -

Vil -

[I 
AO-A9 

V1H -

Vil -

VOH - ____________________ _ 

VOL -
OPEN DOUT 

NOTE: WE,Al0="H"o,"L" _"H"or"l" 

CAS BEFORE RAS AUTO REFRESH CYCLE 

V 1H -

Vil - ______ --J 

w,::=~I.~ 
Dour 

VOH __ ~I>-----
VOL - __________ -'J OPEN 

NOTE: AO-Al0="H"o,"L" _ "H"o,"L" 
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HIDDEN REFRESH READ CYCLE 

RAS V,H -
V,l -

AO-Al0 V,H -
V,l -

WE V,H 

VOL -

Dour VOH -

VOL -

HIDDEN REFRESH WRITE CYCLE 

V,H -
RAS 

VIL -

V,H -
CAS 

VIL -

AO-Al0 V,H -
V,L -

_"H"or"L" 

Dour VOH - ----______ OPEN 
VOL - ----------------------

_ "H"or"L" 
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 

CAS 

AO-Al0 VV1H 

IL 

READ CYCLE 

VOH -
DOUT ----H--- OPEN ---+---l-l--< 

VOL -

- V 1H 
WE V 

IL 

WRITE CYCLE 

tWRH 

D VOH-
OUT VOL _---++--- OPEN ---+--I-4-------+-l-4------

READIWRITE CYCLE 

VOH
DOUT ---++--------+--1-4--< 

VOL -
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TEST MODE INITIATE CYCLE 

CAS 
VIH -

V 1l -

WE 
V1H - 91 
V1l _ 

VOH-
VOL - ________ --' 

DOUT OPEN 

NOTE: AO-Al0, D,N = "W or "L" ."H"'or"L" 
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OKI semiconductor 
MSM514102 
4, 194,304-WORD x 1-BIT DYNAMIC RAM: 

STATIC COLUMN MODE TYPE 

GENERAL DESCRIPTION 

The MSM5141 02 is a new generation dynamic RAM organized as 4,194,304 words by 1 bit. 

The technology used to fabricate the MSM514102 is OKI's CMOS silicon gate process technology. 

The device operates at a single + 5 V power supply. Its I/O pins are TTL compatible. 

FEATURES 

• Silicon gate, quadruple polysilicon CMOS, 1-transistor memory cell 

• 4,194,304 word by 1 bit organization 

• 350 mil 26-pin plastic SOJ, 400 mil 20-pin plastic ZIP, 400 millS-pin plastic DIP 

• Family organization 

Access Time Cycle Time 
Power Dissipation 

Family 
(MAX) (MIN) Operating Standby 

tRAC tAA tCAC (MAX) (MAX) 

MSM514102-S SO ns 40 ns 20 ns 160 ns 495mW 

MSM514102-SA SO ns 40 ns 25 ns 160 ns 495mW 5.5mW 
(MOS level) 

MSM514102-10 100 ns 50 ns 25 ns 190 ns 440mW 

• Single + 5 V supply, ± 10% tolerance 

• Input: TTL compatible 

• Output: TTL compatible, tristate, nonlatch 

• Refresh: 1024cycles/16ms 

• Common I/O capability using "Early Write" operation 

• CS before RAS refresh, CS before RAS hidden refresh, RAS only refresh capability 

• Multi bit test mode capability 

• Built-in Vas generator circuit 
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PIN CONFIGURATION (TOP VIEW) 

D'N Vss 

V's WE Cs 
Dour 

D'N 
Vss 

Cs WE 

A9* 
RAS 

Al0 

AO* 
N.C 

N.C 

Al* 
AO* 

Al* 

A2* 
A2* 

A3* 

A3* Vee A4* 

Vee A4* 
AS* 

A6* 
A7* 

Vee A4* AS* 

lS PIN DIP 

26 PIN SOJ 20 PIN ZIP 

* Refresh Address 

FUNCTIONAL BLOCK DIAGRAM 

RAS 

Column 
Address I-__________ ~, 
B uffers L-~_--._ 

AO 

I 
Al0 

Vcc 

Vss 

Refresh 
Control Clock 

· C"'-----I --, 
. On chip Vee 

Pin Names Function 

AOto Al0 Address Input 

--
RAS Row Address Strobe 

-
CS Chip Select Input 

D'N Data Input 

Dour Data Output 

--
WE Write Enable 

Vee Power Supply < + SV> 

Vss Ground <OV> 

N.C No Connection 

,..----- WE 

Dour 

1+------ D'N 
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ELECTRICAL CHARACTERISTICS 

ABSOLUTE MAXIMUM RATINGS 

Rating Symbol (onditions 

Voltage on any pin 
VT Ta = 25 O( 

relative to Vss 

Short circuit output 
los Ta = 25 O( 

current 

Power dissipation PD Ta = 25 O( 

Operating 
Topr -temperature 

Storage temperature Tstg -

RECOMMENDED OPERATING CONDITIONS 

(Ta = a to + 70°e) 

Parameter Symbol 

Vee 
Supply Voltage 

Vss 

Input high voltage V1H 

Input low voltage V1L 

MIN 

4.5 

0 

2.4 

- 1.0 

Value Unit Note 

-1.0to+7.0 V 1 

50 mA 1 

1 W 1 

o to + 70 O( 1 

- 55 to + 150 O( 1 

TYP MAX Unit Note 

5.0 5.5 V 2 

0 0 V 

- 6.5 V 2 

- 0.8 V 2 

Notes: 1. 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. 

2. All voltages are referenced to Vss. 
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DC CHARACTERISTICS 

(Vcc = 5 V ± 10%, Ta = 0 to + 70°e) 

MSM MSM MSM 

Parameter Symbol Conditions 514102-8 514102-8A 514102-10 Unit 

MIN MAX MIN MAX MIN MAX 

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

Output low voltage VOL 10L = 4.2 mA 0 0.4 0 0.4 0 0.4 V 

a V'. VI< 6.5V; 

Input leakage current III 
all other pins 

-10 10 -10 10 -10 10 jlA not under 
test = a V 

Output leakage 
ILO 

DOUT = disable 
-10 10 -10 10 -10 10 jlA current OV··VO<5.5V 

Average power RAS, CS 
supply current ICCl cycling, - 90 - 90 - 80 mA 
(Operating) t RC = min 

-
2 2 2 mA Power supply current RAS = V,H TTL - - -

(Standby) IC(2 cs = V,H 
DOUT = Hz MOS - 1 - 1 - 1 mA 

-
Average power RAS cycling, 
sgeply current IC(3 CS = V,H - 90 - 90 - 80 mA 
(RAS only refresh) t RC = min 

Power supply current RAS = V,H 

(Standby) ICC5 cs =vlL - 5 - 5 - S mA 
DOUT = enable 

Average power -
~Iy currlillL ICC6 

RAS cycling, - 90 - 90 - 80 mA 
before RAS Cs before RAS 

refresh) 

Average power RAS = vlL 

supply current ICC9 CS =vlL - 80 - 80 - 70 mA 
(Static column mode) tsc = min 

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

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

CAPACITANCE 

(Ta = 25°C, f= 1 MHz) 

Note 

1,2 

1,2 

1 

1 

1 

Parameter Symbol Conditions TYP MAX Unit 

Input,capacitance (AO to A 10, DIN) CIN1 - - 6 pF 

Input capacitance 
CIN2 - - 7 pF 

(RAS, CS, WE) 

Output capacitance (DOUT) CO UT - - 7 pF 
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AC CHARACTERISTICS 

(Vcc=5V±10%,Ta=Oto +70°C) 

Parameter 

Random read or write cycle time 

Read/write cycle time 

Static column mode cycle time 

Static column mode read/write cycle time 

Access time from RAS 

Access time from CS 

Access time from column address 

Access time from last write 

Data output enable time reference to WE 

Output low impedance time from CS 

Data output hold ti me reference to 
column address 

Data output hold ti me reference to WE 

Output buffer turn-off delay ti me 

Transition time 

Refresh peri od 

RAS precharge time 

RAS pulse width 

RAS pulse width (Static column mode) 

RAS hold time 

CS precharge time 

CS pulse width 

CS hold time 

CS to RAS precharge ti me 

RAS to CS 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 
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Symbol 

tRC 

tRWC 

tsc 

tSRWC 

tRAC 

tCAC 

tAA 

tALw 

tow 

tCLZ 

tAOH 

tWOH 

tOFF 

tT 

tREF 

tRP 

tRAS 

tRASC 

tRSH 

tcp 

tcs 

tCSH 

tCRP 

tRCD 

tRAD 

tASR 

tRAH 

tASC 

tCAH 

MSM 
514102-8 

MIN MAX 

160 -
185 -

45 -
70 -
- 80 

- 20 

- 40 

- 75 

- 20 

0 -

5 -

0 -
0 20 

3 50 

- 16 

70 -

80 10,000 

80 100,000 

20 -
10 -
20 100,000 

80 -
10 -

22 60 

17 40 

0 -
12 -
0 -

15 -

Note 1,2,3,11,12 

MSM MSM 
514102-8A 514102-10 

Unit Note 

MIN MAX MIN MAX 

160 - 190 - ns 

190 - 220 - ns 

45 - 55 - ns 

70 - 80 - ns 

- 80 - 100 ns 4,5,6 

- 25 - 25 ns 4. 5 

- 40 - 50 ns 4.6,7 

- 75 - 95 ns 4, 7 

- 25 - 25 ns 

0 - 0 - ns 4 

5 - 5 - ns 

0 - 0 - ns 

0 20 0 25 ns 8 

3 50 3 50 ns 3 

- 16 - 16 ms 

70 - 80 - ns 

80 10,000 100 10,000 ns 

80 100,000 100 100,000 ns 

25 - 25 - ns 

10 - 10 - ns 

25 100,000 25 100,000 ns 

80 - 100 - ns 

10 - 10 - ns 

25 55 25 75 ns 5 

20 40 20 50 ns 6 

0 - 0 - ns 

15 - 15 - ns 

0 - 0 - ns 

15 - 20 - ns 



----------------------------------------------------------.MSM514102. 

AC CHARACTERISTICS (Continued) 

MSM MSM MSM 

Parameter Symbol 
514102-8 514102-8A 514102-10 

Unit Note 

MIN MAX MIN MAX MIN MAX 

Column address hold time reference to 
tAWR 60 60 75 

RAS (WRITE CYCLE) - - - ns 

Column address hold time reference to 
tAR 95 95 115 

RAS 
- - - ns 

Column address to RA51ead time tRAL 40 - 40 - 50 - ns 

Column address hold time reference to 
tAH 10 10 10 

RA5 precharge 
- - - ns 

Column address hold time reference to 
tAHLW 75 75 95 

WE 
- - - ns 

Last write to column address delay time tLWAD 20 35 20 35 25 45 ns 7 

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

Read command hold time reference to C5 tRCH 0 
, 
- 0 0 - ns 9 -

Read command hold time reference to 
tRRH 10 10 10 9 

RA5 
- - - ns 

Write command set-up time twcs 0 - 0 - 0 - ns 10 

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

Write command hold ti me from RA5 tWCR 60 - 60 - 75 - ns 

Write invalid time tWI 10 - 10 - 10 - ns 

Write command hold time (Dout disable) tWH 0 - 0 - 0 - ns 10 

Write command to C51ead time tCWL 20 - 25 - 25 - ns 

Write command to RA5 lead time tRWL 20 - 25 - 25 - ns 

C5 to WE delay time tcwD 20 - 25 - 25 - ns 10 

Column address to WE delay time tAWD 40 - 40 - 50 - ns 10 

RA5 to WE delay time tRWD 80 - 80 - 100 - ns 10 

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

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

Data-in hold time from RA5 tDHR 60 - 60 - 75 - ns 

C5 active delay time from RA5 precharge tRPC 10 - 10 - 10 - ns 

RA5 to C5 set-up time (C5 before RA5) tCSR 10 - 10 - 10 - ns 

RA5 to C5 hold time (C5 before RA5) tCHR 20 - 20 - 20 - ns 

C5 precharge time (Refresh counter test) tCPT 40 - 40 - 50 - ns 

WE to RA5 precharge time (C5 before 
tWRP 10 - 10 - 10 - ns 

RA5) 

WE hold time from RA5 (C5 before RA5) tWRH 20 - 20 - 20 - ns 

RA5 to WE set-up time (Test mode) tWSR 10 - 10 - 10 - ns 

RA5 to WE hold time (Test mode) tWHR 20 - 20 - 20 - ns 
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Notes: 1. An initial pause of 200 lis is required after power-up followed by a minimum of 

eight initialization cycles (RAS only refresh cycle or CS before RAS refresh cycle) 

before proper device operation is achieved. 

In case of using internal refresh counter, a minimum of eight CS before RAS 

initialization cycles is required. 

2. The AC characteristics assume tr = 5 ns. 

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

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

5. 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 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. Operation within the tLWAD (max.) limit insures that tALw (max.) can be met. 

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

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

8. tOFF (max.) defines the time at which the output achieves the open circuit 

condition and is not referenced to output voltage levels. 

9. Either tRRH or tRCH must be satisfied for a read cycle. 

10. twcs, tWH, tCWD, tRwD and tAwD are not restrictive operating parameters. They 

are included in the data sheet as electrical characteristics only; if twcs!;;: twcs 

(min.) and tWH!;;: tWH (min.), the cycle is an early write cycle and the data out will 

remain open circuit (high impedance) throughout the entire cycle; if 

tCWD!;;:tCWD (min.). tRWD!;;:tRWD (min.) and tAWD!;;:tAWD (min.), the cycle is 

read/write cycle and 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. 

11. The test mode is initiated by performing a WE and CS before RAS refresh cycle. 

This mode is latched and remain in effect until the exit cycle is generated. 

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

RA 10, CA 10 and CAO are not used. In a read cycle, if all internal bits are equal, 

the data output pin will indicate a high level. If any internal bits are not equal, 

then 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 CS before RAS 

refresh cycle. 

12. In a test mode read cycle, the value of access time parameters is delayed for 5 ns 

for 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. 



------------------------------. MSM5141 02. 

READ CYCLE 

CS 
V,H -
V'l -

91 AO-Al0 V,H -
V'l -

WE 
VIH -
V'l -

~ "H"or"L" 

WRITE CYCLE (EARLY WRITE) 

RAS 

CS 

AO-Al0 

WE 
V,H -
V'l -

DIN 
V,H -
V'l -

Dour 
VOH -
VOL -

.....;. ____________ OPEN _______________ _ 

~ "H"or"L" 
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READIWRITE CYCLE 

RAS V,H -
V'l -

($ 
V,H -
V'l -. 

AD-Al0 
V,H -
V'l -

WE 
V,H -
V'l -

D'N 
V1H -

V'l -

DOUT 
VOH -
VOL -

STATIC COLUMN MODE READ CYCLE 

RAS 

AO-Al0 V'H -
V'l -

D VOH -
OUT VOL -
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STATIC COLUMN MODE WRITE CYCLE (EARLY WRITE) 

V,H -
RAS 

V,L -

V,H -
CS 

V,L -

V,H -
AO-AIO 

V,L -

V,H -
WE 

V,L -

V,H -
D,N 

V,L -

VOH -
OPEN DOUT 

VOL -
_ "H"or"LH 

STATIC COLUMN MODE READIWRITE CYCLE 

R4S 
V,H -
V'L -

Cs V1H -

V'L -

AO-Al0 V,H -
V,L -

WE 
V,H -
V,L -

D'N 
V,H -

V'L -

Dour VOH -------------------~~L VOL - "_ __ -'I 

"H" or "L" 
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• MSM514102 .1----------------------------

STATIC COLUMN MODE READIWRITE MIXED CYCLE 

VIH -
RAS Vil - ___________________________ _ 

AO-AIO VIH -
Vil -

WE VIH -
Vil -

DIN 
VIH -
Vil -

(READ) 

RAS ONLY REFRESH CYCLE 

RAS 

CS VIH -Vil - ____ _ 

VIH -

(WRITE) (READ) )0 I 
~ "H"or"L" 

AO-A9 
Vil - ~~'"''"'" l'-----if" ~'""~'"''"''~'"''"'" , _____ _ 

VOH ------------- -------------Dour VOL ~ OPEN 

NOTE:WE. AIO= "H" or "L" ~ "H"or"L" 
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----------------------------------------------------------.MSMS14102. 

CS BEFORE RAS AUTO REFRESH CYCLE 

RAS 

CS 

V OH -
VOl - _____ ...... ---------OPEN ---------------DOUT 

NOTE:AO - A 10 = "H" or "L" ~ "H"or"L" 

HIDDEN REFRESH READ CYCLE 

'Re 

RAS 

CS 
V1H -

Vil -

AO-A10 V'H -

V'l -

WE V'H -
V'l -

VOH -
DOUT VOL _ ---------+--f 

~ "H"or"L" 
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• MSM514102.----------------------------------------------------------

HIDDEN REFRESH WRITE CYCLE 

RAS 

III AO-Al0 

DOUT VOH - -------------- OPEN -----==~------
VOL - ~ "H" or "L" 

TEST MODE INITIATE CYCLE 

---1----------- OPEN -----------

NOTE: AO-Al0.D'N="H" or"L" ~ "H"or"L" 
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-----------------------------------------------------.MSM514102. 

CS BEFORE RAS REFRESH COUNTER TEST CYCLE 

RAS 
V 1H 

V 1L 

VIH 
cs 

VIL 

V1H 
AO-Al0 

V 1L 

READ CYCLE 

WRITE CYCLE 

DOUT VOH - ---++------t-t+-
VOL -

_ "H"or"L" 
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OKI semiconductor 
MSM514400 
1,048,576-WORD x4-BIT DYNAMIC RAM: FAST PAGE MODE TYPE 

GENERAL DESCRIPTION 

The MSM514400 is a new generation dynamic RAM organized as 1,048,576 words by 4 bits. 

The technology used to fabricate the MSM514400 is OKI's CMOS silicon gate process technology. 

The device operates at a single + 5 V power supply. Its 1/0 pins are TTL compatible. 

FEATURES 

• Silicon gate, quadruple polysilicon CMOS, 1 transistor memory cell 

• 1,048,576 word by 4 bit organization 

• 350 mil 26-pin plastic SOJ, 400 mil 20-pin plastic ZIP, 400 mil 20-pin plastic DIP 

• Familyorganization 

Access Time Cycle 
Power Dissipation 

Family (MAX) Time Operating Standby 

tRAC tAA tCAC tOEA 
(MIN) (MAX) (MAX) 

MSM514400-8 80 ns 40 ns 20 ns 20 ns 160 ns 495mW 

MSM514400-8A 80 ns 40 ns 25 ns 25 ns 160 ns 495mW 5.5mW 
(MOS level) 

MSM514400-10 100 ns 50 ns 25 ns 25 ns 190 ns 440mW 

• Single + 5 V supply, ± 10% tolerance 

• Input: TTL compatible 

• Output: TTL compatible, tristate, nonlatch 

• Refresh: 1024 cycleS/16 ms 

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

• Multi bit test mode capability 

• Built-in Vss generator circuit 

248 



________________________________________________________ .MSM514400. 

PIN CONFIGURATION (TOP VIEW) 

Vss 
OE 

DQ4 CAS 

DQ3 
DQ3 

DQ4 
Vss DQl 

A9" 
DQ2 

WE 
RAS 

A9" 

AO" 
AO" 

Al" 
A2" 

A3" 
Vee A4" 
AS" 

A6" 

Vee Vee A4" 
A7" 

AS" 

20 PIN DIP 26 PIN SOJ 20 PIN ZIP 

" Refresh Address 

FUNCTIONAL BLOCK DIAGRAM 

Column r----------''---'\ 
Address r-----------,,----,J 
Buffers L-.,--_,-...J 

AD 
I 

A9 

Vee -----C---
Vss ~ r-l==============: 

_ On ehip VBB 

Pin Names 

AOtoA9 

--
RAS 

--
CAS 

DQl to DQ4 

--
OE 

--
WE 

Vee 

Vss 

Funetion 

Address Input 

Row Address Strobe 

Column Address Strobe 

Data In/Data Out 

Output Enable 

Write Enable 

Power Supply < + SV> 

Ground <OV> 

f+---WE 

DQl 

I 

DQ4 
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• MSM514400.----------------------------------------------------------

ELECTRICAL CHARACTERISTICS 

ABSOLUTE MAX~MUM RATINGS 

Rating Symbol (onditions 

Voltage on any pin 
VT Ta = 25 O( 

relative to Vss 

Short circuit output 
los Ta = 25 O( 

current 

Power dissipation PD Ta = 25 O( 

Operating 
Topr -

temperature 

Storage temperature Tstg -

RECOMMENDED OPERATING CONDITIONS 

(Ta = 0 to + 70°C) 

Parameter Symbol 

Vee 
Su pply Voltage 

Vss 

Input high voltage VIH 

Input low voltage VIL 

MIN 

4.5 

0 

2.4 

- 1.0 

Value Unit Note 

-1.0to + 7.0 V 1 

50 mA 1 

1 W 1 

Oto + 70 O( 1 

- 55to + 150 O( 1 

TYP MAX Unit Note 

5.0 5.5 V 2 

0 0 V 

- 6.5 V 2 

- 0.8 V 2 

Notes: 1. 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. 

2. All voltages are referenced to Vss. 
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------------------------------. MSM514400. 

DC CHARACTERISTICS 

(V CC = 5 V ± 1 a %, Ta = a to + 7a°e) 

MSM MSM MSM 

Parameter Symbol Conditions 514400-8 514400-8A 514400-10 
Unit 

MIN MAX MIN MAX MIN MAX 

Output high voltage VOH 10H = - 5.0 mA 2.4 Vcc 2.4 Vcc 2.4 Vcc V 

Output low voltage VOL 10L = 4.2 mA 0 0.4 0 0.4 0 0.4 V 

OV'" VI < 6.SV; 

Input leakage current III 
all other pins 

-10 10 -10 10 -10 10 llA not under 
test = OV 

Output leakage 
ILO 

DO, = disable 
-10 10 -10 10 -10 10 llA current OV<VO<S.SV 

Average power RAS, CAS 
supply current ICC1 cycling, - 90 - 90 - 80 mA 
(Operating) tRC = min 

-
2 2 2 mA Power supply current RAS = V'H TTL - - -

(Standby) IC(2 CAS = V,H 
DO,= Hz MOS - 1 - 1 - 1 mA 

Average power RAS cycling, 
silll.Qly current IC(3 CAS = V,H - 90 - 90 - 80 mA 
(RAS only refresh) tRC == min 

Power supply current RAS = V,H 
(Standby) Iccs CAS = vil - 5 - 5 - 5 mA 

DO, = enable 

Average power 
RAS cycling, s\!Jmly currenL 

ICC6 - 90 - 90 - 80 mA (CAS before RAS CAS before RAS 
refresh) 

Average power RAS = V'L' 
supply current ICC? CAS cycling - 80 - 80 - 70 mA 
(Fast page mode) tpc = min 

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

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

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

CAPACITANCE 

(Ta = 25°C, f = 1 MHz) 

Note 

1,2 

1,2 

1 

1 

1,3 

Parameter Symbol Conditions TYP MAX Unit 

Input capacitance (AO to A9) CIN1 - - 6 pF 

Input capacita~ 
CIN2 - - 7 pF 

(RAS, CAS, WE, OE) 

Output capacitance (DQl to DQ4) CliO - - 7 pF 
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• MSM514400 •• -----------------------------

AC CHARACTERISTICS 

(VcC=5V±10%,Ta=Oto + 70°C) 

Parameter 

Random read or write cycle time 

Read/write cycle time 

Fast page mode cycle time 

Fast page mode read/write cycle time 

Access ti me from RAS 

Access time from CAS 

Access time from column address 

Access time from OE 

Access ti me from CAS precharge 

Output low impedance time from CAS 

Output buffer turn-off delay ti me 

OE to data output buffer turn-off delay 
time 

Transition time 

Refresh peri od 

RAS prechargetime 

RAS pulse width 

RAS pulse width (Fast page mode) 

RAS hold time 

RAS hold time reference to OE 

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 

252 

Symbol 

tRC 

tRWC 

tpc 

tPRWC 

tRAC 

tCAC 

tAA 

tOEA 

tCPA 

tClZ 

tOFF 

tOEZ 

tT 

tREF 

tRP 

tRAS 

tRASP 

tRSH 

tROH 

tcp 

tCAS 

tCSH 

tCRP 

tRCD 

tRAD 

tASR 

tRAH 

tASC 

tCAH 

tAR 

tRAl 

MSM 
514400-8 

MIN MAX 

160 -
215 -

55 -
110 -
- 80 

- 20 

- 40 

- 20 

- 45 

0 -
0 20 

0 20 

3 50 

- 16 

70 -

80 10,000 

80 100,000 

20 -
20 -
10 -

20 10,000 

80 -
10 -

22 60 

17 40 

0 -
12 -

0 -
15 -

60 -

40 -

Note 1, 2, 3, 10, 11 

MSM MSM 
514400-8A 514400-10 

Unit Note 

MIN MAX MIN MAX 

160 - 190 - ns 

220 - 255 - ns 

55 - 65 - ns 

110 - 130 - ns 

- 80 - 100 ns 4,5 

- 25 - 25 ns 4. 5 

- 40 - 50 ns 4. 6 

- 25 - 25 ns 

- 45 - 55 ns 4 

0 - 0 - ns 

0 20 0 25 ns 7 

0 20 0 25 ns 7 

3 50 3 50 ns 3 

- 16 - 16 ms 

70 - 80 - ns 

80 10,000 100 10,000 ns 

80 100,000 100 100,000 r.s 

25 - 25 - ns 

25 - 25 - ns 

10 - 10 - ns 

25 10,000 25 10,000 ns 

80 - 100 - ns 

10 - 10 - ns 

25 55 25 75 ns 5 

20 40 20 50 ns 6 

0 - 0 - ns 

15 - 15 - ns 

0 - 0 - ns 

15 - 20 - ns 

60 - 75 - ns 

40 - 50 - ns 



----------------------------------------------------------.MSM514400. 

AC CHARACTERISTICS (Continued) 

MSM MSM MSM 

Parameter Symbol 
514400-8 514400-8A 514400-10 

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 8 

Read command hold time reference to 
tRRH 10 10 10 8 RAS - - - ns 

Write command set-up time twcs 0 - 0 - 0 - ns 9 

Write command hold time tWCH 15 - 15 - 20 - ns 

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

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

OE command hold time tOEH 20 - 25 - 25 - ns 

Write command to CAS lead time tCWL 20 - 25 - 25 - ns 

Write command to RAS lead time tRWL 20 - 25 - 25 - 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 60 - 60 - 75 - ns 

OE to Data-in delay time tOED 20 - 20 - 25 - ns 

CAS to WE delay time tCWD 50 - 55 - 60 - ns 9 

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

RAS to WE delay time tRwD 110 - 110 - 135 - ns 9 

CAS active delay time from-RP3 
tRPC 10 - 10 - 10 - ns 

precharge 

RAS to CAS set-up time (CAS before RAS) tCSR 10 - 10 - 10 - ns 

RAS to CAS hold time (CAS before RAS) tCHR 20 - 20 - 20 - ns 

CAS precharge time (Refresh counter 
tCPT 40 - 40 - 50 - ns 

test) 

WE to RAS precharge time (CAS before 
tWRP 10 - 10 - 10 - ns 

RAS) 

WE hold time from RAS (CAS before RAS) tWRH 20 - 20 - 20 - ns 

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

RAS to WE hold time (Test mode) tWHR 20 - 20 - 20 - ns 
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254 

Notes: 1. An initial pause of 200 Jls 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 VIL (max.) are reference levels for measuring o,f input signals. 

Also, transition times are measured between VIH and VIL. 

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

5. 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 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. tOFF (max.) and tOEZ (max.) define the time at which the output achieves the 

open ci rcuit condition and is not referenced to output voltage levels. 

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

9. twcs, tCWD, 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 will remain open circuit (high 

impedance) throughout the entire cycle; if tCWD <;; tcwD (min.), tRWD <;; tRwD 

(min.) and tAWD<;;tAwD (min.), the cycle is readlwrite cycle and 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. 

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

This mode is latched and remain in effect until the exit cycle is generated. 

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

CAO is not used. In a read cycle, if two internal bits on one 110 pin are equal, the 

110 pin will indicate a high level. If internal bits on one 110 pin are not equal, 

then the 110 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. 

11. In a test mode read cycle, the value of access time parameters is delayed for 5 ns 

for 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. 



--------------------------------------------------------.MSM514400. 

READ CYCLE 

DQI-DQ4 VOH -
VOL -

WRITE CYCLE (EARLY WRITE) 

CAS V1H-

VIL -

AO-A9 V'H-
V'l -

WE V'H-
V'l-

DQI - DQ4 ~,~ = 

~ "H"o,"l" 

~ "H"o,"l" 
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.MSM51~400.--------------------------------------------------------

WRTIE CYCLE (OE CONTROL WRITE) 

D 

DQ1-DQ4 V,IOH - _____________ ---..;~~~~~~ 
V,IOL -

~ 'H"or'L' 

READIWRTIE CYCLE 

CAS V'H-
VIL -

~ 'H"or'L' 
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-----------------------------------------------------.MSM514400. 

FAST PAGE MODE READ CYCLE 

DQI-DQ4 VOH-
VOL -

FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 

001 _ 004 V,H
V'L-
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• MSM514400 .,----------------------------

FAST PAGE MODE READIWRITE CYCLE 

RAS 

VIIOH -
DQl - DQ4 VI/OL -_------H%l:>u"m 

~ "H"or"L" 

RAS ONLY REFRESH CYCLE 

VIH - ----3.- 1-----..:.;:..::'-------1 

258 

RAS V1L-

CAS VIH - -,:----1-t------------~~~~r-
VIL -

VIH -
AO-A9 VIL _ 

NOTE: DQisopen,WE,OE="H"or"L" _ "H"or"L" 



-------------------------------------------------------I.MSM514400. 

CAS BEFORE RAS AUTO REFRESH CYCLE 

RAS V,H
V,L -

CAs V,H_ 
V,L -

WE V,H_ 
V,L -

I(:HR 

tWRH 

DQ1-DQ4 VOH 
VOL Jr------------------ OPEN ---------------------

NOTE: OE,AO-A9=Wor"L" 

HIDDEN REFRESH READ CYCLE 

__ V,H _ ---"""'\J t----;-:-::-=--------1j;::==:::;.L 
RAS V,L _ 

__ V,H _--T-++--:--~ 
CAS V,L _ 

- V,H 
OE V,L 

DQ1- DQ4 VOH - _________ ~ 
VOL -

m "Wor"L" 

"W or "L" 
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• MSM514400.,---------------------------------------------------

HIDDEN REFRESH WRITE CYCLE 

AO-A9 

WE V ,H -
V,L - "'"'"'"''''''f""'''""'''''f'-+--t----1"''~ 

DQl 

I 
DQ4 

TEST MODE INITIATE CYCLE 

CAS 

DQl 
I VOH 

VOL :-__ ~>---------OPEN ---------
DQ4 

NOTE: OE,AO-A9="H"or"L" ~ "H"or"L" 
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--------------------------------------------------------.MSM514400. 

CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 

RAS 
V 1H -

V 1L -

CAS 
V 1H -

VIL -

AO V 1H -
I 

VIL -A9 
READ CYCLE 

WE VIH -

VIL -

OE V1H -

VIL -

DQl VOH -
I OPEN 

DQ4 VOL -
Va I id Data-out 

WRITE CYCLE 

WE V 1H -

V 1L -

OE V1H -

VIL -

DQl V 1H -
I 

VIL -DQ4 

READIWRITE 
CYCLE 

WE VIH -

VIL -

OE V 1H -

V 1L -

DQl VI/OH-
I 

DQ4 VItOL -

~ "H"or"L" 
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OKI semiconductor 
MSM514402 
1 ,048,576-WORD x 4-BIT DYNAMIC RAM: 

STATIC COLUMN MODE TYPE 

GENERAL DESCRIPTION 

The MSM514402 is a new generation dynamic RAM organized as 1,04S,576 words by 4 bits. 

The technology used to fabricate the MSM514402 is OKI's CMOS silicon gate process technology. 

The device operates at a single + 5 V power supply. Its I/O pins are TTL compatible. 

FEATURES 

• Silicon gate, quadruple polysilicon CMOS, I-transistor memory cell 

• 1 ,04S,576 word by 4 bit organization 

• 350 mil 26-pin plastic SOJ, 400 mil 20-pin plastic ZIP, 400 mil 20-pin plastic DIP 

• Familyorganization 

Access Time Cycle 
Power Dissipation 

Family 
(MAX) Time Operating Standby 

tRAC tAA tCAC tOEA 
(MIN) (MAX) (MAX) 

MSM514402-S SO ns 40 ns 20 ns 20 ns 160 ns 495mW 

MSM514402-SA SOns 40 ns 25 ns 25 ns 160 ns 495mW 5.5mW 
(MOS level) 

MSM514402-10 100 ns 50 ns 25 ns 25 ns 190 ns 440mW 

• Single + 5 V supply, ± 10% tolerance 

• Input: TTL compatible 

• Output: TTL compatible, tristate, nonlatch 

• Refresh: 1024 cycles/16 ms 

• CS before RAS refresh, CS before RAS hidden refresh, RAS only refresh capability 

• Multi bit test mode capability 

• Built-in VBB generator circuit 
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----------------------------------------------------------.MSM514402. 

PIN CONFIGURATION (TOP VIEW) 

Vss 
OE 

DQ4 WE DQ3 
DQ3 

DQ3 RAS 
Vss 

RAS C$ A9* 
DQ2 

A9* OE 
RAS 

AO* AS* AO* 
AO* 

A1* Ar 
A2* 

A2* A6* Vcc 

A3* 
AS* 

Vcc Vcc A4* 
A7* 

20 PIN DIP 26 PIN SOJ 

* Refresh Address 

FUNCTIONAL BLOCK DIAGRAM 

Column 
Address 

20 PIN ZIP 

CS 

DQ4 

DQ1 

WE 

A3* 

A4* 

A6* 

AS* 

Buffers 1----------;---;1 t ~ 
AO 

I 
A9 

Vcc 

Vss 

Refresh 
Control Clock 

. 1
1
,------------, 

L-. On chip VBB 

Pin Names 

AOtoA9 

RAS 

CS 

DQ1 to DQ4 

OE 

WE 

Vcc 

Vss 

Write 
Clock 

Function 

Address Input 

Row Address Strobe 

Chip Select Input 

Data In / Data Out 

Output Enable 

Write Enable 

Power Supply < + SV > 

Ground < OV> 

I~o(-----WE 

DQ1 

I 
DQ4 
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.MSM514402.,--------------------------------------------------------

ELECTRICAL CHARACTERISTICS 

ABSOLUTE MAXIMUM RATINGS 

Rating Symbol Conditions 

Voltage on any pin 
VT Ta = 25 DC 

relative to Vss 

Short circuit output 
los Ta = 25 DC 

current 

Power dissipation PD Ta = 25 DC 

Operating 
Topr -temperature 

Storage temperature Tstg -

RECOMMENDED OPERATING CONDITIONS 

(Ta = a to + 70°e) 

Parameter Symbol 

Vee 
Supply Voltage 

Vss 

Input high voltage V1H 

Input low voltage VIL 

MIN 

4.5 

0 

2.4 

- 1.0 

Value Unit Note 

-1.0to + 7.0 V 1 

50 mA 1 

1 W 1 

o to + 70 DC 1 

- 55 to + 150 DC 1 

TYP MAX Unit Note 

5.0 5.5 V 2 

0 0 V 

- 6.5 V 2 

- 0.8 V 2 
-

Notes: 1. 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. 

2. All voltages are referenced to Vss. 
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----------------------------------------------------------.MSM514402. 

DC CHARACTERISTICS 

(Vcc = 5 V ± 10%, Ta = 0 to + 70°C) 

MSM MSM MSM 

Parameter Symbol Conditions 514402-8 514402-8A 514402-10 Unit Note 

MIN MAX MIN MAX MIN MAX 

Output high voltage VOH IOH= -S.OmA 2.4 Vcc 2.4 Vcc 2.4 Vcc V 

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

o v < VI';; 6.SV; 

Input leakage current III 
all other pins -10 10 -10 10 -10 10 llA not under 
test = 0 V 

Output leakage 
ILO 

DO; = disable 
-10 10 -10 10 -10 10 llA current ov<Vo,;;s.sv 

Average power RAS, CS 
supply current ICCl cycling, - 90 - 90 - 80 mA 1,2 
(Operating) t RC = min 

-
2 2 2 mA Power supply current RAS=V'H TTL - - -

(Standby) ICC2 cs = V'H 
DO;=Hz MOS - 1 - 1 - 1 mA 

Average power RAS cycling, 
s.!J.J2.Qly current ICC3 cs = V'H - 90 - 90 - 80 mA 1,2 
(RAS only refresh) tRC = min 

Power supply current RAS=V'H 

(Standby) Iccs cs = V'L - 5 - 5 - 5 mA 1 
DO; =enable 

Average power -
s!.!J}ply current 

ICC6 
RAS cycling, 

- 90 - 90 - 80 mA 1 (CS before RAS Cs before RAS 
refresh) 

Average power RAS = V'L 
supply current ICC9 CS =V'L - 80 - 80 - 70 mA 1 
(Static Column mode) tsc = min 

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

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

CAPACITANCE 

(Ta = 25°C, f = 1 MHz) 

Parameter Symbol Conditions TYP MAX Unit 

Input capacitance (AO to A9) CINl - - 6 pF 

Input capacitance 
CIN2 - - 7 pF 

(RAS, CS, WE, OE) 

Output capacitance (DQl to DQ4) CliO - - 7 pF 
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AC CHARACTERISTICS 

(Vcc=5V±10%,Ta=Oto + 70°C) 

Parameter 

Random read or write cycle time 

Read/write cycle time 

Static column mode cycle time 

Static column mode read/write cycle time 

Access ti me from RAS 

Access ti me from CS 

Access time from column address 

Access time from last write 

Access time from OE 

Data o'utput enable ti me reference to WE 

Output low impedance time from CS 

Data output hold time reference to 
column address 

Output buffer turn-off delay time 

OE to data output buffer turn-off delay 
time 

Transition time 

Refresh peri od 

RAS precharge time 

RAS pulse width 

RAS pulse width (Static column mode) 

RAS hold time 

RAS hold ti me reference to OE 

CS precharge time 

CS pulse width 

CS hold time 

CS to RAS precharge time 

RAS to CS 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 
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Symbol 

tRC 

tRWC 

tsc 

tSRWC 

tRAC 

tCAC 

tAA 

tALw 

tOEA 

tow 

tCLZ 

tAOH 

tOFF 

tOEZ 

tT 

tREF 

tRP 

tRAS 

tRASC 

tRSH 

tROH 

tcp 

tcs 

tCSH 

tCRP 

tRCD 

tRAD 

tASR 

tRAH 

tASC 

tCAH 

MSM 
514402-8 

MIN MAX 

160 -
215 -
45 -

100 -

- 80 

- 20 

- 40 

- 75 

- 20 

- 20 

0 -

5 -

0 20 

0 20 

3 50 

- 16 

70 -

80 10,000 

80 100,000 

20 -

20 -
10 -

20 100,000 

80 -
10 -
22 60 

17 40 

0 -
12 -
0 -
15 -

Note 1,2,3,11,12 

MSM MSM 
514402-8A 514402-10 Unit Note 

MIN MAX MIN MAX 

160 - 190 - ns 

220 - 255 - ns 

45 - 55 - ns 

100 - 115 - ns 

- 80 - 100 ns 4.5,6 

- 25 - 25 ns 4. 5 

- 40 - 50 ns 4.6,7 

- 75 - 95 ns 4,7 

- 25 - 25 ns 

- 25 - 25 ns 

0 - 0 - ns 4 

5 - 5 - ns 

0 20 0 25 ns 8 

0 20 0 25 ns 8 

3 50 3 50 ns 3 

- 16 - 16 ms 

70 - 80 - ns 

80 10,000 100 10,000 ns 

80 100,000 100 100,000 ns 

25 - 25 - ns 

25 - 25 - ns 

10 - 10 - ns 

25 100,000 25 100,000 ns 

80 - 100 - ns 

10 - 10 - ns 

25 55 25 75 ns 5 

.20 40 20 50 ns 6 

0 - 0 - ns 

15 - 15 - ns 

0 - 0 - ns 

15 - 20 - ns 



----------------------------------------------------------1. MSM514402. 

AC CHARACTERISTICS (Continued) 

MSM MSM MSM 

Parameter Symbol 514402-8 514402-8A 514402-10 Unit Note 

MIN MAX MIN MAX MIN MAX 

Column address hold time reference to 
tAWR 60 60 75 

RAS (WRITE CYCLE) - - - ns 

Column address hold time reference to 
tAR 95 95 115 

RAS - - - ns 

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

Column address hold time reference to 
tAH 10 10 10 

RAS precharge 
- - - ns 

Column address hold time reference to 
tAHLW 75 75 95 

WE - - - ns 

Last write to column address delay time tLWAD 20 35 20 35 25 45 ns 7 

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

Read command hold time tRCH 0 - 0 - 0 - ns 9 

Read command hold time reference to 
tRRH 10 10 10 9 

RAS 
- - - ns 

Write command set-up time twcs 0 - 0 - 0 - ns 10 

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

OE command hold time tOEH 20 - 25 - 25 - ns 

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

Write invalid time tWI 10 - 10 - 10 - ns 

Write command hold time (DOUT disable) tWH 0 - 0 - 0 - ns 10 

Write command to CS lead time tCWL 20 - 25 - 25 - ns 

Write command to RAS lead time tRWL 20 - 25 - 25 - ns 

CS to WE delay time tCWD 50 - 55 - 60 - ns 10 

Column address to WE delay time tAwD 70 - 70 - 85 - ns 10 

RAS to WE delay time tRWD 110 - 110 - 135 - ns 10 

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 60 - 60 - 75 - ns 

OE to Data-in delay time tOED 20 - 20 - 25 - ns 

CS active delay time from RAS prechage tRPC 10 - 10 - 10 - ns 

RAS to CS Set-up time (CS before RAS) tCSR 10 - 10 - 10 - ns 

RAS to CS hold time (CS before RAS) tCHR 20 - 20 - 20 - ns 

CS precharge time (Refresh counter test) tCPT 40 - 40 - 50 - ns 

WE to RAS precharge time (CS before 
tWRP 10 - 10 - 10 - ns 

RAS) 

WE hold time from RAS (CS before RAS) tWRH 20 - 20 - 20 - ns 
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• MSM514402 •• ----------------------------------------------------------

AC CHARACTERISTICS (Continued) 

MSM MSM MSM 

Parameter Symbol 514402-8 514402-8A 514402-10 Unit Note 

MIN MAX MIN MAX MIN MAX 

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

RAS to WE hold time (Test mode) tWHR 20 - 20 - 20 - ns 
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Notes: 1. An initial pause of 200 Ils is required after power-up followed by a minimum of 
eight initialization cycles (RAS only refresh cycle or CS before RAS refresh cycle) 
before proper device operation is achieved. 
In case of using internal refresh counter, a minimum of eight CS before RAS 
initialization cycles is required. 

2. The AC characteristics assume tr = 5 ns. 

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

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

5. 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 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. Operation within the tLWAD (max.) limit insures that tALw (max.) can be met. 
tLwAD (max.) is specified as a reference point only; if tLWAD is greater than the 
specified tLWAD (max.) limit, then access time is controlled exclusively by TAA· 

8. tOFF (max.) and tOEZ (max.) define the time at which the output achieves the 
open circuit condition and are not referenced to output voltage levels. 

9. Either tRRH or tRCH must be satisfied for a read cycle. 

10. twcs, tWH, tCWD tRwD and tAWD are not restrictive operating parameters. They 
are included in the data sheet as electrical characteristics only; if twcs:;::; twcs 
(min.) and tWH :;::; tWH (min.), the cycle is an early write cycle and the data out 
will remain open circuit (high impedance) throughout the entire cycle; if 
tCWD:;::;tcwD (min.), tRWD:;::;tRWD (min.) and tAWD:;::;tAWD (min.), the cycle is 
readlwrite cycle and 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. 

11. The test mode is initiated by performing a WE and CS before RAS refresh cycle. 
This mode is latched and remain in effect until the exit cycle is generated. 
The test mode specified in this data sheet is 8-bit parallel test function. 
CAO is not used. In a read cycle, if two internal bits on one 110 pin are equal, the 
110 pin will indicate a high level. If internal bits on one 110 pin are not equal, 
then 110 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 CS before RAS 
refresh cycle. 

12. In a test mode read cycle, the value of access time parameters is delayed for 5 ns 
for 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. 



-------------------------------------------------------.MSM514402. 

READ CYCLE 

RAS 
V1H -
VIL -

CS 
VIH 
VIL 

AO·A9 
VIH 
VIL 

WE 
VIH 
VIL 

OE 
V IH 
VIL 

DQ1-DQ4 
VOH-
VOL 

~ "H"or"L" 

WRITE CYCLE (EARLY WRITE) 

~ "H"or"L" 
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.MSM514402.---------------------------------------------------

WRITE CYCLE (OE CONTROL WRITE) 

RAS 

Cs V,H 
V,L 

AO-A9 V,H 
V,L 

11 
WE V,H 

V,L 

DQ1-DQ4 

• "Wor"L" 

REAOIWRITE CYCLE 

RAS 

Cs V,H 
V,L 

AO-A9 
V,H 
V,L 

WE 

De V,H 
V,L 

DQ1-DQ4 

270 



--------------------------------------------------------.MSM514402. 

STATIC COLUMN MODE READ CYCLE 

Cs ~:~ = 

AO·A9 

VOH
DQ1·DQ4 VOL _:..-----------------+-~ 

STATIC COLUMN MODE WRITE CYCLE (EARLY WRITE) 

_V1H -

oe V1l -

~ "H"o'"L" 

~ "H"o'"L" 
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• MSM514402.--------------------------------------------------------

STATIC COLUMN MODE READIWRITE CYCLE 

RAS 
V 1M -

VIL -

cs VIH -

VIL -

AO-A9 
VIH -
V 1L -

DE V1H _ 

V1L -

VOOH-______________ ~~~ 

DQ1 - DQ4 VI/OL-

STATIC COLUMN MODE READIWRITE MIXED CYCLE 

mf "H"or'T" 

- VtH-RAS Vil _____________________________________________________ _ 

V1IOH -

D01 - DQ4 V'IOL _ ----+----+---WhXI ~~"~1W"k!:'.~~' 

~ 'H"or'L' 
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-----------------------------------------------------1. MSM514402. 

RAS ONLY REFRESH CYCLE 

V 1H -
RAS 

VIL -

V 1H -

cs 
V(L -I 

V1H-
AO-A9 

V 1l -

NOTE: DQi = open, WE, O'E = '"H" or IOL" 

CS BEFORE RAS AUTO REFRESH CYCLE 

VIH-
RAS V" _ 

VIH-
cs 

VIL -

WE 

VOH--Y~' 
DQ1-DQ4 VOL _ j------------ OPEN ----------

NOTE: OE,AO-A9="W or "L" R "Wor"L" 
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.MSM514402.-----------------------------------------------------

HIDDEN REFRESH READ CYCLE 

_ VIH _ --.t:===+I==HI"'---j 
CS V1L _ 

VOH

DQ1-DQ4 VOL ------------~~I.--------_'l 

HIDDEN REFRESH WRITE CYCLE 
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_ V,H _ --ir--+i---,----,L 
CS V1L _ 

_ VIH -

WE V1l _ 

VIH _ 

DQ1-DQ4 VIL _------0 
1'--------'1 

_ "H"or"L" 



----------------------------------------------------------.MSM514402. 

CS BEFORE RAS REFRESH COUNTER TEST CYCLE 

VIH 
RAS 

VIL 

VIH 
cs 

VIL 

READ CYCLE 

V IH 
AO-A9 

V IL 

WE 
V IH 

VIL 

OE 
V IH 

V IL 

DQ1-DQ4 

WRITE CYCLE 
V IH 

AO-A9 
VIL 

V IH 
WE 

V IL 

VIH 
OE 

V IL 

V IH 
DQ1-DQ4 

VIL 

READIWRITE CYCLE 
V IH 

AO-A9 
VIL -

WE 
V IH 

VIL 

OE 
V IH 

VIL 

VltOH
DQl - DQ4 VltOL _ -------------~:0( 

_ "H"or"L" 
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• MSM514402 .-----------_________________ _ 

TEST MODE INITIATE CYCLE 

cs 

WE 

DQ1-DQ4 --------- OPEN -----------

NOTE: OE, AO - A9 = "H" or "L" ~ "H"or"L" 
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OKI semiconductor 

MSC2304YSS/KSS 
262,144 BY 8 BIT DYNAMIC RAM MODULE <Page Mode Type> 

GENERAL DESCRIPTION 
The Oki MSC2304YSS/KSS is a fully decoded, 262,144 words x S bit NMOS dynamic random 

access memory composed of eight 256K DRAMs in plastic leaded chip carrier (MSM41256AJS). The 
mounting of eight PLCCs together with eight 0.2J.tF decoupling capacitors on a 30 pin glass epoxy 
Single-In-Line Package provides any application where high density and large capacity of storage 
memory are required. The electrical characteristics of the MSC2304YSS/KSS are quite same as the 
original MSM41256AJS; each timing requirements are noncritical, and power supply tolerance is very 
wide. 

FEATURES 

• 262,144 word x 8 bit Organization 
• Single +5V Supply (1 0% Tolerance) 
• 30-Pin Socket Insertable Module 
• Refresh Period ... 4ms (256 cycles) 
• All Inputs, Outputs, Clocks 

Fully TTL compatible 
• 3-States Outputs 
• Common CAS Control for Eight Common 

Data-In and Data-Out Lines 

FUNCTIONAL BLOCK DIAGRAM 

. ::::r------

f-+-r:;:;::-
r-- RAS 
I---- CAS 

WE 
D01 l ,Dvfc ?~IJ D05 

,.-J--L-
>-+-- A.A. 
-RAS 
-CAS 

---WE 
DO' I Dvfc VT~ I DQ6 

---L.....L 
---I-- A,A. 
------10 RAS - CAS 

WE 

• Row Access Time; 
100ns max. (MSC2304-10YS8/KS8) 
120ns max. (MSC2304-12YS8/KSS) 
150ns max. (MSC2304-15YSS/KSS) 

• Low Power Dissipation; 
2640mW max. (MSC2304-10YSS/KSS) 
2420mW max. (MSC2304-12YSS/KSS) 
2200mW max. (MSC2304-15YSS/KSS) 

• Operating Temperature ... O°C to lO°C 
• CAS-before-RAS refresh capability 
• "Page Mode" capability 

r--
.-.+- Ao·A. 

f-- RAS 
r-- CAS 

WE 

I D Q~ 
~ 

.-+-~ 
f-- RAS 

r-- CAS 
WE 

I Wil 
, ...l..-.L 

+ .....f-. Ao·A. 
-----.. RAS 
__ CAS 

WE 
1 ~Il OQ7- i l~""l 

~~ 
D03 

I ---L.....L 
~ Ao-Aa 
~RAS RAS 

L.......-...... CAS --CAS 
WE WE 

Dv V ail D08 D Q[ I f.£--SS I v~SS 
DO' 

VCC i C -i c. 
VSS 
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• DYNAMIC RAM· MSC2304YSS/KSS .----------------

PIN ASSIGNMENT 

MSC2304YS8 

\ ~carX!I!loo~1 
- ________ O~NM~~$Roomo~~M~~mRoomo 

MSC2304KS8 =~~~~~~~$=~=~======~~~~~~~~~~~ 

~ 
---------o~~~~~$~oomo~~M~~~Rooma 
=~~~~~CS$==========~~~~~~~~~~~ 

PIN No. PIN NAME PIN No. PIN NAME 

1 ~ 16 D05 
2 CAS 17 A8 
3 DOl 18 NC 
4 AO 19 NC 
5 Al 20 D06 
6 D02 21 WE 
7 A2 22 VSS 
8 A3 23 D07 
9 VSS 24 NC 

10 D03 25 D08 
11 A4 26 NC 
12 A5 27 RAS 
13 D04 28 NC 
14 A6 29 NC 
15 A7 30 VCC 

ABSOLUTE MAXIMUM RATINGS (See Note) 

Rating Symbol Value Unit 

Voltage on any pin relative to VSS VIN, VOUT -1 to +7 V 

Voltage on Vee supply relative to VSS Vee -1 to +7 V 

Operating temperature Topr Oto 70 °e 

Storage temperature Tstg -40 to +125 °e 

Power dissipation PD 8 W 

Short circuit output current 50 mA 

Note: Perrolanent 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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----------------1. DYNAMIC RAM· MSC2304YS8/KS8 • 

RECOMMENDED OPERATING CONDITIONS (Referenced to VSS) 

Parameter Symboj Min. 
I 

Typ. Max. Unit I 
Operating 

temperature 

Vee 4.5 5.0 5.5< V 
Supply Voltage 

VSS 0 0 0 V 
I 

ooe to +70oe 
Input High Voltage, 

VIH 2.4 6.5 V all inputs 

Input Low Voltage, 
VIL -1.0 0.8 V all inputs 

DC CHARACTERISTICS 
(Recommended operating conditions unless otherwise noted.) 

lOOns 120ns 150ns 
Parameter Symbol MODULE MODULE MODULE Unit 

Min. Max. Min. Max. Min. Max. 

Operating Current' 
Average power supply current ICCl 480 440 400 mA 
(RAS, CAS cycling; tRC = min.) 

Standby Current 
Power supply current ICC2 40 40 40 mA 
(RAS = CAS = VIH) 

Refresh Current 1 
Average power supply current 
(RAS cycling, CAS = VI H; tRC = min.) 

ICC3 440 400 360 mA 

Page Mode Current' 
Average power supply current ICC4 320 
(RAE = VI L, CAS cycling; tpc = min.) 

280 240 mA 

Refresh Current 2 
Average power supply current ICC5 440 400 360 mA 
(CAS before RAS; tRC = min.) 

Input leakage Current 
Input leakage current, any input 

III -80 80 -80 80 -80 80 IJ.A (OV"; VIN"; 5.5V, all other 
pins not under test = OV) 

Output Leakage Current 
(Data out is disabled, IU5 -10 10 -10 10 -10 10 IJ.A 
OV"; VOUT"; 5.5V) 

Output Levels 
Output high voltage VOH 2.4 2.4 2.4 V 
(lOH = -5mA) 
Output low voltage 

VOL 0.4 0.4 0.4 V (lOL = 4.2mA) 

Note*: ICC is dependent on output loading and cycle rates. Specified values are obtained with the 
output open. 
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• DYNAMIC RAM· MSC2304YS8/KS8 .1---------------

CAPACITANCE 
(Ta = 25°C, f = 1 MHz) 

Parameter 

Input Capacitance (Ao - As) 

Input Capacitance (RAS, CAS, WE) 

Data Input/Output 
Capacitance (DO) 

Capacitance measured with Boonton Meter. 
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Symbol 

CIN1 

CIN2 

COO 

Typ. Max. Unit 

37 60 pF 

35 65 pF 

7 20 pF 



-------------. DYNAMIC RAM· MSC2304YS8/KS8 • 

AC CHARACTERISTICS 
(Recommended operating conditions unless otherwise noted.) Note 1,2,3 

MSC2304-10 MSC2304-12 MSC2304-15 

Parameter Symbol Unit YSS/KSS YSS/KSS YSS/KSS Notes 
Min. Max. Min. Max. Min. Max. 

Refresh period tREF ms 4 4 4 

Random read or write 
tRC cycle time ns 200 220 260 

Access time from RAS tRAC ns 100 120 150 4,6 

Access time from CAS tCAC ns 50 60 75 5,6 

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

Transition time tT ns 3 50 3 50 3 50 

RAS precharge time tRP ns 90 90 100 

RAS pulse width tRAS ns 100 10JLs 120 10JLs 150 10JLs 

RAS hold time tRSH ns 50 60 75 

CAS pulse width tCAS ns 50 10JLs 60 10JLS 75 10JLs 

CAS hold time tCSH ns 100 120 150 

RAS to CAS delay time tRCD ns 25 50 25 60 25 75 7 

CAS to RAS set-up time tCRS ns 20 25 30 

Row address set-up 
tASR ns 0 0 0 time 

Row address hold time tRAH ns 15 15 15 

Column address set-up 
tASC ns 0 0 0 time 

Column address hold 
tCAH 20 20 25 time ns 

Read command set-up 
tRCS ns 0 0 0 time 

Read command hold 
tRCH 0 0 0 time referenced to CAS ns 

Write command set-up 
twcs ns 0 0 0 time 
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• DYNAMIC RAM· MSC2304YS8/KS8 • -------------

AC CHARACTERISTICS (Continued) 
(Recommended operating conditions unless otherwise noted.) 

MSC2304-10 MSC2304-12 MSC2304-15 

Parameter Symbol Unit YS8/KS8 YS8/KSS YS8/KS8 Notes 

Min. Max. Min. Max. Min. Max. 

Write command pulse 
twp ns 15 20 25 width 

Write command hold 
tWCH 15 time ns 20 25 

Write command to 
RAS lead time tRWL ns 35 40 45 

Write command to 
CAS lead time tCWL ns 35 40 45 

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

Data-in hold time tOH ns 20 20 25 

Refresh set-up time for 
tFCS 20 CAS referenced to RAS ns 25 30 

Refresh hold time for 
tFCH ~ referenced to ~ ns 20 25 30 

CAS precharge time 
tCPR 20 (C before R cycle) ns 25 30 

RAS precharge to 
tRPC 20 CAS active time ns 20 20 

Page mode cycle 
tpc 100 time ns 120 145 8 

Page mode CAS 
tcp precharge time ns 40 50 60 8 

i 
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--------------1. DYNAMIC RAM· MSC2304YS8/KS8 • 

Notes: 1 

2 

3 

4 

5 
6 

7 

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

The AC measurements assume tT = 5 ns 

VIH (Min.) and VIL (Max.) are reference levels for measuring of Input signals. Also transi
tion times are measured between VIH and VIL. 

Assumes that tACO ~ tACO (Max.). If tACO Is greater than the maximum recommended 
value shown In this table, tRAC will increase by the amount that tRCO exceeds the value 
shown. 

Assumes that tACO ~ tRCO (Max.). 

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

Operation within the tACO (Max.) limit insures that tRAC (Max.) can be met. tACO (Max.) 
Is specified as a reference point only; if tACO is greater than the specified tACO (Max.) 
limit, then access time is controlled exclusively by tCAC. 

S Page mode' cycle. 
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• DYNAMIC RAM· MSC2304YS8/KS8 .1-' ------------

READ CYCLE 

RA§ VIH-
VIL-

CAS VIH-
VIL-

Add~s 

WE 

VOH-
DOUT I OPEN 

VOL-

~ Don'tCe .. 

WRITE CYCLE 

RA§ Vur 
VIL-

CAS Vllr 
VIL-

Addresses V 1M-
VIL-

WE VIH-
VIL-

DIN 
VIH-
VIL-

DOUT 
VOH-
V.OL-

OPEN 1-1 -----------

~ Don'tCer. 

284 



--------------.. DYNAMIC RAM· MSC2304YS8jKS8 • 

PAGE MODE READ CYCLE 

tRAS----------------~--~~ 

~----------~~~---~--------~ tRSH===:f~tRP~ 

VIH
Adresses V I L -

PAGE MODE WRITE CYCLE 

~"H"."L"=Don·t CarE 

~"H", "L"· Don't Care 
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• DYNAMIC RAM· MSC2304YS8jKS8 .�------------

RAS ONLY REFRESH CYCLE 

NOTE: CAS c VIH, WE, DIN = Don't care 

DOUT 
VOH- ____________________ ~I OPEN ~I-----------------------

VOL-

~ Don't Care 

CAS-BEFORE-RAS'REFRESH CYCLE 

NOTE: Address, WE, DIN = Don't care 

RAS 
VIH -
VIL -

CAS 
VIH-
VIL-

DOUT 
VOH-
VOL-

~ Don'tCare 
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-------------. DYNAMIC RAM· MSC2304YS8jKS8 • 

HIDDEN REFRESH CYCLE 

RAS VIH-
VIL -

CAS 
VIH -
VIL -

Addresses VIH-
VIL -

WE 9 
DOUT 

VOH-
VOL-

~ Don'teere 
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• DYNAMIC RAM· MSC2304YS8/KS8 .------------

FUNCTIONAL DESCRIPTION 
Simple Timing Requirements: 

The MSC2304 has the circuit considerations for 
easy operational timing requirements for high speed 
access time operations. The MSC2304 can operate 
untler the condition of tRCD (max) = tCAC which 
provides an optimal time space for address minimam 
hold time of Address (tCAH), WE (twCH) and DIN 
(to H)· And the MSC2304 can commit better memory 
system through-put during operations in an inter
leaved system. 

Address Inputs: 
A total of eighteen binary input address bits 

are reauired to decode any 1 of 262.144 storage 
cell location within the MSC2304. Nine row
address bits are established on the Input pins 
(Ao through Ael and latched with the Row Ad
dress Strobe (RAS). Then nine column address 
bits are established on the input pins and 
latched with the Column Address Strobe (CAS). 
All input addresses must be stable on or before 
the fallingedge of RAS. CAS is Internally inhibit
ed (or "gated") by RAS to permit triggering of 
CAS as soon as the Row Address Hold Time 
(tRAH) specification has been satisfied and the 
address inputs have been changed from row
addresses to column-addresses. 
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Write Enable: 
The read or write mode Is selected with the 

WE Input. A logic "high" on WE dictates read 
mode. logic "low" dictates write mode. Data Input 
Is disabled when read mode Is selected. 

Data Input: 
Data is written into the M5,CA2304 during a 

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

Data OutDut: 
The output buffer is three-state TTL compatible 

with a fan-out of two standard TTL loads. Data out is 
the same polarity as data in. The output is in a high 
impedance state until CAS is brought "low". In a 
read cycle, the output is valid after tRAC from 
transition of RAS when tRCD (max) is satisfied, or 
after tCAC from transition of CAS when the transition 
occurs after tRCD (max). Data remain valid until CAS 
is returned to "high". In a write cycle, the identical 
sequence occurs, but data is not valid. 

Page Mode: 
Page-mode operation permits strobing the 

row-address while maintaining RAS at a logic 
low (0) throughout all successive memory opera
tions In which the row-address doesn;t change. 
Thus the power diSSipated by the negative going 
edge of RAS Is saved. Further, access and cycle 
times are decreased because the time normally 
required to strobe a new row-address Is elimi
nated. 



-------------- • DYNAMIC RAM· MSC2304YS8/KS8 • 

RAS Only Refresh: 
Refresh of the dynamic memory cells is ac

complished by performing a memory cycle at 
each of the 256 row-addresses (Aoto AT) at least 
every 4 milliseconds. RAS only refresh avoids 
any output during refresh because the output 
buffer Is in the high impedance state unless CAS 
is brought low. Strobing each of the 256 row
addresses (Ao to AT) with RAS will cause all bits 
In each row to be refreshed. Further RAS only re
fresh results in a substantial reduction in power 
dissipation. 

CAS Before RAS Refresh: 
CAS before AAS refreshing available on the 

MSC2304 offers an alternate refresh method. 
If CAS is held on low for the specified period 
(tFCS) before RAS goes to low, on chip refresh 
control clock generators and the refresh address 
counter are enabled, and an internal refresh op
eration takes place. After the refresh operation is 
performed, the refresh address counter is auto
matically incremented in preparation for the next 
CAS before RAS refresh operation. 

Hidden Refresh: 
Hidden refresh cycle may take place while 

maintaini"g latest valid data at the output by ex
tending CAS active time from the previous 
memory read cycle. In MSC2304 hidden re
fresh means ~ before RAS refresh and the in
ternal refresh addresses from the counter are 
used to refresh addresses, because CAS Is 
always low when RAS goes to low Ir. this mode. 
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.OYNAMICRAM·MSC2304YSS/KSS_-------------------------------

MSC2304YS8 

III 

'" 

290 

3.38 

</>3.18 

~I~r 
2.03 

</>318 

............ ~ 
h(,\ 
'-7'i 

I~r~ 

5.591 

889 

82.14 5.08MAX 

:OOCID 
C') 
~ 

ci z 

E ~ +1 ~ 
<Xl "<t 

'" III 

':In 
C\i C\i 

Glass-Epoxy Board 

18 pin PLCC 

Chip Condenser 

88.9 

Glass-Epoxy Board 

18 pin PLCC 

Chip Condenser 

25411 17sll 1.27 ±0.13 

1. Substrate: GLASS-EPOXY 

2. Through"Hole: Copper Plating 
Followed by Sri/Pb Plating 

3 .. Contact Pad.s: Copper Plating 
Followed by Sn/Pb Plating 
on Copper Film (18/Lmt) 

4. Surface Coating: Photo Film Resist 

III '" '" 
ci 

1. Substrate: GLASS-EPOXY 

2. Through Hole: Copper Plating 
Followed by Sn/Pb Plating 

3. Contact Pads: Copper Plating 
Followed by Sn/Pb Plating 
on Copper Film (18/Lmt) 

4. Surface Coating: Photo Film Resist 

III 

'" ci 



-----------------. DYNAMIC RAM· MSC2304YSS/KSS • 

MSC2304YS8/KS8 (SIP/SIM) DERATING CURVE 
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OKI semiconductor 

MSC2304YS9/KS9 
262,144 BY 9 BIT DYNAMIC RAM MODULE < Page Mode Type> 

GENERAL DESCRIPTION 
The Oki MSC2304YS9/KS9 is a fully decoded, 262,144 words x 9 bit NMOS dynamic random 

access memory composed of nine 256K DRAMs in plastic leaded chip carrier (MSM4l256AJS). The 
mounting of nine PLCCs together with nine 0.2fLF decoupling capacitors on a 30 pin glass epoxy 
Single-In-Line Package provides any application where high density and large capacity of storage 
memory are required. The electrical characteristics of the MSC2304YS9/KS9 are quite same as the 
original MSM4l256AJS; each timing requirements are noncritical, and power supply tolerance is very 
wide. 

FEATURES 

• 262,144 word x 9 bit Organization 
• Single +5V Supply (10% Tolerance) 
• 30-Pin Socket Insertable Module 
• Refresh Period ... 4ms (256 cycles) 
• All Inputs, Outputs, Clocks 

Fully TTL compatible 
• 3-States Outputs 
• Common CAS Control for Eight Common 

Data-In and Data-Out Lines 

FUNCTIONAL BLOCK DIAGRAM 
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• Separate CAS Control for One Separate Pair 
of Data-In and Data-Out Lines 

• Row Access Time; 
lOOns max. (MSC2304-l0YS9/KS9) 
l20ns max. (MSC2304-l2YS9/KS9) 
l50ns max. (MSC2304-l5YS9/KS9) 

• Low Power Dissipation; 
2970mW max. (MSC2304-l0YS9/KS9) 
2723mW max. (MSC2304-l2YS9/KS9) 
2475mW max. (MSC2304-l5YS9/KS9) 

• Operating Temperature ... O°C to 70°C 
• CAS-before-RAS refresh capability 
• "Page Mode" capability 
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---------------1. DYNAMIC RAM· MSC2304YS9/KS9 • 

PIN ASSIGNMENT 

MSC2304YS9 

MSC2304KS9 

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

1 VCC 11 A4 21 WE 
2 CAS" 12 A5 22 VSS 
3 D01 13 D04 23 D07 
4 AO 14 A6 24 NC 
5 A1 15 A7 25 D08 
6 D02 16 D05 26 09 
7 A2 17 A8 27 RAS 
8 A3 18 NC 28 CAS9 
9 VSS 19 NC 29 D9 

10 D03 20 D06 30 VCC 

ABSOLUTE MAXIMUM RATINGS (See Note) 

Rating Symbol Value Unit 

Voltage on any pin relative to VSS VIN, VOUT -1 to +7 V 

Voltage on Vee supply relative to VSS Vee -1 to +7 V 

Operating temperature Topr o t070 De 

Storage temperature Tstg -40 to +125 De 

Power dissipation PD 9 W 

Short circuit output current 50 mA 

Note: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS CI.re 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· MSC2304YS9/KS9 .---------------

RECOMMENDED OPERATING CONDITIONS (Referenced to VSS) 

Parameter Symbol Min. Typ. Max. Unit 
Operating 

~~"'1perature 

Vee 4.5 5.0 5.5 V 
Supply Voltage 

VSS 0 0 0 V 
ooe to +70oe 

Input High Voltage, 
VIH 2.4 6.5 V all inputs 

Input Low Voltage, 
VIL -1.0 0.8 V all inputs 

DC CHARACTERISTICS 
(Recommended operating conditions unless otherwise noted.) 

100ns 120ns 150ns 
Parameter Symbol MODULE MODULE MODULE Unit 

Min. Max. Min. Max. Min. Max. 

Operating Current* 
Averag~wer supply current 
(RAS, CAS cycling; tRC = min.) 

ICC1 540 495 450 mA 

Standby Current 
Power supply current ICC2 45 45 45 mA 
(RAS = CAS = VIH) 

Refresh Current 1 
Average power supply current 
(RAS cycling, CAS"; VIH; tRC = min.) 

ICC3 495 450 405 mA 

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

ICC4 360 315 270 mA 

Refresl1 Current 2 
Average power supply current 
(CAS before RAS; tRC = min.) 

ICC5 495 450 405 mA 

Input Leakage Current 
Input leakage current, any input 

III -90 90 -90 90 -90 90 jl.A (OV .;; VIN .;; 5.5V, all other 
pins not under test = OV) 

Output Lea kage Current 
(Data out is disabled, ILO -10 10 -10 10 -10 10 jl.A 
OV';; VOUT';; 5.5V) 

Output Levels 
Output high voltage 

VOH 2.4 2.4 2.4 V (lOH = -5mA) 
Output low voltage 

VOL 0.4 0.4 0.4 V (lOL = 4.2mA) 

Note*: Ice is dependent on output loading and cycle rates. Specified values are obtained with the 
output open. 
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---------------.... DYNAMIC RAM· MSC2304YS9/KS9 • 

CAPACITANCE 
(Ta = 25°C, f = l' MHz) 

Parameter 

Input Capacitance (Ao - As) 

Input Capacitance (RAS, CAS, WE) 

Data Input/Output 
Capacitance (DO) 

Input Capacitance (CAS9) 

Input Capacitance (09) 

Output Capacitance (09) 

Symbol 

CIN1 

CIN2 

COO 

CIN3 

CIN4 

COUT 

Capacitance measured with Boonton Meter. 

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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• DYNAMIC RAM· MSC2304YS9/KS9 .-------------

AC CHARACTERISTICS 
(Recommended operating conditions unless otherwise noted.) Note 1,2,3 

MSC2304-10 MSC2304-12 MSC2304-15 

Parameter Symbol Unit YS9/KS9 YS9/KS9 YS9/KS9 Notes 
Min. Max. Min. Max. Min. Max. 

Refresh period tREF ms 4 4 4 

Random read or write 
tRC 200 220 260 cycle time ns 

Access time from RAS tRAC ns 100 120 150 4,6 

Access time from CAS tCAC ns 50 60 75 5,6 

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

Transition time tT ns 3 50 3 50 3 50 

RAS precharge time tRP ns 90 90 100 

RAS pulse width tRAS ns 100 10~s 120 10~s 150 10~s 

RAS hold time tRSH ns 50 60 75 

CI\S pulse width tCAS ns 50 10~s 60 10~s 75 10~s 

CAS hold time tCSH ns 100 120 150 

RAS to CA§ delay time tRCD ns 25 50 25 60 25 75 7 

cAs to RAS set-up time tCRS ns 20 25 30 

Row address set-up 
tASR ns 0 0 0 time 

Row address hold time tRAH ns 15 15 15 

Column address set-up 
tASC ns 0 0 0 time 

Clllumn address hold 
tCAH 20 20 25 time ns 

Read command set-up 
tRCS ns 0 0 0 time 

Read command hold 
tRCH 0 0 0 time referenced to CAS ns 

Write command set-up 
twcs ns 0 0 0 8 time 
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--------------. DYNAMIC RAM· MSC2304YS9/KS9 • 

AC CHARACTERISTICS (Continued) 
(Recommended operating conditions unless otherwise noted.) 

MSC2304-10 MSC2304-12 MSC2304-15 

Parameter Symbol Unit YS9/KS9 YS9/KS9 YS9/KS9 Notes 

Min. Max. Min. Max. Min. Max. 

Write command pulse 
twp 15 width ns 20 25 

Write command hold 
time tWCH ns 15 20 25 

Write command to 
RAS lead time tRWL ns 35 40 45 

Write command to 
CAS lead time tCWL ns 35 40 45 

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

Data-in hold time tDH ns 20 20 25 

Refresh set-up time for 
tFCS 20 CAS referenced to RAS ns 25 30 

Refresh hold time for 
CAS referenced to RAS tFCH ns 20 25 30 

CAS precharge time 
tCPR 20 (C before R cycle) ns 25 30 

RAS precharge to 
tRPC 20 CAS active time ns 20 20 

Page mode cycle 
tpc 100 time ns 120 145 8 

Page mode CAS 
tcp 40 precharge time ns 50 60 8 
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• DYNAMIC RAM· MSC2304YS9/KS9 .... -------------

Notes: 

298 

An initial pause of 100 J1,s is required after power-up followed by any 8 RAS cycles 
(Example: RAS only) before proper device operation is achieved. 

2 The AC measurements assume tT = 5 ns 

3 VIH (Min.) and VIL (Max.) are reference levels for measuring of input signals. Also transi
tion times are measured between VIH and VIL. 

4 Assumes that tRCD ~ tRCD (Max.). If tRCD is greater than the maximum recommended 
value shown in this table, tRAC will increase by the amount that tRCD exceeds the value 
shown. 

5 Assumes that tRCD ~ tRCD (Max.). 
6 Measured with a load circuit equivalent to 2TTL loads and 100 pF. 

7 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 tCAC. 

8 Page mode cycle. 



--------------. DYNAMIC RAM· MSC2304YS9/KS9 • 

READ CYCLE 

Addresses 

~---------tAAC----------~ 

VOH-______________ ~ 

VOL-
OPEN DOUT 

~ Don'tCare 

WRITE CYCLE 

RAS VIH-
VIL-

CAS VIH-
VIL-

VIH-
Addresses 

VIL-

WE 
VIH-
vIL-

vIH-
DIN VIL-

DOUT 
VOH- I OPEN I 
VOL-

~ Don'tCare 
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• DYNAMIC RAM· MSC2304YS9/KS9 •• ------------

PAGE MODE READ CYCLE 

~---------------tRAS---------------~--~~ 

tRSH==::fl ... tRP....j'-

DDUTVOH--------OPEr~------~ 
VOl-

~ .. H .. ,"L .. gDon't Car6 

PAGE MODE WRITE CYCLE 

~"H", "L" = Don't Care 
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--------------. DYNAMIC RAM· MSC2304YS9/KS9 • 

RAS ONLY REFRESH CYCLE 

NOTE: CAS = Viii, WE, DIN = Don't care 

DOUT 
VOH- __________ --11 OPEN 1-1 ___________ _ 

VOL-

~ Don'tCara 

CAS-BEFORE-RAS REFRESH CYCLE 

NOTE: Address, WE, DIN = Don't care 

RAS 
VIH -
VIL -

CAS 
VIH-
VIL-

DOUT 
VOH-

VOL- ...----------il OPEN 1-1 ---------

~ Don'tCara 
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• DYNAMIC RAM· MSC2304YS9/KS9 .-------------

HIDDEN REFRESH CYCLE 

RAS VIH-
VIL -

CAS 
VIH -
VIL -

Addresses VIH-
VIL -

WE 
VIH-
VIL -

DOUT 
VOH-
VOL-

~ Oon'teare 
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---------------. DYNAMIC RAM· MSC2304YS9jKS9 • 

FUNCTIONAL DESCRIPTION 

Simple Timing Requirements: 
The MSC2304 has the circuit considerations 

for easy operational timing requirements for high 
speed access time operations. The MSC2304 can 
operate under the condition of tRCD (max) ; 
tCAC which provides an optimal time space for 
address multiplexing. In addition, the MSC2304 
has the minimal hold time of Address (tCAH), 
WE (tWCH) and DIN (tDH). And the MSC2304 
can commit better memory system through-put 
during operations in an interleaved system. 

Address Inputs: 
A total of eighteen binary input address bits 

are required to decode any 1 of 262,144 storage 
cell location within the MSC2304. Nine row
address bits are established on the input pins (Ao 
through As) and latched with the Row Address 
Strobe (RAS). Then nine column address bits 
are established on the input pins and latched with 
the Column Address Strobe (CAS). All input 
address must be stable on or before the falling edge 
of RAS. CAS is internally inhibited (or "gated") 
by RAS to permit triggering of CAS as soon as the 
Row Address Hold Time (tRAH) specification has 
been satisfied and the address inputs have been 
changed from row-addresses to column-addresses. 

Write Enable: 
The read or write mode is selected with the 

WE input. A logic "high" on WE dictates read 
mode, logic "low" dictates write mode. Data input 
is disabled when read mode is selected. 

Data Input: 
Data is written intI) the MSC2304 during a 

write cycle. The last falling edge of WE or CAS is a 
strobe for the Data in (DIN) register. In a write 
cycle, if WE is brought "low" (write mode) before 
CAS, DIN is strobed by CAS, and the set-up and 
hold times are referenced to CAS. 

Data Output: 
The output buffer is three-state TTL compati

ble with a fan-out of two standard TTL loads. 
Data out is the same polarity as data i~he 
output is in a high impedance state until CAS is 
brought "low". In a read cycle, or a read-write 
cycle, the output is valid after tRAC from transi
tionof RAS when tRCD (max) is satisfied, or after 
tCAC from transition of CAS when the transition 
occurs after tRCD (max). Data remain valid until 
CAS is returned to "high". In a write cycle, the 
identical sequence occurs, but data is not valid. 
Page Mode: 

Page-mode operation permits strobing the 
row-address while maintaining RAS at a logic 
low (0) throughout all successive memory opera
tions in which the row-address doesn't change. 
Thus the power dissipated by the negative going 
edge of RAS is saved. Further, access and cycle 
times are decreased because the time normally 
required to strobe a new row-address is elimi
nated. 
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• DYNAMIC RAM· MSC2304YS9/KS9 .-------------

RAS Only Refresh: 
Refresh of the dynamic memory cells is ac

complished by performing a memory cycle at 
each of the 256 row-addresses (Ao to A,) at least 
every 4 milliseconds. RAS only refresh avoids 
any output during refresh because the output 
buffer is in the high impedance state unless CAS 
is brought low. Strobing each of the 256 row
addresses (Ao to A,) with RAS will cause all bits 
in each row to be refreshed. Further RAS only re
fresh results in a substantial reduction in power 
dissipation. 

CAS Before RAS Refresh: 
CAS before RAS refreshing available on the 

MSC2304 offers an alternate refresh method. 
If CAS is held on low for the specified period 
(tFCS) before RAS goes to low, on chip refresh 
control clock generators and the refresh address 
counter are enabled, and an internal refresh op
eration takes place. After the refresh operation is 
performed, the refresh address counter is auto
matically incremented in preparation for the next 
CAS before RAS refresh operation. 

Hidden Refresh: 
Hidden refresh cycle may take place while 

maintaining latest valid data at the output by ex
tending CAS active time from the previous mem
ory read cycle. In MSC2304 hidden refresh means 
CAS before RAS refresh and the internal refresh 
addresses from the counter are used to refresh 
addresses, because CAS is always low when RAS 
goes to low in this mode. 
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--------------. DYNAMIC RAM· MSC2304YS9/KS9 • 

MSC2304YS9 
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2.5411 1.781 1.27 ±0.13 

1. Substrate: GLASS-EPOXY 

2. Through Hole: Copper Plating 
Followed by Sn/Pb Plating 

3. Contact Pads: Copper Plating 
Followed by Sn/Pb Plating 
on Copper Film (18I-'mt) 

4. Surface Coating: Photo Film Resist 
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2. Through Hole: Copper Plating 
Followed by Sn/Pb Plating 

3. Contact Pads: Copper Plating 
Followed by Sn/Pb Plating 
on Copper Film (18I-'mt) 

4. Surface Coating: Photo Film Resist 
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MSC2304YS9/KS9 (SIP/SIM) DERATING CURVE 
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OKI se''I.lconductor 

MSC2331 A-XX YS3/KS3 
262,144 BY 9 BIT DYNAMIC RAM MODULE 

GENERAL DESCRIPTION 

The Oki MSC2331A-XX YS3/KS3 is a fully decoded, 262,144 words X 9 bit CMOS dynamic random 
access memory composed of two 1 Mb DRAMs in SOJ (MSM514256AJS) and one 256Kb DRAM in 
PLCC (MSM51 C256JS). The mounting of two SOJs and one PLCC together with three 0.2 f.LF 
decoupling capacitors on a 30 pin glass epoxy Single-In-Line Package provides any application where 
high density and large capacity of storage memory are required. The electrical characteristics of the 
MSC2331 A-XX YS3/KS3 are quite same as the originql MSM514256AJS; each timing requirements 
are noncritical, and power supply tolerance is very wide. 

FEATURES 
• 262,144 word X 9 bit Organization 
• Single +5V Supply (10% Tolerance) 
• Refresh Period ... 8ms (512 cycles) 
• All Inputs, Outputs, Clocks 

Fully TIL compatible 
• 3-States Outputs 
• Common CAS Control for two 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 ::J---
RAS-

f--
eAS -

WE -

D01-4 

..--

D05-S 

'---

D9 

vee 

e1 * e3~ vss 

• Row Access Time; 
80ns max. (MSC2331A-8A/80 YS3/KS3) 
lOOns max. (MSC2331 A-l All 0 YS3/KS3) 

• Low Power Dissipation; 
1155mW max. (MSC2331 A-8A/BO YS3/KS3) 
990mW max. (MSC2331 A-l All OYS3/KS3) 

• Operating Temperature ... O°C to 70°C 

AO·AS 

RAS 

eAS 

WE 
DO 

DEl vee v~s 

I r 
AO-AS 

RAS 

CAS 

WE 

DO DEil vee v~s 

I r 
AO-AS 

RAS 
CAS 
WE 
D or-- 09 

vee vss 

J 
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• DYNAMIC RAM· MSC2331 A-XX YS3/KS3 • "----------------

PIN ASSIGNMENT 

a DO o 
30 

PINNa. PIN NAME PINNa. PIN NAME PINNa. PIN NAME 

vCC 11 A4 21 WE 
CAS 12 AS 22 VSS 

3 001 13 004 23 007 
AO 14 A6 24 NC 

Al 15 A7 25 008 
6 002 16 DOS 26 09 
7 A2 17 A8 27 RAS 

8 A3 18 NC 28 CAS9 
9 VSS 19 NC 29 09 

10 003 20 006 30 VCC 

ABSOLUTE MAXIMUM RATINGS (See Note) 

Rating Symbol Value Unit 

Voltage on any pin relative to VSS VIN. VOUT -1 to +7 V 

Voltage on Vee supply relative to VSS Vee -1 to +7 V 

Operating temperature Topr Ot070 °e 

Storage temperature Tstg -40 to +125 °e 

Power dissipation Po 3 W 

Short circuit output current 50 mA 

Note: Permanent device damage may occur il ABSOLUTE MAXIMUM RATINGS are exceeded. Functional operation 
should be restricted to the conditions as detailed in the operational sections 01 this data sheet. Exposure to 
absolute maximum rating conditions lor extended periods may allect device reliability. 
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-----------------. DYNAMIC RAM· MSC2331 A-XX YS3/KS3. 

RECOMMENDED OPERATING CONDITIONS (Referenced to VSS) 

Parameter Symbol Min. Typ Max. Unit 
Operating 

temperature 

Vec 4.5 5.0 5.5 V 
Supply Voltage 

VSS 0 0 0 V 
O°C to +70o e 

Input High Voltage. 
VIH 2.4 - 6.5 V all inputs 

Input Low Voltage. 
VIL -1.0 - 0.8 V all inputs 

DC CHARACTERISTICS 
(Recommended operating conditions unless otherwise noted.) 

MSC2331A- MSC2331A- MSC2331A- MSC2331A-

Parameter Symbol 8AYS3/KS3 1 AYS3/KS3 80YS3/KS3 10YS3/KS3 Unit 

Min. Max. Min. Max. Min. Max. Min. Max. 

Operating Current* 
average power supply ICC1 - 210 - 180 - 210 - 180 mA 
(RAS, CAS cycling: tRC = min.) 

Standby Current* ICC2 - 7.5 - 7.5 - 7.5 - 7.5 mA 
power supply current 

(TIL) 

ICC2 
(RAS = CAS = VIH) (MOS) 

- 4.5 - 4.5 - 4.5 - 4.5 mA 

Refresh Current 1 * 
Avarage power supply current ICC3 - 210 - 180 - 210 - 180 mA 
(RAS cycling, CAS = VIH: rRC =min.) 

Refresh Current 2* 
Average power supply current ICC6 - 210 - 180 - 210 - 180 mA 
(CAS before RAS; tRC = min) 

Refresh Current* 
Average power supply current ICC7 - 160 - 155 - 170 - 155 mA 
(RAS = VIL, CAS cyling: tPC =min.) 

Input Leakage Current 
Input leakage current, any input 

III -20 20 -20 20 -20 20 -20 20 JJ.A (OV:S; VIN :s; 5.5V, all other 
pins not under test = OV) 

Output Leakage Current 
(Data out is disabled, ILO -10 10 -10 10 -10 10 -10 10 JJ.A 
OV:S; VOUT:S; 5.5V) 

Output Levets 
Output high voltage VOH 2.4 - 2.4 - 2.4 - 2.4 - V 
(IOH =-5mA) 

VOL - 0.4 - 0.4 - 0.4 - 0.4 V Output low voltage 
(lOL =4.2mA) 

Note*: ICC is dependent on output loading and cycle rates. Specified values are obtained with the 
output open. 
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• DYNAMIC RAM· MSC2331 A-XX YS3/KS3. ----------------

CAPACITANCE 
(Ta = 25°C. f = 1 MHz) 

Parameter 

Input Capacitance (Ao - As) 

Input Capacitance (RAS, CAS. WE) 

Data Input/Output 
Capacitance (DO) 

Input Capacitance (CAS9) 

Input Capacitance (09) 

Output Capacitance (09) 

Capacitance measured with Boonton Meter. 
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Symbol Max. Unit 

Cll 40 pF 

CI2 40 pF 

COO 20 pF 

CI3 10 pF 

CI4 10 pF 

Co 15 pF 



---------------- • DYNAMIC RAM· MSC2331 A-XX YS3/KS3 • 

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

MSC2331A MSC2331A MSC2331A MSC2331A 

Parameter Symbol 8A YS3/KS3 lA YS3/KS3 80 YS3/KS3 10YS3/KS3 Unit Note 
MIN MAX MIN MAX MIN MAX MIN MAX 

Refresh period tREF - 8 - 8 - 8 - 8 ms 

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

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

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

Access time from CAS tCAC - 25 - 30 - 20 - 25 ns 4,5 

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

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

Output low impedance time from 
CAS 

tClZ 0 - 0 - 0 - 0 - ns 4 

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

Transition time tT 3 50 3 50 3 50 3 50 ns 3 

RAS precharge time tRP 70 - 80 - 70 - 80 - ns 

RAS pulse width tRAS 80 10000 100 10000 80 10000 100 10000 ns 

RAS pulse width tRASP 80 100000 100 100000 80 100000 100 lro:xxl ns (Fast page mode cycle only) 

RAS hold time tRSH 25 - 30 - 20 - 25 - ns 

CAS precharge time tcp 10 - 10 - 10 - 10 - ns (Fast page mode cycle only) 

CAS pulse width tCAS 25 10000 30 10000 20 10000 25 10000 ns 

CAS hold time tCSH 80 - 100 - 80 - 100 - ns 

RAS to CAS delay time tRCD 25 55 25 70 25 60 25 75 ns 5 

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

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

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

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

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

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

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

Column address to RAS lead time tRAl 40 - 50 - 40 - 50 - ns 
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• DYNAMIC RAM· MSC2331A-XX YS3/KS3. ----------------

AC CHARACTERISTICS (CO NT.) 

MSC2331A MSC2331A MSC2331A MSC2331A 

Parameter Symbol 
8A YS3/KS3 1A YS3/KS3 80YS3/KS3 10 YS3/KS3 

Unit Note 
MIN MAX MIN MAX MIN MAX MIN MAX 

Read command set-up time tRCS 0 ~ 0 ~ 0 ~ 0 ~ ns 

Read command hold time tRCH 0 ~ 0 ~ 0 ~ 0 ~ ns 7 

Write command hold time from RAS tWCR 60 ~ 75 ~ 60 ~ 75 ~ ns 

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

Write command hold time tWCH 15 ~ 20 ~ 15 ~ 20 ~ ns 

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

Data-in set-up time tDS 0 ~ 0 ~ 0 ~ 0 ~ ns 

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

Data-in hold time from RAS tOHR 60 ~ 75 ~ 60 ~ 75 ~ ns 

Read command hold time tRRH 10 10 ~ 10 10 
reference to RAS 

~ ~ ~ ns 7 

RAS to CAS set-up time tCSR 10 ~ 10 ~ 10 ~ 10 ~ ns 
(CAS before RAS) 

RAS to CAS hold time tCHR 30 ~ 30 ~ 30 30 (CAS before RAS) 
~ ~ ns 

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

CAS precharge time tCPN 10 ~ 15 _. 10 ~ 15 ~ ns 

Notes: An initial pause of 100 J1s is required after power-up followed by any 8 RAS cycles 
(Example: RAS only) before proper device operation is achieved. 
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2 The AC characteristics assume at tT = 5 ns. 

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

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

5 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 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 tRAO 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· MSC2331 A-XX YS3/KS3 • 

READ CYCLE 

__ ---"R"'-C ____ ~~ _____ _ 

'RP 

t--_____ ~_As ______ 1 Jc----,l 

WRITE CYCLE(EARLY WRITE) 

'RC 

Addres5 VIH

v1l _ -.uu1<--;--_ 

DO V'H - '777TrrrTTJ'777'777""T7>. )<----o/-n7777777777TJ'TTTn'TTrTT 

09 \IlL - 1..i..i...,"-,-,.i.i..i..i..U..L.I..I.~'1"-___ -'I"'r..u..,-,-,-,-,-,-L.i-l..J....I....<'-'-'-.L./-I.~ 

~ Don'lcare 
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D 

• DYNAMIC RAM· MSC2331A-XX YS3/KS3 .---------------

FAST PAGE MODE READ CYCLE 

m V'H

CA$9 V'l-

tRASP 

WE V,H - 7TJ77-ri"77"rl,.-f--+-1+,j~+_-~...,t,._I--!___l"..,..,""' 
VIL-~:.u...u,.l...t..U 

DO VOH --------~Vl 
09 vOL-

FAST PAGE MODE CYCLE (EARLY WRITE) 

314 

CAs "IH

CAS9 'Ill -

~Dorncare 

~Oon',care 



---------------. DYNAMIC RAM, MSC2331A-XX YS3/KS3. 

RAS ONLY REFRESH CYCLE 

Address 
VIH -
VIL _ 

VOH--
DO -------------------------OPEN-------------------------------
09 VOL -

NOTE: WE ~ Don't care, A9 ~ Don't care 

CAS BEFORE RAS AUTO REFRESH CYCLE 
~ 

tCHR 

CAS VIH

CAS9 V1L -:....-_--' 

[2:1 Don't care 

DO VOH-
~---------------OPEN---------------------------

09 VOL -'-----------"'1 

~ Don'lcare 

NOTE: WE ~ Don't care, AO - A9 ~ Don'l care 
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• DYNAMIC RAM· MSC2331 A-XX YS3/KS3 •• ----------------

HIDDEN REFRESH READ CYCLE 

~ Don'leare 

HIDDEN REFRESH WRITE CYCLE 

'RAS 

'CRP 'RSH 

DC V,H - 777777rn-.,.,..,.", J.------.I. /T.r'77'77'7'7"'l"77'7'rrrJ"7'7"T7-r'T'1' 

09 VIL - l..Li.i..LI..i..LI...I..I...'.U'I--~':"::':::=--..j ""'-'-'-..I...I..'-'-<'-'-'-.L.I...'-'-<..I-.I..i..l..L.J..J...I. 

(:Z2l Don" care 
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--------------. DYNAMIC RAM· MSC2331 A-XX YS3/KS3. 

MEMO 



• DYNAMIC RAM· MSC2331A-XX YS3/KS3. "---------------

MEMO 
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MEMO 



• DYNAMIC RAM· MSC2331 A-XX YS3/KS3. "--------------

MEMO 



OKI semiconductor 

MSC2312A-XXYS9/KS9 
1,048,576 BY 9 BIT DYNAMIC RAM MODULE 

GENERAL DESCRIPTION 

The Oki MSC2312A-XX YS9/KS9 is a fully decoded, 1,048,576 words x 9bit CMOS dynamic random 
access memory composed of nine 1 Mb DRAMs in SOJ (MSM511000AJS). The mounting of nine SOJs 
together with nine 0.2,u F decoupling capacitors on a 30 pin glass epoxy Single-In-Line Package pro
vides any application where high density and large capacity of storage memory are required. The 
electrical characteristics of the MSC2312A-XX YS9/KS9 are quite same as the original MSM511000A 
JS;leach timing requirements are noncritical, and power supply tolerance is very wide. 

FEATURES 

• 1,048,576 word x 9 bit Organization 
• Single +5V Supply (10% Tolerance) 

• Separate CAS Control for One Separate Pair 
of Data-In and Data-Out Linens 

• 30-Pin Socket Insertable Module 
• Refresh Period ... 8ms (512 cycles) 
• All Inputs, Outputs, Clocks 

Fully TTL compatible 

• Access Time; 
80ns max. (MSC2312A-8A/80 YS9/KS9) 
lOOns max. (MSC2312A-1A/l0YS9/KS/9) 

• Low Power Dissipation; 
• 3-States Outputs 
• Common CAS Control for Eight Common 

Data-In and Data-Out Lines 

3713mW max. (MSC2312A-8A/80 YS9/KS9) 
3218mW max. (MSC2312A-1A110 YS9/KS9) 

• Operating Temperature ... O°C to 70°C 

FUNCTIONAL BLOCK DIAGRAM 

A '-A. 

RAS ~=---r_t==========::::;1 
CAS =~+ti======::l WE 

D03 --4--I-++-.-I 

DO'--==~ 

CAS9 ---+-+-----+-----l 
D9 ___ +-+-__ ~======~ 

09 

Vee -Tc:-:-:--rl~~-------.:J c c. 
Vss --..:I=----=t._~ _______ .-.l 
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• DYNAMIC RAM· MSC2312A-XXYS9/KS9 • ---------------

PIN ASSIGNMENT 

MSC2312A YS9 

iJ'OJJ' 
'-

! 0; 0; 0:' O.! " I P 
I I 

0= 011 0 _0 ~ 30 11 nr::Jr::iDl 

MSC2312AKS9 

_________ O~NM~~w~oomO~NM~~$~oomo 
=~~~~$b~~==========~~~~~~~~~~~ 

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

VCC 11 A4 21 WE 
2 CAS 12 A5 22 VSS 
3 DOl 13 D04 23 D07 
4 AO 14 A6 24 NC 
5 Al 15 A7 25 D08 
6 D02 16 D05 26 09 
7 A2 17 A8 27 RAS 
8 A3 18 A9 28 CAS9 
9 VSS 19 NC 29 D9 

10 D03 20 D06 30 VCC 

ABSOLUTE MAXIMUM RATINGS (See Note) 

Rating Symbol Value Unit 

Voltage on any pin relative to VSS VIN. VOUT -1 to +7 V 

Voltage on Vee supply relative to VSS Vee -1 to+7 V 

Operating temperature Topr Oto 70 °e 

Storage temperature Tstg -5510150 °e 

Power dissipation Po 9 W 

Short circuit output current 50 mA 

Note: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. Functional operation 
should be restricted 10 the conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 
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• DYNAMIC RAM· MSC2312A-XX YS9/KS9 • 

RECOMMENDED OPERATING CONDITIONS (Referenced to VSS) 

Parameter Symbol Min. Typ. Max. Unit 
Operating 

temperature 

VCC 4.5 5.0 5.5 V 
Supply Voltage 

VSS 0 0 0 V 
O·C to +70·C 

Input High Voltage. 
VIH 2.4 6.5 all inputs - V 

Input Low Voltage. 
VIL -1.0 O.B all inputs - V 

DC CHARACTERISTICS 
(Recommended operating conditions unless otherwise noted.) 

MSC2312A- MSC2312A- MSC2~12A- MSC2312A-

Parameter Sym 8AYS9/KS9 lAYS9/KS9 80YS9 KS9 10YS9/KS9 Unit 
Min. Max. Min. Max. Min. Max. Min. Max. 

Operating Current" 
Average power supply current 
(RAS. CAS cycling; tRC = min.) 

ICCl - 675 - 585 - 675 - 585 mA 

Standby Current" ICC2 - 18 - 18 - 18 - 18 mA 
(TTL) 

Power supply current 
ICC2 

(RAS = CAS = VIH) (MOS) - 9 - 9 - 9 - 9 mA 

Refresh Current 1· 
Average power supply current ICC3 - 675 - 585 - 675 - 585 mA 
(RAS cycling. CAS.= VIH; tRC =min. ) 

Refresh Current 2· 
Average power supply current ICC6 - 675 - 585 - 675 - 585 mA 
(CAS before RAS; tRC=min) 

Page Mode Current" 
Average power supply current ICC7 - 495 - 495 - 540 - 495 mA 
(RAS = VIL. CAS cycling; tpc =min.) 

Input Leakage Current 
Input leakage current. any input 

III -90 90 -90 90 -90 90 -90 90 ",A 
(OV ~ VIN ~ 5.5V. all other 
pins not under test = OV) 

Output Leakage Current 
(Data out is disabled. ILO -10 10 -10 10 -10 10 -10 10 JJ.A 
OV ~ VOUT ~ 5.5V) 

Output Levels 
Output high voltage VOH 2.4 - 2.4 - 2.4 - 2.4 - V 

(tOH =-5mA) 
Output low voltage VOL - 0.4 - 0.4 - 0.4 - 0.4 V 

UOl=4.2mA) 

Note·: ICC is dependent on output loading and cycle rates. Specified values are obtained with the 
output open. 
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• DYNAMIC RAM· MSC2312A-XXYS9/KS9 • ---------------

CAPACITANCE 
(Ta = 25°C, f = 1 MHz) 

Parameter 

Input Capacitance (Ao - A9) 

Input Capacitance (RAS, CAS, WE) 

Data Input/Output 
Capacitance (DO) 

Input Capacitance (CAS9) 

Input Capacitance (09) 

Output Capacitance (09) 

Symbol 

CIN1 

CIN2 

COO 

CIN3 

CIN4 

COUT 

Capacitance measured with Boonton Meter. 
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Typ. Max. Unit 

40 70 pF 

40 75 pF 

7 20 pF 

5 10 pF 

4 10 pF 

4 15 pF 



________________ • DYNAMIC RAM· MSC2312A-XXYS9/KS9 • 

AC CHARACTERISTICS 
(VCC = SV ±1 0%, Ta = 0 to +70°C) Notel,2,3 

MSC2312A MSC2312A MSC2312A MSC2312A 

Parameter Symbol -BAYS9IKS9 -lAYS9/KS9 -80YS9/KS9 -10YS9/KS9 Unit Note 
MIN MAX MIN MAX MIN MAX MIN MAX 

Refresh period tREF - 8 -- 8 - 8 - 8 ms 

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

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

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

Access time from CAS tCAC - 25 - 30 - 20 - 25 ns 4,5 

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

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

Output low impedance time from 
CAS 

tClZ 0 - 0 - 0 - 0 - ns 4 

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

Transition time tT 3 - 50 3 50 3 50 3 50 ns 3 

RAS precharge time tRP 70 - 80 - 70 - 80 - ns 

RAS pulse width tRAS 80 10000 100 10000 80 10000 100 10000 ns 
--
RAS pulse width tRASP 80 100000 100 100000 80 100000 100 100XXl ns (Fast page mode cycle only) 

RAS hold time tRSH 25 - 30 - 20 - 25 - ns 

CAS precharge time tcp 10 - 10 -- 10 - 10 - ns (Fast page mode cycle only) 

CAS pulse width tCAs 25 lCXXJO 30 10000 20 10000 25 10000 ns 

CAS hold time tCSH 80 - 100 - 80 - 100 - ns 

RAS to CAS delay time tRCD 22 55 25 70 25 60 25 75 ns 5 

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

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

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

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

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

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

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

tRAl Column address to RAS lead time 40 - 50 - 40 - 50 - ns 
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• DYNAMIC RAM· MSC2312A-XXYS9/KS9 • ----------------

AC CHARACTERISTICS (CONT.) 

MSC2312A MSC2312A MSC2312A MSC2312A 

Parameter Symbol 
-8AYS9/KS9 -lAYS9/KS9 -80YS9/KS9 -10YS9/KS9 Unit Note 
MIN MAX MIN MAX MIN MAX MIN MAX 

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

Read command hold time tRCH 0 - 0 - 0 - 0 - ns 7 

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

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

Write command hold time tWCH 15 - 20 - 15 - 20 - ns 

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

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

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

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

Read command hold time tRRH 10 10 -- - - 10 - 10 - ns 7 
reference to RAS 

RAS to CAS set-up time tCSR 10 - 10 -- 10 - 10 - ns 
(CAS before RAS) 

RAS to CAS hold time tCHR 30 - 30 - 30 30 
(CAS before RAS) 

- - ns 

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

CAS precharge time tCPN 10 - 15 - 10 - 15 - ns 

Notes: An initial pause of 100 J1 S is required after power-up followed by any 8 RAS cycles 
(Example: RAS only) before proper device operation is achieved_ 
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2 The AC characteristics assume at tT = 5 ns. 

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

4 Measured with a load circuit eQuivalenl to 2TTL + 100 pF. 

5 Operation within the tRCD (max.) limit insures thai 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 tCAC· 

6 Operation within the tRAD (max.llimit 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· MSC2312A-XX YS9/KS9 • 

READ CYCLE 

'RP 

IRAC 

DO YOH- .:::~::~~~====j?,~----~::~----{ Q9 "Ol _ ----- OPEN Valid Dala 

~Don'lcar(' 

WRITE CYCLE(EARLY WRITE) 

'RCD 

WE litH - 'I 
"Il - "-,-,~",-,-".I...U..I...U..I...U..L4 __ I--+-______ -4i../..i..LL/.,-"-,-LLl.,-"-,-LLl.'..I...LL 

DQ "IH - rrr;r-rn'TTJ'TTJ7T!"TT.r\ j.,------~.L,..,_rr.,.,..,...,..,..,...,..,...,.,...,...,..,.._rr.,.,...,~ 

09 "IL - "-'-'-'-'-'''-"-'''-'-''-'-'-i..LI..ut1<-______ -*v.LLLL.LL.'..I...L.LL.CLL.LLi..LCLLL 

~ Don"teare 
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• DYNAMIC RAM· MSC2312A-XX YS9/KS9 • ---------------

FAST PAGE MODE READ CYCLE 

Addreu VIH

V1L-.i..UI"'-_-z 

WE "IH - 7Ti'77-riTTnl.--t--+--*.rn~+---1t>i+-+----1I------trn7 
"IL -J...<...u.. ............. u 

FAST PAGE MODE CYCLE (EARLY WRITE) 
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DO "IH - --r.rr:ri-r-r", j.-----.i. 
09 "'IL - '-'-''-'-'-";LLLU 1'"------'1' 

~ Don'tcllre 

~ Dorl"lcare 



---------------- • DYNAMIC RAM· MSC2312A-XXYS9/KS9 • 

RAS ONLY REFRESH CYCLE 

- VIH
CAS V 

CAS9 Il-

Address VIH -
Vil _ 

VOH-DQ 
09 -------------------------~N-------------------------------VOl-

[2:1 Don't care 

NOTE: WE - Don't care, A9 - Don't care 

CAS BEFORE RAS AUTO REFRESH CYCLE 

lRAS 

- VIH
CAS V 

CAS9 Il --___ -J 

lCHR 

DO VOH-----------~ 
09 VOl _ 1>--------------OPEN 

NOTE: WE -Don1care,AO -A9 -Don't care 

~ Don't care 
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• DYNAMIC RAM· MSC2312A-XXYS9/KS9 • ---------------

HIDDEN REFRESH READ CYCLE 

'RC 

HIDDEN REFRESH WRITE CYCLE 

DO V'H - .,..,...,.,..,...,.,..;.,..,...,...,..". Je.----.l rr.~_rr_rrr.-:,...,..,-r7~_rr_rrrT 
00 
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OKI semiconductor 

MSC2313A-XX YS8/KS8 
1,048,576 BY 8 BIT DYNAMIC RAM MODULE 

GENERAL DESCRIPTION 
The Oki MSC2313A-XX YSS/KSS is a fully decoded, 1,04S,576 words x S bit CMOS dynamic random 

access memory composed of nine 1Mb DRAMs in SOJ (MSM511000AJS). The mounting of nine SOJs 
together with nine 0.2 J1 F decoupling capacitors on a 30 pin glass epoxy Single-In-Line Package pro
vides any application where high density and large capacity of storage memory are required. The 
electrical characteristics of the MSC2313A-XX YSS/KSS are quite same as the original MSM511000A 
JS; each timing requirements are noncritical, and power supply tolerance is very wide. 

FEATURES 

• 1.04S,576 word x S bit Organization 
• Single =5V Supply (10% Tolerance) 
• 30-Pin Socket Insertable Module 
• Refresh Period ... Sms (512 cycles) 

• Row Access Time; 
SOns max. (MSC2313A-SA/SO YSS/KSS) 
100ns max. (MSC2313A-1A/10 YSS/KSS) 

• Low Power Dissipation; 
• All Inputs, Outputs, Clocks 

Fully TTL compatible 
• 3-States Outputs 

3300mW max. (MSC2313A-SA/SO YSS/KSS) 
2S60mW max. (MSC2313A-1A/10 YSS/KSS) 

• Operating Temperature ... O°C to 70°C 
• Common CAS Control for Eight Common 

Data-In and Data-Out L;nes 

FUNCTIONAL BLOCK DIAGRAM 

RAS---,.-+========~ 
~=~~~============~l WE 

D03 -+H-+T-f' 

DO'---=~ 

Vee --"e::-. -"T~c"". +------~ 
Vss _L---'l:'--4.-________ ...J 
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• DYNAMIC RAM' MSC2313A-XXYS8/KS8 • ---------------

PIN ASSIGNMENT 

MSC2313A YS8 

1JOJ] 
L-

a 
0: 0 1 o L-.-2 30 I' ;:;; 

MSC2313AKS8 

a 
30 

_________ O~NM.~w~~mO~NM~~w~mmo 
=~~~~$c~$=~~=======~~~~~~~~~~~ 

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

1 VCC 11 A4 21 WE 
2 CAS 12 A5 22 VSS 
3 DOl 13 004 23 007 
4 AO 14 A6 24 NC 
5 Al 15 A7 25 DOa 
6 002 16 005 26 NC 
7 A2 17 Aa 27 RAS 
a A3 la A9 28 NC 
9 VSS 19 NC 29 NC 

10 003 20 006 30 VCC 

ABSOLUTE MAXIMUM RATINGS (See Note) 

Rating Symbol Value Unit 

Voltage on any pin relative to VSS VIN. VOUT -1 to +7 V 

Voltage on VCC supply relative to VSS Vee -1 to +7 V 

Operating temperature Topr o t070 °e 

Storage temperature Tstg -55 to 150 °e 

Power dissipation Po 8 W 

Short circuit output current 50 mA 

Note: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. Functional operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 
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----------------. DYNAMIC RAM' MSC2313A-XXYSS/KSS • 

RECOMMENDED OPERATING CONDITIONS (Referenced to VSS) 

Parameter Symbol Min. Typ. Max. Unit 
Operating 

temperature 

VCC 45 5.0 5.5 V 
Supply Voltage 

VSS 0 0 0 V 
OOG to +70°C 

Input High Voltage. 
VIH 2.4 - 65 V all inputs 

Input Low Voltage. 
VIL -10 0.8 V all inputs -

DC CHARACTERISTICS 
(Recommended operating conditions unless otherwise notedJ 

MSC2313A- MSC2313A- MSC2~13A- MSC2313A-

Parameter Symbol 8AYS8/KS8 1AYS8/KS8 80YS8 KS8 10YS8/KS8 Unit 
Min. Max. Min. Max. Min. Max. Min. Max. 

Operating Current' 
Average power supply current 
(RAS. CAS cycling; tRC = minJ 

ICC1 - 600 - 520 - 600 - 520 mA 

Standby Current' ICC2 - 16 - 16 - 16 - 16 mA 
(TTL) 

Power supply current 
ICC2 (RAS = CAS = VIH) (MOS) 

- 8 - 8 - 8 - 8 mA 

REfresh Current 1" 
Average power supply current ICC3 - 600 - 520 - 600 - 520 mA 
(RAS cycling, CAS = VIH; tRC =minJ 

Refresh Current 2" 
Average power supply current ICC6 - 600 - 520 - 600 - 520 mA 
(CAS before RAS; tRC = min) 

Page Mode Current' 
Average power supply current ICC7 - 440 - 440 - 480 - 440 mA 
(RAS = VIL. CAS cycling; tpc =minJ 

Input Leakage Current 
Input leakage current. any input 

III -80 80 -80 80 -80 80 -80 80 /lA 
(OV ~ VIN ~ S.SV. all other 
pins not under test = OV) 

Output Leakage Current 
(Data out is disabled, ILO -10 10 -10 10 -10 10 -10 10 /lA 
OV ~ VOUT ~ S.SV) 

Output Levels 
Output high voltage VOH 2.4 - 2.4 - 2.4 - 2.4 - V 

(tOH =-SmA) 
Output low voltage VOL - 0.4 - 0.4 - 0.4 - 0.4 V 

(tOL =4.2mA) 

Note·: ICC is dependent on output loading and cycle rates. Specified values are obtained with the 
output open. 
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• DYNAMIC RAM' MSC2313A-XXYS8/KS8 • ---------------

CAPACITANCE 
(Ta = 25°C, f = 1 MHz) 

Parameter 

Input Capacitance (Ao,- A.) 

Input Capacitance (RAS, CAS, WE) 

Data Input/Output 
Capacitance (DO) 

Capacitance measured with Boonton Meter, 

334 

Symbol 

CIN1 

CIN2 

COO 

Typ. Max. Unit 

37 60 pF 

35 65 pF 

7 20 pF 



---------------. DYNAMIC RAM· MSC2313A-XX.YSS/KSS • 

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

MSC2313A- MSC2313A- MSC2313A- MSC2313A-

Parameter Symbol 8AYS8/KS8 1AYS8/KS8 80YS8/KS8 10YS8/KS8 Unit Note 
MIN MAX MIN MAX MIN MAX MIN MAX 

Refresh period tREF - 8 - 8 - 8 - 8 ms 

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

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

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

Access time from CAS tCAC - 25 - 30 - 20 - 25 ns 4,5 

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

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

Output low impedance time from 
CAS 

tClZ 0 - 0 - 0 - 0 - ns 4 

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

Transition time tT 3 50 3 50 3 50 3 50 ns 3 

--
tRP 70 80 80 RAS precharge time - - 70 - - ns 

RAS pulse width tRAS 80 10000 100 10000 80 10000 100 10000 ns 

RAS pulse width tRASP 80 1CXXXXJ 100 1CXXXXJ 80 1CXXXXJ 100 1(XXID ns (Fast page mode cycle only) 

RAS hold time tRSH 25 - 30 - 20 - 25 - ns 

CAS pr~harge time tcp 10 - 10 - 10 - 10 - ns (Fast page mode cycle only) 

CAS pulse width tCAs 25 1CXXXl 30 10000 20 10000 25 10000 ns 

CAS hold time tCSH 80 - 100 - 80 - 100 - ns 

RAS to CAS delay time tRCD 22 55 25 70 25 60 25 75 ns 5 
--

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

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

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

Row address hold time tRAH 15 - 15 - 12 - 20 - ns 

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

Column address hold time tCAH 15 - 20 - 15 - 25 - ns 

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

Column address to RAS lead time tRAl 40 - 50 - 40 - 50 - ns 
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• DYNAMIC RAM· MSC2313A-XXYS8/KS8 • ---------------

AC CHARACTERISTICS (CONT.) 

MSC2313A- MSC2313A- MSC2313A- MSC2313A-

Parameter Symbol BAYS8'KS8 1AYS8/KS8 8OYSS/KSS 10YSS/KSS Unit Note 
MIN MAX MIN MAX MIN MAX MIN MAX 

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

Read command hold time tRCH 0 - 0 - 0 - 0 - ns 7 

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

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

Write command hold time tWCH 15 - 20 - 15 - 20 - ns 

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

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

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

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

Read command hold time tRRH 10 - 10 10 reference to RAS 
- - 10 - ns 7 

RAS to CAS set-up time tCSR 10 - 10 - 10 - 10 - ns 
(CAS before RAS) 

RAS to CAS hold time tCHR 30 - 30 30 (CAS before RAS) 
- - 30 - ns 

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

CAS precharge time tCPN 10 - 15 - 10 - 15 - ns 

Hotes: An initial pause of 100 I-'s is required after power-up followed by any 8 RAS cycles 
(Example: RAS only) before proper device operation is achieved. 
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2 The AC characteristics assume at tT = 5 ns. 

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

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

5 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 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 

___ 'R_AS _____ It==~=l 

~Don'lcar(> 

WRITE CYCLE(EARLY WRITE) 

'Re 

DO V'IH - rrTTT1777rTO'7T77r77l. .j.,----"/-",.,-"...,-r,,..,-r,,..,-r,r-rTTT7-rT;'7T 
VIL - u..t...,"-,-,-J...J..i-'-"-"-''-'-"-'~. ____ -''-'-i../...t...L.I.J...t..L.L"-'-'-J..J..J'-'-'-U-I--'-' 

~Don'lcare 
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• DYNAMIC RAM· MSC2313A-XX YSS/KSS • ---------------

FAST PAGE MODE READ CYCLE 

~Don'lcare 

FAST PAGE MODE CYCLE (EARLY WRITE) 

V,H - -n"T7-r,rrnl.~---.\ 
Vil - '-'--''-"-''-';-'-'-~1''__--___{ 'U/i<-__ ~ 'Lv-J< __ --"t v.-<...L..L-'--'-L 

~Don'tcafe 
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---------------. DYNAMIC RAM· MSC2313A-XXYS8/KS8 • 

RAS ONLY REFRESH CYCLE 

Address 
VIH -
V1L _ 

DO 
VOH--

-------------------------OPEN-------------------------------
VOL -

~ Oon'tcare 

NOTE: WE = Don'l care, A9 = Don'l care 

CAS BEFORE RAS AUTO REFRESH CYCLE 

ICHR 

CAS VIH
V1L -__ -J 

DO VOH-
I}----------------OPEN----------------------------

VOL ------------"'r 

~ Don'lcare 

NOTE: WE = Don'l care, AD - A9 = Don'l care 
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• DYNAMIC RAM· MSC2313A-XX YSS/KSS • ---------------

HIDDEN REFRESH READ CYCLE 

~oon"c.re 

HIDDEN REFRESH WRITE CYCLE 

I , 'Dsb 
DO ~:~ = rn/j;-rr:mmj/;rnl/Z-r7'UX v~~"""'72-rr727T!2rr!lrr:! /I"TI!l'T7/ /-'-"'/1-'-"'77-'-"'/1-'-"'71 

I 'DHR I 

~Don',care 
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OKI semiconductor 

MSC2320A-XXYS9 
262. 144 BY 36BIT DYNAMIC RAM MODULE 

GENERAL DESCRIPTION 
The Oki MSC2320A-XXYS9 is a fully decoded, 262,144 words X 36 bit CMOS dynamic random 

access memory composed of eight 1 Mb DRAMs in SOJ (MSM514256AJS) and four 256 Kb drams in 
SOJ (MSM51256JS). The mounting of twelve SOJs together with twelve 0.2 J.lF decoupling capacitors 
on a 30 pin glass epoxy Single-In-Line Package provides any application where high density and large 
capacity of storage memory are required. The electrical characteristics of the MSC2320A-XXYS9 are 
quite same as the original MSM511 OOOAJS; each timing requirements are noncritical, and power 
supply tolerance is very wide. 

FEATURES 
.262,144 word X 36 bit Organization 
• Single +5V Supply ( 5 % Tolerance) 
• Refresh Period ... 8ms (512 cycles) 
• All Inputs, Outputs, Clocks 

Fully TIL compatible 
• JEDEC Compatible Dimensioning 
• CAS before RAS refresh, RAS only refresh, 

hidden refresh, and fast page mode capability 

FUNCTIONAL BLOCK DIAGRAM 

• Access Time; 
80ns max. (MSC2320A-8A/80 YS9) 
100ns max. (MSC2320A-1A/1 OYS9) 

• Low Power Dissipation; 
4410mW max. (MSC2320A-8A/80 YS9) 
3780mW max. (MSC2320A-1 A/1 OYS9) 

• Operating Temperature ... OOC to 70°C 
• Fast access and cycle times 

~8~--~------------~rnrr~A~--' 
tAS1l CA"S2 
wr 

DQl6 
D'1l1 
DQ18 
0'119 

0'120 
0'121 
DQ22 
0'123 

0'124 
DQ25 
DQ26 
0'121 

0'128 
DQ29 
0'130 
DQ31 
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• DYNAMIC RAM· MSC2320A-XXYS9 .-------------------

PIN ASSIGNMENT 

MSC2320A-XXYS9 

BOTTOM 

Pinout Assignments 
Pin Assign Pin Assign Pin Assign Pin Assign Pin Assign Pin Assign 
No. No. No. No. No. No. 

100 ns 80 ns 

1 VSS 13 AI 25 DQ22 37 MPI 49 008 61 0013 -
2 DOO 14 A2 26 D07 38 MP3 50 D024 62 0030 -
3 OQ16 15 A3 27 D023 39 VSS 51 D09 63 D014 -
4 001 16 A4 28 A7 40 CASO 52 D025 64 0031 -
5 DQ17 17 A5 29 NC 41 CAS2 53 0010 65 0015 -

6 D02 18 A6 30 Vex; 42 CAS3 54 D026 66 NC -
7 0018 19 NC 31 A8 43 CASI 55 0011 67 Vss Vss 

8 003 20 DQ4 32 NC 44 RASO 56 D027 68 NC NC 

9 OQ19 21 0020 33 RAS3 45 RASI 57 D012 69 VSS NC 

10 Vex; 22 DQ5 34 RAS2 46 NC 58 D028 70 Vss VSS 

11 NC 23 0021 35 MP2 47 WE 59 Vex; 71 NC -
12 AO 24 D06 36 MPO 48 NC 60 D029 72 VSS -
Note: Vee IS the source, VSS IS ground and NC IS no connection. 

ABSOLUTE MAXIMUM RATINGS (See Note) 

Rating Symbol Value Unit 

Voltage on any pin relative to VSS VIN. VOUT -1 to +7 V 

Voltage on Vee supply relative to VSS Vee -1 to +7 V 

Operating temperature Topr o to 70 °e 

Storage temperature T stg -40 to +125 °e 

Power dissipation Po 12 W 

Short circuit output current 50 mA 

Note: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. Functional operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 
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• DYNAMIC RAM· MSC2320A-XXYS9 • 

RECOMMENDED OPERATING CONDITIONS (Referenced to VSS) 

Parameter Symbol Min. Typ. Max. Unit 
Operating 

temperature 

VCC 4.75 5.0 5.25 V 
Supply Voltage 

VSS 0 0 0 V 
O·G to +70·C 

Input High Voltage, 
VIH 2.4 - 6.5 V all inputs 

Input Low Voltage, 
VIL -1.0 - 0.8 V all inputs 

DC CHARACTERISTICS 
(Recommended operating conditions unless otherwise noted.) 

MSC2320A- MSC2320A- MSC2320A- MSC2320A-

Parameter Symbol 8AYS9 1 AYS9 80YS9 10YS9 Unit 

Min. Max. Min. Max. Min. Max. Mrn. Max. 

Operating Current average 
power supply ICCl - 840 - 720 - 840 - 720 mA 
(RAS, CAS Address cycling) 

Standby current power 
ICC2 - 30 - 30 - 30 - 30 mA 

suppl'r' standby current 

RAS only refresh current 
ICC3 - 840 - 720 - 840 - 720 mA (AA"S only mode, ~ cycling) 

Fast page mode current ICC4 - 640 - 620 - 680 - 620 mA 

Standby current ICC5 - 18 - 18 - 18 - 18 mA 

CAS before RAS refresh 
ICC6 840 720 840 720 mA current - - - -

Input leakage current !ill) -120 120 -120 120 -120 120 -120 120 j.1A 

Output leakage current dout 
IO(L) -10 10 -10 10 -10 10 -10 10 j.1A disagled 

Output high level IOH 2.4 - 2.4 - 2.4 - 2.4 - mA 

Output low level VOL - 0.4 - 0.4 - 0.4 - 0.4 V 

Note*: ICC is dependent on output loading and cycle rates. Specified values are obtained with the 
output open. 
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• DYNAMIC RAM· MSC2320A-XXYS9. -------__________ _ 

CAPACITANCE 
(Vcc = 5 Volts ± 5%, f = 1 MHz, Tc = 0 ~ 70°C) 

Symbol Parameter Min. Max. Unit 

Ci l Input Capacitance (Ao ~A8) - 88 pF 

CI2 Input Capacitance (W) - 104 pF 

----
CI3 Input Capacitance (RASO, RAS2) - 57 pF 

CI4 Input Capacitance (CASO - RAS3) - 36 pF 

11 
COOl I/O Cap (OOO - 0031) - 17 pF 

C002 liD Cap (MPO - MP3) - 22 pF 

Capacitance measured with Boonton Meter. 
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-----------------__ DYNAMIC RAM· MSC2320A-XXYS9_ 

Electrical Characteristics and Recommended AC Operating Conditions 

MSC2320A·8AYS9 MSC2320A-1AYS9 MSC2320A-BOYS9 MSC2320A-IOYS9 
Symbol Parameter 

MIN. MAX MIN. MAX MIN. MAX MIN. MAX 
Units Notes 

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

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

tRAC Access time from RAS - 80 - 100 - 80 - 100 ns 2,7 

tCAC Access time from CAS - 25 - 30 - 20 - 25 ns 2,7 

tAA Access time from Column address - 40 - 50 - 40 - 50 ns 2,8 

tCPA Access time from CAS procharge - 50 - 50 - 45 - 50 ns 2 

tCLZ CAS to output in Lo-Z - 0 - 0 - 0 - 0 ns 2 

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

tT Transition time (Rise and Fall) 3 50 3 50 3 50 3 50 ns 1 

tRP RAS procharge time 70 - 80 - 70 - 80 - ns 

tRAS RAS pulse width 80 10,000 100 10,000 80 10,000 100 10,000 ns 

tRASP RAS pulse width (Fast page mode) 80 100,000 100 100,000 80 100,000 100 100,000 ns 

tRSH RAS hold time 25 - 30 - 20 - 25 - ns 

tCSH CAS hold time 80 - 100 - 80 - 100 - ns 

tCAS CAS pulse width 25 10,000 30 10,000 20 10,000 25 10,000 ns 

tRCD RAS to CAS delay time 25 55 25 70 22 60 25 75 ns 7 

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

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

tcp CAS precharge time (Fast page mode) 10 0 10 - 10 - 10 - ns 

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

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

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

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

tAR Column address hold time ref to RAS 60 - 75 - 60 - 75 - ns 

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

tRCS Read command set-up 0 - 0 - 0 - 0 - ns 

tRCH Read command hold time 0 - 0 - 0 - 0 - ns 4 

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

twCH Write command hold time 15 - 20 - 15 - 20 - ns 

tWCR Write command hold time ref to RAS 60 - 75 - 60 - 75 - ns 

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

tRWL Write command1o RAS lead time 20 - 25 - 20 - 25 - ns 

tCWL Write command to CAS lead time 20 - 25 - 20 - 25 - ns 

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

tDH Date hold time 15 - 20 - 15 - 20 - ns 5 

tDHR Date hold time referenced to RAS 60 - 75 - 60 - 75 - ns 

tREF Refresh time - 8 - 8 - 8 - 8 ns 

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

tCSR CAS set-up time (CAS before RAS cycle) 10 - 10 - 10 - 10 - ns 

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

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

tCPN CAS precharger time 10 - 15 - 10 - 15 - ns 

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

2) Measured with a load equivalent to 2 TTL loads and l00pf. 

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 parameters are referenced to CAS leading edge. 

6) tWCS is not a restrictive operating parameter. This is included in the data sheet as electrical characteristic only. If tWCS > tWACS 
(min), the cycle is an early write cycle and the data out pun will remain an open circuit (Hi~Z) 

7) Operation within the tRCS (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, them access time is controlled by tCAC. 

8) 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, them access time is controlled by tAA. 
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• DYNAMIC RAM· MSC2320A-XXYS9 .-----------------

• READ CYCLE 

'RC 

DQ VOH-____ OPEN ____ <YI Valid Data 
VOL - -u.t-"'--_____ __ 

~Dontcare 

• WRITE CYCLE (EARLY WRITE) 

tRC 

'CRP 'CRP 

CAS V,H _.---;r-+-t-----.".--.. 1-----"=----1 r+---~-

346 

v1l _ 

Address V1H -v1l _ 

tAR 

twcs 'WCH 

~ Oon'tcare 



-------------------. DYNAMIC RAM· MSC2320A-XXYS9 • 

• FAST PAGE MODE READ CYCLE 

CAS V,H _-"'*'-++----..J:,-." 
Y1L -

DQ VOH- ___________ ~~ 

vOL -

• FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 

CAS V,H _-+-++------.h, 
v,l -

Address v'l-I
v,L -

DQ v,H _ -r'7'7-r'M-r'r.l\ J...------.l 

V,l - :...t....1.-LL4.1-i.~ i"----"I' "'.II' -jI'--_-->I 'Ul1'----'1' "-'--':...L.I....I....I.. 

~ DOl'llcare 

~ Don'tcare 

347 



• DYNAMIC RAM· MSC2320AcXXYS9. ------------------

• RAS ONLY REFRESH CYCLE 

Address V,H -v'l _ 

'RC 

00 vOH •. _____________ OPEN _______________ _ 

VOL -

D Oontcare 

NOTE WE"'" Don't care, A9 = Don't care 

• CAS BEFORE RAS REFRESH CYCLE 

'RAS 

CAS V'H
Vll --__ ......J 

00 VOH------~ 
1">--------- OPEN ---------------

VOL --------r 

~ Don'teare 

NOTE WE -= Don't care. AO - A9 = Don't care 
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-------------------. DYNAMIC RAM· MSC2320A-XXYS9 • 

• HIDDEN REFRESH READ CYCLE 

VIH-

RAS 
VIL -

VIH-
CAS 

V'L-

VIH -
Address 

VIL -

V'H-
WE 

VIL -

VOH-
OQ 

VOL -

~ Don'tCare 

• HIDDEN REFRESH WRITE CYCLE 

V'H-
RAS 

VIL-

V'H-
CAS 

V'L-

V'H-
Address 

V,L -

V'H-
WE 

V,L -

V'H-
DQ 

V,L -

f2ZJ Don't Care 
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• DYNAMIC RAM ° MSC2320A-XXYS9 • 

HIDDEN REFRESH WRITE CYCLE 

350 

- VIH
CAS V 

CAS9 IL-

Address VIH
V1L _ 

IRCD 

IRAS 

IRSH tcHR 

WE V1H -

VIL - .LJ...LJ...L..L~:-L-'~'-'-'r_++-__ "'f'-.L..L..L...<-L.-'-''-L.J....I...L....L..L..L...J....I...J-J....I.-L..L...I.'-L..J....J'-'-

DO V1H - 'r1"Tl"Tl.....-:'-r-~'""""'" 1.:-------./.. ,.......,...,r-r...,...,r-r...,...,,...,...,...,r-r...,...,,.....,..,....,.....,....,...,...r-r 
D9 V1L - '-'-'-'-'-'-'-'-'-'-L-L.LJ l'------""f '-L...L.J-l...L..L..I...J-.L..L..L...l...J...L...'-L..L...L...L..J-.L..J.~ 

~ Oon°lcare 



OKI semiconductor 

MSC2321 A-XXYS18 
524, 288 WORD BY 36 BIT DYNAMIC RAM MODULE 

GENERAL DESCRIPTION 
The Oki MSC2321A-XXYS18 is a fully decoded, 524,288 words X 32 bit CMOS dynamic random 

access memory composed of sixteen 1 Mb DRAMs in SOJ (MSM514256AJS) and eight 256 Kbdrams 
in SOJ (MSM51256JS). The mounting of twenty-four SOJs together with twenty-four 0.2 J-lF 
decoupling capacitors on a 72 pin glass epoxy Single-In-Line Package provides any application where 
high density and large capacity of storage memory are required. The electrical characteristics of the 
MSC2321A-XXYS18 are quite same as the original MSM511000AJS; each timing requirements are 
noncritical, and power supply tolerance is very wide. 

FEATURES 
.524,288 word X 36 bit Organization 
• Single +5V Supply ( 5 % Tolerance) 
• Refresh Period ... 8ms (512 cycles) 
• All Inputs, Outputs, Clocks 

Fully TIL compatible 
• JEDEC Compatible Dimensions and pinout. 
• CAS before RAS refresh, RAS only refresh, 

hidden refresh, and fast page mode capability 

FUNCTIONAL BLOCK DIAGRAM 

• Access Time; 
80ns max. (MSC2321 A-8A/80 YS 18) 
100ns max. (MSC2321A-1A110YS18) 

• Low Power Dissipation; 
4568mW max. (MSC2321 A-8A180 YS 18) 
3938mW max. (MSC2321A-1A110YS18) 

• Operating Temperature ... OOC to 70°C 
• Fast access and cycle times 

V's ----~~--~----------~--------------------____ ~ ________ ~ 
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D 

• DYNAMIC RAM· MSC2321A-XXYS18. -----------------

PIN ASSIGNMENT 

MSC2321A-XXYS18 

BOTTOM 

Pmout A' sSlgnments 
Pin Assign Pin Assign Pin Assign Pin Assign Pin Assign Pin Assign 
No. No. No. No. No. No. 

100 ns 80 ns 70 ns , VSS 13 A' 25 0022 37 MP' 49 DOB 6' DO'3 -- --
2 oao 14 A2 26 D07 3B MP3 50 D024 62 0030 -- --
3 DQ16 '5 A3 27 DQ23 39 VSS 5' DQ9 63 D014 -- --
4 DO' '6 A4 2B A7 40 CASO 52 D025 64 D03' --
5 DOH 17 AS 29 NC 41 CAS2 53 DO'O 65 DO'S --
6 002 'B A6 30 Yo:; 42 CAS3 54 D026 66 NC -- -
7 0018 '9 NC 3' AB 43 CAS1 55 D011 67 NC NG NC 

B 003 20 D04 32 NC 44 RASo 56 D027 6B VSS Vss VSS 

9 DO'. 2' D020 33 RAS3 45 RAS' 57 DO'2 69 NG VSS NC 

10 Yo:; 22 DOs 34 RAS2 46 NC 5B D02B 70 NC VSS VSS 

" NC 23 002' 35 MP2 47 WE 59 Yo:; 7' NC -- .. 
,2 AO 24 DQ6 36 MPa 4B NC 60 D029 72 VSS -- --
Note. Vee IS source, Vss IS ground and NC IS no connectIon. 

ABSOLUTE MAXIMUM RATINGS (See Note) 

Rating. Symbol Value Unit 

Voltage on any pin relative to VSS VIN. VOUT -1 to +7 V 

Voltage on Vee supply relative to VSS Vee -1 to +7 V 

Operating temperature Topr o to 70 °e 

Storage temperature Tstg --40 to +125 °C 

Power dissipation PD 24 W 

Short circuit output current 50 mA 

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

352 



_________________ • 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 
ooe to +70oe 

Input High Voltage. 
V,H 2.4 - 6.5 V all inputs 

Input low Voltage. 
V,l -1.0 - 0.8 V all inputs 

DC CHARACTERISTICS 
(Recommended operating conditions unless otherwise noted.) 

MSC2321A- MSC2321A- MSC2321A- MSC2321A-

Parameter Symbol 8AYS18 1AYS18 80YS18 10YS18 Unit 

Min. Max. Min. Max. Min. Max. Min. Max. 

Operating Current average 
power supply ICC1 - 870 - 750 - 870 - 750 mA 
(RAS, CAS Address cycling) 

Standby current power 
ICC2 - 60 - 60 - 60 - 60 mA supply standby current 

RAS only refresh current 
ICC3 - 870 - 750 - 870 - 750 mA (RAS only mode, RAS cycling) 

Fast page mode current ICC4 - 670 - 650 - 710 - 650 mA 

Standby current ICC5 - 36 - 36 - 36 - 36 mA 

CAS before RAS refresh 
ICC6 870 750 870 750 mA current - - - -

Input leakage current U(l) -240 240 -240 240 -240 240 -240 240 IlA 

Output leakage current dout IO(l) -20 20 -20 20 -20 20 -20 20 IlA disagled 

Output high level IOH 2.4 - 2.4 - 2.4 - 2.4 - mA 

Outpufllow level VOL - 0.4 - 0.4 - 0.4 - 0.4 V 

Note*: ICC is dependent on output loading and cycle rates. Specified values are obtained with the 
output open. 
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• DYNAMIC RAM· MSC2321A-XXYS18. -----------------

CAPACITANCE 
(Vcc = 5 Volts ± 5%, f = 1 MHz, Tc = 0 - 70°C) 

Symbol Parameter Min. Max. Unit 

Cll Input Capacitance (Ao -As) - 161 pF 

CI2 Input Capacitance (W) - 193 pF 

CI3 Input Capacitance (RASO, RAS3) - 62 pF 

CI4 Input Capacitance (CASO - CAS3) - 62 pF 

COOl I/O Cap (000 - 0031) - 29 pF 

C002 I/O Cap (MPO - MP3) - 39 pF 

NOTES: 
1) AC measurements assume IT = 5ns. 
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-------------------. DYNAMIC RAM· MSC2321A·XXYS18. 

Electrical Characteristics and Recommended AC Operating Conditions 

MSC2321A-BAYS18 MSC2321A-1AYS18 MSC2321A-80YS18 
Symbol Parameter 

MIN. MAX MIN. MAX MIN. 

IRC Random read or write cycle time 160 - 190 - 160 

tpc Fast page mode cycle time 55 - 55 - 50 

tRAC Access time from RAS - 80 - 100 -

tCAC Access time from CAS - 25 - 30 -

tAA Access time from Column address - 40 - 50 -

tCPA Access time from CAS procharge - 50 - 50 -

tcu CAS to output in Lo-Z - 0 - 0 -
tOFF Output buffer turn-off delay 0 20 0 20 0 

tT Transition time (Rise and Fall) 3 50 3 50 3 

tRP RAS procharge time 70 - 80 - 70 

tRAS RAS pulse width 80 10,000 100 10,000 80 

tRASP RAS pulse width (Fast page model 80 100,000 100 100.000 80 

tRSH RAS hold time 25 - 30 - 20 

tCSH CAS hold time 80 - 100 - 80 

tCAS CAS pulse width 25 10,000 30 10,000 20 

tRCD RAS to CAS delay time 25 55 25 70 22 

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

tCRP CAS to RAS precharge time 10 - 10 - 10 

tcp CAS precharge time (Fast page mode) 10 - 10 - 10 

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

tRAH Row address hold time 15 - 15 - 12 

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

tCAH Column address hold time 15 - 20 - 15 

tAR Column address hold time ref to RAS 60 - 75 - 60 

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

tRCS Read command set-up 0 - 0 - 0 

tRCH Read command hold time 0 - 0 - 0 

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

IWCH Write command hold time 15 - 20 - 15 

tWCR Write command hold time ref to RAS 60 - 75 - 60 

twp Write command pulse width 15 - 20 - 15 

tRWL Write command to RAS lead time 20 - 25 - 20 

tCWL Write command to CAS lead time 20 - 25 - 20 

tDS Date set-up time 0 - 0 - 0 

tDH Date hold time 15 - 20 - 15 

tDHR Date hold time referenced to RAS 60 - 75 - 60 

tREF Refresh time - 8 - 8 -

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

tCSR CAS set-up time (CAS before RAS cyclel 10 - 10 - 10 

tCHR CAS hold time (CAS before RAS cyclel 30 - 30 - 30 

tRPC RAS to CAS precharge time 10 - 10 - 10 

tCPN CAS precharger time 10 - 15 - 10 

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

21 Measured with a load equivalent to 2 TTL loads and 100p!. 

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

41 Either tRCH or tRRH must be satisfied for a read cycle. 

5) These parameters are referenced to CAS leading edge. 
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MSC2321A-10YS18 

MIN. MAX 
Units 

190 - ns 

55 - ns 

- 100 ns 

- 25 ns 

- 50 ns 

- 50 ns 

- 0 ns 

0 20 ns 

3 50 ns 

80 - ns 

100 10,000 ns 

100 100,000 ns 

25 - ns 

100 - ns 

25 10,000 ns 

25 75 ns 

20 50 ns 

10 - ns 

10 - ns 

0 - ns 

15 - ns 

0 - ns 

20 - ns 

75 - ns 

50 - ns 

0 - ns 

0 - ns 

10 - ns 

20 - ns 

75 - ns 

20 - ns 

25 - ns 

25 - ns 

0 - ns 

20 - ns 

75 - ns 

- 8 ns 

0 - ns 

10 - ns 

30 - ns 

10 - ns 

15 - ns 

Notes 

2.7 

2,7 

2,8 

2 

2 

3 

1 

7 

8 

4 

4 

5 

5 

6 

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

71 Operation within the tRCS (maxi limit, insures that tRAC (maxi can be met. tRCD (maxi is specified as a reference point only: if tRCD 
is greater than the specified tRCO (max) limit, them access time is controlled by tCAC. 

81 Operation within the tRAD (maxi limit, insures that tRAC (maxi can be met. tRAD (maxi is specified as a reference point only: if tRAD 
is greater than the specified tRAO (max) limit, them access time is controlled by tAA. 
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• DYNAMICRAM· MSC2321A-XXYS18 • 

• READ CYCLE 

'RP 

'RAS 

CAS V,H --;Ht-----r"'\f--~----1 ,..-,,..-f----:>:----
v1l _ 

'eL2 

00 VOH- ____ OPEN ____ (f//'t Valid Data 
VOL - -u/''''--_____ _ 

~ Oonicare 

• WRITE CYCLE (EARLY WRITE) 

356 

'RCD 
'CRP 

CAS V,H -~.--t+------i:-~ 1---"''''--1 r+---T--
v1l -

Address VIH
v1l -

'wcs 'WCH 

I ; IW~ 
WE ~:~: ~0t)Z0m/Z(~ i I 

I 

1wm;/lj////7ijl 

1 """ ,,,I ~ 
DQ ~:~ = W!I00!JII jlmE v,,,oo:= W/ff/!@!)j/jNI//;, 

~ Oon"tcare 



------------------. DYNAMIC RAM· MSC2321A-XXYS18 • 

• FAST PAGE MODE READ CYCLE 

CAS V,H - -*---4+----""'" 
",l -

Address VII·~
vll _ 

DQ VOH- _________ ~~ 

vOL -

• FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 

CAS V,H _-+--i-i-------,"" 
v,l -

Address v'l-i
v,L -

'RP 

We "1H -

VIL-~~~~~~~_r__i_~~~~~+-~~~~-~_4~~~~~ 

DQ V,H - -r.,..,.-rM--rr.. J,,------,j, 

vlL - ~.!-i.--'-"-;J---'-UI 1<-----'! 

~ Oon!care 

~ Don"tcare 
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• DYNAMIC RAM· MSC2321A-XXYS18 .-----------------

• RAS ONLY REFRESH CYCLE 

Addr ess V'H - // 
V'L _ ! 

iRC 

DQ VOH·" 
---------------------------OPEN--------------------------------

VOL -

D Oontcare 

NOTE WE '" Oon'l care. A9 = Don t care 

• CAS BEFORE RAS REFRESH CYCLE 

'RAS 

'CPN 'CS,1 

CAS V'H
V'L -__ -J 

DQ VOH-----------~ 
VOL _ 1>---------------- OPE'~ -----------------------------

~ Don'!care 

NOTE. WE = Don't care. AO - A9 = Don't care 
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-----------------. DYNAMIC RAM· MSC2321A-XXYS18 • 

• HIDDEN REFRESH READ CYCLE 

VIH-

RAS 
VIL -

VIH-
CAS 

VIL -

VIH -
Address 

VIL -

91 VIH-

WE 
VIL -

VOH-
DQ 

VOL -

lL2l Don't Care 

• HIDDEN REFRESH WRITE CYCLE 

VIH-

RAS 
VtL-

VIH-
CAS 

VIL-

VIH-
Address 

VIL -

VIH-

WE 
VIL -

VIH-
DQ 

Vll-

fLZJ Don'1 Care 

359 



OKI semiconductor 

MSC2328A-XX YS2/KS2 
262,144 BY 8 BIT DYNAMIC RAM MODULE 

GENERAL DESCRIPTION 

The Oki MSC2328A-XXYS2/KS2 is a fully decoded, 262,144 words 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,u F decoupling capacitors on a 30 pin glass epoxy Single-In-Line Package pro
vides any application where high density and large capacity of storage memory are required. The 
electrical characteristics of the MSC2328A-XX YS2/KS2are quite same as the original MSM514256A 
JS; each timing requirements are noncritical, and power supply tolerance is very wide. 

FEATURES 

• 262,144 word x 8 bit Organization 
• Single =5V Supply (10% Tolerance) 
• 30-Pin Socket Insertable Module 
• Refresh Period ... 8ms (51 2 cycles) 
• All Inputs, Outputs, Clocks 

Fully TTL compatible 
• 3-States Outputs 
• Common CAS Control for two Common 

Data-In and Data-Out Lines 

FUNCTIONAL BLOCK DIAGRAM 

AO-A8 

AO-A8 

~1---1RAS 

~HI----tCAS 

t-11-t-+---jWE 

360 

OOl--+-t-Hi---IDQ 

AD-AS 

RAS 

'------I CAS 

'-------I WE 
005 - 8-------1 

VCC 

Cl 

VSS 

• Row Access Time; 
80ns max. (MSC2328A-8A/80 YS2/KS2) 
lOOns max. (MSC2328A-1A/1OYS2/KS2) 

• Low Power Dissipation; 
825mW max. (MSC2328A-8A/80 YS2/KS2) 
7l5mW max. (MSC2328A-1A/1O YS2/KS2) 

• Operating Temperature ... O°C to 70°C 



---------------. DYNAMIC RAM -MSC2328A-XXIYS2/KS2. 

PIN ASSIGNMENT 

o CJCJ o 
30 

PINNa PIN NAME PINNa. PIN NAME PINNa. PIN NAME 

1 VCC 11 A4 21 WE 
2 CAS 12 A5 22 VSS 
3 DOl 13 D04 23 D07 
4 AO 14 A6 24 NC 
5 Al 15 A7 25 DOB 
6 D02 16 D05 26 NC 
7 A2 17 AB 27 RAS 
B A3 lB NC 2B NC 
9 VSS 19 NC 29 NC 

10 D03 20 D06 30 VCC 

ABSOLUTE MAXIMUM RATINGS (See Note) 

Rating Symbol Value Unit 

Voltage on any pin relative to VSS VIN. VOUT -1 to +7 V 

Voltage on Vee supply relative to VSS Vee -1 to +7 V 

Operating temperature Topr o to 70 De 

Storage temperature Tstg -55 to 150 De 

Power dissipation Po 2 W 

Short circuit output current 50 mA 

Note: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. Functional operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 
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• DYNAMIC RAM " MSC2328A-XX YS2/KS2 • ----------------

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 
ooe to +70oe 

Input High Voltage. 
VIH 2.4 - 6.5 V all inputs 

Input Low Voltage. 
VIL -1.0 all inputs - 08 V 

DC CHARACTERISTICS 
(Recommended operating conditions unless otherwise noted.) 

, MSe2328A- MSC2328A- MSC2328A MSC2328A-

Parameter Symbol 8AYS2/KS2 1AYS2/KS2 180YSiiKS2 10YS2/KS2 Unit 
Min. Max. Min. Max. Min. Max. Min. Max. 

Operating Current" 
Average power supply current 
(MS. ~ cycling; tRC = min.) 

ICC1 - 150 - 130 - 150 - 130 mA 

Standby Current" ICC2 - 4 - 4 - 4 - 4 mA (TIL) 
Power supply current 

ICC2 (RAS j. CAS = VIH) (MOS) - 2 - 2 - 2 - 2 mA 

REfresh Current 1 * 
Average power supply current 
(RAS cycling, CAS = VIH; tRC =min.) 

ICC3 - 150 - 130 - 150 - 130 mA 

Refresh Current 2* 
Average power supply current ICC6 - 150 - 130 - 150 - 130 mA 
(CAS before RAS; tRC = min) 

Page Mode Current" 
Average power supply current ICC7 - 120 - 120 - 130 - 120 mA 
(RAS = VIL. CAS cycling; tpc =min.) 

Input Leakage Current 
Input leakage current, any input 

III -20 20 -20 20 -20 20 -20 20 /lA (OV ~ VIN ~ 5.5V, all other 
pins not under test = OV) 

Output Leakage Current 
(Data out is disabled, ILO -10 10 -10 10 -10 10 -10 10 /lA 
OV ~ VOUT ~ 5.5V) 

Output Levels 
Output high voltage VOH 2.4 - 2.4 - 2.4 - 2.4 - V 
(\OH=-5mA) 
Output low voltage VOL - 0.4 - 0.4 - 0.4 - 0.4 V 
(lOL =4.2mA) 

Note·: ICC is dependent on output loading and cycle rates. Specified values are obtained with the 
output open. 
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----------------. DYNAMIC RAM • MSC2328A-XX YS2/KS2 • 

CAPACITANCE 
(Ta = 25°C. f = 1 MHz) 

Parameter 

Input Capacitance (Ao~A8) 

Input Capacitance (RAS, CAS, WE) 

Data Input/Output 
Capacitance (DO) 

Capacitance measured with Boonton Meter. 

Symbol 

CIN1 

CIN2 

COO 

Max. Unit 

30 pF 

30 pF 

20 pF 
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• DYNAMIC RAM • MSC2328A-XXYS2/KS2 • ---------------

AC CHARACTERISTICS 
(VCC = 5V ±1 0%, Ta = 0 to +70°C) Note 1,2,3 

MSC232BA- MSC232BA- MSC232BA- MSC2328A-

Parameter Symbol BAYS2/KS2 lAYS21 KS2 BOYS2/KS2 10YS2/KS2 Unit Note 
MIN MAX MIN MAX MIN MAX MIN MAX 

Refresh period tREF ~ 8 ~ 8 ~ 8 ~ 8 ms 

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

Fast page mode cycle time tpc 55 ~ 55 ~ 50 ~ 55 ~ ns 

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

tCAC 25 30 20 Access time from CAS ~ ~ ~ ~ 25 ns 4,5 

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

Access time from CAS precharge tCPA ~ 50 ~ 50 ~ 45 ~ 50 ns 4 

Output low impedance time from 
CAS 

tClZ 0 ~ 0 ~ 0 ~ 0 ~ 

ns 4 

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

Transition time tT 3 50 3 50 3 50 3 50 ns 3 

RAS precharge time tRP 70 ~ 80 ~ 70 ~ 80 ~ ns 

RAS pulse width tRAS 80 10000 100 10000 80 10000 100 10000 ns 

RAS pulse width tRASP 80 100000 100 100000 80 100000 100 100000 ns (Fast page mode cycle only) 

RAS hold time tRSH 25 ~ 30 ~ 20 ~ 25 ~ ns 

CAS precharge time tcp 10 ~ 10 ~ 10 ~ 10 ~ ns (Fast page mode cycle only) 

CAS pulse width tCAS 25 10000 30 10000 20 10000 25 10000 ns 

CAS hold time tCSH 80 ~ 100 ~ 80 ~ 100 ~ ns 

RAS to CAS delay time tRCD 25 55 25 70 25 60 25 75 ns 5 

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

CAS to RAS precharge time tCRP 10 ~ 10 ~ 10 ~ 10 ~ ns 

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

Row address hold time tRAH 15 ~ 15 ~ 12 ~ 15 ~ ns 

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

Column address hold time tCAH 15 ~ 20 ~ 15 -- 20 ~ ns 

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

Column address to RAS lead time tRAl 40 ~ 50 ~ 40 ~ 50 ~ ns 
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• DYNAMIC RAM' MSC2328A- XX YS2/KS2 • 

AC CHARACTERISTICS (CONT.) 

MSC2328A- MSC2328A- MSC2328A- MSC2328A-

Parameter Symbol 
8AYS2/KS2 -lAYS21 KS2 80YS2/KS2 10YS2/KS2 

Unit Note 
MIN MAX MIN MAX MIN MAX MIN MAX 

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

Read command hold time tRCH 0 -- 0 - 0 - 0 - ns 7 

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

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

Write command hold time tWCH 15 - 20 - 15 - 20 - ns 

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

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

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

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

Read command hold time tRRH 10 - 10 10 
reference to RAS 

- - 10 - ns 7 

RAS to CAS set-up time tCSR 10 - 10 - 10 - 10 - ns 
(CAS before RAS) 

RAS to CAS hold time tCHR 30 - 30 - 30 30 
(CAS before RAS) 

- - ns 

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

CAS precharge time tCPN 10 - 15 - 10 - 15 - ns 

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

2 The AC characteristics assume at tT = 5 ns. 

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

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

5 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 specilied 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. 
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• DYNAMIC RAM -MSC2328A-XXIYS2/KS2. ---------------

READ CYCLE 

L~'--t---r--r---I l I 'RCH 

I 'Res I --~ 

WRITE CYCLE(EARLY WRITE) 

'RC 

DO V1H - rrTT7TT7"TrTTTT7"777'n J.,---"J-n777777"777"777"TTT777777T 

v" _ LJ..L..,'-LL.LI.LL.<CL.LL.LLLLU 'F ___ *"-.L.i..L,-"-,-,-"-,-,-"-,-'-'-'-"-,-,-.J....I....l..>J 

~ Don'tcare 
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----------------. DYNAMIC RAM· MSC2328A-XX YS2/KS2 • 

FAST PAGE MODE READ CYCLE 

'RASP 

Address ~:~ ~ I / 

1--
DO VOH-_______ -W;)l 

VOL -

FAST PAGE MODE CYCLE (EARLY WRITE) 

~ Don"lcare 
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• DYNAMIC RAM • MSC2328A-XXYS2/KS2 • 

RAS ONLY REFRESH CYCLE 

CAS VIH-
V1L -

II VIH -
Address V1L _ 

DO 
VOH-- -------------------------opEN-------------------------------
VOL -

[2L] Don't care 

NOTE: WE = Don't care, A9 = Don't care 

CAS BEFORE RAS AUTO REFRESH CYCLE 

tCHR 

CAS VIH
VIL --__ -J 

DO VOH-
~---------------OPEN---------------------------VOL - _________ ~ 

~ Don'tcare 

NOTE: WE = Don't care, AO - A9 = Don't care 
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---------------. DYNAMIC RAM • MSC2328A-XXIYS2/KS2 • 

HIDDEN REFRESH READ CYCLE 

'Re 

~ Oon"care 

HIDDEN REFRESH WRITE CYCLE 

~ Don'tcare 
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OKI semiconductor 
M S C2340-XXYS9 / KS9 
4,194,304 Word x 9 Bit DYNAMIC RAM MODULE: FAST PAGE MODE TYPE 

GENERAL DESCRIPTION 

The Oki MSC2340-XXYS9/KS9 is a fully decoded, 4,194,304 word by 9 bit CMOS dynamic random 

access memory composed of nine 4Mb DRAMs in SOJ (MSM514100JS). The mounting of nine SOJs 

together with nine 0.2pF decoupling capacitors on a 30 pin glass epoxy Single-In-Line Package provides 

any application where high density and large capacity of storage memory are required. The electrical 

characteristics of the MSC2340-XXYS9/KS9 are quite same as the original MSM514100 JS; each 

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

FEATURES 

• 4,194,304 word x 9 bit organization 

• 30-Pin Socket Insertable Module 

• Family organization 

Access Time 
Cyele Time 

Power Dissipation 
Family (MAX) 

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

MSC2340-8 YS9/KS9 80 ns 40 ns 20 ns 160 ns 4455 mW 

MSC2340-8A YS9/KS9 80 ns 40 ns 25 ns 160 ns 4455 mW 49.5 mW 
(MOS level) 

MSC2340-10 YS9/KS9 100 ns 50 ns 25 ns 190 ns 3960 mW 

• Single + 5 V supply, ± 10% tolerance 

• Input: TTL compatible 

• Output: TTL compatible, tristate, nonlatch 

• Refresh: 1024 cyel es/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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--------------------------------------------------~.MSC2340-XXYS9/KS9. 

PIN ASSIGNMENT 

MSC2340-XXYS9 

DDDDD 
~DDDD3~ 

MSC2340-XXKS9 
r-------------------~----------------~ 

DDDDD 
~DDDD~ 

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

1 Vee 11 •• 21 WE 
2 CAS" 12 A' 22 VSS 
3 001 13 DO' 23 DO' · AD " •• 2. Ne , AI 15 A7 2' DO. 

• DO' I. DO' 2. O' , A2 17 A. 27 RAS 

• • 3 , . A9 2. = • VSS 
" 

AID 29 09 
10 003 20 DO. 30 Vee 

FUNCTIONAL BLOCK DIAGRAM 

DQ l---I+H-rl 

DQ2---I-+1+H 

DQ3---I+H-rl 

DQ4----"Ti DQ8---I~H--rl 

CAS9 

D9 

Vee .c;r. e, 
Q9 

Vss 
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-MSC2340-XXYS9/KS9_--------------------------------______________ ___ 

ELECTRICAL CHARACTERISTICS 

ABSOLUTE MAXIMUM RATINGS 

Rating Symbol Conditions 

Voltage on any pin 
VT Ta=25°C 

relative to Vss 

Short circuit output 
los Ta=25°C 

current 

Power dissi pation PD Ta=25°C 

Operating 
Topr -temperature 

Storage temperature Tstg -

RECOMMENDED OPERATING CONDITIONS 

Parameter Symbol MIN 

Vee 4.5 
Supply Voltage 

Vss 0 

Input high voltage VIH 2.4 

Input low voltage VIL -1.0 

Value Unit Note 

-1.0to+7.0 V 1 

50 mA 1 

9 W 1 

o to + 70 °C 1 

- 40 to + 125 °C 1 

(Ta = 0 to + 70°C) 

TYP MAX Unit Note 

5.0 5.5 V 2 

0 0 V 

- 6.5 V 2 

- 0.8 V 2 

Notes: 1. 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. 

2. All voltages are referenced to Vss. 

CAPACITANCE 
(Ta = 25°C, f = 1 MHz) 

Parameter Symbol TYP MAX Unit 

Input Capacitance (Ao to AlQ) CIN1 55 70 pF 

Input Capacitance (RAS, CAS, WE) CIN2 55 75 pF 

Data InputJOutput Capacitance (DQ1 to DQ8) CDQ 12 20 pF 

Input Capacitance (CAS9) CIN3 7 15 pF 

Input Capacitance (D9) CIN4 7 15 pF 

Output Capacitance (Q9) COUT 8 15 pF 

Capacitance measured with Boonton Meter. 
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--------------------------------------------------I.MSC2340-XXYS9/KS9. 

DC CHARACTERISTICS 

(V CC == 5 V ± 10%, Ta == 0 to + 70°C) 

M5C2340-8 MSC2340-8A MSC2340-10 

Parameter Symbol Conditions YS91 KS9 YS9 I KS9 YS91 KS9 
Unit Note 

MIN MAX MIN MAX MIN MAX 

Output high voltage VOH 10H= - 5.0 mA 2.4 Vcc 2.4 VCC 2.4 VCC V 

Output low voltage VOL 10L =4.2 mA 0 0.4 0 0.4 0 0.4 V 

OV<VI<6.5V; 

Input leakage current III 
all other pins 

90 90 90 90 90 90 IlA not under 
test = 0 v 

Output leakage 
DOl - 8,09 = 

current ILO disable -10 10 -10 10 - 10 10 IlA 
o V<, VO< 5.5 V 

Average power RAS, CAS, CAS9 
supply current ICCl cycling, - 810 - 810 - 720 mA 1,2 
(Operating) t RC = min 

RAS = V,H TTL 
Power supply current 

CAS, CAS9 - 18 - 18 - 18 

(Standby) ICC2 = VIH mA 
DOl-8, MaS - 9 - 9 - 9 
09 = Hz 

Average power RAS cycling, 
supply current ICC3 CAS, CAS9 = V,H - 810 - 810 - 720 mA 1,2 
(RAS only refresh) t RC = min 

RAS = V,H 
Power supply current 

Iccs 
CAS, CAS9 = Vil - 45 - 45 - 45 mA 1 (Standby) DOl-8,09 

= enable 

Average power 
RAS cycling, supply current 

ICC6 - 810 - 810 - 720 mA 1 (CAS before RAS CAS beforeRAS 
refresh) 

Average power RAS= v ll, 

supply current IcC? 
CAS, CAS9 - 720 - 720 - 630 mA 1,3 

(Fast page mode) 
cycling 

tpc = min 

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

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

2. Address can be changed once or less while CAS == VIH . 
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• MSC2340-XXYS9/KS9.------------------------------------------------

AC CHARACTERISTICS 
(V cc = 5 V ± 10%, Ta = 0 to + 70°C) Note 1, 2, 3,9,10 

MSC2340-8 MSC2340-8A MSC2340-10 

Parameter Symbol YS91 KS9 YS91 KS9 YS91 KS9 Unit Note 

MIN MAX MIN MAX MIN MAX 

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

Fast page mode cycle time tpc 55 - 55 - 65 - ns 

Access time from RAS tRAC - 80 - 80 - 100 ns 4. 5 

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

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

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

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

Output buffer turn-off delay ti me tOFF 0 20 0 20 0 25 ns 7 

Transition time tT 3 50 3 50 3 50 ns 3 

Refresh period tREF - 16 - 16 - 16 ms 

RAS precharge time tRP 70 - 70 - 80 - ns 

RAS pulse width tRAS 80 10,000 80 10,000 100 10,000 ns 

RAS pulse width (Fast page mode) tRASP 80 100,000 80 100,000 100 100,000 ns 

RAS hold time tRSH 20 - 25 - 25 - ns 

CAS precharge time tcp 10 - 10 - 10 - ns 

CAS pulse width tCAS 20 10,000 25 10,000 25 10,000 ns 

CAS hold time tCSH 80 - 80 - 100 - ns 

CAS to RAS precharge ti me tCRP 10 - 10 - 10 - ns 

RAS to CAS del ay ti me tRCD 22 60 25 55 25 75 ns 5 

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

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

Row address hold time tRAH 12 - 15 - 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 60 - 60 - 75 - ns 

Column address to RAS lead time tRAl 40 - 40 - 50 - ns 
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---------------------------------------------------.MSC2340-XXYS9/KS9. 

AC CHARACTERISTICS (Continued) 

MSC2340-8 MSC2340-8A MSC2340-10 

Parameter Symbol YS91 KS9 YS 91 KS9 YS91 KS9 
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 8 

Read command hold time reference to 
tRRH 10 10 10 8 RA5 

- - - ns 

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

Write command hold time tWCH 15 - 15 - 20 - ns 

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

Write command pulse width twp 15 
-

15 
-

20 
- ns 

Write command to RAS lead time tRwL 20 - 25 - 25 - ns 

Write command to CAS lead time tcwL 20 - 25 - 25 - 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 60 - 60 - 75 - ns 

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

precharge 

RAS to CAS set-up time (CAS before 
tCSR 10 - 10 - 10 - ns 

RAS) 

RAS to CAS hold time (CAS before 
tCHR 20 - 20 - 20 - ns 

RAS) 

CAS precharge time (Refresh counter 
tCPT 40 - 40 - 50 - ns 

test) 

WE to RAS precharge time (CAS 
tWRP 10 - 10 - 10 - ns 

before RAS) 

WE hold time from RAS (CAS before 
tWRH 20 - 20 - 20 - ns 

RAS) 

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

RAS to WE hold time (Test mode) tWHR 20 - 20 - 20 - ns 
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.MSC2340-XXYS9/KS9.------------------------------------------------

376 

Notes: 1. An initial pause of 200 lIs 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 tT = 5 ns. 

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

transition times are measured between VIH and VIL. 

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

5. 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 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. 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 remain in effect until the exit cycle is generated. 

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

RA 10, CA 10 and CAO are not used. In a read cycle, if all internal bits are equal, 

the data output pin will indicate a high level. If any internal bits are not equal, 

then 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 cycl e. 

10. In a test mode read cycle, the value of access time parameters is delayed for 5 ns 

for 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. 



------------------------. MSC2340-XXYS9/KS9 • 

READ CYCLE 

CAS V,H - ---"j.".--+t----±'"\II--~~---I/ ... .!...l.....----4.--.:..........-
CAS9 v" -

V,H -
AO-A10 v" -

V,H -
WE V,L -

OQl-8 VOH - ____ _ 

Q9 VOL_ 

_ "H"o,"L" 

WRITE CYCLE (EARLY WRITE) 

CAS V,H - --d;:::.=I-...j:::====;;::::; ... r--t::::---t;:L.----~2...---
CAS9 V,L -

Q9 VOH- ___________ OPEN ____________ _ 

VOL _ 

_"H"O'"L" 

377 



.MSC2340-XXYS9/KS9.,-------------------------------------------------

FAST PAGE MODE READ CYCLE 

AO-A10 V,H -
V 1L -

DOl -8 VOH - ___________ +~~ 

09 VOl -

FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 

AO-A10 V 1H -
V1L -

09 VOH - ----------_______ OPEN ______________ _ 

VOL -

B"H"or"l" 
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------------------------. MSC2340-XXYSS/KSS • 

RAS ONLY REFRESH CYCLE 

CAS V,H - --:j..---++------------------,:i;.,==",-r--

CAS9 VIL -

AO-A9 

001-8 VOH - __________ _ 

09 VOl -
OPEN 

NOTE: WE,A1O~"Wor"L· • "H"'or"L" 

CAS BEFORE RAS AUTO REFRESH CYCLE 

CAS V,H -
CAS9 VIL - ___ ---' 

w, ',"_ ~l----l ~ VIL-~ _ 

-I~i-DOl-8vOH - _ 

09 VOL - _____ __ 
OPEN 

NOTE: AO-A 10 ~"W or"L· _ "H"or"LH 
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• MSC2340-XXYS9/KS9 .-----------------------

HIDDEN REFRESH READ CYCLE 

RAS V1H -
V 1l -

CAS VIH -

CAS9 V,l -

V,H -
AO-Al0 

V,l -

WE 
V 1H -

V,l -

DQl-8 V OH -

D9 VOL -

HIDDEN REFRESH WRITE CYCLE 

RAS V1H -

V 1l -

AD-A10 V 1H -
Vil -

tRe 

M"Wor"L" 

Q9 VOH- ___________ OPEN ____________ _ 

VOL -

M"H"or"L" 
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_________________________________________________ .MSC2340_XXYS9/KS9. 

CAS BEFORE RAS REFRESH COUNTER TEST 

tRAS 

V 1H -
RAS 

V 1L -

tCHR 

CAS 
CAS9 

V 1H 91 AO-Al0 
V 1L 

READ CYCLE 

DQl-8 VO H -

Q9 VOL -
OPEN 

tWRH 

- V 1H 
WE 

VIL 

WRITE CYCLE 

Q9 
vOH -

OPEN 
VOL -

~ "H"or"L" 
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_MSC2340-XXYS9/KS9_-------------------------------------------------

TEST MODE INITIATE CYCLE 

CAS V'H-
CAS9 Vil - ____ -f 

we :: =~II~. tw",,------+"" .~ 

1'1--

382 

DQI-8 VOH -

Q9 VOL -
OPEN 

NOTE: AO-Al0, D9; "H" or "L" _"H"or"L'" 



------------------------------------------------.MSC2340-XXYS9/KS9. 

MSC2340YS9 

96.S2 --------I'll rS.28MAX 
1-'---------- 88.90 " 
1---------- .. ' 

.-r;!#;~~~~'~M"~ 
3.18 DIA 

j L 1.27 ~g:~~ 
2.28 f 0.13 

1.78 I 
-,..---1--"=-------- 73.66 ------I 

NOTE 1) SUBSTRATE ........ GLASS EPOXY (FR-4) 

2) CONTACT PADS .... Pb/SnorAuPLATING 

3) 4M x 1 DRAM x 9 pcs 

MSC2340KS9 

3.18 DIA 1----------- 96.52 --------'"i 

7.62 

88.90 
82.14 

1------------ 73.66 ---'"i 

NOTE 1) SUBSTRATE GLASS EPOXY (FR-4) 

2) CONTACT LEAD Pb I Sn SOLDER 

3) SEATING PLANE (PAl 0.83, PITCH 2.54) 

4) 4M x 1 DRAM x 9 pcs 

II +01 
2.54 MIN ~I--O.27 - 0.05 

SEATING PLANE 
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OKI semiconductor 

MSM5165AL 
8,192·WORD x 8·BIT CMOS STATIC RAM (E3·S·017·32) 

GENERAL DESCRIPTION 

The MSM5165ALRS/GS is a 8192-word by 8-bit CMOS static RAM featuring 5V power supply operation and direct TIL 
input/output compatibility. Since the circuitry is completely static, external clock and refreshing operations are unnecessary, 
making this device very easy to use. The MSM5165ALRS/GS is also a CMOS silicon gate device which requires very low 
power during standby (standby current of 100!lA) when there is no chip selection. 
A byte system is adopted, and since there is pin compatibility with standard ultra-violet EPROMs, this device is ideal for use as 
a peripheral memory for microcomputers and data terminal units etc. In addition, CE I CE2 and OE signals enable OR ties with 
the output terminals of other chips, thereby facilitating simple memory expansion and bus line control etc. 

FEATURES 

• Single 5V Supply 
• O°C - 70°C 
• Low Power Dissipation 

Standby; 0.55 mW MAX 
Operation; 330 mW MAX 

• High Speed (Equal Access and Cycle Time) 
100-150 ns MAX 

PIN CONFIGURATION 

(Top View) 

Ao - AI2 Address INPUTS 
1/0 1 - I/O, : Data Input/Output 
CE I' CE, : Chip Select 
WE : Write Enable 

DE , Output Enable 
VCC, VSS : Supply Voltage 

• Direct TTL Compatible. (Input and Output) 
• 3-State Output 
• Pin Compatible with 

64K EPROM (MSM2764) 
.28-pin DIP PKG 
.28-pin FLAT PKG 

PIN CONFIGURATION 

A, - AI, Address INPUTS 
1/0 1 - I/O, : Data Input/Output 
CE I' CE, : Chip Select 
WE : Write Enable 

OE , Output Enable 
VCC, Vss : Supply Voltage 
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• STATIC RAM· MSM5165AL .---------------------

388 

FUNCTIONAL BLOCK DIAGRAM 

As o---~~~-~ 
A, o-----i;od 
A7 0--------<-.--. 
As 0----

A,o----i;id: 
AlOo------l:;:Id 
AlIo----J 
AI2 o----t/s::::L_J 

I/O, o-'---~;>--1-~ 
I/O, D-ff"----t?--+l 
I/O,o-m--t?--+l 
I /0, o-+H<~---I>--+l 
I/O s o-+++~---I>--+l 
I/O, o-+++I-tt--t?--+l 
1/07 o-ttTt-m-l:<o:::Tl 
I/O, o-+++I+++~--+l 

CE, 

CE, 



---------------------. STATICRAM· MSM5165AL. 

TRUTH TABLE 

Mode CE I CE, WE OE I/O Ope rat ion 

H X X X 
Standby High Z 

X L X X 

L H H H High Z 
Read 

L H H L DOUT 

Write L H L X DIN 

X: H or L 

ABSOLUTE MAXIMUM RATINGS 

Rating Symbol Value Unit Conditions 

Supply Voltage VCC -0.3 to 7.0 V 
Respect to GND 

I nput Voltage VIN -0.3 to VCC + 0.3 V 

Operating Temperature T opr o to 70 °c 

Storage Temperature Tstg -55 to 150 °c 

Power Dissipation PD 1.0 W Ta = 25°C 

RECOMMENDED OPERATING CONDITION 

Parameter Symbol Min. I Typ. Max. Unit Conditions 

Vce 4.5 ! 5 ! 5.5 V 5V ± 10% 
Supply Voltage 

I 
I V VSS 0 

I Data Retention Voltage VCCH 2 I 5 5.5 V 

VIH 2.2 IVCC + 0.3 V 
Input Voltage 

i I 
5V ± 10% 

VIL -0.3 0.8 V 

CL 1 1 100 pF 
Output Load 

TTL I 1 
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• STATIC RAM· MSM5165AL .--------------------

DC CHARACTERISTICS 
(VCC = 5V ±10%, Ta = o°c to +70°C) 

MSM5165AL 
Paramter Symbol Unit Test Condition 

Min. Typ. Max. 

Input 

Leakage III -1 1 p.A VIN =Oto VCC 

Current 

Output CEI =VIHorCE, =VILor 

Leakage IlO -1 1 p.A OE = VIH 

Current V I/O = 0 to VCC 

Output VOH 2.4 V 10H =-1 mA 

Voltage VOL 0.4 V 10l = 2.1 mA 

CE I ~ Vce - 0.2V, CE, ~ Vce - 0.2V 

ICCS 2 100 p.A VIN = 0 to VCC 

Standby CE, ~0.2V 

Supply VIN = Oto VCC 

Current 
ICCS1 3 mA CEI = VIH, CE, = Vil 

Operating CD T CYC = Min Cycle, lOUT = 0 mA 
Supply ICCA mA 
Current 15 TCYC = 1 p.s,IOUT = 0 mA 

CD 5165AL-10 60 rnA 5165AL-12 55 rnA 5165AL-15 50 rnA 

AC CHARACTERISTICS 
Test Condition 

Parameter 

I nput Pulse level 

Input Rise and Fall Times 

I nput and Output 
Timing Reference Level 

Output load 

READ CYCLE 
(Vee = 5V ± 10%, Ta = O°C to 70°C) 

Parameter 

Read Cycle Time 

Address Access Time 

Chip Enable Access Time 

Output Enable to Output Valid 

Chip Selection to Output Active 

Output Hold Time From 
Address Change 

Output Enable to Output Active 

Output 3-state from Output Disable 

I 

Output 3-state from Chip Deselection 

390 

MSM5165AL·l0 
Symbol 

Min. Max. 

tRC 100 

tAC 100 

tco 100 

tOE 50 

tcx 10 

tOHA 10 

tox 5 

tOTO 0 35 

tCTD 0 50 

Conditions 

10 ns 

1.5V 

Cl=100 pF, 1 TTL Gate 

MSM5165AL·12 MSM5165AL·15 
Unit 

Min. Max. Min. Max. 

120 150 ns 

120 150 ns 

120 150 ns 

60 70 ns 

10 10 ns 

10 15 ns 

5 5 ns 

0 40 0 50 ns 

0 60 0 70 ns 



--------------------1. STATIC RAM· MSM5165AL. 

READ CYCLE 

~------------tRC----------~ 

I/O ------~~-I(...f..(' 

Notes: 1. A Read occurs during the overlap of a low eE" a high CE " a low OE and a high WE. 
2. tcx is specified from CE I or CE, whichever occurs last. 
3. tcro is specified from CE, or CE , whichever occurs first. 
4. tOHA and tOTO are specified by the time when DATA OUT is floating. 

WRITE CYCLE 

MSM5165AL-1O MSM5165AL-12 MSM5165AL-15 
Item Symbol 

Min. Max. Min. Max. Min. Max. 

Write Cycle Time twc 100 120 150 

Address to Write Setup Time tAS 0 0 0 

Write Time tw 60 70 90 

Write Recovery Time tWR 15 15 15 

Data Setup Time tos 40 50 60 

Data Hold from Write Time tOH 0 0 0 

Output 3-State from Write tOTW 0 35 0 40 0 

Chip Selection to End of Write tcw 80 100 120 

Address Valid to End of Write tAW 80 100 120 

Output Active from End of Write twx 5 5 5 

Notes: 1. 
2. 

A Write Cycle occurs during the overlap of a low CE, ' a high CE, and a low WE. 
OE may be both high and low in a Write Cycle. 

3. 
4. 
5. 

tAS is specified from CE I' CE, or WE, whichever occurs last. 
tw is an overlap time of a low CE, ' a high CE , and a low WE. 
tWR, tos and tOH are specified from CE" CE, or WE, whichever occurs first. 

50 

6. 
7. 

tOTW is specified by the time when DATA OUT is floating, not defined by output level. 
When I/O pins are Data output mode, don't force inverse signal to those pins. 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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• STATIC RAM· MSM5165AL .---------------------

WRITE CYCLE 

~I·~------------~C-------------~ 
~------------------------~ 

A.-A" 

r- tw 

ee, i 

~--+_--+_---tAw ---------.I 

CE, 

.;-~RI 
i ,-________________ __ 

,l)---------

LOW VCC DATA RETENTION CHARACTERISTICS 
(Ta ~ O°C to +70°C, unless otherwise notedl 

Parameter Symbol Min. Typ. Max. Unit Conditions 

VCC for Data Retention VCCH 2 5.5 V 
eE, ~VCC -0.2V, CE, ~VCC -0.2V 

CE, '" 0.2V 

VCC = 3V, CEI ~ VCC - 0.2V 

Data Retention Current ICCH 1 50 jJA CE,~VCC-0.2V 

VCC = 3V, CE,"'0.2V 

CS to Data Retention Time tsu a ns 

Operation Recovery Time tR 'IRC ns 

'IRC : Read Cycle Time 
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---------------------. STATIC RAM· MSM5165AL. 

CE I CONTROL 

VCC 

4.5V 

CE, CONTROL 

4.5V 

CE,;SVCC-O.2V 

CE , 

VCCH 

u u u u\ "AND" ""D'-1_"_t_~111-;-_ _ . 
~~S~_-._.·_·~_U_C_E~2~~O_.2V ______ ~;I-. 

CAPACITANCE 
ITa = 25'C, f = 1 MHz) 

Parameter Symbol Min. Typ. Max. 

Input/Output Capacitance CliO 10 

Input Capacitance GIN 6 

Note: This parameter IS periodically sampled and not 100% tested. 

Unit 

pF 

pF 
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OKI semiconductor 

MSM5188 
16,384-WORD x 4-BIT HIGH SPEED STATIC CMOS RAM 

GENERAL DESCRIPTION 

The MSM5188RS is a static CMOS RAM organized as 16384 words by 4 bits. It features 5V single power 
supply operation and direct TTL input/output compatibility. Since the circuitry is completely static, external 
clock and refreshing operations are unnecessary which makes this device very easy to use. 

The MSM5188RS is offered in a 22-pin slim package. 

FEATURES 

• Single 5V supply (±1 0%) • Access time 
• Completely static operation 45/55/70 ns MAX 
• Operating temperature range Ta = a to 70c C • Direct TTL compatible (Input and output) 
• Low power dissipation • 3-State output 

Standby. . . . . . . . . . . . . . . . . . 11 mW MAX • 22 pin DIP PKG (300 mil width) 
Operation ................ 605 mW MAX 

FUNCTIONAL BLOCK DIAGRAM 

Ao -r-

PIN CONFIGURATION 

A, 

Ao ;:s>: I----
A. C>-----~ MEMORY ARRAY 
A, -u- ROW 512ROWW -----0 Vee 
A, SELECT 32COLUMNS 
A" ;::;: x 4 BLOCK --oVss 
A" 

A"o--~ I----
An 

A" 

A" 
I I 

10, 

A" 

An 

10, INPUT r--- COLUMNI/O 
DATA I---- CIRCUIT ==-10, I----

CONTROL I---- COLUMN SELECT -
10. 

110, 

110, 

110, ~t~~~ 
CS 1/04 Ao A, A2 A3 A4 

vss 

I6=: 
Pin Names Function cs 

AotoA13 Address input 
WE 

110 ,to 110, Data input/output 

CS ChipSelect 

WE Write Enable 

VCC,VSS Supply Voltage 
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----------------------.STATICRAM·MSM51SS. 

ELECTRICAL CHARACTERISTICS 
ABSOLUTE MAXIMUM RATINGS 

Rating Symbol 

Supply Voltage VCC 

Condition 

Ta = 25°C Respect to VSS 
Input Voltage VIN 

Power Dissipation PD Ta = 25°C 

Operating Temperature Topr -

Storage Temperature Tstg -

RECOMMENDED OPERATING CONDITIONS 

Parameter Symbol Conditions Min. 

Supply Voltage VCC - 4.5 

"H" Input Voltage VIH 2.2 
VCC = 5V ± 10% 

"L" Input Voltage VIL -0.3 

CL - -
Output Load 

N TTL Load -

Value 

-0.3 to 7.0 

-0.3 to 7.0 

1.0 

o to +70 

-55 to +150 

Typ. Max. 

5.0 5.5 

- VCC +0.3 

- 0.8 

- 30 

- 1 

• When pulse width is equal to or smaller than 20 ns, VIH max = VCC + 1 .OV, VIL min = -1 .OV. 

DC CHARACTERISTICS 
(VCC = 5V±1 0%, Ta = O°C to 70°C) 

Parameter Symbol Conditions Min. Typ. Max. 

Input Leakage Current III VI =OtoVCC -1 1 

Output Leakage Current ILO 
CS =VIH 

-1 1 VIIO = 0 to VCC 

"H" Output Voltage VOH IOH =-4 mA 2.4 

"L" Output Voltage VOL IOL =8 mA 0.4 

CS ~ VCC - 0.2V 
Ices VIN ;;;0.2VOR 2 

Standby Supply Current VIN ~ VCC - 0.2V 

Ices1 
CS =VIH 30 
T CYC = min cycle 

Operating Supply Current leCA 
Min cycle, 

110 
lOUT =0 mA 

Unit 

V 

V 

W 

°c 

°c 

Unit 

V 

V 

V 

pF 

Unit 

J.<.A 

J.<.A 

V 

V 

mA 

mA 

mA 
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• STATIC RAM· MSM5188 .----------------------

CAPACITANCE 
(Ta = 25°C, f = 1 MHz) 

Parameter Symbol Condition Min. Max. Unit 

Input Capacitance CI VI=OV 6 pF 

,110 Capacitance CliO VIIO =OV 8 pF 

AC CHARACTERISTICS TEST CONDIT-IONS 

Parameter Conditions 

Input Pulse Level VIH = 3.0V, VIL = OV 

Input Rise and Fall Times 5 ns 

InputlOutput Timing Reference Level 1.5V 

Output Load CL = 30 pF, 1 TTL GATE 

READ CYCLE 
(VCC = 5V±1 0%, Ta = O°C to 70°C) 

5188-45 5188-55 5188-70 
Parameter Symbol Unit 

Min. Max. Min. Max. Min. Max. 

Read Cycle Time TRC 45 55 70 ns 

Address Access Time TAC 45 55 70 ns 

Chip Select Access Time TCO 45 55 70 ns 

Chip Selection to Output Active TCX 5 5 5 ns 

Output Hold Time from 
TOHA 5 5 5 ns Address Change 

Output 3-state from 
TOTO 0 25 0 25 0 30 ns Oeselection 

Chip Selection to Power 
TpU 0 0 0 ns upTime 

Chip Oeselection to Power 
TpO 0 45 0 55 0 70 ns DownTime 

Notes: 1. Read Condition: During the overlap of a low CS and a high WE. 
2. TCX and TOTO are measured ±200 mV from steady state voltage with specified loading 

in Figure 2. 
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----------------------. STATIC RAM· MSM5188. 

5V 

°OUT--_------o 

25511 

48011 

30 pF 
CL 

Figure 1 Output Load 

WRITE CYCLE 
(VCC = 5V±1 0%, Ta = O°C to 70°C) 

Parameter Symbol 

Write Cycle Time TWC 

Chip Selection to End of Write TCW 

Address Valid to End of Write TAW 

Address to Write Setup Time TAS 

Write Time TW 

Write Recovery Time TWR 

Oata Setup Time TOS 

Oata Hold from Write Time TOH 

Output 3-state from Write TOTW 

Output Active from End of Write TOW 

5V 

48011 

°OUT-__.--.... 

25511 5 pF 
CL 

Figure 2 Output LOCld 

5188-45 5188-55 

Min. Max. Min. Max. 

45 55 

40 45 

40 45 

0 0 

40 45 

5 5 

25 25 

0 0 

0 20 0 25 

0 0 

Notes: 1. Write condition: Ouring the overlap of a low CS and a low WE. 

Note: CL includes 
scope and jig. 

5188-70 
Unit 

Min. Max. 

70 ns 

55 ns 

55 ns 

0 ns 

55 ns 

5 ns 

30 ns 

0 ns 

0 30 ns 

0 ns 

2. T AS is specified from a low CS or a low WE, whichever occurs last after the address is set. 
3. TW is an overlap time of a low CS and a low WE. 
4. TWR, TOS and TOH are specified from a high CS or a high WE, whichever occurs first. 
5. TOTW and TOW are measured ±200 mV from steady state voltage with specified loading 

in Figure 2. 
6. When I/O pins are Oata output mode, don't force inverse input Signals to those pins. 

READ CYCLE TIMING 1 

AO-A"=f=_-=-. TAC --*-
OOUT----~---------~T~O~H~A--~~ X 2;*--------v-a-lid-o-at-a--------
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• STATIC RAM· MSM5188 .1----------------------

READ CYCLE TIMING 2 

----.. 
f\-

lCO 
TCX 

DOUT 
Open 

l TpU 

___ 1 ____ 
ICC 

PowerS 
ISS 

upply 1'-50% 

WRITE CYCLE TIMING 1 
(WE Control) 

~ 

--...:.J 
~ 

I 

\ ~ 

DOUT 

WRITE CYCLE TIMING 2 
(CS Control) 

-
~ 

S 
- ~ Ir 

TAS 

XXJr\ 

TWC 

TCW 

lAW 
I 

~\t-
I 

T WC 

TCW 

TAW 

<-

TOTD 

J Valid Data 
TPD!'] 

50% 

1 
f 
: 

I 117777 
TW TWRi 

L 

TDS TDH 

~ Valid Data -} 
TOTW I TOW 

Open 
-I 

" 

-.f--

TW 
TWR 

"'-~ \ \ \ \ \ \ \ \ \..: IIIIIII 
L TDS TDH 

i t Valid Data 

~OTW 

DOUT _______________________ ~~~--------o~p~e~n-------

398 

Open 

K--



OKI semiconductor 

MSM51257AL 
32,768-WORD x 8-BIT CMOS STATIC RAM 

GENERAL DESCRIPTION 

The MSM51257 ALRS/GS is a 32768-word by 8-bit CMOS RAM static RAM featuring 5V power supply operation and 
direct TIL input/output compatibility. Since the circuitry is completely static, external clock and refreshing operations are 
unnecessary, making this device very to use. The MSM51257 ALRS/GS is also a CMOS silicon gate device which requires 
very low power during standby (standby current of 100MA) when there is no chip selection. 
CS and OE signals enable OR ties with the output terminals of other chips, thereby facilitating simple memory expansion 
and bus line control etc. 

FEATURES 

• Single 5V Supply 

• d'C - 70°C 
• Low Power Dissipation 

Standby; 0.55 mW MAX 
Operation; 385 mW MAX 

• High Speed (Equal Access and Cycle Time! 
85-120 ns MAX 

PIN CONFIGURATION 

(Top View! 

A" 

A.- A,. Address INPUTS 
110, -- 1/08 ; Data Input/Output 

CS Chip Select 
WE : Write Enable 

OE Output Enable 

VCC, VSS Supply Voltage 

• Direct TTL Compatible. (Input and Output! 
• 3-State Output 
• 28-pin DIP PKG 

• 28-pin FLAT PKG 

PIN CONFIGURATION 

A. - A,. Address INPUTS 
I/0, - I/0, ; Data Input/Output 
CS ; Chip Select 
WE : Write Enable 

N i Output Enable 

V CC, V 55 Supply Voltlgo 

399 



• STATIC RAM . MSM51257AL.I--------------------

400 

I/O, 
IJO, 
I/O, 
IJO, 
IJO, 
IJO. 
IJO, 
IJO, 

FUNCTIONAL BLOCK DIAGRAM 

:0-
~ ~ MEMORY ARRAY 

~ ROW 512 ROWS ~Vcc 
~ 

, 
SELECT 64COLUMNS 

oE-----<) VSS 

f.l.. • B BLOCK 

~ 

r---
r--------I 

"'- == COLUMN I/O 
~ 

INPUT ~ CIRCUITS ill ~ 
:'- DATA::::= COLUMN SELECT ~ 
~ =- ¥ ¥ ¥ ¥ ¥ r'n 1H 111' 1 
:'-< 
;:-< 

II-~ Ao AI A2 AJ A4 As 

I 

~ 



____________________ • STATIC RAM· MSM51257AL. 

TRUTH TABLE 

Mode CS WE OE I/O Ope rat ion 

Standby H X X High Z 

L H H High Z 
Read 

L H L DOUT 

Write L L X DIN 

X: H or L 

ABSOLUTE MAXIMUM RATINGS 

Rating Symbol Value Unit Conditions 

Supply Voltage Vce -0.3 to 7.0 V 

-0.3 to VCC + 0.3 
Respect to GND 

Input Voltage VIN V 

Operating Temperature Topr o to 70 °c 

Storage Temperature Tstg -55 to 150 °c 

Power Dissipation PD 1.0 W Ta = 25°C 

RECOMMENDED OPERATING CONDITION 

Parameter Symbol Min. Typ. Max. Unit Conditions 

VCC 4.5 5 5.5 V 5V ± 10% 
Supply Voltage 

0 V VSS 

Data Retention Voltage Vcdi 2 5 5.5 V 

VIH 2.2 VCC + 0.3 V 
Input Voltage 5V ± 10% 

VIL -0.3 0.8 V 

CL 100 pF 
Output Load 

TTL 1 
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• STATIC RAM, MSM51257AL .---------------____ _ 

DC CHARACTERISTICS 

Paramter Symbol 
Min. 

Input 

Leakage III -1 

Current 

Output 

Leakage ILO -1 

Current 

Output VOH 2.4 

Voltage VOL 

Standby ICCS 

Supply 

Current 
ICCSl 

Operating 

Supply ICCA 

Current 

AC CHARACTERISTICS 
Test Condition 

Parameter 

I nput Pulse Level 

MSM51257AL 
Unit 

Typ. Max. 

1 IlA 

1 IlA 

V 

0.4 V 

2 100 IlA 

I 

3 mA 

CD mA 

Input Rise and Fall Times 

Input and Output 
Timing Reference Level 

Output Load 

READ CYCLE 
(Vcc = 5V ± 10%, Ta = O°C to 70°C) 

Parameter 

Read Cycle Time 

Address Access Time 

Chip Enable Access Time 

Output Enable to Output Valid 

Chip Selection to Output Active 

Output /'fold Time From 
Address Change 

Output 3·state from Output Disable 

Output 3·state from Chip 
Deselection 

Output Enable to Output Active 
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MSM51257AL-85 
Symbol 

Min. Max. 

tRC 85 

tAC 85 

tco 85 

tOE 45 

tcx 10 

tOHA 5 

tOTO 30 

tCTD 30 

tox 5 

Test Condition 

VIN = Oto VCC 

CS = VIH or 

OE = VIH 

VI/O = a to VCC 

IOH=-lmA 

IOL = 2.1 mA 

CS :>: VCC - 0.2V 

VIN = a to VCC 

CS = VIH 

MIN CYCLE, lOUT = 0 mA 

CD 51257 AL-85 80 mA 51257 AL-1 0/12 70 mA 

Conditions 

VIH = 2.4V, VIL = 0.6V 

5ns 

1.5V 

CL =100 pF, 1 TTL Gate 

MSM51257AL-l0 MSM51257AL-12 
Unit 

Min". Max. Min. Max. 

100 120 ns 

100 120 ns 

100 120 ns 

50 60 ns 

10 10 ns 

10 10 ns 

35 35 ns 

35 35 ns 

5 5 ns 



--------------------...... STATIC RAM· MSM51257AL. 

READ CYCLE 

~------------tRC----------~~ 

i/O -------.:""'--1(~ 

Notes: 1. A Read occurs during the overlap of a low CS, a low OE and a high WE. 

2. tCTD and tOTD are specified by the time when DATA OUT is float;ng. 

WRITE CYCLE 

MSM51257AL-85 MSM51257AL-1O MSM51257AL-12 
Item Symbol 

Min. Max. Min. Max. Min. Max. 

Write Cycle Time twc 85 100 120 

Address to Write Setup Time tAS 0 a 0 

Write Time tw 70 75 90 

Write Recovery Time tWR 5 10 10 

Data Setup Time tDS 40 40 50 

Data Hold from Write Time tDH a 0 0 

Output 3-State from Write tOTW a 30 a 35 a 35 

Chip Selection to End of Write tcw 75 90 100 

Address Valid to End of Write tAW 75 90 100 

Output Active from End of Write twx 5 5 5 

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

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

3. tAS is specified from CS or WE, whichever occurs last. 
4. tw is an overlap time of a low CS, and a low WE. 

5. tWR, tDS and tDH are specified from CS or WE, whichever occurs first. 

6. tOTW is specified by the time when DATA OUT is floating, not defined by output level. 

7. When I/O pins are Data output mode, don't force inverse signal to those pins. 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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• STATIC RAM· MSM51257AL .,--------------------~ 

WRITE CYCLE 

!Wc 

Ao-A14 

r- tw 

CS 

tAW 

I~Att tcw t,"R-1 
W"E" 

I 

I/O (D,N) ) , 
tOTW 

I/O (DOUT) 

LOW VCC DATA RETENTION CHARACTERISTICS 
(Ta ~ O°C to +70°C, unless otherwise noted) 

Parameter Symbol Min. Typ. Max. Unit Conditions 

VCC for Data Retention VCCH 2 5.5 V C S "'" VCC - 0.2V 

Data Retention Current ICCH 1 50 IlA VCC = 3V, CS "'" VCC - 0.2V 

CS to Data Retention Time tsu 0 ns 

Operation Recovery Time tR 'tRC ns 

, tRC = Read Cycle Time 
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____________________ • STATIC RAM· MSM51257AL. 

CS CONTROL 

Vcc 

4.5V 

CAPACITANCE 
(Ta = 25C C. f = 1MHz) 

Parameter 

Input/Output Capacitance 

Input Capacitance 

CS ;;;; Vcc - 0.2V 

Symbol Min. 

CliO 

CIN 

Note: This parameter is periodically sampled and not 100% tested. 

Typ. Max. Unit 

10 pF 

10 pF 
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OKI semiconductor 

MSM51257 ALL 
32.768-WORD x 8-BIT CMOS STATIC RAM 

GENERAL DESCRIPTION 

The MSM 51257 ALLRS/GS is a 3276B-word by B-bit CMOS RAM static RAM featuring 5V power supply operation and direct 
TTL input/output compatibility. Since the circuitry is completely static, external clock and refreshing operations are unnec
essary, making this device very easy to use. The MSM51257 ALLRS/GS is alsoa CMOS silicon gate device which requires very 
low power during standby (standby current of 20JlA) when there is no chip selection. 
CS and rn: signals enable OR ties with the output terminals of other chips, thereby facilitating simple memory expansion and 
bus line control etc. 

FEATURES 

• Single 5V Supply 

• rfc - 7rfC 
• Low Power Dissipation 

Standby; 0.11 mW MAX 
Operation; 3B5 mW MAX 

• High Speed (Equal Access and Cycle Time) 
85-120 ns MAX 

PIN CONFIGURATION 

A.- A" Address INPUTS 
1/0, - 1/0. : Oeta InputlOutput 
CS : Chip Select 
WE : Write Enable 
OE , Output Enable 

VCC, VSS : Supply Voltege 

406 

• Direct TTL Compatible. (Input and Output) 
• 3-State Output 

• 28-pin DIP PKG 
• 2B-pin FLAT PKG 

PIN CONFIGURATION 

A. - A" Addr ••• INPUTS 
1/0, - 1/0. : Oete InputlOutput 
CS : Chip Select 
WE : Write Eneble 
OE , Output Enable 

VCC, VSS : Supply Voltage 



-------------------. STATIC RAM· MSM51257ALL. 

If 0, 
If 0, 
If 0, 
IfO, 
tlO s 
If 0, 
1/0 7 

If 0, 

(j-

FUNCTIONAL BLOCK DIAGRAM 

~ r-;-
MEMORY ARRAY 

~ 
:u- ROW , 512 ROWS ~Vcc 

~ SELECT 64COLUMNS 
~vss 

:0- ~ x a aLOCK 

~ 
~ 

~--------I 
~ 

r--
~ 

~ I COLUMN If 0 
INPUT CIRCUITS 

~-.1 
-~ 

DATA COLUMN SELECT =- Tff~¥¥~ :~ 'J.'J.'J. '] ~ 

~ 

1111~ Ao Al A2 A) A4 As 
--

1!lll. I 
II 
L __ 

------
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• STATIC RAM· MSM51257ALL··------------------

TRUTH TABLE 

Mode es WE OE 1/0 Operat ion 

Standby H X X High Z 

L H H High Z 
Read 

L H L DOUT 

Write L L X DIN 

X: H or L 

ABSOLUTE MAXIMUM RATINGS 

Rating Symbol Value Unit Conditions 

Supply Voltage Vee -0.3 to 7.0 V 

-0.3' to Vee + 0.3 
Respect to GND 

Input Voltage VIN V 

Operating Temperature Topr o to 70 °e 

Storage Temperature Tstg -55 to 150 °e 

Power Dissipation PD 1.0 W Ta = 25°C 

* Pulse Width<30ns : -3.0V MIN 

RECOMMENDED OPERATING CONDITION 

Parameter Symbol Min. Typ. Max. Unit Conditions 

VCC 4.5 5 5.5 V 5V ± 10% 
Supply Voltage 

VSS 0 V 

Data Retention Voltage VccH 2 5 5.5 V 

VIH 2.2 Vee + 0.3 V 
I nput Voltage 5V ± 10% 

VIL -0.3' 0.8 V 

eL 100 pF 
Output Load 

TTL 1 

* Pulse Width<30ns : -3.0V MIN 
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------------------- STATIC RAM· MSM51257ALL-

DC CHARACTERISTICS 

MSM51257ALL 
Paramter Symbol 

Min. 

Input 

Leakage III -1 

Current 

Output 

Leakage ILO -1 

Current 

Output VOH 2.4 

Voltage VOL 

Standby ICCS 

Supply 

Current 
ICCSI 

Operating 

Supply ICCA 
Current 

*Ta-O to 40 C . 6J1A MAX 

AC CHARACTERISTICS 
Test Condition 

Parameter 

I nput Pulse Level 

Input Rise and Fall Times 

I nput and Output 
Timing Reference Level 

Output Load 

READ CYCLE 
(Vee = 5V ± 10%, Ta = O°C to 70°C) 

Typ. Max. 

1 

1 

0.4 

20' 

3 

CD 

Unit Test Condi!ion 

jJ.A VIN = 0 to VCC 

CS = VIH Or 
jJ.A OE = VIH 

VIIO = 0 to VCC 

V IOH = -1 mA 

V IOl =2.1 mA 

jJ.A 
CS i:; VCC - 0.2V 

VIN = 0 to VCC 

mA CS = VIH 

mA MIN CYCLE, lOUT = 0 mA 

CD 51257AlL-85 80mA 51257AlL-l0/12 70mA 

Conditions 

VIH = 2.4V, VIL = 0.6V 

5ns 

1.5V 

CL=I00pF,1 TTL Gate 

MSM51257ALL-85 MSM51257ALL-l0 MSM51257ALL-12 
Parameter Symbol Unit 

Min. Max. Min. Max. Min. Max. 

Read Cycle Time tRC 85 100 120 ns 

Address Access Time tAC 85 100 120 ns 

Chip Enable Access Time tco 85 100 120 ns 

Output Enable to Output Val id tOE 45 50 60 ns 

Chip Selection to Output Active tcx 10 lQ 10 ns 

Output Hold Time From 
tOHA 5 10 10 ns 

Address Change 

Output 3-state from Output Disable tOTD 30 35 35 ns 

Output 3-state from Chip 
tCTD 30 35 Deselection 35 ns 

Output Enable to Output Active tox 5 5 5 ns 
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• STATIC RAM· MSM51257ALL .1--------...,.......---------
READ CYCLE 

~-----------tRC----------~ 

Ao-A'4 

1/0 ------------.:::~~~ 

Not.: 1. A Read occurs during the overlap of a low CS, a low OE and a high WE. 

2. tCTD and tOTO are specified by the time when DATA OUT is floating. 

WRITE CYCLE 
(Vee = 5V ± 10%, Ta = O°C to +70°CI 

MSM51257ALL-85 MSM51257 ALL-1 0 MSM51257 ALl-12 
Item Symbol 

Min. Max. Min. Max. 

Write Cycle Time twc 85 100 

Address to Write Setup Time tAS 0 0 

Write Time tw 70 75 

Write Recovery Time tWR 5 10 

Deta Setup Time tDS 40 40 

Data Hold from Write Time tDH 0 0 

Output 3-State from Write tOTW 0 30 0 35 

Chip Selection to End of Write tcw 75 90 

Address Valid to End of Write tAW 75 90 

Output Active from End of Write twx 5 5 

Notes: 1. 
2. 

A Write Cycle occurs during the overlap of a low CS, and a low WE. 
OE may be both high and low in a Write Cycle. 

3. 
4. 
5. 

tAS is specified from CS or WE, whichever occurs last. 
tw is an overlap time of a low CS, and a low WE. 
tWR, tDS and tDH are specified from CS or WE, whichever occurs first. 

Min. Max. 

120 

0 

90 

10 

50 

0 

0 35 

100 

100 

5 

6. 
7. 

tOTW is specified by the time when DATA OUT is floating, not defined by output level. 
When 1/0 pins are Data output mode, don't force inverse signal to those pins. 

4\0 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 



-------------------STATIC RAM· MSM51257ALL-

WRITE CYCLE 

~-------------twc------------~ 

~------tw------~ 

CS 

~--+---+----tAW--------~ 

~~~-+-----tcw------~! 

1/0 lOIN) ------4----...(' 

I/OIDOUT) ______ J 

LOW VCC DATA RETENTION CHARACTERISTICS 
(Ta = O°C to +70o C. unless otherwise noted) 

Parameter 

VCC for Data Retention 

Data Retention Current 

CS to Data Retention Time 

Operation Recovery Time 

*Ta=O to 40'C: 3JlA MAX 

** tRC : Read Cycle Time 

Symbol Min. 

VCCH 2 

ICCH 

tsu 0 

tR "tRC 

Typ. Max. Unit 

5.5 V 

10' IJA 

ns 

ns 

')0)-----, 

Conditions 

C S ~ VCC - O.2V 

VCC = 3V. CS ~ Vce - 0.2V 
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- STATIC RAM· MSM51257ALL-I-----------------

CS CONTROL 

VIH 

CS 

ov 

CAPACITANCE 
(Ta = 25°C. f = 1MHzI 

Parameter 

Input/Output Capacitance 

Input Capacitance 

CS ;;;:: VCC - 0.2V 

Symbol Mm. 

CliO 

CIN 

Note: This parameter is periodically sampled and not 100% tested. 
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Typ. Max. Unit 

10 pF 

10 pF 



OKI &ernlconductor 

MSM51256 
32,768-WORD x 8-BIT CMOS STATIC RAM 

GENERAL DESCRIPTION 

The MSM51256RS/GS is a 3276B-word by B-bit CMOS static RAM featuring 5V power supply operation and direct TIL 
input/output compatibility. Since the circuitry is completely static, external clock and refreshing operations are 
unnecessary, making this device very to use. The MSM51256RS/GS is also a CMOS silicon gate device which requires 
very low power during standby (standby current of 1~) when there is no chip selection. 
CS and OE signals enable OR ties with the output terminals of other chips, thereby facilitating simple memory expansion 
and bus line control etc. 

FEATURES 

• Single 5V Supply 
• -40°C ~ B5°C 
• Low Power Dissipation 

Standby; 5.5 iJ.W MAX 
Operation; 38SmW MAX 

• High Speed (Equal Access and Cycle Time) 
100/120 ns MAX 

PIN CONFIGURATION 

(Top View) 

Ao -... A14 Address INPUTS 

I/O, - I/O, ; Data Input/Output 

CS Chip Select 

WE : Write Enable 

DE Output Enable 

VCC, VSS Supply Voltage 

• Direct TTL Compatible. (Input and Output) 
• 3-State Output 
.2B-pin DIP PKG 

• 2B-pin FLAT PKG 
• 3V operation 

PIN CONFIGURATION 

(Top V,ew) 

Ao -- Al4 Address INPUTS 

I/O, - I/O, ; Date Input/Output 

CS Chip Select 

WE Write Enable 

~ Output Enable 

VCC' VSS Supply Voltaga 
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• STATIC RAM· MSM51256 .1---------------------

414 

FUNCTIONAL BLOCK DIAGRAM 

A,o-----~c=r_--I 
A, o-----~c::j 
A, o------cr"1 
A, o-------t:o;::::::l 
AIO o------co;::::::l 
All o------cc:::l 
A" o------cc:::l 
A" o-------cc:::l 
A,.o--------QpL __ J 

liD, o-~-~r__r-I 
110, o--#---~___H 
110, INPUT 
110. DATA 
110, CON-
liD, TROL 
110, o--*fffl~---H 
110, o--+++t+t1~-+L ___ I 



---------------------1. STATIC RAM· MSM51256. 

TRUTH TABLE 

Mode CS WE OE 1/0 Operat ion 

Standby H X X High Z 

L H H High Z 
Read 

L H L DOUT 

Write L L X DIN 

X : H or L 

ABSOLUTE MAXIMUM RATINGS 

Rating Symbol Value Unit Conditions 

Supply Voltage VCC -0.3 to 7.0 V 

-0.3 to VCC + 0.3 
Respect to GND 

I nput Voltage VIN V 

Operating Temperature Topr -40- 85 °c 

Storage Temperature Tstg -55 to 150 °c 

Power Dissipation Po 1.0 W Ta=25°C 

RECOMMENDED OPERATING CONDITION 

Parameter Symbol Min. Typ. Max. Unit Conditions 

VCC 4.5 5 5.5 V 5V ± 10% 
Supply Voltage 

0 V VSS 

Data Retention Voltage VCCH 2 5 5.5 V 

VIH 2.2 Vce + 0.3 V 
I nput Voltage 5V ± 10% 

VIL -0.3 0.8 V 

Output Load 
CL 100 pF 

TTL 1 
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• STATIC RAM· MSM51256 .---------------------

DC CHARACTERISTICS 
(VCC = 5V ±10%. Ta = -40°C to +85°C) 

MSM51256 
Paramter Symbol 

Min. 

Input 

Leakage ILl -1 

Current 

Output 

Leakage IlO -1 

Current 

Output VOH 2.4 

Voltage VOL 

Standby ICCS 

Supply 

Current 
ICCS1 

Operating 

Supply ICCA 
Current 

AC CHARACTERISTICS 
Test Condition 

Parameter 

I nput Pulse Level 

Input Rise and Fall Times 

Input and Output 
Timing Reference level 

Output Load 

READ CYCLE 
(Vee = 5V ± 10%, Ta = -40°C to +85°C) 

Parameter 

Read Cycle Time 

Address Access Time 

Chip Enable Access Time 

Output Enable to Output Valid 

Chip Selection to Output Active 

Output Hold Time From 
Address Change 

Output 3-state from Output Disable 

Output 3-state from Ch ip 

Deselection 

Output Enable to Output Active 

416 

Typ. 

Symbol 

tRC 

tAC 

tco 

tOE 

tcx 

tOHA 

tOTO 

tCTD 

tox 

Unit Test Condition 
Max. 

1 "A VIN = 0 to VCC 

CS = VIH or 

1 "A OE = VIH 

VIIO = 0 to VCC 

V IOH = -1 mA 

0.4 V 10l = 2.1 mA 

0.2 Ta - 25°C 

1 p.A Ta = Boac CS ~ VCC-O.2V 
VIN =OtoVCC 

10 Ta = 85°C 

3 mA CS = VIH 

70 MIN CYCLE, lOUT = 0 mA 
mA 

20 f= 1 MHz, VIWVCC, Vil =OV, IOUT=OmA 

Conditions 

VIH = 2.4V, Vil = O.BV 

5ns 

1.5V 

CL =100 pF. 1 TTL Gate 

MSM51 256-10 MSM5125B-12 
Unit 

Min. Max. Min. Max. 

100 120 ns 

100 120 ns 

100 120 ns 

50 60 ns 

10 10 ns 

10 10 ns 

40 50 ns 

50 60 ns 

5 5 ns 



---------------------. STATIC RAM· MsM51256. 

READ CYCLE 

~------------tRC----------~ 

1/0 ------......::..:...:.....*~ 

Not.: 1. A Read occurs during the overlap of a low CS, a low OE and a high WE, 
-2. tCTO and tOTO are specified by the time when DATA OUT is floating. 

WRITE CYCLE 
(Vcc = 5V ± 10%, Ta = -40°C to +85°C) 

MSM51256-10 MSM51256-12 
Item Symbol 

Min. Max_ Min. Max. 

Write Cycle Time twe 100 120 

Address to Write Setup Time tAS 0 0 

Write Time tw 75 90 

Write Recovery Time tWR 10 10 

Data Setup Time tDS 40 50 

Data Hold from Write Time tDH 0 0 

Output 3-State from Write tOTW 0 50 0 60 

Chip Selection to End of Write tcw 90 100 

Address Valid to End of Write tAW 90 100 

Output Active from End of Write twx 5 5 

Notes: 1. 
2. 

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

OE may be both high and low in a Write Cycle. 
3. 
4. 
5. 

tAS is specified from CS or WE, whichever occurs last. 
tw is an overlap time of a low CS, and a low WE. 

tWR, tos and tOH are specified from CS or WE, whichever occurs first. 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

6. 
7. 

tOTW is specified by the time when DATA OUT is floating, not defined by output level. 
When 1/0 pins are Data output mode, don't force inverse signal to those pins. 

417 



• STATIC RAM· MSM51256 .---------------------

WRITE CYCLE 

~-------------twc------------~ 

I/O (DIN) -------+----K 

CAPACITANCE 
(Ta = 25'C, f = 1MHz) 

Parameter 

Input/Output Capacitance 

Input Capacitance 

Symbol Min. 

CliO 

CIN 

Note: This parameter IS periodIcally sampled and not 100% tested. 

418 

Typ 

,)>-------

Max. Unit 

10 pF 

10 pF 



---------------------. STATIC RAM· MSM51256. 

LOW VCC DATA RETENTION CHARACTERISTICS 
(Ta x -40"C to +85°C, unless otherwise noted) 

Parameter 

VCC for Data Retention 

Data Retention Current 

CS to Data Retention Time 

Operation Recovery Time 

, tRC = Read Cycle Time 

CS CONTROL 

VCC 

4.5V 

Symbol Min. 

VCCH 2 

ICCH 

tsu 0 

tR 'tRC 

Typ. Max. Unit 

5.5 V 

0.2 

1 IJA 

10 

ns 

ns 

CS ~ Vec - O.2V 

3V OPERATION 

RECOMMENDED OPERATING CONDITION 
(Ta = -10°C to + 60°C) 

Parameter Symbol Min. Typ. 

Vee 2.7 3.0 
Supply Voltage 

VSS 0 0 

VIH Vee-O·2 
Input Voltage 

VIL 0 

Output Load eL 

Conditions 

C S ~ VCC - O.2V 

Ta = 25°C 

Ta = 60"C ~c=3V 
C ~VCC-O.2V 

Ta = 85°C 

Max. Unit Conditions 

3.3 V 3V± 10% 

0 V 

Vee V 
3V± 10% 

0.2 V 

100 pF 
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• STATIC RAM· MSM51256.---------------------

3V OPERATION 
DC CHARACTERISTICS 
(VCC = 3V ±10% Ta = -10°C to +600 C) 

MSM51256 
Parameter Symbol 

Min. 

Input 
Leakage 'll -D.l 
Current 

Output 
Leakage 'LO -D. 1 
Current 

Output VOH VCC-O· 1 
Voltage 

VOL 

Standby 
Supply ICCS 
Current 

Operating 
Supply ICCA 
Current 

3V OPERATION 
AC CHARACTERISTICS 
Test Condition 

Parameter 

Input Pulse Level 

Input Rise and Fall Times 

Input and Output Timing 
Reference Level 

Output Load 

3V OPERATION 

READ CYCLE 
(VCC = 3V ±1 0% Ta = -10°C to +60°C) 

Parameter 

Read Cycle Time 

Address Access Time 

Chip Enable Access Time 

Output Enable to Output Valid 

Chip Selection to Output Active 

Typ. 

0.01 

Output Hold Time From Address Change 

Output 3-state from Output Disable 

Output 3-state from Chip Deselection 

Output Enable to Output Active 

Unit Test Condition 
Max. 

0.1 JJA Y,N =OtoVCC 

CS = V,H or 
0.1 p.A OE=V,H 

Vila = 0 to VCC 

V IOH =-20JJA 

0.1 V 'OL = 20JJA 

0.2 Ta = 25°C I 
CS =V,H p.A 

Ta = 60°C I 1 

7 mA CS = V'L, f = 'MHZ, 'OUT = 0 mA 

Conditions 

Y,N = VCC -D.2V, V,L = 0.2V 

;;; 20 ns 

1.5V 

CL = 100 pF 

MSM51256 
Symbol 

Min. Typ. Max. 

tRC 1000 

tAC 300 1000 

tco 300 1000 

tOE 150 500 

tcx 10 

tOHA 20 

tOTD 150 

tCTD 200 

tox 5 
-

Notes: 1. A Read occurs during the overlap of a low CS, a low OE and high WE. 

2. tCTD and tOTD are specified by the time when DATA OUT is floating. 
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Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 



---------------------. STATIC RAM· MSM51256. 

WRITE CYCLE 
(VCC = 3V ±10% Ta = -10°C to +60°C) 

MSM51256 
Parameter Symbol Unit 

Min. Typ. Max. 

Write Cycle Time twc 1000 ns 

Address to Write Setup Time tAS 100 ns 

Write Time tw 500 ns 

Write Recovery Time tWE 400 ns 

Data Hold from Write Time tDH 50 ns 

Output 3-state from Write tOTW 200 ns 

Chip Selection to End of Write tcw 800 ns 

Address Valid to End of Write tAW 800 ns 

Output Active from End of Write twx 10 ns 

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

2. OE may be both high and low in a Write Cycle. 
3. tAS is specified from CS or WE, whichever occurs last. 
4. tw is an overlap time of a low CS, and a low WE. 
5. tWR, tDS and tDH are specified from CS Or WE, whichever occurs first. 
6. tOTW is specified by the time when DATA OUT is floating, not defined by output level. 
7. When I/O pins are Data output mode, don't force inverse signal to those pins. 
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OKI semiconductor 

MSM3864 
8,192 WORD x 8 BIT MASK ROM 

GENERAL DESCRIPTION 

The MSM3864RS is an N-channel silicon gate MOS device MASK ROM with a 8.192 word x 8 bit capacity. It oper
ates on a 5V single power supply and the all inputs and outputs are TTL compatible. The adoption of an asynchro
nous system in the circuit requires no external clock assuring extremely easy operation. The availability of power 
down mode contributes to the low power dissipation which is as low as 30mA (max) when the chip is not selected. 
The application of a byte system and the pin compatibility with standard UV EPROMs make the device most 
suitable for use as a large-capacity fixed memory for microcomputers and data terminals. 
As it provides CEo DE, and CS as the control signal, the connection of output terminals of other chips with the wired 
OR is possible ensuring an easy expansion of memory and bus line control. 

FEATURES 

• 5V single power supply 
.8,192 words x 8 bits 

• Input/output TTL compatible • Power down mode 
• 3-state output 

• Access time: 250 ns MAX 

PIN CONFIGURATION 

(Top View) 
NC 1 '-" 28 Vee 

All 2 27 CS2 ICS2){NC) 
A, 3 26 mICS1){NC) 
A, • 25 A, 

A, 5 2' A, 

A. 6 23 A" 
A, 7 22 OE (DE) 

A, 8 21 A" 
_ A, 9 20 CE 

A, 10 19 ,0, 
Do 11 16 0, 

0, 12 17 0, 

0, 13 16 D. 

VSS 1. 15 0, 

Vee, VIS 
Output enable 
Power supply 

AO- Au Address input 
!?£- 0 , Data output 
C E Ch ip enable 
CS1, CS2: Chip select 

Note: Please specify the DE active 
level and CS active level or 
open in ordering this IC. 

A, 

A, 

A, 

A .• 
A, 

A, 

A, 
A, 

A. 
A, 

A" 

A" 
All 

• 28-pin DIP 

FUNCTIONAL BLOCK DIAGRAM 

X 

Address 

buffer 

--0 Vee 

--ovss 

NC 
cs CSor 

DE CE 
CS 

Control De or 
DE 

CE 
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• MASK ROM· MSM3864 .----------------------

ABSOLUTE MAXIMUM RATINGS 
(Ta = 25°C) 

Rating Symbol 

Power Supply Voltage Vee 

Input Voltage V, 

Output Voltage Vo 

Power Dissipation PD 

Operating Temperature Topr 

Storage Temperatu re Tstg 

Value Unit Conditions 

-0.5 to 7 V Respect to V ss 

-0.5 to 7 V Respect to V ss 

-0.5 to 7 V Respect to Vss 

1 W Per package 

o to 70 °c 

-55 to 150 °c 

OPERATING CONDITION AND DC CHARACTERISTICS 

Rating 
Parameter Symbol Measuring Condition Unit 

Min. Typ. Max. 

Vee - 4.5 5 5.5 V 
Power Supply Voltage 

0 0 V Vss - 0 

V,H - 2 5 6 V 
I nput Signal Level 

V,L -0.5 0 0.8 V -

VOH 10H = -400 /loA 2.4 - Vee V 
Output Signal Level 

10L = 2.1 mA 0.4 V VOL - -

Input Leakage Current 'll V, = OV or Vee -10 - 10 p.A 

Output Leakage Current 'LO 
Vo = OVor Vee 

-10 - 10 /loA 
Chip not selected 

leeA Vee = Max. 10 = 0 mA - - 100 mA 
Power Supply Current 

Ices Vee = Max. CE = V,H. 10= OmA - - 30 mA 

Peak Power ON Current Ipo 
Vee = GND - Vee Min. - - 60 mA 
CE = Vee or V,H 

Operating Temperature Topr - 0 - 70 °c 

AC CHARACTERISTICS 

TIMING CONDITIONS 

Parameter Conditions 

Input Signal Level 

Input Rising. Falling Time tr=tf= 5 ns 

Timing Measuring POint Voltage 
Input Voltage=1.5V 

Output Voltage=0.8V & 2.0\1 

Loading Condition CL =100 pF + 1 TTL 
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--------------------------------------------_MASKROM·MSM3864_ 

READ CYCLE 
(VCC ~ 5V ±10%, VSS = OV, Ta ~ O°C to +70°CI 

Parameter 

Cycle Time 

Address Access Time 

Chip Enable 

Access Time 

Output Delay Time 

Output Setting Time 

Output Disable Time 

Output Retaining Time 

Power Up Time 

Power Down Time 

1) READ CYCLE-l (11 

Address 

cs, cs, OE (31 
(cs,fr(cs,)or WEI 

Dout 

2) READ CYCLE-2(21 

Dout 

IccA 
Vcc 
supply 

Ices 
current 

Specification Value 
Symbol Unit 

Min. Typ. Max. 

tc 250 - - ns 

tAA - - 250 ns 

tACE - - 250 ns 

tco - - 100 ns 

tLZ 10 - - ns 

tHZ 10 - 100 ns 

tOH 10 - - ns 

tpu 0 - - ns 

tpD - - 100 ns 

~-----------------tc--------------~ 

(41 
1------tHZ 

------------------tc--------------~ 

tpu 

Remarks 

tOH 
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-MASKROM·MSM38M_------------------------------------------

Note: (1) CE is "L" level. 
(2) The address is decided at the same time as or ahead ofCE"L" level. 
(3) The OE and CS are shown in the negative logic here, however the active level is freely selected. 
(4) tLz is determined by the later level, CE "L"/CS "L" or OE "L". 

tHz is determined by the earlier CE "H"/CS "H" or OE "H". 
While, tHz shows the time until floating and it is therefore not determined by the output level. 

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

Specification 

Parameter Symbol Value Unit Remarks 

Min. Max. 

Input Capacitance CI - 8 pF VI=OV 

Output Capacitance Co - 10 pF VO=OV 
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OKI semiconductor 

MSM38128A 
16,384 WORD x 8 BIT MASK ROM (E3-S-028-321 

GENERAL DESCRIPTION 

The MSM38128ARS is an N-channel silicon gate MOS device MASK ROM with a 16,384 word x 8 bit capacity. It 
operates on a 5V single power supply and the all inputs and outputs are TTL compatible. The adoption of an asyn
chronous system in the circuit requires no external clock assuring extremely easy operation. The availability of power 
down mode contributes to the low power dissipation which is as low as 30mA (max) when the chip is not selected. 
The application of a byte system and the pin compatibility· with standard UV EPROMs make the device most suitable 
for use as a large-capacity fixed memory for microcomputers and data terminals. 
As it provides CE, OE, and CS as the control signal, the connection of output terminals of other chips with the wired 
OR is possible ensuring an easy expand operation of memory and bus line control. 

FEATURES 

• 5V single power supply 

• 16384 words x 8 bits 
• Access time: 250 ns MAX 

• Input/output TTL compatible 
.3-state output 

• Power down mode 
• 28-pin DIP 

FUNCTIONAL BLOCK DIAGRAM 

PIN CONFIGURATION 

(Top View) 
NC 1 '--./ 28 Vee 

A" 2 27 CS(CSJ INC) 

A, 3 26 A" 
A, • 25 A, 

A, 5 2. A, 

A, 6 23 A" 
A, 7 22 DE (DE) 

A, 8 21 A" 
A, 9 20 CE 

Ao 10 19 D, 

Do 11 18 D, 

D, 12 17 D, 

D, 13 16 D, 

Vss ,. 15 D, 

OE Output enable 
Vee, Vss Power supply 
Ao ..... Al3 Address input 
~- D7 Data output 
CE Chip enable 
CS Ch ip sel eet 

Note: Please specify the OE active 
level and CS active level or 
open in ordering this IC. 

A, 

A, 

A, 

A, 

A, 

A, 

A. 
A, buffer 

A, 
A, 

A" 

A" 

A" 

A" 

--0 Vee 

--ovss 

CS CSor 

OE CE 
CS or 
NC 

Control DEal 
OE 

Ce 
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• MASK ROM . MSM38128A .1----------__________ _ 

ABSOLUTE MAXIMUM RATINGS 
(Ta = 25°C) 

Rating Symbol 

Power Supply Voltage Vee 

I nput Voltage VI 

Output Voltage Vo 

Power Dissipation Po 

Operating Temperature T opr 

Storage Temperature Tstg 

Value Unit Conditions 

-0.5 to 7 V Respect to Vss 

-0.5 to 7 V Respect to V ss 

-0.5 to 7 V Respect to V ss 

1 W Per packagE> 

o to 70 °c 

-55 to 150 °c 

OPERATING CONDITION AND DC CHARACTERISTICS 

Rating 
Parameter Symbol Measuring Condition Unit 

Min. Typ. Max. 

Vee - 4.5 5 5.5 V 
Power Supply Voltage 

0 0 0 V Vss -

VIH - 2 5 6 V 
I nput Signal Level 

-0.5 0 0.8 V VIL -

VOH 10H = -4001J.A 2.4 - Vee V 
Output Signal Level 

0.4 V VOL 10L = 2.1 mA - -

Input Leakage Current III VI = OV or Vee -10 - 10 IJ.A 

Output Leakage Current ILO 
Vo = OVor Vee 

-10 - 10 IJ.A 
Chip not selected 

IceA Vee = Max. 10 = 0 mA - - 100 mA 
Power Supply Current 

Ices Vee=Max. CE=VIH, 10=OmA - - 30 mA 

Peak Power ON Current Ipo 
Vee = GNO - Vee Min. - - 60 mA 
CE = Vee or VIH 

Operating Temperature Topr - 0 - 70 °c 

AC CHARACTERISTICS 

TIMING CONDITIONS 

Parameter Conditions 

Input Signal Level VIW2.4V, VIL =0.6V 

I nput Rising, Falling Time tr=tf= 5 ns 

Timing Measuring Point Voltage 
Input Voltage=1.5V 

Output Voltage=0,8V & 2.0V 

Loading Condition CL=100 pF + 1 TTL 
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----------------------. MASK ROM· MSM38128A. 

READ CYCLE 
IVCC = 5V ±10%, vss = OV, Ta = o°c to +70°C) 

Parameter 

Cycle Time 

Address Access Time 

Chip Enable 

Access Time 

Output Delay Time 

Output Setting Time 

Output Disable Time 

Output Retaining Time 

Power Up Time 

Power Down Time 

1) READ CYCLE-1 11 ) 

Address 

CS OE 13) 
ICS) or IOE) 

Dout 

2) READ CYCLE-212l 

CS OE 13) 
ICS) or IOE) 

Dout 

Vcc 
supply 
current 

Specification Value 
Symbol Unit 

Min. Typ. Max. 

tc 250 - - ns 

tAA - - 250 ns 

tACE - - 250 ns 

tco - - 100 ns 

tLZ 10 - - ns 

tHZ 10 - 100 ns 

tOH 10 - - ns 

tpu 0 - - ns 

tPD - - 100 ns 

~-----------------tc--------------~ 

14) 
i-------tH Z 

t------------------ tc -------

1--------tACE------~ 

tpu 

Remarks 
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• MASK ROM 'MSM38128A .---------------------

Notes: (1) CE is "L" level. 

(2) The address is decided at the same time as or ahead ofCE"L" level. 
(3) The OE and CS are shown in the negative logic here, however the active level is freely selected. 

(4) tLz is determined by the later level, CE "L"/CS "L" or DE "L". 
tHz is determined by the earlier CE "H"/CS "H" or OE "H". 
While, tHz shows the time until floating and it is therefore not determined by the output level. 

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

Parameter Symbol 

Input Capacitance CI 

Output Capacitance Co 

432 

Specification 
Value Unit Remarks 

Min. Max. 

- 8 pF VI=OV 

- 10 pF VO=OV 



OKI semiconductor 

MSM38256 
32768 WORD x 8 BIT MASK ROM (E3-S-029-321 

GENERAL DESCRIPTION 

The MSM38256RS is an N-channel silicon gate MOS device ROM with a 32,768 word x 8 bit capacity. It oper

ates on a 5V single power supply and the all inputs and outputs are TTL compatible. The adoption of an asynchro
nous system in the circuit requires no external clock assuring extremely easy operation. The avai!ability of power 
down mode contributes to the low power dissipation which is as low as 30mA Imax) when the chip is not selected. 

The application of a byte system and the pin compatibility with standard UV EPROMs make the device most suitable 
for use as a large~capacity fixed memory for microcomputers and data terminals. 

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

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

FEATURES 

• 32768 words x 8 bits 
• 5V single power supply 

• Access time: 250 ns MAX 

• Input/output TTL compatible 
.3-5tate output 

• Power down mode 

• 28-pin DIP 

FUNCTIONAL BLOCK DIAGRAM 

PIN CONFIGURATION 

(Top View) 

ICSIiNC) CS 1 28 v"" 

A" 2 27 A" 

A, 3 26 A" 

A, , 25 A, 

A, 5 2' A, 

A. 6 23 A" 

A, 7 22 DE (DE) 

A, 8 21 A .. 

A, 9 20 CE 

Ao 10 19 D, 

Dc l' 18 D, 

D, 12 17 D, 

D, 13 16 D. 

V" 
" 

15 D, 

CS Chip Select 
OE Output enable 
Vee, Vss Power supply voltage 
Ao-AI4 Address input 

~-D, Dat8 output 
Chip enable 

Note: The OE active level and CS 
active level are specified by 
customer. 

Ao 

A, 

A, 

A, 

A, 

A, 

A, 

A, buffer 

A. 

A, 

A .. 

A" 

A" 

A" 
A I4 0-----

--0 Vee 

--0 Vss 

cs CE 
OE CE 

Control DE 
0' 

OE 

es 
cs 

NC 
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• MASK ROM· MSM38256 .1----------------------

ABSOLUTE MAXIMUM RATINGS 
(Ta = 25°C) 

Rating Symbol 

Power Supply Voltage Vee 

Input Voltage VI 

Output Voltage Vo 

Power Dissipation PD 

Operating Temperature Topr 

Storage Temperature Tstg 

Value Unit Conditions 

-0.5 to 7 V 

-0.5 to 7 V Respect to V SS 

-0.5 to 7 V 

1 W Per package 

o to 70 °c 

-55 to 150 °c 

OPERATING CONDITION AND DC CHARACTERISTICS 

Rating 
Parameter Symbol Measuring Condition 

Min. Typ. Max. 

Vee - 4.5 5 5.5 
Power Supply Voltage 

Vss - 0 0 0 

VIH - 2 5 6 
I nput Signal Level 

0 0.8 VIL - -0.5 

VOH 10H = -400 /loA 2.4 - Vee 
Output Signal Level 

VOL 10L = 2.1 mA - - 0.4 

Input Leakage Current III VI = OV or Vee -10 - 10 

Output Leakage Current ILO 
Vo = OV or Vee 

-10 - 10 
Chip not selected 

lecA Vee = Max. 10 = 0 mA - - 120 
Power Supply Current 

Ices Vce = Max. CE = VIH, 10 = 0 mA - - 30 

Peak Power ON Current Ipo 
Vee = GND - Vee Min. 

60 
CE = VCC or VIH 

- -

Operating Temperature Topr 0 - 70 

AC CHARACTERISTICS 

TIMING CONDITIONS 

Parameter Conditions 

I nput Signal Level 

Input Rising, Falling Time tr=tf = 5 ns 

Timing Measuring Point Voltage 
Input Voltage=1.5V 

Output Voltage=0.8 & 2.0V 

Loading Condition CL=100 pF + 1 TTL 
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Unit 

V 

V 

V 

V 

V 

V 

/loA 

/loA 

mA 

mA 

mA 

°c 



--------------------------------------------MASKROM·MSM38256_ 

READ CYCLE 

Parameter 

Cycle Time 

Address Access Time 

Chip Enable 

Access Time 

Output Delay Time 

Output Setting Time 

Output Disable Time 

Output Retaining Time 

Power Up Time 

Power Down Time 

') READ CYCLE-' (1) 

Address 

C5 or DE (3) 

(C5) (OE) 

Dout 

2) READ CYCLE-2(2) 

C5 or DE (3) 
(C5) (OE) 

Dout 

Vcc 
supply 
current 

Specification Value 
Symbol 

Min. 

tc 250 

tAA -

tACE -

tco -

tLZ 10 

tHZ 10 

tOH 10 

tpu 0 

tpD -

Typ. 

-

-

-

-

-

-

-

-

-

Unit 
Max. 

- ns 

250 ns 

250 ns 

100 ns 

- ns 

100 ns 

- ns 
.... - --

- ns 

100 ns 

(4) 
t----tHZ 

t------------------tc--------------~ 

t-----tACE------~ 

Remarks 
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• MASK ROM, MSM38256 .----------------------

Notes: (1) CE is "L" level. 

(2) The address is decided at the same time as or ahead of CE "L" level. 

(3) OE and CS are shown in the negative logic here, however the active level is freely selected. 

(4) tLZ is determined by the later CE "L", OE "L" or CS "L". 

tHz is determined by the earlier CE "H", OE "H" or CS "H". 
tHz shows time until floating therefore it is not determined by the output level. 

INPUT !OUTPUT CAPACITANCE 
(Ta = 25°C, f = 1 MHz) 

Parameter Symbol 

Input Capacitance CI 

Output Capacitance Co 
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Specification 
Value Unit 

Min. Max. 

- 8 pF 

- 10 pF 

Remarks 

VI=OV 

VO=OV 



OKI semiconductor 

MSM38256A 
32768 WORD x 8 BIT MASK ROM (E3-S-030-32) 

GENERAL DESCRIPTION 

The MSM38256ARS is an N-channel silicon gate E/DMOS device ROM with a 32,768 word x 8 bit capacity_ It 
operates on a 5V single power supply and the all inputs and outputs are TTL compatible_ The adoption of an asyn

chronous system in the circuit requires no external clock assuring extremely easy operation_ The availability of power 

down mode contributes to the low power dissipation which is as low as 6mA (max) when the chip is not selected_ The 
application of a byte system and the pin compatibility with standard UV EPROMs make the device most suitable for 
use as a large-capacity fixed memory for microcomputers and data terminals. 

Since it provides CE, OE, CS signals, the connection of output terminals of other chips with the wired OR is possible 

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

FEATURES 

e 32768 words x 8 bits 

e 5V single power supply 

e Access time: 150 ns MAX 

PIN CONFIGURATION 
(Top View) 

(CSICs(NCI 1 28 Vee 

A" 2 27 A" 

A, 3 26 A" 

A, • 25 A, 

A, 5 2. A, 

A. 6 23 A" 

A, 7 22 DE 
A, 8 21 A" 

A, 9 20 CE 

Ao 10 19 0, 

0 0 11 18 D, 

D, 12 17 0, 

D, 13 16 D. 

V" " 
15 D, 

CE Chip enable 

OE Output enable 

(CS) CS Chip select 

elnput/output TTL compatible 
e 3-state output 

e Power down mode 

e28-pin DIP 

FUNCTIONAL BLOCK DIAGRAM 

Ao 

A, 

A, 

A, 

A. 

A, 

A, 
A, buffer 

A, 

A, 

A" 

A" 

A" 

A" 
A I4 0----

Vcc, Vss Power supply voltage 

Ao-AI4 Address input 

0 0 -0 7 Data output 

(NC) No Connection 

Note: CS active level is specified 
by customers. 

CE 

Control i5E 

Cs 
0' 
CS 

NC 
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• MASK ROM . MSM38256A .1---------------------
ABSOLUTE MAXIMUM RATINGS 
ITa = 25°C) 

Rating Symbol 

Power Supply Voltage Vee 

Input Voltage VI 

Output Voltage Va 

Power Dissipation PO 

Operating Temperature Topr 

Storage Temperature T stg 

Value Unit Conditions 

-0.5 to 7 V 

-0.5 to 7 V Respect to V SS 

-0.5 to 7 V 

1.0 W Per package 

o to 70 °c 

-55 to 150 °c 

OPERATING CONDITION AND DC CHARACTERISTICS 

Rating 
Parameter Symbol Measuring Conditions 

Min. Typ. Max. 

Vee - 4.5 5 5.5 
Power Supply Voltage 

Vss - 0 0 0 

VIH - 2.2 5 6 
Input Signal Level 

Vil - -0.5 0 0.8 

VOH 10H = -400p,A 2.4 - Vee 
Output Signal Level 

VOL 10l = 2.1 mA - - 0.4 

Input leakage Current III VI=OVorVee -10 - 10 

Output leakage Current IlO 
Vo = OVor Vee 

-10 - 1::> 
Chip not selected 

leeA Vee = Max. 10 = 0 mA - - 60 
Power Supply Current 

Ices Vee = Max. CE = VIH, 10 = 0 mA - - 6 

Peak Power On Current Ipo 
Vee = GND - Vee Min. - - 60· 
CE = Vee or VIH 

Operating Temperature Topr 0 - 70 

AC CHARACTERISTICS 

TIMING CONDITIONS 

Parameter Conditions 

Input Signal level 

Input Rising, Falling Time tr=tf= 5 ns 

Timing Measuring Point Voltage 
Input Voltage=1.5V 

Output Voltage=0.8 & 2.0V 

loading Condition Cl =100 pF + 1 TTL 
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Unit 

V 

V 

V 

V 

V 

V 

p,A 

p,A 

mA 

mA 

mA 

°c 



---------------------. MASK ROM· MSM38256A. 

READ CYCLE 
(VCC = 5V ±10%, Vss = OV, Ta = o°c to +70'CI 

Parameter 

Cycle Time 

Address Access Time 

Chip Enable 

Access Time 

Output Delay Time 

Output Setting Time 

Output Disable Time 

Output Retaining Time 

Power Up Time 

Power Down Time 

1) READ CYCLE-1 (1) 

Address 

CS "" (3) 
(CS) Dr A" 

Dout 

2) READ CYCLE-2(2) 

cs (3) 
(CS) or 5E 

Dout 

Vcc 
supply 
current 

Symbol 

tc 

tAA 

tACE 

tco 

tLZ 

tHZ 

tOH 

tpu 

tpD 

Specification Value 

Min. Typ. 

150 -

- -

- -

- -

10 -

10 -

10 -
f-----

0 -

- -

tAA-----j 

-tCo---l 

Max. 

-

150 

150 

55 
-

50 

-
f-- ----

-

100 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
---

ns 

ns 

(4) '----+-__ ./ 
I tLZ 

(4) 
1----tHZ 

~----------------tc--------------~ 

~-----tACE----~~ 

Remarks 

tOH 
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• MASK ROM . MSM38256A .--------------------

Notes: (1) "C"£ is "L" level. 
(2) The address is decided at the same time as or ahead of CE "L" level. 
(3) CS is shown in the negative logic here, however the active level is freely selected. 

(4) tLZ is determined by the later CE "L", OE "L" or CS "L". 

tHz is determined by the earlier CE "H", OE "H" or CS "H". 
tHz shows time until floating therefore it is not determined by the output level. 

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

Specification 

Parameter Symbol Value Unit 

Min. Max. 

Input Capacitance CI - 8 pF 

Output Capacitance Co - 6 pF 
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Remarks 

VI=OV 

VO=OV 



OKI semiconductor 

MSM53256 
32,768 WORD x 8 BIT MASK ROM 

GENERAL DESCRIPTION 

The MSM53256RS is a silicon gate CMOS dev'ce ROM with 32,768 words x 8 bit capacity. It operates on a 5V 
single power supply and all inputs and outputs are TTL compatible. The adoption of an asynchronous system in the 
circuit requires no external clock assuring extremely easy operation. The availability of power down mode contri
butes to the low power dissipation when the chip is not selected. The application of a byte system is most suitable 

for use as a large capacity fixed memory for microcomputers and data terminals. 
Since it provides signals, the connection of output terminals of other chips with the wired OR is possible ensuring an 

easy expand operation of memory and bus line control. 

FEATURES 

• 256k bits: 32,768 words x 8 bits 

• High speed: access time 150 ns max 

• Low power: active current 15 mA max 
standby current 0.1 m A max 

• Wide tolerance operating: Vcc = 5V ± 10% 
• Fully static operating: using no clock 

PIN CONFIGURATION 

(Top View) 

INCIICS) IT 28 vo< 

CS 

OE 

All 2 

A, 3 

A, • 

A, 5 

A. 6 

A, 7 

A, 8 

A, 9 

Ao 10 

00 11 

0 1 12 

0 1 13 

Vss 14 

27 A" 

26 A" 

25 A. 

2. A, 

23 A" 

22 OE 

21 A" 

20 CE 

19 0, 

18 0, 

17 0, 

16 D. 

15 0, 

Chip select 

: Output enable 
Vcc, Vss 

Ao-A" 
0 0 -0, 
CE 

: Power supply voltage 

: Address input 

: Data output 

: CHip enable 

Note: CS active level is specified 
by customer, 

Ao 

A, 

A, 

A, 

A. 

A, 

A, 

A, 

A, 

A, 

A" 

A" 

A" 

• Fully TTL compatible 

• Pin compatible to 256k EPROM 

• Packaged to 28 pins plastic 
• Fabricated with CMOS silicon gate technology 

FUNCTIONAL BLOCK DIAGRAM 

buffer 

--<:l Vee 

--0 Vu 

DE 
DC 

OE 

L..-_ ,--0 cs 
0, 

cs 
0' 

NC 

441 



• MASK ROM· MSM53256 .----------------------

ABSOLUTE MAXIMUM RATINGS 
(Ta = 25°C) 

Rating Symbol 

Power Supply Voltage Vee 

Input Voltage VI 

Output Voltage Vo 

Power Dissipation Po 

Operating Temperature T o!,,"~ 
Storage Temperature Tstg 

Value Unit Conditions 

-0.3 to 7 ! V Respect to V ss 

-0.3 to Vee + 0.3 V Respect to V ss 

-0.3 to Vee + 0.3 V i- Respect to Vss 

1 W Per package 

° to 70 

I 

°c -

-55 to 150 °c -

OPERATING CONDITION AND DC CHARACTERISTICS 

Rating 
Parameter Symbol Measuring Condition Unit 

Min~ Typ. Max. 

Vee - 4~5 5 5.5 V 
Power Supply Voltage -~.-.--I- -

Vss - ° ° ° V 

VIH - 2.2 5 Vee +0.3 V 
I nput Signal Level 

VIL - -0.3 ° 0.8 V 

VOH 10H = -400 IJ.A 2.4 - - V 
Output Signal Level 

VOL 10L = 2.1 mA - - 0.4 V 

Input Leakage Current III VI = OVor Vee -10 - 10 IJ.A 

Output Leakage Current ILO 
Vo = OV or Vee 

-10 - 10 IJ.A 
Ch ip not selected 

ICCA 
Vee = Max. 10 = ° mA, 

- - 15 mA 
tc = 150 ns 

Power Supply Current ICCS Vee = Max. CE = Vee - 0.2V - - 100 IJ.A 

Vce = Max. 
500 /lA ICCS1 CE = VIH min. 

- -

Operating Temperature Topr - ° - 70 °c 

AC CHARACTERISTICS 

TIMING CONDITIONS 

Parameter Conditions 

I nput Signal Level VIH = 2.4V, VIL = 0.6V 

Input Rising. Falling Time tr=tf= 5 ns 

Timing Measuring Point Voltage 
Input Voltage=1.5V 

Output Voltage=0.8V & 2.0V 

Loading Condition CL=100 pF + 1 TTL 
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-----------------------. MASK ROM· MSM5325P .1 

READ CYCLE 
(VCC = 5V ±10%, vss = OV, Ta = o°c to +70°CI 

Parameter 

Cycle Time 

Address Access Time 

Chip Enable 

Access Time 

Output Oelay Time 

Output Setting Time 

Output Disable Time 

Output Retaining Time 

1) READ CYCLE.1 (11 

Address 

CS __ (31 
(CS)or OE 

Dout 

2) READ CYCLE·2(2) 

cs DE (3) 
(CS)or 0 

Dout 

Specification Value 
Symbol Unit 

Min. Typ. Max. 

tc 150 - - ns 

tAA - - 150 ns 

tACE - - 150 ns 

tco - - 50 ns 

tLZ 10 - - ns 

tHZ 10 - 50 ns 

tOH 10 - - ns 

I~·------------------~--------------.~ 

(41 
1-----tHZ 

I------------------tc--------------~ 

1-----tACE------~ 

Remarks 
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• MASK ROM . MSM53256 .I----------------~-----

Notes: (1) C£ is "L" level. 
(2) The address is decided at the same time as or ahead of CE "L" level. 
(3) CS is shown in the negative logic here, however the active level is freely selected. 

(4) tLZ is determined by the later CE "L", OE "L" or CS "L". 

tHz is determined by the earlier CE "H", OE "H" or CS "H". 
tHz shows time until floating therefore it is not determined by the output level. 

INPUT/OUTPUT CAPACITANCE 
ITa = 25°C, f = 1 MHz) 

Specification 

Parameter Symbol Value Unit 

Min. Max. 

Input Capacitance CI - 8 pF 

Output Capacitance Co - 6 pF 
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Remarks 

VI=OV 

VO=OV 



OKI semiconductor 

MSM531000 
131,072 WORD x 8 BIT MASK ROM (E3-S-031-32l 

GENERAL DESCRIPTION 

The MSM531000RS is a silicon gate CMOS device ROM with 131,072 words x 8 bit capacity. It operates on a 5V 
single power supply and all inputs and outputs are TTL compatible. The adoption of an asynchronous system in the 
circuit requires no external clock assuring extremely easy operation. The availability of power down mode contri
butes to the low power dissipation when the chip is not selected. The application of a byte system is most suitable 
for use as a large capacity fixed memory for microcomputers and data terminals. 
Since it provides signals, the connection of output terminals of other chips with the wired OR is possible ensuring an 
easy expand operation of memory and bus line control. 

FEATURES 

.131,072 words x 8 bits 
• 5V single power supply 

• Access time: 250 ns MAX 

PIN CONFIGURATION 
(Top View) 

A" 28 Vco 

A" 2 27 A" 

A, 3 26 A" 

A. • 25 A. 

A, 5 2' A, 

A, 6 23 A" 
A, 7 22 A" 
A, 8 21 A" 

A, 9 20 cr 
Ao 10 19 D, 

Do 11 18 D. 

0, 12 17 D, 

0, 13 16 0, 

V" ,. 15 0, 

Vee, Vss Power supply voltage 
A o ....... A 16 Address input 
°0 ........ D 7 Data output 
cr Chip enable 

• Input/output TTL compatible 
.3-state output 

.28-pin DIP 

FUNCTIONAL BLOCK DIAGRAM 

Ao 

A, 

A, 

A, 

A, 

A, 

A. 

A, buffer 

A. 

A, 

A" 

A" 

A" 

A" 
A .. 

A" 

A" 

---0 Vee 

--0 Vss 

cr 
Control 

445 



• MASK ROM . MSM531000 .--------------------

ABSOLUTE MAXIMUM RATINGS 
(Ta = 25°C) 

Rating Symbol 

Power Supply Voltage Vee 

Input Voltage VI 

Output Voltage Vo 

Power Dissipation PD 

Operating Temperature Topr 

Storage Temperature Tstg 

Value Unit Conditions 

-0.3 to 7 V Respect to V ss 

-0.3 to Vee + 0.3 V Respect to V ss 

-0.3 to Vee + 0.3 V Respect to Vss 

1 W Per package 

o to 70 °c -
-55 to 150 °c -

OPERATING CONDITION AND DC CHARACTERISTICS 

Rating 
Parameter Symbol Measuring Condition - Unit 

Min. Typ. Max. 

Vee - 4.5 5 5.5 V 
Power Supply Voltage 

0 0 0 V Vss -

VIH - 2.2 5 Vee +0.3 V 
I nput Signal Level 

-0.3 0 0.8 V VIL -

VOH 10H = -400 I'A 2.4 - - V 
Output Signal Level 

0.4 V VOL 10L = 2.1 mA - -
Input Leakage Current III VI=OVorVee -10 - 10 I'A 

Output Leakage Current ILO 
Vo = OVor Vee 

-10 - 10 I'A 
Ch ip not selected 

ICCA 
Vee = Max. 10 - 0 mA, - - 15 mA 
tc = 250 ns 

Power Supply Current ICCS Vee = Max. CE = Vee - 0.2V - - 100 IlA 

ICCSl 
Vee = Max. 
CE = VIH min. 

- - 500 IlA 

Operating Temperature Topr - 0 - 70 °c 

AC CHARACTERISTICS 

TIMING CONDITIONS 

Parameter Conditions 

I nput Signal Level VIH = 2.4V, VI L = 0.6V 

Input Rising. Falling Time tr=tf=5 ns 

Timing Measuring Point Voltage 
Input Voltage=1.5V 

Output Voltage=0.8V & 2.0V 

Loading Condition CL =100 pF + 1 TTL 
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---------------------1. MASK ROM· MSM531000. 

READ CYCLE 
(VCC = 5V +10% VSS = OV Ta = O°C to +70°C) -

Specification Value 
Parameter Symbol 

Min. Typ. Max. 

CyCle Time tc 250 - -

Address Access Time tAA - - 250 

Chip Enable 
tACE - - 250 

Access Time 

Output Setting Time tLZ 10 - -
Output Disable Time tHZ 10 - 80 

Output Retaining Time tOH 10 - -

READ CYCLE 

tc 

Address 

CE 

Dout 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

Remarks 

-tOH--

Note 1 

tHZ 

Valid Data 

Note: tHZ shows the time until floating and it is therefore not determined by the output level. 
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• MASK ROM· MSM531000 .---------------------

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

Specification 

Parameter Symbol Value Unit Remarks 

Min. Max. 

Input Capacitance CI - 8 pF VI=OV 

Output Capacitance Co - 6 pF VO=OV 
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OKI semiconductor 

MSM531001 
131,072 WORD x 8 BIT MASK ROM 

GENERAL DESCRIPTION 

The MSM531 001 is a silicon gate CMOS device ROM with 131,072 words x 8 bit capacity. It operates on a 5V single powe 
supply and all inputs and outputs are TIL compatible. The adoption of an asynchronous system in the circuit requires n 
external clock assuring extremely easy operation. The availability of power down mode contributes to the low power dissipatio 
when the chip is not selected. The application of a byte system is most suitable for use as a large capacity fixed memory fe 
microcomputers and data terminals. 
Since it provides signals, the connection of output terminals of other chips with the wired OR is possible ensuring an eas 
expand operation of memory and bus line control. 

FEATURES 

• 131,072 words x 8 bits • Input/output TIL compatible • 32 pin DIP 
• 5V single power supply • 3-state output 
• Access time: 200 ns MAX 

FUNCTIONAL BLOCK DIAGRAM 

PIN CONFIGURATION 
(Top View) 

NC VCC 
A, 

A, --0 Vee 

A" NC A, --0 VSS 

A" NC A, 

A" A" 
A, 

A, 
A, A" A. 

I>. A. A, buffer 

A, As A. 
A. CE 

I>. A" 
A, OE A" DE 

A, A" 
A, CE 

A. D, 

0. D. 

0, Os 
0, D. 

0, 

VCC,VSS Power supply voltage 
Ao~AI6 Address input 
Do~D7 Data output 
CE Chip enable 
OE Output enable 
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• MASK ROM· MSM531001 .1---------------------

ABSOLUTE MAXIMUM RATINGS 
(Ta = 25°CI 

Rating Symbol 

Po,!"er Supply Voltage Vee 

I nput Voltage VI 

Output Voltage Vo 

Power Dissipation PD 

Operating Temperature Topr 

Storage Temperature Tstg 

Value Unit Conditions 

-0.3 to 7 V Respect to V ss 

-0.3 to Vcc + 0.3 V Respect to V ss 

-0.3 to Vec + 0.3 V Respect to V ss 

1 W Per package 

o to 70 °c -

-55 to 150 °c -

OPERATING CONDITION AND DC CHARACTERISTICS 

Rating 
Parameter Symbol Measuring Condition Unit 

Min. Typ. Max. 

Vee - 4.5 5 5.5 V 
Power Supply Voltage 

Vss - 0 0 0 V 

VIH - 2.2 5 Vcc +0.3 V 
I nput Signal Level 

-0.3 0.8 VIL - 0 V 

VOH 10H = -400!J.A 2.4 - - V 
Output Signal Level 

VOL 10L = 2.1 mA - - 0.4 V 

Input Leakage Current III VI = OV or Vee -10 - 10 !J.A 

Output Leakage Current ILO 
Vo = OV or Vee 

-10 - 10 !J.A 
Chip not selected 

ICCA 
Vee = Max. 10 = 0 mA, - - 30 mA 
tc = 200 ns 

Power Supply Current ICCS Vee = Max. CE = Vee - 0.2V - - 50 JJ.A 

ICCS1 
Vee = Max. 

500 p.A CE = VIH min. 
- -

Operating Temperature Topr - 0 - 70 °c 

AC CHARACTERISTICS 

TIMING CONDITIONS 

Parameter Conditions 

I nput Signal Level VIH = 2.4V, VIL = 0.6V 

Input Rising. Falling Time tr=tf= 5 ns 

Timing Measuring Point Voltage 
Input Voltage=1.5V 

Output Voltage=0.8V & 2.0V 

Loading Condition 
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---------------------. MASK ROM· MSM531001 • 

READ CYCLE 
IVcc = 5V ±10%, vss = OV, Ta = o°c to +70°C) 

Parameter 

Cycle Time 

Address Access Time 

Chip Enable 

Access Time 

Output Delay Time 

Output Setting Time 

Output Disable Time 

Output Retaining Time 

1) READ CYCLE-1 11l 

Address 

Dout 

2) READ CYCLE-2(2) 

Dout 

Specification Value 
Symbol Unit 

Min. Typ. Max. 

tc 200 - - ns 

tAA - - 200 ns 

tACE - - 200 ns 

tco - - 60 ns 

tLZ 10 - - ns 

tHZ 10 - 50 ns 

tOH 10 - - ns 

~----------------~-------------~ 

(3) 
1------tHZ 

~----------------tc--------------~ 

~------tACE----~~ 

Remarks 
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• MASK ROM· MSM531001 .1---------------------
Notes: (1) ~ is "L" level. 

(21 The address is decided at the same time as or ahead of CE "L" level. 

(31 tLl is determined by the later CE "L", OE "L" 
tHZ is determined by the earlier CE "H", OE "H" 
tHZ shows time until floating therefore it is not determined by the output level. 

INPUT/OUTPUT CAPACITANCE 
(Ta = 25°C, f = 1 MHzl 

Specification 

Parameter Symbol Value Unit 

Min. Max. 

Input Capacitance C, - 8 pF 

Output Capacitance Co - 6 pF 
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Remarks 

VI=OV 

VO=OV 



OKI semiconductor 
MSM534000 
262,144 WORD x 16 BIT MASK ROM 

GENERAL DESCRIPTION 

The MSM534000RS is a silicon gate CMOS device ROM with 262,144 words x 16 bit capacity. It 
operates on a 5V single power supply and all inputs and outputs are TTL compatible. The 
adoption of an asynchronous system in the circuit requires no external clock assuring extremely 
easy operation. The availability of power down mode contributes to the low power dissipation 
when the chip is not selected. The application of a word system is most suitable for use as a large 
capacity fixed memory for microcomputers and data terminals. 
Since it provides signals, the connection of output terminals of other chips with the wired OR is 
possible ensuring an easy expand operation of memory and bus line control 

FEATURES 

• 262,144 words x 16 bits • InputJoutput TTL compatible 

• 5V single power supply • 3-state output 

• Access time: 200 ns MAX • 40-pin DIP 

FUNCTION BLOCK DIAGRAM 

vee Vss IT DE 
PIN CONFIGURATION 

(Top View) ; r;~--r---~;CfiE.ofeELcLO;;9i~!--~------~ 
vee 
A17 

A'6 
, A,s 

Au 
An 

4 An 

A" 
A,o 
A9 
vss 
As 
A, 
A6 
As 
A. 

• Al 
A2 
A, 

-L-___ -f""- Ao 

vee. Vss :Powersupply !:.E :Chipenable 
voltage OE :Output enable 

Ao-A17 :Address input 
. 00-0'5 : Data output 

Memory cell Matrix 
262144 x 16 bit 

I I 
!!!!!!!1!1!!!!!! 
DDDDDODDDDDODDDD 
0123456119101112\3'4'5 
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• MASK ROM· MSM534000 .---------------------

ABSOLUTE MAXIMUM RATINGS 

(Ta = 2S·C) 

Rating Symbol Value Unit Condition 

Power Supply Voltage Vee -0.3to 7 V Respect to Vss 

Input Voltage VI - 0.3 to Vee + 0.3 V Respect to Vss 

Output Voltage Vo - 0.3 to Vee + 0.3 V Respect to Vss 

Power Dissipation PD 1 W Per package 

Operating Temperature Topr Ot070 ·C -
Storage Temperature Tstg - 55 to 150 ·C -

OPERATING CONDITION AND DC CHARACTERISTICS 

(Vee = 5V ± 10% Vss = OV Ta = O·C to + 70·C) 

Parameter Symbol Measuring Condition 
Rating 

Unit 
Min. Typ. Max. 

Vee - 4.5 5 5.5 V 
Power Supply Voltage 

Vss - 0 0 0 V 

V1H - 2.2 5 Vee + 0.3 V 
Input Signal Level 

VIL - - 0.3 0 0.8 V 

VOH IOH = - 4OO11A 2.4 - - V 
Output signal Level 

VOL IOL=2.1 mA - - 0.4 V 

Input Leakage Current III VI=OVorVee -10 - 10 pA 

Output Leakage Current ILO Vo=OVorVee -10 - 10 pA 
Chip not selected 

leeA Vee= Max, 10 = OmA - - 50 mA 
te= 200 ns 

Power Supply Current Ices ~e=Max. - - 50 pA 
CE = Vee - 0.2V 

lees1 ~e=Max. - - 500 llA 
CE=VIH min. 

Operating Temperature Topr - 0 - 70 ·C 
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---------------------. MASK ROM· MSM534000. 

AC CHARACTERISTICS 

<TIMING CONDITIONS> 

Parameter 

Input Signal Level 

Input Rising, Falling Time 

Timing Measuring Point Voltage 

Loading Condition 

<READ CYCLE> 

Parameter Symbol 

Cycle Time tc 

Add ress Access Ti me tAA 

Chip Enable 
tACE 

Access Time 

Output Delay Time tco 

Output Setting Time tlZ 

Output Disable Time tHZ 

Output Retaining Time tOH 

Condition 

V1H = 2.4V, Vil = 0.6V 

tr = tf = 5 ns 

Input Voltage = 1.SV 

Output Voltage = 0.8V & 2.0V 

Cl = 1 OOpF + 1 TTL 

(Vcc=SV± 10%, Vss=OV, Ta=O°Cto +70°C) 

Specification Value 
Unit Remarks 

Min. Typ. Max. 

200 - - ns 

- - 200 ns 

- - 200 ns 

- - 60 ns 

10 - - ns 

10 - SO ns 

10 - - ns 
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• MASK ROM· MSM534000 .---------------------

• READ CYCLE-1 (NOTE 1) 

tc 

Address 

OE 

(3) 
tOH 

DOUT 

• READ CYCLE-1 (NOTE 2) 

t c 

CE ~ 

'" 7 V 

'" 
tACE 

)0 

~ K /' V OE 

E 
teo 

)0 

14. (3) 

) < r DOUT 

Notes: (1) CEis "L" level. 

(2) The address is decided at the same time as or ahead of CE "L" level. 

(3) tLZ is determined by the later CE "L" or OE "L H. 

tHZ is determined by the earlier CE HW or OE "W. 

tHZ 
(3) 

"'-
/' 

tHZ shows time until floating therefore it is not determined by the output level. 
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---------------------. MASK ROM· MSM534000. 

INPUT/OUTPUT CAPACITANCE 

(Ta = 25°C, f = 1 MHz) 

Parameter Symbol 
Specification Value 

Unit Remarks 
Min. Max. 

Input Capacitance CI - 8 pF VI=OV 

Output Capacitance Co - 8 pF Vo=OV 
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OKI semiconductor 
MSM534000A 
262,144 WORD x 16 BIT MASK ROM 

GENERAL DESCRIPTION 

The MSM534000ARS is a silicon gate CMOS device ROM with 262,144 words x 16 bit capacity. It 
operates on a 5V single power supply and all inputs and outputs are TTL compatible. The 
adoption of an asynchronous system in the circuit requires no external clock assuring extremely 
easy operati on. The availabi I ity of power down mode contri butes to the low power d issi pati on 
when the chip is not selected. The application of a word system is most suitable for use as a large 
capacity fixed memory for microcomputers and data terminals. 
Since it provides signals, the connection of output terminals of other chips with the wired OR is 
possible ensuring an easy expand operation of memory and bus line control 

FEATURES 

• 262,144 words x 16 bits 

• 5V single power supply 

• Access time: 150 ns MAX 

PIN CONFIGURATION 
(Top View) 

Vee 
A17 
AI6 
A15 
AI. 
Au. 
A12 
A11 
AIO 
Ag 
Vss 
As 
A7 
A6 
As 
A. 
A3 
A2 
AI 

-. ___ -1""- AtJ 

Vee' vss : Power supply 
voltage 

AtJ-A17 :Address input 
Do-DIS : Data output 

~ :Chipenable 
OE :Output enable 
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• Input/output TTL compatible 

• 3-state output 

• 40-pin DIP 

FUNCTION BLOCK DIAGRAM 

vee vss 

'~'--r-~~--~--~ 

Memory cell Matrix 
262144.16 bit 

0000000000000000 
012)4'I'.'101111IJI4IS 



---------------------. MASK ROM· MSM534000A. 

ABSOLUTE MAXIMUM RATINGS 

(Ta = 25°C) 

Rating Symbol Value Unit Condition 

Power Supply Voltage Vee - 0.3to 7 V Respect to VSS 

Input Voltage VI - 0.3 to Vee + 0.3 V Respect to VSS 

Output Voltage Vo - 0.3 to Vee + 0.3 V Respect to V ss 

Power Dissipation Po 1 W Per package 

Operating Temperature Topr Oto 70 ·C -

Storage Temperature Tstg - 55to 150 ·C -

OPERATING CONDITION AND DC CHARACTERISTICS 

(Vee=5V± 10% Vss=OV Ta=O·Cto +70·C) 

Parameter Symbol Measuring Condition 
Rating 

Unit 
Min. Typ. Max. 

Vee - 4.S 5 5.S V 
Power Supply Voltage 

Vss - 0 0 0 V 

VIH - 2.2 5 Vee + 0.3 V 
Input Signal Level 

VIL - - 0.3 0 0.8 V 

VOH IOH = - 400pA 2.4 - - V 
Output signal Level 

VOL IOL=2.1 mA - - 0.4 V 

Input Leakage Current III V1=OVorVee -10 - 10 pA 

Output Leakage Current ILO Vo=OVorVee -10 - 10 pA 
Chip not selected 

leeA Vee = Max, 10 = OmA - - 50 mA 
te = 150 ns 

Power Supply Current lees Y..r.e= Max. - - 50 pA 
CE = Vee - 0.2V 

lees1 Y..r.e= Max. - - 500 JlA 
CE =VIH min. 

Operating Temperature Topr - 0 - 70 ·C 
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• MASK ROM· MSM534000A .---------------------

AC CHARACTERISTICS 

<TIMING CONDITIONS> 

Parameter 

Input Signal Level 

Input Rising, Falling Time 

Timing Measuring Point Voltage 

Loading Condition 

<READ CYCLE> 

Parameter Symbol 

Cycle Time tc 

Address Access Time tAA 

Chip Enable 
tACE 

Access Time 

Output Delay Time tco 

Output Setting Time tLZ 

Output Disable Time tHZ 

Output Retaining Time tOH 

460 

Condition 

VIH = 2.4V, V1L = 0.6V 

tr = tf = 5 ns 

Input Voltage = 1.5V 

Output Voltage = O.BV & 2.0V 

CL = 100pF + 1 TTL 

(VcC=5V± 10%, Vss=OV, Ta=O°Cto + 70°C) 

Specification Value 
Unit Remarks 

Min. Typ. Max. 

150 - - ns 

- - 150 ns 

- - 150 ns 

- - 60 ns 

10 - - ns 

10 - 50 ns 

10 - - ns 



---------------------. MASK ROM· MSM534000A. 

• READ CYCLE-1 (NOTE 1) 

t c 

Address 7 ~ ) /' 
"'" 

.. tAA • 

~ 
~ 7 ~ 

tco (3) E tOH • 

.. • .. tHZ • 
JLZ._~ 

"'" ~K /' 

OE 

DOUT 

• READ CYCLE-1 (NOTE 2) 

t 
0( 

c • 
CE ~ K 7 

L' 

.. tACE • 

~ 
~ 7 

L' OE 

tco tHZ 
(3) ., • 

.tLZ·_l (3) 
!IIi fI 

) K "'" r /' 
DOUT 

Notes: (1) Gis "L" level. 

(2) The address is decided at the same time as or ahead of CE "L" level. 

(3) tLZ is determined by the later CE "L" or OE "L". 

tHZ is determi ned by the earl ier CE "H" or OE "H". 

tHZ shows time until floating therefore it is not determined by the output level. 
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• MASK ROM· MSM534000A .---------------------

INPUT/OUTPUT CAPACITANCE 

(Ta = 25°C , f= 1 MHz) 

Parameter Symbol 
Specification Value 

Min. Max. 
Unit Remarks 

Input Capacitance CI - 8 pF V1=OV 

Output Capacitance Co - 8 pF Vo=OV 
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~O~]{~I~S~e~rn~i~co~n~d~u~c=t~o~r _________________ ~ 
MSM534001A - ~ 
524,288 WORD x 8 BIT MASK ROM 

GENERAL DESCRIPTION 

The MSMS34001ARS is a silicon gate CMOS device ROM with 524,288 words x 8 bit capacity. It 
operates on a 5V single power supply and all inputs and outputs are TTL compatible. The 
adoption of an asynchronous system in the circuit requires no external clock assuring extremely 
easy operation. The availability of power down mode contributes to the low power dissipation 
when the chip is not selected. The application of a byte system is most suitable for use asa large 
capacity fixed memory for microcomputers and data terminals. 
Since it provides signals, the connection of output terminals of other chips with the wired OR is 
possible ensuring an easy expand vperation of memory and bus line control 

FEATURES 

• 524,288 words x 8 bits 

• 5V single power supply 

• Access time: 150 ns MAX 

PIN CONFIGURATION 
(Top View) 

NC Vcc 
A,6 A,s 
A,s A17 
A'2 A'4 
A7 An 
A6 As 

• Input/output TTL compatible 

• 3-state output 

• 32-pin DIP 

FUNCTION BLOCK DIAGRAM 

Memory cell Matrix 
524.288 lC 8 bit 

As 
A4 

A9 

A" 

CE --.0 a 
OE --.0 DE 

A3 OE 
A2 , 

~o 
A, CE 
Ao 07 
Do , 06 
0, 05 
02 04 

GNO 03 

Vee. Vss :Powersupply ~ :Chip enable 
voltage OE :Output enable 

Ao-A'8 :Address input 
0 0-07 : Data output 
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• MASK ROM· MSM534001A .----------------,-------

ABSOLUTE MAXIMUM RATINGS 

(Ta = 25°C) 

Rating Symbol Value Unit Condition 

Power Supply Voltage Vee - 0.3 to 7 V Respect to Vss 

Input Voltage VI - 0.3 to Vee + 0.3 V Respect to Vss 

Output Voltage Vo - 0.3 to Vee + 0.3 V Respect to Vss 

Power Dissipation PD 1 W Per package 

Operating Temperature Topr Ot070 °C -
Storage Temperature Tstg - 55 to 150 °C -

OPERATING CONDITION AND DC CHARACTERISTICS 

(Vee = 5V ± 10% Vss = OV Ta = O°C to + 70°C) 

Parameter Symbol Measuring Condition 
Rating 

Unit 
Min. Typ. Max. 

Vee - 4.5 5 5.S V 
Power Supply Voltage 

Vss - 0 0 0 V 

VIH - 2.2 5 Vee + 0.3 V 
Input Signal Level 

VIL - -0.3 0 0.8 V 

VOH IOH= -400J:lA 2.4 - - V 
Output signal Level 

VOL IOL=2.1 mA - - 0.4 V 

Input Leakage Current III VI=OVorVee -10 - 10 J:lA 

Output Leakage Current ILO Vo= OVorVee -10 - 10 J:lA Chip not selected 

leeA Vee=Max,lo=OmA - - 50 mA 
te = 150 ns 

Power Supply Current Ices 'i.£.e= Max. - - 50 J:lA 
CE = Vee - 0.2V 

lees1 'i.£.e= Max. - - 500 IlA 
CE=VIH min. 

Operating Temperature Topr - 0 - 70 °C 
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---------------------. MASK ROM· MSM534001A. 

AC CHARACTERISTICS 

<TIMING CONDITIONS> 

Parameter 

Input Signal Level 

Input Rising, Falling Time 

Timing Measuring Point Voltage 

Loading Condition 

<READ CYCLE> 

Parameter Symbol 

Cycle Time te 

Address Access Ti me tAA 

Chip Enable 
tAeE 

Access Time 

Output Delay Time teo 

Output Setting Time tlZ 

Output Disable Time tHZ 

Output Retaining Time tOH 

Condition 

VIH = 2.4V, V1l = 0.6V 

tr = tf = S ns 

Input Voltage = 1.SV 

Output Voltage = O.SV & 2.0V 

(Vee = sv ± 10%, Vss = OV, Ta = O°C to + 70°C) 

Specification Value 
Unit 

Min. 
Remarks 

Typ. Max. 

lS0 - - ns 

- - 150 ns 

- - 150 ns 

- - 60 ns 

10 - - ns 

10 - 50 ns 

10 - - ns 
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• MASK ROM· MSM534001A .---------------------

• READ CYCLE-1 (NOTE 1) 

t 
" 

C • 

Address ~ ~ ) '" 
" 

tAA • 

~ 
~ 7 ~ tOH 

teo (3) 
tHZ 

tLZ -l (3) "" -
-~/ 

""'" 1"'--/ "'" /' 

OE 

DOUT 

• READ CYCLE-1 (NOTE 2) 

t • C -
CE ~ 

"" 7 V 

f 
tACE -

~ K .7 V OE 

tco (3) 

" .. .. tHZ _ 

• tLz __ I. (3) 

DOUT r ) < 
Notes: (1) CEis "L"level. 

(2) The address is decided at the same ti me as or ahead of CE "L" level. 

(3) tLZ is determined by the later CE "L" or OE "L". 

tHZ is determi ned by the earl ier CE "H" or OE "H" 

""'" ./ 

tHZ shows time until floating therefore it is not determined by the output level. 
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---------------------. MASK ROM· MSM534001A. 

INPUT/OUTPUT CAPACITANCE 

(Ta = 25°C • f= 1 MHz) 

Symbol 
Specification Value 

Unit Remarks Parameter 
Min. Max. 

Input Capacitance CI - 8 pF VI=OV 

Output Capacitance Co - 8 pF Vo=OV 
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OKI semiconductor 
MSM534002A 
262,144 WORD x 16 BIT OR 524,288 WORD x 8 BIT MASK ROM 

GENERAL DESCRIPTION 

The MSM534002ARS is a silicon gate CMOS device ROM with 262,144 words x 16 bit or 524,288 
words x 8 bit capacity. It operates on a 5V single power supply and all inputs and outputs are TTL 
compatible. The adoption of an asynchronous system in the circuit requires no external clock 
assuring extremely easy operation. The availability of power down mode contributes to the low 
power dissipation when the chip is not selected. The application of a byte/word system is most 
suitable for use as a large capacity fixed memory for microcomputers and data terminals. 
Since it provides signals, the connection of output terminals of other chips with the wired OR is 
possible ensuring an easy expand operation of memory and bus line control 

FEATURES 

• 262,144 words x 16 bits or 524,288 words x 8 bits • Input/output TTL compatible 

• 5V single power supply 

• Access time: 150 ns MAX 

PIN CONFIGURATION 
(Top View) 

AS 
A. 
A10 
A" 
A'2 
A13 
A14 
A15 

~ 
BYTE 
Vss 
D,s/A-1 
0, 
0,. 
06 
013 
Os 
0" 
D. 

-,L-___ r-- Vee 

Vee, Vss : Power supply 
voltage 

Ao-A17 :Address Input 
Do-D,.:Data output 
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~ : Chip enable 
OE : Output enable 
D,s/A-l: Output/Input 

BYTE: Mode SWitch 

• 3-state output 

• 40-pin DIP 

FUNCTION BLOCK DIAGRAM 

Vee Vss 

1 1 

A-1 

8/16 Output Control 

TI·QE logic 

Memory cell Matrix 
262144)1: 16 bit 
or 524,288 x 8 

DDDDDDDDDDDDDDOD 
0' 2 J • 5 6 7 I 9 101112131.'5 



---------------------. MASK ROM· MSM534002A. 

ABSOLUTE MAXIMUM RATINGS 

(Ta = 25°q 

Rating Symbol Value Unit Condition 

Power Supply Voltage Vee - 0.3 to 7 V Respect to Vss 

Input Voltage VI - 0.3 to Vee + 0.3 V Respect to Vss 

Output Voltage Vo - 0.3 to Vee + 0.3 V Respect to Vss 

Power Dissipation PD 1 W Per package 

Operating Temperature Topr Ot070 °C -
Storage Temperature Tstg - 55to 150 °C -

OPERATING CONDITION AND DC CHARACTERISTICS 

(Vee = SV ± 10% Vss = OV Ta = O°C to + 70°C) 

Parameter Symbol Measuring Condition 
Rating 

Unit 
Min. Typ. Max. 

Vee - 4.5 5 5.5 V 
Power Supply Voltage 

Vss - 0 0 0 V 

VIH - 2.2 5 Vee + 0.3 V 
Input Signal Level 

VIL - -0.3 0 0.8 V 

VOH 10H= -400pA 2.4 - - V 
Output signal Level 

VOL IOL=2.1 mA - - 0.4 V 

Input Leakage Current III VI = OVor Vee -10 - 10 pA 

Output Leakage Current ILO Vo= OVorVee -10 - 10 JlA Chip not selected 

leeA Vee = Max, 10 = OmA - - 50 mA 
te = 150 ns 

Power Supply Current Ices ~e=Max. - - 50 JlA 
CE = Vee - 0.2V 

lees1 ~e=Max. - - 500 pA 
CE =VIH min. 

Operating Temperature Topr - 0 - 70 °C 

469 



• MASK ROM· MSM534002A .1--------------------

FUNCTION TABLE 

- - --
CE OE BYTE A-1(015) 

H X X X 

L H X X 

INPUT 
L L H FORBIDDEN 

(015) 

L L L L 

L L L H 

AC CHARACTERISTICS 

<TIMING CONDITIONS> 

Parameter 

Input Signal Level 

. Input Rising, Falling Time 

00-07 

Hi-Z 

Hi-Z 

00-07 

00-07 

OS-015 

Timing Measuring Point Voltage 

Loading Condition 

< READ CYCLE> 

Parameter Symbol 

Cycle Time te 

Address Access Time tAA 

Chip Enable 
tAeE 

Access Time 

Output Delay Time teo 

Output Setting Time tLZ 

Output Disable Time tHZ 

Output Retaining Time toH 

470 

OS-015 OoutMOOE LSB MSB 

Hi-Z 
Hi-Z - -

Hi-Z 

08-015 16 bit AD A17 

Hi-Z 
Sbit A-1 A-17 

Hi-Z 

X: Don't Care 

Condition 

VIH = 2.4V, VIL = 0.6V 

tr = tf = S ns 

Input Voltage = 1.5V 

Output Voltage = o.sv & 2.0V 

(Vee = sv ± 10%, Vss = OV, Ta = O·C to + 70·C) 

Specification Value 
Unit Remarks 

Min. Typ. Max. 

150 - - ns 

- - 1S0 ns 

- - 150 ns 

- - 60 ns 

10 - - ns 

10 - 50 ns 

10 - - ns 



----------------------------------------_MASKROM,MSM53@02A_ 

• READ CYCLE-1 (NOTE 1) 

te 

Address 

DE 

t H 

DDUT 

• READ CYCLE-1 (NOTE 2) 

t e 

CE ~ 

'" / 
.c: 

.. tAeE ,. 

~ 

"" / 
.c: DE 

.. teo ,. 

~ 
(3) 

"'" K r / 
DDUT 

Notes: (1) CEis "L"level. 

(2) The address is decided at the same time as or ahead of CE "L" level. 

(3) tLZ is determined by the later CE "L" or DE "L", 

tHZ is determined by the earlier CE "W or DE "W. 

tHZ 
(3) 

"'" /' 

tHZ shows time until floating therefore it is not determined by the output level. 
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• MASK ROM . MSM534002A .---------------------

INPUT/OUTPUT CAPACITANCE 

(Ta=25°C. f= 1 MHz) 

Parameter Symbol 
Specification Value 

Unit Remarks 
Min. Max. 

Input Capacitance C, - 8 pF V,=OV 

Output Capacitance Co - 8 pF Vo=OV 
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MOS 
EPROMS 

OTPS 

III 



D MOS EPROMS/OTPS 

MSM2764A 

MSM27128A 

MSM27256 

MSM27512 

MSM271000 

MSM271024 

MSM27C256 

MSM27C256H 

MSM27C1024 

MSM27C2000 

MSM27C2048 

MSM2764AZB 

MSM27128AZB 

MSM27256ZB 

MSM27512ZB 

MSM271000ZB 

MSM271024ZB 

MSM27C256ZB 

MSM27C256HZB 

8, 192-Word x 8-Bits EPROM (NMOS) .••......•....•.. 475 

16,384-Word x 8-Bits EPROM (NMOS) ............•.•• 483 

32,768-Word x 8-Bits EPROM (NMOS) ........•....••. 491 

65,536-Word x 8-Bits EPROM (NMOS) ...••..••..•..•. 499 

131 ,072-Word x 8-Bits EPROM (NMOS) ............... 506 

65,536-Word x 16-Bits EPROM (NMOS) •.••....•.•.•.. 513 

32,768-Word x 8-Bits EPROM (CMOS) ...•...••....... 520 

32,768-Word x 8-Bits EPROM (CMOS) .....•....•...•. 528 

65,536-Word x 16-Bits EPROM (CMOS) .....••........ 536 

262, 144-Word x 8-Bits EPROM (CMOS) ..••.••••.•...• 543 

131,072-Word x 16-Bits EPROM (CMOS) .•..•••..••... 550 

8, 192-Word x 8-Bits OTP ROM (NMOS) •..••.•..•...•. 557 

16,384-Word x 8-Bits OTP ROM (NMOS) ...•.•........ 564 

32,768-Word x 8-Bits OTP ROM (NMOS) •••.••...•.•.. 571 

65,536-Word x 8-Bits OTP ROM (NMOS) ••••.•..•.•... 578 

131 ,072-Word x 8-Bits OTP ROM (NMOS) •.....••.•.•. 585 

65,536-Word x 16-Bits OTP ROM (CMOS) •....•....•.. 591 

32,768-Word x 8-Bits OTP ROM (CMOS) ......••...•.. 598 

32,768-Word x 8-Bits OTP ROM (CMOS) .....•....•.•. 605 



OKI semiconductor 

MSM2764A 
8192 x 8 BIT UV ERASABLE ELECTRICALLY PROGRAMMABLE 
READ-ONLY MEMORY 

GENERAL DESCRIPTION 

The MSM2764A is a 8192 words x 8 bit ultraviolet erasable and electrically programmable 
read-only memory. The MSM2764A is manufactured by the N channel double silicon gate MOS 
technology and is contained in the 28 pin package. 

FEATURES 

• +5V single power supply 
• 8192 words x 8 bit configuration 
• Access time: 

MAX 120 ns (MSM2764A - 12) 
MAX 150 ns (MSM2764A - 15) 
MAX 200 ns (MSM2764A - 20) 
MAX 250 ns (MSM2764A - 25) 

PIN CONFIGURATION 

(Top View) 

• Power consumption: 
MAX525 mW (during operation) 
MAX184 mW (during stand-by) 

• Completely static operation 
• INPUT/OUTPUT TTL compatible 

(three state output) 

FUNCTIONAL BLOCK DIAGRAM 

--------- v CC 

PGM 

-------- vpp 

CE 

--------- G NO 

O. 

05 

O. 
0, 

OE OE 

AoAl ______ A12 

This specification may be changed without notification. 
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_EPROM·MSM2764A_I----------------------------------------------

FUNCTION TABLE 

~ eE OE PGM Vpp vee 
(20) (22) (27) (1 ) (28) Outputs 

Mode 

Read VIL VIL VIH +5V +5V Dout 

Output Disable VIL VIH VIH +5V +5V High impedance 

Stand-by VIH - - +5V +5V High impedance 

Program VIL VIH VIL +12.5V +6V DIN 

Program Verify VIL VIL VIH +12.5V +6V Dout 

Program Inhibit VIH - - +12.5V +6V High impedance 

-; ean be either VIL or VIH 

ABSOLUTE MAXIMUM RATINGS 

Temperature Under Bias 
Storage Temperature 
AlllnputiOutput Voltages 
Vee Supply Voltage 
Program Voltage 

The voltage with respect to GND. 

Ta......................... ooc ~70oC 
Tstg ....................... -55°e - 125°e 
VIN. VOUT ................. -0.6V - 13.5V 
Vee ........................ - 0.6V ~ 7V 
Vpp ....................... -0.6V - 14V 

ELECTRICAL CHARACTERISTICS 

<READ OPERATION> 
RECOMMENDED OPERATION CONDITION 

Limit Operating Parameter Symbol Remarks Temperature Min. Typ. Max. 

Vee Power Supply 
Vee 4.75 5.0 5.25 Voltage 

Vpp Voltage Vpp 4.75 5.0 5.25 

ooe -70oe 
Vee=5V± 5% 

"H" Level Input VPP=Vee 
Voltage VIH 2.0 - 6.25 

"L" Level Input 
VIL -0.1 - 0.8 Voltage 

The voltage with respect to GND 
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Symbol 

V 

V 

V 

V 



----------------------------------------------_EPROM·MSM2764A_ 

DC CHARACTERISTICS 
(VCC = 5V±5%, Vpp = VCC, Ta = O°C - 70°C) 

Limits 
Parameter Symbol Conditions Unit 

Min. Typ. Max. 

Input Leakage Current III VIN =5.25V - - 10 ,...A 

Output Leakage Current ILO VOUT =5.25V - - 10 ,...A 

VCC Power Current (Stand-by) ICC, CE =VIH - - 35 mA 

VCC Power Current (Operation) ICC2 CE =VIL - - 100 mA 

Program Power Current Ipp, Vpp =VCC - - 5 mA 

Input Voltage "H" Level VIH - 2.0 - VCC+1 V 

Input Voltage "L" Level VIL - -0.1 - O.B V 

Output Voltage "H" Level VOH IOH = -400 /LA 2.4 - - V 

Output Voltage "L" Level VOL IOL = 2.1 mA - - 0.45 V 

AC CHARACTERISTICS 
(VCC = 5V±5%, Vpp = VCC , Ta = O°C - 70°C) 

Parameter Symbol Conditions 2764A-12 2764A-15 2764A-20 2764A-25 
Min. Max. Min. Max. Min. Max. Min. Max. Unit 

Address Access Time tACC CE-OE-VIL, - 120 - 150 200 PGM = VIH - - 250 ns 

eE Access Time tCE OE =VIL, - 120 - 150 200 PGM = VIH - - 250 ns 

OE Access Time tOE CE - VIL, - 50 - 60 70 PGM = VIH - - 100 ns 

III 
Output Disable Time tOF ~VIL, 

0 40 0 50 0 55 0 PGM = VIH 60 ns 

Measurement condition 
Input pulse level .......................... 0.45V and 2.4V 
Input timing reference level ............... O.BV and 2.0V 
Output load .............................. 1 TTL GATE + 100pF 
Output timing reference level .............. O.BV and 2.0V 
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_EPROM·MSM2764A_---------------------------------------------

TIME CHART 

Address Input 

Data output 
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----------------------------------------------_EPROM·MSM2764A_ 

< PROGRAMMING OPERATION> 
DC CHARACTERISTICS 
(VCC = 5.75V ~6.5V, Vpp = 12.5V ±0.5V, Ta = 25°C±5°C) 

Parameter Symbol Conditions 

Input Leakage Current III VIN =5.25V 

Vpp Power Current Ipp2 CE =PGM =VIL 

VCC Power Current ICC -

Input Voltage "H" Level VIH -

Input Voltage "L" Level VIL -

Output Voltage "H" Level VOH IOH =-400/-<A 

Output Voltage "L" Level VOL IOL=2.1 rnA 

AC CHARACTERISTICS 
(VCC = 5.75V ~6.5V, Vpp = 12.5V±0.5V, Ta = 25°C±5 °C) 

Parameter Symbol Conditions 

Address Set-up Time tAS -

OE Set-up Time tOES -

Data Set-up Time tDS -

Address Hold Time tAH -

Data Hold Time tDH -

Output Enable to Output 
tDFP -

Float Delay 

Vpp Power Set-up Time tvs -

PGM Initial Program Pulse Width tpw Vcc=6V±0.25V 

PGM Program Pulse Width tpw Vcc=6.25V±0.25V 

PGM Overprogram Pulse Width topw Vcc=6V±o.25V 

CE Set-up Time tCES -

Data Valid from OE tOE -

Limits 
Unit 

Min. Typ. Max. 

- - 10 /-<A 

- - 50 rnA 

- - 100 rnA 

2.0 - VCC+1 V 

-0.1 - 0.8 V 

2.4 - - V 

- - 0.45 V 

Limits 
Unit 

Min. Typ. Max. 

2 - - /-<s 

2 - - /-<s 

2 - - /-<s 

0 - - /-<s 

2 - - /-<s 

0 - 130 ns 

2 - - fLs 

0.95 1.0 1.05 ms 

95 100 105 }.IS 

2.85 - 78.75 ms 

2 - - fLs 

- - 150 ns 
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_EPROM·MSM2764A_I----------------------------------------------

TIME CHART 

Data -----< 
input/output 

Vpp 

PGM------------~ 

OE 

CAPACITANCE 
(Ta = 25°C. f = 1 MHz, Vcc=5V) 

Parameter Symbol 

Input Capacitance CIN 

Output Capacitance COUT 

480 

ADDRESS N 

tOES 

Conditions Min. Typ. Max. Unit. 

VIN =OV - 4 6 pF 

VOUT =OV - 8 12 pF 



-----------------------------------------------EPROM·MSM2764A_ 

INCREMENT 

ADDRESS 

ADDRESS = FIRST LOCATION 

YES 

PROGRAM ONE 100 !-,SEC PULSE 

FAIL 

NO 

FAIL 

Programming Flowchart Example (I) 

DEVICE FAILED 
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482 

INCREMENT 
ADDRESS 

ADDRES = FIRST LOCATION 

YES 

PROGRAM ONE 1 mSEC PULSE 

Vee = 5V 
Vpp = 5V 

DEVICE PASSED 

FAIL 

Programming Flowchart Example (II) 

DEVICE FAILED 



OKI semiconductor 

MSM27128A 
16384 x 8 BIT UV ERASABLE ELECTRICALLY PROGRAMMABLE 
READ-ONLY MEMORY 

GENERAL DESCRIPTION 

The MSM27128A is a 16384 words x 8 bit ultraviolet erasable and electrically 
programmable read-only memory. The MSM27128A is manufactured by the N channel 
double silicon gate MOS technology and is contained in the 28 pin package. 

FEATURES 

• +5V single power supply 
• 16384 words x 8 bit configuration 
• Access time: 

MAX 120 ns (MSM27128A-12) 
MAX 150 ns (MSM27128A-15) 
MAX 200 ns (MSM27128A-20) 
MAX 250 ns (MSM27128A-25) 

PIN CONFIGURATION 

(Top View) 

• Power consumption: 
MAX525 mW (during operation) 
MAX184 mW (during stand-by) 

• Completely static operation 
• INPUT/OUTPUT TTL compatible 

(three state output) 

FUNCTIONAL BLOCK DIAGRAM 

-VCC 

PGM 

-vpp 

CE 

-GND 

OE OE 

AoA, - - - - - - A13 

This specification may be changed without notification. 
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_EPROM·MSM27128A_---------------------------------------------

FUNCTION TABLE 

eE OE PGM ~ Vpp vee 
(20) (22) (27) (1 ) (28) Outputs 

Mode 

Read VIL VIL VIH +5V +5V Dout 

Output Disable VIL VIH VIH +5V +5V High impedance 

Stand-by VIH - - +5V +5V High impedance 

Program VIL VIH VIL +12.5V +6V DIN 

Program Verify VIL VIL VIH +12.5V +6V Dout 

Program Inhibit VIH - - +12.5V +6V High impedance 

-; ean be either VIL or VIH 

ABSOLUTE MAXIMUM RATINGS 

Temperature Under Bias 
Storage Temperature 
AlllnputiOutput Voltages 
Vee Supply Voltage 
Program Voltage 

Ta ... , .. . ... . . . ...... . .. . .. ooe -70oe 
Tstg ....................... -55°e - 125°e 
VIN. VOUT ................. -0.6V - 13.5V 
Vee ....................... -o.6V - 7V 
Vpp ....................... -0.6V - 14 V 

The voltage with respect to GND. 

ELECTRICAL CHARACTERISTICS 

< READ OPERATION> 
RECOMMENDED OPERATION CONDITION 

Limit 
Parameter Symbol 

Min. Typ. 

Vee Power Supply 
Vee 4.75 5.0 Voltage 

Vpp Voltage Vpp 4.75 5.0 

"H" Level Input 
VIH 2.00 -

Voltage 

"L" Level Input 
VIL -0.1 -Voltage 

The voltage with respect to GND 
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Operating Remarks 
Max. Temperature 

5.25 

5.25 

ooe -70oe 
Vee=5V±5% 

6.25 
Vpp=Vee 

0.8 

Symbol 

V 

V 

V 

V 



----------------------. EPROM· MSM27128A. 

DC CHARACTERISTICS 
(VCC = 5V±5%. Vpp = VCC, Ta = ODC - 70DC) 

Limits 
Parameter Symbol Conditions Unit 

Min. Typ. Max. 

Input Leakage Current III VIN =5.25V - - 10 /LA 

Output Leakage Current ILO VOUT =5.25V - - 10 /LA 

VCC Power Current (Stand-by) ICC, CE =VIH - - 35 mA 

VCC Power Current (Operation) ICC2 CE =VIL - - 100 mA 

Program Power Current Ipp, Vpp=VCC - - 5 mA 

Input Voltage "H" Level VIH - 2.0 - VCC+1 V 

Input Voltage "L" Level VIL - -0.1 - 0.8 V 

Output Voltage "H" Level VOH IOH = -400 /LA 2.4 - - V 

Output Voltage "L" Level VOL IOL = 2.1 mA - - 0.45 V 

AC CHARACTERISTICS 
(VCC = 5V±5%, Vpp = VCC, Ta = ODC -70DC) 

27128A-12 27128A-15 27128A-20 27128A-25 
Parameter Symbol Conditions 

Min. Max. Min. Max. Min. Max. Min. Max. 
Unit 

Address Access Time tACC CE =OE = VIL. - 120 - 150 - 200 - 250 ns 
PGM = VIH 

CE Access Time tCE OE = VIL •. - 120 - 150 - 200 - 250 ns 
PGM = VIH o 

OE Access Time tOE cr = VIL, - 50 -
PGM = VIH 

60 - 70 - 100 ns 

Output Disable Time !DF CE = VIL, 
PGM = VIH 

0 40 0 50 0 55 0 60 ns 

Measurement condition 
Input pulse level _ ......................... 0.45V and 2AV 
Input timing reference level ............... 0.8V and 2.0V 
Output load . __ ..... _ ..................... 1 TTL GATE + 100pF 
Output timing reference level ........... _ .. 0.8V and 2_0V 
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-EPROM·MSM27128A_--------------------------------------------

TIME CHART 

Address input 

CE 

Data output 
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_____________________________________________ 1. EPROM.MSM27128A. 

<PROGRAMMING OPERATION> 
DC CHARACTERISTICS 
(VCC = 5.75V -6.5V, Vpp = 12.5V ±0.5V, Ta = 25°C±5°C) 

Parameter Symbol Conditions 

Input Leakage Current III VIN =5.25V 

Vpp Power Current IpP2 CE =PGM =VIL 

VCC Power Current ICC -

Input Voltage "H" Level VIH -

Input Voltage "L" Level VIL -

Output Voltage "H" Level VOH IOH = -400 p.A 

Output Voltage "L" Leve! VOL IOL = 2.1 mA 

AC CHARACTERISTICS 
(VCC = 5.75V -6.5V, Vpp = 12.5V±0.5V, Ta = 25°C±5°C) 

Parameter Symbol Conditions 

Address Set-up Time tAS -

OE Set-up Time tOES -

Data Set-up Time tDS -

Address Hold Time tAH -

Data Hold Time tDH -

Output Enable to Output 
tDFP -

Float Delay 

Vpp Power Set-up Time tvs -

PGM Initial Program Pulse Width tpw Vee = 6V ±0.25V 

PGM Program Pulse Width tpw Vee =6.25V ±0.25V 

--
PGM Overprogram Pluse Width topw Vee = 6V ±0.25V 

CE Set-up Time tCES -

Data Valid from OE tOE -

Limits 
Unit 

Min. Typ. Max. 

- - 10 p.A 

- - 50 mA 

- - 100 mA 

2.0 - VCC+1 V 

-0.1 - 0.8 V 

2.4 - - V 

- - 0.45 V 

Limits 
Unit 

Min. Typ. Max. 

2 - - p's 

2 - - p's 

2 - - p's 

0 - - p's 

2 - - p's 

0 - 130 ns 

2 - - p's 

0.95 1.0 1.05 ms 

95 100 105 J.i.S 

2.85 - 78.75 ms 

2 - - J.i.S 

- - 150 ns 
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• EPROM· MSM27128A .-----------------------

TIME CHART 

Data ----{ 
input/output 

Vpp 

PGM------------~ 

OE 

CAPACITANCE 
(Ta = 25°C, f = 1 MHz, Vee = 5V) 

Parameter Symbol 

Input Capacitance CIN 

Output Capacitance COUT 
,~" 

488 

ADDRESSN 

tOES 

Conditions Min. Typ. Max. Unit. 

VIN = OV - 4 6 pF 

VOUT =OV - 8 12 pF 



---------------------------------------------.EPROM·MSM27128A. 

INCREMENT 

ADDRESS 

ADDRESS = FIRST LOCATION 

PROGRAM ONE 100 ,uSEC PULSE 

FAIL 

NO 

FAIL 

DEVICE PASSED 

Programming Flowchart Example (I) 

DEVICE FAILED 
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INCREMENT 
ADDRESS 

ADDRES = FIRST LOCATION 

YES 

PROGRAM ONE 1 m SEC PULSE 

FAIL 

PROGRAM ONE PULSE 
OF 3X mSEC DURATION 

FAIL 

Programming Flowchart Example (II) 

DEVICE FAILED 



OKI semiconductor 

MSM27256 
32768 x 8 BIT UV ERASABLE ELECTRICALLY PROGRAMMABLE 
READ-ONLY MEMORY 

GENERAL DESCRIPTION 

The MSM27256 is a 32768 words x 8 bit ultraviolet erasable and electrically programmable 
read-only memory. The MSM27256 is manufactured by the N channel double silicon gate MOS 
technology and is contained in the 28 pin package. 

FEATURES 

• +5V single power supply 
• 32768 words x 8 bit configuration 
• Access time: 

MAX 120 ns (MSM27256-12) 
MAX 150 ns (MSM27256-15) 
MAX 200 ns (MSM27256-20) 
MAX 250 ns (MSM27256-25) 

PIN CONFIGURATION 

(Top View) 

• Power consumption: 
MAX525 mW (during operation) 
MAX184 mW (during stand-by) 

• Completely static operation 
• INPUT/OUTPUT TIL compatible 

(three state output) 

FUNCTIONAL BLOCK DIAGRAM 

PGM 

--Vpp 

CE CE 

---GND 

0, 

0, 

0, 

0, 

OE OE 

Th is specification may be changed without notification. 
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.EPROM·MSM27256.----------~----------------------------------

FUNCTION TABLE 

~ eE OE Vpp vee 
(20) (22) (1 ) (28) Outputs 

Mode 

Read VIL VIL +5V +5V Dout 

Output Disable VIL VIH +5V +5V High impedance 

Stand-by VIH - +5V +5V High impedance 

Program VIL VIH +12.5V +6V DIN 

Program Verify VIH VIL +12.5V +6V Dout 

Program Inhibit VIH VIH +12.5V +6V High impedance 

-; ean be either VIL or VIH 

ABSOLUTE MAXIMUM RATINGS 

Temperature Under Bias 
Storage Temperature 
AlllnputlOutput Voltages 

Vee Supply Voltage 
Program Voltage 

The voltage with respect to GND. 

Ta ....................... . 
Tstg ..................... . 
VIN ..................... . 
VOUT .................. . 
Vee ..................... . 
Vpp ..................... . 

ELECTRICAL CHARACTERISTICS 

< READ OPERATION> 
RECOMMENDED OPERATION CONDITION 

Limit 

OOC~700C 

-55°e - 125°e 
-0.6V - 13.5V 
-0.6V-7V 
-O.6V -7V 
-0.6V -14V 

Operating Parameter Symbol Remarks Symbol 
Min. Typ. Max. Temperature 

Vee Power Supply 
Vee 4.75 5.0 5.25 V Voltage 

Vpp Voltage Vpp 4.75 5.0 5.25 
i V 

"H" Level Input ooe -70oe Vee=5V±5% 

Voltage \/IH 2.0 - 6.25 Vpp=Vee V 

"L" Level Input 
VIL -0.1 Voltage - 0.8 V 

The voltage with respect to GND 
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----------------------------------------------_EPROM·MSM27256_ 

DC CHARACTERISTICS 
(VCC = 5V±5%, Vpp = VCC, Ta = O°C - 70°C) 

Limits 
Parameter Symbol Conditions Unit 

Min. Typ. Max. 

Input Leakage Current III VIN =5.25V - - 10 /LA 

Output Leakage Current ILO VOUT =5.25V - - 10 /LA 

VCC Power Current (Stand-by) ICC, CE =VIH - - 35 mA 

VCC Power Current (Operation) ICC2 CE =VIL - - 100 mA 

Program Power Current Ipp, Vpp=VCC - - 5 mA 

Input Voltage "H" Level VIH - 2.0 - VCC+1 V 

Input Voltage "L" Level VIL - -0.1 - 0.8 V 

Output Voltage "H" Level VOH IOH = -400 /LA 2.4 - - V 

Output Voltage "L" Level VOL IOL = 2.1 mA - - 0.45 V 

AC CHARACTERISTICS 
(VCC = 5V±5%, Vpp = VCC, Ta = O°C - 70°C) 

27256·12 27256-15 27256-20 27256-25 

Parameter Symbol Conditions Unit 
Min. Max. Min. Max. Min. Max. Min. Max. 

Address Access Time tACC CE=OE=VIL - 120 - 150 - 200 - 250 ns 

CE Access Time tCE OE = VIL - 120 - 150 - 200 - 250 ns o 
o E Access Time tOE CE = VIL - 50 - 60 - 70 - 100 ns 

Output Disable Time tDF CE = VIL 0 40 0 50 0 55 0 60 ns 

Measurement condition 
Input pulse level .......................... 0.45V and 2.4V 
Input timing reference level ............... 0.8V and 2.0V 
Output load .............................. 1 TTL GATE + 100pF 
Output timing reference level .............. 0.8V and 2.0V 
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_EPROM· MSM27256_---------------------------------------------

TIME CHART 

Address input 

Data output 
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----------------------------------------------_EPROM·MSM27256_ 

< PROGRAMMING OPERATION> 

DC CHARACTERISTICS 
(VCC =5.75V ~6.5V, Vpp = 12.5V±0.5V, Ta = 25°C±5°C) 

Parameter Symbol Conditions 

Input Leakage Current III VIN =5.25V 

Vpp Power Current Ipp2 CE = VIL, OE = VIH 

VCC Power Current ICC -

Input Voltage "H" Level VIH -

Input Voltage "L" Level VIL -

Output Voltage "H" Level VOH IOH =-400p..A 

Output Voltage "L" Level VOL IOL = 2.1 mA 

AC CHARACTERISTICS 
(VCC = 5.75V ~6.5V, Vpp = 12.5V±0.5V, Ta = 25°C±5°C) 

Parameter Symbol Conditions 

Address Set-up Time tAS -

OE Set-up Time tOES -

Data Set-up Time tos -

Address Hold Time tAH -

Data Hold Time tOH -

Output Enable to Output 
tOFP -

Float Delay 

Vpp Power Set-up Time tvs -

CE Initial Program Pulse Width tpw Vcc=6V±0.25V 

CE Program Pulse Width tpw Vcc=6.25V±o.25V 

CE Overprogram Pulse Width topw Vcc=6V±0.25V 

Data Valid from OE tOE -

Limits 
Unit 

Min. Typ. Max. 

- - 10 p..A 

- - 50 mA 

- - 100 mA 

2.0 - VCC+l V 

-0.1 - 0.8 V 

2.4 - - V 

- - 0.45 V 

Limits 
Unit 

Min. Typ. Max. 

2 - - p..s 

2 - - p..s 

2 - - p..s 

0 - - p..s 

2 - - p..s 

0 - 130 ns 

2 - - p..s 

0.95 1.0 1.05 ms 

95 100 105 ps 

2.85 - 78.75 ms 

- - 150 ns 

495 



• EPROM· MSM2725S.--------------------------------------------

TIME CHART 

Data ----.(1 
input/output 

Vpp 

OE 

CAPACITANCE 
(Ta = 25°C. f = 1 MHz, Vee = 5V) 

Parameter 

Input Capacitance 

Output Capacitance 

496 

Symbol 

CIN 

COUT 

ADDRESS N 

Conditions Min. Typ. Max. Unit. 

VIN =OV - 4 6 pF 

VOUT =OV - 8 12 pF 



----------------------------------------------I_EPROM·MSM27256_ 

INCREMENT 

ADDRESS 

ADDRESS = FIRST LOCATION 

PROGRAM ONE 1 ()() f.LSEC PULSE 

FAIL 

NO 

COMPARE 
ALL BYTES 

TO ORIGINAL 
DATA 

FAIL 

Programming Flowchart Example (I) 

DEVICE FAILED 
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-EPROM·MSM27256_----------------------------------------------
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INCREMENT 
ADDRESS 

ADORES'" FIRST LOCATION 

YES 

PROGRAM ONE 1 m SEC PULSE 

Vee'" 5V 
Vpp'" 5V 

DEVICE PASSED 

FAIL 

Programming Flowchart Example (II) 

DEVICE FAILED 



OKI semiconductor 

MSM27512 
65536 x 8 BIT UV ERASABLE ELECTRICALLY PROGRAMMABLE 
READ-ONLY MEMORY 

GENERAL DESCRIPTION 

The MSM27512 is a 65536 words x 8 bit ultraviolet erasable and electrically programmable 
read-only memory. The MSM27512 is manufactured by the N channel double silicon gate MOS 
technology and is contained in the 28 pin package. 

FEATURES 

• +5V single power supply 
• 65536 words x 8 bit configuration 
• Access time: 

MAX 120 ns (MSM27512-12) 
MAX 150 ns (MSM27512-15) 
MAX 200 ns (MSM27512-20) 
MAX 250 ns (MSM27512-25) 

PIN CONFIGURATION 

• Power consumption: 
MAX525 mW (during operation) 
MAX184 mW (during stand-by) 

• Completely static operation 
• INPUT IOUTPUT TIL compatible 

(three state output) 

FUNCTIONAL BLOCK DIAGRAM 

(Top View) -vcc 

PGM 

CE CE 

-GND 

DE 

This speCification may be changed without notification. 
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-EPROM·MSM27512_----------------------------------------------

FUNCTION TABLE 

Pins 
eE OElVpp Vee 
(20) (22) (28) Outputs 

Mode 

Read V,L V,L +5V Dout 

Output Disable V,L V,H +5V High impedance 

Stand-by V,H - +5V High impedance 

Program V,L 12.5V +6V D,N 

Program Inhibit V,H 12.5V +6V High impedance 

-; ean be either V,L or V,H 

ABSOLUTE MAXIMUM RATINGS 

Temperature Under Bias 
Storage Temperature 
AlllnputiOutput Voltages 

Vee Supply Voltage 
Program Voltage 

The voltage with respect to GND. 

Ta ......................... ooc - 70°C 
Tstg ....................... -55°e - 1250e 
Y,N ....................... -0.6V - 13.5V 
VOUT . . . . . . . . . . . . . . . . . .. -O.6V - 7V 
Vee··· .. ······ .. ·· .. · .. ··· -O.6V-7V 
Vpp ....................... -0.6V -14V 

ELECTRICAL CHARACTERISTICS 

<READ OPERATION> 
RECOMMENDED OPERATION CONDITION 

Limit Operating Parameter Symbol Remarks Symbol 
Temperature Min. Typ. Max. 

Vee Power Supply 
Voltage Vee 4.75 5.0 5.25 V 

"H" Level Input 
V,H 2.00 - 6.25 ooe -70oe Vee=5V±5% V Voltage 

"L" Level Input 
V,L -0.1 - 0.8 V Voltage 

The voltage with respect to GND 
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-----------------------------------------------EPROM·MSM27512-

DC CHARACTERISTICS 
(VCC =; 5V±5%, Ta =; O°C - 70°C) 

Limits 
Parameter Symbol Conditions Unit 

Min. Typ. Max. 

Input Leakage Currerit III VIN =; 5.25V - - 10 /LA 

Output Leakage Current ILO VOUT =; 5.25V - - 10 /LA 

VCC Power Current (Stand-by) ICC, CE =; VIH - - 35 rnA 

VCC Power Current (Operation) ICC2 CE =;VIL - - 100 rnA 

Input Voltage "H" Level VIH - 2.0 - VCC+l V 

Input Voltage "L" Level VIL - -0.1 - 0.8 V 

Output Voltage "H" Level VOH IOH =; -400 /LA 2.4 - - V 

Output Voltage "L" Level VOL IOL =; 2.1 rnA - - 0.45 V 

AC CHARACTERISTICS 
(VCC =; 5V±5%, Ta =; O°C - 70°C) 

Parameter Symbol 
27512-12 27512-15 27512-20 27512-25 

Conditions Unit 
Min. Max. Min. Max. Min. Max. Min. Max. 

Address Access 
tACC 

CE=OElVpp= 
120 150 200 250 Time VIL 

- - - - ns 

CE Access Time tCE OElVpp=VIL - 120 - 150 - 200 - 250 ns 

-
OE AccessTime tOE CE = VIL - 50 - 60 - 70 - 100 ns 

Output Disable -
Time tDF CE = VIL 0 40 0 50 0 55 0 60 ns 

Measurement condition 
Input pulse level .......................... 0.45V and 2.4V 
Input timing reference level ............... 0.8V and 2.0V 
Output load .............................. 1 TTL GATE + 100pF 
Output timing reference level .............. 0.8V and 2.0V 

TIME CHART 

Address input 

CE 

Data output 
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-EPROM·MSM27512_1----------------------------------------------

< PROGRAMMING OPERATION> 

DC CHARACTERISTICS 
(V CC = 5. 75V ~ 6.5V, Vpp = 12.5V ± 0.5V, Ta = 25°C±5°C) 

-

Parameter Symbol Conditions 

Input Leakage Current III VIN =5.25V 

Vpp Power Current IpP2 CE =VIL 

VCC Power Current ICC -

Input Voltage "H" Level VIH -

Input Voltage "L" Level VIL -

Output Voltage "H" Level VOH IOH = -400 !LA 

Output Voltage "L" Level VOL IOl = 2.1 mA 

AC CHARACTERISTICS 
(VCC = 5.75V ~6.5V, Vpp = 12.5V±0.5V, Ta = 25°C ±5°C) 

Parameter Symbol Conditions 

Address Set-up Time tAS -

Data Set-up Time tDS -

Address Hold Time tAH -

Data Hold Time tDH -

Output Enable to Output 
tDFP -Float Delay 

Vpp Power Set-up Time tvs -

CE Initial Program Pulse Width tpw VCC=6V±0.25V 

CE Program Pulse Width tpw VCC=6.25V±0.25V 

--
CE Overprogram Pu Ise Width topw VCC=6V±0.25V 

OEIVpp Hold Time tOEH -

Data Valid from CE tDV -

OE/Vpp Recovery Time tVR -

502 

Limits 
Unit 

Min. Typ. Max. 

- - 10 !LA 

- - 50 mA 

- - 100 mA 

2.0 - VCC+l V 

-0.1 - 0.8 V 

2.4 - - V 

- - 0.45 V 

Limits 
Unit 

Min. Typ. Max. 

2 - - !Ls 

2 - - !Ls 

0 - - !Ls 

2 - - !Ls 

0 - 130 ns 

2 - - !Ls 

0.95 1.0 1.05 ms 

95 100 105 ILS 

2.85 - 78.75 ms 

2 - - ILS 

- - 1 ILS 

2 - - ILS 



_______________________________________________ EPROM·MSM27512-

TIME CHART 

Address 
input 

Data 
input/output 

OElVpp 

CE 

CAPACITANCE 

tDS 

tvs 

(Ta = 25°C, f = 1 MHz. Vee = 5V) 

Parameter 

Input Capacitance 

Output Capacitance 

tpw 

topw 

Symbol 

CIN 

COUT 

ADDRESS N 

Conditions Min. Typ. Max. Unit. 

VIN =OV - 4 6 pF 

VOUT =OV - 8 12 pF 
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_EPROM·MSM27512_1--------------------------------------------

ADDRESS = FIRST LOCATION 

YES 

PROGRAM ONE 100 IlSEC PULSE 

FAIL 

INCREMENT NO 

ADDRESS 

FAIL 
DEVICE FAILED 

Programming Flowchart Example (\) 
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-----------------------------------------------EPROM·MSM27512-

INCREMENT 
ADDRESS 

ADDRES = FIRST LOCATION 

YES 

PROGRAM ONE 1 mSEC PULSE 

Vee = 5V 

OEIVpp=VIL 

FAIL 

Programming Flowchart Example (II) 

DEVICE FAILED 
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II) 

OKI semiconductor 

MSM271 000 
131072 x 8 BIT UV ERASABLE ELECTRICALLY PROGRAMMABLE 
READ-ONLY MEMORY 

GENERAL DESCRIPTION 

The MSM271000 is a 131072 words x 8 bit ultraviolet erasable and electrically program
mable read-only memory. The MSM271 000 is manufactured by the N channel double silicon 
gate MOS technology and is contained in the 32 pin package. 

FEATURES 

• +5V single power supply 
• 131072 words x 8 bit configuration 
• Access time: 

MAX120 ns (MSM271 000-12) 
MAX150 ns (MSM271 000-15) 
MAX200 ns (MSM271 000-20) 

PIN CONFIGURATION 

NC 

A" 

A, 

A. 

All PGM 

OE 

A,o CE 

CE 

0-
oE 

506 

• Power consumption: 
MAX525 mW (during operation) 
MAX184 mW (during stand-by) 

• Completely static operation 
• INPUT/OUTPUT TTL compatible 

(three state output) 

FUNCTIONAL BLOCK DIAGRAM 

-+------ Vee 

PGM 

4--Vpp 

CE 

+---GNO 

DE 

AoA, _ _ _ _ _ AI6 

This specification may he changed without notification 



---------------------------------------------_EPROM·MSM271000-

FUNCTION TABLE 

~ 
- -- ---
CE OE PGM VPP VCC Outputs 

Mode (22) (24) (31) (1 ) (32) 

Read VIL VIL - - +5V DOUT 

Output Disable VIL VIH - - +5V High impedance 

Stand-by VIH - - - +5V High impedance 

Program VIL VIH VIL +12.75V +6.25V DIN 

Program Verify VIL VIL VIH +12.75V +6.25V DOUT 

Program Inhibit VIH - - +12.75V +6.25V High impedance 

NOTES: 
-; Can be either VIL or VIH 

ABSOLUTE MAXIMUM RATINGS 

Temperature Under Bias 
Storage Temperature 
All Input/Output Voltages 

Vee Supply Voltage 
Program Voltage 

The voltage with respect to GND. 

Ta ......................... DoC ~ 70°C 
Tstg ....................... -55°C - 125°C 
VIN .••.•.•..•.••.•••. -0.6V ~ 13.5V 
VOUT ...................... -0.6V ~ 7V 
Vee ....................... -0.6V -7V 
Vpp ....................... -0.6V -14V 

ELECTRICAL CHARACTERISTICS 

< READ OPERATION> 
RECOMMENDED OPERATION CONDITION 

Limit 
Operating Parameter Symbol Remarks 

Min. Typ. Max. Temperature 

Vee Power Supply 
Vee 4.75 5.0 5.25 Voltage 

Vpp Voltage Vpp -0.1 - Vee + 1 

"H" Level Input DoC -70°C Vee=5V± 5% 
Voltage VIH 2.0 - 6.25 

"L" Level Input 
VIL -0.1 0.8 Voltage -

The voltage with respect to GND 

Symbol 

V 

V 

V 

V 
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• EPROM· MSM271 000 .1---------------______ _ 

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

Limits 
Parameter Symbol Conditions Unit 

Min. Typ. Max. 

Input Leakage Current III VIN =5.25V - - 10 /LA 

Output Leakage Current ILO VOUT =5.25V - - 10 /LA 

VCC Power Current (Stand-by) ICC, CE =VIH - - 35 mA 

VCC Power Current (Operation) ICC2 CE =VIL - - 100 mA 

Program Power Current Ipp, Vpp=VCC - - 10 ",A 

Input Voltage "H" Level VIH - 2.0 - VCC+1 V 

Input Voltage "L" Level VIL - -0.1 - O.B V 

Output Voltage "H" Level VOH IOH = -400 /LA 2.4 - - V 

Output Voltage "L" Level VOL IOL = 2.1 mA - - 0.45 V 

AC CHARACTERISTICS 
(VCC = 5V±5%, Ta = O°C - 70°C) 

271000-12 271000-15 271000-20 
Parameter Symbol Conditions Unit 

Min. Max. Min. Max. Min. Max. 

Address Access Time tACC CE =OE =VIL - 120 - 150 - 200' ns 

CE Access Time tCE OE =VIL - 120 - 150 - 200 ns 

OE Access Time tOE CE =VIL - 50 - 60 - 70 ns 

Output Disable Time tOF CE =VIL 0 40 0 50 0 55 ns 

Measurement condition 
Input pulse level .......................... 0.45V and 2.4V 
Input timing reference level ............... O.BV and 2.0V 
Output load .............................. 1 TTL GATE + 100pF 
Output timing reference level .............. O.BV and 2.0V 
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• EPROM· MSM271000 • 

TIME CHART 

Address input 

OE------~--~~ 

Data output 

II 
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-EPROM·MSM271000_1---------------------------------------------

<PROGRAMMING OPERATION> 
DC CHARACTERISTICS 
(VCC = 6.25V±0.25V. Vpp = 12.75V±0.25V. Ta = 25°C±5°C) 

Parameter Symbol Conditions 

Input Leakage Current III VIN =5.25V 

Vpp Power Current Ipp2 CE =PGM =VIL 

VCC Power Current ICC -

Input Voltage "H" Level VIH -

Input Voltage "L" Level VIL -

Output Voltage "H" Level VOH IOH = -400 JLA 

Output Voltage "L" Level VOL IOL = 2.1 mA 

AC CHARACTERISTICS 
(VCC = 6.25V±0.25V. Vpp = 12.75V±0.25V. Ta = 25°C±5°C) 

Parameter Symbol Conditions 

Address Set-up Time tAS -

OE Set-up Time tOES -

Data Set-up Time tDS -

Address Hold Time tAH -

Data Hold Time tDH -

Output Enable to Output 
tDFP -Float Delay 

Vpp Power Set-up Time tvs -

Program Pulse Width tpw -

CE Set-up Time tCES -
Data Valid from OE tOE -

510 

Limits 
Unit 

Min. Typ. Max. 

- - 10 JLA 

- - 50 mA 

- - 100 mA 

2.0 - VCC+1 V 

-0.1 - 0.8 V 

2.4 - - V 

- - 0.45 V 

Limits 
Unit 

Min. Typ. Max. 

2 - - JLs 

2 - - JLs 

2 - - JLs 

0 - - JLs 

2 - - JLs 

0 - 130 ns 

2 - - JLs 

95 100 105 IlS 

2 - - IlS 

- 150 ns 



----------------------1. EPROM· MSM271000. 

TIME CHART 

Data --..( 
input/output 

Vpp 

PGM-----_. 

CAPACITANCE 
(Ta = 25°C, f = 1 MHz, VCC = 5V) 

Parameter Symbol 

Input Capacitance CIN 

Output Capacitance COUT 

MSM271 000 

~ Ao D7 Ds 
Code (12) (21) (20) 

Manufacter 
VIL 1 0 Code 

Device Code VIH 1 0 

Notes: 1. Aa = 12.0 ± 0.5V 

ADDRESSN 

tDH 
tOES 

Conditions Min. Typ. 

VIN =OV - -

VOUT =OV - -

IDENTIFIER BYTES 

D5 D4 D3 D2 D, 
(19) (18) (17) (15) (14) 

1 0 1 1 1 

0 0 0 1 0 

2. A, - As, A,o - A,s, CE, OE = VIL, PGM = VIH OR VIL, Vpp = VIH OR VIL 

Max. Unit. 

12 pF 

15 pF 

Do Hex 
(13) Data 

0 AE 

1 85 
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II) 

• EPROM· MSM271000 .1----------------------

512 

INCREMENT 

ADDRESS 

ADDRESS = FIRST LOCATION 

PROGRAM ONE 100 J.<SEC PULSE 

FAIL 

NO 

FAIL 
DEVICE FAILED 

DEVICE PASSED 

Programming Flowchart Example (I) 



OKI semiconductor 

MSM271 024 
65536 x 16 BIT UV ERASABLE ELECTRICALLY PROGRAMMABLE 
READ-ONLY MEMORY 

GENERAL DESCRIPTION 

The MSM271 024 is a 65536 words x 16 bit ultraviolet erasable and electrically program
mable read-only memory. The MSM271 024 is manufactured by the N channel double silicon 
gate MOS technology and is contained in the 40 pin package. 

FEATURES 

• +5V single power supply 
• 65536 words x 16 bit configuration 
• Access time: 

MAX120 ns (MSM271 024-12) 
MAX150 ns (MSM271 024-15) 
MAX200 ns (MSM271 024-20) 

PIN CONFIGURATION 

NC 

A" 

A" 

A" 

A" 

• Power consumption: 
MAX 630 mW (during operation) 
MAX184 mW (during stand-by) 

• Completely static operation 
• INPUT IOUTPUT TIL compatible 

(three state output) 

FUNCTIONAL BLOCK DIAGRAM 

~vcc 

A" 
A, PGM PGM 

vss 
.. ----- Vpp 

As c'E CE 

A- - GND 

As OE 

As 

A, 

ThiS specification may he changed without notification 

o 
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• EPROM· MSM271 024 .1-----------------------

FUNCTION TABLE 

~s eE OE PGM VPP vee Outputs 
Mode (2) (20) (39) (1) (40) 

Read VIL VIL - - +5V DOUT 

Output Disable VIL VIH - - +5V High impedance 

Stand-by VIH - - - +5V High impedance 

Program VIL VIH VIL +12.75V +6.25V DIN 

Program Verify VIL VIL VIH +12.75V +6.25V DOUT 

Program Inhibit VIH - - ,+12.75V +6.25V High impedance 

NOTES: 
-; ean be either VIL or VIH 

ABSOLUTE MAXIMUM RATINGS 

Temperature Under Bias 
Storage Temperature 
AlllnputlOutput Voltages 

Vee Supply Voltage 
Program Voltage 

Ta ......................... oOe - 700e 
Tstg ....................... -55°e - 1 25°e 
VIN ..•.••••••...••••• -0.6V - 13.5V 
VOUT •••.••••••••.••• : -0.6V -7V 
Vee ....................... -0.6V -7V 
Vpp ....................... -0.6V -14V 

The voltage with respect to GND. 

ELECTRICAL CHARACTERISTICS 

<READ OPERATION> 
RECOMMENDED OPERATION CONDITION 

Limit 
Parameter Symbol 

Min'. Typ. 

Vee Power Supply 
Vee 4.75 5.0 Voltage 

Vpp Voltage Vpp -0.1V -

"H" Level Input 
VIH 2.00 -Voltage 

"L" Level Input 
VIL -0.1 -Voltage 

The voltage with respect to GND 
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Operating Remarks 
Max: Temperature 

5.25 

Vee +1 
oDe -70 0 e Vce=5V±0.25V 

6.25 

0.8 

Symbol 

V 

V 

V 

V 



-----------------------------------------------I_EPROM·MSM271024_ 

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

Limits 
Parameter Symbol Conditions Unit 

Min. Typ. Max. 

Input Leakage Current III VIN =S.25V - - 10 /LA 

Output Leakage Current ILO VOUT =5.25V - - 10 /LA 

VCC Power Current (Stand-by) ICC, CE =VIH - - 35 mA 

VCC Power Current (Operation) ICC2 CE =VIL - - 120 mA 

Program Power Current Ipp, Vpp=VCC - - 10 J1.A 

Input Voltage "H" Level VIH - 2.0 - VCC+1 V 

Input Voltage "L" Level VIL - -0.1 - 0.8 V 

Output Voltage "H" Level VOH IOH = -400 /LA 2.4 - - V 

Output Voltage "L" Level VOL IOL = 2.1 mA - - 0.45 V 

AC CHARACTERISTICS 
(VCC = 5V±5%, Ta = O°C - 70°C) 

271024-12 271024-15 271024-20 
Parameter Symbol Conditions Unit 

Min. Max. Min. Max. Min. Max. 

Address Access Time tACC CE =OE =VIL, - 120 - 150 - 200 ns o 
CE Access Time tCE OE =VIL, - 120 - 150 - 200 ns 

OE Access Time tOE CE =VIL, - 50 - 60 - 70 ns 
, 

Output Disable Time tOF CE =VIL, a 40 a 50 a 55 ns 

Measurement condition 
Input pulse level .......................... 0.45V and 2.4V 
Input timing reference level ............... 0.8V and 2.0V 
Output load .............................. 1 TTL GATE + 100pF 
Output timing reference level .............. 0.8V and 2.0V 
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_EPROM· MSM271024---------------------------------------------

TIME CHART 

Address input 

Data output 
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-----------------------------------------------.EPROM·MSM271024. 

<PROGRAMMING OPERATION> 
DC CHARACTERISTICS 
(VCC = 6.25V±0.25V. Vpp = 12.75V±0.25V. Ta = 25°C±5°C) 

Parameter Symbol Conditions 

Input Leakage Current III VIN =5.25V 

Vpp Power Current IpP2 CE = PGM =VIL 

VCC Power Current ICC -

Input Voltage "H" Level VIH -

Input Voltage "L" Level VIL -

Output Voltage "H" Level VOH IOH =-400p..A 

Output Voltage "L" Level VOL IOL = 2.1 mA 

AC CHARACTERISTICS 
(VCC = 6.25V±0.25V. Vpp = 12.75V±0.25V. Ta = 25°C±5°C) 

Parameter Symbol Conditions 

Address Set-up Time tAS -

OE Set-up Time tOES -

Data Set-up Time tDS -

Address Hold Time tAH -

Data Hold Time tDH -

Output Enable to Output 
tDFP -Float Delay 

Vpp Power Set-up Time tvs -
---
PGM Program Pulse Width tpw -

CE Set·up Time tCES -

Data Valid from OE tOE -

Limits 
Unit 

Min. Typ. Max. 

- - 10 p..A 

- - 50 mA 

- - 120 mA 

2.0 - VCC+1 V 

-0.1 - 0.8 V 

2.4 - - V 

- - 0.45 V 

Limits 
Unit 

Min. Typ. Max. 

2 - - p..s 

2 - - p..s 

2 - - p..s 

0 - - p..s 

2 - - p..s 

0 - 130 ns 

2 - - p..s 

95 100 105 /J.s 

2 - - /J.s 

- - 150 ns 
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_EPROM·MSM271024_1---------------------------------------------

TIME CHART 

Data ----<I 
input/output 

Vpp 

PGM -----------,. 

CAPACITANCE 
(Ta = 25°C, f = 1 MHz, VCC = 5V) 

ADDRESSN 

tOES 

Parameter Symbol Conditions 

Input Capacitance CIN VIN =OV 

Output Capacitance COUT VOUT=OV 

MSM271 024 IDENTIFIER BYTES 

~ ~ D'5- D8 D7 D6 D5 D4 
Code (21) (3)-(10) (12) (13) (14) (15) 

Manufacter 
VIL 0-0 1 0 1 0 Code 

Device Code VIH 0-0 1 0 0 0 

Notes: 1. As = 12.0 ± 0.5V 

Min. Typ. 

- -

- -

D3 D2 D, 
(16) (17) (18) 

1 1 1 

0 1 1 

2. A, - As, AlO - A'5' CE, OE = VIL, PGM = VIH OR VIL, Vpp = VIH OR VIL 
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Max. Unit. 

12 pF 

15 pF 

Do Hex 
(19) Data 

0 OOAE 

0 0086 



-----------------------------------------------_EPROM·MSM271024_ 

INCREMENT 

ADDRESS 

ADDRESS = FIRST LOCATION 

YES 

PROGRAM ONE 100 IlSEC PULSE 

FAIL 

NO 

Programming Flowchart Example (I) 

DEVICE FAILED 
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OKI semiconductor 

MSM27C256 
32768 x 8 BIT UV ERASABLE ELECTRICALLY PROGRAMMABLE 
READ-ONLY MEMORY 

GENERAL DESCRIPTION 

The MSM27C256 is a 32768 words x 8 bit ultraviolet erasable and electrically programmable 
read-only memory. The MSM27C256 is manufactured by the CMOS double silicon gate 
technology and is contained in the 28 pin package. 

FEATURES 

• +5V single power supply 
• 32768 words x 8 bit configuration 
• Access time: 

520 

MAX 100ns (MSM27C256-10) 
MAX 120 ns (MSM27C256-12) 
MAX 150 ns (MSM27C256-15) 
MAX 200 ns (MSM27C256-20) 
MAX 250 ns (MSM27C256-25) 

PIN CONFIGURATION 

(Top View) 

• Power consumption: 
MAX165 mW (during operation) 
MAXO.55 mW (during stand-by) 

• Completely static operation 
• INPUT/OUTPUT TIL compatible 

(three state output) 

FUNCTIONAL BLOCK DIAGRAM 

PGM 

CE CE 

OE OE 

This specification may be changed without notification. 

-vcc 

-Vpp 

-GND 



---------------------------------------------.EPROM·MSM27C256. 

FUNCTION TABLE 

~ eE OE Vpp vee 
(20) (22) (1) (28) Outputs 

Mode 

Read VIL VIL +SV +SV Dout 

Output Disable VIL VIH +SV +SV High impedance. 

Stand-by VIH - +SV +SV High impedance 

Program VIL VIH +12.SV +6V DIN 

Program Verify VIH VIL +12.SV +6V Dout 

Program Inhibit VIH VIH +12.SV +6V High impedance 

-; Can be either VIL or VIH 

ABSOLUTE MAXIMUM RATINGS 
Temperature Under Bias 
Storage Temperature 
All Input Voltage 
All Output Voltage 
Vee Supply Voltage 
Program Voltage 

The voltage with respect to GND. 

Ta ........................ oOe _70oe 
Tstg ........ . . . . . . . . . . . . .. -ssoe - 12Soe 
VIN ••••.••••••••••••• -0.6V - 13V 
VOUT ••••.••••••.••••• -O.6V - Vee +0.5V 
Vee· . " " . " .. " " " " '" -0.6V - 7V 
Vpp ... " ... " .... " .... " -0.6V-14V 

ELECTRICAL CHARACTERISTICS 

<READ OPERATION> 
RECOMMENDED OPERATION CONDITION 

Limit 
Operating Parameter Symbol Remarks Symbol 

Min. Typ. Max. Temperature 

Vee Power Supply 
Vee 4.5 Voltage s.o 5.5 V 

VppVoltage Vpp 4.5 s.o 5.5 V 

"H" Level Input Vee ooe -70°C Vee=SV±10% 

Voltage VIH 2.0 -
+0.5 

Vpp=Vce V 

"L" Level Input 
VIL -0.1 Voltage - 0.8 V 

The voltage with respect to GND 
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DC CHARACTERISTICS 
(Vee = 5V±10%, Vpp = Vee, Ta = ooe -70°C) 

Limits 
Parameter Symbol Conditions Unit 

Min. Typ. Max. 

Input Leakage Current III VIN =5.5V - - 1 p..A 

Output Leakage Current ILO VOUT = 5.5V - - 1 p..A 

VCC Power Current (Stand-by) ICC1 CE = Vee - - 100 p..A 

VCC Power Current (Operation) ICC2 CE =VIL - - 30 mA 

Program Power Current Ipp1 Vpp =VCC - - 100 p.A 

Input Voltage "H" Level VIH - 2.0 - VCC 
+0.5 V 

Input Voltage "L" Level VIL - -D.l - 0.8 V 

Output Voltage "H" Level VOH IOH =-400p..A 2.4 - - V 

Output Voltage "L" Level VOL IOL = 2.1 mA - - 0.45 V 

AC CHARACTERISTICS 
(Vee = 5V±10%, Vpp = Vee, Ta = ooe -70°C) 

27C256-10 27C256-12 27C256-15 27C256-20 27C256-25 

Parameter Symbol Conditions Unit 
Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. 

Address Access Time tACC CE=OE=VIL - 100 - 120 - 150 - 200 - 250 ns 

CE Access Time tCE DE = VIL - 100 - 120 - 150 - 200 - 250 ns 

DE Access Time tOE CE = VIL - 50 - 50 - 60 - 70 - 100 ns 

Output Disable Time tDF C~ = VIL 0 40 0 40 0 50 0 55 0 60 ns 

Measurement condition 
Input pulse level .......................... 0.45V and 2.4V 
Input timing reference level ............... O.8V and 2.0V 
Output load ............................... 1TTL GATE + 100pF 
Output timing reference level .............. O.8V and 2.0V 
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TIME CHART 

Address input 

OE 

Data output 

II 
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< PROGRAMMING OPERATION> 

DC CHARACTERISTICS 
(VCC =5.75V -6.5V. Vpp = 12.5V±0.5V. Ta = 25°C±5°C) 

Limits 
Parameter Symbol Conditions Unit 

Min. Typ. Max. 

Input Leakage Current III VIN = 5.5VI - - 10 /LA 

Vpp Power Current Ipp, CE = VIL. OE = VIH - - 50 mA 

VCC Power Current ICC - - - 100 mA 

Input Voltage "H" Level VIH - 2.0 - Vee +0.5 V 

Input Voltage "L" Level VIL - -0.1 - 0.8 V 

Output Voltage "H" Level VOH IOH = -400 /LA 2.4 - - V 

Output Voltage "L" Level VOL IOL = 2.1 mA - - 0.45 V 

AC CHARACTERISTICS 
(VCC = 5.75V -6.5V. Vpp = 12.5V±0.5V. Ta = 25°C±5°C) 

Limits 
Parameter Symbol Conditions Unit 

Min. Typ. Max. 

Address Set-up Time tAS - 2 - - /Ls 

OE Set-up Time tOES - 2 - - /Ls 

Data Set-up Time tos - 2 - - /Ls 

Address Hold Time tAH - 0 - - /Ls 

Data Hold Time tOH - 2 - - /Ls 

Output Enable to Output 
tOFP - 0 - 130 ns Float Delay 

Vpp Power Set-up Time tvs - 2 - - /Ls 

CE Initial Program Pulse Width tpw Vcc=6V±0.25V 0.95 1.0 1.05 ms 

CE Program Pulse Width tpw Vcc=6.25V±0.25V 95 100 105 J.lS 

CE Overprogram Pulse Width topw Vcc=6V±o.25V 2.85 - 78.75 ms 

Data Valid from OE tOE - - - 150 ns 
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TIME CHART 

Data ---< 
input/output 

Vpp 

OE 

CAPACITANCE 
(Ta = 25°C, f = 1 MHz, Vee = 5V) 

Parameter 

Input Capacitance 

Output Capacitance 

Symbol 

CIN 

COUT 

ADDRESSN 

tOES 

Conditions Min. Typ. Max. Unit. 

VIN =OV - - 12 pF 

VOUT =OV - - 15 pF 
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ADDRESS = FIRST LOCATION 

PROGRAM ONE 100 "SEC PULSE 

FAIL 

INCREMENT NO 

ADDRESS 

FAIL 
DEVICE FAILED 

Programming Flowchart Example (I) 
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ADORES = FIRST LOCATION 

YES 

PROGRAM ONE 1 mSEC PULSE 

FAIL 

HI 
INCREMENT NO 
ADDRESS 

DEVICE FAILED 

Programming Flowchart Example (II) 
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OKI semiconductor 

MSM27C256H 
32768 x 8 BIT UV ERASABLE ELECTRICALLY PROGRAMMABLE 
READ-ONLY MEMORY 

GENERAL DESCRIPTION 

The MSM27C256H is a 32768 words x 8 bit ultraviolet erasable and electrically 
programmable read-only memory. The MSM27C256H is manufactured by the CMOS double 
silicon gate technology and is contained in the 28 pin package. 

FEATURES 

• +5V single power supply 
• 32768 words x 8 bit configuration 
• Access time: 

528 

MAX 55 ns (MSM27C256H-55) 
MAX 70 ns (MSM27C256H-70) 

PIN CONFtGURATION 

(Top View) 

• Power consumption: 
MAX525 mW (during operation) 
MAX184 mW (during stand-by) 

• Completely static operation 
• OUTPUT TIL compatible 

(three state output) 

FUNCTIONAL BLOCK DIAGRAM 

PGM 

CE CE 

DE DE 

AoAl ______ A14 

ThiS specification may be changed without notification. 

---VCC 

-Vpp 

----GND 



~ __________________________________________ .EPROM·MSM27C256H. 

FUNCTION TABLE 

~ eE OE Vpp vee 
(20) (22) (1 ) (28) Outputs 

Mode 

Read VIL VIL +5V +5V Dout 

Output Disable VIL VIH +5V +5V High impedance 

Stand-by VIH - +5V +5V High impedance 

Program VIL VIH +12.5V +6V DIN 

Program Verify VIH VIL +12.5V +6V Dout 

Program Inhibit VIH VIH +12.5V +6V High impedance 

-; Can be either VIL or VIH 

ABSOLUTE MAXIMUM RATINGS 

Temperature Under Bias 
Storage Temperature 
All Input Voltage 
All Output Voltage 
Vee Suply Voltage 
Program Voltage 

The voltage with respect to GND. 

Ta........................ OOC-70oC 
Tstg ...................... -55°C - 125°C 
VIN ..................... -D.6V ~ 13V 
VOUT ................... -o.6V~Vee+0.5V 
Vee .................... -o.6V ~ 7V 
Vpp ..................... - 0.6V ~ 14V 

ELECTRICAL CHARACTERISTICS 

< READ OPERATION> 
RECOMMENDED OPERATION CONDITION 

Limit Operating Parameter Symbol Remarks Symbol Temperature Min. Typ. Max. 

Vee Power Supply 
Vee 4.75 5.0 5.25 V Voltage 

VppVoltage Vpp 4.75 5.0 5.25 V 

"H" Level Input ooe -70°C Vee=5V±5% 

Voltage VIH 3.0 - VCC+ O.5 Vpp=Vee V 

"L" Level Input 
VIL -0.1 0.3 V Voltage -

The voltage with respect to GND 
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DC CHARACTERISTICS 
(VCC = SV±S%. Vpp = VCC. Ta = O°C - 70°C) 

Limits 
Parameter Symbol Conditions Unit 

Min. Typ. Max. 

Input Leakage Current III VIN =S.2SV - - 10 /LA 

Output Leakage Current ILO VOUT =S.25V - - 10 /LA 

VCC Power Current (Stand-by) ICC, CE=VIH f=10MHz - - 35 rnA 

VCC Power Current (Operation) ICC2 CE=VIL f=10MHz - - 100 rnA 

Program Power Current Ipp, Vpp =VCC - - 5 rnA 

Input Voltage "H" Level VIH - 2.0 - Vee + 0.5 V 

Input Voltage "L" Level VIL - -0.1 - 0.8 V 

Output Voltage "H" Level VOH IOH = -4 rnA 2.4 - - V 

Output Voltage "L" Level VOL IOL = 8 rnA - - 0.45 V 

AC CHARACTERISTICS 
(VCC = SV±5%. Vpp = Vec. Ta = ooe - 70°C) 

27C256H-55 27C256H·70 
Parameter Symbol Conditions Unit 

Min. Max. Min. Max. 

Address Access Time tACC CE=OE=VIL - 55 - 70 ns 

CE Access Time tCE OE = VIL - 55 - 70 ns 

OE Access Time tOE CE = VIL - 25 - 30 ns 

Output Disable Time tDF CE ~ VIL 0 20 0 25 ns 

Measurement condition 
Input pulse level .......................... OV and 3.0V 
Input timing reference level ................ O.8V and 2.0V 
Output load .............................. 1 TTL GATE + 30pF 
Output timing reference level .............. 0.8V and 2.0V 

530 



• EPROM· MSM27C256H • 

TIME CHART 

Address input 

Data output 

III 
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< PROGRAMMING OPERATION> 
DC CHARACTERISTICS 
(VCC = 5.75 - 6.5V, Vpp = 12.5V±0.5V, Ta = 25°C±5°C) 

Limits 
Parameter Symbol Conditions Unit 

Min. Typ. Max. 

Input Leakage Current III VIN =5.25V - - 10 p.A 

Vpp Power Current Ipp, CE = VIL, OE = VIH - - 50 mA 

VCC Power Current ICC - - - 100 mA 

Input Voltage "H" Level VIH - 2.0 - Vee +0.5 V 

Input Voltage "L" Level VIL - -0.1 - O.S V 

Output Voltage "H" Level VOH IOH =-4mA 2.4 - - V 

Output Voltage "L" Level VOL IOL = SmA - - 0.45 V 

AC CHARACTERISTICS 
(Vce = 5.75V-6.5V, Vpp = 12.5V±0.5V, Ta = 25°C±5°C) 

Limits 
Parameter Symbol Conditions Unit 

Min. Typ. Max. 

Address Set-up Time tAS - 2 - - p's 

OE Set-up Time tOES - 2 - - p's 

Data Set-up Time tos - 2 - - p's 

Address Hold Time tAH - 0 - - p's 

Data Hold Tfme tOH - 2 - - p's 

Output Enable to Output 
Float Delay tOFP - 0 - 130 ns 

Vpp Power Set-up Time tvs - 2 - - p's 

CE Initial Program Pulse Width tpw VCC = 6V ± 0.25V 0.95 1.0 1.05 ms 

CE Program Pulse Width tpw 
VCC =6.25V ± 

0.25V 95 100 105 p's 

CE Overprogram Pulse Width topw VCC = 6V ± 0.25V 2.S5 - 7S.75 ms 

Data Valid from OE tOE - - - 150 ns 
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TIME CHART 

Data ---( 
input/output 

Vpp 

CAPACITANCE 
(Ta = 25°C. f = 1 MHz, Vee = 5V) 

Parameter 

Input Capacitance 

Output Capacitance 

ADDRESS N 

tDH 

Symbol Conditions 

CIN VIN =OV 

COUT VOUT =OV 

Min. Typ. Max. Unit. 

- - 12 pF 

- - 15 pF 
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ADDRESS = FIRST LOCATION 

YES 

PROGRAM ONE 100 I'SEC PULSE 

FAIL 

INCREMENT NO 

ADDRESS 

FAIL 
DEVICE FAILED 

Programming Flowchart Example (\) 
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INCREMENT 
ADDRESS 

ADDRES = FIRST LOCATION 

YES 

PROGRAM ONE 1 mSEC PULSE 

Vee = 5V 
Vpp = 5V 

FAIL 

Programming Flowchart Example (II) 

DEVICE FAILED 
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OKI semiconductor 

MSM27C1024 
65536 x 16 BIT UV ERASABLE ELECTRICALLY PROGRAMMABLE 
READ-ONLY MEMORY 

GENERAL DESCRIPTION 

The MSM27C1 024 is a 65536 words x 16 bit ultraviolet erasable and electrically programmable 
read-only memory. Users can freely prepare the memory content, which can be easily changed, so 
the MSM27C1 024 is ideal for microprocessor programs, etc. The MSM27C1 024 is manufactured by 
the CMOS double silicon gate technology and is contained in the 40 pin package. 

FEATURES 

• +5V single power supply 
• 65536 words x 16 bit configuration 
• Access time: 

536 

MAX120 ns (MSM27C1 024-12) 
MAX150 ns (MSM27C1 024-15) 
MAX200 ns (MSM27C1 024-20) 

PIN CONFIGURATION 

NC 

Au 

A13 

A" 

A" 

A" 

A9 

Vss 
As CE 

A· 

A6 DE -

As 

A, 

• Power consumption: 
MAX 165 mW (during operation) 
MAX 5.5mW (during stand-by) 

• Completely static operation 
• INPUT/OUTPUT TTL compatible 

(three state output) 

FUNCTIONAL BLOCK DIAGRAM 

~-vcc 

PGM 

...... --- - Vpp 

CE 

~ GND 

OE 

This specification may he changed without notification 



--------------------------------------------_EPROM·MSM27C1024_ 

FUNCTION TABLE 

~s eE OE PGM VPP vee Outputs 
Mode (2) (20) (39) (1 ) (40) 

Read VIL VIL - Vee +5V DOUT 

Output Disable VIL VIH - Vee +5V High impedance 

Stand-by VIH - - Vee +5V High impedance 

Program VIL VIH VIL +12.75V +6.25V DIN 

Program Verify VIL VIL VIH +12.75V +6.25V DOUT 

Program Inhibit VIH - - +12.75V +6.25V High impedance 

NOTES: 
-; ean be either VIL or VIH 

ABSOLUTE MAXIMUM RATINGS 

Temperature Under Bias 
Storage Temperature 
AlllnputiOutput Voltages 

Ta ......................... oOe ~ 70°C 
Tstg ....................... -55°e - 125°e 
VIN, VOUT ................. VIN = -0.6V - 13V, 

VOUT = -D.6V - Vee + 0.5V 
Vee Supply Voltage 
Program Voltage 

Vee· ...................... -D.6V -7V 
vpp ....................... -0.6V - 14V 

The voltage with respect to GND. 

ELECTRICAL CHARACTERISTICS 

<READ OPERATION> 
RECOMMENDED OPERATION CONDITION 

Limit 
Parameter Symbol 

Min. Typ. 

Vee Power Supply 
Vee 4.5 5.0 Voltage 

Vpp Voltage Vpp 4.5 5.0 

"H" Level Input 
VIH 2.00 -Voltage 

"L" Level Input 
VIL -0.1 Voltage -

The voltage with respect to GND 

Operating Remarks 
Max. Temperature 

5.5 

5.5 
ooe -70oe Vee=5V±0.5V 

VCC+O.5 Vpp=VCC 

0.8 

Symbol 

V 

V 

V 

V 
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DC CHARACTERISTICS 
(VCC = 5V±1 0%, Ta = O°C - 70°C) 

Limits 
Parameter Symbol Conditions Unit 

Min. Typ. Max. 

Input Leakage Current III VIN =5.5V - - 10 /LA 

Output Leakage Current ILQ VOUT =5.5V - - 10 /LA 

VCC Power Current (Stand-by) ICCt CE=VCC - - 1 mA 

VCC Power Current (Operation) ICC2 CE =VIL - - 30 rnA 

Program Power Current Ippt Vpp = VCC - - 10 /L 

Input Voltage "H" Level VIH - 2.0 - VCCtO.5 V 

Input Voltage "L" Level VIL - -0.1 - 0.8 V 

Output Voltage "H" Level VOH IOH = -400 /LA 2.4 - - V 

Output Voltage "L" Level VOL IOL =2.1 mA - - 0.45 V 

AC CHARACTERISTICS 
(VCC = 5V±1 0%, Ta = O°C - 70°C) 

27C1000- 27C1000- 27Cl000-

Parameter Symbol Conditions 12 15 20 
Unit 

Min. Max. Min. Max. Min. Max. 

Address Access Time tACC 
CE =OE =VIL, - 120 - 150 - 200 ns 

- OE =VIL, CE Access Time tCE - 120 - 150 - 200 ns 

OE Access Time tOE 
CE = VIL, - 50 - 60 - 70 ns 

Output Disable Time tDF 
CE =VIL, 

0 40 0 50 0 55 ns 

Measurement condition 
Input pulse level ..... " ................... 0.45V and 2.4V 
Input timing reference level ............... 0.8V and 2.0V 
Output load .............................. 1 TTL GATE + 100pF 
Output timing reference level ..... , ........ 0.8V and 2.0V 
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TIME CHART 

Address input 

OE -----1---== 
Data output 

II 
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DC CHARACTERISTICS 
(VCC = 6.25V±0.25V, Vpp = 12.75V±0.25V, Ta = 25°C±5°C) 

Limits 
Parameter Symbol Conditions Unit 

Min. Typ. Max. 

Input Leakage Current III VIN =5.5V - - 10 p..A 

Vpp Power Current Ipp2 CE=PGM=VIL - - 50 mA 

VCC Power Current ICC - - - 30 mA 

Input Voltage "H" Level VIH - 2.0 - VCC+O.5 V 

Input Voltage "L" Level VIL - -0.1 - 0.8 V 

Output Voltage "H" Level VOH IOH =-400p..A 2.4 - - V 

Output Voltage "L" Level VOL IOL =2.1 mA - - 0.45 V 

AC CHARACTERISTICS 
(VCC = 6.25V±0.25V, Vpp = 12.75V±0.25V, Ta = 25°C±5°C) 

Limits 
Parameter Symbol Conditions Unit 

Min. Typ. Max. 

Address Set-up Time tAS - 2 - - p..s 

OE Set-up Time tOES - 2 - - p..s 

Data Set-up Time tos - 2 - - p..s 

Address Hold Time tAH - 0 - - p..s 

Data Hold Time tOH - 2 - - p..s 

Output Enable to Output 
Float Delay tOFP - 0 - 130 ns 

Vpp Power Set-up Time tvs - 2 - - p..s 

---
PGM Program Pulse Width tpw - 95 100 105 IJ.S 

CE Set·up Time tCES - 2 - - .lJ.S 

Data Valid from OE tOE - - - 150 ns 
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TIME CHART 

Data -----( 
input/output 

Vpp 

PGM-----------~ 

OE 

CAPACITANCE 
(Ta = 25°C, f = 1 MHz. Vcc ~ 5V) 

ADDRESS N 

tOES 

Parameter Symbol Conditions 

Input Capacitance CIN VIN =OV 

Output Capacitance COUT VOUT =OV 

MSM27C1024 IDENTIFIER BYTES 

~ Ao D15 ~ Ds D7 D6 D5 D4 
Code (21) (3)~(10) (12) (13) (14) (15) 

Manufacter 
VIL O~O 1 0 1 0 Code 

Device Code VIH O~O 0 0 0 0 

Notes: 1. A9 = 12.0 ± 0.5V 

Min. Typ. 

- -

- -

D3 D2 D1 
(16) (17) (18) 

1 1 1 

0 1 1 

2. A1 ~ As, A10 ~ A 15, CE, OE = VIL, PGM = VIH OR VIL, Vpp = VCC 

Max. Unit. 

12 pF 

15 pF 

Do Hex 
(19) Data 

0 OOAE 

1 0007 
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ADDRESS = FIRST LOCATION 

YES 

PROGRAM ONE 100 IlSEC PULSE 

FAIL 

INCREMENT NO 

ADDRESS 

DEVICE FAILED 

Programming Flowchart Example (I) 
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OKI semiconductor 

MSM27C2000 
262144 x 8 BIT UV ERASABLE ELECTRICALLY PROGRAMMABLE 
READ-ONLY MEMORY 

GENERAL DESCRIPTION 

The MSM27C2000 is a 262144 words x 8 bit ultraviolet erasable and electrically 
programmable read-only memory. The MSM27C2000 is manufactured by CMOS double 
silicon gate technology and is contained in the 32 pin package. 

FEATURES 

• +5V single power supply 
• 262,144 words x 8 bit configuration 
• Acces time: 

MAX100 ns (MSM27C2000-10) 
MAX120 ns (MSM27C2000-12) 
MAX150 ns (MSM27C2000-15) 

PIN CONFIGURATION 

All 

A" 

Aa 

A, 

A" 

A" 

PGM 

a 

OE 

• Power consumption: 
MAX385 mW (during operation) 
MAX28 mW (during stand-by) 

• Completely static operation 
• INPUT/OUTPUTlTLcompatible 

(three state output) 

FUNCTIONAL BLOCK DIAGRAM 

_Vee 

PGM 

+---Vpp 

CE 

+---GND 

OE 

AoA, _ _ _ _ _ A17 

ThlS specifiCation may be changed w!\hout notification 
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FUNCTION TABLE 

~s CE OE PGM VPP VCC Outputs 
Mode (22) (24) (31) (1 ) (32) 

Read VIL VIL - +5V +5V DOUT 

Output Disable VIL VIH - +5V +5V High impedance 

Stand-by VIH - - +5V +5V High impedance 

Program VIL VIH VIL +12.75V +6.25V DIN 

Program Verify VIL VIL VIH +12.75V +6.25V DOUT 

Program Inhibit VIH - - +12.75V +6.25V High impedance 

NOTES: 
-; Can be either VIL or VIH 

ABSOLUTE MAXIMUM RATINGS 

Temperature Under Bias 
Storage Temperature 
AlllnputlOutput Voltages 

Vee Supply Voltage 
Program Voltage 

The voltage with respect to GND. 

Ta ......................... OOC~70oC 
Tstg ....................... -55°C - 125°e 
VIN ..•.......•..•.•.. -0.6V - 13.5V 
VOUT ...................... -D.6V - VCC+0.5V 
Vee·.····················· -D.6V-7V 
Vpp ....................... -0.6V -14V 

ELECTRICAL CHARACTERISTICS 

< READ OPERATION> 
RECOMMENDED OPERATION CONDITION 

Limit 
Operating Parameter Symbol Remarks 

Min. Typ. Max. Temperature 

Vee Power Supply 
Vee 4.5 5.0 5.5 Voltage 

Vpp Voltage Vpp 4.5 5.0 5.5 

"H" Level Input ooe -70°C Vee=5V± 5% 
Voltage VIH 2.0 - Vcc+0.5 Vpp=VCC 

"L" Level Input 
VIL -0.1 0.8 Voltage -

The voltage with respect to GND 
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V 

V 

V 

V 
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DC CHARACTERISTICS 
(VCC = SV±10%, Ta = O°C -70°C) 

Limits 
Parameter Symbol Conditions Unit 

Min. Typ. Max. 

Input Leakage Current III VIN =S.5V - - 10 IJ.A 

Output Leakage Current ILO VOUT= S.SV - - 10 IJ.A 

VCC Power Current (Stand-by) ICC, CE= VIH - - 5 rnA 

VCC Power Current (Operation) ICC2 CE =VIL - - 70 rnA 

Program Power Current Ipp, VPP=VCC - - 100 IJA 

Input Voltage "H" Level VIH - 2.0 - vcc+O.5 V 

Input Voltage "L" Level VIL - -0.1 - 0.8 V 

Output Voltage "H" Level VOH IOH =-400 IJ.A 2.4 - - V 

Output Voltage "L" Level VOL IOL = 2.1 rnA - - 0.45 V 

AC CHARACTERISTICS 
(VCC = SV±10%, Ta = O°C -70°C) 

27C200D-10 27C20D-12 27C200D-1S 
Parameter Symbol Conditions Unit 

Min. Max. Min. Max. Min. Max. 

Address Access Time tACC CE =OE =VIL - 100 - 120 - 1S0 ns o 
CE Access Time tCE OE =VIL - 100 - 120 - 150 ns 

OE Access Time tOE CE =VIL - 50 - SO - 60 ns 

Output Oisable Time tOF CE =VIL 0 40 0 40 0 SO ns 

Measurement condition 
Input pulse level .......................... 0.45V and 2.4V 
Input timing reference level ............... 0.8V and 2.0V 
Output load .............................. 1 TTL GATE + 100pF 
Output timing reference level .......... : ... 0.8V and 2.0V 
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TIME CHART 

Address input 

Data output 
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<PROGRAMMING OPERATION> 
DC CHARACTERISTICS 
(VCC = 6.25V±0.25V, Vpp = 12.75V±O.25V, Ta = 25°C±5°C) 

Parameter Symbol Conditions 

Input Leakage Current III VIN =5.5V 

Vpp Power Current Ipp2 CE = PGM =VIL 

VCC Power Current ICC -

Input Voltage "H" Level VIH -
Input Voltage "L" Level VIL -

Output Voltage "H" Level VOH IOH = -400 p.A 

Output Voltage "L" Level VOL IOL = 2.1 mA 

AC CHARACTERISTICS 
(Vee =6.25V±0.25V, Vpp = 12.75V±0.25V, Ta = 25°C±5°C) 

Parameter Symbol Conditions 

Address Set-up Time tAS -

OE Set-up Time tOES -

Data Set-up Time tDS -

Address Hold Time tAH -

Data Hold Time tDH -

Output Enable to Output 
Float Delay tDFP -

Vpp Power Set-up Time tvs -

PGM program Pulse Width tpw -
CE Set-up Time tCES -

Data Valid from OE tOE -

Limits 
Unit 

Min. Typ. Max. 

- - 10 p.A 

- - 50 mA 

- - 70 IlIA 

2.0 - Vcc+0.5 V 

-0.1 - 0.8 V 

2.4 - - V 

- - 0.45 V 

Limits 
Unit 

Min. Typ. Max. 

2 - - p's 

2 - - p's 

2 - - p's 

0 - - p's 

2 - - p's 

0 - 130 ns 

2 - - p's 

95 100 105 1'5 

2 - - PI 

- - 150 ns 

547 

II 



-EPROM·MSM27C2000_--------------------------------------------

TIME CHART 

Data ---< 
input/output 

Vpp 

PGM ------------,. 

OE 

CAPACITANCE 
(Ta "" 25°C, f = 1 MHz, Vee = 5V) 

Parameter Symbol 

Input Capacitance CIN 

Output Capacitance COUT 

MSM27C2000 

~ Ao D7 D6 
Code (12) (21 ) (20) 

Manufaeter 
VIL 1 0 Code 

Device Code VIH 1 0 

Notes: 1. A9 = 12.0 ± 0.5V 

ADDRESS N 

tDH 

Conditions Min. 

VIN =OV -

VOUT =OV -

IDENTIFIER BYTES 

D5 D4 D3 D2 
(19) (18) (17) (15) 

1 0 1 1 

0 0 1 0 

2. Al - As, AlO - A17, CE, OE = VIL, PGM = VIH OR VIL, Vpp = VCC 
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Typ. Max. Unit. 

- 12 pF 

- 15 pF 

Dl Do Hex 
(14) (13) Data 

1 0 AE 

0 1 89 



--------------------------------------------.EPROM·MSM27C2000. 

INCREMENT 

ADDRESS 

ADDRESS = FIRST LOCATION 

YES 

PROGRAM ONE 100 !-,SEC PULSE 

FAIL 

NO 

Vpp = 5V 

Programming Flowchart Example (I) 

DEVICE FAILED 
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OKI semiconductor ~ ---------------------------------------------------------------- ~ 

MSM27C2048 
131072 x 16 BIT UV ERASABLE ELECTRICALLY PROGRAMMABLE 
READ-ONLY MEMORY 

GENERAL DESCRIPTION 

The MSM27C2048 is a 131072 words x 16 bit ultraviolet erasable and electrically 
programmable read-only memory. The MSM27C2048 is manufactured by CMOS double 
silicon gate technology and is contained in the 40 pin package. 

FEATURES 

• +5V single power supply 
• 131072 words x 16 bit configuration 
• Acces time: 

MAX100 ns (MSM27C2048-10) 
MAX120 ns (MSM27C2048-12) 
MAX150 ns (MSM27C2048-15) 

PIN CONFIGURATION 

• Power consumption: 
MAX550 mW (during operation) 
MAX28 mW (during stand-by) 

• Completely static operation 
• INPUT/OUTPUT TTL compatible 

(three state output) 

FUNCTIONAL BLOCK DIAGRAM 

000, 0" 

.......-----.. Vee 

PGM PGM 

~Vpp 

CE 

+------ G~D 

DE DE 

This specification may be changed without notification 
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~------------------------------------------.EPROM·MSM27C2048. 

FUNCTION TABLE 

~ eE OE PGM VPP vee Outputs 
Mode (2) (20) (39) (1 ) (40) 

Read VIL VIL - +5V +5V DOUT 

Output Disable VIL VIH - +5V +5V High impedance 

Stand-by VIH - - +5V +5V High impedance 

Program VIL VIH VIL +12.75V +6.25V DIN 

Program Verify VIL VIL VIH +12.75V +6.25V DOUT 

Program Inhibit VIH - - +12.75V +6.25V High impedance 

NOTES: 
-; Can be either VIL or VIH 

ABSOLUTE MAXIMUM RATINGS 

Temperature Under Bias 
Storage Temperature 
AlllnputiOutput Voltages 

Vee Supply Voltage 
Program Voltage 

The voltage with respect to GND. 

~·························ifC-7ifc 
Tstg ....................... -55°e - 125°e 
VIN •.•.••••.•.•••••.• -O.6V - 13.5V 
VOUT •••••••.••••••••• -O.6V - Vee +0.5V 
Vee·· .... ····· .. ·· ........ -O.6V - 7V 
Vpp ....................... -0.6V -14V 

ELECTRICAL CHARACTERISTICS 

<READ OPERATION> 
RECOMMENDED OPERATION CONDITION 

Limit 
Operating Parameter Symbol Remarks 

Min. Typ. Max. Temperature 

Vee Power Supply 
Vee 4.5 5.0 5.5 Voltage 

Vpp Voltage Vpp 4.5 5.0 5.5 
ooe -70oe Vee=5V±10% 

"H" Level Input 
VIH 2.00 - VCCtO.5 Vpp=VCC 

Voltage 

"L" Level Input 
VIL -0.1 - 0.8 Voltage 

The voltage with respect to GND 

Symbol 

V 

V 

V 

V 
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.EPROM·MSM27C2~.I-------------------------------------------

DC CHARACTERISTICS 
(VCC = 5V±10%, Ta = ooC -70°C) 

Limits 
Parameter Symbol Conditions Unit 

Min. Typ. Max. 

Input Leakage Current III VIN =5.5V - - 10 /LA 

Output Leakage Current ILO VOUT= 5.5V - - 10 /LA 

VCC Power Current (Stand-by) ICC, CE=VIH - - 5 mA 

VCC Power Current (Operation) ICC2 CE =VIL - - 100 mA 

Program Power Current Ipp, Vpp =VCC - - 100 j.lA 

Input Voltage "H" Level VIH - 2.0 - VCC+O·5 V 

Input Voltage "L" Level VIL - -0.1 - 0.8 V 

Output Voltage "H" Level VOH IOH = -400 /LA 2.4 - - V 

Output Voltage "L" Level VOL IOL =2.1 mA - - 0.45 V 

AC CHARACTERISTICS 
(VCC = 5V±5%. Ta = O°C -70°C) 

27C2048-10 27C2048-12 27C2048-15 
Parameter Symbol Conditions Unit 

Min. Max. Min. Max. Min. Max. 

Address Access Time tACC CE =OE =VIL. - 100 - 120 - 150 ns 

CE Access Time tCE OE=VIL. - 100 - 120 - 150 ns 

OE Access Time tOE CE=VIL. - 50 - 50 - 60 ns 

Output Disable Time tDF CE=VIL. 0 40 0 40 0 50 ns 

Measurement condition 
Input pulse level .......................... 0.45V and 2.4V 
Input timing reference level ............... 0.8V and 2.0V 
Output load .............................. 1 TTL GATE + 100pF 
Output timing reference level .............. 0.8V and 2.0V 
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---------------------------------------------EPROM·MSM27C204S-

TIME CHART 

Address input 

Data output 

II 
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_EPROM·MSM27C204S_-------------------------------------------

<PROGRAMMING OPERATION> 
DC CHARACTERISTICS 
(VCC = 6.25V±0.25V, Vpp = 12.75V±O.25V, Ta = 25°C±5°C) 

Parameter Symbol Conditions 

Input Leakage Current III VIN = 5.5V 

Vpp Power Current IpP2 CE =PGM =VIL 

VCC Power Current ICC -
Input Voltage "H" Level VIH -

Input Voltage "L" Level VIL -

Output Voltage "H" Level VOH IOH = -400 /LA 

Output Voltage "L" Level VOL IOL =2.1 mA 

AC CHARACTERISTICS 
(VCC = 6.25V±O.25V, Vpp = 12.75V±0.25V, Ta = 25°C±5°C) 

Parameter Symbol Conditions 

Address Set-up Time tAS -

OE Set-up Time tOES -

Data Set-up Time tDS -

Address Hold Time tAH -

Data Hold Time tDH -
Output Enable to Output 

tDFP -Float Delay 

Vpp Power Set-up Time tvs -
PGM Program Pulse Width tpw -

CE Set-up Time tCES -

Data Valid from OE tOE -

554 

Limits 
Unit 

Min. Typ. Max. 

- - 10 /LA 

- - 50 mA 

- - 100 mA 

2.0 - VCC+O·5 V 

-0.1 - 0.8 V 

2.4 - - V 

- - 0.45 V 

Limits 
Unit 

Min. Typ. Max. 

2 - - /LS 

2 - - /Ls 

2 - - /Ls 

0 - - /Ls 

2 - - /Ls 

0 - 130 ns 

2 - - /Ls 

95 100 105 !-IS 

2 - - !-IS 

- - 150 ns 



--------------------------------------------_EPROM·MSM27C204S_ 

TIME CHART 

Data ---< 
input/output 

Vpp 

PGM-----------~ 

CAPACITANCE 
(Ta = 25°C, f = 1 MHz, Vee = 5V) 

ADDRESS N 

tOES 

Parameter Symbol Conditions 

Input Capacitance CIN VIN =OV 

Output Capacitance COUT VOUT =OV 

MSM27C2048 IDENTIFIER BYTES 

~ Ao D'5 - Ds D7 Ds D5 D4 
Code (21) (3)-(10) (12) (13) (14) (15) 

Manufaeter 
VIL 0-0 1 0 1 0 Code 

\ 

Device Code VIH 0-0 0 0 0 0 

Notes: 1. As = 12.0 ± O.5V 

Min. Typ. 

- -

- -

D3 D2 D, 
(16) (17) (18) 

1 1 1 

1 0 1 

2. A, - As, AlO - A,s, CE, OE = VIL, PGM = VIH OR VIL, Vpp = VCC 

Max. Unit. 

12 pF 

15 pF 

Do Hex 
(19) Data 

0 OOAE 

1 0008 
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• EPROM· MSM27C2048 .------------..:..---------'--

556 

INCREMENT 

ADDRESS 

ADDRESS = FIRST LOCATION 

PROGRAM ONE 100 IlSEC PULSE 

DEVICE FAILED 

Programming Flowchart Example (I) 



OKI semiconductor 

MSM2764AZB 
8,192 x 8-BIT ONE TIME PROGRAMMABLE READ-ONLY MEMORY 

GENERAL DESCRIPTION 

The MSM2764AZB is a 8,192 words x 8-bit electrically programmable read-only memory. The 
MSM2764AZB is manufactured by the N channel double silicon gate MOS technology and is 
contained in the 28 pin package. 
(OKI can provide programming service as per customer's request.) 

FEATURES 

• +5V single power supply 
• 8,192 words x 8-bit configuration 
• Access time: MAX150 ns 

PIN CONFIGURATION 

• Power consumption: 
MAX525 mW (during operation) 
MAX184 mW (during stand-by) 

• Completely static operation 
• INPUT/OUTPUT TTL compatible 

(3-state output) 
• 28-pin DIP 

FUNCTIONAL BLOCK DIAGRAM 

(Top View) ----VCC 

06 

05 

0, 

03 

PGM-- PGM 

CE CE 

OE OE 

ThiS specification may be changed without notification. 
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.OTp·MSM2764AZS.----------------------------------------------

FUNCTION TABLE 

~ eE OE PGM Vpp vee 
(20) (22) (27) (1) (28) Outputs 

Mode 

Read VIL VIL VIH +5V +5V Dout 

Output Disable VIL VIH VIH +5V +5V High impedance 

Stand-bY VIH - - +5V +5V High impedance 

Program VIL VIH VIL +12.5V +6V DIN 

Program Verify VIL VIL VIH +12.5V +6V Dout 

Program Inhibit VIH - - +12.5V +6V High impedance 

-; Can be either VIL or VIH 

ABSOLUTE MAXIMUM RATINGS 

Temperature Under Bias 
Storage Temperature 
AlllnputlOutput Voltages 
Vee Supply Voltage 
Program Voltage 

The voltage with respect to GND. 

Ta ......................... ooe - 70 0 e 
Tstg ....................... -55°e - 125°e 
VIN. VOUT ................. -0.6V - 13.5V 
Vee· ...................... -O.6V -7V 
Vpp ....................... -0.6V -14V 

ELECTRICAL CHARACTERISTICS 

<READ OPERATION> 
RECOMMENDED OPERATION CONDITION 

Limit Operating Parameter Symbol Remarks 
Min. Typ. Max. Temperature 

Vee Power Supply 
Vee 4.75 5.0 5.25 Voltage 

Vpp Voltage Vpp 4.75 5.0 5.25 

ooe -70oe 
Vee=5V±5% 

"H" Level Input 
VIH 2.00 - 6.25 Vpp=Vee 

Voltage 

"L" Level Input 
VIL -0.1 - 0.8 Voltage 

The voltage with respect to GND. 
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Unit 

V 

V 

V 

V 



------------------------------------------------.OTp·MSM2764AZB. 

DC CHARACTERISTICS 
(VCC = 5V±5%. Vpp = VCC. Ta = O°C - 70°C) 

Parameter Symbol Conditions 
Min. 

Input Leakage Current III VIN =5.25V -

Output Leakage Current ILO VOUT =5.25V -

VCC Power Current (Stand-by) ICCl CE =VIH -

VCC Power Current (Operation) ICC2 CE =VIL -

Program Power Current IPPl Vpp =VCC -

Input Voltage "H" Level VIH - 2.0 

Input Voltage "L" Level VIL - -0.1 

Output Voltage "H" Level VOH IOH =-400!-,A 

Output Voltage "L" Level VOL IOL = 2.1 mA 

AC CHARACTERISTICS 
(VCC = 5V±5%. Vpp = VCC. Ta = O°C - 70°C) 

Parameter Symbol Conditions Min. 

Address Access Time tACC CE = DE = VIL. PGM = VIH 

CE Access Time tCE 

OE Access Time tOE 

Output Disable Time o 

TIME CHART 

Address input 

Data 
outp-.ut----------< 

'1'"------' 

Measurement condition 
Input pulse level ....................... ' .. 0.45V and 2.4V 
Input timing reference level ............... O.BV and 2.0V 

2.4 

-

Output load .............................. 1 TTL GATE + 100pF 
Output timing reference level .............. O.BV and 2.0V 

Limits 
Unit 

Typ. Max. 

- 10 !-,A 

- 10 !-'A 

- 35 mA 

- 100 mA 

- 5 mA 

- VCC+1 V 

- O.B V 

- - V 

- 0.45 V 

Max. Unit 

150 ns 

150 ns 

60 ns 

50 ns 
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.OTp·MSM2764AZB.------------------------------------------------

<PROGRAMMING OPERATION> 
DC CHARACTERISTICS 
(VCC = 5.75V-S.5V, Vpp = 12.5V±0.5V, Ta = 25°C±5°C) 

Parameter Symbol Conditions 

Input Leakage Current III VIN =5.25V 

Vpp Power Current Ipp2 CE=PGM=VIL 

VCC Power Current ICC -

Input Voltage "H" Level VIH -

Input Voltage "L" Level VIL -

Output Voltage "H" Level VOH IOH = -400 /LA 

Output Voltage "L" Level VOL IOL = 2.1 mA 

AC CHARACTERISTICS 
(VCC = 5.75V-S.5V, Vpp = 12.5V±0.5V, Ta = 25°C±5°C) 

Parameter Symbol Conditions 

Address Set-up Time tAS -

OE Set-up Time tOES -

Data Set-up Time tDS -

Address Hold Time tAH -

Data Hold Time tDH -

Output Enable to Output 
tDFP -

Float Delay 

Vpp Power Set-up Time tvs -

PGM Initial Program Pulse Width tpw VCC = SV ± 0.25V 

PGM High Speed Initial tpw VCC =S.25V ± 
Program Pulse Width 0.25V 

PGM Overprogram Pulse Width topw VCC = SV ± 0.25V 

CE Set-up Time tCES -

Data Valid from OE tOE -

560 

Limits 
Unit 

Min. Typ. Max. 

- - 10 /LA 

- - 50 mA 

- - 100 mA 

2.0 - VCC+1 V 

-0.1 - 0.8 V 

2.4 - - V 

- - 0.45 V 

Limits 
Unit 

Min. Typ. Max. 

2 - - /Ls 

2 - - /Ls 

2 - - /Ls 

0 - - /Ls 

2 - - /Ls 

0 - 130 ns 

2 - - /Ls 

0.95 1.0 1.05 ms 

95 100 105 /Ls 

2.85 - 78.75 ms 

2 - - /Ls 

- - 150 ns 



------------------------------------------------.OTp·MSM2764AZB. 

TIME CHART 

Data ---< 
input/output 

Vpp 

PGM----------~ 

CAPACITANCE 
(Ta = 25°C, f = 1 MHz, Vee = 5V) 

Parameter Symbol 

Input Capacitance CIN 

Output Capacitance COUT 

ADDRESS N 

tDH 
t--++-tOES 

Conditions 

VIN =OV 

VOUT = OV 

Min. Typ. Max. Unit. 

- 4 6 pF 

- 8 12 pF 
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.OTp·MSM2764AZB.I-----------------------------------------------

ADDRESS = FIRST LOCATION 

YES 

NO 

PROGRAM ONE 100 !-,SEC PULSE 

FAIL 

INCREMENT NO 

ADDRESS 

FAIL 
DEVICE FAILED 

Programming Flowchart Example (I) 
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------------------------------------------------I.OTp·MSM2764AZB. 

ADDRES = FIRST LOCATION 

YES 

PROGRAM ONE 1 mSEC PULSE 

FAIL 

PROGRAM ONE PULSE 
OF 3X mSEC DURATION 

INCREMENT NO 
ADDRESS 

DEVICE PASSED 

FAIL 

Programming Flowchart Example (II) 

DEVICE FAILED 
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OKI _",Iconductor 

MSM271 28AZB 
16,384 x 8-BIT ONE TIME PROGRAMMABLE READ-ONLY MEMORY 

GENERAL DESCRIPTION 

The MSM27128AZB is a 16,384 words x 8-bit electrically programmable read-only memory. The 
MSM27128AZB is manufactured by the N channel double silicon gate MOS technology and is 
contained in the 28 pin package. 
(OKI can provide programming service as per customer's request.) 

FEATURES 

• +5V single power supply • Power consumption: 
• 16,384 words x 8-bit configuration MAX525 mW (during operation) 

MAX184 mW (during stand-by) • Access time: MAX150 ns 

PIN CONFIGURATION 

(Top View) 

564 

• Completely static operation 
• INPUT/OUTPUT TIL compatible 

(three state output) 
• 28-pin DIP 

FUNCTIONAL BLOCK DIAGRAM 

PGM- PGM 

CE CE 

OE OE 

AoA, - ___ - _ A >3 

This specification may be changed without notification. 

-vcc 

--vpp 

-GND 



-----------------------------------------------.OTp·MSM27128AZS. 

FUNCTION TABLE 

~ 
--

OE PGM eE Vpp vee 
(20) (22) (27) (1 ) (28) Outputs 

Mode 

Read VIL VIL VIH +5V +5V Dout 

Output Disable VIL VIH VIH +5V +5V High impedance 

Stand-by VIH - - +5V +5V High impedance 

Program VIL VIH VIL +12.5V +6V DIN 

Program Verify VIL VIL VIH +12.5V +6V Dout 

Program Inhibit VIH - - +12.5V +6V High impedance 

-; Can be either VIL or VIH 

ABSOLUTE MAXIMUM RATINGS 

Temperature Under Bias 
Storage Temperature 
AlllnputiOutput Voltages 
Vee Supply Voltage 
Program Voltage 

The voltage with respect to GND. 

Ta ......................... ooe - 70 0 e 
Tstg ....................... -55°e - 125°e 
VIN, VOUT ................. -0.6V - 13.5V 
Vee ....................... -0.6V -7V 
Vpp ....................... -0.6V - 14V 

ELECTRICAL CHARACTERISTICS 

<READ OPERATION> 
RECOMMENDED OPERATION CONDITION 

Limit Operating Parameter Symbol Remarks Symbol Temperature Min. Typ. Max. 

Vee Power Supply 
Vee 4.75 5.0 5.25 V Voltage 

Vpp Voltage Vpp 4.75 5.0 5.25 V 

"H" Level Input ooe -70oe Vee=5V±5% 

VIH 2.00 - 6.25 Vpp=Vee V Voltage 

"L" Level Input 
VIL -0.1 - 0.8 V Voltage 

The voltage with respect to GND. 
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.OTp·MSM27128AZS.----------------------------------------------

DC CHARACTERISTICS 
(VCC = 5V±5%, Vpp = VCC, Ta = O°C - 70°C) 

Parameter Symbol Conditions 
Min. 

Input Leakage Current III VIN = 5.25V -

Output Leakage Current ILO VOUT = 5.25V -

VCC Power Current (Stand-by) ICC1 CE =VIH -

VCC Power Current (Operation) ICC2 CE =VIL -

Program Power Current Ipp1 Vpp=VCC -

Input Voltage "H" Level VIH - 2.0 

Input Voltage "L" Level VIL - -0.1 

Output Voltage "H" Level VOH IOH =-400JJ-A 

Output Voltage "L" Level VOL IOL = 2.1 mA 

AC CHARACTERISTICS 
(VCC = 5V±5%, Vpp = VCC, Ta = O°C - 70°C) 

Parameter Symbol Conditions Min. 

Address Access Time tACC CE = OE = VIL, PGM = VIH -

CE Access Time tCE OE = VIL, PGM = VIH -

OE Access Time tOE CE = VIL, PGM = VIH -

Output Disable Time tDF CE = VIL, PGM = VIH a 

TIME CHART 

Address input 

Data 

outP~ut:------------<'Io_--------J 

Measurement condition 

2.4 

-

Input pulse level .......................... 0.45V and 2.4V 
Input timing reference level ............... 0.8V and 2.0V 
Output load .............................. 1 TTL GATE + 100pF 

566 
Output timing reference level .............. O.8V and 2.0V 

Limits 
Unit 

Typ. Max. 

- 10 JJ-A 

- 10 JJ-A 

- 35 mA 

- 100 mA 

- 5 mA 

- VCC+1 V 

- 0.8 V 

- - V 

- 0.45 V 

Max. Unit 

150 ns 

150 ns 

60 ns 

50 ns 



-----------------------1. OTp· MSM27128AZB. 

<PROGRAMMING OPERATION> 
DC CHARACTERISTICS 
(VCC = 5.75V-6.5V, Vpp = 12.5V±0.5V, Ta = 25°C±5°C) 

Parameter Symbol Conditions 

Input Leakage Current III VIN =5.25V 

Vpp Power Current Ipp2 CE =PGM =VIL 

VCC Power Current ICC -

Input Voltage "H" Level VIH -

Input Voltage "L" Level VIL -

Output Voltage "H" Level VOH IOH = -400 /LA 

Output Voltage "L" Level VOL IOL = 2.1 mA 

AC CHARACTERISTICS 
(VCC = 5.75V-6.5V, Vpp = 12.5V±0.5V, Ta = 25°C±5°C) 

Parameter Symbol Conditions 

Address Set-up Time tAS -

OE Set-up Time tOES -

Data Set-up Time tDS -

Address Hold Time tAH -

Data Hold Time tDH -

Output Enable to Output 
tDFP -

Float Delay 

Vpp Power Set-up Time tvs -

I5GM Initial Program Pulse Width tpw VCC = 6V ± 0.25V 

PGM High Speed Initial 
tpw VCC =6.25V ± Program Pulse Width 0.25V 

PGM Overprogram Pulse Width topw VCC = 6V ± 0.25V 

CE Set-up Time tCES -

Data Valid from OE tOE -

Limits 
Unit 

Min. Typ. Max. 

- - 10 /LA 

- - 50 mA 

- - 100 mA 

2.0 - VCC+1 V 

-0.1 - 0.8 V 

2.4 - - V 

- - 0.45 V 

Limits 
Unit 

Min. Typ. Max. 

2 - - /Ls . 
2 - - /Ls 

2 - - /Ls 

0 - - /Ls 

2 - - /Ls 

0 - 130 ns 

2 - - /Ls 

0.95 1.0 1.05 ms 

95 100 105 /Ls 

2.85 - 78.75 ms 

2 - - /Ls 

- - 150 ns 
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.OTp·MSM27128AZB.---------------------------------------------

TIME CHART 

Data -----( 
input/output 

Vpp 

PGM------------~ 

OE 

CAPACITANCE 
(Ta = 25°C, f = 1 MHz, Vee = 5V) 

Parameter Symbol 

Input Capacitance CIN 

Output Capacitance COUT 

568 

ADDRESS N 

tOES 

Conditions Min. Typ. Max. Unit. 

VIN = OV - 4 6 pF 

VOUT =OV - 8 12 pF 



----------------------------------------------.OTp·MSM27128AZS. 

INCREMENT 

ADDRESS 

ADDRESS = FIRST LOCATION 

PROGRAM ONE 100 !1SEC PULSE 

FAIL 

NO 

Vpp = 5V 

FAIL 

DEVICE PASSED 

Programming Flowchart Example (I) 

DEVICE FAILED 
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• OTP· MSM27128AZB .1----------------------

570 

ADDRES = FIRST LOCATION 

YES 

PROGRAM ONE 1 mSEC PULSE 

FAIL 

PROGRAM ONE PULSE 
OF 3X mSEC DURATION 

INCREMENT NO 
ADDRESS 

Vee = 5V 
Vpp = 5V 

FAIL 

Programming Flowchart Example (II) 

DEVICE FAILED 



OKI semiconductor 

MSM27256 
32,768 x 8-BIT ONE TIME PROGRAMMABLE READ-ONLY MEMORY 

GENERAL DESCRIPTION 

The MSM27256ZB is a 32768 words x 8-bit electrically programmable read-only memory. The 
MSM27256ZB is manufactured by the N channel double silicon gate MOS technology and is 
contained in the 28 pin package. 
(OKI can provide programming service as per customer's request.) 

FEATURES 

• +5V single power supply • Power consumption: 
• 32768 words x 8-bit configuration MAX525 mW (during operation) 

MAX184 mW (during stand-by) • Access time: MAX170 ns 

PIN CONFIGURATION 

(Top View) 

0, 

O. 
03 

• Completely static operation 
• INPUT IOUTPUT TIL compatible 

(3-state output) 
• 28-pin DIP 

FUNCTIONAL BLOCK DIAGRAM 

PGM 

CE CE 

OE OE 

AoAt ______ A,. 

This specification may be changed without notification. 

-vcc 

-vpp 

-GND 
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.OTp·MSM27256ZB.I-----------------------------------------------

FUNCTION TABLE 

~ eE OE Vpp vee 
(20) (22) (1 ) (28) Outputs 

Mode 

Read VIL VIL +5V +5V Dout 

Output Disable VIL VIH +5V +5V High impedance 

Stand-by VIH - +5V +5V High impedance 

Program VIL VIH +12,5V +6V DIN 

Program Verify VIH VIL +12,5V +6V Dout 

Program Inhibit VIH VIH +12,5V +6V High impedance 

-; Can be either VIL or VIH 

ABSOLUTE MAXIMUM RATINGS 

Temperature Under Bias 
Storage Temperature 
AlllnputiOutput Voltages 

Vee Supply Voltage 
Program Voltage 

T'he voltage with respect to GND, 

Ta ' , , , , , , , , , , , , , , , , , , , , , , , , ooe - 70°C 
Tstg " , , , , , , , , , , , , , , , , ' , , , , -55°C - 125°C 
VIN ....................... -O,6V - 13,5V 
VOUT ................... -O,6V - 7V 

Vee""""""""""", -O.6V ~7V 
Vpp ","""""""""", -O.6V ~ 14V 

ELECTRICAL CHARACTERISTICS 

<READ OPERATION> 
RECOMMENDED OPERATION CONDITION 

Limit Operating Parameter Symbol Remarks 
Min, Typ, Max, Temperature 

Vee Power Supply 
Vee 4,75 5,0 5,25 Voltage 

VppVoltage Vpp 4,75 5,0 5,25 

ooe -70°C 
Vee=5V±5% 

"H" Level Input Vpp=Vee 
Voltage VIH 2,00 - 6,25 

"L" Level Input 
VIL -0,1 0,8 Voltage 

-

The voltage with respect to GND 
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Unit 

V 

V 

V 

V 



-----------------------1. OTp· MSM27256ZB. 

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

Limits 
Parameter Symbol Conditions Unit 

Min. Typ. Max. 

Input Leakage Current III VIN =5.25V - - 10 JLA 

Output Leakage Current ILO VOUT = 5.25V - - 10 JLA 

VCC Power Current (Stand-by) ICC, CE =VIH - - 35 mA 

VCC Power Current (Operation) ICC2 CE =VIL - - 100 mA 

Program Power Current Ipp1 Vpp =VCC - - 5 mA 

Input Voltage "H" Level VIH - 2.0 - VCC+1 V 

Input Voltage "L" Level VIL - -0.1 - O.B V 

Output Voltage "H" Level VOH IOH = -400 JLA 2.4 - - V 

Output Voltage "L" Level VOL IOL = 2.1 mA - - 0.45 V 

AC CHARACTERISTICS 
(VCC = 5V±5%, Vpp = VCC, Ta = O°C - 70°C) 

Parameter Symbol Conditions Min. Max. Unit 

Address Access Time tACC CE=OE=VIL - 170 ns 

CE Access Time tCE OE =VIL - 170 ns 

OE Access Time 
-

60 tOE CE =VIL - ns 
II 

Output Disable Time tDF CE =VIL 0 50 ns 

TIME CHART 

Address input 

CE 

OE 

Data 
outpu-:t------------< ,. ____ -J 

Measurement condition 
Input pulse level .......................... 0.45V and 2.4V 
Input timing reference level ............... O.BV and 2.0V 
Output load .............................. 1 TTL GATE + 100pF 
Output timing reference level .............. O.BV and 2.0V 
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<PROGRAMMING OPERATION> 
DC CHARACTERISTICS 
(VCC = 5.75V-6.5V, Vpp = 12.5V±0.5V, Ta = 25°C±5°C) 

Parameter Symbol Conditions 

Input Leakage Current III VIN =5.25V 

Vpp Power Current Ipp2 CE = VIL, OE = VIH 

VCC Power Current ICC -

Input Voltage "H" Level VIH -

Input Voltage "L" Level VIL -

Output Voltage "H" Level VOH IOH = -400 /LA 

Output Voltage "L" Level VOL IOL = 2.1 mA 

AC CHARACTERISTICS 
(VCC = 5.75V-6.5V, Vpp = 12.5V±0.5V, Ta = 25°C±5°C) 

Parameter Symbol Conditions 

Address Set-up Time tAS -

OE Set-up Time tOES -

Data Set-up Time tDS -

Address Hold Time tAH -

Data Hold Time tDH -

Output Enable to Output 
tDFP -

Float Delay 

Vpp Power Set-up Time tvs -

CE Initial Program Pulse Width tpw VCC = 6V ± 0.25V 
-

VCC =6.25V ± CE High Speed Initial 
tpw Program Pulse Width 0.25V 

CE Overprogram Pulse Width topw VCC = 6V ± 0.25V 

Data Valid from OE tOE -
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Limits 
Unit 

Min. Typ. Max. 

- - 10 /LA 

- - 50 mA 

- - 100 mA 

2.0 - VCC+1 V 

-0.1 - 0.8 V 

2.4 - - V 

- - 0.45 V 

Limits 
Unit 

Min. Typ. Max. 

2 - - pS 

2 - - I'S 

2 - - pS 

0 - - I'S 

2 - - I'S 

0 - 130 ns 

2 - - pS 

0.95 1.0 1.05 ms 

95 100 105 pS 

2.85 - 78.75 ms 

- - 150 ns 



-----------------------------------------------.OTp·MSM27256ZS. 

TIME CHART 

Data ---( 
input/output 

Vpp 

CE------"" 

ADDRESS N 

tOES 

OE -------~~~~-----~I 

CAPACITANCE 
(Ta = 25°C, f = 1 MHz, Vee = 5V) 

Parameter Symbol Conditions 

Input Capacitance CIN VIN =OV 

Output Capacitance COUT VOUT =OV 

Min. Typ. Max. Unit. 

- 4 6 pF 

- 8 12 pF 
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ADDRESS = FIRST LOCATION 

PROGRAM ONE 100 IlSEC PULSE 

FAIL 

INCREMENT NO 

ADDRESS 

FAIL 
DEVICE FAILED 

Programming Flowchart Example (I) 
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-----------------------------------------------.OTp·MSM27256za. 

INCREMENT 
ADDRESS 

ADD RES = FIRST LOCATION 

YES 

PROGRAM ONE 1 mSEC PULSE 

Vee = 5V 
Vpp = 5V 

DEVICE PASSED 

FAIL 

Programming Flowchart Example (II) 

DEVICE FAILED 
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OKI semiconductor 

MSM27512ZB 
65536 x a-BIT ONE TIME PROGRAMMABLE READ-ONLY MEMORY 

GENERAL DESCRIPTION 

The MSM27512ZB is a 65536 words x 8-bit electrically programmable read-only memory. The 
MSM27512ZB is manufactured by the N channel double silicon gate MaS technology and is 
contained in the 28 pin package. 
(OKI can provide programming service as per customer's request.) 

FEATURES 

• +5V single power supply 
• 65536 words x 8-bit configuration 
• Access time: MAX200 ns 

PIN CONFIGURATION 

(Top View) 

O. 

578 

• Power consumption: 
MAX525 mW (during operation) 
MAX184 mW (during stand-by) 

• Completely static operation 
• INPUT/OUTPUT TTL compatible 

(3-state output) 
• 28-pin DIP 

FUNCTIONAL BLOCK DIAGRAM 

PGM 

CE CE 

OE 

AoA 1 ______ A 1~ 

This specification may be changed without notification. 

_vcc 

-GND 



----------------------------------------------. OTp· MSM27512ZB. 

FUNCTION TABLE 

~ eE OElVpp vee 
(20) (22) (28) Outputs 

Mode 

Read VIL VIL +5V Dout 

Output Disable VIL VIH +5V High impedance 

Stand-by VIH - +5V High impedance 

Program VIL 12.5V +6V DIN 

Program Inhibit VIH 12.5V +6V High impedance 

-; Can be either VIL or VIH 

ABSOLUTE MAXIMUM RATINGS 

Temperature Under Bias 
Storage Temperature 
AlllnputJOutput Voltages 

Vee Supply Voltage 
Program Voltage 

The voltage with respect to GND. 

Ta ......................... ooe - 70 0 e 
Tstg ....................... -55°e - 1 25°9 
VIN ....................... -0.6V - 13.5V 
VOUT ................... -O.6V ~ 7V 
Vee .. · .. · ... · .. · .. · ....... -0.6V -7V 
Vpp ....................... -0.6V -14V 

ELECTRICAL CHARACTERISTICS 

<READ OPERATION> 
RECOMMENDED OPERATION CONDITION 

Limit Operating Parameter Symbol Remarks 
Min. Typ. Max. Temperature 

Vee Power Supply 
Vee 4.75 5.0 5.25 Voltage 

"H" Level Input 
VIH 2.00 - 6.25 ooe -700 e Vee=5V±5% Voltage 

"L" Level Input 
VIL -0.1 - 0.8 Voltage 

The voltage with respect to GND 

Unit 

V 

V 

V 
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DC CHARACTERISTICS 
(VCC = 5V±5%. Ta = O°C - 70°C) 

Limits 
Parameter Symbol Conditions Unit 

Min. Typ. Max. 

Input Leakage Current III VIN =5.25V - - 10 }LA 

Output Leakage Current ILO VOUT =5.25V - - 10 }LA 

VCC Power Current (Stand-by) ICC1 CE =VIH - - 35 mA 

VCC Power Current (Operation) ICC2 CE =VIL - - 100 mA 

Input Voltage "H" Level VIH - 2.0 - VCC+1 V 

Input Voltage "L" Level VIL - -0.1 - 0.8 V 

Output Voltage "H" Level VOH IOH = -400 }LA 2.4 - - V 

Output Voltage "L" Level VOL IOL = 2.1 mA - - 0.45 V 

AC CHARACTERISTICS 
(VCC = 5V±5%. Ta = O°C - 70°C) 

Parameter Symbol Conditions Min. Max. Unit 

Address Access Time tACC CE =OE =VIL - 200 ns 

CE Access Time tCE OE =VIL - 200 ns 

OE Access Time tOE CE =VIL - 70 ns 

Output Disable Time tOF CE =VIL 0 55 ns 

TIME CHART 

Address input 

CE 

Data 
outpu·::t-----------<'I'-____ ./I 

Measurement condition 
Input pulse level .......................... 0.45V and 2.4V 
Input timing reference level ............... 0.8V and 2.0V 
Output load .............................. 1 TTL GATE + 100pF 
Output timing reference level .............. 0.8V and 2.0V 
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-----------------------------------------------I.OTp·MSM27512ZB. 

<PROGRAMMING OPERATION> 
DC CHARACTERISTICS 
(VCC = 5.75V-6.5V. Vpp = 12.5V±0.5V. Ta = 25°C±5°C) 

Parameter Symbol Conditions 

Input Leakage Current III VIN =5.25V 

Vpp Power Current Ipp, CE =VIL 

VCC Power Current ICC -

Input Voltage "H" Level VIH -

Input Voltage "L" Level VIL -

Output Voltage "H" Level VOH IOH =-400p.A 

Output Voltage "L" Level VOL IOL = 2.1 mA 

AC CHARACTERISTICS 
(VCC = 5.75V-6.5V. Vpp = 12.5V±0.5V. Ta = 25°C±5°e) 

Parameter Symbol Conditions 

Address Set-up Time tAS -

OElVpp Hold Time tOEH -

Data Set-up Time tos -

Address Hold Time tAH -

Data Hold Time tOH -

Output Enable to Output 
tOFP -Float Delay 

Vpp Power Set-up Time tvs -

-
CE Initial Program Pulse Width tpw VCC = 6V ± 0.25V 

CE High Speed Initial 
tpw 

Vce =6.25V ± 
Program Pulse Width 0.25V 

CE Overprogram Pulse Width topw VCC = 6V ± 0.25V 

Data Valid from CE tDV -

OElVpp Recovery Time tVR -

Limits 
Unit 

Min. Typ. Max. 

- - 10 p.A 

- - 50 mA 

- - 100 mA 

2.0 - Vec+1 V 

-0.1 - 0.8 V 

2.4 - - V 

- - 0.45 V 

Limits 
Unit 

Min. Typ. Max. 

2 - - p's 

2 - - p's 

2 - - p's 

0 - - p's 

2 - .- p's 

0 - 130 ns 

2 - - p's 

0.95 1.0 1.05 ms 

95 100 105 p's 

2.85 - 78.75 ms 

- - 1 p's 

2 - - p's 
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TIME CHART 

Address 
input =x 
Data 
input/outp ut '" 

OElVpp ~ 

CAPACITANCE 

tAS 

I'-

tDS 

tvs 

(Ta = 25°C. f = 1 MHz. Vee = 5V) 

Parameter 

Input Capacitance 

Output Capacitance 

582 

DATA INPUT 

\ 
tpw 

topw 

Symbol 

CIN 

COUT 

ADDRESS N K= 
~ 

1 DATA 
\ OUTPUT /" 

tDH 
I--

tDV 
I+--"--'-

tDFP 
f-=-'--'--

i\ 

tDEH 

tVR 
~ 

vi .~\ 
-' / 

Conditions Min. Typ. Max. Unit. 

VIN = OV - 4 6 pF 

VOUT =OV - 8 12 i pF 



-----------------------------------------------_OTp·MSM27512ZB_ 

INCREMENT 

ADDRESS 

ADDRESS = FIRST LOCATION 

PROGRAM ONE 100 J.lSEC PULSE 

FAIL 

NO 

FAIL 

Programming Flowchart Example (I) 

DEVICE FAILED 
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584 

INCREMENT 
ADDRESS 

ADORES = FIRST LOCATION 

YES 

PROGRAM ONE 1 mSEC PULSE 

Vee = 5V 

OEIVpp=Vll 

Programming Flowchart Example (II) 

DEVICE FAILED 



OKI semiconductor 

MSM271000ZB 
131072 x a-BIT ONE TIME PROGRAMMABLE READ-ONLY MEMORY 

GENERAL DESCRIPTION 

The MSM271000ZB is a 131072 words x 8 bit electrically programmable read-only memory. The 
MSM271 OOOZB is manufactured by N channel double silicon gate MOS technology and is contained in the 32 
pin package. 
(OKI can provide programming service as per customer's request.) 

FEATURES 

• +5V single power supply 
• 131072 words X 8-bit configuration 
• Access time: MAX200 ns 

PIN CONFIGURATION 

(Top View) 

NC 

AI, 

All 

As 

A, 

• Power consumption: 
MAX525 mW (during operation) 
MAX184 mW (during stand-by) 

• Completely static operation 
• INPUT IOUTPUT TTL compatible 

(3-state output) 
• 32-pin DIP 

FUNCTIONAL BLOCK DIAGRAM 

-Vcc 

All PGM- PGM 

OE --Vpp 

A, AIO CE CE 

Al CE -GND 

07 OE OE 

0, 

0, AoAl _ _ _ _ _ _ Al6 

0, 

0, This specification may be changed without notification. 
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FUNCTION TABLE 

~ 
- - --

Outputs CE OE PGM VPP VCC 
Mode (22) (24) (31) (1 ) (32) 

Read VIL VIL - - +5V DOUT 

Output Disable VIL VIH - - +5V High impedance 

Stand-by VIH - - - +5V High impedance 

Program VIL VIH VIL +12.75V +6.25V DIN 

Program Verify VIL VIL VIH +12.75V +6.25V DOUT 

Program Inhibit VIH - - +12.75V +6.25V High impedance 

NOTES: 
-; Can be either VIL or VIH 

ABSOLUTE MAXIMUM RATINGS 

Temperature Under Bias 
Storage Temperature 
AlllnputiOutput Voltages 

Vee Supply Voltage 
Program Voltage 

Ta •••.••••••••••.••.• DoC - 70°C 
Tstg •••••.•••••.•••••. -55°C - 125°C 
VIN •.•.••.•••.••..••• -0.6V - 13.5V 
VOUT' •.••••••.•••.•.. -0.6V ~ 7V 
Vee •..••••.••.••.••.• -0.6V -7V 
Vpp •••••.•.••••.• , ••. -0.6V -14V 

The voltage with respect to GND. 

ELECTRICAL CHARACTERISTICS 

<READ OPERATION> 
RECOMMENDED OPERATION CONDITION 

Limit 
Parameter Symbol 

Min. Typ. 

Vce Power Supply 
Voltage Vee 4.75 5.0 

Vpp Voltage Vpp -D.1 -

"H" Level Input 
Voltage VIH 2.0 -

"L" Level Input 
VIL -D. 1 -Voltage 

The voltage with respect to GND 
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Operating Remarks 
Max. 

Temperature 

5.25 

Vcc+1 

ODC-70DC Vec=5V±5% 
6.25 

0.8 

Symbol 

V 

V 

V 

V 



----------------------. OTP' MSM271000ZB. 

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

Limits 
Parameter Symbol Conditions Unit 

Min. Typ. Max. 

Input Leakage Current III VIN =5.25V - - 10 IJ-A 

Output Leakage Current ILO VOUT =5.25V - - 10 IJ-A 

VCC Power Current (Stand-by) ICC1 CE =VIH - - 35 mA 

VCC Power Current (Operation) ICC2 CE =VIL - - 100 mA 

Program Power Current Ipp1 Vpp=VCC - - 10 !lA 

Input Voltage "H" Level VIH - 2.0 - VCC+1 V 

Input Voltage "L" Level VIL - -0.1 - O.B V 

Output Voltage "H" Level VOH IOH =-4OO IJ-A 2.4 - - V 

Output Voltage "L" Level VOL IOL =2.1 mA - - 0.45 V 

AC CHARACTERISTICS 
(VCC = 5V±5%, Ta = O°C - 70°C) 

Parameter Symbol Conditions Min. Max. Unit 

Address Access Time tACC CE =OE =VIL - 200 ns 

CE Access Time tCE OE =VIL - 200 ns 

OE Access Time tOE CE =VIL - 70 ns II 
Output Disable Time tDF CE =VIL a 55 ns 

TIME CHART 

Address input 

CE 

Data 
outP-ut:------------< .,. ____ ....J' 

Measurement condition 
Input pulse level .......................... 0.45V and 2.4V 
Input timing reference level ............... O.BV and 2.0V 
Output load .............................. 1 TTL GATE + 100pF 
Output timing reference level .............. OJ5V and 2.0V 
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<PROGRAMMING OPERATION> 
DC CHARACTERISTICS 
(VCC =6.25V±O.25V. Vpp = 12.75V ±O.25V. Ta = 25°C±5°C) 

Parameter Symbol Conditions 

Input Leakage Current III VIN =5.25V 

Vpp Power Current Ipp, CE =' PGM =VIL 

VCC Power Current ICC -

Input Voltage "H" Level VIH -

Input Voltage "L" Level VIL -

Output Voltage "H" Level VOH IOH = -400,.,A 

Output Voltage "L" Level VOL IOL =2.1 rnA 

AC CHARACTERISTICS 
(VCC =6.25V±O.25V. Vpp = 12.75V ±O.25V. Ta = 25°C±5°C) 

Parameter Symbol Conditions 

Address Set-up Time tAS -

OE Set-up Time tOES -

Data Set-up Time tDS -

Address Hold Time tAH -

Data Hold Time tDH -

Output Enable to Output 
tDFP -

Float Delay 

Vpp Power Set-up Time tvs -

High Speed Initial 
tpw -Program Pulse Width 

CE Set-up Time tCES -

Data Valid from OE tOE -
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Limits 
Unit 

Min. Typ. Max. 

- - 10 ,.,A 

- - 50 rnA 

- - 100 rnA 

2.0 - VCC+1 V 

-0.1 - 0.8 V 

2.4 - - V 

- - 0.45 V 

Limits 
Unit 

Min. Typ. Max. 

2 - - ,.,s 

2 - - ,.,s 

2 - - ,.,s 

0 - - ,.,s 

2 - - ,.,s 

0 - 130 ns 

2 - - ,.,s 

95 100 105 ,.,s 

2 - - ,.,s 

- - 150 ns 



-----------------------. Olp· MSM271000ZB. 

liME CHART 

Data ---{ 
input/output 

Vpp 

PGM------,I 

CAPACITANCE 
(Ta = 25°C. f = 1 MHz. Vee = 5V) 

Parameter Symbol 

Input Capacitance CIN 

Output Capacitance COUT 

MSM271000ZB-RS 

~ Ao 07 06 

Code (12) (21) (20) 

Manufaeter 
VIL 1 0 Code 

Device Code VIH 1 0 

Notes: 1. A9 = 12.0 ± 0.5V 

ADDRESS N 

Conditions Min. Typ. 

VIN =QV - -

VOUT =QV - -

IDENTIFIER BYTES 

05 04 03 O2 01 

(19) (18) (17) (15) (14) 

1 Q 1 1 1 

0 0 0 1 0 

2. A1 ~ As, AlO ~ A16, CE, OE = VIL, PGM = VIH OR VIL, Vpp = VIH OR VIL 

Max. Unit. 

12 pF 

15 pF 

Do Hex 
(13) Data 

0 AE 

1 85 
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590 

INCREMENT 

ADDRESS 

ADDRESS = FIRST LOCATION 

PROGRAM ONE 100 I'SEC PULSE 

DEVICE FAILED 

Programming Flowchart Example (I) 



O __ K __ I __ se_rn_IC_O_nd_U_c_t_o_r _____ ~ 
MSM271024ZB 
65536 X 16 BIT ONE TIME PROGRAMMABLE 
READ-ONLY MEMORY 

GENERAL DESCRIPTION 

The MSM271024ZB is a 65536 words x 16 bit electrically programmable read-only 
memory. The MSM271 024ZB is manufactured by the N channel double silicon gate MOS 
technology and is contained in the 40 pin package. 
(OKI can provide programming service as per customer's request.) 

FEATURES 

• +5V single power supply 
• 65536 words x 16 bit configuration 
• Access time: 

MAX170 ns 

PIN CONFIGURATION 

VCC 

NC 

A" 

A" 

A" 

A" 

Aw 

Os A, PGM 

• Power consumption: 
MAX630 mW (during operation) 
MAX 184 mW (during stand-by) 

• Completely static operation operation 
• INPUT IOUTPUT TTL compatible 

(three state output) 
• 40-pin DIP 

FUNCTIONAL BLOCK DIAGRAM 

.--Vcc 

PGM 

Vss Vss +---Vpp 

0, As CE CE 

A, 

A, OE OE 

A5 

A, Ao A T _______ A 15 

A3 
This specification may he changed wlIhout notlflCiHlon 
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FUNCTION TABLE 

eE OE PGM ~ Vpp vee 
(2) (20) (39) (1 ) (40) Outputs 

Mode 

Read VIL VIL - - +5V Dout 

Output Disable VIL VIH - - +5V High impedance 

Stand-by VIH - - - +5V High impedance 

Program VIL VIH VIL +12.75V +6.25V DIN 

Program Verify VIL VIL VIH +12.75V +6.25V Dout 

Program Inhibit VIH - - +12.75V +6.25V High impedance 

-; ean be either VIL or VIH 

ABSOLUTE MAXIMUM RATINGS 

Temperature Under Bias 
Storage Temperature 
AlllnputiOutput Voltages 

Vee Supply Voltage 
Program Voltage 

The voltage with respect to GND. 

~·························ifc-7ife 
Tstg ....................... -55°e - 125°e 
VIN •••••••••.••.•.•.• -O.6V ~ 13.5V 
VOUT .•••.•.•••.•.•.•• -O.6V ~ 7V 
Vee ....................... -O.6V ~ 7V 
Vpp ....................... -0.6V -14V 

ELECTRICAL CHARACTERISTICS 

< READ OPERATION> 
RECOMMENDED OPERATION CONDITION 

Limit 
Operating Parameter Symbol Remarks 

Min. Typ. Max. Temperature 

Vee Power Supply 
Vee 4.75 5.0 5.25 Voltage 

Vpp Voltage Vpp -O.1V - Vee +1 
ooe -70oe Vee=5V±0.25V 

"H" Level Input 
VIH 2.00 - 6.25 Voltage 

"L" Level Input 
VIL -0.1 - 0.8 Voltage 

The voltage with respect to GND 
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Symbol 

V 

V 

V 

V 



------------------------. OTP' MSM271024ZB. 

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

Limits 
Parameter Symbol Conditions Unit 

Min. Typ. Max. 

Input Leakage Current III VIN =S.25V - - 10 Jl.A 

Output Leakage Current ILO VOUT = 5.25V - - 10 Jl.A 

VCC Power Current (Stand-by) ICC1 CE =VIH - - 35 rnA 

VCC Power Current (Operation) ICC2 CE =VIL - - 120 rnA 

Program Power Current Ipp1 Vpp=VCC - - 10 /lA 

Input Voltage "H" Level VIH - 2.0 - VCC+1 V 

Input Voltage "L" Level VIL - -0.1 - 0.8 V 

Output Voltage "H" Level VOH IOH =-400Jl.A 2.4 - - V 

Output Voltage "L" Level VOL IOL = 2.1 rnA - - 0.45 V 

AC CHARACTERISTICS 
(VCC = 5V±5%, Ta = O°C - 70°C) 

Parameter Symbol Conditions Min. Max. Unit 

Address Access Time tACC CE=OE =VIL, - 170 ns 

CE Access Time tCE OE =VIL, - 170 ns 

OE Access Time tOE CE =VIL, - 60 ns 

Output Disable Time tOF CE =VIL. 0 50 ns 

Measurement condition 
Input pulse level .......................... 0.45V and 2.4V 
Input timing reference level ............... 0.8V and 2.0V 
Output load .............................. 1 TTL GATE + 100pF 
Output timing reference level .............. 0.8V and 2.0V 
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TIME CHART 

Address input 

CE 

OE 

Data output 
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<PROGRAMMING OPERATION> 
DC CHARACTERISTICS 
(VCC = 6.25V±O.25V, Vpp = 12.75V±O.25V, Ta = 25°C±5°C) 

Parameter Symbol Conditions 

Input Leakage Current III VIN = 5.25V 

Vpp Power Current IpP2 CE = PGM =VIL 

VCC Power Current ICC -

Input Voltage "H" Level VIH -

Input Voltage "L" Level VIL -

Output Voltage "H" Level VOH IOH =-4OO fl-A 

Output Voltage "L" Level VOL IOL = 2.1 mA 

AC CHARACTERISTICS 
(VCC = 6.25V±O.25V, Vpp = 12.75V±O.25V, Ta = 25°C±5°C) 

Parameter Symbol Conditions 

Address Set-up Time tAS -

OE Set-up Time tOES -

Data Set-up Time tDS -

Address Hold Time tAH -

Data Hold Time tDH -

Output Enable to Output 
F!oat Delay tDFP -

Vpp Power Set-up Time tvs -
--
PGM Program Pulse Width tpw Vee =6.25V±0.25V 

eE Set-up Time teEs -

Data Valid from OE tOE -

Limits 
Unit 

Min. Typ. Max. 

- - 10 fl-A 

- - 50 mA 

- - 120 mA 

2.0 - Vee+1 V 

-0.1 - 0.8 V 

2.4 - - V 

- - 0.45 V 

Limits 
Unit 

Min. Typ. Max. 

2 - - fl-s 

2 - - fl-s 

2 - - fl-s 

0 - - fl-s 

2 - - fl-s 

0 - 130 ns 

2 - - fl-s 

95 100 105 J,lS 

2 - - J,lS 

- - 150 ns 
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TIME CHART 

Data ---( 
input/output 

Vpp 

PGM------,. 

CAPACITANCE 
(Ta = 25°C, f = 1 MHz, Vee = 5V) 

Parameter Symbol 

Input Capacitance CIN 

Output Capacitance COUT 

MSM271024ZB-RS 

Ao D'5 ~ Os 

ADDRESS N 

tOES 

Conditions 

VIN =OV 

VOUT =OV 

IDENTIFIER BYTES 

D7 D6 D5 D4 ~ Code (21 ) (3)~(10) (12) (13) (14) (15) 

Manufacter 
VIL O~O 1 0 1 0 Code 

Device Code VIH O~O 1 0 0 0 

Notes: 1. A9 = 12.0 ± 0.5V 

Min. Typ. 

- -

- -

D3 D2 D, 
(16) (17) (18) 

1 1 1 

0 1 1 

2. A, ~ As, AlO ~ A'5, CE, OE = VIL, PGM = VIH OR VIL, Vpp = VIH OR VIL 

596 

Max. Unit. 

12 pF 

15 pF 

Do Hex 
(19) Data 

0 OOAE 

0 0086 



----------------------------------------------.OTp·MSM271024ZB. 

INCREMENT 

ADDRESS 

ADDRESS = FIRST LOCATION 

YES 

PROGRAM ONE 100 IlSEC PULSE 

FAIL 

NO 

FAIL 

Programming Flowchart Example (I) 

DEVICE FAILED 
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OKI semiconductor 

MSM27C256ZB 
32,768 x 8-BIT ONE TIME PROGRAMMABLE READ-ONLY MEMORY 

GENERAL DESCRIPTION 

The MSM27C256ZB is a 32.768 words x 8 bit electrically programmable read-only memory. The MSM27C256ZB is 
manufactured by the CMOS double silicon gate technology and is contained in the 28 pin package. 
(OK I can provide programming service as per customer's request.) 

FEATURES 

• +SV single power supply • Power consu m ption: 
• 32,768 words x 8-bit configuration MAX165 mW (during operation) 

MAXO.55 mW (during stand-by) • Access time: MAX150 ns 

PIN CONFIGURATION 

(Top View) 

598 

• Completely static operation 
• INPUT/OUTPUT TTL compatible 

(3-state output) 
• 28-pin DIP 

FUNCTIONAL BLOCK DIAGRAM 

---Vcc 

PGM 

----- vpp 

CE CE 

---GND 

OE OE 

AoAl ______ A14 

This specification may be changed without notification. 



----------------------------------------------I.OTpoMSM27C256ZB. 

FUNCTION TABLE 

~ eE OE Vpp vee 
(20) (22) (1) (28) Outputs 

Mode 

Read VIL VIL +5V +5V Dout 

Output Disable VIL VIH +5V +5V High impedance 

Stand-by VIH - +5V +5V High impedance 

Program VIL VIH +12.5V. +6V DIN 

Program Verify V'H VIL +12.5V +6V Dout 

Program Inhibit VIH VIH +12.5V +6V High impedance 

-; Can be either VIL or VIH 

ABSOLUTE MAXIMUM RATINGS 

Temperature Under Bias 
Storage Temperature 
All Input Voltage 
All Output Voltage 
Vee Supply Voltage 
Program Voltage 

l'he voltage with respect to GND. 

Ta ......................... ooe - 70 0 e 
Tstg ....................... -55°e - l25°e 
VIN 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -0.6V ~ 13V 
VOUT 000000 0 0 0 0 0 0 0 0 000 -o.6V ~ Vce +0.5V 
Vee· .......... · .... · ...... -Oo6V -7V 
Vpp ....................... -Oo6V -14V 

ELECTRICAL CHARACTERISTICS 

< READ OPERATION> 
RECOMMENDED OPERATION CONDITION 

Limit 
Operating Parameter Symbol Remarks 

Min. Typ. Max. Temperature 

Vee Power Supply 
Vee 4.5 5.0 5.5 Voltage 

Vpp Voltage Vpp 4.5 5.0 5.5 

ooe -70oe 
Vee=5V±10% 

"H" Level Input Vpp=Vee 
Voltage VIH 2.0 - Vee +0.5 

"L" Level Input 
VIL -D.l - 0.8 Voltage 

The voltage with respect to GND 

Unit 

V 

V 

V 

V 
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.OTp.MSM27C256ZB.'----------------------------------------------

DC CHARACTERISTICS 
(Vee = 5V±10%, Vpp = Vee, Ta = ooe±70°C) 

Limits 
Parameter Symbol Conditions Unit 

Min. Typ. Max. 

Input Leakage Current III VIN = 5.5V - - 1 IJ-A 

Output Leakage Current ILO VOUT = 5.5V - - 1 IJ-A 

VCC Power Current (Stand-by) ICC, CE =Vec - - 100 /lA 

VCC Power Current (Operation) ICC2 CE =VIL - - 30 rnA 

Program Power Current Ipp, Vpp=VCC - - 100 /lA 

Input Voltage "H" Level VIH - 2.0 - Vee V +0.5 

Input Voltage "L" Level VIL - -D.l - 0.8 V 

Output Voltage "H" Level VOH IOH =-4OO IJ-A 2.4 - - V 

Output Voltage "L" Level VOL IOL = 2.1 rnA - - 0.45 V 

AC CHARACTERISTICS 
(Vee = 5V±10%, Vpp = Vee, Ta = 0°C±70°C) 

Parameter Symbol Conditions Min. Max. Unit 

Address Access Time tACC CE =OE =VIL - 150 ns 

CE Access Time tCE OE =VIL - 150 ns 

OE Access Time tOE CE =VIL - 60 ns 

Output Disable Time tOF CE =VIL 0 50 ns 

TIME CHART 

Address input 

Data 
outPu~t----------<".. ____ J 

Measurement condition 
Input pulse level .......................... 0.45V and 2.4V 
Input timing reference level ............... 0.8V and 2.0V 
Output load .............................. 1 TTL GATE + 100pF 
Output timing reference level .............. 0.8V and 2.0V 
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----------------------------------------------1. OTp· MSM27C256ZB. 

< PROGRAMMING OPERATION> 
DC CHARACTERISTICS 
(VCC = 5.75V-6.5V, Vpp = 12.5V±0.5V, Ta = 25°C±5°C) 

Parameter Symbol Conditions 

Input Leakage Current III VIN = 5.5V 

Vpp Power Current IpP2 CE = VIL, OE = VIH 

VCC Power Current ICC -

Input Voltage "H" Level VIH -

Input Voltage "L" Level VIL -

Output Voltage "H" Level VOH IOH =-400p..A 

Output Voltage "L" Level VOL IOL = 2.1 rnA 

AC CHARACTERISTICS 
(VCC = 5.75V-6.5V, Vpp = 12.5V±0.5V, Ta = 25°C±5°C) 

Parameter Symbol Conditions 

Address Set-up Time tAS -

OE Set-up Time tOES -

Data Set-up Time tos -

Address Hold Time tAH -

Data Hold Time tOH -

Output Enable to Output 
tOFP -Float Delay 

Vpp Power Set-up Time tvs -

CE Initial Program Pulse Width tpw VCC = 6V ± 0.25V 

CE High Speed Initial 
tpw 

VCC =6.25V ± 
Program Pulse Width 0.25V 

CE Overprogram Pulse Width topw VCC = 6V ± 0.25V 

Data Valid from OE tOE -

Limits 
Unit 

Min. Typ. Max. 

- - 10 p..A 

- - 50 rnA 

- - 100 rnA 

2.0 - Vee V +0.5 

-0.1 - 0.8 V 

2.4 - - V 

- - 0.45 V 

Limits 
Unit 

Min. Typ. Max. 

2 - - p..s 

2 - - p..s 

2 - - p..s 

0 - - !1s 

2 - - !1s 

0 - 130 ns 

2 - - !1s 

0.95 1.0 1.05 ms 

95 100 105 !1S 

2.85 - 78.75 ms 

- - 150 ns 
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.OTp·MSM27C256ze.--------------------------------------------

TIME CHART 

Data ---{I 
input/output 

Vpp 

CE-----~I 

ADDRESSN 

tOES 

OE.-------~~~~-----~ 

CAPACITANCE 
(Ta = 25°C, f = 1 MHz, Vee = 5Vj 

Parameter Symbol Conditions 

Input Capacitance CIN VIN =QV 

Output Capacitance COUT VOUT =QV 
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Min. Typ. Max. Unit. 

- - 12 pF 

- - 15 pF 



----------------------------------------------.OTp·MSM27C256ZB. 

INCREMENT 

ADDRESS 

ADDRESS = FIRST LOCATION 

YES 

PROGRAM ONE 100 ",SEC PULSE 

FAIL 

DEVICE PASSED 

Programming Flowchart Example (I) 

DEVICE FAILED 
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.OTp·MSM27C256ZS.----------------------------------------------

604 

INCREMENT 
ADDRESS 

ADDRES = FIRST LOCATION 

YES 

PROGRAM ONE 1 mSEC PULSE 

FAIL 

PROGRAM ONE PULSE 
OF 3X mSEC DURATION 

DEVICE PASSED 

FAIL 

Programming Flowchart Example (II) 

DEVICE FAILED 



OKI semiconductor 

MSM27C256HZB 
32,768 x 8-BIT ONE TIME PROGRAMMABLE READ-ONLY MEMORY 

GENERAL DESCRIPTION 

The MSM27C256HZB is a 32,76B words x 8 bit electrically programmable read-only memory. The MSM27C256HZB is 
manufactured by the CMOS double silicon gate technology and is contained in the 28 pin package. 
(OK I can provide programming service as per customer's request.) 

FEATURES 

• +5V single power supply • Power consumption: 
• 32,768 words x 8-bit configuration MAX525 mW (during operation) 

MAX184 mW (during stand-by) • Access time: MAX70 ns 

PIN CONFIGURATION 

(Top View) 

O. 

O. 
O. 

03 

• Completely static operation 
• OUTPUT TTL compatible 

(3-state output) 
• 28-pin DIP 

FUNCTIONAL BLOCK DIAGRAM 

PGM 

CE CE 

OE OE 

This specification may be changed without notification. 

-Vcc 

-Vpp 

-GND 
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-OTp·MSM27C256HZB----------------------------------------------

FUNCTION TABLE 

~ eE OE Vpp vee 
(20) (22) (1 ) (28) Outputs 

Mode 

Read VIL VIL +5V +5V Dout 

Output Disable VIL VIH +5V +5V High impedance 

Stand-by VIH - +5V +5V High impedance 

Program VIL VIH +12.5V +6V DIN 

Program Verify VIH VIL +12.5V +6V Dout 

Program Inhibit VIH VIH +12.5V +6V High impedance 

-; Can be either VIL or VIH 

ABSOLUTE MAXIMUM RATINGS 

Temperature Under Bias 
Storage Temperature 
All Input Voltage 
All Output Voltage 

Vee Supply Voltage 
Program Voltage 

The voltage with respect to GND. 

Ta ......................... ooe - 700 e 
Tstg . 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 .. 0 .... -55°e - 125°e 
VIN ••••••.•••••••.••• -Oo6V - 1305V 
VOUT •••••.•.••.•••••• -oo6V - VCC +Oo5V 

Vee 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 . 0 0 0 .. 0 -0.6V - 7V 
Vpp o. 0 .. 00000000 .......... -O.6V -14V 

ELECTRICAL CHARACTERISTICS 

<READ OPERATION> 
RECOMMENDED OPERATION CONDITION 

Limit Operating Parameter Symbol Remarks 
Min. Typ. Max. Temperature 

Vee Power Supply 
Vee 4.75 5.0 5.25 Voltage 

Vpp Voltage Vpp 4.75 5.0 5.25 

ooe -70oe 
Vee=5V±5% 

"H" Level Input 
VIH 3.0 - VCC+O.5 Vpp=Vee 

Voltage 

"L" Level Input 
VIL -0.1 - 0.3 Voltage 

The voltage with respect to GND 
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Unit 

V 

V 

V 

V 



-------------------------------------------I.OTp·MSM27C256HZB. 

DC CHARACTERISTICS 
(VCC = 5V±5%, Vpp = VCC, Ta = O·C - 70·C) 

Parameter Symbol Conditions 
Min. 

Input Leakage Current III VIN =5.25V -

Output Leakage Current ILO VOUT =5.25V -
VCC Power Current (Stand-by) ICC, CE=VIH j=10MHz -

VCC Power Current (Operation) ICC2 CE=VIL j=10MHz -

Program Power Current Ipp, Vpp =VCC -

Input Voltage "H" Level VIH - 2.0 

Input Voltage "L" Level VIL - -0.1 

Output Voltage "H" Level VOH IOH = -4mA 

Output Voltage "L" Level VOL IOL = 8mA 

. AC CHARACTERISTICS 
(VCC = 5V±5%, Vpp = VCC, Ta = O·C - 70·C) 

Parameter Symbol Conditions 

Address Access Time tACC CE =OE =VIL 

CE Access Time tCE OE =VIL 

OE Access Time tOE CE =VIL 

Output Disable Time tDF CE =VIL 

MEASUREMENT CONDITION 
Input pulse level .•.••.•••••••••••••••••• OV and 3.0V 
Input timing reference level ••••.•.•.••.•.•. O.8V and 2.0V 

Min. 

-

-

-

0 

Output load ........................... 1 TTL GATE + 30pF 
Output timing reference level ..•.•.•...•.... O.8V and 2.0V 

TIME CHART 

Address input 

Data 
outpu·"":":t----------<,. ____ ---/I 

2.4 

-

Limits 
Unit 

Typ. Max. 

- 10 JJ.A 

- 10 JJ.A 

- 35 mA 

- 100 mA 

- 5 mA 

- VCCtO.5 V 

- 0.8 V 

- - V 

- 0.45 V 

Max. Unit 

70 ns 

70 ns 

30 ns 

25 ns 
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-OTp·MSM27C256HZB_-------------------------------------------

<PROGRAMMING OPERATION> 
DC CHARACTERISTICS 
(VCC = 5.75-6.5V, Vpp = 12.5V±O.5V, Ta = 25°C±5°C) 

Parameter Symbol Conditions 

Input Leakage Current III VIN =5.25V 

Vpp Power Current IpP2 CE =VIL 

VCC Power Current ICC -

Input Voltage "H" Level VIH -
Input Voltage "L" Level VIL -

Output Voltage "H" Level VOH IOH =-4mA 

Output Voltage "L" Level VOL IOL =8mA 

AC CHARACTERISTICS 
(VCC = 5.75V-S.5V, Vpp = 12.5V±0.5V, Ta = 25°C±5°C) 

Parameter Symbol Conditions 

Address Set-up Time tAS -

OE Set-up Time tOES -

Data Set-up Time tos -

Address Hold Time tAH -

Data Hold Time tOH -

Output Enable to Output 
Float Delay tOFP -

Vpp Power Set-up Time tvs -

CE Initial Program Pulse Width tpw VCC = SV ± 0.25V 

CE Program Pulse Width tpw 
VCC =S.25V ± 

0.25V 

CE Overprogram Pulse Width topw VCC = 6V ± 0.25V 

Data Valid from OE tOE -

608 

Limits 
Unit 

Min. Typ. Max. 

- - 10 /LA 

- - 50 mA 

- - 100 mA 

2.0 - VCC+O.S V 

-0.1 - 0.8 V 

2.4 - - V 

- - 0.45 V 

Limits 
Unit 

Min. Typ. Max. 

2 - - ,.,s 

2 - - I'S 

2 - - ,.,s 

0 - - I'S 

2 - - I's 

0 - 130 ns 

2 - - ,.,s 

0.95 1.0 1.05 ms 

95 100 105 ~'s 

2.85 - 78.75 ms 

- - 150 ns 



---------------------------------------------_OTp·MSM27C256HZB_ 

TIME CHART 

Data ---< 
input/output 

Vpp 

CE-------,. 

ADDRESS N 

tOES 

OE-----------~~~~----------~ 

CAPACITANCE 
(Ta = 25°C, f = 1 MHz, Vee = 5V) 

Parameter Symbol Conditions 

Input Capacitance CIN VIN =OV 

Output Capacitance COUT VOUT =OV 

Min. Typ. Max. Unit. 

- - 12 pF 

- - 15 pF 
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.OTp·MSM27C256HZB.---------------------------------------------

ADDRESS = FIRST LOCATION 

YES 

PROGRAM ONE 100 IlSEC PULSE 

FAIL 

INCREMENT NO 

ADDRESS 

FAIL 
DEVICE FAILED 

Programming Flowchart Example (I) 
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---------------------------------------------.OTp·MSM27C256HZB. 

INCREMENT 
ADDRESS 

ADDRES = FIRST LOCATION 

YES 

PROGRAM ONE 1 mSEC PULSE 

Vee = 5V 
Vpp = 5V 

Programming Flowchart Example (II) 

DEVICE FAILED 
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III MOS E2 PROMS 

MSM16811 

MSM16811 P 

MSM16911 

MSM16911P 

MSM16812 

MSM16912 

MSM28C16A 

MSM28C64A 

MSM28C256 

1.024-Word x 1-Bit E2 PROM ........................ 615 

1.024-Word x 1-Bit E2 PROM ........................ 622 

1.024-Word x 1-Bit E2 PROM ........................ 629 

1.024-Word x 1-Bit E2 PROM ........................ 638 

2.048-Word x 1-Bit E2 PROM ........................ 647 

2.048-Word x 1-Bit E2 PROM ........................ 654 

2.048-Word x 8-Bits E2 PROM ....................... 663 

8.192-Word x 8-Bits E2 PROM ....................... 670 

32k x 8-Bits CMOS E2 PROM ........................ 678 



OKI semiconductor 
MSM16811 
1.024 BIT SERIAL E2PROM 

FEATURES: 

• CMOS Floating Gate Technology 
• Single +5-volt supply 
• Eight pin plastic package 
• 64 x 16 or 128 x 8 user selectable serial memory 
• Compatible with NS9346 
• Self timed programming cycle with Auto erase 
• Word and chip erasable 
• Operating Range ooe to 700 e 
• 10,000 erase/write cylces 
• 10 year data retention 

VCC GND 

~ + 
MEMORY 

ORG---~ 

OJ 

CS------I-/ 

SK-----' 

BLOCK DIAGRAM 

ADDRESS 
DECODER 

PIN CONFIGURATION 

8 Pin Dual-In-Line 
8 Pin S.O. Package 

TOP VIEW 

CS .1 VCC 

SK 2 NC 

01 3 ORG 

DO 4 GND 

DO 
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.MOSE2 PROMS·MSM16811.1--------------------

PIN FUNCTIONS 

CS Chip Select ORG Memory Array Organization Selec-
SK Clock Input tion Input. When the ORG pin is 
01 Serial Data Input connected to +5 V the 64 x 16 
DO Serial Data Output organization is selected. When it 

VCC +5 V Power Supply is connected to ground the 128 x 
NC Non Connection 8 organization is selected. If the 
GND Ground ORG pin is left unconnected, then 

an internal pull-up device will 
select the 64 x 16 organization. 

INSTRUCTION SET 

Start Address Data Comments 
Instruction Bit Opcode 128 x 8 64 x 16 128 x 8 64 x 16 

READ 1 1 0 A6-AO As-Ao Read Address AN-Ao 

ERASE 1 1 1 A6-AO As-Ao ERASE Address AN-Ao 

WRITE 1 o 1 A6-AO As-Ao 07-0 0 DJs-Do WRITE Address AN-AO 

EWEN 1 o 0 11XXXXX 11XXXX Program Enable 

EWDS 1 o 0 OOXXXXX OOXXXX Program 0 isable 

ERAL 1 o 0 10XXXXX 10XXXX Erase All Addresses 

WRAL 1 00 01XXXXX 01XXXX 07-0 0 DJs-DO Program All Addresses 

Power-On Data Protection Circuitry: During power-up all modes of operation are inhibited until 
VCC has reached a level of between 2.8 and 3.5 volts. During power-down the source data protection 
circuitry acts to inhibit all modes when VCC has fallen below the voltage range of 2.8 to 3.5 volts. 
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---------------------------------------.Mos~PROMS·MSM16811. 

ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol Condition Value Unit 

Supply Voltage VCC -0.3 -7 V 

Input Voltage Vi Ta = 25°C -0.3 - VCC + 0.3 V 

Output Voltage Vo -0.3 - VCC + 0.3 V 

Storage Temperature TSTG -55-+150 °c 

Note: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 
Functional operation should be restricted to the conditions as recommended. Exposure to 
ABSOLUTE MAXIMUM RATINGS for extended periods may affect device reliability. 

RECOMMENDED OPERATING RANGE 

Parameter Symbol Range Unit 

Supply Voltage VCC 5± 10% V 

Temperature Range Ta 0~70 °c 

Data Hold Temperature Ta 0~70 °c 

DC CHARACTERISTICS 
(Vcc = 4.5V to 5.5V. Ta = -0 - 700C. unless otherwise specified.) 

Parameter Symbol Condition MIN MAX Unit 

Supply Voltage VCC 4.5 5.5 V 

ICC1 VCC= 5.5 V CS = 1 3 mA 

Power Supply Current VCC=5.5V CS-O 
ICC2 01 = 0 or VCC 

100 IlA 

"l" Input Voltage Vil -0.1 0.8 V 

"H" Input Voltage VIH 2.0 VCC+ 1 V 

"l" Output Voltege 
TTllOl = 2.1 mA 0.4 V 

VOL 
CMOSIOl = 100IlA 0.1 V 

"H" Output Voltage 
TTlIOH=-400IlA 2.4 V 

VOH .. -
CMOSIOH =-100",A VCC-o·5 V 

Input leakage Current III Yin = 5.5 V 10 ",A 

Output leakage Current IlO Vout = 5.5 V CS=O 10 ",A 
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• MOS E2 PROMS· MSM16811 .1--------------------

AC CHARACTERISTICS 

Parameter Description Test Condition Min Typ Max Units 

tcss CS Setup Time 0.2 J.LS 

tCSH CS Hold Time 0 J.LS 

tDIS DI Setup Time 0.4 J.LS 

tDIH DI Hold Time 0.4 J.LS 

tpD1 Output Delay to 1 CL = 100pF 2 J.LS 

tpDO Output Delay to 0 VOL = 0.8V, VOH = 2.0 2 J.LS 

tHZ Output Delay to HiZ VIL = 0.45V, VIH = 2.4 0.4 !lS 

tEW Erase / Write Pulse Width 10 ms 

tCSMIN Min CS Low Time 1 J.LS 

tSKHI Min SK High Time 1 J.LS 

tSKLOW Min SK Low Time 1 J.LS 

tsv Output Delay to Status Valid CL=100pF 1 J.LS 

SKMAX Maximum Frequency 0 250 kHz 

Synchronous Timings 

DEVICE OPERATION 

The MSM 16811 has 7 instructions that allow it to read, erase, or write. Each instruction consists of a 
start bit logical '1', an opcode field (2 bits or 4 bits) and an address field (6 or 7 bits). 

The DO pin is a multiplexed pin. It is used as Data Out during the Read mode. It can also be used as a 
Ready Busy status indicator in programming mode. In all the other modes DO is tri-stated. 

During power-up. all modes of operation are disabled and the device comes up in a program disabled 
state. An EWEN instruction has to be issued before starting to program. 

At power-down, when Vcc falls below a level of approximately 3V, the data protection circuitry 
inhibits all modes of operation and an EWDS instruction is executed internally. 
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--------------------. MOS E2 PROMS . MSM16811 • 

READ MODE 

SK ~[l.JL.f4[UUlS 
n l~ l~S CS/ 
~ STANDBY 

Dr ~~ .~.-----~~-----
DO " ~h.~~~I1m HIGH Z 
-------::.:..::....:;.:.;;....::;.--------~~ 

Organization AN DN 

128 x 8 A6 0 7 

64 x 16 A5 0 15 

The READ instruction reads the contents of the addressed register. It outputs data serially on the DO 
pin. After the instruction is decoded, a dummy bit (logical "0") precedes the output data string. 

ERASE/WRITE ENABLE AND DISABLE 

SK 

!~ STANDBY CS/ 

DI--.II\ 0 O~ll-t ____________ _ 

ENABLE = 11 64 x 16 = 4 Xs 
D I SABLE = 00 128 x 8 = 5 Xs 

After power-up and before starting any programming instruction the EWEN instruction has to be 
issued. Once it has been issued, it will remain active until an EWDS instruction takes place. The EWDS 
instruction is provided to avoid any accidental programming of the part. The READ instruction is inde
pendent from the EWEN and EWDS instructions. 
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• MOS E2 PROMS . MSM16811 .--------------------

ERASE MODE 

SK 

l~'~B' ~--~--7V~\=~,~,~~ VERIFY 
DI ~ ~I ____ ~~.-_ 
DO -, Isv --i t- ~IZ 

-----=.:..:....::..:..:..=-----------4~1 I ~:USY READY HIGH Z 

CS/ 

After an ERASE instruction has been shifted in. CS is dropped low. This will set the beginning of the 
self timed erase sequence. If CS is then brought high lafter observing tcs spec) the DO pin will act as a 
status indicator. It will remain low as long as the chip is programming. It will go high after all the bits of 
the addressed register have been set to a logical '1'. 

WRITE MODE 

SK 

CS 

DI 1 

DO ___ ~H~I~G~H~Z~ _____________ ~---_{I 

After a WRITE instruction has been shifted in with the corresponding 8 bits or 16 bits of data, CS is 
dropped low. This will set the beginning of the self timed programming sequence. If CS is brought high 
during the programming time (after observing the tcs specification), the DO pin will act as a status indicator 
- it will remain low as long as the chip is programming. It will go high after all the bits of the addressed 
register have been set to their proper value. With the MSM16811 it is NOT neccessary to erase a memory 
location before the WRITE instruction. 

Configuration AN DN 

128 x 8 A6 D7 

64 x 16 A6 D16 
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---------------------------------------I.MOSE2 PROMS·MSM16811. 

ERASE ALL 

SK [UlJu-u-u-L 
csi t~CS STATUS STANDB 

VERIFY 

DI---.Il\.......:....O _0-.Jjl\ ° ~,." .......... """""'...,...,..,."'""""'''''' \ . 1-\ --:-__ --:-:-~-
IGH Z 64 x 16 = 4 X:s tsv ----1 tllll 

DO H 128 x 8 - 5 X S I BUSY READ 
--t __ HIGHZ 

ow 

This instruction is provided to erase the whole chip. Besides its different opcode. the ERAL instruc
tion is identical to the ERASE instruction. 

WRITE ALL 

SK 

OO/~ 
128x8=5X's \ 

DI~O 
DO HIGH Z 

This instruction is provided to write simultaneously all the registers. All the registers must be erased 
before doing a WRAL operation. Besided its different opcode. the WRAL instruction is identical to the 
WR ITE instruction. 
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OKI semiconductor 
MSM16811P 
1.024 BIT SERIAL E2PROM 

FEATURES: 

• CMOS Floating Gate Technology 
• Single +5-volt supply 
• Eight pin plastic package 
• 64 x 16 or 128 x 8 user selectable serial memory 
• Compatible with NS9346 
• Self timed programming cycle with Auto erase 

• Word and chip erasable 
• Operating Range -40oC to 85°C 

• 10,000 erase/write cylces 
• 10 year data retention 

ORG---..., 

01 

cs---~ 

SK---~ 

VCC GND 

~ + 

MEMORY 
ARRAY 
128 x 8 

BLOCK DIAGRAM 

ADDRESS 
DECODER 

PIN CONFIGURATION 

8 Pin Dual-In-Line 
8 Pin S.O. Package 

TOP VIEW 

CS VCC 

SK 2 NC 

01 ORG 

DO 4 GND 

DO 



--------------------------------------I.MOSE2pROMS·MSM1~11P. 

PIN FUNCTIONS 

CS Chip Select ORG Memory Array Organization Selec· 
SK Clock Input tion Input. When the ORG pin is 
01 Serial Data Input connected to +5 V the 64 x 16 
DO Serial Data Output organization is selected. When it 
VCC +5 V Power Supply is connected to ground the 128 x 
NC Non Connection 8 organiz~tion is selected. If the 
GND Ground ORG pin is left unconnected. then 

an internal pull·up device will 
select the 64 x 16 organization. 

INSTRUCTION SET 

Start Address Data Comments 
Instruction Bit Opcode 128 x 8 64 x 16 128 x 8 64 x 16 

READ 1 1 a A6-A o As-Ao Read Address AN-Ao 

ERASE 1 1 1 A6-AO As-Ao ERASE Address AN-AO 

WRITE 1 a 1 A6-A O As-Ao 0 7-00 015-00 WRITE Address AN-AO 

EWEN 1 a a 11XXXXX 11XXXX Program Enable 

EWDS 1 a a OOXXXXX OOXXXX Program Disable 

ERAL 1 a a 10XXXXX 10XXXX Erase All Addresses 

WRAL 1 a a 01XXXXX 01XXXX 0 7-0 0 015-00 Program All Addresses 

Power·On Data Protection Circuitry: During power-up all modes of operation are inhibited until 
VCC has reached a level of between 2.8 and 3.5 volts. During power-down the source data protection 
circuitry acts to inhibit all modes when VCC has fallen below the voltage range of 2.8 to 3.5 volts. 
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ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol Condition Value Unit 

Supply Voltage VCC -0.3- 7 V 

Input Voltage VI Ta = 25°C -0.3 - VCC + 0.3 V 

Output Voltage Vo -0.3 - VCC -+ 0.3 V 

Storage Temperature TSTG -55-+ 150 °c 

Note: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 
Functional operation should be restricted to the conditions as recommended. Exposure to 
ABSOLUTE MAXIMUM RATINGS for extended periods may affect device reliability. 

RECOMMENDED OPERATING RANGE 

Parameter Symbol Range Unit 

Supply Voltage Vce 5± 10% V 

Temperature Range Ta -40-85 °e 

Data Hold Temperature Ta -40-85 °e 

DC CHARACTERISTICS 
(Vee = 4.5V to 5.5V. Ta = -40 - 85°C. unless otherwise specified.) 

Parameter Symbol Condition MIN MAX Unit 

Supply Voltage VCC 4.5 5.5 V 

ICC1 VCC = 5.5 V CS= 1 5 mA 

Poyver Supply Current VCC= 5.5 V CS= 0 
ICC2 01 = 0 or VCC 

100 /J.A 

"L" Input Voltage VIL -0.1 0.8 V 

"H" Input Voltage VIH 2.0 VCC+ 1 V 

TTL IOL = 2.1 mA 0.4 V 
"L" Output Voltage VOL 

CMOS IOL = 100 /J.A 0.1 V 

TTL IOH =-400/J.A 2.4 V 
"H" Output Voltage VOH 

CMOS IOH = -40ILA Vee-O.5 V 

Input Leakage Current III O~VIN~VCC -15 10 /J.A 

Output Leakage Current ILO Vout = 5.5 V CS= 0 10 /J.A 



---------------------.MOSE2 PROMS·MSM16811P. 

AC CHARACTERISTICS (Vcc = 4.5V to 5.5V, Ta = -40 ~ 85°C, unless otherwise specified) 

Parameter Descri ption Test Condition Min Typ Max Units 

tcss CS Setup Time 0.2 iJ.S 

tCSH CS Hold Time 0 iJ.S 

tDIS 01 Setup Time 0.4 iJ.S 

tDIH 01 Hold Time 0.4 iJ.S 

tpDl Output Delay to 1 CL = 100pF 2 iJ.S 

tpDO Output Delay to 0 VOL = 0.8V, VOH = 2.0 2 iJ.S 

tHZ Output Delay to HiZ VIL = 0.45V, VIH = 2.4 0.4 iJ.S 

tEW Erase I Write Pulse Width 10 ms 

tCSMIN Min CS Low Time 1 iJ.S 

tSKHI Min SK High Time 1 iJ.S 

tSKLOW Min SK Low Time 1 iJ.S 

tsv Output Delay to Status Val id CL=100pF 1 iJ.S 

SKMAX Maximum Frequency 0 250 kHz 

Synchronous Timings 

DEVICE OPERATION 

The MSM 16811 has 7 instructions that allow it to read, erase, or write. Each instruction consists of a 
start bit logical ',', an opcode field (2 bits or 4 bits) and an address field (6 or 7 bits). 

The DO pin is a multiplexed pin. It is used as Data Out during the Read mode. It can also be used as a 
Ready Busy status indicator in programming mode. In all the other modes DO is tri-stated. 

During power-up, all modes of operation are disabled and the device comes up in a program disabled 
state. An EWEN instruction has to be issued before starting to program. 

At power-down, when Vcc falls below a level of approximately 3V, the data protection circuitry 
inhibits all modes of operation and an EWDS instruction is executed internally. 
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READ MODE 

SI-\ ~JLjLJ'"4~ 
,-----------------(1\ '.\. Il-.jlcs1 .. r .----

CS/ 1\....-..i 
DI ~\ ISTANDBY 

DO HIGHZ ( ~ 
-----~:....::...'-'----------~ 

I 
Organization AN DN 

128 x 8 A6 D7 

64 x 16 A5 D15 

The READ instruction. reads the contents of the addressed register. It outputs data serially on the DO 
pin. After the instruction is decoded, a dummy bit (logical "0") precedes the output data string. 

ERASE/WRITE ENABLE ANIJ DISABLE 

DI~ (i 0 ~I\-I ____________ _ 
ENABLE ~ 11 64 >, 16 ~ 4 Xs 
DISABLE~ 00 128 x 8 = 5 Xs 

After power·up and before starting any programming instruction the EWEN instruction has to be 
issued. Once it has been issued, it will remain active until an EWDS instruction takes place. The EWDS 
instruction is provided to avoid any accidental programming of the part. The READ instruction is inde
pendent from the EWEN and EWDS instructions. 
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ERASE MODE 

csj \~g:~BY 
~ VERIFY 

DI ~ ~! ____ ~-
DO HIGHZ -, 4;v --1t--~IZ 

-----':.:..::.."-'-'--=-----------\~\ I, i BUS Y REA DY HIGH Z 
...--t.,w 

SK 

After an ERASE instruction has been shifted in. CS is dropped low. This will set the beginning of the 
self timed erase sequence. If CS is then brought high (after observing tcs spec) the DO pin will act as a 
status indicator. It will remain low as long as the chip is programming. It will go high after all the bits of 
the addressed register have been set to a logical '1'. 

WRITE MODE 

CS 

DI 1 

DO _____ ~H~I~G~H~Z~ ______________ r-__ _ 

After a WRITE instruction has been shifted in with the corresponding 8 bits or 16 bits of data, CS is 
dropped low. This will set the beginning of the self timed programming sequence. The addressed register 8 
will first be erased and then the previously shifted data will be written in the register. If CS is brought 
high during the programming time (after observing the tcs specification), the DO pin will act as a status 
indicator - it will remain low as long as the chip is programming. It will go high after all the bits of the 
addressed register have been set to their proper value. 

Configuration AN DN 

128 x 8 A6 D7 

64 x 16 A5 D15 
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ERASE ALL 

SK [UlJ1sU1JL 
csi I~CS \STATUsl STANDB 

VER I FY! 

D 1----./1\......;;..0 --,1)....,(1\ 0 ~, \ j 

64X16=4X;Si ISY ~. r-IHZ 
DO HIGH Z 128 x 8 = 5 X S l BUSY READi 

II I GH Z 
--t"w·--I 

This instruction is provided to erase the whole chip. Besides its different opcode, the ERAL instruc
tion is identical to the ERASE instruction. 

WRITE ALL 

SK u-u--u--Lfl.sul.JL 
It--{'" lcs~ STATUS STANDBY 

,,~i~1 VERIFY 

~~Ii ~ ic--,t,-s-y-.....,+-t----!,\f---,--..-<-..,.-.,.--
128'><8=5X;; " . inB'U"v 

,( I ~~I 

I---- lEW 

CSI 

DI~~o __ n __ ~o~1 

DO HIGH Z 

This instruction is provided to write simultaneously all the registers. All the registers must be erased 
before doing a WRAL operation. Besided its different opcode, the WRAL instruction is identical to the 
WRITE instruction. 
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OKI semiconductor 
MSM16911 
1.024 BIT SERIAL E2PROM 

FEATURES: 

• CMOS Floating Gate Technology 
• Single +5-volt supply 
• Eight pin plastic package 
• 64 x 16 or 128 x 8 user selectable serial memory 
• Compatible with GI5911 
• Self timed programming cycle with Auto erase 
• Word and chip erasable 
• Operating Range 0° C to 70° C 

• 10,000 erase/write cylces 
• 10 year data retention 

Vce GND 

~ ~ 
MEMORY 

ORG -------I 

01 

CS--_-.l 

BUleK DIAGRAM 

ADDRESS 
DECODER 

PIN CONFIGURATION 

8 Pin Dual-In-Line 
8 Pin 5.0. Package 

TOP VIEW 

CS .1 

CLK 2 

01 3 

DO 4 

(+5 V) VCC 

ROY/BUSY 

ORG 

GND 

DO 

~------------------------~RDY/BUSY 1..-_---. __ -" 

CLK---...-I 
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PIN FUNCTIONS 

CS Chip Select ORG Memory Array Organization Selec· 
ClK Clock Input tion Input. When the ORG pin is 
01 Serial Data Input connected to +5 V the 64 x 16 
DO Serial Data Output organization is selected. When it 

VCC +5 V Power Supply is connected to grou nd the 128 x 
RDYIBUSY Status Output 8 organization is selected. If the 
GND Ground ORG pin is left unconnected. then 

an internal pull-up device will 
select the 64 x 16 organization. 

INSTRUCTION SET 

Start Address Data 
Instruction Bit Opcode Comments 

128 x 8 64 x 16 128 x 8 64 x 16 

READ 1 1000 A6- Ao As-Ao Read Address 
AN-AO 

PROGRAM 1 xl00 A6- Ao As-Ao D7- Do 0 15 -00 Program Address 
AN-AO 

PEN 1 0011 0000000 000000 Program Enable 

PDS 1 0000 0000000 000000 Program Disable 

ERAl 1 0010 0000000 000000 Erase All Addresses 

WRAL 1 0001 0000000 000000 D7 - Do D15 - Do Write All Addresses 

01100: It is possible to connect the Data In and Data Out pins together. However. with this con
figuration it is possible for a "bus conflict" to occur during the "dummy zero" that precedes the read 
operation. if AO is a logic high level. Under such a condition the voltage level seen at Data Out is 
undefined and will depend upon the relative impedances of Data Out and the signal source driving AO. 
The higher the current sourcing capability of AO. the higher the voltage at the Data Out pin. 

Power-On Data Protection Circuitry: During power-up all modes of operation are inhibited until 
VCC has reached a level of between 2.8 and 3.5 volts. During power-down the source data protection 
circuitry acts to inhibit all modes when VCC has fallen below the voltage range of 2.8 to 3.5 volts. 
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ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol Condition Value Unit 

Supply Voltage VCC -0.3 - 7 V 

Input Voltage V Ta = 25°C -0.3 - VCC + 0.3 V 

Output Voltage Vo -0.3 - VCC + 0.3 V 

Storage Temperature TSTG -55 - + 150 °c 

Note: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 
Functional operation should be restricted to the conditions as recommended. Exposure to 
ABSOLUTE MAXIMUM RATINGS for extended periods may affect device reliability. 

RECOMMENDED OPERATING RANGE 

Parameter Symbol Range Unit 

Supply Voltage VCC 5 ± 10% V 

Temperature Range Ta 0-70 °c 

Data Hold Temperature Ta 0-70 °C 

DC CHARACTERISTICS 

(Vee = 4.5V to 5.5V. Ta = 0 - 70oe. unless otherwise specified.) 

Parameter Symbol Condition MIN MAX Unit 

Supply Voltage VCC 4.5 5.5 V 

ICCl VCC = 5.5 V CS= 1 3 mA 

Power Supply Current VCC = 5.5 V CS = 0 
ICC2 DI = 0 or VCC 

100 !-LA 

"L" Input Voltage VIL -0.1 0.8 V 

"H" I nput Voltage VIH 2.0 VCC+ 1 V 

TTL IOL = 2.1 mA 0.4 V 
"L" Output Voltage VOL 

CMOS IOL = 100 !-LA 0.1 V 

TTL IOH = -400 !-LA 2.4 V 
"H" Output Voltage VOH 

CMOS IOH =-100!-LA VCc-0.5 V 

Input Leakage Current III Yin = 5.5 V 10 !-LA 

Output Leakage Current ILO Vout = 5.5 V CS = 0 10 !-LA 
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AC CHARACTERISTICS 

(VCC = 4;5 V to 5.5 V. Ta = 0 ~ 70°C. unless otherwise specified.) 

Symbol Parameter Min Typ Max Unit Note 

fClK ClK Frequency 0 250 kHz 

tcss CS Setup Time with respect to ClK Falling 0.2 ILS 

tCSH CS Hold Time with respect to ClK Rising 100 ns 

tOIS DI Setup Time with respect to ClK Rising 0.4 ILS 

tDIH DI Hold Time with respect to ClK R.ising 0.4 ILS 

tCPH ClK Pulse High Time 1.0 ILS 

tCPl ClK Pulse low Time 1.0 ILS 

tpD1 Delay Time of DO Rising with respect to ClK 
2.0 ILS 1 Rising 

tpDO 
Delay Time of DO Falling with respect to ClK 

2.0 ILS 1 Rising 

tp "l" Time of Status (Programming Time) 10 ms 

Note 1: Condition: CL = 100pF and VOL/OH = 0.8/2.0 
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Figure 1. Synchronous Data Timing 

~tcPH;..i .---- tCPL 
I 

I 

I I 

ClK--------~r--lL---------------~r--lL-----------
---l tDIS :-- : 

I I I I r-~~-r~~~~ 

DI ==x>K VALID XXXXXXXX>O<X VALID XX><><XXX> 
I I I I 

-..ItDIHf-- I --l tCSH I--

i I I ~~ ______ _ 

i--tCSS 
cs--_I: 

I 

-j 

DO-------'~i --~~~ __________ ~ __ ~~ 
I 
I 

---: tPDO 

I 
I 

'-I 
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Figure 2. READ Mode 

~~--------------------~(~f--------~H 

_0_1 _..J/ \~_O ____ O ___ O~~~~----~ff~-------

Dummy Bit 

_D_O ________ H_I-_Z ____________ --;f~~ 

Organization AN ON 

128 x 8 A6 0 7 

64 x 16 A5 Du 

Read Mode 
The READ instruction is the only instruction which outputs serial data on the DO pin. After 
a READ instruction is received, the instruction and address are decoded, followed by data 
transfer from the memory register into a serial-out shift register. A dummy bit (logical "0") 
procedes the data output string. The output data changes during the high states of the system 
clock. 
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Figure 3. PROGRAM Mode 

CS-f,----------------~lIf------~«---.~~x~X~Xym&NV~r-------

ClK 

DI __ ---J 

ROY/BUSY 
----------------~«~--~/~ 

~r---;;f 

OrganizatioA 

128 x 8 

64 x 16 

Program Mode 

AN 

A, 

As 

ON 

0 7 

015 

L.- tp -l i I 

The program instruction is followed by either eight or sixteen bits of data, which are to be 
written into the specified address. 

After the last data bit (DO) has been shifted into the data register the contents of the specified 
address will be erased and the new deta written to the same address. 

During the automatic erase/write sequence the ROY/BUSY output will go low for the du ration 
of the automatic programming cycle as indicated by tp. 

During a program cycle the internal erase and write operations occur automatically and are 
self-timed 01) the device. A single memory location may also be erased by programming that 
address with all "1's". 
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Figure 4. PEN (Program Enable) and PDS (Program Disable) 

CLK 

ENABLE = 11 
DISABLE = 00 

~D~I ___ ~~_O ___ O~/ _______ \~_O ___ O ____ O ___ O ____ O ____ O ___ O ______ ___ 

PEN AND PDS FOR 128 x 8 ORGANIZATION 

\'----

CLK 

ENABLE = 11 
DISABLE = 00 

~D~I __ ~~~?~~O~/L ___ \~O __ O __ O __ O __ O __ O ________ I 

PEN AND PDS FOR 64 x 16 ORGANIZATION 

Program Enable and Program Disable 

Programming must be preceded once by a programming enable (PEN) instruction. Programming 
remains enabled until a programming disable (PDS) instruction is executed. The programming 
disable instruction is provided to protect against accidental data disturb. Execution of a READ 
instruction is independent of both PEN and PDS instructions. 

635 



11 

• MOS E2 PROMS, MSM16911 .--------------------

636 

Figure 5. ERAL (Erase All) Mode (128 x 8) 

cv 

00000000. ~ 
'-----------!f----J 1 '---/-'---/,-

ROY/BUSY 

ERAL (Erase All) Mode (64 x 16) 

OL.J1\ 0 0 f1\'--=O_-=.O----=O=----....:O~..:..O_O:....__O _ ____jf~ 

ROY/BUSY 

Chip Erase 

Entire chip erasing is ,provided for ease of programming and is implemented with the ERAL 
(erase all registers) instruction. Erasing the chip means that all registers in the memory array 
have each bit set to a "1". 

All specifications and details published are subject to change without notice. 
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Figure 6. WRITE ALL 

WRAL (Write All) Mode (128 x 8) 

fu IO@iX>Q@l ULJL 

~O 0011\00000 0 <}~~~ 

ROY/i3OSY 

WRAL (Write All) Mode (64 x 16) 

cy 

ROY/BUSY 

AN 

128 x 8 A6 

64 x 16 As 

Write All 

ON 

0 7 

015 

Mr7: 
~ 
I tp I 

~t---i" 
I I 

'----' 
I tp I 

This instruction is provided to write simultaneously all the registers. All the registers must be 
erased before doing a WRAL operation. After a WRAL instruction has been shifted in, the 
ROY/BUSY pin goes low and the self timed write sequence starts. The ROY/BUSY pin will 
act as a status indicator. It will remain low as long as the chip is programming. It will go high 
after all the bits of the array have been set to their proper value. 
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OKI semiconductor 
MSM16911P 
1.024 BIT SERIAL E2PROM 

FEATURES: 

• CMOS Floating Gate Technology 
• Single +5-volt supply 
• Eight pin plastic package 
• 64 x 16 or 128 x 8 user selectable serial memory 
• Compatible with GI5911 
• Self timed programming cycle with auto erase 

• Word and chip erasable 
• Operating Range -40°C - 85°C 

• 10.000 erase/write cylces 
• 10 year data retention 

VCC GND 

~ + 

MEMORY 

ORG-----..I 

01 

BLOCK DIAGRAM 

ADDRESS 
DECODER 

PIN CONFIGURATION 

8 Pin Dual-In-Line 
8 Pin 5.0. Package 

CS 

ClK 

01 

DO 

TOP VIEW 

(+5 VI VCC 

ROY/BUSY 

ORG 

GND 

DO 

Cs----.l 

L-~~~~~-----------------------RDY/BUSY 

ClK----.l 
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PIN FUNCTIONS 

CS Chip Select ORG Memory Array Organization Selec-
ClK Clock Input tion Input. When the ORG pin is 
DI Serial Data Input connected to +5 V the 64 x 16 
DO Serial Data Output organization is selected. When it 

VCC +5 V Power Supply is connected to ground the 128 x 
RDY/BUSY Status Output 8 organization is selected. If the 
GND Ground ORG pin is left unconnected, then 

an internal pull-up device will 
select the 64 x 16 organization. 

INSTRUCTION SET 

Start Address Data 
Instruction Bit 

Opcode Comments 
128 x 8 64 x 16 128 x 8 64 x 16 

READ 1 1000 A6- Ao As-Ao Read Address 
AN-AO 

PROGRAM 1 x100 A6- Ao As-Ao D7- Do DIS-Do Program Address 
AN-AO 

PEN 1 0011 0000000 000000 Program Enable 

PDS 1 0000 0800000 000000 Program Disable 

ERAl 1 0010 0000000 000000 EraseAIiAddresses 

WRAl 1 0001 0000000 000000 D7 -Do D'5- Do Write All Addresses 

01/00: It is possible to connect the Data In and Data Out pins together. However, with this con· 
figuration it is possible for a "bus conflict" to occur during the "dummy zero" that precedes the read 
operation, if AD is a logic high level. Under such a condition the voltage level seen at Data Out is 
undefined and will depend upon the relative impedances of Data Out and the signal source driving AD. 
The higher the current sourcing capability of AD, the higher the voltage at the Data Out pin. 

Power-On Data Protection Circuitry: During power-up all modes of operation are inhibited until 
VCC has reached a level of between 2.8 and 3.5 volts. During power-down the source data protection 
circuitry acts to inhibit all modes when VCC has fallen below the voltage range of 2.8 to 3.5 volts. 
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ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol Condition Value Unit 

Supply Voltage VCC -0.3 - 7 V 

Input Voltage V Ta: 25°C -0.3 - VCC + 0.3 V 

Output Voltage Vo -0.3 - VCC + 0.3 V 

Storage Temperature TSTG -55 - + 150 °c 

Note: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 
Functional operation should be restricted to the conditions as recommended. Exposure to 
ABSOLUTE MAXIMUM RATINGS for extended periods may affect device reliability. 

RECOMMENDED OPERATING RANGE 

Parameter Symbol Range Unit 

Supply Voltage VCC 5 ± 10% V 

Temperature Range Ta -40~85 °c 

Data Hold Temperature Ta -40~85 °C 

DC CHARACTERISTICS 

(V CC = 4.5V to 5.5V, Ta = -40 ~ 85°C, unless otherwise specified.) 

Parameter Symbol Condition MIN MAX Unit 

Supply Voltage VCC 4.5 5.5 V 

ICCl VCC: 5.5 V CS: 1 5 mA 

Power Supply Current VCC: 5.5 V CS: ° 
ICC2 01: 0 or VCC 

100 IlA 

"L" Input Voltage VIL -0.1 0.8 V 

"H" Input Voltage VIH 2.0 VCC+ 1 V 

TTL IOL: 2.1 mA 0.4 V 
"L" Output Voltage VOL 

CMOS IOL : 100 IlA 0.1 V 

TTL IOH :-400IlA 2.4 V 
"H" Output Voltage VOH 

CMOS IOH =-40I'A VCCO.5 V 

Input Leakage Current III O~VIN~VCC -15 10 IlA 

Output Leakage Current ILO Vout : 5.5 V CS: 0 10 IlA 
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AC CHARACTERISTICS 

(V CC = 4.5V to 5.5V, Ta = -40 ~ 85°C, unless otherwise specified.) 

I Symbol Parameter Min Typ Max Unit Note 

fClK ClK Frequency 0 250 kHz 

tcss CS Setup Time with respect to ClK Falling 0.2 !.IS _. 

tCSH CS Hold Time with respect to ClK Rising 0 !.IS 

tDIST DI Setup Time with respect to ClK Rising 0.4 !.IS 
--I---

tDIH DI Hold Time with respect to ClK Rising 0.4 !.IS 

tCPH ClK Pulse High Time 1.0 !.IS 
-~----"-

tCPl ClK Pulse low Time 1.0 !.IS 
-.. --~ 1-. 

tpDl 
Delay Time of DO Rising with respect to ClK 

2.0 !.IS 1 Rising 
.--~~.-

tpDO 
Delay Time of DO Falling with respect to ClK 

2.0 !.IS 1 Rising 
--------- -_."-. _ .. _------- .. ----" ._ . 

~-- 1---. 

tp "l" Time of Status (Programming Time) 10 ms 

Note 1: Condition: Cl = 100pF and VOl/OH = 0.812.0 

Figure 1. Synchronous Data Timing 

~tCPH~:'~--- tCPl "1 

I 

I , 

ClK--_______ ~r--lL __________________ ~r--lL ______________ _ 
--: tDIS :-- : 

I I I I 

01 =x>K VALID XX'XXXXXXX)()( VALID XX"XXXXX> 
I I I I 

--~.HDIHf___ I --l tCSH I---
I I 

CS----~! 
I 

-j 

I 

I 

'--tcss I 

DO-------~,~\~ __________________ ~~/ 
I 

I 
I 
~ 

I 
I 

tpDO ~ 

\'----
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Figure 2. READ Mode 

~~--------------------~H 

_ 0_1 __ ~/ \~_0 ____ 0 ___ 0~~~ ____ ~f!~ ___________ _ 

Dummy Bit 

DO HI-Z L.. ~ ~~ ___ _ 
------------------------------~f~~ 

Organization AN ON 

128 x 8 A. 0, 
64 x 16 A, 0 1, 

Read Mode 
The READ instruction is the only instruction which outputs serial data on the DO pin. After 
a READ instruction is received, the instruction and address are decoded, followed by data 
transfer from the memory register into a serial-out shift register. A dummy bit (logical "0") 
procedes the data output string. The output data changes during the high states of the system 
clock. 
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Figure 3. PROGRAM Mode 

CS~r----------------~~~1 ----~(~I--~~roXmXX~yrovvvTn--------

ClK 

ROY/BUSY 
------------------~ff!~----~{~ 

7-l~ 

Organization 
_._-

128 x 8 

64 x 16 

Program Mode 

AN 

A. 

As 

ON 

D? 

D,s 

l.- tp -: 
I I 
I 

The program instruction is followed by either eight or sixteen bits of data, which are to be 
written into the specified address. 

After the last data bit (DO) has been shifted into the data register the contents of the specified 
address will be erased and the new data written to the same address. 

During the automatic erase/write sequence the ROY/BUSY output will go low for the duration 
of the automatic programming cycle as indicated by tp. 

During a program cycle the internal erase and write operations occur automatically and are 
self-timed on the device. A single memory location may also be erased by programming that 

address with all "1 's". 
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Figure 4. PEN (Program Enable) and PDS (Program Disable) 

644 

elK 

ENABLE = 11 
DISABLE = 00 

~D~I ____ ~~~_O __ O~!~ ___ \~_O __ O ____ O ___ O ____ O ____ O ___ O ______ ___ 

elK 

PEN AND PDS FOR 128 x 8 ORGANIZATION 

ENABlE=11 
DISABLE = 00 

\------

~D~I __ ~~L __ O __ °_LI _____ ~\_O ____ O ___ O ____ O ___ O ____ O ____________ ! 

PEN AND PDS FOR 64 x 16 ORGANIZATION 

Program Enable and Program Disable 

Programming must be preceded once by a programming enable (PEN) instruction. Programming 
remains enabled until a programming disable (PDS) instruction is executed. The programming 
disable instruction is provided to protect against accidental data disturb. Execution of a READ 
instruction is independent of both PEN aqd PDS instructions. 
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Figure 5. ERAL (Erase All) Mode (128 x 8) 

00000000. ~ 
~----------____ ~~ 1 ~~L 

ROY/BUSY 

ERAL (Erase All) Mode (64 x 16) 

cv 

O~ 0 0 f1\L.::.O_.::.O---.:O=--_O=-----=O:....--=O_--=O:....----II~ 

ROY/BUSY 

Chip Erase 

Entire chip erasing is provided for ease of programming and is implemented with the ERAL 
(erase all registers) instruction. Erasing the chip means that all registers in the memory array 
have each bit set to a "1 ". 

All specifications and details published are subiect to change without notice. 
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Figure 6. WRITE ALL 

WRAL (Write All) Mode (128 x 8) 
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WRAL (Write All) Mode (64 x 16) 

ROY/BUSY 

AN 

128 x 8 A6 
I--

64 x 16 As 

Write All 

ON 

0 7 

015 

1Yrlf I I 
~ 
I tp I 

~f--t 
I I 

~ 
I tp I 

This instruction is provided to write simultaneously all the registers. All the registers must be 

erased before doing a WRAL operation. After a WRAL instruction has been shifted in, the 

ROY/BUSY pin goes low and the self timed write sequence starts. The ROY/BUSY pin will 

act as a status indicator. It will remain low as long as the chip is programming. It will go high 
after all the bits of the array have been set to their proper value. 



OKI semiconductor 
MSM16812 
2,048 BIT SERIAL E2PROM 

FEATURES: 

• CMOS Floating Gate Technology 
• Single +5-volt supply 
• Eight pin plastic package 
• 128 x 16 or 256 x 8 user selectable serial memory 
• Microwire'· compatible 
• Self timed programming cycle with Auto erase 
• Word and chip erasable 
• Operating Range O°C to 70°C 

• 10,000 erase/write cylces 
• 10 year data retention 

ORG---~ 

01 

CS-----<-.I 
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VCC GND 
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MEMORY 
ARRAY 
256 x8 

BLOCK DIAGRAM 

ADORESS 
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PIN CONFIGURATION 

8 Pin Dual-in-Line 
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Di 3 ORG 
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PIN FUNCTIONS 

CS Chip Select ORG Memory Array Organization Selec-
SK Clock Input tion Input. When the ORG pin is 
01 Serial Data Input connected to +5 V the 128 x 16 
DO Serial Data Output organization is selected. When it 

VCC +5 V Power Supply is connected to ground the 256 x 
NC Non Connection 8 organiz~tion is selected. If the 
GND Ground ORG pin is left unconnected, then 

an internal pull-up device wi" 
select the 128 x 16 organization. 

INSTRUCTION SET 

Start Address Data Comments 
Instruction Bit Opcode 256 x8 128 x 16 256 X 8 128 x 16 

READ 1 1 0 A7- AO ~-Ao Read Address AN-Ao 

ERASE 1 1 1 A7-Ao As-Ao ERASE Address AN-AO 

WRITE 1 o 1 A7-Ao ~-Ao 07-0 0 DIs-Do WRITE Address AN-AO 

EWEN 1 o 0 11XXXXXX 11XXXXX Program Enable 

EWDS 1 o 0 OOXXXXXX OOXXXXX Program Disable 

ERAL , o 0 10XXXXXX 10XXXXX Erase All Addresses 

WRAL , o 0 01XXXXXX 01XXXXX 07-0 0 DIs-Do Program All Addresses 

Power-On Data Protection Circuitry: During power-up a" modes of operation are inhibited until 
VCC has reached a level of between 2.8 and 3.5 volts. During power-down the source data protection 
circuitry acts to inhibit all modes when VCC has fallen below the voltage range of 2.8 to 3.5 volts. 
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ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol Condition Value Unit 

Supply Voltage VCC -0.3-7 V 

Input Voltage VI Ta = 25°C -0.3 - VCC + 0.3 V 

Output Voltage Vo -0.3 - VCC + 0.3 V 

Storage Temperature TSTG -55-+150 °c 

Note: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 
Functional operation should be restricted to the conditions as recommended. Exposure to 
ABSOLUTE MAXIMUM RATINGS for extended periods may affect device reliability. 

RECOMMENDED OPERATING RANGE 

Parameter Symbol Range Unit 

Supply Voltage VCC 5± 10% V 

Temperature Range Ta 0~70 °c 

Data Hold Temperature Ta 0~70 °c 

DC CHARACTERISTICS 
(VCC = 4.5V to 5.5V, Ta = 0 ~ 70D C, unless otherwise specified.) 

Parameter Symbol Condition MIN MAX Unit 

Supply Voltage VCC 4.5 5.5 V 

ICCl VCC = 5.5 V CS= 1 3 mA 

Power Supply Current VCC = 5.5 V CS= 0 
ICC2 DI =OorVCC 

100 J.LA 

"L" Input Voltage VIL -0.1 0.8 V 

"H" Input Voltage VIH 2.0 VCC+l V 

TTL IOL = 2.1 mA 0.4 V 
"L" Output Voltage VOL 

CMOS IOL = 100 J.LA 0.1 V 

TTL IOH =-400J.LA 2.4 V 
"H" Output Voltage VOH 

Vee-D.5 CMOS IOH =-100J.LA V 

Input Leakage Current III Vin=5.5V 10 J.LA 

Output Leakage Current ILO Vout = 5.5 V CS,,: 0 10 J.LA 

649 



• MOS E2 PROMS· MSM16812 .1--------------------

AC CHARACTERISTICS 

Parameter Description Test Condition Min Typ Max Units 

tcss CS Setup Time 50 ns 

tCSH CS Hold Time 0 ns 

tDIS DI Setup Time 100 ns 

tDIH DI Hold Time 100 ns 

tPD1 Output Delay to 1 CL = 100pF 500 ns 

tpDO Output Delay to 0 VOL = 0.8V, VOH = 2.0 500 ns 

tHZ Output Delay to HiZ VIL = 0.45V, VIH = 2.4 100 ns 

tEW Erase /Write Pulse Width 10 ms 

tCSMIN Min CS Low Time 250 ns 

tSKHI Min SK High Time 250 ns 

tSKLOW Min SK Low Time 250 ns 

tsv Output Delay to Status Valid CL=100pF 500 ns 

SKMAX Maximum Frequency 0 1 MHz 

1 

Synchronous Timings 

DEVICE OPERATION 

The MSM 16811 RS has 7 instructions that allow it to read, erase, or write. Each instruction consists 
of a start bit logical '1', an opcode field (2 bits or 4 bits) and an address field (6 or 7 bits). 

The DO pin is a multiplexed pin. It is used as Data Out during the Read mode. It can also be used as a 
Ready Busy status indicator in programming mode. In all the other modes DO is tri-stated. 

During power-up, all modes of operation are disabled and the device comes up in a program disabled 
state. An EWEN instruction has to be issued before starting to program. 

At power-down, when Vcc falls below a level of approximately 3V, the data protection circuitry 
inhibits all modes of operation and an EWDS instruction is executed internally. 
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READ MODE 

SK ~JLfl-J4~ 
CSI \\ \\- \~S 

~ STANDBY 
D I 1 ~ '\--- . ____ -'---,. ___ _ 

DO HIGH Z A ~h;:,-~'V-: ... :''\~Itm HIGH Z _____ ;:.:c:...:..... ________ .......,~~ 

Organization AN DN 

256x8 A7 D7 

128 x 16 A6 D15 

The READ instruction reads the contents of the addressed register. It outputs data serially on the DO 
pin. After the instruction is decoded, a dummy bit (logical "0") precedes the output data string. 

ERASE/WRITE ENABLE AND DISABLE 

SK 

csi l~ STANDBY 

D 1.----1"'1\ 0 o ~\\-\ ____________ _ 
ENABLE = 11 128 X 16 = 5 X's 
DISABLE = 00 256 X 8 = 6 X's 

After power-up and before starting any programming instruction the EWEN instruction has to be 
issued. Once it has been issued, it will remain active until an EWDS instruction takes place. The EWDS 
instruction is provided to avoid any accidental programming of the part. The READ instruction is inde
pendent from the EWEN and EWDS instructions. 
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ERASE MODE 

SK 

csi '~g~BY ~ VERIFY 
D I I ~ 10-' __ --:-:-~-
DO HIGH Z "I Isv ~ t-t,IZ 

----=~:..:.:..-=--------___4H \ ~:USY READY HIGH Z 

After an ERASE instruction has been shifted in. CS is dropped low. This will set the beginning of the 
self timed erase sequence. If CS is then brought high (after observing tcs spec) the DO pin will act as a 
status indicator. It will remain low as long as the chip is programming. It will go high after all the bits of 
the addressed register have been set to a logical' 1'. 

WRITE MODE 

SK 

CS 

DI 1 

DO ____ ~H~I~G~H~Z~ ________________ ~---~ 

After a WRITE instruction has been shifted in with ite corresponding 8 bits or 16 bits of data, CS is 
dropped low. This will set the beginning of the self timed programming sequence. If CS is brought high 
during the programming time (after observing the tcs specification), the DO pin will act as a status indicator 
- it will remain low as long as the chip is programming. It will go high after all the bits of the addressed 
register have been setto their proper value. With the MSM16812 it is NOT neccessary to erase a memory 
location before the WRITE instruction. 

Configuration AN ON 

256x8 A7 07 

128x 16 A6 015 
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ERASE ALL 

::/ II~DB VERIFYI 
01--..-11\ 0 0 !l\O~, \ I 

----' ~ tsv ' --i 

DO HIGH Z 256X8-6Xs t --t BUSY READ 

ow 

This instruction is provided to erase the whole chip. Besides its different opcode, the ERAL instruc
tion is identical to the ERASE instruction. 

WRITE ALL 

SK 

CS/ 

DI~~O_~O_~O~/ ~J~~~_~~~~_~~_ 
DO HIGH Z 256 X 8 = 6 X's 

This instruction is provided to write simultaneously all the registers. All the registers must be erased 
before doing a WRAL operation. Besides its different opcode, the WRAL instruction is identical to the r.w 
WRITE instruction. U 
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OKI semiconductor 
MSM16912 
2048 BIT SERIAL EEPROM 

FEATURES: 

• CMOS Floating Gate Technology 
• Single +5-volt supply 
• Eight pin plastic package 
• 128 x 16 or 256 x 8 user selectable serial memory 
• Compatible with GI5912 
• Self timed programming cycle with Auto erase 
• Word and chip erasable 
• Operating Range O"C to 70°C 

• 1 0,000 erase/write cylces 
• 1 0 year data retention 

VCC GND 

~ + 
MEMORY 

ORG-----i 

01 

CS--~..-l 

BLOCK DIAGRAM 

ADDRESS 
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PIN CONFIGURATION 

8 Pin Dual-In-Line 

TOP VIEW 
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ClK 2 ROY/BUSY 

01 ORG 

DO 4 GND 

DO 

L-~~~-I------------------------RDY/BUSY 
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--------------------1. MOS E2 PROMS· MSM16912. 

PIN FUNCTIONS 

CS Chip Select ORG Memory Array Organization Selec· 
CLK Clock Input tion Input. When the ORG pin is 
01 Serial Data Input connected to +5 V the 128 x 16 
DO Serial Data Output organization is selected. When it 
VCC +5 V Power Supply is connected to ground the 256 x 
ROY/BUSY Status Output 8 organization is selected. If the 
GND Ground ORG pin is left unconnected, then 

an internal pull-up device will 
select the 128 x 16 organization. 

INSTRUCTION SET 

Start Address Data 
Instruction Bit Opcode Comments 

256x8 128x 16 256x8 128 x 16 

READ 1 1000 A7 -Ao Ae,-Ao Read Address 
AN-AO 

PROGRAM 1 xl00 A7 -Ao Ae,-Ao 0,-00 0 15 -00 Program Address 
AN-AO 

PEN 1 0011 OOOOOOOO 00000oo Program Enable 

PDS 1 0000 OOOOOOOO 00000oo Program Disable 

ERAL 1 0010 OOOOOOOO 00000oo Erase All Addresses 

WRAL 1 0001 0000000 000000 0 7-00 0 15 -00 Write All Addresses 

01/00: It is possible to connect the Data In end Data Out pins together. However, with this con
figuration it is possible for a "bus conflict" to occur during the "dummy zero" that precedes the read 
operation, if AO is a logic high level. Under such a condition the voltage level seen at Data Out is 
undefined and will depend upon the relative impedances of Data Out and the signal source driving AO. 
The higher the current sourcing capability of AO, the higher the voltage at the Data Out pin. 

Power-On Data Protection Circuitry: During power-up all modes of operation are inhibited until 
VCC has reached a level of between 2.8 and 3.5 volts. During power-down the source data protection 
circuitry acts to inhibit all modes when Vce hes fallen below the voltege range of 2.8 ·to 3.5 volts. 
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ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol Condition Value Unit 

Supply Voltage VCC -0.3 - 7 V 

Input Voltage V Ta = 25°C -0.3 - VCC + 0.3 V 

Output Voltage Vo -0.3 - VCC + 0.3 V 

Storage Temperature TSTG -55 - + 150 °c 

Note: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 
Functional operation should be restricted to the conditions as recommended. Exposure to 
ABSOLUTE MAXIMUM RATINGS for extended periods may affect device reliability. 

RECOMMENDED OPERATING RANGE 

Parameter Symbol Range Unit 

Supply Voltage VCC 5 ± 10% V 

Temperature Range Ta 0-70 °c 

Data Hold Temperature Ta 0-70 °e 

DC CHARACTERISTICS 
(Vec = 4.5V to 5.5V, Ta = 0 - 70o e, unless otherwise specified.) 

Parameter Symbol Condition MIN MAX Unit 

Supply Voltage VCC 4.5 5.5 V 

ICC1 VCC = 5.5 V CS= 1 3 mA 

Power Supply Current VCC= 5.5 V CS= 0 
ICC2 01 =OorVcc 

100 /J.A 

"L" Input Voltage VIL -0.1 0.8 V 

"H" Input Voltage VIH 2.0 VCC+ 1 V 

TTL IOL = 2.1 mA 0.4 V 
"L" Output Voltage VOL 

CMOS IOL = 100 /J.A 0.1 V 

TTL IOH = -400/J.A 2.4 V 
"H" Output Voltage VOH 

vee-o·5 CMOS IOH = -100/J.A V 

Input Leakage Current III Vin = 5.5 V 10 /J.A 

Output Leakage Current ILO Vout = 5.5 V CS= 0 10 /J.A 
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--------------------. MOS E2 PROMS· MSM16912. 

AC CHARACTERISTICS 

(VCC = 4.5 V to 5.5 V, Ta = 0 ~ 70°C, unless otherwise specified.) 

Symbol Parameter Min Typ Max Unit Note 

fCLK CLK Frequency 0 1 MHz 

tcss CS Setup Time with respect to CLK Falling 50 ns 

tCSH CS Hold Time with respect to CLK Rising 100 ns 

tDIS DI Setup Time with respect to CLK Rising 100 ns 

tDIH DI Hold Time with respect to CLK Rising 100 ns 

tCPH CLK Pulse High Time 250 ns 

tCPL CLK Pulse Low Time 250 ns 

tPD1 
Delay Time of DO Rising with respect to CLK 
Rising 500 ns 1 

tpDO 
Delay Time of DO Falling with respect to CLK 500 ns 1 Rising 

tp "L" Time of Status (Programming Time) 10 ms 

Note 1: Condition: CL = 100pF and VOL/OH = 0.8/2.0 

Figure 1. Synchronous Data Timing 
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Figure 2. READ Mode 

~~--------------------~(~f --------~H 

_0_1 __ ...JI \~_O ___ O ___ O~~~----~fir-------

Organization AN ON 

256x8 A7 0 7 

128 x 16 ~ 015 

Read Mode 
The READ instruction is the only instruction which outputs serial data on the DO pin. After 
a READ instruction is received, the instruction and address are decoded, followed by data 
transfer from the memory register into a serial·out shift register. A dummy bit (logical "0") 
procedes the data output string. The output data changes during the high states of the system 
clock. 



---------------------. MOS E2 PROMS· MSM16912. 

Figure 3. PROGRAM Mode 
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DIS 
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The program instruction is followed by either eight or sixteen bits of data, which are to be 
written into the specified address. 

After the last data bit (DO) has been shifted into the data register the contents of the specified 
address will be erased and the new data written to the same address. 

During the automatic erase/write sequence the ROY/BUSY output will go low for the duration 
of the automatic programming cycle as indicated by tp. 

During a program cycle the internal erase and write operations occur automatically and are 
self-timed on the device. A single memory location may also be erased by programming that 
address with all "1 's". 
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Figure 4. PEN (Program Enable) and PDS (Program Disable) 
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CLK 
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PEN AND PDS FOR 128 x 16 ORGANIZA nON 

Program Enable and Program Disable 

Programming must be preceded once by a programming enable (PEN) instruction. Programming 
remains enabled until a programming disable (PDS) instruction is executed. The programming 
disable instruction is provided to protect against accidental data disturb. Execution of a READ 
instruction is independent of both PEN and PDS instructions. 
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Figure 5. ERAL (Erase All) Mode (256 x 8) 
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~o __ o ___ o ___ o ___ o ___ o ___ o ___ o __ ~o~ 

ROY/BUSY 

ERAL (Erase All) Mode (128 x 16) 
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ROY/BUSY 

Chip Erase 

Entire chip erasing is provided for ease of programming and is implemented with the ERAL 
(erase all registers) instruction. Erasing the chip means that all registers in the memory array 
have each bit set to a "1". 

All specifications and details published are subject to change without notice. 
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Figure 6. WRITE ALL 

WRAL (Write All) Mode (256 x 8) 
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This instruction is provided to write simultaneously all the registers. All the registers must be 
erased before doing a WRAL operation. After a WRAL instruction has been shifted in, the 
ROY /BUSY pin goes low and the self timed write sequence starts. The ROY/BUSY pin will 
act as a status indicator. It will remain low as long as the chip is programming. It will go high 
after all the bits of the array have been set to their proper value. 



OKI semiconductor 
MSM28C16A 
2K x 8 BIT CMOS ELECTRICALLY ERASABLE & PROGRAMABLE ROM 

GENERAL DESCRIPTION 

The MSM28C16ARS is a CMOS electrically erasable and programmable read only memory 
(E2PROM) with a capacity of 2,048 words x 8 bits using a single 5V power supply. It features easy 
use because it operates with a single 5V power supply and its operation timing is similarto that 
of a static RAM. Byte data rewriting in programming mode starts when the WE anlCfsignals 
are set to the TIL low (L) level for 100 ns. The address and data bus information are latched in 
the IC, and the system is released for other tasks during the write cycle. Writing in the 
MSM28C16A starts after automatic erasure of the selected byte, and the erase/write cycle 
completes withi n 10 ms. 

FEATURES 

• Single 5V power supply 

• High-speed access: 150 ns max. 
200 ns max. 

• Byte write cycle: 10 ms max. 

• Internal address and data latch in write 
cycle 

• Automatic erasure before writing 

PIN CONFIGURATION 
(Top View) 

A, Vee 

~ As 

As A., 

A.. WE 

A3 OE 

A2 A,o 

A, CE 

Ao 1/0, 

1/00 1/06 

I/O, 1105 

1/02 1/0, 

Vss 1/03 

Ao-A,o :ADDRESS INPUTS WE :WRITE 
1LQ0-I/O, :DATA 1/0 ENABLE 

-'.l :CHIP ENABLE Vee :+5V 
OE :OUTPUT ENABLE Vss :GROUND 

• Automatic ending of write operation 

• Built-in protective function for false writing 

• TIL compatible input/output 

• Pin arrangement in compliance with JEDEC 
Standard 

• Compatible with Xi cor 2816A 

FUNCTION BLOCK DIAGRAM 

Ao-A,O 
ADDRESS 

INPUT 

CE 

OE 

WE 

X BUFFER 

& LATCHE 

& DECODER 

Y BUFFER 

& LATCHE 

& DECODER 

CONTROL 

LOGIC 

16,384 BITS E2PROM 

ARRAY 

1/0 BUFFER & 

LATCHE 

UUtUt 
'---y----' 

1100-1/0, 

DATA 

INPUTIOUTPUT 
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MODE SELECTION 

- - - MODE 110 POWER CE DE WE 

VIH X X Standby HighZ Standby 

VIL VIL VIH Read DouT Active 

VIL VIH -U- Byte Write (WE controlled) DIN Active 

LJ VIH VIL Byte Write (CE controlled) DIN Active 

X X VIH Write Inhibit HighZ 

X VIL X Write Inhibit HighZ 

Note) X: Don't care (VIH or VIL) 

DEVICE OPERATION 

664 

<READ> 

The data in the MSM28C16A can be read by setting WE to high (H), CE to low (l) and DE to L. 
The data becomes valid upon lapse OftAA after the address change, tCE after CE setting to l, 
or tOE after DE setting to l, whichever is the latest. The 110 pin remain in a high impedance 
state to prevent data bus contention in the system when DE or CE is set to H. 

<WRITE> 

The write cycle starts when WE and CE are set to land DE is set to H. The address input is 
latched on the falling e~e of WE or CE (Whichever is later). The I/O pin data is latched on 
the first rising edge of WE or CEo The address and data are latched in 100 ns using the TTL 
level write signal. When the data latch ends, the MSM28C16A automatically erases the 
selected byte and writes the new data withi n 10 ms. 

<DATA POLLING> 

DATA polling is provided to indicate the completion of write cycle. While the write 
operation is in progress, attempt to read the last byte written will output the comlement of 
that data on 1/07. Once the write cycle is completed, all lIDs will produce true data during a 
read'l=ycle. 

<STANDBY> 

The power consumption decrease greatly by setting ato TTL H level. 

<ENDURANCE> 

The MSM28C16A is designed for applications each requiring up to 10,000 write cycles per 
byte. 

<DATA PROTECTION> 

Four functions are incorporated to prevent false writing at the time of power up, power 
down or power noise. 

1. Vcc Level Detection 

The write cycle to the device is automatically inhibited when Vec drops below 3.0V. 



--------------------. MOS e2 PROMS· MSM28C16A. 

2. TIME DELAY 

The MSM28C16A automatically inhibits any write operation for the period between 
5 ms and 10 ms after Vee reaches VWI level at the ti me of power up. 
This allows sufficient time for the system to set WE or CE to the H level before the 
start of writing. 

3. OE GATING 

The MSM28C16A inhibits any write operation when OE isat the L level. 

4. WE NOISE PROTECTION 

The write cycle does not start for a write pulse shorter than 20 ns. 

ABSOLUTE MAXIMUM RATINGS (Note 1) 

(Ta = 25DC) 

Rating Symbol Value Unit Condition 

Power Supply Voltage Vee - 0.3 to 7 V Respect to Vss 

Input Voltage (Note 2) VI - 0.3 to Vee + 0.3 V Respect to Vss 

Output Voltaeg (Note 2) Vo - 0.3 to Vee + 0.3 V Respect to V ss 

Power Dissipation Po 1 W Per package 

Operating Temperature Topr Ot070 DC -
Storage Temperature Tstg - 55 to 150 DC -

Note 1) The stress upon exceeding the absolute maximum rating brings about a 

permanent damage to the device. There are stress ratings only and do not means 

.. - functional operations of the device". They are by no means above the 

operating characteristics in the data sheet. Leaving the device for a long time in 

the absolute maximum rating state may adversely affect the device reliability. 

Note 2) The device has a special circuit to protect the internal circuit from damage caused 
by static electricity. but do not use it beyond the maximum rating(s) for safety. 
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ELECTRICAL CHARACTERISTICS 

<DC OPERATING CHARACTERISTICS> 

(VCC= 5V± 10%, Ta=0°C-70°C) 

Limits 
PARAMETER SYMBOL TEST CONDITION 

MIN. MAX. 
UNIT 

Input Low Voltage VIL -0.3 0.8 V 

Input High voltage VIH 2.0 Vee + 0.3 V 

Output Low Voltage VOL IOL=2.1mA - 0.4 V 

Output High Voltage VOH 10H = - 400pA 2.4 - V 

Vee Voltage for Write Inhi bit VWI 3.0 4.0 V 

Input Leakage Current III VIN=O -Vee -10 10 pA 

Output Leakage Current ILO VOUT= 0 -Vee -10 10 pA 

Vee Power Current leeA 
CE = OE =VIL, 10= OmA - 30 rnA 
tRe = 1 50ns~ Vee = MAX 

Ices CE = Vee - 0.2V - 0.1 rnA 

Standby Current Vee=MAX 

lees1 CE = VIH, Vee = MAX - 1 rnA 

<CAPACITANCE> 

(Ta = + 25°C, f = 1.0MHz, Vee = 5V) 

PARAMETER SYMBOL TEST CONDITION MAX. UNIT 

Input/Output Capacitance CliO V 110 = OV 10 pF 

Input Capacitance CIN VIN= OV 6 pF 
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AC CHARACTERISTICS 

<READ OPERATION> 

PARAMETER SYMBOL 

Read Cycle Time tRC 

Address Access Time tAA 

CE Access Time tCE 

OE Access Time tOE 

CE to Output in Low Z tLZ 

CE to Output in High Z tHZ 

OE to Output in Low Z tOLZ 

OE to Output in High Z tOHZ 

Output Hold Time tOH 

READ CYCLE 

ADDRESS 

OE 

WE 

DATA OUT 

AC test conditions 

(Vcc = 5V ± 10%, Ta = 0·C-70·0 

MSM2SC16A-15 MSM2SC16A-20 
UNIT 

MIN. MAX. MIN. MAX. 

150 - 200 - ns 

- 150 - 200 ns 

- 150 - 200 ns 

- 70 - SO ns 

10 - 10 - ns 

10 50 10 50 ns 

10 - 10 - ns 

10 SO 10 50 ns 

15 - 20 - ns 

Input Pulse Levels 0.6 to 2.4 volts 

Timing Reference Levels INPUT : 1.5V, 
OUTPUT: O.SV & 2.0V 

Output Load 1 TIL gate and CL = 100 pF Input Rise/Fall times 5 ns 
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<WRITE OPERATION> 

(Vee = 5V ± 10%, Ta = O·C - 70·C) 

LIMITS 
PARAMETER SYMBOL UNIT 

MIN. MAX. 

Write Cycle Time twe - 10 ms 

Address Setup Time tAS 10 - ns 

Address Hold Time tAH 70 - ns 

Chip Enable or Write Setup Time tes 0 - ns 

Chip Enable or Write Hold Time teH a - ns 

Chip Enable Pulse Width tew 100 - ns 

Output Enable Setup Time tOES 10 - ns 

Output Enable Hold Time tOEH 10 - ns 

Write Enable Pulse Width (Note 1) twp 100 - ns 

Data Latch Ti me tOl 50 - ns 

Data Setup Time tos 50 - ns 

Data Hold Time tOH 10 - ns 

Write Inhibit Time On Power Up tlNIT 5 10 ms 

Note 1) WE is protected from noise. The write cycle does not start when the write pulse 
is less than 20 ns. 
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WRITE CYCLE 

• CONTROLLED BY WE 

ADDRESS 

OE 

WE 

DATA OUT 

DATA IN 

• CONTROLLED BY CE 

ADDRESS 

OE 

WE 

DATA OUT 

DATA IN 

twc 

twc 
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OKI semiconductor 
MSM28C64A 
8K x 8 BIT CMOS ELECTRICALLY ERASABLE & PROGRAMABLE ROM 

GENERAL DESCRIPTION 
The MSM28C64ARS is a CMOS electrically erasable and programmable read only memory 
(E2PROM) with a capacity of 81 92 words x 8 bits using a single SV power supply. It features easy 
use because it operates with a single SV power supply and its operation timing is similar to that 
of a static RAM. The automatic page write allows the system to write up to 32 bytes during a 
single write cycle, providing an effective byte cycle of 31 2Jlslbyte. MSM28C64A also supports 
DATA polling to indicate the early completion of a write cycle. 

FEATURES 

• Fast read access time '20 ns • TIL compatible inputs and outputs 
• CMOS low power operation • 10,000 rewrites per byte 
• 5 volt-only operation including write mode • 10 years data retention 
• Automatic page write 1 to 32 bytes in 10 ms max. • JEDEC standard approved byte wide 

pinout • Data polling status indicator 

PIN CONFIGURATION 

(Top View) 

NC 

Vss 

Ao-AU : ADDRESS 
INPUTS 

1lQo-I/07 : DATA I/O 
li : CHIP ENABLE 
OE : OUTPUT ENABLE 
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Vee 

WE 

NC 

AS 

WE : WRITE ENABLE 
Vee : Vee POWER 

SUPPLY 
Vss : GROUND 
NC : NO CONNECT 

FUNCTION BLOCK DIAGRAM 

ADDRESS 
BUFFER 

AND 
LATCHES 

ADDRESS 
BUFFER 

AND 
LATCHES 

DATA 

POLLING 

LOGIC 

COLUMN 

DECODER 

E2PROM 

ARRAY 



--------------------. MOS e2 PROMS· MSM28C64A. 

MODE SELECTION 
- - -CE DE WE MODE 110 POWER 

VIH X X Standby HighZ Standby 

Vil Vil VIH Read DOUT Active 

Vil VIH -U- Byte write (WE controlled) DIN Active 

-U- VIH Vil Byte write (CE controlled) DIN Active 

X X VIH Write inhibit HighZ 

X Vil X Write inhibit HighZ 

Note) X: Don't care (VIH or Vld 

DEVICE OPERATION 

<READ> 

The data in the MSM28C64A can be read by setting WE to high (H), CE to low (L) and OE to L. 
The data becomes valid upon lapse OftAA after the address change, teE after CE setting to L, 
or tOE after DE setting to L, whichever is the latest. The I/£pin !!..'!'ain in a high impedance 
state to prevent data bus contention in the system when DE or CE is set to H. 

< BYTE WRITE> 

The write cycle starts when WE and CE are set to Land DE is set to H. The address input is 
latched on the falling eE2.e of WE or CE(Whichever is later). The 110 pin data is latched on 
the first rising edge of WE or CEo The address and data are latched in 150 ns using the TIL 
level write signal. When the data latch ends, the MSM28C64A automatically erases the 
selected byte and writes the new data within 10 ms. 

< PAGE WRITE> 

The MSM28C64A contains a 32 byte temporary buffer which allows programming of 1 to 32 
bytes on a single 10 ms nonvolatile write cycle, which can effectively reduce programming 
time by a factor of 32. The 32 byte page into which the data will be written is specified by 
the addresses A5-A 12 during the first system write operation following the completion of a 
previous nonvolatile write cycle. The byte within the specified page is identified by the 
adresses AO-A4 during the first and subsequent system write cycles. Bytes can be written into 
the page in any order. Each successive data load cycle, started by WE HIGH to LOW 
transition, must begin within 10 Jls of the rising edge of the preceding WE. If a subsequent 
WE HIGH to LOW transition is not detected within 100 Jls, the internal automatic 
programming cycle will commence. There is no page write window limitation. The page 
write window is infinitely wide so long as the host continues to access the device within the 
data load cycle time of 10Jls. 

<DATA POLLING> 

DATA polling is provided to indicate the completion of write cycle. While the write 
operation is in progress, any attempt to read the last byte written will output the comlement 
of that data on 1107. Once the write cycle is completed, all 1I0s will produce true data during 
a read cycle. 
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<STANDBY> 

The power consumption decrease greatly by setting CE to TIL H level. 

<ENDURANCE> 

The MSM28C64A is designed for applications each requiring up to 10,000 rewrites per byte. 

< DATA PROTECTION> 

Four functions are incorporated to prevent false writing at the time of power up, power 
down or power noise. 

1. VCC LEVEL DETECTION 

The write cycle to the device is automatically inhibited when Vee drops below 3.0V. 

2. TIME DELAY 

The MSM28C64A automatically inhibits any write operation for the period between 4 ms 
and 20 ms after Vee reaches VWllevel at the time of power up. 
This allows sufficient time for the system to set WE orato the H level before the start of 
writing. 

3. OE GATING 

The MSM28C64A inhibits any write operation when OE is at the L level. 

4. WE NOISE PROTECTION 

The write cycle does not start for a write pulse shorter than 20 ns. 

11 ABSOLUTE MAXIMUM RATINGS (Note 1) 

(Ta:: 2S·C) 

Rating Symbol Value Unit Condition 

Power Supply Voltage Vee - 0.3 to 7 V Respect to V 55 

Input Voltage (Note 2) VI - 0.3 to Vee + 0.3 V Respect to V 5S 

Output Voltaeg (Note 2) Vo - 0.3 to Vee + 0.3 V Respect to V 55 

Power Dissipation Po 1 W Per package 

Operating Temperature Topr Oto 70 ·C -
Storage Temperature Tstg - SS to 1S0 ·C -
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Note 1) The stress upon exceeding the absolute maximum rating brings about a 

permanent damage to the device. There are stress ratings only and do not means 

.. - functional operations of the device". They are by no means above the 

operating characteristics in the data sheet. Leaving the device for a long time in 

the absolute maximum rating state may adversely affect the device reliability. 

Note 2) The device has a special circuit to protect the internal circuit from damage caused 
by static electricity, but do not use it beyond the maximum rating(s) for safety. 

ELECTRICAL CHARACTERISTICS 

<DC OPERATING CHARACTERISTICS> 

(Vee = 5V ± 10%, Ta= O°C - 70°C) 

LIMITS 
PARAMETER SYMBOL TEST CONDITION UNIT 

MIN. MAX. 

Input Low Voltage VIL - 0.3 0.8 V 

Input High voltage VIH 2.2 Vee + 0.3 V 

Output Low Voltage VOL IOL=2.1mA - 0.4 V 

Output High Voltage VOH IOH = - 4OO11A 2.4 - V 

Vee Voltage for Write Inhibit VW1 3.0 4.0 V 

Input Leakage Current III VIN=O-Vee -10 10 pA 

Output Leakage Current ILO Vour=O-Vee -10 10 pA 

Vee Power Current leeA CE = OE = VIL, 10 = OmA 
tRe = 120ns Vee = MAX 

- 30 mA 

Ices CE = Vee - 0.2V, - 0.1 mA 

Standby Current Vee=MAX 

-
lees1 CE = V1H, Vee= MAX - 1 mA 
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<CAPACITANCE> 

PARAMETER 

Input/Output Capacitance 

Input Capacitance 

AC CHARACTERISTICS 

<READ OPERATION> 

PARAMETER SYMBOL 

Read Cycle Time tRC 

Address Access Time tAA 

CE Access Time tCE 

OE Access Time tOE 

CE to Output in Low Z tLZ 

CE to Output in High Z tHZ 

OE to Output in Low Z tOLZ 

DE to Output in High Z tOHZ 

Output Hold Time tOH 
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Ta= + 25°C, f= 1.0MHz, Vee=5V 

SYMBOL TEST CONDITION MIN. MAX. UNIT 

CliO VIN=OV - 10 pF 

CIN VIN=OV - 10 pF 

Ta = O°C to 70°C, Vee = 5V ± 10% 

28C64A-12 28C64A-15 28C64A-20 
UNIT 

MIN. MAX. MIN. MAX. MIN. MAX. 

120 - 150 - 200 - ns 

- 120 - 150 - 200 ns 

- 120 - 150 - 200 ns 

- 60 - 70 - 90 ns 

10 - 10 - 10 - ns 

10 60 10 70 10 90 ns 

10 - 10 - 10 - ns 

10 60 10 70 10 90 ns 

20 - 20 - 20 - ns 



--------------------. MOS E2 PROMS· MSM28C64A. 

READ CYCLE 

ADDRESS 

OE 

WE 

DATA OUT 

AC test conditions 

Input Pulse Levels 0.6 to 2.4 volts 
Input Rise/Fall times S ns 

<WRITE OPERATION> 

PARAMETER 

Write Cycle Time 

Address Setup Time 

Address Hold Time 

Chip Enable or Write Setup Time 

Chip Enable or Write Hold Time 

Chip Enable Pulse Width 

Output Enable Setup Time 

Output Enable Hold Time 

Write Enable Pulse Width 

Data Latch Ti me 

Data Setup Time 

Data Hold Time 

Data Load Time (Page Write) 

Write Inhibit Time On Power Up 

Timing Reference Levels INPUT : 1.SV. 
OUTPUT: 0.8V & 2.0V 

Output Load 1 TTL gate and CL = 100 pF 

LIMITS 
SYMBOL UNIT 

MIN. MAX. 

twc - 10 ms 

tAS 0 - ns 

tAH 100 - ns 

tcs 0 - ns 

tCH 0 - ns 

tcw lS0 - ns 

tOES 10 - ns 

tOEH 10 - ns 

twp lS0 - ns 

tOL 100 - lls 

tos 70 - ns 

tOH 10 - ns 

tpL O.OS 10 lls 

tlNIT 4 20 ms 
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BYTE WRITE CYCLE 

• CONTROLLED BY WE 

ADDRESS 

OE 

WE 

DATA OUT 

DATA IN 

• CONTROLLED BY CE 

ADDRESS 

OE 

WE 

DATA OUT 

DATA IN 
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PAGE WRITE CYCLE 

OE ~~==~-----------J.*1--------~~==~f---

BYTE 0 BYTE 1 BYTE 2 BYTE n BYTE n + 1 BYTE n + 2 
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~A\~. OKI semiconductor ~~ 
~~~-=~~~~~~~~~----------------------- ~1 

MSM28C256 
32Kx8 BIT CMOS ELECTRICALLY ERASABLE & PROGRAMABLE ROM 

GENERAL DESCRIPTION 
The MSM28C256RS is a CMOS electrically erasable and programmable read only memory 
(E2PROM) with a capacity of 32,768 words x 8 bits using a single 5V power supply. It features 
easy use because it operates with a single 5V power supply and its operation timing is similar to 
that of a static RAM. The automatic page write allows the system to write up to 64 bytes during 
a single write cycle, providing an effective byte cycle of 15611s/byte. MSM28C256 also supports 
DATA polling and toggle bitto indicate the early completion of a write cycle. 

FEATURES 

• Access time 200 ns 
• Power Dissipation: ICCA 60mA MAX, Iccs lOOl1A MAX 
• 5 volt-only operation including write mode 
• . Automatic page write 1 to 64 bytes in 10 ms max. 
• Detection of Write Completion Data Polling 

Toggle Bit 

• Software Write Protection 
• TTL compatible inputs and outputs 
• 10,000 rewrites per byte 
• 10 years data retention 
• JEDEC standard approved byte wide 

pinout 

PIN CONFIGURATION FUNCTION BLOCK DIAGRAM 

1/°0 

110, 

1/02 

vss 

Ao-A'4 : ADDRESS 
INPUTS 

iLQo-1/07 : DATA 1/0 
.Il.. : CHIP ENABLE 
OE : OUTPUT ENABLE 
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WE : WRITE ENABLE 
vee : Vee POWER 

SUPPLY 
vss : GROUND 

ADDRESS 
BUFFER 

AND 
LATCHES 

ADDRESS 
BUFFER 

AND 
LATCHES 

DATA 

POLLING 

LOGIC 

COLUMN 

DECODER 

E2PROM 

ARRAY 
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~~~~~~~~~~~--------------------~~~~. 1)KI semiconductor _~~ 
MSM514212 
5KX8 LINE MEMORY 

GENERAL DESCRIPTION 

The MSM514212 is a high speed FIFO line memory organized as 5048 words by 8 bits. OKI's 1 

micron CMOS technology and advanced circuit design architecture provide higher speed access 

time and lower power consumption. 

The MSM514212 design incorporates well experienced 1M DRAM cell fro main memories. This 

allows the MSM514212 high performance and high reliability. 

The MSM514212's first readlwrite bit just after read/write reset operation requires no extra 

waiting time for synchronized access. This enables the MSMS14212 continuous uniform 

synchronized access. 

The MSM514212's read and write operations are independent and asynchronous. So, the 

MSMS14212 allows system design wide flexibility. 

The MSM514212 has the applications as one line delay device for fast facsimiles and digital copy 

machines, buffer memory for machines having different system clock cycles, and synchronize clock 

standarizer memory for memories controled by multi-inputs. 

Having 28ns fact cycle time, the MSMS14212 can also be applied as digital line memory for NTSC, 

PAL and SEC AM video systems having 8 fsc cycle time. 

The MSM514212 provides variable delay bits, from 40 bits to S048 bits. The wide range variable 

delay bits is convenient when more than one line bits delay is required for noise reduction or 

digital filter of VTR, IDTV, ED TV and HDTV systems. 

FEATURES 

• Capacity 5048x8 bits 

• Access 1/0 asynchronous 

• Access time 28 nsec (MIN.) 

• Cycle time 28 nsec (MIN.) 

• Delay bits Variable (40-S048) 

• Package 400 mil 28 pin ZIP 

• Current consumption 120 mA (MAX.) 

• Operating voltage range 4.SV-S.SV 

• Operating temperature range 0°C-70°C 
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PIN CONFDIGURATION 

MSM514212 

1 234 5 6 7 8 910111213141516171819202122232425262728 

1. GND : Ground 15. RCK : Read clock 

2. GND : Ground 16. GND : Ground 

3. DIN3 : Data input 17. DOUT4 Data output 

4. DIN2 : Data input 18. DOUT5 Data output 

5. DINl : Data input 19. DOUT6 : Data output 

6. DINO : Data input 20. DOUT7 Data output 

7. VCC : Power supply 21. VCC : Power supply 

8. DOUTO : Data output 22. WE : Write enable 

9. DOUTl : Data output 23. WR : Write address reset 

10. DOUT2 : Data output 24. DIN7 : Data input 

11. DO un : Data output 25. DIN6 Data input 

12. GND : Ground 26. DIN5 Data input 

13. RR Read address reset 27. DIN4 Data input 

14. RE : Read enable 28. WCK : Write clock 
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MSM514212 PIN DESCRIPTION 

Symbol Function 

000-007 Data outl2ut. Access time is measured from RCk rising edge. 

010-017 Data in. Input setup-time and hold-time is measured from WCK rising edge. 

--RCK Read clock. Read operation occurs synchronized with RCK clocks when RE 

level is low when read operation, read address pointer incremention also 

occurs. 

--
Read enable. Output operation is prohibited synchronized with RCK when Rf RE --
level is high. Then, read address pointer is stopped. When RE level is low, 

output operation is enabled. 

--
RR Read address 120inter reset. Read address pointer is reset synchronized with 

RCK when RR is low. RR setup time and hold time are measured form RCK 

rising edge. When delay bit number comes to 5048, read address pointer is 

automatically reset. 

WCK Write clock. Write operation is prohibitted synchronized with WCK when WE 

level is high. Then, write address pointer is stopped. When WE level is low, 

input operation is enabled. 

WE Write enable. Input operation is prohibited synchronized with WCK when 

WE level is high. Then, write address pointer is stopped. When WE level is 

low, input operation is enabled. 

WR Write address 120inter reset. Write address pointer reset operation starts at 

the WCK rising edge when WR level is low. WR setup time and hold time are 

measured from WCK riisng edge. When delay bit number comes to 5048, 

write address pointer is automatically reset. 

vee Power sUI2I2I:t. (+ 5V) 

GNO Ground. 

683 



-ASMp·MSM514212_----------------------------------------------

ELECTRICAL CHARACTERISTICS 

• Absolute Maximum Ratings 

Rating Symbol Conditions Value Unit 

Pin voltage relative to Vss VT -1.5- + 7.0 V 

Supply voltage Vee -1.5- + 7.0 V 

Circuit output current 10 20 mA 

Operating temperature Topt 0-70 ·C 

Storage temperature Tstg - 55- + 125 ·C 

• Recommended Operating Condition 

Parameter Symbol Condition MIN TYP MAX Unit 

Supply voltage Vee 4.5 S.O 5.5 V 

Input high voltage VIH 2.4 5.5 V 

Input low voltage VIL - 1.5 0.8 V 

Temperature around Ta 0 + 70 ·C 

• DC Characteristics (on the recommended operating conditions) 

Parameter Symbol Condition MIN TYP MAX Unit 

Power supply current Icc 120 mA 

Input leakage current II VI = O-Vee, Other pins are OV -10 10 IlA 

Output leakage 
10 

Vo = 0-5.5V, DOUT high 
-10 10 pA current inpedance 

Output high level 
VOH IOH-1mA 2.4 V voltage 

Output low level 
VOL IOL=2mA 0.4 V voltage 

• Capacitance (Ta = 25 'C, f = 1 MHz) 

Parameter Symbol Condition MIN TYP MAX Unit 

Input capacitance CI 5 pF 

Output capacitance Co 7 pF 
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eAC Characteristics· On the recommended operating conditions 

514212-28 514212-34 514212-50 
Parameter Symbol Unit 

MIN MAX MIN MAX MIN MAX 

Write clock cycle time tWCK 28 1090 34 1090 50 1090 ns 

Write clock pulse width twcw 1 1 14 20 ns 

Write clock precharge time twcp 1 1 14 20 ns 

Read clock cycle ti me tRCK 28 34 50 ns 

Read clock pulse width tRCW 1 1 14 20 ns 

Read clock precharge time tRCP 1 1 14 20 ns 

Access time tAC 28 34 40 ns 

Cycle access time right after reset tACR 28 34 40 ns 

Output hold time tOH 5 5 5 ns 

Output hold time right after 
tOHR 5 5 5 ns 

reset 

Output low impedance period tLZ 5 28 5 34 5 40 ns 

Output high impedance period tHZ 5 28 5 34 5 40 ns 

Input data setup time tDS 1 1 14 15 ns 

Input data hold time tDH 5 5 5 ns 

WRIRR setup time from 
tRS 1 1 14 15 ns 

WCKlRCK 

WRIRR hold time from WCKlRCK tRH 5 5 5 ns 

WRlRRnonselectivetime 1 from 
WCKlRCK tRN1 5 5 5 ns 

WRIRR nonselective time 2 from 
tRN2 11 14 15 

WCKlRCK 
ns 

WE setup time from WCK tWES 1 1 14 15 ns 

WE hold time from WCK tWEH 5 5 5 ns 

WE nonselective time 1 from 
tWEN1 5 5 5 WCK 

ns 

WE nonselective time 2 form 
WCK tWEN2 1 1 14 15 ns 

RE setup time from RCK tRES 1 1 14 15 ns 

RE hold time from RCK tREH 5 5 5 ns 

RE nonselective time 1 from RCK tREN1 5 5 5 ns 

RE nonselective time 2 from RCK tREN2 1 1 14 15 ns 

WE high level period tWEW 0 0 0 ns 

RE high level period tREw 0 0 0 ns 

WR low level period (Write reset 
tRSTW 0 0 0 ns 

period) 

WR low level period ;(Read reset 
tRSTR 0 0 0 ns 

period) 

Transition time tT 3 3 3 ns 
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WRITE CYCLE 

WR="H" 

READ CYCLE 

RR = "H" LEVEL 
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WRITE RESET CYCLE 

WCK 

WR 

DIN (n - 1) 

WE = "L" LEVEL 

READ RESET CYCLE 

WCK 

WR 

DIN (n-1) 

RE = "L" LEVEL 

NOTE: Read/Write reset cycle is not necessarily required 
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1 H DELAY TIMING 

WR, WE = "L" LEVEL 
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n bit DELAY TIMING (1) 

WR, WE = "L" LEVEL 
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n bit DELAY TIMING (2) 

WR, WE = "L" LEVEL 
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n bit DELAY TIMING (3) 

t WCK 

WR, WE = "L" LEVEL 
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III 

OKI semiconductor 
MSM514221 
262, 263 words X 4 bits field memory 

GENERAL 

MSM514221 is a CMOS dynamic memory device organized as 256K + 120 words by 4 bits; it is a 

serial access memory that performs high speed, asynchronous read/write operation. It is used 

mainly for fields of digital TVIVTR that requires higher speed operation, lower power 

consumption, and larger capacity. Minimizing its external control pins allows itself to be packaged 

in a standard, plastic 300mil 16PIN-DIP. 

Serial read/write operation of MSM514221 can be separately controlled asynchronously and in a 

different clock rate with dedicated clock. Also, access time and read/write cycle time synchronizes 

with the clock, and its execution can be standard immediately with any address without wait time. 

MSM514221 has a built-in, self refresh control circuit, which requires no external refersh. 

FEATURES 

• 512 x 512 x 4 bit organization 

• High speed FIFO operation 
• Serial access time 

• Serial read/write 

cycle time 

2SnS/30nS 

30nS/60nS 

• Low power consumption 275 mW max. at 

the highest speed 

PIN CONFIGURATION 

WE 16 Vcc 

RSTW 2 15 RE 

SWCK 3 14 RSTR 

DinO 4 13 SRCK 

Din 1 5 12 DoutO 

Din2 6 11 Dout1 

Din3 7 10 Dout2 

Vss 8 9 Dout3 

692 

• Power voltage singleSV± 10% 

• 16PIN 300mil width, plastic DIP 

• 1.2pm standard CMOS DRAM process 

• TI's TMS4C1050 compatible 

SWCK serial write clock 

SRCK serial read clock 

WE write enable 

RE read enable 

RSTW reset write 

RSTR reset read 

Din 0-3 data input 

Dout 0-3 data output 

Vcc power supply ( + 5V) 

Vss ground 
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PIN FUNCTI0N 

• Data input (Din 0-3) 

Used for serial data input. 

• Data output (Dout 0-3) 

Used for serial data output. 

• Reset write (RSTW) 

Used asa reset input pin for initializing (return to address 1) write address pointer. 

• Reset read (RSTR) 

Used as a reset input pin for initializing (return to address 1) read address pointer. 

• Write enable (WE) 

When this pin is at "L" level, write operation is disabled, and the internal write address pointer 

remains unchanged regardless of the SWCK input. 

• Read enable (RE) 

When this pin is at "L" level, read operation is disabled, and the internal read address pointer 

remains unchanged regardless of the SRCK input. The output becomes high impedance stage. 

• Serial write ciolek (SWCK) 

Clock input to this pin executes write operation. 

The write operation synchronizes with serial write clock while the WE is at "W level; internal 

write address pointer is also incremented simultaneously. 

• Serial read ciolek (SRCK) 

Clock input to this pin executes read operation. 

The read operation synchronizes with serial read clock while the RE is at "W level; internal read 

address pointer is also incremented simultaneously. 
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OPERATION MODE 

• Write cycle 

Write operation is executed synchronizing with SWCK clock when WE is enabled (at "H" level). 

At this time make sure to perform RSTW operation first to initialize internal circuit. When 

finishing write operation, make sure to RSTW operation first to transfer the last data to memory 

cell. At this time, disable WE ("L H) and perform RSTW operation to properly transfer data to the 

last address. If the RSTW operation is performed with WE enabled ("H") the data is not written 

on the last address but on the first address. 

• Read cycle 

Read operation is executed synchronizing with SRCK clock when RE is enabled (at "H" level). 

At this time make sure to perform RSTR operation first to initialize internal circuit. 

• Power up 

To perform normal memory operation, start operation with more than 100 }lsec of a pause after 

Vee has reached the specified voltage after the power up. AT this time, execute RSTW and RSTR 

operation, and perform initialization of each pointer since the locations of internal read address 

pointer and write address pointer have not been fixed. After reset operation, data read/write 

operation can be started with the first address (address 1). 

• Read access of new data 

In reading new data (when the written data is read immediately after the write operation), the 

difference between read address and write address must not be less than 600, and not be more 

than 262, 263. 

• Read access of old data 

In reading old data (where the data written before the writing operation is read), the difference 

between read address and write address must be within zero and 119. 
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ELECTRICAL CHARACTERISTICS 

• Absolute maximum rating 

Description Symbol Conditions Ratings 

Pin voltage VT at TA = 25°C, Vss -1.0-7.0V 

Output short circuited current los TA=25°C SOmA 

Allowable power loss PD TA = 25°C lW 

Operation temperature Top - 0-70°C 

Storage temperature Tstg - - 55-150°C 

• Recommended operation condition 

Description Symbol MIN. TYP. MAX. Unit 

Power voltage Vcc 4.5 5.0 5.5 V 

Power voltage Vss 0 0 0 V 

Input "H" voltage VIH 2.4 Vee Vce + 1 V 

Input "L" voltage V1L - 1.0 0 0.8 V 

• Direct current characteristics 

Description Symbol Measuring condition MIN. MAX. Unit 

Output ,. H" voltage VOH IOH= - SmA 2.4 V 

Output "L" voltage VOL IOL=4.2mA 0.4 V 

Input leak current III O<VI<Vcc + 1, other input OV -10 10 }JA 

Output leak current ILO 0<VO<5.5V -10 10 }JA 

Power current (operating) lecl tRC = min 50 mA 

Power current (waiting) lec2 Input pin = VILIV1H 5 mA 

• Pin capacity 

(Ta = 25°C, f = 1 MHz) 

Description Symbol MAX. Unit 

Input capacitance (Din, SWCK, SRCK, RSTW, RSTR, WE, RE) Ci 7 pF 

Output capacitance (Dout) Co 7 pF 
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• Alernate current characteristics 

(Vee = SV ± 10%, Ta = 0-70°C) 

MSMS14221-3 MSMS14221-6 
Description Symbol Unit 

MAX. MAX. MIN. MAX. 

Dout access time from SRCK tAC 25 30 ns 

Dout hold time from SRCK tOOCK 10 15 ns 

Dout hold time from RE tOORE 13 18 ns 

SWCK "W pulse width tWSWH 12 17 ns 

SWCK "LH pulse width twswL 12 17 ns 

Input data setup time tos 0 0 ns 

Input data hold time tOH 10 15 ns 

Write instruction setup time twcs 0 0 ns 

Write instruction hold time tWCH 0 0 ns 

WE "L" pulse width twwE 5n 10n s 

RSTW setup time tRSTWS 0 0 ns 

RSTW hold time tRSTWH 10 15 ns 

SRCK "W pulse width tWSRH 12 17 ns 

SRCK "L" pulse width tWSRL 12 17 ns 

Read instruction setup time tRCS 0 0 ns 

Read instruction hold time tRCH 0 0 ns 

RE "L" pulse width tWRE 5n 10n s 

RSTR setup time tRSTRS 0 0 ns 

RSTR hold time tRSTRH 10 15 ns 

SWCK cycle time tswc 30n 60n s 

SRCK cycle time tSRC 30n 60n s 

Rise time and fall time tT 3 30 3 30 ns 

(Note) 

1. The input voltage reference levels stipulated in the timing specification are VIH = 2.4V and 
V1L = 0.8V. The tT is a transition time betwen VIH = 2.4V and VIL = 0.8V. 

2. Rise and fall times Tt of all the cycles is specified as 3ns. 

3. During asynchronous execution of write and read, the difference between write address 
and read address should not be less than 600. 

4. To read data that was written during a cartain cycle, read cycle should be executed with an 
address difference more than 600. However, if the read address is less than 119, compared 
with the write address, the old write address is output. 

5. Where the read address is, compared with the write address, between 120 and 599 and if it 
is not less than 262, 263, there is not guarantee in the output data. 
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Write Cycle Timing (Reset Write) 

V1H 
SWCK 

-V1l 

V1H 
RSTW 

-V1l 

Din 

WE --------------------------------------------- - V1H 

Vil 

Write Cycle Timing (Write Enable) 

VIH 
SWCK 

-Vll 

III - VIH 
RSTW 

Vil 

- VIH 
Din 

- Vil 

V1H 
RSTW 

-Vll 
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Read Cycle Timing (Reset Read) 

VIH 
SRCK 

- V1L 

V,H 
RSTR 

- V1L 

Dout 

RE 

V,L 

Read Cycle Timing (Read Enable) 

VIH 
SRCK 

- VIL 

-V'H HI RE 
V,L 

-V'H 
Dout 

-V'L 

V,H 
RSTR 

-V'L 
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OKI semiconductor 
MSM514252 
262,144 words X 4 bits Multi-port DRAM 

< Fast Page Mode> 

DESCRIPTION 

The OKI MSMS14252 is a high speed 1M bits Multi-port Dynamic Randam Access Memory designed 

especially for high performance graphics applications. The multi port DRAM consists of a 256K x 4 

bits DRAM port with multiplexed addresses and a 512 x 4 bits serial ReadlWrite port. 

The multi-port DRAM uses OKI's N-well CMOS process combined with silicide technology and a 

single transister dynamic storage cell. The technology provides wide operating margins as well as 

high density and low power dissipation. 

In addition to the conventional 1 megabit random access port which has fast page operation 

mode, the multi-port DRAM has a second fast serial access read/write port with a clock rate of 

33M Hz for driving a video-type display. 

The multiport DRAM has an internal 512 X 4 bits shift register which can be parallel loaded with an 

entire row of data from sense amps in a special cycle which is referred to as the Read Data Transfer 

Cycle. Data is shifted out via the serial port for screen refresh, independent of the random access 

port. The shift register is also used to write 512 X 4 bits of data to connected sense amps in a 

special cycle which is referred to as the Write Transfer Cycle. Serial read and random read/write 

operation can occur simultaneously except when the serial shift register load operation must be 

synchronized with any random access port operations. Serial write and random read/write 

operations can occur except in a Write Data Transfer cycle. 

The 512 X 4 bits shift register can supply a constant 33 MHz, four-bit wide data stream. The shift 

register requires no refresh operation because it uses static CMOS flip-flops. 

FEATURES 

• Dual Port • Bidirectional Data Transfer 

• RAM port : 256K words X 4 bits • Read Data Transfer: 

.SAM port : 512 words X 4 bits From RAM array to data register 

• Fast Access 
• Write Data Transfer: 

.RAM port : Cycle time 190 ns (MIN) 
From data register to RAM array 

:Access ti me 100 ns (MAX) 
• Pseudo Write Data Transfer: 

.SAM port : Cycle time 30 ns (MIN) 
No data transfer from data register 

: Access time 30 ns (MAX) 
to RAM array 

• Asynchronous Operation (Except during • Pointer Control 

data transfer period) 
• Addressable serial read/write start bit 
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FEATURES (Continued) 

• Write Per Bit 

• Write mask to any combination of 

the 4 bits on the random access 

pins 

• Continuous Serial Read 

• Real time data transfer from the 

RAM array to the data register 

• Fast Page Mode 

• Fast Page Cycle: SS ns (MIN) 

• CAS Access Time: 3S ns (MAX) 

PIN OUT 

Ne 

W31103 

SI02 

VSS 

SIOO 

DT/OE 

W1/101 

NC 

A8 

AS 

vee 

A3 

A1 

NC 

3 

S 

7 

9 

11 

13 

1S 

17 

19 

21 

23 

25 

27 

• Refresh Capabilities 

• RAS Only Refresh Mode: S12 cycle/8 ms 

• Hidden Refresh Mode 

• CAS before RAS Refresh Mode 

• Full TTL Compatibility 

• Single Power supply 

.SV ± 10% 

• JEDEC Pinout 

400 mil 28 pin ZIP 

2 W2/102 

4 SE 

6 SI03 

8 se 

10 SI01 

12 WOIIOO 

14 WBIWE 

16 RAS 

18 A6 

20 A4 

22 A7 

24 A2 

26 AO 

28 CAS 

28 PIN ZIP 

SC = SERIAL CLOCK RAS ROW ADDRESS STROBE 

S100-3 = SERIAL DATA IN, DATA OUT AO-8 = ADDRESS INPUT 

DT/OE DATA TRANSFER ENABLE, DRAM VCC = POWER (+ SV) 
OUTPUT ENABLE VSS = GROUND 

100-3 = DRAM DATA IN, DATA OUT SE = SERIAL ENABLE 
WBIWE = WRITE PER BITIWRITE ENABLE CAS COLUMN ADDRESS STROBE 
NC NO CONNECTION 
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------------------------------------------------.ASMp·MSM514252. 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Conditions Ratings Unit 

Vee Supply Voltage -1-7 V 

Vi Input Voltage 
With respect to Vss, 

-1-7 V Ta = 25°C 

Vo Output Voltage -1-7 V 

10 Output Current Ta = 25°C 50 mA 

Pd Power Dissipation Ta = 25°C 1000 mW 

Topr Operating Temperature 0-70 °C 

Tstg Storage Temperature -55-150 °C 

CAPACITANCE (Ta = 25°C, f= lMHz, Vi = 25mVrms) 

Symbol Parameter Min Max Unit 

CIN1 RAS, CAS, WBfWE, SC, SE, DT/OE 8 pF 

CIN2 AO-A7 5 pF 

CI0 1 1/00-3, S100-3 7 pF 

RECOMMENDED OPERATING CONDITIONS 

(Ta = 0-70°C, unless otherwise noted) 

Limits 
Symbol Parameter Unit 

Min Typ Max 

Vee Supply Voltage 4.5 5 5.5 V 

Vss Supply Voltage 0 0 0 V 

VIH High-level Input voltage, all inputs 2.4 Vcc+ 1 V 

VIL Low-level Input voltage, all inputs -1 0.8 V 

* All input voltages are with respect to Vss 

DC CHARACTERISTICS (Ta =0-70°(' Vee = Sv:t 10%, Vss =OV, unless otherwISe noted) 

Limits 
Symbol Parameter Test conditions Unit 

Min Typ Max 

VOH High-level output voltage 10H =-2mA 2.4 Vee V 

VOL Low-level output voltage IOL=4.2mA 0 0.4 V 

ILO Off-state output current Output nonactive, -10 10 uA OV;£ Vout;£ 5.5V 

III Input eu rrent OV;£ Vin;£ Vee, Other -10 10 uA input pins = OV 

* Current flowing into an IC is positive, out is negative 
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DC CHARACTERISTICS (Cont.) 

Symbol Parameter MSM514252 

-10 

RAM port Serial 110 port Max 

Iccl (AV) 
Random R/W cycle (RAS, CAS 

Standby (SC = V'L) 70 Address cycling, tRC = tRC (min)) 

Icc2** 
Standby (RAS = CAS = V'H, Standby (SC = V'L) 5 Dout= HZ) 

Icc3(AV) 
RAS only refresh cycling 

Standby (SC = V'L) 70 
(CAS = V'H, tRC = tRC (min)) 

~ mode cycle, 
Icc4(AV) f.B6.S = V'L, tPC = tPC(min) Standby (SC = V,Ll 45 

CAS cycling) 

Icc5(AV) 
CAS before RAS refresh 

Standby (SC = V'L) 70 RASICAS Cycling, (tRC = tRC(min)) 

Icc6(AV) 
Data transfer cycle, (DT/OE, CAS 

Standby (SC = V,Ll 75 RAS cycling, (tRC = tRC(min)) 

Icc7(AV) 
Random R/W cycle (RAS, CAS Active 120 cycling, tRC = tRC(min» (tSCC = tSCC(min» 

Icc8(AV) Standby (RAS = V'H, Dout = HZ) Active 50 (tSCC = tSCC(min» 

Icc9(AV) 
RAS onl~resh cycle, (RAS Active 110 
cycling, CAS = V'H, tRC = tRC(min)) (tSCC = tSCC(min» 

Page mode cycle 
Active 

Iccl0(AV) (RAS = V'L, CAS cycling, (tSCC = tSCC(min» 100 
tRC = tRC(min» 

Iccll(AV) 
CAS before RAS refresh Active 110 (RAS, CAS cycling, tRC = tRC(min» (tSCC = tSCC(min)) 

Data transfeillcle 
Active 

Icc12(AV) DT/OE, RAS CAS cycling, (tSCC = tSCC(min)) 125 
tRC = tRC(min» 

* Icc (AV) is obtained with the output open. (AV) specifies average value. 
** If V'H;;;; VccXO.9 and V'L $ 0.6V, then Icc2 $ 1.5mA. 
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Max 

60 

5 

60 

35 

60 

65 

100 

40 

90 

80 

90 

105 

Unit 

mA 

mA 

mA 

mA 

mA 

mA 

mA 

mA 

mA 

mA 

mA 

mA 



----------------------------------------------_ASMp·MSM514252_ 

TIMING REQUIREM ENTS-Dynamic Access (Vee = sv ± 10%, Ta =0-70·C) 

MSM514252 
Symbol 

-10 -12 Unit Note 

MIN. MAX. MIN. MAX. 

tRC Random read or write cycle time 190 - 220 - ns 

tRMW Read modify write cycle time 255 - 295 - ns 

tPC Fast page mode cycle time 55 - 70 - ns 

tPRMW Fast page mode read/write cycle 120 - 145 - ns 
time 

tRAC Access time from RA5 - 100 - 120 ns 2.7 

tCAC Access time from CAS - 35 - 45 ns 2.7 

tAA Access time from column address - 50 - 60 ns 2.S 

tCPA Access time from CAS precharge - 50 - 65 ns 2 

tCLZ Qillput low impedance time from 5 - 5 - ns 2 
CAS 

tOFF Output buffer turn-off delay ° 30 0 35 ns 3 

tT Transition time 3 50 3 50 ns 1 

tRP RAS precharge time SO - 90 - ns 

tRAS RA5 pulse width 100 10,000 120 10,000 ns 

tRSH RAS hold time from CAS 35 - 45 - ns 

tCSH CAS hold time from RAS 100 - 120 - ns 
tCAS CAS pulse width 35 10,000 45 10,000 ns 

tRCD RA5 to CAS delay 25 65 25 75 ns 7 

tRAD RAS to column address delay 20 50 20 60 ns 

tCRP CAS to RAS precharge time 10 - 10 - ns 

tCPN CAS precharge time 15 - 20 - ns 

tCP CAS precharge time (Fast page 10 - 15 - ns 
mode) 

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

tRAH Row address hold time 15 - 15 - ns 

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

tCAH Column address hold time 20 - 25 - ns 

tRRH Read command hold time 0 - 0 - ns 4 
reference to RA5 

tWP Write command pulse width 20 - 25 - ns 

tRWL Write command to RAS load time 25 - 30 - ns 

tCWL Write command to CAS lead time 25 - 30 - ns 

tDS Data-in set-up time 0 - 0 - ns 5 

tDH Data-in hold time 20 - 25 - ns 5 

tREF Refresh period (512 cycles: AO-AS) - S - S ns 

tWCS Write command set-up ;time 0 - 0 - ns 6 

tCWD CAS to WE delay 75 - 85 - ns 6 
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TIMING REQUIREMENTS-Dynamic Access (Vcc=SV±10%, Ta=O-70°C) 

MSM514252 
Symbol 

-10 -12 Unit Note 

MIN. MAX. MIN. MAX. 

tAWD Column adress to WE delay time 85 - 100 - ns 6 

tCSR .BAS. to CAS set-up time (CAS before 
RAS) 

10 - 10 - ns 

tCHR RAS to CAS hold time (CAS before 30 - 30 - ns 
RAS) 

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

tOEA Access time from OE - 35 - 45 ns 

tOED OE delay time 25 - 30 - ns 

tOEZ OE to data output buffer turn-off 0 25 0 30 ns 3 
delay 

tWCH Write command hold time 20 - 25 - ns 

tOEH OE command hold time 25 - 30 - ns 

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

tRCH Read command hold time 0 - 0 - ns 4 

tAR Column address hold time from RA5 75 - 90 - ns 

tRAL RAS read time from column address 50 - 60 - ns 

tWCR .wri.te command hold time from 75 - 90 - ns 
RA5 

tDHR Data-in hold time from RAS 75 - 90 - ns 

tRWD RAS to WE delay 135 - 160 - ns 

tROH RA5 hold time reference to OE 20 - 20 - ns 
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TIMING REQUIREMENTS-Serial Access (Vcc~5V±10%,Ta=0-70°C) 

MSM514251 
Symbol 

-10 -12 Unit Note 

MIN. MAX. MIN. MAX. 

tSCC Serial clock cycle time 30 - 40 - ns 

tSCA Access ti me from SC - 30 - 40 ns 9 

tSEA Access time from SE - 30 - 40 ns 9 

tSP SC pulse width 10 - 10 - ns 

tSCP SC precharge time 10 - 10 - ns 

tSOH Serial data-out data hold time 10 - 10 - ns 

tSEZ SE to serial output buffer turn-off 0 25 0 25 ns 
delay 

tSIS Serial data-in set-up time 0 - 0 - ns 

tSIH Serial data-in hold time 15 - 20 - ns 

tDTS RAS to DT set-up time 0 - 0 - ns 

tRDH RAS to DT hold time (Read transfer 80 - 100 - ns 
cycle) 

tDTH RAS to DT hold time 15 - 15 - ns 

tCDH CAS to DT hold time 30 - 40 - ns 11 

tSDD Last SC to DT delay time 10 - 10 - ns 

tSDH DT to 1st SC hold time 10 - 10 - ns 

tDTR DTto RAS hold time 10 - 10 - ns 

tRSD RASto lstSCdelay 85 - 105 - ns 

tCSD CAS to 1st SC delay 35 - 45 - ns 

tMWS RAS to WE set-up time 0 - 0 - ns 

tMWH RAS to WE hold time 15 - 15 - ns 

tMS RAS to mask data set-up time 0 - 0 - ns 

tMH RAS to mask data hold time 15 - 15 - ns 

tSRZ RAS to serial output buffer turn-off 10 50 10 60 ns 
delay 

tSRS RAS to SC set-up time 30 - 40 - ns 

tSRD RAS to SC delay 25 - 30 - ns 

tSID RAS to serial data-in delay 50 - 60 - ns 

tSZD Serial data-in to DT delay 0 - 0 - ns 

tES RAS to SE set-up time 0 - 0 - ns 

tEH RAS to SE hold time 15 - 15 - ns 

tSWS Serial write enable set-up time 0 - 0 - ns 

tSWH Serial write enable hold time 30 - 40 - ns 

tSWIS Serial write disable set-up time 0 - 0 - ns 

tSWIH Serial write disable hold time 30 - 40 - ns 

tDLZ DT to serial data-out delay 5 - 10 - ns 

707 



-ASMp·MSM514252-----------------------------------------------

NOTE 

708 

1. It is measured between VIH(min) and V1L(max). 

2. Measured with a load circuit equivalent to 1 OOpF and 2TIl. 

3. tOFF(max) and tOEZ(max) define the time at which the output achieves the high 

impedance state (lout ± 1 OuA) and are not referenced to VoH(min) or VOL(max) 

4. Either tRRH or tRCH must be satisfied for a read cycle. 

S. Measured from the CAS falling edge when the cycle is early write and measured from 

the WE falling edge when read-modify-write. 

6. tWCS, tWH, tCWD, tRWD and tAWD are not restrictive operating parameters. They are 

included in the data sheet as electrical characteristics only. If tWCS ~ tWCS(min) and 

tWH ~ tWH(minl. the data out pin will remain open circuit(high inpedance) through the 

entire cycles; If tCWD~tCWD(min), tRWD~tRWD(min) and tAWD~tAWD(min). the 

cycle is a 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 is 

indeterminate. 

7. tRCD(max) is specified as a reference point only. When tRCD is less than tRCD(max). 

access time is tRAC. When tRCD is greater than tRCD(max), access time is tRCD + tCAC. 

8. tRAD(max) is specified as a reference point only. When tRAD is less than tRAD(max), 

access time is tRAC(max). When tRAD is greater than tRAD(max). access ti me is 

tRAD +tAA. 

9. Measured with a load equivalent to SOpF and 2 TIl. 
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TIMING DIAGRAM 

Read cycle 

RAS V1H -
VIL-

CAS 
VIH 
V1L 

VIH-h~~~~~~~~--+_--t:::~~:::::t~~~~~~~~~ 
WBIWE V1L 

WO/IOO- VOH-
W3/103 VOL --------- OPEN 

~ : Indicate the don't care condition 

709 



-ASMp·MSM514252-1----------------------------------------------

Write cycle (Early Write) 

RAS 
V1H-

V 1l -

CAS 
V 1H 

Vil 

AO-AS 
VIH 

V 1l 

WBfWE 
V 1H 

V 1l 

DT/OE 
V1H 
V 1L 

WO/lOO- V1H-

W3/103 V 1l -
1>----- OPEN ------

~ : Indicate the don't care condition 

*1) 1/00-3="H":Nonmasked 
1/00 - 3 = "L" : Masked 
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Write cycle (DT/OE Control Write) 

WBfWE 

DT/OE 

WO/IOO- V1H-----, 

W3/103 V1L 

*1) 1/00 - 3 = "H": Non masked 
1/00 - 3 = "L" : Masked 

~ : Indicate the don't care condition 
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Read Modify Write cycle 

CAS 

AO-AS 

WBfWE 

DT/OE 

WOIIOO-
W3/103 

712 

V IH 
Vil 

VIH 
V il 

V IH 

V il 

V IH 

Vil 

V ltOH -

VltOl -

* 1) 1/00 - 3 '" "H": Non masked 
1/00 - 3 '" "L" : Masked 

~ : Indicate the don't care condition 
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Fast Page Read cycle 

AO-AS 

WBIWE 

DT/OE 

WOIIOO- VOH--______ -l~~L 
W31103 Vol -

telz 

~ : Indicate the don't care condition 
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Fast Page Write cycle (Early Write) 

714 

RAS 
V 1H -

V 1L -

CAS V 1H -

V 1L -

V 1H -

AO-A8 V 1L -

WBIWE 
V 1H -

VIL-

DT/OE 
V 1H -

VIL-

WOIIOO- V 1H -

W31103 V 1L -

*1) 1/00 - 3 = "H": Non masked 
1/00 - 3 = "L· : Masked 

~ : Indicate the don't care condition 
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Fast Page Read Modify Write cycle 

CAS 
VIH-

V 1L -

AO-AS 
VIH 
V 1L 

WBIWE 
V 1H 

VIL 

DT/OE 
VIH 

VIL 

WOIIOO- WOH 
W3/103 WOL-

~ : Indicate the don't care condition 
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RAS Only Refresh 

RAS VIH-

Vll-

tCRP 

V 
CAS 

V 1H 
AO-A8 

Vil -/.////////,/, "'1~DDRES~d «====C£LL===C£LLC£LL===C£LL=~ '"~---~ / 
tD~ I~H 

~:~--DT/OE 

~ : Indicate the don't care condition 

CAS Before RAS Refresh 

~ 
tRC 

• tRP 

RAS VIH- tRA~ 

V 1l -

11 
tCHR 

~ 
tCPN 

CAS V 1H -

V 1l -

WO/IOO- V OH - ~~ 
W3/103 V Ol -

High-Z 
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Hidden Refresh cycle 

AO-A8 

WBIWE 

DT/OE 

WO/IOO- VOH ----------tr%::xJ 
W3/103 VOL - "------------1 

~ : Indicate the don't care condition 
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• ASMP' MSM514252 .-------------________ _ 

Read Transfer cycle (cycle-1) 

RAS 

CAS 

Address 

WBfWE 

I/O 
(Output) 

1/0 
(Input) 

DrIOE 

SC 

5110 
(Output) 

SilO 
(Input) 

718 

( When the previous transfer cycle is a read transfer ) 
The SE level is low 

~ : Indicate the don't care condition 
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Read Transfer cycle (cycle-2) 

Address 

WBIWE 

1/0 

(Output) 

1/0 

(Input) 

DT/OE 

sc 

5110 
(Output) 

5110 
(Input) 

( When the previous transfer cycle is a write transfer or a pseudo write transfer ) 
The SE level is low 

~ : Indicate the don't care condition 

llm : Indicate that the rising edge is 
prohibited 

719 



.ASMp·MSM514252.1----------------------------------------------

Write Transfer cycle 

720 

CAS ----~~------~ 

Address 

WBIWE 

DT/OE 

SE 

SC 

SilO 
(Input) 

SilO 
(Output) 

I~------~~------+-~I 

High-Z 

~ : Indicate the don't care condition 

~ : Indicate that the rising edge 
is prohibited 



_________________________________________________ ASMP,MSM514252-

Pseudo Write Transfer cycle 

Address 

WBrwE 

DT/OE 

SC 

SilO 
(Input) 

5110 
(Output) 

~ : Indicate the don't care condition 

m : Indicate that the rising edge is 
prohibited 

721 



• ASMp· MSM514252 .1------------------------

Serial Read cycle 

DT/OE 

SE 

SC 

SilO 
(Output) 

~ : Indicate the don't care condition 

Serial Write cycle 

722 

DT/OE 

SE 

SC 

SilO 
(Input) 

--{ 1-': t~~lr-
~"""' .. 

.0tSWIS h 
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tscc t t 

~ Valid ~ Valid f-<= ___ Sin Sin 

~ .. II~~ •• II~ 
~ : Indicate the don't care condition 
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PIN DESCRIPTION 

RAS (Row Address Strobe-input, active low) 

Depending on the states of CAS and DT/OE, RAS will clock an internal row address (when CAS 

before RAS mode) or external row address into the row decoder. RAS also selects the write-per 

bit and the data transfer mode. 

CAS (Column Address Strobe-input, active low) 

In the data transfer cycle, CAS will clock an external column address into the column decoder. 

The selected column address becomes the SAM start address. CAS is also used as a clock which 

controls RAM port output impedance. 

CAS will clock external column address into the column address decoder. 

WBIWE (Write Enable-input, active low) 

WBIWE is sampled when RAS falls and decoded in conjunction with DT/OE and CAS according to 

the Truth Table. When the WBIWE level is low at the RAS falling edge, the write-per-bit or 

write transfer cycle is selected. And when WBIWE level is high at the RAS falling edge, a 4-bit 

write to the RAM port or a read transfer cycle is selected. That is, if write-per-bit cycle is not 

selected then WBIWE functions as a normal write enable. 

DT/OE (Data Transfer/Output Enable-input, active low) 

The state of DT/oris sampled along with WB/WE and CAS when RAS falls. The functions 

performed are shown in the Truth Table. When the DT/OElevel at the RAS falling edge is low, 

the data transfer cycle is selected. And when DT/OE level is high, the read/write cycle is selected. 

During random access reads, DT/OE functions as the output enable pin. 

AO-A8 (Address inputs, active high) 

The MSM514252 employs an address-multiplexed-method which inputs the row addresses and 

the column addresses separately in order to select one word from the 256k words memory cells 

by using 9 address input pins. In the fast page mode, when the RAS level is low, column address 

specified by CAS enable 512 X 4 bits fast column access at a specified row address. In the data 

transfer cycle, the selected address input is also combined with the serial start address. 

100-103 (random access data Input and Output-bidirectional, three state) 

If the WBIWE level is low at the RAS falling edge then high level on 100-103 enables data to be 

written to the enabled locations; write-per-bit cycle. 100-103 also serve as the data 1/0 pins for 

the random access port. 

SC (Serial Control-input, active high) 

Each SC rising edge starts the serial access. In the serial read cycle, the rising edge clocks four 

bits data from the serial data register to the output pins if DT/oris active. In the serial write 

cycle, the rising edge clocks four bits data from serial data input pins to the serial data register. 

If the DT/OE level is high, the SC signal is ignored. 

Sf (Serial Enable-input, active low) 

Sf enables serial input/output. When the Sf level is high at the RAS falling edge, the cycle is 

pseudo-write data transfer cycle. When the Sflevel is low at the RAS falling edge, the cycle is 

write data transfer cycle. 

S100-S103 (Serial access data Input and Output-bidirectional, three state) 

Serial data appears ifSEis active, otherwise they are high impedance. 
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FUNCTION 

RAM Port Operation 

The row address is specified by the RAS clock. The MSM514252 has a fast page mode capability 

so that when the CAS clock is activated, column data can be read/written continually. 

The MSM514252 read/write cycle is set up by maintaining the DT/OE level high, while the RAS 

clock is falling. Data is read out when the DT/OE level is low and is written when the WBIWE 

level is low. 

In the fast page mode cycle, when the RAS level is low, the column data in one specified row can 

be read/write continually according to the column address specified by CAS. 

When the WBIWE clock falls before the CAS falling edge, it becomes an early write cycle. When 

the WE clock falls after the CAS falling edge, it becomes a late write cycle. 

In the random write cycle, the write-per-bit function is available. 

SAM Port Operation 

The data transfer cycle is set up when the DT/OE level is low at the RAS falling edge. A read data 

transfer cycle is performed when WBIWE is high. A write data transfer cycle is performed when 

WBIWE is low. 

In the data transfer cycle, the row/column addresses are specified by the RAS/CAS clocks, then 

the row address selects one row of RAM memory array and the column address selects the serial 

access start address. 

-In the cycle which begins when the DT/OE level is high at the RAS falling edge, RAM and SAM 

are accessed independently. At the time, if the DT/OE level is low, the data transfer between 

RAM and SAM occurs. 

In one data transfer cycle, 512 X 4 bits data are transferred between the serial data register and 

any rows in the RAM array. 

- The data transfer direction is selected by the WBIWE level at the RAS falling edge. 

From RAM to SAM (Read Data Transfer) WBIWE = "H" 
From SAM to RAM (Write Date Transfer) 

- Transfer cycle decides the followi ng serial access cycles. 

Read data transfer - - - - ~ Serial read cycle 

Write data transfer - - - - ~ Serial write cycle 

(Pseudo write data transfer - - - - ~ Serial write cycle) 

- No data transfer occurs from serial data register to RAM array when the SE level is high at the 

RAS falling edge in the write data transfer cycle. The data transfer is referred to as a pseudo 

write data transfer. 

- During a read data transfer, a high speed data transfer execution is started at the DT/OE rising 

edge. 
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REFRESH OPERATION 

Three operation methods for refreshing the MSMS14252 dynamic RAM cells are available to 

users. The refresh operations on all 512 row addresses are required in every 8 ms. 

• RAS Only Refresh 

RAS only refresh is similar to a read cycle using any row address, except that CAS is high 

throughout the cycle and no column address is required. All the column data in the designated 

row address are refreshed simultaneously. 

• CAS Before RAS Refresh 

CAS before RAS refresh uses an internal 9 bits refresh counters as the row address specifying the 

row to be refreshed. One CAS before RAS cycle increments an internal refresh counter one 

address. The refresh counter will be incremented each subsequent CAS before RAS cycle. 

• Hidden Refresh 

Hidden refresh is similar to CAS before RAS refresh, except that the CAS level and the DT/OE 

level remain low. The data which was read in the previous cycle is held throughout the refresh 

period. 

DATA TRANSFER OPERATION 

• Read Data Transfer 

Depending on the states of the DT/OE and WBIWE level at the RAS falling edge, (see the Truth 

Table) the Read Data Transfer Cycle is selected. The column data of one row designated by the 

row address are transferred to the serial shift data register. 

At the same time, the decoded column address is set to the secondary serial register or serial 

address selector, which determines the serial read start address. This function is referred to as 

the pointer control. After the data transfer, every SC rising edge enables a serial data output 

and the serial address selector moves into the next bit. 

As the serial address selector is cyclical in nature, the same data from the start address is output 

again when the SC clock is input more than 513 times. 

SE controls the serial output buffers. When the Sf level is low, the serial register data are 

output. When the 5E level is high, the S100-S103 are at high impedance. The serial address 

selector has no relation with the SElevel and shifts one bit at every SC rising edge. 

Serial read data transfer can be done when SAM is in operation. That is the data from different 

rows can be continuously output. This operation is referred to as the Real Time Data Transfer. 

• Write Data Transfer 

Depending on the states of the DT/OE, WBIWE and SE level at the RAS falling edge, (see the 

Truth Table) the Write Data Transfer Cycle is selected. The data on the serial data registers are 

transferred to the one row of RAM array which is designated by the row address. 

At the same time, the decoded column address is set to the secondary serial register or serial 

address selector, which determines the serial write start address. After the data transfer, every 

SC rising edge enables a serial data input and the serial address selector moves into the next bit. 

The data input to the S100-S103 pins are written into the serial data register of SAM. 
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Sf controls the serial input buffers. When the SE level is low, the input data are written into 

SAM. The serial address selector is not related to theSE level and shifts one bit at every SC rising 

edge. So when the SElevel is high, the SC clock only shifts the serial address selector without 

writing the data in SAM . 

• Pseudo Write Transfer 

Depending on the states of the DT/OE, WBIWE and SE level at the RAS falling edge, (see the 

Truth Table) the Pseudo Write Data Transfer Cycle is selected. The operation is the same as the 

write data transfer operation except for the fact that the data on the serial data register are not 

transferred to the RAM array. The row address which is input is ignored. 

When the mode changes from serial read to serial write, a pseudo write transfer is used so that 

the one row data of RAM designated by the row address are not destroyed and are also used to 

change the mode of the serial port. 

The difference between the read transfer and the write/pseudo-write transfer is that the write 

transfer and pseudo transfer cannot be done while SAM is operating. 

POWER ON 

An initial pause of 500 jlsec is required after power-up followed by any 8 RA5 or RA5/CAS cycles 

before proper operation is achieved. Note that RA5 may be cycled during the initial pause. And 

RAS or RAS/CA5 cycles are required after prolonged periods (greater than 8msec) of RAS 

inactivity before proper device operation is achieved. 

After the above operation, prior to the SAM operation, the serial access mode must be selected 

by performing a data transfer cycle. 

TRUTH TABLE (Mode Selection) 

Input pin state at RAS falling RAM SAM 
RAM ----

DT/OE WBIWE SE 1/00-3 Bit Mask 5101-3 

H X X X READ - -
H X X X WRITE - -
H L X H Write-Per-Bit Non Masked -
H L X L Write-Per-Bit Masked -
L H X X Read Transfer - Output Mode 

L L L X Write Transfer - Input Mode 

L L H X Pseudo Write Transfer - Input Mode 
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OKI semiconductor 
MSM51C262 
High Performance Low Power 64K x 4 Multi-port Memory with Fast 
Page Mode 

DESCRIPTION 

The OKI MSM51 (262 is a high speed 65,536 x 4 bit multiport CMOS dynamic memory. 
The two ports, random access and serial access, are configured to offer optimum flexibility in 
graphics and other systems that require an interface between a processor and a high speed 
ser;al data channel such as a CRT or graphics display device. 

The organization of the random access port of the MSM51 C262 is exactly like, a 64K x 4 

CMOS DRAM. Additional functions such as transfer between RAM and SAM utilize otherwise 

unused states of the CAS, DT/OE, WBfWE and 5E signals sampled at the falling edge of RAS at 

the beginning of a cycle. 

The Serial Access Memory (SAM) is.organized as 256 x 4 bits that can be read or written at 

high speed. The contents of the SAM can be loaded into RAM, and the contents of a selected 

RAM row (256 x 4) can be loaded into SAM. Except when transferring data between one 

another, the SAM and RAM operate in an asynchronous manner. The transfer from RAM to 

SAM or SAM to RAM also refreshes the transferred row in the RAM. 

In a RAM to SAM load cycle, 8 bits are needed to specify which of the 256 rows is to be 

transferred. The state of the address lines at the falling edge of CAS is used to specify the 

starting point in the SAM where data is to be written or read. The static mechanization of the 

SAM (allowed by CMOS) does not require refreshing. The first access to SAM, either read or 

write, will be to the location specified at CAS time in the previous cycle, and subsequent 

accesses will continue in an increasing address direction, module 256. 

The MSM51C262 is processed utilizing OKI's CMOS silicon gate process technology. 

This advanced CMOS processing allows memory devices to be fabricated with lower operating 

current and higher performance than comparable NMOS designs. All I/O signals are TTL 

compatible. 

performance. 

Input and I/O capacitances are significantly lowered to enhiHlce system 
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FEATURES 

• Low power dissipation for MSM51C262-12 

• RAM Port operating alone - 50 mA 

• SAM Port operating alone - 35 mA 

• RAM/SAM operating 5 together - 85 mA 

• Low CMOS standby current - 6 mA 

• Fast Page Mode access, RAS-only refresh, and CAS-before-RAS Refresh capability 

• Bi-directional data transfer between RAM and SAM with real-time operation. 

• Bit-masked Write function on RAM port for additional flexibility. 

• 256 Refresh cycle/4 ms. 

• Standard package is 24 pin 400 mil Plastic ZIP. 

High performance MSM51C262 -80 -10 -12 

Max. RAS Access Time (tRAC> 80ns 100 ns 120 ns 

Max. Column Address Time (tCAA) 40 ns 45 ns 55 ns 

Min. Fast Column Mode Cycle Time (tpC> 55 ns 60 ns 70 ns 

Min. Read/Write Cycle Time (tRC> 145 ns 175 ns 205 ns 

Min. Serial Port Cycle Time (tscC> 30 ns 35 ns 40 ns 
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24 LEAD PLASTIC ZIP PIN CONFIGURATION 

BLOCK DIAGRAM 
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Absolute Maximum Ratings* 

Rating Value Unit 

Ambient Temperature Under Bias o to 70 

Storage Temperature (plastic) - 55 to + 125 

Voltage on any Pin Except Vee Relative to Vss - 1.0 to + 7.0 

Voltage on Vee Relative to Vss - 1.0 to + 7.0 

Data Output Current 50 

Power Dissipation 1.0 

* Note: Operation at or above Absolute Maximum Ratings can adversely affect device 
reliability. 

AC Test Conditions 

Conditions Value 

Input Rise Levels o to 3.0 

Input Rise and Fall Times 5 between 0.8 V and 2.4 V 

Input Timing Reference Levels 0.8 and 2.4 

Output Timing Reference Levels 0.8 and 2.4 

Output Load (RAM Port) 2 TTL (and 100) 

Output Load (SAM Port) 2 TTL (and 50) 

CAPACITANCE* 
TA=25°C, Vee= 5V± 10%, Vss=OV 

Symbol Parameter Typ. Max. 

CIN1 Address Input Capacitance 5 

CIN2 RAS, CAS, WBfWE, SE, SC, DTIOE Capacitance 8 

CO UT 1/0 Capacitance 7 

* Note: Capacitance is sampled and not 100% tested. 
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DC Characteristics (1) 
(T A = O°C to 70°C, Vcc = 5 V ± 10%, VSS = 0 V, unless otherwise specified.) 

V53C261 
Access 

Symbol Parameter 
Time 

Test Conditions Notes 
min. max. Unit 

III 
Input Leakage Current, 

-10 10 llA 
VSS<V'N<VCC 

(any input pin) 

ILO 
Output Leakage Current. 

-10 10 llA 
Vss<Vour<Vcc 

(for Hige-Z State) RAS, CAS and SE at V'H 

80 70 RAS/CAS Cycling, SAM port 

ICCl Vce Supply Current 100 60 mA TTL Standby 2,3 

120 50 t RC (min.), SC = VIL 

Vcc Supply Current, RAM/SAM ports TTL Standby 
- -

ICG TTL Stanbdy 8 mA RAS, CAS at V,H, 1/0> Vss 

SC=VIL 

V cc Supply Current, 80 70 RAS Cycling, CAS at V'H 

Ico RAS-Only Refresh .100 60 mA SAM port TTL Standby 2,3 

120 50 t RC (min.), SC = VIL 

Vcc Supply Current, 80 60 RAS = VIL' CAS Cycling 

ICC4 Page Mode Operation 100 50 mA SAM port TTL Standby 2,3 

120 40 t pc (m in.), SC = VIL 

Vec Supply Current, 80 70 RAS/CAS Cycling, 

Iccs CAS-before-RAS 100 60 mA SAM port TTL Standby 2,3 

Refresh 120 50 t RC (min.). SC = VIL 

--
Vcc Supply Current, 80 75 RAS/CAS Cycling, SAM port 

ICC6 RAM/SAMTransfer 100 65 mA TTL Standby 2,3 

Mode 120 55 t RC (min.), SC = VIL 

--
Vcc Supply Current, 80 120 RAS/CAS Cycling, SAM port 

Ico 80th Ports Active 100 100 mA Active 2,3 

120 85 t RC (min.). tscc (min.) 

Vcc Supply Current, 80 50 RASICAS at V'H' 1/0>Vss 

ICC8 SAM Only Operation 100 40 mA SAM port Active 2 

120 35 tscdmin.) 

-
Vcc Supply Current, 80 120 RAS Cycling, CAS at V'H' 

Icc9 RAS-Only Refresh and 100 100 mA SAM port Active 2,3 

SAM Active 120 85 t RC (min.), tscc (min.) 

V cc Supply Current, 80 100 RAS = VIL' CAS Cycling 

ICCIO Page Mode Operation 100 90 mA SAM port Active 2,3 

and SAM Active 120 75 tpc (min.), tscc (min.) 
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DC Characteristics (Cont'd) 

V53C261 
Access 

Symbol Parameter 
Time 

Test Conditions Notes 
min. max. Unit 

Vcc Supply Current, 80 120 RASICAS Cycling, 

Icc11 CAS·before-RAS 100 100 mA SAM port Active 2,3 
Refresh and SAM Active 120 85 t Re (min.), tscc (min.) 

--
Vcc Supply Current, 80 125 RASICAS Cycling, 

Icc12 RAM/SAM Transfer 100 105 rnA SAM port Active 2,3 
Mode and SAM Active 120 90 t RC (min.), tscdmin.) 

Vee Supply Current, 80 6 RAS, CAS, SE, WBiWE, --
ICC13 Both Ports CMOS 100 6 mA DT/OE >Vcc - 0.5 V 

Standby 120 6 SC<0.6 V 

Vil Input Low Voltage -1 0.8 V 

V,H 

Input High Voltage 
2.4 

Vce 
V 

+ 1 

VOL Output Low Voltage 0.4 V 10L =4.2 rnA 

VOH Output High Voltage 2.4 V 10H= -2 rnA 
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AC Characteristics (4, 5,6) 
Read, Write, Read-Modify-Write and Refresh Cycles 
(TA = OO( to 70°(, Vcc = 5 V ± 10%, VSS = 0 V, unless otherwise specified.) 

-80 -10 -12 

# Symbol Parameter Unit Notes 
Min. Max. Min. Max. Min. Max. 

tr Transition Time (Rise and Fall) 3 25 3 25 3 25 ns 

tRI Refresh Interval (256 Cycles) 4 4 4 ms 

1 t RC Read or Write Cycle Time 145 175 205 ns 

2 t RAS RAS Pulse Width 80 37K 100 37K 120 37K ns 

3 t RP RAS Precharge Time 55 65 75 ns 

4 tCSH CAS Hold Time 80 100 120 ns 

5 tCAS CAS Pulse Width 25 30 35 ns 

6 t ASR Row Address Setup Time 0 0 0 ns 

7 tRAH Row Address Hold Time 15 15 15 ns 

-- --
8 t CRP CAS to RAS Precharge Time 10 10 10 ns 

9 t RCO RAS to CAS Delay 25 55 25 70 25 85 ns 7 

10 t ASC Column Address Setup Time 0 0 0 ns 

11 tCAH Column Address Hold Time 15 20 20 ns 

12 t RSH RAS Hold Time 25 30 35 ns 

13 t OHS Dr High Setup Time 0 0 0 ns 

14 tOHH DT High Hold Time 20 20 20 ns 

15 tAR Column Address Hold Time from RAS 60 70 80 ns 
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AC Characteristics (Cont'd) 

Read Cycle 

# Symbol Parameter 

16 t RAC RAS Access Time 

--17 tCAC CAS Access Ti m e 

18 tCAA Column Address Access Time 

19 tRCS Read Command Setup Time 

20 tRRH Read Command Hold Time 

RAS-Referenced 

21 t RCH Read Command Hold Time 

CAS-Referenced 

-
22 t OAC OE Access Time 

23 tHZ OE or CAS to Output High-Z 

24 tLZ OE or CAS to Output Low-Z 

25 tOH Output Hold Time from OE or CAS 
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-80 

Min. Max. 

80 

25 

40 

0 

5 

0 

20 

20 

0 

0 

-10 -12 
Unit Notes 

Min. Max. Min. Max. 

100 120 ns 8,9 

30 35 ns 9,10,11 

45 55 ns 9 

0 0 ns 

5 10 ns 12 

0 0 ns 12 

25 30 ns 9 

25 30 ns 13 

0 0 ns 

0 0 ns 
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AC Characteristics (Cont'd) 

Write Cycle 

# Symbol Parameter 

26 tRwL Write Command to RAS Lead Time 

--
27 tCWl Write Command to CAS Lead Time 

28 twp Write Command Pulse Width 

29 tWC5 Write Command Setup Time 

30 tWCl-1 Write Command Hold Time 

31 tos Data In'Setup Time 

32 tOH Data In Hold Time 

33 tWBS Write Mask Setup Time 

34 tWBH Write Mask Hold Time 

35 tws Write Mask Select Setup Time 

36 tWH Write Mask Select Hold Time 

37 tOEH ill Hold Time Referenced to WE 

38 t WCR Write Hold Time from RAS 

39 tOHR Data Hold Time from RAS 

Read-Modify-Write Cycle 

# Symbol Parameter 

40 t RWC Read·Modify-Write Cycle Time 

41 tRRW RMW Cycle RAS Pulse Width 

42 tCRW RMW Cycle CAS Pulse Width 

-- -
43 tRwD RAS to WE Delay 

-- -
44 t cwo CAS to WE Delay 

45 tAWD Column Address to WE Delay 

46 tOED ill to Data In Delay Time 

-80 

Min. Max. 

25 

25 

15 

0 

15 

0 

15 

0 

20 

0 

20 

10 

65 

65 

- 80 

Min. Max. 

205 

140 37K 

85 

110 

55 

70 

20 

-10 -12 
Unit Notes 

Min. Max. Min. Max. 

30 35 ns 

30 35 ns 

20 25 ns 

0 0 ns 14 

20 25 ns 

0 0 ns 

20 25 ns 

0 0 ns 

20 20 ns 

0 0 ns 

20 20 ns 

10 15 ns 

80 95 ns 

80 95 ns 

-10 -12 
Unit Notes 

Min. Max. Min. Max. 

245 285 ns 

170 37K 200 37K ns 

100 115 ns 

135 160 ns 14 

65 75 ns 14 

80 95 ns 

25 30 ns 
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AC Characteristics (Cont'd) 

Fast Page Mode Operation 

# Symbol Parameter 

47 tpe Page Mode Cycle Time 

48 tep CAS Preeharge Time 

49 teAP Access Time from Column Preeharge 

CAS-before-RAS Refresh Cycle 

# Symbol Parameter 

50 tCIR CAS-before-RAS Refresh Setup Time 

51 tCHR CAS-before-RAS Refresh Hold Time 

52 t RPC RAS Precharge to CAS Active Time 
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- 80 

Min. Max. 

55 

15 

50 

-80 

Min. Max. 

10 

25 

0 

-10 -12 
Unit Notes 

Min. Max. Min. Max. 

60 70 ns 

20 25 ns 

55 65 ns 15 

-10 -12 
Unit Notes 

Min. Max. Min. Max. 

10 10 ns 

25 25 ns 

0 0 ns 
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AC Characteristics (Cont'd) 

Read/Write, Pseudo Write Transfer and Serial Read/Write Cycle 

-80 -10 -12 
# Symbol Parameter Unit Notes 

Min. Max. Min. Max. Min. Max. 

S3 tscc Serial Clock Cycle Time 30 35 40 ns 

54 tSCl SC Precharge Time 10 10 10 ns 

-
55 t500 SE to Serial Out Setup Time 0 0 5 ns 

56 tSOH Serial Out Hold after SC High 0 0 5 ns 

57 tSCA Serial Output Access Time from SC 25 30 35 ns 16 

58 tSOA Serial Output Access Time from 5E 20 25 30 ns 16 

59 tsoz Serial Output Disable Time from 5E High 15 20 25 ns 13 

60 tSCH SC Pulse Width 10 15 15 ns 

61 tSOE 5E Pulse Width 10 10 10 ns 

-
62 tsop SE Precharge Time 10 10 10 ns 

63 tOLS Transfer Command to RAS Setup Time 0 0 0 ns 

),4 
--

tRDH Transfer Command to RAS Hold Time 60 75 90 ns 

65 tCDH Transfer Command to CAS Hold Time 20 25 30 ns 

66 tSDD SC to Transfer Command Lead Time 10 15 20 ns 

-
67 tSDH SC Hold Time after DT High 10 10 10 ns 

68 tszs Serial Data Input to DTHigh Delay Time 0 0 0 ns 

69 tOTP Dr Precharge Time 20 25 30 ns 

70 tTRP Dr to RAS Precharge Time 65 75 85 ns 

71 tsws Serial Write Enable Setup Time 10 10 10 ns 

72 tSWH Serial Write Enable Hold Time 10 15 20 ns 

73 tSWIS Serial Write Disable Setup Time 10 10 10 ns 

74 tSWIH Serial Write Disable Hold Time 10 15 20 ns 

--
75 tSRS SC to RAS Setup Time 15 20 20 ns 
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AC Characteristics (Cont'd) 

Read/Write, Pseudo Write Transfer and Serial Read/Write Cycle 

-80 -10 -12 
# Symbol Parameter Unit Notes 

Min. Max. Min. Max. Min. Max. 

76 tES Pseudo Transfer Command ($E) to 0 0 0 ns 
RAS Setup Time 

77 tEH Pseudo Transfer Command (SE) to 20 20 20 ns 
RAS Hold Time 

78 t SIS Serial Data In Setup Time 0 0 0 ns 

79 tSIH Serial Data In Hold Time 10 10 10 ns 

80 tsos SCto Dr High Setup Time 0 0 0 ns 

81 tSCR SCto RAS Precharge Setup Time 0 0 0 ns 

Notes: 

738 

1. All voltages are referenced to Vss. An initial pause of 200 }ls is required after power up 

followed by a minimum of eight initialization cycles (any combination of cycles 

containing a RAS clock e.g. RAS-only refresh). Eight initialization cycles are required 

after extended periods of bias without clocks (greater than 4 ms). 

2. Icc is dependent on output loading when the device output is enabled. Icc (max.) is 

measured with all outputs open. 

3. Icc is dependent on the number of address transitions while CAS is at VIH· Specified Icc 

(max.) is measured with a maximum of two transitions per address input per random 

cycle and one transition per address cycle in Fast Page Mode. 

4. All voltages are referenced to Vss. VIH (min.) and VIL (max.) are the reference levels for 

measuring input signal timing. Transition times are measured between VIH (min.) 

and VIL (max.). 

5. An initial pause of 200 }lS and 8 RAS-containing cycles are required when exiting an 

extended period of bias without clocks or upon Power Up. An extended period of time 

without clocks is defined as one that exceeds the specified Refresh Interval. 

6. AC characteristics assume tT = 5 ns. All AC measurements are made with a load 

equivalent to two TTL inputs and either 50 or 100 pF in parallel. VIL (min.) > Vss and VIH 

(max.) < Vcc. 

7. tRCD (max.) is for reference only. tRCD (min.) = tRAH (min.) + 2tT + tASC (min.). 

8. Assumes that tRCD < tRCD (max.). If tRCD > tRCD (max.), tRAC will increase by the amount 

that tRCD exceeds tRCD (max.). 

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

10. Assumes tRCD > tRCD (max.). 
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11. If tASC < (tCAA (max.) - tCAC (max.) - tTl. access time is defined by tCAA rather than tCAC. 

12. Either tRCH or tRRH must be satisfied. 

13. An output disable time defines the time when the output reaches the open-circuit 

condition and is not referenced to output voltage levels. 

14. twcs, tRWD and tCWD are specified for reference only. Iftwcs > twcs (min.), the cycle is a 

CAS-controlled write cycle (Early Write), and the DQ pins will be at High-Z during the 

entire cycle. If tcwD > tCWD (min.), and tRwD > tRWD (min.), the cycle is a Read-Modify

Write cycle, and the DQ pins will reflect the data read from the addressed location. 

If any of the above conditions is not satisfied, the condition of the Data Out pins will be 

indeterminate. 

15. Access time is determined by the longest of tCAA, tCAC and tCAP. 

16. Measured with a load equivalent to 2 TTL loads and 50 pF in parallel. 
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TIMING CHART 

Read Cycle 

tCSH 

AA5 V,Ha -

Vllb -

CAS 
VIH -

VIL -

Ao-A, V'H -
VIL -

WBIWE 
V'H -
V,l -

WilD VOH c -
(OUTPUTS) VQld-

Dr/OE V,H -

V'l-

Notes: 

a, b: V,H (min.) and V,l (max.) are reference levels for measuring timing of input signals. 

c, d: VOH (min.) and VOL (max.) are reference levels for measuring timing of DouT-

e: tll is referenced to the lesser of CAS, and OE low transition. 
f: tHZ and tOH are referenced to one earlier of CAS or De high transition. 
g: 

h: 

Transition is measured + 500 mV from steady state voltage with specified three state load (5 pF and a 380 Ohm Thevenin 
equivalent). 

Either tRCH or tRRH must be specified. 

Write Cycle (Early Write) 

tRe 

tCSH 

RAS 
V,H -
V 1L -

CAS 
VIt"j-

Vil -

Ao-A, 
V,H -
V,l -

V1H -
WBIWE 

V'L -

W/IO V'H-
(INPUTS) V'l -

W/IO VOH -

(OUTPUTS) VOL -

miBE 
V,H -

Vil -
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Write Cycle (Delayed Write) 

RAS 
V1H -

V1l -

CAS 
V1H -

VIL -

Ao-A, 
VIH-

Vtl -

WBIWE 
V 1H -

V 1L -

W/IO VIH -

(INPUTS) V 1L -

W/IO VOH -

(OUTPUTS) VOL -

miOE 
VIH -

VtL -

Read-Modify-Write Cycle 

RAS 
V1H -

VIL -

CAS 
V1H -

VIL -

Ao-A, 
VIH -

V'l -

WIIO V'H
(INPUTS) VIL -

WIIO VOH- -----H-
(OUTPUTS) VOL -

tRe 

tCSH 

tRWC 

tRWD 
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Waveforms of Fast Page Read Cycle 

tRAS 

RAS 
V1H-

Vll -

CAS 
V 1H -

V,l -

AO-A7 
V1H-

Vil -

WBfWE 
V1H -

VIL -

WillO VOH-
(OUTPUTS) VOL -

oriCie VOH -

VOL -

Waveforms of Fast Page Mode Write Cycle 

1----------------------- tRAS -----------------------. 

RAS 
VIH -

Vil -

CAS 
V,H -

Vil -

11 Ao-A7 
VIH -

V IL -

WBfWE 
V,H -

VIL -

WillO VOH-
(INPUTS) VOL -

WillO VOH - ----~I-'I~----------------- t (OUTPUTS) VOL _ II HIGH Z ----------------~~ 

~t~OH~S~~r_~--------------------------------------~ •• t
OEH 

orlDE VOH 
- lmf I. --====~====:-j---U1----m----m-----m----VOL - JIlWl" 1--------------------------- tOHH -
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RAS-Only Refresh Cycle 

RAS 
vlHa-

Vllb-

CAS 
V 1H -

V 1L -

Ao-A, 
VIH -

Vil -

WEIWE 
V1H -

Vil -

Hidden Refresh Cycle 

READ CYCLE --+- HIDDEN REFRESH CYCLE 

RAS 
VIH -

V 1L -

CAS 
V 1H -

V 1l -

Ao-A, 
V1H -

V1l -

WEIWE 
VIH -

V,l -
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CAS before RAS Refresh Cycle 

V,H - -1 '. RAS 
VIL -

=-.. -t~' -E) 
CAS 

V,H -
V,L - =ttcp-

WillO V,H -
HIGH Z (INPUTS) V,L -

Read Transfer Cycle (RAM ~ SAM) Serial Read Setup* 

or/OE 

WillO 
(OUTPUTS) 

SE 

SIO 
(OUTPUTS) 

VIH -

Vil -

V,H -

VIL -

SIO V'H-
(INPUTS) V,L -

.¥ 

Note: • In the case that the previous transfer is write transfer. 
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Ao-A7 = Don't (are 
DT/OE = Don't (are 

WBIWE = Don't care 
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Read Transfer Cycle (RAM ~ SAM) 

RAS 
V1H -

CAS 
V1H -

Ao-A, 
V,H -

Vil -

WBIWE 
V1H -

Vil -

DT/oT 
VIH -

VJl -

WillO VO H -
HIGH Z 

(OUTPUTS) VOL -

Sf VIH -

V 1L -

SC 
VIH -

Vil -

SIO VOH-

(OUTPUTS) VOL -

.. Note: If SE is "H"'evel the serial input data are not written into the data register, but the serial data selector continues to function. 
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Write Transfer Cycle (SAM ~ RAM) 

OT/OY V'H
VIL - --9'-++-----------'T 

WiliO VO H - ___ ++--,-________ _ 
(OUTPUTS) VOL -

SIO VOH
(OUTPUTS) VOL - ---=':":=:'::""...J 

* Note: If SE is "HH level the serial input data are not written into the data register, but the serial data selector continues to function. 
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Pseudo Write Transfer Cycle Serial Write Setup 

RAS 
V 1H -

CAS 
V 1H -

Ao-A, 
V1H -

V1L -

WSIWE 
V1H -

V1L -

DT/OT 
VIH -

V1L -

Wi/lO VOH -
(OUTPUTS) 

Sf VIH -

Vil -

SC 
VIH -

V1l -

SIO VrH -
(INPUTS) V 1L -

SIO V 1H -

(INPUTS) VrL -

• Note: IfSE is "H- level the serial input data are not written into the data register, but the serial data selector is worked. 

747 



-ASMp·MSM51C262-----------------------------------------------

Serial Write Cycle 

RAS 
V1H - \ / Vil -

V1H -
Di'J<5E 

V,l -

Sf ViH -

Vil -

SC VIH -

V1l -

SIC; V,H -
(INPUTS) V1L -

Serial Read Cycle 

\~------------~/ 

-
Sf V'H-

Vil - _____ --f 

tSOl 

SIC; V'H-
(INPUTS) Vil - ______ ---' 
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Bit Masked Write 

RAS \ 
CAS 

DT/DE ~ \ 
*1 

WB/WE -\- -I \ / 
*2 

WoIlO, EFFECTIVE 

W,II0, NON EFFECTIVE 

EFFECTIVE 
W2/I02 , NON MASK 

*2 I 
W,II0, ~T/ _--->.+"'-_____________ ~X i NON EFFECTIVE : X'-_______ _ 

SET MASK BIT : BIT MASKED WRITE: , , , , 
*1 IfWBtWE;;:: "H" al14 bitsof data are written into RAM 

*2 WO-3/IOo-3;;:: "H IO Non masked 
WO-3/IOO-3 = "L· Masked 
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Serial Output Mode 

RAS 

CAS 

AO-A, 

WSIWE 

DriOE 

SC 

SIOi 

750 

RAM ->SAM TRANSFER & START 
I REAL TIME TARNFER 
»~->SAM ON THE FLY 

WRITE CYCLE 

,----» 

» 
» 

)'> 

» 

-----1fUlJl) 
---bcx 

i 
~ DATA OUT 

FROM COLUMN "A" 

i 
~ NEW DATA OUT 

FROM COLUMN "S" 

READ CYCLE 

*3 If SE goes "Hit level SIOi enters the high impedance state, but the serial data selector continues to function. 
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Serial Input Mode 

CAS 

mio"E 

SC 

SIOi 

SAM-SAM AT START I PSEUDO WRITE SAM-RAM (ROW R4) 

~~~ ~~-------'\ ,----

r------~~ 

'-----~~ 

r----~~---, 

'----~~--_--/ 

--nh--------~~ \\---, 

'-------~~------'9"_-----\\------'{>L-------

,'*----\\ \~-----,. 

*4 

---OCX:XXJ--pC<)q---Q0C1 
: : : SAM TO RAM TRANSFER 
~ DATA OUT ~ DATA IN FROM TO ROWR4 

FROM COLUMN ~A" COLUMN"C 
DATA IN FROM COLUMN "0" 

*4 If 5E goes "HH level S10i input data is ignored, but the serial data selector continues to function. 
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FUNCTIONAL DESCRIPTION 

RAM Operation 

The MSMS1C262 is a CMOS dynamic memory with 2 ports. One port, the RAM port, 

operates in the same way as the 64K x 4 DRAM. The other port, the Serial Access Port (SAM), 

allows data to be either read from or written to the memory at very high data rates. 

The MSMS1C262 reads and writes data via the RAM port by multiplexing a 16 bit address 

into an 8 bit row and an 8 bit column address. The Row Address Strobe (RAS) latches the row 

address on chip. The column address, however, flows through the internal column address 

buffer and is latched by the Colun:m Address Strobe (CAS) signal. Because column access time 

becomes primarily dependent upon a valid column address rather than the falling edge of CAS, 

signal timing restrictions on CAS can be greatly loosened with no effect on access time. 

Memory Cycle 

A memory cycle is initiated by the falling edge of RAS. A memory cycle may not be ended or 

aborted prior to fulfilling the tRAS (min.) timing specification once it has been started. 

This precaution is necessary for proper device operation and integrity. A new memory cycle 

may not be started until the minimum precharge time tRP/tcP has been satisfied. 

Read Cycle 

A read cycle is a memory cycle in which data are retrieved from the memory array and 

presented on the Wi/IOi pins. Read cycles can take the form of single operations to a specific 

row and column address or page mode accesses to any of 256 column addresses within a single 

row. 

Write Cycle 

A write cycle is a memory cycle in which data supplied externally to Wi/IOi are written into 

the location in memory specified by the address. Using the masked write function, any 

combination of Wi/IOi lines may be written and the remainder ignored. Write cycles can take 

the form of single operations to a specific row and column address or page mode accesses to 

any of 256 column addresses within a single row. 

Refresh Cycle 

To retain the data in a MSM51C262 DRAM a refresh operation activating each of the 256 

row addresses must be performed at least once every 4 ms. Any operation such as read, write, 

RMW, RAS only cycle, CAS before RAS refresh cycle or transfer cycle refreshes the addressed 

row. 
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Fast Page Mode Operation 

Fast Page Mode permits an 256 columns of 4 bits within a selected row of the MSM51 C262 

to be randomly accessed at a high data rate. After a normal cycle initiation, maintaining RAS 

low while performing successive CAS cycles retains the row address internally and eliminates 

the need to resupply it. The column buffer acts as a transparent latch data while CAS is high 

and, when CAS goes low, holds the addresses applied. Because of the transparent latches, the 

column address "flows through" and the read access begins upon stable addresses rather that 

the falling CAS edge. This eliminates tASC and tT from the critical timing path and helps to 

speed up access while making operation simpler. 

During a Fast Page Mode operation, read, write, read-modify-write, or read write-read 

cycles are possible to random addresses within a selected row. Multiple operations to the same 

address are permitted as well as more than 256 accesses to any combination of addresses within 

the selected row. The only limiting factor to the number of such Page Mode accesses is 

consideration of refresh timing. Following the entry cycle into Page Mode, access time is tCAA 

or tCAP-dependent. If the column address is valid before or coincident with the rising edge of 

CAS, then tCAP is the access controlling parameter. If the column address is valid after the rising 

edge of CAS, access time is determined by tCAA' In both cases, the falling edge of CAS latches 

the address and enables the output buffers. 

With Fast Page Mode, very high sustained data rates can be achieved. The following 

equation can be used to calculate the data rate possible: 

Data Rate = 2~6 
tRC + 55tpc 
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Mode Selection 

AControl Signals 
Ao-A, 

RAM Operation to be SAM Mode to be (Sampled at the falling edge of RAS) 
Sample Time 

Performed Entered 

CAS DT/OE WBIWE SE W/IOo- 3 RAS CAS 

Read Mode not affected X X X Row Column Add. 

Write Mode not affected H H X X Row Column Add. 

Bit Masked Write Mode not affected L X H' Row Column Add. 

Mode not affected H L X L' Row Column Add. 

RAM --> SAM Transfer Output Mode H X X Row SAM Start" 

SAM --> RAM Transfer Input Mode L L L X Row SAM Start" 

Pseudo Transfer Input Mode L H X X SAM Start" 

CAS-before-RAS or Mode not affected L X X X X X X 
Hidden Refresh 

x = Don't care 

* The state of the W/IO lines is sampled at the falling edge of RAS to set the Write Bit Mask 

Register. If W/IO is high at the falling edge of RAS, no masking action is taken and the 

corresponding data bit will be subject to change by a write operation. If WIIO is low at the 

falling edge of RAS, the corresponding bit is masked and will not be altered by a write 

operation. 

** The 8 address signals, Ao to A7, are used to select the RAM row address that will be affected 

by a transfer to or from the SAM and the starti ng address for a SAM read or write 

operation. The falling edge of RAS strobes the row address, and the falling edge of CAS 

strobes the SAM starting address. 
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COMBINED RAM-SAM OPERATION 

Transfer 

The transfer operation of the MSM51C262 allows a row (256 bits) of data to be transferred 

between RAM and SAM in either direction. The signals and states that control the transfer 

operation are specified in the Mode Selection Table. 

To start a serial write operation, it is necessary to cause the SIOo to SI03 pins of the SAM, 

port to be in a high-Z state. The pseudo write transfer cycle accomplishes this purpose and must 

be performed any time the SAM mode is to be changed from read to write. No data transfer 

takes place, but addresses are set up as in any other transfer cycle. A read transfer cycle 

(RAM to SAM) changes the mode from write to read. 

SAM OPERATION 

General 

The Serial Access Memory (SAM) ofthe MSM51C262 is organized as 256 wordsx4 bits per 

word. It is possible to load the SAM from two sources: the RAM and the external serial 1/0 

lines, SIOi. SAM has two operational modes, read and write (viewed externally). Mode changes 

were described in the previous section. 

When the SAM is in the read mode, data are first transferred from the RAM to SAM and 

then can be accessed serially via the SIOi lines beginning with any SAM address. The progres

sion of data output is from lower to higher numbered bits and addresses are module 256. 

When the SAM is in the write mode, data are captured into the SAM using the SIOi lines and 

can be written into a selected row in the RAM by a write transfer operation. 

Read/Write 

The SC pin is used as a 'shift clock' for the SAM port. Serial access is triggered by the rising 

edge of sc. When the SAM is in the write mode, the rising edge of SC causes data to be strobed 

into the selected cell of the SAM. In the read cycle, output data become valid after tSCA from 

the rising edge of SC and remain valid until the next cycle. The SAM address is automatically 

incremented by sc. 

TheSE pin is used as an output/input enable pin for the SAM. It does not, however, gate 

the SC signal and the SAM address counter for read or write operations will continue to 

increment regardless of the state of SE. 
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Real-time Read Transfer 

The MSM51C262 offers real-time read transfer between RAM and SAM. By using this 

feature, a continuous data stream can be generated even if the row address must be changed. 

No loss of timing is caused by this transfer. The data transfer from the RAM to SAM is triggered 

by the rising edge of DT/OE after the RASICAS cycle has set up the data to be transferred and 

the start address. New row data is available for SAM output after DT/OE returns to a high state 

in compliance with specification parameters tSDD and tSDH. SC should be applied continuously 

and DT/OE ti med from SC to achieve non-stop transfer. 

Write Transfer 

When the SAM has been placed into a write mode, and the required data have been 

captured via SIOi, the write transfer operation will cause the content of the SAM to be written 

into the selected RAM row. After the write transfer cycle has been completed, more data can 

be written to the SAM via SIOi. 

Power On 

After application of the Vee supply, an initial pause of 200 Ils is required followed by a 

minimum of 8 initialization cycles (any combination of cycles containing a RAS clock). Eight 

initialization cycles are required after extended periods of bias without clocks. An extended 

period of time without clocks is defined as one that exceeds the specified refresh interval. 

During Power On, the Vee current requirement of the MSM51C262 is dependent on the input 

levels of RAS and CAS. If RAS is Low during Power On, the device will go into an active cycle, 

and lee will exhibit current transients. It is recommended that RAS and CAS track with Vee or be 

held at a valid VIH during Power On to avoid current surges. 
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OKI semiconductor 
MSM514201 
1 ,048,S76-WORD x 1-81T SERIAL REGISTER 

GENERAL DESCRIPTION 
MSM514201 is a serial register in 1,048,576 words x 1 bit configuration featuring medium speed 
operation with low power consumption. 

MSM514201 has a built-in internal address generator circuit allowing continuous serial read/write 
operation by single external clock input. The internal address is automatically incremented or 
decremented by one by read/write operation. Address increment or decrement can be selected by 
external input. 

Address designation in units of 1024 words in the direction of words is possible by an external 
serial address input. 

A refresh timer and refresh counter are built in to eliminate the need of the external refresh circuit 
and to realize low power ocnsumption. 

The standard 300 mil 18-pin plastic LCC is used as the package and the operating temperature 
range is between O°C and 70°C. 

MSM514201 is best suitable for holding large capacity data with battery backup. As solid state 
recording and playback system can easily be realized by combination with OKl's voice synthesizer 
LSI, MSM6388. 

FEATURES 
• Configuration 
• Serial access operation 

• Low current consumption 
• Wide operating supply voltage range 
• Package 
• Refresh operation 
• Process 

PIN ASSIGNMENT (Top View) 

TEST 

CS 

NC 

SAD 

SAS 

o 

TAS vee TEST TEST 

1,048,576 x 1 bit 
Serial access time 3.0 lis 
Serial read/write cycle ti me 4.0 lis 
100 1lA max. (for data holding, Vec = 4.0V) 
Single 3.5 to 5.SV 
18-pin PLCC 
Self-refresh (refresh-free) 
1.2 lim standard N well CMOS process 

1 Data input 
2 Write enable 
3 Test input 
4 Chip select 
5 No connection 

TEST 6 Serial address data 

AUlD 
7 Serial address strobe 
8 Transfer address strobe 

NC 9 Power supply ( + 5V) 
10 Test input 

RweK 11 Test input 
12 Test input 

TEST 13 Read/write clock 
14 No connection 
15 Address up/down select 
16 Test input 
17 Data output 
18 Ground (OV) 

HI 
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FUNCTIONAL BLOCK DIAGRAM 

i-r--...... OTEST 

+-r--O vcc 

SAD ~ VBB I 
J 

., ., Jz... Generator 

-
~ 

Sin UfO ~V" 
Address X-address M X u 

'--~.--o Register Counter I A 1 
dd 

0-- C ::::; I~l 
d r e 1,048,576 

Pout 1C:: ; c 'c:: va Data Register 110 
1 • ed r-(:: Control • ! r • , r 

.--0 --. Load e f -t: I-; r 
Clock Clock '--,----

DIN 

AUlD 

DOUT 

t '( H --t>fv -decoder/sense Amp r-
+ --

Refresh lJ ~,.... 
.I Counter ~ .--0 Timing ir:::=... Write 

"I Generator UfO 
Clock 

V-address Counter Generator 

RWCK WE 

Reset Clock 
Clock -----;r-

TEST 

Refresh 'I 
Timer 

TEST 

()-{; 

ELECTRICAL CHARACTERISTIC 

Absolute Maximum Ratings 

Parameter Symbol Conditions Rating 

Terminal voltage Vr Ta = 2S·C, relative to Vss -1,0-7,OV 

Output short-circuit current los Ta =2S·C SOmA 

Power dissipation Po Ta =2S·C 1W 

Operating temperature Top - 0-70·C 

Storage temperature Tstg - - S5-1S0·C 

Recommended Operating Conditions 

(Ta= 0-70·Q 

Parameter Symbol MIN TYP MAX Unit 

Terminal voltage Vee 3.5 4.5 5.5 V 

Terminal voltage Vss 0 0 0 V 

"W input voltage V1H Vee- O.S Vee Vee + 0.5 V 

.. L n input voltage VIL -0.5 0 0.5 V 
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DC Characteristics 

(Vee = 3.5V-5.5V, Ta = 0-70·C) 

Parameter Symbol Conditions MIN MAX Unit 

"W output voltage VOH IOH = -0.5mA Vee- 0.5 - V 

"L" output voltage VOL IOL=0.5mA - 0.4 V 

Input leakage current II L VI = OV-Vec -1 1 llA 

Output leakage current IOL Vo=OV-Vee -1 1 }lA 

Supply current ICCl Vee = 4V, tRe = 4}ls - 5 mA 
(in operating state) 

Supply current ICG Vee=4V - 100 }lA 
(in standby state) 

AC Characteristics 

(Vee=3.5V-5.5V, Ta=0-70·C) 

MSM514201 
Parameter Symbol Unit 

MIN. MAX. 

Refresh cycle tREF - - ms 

Read/write cycle time tRWC 4,000 - ns 

Access time tAee - 3,000 ns 

Output turn off delay time tOFF 0 50 ns 

Input signal rise/fall time tT 3 50 ns 

RWCK precharge time tRWP 1,000 - ns 

RWCK pulse width tRw 3,000 10,000 ns 

SAS cycle time tsse 100 - ns 

SAS pulse width tSAS 50 - ns 

SAS precharge ti me tSAP 50 - ns 

Address setup time tAS 0 - ns 

Address hold time tAH 50 - ns 

TASsetuptime tATS 50 - ns 

TASto RWCK setup time tTRS 50 - ns 

TAS pulse width tTAS 50 - ns 
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AC Characteristics (Continued) 
(Vcc=3.5V-5.5V, Ta=0-70°C) 

MSM514201 
Parameter Symbol 

MIN. MAX. 
Unit 

Read command setup time tRRS 0 - ns 

Read command hold time tRRH 250 - ns 

Write command setup time tWRS 0 - ns 

Write command hold time tWRH 50 - ns 

Write command pulse width twp 50 - ns 

Write command to RWCK lead tRwl 50 - ns 
time 

Data setup time tos 0 - ns 

Data hold time tOH 50 - ns 

RWCK to WE delay time tRWO 100 - ns 

AUlD setup ti me tuos 0 - ns 

AUlD hold time tUOH 50 - ns 

AUlD to TAS setup time tUOTS 0 - ns 

ReadlWrite/Read Modify Write Cycle 

AUlD 

SAS 

SAD 

TAS 

WE 

DIN 

DOUT-----------------~~----------~ 
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Address Up/Down Select Mode 

CS ~~)----------~~.~)----------~)'~r----------------~r~h~----------
(( » (( » 

iRslJ 
~~-----:)'T-: -

TAS 

cc (( cc » » JJ 

AUlD 
(( 
) ) 

DOUT _______ -'r,>~ ~--__< 

XnYO XnYl023 Xn+ 1V1 XmYl023 XmYl Xm-1Yl023 
XnYl Xn + lVO XmYl022 XmYO 

PIN FUNCTIONS AND OPERATION MODES 

Serial Address Input (SAD) 

Pin for inputting the readlwrite starting address-Designation in units of 1024 words is possible. 

The 1,024 address data can be input as 1 O-bit (AO-A9) serial data from the SAD pin. 

Serial address strobe (SAS) 

Pin for the clock used to store the serial address data into the internal register. 

Address transfer strobe (TAS) 

Input pin for setting the serial address data stored in the address register to the internal address 

counter. 

When the TAS falls, and the Y address is set to address 0 in the increment mode orto address 

1023 in the decrement mode. 
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Read/write clock (RWCK) 

Input pin for the data register information readlwrite clock. 

Internal operation starts at the following edges of RWCK. The information in the data register 

is output tothe DOUT pin in the read mode, and the information at the DIN pin is written into 

the data register in the write mode. The internal address counter is automatically incremented 

or decremented also when RviiCi( falls. 

Write enable (WE) 

Input pin for selecting the read mode, write mode or read modify write mode. 

The read mode is set when WE is "H", and the write mode is set when WE is "L H. When WE falls 

from "HH to HL" while RWCK is active, the read modify write mode is set. 

Data input (DIN) 

Input pin for write data. 

The information at the data input pin is stored at the falling edge of RWCK in the write mode, 

and at the falling edge of WE in the read modify write mode. 

Data output (DOUT) 

The data output pin is always in kept in the high impedance state when RWCK or CS is kept at 

"H". When "HH or "L H information isread in the read operation, the output pin is setto "H" or 

"L H and holds the read information until RWCK is again set to· H". In the early write mode the 

output pin maintains the high impedance state, so 110 common operation by connecting DIN 

and DOUT is possible. 

Address up/down select (AUlD) 

Input pin for selecting the direction of automatic address updating. 

When the TAS signal is input with the AUlD pin set to "H", the internal address counters are set 

to the externally set address for X and to address 0 for Y. Then the address is incremented by 1 

every time RWCK is input. 

When the TAS signal is input with the AUlD pin set to "L", the internal address counters are set 

to the externally set address in the same way for X but set to address 1 023 for Y. Then the 

address is decremented by 1 every time RWCK is input. In either case, the X address is 

automatically incremented or decremented by 1 when read/write operation for 1024 words 

ends. The AUlD pin setting change is possible in any readlwrite cycle so long as the timing 

specifications for tUDS, tUDH are satisfied. 

Chip select (C5) 

Input pin for disabling all input and output pins. This pin enables parallel use of multiple 

MSM514201s by connecting the data input and output pins. 
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0"> 
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1. DYNAMIC RAM (1 /5) 

Struc- Total Or- Num.:' 

ture Bit gani- ber of Oki 
zation Pin 

MSM3764A-12 

65536 120 f P.J 
NMOS 64k xl 16/18 

MSM3764A-15 

150 I P.J 

MSM41256A-l0 

100 I P_J 

262144 MSM41256A-12 
NMOS 256k xl 16/18 

120 I P.J 

MSM41256A-15 

150 I P.J 

MSM41257A-l0 

100 I P.J 

MSM41257A-12 

120 I P.J 

MSM41257A-15 

1501 P.J 

~ 

Hitachi Intel Texas 

HM4864A-l TMS4164A-12 

120 I P.G 120 I P.C 

HM4864A-2 TMS4164A-15 

150 I P.G 150 I P.C 

HM50256-12 TMS4256-12 

120 I P.G 120 I P 

HM50256-15 TMS4256-15 

150 I P.G 150 I P 

HM50257-12 TMS4257-12 

120 I P.C 120 I P 

HM50257-15 TMS4257-15 

1501 P.C 150 J P 

(Note) 

Motorola 

--
MCM6665A-12 

120 I C 

MCM6665A-15 

150 I C 

MCM6256-10 

100 -r P.C 

MCM6256-12 

120 I P.C 

MCM6256-15 

150 I P.C 

MCM6257-12 

120 I P.C 

MCM6257-15 

150 1 P.C 

Type No. 

Package Material 

'-------Access Time (ns) max. 
P: PLASTIC J: PLCC 
G: CERDIP YS: SIMM 
C: SIDE-BRAZED KS: SIMP 

NEC Toshiba Mitsubishi Fujitsu 

_._---e-------1---------\--- - _._------

~PD4164A·4 TMM4164A-2 M5K4164A-12 MB8264A-12 

120 I P.G.C 120 1 P 120 I P.C 1~~--":~_ 
~PD4164A-3 TMM4164A-3 M5K4164A·15 MB8264A-15 

150 I P.G.C 150 I P 150 I P.C 150] P.G_ 

MB81256-10 

-~---

~~--;--
I-- ._.---

~PD41256-12 TMM41256C-12 M5M4256S-12 MB81256-12 

120 I P.G.C 120 I P.G 120 I P.C 120 I P 

~PD41256-15 TMM41256C-15 MSM4256S-15 MB81256-15 

150 I P.G.C 150 I P.G 150 I P.C 150 I P 

~PD41257-10 MB81257·10 

100 1 P.C 100 I P.C 
-

~PD41257-12 TMM41257-12 M5M41257·12 MB81257-12 

120 I P.C 120 I P.C 120 I P.C 120 I P.C 

~PD41257-15 TMM41257-15 M5M41257-15 MB81257-15 

150 1 P.C 150 J P.C 150 I PC 150 I P.C 
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1. DYNAMIC RAM (2/5) 

Struc· Total Or· Num· 
gani- berof Oki 

ture Bit zation Pin 

MSM41464-10 

100 I P.J 

65536 MSM41464-12 
NMOS 256k x4 18 

120 I P.J 

MSM41464-15 

150 I P.J 

MSM51C256·8 

CMOS 256K 262144 16(P) 80 I P.J 
xl 18(J) 

MSM51 C256·1 0 

100 I P.J 

MSM5110()()'10 

1048576 18(P) 100 I P.JZ 

x I 20(J) MSM5110()()'12 20(Z) 

CMOS 1M 
120 I P.JZ 

MSM511oo1·10 

100 I P.JZ 

MSM511001·12 

~ -- ----
120 I P.J.Z 

Hitachi Intel 

HM50464p·l0 

100 I P.J 

HM50464p·12 

120 l P.J 

HM50464p·15 

150 I P.J 

HM5110()()'10 

100 I p 

HM511000·12 

120 I P 

HM51100,.,2 

120 I P.J.Z ~_~ ____ ~_ 

Texas Motorola NEC Toshiba 

"P041464C·l0 

100 1 P.J 

"PD41464C·12 TMM41464P·l 

1201 P.J 120 1 PJ 

"PD41464C·15 TMM41464P·15 

150 j P.J ISO 1 P.J 

TMS4C 1 024.1 0 TC51 1000·10 

100 I P 100 1 P 

TMS4CI024·12 TC511oo0·12 

120 I P 120 ] P 

TMS4Cl025·10 TC51 1001·10 

100 I P 100 J P 

TMS4CI025·12 TC511oo1·12 

'20Lp 120 J P 

Mitsubishi 

M5M4ClooO·l0 

100 I p 

M5M4ClooO·12 

120 I P 

M5M4Cl00,., 0 

100 I P 

M5M4Cl001·12 

120 J P 

Fujitsu 

MB81464·10 

100 I P.J 

MB81464·12 

120 I P.J 

MB81464·15 

150 I P.J 

MB81CIOOO·IO 

100 I P 

MB81Cl000·12 

120 I P 

MB81ClOOI·10 

100 I P 

MB81Cl001·12 

120 1 P 
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1. DYNAMIC RAM(3/5) 

Struc- Total Or- Num-
ture Bit gani- ber of Oki 

zation Pin 

18(P) MSM511002-10 

1,048,576 100 I P.J.Z 

Xl 20(J) MSM511002-12 

20(Z) 120 I P.J.Z 

MSM514256-10 

100 I P.J.Z 

MSM514256-12 

262,144 120 I P.J.l 

x4 20 
MSM514258-10 

100 I P.J.Z 

MSM514258-12 

120 I P.J.Z 

MSM514221-3 

25 I PG 
CMOS 1M 262,263 16 x4 MSM514221-6 

30 I PG 

MSM511 000A-80 

80 I P.J.Z 

MSM511000A-1O 

100 I P.J.Z 

MSM511001A-80 
18(P) 

80 I P.J.Z 1,048,576 20(J) xl MSM511 001 A-I 0 
20(Z) 

100 I P.J.Z 

MSM511002A-aO 

80 I P.J.l 

MSM511002A-l0 

100 I P.J.Z 

E3 

Hitachi 

HM511002-10 

100 I P 

HM511002-12 

120 I P 

HM514256-10 

100 I P 

HM514256-12 

120 I P 

HM514258-10 

100 I P 

HM514258-12 

120 I P 

HM511000A-8 

80 I P.JP.ZP 

HM511000A-l0 

100 I PJP.zp 

HM511001A-8 

80 I P.JP.zP 

HM511001A-l0 

100 I P.JP.zP 

HM511002A-8 

80 I PJP.zp 

HM511002A-l0 

100 I P.JP.zP 

I Intel Texas Motorola NEC Toshiba 

TMS4Cl027-10 TC511002-10 

100 I P 100 I P 

TMS4Cl027-12 TC511002-12 

120 I P 120 I P 

TC514256-10 

100 I P 

TC514256-12 

120 l P 

TC514258-10 

100 I P 

TC514258-12 

120 I P 

TMS4C 1 050-3 

25 I PG 

TMS4C 1 050-6 

50 I PG 

pPD421000-80 TC511000A-80 

80 ICLA.V 80 I PJZ 

pPD421 000-1 0 TC511000A-l0 

100 IC.LA.V 100 I P.J.Z 

pPD421001-80 TC511001A-80 

80 IC.LA.V 80 I PH 

pPD421001-10 TC511001A-l0 

100 IC.LA.V 100 I P.J.Z 

pPD421002-80 TC511002A-80 

80 IC.LA.V 80 I P.J.Z 

pPD421 002-1 0 TC511002A-l0 

100 IC.LA.V 100 I P.J.Z 

Mitsubishi 

M5M4Cl002-10 

100 I P 

M5M4C 1 002-12 

120 I P 

M5M44C256-10 

100 I P 

M5M44C256-12 

120 I P 

M5M44C258-10 

100 I P 

M5M44C258-12 

120 I P 

M5M41000A-8 

80 I PJL 

M5M41000A-l0 

100 I P.J.L 

M5M41 001 A-8 

80 I PJL 

M5M41001A-l0 

100 I P.J.L 

M5M41002A-8 

80 I PJL 

M5M41 002A-l 0 

100 I PJL 

Fujitsu 

I 

MB81Cl002-10 I 

100 I P 
I 

MB81Cl002-12 

120 I P 
I 

MB81 C4256-1 0 

100 I P 

MB81 C4256-12 

120 I P 

MB81 C4258-1 0 ' 

100 I P I 

MB81 C4258-12 

120 I P 
, 

! 

! 

I 

MB81 Cl000-80 ! 

80 I CP ! 

MB81Cl000-l0 

100 I C.P 

MB81Cl001-80 

80 I C.P , 

MB81Cl00l-l0 

100 I CP , 

MB81Cl002-80! 

80 I C.P ! 

MB81Cl002-10 I 

100 I C.P I 
I 
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1. DYNAMIC RAM (4/5) 

Struc- Total Or- Num-
ture Bit gani- ber of Oki 

zation Pin 

MSM514256A-80 

80 I P.J.Z 

MSM514256A-l0 

CMOS 1M 262,144 20 
100 I P.J.z 

x4 MSM514258A-80 

80 I P.J.Z 

MSM514258A-l0 

100 I P.J.Z 

MSC2304-10 

100 I YS.KS 

262,144 MSC2304-12 
2048k X8 30 

120 I YS.KS 

MSC2304-15 

150 I YS.KS 

MSC2304-10 

100 I YS.KS 

262,144 
MSC2304-12 

x9 30 
120 I YS.KS 

NMOS 
MSC2304-15 

2304k 
150 I YS.KS 

MSC2307-10 

100 I YS.KS 

262,144 
MSC2307-12 

x8 30 
120 I YS.KS 

MSC2307-15 

150 I YS.KS 

264,144 
MSC2307-10 

2304k x9 30 
100 IYS.KS 

Hitachi Intel Texas Motorola NEC 

HM514256A-8 pPD424256-80 

80 I P.JPZP 80 IC.LA.V 

HM514256A-l0 pPD424256-10 

100 I P.JPZP 100 IC.LAV 

HM514258A-8 pPD424258-80 

80 I P.JPZP 80 IC.LA.V 

HM514258A-l0 pPD424258-10 

100 I PJPZP 100 IC.LA.V 

HM561003-12 

120 I YS.KS 

HM561003-15 

150 I YS.KS. 

- - - - -

Toshiba Mitsubishi 

TC514256A-80 M5M44256A-8 

80 I P.J.Z 80 I P.J.L 

TC514256A-l0 M5M44256A-l0 

100 I P.J.Z 100 I P.J.L 

TC514258A-80 M5M44258A-8 

80 I P.J.Z 80 I P.J.L 

TC514258A-l0 M5M44258A-l0 

100 I P.J.z 100 I P.J.L 

MH25609-12 

120 I YS 

MH25609-15 

150 I YS 

Fujitsu 

MB81 C4256-80 

80 I CP 

MB81 C4256-1 0 

100 I CP 

MB81 C4258-80 

80 I CP 

MB81 C4258-1 0 

100 I CP 

I 
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1. DYNAMIC RAM (5/5) 

Struc- Total Or- Num-
ture Bit gani- ber of Oki 

zation Pin 

MSC2307-12 

NMOS 2304k 262,144 30 
120 I YS.KS 

X9 MSC2307-15 

150 I YS.KS 

MSC2313-10 

8M 1,048,576 30 
100 I YS.KS 

x8 MSC2313-12 

CMOS 
120 I YS.KS 

MSC2312-10 

9M 1.048,576 30 
100 I YS.KS 

x9 MSC2312-12 

, - - ------
120 I YS.KS 

-.J 

::;; 

E] 

Hitachi Intel Texas Motorola NEC Toshiba Mitsubishi Fujitsu 
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2l 2. STATIC RAM 

Organi- Number ---Structure Total Bit 
zation of Pin 

Oki Hitachi NEC 

MSM5165A-l0 HM6264-10 I'PD4364-10 

100 I P 100 I P 100 I P 

8192 MSM5165A-12 HM6264-12 I'PD4364-1 2 

x8 
28 

120 I 120 I P 120 I P P 

MSM5165A-15 HM6264-15 I'PD4364-1 5 

150 I P 150 I P 150 I P 
64k 

MSM5188-45 HM6288-45 I'PD4362-45 

45 I P 45 I P 45 I P 

16384 MSM5188-55 I'PD4362-55 
CMOS 

x4 
22 

55 J 551 P P 

MSM5188-70 I'PD4362-70 

70 I P 70 I P 

MSM51257L-85 HM62256-85 I'PD43256-85 

85 I P 85 I P 85 I P 

32768 MSM51257L-l0 HM62256-10 I'PD43256-10 
256k 

x8 
28 

100 I 100 I 100 I P P P 

MSM51257L-12 HM62256-12 I'PD43256-12 

120 I P 120 I P 120 I P 

MSM51256-10 

Full 32768 100 I P 
256k 

x8 
28 

CMOS MSM51256-12 

120 I P 

Toshiba Mitsubishi Fujitsu 

TC5565-10 M5M5165-10 MB8464-10 

100 I P 100 I P 100 I P 

TC5565-12 M5M5165-12 

120 I P 120 I P 

TC5565-15 M5M5165-15 MB8464-15 

150 I P 150 I P 150 I P 

M5M5188-45 

45 I P 

M5M5188-55 

55 I P 

TC55257-85 M5M5256-85 

85 I P 85 I P 

TC55257-10 M5M5256-10 MB84256-10 

100 I P 100 I P 100 I P 

TC55257-12 M5M5256-12 MB84256-12 

120 I P 120 I P 120 I P 

TC55256-10 

100 I P 

TC55256-12 

120 I P 

SONY SHARP 

CXK5864-10 

100 I P 

CXK5864-12 

120 I P 

CXK5864-15 

150 I P 

CXK5464-45 

45 I P 

CXK5464-55 

55 I P 

CXK5464-70 

70 I P 

CXK58256-10 

100 I P 

CXK58256-12 LH52256-12 

120 I P 120 I P 

Motorola 

MCM6064-10 

100 I P 

MCM6064-12 

120 I P 

MCM60256-85 

85 I P 

MCM60256-10 

100 I P 

MCM60256-12 

120 I P 
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3. MASK ROM 

Struc~ Total Or- Num-

ture Bit geni ber of Oki Fujitsu Hitachi 
zation Pin 

8192 MSM3864 
64K x8 28 

250 I P 

16384 MSM38128A 
128k x8 28 

250 I P 
NMOS 

MSM38256A 

32767 150 1 P 
256k 28 x8 

MSM38256 

250.1 P 

32767 MSM53256 MB83256 HN623257 
256k x8 28 

150 I 250 1 150 I P P P 

MSM531000 MB831000 HN62321 
28 

250 1 150 j 150 I 131072 P P P 
1M x8 

MSM531OO1 HN62321A 
32 

200 I 150 I P P 

CMOS MSM534oo0 MB834100A 

262144 
200 j P 200 J P 

4M 40 
x16 

MSM53400A MB834100A 

150 I P 200 I P 

524288 MSM534oo1A MB834000A HN62304B 

x8 32 
150 I 200 I 200 I P P P 

262144 MSM534002A MB834200A HN62404 
-..J 
-..J x 16 or 40 

150 I 200 I 200 I 524288 x 8 P P P 

13 

Matsushita Mitsubishi NEC 

M5M2364 /LPD2364E 

250 I P 200 I P 

MN23128 M5M23128 /LPD23128A 

200 I P 250 I P 200 I P 

/LPD23256A 

200 1 P 

MN23257 M5M23256 /LPD23256 

200 1 P 200 J P 250 1 P 

/LPD23C256E 

150 I P 

MN231000 M5M23Cl00 /LPD23Cl0oo 

250 j P 150 I P 200 I P 

/LPD23Cl 001 E 

200 I P 

MN234002 M5M23C401 /LPD23C4oo1E 

200 I P 250 I P 250 I P 

MN234000 M5M23C400 /LPD23C40ooA 

200 I P 250 I P 200 I P 

Suwaseiko Sharp 

LH2369 

200 I P 

LH23126 

200 I P 

LH23257 

200 I P 

SMM6325 LH53257 

250 J P 250 I P 

SMM23100 LH531OO0 

450 J P 250 1 P 

LH530800 

150 I P 

LH534300 

150 I P 

LH534500 

150 I P 

Toshiba 

TMM2365 

200 I P 

TMM23128 

200 I P 

TMM23256 

150 1 P 

TC53257 

150 I P 

TC531000C 

150 I P 

TC531OO1C 

150 I P 

TC53400F 

200 I P 
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CROSS REFERENCE 

4. EPROM 

Struc- Total Organi-

ture Bit zation 

64K 8192x8 

128K 16384x8 

NMOS 

256K 3276Bx8 

512K 65S36x8 

256K 32768x8 

CMOS 

256K 32768x8 

Num· 
berof 

Pin 

28 

28 

28 

2B 

28 

2B 

Oki 

MSM2764A 

120 

I G 

150 
200 
250 

MSM27128A 

120 

I G 
150 
200 
250 

MSM27256 

120 

I G 

150 
200 
250 

MSM27512 

120 

I G 

150 
200 
250 

MSM27056 

100 

I G 

120 
150 
200 

MSM27C2S6H 

55 I G 70 

Hitachi Intel AMD 

HN482764 i2764A Am2764 

200 

I G 

200 

I G 

200 

I G 250 250 250 

HN4827128 i27128A Am21128A 

I G I G I G 

200 200 150 

250 250 200 

HN272S6 ,27256 Am272S& 

200 

I G I G I G 
250 250 

250 

HN27512 i27512 AmZ7512 

250 I G 
250 I G 

250 I G 

HN27C256 i27C256 

I G I G I 
200 

250 
250 

HN27C256H 

70 I G I I 85 

ATMEL WSI NEe Toshiba 

pPD2764D TMM2764AD 

I G 

200 150 

250 
G 

200 

pPD27128D TMM27128AD 

I G 

200 
G 

150 

250 200 

ppD27256AD TMM27256AD 

I G 

200 150 
G 

250 200 

TMM27512D 

150 I G 200 

AT27C256 PPD27C256AD TC57256AD 

120 120 

I G 

150 120 
170 G 150 G 
200 200 150 

AT27HC256 WS57C256F 

55 

I 70 G 70 G 

90 

Mitsubishi 

M5L2764K 

I G 

200 

250 

M5L27128K 

I G 

200 

250 

M5L27256K 

150 

I G 
200 
250 

M5L27512K 

250 I G 

M5M27C256K 

120 

I G 
150 
250 

I 

Fujitsu 

MBM2764 

I G 

200 

250 

MBM27128 

I G 

200 

250 

MBM27256 

I G 

200 

250 

M8M27512 

250 I G 

MBM27C2S6A 

150 

I G 
200 
250 

i 
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EPROM 

Struc- Total Organi· Num-

ture Bit zation berof Oki Hitachi Intel 
Pin 

MSM271000 HN27C101G il701Q 
131072 

32 120 I G 

170 

I G I G Z 
x8 150 200 200 

200 250 
1M 

MSM271014 
HN27Cl024H i2721Q 

CMOS 65536 
MSM27Cl024 

40 120 

I G 

85 I G I G 
x16 150 150 

200 100 

MSM27C2000 
262144 

32 100 

I G I I x8 120 

CMOS 2M 
150 

MSM27C2Q48 
131072 

40 120 

I G I I x16 150 
200 

-.J 
-.J 
'-"' 

E3 

AMD ATMEL WSI NEe 

Am27C010 IlPD27Cl001D 

150 I G I I 
120 I G 

170 150 

200 200 

Am27Cl024 AT27Cl024 .... 027Cl0240 

200 

I G 

150 

I G I 
150 I G 

250 170 
300 200 200 

I J I I 

I I I I 

Toshiba Mitsubishi 

TC5710DOD MSM27Cl01 

150 I G 

120 

I G 
150 

200 200 

TCS71Q240 MSM27C102 

150 I G 

120 

I G 
150 

200 200 

MSM27C201 

I 
100 

I G 
120 
150 

M5M27C202 

I 
100 I G 
120 
150 

Fujitsu 

M8M27Cl001 

150 I G 
200 
250 

MBM27Cl024 

150 

I G 
200 
250 

I 

I 
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-.J ..,.. 5. E2PROM (SERIAL) 

Struc- Total Or- Num- ASAHI gani- ber of Oki 
ture Bit zation Pin KASEl 

128 MSMl6811 AK93C46 
x8 

250 I P 250 I P 
CMOS 1k or 8 

MSM16911 
64 
x16 250 I P 

CMOS 

256 
MSM16812 AK93C56 

x8 
250 I P 250J P 

2k or 8 

128 x MSM16911 

16 250 I P 

6. E2PROM 

Struc- Total 
Or- Num-

Bit 
gani- ber of Oki XICOR 

ture zation Pin 

MSM28C16A X2816A 

16k 2048 24 
200 I x8 150 I P 250 P 200 300 

CMOS 
MSM28C64A X28C64 

64k 8192 
28 120 I 

150 1 P 
x8 150 P 

1 200 I 

HYUNDAI GI NS CATALYST 

HY93C46 NMC9346 CAT93C46 

250 I P 250 I P 250 I P 

ER5911 CAT59C11 

250 I P 250 I P 

CAT35C102 

250 I P 

ER5912 CAT35C202 

250 J P 250 I P 

SEEQ ATMEL CATALYST Hitachi 

2816A CAT28C16A 

250 I 300 P 150 I P 
350 

200 

28C64 AT28C64 CAT28C64A HN58C65 

2501 
150 J 150 J 

250] P 300 P 200 - 200 P 
350 250 250 

EXEL ICT 

LX93C46 93C46 

250 I P 250 I P 

NEC Fujitsu 

I'PD28C64C MBM28C64 

200J P 250 2501 P 350 

SEIKO 

S-2914R 

250 I P 

S-2911 R 

250 I P 

S.-2924R 

250 I P 

S-2921R 

250 I P 

Mitsubishi 

M5M28C64AP 

150 I 200 P 

ROHM 

BR93C46 

250 I P 

BR93C56 

250 I P 

intel 

2864 A 

200 I 250 P 
350 
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7.0TP 

Struc- Total Organi- Num-

ture Bit zation 
berof Oki Hitachi 

Pin 

M5M2764AZB 

64K 8192 x8 2B 

I P I ISO 

MSM27128AZB HN27128AP 

128K 16384x8 28 

I P I p 
150 200 

NMOS 

MSMznS6ZB HN27256P 

256K 32768x8 28 

I P I P 
170 250 

MSM27512Z8 HNZ7512P 
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170 I P I P 
250 
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TMM24512AP M5M27512P 

200 I P I P 
2S0 

250 

TC54256AP MSM27C256P 

200 I P 
200 I P 

TCS41000P MSM27Cl00P 

200 I p 
200 I p 

MSM27C102P 

I 200 I p 

Fujitsu 

I 

I 

I 

I 
MBM27C256AP 

200 I P 

I 

I j 
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CMOS RAM BATTERY BACK-UP 

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

1. System power and battery switching 
circuit 

The simplest RAM power supply ICMOS Vcc) is out· 
lined in Fig. 1. In this case, the CMOS Vcc for normal 
operation is kept at a voltage O.7V below the system 
voltage by the voltage drop across a diode Iforward 
direction). 

System 
battery 

Fig. 1 

Battery 

Fig. 2 is an example of use of a chargeable Ni·Ca battery 
as the back·up battery. While the system power is being 
employed, the Ni·Ca battery is gradually charged up via 
Rc. As in Fig. 1, the diode voltage drop also poses a 
probl em in this ci rcu it. 

System 
battery 

D2 loptional) 
r--~--, 

_~T-TTLVCC 
CMOS Vcc 

D1 
Rc 

-=- N i·Ca battery 

I 

Fig. 2 

The conditions for formation of non·volatile data Idata 
retention) by battery back-up are listed below. 

11)' The input signal H level must not exceed Vcc + 
O.3V when the CMOS RAM Vcc power voltage is 
dropped. 

(2) CE lor CS) must maintain CMOS Vcc "H" level. 
13) In order to minimize power consumption, WE, 

AD, DIN lor I/O) must be se~ to GND level or to 
the same "H" level as CMOS Vcc. IThis is not 
necessary, however, for CMOS RAMs with chip 
select floating capability). 

Note: CS floating capability 
Power down possible irrespective of other input 
levels when memory has not been selected Ii.e. 
when CS = H). 

Consequently. if the TTL Vcc level is greater than the 
CMOS RAM supply voltage, and the RAM driver is at 
the TTL Vcc level. the CMOS RAM input voltage will 
exceed CMOS Vcc + O.3V la situation which must be 
avoided)' Therefore, in order to reduce the voltage 
difference between CMOS Vcc and TTL Vcc with the 
battery voltage set to at least 4.5V or 4.75V Idue to 
the RAM operating supply voltage range), the D2 diode 
may be added to abtain a system voltage level at least 
O.7V above 4.5 - 4.75V Iwhich will keep CMOS Vcc 
and TTL Vcc within the respective CMOS and TTL 
operating supply voltage ranges). 
To cope with (1) and 13), a CMOS driver which will also 
operate at a low voltage Vcc during data hold may be 
employed, or else, the open collector and open drain 
buffer may be pulled up to CMOS Vcc in order to drive 
the RAM. 
A control circuit for coping with (2) when an abnormal 
system power supply is detected is also required. 

2. Switching Circuit Modifications 
Modification of the diode switching circuit can employ 
PNP trans,istors. Voltage drops by PNP transistor VCE 
are smaller by about O.2V, and this can lead to the 
generation of a system "power fail" signal. 

System ... jf--_-..-___ 2,N36r3_8~.__-_+ 
TTL 
Vcc 

battery +1 V-
3.9V Rc f Option 

1!J.-r 470 
1N914 -
1K 1 2N222~ 

Fig. 3 

Fig. 3 outlines a switching circuit employing a PNP 
transistor. The Rc used when a chargeable battery is 
employed is replaced by a diode when a non·chargeable 
battery is used. In this case, switching occurs at the 
zener diode voltage, so "power fail" must be detected 
by another circuit, and CE set to CMOS Vcc "high" 
level. 
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• APPLICATIONS •• -----------------------

Figs. 4 and 5 are examples of circuits capable of generat· 
ing a POWER FAI L output signal. In these circuits, the 
C2 capacitance must be rather large, the important 

point being the need for a smooth gradual change in 
CMOS Vcc when the system power is cut. See next page 
for fu rther detai Is. 

780 

TTL Vcc 

System a, 
CMOS Vcc 

battery c,i+ ~R, ~l Rc --l +1 c. 
0 , : 2N2907 or 2SA495 
Q2 : 2N2222 or 2SC372 

Inm R. R.-:i R, : 10K 

0, ~-D'l R3 : lK R2 : 100 
POWER Rs : 500 R4 : 47K 
FAIL R, 0 , : 3.6V Re :200 

0"- Ni-Cad: 3.6V • R,l, (70mAH) 

"*' 

Fig. 4 

r-------.... POWER FAIL signal 

r-----.,------r--1---------i~ TTL Vcc or system Vcc 

System ..... _-+_=.;,: 
battery 

:;:..:'--+---.,.---1---1--.,------1---+ CMOS Vcc 

Fig. 5 

5V 

-=- Battery 

13V CE~3V 

CT = C2 + (another decoupl ing capacitor) GNO 

Fig. 6 

-=- Ni-Cad 
1500mAH 

4.5V~Oetermined by CT 

'1------- Example. 
3V ~2.0V 

t = 0 

2.5V 

"'j-______ CMOS Vec 

-0.1 - 0.2V 
~ 1.5V 



-----------------------.APPLICATIONS. 

3. Data Retention Mode 

The RAM driver (peripheral circuit) is determined 
according to conditions (1) and (3) required for data 
retention. In Oki Electric CMOS RAMs, the power 
voltage during data retention is kept at a minimum of 
2.0V. The CE (or CSl voltage at this time has to be kept 
at about Vcc -O.2V. And as was mentioned earl ier, the 
CMOS Vcc must drop smoothly when the system power 

is cut until it reaches the power voltage for data reten
tion (practically equivalent to the battery voltage, or 
else reduced by the diode voltage drop). And although 
CE traces the slope of CMOS Vee reduction at this time, 
a smooth change in CE is also a necessary condition for 
actual circuits. 
(4) When switching to retention mode, or from reten
tion mode to operation mode, CE must exhibit a 
smooth change. If noise is generated in CE in this case, 
the data will be subject to rewriti ng. 

Operation mode j- Data retention mode 
OMOS Vcc 5V ±10% 

CE input VTH = Must be free of noise 
Vcc - 2.0V (RAMP waveform) 

(MIN) , I -'::::F, =====~~====::::::2.0V (MIN) 

I 'F Vcc-O.2V Other inputs VIL = , t 
O.8V(MGAN~-----Jt----.r: ______ ~ _____ O.5V(MAX) 

t = 0 May be longer 

Fig. 7 

(5) When switching to operation mode, commence 
operation after elapse of tRC (read cycle time) following 

Vcc reaching the operating power voltage range. 

Data 
retention --1 
mode I 

Operation 

.A-_____ +_....:..:m=od=e~ CMOS Vee = 5V ±10% 

L~---~,--------VIH=Vee-2.0V 
CMOS Vee , ' I 2.5V = 1/2Vee (MIN) 

CE I ' ' 
, j I I CE VIL = O.8V (MAX) 

GND-----~----~~-----J-----GND 

May be longer tRC min. 

Fig. B 
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4. Interfacing 

A) TTL Interface 
In the case of CMOS RAM drive by TTL, use an open
collector type TTL according to conditions (1) and (31. 

TTL Vcc CMOS Vcc 

----I 1K 
I 
1 

r-~I~----~--~IN 

I CMOS 
I RAM 
I ________ .J 

When the system power line (i.e. TTL Vcc) is cut, the 
open-collector TTL 02 in Fig. 9 is turned off, followed 
by 01 also being turned off, resulting in the CMOS 
RAM input being pulled-up to CMOS Vcc. 

Switching CirCUir 
r I 

System power line 
or TTL Vee 

Fig. 9 

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

(6) In order to minimize the consumption current 
during data retention, all inputs except CE (or CS, this 
being designated as either "high" or "low") must be 

--- f ~ r-"l-l 
1 ~ .... 1 

,..: 
1 ';' 

I 
, 

1 '" I 

L -;;:-1 

mai ntai ned at either G N 0 or CMOS Vee. (Th is does 
not apply, however, for CMOS RAMs equipped with CS 
floating function), 

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

1 CMOS Vee 

Vcc 

CMOS 
RAM 

,J" 

Fig. 10 

5. Miscellaneous 
In order to further reduce power consumption during 
data retention by even a small margin, the use of aMOS 
FET as the transistor generating the POWER FAIL 
output signal is recommended. This is in order to 
prevent flow of current from the 14kn resistor. 
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APPLICATION NOTE OF KANJI GENERATION 
MASKROM 

1. KANJI GENERATION MEMORIES 

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

MSM38256-19 

I 4 J IS standard No.1 15 x 16 OKI gothic 
MSM38256-22 

MSM38256-32 

I 4 J IS standard No.2 15 x 16 OKI gothic 
MSM38256-35 

256K bits 
MSM38256-10 

JIS new standard I 9 
No.1 

24 x 24 JIS new 
MSM38256-18 standard 

III character style ., 
MSM38256-38 .§ 

JIS new standard C6234-1983 Row 
E I 9 24 x 24 250ns scan ., No.2 
E MSM38256-46 system 
'i ., 

JIS new standard ~ MSM531000-11 1 ., No.1 

~ 15x 16 OKI gothic 
::2; JIS new standards 

MSM531000-12.13 2 
No. 1 and No.2 

MSM531 000-05 1M bits 

I 3 
JIS new standard 
No.1 JIS new 

MSM531 000-07 standard 
24x24 character style 

MSM531 000-08 
JIS new standard C6234-1983 

I 3 
No.2. 

MSM531 000-1 0 
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2. MSM38256 SERIES 

2-1 15 x 16 Font 

(1) Model names 
MSM38256-19-22 (four codes); JIS standard No.1 (2,965 characters) + Non-kanji (524 characters) 

MSM38256-32-35 (four codes); JIS standard No.2 (3,384 characters) 
These models are similar in electrical characteristics to the MSM38256 mask ROM. The CS and OE signals became 

active at "LOW". 

(2) Split character patterns, and their storage 
• Split character patterns 

#1,#3 #2,#4 

Aa A, A, Ao DDD DD DD DD DD DD D 
7 65 43 2 1 07 65 43 2 

0 0 0 0 • 1 

0 0 0 1 • 0 0 1 0 • 0 0 1 1 
0 1 0 O. 
0 1 0 1 • 0 1 1 0 
0 1 1 1 
1 0 0 0 
1 0 0 1 • 1 0 1 0 
1 0 1 1 • 1 1 0 0 • 1 1 0 1 • 1 1 1 O. 
1 1 1 1 1 1 

• Storage 

DD 
1 0 

• The character patterns are standard OK I 
character patterns . 

- Each character consists of two chips. 
• Character data is generated at high level, and 

background data i's generated at low level. 
• Character data is stored in a 16 x 16 dot 

pattern area, left-justified. 

I #3 #4 (K = 1024) 

• Each group of four chips forms one set to 
store about 4K characters. 

#1 #2 

/2K characters 

/2K characte rs 

#1 #2 #3 #4 

J IS standard No.1 MSM38256-19 MSM38256-20 MSM38256-21 MSM38256-22 

JIS standard No.2 MSM38256-32 MSM38256-33 MSM38256-34 MSM38256-35 

784 



-----------------------. APPLICATIONS. 

(3) Address code conversions 

Convert the address code as indicated belowto access character patterns with the kanji codes JIS 6226 andJIS 6220. 

C6226 

~ 
C6226 ROM address 

Type of character X7 Xa X5 iA1S* A'4 A'3 A'2 A" A10 Ag Ag A7 Ag A5 A. 
Non-kanji (sections 1 - 15) 0 1 0 V7 V6 X3 X2 X, 0 0 V5 V4 V3 V2 V, 

JIS standard No.1 kanji (sections 16 - 31) 0 1 1 Xo X4 X3 X2 X, V7 V6 V5 V4 V3 V2 V, 

JIS standard No.1 kanji (sections 32 - 47) 1 0 0 Xs X. X3 X2 X, V7 V6 V5 V4 V3 V2 V, 

JIS standard No.2 kanji (sections 48 - 63) 1 0 1 Xs X. X3 X2 X, V7 V6 V5 V4 V3 V2 V, 

JIS standard No.2 kanji (sections 64 - 79) 1 1 0 Xo X. X3 X2 X, V7 V6 V5 V4 V3 V2 V, 

JIS standard No.2 kanji (sections 80 - 90) 1 1 1 V7 V6 X3 X2 X, 0 0 V5 V4 V3 V2 V, 

• Use AlS as a CE control signal because it is not supported as a ROM address. (For further details, see the circuit 
example.) 

(4) 15 x 16 font circuit configuration example 

j[ Byte 1 X, -Xl 

Byte 2 Y,-Y, 

Y, 

X,-X l 

Cl! 
"0 o 

Conversion 
rule choice--+ 

Y, ~O, 
X,-Xl~ 

Ao-As 
t 

String address 
in a character 

Font data 

16 bit 

Chip 
1 2 

3 4 

CE CE J IS standard 
No.1 ROM 
module 

JIS standard No.1 
D-----' ROM select 

!rl 
"0 
<0 
Cl! 

50H-6FH '~-----JIS stan-

~7~O~H~-~7=7~H~~,~'~~ X)~da=r~d~N~o~.~1~~~~~~--~ ii; 
Cl! 
"0 
o 
U 

.' I 

JIS stan
dard No.2 

JIS standard-No.2 ROM select 

2 

3 4 

CE CE JIS standard 
I No.2 ROM 

module 

785 
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2-1 24 x 24 Font 

(1) Model names 
MSM38256-1 (}-18 (nine codes); JIS new standard No.1 (2,965 characters) + Non-kanji (524 characters) + Half-size 
characters (159 characters). 
These models are similar in electrical characteristics to the MSM38256 mask ROM. The CS and OE signals became 
active at "LOW". 

(21 Split character patterns, and their storage 
• Split character patterns 

• Storage 

(K = 1024) 
#1 #2 #3 

#4 #5 #6 

#7 #8 #9 

~4K characters 

786 

,The character patterns are standard JIS 
character patterns. 

- Each character consists of nine chips . 
• Character data is generated at high level, and 

background data is generated at low level. 

~ J IS standard No.1 J IS standard No.2 

#1 MSM38256-10 MSM38256-38 

#2 MSM38256-11 MSM38256-39 

#3 MSM38256-12 MSM38256-40 

#4 MS M3 8256-13 MSM38256-41 

#5 MSM38256-14 MSM38256-42 

#6 MSM38256-15 MSM38256-43 

#7 MSM38256-16 MSM38256-44 

#8 MSM38256-17 MSM38256-45 

#9 MSM38256-18 MSM38256-46 



-----------------------. APPLICATIONS. 

(3) Address code conversions 

Convert the address code as indicated below to access character patterns with the kanji codes JIS6226 and JIS6220. 

C6226 

C6220 ! z, ! z,! z,! z, ! Z.! Z3! Z, ! Z, I 

~ 
C6226 

Type of character X7 Xa Xs A,. A'3 A,z A" 

Non-kanji (sections 1·- 15) 0 1 0 Y7 YB X3 Xz 

JIS standard No.1 kanji (sections 16 - 31) 0 1 1 Xs X. X3 X2 

JIS standard No.1 kanji (sections 32 - 47) 1 0 0 Xs X. X3 Xz 

JIS standard No.2 kanji (sections 48 - 63) 1 0 1 Xs X. X3 Xz 

JIS standard No.2 kanji (sections 64 - 79) 1 1 0 Xs X. X3 Xz 

JIS standard No.2 kanji (sections 80 - 94) 1 1 1 Y7 YB X3 Xz 

Half size character - - - 0 0 ZB Z7 

(4) 24 x 24 font circuit configuration example 

L 

L 

Half-size fo 
specificatio 

nt 
n -

Byte 1 X, -X, 

Byte 2 Y,-Y, 

Conversion 
rule choice 

Y,=O 

Y X,-X,= 
---!.,---------:: 21 H - 28 H 

,----

Chip 
1 

~ '" A3 ........ A ll ~~ '" ~ 
~ '" "0> 4 "oc «0 u A. A, 

String address 7 
in a character ~--.5 

C::::CS_ 
Chip select 

~ 
~Half-size 

-"-r-., characters 

Non-kilnii", 

ROM address 

A,o A. AB A7 As 
X, 0 0 Ys Y. 

X, Y7 YB Ys Y. 

X, Y7 YB Ys Y. 

X, Y7 YB Ys Y. 

X, Y7 YB Ys Y. 

X, 0 0 Ys Y. 

Zs 0 0 Zs Z. 

Font data 

124 bit 1 

~ 
2 3 1 

5 6 4 

LJ 
8 9 7 

J IS standard 2. 
No.1 ROM 
module 

~ ~ Q) 30H-4FH . } JIS standard No.1 
<Il"O 

'" 0 -g~ 50H-6FH (J"O 

70H-77H 
~ 

'I-( 

11 

'II 

" , 
JIS standard 
No.2 

ROM select 
-- _ JIS standard 

'" No.1 
f'J J IS standard No.2 ROM select 

As A. 

Y3 Y2 

Y3 Y2 

Y3 Y2 

Y3 Yz 

Y3 Yz 

Y3 Yz 

Z3 Zz 

~ 

r.> 
2 3 

5 6 

8 9 

JIS stan 
ROMm 

A3 

Y, 

Y, 

Y, 

Y, 

Y, 

Y, 

Z, 

dard No.2 
odule 
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3. MSM531000 SERIES 

3-1 15 x 16 Font 

(1) Model names 
MSM531 000-11 RS (one code); JIS standard No. 1 (2,965 characters) + Non-kanji (524 characters) + Half-size, 
character (204 characters) + Special character (200 characters) 

(2) Split character patterns, and their storage 
• Split character patterns 

A'6- 0 A'6- 1 

Aa ~ A, As DO DO 0 DO DO 0 DO DO 
76 54 3 21 07 6 54 32 

0 0 0 0 • 0 0 0 1 • 0 0 1 0 • 0 0 1 1 
0 1 0 0 • 0 1 0 1 • 0 1 1 0 
0 1 1 1 
1 0 0 0 

tJ' 1 0 0 1 
1 0 1 0 
1 0 1 1 
1 1 0 0 
1 1 0 1 • 1 1 1 0 • 1 1 1 1 I I 

(3) Address code conversions 

DO 
10 

• The character patterns are standard OKI 
character patterns. 

• Each character consists of one chip. 
• Character data is generated at high level, and 

background data i·s generated at low level. 
• Character data is stored, right-justified. 

Convert the address code as indicated below to access character patterns with the kanji codes JIS6226 and JIS6220. 

C6220 I Zal Z, I z.1 z, I z.1 z,l z,l z. I 

~ 
C6226 ROM address 

Type of character X, Xs Xs A'5 A,. A,s A'2 A" A,o As As A, As As A.. 
Non-kanji (sections 1 - 15) 0 1 0 Y, Ya Xs X2 ~, 0 0 Ys Y. Ys Y2 Y, 

JIS standard No.1 kanji (sections 16 - 31) -0 1 1 Xs X. X, X2 X, Y, Ya Ys Y. Y, Y2 Y, 

JIS standard No. 1 kanji (sections 32 - 47) 1 0 0 Xs X. X, X2 X, Y, Ya Ys Y. Y, Y2 Y, 

HaW size character - - - 0 0 Ze Z, Ze 0 0 Z5 Z. Z, Z2 Z, 
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3-2 15 x 16 Font 

(1) Model names 
MSM531ooo-12, 13RS (two codes); JIS standard No.1 (2;965 characters) + Non-kanji (524 characters) + JIS 
standard No.2 (3,388 characters) + Special graphic characters (404 characters) + IBM kanji (360 characters) 

(2) Split character patterns, and their storage 
• Split character patterns 

531000-12 531000-13 

AI A2 A, Ao DO DO 0 DO DO 0 DO DO DO 
76 54 3 2 1 07 6 54 32 10 

0 0 0 0 
0 0 0 
0 0 
0 0 1 1 
0 1 0 0 
0 1 0 1 
0 
0 1 1 1 
1 0 0 

~ 
1 0 0 1 
1 0 1 0 
1 0 1 1 
1 1 0 0 
1 1 0 1 • 1 1 1 0 • 1 1 1 1 I 

(3) Address code conversions 

• The character patterns are standard OK I 
character patterns. 

• Each character consists of two chips. 
• Character data is generated at high level, and 
background data i's generated at low level. 

• Character data is stored, right-justified. 

Convert the address code as indicated below to access the character patterns with the kanji code of JIS 6226. 

C6226 

~ 
C6226 ROM address 

Type of character X7 Xs Xs A,s A,s A,. A'3 A'2 A" A,o A,. A,. A7 As As 
Non-kanji (sections 1 - 15) 0 1 0 X7 Y7 Ys X3 X2 X, 0 0 Ys Y. Y3 'Y2 

JIS standard No.1 kanji (sections 16 - 31) 0 1 1 X7 Xs X. X3 X2 X, Y7 Ys Ys Y4 
v Y2 . 3 

JIS standard No.1 kanji (sections 32 - 47) 1 0 0 X7 Xs X. X3 X2 X, Y7 Ys Ys Y4 Y3 Y2 

JIS standard No.2 kanji (sections 48 - 63) 1 0 1 X7 Xs X. X3 X2 X, Y7 Ys Ys Y4 Y3 Y2 

JIS standard No.2 kanji (sections 64 - 79) 1 1 0 X7 Xs X. X3 X2 X, Y7 Ys Ys Y4 Y3 Y2 

JIS standard No.2 kanji (sections 80 - 94) 1 1 1 X7 Y7 Ys X3 X2 X, 0 0 Ys Y. Y3 Y2 

A. 
Y, 

Y, 

Y, 

Y, 

Y, 

Y, 
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3-3 24 x 24 Font 

(1) Model names 

MSM531 000-05-07 (three codes); JIS standard No.1 (2,965 characters) + Non-kanji (524 characters) + half-size 
characters (1 59 characters) 
MSM531 000-08-1 0 (three codes); JIS standard No.2 (3,388 characters) 

(2) Split character patterns, and their storage 
• Split character patterns 

(3) Address code conversions 

• The character patterns are in accordance with 
the requirements of JIS C6234. 

• Each character consists of three chips. 
• Character data is generated at high level, and 

background data is generated at low level. 

~ J IS standard No.1 J IS standard No.2 

#1 MSM531 000-05 MSM531 000-08 

#2 MSM531 000-06 MSM531 000-09 

#3 MSM531 000-07 MSM531000-10 

Convert the address code as indicated below to access character patterns with the kanji codes JIS6226 and JIS6220. 

C6220 I z, I z, I z.1 z,l z.1 z, I z,l z, I 

~ 
C6226 ROM address 

Type of character X7 X. X. A'6 A'5 A,. A13 A'2 A" A10 ~ As A7 As A5 

Non-kanji (sections 1 - 15) 0 1 0 Y7 Y. X3 X2 X, 0 0 Y5 Y. Y. Y2 Y, 

JIS standard No. 1 kanji (sections 16 - 31) 0 1 1 X5 X. X3 X2 X, Y7 Y. Y5 Y. Y. Y2 Y, 

JIS standard No.1 kanji (sections 32 - 47) 1 0 0 X5 X. X3 X2 X, Y7 Y6 Y5 Y. Y. Y2 Y, 

JIS standard No.2 kanji (sections 48 - 63) 1 0 1 X5 X. X3 X2 X, Y7 Y6 Y5 Y. Y. Y2 Y, 

JIS standard No.2 kanji (sections 64 - 79) 1 1 0 X5 X. X3 X2 X, Y7 Y6 Y5 Y. Y. Y2 Y, 

JIS standard No.2 kanji (sections 80 - 94) 1 1 1 Y7 Ya X3 X2 X, 0 0 Yo Y. Y. Y2 Y, 

Half size character - - - 0 0 Z. Z7 Za 0 0 Za Z. Z. Z2 Z, 
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