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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.

MSM511000A MSM51257AL
MSM511001A MSM51257ALL
MSM511002A
MSM514256A 4. MROM
MSM514258A MSMB534000A
MSM514100 MSM534001A
MSM514102 MSM534002A
MSM514400
MSM514402 5. E2PROM

2. SIMM/SIMD MSM28C256
MSC2312A-XXYS9/KS9 6. ASMP
MSC2313A-XXYS8/KS8 MSM514212
MSC2320A-XXYS9 MSMB51C262

MSC2321A-XXYS18
MSC2328A-XXYS2/KS2
MSC2331A-XXYS3/KS3
MSC2340-XXYS9/KS9
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= IC MEMORY LINE-UP AND TYPICAL CHARACTERISTICS = n

® DYNAMIC RAMS

M Num- C:v?s‘ﬁ:lrp-
em- o Memory ber of | Access | Cycle tion Power .
MocelName 2% | (Cheut | Confiurs | B0 | Ume | me | wAx | Gueely | Epivman
ity Pack- | (ns) (ns) Operating/ V)
age Standby
MSM3764A-12 64k | Dynamic 65,536x1 16 120 230 330/28 5
MSM3764A-15 150 260 303/28
MSM41256A-10 100 200 303/28
MSM41256A-12 | 256k | Dynamic 262,144x1 16 120 220 275/28 +5
MSM41256A-15 150 260 248/28
MSM41257A-10 100 200 330/28
MSM41257A-12 | 256k | Dynamic 262,144x1 16 120 220 303/28 +5
MSM41257A-15 150 260 275/28
MSM41464-10 100 200 385/28
MSM41464-12 256k | Dynamic 65,536x4 18 120 230 358/28 +5
MSM41464-15 150 260 330/28
MSM51C256-80 80 145 330/20
MSM51C256-10 | 256k | Dynamic 262,144x1 16 100 175 275/20 +5
MSM51C256-12 120 205 248/20
MSM511000A-70 18 70 140 468/5.5
MSM511000A-80 80 160 413/5.5
MSM511000A-10 | 1M Dynamic | 1,048,576x1 | 26 100 190 358/5.5 +5
MSM511000A-8A 80 160 413/5.5
MSM511000A-1A 20 100 190 358/5.5
MSM511001A-70 18 70 140 468/5.5
MSM511001A-80 80 160 413/5.5
MSM511001A-10 | 1M Dynamic | 1,048,576x1 26 100 190 358/5.5 +5
MSM511001A-8A 80 160 413/5.5
MSM511001A-1A 20 100 190 358/5.5
MSM511002A-70 18 70 140 468/5.5
MSM511002A-80 80 160 413/55
MSM511002A-10 | 1M Dynamic | 1,048,576x1 | 26 100 190 358/5.5 +5
MSM511002A-8A 80 160 413/5.5
MSM511002A-1A 20 100 190 358/5.5
MSM514256A-70 70 140 468/5.5
MSM514256A-80 20 80 160 413/5.5
MSM514256A-10 | 1M Dynamic 262,144x4 100 190 358/5.5 +5
MSM514256A-8A 26 80 160 413/5.5
MSM514256A-1A 100 190 358/5.5




uIC MEMORY LINE-UP AND TYPICAL CHARACTERISTICS m

Num- C::::ﬂp-
Mem- o Memory ber of | Access | Cycle tion Power .
odsi Name |oon | (Choult | contours | Bne | Time | Tame | wiax | Supely | Eivelen
ity Pack- | (ns) (ns) Operating/ V)
age _ Standby
MSM514258A-70 20 70 140 468/5.5
MSM514258A-80 80 160 413/5.5
MSM514258A-10 | 1M Dynamic 262,144x4 26 100 190 358/5.5 +5
MSM514258A-8A 80 160 413/5.5
MSM514258A-1A 2 100 190 358/5.5
MSM514100-80 18 80 160 495/56.5
MSM514100-8A am Dynamic | 4,194,304x1 26 80 160 -495/5.5 +5
MSM514100-10 20 100 190 440/5.5
MSM514102-80 18 80 160 495/5.5
MSM514102-8A 4M Dynamic | 4,194,304x1 26 80 160 495/5.5 +5
MSM514102-10 20 100 190 440/5.5
MSM514400-80 20 80 160 495/55
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 am Dynamic | 1,048,576x4 | 26 80 160 495/5.5 +5
MSM514402-10 20 100 190 440/5.5




= IC MEMORY LINE-UP AND TYPICAL CHARACTERISTICS = n

® SIP/SIMM MODULE

Num- Power
Mem- Memory ber of A_It_:cess ?_ycle Cor:isi::np- gow?r £ |
ory Circuit " Pins ime ime upply | Equivalent
Model Name  |canac.| Function C°';if:)9n""a' per | MAX | MIN ?:'n% Voltage | Devige
ity Pack- | (ns) (ns) Operating/ (V)
age Standby
MSC2304-10
YS8/KS8 Sout 100 200 2640/220
ocket
M C3012 2M | Insertable | 262,144x8 | 30 | 120 | 220 |2420/220 | +5
MSC2304-15 Module
YS8/KS8 150 260 2200/220
MSC2304-10
YS9/KS9 . 100 200 2970/248
ocket
MSC2304-12 2M | Insertable | 262,144x8 | 30 | 120 | 220 |2723/248 | +5
YS9/KS9
MSC2304-15 Module
YS9/KS9 150 260 2475/248
MSC2307-10
YS9,/KS9 100 200 2970/248
MSC2307-12 Socket
7- 2M Insertable 262,144x8 30 120 220 2723/248 +5
YS9/KS9
MSC2307-15 Module
YS9/KS9 150 260 2475/248
MSC2312A-80 80 160 | 3713/495
MSC2312A-10 Socket 100 190 |3218/495
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-10 Socket 100 190 2860/44
8M Insertable | 1,048,576x8 | 30 +5
MSC2313A-8A Module 80 160 3300/44
MSC2313A-1A 100 190 2860/44
MSC2320A-80 80 160 4410/99
MSC2320A-10 Socket 100 190 3780/99
8M Insertable | 262,144x36 72 +5
MSC2320A-8A Module 80 | 160 | 4410/99
MSC2320A-1A 100 190 3780/99
MSC2321A-80 80 160 4568/198
MSC2321A-10 Socket 100 190 3938/198
16M | Insertable | 524,288x36 72 +5
MSC2321A-8A Module 80 | 160 |4568/198
MSC2321A-1A 100 190 3938/198
MSC2328A-80 80 160 825/198
MSC2328A-10 Socket 100 190 715/198
2M Insertable 262,144x8 30 +5
MSC2328A-8A Module 80 | 160 | 825/198
MSC2328A-1A 100 190 715/198
MSC2340-80
VS0,/K89 . 80 | 160 |4455/495
ocket
MSC2340-8A
YS9,/KS9 4M Insertable | 4,194,304x9 | 30 80 160 |4455/49.5 5
MSC2340-10 Module
YS9/KS9 100 190 3960/49.5




m IC MEMORY LINE-UP AND TYPICAL CHARACTERISTICS =

® CMOS STATIC RAMS

Num- c Power
Mem- ber of | Access | Cycle onsump- | pg,\ver .
A Memory : 4 ? tion Equiva-
ory Circuit h Pins | Time Time Supply
Model Name Capac-| Function Confngura- per MAX MIN MAX Voltage lent
ity tion Pack- (ns) (ns) (mw) ) Device
age Operating/
9 Standby
MSM5165AL-10 Fully Static 100 100 230/0.55
MSM5165AL-12 64k |Common 8,192x8 28 120 120 303/0.55 +5
MSM51665AL-15 170 150 150 | 375/0.55
MSM5188-45 Fully Static 45 45 605/11
MSM5188-565 64k |(Common 16,384x4 22 55 55 605/11 +5
MSM5188-70 170 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
MSM51267L-120 V0 120 | 120 | 385/055
MSM51257AL-85 Fully Static 85 85 440/0.565
MSM51257AL-100 | 256k |Common 32,768x8 28 100 100 385/0.55 +5
MSMS51257AL-120 170 120 | 120 | 385/056
MSM51257ALL-85 Fully Static 85 85 440/0.11
MSM51257ALL-100 | 256k |Common 32,768x8 28 100 100 385/0.11 +5
MSMS1257ALL-120 Vo 120 | 120 | 385/0.11
MSM51256-10 . 100 100 |385/0.0055
Fully Static
256k 32,768x8 28 +5
MSM51256-120 Common I/0 . 120 | 120 |385/0.0056
e MASK ROMS
Power
Num-
Consump-
Mem- ber of | Access | Cycle ; Power .
- Memory ! A ) tion Equiva-
Model Name c ory c"'c‘f" Configura- Pins | Time Time MAX Supply lent
apac-| Function H per MAX MIN Voltage :
. tion (mw) Device
ity Pack- | (ns) (ns) Operating/ v)
age p g
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
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® EPROMS
Power
Mem- o Memory a';"& Access | Cycle Cov:;;.l:p- Power .
Mode Name o200 | (Sieut | comtours. | Pioe | Time | Time | wax | Susely | Eqivlent
ity P:;:' (ns) (ns) Operating/ v
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 ™ EPROM 131,072x8 32 120 120 525/184 +5 27010
MSM271024 ™ EPROM 65,5636x16 40 120 120 630/184 +5 27210
MSM27C256 256k EPROM 32,768x8 28 100 100 165/0.565 +5 27C256
MSM27C256H 256K | EPROM 32,768x8 28 55 55 525/184 +5 27HC256
MSM27C1024 ™ 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
MSM2751228 512k | EPROMS 65,536x8 28 200 200 526/184 +5 P27512

150 150 525/184

MSM271000ZB ™ EPROMS 131,072x8 32 150 150 525/184 +5 P27010
MSM271024zB ™ EPROMS 65,536x16 40 170 170 630x184 +5 P27210
MSM27C256HZB | 256k | EPROMS 32,768x8 28 70 70 525x184 +5
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® E2PROMS
Power
Num-
Mem- c Memory brfr of A]c_:cess {.I:_ycle Cor;is(:lrp- gowelr E |
ory ircuit N ins ime ime upply | Equivalent
Model Name Capac-| Function Configura- per | MAX MIN MAX Voltage | Device
ity tion Pack- | (ns) (ns) (mw) v)
age Operating/
Standby
MSM16811 1k | E2PROM 6‘1‘;182;’ 8 | *250 | **1.0 | 165/055 | +5 |CAT93C46
MSM16811P 1k | E2PROM 6‘1‘;;‘;;' 8 | *250 | **1.0 | 165/055 | +5 |CAT93C46l
64x16 or
MSM16911 1k E2PROM 128x8 8 *250 **1.0 | 16.6/0.55 +5 CAT59C11
MSM16911P 1k | E2PROM 6‘1‘;:3?(;' 8 | *250 | **1.0 | 165/055 | +5 |CAT59C11I
128x16 or |
MSM16812 2k E2PROM 256x8 8 *1000 | **0.25 | 16.5/0.55 +5 CAT35C102
128x16 or
MSM16912 2k E2PROM 256x8 8 | *1000 | **0.25 | 16.5/0.55 +5 CAT35C202
MSM28C16A-15 150 150 165/0.55
16k E2PROM 2,048x8 24 +5 X2816A
MSM28C16A-20 200 200 165/0.55
MSM28C64A-15 150 150 165/0.55
64k E2PROM 8,192x8 28 +5 X28C64A
MSM28C64A-20 200 200 165/0.55
MSM28C256 256k | E2PROM 32x8 28 200 200 165/0.55 +5
*: Clock Frequency MAX (kH)
**: Clock Pulse MIN (us)
® ASMP
Power
5 Num-
Mem- c Memory b;r of A_It_:cess $ycle Cor:is:l:np- gow?r E I
ory ircuit N ins ime ime upply | Equivalent
Model Name Capac-| Function Cor;flgura- per MAX MIN MAX Voltage | Device
A ion (mw)
ity Pack- (ns) (ns) Operating/ (V)
age Standby
MSM514212-28 28 28 600/28
MSM514212-34 | 40k ASMP 5,048x8 28 34 34 600/28 +5
MSM514212-50 50 50 600/28
MSM514221-3 25 30 275/28
™ ASMP 262,263x4 16 +5
MSM514221-6 30 60 275/28
MSM514252-10 100 190 660/28
- ™ ASMP 262,144x4 28 +5
MSM514252-12 120 220 550/28
MSM51C262-80 80 145 660/44
MSM51C262-10 | 256k ASMP 65,536x4 24 100 175 550/44 +5
MSM51C262-12 120 205 468/44
MSM514201 ™ ASMP 1,048,576x1 18 3000 | 4000 28/0.5 +4.5
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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.

Always use an electrically conductive mat or ship-
ping tubes for storage and transporting purposes.
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 1MQ
resistor is always connected between the body and
ground in order to prevent the generation of static
electricity.

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

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

2. POWER SUPPLY AND INPUT SIGNAL
NOISE

2.1 Power supply noise absorption

2

3

4

5

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

Although very little power is consumed by CMOS
memories during standby mode, considerable current
is drawn for charging and discharging (instantaneous
current requirements) during access mode. In order to
absorb the ‘‘spike noise’’ generated by these current
requirements, the use of relatively large capacitance
capacitors (about one 10uF capacitor for every 8 to
10 RAMs) is recommended along with good high fre-
quency response capacitors of about 0.1uF for each
memory element. Power line wiring with as little line
impedance as possible is also desirable.

2.2 Input signal noise absorption

Overshooting and undershooting of the input signal
should be kept to a bare minimum. Undershooting in
particular can result in loss of cell data stability within
the memory. For this reason,

(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 10~20%2 in series with driver outputs.
c) Smooth the rising edge and falling edge wave-
forms.

3. CMOS MEMORY OPERATING
PRECAUTIONS

3.1 Latch-Up

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

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

3.2 Battery Back-Up

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

(1) Do not permit the input signal H level to exceed
Vce +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 address input
and the data input to either ground level or to the
same H level as the CMOS memory Vcc power line.

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

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

Back-up’’ at the end of this manual.
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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) Bitdensity:800BPI standard, although 1600BPI
can also be employed.

(6) Block size: Integer multiples of 256 bytes
possible with 256 bytes as standard.
1 block, 1 record is standard.

2.2 Magnetic tape format

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

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

(3) Denote the completion of a magnetic tape file by
two successive tape marks.

2.3 Magnetic tape data format

(1) The data contained in a single file on magnetic tape
must be inserted from the head address (0000)pey 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 D,, and the MSB to D,

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

24 M

gnetic tape p

Multi-file format (m chips)

%k : tape mark

B E
o 1-chip data file 1 * * * | % o
T File 2 File m T
/ T —
/ T = —
/ T ——
| | | | |
R R R R R
Block 1 G Block2 | G Block 3 G G Block n-1| G Block n
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3. EPROM SPECIFICATIONS

(1) MSM2764A, MSM27128A, MSM27256 or Intel
2764A, 27128A, 27256 equivalent device may be
used.

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

1. PIN TERMINOLOGY

Term EPROM Mask ROM EEPROM Static RAM Dynamic RAM
Power Supply Voltage Pin VCC' VPP Vee VCC Vee Voo Vee
Address Input Pin Ao~ As A, ~ A, Ao~Ap A, ~ Ay A, ~ A
Data Input Pin DI DIN, D9
Data Output Pin 0o~ O1s D, ~ D5 DO D OUT, Q9
Data Input/Output Pin 1700 ;07 1/0, ~ 1/04 DO, ~DQs
Chip Enable Pin CE CE CE CE,, CE,
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




2. ABSOLUTE MAXIMUM RATINGS

u TERMINOLOGY AND SYMBOLS =

Term EPROM Mask ROM EEPROM Static RAM Dynamic RAM
Vee Vpp | Ve Vee Vee Vbp. Vce
Power supply voltage
Vss Vss Vss Vss Vss
Terminal voltage VT VT \'Ad
Input voltage 7 \7 \ 7 v
Output voltage Vo Vo V6 Vo Vo
Input current
Output current lo
Output short circuit current los
Load capacitance
Power dissipation Pp Pp PD PD Pp
Operating temperature Topr Topr Topr Topr Topr
Storage temperature Tstg Tstg Tstg Tstg Tstg




2 TERMINOLOGY AND SYMBOLS » “

3. RECOMMENDED OPERATION CONDITIONS

Term EPROM Mask ROM EEPROM Static RAM Dynamic RAM

Vee Ve | Vee Vee Vee Vpp. Vee

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 VcecH

Lcad 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 VOoH VoH VOH VoH
/L' output voltage VoL VoL VoL VoL VoL
““H"" output current loH IoH loH loH loH
L' output current loL loL loL oL loL
Input leakage current u Iy L N N}
Output leakage current Lo ILo ILo Lo ILo
1/0 leak current Lo
Program terminal current Ipp1, Ipp2
Peak power on current Ipo
Icclcc1: |lcea lecs Icca. lccs. Iccs. lccst | 'pp1.fcca. 'BB1
Power supply current lcc2 lccst Icest lcca b2 Icc2.18B2

Ibp3. Icc3 'BB3
IpD4. Icca. 1BB4

26
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5. AC CHARACTERISTICS
(1) Read cycle

Term EPROM Mask ROM EEPROM Static RAM Dynamic RAM
Read cycle time tc tRC tRC RC
Address access time tACC tAA tAA tAC 1AA
Chip select access time tcs tco
Chip enable access time tCE tACE tce tcp
Output enable access time t0E tco tOE tOE tOEA
Output setting time twz t z 1oLz tCX: tox
Output valid time toH toH tOHA
Output disable time tDF tHz tHz, tOHZ toTD. tCTD tOFF. tOEZ
Address set-up time tAS tASR. tASC
Address hold time RAH- ICAH

Chip enable off time

Chip enable pulse width

Power-up time tpy

Power-down time tPD

Address enable pulse width

Data valid access time

Data valid delay time

Clock delay time

Clock pule width tRAS' ICAS' twp

Clock delay time RCD’ tRAD

OQutput delay time

Output access time

Output hold time

Address enable set-up time

27
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(2) Write Cycle

Term EPROM EEPROM Static RAM Dynamic RAM
Write cycle time twc twe tRC
Address set-up time tAS tAS tAS tASR' tASC
Write pulse width tpw. tOPW twe. tcw tw twp
Write recovery time tWR
Data set-up time tps tps tps tps
Data hold time tDH tDH tDH tDH
Output off-time tDFP toTW tOFF
Address hold time tAH tAH tRAH' tICAH

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 tpL
Data load time tpL

28
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PACKAGING ... ..o i 33

8 PIN PLASTIC DIP (DIP8-P-300) ... tivtiiitiiiiitiiieiiieeennneennnens 36
16 PIN PLASTIC DIP (DIP16-P-300, DIP16-P-300-W1) .......ovvviiiiiniinnnnnen. 36
18 PIN PLASTIC DIP (DIP18-P-300, DIP18-P-300-W1, DIP18-P-400)............... 37
20 PIN PLASTIC DIP (DIP20-P-300-W1, DIP20-P-400) ........covvvvniinnennennns 38
22 PIN PLASTIC SKINNY DIP (DIP22-P-300-S1) ..o vvv ittt iii e 38
24 PIN PLASTIC DIP (DIP24-P-600) . . ... oot iviiitiiiiiiiii i iaenieennenns 39
28 PIN PLASTIC DIP (DIP28-P-B00) . . ..o ovvvtiit ittt iieiieeneennens 39
32 PIN PLASTIC DIP (DIP32-P-B00) . .. e o vteiitiit i i i i eiennaanenns 39
40 PIN PLASTIC DIP (DIP40-P-800) . . ...t iotiiiitiii i iii i cniteneeenenns 40
8-PIN PLASTIC SOP (SOP8-P-250-K) ....uvvtniitiitiiiiiiiiiiiieniennenns 41
28 PIN PLASTIC SOP (SOP28-P-430-K) ... teteeiiiiiiiiineeeeeanaennnnnnns 41
60 PIN-V PLASTIC QFP (QFP60-P-1519-VK) .. ...t 41
26 PIN PLASTIC SOJ (S0J26-P-300, SOJ26-P-350) . .....ovvvvveininennennnnnnn 42
18 PIN PLASTIC QFJ (PLCC) (QFJ18-P-R290) . ....ovviiiiiiiiiiiiiiiiiiieiennes 43
20 PIN PLASTIC ZIP (ZIP20-P-400, ZIP20-P-400-W1) ... .ooiiiiiiiiinninnnnnnns 44
28 PIN PLASTIC ZIP (ZIP28-P-400) ......cttintiitiiiiiiiiiiiiiinneneinans 44
28 PIN CERDIP (WDIP28-G-600) ... .viviintiintiiiiiiiiiiieiieenneneenns 45
32 PIN CERDIP (WDIP32-G-600) . ....ovtiiiiiniii it iiieiiiineennennnns 45
40 PIN CERDIP (WDIP40-G-600) ......ouiuiitiintiniiiiititeneieneenenennns 45
30 PIN SIMM (FOR MSC2304/2307YS9) .. .vtuintiiiineiiiieaneaennenennnns 46
30 PIN SIMP (FOR MSC2304/2307KS9) ...t viieii it ciii i 46
30 PIN SIMM (FOR MSC2304YS8) .. ... iviiiiiiitiiiiiiiiii i i inneienns 47
30 PIN SIMP (FORMSC2304KS8) ... ..o ivtiiiiiiiii ittt it iniiienns 47
30 PIN SIMM (FOR MSC2305YST18A) . ...ttt cii e 48
30 PIN SIMM (FORMSC2312AYSS) . ..ottt it eens 49
30 PIN SIMP (FORMSC2312AKS9) . .\vittiiiiiiiiii ittt i i 49
30 PIN SIMM (FORMSC2313AYS8) . ... iitiiii ittt iii i i 50
30 PIN SIMP (FORMSC2313AKSS8) . ..ottt ittt 50
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PACKAGES
. RS GS Js zs AS KS/YS E
ame
PLASTIC
PLASTIC SOP/ QFJ (PLCCY
DIP/PLASTIC PLASTIC DIP CERDIP MODULE
SKINNY DIP PLASTIC QFP PLASTIC SOJ
_ QFJ18-P- _ _ _
MSM3764A DIP16-P-300 R290
QFJ18-P-
MSMA41256A | DIP16-P-300 - R290 - - -
QFJ18-P-
MSM41257A | DIP16-P-300 - R290 - - -
MSMA41464 DIP18-P-300 - " - - -
MSM51C256 | DIP16-P-300 - " - - _
MSM511000A | DIP18-P- - SOJ26-P- | ZIP20-P-400 - -
MsM511001A | 300-W1 300
MSMS511002A
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 - S0J26-P- | zIP20-P- - -
MSM514402 350 400-wW1
30 PIN
MSC2304(8) - - - - - SIMM/SIMP
MSC2304(9) - - - - - 30 PIN
MSC2307(9) SIMM/SIMP
MSC2312A(9) - - - - - 30 PIN
MSC2313A(8) SIMM/SIMP
MSC2320A(9) - - _ _ _ 72 PIN
MSC2321A(18) SIMM
30PIN
MSC2328A(2) - - - - - SIMM/SIMP
30PIN
MSC2340(9) - - - - - SIMM/SIMP
SOP28-P-
MSM5165AL | DIP28-P-600 |2 - - - -
DIP22-P-
MSM5188 300.51 - - - _ _
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PACKAGES
\ RS GS Is zs AS KS/YS
e ;';-;:fsnc PLASTIC SOP/ | QFJ (PLCCY 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 ?SF g 96_%:2 - - - -
MSM531001 | DIP32-P-600 - - - - -
MSM534000 | DIP40-P-600 - - - - -
MSM534000A
MSM534001A | DIP32-P-600
MSM534002A | DIP40-P-600
MSM2764A _ _ - - WDIP28-G- _
MSM27128A 600
MSM27256
MSM27512
MS$M271000 - - - - ‘é‘(’)g'"z G -
MSM271024 - - _ _ \é\étgmo G j
MSM27C256 | DIP28-P-600 - - - WDIP28-G- -
MSM27C256H 600
MSM27C1024 - - _ _ \é\é&gmo G j
MSM27€2000 - - - - ‘é‘(’)‘g”’ﬂ G -
MSM27C2048 - - _ _ \é\étgwao G j
MSM2764AZB | DIP28-P-600 - - - - _
MSM27128AZB
MSM27256Z8

MSM27512ZB
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PACKAGES
RS GS JS zs AS KS/YS
Name
lP)I;:;:II:fSTlc PLASTIC SOP/ QFJ (PLCCY PLASTIC DIP CERDIP MODULE
PLASTIC QFP PLASTIC SOJ

SKINNY DIP
MSM271000ZB | DIP32-P-600 - - - - -
MSM27102428 | DIP40-P-600 - - - - -
MSM27C256ZB | DIP28-P-600 - - - - -
MSM27C256
HZB
MSM16811 DIP8-P-300 | SOP8-P-250- - - - -
MSM16811P K
MSM16911
MSM16911P
MSM 16812 DIP8-P-300 [8PIN - - - -

PLASTIC

MSM16912 SOP *
MSM28C16A | DIP24-P-600 - - - - -
MSM28C64A | DIP28-P-600 jgg_z'f"" - - - -
MM28C256 DIP28-P-600 - - - - -
MSM514212 - - - ZIP28-P-400 - -

DIP16-P- 50J26-P-
MSM514221 300-W1 - 300 ZIP20-P-400
MSM514252 - - - 2IP28-P-400 - -
MSM51C262 - - - gi,:glc 20 - -
MSM514201 - - g;;gs-P- - - -
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PLASTIC DIP

8 PIN PLASTIC DIP

ﬂ DIP18-P-300 ® 0

i
[

1.0120.10 1'524.10‘ 10 7.6240.30
|—

& 3
b
i
il <
zl g
Seating Plane &—at
sl 8
=T L o5y gs 0~150

16 PIN PLASTIC DIP
DIP16-P-300 ®

o e e e O O e e B

o °lf

(0]
™

18.1040.30

0.89240. 10 1.52420, 10 7.6210.30
I
Vel &
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PLASTIC DIP
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PLASTIC DIP

u PACKAGING =
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PLASTIC DIP
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u PACKAGING =

PLASTIC SOP/QFP
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u PACKAGING =

PLASTIC SOJ
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1 PACKAGING =

MODULE SIMM/SIMP

30 PIN SIMM (FOR MSC2304/2307YS(9) I

ﬂ 88.9

3.38 82.14 5.08:“_
$3.18 z l 1l
w8 R ] 2
-‘éd 3 N 1 ~
e mNOONONONANNNNAaaNnoNOmmoOnnn
2.03 }16.59 2.54 T 17.8 1.27-008
Glass epoxy board
#]_—~18-ead PLCC
|~ Chip capacitor
] (UNIT: mm)
30 PIN SIMM (FOR MSC2304/2307KS(9) I
88.9 MAX
3.38 82.14 5,08

e

54u|u ' 195““
[l o512

’t’

0.27%8%3

0.5 H 2.54 | ] \
<+—— Glass epoxy board' Seating Plane

—18-lead PLCC

2.

[~ Chip capacitor

(UNIT: mm)
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MODULE SIMM/SIMP

u PACKAGING =

30 PIN SIMM (FOR MSC2304YS(8) I
88.9
338 82.14 5.08MAX
43.18 -
2le f D ef3
2 :—I_— DT aa o Tia om0 T Ve T i e T T T TV T mY 530
203 ||5.59 254 1.78 ,'2;10.13
Glass-Epoxy Board
,4 18 pin PLCC
|~ Chip capacitor
(UNIT: mm)
30 PIN SIMP (FOR MSC2304KS(8) |
88.9 508"
3.38 82.14

+A .

eyl o)

™ s

sla[” 30
SEATING
203 "!-i 0.51.264 = | PLANE 40.13
73. s 1 :
l 66 s 0.27_0.07
/Glass-Epoxy Board B
1~ 18pin PLCC D
|~ Chip Capacitor
(UNIT: mm)
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m PACKAGING =

MODULE SIMM/SIMP

30 PIN SIMM (FOR MSC2305YS18A

n 88.9 - ggAX
3.38 82.14 ) 5.08

i 3,56MIN
#3180 s
Rl & o8 D 2 3
- =8 -~ o~
i gib.rw ooog. *—:f i
2.03 A 2.54 iy
l 72,66 T TR 2

Glass-Epoxy Board
18 pin PLCC
Chip Capacitor

(UNIT:mm)
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MODULE SIMM/SIMP

m PACKAGING =

30 PIN SIMM (FOR MSC2312AYS9)
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I

(UNIT: mm)
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3.38 82.14 5.2[8.MAX
X
<
3
© &
s|a @
21 ~
2.03 ] J
X 0.27*333
11— Glass-Epoxy substrate :
| — 26 pin SOJ
| — Chip Capacitor FS,EQLIENG
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s PACKAGING =

MODULE SIMM/SIMP

30 PIN SIMM (FOR MSC2313AYSS8) |
ﬂ 88.9 (UNIT: mm)
3.38 82.14
‘ 1.45 MIN 5.28 MAX

X |

Z ! 2x¢3.18

HE ! | J

25 Ldlal Lol o L

2o ANNNONNANNNANOANANNANOAOARNANN
R1.5 z +0.15
703 1.78 ‘ S J 127 408
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1 — Glass-Epoxy substrate
26 pin SOJ
| — Chip Capacitor
30 PIN SIMP (FOR MSC2313AKS8) |
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I‘ (UNIT: mm)
x
<
[Te)
N
P
o~
2.54 x 29 = 73.66 o3
027 507

Glass-Epoxy substrate

+ 26 pin
I Chip Capacitor
L
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MODULE SIMM/SIMP

u PACKAGING =

30 PIN SIMM (FOR MSC2331AYS3 OR MSC2329AYS3) I

88.90+0.15

3.3820.15 ] 82.1440.13

A A I

] 30
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q
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g
]

[]
[]

~>{}=—0.25 MAX

Note:

1) Substrate: Glass-Epoxy (FR-4)

2) Chip Capacitor: Under Component (0.22 x3pcs)

3) Contact Finish: 2.54um Min PB/Sn Over 1.9um Min Ni
4) Contacts are on both sides of PC Board

5) Thickness includes plating

’—‘5.25 MAX
93.18:0.13 [q:|

_.I +0.10
127 008

2.54 MIN

30 PIN SIMM (FOR MSC2328AXXYS2) I

88.9010.15

3.3810.15 =
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i
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e | | 4

OOOO0000000000000000000000000007
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I
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]

[]

le—si2.03

le—{ 2.28:0.15

—{|=-0.25 MAX

Note:

1) Substrate: Glass-Epoxy (FR-4)

2) Chip Capacitor: Under Component (0.22 x2pcs)

3) Contact Finish: 2.54um Min PB/Sn Over 1.9um Min Ni
4) Contacts are on both sides of PC Board

5) Thickness includes plating

5.25 MAX

23.1840.13

54 MIN

2

T
B Ny 2%
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8 PACKAGING =

MODULE SIMM/SIMP

72 PIN SIMM (FOR MSC2320AYS9) J

107.95

—T: 02MIN 1.5MIN—]| |
é ﬂo o ll [IO IJO E}
g ; -[[o (s} [l ”] [IQ HO J

/—2—93.18

SIBIOWIW Uy 8J8 SUOISUBWIP (1Y .
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0.25 MAX ’i -—

R1.57
2.03 |

111]
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# PACKAGING =

MODULE SIMM/SIMP
72 PIN SIMM (FOR MSC2321AYS18) |

7.23 MIN

9

[ 9
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Sl -)
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8 PACKAGING =

MODULE SIMM/SIMP

30 PIN SIMM (FOR MSC2340YS9) I
MSC2340Y5S9
Je 96.52 { f=—5.28 MAX.
318 DIA 88.90 ‘
\ 82.14
b o b o
15.24 d 2.541MIN
10.16 1 I b l o] l l 30|
6 r|nnnnnnnnnnnnnnnnnnnnnnnnnnnnn—‘i—L s
+0.
2,03-’-—4 l- 2.54 1.78 J 0.25 &Aff 1.27 -000
7.62 ' 15R 73.66 | 2284013
NOTE 1) SUBSTRATE ........ GLASS EPOXY (FR:4)
2) CONTACT PADS .... Pb/SnorAuPLATING
3) 4Mx 1 DRAM x 9 pcs
30 PIN SIMP (FOR MSC2340KS9) I
MSC2340KS9
3.18 DIA | 96.52 Al |- 5.28 MAX.
‘ 88.90
82.14

27.94

NOTE 1)

SUBSTRATE .
2) CONTACT LEAD ....
3) SEATING PLANE (PAI0.83, PITCH 2.54)
4) A4Mx 1 DRAMx 9 pcs

" +0.1
2.54 MIN 0.27 - 0.05

SEATING PLANE

GLASS EPOXY (FR-4)
Pb/Sn SOLDER
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RELIABILITY INFORMATION

1. INTRODUCTION

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

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

We, at Oki are fully aware of this demand. So we
have adopted a comprehensive quality assur-
ance system based on the concept of consisten-
cy in development, manufacturing and sales.
With the increasing demand for improvement in
function, capability and reliability, we will expand
our efforts in the future. Our quality assurance
system and the underlying concepts are outlined
briefy below.

2. QUALITY ASSURANCE SYSTEM
AND UNDERLYING CONCEPTS

The quality assurance system employed by Oki can
be divided into four major stages: device planning,
developmental prototype, production prototype, and
mass production. This system is outlined in the fol-
lowing block diagram (Fig. 1).

1) Device planning stage

To manufacture devices that meet market demands
and satisfy customer needs, we carefully consider
functional and failure rate requirements, utilization
form, environment and other conditions. Once we
determine the proper type, material and structure,
we check the design and manufacturing techniques,
and the line processing capacity. Then we prepare
the development planning and time schedule.

2) Developmental prototype stage

We determine circuits, pattern design, process

settings, assembly techniques and structural re-

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

Since device quality is largely determined during

the designing stage, Oki pays careful attention

to quality confirmation during this stage.

This is how we do it:

(1) After completion of circuit design (or pattern
design), personnel from the design, process
technology, production technology, installa-
tion technology and reliability departments
get together for a thorough review to ensure

design quality and to anticipate problems
that may occur during mass production.
Past experience and know-how guide these
discussions.

(2) Since many semiconductor memories in-
volve new concepts and 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 Atests: appearance, labels, dimen-
sions and electrical charac-
teristics inspection

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

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

Note: Like the reliability tests, the group B tests

conform to the following standards.
MIL-STD-883B, JIS C 7022, EIAJ-IC-121
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Material ’ ® Acceptance Inspection

Producti @ Production Process Quality Control
raguction @ Lot Control
Process (@ Equipment Conditions

€

@

Wafer;rocess In-Process Inspection
Thermal Screening

Assembly ® Seal Test

1st Sorting

Burn-in
Screening

L

e Early Removal of Defective Devices

® RELIABILITY INFORMATION e

2nd S ® Electrical Test
nd Sorting ® Regular Check of Measuring
Equipment
R e Group A Test
?“‘9°"'.‘9 e Group B Test
nspection ® Group C Test
Storage
Shipping

Figure 2 Manufacturing Process

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

5) At Oki, all devices are subjected to thorough
quality checks. If, by chance, a failure does
occur after delivery to the customer, defective
devices are processed and the problem rectified
immediately to minimize the inconvenience to
the customer in accordance with the following
flowchart.

Failure
report

Sales
Department

Analysis
report

investigation

Request for

technical
improvement
Engineering
o=~~~ AQpanment
Report on
I results of -
! investigation
& improvement =
£_2|13s
Assurance 7 8 S =
Department g EDQ S 2
g g 2o
Report on clE
I results of
| investigation —
L & improvement
———————— Manufacturing
Department

Request for
manufacturing
improvement

Figure 3 Failure report process
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® RELIABILITY INFORMATION o

Use Quality

® Transportation Control
® Stock Control

E ® Packaging

In-Process Inspection
Acceptance Inspection

Production Quality

® Reliability Test °
® Product Test PP °
® Screening °
® Process Control — .
. .
L]

® Service
® Failure Analysis

'

Quality Assurance
&
Quality Control

Quality and Reliability Information
Quality Evaluation

Defective Analysis

Reliability Engineering

Quality Management and Education

® Customer Information Analysis

Target Quality

e @ Marketing
® Product Planning
g & Quality Objectives

it

Operation Standard
Technical 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 LS1 elements and
their analysis are described on next page.

56

Design Quality




OKI MEMORY LSI LIFE TEST RESULTS

u RELIABILITY INFORMATION =

Device name MSM511000ARS MSM514256AJS MSM511000AZS
Function 1M x 1 bit 256K x 4 bit 1M x 1 bit
DYNAMIC RAM DYNAMIC RAM DYNAMIC RAM
Si gate C-MOS Si gate C-MOS Si gate C-MOS
Structure 18P P-DIP 26P SOJ 20P ZIP
Test item Test condition Sasr;r;gle r:l;e::s Failures Sasr?zzle :-;lsjtrs Failures Sa;?zpele :;E:S Failures
Vor = 20V 200 | 2000 | 0 200 | 2000 1* | 100 [2000/ ©
Operating -/
life test o
Ta=150V — — -
vee = 7.6V 100 | 2000 | © 100 | 2000 ©
130°C 85%
_ 100 120 0 100 120 0 100 120 0
Temperature Vee = 5.5V
humidity test o
85°C 85%
Vee = 5.5V 400 | 2000 0 500 | 2000 0 200 | 2000 | 0
T
Pressure 121°C 100%
cooker test | No bias 50 | 500 0 50 | 500 0 50 | 500 | O
Low tempera- | Ta=-10°C i
ture life test | Vcec = 7.0V 60 | 2000 | © 22 | 2000 0 - - -
Temperature | 65°C ~ 256°C ~ 1000 1000 1000
cycling test | 150°C 400 | cycles o 300 cycles 0 200 | cycies| ©
(70min/cycle)
Device name MSM41256 ARS MSM2312YS9 MSC2304KS
Function 256K x 1 bit 1M x 9 bit 256K x 9 bit
DYNAMIC RAM DYNAMIC RAM DYNAMIC RAM
Si gate N-MOS Si gate C-MOS Si gate N-MOS
Structure
" 16P P-DIP 30P SIMM 30P SIP
Test item Test condition |Sample Test . Sample | Test . Bample | Test .
size | hours | 7211V [T gize | hours | Failures Togize | hours Failures
NE 500 |2000| © 40 |1000| o 40 1000 | o
Operating cc i
life test o
Ta=150"C
Vee = 7.0V 45 14000 0 - - - - - -
130°C 85%
= 100 120 0 - - - - - -
Temperature Vee = 6.5V
humidity test °
85 C 85%
Vee = 5.5V 300 | 2000 O 40 | 1000 0 40 (1000 | O
Pressure 121°C 100%
cooker test No bias 100 500 Y - - - - - -
Low tempera- | Ta =-10°C — - — — - -
ture life test |Vcc = 7.0V 60 | 2000 0
—-65°C ~ 25°C 2000
Temperature o 1000 2000
- 150°C 200 0 40 | 0 40 |cycles| O
cycling test (70min/cycle) cycles CYf*es y** S
*: SINGLE BIT FAIL **: 0°C ~125°C
20 min/c
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OKI MEMORY LSI LIFE TEST RESULTS

Device name MSM51257ALRS MSM271000AS MSM534000RS
) 32K x 8 bit 128K x 8 bit 512K x 8 bit
Function STATIC RAM UV erasable EP ROM Mask ROM
Si gate C-MOS Si gate N-MOS Si gate C-MOS
Structure '38p P-DIP 8P cerdip 28P P-DIP
Test item Test condition {Sample | Test . Sample | Test . Sample| Test :
' size hours Failures size hours Failures size | hours Failures
Operating Ta=125°C x
Life test Vec=7.0V 200 2000 0 88 | 2000 0 88 |2000 0
High tempera- - _ — — 2 1** - — -
ture storage life Ta =200°C 100 000
130°C 85%
= 50 120 0 - — — 22 120 o]
Temperature Vee = 5.5V
humidity test o *
85 C 85% 200 |2000| o 50 1000 | O 80 |2000 | 0
Vce = 5.5V
Pressure 121°C 100% _ _ _
cooker test No bias 50 500 0 50 200 0
Low tempera- | Ta =-10°C '
ture life test | Vee = 7.0V 22 2000 0 22 | 2000 0 22 12000 0
—65°C ~ 25°C
;I'eg\i?‘er?;:tre 150°C 200 c1v?:cl)e2 0 100 csggs 0 100 cgggs 0
yeling (70min/cycle)
Device Name MSM51257AGSK MSM271000ZBRS MSM28C64ARS
Function 32K x 8 bit 128K x 8 bit 8K x 8 bit
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 Sarpple Test Failures Sa’.""'e Test Failures Sarpple Test Failures
size hours size hours size | hours
Operating Ta=125°C %

Life test Vce = 5.5V - - - 88 2000 0 100 2000 0
i - = O *
High temperaA Ta=155°C _ _ _ 100 | 2000 0 200 | 2000 **

ture storage life
130°C 85% *
Temperature Vee = 5.5V 50 120 (o] 50 120 0 50 120 0
humidity test o o, *
85 (EBSA’ 200 | 2000 0 100 | 2000 0 100 | 2000 0
Vcec =5.5V
o} O/
Pressure 121°C 100% 50 |30 | o | 22 |30 | o [ 22 |30 ]| o
cooker test No bias
Low tempera- Ta=-10°C
ture life test Vee = 7.0V - - - 22 | 2000 0 22 | 2000 0
Temperature —65°C ~ 25°C ~
cycling test 150°C (70 min/cycle) 200 | 500 0 100 500 0 100 | 500 0
*:Vee =525V **: Charge loss fail

*** . Charge loss fail (high temperature storage test after 10k W/E cycles test at Ta = 25°C)
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OKI MEMORY LSI ENVIRONMENTAL TEST RESULTS

m RELIABILITY INFORMATION =

Device name MSM511000ARS [ MSM514256AJS | MSM511000AZS
Test i . Sample . Sample - Sample .
est item Test condition size Failures size Failures size Failures
Soldering 260°C
heat 10 sec
0°C~100°C
Thermal h .
Thermal shock 5 m1|8 c cleﬁs min 22 0 22 0 22 0
environmental yeles
o ~ ~ 1 O
Temperature | QR0 RTZ100C
cycling 20 cycles
Variable 100Hz~2000Hz
frequency 4 min per cycle
vibration 4 timesinX, Y, 2Z
Mechanical 1500G, 0.5 ms,
environmental Shock 5 times in each 22 0 22 0 2 o
test X, Y, 2
Constant 20000G
acceleration 1 minineach X, Y, 2
Electrical .
" 100pF, 1.5k(}, 5 times
| s s
Envnr?:srtnenta ESD +1000V 10 0 10 0 10 0
T
Device name MSM41256ARS | MSC2312YS9 MSC2304KS9
Test item Test condition SaSin;:;Ie Failures SaSirr;;;Ie Failures Sasrir;;;Ie Failures
Soldering 260°C
heat 10 sec
0°C~100°C
T:‘:;:Lal 5 min 5 min
Thermal 10 cycles * .
environmental 22 0 22 0 22 0
et —65°C ~ RT ~ 150°C
Temperature 30min 30 min
cycling 20 cycles
Variable 100Hz~2000Hz
frequency 4 min per cycle
vibration 4 timesin X, Y, 2Z
. 1500G, 0.5 ms
Mechanical T .
environmental Shock 5 tln;(esymzeach 22 0 - — — —
test A
Constant 10000G or 20000G
acceleration 1 minineach X,Y,2
Electrical .
environmental ESD 100pF,+1 -5k(, 5 times 10 o] - - - -
test +1000V
*: TEMPERATURE CYCLING: -40°C ~ 25°C ~ 125°C (20 cycles)
(30 min) (30 min)
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OKI MEMORY LSI ENVIRONMENTAL TEST RESULTS

Device name MSM51257ALRS | MSM271000AS | MSM534000RS
Test item Test condition Sas?;';'e Failures SaSin';l;Ie Failures Sasrir;gle Failures
Soldering 260°C
heat 10 sec
0°C~100°C
Thermal 5min  5min
shock
Thermal 10 cycles
environmental 22 0 22 0 22 0
test
-65°C ~ RT ~ 150°C
Temperature 30min 30 min
cyeling 20 cycles
Variable 100Hz~2000Hz
frequency 4 min per cycle
vibration 4 timesin X, Y, 2
. 1500G, 0.5'ms
Mechanical St 4
environmental Shock 5 times in each 22 0 22 0 22 0
test X.vy.z
Constant 10000G or 20000G
acceleration 1minineach X, Y, Z
Electrical .
environmental ESD 100pF, 1.5k}, 5 times | 49 0 10 0 — -
test +1000V
Device name MSM51257AGSK | MSM27000ZBRS | MSM28C64ARS
Test item Test condition Sample Failures Sa("p'e Failures Sarpple Failures
size size size
Soldering 260°C
heat 10 sec
Thermal 0°C~100°C
Thermal shock 5min 5 min
environmental 10 cycles 22 0 22 (o] 22 0
test
Temperature ~65°C ~ RT ~ 150°C
cvelin 30 min 30 min
Yyeling 20 cycles
Variable 100Hz ~ 2000Hz
frequency 4 min per cycle
vibration 4timesinX, Y, 2
Mechanical 1500G, 0.5 ms,
environmental Shock 5 times in each 22 0 22 0 22 0
test XY,z
Constant 10000G or 20000G
acceleration 1 minineach X,Y,Z
Electrical
. 100pF, 1.5kQ, 5 times
envm:;\:emal ESD +1000V — — — — 10 0
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HIGH TEMPERATURE OPERATING LIFE TEST
MSM511000ARS Ta=25°C Sample size 200

0 48 168 500 1000 2000
MAX. 5460 (5460 |5440 (5460 |5440 |54.40
MIN. 50.60 |50.40 |50.20 |5040 |50.40 |50.60

Icct mA |MEAN |/5285 5286 |52.89 |5287 |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 mA  |MEAN .6586 | .5603 5626| .5615| .6562| .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 |648 |646 |646 |647 |645 |647
S.D. 16 17 17 1.7 17 17
DEL. 0.0 0.0 0.0 00 00 00

MAX. 21.0 210 21.0 21.0 21.0 21.0
MIN. 19.0 190 [19.0 19.0 19.0 19.0

TcAC ns MEAN 204 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-
741 42+
68F 34+
62F i { f E { { 26}
sel g FOOFEXoooXo-X
1 1 1 1 1 J i 1 | 1 1 1 ]
O 48 168 500 1000 2000 0O 48 168 500 1000 2000
Time (H) Time (H)
_ Icct Icc2
mA mA [
56 1.6

IEEEEEER
T LI

a4+ 4t

-

L 1 ] I I I 1 1 1 1 ! I
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 Sample size 200
0 48 168 500 1000 2000
MAX. 250 250 25.0 250 250 250
MIN. 220 220 220 220 220 220
TRP ns MEAN 240 240 23.9 23.9 23.9 239
S.D. 8 .8 9 .8 9 .8
DEL. 0.0 0.0 0.0 0.0 0.0 0.0
MAX. 4096.0 | 4096.0 | 4096.0 | 4096.0 | 4096.0 | 4096.0
MIN. 787.0 774.0 983.3 803.0 876.0 844.0
TREF ms MEAN 2933.3 | 2915.1 | 3015.6 | 2951.7 | 3013.6 | 2988.6
S.D. 1313.0 | 1451.9 | 1246.6 | 1287.2 | 12734 | 12909
DEL. 0.0 0.0 0.0 0.0 0.0 0.0
MAX. 3320 | 3310 | 3290 | 3300 | 3300 | 3290
MIN. 3.070 3.060 3.050 3.050 3.050 3.050
VccMIN- \ MEAN 3.167 3.162 3.156 3.159 3.154 3.155
S.D. .056 .057 .056 .055 .0565 .055
DEL. 0.000 0.000 0.000 0.000 0.000 0.000
MAX. 7.000 7.000 7.000 7.000 7.000 7.000
MIN. 7.000 7.000 7.000 7.000 7.000 7.000
VccMAX \Y MEAN 7.000 7.000 7.000 7.000 7.000 7.000
S.D. 0.000 | 0000 | 0.000 | 0.000 | 0.000 | 0.000
DEL. 0.000 | 0.000 | 0000 | 0.000 | 0.000 | 0.000
vr VeeMIN vl VecMAX
- L
a4l o
3k XXX ---F----X sk
2+ 7F L R e ettt S bRt SR
1+ 6
I i I 1 I L ] . 1 1 1 1 | ]
0 48 168 500 1000 2000 0 48 168 500 1000 2000
Time (H) Time (H)
nsf TrP ms[~ TREF
501 4000+
401 30001 IS SRR PR A S,
30 . 2000
i -¥---X---%X--¥--—-% i
201 1000}
. ! 4 I I 1 j i 1 L 1 | 1 |
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

= RELIABILITY INFORMATION =

MSM511000ARS Ta =25°C Sample size 200
0 48 168 500 1000 2000
MAX. 1.100 | 1.100 | 1.100 | 1.100 | 1.100 | 1.200
MIN. .940 .940 .930 940 .940 .950
ViLA V  |MEAN 1.047 1.047 1.047 1.042 1.045 1.046
S.D. .028 .028 029 .028 .028 029
DEL. 0.000 | 0000 | 0.000 | 0.000 | 0.000 | 0.000
MAX. 1.700 | 1.710 | 1.710 | 1.710 | 1.710 | 1.710
MIN. 1560 | 1560 | 1570 | 1660 | 1.560 | 1.560
VIHA V  |MEAN 1.656 | 1.656 1.656 | 1.656 | 1.658 | 1.656
S.D. 027 027 027 027 028 027
DEL. 0.000 | 0000 | 0.000 | 0.000 | 0.000 | 0.000
MAX. 1.330 | 1.330 | 1.330 | 1.330 | 1.330 | 1.330
MIN. 1.040 | 1.040 | 1.040 | 1.040 | 1.040 | 1.040
ViLc V  |MEAN 1.166 1.165 1168 | 1.166 | 1.160 | 1.163
S.D. .061 .062 062 .060 .057 .060
DEL. 0.000 | 0000 | 0000 | 0.000 | 0.000 | 0.000
MAX. 1.940 | 1940 | 1940 | 1940 | 1.940 | 1.940
MIN. 1.770 | 1.780 | 1.780 | 1.780 | 1.770 | 1.770
VIHC V  |MEAN 1.876 1.876 1.878 | 1877 | 1.877 1.876
S.D. .032 .032 031 032 .032 031
DEL. 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000
V| Vv
v ILC NT= IHC
1.48 2.24f
1.32 2081
1.16F ¥ XKoo 1.92- f___f____f____i____{__“f
1 1.76r:
1 1 1 1 1 J 1 1 1 1 1 ]
0 48 168 500 1000 2000 (o] 48 168 500 1000 2000
Time (H) Time (H)
Vv vV
v ILA vr IHA
1.2 18}
11 1.7
____________________ - ikt Sataiaing Saiaiaiak S e
1 1.6F
9 - 1.5
1 1 1 1 | I | . 1 l 1 1 1 |
0 48 168 500 1000 2000 (o] 48 168 500 1000 2000

Time (H)

Time (H)
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4. SEMICONDUCTOR MEMORY
FAILURES

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

Q H ductor El

t Failure Rate Curve

' In‘itial SHIPPING Wear-out

o | failure Random |_ failure

H failure

o

Py m>1

o

5 /

3 6 /

5 eneral /
electronic /
devices

X - Time
Semiconductor
elements

[
Debugging by burn-in
screening

1) Surge Destruction

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

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

Al
~ AN Input section
Aluminum _//_-/,7{7_¥7i/2—+

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

4) Photolithographic Defects

Integrated circuits are formed by repeated pho-
tographic etching processes. Dust and
scratches on the mask (which corresponds to a
photographic negative) can cause catastrophic
defects. At present, component elements have
been reduced in size to the order of 10 cm
through miniaturization. However, the size of
dust and scratches stays the same. At Oki, a
high degree of automation, minimizing human in-
tervention in the process, and unparalleled
cleanliness, solves this problem.

wtienpentiiv i

Photolithographic Defect



= RELIABILITY INFORMATION =

5) Aluminum Corrosion

Aluminum corrosion is due to electrolytic reac-
tions caused by the presence of water and
minute impurities. When aluminum dissolves,
lines break. This problem is unique to the plastic
capsules now used widely to reduce costs. Oki
has carefully studied the possible cause and
effect relationship between structure and manu-
facturing conditions on the one hand, and the
generation of aluminum corrosion on the other.
Refinements incorporated in Oki LSIs permit su-
perior endurance to even the most severe high
humidity conditions.

6) Alpha-Particle Soft Failure

This problem occurs when devices are highly
miniaturized, such as in 1 megabit RAMs. The in-
version of memory cell data by alpha-particle
generated by radio-active elements like uranium
and thorium (present in minute quantities, mea-
sured in ppb) in the ceramic package material
causes defects. Since failure is only temporary
and normal operation restored quickly, this is
referred to as a “soft” failure. At Oki we have
eliminated the problem by coating the chip sur-
face of 1 megabit RAMs with a resin which effec-
tively screens out these alpha-particles.

Package ceramic
cover

Silicon oxide
film

Substrate silicon

lonization along
the a-particle path

7) Degradation in Performance Characteristics
Due to Hot Electrons

With increased miniaturization of circuit 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
+Vp

+Vg [}

—| |

Gate !

Source Vg

Hot electrons

Source

Substrate silicon

Characteristic deterioration caused
by hot electrons

With further progress in the miniaturization of cir-
cuit components, failures related to pin hole
oxide film destruction and photolithography have
increased. To eliminate these defects during
manufacturing, Oki has been continually improv-
ing its production processes based on reliability
tests and information gained from the field. And
we subject all devices to high-temperature burn-
in screening for 48 to 96 hours to ensure even
greater reliability.
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EE MOS DYNAMIC RAMS

MSM3764A
MSM41256A
MSM41257A
MSM41464
MSM51C256
MSM511000A
MSM511001A
MSM511002A
MSM514256A
MSM514258A
MSM514100
MSM514102
MSM514400
MSMb514402
MSC2304YS8-KS8
MSC2304YS9-KS9
MSC2307YS9-KS9
MSC2312A-XXYS9/KS9

‘MSC2313A-XXYS8/KS8

MSC2320A-XXYS9
MSC2321A-XXYS18
MSC2328A-XXYS2/KS2
MSC2340-XXYS9/KS9

65,536-Word x 1-Bit RAM (NMOS) <Page Mode> .......
262,144-Word x 1-Bit RAM (NMOS) <Page Mode> ......
262,144-Word x 1-Bit RAM (NMOS) <Nibble Mode> .....
65,636-Word x 4-Bits RAM (NMOS) <Page Mode> ......
262,144-Word x 1-Bit RAM(CMOS) ............onvenn
1,048,5676-Word x 1-Bit RAM (CMOS) <Fast Page> .....
1,048,576-Word x 1-Bit RAM (CMOS) <Nibble Mode> ...
1,048,576-Word x 1-Bit RAM (CMOS) <Static Column> ..
262,144-Word x 4-Bits RAM (CMOS) <Fast Page> ......
262,144-Word x 4-Bits RAM (CMOS) <Static Column> ...
4,194,304-Word x 1-Bit RAM (CMOS) <Fast Page> ......
4,194,304-Word x 1-Bit RAM {CMOS) <static Column> ...
1,048,576-Word x 4-Bits RAM (CMOS) <Fast Page> .. ...
1,048,576-Word x 4-Bits RAM (CMOS) <static Column> ..
262,144-Word x 8-Bits RAM (NMOS) <Page Mode> (MODULE) .. .....
262,144-Word x 9-Bits RAM (NMOS) <Page Mode> (MODULE) . ......
262,144-Word x 9-Bits RAM (NMOS) <Nibble Page Mode> (MODULE) ..
1,048,576-Word x 9-Bits RAM (CMOS) (MODULE) .....
1,048,576-Word x 8-Bits RAM (CMOS) (MODULE) .....
262,144-Word x 36-Bits RAM (MODULE) .............
524,288-Word x 36-Bits RAM (MODULE) .............
262,144-Word x 8-Bits RAM (MODULE) ..............
4,159,300-Word x 9-Bits RAM (CMOS) (MODULE) .....

341

360
370



OKI semiconductor
MSM3764 A

65,636-BIT DYNAMIC RANDOM ACCESS MEMORY (E3-S-004-32)

GENERAL DESCRIPTION

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

Multiplexed row and column address inputs permit the MSM3764A to be housed in a standard 16 pin
DIP 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
065,536 x 1 RAM, 16 or 18 pin package ® Three-state TTL compatible output
e Silicon-gate, Double Poly NMOS, single transistor cell e "Gated’' CAS
® Row access time, ® 128 refresh cycles/2 ms
120 ns max (MSM3764A-12) ® Common 1/0 capability using ‘‘Early Write'’
150 ns max (MSM3764A-15) operation
e Cycle time, ® Output unlatched at cycle end allows extended page
220 ns min (MSM3764A-12) boundary and two-dimensional chip select
260 ns min (MSM3764A-15) © Read-Modify-Write, RAS-only refresh, and Page-
® Low power: 330 mW active, Mode capability
28 mW max standby ® On<hip latches for Addresses and Data-in
e Single +5V Supply, +10% tolerance ® On<chip substrate bias generator for high
® All inputs TTL compatible, low capacitive load performance
PIN CONFIGURATION
(Top View)
Din NC Vgg TAS . 7
NC D 1 16 j Vs
Pin Names Function o[ " Function
A ~A, Address Inputs we[]s 14[ Joou Ag~A, Address inputs
RAS Row Address Strobe AAS Row Address Strobe
&A% Column Address Strobe mas[ e e CAS Column Address Strobe
WE Write Enable s s :]‘ . WE Write Enable
Din Dets Input o E{ 2L Din Data input
Dout Dats Output A,'E 6 " jA.~ Dout Dats Output
Vee Power (+5V) Vee Power Supply (+5V)
Vss Ground (OV) A C ! o[ Ja Vss Ground (OV)
NC No Connection Ve E 8 o j‘~ * Refresh Adaress
* Retresh Address
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FUNCTIONAL BLOCK DIAGRAM
Timing
RAS Generator — t_]; Timing
CAS 1 5 Generator
Timing 1
l+| Generator ggéi . WE
Column Generator
Column
Address Decod
Buffers 4 l ecoders _{
- 1/0 Output
Ao A7: Sense Amps Selectionj Buffer [—Dout
Row :
-
Address ]
Buffers R Word
ow or Data
De- | |Driv- Memory Input  t==——-——Din
coders ers Cells Registor
vee a1
Vgg ——=
On chip VBB
ABSOLUTE MAXiMUM RATINGS (see Note)
Rating Symbol Value Wnit
Voltage on any pin relative to Vgg VIN. VouT -1to +7 v
Voltage on Vcc supply relative to Vgg Vee -1to0+7
Operating temperature Topr Oto 70 °C
Storage temperature Tstg -55 to +150 °C
Power dissipation Pp 1.0 w
Short circuit output current 50 mA

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

RECOMMENDED OPERATING CONDITIONS

(Referenced to Vsg)

. . Operating
Parameter Symbol Min. Typ. Max Unit Temperature
| vee 45 5.0 5.5 \)
Supply Voltage Vss 0 0 5 v
0°C to +70°C
Input High Voltage, all inputs ViH 24 6.5 \
Input Low Voltage, all inputs ViL -1.0 -1.0 0.8 \
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DC CHARACTERISTICS

(Recommended operating conditions unless otherwise noted.)

# DYNAMIC RAMS - MSM3764A =

Parameter Symbol Min. Max Unit Notes
Operating Current*
Average power supply current lcct 60 mA
(RAS, CAS cycling; tgc = min.)
Standby Current
Power supply current lcc2 5.0 mA
(RAS=CAS =V|H)
Refresh Current*
Average power supply current lcc3 40 mA
(RAS cycling, CAS = V|H; trc = min.)
Page Mode Current*
Average power supply current lcca 60 mA
(RAS = V,_, CAS cycling; tpc = min.)
Input Leakage Current
Input leakage current, any input
(0V £V N £5.5V, all other pins not Lt -10 10 A
under test = 0V)
Output Leakage Current
(Data out is disabled, Lo -10 10 uA
0V < VoyT £5.5V)
Output Levels
Output high voltage (IgH = -5 mA) VOH 24 \"
Output low voltage (Ig = 4.2 mA) VoL 0.4 \"

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

CAPACITANCE
(Ty=25°C, f= 1 MHz)
Parameter Symbol Typ. Max. Unit
Input Capacitance (A, ~ A,, D|n) CiN1 - 5 pF
Input Capacitance (RAS, CAS, WE) CiNn2 - 8 pF
Output Capacitance (DoyT) 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 RAS tRAC ns 120 150 4,6
Access time from CAS tcAC ns 60 75 5,6
Output buffer turn-off delay tOFF ns [o] 35 0 40
Transition time tT ns 3 35 3 35

RAS precharge time tRP ns 90 100

RAS pulse width tRAS ns | 120 110,000 | 150 [10,000

RAS hold time tRSH ns 60 75

CAS precharge time (Page cycle) tep 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

Row Address hold time tRAH ns 15 15

Column Address set-up time tASC ns 0

Column Address hold time tCAH ns 20 20
v | e | | "

Read command set-up time tRCS ns | O 0

Read command hold time tRCH ns 0 0

Write command set-up time twes ns -10 -10 8
Write command hold time WCH ns 40 45

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 tps ns 0 0

Data-in hold time tDH ns 40 45

tIfi)a—::‘a_;nghold time referenced {OHR ns 100 120

CAS to WE delay tCWD ns 40 45

RAS to WE delay tRWD ns 100 120

Read command hold time tRRH ns 0 0

referenced to RAS

CAS precharge time tCPN ns 30 35
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NOTES: 1) An initial pause of 100us is required after power-up followed by any 8 RAS cycles (Examples; RAS
only) before proper device operation is achieved.

2) AC measurements assume tT = 5 ns.

3) ViH (Min.) and V|| (Max.) are reference levels for measuring timing of input signals. Also, transition
times are measured between V| and VL.
Assumes that trcp < tRCD (max.).
If tRCD is greater than the maximum recommended value shown in this table, tR AC will increase by
the amount that tycp exceeds the value shown.
5) Assumes that tgcp < tRCD (max.)
6) Measured with a load circuit equivalent to 2 TTL loads and 100 pF.
7) Operation within the trcp (max.) limit insures that tRAC (max.) can be met. tRCp (max.) is spe-
cified as a reference point only; if tRCp is greater than the specified trcp (max.) limit, then access
time is controlled exclusively by tCcAC.
tWCS. tCWD and tRwWD are not restrictive operating parameters. They are included in the data sheet
as electrical characteristics only; if tycs 2 twgs (min.), the cycle is an early write cycle and the aata
out pin will remain open circuit (high impedance) throughout the entire cycle; if tcwp = tcwpD
(min.) and tRwD > tRWD (min.) the cycle is read-write cycle and the data out will contain data read
from the selected cell; if neither of the above sets of conditions is satisfied the condition of the data
out (at access time) is indeterminate.

4

8

READ CYCLE TIMING

tRC
tRAS
V- \ AR i
RAS v, _ N 4 N
tRPp—e
, tRCD TRSH (=-tCRP-{
tCAS '
—— ViH— 3
CAS v — \ \( I/ /
—+1CSH tCPN
tASR| [tRAH 0’1 tCAH

tAS =
Addresses z:’: : RX&,;%@{ Co"ﬂgress W %
g ! i tRCH
tFRCS}<’I ! -tRLR::
J— VIH -
e 7 e
tRAC

Dout YOH- { OPEN +———q
VoL~

Valid Data

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

(EARLY WRITE)

RAS S
___ VIH-T 7 tAR
RAS  v|_- r\K \_
‘ tRSH —tRP—=
y tRCD l tcAS————= tCRP-=
e IH—
CAS v = \\ £/
tCSH—— [ TCPN
tASR| [tRAH tCAH
- tASC
Row Column g /) .
Addresses IL _ /// Address Address @(
I
t —_—]
tWCs tWCH cwL
P VIH— tWP-
WE VL - EZZ})K ! | /
' tRWL
DS% o
V —
DIN VIIT - 7/ Valid Data
v tDHR
DOUT vg[‘: { OPEN b
READ-WRITE/READ-MODIFY-WRITE CYCLE
*RWC
tRAS
— V|H- AR i
RAS —
ViL N ;I RsH / [=—tRP
T laJ
tRCD tCAS -tCRP
—— VIH- N
= W - £/,
F—j tRAH TASC| | 'CAH CSH - e
Col
Addresses ddress ° u&%rw
! ' tRWD tCWL—=
tResf==l  l=———tcWD tRWL—=]
— VIH- A
WE vy - Wi
twp
tCAC —= 'OFF
VoH -
DouT V%T - L | OPEN }————( Valid Data
tRAC tDH
V -
o iH Valnd
. mc
J/ “H", L' = Don’t Care
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RAS ONLY REFRESH TIMING

(CAS: Vi|H, WE & DIN: Don't care)

tRC
|

f tRAS
—— VIH - R N
RAS v - L ’H( N—
IRAH‘-‘

f tRpP
tASRM—

waseses V12 TN === O

VoL - — OPEN

F77)""H", *"L" = Don't Care

PAGE MODE READ CYCLE

RAS

A
tRSH———= [=tRP

YN
e
tAS

t
c CAH

IR M

" =tcAC |
% FtOFF HQFF

]——tRCHcr
K

m uHu’uLu= Don’t Care
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PAGE MODE WRITE CYCLE

tRAS
RAS \\//IH—
- A
* Se—PC ¢ ’ ~=—tRSH—= {=-tR
cf f=—tCAS—| le—tCcAS = |=tCRP.
- A S e —
tasc| [T (CAH tasc| [T tCAH
ViH-
NN I
tWCH f=—d tWCH
v toWL—{  —tcwL— 7 teWL——
WE -7 Y7775 g s A
2 TW T
=—tWCR tDH E WtRWL_,
"H‘"tDH DS ==V 595 tDH
o \MM-7 / %v:md Data Valid DataW % (Valid DaM
—tDHR
“H”, “L"" = Don't Care
PAGE MODE, READ-MODIFY-WRITE CYCLE
tRAS
== VIH —— ‘.tAR_.i
RAS ViL \x
tcp tRSH tRP
—  ViH N
CAS ViL w 4 |
¢ I— ‘,’
tASC tCAH tASC CAH CRP
Addresses x::‘_‘ @W%d
t t tcwD
) ’RCS| WOy |
WE VIH 777 twp ’ |
ViL L //iT / i i J ) / /
| ' tps|toH
! ‘OsioH | | twe
D W 7777 7 7
Wi LA RITTR //// T
| J;;‘CAH"OFF rcac— 2 L icac
v
D OH
out I OPEN OPEN b
L) “H" . L = Don't Care

76




2 DYNAMIC RAMS - MSM3764A

HIDDEN REFRESH

Read Cycle RAS only cycle
_—__ VIH TRP—=
RAS v, ~ NT'AR N
CAS My
Vi
tASR | [IRAH
\Y
Addresses V:E
J tRCH
we VIH
we I | LY
L CAC
tOFF
v tRAC
OH N ) .
DouTt VoL OPEN \1\ Valid Data
“H" “L" = Don't Care
DESCRIPTION same polarity as data-in. The output is in a high im-

Address Inputs:

A total of sixteen binary input address bits are required
to decode any 1 of 65536 storage cell locations within
the MSM3764A. Eight row-address bits are established
on the input pins (A,~A,) and latched with the Row
Address Strobe (RAS). The eight column-address
bits are established on the input pins and latched with
the Column Address Strobe (CAS). All input addresses
must be stable on or before the falling edge of RAS.
CAS is internally inhibited (or “gated’”) by RAS to
permit triggering of CAS as soon as the Row Address
Hold Time (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 (DyN) register. In a write
cycle, if WE is brought low (write mode) before CAS,
DN is strobed by CAS, and the set-up and hold times
are referenced to CAS. In a read-write cycle, WE will
be delayed until CAS has made its negative transistion.
Thus Dy is strobed by WE, and set-up and hold times
are referenced to WE.

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

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 tgcp (max.) is satisfied, or
after tgac from transition of CAS when the transition
occurs after tycp (max.). Data remain valid until CAS
is returned to a high level. In a write cycle the identical
sequence occurs, but data is not valid.

Page Mode:

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

Refresh:

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

Hidden Refresh:

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

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

Access time from RAS

g 1.4 (Relativoe value) v.s. Voo
[Te] Ta=25C

20) - tR‘CDi min

> N

3}

S0

~

3 —~
> 0.8

Q

<

O

= 40 45 50 55 6.0

vee [V]

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

o‘; Vce = 5.0V

~ tRCD: min

1.2

£ /

Q

< 1.0

[od

Red e

©

= 08

Q

<

x

0 25 50 75
Ta[°C]
Access time from CAS

3 14 (Relative va[ue) vs. Ve

0 tRCD: Mmax

1

\

S 1.2\

N ENNN

Q

< 10 NN

£ N N\ Ta = 50
© \:Ta =25°
;" 0.8 Ta=0
Q

S

~ 40 45 50 55 6.0
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Icc1 (Operation) [mA] Icc1 (Operation) [mA]

Icc1 (Operation) [mA]

Icc1 (tRAS: Constant)
v.s. Vee

Ta=25°C
tRAS = 120 ns/

+~
a/

—

50

|
L»tRC = 220 ns
40 il

b tRC = 260 ns

tRrc =330
30 RC ns

tRC = 500 ns

20

__tR(.;=1000ns
40 45 50 55 6.0
Vee [V]

Icc1 (tRAS: Constant)
50 V- Cycle rate
Ta=25°C | Vlcc 55y
t =120 ns AR
40| RAS /, Ve =50

/ Vee = 45V
30 7

20 Za

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

Icc1 (tRAS: Constant)

s. Ta
50 VS
Vce =5.5V
tRAS = 120 ns
40 =t tpC = 220 ns
tRC = 260 ns
|
30 trc =330 ns
20— tRC = 500 ns
tRc = 1000 ns

0 25 50 75
Ta[°C]



Icc1 (Operation) [mA] Icc1 (Operation) [mA]

Icc1 (Operation) [mA]

# DYNAMIC RAMS - MSM3764A

Icc1 (tRp: Constant) v.s. VoC lcc2 vs. Vee
50 Ta= 2' o ] 5.0
ta_= goc _tRC =220 ns = Ve
40 RP ns / '(RC' =260 ns E 40 IH: max
L tRC =330 ns =
G 1 i & —Ta = 0°C
30 =" __—=t"tRC =500 ns 2 30— |
- 1 8 Ta=25C
,//.— tRrC = 1000 ns %) Ta =50°C
20 s § 2.0 Ta=75°C
o
40 45 50 55 6.0 40 45 50 55 6.0
vee [V] Vee (V]
Icc1 (tRrp: Constant)
S. | 1 s. T
50 vs'Cycerate 50 CC2VS' a
Ta=25°C | Vce = 5.5V
tRP = 90 ns V(I;c =55V ra VIH: max
40 Vce =5.0V E 4.0
1
30 /4?4/ e g 3.0
/ e —
C
©
20 ‘~ 20 =
N2
©o
1 2 3 4 5 0 25 50 75
Cycle Rate (1/tgc) [MHz] Ta[°C]

Icc1 (trp: Constant) v.s. Ta

50
40 tRC =220 ns
1
tRC =260 ns
—
\F_ |
™ tRC =330 ns

30 |
-i\' tRC = 500 ns
P —— I

20 tRC = 1000 ns

79



u DYNAMIC RAMS - MSM3764A m

80

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

icc3 (Refresh Cycle) [mA]

301

20

10

4.0

30

30

20

lcc3 (tRAS: Constant) v.s. Vg

Ta=25°C
tRAS = 120 ns /

L~tRC =220 ns

L=tRC = 260 ns
’tnq; =330 ns

/ "
ol

o
———’/

|
—_— tR(_I: =500 ns
p=e-tRC = 1000 ns

45
Vee [V]

lcc3 (tRAS: Const
v.s. Cycle rate

50 5.

5 6.0

ant)

0 —
Ta=25"C
tRAS = 120 ns

2 3 4 5

Cycle Rate (1/tRc)

[MHz]

20 lcc3 (tRAS: Constant) v.s. Ta

Vce =5.5V
tRAS = 120 ns
'tRlc =220 ns
tRC = 260 ns
lt|:ltc =330 ns
tRC =500 ns
tRCc = 1000 ns
0 25 50 75
Ta [°C]

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

Icc3 (Refresh Cycle) [mA]

Icc3 (trp: Constant) v.s. Voe
4

T
Ta=25°C
t 220 ns
40| tRP=90 s /’tig %28 ns
= tRC = ns
§¢/¢ tRG = 500 ns
20— —~tRC = 1000 ns
P
//
10
0
40 45 50 55 6.0
Vee V]
Icc3 (tRp: Constant)
v.s. Cycle rate
40 —
Ta=25C
tRP =90 ns Vee = 5.5V
30 —=Vcc =5.0v
_—~T—~—Vcc=45V
20 //
/
10
0
1 2 3 4 5

Cycle Rate (1/tRc) [MHz]

Icc3 (trp: Constant) vs. Ta
40 VGG =556V
tRp =90 ns
tRC = 220 ns
30 tRC =260 ns
— tRC =330 ns
20 |—— \\.tR:C =500 ns
[ tRC = 1000 ns
10
0
0 25 50 75
Ta[°C]
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Icc4 (tcas: Constant)

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

Icca (Page Cycle) [mA]

50 v.s. Vee Icc4 (tep: Constant) v.s. Ve
—T 0
Ta=25°C a Ta=25°C
t =60 ns tcp =50 ns
40[-CAS tpc = 120 ns % 40 <F L,tpC = 120 ns
//tplc =145ns %; //rtPC,; 145 ns
30 = /./TPC| =230 ns © 30 L~ tpC = 230 ns
~ L —1_{—tpC =400ns g ///,tpc' =400 ns
20 = 20—
s | 7
40 45 50 55 6.0 40 45 50 55 6.0
Vee [V] Vee (V]
Icca (tcas: Constant) lcca (top: Constant)
v.s. Cycle rate v.s. Cycle rate
50 y ~
Ta= 2‘5°c T Ta=25C
40 tCAS = 60 ns £ 40 tcp =50ns
Ve = 5.5V = Ve =55V
/, ch = 5.0V o P ,VCCI= 5.0V
30 // =\ CC = 4.5V %3 30 7, Vce = 4.5V
— S
(=%
20| == S 2 =
Q
©
2 4 6 10 2 4 6 8 10

Cycle Rate (1/tpc) [MHz]

Icc4 (tcAs: Constant) vis. Ta
0

Vee = 5.5V
t =60ns
40— CAS
4\\:£th =120 ns
30 — tplc =145 ns
T — T — =
— -tpic 230 ns
20 tpCc =400 ns
0 25 50 75
Ta[°C]

Icc4 (Page Cycle) [mA]

Cycle Rate (1/tpc) [MHz]

Icc4 (tcp: Constant) vs. Ta
50

Vee = 5.5V
tcp =50 ns
40 —
T~ ~—"—tpc=120ns
30 2
T—— [ rtpc=230ns
20 F=—t-tpC = 400 ns
0 25 50 75
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Input level [V]

Input level [V]

Input level [V]

Address Input vs. Voo

Ta=25°C
2.0 I /
VIH min //
1.5
~~TV|L max
1.0
40 45 50 55 6.0
Vee[V]
Data Input v.s. Vo
20 Ta=25°C |
’ ViH min 9
1.5 T
V|L max
1.0
40 45 50 55 60
Vee[V]
Clock Input v.s. Ve
"0 Ta=25°C
' ViH min ~
15 /;
e VL max
1.0 I
40 45 50 55 6.0

Vcé [V]

Input level [V]

Input level [V]

Input level [V]

20

1.5

1.0

20

15

Address Inputv.s. Ta

Vce=5.0v

f !
VIH min

VL max

0 25 50

Ta[°C]

Data Inputv.s. Ta

75

Vce = 5.0V

f f
ViH min

VL max

0 25 50

Ta[°C]

Clock Inputv.s. Ta

75

V(";C =5.0V

[ il
ViH min

ViL ma

x

25 50
Ta[°C]
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Vee =5.5V
Ta=25°C
50 ns/div

RAS/CAS CYCLE, LONG RAS/CAS CYCLE, RASONLY CYCLE, PAGE MODE CYCLE

2|
>
7

140

lcc 120

[mA] 100

80

60

——
———

40

20
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MSM3764A Bit MAP (Physical-Decimal)

—
/ [A7 column = “H"] ! [A7 column = “L"] Orinie \
63} 62 1 0 64{ 65 126}127 63} 62 1 0 64| 65 126127
255(255) 265)255 [ 255|255 255|255 1271127 1271127 J L 1271127 127|127
1911190 1294128 1924193 2541255 191}190 129)128 192]193 2541255
255|255 255|255 255|255 255|255 1271127 1271127 ] [ 127|127 127|127
63| 62 i1 o 64| 65 126{127 63| 62 1l o 64| 65 126[127
254254 254|254 254|254 254|254 126[126 1261126 126126 126{126
1911190, 129{128 N 1921193 25412565 1911190, 129112814 4, 1921193 2541255
254[254 254|254 [ 254|254 254|254 1261126 126126 126[126 126126
63| 62 1 0 64| 65 126127 63| 62 1l O 64| 65 126(127
263|253 253|253 253|253 253|253 125|125 125125 125|126 1254125
191190 129[128 1921193 254]255 191]190 129]128 192193 2541255
2631253 253|263 [ 2631253 253|253 126[125 1251126 [ 125[125 125[125
63] 62 11 0 64] 65 126[127 63] 62 11 0 64| 65 126(127
252|252 252|252 262|252 252|252 124|124 124]124] 1241124 124[124
191[190 129(128 192193 2541255 1911190 129]128 e1{192]193 254/255
252§252 252|252 2521252 252|252 124|124 124]124 [: 1241124 124|124
63| 62 1 ©O 64| 65 126127 63| 62 11 O 64| 65 126127
251|251 251]251 251251 251|251 123|123 123§123 1231123 123123
191190 1291128 192(193 254|255 191|190 1291128 L 1921193 2541255
132[132, 132}132 [ ] 132132 132132 4! 4 4] 4 [v] 4] 4 41 4
63| 62 1 o 64| 65 1261127 63| 62 11 0 64| 65 1261127
131131 131131 131131 131]131 3] 3 3] 3 31 3 3] 3
1911190 1291128 192[193 2541255 1911190 129]128 192|193 254|255
1311131 131131 r1131]131 131{131 31 3 3l 3 rl 3| 3 2f 3
63| 62 1 0 64| 65 126]127 63| 62 1 0 64| 65 126127
130{130 130[130 130{130 130[130 2] 2 2| 2] 2] 2 2] 2
191190 129]128 192|193 254|255 191190 129(128 192|193 2541255
130{130 1304130 [ 130130 130(130 2f 2 2 2 2 2 2f 2
63| 62 1 0 64| 65 126[127 63| 62 1 0 L. 64] 65 126]127
129129 129]129 129|129 129129 1 1 1 1 1 1 1 1
191190 129]128 1921193 254255 191190 129]128 1921193 254|255
129129 129129 [ 1291129 129[129 1 1 1 1 ] 1 1 1 1
63| 62 11 0 64| 65 126127 63| 62 1 0 64| 65 1261127
128128 1281128 128]128 128{128 ol o 0] o [ 0| O of o
1911190 129[128 192193 254|255 191[190 129128 192193 254|255
128128 128128 1281128 128(128 o o of O o 0 of 0
(T TN T O T[] T
J
Refresh Address Refresh Address, Refresh Address Refresh Address
(63 - 0) ) 9' I’( 1 (64 — 127) L (63 0) ] H Y |\i\ (64 —127) ]
T 7 \ T T AN A
Oimn D, D, D, D, . D, D, D, Dn
(Positive} (Negative) (Positive) (Negative)
Pin8 (Row)
Cell A = Row Address (Decimal) Word Driver o Sense Amp

84

Sub Amp (C = Number of Bus Line)

B = Column Address (Decimal)
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OKI semiconductor
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 VLS| 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 ® Allinputs TTL compatible, low capacitive load
® Silicon-gate, Double Poly NMOS, single ® Three-state TTL compatible output
transistor cell ® “Gated” CAS
® Row access time: ® 256 refresh cycles/4 ms
100 ns max (MSM41256A-10) ® Common |/0 capability using “Early Write”
120 ns max (MSM41256A-12) operation
150 ns max (MSM41256A-15) ® OQutput unlatched at cycle end allows
® Cycletime: extended page boundary and
200 ns min (MSM41256A-10) two-dimensional chip select
220 ns min (MSM41256A-12) ® Read-Modify-Write, RAS-only refresh,
260 ns min (MSM41256A-15) capability
® | ow power: ® On-chip latches for Addresses and Data-in
330 mW active (MSM41256A-10) ® On-chip substrate bias generator for high
303 mW active (MSM41256A-12) performance
275 mW active (MSM41256A-15) ® CAS-before-RAS refresh capability
28 mW max standby ® “Page Mode” capability

® Single +5V Supply, =10% tolerance

PIN CONFIGURATION (TOP VIEW)

. Pin Names Function Din A, vss CAS
aap 16{ JVss
on ] Hes Ao~As | Addressinputs
-OIN 2 15 CAS — N
! AAS Row Address Strobe v function
wel[]s3 — Address Inputs
O 14 D Oour Gas Column Address Strobe Mow Address Strobe
AAS [ o 1307 A WE Write Enable Column Addren Strobe
° Write Ensble
as[]s 12{]ar O Data Input Data Input
A (j 6 nae Oout Data Output :m O:np\n
ower (+8V)
A 107 Ax Ve Power Supply (+5V) Ground (OV)
v No Connection
vee[]e Nare ss Ground (OV)
* Refresh Address * Refresh Address
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FUNCTIONAL BLOCK DIAGRAM

RAS Timing
s Generator Timing
T Generator
[]
Write S
Clock F——WE
Column Column Generator
Qﬂ?,’:,is j/ Decoders
Internal
Ao~As (__J égﬂ:ﬁif <1 COEt?gecsE)CK Sense Amps Selle/cotion g::,pe‘:' — Doyt
Row -
Address
Buffers
Row Wgrd Data
L) e b et
ers
b
Vee
VSS ——
OnchipVgg
ELECTRICAL CHARACTERISTICS
ABSOLUTE MAXIMUM RATINGS (See Note)
Rating Symbol Value Unit
Voltage on any pin relative to Vgg VIN: VOouT —1to+7 v
Voltage on Vg supply relative to Vgg Vce -1to+7 \'
Operating temperature Topr Oto70 °C
Storage temperature Tstg —55to +150 °C
Power dissipation Pp 1.0 w
Short circuit output current 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
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RECOMMENDED OPERATING CONDITIONS

(Referenced to Vgg)
) . Operating
Parameter Symbol | Min. Typ. Max. Unit Temperature
vVee 45 5.0 5.5 v
Supply Voltage
Vss 0 0 0 Vv 0°Cto +70°C
Input High Voltage, all inputs VIH 2.4 6.5 \
Input Low Voltage, all inputs ViL -1.0 0.8 \
DC CHARACTERISTICS
(Recommended operating conditions unless otherwise noted.)
Parameter Symbol Min. Max. Unit | Notes
OPERATING CURRENT* MSM41256A-10 60
Average power supply current MSM41256A-12| Icct 55 mA
(RAS, CAS cycling; trg =min.) MSM41256A-15 50
STANDBY CURRENT
Power supply current Icco 5.0 mA
(RAS =CAS =V|R)
REFRESH CURRENT 1* MSM41256A-10 55
Average power supply current MSM41256A-12 lcca 50 mA
(RAS cycling, CAS = V|y; tRc =min.) [MSM41256A-15 45
PAGE MODE CURRENT* MSM41256A-10 40
Average power supply current MSM41256A-12| Icca 35 mA
(RAS =V, CAS cycling; tpc = min.) [MSM41256A-15 30
REFRESH CURRENT 2* MSM41256A-10 55
Average power supply current MSM41256A-12 Iccs 50 mA
(CAS before RAS; trc = min.) MSM41256A-15 45
INPUT LEAKAGE CURRENT
Input leakage current, any input
(0V < VN <5.5V, all other pins not I -10 10 KA
under test =0V)
OUTPUT LEAKAGE CURRENT | —10 10 A
(Data out is disabled, OV < VouT < 5.5V) LO ®
OUTPUT LEVELS
Output high voltage (IoH = —5 mA) VOH 2.4 v
Output low voltage (I = 4.2 mA) VoL 0.4 \Y

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 ~ As, D|N) CIN1 - 6 pF
Input capacitance (RAS, CAS, WE) CiN2 - 7 pF
Output capacitance (DoyT) Cout - 7 pF

Capacitance measured with Boonton Meter.
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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 trRC 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

delay tGEF ns 0 30 0 30 0 30
Transition time tr ns 3 50 3 50 3 50
RAS precharge time trp ns 90 90 100
RAS pulse width tRAS ns | 100 | 10us | 120 | 10us | 150 | 10us
RAS hold time tRSH ns 50 60 75
CAS pulse width tcAS ns 50 | 10us | 60 | 10us | 75 | 10us
CAS hold time tcSH ns | 100 120 150

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

CAS to RAS set-up time | tcRs ns 20 25 30
gs‘v; address set-up {ASR ns 0 0 0
Row address hold time tRAH ns 15 15 15
tCi'::l’:mn address set-up tASC ns 0 0 0
S;I:mn address hold {CAH ns 20 20 25

Read command set-up
time trRcs ns 0 0 0

Read command hold 0 0 o
time referenced to CAS | RCH ns

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

:livnzge command set-up twes ns 0 0 0 8

89



= DYNAMIC RAMS - MSM41256A »

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.
&VISIE command pulse twp ns 15 20 05
llivnr‘ge command hold tWeH 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 tps ns 0 0 0
Data-in hold time toH ns 20 20 25
CAS to WE delay time tcwp | ns 15 20 25 8
Refresh set-up time for
CAS referenced toRAS | IFCS ns 20 25 30
Refresh hold time for
CAS referenced toRAS | FCH ns 20 25 30
CAS precharge time
(C before R cycle) ICPR ns 20 25 30
RAS precharge to
CAS active time tRPC ns 20 20 20
E;%e mode cycle tpc ns | 100 120 145 9
Page mode read
write cycle time tPRWC| ns | 105 125 145 °
Page mode CAS
precharge time tcp ns 40 50 60 9
Refresh counter test
cycle time ’ RTC ns | 315 355 415 10
E%fée;ﬂ Sounter test tTRAS | ns | 215 | 10us| 255 | 10us | 305 | 10us| 10
Refresh counter test
CAS precharge time tcpT ns 50 60 70 10

90



Notes:

a DYNAMIC RAMS - MSM41256A

An initial pause of 100 us 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

V|H (Min) and V) (Max.) are reference levels for measuring of input signals. Also transi-
tion times are measured between V|4 and V)| .

Assumes that trcp < trgp (Max.). If trep is greater than the maximum recommended
value shown in this table, tRac Will increase by the amount that trcp exceeds the value
shown.

Assumes that trcp = trcp (Max.).
Measured with a load circuit equivalent to 2TTL loads and 100 pF.

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

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

Page mode cycle.
CAS before RAS Refresh Counter Test Cycle only.
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READ CYCLE

tRC
tRAS
R ViH— \
RAS - N 7 N
tcsH - tRp
T
CRS tRCD tRSH
} tcAas
—_ ViH— 4 ¢
CAS
W \ / /
tASR | tRAH tAsC CAH
ViH— Row Column
Addresses ViL— Address Address
| t
t [ RRH
RCS[‘—" | — | tRCH [«—
_— ViH I
WE t
Vil ZM %f f CAC .
! tRAC ™ [ 'oFF
VoH- Valid
D { OPEN r———{
OUT  ygoL-— i Data

Don’t Care

WRITE CYCLE (EARLY WRITE)

RAS ViH—

ViL—
eas
Addresses \\; ::‘:
wE o
DiN \\;:E:
DouT xgt:

tRc
ﬁ\ tRAS } ﬁ‘g
1 1
CRS CSH tRshH tRp—=
tRCD tcas
4
/ RN /[ /
tASR| |tRAH tasC tCAH ‘
[ — l-—
Row Column
N\ _Address 4 Address
1 |
twes Ctwon—| cWE | ‘
TRWL Ju
tDs—- |-

2K

/] bon't Care
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READ-WRITE/READ-MODIFY-WRITE CYCLE
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: tRwWC |
RAS
RAS Vi~ N
ViL— \ -
CRs| [+ CSH—oh ] trp—
tRCD tcas
__ ViH— ¢
CAS v,,_—j L/
tRAH tAsc
tASH ICAH ‘
ViA— Row ) Column
Addresses \, | "_ %Add:;ss Address %
| [~—tcwL—=]
tRCs I tcwo —1tRWL
— ViH—
WE vir— Y N f /
tcac - twp— —| —toFF
VoH— -
DouT Vgt—- { Open Valid Data
tRAC
Ds DH
D ViH— Valid
IN ViL— Data
% Don’t Care
PAGE MODE READ CYCLE
tRAS

tRP

L f=—tCAC
f tRAC
OPEN OPEN
tRCS

Wi

tOFF
|

|*tR‘c"l-o-,$

N

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

RAS

3 v |
’ ——tRSH——m_

—tCAS

/ [ 7
tasc| [T 'CAH
—=
/ CER N

twCH t.t_cv—vlL——
7T //4 i
o :l!vtRWL——

tDS=1 r=tpH DS IDH’I = tDH
DIN VlH 7 ﬁ‘v.and Dax%@(vm-d Data% / { Valid DaM/ T

V77)''H'", “L'" = Don't Care

PAGE MODE, READ-MODIFY-WRITE CYCLE

tRAS
_ ViH_—
— ViH—s
CAS v _
‘A§E_
Addresses x:t“ 7 z
WE ViH— 4
VL — L
f
Din x:t‘— 7y /////// ' //// T

xgﬁ:‘CAC_’{ |t°FF tCACJS -tcac
VOH—
OPEN OPEN
Pout o' b

U] *H" . “L" = Don't Care
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RAS ONLY REFRESH CYCLE

NOTE: CAS =V |y, WE, Djy = Don't care
| tRC
tRAS

RAS ViH— — \

ViL— K 7 —

le—tRAH— tRp
A%

ViH— Row
Addresses

ViL— Address

VoH— , |
Pout  ygL- { OPEN |

//] Don’t Care
CAS-BEFORE-RAS REFRESH CYCLE
NOTE: Address, WE, Dy = Don’t care
tRC
RP

Vig — tRAS > —

RAS Vi -—/ *
tFCs || tFcH RPC
CcPR
P ViH—
CAS ViL— %
~—tOFF

VoH— 3

DouT ng_ _> — OPEN F
Don’t Care
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HIDDEN REFRESH CYCLE

tRC
le—tRp —=
__ _ tR { tRAS {
RAS ViH \ AS " :& —,l/
ViL — .
CRS —1t _—
~—tRCD—= RSH tcas
—= ViH — y tFCH .
CAS ViL — / tRAH \)\ ;2
tASR| =~ tcAH
tIAsc——— [e—
VIH="D/ &’
Addresses ! aorsss X osren X7
L !
tRCS - ~— L-—"FQF{H
— VIH —
WE (Read) v,/ _ tcac X
B RAC tOFF
DouT VoH— gl Valid Data
VoL—
tcwD
tRCS———l ﬁWtwpy
WE ViH—
(Read-Write) V_— /
Don’t Care
CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE
tRTC -
1
RAS ViH— \ TRAS /
ViL—
tFcs tcpT RSH le—1RP
tCcsH i— .
CAS ViHT TN N N
ViL— tasc = 7
Vig—
Addresses V:':— % Col. Address%
tRcs r—— l 1 I‘—’thRH
R ViH—
WE (Read) '™ 7
ViL— tcAC re—
v / "——: fOFF
DouT Vg:—_‘: g Valid Data ’>—
tRCS tcwD | [~—tcwL —+
~—tRwWL
— ViH— twp
WE (Write) ' i V4
L tps
le—tDH —]
N W7 DKoo 0w KT
Don’t Care
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FUNCTIONAL DESCRIPTION

Simple Timing Requirements:

The MSM41256A has the circuit considera-
tions for easy operational timing requirements
for high speed access time operations. The
MSM41256A can operate under the condition of
trcp (max) = tcac which provides an optimal
time space for address multiplexing. In addition,
the MSM41256A has the minimal hold time of
Address (tcaH), WE (twcRr) and DN (tpH). And
the MSM41256A 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 tRwpD-
Therefore, the hold times of the Column Address
DiN and WE as wel as tgwp (CAS to WE Delay)
are not restricted by trcp.

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 1/0
bus can be used on the system level. Whereas,
when WE goes low after towp following CAS
transition to low, the MSM41256A 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 MSM41256A. Nine row-
address bits are established on the input pins
(Ao 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-addresses.

# DYNAMIC RAMS - MSM41256A =

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 MSM41256A during a
write or read-write cycle. The last falling edge of
WE or CAS is a strobe for the Data in (D))
register. In a write cycle, if WE is brought “low”
(write mode) before CAS, Dy is strobed by CAS,
and the set-up and hold times are referenced to
CAS. In a read-write cycle, WE will be delayed
until CAS has made its negative transition. Thus
DN 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 typc from transi-
tion of RAS when tRcp (max) is satisfied, or after
tcAc from transition of CAS when the transition
occurs after tggp (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.

97




a DYNAMIC RAMS - MSM41256A m

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 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
MSM41256A offers an alterhate refresh method.
If CAS is held on low for the specified period
(trcs) 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:
* AROW ADDRESS
— Bits Aothrough A- are defined by the refresh
counter. The other bit As is set “high”
internally.
* A COLUMN ADDRESS
— All the bits Ao through As are defined by
latching levels on Ao 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 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.

(38) 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).



MSM41256A Bit Map (Physical-Decimal)
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OPin16
252 | 253 | 254 | 255 3 2 1 0 256 | 257 | 258 | 259 511 | 510 | 509 | 508
128 | 128 | 128 | 128 128 | 128 | 128 | 128 128 | 128 | 128 | 128 128 | 128 | 128 | 128
252 | 253 | 254 | 255 3 2 1 o] 256 | 257 | 258 | 259 511 | 510 | 509 | 508
384 | 384 | 384 | 384 384 | 384 | 384 | 384 384 -| 384 | 384 | 384 384 | 384 | 384 | 384
252 | 253 | 254 | 255 3 2 1 0 256 | 257 | 258 | 259 511 (| 510 | 509 | 508
129 [ 129 | 129 [ 129 129 | 129 | 129 | 129 129 | 129 | 129 | 129 129 | 129 A1 29 | 129
252 | 253 | 254 | 255 3 2 1 0 E 256 | 257 | 258 | 259 511 | 510 | 509 | 508
385 | 385 | 385 | 385 385 | 385 | 385 | 385 (@] 385 | 385 | 385 | 385 385 | 385 | 385 | 385
g
p4
252 | 253 | 254 | 255 3 2 1 o] g 256 | 257 | 258 | 259 511 | 510 | 509 | 508
254 | 254 | 254 | 254 254 | 254 | 254 | 254 6 254 | 254 | 254 | 254 254 | 254 | 254 | 254
252 | 2563 | 254 | 255 3 2 1 [o] © 256 | 257 | 258 | 259 511 | 510 | 509 | 508
510 | 510 | 5610 | 510 510 | 510 | 510 | 510 510 | 510 | 510 | 510 510 | 510 | 510 | 510
252 | 253 | 254 | 255 3 2 1 0 256 | 257 | 258 | 259 511 | 510 | 509 | 508
255 | 255 | 255 | 255 255 | 255 | 255 | 255 255 | 255 | 255 | 255 255 | 255 | 255 | 255
252 | 2563 | 254 | 255 3 2 1 0 256 | 257 | 258 | 259 511 | 510 | 509 | 508
511 511 | 511 511 511 511 | 511 511 511 | 511 | 511 | 511 511 511 511 511
ROW DECODER ROW DECODER
252 | 253 | 254 | 255 3 2 1 0 ﬁ256 257 | 258 | 259 511 | 510 | 509 | 508
383 | 383 | 383 | 383 383 | 383 | 383 | 383 383 | 383 | 383 | 383 383 | 383 | 383 | 383
252 | 253 | 254 | 255 3 2 1 o] 256 | 257 | 258 | 259 511 | 510 | 509 | 508
127 (127 {127 | 127 127 | 127 | 127 | 127 127 | 127 | 127 | 127 127 | 127 | 127 | 127
252 | 253 | 254 | 255 3 2 1 0 256 | 257 | 258 |"259 511 | 510 | 509 | 508
382 | 382 | 382 | 382 382 | 382 | 382 | 382 382 | 382 | 382 | 382 382 | 382 | 382 | 382
252 | 253 | 254 | 255 3 2 1 [o] E 256 | 257 | 258 | 259 511 | 5610 | 509 | 508
126 | 126 | 126 | 126 126 | 126 | 126 | 126 8 126 | 126 | 126 | 126 126 | 126 | 126 | 126
(&)
a
252 | 253 | 254 | 255 3 2 1 0 é 256 | 257 | 258 | 259 511 | 610 | 509 | 508
257 | 257 | 257 | 257 257 | 257 | 257 | 257 3 257 | 257 | 257 | 257 257 | 257 | 257 | 257
252 | 253 | 254 | 255 3 2 1 0 8 256 | 257 | 258 | 259 511 | 610 | 509 | 508
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
252 | 253 | 254 | 255 3 2 1 0 256 | 257 | 258 | 259 511 | 510 | 509 | 508
256 | 256 | 256 | 256 256 | 256 | 256 | 256 256 | 256 | 256 | 256 256 | 256 | 256 | 256
252 | 253 | 254 | 255 3 2 1 o] 256 | 257 | 258 | 259 511 | 510 | 509 | 508
0 o] (o] 0 [o] (o] o] o] o] 0 0 0 0 0 0 0
A8 ROW =*“L" A8 ROW =“H"
REFRESH ADDRESS REFRESH ADDRESS
(0—255) (0—255)
o
Pin8
_ GgLL A=ROW ADDRESS (DECIMAL)
B B =COLUMN ADDRESS (DECIMAL)
ROW ADDRESS COLUMN ADDRESS
8N+6, 8N+7, 8N, 8N+1 2N - POSITIVE
8N+2, 8N-+3, 8N-+4, BN+5 2N ' NEGATIVE
8N-+6, 8N+7. 8N, 8N+1 2N+ - NEGATIVE
8N+2, 8N-+3, 8N'+4, BN+5 2N+ - POSITIVE
N=0,1,2, 63 N=0, 1,2, 255
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OXKI semiconductor
MSM41257A

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

GENERAL DESCRIPTION

The Oki MSM41257A 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 MSM41257A 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 MSM41257A 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 ® Single +5V Supply, +=10% tolerance
® Silicon-gate, Double Poly NMOS, single o Allinputs TTL compatible, low capacitive load
transistor cell ® Three-state TTL compatible output
® Row access time: ® “Gated” CAS
100 ns max (MSM41257A-10) ® 256 refresh cycles/4 ms
120 ns max (MSM41257A-12) ® Common /0 capability using “Early Write”
150 ns max (MSM41257A-15) operation
® Cycle time: o Output unlatched at cycle end allows
200 ns min  (MSM41257A-10) extended page boundary and
220 ns min  (MSM41257A-12) two-dimensional chip select
260 ns min  (MSM41257A-15) ® Read-Modify-Write, RAS-only refresh,
® Low power: capability
330 mW active (MSM41257A-10) ® On-chip latches for Addresses and Data-in
303 mW active (MSM41257A-12) ® On-chip substrate bias generator for high
275 mW active (MSM41257A-15) performance
28 mW max standby e CAS-before-RAS refresh capability
® “Nibble Mode” capability
PIN CONFIGURATION (TOP VIEW)
Din A, Vgg CAS
A [: ’. J 16 3 Vss Pin Names Function
om [: . s :] s tAo Address Inputs Pin Nemes Function
RAS Row Address Strobe A, ~ A, Address inputs
we s 14 j Dout " gas Column Address Strobe AAS Row Address Strobe
RAS[] 4 13 Ae WE Write Enable Wa? :«::uum:n:::'“ Suebe
= M I [T O ol
ar[]e 1A Doyt Data Output Vee Power (+5V)
g ofJar Yoo | Powersupely 45V e N conmanion
vee[ 8 . Vss Ground (OV)
O P * Refresh Address * Refresh Address
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FUNCTIONAL BLOCK DIAGRAM
RAS Timing
5 Generator Timing
¥ , Generator
[]
Write
Clock n———————— WE

Column A Column Generator

faaress | Decoders

Internal

Ac~As E égﬂ:‘e‘:f = COxLIQCSIT:ck Sense Amps ] Selzgion ] 8::&:( L bour
- :

Row

Address

Buffers

Row Word Data
- iv- M " o
L ‘ gD;sd- 2:5 Cells " Rleng?sutter PN
Vee x u
VSS ——-
On chipVgg
ELECTRICAL CHARACTERISTICS
ABSOLUTE MAXIMUM RATINGS (See Note)
Rating Symbol Value Unit

Voltage on any pin relative to Vgg VIN. VouT —1to +7 \
Voltage on Vg supply relative to Vgg Vce —1to+7 \
Operating temperature Topr O0to70 °C
Storage temperature Tstg —55to +150 °C
Power dissipation Pp 1.0 w
Short circuit output current 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 Vgg)
‘ . . Operating
Parameter Symbol Min. Typ. Max. Unit Temperature
Voo 45 5.0 55 v
Supply Voltage
Vss 0 0 0 \ 0°Cto +70°C
Input High Voltage, all inputs VIH 2.4 6.5 \'
Input Low Voltage, all inputs ViL -1.0 0.8 v
n DC CHARACTERISTICS
(Recommended operating conditions unless otherwise noted.)
Parameter Symbol Min. | Max. | Unit |[Notes
OPERATING CURRENT* MSM41257A-10 60
Average power supply current MSM41257A-12 | Icc 55 mA
(RAS, CAS cycling; trg = min:) MSM41257A-15 50
STANDBY CURRENT
Power supply current lcc2 5.0 mA
(RAS =CAS =V|R)
REFRESH CURRENT 1 MSM41257A-10 55
Average power supply current MSM41257A-12 | Icc3 50 mA
(RAS cycling, CAS =V|H; tRc =min.) [ MSM41257A-15 45
NIBBLE MODE CURRENT* MSM41257A-10 30
Average power supply current MSM41257A-12 | Icca 27 mA
(RAS =V, CAS cycling; tNc =min.) "'MSM41257A-15 25
REFRESH CURRENT 2 MSM41257A-10 55
Average power supply current MSM41257A-12 | Igcs 50 mA
(CAS before RAS; tgc = min.) MSM41257A-15 45
INPUT LEAKAGE CURRENT | 10 10 A
Input leakage current, any input LI - H
(oV < VN < 5.5V, all other pins not under test = 0V)
OUTPUT LEAKAGE CURRENT | —10 10 A
(Data out is disabled, OV < VoyT < 5.5V) Lo #
OUTPUT LEVELS
Output high voltage (IpH =—5 mA) VOH 24 \Y
Output low voltage (Ig = 4.2 mA) VoL 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 MHz2)
Parameter Symbol Typ. Max. Unit
Input capacitance (Ao ~ As, D|N) CIN1 - 6 PF
Input capacitance (RAS, CAS, WE) CiN2 - 7 PP
Output capacitance (DoyT) Cout - 7 PF

Capacitance measured with Boonton Meter.
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AC CHARACTERISTICS
(Recommended operating conditions unless otherwise noted.) Note 1,2,83
MSM41257A- | MSM41257A- | MSM41257A-
Parameter Symbol | Unit 10 12 15 Notes
Min. | Max. | Min. | Max. | Min. | Max.
Refresh period tREF ms 4 4 4
g;;gc:?;;ead orwrite | ¢ ns | 200 220 260
Read-write cycle time trwc ns 205 225 260
Access time from RAS tRAC ns 100 120 160 | 4,6
Access time from CAS | tcac ns 50 60 75 | 5,6
do:lta[.;ut buffer turn-off tOFF 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 | 10us | 120 | 10us | 150 | 10us
RAS hold time tRSH ns 50 60 75
CAS pulse width tcAs ns 50 | 10us 60 | 10us 75 | 10us
CAS hold time tcsH | ns | 100 120 150

RAStoCASdelaytime |tgcp |ns | 26| 50 | 25| 60| 25| 75| 7

CAS toRAS set-uptime | tcRrs 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-u

time Plitasc | ns | o 0 0
Column address hold

time tCAH ns 20 20 25
Read command set-up

time trRcs ns 0 0 0
Read command hold 0
time referenced to CAS | !RCH ns Y 0

Read command hold

time referenced to RAS | IRRH ns 20 20 20

i d set-
Ilivnl;gecomman set-up tWes ns 0 0 0 8
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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.
Write command pulse
width twp ns 15 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 tcw. | ns | 35 40 45
Data-in set-up time tps ns 0 0 0
Data-in hold time tDH ns 20 20 25
CAS to WE delay time tcwp | ns 15 20 25 8
Refresh set-up time for
CAS referenced toRAS | IFCS ns 20 25 30
Refresh hold time for
CAS referenced to RAS | !FCH ns 20 25 30
CAS precharge time
(C before R cycle) tCPR ns 20 25 30
RAS precharge to
CAS active time tRPC ns 20 20 20
Nibble mode read/write
cycle time INC ns | 60 70 80 °
Nibble mode read-write
cycle time INRWC | Ns 60 70 80 9
:\il'::)gle mode access tNCAG | ns o5 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
RAS hold time tNRRSH ns | 25 30 35 9
Nibble mode write
RAS hold time INWRSH| ns | 45 50 60 °
Nibble mode CAS hold
time referenced toRAS | 'RNH ns 25 30 35 9
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AC CHARACTERISTICS (Continued)
(Recommended operating conditions unless otherwnse noted.)

MSM41257A- | MSM41257A- | MSM41257A-
Parameter Symbol | Unit 10 12 15 Notes
Min. | Max. | Min. | Max. | Min. | Max.
Refresh counter test
cycle time tRTC ns 315 355 415 10
Refresh counter test
RAS pulse width tTRAS ns 215 | 10us | 255 | 10us | 305 | 10us 10
Refresh counter test
CAS precharge time tcpT ns 50 60 70 10

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

The AC characteristics assume attT =5 ns
ViH (Min.) and V|_ (Max.) are reference levels for measuring of input signals. Also transi-

~ tion times are measured between V|4 and V).

Assumes that tgcp < tRcp (Max.). If tgrep is greater than the maximum recommended
value shown in this table, trac will increase by the amount that trcp exceeds the value
shown.

Assumes that tcp 2 trcD (Max.).
Measured with a load circuit equivalent to 2TTL loads and 100 pF.

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

twcs and tocwp are not restrictive operating parameters. They are included in the data
sheet as electrical charcteristics only; if tyycs = twgs (minJ), the cycle is an early write
cycle and the data out pin will remain open circuit (high impedance) throughout the
entire cycle; if tcwp = tcwp (minJ), 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.

Nibble mode cycle.
CAS before RAS Refresh Counter Test Cycle only.
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READ CYCLE

tRC '
tRAS
R Vin— y
RAS - N S
1, je——1
t CSH RP
CRS tRCD tRSH
" tcas
_ ViH— "4 {
CAS ViL- \ /
IASR | ['RAH tAsc CAH
ViH— Row Column
Addresses VlL-%Add'ess \  Address W %
i t
fr-tcs[———’ | m tRCH .TH
_ ViH— 7/
WE WS s i
! tRAC — [~ 'OFF
VOH-— Vi Valid
Dout  yor - { OPEN { ouwe p—
/] Don'tCare
WRITE CYCLE (EARLY WRITE)
" Rc
Ve RAS
RAS V'“ N\
=
cRs tcsH tRsH tRp —=
y , tRCD tcas
— IH—
CAS ViL— \ \ / /
tASR| |tRAH tasc tCAH |
(R Bada
ViH— Row Column
Addresses VIL_% Address Address W m
tcwL '
v wes ~tWCH™| !
WE 1H— twp
V||_— |
TRWL 1
tDS— |=— [=—1tDH
ViH— Valid
Din Vi L Data
\%) -
DouT OH— { OPEN }
VoL Y
V] pon't care
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READ-WRITE/READ-MODIFY-WRITE CYCLE

p tRwC |
RAS
RAS  VIH~ *j N
ViL— N - —
CRs CSH TRsh { tRp—md
tRCD tcAs
— ViH— ¢
CAS ViL— . . ! 7/
RAH tAasc
tASR —> tcAH ‘
ViH— Row Y Column
Addresses V- %Address, Address
[~—tcwL—=
’ tRcsy-*‘ ! tcwp —TtRWL
WE Vin—
WE - 7 S@—
tcac ~twp— ———| tOFF
VoH— -
- Open Valid Data
Dout  wvg_- mAG f
tDS‘J tOH
D _VIH_ Valid
IN V- Data
% Don’t Care
NIBBLE MODE READ CYCLE
RP
DRLALIE
tRAS
— Vv —
RAS VIH j
[
t
tcRs| [tacp oo tNC tNRRSH
t
— VIH— —tCAS—| Jr Y E—
AS o r_u—\l’_j
c ViL— té—s'c . N tRRH
tASR tRAH -
— ]| |tcAH tneP| |tINCAS
Vin— Row Col.
Addresses - Add. Add.
| tRCH
tRCS— H» TRCH— L—fncs L—>
¥ | )
— IH—
WE ViL— 7 W @
i tcAC . .
e OFF [tNCAC toFF
VoH— 7 Vaiid Valid Valid Valid
DouT VoL— "N Data Data Data Data

% Don’t Care
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NIBBLE MODE WRITE CYCLE
tRP
v tRAS
N IH—
RAS Vie- N £
CRS| t t t
‘.‘ - trcp CSH ne NWRSH | | tRNH
a1t —
ViH— CAS v Y
CAS ViL— / \ / \L—f
TASR| |tRAH | [tCAH INCP
TASC " INcas
ViH— R
Addresses VIT‘ ASC",", l ff,’c','_ W // %
1 twcH tF!WL-—I
twes - WCH "“
—Ttwp—=|
J— ViH—
WE v::-_'— A 700 & Z
tps| |toH ] 1 twe
DS DH
D ViH— Valid Valid @( Valid )@( Valid
IN ViL— Data Data Data Data
Vo —
DouT OH { Open p—
VoL— .
% Don’t Care
NIBBLE MODE READ-WRITE CYCLE
tRP
tRAS
RAS ViH— b \_
ViL— ry
tcRs CAH INWRSH| | tRNH
~—INRWC
tRCD tcas
CAS IR / ./ %
= R
tASR| |tRAH| |tcAH INCP the
t:—’i / AS
j—— tASC |
Vig— Row K/ Col.
Addresses |, "_ }(Add. Add. W %C
|
tCWD [=—~ r—‘tlcm_ towL l-—tRWL
J— Vv _
W 7777 | N D0 L/
tCAC =" ’*’I I"—ﬂ — INCAC
L—tRAc—-— wp tor=||= twp
- < Valid ¥ Valid Valid Valid
Dout gl:_ Daatla' 9 D.aatla Daatla Daatla
tps
1 —]
os—H— .. L—’ltDH
D ViH— Valid ) Val|d Valid Valid
IN ViL— Data Data Data Data

%, Don’t Care
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RAS ONLY REFRESH CYCLE

NOTE: CAS = V|, WE, D| = Don’t care

RC
tRAS
RAS ViH— ) i N
RAS ViL— N / \__
~—tRAH—~ tRP
tasR—] ~—
ViH— / Row
Addresses ViL— A Address ,W
OH™ X .
DouT VoL— { OPEN |
[/ /] Don’t Care
CAS-BEFORE-RAS REFRESH CYCLE
NOTE: Address, WE, D; = Don't care
tRC
RP
Vin — tRAS 1 1,
RAS / \ k N
Vv —
' tFCS || tFCH *RPC
tcPR
—_— ViH—
CAS ViL— %
~— OFF
VoH— N , X
DouT VoL- 1 { OPEN }

Don’t Care
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HIDDEN REFRESH CYCLE

u DYNAMIC RAMS - MSM41257A n

tRC
tRP—
— - R tRAS {
RAS VIH N AS RN ]/
ViL — R X
tCRs et —
—tRCD— RSH tcas
e ViH — ‘ tECH
CAS ViL — / tRAH Q\
tASR| tCAH
tIAsc-—— ~—
VIH — R
Addresses 1M~ nodress X Kasren X7
|
tRrcs L— L_. tRRH
|
I VIH —
WE (Read) V'H _ tcAac /
L
L—‘RAc—> tOFF
VoH— Y -
DouT vg:— gL Valid Data
tcwbD
tRCs —-l o twp
WE ViH—
(Read-Write) V_— / \ /
Don’t Care

CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE

tRTC {
t
RAS ViH— N TRAS Vi
ViL— —
tECs tesH tcpT tRSH —T1RP
c fe——tcaAS———]
CAS ViHT TN N AN
ViL— tasc o
~—1CAH
ViH—
Addresses ViL— / Col. Address
tRCS [~ | | —~trRRH
I ViH—
WE (Read) tH /
ViL— feac tRCH
v ‘—: tOFF
OH™— 7 ;
DouT VoL~ 4 alid Data J
'‘RCs| | tcwp | ~—tcwL —]
~—tRwL
T iy VIHT twp
WE (Write) |, "
. tos -
~—DH —f
ViH— -
Din Valid Data W
ViL—
Don’t Care
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FUNCTIONAL DESCRIPTION

Simple Timing Requirements:

The MSM41257A has the circuit considera-
tions for easy operational timing requirements
for high speed access time operations. The
MSM41257A can operate under the condition of
trcp (max) = tcac which provides an optimal
time space for address multiplexing. In addition,
the MSM41257A has the minimal hold time of
Address (tcaH), WE (twcH) and DN (tpH). And
the MSM41257A 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 trwpD-
Therefore, the hold times of the Column Address
D) and WE as well as tgwp (CAS to WE Delay)
are not restricted by tRcp.

Fast Read- While-Write Cycle:

The MSM41257A 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
MSM41257A 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 tgwp following CAS
transition to low, the MSM41257A 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 MSM41257A. Nine row-
address bits are established on the input pins
(Ao through Ag) 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
(traR) 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 MSM41257A during a
write or read-write cycle. The last falling edge of
WE or CAS is a strobe for the Data in (D|N)
register. In a write cycle, if WE is brought “low”
(write mode) before CAS, Dy is strobed by CAS,
and the set-up and hold times are referenced to
CAS. In a read-write cycle, WE will be delayed
until CAS has made its negative transition. Thus
DN 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 tgpc from transi-
tion of RAS when trgp (max) is satisfied, or after
tcac from transition of CAS when the transition
occurs after tgop (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 (CAs RAs) 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 RAs 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
DouyT 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 > twgs (min) is met, the data output will
remain open circuit throughout the succeeding
Nibble cycle regardless of WE state. Whereas,
when tcwp > tcwp (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 tcwp) at the normal
cycle (first Nibble bit).
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Table1 NIBBLE MODE ADDRESS SEQUENCE EXAMPLE
NIBBLE ROW COLUMN

SEQUENCE BIT RAs ADDRESS CAs ADDRESS

RAS/CAS (normal mode) 1 0 10101010 O 10101010 ...input addresses
toggle CAS (nibble mode) 2 1 10101010 O 10101010

toggle CAS (nibble mode) 3 0 10101010 1 10101010 generated inter-

— . nally sequence

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

toggle CAS (nibble mode) 1 0 10101010 O 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 (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
MSM41257A offers an alternate refresh method.
If CAS is held on low for the specified period
(trcs) 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 MSM41257A 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:
* AROW ADDRESS
— Bits Aothrough A- are defined by the refresh
counter. The other bit As is set “high”
internally.
* A COLUMN ADDRESS
— All the bits Ao through As are defined by
latching levels on Ao 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) Initializeé 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

DouT ). High-2
—
l<-Early Write——LfNo Ope. ,l Write t Write !
(Add Increment) V/A : Valid Data

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

s /S /N /T

w0\ /S /[

o X2k K2 D, 77/

pour _ > O—X > O0——
e Read-write—— ot~ Road Write—=l=— Read—=|=- Road-write |

7] : Vvalid Data
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MSM41257A Bit Map (Physical-Decimal)
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QPin16
252 | 253 | 254 | 255 3 2 1 0 256 | 257 | 258 | 259 511 | 510 | 509 | 508
128 | 128 | 128 | 128 128 | 128 | 128 | 128 128 (128 | 128 | 128 128 | 128 | 128 | 128
252 | 253 | 254 | 255 3 2 1 0 256 | 257 | 258 | 259 511 | 510 | 509 | 508
384 | 384 | 384 | 384 384 | 384 | 384 | 384 384 | 384 | 384 | 384 384 | 384 | 384 | 384
252 | 253 | 254 | 255 3 ? 1 0 256 | 257 | 258 | 259 511 | 510 | 509 | 508
129 | 129 [ 129 | 129 129 | 129 | 129 | 129 129 [ 129 | 129 | 129 129 1 129 | 129 | 129
252 | 253 | 254 | 255 3 2 1 0 E 256 | 257 | 258 | 259 511 | 5610 | 509 | 508
385 | 385 | 385 | 385 385 | 385 | 385 | 385 o 385 | 385 | 385 | 385 385 | 385 | 385 | 385
&
P4
252 | 253 | 254 | 255 3 2 1 0 g 256 | 257 | 258 | 259 511 | 510 | 509 | 508
254 | 254 | 254 | 254 254 | 254 | 254 | 254 6 254 | 254 | 254 | 254 254 | 254 | 254 | 254
252 | 253 | 254 | 255 3 2 1 [o] © 256 | 257 | 258 | 259 511 | 510 | 509 | 508
510 [ 510 | 510 | 510 510 | 510 | 510 | 510 510 | 510 | 510 | 510 510 | 510 | 510 | 510
252 | 253 | 254 | 255 3 2 1 0 256 | 257 | 258 | 259 511 | 510 | 509 | 508
255 | 255 | 255 | 255 255 | 255 | 255 | 255 255 | 255 | 255 | 255 255 | 255 | 255 | 255
252 | 253 | 254 | 255 3 2 1 0 256 | 257 | 258 | 259 511 | 510 | 509 | 508
511 511 511 | 511 511 511 | 511 511 511 511 | 511 | 511 511 | 511 511 511
ROW DECODER ROW DECODER
252 | 253 | 254 | 255 3 2 1 0 256 | 257 | 258 | 259 511 | 510 | 509 | 508
383 | 383 | 383 | 383 383 | 383 | 383 | 383 383 | 383 | 383 | 383 383 | 383 | 383 | 383
252 | 253 | 254 | 255 3 2 1 0 256 | 257 | 258 | 259 511 | 510 | 509 | 508
127 | 127 | 127 | 127 127 | 127 | 127 | 127 127 | 127 | 127 | 127 127 | 127 | 127 | 127
252 | 253 | 254 | 255 3 2 1 0 256 | 2567 | 258 | 259 511 | 510 | 509 | 508
382 | 382 | 382 | 382 382 | 382 | 382 | 382 382 | 382 | 382 | 382 382 | 382 | 382 | 382
252 | 253 | 254 | 255 3 2 1 0 E 256 | 257 | 258 | 259 511 | 510 | 509 | 508
126 | 126 | 126 | 126 126 | 126 | 126 | 126 8 126 | 126 | 126 | 126 126 | 126 | 126 | 126
[$)
a8
252 | 253 | 254 | 255 3 2 1 0 § 256 | 257 | 258 | 259 511 | 510 | 509 | 508
257 | 257 | 257 | 257 257 | 257 | 257 | 257 3 257 | 257 | 257 | 257 257 | 257 | 257 | 257
252 | 253 | 254 | 255 3 2 1 0 8 256 | 257 | 258 | 259 511 | 510 | 509 | 508
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
252 | 253 | 254 | 255 3 2 1 0 256 | 257 | 258 | 259 511 [ 510 | 509 | 508
256 | 256 | 256 | 256 256 | 256 | 256 | 256 256 | 256 | 256 | 256 256 | 256 | 256 | 256
252 | 253 | 254 | 255 3 2 1 o] 256 | 257 | 258 | 259 511 | 510 | 509 | 508
o} (o] o] o] o] o] (o] [o] o] [0} [o] 0 ] 0 0 0
A8 ROW =“L" A8 ROW =*“H"
REFRESH ADDRESS REFRESH ADDRESS
(0 - 255) (0—255)
o
Pin 8
. cELL A =ROW ADDRESS (DECIMAL)
B B =COLUMN ADDRESS (DECIMAL)
ROW ADDRESS COLUMN ADDRESS
8N+6, 8N+7, 8N, 8N+1 2N - POSITIVE
8N+2, 8N+3, 8N+4, 8N+5 2N - NEGATIVE
8N+6, 8N+7. 8N, 8N+1 2N+1 - NEGATIVE
8N+2, BN+3, BN+4, BN+5 2N+1 " POSITIVE
N=0,1,2, 63 N=0,1,2, 255

115



OXKI 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.

Multiplexed 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 functional enhancements that make it more versatile than previous dynamic RAMs. “CAS-
before-RAS" refrésh 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 compatible.

FEATURES

® 65,536 X 4 RAM, 18 pin package ® Single +5V Supply, +=10% tolerance
® Silicon-gate, Double Poly NMOS, single ® Allinputs TTL compatible, low capacitive load
transistor cell ® Three-state TTL compatible output
® Row access time: ® “Gated” CAS
100 ns max (MSM41464-10) ® 256 refresh cycles/4 ms
120 ns max (MSM41464-12) ® Qutput impedance controllable through early
150 ns max (MSM41464-15) write and OE operations
® Cycletime: ® Qutput unlatched at cycle end allows
200 ns min (MSM41464-10) extended page boundary and
220 ns min (MSM41464-12) two-dimensional chip select
260 ns min (MSM41464-15) ® Read-Modify-Write, RAS-only refresh,
® |ow power: capability
385 mW active (MSM41464-10) ® On-chip latches for Addresses and Data-in
360 mW active (MSM41464-12) ® On-chip substrate bias generator for high
330 mW active (MSM41464-15) performance__
28 mW max standby ® CAS-before-RAS refresh capability

® “Page Mode” capability

PIN CONFIGURATION (TOP VIEW)

OE E E] Vss - - Vss DQ4
Pin Names Function DQ‘ -
pa. [2] 7] Q. Pin Names Function
Ao~ A~ Address Inputs.
DQ: E E CAS RAS Row Address Strobe Ao Address inputs
WE [3] B — CAS mrs Row Address Strobe
15 DQs CAS Column Address Strobe Da
BAS CAS Column Address Strobe
RAS [5] 14 Ao DQ. -~ DQ. | Dataln/DataOut 3
OF 0 DQ,~DQ. | Dataln/DataOut
As [6] ERY GE Output Enable A, et
e e oE Output Enable
he E @ As e fnteEnatle A1 WE Write Enable
A« 8] ] As Vee | PowerSupply (+5V) vee Power Supply (+5V)
v Ground (OV)
Vec [9] io) A- = Vss Ground (OV)
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FUNCTIONAL BLOCK DIAGRAM

D
>
o

Timing

Generator -
Timing
T q Generator
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[

Internal
Refresh
Ao~A- E Address /0
o~A | Address Control Clock Sense Amps :j Seluction Qutput
- i i
Row DQ~DQ«
Address r
Buffers
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ELECTRICAL CHARACTERISTICS
ABSOLUTE MAXIMUM RATINGS (See Note)

Rating Symbol Value Unit
Voltage on any pin relative to Vgg VIN. VOUuT —-1to+7 \
Voltage on Vo supply relative to Vgg Vce -1to+7 v
Operating temperature Topr 0to70 °C
Storage temperature Tstg —-55to0 +150 °C
Power dissipation Pp 1.0 w
Short circuit output current 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 Vgg)
Parameter Symbol Min. Typ. Max. Unit Tgn? g;argtnugre
Vee 4.5 5.0 5.5 Vv
Supply Voltage
Vss 0 0 0 \Y 0°Cto +70°C
Input High Voltage, all inputs VIH 2.4 6.5 \Y
Input Low Voltage, all inputs ViL -1.0 0.8 Vv
DC CHARACTERISTICS
(Recommended operating conditions unless otherwise noted.)
Parameter Symbol Min. | Max. | Unit | Notes
OPERATING CURRENT* MSM41464-10 70
Average power supply current MSM41464-12 Icc1 65 mA
(RAS, CAS cycling; trc = min.) MSM41464-15 60
STANDBY CURRENT*
Power supply current Icc2 5.0 mA
(RAS=CAS =V|n)
REFRESH CURRENT 1* MSM41464-10 60
Average power supply current MSM41464-12 lcca 55 mA
(RAS cycling, CAS =V|y; trc =min.) |MSM41464-15 50
PAGE MODE CURRENT* MSM41464-10 45
Average power supply current MSM41464-12 lcca 40 mA
(RAS =V, CAS cycling; tpc =min.) [MSM41464-15 35
REFRESH CURRENT 2* MSM41464-10 65
Average power supply current MSM41464-12 Iccs 60 mA
(CAS before RAS; trg =min.) MSM41464-15 55
INPUT LEAKAGE CURRENT
Input leakage current, any input
(OV < VN < 5.5V, all other pins not L —-10 |10 wA
under test =0V)
OUTPUT LEAKAGE CURRENT | 10 10 A
(Data out is disabled, OV < VouT < 5.5V) LO - ®
OUTPUT LEVELS
Output high voltage (IoH = —5 mA) VOH 24 \Y
Output low voltage (I = 4.2 mA) VoL 0.4 \'

output open.

118

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



CAPACITANCE
(Ta=25°C,f=1MHz)

1 DYNAMIC RAMS - MSM41464 »

Parameter Symbol Typ. Max. Unit
Input capacitance (Ao ~ A-) CIN1 - 6 pF
Input capacitance (RAS, CAS, WE, OE) CIN2 - 7 pF
Data I/0O capacitance (DQ1 ~ DQ4) Cp - pF

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

MSM41464- | MSM41464- | MSM41464-

Parameter Symbol | Unit 10 12 16 Notes

Min. | Max. | Min. | Max. | Min. | Max.

Refresh period tREF ms 4 4 4
sfagﬂﬂ‘n;ead orwrite | ¢ ns | 200 220 260

Read-write cycle time trRwe ns | 270 300 355

Page mode cycle time tpc ns 100 120 145

Access time fromRAS | tRac ns 100 120 150 | 4,6
Access time from CAS | tcac ns 50 60 75 | 5,6
dOeulta;;ut buffer turn-off {OFF ns 0 25 0 30 0 40
Transition time tr ns 3 50 3 50 3 50

RAS precharge time trp ns 90 90 100

RAS pulse width tRAS ns | 100 | 10us | 120 | 10us | 150 | 10us

RAS hold time tRSH ns 50 60 75

(Pagé mode cycleonly) | 1P| ns | 40 50 60

CAS pulse width tcas ns 50 | 10us 60 | 10us 75 | 10us

CAS hold time tcsH | ns | 100 120 150

RAS to CAS delay time trRcD ns 25 50 25 60 25 7% | 7,8

CASto RAS set-uptime | 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

time tAsSC ns 0 0 0

Column address hold
time tcAH ns 20 20 25

Read command set-up
time tRCS ns 0 0 0

Read command hold
time tRCH ns 0 0 0 10

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

MSM41464- | MSM41464- | MSM41464-
Parameter Symbol | Unit 10 12 15 Notes
Min. | Max. | Min. | Max. | Min. | Max.
Write command pulse
width ° twp ns 25 30 35
Write command hold
time tweH | 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 tps ns 0 0 0
Data-in hold time tDH ns 25 30 35
CAS to WE delay tcwp | ns 80 95 120 9
RAS to WE delay tRwp | ns | 130 155 195 9
Read command hold )
time reference to RAS | !RRH 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
:r‘;mg—g delay time togz | ns o| 25 o] =30 o] 40
RAS to CAS set-up time
(CAS before RAS) tFCS ns 20 25 30
RAS to CAS hold time
(CAS before RAS) tFCH | ns | 20 25 30
CAS active delay from
RAS precharge tRPC ns 20 20 20
CAS precharge time
(CAS before RAS) tCPR ns 20 25 30
Read/write cycle
(Refresh counter test) RTC ns | 380 430 510 i
RAS pulse width
(Refresh counter test) tTRAS | ns 280 | 10us| 330 | 10us | 400 | 10us| 11
CAS precharge time
(Refresh counter test) tcPT ns 50 60 70 "
Read/write cycle time
(Page mode) tPRWC | ns 170 200 240
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Notes: 1

N
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11

RAMS - MSM41464 m

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

The AC characteristics assume attT =5 ns

V|H (Min.) and V) (Max.) are reference levels for measuring of input signals. Also transi-
tion times are measured between V|4 and V.

Assumes that trcp < trep (Max) If tRep > trep (Max.), trac will increase by {trcpD
—trcp (Max.)}.
Assumes thattrcp = trcp (Max.).

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

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

Assumes that tggp (Min.) =tgaH (Min.) + 2t +tasc (Min.)

twcs. tcwb and trwp are not restrictive operating parameters. They are included in
the data sheet as electrical charcteristics only; if tywcs > twcs (MinJ), 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 tcwp = tcwp (Min.) and tgwp = 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.

Either tRrH or tRcH must be satisfied for a read cycle.
CAS before RAS refresh counter test cycle only.

READ CYCLE

Viu

cas Vin
ViL

Vin

Addresses
Vi

wi VIH
Viu

DATA YOH

Viu
E Viu

=55 Vig = —
RAS VIH [
N

trc

\ trRAS

tcsu trp____

tRSH p— tCRSo
tcas

— N Vi

) PP b o |
[ Row address Column addressWﬂ / /[ /W M

j=-tRRH
—={trCH

T — /Y

RAC

= o —

toEA

LTI TS 47000000

V7] “B”, “L” = Don’t Care

’ trecs

Valid Data

toEz
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WRITE CYCLE (EARLY WRITE)

trc
tras }
—_V —_— \
RAS 7 N
L — ~ 7
tcsu d trp
tRSH-
trcD tcas tcR
CAS JIH— \
Vip — : '
tasr| LtRAH tas tcan
v - N
Addresses ' TH C9umn
Vip Row address address /V / /0(
' tewL.

wE ////m"W L // T

tns__[._ I._tnntRWL
DATA Vi*:_ // /@( deDa‘“M //////////// ////

7//A an’ “L” = Don’t Care

OE WRITE CYCLE
L — tRas 7
RAS JH— N : /l;
EA—S zi: : - \ CAS I
tAsHH tRAH tas e I |
naesesy " DX Sow YD S X i 77X
tres ti:,'LL_:-J
vE 1 T ) S—
YN I, ST,
SE iy K
“H", “L”=Mn’t Care
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READ/WRITE AND READ MODIFY WRITE CYCLE

trwe
_
tras ]
RAS :}’m— %\
L — P
. trsH t
! tosn RP
trCD tea CR
CAS Vin —
Vip — 1
tRAH tAS
tcan

Adresss Y1) <>///,< 2:5‘::;;‘ I //////////)Q

RWD
tncs tewp tRWL_.l
WE VIH_f/ //0‘ N
v I
tcac toEz tDs
Viw/Vou — 3
DATA Vi Voo =" OPI;ZN —< Valid Data 1%Vﬂld Data ///
l—— RAC

v toEa — —
5F ViH—
ViL —

U/} “H”, “L” = Don’t Care

PAGE MODE READ CYCLE

tras

trRSH trp

tcp—-(tc.qs \——tCAs——J/ tcrs
tcaH
ASC

C°";,";;' s T
! torr F_tCAC_j_l toﬂ-‘lm_t AH——I Loy ’

| /
. jﬁ# | H-‘-“F
w I [ D e . XU
1 torz to) - torz torz
= T YA Sl 7

“H" “L» = Don’t Care
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PAGE MODE WRITE CYCLE
trAS
RAS ‘\;IH - \
J— - A
" tes trc 7 tRSH——{ —trP
C trecp texs tep tcr

tCASg—‘
CAS xl H= Y \ —
L —
tRAH __.itCAH tcax
tasgl l_|tasc ‘A§.C.|_ tasg
= — s
e L DRI =TT
L ;

AN //>\ Jz‘ ,','//‘L’ 7T

H-—tWP-J . !WP—-’ -twp—-l
¢ IDH L H— tRwL
D I " tps tbH tps je—tDH—~
v K e ) ' ;}%/ 7 L
DATA !¥ i Valid Data Valid Data | / Valid Data 7, /A
t OE
toep F2EH  top OFH toED| toE

R4 N K N

“H”, “L” = Don’t Care

PAGE MODE OE WRITE CYCLE

tras

RAS Vin—= - \
Vip-—
- tpc :Rsn tre
- trcD—] cas » cas L tcr

tesH

CAS

tcp —=

VIH—— x
Vie—
trRa tca tcAH|
tAS_R_‘ N tasc Jr_ tasc, J_
v
Address 01 77K Bt ol 7 //// Galums ITTX

el

VE T [‘W"i % i

tpH

tps

s |
DATA x::xg*:zzz/ Y, Valid Data 77 //]';q":vmdn,., X7
r—
‘IOED 105}; "OED IOEH'
OF Vo T R X

@ “H”, “L” = Don’t Care
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PAGE MODE READ/WRITE CYCLE

Address

WE

OF

Ras ViH—=

ViL—

trRaS

tPRWC

tRSH

——tRrC

tcas

tesH

35 Vi —

ViL—

trRAH tca
t.\gl L_ tas 4
v T S WK

-

tcp —-

tasc,
-1

tcas

tcaH

)Ltnp
._tcg

-

7 ) &
//7 T ST Y ///j——l

v

Wy,

toEA toez
VIH =
Vip —

\

- el
v -t wp —f
Vi v "I
tRWD toH tpy
tcac tca tps,
tRAC . _—:G_s _’:“
DATA X;:/V O /)77 /R Valid Daall X Valid Daa X7/ /) Valid DataQX_ Valid Data X//////// /),
toEa torz

./

“H?,

L

= Don’t Care

RAS ONLY REFRESH CYCLE

RAS

Address

DATA

Note: CAS = VIH, WE and OE not dependent on the high or low level.

trc

L trRAS

Vig =
ViL —

j\l(—-
tRAH—of

ASRje——

i

trp

N

17//////&{

Row address

I Y.S

VoH —
Vv

OPEN

7] “H

» W=
, “L"=

Don’t Care
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CAS BEFORE RAS REFRESH CYCLE

Note: WE and OE not dependent on the high or low level.

trC

trRp

trAS -

— Vv J—
RAS V;E _ / 1& ,k[ ~

PR __, . tFcs tFCH trRPC
o vy {“"‘s Vs
|e—toFF

OH — N Il

\%

DouT Vor _ Dg {1 OPEN |
Don’t Care
HIDDEN REFRESH CYCLE
trc tre
tRAS tRP__| |« tRAS
—  Vig— Y -
SN I\
— tRCD 4 tRsH | tren

o Vin= ]
CAS N\

Vv —_—

o tRAY

ASR tasc | |.tcan l

a3 77 Rowsres) ﬁé?é':fW/J/ T S
_.ltnc ki)
e s 7

}e—tRAC

RH I

N,

torF
v tcac L
DATA (OH OPEN —< Valid Data
oL — K
toEa toEz
— Vg —
OE
ViL —

V//] “H”,“L”=Don’t Care
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE

trCs

trTC
I p— tTRAS |- v
RAS V;s_ t N j \
Fes tcsH tcp. trRSH f——tRP
— V| = r_ ——I tcas .
cas T /o ! | S
tasgy ~—tcan — ‘
Add'e“*zil;-%/ Y /K Column address K7 VAL,

s

W(R%%ZZJ s
I

! ‘ Y
m ’EL Jv

DATAVglI:I = T Valid Data -
Swwell ZI T TR Wﬁ T
trcs L—t r'—tC‘Q’L—"l
VIH CWD wa; -
W 2777777777 ' I
DATA\V,?L* ALY, ST Y,
toep toEH

_(Wnte> LT

R
“H”, “L” = Don’t Care

FUNCTIONAL DESCRIPTION

Address Inputs:

16 bits of binary address input are required
to decode any one of the 65,536 words by 4 bit
storage cell locations.

8 row-address bits are set up on address
input pins Ao through A- and latched onto the
chip by the row address strobe (RAS). Then 8
column-address bits are set up on pins Ao
through A- 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 (tRaAH)-
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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 1/0 lines.
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Data Output:

The three-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 toga are satisfied.
The output becomes valid after the access time
has elapsed and remains valid while CAS or OF
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 togp-

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 (Aoto A-) 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 (Ao to A-)
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 (tpcs) 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:

* AROW ADDRESS

— Bits Aothrough A~ are defined by the refresh

counter.

* A COLUMN ADDRESS

— All the bits Ao through A- are defined by

latching levels on Ao through A- 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).

129




u DYNAMIC RAMS - MSM41464 =

MSM41464 Bit Map (Physical-Decimal)

DQ1 DQ2 DQ4 DQ3 DPin18
252 1253 254 | 255 3 2 1 o] B 0 1 2 3 255 |254 | 253 | 252
128 (128 |128 |128 128 (128 |128 |128 [] 128 (128 128 |128 128 |128 [128 [128
252 |253 [254 |255 3 2 1 0 0 1 2 3 255 (254 |253 |252
128 {128 [128 |128 128 |128 |128 |128 [7] 128 |128 128 |128 128 [128 |128 |128
252 [253 (254 [255 3 2 1 0 0 1 2 3 255 |254 |253 |252
129 (129 [129 |129 129 (129 [129 [129 [] 129 [129 [129 [129 129 [129 |129 |129
252 |253 |254 |255 3 2 1 0 0 1 2 3 255 |254 |253 |252
129 129 (129 |129 120|120 [120 [120 [P [§l120 |120 |120 |129 129 {129 [129 [129
262 [253 [254 |255 3 2 1 o || o. 1 2 3 255 |254 |253 |252
130 {130 [130 |130 130 [130 |130 | 130 130 [130 |130 [130 130 [130 [130 |130
252 (253 [254 | 255 3| 2| 1 o |L] i ] o1 2| 3 255 |254 |253 |252
130 |130 [130 | 130 130 [130 | 130 | 130 S| |10 _[130 130 130 130 |130 [130 |130
&
£
252 [253 [254 [ 255 3| 2] 1 ol |2 H o | 1 2] 3 256 |254 | 253 | 252
253 [253 | 253 | 253 253 [253 [ 253 | 253 ©|| |[258 |253 |253 | 253 253 |258 |253 | 258
252 |253 [254 | 255 3 2 1 0 0 1 2 3 255 |254 |253 252
253 | 253 | 253 | 253 253 |253 | 253 | 253 ra 253 |253 253 | 253 253 | 253 | 253 | 253
252 | 253 | 254 | 255 3 2 1 o] 0 1 2 3 255 |254 | 258 [252
254 |254 |254 | 254 254 |254 | 254 | 254 ] 254 |254 |254 | 254 254 |254 |254 | 254
252 |253 | 254 | 255 3 2 1 (LN 0 1 2 3 255 |254 |253 |252
254 | 254 |254 | 254 254 |254 | 254 | 254 254 |254 |254 | 254 254 |254 |254 |254
252 | 253 [254 | 255 3 2 1 o[l 0 1 2 3 255 |254 [253 [ 252
255 | 255 [255 | 255 255 |255 | 255 | 255 255 |255 |255 | 255 255 |255 |255 | 255
252 |253 [254 | 255 3 2 1 ol gl o 1 2 3 255 [254 |253 [252
255 |255 | 255 | 255 255 |255 | 255 | 255 |[ || || ]|255 |255 |255 | 265 255 |255 |255 | 255
ROW DECODER —| L ROW DECODER
252 | 253 [254 | 255 3 2 1 o |LIM ¢l o 1 2 3 255 |254 |253 | 252
127 |127 [127 | 127 127 [127 127 | 127 [7] 127 |127 |127 |127 127 |127 [127 |127
252 | 253 |254 | 255 3 2 1 0 0 1 2 3 255 |254 |253 | 252
127 (127 |127 |127 127 |127 | 127 | 127 || 127 {127 {127 {127 127 |127 {127 |127
252 | 253 [254 | 255 3 2 1 0 0 1 2 3 255 [254 |253 | 252
126 |126 | 126 | 126 126 |126 | 126 | 126 [ 126 |126 |126 | 126 126 |126 [126 | 126
252 |253 [254 | 255 3 2 1 o | o 1 2 3 255 |254 |253 | 252
126 [126 |126 | 126 126 [126 | 126 | 126 126 |126 |126 | 126 126 |126° [126 | 126
252 | 253 |254 | 255 3 2 1 0 g_ 0 1 2 3 255 |254 |253 252
125 {125 | 125 | 125 125 [125 | 125 | 125 <1125 [125 |125 | 125 125 |125 |125 | 125
252 | 253 [254 | 255 3 2 1 o || Il&l (I o 1 2 3 255 |254 |253 | 252
125 [125 |125 | 125 125 [125 |125 | 125 S|l [[1es [125 |125 | 125 125 |125 [125 | 125
&
B
252 [ 253 [254 | 255 3 2 1 0 N g 0 1 2 3 255 [254 [253 [ 252
2 2 2 2 2 2 2 2 o€l 2 2 2 2 2 2 2 2
252 | 253 [254 | 255 3 2 1 0 0 1 2 3 255 |254 |253 | 252
2| 2] 2| 2 2 | 2| 2| 27 12| 2] 2 2 2| 2| 2| 2|
252 | 253 [254 | 255 3 2 1 0 | o 1 2 3 255 [254 |253 | 252
1 1 1 1 1 1 1 Mrallsi g 1 1 1 1 1 1 1
252 | 253 [254 | 255 3 2 1 0 0 1 2 3 255 [254 |253 | 252
1 1 1 1 1 1 1 1] M 1 1 1 1 1 1 1 1
252 | 253 |254 {255 3 2 1 0 0 1 2 3 255 |254 |253 | 252
0 0 0 0 0 0 0 o [ €] o 0 0 0 0 0 0 0
252 | 253 [ 254 | 255 3 2 1 0 0 1 2 3 255 |254 (253 | 252
0 0 0 0 0 ol o offlyi[Lol o 0 0 0 ol o] o
REFRESH ADDRESS REFRESH ADDRESS
(0 —255) (0 —255)
o A =ROW ADDRESS (DECIMAL)
: CELL
Pin9 B
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OKI semiconductor
MSM51C256

262, 144 WORD X 1-BITS DYNAMIC RAM

GENERAL DESCRIPTION

The MSM51C256 is a new generation dynamic RAM organized as 262,144 words by 1 bit. The
technology used to fabricate the MSM51C256 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, double polysilicon CMOS,
1-transistor memory cell

® 262,144 words by 1 bit

® Standard 16 lead plastic DIP/18 lead PLCC

® Family organization

Power Dissipation
. Access Time Cycle Time :
Famil
y (MAX) (MIN) 0?&’22;‘9 S(t“‘jl'jf)gy
MSM51C256-80 80 ns 160 ns 330 mw
20 mwW
MSM51C256-10 100 ns 190 ns 275 mW

® Single + 5V supply, * 10% tolerance ® Fast page mode, read/write capability
® input: TTLcompatible, address input, ® CAS before RAS refersh, Hidden refresh,
data input latch RAS only refresh capability
® OQOutput: TTL compatible, tristate, nonlatch ® “Gated” CAS
® Refresh: 256 cycles/4 ms ® Built-in Vgg generator circuit
® Common /O capability using “Early Write”
operation
MSM51C256RS MSM51C256JS
16 Lead Plastic DIP PIN CONFIGURATION 18 Lead PLCC Package PIN CONFIGURATION
Top View Top View
z vl
— Ze 83
as [ 167 ves N0
bw []2 15[ Tas 21181
IN —_—
D we O3 16 [ Doyr
WE []3 14 7] Dour -
®s [Ja 3] A rRAS [a 15 [ Ag
6 Ne s 14 [ NC
Ag [: 5 12 Az
A, e 133 A
Ay E 6 " Ag
Ay 7 12 ] Ay
A1E7 ijS 8 91011
Ve []® o[ & NN,
<8< <

v
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DYNAMIC RAM-MSM51C256RS/JS

FUNCTIONAL BLOCK DIAGRAM
S Timing
— > Generator Timi
—_— iming
CAS A Generator
7
Write —_
. Clock <~ WE
AC\gIC;Jmn Column Generator
— Buffreersss Y| Decoders
y L L (
Internal Refresh > P
Ao~ Address control Sense Vo Output i=Doyr
Ag Counter clock Amps |[=>| Selection P~ Buffer
; t ¢ b A
L= Row
Address Row _)Word ™ M Data
Buffers De- Driv- Cee”rsnory Input < D
coders| lers Register
- >
vcc
vss —> I——" On chip Vgg
ELECTRICAL CHARACTERISTICS
® Absolute Maximum Ratings
Rating Symbol Condition Value Unit
Voltage on any pin relative to Vgg VT Ta=25°C -1.0to +7.0 Y
Short circuit output current los Ta=25°C 50 mA
Power dissipation Pp Ta=25°C 1 w
Operating temperature Topr Oto +70 °C
Storage temperature Tstg -55to +125 °C
® Recommended Operating Conditions
(Ta=0to +70°C)
Parameter Symbol | Conditions Min Typ Max Unit
Supply Voltage Ve - 4.5 5.0 5.5 \Y
Vss - 0 0 0 \
input high voltage ViK - 24 - Vee+ 1.0 \
Input low voltage Vi - -1.0 - 0.8 \
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® DC Characteristics
(Vec=5V +10%, Ta=0to +70°C)

MSM51C256 MSM51C256
Parameter | Symbol Conditions -80 -10 Unit Note
Min | Max | Min | Max
Output high _
voltage Vou lon= = 5.0mA 2.4 - 2.4 - Vv
Output low
voltage VoL loL=4.2mA - 0.4 - 0.4 Y
Input Vs = VIS Ve
leakage I all otherpinsnot | —10| 10 | -10| 10 pA
current under test = 0V
|Ou}(pu'c Doyt disable
eakage 1 Vss=VO=V, -10 10 -10| 10 A
current to s e B
Average | RAS, CAS cycling,
ower su =mi
?urrent* PR lccr | tre=min - 60 - 50 mA
(Operating)
Power supply RAS=Viu | 7TL | - |35 | - |35 | mA
curren iccz | CAS=Viy
Standb
( ) Dour=Hz {mos| - | 25| - | 25| ma
Average RAS = cycling,
power supply lcca CAS=Vy _ B
current* (RAS tre = min 60 50 mA
only refresh)
Average RAS = cycling,
power suppl lcce | CAS before
current* (CA RAS - 60 - 50 mA
before RAS
refresh)
Average | RAS =V,
powersupply | Icc; | TAS = cyclin
current* (Fast e tor = mi);w 'ng - 40 - 35 mA
page mode) PC=

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

® Capacitance
(Ta=25°C, f=1MHz)

Parameter Symbol Conditions TYP MAX Unit
Input capacitance (A0 to A8, Dyy) Cini - - 4 pF
Input capacitance (RAS, CAS, WE) Cinz - - 5 oF
Output capacitance (DoyT) Cout - - 6 pF
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® AC Characteristics

(Vcc=5V+10%, Ta=0to +70°C) Note 1,2,3
MSM51C256 | MSM51C256
Parameter- Symbol -80 -10 Unit Note
Min | Max | Min | Max
Refresh period trRer - 4 - 4 ms
Random read or write cycle time tre 160 - 190 - ns
Read/write cycle time trRwe 185 - 220 - ns
Fast page mode cycle time tpc 55 - 55 - ns
Fast page mode read/write trrWC 80 - 90 - ns
cycle time
Access time from RAS trac - | 8 | - | 100 ns 45
Access time from CAS tcac - 20 - 25 ns 45
Access time from column tan - 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 torr 0 20 0 30 ns
Transition time tr 3 50 3 50 ns 3
‘RAS precharge time trp 70 | - 80 - ns
'RAS pulse width tras 80 | 10K | 100 | 10K ns
RAS hold time tRsH 20 - 25 - ns
‘CAS precharge time tep 10 - 10 - ns
(Fast page mode cycle only)
‘CAS pulse width tecas | 20 | 10k | 25 | 10K ns
'CAS hold time tesH 80 - 100 - ns
'RAS to CAS delay time thep | 22 | 60 | 25 | 75 ns 5
'RAS to column address delay trRAD 17 40 20 50 ns 6
time '
_CA-—Stomprecharge time tcrp 10 - 10 - ns
Row address set-up time tasr 0 - 0 - ns
Row address hold time traH 12 - 15 - ns
Column address set-up time tasc 0 - 0 - ns
Column address hold time teaH 15 - 20 - ns
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MSM51C256 | MSMS51C256 )
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 tres 0 - 0 - ns
Read command hold time trRCH 0 - 0 - ns 8
Write command hold time from twcer 60 - 75 - ns
RAS
Write command set-up time twes 0 - 0 - ns 7
Write command hold time tweH 15 - 20 - ns
Write command pulse width twp 15 - 20 - ns
Write command to RAS lead trRwiL 20 - 25 - ns
time
Write command to CAS lead tewL 20 - 25 - ns
time
Data-in set-up time tps 0 - 0 - ns
Data-in hold time tDH 15 - 20 - ns
Data-in hold time from RAS tDHR 60 - 75 - ns
CAS to WE delay tcwp 20 - 25 - ns 7
RAS to WE delay trRWD 80 - 100 - ns 7
Column address to VTE-deIay tawD 40 - 50 - ns 7
time
Read command hold time tRRH 10 - 10 - ns 8
reference to RAS
RAS to CAS set-up time (CAS tesr 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 tepT 40 - 50 - ns
.counter test)
CAS precharge time teen 10 - 15 - ns
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Notes: 1. Aninitial 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 attt=5ns.

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

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

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

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

7. twcs. tewp. trwp and tawp are not restrictive operating parameters. They are
included in the data sheet as electrical characteristics only; if twcs 2 twes (min.), the
cycle is an early write cycle and the data out pin will remain open circuit (high
impedance) throughout the entire cycle; if tewp (min.), trwp 2 trwp (min.) and
tawp = trwp (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 tggy Or trcy must be satisfied for a read cycle.

READ CYCLE
tRe
trP
tRAS
— VI~ b
RAS
/ N
tcsH
‘CF, tRCD tRSH 'crp
tcas
Ghs ViH-
Vi J /
tRAD tRAL
tASR tRAH tasc tcAH
a Baied
AD~A8 \\;I:: w Row W*— Column j
tAR
tRCH
tRcs taRH !
— ViH—
WE - / / tcac
tAA
t toFF
tRAC __g,‘
Veau—
Dourt VOH Open % Valid data
oL~
Don't care
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WRITE CYCLE (EARLY WRITE)

tRc
'RP
'RAS
__ Vin- ’\ N\
RAS
ViL-
'RcD . 'RSH
'crP [ tcrp
'csH !
'cas
JE VS
cas VM 7 \ ]
e ‘AR

'RAD 'RAL
tcaH

tASR 'RAH tASC
}1— ——|
ViH— r ;
AO~AS8 Row Column
Vit

LY

'wCR
twes tWCH
l—n]
twe
— Vv~
WE
ViL- T
\D‘S—] toH

ViL-
'DHR

w W 7N

Open

Don't care
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READ/WRITE CYCLE

|

O
>
[

AO~A8

DiN

Dour

m Don’t care

tRwe
t RP
RAS —_—
ViH- 1\
ViL- N—
'RSH
tcrp tRCD tRWL tcrp
ViH- \ tcas 1 /
V- -/ \
'csH
R towL
tRAD tRAL
'ASR | |tRAH tasc tcaH
Vin-
Row Column /]
ViL=
tAwp
'RWD
tcwp twp
ViH—
. N/
viL- RCS
tos toH
" YK vasae X
‘alid data
ViL-
fcac
tAA
toFF
tRAC et
V, —_
OH Open {y Valid Data >—
VoL~ \
cLz
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FAST PAGE MODE READ/WRITE CYCLE
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'RAS
VIH= *
RAS ie - - y - tRP \_
CSH RSH
' tPRWC ] . \
RCD 'cas tcp ‘cas cAS CRP
Vi
CAS
ViL - ‘AR \ — rhh :
'ASR, | [traH tasc [ RAL
RAH tASC ICAH tasc |'CAH tascTT
- 4 CAH
ViIH- r— £
Ao~ag IH
Vit - Z R pow tcm g‘cm / =
RWD
[
«RIESJ towp | towL| towp _ towL Llcwo oWl
WE x"“: / tAwD ] tawp tAwD
L . WP {CPA [Ticea
trap Tl ]88 | R e e A loFF
= |_lcac e loag] | WP —pem [ loac WP
Doyt VOH” aF‘ Valid Valid Y vard
VOL_ tRAC __Data ¥ x._Data L a(‘a 4
oz l ‘ teLz oLz RWL
‘os || jtoH 108wl foul DH oS 'DH
ViR : - i
DN /'
Vi -
[N
valid valid Valid Data
Data Data Don't care
tRc
RP
tRAS
axs Vin-—
viL \
tcRP tRPC
JE VI
CAS ﬂ
ViL —
tAsr RAH
Vi —
no-a7 ! Row W / /
VoH —
Dour OPEN
VoL~
Don't care s
NOTE: WE =Don't care, A8 =Don't care
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CAS BEFORE RAS REFRESH CYCLE

'RC
tRP
RAS
FAs VIH—
ViL —
tRPC
tceN | tcsr tCHR ,
cas VH™
CAS
ViL — /
toFF
et
Vo o=\
Pout N OPEN

[ — A

Don't care

NOTE: WE =Don't care, AO~A8 =Don't care
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FAST PAGE MODE READ CYCLE
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RAS V-
Vi -

cas VIH™
CAs |,

ViH

A0~AB
Vi

WE

Vi -

Dout

ViH ~

VoH -

VoL -

Dot care

'RAS 'RP.
\
\ /
lcsH 'pC 'RSH
tcrp tRcD tcas | tcp cas tcp 'cAs crP
]
|
i /
/ \ \ \
| 'RAL
‘AR | |
|
ASR | [ tRAH A :C’l 'CAH | tasc 'caH | tasc 'cAH
le— ot e-an ey — ]
m Row @ Col Col Col / / //
. A
'RAD 'RRH
'RCH ‘RCH
RCS RCS 'Rcs 'RCH
/ / -M cac tcac 'cac
e el e
tAn tAA tAA
f [
tRAC tcrPA tcpa
N Vaia P\ Vaid Vaiid \
Data _Jf ) Data ) Data _y
| | torF | tore toFF
loLz T ez " ez i
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FAST PAGE MODE WRITE CYCLE (EARLY WRITE)

tRAS trp
RAS VHT
Vi -
trc tRSH
tcrp tRCD tcAs tcp cas tcp cas tcrRP
|
w7 \ /
CAS
Vi -
tAR | i 'RAL
|
tasr| | 'RAH  tasc 'cAH  tasc 'CAH  tAsC {CAH
Fom -—il B S PG (B
Ao~ag H™ Row Col Col Col
VlL' Ol Ol
tRAD
twer |
|
twes 'WCH  'wcs 'WCH  twcs 'WCH
twp twp twp
" w L I
ViL - ya
'ps 'DH tos 'DH ‘ps 'DH

i i
DHR |

Dy :::‘: / / / /)< Valid Data mValid Data @( Valid Data / / / / / /

D \
ouTt OPEN

% Don't care
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HIDDEN REFRESH READ CYCLE

‘RC

'RAS RP 'RAS

ms TN / /

'CRP tRCD . 'RSH 'CHR
[
cas VM~ R /
CAS
Vie '] f

‘RAD 'RAL

]
tAsRr tRAH lA_sE] tCAH
Vi -
V:E_ Row Column 77/ //

-

A0~A8

'RCS 'RRH

Vil [ W
WE
VL -

'cAC
tAA
t
tRAG OFF

-
vV, -
ooyt oM Valid Data >—-

VoL -

//:

-

oLz

m Don'tcare
Vi
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HIDDEN REFRESH WRITE CYCLE

'R
'RAS tRP i 'RAS
—_—
RAS M R\ z7
ViL E f
tcRP tRCD _'RSH 'CHR
ViH -
CAS } /
ViL -
tAR
'RAD_ | | 'RAL
T
tASR tRAH tasc | 'cAH
ey

SO 1), = I

twer

twes twcH
l—ar]

twp
— Viy -~ / /
WE ?2;
Vi -

(i

'os toH
e
ViH -
TIIK e XTI
ViL =
| 'DHR

Dout
VoL -

OPEN

Don'tcare
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FUNCTIONAL DESCRIPTION

Simple timing Requirements:

The MSM51C256 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 (tpcp) has little effect on the access
time. And the MSM51C256 can commit better memory system through-put during operations in
an interleared system.

Fast-Read-While-Write Cycle:

The MSM51C256 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 controlied by the state of WE when CAS goes low. When WE is low during
CAS transition to low, the MSM51C256 goes to early write mode where the output becomes
floating and common I/0 bus can be used on the system level. Whereas, when WE goes low
after tewp following CAS transition to low, the MSM51C256 goes to delayed write mode where
the output contains the data from the cell selected and the data from Dy 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 (Ag
through Ag) and latched with the Row Address Strobe -(-RTA?;). 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 (tgan)
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 MSM51C256 during a write or read-write cycle. The last falling edge of
'WE or CAS is a strobe for the Data in (Dyy) register. In a write cycle, if WE is brought “low”
(write mode) before CAS, Dyy is strobed by CAS, and the set-up and hold times are referenced to
‘CAS. In aread-write cycle, WE will be delayed until CAS has made its negative transition. Thus
Dy is storbed byW_E, and set-up and hold times 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". Inaread cycle, or a read-write cycle, the output is valid after tgac from transition of RAS
when trep (max) is satisfied, or after tcac from transition of CAS when the transition occurs
after tgep (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 of the dynamic memory cells is accomplished by performing a memory cycie at each of
the 256 row-addresses (A 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 (Agto Ay) 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 MSM51C256 offers an alternate refresh method. If
CAS is held on low for the specified period (tcsg) 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.
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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 OKlI'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, ® 1,048,576 words by 1 bit
1-transistor memory cell
® Family organization
. Access Time Cycle Time Power Dissipation
Family -
(MAX) (MIN) Operating (MAX) | Standby (MAX)
MSM511000A-70 70ns 140ns 468mwW
MSM511000A-8A/80 80ns 160ns 413mW 5.5mwW
MSM511000A-1A/10 100ns 190ns 358mwW
® Single +5V supply, + 10°% tolerance ® Fast page mode, read/write capability
® [nput: TTL compatible, address input, data ® CAS before RAS refresh, Hidden refresh,
input latch RAS only refresh capability
e Qutput: TTL compatible. tristate, nonlatch ® “Gated” CAS
® Refresh: 512 cycles/8 ms ® Built-in Vgg generator circuit
® Common I/0 capability using “Early Write"
operation
PIN CONFIGURATION (TOP VIEW)
ow ]
on [1] fevss  WE (2]
W 2 TFoour PAS(E ’ ,
R_-S% 2 E?J.c%“ NC. E % z Pin Names Function
ne. (3] g fgas Ne(E] & g A0 10 A9 Address Input
a0*[5] = [ig e = = AAS Row Address Strobe
Ar* [§] § 13 a7* A0 Gl ;§, § CAS Column Address Strobe
A2 E g E AB* Al® @ (‘5 g OINn Data input
A3 [8 1) as* A2 [iT] 5
vee @ @ Ad* A3 [’_—2_ _ou'r Data Output
i vee @ WE Write Enable
26 PIN SOJ 20PIN 2P Vce Power Supply (+5V)
vss Ground (0V)
* Refresh Address NC. No Connection
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FUNCTIONAL BLOCK DIAGRAM

RAS
Timing
cAS Generator _]___ L Timing
t = Generator
" ]
Column ] Column ggéi WE
gg?":rsss y Decoders Generator|
Internal Refresh l l lo— -
~ A 170 Output
Ao~As C ng:‘e':;s Control Clock SenseAmps || sorector o] B:H‘:: —— DouT
i |
R
Aggress Row N w
Butters De- ord Memory
cod- Driv- Cells
ers ers Input
| ol Butter
Vce
Vss ]
B Oon chipVgg
ELECTRICAL CHARACTERISTICS
ABSOLUTE MAXIMUM RATINGS
Rating Symbol Conditions Value Unit
Voltage on any pin relative to Vsg vT Ta=25°C —-1.0 to+7.0 v
Short circuit output current los Ta=25C 50 mA
Power dissipation Pp Ta=25C 1 w
Operating temperature Topr - 0 to+70 °C
Storage temperature Tstg - —55 to+150 °C
RECOMMENDED OPERATING CONDITIONS
(Ta=0to +70°)
Parameter Symbol Conditions MIN TYP MAX Unit
vce - 45 5.0 55 v
Supply Voltage
Vss - 0 0 0 \
Input high voltage VIH - 24 - 6.5 v
Input low voltage ViL - -1.0 - 0.8 v
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DC CHARACTERISTICS
(Voc =5V +10%, Ta =0to +70°C)

MSMS511000 | MSM511000 | MSM511000 | MSMS11000 | MSM511000

A-8A A-1A A-70 A-80 A-10

Parameter Symbol Conditions Unit | Noto

MIN | MAX| MIN | MAX | MIN | MAX | MIN | MAX | MIN | MAX

Output high voltage | VoH | loH=—5.0mA 24 |Vcc| 24 Vocc| 24 [Vec| 24 (Vocl 24 |Vee| V

Output low voltage VoL | loL=4.2mA 0 |04({ 0 (04! 0 |04) 0 |04]| O |04 V

OV=VI=6.5V;
Iy | all oter pins not |—10( 10 (—10| 10 |—10| 10 |{—10| 10 |—10| 10 | xA
under test=0V

Input leakage
current

Output leakage DouyTdisable _ _ _ — —

current Lo OV=VO<55V 10| 10 {—10| 10 [—10] 10 |—10{ 10 |—10| 10 | uA

Average power BAS, CAS oyclin

supply current* Icct TRC,= min coyeling, 75| — (65| — |8 | — |75| — |65 |mA

(Operating)

Power suppl BAS=V|y [TTL| - |2 |- |2 |—-|2|—-]2]|—-]2

current* gt)ayndb ) lcc2 | CAS=ViH mA
i Dout=Hz [MOS| — [ 1 | = |1 | =|1]=]1]-]1

Average power RAS cycling,

supply current* Icc3 | CAS=V|H —|75| —|65| — |8 |- |75 — | 65 |mA

(RASonly represh) trc=min

Average power = .

supply current* (CAS | Icc6 RAS cycling, —|75| — |65 — (8| — [75| — | 656 |mA

before RAS refresh) CAS before RAS

Average power RAS=V)_,
supply current* Icc7 | CAS cycling - | 85| — |65 — |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, DyN) CiNt - - 6 pF
Input capacitance
(RAS, CAS. WE) Cin2 - B 4 Pk
Output capacitance (DoyT) Cout - - 7 pF

149



s MSM511000A &——

AC CHARACTERISTICS
(Vcc =5V +10%, Ta =0to +70°C) Note 1,2,3
MSM511000 | MSM511000 | MSM511000 | MSMS511000 | MSM511000
Parameter Symbol A-8A A1A A-70 A-80 A-10 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 — (180| — | ns
Read/write cycle time trwc|185| — |220| — (65| — [185| — (220 — | ns
Fast page mode cycle time tpc |55 — |55| — |46| — (80| — |55 — |ns
:-‘i:set page mode read/write cycle wrwc| 80| — |8s| — [70| — |75| — |8s| — |ns
Access time from RAS tRac| — | 80 | —|100| —| 70 | — | 80 | — | 100 | ns |45
Access time from CAS tcac| — |26 |- |8 | -2 |- |20 | - | 25 |ns |45
Access time fro columu address | taAA — |40 | —| 5 | — |3 | — |4 | — | 50 | ns |46
Access time from CAS precharge [tcpa | — | 50 | — | 50 | — | 40 | — | 45 | — | 50 | ns | 4
(_g:_tsput low impedance time from toz|o| - |o| -Jo|l-lo|=-]o|=|ns|a
Output buffer turn-off delay toFF | 0| 20 | 0| 20 | 0| 20 | O | 20 | O | 20 | ns
Transition time tr 3 (6 | 3|5 |{3|5 |3|50 |3 |80 |ns|3
RAS prechrge time tRp |70| — |80| — |60| — |70| — |80 | — |ns
RAS pulse width tRAS 10000 | 100 | 10000 | 70 | 10000 10000 | 100 | 10000 | ns
(F:,gi ‘;‘::: o oycle only) tRasp | 80 |100000| 100 |100000| 70 [100000| 80 |100000| 100 [100000| ns
RAS hold time tRgH [ 26| — |30 — |20 — |20| — | 25| — |ns
(cl::;:t ‘g:;:ar:\%%:r::‘:cle only) e Rl i T i el I el e s
CAS pulse width tCAS | 25 | 10000 | 30 | 10000 | 20 | 10000 | 20 |10000 | 25 | 10000 | ns
CAS hold time tcsH |80 | — (00| — 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|trap | 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 taAsr | O - 0 - 0 - 0 - 10 — | ns
Row address hold time tRAH| | — (B8] — |12] — |12]| — (5] — |[ns
Column address set-up time tasc | O - 0 - 0 - 0 - 0 - | ns
Column address hold time tcAH | 15| — |20 — |15 — |15 | — 20| — |ns
Column address hold time from RAS [tagp |60 | — |75 — |56| — |60 — | 75| — |ns
Column address to RAS lead time [tral 40| — (50| — |35| — |40| — |80| — |ns
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AC CHARACTERISTICS (CONT.)

MSMS511000 | MSMS511000 | MSM511000 | MSM511000 | MSM511000
Parameter Symbol A-BA A-1A A-70 A-80 A0 | ynit | Note
MIN |MAX| MIN |MAX| MIN |MAX| MIN |MAX| MIN |MAX
Read command set-up time tRcs | O -{O0 | -0 | =0 | —-]0]|—-|ns
Read command hold time tRcH| O | - | 0| — | O -0 | —1]0 — | ns| 8
Write connand hold time from RAS twcr| 60| — (75| — |56 | — |60 — | 75| — | ns
Write command set-up time twes| O |-} O0O|—-—]O0O | —-—]O0O|—-]0]|—|ns| 7
Write command hold time twcH| 15| — |20 | — |18 — |15} — 120 | — | ns
Write command pulse width twp 5| —|120| — |15 —|1B| — 20| — | ns
Write command to RAS lead time tRwL |20 | — |25 — |20 | — |20 | — | 25| — | ns
Write command to CAS lead time [towL |20 | — |25 | — |20 | — |20 | — |25 | — | ns
Data-in set-up time tps o|-(0}]—-]0|—-—]0|—=-1]0]|-1|ns
Data-in hold time tDH 5 —-—120| - 15| — |15 —|20| — | ns
Data-ds hold time from RAS tpHR |60 | — | 75| — |85 | — |60 | — |75 | — | ns
CAS to WE delay tcwp| 25| — |30 | - |20| — |20 | — 25| — | ns | 7
RAS to WE delay tRwp |80 | — |100| — |70 | — |80 | — [100| — | ns | 7
Column address to WE delay time [tawp | 40 | — [ 50 | — [ 35| — | 40 | - 50| — | ns | 7
Zizfesggga%w'd time tRRH |10 | — |10 | — |10 |~ |10| - |10]| - |ns|8
z:—"%tge?cﬁ: ;—':—;)‘p time tesg |10 | - |10 —]w0|-|10]-|10]|-]ns
(F(‘:':SS tge?(:: %\% time tchR (30 | — |30 | — |30 | — |30 | - [30| - | ns
gﬁ;;:"e delay fron RAS tReg |10 | — |10 — 10| |10 ~]10]~|ns
(Refroeh coumer est tcpT |40 | ~ 80| ~ 40| ~ |40 - |50~ |ns
CAS precharge time tctpNn |10 | — | 15| —|10] —|[10|—|15]|—|ns

Notes: 1 An initial pause of 100 us 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 attt =5 ns.

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

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

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

7 twcs. tcwb. tRwWD and tawp are not restrictive operating parameters. They are includ-
ed in the data sheet as electrical characteristics only; if twcs 2 twcs (min), the cycle
is an early write cycle and the data out pin will remain open circuit (high impedance)
throughout the entire cycle; if tcwp 2 tcwp (min), trwp 2 trwD (min) and tawp 2
tawp (min), the cycle is read/write cycle and the data out will contain data read from
the selected cell; if neither of the above sets of conditions is satisfied the condition of the
data out (at access time) is indeterminate.

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

READ CYCLE
'Re
'RP
AR M- N\ o N
'CsH
crp tRCD RSH 'CRP’
o z:[‘ :J 'cAs.
'RAD 'RAL
tASR 'RAH tAsC 'CAH
s/ SR /) S
8 *% 'RCH
RCS tRRH
= i
taa
‘ LE1 {OFF
RAC
Dout :Z:: OPEN " Valid Data B
Don'tcare
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WRITE CYCLE (EARLY WRITE)

ARs ::[f—ﬁ\k \__
i Tﬂ,‘ e 'cas —
CAS :[‘_ j .
A0~ JM” { Fow ( Column'cw ééééééééZééééééZ
SN - I
o .

Don'tcare
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READ/WRITE CYCLE
=\ N
=w_S Y
tasr tRAH‘RAD ":c '::THL ~i -

N A 1/, Y,
w v T [T
™ w L, ////////////////(/)i’ wona X///////111111/,

, 'RAC LLO_FF
dout v‘;:‘: OPEN — m Vald Data —
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FAST PAGE MODE READ CYCLE

'RASP rp
Fas VIH- ‘ /
viL -
'cSH pC 'RSH
'cRP 'RCD tcas tcp ‘cas tcp tcas \CRP
s VIH- 8
CAS
W/ \
\ RAL
| I
IASR i | 'RAH  'ASC 'cAH | 'asc IcAH | 'asc 'CAH
H ‘.—-1 - e r—J — r——
Vil -
AO ~ A9
m _m Row @ Col Col Co! M //////l
' I
'RAD 'RRH
'RCH |, 'RCH
'RCS 'RCS 'RCS tRCH
WE le‘//:::::Z
= tcac tcac tcAC
et fet—an{ et
'AA tAA tAA
! |
'RAC 'cPA 'crPa
DouT VOoH - y Valid -\ Valid Valid
VoL - Data _f ) Data Data
| | torr ] |torr : lOFF
'cLz ez "oz
|

Don't care

155



1 MSM511000A =—

FAST PAGE MODE WRITE CYCLE (EARLY WRITE)

2|
[74

Vi~
viL -

GAs VIH ™

A0 ~A9

viL -

ViH
viL -

= VIH "

OIN

Dour

ViL -

ViH -
ViL -

VoH
Vou

'RASP 'RP
pC 'RSH
‘crp 'RCD ‘cas tcp tcas ‘cp tcrp
taR | iA
]
'AS_FL 'RAH  tasC ICAH A SC,| ICAH  tasc
Row Col m Col m Col /////A
'RAD__| ' :
'wcr _{
twes ‘wcH  'wes 'WCH 'wci_
'wp 'wp !
'ps 'DH 'os 'DH 'Ds
////////m Valid Data Valid Data m Valid Data //////
I !
'DHR
OPEN

Don't care
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FAST PAGE MODE READ/WRITE CYCLE

'RASP
mas VIH - \
RAS Vi - i ‘ » - RP
CSH RSH
\ 'PRWC ]
RCD 'cas ‘cp cas 'cas 'cRP
——— v -
cas M
ViL - 'AR \ - :
t RAL
ASR, | (t tasC ICAH t !
jq'RAH 'ASC (C ASC | CAH tASCF TCAH
ViIH - ~
AO - A9
7, 5 . 7%, CD > K777,
'"RwD )
'RcS lcwp_|'cwL tcwp _,'cwL tcwp _,'cwL
WE (M- 7 TAWD TAWD T awo
L \ W) 'cPA 'cPA
rap [ The LY toFF et 1AA o \OFF
pt——"" o
'cac = Ticad] ['WP " Tieac ] |['WP
Dout VoH - a Vahd Y, valid Y. Vaid
VoL - \RAC Data ,¥ Data 4 Data__ ¥
tcLz tcLz ! ‘cLz RWL
' 'DH 1 'DH oS 'DH
o M 77777
vV, -
L
vald Vahd Valid Data
Data Data Don't care
RAS ONLY REFRESH CYCLE
'R
'RP
'RAS
AAS VH - R
ViL -
1
‘crP 'RPC

cas VIH™
€AS /
ViL -

'ASR 'RAH
e

o=ks Ui o KL

Vi -

VOH -
OPEN
VoL -

Dout

@ Don'tcare

NOTE: WE =Don't care, AS =Don't care
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CAS BEFORE RAS AUTO REFRESH CYCLE

'RC
'RP
'RAS
AAs VM-
ViL -
'RPC
tcPN | ICSR ICHR
CAs :m'
L - A
toFF
VN
boyr N
OPEN
VoL f

NOTE: WE =Don't care, AO ~ A9 =Don't care

Don't care
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HIDDEN REFRESH READ CYCLE

.
'RAS 'RP 'RAS
RAS VM~ \
ViL -
!pnp . 'RCD _,_'RsH CHR
i | i
~ S
S A
CAS |
VL - ,
|
| 'RAD RAL !
-
| .
'asr | | 'RAH 'ASC | 'CAH

Sl S ), S

N,

\ 'cac
:1

AA

toFF

I
'RAC
T

i
1
i
VOH - 7
Dout Valid Data >—
- I

‘cLz
Don't care
/
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HIDDEN REFRESH WRITE CYCLE

taco 'RSH 'cHR
&as VIH-
CAS
w7 \ /
‘AR

SR tn//7 S Y S Y

'wes 'WCH

w N T

'os

"_‘ DH
N i’////////L/////)( L Yy,

Don't care




CAS BEFORE RAS REFRESH COUNTER TEST CYCLE
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- x::, :———"—4}\ | ‘ ' 'RSH
SIS Y, core LI
Dour VoL - OPEN }RCS — | Valid Dat m

Y

e i

G S U

ow 0 T TTTTTTT TN o )(// /// ‘///////

| "'C‘L‘z’l lOFF
READ/\:VRH:E CYCLE i 1cAG | ’—*——-4

W - LU e /

tcwp wp

A
Din Vil -

I,

Valid Data

I

o | o]
: Don’

tcare
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OKI semiconductor

MSM511001A

1,048,576-WORD X 1-BITS DYNAMIC RAM

GENERAL DESCRIPTION

The MSM511001A is a new generation dynamic RAM organized as 1,048,576 words by 1 bit. The
technology used to fabricate the MSM511001A is OKI'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

® 1,048,576 words by 1 bit

Family Access Time Cycle Time Power Dissipation
(MAX) (MIN) Operating (MAX) | Standby (MAX)
MSM511001A-70 70ns 140ns 468mwW
MSM511001A-8A/80 80ns 160ns 413mW 5.5mw
MSM511001A-1A/10 100ns 190ns 358mwW

® Single +5V supply, +10% tolerance
® Input: TTL compatible, address input, data

input latch

® OQOutput: TTL compatitle, tristate, nonlatch

® Refresh: 512 cycles/8 ms

® Common I/0 capability using “Early Write”

® Nibble mode, read/write capability
® CAS before RAS refresh, Hidden refresh,
RAS only refresh capability

® “Gated” CAS
® Built-in Vgpg generator circuit

operation
PIN CONFIGURATION (TOP VIEW)
on 3 2 vss .
o [1] @VSS WE [2 E Dout p, ZCAS
W s Fcas VT [4] vss
WE 2] z EDLUT z o [5] = Pin Names Function
ms(3E 3 fgcas  neld] § BEne o Z [BlWE
NC < A9 nNelB < B3] A9 RAS 2 8| NC A0 to A9 Address Input
.C. [4] a .C. a ne[3] & O LEAD -
AO* é E A8* § A0* = - RAS Row Address Strobe
Al® 3 B & z 18] AB® Az § 17 A1 CAS Column Address Strobe
- . . 14] A3*
A2t a E A6 Al @ (% L7 A7 vee[1s) g 13‘“. DN Data Input
A3* 1) as» A2 [T]] i16) A6* i}
A5* 17} . Dout Data Output
vee (3] f0) Aac A3 [ 15 As* 18 A6
cC A7* [19] . WE
) veelf TS E A8 Write Enable
26 PIN SOJ 20 PINZIP Vce Power Supply (+5V)
Vss Ground (0V)
* Refresh Address N.C No Connection
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FUNCTIONAL BLOCK DIAGRAM
RAS éiming
enerator
— }__ Timing
CAS ! r‘wD Glenlgrator
[
N Write J—
Son, - E
Buffers Y Decoders Generator
Internal Refresh 1 T ||
- =1 1/0
Ao~Ag I__J égg';ﬁ:f Control Clock SenseAmps | | salector b g:'t'%‘:' —— DouT
1
o —r
d R
Buﬂ':;:s Dg‘_ﬂ Word Memory
cod- | | Priv- Cells
ers | [ Input | DIN
Fel Buffer
Vee '
Vss — }
OnchipVgg
ELECTRICAL CHARACTERISTICS
ABSOLUTE MAXIMUM RATINGS
Rating Symbol Conditions Value Unit
Voltage on any pin relative to Vgg VT Ta =25°C —-1.0to +7.0 \
Short circuit output current los Ta =25°C 50 mA
Power dissipation Pp Ta =25°C 1 w
Operating temperature Topr - Oto +70 °C
Storage temperature Tstg - —55 to +150 °C
RECOMMENDED OPERATING CONDITIONS
(Ta =0to +70°)
Parameter Symbol Conditions MIN TYP MAX Unit
Vece - 45 5.0 5.5 \
Supply Voltage
Vss - 0 0 0 v
Input high voltage VIH - 2.4 - 6.5 \
Input low voltage ViL - -1.0 - 0.8 v
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DC CHARACTERISTICS
(Vo =5V +10%, Ta =0 to +70°C)
MSM MSM MSM MSM MSM
Parameter Symbol Conditions 511001A-8A | 511001A-1A | 511001A-70 | 511001A-80 | 511001A-10 Unit | Noto
MIN | MAX| MIN | MAX | MIN | MAX | MIN | MAX | MIN | MAX
Output high voltage | VoH | loH=—5.0mA 2.4 |Vcc| 24 |Voc| 24 |Voc| 24 |Veg| 24 |Vee| V
Output low voltage VoL | loL=4.2mA 0|04 0 |04| 0 |04 0 (04| 0 |04V
Input leakage OV=VI=6.5V;
P 9 Iy |all oter pins not |—10| 10 |—10| 10 |—10| 10 |—10| 10 |~10| 10 | xA
current
under test=0V
Output leakage Douyr disable _ _ _ —
current ILo OV=VO <55V 10( 10 10{ 10 10| 10 10| 10 10| 10 | xA
Average power RAS, CAS cycling,
supply current* Icct tRg=min — |75 —|65| — |8 ]|~ |75| — | 65 | mA
(Operating)
Power suppl RAS=Vjy |TTL| - |2 |—-|2|—-|2|-|2]|~-]2
current* (gr::ndb ) lcc2 | CAS=VIH mA
i Dout=Hz [Mos| — | 1 | = [ 1| —=|1]|=]1]-1]1
Average power RAS cycling,
supply current* Icc3 | CAS=V|H —|75| —|65| — |8 | — |75| — | 65 |mA
(RAS only represh) trc=min
Average power =is .
supply current* (CAS | Icc6 g%zgg;gm —|75| - |e5| —|85| — | 75| — | 65 |mA
before RAS refresh)
Average power RAS=V|_,
supply current* Icc8 | CAS cycling — | 5| - |50 —|70| — | 60| — | 55 |mA
(Nibble mode) tNC=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, DyN) CiNt - - 6 pF
Input capacitﬁ'nce c 7
(RAS, CAS, WE) IN2 - - pF
Output capacitance (DoyT) CouTt - - 7 oF
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AC CHARACTERISTICS
(Vo =5V £10%, Ta =0to +70°C) Note 1,2,3
MSM MSM MSM MSM MSM
Parameter Symbol 511001A-8A | 511001A-1A | 511001A-70 | 511001A-80 | 511001A-10 Unit | Note
MIN | MAX |MIN | MAX |MIN | MAX |MIN | MAX [MIN | MAX
Refresh period tREP | — 8 - 8 - 8 -1 8 -1 8 m
Random read or write cycle time |tgc |[160| — (190 — [140| — |60 — [190| — | ns
Read/write cycle time tRwc |185| — |220| — |165| — |185| — [220| — |ns
Nibble mode cycle time tNC 55( — |60 — |80 — {50 — |55 — | ns
Nibble mode read/write cycle time|tygmw| 80| — 90| — (75| — |75 — |85 — |ns
Access time from RAS trRac| — | 80 | —|100 | — | 70 | — | 80 | — [ 100 | ns |456
Access time from CAS tcaAc| — | 25| - |3 | —| 20| -] 2 | —| 25 |ns |45
Access time fro column address | taA — |14 | -8 |—|3 |— |4 | — |50 |ns |46
Nibble mode access time tneac| — | 26| — |3 | —|]20 | —| 20| — |25 |ns| 4
g%ut low impedance time from torz | 0 -~ 0 -~ 0 _ 0 _ 0 — lns!a
Output buffer turn-off delay tobrF | 0 | 20 | O | 20 | 0O | 20 | 0 | 20 [ O | 20 | s
Transition time tr 3|50 |35 |3 |5 |35 |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 tRgH |25 — |30| — |20| — |20| — |25| — |n;s
CAS puise 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 tRep (25| 55 | 25| 70 |22 | 50 |22 | 60 |25| 75 |ns | 5
RAS to column address delay time|trap | 20 | 40 |20 | 50 |17 | 35 |17 | 40 |20 | 50 |ns | 6
CAS to RAS precharge time tcrRp 10| — (10| — (10| — {10 — |10]| — |ns
Row address set-time tAsR | 0| — | O -]10| —1]10| — |0} — |ns
Row address hold time tRAH || — |16 — |12 — [12| — |15| — |ns
Column address set-up time taAsc | 0| — | O - 10| —]0{ — 0| — |ns
Column address hold time tcAH| | — |20 — (16| — |16 — (20| — |ns
Column address hold time from RAS  |tar (60| — |75| — |55| — |60| — | 75| — |ns
Column address to RAS lead time [tra [40 | — (50| — 35| — [40| — |850| — |ns
Read command set-up time trcs | O - 0 - 0 - 0 - 0| — |ns
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AC CHARACTERISTICS (CONT.)

MSM MSM MSM MSM MSM
Parameter Symbol 511001A-8A | 511001A-1A | 511001A-70 | 511001A-80 | 511001A-10 Uniit | Note
MIN [MAX| MIN |MAX| MIN |MAX| MIN |MAX| MIN |MAX
Read command hold time tRcH | O | —-|O0O|—-|O0|—-{0}| —-—]10}] —1{ns| 8
Write connand hold time from RAS (twcr |60 | — [ 75| — (56| — |60 | — |75 | — | ns
Write command set-up time twes| 0O | -|O0O|—-|]O|—-—|O|—]0]|—1|ns|7
L
Write command hold time twcH| 5| — |20} — |15 — |15 | — (20| — | ns
Write command pulse width twp 5| —-]120| — (15| — |15 | — |20| — | ns
Write command to RAS lead time |ty | 20| — |26 ) — |20 | — |20 | — | 25| — | ns
Write command to CAS lead time (tcwpL |20 | — {256 | — |20 | — |20 ) — | 26| — | ns
-l
Data-in set-up time tps o|{-{of|{—-—jo0o|—-—f{0}|—=—]0]~—1|ns
Data-in hold time tpH 15| — (20| — [ | — |15 | —[20| — | ns
Data-ds hold time from RAS tpHR |60 | — |75 | — |55 | — |60 | — (75| — |ns | 7
CAS to WE delay towp| 25| — |30 | — |20 | — |20 | — |25 | — | ns | 7
RAS to WE delay tRwp |80 | — |100| — (70| — |80 | — |100| — | ns | 7
Column address to WE delay time |tawp| 40| — | 50| — |35 | — |40 | — |50 | — | ns | 7
Read command hold time
reference to RAS tRRH | O | - |10 | - |10 | - |10 | —|10| - |ns| 8
RAS to CAS set-up time
(CAS before RAS) tcsSrR | 10 10 10 10 10 ns
RAS to CAS hold time
(CAS before RAS) tcCHR |30 | — |30 | — |30 | — |30 | — |30} — |ns
CAS active delay fron RAS
preharge trRpc | 10 10 10 10 10 ns
CAS precharge time _ _ B _ _
(Refresh counter test) tcpT | 40 50 40 40 50 ns
CAS precharge time tcbn | 1O — |15 — | 10| — |10 — |1 | —|ns
Nibble mode pulse width tNCAS| 25| — |30 | — 20| — |20 | — |25 | — | ns
Nibble mode CAS precharge time |tycp | 20 — (20| — |20 — |20 — | 20| — | ns
Nibble mode RAS hold time tNRSH| 25 | — |26 | — |20 | — |20 | — |25 | — | ns
Nibble mode CAS to WE delay towp| 25| — |30 | — |20 | - (20| — | 25| — | ns
Nibble mode write command
to RAS lead time tNRWL | 20| — |26 | — |20 — |20 — | 256 | — | ns
Nibble mode write command
to CAS lead time tNewL | 20| — |26 — |20 | — |20 | — |25 | — | ns
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An initial pause of 100 us is required after power-up followed by any 8 RAS cycles
(Example: RAS only) before proper device operation is achieved.

The AC characteristics assume attt =5 ns.

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

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

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

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

twcs. tcwb. tRwD and tawp are not restrictive operating parameters. They are includ-
ed in the data sheet as electrical characteristics only; if twcs 2 twgs (min.) the cycle
is an early write cycle and the data out pin will remain open circuit (high impedance)
throughout the entire cycle; if tcwp = tcwp (min.), trwp = trwp (min.) and tawp =
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.
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READ CYCLE
tRc
RP
t
— Vin- AAS
R /
viL-
'CsH
tcRp tRCD 'RSH oRP,
_ ~ cas
Chs VH J \ /
ViL-
'RAD 'RAL
task | | tRaH {lasc 1 toan
‘D‘ ’
V —_
Ac-Aa M Row W Column W////////////
ViL- 1
tAR
) tRCH
RCS 'RRH
w
t
ViL- CAC
tAA
oLz tOFF
'RAC
Vo~
D
ouT VoL Open g% Valid data

Don't care
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WRITE CYCLE (EARLY WRITE)

AAS :’/':: T N\
— ::’:: J - \ cas /
'As_a_‘ R tASC 'CAH
NN/ S ), S I
w v T R //// I/,
SIS, SN Y,
Don'tcare
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READ/WRITE CYCLE
tRwe
tRAS i
AAS :'/'I'L*: \ N
'RSH
t tcrp
— Vin- CF?— - tcas B '
'RAD e tRAL o
tasR tRAH tasc tCAH
SN Y, I L
tawp
'RWD - e
W—E\\//I::7:£:22f tRCS //////////7//
'os | 'oH
I, SRR
tcac
tAn
N tnac torF
[
Dout ‘:Ic;r:: Open — {% Valid Data }—
Don't care
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NIBBLE MODE READ CYCLE
'RAS tap
v ‘AR
RRS /
tcsH t
t NRSH
CT-P— 'RcD CAS INC
s WA 'RAD
CAS [revoma!
e t R tAsc INCP INCAS
ASR CAH
v ———*—L e [ ]
H-
), C Y & LI L
cac, _|torF| INcac_| | torF
t
1RAG cLz
OH™ 7 Vaid FVaid Vaiid Vaid
D _< -
out VoL- h Data \ Data 4 Data Data
‘an | 'RRH
‘Res |, IRcH 'rcs 'RcH | 7]
we T \2 \%4 //,
WE - 1
m Don't care

NIBBLE MODE WRITE CYCLE (EARLY WRITE)

tRAS 'RP

RS Vin- _1\ ‘AR H_
viL- ]
tcsH INC
'crp 'ReD_, _fcAs {NRSH
L ] TFAD )
CAS
Vn.*t tRAH }
ASR tasc| 'CAH  |NcP [INCAS
g -
" LI
Ao~As ViL- Row Col /,
twcRr
twes , | [twer twes twcH INRWL
— VIH—
L Y
!wp
O Vin- :::/ Vaid Vaiid mvdidmvmid x: :: : : i i :
ViL- jl-Jata_-J %..Data o Data Data
t DH| tps tDH
DS ki
Ve — bHR
Dout OH Open
VoL~

m Don'’t care
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NIBBLE MODE READ/WRITE CYCLE

'RAS trp
t
Vi — AR
RAS |,
L tcRP tcsH INRMW__,
INRSH
trep _,_ cAs
— Vig—
CAS V'I':_ tRAH
tASR tasc | |_ lean tNCF|> INCAS
ViH~ /
Ao~hs 1, B Y
ViL- e / (L
tRAD | tcwp fcwL [‘ INCWL tNGWL
{AWD tRWD twp | INCWD twp INRWL
Vi
wE \ \_./ \r_/
Vi 'os U t
DH | tps DH
o) VIH-7 Valid Valid Valid Valid
N V- Data Data Data Data
t t
tAAL L‘wtopp A.L‘ﬂ
'RAC ™
VoH- Valid i Valid Vali
Dout i ali valid ali alid
VoL- toLz Data Data Data Data
m Don't care
RAS ONLY REFRESH CYCLE
tRC
'RP
'RAS
— VIiH- 3
RAS ) \ \
ViL-
crp trRPC

Note: WE = Don't care, As = Don't care

S
he o XL
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CAS BEFORE RAS AUTO REFRESH CYCLE

'RC
'rP
tRAS
RAS Vin- \ N
Vi tRPC
tcen | tcsr tCHR
— Viu-
cAs M / \
ViL-
tOFF
Vou-————X
Dout M Open
Vorm — S

Don't care

Note: WE = Don't care, Ao ~ As = Don’t care
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HIDDEN REFRESH READ CYCLE

N \ 2
T
I
w- Z o I,

m Don't care
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HIDDEN REFRESH WRITE CYCLE

‘RP 'RAS
— Vv~
s N
viL- e +

‘CF_D_ tRCD 'RSH CH
= T a
o o o
S, S s,
we w7/ /11

o\ IR e XTI ITTTITTTT

W Don't care
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE

" \\//"t: Icsr tcHR tepT ‘C:SH \_
B /
e LT courn .5(/////////|//////
Dourt \\//00':_' - ‘CL} Valid Data I‘ *>—
LN %
- twes 'wCH ’
Y, i /////‘/////////,
I, SR {/////A
READ/WRITE CYCLE .“Etkg’l {OFF
CAC |
L s | ‘ /

SN, S Y,

:Don'tcare’
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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 OKI's CMOS silicon gate process technology. The
device operates at a single +5V power supply. Its /O pins are TTL compatible.

FEATURES
® Silicon gate, tripple polysilicon CMOS, ® 1,048,576 words by 1 bit

1-transistor memory cell
® Family organization

. Access Time Cycle Time Power Dissipation
Family -
(MAX) (MIN) Operating (MAX) | Standby (MAX)

MSM511002A-70 70ns 140ns 468mW
MSM511002A-8A/80 80ns 160ns 413mW 5.5mW
MSM511002A-1A/10 100ns 190ns 358mwW

® Single +5V supply, *+ 10% tolerance ® Static column mode, read/write capability

® Input: TTL compatible, address input. data ® CS before RAS refresh, Hidden refresh,

input latch RAS only refresh capability
® Output: TTL compatible, tristate. nonlatch ® Built-in Vgpg generator circuit

® Refresh: 512 cycles/8 ms
® Common I/O capability using “Early Write"
operation

PIN CONFIGURATION (TOP VIEW)

on (1]
WE [2] 4Cs ' Pin Names Function
RaS 3] AOto A9 Address Input
::' o AAS Row Address Strobe
Al* cs Chip select input
A2* OIN Data Input
A3 8 Dout Data Output
vee (8] WE Write Enable
18 PINDIP Vee Power Supply (+5V)
26 PN SO 20PINZIP vss Ground (OV)
* Refresh Address NC No Connector
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FUNCTIONAL BLOCK DIAGRAM
RAS Timing
- Generator Timing
cs L Generator
|
Write S
Soiams Coumn | [Clock = WE
Buffers y Decoders Generator
Internal Refresh 1 l !
Ao~A Add — 1/0 Output
o~As C COU.'_.":: Control Clock senseAmps || selector |l B:ﬁ%‘: —— DouTt
' : |
Row | |
Add
Bu"r:r:s g:fv ‘3’9"’ Memory
cod- "':" Cells
ers Input te——o—__ DI\
Lol Buffer
Vee ‘
vg§ —= \
—_— OnchipVgg
ELECTRICAL CHARACTERISTICS
ABSOLUTE MAXIMUM RATINGS
Rating Symbol Conditions Value Unit
Voltage on any pin relative to Vgg vT Ta =25°C -10to+7.0 v
Short circuit output current los Ta =25°C 50 mA
Power dissipation Pp Ta =25°C 1 w
Operating temperature Topr - Oto +70 °C
Storage temperature Tstg - -55to0 +150 °C
RECOMMENDED OPERATING CONDITIONS
(Ta=0to +70°)
Parameter Symbol Conditions MIN TYP MAX Unit
Vee - 4.5 5.0 556 \
Supply Voltage
Vss - 0 0 0 Vv
Input high voltage VIH - 2.4 - 6.5 v
Input low voltage ViL - -1.0 - 0.8 v
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DC CHARACTERISTICS
(Voc =5V £10%, Ta =0 to +70°C)

MSM MSM MSM MSM MSM
Parameter Symbol Conditions 511002A-8A | 511002A-1A | 511002A-70 | 511002A-80 | 511002A-10 Unit | Noto
MIN [ MAX | MIN [ MAX | MIN | MAX | MIN | MAX | MIN | MAX
Output high voltage | VoH | loH=—5.0mA 24 \Vcc| 24 |Vcc| 24 Vel 24 [Veg| 24 |Vee| V
Output low voltage VoL | loL=42mA 0O (04| 0 |04| O |04 0O |O4| 0 (04| V
Input leakage OV=VI=6.5V;
P 9 Iy | all oter pins not |—10| 10 [—10| 10 [—10| 10 [—10| 10 |—10| 10 | xA
current
under test=0V
Output leakage Doyt disable _ _ _ _ _
current L0 | ovevoes ey 10| 10 |—10| 10 |—10| 10 |—10| 10 |—10| 10 | xA
Average power RAS, CAS cycling, , .
supply f:urrent Icct trg=min — |75 — | 65| — |85 | — 5| — | 65 |m
(Operating)
Power supol RAS=vjy |TTL| - |2 |-|2|—-|2|-|2]|-]2
cu::er:t"u(g‘t)at\db ) lcc2 | CS=ViH mA
v Dout=Hz [MOS| — | 1 | = |1 | =1 |=|1]|=1]1
Average power RAS cycling,
supply current* Icc3 | CAS=V|H —|75| —|65| — |85 | — |75 | — | 65 |mA
(RAS only represh) trc=min
Average power —_— X
supply current* (CAS | Iccé %;ﬁg;gms — 75| —|es| —|85| — |75 | — |65 |mA
before RAS refresh)
Average power %S =V|L,
supply current* Icc9 | CS cycling — |55 — |55 —|70| — |60 | — | 55 |mA
(Static column mode) tsc=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, D) CIN1 - — 6 pF
Input ciga_cltance
(RAS, CS, WE) Cin2 - - 7 pF
Output capacitance (DoyT) CouTt - - 7 pF
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AC CHARACTERISTICS
(Vo =5V +£10%, Ta =0 to +70°C) Note 1,2,3
MSM MSM MSM MSM MSM
Parameter - Symbol 511002A-8A | 511002A-1A | 511002A-70 | 511002A-80 | 511002A-10 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 trRwc|185| — |220f — |165| — |185| — |220| — | ns
Static column mode cycle time tsc 55| — |56 | — |45 — |50 — |85 | — |ns
:;?;:I: tci:’crz;l:mn mode read/write wrwe| 80| — [100| — |70| — |80| - [100] — |ns
Access time from RAS tRac| — | 80 | —|100 | — |70 | — | 8 | — | 100 | ns (456
Access time from CS tcac| — | 25| — |3 | —| 2| —-]2 | —| 25 |ns|4,5
Access time from column address | tAA — | 40 | — | 50 T 3 | — | 40 | — | 50 | ns |467
Access time from last write taALw!| — | 75 | — | 9 | — | 65 | — | 75 | — | 95 | ns (4,7
Output low impedance time fomCS |tz | 0 | — |0 | — |0 | — | O | — | O | — |[ns| 4
:)oa::ao |?,l,-jr:np::;| glf::stlme reference tAOH | 5 . 5 _ 5 _ 5 _ 5 N
2)atv3_Eoutput enable time reference tow | — | 30 | -|30 | -|3]|-|3]|-]|30]ns
Output buffer turn-off delay tOFF 20 | 0 | 20 20 | 0 | 20 20 | ns
Transition time tT 3|5 |3|5 |35 |3|5 |3]|50|ns|3
RAS prechrge time tgp |70| — |80 | — |60| — |70| — |80 | — |ns
RAS pulse width tRAS | 80 [10000| 100 {10000| 70 [10000| 80 [10000| 100 {10000| ns
gf;sti:‘ngur‘;’ftr: ode cycle only) | TRASC | 80 (100000 00 /100000 70 |100000| 80 (100000 100 |100000| s
RAS hold time tRsH | 25| — |30 — |20 — [20| — |25| — | ;s
CS precharge time tcp [0 — 10| — |10 — 10| — [10| — |ns
CS pulse width tcs 25 [10000( 30 (10000( 20 (10000| 20 {10000| 25 (10000( ns
g’?a‘t’i‘é'sceol‘:“’ﬁ;hmo do oycle only) |1CSC | 25 [100000| 30 |100000| 20 |100000| 20 (100000 25 |100000) s
CS hold time tcsy |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|trap | 20 | 40 [ 20| 50 |17 | 35 |17 | 40 |20 | 50 | ns | 6
CAS to RAS precharge time tcrRp |10 — |10 — |10 — |10| — |10]| — |ns
Row address set-time tASR | O - 0 - 0 - 0 - 0 — | ns
Row address hold time tRAH| 15| — |15 — |12 — 12| — |15| — |ns
Column address set-up time tasc | O - 0 - 0 - 0 - 0 — | ns
Column address hold time tcAH| 15| — |20 — (15| — |15| — |20| — |ns
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AC CHARACTERISTICS (CONT.)

MSM MSM MSM MSM MSM
Parameter Symbol 511002A-8A | 511002A-1A | 511002A-70 | 511002A-80 | 511002A-10 | |+ | Note
MIN |MAX| MIN |MAX| MIN [MAX| MIN |MAX| MIN [MAX
Column address to RAS lead time |traL |40 | — |50 | — |3 | — {40 | — |50 | — | ns
Column adress hold time reference
to RAS (WRITE CYCLE) tAWR | 60 | — | 75 ) — | 85 60 SN I
Column address hold time
reference to RAS tAR 95 | — |15 — |8 | — [ 95| — |15 ns
Column address hold time
reference to RAS precharge ) tAH 0 - 10 -110 10 10 ns
Column address hold time
reference to WE AHLW [ 75 ] = |88 | = | B85 = 75 95 ns
Last write to column address delay tLtwaD | 20 | 35 | 25 |45 |20 |30 (20 | 35 |25 |45 | ns | 7
Read command se-up time tRcs | O | — | O - |0 -0 - |0 — | ns
Read command hold time
reference to CS tRCH | O | = |0 ) =10 = 0}-10 ns |9
Write connand hold time from RAS (twcr |60 | — |75 | — |66 | — |60 | — | 75| — | ns
Write command set-up time twes| 0| -|]O0O|—-]O0}|—-—|O0O|—=]0}|—|ns| 8
Write command pulse width twp 5| —-120f( - |15 |- |16 —120| — | ns
Write invalid time twi 0|-|10|~-(10|—|10]| —|10]—|ns
Write command hole time
(Dout disable) tWCcH| 15| — |20 | — | 15| — |15 - |20 | — | ns | 8
Data-in hold time fromRAS tpHR | 60 | — | 75| — |55 | — |60 | — |75 | — | ns
Data output hold time reference
Write command to RAS lead time |[tpwr [ 20 | — |26 | — |20 | — |20 | — |26 | — | ns
Write command to CS lead time tcwL | 20| — |25 | — |20 — |20 | — |25 | — | ns
Data-in set-up time tps o|-jo0o|~-]0|—|O0|~—]0]—-|ns
Data-in hold time tDH 5| —-]120| - |16 | — |16 —1]20]| — | ns
CS to WE delay tcwp| 25| — |30 | — |20 - |20 -~ |25 | - | ns | 8
RAS to WE delay trRwp | 8 | — [100| — |70 | — |80 | — |100| — | ns | 8
Column address to WE delay time |tawp | 40 | — |50 | — |3 | — |40 | — |50 | — | ns | 8
RAS to second WE delay tRswp | 95 | — |15 | — |80 | — |95 | — |16 | — | ns
Read command hold time
reference to RAS tRRH | O | - | WO | — | 10O | — | 10| — (10| — ns| 9
RAS to CS set-up time
(CAS before RAS) tcsp |0 - |10|—-|10]|—-]|10|— |10 ns
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AC CHARACTERISTICS (CONT))

MSM MSM MSM MSM MSM
Parameter Symbol 511002A-8A | 511002A-1A | 511002A-70 | 511002A-80 | 511002A-10 Unit | Note
MIN [MAX| MIN [MAX| MIN [MAX| MIN |MAX| MIN [MAX

RAS to CS hold time
S — — 13| -3 —|3| —|ns
(CS before RAS) fCHR | 30 80
CS active delay from RAS twpc |10 | — |10| - |1w0| -1 110l = 1|ns
precharge
CS precharge time

— — | 4 — |40 | — |50 | — | ns
(Refrech counter test) tcPT | 40 50 0

n CS precharge time tcpNn |10 — |15 — |10 —|10|—-|1]|—|ns

Notes: 1

182

An initial pause of 100 us 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 V| (max.) are reference levels for measuring of input signals. Also, transi-
tion times are measured between V|4 and V.

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

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

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

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

twes. twH. tcwD. tRwD and tawp are not restrictive operating parameters. They are
included in the data sheet as electrical characteristics only; if twcs 2 twcs (min) and
twH 2 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 tcwp 2 tcwp (min.), trwp 2
tRrwD (min.) and tawp = tawp (min.), the cycle is read/write cycle and the data out will
contain data read from the selected cell; if neither of the above sets of conditions is
satisfied the condition of the data out (at access time) is indeterminate.

Either tRrH or tRcH must be satisfied for a read cycle.
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|

READ CYCLE
tRe
tRp
. _ —— tRAS
RAS F ]
ViL - fcsH |
tASR | 1RAH 'RAL (AH
} —
vo~9 V1™ Row /) Column L
_ : tAR
tcRP RAD . tRSH Tcrp
o VH- 'cs
ViL- 'RCH
_ |'rcs 'RRH
I
E ’///////// vy
tAA t
tRAC ,.EF,F
r*
. 7 —
D OPEN Valid Data
ouT VoL - ICLZj s
)
:Don't care

WRITE CYCLE (EARLY WRITE)

'RC = -
'ASR ‘ tRAH - = l
S = (e W7777177177TT7T
s — s
WE ’///7[/’1[////////?\:‘? v of [T
o 3;5_/////////////f// vawous X/ /// /1LY
Doncare
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READ/WRITE CYCLE
tRwe
trRp
s x: [‘:_ﬂ tRAS \
tRWL
‘A_SB_ tRAH tCAH
AO ~ A9 :’,‘:: Row Column /////// / // /.
'RCD
tcrp RAD S ‘! 'cRp
cs x:f:j ‘Res | | -
tcwp !
tRWD T lowt |
\ |
= I N7
tps 'oH L ‘
S, SR e
.| tcac | M
_ 'mac o | 'aoH | '\ tOFF
Dout VOH Valid Data / //?——_
You - cLz !
Don't care
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STATIC COLUMN MODE READ CYCLE

'RP
tRASC
RAS z:[' N
tASR tRAH tsc tsc tRAL taH
ViH - 1 i
AO ~A9 V:E_ Row Column Column X Column
RAD CRP
AR ‘cp tRSH -
— tes tcs
cs M- tRRH
Vi - 'RCD tRCH t
1 RCH
jaricS fcsH |~ JH- tRCS
e
= Viy- t 1
WE i - / M 220 tAA AA tOFF
'AA ‘—"‘ 'OFF | | tcAC
'RAC ItAOH i
v e i
OH - - . -
D, Valid Valid Valid
out VoL - oLz |_Data Data >- \___Data 1
- tcLz
: Don't care

- MSM511002A =
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® STATIC COLUMN MODE WRITE CYCLE (EARLY WRITE)

VIH—
RAS
ViL—
VIH—
A0 ~ A9
ViL—
__ ViH—
Cs
iL—
VIH—
WE
ViL—
Vig—
OiIn
ViL—
VoH —
Dout
VoL —

'RP
—1\ tRASC F
'ASR 'RAH tcAH tcAH tRAL v
-
ROW COLUMN COLUMN m COLUMN X//// / 7////
'AWR tcp |'csc tcRp ]
RAD 'Asc tASC tcsc tcp tRSH 1
tcsc
'RCD \ L \
sc tcwL
1
'wcs WCH twes WL
\ wp 'WCH | /77 twes /——
DHR *
DS 'DH ‘DS 'DH
l: N
YLLK R sars W/ //R_ehie N/////
L DATA DATA DATA ,
OPEN

Don’t care

%

® STATIC COLUMN MODE WRITE CYCLE (EARLY WRITE)

VIH—

|
ol

iL—

ViH—

ViL—

Vig—
DN IH

ViL—

RASC RP
\
t
ASR RAH
[
|
ROW COLUMN COLUMN COLUMN ///// ////
TAWR tASC tCAH
'crRP
R ICAH ‘ﬁ tCAH
AD tasc ]
tASC towL
tcsc
RCD
'WCR tsc TRWL
WCS| | tweH t twi
e Wi twp W wp
— twp /_—
tDHR lDS (DH !DS ‘DH
s| | tpy I" =~
i, s bATR R X/,
DATA DATA DATA /
OPEN

- Don't care
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STATIC COLUMN MODE READ/WRITE CYCLE

tRp

m VIH'_!\ tRASC K

ViL- tRAL

tASR tRAH tCAH | tRWL
- ViH-
A0 ~ A9 ViL - Row Column Column W///////// /[
tRAD l§$wc tcrP

gs VH- tcwp ILWAD

ViL - tRcs *

tawD tcwL
'RWD AWD
— Viy-7 twp .
Wwe Vi -W |
tRCD ‘os | | 'oH

ViH-7 Valid Valid /

on we_ /1111111 Dt S Y
t
| tcac 'AOHL WoR, LtAA
tRAC f= 'AA ol | taLw el 'OW | tOFF
VOH -
Dour Valid Data Valid Data E—
oL - toLz
///] :Don'tcare

STATIC COLUMN MODE READ/WRITE MIXED CYCLE

RAS \‘j:r-
V -
AC ~ A9 V:’:_// Column ///A Column / /M Column ////
tasc 'cAH
v 'LWAD
cs ViH- T\ 1
viL - AHLW
tawD
L
— Viy- twp
WE v - towp
'os 'bH ' [ taa
Vin-7
° L | i
o L veiaoa W/ /
cac | tow tAOH
[t
tAA tAOH tALw
VoK ~ Valid /// ////.7’////// Valia
Dour VoL - oz Data /Invalnd]Datal/ Data
(READ) |_ (WRITE) (READ)
=T 1
VA :Don'tcare
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RAS ONLY REFRESH CYCLE

RAS

'RC

Vin -
ViL -
tcRP

tRP

RAS |

RPC

— VIH-

A0 ~ A8

Vv
Dout

viL -
tASR

tRAH

VK-
ViL -

1

Row

LK

OH "~
oL -

OPEN

NOTE: WE =Don't care, A9 = Don't care

Don'tcare

[/

CS BEFORE RAS AUTO REFRESH CYCLE

'Rc
'Rp 'RAS
cae VIH T
RAS Vi —_/ tRPC \
tcPN tcsr {CHR
— Vg -
s le
L -
'OFF
 —
Dout vg[‘ e OPEN
————

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

tRe tRC
‘RP 'RP
RS \\;:r_-—ﬁ ‘RASt 'RAS \_
tcrP :igo ASH 'CHR 'cRP
&5 VIH- 1
CS Vi RAH
'ASR 'RAD 'RAL | tAH
s0=ns 77X row Cotumn 1L |/////////////
trcs 'RRH
we I loac N L
AA
tRAC lOFF
Dout \\;gr: o valid Data {L
: Don't care

HIDDEN REFRESH WRITE CYCLE

'RC 'RC

RAS ‘RP

. _ — A \
AAS VM \ AR RAS |
ViL -

tcRP 'RCD 'RSH

i
t
tCHR CRP
g5 VH _j 'RAH f
v -

vo-we I X oo WLZTTTTTT 7777777777777 7777777
we w777 LTI 7777,

‘3§_j. {DH
/) SR Y

V, -
Dout vgf _ OPEN

: Don't care
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CS BEFORE RAS REFRESH COUNTER TEST

s - | ( l . o -
= SN
wo-re W= T7TTTTTTTTTT T 777X __Cotumn [/,
READ CYCLE [AA - %OFF
VoH ~ — Valid Data -
we w7 tRcH
WRITE CYCLE o
Amﬂgyf L/ Column [
we W 77T TTTT77 77 |/’/ /7777
ow W7/ T T DX vaiooae /777777777777
READ/WRITE CYCLE cam
v _ =
pone N SSSSSSSSSS Column L[]
T
WE M /////////////)L o t rsssss

ow w2 [T 77T 7777 TR 8 X777 77777
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OXK I semiconductor
MSMb514256A

262,144-WORD X 4-BITS DYNAMIC RAM

GENERAL DESCRIPTION

The MSM514256 A is a new generation dynamic RAM organized as 262,144 words by 4 bits. The technology
used to fabricate the MSM514256A is OKI's CMOS silicon gate process technology. The device operates at
a single +5V power supply. Its I/0 pins are TTL compatible.

FEATURES

® Silicon gate, tripple polysilicon CMOS, ® 262,144 words by 4 bits
1-transistor memory cell
® Family organization

Family Access Time Cycle Time Power Dissipation
(MAX) (MIN) Operating (MAX) | Standby (MAX)

MSM514256A-70 70ns 140ns 468mwW
MSM514256A-8A/80 80ns 160ns 413mwW 5.5mwW
MSM514256A-1A/10 100ns 190ns 358mwW

® Single +5V supply, =10% tolerance ® Fast page mode, read/write capability

® Input: TTL compatible, address input, data ® CAS before RAS refresh, Hidden refresh,

input latch RAS only refresh capability
® Output: TTL compatible, tristate, nonlatch ® “Gated” CAS
® Refresh: 512 cycles/8 ms ® Built-in Vgg generator circuit

¢ Output impedance controllable through early
write and OE operations

PIN CONFIGURATION (TOP VIEW)

oa1 (1] 2gvss OO [] 2§Vss o o @%
a2 2] 79 oQa DEE 25 0o 03 3] 1 00a
We (3] z 78] o3 %CZ z g g Vss E z [Eloa Pin Names | Function
RAS (4] 2 BC_A_S ne (3 2 o 0az 7 2 [gwe AO to A8 Address Input
nc[5] & [[goE & o s3] @ J—
20° (6 > E A8 3 - NO LEAD RAS Row Address Strobe
- N : - .
. 2 . AO* E S E A8* A0 C & E Al CAS Column Address Strobe
wg § Eer 8B e § B
. 2 . Aarfig & a7 £ DQ110DQ4 | Datain/Data Out
a2 [g] i [13 A6 vee[Ts) .
A2* 1] 6] A6* @ [ig ae —
A3 9 13 As* . As* [i7] 8 ae* GE Output Enable
Vee @ 1] A4* A E E Ast A7* (19 E A8* WE Write Enable
vecd i3] s*
20 PIN DIP Zé PIN SO 20PN ZIP vee Power Supply (+5V)
vss Ground (OV)
* Refresh Address N.C No Connection
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FUNCTIONAL BLOCK DIAGRAM
RAS Timing
—
&iE (‘3enerator "‘|____ Timing
7 J‘: Generator
i 1
| R Write —_—
oo N coumn | [goek
Buffers 4¥_) Decoders Generator
LT —
Internal Refresh =~ 0 M
Ao~As E egg'::'s Control Clock SenseAmps | Isojactor »-g:fttglr‘;}
1
Row 1 L I DQ,~DQ.
Add
Bu"reszs gg.w g’°’° Memory
cod- er';v- Cells
ers Input .. —-
- Buffers
Vee
ves —— |
; OnchipVgg
ELECTRICAL CHARACTERISTICS
ABSOLUTE MAXIMUM RATINGS
Rating Symbol Conditions Value Unit
Voltage on any pin relative to Vgg vT Ta =25°C -1.0to+7.0 \
Short circuit output current los Ta =25°C 50 mA
Power dissipation Pp Ta =25°C 1 w
Operating temperature Topr - Oto +70 °C
Storage temperature Tstg - —55to +150 °C
RECOMMENDED OPERATING CONDITIONS
(Ta=0to +70°)
Parameter Symbol Conditions MIN TYP MAX Unit
Vce - 4.5 5.0 55 \
Supply Voltage
Vss - 0] 0 0 v
Input high voltage VIH - 24 - 6.5 \
Input low voltage ViL - -1.0 - 0.8 \"
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DC CHARACTERISTICS
(Vec =5V +10%, Ta =0to +70°C)
MSM514256 | MSM514256 | MSM514256 | MSM514256 | MSM514256
Parameter Symbol Conditions A-BA AIA A-T0 A-80 A0 it | Noto
MIN | MAX | MIN | MAX | MIN | MAX | MIN | MAX | MIN | MAX
Output high voltage | VoH | loH= —5.0mA 24 Vcc| 24 Voc| 24 |Vec| 24 [Veg| 24 |Vee| V
Output low voltage VoL | loL=4.2mA 0 |04| 0 04| 0 |04 0 |0O4| 0 |04V
Input leakage Oovsvises5y;
P 9 Iy | all oter pins not |—10{ 10 [—10| 10 |—10( 10 |—10| 10 [—10| 10 | uA
current
under test=0V
Output leakage DouyrTdisable _ _ _ _ _
current Lo OV=VO<55V 10| 10 {—10| 10 |—10{ 10 |—10| 10 |—10| 10 | A
Average power RAS, CAS oy cling,
supply current* Icct TRe=min - |75 — |65 — (8| — |75 — |65 | mA
(Operating)
Power suppl RAS=V|y |TTL| - |2 |—-|2|—-|2|—-]|2|~—|2
current* (g:t’ayndby) lcc2 | CAS=ViH mA
Douyt=Hz |[MOS| — | 1 -1 1 -1 1| =11 - | 1
Average power RAS cycling,
supply current* Icc3 | CAS=V|H4 —|75| — |®e5| —~ |8 | — |75| — | 65 |mA
(RAS only represh) tRCc =min
Average power = .
supply current* (CAS | Icc6 g%:;:?g:‘eghﬁ — 75| —|es| - |85| - |75| — |65 |mA
before RAS refresh)
Average power RAS=V)_,
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 MH2)
Parameter Symbol Conditions TYP MAX Unit
Input capacitance (AO to A8) CIN1 - - 6 pF
Output capacitance (DQ1 to DQ4) Ci/o - - 7 pF
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AC CHARACTERISTICS .
(Voo =5V +10%, Ta =0to +70°C) Note 1,2,3
MSM514256 | MSM514256 | MSM514256 | MSM514256 | MSM514256
Parameter Symbol A-8A A-1A A-70 A-80 A-10 Unit | Note
MIN | MAX |MIN | MAX |MIN | MAX | MIN | MAX | MIN | MAX
Refresh period tRep | — | 8 - 8 - 8 - 8 -1 8 |ms
Random read or write cycle time |trc |160| — |180| — |140| — (160 — {190 — | ns
Read/write cycle time trwc (215 — |2556| — (196 — |215| — |265| — | ns
Fast page mode cycle time tpc 5| — |55 | — |46 | — |80 — |55 — |ns
::18; page mode read/write cycle oawc |10 | — [120| — |1w00| — [10s| — |120] — |ns
n Access time from RAS tRaAC| — | 80 | — 100 | —-| 70| - |8 | —[100 | ns |45
Access time from CAS tcac| — | 25 |- |3 | —|2 | -2 | - | 25 |ns |45
Access time fro columu address | taa — |4 | — | 80| -3 | —)| 4 | — | 5 |ns |46
Access time from CAS precharge |tcpa | — | 50 | — | 50 | — | 40 | — | 45 | — | 50 |ns | 4
%:ut low impedance time from oz 0] - lo|l —]o| - ]o _lol = |ns| a
Output buffer turn-off delay toFrF { 0 | 20 | 0 | 20 | 0 | 20 | O { 20 | O | 20 | ns
Transition time tr 3|50 |83 |50 |3 |5 |3|5 |3 |50 ns|3
RAS prechrge time tgp |70 — |80} — |60| — |70| — |80 | — |ns
RAS pulse width tRAS | 80 | 10000 | 100 | 10000 | 70 | 10000 | 80 | 10000 | 100 | 10000 | ns

RAS pulse width

(Fast page mode cycle only) tRasp | 80 [100000| 100 |100000| 70 [100000{ 80 |100000| 100 {100000| ns

RAS hold time tRsH [ 25| — |30 | — (20| — |20 — |25| — |ns
(cl::t F;’::: ar':;gc:i:r;‘:cle only) tcp 0 - |10 - 10 -1 R i
CAS pulse width tCAS | 25 | 10000 | 30 | 10000 | 20 | 10000 | 20 | 10000 | 25 {10000 | ns
CAS hold time tcsH [ 80| — |00 — |70 — |80 | — [100| — |ns
RAS to CAS &ecay 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 tcrRp| 10| — |10 — (10| — |10| — |10 — |ns
Row address set-up time tAsr | 0| — | O} — | O| — | O - 10| — |ns
Row addre’ss hold time tRAH| 15| — |15 — |12 — |12 — [18]| — |ns
Column address set-up time taAsc| 0| - (O} —|O}| —|{O0O| — 0] — |ns
Column address hold time tcAH|[ 15| — |20 — (5] — |15 — 20| — |ns
Column address hold time from RAS |tar | 60| — |756| — |55| — |60| — | 75| — |ns
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AC CHARACTERISTICS (CONT)

MSM514256 | MSM514256 | MSM514256 | MSM514256 | MSM514256
Parameter Symbol ABA A-1A A-70 A-80 A0 | unit |Note
MIN |MAX| MIN [MAX| MIN [MAX| MIN [MAX| MIN [MAX
Column address to RAS qead time |tra. | 40 | — {50 | — | 35| — [ 40| — |50 | — | ns
Read command set-up time trRcs | O | — | O -0l =10} —=—|10]|—1]ns
Read command hold time tRCH | O -1 0 - 0 -1 0 -1 0] —|ns| 8
Write connand hold time from RAS |[twcr | 60 | — | 75| — | 55| — | 60| — | 75| — | ns
Write command set-up time twes| O | — | O -0 | -]0|—-—170] = |ns| 7
Write command hold time tWCH| 15| — |20 | — |5 | — |15 | — 20| — | ns
Write command pulse width twp 5| -120| — | 16| - |16 | —-120| — | 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 tps o|-}o0}{—-]0}{—-—|10|—-—10)|—-1Iins
Data-in hold time tDH 5| - 20| — |15 | — 15 — 20| — | ns
Data-ds hold time from RAS tpHR |60 | — | 75| — |55} — |60 | — |75 | — | ns
CAS to WE delay tcwp | 55| — | 65| — |50 | — |50 | — | 60| — | ns | 7
RAS to WE delay tawp |10 | — (135 | — [100| — |10 | — |135| — | ns | 7
Column address to WE delay time |tawp |70 | — (85| — | 65| — |70 | — |85 | — [ ns | 7
ief::’esg;“;ga%m'd time tRRH |10 | — |10 | — | 10| =10 - |10] - |ns| 8
(%;%tge(fi:: ;e—/g)‘p time tcsr |10 | - [10] —|10]| -[10]—-|10]-|ns
(%':SS tgez:‘: ;%'g) time tcHR |30 | — |80 | — |30 | - |30 | - |30 ]| — |ns
gﬁ:;:"e delay fron RAS tRpc |10 | — |10 | —|10] —|10] -|10] - ns
(Refiesh soume toe) tcPT |40 | — |80 | | 40| — | 40| — | 0| ~ |ns
CAS precharge time tcpn |10 | — |15 ] — |10 - 10| —|15]|—|ns
RAS hold time reference to OE tROH |20 | — |20 | — |20 | — |20 | — |20 | — | ms
Access time from OE toEA | — |20 — |25 | — 20| — |20 | — | 25 | ns
OE delay time topE | 20| — | 25| — |20 — |20 | — | 25| — | ns
ant_g:zz;“tp“t guffer toez | 0 |20 | 0 |25 |0 |20| 0 |20 | 0 |25 |ns
OE command hold time tOEH | 20| — |26 — 20| — |20 | — [ 25| — | ns
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Notes:

196

1

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

The AC characteristics assume attT = 5 ns.

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

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

Operation within the tgcp (max ) limit insures that tgac (max.) can be met. trgp (max.)
is specified as a reference point only; if tgcp is greater than the specified tgcp (max.)
limit, then access time is controlled exclusiveiy by tcaC.

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

twcs. tcwb. tRWD and tAWD are not restrictive operating parameters. They are includ-
ed in the data sheet as electrical characteristics only; if tywcs 2 twcs (min.) the cycle
is an early write cycle and the data out pin will remain open circuit (high impedance)
throughout the entire cycle; if tcwp = tcwp (min), trwp 2 trwp (min.) and tawp =
tawp (min.), the cycle is read/write cycle and the data out will contain data read from
the selected cell; if neither of the above sets of conditions is satisfied the condition of the
data out (at access time) is indeterminate. ’

Either tRrH or tRcH must be satisfied for a read cycle.
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READ CYCLE
'RC
‘RP
'RAS
RAS 5::*: ‘AR | tcrp N\
'crRP tRCD <= 'RSH
s \_
tASR lR.Af 'asC] tcan | 'RAL ‘
o we W TTTK vor WK WL/ TTTTTT K
'Rcs 'RRH 'RCH
= —
Ve w /L nou_ \IIII
'0EA
& [
CA 'OFF
'RAC o '0EZ
DQ1 ~DQ4 ;g:' : OPEN _'ﬁtlﬁ Valid Data-out

WRITE CYCLE (EARLY WRITE)

s TN 'an ‘CSH'RAS ZF__«ZP—! N
s~ 7 7 /////—/Z////////ﬁ/x

v w1, t@.'wcn oS L

G 5‘,’:37///77////7//2{@///////////////Z//////
oo ~oae - B oren—————
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WRITE CYCLE (OE CONTROL WRITE)

AAS z:r _\ e ﬁi 'crP
CAS x:r: ' l'nAot% \ :t(';:fL \__
- ‘ﬁs_n‘l ‘F«i\’H _?s? tcAH
SR/, =0 Y, S Y,
W LI ‘——:J[' WL
& LT e ws| | LI
:}—W wave W77/ 77777 7777777777
{73 pon'tcare
READ/WRITE CYCLE
RAS z:[‘: \ 4 ﬁll : f ‘CRP\——
CAS 5:3: 'SR | |RAH 'Q ) tCAHI - /‘: \-
s 28 (M 77N row Column //////7///{//// N
= W 7T e,
0at ~bas gt‘: — ) | Valid Data-in / / / / / / / /
A pontcare
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FAST PAGE MODE READ CYCLE
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'RASP 'Rp
t
ARS e —— AR
ViL - - f tcre
L tpc | 'RSH B
CRP tRCcD ich
cas VIH- T tcas lcas | 'cas
CAS Vi - '{RAD [ \
tASR 'CsH - 'RAL
_T. ‘RaH 'asc  [lcaH tasc| |tcan tasc | ['caH
-.—1— oty e =t
V -
A0 - A8 V:r- Row Column Column Column /////A
tRCS et | | || tres | || tacs tRCH
- 1
= ViH-7 7
WE
/e N
1 = AA 'RRH o o
toEA toEA ! '0EA
N N | 7777770 7777
OE
e L / V4 /
tcac |loFF cac lOFF tcac lOFF
t 1 t !
RAC OEZ oLz OEZ oLz ' togz
- Von - I Vana Vaiid Valid
par ~pas VoL ~ Data-out \.Data-out 4 Data-out
tcLz m Don't Care

FAST PAGE MODE WRITE CYCLE (EARLY WRITE)

'RASP tRp
— V4 ———"J ‘AR \
RAS viL - \ " 'crP
t e o 'RSH
CRP tRCD op
Fae VIH- tcas 'cas g 'cas
CAS \
Vie - | |
tASR tcsH __, \ RAL
o | TmAn Tasc|_loay tasc || tcan tasc| | tcan
v -
A0 ~ A8 V:[‘ Row Column Column Column
'RAD !
twi
wes 'weH CS_ll4 'weH twes
‘wp
w m-7777 f
ViL -
'DH
JITT777T
ViL - Data-in /
'DHR
[7Z] oontcare
GE|= |Don't Care
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FAST PAGE MODE WRITE CYCLE(OE CONTROL WRITE)

tRASP tRP
RAS X'H-—S
-
tcsH tec 'RSH Rl
t,
CRP 'RCD . tcp tcp
s Vi - CAS tcas ‘cas
CAS
iL-_/ t
RAD
tasr( ['RAH tewL| ‘tasc||lcAH  tcwi| Asc||tcaH
e |t

~~tasC tCAH l
Vi~

AO~A8 'IH . ) g KZ““““{“,

o ViL ROW . COLUMN ’ COLUMN| COLUMN

tAR tRwL
twp twp towl
—
—
W - I 1’277/'7/'7 h
twer ' fwp
tOEH t0EH '0EH
T 141 9 1 | O 1
OF y - tps | |'DH tbs ||'oH tps
toep| | ] toED toeD DH

'DHR

bat-oas " MoATS ESH W S55R S

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

'RASP
t
as VM R
ViL - + tRp
'csH
= 'RSH
tPRMW
t t cp t
RCO CAS tcas tcp teas o
a5 VH~™ 'RAD
o s 7N 7
t T 'CAH \ f 'RAL
AR, tasc ALY tcan 'ASC |!CAH
]I
Vin-
AO ~ A8 3 ’
Y, .7, G Y, l/b.guﬁ(/// ), s YA,
t I t
!( Rv‘:o lowL t, { t -~
| RCF'- CWD 1 CWD towL CWD tcwt
e ViH -
WE v - L/ ) nq‘/ tAWD ‘ tawp \,_,{!
: o 'ROH WP
'OEA ‘VW P tOEA twpl OEA
f— + .
38 YH~™
OE
Vie - t '4 t ' |1
AA OED 'cpPA \OED CPA OED
1 tCACH t
SAC! |toez 1 Said i A I ’
'RAC 1 tAA_| |loEZ A | | toEz
i }
t t
JDS toH f_?s LDH tos | DH
L
pQ1 ~Daa VI/OH~ ;.
Vi oU outl In {/ou N >___
/oL lﬁH = i ‘
tcLz ‘cLz tcLz
__.‘.__.'___
m Don't Care
RAS ONLY REFRESH CYCLE
'Rc
'RP
'RAS
Vi —
RAS H /
Vi -
{CRP trpC
cAs “le‘
-
tasr | | 'RAH
-

SSCIS1), =B Y S

Y/ /| Don'tcare

Notes: WE, OE = Don't Care
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CAS BEFORE RAS AUTO REFRESH CYCLE

Vou R

'RC
'RP 'RAS ‘RP
— V|H'
RAS / \
[
ViL - tRPC RPC
'CPN | |'CcSR 'CHR
gz VIH- /
CAS \
vlL - j
lOFF
—_—
VOH - OPEN
pQ1 ~pa4 OH }

Notes: WE, OE, AO ~ A8 = Don't Care

HIDDEN REFRESH READ CYCLE

e ts = t

& _/S: :;c - / \

o 2 IEN = XTI ITTTTIK

w e T NZITTTTTTITIIT

w w777, //////@f L
mac =% | —

m Don’t Care
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HIDDEN REFRESH WRITE CYCLE

ms ynTT N :
o / \
S, C3 ). CED I §
e = T
“ w LT T
[ _lo_s.l . tou
oo S TTTIN e NOIITTITTTTTTTTTTITITTT,
l 'DHR
Don'tCare
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CAS BEFORE RAS REFRESH COUNTER TEST

twes
oty

twCH

| 'RAS
N | ’:\ : t
o - rﬂ 'cAs
//////////////M coum e
w L 7
= W //// - / {_—////1
WRITE cv:;;.e vvvvv l

WL

twp

/////////////

//////////////////////////// ////////
S T

twp
T

DQ1 ~DQ4 z:t‘ ~ OPEN Valid Data-in [} ey
tawD tRWL
READ/WRITE CYCLE 'RCS tcwp
wg VHT/
W LT
toEA
W/ /////////Si' V=
" L Tt/ |'oEz |'0s| | ton
DQ1 ~DQ4 v ViyoH= valid
oL - Data-in
m Don't Care Jalid Data-in
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OXK I semiconductor

MSM514258A

262,144-WORD X 4-BITS DYNAMIC RAM

GENERAL DESCRIPTION

The MSM514258A is a new generation dynamic RAM organized as 262,144 words by 4 bit. The
technology used to fabricate the MSM514258A 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, ® 262,144 words by 4 bits
1-transistor memory cell
® Family organization

Family Access Time Cycle Time Power Dissipation
(MAX) (MIN) Operating (MAX) | Standby (MAX)
MSM514258A-70 70ns 140ns 468mW
MSM514258A-8A /80 80ns 160ns 413mW 5.5mwW
MSM514258A-1A/10 100ns 190ns 358mwW
® Single +5V supply, +10% tolerance ® Static column mode, read/write capability
® |nput: TTL compatible, address input, data capability
input latch o CS before RAS refresh, Hidden refresh,
e Output: TTL compatible, tristate, nonlatch RAS only refresh capability
® Refresh: 512 cycles/8 ms ® Built-in Vgg generator circuit

® Outputimpedance controllable through early
write and OE operations

PIN CONFIGURATION (TOP VIEW)

pa1 1 26Vss
oat (7] 20 Vss O] 23 GE (0] 7S
paz (2] 25 b
pQ2 2] 19 D04 w3 g oas 03 [3] ) oas
We (3] z 18] ba3 i E Z E = Vss E z [6]oar Pin Names Function
RAS [4] 2 s <[] 2 73 O baz O 2 W AOto A8 Address Input
oF b g RAS a —
NC E %‘ E OE s 20 % > NO LEAD RAS Row Address Strobe
AO* A8* N R * N » —
© E § E ® A0* E g E A8 N0 g E Al CS Chip select input
At 3 @A a2 [Far ar3 ¥ g as
. p2] & vee[ls] B . DQ1100Q4 | Data In/Data Out
A2 [8] & [13A6 A2* [ 78] A6* ¢ »  [1g A4 —
A3* E 13 As* A3'[1z E AS® A5 [‘__Z @ AB* OE Output Enable
vee [19] 1 A4 v 3 i3 Asr A7* 19 20 A8* WE Write Enable
20 PIN DIP 26 PIN SOJ 20 PIN 2IP Vee Power Supply (+5V)
Vss Ground (OV)
* Refresh Address N.C No Connection
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FUNCTIONAL BLOCK DIAGRAM
RAS Timing
s Generator —t_ Timing
T qI ) Generator
[
R Write —_—
o, coumn | [Clock — W
Buffers Y Decoders Generator|
1 | =
Internal Refresh ]
o~As Address I/0 Output
A ; Cou:‘izf Control Clock SenseAmps | Iselector jBuﬂ%‘:J
‘ ! 1
R DQ,~DQ.
Ag:ress Row N N
Buffers De- g‘?'d Memory
cod- rv- Cells
ers ers Input
Buffers
Vce
Vss ]
OnchipVgg
ELECTRICAL CHARACTERISTICS
ABSOLUTE MAXIMUM RATINGS
Rating Symbol Conditions Value Unit
Voltage on any pin relative to Vgg vT Ta =25°C -1.0to +7.0 \%
Short circuit output current los * Ta =25°C 50 mA
Power dissipation Pp Ta =25°C 1 W
Operating temperature Topr - Oto+70 °C
Storage temperature Tstg - —55 to +150 °C
RECOMMENDED OPERATING CONDITIONS
(Ta=0to +70°)
Parameter Symbol Conditions MIN TYP MAX Unit
vVece - 45 5.0 5.5 \"
Supply Voltage
Vss - 0 0 0 v
Input high voltage VIH - 2.4 - 6.5 Vv
Input low voltage ViL - -1.0 - 0.8 v
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DC CHARACTERISTICS
(Vo =5V +10%, Ta =0 to +70°C)
MSM MSM MSM MSM MSM
Parameter Symbol Conditions 514258A-8A | 514258A-1A | 514258A-70 | 514258A-80 | 514258A-10 Unit | Noto
MIN | MAX | MIN | MAX | MIN | MAX | MIN | MAX | MIN | MAX
Output high voltage | VoH | loq=—5.0mA 2.4 \Vcc| 24 |Vee| 24 (Vec| 24 |Veg| 24 (Voo V
Output low voltage VoL | loL=4.2mA 0|04 0 (04| 0 (04| 0 (04| 0 |04V
Input leakage OV=VI=65V;
P 9 IL| |all oter pins not |—10| 10 |—10| 10 |—10| 10 |—10| 10 |—10| 10 | xA
current
under test=0V
Output leakage DoyT disable _ _ _ _ _
current o | oV2Voss sy 10| 10 |—10| 10 |—10| 10 |—10| 10 [—10| 10 | xA
Average power RAS, G5 eycling,
supply current* Icct tRg=min — 75| — |65 — |8 | — |75 — | 656 |mA
(Operating)
Power supply R__AS:V|H TTL| — | 2 — 2 — 2 -1 2 -1 2
current* Icc2 | CS=V|H mA
(Standby) Dout=Hz [MOS| — | 1 | = | 1 | = |1 | —=]1]—-1|1
Average power RAS cycling,
supply current* Icc3 | CAS=V|H —|75| — |65 — |8 | — |75| — | 65 |mA
(RAS only represh) tRrc=min
Average power o = .
supply current* (€8 | Icc6 ggig;g"g'—% —|75| - |65| —|85| — |75| — | 65 |mA
before RAS refresh)
Average power RAS=V|_,
supply current* IccQ | CS cycling —|60| — |60 — |75 — |B65| — |60 | mA
(Static column mode) tsc=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 A8) CiN1 - - 6 pF
Input capacitance
(RAS, TS, WE, OF) CiN2 - - 7 PF
Output capacitance (DQ1 to DQ4) Ci/o - - 7 pF
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AC CHARACTERISTICS

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

Refresh period tRep | — | 8 -1 8 -1 8 -1 8 - 8 |ms
Random read or write cycle time |tgc 1160| — [190| — |[140| — |160| — [190| — | ns
Read or write cycle time trRwc|215| — |256| — |195| — |215| — |265| — | ns
Static column mode cycle time tsc |55| — (85| — |45 — |80 | — |55 | — |ns
iiactlf t?;g‘m" mode read/write |, o410 — [1a5| — [100| — [10]| — [135] — |ns
Access time from RAS tRac| — | 80 | — |100 | — | 70 | — | 80 | — | 100 | ns {456
Access time from CS tcac| — | 25| —|3 | -2 |—-]2 |—|25|ns |45
Access time from column address | taa — |40 | — | 50 | — | 3 | —| 4 | — | 50 [ ns (467
Access time from last write tALw| — | 75 | — | 95 | — | 65 | — | 75 | — | 95 | ns |4,7
Output low impedance time from CS tcLz | O — 0 — 0 - 0 — 0 — | ns| 4
ggfmzu';usrgid time reference to taoH| 5| — |5 - |5 - |5|-|5]~ |ns
E)a%)utput enable time reference tow | — 3 | — |3 | -|a |-|a|-|3 |ns
Output buffer turn-off delay tOFF 20 20 20 | 0 | 20 20 | ns
Transition time tT 3|56 (365 |3 |5 |3 |5 |3 |50 |ns]| 3
RAS prechrge time tgp |70| — |80 | — |60| — |70| — |80 | — |ns
RAS pulse width tRAS | 80 [10000| 100 {10000| 70 [{10000| 80 {10000| 100 {10000| ns
(';’:‘;?C‘":;l‘:"n"d:hmo do oycle only) | IRASC | 80 [100000 100 100000| 70 1100000 80 100000 100 |100000| s
RAS hold time tRSH |26 | — |80 | — |20 — [20| — |25| — |ns
(Csfa:;eigﬂii t;\”;‘ze) tcp |10 — |10 — |10 = |10 — |10 = |ns
CS pulse width tcs | 25 [10000| 30 [10000| 20 {10000| 20 {10000| 25 [10000| ns
(Csfa‘t’i‘;'iil‘ﬁ’:zhmo do oycle only) | 1CSC | 25 [100000| 30 |100000| 20 |100000| 20 100000 25 |100000| s
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
CAS to RAS precharge time tcrRp |10 — |10 — [10] — |10]| — |10]| — |ns
Row address set-up time taAsr | O - 0 - 0 - |0 - 0 — | ns
Row address hold time tRAH| 1| — |15 — |12 — |12 — (15| — |ns
Column address set-up time tasc | O - 0 - 0 - |0 - 0 — | ns
Column address hold time tcAH| 15| — |20 — |15} — [1B| — |20 | — ns
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AC CHARACTERISTICS (CONT.)

MSM MSM MSM MSM MSM
514258A-8A |514258A-1A |514258A-70|514258A-80 | 514258A-10

Parameter Symbol Unit | Note
MIN |MAX| MIN [MAX| MIN |MAX| MIN |MAX| MIN |MAX

Column address to RAS lead time |trar |40} — | 50| — |3 | — |40 | — |50 | — | ns
Column adress hold time reference

to RAS (WRITE CYCLE) tAWR | 80 | — [ 75| — | 851 — | 60 = | 75| — | ns
Column address hold time

reference to BAS tAR | 95| — |15 — |8 | — |95 | — |15 — | ns
Column address hold time

reference to RAS precharge L I e e B i I R L I L
Column address hoid time tamw |75 | — |95 | — |65 ) — [75| — | o5 | — | ns

reference to WE

Last write to column address delay [tjwap | 20 | 35 | 25 | 45 | 20 | 30 | 20 | 35 |25 | 45 | ns | 7

Read command se-up time tRcs | O (-] 0| —-}0| -0 —]0]|—|ns
Read command hold time tRcH| O | -0 | —-|O|—-—|O0O]|—-—]0]|—|ns| 9
Write command hold time from RAS twecr| 60| — | 75| — |55 | — |60 | — | 75| — | ns
Write command set-up time twes| O | - 0| —-—|O0O}|—-—10]|—|0}|—|ns| 8
Write command pulse width twp 5| -2 — |16 | — |15 | —]120| — | ns
Write invalid time twi 0|—-4t10|—-4}110|—-{10}— 10— 1|ns

Write command hole time

(Dout disable) twoH | 15| — |20 — |15 | — |15 ] — | 20| — | ns | 8
Data-in hold time fromRAS tbpHR | 60| — | 75| — |85 | — |60 | — | 75| — | ns
Write command to RAS lead time |(trpwp | 20 | — |25 | — |20 | — |20 | — |25 | — | ns
Write command to CS lead time tcwL (20| — |25 — | 20| — |20 | — | 25| — | ns
Data-in set-up time tps o|-(o0|(-j0}—-—]0|—=—!10]|—|ns
Data-in hold time tDH 5| —-|20| - |15 | — 1165} — 120 — |ns

CS to WE delay tcwp| 55| — |65 — |50 — |50 | — |60 | — | ns | 8
RAS to WE delay tRwp | 10| — |135| — [100| — (10| — [135| — | ns | 8
Column address to WE delay time [tawp |70 | — |8 | — |65 — |70 | — |8 | — | ns | 8
RAS to second WE delay tRswp | 95 | — |15 | — |80 | — |95 | — |15 | — | ns
Read command hold time

reference to RAS tRRH | O | - | 1O | -~ | 10| — |10 | — | 10| —|ns| 9
RAS to CS set-up time

(CS before RAS) tcsr | 10 10 10 10 10 ns

RAS to CS hold time

S before RAS) tcHR | 30| — |30 | — |30 | — |3 | — |3 | - |ns

CS active delay from RAS tapc |10 | — |10 — 10| -]10| |10 |ns

precharge
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AC CHARACTERISTICS (CONT.))

Parameter Symbol

MSM MSM MSM MSM MSM
514258A-8A|514258A-1A |514258A-70 | 514258A-80| 514258A-10

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

Unit | Note

CS precharge time ¢
(Refrech counter test) CPT

40 | — |50 — | 40| — |40 | — | 80| — | ns

CS precharge time ttpn |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 toep 20| — | 25| — |20 | — |20 | — | 25| — | ns

OE to data outkut buffer turn-off

delay

toez | 0 |20 O | 25| O |20 | O |20 | O | 25 | ns

OE command hold time toeH | 20| — | 25| — |20 | — |20 | — | 25| — | ns

Notes:
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1

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

The AC characteristics assume attT =5 ns.

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

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

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

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

Operation within the tLwAD (max.) limit insures that taoLw (max.) can be met. t{\WwAD
(max.) is specified as a reference point only; if t wAD is greater than the specified
tLWAD (max.) limit, then access time is controlled exclusively tpa.

tWCS. tCWD. tRWD and taywp are not a restrictive operating parameters. They are included in
the data sheet as electrical characteristics only; if tyycs = twcs (min.), the cycle is an early
write cycle and the data out pin will remain open circuit (high impedance) throughout the
entire cycle; if tcywp = tcwp (min.), tRwD = tRWD (min.) and tawp = tawp (min.) the cycle
is read/write cycle and the data out will contain data read from the selected cell; if neither of
the above sets of conditions is satisfied the condition of the data out (at access time) is
indeterminate.

Either trrH or tRcH must be satisfied for a read cycle.
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READ CYCLE
'RC
tRP
t
— RAS
H
RAS ViL - tcrp \
'csH
'CRP tRCD 'RSH
v t
Cs 'H 7 'RAD cs
Vi -
‘AR
tASR {RAH t tAH
SR RAL
Vin—
AO - A8 Row Column
Vi - ‘ £
'RCH
'RCS ’l 'RRH !
i
—_— Vg - T
WE 'H / / / / / {ROH | / /
Vi -
{ 'AA
— V|4 - 7 l0EA
% [/, L[/ [//N | /
tCAC toFF
'RAC '0EZ
I
Vi —
pQ1 ~DQ4  OH OPEN Valid data-out )
VoL - 4
'cLz
Don'tcare
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WRITE CYCLE (EARLY WRITE)

AO

DQ1

T e —

W:_jm e l

o IR e KXo XZTTTTTTTTTTTTTTT
i twcs tWCH

e U ///////// X /77T TTTTTTTT,

o—ex:r:/7//7717/ 7777 77777777777 77777
]

] |
Valid Data )-

—~DQ4 x‘H - ‘]‘ ali -in OPEN
- S

m Don't care

WRITE (OE CONTROL WRITE)

AO

DQ1

TG0 — X CW{/(///LJ/ 7777,
w W 777 TTTTITTTTT7] f‘%/z/ 7777777
=777 ///j_@g‘siy —

oty (LI e XTI

Invalid Data-out
Don't care
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READ/WRITE CYCLE
'RwC
'RAS tRP
_ —— 'RAL )
RAS x:[‘ { \
'CSH \
Sl 'RCD 'RSH CRP
— Vi - ' 'cs
Cs V'H / 'RAD Jﬁl
L -
'ASR| ['RAH 'CAH
f—— r‘-——!
A0 A8 x:f- Row Column / /// //
'cwb fcwL }
tRWD 'RWL '

- — e TTTTTT,
o

TN oeo | ||
| 'cac :
| tRAC l0EZ ‘Bﬂ‘ 'DH
f
Vi/oH ™ s
DQ1 ~DQ4 Vl/g’L“ @Vahdoata-out Valid Data-in /// /7f7
1oL - tcLz 1 i
tAA m Don'tcare

STATIC COLUMN MODE READ CYCLE

'RP
e
— V- 'RASC ;
RAS
ViL -
tASR {RAH 'sc 'sc 'RAL 'AH
A0 A8 x:'L"- Row / ) Column Column Column /////
'RAD IcRP _[
'AR 'cp 'RSH
- 1 t
— V4 cs cs T
cs VL - \ RRH
'RCS 'RCH _| | 'rcs RCH
> [T
o V'H -
W L] /
vie - ‘
] 'ROH
. |
L WL W
Ol /
E ViL - / / /
I
10EA 1OFF ’ '0EA | toez
'CAC 10EZ AA
t | t
tAA . taa OFF |
{RAC tAOH | tcAc '
VoH ™ b, \ Valid Data
DQ1 ~DQ4 VgL . \ | I out
oLz | cLz
Valid Data  Valid Data Don'tcare
-out -out m
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® STATIC COLUMN MODE WRITE CYCLE (EARLY WRITE)

RAS

AO ~ A8

VIH c——

ViL—
'ASR

ViH—

'RP

RO

/11111

ViL—

ViH—

‘crRP__|

ViL—

VIH—

ViL—

‘wes L

o T T T T

/[T

oor~o0e " T77T77]7

Data-in

m Don'tcare

@ STATIC COLUMN MODE WRITE CYCLE (EARLY WRITE)

RAS

A0 ~ A8

ViH—
ViL—
'ASR

ViH—
ROW
ViL—

VIH—

ViL—

ViH—

ViL—

2
jiiiiiin,

[T

LT

ViL—

VlH—/
DQ1 ~DQ4 :ff:f{:ffx
ViL—

NS/

73 Don't care
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STATIC COLUMN MODE READ/WRITE CYCLE

2 MSM514258A »

'RP
1
—= VIH~ RASC
RAS Vi - |K X
tASR J 'RAH
! A
K/X N[/
A0 A8 Row Column Column
Vi - \ / / .
'RAD lcAH ‘
e 'sRwC 'RAL /'cRP
cs VH- ILWAD fRWL
[
ViL - \ !
'RCD tcwp }
[ tAwWD : tAWD towl
v — twe | |
— V-
e Vi - { tRWD i
1 L | LR
]
oF VIH™ 1 j
& W ANNMNNANNY, A N e
. ToEA 2ER ALW
;
té@" ps' | L._t4A 'oEZ
dar ' jea~ |
t t | t tow tOEA |
tRAC AA OEZ I DH |
ViroH”, Vaiid X A Vard
pa —oas VoL - tcLz ._Data-in Data-in,
Valid valid .
Data-out Data-out EZ2 oon'tcare
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STATIC COLUMN MODE READ/WRITE MIXED CYCLE

a5 VIH
RAS
ViL -

A0 — A8 \\;:[‘1 ﬁ Column X/ ///X Column %; ; ; X Column /////

tasc| | tcaH

tLwaD
s VH- ’\ TAHLW
ViL -
tawp
'cwb
WE ViH - ,ﬂ_j/
ViL - ‘ow
1
tALW
.
& w1
OE
ViL - : /T
OEA t
ICH—HAC 'ps, | OEA taon
t '0ED| | | 'DH thA
\ AOH
AA |
Vi/oH - AL -
Valid Valid Valid
DQ1 ~DQ4, Data-out Data-in Data-out @
/oL -
‘cL.z
|
(READ) (WRITE) ‘ (READ) |
e — —! ’L |
"‘ Don't care
RAS ONLY REFRESH CYCLE
'RC
'RP
v 'RAS ——
RAs 'HT \
ViL _ \ |
'cRp !

- VI~ i :
cs M /
Vie - : \_/

tASR | ['RAH

o s TN e 1T TTTTTTTTTTTRC

Don't care

Notes: WE, OE =Don't care
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CS BEFORE RAS AUTO REFRESH CYCLE

'RC
'RP 'RAS rp
Bas VH
RAS ViL - tapC \ /'RPC \
"

tceN | | lCsR {CHR tcPN
Ss VIHT
cs

Vie —_j \
{OFF
ey

—
DQ1 ~DQ4 ¥OH
o

OPEN

TN

L -

Note: WE, OE, A0 ~ A8 =Don't care

HIDDEN REFRESH READ CYCLE

S A S

oy T = Z/Hf////// T
=TT - o, I
o o TTTTTTTTITN I,

~ Von ™~ ), N
DQ1 ~DQ4 v Valid Data-out /)

m Don't care
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HIDDEN REFRESH WRITE CYCLE

tRC tRC

'RAS 'RP 'rP
_ t
mAas VHTT ) tAWR F: RAS F;\
ViL - S
1 t
ICRP 'RCD 'RSH CHR cRP
]
s e, N /
e
'ASR 'RAH 'CAH
ViR~ 4
AO -~ A8
. .4, e

twes 'WCH
—-——

= w777 T TTTTTTTTTTTT

= 777717 TTTTTTTTT7,
™ Tos or

Vo=
DQ1 ~DQ4 V:[‘ ————< ValidData-in  [p— OPEN
m Don't care
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CS BEFORE RAS REFRESH COUNTER TEST

—s MSM514258A »

- ;:r:_—_? 'RAS \_
'CSR | {CHR . lelCPT | 'RSH 'CRP
o - N
READ CYCLE | 'RAL o
A0 A8 :'/:L: // ////// Column W//
. 'RCS l i_‘m
" /////////////r P mor L]
o e
W L/llL[[]]; ///////‘/|//)slr—°£f Vi
. i . ‘cLz ! rﬁ— 0EZ
DQ1 ~DQ4 vg':_ OPEN ? ‘% Valid Data-out }—
WRITE CYCLE 1asC | ican [ : ‘
o s e T TTTTTTTTTTR oo /7777777777

twes

1 ‘WCH

Don't care

" ”"/Z//////////N—*—— ’//////Z/ [/
& w77/ /’////7//'0/5// /L //////////////
pQt ~ 004 ) ‘L‘_—JV'GD - )
lL x—_—d( .
READ/WRIT\? CYCLE N oA L
o W T TTTITTTTTTT  S— X///,/////A
™ I e NAfTTTTT7
R
G - /////,////////{/(/ '°E°, |
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OKI semiconductor

MSM514100

4,194,304-WORD x 1-BIT DYNAMIC RAM: FAST PAGE MODE TYPE

GENERAL DESCRIPTION

The MSM514100 is a new generation dynamic RAM organized as 4,194,304 words by 1 bit.
The technology used to fabricate the MSM514100 is OKl's CMOS silicon gate process technology.
The device operates at asingle + 5V 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

Family Access Time Cycle Time Power Dissipation
(MAX) (MIN) Operating Standby
trac | taa | tcac (MAX) (MAX)
MSM514100-8 80ns{40ns| 20ns 160 ns 495 mW
MSM514100-8A 80ns|40ns| 25ns| 160 ns 495 mW (MO Tovel)
MSM514100-10 100ns{50ns| 25ns 190 ns 440 mW

® Single +5Vsupply, +10% tolerance

® Input: TTL compatible

® Output: TTL compatible, tristate, nonlatch

e Refresh: 1024 cycles/16 ms

® Common I/O capability using “Early Write” operation

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

® Built-in Vgg generator circuit
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PIN CONFIGURATION (TOP VIEW)

Pin Names Function
AO0to A10 | Address Input
Dy [1] D6 Vss
- A9* [1 — —
Dy 1] Vs WE [2] P5] Dour Dour% % CAS RAS Row Address Strobe
WE |2 17 Dour RASE ECAS 4] Vss R
RAS[3] § CAS  N.C.[4] 5 B3] N.C. Dy G § (6] WE CAS Column Address Strobe
A10E E 15| A9* A1OE < i]Ag* RAS [Z 2 EAW
A0*[5] = AB* hN N.C. [9] Y dne Din Data Input
A1*[6] 2 A7* &) 2 g A0t il & iE| Al
o AQ* = [18 A8* =
* = * 3 A2* i3 8 * D Data Output
A2*[7] = [[FAe* arrfid 2 [Aar+ S hd A3 out
A3* 8] b A5t a2*fid v g A6+ Vee iy O3 g As* —
* B N
Vee [ As* A3+ 5] As* 23' % g A6* WE Write Enable
Ve 3 14 g bd As* 1
18 PIN DIP Vee Power Supply < +5V>
26 PIN SOJ 20 PIN ZIP
Vso Ground <0V>
N.C. No Connection
* Refresh Address
FUNCTIONAL BLOCK DIAGRAM
RAS > Timing
Generator
< Timing
A { > D Generator
N Write
Column Column Clock  f€e——— g
_| Address Decoders Generator
Buffers
A0
| |: Internal Refresh - 110 —>1 Output
Address [<€—| Control Clock Sense Amps | Selector [—»i Buffer |~ Dour
A10 Counter
¢ \
Y y
-1 Row Row [ 7] Word [
Address De- Driv- Memory
Buffers cod- ers Cells Input
ers Buffer O
Ve ——
Vg ———
__>I On chip Vs
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ELECTRICAL CHARACTERISTICS

ABSOLUTE MAXIMUM RATINGS

Rating Symbol Conditions Value Unit Note
Voltage on any pin VT Ta=25°C -1.0t0+7.0 v 1
relative to Vss
Short circuit output los Ta=25°C 50 mA 1
current
Power dissipation Po Ta=25°C 1 w 1
Operating Topr - Oto +70 °C 1
temperature
Storage temperature Tstg - -55to +150 °C 1
RECOMMENDED OPERATING CONDITIONS
(Ta=0to +70°C)
Parameter Symbol MIN TYP MAX Unit Note
Vee 45 5.0 5.5 v 2
Supply Voltage
PP Vss 0 0 0 Vv
Input high voltage Vi 24 - 6.5 \" 2
Input low voltage ViL -1.0 - 0.8 \ 2

222

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. Allvoltages are referenced to Vsgs.
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DC CHARACTERISTICS
(Vec=5V+10%, Ta=0to +70°C)

MSM MSM MSM
Parameter symbol| Conditions 514100-8 |514100-8A | 514100-10 | ;¢ | Note
MIN | MAX [ MIN [ MAX [ MIN | MAX

Output high voltage VoH |lon==-50mA | 2.4 | Vec | 24 | Vec | 2.4 | Ve
Output low voltage VoL |[lo.=4.2mA 0 0.4 0 0.4 0 0.4

OVSVISBE.5V;

all other pins _ _ _
Input leakage current I not under 10| 10 10| 10 10 10 BA

test=0V
Output leakage Doyr =disable | _ _ _
current Lo OVEVOZ55Y 10{ 10 10| 10 10| 10 BA
Average power RAS, CAS
supply current Icct | eycling, - 90 - 90 - 80 | mA 1,2
(Operating) tac = Min
Power supply current | g‘%ﬁ x'” - 2 - 2 - 2 mA
(Standby) Rl

oyr=Hz |MOS | — 1 - 1 - 1
Average power RAS cycling,
sy_ggly current lccz | CAS=Vyy - 90 - 90 - 80 mA 1,2
(RAS only refresh) tpe = min
Power supply current RAS = Vin _ _ _ <
(Standby) lces EAS =V, 5 5 5 mA 1
out = €nable

Average power _—
supply current __ RAS cycling, _ _ B
(C%g before RAS lcc6 | EaS before RAS 90 90 80 | mA 1
refresh)
Average power RAS=V,
supply current Icc7 | CAS cycling - 80 - 80 - 70 [ mA 1,3
(Fast page mode) tpc =min

Notes: 1. Iccis dependent on output loading and cycle rates.
with the output open.

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

Specified values are obtained

CAPACITANCE
(Ta=25°C, f=1MHz2)
Parameter Symbol Conditions TYP MAX Unit
Input capacitance (A0 to A10, Diy) Cing - - 6 pF
Output capacitance (Doyr) Cout - - 7 pF

223



aMSM514100 =

AC CHARACTERISTICS

(Vcc=5V*10%,Ta=0to +70°C) Note 1,2,3,10, 11
MSM MSM MSM
Parameter symbol 514100-8 |514100-8A | 514100-10 Unit | Note
MIN | MAX | MIN [ MAX | MIN | MAX
Random read or write cycle time trc [160}] - [160| - [190| - ns
Read/write cycle time trwe | 185 - [190| - |220| - ns
Fast page mode cycle time tpc | 55 - 55 - 65 - ns
Fast page mode read/write cycle time tprwe | 80 - 80 - 95 - ns
Access time from RAS thac | - | 80 | - | 80 | - | 100 | ns |4.5
Access time from CAS tcac| - | 20 | - | 25| - | 25 | ns |45
Access time from column address tan | - 40 _ 40 _ 50 [ ns |4.6
Access time from CAS precharge tcpa | - | 45 | - | 45 | - | 55 | ns | 4
Output low impedance time from CAS tciz | O - 0 - 0 - ns | 4
Output buffer turn-off delay time torr | 0] 20 | O | 20 | O | 25 | ns | 7
Transition time tr 3 50 3 50 3 50 | ns| 3
Refresh period trer | - 16 - 16 - 16 | ms
RAS precharge time tep | 70 - 70 - 80 - ns
RAS pulse width tras | 80 |10,000{ 80 |10,000| 100 {10,000| ns
RAS pulse width (Fast page mode) trase | 80 [100,000{ 80 [100,000{ 100 [100,000| ns
RAS hold time taey [20| - [ 25| - | 25| - |nms
CAS precharge time tep | 10 - 10 - 10 - ns
CAS pulse width tcas | 20 (10,000 25 |10,000| 25 |10,000| NS
CAS hold time tesy | 80| - |80 | - [100| - |ns
CAS to RAS precharge time terp | 10 - |10 - |10] = |ns
RAS to CAS delay time treo | 221 60 | 25| 55 | 25| 75 | ns | 5
RAS to column address delay time trRap | 17| 40 | 20 | 40 [ 20| 50 | ns | 6
Row address set-up time task | O - 0 - 0 - | ns
Row address hold time tran | 12 - 15 - 15 - ns
Column address set-up time tasc | O - 0 - 0 - ns
Column address hold time tcan | 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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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 tres | O - 0 - 0 - ns
Read command hold time trew | O - 0 - 0 - ns | 8
;Z%d command hold time reference to tern | 10 _ 10 _ 10 _ ns | 8
Write command set-up time twes | O - 0 - 0 - ns | 9
Write command hold time twen | 15 - 15 - 20 - ns
Write command hold time from RAS twer | 60 - 60 - 75 - ns
Write command pulse width twe | 15 | ~ 15| 7 {20 T | s
Write command to RAS lead time tawe | 20| - | 25| - [ 25| - |ns
Write command to CAS lead time tewe [ 20 - [25] - [25 | - | ns
Data-in set-up time tps 0 - 0 - 0 - ns
Data-in hold time toy | 15 - 15 - 20 - ns
Data-in hold time from RAS towr | 60 | - | 60| - | 75| - | ns
CAS to WE delay time tewp |20 - [ 25| - |25 - |ns| 9
Column address to WE delay time tawo | 40 | - 40| - [50| - |ns| 9
RAS to WE delay time thwo | 80 | - |80 ] - |100] - |[ns| 9
Sftﬁ;tig: delay time from RAS e |10 = |10] = |10] = |ns
%g)tom set-up time (CAS before tesw |10 = {10] = [10] = [ns

'RAS to CAS hold time (CAS beforeRAS) | tcyr | 20 | - | 20| - |20 | - | ns
tCeé)precharge time (Refresh counter teor | 40 _ 40 _ 50 _ ns

WE to RAS precharge time (CAS before e | 10 ] = {10 ] = L10]| = |ns
RAS)

WE hold time from RAS (CAS before twra | 20 | = 120 = |20 = |ns
RAS)

RAS toVV—Eset-up time (Test mode) twsg | 10 - 10 - 10 - ns

RAS to WE hold time (Test mode) twhr | 20 - 20 - 20 - ns
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226

Notes: 1.

10.

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

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

The AC characteristics assume ty = 5ns.

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

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

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

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

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

Either tggry Or trcy Must be satisfied for a read cycle.

twes, tewp: trwp and tawp are not 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 will remain open circuit (high
impedance) throughout the entire cycle; if tcwp=tcwp (min.), trwp = trwd
(min.) and tawp=tawp (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.

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.

RA10, CA10 and CAOQ 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 cycle.

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.



a MSM514100 =

READ CYCLE
worl TN if -
@, - _/"‘ '\ \ . /g
[dasg] | Leay e ey
w-no o' Z 2K won XX X
tAR | than “_E’:
. otz Bld
o sz _ OPEN % Valid Data }___
"H'or"L"
WRITE CYCLE (EARLY WRITE)
- L [P——
o \ / N
kR tReD tszH I}‘cg
= N o N ‘ o4 7
sy | |ray) g e
Vo - | !
- X o K0

‘ “H" or “L"

227




s MSM514100 =

READ/WRTIE CYCLE

tRsH tcre
tRwi |<—’

B | R\ ey /{

<
I
[
-
—_—2
1]
123
7

I tos) | ton |
o v — Z ton: XK i
Douyr VoL — N ?&@‘ Vali ata 7////4 — O;T:”—

FAST PAGE MODE READ CYCLE

ththththth

1
Ve —
. tRAL
ASR tasc t
PR e | e | e
Vi — - - v d —\ v d
A0-A10 v - Row Y Column p g Column \ Column
i C T - 1
trAD
f tRCH tre ) | L—‘ tRRH
RCS , . [tRes| trcH
tres [
—VV—E Vi t t t
Ve CAC cAC CAC,
t,

tan ‘ taa AL
tRAC tcpa f cPA
I
Dour Vou~™ A Valid } A Valid ¥ A Valid
VoL — ) Data ¥ AData f X Data "t
| fee—| —>f-—<gf
tag torr taz torr e
1 1

' “H* or “L"

228



s MSM514100 =

FAST PAGE MODE WRITE CYCLE (EARLY WRITE)

trase L tre
v — Y *—.\_
RA:
s Vie — \‘ - \_
tpc tRsH |
tere treco L ter tep tere
teas teas
s Vm T il “\\ % % teas A
Vie —__/ tesH .S r 3 -d
tar trRAL
tasr | [ tRan tasc tasc
teaH tAH  tagd Keay
Vi — - b d - X
A0-A10 Row Column Column Column
Ve — A X f X A
twer
sl | twen twed | twew twes twen
—_— Vy — twp twe twp
WE
Vie — P
tps toi 1, tp) tps o)
DLW lJ-’i L |88 <2

Vi — Vaild Yy Vaild A Vaild N
Dy Vi — Data-in  / Data-in ¢ Y. Data-in ¥
toHR

Vou OPEN

Dour

N
\

41 “H" or “L”

FAST PAGE MODE READ/WRITE CYCLE

tRasP lre
oo N _/
tesH tprWC tRSH
trep teas | teg | teas retce | tcas tere |
—_ Vi — = /—n- —m—\ ca
CAS vy — . - \\— £ \—n— 1-4 | \- — —10
e [ A5t S oy
s DA A e b D o
. trwo 1 trwi
) s | tewo, |, towt towp || tewy tewo || towy
WE x:? : m tawp ) tawp *!ﬂv tawp _\!ay
trAC teed tepd
oo tan twe tan twe tan twe
Vo — teag ‘__!_gg; }_4_ leac : ‘—tgﬁ__:\ -__ leac g t?“_,; _‘
e (D @4 e )  bd >——
tag| | tog ! taz tos_ ! tar tog !
| <ton leton lton
o - (AN XY
Valid Data Valid Data Valid Data m “H"or "L"

229



s MSM514100 =

RAS ONLY REFRESH CYCLE

tre
— L ¥ p
M
- N 7 ___
trec
tere

— Vi
CAS

Vie —

s0-nn I%&

Dout r OPEN

NOTE: WE, A10="H" or “L" VA v orL”

CAS BEFORE RAS AUTO REFRESH CYCLE

v T N

OPEN

NOTE: A0-A10="H"or"L" V4 "H"or“L”

230



s MSM514100 =

HIDDEN REFRESH READ CYCLE

tre

tras |
- V- x —\
S Vi — \- / - »(
1, 1, teHr
tcrp
—_— Vi — 2 - N
CAs /l N
Vi — tRAD T= "{
traL
el g L

SN R RN

trrH  twep)

t,
twRH
» % M
tan
- e L
Dour \\;O“ s Valid Data P
oom X ;
_tag]

m “H” or "L"

HIDDEN REFRESH WRITE CYCLE

tras P tras
— Ve =y =
w N i
VA \ A \ /
treD tRsH
terp 3 teHr
Vin — N
CA tRAD /
S Vg — \\— A
tRAL
a5 | | fray | [ tasq] [« tean

o-no 0 = TR o XX X0

twer

H
<<
~ I
o
[é

E
<

:

oy IW _vwsow Y77/

“H" or “L*

231




s MSM514100 =
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OKI semiconductor

MSM514102

4,194,304-WORD x 1-BIT DYNAMIC RAM:
STATIC COLUMN MODE TYPE

GENERAL DESCRIPTION

The MSM514102 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 + 5V 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

Family Access Time Cycle Time Power Dissipation
(MAX) (MIN) Operating Standby
trac | taa | tcac (MAX) (MAX)
MSM514102-8 80ns|40ns| 20 ns 160 ns 495 mW
5.5mwW
MSM514102-8A 80ns|40ns| 25ns 160 ns 495 mW (MOS level)
MSM514102-10 100ns| 50 ns| 25ns 190 ns 440 mW

® Single +5Vsupply, +10% tolerance

® Input: TTL compatible

® OQutput: TTLcompatible, tristate, nonlatch

® Refresh: 1024 cycles/16 ms

® Common I/O capability using “Early Write" operation

o TS before RAS refresh, CS before RAS hidden refresh, RAS only refresh capability
®  Multi bit test mode capability

® Built-in Vgg generator circuit
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PIN CONFIGURATION (TOP VIEW)

Pin Names Function
AO0toA10 | Addressinput
—_ Dy 1 pe Vss N —
i A9* [1] 7] _—
g Vss WE [2 EEQUT on I3 cs RAS Row Address Strobe
300 RASE] _ pAC ' Vs -
z G nc[E § @Ene am 5 3 6] WE cs Chip Select Input
2 [Hrr a0 £ pAae [ 2 [Blan
O [ig as* = Aon @ g nec. Din Data Input
& @A acrB] = [igas* Ly & g A
= . S A2 i3 o R
S [@ae* a*fid N [iFar* v N 14 A3 Dour Data Output
3 [@est Al ¥V gaer E 3 [id asr —
GAr st Has A d e+ WE | WwriteEnable
AT*
Vec i3 [1d Aax E Ag*
18 PIN DIP Vee Power Supply < +5V>
26 PIN SOJ 20 PIN ZiP
Vs Ground <0V>
N.C. No Connection
* Refresh Address
FUNCTIONAL BLOCK DIAGRAM
RAS > Timing
Generator
- | Timing
< ¢ D Generator
N Write
Column Column Clock  le———Wg
_| Address Decoders Generator
Buffers l
A0 ’
| E Internal Refresh 110 —>1 Output
Address < Control Clock Sense Amps Selector |—3| Buffer Doyt
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¢ \
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—| Row | Row Word
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cod- ers |, Input b
> B —
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Vet —
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ELECTRICAL CHARACTERISTICS

ABSOLUTE MAXIMUM RATINGS

Rating Symbol Conditions Value Unit Note

Voltage on any pin vT Ta=25°C ~1.0t0+7.0 v 1

relative to Vgs

Short circuit output los Ta=25°C 50 mA 1

current

Power dissipation Pp Ta=25°C 1 w 1
n Operating Topr - 0to +70 e 1

temperature

Storage temperature Tstg - -55to +150 °C 1

RECOMMENDED OPERATING CONDITIONS
(Ta=0to +70°C)

Parameter Symbol MIN TYP MAX Unit Note
Vee 4.5 5.0 5.5 \ 2
Supply Voltage
Vss 0 0 0 Y
Input high voltage Vi 2.4 - 6.5 \ 2
Input low voltage Vi -1.0 - 0.8 \ 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. Allvoltages are referenced to Vss.
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DC CHARACTERISTICS
(Vcc=5V*10%,Ta=0to +70°C)

nMSM514102 =

MSM MSM MSM
Parameter symbol| Conditions 514102-8 | 514102-8A | 514102-10 | s | Note
MIN [ MAX | MIN [ MAX [ MIN | MAX
Output high voltage VoH [lon==-50mA [ 24 | Vcc | 24 | Ve | 24 | Ve
Output low voltage VoL |lou=42mA 0 ]04 (O 0.4 0 0.4
0ViVIS65Y;
all other pins
Input leakage current Iy not under -10] 10 |-10{ 10 |-10| 10 pPA
test=0V
Output leakage Doy = disable
ot o | oo r ey |10 10 [=10] 10 |-10f 10 | pA
Average power RAS, CS
supply current lcct | cycling, - 90 - 90 - 80 mA 1,2
(Operating) tre = Min
Power supply current | %555_=VV|H - 2 B 2 B 2 mA
(Standby) cc2 =V
Doyr=Hz [MOS |~ 1 - 1 - 1 mA
Average power RAS cycling,
supply current lccz | CS=Viy - 90 - 90 - 80 | mA 1,2
(RAS only refresh) the = min
Power supply current | | RAS =Viy
ccs | CS =V, - 5 - 5 - 5 mA 1
(Standby) Dout =‘:3nable
Average power J—
supply current_ RAS cycling, _ _ _
before RAS Icce T before RAS 90 90 80 | mA 1
refresh)
Average power RAS=V,
supply current lcco [CS=Vy - 80 - 80 - 70 | mA 1
(Static column mode) tgc=min
Notes: 1. lccisdependent 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.
CAPACITANCE
(Ta=25°C, f=1MHz)
Parameter Symbol Conditions TYP MAX Unit
Input capacitance (A0 to A10, Diy) Cint - - pF
Input capacitance
(RAS, T3, WE) Cin - - PF
Output capacitance (Doyr) Cout - - pF
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AC CHARACTERISTICS

(Vcc=5V*10%, Ta=0to +70°C) Note 1,2,3, 11,12
MSM MSM MSM
parameter symbol 514102-8 [514102-8A | 514102-10 Unit | Note
MIN | MAX [ MIN | MAX | MIN | MAX
Random read or write cycle time trc | 160 - [160| - 190 | - ns
Read/write cycle time trwe | 185 | - 190 - 220 - ns
Static column mode cycle time tsc | 45 - 45 - 55 - ns
Static column mode read/write cycle time |tspwc | 70 - 70 - 80 - ns
Access time from RAS trac | - 80 - 80 - | 100 | ns |4,5,6
Access time from CS teac| - [ 20| - | 25| - | 25 | ns |4.5
Access time from column address tan | - 40 - 40 - 50 | ns |4.6,7
Access time from last write taw | - 75 - 75 - 95 | ns |4,7
Data output enable time referencetoWE | tow | - | 20 | - | 25 | - | 25 | ns
Output low impedance time from CS tcz | O - 0 - 0 - ns | 4
cD;tjan:J:';r:;:jtrzsosld time reference to taon | 5 _ 5 _ 5 _ ns
Data output hold time referencetoWE  |twou| O | - | 0 | = | 0 | - |ns
Output buffer turn-off delay time tore | O 20 0 20 0 25 | ns | 8
Transition time tr 3 50 3 50 3 50 [ns | 3
Refresh period trer | - 16 - 16 - 16 | ms
RAS precharge time tgp |70 - |70 - |80 | - |ns
RAS pulse width tras | 80 |10,000| 80 |10,000 100 [10,000| ns
RAS pulse width (Static column mode) trasc | 80 [100,000{ 80 {100,000{ 100 {100,000 ns
RAS hold time tgsy | 20| - | 25| - | 25| - |ns
CS precharge time tep |10 - |10 = |10 - |ns
CS pulse width tcs | 20 [100.000] 25 [100,000] 25 [100,000 ns
CS hold time tesy [ 80| - |80 | - |100] - |ns
CS to RAS precharge time tep [ 10| - |10 - [10]| - |ns
RAS to CS delay time tpep | 22| 60 | 25| 55 | 25| 75 | ns
RAS to column address delay time trap | 17 | 40 [ 20 ] 40 [ 20 | 50 | ns | 6
Row address set-up time tasr | O - 0 - 0 - ns
Row address hold time tran | 12 - 15 - 15 - ns
Column address set-up time tasc | O - 0 - 0 - ns
Column address hold time tcan | 15 - 15 - 20 - ns
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AC CHARACTERISTICS (Continued)

MSM MSM MSM
Parameter symbol 514102-8 |514102-8A | 514102-10 unit | Note
MIN { MAX | MIN [ MAX | MIN [ MAX

%JWR?’?S rceiscrg)ld time reference to tawr | 60 B 60 _ 75 B ns
Column address hold time reference to tar | 95 B 95 _ st - ns

RAS

Column address to RAS lead time traL | 40 - 40 - 50 - ns
%&2:&?5::5 hold time reference to tan | 10 _ 10 B 10 | ns
gwg_éumn address hold time reference to taniw| 75 _ 75 _ 95 _ ns

Last write to column address delay time tiwap| 20 | 35 | 20| 35 | 25| 45 [ ns | 7
Read command set-up time tres | O - 0 - 0 - ns

Read command hold time reference to CS | tpen | 0 - 0 - 0 - |ns| 9
g%%d command hold time reference to ter | 10 _ 10 B 10 _ ns | o
Write command set-up time twes | O - 0 - 0 - ns | 10
Write command pulse width twp | 15 - 15 - 20 - ns
Write command hold time from RAS twcr | 60 - 60 - 75 - ns
Write invalid time tw | 10 - 10 - 10 - ns
Write command hold time (Dout disable) | twy | O - 0 - 0 - ns | 10
Write command to CS lead time tewe | 20 - 25 - 25 - ns
Write command to RAS lead time tawe [ 20| - | 25| - [ 25| - | ns

CS to WE delay time tewo [ 20| - |25 - | 25| - |ns| 10
Column address to WE delay time tawp | 40 | - |40 | - |s0| - [ns| 10
RAS to WE delay time tawo [ 80 | - |80 | - |100| - [ns| 10
Data-in set-up time tps 0 - 0 - 0 - ns
Data-in hold time toy | 15 - 15 - 20 - ns
Data-in hold time from RAS tour | 60| - | 60| - |75 - |ns

CS active delay time from RAS precharge | tgpc | 10 - 10 - 10 - ns

RAS to CS set-up time (CS before RAS) tesg [10] - |10 - |10] - |ns

RAS to CS hold time (CS before RAS) tr | 20| - |20 - [20] - |ns

CS precharge time (Refresh countertest) | tcpr | 40 | - | 40| - |50 | - |ns

WE to RAS precharge time (CS before e | 101 = [0 = |10] = |ns

RAS)

WE hold time from RAS (CS before RAS) [twry | 20 | - [ 20| - [20 ] - | ns

RAS to WE set-up time (Test mode) twsr | 10| = | 10| - 10| - |ns

RAS to WE hold time (Test mode) twar | 20| - |20 - |20 - | ns
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240

Notes: 1.

An initial pause of 200 s is required after power-up followed by a minimum of
eight initialization cycles (RAS only refresh cycle or C$ 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.

The AC characteristics assume tt = 5ns.

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

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

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

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

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

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

Either trry or trcy must be satisfied for a read cycle.

twes, twH, tcwp, trwp and tawp are not restrictive operating parameters. They
are included in the data sheet as electrical characteristics only; if twcs2 twes
(min.) and twy = twy (mMin.), the cycle is an early write cycle and the data out will
remain open circuit (high impedance) throughout the entire cycle; if
tewpZtcwp (Miny), tgwp = trwp (Min.) and tawp = tawp (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.

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.

RA10, CA10 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.

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.
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READ/WRITE CYCLE
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STATIC COLUMN MODE WRITE CYCLE (EARLY WRITE)
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STATIC COLUMN MODE READ/WRITE MIXED CYCLE
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CS BEFORE RAS AUTO REFRESH CYCLE
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HIDDEN REFRESH WRITE CYCLE
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CS BEFORE RAS REFRESH COUNTER TEST CYCLE
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OKI semiconductor

MSM514400

1,048,576-WORD x 4-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 asingle + 5V power supply. Its I/O 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

® Family organization

Family Access Time Cycle ‘ Power Dissipation
(MAX) Time Operating Standby
trac | taa | teac | toea | MIN) (MAX) (MAX)
MSM514400-8 80ns[40ns|{20ns| 20 ns| 160 ns 495 mW
MSM514400-8A 80ns|40ns|25ns|25ns| 160ns | 495mW (MOS Tovel)
MSM514400-10 100ns| 50 ns|25ns| 25ns| 190 ns 440 mW

® Single + 5V supply, £ 10% tolerance

® Input: TTL compatible

® Output: TTL compatible, tristate, nonlatch

o Refresh: 1024 cycles/16 ms

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

®  Multi bit test mode capability

® Built-in Vgg generator circuit
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PIN CONFIGURATION (TOP VIEW)

Pin Names Function
A0 to A9 Address Input
DQI[T] P Vss OE T —
0Q1[T] Vs DQ2[Z] DQs oo = % CAS RAS Row Address Strobe
DQ2[2] DQ4 WE [3 b3 4] bQsa —
WE] S [@ow3 RAs[E s b3 CAs DSSZ E Sk 0Q1 CAS Column Address Strobe
Ras[@] 2 [FCAS A*[5] S RIOE -~ S [BIwE
ro*[5] & [igoe z RAS [B] & F3 a9+ DQItoDQA4 | DataIn/Data Out
* B
A0*[E] g i3a8* ao*[8] & figas* ig* ] 5 [@Aar —
arl] S @ar arl € @ar 4 % S @ a3 OF  |OutputEnable
A28 @ et azril 16 A6* ACSC' E T L WE Write Enabl
A3'E W2 As* A3*E EAS' e E E A6* rite Enable
v AG* * AB*
T L1 Vee E E Ad E Vee Power Supply < +5V>
20PINDIP 26 PINSO) 20PN zIp A Ground <0V>
SS

* Refresh Address

FUNCTIONAL BLOCK DIAGRAM

RAS > Timing
Generator
ag' } Timing
> Generator
N Write
Column Column Clock  lee————"\yg
Address Decoders Generator
—1 Buffers _
r OE
A0 T
| [ Internal Refresh - 10 [—>{ Output
Address [ Control Clock Sense Amps | Selector [— Buffers
A9 Counter
\
¢ ; DQ1
|
'‘{ Row | Row —-J Wword [~ DQ4
Ad(f:lfress De- Driv- Memory
Buffe
utters I_I: cod- ers Cells Input
ers Buffers
Vet —
Vsg ——— .
____,[ On chip Ves
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ELECTRICAL CHARACTERISTICS

ABSOLUTE MAXIMUM RATINGS

Rating Symbol Conditions Value Unit Note
Voltage on any pin VT Ta=25°C -1.0t0+7.0 v 1
relative to Vss
Short circuit output los Ta=25°C mA 1
current
Power dissipation Po Ta=25°C W 1
Operating o
temperature Topr - Oto +70 C 1
Storage temperature Tstg - -55t0 +150 °C 1
RECOMMENDED OPERATING CONDITIONS
(Ta=0to +70°C)
Parameter Symbol MIN TYP MAX Unit Note
Vee 4.5 5.0 55 Vv 2
Supply Voltage
iad s Vss 0 0 0 Vv
Input high voltage Viu 2.4 - 6.5 Vv 2
Input low voltage ViL -1.0 - 0.8 " 2

Notes: 1. Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are
exceeded. Functional operation should be restricted to the conditions as detailed
Exposure to absolute maximum

in the operational sections of this data sheet.
rating conditions for extended periods may affect device reliability.

2. Allvoltages are referenced to Vsgs.
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DC CHARACTERISTICS
(Vcc=5V+10%, Ta=0to +70°C)

a1 MSM514400 =

MSM MSM MSM
Parameter symbol| Conditions 514400-8 |514400-8A | 514400-10 Unit | Note
MIN | MAX | MIN | MAX | MIN | MAX

Output high voltage VoH |lon=-50mA | 2.4 | Vcc | 24 | Ve | 24 | Ve
Output low voltage VoL |[loi=4.2mA 01040 ]04(|0O0]O04

OV VIS6.5V;

all other pins
Input leakage current | Iy, not under -10f 10 |-10} 10 }|-10| 10 pA

test=0V
Output leakage DQ; = disable _
e g 10 | oytvocssy |~ 10| 10 {=101 10 [-10] 10 | pA
Average power RAS, CAS
supply current lcct | cycling, - 90 - 90 - 80 mA 1,2
(Operating) tpe = Min
Power supply current RAS=Vi |TTL | - 2 - 2 B 2 mA
(Standby) lcca | CAs =V,

DQ;=Hz [MOS| - 1 - 1 - 1 mA
Average power RAS cycling,
supply current lccz | CAsS=V, - |90 | =19 | - |8 ]| mA]| 12
(RAS only refresh) tre = milr:‘
Power supply current | RAS=Viy

ccs [ CAS =V, - 5 - 5 - 5 mA 1

(Standby) DQ;=enable
Average power _—
supply current RAS cycling, _ _ _
(CAS before RAS Icc6 | a3 before RAS %0 %0 80 | mA |1
refresh)
Average power RAS=V,,
supply current lcc7 | CAS cycling - 80 - 80 - 70 mA 1,3
(Fast page mode) tpc = min

Notes: 1. Iccisdependent on output loading and cycle rates.

with the output open.
2. Address can be changed once or less while RAS = V..
3. Address can be changed once or less while CAS =V .

CAPACITANCE

(Ta=25°C, f=1MHz)

Specified values are obtained

Parameter Symbol Conditions TYP MAX Unit
Input capacitance (A0 to A9) Cing - - pF
Inbut capacitance. Cin2 - - pF
(RAS, CAS, WE, OE)
Output capacitance (DQ1 to DQ4) Cro - - pF
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AC CHARACTERISTICS

(Vcc=5V*10%,Ta=0to +70°C) Note 1, 2,3, 10, 11
MSM MSM MSM
Parameter symbol| 314400-8 | 514400-8A 514400-10 | A

MIN | MAX [ MIN [ MAX | MIN | MAX

Random read or write cycle time tec (160 - |160f - 190 - ns
Read/write cycle time trwe [215| - (220 - (255 - ns

Fast page mode cycle time tpc | 55 - 55 - 65 - ns

Fast page mode read/write cycle time tprwe [ 110 - 10| - 130 - ns
Access time from RAS thac | - | 80 | - | 80 | - | 100 | ns | 4,5
Access time from CAS tecac| - | 20 | = | 25 | - | 25 | ns |45
Access time from column address tan - 40 - 40 - 50 | ns |4.6
Access time from OE toga | - | 20 | = | 25 | = | 25 | ns
Access time from CAS precharge tepa | - | 45 | - | 45 | - | 55 {ns| 4
Output low impedance time from CAS taiz | O - 0 - 0 - ns
Output buffer turn-off delay time torr | O 20 0 20 0 25 | ns | 7

OF to data output buffer turn-off delay

time togz | O 20 0 20 0 25 | ns 7
Transition time tr 3 50 3 50 3 50 {ns| 3
Refresh period trer | - 16 - 16 - 16 | ms
RAS precharge time tep |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[ rs
RAS hold time tgsy | 20| - | 25| - | 25| - | ns
'RAS hold time reference to OF thon |20} - | 25| - | 25| - |ns
CAS precharge time tep |10 - |10} - [ 10| - |ns
CAS pulse width tcas | 20 |10000| 25 |10,000| 25 |10,000{ ns
‘CAS hold time tesy | 80| - |8 | - [100] - |ns
‘CAS to RAS precharge time tegp | 10| - {10 - |10 - |ns
RAS to CAS delay time thep | 22 ] 60 | 25| 55 | 25| 75 | ns| 5
RAS to column address delay time trap | 17 | 40 | 20| 40 |20 | 50 {ns | 6
Row address set-up time task | O - 0 - 0 - ns
Row address hold time tran | 12 - 15 - 15 - ns
Column address set-up time tasc | O - 0 - 0 - ns
Column address hold time tcan | 15 - 15 - 20 - ns
Column address hold time from RAS tar | 60| - [60] = | 75| - |ns
Column address to RAS lead time thar | 40| - | 40| - [50]| - |ns
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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 tres | 0 _ 0 _ 0 _ ns
Read command hold time taew | O - 0 - 0 - ns | 8
%,%asd command hold time reference to tran | 10 _ 10 _ 10 _ ns | 8
Write command set-up time twes | O - 0 - 0 - ns | 9
Write command hold time twen | 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 toen | 20 - 25 - 25 - ns
Write command to CAS lead time tewe | 20 - 25 - 25 - ns
Write command to RAS lead time trwe | 20 - 25 - 25 - ns
Data-in set-up time tps 0 - 0 - 0 - ns
Data-in hold time ton | 15 - 15 - 20 - ns
Data-in hold time from RAS tonr | 60 - 60 - 75 - ns
OE to Data-in delay time toep | 20 - 20 - 25 - ns
CAS to WE delay time tewp | 50 - 55 - 60 - ns | 9
Column address to V_\/Edelay time tawp | 70 - 70 - 85 - ns
RAS to WE delay time tawp | 110 - |110| - |135] - |ns| 9
eriﬁ;tg: delay time from RAS twc | 10| = |10] = L10] = |ns
RAS to CAS set-up time (CAS beforeRAS) | tesg [ 10| - [ 10| - [10] - |ns
RAS to CAS hold time (CAS before RAS) tewr | 20 - |20 - [ 20| - | ns
feTsf)precharge time (Refresh counter teor [0 | = a0 | - |so| - |ns
%V__:S;o RAS precharge time (CAS before twre | 10 B 10 _ 10 _ ns
WE hold time from RAS (CAS before RAS) | twry | 20 - 20 - 20 - ns
RAS to WE set-up time (Test mode) twsr | 10 | - 10| - 10| - |ns
RAS to WE hold time (Test mode) twir | 20| = | 20| - 20| - | ;s
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254

Notes: 1.

1.

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

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

The AC characteristics assume ty =5 ns.

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

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

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

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

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

Either tgry Or trcy Must be satisfied for a read cycle.

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

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 aread cycle, if two internal bits on one I/O pin are equal, the
I/0 pin will indicate a high level. If internal bits on one I/O pin are not equal,
then the I/O pin will indicate a low level.

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

In a test mode read cycle, the value of 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.



s MSM514400 =

READ CYCLE
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WRTIE CYCLE (& CONTROL WRITE)

s Vin—
Vit —

A0-A9 Vg —
Vi —

Vig —
WE v —

Vi —

Ot v =

DQ1-DQ4 - VvoH —
Vo

tre

tras

tre

tesn

tRsH

teas

/S

lea-{tASC

Column

traL

trwi

|
]

Tk

2

READ/WRTIE CYCLE

m oz N — Ao N

w s j\\ - -4 7L
tasr iu:u tasc tean

20-29 V' " PR row ti@i. Column

tRwo | tRWL !

W = N
W D772
teac

oa1-00s Y= e <o X0

y//

256

“H" or “L"

"H” or"L”




a MSM514400 =

FAST PAGE MODE READ CYCLE
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FAST PAGE MODE READ/WRITE CYCLE
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CAS BEFORE RAS AUTO REFRESH CYCLE
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HIDDEN REFRESH WRITE CYCLE
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE
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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 1,048,576 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 + 5V power supply. Its I/O 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

® Family organization

Family Access Time Cycle Power Dissipation
(MAX) Time Operating Standby
trac | taa | teac | toea | (MIN) (MAX) (MAX)
MSM514402-8 80ns}|40ns|{20ns| 20ns| 160 ns 495 mW
MSM514402-8A 80ns|40ns|25ns|25ns| 160ns | 495 mw (M"’(')SS“,';‘\’,‘QI)
MSM514402-10 100ns|{50ns|25ns| 25ns| 190 ns 440 mW

® Single +5V supply, +10% tolerance
® Input: TTL compatible
® Output: TTLcompatible, tristate, nonlatch

e Refresh: 1024 cycles/16ms
o S before RAS refresh, CS before RAS hidden refresh, RAS only refresh capability
® Multi bit test mode capability

® Built-in Vgg generator circuit
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PIN CONFIGURATION (TOP VIEW)

Pin Names Function
A0 to A9 Address Input
DQI[1 P6l Vss
mam — —
DQ1[T] pd Vss  DQ2[2Z bs| DQ4 gE ; ; 2] Cs RAS Row Address Strobe
0Q2[Z] igoQs We 3 bg g3 ¢ 4] Qa4 —
WE 3 ig0Q3 RAS[E] 2 RIS S H ] pQ1 cs Chip Select Input
—_ 2 _— 3 - DQ2 [Z < -
RAS[E] @ [FC a5 £ pFoE  — 2 [Bwe
A9* [5] E ig OF b RAS O] S [ a9+ DQItoDQ4 | Datain/DataOut
i " a
a0*[6] = [FAs* ao*[8] R [Fas* Ao' m 2 2 a1+ —
arE] 8 [@ar arid 8 @ar A B S [@as OF Output Enable
a8l R @6t Azl S [gast '€ E o[ agr —
A3*[9] idAs*  A3+[i2 B As* [17 E WE Write Enable
.
Vee [i9 [l Ad* v [3 14 g A7 [ 2d As*
cc Power Supply < +5V>
20 PINDIP 26 PIN SOJ 20 PIN ZIP
Vs Ground <QV>

* Refresh Address

FUNCTIONAL BLOCK DIAGRAM

RAS Timing
Generator
- Timing
) * > i > Generator
Column N Write
Address Column Clock  |€e——WE
_| Buffers Decoders Generator
rE
A0
| Internal Refresh > 110 —>1 Output
Address | <€ Control Clock Sense Amps | ¢ Selector [—>»{ Buffers
A9 Counter
} \ DQ1
| Column ( |
Address > —> DQ4
I W
Buffers l?)ow qud Memory
e- riv-
cod- ers Cells Input
—> npu
ers Buffers
Ve
Vs ————>
_)[ On chip Ves l
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ELECTRICAL CHARACTERISTICS

ABSOLUTE MAXIMUM RATINGS

Rating Symbol Conditions Value Unit Note
Voltage on any pin vT Ta=25°C -1.0t0+7.0 v 1
relative to Vgs
Short circuit output los Ta=25°C 50 mA 1
current
PoWer dissipation Po Ta=25°C 1 w 1
Operating Topr - Oto +70 °C 1
temperature
Storage temperature Tstg - -55to +150 °C 1
RECOMMENDED OPERATING CONDITIONS
(Ta=0to +70°C)
Parameter Symbol MIN TYP MAX Unit Note
Vee 45 5.0 5.5 v 2
Supply Voltage
y g Vss 0 0 0 v
Input high voltage ViH 24 - 6.5 \ 2
Input low voltage Vi -1.0 - 0.8 \ 2

Notes: 1. Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are
exceeded. Functional operation should be restricted to the conditions as detailed
Exposure to absolute maximum

in the operational sections of this data sheet.
rating conditions for extended periods may affect device reliability.

2. All voltages are referenced to Vgs.
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DC CHARACTERISTICS
(Vcc=5V*10%,Ta=0to +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 |lon=-50mA | 2.4 | Vcc | 24 | Vec | 2.4 | Ve
Output low voltage VoL |lo.=4.2mA 0|04 0|04} 0]|O04
OV<VIS65V;
all other pins
Input leakage current L not under -10f 10 |-10( 10 |{-10| 10 PA
test=0V
Output leakage DQ; =disable
current Lo OV<VO<55V -10| 10 |-10[ 10 {-10] 10 | pA
Average power RAS,CS
supply current lccr | cycling, - 90 - 90 - 80 | mA 1,2
(Operating) tac =min
Power supply current | | %?vav‘” - 2 - 2 B 2 mA
(Standby) [dw N =Viy
Q=Hz |MOS| — | 1 - 1 -1 1 | mA
Average power RAS cycling,
supply current lccz [CS=V _ - - A 1,2
(RAS only refresh) tac= rrl\}:n 90 %0 80 m
Power supply current I RAS =V
ccs |CS =V - 5 - 5 - 5 mA 1
(Standby) bQ = ehable
Average power N
supply current_ RAS cycling, _ _ _
(CS before RAS cC6 | & before RS- 90 %0 80 | mA 1
refresh)
Average power RAS =V,
supply current lccg | CS =V, - 80 - 80 - 70 | mA 1
(Static Column mode) tsc = min

Notes: 1. Iccis 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.

CAPACITANCE
(Ta=25°C, f=1MHz)
Parameter Symbol Conditions TYP MAX Unit
Input capacitance (A0 to A9) Cint - - 6 pF
Output capacitance (DQ1 to DQ4) Cio - - 7 pF
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AC CHARACTERISTICS

(Vcc=5V+10%,Ta=0to +70°C) Note1,2,3, 11,12
MSM MSM MSM
Parameter symbol | 514402-8 | 514402-8A | 514402-10 | | f o

MIN | MAX | MIN | MAX | MIN | MAX

Random read or write cycle time tpc [160| - [160| - [190]| - ns
Read/write cycle time trwc | 215| - [220| - [255| - ns

Static column mode cycle time tsc | 45 - 45 - 55 - ns

Static column mode read/write cycle time |tsgwc|{100| - (100 - [115}| - ns
Access time from RAS thac | - | 80 | - | 80 | - | 100 [ ns |as6
Access time from CS teac| - | 20 | - | 25 | - | 25 | ns |45
Access time from column address tan - 40 - 40 - 50 | ns (46,7
Access time from last write taaw | - 75 - 75 - 95 | ns | 4,7
Access time from OF toga | - | 20 | = | 25 | - | 25 | ns

Data output enable time reference to WE | tow | - 20 - 25 - 25 | ns
Output low impedance time from CS tciz | O - 0 - 0 - ns | 4
?;Ear::g%%tr:;)sld time reference to taon | 5 _ 5 B 5 B ns
Output buffer turn-off delay time torr | O 20 0 20 0 25 | ns | 8

OF to data output buffer turn-off delay toez | 0 20 0 20 0 25 |ns!| 8

time

Transition time tr 3 50 3 50 3 50 [{ns | 3
Refresh period trRer | - 16 - 16 - 16 | ms
RAS precharge time tp | 70 - 70 - 80 - ns

RAS pulse width tras | 80 |10,000| 80 |10,000( 100 [10,000| ns

RAS pulse width (Static column mode) trasc | 80 [100,000] 80 {100,000 100 [100,000] ns

RAS hold time trsH | 20 - 25 - 25 - ns

RAS hold time reference to OF thon | 20| - | 25| - | 25| - | ns

CS precharge time tep |10 - |10 - [10] - |ns

CS pulse width tcs | 20 }100,000] 25 [100,000] 25 100,000 ns

TS hold time tcsy |80 | - |80 | - [100] - |ns

CS to RAS precharge time tere | 10| - [ 10 - |10] - |ns

RAS to CS delay time taep | 221 60 [ 25 55 |25 | 75 [ ns | 5
RAS to column address delay time trap | 17 | 40 |20 | 40 [ 20 [ 50 | ns | 6
Row address set-up time tasr | O - 0 - 0 - ns

Row address hold time tran | 12 - 15 - 15 - ns
Column address set-up time tasc | O - 0 - 0 - ns
Column address hold time tcan | 15 - |15 - |20] - |ns.
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AC CHARACTERISTICS (Continued)

MSM MSM MSM
Parameter symbol 514402-8 |514402-8A | 514402-10 unit | Note
MIN | MAX [MIN | MAX | MIN | MAX

%wggsrcefctgd time reference to taws | 60 B 60 _ 75 N ns
%%lé:mn address hold time reference to tan | 95 B 95 ~ sl - | ns
Column address to RAS lead time traL | 40 - 40 - 50 - ns
;_ZI_Suggcahdac:rge:s hold time reference to tan | 10 B 10 B 10 _ ns
_vaoelumn address hold time reference to taniw| 75 _ 75 _ 95 B ns

Last write to column address delay time  |[tywap| 20 | 35 | 20 | 35 |25 | 45 | ns | 7
Read command set-up time ‘ tres | O - 0 - 0 - |ns

Read command hold time tRenw | O - 0 - 0 - ns | 9
%E%d command hold time reference to tran | 10 _ 10 _ 10 _ ns | 9
Write command set-up time twes | O - 0 - 0 - ns | 10
Write command pulse width twp | 15 - 15 - 20 - ns

‘OE command hold time togn | 20 | - | 25| - | 25| - |ns
Write command hold time from RAS twer [ 60| - |60 - [75] - | ns
Write invalid time tw | 10 - 10 - 10 - ns
Write command hold time (Doyt disable) | twy | O - 0 - 0 - ns | 10
Write command to CS lead time tewe | 20| - |25 - (25| - | ns
Write command to RAS lead time trwe | 20 - 25 - 25 - ns

CS to WE delay time tewo | 50| - | 55| - |60 | - |ns| 10
Column address to WE delay time tawp | 70 - 70 - |8 ] - |ns| 10
RAS to WE delay time tawp | 110 - |110| - [135| - | ns | 10
Data-in set-up time tps 0 - 0 - 0 - ns
Data-in hold time ton | 15 - 15 - 20 - ns
Data-in hold time from RAS tour | 60 - 60 - 75 - ns

‘OE to Data-in delay time tosp | 20| - | 20| - | 25| - | ns

'CS active delay time from RAS prechage | tgec | 10| = | 10| - 10| - |[ns

RAS to C5 Set-up time (CS before RAS) tesg |10 - f10] - [10] - |ns

'RAS to CS hold time (CS before RAS) tewr |20 - |20 - |20 - | ns
CS precharge time (Refresh countertest) | tepr | 40 | - |40 | - |50 ] - | ns
:ﬂ;E_S’;oR_AS precharge time (CS before twre | 10 ] = [10] = [10] = |ns
'WE hold time from RAS (CS beforeRAS) [twry | 20 | = | 20| - | 20| - | ns
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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) tws [ 101 - [10] - |10] - |ns
RAS to WE hold time (Test mode) twir [ 20| - [ 20| - |20 | - | ns

Notes: 1. An initial pause of 200 ps 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
n initialization cycles is required.

2. The ACcharacteristics assume ty=5ns.

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

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

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

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

7. Operation within the tywap (max.) limit insures that ta.w (max.) can be met.
tiwap (max.) is specified as a reference point only; if tiwap is greater than the
specified twap (max.) limit, then access time is controlled exclusively by Taa.

8. torr (max.) and togz (max.) define the time at which the output achieves the
open circuit condition and are not referenced to output voltage levels.

9. Either trgy Or trcy Must be satisfied for a read cycle.

10.  twcs, twh, tcwp trwp and tawp are not restrictive operating parameters. They
are included in the data sheet as electrical characteristics only; if twcs= twcs
(min.) and twy = twy (Min.), the cycle is an early write cycle and the data out
will remain open circuit (high impedance) throughout the entire cycle; if
tewp Z tewp (Min.), trwo Z trwp (Min.) and tawp 2 tawp (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.

CAOQ is not used. in a read cycle, if two internal bits on one I/O pin are equal, the
1/0 pin will indicate a high level. If internal bits on one I/O pin are not equal,
then I/0 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 C5 before RAS
refresh cycle.

12.  In atest 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.
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READ CYCLE
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WRITE CYCLE (OE CONTROL WRITE)

trwi
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STATIC COLUMN MODE READ CYCLE

a—— t Y
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Vow —
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STATIC COLUMN MODE READ/WRITE CYCLE
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STATIC COLUMN MODE READ/WRITE MIXED CYCLE
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RAS ONLY REFRESH CYCLE

NOTE: DQi = open, WE, O = “H” or “L* 0 "H or “L”

CS BEFORE RAS AUTO REFRESH CYCLE

tre

Viy — <+ X t

R + -
RAS Vi — / thec \ - :V \

5 - _’ff N =

|_twre twrH | twrp

w = 77 7

VoH —
DQ1-DQ4
Q1-0Q4 OPEN

NOTE: O, A0-A9 = "H" or "L" 73 “H"or "L
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HIDDEN REFRESH READ CYCLE
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CS BEFORE RAS REFRESH COUNTER TEST CYCLE
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TEST MODE INITIATE CYCLE

tRC
tRAS 1
. FE—
RAS \Z
tCHR |
3 J/
tyvsR tWHR
e V-
WE . - Y
torF
DQ1-DQA4 xw: OPEN
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OKI semiconductor
MSC2304YS8/KS8

262,144 BY 8 BIT DYNAMIC RAM MODULE <Page Mode Type>

GENERAL DESCRIPTION

The Oki MSC2304YS8/KS8 is a fully decoded, 262,144 words X 8 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 0.2uF 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 MSC2304YS8/KS8 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 ® Row Access Time;
. Sing[e +5V Supply (10% Tolerance) 100ns max. (MSC2304-10YS8/KS8)
® 30-Pin Socket Insertable Module 120ns max. (MSC2304-12YS8/KS8)
® Refresh Period ... 4ms (256 cycles) 150ns max. (MSC2304-15YS8/KS8)
o All Inputs, Outputs, Clocks ® Low Power Dissipation;
Fully TTL compatible 2640mW max. (MSC2304-10YS8/KS8)
o 3-States Outputs 2420mW max. (MSC2304-12YS8/KS8)
o Common CAS Control for Eight Common 2200mW max. (MSC2304-15YS8/KS8)
Data-In and Data-Out Lines e Operating Temperature ... 0°C to 70°C
® CAS-before-RAS refresh capability
FUNCTIONAL BLOCK DIAGRAM ® "Pege Mode™ capability
Ac-As j—
-
CAs
WE
$—+—] Ac-Ae Ac-As
RAS RAS
CrS CAs
oat I E')Vccc Vs%) bas r‘{f ved
b——f Ac-As b—~—{ Ao-As
RAS RAS
cAs aas
0Q2 T;A\/,E 9 0Q6 i Q
]_ﬁ'si] Vee Vs:
¢+ Ac-As | AcAs
RAS % RAS
pa3 I Ovec ng[:] 0Q7 — T I ?C vsS)
RAS - RAS
cAs oS
DQ4 ISNE Q| DQ8s EYVE Q|
| Vce vss ’_‘] Vee Vs:}

v
e L c Lo
T
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PIN ASSIGNMENT

MSC2304YS8

MSC2304KS8

ABSOLUTE MAXIMUM RATINGS (See Note)

Rating Symbol Value Unit
Voltage on any pin relative to Vgg VIN. VOouT —1to+7 \
Voltage on Vg supply relative to Vgg Vce “1to+7 A
Operating temperature Topr Oto70 °C
Storage temperature Tstg —-40to +125 °C
Power dissipat}on Pp 8 w
Short circuit output current 50 mA

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

absolute maximum rating conditions for extended periods may affect device reliability.
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RECOMMENDED OPERATING CONDITIONS (Referenced toVgs)

) Operating
Parameter Symbo) Min. Typ. Max. Unit temperature

\Zele 45 50 55 \
Supply Voltage

Vss 0 0 0 \%

0°Cto +70°C

Input High Voltage,
allinputs VIH 2.4 6.5 v
Input Low Voltage,
all inputs ViL -1.0 0.8 Vv

DC CHARACTERISTICS

(Recommended operating conditions unless otherwise noted.)

100ns 120ns 150ns
Parameter Symbol | MODULE | MODULE | MODULE | ynit

Min. | Max.| Min. | Max.| Min.| Max.

Operating Current*
Average power supply current Icct 480 440 400 | mA
(RAS, CAS cycling; tgc = min.)

Standby Current
Power supply current lce2 40 40 40 | mA
(RAS=CAS = V)

Refresh Current 1
Average power supply current lces 440 400 360 | mA
(RAS cycling, CAS = V|; trc = min.)
Page Mode Current* .
Average power supply current Icca 320 280 240 | mA
(RAS = V|, CAS cycling; tpc = min.)
Refresh Current 2

Average power supply current lces 440 400 360 | mA
(CAS before RAS; tgrc = min.)

Input Leakage Current

Input leakage current, any input
(OV < VN < 5.5V, all other Ll | -80 | 80 |-80 | 80  -80 | 80 | uA

pins not under test = 0V)

Output Leakage Current
(Data out is disabled, ILO -10 10 | -10 10 | =10 10 | uA
0V < VouyT <5.5V) '

Output Levels

Output high voltage VoH |24 24 24 \%
(loH = -6mA)

Output low voltage

(oL = 4.2mA) VoL 0.4 0.4 04 |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 MH2)
Parameter Symbol Typ. Max. Unit
Input Capacitance (Ao ~ Ag) CIN1 37 60 pF
Input Capacitance (RAS, CAS, WE) CIN2 35 65 pF
Data Input/Output Ccpa 7 20 PF

Capacitance (DQ)

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

MSC2304-10 | MSC2304-12 | MSC2304-15
Parameter Symbol | Unit YS8/KS8 YS8/KS8 YS8/KS8

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
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
delay toFF ns 0 30 0 30 0 30
Transition time tr ns 3 50 3 50 3 50
RAS precharge time trp ns 90 90 100
RAS pulse width tRAS ns 100 | 10Ous | 120 | 10us | 150 | 10us
RAS hold time tRSH ns 50 60 75
CAS pulse width tcAs ns 50 | 10us { 60 | 10us| 75 | 10us
CAS hold time ‘ tcsH ns 100 120 150
RAS to CAS delay time trcD ns 25 50 25 60 25 75 7
TAS to RAS set-uptime | tcrs | ns | 20 25 30
Row address set-up
time tASR ns 0 0 0
Row address holdtime | tRaAH | ns | 15 15 15
Column address set-up
time tasc ns 0 0 0
Column address hold
time tcAH ns 20 20 25
Read command set-up
time trRCS ns 0 0 0
Read command hold 0 0 0
time referenced to CAS | 'RCH | NS
Write command set-up
time twcs ns 0 o] 0
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AC CHARACTERISTICS (Continued)
(Recommended operating conditions unless otherwise noted.)

MSC2304-10 | MSC2304-12 MSC2304-15
Parameter Symbol | Unit YS8/KS8 YS8/KS8 YS8/KS8 Notes

Min. | Max. | Min. | Max. | Min. | Max.

rldrdlzz command pulse twp ns 15 20 25

xvn:i;e command hold WeN 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 tps ns 0 (o] 0

Data-in hold time toH ns 20 20 25

Refresh set-up time for

CAS referenced to RAS | 'FCS ns 20 25 30

Refresh hold time for

CAS referenced to RAS | 'FCH ns 20 25 30

CAS precharge time

(C before R cycle) tCPR ns 20 25 30

RAS precharge to

CAS active time tRPC ns 20 20 20

P od |

e mode cycle tpc | ns | 100 120 145 8

Page mode CAS

precharge time tcp ns 40 50 60 8
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An initial pause of 100us 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 =5ns

V|4 (Min) and V| (Max.) are reference levels for measuring of input signals. Also transi-
tion times are measured between V|4 and V.

Assumes that trcp S trcp (Max.). If trep is greater than the maximum recommended
value shown in this table, trac will increase by the amount that trcp exceeds the value
shown.

Assumes thattrcp 2 trep (Max.).
Measured with a load circuit equivalent to 2TTL loads and 100 pF.

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

Page mode cycle.
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READ CYCLE
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PAGE MODE READ CYCLE
tRAS

. ViH
RA ViL - A

tRSH tRP

tCAS

I - 7————
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PAGE MODE WRITE CYCLE

tRAS

74

WA

|
L-
; tCWL— !
MW. W T
tDH

Vin [OSF=ir=tot~ tDs -~ f=1DH— DS - [ tp ]
o - T Nese w3 K ool 7 v e L

U7} *H*, “L" = Don't Care

285



= DYNAMIC RAM-MSC2304YS8/KS8 =

RAS ONLY REFRESH CYCLE
NOTE: CAS =V, WE, Dy = Don't care
trc
v tRAS
RAS IH— Y -\
RAS vin— ’/ L
—tRAH—| tRp
tasR—=]

VoH—

Addresses z:t: W //M ;53:::: 7

77

7%
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NOTE: Address, WE, Dy = Don't care
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Rp
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tFCs || tFCH_, RPC
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HIDDEN REFRESH CYCLE
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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 tRcp (max) = tcac which
provides an optimal time space for address minimam
hold time of Address (tcaH), WE (tyycH) and DIN
(tpH)- 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 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 Ag) 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-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 into the MSCA2304 during a
write cycle. The last falling edge of WE or CAS is a
strobe for the Data In (D) register. In a write cycle, if
WE is brought low (write mode) before CAS, DIN is
strobed by CAS, and the set-up and hold times are
referenced to CAS.

Data Outout:

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 tRaoc from
transition of RAS when tRcp (max) is satisfied, or
after tcac from transition of CAS when the transition
occurs after tgcp (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.



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 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 Av) 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
MSEEO4 offers an alternate refresh method.
It CAS is held on low for the specified period
(trcs) 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 MSC2304 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.

= DYNAMIC RAM-MSC2304YS8/KS8 =
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MSC2304YS8
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MSC2304YS8/KS8 (SIP/SIM) DERATING CURVE
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OX X 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 (MSM41256AJS). The
mounting of nine PLCCs together with nine 0.2uF 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 MSM41256AJS; each timing requirements are noncritical, and power supply tolerance is very
wide.

FEATURES ® Separate CAS Control for One Separate Pair

® 262,144 word X 9 bit Organization R ggvova:;lzsz'}q"?:ta'om Lines

e Single +5V Supply (10% Tolerance) 'me;

e 30-Pin Socket Insertable Module 100ns max. (MSC2304-10YS9/KS9)

® Refresh Period ... 4ms (256 cycles) 120ns max. (MSC2304-12YS9/KS9)

e Allinputs, Outputs, Clocks 150ns max. (MSC2304-15YS9/KS9)
Fully TTL,COmpatib’le ® Low Power Dissipation;

e 3-States Outputs 2970mW max. (MSC2304-10YS9/KS9)

e Common CAS Control for Eight Common 2723mW max. (MSC2304-12YS9/KS9)
Data-In and Data.Out Lines 2475mW max. (MSC2304-15YS9/KS9)

e Operating Temperature ... 0°C to 70°C
CAS-before-RAS refresh capability

FUNCTIONAL BLOCK DIAGRAM ° ”Page Mode’’ capability
Ac-As
RAS
CAS
WE
—+— AcAs
RAS RAS
CAS CAS
WE WE
oat Pvec vs: Das Pvgovss
Ac-As AcAs
RAS RAS
cAS CAS
s WE
D Q| Q Q
DQ2 [ Voo Vss :} Dbaf I Yee Vss
Ac-As 44— AcAs
RAS RAS
CAS CAs
WE WE
pa3 ~[ n"ccvssy_—J pa7 Qoo ved
AcAs —+— Ac-As
R S
CTAS TAS
WE F
D, Q8
DQ4 _r [vee ved _'| o Vcc Vss
L Acas
RAS
CASS CAs
D9 DWE Qf
Voo VocVss @0
Llc _Lecs
Vgs —1I
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PIN ASSIGNMENT

MSC2304YS9

MSC2304KS9

PIN No. PIN NAME PIN No. PIN NAME PIN No. PIN NAME
1 Vee 1 A4 21 WE
2 CAS 12 A5 22 vss
3 DQ1 13 DQ4 23 DQ7
4 AO 14 A6 24 NC
5 A1 15 A7 25 D@8
6 DQ2 16 DQ5 26 Q9
7 A2 17 A8 27 RAS
8 A3 18 NC 28 CAS9
9 vSsS 19 NC 29 D9

10 DQ3 20 DQ6 30 Vee

ABSOLUTE MAXIMUM RATINGS (See Note)

Rating Symbol Value Unit
Voltage on any pin relative to Vgg VIN. VOouT -1to+7 \Y
Voltage on Vg supply relative toVgg Vce —-1to+7 \
Operating temperature Topr Oto70 °C
Storage temperature Tstg —40to +125 °C
Power dissipation Pp 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 to the conditions as detailed in the operational sections of this data sheet. Exposure to
absolute maximum rating conditions for extended periods may affect device reliability.
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RECOMMENDED OPERATING CONDITIONS (Referenced toVgg)

. ) Operating
Parameter Symbql Min. Typ. Max. Unit ~mperature
Vce 4.5 5.0 55 v
Supply Voltage
Vss (0] 0 0 \
0°C to +70°C
Input High Voltage,
all inputs VIH 2.4 6.5 \
Input Low Voltage,
all inputs VIL -1.0 ; 0.8 \'
DC CHARACTERISTICS
(Recommended operating conditions unless otherwise noted.)
100ns 120ns 150ns
Parameter Symbol | MODULE | MODULE | MODULE | ynit

Min. | Max. | Min. | Max. | Min. | Max.

Operating Current*®
Average power supply current Icet 540 495 450 | mA
(RAS, CAS cycling; trc = min.)

Standby Current
Power supply current lcc2 45 45 45 | mA
(RAS =CAS =V Q)

Refresh Current 1
Average power supply current lces 495 450 405 | mA
(RAS cycling, CAS = V|H; tRc = min.)

Page Mode Current*
Average power supply current Icca 360 315 270 | mA
(RAS = V|, CAS cycling; tpc = min.)

Refresh Current 2
Average power supply current lces 495 450 405 | mA
(CAS before RAS; trc = min.)

Input Leakage Current

Input leakage current, any input
(OV < V)N < 5.5V, ail other i |-90 | 90 |-90 | 90 |-90 | 90 | uA

pins not under test = 0V)

Output Leakage Current
(Data out is disabled, Lo |-10 | 10 |-10 | 10 |-10 | 10 | uA
0V < VouTt <5.5V)

Output Levels
Output high voltage

(loy = -5mA) VoH |24 24 24
Output low voltage
(lgL = 4.2mA) VoL 0.4 0.4 0.4

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"MH2)

Parameter Symbol Typ. Max. Unit
input Capacitance (Ao ~ As) CiN1 40 70 pF
Input Capacitance (RAS, CAS, WE) CIN2 40 75 pF
pete o ou wo | 7 | @ | e
Input Capacitance (CAS9) CIN3 5 10 pF
Input Capacitance (D9) CIN4 4 10 pF

Output Capacitance (Q9) CouT 4 15 pF

Capacitance measured with Boonton Meter.
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AC CHARACTERISTICS
(Recommended operating conditions unless otherwise noted.) Note 1,2,3
MSC2304-1 0 | 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

cycle time tRC ns | 200 220 260

Access time from RAS tRAC ns 100 120 160 | 4,6

Access time from CAS tcac ns 50 60 | 75 | 5,6

Output buffer turn-off

delay toFF ns o] 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 | 10us | 120 | 10us | 150 | 10us

RAS hold time tRSH ns 50 60 75

CAS pulse width tcas ns 50 | 10us | 60 | 10us| 75 | 10us

CAS hold time tcsH ns | 100 120 150

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

CAStoRAS set-uptime | tcRs ns 20 25 30

Row address set-up

time tASR ns 0 0 0

Row address hold time | tRaH ns 15 15 16

Column address set-u

e Pltasc [ ns | © 0 0

Column address hold

time tCAH ns 20 20 25

Read command set-up

time tRCS ns 0 o] 0

Read command hold 0 o 0

time referenced to CAS | tRCH ns

Write command set-up

time twcs ns (o] o] 0 8
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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.

Wri |

wig:ﬁ command pulse WP ns 15 20 25

Writ d hold

e e tWweH | 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 tps ns 0 0 0

Data-in hold time tbH ns 20 20 25

Refresh set-up time for

CAS referenced toRAS | 'FCS ns 20 25 30

Refresh hold time for

CAS referenced toRAS | FCH ns 20 25 30

CAS precharge time

(C before R cycle) ICPR ns 20 25 30

RAS precharge to

CAS active time tRPC | ns | 20 20 20

Page made cycle tpg ns | 100 120 145 8

Page mode CAS

precharge time tcp ns 40 50 60 8
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Notes:

1

o O

An initial pause of 100 us 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 V| (Max.) are reference levels for measuring of input signals. Also transi-
tion times are measured between V|4 and V).

Assumes that trcp < trcD (Max.). If trop is greater than the maximum recommended
value shown in this table, tRAc Will increase by the amount that trcp exceeds the value
shown.

Assumes that tRcp 2 tRcp (Max.).
Measured with a load circuit equivalent to 2TTL loads and 100 pF.

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

Page mode cycle.



= DYNAMIC RAM-MSC2304YS9/KS9 =

READ CYCLE
tRC
tRAS:
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PAGE MODE READ CYCLE
tRAS
— VIH
RAS V|-
L tCAS
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RAS ONLY REFRESH CYCLE

NOTE: CAS=V,y, WE, D| = Don't care
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HIDDEN REFRESH CYCLE
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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 tgep (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 DN (tpH). 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 (A,
through Ag) 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 (tgaH) specification has
been satisfied and the address inputs have been
changed from row-addresses to column-addresses.

= DYNAMIC RAM-MSC2304YS9/KS9 =

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 MSC2304 during a
write cycle. The last falling edge of WE or CAS is a
strobe for the Data in (D) register. In a write
cycle, if WE is brought “low’’ (write mode) before
CAS, D| 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 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 trcp (max) is satisfied, or after
tcac from transition of CAS when the transition
occurs after tggp (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.

303




= 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 (Aoto 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 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
MSC2304 offers an alternate refresh method.
If CAS is held on low for the specified period
(trcs) 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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MSC2304YS9/KS9 (SIP/SIM) DERATING CURVE
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OKI semiconductor

MSC2331A-XXYS3/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 (MSM51C256JS). The mounting of two SOJs and one PLCC together with three 0.2 uF
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
MSC2331A-XX YS3/KS3 are quite same as the original MSM514256AJS; each timing requirements
are noncritical, and power supply tolerance is very wide.

FEATURES

® 262,144 word X 9 bit Organization
® Single +5V Supply (10% Tolerance)
® Refresh Period ... 8ms (512 cycles)
e All Inputs, Outputs, Clocks

Fully TTL compatible
3-States OQutputs
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

® Row Access Time;
80ns max. (MSC2331A-8A/80 YS3/KS3)
100ns max. (MSC2331A-1A/10 YS3/KS3)
® | ow Power Dissipation;
1155mW max. (MSC2331A-8A/80 YS3/KS3)
990mW max. (MSC2331A-1A/10YS3/KS3)
® QOperating Temperature ... 0°C to 70°C

A0-A8 _ |——
o — |l
WE — RAS
CAS
WE
DQ1-4 pa OF
VCC  VSS l
| A0-A8
RAS
CAS
WE
DQ5-8 DQ OE
VCC vss I
AO-A8
RAS
CAS
WE
D9 D of— a9
VCC VSS
vee J
c1:ll: cs#
vss
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PIN ASSIGNMENT

PIN No. PIN NAME PIN No. PIN NAME PIN No. PIN NAME
1 Vee 11 A4 21 ‘WE
2 CAS 12 AS 22 vss
3 oQ1 13 DQ4 23 pQ7
4 AO 14 A6 24 NC
5 A1 15 A7 25 [ole]:]
6 DQ2 16 DQS 26 Q9
7 A2 17 A8 27 RAS
8 A3 18 NC 28 CASS
9 vss 19 NC 29 D9
10 DQ3 20 DQ6 30 Vee
ABSOLUTE MAXIMUM RATINGS (See Note)
Rating Symbol Value Unit
Voltage on any pin relative to Vgg VIN. VOuT —1to+7 \'
Voltage on Vg supply relative toVgs Vce -1to+7 v
Operating temperature Topr Oto70 °C
Storage temperature Tstg —40to +125 °C
Power dissipation Pp 3 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.

308




B DYNAMIC RAM - MSC2331A-XX YS3/KS3 m

RECOMMENDED OPERATING CONDITIONS (Referenced to Vsg)

) ) Operating
Parameter Symbol Min. Typ. Max. Unit temperature

vce 45 50 55 v
Supply Voltage

Vss 0 o] o] v

0°Cto +70°C

Input High Voltage,
allinputs VIH 2.4 — 6.5 v
Input Low Voltage,
all inputs ViL -10 — 08 v

DC CHARACTERISTICS

(Recommended operating conditions unless otherwise noted.)

MSC2331A- | MSC2331A- | MSC2331A- | MSC2331A-
8AYS3/KS3 | 1AYS3/KS3 | 80YS3/KS3 | 10YS3/KS3 | ynit

Min. | Max. | Min. | Max. | Min. | Max. { Min. | Max.

Parameter Symbol

Operating Current*
average power supply Icct — 210 | — (180 | — | 210 | — | 180 | mA
(RAS, CAS cycling: tRC = min.)

Standby Current* :%Cl_z) — 75 — 75 — 75 — 75 | mA
power supply current
(RAS = CAS = VIH) Mow | — | 45| — |45 | — | 45| — | 45 | mA

Refresh Current 1*
Avarage power supply current lcc3 — | 210 | — | 180 | — [210 | — | 180 | mA
(RAS cycling, CAS = V|y: rpc =min.)

Refresh Current 2*
Average power supply current Icce — |20 | — | 180 | — [210| — | 180 | mA
(CAS before RAS; tpc = min.)

Refresh Current*
Average power supply current lcc7 — 160 — 155 — 170 | — 155 | mA
(RAS =V, CAS cyling: tPC =min.)

Input Leakage Current

Input leakage current, any input |
(OV< VN <55V, all other u
pins not under test = OV)

Output Leakage Current
(Data out is disabled, ILo -10| 10 | =10 | 10 | =10} 10 | =10 | 10 | KA
OV<=Voyr=5.5V)

Output Levets
Output high voltage VOH 24 | — 24| — |24 — | 24 | —
(IloH =—5mA)

Output low voltage VoL — |04 | — |04 | — |04 ] — |04 |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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CAPACITANCE
(Ta =25°C, f =1 MHz)
Parameter Symbol Max. Unit

Input Capacitance (Aq ~ Ag) Ci 40 pF
Input Capacitance (RAS, CAS, WE) Ci2 40 pF
ks I
Input Capacitance (CAS9) Ci3 10 pF
Input Capacitance (D9) Cia 10 pF
Output Capacitance (Q9) Co 15 pF

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

MSC2331A | MSC2331A | MSC2331A | MSC2331A
8A YS3/KS3]1A YS3/KS3| 80 YS3/KS3|10 YS3/KS3

Parameter Symbol Unit| Note
MIN | MAX|MIN [ MAX | MIN | MAX | MIN | MAX

Refresh period ‘Rer | —| 8| —| 8|—| 8|—| 8 |ms
Random read or write cycle time trRc |160| — [190| — [160| — |190| — |ns
Fast page mode cycle time tpc 55| — | 66| — | 80| — | 65| — |ns
Access time from RAS tRac | — |80 | — {100 | — | 80 | — | 100 |ns| 4,56
Access time from CAS tcac| — |25 | — |30 |— |2 | — | 25 |ns| 45
Access time from column address taA — |40 | — |50 | —| 40 | — | 50 |ns| 46 m
Access time from CAS precharge tcPA | — |50 | — |50 | —]45 | —| 5 |ns| 4
%Ut low impedance time from toLz ol — ol — ol — ol — ng 4
Output buffer turn-off delay 'ofFF | 0|20 | 0| 20| 0|20 | 0] 20 |ns
Transition time ty 3|50 | 3|50 | 3/ 50| 3|5 |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

t
(Fast page mode cycle only) RASP | 80 (100000( 100 [100000/ 80 (100000| 100 |100000| ns

RAS hold time 'RSH | 25| — | 30| — | 20| — [ 25| — |ns
(Fast page mede ycle only) 'cP 10| = 0| — 10| — | 10| — Ins
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 tReD | 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 tcrRP | 10| — | 10| — | 10| — | 10| — |ns
Row address set-up time taAsr o — o — o — 0| — |ns
Row address hold time tRaH | 15| — [ 15| — [ 12| — [ 15| — |ns
Column address set-up time tasc o — 0| — 0| — O — |ns
Column address hold time tcaH | 15| — | 20| — | 15| — | 20| — |ns
Column address hold time from RAS | AR 60| — | 75| — | 60| — | 75| — |ns

Column address to RAS lead time tRaL | 40| — | 50| — | 40| — | 50| — |ns
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AC CHARACTERISTICS (CONT)

MSC2331A [ MSC2331A | MSC2331A | MSC2331A
Parameter Symbol 8A YS3/KS3|1A YS3/KS3[80 YS3/KS3|10 YS3/KS3 Unitl Note
MIN | MAX | MIN | MAX | MIN | MAX | MIN | MAX

Read command set-up time trcs 0| — o — o — O — |ns
Read command hold time tReH| o]l — | ol — | o] — | o] — |ns| 7
Write command hold time from RAS | '‘WCR| 60| — | 75| — |60| — | 75| — |ms
Write command set-up time twes{ o| — o — o — 0| — |ns
Write command hold time ‘WeH|{15| — [20| — |15 — | 20| — |ns
Write command pulse width twp |15 — |20 — (15| — |20]| — |ns
Data-in set-up time tps o — 0| — 0| — O — |ns
Data-in hold time 'bH |15 — |20 — |15 — | 20| — |ns
Data-in hold time from RAS '‘DHR |60 | — | 75| — |60 | — | 75| — |ns
Read command hold time t o A o -

reference to RAS RRH | 10 10 10 10 ns| 7
RAS to CAS set-up time t . _ _ _

(_C AS before RAS AS) CSR | 10 10 10 10 ns

RAS to CAS hold time t _ _ _ _

(CAS before RAS) CHR | 30 30 30 80 ns
CAS active delay from RAS t o _ _ -
precharge RPC [ 10 10 10 10 ns

CAS precharge time teceN 10| — |15 — |10 — [15| — |ns

Notes: 1 An initial pause of 100 us 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 atty =5 ns.

3 Vjy (min.) and Vi (max.) are reference levels for measuring of input signals. Also. transi-
tion times are measured between Vi and Vj_.

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

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

6 Operation within the tgap (max.) limit insures that tRac (max.) can be met. trap (max.)
is specified as a reference point only; if tRAp is greater than the specified trap (max.)

limit, then access time is controlled exclusively by taa.
7 Either tgrH Or tRCH Must be satisfied for a read cycle.
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READ CYCLE

'Rc
'RP
'RAS
—_— __ﬁ\ ~
vie - - ) W
'csH
crp tRCD 1RSH 'crP
oo
_ - cas
Cas UM / /
Tass It -
'RAD 'RAL |
lasr 'RAH tasc 'caH
s | e
Vi
Address v:::. fow ) Colum _‘W /
‘AR |
i 'RCH
'rcs 1RRH
i
= Vi~
WE C;
Vie - W 'cac
L 'an i
'cLz i orr
'RAC -

oa OPEN D Vahd Data

-

WRITE CYCLE(EARLY WRITE)

axs ;;;;_TR 4 N_
} 'FP‘ e ‘cas lm
oyl ‘ \ / /
), /Y,
= 2o T —// /Y
!‘ oHR ‘?‘s’ -
eSO/, S I,

Dont care
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FAST PAGE MODE READ CYCLE

tRASP rp
RAs VM- \
viL -
'csH tpc 'RSH
'crp 'RCO CAS 'CAs 'cRp
1
CAs VM~
g VIL - N
TASS
RAL
‘AR l
1ASR RAH 'asC 1CAH ICAH

Vig -
Address
ViL - Row Col

'RAD 'RRH
'RCH |, | 'RCH
'RCS RCS RCS 'RCH

— vy -
We UM / / K: : 2
ViL -
" icac Icac tcac
e

e fe—eri
'AA 'AA 'aA
! !
'RAC 'cPA 'cPa
oa VOH- P\ ey m'_vaTa'( a’ﬁa
Qo VoL - Data Data f ¥ Data
| |lorF | |torr \oFF
toLz " ez T ez T
% Don't care
FAST PAGE MODE CYCLE (EARLY WRITE)
tRASP 'RP
v
RAS ::‘_ \
tec 'RSH
‘(FL ‘RO CAS cp cas ‘cp 'cas 'crP
CAs VM~ 0\ K\
X } \:Jij
ar N 'RAL
1
'asR| | 'RaH  tasc CAH ‘Aﬁ_ ICAH  'asc | }.'c_.m
Address ;:r:m Row o o ool 7/
' 'RAD ' b
'wer :
'wes | lwen ‘wes 'wCH  'wes 'weH
w2 NP Y
we ww-L/LL /
U T T T
o] oy e fon e

32 :r-—/ ////mb:‘m'“ Valid Osta ] Vahd Data

% Don't care
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RAS ONLY REFRESH CYCLE

'RC

'RP

tRAS

RAS

Vipy -
ViL - \

crP tRPC

] |
=i/ 7

CAsg L-
'Asq 'RAH

Sk I Y,

VOH -
oQ OPEN
a9 VoL-

Don't care

NOTE: WE =Don't care, A9 = Don't care

ﬁf? BEFORE RAS AUTO REFRESH CYCLE

'RC
RP
{RAS "
AAS le - N\
| -
- 'RPC
tceN | tcsr 'CHR
)
—_ Vg —
CAS V‘” /
CAss 'L
toFf

VO — =
oa " } OPEN

oI o TR —

Don'tcare

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

V- 7
Address V:t' @{ Row @ Column

=uw. N / \ /
F=w_/ o \‘
tasR RAH llsc ‘can
/) S
N F‘i 'RRH
w T | T
tRAC B OFF
pa YoM~ / Valid Data
oo 1o — —
Don't care
HIDDEN REFRESH WRITE CYCLE
A N / \ /
= N

//

‘wer
‘wes 'WCH
1t
vy -7 wp
W I
ViL - /
'os [
oH
Vig -
oa m Valid Dat
oo v TR e X 7

'DHR

Dortcare
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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 DRAMSs in SOJ (MSM511000AJS). The mounting of nine SOJs
together with nine 0.2 x 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;each 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)
30-Pin Socket Insertable Module
Refresh Period ... 8ms (512 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

Separate CAS Control for One Separate Pair
of Data-In and Data-Out Linens
Access Time;
80ns max. (MSC2312A-8A/80 YS9/KS9)
100ns max. (MSC2312A-1A/10 YS9/KS/9)
Low Power Dissipation;
3713mW max. (MSC2312A-8A/80 YS9/KS9)
3218mW max. (MSC2312A-1A/10 YS9/KS9)
Operating Temperature ...0°C to 70°C

A ,A,j—

RAS

CAS

WE

CAS9

[oF]

vee

vss
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PIN ASSIGNMENT

MSC2312AYS9

MSC2312AKS9

PIN No. PIN NAME PIN No. PIN NAME PIN No. PIN NAME
1 Vee 1 A4 2 ‘WE
2 CAS 12 A5 22 vVSS
3 DQ1 13 DQ4 23 pQ7
4 AO 14 A6 24 NC
5 A1 15 A7 25 DQ8
6 DQ2 16 DQ5 26 Q9
7 A2 17 A8 27 RAS
8 A3 18 A9 28 CAS9
9 vss 19 NC 29 D9

10 DQ3 20 DQ6 30 Vee

ABSOLUTE MAXIMUM RATINGS (See Note)

Rating Symbol Value Unit
Voitage on any pin relative to Vgg VIN. VouT —-1t0+7 v
Voltage on Vcc supply relative to Vgg vVce —-1to+7 v
Operating temperature Topr O0to70 °C
Storage temperature Tstg —55to 150 °C
Power dissipation Pp 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 to the conditions as detailed in the operational sections of this data sheet. Exposure to
absolute maximum rating conditions for extended periods may affect device reliability.
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RECOMMENDED OPERATING CONDITIONS (Referenced to Vgg)

Parameter Symbol Min. Typ. Max. Unit tgmp:g:tzge
Vece 45 5.0 55 v
Supply Voltage
Vss 0 0 0 v
0°Cto +70°C

Input High Voltage,
all inputs VIH 24 — 6.5 v

Input Low Voltage,
all inputs ViL -1.0 . 08 v

DC CHARACTERISTICS

(Recommended operating conditions unless otherwise noted.)

MSC2312A- [IMSC2312A- MSC2312A-| MSC2312A-
Sym 8AYS9/ KS9[1AYS9/ KS9/80YS9/ KS9|10YS9/ KS9

Parameter Unit
Min. | Max. | Min.|Max. | Min. | Max.| Min. |Max.

Operating Current®
Average power supply current Icc1| — |675| — | 585 | — | 675 | — [ 585 | mA
(RAS, CAS cycling; trc = min.)
Standby Current* (|.|919L2) — | 18| —]| 18|— | 18| — | 18| mA
Power supply current 1
(RAS =CAS =V|y) (Mcgg) — 9 | — 9|—| 9| — 9 [ mA

Refresh Current 1*

Average power supply current lcca| — | 675 | — | 585| — | 675 | — | 585 | mA
(RAS cycling, CAS = V| trc =min.)

Refresh Current 2*

Average power supply current lcce| — | 675 | — | 585| — | 676 | — | 585 | mA
(CAS before RAS; tgc=min)

Page Mode Current*
Average power supply current 'CC7 — | 495 | — | 495 | — | 540 | — | 495 | mA
(RAS =V, CAS cycling; tpc =min.)

Input Leakage Current

Input leakage current, any input _ _
(OV < VjN < 5.5V, all other Iy |-90| 90| -90| 90(—-90| 90 |—-90| 90 | pA

pins not under test =0V)

Output Leakage Current
(Data out is disabled, Lo |-10| 10| -10| 10(-10| 10|—-10| 10| wA
oV <Vouyrt <56.5V)

Output Levels
Output high voltage VOH| 24 | — | 24| — | 24| — | 24| — | V
(loH =—5mA)
Output low voltage Voo|— | 04| —|04| — | 04| — | 04 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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CAPACITANCE
(Ta =25°C,f =1 MHz)

Parameter Symbol Typ. Max. Unit
Input Capacitance (Ao ~ As) CiN1 40 70 pF
Input Capacitance (RAS, CAS, WE) CIN2 40 75 pF
e wa | 7| m |
Input Capacitance (CAS9) CIN3 5 10 pF
Input Capacitance (D9) CiNg 4 10 pF

n Output Capacitance (Q9) Cout 4 15 pF

Capacitance measured with Boonton Meter.
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AC CHARACTERISTICS
(Ve =5V £10%, Ta =0to +70°C) Note 1.2.3
MSC2312A | MSC2312A | MSC2312A | MSC2312A
Parameter Symbol -BAYSYKSO | -AYSO/KSO | -80YS/KSQ | -10YSO/KS |\ ! Note
MIN | MAX | MIN | MAX | MIN | MAX | MIN | MAX
Refresh period ‘Rerp | —| 8| —| 8| —| 8|—| 8 |ms
Random read or write cycle time trRc |160| — |190| — [160| — |190| — |ns
Fast page mode cycle time tpc 65| — | 85| — 50| — | 85| — |ns
Access time from RAS tRac | — | 80 | — 100 | — | 80 | — 100 |ns| 456
Access time from CAS t‘cAC| — |25 | — |30 | — |20 | — | 25 |ns| 45
Access time from column address taa — |40 | — |50 | —| 40 | — | 5 |ns| 46
Access time from CAS precharge tcPA| — |50 | — |50 | — |45 | — | 50 |ns| 4
%}ut low impedance time from toLz ol — ol — ol — ol — ng 4
Output buffer turn-off delay toFF 0| 20 0| 20 0| 2 0| 20 |ns
Transition time tr 350 | 3/ 50| 3|50 | 3|5 |ns| 3
RAS precharge time trp 70 — | 80| — | 70| — | 80| — |ns
RAS pulse width tRAS | 8010000100 |10000| 80 |10000|100 10000 | ns

RAS pulse width

t
(Fast page mode cycle only) RASP | 80 [100000| 100 [100000| 80 {100000| 100 [100000| NS

RAS hold time tRSH | 25| — | 30| — | 20| — | 25| — |ns
(CFQSt ‘;f;: i%zéngfcle only) fcp |10| — | 10| — [ 10| — |10 — |ns
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 'RCD | 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 tcrRp | 10| — | 10| — | 10| — | 10| — |ns
Row address set-up time tasr | ol — | o] — | ol — | o] — |ns
Row address hold time tRAH [ 15 — [ 15] — |12 — [ 15| — |ns
Column address set-up time tasc| ol — | o]l — | ol — | o]l — |nms
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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AC CHARACTERISTICS (CONT.)

MSC2312A | MSC2312A | MSC2312A | MSC2312A
Parameter Symbol -BAYSO/KSO | -1AYSO/KS9 | -80YS/KS9 | -10YS9/KS9 unitl Note
MIN | MAX | MIN | MAX | MIN | MAX | MIN | MAX
Read command set-up time trcs o — 0| — 0| — 0| — |ns
Read command hold time tRCH 0| — ol — 0| — 0| — |ns| 7
Write command hold time from RAS | 'WCR |60 | — | 75| — |60| — | 75| — |ns
Write command set-up time twes| o] — 0| — o — 0| — |ns
Write command hold time tweH 15| — |20 — |15 — | 20| — |ns
Write command pulse width twp |15 — [20| — |15| — | 20| — |[ns
Data-in set-up time tps o — o| — 0| — 0| — |ns
Data-in hold time tpH 15| — (20| — [15| — | 20| — |ns
Data-in hold time from RAS 'DHR |60 | — | 75| — |60 | — | 75| — |ns
Read command hold time t o o o -
reference to RAS RRH | 10 10 10 10 ns| 7
RAS to CAS set-up time t _ _ _ _
(——C AS before RAS AS) CSR | 10 10 10 10 ns
RAS to CAS hold time t . - B -
(CAS before RAS) CHR | 30 30 30 30 ns
CAS active delay from RAS t o o -
precharge RPC | 10 10 10 10| — |ns
CAS precharge time tceN |10 — [15| — |10] — | 15| — |ns

Notes: 1 An initial pause of 100 us 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 atty =5ns.

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

4 Measured with a load circuit equivalentto 2TTL + 100 pF.

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

6 Operation within the trap (max.) limit insures that trac (max.) can be met. tRap (max.)
is specified as a reference point only; if tRAD is greater than the specified tRap (max.)

limit, then access time is controlled exclusively by taa.
Either tRrH or tRCH Must be satisfied for a read cycle.

~
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READ CYCLE

'Re
'RP
'RAS
—_ Vit ) SR ©
RAS
- N / N
'csH
‘crp 'RCD 'AsH ._‘C_..”
- ‘cas
Cas VM x
cass -
'RAD 'RAL
Al SR | |_tran 'AsC 'CAH
Vi = >
S/ SR ), R A
AR
'RCH
'rRcs 'RAH
Vi 7 3
WE H
R/ \ Y
1AM |
‘ez [ tore
'RaC

oa VoW - ~
Q9 OPEN 4 Valid Data
Vo - 3

[///] oontcare

WRITE CYCLE(EARLY WRITE)

'RC

'RAS r—‘

'RCD 'RSH

crp
‘csH
'cas

e M Aow ) \ oo Y
= w7 /I

'oHR

' ‘rJ.S.‘ ‘oM

% ::::V///////i//m Vaio Data W //////// //
Don't care
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FAST PAGE MODE READ CYCLE

tRASP ‘P
== Vin-
RAS
Vie - \
csH 'pc 'RSH
tcRP 'cas 'CRP
j 1
=~z VIH~
CAS 7
—_— V-
Cass
RAL
AR | | 'RAH cAH
F~ et
Mih
Address
/), i
'RAD RRH
‘RCH 'ReH
'RCS T 'RCS ‘RCS 'RCH
= T / "L
ViL -
n 'cac 'cac 'CAC
'AA aa 'AA
'RAC cPA cra
pa VoH- [Vata Y, ~Vaia ) [ Vaia
Q9 Vou - Data Data Dala
| | torF ‘OFF lOFF
‘ez T ez ‘oLz
a Don't care
tRASP g
= Vin~
RAS M \
vip -
tec 'RSH
crp RO 'cas |, 'cp ‘cas , 'cp CAS 'crp
cas VIH™ ) K
o T F / \_]/E\
CASS
AR | - 'RAL
| |
'ASR| | 'RAH  tasc ICAH  tasc IcAH  tasc CAH
- == R R e
Address H” i
ress Vie - Row Col Col L Col
'RAD '
'wer
-
‘wes 'weH  'wes 'WCH  twes WCH
fo—aq Al
£ M il
R wp ad we
wi
€ v -7/ 7)) m / / /L ;
'os 'oH ‘os oH ‘os 'OH
e ]
oa Vil -
D9 VIL'f Vahd Data @ Valid Data @ Valid Data /

'oHR

Don'care
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RAS ONLY REFRESH CYCLE
'RC
tRp
'RAS
— V-
RAS v:f ~ \ N\
‘crP RPC

EAs zu-« - i N\ /
Casg L -—

tASR 'RAH
e

s 1 v KL

pa VOH -

OPEN
Q9 VoL -

” Don't care

NOTE: WE = Don‘t care, A9 = Don't care

CAS BEFORE RAS AUTO REFRESH CYCLE

'RC
L ‘rp
'RAS [
A VIH— /r
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HIDDEN REFRESH READ CYCLE
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OKI semiconductor
MSC2313A-XXYS8/KS8

1,048,576 BY 8 BIT DYNAMIC RAM MODULE

GENERAL DESCRIPTION

The Oki MSC2313A-XX YS8/KSS8 is a fully decoded, 1,048,576 words X 8 bit CMOS dynamic random
access memory composed of nine 1IMb DRAMSs in SOJ (MSM511000AJS). The mounting of nine SOJs
together with nine 0.2 x 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 YS8/KS8 are quite same as the original MSM511000A
JS; each timing requirements are noncritical, and power supply tolerance is very wide. “

FEATURES

® 1,048,576 word X 8 bit Organization ® Row Access Time;

e Single =5V Supply (10% Tolerance) 80ns max. (MSC2313A-8A/80 YS8/KS8)

® 30-Pin Socket Insertable Module 100ns max. (MSC2313A-1A/10 YS8/KS8)

® Refresh Period ... 8ms (512 cycles) ® Low Power Dissipation;

® AllInputs, Outputs, Clocks 3300mW max. (MSC2313A-8A/80 YS8/KS8)
Fully TTL compatible 2860mW max. (MSC2313A-1A/10 YS8/KS8)

® 3-States Outputs ® Operating Temperature ... 0°C to 70°C

® Common CAS Control for Eight Common

Data-In and Data-Out Lines

FUNCTIONAL BLOCK DIAGRAM

RAS
CAS
WE
L 4 Ao~As Ao~As
RAAS RA3
CAS cas®
VE we
oar Oyec v, 00 Oy cved)
—— s Ao—As
RAS RAS
CAS CAS
oo by
0a? vecvss[T] 0% Vog veg
L« Ao~as ho—he
s L]
CAS TAS
T 9 K
a3 T 'ccvss:l oa \cc vsd)
L Ao~as Ld ao~ae
RAS RAS
TAS TAS
WE WE
. o of— oos Q
oa I [ Vee Vs: "1 | [vocvss
Vi
It T
vss —L
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PIN ASSIGNMENT

MSC2313AYS8

MSC2313AKS8

PIN No. PIN NAME PIN No. PIN NAME PIN No. PIN NAME
1 Vee 11 A4 21 WE
2 CAS 12 A5 22 vSs
3 oQ1 13 DQ4 23 pQr
4 AO 14 A6 24 NC
5 A1 15 A7 25 DQs
6 DQ2 16 DQs 26 NC
7 A2 17 A8 27 RAS
8 A3 18 A9 28 NC
9 vSss 19 NC 29 NC

10 [slek] 20 DQ6 30 Vee

ABSOLUTE MAXIMUM RATINGS (See Note)

Rating Symbol Value Unit
Voltage on any pin relative to Vgg VIN. VOuT —1to+7 v
Voltage on Vcc supply relative to Vgs Vece -1to+7 v
Operating temperature Top, Oto70 °C
Storage temperature Tstg —55to 150 °C
Power dissipation Pp 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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RECOMMENDED OPERATING CONDITIONS (Referenced to Vgs)

Operatin
Parameter Symbol Min. Typ. Max. Unit temp:era;u?e

vVce 45 5.0 §5 Vv
Supply Voltage

vss 0 0 0 v

0°Cto +70°C

Input High Voitage,
all inputs ViH 24 — 6.5 v
Input Low Voltage,
all inputs Vi -10 — 08 v

DC CHARACTERISTICS

(Recommended operating conditions unless otherwise noted.)

MSC2313A-| MSC2313A- | MSC2313A- | MSC2313A-
Parameter Symbol 8AYS8/KS8 1AYS8/KS8 | 80YS8/KS8|10YS8/ KS8

Min. |Max. | Min. | Max. |Min. | Max. | Min. |Max.

Unit

Operating Current*

Average power supply current lcct| — |600| — | 520 — | 600 | — | 520|mA
(RAS, CAS cycling; trc = min.)

Standby Current* 2 || 16| —| 16| — 16| — | 16 |mA
(TTL)

Power supply current ;

(RAS =CAS =V|y) wos |— | 8| —1| 8|— 8| —| 8|ma

REfresh Current 1*

Average power supply current lcca| — | 600 — | 520 | — | 600 | — | 520 |mA
(RAS cycling, CAS = V|4; trc =min.)

Refresh Current 2*

Average power supply current lcce | — | 600 | — 520 | — | g00| — | 520 | mA
(CAS before RAS; tRC = min)

Page Mode Current*®
Average power supply current lcc7 | — | 440 | — | 440 | — | 480 | — 440 |mA
(RAS = V). CAS cycling; tpc =min.)

Input Leakage Current

Input leakage current, any input _
OV < Vi < 5.5V, all other 'l |-80| 80 |-80| 80 (-80| 80 -80 ) 8O |uA

pins not under test = 0V)

Output Leakage Current
(Data out is disabled, Lo |-10| 10| -10| 10 |-10| 10|-10| 10 kA
OV < Voyt <5.5V)

Output Levels
Output high voltage VOH |24 | — | 24| — |24 | — 24 | — | V
(loH = —5mA)
Output low voitage Vo|— |04 | — |04 | — |04 — 04V
(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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CAPACITANCE
(Ta =25°C, f =1 MH2)
Parameter Symbol Typ. Max. Unit
Input Capacitance (Ao~ Ag) CIN1 37 60 pF
Input Capacitance (RAS, CAS, WE) CiN2 35 65 pF
Data Input/Output Cpa 7 20 oF

Capacitance (DQ)

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

MSC2313A- | MSC2313A- | MSC2313A- | MSC2313A-
BAYSB/KS8 | 1AYSB/KS8 | 80YS8/KS8 | 10YS8/KS8

Parameter Symbol Unit| Note
MIN [ MAX | MIN  MAX | MIN | MAX | MIN | MAX

Refresh period ‘Rer | —| 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| — | 60| — | 85| — |ns
Access time from RAS tRac | — |80 | — |100 | — | 80 | — | 100 |ns| 4,56
Access time from CAS t‘cAc| — |25 |— |3 |— |20 |—| 25 |ns| 45
Access time from column address tAA — |40 | — |80 | — |40 | — | 50 [ns| 46
Access time from CAS precharge tcPA | — |50 | — |50 | — | 45 | — | 50 |ns| 4
%)ut low impedance time from toL z ol — ol — ol — ol — ng 4
Output buffer turn-off delay toFrF 0| 20 0| 20 0| 2 0| 20 |ns
Transition time tr 3|50 | 3/50| 3|50 | 3|5 [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

t
(Fast page mode cycle only) RASP | 80 |100000( 100 [100000| 80 |100000| 100 [100000{ ns

RAS hold time tRSH | 25| — | 30| — [ 20| — | 25| — |ns
CAS precharge time t _ - - -

(Fast page mode cycle only) cP 10 10 10 10 ns
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 tReD | 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| o| — | ol — | o — | o] — |ns
Row address hold time tRaH [ 15| — |15 — | 12| — [ 20| — |ns
Column address set-up time tasc o| — 0| — 0| — 0| — |ns
Column address hold time ‘CAH | 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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AC CHARACTERISTICS (CONT.)

MSC2313A- | MSC2313A- | MSC2313A--| MSC2313A-
BAYSEKS8 | 1AYS8/KS8 | 80YS8/KS8 | 10YS8/KS8

Parameter Symbol Unit| Note
MIN|MAX | MIN | MAX | MIN | MAX | MIN | MAX

Read command set-up time trcs 0| — o — o — 0| — |ns
Read command hold time 'ReH| o] — | ol —| o] — | o] — |ns| 7
Write command hold time from RAS | 'WCR| 60 | — | 75| — |60 | — | 75| — |ns
Write command set-up time twes| o] — o — o — O — |[ns
Write command hold time tweH|15| — |20 — [15] — | 20| — |ns
Write command pulse width twp (15| — |20 — |15| — | 20| — |ns
Data-in set-up time tps o — o — o — 0| — |ns
Data-in hold time H |15 — |20| — |15 — |20| — |ns
Data-in hold time from RAS 'DHR |60 | — | 75| — | 60| — | 75| — |ns
Read command hold time t _ - _ _

reference to RAS RRH | 10 10 10 10 nsf 7
RAS to CAS set-up time t - o o o

(CAS before RAS) CSR | 10 10 10 10 ns

RAS to CAS hold time t . o _ .

(CAS before RAS) CHR | 30 30 30 30 ns

CAS active delay from RAS t _ _ _ _
precharge RPC | 10 10 10 10 ns

CAS precharge time PN 10| — |15 — |10 — [15] — |ns

Notes: 1 An initial pause of 100 us 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 atty =5 ns.

3 V|H (min) and V) (max.) are reference levels for measuring of input signals. Also, transi-
tion times are measured between V4 and V.

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

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

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

7 Either tRRH or tRCH Must be satisfied for a read cycle.
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FAST PAGE MODE READ CYCLE
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RAS ONLY REFRESH CYCLE
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CAS BEFORE RAS AUTO REFRESH CYCLE
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HIDDEN REFRESH READ CYCLE
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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 uF 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 MSM511000AJS; each timing requirements are noncritical, and power
supply tolerance is very wide.

FEATURES
@ 262,144 word X 36 bit Organization @ Access Time;
@ Single +5V Supply ( 5% Tolerance) 80ns max. (MSC2320A-8A/80 YS9)
@ Refresh Period ... 8ms (512 cycles) 100ns max. (MSC2320A-1A/10YS9)
@ All Inputs, Outputs, Clocks @ Low Power Dissipation;
Fully TTL compatible 4410mW max. (MSC2320A-8A/80 YS9)
@ JEDEC Compatible Dimensioning 3780mW max. (MSC2320A-1A/10YS9)

@ CAS before RAS refresh, RAS only refresh, @ Operating Temperature ... 0°C to 70°C
hidden refresh, and fast page mode capability @ Fast access and cycle times

FUNCTIONAL BLOCK DIAGRAM
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A0-as —{A0-a8
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D Dout D D
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WE WE
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PIN ASSIGNMENT

MSC2320A-XXYS9

BOTTOM

aTalslalal

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 |A1 25 |pQ22 [37 [MP1 49 [ DQs 61 |DQ13 | -
2 DQo 14 | A2 26 | DQ7 38 | MP3 50 | DQ24 62 | DQ30 -
3 |pate |15 [A3 27 [pazs [39 [vgs [s51 [pae 63 [DQi4 -
4 el 16 | A4 28 | A7 40 |TCaso |52 |Dazs 64 | DQ31 -
5 DQ17 17 | AS 29 |INC 41 [TCasz |58 [Dato 65 | DQ15 -
6 DQ2 18 | A6 30 |Vce 42 |Cass |54 DQ26 66 |NC -
7 |oais |19 [N 31 [As 43 |Gast |55 |patt [e7 [vss Vss
8 Das 20 | DQ4 32 |NC 44 |'Raso |56 |DQ27 68 |NC NC
9 DQ19 21 | bQ2o 33 |Ras3 |45 |Ras1 |57 |DQi2 69 |Vss NC
10 |Vec |22 |Dos 34 |Rasz |46 |NC 58 |DQ28 |70 |Vss |Vss
11 |NC 23 | DQ21 35 | MP2 47 |WE 59 | Vcc 71 |NC -
12 | A0 24 | DQB 36 | MPO 48 |NC 60 | DQ29 72 |Vss -

Note: Vcc 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 Vgg VIN. VOouT -1to+7 \
Voltage on Vg supply relative to Vgg vce -1to+7 v
Operating temperature Topr Oto70 °C
Storage temperature Tstg -40to +125 °C
Power dissipation Pp 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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RECOMMENDED OPERATING CONDITIONS (Referenced toVss)

. (o] tin
Parameter Symbol Min. Typ. Max. Unit temp:er?a;u?e
Vce 475 50 5.25 "
Supply Voltage
Vss 0 0 [o] v

0°Cto +70°C
Input High Voltage,

all inputs ViH 24 - 6.5 v

Input Low Voltage,

all inputs ViL -1.0 — 08 v

DC CHARACTERISTICS

(Recommended operating conditions unless otherwise noted.)

MSC2320A- | MSC2320A- | MSC2320A- | MSC2320A- |
Parameter Symbol | BAYS9 1AYS9 80YS9 10vsg | Unit

Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max.

Operating Current average
power supply ICC1 — | 840 | — |720| — | 840 | — | 720 | mA
(RAS, CAS Address cycling)

Standby current power

supply standby current Icc2 - 30| — 30| — 30| — 30 | mA
F%%gr']‘l;yngﬁgf%'}\%‘m% Icc3 | — |840| — |720| — |840| — | 720 | mA
Fast page mode current ICC4 — (640 | — [ 620 — (680 | — | 620 | mA
Standby current ICC5 — 18| — 18| — 18| — 18 | mA
CAS before RAS refresh lccé | — [840| — [720| — |840| — | 720 | mA
Input leakage current IL) |-120] 120 |-120] 120 |-120| 120 |-120| 120 | LA

Output leakage current dout o |—10| 10 |—10| 10 |—10| 10 |—10] 10 | uA

disagled
Output high level I0H 24 | — |24 — |24 | — | 24| — | MA
Output low level VOL — (04| — |04 — |04 — |04 Y

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

(Ve =5 Volts + 5%, f = 1MHz, Tc = 0 ~ 70°C)
Symbol Parameter Min. Max. Unit
Cyy Input Capacitance (A, ~Ag) — 88 pF
C Input Capacitance (W) — 104 pF
Ciz Input Capacitance (R_A%,m) — 57 pF
Ci, Input Capacitance (CASO — RAS3) — 36 pF
CDQq 170 Cap (DQO — DQ31) — 17 pF
CDQ, 1/0 Cap (MPO — MP3) — 22 pF

Capacitance measured with Boonton Meter.
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Electrical Characteristics and Recommended AC Operating Conditions

MSC2320A-8AYS9 | MSC2320A-1AYS9 | MSC2320A-80YS9 | MSC2320A-10YS9

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 e 50 ns 2

tcLz CAS to output in Lo-Z — [¢] — [0} — o] — [¢] ns 2

tOFF | Output buffer turn-off delay o] 20 0 20 0 20 0 20 ns 3

1T 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 | 100000 | 100 | 100,000 80 [100000 | 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 TAS precharge time (Fast page mode) 10 [9) 10 — 10 — 10 — ns

tASR | Row address set-up time [o] — 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 — [¢] — o] — 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

WP Write command pulse width 15 — 20 — 15 - 20 e ns

tRWL | Write command'to RAS lead time 20 e 25 — 20 — 25 — ns

tCWL | Write command to CAS lead time 20 — 25 — 20 — 25 — ns

tDS Date set-up time 0 — 0 — [¢] — 0 — ns 5

tDH Date hold time 15 — 20 — 15 e 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 — 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 100pf.

3) tOFF (max defines the time at which the output achieves an open circuit condition.
4) Either tRCH or tRRH must be satisfied for a read cycle.

5) These 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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® READ CYCLE

'RC
RAS -
=N /r "
'CsH
'cRp 'RCD 'RSH e
cAS zm-j lcas /
-
'RAD 'RAL
'ASR RAH M 'CAH
/) SRR /), S I,
AR ‘i .
'rcs 1RAM -
= g \ W
'an
‘oz 1 'oFF
'RAC _‘|
DQ Vou- OPEN & E——
v Vahd Data
oL -
Oon tcare
® WRITE CYCLE (EARLY WRITE)
'RC
'RAS s
mur N zj \_
\ 'RcD 'RSH .
'CRP ICSH 'CRP
EAE vy~ lcas
w_/ \ / /
'aR
! 1
'AEL 'RAH = 'asc 'c::L
Address;:::% Row \ Column W/ / / /
'wcr
_'_VEE 'WCH
R 'wp
w T W
4
OHR T_s— —
DQ Vim - -
ST, R Y v
! Don't care
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® FAST PAGE MODE READ CYCLE

'RASP 'RpP
V-
AAS N
Vi -
'csH 'pC 'RSH
'cRpP 'RCD 'CAS cRP
1
CAS vin-
in-_/ \
‘AR |
1
tasr 'RAH tasc 'CAH
r-‘  — H |
Address VIH ///
Vi - Row Col /)
'RAD l 'RAH
'RCH ! 'RCH
'RCS 'RCS ‘RCH
1, ! ! 4
cac cac
tAa I tan '
I
'CPA 'cpa
DQ Vow - Vana } @ Vahd Vand
voL - Data f Dalla ‘ Oata
|| torF | |lorF I toFF
+~
‘cLz iz | T lew
T

T Oon'tcare

® FAST PAGE MODE WRITE CYCLE (EARLY WRITE)

'RASP ‘| 'RP
=— Vin "
AAs VM
Vi -
tpC 'RSH
'crp 'RCD 'cas 'cp 'CAS 'cp 'cAS 'crP |
|
CAS ViH- J <
Vie - b
‘AR | L 'RAL
|
'asrl | 'RAH 'asc 'CAH 'A?i:. 'CAH  'aSC 'CAH
A4 I S e Pt R el
| ! I
Vi - } ) }
'RAD | Pl
'WCR | |
=
'wes 'wCcH  'wes 'WCH 'wcs I 'weH
et —_— s —— [ —
v |'we 'wp Iwp
— Vi - r
" - // /// l Vi i / / /
‘ |
'0s 'DH 'os | 'oH 'os | ‘oM
o] — —e]

o :::: ///// Vaha Data Vvaid Data m Vand Data Zﬁ
'oHR
I Don't care
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® RAS ONLY REFRESH CYCLE

'RC

'RP

'RAS
ARS Vin -

Vi -_—‘\ /

'CRP 'RPC

CAS Vin -~
ViL -

'asm 'RAH
p—— -

Address::[‘:é,’,y Row " v// /// //////,/ / / // / 7 ,

Vou --
ba "o OPEN
Vo -

”
Don tcare

NOTE WE =Don'tcare. A9 = Don't care

® CAS BEFORE RAS REFRESH CYCLE

'RC
'RP
'RAS
AAS Vik = \

Vie - X

'RPC

'CPN 'CsSR 'CHR .

CAS V- \
ViL - \
\OFF

DQ Yor -

Vou e A

OPEN

vl

% Oon'tcare

NOTE: WE = Don'tcare. AO — A9 = Don't care
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@ HIDDEN REFRESH READ CYCLE

'RC RC
RAS RP RAS ___'mP
Vib= tAR
TN T X
L 9
T
‘cRP RCD 'RSH tCHR tcPN ,
tAs M7 f 'RAD \\ ‘—4\
ViL= tAsC
'SR || RAH ICAH
ViH = —
Address Row Column
Vie=

RRH

'Rﬁr_.l 'RAL _I

w I e X U

VoH - ! L
bQ _———"_—g Valid Data-out [—
- |

Don't Care

® HIDDEN REFRESH WRITE CYCLE

'RC tRC
RAS . 'rpP 'RAS _'RP
Vik- —3 AR ZL——q )r—;
S ] \ N
Vie= - #
\CRP tReD 'RSH 'CHR | ‘CPN |
@s M ]_ 'RAD \
Vie= tasc
tasR_ | |  'RAH CAH] taaL
Vin-=
Address Row Column % M
ViL=
| wes WCH
WE e / » e y / / / /
ViL—
ps 'DH
ViH-
ba m% Valid Data-in W/ /// / / //
ViL= 3
DHR

m Don't Care
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HIDDEN REFRESH WRITE CYCLE

'RCD

S

‘wCH

‘we

I

Valid Data

X /1

m Don't care
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OKI semiconductor
MSC2321A-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 Kb drams
in SOJ (MSM51256JS). The mounting of twenty-four SOJs together with twenty-four 0.2 uF
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 @ Access Time;
@ Single +5V Supply ( 5 % Tolerance) 80ns max. (MSC2321A-8A/80 YS18)
@ Refresh Period ... 8ms (512 cycles) 100ns max. (MSC2321A-1A/10YS18)
® All Inputs, Outputs, Clocks @ Low Power Dissipation;
Fully TTL compatible 4568mW max. (MSC2321A-8A/80 YS18)
@® JEDEC Compatible Dimensions and pinout. 3938mW max. (MSC2321A-1A/10YS18)

@ CAS before RAS refresh, RAS only refresh, @ Operating Temperature ... 0°C to 70°C
hidden refresh, and fast page mode capability @ Fast access and cycle times

FUNCTIONAL BLOCK DIAGRAM

A0-A8}
RASO RAST — RASZ RAS3I—1
TASD CAS
WE
—] AU-A8 /01 [—DQ0 —§/0} A0-A8 —A0-A8 1/01 |—mP16 —{1/01 A0-A8 |—9
41— RAS 1702 f—pq —{1/02 m—-_* p—1— FAS 1/02 —mp17 —{1/02 RAS 14
CAS 1703 L gy —{ 1703 TAS CAS 17031 \oyg —{1/03 CAS
WE 1704 —]1/04 WE WE /04 |104 WE
OF [ 0@ OF OE [—MP19 —]
vee Vss ] I: Vss vee vce vss :l [ vss vee
b—A0-A8 1/01 —DQ4 —1/01 A0-A8 — —1 A0-A8 1/01 F—MP20 —] 1so1 Ao ASI—
4 RAS 1/02 t—pQs — 1/02 11 t——— RAS 1/02 —mp21 —{ 1 /0O RAS 11
TAS 1703 o —{1/03 TAS CAS 1/03 b—mp 22 — 1/03 CAS
WE 1704 1 |/0| WE WE 1/04 /04 WE
——DQ7 B8 [ MP23 ok
VeC VSS) :l [ vss vee vee vss vSs vee
1 A0-A8 A0-A8 |1 —— A0-A8 A0-AB —1
L] RAS —1 L T 1 rag 14
8 . casp L1 TAS TAS
WE WE WE WB
Lin Dout Dout D
|—1 vec vss T“M T Vs vee '""'I |_ e vs® TTME 15988 vee®
I I T T I I
1 1 1 T
t— A0-A8 1/01 —DQ8 —1/01 A0-A8|— — A0-A8 /01 —MP24—]1/01 AO-A8|—4
p-1— RAS (/02 —pQy —{1/02 — b1 | RAS 1702 —yp2s —{ 1702 7S |—
. . — %es 1/23 —pqio — 1703 ch’E_____, ng! 17030 yip2s — l/oz CTAS
”D’i’ F—pan _é{:oa I/gé |—mp 27 —{ 51 1/04 WE
Vee Vss ] Vvss vee vee vss :] [ vss vee
t— A0-A8 1/01 —DQIZ—{1/01 A0-A8 [ 1 A0-A8 1/01}—MP28—11/01 A0-A8}—
b1 | RAS  1/02 —DQI13 —{1/02 RAS —1 bt RAS  1/02} wmp29 —{1/02 RAS |14
CTAS 1703 L pQiq — 1/03 CAS CAS 1/03 | Mp3g —] 1703 CAS
WE ug_la: —oQ1s —| l/O WE WE ”8§ [ mp31 —]- 1204 WE
VCC VSS) [ vss vee VCC VSS ] E vSS vCC
L [ao-as -as] | L—{a0- -
4% A0ZAR YRy A0-AB
—w i W k]
l— Pitc vs8o T“P' T Podts ved'" ~I r Py vs8e T"” T oss ved'" —l
I I I |
TAST ‘l i TAS3 I T
vee +—t 1 ]
CipeeerCi2
vss T
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PIN ASSIGNMENT

MSC2321A-XXYS18

BOTTOM
prmm o
@) [¢) E (0] O
N
(@) (0] o
1 36/ 37 72

Pinout A t

Pin | Assign | Pin | Assign | Pin | Assign | Pin | Assign| Pin | Assign | Pin | Assign

No. No. No. No. No No.

100 ns [80 ns |70 ns

1 Vss 13 | A1 25 | DQ22 37 | MP1 49 | DQ8s 61 | DQ13 - -

2 DQO 14 | A2 26 | DQ7 38 | MP3 50 | DQ24 62 | DQ30 - -

3 DQ16 15 | A3 27 {DQ23 39 |Vss 51 | DQ9 63 | DQ14 - -

4 DQt 16 | A4 28 | A7 40 EEE 52 | DQ25 64 | DQ31 - -

5 DQ17 17 | A5 29 INC 41 ‘EEE 53 | DQio 65 | DQ1s - -

6 DQ2 18 | A6 30 {Vce 42 'EEE 54 | DQ26 66 |NC - -

7 |paws |19 fNC 31 [A8 43 [Gasy |55 |pa1t je7 [N NC NC

8 [Da3 [20 [DQ4 [32 [NC 44 |maso |56 [pa27 [es [vss [vss [vss

9 |pbato |21 |Da2o 33 |Rass |45 |Rmast |57 [paiz [es [NC Vss NC

10 [vee 22 |pas 34 [masz |46 [NC 58 [DQ28 [70 [NC Vss Vss

1 NC 23 | DQ21 35 | MP2 47 |WE 59 | Vco 71 |NC - -

12 | A0 24 | DQ6 36 | MPO 48 | NC 60 | DQ29 72 |Vss - -

Note: Vcc 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 Vgg VIN. VOouT -1to+7 v
Voltage on Vg supply relative to Vgg vVce —1to +7 v
Operating temperature Topr Oto 70 °C
Storage temperature Tstg —40to +125 °C
Power dissipation Pp 24 w
Short circuit output current 50 mA

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

352

should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to
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RECOMMENDED OPERATING CONDITIONS (Referenced to Vsg)

. Operatin
Parameter Symbol Min. Typ. Max. Unit temp:eratu?e

Vee 4.75 50 5.25 v
Supply Voltage

Vss 0 0 0 v

0°Cto +70°C

Input High Voltage, _
all inputs ViH 24 6.5 v
Input Low Voltage, .
all inputs Vie -1 08 v
DC CHARACTERISTICS

(Recommended operating conditions unless otherwise noted.)

MSC2321A- | MSC2321A- | MSC2321A- | MSC2321A-
Parameter Symbol | BAYS18 | 1AYS18 | 80YS18 | 10YS18 |,

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

supply standby current IcC2 - 60 | — 60 | — 60 | — 60 | mA
A o e | 13 | — | 870 | — | 750 | — |870| — | 750 | ma
Fast page mode current ICC4 — | 670 | — | 660 | — | 710 | — | 650 | mA
Standby current ICC5 — 36 | — 36 | — 36 | — 36 | mA
CAS before RAS refresh icce | — |870| — | 750 | — |870 | — [ 750 | mA
Input leakage current (L) |-240| 240 |-240| 240 |-240| 240 |-240| 240 | pA

Output leakage current dout oL | .20 20 |-20]| 20 |-20] 20 |-20] 20 LA

disagled
Output high level I0H 24 | — | 24| — (24| — [ 24| — | mMA
Outpu# low level VOL — | 04| — 04| — |04 | — |04 | V

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

(Ve = 5 Volts + 5%, f = TMHz, Tc =0 ~ 70°C)
Symbol Parameter Min. Max. Unit
Cn Input Capacitance (Ag ~Ag) — 161 pF
Ci, Input Capacitance (W) — 193 pF
Cly Input Capacitance (RASO, RAS3) — 62 pF
Ci, Input Capacitance (CASO — CAS3) — 62 pF
CDQ, 170 Cap (DQO — DQ31) — 29 pF
CDQ, 170 Cap (MPO — MP3) — 39 pF

NOTES:

1)
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Electrical Characteristics and Recommended AC Operating Conditions

MSC2321A-8AYS18 MSC2321A-1AYS18 MSC2321A-80Y518 MSC2321A-10YS18 .

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 — 60 — 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
cw TAS to output in Lo-Z — [0] — o) — [¢] — 0 ns 2
tOFF | Output buffer turn-off delay 0 20 0 20 [0] 20 [¢] 20 ns 3
T 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 | 10000 | 100 [10000 | 80 | 10000 | 100 | 10000 | 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 (10000 | 30 |[10000| 20 |[10000 | 25 [10000 | 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
tCRP | CAS to RAS precharge time 10 — 10 — 10 — 10 — ns
tCcP mprecharge time (Fast page mode) 10 — 10 — 10 — 10 — ns
tASR [ Row address set-up time [¢] — [¢] — 0 — 0 — ns
tRAH | Row address hold time 15 — 15 — 12 — 15 — ns
tASC | Column address set-up time (0] — o] — 0 — 9] — 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] — ns
tRCH | Read command hold time (o] - o] — 0 — 0 — ns 4
tRRH__| Read i 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
WP Write command pulse width 15 — 20 — 15 — 20 — ns
tRWL | Write command to 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 e o] — 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 - (o] — 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 100pf.

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

4) Either tRCH or tRRH must be satisfied for a read cycle.

5) These 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 controlied 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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@ READ CYCLE

'RC
AP
'RAS
— V- B
RES \ N
'csH
icap 1RCD 'RSH ! 'cRe
'cas I
CAS ViH~ \
Vie - \
'RAD 'RAL
'ASR 'RAH 'ASC 'CAH '

Address :;:‘:M Row S@L Column ﬂw // /// //ZZ

‘AR |
1 'RCH
tRCS wen [
wE VYiIH—7
WE - / icac
|
'aa
‘ez 1 'oFF
'RAC -
DQ Vou - —y
OPEN Vahd Data
VOL -
Dontcare
® WRITE CYCLE (EARLY WRITE)
'R
'rP
—_— P
mas N N
'RCD 'RSH
‘crRP ) 'crRP
CSH
J— 'cas
CAS Vi ‘—/ N / /‘
Vi -
‘AR
'RAD 'RAL
‘Asu 'Ram 'asc ICAH
|
Address x::" N {  fow m Column / / / /
- A
'WCR
twes 'weH
—
‘wp ~
= Vi~ 7 .
WE Vr- 7, I 1 /
'OHR
'os toH
aaal
DQ ViK -
Don'tcare
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® FAST PAGE MODE READ CYCLE

'RASP 'rP
gy - /
ARS M- N

'csH 'pC 'RSH
'crep 'RCO cas | ‘cp 'Cas 'CRP
-
CAS V- Y
Vi - 5
RAL
‘AR |
1
IASFJ 'RAH us_c# ICAH | tasc Ican
i—_- by (e

e
Vi -
Address V::‘ M Row Col @ Col

'RCH

'RRH

7 'RCS | 'RCH
! 1

‘—wh"A.
o
R
>
|

Vahd Vaig
Oala Oata

| |'oFF 'oFF
I

T e |
T

'cLz ‘cLz

Oontcare

® FAST PAGE MODE WRITE CYCLE (EARLY WRITE)

'RASP ‘| 'RP

b
»l

— Vi~ T
Vi -

' pC 'RSH

'cp 'cas | || 'cap

'crp RCD 'CAS 'cp 'cas |
|
= , F = S

CAS V- [
Vi - |
|

AR | 'RAL
|
'asrl | 'RAH 'asc 'CAH  'ASC ' 'CAH  'ASC CAH
e ot e ey
™ ! i [
Address '™ -m Row Col @ Col Col M
Vie - 3 -~
r 1 I " 4
'RAD

]
I i
'WCR |
- |
wes 'WCH  'wes 'WCH  'wes | 'wew
| by r— ] —
v |'we 'wp wp
— Vi - -
= T YT YT
|
|
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p—ef o] — —]
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® RAS ONLY REFRESH CYCLE

AAS VM
ViL -

‘RC

'rp

'RAS

'cRP 'RPC

CAS Vin -
ViL -

'asR 'RAH
o A

Address:::*:@ Aow K/ ///l,///////// / ///////////// <

DQ@ VoH -

VoL -

OPEN

p
Dontcare

NOTE WE =Don'tcare. A9 =Don't care

@ CAS BEFORE RAS REFRESH CYCLE

= \ B

|

0
>
[

DQ VoW -—————

Vou =

W N l/

'rC

'rp

'RPC

'cPN 'cskr ICHR

\OFF

OPEN

N

% Don'tcare

NOTE: WE = Don'tcare. AO ~ A9 = Don't care
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@ HIDDEN REFRESH READ CYCLE

tRC 'RC
RAS RP RAS Rp

. Vm- T % AR
RAS ] -—_——_.j X

viL- 3 4

N
\CRP 'RCD tRSH CHR 1cPN
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|
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" e el
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DQ ———————g Valid Data-out
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Don't Care

I w— — N
] r‘ 'RCD 'RSH 'CHR L 'cPN |
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::::zaiz[iv@; = X TTTTTTTTTTTTTTITTTINC
- s I
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OKI semiconductor
MSC2328A-XX YS2/KS2

262,144 BY 8 BIT DYNAMIC RAM MODULE

GENERAL DESCRIPTION

The Oki MSC2328A-XX YS2/KS2 is a fully decoded, 262,144 wordsx 8 bit CMOS dynamic random
access memory composed of two 1Mb DRAMSs in SOJ (MSM514256AJS). The mounting of two SOJs
together with two 0.2 4 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 ® Row Access Time;

® Single =5V Supply (10% Tolerance) 80ns max. (MSC2328A-8A/80 YS2/KS2)

® 30-Pin Socket Insertable Module 100ns max. (MSC2328A-1A/10 YS2/KS2)

® Refresh Period ... 8ms (512 cycles) ® Low Power Dissipation;

® All Inputs, Outputs, Clocks 825mW max. (MSC2328A-8A/80 YS2/KS2)
Fully TTL compatible 715mW max. (MSC2328A-1A/10 YS2/KS2)

® 3-States Outputs ® QOperating Temperature ... 0°C to 70°C

® Common CAS Control for two Common

Data-In and Data-Out Lines

FUNCTIONAL BLOCK DIAGRAM

A0-a8 j————
RAS
CAs
WE = —
A0-a8
RAS
CAS
WE
DQ1-4 DQ OE
vce  vss
A0-2A8
RAS
cas
WE
DQ5-8 ———— 11 —
vee  vss OF
vee T
c1 c2
vss 1T
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PIN ASSIGNMENT

PIN No. PIN NAME PIN No. PIN NAME PIN No. PIN NAME
1 Vee 1 A4 21 WE
2 CAS 12 A5 22 vSs
3 pQ1 13 DQ4 23 oQ7
4 AO 14 A6 24 NC
5 A1 15 A7 25 DQ8
6 DQ2 16 pQs 26 NC
7 A2 17 A8 27 RAS
8 A3 18 NC 28 NC
9 vSsSs 19 NC 29 NC

10 DQ3 20 DQ6 30 Vee

ABSOLUTE MAXIMUM RATINGS (See Note)

Rating Symbol Value Unit
Voltage on any pin relative to Vgg ViN. VouT —-1to+7 v
Voltage on Vo supply relative to Vgg vVce —-1to+7 v
Operating temperature Topr Oto70 °C
Storage temperature Tstg —55 to 150 °C
Power dissipation Pp 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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RECOMMENDED OPERATING CONDITIONS

(Referenced to Vgg)

Parameter Symbol Min. Typ. Max. Unit tgnp:;:ttge
vee a5 5.0 5.5 v
Supply Voltage
Vss 0 0 0 v
0°Cto +70°C
Input High Voltage,
all inputs ViH 24 — 6.5 v
Input Low Voltage,
allinputs ViL -10 — 08 v
ﬂ DC CHARACTERISTICS
(Recommended operating conditions unless otherwise noted.)
MSC2328A-|MSC2328A-|MSC2328A- MSC2328A-
Parameter Symbol 8AYS2/KS2 [1AYS2/KS2 |80YS2/ KS2|10YS2/ KS2 Unit
Min. |Max. | Min. | Max. | Min. |Max.| Min. |Max.
Operating Current*
Average power supply current lcct1| — |10 | —| 130|— }150 | — | 130 |mA
(RAS, CAS cycling; trc = min.)
Standby Current® ('T‘Ercf) — 4 | — 4| — 4| — 4 | mA
Power supply current ]
(RAS = CAS = V) oyl — | 2= 2|—| 2|— 2 {mA
REfresh Current 1*
Average power supply current lccg| — | 150 — | 180 | — | 150| — | 130 |mA
(RAS cycling, CAS = V|H: trc =min.)
Refresh Current 2*
Average power supply current lcce | — | 50| — | 180 | — | 150 — | 130 | mA
(CAS before RAS; tRrc = min) .
Page Mode Current®
Average power supply current lcc7 | — | 120 | — 120 — | 130 | — | 120 |mA
(RAS =V, CAS cycling; tpc =min.)
Input Leakage Current
Input leakage current, any input
(OV < V| < 5.5V, all other Iyt | —20| 20 (|—20 20|—20| 20| —20| 20 |uA
pins not under test =0V)
Output Leakage Current
(Data out is disabled, ILo | -10| 10| -10| 10|-10| 10|-10| 10 | uA
oV <Voyrt <55V)
Output Levels
Output high voltage VOH | 24 | — | 24| — |24 |— | 24 | — | V
(loH = —5mA)
Output low voitage Vo| — | 04| —| 04| — |04 | — |04 | V
(loL = 4.2mA)

Note*: Icc is dependent on output loading and cycle rates. Specified values are obtained with the
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CAPACITANCE
(Ta =25°C, f =1 MH2)
Parameter Symbol Max. Unit
Input Capacitance (A, ~As) CIN1 30 pF
Input Capacitance (RAS, CAS, WE) CIN2 30 pF
Data Input/Output coa 20 PF

Capacitance (DQ)

Capacitance measured with Boonton Meter.

= DYNAMIC RAM -MSC2328A-XXYS2/KS2 =
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AC CHARACTERISTICS
(Vo =5V +10%, Ta =0 to +70°C) Note 1,2,3

MSC2328A- | MSC2328A- | MSC2328A- | MSC2328A-
BAYS2/KS2 | 1AYS2/ KS2| 80YS2/KS2 | 10YS2/KS2

Parameter Symbol Unit| Note
MIN | MAX | MIN | MAX | MIN | MAX | MIN | MAX

Refresh period Rerp | —| 8|—| 8|—| 8|—| 8 |ms
Random read or write cycle time trRe [160| — |190| — [160| — [190]| — |ns

Fast page mode cycle time tpc 65| — | 85| — | 80| — | 85| — |ns
Access time from RAS ‘RAC | — |80 | — [100 | — | 80 | — [100 [ns|456
Access time from CAS t‘cac| — |25 |— |3 |—|20|—| 25 |ns| 45
Access time from column address tAA — |40 | — |5 | — |40 | — | 80 [ns| 46
Access time from CAS precharge tcPA|— |50 | — |5 |— |45 |— | 5 |ns| 4
_Ou_tput low impedance time from teLz ol — ol — ol — ol — In 4
CAS S
Output buffer turn-off delay toFF 0| 20 0| 20 0| 2 0| 20 |ns
Transition time tr 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

('f;:; ‘;‘:Zg ,‘:’]?;2 cycle only) tRASP | 80 [100000| 100 [100000| 80 |100000| 100 |100000| ns

RAS hold time 'RSH | 25| — | 30| — | 20| — | 25| — |ns

(%ggt %r:gg ?;%Z:g?cle only) fcp 10| — |10 — | 10| — | 10| — |ns

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 tReD | 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 o — 0| — 0| — 0| — |ns

Row address hold time tRAH 15 — |15 — | 12| — | 15| — |ns
Column address set-up time tasc | o] — 0| — 0| — 0| — |[ns
Column address hold time tcaH | 15| — | 20| — | 15| — | 20| — |ms
Column address hold time from RAS | AR | 60| — | 75| — | 60| — | 75| — |ns
Column address to RAS lead time tRAL | 40| — | 50| — | 40| — | 50| — |ns
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AC CHARACTERISTICS (CONT.)

MSC2328A- | MSC2328A- | MSC2328A- | MSC2328A-
8AYS2/KS2 | -1AYS2/ KS2 | 80YS2/KS2 | 10YS2/KS2

Parameter Symbol Unit| Note
MIN { MAX | MIN | MAX | MIN { MAX | MIN | MAX

Read command set-up time tRes| ol — [ o — | o] —| o — |ns
Read command hold time ‘ReH| o — [ o] — | of — | o — [ns| 7
Write command hold time from RAS | '"WCR| 60| — | 75| — |60 | — | 75| — |ns
Write command set-up time twes| o] — o| — 0| — 0| — |ns
Write command hold time tweH| 15| — |20| — |15 — | 20| — |ns
Write command pulse width twp |15 — |20| — |15 — |20| — |ns
Data-in set-up time tps o — 0| — o — O — |ns
Data-in hold time tbH |15 — |20| — |15 — |20| — |ns
Data-in hold time from RAS tbHR |60 | — | 75| — |60 | — | 75| — |ns
Read command hold time t o o _ o

reference to RAS RRH | 10 10 10 10 ns 7
RAS to CAS set-up time t o o _ _

(—CAS before ‘RAS) CSR | 10 10 10 10 ns
RAS to CAS hold time t - N N -

(_C AS before RAS AS) CHR | 30 30 30 30 ns

CAS active delay from RAS t _ _ _ _
precharge RPC | 10 10 10 10 ns

CAS precharge time teceN 10| — |15 — |10 — |15| — |ns

Notes: 1 An initial pause of 100 us 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 atty =5 ns.

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

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

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

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

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

= TN N
& f A |
Address :::‘:%r Row >@§ Column W y
2k ‘J\ 'RCH
we z:f: / {]‘ 'cac i %
ol i
e 'RAC Llﬂi‘ uﬂ‘
0Q zOH - OPEN — Valid Data P
Don't care
WRITE CYCLE(EARLY WRITE)
N / N
=7 LN -
saaen J” o [ cowm Y,
LA/ N T
ViH - l"
v LTI 0w XTI
Dontcare
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FAST PAGE MODE READ CYCLE
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RAS

Vil
Vi -

tRASP

FAST PAGE MODE CYCLE (EARLY WRITE)

RAS VM
Vie -

tRASP

tRCD 'cas

tpc 'RSH

Address VIH ™
it -

CAs VT
CAS 7
Vie -

'cas 'cp 'cAS

'RAL
1

'RP

'crP

‘AR Jl f
'asr| | 'RAH  tasc 'CAH  'ASC. lcaH  'asC 'CAH
ad Feet l.._. [ R e
Row Col Col @ Col ?Q;;; /
'RAD
‘wer _{
twes 'WCH

‘wes 'WCH  'wCs 'WCH

Don' care

S A/ A Y
. o oy tesf o tos ) o
°e V:: / % Valid ata Vaiid Data Valid Data 1”/ / "
}.¢.‘
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RAS ONLY REFRESH CYCLE

'Rc

tRP

tRAS

S TN \

tcrp tRPC

&as VIH™
CAS /
Vi —

tasr tRAH

v 0T W TTT T TTTTTTTTT T 77777

DQ - OPEN

p
Don't care

NOTE: WE =Don't care, A9 =Don't care

CAS BEFORE RAS AUTO REFRESH CYCLE

tRC
'RP
tRAS S
FAS va - \ '§
- tRPC
tceN | 'csm tCHR
iS5 VK~ \ /
CAS
ViL - 7
toFF

V L —
oQ OH

Vou me

OPEN

vl

Don'tcare

NOTE: WE = Don't care, AO ~ A9 =Don't care
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HIDDEN REFRESH READ CYCLE
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Adaress VIH ™
it -

'RC
‘Ras 'RP 'RAS
FAS VH T / \
RAS
vig -
‘crP. ‘RCD 'RSH 'CHR
_ -
=7 \
-,
'RAD 'RAL
1ASR 'RAH ("SEI tcAH

ot ey
Row @ Column

Y,

LI

AR |
1
'RCS 'RRH
£l
= VN~
/g N\
Vi - A
cac
AR
[ helid
Vi
oa ‘O 4 Valid Data b—-
Yoo ‘oz

HIDDEN REFRESH WRITE CYCLE

qAs VHT
RAS
viL -

GAs VM-
CAS
viL

Adaress VIH”
ViL -

—_ Vg~

H
WE

Vi -

Vi -
Vip -

'Re

\ —

'RAS RP 'RAS

'RCD 'RSH cHR

‘AR
'Ra0__, 'RAL
t
RAH tasc | ‘caH
by fe—erf

X o XX e XU

/L,

‘wes| | tweh

T T T
) SR Y 7 7

loHR
777 oorcwe
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OKI semiconductor

MSC2340-XXYS9/KS9

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

GENERAL DESCRIPTION

The Oki MSC2340-XXYS9/KS9 is a fully decoded, 4,194,304 word by 9 bit CMOS dynamic random
access memory composed of nine 4Mb DRAMs in SOJ (MSM514100JS). The mounting of nine SOJs
together with nine 0.2uF 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 Cvcle Time Power Dissipation
Family (MAX) y ;
(MIN) Operating Standby
trac | taa | tcac (MAX) (MAX)
MSC2340-8 YS9/KS9 80ns | 40ns | 20 ns 160 ns 4455 mW
MSC2340-8A YSI/KS9 | 80ns | 40ns | 25ns | 160 ns 4455 mw (,\‘,“%g {2\\/’!,)
MSC2340-10 YS9/KS9 100 ns| 50ns | 25ns 190 ns 3960 mwW

® Single +5Vsupply, *10% tolerance
® Input: TTL compatible
e Output: TTLcompatible, tristate, nonlatch

® Refresh: 1024 cycles/16 ms

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

e Separate CAS control for one separate pair of Data-in and Data-out lines
® CAS before RAS refresh, CAS before RAS hidden refresh, RAS only refresh capability

® Multi bit test mode capability
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PIN ASSIGNMENT

—a MSC2340-XXYS9/KS9 m

MSC2340-XXYS9

PIN No. PIN NAME PIN No. PIN NAME PIN No. PIN NAME
1 Vee 1 A4 21 WE
2 TAS 12 AS 22 vss
3 oa1 13 004 23 0Q7
4 A0 14 A6 24 NC
5 At 15 A7 :2 Dgsa
0a2 16 0as
g A2 17 A8 27 RAS
8 A3 18 A9 28 CASS
9 vss 19 A10 29 [
10 pa3 20 006 30 Voo
Ag-Aqg l——
RAS
A
Wé
Ag-Ajg Ag-A
"tk—‘*i »—t RAS
[CAS CAS
WE WE
bQ1 OV, Vg DQSs D v
/—{Ag-Ayg Ag-Arg
——>=|RAS .-t RAS
Shs cas
WE WE
Q
DQ2 OV, V. DQ6 dve 2
Ag-A A
=010
ks | PR
CAS CAS
WE e
0Q3 XRY DQ7 oy v
—Bazfio A=A
L>[RAS »——t RAS
o Cas
WE We
Q
bQs O Ovevd
An-Ayg
—— ——>—/_' RAS !
CAS9 CAS
wte
b9 ov v—Q9
Vee L¢ Lq T
T T
Vs |
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ELECTRICAL CHARACTERISTICS
ABSOLUTE MAXIMUM RATINGS

Rating Symbol Conditions Value Unit Note

Voltage on any pin Caco
relative to Vss \'a) Ta=25°C -1.0t0o+7.0 \ 1
Short circuit output ok
current los Ta=25°C 50 mA 1
Power dissipation Po Ta=25°C 9 w 1
Operating o

n temperature Topr Oto +70 C L
Storage temperature Tstg - -40to +125 °C 1

RECOMMENDED OPERATING CONDITIONS
(Ta=0to+70°C)

Parameter Symbol MIN TYP MAX Unit Note
Vce 4.5 5.0 5.5 \ 2
Supply Voltage Ves 5 5 5 v
Input high voltage Vin 24 - 6.5 \Y 2
Input low voltage Vi -1.0 - 0.8 \ 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. Allvoltages are referenced to Vsgs.

CAPACITANCE
(Ta=25°C, f=1MHz)
Parameter Symbol TYP MAX Unit
Input Capacitance (Agto Aqg) Cing 55 70 pF
Input Capacitance (RAS, CAS, WE) Cinz 55 75 pF
Data Input/Output Capacitance (DQ1 to DQ8) Cbq 12 20 pF
Input Capacitance (CAS9) Cing 7 15 pF
Input Capacitance (D9) Cina 7 15 pF
Output Capacitance (Q9) Cout 8 15 pF

Capacitance measured with Boonton Meter.
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DC CHARACTERISTICS
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(Vee=5V £10%, Ta=0to +70°C)

MSC2340-8 [MSC2340-8A|MSC2340-10
Parameter Symbol| Conditions YS9/KS9 | YS9/KS9 Y39/K39 Unit |Note
MIN | MAX | MIN | MAX | MIN | MAX
Output high voltage Vou [low=-50mA | 2.4 [ Vcc | 24 | Vcc | 2.4 | Ve
Output low voltage VoL |loi=8.2mA 0 0.4 0 0.4 0 0.4 Y
OV<VI<65V;
all other pins
Input leakage current L notunder 90 | 90 90 90 90 90 pA
test=0V
DQ1-8,Q9=
Output leakage o dgisable |-10| 10 | =10 10 [-10] 10 | pA
0V<VO<55V
Average power RAS, CAS, CAS9
supply current lccr | cycling, - | 810 - 810 - 720 | mA | 1,2
(Operating) tpe = min
E= Vin | 1
Power supply current | | s, _’/:/39 ~ 18 B 18 ~ 18 mA
(Standby) cc2 = ViH
DQ1-8, tmos| - 9 - 9 - 9
Q9 =Hz
Average power RAS cycling,
supply current lccs | CAS,CAS9=v,, | - [ 810 | - | 810 | - 720 | mA |1,2
(RAS only refresh) tpe = min
RAS =V,
Power supply current CAS, CAST =V,
(Standby) |cc5 DQ1-8,Q9 L - 45 - 45 - 45 mA 1
=enable
Average power _
supply current RAS cycling, _ _ _
(CAS before RAS lec6 | 2as betore RAS 810 810 720 | mA | 1
refresh)
Average power %zcx.—'g'g
supply current lecy Codh - | 720 | - | 720 - 630 | mMA | 1,3
(Fast page mode) ) _‘nficn'“g
PC=

Notes:

with the output open.
2. Address can be changed once or less while RAS = V.

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

1. lccisdependent on output loading and cycle rates. Specified values are obtained
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AC CHARACTERISTICS
(Vec=5V £ 10%, Ta=0to +70°C)

Note 1, 2, 3, 9,10

MSC2340-8 [MISC2340-8A|MSC2340-10
Parameter symbol YS9/KS9 | YS9/KS9 YS9/KS9 Unit | Note
MIN { MAX | MIN [ MAX | MIN | MAX
Random read or write cycle time tre {160 | - 160 | - 190 | - ns
Fast page mode cycle time tpc | 55 - 55 - 65 - ns
Access time from RAS taac | - | 80 | - | 80 | - | 100 [ ns |45
Access time from CAS teac| - 1 20| = | 25| - | 25 | ns |45
Access time from column address taa | — 40 _ 40 - 50 [ ns | 4.6
Access time from CAS precharge tepa | - 45 - 45 - 55 | ns| 4
Output low impedance time from CAS | tcz | 0 - 0 - 0 - Ins| 4
Output buffer turn-off delay time topr | O 20 0 20 0 25 I ns | 7
Transition time tr 3 50 3 50 3 50 | ns| 3
Refresh period trer | - 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 [100,0000 80 {100,000/ 100 [100,000{ ns
RAS hold time tesy 120 = | 25| = | 25| = |ns
CAS precharge time tep | 10 - 10 - 10 - ns
'CAS pulse width teas | 20 [10,000] 25 [10,000{ 25 [10,000] ns
'CAS hold time tesy |80 - |80 | - [100] - |ns
CAS to RAS precharge time teee |10 = | 10| - [10] - |ns
'RAS to CAS delay time thep | 22| 60 | 25| 55 | 25 | 75 | ns | 5
RAS to column address delay time trap | 17 | 40 20 40 20 50 {ns| 6
Row address set-up time tas | O - 0 - 0 - ns
Row address hold time tran | 12 - 15 - 15 - ns
Column address set-up time- tasc | O - 0 - 0 - ns
Column address hold time tcan | 15 - 15 - 20 - ns
Column address hold time from RAS tap | 60 - | 60| - | 75| - |ns
Column address to RAS lead time traL | 40| - | 40 | - 50 | - |ns

374



m MSC2340-XXYS9/KS9 m

AC CHARACTERISTICS (Continued)

MSC2340-8 [MSC2340-8A[MSC2340-10

Parameter Symbol YS9/KS9 | YS9/KS9 YS9/KS9 Unit | Note

MIN [ MAX | MIN | MAX | MIN [ MAX

Read command set-up time tres | O - 0 - 0 - ns
Read command hold time tren | O - 0 - 0 - ns | 8
Read command hold time reference to

RAS tRRH 10 - 10 - 10 - ns 8
Write command set-up time twes | O - 0 - 0 - ns
Write command hold time twen | 15 - 15 - 20 - ns
Write command hold time from RAS twer | 60 - 60 - 75 - ns
Write command pulse width twe | 15 | ~ 15 - 20 T | ns
Write command to RAS lead time thwe | 20| - | 25 - |l 25| - |ns
Write command to CAS lead time tew | 20| - | 25 - |l 25| - |ns
Data-in set-up time tps 0 - 0 - 0 - ns
Data-in hold time ton | 15 - 15 - 20 - ns
Data-in hold time from RAS tour | 60| - [ 60| - | 75 | - |ns
CAS active delay time from RAS

precharge trpc | 10 - 10 - 10 - ns
RAS to CAS set-up time (CAS before

RAS) tesr | 10 - 10 - 10 - ns
RAS to CAS hold time (CAS before

—R—AS) tcHRr 20 - 20 - 20 - ns
CAS precharge time (Refresh counter tepr | 40 _ 40 _ 50 _ ns
test)

WE to RAS precharge time (CAS ~ ~
before R_AS) twrp | 10 10 - 10 ns
WE hold time from RAS (CAS before twan | 20 _ 20 _ 20 _ ns
RAS)

RAS to WE set-up time (Test mode) twsg | 10 | - 10| - 0] - |ns
RAS to WE hold time (Test mode) twar [20] - 20| - | 20| - | ns
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376

Notes: 1.

10.

An initial pause of 200 ps 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 cyclesis required.

The AC characteristics assume tt =5 ns.

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

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

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

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

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

Either trry OF trey Must be satisfied for a read cycle.

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

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

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

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.
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READ CYCLE
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FAST PAGE MODE READ CYCLE

A0-A10

0Q1-8
Q9

Vin
Vi

Vih —

Vi

Vi

Vin
ViL

Vow ™
VoL —

trase trp
- 4l
N / _
tesH toc tRSH
lerg trReD teas | | tep ter tere
1
0 =0 &:‘PA—""\ teas A
/ = S - \_; ;k
tar ' traL
tasr| | WA tasc tasc t tcan
tean tCAg Asq
04 - b d Jr
Row Column Column Column 7
X - X X f
traD
treu(| tren [ l‘—’ tRRH
tres ) the tReH
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i
W CAQ Leac teac,
taa taa taa
TRAC tcpal ' tepa
VDaIid v Y)a“d N v, VDalid N
'\ Data A Data /. ata /.
) Skl " torr
taz OFF  tegz OFF te
1 t

V) "H” oL

FAST PAGE MODE WRITE CYCLE (EARLY WRITE)

trasp 1 tre
v} -y [
TS VIH B \ 4* =X
i T u
tec trsH
tere trep L ter tep i tere
— teas teas I
CAS Viy — —\%1—-) N % teas
CAS9 Vi — tesH = = =
taR | trAL
task | | tRaH  tasc tasc
> | LcaH LA tasc foay
Vin — b d -
A0-A10 v Row Column Column Column )
- b -
twer
twosl | twen | bwed [dwew WO ltwew
— Vi — t t t
WE H WP WP WP
Vie — :
tos 1o t 1o ips o
o R O YO
D9 Vi — N, Data-in [/ Y. Data-in Data-in
-toHR |
Ve —
Q9 ‘oM OPEN
Vor —
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RAS ONLY REFRESH CYCLE

NOTE: WE, A10= “H" or “L" V7 nror L

CAS BEFORE RAS AUTO REFRESH CYCLE

" IW N

/

y——————————  OPEN

NOTE: AO-A10="H" or “L* V4 "H”or L
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HIDDEN REFRESH READ CYCLE

womIT N N J'(
ol _J‘H N /

“H" or “L"

tras tre tras
— Vi N X =\8
RAS Vi — \—t 3 \ ._/
t 1

RCD. R teur
GBS ik i N S
CAS9 VvV, — tan] 4
traL

s s s

Yre twen

-—
_ tw tweH
== VM T
WE WP
Vie — .
ton

o 3‘:3 K

Vo
9 OPEN
Q v

“H* or "L”
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CAS BEFORE RAS REFRESH COUNTER TEST

trAS trp !
— Vg tRsH 4
RAS v ﬂ( 7]
tesr tcHR . teer teas
CAS Vin— Y
CAS9 Vi — &’i 72
tasc tcan
Vi % 3 D
AO-ATO |, _/ % Column
L S
teac
trAL
READ CYCLE tan torr
|
DQ1-8 Von — e
OPEN i
Q9 VoL — ! Valid Data

twee twRH tres | [teuz | I | l tRRH
-~ 1

—V X
we " % % trRcH %
Vie =
WRITE CYCLE
Vou —
Q " OPEN
oL — tRwL
towl
tvrff’ twrH twes twen
— Viy 7 X twe
e w7 | R\ Y
| tos toH

DQ1-8 Viu - N\
D9 Vi Valid Data 4%

“H" or "L"




u MSC2340-XXYS9/KS9 m

TEST MODE INITIATE CYCLE

gl
<<
[
u

tre
trp tras |
~ “r\ l %‘—
treC 7

tep tesr teHr |
CAS Vi — Y - '\
CASO Vib — __ \

twsg twHR |

w7 /.

togr )
DQ1-8 Voy—
Q9 VoL — OPEN

NOTE: A0-A10,D9="H" or "L" V] e or L
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MSC2340YS9
[ 96.52 | f+—5.28 MAX.
3.18 DIA 88.90
82.14
27.94 ” ‘ | |
o o} o o o
—
15.24 ” , ” 1) 2.54 MIN
10.16 635 1k o) o o 30 1
‘ 3 000000000000000000000000000000
—Jk Al L 3
2.03 2.54 1.78 0.25 MA 1.27 -0
7.62 1.5R 73.66 | 2.28 $0.13
NOTE 1) SUBSTRATE ........ GLASS EPOXY (FR-4)
2) CONTACT PADS .... Pb/SnorAuPLATING
3) 4Mx1 DRAMx 9 pcs
MSC2340KS9
3.18 DIA 96.52 |<—5.28 MAX.

88.90
82.14

27.94

2.54 MIN »JL—o,n 00s

SEATING PLANE

NOTE 1) SUBSTRATE ........ GLASS EPOXY (FR-4)
2) CONTACT LEAD .... Pb/SnSOLDER
3) SEATING PLANE (PAI0.83, PITCH 2.54)
4) 4Mx 1 DRAM x 9 pcs
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OXK I semiconductor
MSMb165AL

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 TTL
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 100uA) 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; CE, and OE signals enable OR ties with
the output terminals of other chips, thereby facilitating simple memory expansion and bus line control etc.

FEATURES

e Single 5V Supply
e 0°C~ 70°C
e Low Power Dissipation

® Direct TTL Compatible. (Input and Output)
e 3-State Output
® Pin Compatible with

Standby; 0.55 mW MAX 64K EPROM (MSM2764)
Operation; 330 mW MAX ©28-pin DIP PKG
® High Speed (Equal Access and Cycle Time) ® 28-pin FLAT PKG
100 ~ 150 ns MAX
8

PIN CONFIGURATION

(Top View)

vl 28] vee

.sZ] 77) We

A4 7] A,

AL 7 a,

A (7] o

A [E] 77 A,

~ 5] (@,

A, [19] [15] 10,

vo, [11] [18) 0.

10, [12] Euo‘

] o, [13] E”O\

vss [14] (15 110,
Ag~ A, : Address INPUTS
1/0, ~ 1/O4 : Data Input/Output
C_E,, CE, : Chip Select
WE : Write Enable
OE i Output Enable

Vee. Vss : Supply Voltage

PIN CONFIGURATION
(Top View)

Evcc
[77) we
%) ce,
@A.

24| A,

(23 A,
72) 66

3] A,
(B e,
v,
78 1o.
[ ve.
[78) vo,
[35) o,

Ay~ A,, : Address INPUTS
1/0, ~ 1/0, : Data Input/Output
CE,, CE, : Chip Select

WE : Write Enable

OE i Output Enable
Ve, Vgs : Supply Voitage
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FUNCTIONAL BLOCK DIAGRAM

As

Ag

A, 0—— | [MEMORY ARRAY

Ag ROW | | 256 ROWS ~<——o0 Vee
A, SELECT| | | 32 COLUMNS - o Vss
Al ' x 8 BLOCK

Ay -

A, 0——
1/0; o—4———Lr—

1/0; o- = | COLUMN I/0

1/0; o £ INPUT EH  cIrcuITs

1/04 © >4 DATA COLUMN SELECT
1/05 o- >4 CON-
1/06 © {231 TROL % % % %% by V]
/0, D

[ 3

Ao Ay A; Az Aq

s
—

[}
m

| 3 R

O]
m

388



a STATIC RAM - MSM5165AL n

TRUTH TABLE

Mode CE, CE, WE OE 1/0 Operation
H X X X .
Standby High Z
X L X X
L H H H High Z
Read
L H H L DouTt
Write L H L X Din
X:Hor L
ABSOLUTE MAXIMUM RATINGS
Rating Symbol Value Unit Conditions
Supply Voltage Vee -0.3t07.0 \
Respect to GND
Input Voltage VIN -03toVgc+03 v
Operating Temperature Topr Oto 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
Vee 45 5 5.5 v 5V + 10%
Supply Voltage :
Vss v
Data Retention Voltage VceH 2 5 5.5 \%
\% 2.2 Vec +0.3 \
Input Voltage H ce 5V + 10%
ViL -0.3 0.8 \
[ 100 pF
Output Load L
TTL 1
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DC CHARACTERISTICS
(Ve = 5V £10%, Ty = 0°C to +70°C)

MSM5165AL
Paramter Symbol Unit Test Condition
Min. Typ. Max.
Input
Leakage [N} -1 1 MA ViN=0to Vce
Current
Output CE, =V|HorCE, = V|_or
Leakage Lo -1 1 kA OE=V|H
Current Vijo=0to Vce
Output VOH 24 v I0H = -1 mA
Voltage VoL 04 \ loL=2.1mA
CE, 2 V¢cc - 0.2V, CE, 2 Vgg - 0.2V
Ices 2 100 uA ViN=0to Vce
<

Standby CE, £0.2v
Supply VIN =0to Vee
Current .

Ices 3 mA CE, =VyH.CE, =V,
Operating @ Teyc =Min Cycle, loyt =0 mA
Supply lcca mA
Current 15 Teyc =1 us, loyT =0 mA

@® 5165AL-1060 mA 5165AL-12 55 mA  5165AL-15 50 mA

AC CHARACTERISTICS
Test Condition

Parameter Conditions
Input Pulse Level V|H=2.4V, V, =0.6V
Input Rise and Fail Times 10 ns
Input and Output ) 15V
Timing Reference Level *
Output Load CL=100pF, 1 TTL Gate

READ CYCLE
{Vee =5V + 10%, T, = 0°C to 70°C)

MSM5165AL-10 | MSM5165AL-12 | MSM5165AL-15

Parameter Symbol Unit
Min. Max. Min. Max. Min. | Max.

Read Cycle Time tRC 100 120 150 ns
Address Access Time tAC 100 120 150 ns
Chip Enable Access Time tco 100 120 150 ns .
Output Enable to Output Valid tOE 50 60 70 ns
Chip Selection to OQutput Active 1CX 10 10 10 ns
e N -
Output Enable to Output Active tOX 5 5 5 ns
Output 3-state from Output Disable| toTD 0 35 0 40 0 50 ns
Output 3-state from Chip Deselectioln tcTD 0 50 0 60 0 70 ns
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READ CYCLE
i tRC
a=me _ X X
le———tAC————»
e LA NN
t
e tco—» cTD——»
CE, N / /
[e—tOE— —+tOTD-»
OE A %
;
letex OHA
10X N
1/0 DATA OUT VALID E—
AN /!
Notes: 1. A Read occurs during the overlap of a low CE, , a high CE,, a low OE and a high WE.
2. tcy is specified from CE, or CE, whichever occurs last.
3. tcTp s specified from CE, or CE, whichever occurs first.
4. toHA and toTp are specified by the time when DATA OUT is floating.

WRITE CYCLE
(Vge = 5V £ 10%, Ty = 0°C to +70°C)

MSM5165AL-10 | MSM5165AL-12 | MSM5165AL-15
Item Symbol Unit
Min. | Max. | Min. | Max. | Min. | Max.
Write Cycle Time twc 100 120 150 ns
Address to Write Setup Time tAS 0 0 0 ns
Write Time w 60 70 90 ns
Write Recovery Time tWR 15 15 15 ns
Data Setup Time DS 50 60 ns
Data Hold from Write Time tDH 0 0 0 ns
Output 3-State from Write tOTW 0 35 0 40 0 50 ns
Chip Selection to End of Write tcw 80 100 120 ns
Address Valid to End of Write taAw 80 100 120 ns
Output Active from End of Write WX 5 5 5 ns

Notes:

. OE may be both high and low in a Write Cycle.
. tag is specified from CE,, CE, or WE, whichever occurs last.

. twR. tps and tpy are specified from CE,, CE, or WE, whichever occurs first.
. toTw is specified by the time when DATA OUT is floating, not defined by output level.

1
2
3
4. tyy is an overlap time of a low CE, , a high CE, and a low WE.
5
6
7

. When 1/0 pins are Data output mode, don't force inverse signal to those pins.

. A Write Cycle occurs during the overlap of a low CE, , a high CE, and a low WE.
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WRITE CYCLE

)

7\

A,~A;, >

le— twy—————|

<
N &\ . v
7

taw

tcw ng—tWR—H

l;tos—-—><—tDH—,|
N
1/0 (Dy) KOATA IN STABLEX —
7’
oW X
1/0 (DoyT)

LOW Vcc DATA RETENTION CHARACTERISTICS

(T3 = 0°C to +70°C, unless otherwise noted)

Parameter Symbol | Min. | Typ. Max. Unit Conditions

CE,=Vcc-0.2V,CE, =V - 0.2V
Ve for Data Retention VceH 2 55 \Y

CE, =02V

Vee =3V, CE, 2 vee -0.2v
Data Retention Current IccH 1 50 A CE,=Vvcc-0.2v

Vee =3V, CE,=0.2V

CS to Data Retention Time tsu 0 ns

Operation Recovery Time tR *tRC ns

*trc : Read Cycle Time

392



# STATIC RAM - MSM5165AL »

O

E, CONTROL

STANDBY MODE

CE, CONTROL

STANDBY MODE

45V
CE,
VceH

ViL
ov

CAPACITANCE
(Ta = 25°C, f = 1MHz)

Parameter Symbol Min. Typ. Max.
Input/Output Capacitance Cy/o

Unit
10 pF

Input Capacitance CiN

Note: This parameter is periodically sampled and not 100% tested.
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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

e Single 5V supply (=10%) ® Accesstime

o Completely static operation 45/55/70 ns MAX

o Operating temperature range Ta =0 to 70°C e Direct TTL compatible (Input and output)

® Low power dissipation

3-State output

Standby .................. 11 mW MAX e 22 pin DIP PKG (300 mil width)
Operation ................ 605 mW MAX
FUNCTIONAL BLOCK DIAGRAM
'
Lo e w—
L e < o S— ]
A o—— ]
PIN CONFIGURATION e S I 7
Ay ot 32COLUMNS
\_/ ] L e— SeLeCT X 4 BLOCK ~——oVss
L« § W—
ME E Vee A O——————— -
A-[ 2] 21] As A O—— 55—
AGE 20| A
As[ 4] 19]An 1101 Ot
1 INPUT COLUMN /0
A‘E 18] A :/O?O TQL_ DATA [ CIRCUIT
AOE E A /0 O CONTROL |—] COLUMNSELECT
/0.4 o 1
A7) 16] 110, T T ¥ 9y
w3 [75] vos |
As[ 9] [14] 1705
cs[10 13] 170 Ao Ai Az As As
Vss[11 [12) WE
PinNames Function cs
AotoA1s Addressinput __
WE
1/01t01/04 Data input/output
cs Chip Select
WE Write Enable
Vece Vss Supply Voltage
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ELECTRICAL CHARACTERISTICS
ABSOLUTE MAXIMUM RATINGS

Rating Symbol Condition Value Unit
Supply Voltage Vce -0.3t07.0 \
Ta =25°C Respectto Vgg
Input Voltage VIN -0.3t07.0 \
Power Dissipation PD Ta =25°C 1.0 w
Operating Temperature Topr - Oto +70 °C
Storage Temperature Tstg - -55to +150 °C

RECOMMENDED OPERATING CONDITIONS

Parameter Symbol Conditions Min. Typ. Max. Unit
Supply Voltage \ele - 4.5 5.0 55 \
“H” Input Voltage VIH 2.2 - Vce +0.3 \
Vce =5V = 10%
“L” Input Voltage ViL -0.3 - 0.8 \
CL - - - 30 pF
Output Load
N TTL Load - — 1

* When pulse width is equal to or smaller than 20 ns, Vi max =Vgg + 1.0V, V| min =—1.0V.

DC CHARACTERISTICS
(Ve =5V+10%, Ta = 0°C to 70°C)

Parameter Symbol Conditions Min. Typ. Max. Unit
Input Leakage Current Ll VI=0toVce -1 1 nA
CS=V|4
Output Leakage Current ILo VI/O =0to Vee —1 1 uA
“H” Output Voltage VOH loH=-4mA 2.4 \Y
“L” Output Voltage VoL loL=8mA 0.4 \
CS 2vVgg - 0.2V
Iccs VIN £0.2VOR 2 mA
Standby Supply Current VIN ZVggo — 0.2V
’ CS=Vi4
lces: Tcyc =min cycle 30 mA
) Min cycle,
Operating Supply Current Icca IOUT =0 mA 110 mA
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CAPACITANCE
(Ta=25°C, f =1 MHz)

Parameter Symbol Condition Min. Max. Unit
Input Capacitance Cy V=0V 6 pF
+1/0 Capacitance Ci/o Viyo =0V 8 pF

AC CHARACTERISTICS TEST CONDITIONS

Parameter Conditions
Input Pulse Level VIH =3.0V, V| =0V
Input Rise and Fall Times 5ns
Input/Output Timing Reference Level 1.5V
Output Load CL=30pF,1TTL GATE

ﬂ READ CYCLE

(Voo =5V=+10%, Ta = 0°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 | Tgx 5 5 5 ns

Output Hold Timé from
Address Change TOHA | 5 5 5 ns

Output 3-state from
Desglection ToTD 0 25 0 25 0 30 ns

Chip Selection to Power
up Time TpPu 0 ] 0 ns

Chip Deselection to Power
Down Time TPD 0 45 (o] 55 0 70 ns

Notes: 1. Read Condition: During the overlap of a low CS and a high WE.

2. Tcx and ToTp are measured =200 mV from steady state voltage with specified loading
in Figure 2.

396



a STATIC RAM - MSM5188 m

5V 5V
4800 4800
Dout Dourt
30 pF 5pF
2550 2550
cL cL Note: CL includes
scope and jig.
Figure 1 Output Load Figure 2 Output Load

WRITE CYCLE
(Vo =5V=+10%, Ta =0°C to 70°C)
5188-45 5188-55 5188-70
Parameter Symbol Unit
Min. | Max. | Min. | Max. | Min. | Max.
Write Cycle Time Twe 45 55 70 ns
Chip Selection to End of Write Tcw 40 45 55 ns
Address Valid to End of Write Taw 40 45 55 ns
Address to Write Setup Time TAS 0 0 0 ns
Write Time Tw 40 45 | 55 ns
Write Recovery Time TWR 5 5 5 ns
Data Setup Time Tps 25 25 30 ns
Data Hold from Write Time TDH 0 0 0 ns
Output 3-state from Write ToTw 0 20 0 25 0 30 ns
Output Active from End of Write | Tow 0 0 0 ns
Notes: 1. Write condition: During the overlap of a low CS and a low WE.
2. Tpg is specified from a low CS or a low WE, whichever occurs last after the address is set.
3. Ty is anoverlap time of a low CS and a low WE. _
4. TwR, Tps and TpH 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

6.

in Figure 2.
When I/0 pins are Data output mode, don’t force inverse input signals to those pins.

READ CYCLE TIMING 1

TRC |

nre X e

Dout

TAC |
|
TOHA
X X Valid Data
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READ CYCLE TIMING 2

/|

s — —
N\ 7
: 1co .
CcX ToTD
Open Ope
Dout Valid Data pen
Tpu TFD
lcc--—— L ———
Power Supply 50% 50%
Iss
WRITE CYCLE TIMING 1
(WE Control)
Twce .
I
Ao~ A3 >é X
Tcw {
|
cs ~\ KX £ 77
AW Tw v
WE TAS Tw LWR |
Tk 4
| Tps TDH,,
DN Valid Data
Totw Tow
DouTt Open
WRITE CYCLE TIMING 2
(CS Con}rol)
Twc
Ao~A1s >< )(
tas J Tcw
csS h
T
AW W TWR
WEL N N\ N\ N\ NN t/ /S
1 Tps TDH,
DIN )‘( Valid Data 34(
TOTH
DouT Open
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OXK I semiconductor
MSMb1257AL

32,768-WORD x 8-BIT CMOS STATIC RAM

GENERAL DESCRIPTION

The MSM51257ALRS/GS is a 32768-word by 8-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
unnecessary, making this device very to use. The MSM51257ALRS/GS is also a CMOS silicon gate device which requires
very low power during standby (standby current of 100uA) 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

o Single 5V Supply

e 0°C~ 70°C

® Low Power Dissipation
Standby; 0.55 mW MAX

e Direct TTL Compatible. (Input and Output)
® 3-State Output

® 28-pin DIP PKG

® 28-pin FLAT PKG

Operation; 385 mW MAX
® High Speed (Equal Access and Cycle Time)
85-120 ns MAX

PIN CONFIGURATION PIN CONFIGURATION
(Top View) (Top View)
AT ~ 28] vee Evcc
a2 27] we 27) we
(3] %) A, [ A,,
A4 75) a. [75) a.
A.E E,‘ 24] a
a.[] [~ 53
a.[7] [72) oe 7 &
A,E E], 2] A,
2 (5] 2 cs [3)cs
2. [i9] [75) 0. 79) 110,
o [ [1g) 10 18} 110
o 3] [73) ro. E 0,
vo. (73] [16) 0. [76) vo.
vss i@ [79) o, [5) o,
A,~ A, : Address INPUTS A,~ A,, : Address INPUTS
1/0, ~ 1/O4 : Data Input/Output 1/0, ~ 1/0, : Data Input/Output
3 : Chip Select cs : Chip Select
WE . Write Enable WE : Write Enable
OE i Output Enable o€ i Output Enable
Vce. Vs : Supply Voltage Ve, Vgs : Supply Volitage
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FUNCTIONAL BLOCK DIAGRAM

«——O0 Vce

<———0 Vss

Ag
A, —
As | [MEMORY ARRAY
A, ROW | | 512 ROWS
Ao SELECT| ' | 64COLUMNS
Au x 8 BLOCK
AI2
Al 3
Al 4
1/0, o—p——tp—]
1/0; o- 3 = COLUMN I/0
1105 o HHINPUT = circulTs
1/04 o >3- DATA = cOLUMN SELECT
1105 © 4 con-
1/06 O 31 TROL %% %
1/04 o L]
1/04 ‘E- % % %

a 3a

1

Ao A A; Ay Aq A

m"l o\
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TRUTH TABLE

Mode cs WE OE 1/0 Operation
Standby H X X High Z |
L H H High Z
Read L H L Dout
Write L L X DN
X:HorlL
ABSOLUTE MAXIMUM RATINGS
Rating Symbol Value Unit Conditions

Supply Voltage Vee -03t07.0 \"
Input Voltage VIN -03toVgc+03 \% Respect to GND
Operating Temperature Topr 0to 70 °C
Storage Temperature Tstg -55 to 150 °C
Power Dissipation Pp 1.0 W Ta = 25°C

RECOMMENDED OPERATING CONDITION

Parameter Symbol Min. Typ. Max. Unit Conditions

Vee 45 5 5.5 v 5V + 10%

Supply Voltage
Vss \%

Data Retention Voltage VeekH 2 5 5.5 \%

' v 2.2 Vee +03 v

Input Voltage H ce 5V + 10%
ViL -0.3 0.8 \%
CL 100 pF

Output Load
TTL 1
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DC CHARACTERISTICS
(Ve = 5V £10%, T, = 0°C to +70°C)

MSM51257AL
Paramter Symbol - Unit Test Condition
Min. Typ. Max.

Input
Leakage Ly -1 1 HA VIN=0to Vcc
Current
Output Cs = VIH or
Leakage ILo -1 1 kA OE = V|
Current Vi/o=0to Vce
Output VOH 24 \ IoH =-1mA
Voltage VoL 0.4 \Y loL=2.1mA

| cs 2 Vce - 0.2v
Standby CCs 2 100 wA
Supply VIN=0to Vce
Current —

Iccst 3 mA CS = Vjy
Operating
Supply Icca ©) mA MIN CYCLE, IgyT =0 mA
Current

() 51257AL-85 80 mA 51257AL-10/12 70 mA
AC CHARACTERISTICS
Test Condition

Parameter

Conditions

Input Pulse Level

VIH =24V, V| =06V

Input Rise and Fall Times

5ns

Input and Output

Timing Reference Level

1.5V

Output Load

CL=100pF, 1 TTL Gate

READ CYCLE
(Ve = 5V + 10%, Ty = 0°C to 70°C)

MSM51257AL-85 | MSM51257AL-10 | MSM51257AL-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 Valid tOE 45 50 60 ns
Chip Selection to Output Active tcx 10 10 10 ns
e S I I R -
Output 3-state from Output Disable | tQTD 30 35 35 ns
Output ?-state from Chip teTD 30 35 35 ns
Deselection
Qutput Enable to Output Active toX 5 5 5 ns
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READ CYCLE
-« tRC
Ag~A, >< >(

tAC
le—tcO— tCTD*|

cs AN AN A
le—toE—] tOTD-

oE N v

TOHA

4:CX >

i/0 oX I\ DATA OUT VALID J\y-——-—-

Notes: 1. A Read occurs during the overlap of a low CS, a low OE and a high WE.
2. teTp and toTD are specified by the time when DATA OUT is floating.

WRITE CYCLE
(Ve = BV £ 10%, T, = 0°C to +70°C)

MSM51257AL-85 | MSM51257AL-10 | MSM51257AL-12
Item Symbol Unit
Min. | Max. | Min. | Max. | Min. | Max.
Write Cycle Time twe - 85 100 120 ns
Address to Write Setup Time taS G 0 0 ns
Write Time w ] 70 75 90 ns
Write Recovery Time tWR 5 10 10 ns
Data Setup Time tps 40 40 50 ns
Data Hold from Write Time tpH 0 0 0 ns
Output 3-State from Write toTW 0 30 0 35 0 35 ns
Chip Selection to End of Write tcw 75 90 100 ns
Address Valid to End of Write tAW 75 90 100 ns
Output Active from End of Write twXx 5 5 5 ns

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

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

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

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

5. twR, tDS and tpH are specified from CS or WE, whichever occurs first.

6. toTw is specified by the time when DATA OUT is floating, not defined by output level.
7. When 1/O pins are Data output mode, don’t force inverse signal to those pins.
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WRITE CYCLE
- wc >
ne X X
—— tw |
NN\ L
- tAW
iAS>< tow —L—-‘WR*
we AN\ v
|;—tos—><—tDH—>|
110 (D)) KOATA IN STABLEX \:>——-———-
otw WX -
1/0 (DoyT)

LOW Vcc DATA RETENTION CHARACTERISTICS

(T3 = 0°C to +70°C, unless otherwise noted)

Parameter Symbol | Min. | Typ. Max Unit Conditions
V¢ for Data Retention VceH 2 55 v CSz=vgc-0.2v
Data Retention Current IccH 1 50 uA Vee =3V, CS 2z vee - 0.2V
CS to Data Retention Time tsu 0 ns
Operation Recovery Time tR *tRC ns

*trc = Read Cycle Time
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u STATIC RAM - MSM51257AL =

CS CONTROL

STANDBY MODE < 'R

CAPACITANCE

(Ta=25°C, f = IMHz)
Parameter Symbol Min. Typ. Max. Unit
Input/Output Capacitance Cio 10 pF
Input Capacitance CiN 10 pF

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

MSM51257ALL

32,768-WORD x 8-BIT CMOS STATIC RAM

GENERAL DESCRIPTION

The MSM51257ALLRS/GS is a 32768-word by 8-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 MSM51257ALLRS/GS is also a CMOS silicon gate device which requires very

low power during standby (standby current of 20¢A) 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

e 0°C~ 70°C

® Low Power Dissipation
Standby; 0.11 mW MAX
Operation; 385 mW MAX

® High Speed (Equal Access and Cycle Time)
85-120 ns MAX

e Direct TTL Compatible. (Input and Output)
® 3-State Output

® 28-pin DIP PKG

® 28-pin FLAT PKG

N

PIN CONFIGURATION

(Top View)

Vcc
27] W
2] A,

24 a

[22) oe

27) A,
[cs
19110,
18) 110
[ o,
E 10,

Ay~ A, : Address INPUTS
1/0, ~ 1/O4 : Data Input/Output

CS : Chip Select
WE : Write Enable
OE i Output Enable

Vce. Vgg : Supply Voltage

PIN CONFIGURATION

(Top View)

%Vcc
27) We
[ .,
[ .
74 a.
[73] a
[ &
[9es
[79) 110,
my
I3 vo.
[76) vo.
[75) 1o,

Ay~ A,, : Address INPUTS
1/0, ~ 1/0, : Data Input/Output

Cs : Chip Select
WE : Write Enable
OE i Output Enable

Vee. Vss Supply Voltage
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= STATIC RAM - MSM51257ALL »

FUNCTIONAL BLOCK DIAGRAM

~«—0 Vcc

«<—O0 Vss

Ag

A, -

Ag . I[MEMORY ARRAY
Ay ROW | | 512 ROWS

Ao SELECT| 64COLUMNS
Ay ' x 8 BLOCK

A, ——

Al!

All

1/0, 0—

1/0, o — 4 FH column /o
1/05 o L INPUT =+ CIRCUITS
1/04 © £ DATA 1 COLUMN SELECT
1105 O £ CON:
1/0, O {341 TROL %%
1/0, -
1/0g O -3+ % % %

Ao Ap A; A3 As A

%‘ﬁ*ﬁ )
|
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TRUTH TABLE

Mode cs WE OE 1/O Operation
Standby H X X High Z
L H H High Z
Read
L H L Dout
Write L L X DN
X:Horl
ABSOLUTE MAXIMUM RATINGS
Rating Symbol Value UnitA Conditions
Supply Voltage Vee -0.3t07.0 \"
Respect to GND
Input Voltage VIN -0.3*to Vcc + 0.3 \
Operating Temperature Topr Oto 70 °c
Storage Temperature Tstg -55 to 150 °C
Power Dissipation Pp 1.0 W Ta=25°C
* Pulse Width<30ns : —3.0V MIN
RECOMMENDED OPERATING CONDITION
Parameter Symbol Min. Typ. Max. Unit Conditions
Vee 45 5.5 \Y) 5V + 10%
Supply Voltage
Vss 0 \"
Data Retention Voltage VeeH 2 5 5.5 \Y
VIH 2.2 Vee + 0.3 \Y
Input Voltage ! cc 5V + 10%
ViL -0.3* 0.8 \"
CL 100 pF
Output Load
TTL 1
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= STATIC RAM - MSM51257ALL =

DC CHARACTERISTICS
(Ve = 5V £10%, T, = 0°C to +70°C)

MSM51257ALL
Paramter Symbol Unit Test Condition
Min. Typ. Max.
Input
Leakage W] -1 1 MA ViN=0to Vce
Current
Output CS =ViH or
Leakage ILo -1 1 BA OE=VH
Current Vi/0=0to Vce
Output VOH 24 v IoH = -1 mA
Voltage VoL 04 v loL=21mA
| " CS 2vgc-02v
Standby ccs 20 BA
Supply ViN=0to Vcc
Current _
Iccst 3 mA CS = V4
Operating
Supply lcca ® mA MIN CYCLE, loyT =0 mA
Current
*Ta=0 to 40°C : 6KA MAX ® 51257ALL-85 80mA 51257ALL-10/12 70mA
AC CHARACTERISTICS
Test Condition
Parameter Conditions
Input Pulse Level VIH =24V, V=06V
Input Rise and Fall Times 5ns
Input and Output 15V
Timing Reference Level .
Output Load CL=100 pF, 1 TTL Gate
READ CYCLE

(Ve =5V £ 10%, T5 = 0°C to 70°C)

MSM51257ALL-85 | MSM51257ALL-10 | 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 Valid tOE 45 50 60 ns
Chip Selection to Output Active tex 10 10 10 ns
Output Hold Time From
1 10

Address Change tOHA 5 0 ns
Output 3-state from Output Disable | tOTD 30 35 35 ns
Output 3-state from Chip

Deselection tcTD 30 35 35 ns
Qutput Enable to Output Active tox 5 5 5 ns
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= STATIC RAM - MSM51257ALL =

READ CYCLE
- tRC
S ¢ X
tAC
le—tco—o tCTD+
N
S\ N (/. /.
le—tOE— 1OTD-»
TOHA
4-:CX ]
1/0 OX I\ DATA OUT VALID ‘I\>-——
Notes: 1. A Read occurs during the overlap of a low CS, a low OE and a high WE.
2. tcTp and toTD are specified by the time when DATA OUT is floating.

WRITE CYCLE
(Vee = 5V £ 10%, T, = 0°C to +70°C)

1tem Symbol MSM51257ALL-85 | MSM51257ALL-10 | MSM51257ALL-12 Unit
Min. | Max. | Min. | Max. | Min. | Max.
Write Cycle Time twe 85 100 120 ns
Address to Write Setup Time tas o 0 0 ns
Write Time tw 70 75 90 ns
Write Recovery Time tWR 5 10 10 ns
Data Setup Time tps 40 40 50 ns
Data Hold from Write Time tDH 0 0 ns
Output 3-State from Write toTW 30 0 35 0 35 ns
Chip Selection to End of Write tcw 75 90 100 ns
Address Valid to End of Write tAwW 75 90 100 ns
Output Active from End of Write WX 5 5 5 ns

Notes:

. OE may be both high and low in a Write Cycle.
. tag is specified from CS or WE, whichever occurs last.

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

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

. toTW is specified by the time when DATA OUT is floating, not defined by output level.

1.
2
3
4. ty is an overlap time of a low CS, and a low WE.
5
6
7

. When /O pins are Data output mode, don't force inverse signal to those pins.
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WRITE CYCLE
won X X
= T L7777

we NS Yy

<—tDs—><—toH—>|

N\,
110 (DyN) KLOATA IN STABLEX —_—
toTW WX

1/10 (DoyT!

LOW Vcc DATA RETENTION CHARACTERISTICS

(T3 = 0°C to +70°C, unless otherwise noted)

Parameter Symbol | Min. Typ. Max. Unit Conditions
V¢ for Data Retention VeeH 2 55 v CSz=vgc-02v
Data Retention Current lccH 10° | uA Vee =3V, CS 2 vee - 0.2v
CS to Data Retention Time tsu 0 ns
Operation Recovery Time tR “tRC ns

*Ta=0 to 40°C : 3uA MAX
*x IRC : Read Cycle Time
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= STATIC RAM - MSM51257ALL =

CS CONTROL

CAPACITANCE

(Ta = 25°C, f = 1MHz)
Parameter Symbol Min Typ. Max Unit
Input/Output Capacitance Ci/o 10 pF
Input Capacitance CiN 10 pF

Note: This parameter is periodically sampled and not 100% tested.
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OXK I semiconductor
MSMb51256

32,768-WORD x 8-BIT CMOS STATIC RAM

GENERAL DESCRIPTION

The MSM51256RS/GS is a 32768-word by 8-bit CMOS 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
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 1uA) 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

o Single 5V Supply

® —40°C ~85°C

o Low Power Dissipation
Standby; 5.5 uW MAX
Operation; 385mW MAX

® High Speed (Equal Access and Cycle Time)
100/120 ns MAX

e Direct TTL Compatible. (Input and Output)
© 3-State Output

® 28-pin DIP PKG

® 28-pin FLAT PKG

® 3V operation

8

PIN CONFIGURATION

(Top View)
I o

A 3] Ewe
A 2¢) Al!
A 25) a.

A, [23] &

A, 22] oe
A 20)Cs
a. [i9) )
vo [ [18) 10
o [7] [ o
vo. (i3] [ o

A,~ A, : Address INPUTS
1/0, ~ 1/0, : Data Input/Output

Cs : Chip Select
WE : Write Enable
OE i Output Enable

Vee: Vss Supply Voltage

PIN CONFIGURATION

(Top View)
A“E O Evcc
s 7 ) we
N [7) A,,
NG =B
NG 2
(] 7] A
~ [ [@es
NG 9.
vo (i) [18) 10
vo [13] [76) o,
vss (9] [5) 1o,

Ao~ A,, : Address INPUTS
1/0, ~ 1/0, : Data Input/Output

Cs : Chip Select
WE : Write Enable
OE i Output Enable

Vee. Vss Supply Voltage
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FUNCTIONAL BLOCK DIAGRAM

Ag

A,

Ag | [MEMORY ARRAY

Ay ROW | | 512 ROWS <«——0Vee
Ao ISELECT| | | 64COLUMNS B o Vss
An ' x 8 BLOCK

Ap H—

Al,

Al

110, o—y——r—

1/0, —tr-}H FE— COLUMN /0

1/05 3 INPUT - CIRCUITS

110, © >3 DATA £ COLUMN SELECT
1/05 © {31 CON-
1106 © 44 TROL % % % %%%‘E]’l {71<
1/0; o T4
1/04 O 3

Ao Ay A; Ay A4 A ’
J

cs

WE

OE
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TRUTH TABLE

Mode cs WE OE 1/0 Operation
Standby H X X High Z
L H H High Z
Read
L H L DouT
Write L L X DN
X:HorlL
ABSOLUTE MAXIMUM RATINGS
Rating Symbol Value Unit Conditions
Supply Voltage Vee -03t0 7.0 \"
Respect to GND
Input Voltage VIN -03to Vgc +0.3 Y
Operating Temperature Topr —40 ~ 85 °Cc
Storage Temperature Tstg -55 to 150 °c
Power Dissipation Pp 1.0 w Ta=25°C
RECOMMENDED OPERATING CONDITION
Parameter Symbol Min. Typ. Max. Unit Conditions
Vee 45 5 5.5 v 5V + 10%
Supply Voltage
Vss \")
Data Retention Voltage VCCH 2 5 5.5 \
\ 2.2 Vee + 0.3 \
Input Voltage H cc 5V + 10%
ViL -0.3 0.8 \
(o] 100 F
Output Load L P
TTL 1
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DC CHARACTERISTICS
(Ve = 5V £10%, T4 = —40°C to +85°C)

MSM51256
Paramter Symbol Unit Test Condition
Min. Typ. Max.
Input
Leakage Iy -1 1 HA ViN=0to Vce
Current
Output CS = ViH or
Leakage ILo -1 1 uA OE=V|H
Current Vi/jo=0to Vce
Output VOH 24 \) IOH =-1mA
Voltage VoL 0.4 \ loL=2.1mA
0.2 Ta=25°C | __
1 — 60° CS=Vcc—0.2v
Standby CCs 1 A Ta=60°C Vin =010 Vee
Supply 10 Ta=85°C
Current .
E Icest 3 mA TS =Vin
Operating 70 MIN CYCLE, Iyt =0 mA
Supply lcca mA
Current 20 f=1 MHz, Viy=V¢cc, V=0V, IgyT=0mA
AC CHARACTERISTICS
Test Condition
Parameter Conditions
Input Pulse Level ViH =24V, V|_=06V
Input Rise and Fall Times 5ns
Input and Output 1.5V
Timing Reference Level -
Output Load CL=100pF, 1 TTL Gate
READ CYCLE

(Vee = 5V ¢ 10%, Ta = —40°C to +856°C)

MSM51256-10 | MSM51256-12

Parameter Symbol Unit
Min. Max. | Min. Max.

Read Cycle Time tRC 100 120 ns
Address Access Time tAC 100 120 ns
Chip Enable Access Time tco 100 120 ns
Output Enable to Output Valid tOE 50 60 ns
Chip Selection to Output Active tcx 10 10 ns
ot ron e | 0| | w -
Output 3-state from Output Disable| tgTp 40 50 ns
mrea e ew | | (o] W
Qutput Enable to Output Active toX 5 5 ns
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READ CYCLE
- tRC
Ao~Ay >$ ><
‘———tAc—ﬂ tCTD —»
le—tCcO—

SO\ \\ A AN
5 NN\ ,E// N

letCX

1/0 10X AN DATA OUT VALII;3\>—

Notes: 1. A Read occurs during the overlap of a low CS, a low OE and a high WE.
2. teTp and toTp are specified by the time when DATA OUT is floating.

WRITE CYCLE
(Ve = BV £ 10%, Ty = —40°C to +85°C)

MSM51256-10 | MSM51256-12 .
ttem Symbol Min. | Max. | Min. | Max. Unit

Write Cycle Time twe 100 120 ns
Address to Write Setup Time tAS 0 (o] ns
Write Time tw 75 90 ns
Write Recovery Time tWR 10 10 ns
Data Setup Time tps 40 50 ns
Data Hold from Write Time tDH o 0 ns
Output 3-State from Write toTW 0 50 0 60 ns
Chip Selection to End of Write tcw 90 100 ns
Address Valid to End of Write tAw 90 100 ns
Output Active from End of Write twx 5 5 ns

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

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

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

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

5. twR, tDs and tpH are specified from CS or WE, whichever occurs first.

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

. When 1/O pins are Data output mode, don’t force inverse signal to those pins.
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WRITE CYCLE

- wcC >
S @ X
ety ———»|
SENNNNN YIAA A,
N N L g4
- tAwW
tAS
- tcw > <+—tWR—|
N /
<—tDS—#-[<—tDH—|
N
1/0 (D) I\DATAIN STABLEX R —
oW X
1/10°(DoyT!
CAPACITANCE
(Ta = 25°C, f = 1MHz)
Parameter Symbol Min. Typ. Max. Unit
Input/Output Capacitance Ci/o 10 pF
Input Capacitance CiNn 10 pF

Note: This parameter is periodically sampled and not 100% tested.
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LOW Vcc DATA RETENTION CHARACTERISTICS
(Tg =—40°C to +85°C, unless otherwise noted)

a STATIC RAM - MSM51256 =

Parameter Symbol | Min. | Typ. | Max. | Unit Conditions

V¢ for Data Retention VeeH 2 55 v CS=vge-0.2v

0.2 Ta=25°C
. _ Y_g =3V

Data Retention Current IccH 1 kA Ta=60°C CS=Vec—0.2v
10 Ta=85°C

CS to Data Retention Time tsu 0 ns

Operation Recovery Time tR *tRc ns

* trc = Read Cycle Time

CS CONTROL

STANDBY MODE

3V OPERATION

RECOMMENDED OPERATING CONDITION

(Ta=-10°C to + 60°C)

Parameter Symbol Min. Typ. Max. Unit Conditions
Vee 27 30 33 Vv 3V 10%
Supply Voltage
Vss 0 0 (o] \"
\Y/ Vce—0.2 \Y/ Vv
Input Voltage H__|TcC = 3V+10%
ViL 0 0.2 \)
Output Load CL 100 pF
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3V OPERATION
DC CHARACTERISTICS
(Vec =3V £10% Ta =-10°C to +60°C)
MSM51256
Parameter Symbol Unit Test Condition
Min. Typ. Max.
Input
Leakage I -0.1 0.1 uA ViN=0to Ve
Current
Output CS=Vjyor
Leakage Lo -0.1 0.1 nA OE=Vj4
Current V9 =0t Ve
Output VOH Vee—01 \% IoH =—20uA
Voltage VoL 0.1 v oL = 20uA
Standby 0.01 0.2 JA Ta = 25°C tS=v
Suppl! ! =
Current ces 1 Ta = 60°C H
Operating
Supply Icca 7 mA CS=V|, f=ImHz louT =0 mA
Current
3V OPERATION
AC CHARACTERISTICS
Test Condition
Parameter Conditions
Input Pulse Level VIN=Vce 0.2V, V) =02V
Input Rise and Fall Times =20ns
Input and Output Timing
1.5V
Reference Level
Output Load C__ =100 pF
3V OPERATION
READ CYCLE
(Ve =3V £10% Ta =—10°C to +60°C)
MSM51256
Parameter Symbol Unit
Min. Typ. Max.
Read Cycle Time tRC 1000 ns
Address Access Time tAC 300 1000 ns
Chip Enable Access Time tco 300 1000 ns
Output Enable to Output Valid tOE 150 500 ns
Chip Selection to Output Active tcx 10 ns
Output Hold Time From Address Change tOHA 20 ns
Output 3-state from Output Disable toTD 150 ns
Output 3-state from Chip Deselection tcTD 200 ns
Output Enable to Output Active toxX 5 ns

Notes: 1. ARead occurs during the overlap of a low CS, a low OE and high WE.
2. tcTp and toTp are specified by the time when DATA OUT is floating.
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WRITE CYCLE
(Ve =3V £10% Ta =-10°C to +60°C)
Parameter Symbol MSMs1256 Unit
Min. Typ. Max.

Write Cycle Time twe 1000 ns
Address to Write Setup Time tAS 100 ns
Write Time tw 500 ns
Write Recovery Time WE 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 AW 800 ns
Output Active from End of Write WX 10 ns

Notes: . 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.
. tAs is specified from CS or WE, whichever occurs last.

1
2
3
4. ty is an overlap time of a low CS, and a low WE.
5
6
7

. tWR, tDS and tpH are specified from CS or WE, whichever occurs first.
. tOoTwW 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.
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MSM38128A
MSM38256
MSM38256A
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OK1I semiconductor
MSM3864

8,192 WORD x 8 BIT MASK ROM

GENERAL DESCRIPTION

The MSM3864RS is an Nchannel silicon gate MOS device MASK ROM with a 8,192 word x 8 bit capacity. |t 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 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 expansion of memory and bus line control.

FEATURES
® 5V single power supply e Input/output TTL compatible o Power down mode
©8,192 words x 8 bits ® 3-state output ® 28-pin DIP

® Access time: 250 ns MAX

FUNCTIONAL BLOCK DIAGRAM

PIN CONFIGURATION

(Top View) As O—= -] N Memory cell o vee
A o0—=i - —
e Vee
P A; O—=i E— Matrix -0 Vss
Ay €57 (CS2)INC) A M
Al TST(CS1)INC) As o o “/ 8192 x8
Aa[ Ay As 0—{ Address 1
Aqf] A, A, o—edf o 1 ll ———————— l “l
A,[ AL A, O buffer "
Al OE (0E) As 0= Multiplexer cs o S5 or
As o— — cs
Al Ao Ao OE CE -
~ A Ce A} ) O—end I Control [=© 8: or
Ad] P’ A, 20—t | decoder Output butfer
D] Dy CE
o o, 684488548488
! DoD;D; D3 D4 Ds D6 D,
D, Ds
vss|] Dy
OE :  Output enable
Vce, Vss :  Power supply
Ap~A,, : Addressinput
D,~D, : Dataoutput
E& Chip enable

Eﬁ, CS2 : Chip select

Note: Please specify the OE active
level and CS active level or
open in ordering this IC,
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® MASK ROM - MSM3864 =

ABSOLUTE MAXIMUM RATINGS

(Ta=25°C)
Rating Symbol Value Unit Conditions

Power Supply Voltage Vce ~05t0 7 \% Respect to Vgg
Input Voltage V) -05t07 \% Respect to Vg
Output Voltage Vo ~0.5t07 \% Respect to Vg
Power Dissipation Pp 1 W Per package
Operating Temperature Topr 0to 70 °c

Storage Temperature Tstg ~55 to 150 °c

OPERATING CONDITION AND DC CHARACTERISTICS

Rating
Parameter Symbol Measuring Condition Unit
Min Typ. Max
Vee - 45 5 5.5 \Y
Power Supply Voltage
Vss = [} 0 0 v
ViH - 2 5 6 \%
Input Signal Level
Vi - -0.5 0 0.8 \%
Vi loH = -400 A 24 — Vee \
Output Signal Level OH °
VoL loL=2.1mA - - 0.4 v
Input Leakage Current K] V| =0V or Ve -10 - 10 A
Vo =0V or Vcc
-1 - 10 A
Output Leakage Current Lo Chip not selected 0 M
lccA Vce = Max. Ig = 0 mA — - 100 mA
Power Supply Current —
lees Vec=Max.CE=V|y,l0=0mA| — - 30 mA
Vce = GND ~ Vcc Min.
— - - 60 mA
Peak Power ON Current Ipo CE = Ve or Vi
Operating Temperature Topr - 0 - 70 °C
AC CHARACTERISTICS
TIMING CONDITIONS
Parameter Conditions
Input Signal Level ViH=2.4V, V| =0.6V
Input Rising, Falling Time tr=tf= 5ns

Timing Measuring Point Voltage

Input Voltage=1.5V

Output Voltage=0.8V & 2.0V

Loading Condition

CL=100pF +1TTL
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READ CYCLE
(Vee = 5V £10%, Vgs = 0V, Ta = 0°C to +70°C)
Specification Value
Parameter Symbol - Unit Remarks
Min Typ. Max.
Cycle Time te 250 - - ns
Address Access Time tAA - - 250 ns
Chip Enable
tACE - - 250 ns
Access Time
Output Delay Time tco — - 100 ns
Output Setting Time tLz 10 - - ns
Output Disable Time tHZ2 10 - 100 ns
Output Retaining Time tOH 10 — - ns
Power Up Time tPU 0 - - ns
Power Down Time tPD - - 100 ns
1
1) READ CYCLE-1""
te
Address >< ><
—_ o —tCO——
TS, o s, o (3) CO .
(€S,)°(CS,)°" (OE) @) OH=
tLz(4) tHZ

Dout

2) READ CYCLE-2?

TN

CE

TS, s  oe®
(€S,)°7(CS,) °" (0E)

R .

Dout

tc
tACE
4
4)

lm-tHZ
Lz
(4) ><

tPD

supply
current

I
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1 MASK ROM - MSM3864 =

INPUT/OUTPUT CAPACITANCE

Note: (1)
(2)
(3)
(4)

CEis “L" level.

The address is decided at the same time as or ahead of CE “'L" level.

The OE and CS are shown in the negative logic here, however the active level is freely selected.
t| z is determined by the later level, CE “'L"/CS *'L" or OF “L"".

tHz is determined by the earlier CE ““H"'/CS 'H’" or OE "'H"".

While, t}4, shows the time until floating and it is therefore not determined by the output level.

(Ta=25°C, f = 1 MHz)

Specification
Parameter Symbol Value Unit Remarks
Min. Max.
Input Capacitance Cy — 8 pF V=0V
Output Capacitance Co - 10 pF Vo=0Vv
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OX I semiconductor
MSM38128A

16,384 WORD x 8 BIT MASK ROM (E3-S-028-32)

GENERAL DESCRIPTION

The MSM38128ARS is an Nchannel 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 ® Input/output TTL compatible e Power down mode
® 16384 words x 8 bits e 3-state output © 28-pin DIP

® Access time: 250 ns MAX

FUNCTIONAL BLOCK DIAGRAM

PIN CONFIGURATION

(Top View) Ao O—= — Memory cell o
Vee A vee
. A; O—=f —1t Matrix =0 Vss
CS(Cs) INC) A o X
Ars As O—edp —={ decoder 16384x8
As As 0—={ Address [
Ay Ay O—ep i Ll ————————
A Ar o buffer __l
OF (0E) Ag O—] Muiltiplexer cs =
Ay o—f °RT
Aro A OE CE CS or
- 100—f —1 Ne
Ay O] _— Control [*© 82 or
0 A1z o—e = decoder Output buffer
D¢ A ;0—et —1 =0
13 CE
> TIIITIIT
Do DD, 03 D4 Ds D6 D,
Das
[of}
OE :  Output enable
Vcec, Vss . Power supply
Ay~ A3 : Address input
D,~D, :  Data output
E'g Chip enable
Cs :  Chip select

Note: Please specify the OE active
level and CS active level or
open in ordering this IC.
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ABSOLUTE MAXIMUM RATINGS

(Ta = 25°C)

Rating Symbol Value Unit Conditions
Power Supply Voltage Vce -05t0 7 \Y Respect to Vg
Input Voltage \ -05t07 \ Respect to Vg
Output Voltage Vo ~0.5t0 7 \ Respect to Vg
Power Dissipation Pp 1 w Per package
Operating Temperature Topr 0to 70 °C
Storage Temperature Tstg -55 to 150 °C

OPERATING CONDITION AND DC CHARACTERISTICS

Rating .
Parameter Symbol Measuring Condition Unit
Min. Typ. Max.
Vee - 4.5 5 5.5 \
Power Supply Voltage
Vs - 0 0 0 \Y
ViH - 2 5 6 \
Input Signal Level
ViL - -0.5 0 0.8 \
\" loH = -400 uA 24 - Vcee \Y
Output Signal Level OH OH
VoL loL=2.1mA . - 04 \
Input Leakage Current N} V| =0V or V¢ -10 - 10 HA
Vo =0V or Vcc
Output Leakage Current Lo Chip not selected 10 10 A
lccA Vce = Max. Ig = 0 mA - - 100 mA
Power Supply Current —
lces Vec=Max. CE=Vjy, Io=OmA | — - 30 mA
Vce = GND ~ Vcc Min.
—_— - - 60 A
Peak Power ON Current Ipo TE = Ve or Vi m
Qperating Temperature Topr - 0 - 70 °C
AC CHARACTERISTICS
TIMING CONDITIONS
Parameter Conditions
Input Signal Level ViH=2.4V, V) =0.6V
Input Rising, Falling Time tr=tf= 5 ns

Input Voltage=1.5V

Timing Measuring Point Voltage
9 g Output Voltage=0.8V & 2.0V

Loading Condition CL=100pF +1 TTL
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READ CYCLE
(Vee =5V £10%, Vgg = 0V, Ta=0°C to +70°C)
Specification Value
Parameter Symbol Unit Remarks
Min. Typ. Max.
Cycle Time tc 250 - - ns
Address Access Time tAA - - 250 ns
Chip Enable
tACE — - 250 ns
Access Time
Output Delay Time tco - - 100 ns
Output Setting Time tLz 10 — - ns
Output Disable Time tHZ 10 - 100 ns
Output Retaining Time tOH 10 - - ns
Power Up Time tpy 0 - — ns
Power Down Time tPD - - 100 ns
1
1) READ CYCLE-1'"
te
Address >< ><
tAA

—— ~— (3) tCO—

5.0 | N o

(cs) °" (0E) (@) OH

tLz(4) tHZz ——
< S—

2) READ CYCLE-2?

tc
CE ‘\ /’
tACE
t
ts o ® N co /
(CS) °" (OE) AN yd @
, |~ tHZ
tLz(4)
Dout N ><
tPD ;
Vce
supply
current
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Notes: (1)

INPUT/OUTPUT CAPACITANCE

(2)
(3)
(4)

CE is "“L" level.

The address is decided at the same time as or ahead of CE "L" level.

The OE and TS are shown in the negative logic here, however the active level is freely selected.
t| 2 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, t4; shows the time until floating and it is therefore not determined by the output level.

(Ta = 25°C, f = 1 MHz)

Specification
Parameter Symbol Value Unit Remarks
Min. Max.
Input Capacitance C — 8 pF V=0V
Output Capacitance Co — 10 pF Vo=0V
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OKI semiconductor
MSM38256

32768 WORD x 8 BIT MASK ROM (E3-S-029-32)

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 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.

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 ® |nput/output TTL compatible ® Power down mode
® 5V single power supply ® 3-state output ® 28-pin DIP

® Access time: 250 ns MAX

FUNCTIONAL BLOCK DIAGRAM

PIN CONFIGURATION

(Top View) Ao O—=] 1 Memory cell —o V.
— A, o—etl — cc
(csHNC) TS ]
A [ A; O—=d — Matrix -0 Vss
12 A, O L x
A As o] -] decoder 32768 x 8
Ae( As O—=1 Address [—]
Adl As o—ed ] 1 l ________
ad As o butfer
Ay O—=i
A Multiplexer CE
A»E A cs |eocE
2 Aro OE CE -
A'[ A, o—ed S Control [=° S'E
Aol P a— | ] decoder Output buffer 0¢
Doﬂ A, ,0—1 ——_— -0 Cs
o, A o—— 66683187 or
D00, 0,0, D4 Ds D6 0, cs
D, o
NC
Vssn
[ ¢ Chip Select
OE :  Output enable
Vce, Vss :  Power supply voltage
Ag~A;s : Address input
D,~D, : Dataoutput
ct Chip enable

Note: The OE active level and CS
active level are specified by
customer.
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ABSOLUTE MAXIMUM RATINGS

(Ta = 25°C)
Rating Symbol Value Unit Conditions

Power Supply Voltage Vce -05to 7 \

Input Voltage \7] -05t0 7 \ Respect to Vgg
Output Voltage Vo -05t07 \"

Power Dissipation Po 1 w Per package
Operating Temperature Topr 0to 70 °C

Storage Temperature Tstg -55 to 150 °C

OPERATING CONDITION AND DC CHARACTERISTICS

Rating
Parameter Symbol Measuring Condition
Min. Typ. Max.
Vee - 45 5 5.5 \")
Power Supply Voltage
Vss - 0 0 0 \
ViH - 2 5 6 \%
Input Signal Level
ViL - -0.5 0 0.8 \%
Vv | =-400 uA 2.4 - Vcee \%
Output Signal Level OH OH
VoL loL=2.1mA — - 04 \%
Input Leakage Current [N} V| =0V or V¢ -10 - 10 KA
Vo =0V or Vcc _
Output Leakage Current ILo Chip not selected -10 10 MA
IccA Vce = Max. |g = 0 mA - - 120 mA
Power Supply Current —
lces Vece =Max. CE =VIH, lo =0 mA — — 30 mA
Vce = GND ~ Vcece Min.
Peak Power ON Current Ipo CE-= Vee or Vin — - 60
Operating Temperature Topr 0 - 70
AC CHARACTERISTICS
TIMING CONDITIONS
Parameter Conditions
Input Signal Level ViH=2.4V, V| =0.6V
Input Rising, Falling Time tr=tf=5ns

Input Voltage=1.5V

Timing Measuring Point Voltage
Output Voltage=0.8 & 2.0V

Loading Condition CL=100pF +1TTL
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READ CYCLE
(Ve = BV £10%, Vgg = OV, Ta = 0°C to +70°C)
Specification Value
Parameter Symbol Unit Remarks
Min. Typ. Max.
Cycle Time te 250 - - ns
Address Access Time tAA - - 250 ns
Chip Enable
tACE - — 250 ns
Access Time
Output Delay Time tco — — 100 ns
Output Setting Time tLz 10 - - ns
Output Disable Time tHZ 10 - 100 ns
Output Retaining Time tOH 10 — — ns
Power Up Time tpy 0 - - ns
Power Down Time tPD - - 100 ns
1) READ CYCLE-1‘"
tc
Address >< ><
tAA

— — (3 tCO—

TSoroE _—\bco e o

(CS) (OE) (4) @) OH

tLz tHZ ——>
< N

2) READ CYCLE-2?

TN te —
CE N /]
tACE
CSoroe® N tco Y
(CS) (0E) } /
(4) -‘tHZ(“
1wz
Dout >K
tPD
Vce
supply
current
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Notes: (1)

(2)
(3)
(4)

CEis “L" level.

The address is decided at the same time as or ahead of CE “L"’ level.

OE and CS are shown in the negative logic here, however the active level is freely selected.
t 7 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 MHz2)

Specification
Parameter Symbol Value Unit Remarks
Min. Max.
Input Capacitance C) - 8 pF . V=0V
Output Capacitance Co — 10 pF Vo=0V
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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
® 32768 words x 8 bits ® Input/output TTL compatible © Power down mode
® 5V single power supply ® 3-state output ® 28-pin DIP

® Access time: 150 ns MAX

FUNCTIONAL BLOCK DIAGRAM

PIN CONFIGURATION

(Top View)
(c$) TS (NC) I A
o O—=t _—
Ay ’[ A o—edf ___J Memory cell —0 vee
A A; O—e — Matrix -0 vss
Aec Ay O—ed L o] X
Al As o—e . 32768 x 8
Aa[ As O—=1 Address [
Ay O—erd DN B T [P,
A)E Ay o buffer I —lr ‘—l
Az
Ay O—=dt
A A Multiplexer . o CE
A Ao 0—edf _— CE,0E,CS _
Uu[ Ay . 4 Control =0 OE
D‘( Az = decoder Output buffer
A _— Lo~
D,{]13 13 S
! Al TTTTTIT] 5
vs[ D60, 0,0, D4 D; 0, D, cs
— ’
CE : Chip enable NC
OE : Output enable
(CS)CS : Chip select
Vce, Vss @ Power supply voltage
Ag~A, : Addressinput
D,~D, : Dataoutput
(NC) : No Connection

Note: CS active level is specified
by customers.
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ABSOLUTE MAXIMUM RATINGS

(Ta =25°C)
Rating Symbol Value Unit Conditions
Power Supply Voltage Vce -05t07 v
Input Voltage \7 -05t07 Vv Respect to Vgg
Output Voltage Vo -05to7 \"
Power Dissipation PD 1.0 w Per package
Operating Temperature Topr 0to 70 °c
Storage Temperature Tstg -55 to 150 °c

OPERATING CONDITION AND DC CHARACTERISTICS

Rating
Parameter Symbol Measuring Conditions v T v Unit
in. yp. ax.

Vee — 45 5 55 \"
Power Supply Voltage

Vs - 0 0 0 \%

Y - 2.2 5 6 \
Input Signal Level IH

ViL - -0.5 0 0.8 \Y

. VoH loH = -400 uA 24 - Vee \%

Output Signal Level

VoL loL=21mA — - 04 \%
Input Leakage Current L V| =0V or Vg -10 - 10 MA
Output Leakage Current Lo Zl?i:n?)\: soerle\tl:::d -10 - 19 RA

lccA Vce = Max. |g =0 mA - - 60 mA
Power Supply Current —

lees Vce = Max. CE=VIH, lo=0 mA — — 6 mA

Vee = GND ~ V¢ Min.
P cc cc _ _ \
Peak Power On Current Ip‘0 CE = Ve or Vi 60 mA
Operating Temperature Topr 0 — 70 °C
AC CHARACTERISTICS
TIMING CONDITIONS
Parameter Conditions

Input Signal Level

ViH=2.4V, V| =0.6V

Input Rising, Falling Time

tr=tf=5ns

Timing Measuring Point Voltage

Input Voltage=1.5V

Output Voltage=0.8 & 2.0V

Loading Condition

CL=100pF +1 TTL
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READ CYCLE
(Vce = 5V +£10%, Vgg = 0V, Ta = 0°C to +70°C)
Specification Value
Parameter Symbol Unit Remarks
Min. Typ. Max.

Cycle Time tc 150 - - ns
Address Access Time tAA - - 150 ns
Chip Enable

P tACE — — 150 ns
Access Time
Output Delay Time tco - - 55 ns
Output Setting Time 0wz 10 - — ns
Output Disable Time tHZ 10 — 50 ns
Output Retaining Time tOH 10 = - ns
Power Up Time tpU 0 — — ns
Power Down Time tpD — — 100 ns

1) READ CYCLE-1""
te
Address >( ><
tAA
cs (3) _\btco—-
or
(CS) OF (4) = tOH =
|tz (4)‘
I_ _l HZ —
Dout < >-—

2) READ CYCLE-2?

te

CE )

I

tACE
cs (3] tco
or OE
cs)°" © \ 2
(4) 1HZ(4)
twz
Dout ><
tPD
Vee
supply
current
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Notes: (1)
(2)
(3)
(4)

CEis “L" level.
The address is decided at the same time as or ahead of CE "L’ level.

CS is shown in the negative logic here, however the active level is freely selected.

t, 7 is determined by the later CE “L", O “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 Remarks
Min. Max.
Input Capacitance Cy - 8 pF V=0V
Output Capacitance Co - 6 pF Vo=0V
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OKI semiconductonr
MSM53256

32,768 WORD x 8 BIT MASK ROM

GENERAL DESCRIPTION

The MSM53256RS is a silicon gate CMOS device 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 o Fully TTL compatible
e High speed: access time 150 ns max @ Pin compatible to 256k EPROM
e Low power: active current 15 mA max ® Packaged to 28 pins plastic
standby current 0.1 mA max ® Fabricated with CMOS silicon gate technology

® Wide tolerance operating: Vcc = 5V £ 10%
o Fully static operating: using no clock

FUNCTIONAL BLOCK DIAGRAM

PIN CONFIGURATION

Top View Ay o—ip
_( P ) A“ T——- Memory cell -0 Vee
(Ne)cs) TS [T Vee 1 O 1
A 2[ 2 A AAz O—ef e Matrix -0 Vss
3 (o -1 1 X
Al 3 Ars Ay 00— L ecoder 32768 x 8 bit
A 4 As As O——=1 Address [
As[ 5 Ay As O—emd e l J ________ I
A.[ 6 A A, O buffer ‘—J
Al 7 OE As © Multiplexer —
Ay o—orf | CS feoCE
Al 8 Aio A OE CE
An[ 9 CE 10 O—e= v _
10 o Ay O—ed _—— Control ‘ogE
" ’ Avz ot |t decoder Serse Amp & %
5 S e N TTTITTIL s
o2 D Ayy O—em - or
{ Do D, D;D; D, Dy Dg D es
o,[13 D. s D¢ D, «
Vss, D, NC
—_— R Address Transition
Cs : Chip select Detector
OE : Output enable
Vcc, Vss : Power supply voltage
Ap~Ay : Address input
D, ~D, : Data output
CE : CHip enable

Note: CS active level is specified
by customer,

441



1 MASK ROM - MSM53256 =

ABSOLUTE MAXIMUM RATINGS

(Ta=25°C)
Rating Symbol Value Unit Conditions
Power Supply Voltage Vce -03to7 \% Respect to Vgg
Input Voltage \ -0.3 to Vec +0.3 \ Respect to Vg
Output Voltage Vo -0.3 to Vcc +0.3 \" Respect to Vg
Power Dissipation Pp 1 W Per package
Operating Temperature Topr 0to 70 °C -
Storage Temperature Tstg ~55 to 150 °C —
OPERATING CONDITION AND DC CHARACTERISTICS
Rating
Parameter Symbol Measuring Condition Unit
Min. Typ. Max.
Vee - 4.5 5 5.5 \%
Power Supply Voltage
Vss - 0 o] 0 Y
VIH — 2.2 5 [Vcc +0.3 \%
Input Signal Level
ViL - -0.3 0 0.8 \%
\Y | = -400 uA 2.4 . - \
Output Signal Level OH OoH
VoL loL=2.1mA - - 04 \
Input Leakage Current [IN] V| =0V or Ve -10 - 10 HA
Vo = 0V or Vcc
Output Leakage Current Lo Chip not selected 10 10 MA
Vce = Max. |g =0 mA,
| —_ — mA
cca tc =150 ns 15
Power Supply Current lccs Vee = Max. CE = Vec - 0.2V | — - 100 uA
Vce = Max.
lcest TE = Vip min. - - 500 A
Operating Temperature Topr - 0 - 70 °c
AC CHARACTERISTICS
TIMING CONDITIONS
Parameter Conditions

Input Signal Level

Vi =24V, V| =06V

Input Rising, Falling Time

tr=tf=5ns

Timing Measuring Point Voltage

Input Voltage=1.5V

Output Voltage=0.8V & 2.0V

Loading Condition

CL=100pF +1 TTL

442



# MASK ROM - MSM5325F u

READ CYCLE
(Ve =5V £10%, Vgg = 0V, Ta = 0°C to +70°C)
Specification Value
Parameter Symbol Unit Remarks
Min. Typ. Max.
Cycle Time tc 150 - — ns
Address Access Time tAA - - 150 ns
Chip Enable .
E - - 150 ns
Access Time AC
Output Delay Time tco — — 50 ns
Output Setting Time twz 10 - - ns
Output Disable Time tHZ 10 — 50 ns
Output Retaining Time tOH 10 — — ns
1) READ CYCLE-1'"
tc
Address >< ><
tAA
s 3 ﬁ‘-\—tco——
(CS)Or OE 0 = tOH~]
Lz (4)
’-—-— tHZ —*
Dout < >————

2) READ CYCLE-2?

— tc
cE AN /]
tACE

cs (3) N\ tco— —

(cs)®" OF N %
@) I
1wz

Dout >(
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Notes: (1)

(2)
(3)
(4)

CEis “L" level.

The address is decided at the same time as or ahead of CE L’ level.

CS is shown in the negative logic here, however the active level is freely selected.
t 7 is determined by the later CE “L", OE “L" or CS “L".

tH2 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 MH2)

Specification
Parameter Symbol Value Unit Remarks
Min. Max.
Input Capacitance C) - 8 pF V=0V
Output Capacitance Co - 6 pF Vo=0V

444



OXK I semiconductor

MSM531000

131,072 WORD x 8 BIT MASK ROM (E3-S-031-32)

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 o Input/output TTL compatible ® 28-pin DIP
® 5V single power supply ® 3-state output

® Access time: 250 ns MAX

PIN CONFIGURATION
(Top View)

1s

Ay z[

Vecec, Vss :  Power supply voltage
Ap~A,, : Addressinput
D,~D, :  Data output

C'% . Chip enable

FUNCTIONAL BLOCK DIAGRAM

Ao O—=f
A} O—d
A; O—od
A; O—=f
Az O—et
As O—of
As O—et
A7 O—=df
As O—e]
Ay O—e]
A1 Oo—=]
Ay O—ed
Ay 20—t
Ay 30—t

A O—md
A, O—=l

Memory cell

Matrix
X

1
decoder 131072x 8

Address

buffer

-—0 Vce

=0 Vss

Multiptexer

Y

decoder

Output buffer

ml

CE je=o

Control

§EE3ETTT

DoD, 0,03 04 Ds D¢ D,

L il
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ABSOLUTE MAXIMUM RATINGS

(Ta = 25°C)
Rating Symbol Value Unit Conditions
Power Supply Voltage Vce -03t07 \% Respect to Vgg
Input Voltage \7 -0.3 to Vec +0.3 \ Respect to Vg
Output Voltage Vo -0.3 to Vcc +0.3 \Y Respect to Vgg
Power Dissipation Pp 1 w Per package
Operating Temperature Topr Oto 70 °C -
Storage Temperature Tstg -55 to 160 °c _
OPERATING CONDITION AND DC CHARACTERISTICS
Rating .
Parameter Symbol Measuring Condition Unit
Min. Typ. Max.
Vee - 45 5 5.5 \
Power Supply Voltage
Vs — 0 (¢} 0 \
ViH - 2.2 5 |Vec+03] Vv
Input Signal Level
Vi - -0.3 0 0.8 v
\ loH = -400 A 24 - - Y
Output Signal Level OH 0
VoL loL=2.1mA - - 0.4 \%
Input Leakage Current W] V) =0V or V¢ -10 - 10 HA
Vo =0V or Vcc _ _
Output Leakage Current Lo Chip not selected 10 10 HA
Vce = Max. Ig =0 mA,
| — — mA
CCA tc = 250 ns 15
Power Supply Current Iccs Vce = Max. CE = Vec - 0.2V | — — 100 kA
Vce = Max.
pit - - 500
lcest CE = Vi min. HA
Operating Temperature Topr - 0 — 70 °C
AC CHARACTERISTICS
TIMING CONDITIONS
Parameter Conditions

Input Signal Level

ViH =24V, V) =06V

Input Rising, Falling Time

tr=tf=5ns

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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READ CYCLE
(Veg = BV £10%, Vgg = 0V, Ta = 0°C to +70°C)
Specification Value
Parameter Symbol Unit Remarks
Min. Typ. Max.
Cycle Time tc 250 - - ns
Address Access Time tAA - - 250 ns
Chip Enable
tACE - - 250 ns
Access Time
Output Setting Time tLz 10 - - ns
Output Disable Time tHZ 10 — 80 ns
Output Retaining Time tOH 10 - - ns
READ CYCLE
tc
Address \< ><
/]
TAA
>t
_ tACE _ OH
CE TN ]
AN /T Note1
o tLz o . tHz
Dout >< Valid Data >———

Note: tz shows the time until floating and it is therefore not determined by the output level.
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INPUT/OUTPUT CAPACITANCE
(Ta=25°C, f = 1 MHz)

Specification
Parameter Symbol Value Unit Remarks
Min. Max.
Input Capacitance (o] - 8 pF V=0V
Output Capacitance Co — 6 pF Vo=0V
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OKI semiconductor
MSM531001

131.072 WORD x 8 BIT MASK ROM

GENERAL DESCRIPTION

The MSM531001 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 TTL 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 fc
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 TTL compatible e 32 pin DIP
® 5V single power supply ® 3-state output

® Access time: 200 ns MAX

FUNCTIONAL BLOCK DIAGRAM

PIN CONFIGURATION

(Top View)
" ] [ -t
NC E @ Vee :? : Memory cell -0 Vee
A E E NC A; O—e —oi Matrix -0 vss
Aus E @ NC A; O—edi —=1 X
Aq [3] E A As O—erd = decoder 131072 x 8
As O—=1 aAddress |
A1 E E A As O——ed _—— I ________
A 5] 7 A Ar o] butter | 1
As E E As :: o—= Multiplexer cE
A 8] 28] An Aro ot | OE CE
A E -2__—41 OF Aj) O—ed —4 A Control [= OF
& [ Z3 Ao ey I s o S anel
—E 13 "
A ] 22 < ao—| ITITTITT
A [12] 21] o, Ay o—of —e 000, 0, D; D4 D, D, 0,
[—— _—
Do 20] Ds Ass
o [i3] 9] o,
D; [i5] i8] o.
Vss [i6] 7] o

Vee: Vss : Power supply voltage
Ao~Ai : Address input

&~ D; : Data output
CE : Chip enable
OE : ‘Output enable
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ABSOLUTE MAXIMUM RATINGS

(Ta = 25°C)
Rating Symbol Value Unit Conditions
Power Supply Voltage Vee -03to07 \% Respect to Vg
Input Voltage \7 -0.3 to Vec +0.3 \Y Respect to Vg
Output Voltage Vo -0.3to Vcc +0.3 \Y, Respect to Vgg
Power Dissipation Pp 1 w Per package
Operating Temperature Topr 0to 70 °C -
Storage Temperature Tstg -55 to 150 °c -
OPERATING CONDITION AND DC CHARACTERISTICS
Rating .
Parameter Symbol Measuring Condition Unit
Min. Typ. Max.
p Vee - 4.5 5 5.5 v
ower Supply Voltage
PRy 9 Vss - 0 (o] 0 Vv
ViH - 2.2 5 |Vec+0.3] V
Input Signal Level
ViL - -0.3 0 0.8 \"
Y | = -400 uA 24 - - \%
Output Signal Level OH OH
VoL loL=2.1mA - - 04 v
Input Leakage Current N} V=0V or V¢ -10 - 10 KA
Vo =0V or Vcc
- - 1 A
Output Leakage Current Lo Chip not selected 10 0 m
Vee = Max. |lg =0 mA,
| - - 30 mA
cca tc= 200 ns
Power Supply Current Iccs Vee = Max. CE = Vee - 0.2V - - 50 HA
Vce = Max.
Icest CE = Vjy min. - 500 pA
Operating Temperature Topr - 0 - 70 °C
AC CHARACTERISTICS
TIMING CONDITIONS
Parameter Conditions

Input Signal Level

ViH =24V, V|_=06V

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=100pF + 1 TTL
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READ CYCLE
(Voo =5V £10%, Vgg = 0V, Ta = 0°C to +70°C)
Specification Value
Parameter Symbol Unit Remarks
Min. Typ. Max.

Cycle Time tc 200 - - ns
Address Access Time tAA - - 200 ns
Chip Enable 200

t — — ns
Access Time ACE
Output Delay Time tco - - 60 ns
Output Setting Time Wz 10 — - ns
Output Disable Time tHZ 10 — 50 ns
Output Retaining Time tOH 10 — - ns

1) READ CYCLE-1'"
te
Address >< ><
tAA
tCoO—
T N
(3) 3) = tOH =
Al tHz ——=
Dout < >—

2) READ CYCLE-2?

tc
CE "\ /’
tACE
I N —
3 4 (3)
t(u.; —hz
Dout >(
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Notes: (1) CTEis “L" level.
(2) The address is decided at the same time as or ahead of CE “’L"’ level.

(3) tyzis 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 MHz)

Specification
Parameter Symbol Value Unit Remarks
Min. Max.
Input Capacitance C — 8 pF V=0V
Output Capacitance Co — 6 pF Vvo=0V
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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
e 262,144 words x 16 bits e Input/output TTL compatible
e 5Vsingle power supply e 3-state output
e Accesstime: 200 ns MAX e 40-pin DIP

FUNCTION BLOCK DIAGRAM

PIN CONFIGURATION Y T
(Top View) — CE-OE Logic f—
A e
A2
Az o—>] X Memory cell Matrix
A decoder :> 262144 x 16 bit
A7 e——>| Address
§§ o3 buffer
ﬁn?*—»
= L ——
ﬁ:g: decoder ‘:> Multiplexer J
Ay e— T
Output buffer [~
LTI
opooDDDODDDDDDDD

0123456789101112131415

Vee  Vss  :Powersupply  CE  :Chip enable
voltage OE :Outputenable

Ag~Ay; :Address input

Dy~D;s :Dataoutput
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ABSOLUTE MAXIMUM RATINGS
(Ta=25°C)
Rating Symbol Value Unit Condition

Power Supply Voltage Vee -03to7 v Respect to Vss
Input Voltage Vi -0.3toVcc+0.3 \" Respect to Vss
Output Voltage Vo -0.3toVcc+0.3 Vv Respect to Vgg
Power Dissipation Po 1 w Per package
Operating Temperature Topr 0to70 °C -

Storage Temperature Tstg -55t0 150 °C -

OPERATING CONDITION AND DC CHARACTERISTICS

(Vcc=5V+210% Vss=0V Ta=0°Cto +70°C)

. " Ratin
Parameter Symbol | Measuring Condition s Unit
Min. Typ. Max.
Vee - 4.5 5 5.5 Y
Power Supply Voltage
Vss - 0 0 0 Vv
Vin - 2.2 5 Vec+0.3 \%
Input Signal Level
Vi - -03 0 0.8 \Y
VOH IOH = - 400}1A 2.4 - - \"
Output signal Level
VoL IOL =2.1TmA - - 0.4 \
Input Leakage Current Iu V=0V orVcc -10 - 10 BA
Vo =0V orVcc - -
Output Leakage Current Lo Chip not selected 10 10 BA
Vee=Max, lo=0mA - -
lcca | {2200 ns 50| mA
Ve = Max.
I =CC - - 50
Power Supply Current S | CE= Ve~ 0.2V BA
Vce = Max. - _
leest | GRS Vi min. 500 BA
Operating Temperature Topr - 0 - 70 °C
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AC CHARACTERISTICS
<TIMING CONDITIONS >

Parameter Condition
Input Signal Level Viy=2.4V,V, =0.6V
Input Rising, Falling Time tr=tf=5ns

Input Voltage = 1.5V
Output Voltage = 0.8V & 2.0V

Timing Measuring Point Voltage

Loading Condition C_ =100pF+ 1 TTL

<READ CYCLE>
(Vcc=5V £ 10%, Vs = OV, Ta=0°C to +70°C)

Specification Value )
Parameter Symbol - Unit Remarks
Min. Typ. Max.
Cycle Time tc 200 - - ns
Address Access Time taA - - 200 ns
Chip Enable
taCE - - 200 ns
Access Time
Output Delay Time tco - - 60 ns
Output Setting Time tz 10 - - ns
Output Disable Time thz 10 - 50 ns
Output Retaining Time ton 10 - - ns
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® READ CYCLE-1 (NOTE 1)
B tc .
Address // ><
< taa
3
N 3) ton
tco > thz
‘th (3)
DOUT < -
® READ CYCLE-1 (NOTE 2)
tc
& S
N 4
tace
OE \\ 7 o
tco _ thz (3)
tLz (3)
DOUT >< I

Notes: (1) CEis"L" level.
(2) The address is decided at the same time as or ahead of CE “L" level.

(3) t zisdetermined by the later CE “L" or OE “L".
tyz is determined by the earlier CE “H” or OE “H".
thz shows time until floating therefore it is not determined by the output level.
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(Ta=25°C, f=1 MHz)

Specification Value

Parameter Symbol Min Mok, Unit Remarks
Input Capacitance (o - 8 pF V=0V
Output Capacitance Co - 8 pF Vo=0V
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OKI semiconductor

MSM534000A

262,144 WORD x 16 BIT MASK ROM

GENERAL DESCRIPTION

The MSMS534000ARS 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
e 262,144 words x 16 bits e Input/output TTL compatible
e 5Vsingle power supply e 3-state output
e Accesstime: 150 ns MAX e 40-pin DIP
I :I - M FUNCTION BLOCK DIAGRAM
PIN CONFIGURATION Vi‘ Vi‘ c{ °{
(Top View) —] TE-OF Logic
N [40] Vec
CE 351 Ay Y
Dis Ag &
Dy Ars ™ X Memory cell Matrix
Dy3 36) Ara A3 decoder 262144 x°16 bit
gu % Az ﬁg Address
" Az s buff
Dio (53] A %BH e
Dy 32] Aso Al b ‘J O — l
Dg (31) Ag ﬁt! Y
‘éss % Vss AA:; decoder Multiplexer ‘
7 Ag 16 > :I
D 20 Ay A !
Ds [27] A¢ Output buffer
Dg [26] As
D3 Aq
or 7 A s e
Dy 22] Ay
OE 21] Ay
VeerVss  :Power supply E :Chip enable
voltage OE :Outputenable
Ag~A,; :Addressinput
Dy~D,s :Data output
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ABSOLUTE MAXIMUM RATINGS
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(Ta=25°C)
Rating Symbol Value Unit Condition

Power Supply Voltage Vee -03to7 Vv Respect to Vsg
Input Voltage " -0.3toVcc+0.3 Vv Respect to Vsg
Output Voltage Vo -0.3toVcc+0.3 Vv Respect to Vss
Power Dissipation Pp 1 w Per package
Operating Temperature Topr 0to 70 °C -

Storage Temperature Tstg -55t0 150 °C -

OPERATING CONDITION AND DC CHARACTERISTICS

(Vcc=5V210% Vss=0V Ta=0°Cto +70°C)
. " Ratin
Parameter Symbol | Measuring Condition S Unit
Min. Typ. Max.
Vce - 4.5 5 5.5 \Y)
Power Supply Voltage
Vss - 0 0 0 \Y
Vi - 2.2 5 Vcc+0.3 \%
Input Signal Level
Vi - -03 0 0.8 Vv
VOH IOH = - 400pA 2.4 - - \
Output signal Level
Vou |loL=2.1mA - - 0.4 v
Input Leakage Current Iy V=0V orVcc -10 - 10 BA
Vo =0V orVcc _ _
Output Leakage Current Lo Chip not selected 10 10 pA
Vce=Max, lo=0mA _ _
lcca |1 =150 ns 50 mA
V¢ = Max.
| pide - - 50 A
Power Supply Current €S 1CE= Vce-0.2v B
Ve = Max.
| xcc . - -
e CE=Vymin. 500 pA
Operating Temperature Topr - 0 - 70 °C
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AC CHARACTERISTICS
<TIMING CONDITIONS >

Parameter

Condition

Input Signal Level

Vi = 2.4V, V) = 0.6V

Input Rising, Falling Time

tr=tf=5ns

Timing Measuring Point Voltage

Input Voltage = 1.5V

Output Voltage = 0.8V & 2.0V

Loading Condition

CL=100pF + 1 TTL

<READ CYCLE>

(Vce=5V £10%, Vss =0V, Ta=0°C to + 70°C)

b Symbol Specification Value Uni ] ‘
aramete t
r ymbo i Tve. Y ni emarks
Cycle Time tc 150 - - ns
Address Access Time taa - - 150 ns
Chip Enable
tace - - 150 ns
Access Time
Output Delay Time tco - - 60 ns
Output Setting Time tLz 10 - - ns
Output Disable Time thz 10 - 50 ns
Output Retaining Time ton 10 - - ns
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® READ CYCLE-1 (NOTE 1)

1ic
Address ><
tan
3
N toH
tco ®
1z 3)
D OuT <

e READ CYCLE-1 (NOTE 2)

tc
G TN T
N v
tace .
* \\ v
tco -~ thz (3)
tz | (3)
DOUT >1< /‘—-———-

Notes: (1) CEis“L” level.
(2) The address is decided at the same time as or ahead of CE “L" level.

(3) t.zisdetermined by the later CE “L" or OE “L".
tyz is determined by the earlier CE “H” or OF “H".
t4z shows time until floating therefore it is not determined by the output level.
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INPUT/OUTPUT CAPACITANCE
(Ta=25°C, f=1 MH2)

bol Specification Value i R ‘
Parameter Symbo Min. Max. Unit emarks
Input Capacitance C - 8 pF V=0V
Output Capacitance Co - 8 pF Vo =0V
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OKI semiconductor >
MSM534001A &

524,288 WORD x 8 BIT MASK ROM

GENERAL DESCRIPTION

The MSM534001ARS 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 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
e 524,288 words x 8 bits e Input/output TTL compatible
e 5Vsingle power supply e 3-state output
e Accesstime: 150 ns MAX e 32-pinDIP

FUNCTION BLOCK DIAGRAM

PIN CONFIGURATION

(Top View)
el S B ve e ¥
2 O] -—

A16 m E A18 :3 O——> —| decoder Memory cell Matrix <«
Aqs 30] Ay Ao — 524,288 x 8 bit - o v
A 2 E A §7 O——»| Address |— *

12 14 A% =31 buffer [

A; 5] 28] A [fee= =

Ay O— ]

A6 E E A8 Q:ZMH —.:> decoder l <—‘L

As [ [26] Ag ﬁi;z — e O

Aq [ 25 Ay (L Sl

Az [ [24] OE

A, O0] 23] A1

A1 E E CE Do Oy D; Dy O, Dy Dg D,

Ao E [21] D,

Do O3] [20] Dg

D1 E :E D5

D, [i5] 18] D;
GND [i6] 7] D3

Vee. Vss  :Powersupply  CE  :Chip enable
voltage OE :Outputenable

Ap~Ag :Addressinput

Dg~D; :Dataoutput
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ABSOLUTE MAXIMUM RATINGS

(Ta=25°C)
Rating Symbol Value Unit Condition

Power Supply Voltage Vee -03to7 \" Respect to Vgg
Input Voltage V) -0.3toVcc+0.3 \" Respect to Vgs
Output Voltage Vo -0.3toVcec+0.3 v Respect to Vsg
Power Dissipation Pp 1 w Per package
Operating Temperature Topr 0to 70 °C -

Storage Temperature Tstg -55to0 150 °C -

OPERATING CONDITION AND DC CHARACTERISTICS

(Vec=5V+10% Vgs=0V

Ta=0°Cto +70°C)

. " Ratin
Parameter Symbol | Measuring Condition S Unit
Min. Typ. Max.
Vee - 4.5 5 5.5 \
Power Supply Voltage
Vss - 0 0 0 \
V|H - 2.2 5 VCC +0.3 Vv
Input Signal Level
Vi - -03 0 0.8 \Y
VOH IOH = - 400}1A 2.4 - - \
Output signal Level
VoL lo=2.1mA - - 0.4 \
Input Leakage Current M V=0V orVcc -10 - 10 BA
Vo =0V orVcc _ _
Output Leakage Current Lo Chip not selected 10 10 PA
Vce = Max, |o=0mA - -
lcca tc=150ns 50 mA
Ve = Max.
| Vec - - 50 A
Power Supply Current ccs CE=Vcc-0.2V 2
Ve = Max.
| =£C . - - 500 A
€1 | CE = Vyy min. B
Operating Temperature Topr - 0 - 70 °C
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AC CHARACTERISTICS
<TIMING CONDITIONS >

Parameter Condition
Input Signal Level Vig=2.4V, V), =06V
Input Rising, Falling Time tr=tf=5ns

. . . Input Voltage = 1.5V
Timing Measuring Point Voltage

Output Voltage = 0.8V & 2.0V

Loading Condition C = 100pF + 1 TTL

<READ CYCLE>

(Vce =5V * 10%, Vss = 0V, Ta=0°C to + 70°C)

b Svmbol Specification Value Uni R ‘
t m t
arameter ymbo i Typ. Miax. ni emarks
Cycle Time tc 150 - - ns
Address Access Time tan - - 150 ns
Chip Enable
tace - - 150 ns
Access Time
Output Delay Time tco - - 60 ns
Output Setting Time tz 10 - - ns
Output Disable Time thHz 10 - 50 ns
Output Retaining Time ton 10 - - ns
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® READ CYCLE-1 (NOTE 1)
tc
Address < ><
taa
OE >§
o 3) b
thz
iz (3)
D OuUT < —
® READ CYCLE-1 (NOTE 2)
tc
& T\ T
N e
tace
OE \\ 7 )
tco thz 3
Lz (3)
DOuT >< —

Notes: (1) CEis“L" level.

(2) The address is decided at the same time as or ahead of CE “L" level.

(3) tzisdetermined by the later CE “L” or OE “L".

tyz is determined by the earlier CE “H" or OE “H"

thz shows time until floating therefore it is not determined by the output level.
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(Ta=25°C, f=1MH2)

Specification Value

Parameter Symbol Min. Mox. Unit Remarks
Input Capacitance G - 8 pF V=0V
Output Capacitance Co - 8 pF Vo=0V
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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 terminais of other chips with the wired OR is
possible ensuring an easy expand operation of memory and bus line control

FEATURES
e 262,144 words x 16 bits or 524,288 words x 8 bits