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= IC MEMORY LINE-UP AND TYPICAL CHARACTERISTICS = n

¢ DYNAMIC RAMS

Num Power
~ . Consump-
N::,';‘ Memory b:;n:f Access | Cycle tion Power
Model Name Capac- Circuit Function | Configura- er Time | Time MAX Supply Equivalent
ity tion P'; ok. | MAX | MIN (mw) | Voltage Device
(ns) (ns) |Operating/ | (V)
age Standby
MSM3764A-12 120 230 330/28
MSM3764A-15 |64k Dynamic | 65,5636x1 | 16 150 260 330/28 +5
MSM3764A-20 200 330 330/28
MSM41256-15 150 260 385/28
256k Dynamic | 262,144x1| 16 +5
MSM41256-20 200 330 385/28
MSM41256A-10 100 200 385/28
MSM41256A-12| 2560k Dynamic | 262,144x1| 16 120 220 385/28 +5
MSM41256A-15 150 260 385/28
MSM41257A-10 100 200 385/28
MSM41257A-12| 256k Dynamic | 262,144x1| 16 120 220 385/28 +5
MSM41257A-15 150 260 385/28
MSM41464-10 100 200 385/28
MSM41464-12 | 256k Dynamic 65,5636x4 | 18 120 230 385/28 +5
MSM41464-15 150 260 385/28
MSM414256-10 100 200 413/28
256k Dynamic | 262,144x4| 20 +5
MSM414256-12 120 230 385/28
t‘MSM41 1000-10 100 200 413/28
m Dynamic | 1,048576x1 18 +5
MSM411000-12 120 230 385/28
MSM411001-10 100 200 413/28
™ Dynamic |1,048576x1] 18 +5
MSM411001-12 120 230 385/28
MSM511000-10 100 190 385/11
™M Dynamic | 1,048576x1| 18 +5
MSM511000-12 120 220 330/11
MSM511001-10 100 190 385/11
™M Dynamic | 1,048576x1| 18 +5
MSM511001-12 120 220 330/11
MSM511002-10 100 | 190 | 385/11
™ Dynamic |1048576x9| 18 45
MSM511002-12 120 | 220 | 330/11
MSM514256-10 ' 100 | 190 | 413/11
™ Dynamic | 262,144x4| 20 +5
MSM514256-12 120 220 385/11




= IC MEMORY LINE-UP AND TYPICAL CHARACTERISTICS =

Power
L\L‘:?; Consump-
Mem- Memory [pi 7" |Access | Cycle tion Power
Model Name C::;Zc- Circuit Function Configura- per Time | Time MAX Supply Equive}lent
n tion Pack. | MAX | MIN (mw) Voltage Device
ity o | (ns) (ns) | Operating/ | (V)
ag Standby
MSM514258-10 100 190 413/11
1M | 20 Pin Dynamic | 262.144x4| 20 +5
MSM514258-12 120 220 385/11
e SIP/SIMM MODULE
Power
Num- Consump-
Mem- ber of | Access| Cycle tion Power
ory Memory | Pins | Time | Time MAX Supply Equivalent
Model Name | Capac-| Circuit Function | Configura- per | MAX | MIN (nw) Voltage Device
ity tion Pack- | (ns) {ns) | Operating/ {v)
age Standby
MSC2304- _
12YS8/KS8 Socket 120 | 120
MSCZ308 2M | bIOCMe ! 262144x8 | 30 — +5
- nsertable Module
15YS8/KS8 150 | 150
MSC2304-
120 120 -
12VS9/KS9 2M Socket | 569144x9 | 30 +5
MSC2304- Insertable Module 150 150 -
15YS9/KS9
MSC2307- 120 | 120
12YS9/KS9 Socket 262144x9| 30 +5
| _ 2m Insertable Module x
MSC2307 150 | 150
15YS9/KS9
MSC2305- 120 | 120
12VS18A__| 4 | Socket 524288x9| 30 +5
~ nsertable Module
MSC2305 150 | 150
15YS18A
MSC2311- 100 | 100
10YS8/KS8 Socket
8M | insertable Module |524288x9| 30 +5
MSC2311- 120 | 120
12YS8/KS8
MSC2310- 100 | 200 _
10YS9/KS9 Socket
oM Insertable Module {1 :048,576x1 30 +5
MSC2310- 120 230 _
12YS9/KS9




s IC MEMORY LINE-UP AND TYPICAL CHARACTERISTICS =

e CMOS STATIC RAMS

Num- Power
Mem ber of Consump-
| eireui : Memory . Access | Cycle tion Power
Model Name cory Circuit Function | o) 6ouira. P':rs Time | Time MAX Supply | Equivalent
apac- tion | oot | MAX | MIN | (mw) | Voltage Device
i a (ns) (ns) | Operating/ | (V)
ge Standby
MSM5165-12 120 120 248/5.5
Fully Static
MSM5165-15 64k Common /O 8192x8 28 150 150 248/5.5 +5
MSM5'165'20 200 200 248/5.5
MSM5165L-12 120 120 248/0.55
Fully Static
MSM5165L-15 |64k Common 1/O 8192x8 28 150 150 248/0.55 +5
MSM5165L-20 200 200 | 248/0.55
MSM5188-45 45 45 605/11
Fully Static
MSM5188-55 64k Common 1/O 16384x4 | 22 55 55 605/11 +5
MSM5188-70 70 70 605/11
MSM51257-85 85 85 385/5.5
Fully Static
MSM51257-100 [256k Common 1/O 32768x8 | 28 100 100 385/5.5 +5
MSM51257-120 120 120 385/5.5
MSM512571.85 85 | 8 | 385/055
Fully Static
MSM51257L-100] 256k Common 1/O 32768x8 28 100 100 385/0.55 +5
MSM51257L-120] 120 120 | 385/0.55




@ iIC MEMORY LINE-UP AND TYPICAL CHARACTERISTICS =

e MASK ROMS

Num- Power
Mem- Memory ber of | Access | Cycle COI;I'S‘;I:1P Power
ory - . - _| Pins | Time | Time Supply Equivalent
Model Name Capac- Circuit Function Con;if;?‘ura per | MAX | MIN I(\:lﬂ.:-‘\lﬁ Voltage Device
ity P:cg- (ns) (ns) Operating/ (v)
9 Standby
MSM3864 64k Fully Static 8192x8 28 250 250 550/165 +5
MSM38128A 128k | Fully Static 16384x8 | 28 250 250 550/165 +5
MSM38256 256k | Fully Static 32768x8 | 28 250 250 660/165 +5
MSM38256 A 256k | Fully Static 32768x8 | 28 150 150 330/33 +5
JIS-Chinese-
character
MSM28101A coding sys-
140 Pin MASK RAM 'gearrlz(l)_;ﬂ,
118X 16 Chinese-cha- | 3760x16
™M 40 10us 22us 893 +5
racter font output x 18 JIS-Chinese-
character
MSM28201A coding sys-
tem 48~87
MSM53256 256k | Fully Static 32768x8 | 28 150 150 83/0.6 +5
MSM531000 ™ Fully Static 131072x8| 28 250 250 83/0.6 +5




= IC MEMORY LINE-UP AND TYPICAL CHARACTERISTICS =

e EPROMS
Num-. Power
Consump-
Mem- Memory b;:—n(;f Access | Cycle tion Power
Model Name C:r:c- Circuit Function Configura-| per | Time | Time '(\:lnAvx Supply Equivalent
ify tion |Pack-| MAX | MIN | o P | Voltage Device
age | (ns) (ns) Standby (v)
MSM2764A | 64k EPROM 8192x8 | 28 | 200 | 200 | 790/185 +5 2764
MSM27128A| 128k EPROM 16,384x8 | 28 | 250 | 250 | 788/184 +5 27128
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 271000
MSM271024 ™M EPROM |65,536x16| 40 | 120 | 120 | 525/184 +5 271024
MSM27C1024| 1M EPROM |65,536x16| 40 | 100 | 100 | 175/0.55 +5 27C1024

e OTP (ONE TIME PROGRAMMABLE READ-ONLY MEMORY)

Power
Num- Consump-
Mem- ber of| Access | Cycle tion Power
ory Memory | Pins | Time | Time MAX Supply Equivalent
Model Name | Capac-| Circuit Function | Configura-| per | MAX | MIN (nw) Voltage Device
ity tion Pack-| (ns) (ns) | Operating/| (V)
age Standby
MSM2764AZB 64k oTP 8,192x8 28 150 150 525/184 +5
MSM27128AZB | 128k oTP 16,384x8 28 150 150 525/184 +5
MSM27256ZB 256k OoTP 32,768x8 28 170 170 525/184 +5
MSM27512Z8B 512k oTP 65,5636x8 28 200 200 | 525/184 +5
e E2P ROMS
Power
Num- Consump-
Mem- ber of| Access| Cycle tion Power
ory Memory | Pins | Time | Time MAX Supply Equivalent
Model Name |Capac-| Circuit Function | Configura-| per | MAX MIN (nw) Voltage Device
ity tion Pack-| (ns) (ns) | Operating/| (V)
age Standby
MSM16811 1k EP ROM ?‘;glg orl g [1,00 1,000 - +5
2 64x16 or

MSM16911 1k E?P ROM 128x8 8 | 1,000 | 1,000 - +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.

3) Avoid wearing apparel made of synthetic fiber
during operations. The wearing of cottons which do
not readily generate static electricity is desirable.
Also avoid handling devices with bare hands. If
handling with bare hands cannot be avoided, make
sure that the body is grounded, and that a TMQ
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

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
ROM:s.

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

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

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

3. CMOS MEMORY OPERATING
PRECAUTIONS

3.1 Latch-Up

If the CMOS memory input signal levei 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 (tgc)
prescribed in the catalog after the Vcc power line
has reached the guaranteed operating voltage range.
For further details, refer to "CMQOS Memory Battery

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

1. EPROM WRITING ERASURE
1.1 EPROM MSM2764 writing

Writing in the MSM2764RS involves setting the drain
and gate voltages of the floating gate stage to a high
voltage. When the drain voltage exceeds 15V and the
gate voltage 20V, the channel charge (electrons) be-
comes highly energized and flow over the oxide film
barrier into the floating gate. And since the high gate
voltage is positive polarity, electrons will flow into the
floating gate very easily. When electrons build up in
the floating gate, the memory element “threshold
voltage' is changed, and subsequently stored as memory
data. Once the charge has been built up, the surrounding
oxide film (high insulation) prevents escape of electrons.
The data is thus stored as ‘‘non-volatile’ data.

Drain

Gate
o——| \Vi
/

Floating Gate

When the MSM2764RS is shipped from the factory,
the floating gate is left in discharged status (all bits *1"),
i.e. “blank” status. During writing processes, +25V is
applied to the Vpp terminal and V| to the OE input.
The data to be programmed is applied in parallel to the
outputs (O, —7). After the address and data have been
set up, application of V| level for 50 ms to the CE
input will enable writing of data. Since the +25V
applied to Vpp is fairly close to the element's with-
standing voltage, make sure that the voltage setting is
maintained strictly within the 25V £1V range. Applica-
tion of voltages in excess of the rated voltage, and
overshooting, to the Vpp terminal can result in perma-
nent damage to the element.

Although MSM2764RS rewriting should be checked
about 100 times by sample testing, in actual practice 5
to 10 times is usually the limit. This will not likely
result in any problem.

1.2 PROM programmer

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

In the event of EPROM trouble with Oki devices and
approved programmer, problems will be handled by
both Oki and driver manufacturer except where such
problems have been caused purposely.

1.3 Erasure

Erasure of data written in the MSM2764RS can
be effected by ultra-violet radiation of the memory
element. In this case, the charge is discharged into the
substrate or electrode by the ultra-violet energy, but
note that the following erasure conditions must be met.
If a memory which has not been properly erased is used,
writing problems. and operating failures are likely to
arise. Also note that excessively long erasure times (of
several hours duration) can also result in failure.

Charging

{

» Threshold

Exposure time

S tE —le— 2tg—

Lengthy exposure to direct sunlight can also result
in loss of bits. Direct exposure of MSM2764 to
the strong summer sun for a single day can result in bit
changes. Although normal fluorescent lights have
practically no effect, light rays beamed onto elements
can cause special changes. It is therefore recommended
that the glass face be covered with a screening label.

¥7



@ EPROM WRITING AND ERASURE =

18

2. EPROM HANDLING

2.1 Defects caused by static electricity
The generation of static electricity on the EPROM
glass face can result in changes in the memory con-
tents. This, however, can be restored by brief exposure
(several seconds) to ultra-violet radiation. But this
exposure must be kept short. Exposure for 30 seconds
or more can cause changes in the normal bits.

2.2 Handling precautions

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

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

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

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

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

(6) Do not touch the glass seal by hand since this can
result in deterioration of the ultra-violet permeability
required for erasure, and subsequently lead to poor
erasure.

2.3 System debugging precautions

During system debugging, check ‘operations with a
voltage of +5% (oscillating).
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MASK ROM CUSTOMER PROGRAM

SPECIFICATIONS

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

1. USABLE MEDIA
(1) Magnetic tape
(2) EPROM
Magnetic tape and EPROM are used as standard.

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:800BP! standard, although 1600BPI|
can also be employed.
(6) Block size: Integer muiltiples 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)pe, oOf
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.

2.4 Magnetic tape examples

Multi-file format (m chips)

% : tape mark

1-chip data file 1 *

—“0ow

*

*

*
-om

Filem

[ake: R
OD—
[a)e

Block 1 Block 2 Block 3

(ol
ODn-—

Block n-1

Block n

21
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3. EPROM SPECIFICATIONS

(1) MSM2764, Intel 2764 or 27128 equivalent device
may be used.

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

] No
Examination [

] No

Examination

*TURN-AROUND-TIME

I
[
User's | Mask ROM
ROM data » automatic
: designing program
[
|
|
|
|
ROM data !
check list M !
|
|
|
|
|
[
Approval ves !
1
: ¥
|
|
|
I
|
| Mask ROM
) manufacture
|
!
|
|
|
Engineering |
Test sample :
sampling shipment TAT* |
[
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|
1
Yes !
|
Approval
pPp 7 ‘i
|
: Mass
| production
Production !
shipment |
TAT* I
Shipment <+ I
|
|
!
|
|
11 L
|
|
User } Oki Electric
[
|
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TERMINOLOGY AND SYMBOLS

1. PIN TERMINOLOGY

Term EPROM ROM Static RAM Dynamic RAM

Power Supply Voltage Pin Voo Vee Vee Vee Voo- Vee
VGG: VBB

Address Input Pin Ay, ~ A, A, ~ A, A, ~ A, A, ~A,
Data Input Pin DI DIN
Data Output Pin 0, ~ 0, D, ~D,; DO D ouT
Data Input/Output Pin 1/0, ~ 1/04
Chip Enable Pin CE CE CE
Output Enable Pin OE OE OE
Address ;Enable Pin AE
Chip Select Pin cs cs
Write Enable Pin WE WE WE
Row Address Strobe Pin’ RAS
Column Address Strobe Pin CAS
Program Input Pin Program, Vpp
Data Valid Pin DV
Clock Input Pin T
Ground Pin Vss Vss Vss Vss
Vacant Terminal NC NC

29
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2. ABSOLUTE MAXIMUM RATINGS

Term EPROM ROM Static RAM Dynamic RAM
Vpp: Vce Vee Vee Vpp. Vce
Power supply voltage VGG, VBB
Vss Vss Vss Vss
Terminal voltage VT V1 \%A s
Input voltage V) V) V| V)
Output voltage Vo Vo Vo Vo
Input current
Output current lo
Output short circuit current los
Load capacitance
Power dissipation Pp Pp Pp )
Operating temperature Topr Topr Topr Topr
Storage temperature Tstg Tstg Tstg Tstg
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3. RECOMMENDED OPERATION CONDITIONS

Term EPROM ROM Static RAM Dynamic RAM

Vop. Vee Vce Vee Voo, Vee

Power Supply Voltage VGG. VBB \'Z2:1:]
Vss Vss Vss Vss

““H"" Clock Input Voltage VIHC

“H" Input Voltage ViH ViH ViH ViH

“L" Input Voltage ViL ViL ViL ViL

Data Pretention Voltage VceH

Load Capacitance CL CL

Fan-out N N N

Operating Temperature Topr Topr Topr Topr
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4. DC CHARACTERISTICS

Term EPROM ROM Static RAM Dynamic RAM

“‘H’" output voltage VOH VoH VOoH VoH

“|" output voltage VoL VoL VoL VoL

““H’* output current loH

L' output current

Input leakage current I TN IN] IN}

Output leakage current ILo ILo Lo Lo

1/O leak current Lo

Program terminal current Ipp1. Ipp2

Peak power on current Ipo Ipo. IsBP
Ipp. Icc Icc. Iccs Icc, lcca Ipp1.Icc1.1BB1

Power supply current IBB. Icc1 lcca Icct. lcc2  |'pp2 lcc2.'BB2
Icc2 Iccs: Iccs1 | lpbarlccs 1BB3

IsB IbD4. Icca. 'BB4
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5. AC CHARACTERISTICS
(1) Read cycle

Term EPROM ROM Static RAM Dynamic RAM
Read cycle time tc, tRC. tCYC tRC tRC
Address access time tACC tAA, tACC tA, tAC,
tACC: tAA
Chip select access time tco tcs tco. tACS1.
tACS2
Chip enable access time tCE tACE taC
Output enable access time t0E tco tOE
Output setting time 1z tex, tLz
Output valid time tOH tOH tOH, tOHA
Output disable time tDF tHZ tOTD: tHZ, tOFF
tOFF
Address set-up time tAS tAS
Address hold time - tAH tAH
Chip enable off time tce
Chip enable pulse width tCE
Power-up time tpy tpy
Power-down time tPD tPD
Address enable pulse width tAE
Data valid access time tvA
Data valid delay time tyD
Clock delay time tyH
Clock pule width tH
Clock delay time tL
Output delay time tpp
Output access time tDA
Output hold time tDH
Address enable set-up time tAES

33



= TERMINOLOGY AND SYMBOLS =

(2) Write Cycle

Term EPROM ROM Static RAM Dynamic RAM
Write cycle time twec tRC
Address set-up time tAS tAS, tAw
Write pulse width tpw tw, twp twp
Write recovery time tWR
Data set-up time tps tpsS. tpw ips
Data hold time tDH tDH IDH
Output offtime tDF tOTW. twz tOFF
Chip select set-up time tCcss tcw
Address hold time tAH tAH, tWR
Chip enable off time tcc
Chip enable pulse width tcw. tCE
Write enable set-up time tws
Write enable read time twCL
Write enable hold time tWH
Address/write enable setting time tAwW
Write enable output activation tow
Output enable set-up time tOES
Output enable hold time tOEH
Program read delay time tDPR
Output enable delay time tOE
Chip enable data valid time tpyv
Program pulse rising edge time tPRT
Program pulse falling edge time tPFT
Vpp restoration time VR
Chip enable hold time tICH
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PACKAGING

PACKAGES
No. RS GS Js RS vs KS AS
Name | of | ASTIC | PLASTIC | PLASTIC | PLASTIC SIDE
Pins L -
DIP FLAT toe | SKINNY |MODULE |MODULE | gpazep | CERDIP
16 o
MSM3764A
18 o o
16 o
41256
18 5
41256A 2 °©
18 o
16
41257A °
18 o
18 o
41464
18 o
211000 | 18 o
211001 | 18 o
214256 | 20 o
511000 | 18 Q)
511001 | 18 o
511002 | 18 o
514256 | 20 )
20 c
514258
26 5
30 5
2304(8)
30 5
30 o
2304(9)
30 o
2307(9) 12 ©
30 5
2305(8)| 30 o
2310(9) —2 °
30 )
2311(8) -2 °©
30 o
28 o
5165
32 o
s165L |2 ©
32 o
5188 | 22 o
P ©
32 )
§1257L |22 ©
32 o
3864 | 28 o
38128A| 28 o
38256 | 28 o
38256A| 28 o
28101A| 40 o
28201A] 40 o
531000 | 28 o
53256 | 28 o
2764A | 28 o
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PACKAGES
Name ";‘; RS GS Js us Ys KS AS
o [PE | PASTE LESE | R wooure | wooure| 05, | e

27128A | 28 o
27256 28 o
27512 28 0
271000 | 32 o
271024 | 40 o
271024 | 40 o
2764AZB | 28 o

27128AZB | 28 o o o

27256ZB | 28 o o I

27512ZB | 28 o

16811 8 o

16911 8 o
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e 8 PIN PLASTIC

(UNIT: mm) ' n

6.7 MAX

76 2103 0

0.60 MA* S\,
0~15°

Seating Plane

e 16 PIN PLASTIC

20.0MAX

1 N [ s e O

X
<
s
~
fQ °
o\ 7 TJ T 3 TJ
\ INDEX MARK
7.62+0.30
Z
[ |23
, =
~H W
ol2
%
S
~ \% -15°MAX

2.54:0.25 0.65MAX Seating Plane
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e 16 PIN PLASTIC

20.0 MAX

K F

Q

\

\

\ INDEX MARK

7.62+ 0.30
= =4
E—
T
5t 0
Rk
B v z
i T = 0.6 MAX
I _g 06 MAXY
_’l L‘ Seating ~ :
o MA
0.65 MAX 2.54:0.25  Plane 15” MAX

Note: All dimensions in millimeters.

e 18 PIN PLCC

PIN_1_
/INDEX MARK

050 TYPE
3 PLACES

" APEX REF
—APEX OF LEADS TO BE

T [@AB-clo3s)
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e 18 PIN PLASTIC

24 5MAX

o — . — - 1l Carr

6.7MA)£.‘

3 S S O |
INDEX MARK

7.62+0.30

N 5.1MAX

0.6MAX

3.0MI

15°MAX

Seating
Plane

2.54:0.25 0.65MAX

e 22 PIN PLCC

PIN 1
/ INDEX MARK =-0.38 MIN
137 95" v/ 0.33
R C7AY 22 aCroT]
[©]s nae ! [5.63] {
] 0 Ty oaoms
E j TELT s
066 1 | L
@4 h® W#-— E63) J‘
- ) I W N
050 TYP _| L D) 258 _ APEX REF. o e
3 PLACES e “—APEX OF LEADS T
- A [@]A[B-c]0.38]
12370 13.208
5 12522 13.588 T
- : I =[0.10]
[127]TYP b1 el

) [e=p 6185 6,6041
6.261 15794 1
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e 22 PIN PLASTIC

. 27.6 MAX

[ 1 3 [ /3 [ [ ]

O
D
DQ

6.7 MAX

[y s ey sy [ 6 Sy
INDEX MARK

7.62+0.30

[ 15° MA)ﬂ

Seating Plane

0.65 MAX 2.54 +0.25 9.5 MAX

@ 24 PIN PLASTIC

- 32.3MAX
ininininininsninininbsl

13.0MAX

;))

UUUguoooogouyg

. 15.24+0.30

_
_——03MIN

2.54MIN 5.1MAX

o

2.54+0.25 0.656MA

Plane
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e 24 PIN CERDIP

32, 5MAX E
nonooonnonnn

13.7MAX

gououuuooiud

15.24+0.30

BIMIN

—

MIN 5.1MAX

i R
\ ! )
0.6MAX ~ 0.6MAX "
2.54+0.25 Seating 15" MAX )

Plane
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Note: All dimensions in millimeters.

® 24 PIN PLASTIC FLAT

16.5 MAX

AAARRAAAARAE

- ©
© |
TITTTTAYTTE

|
8.5 MAX

13.0 MAX
0.45 MAX 1.27%0.13 9.6+0.3 1.2
x
< X
e e 0 10 U 2]
st 3
10° MAX
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e 26 PIN SOJ
) 17.146+0.15
[
inimininin !_H_\I_M__H_\ ,, %1'
g o ’le
=1 o; o
S &lal G
~ 1 ©| v
K/( N 0 I
[SpN uiNg] [ e e =
26 AN
NJPINDEX
ci1a 18 A
TN \|_ @
BASE PLANE [/ 7 . 25
N\ 1'H‘H'H]AJ} 92y Jaj N
SEATING PLANE H g e
e ¥ [ 127 0.406:0.05 2
— 0.73+0.07 Glo.15h
16.24 —
[lossi
e 28 PIN PLASTIC
38MAX
OO Oama OO mTIT
X
s
) 2
y
OUooOoooooounoLroy
|_15.24+0.30 _
i
Z
< x
=3 |
012
sls
goonaonndd /149
[ARRARRARRNE
| EE' k
-~ 0
2541025 0.65 MAX \ Seating 15 MAX
Plane

44




= PACKAGING =

e 28 PIN CERDIP

e 38.0 MAX

ininininininininisinisinlisin

15.0 MAX

U uUtIgOOTOuUaas

0.51 MIN
5.1 MAX

15.24 £0.30

Y

—

Il

TNy
|

0.6 MAX

2.54£0.25

Seating Plane

15°MAX

2.54 MiN

o omme]

Note: All dimensions in millimeters.

e 32PIN PLCC

3PLACES

1.524

2.286

PIN 1
107 1.53 MIN

= 0.51 MIN

PN T
. / INDEX MARK
1.45 457
107 |

i

0.33
053

@ : ] i

Ta7 4
142 4% 4

@

Oonnonnononno

®

!I_ILJ\_I\_I\_II_ILJ 58
' —#

0.50 TYP

3.05
1355
13.894 (oA
14.046  14.860

5715
Fs79171!
RN
| 6.160

‘ 6.285

|| 11.430 |
{1582

12320 o |
12570 -2 -

|

[ [eas| |

C l_T_., |

-t
A

|
|
[JAVAVAYAVAVAVAY)
U U

i ian)

¢

—

!

12.’446
13._462
(648

S R |
| \ APEX REF.

|
zL R rers
1=[o.10]

[¢]aBcl0.177]

APEX OF LEADS TO BE

[¢lafe-clozs]
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e 40 PIN SIDE-BRAZED

, 51

.5 MAX

2.54 +0.25

0.6 MAX

%
<
=
N
[2¢]
N
Z X
s <
Zs 22.86 +0.30
n M
(o]t}
rrT—y
Z  -»=+-0.35 MAX
=
<t
0
~N

Seating Plane

® 30 PIN SIMM (FOR MSC 2304/2307 YS9)

88.9
3.38 82.14 T
Z |z
H X
D | 2D
| o
8 e o oo o o, o . ekl
manininisisinlsin/nininininisisinisinininininisininininisi
2.03 ||5.59 2.54 17.8 1.27%043
1

Glass epoxy substrate
;18-Iead pLCC

LY

| Chip capacitor

o
o
(o]

E

f
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e 30 PIN SIMP (FOR MSC 2304/2307 KS9)

(UNIT: mm)
88.9 MAX
5.0

3.38 82.14 TEF_
$3.18 B
%
ale | 3

2ls :‘E}'
-2 =!=
! i}
203

Glass epoxy substrate
———18-lead PLCC

|~——Chip capacitor

——L 0.27580%

® 30 PIN SIMM (FOR MSC 2304 YS8)

Tin-Lead Solder

3

88.9
3.38 82.14
$3.18
E———
w b
© |© : 6}
28 || -30
© MOOEr ﬁnﬁr']nhr‘lhr‘lnnmr—lﬁr‘lnn Ton/nimmlanlmimlmimn H
2.03 5.59 2.54 1.78 1.07£0.13
] Glass-Epoxy Board
- 18pinPLCC 1. Substrate: GLASS-EPOXY
2. Through Hole: Copper Plating
| Chip Condenser Followed by Sn/Pb Plating
4 3. Contact Pads: Copper Plating
Followed by Sn/Pb Plating
on CopperFilm (18umt)
4. Surface Coating: Photo Film Resist
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e 30 PIN SIMP (FOR MSC 2304 KS8)

88.9 5.08"AX
3.38 82.14
o
s180) 30 :
Seoting
lane
2.03—|Lss 0.5.1.2.54 P
73.66 ' z Lo.27*3: 3
Glass-Epoxy Board ffz
“1—18pin PLCC N
|~ Chip Capacitor
Tin-Lead Solder |
e 30 PIN SIMM (FOR MSC 2305 YS9)
88.9 8. go!AX
338 82.14 | 5.08"AX
$3.18 =
[N S Eand .
2.03 H— 2.54- —H1,
73.66 78 1.27 1008,
5,59 '

Glass-Epoxy Board:
18 pin PLCC
Chip Capacitor

Tin-Lead Solder
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e 30 PIN SIMP (FOR MSC 2305 KS9)

2 PACKAGING =

_ MAX
88.9 8.89
3.38 82.14 5. 08""AX
g g3 56N
© 3. B 2 z
—| 0| ') | S
= ol &,
Seati
2.03 -1 0.5-1- 2,54 Plane ,
I 73.66 5271013
5.59 +¢ll0.07
Glass-Epoxy Board
18 pin PLCC
;g Chip Capacito
5
E-i
U
Tin-Lead Solder §
e 30 PIN SIMM (FOR MSC 2310 YS9)
88.9
82.14 ., 5.38MAX
3.38 | 3.56“]1”
I
Y ?
S =m—4 5
Ny I o ol ol ofil ol ofll olf ol o
"‘-'1\813 nOooOOOnONoA0aN 000000000000 +0.15
2. 1]l2.54 . | = 1.27-0.08
5.59 73.66 " E
N
~
/Glass—Epoxy Board

| _—18pin PLCC:
|__—Chip Capacitor

Contact Pads
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@ 30 PIN SIMP (FOR MSC 2310 KS9)

88.9
3.38 82.14 5.38MAX

©
=
2.03 =
=
<
Glass-Epoxy Board : -0.07
2 18 ptn pce
%Chip Capacitor
® 30 PIN SIiMM (FOR MSC 2311 YS8)
88.9
82.14 ., 5.38MAX
3.38 ] |3.56MIN
L N 1
i
So,fm § 9
e Y offf ol o olgl olfl o
"";}\8\3 ol munmo[‘mnnnnnr'inm?mammnmmmuamnm +0.15
. 2.5 1.7 ®| = 1,27-0.08
5.59 73.66 NS
i - 3
~ n
o~

‘/Class—-Epoxy Board

| —18pin PLCC
| —Chip Capacitor

Contact Pads
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e 30 PIN SIMM (FOR MSC 2311 YS8)

88.9
3.38 82.14 ‘ 5.3gMAX
__—,] 3'56MINT
Tl T
BE R
© : - RN
S| 8 o ofl off off off off . |3IR
203|259 0.5-12.54 =1 L
73.66 = +0.13
Glass-Epoxy Board b 0. 7‘0-,07
- Xy Bo ‘\‘.
1 18 ptn puce
%«Chip Capacitor
e 18 PIN PLASTIC
24.5MAX
e O e 8 e e 0 e e s O 3
X
<<
S
0
Q R
—J S S g s s g s g s |
{\ INDEX MARK
7.62+0.30
Zx
=<
Sz
0
z 0.6MAX
3 B
2 I5"MAX
2.54:0.25 0.65MAX Seating
Plane
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® 20 PIN PLASTIC DIP

L. !
X
=
0
~N
| 5% [ U s e ny Seen Ry e T
O ®
Index Mark Area
x 7.62:”0
<
=
LD.:
%.
&

2.5420.25

® 32 PIN CERDIP

43.0MAX g
minininininininisininisinininlsl —
1% ]
A :
2
Uduguuduoguougoougg ‘7\L§‘.‘2

AR A Vs

2.54 £ 0.26 0.6MAX

2.54MIN
:

i

Seating Plane




u PACKAGING =
® 40 PIN CERDIP

53 sMAX

mininEninininininiainininininininininln]

-

uuuuuguooououooooogooyg

E(Dﬂifﬁ()ﬁ(gllll.)i
FOETTYTTy|
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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 LS| memories.

(38) Prototypes are subjected to repeated relia-
bility and other special evaluation tests. In
addition, the stability and capacity of the
manufacturing process are checked.

3) Production prototype stage

During this stage, various tests check the relia-
bility and other special features of the production
prototype at the mass production factory level.
After confirming the quality of a device, we pre-
pare the various standards required for mass
production, and then start production. Although
reliability and other special tests performed on
the production prototype are much the same as
those performed on the developmental prototype,
the personnel, facilities and production site
differ for the two prototypes, necessitating
repeated confirmation tests.

4) Mass production

During the mass production stage, careful
management of purchased materials, parts and
facilities used during the manufacturing process,
measuring equipment, manufacturing conditions
and environment is necessary to ensure device
quality first stipulated during the designing
stages. The manufacturing process (including in-
spection of the completed device) is followed by
a lot guarantee inspection to check that the
specified quality is maintained under conditions
identical to those under which a customer would
actually use the device. This lot guarantee in-
spection is performed in three different forms as
shown below.

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

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

(38) Group Ctests: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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Figure 1 Quality Assurance System
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nspection ® Group C Test

Storage
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Figure 2 Manufacturing Process

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

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

Failure
report

Sales
Department

Analysis
report

Request for

technical
improvement i i
Engineering
o= ————— Department
Report on
I results of [
investigation
& improvement -
— c p—
o @ © C
TwE L0
Assurance w02 cH
o=z <
Department SEQ g 2
g g g = o
Report on @-.=
results of

investigation L
& improvement
L A@acturing
Department

Request for
manufacturing
improvement

Figure 3 Failure report process
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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 LSI elements and
their analysis are described on next page.
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OK! MEMORY LSI LIFE TEST RESULTS

m RELIABILITY INFORMATION =

Device name

MSM411000RS

MSM41256 ARS

MSC2304AKS

1048576 x 1 bit

262144 x 1 bit

262144 x 9 bit

Function DYNAMIC RAM DYNAMIC RAM DYNAMIC RAM
Structure Si gate N-MOS Si gate N-MOS Si gate N-MOS
ructur 18P plastic package 16P plastic package 30P sip
Test item Test condition Sasrir;;;Ie l;':)ejrts Failures Sasr':;;;le ::Ztrs Failures Sa;\:;le l;r:f:ts Failures
_ o
eo1ns 300 | 2000 1* | 500 |2000 | © 40 | 1000 | ©
Operating .
life test o
Ta=150"V _ _
vee = 5.5V 45 | 2000 0 45 | 4000 0 -
(<]
13ocsee 100 | 120 o© 100 | 120 © - - -
Temperature :
humidity test 85°C 85%
Vee = 5.5V 100 | 2000 0 300 | 2000 0 40 | 1000 0
Pressure 121°C 100% _ . _
cooker test No bias 50 500 0 100 500 0
Low tempera-| Ta = -565 ~ —=10°C _ _ _
ture life test | Vee = 7.0V 22 | 2000 0 60 | 2000 0
© ° 1000 20?0
Temperature |-55 C~ 25 C ~ 500 cycies
cycling test 150°C 100 cycles 0 200 cycles 0 40 0 o"(’:) 0
(70min/cycle) (;g,fin,c,
Device name MSM51257RS MSM?7512AS MSM531000RS
Function 32768 x 8 bit 65536 x 8 bit 131072 x 8 bit
STATIC RAM UV erasable EP ROM Mask ROM
Structure Si gate C-MOS Si gate N-MOS Si gate C-MOS
28P plastic package 28P cerdip 28P plastic package
Test item Test condition [Sample | Test . Sample | Test . $ample | Test .
size hours Failures size hours Failures size hours Failures
N 3,55\9 45 {1000 | O g8 |2000 | o© 88 |2000 | o
Operating .
life test Ta=150°C B B B B B B B B B
Vcc = 5.5V
Vo ces 22 | 120 | o - - - 22 | 120 | o
Temperature : 3
humidity test o
85°C 85%
Vee = 5.5V 50 | 1000 0 50 | 1000 0 80 |2000 0
Pressure 121°C 100% _ _ _
cooker test No bias 50 500 0 50 200 0
Low tempera- {Ta = -55 ~ -10°C
ture life test | Vee = 7.0V 22 |1000 0 22 | 2000 0 22 12000 0
O O
Temperature |~85,C~25°C 500 300 300
) 150°C ) 45 | 0 50 0 100 0
cycling test {70min/cycle) cycles cycles cycles

*: SINGLE BIT FAIL
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OKI MEMORY LSI ENVIRONMENTAL TEST RESULTS

62

Device name MSM411000RS [MSM41256 ARS|MSC2304AKS
A . Sample . Sample . Sample .
Test item Test condition size Failures size Failures size Failures
Soldering 260°C
heat 10 sec
O O
Thermal goomc *x
Thermal shock 22 ] 22 0 22 0
. 10 cycles
environmental
test -55°C~RT~150°C
Temperature | 30min 30 min
yeling 20 cycles
Variable 100Hz~2000Hz
frequency 4 min per cycle
vibration 4 timesinX, Y, 2
Mechanical 1500G, 0.5 ms,
environmental Shock 5 times in each 22 0 22 0 22 0
test X, Y, 2
Constant 20000G _ _
acceleration 1 minineach X, Y, Z
Electrical .
Environmental ESD 200pF, 052, 5 times 10 0 10 0 - -
test +200V
Device name MSM51257RS | MSM27512AS|MSM531000RS,
Test item Test condition Sasr;;gle Failures Sasrir;;;le Failures Sasriv;zle Failures
Soldering 260°C
heat 10 sec
0°C~100°C
Thermal Smin  5min
shock 10 cycles
Thermal 4
environmental 22 0 22 0 22 0
test . T .
-55"C~RT~150°C
Temperature | 30min 30 min
veling 20 cycles
Variable 100Hz~2000Hz
frequency 4 min per cycle
vibration 4 timesin X, Y, Z
: 1500G, 0.5 ms
Mechanical e ’
environmental Shock 5 times in each 22 0 22 0 22 0
test XYz
Constant 10000G or 20000G
acceleration 1 minineach X,Y, Z
Electrical .
environmental ESD 200pF, 022, 5 times 10 0 10 0 10 0
test +200V
**: TEMPERATURE CYCLING: -40°C ~ 25°C ~ 125°C (20 cycles)

(30 min)

(30 min)
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HIGH TEMPERATURE OPERATING LIFE TEST
(Ta=125°C, Vcc = 5.5V, teycle = 3 us) SAMPLE SIZE = 300 pcs.

MSM41256-12RS

OH 168H 500H 1000H 2000H
MAX. 63.54 64.58 64.70 64.86 64.98
MIN. 57.92 57.94 57.86 57.90 57.96
Icct mA MEAN 60.700 60.710 60.620 60.700 60.740
S.D. 1.339 1.370 1.376 1.389 1.394
DEL. 0.00 1.04 1.16 1.32 1.44
MAX. 3.50 3.74 3.62 3.66 3.68
MIN. 2.92 294 2.92 2.94 294
lcc2 mA MEAN 3.083 3.097 3.068 3.084 3.084
S.D. 113 144 119 119 .120
DEL. 0.00 0.68 0.20 0.24 0.26
MAX. 112 112 112 112 113
MIN. 109 109 109 109 110
TRAC ns MEAN 110.9 110.9 1111 110.9 111.0
S.D. 7 7 8 7 8
DEL. 0 -1 1 -1 -1
MAX. 52 52 52 52 53
MIN. 49 49 49 49 49
TcAC ns MEAN 50.8 50.6 51.0 50.6 50.6
S.D. 7 6 7 .6 7
DEL. | o -1 1 -1 -1
_ TRAC _ Tcac
ns — ns L
120 — 60
116 55 (—
o S S i s st S B S e s S
105 — 45 -
L I 1 Il 1 J I L 1 1 | J
OH 168H BOOH 1000H 2000H OH 168H 1000H 2000H
oA Iccr mA | lcc2
70 4+
65 - 35 |-
60 - }-_——;___%_—-%——_ 3 B ‘[———— T T -
55 (— 25
] 1 1 ] ! ] | | ] ] | J
OH 168H  500H 1000H 2000H OH 168H 500H 1000H 2000H
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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.

Semiconductor Element Failure Rate Curve

' Initial SHIPPING Wear-out

o | failure Random |_ failure

® failure

o

© m>1

5 /

3 G /

& eneral /
electronic /
devices

i — 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-

YN

Example of surge destruction

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

N Input section

/ —
Aluminum Z _/{/,y__/gl/_}
wire \T- Poly Si

Destruction
position

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

3) Surface Deterioration due to 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.

Photolithographic Defect
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5) Aluminum Corrosion

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

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 [y
—'I |
Gat 1
ae Source Hot electrons

Substrate silicon

Characteristic deterioration caused
by hot electrons

With further progress in the miniaturization of cir-
cuit components, failures related to pin hole
oxide film destruction and photolithography have
increased. To eliminate these defects during
manufacturing, Oki has been continually improv-
ing its production processes based on reliability
tests and information gained from the field. And
we subject all devices to high-temperature burn-
in screening for 48 to 96 hours to ensure even
greater reliability.
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MSM41257ARS/JS
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1,048,576-Word x 1-Bit RAM (NMOS) <Nibble Mode> ..... 169
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262,144-Word x 8-Bit RAM (NMOS) .......oovovenmraieriennns 252
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524,288-Word x 9-Bit RAM (NMOS) <Page Mode> ......... 297
1,048576-Word x 9-Bit RAM (NMOS) ........cooirirsinnnns 310
1,048576-Word x 8-Bit RAM (NMOS) ......oooniiiriirannnns 322



OKI semiconductor
MSM3764 ARS/JS

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

GENERAL DESCRIPTION

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

Multiplexed row and column address inputs permit the MSM3764A to be housed in a standard 16 pin
DIP 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
@ Silicon-gate, Double Poly NMOS, single transistor cell © “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, e 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-<chip latches for Addresses and Data-in
® 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 CAS .
NC E il 16 :] Vs
w2 &
Pin Nomes Function on[] L Function
A~ A, Address Inputs we[ s 14 Joour Ag~A, Address Inputs
RAS - Row Address Strobe . RAS Row Address Strobe
CA% Column Address Strobe mas[]e [ Ja TAs Column Address Strobe
WE Write E WE i
oin e it ~ 0 w0 o e
ata Input

Dout Dats Output A e n[Ja Dout Data Output
Vee Power (+5V) Vee Power Supply (+5V)
vss Ground (0V) By o[ ]a Vss Ground (OV)
NC No Connection

Vvee E 8 s :]" * Refresh Address
* Refrosh Address
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FUNCTIONAL BLOCK DIAGRAM
RAS Timing
Generator Timing
CAS T . Generator
Timing '
«{ Generator (V:Vlg(t:i WE
Column Generator,
Column
Address Decod
Buffers ecoders i
Ag~A ==1 1/0 [*™{Output
0 7|: Sense Amps - {Selection| o Buffer —Dout
Row 3 3
Address
Buffers R Word
ow or Data
De- | | Driv- Memory Input j=———Din
coders ers Cells Registor
- H
vce
Vss
On chip VBB
ABSOLUTE MAXIiMUM RATINGS (See Note)
Rating Symbol Value Unit
Voltage on any pin relative to Vgg VIN. VouT -1 to +7
Voltage on Vcc supply relative to Vgg Vce -1to+7 \%
Operating temperature Topr 0to 70 °C
Storage temperature Tstg -55 to +150 °C
Power dissipation Pp 1.0 W
Short circuit output current 50 mA

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

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

RECOMMENDED OPERATING CONDITIONS

(Referenced to Vgg)

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

(Recommended operating conditions unless otherwise noted.)

u DYNAMIC RAM-MSM3764ARS/JS m

Parameter

Symbol

Min.

Unit

Notes

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

lcct

60

mA

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

lcc2

5.0

mA

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

lcca

40

mA

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

lcca

60

mA

Input Leakage Current

Input leakage current, any input

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

Il

10

uA

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

Lo

-10

LA

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

VOH
VoL

2.4

0.4

\
\

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

CAPACITANCE

(Ta=25°C, f=1MHz)
Parameter Symbol Typ. Max Unit
Input Capacitance (A, ~ A,, Dyn) - pF
Input Capacitance (RAS, CAS, WE) CIN2 - 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 0 35 0 40
Transition time T 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) tcp ns 50 60

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

CAS hold time tCSH ns | 120 150

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

Row Address set-up time tASR ns

Row Address hold time tRAH ns 15 15

Column Address set-up time tASC ns

Column Address hold time tCAH ns 20 20
retoenced 10 RAS L A e %

Read command set-up time tRCS ns 0 0

Read command hold time tRCH ns o] 0

Write command set-up time tWes ns -10 -10 8
Write command hold time tWCH ns 40 45

Write command pulse width tWwp 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 DS ns 0 0

Data-in hold time tDH ns 40 45

?Oa%a)_-;nghold time referenced {DHR ns 100 120

CAS to WE delay tCWD ns 40 45

RAS to WE delay tRWD ns 100 120

Read commaniiqld time {RRH ns 0 0

referenced to RAS

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

2) AC measurements assume tT = 5ns.

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

4

8

READ CYCLE TIMING

tRC
RAS-
tAR
—_ hY 4 p
RAS \\;:t_ ‘ | /| \
fes— TR P —
tRsIJ
\ tRCD o [=-tCRP-+
tCAS |
—— ViH — R
CAS vy — \ \( Z /
tCsH tCPN
tASR| [tRAH c—‘ tCAH

tAS =
R G ) e U 7K
| [fHCH,
tRCSt‘-—‘ ' S tRRH =]
[ VIH—
WE - M e tcac
tRAC

DouT VoH- { OPEN )———{

VoL~

Valid Data

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

(EARLY WRITE)

AT
ViH — 3 tAR
mas i N ; N
tRSH —'RP—=
. tRCD | tcAs 'CRP1
e VIH— h
CAS v, — \
tCSH tCPN
tASR| [tRAH tTCAH
~ [==ftasc
IH — Row Column 2 //
Addresses ViL — /// Address Address @(
| t
tWCs L_twcH cwL
_ ViH— tWPl
WE vy - W } : /
“WeR TRWL.
st == tDH ]
Vv N
DIN vl.:' / % Valid Data ,W
v 1DHR
bout I ’ OPEN ;

READ-WRITE/READ-MODIFY-WRITE CYCLE

T IRWC
RAS
= VIH- tAR {
RAS v - X 1 y
; tRSH l=—tRP
tRCD l tCAS <tCRP
== VIH- X
CAS v, - \ - A/
1
tAsC|| tcaH CsH = 'CPN
' ViH- Column
Addresses ViL - 0 U&OTW &(
- tRWD tCWL——
tRestel = tcwD tRWL—=
— ViH- s
WE v, - ﬁ
twp
tCAC ] OFF
D VOH - X
OUT y o -—————  OPEN Valid Data
tRAC tDS| | tDH
D ViH - Valid
N ViL - / @IC Data

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

CAS: VIH, WE & DIN: Don’t care)

1RC
|

tRAS
— V - ! -\
ms UM N l{ -

——tRAH'-i f tRP
tASR=—
Addresses \\?Ill-_‘ : // % Row Address W / ////

VOH -

D
ouT VoL - — OPEN -

7] "H", L"" = Don’t Care

PAGE MODE READ CYCLE

TRAS

tOFF

l-tR‘C.I-ll

//

:.Hul“Lu= Don't Care
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PAGE MODE WRITE CYCLE

tRAS
RAS

T

tRSH—’@\‘
:tCAS* 1CRP.

tASC =—={tCAH
ngfa.
Y i K/
TWCH=—=]
i G -
WE V:E:V/ 7/ V'Y 7,
i R e
[ S=iDH= _ tDSq feiDHey tDs R

ViH-
o MK valid Data {valid Daw 7 ( valid D]

l*—tDHR

CAS

S
B

tWCH f=—e]f

\Y)
A
ddresses v

m ”H“, nL” = Don:t care

PAGE MODE, READ-MODIFY-WRITE CYCLE

tRAS
— ViH —\ .-_IAR‘_I
RAS  viL o
tcp
——  ViH
CAS v
tASCl [tCAH
Addresses ViH Col.
ViL NAdd.
tRCS
mes)
WE \\//IH f /
L
[ tDS|[tDH | ]
twp
\% - 77 -
oI Vi Y

LN
1OFF
toFF }'tCAC L-tcac
OPEN

UZ)“H" ., "L" = Don't Care
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Read Cycle RAS only cycle
___ VIH 4_‘ tRP—=—
RAS vL /Y AR
s v T ﬁ
Vi
tasR | [IRAH
Addresses ://::j
tRCH
I . A
N \Y
t
tRAG | OFF
DouT Vg[‘————OPEN———Q Valid Data

£ 1", “L'" = Don't Care

DESCRIPTION
Address Inputs:

A total of sixteen binary input address bits are required
to decode any 1 of 65536 storage cell locations within
the MSM3764A. Eight row-address bits are established
on the input pins (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,
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 transistion.
Thus Dy is strobed by WE, and set-up and hold times
are referenced to WE.

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

same polarity as data-in. The output is in a high im-
pedance state until CAS is brought low. In aread cycle,
or read-write cycle, the output is valid after trac from
transition of RAS when tgcp (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 a high level. In awrite cycle the identical
sequence occurs, but data is not valid.

Page Mode:

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

Refresh:

Refresh of the dynamic memory cells is accomplished
by performing a memory cycle at each of the 128 row-
addresses (A,~A;) at least every two milliseconds.
During refresh, either V| or V4 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

5.0V)

tcAac (Xcel/tcac (Vee

tRAC (Ta)/tRAC (Ta = 25°C)

5.0V)

trAC (Vecel/tRAG (Voo

76

Access time from RAS

14 (Relative value) v.s. Ve
" | Ta=25°C
tRCD: min
1.2 ‘\
1.0
N~
0.8
40 45 50 55 6.0

1.4

vee [V]

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

1.2

Vee = 5.0V
tRCD: min

1.0

o

0.8

0 25 50 75
Ta[°C]

Access time from CAS

14 (Relative value) vs. Vog
’ tRCD: max
1.2 \:\\
1.0 \\\‘
™\ Ta =50
\\Ta =25°
0.8 ™ T, =0°C
40 45 50 55 6.0
Vee [Vl

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

Icc1 (Operation) [mA]

Icc1 (tRAS: Constant)

50 VS Vee
Ta=25°C ] 220
t =120 L~ tRC = ns
40 RAS ns/ t | "
= 1RC = ns
/// |
tRC =330 ns
30
20 el tRC = 500 ns
e
 chm——— tR(; = 1000 ns
40 45 50 55 6.0
Vee [V]
Icct (tRAS: Constant)
50 _ V. Cycle rate
Ta=25°C | —\llcc Cssy
tRAS = 120 ns A
a0 RAS /, V|CC =5.0V
/ Vce =4.5v
30 //,
20 /a
1 2 3 4 5
Cycle Rate (1/trc) [MHz]
Icct (tRAS: Constant)
50 VS Ta
Vce =5.5V
tRAS = 120 ns
|
40 ?TtRC =220 ns
e |
tRC = 260 ns
|
30 tRC = 330 ns
20— tRC = 500 ns
trc = 1000 ns

0 25 50 75
Ta[°C]



Iccq (Operation) [mA] Icc (Operation) [mA]

Icc1 (Operation) [mA]

50

Icc1 (tRp: Constant) v.s. Voo

Ta=25°C
tRP =90 ns

]

1
L~ tRC = 220 ns
tRC = 260 ns

40

30

——

1
L tRC =330 ns
I

20

VAN

\

,
-
T

trc = 500 ns
I
= tRC = 1000 ns

4.0

50

40

45 5.0

vee [V

5.5

6.0

Icc1 (tRp: Constant)

v.s. Cycle rate

T
Ta=25°C
tRp =90 ns

Vce =5.5V

V:cc =50V
L~ Vcc =45V

30

20

Z

AN
\

1

50

40

2 3

4 5

Cycle Rate (1/trc) [MHz]

Icc1 (tRrp: Constant) v.s. Ta

tRCc =220 ns

tRC = 260 ns

|
[t tRc = 330 ns

30

|
[ tRC = 500 ns

20

tRC = 1000 ns
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Icc2 (Stand-by) [mA]

Icc2 (Stand-by) [mA]

| vs. V
5.0 CC2 CcC
ViH: max
4.0
Ta=0°C
Ar—-—
U mm— al
3.0 Ta=25°C
Ta=50°C
2.0 Ta=75°C
40 45 50 b5 6.0
Vee [V]
Icc2vs. Ta
5.0 Vce = 5.5V
V|H: max
4.0
\~
2.0
25 50 75
Ta[°C]
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Icc3 (Refresh Cycle) [mA] Icc3 (Refresh Cycle) [mA]

icc3 (Refresh Cycle) [mA]

30

20

10

4.0

40

30

20

10

0

1

30

20

10

Icc3 (tRAS: Constant) v.s. Ve

T
Ta=25°C

tRAS=120ns _4~'RC

=220 ns

L= tRC = 260 ns
// |

’tR(l; =330 ns

|
|t tR C = 500 ns

p=-tRC = 1000 ns

45 5.0

Vee [V]

55

6.0

Icc3 (tRAS: Constant)

vs. Cycle rate

T
Ta=25C
tRAS =120 ns

e

ol

2 3

4 5

Cycle Rate (1/trc) [MHz]

20 lcc3 (tRAS: Constant) vs. Ta

Vce = 5.5V
tRAS =120 ns
tRp =220 ns
tRC =260 ns
tRC =330 ns
tRC = 500 ns
tRc = 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. Voo

T
Ta=25°C
tRC = 220 ns
tRP =90 ns //tgg Z %60 25
% L~~~ tRC =330 ns
— "1 tR¢ = 500 ns
20— tRC = 1000 ns
-
/‘/
10
0
40 45 50 55 6.0
Vee [V]
lcc3 (tRp: Constant)
v.s. Cycle rate
40 -
Ta=25°C
tRP =90 ns Vce = 5.5V
30 _—Vcc =5.0v
_—~—T ~1~—Vcc=45V
20| —
-
10
0
1 2 3 4 5

30

20

10

Cycle Rate (1/tgc) [MHz]

lcc3 (trp: Constant) v.s. Ta
40

Vce =5.5V
tRp=90ns

tRC =220 ns

tRC = 260 ns

-'\\

tRC =330 ns

tR:C =500 ns

==t tRC = 1000 ns

50
Ta[°C]
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Icca (Page Cycle) [mA] Icca (Page Cycle) [mA]

Icca (Page Cycle) [mA]

Iccs (tcAs: Constant)

vs.Vce
50 T
Ta=25C
tcAS = 60 ns
40 tpc = 120 ns
//tpc =145 ns
30 -
—=1tpC = 230 ns
:;/’tp(" = 400 ns
20
40 45 50 55 6.0
Vee (V]
Icca (tcas: Constant)
v.s. Cycle rate
1
Ta=25°C
40 tCAS = 60 ns
Ve = 5.5V
L Ve = 5.0V
30 - VeC = 4.5V
20 =
2 4 6 8 10

Cycle Rate (1/tpc) [MHz]

Iccs (tcas: Constant) v.s. Ta
0

VCG = 5.5V
tcAS = 60 ns
40 —
d\\\.tpp =120 ns
30 —— tpC = 145 ns
\ I
.\ N. =
— tplc 230 ns
20 tpCc = 400 ns
0 25 50 75
Ta[°C]
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Icc4 (Page Cycle) [mA] Icca (Page Cycle) [mA]

Icca (Page Cycle) [mA]

icca (tep: Constant) v.s. Vog
50

Ta=25°C
tcp = 50 ns

40 /,tp(_; =120 ns
L tpC = 145 ns

30 7 ] 230
b tPC = ns

////tpc“ =400 ns
1
40 45 50 55 6.0
Vee [Vl
lccs (tep: Constant)
v.s. Cycle rate
50 T =7
Ta=25C
tcp =50 ns

"’ / ’\\;CC'= gg\\;
> VCC = 0.

30 > Ve - 45V

20 /

2 4 6 8 10

40

30

20

Cycle Rate (1/tpc) [MHz]

Icc4 (tcp: Constant) v.s. Ta
50

Vee = 5.5V
tcp =50ns
——]
-\\~\.tpc =120 ns
\
'\\\‘ tpc =230 ns
— 1
tpc = 400 ns
0 25 50 75
Ta[°C]
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Input level [V]

Input level [V]

Input level [V]

Address Input v.s. Vog

00 Ta=25°C _
Vit min_a" 1~
1.5
V| max
1.0
40 45 50 55 6.0
Vee [V]
Data inputv.s. Vg
20 Ta=25°C -
' Viy min —
1.5 T
VL max
1.0
40 45 50 55 6.0
Vee [V]
Clock Input v.s. Vee
0 Ta=25°C
' VIH min ~
15 /l/]
] VL max
1.0 1L
40 45 50 55 60

Vcé[V]

Input level [V]

Input level [V]

Input level [V]

2.0

1.5

1.0

20

Address Input v.s. Ta

Vee = 5.0V

U I
VIH min

| I

V)L max

25 50 75
Ta[°C]

Data Inputv.s. Ta

Ve = 5.0V

f f
VH min

VL max

25 50 75
Ta[°C]

Clock Inputv.s. Ta

Vee =5.0v

! |
ViH min

VL max

25 50 75
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

J J ST

140

120

Icc
mA
[ I 100

80
60 1

40

20
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MSM3764A Bit MAP (Physical-Decimal)
|

[A7 column = "H"] ’ [A7 column = "L"] Orinie
63| 62 1| 0 64| 65 1261127 63} 62 11 0 64| 65 126|127,
255(255) 255|255 ] [ 255|255 255|255 1271127 1274127 L 127|127 127|127
1911190 1294128 192{193 254|255 191{190 129|128 192|193 254|255
255]255| 255}255 ] 255|255 255|255 1271127 127{127 ] 1271127 127|127
63| 62 1 O 64| 65 126{127 63] 62 1 o] 64} 65 126127
2541254 2541254 254|254 254|254 126{126 1261126 126|126 126126
191[190 129|128 192[193 254|255 191[190 129128 192[193 254255
254|254 254254 [ ] 254|254 254|254 126/126 126126 [ ] 126{126 126[126
63| 62 1 o 64] 65 126127 63| 62 1 0 oc 64| 65 126127
253253 253253 253|253 253253 125(125 125|125 125(126 125125
1911190 1291128 192[193 2541255 191|190 1291128 L]192]193 254}255
253]253 253]253 253|253 253|253 125{125 125]125 ] [ 125[125 125[125
63| 62 1 0 64] 65 126{127 63| 62 11 0 64| 65 1261127
252|252 252|252 252|252 252|252 124|124 1241124 124{124 1241124
1911190 129)128 1921193 254|255 191|190 129128 192|193 254|255
252]252 252|252 [ ] 252{252 252|252 124[124 124|124 U 124]124 124|124
63] 62 1 0 64] 65 126|127 63| 62 1 O 64| 65 126127
251|251 2511251 2511251 251|251 123|123 123|123 123123 123{123
191(190 1291128 1921193 2541255 1911190 1291128 L | l192 193 254|255
132|132 1321132 132(132 132|132 4| 4 4| 4 4| 4 4] 4
63] 62 1 0 64| 65 1261127 63| 62 1 0 64| 65 1261127
131131 131|131 1311131 1311131 3] 3 3] 3 3| 3 3] 3
191190 1291128 192|193 254255 191]190 129128 192193 2541255
131131 1311131 [ 131131 131131 31 3 3 3] [ 3f 3 2l 3
63) 62 1 0 64| 65 1261127 63| 62 1 0 64| 65 1261127
130130 130130 1304130 130(130 21 2 21 2 2 2 21 2
191190 1291128 192193 254|255 191[190 129128 1921193 2541255
130{130 130{130 [ ] 130130 130|130 2] 2 21 2 21 2 2 2
63| 62 1 0 64| 65 1264127 63] 62 1 0 64| 65 126]127
129[129 129129 129129 1291129 1 1 1 1 1 1 1 1
1911190 129128 192193 254255 1911190 129]128 192{193 254255
129129 1291129 ] 129(129 1291129 1 1 1 1 ] [ 1 1 1 1
63| 62 1 0 64| 65 126127 63| 62 1 0 64| 65 1261127
128|128 1281128 128]128 128128 ol o 0] 0 of o o 0
191190 1291128 1921193 2541255 1911190 1291128 1921193 2541255
128[128 1281128 1281128 128]128 0ol O ol 0 o] o of O
HEERERCAEREEREERER A EEREE
|
Refresh Address Refresh Address Refresh Address Refresh Address
(63 < 0) | 1 (64 —+127) (63 < 0) | ?E'T\L (64 —127) |
T /7 T I T
Din D, b, D, D, Din Din D, D, D, D, Din
(Positive) (Negative) (Positive) (Negative)
Pin 8 (Row)
A = Row Address (Decimal)
Cell B - Column Address (Decimal) Word Driver - Sense Amp
H : Sub Amp (C = Number of Bus Line)
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OKI semiconductor

MSM41256RS/JS

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

GENERAL DESCRIPTION

The Oki MSM41256 is a fully decoded, dynamic NMOS random access memory organized as 262144 one-bit words.
The design is optimized for high-speed, high performance applications such as mainframe memory, buffer memory,
peripheral storage and environments where low power dissipation and compact layout is required.

Multiplexed row and column address inputs permit the MSM41256 to be housed in a standard 16-pin
DIP or 18-pin PLCC. Pin-outs conform to the JEDEC approved pin out.

The MSM41256 is fabricated using silicon gate NMOS and Oki's advanced Double-Layer Polysilicon process. This
process, coupled with single-transistor memory storage celis, permits maximum circuit density and minimal chip
size. Dynamic circuitry is employed in the design, including the sense amplifiers.

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

compatible.

FEATURES

0262144 x 1 RAM,16-pin DIP or 18-pin PLCC package ® All inputs TTL compatible, low capacitive load
© Three-state TTL compatible output

@ Silicon-gate, Double Poly NMQOS, single transistor cell

© Row access time,
120 ns max.
150 ns max.

o Cycle time,
230 ns min,
260 ns min,

28 mW max. standby

@ Single +5V Supply, £10% tolerance

(MSM41256-12)
(MSM41256-15)

(MSM41256-12)
(MSM41256-15)
® Low power: 385 mW/360 mW active

® “Gated" CAS
® 4 ms/256 refresh cycles

® Common 1/0 capability using “Early Write'

operation

® Output unlatched at cycle and allows extended page

boundary and two-dimensional chip select
© Read-Modify-Write, RAS-only refresh, and Page

Mode capability

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

performance

Din A, Vg CAS

PIN CONFIGURATION

Pin Names Function

A, ~ A, Address Inputs

RAS Row Address Strobe
[ Column Address Strobe
WE Write Enable

Din Data input

Dout Data Output

Vee Power (+5V)

Vss Ground (0V)

NC

No Connection

* Refresh Address

Function

Address Inputs

Row Address Strobe
Column Address Strobe
Write Enable

Data Input

Data Output

Power (+5V)

Ground (0V)

" 18] Jvs
on[J2 L —
w[]s W Joon Aw <A
RAS
mase s[da &as
A s |2_jA,' Si
A s nJa Dout
Vv
At o[ Ja* v::
vee |8 o[ Jar

* Refrash Address
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FUNCTIONAL BLOCK DIAGRAM

RAS Timing
| Generator Timing
CAS
! oA/ Generator
[]
Write J—
Clock WE
Column Generator|
> Column
Address | b
Buffers ecoders l
~ 1/0  |=1Output
Ay Aa|: Sense Amps jSelectiom_. B:f?:r L —Dout
Row | f ’
Address ]
Buffers R Word
ow or Data
De- Driv- Mecml;zrv Input f=———Din
coders| | ers s Register
vee J N
VGG ——e=
On chip VBB
ABSOLUTE MAXIMUM RATINGS (see Note)
Rating Symbol Value Unit
Voltage on any pin relative to Vgg Vm, VouTt -1to +7 \
Voltage on V¢ supply relative to Vgg Vece -1t0+7 \
Operating temperature Topr 0 to 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

(Respect to Vgg)

. Operating
Parameter Symbol Min Typ. Max. Unit Temperature
vce 45 5.0 5.5 \'
Supply Voltage Vss 0 ) 0 v
0°C to +70°C
Input High Voltage, all inputs ViH 24 6.5 v
Input Low Voltage, all inputs ViL -1-.0 0.8 v
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DC CHARACTERISTICS

(Recommended operating conditions unless otherwise noted.)

Parameter Symbol Min. Max. Unit
OPERATING CURRENT* MSM41256-12 70
Average power supply current Icct
(RAS, CAS cycling; tyg = min.) MSM41256-15 65 mA
STANDBY CURRENT
Power supply current lcc2 5.0 mA
(RAS =CAS = V)
REFRESH CURRENT MSM41256-12 60
Average power supply current _ lecs mA
(RAS cycling, CAS = V|4; tgc = min.) MSM41256-15 55
PAGE MODE CURRENT* MSM41256-12 60
Average power supply current Icca mA
(RAS = V|, CAS cycling; tpc = min.) MSM41256-15 55

INPUT LEAKAGE CURRENT

Input leakage current, any input

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

OUTPUT LEAKAGE CURRENT
(Data out is disabled, ILo -10 10 nA
{0V < VoyT <£5.5V)

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

T -10 10 LA

VOH 2.4 Y,
VoL 0.4 v

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

CAPACITANCE
(T,=25°C, f= 1 MHz)
Parameter Symbol Max. Unit
Input Capacitance (A, ~ A,, DIN) CIN1 6 pF
Input Capacitance (RAS, CTAS, WE) CiN2 7 pF
Output Capacitance (DoyT) CouT 7 pF

Note: Capacitance measured with Boonton Meter.
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86

AC CHARACTERISTICS

Notes 1, 2,3 Under Recommended
Operating conditions

MSM41256-12 | MSM41256-15
Parameter Symbol | Units Note
Min. Max. [ Min. | Max.
Refresh period tREF | ms 4 4
Random read or write cycle time tRC ns 230 260
Read-write cycle time tRWC ns 255 325
Page mode cycle time tpC ns 130 145
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 0 40 0 40
Transition time tT ns 3 50 3 50
RAS precharge time tRP ns 100 100
RAS pulse width tRAS ns 120 [10,000| 150 (10,000
RAS hold time tRSH ns 60 75
CAS precharge time tcp ns 60 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
TAS to RAS precharge time tCRP ns
Row Address set-up time tASR ns
Row Address hold time tRAH ns 20 20
Column Address set-up time tASC ns 0 0
Column Address hold time tCAH ns 35 45
remerees 1 RS wR | e |9 120
Read command set-up time tRCS ns
Read command hold time tRCH ns
Write command set-up time twes ns 8
Write command hold time tWCH ns 40 45
Write command pulse width twe ns 40 45
Write command to RAS lead time | tRwL ns 40 60
Write command to CAS lead time | tcwL ns 40 60
Data-in set-up time tps ns 0 0
Data-in hold time tDH ns 40 45
2)3:::; hold time referenced tDHR ns 100 120
CAS to WE delay tcwD ns 40 75 8
RAS to WE delay tRWD ns 100 150
Read command hold time {(RRH ns 20 20
referenced to RAS
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NOTES: 1

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

2) AC measurements assume tT = 5 ns.

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

Assumes that tycp < tRCD (max.).

If tRCD is greater than the maximum recommended value shown in this table, tRAC will increase by
the amount that trCp exceeds the values shown.

5) Assumes that trcp < tRCD (max.)

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

7) Operation within the trcp (max.) limit insures that tRAC (max.) can be met. tRCD (max.) is spe-
cified as a reference point only; if trcp is greater than the specified tRCD (max.) limit, then access
time is controlled exclusively by tcaC.

twCS. tCWD and tRWD are not restrictive operating parameters. They are included in the data sheet
as electrical characteristics only; if twcs 2 twcs (min.), the cycle is an early write cycle and the aata
out pin will remain open circuit (high impedance) throughout the entire cycle; if tCWD = tCWD
(min.) and tRWD > tRWD (min.) the cycle is read-write cycle and the data out will contain Jata 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
RAS ;
tAR ommamm——
=— VIH-— b K
RAS v - 5 | A tRP
rm—— (R P —
. tRSH N
| RCD [=1CRP=]
Vin — T\ 1CAS
CAS v — K Z AV,
tASR| [tRAH ICAH 1csH
A
ViH — Row Column
Addresses /| _ Address AddresiJW %
tRCH
tRCS""’l } IRRH

— ViH-
WE le- /

I tCAC
tRAC

DouT \‘;g[‘: { OPEN +———<

Valid Data

V] H", “L" = Don't Care
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WRITE CYCLE TIMING
(EARLY WRITE)

|

Ry
>
2]

|

O
>
7

Addresses

Din

DouTt

tRC —
v | tRAS
IH— !\ TAR
ViL - X 7
tRSH tRP
v tRCD tCAS 1ICRP
IH— N
ViL — \ \( 7/
tCSH
tRAH ]
tASR Asc—l - [CAH
ViH - Row Column
VL — Address Address
Tt
twcs twen | oWt
ViH — 7z twp
ViL — N /
- TRWL
TWCR
DS = —1DH
ViH — Vali
Vi — alid Data
e
1DHR 1
VoH- i OPEN |
VoL-

R

= Don't Care

READ-WRITE/READ-MODIFY-WRITE CYCLE

D
7]

[¢)
72

Addresses

DouT

Din

tF\’WCf s
ViIH = 7Y tAR RA
ViL — N 7 S§
. tRSH bild
v tRCD tCAS L ICRP_]
Vi - N A/ L
t tCSH
ASR| [tRAH, tASC |l | tCAH
VIH — Row Column
ViL - Address # Address A
tRWD —tcwL —
tRCS |- tcwD ——tRWL—
ViH — N\
ViL — jf N
t
tcAC twp | |-OFF
VoH— i :
VoL - — OPEN l-—{\ Valid Data
tRAC tDS| | IDH
ViH — Valid
ViL — Data

“H", “L" = Don't Care
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RAS ONLY REFRESH TIMING
(CAS: V|H, WE & DIN: Don‘t care)

= DYNAMIC RAM-MSM41256RS/JS m

ViH
ViL

X
>
[

Vi
Addresses V:t

tASR=—
- Row Address

tRC

tRAS

v,

N

R

[=—tR AH-==

—

X

N

tRP————

S,

b VOH -
ouT VoL - — OPEN p—
23 'H", L = Don't Care
PAGE MODE READ CYCLE
1RAS
. y

T — tRSH———={ [=tRP

HEAS— =S —tcas tOAS tCRP

CAH Il g/ FficAH | |==sitcaH

XD s Wﬂ@ X T,

ICAC

CAC— J‘ FF‘
OPEN
tRCS

F=tCAC |
tOFF ‘oFF

DouTt VoL - OPEN: __l
) |y &{7;
we Mz W4 4 W

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

ViH —
ViL =

|

2|
>
[

tRAS

ViH —
ViL -
tASR
ViH —
ViL -

Ol
i

Addresses

ViH —

tRP
{CRP

—tCcwL—

5

ViL —

VIH —
ViL —

“"Y"?a‘m—{

—tDH
Valid Data
1

“H’, L' = Don't Care

PAGE MODE, READ-MODIFY-WRITE CYCLE

tRAS
= V|4 — - tAR—
RAS 'IH
ViL -~ X 45 { N—
tcp tRSH tRP—
s V
CAS 'IH =
ViL / K.
t
tasc|[tcaH  [tASC :CAH CRP
ViH Col. Col.
Addresses ViL Add Add
tRCS| [CWD1yp Lﬁ\lo
w= VIH ‘
WE
Vi . / j
tps| [tDH DS|-{tDH WP
ViH —
D
IN v, -
—tCAC— [tOFF | tcaco L2 " tcac
v tRAC
bout oM™ OPEN OPEN ¢
VoL-—
“H* “L" = Don’t Care
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HIDDEN REFRESH

= DYNAMIC RAM-MSM41256RS/JS =

=———Read Cycle RAS only cycle
| tRP—=]
RAS VIH_— tAR‘~4
ViL-
CAS
tASR | [ IRAH
v
Addresses /
{
| e
WE LY
tOFF
DouT v Valid Data
*H”, “L" = Don’t Care
DESCRlPTION same polarity as data-in. The output is in a high im-

Address Inputs:

A total of eighteen binary input address bits are re-
quired to decode any 1 of 262144 storage cell locations
within the MSM41256 Nine row-address bits are estab-
lished on the input pins (A, ~ A,) and latched with
the Row Address Strobe (RAS). The 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 inhibited (or “‘gated”)
by RAS to permit triggering of CAS as soon as the Row
Address Hold Time (tgap) 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 MSM41256 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, it 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 transition.
Thus Dy is strobed by WE, and set-up and hold times
are referenced to WE.

Data Output:
The outfput 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 tcac from transition of CAS when the transition
occurs after tycp (max.). Data remain valid until CAS
is returned to a high level. In a write cycle the identical
sequence occurs, but data is not valid.

Page Mode:

Page-mode operation permits strobing the row-address
into the MSM41256 while maintaining RAS at a logic
low (0) throughout all successive memory operations in
which the row-address doesn’t change. Thus the power
dissipated by the negative going edge of RAS is saved.
Further, access and cycle times are decreased because
the time normally required to strobe a new row-address
is eliminated.

Refresh:

Refresh of the dynamic memory cells is accomplished
by performing a memory cycle at each of the 256 row-
addresses (A, ~ A,) at least every four milliseconds.
During refresh, either V| or V|H 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 256
row-addresses with RAS will cause all bits in each row
to be refreshed. Further m-only refresh results in a
substantial reduction in power dissipation.

Hidden Refresh:

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

Hidden Refresh is performed by holding CAS as ViL
from a previous memory read cycle.
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5V)

tRAC (Vee)/trac (Vee

=5V)

tcac (Veetcac (Vee

Icc1 (operation) [mA]

\

Access time from RAS
(Relative value) vs. VcC

Ta=25°C
1.4
1.2
1.0 \
0.8
0.6

4.0 4.5 5.0 5.5 6.0
Vee V)
Access time from CAS
(Relative value) vs. VcC
Ta=25°C
tRCD; Max.
1.4
1.2
1.0
0.8
0.6
40 45 50 55 6.0
Ve (V]
lcc1 vs- Vee

60 l T

Ta=25°C trc = 260 nS

tRAS = 160 nS
50

7 T

/ trc = 330 nS
]
_—

40 /
— tRC = 500 nS_4

_—T

20 trc = 1000 nS ]

30

10

trac (Tal/tRac (Ta=25°C)

tcac (Tal/tcac (Ta=25°C)

Icct (operation) [mA]

Access time from RAS
(Relative value) vs. Ta

T
Ve = 5.0V
1.2
/
1.1 //
1.0 /
0.9 yd
0.8
0 25 50 70
Ta [°C]
Access time from CAS
(Relative value) vs. Ta
Ve = 5.0V
tRCD; Max.
1.2
1.1 //
1.0
0.9 &2
0.8
0 25 50 70
Ta [°C]
Icc1 vs. Cycle rate
60 — T
Ta=25C Ve = 5.5V
trAs = 160 nS / 1
=5.0V|

50 / |
4 = 4.5V
/

nY/4
/4

20

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



lcc2 (stand-by) [mA] lcc1 (operation) [mA]

Icca (refresh cycle) [mA]

60

55

50

45

40

Icc1vs. Ta

Ve =565V
tRC = 260 nS

\\

0 25 50
Ta [°C]

lcc2 vs. Ta

70

4.0

3.5

T
Vce =5.5V
VH; max

3.0

N

N

AN

25

2.0

0 25 50
Ta [°C]

Icca vs. Ta

70

50

45

vee =55V
tRC =260 nS

40

35

30

0 25 50
Ta [°C]

70

lcc3 (refresh cycle) [mA] Icc2 (stand-by) [mA]

lcca (page cycle) [mA]
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lcc2 vs. Vee
4.0, T
Ta =25°C
ViH: max.
35

v

e

25

2.0
4.0 4.5 5.0 5.5

Vee (V]

lcc3 vs. Vee

6.0

60 T
Ta=25°C

tRC = 260 nS
50

40

"

30 ]

20

4.0 4.5 5.0 5.5
Vee [V

Icca vs. Vee

6.0

60 T
Ta=25°C

tPC = 145 nS
50

40 -

e

"

20

4.0 4.5 5.0 55
Vge [V]

6.0
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Icca (page cycle) [mA]

Input Level [V]

94

Input Level [V]

lcca vs. Ta
50 T T
Vce =5.5V
tpg = 145nS
45
\\
40 \
\\
35
30
0 25 50 70
Ta [°Cl]
Address, Data Input vs. Ta
25
Vee = 4.5V
20
VH min.
1.5
-V L max.
1.0
05
0 25 50 70
Ta [°C]
Clock Input vs. Ta
25
Vce = 4.5V
2.0
VH min.
1.5
1.0 VL max
0.5
0 25 50 70
Ta [°C]

Address, Data Input vs. Ta

25 T
Vge =5.5V

2.0
— ViH min.
2 [ ——
°©
32 15
|
=1 VL max.
a
i=
- 1.0

05

0 25 50 70
Ta [°C]
Clock Input vs. Ta
25 T
Vee =5.5V

2.0
E V4 min.
°©
H
315
-
3
o
£ VL max.

1.0

05

0 25 50 70
Ta [°C]




lcc {mA]

Input Level [V]

Address, Data Input vs. Vee

25 ,
Ta=25°C

2.0
VH min

. ///l/

VL max.

1.0

4.0 4.5 5.0 5.5 6.0

Vee [VI

Input Level [V]
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Clock Input vs. Voo

25 T
Ta=256°C

2.0

V|H min. /
1.5

/
1.0 " VL max.
4.0 45 5.0 55 6.0

TYPICAL CURRENT WAVEFORMS

Vee [v]

Ve =5.5V
Ta=25°C
RAS/CAS CYCLE LONG RAS/CAS CYCLE RAS ONLY CYCLE PAGE MODE CYCLE
RAS I / |
200
150
i00 i
. ‘ N i A | A
o ket /' | A1 — ]
t 100 nS/Div
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MSM41256 Bit Map (Physical-Decimal)

[A8 column = “L"]

[AB column = ""H"]

255| 254 129|128 0| 1 126 (127 255|254 1291128
255| 256 255255 255|255 255 |256 511|511 511|511
511|510 385|384 256 | 257 382383 511|510 385|384
255| 265 255|255 255|265 255 [255 511|511 511|511
511{510 385|384 256 | 257 382383 511|510 385|384
254|254 254|254 254264 264 |254 510{510 510|510
255| 264 129128 o| 1 126 (127 255|254 129|128
254254 254|254 254|254 254 |254 510|510 510(510
255| 264 129(128 0| 1 126 (127 255254 129(128
253|263 253|253 253 253 253|253 509|509 509 |509
511(510 129(128 256|257 382 (383 511|510 385 (384
253|253 253|253 253|253 253 (253 509|509 509 |509
511|510 3851384 256 {257 382 (383 511510 385|384
252|252 252|252 252|252 252 (252 508|508 508 {508
255|254 129|128 ol 1 126 (127 255|254 129(128
252|262 252|252 252{252 252|252 508|508 508 [508
255|254 129|128 0| 1 126 |127 255|254 1291128
251|251 251251 251{251 251|251 507|507 507 (507
255|254 129128 0| 1 126 127 255|254 129|128
4| 4 4| 4 4| 4 4| 4 260|260 260 [260
255|254 | - [129(128 0| 1 126 127 255|254 129128
3] 38 3] 3 3] 3 3] 3 259|259 259 | 259
511|510 385|384 256 {2567 382 (383 511510 385 {384
3] 3 3] 3 3] 8 3| 3 259 (259 259 |259
511|510 385(384 256|257 382|383 511510 385 (384
2] 2 2] 2 2] 2 2| 2 258 (258 258 268
255|254 129128 ol 1 126|127 255|254 129|128
2| 2 2| 2 2| 2 2| 2 258|258 258 258
255|264 129|128 of 1 126 127 2565|254 1291128
i 1 1 1 11 1 10 1 257|257 257|257
511|510 385|384 256|257 382|383 5111510 385 (384
1 1 1] 1 1 1 11 1 257|257 257 {257
511|510 385 (384 256 (267 382|383 511|510 385 |384
0] O o] O 0| O 0| 0 256 | 256 256 256
255|254 129|128 o| 1 126 127 255|254 129|128
0 0] O o] 0 0l 0 256(256| _|256 [256
';efresh Address Refresh Address Refresh Address
(255 « 128) L (0—~127) J | (255 < 128) |
g 1 T
D,, D,, Din Din D,,
(Positive) (Negative) (Positive)
Al A = Row Address (Decimal) i . A
@ Cell B = Column Address (Decimal) ¢ Word Driver —6-: Sense Amp.
M : Sub Amp.

34

o 1 126[127
511|511 511|511
256|257 382|383
511|511 511]511
256 [257 382[383
510|510 510{510
o| 1 126(127
510|510 510/510
of 1 126]127
509 |509 509 (509
256 [257 382(383
509 |509 509|509
256|257 382|383
508|508 508|508
o 1 126]127
508 508 508|508
of 1 126[127
507|507 507|507
o| 1 126]127
260 |260 260|260
o| 1 126(127
259|259 259|259
256 257 382|383
259 |259 259|259
256 |257 382|383
258 258 258|258
o] 1 126(127
258 |258 258|258
o 1 126|127
257 257 257|257
256 [257 382|383
257 257 257|257
256 (257 382|383
256 |256 256|256
0| 1 126|127|
256|256 | _|256|256

Refresh Address

(0—127)
Din
{Negative)

{Column)



OKI semiconductor
MSM41256ARS/JS

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

GENERAL DESCRIPTION

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

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

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

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

FEATURES
® 262 144 X 1 RAM, 16 or 18 pin package ® Allinputs TTL compatible, low capacitive load
® Silicon-gate, Double Poly NMOS, single ® Three-state TTL compatible output
transistor cell e “Gated” CAS
® Row access time: ® 256 refresh cycles/4 ms
100 ns max (MSM41256A-10) ® Common I/0 capability using “Early Write”
120 ns max (MSM41256A-12) operation
150 ns max (MSM41256A-15) ® OQutput uniatched 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)

Din A,VggCAS

. Pin Names Function
A ] 16{ ] Vss
. Ao~ As Address Inputs
o T2 15| ] CAS — Pin N
g | AAS Row Address Strobe in Remes Function
we[]e 1wQoour == A~ A, Address Inputs
i 8] TAS Column Address Strobe Row Addrese Strobe
FAS[] 4 137 A¢ We WiiteEnable 57;: Column Address Strobe
. Write Ensble

a5 12[]As Dy Data Input Din Data Input

A e 1A Doyt Data Output 3:':' Ii:n- o:-::‘)

owor {+

A 10[7] A Vec Power Supply (+5V) Vss Ground (OV)

vee[e o Vs Ground (OV) NC No Connection
* Refresh Address * Aefresh Address
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FUNCTIONAL BLOCK DIAGRAM

RAS Timing
— Generator “Timing
CAS [} Generator
-
Gock | WE
Column D\ Column i Generator}
éﬂ?freerzs __—1/ Decoders
Internal ‘
Ao~As d X égﬂ:.ﬁzf = Cogstf)rleéll:)ck Sense Amps Selle/cotion g{‘;‘;ﬁ;’{‘ — Dour
Row
Address
Buffers I
Row Word Data
§ coa- | e cere™ Ut = oy
| ers
Vee a a
Vs§ ——e
On chipVgg
ELECTRICAL CHARACTERISTICS
ABSOLUTE MAXIMUM RATINGS (See Note)
Rating Symbol Value Unit
Voltage on any pin relative to Vgg VIN, VOoUuT —-1to+7 \
Voltage on Vg supply relative to Vgg Vce —-1to+7 v
Operating temperature Topr Oto70 °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
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(Referenced to Vgg)
. . Operating
Parameter Symbol | Min. Typ. Max. Unit Temperature
Vee 45 5.0 5.5 Vv
Supply Voltage
Vss 0 0 0 Vv 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 \'
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| Igg1 55 mA
(RAS, CAS cycling; trc = min.) MSM41256A-15 50
STANDBY CURRENT
Power supply current Icc2 5.0 mA
(RAS =CAS =V|)
REFRESH CURRENT 1* MSM41256A-10 55
Average power supply current MSM41256A-12| Igcs 50 mA
(RAS cycling, CAS = V|; trc =min.) [MSM41256A-15 45
PAGE MODE CURRENT* MSM41256A-10 40
Average power supply current MSM41256A-12| Igca 35 mA
(RAS =V, CAS cycling; tpc = min.) [MSM41256A-15 30
REFRESH CURRENT 2* MSM41256A-10 55
Average power supply current MSM41256A-12] Igcs 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 ILi -10 |10 A
under test =0V)
OUTPUT LEAKAGE CURRENT | _10 10 A
(Data out is disabled, OV < VoyT < 5.5V) LO M
OUTPUT LEVELS
Output high voltage (IgH = —5 mA) VOH 2.4 Vv
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.
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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.




AC CHARACTERISTICS

— s DYNAMIC RAM:-MSM41256ARS/JS u

(Recommended operating conditions unless otherwise noted.) Note 1,2,3
MSM41256A- | MSM41256A- | MSM41256A-
Parameter Symbol- | Unit 10 12 5 Notes
Min. | Max. | Min. | Max. | Min. | Max.

Refresh period tREF ms 4 4 4

Random read or write

cycle time tRC ns 200 220 260

Read-write cycle time tRwec 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 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 tcAas 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

Row address set-up

time iASR ns 0 0 0

Row address hold time tRAH 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 tRCS ns 0 [¢] 0

Read command hold t 0 0 0

time referenced to CAS | 'RCH ns

Read command hoid

time referenced to RAS | 'RRH ns 20 20 20

Write command set-up

time twes ns 0 0 0 8
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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.

i |
&vlrd::ﬁ command pulse WP ns 15 20 25

i Id
:/ivmrge command ho TWGH 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 tbH 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 | IFCH 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
E;%e mode cycie tpc ns | 100 120 145 9
Page mode read
wri%e cycle time tPRWC | ns 105 125 145 9
Page mode CAS
precharge time tcp ns 40 50 60 °
Refresh counter test
cycle time umer IRTC ns | 315 355 415 10
R
ﬁgiféelf‘n:: :,’V'I'éf; test tTRAS | ns | 215 | 10us | 255 | 10us | 305 | 10us| 10
Refresh counter test
CAS precharge time tcpT ns 50 60 70 10
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Notes:

1
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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 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 tgcp < trep (Max.). If tyep is greater than the maximum recommended
value shown in this table, trac will increase by the amount that tygp exceeds the value
shown. :

Assumes that tgcp 2 trgp (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. trgp (Max.)

is specified as a reference point only; if trgp is greater than the specified trgp (Max.)
limit, then access time is controlled exclusively by tcac. )

twcs and towp are not restrictive operating parameters. They are included in the data
sheet as electrical charcteristics only; if tyycg = twgcs (min.), the cycle is an early write
cycle and the data out pin will remain open circuit (high impedance) throughout the
entire cycle; if towp = towp (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
= ViH— )
RAS ViL— N : ,?
le——1t
tcRs CSH RP
tRCDl ttRSH
CAS
N Vin— 7 4
CAS V:t‘_ 7 \ / /
tASR | [tRAH tAsC cAH
Vin— Row Column Y
Addresses VIL—% Address Address ,W %
| T
t | RRH
RCS"—" ! — = tRCH |«
= ViH
WE vu_-// i ! tcac %
| tRAC — |~ tOFF
VOoH- , ) 7£ Valid
Dout o { OPEN | { Owa
V///A Don’t Care
WRITE CYCLE (EARLY WRITE)
" tRC
— ViH— \ RAS \
RAS ViL— x‘ 7 &____.
tCRS tcsH tRen tRp —>|
tRCD tcas
—_ ViH— "4 X
CAS vi- /' N\ \ / /
TASR| [TRAH tasC tcaH l
ot — [ I
ViH— Row Column
Addresses ViL— %‘ Address Address W %(
1, |
wes ~twere| oot '
U VIH_ Ty
WE V WFE
=
TRWL Jx
DS —| [=— [~—1pH
ViH— Valid
DN ViL— % Data
\% -
DouT OH— { oPEN }
VoL P
% Don’t Care
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READ-WRITE/READ-MODIFY-WRITE CYCLE

- tRWC |
RAS -
RAS ViH= \ 3
ViL— N - 7
t C =
CRS SH tRsH tRp—=
r. tRCD tcAs
mha ViH— —\ 4
CAS ViL— \ £/
'RAH tasc
flir

tASR I fCAH ,
Addresses \\;:::': Aﬁgﬁ’;sji@l 2321252 . /
T
X Sy d— = U
vz 7 N £ /

tcac ‘-tWP—-"! —>| tOFF
VoH— , . Z ; :£
DouT VoL— |_ { Open Valid Data

f tRAC

A

tDg e tDH

D ViH— Valid
IN ViL— Data

V/A Don’t Care

PAGE MODE READ CYCLE

tRAS
—— ViH-
RAS v - Y
[P t H—— t
TCSH o TP RS RP
v ==tCAS—=] tCAS ~ tCAS
CAS |- k |
t
tASR CAH T sc tCAH {asC|ICAH
VIH- Col. %N Cal.
Adresses ViL- /// o )@{ SS9 W /
=-tcAC tOFFl f=tcAc =-tcAc |
tRAC - tOFF tOFF
VOH- N I
DouT M- OPEN OPEN
ot tRCS -]
tRCS  tRCH|, ] t ,r
, - = .
JE— IH_ al
Wy Mo Y4
B2 w "L"=Don't Care
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PAGE MODE WRITE CYCLE
tRAS
— ViH-
RAS v - Y .
" et - (RSH—= [=~tRP
‘tRCD tCAS— tCAS—|
R | L
CAS vy -

Din

Addresses ViH-

ViL-

\\//IH-/
I Hwr TR ;

v tDsp=ir=tDH= _ tDSp— [=!PH=~ R
IH- ,

ViL- Valid Data valid DataW / (v

V) r", “L'" = Don't Care

PAGE MODE, READ-MODIFY-WRITE CYCLE

CAS

Addresses

DiNn

DouT

ViH_—\
ViL—

7z

tRAS

ViH-—=
ViL—

TASR
V|H_
ViL—

B0
&

tR csl tcwr) WP | ew

Vin— 77777

VL — Lt

/
/7.

ViH—
ViL—

?0///

777,

VOoH—

VoL—

\tOFF

", "L" = Don't Care
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RAS ONLY REFRESH CYCLE

NOTE: CAS = Vy, WE, Dy = Don’t care
f RC
tRAS
BRACT ViH— 's
RAS IH N
ViL- N ’/ e
(~—tRAH — tRp
TASR
ViH— Row IR
Addresses ViL— Address JW
VoH—
D ——i OPEN }
ouT vy —
] Don't Care
CAS-BEFORE-RAS REFRESH CYCLE
NOTE: Address, WE, D) = Don't care
tRC
RP
tRAS {
[ ViH — N 4!1
R N
AS viv - _/ N t
tFcs tFCH RPC

{ OPEN
VorL— 1Vg =1 |

Don’t Care
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HIDDEN REFRESH CYCLE
tRC .
tRP
RAS - tRAS | tRAS |
RS i N \ 2
RS ~—tRSH —=
~—tRCD— tcas
CAs yin - h ‘ tECH
CAS ViL — / tRAH \\ g
tASR tCAH
tIASC-——‘ o
Addresses \\//|H : Agg‘r,\éss S%éi'fgsr; h
L -
tRcs | L ~tRAH
|
_ ViH —
E (Read) V:II:'* tcAC W
L——tRAC———> toFF
Vor— 7 -
Pout Vo — N Valid Data
o tcwD
tRCS——l e twp
WE Vin—
(Read-Write) Vj— / .
Don’t Care

CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE

tRTC -

— ITRAS e

ViH— N
RAS M N /|

tFcs tcPT tRSH l=—1RP
feSH— tcas

— Vim—
CAS IH \ \

ViL— A tasc|® — N

=1 tCAH
- A
Addresses x:t‘_ Col. Address
trRCs l \ b trRRH
N Vig—
E (Read) '™ i
ViL- feac tRCH
i tOFF

VoH— w.d .

DouT VoL— < Valid Data
tRcs tcwp | [~—tcwL —-
= ~—tRwWL
= oy VIHT \ twp
WE (Write) ViL -
- t
DS L ton

DIN ViH— 7 7% Valid Data W

ViL— »

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
trcD (max) = tgac which provides an optimal
time space for address multiplexing. In addition,
the MSM41256A has the minimal hold time of
Address (tcaAH), WE (twcH) and Dy (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, twcRr. tDbHR and tRwD-
Therefore, the hold times of the Column Address
DjN and WE as well as tcyyp (CAS to WE Delay)
are not restricted by tgcp.

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 tgyp 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
DjN 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 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.

= DYNAMIC RAM-MSM41256ARS/JS =

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 (Djy)
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 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. n. 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 tgac from transi-
tion of RAS when trcp (max) is satisfied, or after
tcac from transition of CAS when the transition
occurs after trcp (max). Data remain valid until
CAS is returned to “high”. In a write cycle, the
identical sequence occurs, but data is not valid.
Page Mode:

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

Refresh of the dynamic memory cells is ac-
complished by performing a memory cycle at
each of the 256 row-addresses (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 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 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: o -
The timing, as shown in CAS before RAS

Counter Test Cycle, is used for all the operations

described as follows:

(1) Initialize the internal refresh counter. For
this operaton, 8 cycles are required.

(2) Write a test pattern of lows into memory
cells at a single column address and 256
row addresses.

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

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

(5) Complement the test pattern and repeat the
steps (2), (3) and (4).
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MSM41256A Bit Map (Physical-Decimal)

CPinte
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 2 1 0 256 | 257 | 258 | 259 511 | 510 | 509 | 508
129 1129 [ 129 [ 129 129 | 129 | 129 | 129 129 | 129 | 129 | 129 129 | 129 {129 | 129
252 | 2563 | 254 | 255 3 2 1 0 § 256 | 257 | 258 | 259 511 | 510 | 509 | 508
385 | 385 | 385 | 385 385 | 385 | 385 | 385 @] 385 | 385 | 385 | 385 385 | 385 | 385 | 385
e
P4
252 | 253 | 254 | 255 3 2 1 o] % 256 | 257 | 258 i 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 | 263 | 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 o] 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 | 263 | 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 | 510 | 509 | 508
126 | 126 | 126 | 126 126 | 126 | 126 | 126 8 126 [ 126 | 126 | 126 126 | 126 | 126 | 126
(&)
8
252 | 253 | 254 | 255 3 2 1 0 g 256 | 257 | 258 | 259 511 | 510 | 509 | 508
257 | 257 | 257 | 257 257 | 257 | 257 | 257 3 257 | 257 | 257 | 257 257 | 2567 | 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
262 | 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 0 256 | 257 | 258 | 259 511 | 510 | 509 | 508
o] 0 0 0 [o] 0 0 0 0 0 o] (o] 0 (o] (o] 0
A8 ROW =*L" A8 ROW ="H”
REFRESH ADDRESS REFRESH ADDRESS
(0—255) (0—255)
o
Pin 8
. cgLL A ~ROW ADDRESS (DECIMAL)
B B =COLUMN ADDRESS (DECIMAL)
ROW ADDRESS COLUMN ADDRESS
8N+6, 8N+7, 8N, 8N+ 2N : POSITIVE
8N-+2, 8N+3, 8N4, 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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OKI semiconductor
MSM41257ARS/JS

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.

Multiolexed 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
MSM412_5_7_A 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
e Silicon-gate, Double Poly NMOS, single e Allinputs TTL compatible, low capacitive load
transistor cell @ Three-state TTL compatible output
® Row access time: e “Gated” CAS
100 ns max (MSM41257A-10) ® 256 refresh cycles/4 ms
120 ns max (MSM41257A-12) @ Common I/0 capability using “Early Write”
150 ns max (MSM41257A-15) operation
® Cycletime: ® 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) e Read-Modify-Write, RAS-only refresh,
@ |ow 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-1 5) Mormance_
28 mW max standby @ CAS-before-RAS refresh capability

® “Nibble Mode” capability

PIN CONFIGURATION (TOP VIEW)

Din A,Vgg CAS
Ny i
° Pin Names Function
As 11 16{ ] Vss
Ao~ As Address Inputs. _
Din E 2 15 :] &5 — Function
o E RAS Row Address Strobe Address Inputs
we [} 3 —
14[JPour s Column Address Strobe 2""’ Address Strobe
o ’ oK olumn Address Strobe
S 4 13[] A WE Write Enable Write Enable
as s 12[ ] as Dy DataInput Data lnpur
Data Output
Ar[Je 1A Dout Data Output Power (+5V)
wdr o[as e | mwsomim
v
vec[[] 8 9 :] A S Sround (V) Al ATA * Refresh Address
* Refresh Address vee
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FUNCTIONAL BLOCK DIAGRAM
RAS Timing
— Generator .
CAS Timing
[} Generator
Write
Clock pn———— WE
Column pb—moo-— 1N Generator|
Address Column
Buffers “—_l“/ Decoders
Internal
Ao~As lj ,égﬂ:ﬁ;f Coﬁﬁgleglgck Sense Amps Selzgion ng‘l‘f‘fZLrlt — Doyt
Row
Address
Buffers
Row Word
o - M Data
) e || e ——
Vee i
VSS —
OnchipVgg
ELECTRICAL CHARACTERISTICS
ABSOLUTE MAXIMUM RATINGS (See Note)
Rating Symbol Value Unit
Voltage on any pin relative to Vgg VIN, VoUuT —1to+7 \
Voltage on V¢ supply relative to Vgg Vce —1to +7 \
Operating temperature Topr Oto70 °C
Storage temperature Tstg —551t0 +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 Vgs)
. . Operating
Parameter Symbol Min. Typ. Max. Unit Temperature
Ve 4.5 5.0 5.5 \
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 \'

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 lcc1 55 mA
(RAS, CAS cycling; trg =min.) MSM41257A-15 50
STANDBY CURRENT
Power supply current Icco 5.0 mA
(RAS =CAS =V|H)
REFRESH CURRENT 1 MSM41257A-10 55
Average power supply current MSM41257A-12 lccs 50 mA
(RAS cycling, CAS = V|y; 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 - K
(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 s
OUTPUT LEVELS
Output high voltage (IoH =—5 mA) VOH 2.4 \Y
Output low voltage (Ig| = 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)

= DYNAMIC RAM-MSM41257ARS/JS =

Parameter Symbol Typ. Max. Unit
Input capacitance (Ao ~ As, D) CIN1 - 6 pF
Input capacitance (RAS, CAS, WE) CiN2 - 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

MSM41257A- | MSM41257A- | MSM41257A-
Parameter Symbol | Unit 10 12 15 Notes
Min. Max. Min. Max. Min. Max.

Refresh period tREF ms 4 4 4
ngli‘mfad orwrite 1 4ec 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
c(j);tap;ut buffer turn-off {OFF 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

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
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

h
fi;:]I:mn address hoid tCAH ns 20 20 o5

Read command set-up
time tRCS ns 0 0 0

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

Read command hold
time referenced to RAS | RRH ns 20 20 20

Write command set-up
time twcs | 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.

u\llz:ﬁ command pulse . ns 15 20 o5

;livn:iete command hold fWeH ns 15 20 5

e commandto tRwL | ns | 35 40 45
RS tow | me | s 10 i

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
CAS referencedio FAS | tFCS | ms | 20 25 30
g%gerse?er:glr?cgg?of% tFCH ns 20 25 30
Coermenasem | torr | ns | 20 25 30

B tRec | ns | 20 20 20

E}ilztl);iinr;:de read/write NG ns 60 70 80 9
(l:\l)i/t;ilaeliim(;de read-write NRWG | ns 60 70 80 9
{\il‘i?é)le mode access tNeAG | ns o5 30 35 9
g&?:éew’?cﬁge CAS tNGAS | ns | 25 30 35 9
brocharas e tNop | ms | 25 30 3 o
%’:g}lﬁgﬁ ;ead tNRRSH ns | 25 30 35 9
gfz\%b'ﬁowt‘i’;:’me tNWRSH| ns | 45 50 60 9
e refovencod S | i | ns |25 30 35 0
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AC CHARACTERISTICS (Continued)
(Recommended operating conditions unless otherwise noted.)

MSM41257A- | MSM41257A- | MSM41257A-
10 12 15

Parameter Symbol | Unit Notes
Min. | Max. | Min. | Max. Min. | Max.
(F:iggsﬁl?nc;ounter test TG ns 315 455 s i
%7;%95‘:.53 l\:v?;?;: test tTRAS | ns | 215 | 10us | 255 | 10us | 305 | 10us | 10
giféeﬁrlﬁﬁ;‘?gtiﬁﬁi? tcpT ns 50 60 70 10

Notes: 1
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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 Vj .

Assumes that trcp £ trgp (Max.). If trgp is greater than the maximum recommended
value shown in this table, tgac will increase by the amount that tgcp exceeds the value
shown.

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

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

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

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



READ CYCLE
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tRC
RAS
=he ViH— \ 4 \
RAS " N 7 N
t ~—— tRp—»]
t CSH RP
CRS tRCD ttRSH
; CAS
—_ ViH— "4
N \ / /
TASR | [tRAH t;_\‘s_lc caH
ViH— Row Column Y
Addresses ;| Address Address 4
t
'RCS J —l— tRCH JLRH
= ViHn— 7
WE Vu.—// i ! tcac %///
| tRAC —= |~ tOFF
VoH— ‘ . D
DouT VoL - { OPEN } —L Data
% Don’t Care
WRITE CYCLE (EARLY WRITE)
" RC
R ViH— \ RAS \
R
S ViL— xr ,Z &‘___
CRS tCSH tReH |——tRrp —|
*RCD tcAs
—_ ViH— "4 p /
CAS ViL— _/ \ \ /
tASR| [tRAH tasc tCAH 1
sy g D B
ViH— Row £ Column
Addresses ViL— %g Address 4 Address W %
1, |
wcs =tweH~ cwL ! |
WE ViH— twp
WE
ViL— 4
TRWL ]
DS —»| |=— l—1tpH
ViH— Valid
Din ViL— %‘ Data
VOoH-
DouT Vg:-_l— { OPEN |
7///4 Don’t Care
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READ-WRITE/READ-MOCDIFY-WRITE CYCLE

" tRwC | |
RAS
RAS  VHT TN
Vi — N 7
CcRs csH T~ - tRp—n]
tRCD tCAS
ViH— - ¢ "4
CAS i . . \ /]
RAH tAsc
tCAH |
Column
Address
' ~—tcwL— |
! tcwD e—tRWL —]
N Z /
tcac e twp—] — toFE
VoH— .
D { Open Valid Data
OUT  vgL-— e )..___<
tDG | tpH
b ViH— Valid
IN ViL— Data
% Don’t Care
NIBBLE MODE READ CYCLE
tRP
DAL
tRAS
S Vv —_
RAS V'” /|
L=
1
tcrs| [tacp oo" tNC INRRSH
1, . \
_ Vin— ~tcAs ; N ,—\ f—\ I
CAS ViL— .] t,isic - k { j tRRH
tAsSR tRAH p !
—| j=7]| [fcAH tnep | [INCAS
ViH— R Col
Addresses ow ol.
ViL— Adld. Add. W -
RCH
tRes— ‘-— tR(:H-l *IL—‘RCS
v |
_— IH—
WE 7 % W W
V —_
i tCAC . .
o OFF |tNCAC toFF
VorH— 7 Valid Valid Valid
DouT  vg - 3 Data Data Data >'
% Don’t Care
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NIBBLE MODE WRITE CYCLE

RP

Vig— —=\
ViL— \

tRAS ;:l\
A

tcRS CSH

1
=~ tRCD

= ST NH NS

INWRSH | | tRNH

INC

tASR| |tRAH | [tCAH INcp .
tASC | — NCAs
ViH— Row Col.
Addresses ViL— Add. \_Add. W

w v ol oo W

tWCH |y tWcH tF{WL-—I

tDs| [toH __':‘[—I:j wp
L—— tps DH

ViH— Valid { Valid Valid Valid W
Din ViL— / Data Data 4 Data Data
DouT Xg:: { Open
% Don’t Care
NIBBLE MODE READ-WRITE CYCLE
RP
tRAS
— V —_
RAS V::— % L
tcRs tCAH INWRSH | | tRNH
tRCD tcas INRWC
CAS ViL— 7 ll_mt._/ %
TASR| [tRAH| |tCAH INCP
= = / INCAS
— —tAsC ! |
V — \.
Addresses V:E" ,’ig;”_ gg‘;’_’ / %C
|
tCWD (=~ ~——lfICW|_ S [PtRWL
ViH—
WE s 74 N L0 &7 /
e

— ~INCAC
twp tor-IF twp

D OH— Valid Valid 3} Valid Valid
ouT VorL— Data Data Data Data
+ . tDs
DS toH tpH
ViH— Valid } Valid Valid Valid
Din ViL— | L Data Data Data Data

% Don’t Care
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RAS ONLY REFRESH CYCLE

NOTE: CAS = V|, WE, D|y = Don't care

tRC

|

ViH—

I
P
ol

ViL—

tRAS

y | \_

l—tR AH— L tRpP

tASR
ViH— Row
Addresses |, - Address

W

VoH— .

DouT VoL— OPEN |
[ /] Don’t Care
CAS-BEFORE-RAS REFRESH CYCLE
NOTE: Address, WE, Dy = Don't care
RC
trRP
t |

HAS ViIH —_/——'_\-\ RAS ¢ y

ViL —

tecs || trcH *RPC
cPR
— ViH —
CAS vin— )
— tOFF

Vag— "

DouT Vgt— _}, — OPEN !

Don’t Care
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HIDDEN REFRESH CYCLE
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|

O
>
7

Addresses

l

=

E (Read)

DouT

WE

tRrC
<—-tnp—>
VIH — X tRAS | 4 ] tRAS '
ViL — K
CRs t —
~—trcp—| oM tcas
ViH — / . \ <‘-—"tFCH'—"7f—_———
ViL - tRAH
TASR tcAH
tASC 1 [~—
|
ViH — f Row Column
ViL — Address Address %
I
tRcs - L—— tRRH
|
ViH —
t
ViL — I CAC W
RAC tOFF
VoH— s
OH 4 Valid Data
VOL— 3
tcwD
tHCS_-I he— wp
v 7

(Read-Write) Vi —

Don’t Care

CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE

RAS ViH—
ViL—
CAS ViH—
ViL—
IH™
Addresses
" ViL—
R ViH—
E (Read)
ViL—
oH—
DouT VoL—
— IH—
WE (Write)
ViL—
VIH—
DN
ViL—

TRTC {
3\ TTRAS /,
trFCs tepT TRSH ~—TtRP
tcsH |
N tcas
y A tasc e L

f=— le—1tCAH
Col. Address

trcs I<—> l l‘" TRRH
I
CAC tRCH
= tOFF
g Valid Data
tRCS tcwp | |j~—tcwL —=
~—RWL
7 N %
N | -
LeD—S> le—1tpH —.l

Valid Data W

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 DiN (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 trwD-
Therefore, the hold times of the Column Address
DN and WE as well as tgyp (CAS to WE Delay)
are not restricted by tRcp.

Fast Read- While-Write Cycie:

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 towp 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
D)N 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
(tRaH) specification has been satisfied and the
address inputs have been changed from row-
addresses to column-addresses.

Write Enable:

The read or write mode is selected with the
WE input. A logic “high” on WE dictates read
mode, logic “low” dictates write mode. Data input
is disabled when read mode is selected.
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Data Input:

Data is written into the MSM41257A during a
write or read-write cycle. The last falling edge of
WE or CAS is a strobe for the Data in (Djy)
register. In a write cycle, if ‘WE is brought “low”
(write mode) before CAS, D|N is strobed by CAS,
and the set-up and hold times are referenced to
CAS. In _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 tyag from transi-
tion of RAS when tgcp (max) is satisfied, or after
tcac from transition of CAS when the transition
occurs after tygp (max). Data remain valid until
CAS is returned to “high”. in a write cycle, the
identical sequence occurs, but data is not valid.
Nibbie 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
Doyt 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
twes > twes (min) is met, the data output will
remain open circuit throughout the succeeding
Nibble cycle regardiess 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 regardiess 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 (twgcs and tcwp) at the normal
cycle (first Nibble bit).
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Table 1 NIBBLE MODE ADDRESS SEQUENCE EXAMPLE
NIBBLE ROW COLUMN

SEQUENCE BIT RAs ADDRESS CAs  ADDRESS

RAS/CAS (normal mode) 1 0 10101010 O 10101010 ...inputaddresses
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.
* ACOLUMN 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.

(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

RS T\ [
s /T N/ \_/ \ N/
we T \___/ \ /T

DouTt ) High-2
—/
l<— Early Write ! No Ope. ! Write ! Write !

(Add Increment) ] : Valid Data

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

RS T\ /—
W T\ / \ S

oour > <<
l<

I Read-Write ! Read-Write: ! Read ! Read-Write —>-|

/] : Valid Data
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MSM41257A Bit Map (Physical-Decimal)

OPin16
252 | 2563 | 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 [¢] 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 | 129 | 129
252 | 253 | 254 | 255 3 2 1 o] % 256 | 257 | 258 | 259 511 | 510 | 509 | 508
385 | 385 | 385 | 385 385 | 385 | 385 | 385 8 385 | 385 | 385 | 385 385 | 385 | 385 | 385
o)
Z
252 | 253 | 254 | 255 3 2 1 o] % 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 o] 256 | 257 | 258 | 259 511 | 510 | 509 | 508
255 | 265 | 2565 | 255 255 | 2565 | 255 | 255 255 | 255 | 255 | 255 255 | 255 | 255 | 255
252 | 263 | 254 | 255 3 2 1 (o]} 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 | 2563 | 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 o] 256 | 257 | 258 | 259 511 | 5610 | 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 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
2
o
252 | 253 | 254 | 255 3 2 1 0 g 256 | 257 | 258 | 259 511 | 510 | 509 | 508
257 | 257 | 257 | 257 257 | 257 | 257 | 257 3 257 | 257 | 257 257 257 | 267 | 257 | 257
252 | 253 | 254 | 255 3 2 1 o] 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 | 2563 | 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 0 256 | 257 | 258 | 259 511 | 510 | 509 | 508
0 (o] 0 0 0 0 0 0 0 0 [o] 0 o] 0 0 0
A8 ROW =*L" AB HOW =“H
REFRESH ADDRESS REFRESH ADDRESS
(0—255) (0 —255)
o
Pin8
. ceLL A ~ROW ADDRESS (DECIMAL)
B B = COLUMN ADDRESS (DECIMAL)
ROW ADDRESS COLUMN ADDRESS
8N+6, 8N+7, 8N, BN+ 2N : POSITIVE
8N+2, 8N+3, 8N4, 8N+5 2N NEGATIVE
8N+6, 8N+7. 8N, 8N+1 2N+ NEGATIVE
8N+2, 8N+3, 8N+4, 8N+5 2N+ : POSITIVE
N=0,1,2, 63 N=0,1, 2,256
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OKI semiconductor
MSM41464RS/JS

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.

Multinlexed 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"’ refresh provides an on-chip refresh capability.

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

Clock timing requirements are noncritical, and power supply tolerance is very wide. All inputs and
output are TTL 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 compatibie output
® Row access time: ® “Gated” CAS
100 ns max (MSM41464-10) ® 256 refresh cycles/4 ms
120 ns max (MSM41464-12) © Output impedance controliable through early
150 ns max (MSM41464-15) write and OE operations
® Cycletime: ® OQOutput 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,
8 | 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)

E
N e N e
oE [1] 8] vss vss DQa
Pin Names Function DQ, ss
DQ. E E DQ+ Pin Names Function
Ao As Address Inputs
PR ——— Ac—~Ar Address Inputs
DQ- [3] 16| CAS  Tas Row Address Strobe P—
WE [4] EY = - CAS ras Row Address Strobe
E umn Address Strobe DA
— - 3 CAS Column Address Strobe
RAS [5] 14 Ao DA - DQ. | Dataln/Data Out
[ B 0 DQ:~DQs | Dataln/DataOut
As 6] ERY OE Output Enable A !
s e e 1 O Qutput Enable
A WE Write Enable —
° E 12 A - S — A2 WE Write Enable
- Ve Power Supply (+5V)
A« [8] f]a, Yoo | jfowerd e Voo Power Supply (+5V)
- v Ground (OV.
vee [9] o] A- S Vss Ground (OV)
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FUNCTIONAL BLOCK DIAGRAM
RAS Timing
— Generator o
CAS Timing
] L Generator
——
Write —_
Clock b WE
Column Cotumn Generator|
ésfdf::s Decoders
i "
Internal
Ao~A- E égﬁ;et:f < Cor?tergleglrz;ck Sense Amps Sel'égion : g':’:'%‘:t
T
Row - DQ:~DQ«
Address
Buffers
Row Word
L\ - ive Mem Data
L | gid- o cells " pnout
-
Vce
Ves —e
OnchipVgg
ELECTRICAL CHARACTERISTICS
ABSOLUTE MAXIMUM RATINGS (See Note)
Rating Symbol Value Unit
Voltage on any pin relative to Vgg VIN, VoUuT —1to+7 \
Voltage on V¢ 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

may affect device reliability.
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RECOMMENDED OPERATING CONDITIONS

(Referenced to Vgg)
. . Operating
Parameter Symbol Min. Typ. Max. Unit Temperature
vVee 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 \
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 Icct 65 mA
(RAS, CAS cycling; tgg =min.) MSM41464-15 60

STANDBY CURRENT*

Power supply current lcc2 5.0 mA
(RAS =CAS =V|y)

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 M8M41464-12 Icca 40 mA
(RAS =V, CAS cycling; tpg =min.) |MSM41464-15 35
REFRESH CURRENT 2* MSM41464-10 65
Average power supply current MSM41464-12 Iccs 60 mA
(CAS before RAS; tgc = min.) MSM41464-15 55

INPUT LEAKAGE CURRENT

Input leakage current, any input | ~10 10 A
(0V < V)N < 5.5V, all other pins not Li K
under test =0V)

OUTPUT LEAKAGE CURRENT | _10 10 A
(Data out is disabled, OV < VouT < 5.5V) Lo K
OUTPUT LEVELS

Output high voltage (IgH =—5 mA) VoH 2.4 v
Output low voltage (Ig = 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=1MH2)

Parameter Symbol Typ. Max. Unit
Input capacitance (Ao — A-) CiN1 - 6 pF
Input capacitance (RAS, CAS, WE, OE) CiN2 - 7 pF
Data I/0 capacitance (DQ+ ~ DQ4) Cp - 7 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 5 Notes

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

Refresh period tREF ms 4 4 4
sfcnlg(i?;reead orwrite | g ns | 200 220 260

Read-write cycle time tRwec ns 270 300 355

Page mode cycle time tpc ns 100 120 145

Access time from RAS | tgac ns 100 120 150 | 4,6
Access time from CAS | tgac ns 50 60 75 | 5,6
(Cj):lg;ut buffer turn-off {OFF ns 0 25 o 30 0 40
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

&ggepﬁggs ::gyiflemoenly) tcp 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 tRcD ns 25 50 25 60 25 75 7,8

CASto RAS set-uptime | tgRg ns 20 25 30
Row address set-up

time tASR ns 0 0 0
Row address hold time | tgaH 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 tRCS ns 0 0 o]

Read command hold
time tRCH ns 0 0 0 10

Write command set-up
time twes | ns ° ° ° °
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AC CHARACTERISTICS (Continued)
(Recommended operating conditions unless otherwise noted.)

MSM41464- | MSM41464- | MSM41464-
Parameter Symbol | Unit 10 12 5 Notes
Min. | Max. | Min. | Max. | Min. | Max.
Write command puls
width pulse twp ns 25 30 35
Write command hold
time a twcH ns 25 30 35
Write command to
RAS lead time tRWL ns 35 40 45
Write command to
CAS lead time tcwL | ns | 35 40 45
Data-in set-up time 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 tewp | ns | 180 155 195 9
Read command hold
time reference to RAS tRRH ns 20 20 20 10
Access time from OE toEA ns 25 30 40
OE data delay time tOED ns 25 30 40
OE hold time tOEH ns 0 0 0
fTr‘érI:(%% delay time togz | ns ol 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) tRTC ns | 380 430 510 i
RAS pulse width
e mtortost) | TRAS | ns | 280 | 10us| 330 | 10us | 400 | 10us| 11
CAS precharge time
(Refresh counter test) tcPT ns 50 60 70 L
Read/write cycle time
(Page mode) tprwc| ns | 170 200 240
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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 ViH and V). :

4 Assumes thattRcp < trop (Max) If trep > tRcD (Max.), tRac will increase by {trop
—trep (Max.)).

5 Assumes thattRcp 2 trgp (Max.).

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

7 Operation within the tygp (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 trcp (Max.)
limit, then access time is controlled exclusively by tcac-

8 Assumes thattrcp (Min) =tgaH (Min.) + 2t7 +tasc (Min))

9 twcs, tcwp and tpyp are not restrictive operating parameters. They are included in
the data sheet as electrical charcteristics only; if twcs > twes (Miny), 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 towp = towp (Min.) and tRwWD 2 trwp (Min.) the cycle
is read-write cycle and the data in/data out will contain data read from the selected cell;
if neither of the above sets of conditions is satisfied the condition of the data out (at
access time) is indeterminate.

10 Either tRRH or tggH must be satisfied for a read cycle.
11 CAS before RAS refresh counter test cycle only.
READ CYCLE
trc
[ !L_ tras
RAS YI1H-— )
M N ] N

WE

OE

cas i — \ /17

Addresses V1H
Vi

Vig
Viu

A I
DATA [ OH *__<
T OPEN i

Vin
Viu

tesu trp
trcp trRsH tCRS o

tcas

tasr E&A_T tas l_tcan _‘ '
Row address Colum:n addressw // /{/ m
trcsf— R
S/ — N
-

RAC

Valid Data

2L, / Z

] “B, “L” = Don’t Care
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WRITE CYCLE (EARLY WRITE)

= DYNAMIC RAM-MSM41464RS/JS »

tASR

trc
traAsS
== ViH—
RAS N
ViL— X g
tcsh - tRP o
trRSH
trcD tcas tcRrs
“is ViH — {
CAS
Vip —

N |
= |

4

Addresses ¥ TH
Vi —

trRaAH tas
Row address 23(11‘:22
f 1

’ i

! tewL - |
-t_-_l [_twcn.-
WE Vin— ///>>) WCS ' twe / / /
Vip — L |
! ! tRWL _
tDS—-1 I.— lk tpH
MESE / Valid Dat / /
DATA ViL — id Data /
V//A “H”, “L” = Don’t Care
OE WRITE CYCLE
RC .
tRas
— V. T
RAS 'IH
ViL — \\ 4
P foen tRSH t%p
tRCD — tea CR
e Y —
CAS 'IH
e \ Y ﬂ \
tasp |HRAH AS - \ l
Vin R Col
AddresscvaL_@( a(‘?{ﬁe& agd‘;:‘s's‘ Z>(
e —
tncsr_4 tRWL___J
WE Vin—7
M7/ Vi
tps tumtDH
—
DATA¥;Z_7/ j}( Valid Data W / /y
T L
toED__| I_I_CELi
oF v T K
o8 1 LTI W Ty,
“H”, “L” = Don’t Care
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READ/WRITE AND READ MODIFY WRITE CYCLE

trwe
I
t
[— RAS

71
tnsH t

Vig — Y

s N
RP

————tRrCD : CAS ter
Cas Vin — |
Vip —

tRAH tA
tas tcan l '
" Vin— Row Column
/\ddrcsscsvI . _/ address address / /'//(W
o trRwD t

l tRCSH f; tRWL—J
WE VIH——/ / / /J‘
Vig—~
tCAc togz

VinVou — ,
PATA lbvel —— open —< Valid Data Valid Data 5227
IL trac OED
tOEA

oF Vin—

ViL —

U/ « “L” = Don’t Care

PAGE MODE READ CYCLE

tras

Addresses Vg
Vio

TN m@? 0000
L ‘ }h C_-H toFF tOFF‘ __J torr ’

T
DATA Yom——__ OPEN .
VoL — tres tRRH
tres __l F;’

Ve 1 77 /‘ %_J o %Ltm X
o 17 /// Yt 0
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PAGE MODE WRITE CYCLE
tras
RAS VIH— ]
Vie— K t5C —f
t
TtrcD CS'ICAS_.Z& tcas
== Via = Y f—
cas _IH
Vi — ¢ \\r 7
RAH tcan tcan
tasr tasc ‘A_S_.I_ tasg |
_—a
2y V——— v
s V1 7SN W U= XA
' —{twcH ||————'|twcn ' !-———itWCH
| _tcw le—tcw —tcwL
vt ittt Y, W\ 1/
WE V[L—/ / // //r( 7 N W L
N—twn] L twp| = tw L
tp |_lD_H- tps L_tDH tps tpH =
DATA 513'7‘{/ éﬂ Valid Data Valid Data Valid Data W 7
I 1 1F
toED wﬁ toe OFEH toED N—‘OEH-—I
R VI H— ﬂ» V ﬂ 5f
oF (T f N, T K
“H”, “L” = Don’t Care
PAGE MODE OE WRITE CYCLE
tras ) .
RAS Y1H-—
ViL— N
tpc tRSH trp
——tRcp— — tcas tcas L tcr
Cas Vin—= N 7
ViL— tep
traA tca T [tcaH
t,as_n| __:_E‘tASC | tasc, [T
Address 0T K SO / ) &= (777K
R RC ﬁtnwr‘l
twcH
—_ v { |—twp f f~-twp
CEIMLE 77/l 7
tpH tpH
_ _tos,
DS j
DATA y1HYou 777777 7, 777K Vit vaa X)), mt—“vmm X7
.Vor 1
o -
lOED 'OEH OED  'OEH
| |
o VIH
OF v LI X Y X
“H”, “L” = Don’t Care
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PAGE MODE READ/WRITE CYCLE

tras
RAS V”.[_;——_x
ViL—
tPRWC tRSH trp

——t R c p— tcas tcas L tcr
v tesn
CAS Vi _ a

- teP——1 ltcay
tase, | [T

Address

LLTIIIK

/LR Sases U
: RC! b — tncs—-'

twcH
v —tewn—o L — tcwp— ¢
wE I'H WP -t wp —
WE R \ T
tRWD tpH tpH
tcac tca tps,
traC _—: -1.)_; )._—T —:.—
DATA x‘”;vv oH 77/ 7/////XValid Dataf{ X Valid Data /XValid Dataf X_ Valid Data X/ /
L
toEA toez toEA toez
VIH =
OE 1= X /S
“H”, “L” = Don’t Care

RAS ONLY REFRESH CYCLE

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

trc

f tras |

== Vin —
RAS
Vip —

tran } trp

N

tASR|e
Address V]L 222; / / %; Row address / / //_><

vV, —
DATA _OH OPEN
VoL —

/7] “H”, “L” = Don’t Care

138




= DYNAMIC RAM-MSM41464RS/JS =
CAS BEFORE RAS REFRESH CYCLE

Note: WE and OE not dependent on the high or low Tevel.
tre
133
— Vg — tras |
RAS v, & - / ™~ ,lj—
PR, tFcs treH trpC
— Vi —
cas ViH
e ﬁ 7 ZA
[«—toFF
VoH — N :
L
DouTt VoL — 12 1 OPEN I
Don’t Care
HIDDEN REFRESH CYCLE
trc trc
trAS trp___| trAS
— Vg
RAS ' \‘ N thRS\
. tRCD ____ trsy __J trcu
-—= V X
CAS IH— \
Vi —
IL tRAH K
ASR| | tase| gl [tcan '

v Y
Address V:,: Row address) S;(:‘:;:: W / / / / / / m{
L 4

trc l tRRH ‘

e v 2 ULy
P - _Jtors

Valid Data

trac

DATA YOH — OPEN
VoL —

L
d N

toka toEz

Vip —

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

trrC
R tTRAS L v
RAS le - N B \
It 1 tres tcsH tcp trSH trp
—— Vg :‘k [" q’ teas .
CAS v, — 7 k o
tAsC le—Ltcan — ‘
Address le / / A)} Column address W /H//T % /
1L — thes ’ H | ¢
v
WEesn ZZ/77/77777777 7T TTTTF Js// 77
ViL '»tCAC 1 tRCH
DATAxgﬁ: o Valid Data e
o || ;? o
OF (Regd) Y/ LI A . /. A
& CWL —~ |
Vig ‘,E_! L—‘CWD—‘| r—tiix
WE(Wr\llte) 777 /) 7 - Y Y f
1L tp - tDH~| I
DATA:’/:II:I 277 /) Valid Data | /) 7/,
v torD | toEH
IH
OF (Wit Z LI N7 iy
IL
“H, “L” = Don’t Care
FUNCTIONAL DESCRIPTION Write Enable:

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 (tgaH)-
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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 aiready 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 OE
are low. CAS or OE going high returns it to a high
impedance state. In an early-write cycle, the
output is always in the high impedance state. In
a delayed-write or read-modify-write cycle, the
output must be put in the high impedance state
prior to applying data to the DQ input. This is ac-
complished by bringing OE high prior to applying
data, thus satisfy 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 OFE 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 (Ao to 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 (trgg) 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 Acthrough A- are defined by the refresh

counter.

* ACOLUMN 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: o -
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.

(8) 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)).

(8) Complement the test pattern and repeat the
steps (2), (3) and (4).
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MSM41464 Bit Map (Physical-Decimal)

DQ1 DQ2 DQ4 DQ3 QPin18
252 (253 |254 |255 3 2 1 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 ‘?‘ <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 [120 |120 129 |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 [129 |120 |129 129 [129 [129 |120
252 [253 [254 |255 3 2 1 0 0 1 2 3 255 [254 [253 |252
130 [130 |130 | 130 130 [130 [130 | 130 [] 1130 |130 [130 |130 130 [130 [130 |130
252 |253 |254 | 255 3 2 1 oL it o 1 2 3 255 |254 [253 |252
130 {130 [130 | 130 130 (130 | 130 | 130 8 130 |130 |130 |130 130 |130 |130 | 130
=
E
252 [253 [254 | 255 3 2 1 ol I3l Il o 1 2 3 255 [254 |253 |252
253 |253 | 253 | 253 253 |253 | 253 | 253 ©ll [|258 |253 |253 | 253 253 |253 |253 | 253
252 |253 | 254 | 255 3 2 1 0 o 1 2 3 255 |254 | 253 | 252
253 |253 |253 | 253 253 |253 | 253 | 253 ‘P’ 253 |253 |253 | 253 253 |253 |253 | 253
252 [253 |254 | 255 3 2 1 o[ | © 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 oI5 kel o 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 0 ] | o 1 2 3 255 |254 [253 |252
255 |255 {255 | 255 255 |255 | 255 | 255 255 |255 |255 |255 255 |255 |2565 | 255
252 |253 | 254 | 255 3 2 1 oflLite o 1 2 3 255 |254 |253 | 252
255 | 255 |255 | 255 255 |255 | 255 | 255 |7 ||| }|255 |255 |255 | 255 255 |255 |255 | 255
ROW DECODER l | ROW DECODER
252 |253 |254 | 255 3 2 1 0 9_* [ o 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 |264 |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 [ [[Sl126 |126 |126 | 126 126 |126 |126 | 126
252 | 253 [254 | 255 3 2 1 o || 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 0 0 1 2 3 255 |254 |253 | 252
125 |125 | 125 | 125 125 [125 | 125 | 125 [P |§l125 |125 |125 | 125 125 |125 |125 | 125
252 | 253 |254 | 255 3 2 1 ol IIEl || o 1 2 3 255 |254 |253 | 252
125 |125 |125 | 125 125 (126 [125 | 125 ol {1125 |125 |125 | 125 125 (125 |125 | 125
&
252 | 253 | 254 | 255 3 2 1 0 NI 0 1 2 3 255 |254 |253 | 252
2 2 2 2 2 2 2 2 O 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 2 ] N 2 2 2 2 2 2 2 2
252 | 253 |254 | 255 3 2 1 0 0 1 2 3 255 |254 |253 | 252
1 1 1 1 1 1 1 N rams 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] N 1 1 1 1 1 1 1 1
252 | 253 [ 254 | 255 3 2 1 0 0 1 2 3 255 |254 |253 | 252
o| o of o o| of ol o <l o| o o o ol of o o
252 | 253 | 254 | 255 3 2 1 0 0 1 2 3 255 |254 |253 | 252
0 0 0 0 0 0 0 0 1 o 0 0 0 0 0 0 0
REFRESH ADDRESS REFRESH ADDRESS
(0—255) (0—255)
[m] A . CELL A =ROW ADDRESS (DECIMAL)
Pin9 B B =COLUMN ADDRESS (DECIMAL)
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OKI semiconductor

MSM414256RS

262,144-WORD X 4-BIT DYNAMIC RAM

GENERAL DESCRIPTION

The MSM414256RS is a new generation dynamic RAM organized as 262,144 words by 4 bits.
The technology used to fabricate the MSM414256RS is OKI's N channel silicon gate MOS process
technology. The device operates at a single +5V power supply. Its I/0 pins are TTL compatible.

FEATURES
® Silicon gate, tripple polysilicon NMOS, ® Standard 20-pin plastic DIP
1-transistor memory cell ® Family organization

® 262,144 words by 4 bits

Family Access Time Cycle Time Po.wer Dissipation
(MAX) (MIN) Operating Stand By
(MAX) (MAX)
MSM414256-10RS 100 ns 200 ns 413 mW
28 mW
MSM414256-12RS 120 ns 230 ns 385 mw
® Single +5V supply, +10% tolerance ® Page mode, read modify write capability
® |nput: TTL compatible, address input, data ® CAS before RAS refresh, CAS before RAS
input latch hidden refresh, RAS only refresh capability
® Output: TTL compatible, tristate, nonlatch ® “Gated” CAS
® Refresh: 512 cycles/8 ms ® Built-in Vg generator circuit

® Outputimpedance controllable through early
write and OE operations

PIN CONFIGURATION (TOP VIEW)
——
ba1[1) 29 vss
DQ2[ 2] [19] DQ4
WE E E DQ3 Pin Names Function
RAS E 1—‘7] CAS _AotoAs Address Input
RAS R
NG E Ej oF ow Address Strobe
CAS Column Address Strobe
A0 E E] A8 DQ1 toDQ4 Data In/Data Out
*A1 E E AT OE Output Enable
*AD E E A6* WE Write Enable
V,
‘A3 E @ A5 ccC Power Supply (+5V)
Vss Ground (0V)
Vee[io 1] A4
*Refresh Address
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FUNCTIONAL BLOCK DIAGRAM

Timing
. Generator Timing
CAS 4/ Generator
[
R Write —_—
Cotumn, Clook = WE
Buffers y Decoders Generator,
] -
Internal Refresh |
Ao~hs [ égg'r"et:f Control Clock SenseAmps | | Selléc(:)ti on gl‘j’ftg:‘
Row ] L] l l DQ~DQ4
Add
Buff;erzs Bgf’ ‘6‘/9“’ Memory
cod- err;v- Cells
ers Input
| o - 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 - 0to+70 °C
Storage temperature Tstg - —55to +150 °C
RECOMMENDED OPERATING CONDITIONS
(Ta=0to +70°)
Parameter Symbol Conditions MIN TYP MAX Unit
Vee - 4.5 5.0 55 \
Supply Voitage
Vss - 0 0 0 \
Input high voitage VIH - 24 - 6.5 \'
Input low voltage ViL - -1.0 - 0.8 \
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DC CHARACTERISTICS
(Ve =5V =10%, Ta =0 to +70°C)

MSM MSM
Parameter Symbol Conditions 414256-101414256-12 Unit | Note
MIN | MAX | MIN | MAX
Output high voltage VoH loH=-5.0mA 24| - |1 24| ~ \%
Output low voltage VoL loL=4.2mA - 04| - |04 | V
OV SVI£6.5V;
Input leakage current ILg allotherpinsnot | -10| 10 |—=10| 10 | uA
under test =0V
Doy disable _ _
Output leakage current ILo OV <VO <55V 10| 10 10| 10 | wA
Average power supply RAS, CAS cycling, _ _
current* (Operating) lcc tRc =min & 70 | mA
Power supply current* RAS =V|y _ _
(Standby) Icc2 | Eas = v 5 5 | mA
Average power supply RAS cycling,
current* Icca CAS =V|H - 65 - 60 | mA
(RAS only refresh) trc =min
Average power supply RAS =V,
current* Icca CAS cycling - 55 - 50 | mA
(Page mode) tpc =min

Average power supply RAS cycling
current* Iccs P _S_’ - | 65 - 60 | mA
(CAS before RAS refresh) CAS before RA

*Note: IcG 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 - - 5 pF
Input capacitance _ _
(RAS, CAS, WE, OF) CiN2 10 pF
1/0 capacitance (DQ1 to DQ4) Cp - - 7 pF
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AC CHARACTERISTICS
Note 1,2, 3 (Vgg =5V £10%, Ta =0 to +70°C)

MSM414256-10 [MSM414256-12
Parameter Symbol Unit Note
MIN MAX MIN MAX
Refresh period tREF - 8 - 8 ms
Random read/write cycle time tRC 200 - 230 - ns
Read/write cycle time tRwec | 275 - 305 - ns
Page mode cycle time tpc 100 - 120 - ns
Access time from RAS tRAC - 100 - 120 ns 4,6
Access time from CAS tcac - 50 - 60 ns 5,6
Output buffer turn-off delay tOFF 0 25 0 25 ns
Transition time tT 3 50 3 50 ns
RAS precharge time tRp 90 - 100 - ns
RAS pulse width tRas | 100 10000 | 120 |10000 | ns
RAS hold time tRSH 50 - 60 - ns
8322: ::ggz r(;‘:’yec::amoenIy) tcp 40 B 50 - ns
CTS_ pulse width tcas 50 |10000 60 | 10000 ns
CAS hold time tocsH | 100 - 120 - ns
RAS to CAS delay time tRcD 25 50 25 60 ns 7,8
CAS and RAS set-up time tcRs 15 - 20 - ns
Row address set-up time tASR 0 - 0 - ns
Row address hold time tRAH 15 - 15 - ns
Column address set-up time tasc 0 - 0 - ns
Column address hold time tCAH 20 - 20 - ns
Column address hold time from RAS | taR 70 - 80 - ns
Read command set-up time trcs 0 - 0 - ns
Read command hold time tRCH 0 - 0 - ns 10
Write command hold time from RAS | twCR 70 - 85 - ns
Write command set-up time twcs 0 - 0 - ns 9
Write command hold time twcH 20 - 25 - ns
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AC CHARACTERISTICS (CONT.)

MSM414256-10|MSM414256-12
Parameter Symbol Unit Note
MIN MAX MIN MAX

Write command pulse width twp 20 - 25 - ns
Write command to RAS lead time tRWL 40 - 40 - ns
Write command to CAS lead time tcwL 40 - 40 - ns
Data-in set-up time tps 0 - 0 - ns
Data-in hold time tpH 20 - 25 - ns
Data-in hold time from RAS tDHR 70 - 85 - ns
CAS to WE delay tcwp | 80 - 90 - ns 9
'RAS to WE delay tawp | 130 - 150 - ns 9

Read command hold time

reference to RAS tRRH 20 - 20 - ns 10
Access time from OE tOEA - 30 - 30 ns
OE data delay time toED 25 - 25 - ns
OE hold time tOEH 0 - 0 - ns
Turn-off delay time from OE toEZ 0 25 0 25 ns
OE set-up time toEs 30 - 30 - ns
RAS to CAS set-up time _
(CAS before RAS) tFcs | 20 25 ns
RAS to CAS hold time
(CAS before RAS) tFCH | 30 | - 0 1 - ns
CAS active delay from RAS
precharge RPC 20 20 ns
CAS precharge time _ _
(CAS before RAS) tcPr | 20 25 ns
Read/write cycle _ _
(Refresh counter test) tRTC 385 435 ns 1
RAS pulse width
(Refresh counter test) tTRAS| 285 |10000| 325 |10000 ns 1
CAS precharge time
— 0 —
(Refresh counter test) tcPT 50 6 ns "
Read/write cycle time (Page mode) | tprwc| 175 - 195 - ns
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Notes:

148

1

10
11

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. In case of using internal
refresh counter, a minimum of 8 CAS before RAS initialization cycles instead of 8 RAS
cycles are required.

The AC characteristics assume attT =5 ns

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

Assumes that tRcp < trep (Max.). If tRep > tRoD (Max.), tRac will increase by {tRcD
—~trcp (Max.)}.

Assumes that trcp > trop (Max.).

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

Operation within the trcp (Max.) limit insures that tgac (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 tcac.

Assumes that trcp (Min.) = tRaH (Min.) + 2tT + tagc (Min.).

twes, tcwp and tRwp are not restrictive operating parameters. They are included in
the data sheet as electrical charcteristics only; if twcs = 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.) and trwp = 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.

Either tRRH or tRCH must be satisfied for a read cycle.
CAS before RAS refresh counter test cycle only.
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READ CYCLE

OEWRITECYCLE

RAis VHT—
L~

tAR 3
N A \
{RSH

IRp—=

CAS |

//qua\_

fewL

w I T

WCH—=|
tWCR —{'OEH

SR/,
'OED 1__")5__ L toy
RS/ S o

IH—
ViL -~

Address VIH ™
ViL =

8l
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WRITE CYCLE (EARLY WRITE)

Note: OF not dependent on the high or low level.
trc
tras )
—= Vin— i
RAS v, \.‘ AR ~] J \
Itcsx—x . ] trRp— |
trcD ' tCASH tCRS—f
< ViH — l \
CAS
Vi — 4 |
tasr| |tRAH tas Itcan
\% — \
Address Y TH Column
Vi _@{ Row address address ] / //V/ M
o teww
.t_.| }.—tWCH_.
WE VIH J—— ///}) wCSs
Vi — ! 4
I ! ! LRWL
t s_—yﬁ& |— tou
Vi //////@(' ' /////////// L
DATA Valid Data
Vi — I /
T~ 'DHR
V7] Don'tCare

READ/WRITE AND READ MODIFY WRITE CYCLE

trRWC
'}
tras l
— Ve T
RAS VIH ¢ |
Vip — \ AR ! b
[ t
| RSH t
! ttesu el
tRCD — CAS CR
— { /
Vi — L i
t tRAH tas
ASH "i tcan |
Vin— Row Column ]
Address VIL__%<t address address 1% / /I//(///
[ ! trwD
] tres tcwp tRWL_.-I
WE Vim— / / /J‘ R
Vig —~ /
tcac toEz tps WP
Vi ton
IH/VOH — # L
DATA OPEN — Valid Data Valid Data % /
VoL — I traC (s =
toEa — —
OF Y —
ViL —

Don’t Care
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tras

Address Vig olumn/

WY

trSH

l_trp__|

—tca

tcan

Coly
. <>’

G,

VIL address,
! | trac tCAG—_I_! torF l’_tCAC—:-u towi__ C—_|__] torr
DATA Xg:: OPEN *ﬁ‘
Lﬁcs __l ;I\&:S ?Emj tRRH
w= VIH ’ |
WE yoo Z f ‘__J e “] Ltom j‘%’%&{l WY,
= v T Y0708 Y7 7
Don’t Care

PAGE MODE WRITE CYCLE

(EARLY WRITE)

tras

Note: OE not dependen

t on the high or low level.

R_A§ Viu :K

ViL N 2

K

fAR
VL= A _-! tpc
trcD tCSFECAS*j ’;tc:;" tcas
e vV _
CAS V:E_ N )\r t (E
._.i CAH tcan
tasg | |tasc tas — tasg
Address ‘\ii: @ address Y / Sgé‘:;“,;‘% / / E"A‘:?:‘.‘ W //// /
liWCS--I -—f-ltwcn leFS-[|—T-1l‘:/i1-l_l WCS o] tWCH
cwu———‘ fe———t cw towr —-|
v £
K7 AR 1 B ) ll 77770,

fa! — tw
N —,_i
tp

Valid Data

DATA VI‘““7‘1//
Vi

IDH tps
@ﬁ_‘ Valid Dat

——tWP-—l

L.t DH

-—tw

tnsl...| fo-tDH

tRwL

S

Valid Data

w I

fe———1HR

Don’t Care
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PAGE MODE READ/WRITE CYCLE

7, /)qvmd Dat

Valid Data_//)

1.Vou

VIH =
OE
Vip—

toEA toEz

v tras
RAS O N e tAR——
L tpRWC trsH___ | tRp.
- tre | tcas tcas -—tCR
v tesu ]
CAS VIH: N | wu
IL
tr toan teP— ltcan
tAS_lli N s tASC _ﬁ_A tasc,
Address X:H 7K address Column / / / // /////):; 5ress ;&;/ [/M ///AC
—RWL
twcH
v e — L twp AL —
we 1R LTI
(RWD tDH ok
tcac —f
. RAQ_._I:j |tps
DATA Y1n/Vou

Don’t Care

RAS ONLY REFRESH CYCLE

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

trc

tras

tran
tasr

{

N

[ trp

/.

Row address w

LS

= Vig =<
RAS
ViL —
Address Vin
L
V, J—
DATA OH
oL —

OPEN

V///] Don’tCare
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CAS BEFORE RAS REFRESH CYCLE

Note: Address WE and OE notdependent on the high or low level.

trc

trp
t |
A% . RAS
Ras VIH / p
IL — \
1,
CPR tRPC-—f

ma:;/_{ 1/ 07 o, Ve

tOFF

V, = pN
DATA vg'f > OPEN

Don’t Care

HIDDEN REFRESH CYCLE

= trc tre -
tRAS trp__|

- Vg =
RAS VIH ——-—!AR——-J

IL— K

|
) tRCD 4. trsH __|

M N\ l

IL tRAN K

ASR| | tascl gl |tean ' '

Vin

Vi ZRRemssares X e WK

Address

S |

Wl I N
, [E— _"tow

DATA vgf e OPEN t;{: | Valid Data

N

Don’t Care
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE

trrC

ViH —

tTRAS

RAS vy — N 'AR

v \
= e

t
| FCS tosH

- tRSH
tcas .

tasc

B I*'CPT ~—|
o 3?2—% Vs j

T

Address le: // /// //)S Column address W /;'V/ﬂ/ // /
tres ' | tRRH

WE®ead) LT H* \ J(/// L

DATA XOH: " ValidData 1| | >

B o tomn {OES l torz

owenn M~ 7777777771 TITTTITTIL. T _ J i 77

I r‘“ﬂbm—ﬂ T

WE(wme)v:S_ /, L J]ZL .

vata M 77T, I,

Valid Data X/
t01-:D '——.] toEH

ﬁ'(Write)://:::I: LI

///‘f

Y/ DontCare

FUNCTIONAL DESCRIPTION

Address inputs:

18 bits of binary address input are required
to decode any one of the 262,144 words by 4
bits storage cell locations.

9 row-address bits are set up on address
input pins AO through A8 and latched onto the
chip by the row address strobe (RAS). Then 9
column-address bits are set up on pins AO
through A8 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)
specification has been satisfied and the address
inputs have been changed from row-addresses
to column-addresses.

Therefore specifications permit column
addresses to be input immediately after the row
address hold time (tRaH).

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
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the write mode. The data input is disabled when
the read mode is selected. Data-out will remain
in the high-impedance state allowing a write
cycle with WE grounded.

Data Input:

Data is written during a write or read-modify
write cycle. Depending on the mode of operation,
the falling edge of CAS or WE strobes data into
the on-chip data latches. In an early-write cycle,
WE is brought low prior to CAS and the data is
strobed in by CAS with setup and hold times
referenced to this signal. In a delayed write or
read-modify-write cycle, CAS will already be low,
thus the data will be strobed in by WE with setup
and hold times referenced to this signal. In
delayed or read-modify-write, OE must be high
to bring the output buffers to high impedance
prior to impressing data on the I/0 lines.

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
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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 and
OE is low. CAS or OF 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 accomplished by bringing OE high prior to ap-
plying 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
CAS or OE 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
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 cycle at
each of the 512 row-addresses (Aoto As) at least
every eight 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 512
(Ao to As) row-addresses 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 offers an
alternate refresh method. If CAS is held on low
for the specified period (trcg) 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. 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,
consisting of a row address (9 bits) and a
column address (9 bits), to be acceded can be
defined as follows:
* AROW ADDRESS
— Bits Ao through As are defined by the
refresh counter.
* 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 512

row addresses.

By using CAS before RAS Refresh Counter

Test cycle, read the low written at the last

operation (Step (2)) and write a new high in

the same cycle. This cycle is repeated 512

times, and highs are written into the 512

memory cells.

Read the high written at the last operation

(Step (3)).

Complement the test pattern and repeat the

steps (2), (3) and (4).

(3

(4)
(5)
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OKI semiconductor

MSM411000RS

1,048,576-WORD X< 1-BIT DYNAMIC RAM

GENERAL DESCRIPTION

The MSM411000RS is a new generation dynamic RAM organized as 1,048,576 words by 1 bit.
The technology used to fabricate the MSM411000RS is OKI's N channel silicon gate MOS process

technology. The device operates at a single +5V power supply. Its I/0O pins are TTL compatible.

FEATURES
e Silicon gate, tripple polysilicon NMOS, ® Standard 18-pin plastic DIP
1-transistor memory cell ® Family organization
® 1,048,576 words by 1 bit
Power Dissipation
Famil Access Time Cycle Time P
Y (MAX) (MIN) Operating Stand By
(MAX) (MAX)
MSM411000-10RS 100 ns 200 ns 413 mW
28 mW
MSM411000-12RS 120 ns 230 ns 385 mW
® Single +5V supply, =10% tolerance e Page mode, read modify write capability
e Input: TTL compatible, address input, data @ CAS before RAS refresh, CAS before RAS
input latch hidden refresh, RAS only refresh capability
® Outpui: TTL compatible, tristate, nonlatch e “Gated” CAS
® Refresh: 512 cycles/8 ms e Built-in Vg generator circuit
@ Common I/0 capability using “Early Write”
operation
PIN CONFIGURATION (TOP VIEW)
\
Din [ 1 1__§| Vss
WE [2 17] D
. [: :l _O_UT Pin Names Function
RAS E E CAS AO to A9 Address Input
NC E E A9 RAS Row Address Strobe
AO* E E] A8* CTAS Column Address Strobe
] DIN Data Input
A1* AT*
I—i El DouTt Data Output
A2 E EI A6* WE Write Enable
A3* E E AS5* Voo Power Supply (+5V)
Vee E El A4+ Vss Ground (OV)
* Refresh Address
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FUNCTIONAL BLOCK DIAGRAM

RAS Timing
T ('Benerator —)_ Timing
Generator
[
Write -
Radrass Column Clock WE
Buffers y Decoders Generator
Internal Refresh 1 l e |
Ao~Ao |: égﬂ:ﬁ:? Control Clock SenseAmps | | Selle/gtion n gt’ft&‘:t —— DouT
e -
R
Buffgerzs Dg‘.” Bv’f"d Memory
cod- err;v- Cells
ers Input DIN
lo! - Buffer
vVee
Vss ——
OnchipVgg
ELECTRICAL CHARACTERISTICS
ABSOLUTE MAXIMUM RATINGS
Rating Symbol Conditions Value Unit
Voltage on any pin relative to Vgg VT Ta =25°C -1.0t0+7.0 Vv
Short circuit output current los Ta =25°C 50 mA
Power dissipation Pp Ta=25°C 1 w
Operating temperature Topr - 0to +70 °C
Storage temperature Tstg - -55to +150 °C
RECOMMENDED OPERATING CONDITIONS
(Ta=0to +70°)
Parameter Symbol Conditions MIN TYP MAX Unit
Vece - 45 5.0 55 \
Supply Voltage
Vss - 0 0 \"
Input high valtage VIH - 24 6.5 \"
Input low voltage ViL - -1.0 0.8 \"
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DC CHARACTERISTICS

(Vo =5V +=10%, Ta=0to +70°C)

MSM MSM
Parameter Symbol Conditions 411000-10 1411000-12 Unit | Note
MIN |MAX | MIN | MAX
Output high voltage VOH loH=-5.0mA 24 | — 24 | - Vv
Output low voltage VoL loL=4.2mA - 0.4 - 0.4 \
OV VI £6.5V,
Input leakage current Iy allotherpinsnot [ —-10 | 10 |—=10| 10 | uA
under test =0V
Doyt disable _ _
Output leakage current ILo OV <VO < 5.5V 10 | 10 10| 10 | pA
Average power supply RAS, CAS cycling,|
current* (Operating) lcct trg =min 75 70 | mA
Power supply current* RAS =V|H _ _
(Standby) lcc2 | Eas-=vy 5 5 | mA
Average power supply RAS cycling,
current* Icca CAS =V|y - 65 - 60 | mA
(RAS only refresh) trc =min
Average power supply RAS =V,
current* Icc4 CAS cycling - 55 | — 50 | mA
(Page mode) tpc =min
Average power supply —= .
(CAS before RAS refresh)

*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|N) CIN1 - - 5 pF
Input capacitance
(RAS, TAS, WE) Cinz - - 10 pF
Output capacitance (DoyT) CouTt - — 7 pF
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AC CHARACTERISTICS
Note 1,2,3 (Vo =5V +10%, Ta = 0 to +70°C)

, MSM411000-10 [MSM411000-12
Parameter Symbol 1 Unit Note
MIN MAX MIN MAX

Refresh period tREF - 8 - 8 ms
Random read/write cycle time tRC 200 - 230 - ns
Read/write cycle time trRwc | 235 - 255 - ns
Page mode cycle time tpc 100 - 120 - ns
Access time from RAS tRAC - 100 - 120 ns 4,6
Access time from CAS tcAC - 50 - 60 ns 5,6
Output buffer turn-off delay toFF 0 25 0 25 ns
Transition time tT 3 50 3 50 ns
RAS precharge time trp 90 - 100 - ns
RAS pulse width tRAS | 100 |10000 | 120 | 10000 | ns
RAS hold time tRSH 50 - 60 - ns
&giep:ggs |;:(‘:lyec:llt:amoenIy) tcp 40 h 50 - ns
CAS pulse width tcAs 50 |10000 60 | 10000 | ns
CAS hold time tcsH | 100 - 120 - ns
‘RAS to CAS delay time tRCD 25 50 25 60 ns 7,8
CAS and RAS set-up time tcRs 15 - 20 - ns
Row address set-up time taAsSR 0 - 0 - ns
Row address hold time tRAH 15 - 15 - ns
Column address set-up time tasc 0 - (0] - ns
Column address hold time tCAH 20 - 20 - ns
Column address hold time from RAS tAR 70 - 80 - ns
Read command set-up time trRcs 0 - 0 — ns
Read command hold time tRCH 0 - 0 — ns 10
Write command hold time from RAS | twcR 70 - 85 - ns
Write command set-up time twcs 0 - 0 — ns 9
Write command hold time twcH 20 - 25 - ns
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AC CHARACTERISTICS (CONT))

MSM411000-10 [MSM411000-12
Parameter Symbol Unit Note
MIN MAX MIN MAX

Write command pulse width twp 20 — 25 _ ns
Write command to RAS lead time tRWL 40 - 40 - ns

Write command to CAS lead time tcwL 40 - 40 - ns

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

Data-in hold time tpH 20 - 25 - ns

Data-in hold time from RAS tbHR 70 - 85 - ns

CAS to WE delay tcwD 40 - 40 - ns 9
RAS to WE delay tRWD 90 - 100 - ns 9
Read command hold time

reference to RAS {RRH 20 - 20 - ns 10
RAS to CAS set-up time

(CAS before RAS) tFcsS | 20 | - 2% - ns

RAS to CAS hold time

(CAS before RAS) tFCH | 80 | - %0 | - ns

CAS active delay from RAS

precharge tRPC 20 - 20 - ns

CAS precharge time

(CAS before RAS) tcPR | 20 | - 25 ns
Read/write cycle

(Refresh counter test) RTC | 855 B 385 h ns 1
RAS pulse width

(Refresh counter test) tTRAS | 255 | 10000 | 275 | 10000 ns 11
CAS precharge time

(Refresh counter test) tcPT 50 60 ns i
Read/write cycle time (Page mode) tprwc| 135 — 145 - 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. In case of using internal
refresh counter, a minimum of 8 CAS before RAS initialization cycles instead of 8 RAS
cycles are required.

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 trop < trcp (Max). IftRcp > tRep (Max.), trac will increase by } trep
—trcp (Max.)}.

Assumes thattggp 2 trgp (Max.).

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

Operation within the trgp (Max.) limit insures that tac (Max.) can be met. tgrcp (Max.)

is specified as a reference point only; if tRcp is greater than the specified tgcp (Max.)
limit, then access time is controlied exclusively by tcAC-

Assumes thattgcp (Min.) =tgaH (Min.) + 2t +tagc (Min.).

twes, tcwp and trwp are not restrictive operating parameters. They are included in
the data sheet as electrical charcteristics only; if tywcs = 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.) and tgwp = 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.

Either tRrH or tRcH must be satisfied for a read cycle.
CAS before RAS refresh counter test cycle only.
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READ CYCLE
trc
v tRAS
RAS YIH—
Vi — \ AR = 4 \
tcsu trp
trRCD ! tRSH e LCRS |
v 5 ! tcas b
CAS YI!H —
Vip — \ \r l 7/ |/
tasr| |tRA tas tcan
Vin 7 [
Address ViL Row address Columln addressw / A// /0<
N
t
—— =t
Vin 7/
WE Vi i/ A/ /ﬂ !— teac w
t
- IRAC —E
vV, —_
Pout (o% — OPEN ——— VvaidData
m Don’t Care
WRITE CYCLE (EARLY WRITE)
trc
trasS
=g VIH— 7
RAS 1M T \‘ AR { § \
tcsH | tRp— |
! tRSH !
trCD tcas tcrRs o
=5 ViH — \ X
CAS
ViL — { ¥
tasr| |tRAH tas |tcaH ' )
A% —— y
Ay R"“""':&@Z} i X/ TN
‘ ' ! ! tewL |
v el Ve |
WE IH — twp
Vie — m ! ! 7f /y
l T —— —]
| tDs——\f./(—R J— ton
V p— -
L/ JJA_ vaiapat Y,
Vig —s id Data 4
!— HIDHR {
D VoH OPEN
ouT VoL —— )

Don’t Care
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READ/WRITE AND READ MODIFY WRITE CYCLE

# DYNAMIC RAM - MSM411000RS m

" tRwC ' |
RAS
RA MU N AR P \l
ViL— e peu
tcRs CSH RS ] tRrp—-
tRCD tcas
R ViH— t T\ 4
CAS ViL— / .. /
tRAH tAsc
tASR| —> tcaH ‘
ViH— R Col
Addresses V:L— Adé’l’;ss Address W %
i | L tRW‘D <—-tCWL—>{
| fncsr—{ T tcwp ‘——tRWL——i
P ViH—
WE oy 74 N7 /
tcAC - twp—] —= tOFF
VoH- ‘ Valid Data :L_
DOUT VoL— i Open }.——< a
tRAC
Ds oH
ViH— Valid
Din ViL— / % Data 7
V//A Don’t Care
PAGE MODE READ CYCLE
tras

tRSH |

Address

Dour

|——‘CAC —j_l

torr thm_‘l__[ torr l

1f

WE

L™
7

) ~

Don’t Care
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PAGE MODE WRITE CYCLE (EARLY WRITE)

RAS

CAS

Address

tras

"/

s
Column
address

\

l>;];'WL ‘_‘I

I_El tDsH |——tDH——
DN XI“ 72// ,4}3 Valid Data /’é/:[)d; Valid Data }W /
IL I.—‘I)IIR d
PouT v, - OPEN
/] Don'tCare
PAGE MODE READ/WRITE CYCLE
— v trAS
e V;:: e | t t 7[—
PRWC RSH t
tr l__tcas tcas —-tci
v - ttsn ]
CAS Vi: _ N /1 L a
] tcp —-
t t t
tAsR tﬁﬂltAs_c_,l L—:-% tasc ﬁ_—c_m-_xl
address I TX Bt /X Sot W) &= Y LK
IL tcwi T
R RC — tRe:
twcH
v ‘T&___tcwn___l i F — tcwp—= twe
WP - —]
wE V;SZQ i N ! N Z
tRWD. tpu | A __tD—H_’
t CA
tRAC A l '_"f
Dout \\l,g}:: il Valid Data P Valid Data | ——
[ i 5 S ,i
leL Ips
l = {DH-=] l tDH-~
Vil 2
PN I, ///l@f[f Y ///)th X
Don’t Care
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RAS ONLY REFRESH CYCLE

Note: CAS = V[H,WE and Dy not dependent on the high or low level.

| trc

- trRas.

— Vg = N
RAS _IH
Vip — ZT <&c___

tRaH—o] | trp

tasr
Address Vin Row address /
Vio

YoH — OPEN
VoL —

Dout

[///] Don’tCare

CAS BEFORE RAS REFRESH CYCLE

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

[, trc

trp

OPEN

Don’t Care
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HIDDEN REFRESH CYCLE

tRC
AR —tRp —
e - RAS { tRAS {
RAS ViH AN l d R\ :l/
ViL — K. ‘
tCRs -t —
-—tReo—{ FYH cAs
Cas ViH — / tFCH '
CAS ViL - tRAH \\‘ /
tASR| <" tCAH
flAsc T
ViH — —— T \

Addresses 1 aadress X_X3sren M7

L]

thlcS fa— L—-tRRH
. ViH —
WE (Read) Vi — tcac

I L——tRAc OFF
DouT \\;OH- : I { Valid Data

— t K.
ot r RKV_D tcwp

RCS j twp
WE NMiH— N\
(Read-Write) Vy_— /

Don’t Care

CAS BEFORE RAS REFRESH COUNTER TEST CYCLE

f tRTC {
R ITRAS
RAS M tAR o
ViL— !
tFCs tcpT TRSH tRpP
tcsH i tCAs'
J— —_ N
CAS ViH /" N N
ViL— tasc 7
| o] fe—tCAH —
ViH— I N
Addresses V::j~ / Col. Address ’W
[ tRCS [+ ‘ | | e trRH
PR ViH—
WE (Read)
Vil fcac tRCH
= tOFF
VoH— l -
bouT V(;:-_l_ : - g‘ Valid Data
I RWDTRES| | tcwp | ~—towL —
tRWL
— ViH— N twp
WE (Write) '™ 7 N
L tos -
= toH —
ViH-— ;
DIn Valid Data W
ViL— / %
Don’t Care
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FUNCTIONAL DESCRIPTION

Address Inputs:

20 bits of binary address input are required
to decode any one of the 1,048,576 words by 1
bit storage cell locations.

10 row-address bits are set up on address
input pins AO through A9 and latched onto the
chip by the row address strobe (RAS). Then 10
column-address bits are set up on pins AO
through A9 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)
specification has been satisfied and the address
inputs have been changed from row-addresses
to column-addresses.

Therefore specifications permit column
addresses to be input immediately after the row
address hold time (tRAH).

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 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.

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 tgac that begins with the negative
transition of CAS as long as tRac is satisfied.
The output becomes valid after the access time
has elapsed and remains valid while CAS is low.
CAS going high returns it to a high impedance
state. In an early-write cycle, the output is
always in the high impedance state.

Page Mode:

Page-mode operation permits strobing the
row-address while maintaining RAS at a logic
low (0) throughout all successive memory

s DYNAMIC RAM -MSM411000RS =

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 ac-
complished by performing a memory cycle at
each of the 512 row-addresses (Ao to As) at least
every 8 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 512 (Ao to Ae)
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
alternate refresh method. If CAS is held on low
for the specified period (trgs) 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. 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,

consisting of a row address (9 bits) and a

column address (10 bits), to be acceded can be

defined as follows:

* AROW ADDRESS

— Bits Ao through As are defined by the

refresh counter.

* 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.
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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)
(2)

168

Initialize the internal refresh counter. For
this operaton, 8 cycles are required.

Write a test pattern of lows into memory
cells at a single column address and 512
row addresses.

)

(4)
(8)

By using CAS before RAS Refresh Counter
Test cycle, read the low written at the last
operation (Step (2)) and write a new high in
the same cycle. This cycle is repeated 512
times, and highs are written into the 512
memory cells.

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

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



OXK I semiconductor

MSM411001RS

1,048,576-BIT DYNAMIC RANDOM ACCESS MEMORY < Nibble Mode Type >

GENERAL DESCRIPTION

The Oki MSM411001 is a fully decoded, dynamic NMOS random access memory organized as 1048576 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 MSM411001 to be housed in a standard 18 pin DIP.Pin-outs
conform to the JEDEC approved pin out. Additionally, the MSM411001 offers new functional enhancements that
make it more versatile than previous dynamic RAMs. “CAS-before-RAS” refresh provides an on-chip refresh capabili-
ty, also features ‘nibble mode’’ which allows high speed serial access to up to 4 bits of data.

The MSM411001 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 minimal chip size. Dynamic
circuitry is employed in the design, including the sense amplifiers.

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

compatible.

FEATURES

1048576 x 1 RAM, 18 pin package
e Silicon-gate, Tripple Poly NMOS, single transistor cell
e Row access time
100 ns max (MSM411001-10RS)
120 ns max (MSM411001-12RS)
e Cycle time
200 ns min (MSM411001-10RS)
230 ns min (MSM411001-12RS)
e Low power:
413 mW/28 mW (MSM411001-10RS)
385 mW/28 mW (MSM411001-12RS)
e Single+5V Supply, +10% tolerance
® All inputs TTL compatible, low capacitive load
® Three-state TTL compatible output

o Gated CAS

® 8ms/512 refresh cycles

e Common 1/0 capability using “‘Early Write’"
operation

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

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

@ On-chip latches for Addresses and Data-in

® On-<chip substrate bias generator for high
performance

o CAS-before-RAS refresh capability

o “Nibble Mode'’ capability

PIN CONFIGURATION

18 j Vss
17 ] DouTt

16 j CAs Pin Names Function
A, ~ A, Address Inputs
15 A
:l ’ RAS Row Address Strobe
", :] A, * CAS Column Address Strobe
WE Write Enable
13 3 A r DIN Data Input
D
2 j At ouT Data Output
Vee Power (+5V)
1" j A Vss Ground (0V)

10 Ay e * Refresh Address
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BLOCK DIAGRAM
RAS Timing
CAS Generator Timing
L > Generator
[]
Write —
Clock WE
Column A erator|
Column
Address Decod
Buffers ecoders
Internal Refresh
~ Address eires 1/0 Output
Ao~ As E [Counter|~ | control clock Sense Amps Selection| | Bzf?:r —DouT
- f
Row
Address T-
Buffers R Word .
ow or Data
De- Driv- Memory Input DiN
o Cells Register
icoders ers
vce
V§g ——=
On chip VBB
ABSOLUTE MAXIMUM RATINGS (see Note)
Rating Symbol Value Unit
Voltage on any pin relative to Vgg ViN. VouT -1to+7 Vv
Voltage on Vcc supply relative to Vgg Vee -1to +7 \
Operating temperature Topr 0to 70 °cC
Storage temperature Tstg -55 to +150 °C
Power dissipation Pp 1.0 w
Short circuit output current los 50 mA

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

RECOMMENDED OPERATING CONDITIONS

(Referenced to Vgg)

. . Operating
Parameter Symbol Min. Typ. Max Unit Temperature
Vce 4.5 5.0 55 \Y
Supply Voltage Vss 0 0 0 v
0°C to +70°C
Input High Voltage, all inputs ViH 24 6.5 \%
Input Low Voltage, all inputs ViL -1.0 0.8 \
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DC CHARACTERISTICS

(Recommended operating conditions unless otherwise noted.)

# DYNAMIC RAM -MSM411001RS =

Parameter

Symbol

MSM411001-10

MSM411001-12

Min

Max

Min

Max

Unit

Notes

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

Icer

75

70

mA

STANDBY CURRENT*
Power supply current
(RAS =CAS = V)

lcc2

mA

REFRESH CURRENT 1*
Average power supply current
(RAS cycling, CAS = V|; trc =min.)

lccs

65

60

mA

Nibble MODE CURRENT*
Average power supply current

(RAS = V| CAS cycling; tyc = min.)

lcca

35

30

mA

REFRESH CURRENT 2*
Average power supply current
(CAS before RAS; trc = min.)

lccs

65

60

mA

INPUT LEAKAGE CURRENT

Input leakage current, any input

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

L

-10

10

MA

OUTPUT LEAKAGE CURRENT
(Data out is disabled,
oV £ VoyTt £5.5V)

Lo

-10

10

LA

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

VoH
VoL

24

04

2.4

0.4

\%
\

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

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

Capacitance measured with Boonton Meter.

171



® DYNAMIC RAM - MSM411001RS =

AC CHARACTERISTICS

(Recommended operating conditions unless otherwise noded.)

MSM411001 MSM411001
Parameter Symbol | Unit 10 12 Notes
Min Max Min Max
Refresh period tREF ms 8 8
Random read or write cycle time tRC ns 200 230
Read-write cycle time tRWC ns 235 255
Access time from RAS tRAC ns 100 120 4,6
Access time from CAS tCAC ns 50 60 5,6
Output buffer turn-off delay tOFF ns 25 0 25
Transition time tT ns 50 3 50
RAS precharge time tRP ns 90 100
RAS pulse width tRAS ns 100 | 10us | 120 | 10us
RAS hold time tRSH ns 50 60
CAS pulse width tcas ns 50 | 10us | 60 | 10us
CAS hold time tcsH ns 100 120
RAS to CAS delay time tRCD ns 25 50 25 60 7
CAS to RAS set-up time tCRS ns 15 20
Row address set-up time tASR ns 0 0
Row address hold time tRAH ns 15 15
Column address set-up time tASC ns 0 0
Column address hold time tCAH ns 20 20
Column address hold time from RAS tAR ns 70 80
Read command set-up time tRCS ns
Read command hold time referenced to CAS tRCH ns
Read command hold time referenced to RAS tRRH ns 20 20
Write command hold time from RAS tWCR ns 70 85
Write command set-up time twes ns 0 0 8
Write command pulse width twp ns 20 25
Write command hold time tWCH ns 20 25
Write command to RAS lead time tRWL ns 40 40
Write command to CAS lead time towL ns 40 40
Data-in set-up time tps ns 0 0
Data-in hold time tDH ns 20 25
Data-in hold time from RAS IDHR ns 70 85
CAS to WE delay time tcWD ns 40 40 8
RAS to WE delay time tRWD ns 90 100
Refresh set-up time for CAS referenced to RAS tECs ns 20 25
Refresh hold time for CAS referenced to RAS tECH ns 30 30
CAS precharge time (C before R cycle) tCPR ns 20 25
RAS precharge to CAS active time tRPC ns 20 20
Nibble mode read/write cycle time tNC ns 65 70 9
Nibble mode read-write cycle time tNRWC ns 65 70 9
Nibble mode access time tNCAC ns 30 35 9
Nibble mode CAS pulse width tNCAS ns 30 35 9
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AC CHARACTERISTICS (Continued)

(Recommended operating conditions unless otherwise noted.)

MSM411001 MSM411001
Parameter Symbol | Unit 10 12 Notes

Min Max Min Max
Nibble modea—s-precharge time tNCP ns 25 25 9
Nibble mode read RAS hold time INRRSH| ns 40 40 9
Nibble mode write RAS hold time tNWRSH| s 40 40 9
Nibble mode CAS hold time referenced to RAS tRNH ns 20 20 9
Refresh counter test cycle time tRTC ns 355 385 10
Refresh counter test RAS pulse width tTRAS ns 255 110,000| 275 {10,000 10
Refresh counter test CAS precharge time tCPT ns 50 60 10
NOTES: 1) An initial pause of 100 us is required after power-up followed by any 8 RAS cycles (Examples; RAS

2)
3)

4

5)

7)

8

9)
10)

only) before proper device operation is achieved. In case of using internal refresh counter, a mini-
mum of 8 CAS before RAS initialization cycles instead of 8 RAS cycles are required.

AC measurements assume tT =5ns.

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

Assumes that trcp S tRCD (max.).

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

Assumes that tgcp = tRcD (max.)

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

Operation within the trcp (max.) limit insures that tRAC (max.) can be met. tRCD (max.) is spe-
cified as a reference point only; if tRCcp is greater than the specified tRcp (max.) limit, then access
time is controlled exclusively by tCAC.

tWCS. tCWD and tRwD are not restrictive operating parameters. They are included in the data dheet
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 tcwp>tcwD(min.}),
and tRWD>tRWD (min.) the cycle is read-write cycle and the data out will contain data read from the
selected cell; if neither of the above sets of conditions is satisfied the condition of the data out (at
acccess time) is indeterminate.

Nibble mode cycle.

CAS before RAS Refresh Counter Test Cycle only.

173



s DYNAMIC RAM -MSM411001RS =

READ CYCLE
tRC
tRAS
J— ViH— \ AR SE—
RAS 0 N 7 N
1 fe—— 1| —]
t CSH RP
CRS tRCDI ttRSH
CAS
NS Vin— {
CAS vi- /' \ /
tASR | [IRAH tASC cAH
4—-" —7
IH— Row Column
Addresses ViL— Address }@t Address W %
f tRRH
tFtCS[‘—” ‘ _.l tRCH |«—
= ViH— 3
WE ViL— / ! tcac %
| tRAC ™ [T ‘oFF
VOH- ) ) 7 Valid )
Dout  yor_ OPEN | { O P
% Don’t Care
WRITE CYCLE (EARLY WRITE)
" RC
P ViH— N\ RAS 4 \
RAS ————tAR_"I
ViL— x S ’Z X—
tCRS tcsH tRen ——tRrp —=
tRCD tcAS
_ Vin— "4 X
N RN / /
tASR :_FLIAH tasc tcAH |
ViH— Row  Column
Addresses ViL— Address AddressW %
| t |
twcs le-twe H~ CWwL | [
WE ViH— WP
ViL— T T
t t
=W ks !
| tps — —1tpH
ViH— Valid
DN ViL— %‘ Data
L tDHR |
VOH- !
DouT Vor- { OPEN }
V/A Don’t Care
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READ-WRITE/READ-MODIFY-WRITE CYCLE
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" tRwe |
RAS
RAS  VIH~ N tAR
ViL— N
tcRs csH ther { tRp—n
~
r tRCcD tcAs
—_ ViH— ¢
CAS f \
\V2 —_—
it IRAH tAsc 4
tASR —= tCAH
ViH— Row Column ¥
Addresses Vi — Address Address %
7 1 1
RWD <—CWL——"
tRcs!‘—l ! tcwD «tRWL
— ViH—
WE 24 N 74
ViL—
tcac - twp — EtOFF
VoH— .
{ Open }-———< Valid Data
Dout  wvgoL- tmAC f
tDS*"
ViH— Valid
Din ViL— Z % Data W
Don’t Care
NIBBLE MODE READ CYCLE
RP
DAL
_ tRAS
RAS Y/IH fa—— tA R —] Z
-
1
tcrs| [trep oM tNe tNRRSH
— Vig— l—tCc AS —=| e
CAS IH
ViL— t,lsic / N L /|| trRH
tASR tRAH 3
—{ p7|| |*CAH tNCP | [INCAS
ViH— Row Col.
Addresses |, " % Add. W, 7%
[ t
tRcs——‘Hf tRCH — TL—tncs Lﬂ'i
J— ViH— W
WE — @
Vi / tcaC
tOFF |INCAC .
y tRAC —=] OFF
OH— Zf Valid Valid Valid Valid
DouTt VoL— "N Data Data Data Daat'a
V//A Don’t Care
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NIBBLE MODE WRITE CYCLE (EARLY WRITE)

tRP
v tRAS
RAS MDA I
1
Cfils L trco tCSHl e tNWRSH | | tRNH
fs— T {
I ViH— CAS—~| L
741 N NN
Vv —
I ! k__/ \._
tASR| |tRAH | |tCAH Nep .
= NCAS
tAsC <1
ViH— R Col.
Addresses ViL— AZZ,‘( Agd. W
-HWeR twecH == tWCH tRWL-
twc]s—— «T
L Lty p—-]
— ViH—
we o LM 705 £ 2
| tos| |toH . ‘_‘:H:»ttwp '
DS DH
D ViH— 7 Valid £ Valid § Valid Valid
IN ViL— / Data Data Data Data
VoH— L—tDHH—a-' ]
o ,
DouT VoL- { Open
% Don’t Care
NIBBLE MODE READ-WRITE CYCLE
RP
RAS
RAS ViH— e tAR —] K \-
ViL— -
tCRS CAH . INWRSH | [tRNH
—tNRWC—™
v tRCD tcas ¢
CAS V’l:—_‘: ’/ /‘_\—/l_\t_/ \_
tAsR| [tRAH| |tcan INCP
=~ = / INCAS
— —tAsc |
ViH— Row Col. ¥
Addresses , " ){Add. >¢ Add.
e tRW D —~] ]
TCWD j=— tICWL - towL tRWL
J— VIH_.
WE ViL— / \ / % / 4
tcac —= ] |——>1 — INCAC
tRac—| |'WP fOFF twp
VoH— ( Valid Valid Valid Valid
DOUT v _ Data Data Data Data }
oL
DS tDH
D ViH— { Vvalid Valid 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— ) f b

ViL— %t Ji

le—tRAH—] tRP
tASR  D—

ViH— Row
Addresses ViL— / Address W

VoH—
D { OPEN

oUT  yg -
/] Don’t Care
CAS-BEFORE-RAS REFRESH CYCLE
NOTE: Address, WE, Dy = Don’t care
RC
tRP
tRAS {
J— Vi —
RAS v::‘ -/ N k' X
tees || tFcH tRPC
CPR
R ViH—
— tOFF

Vou-— N -
PouT  vo - =4 l

OPEN |

Don’t Care
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HIDDEN REFRESH CYCLE

RAS

Addresses

s

E (Read)

DouT

WE

ViL —

VoH—
VoL—

ViH—

(Read-Write) V| —

RC
AR ~—tRP—|
tRAS ] tRAS -
N | i N v
N
tcRrs ._mRéH_ﬁﬂz
~—tRCD— | tcas
/ tEcH |f——eeeamre
. N /
TASR tCAH
TASC 1~ =—
|
Row Column
Address Address W
1
tRCs f— L»—— tRRH
| 1
tcac
L—tRAC —] toFF
4
7 [ - Valid Data
TRWD
~ tcwD

tHcs——-l
7

Vs

L

Don’t Care

CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE

I
>
%

C

w

Addresses

‘WE (Read)

DouTt

s

\%
E (Write)

ViH—
ViL—

ViH—
ViL—
ViH—

ViL—

ViH—
ViL—

VoH—
VoL—

I tRTC
1TRAS Vs
AR - /
1
teCs | tepT tRSH l—1RP
tCSH | |
N tcas
7 tasSC \-‘k 7 L
| == |~—TtCAH
Col. Address
, tRcs l<—> I | L—» tRRH
7 .
CAC tRcH
’ - tOFF
| { Valid Data
t
l RWDTRcs| | cwp | ~—towL —=
= ~—'RwWL
77 N_" 2
N
ps
]

b~tDH—a1

Va

lid Data W

Don’t Care
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DESCRIPTION

Simple Timing Requirement

The MSM411001 has the circuit considerations for easy
operational timing requirements for high speed access
time operations. The MSM411001 can operate under
the condition of tgcp (max) = tcac which provides an
optimal time space for address multiplexing. In addi-
tion, the MSM411001 has the minimal hold times of
Address (tcan), WE (twcH) and Dy (tpH). And
the MSM411001 can commit better memory system
through-put during operations in an inter-leaved system.

Fast Read- While-Write cycle

The MSM411001 has the fast read while write cycle
which is achieved by excellent control of the three-state
output buffer in addition to the simplified timings
described in the previous section. The output buffer is
controlled by the state of WE when CAS goes low.
When WE is low during CAS transition to low, the
MSM411001 goes to early write mode where the output
becomes floating and common 1/O bus can be used on
the system level. Whereas, when WE goes low after
towp following CAS transition to low, the MSM411001
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 twenty binary input address bits are required
to decode any 1 of 1048576 storage cell locations with-
in the MSM411001. Nine row-address bits are establish-
ed on the input pins (A, through A,) and latched with
the Row Address Strobe (RAS). Then ten column
address bits are established on the input pins and latch-
ed 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 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 MSM411001 during a write or
read-write cycle. The last falling edge of WE or CASis
a strobe for the Data in (D) register. In a write cycle,
if WE is brought “low’” (write mode) before CAS, D|y

u DYNAMIC RAM - MSM411001RS =

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 Dy is strobed by WE, and set-up and hold times
are referenced to WE.

Data Output

The output buffer is three-state TTL compatible with a
fan-out of two standard TTL loads. Data out is the
same polarity as data in. The output is in a high impe-
dance state until CAS is brought ““low". In a read cycle,
or a read-write cycle, the output is valid after tRAC
from transistion of RAS when tRCD(max) is satisfied,
or after tcac from transition of CAS when the transi-
tion occurs after tRCD (max). Data remain valid until
CAS is returned to “high”. In awrite cycle, the identi-
cal 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 accessed during nibble mode are
determined by the 9 row addresses and the 9 column
addresses. The 2 bits of addresses (CA, RA,) 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 RA,
and CA, to be incremented internally while all other
address bits are held constant and makes the next nibble
bit available for access. (See Table 1)

I1f 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 DoyT Pin is
determined by the first normal access cycle.

The data output is controlled by only WE state refer-
enced at CAS negative transition of the normal cycle
(first Nibble bit). That is, when tywcs > twcs (min) is
met, the data output will remain open circuit through-
out the succeeding Nibble cycle regardless of WE state.
Whereas, when tcyp > 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 conditions of WE (tycs and tcwp) at the
normal cycle (first Nibble bit).
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Table 1T NIBBLE MODE ADDRESS SEQUENCE EXAMPLE

NIBBLEBIT
SEQUENCE RA,
RAS/CAS (normal mode) 1 0
toggle CAS (nibble mode) 2 1
toggle CAS (nibble mode) 3 0
toggle CAS (nibble mode) 4 1
toggle CAS (nibble mode) 1 0

RAS only Refresh

Refresh of the dynamic memory cells is accomplished
by performing a memory cycle at each of the 512 row-
addresses (A, through A;) at least every 8 millisecond.
RAS only refresh avoids any output during refresh
because the buffer is in the high impedance state unless
CAS is brought “low"”. Strobing each of the 512 row-
addresses (A, through A;) 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
MSM411001 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 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 takes place while maintaining
latest valid data at the output by extending CAS active
time from the previous memory read cycle. In
MSM411001 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 hidden
refresh.

CAS before RAS Refresh Counter Test
Cycle

A special timing sequence using CAS before RAS
counter test cycle provides a convenient method of veri-
fying the functionality of CAS before RAS refresh
activted circuitry.
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ROW ADDRESS

COLUMN ADDRESS

CA,
101010101 0 101010101 - input addresses
101010101 0 101010101
101010101 1 101010101 generated inter-
101010101 1 101010101 nally
101010101 0 101010101 sequence repeats

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 operations are enabled.
A memory cell address (consisting of a row address (10
bits) and a column address (10 bits)) to be accessed can
be defined as follows:

* A ROW ADDRESS — Bits A, through A, are defined
by the refresh counter.
The other bit A, is set “high’’ internally.

* A COLUMN ADDRESS — All the bits A, through A,
are defined by latching levels on A, throgh 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
operation, 8 cycles are required.

(2) Write a test pattern of data “low” into memory
cells at a single column address and 512 row
addresses.

(3) By using CAS before RAS Refresh Counter Test
cycle, read the “low’” written at the last operation
(Step (2)) and write a new data “‘high’’ in the same
cycle. This cycle is repeated 512 times, and data
"'high”” are written into the 512 memory cells.

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

(56) Complement the test pattern and repeat the steps
(2), (3) and (4).



NIBBLE MODE
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1) The case of first nibble cycle is Early write

P

O
D
[

/

\

[\ /\ /

2K R22K—

High-2

DouT >

L—Early Write

Write !

t No Ope.

=

(Add Increment)

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

By
>
2

Write

V1 : Valid Data

A

b

DouT D D Ve N\ C N\ / \
/ N \ / \ / ~—/
L—— Read-Write ! Read-Write ! Read ,L Read-Write -‘>|
v/1: Valid Data
FUNCTIONAL TRUTH TABLE
RAS | CAS WE Din DouT Read Write | Refresh Note
H H Don’t Care | Don't Care High-Z No No No Standby
L H Don’t Care | Valid Data Yes No Yes Read
L L L Valid Data | High-Z No Ves | ves | EarlvWrte
twes = twes (min)
L L L Valid Data | Valid Data Yes Yes Yes Delayeg Write or Bead~Wr|te
tcwp 2 tcwp (min)
L H Don’t Care | Don't Care High-Z No No Yes RAS Only Refresh
CAS-before-RAS Refresh Valid
L L Don't Care | Don’t Care | Valid Data No No Yes data selected at previous Read
or Read-Write cycle is held.
H L Don‘t Care | Don't Care High-Z No No No CAS disturb.
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OKI semiconductor
MSM511000RS

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

GENERAL DESCRIPTION

The MSM511000RS is a new generation dynamic RAM organized as 1,048,576 words by 1 bit.
The technology used to fabricate the MSM511000RS is OKI's CMOS silicon gate process technolo-
gy. The device operates at a single +5V power supply. Its 1/0 pins are TTL compatible.

FEATURES
® Silicon gate, tripple polysilicon CMOS, ® Standard 18-pin plastic DIP
1-transistor memory cell ® Family organization
® 1,048,576 words by 1 bit
) . Power Dissipation
Famil Access Time Cycle Time
y (MAX) (MIN) Operating Standby
(MAX) (MAX)
MSM511000-10RS 100 ns 190 ns 385 mwW
55 mwW
MSM511000-12RS 120 ns 220 ns 330 mW
& Single +5V supply, ==10% tolerance ® Fast page mode, read/write capability
® |nput: TTL compatible, address input, data ® CAS before RAS refresh, CAS before RAS
input latch hidden refresh, RAS only refresh capability
® Output: TTL compatible, tristate, nonlatch ® “Gated” CAS
® Refresh: 512 cycles/8 ms ® Built-in Vg generator circuit
® Common I/O capability using “Early Write”
operation
PIN CONFIGURATION (TOP VIEW)
S
Din [1] 18] Vss
WE 7] 17] Dout
R - Pin Names Function
RAS E E‘ CAS AO to A9 Address Input
N.C. E E A9 RAS Row Address Strobe
AO* [ T4 As* CAS Column Address Strobe
Al* [: :| Din Data Input
’__6._ E AT DouTt Data Output
A2~ IZ E[ AB* WE Write Enable
A3* [E E A5* Vce Power Supply (+5V)
\Z G d (0V)
VCC 9 E A4" SS roun:
N.C. No Connection
* Refresh Address .
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FUNCTIONAL BLOCK DIAGRAM
RAS éiming
enerator
CAS '— Timin
CAS I D Genergator
[
R Write —
Soumn, W
Buffers y Decoders Generator]
Internal Refresh l l
Ao~A Address | 1 /0 Output
o [ Counter Control Glock SenseAmps | | gejector || B\L:ff%l: Dout
| | ]
Adh u
eSS
Buff;rs Sg?’ Word Memory
cod- | | Priv- Cells
ers
ers Input DiNn
| o] o 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 —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 — —55t0 +125 °C
RECOMMENDED OPERATING CONDITIONS.
(Ta=0to +70°)
Parameter Symbol Conditions MIN TYP MAX Unit
Vce - 4.5 5.0 55 \Y
Supply Voltage
Vss - 0 0 0 \
Input high voltage ViH - 2.4 - 6.5 \
Input low voltage VL - -1.0 - 0.8 \
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DC CHARACTERISTICS
(Ve =5V *=10%, Ta =0to +70°C)

MSM MSM
Parameter Symbol |  Conditions 511000-10/511000-12 ;s | Note
MIN | MAX | MIN | MAX
Output high voltage VOoH loH=-5.0mA 24 |Veog| 24 | Ve | V
Output low voltage VoL loL=4.2mA 0 0.4 0 04 | V
OV <VI<6.5YV,
Input leakage current Iy altotherpinsnot | -10| 10 |—-10| 10 | pA
under test =0V
DouyT disable _ _
Output leakage current ILo OV <VO < 5.5V 10| 10 10| 10 | pA
Average power supply RAS,CAS cycling, | 3
current* (Operating) lcct trc =min 70 60 | mA
Power supply current* | RAS iV'H TTL B 2 B 2
(Standby) CcC2 CAS =ViH mA
Doyt =Hz| MOS - 1 - 1
Average power supply ﬁES cycling,
current* lccs CAS =V|H4 - 70 — 60 | mA
(RAS only refresh) tRc = min
Average power supply =—= .
current” Icce (R%g Ei?:llgfm - 70 - 60 | mA
(CAS before RAS refresh)
Average power supply R_AS =V|L,
current” lcc7 CAS cycling - 50 - 45 | mA
(Fast page mode) tpc =min

*Note: Igc 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 (A0 to A9, D)) CIN1 - - 6 pF
Input capacitance
(RAS, CAS, WE) CiNz - - 7 pF
Output capacitance (DgyT) Court - - 7 pF

184



2 DYNAMIC RAM-MSM511000RS =

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

MSM511000-10{MSM511000-12
Parameter Symbol Unit Note
MIN MAX MIN MAX

Refresh period tREF - 8 - 8 ms
Random read or write cycle time tRC 190 - 220 - ns
Read/write cycle time trwc | 220 - 255 - ns

Fast page mode cycle time tpe 55 - 70 - ns

E;set page mode read/write cycle tPRWC| 85 _ 105 _ ns

Access time from RAS tRAC - 100 - 120 ns |4,56
Access time from CAS tcAC - 35 - 45 ns | 4,5
Access time from column address taAA - 50 - 60 ns 4,6
Access time from CAS precharge tcpAa — 50 - 65 ns 4
%)ut low impedance time from toLz 0 _ 0 _ ns 4
Output buffer turn-off delay tOFF 0 25 (0] 35 ns
Transition time tr 3 50 3 50 ns 3
RAS precharge time tRp 80 - 90 - ns

RAS pulse width tRAS 100 | 10000 | 120 | 10000 ns

RAS hold time tRSH 35 - 45 - ns
gfe\l:t%:gg :g(eien?;cle only) tcp 10 | 10000 15 | 10000 | ns

CAS pulse width tcAs 35 - 45 - ns

CAS hold time tcsH | 100 - 120 - ns

RAS to CAS delay time trRcD 25 65 25 75 ns 5
RAS to column address delay time tRAD 20 50 20 60 ns 6
CAS to RAS precharge time tCRP 10 - 10 - ns

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

Row address hold time tRAH 15 - 15 - ns

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

Column address hold time tcAH 20 - 25 - ns

Column address hold time from RAS tAR 75 - 90 - ns

Column address to RAS lead time tRAL 50 - 60 - ns
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AC CHARACTERISTICS (CONT.)

MSM511000-10{MSM511000-12
Parameter Symbol Unit Note
MIN MAX MIN MAX

Read command set-up time trcs 0 - 0 - ns
Read command hold time tRCH 0 - 0] - ns 8
Write command hold time from RAS |  twcR 75 - 90 - ns
Write command set-up time twcs 0 - 0 - ns 7
Write command hold time twcH 20 - 25 - ns
Write command pulse width twp 20 - 25 - ns
Write command to RAS lead time tRWL 25 - 30 - ns
Write command to CAS lead time towL 25 - 30 - ns
Data-in set-up time ips 0 - 0 - ns
Data-in hold time tpH 20 - 25 - ns
Data-in hold time from RAS tDHR 75 - 90 - ns
CAS to WE delay tcwD 35 - 45 - ns 7
RAS to WE delay tRwp | 100 - 120 - ns 7
Column address to WE delay time taAwD 50 - 60 - ns 7
f‘oﬁ\—s—stﬁec;gi r%;.me tchr | 80 | - 3 | - ns
ggi:::;\;e delay from RAS {RPC 10 _ 10 _ ns
(Peiresh aouner tos) tcpr | S0 | - | 0 | — | ns
CAS precharge time tcpN 15 - 20 - 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 Viy (min)) and V_ (max.) are reference levels for measuring of input signals. Also, transi-
tion times are measured between V| and V).
4 Measured with a load circuit equivalent to 2TTL + 100 pF.
S Operation within the tgcp (max.) limit insures that tyac (max.) can be met. trcp (max.)
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limit, then access time is controlled exclusively by tcac.
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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 tRAD (max.)
limit, then access time is controlled exclusively by tpa.

7 twes. tcwb, tRwD and tawp are not restrictive operating parameters. They are includ-
ed in the data sheet as electrical characteristics only; if tycs = 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 towp = towp (min), trwp = trwD (min.) and tawp =
tawp (min.), the cycle is read/write cycle and the data out will contain data read from
the selected cell; if neither of the above sets of conditions is satisfied the condition of the
data out (at access time) is indeterminate.

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

READ CYCLE
trc
‘RP
IH B RAS )
RAS
V N / N\
tCsH
tcRP tRcD tRSH tcrp
- = tcas
—
CAS IH j
ViL - \_\_ /
tRAD tRAL
t t
ASR | |_RAH ASC tcAH
vose W TR XIDR___em XYL,
- 7 N /
*AR
trcH
trcs tRRH
— VIH -7
WE v - ///// /// ///// 'cac %222
tAn
lcLz toFF
tRAC
VOH - VG
Dout v OPEN ; Valid Data
oL -
Don't care
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WRITE CYCLE (EARLY WRITE)

tRC
tRP
tRAS
_—
fAs UM N / \
Vi - N
tRCD tRSH
tcrp \ tcrp
CSH
fcas
cas VIHT ) /
CAS /
Vi -
tAR
tRAD tRAL
tASR tRAH tasc tcAH
Vig - X\ F
Py @g Fov D
- . \ A /
twer
twes tweH
v twp
WE | A
ViL - L ;
DHR
tps tDH
[

o (o XY/ T,

D VOH -
ouT OPEN

Don’tcare
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READ/WRITE CYCLE
tRwec
RAS 'RP
——
aas VI~ —\
RAS v - &_
tRSH
tcrp tRcD fRWL oRP
__ - t
CAS z“" \ CoAS / /
L -
IcsH
AR towL
tRAD tRAL
tAsR | | tRAH tasc tcAH
ViH-— BN a
AO ~ A9
ViL - A Row s Column M // / //////
tawp
tRWD
tcwp twp
w7 | Y,
WE
iL - tRcs X 4/ /
ps tpH
g
ViH- v B
Din Valid Data 2(/ / /
v -
tcac
tAA
t
{RAG OFF
VOH — f N
Pout v OPEN { Valid Data >—
oL- y .,
tcLz !

Don't care
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FAST PAGE MODE READ CYCLE

— V-
RAS 'H
ViL -
&35 VIH™
CAS
Vin -
A0 ~ A9
ViL -
— Vi -
We VIH
ViL -
VoH -
bour ©
VoL -

tRAS trp
N \
N /
tcsH tpc tRSH
tcrp treD tcas | tcp tcas tcp tcas tcrp
INE AN\ /
A Z / \
RAL
tAR | i
|
tASR | | tRAH  tasc tcaH | tasc tcan | tasc tcAH
[ ). e -] ‘—DI
o XX WUX_ e o X/
I
|
tRAD tRRH
fe—a]
tRCH tRCH
tRcs RCS RCS tRCH
< -
)
tcac tcac tcac
[ [
tAn tAA tAA
I
trac tcpa tcra
N Valid X 7 Valid \ Valid
Data _{ Data _Jf \ Data
toFF toFF toFrF
tcLz toLz T iz

Don't care
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FAST PAGE MODE WRITE CYCLE (EARLY WRITE)

s DYNAMIC RAM-MSM511000RS m

RAS

CAS

A0 —A9

=
m

D,

z

Dout

'RAS 'rP
V-
IH \
ViL - A
trc tRSH
tcrp trRcD tcas | | top tcas | | tep tcas tcrp
N / N/ N
ViL - A X
tAR | | tRAL
l [
tasr| | tRAH tasc tcaH  tasc tcaH  tasc tcAH
fe -3t <—-| et et ot e
7K e WA oo XX KOX X/,
Row Col Col Col
ViL- 3 L
tRAD
twer I
twes tweH  twes tweH  twes twecH
oy [t
twp twe twp
w1 (/711177
ViL - = 3
tps tbH tps toH tps tDH
[t -
Vib - 7 r
v ////////ﬁ Valid Data Valid Data Valid Data /
- g &
tDHR
VoH
OPEN
VoL

% Don’t care
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FAST PAGE MODE READ/WRITE CYCLE

tRAS
RAS VIH~ K /
Vi — o e tRP
tcsH - tRSH
PRWC |
'rcD tcas icp tcas tcas tcrRP
Gas VIH—
CAS
tASR, | [tran tasc t RAL
| ASC {CAH t CAH
RAH 'ASC Aj_?_ lAsc'i ICAH
Vig— - >
no~no M~ 7 N row X tc:ol N COIM Col
RWD '
tRﬁg towp_|towL towp_ fowL fowp _‘cwL
U
= ViH- T [ o t
WE M7 /’ AWD AWD AWD
™ twe ‘(‘}PA tcpa
'RAD[™ Ty ' AA | o= topr ARl | toFF
CAC TorF |SCAC]| | WP et | toac wp
VoH— -
Doy OH ]7 g:lt.d Y 2‘ Vaiid X, TN Vaid )
7
VOL _ tRAC \ a # X ata A LD&? .4
tcLz . tcrLz toLz RWL
DS,| | ,'DH tps_tl. | (1DH tbs tpH
Viy — — 7
VIL - 7
Valid Valid Valid Data
Data Data Don’t care
RAS ONLY REFRESH CYCLE
tRe
RP
tRAS
RAS WH""""‘\
ViL
tcrp trpc

M
=W/ \_/

tASR tRAH
-

V - -
oo W e K 7

VOH -
Dout OPEN
VoL~

/
'I Don'tcare

NOTE: WE =Don't care, A9 =Don’t care
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CAS BEFORE RAS AUTO REFRESH CYCLE

tRC
tRP
tRAS
AAS \\;IH - \ /
L - Y _
tRPC
tcPN | tcsmR tCHR ,
cis VIH™ \
CAS 7
ViL —
toFF
VoH -\
Dout (F OPEN
VoL oo A

% Don’t care

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

m Don’tcare

m TN / \ S/
o 1 N /
tAsr ‘RAHRAD ';ixsc ‘::
[~
o= 71K MR XTI T,
S/ R R A
DouT zzl:: gm Valid Data >_
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HIDDEN REFRESH WRITE CYCLE

TN, / \ 2
e DO
w - T =T
- :7//////{////»% I
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE

IL-

trAs tRp
o S ———————
aAs ViH R 'RSH
Vi - X \__
lcsh cHR tcpT tcas
o5 V- /-f \ ]
Vi - A 9 E
tAsC tcaH
Vi - b -
A0 ~ A9 V:E— / %¥ Column W / / /
tcac
tRAL :
READ CYCLE ™ OFF
-
VoH - .
D OPEN Valid Data
ouT o - /
trcs tcrz | ! tRRH
| LRH
J— V|H—
WE vy - / / 'RCH
WRITE CYCLE
Dout ng__ OPEN
twes tweH
WE VIH- twp
V||_ -
ps toH
Vi - F
PN v:t' - // Valid Data
tcLz
READ/WRITE CYCLE toac
VoH — -r - L
D OPEN Valid Data
OUT v — o \ }—'
towL
tAwD
tRwL
WE :/’:t - / tRCS \
tcwp twp
V -
DN V'H b{ Valid Data ></

tps

V/A :Don't care

tbH
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OKI semiconductor
MSM511001RS

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

GENERAL DESCRIPTION

The MSM511001RS is a new generation dynamic RAM organized as 1,048,576 words by 1 bit.
The technology used to fabricate the MSM511001RS is OKI's CMOS silicon gate process technolo-
gy. The device operates at a single +5V power supply. Its 1/0 pins are TTL compatible.

FEATURES

e Silicon gate, tripple polysilicon CMOS,
1-transistor memory cell
e 1,048,576 words by 1 bit

e Standard 18-pin plastic DIP
e Family organization

Power Dissipation
Famil Access Time Cycle Time Dissipatio
amily (MAX) (MIN) Operating Standby
(MAX) (MAX)
MSM511001-10RS 100 ns 190 ns 385 mW
5.5mW
MSM511001-12RS 120 ns 220ns 330 mW

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

input latch

Output: TTL compatible, tristate, nonlatch

Refresh: 512 cycles/8 ms

Common I/0O capability using “Early Write”

® Nibble mode, read/write capability
e CAS before RAS refresh, CAS before RAS
hidden refresh, RAS only refresh capability
® “Gated” CAS
® Built-in Vgg generator circuit

operation
PIN CONFIGURATION (TOP VIEW)
N\
DiN [1] gl Vss
WE [2 7] D
[: j ouT Pin Names Function
RAS E E CAS AO to A9 Address Input
N.C.[4] [15] A9 RAS Row Address Strobe
AO* E 14-' AB* CAS Column Address Strobe
Al* DiN Data Input
E E] A7 Dout Data Output
A2* [7] 12 A6* WE Write Enable
A3* E E A5* Veo Power Supply (+5V)
Vss Ground (OV)
V A4*
cC E: 0] A4 N.C. No Connection
* Refresh Address
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FUNCTIONAL BLOCK DIAGRAM
RAS Timing
. Generator L
cas Ly "—‘D\ Timing
Generator
R Write J—
ggljl:'rg;s Column Clock WE
Buffers — Decoders Generator|
Internal Refresh 1 I
Ao~As |: égg‘;‘et:f Control Clock SenseAmps | | Se:{e(gtor g&‘ftf%‘:t —— DouT
I
» [ —
d
Buffre?:s ggﬁ” BVqrd Memory
cod- | f oV Cells
ers Input Din
4 Buffer
Vce
Vsg —
On chipVgg
ELECTRICAL CHARACTERISTICS
ABSOLUTE MAXIMUM RATINGS
Rating Symbol Conditions Value Unit
Voltage on any pin relative to Vss 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 - —55to0 +125 °C
RECOMMENDED OPERATING CONDITIONS
(Ta =0to +70°)
Parameter Symbol Conditions MIN TYP MAX Unit
Vee - 4.5 5.0 55 Vv
Supply Voltage
Vss - 0 0 0 Y
Input high voltage ViH - 2.4 - 6.5 \Y
Input low voltage ViL - -1.0 - 0.8 v
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DC CHARACTERISTICS
(Vgg =5V +10%, Ta =0 to +70°C)

2 DYNAMIC RAM -MSM511001RS =

MSM MSM
Parameter Symbol Conditions 511001-10|511001-12 ;4 | Note
MIN | MAX | MIN | MAX
Output high voltage VoH loH=-5.0mA 2.4 | Vec | 2.4 | Vcc \'
Output low voltage VoL loL=4.2mA 0 04| O |04 | V
OV VI £6.5V;
Input leakage current ] all otherpinsnot | —10| 10 | =10 | 10 | nA
under test =0V
Doyt disable _ _
Output leakage current ILo OV <VO <55V 10| 10 10| 10 | uwA
Average power supply RAS, CAS cycling,| _
current* (Operating) lcct trc =min 70 60 | mA
Power supply current* BAS=Viy |TTL | - 2 B 2
(Standb )pp ’ lcc2 | CAS=ViH mA
Y Dour=Hz [MOS| - | 1 | — | 1
Average power supply RAS cycling,
current* lcc3 CAS =V|H - 70 - 60 | mA
(RAS only refresh) trc = min
Average power supply = .
current* Icce 2—22 g:;‘f::?egm - 70 - 60 | mA
(CAS before RAS refresh)
Average power supply RAS =V,
current* Iccs CAS cycling - 50 - 45 | mA
(Nibble mode) tNG = min

*Note: Igc is dependent on output loading and cycle rates. Specified values

output open.

are obtained with the

CAPACITANCE
(Ta =25°C, f =1 MHz)
Parameter Symbol Conditions TYP MAX Unit
Input capacitance (A0 to A9, D) CIN1 - - 6 pF
Output capacitance (DoyT) CouTt - - 7 pF
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AC CHARACTERISTICS
(Vee =5V +£10%, Ta =0to +70°C) Note 1,2, 3

MSM511001-10{MSM511001-12
Parameter Symbol Unit Note

MIN MAX MIN MAX
Refresh period tREF - 8 - 8 ms
Random read or write cycle time tRc 190 - 220 - ns
Read/write cycle time trwec | 220 - 255 - ns
Nibble mode cycle time tNC 50 - 65 - ns
zl;t;:)elii:nnzde read/write INRMW 75 _ 90 _ ns
Access time from RAS tRAC - 100 - 120 ns | 4,56
Access time from CAS tcac - 35 - 45 ns | 4,5
Access time from column address taAA - 50 - 60 ns 4,6
Nibble mode access time tNCcAC - 20 - 30 ns 4
ggrt:)gtTlg’w impedance time toLz 0 _ 0 _ ns 4
Output buffer turn-off delay toFr 0 25 0 30 ns
Transition time tT 3 50 3 50 ns 3
RAS precharge time tRp 80 - 90 - ns
RAS pulse width tRAs | 100 | 10000 | 120 | 10000 | ns
RAS hold time tRSH 35 - 45 - ns
CAS pulse width tcAS 35 | 10000 | 45 | 10000 | ns
CAS hold time tcsH | 100 - 120 - ns
RAS to CAS delay time tRcD 25 65 25 75 ns 5
RAS to column address delay time tRAD 20 50 20 60 ns 6
CAS to RAS precharge time tcRrp 10 - 10 - ns
Row address set-up time tASR (0] - 0 - ns
Row address hold time tRAH 15 - 15 - ns
Column address set-up time tasc 0 - 0 - ns
Column address hold time tCAH 20 - 25 - ns
Column address hold time from RAS | tpR 75 - 90 - ns
Column address to RAS lead time tRAL 50 - 60 - ns
Read command set-up time trRcs 0 - 0 - ns
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AC CHARACTERISTICS (CONT.)

MSM511001-10|MSM511001-12
Parameter Symbol Unit | Note
MIN MAX MIN MAX
Read command hold time tRCH 0 - 0 - ns 8
Write command hold time from RAS | twgr | 75 - 90 - ns
Write command set-up time twcs 0 - (o] - ns 7
Write command hold time twCH 20 - 25 - ns
Write command pulse width twp 20 - 25 - ns
Write command to RAS lead time tRWL 25 - 30 - ns
Write command to CAS lead time towL 25 - 30 - ns
Data-in set-up time tps 0 - 0 - ns
Data-in hold time tpH 20 - 25 - ns
Data-in hold time from RAS tDHR 75 - 90 - ns
CAS to WE delay tcwp | 35 - 45 - ns 7
RAS to WE delay trwp | 100 - 120 - ns 7
Column address to WE delay time tAWD 50 - 60 - ns 7
Read command hold time
reference to RAS tRRH 10 B 10 B ns 8
RAS to CAS set-up time :
(CAS before RAS) 'csR 10 10 ns
RAS to CAS hold time
(CAS before RAS) tCHR 80 h 80 B ns
CAS active delay from RAS
precharge tRPC 10 10 ns
CAS precharge time _ _
(Refresh counter test) tcPT %0 60 ns
CAS precharge time tcPN 15 - 20 - ns
Nibble mode pulse width tNCAS 20 - 30 - ns
Nibble mode CAS precharge time tNeP 20 - 25 - ns
Nibble mode RAS hold time tNR3H 20 - 25 - ns
Nibble mode CAS to WE delay tnowp| 20 - 25 - ns
Nibble mode write command
to RAS lead time INRWL| 25 - 80 - ns
Nibble mode write command
to CAS lead time tNowL| 20 1 - 25 - ns
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Notes:

202

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 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| and V).

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

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

Operation within the trap (max.) limit insures that tyac (max.) can be met. tRAD (max.)
is specified as a reference point only; if tRap is greater than the specified tRAD (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 tycs 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 2 tcwp (min.), trwp = trwp (min.) and tawD 2=
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
tRP
toxe
Ve RAS »
FAS \ /
viL-
tcsH
tcrp tRCD tRSH tcrP
tcas
CRLE \ \ /
Vi - / \
tRAD tRAL
tASR tRAH tasc tcAH
et
Ao—A ViH— N
SN Row Column
ViL— x .
tAR
tRCH
'Rcs tRRH
L/ 11/
WE tcAC
Vi~ C 2
tAA
t
toLz OFF
tRAC
VoH— F
ooyt Open {@( Valid data }——
VoL— A

m Don't care
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WRITE CYCLE (EARLY WRITE)

trc
tRP
tRAS
__ Vv~ R
RAS \ N
ViL-
'reD {RSH
crp . tcRP
CSH
v tcas
cAs M 7 \ / i
ViL— .
AR
'RAD tRAL
tASR tRAH tasc tcaH
==
ViH— 7 X\ y
Ao~As Row Column M / / /
Vil
twer
tWCS tWCH
twp
— ViH—
" ///,
ViL— /
‘DfJ tpH
ViH- y -
DiN Vi Valid data M / / / /
tDHR

Dout Open

VoL—

Don't care
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READ/WRITE CYCLE
tRwe
tRP
tRAS
— Viu- R
RAS \ \
Vi
tRSH
tcrpP tRcD tRWL tcrp
— Vin— \ tcas
CAS | \"
" tcsH
tar towL
tRAD tRAL
tasR tRAH tasc tCAH
ViH— V@ V&
Ao~As Row Column
ViL-
tAwD
tRwD
tcwp twp
we 7 7
t /
V- RCS .
tps tpH
[—
ViH— N a
oy M / />< Valid data ></ / // /
ViL=
tcac
tAA
toFF
RAC s
VoH— ) §
Dout OH Open {% Valid Data -
VoL~ tcLz

m Don't care
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NIBBLE MODE READ CYCLE
tRAS trp
v tAR 1
RAS v':_ /
tcsH t
i NRSH
R, tRcD CcAS 'Ne
s W F fRAD
CAS. .——I
e t Bay tasc INCP tNCAS
ASR CAH
v - i ]
H~
Ao~As Row Col
e K //, /. L1111
tcac toFF| INCAC || torF
tRAC qLe |
VoH- 27\ Valid\ #Vaiid Vaiid Vaiid
D —
OUT yor YA vata T Nata Data
fhn 1 tRRH
‘res i1, IRoH - Rcs tReH | T
we w7 % \/ i
WE ViL— / W L
m Don’t care

NIBBLE MODE WRITE CYCLE (EARLY WRITE)

tRAS 'RP
s T =
ViL—
tcsH
‘crr_ | [ tRep tcas
— ViH— j tRAD .
CAS
VIL_t tRAH }
ASR LAS‘C tcAH tNCpl tNCAS
g =
Ve ;
sne W R MR e X7/777777 777777 7777 777777777777
- d
twer
twes , | ftweH twes tweH INRWL
WE ViL— / / /
wp
il
o VIH™ :::Z%/ Vaid 5@( Valid Validmvaid Xf f/ / / / /
IN ViL- X_Data _ ata Data Data L
t t t
tps DH| tps |IDH
Vi 'DHR
Dour " Open
VoL-
Don't care
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NIBBLE MODE READ/WRITE CYCLE

= DYNAMIC RAM -MSM511001RS »

tRAS tRp
tAR
mRs W N ZF q\
V) — ) &
'L tcRp tcsH INRMW
tRCD tcas
CAS \\//'H_ / RAH /
L=
tASR tasc | |_ lean 'NCT ‘NCAIS
" //, L
), O, B Y Y
tRAD | tcwp tcwL tNCWL tnowL
tawp [=PWD lwe 'Newp | twp INRWL
WE M ./ L/
WE
ViL™ tps \t
T tpH | tps DH,
|
oy VHT7) Valid Valid Valid Valid
N y- Data Data Data Data
t T
taa | |CAC, o 4_ NCAC
tRAC ~
VoH~ 77/ M Valid Valid Valid Valid
VoL- toLz N Data _¢ Data Data Data
// ] Don'tcare

RAS ONLY REFRESH CYCLE

trc

tRAS

trp

trRPC

T

Open

— ViH— 3
RAS
ViL- \-
tcrp
—— Vin-
CAS
viL-
tASR tRAH
[
V —
Ao~As H Row
Vil
V, —
Doyt OH
VoL~

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

Don't care
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CAS BEFORE RAS AUTO REFRESH CYCLE

tRc

tRAS

tRP

RV
RAs M /
ViL-

tRPC
tceN | tosk tcHR
— Vi
cAs H / /
ViL— \: 4
toFF
Vo~ ——————_
Dout j — Open

Vo™ oo

Don’t care

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

= DYNAMIC RAM - MSM511001RS =

CAS

Dout

tRe
tRAS RP tRAS
ViH— :‘\ /
ViL— X y
{cRP tRCD RSH tcHR
P
w/ \ /
Vi - \
tRAD tRAL
tAR
tASR tRAH  tasc tcaH
V —_
. oD Y, N
ViL— \
trcs tRRH
w7, / /1
viL-
tcac
tAA
t
tRAG OFF
VoH~
Valid Data
VoL— p A
tcLz

m Don'tcare
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HIDDEN REFRESH WRITE CYCLE

3l

DiN

N /

tRSH {CHR

ViH—

V- —/ \ Y/
tRAL

—) (_ooomn KU
e w I T TT777,

w LTI e X777 7777777777777 77

VoL~

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

'RAS 'Rp
. ———— tRSH
RAS V'I': N \
lcsR tcHR tepT tcas
. V-
CAS VI:T \ / \
tasc tcaH
Vi - ]
Ao~As V'IT m Column /
oA tRAL |
READ CYCLE " {oFF
|
VoH- Y2V \
D )
ouT VoL - = Valid Data }—
Rcs loLz tRRH

— VIn-
YE - / / 'RGH

S

WRITE CYCLE
Dout \\ig[': Open 1
‘twes l‘WCH
— Viu-
wE - V1IN I,
tps toH
DIN \\//'E: / / / )( Valid Data ,.><// / /
t
|
READ/WRITE CYCLE '%Lf:c' “OFF
Dout \\/,g':_ Open %@g Valid Data >—
) A towL
tawp WL
W e N W
tcwp twp
DIN \\I/":': / / //X Valid Data M/ ///l
bs tDH

VA : Don't care
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OKI semiconductor
MSM511002RS

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

GENERAL DESCRIPTION

The MSM511002RS is a new generation dynamic RAM organized as 1,048,576 words by 1 bit.
The technology used to fabricate the MSM511002RS is OKI's CMOS silicon gate process technolo-
gy. The device operates at a single +5V power supply. Its 1/0 pins are TTL compatible.

FEATURES
@ Silicon gate, tripple polysilicon CMOS,

1-transistor memory cell
® 1,048,576 words by 1 bit

® Standard 18-pin plastic DIP
® Family organization

. . Power Dissipation
Eamil Access Time Cycle Time -
Y (MAX) (MIN) Operating Standby
(MAX) (MAX)
MSM511002-10RS 100 ns 190 ns 385 mW
55mwW
MSM511002-12RS 120 ns 220 ns 330 mW

® Single +5V supply, =10% tolerance ® Static column mode, read/write capability
® Input: TTL compatibie, address input, data ® CS before RAS refresh, CS before RAS
input latch hidden refresh, RAS only refresh capability
® Output: TTL compatible, tristate, nonlatch ® Built-in VBB generator circuit
e Refresh: 512 cycles/8 ms
@ Common I/O capability using “Early Write”
operation
PIN CONFIGURATION (TOP VIEW)
N
Din [1] 18] vss
WE [3] [17] Doyt
o Pin Names Function
RAS E E cs A0 to A9 Address Input
N.C. E Ej A9 RAS Row Address Strobe
A0* [ 14 As* cs Chip select input
Al l: :] DiN Data Input
E El A7 DouT Data Output
A2* Iz E A6* WE Write Enable
A3* E E A5* Vee Power Supply (+5V)
Vss Ground (0V)
\ 4
ce E @ A N.C. No Connection
* Refresh Address
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FUNCTIONAL BLOCK DIAGRAM
RAS giming
enerator
TS Timin
cs t W Ger:e%tor
[
N Write —
gg‘durrg:s Column Clock — WE
Buffers Y Decoders Generator|
Internal Refresh l l
Ao~A Add 1 =1 110 [
e Counter Control Clock SenseAmps || Selector -+ gllxjftfpel:t — Dourt
]
o e
eSS
Buff:ers gg‘.ﬂ \S"?’d Memory
cod- er’:" Cells
ers Input DN
Lol . 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 — —551t0 +125 °C
RECOMMENDED OPERATING CONDITIONS
(Ta=0to +70°)
Parameter Symbol Conditions MIN TYP MAX Unit
\'Zele - 4.5 5.0 55 \
Supply Voltage
Vss - 0 0 0 \"
Input high voltage ViH - 2.4 - 6.5 Vv
Input low voltage ViL - -1.0 - 0.8 \
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DC CHARACTERISTICS
(Vecg =5V +10%, Ta =0to +70°C)

MSM MSM
Parameter Symbol Conditions 511002-10511002-12 Unit | Note
MIN | MAX | MIN | MAX
Output high voltage VOH loH=-5.0mA 24 | Vcc | 24 | Vecc | V
Output low voltage VoL loL=4.2mA 0 0.4 0 0.4 \%
OV SVI<£86.5V;
Input leakage current ] all other pins not -10| 10 [-10| 10 nA
under test =0V
DoyrT disable _ _
Output leakage current ILo 0V <VO < 5.5V 10| 10 10| 10 | uA
Average power supply RAS, ES—cycIing, _ _
current* (Operating) lcot trc =min 70 60 | mA
Power supply current* RAS =Vjpy |TTL - 2 - 2
(Standb )pID ’ IcC2 | CS=ViH mA
y Doyt =Hz [MOS| - 1 - 1
Average power supply RAS cycling,
current* Icca | CS=Viy - | 70| — | 60 | mA
(RAS only refresh) tRc =min
Average power supply — .
current* Icce (%igz)cgnﬁq,’q—s - 70 - 60 | mA
(CS before RAS refresh) r
Average power supply RAS =V,
current® Icco CScycling - 50 - 45 | mA
(Static column inode) tgc =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 capacitance
(RAS, CS, WE) CiN2 - - 7 pF
Output capacitance (Do) CouT - - 7 pF
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AC CHARACTERISTICS
(Ve =5V +10%, Ta=0to +70°C) Note 1,2, 3

MSM511002-10{MSM511002-12
Parameter Symbol Unit Note
MIN MAX MIN MAX

Refresh period tREF - 8 - 8 ms
Random read or write cycle time tRc 190 - 220 - ns
Read/write cycle time trRwec | 220 - 255 - ns

Static column mode cycle time tsc 55 - 65 - ns
f;itllgt?nc:tmn mode read/write tsrwel 100 _ 120 _ ns

Access time from RAS tRAC - 100 - 120 ns | 4,56
Access time from CS tcAC - 35 - 45 ns 4,5
Access time from column address tAA - 50 - 60 ns 4,6,7
Access time from last write tALW - 95 - 115 ns 4,7
Output low impedance time from CS| to| 7z 0 - 0 - ns 4
?ea;f:g:(tzgif)hc(zﬁx:;\:idd ress tAOH 5 B s B ns
ooenco oW tow | _ | 0| - | 35 | ons
Output buffer turn-off delay toFF 0 25 0 30 ns
Transition time tr 3 50 3 50 ns 3
RAS precharge time tRp 80 - 90 - ns

RAS pulse width tRAs | 100 | 10000 | 120 | 10000 | ns

RAS hold time tRSH 35 - 45 - ns

CS precharge time tcp 10 - 15 - ns

CS pulse width tcs 35 | 10000 | 45 | 10000 | ns

CS hold time tcsy | 100 - 120 - ns

RAS to CS delay time trRcD 25 65 25 75 ns 5
RAS to column address delay time tRAD 20 50 20 60 ns 6
CS to RAS precharge time tcrp 10 - 10 - ns

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

Row address hold time tRAH 15 - 15 - ns

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

Column address hold time tcAH 20 - 25 - ns
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AC CHARACTERISTICS (CONT.)

M8M511002-10{MSM511002-12
Parameter Symbol Unit Note
MIN MAX MIN MAX
Column address to RAS lead time tRAL 50 - 60 - ns
Column address hold time N 75 _ 90 B
reference to RAS (WRITE CYCLE) AWR ns
Column address hold time
reference to RAS tAR 115 - 140 - ns
Column address hold time ¢ 10 _ 15 _
reference to RAS precharge AH ns
Column address hold time
reference to WE tAHLW | 95 - 115 B ns
Last write to column address delay tLWAD 25 45 30 55 ns 7
Read command set-up time trRcs 0 ~ 0 - ns
Read command hold time
reference to CS tRCH 0 - 0 - ns °
Write command hold time from RAS | twcg 75 - 90 - ns
Write command set-up time twcs 0 — 0 - ns 8
Write command pulse width twp 20 - 25 - ns
Write invalid time twi 10 - 15 — ns
Write command hold time
(Dout disable) WH © - 0 - ns 8
Data-in hold time from RAS tDHR 75 - 90 ~ ns
Data output hold time
reference to WE tWoH 0 - 0 ns
Write command to RAS lead time tRwL 25 - 30 - ns
Write command to CS lead time towL 25 - 30 - ns
Data-in set-up time tps 0 - 0 - ns
Data-in hold time tDH 20 - 25 - ns
CS to WE delay tcwp | 35 - 45 - ns 8
RAS to WE delay tRwp | 100 - 120 - ns 8
Column address to WE delay time tAWD 50 - 60 - ns 8
Read command hold time
reference to RAS tRRH 10 - 10 - ns °
RAS to CS set-up time
(CS before RAS) fcsr | 10 | - 10 ns
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AC CHARACTERISTICS (CONT.)

MSM511002-10{MSM511002-12
Parameter Symbol Unit | Note
MIN MAX MIN MAX

RAS to CS hold time

(CS before RAS) {CHR 30 - 30 ns

CS active delay from RAS _

precharge tRPC 10 10 ns

cs precharge time _ _

(Refresh counter test) toPT 50 60 ns

CS precharge time tcPN 15 - 20 - ns

Notes:

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

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.

Operation within the tyywap (max.) limit insures that tao1yw (max.) can be met. twaD
(max.) is specified as a reference point only; if t_yapD is greater than the specified
tLwAD (max.) limit, then access time is controlled exclusively by taa.

twcs, twH. tcwD tRwD and tawp are not restrictive operating parameters. They are
included in the data sheet as electrical characteristics only; if tycs = twgs (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 towp 2 towp (min.), trwp =
tRwD (min) and taywp = tawp (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.

Either trrH or tRgH must be satisfied for a read cycle.
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READ CYCLE
tRc
tRp
R_AS_ Vi T tRAs =
\Y ) t
- CSH
tASR | tRAH tRAL tAH
i
o1 W —n XTT7K X777
- tAR
tcrp RAD tRCD tRSH TcrP
- Viy- tcs e
o8 ViL- % / tRCH
trcs tRRH
WE x'H' tcac / /
e tan toFF
L 'RAC
f
V -
DouT vgtl_ OPEN Valid Data >—'—
oLz |
: Don’t care
WRITE CYCLE (EARLY WRITE)
fRe
trP
— Vi) tRAS
ARs M- S \_
T
AWR fosH
tasr L tRAH
[
3 RY a2
A0 ~A9 le m Row W % Column / // / /J
1L~
) T, T
) tRAD tasc CAH tRSH |
CRP - tcrp
s VH N\ tcs
CS v tRCD
twer twH
twcs
— V. -
we L //'Bj;—’ 'we ;]Z/////////////
bs tDH.
e
ow /)] [/ /[ /R veiavas [/
| toHR
VoH - !
DouT VoL - OPEN
:Don't care
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= DYNAMIC RAM - MSM511002RS =

READ/WRITE CYCLE
tRwe
tRP
I VA tRAS
RAs H \
VL - \ \
tRwL
tASR tRAH tCAH
3
AO ~ A9 x"" @ Row W ix Column x/
I - o
tRCD
tRAD tRAL
tcrp terp
Ts VM~ \ lcs /
ViL - trRcs A\
tcwp
tAWD towL
tRWD
WE UK 7 e
ViL - / / ‘
CSH i
tos tbH ol
ViH- i Valid *K/
D
N i / Dafa
CAC tWOH
t
'RAC i taoH toFF
D Valid Data
ouT vg, -
tcLz

: Don’t care
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STATIC COLUMN MODE READ CYCLE

RP
e
— vy - RAS
RAS N
ViL -
tAsR tRAH tsc tsc tRAL tAH
ViH - v r—
A0 ~ A9 V:[{_@( Row >@< Column Column >< Column
tRAD t
CRP
AR fcp tRSH I
tcs t
= ViH- - CS T
eS8 v - tRCD \ /‘RCH Nall ‘_EE"
LRCS tcsH M+ 'RCS RCH
1
wE VIH- I
t
WE ViL - /I" By tAA W AA tor (/
t OFF
L AA toFF tcac
trAC tAOH
VoH - n - -
D, Valid Valid Valid
OUT vo . m Data_j Data §_ Y__Data
cLz t
— cLZ
,
7[4 : Don't care
STATIC COLUMN MODE WRITE CYCLE (EARLY WRITE)
tRP
; tRAS
RAS z'H' | N
-
tAsR tRAH tcAH tRAL
- VIH -
A0 ~A9 v Row Column Column Column
L - e E
tAWR tRSH
trap  |tASC tos tcrP
— V'H— 1
cs
I - tReD \:IE twH \_/
¥ t
sc twes
twes | twi
v twp
— V- L -
wi / \ /
E VL -
tps | | tbH
Dy VIHT Valid Valid Valid
IN Vi - Data Data Data
DHR
VoH
Dout VoL OPEN
:Don't care
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STATIC COLUMN MODE READ/WRITE CYCLE

= DYNAMIC RAM -MSM511002RS =

RAS

A0 ~A9

:Don’t care

RP
Vi __-,\ RAS
ViL - ‘
RAL
tAsR RAH tcAH tRwL
V -
V::j % Row Column Column X /
tRAD tsrwc tCRP
T
Vin- towp tLwAD /
ViL- tRcs |
tawp t fcwL
tRwWD AWD
w7777 e :‘\
ViL- A . e/
L tRCD 'os | |_loH
i)
S
ViL- Data Data / / /
| tcAC taon|  "WOH, [ tan
tRAC | AA | | talw |l OW toFF
VOH - .
4 Dat ”
oL - — @ Valid Data ///x Valid Data )(// JE——
_ore

STATIC COLUMN MODE READ/WRITE MIXED CYCLE

RAS

A0 ~ A9

:Don't care

Vin-
ViL-
Vig- 7 7 ‘
Vi \ Column Column \ Column
tasc cAH
tLwAD

\\;'H N \ tAHLW

IL-

tawD
1
Vi~ twp
Vi - towp \
tps tpH tAA

x'“‘ ){ Valid Data

-

tcac tow tAOH
T
taA tAOH tALw
Vou ™ Valid . A~ Valia
Dout Vgr _ toLz Data Invalid Data m Data @
—— it
(READ) | (WRITE) (READ) [
] 1
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® DYNAMIC RAM - MSM511002RS =

RAS ONLY REFRESH CYCLE

trc
tRP
tRAS
s U \ / \
L -
tcrp tRPC
& ‘ N
tASR tRAH
AO~Ag VIHT Row X/ / /)(
ViL -
VoH ™
D, OPEN
ouT vg, -

',IA : Don'tcare

NOTE: WE =Don't care, A9 = Don’t care

CS BEFORE RAS AUTO REFRESH CYCLE

tRe
trp tRAS
Fas VIH T
RAS ViL - ._/ tRPC
tepn tcsr tCHR
= VIH -
cs
ViL — /
toFF
VP p—
Dout Vg[' a OPEN
—_— o

NOTE: WE = Don't care, AO ~ A9 = Don't care
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a DYNAMIC RAM - MSM511002RS =

HIDDEN REFRESH READ CYCLE

tRc trc
tRP tRP
s VHTT O\ tRAS tRAS
ViL - \__
tRCD tRSH

tcrp tAR tcHR tcrpP
—_— V-
cS v:f tRAH

t

ASR tRAD tRAL t

ro~no V77N o Gotunn L
| ooy o [ |
WEV:E—Z““ / tcac // 7//////

tAA
t
tRAC OFF
VOH -
Dout Vali )
v alid Data
oL - toLz
7/‘ : Don't care
HIDDEN REFRESH WRITE CYCLE
tRc tRc
tRAS tRp
RAS VIHT 'AR )‘: : {RAS J/
ViL - L \
]
tcRP 'RCD tRSH {GHR tcRp
— Vi -
cs H tRAH
Vi - tASC : 4
tASR s CAH
V, -
A0 ~A9 V:::| _D( Row Col ></ /
‘ twes
—_— Vg -
WE V:[‘ /
‘ tps | | toH
-
ViH - Valid
ON vy D{ Data >(/ /
tDHR
V, -
DouT ng‘ OPEN
VA : Don't care
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CS BEFORE RAS REFRESH COUNTER TEST

tRAS

‘RP
s V- tRSH
ViL -
tcsr tCHR L topT tcrRP \-
o5 VM- tcs
ViL - \-e tAH
Viy —
rose T TTTTT 777 72X Column KL/ /.
. tRAL |
READ CYCLE ! !
j At:\:Ao TOFF
OH ~ -
DouT VoL - — tﬂg Valid Data _‘S —
1
—_— Vg -
W /LT thoH
WRITE CYCLE foan
Ao~no I [/ /////t/ Column | (L[]
ASC
Dout \\;gf: OPEN
twes twH
we w7777 77
vic - [//[[] /[ /[ /]
tps tpH I
DN x"r: / /X vatidpata X/ /
READ/WRITE CYCLE tcaH
Vil - Column )
tAA tAQH' ]
tcac toFrF
Pour \\;8[': | Validpata, ~D————
Rcs iCLzl towL |
tawp
‘owp tRY\\I/\;-OH
v i twp
WE ViL -J / - ///
'ps tDH
by VIH - Valid
IN vy - / / / Data / /

m : Don't care
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OKI semiconductor
MSM514256RS

262,144-WORD X 4-BITS DYNAMIC RAM

GENERAL DESCRIPTION

The MSM514256RS is a new generation dynamic RAM organized as 262,144 words by 4 bits.
The technology used to fabricate the MSM514256RS is OKI's CMOS silicon gate process technolo-
gy. The device operates at a single +5V power supply. Its 1/0 pins are TTL compatible.

FEATURES
e Silicon gate, tripple polysilicon CMOS, e Standard 20-pin plastic DIP
1-transistor memory cell ® Family organization
® 262,144 words by 4 bits
Power Dissipation
Famil Access Time Cycle Time P
y : (MAX) (MIN) Operating Standby
(MAX) (MAX)
MSM514256-10RS 100 ns 190 ns 413 mW
55 mw

MSM514256-12RS 120 ns 220 ns 358 mW
® Single +5V supply, +=10% tolerance ® Fast page mode, read/write capability
® |nput: TTL compatible, address input, data ® CAS before RAS refresh, CAS before RAS

input latch hidden refresh, RAS only refresh capability

® Output: TTL compatible, tristate, nonlatch ® “Gated” CAS
® Refresh: 512 cycles/8 ms ® Built-in Vgp generator circuit

® Qutputimpedance controllable through early
write and OE operations

PIN CONFIGURATION (TOP VIEW)
\\—g
DQ3[7] 2q Vss
DQ4[ 3] 19 bQ2
WE E E DQ1 Pin Names Function
RAS IZ ﬁ] CAS AO to A8 Address Input
4]
RAS Row Address Strobe
N.C.|5 16| OE —
E j CAS Column Address Strobe
A0 [E 15] A8 DQ1 to DQ4 Data In/Data Out
*A1 ]z E AT* OE Output Enable
WE Write Enable
*A2[8] 13 A6* _
A5 Vee Power Supply (+5V)
A3 E E Vss Ground (0V)
VCC @ E A4 N.C. No Connection
*Refresh Address

225



® DYNAMIC RAM-MSM514256RS =

FUNCTIONAL BLOCK DIAGRAM

RAS Timing
_ Generator L
CAS ¥ Timing
Generator
[ I
R Write —
23{112;5 Column Clock WE
Buffers v Decoders Generator|
Internal Refresh l l
Ao~Ae '—_J égg:ﬁgf — Control Clock SenseAmps | | Se:{agtor
1
Row ] 1] l J DQ~DQs
Add
Buffreer.:s gg‘.” Word Memory
cod- | | Priv- Cells
ers | |®® Input
L] Buffers
Vee
Vsg ——
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 \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 - -55t0 +125 °C
RECOMMENDED OPERATING CONDITIONS
(Ta=0to +70°)
Parameter Symbol Conditions MIN TYP MAX Unit
Vce - 4.5 5.0 5.5 \%
Supply Voltage
Vss - 0 0 0 \
Input high voltage ViH - 2.4 - 6.5 \
Input low voltage ViL - -1.0 - 0.8 \
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= DYNAMIC RAM-MSM514256RS =

DC CHARACTERISTICS
(Voc =5V +=10%, Ta=0to +70°C)
MSM MSM
Parameter Symbol Conditions 514256-10|514256-12 | ;4 | Note
MIN | MAX | MIN | MAX
Output high voltage VOH loH =-5.0mA 24 |Vecg| 24 |Vec | Vv
Output low voltage VoL loL=4.2mA 0|04} O 04 | V
OV SVIL6.5V;
Input leakage current K] all other pinsnot | —-10| 10 |—-10| 10 uA
under test =0V
Doyt disable _ _
Output leakage current ILo OV <VO <55V 10| 10 10| 10 | pA
Average power supply RAS, CAS cycling,
current* (Operating) lcct trc =min - | 75| - | 65 \mA
. RAS=ViH [TTL | - | 2 | — | 2
I:;w:jzu;)ply current Iccz CAS =V mA
ancby. DouT=Hz|MOS | - | 1 | — | 1
Average power supply FES cycling,
current* lcca CAS =V|H4 - 75 - 65 | mA
(RAS only refresh) trc = min
Average power supply — .
current Icce z-ﬁ—z gy?g:gﬁﬁé - | 75| - | 65 | mA
(CAS before RAS refresh) etore
Average power supply RAS =V,
current* lcc7 CAS cycling - 55 - 50 | mA
(Fast page mode) tpg = min

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

output open.
CAPACITANCE
(Ta =25°C, f=1 MHz2)
Parameter Symbol Conditions TYP MAX Unit
Input capacitance (A0 to A8) CIN1 - 6 pF
Input capacitance _
(RAS, CAS, WE) CiNz 7 Pk
Output capacitance (DQ1 to DQ4) Cy/0 - 7 pF
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E DYNAMIC RAM-MSM514256RS =

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

MSM514256-10|MSM514256-12
Parameter Symbol Unit Note
i MIN MAX MIN MAX

Refresh period tREF - 8 - 8 ms
Random read or write cycle time tRc 190 - 220 - ns
Read/write cycle time trRwc | 255 — 295 - ns

Fast page mode cycle time tpc 55 - 70 - ns

E;Set page mode read/write cycle tprMw| 120 _ 140 _ ns

Access time from RAS tRAC — 100 - 120 ns 14,56
Access time from CAS tcAC - 35 - 45 ns | 4,5
Access time from column address tAA 50 60 ns 4,6
Access time from CAS precharge tcpa - 50 - 65 ns 4
g_xtsput low impedance time from toLz 0 _ 0 _ ns 4
Output buffer turn-off delay toFr 0 25 0 30 ns
Transition time t1 3 50 3 50 ns 3
R_AS precharge time trp 80 - 90 - ns

RAS pulse width tRAS 100 (10000 | 120 {10000 ns

RAS hold time tRSH 35 - 45 - ns
ﬁ:'git%:gg :gcei:::nyecle only) tcp 10 - 15 - ns

CAS pulse width tcAs 35 (10000 | 45 {10000 | ns

CAS hold time tcsH | 100 - 120 - ns

RAS to CAS delay time tRCD 25 65 25 75 ns 5
RAS to column address delay time tRAD 20 50 20 60 ns 6
CAS to RAS precharge time tCcrP 10 - 10 - ns

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

Row address hold time tRAH 15 - 15 - ns

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

Column address hold time from RAS tAR 75 - 90 - ns

Column address hold time tcAH 20 - 25 - ns

Column address to RAS lead time tRAL 50 - 60 - ns
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AC CHARACTERISTICS (CONT.)

MSM514256-10 [MSM514256-12
Parameter Symbol Unit Note
MIN MAX MIN MAX

Read command set-up time tRcs 0 - 0 - ns
Read command hold time tRCH 0 - 0 - ns 8
Write command hold time from RAS | twcRr 75 - 90 - ns
Write command set-up time twes o] - 0 - ns 7
Write command hold time tWCH 20 - 25 - ns
Write command pulse width twp 20 - 25 - ns
Write command to RAS lead time tRWL 25 - 30 - ns
Write command to CAS lead time tcwL 25 — 30 - ns
Data-in set-up time tps 0 - 0 - ns
Data-in hold time tpH 20 - 25 - ns
Data-in hold time from RAS tDHR 75 - 90 - ns
CAS to WE delay tcwD 70 - 85 - ns 7
RAS to WE delay trwp | 135 - 160 - ns 7
Column address to WE delay time tAWD 85 100 ns 7

Read command hold time

reference to RAS {RRH 10 - 10 - ns 8
RAS to CAS set-up time

(CAS before RAS) tcsr 10 10 ns
RAS to CAS hold time

(CAS before RAS) ICHR 30 B 30 B ns
CAS active delay from RAS

precharge tRPC 10 - 10 - ns
CAS precharge time _ _

(Refresh counter test) tcPT 50 60 ns
CAS precharge time tcPN 15 - 20 - ns
RAS hold time reference to OE tROH 20 - 20 - ns
Access time from OE tOEA - 25 - 30 ns
‘OE delay time toED 25 - 30 - ns
OE to data output buffer

turn-off delay l0EZ 0 25 0 30 ns
'OE command hold time tOEH 25 - 30 - ns
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Notes:

230

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 at tT =5 ns.

ViH (min.) and Vj_ (max.) are reference levels for measuring of input signals. Also, transi-
tion times are measured between V4 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 trgp is greater than the specified trcp (max.)
limit, then access time is controlled exclusively by tcac.

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

twCs, tcWD, tRWD and tawp are not restrictive operating parameters. They are includ-
ed in the data sheet as electrical characteristics only; if tyygs = 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 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.



s DYNAMIC RAM-MSM514256RS =

READ CYCLE
tRe
trP
tRAS
RAS Vi tAR | tcRrp
ViL - ]
tcsH
cRP tRCD tRSH toPN
e N ' \_
'SR | |BAH ST Toan | RAL
vo=ne 77/ rou comn X//// /1L LK
tRﬁil ‘"R tRCH
we W71/ m /1
toEA
& W/ L/ /// ////////// /
CAC OFF
tRAC toez
pai ~DQ4Y,8’L*:—-——0PEN —ﬂ( Valid Data-out |
Don‘tCare

WRITE CYCLE (EARLY WRITE)

e — =
R S ) W \
ro~ne M 7777/X ow coumn W/ ////// /L[ //[ /LI
w - ZZII7TT TN AT 7777777
|
& W /////////f//{_/—/é// L[/
ViH - @HRFET
DQ1 ~DQ4 Vit - | ValidData-in |\ OPEN T2 vontcare
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WRITE CYCLE (OE CONTROL WRITE)

tRc
tRAS tRp
t
[ AR |
— Vg~ S
RAS ]
Vi -
- terp tcsH | .
tRcD | tRsH CPN
Itcas
J— VIH“
CAS M tRAD N\ \ I trAL
tasr | [tRAH tasc tCAH
Bl | -'——'-1—

A0~ A8 x::’://///)( Row 5@( Column w //

LUK

! towL

tRwL

" LTI 77 77T 7T 7777

toEH

tpj

= LT eoe o N T T

DQ1 ~DQ4 x:r::—mx Valid Data-in ////// /// //////

/] Dor'tCare

READ/WRITE CYCLE

tRwec
tRAS tRp
—— t
ViH AR
RAS t
ViL - CRP
tcsH *’1‘
tCRP | | tRSH CPN
CAS ViH - ¢ \ | cas
ViL - /t . . \ |
RAH  tAsc T
ASR | | RA CAH
V —
AO ~ A8 v:[l Row Column A
tRAD towp towL _!
tRwWD tRwL
WE VH- [ twp
WE Vi - AA | tawp % /
f
toEA
ja— V'H_.
OF v - /| toeo :
tcac toez | 'bs|| tbn
[
trAC
V)/oH - A -
DQ1 ~ Daa VIVOH @‘ valid Data [y X varia Data-in
ViroL - torLz -out }
Don't Care
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FAST PAGE MODE READ CYCLE

'RAS tpp
e V- tAR
RAS VL - \_ ,t .t - £ tcrp
PC RSH =
'CRP RCD top I tepn
&as VH- 3 tcas 3 tcas — tcas
CAS t
Vi - ﬂg.l - \ / \_
tASR . tcsH . - tRAL
traH tasc  |tcaH ASC | | tcAH tascC | ['CAH
- *‘—f [ ] et
Vi —
A0 ~A8 V:::' Row Column % Column . Column // j
tRCS l 'RGH ! tRCS | || tres tReH
Iy
== VIH-7, 7]
WE
t
ViL- /// //T AA_% | taa tan RRH L
I
, toeA toEA » toEA
% ' NN
O ViL- /))J.‘y / / / / I /
t t t t ’ te, 1,
CAC Lng CAC OFF CAC |lorF
trac Jol=74 toLz toEZ toLz toEz
VOH ~ Valid Valid Valid 7
Da1 ~ba4 VoL — Data-out Data-out ?_'l Data-out
—
cLZ Don’t Care
FAST PAGE MODE WRITE CYCLE (EARLY WRITE)
tRAS < RP
o —
RAS v:t'_ pS " ‘CRP\
. tpc ’ tRSH )
CRP tReD tep CPN
t t
— Vg~ tcas CAS /—-J/-a CAS
CAS
ViL - \ . | \ I \
t CSH __, I tRAL
23R “TRan Tasc | toan tasc || tcAH tasc| | tcaH
- | i il e |y .
A0 ~ A8 Vllt MROW @ Column Column Column /X
! RAD ' \ i
twes tweH WS _liJ tweH wos 1| | o
twp twp T
WE ///N N 77777777
Vi -
toEH toEH ’ toEH
] JL
o VH- 7
o K/ 4 [/
V|L - toep /
bs| | ipH tps| | toH tps | | toH
ViH = Valid Valid /~ Valid
par~bas " / % Data-in 5{: Data-in Data-in
)
tDHR
Don’t Care
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FAST PAGE MODE READ/WRITE CYCLE

tRAS
aas VH “—d\‘————u A
RAS ViL - 1 | tRp
tosH. .
, tPRMW RSH
t t tcp t
RCD CAS tcas tcp tcas {=—|-CRP
&as VI tRAD
N e \ / I v
RAN t tRAL
t : CAH \ |
ASR, Agic* > ASC | tcan tasc |tcaH
- i
AO ~ A8 3
ViL— Row| Column W I /)’me 00|um$ A
tRWD ! tRwL
tcm[§_ towp tcwp towL
wE VH—
WE vy - 7 tAWD tawo N
tROH twp
toEa tOEA
S
ok gHZ I /
Vi - —
AA OED toED
t T t
org] 1oz onel | [
tRAC || foEz
'ps q—j;r tDH
V, - £ rJ
DQ1 ~DQ4 'I/OH ou fourll N ) V\Jou IN
VioL - rt ¢ dH
tcLz tcLz fcLz
m Don't Care
RAS ONLY REFRESH CYCLE
tRe
. trp
tRAS
a5 VKT \ /
RAS
ViL - A 4
t
CRP trPc
CAS
Vi - \_/
tAsr | | tRAH
[
AO~Ag VIHT Row
ViL -

Notes: WE, OE = Don’t Care

Don’t Care
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CAS BEFORE RAS AUTO REFRESH CYCLE

tRc
tRp RAS tRP
RAS le _ / \ tRPC
- tRPC
tcPN | | tesr tCHR tcPN
P V|H -
Chs 7 Z
Vi —
toFF
—y
VoH~ \ OPEN
DQ1 ~DQ4
Q VoL — ____;,F

Notes: WE, OE, AO ~ A8 =Don’t Care

HIDDEN REFRESH READ CYCLE

=i / - / pu-
o W C \t
o 2T ﬁ*J /T TITITI
w T e | NI,
w w771, [T
=
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HIDDEN REFRESH WRITE CYCLE

C trc
tRAS tRP s
—
—_ V), —
As \ \
Vi
crP RSH c

/ \

tcaH

X TTTTTITITTIIIIITTTYC

tw

twp

LT T T 7T

|
o z:ﬁi////{/{/s I/l_//‘///////////////////////////

VI -
DQ1 ~DQ4 / / ; ;x
ViL _/ p

Valid Data-in

XL TTTTTTTT T

Don’t Care
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CAS BEFORE RAS REFRESH COUNTER TEST

tRP
tRAS
S /
tcsmr tCHR TepT - tRSH
fcas

GRS M / \ /

tAsC tcAH

wore W11 TK e KU ///
READ CYCLE ‘RS oo = tRCH

w0

! toEA

G VIH™ e f)
OE
ViL - / / / / / //>! Z
toLz topz sl (OFF
VoH~ N .
pat ~pas o OPEN ,—_@ Valid Data-out >———

WRITE CYCLE

twes
] tweH

w //lz e //|//!/ [/
& W ///[/ [ [///

tps tpH
ViH -~
~DQ4 OPEN i 4
DQ1 Q Vi - \ Valid Data-in / oL
'AWD tRwL
READ/WRITE CYCLE tRcs tcwp ;
WP
J— V, -
w wl/ /[ \
Vi - Jﬁ taA 3 !
toEA
w & 7//777 TN =
- : 4
OEz | 'DS| | toH
tcac ~—.1
tcLz r”

VI/OH~

Valid
VioL - A Data-in

VZZ] pon'tcare Valid Data-out

DQ1 ~DQ4
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OKI semiconductor
MSM514258RS

262,144-WORD X 4-BITS DYNAMIC RAM

GENERAL DESCRIPTION

The MSM514258RS is a new generation dynamic RAM organized as 262,144 words by 4 bits.
The technology used to fabricate the MSM514258RS is OKI's CMOS silicon gate process technolo-
gy. The device operates at a single +5V power supply. Its 1/0 pins are TTL compatible.

FEATURES

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

® Standard 20-pin plastic DIP
® Family organization

. . Power Dissipation
Famil Access Time Cycle Time -
y (MAX) (MIN) Operating Standby
(MAX) (MAX)
MSM514258-10RS 100 ns 190 ns 413 mW
55 mW

MSM514258-12RS 120 ns 220 ns 358 mwW
® Single +5V supply, #-10% tolerance ® Static column mode, read/write capability
@ |nput: TTL compatible, address input, data capability .

input latch ® CS before RAS refresh, CS before RAS

@ Output: TTL compatible, tristate, nonlatch hidden refresh, RAS only refresh capability
® Refresh: 512 cycles/8 ms ® Built-in Vg generator circuit
® Output impedance controllable through early

write and OE operations

PIN CONFIGURATION (TOP VIEW)
/
DQ3 LT_ 2d Vss
DQ4 E E} DQ2
WE E E DQ1 Pin Names Function
RAS [z 7] cs AOto A8 Address Input
LA
RAS Row Address Strobe
N.C. OE
E E Ok _@ Chip select input
*AO E E A8* DQ1 to DQ4 Data In/Data Out
*A1 E E A7T* OE Output Enable
*A2 E @ AG* WE Write Enable
— Vee Power Supply (+5V)
A‘?‘E T__Q] AS Vss Ground (0V)
Vee|10 E A4* N.C. No Connection
*Refresh Address
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= DYNAMIC RAM:-MSM514258RS =

FUNCTIONAL BLOCK DIAGRAM

‘gming
enerator
. Timi
s D Los.
|
N Write —
Cotume, Coumn | [Glock e
Buffers v Decoders Generator]
| =
Internal Refresh v
Ao~A Add - 1 1/0 ["lOutput|
o~As E Cou:ﬁ:f Control Clock SenseAmps | |gselector -—Bl.ll-lff%rs
1
Row | | ] l l DQ:~DQs«
Add R
Buffreizs Dce”-N ‘S"."’d Memory
cod- e:;"' Cells
ers Input
- Buffers
Vee
vgg —
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 +125 °C
RECOMMENDED OPERATING CONDITIONS
(Ta=0to +70°)
Parameter Symbol Conditions MIN TYP MAX Unit
Veo - 4.5 5.0 55 \
Supply Voltage
Vgs - 0 0] 0 \%
Input high voltage VIH - 24 - 6.5 \Y
Input low voltage ViL - -1.0 - 0.8 \Y
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DC CHARACTERISTICS
(Ve =5V +10%, Ta =0to +70°C)

MSM MSM

Parameter Symbol Conditions 514258-10514258-12 Unit | Note

MIN [ MAX | MIN | MAX

Output high voltage VoH IoH=—-5.0mA 24 |Voc| 24 (Voo | V
Output low voltage VoL loL=4.2mA (0] 0.4 0 0.4 \
oV VI £6.5V;
Input leakage current L all other pins not -10| 10 |—-10| 10 uA
under test =0V
DourT disable _ _
Output leakage current ILo 0V < VO < 5.5V 10| 10 10| 10 | pA
Average power supply RAS, _(gcycling, _ _
current* (Operating) lcet tRG = min 5 65 | mA
Power supply current* RAS=ViH | TTL B 2 B 2
(Standey) l 'cc2 | CS=ViH mA
andby Doutr=Hz [MOS| — | 1 | = | 1
Average power supply _@cycling,
current” lccs CS =Viy 75 - 65 | mA
(RAS only refresh) tRc = min

Average power supply mcycling

current” Icce = 75 - 65 | mA
(CS before RAS refresh) CS before RAS

Average power supply RAS =V,

current® Icco CScycling 55 - 50 | mA
(Static column mode) tsc = min

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

CAPACITANCE
(Ta =25°C,f=1 MHgz)

Parameter Symbol Conditions TYP MAX Unit
Input capacitance (AO to A8) CIN1 - - 6 pF
Input capacitance _ _
(RAS, CS, WE) CiNn2 7 pF
Output capacitance (DQ1 to DQ4) Ci/o - - 7 pF
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AC CHARACTERISTICS

s DYNAMIC RAM-MSM514258RS =

(Voo =5V +10%, Ta =0to +70°C) Note 1,2,3
MSM514258-10 MSM514258-12
Parameter Symbol Unit | Note
MIN MAX MIN MAX

Refresh period tREF - 8 - 8 ms
Random read or write cycle time trc 190 - 220 - ns
Read or write cycle time tRwc | 255 - 295 - ns
Static column mode cycle time tsc 55 - 65 - ns
g;itllect?:‘lzmn mode read/write tsrwe| 120 _ 140 _ ns
Access time from RAS tRAC - 100 - 120 ns | 4,56
Access time from CS tcAC - 35 - 45 ns 4,5
Access time from column address tAA - 50 - 60 ns |4,6,7
Access time from last write tALW - 95 - 115 ns 4,7
Output low impedance time from CS | tcLz 0 - 0 - ns 4
Data output hold time reference to {AOH 5 _ 5 _ ns
column address
E)a\t,vié)utput enable time reference tow _ 30 _ a5 ns
Output buffer turn-off delay tOFF o] 25 0 30 ns
Transition time tT 3 50 3 50 ns 3
RAS precharge time tRp 80 - 90 - ns
RAS pulse width tRas | 100 |10000 | 120 |10000 | ns
RAS hold time tRSH 35 - 45 - ns
%Sta’:;ce 227: Sfr}t:o?je) tep 10 - 15 B ns
CS pulse width tcs 35 {10000 45 110000 ns
CS hold time tcsH | 100 - 120 - ns
RAS to CS delay time tReD 25 65 25 75 ns 5
RAS to column address delay time | tRAD 20 50 20 60 ns 6
CStoRAS precharge time tCcrP 10 - 10 - ns
Row address set-up time tASR (0] - 0 - ns
Row address hold time tRAH 15 - 15 - ns
Column address set-up time tasc 0 - 0 - ns
Column address hold time tcAH 20 - 25 - ns
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AC CHARACTERISTICS (CONT.)

MSM514258-10

MSM514258-12

Parameter Symbol Unit Note
MIN MAX MIN MAX

Column address to RAS lead time tRAL 50 - 60 - ns
Column address hold time reference t 75 _ 90
to RAS (WRITE CYCLE) AWR - ns
Column address hold time reference
to RAS tAR 115 - 140 - ns
Column address hold time reference t 10 _ 15 _ ns
to RAS precharge AH
Column address hold time reference
to WE tAHLW 95 - 115 - ns
Last write to column address delay tLwAD 25 45 30 55 ns 7
Read command set-up time tRcs (0] - 0 - ns
Read command hold time tRCH 0 - 0 - ns 9
Write command hold time from RAS | twcR 75 - 90 - ns
Write command set-up time twecs 0] - 0 - ns 8
Write command pulse width twp 20 - 25 - ns
Write invalid time twi 10 - 15 - ns
Write command hold time
(DoyT disable) tWH o - o1 - ns |8
Data-in hold time from RAS tDHR 75 - 90 - ns
Write command to RAS lead time tRWL 25 - 30 - ns
Write command to CS lead time tcwL 25 - 30 - ns
Data-in set-up time tps 0 - 0 - ns
Data-in hold time tDH 20 - 25 - ns
CS to WE delay tcwp | 70 - 85 - ns 8
RAS to WE delay trRwp | 135 - 160 - ns 8
Column address to WE delay time tAWD 85 - 100 - ns 8
Read command hold time
reference to RAS 'RRH 10 B 10 - ns °
RAS to CS set-up time
(CS before RAS) tCSR 10 B 10 ns
RAS to CS hold time
(CS before RAS) tCHR 30 - 30 - ns
CS active delay from RAS tRPG 10 _ 10 _ ns

precharge
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AC CHARACTERISTICS (CONT.)

MSM514258-10{|MSM514258-12
Parameter Symbol Unit | Note
MIN MAX MIN MAX

CS precharge time

(Refresh counter test) tcPT 50 - 60 - ns

CS precharge time toPN 15 - 20 - ns

RAS hold time reference to OE tROH 20 - 20 - ns

Access time from OE tOEA - 25 - 30 ns

OE delay time toED 25 - 30 - ns

OE to data output buffer turn-off

delay toEz (0] 25 0 30 ns

OE command hold time tOEH 25 - 30 - ns

Notes: 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.

Vi (min.) and Vj_ (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 tRgp is greater than the specified trgp (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 tRap is greater than the specified tgap (max.)
limit, then access time is controlled exclusively by tpa.

Operation within the tyyap (max.) limit insures that ta W (max.) can be met. tLWwAD
(max.) is specified as a reference point only; if twap is greater than the specified
tLwAD (max.) limit, then access time is controlled exclusively taa.

twcs, twH, tcwD, tRwD and tawp are not a restrictive operating parameters. They are
included in the data sheet as electrical characteristics only; if twcs = twgs (min.) and
twHZtwH (min.), 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.), trwp =
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
tRc
trp
t
_—————y RAS
AAS VIH ; \
ViL - t CRP
CSH
tcRP tRcD tRSH
[
_ - t
cs x:r / tRAD \ CS /
tAR
t
ASR | | IRAH tRAL tAH
Vv —_
AO ~A8 v'l’: 7 Row Column X/
' tRCH
RCS | tRRH
1
— Vig-—-
X 77777
ViL -
tAA
NI ) Y /[
OE
VIL—/ /

v -_—
pQ1 ~ba4 'OH
VoL

tRAC

tcac

toFF

toEz

OPEN

Valid data-out

toz

Don'tcare
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m DYNAMIC RAM-MSM514258RS m

WRITE CYCLE (EARLY WRITE)

G — /AR
r‘gﬁg‘ tRcD :E:H .
v [ tRAD N
o~se Wi 77777 W row W/ cowmn [/
v W] /777777777
I //,//// [/
' tps tDH
DQ1 ~DQ4 zIH - { validData-in OPEN
- | m Don'tcare
WRITE (OE CONTROL WRITE)
SR o 7\
o ‘_th_F:_ tRCD - t::RSSH tcRp
cs V:'I:' } / tRAD \ f

s 4 TN e WO XOTT77 /T TTTTTTT T

TASC {tcan towlL
w w7777 77T T el T 77777777
T | NI TTITTT7

— v X777777 7777777772
Invalid Data-out [ZZ Don't care
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READ/WRITE CYCLE

trwe
tRAS trp
s VM —_ﬂ\ tRAL
Vi -
tcsH \
tcRp tRCD tRSH CRP
|
ViH - t tcs
cs Vi - / RAD j‘)
tASR| [tRAH {CAH
‘—»‘ [ '4—-
v -
AO ~ A8 V:E Row @ Column // /////7
tcwp towL l
tRWD tRwL '
. - t
i N7 7T TT7
iL - toea Y .
& w777 /
ViL - toED
tcac
tRAC toez tps DH
V, - e
DQ1 ~DQ4 v:jgf Valid Data-out Valid Data-in / / / ] 7
- tcLz B
tAA m Don’t care
STATIC COLUMN MODE READ CYCLE
trP
t
- ——— RAS =
RAS M \
ViL -
tASR {RAH tsc tsc tRAL tAH
—ag VIH™ >< N / //
A0 ~ A8 i/, Row Column x Column A Column / .
tRAD tcRp I
taAR fcp tRSH 1
- t t
v CcS | cs
cs 'IH t
Vi - \ ; \; ? R
t t t,
RCS RCH Jr_ RCS RCH
—_ V| -
WE / Y /L
ViL -
tROH
w L/ I// WL
OF v, - / / [///
1
tOEA toFF ’ 10EA | toEz
e
tcac toEz tAA
t t
tan AA OFF
tRAG tAOH tcac
Vou = / Vi Valid Data }__
DQ1 ~DQ4 ng ~ e }—-{ out
fcLz icLz
] Valid Data  Valid Data F77) Dot care
-out -out
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STATIC COLUMN MODE WRITE CYCLE (EARLY WRITE)

RAM-MSM514258RS =

tRP
_— t
RAS VIH Ans \
ViL -
tRAD tRAL
tASR {RAH frl tcAH
A0 ~ A8 x:::' -m Row JV//X Column mcmumn Column ﬁ/////////
tAWR tcp tRSH
tRCD twH tcrp
t
Vig ~ cs / \ f
S v - tcsH \d
tSC twcs
twes
= - twp
WE VH \ 7\ /
Vi - \ twi
Ew LSS
OE
Vi -
| tDHR
ips toH
V - r n +
DQ1 ~DQ4 v::j ) / “ Valid Datel K Z XVall_rilnData VaugnoatiX/ / /
Don'tcare

STATIC COLUMN MODE READ/WRITE CYCLE

RP
t
=—= VIH— ) RAS
RAS
Vi - \ \
tAsR tRAH
|
SR oo o N//7777777
- /
'RAD tcaH t
tsRwc tRAL CRP
- \ :
Gs M N LWAD RWL
I -
tRep tcwp
tAwD tawD towL
twp
— v
WE 'H
ViL - tRWD \ ,/
tOEH I
GE - \ ] toep
ViL - - tOED tALW
- DS by l_tAA toez
‘cAg Ll
tRAG L tAA togz tpH toEA
Vi/OH~ Valid Valid
LAt =DA%y, 0, oLz Data-in A Data-in
¢ Valid Valid .
Data-out Data-out /1 Don't care
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STATIC COLUMN MODE READ/WRITE MIXED CYCLE

Bas VH
RAS
viL -
v _ | L L
AO ~A8 V:[‘ //A Column / / X Column Column ////
’LASC tcAH
—
tLwaD
cs x'“ - 'S tAHLW
L - \
tawD
fcwp
WE ViH- twp
ViL - jll tow
taLw
)
= w1/
OE
ViL - 3
QEA tos toEA
tcAC tAOH
= tAOH toED DH taa
tAA
Vi/OH- 4 - - -
- Valid Valid Valid
ba1 D°4‘, Data-out, Data-in bata-out
/oL - ‘
cLz
(READ) | (WRITE) | (READ)
[ |
Don't care
RAS ONLY REFRESH CYCLE
tRe
tRP
v trAS
RAS H™ \
ViL _ \
tcrRP PG
— V|H -
[
\_/
tasr | |tRAH
-]
v -
A0 ~Ag | IH
Vie - / /X Fow X/ / %

Notes: WE, OE =Don’t care

Don’t care
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CS BEFORE RAS AUTO REFRESH CYCLE

m DYNAMIC RAM-MSM514258RS m

tRc
tRP tRAS trp
RAs x:r :_j tRPC \ ZtRPC
tcpN | | ICSR tCHR tcPN
= x:t :——j toFF Z —
DQ1 ~DQ4 xg":‘: - OPEN
Note: WE, OE, A0 ~ A8 =Don't care
HIDDEN REFRESH READ CYCLE
R 'F;C
trp 'RP
= — A
t
tRCD = tRSH ; ‘
tcrP tRAD tRAL CHR CRP
s/ \
tAsR tRAH tAH
so=sa 77/ N row WK oo e
tRCS tRRH
w w7/ [T
toEA
_ t
ﬂ'.t-T/////////)ACRC’” [[I[]] ][]/,
l:‘__CCIZ_' toez o
RAC
DQ1 ~DQ4 zgr: _{ . Valid Data-out N

m Don’t care
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HIDDEN REFRESH WRITE CYCLE

tRC tRc
tRAS 'RP tRp
RAs ViK™ \ tAWR ); A
ViL -
{, i,
tCRP tRcD tRSH CHR CRP
oS \‘;:H “_/f tRAD Z
L=
tasc
tAsR RAH tcan
ViH™
AO ~ A8

- LRe KR e XL

twcs

ViL -

twH

////

[/ /]y

EQK%A/ZVV//

LT T T T

pQ1 ~DQ4 VIH™
ViL -

DHR

tps

tDH

Valid Data-in
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CS BEFORE RAS REFRESH COUNTER TEST

# DYNAMIC RAM-MSM514258RS w

RP
— a[‘— 'RAS / \_
tcsh R )‘_LCET_u 'RSH 'CRP
& 5 \ - /
READ CYCLE 'RAL Bl
A0 A8 x:r- / /////ﬁ Column / ZZ
tRCS {RRH
WEX:S /[//// ////////r op o RO o NL
|
% ' // ///// SN /
1
tcLz lyoOEFzF
DQ1 ~DQ4 zgr_ OPEN W Vel Datm o ——
WRITE CYCLE ASC ICAH
AO — A8 Y/:[':7 // // % Column // / /
wes twi
w7 TN - //////
= w7777 /17T /

DS {DH
N

DQt ~ DQ4V ] vaiid Data-in )
READ/WRITE CYCLE ] _toan
vowe T[T T 7Y columr W//// /[

W ViH-
ViL -

[/

[/ /]

=L/

4 VoK~

DQ1 ~DQ
VoL -

Don't care

tRcs
twp
owo N //// [/[[/
tawp fowL |
t
{OEA RWL
/ / | OED
1 R
AA s '0EZ [0S | 1py
oLz | =1 =
Valid
] Datain_
/
Valid Data-out
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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 DRAMSs in plastic leaded chip carrie (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
Single +5V Supply (10% Tolerance)
30-Pin Socket Insertable Module
Refresh Period ... 4ms (256 cycles)

All Inputs, Outputs, Clocks

Fully TTL compatible

3-States Outputs

Common CAS Control for Eight Common

Row Access Time;
100ns max. (MSC2304-10YS8/KS8)
120ns max. (MSC2304-12YS8/KS8)
150ns max. (MSC2304-15YS8/KS8)
Low Power Dissipation;
2640mW max. (MSC2304-10YS8/KS8)
2420mW max. (MSC2304-12YS8/KSS8)
2200mW max. (MSC2304-15YS8/KS8)

Data-In and Data-Out Lines e Operating Temperature ... 0°C to 70°C
CAS-before-RAS refresh capability

Page Mode’’ capability

FUNCTIONAL BLOCK DIAGRAM

Ac-As l—
.
RAS
CAS
WE
b—— Ac-As
RAS
CAS
g
oQ1
VecVss
p—r—] Ac-Ae bt AcAs
RAS RAS
CAs CAs
we o WE
baz [ VeeVss pas Roc ves
v PN v Y
RAS RAS
CAS TAS
WE a WE
bas [ Pveevss :l Ly Beovsd
L— AcAs Lt Ac-As
ARS AAS
CAS CAS
WE SN_E
DQ4 *TD—V“C ng —-I DQs Voo VSSQ
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PIN ASSIGNMENT
MSC2304YS8 _ .
;..: - O
| B AP P T R S nan 0
wscosoakss  CSOI0OEEs2Iilro2228RNRI8ERERE

15 A7 30 Vee
ABSOLUTE MAXIMUM RATINGS (See Note)
Rating Symbol Value Unit

Voltage on any pin relative to Vgg VIN. VOUT -1to+7 Vv
Voltage on Vg supply relative io Vgg Vce —1to+7 \Y
Operating temperature Topr 0to70 °C
Storage temperature Tstg —40to +125 °C
Power dissipation 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 to Vgg)

. Operatin
Parameter Symbol Min. Typ. Max. Unit ten?peratugr]e

Voo 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,
allinputs ViL -1.0 0.8 v

DC CHARACTERISTICS

(Recommended operating conditions unless otherwise noted.)

100ns 120ns 150ns
Parameter Symbol| MODULE [ MODULE | MODULE Unit

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

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

Standby Current
Power supply current lcc2 40 40 40 | mA
(RAS =CAS = Vn)

Refresh Current 1
Average power supply current Folox! 440 400 360 | mA
(RAS cycling, CAS = V|y; tRc = min.)

Page Mode Current*
Average power supply current lcca 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; tgc = min.)

Input Leakage Current

Input leakage current, any input |
{0V < VN < 5.5V, all other L1
pins not under test = V)

Output Leakage Current
(Data out is disabled, ILo -10 10 | -10 10 | -10 10 | A
0V < VoyTt <5.5V)

Output Levels

Output high voltage VoH |[24 24 24 v
(IoH = -BmA)

Output low voltage

(loL = 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 ~ As) CIN1 37 60 pF
Input Capacitance (RAS, CAS, WE) CIN2 35 65 pF
oea oo oo | 7 | om | W

Capacitance measured with Boonton Meter.
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AC CHARACTERISTICS
(Recommended operating conditions unless otherwise noted.) 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 tRAaC ns 100 120 150 | 4,6

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

Output buffer turn-off

delay tOFF n‘s 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 trcD ns 25 50 25 60 25 75 7

CAStoRAS 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-up

time tasc ns 0o 0 0

Column address hold

time tcAH ns 20 20 25

Read command set-up

time tRcs ns 0 0 0

Read command hold t 0 0 0

time referencedto CAS | (RCH | ns

Write command set-up

time twcs ns 0 0 0
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AC CHARACTERISTICS (Continued)
(Recommended operating conditions unless otherwise noted.)

MSC2304-10 MSC2304-12 MSC2304-15
Parameter Symbol | Unit YSB/KS8 YSB/KS8 YSB/KSB | Notes
Min. | Max. | Min. | Max. | Min. | Max.
\L\I{gig command pulse WP ns 15 20 25
Yivn:ze 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
Refresh set-up time for
CAS referenced toRAS | '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
hage mode cycle tpc | ns | 100 120 145 8
Page mode CAS
precharge time tcp ns 40 50 60 8
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Notes:

258

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

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

Assumes thattpcp 2 trep (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.
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READ CYCLE
tRC
tRAS
o — 2 b
AAS M- N A N
* tcsH e——tRP—"
tRSH
b tcAs 7
eas Mo \ 7
| [tRAH tAsC 'CAH l
Addresses z:':: ﬁ‘&i‘:‘r'l's'i W/ / // M
tRRH
—= tRCH }=—o
WE e tcac A
! tRAC — *— tOFF
DouT :;g':: { OPEN +— { Vaw P
Don‘t Care
WRITE CYCLE
" tRc
RAS 4
tcRs - tCsH thsn l~——tRp —
tRCD CAS
— Y
ms W F ) /7
tASR 'RAH‘A_SL(W:__ tcA
adeses " TR %@i Rarn IW//W
v Wes -« ~tweH A7
wWE oy we /////////////W
't tRWL *{
tps —| |=— r-—tDH—"
ViH— Valid
VoH- { OPEN F—
D _ 1
out Vou Don‘t Care
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PAGE MODE READ CYCLE

tRAS

""RP]

T sy Froe
-
tOFF tcAC h‘gAc e

B O
We g / X

ViL

V7 "1 “'L'*=Don't Care

PAGE MODE WRITE CYCLE

tRSHjm—_

——

ase|”
1 KU,
LI,

tOSP=ir<tpH~ tps

Oy VIH- - " —
N M- @1 Vaid Data Valid Data Valid.Data
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RAS ONLY REFRESH CYCLE
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2|
ol

Addresses

DouT

NOTE: CAS = V|, WE, Dy = Don't care

trc

tRAS
ViH—
ViL— S
tRAH—
tASR le—
ViH— !
ViL—
VoH~— _{ OPEN
VoL-

N

I

e 77777

/] Don’t Care

CAS-BEFORE-RAS REFRESH CYCLE

ps]
>
7

O
7

Dout

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

ViH — /
Vi —

tcPR
Mo ﬁL_:jW///

tOFF
—

VOH— N

| )=

Vo= 3

Don’t Care
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HIDDEN REFRESH CYCLE

tRe
¢ 1 r’_tm’—- pe——
RAS xm - ——W\ RAS j; K RAS'—j/——
L= —
tCRs ‘—tRCD—.r‘—'RSH tc
AS
— ViH — ht—— t —
CAS V::._' - %f tRAH ‘Q\ FCH
tASR e tCAH l .
! | .
Addresses |1 = e I aouren WL 222222272222
1
tRCs — tRAH
|
LN/ tcac 22222272772,

‘IHAT toFE
v —_ P 4 -

D OH Valid Data

ouT VoL~ K X

Don’‘t Care
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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
multiplexing. In addition the MSC2304 has the
minimal hold time of Address {tcaR), WE (twcH)
and Dy (tpH). And the MSC2304 can commit
better memory system through-put during opera-
tions in an interleaved system.
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 Ae 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-
g_d_(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 fow-
addresses to column-addresses.

= DYNAMIC RAM-MSC2304YS8/KS8 m

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. 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, D)y 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 CASis
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 tcp (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 permlt_s_gtrobing the
row-address while maintaining RAS at a logic
tow (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, dccess and cycle
times are decreased because the time normally
required to strobe a new row-address is elimi-
nated.
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RAS Only Refresh:

Refresh of the dynamic memory cells is ac-
complished by performing a memory cycle at
each of the 256 row-addresses (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
MSC2304 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.
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MSC2304YS8/KS8 (SIP/SIM) DERATING CURVE
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(°C)
70

60|

50

40

30

20

Not Allowable

—_——-

\\
b Air Flow
\\
N om/s
\\ —_————— . 1m/s
—————— 3m/.
\\\ m/s
Allowable N
i1 1 1 1 1
1 2 3 4} s
4.35MHz  (MHz)

1/txc, Cycle Rate

266




OKI semiconductor
MSC2304YS9/KS9

262,144 BY 9 BIT DYNAMIC RAM MODULE < Page Mode Type >

GENERAL DESCRIPTION

The Oki MSC2304YS9/KSQ is a fully decoded, 262,144 words X 9 bit NMOS dynamic random
access memory composed of nine 256K DRAMSs 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 o Separate CAS Control for One Separate Pair
® 262,144 word X 9 bit Organization R ;foaazg;;"_r‘irng‘a'om Lines

o Single +5V Supply (10% Tolerance) i

e 30-Pin Socket Insertable Module s max. (N 1 oven/icaa)

o Refresh Period ... 4ms (256 cycles) 150"s max. (MS02304.1 5Y§9 /ﬁgg;

@ AllInputs, Outputs, Clocks ns max. ’

e Low Power Dissipation;
2970mW max. (MSC2304-10YS9/KS9)
2723mW max. (MSC2304-12YS9/KS9)
2475mW max. (MSC2304-15YS9/KS9)
e Operating Temperature ... 0°C to 70°C
CAS-before-RAS refresh capability

Fully TTL compatible

3-States Outputs

Common CAS Control for Eight Common
Data-In and Data-Out Lines

FUNCTIONAL BLOCK DlAGRAM o "Page Mode'’ capability
Py
RAS
€As
WE
Ac-As b AcAs
&AS RAS
CAS CTAS
(WE WE
pat Pvee Vs% bas Pvggvss
Ac-As p—r—] AcAs
RAS RAS
oAS o8
TE 9 3 a
Ao bt AcAs
RAS RAS
CAS TAS
WE WE
pa3 I nvcchsoj a7 Yeovss
AcAs b AcAs
RAS RAS
CAS TAS
e = a
pa4 i aol— bas
Vee Vi VooV
[vee ss’_l cCcVss
L Achs
RAS
CAS3 CAS
D9 'E o
v VceVss @
°© ~T¢ Lo
ves T T
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PIN ASSIGNMENT

MSC2304YS9

MSC2304KSs9

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 A0 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 NC 28 CAS9
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 Ve supply relative to Vgg Vce —1to+7 v
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 to Vgg)

: . Operating
Parameter Symbol Min. Typ. Max. Unit temperature
Vce 4.5 5.0 55 \Y
Supply Voltage
Vss 0 0 0 %
0°Cto +70°C
Input High Voltage,
all inputs VIH 24 6.5 \
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 Icet 540 495 450 | mA
(RAS, CAS cycling; tgc = min.)

Standby Current
Power supply current lcc2 45 45 45 | mA
(RAS=CAS =V |H)
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 lcca 360 3156 270 mA
(RAS = V|, CAS cycling; tpc = min.)
Refresh Current 2

Average power supply current lccs 495 450 405 | mA
(CAS before RAS; tgc = min.)
Input Leakage Current

Input leakage current, any input
(OV < VN < 5.5V, all other L1 |-90 | 90 |-90 | 90 |-90 | 90 | nA

pins not under test = 0V)

Output Leakage Current
(Data out is disabled, ILo -10 10 |-10 10 |-10 10 | MA
0V < VoyuT <5.5V)

Output Levels
Output high voltage

(loy = -5mA) VoH |24 2.4 24
Output low voltage
(oL = 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 MHz2)
Parameter Symbol Typ. Max. Unit

Input Capacitance (Ao ~ As) CIN1 40 70 pF
Input Capacitance (RAS, CAS, WE) CIN2 40 75 pF
gae ooue w0 | 7 | om |
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
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(Recommended operating conditions unless otherwise noted.) Note 1,2,3
MSC2304-10 | MSC2304-12 MSC2304-15
Parameter Symbol | Unit YS9/KS9 YS9/KS9 YS9/KS9 Notes

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

Refresh period tREF ms 4 4 4

Random read or write

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 (o] 30 0 30 o] 30

Transition time tr ns 3 50 3 50 3 50

RAS precharge time trRP 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 | tRCD ns 25 50 25 60 25 75 7

CAStoRAS set-up time | tCRS ns 20 25 30

Row address set-up

time tASR ns 0 0 (o]

Row address hold time tRAH ns 15 15 15

Column address set-u

e Pliasc | ns | © 0 0

g:\l:mn address hold {CAH ns 20 20 25

Read command set-u

i P ltges | ns | © 0 0

Read command hold t 0 0 0

time referenced to CAS | 'RCH | NS

Write command set-u

iime P ltwes | ns | © 0 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.

Write command pulse

width twp ns 15 20 25

:/ivn:iete command hold tWeH ns 15 20 25

%ﬁ::crin t:?na: dte tRWL | ns 35 40 45

YC'v/géﬁ::c;n trinr:: dto tcwL ns 35 40 45

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

Data-in hold time tDH ns 20 20 25

CAS referenced to AR | tFos | ns | 20 25 30
%ﬁi?eﬁg:?cgg?o’%\—s' tFCH ns 20 25 30

g\;se‘f’é?é’ réaégy'ing;"e tcPR ns 20 25 30
Crstomanen® | mpe | ns | 20 20 20

;’;gee mode cycle tpo ns 100 120 145 .
Sraegcehr:rogdeetg;\es- tcp ns | 40 50 60 8
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Notes:

1
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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 measurements assume tT =5ns

ViH (Min.) and Vji_ (Max.) are reference levels for measuring of input signals. Also transi-
tion times are measured between Vi and Vj.

Assumes that trcp < tRcD (Max.). If trgp is greater than the maximum recommended
value shown in this table, tRac will increase by the amount that trgp 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 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 tycp (Max.)
limit, then access time is controlled exclusively by tcAc.

Page mode cycle.
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READ CYCLE
RC
RAS
J— ViH— y
RAS Vie— N £ \_____
tcsH —1tRpP *
CRs t
tRCD- thSsH
P ViH— 4 i
M. \ /
ASR | ['RAH tAsc tcaH
ViH— d Row Column /%
Addresses ViL- | Address Address
f tRRH
tRcsr——‘ ‘ _.' tRCH |=—
N ViH™,
w7 B— Y
! tRAC — ~— 'OFF
VOoH- . N ' Valid e
DOUT VOL.. { OPEN } Data
L/} pon't Care
WRITE CYCLE
" tRC
RAS /s —\
J— ViH—
-AAS V::- N\ / N
tCRs tcsH Ren L—tap——
tRCD tcAS
- ViH— 4 !
TAS - ﬁ\ 4
tASR| [tRAH tasC tCAH I
et — f— —
Vig— Row FColumn %
Addresses V.L_% Address Address W / / / /
t ]
v wes twene] oo !
o IH— Y 7
WE ViL— / /% il [ f /
RWL 1
DS~ =— [=—1DH
ViH— Valid
Din ViL— %( Data
VOH-
Dout vg’:— — OPEN |
7///4 Don’t Care
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PAGE MODE READ CYCLE

tRAS
RAS —f — /
. -mcofé_c—?“clp:—— ;C_P\ECAs—J/ ~ tc:AtsF:];,——’ "
CAS 4
_;vo&-tCAH tasc| tCAH et tcAH/ l

‘. t'IR-,;CCAC—-- t FFl j=-tcac F-tcaC |
DouT \\;gt‘:—-—OPEN—Qﬁ—OPENEZFLF Hj“
tRCS
A e
We ik / "

V4 'H",""L""=Don't Care

PAGE MODE WRITE CYCLE
tRAS
— ViH -
RAS v - —4$
- ~—tRSH—= [~tR
CLl o tcas— ~—tCAS
cas wit': % N 74
tASR ; Teasc|cAr tasc| [~TCAH
ViH-
Addresses |/ M- o SRz,
tWCH jo—ed tWCH
v et CWL — TCWL—=
we W7 TN . .
R ..Lw'F..| 7 -»twtpol .
v tDSE=r=tDH= _tDS{—{ =tDOH— tos | FofRs
RS 11 s 0 T e
B2} H", "L = Don't Care
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RAS ONLY REFRESH CYCLE

NOTE: CAS = V,y, WE, Dy = Don't care
f RC
tRAS
RAS ViH— Y T\
ViL—= ~ ’] N
~—tRAH— tRP
tASR
ViH— Row
Addresses ViL— Address W
OH™ .
DouT VoL— { OPEN
Y/ /] Don’t Care
vy vy
CAS-BEFORE-RAS REFRESH CYCLE
NOTE: Address, WE, D)y = Don't care
tRC
RP
RAS |
e ViH — N )
N \ ) \
tFCs || tFCH RPC
tcPR
— ViH—
cAs T . AN
— tOFF
Vv -— p
DouT vg:‘— _} { OPEN F
Don’t Care
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HIDDEN REFRESH CYCLE

tRC
tRPp—
- ‘RAS -l tRAS ——
RAS xIH \ J/
([
CRS ~—tRSH
[ ~—tRCD RSH | tcas
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CAS ViL — //f tRAH \\ )
tASR tCAH
tIAscm —
ViH —
Addresses Vll‘l-.‘— Aggxss ] 2%3;252

L———tRnH

1

tFul:s le—
WE ViH - } t
WE ViL - 7 CAC

a ‘RAC tOFF
Vor- L1 .
Pout Vg':— 4 Valid Data

Don’t Care
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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 tgcp (max) =
tcACc which provides an optimal time space for
address multiplexing. In addition, the MSC2304
has the minimal hold time of Address (tcap),
WE (twcH) and Dy (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 (Ao
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 (tgap) specification has
been satisfied and the address inputs have been
changed from row-addresses to column-addresses.

278

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. 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.

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 tgag from transi-
tion of RAS when trcp (max) is satisfied, or after
tcAc from transition of CAS when the transition
occurs after tycp (max). Data remain valid until
CAS is returned to “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 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 inm\ented 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.

= DYNAMIC RAM-MSC2304YS9/KS9 =
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MSC2304YS9/KS9 (SIP/SIM) DERATING CURVE
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OKI semiconductor
MSC2307YS9/KS9

262,144 BY 9 BIT DYNAMIC RAM MODULE <Nibble Mode Type>

GENERAL DESCRIPTION

The Oki MSC2307YS9/KS9 is a fully decoded, 262,144 words x 9 bit NMOS dynamic random access
memory composed of nine 256K DRAM:s in plastic leaded chip carrier (MSM41257AJS). 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 MSC2307YS9/KS9 are quite same as the original MSM41257AJS;
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 of Data-In and Data-Out Lines
e Single +5V Supply (10% Tolerance) ® Row Access Time;
@ 30-Pin Socket insertable Module 100ns max. (MSC2307-10Y39/K59)
@ Refresh Period ... 4ms (256 cycles) 120ns max. (MSC2307-12YS9/KS9)
° ,:lll:nputs, Outputs, Clocks . l‘_i?v";;“v::r- é“ﬁf.iﬁf’.‘iﬁ‘ 5YS9/KS9)
ully TTL compatible ;
o 3 States Outputs 2970mW max. (MSC2307-10YS9/KS9)
e Common CAS Control for Eight Common gz;g:\‘w 2:)’:' :ngggg;: giggj'égg;
Data-In and Data-Out Lines : )
® Operating Temperature ... 0°C to 70°C
® CAS-before-RAS refresh capability
FUNCTIONAL BLOCK DIAGRAM o “Nibble Mode" capability
Ao j——
R—E
CAS
WE
+—— ;\:_:- p—r—v Ac-As
par ;:V:fc Vs%)
primnd Ao-As
RAS
CAS
WE
baz [ Pucevss
Ac-Ae
RAS
e
oa3 I Pvecvss :]
7 Aoc-Ae
RAS
CAS
WE
pos Pve vsd
CASS
D9
Yoo —TIeTa
vss — LT
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PIN ASSIGNMENT

MSC2307YS9

MSC2307KS9

PIN No. PIN NAME PIN No. PIN NAME PIN No. PIN NAME
1 Vee 1" A4 21 WE
2 CAS 12 AS 22 vSS
3 DQ1 13 DQ4 23 pQ7
4 A0 14 A 24 NC
5 Al 15 A7 25 DQ8
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 VCC

ABSOLUTE MAXIMUM RATINGS (See Note)

Rating Symbol Value Unit
Voitage on any pin relative to Vgg VIN. VOuT -1to+7 \"
Voltage on Vg supply relative to Vgg Vece -1to+7 \"
Operating temperature Topr 0to70 °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 to Vgg)

Parameter Symbol

Min. Typ.

Max.

Unit

Operating
temperature

Vce

45 5.0

5.5

v

Supply Voitage

Vss

0 0

0

v

Input High Voltage,

all inputs ViH

24

6.5

Input Low Voltage,

all inputs ViL

-1.0

08

0°Cto +70°C

DC CHARACTERISTICS

(Recommended operating conditions unless otherwise noted.)

Parameter Symbol

100ns MODULE

120ns MODULE

150ns MODULE

Min. Max.

Min.

Max.

Min, Max.

Unit

Operating Current*

Average power supply current

(RAS, CAS cycling; tgc =
min.)

lcet

540

495

450

mA

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

lcc2

45

45

45

mA

Refresh Current 1

Average power supply current

(RAS cycling, CAS = Vy;
tRC = min.)

lces

495

450

405

mA

Page Mode Current*

Average power supply current

(RAS = V||_; CAS cycling;
tpc = min.)

lcca

360

315

270

mA

Refresh Current 2

Average power supply current

(CAS before RAS; tgc =
min.)

lces

495

450

405

mA

Input Leakage Current

Input leakage current, any
input

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

90

MA

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

Lo

-10 10

—-10

10

—-10 10

MA

Output Levels
Output high voltage
(loH = —5mA)
Output iow voltage
(loL =4.2mA)

VoH
VoL

24
0.4

24

0.4

2.4
0.4

Note*: Icc is dependent on output ioading 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
ey wa | 1 | m | &
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
MSC2307-10 | MSC2307-12 MSC2307-15
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 100 120 150 | 4,6

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

Output buffer turn-off

delay tOFF ns 0 30 (o] 30 0 30

Transition time tT ns 3 50 3 50 3 50

RAS precharge time tpp ns 90 Q0 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 | 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-up

time tasc ns 0 0 0

t?r?‘l:mn address hold {CAH ns 20 20 25

Read command set-up

time tRCS ns 0 0 0

Read command hold 0 0 0

time referenced to CAS | !RCH ns

Write command set-up

time twcs ns 0 0 0
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AC CHARACTERISTICS (Continued)
(Recommended operating conditions unless otherwise noted.)

MSC2307-10 | MSC2307-12 MSC2307-15
Parameter Symbol | Unit YS9/KS9 YS9/KS9 YS9/KS9 | notes
Min. | Max. | Min. | Max. | Min. | Max.

&Vl:jl:: command pulse twp ns 15 20 25

:/ivnr‘iée command hold tWeH ns 15 20 05

;VTriéﬁ::én t?rl:: ate tRwL | ns | 35 40 45

g%ﬁggg' fime o 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 reforancedto MAS | tFCS | ns | 20 25 30
g%erzrf‘eﬁz:’cizl (taof %63 tFCH ns 20 25 30

?CA_;;;;?: '&323‘2 |2;ne tcPr ns 20 25 30

L i thec | ns | 20 20 20

?;Zt.ﬁ irf:c;de read/write NG ns 80 70 80 o
:\ilrir?gle mode access tNCAG | ns 05 30 35 .
E'i?ﬁ’éew'?d‘iﬂe oAS INCAS | Ps 25 30 35 8
ocharantms | ep | ns | 25 3 35 5
E—%'ﬁomi?ad tNRRSH ns 25 30 35 8
RASha e . |tnwRsH| ns | 45 50 60 8
time Ligfffcﬁo% tRNH | ns | 25 30 35 8
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Notes:

288

o

0

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 < trep (Max). If tgep is greater than the maximum recommended
value shown in this table, tgac will increase by the amount that tycp exceeds the value
shown.

Assumes thattrcp = trep (Max.).

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

Operation within the trgp (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.

Nibble mode cycle.
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READ CYCLE

tRC
tRAS
—_— —\
R ViH—
RAS N 7 S
tcsH [~ tRP—1
tCRS t
tRCD' 'fc'jta\ssi-|
N ViH— 4 7
CAS - _/ \ [/
tASR | [IRAH tAsc _tc_Ari_1
ViH— Row Column W %
Addresses ViL— Address Address
f tRRH
tRcs —={tRCH
—_— ViH— h
LN/ /i tcac
| tRAC —™ [~ ‘OoFF
VOoH- , 7 Valid
D { OPEN | \ Data
ouT g, -
[/} Don't Care
WRITE CYCLE
" RC
RAS 4 X
RAS x'H_ N\ / \
=
cRs tcsH tRen le——trp —=
tRCD tcas
S VinH— 7 R\ / /
CAS N\
ViL— _/
tAsR| [tRAHtAsc|  |tcAH !
ViH— Row Column %
Addresses ViL— %k Address 1@ AddressW
towL '
twecs [~tWCH~| !
WE ViH— twp Y
ViL— " f
RWL 1
DS — j+— [~—tDH—=]
ViH— Valid W
DiN ViL— o Data
VoH- . |
DouT Vel — { OPEN |
ot /] bon‘t care
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NiIBBLE MODE READ CYCLE

Y
%]

O
>
[

A

Dout

v
Ad
dresses v

INRRSH

RP

[tmct]

*Z

Valid
Data

Don’t Care

NiBBLE MODE WRITE CYCLE

Addresses

DIN

DouT

RP
v TRAS:
H— T ; ::L
ViL— ' \ ,Z
CRS | Moo CSH tne tNWRSH | | tRNH
fs— T . |
ViH— CAS / \ /m ,—!%
ViL— ke
TASR| [tRAH | [tCAH Nnep .
4—-' o] N

tasc [~ cAS
ViH— Row x Col.
Vi — Add. Add.

L
1 ] 1y t
tWES o el ‘WCH ‘WCH RWL-—I
,
V'H_ i
ViL— % / % / /
tps| |toH

ViH— Valid Valid
ViL— Data Data
Vv p—
Vg:— { Open |}

Don’t Care

290




= DYNAMIC RAM-MSC2307YS9/KS9 =

RAS ONLY REFRESH CYCLE

NOTE: CAS = V), WE, Dyy = Don't care
| ReC
tRAS

RAS Vin— 4 X

ViL—

tRAH— tRp
tAsR—

ViH— Row
Addresses Vi - % Address

VoH— )
Pout  yg - { OPEN

/] Don't Care
CAS-BEFORE-RAS REFRESH CYCLE
NOTE: Address, WE, Dy = Don‘t care
tRC
tRP
t 1

RAS ViH —_/—_—\- RAS k

ViL — ) S—

tFcs || trCH 'RPC
CPR
I ViH—
CAS ViL— k A
=— tOFF

Vor- "3

DouT VgL_ _> { OPEN }
Don’t Care

291




® DYNAMIC RAM-MSC2307YS9/KS9 =

HIDDEN REFRESH CYCLE

Addresses

DouT

VIH —

VoH—
VoL—

~—tRP

L tRAS‘*y————-
A

tcas

tFCH 4

|
1 Row x Column
Address Address _j

t
tRCs [

L———tRRH

tcac

L—tRAC —— |

Z

OFF

X

Valid Data

Don’t Care
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FUNCTIONAL DESCRIPTION

Simple Timing Requirements:

The MSC2307 has the circuit considerations for
easy operational timing requirements for high
speed access time operations. The MSC2307 can
operate under the condition of trcp (max) =
tcac which provides an optimal time space for
address multiplexing. In addition, the MSC2307
has the minimal hold time of Address (tcaH), WE
(twcH) and DiN (tpH). And the MSC2307 can
commit better memory system through-put during
operations in an interieaved 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 MSC2307. Nine row-
address bits are established on the input pins
(A, through A,) 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 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.

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 MSC2307 during a
write. 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.

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 DO
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.

= DYNAMIC RAM-MSC2307YS9/KS9 =

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 tgac from transi-
tion of RAS when tRgp (max) is satisfied, or after
tcac from transition of CAS when the transition
occurs after trcp (max). Data remain valid until
CAS is returned to “high”. In a write cycle, the
identical sequence occurs, but data is not valid.
Nibble Mode:

Nibble mode allows high speed serial read,
write access of 2, 3 or 4 bits of data. The bits of
data that may be accessed during nibble mode are
determined by the 8 row addresses and the 8 col-
umn addresses. The 2 bits of addresses (CAz RAg)
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 RA; and CA; to be
incremented internally while all other address bits
are held constant and makes the next nibble bit
available for access. (See Table 1)

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

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

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 > twes (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 regardiess 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 (twgs and tcwp) at the normal
cycle (first Nibble bit).
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Table 1
NIBBLE ROW

SEQUENCE BIT RAs ADDRESS CAs
RAS/CAS (normal mode) 1 0 10101010 0
toggle CAS (nibble mode) 2 1 10101010 ©
toggle CAS (nibble mode) 3 0 10101010 1
toggle CAS (nibble mode) 4 1 10101010 1
toggle CAS (nibble mode) 1 0 10101010 0

NIBBLE MODE ADDRESS SEQUENCE EXAMPLE

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
MSC2307 offers an alternate refresh method. If
CAS is held on low for the specified period (tFcg)
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 perform-
ed, 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 MSC2307 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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NIBBLE MODE

1) The case of first nibble cycle is Early write

s T\ /.
&= /T N/ /S S
we TN\ / \ —

DouT N\ High-2
L——Earlv Write -! No Ope. ! Write !‘ Write !
(Add Increment) ] : Valid Data

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

s T\ S

DouT > D Ve \ / \
—_ N/ N\ / N/
l‘——— Read-Write ! Read-Write ! Read ~!

Read-Write —>’

V] : Valid Data
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Tin-Lead Solder

|_—18pin PLCC

/Chip Condenser

MSC2304YS9
88.9
3.38 82.14 5.08MAX
$3.18 - -
o at ; D)
© |© M
© o (o o o o o o o T o T om T e 1 O00ric
2.03 5.59 2.54 1.78
r / Glass-Epoxy Board
| «f— 18pinPLCC 1. Substrate: GLASS-EPOXY
2. Through Hole: Copper Plating
| Chip Condenser Followed by Sn/Pb Plating
Cel 3. Contact Pads: Copper Plating
Followed by Sn/PbL Plating
on Copper Film (18umt)
4. Surface Coating: Photo Film Resist
Tin-Lead Selder /
-
MSC2304KS9 88.9
3.38 82.14 5,08MAX
i
+0.
$3.18 8
e
sl Je
© o
5 30
AL i . = 98
- 29
o |Z
1S &
Glass-Epoxy Board 83 _ . °
o o

Substrate: GLASS-EPOXY

Through Hole: Copper Plating
Followed by Sn/Pb Plating

Contact Pads: Copper Plating
Followed by Sn/Pb Plating
on Copper Film (18umt)

Surface Coating: Photo Film Resist
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OXI semiconductor

MSC2305YS18A

524,288 BY 9 BIT DYNAMIC RAM MODULE < Page Mode Type >

GENERAL DESCRIPTION

The Oki MSC2305YS18A is a fully decoded, 524,288 words X 9 bit NMOS dynamic random
access memory composed of eighteen 256K DRAMs in plastic leaded chip carrier (MSM41256AJS).
The mounting of eighteen 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 stor-
age memory are required. The electrical characteristics of the MSC2305YS18A are quite same as the
original MSM41256AJS; each timing requirements are noncritical, and power supply tolerance is
very wide.

FEATURES

Fully TTL compatible

3-States Outputs
Common CAS Control for Nine Common
Data-In and Data-Out Lines

524,288 word X 9 bit Organization
Single +5V Supply (10% Tolerance)
30-Pin Socket Insertable Module
Refresh Period ... 4ms (256 cycles)
All Inputs, Outputs, Clocks

FUNCTIONAL BLOCK DIAGRAM

Row Access Time;
100ns max. (MSC2305-10YS18A)
120ns max. (MSC2305-12YS18A)
150ns max. (MSC2305-15YS18A)
Low Power Dissipation;
2970mW max. (MSC2305-10YS18A)
2723mW max. (MSC2305-12YS18A)
2475mW max. (MSC2305-15YS18A)
Operating Temperature ... 0°C to 70°C
CAS-before-RAS refresh capability
"Page Mode’’ capability

Ao~Ay

g

3
l»
ol
ol

o)
>
2

12

S|
m

DQ2

pa3

Vee

T

cmem

A0 ~As
RAS
CAS Ao ~As
WE RAS
>} Q CAS
I L Vee Vss —l WE
D a
| Ve Vss
t—+—{ Ao ~As
RAS
S 7 Ao ~A,
WE RAS
D Q CAS
] Vee Vss _J WE
[} Q
1 Vee Vss
/A, ~A,
RAS
CAS A A, ~A,
WE | RAS
D, [
V. ety
| Vee ssr“l WE .
— Pyvec vss
LA A ~A,
RAS
AS A AA
WE RAS
pQ4 [} Q CAS
Vce Vss WE
LVce hes ‘é”E

T°

pas

DQ

DQ!

4+ A, ~A,
RAg
CAS 7 A ~A,
WE RAS
D Q CAS
I Vce Vss WE
D Q
1 Vce Vss
t—7—] Ao ~As
Ras
[ 7 Ao ~A,
WE RAS
D Q CAs
] Vee Vss WE
o Q
I Vee Vs
Ao~Ay
RAS
CAs Ao ~A,
WE a RAS
D, CAs
Ve V. CAs
[ ceVss| WE
1 Qe vss
A e
RAS
cAs —F— Ao ~As
WE RAS
D o CAs
I Vee Vss WE
D
L1 Vge Vss
A0~Aa
A
cas )
WE RAS
DQY D, cAs
] L Vee Vss| WE
D,
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PIN ASSIGNMENT

MSC2305YS18A

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

1 Vee 11 A4 21 WE
2 CAS 12 A5 22 vSSs
3 DQ1 13 DQ4 23 DQ7
4 AO 14 A6 24 NC
5 A1 15 A7 25 DQ8
6 DQ2 16 DQ5 26 VSS
7 A2 17 A8 27 RAS®
8 A3 18 NC 28 NC
9 Vss 19 RASH 29 DQ9

10 DQ3 20 DQ6 30 VCC

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 Oto70 °C
Storage temperature Tstg —40to +125 °C
Power dissipation Pp 18 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 Symbol Min. Typ. Max. Unit temperature
Vce 4.5 5.0 55 \
Supply Voltage
Vgs 0 0 0 \
0°Cto +70°C
Input High Voltage,
all inputs ViH 24 6.5 v
Input Low Voltage,
all inputs ViL -1.0 0.8 \
DC CHARACTERISTICS

(Recommended operating conditions unless otherwise noted.)

Parameter

Symbol

100ns MODULE

120ns MODULE

150ns MODULE

Min. Max.

Min. Max.

- Unit
Min. Max.

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

lcen

540

495

450 mA

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

lcc2

90

90

90 mA

Refresh Current-One Module
Selected

Average power supply current

(RAS cycling, CAS=V|n;
trc=min.)

lcea

495

450

405 mA

Page Mode Current*

Average power supply current

(RAS=V|, CAS cycling;
tpc=min.)

lcca

360

315

270 mA

Refresh Current-Two
Module Selected
Average power supply current
(RAS cycling CAS=V |4,
trc=min.)

Iccs

900

810

720 mA

Input Leakage Current

Input feakage current, any
input

(0V < V)N <5.5V,all
other pins not under test=
ov)

90

20

90 LA

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

20

20

20 MA

Output Levels
Output high voltage
(loH=—5mA)
Output low voltage

(loL=4.2mA)

VoH
VoL

2.4
0.4

2.4
0.4

2.4
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=1MHz)
Parameter Symbol Typ. Max. Unit
Input Capacitance (Ao ~ Ae) CIN1 60 140 pF
Input Capacitance (RASO, RAS1, WE) CIN2 50 140 pF
oua oo o | | oo | o
Input Capacitance (CAS) CIN3 85 170 pF

Capacitance measured with Boonton Meter.

AC CHARACTERISTICS

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

MSC2305-10| MSC2305-12 | MSC2305-15
Parameter Symbol | Units YS18A YS18A YS18A Note
Min.| Max. | Min.| Max. | Min.| Max.
Refresh period tREF ms 4 4 4
i wead orwrite 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
3el.:;3ut buffer turn-off tOFF ns 0 20 0 30 0 30
Transition time tT ns 3 50 3 50 3 50
RAS precharge time tRp ns | 90 90 100
RAS pulse width tRAS ns |100 {10,000 | 120 {10,000 | 150 {10,000
RAS hold time tRSH ns | 50 60 75
‘CAS pulse width tcas | ns | 50 10,000 | 60 (10,000 | 75 [10,000
CAS hold time tcgH | ns [100 120 150
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AC CHARACTERISTICS (CONT.)

MSC2305-10 | MSC2305-12 | MSC2305-15

Parameter Symboi | Units YS18A YS18A YS18A Notes

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

RAStoCASdelaytime |[trcp | ns | 25| 50| 25| 60| 25| 75| 7

CAS to RAS set-up time | tcRs ns 20 25 30
Row address set-up
time tASR ns o] (o] 0
Row address hold time tRAH ns 15 15 15
Column address set-up
time tasc ns 0 [0} 0

| dd hold
g;:m" address ho tcan | ns | 20 20 25
Read command set-up
time trcs ns 0 0 0
Read command hold
time referenced to CAS | IRCH [ ns 0 Y 0
Write command set-u
time P twes ns 0 0 0
\"Avllztﬁ command pulse twp ns 15 20 25
;Iivr;ge command hold tWeH ns 15 20 25
Write command to
RAS lead time tRwL | s | 35 40 45
Write command to
CAS lead time tcwe | ns | 35 40 45
Data-in set-up time ips ns 0 0 0
Data-in hold time tpH ns 20 20 25
Refresh set-up time for 1
CASreferenced toRAS | '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 l:ctive til?ne tRPC ns | 20 20 20
5;9: mode cycle tpc ns | 100 120 145 8
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= DYNAMIC RAM-MSC2305YS18A =

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.
Page mode CAS
precharge time tcp ns 40 S0 60 8
NOTES: 1) An initial pause of 100 us is required after power-up followed by any 8 RAS cycles (Examples; RAS
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2)
3)

4

=

5)

7)

8)

only) before proper device operation is achieved.

AC measurements assume tT = 5ns.

ViH (Min.) and VL (Max.) are reference levels for measuring timing of input signals. Also, transition
times are measured between V4 and V.

Assumes that trcp < tRCD (max.).

If tRCD is greater than the maximum recommended value shown in this table, tRAC will increase by
the amount that trCp exceeds the values shown.

Assumes that trcop < tRCD (max.)

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

Operation within the trcp (max.) limit insures that tRAC (max.) can be met. tRcp (max.) is spe-
cified as a reference point only; if tRCD is greater than the specified trcp (max.) limit, then access
time is controlled exclusively by tcacC.

Page mode cycle.
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READ CYCLE
tRC
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PAGE MODE READ CYCLE
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RAS ONLY REFRESH CYCLE

NOTE: CAS =V, WE, D| = Don’t care

tRC

y tRAS :
RAS IH— r ‘\
ViL- N d
—tRAH—= tRP
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ViH— Row
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CAS-BEFORE-RAS REFRESH CYCLE

NOTE: Address, WE, Dy = Don't care
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CAS Y% N
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HIDDEN REFRESH CYCLE
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= DYNAMIC RAM-MSC2305YS18A =

FUNCTIONAL DESCRIPTION

Simple Timing Requirements:

The MSC2305 has the circuit considerations for
easy operational timing requirements for high
speed access time operations. The MSC2305 can
operate under the condition of trcp (max) =
tcAC which provides an optimal time space for
address multiplexing. In addition, the MSC2305
has the minimal hold time of Address (tcaH),
WE (twcH) and DN (tcH). And the MSC2305
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 524,288 storage
cell location within the MSC2305. Nine row-
address bits are established on the input pins
(A, through A;) 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 inhibited (or
“gated’’) by RAS to permit triggering of CAS
as soon as the Row Address Hold Time (tRaH)
specification has been satisfied and the address
inputs have been changed from row-addresses to
column-addresses.

Write Enable:

___The read or write mode is selected with the
WE input. A logic “high” on WE dictates read
mode, logic “low” dictates write mode. Data input
is disabled when read mode is selected.

Data Input:

Data is written into the MSC2305 during a
write. 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.

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 tac from transi-
tion of RAS when trcp (max) is satisfied, or after
tcac from transition of CAS when the transition
occurs after tygp (max). Data remain valid until
CAS is returned to “high”. In a write cycle, the
identical sequence occurs, but data is not valid.
Page Mode:

Page-mode operation permits strobing the
row-address while maintaining RAS at a logic
low (0) throughout all successive memory opera-
tions in which the row-address doesn’t change.
Thus the power dissipated by the negative going
edge of RAS is saved. Further, access and cycle
times are decreased because the time normally
required to strobe a new row-address is elimi-
nated.
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= DYNAMIC RAM-MSC2305YS18A =

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 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 MSM41256A hidden re-
fresh means CAS before RAS refresh and the in-
ternal refresh addresses from the counter are
used to refresh_addresses, because CTAS is
always low when RAS goes to low in this mode.
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Tin-Lead Solder ~

N

Contact Pads

MSC2305YS18A
8.89
88.9 MAX
3.38 82.14 )
3.
M
$3.18~
Of— A é
i =
1918 3qls
s e
2.08 5.59 2.54 1.78
73.66
Glass-Epoxy Board
4 / ' poxy
__— 18pinPLCC 1. Substrate: GLASS-EPOXY
2. Through Hole: Copper Plating
Chip Condenser Followed by Sn/Pb Plating
L x9) , .
3. Contact Pads: Copper Plating
Followed by Sn/Pb Plating
on Copper Film (18mt)
4. Surface Coating: Photo Film Resist

309



OKIX semiconductor
MSC2310YS9/KS9

1,048,576 BY 9 BIT DYNAMIC RAM MODULE

GENERAL DESCRIPTION

The Oki MSC2310Y89/KS9 is a fully decoded, 1,048,576 words X 9 bit NMOS dynamic random
access memory composed of nine 1 Mb DRAMSs in SOJ (MSM411000JS). The mounting of nine SOJs
together with nine 0.2uF 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 MSC2310YS9/KS9 are quite same as the original MSM411000JS;
each timing requirements are noncritical, and power supply tolerance is very wide.

FEATURES

® 1,048,576 word X 9 bit Organization ® Separate CAS Control for One Separate Pair

® Single +5V Supply (10% Tolerance) of Data-In and Data-Out Linens

® 30-Pin Socket Insertable Module ® Access Time;

® Refresh Period ... 8ms (512 cycles) 100ns max. (MSC2310-10YS9/KS9)

@ All Inputs, Outputs, Clocks 120ns max. (MSC2310-12YS9/KS9)
Fully TTL compatible ® | ow Power Dissipation;

® 3-States Outputs 3713mW max. (MSC2310-10YS9/KS9)

® Common CAS Control for Eight Common 3465mW max. (MSC2310-12YS9/KS9)
Data-In and Data-Out Lines ©® Operating Temperature ... 0°C to 70°C

FUNCTIONAL BLOCK DIAGRAM
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PIN ASSIGNMENT

® DYNAMIC RAM -MSC2310YS9/KS9 &

MSC2310YS9

SFramTbhor
TRGSROREs oo NRTRe VOO

MSC2310KS9

PIN No. PIN NAME PIN No. PIN NAME PIN No. PIN NAME
1 Veo 11 A4 21 ‘WE
2 CAS 12 A5 22 VSS
3 DQ1 13 DQ4 23 par
4 AO 14 A6 24 NC
5 A1 15 1.Y4 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 Voo
ABSOLUTE MAXIMUM RATINGS (See Note)
Rating Symbol Value Unit
Voltage on any pin relative to Vgg VIN: VOouT —1to+7 Vv
Voltage on V¢ supply relative to Vgg Vce —-1to+7 v
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 to Vgg)

Parameter Symbol Min. Typ. Max. Unit tg):;?;:?e
Vee 4.5 5.0 5.5 \"
Supply Volitage
vss 0 0 ) v
| 0°C to +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.)
MSCZ’;1 0- MSC2310-
Parameter Symbol 10YS9/KS9 12YS9/KS9 Unit

Min. Max. Min. Max.

Operating Current*

Average power supply current Icct 675 630 mA
(RAS, CAS cycling; trg = min.)

Standby Current*

Power supply current Icc2 45 45 mA

(RAS =CAS =V|p)

Refresh Current*

Average power supply current lccs 585 540 mA
(RAS cycling, CAS = V|y; trc =min.)

Page Mode Current*

Average power supply current lcca 495 450 mA
(RAS =V, CAS cycling; tpc =min.)

Input Leakage Current

Input leakage current, any input
(OV < V)N < 5.5V, all other I —90 90 | -90 90 | wA
pins not under test =0V)

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

Output Levels
Output high voltage VoH 24 2.4 v
(loH =—5mA)
Output low voltage VoL 04 0.4 v
(loL =4.2mA)

Note*: I 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 ~ Ag) CIN1 40 70 pF
Input Capacitance (RAS, CAS, WE) CiN2 40 75 pF
Capactance (0Q) coa 7 20 oF
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
Note 1, 2,3 (Vo =5V £10%, Ta =0to +70°C)
MSC2310- MSC2310-
Parameter Symbol 10YS9/KS9 12YS9/KS9 Unit | Note
MIN MAX MIN MAX

Refresh period tREF - 8 - 8 ms
Random read/write cycle time trc 200 - 230 - ns
Page mode cycle time tpc 100 - 120 - ns
Access time from RAS tRAC - 100 - 120 ns 4,6
Access time from CAS tcAC - 50 - 60 ns | 56
Output buffer turn-off delay tOFF 0 25 0 25 ns
Transition time tr 3 50 3 50 ns
RAS precharge time trp 90 - 100 - ns
RAS pulse width tRas | 100 |10000 | 120 |10000 | ns
'RAS hold time tRSH 50 - 60 - ns
o o |0 | - s | - |
CAS pulse width tcas 50 |10000 60 | 10000 ns
CAS hold time tcsH | 100 - 120 - ns
‘RAS to CAS delay time trcD 25 50 25 60 ns 7,8
CAS and RAS set-uptime tcRs 15 - 20 - ns
Row address set-up time tASR 0 - 0 - ns
Row address hold time tRAH 15 - 15 - ns
Column address set-up time tasc (0] - 0 - ns
Column address hold time tcAH 20 - 20 - ns
Column address hold time from RAS | taR 70 - 80 - ns
Read command set-up time trRcs 0 - 0 - ns
Read command hold time tRCH 0 - 0 - ns 9
Write command hold time from RAS | twcR 70 - 85 - ns
Write command set-up time twcs 0 - 0 - ns
Write command hold time tweH 20 - 25 - ns
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AC CHARACTERISTICS (CONT.)

MSC231 g- MSC2310-
Parameter Symbol 10YS9/KS9 12YS9/KS9 Unit Note
MIN MAX MIN MAX
Write command pulse width twp 20 - 25 - ns
Write command to RAS lead time tRwL 40 - 40 - ns
Write command to CAS lead time tcwL 40 - 40 - ns
Data-in set-up time tps 0 - 0 - ns
Data-in hold time tpH 20 - 25 - ns
Data-in hold time from RAS tDHR 70 - 85 - ns
Read command hold time
reference to RAS 'RRH 20 - 20 - ns 9
RAS to CAS set-up time _ _
(CAS before RAS) tFcs | 20 25 ns
RAS to CAS hold time
(CAS before RAS) tFCH | 80 | - 80 | - ns
CAS active delay from RAS . _ B
precharge tRPC 20 20 ns
CAS precharge time _ _
(CAS before RAS) tCPR 20 25 ns
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Notes:

316

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. In case of using internal
refresh counter, a minimum of 8 CAS before RAS initialization cycles instead of 8 RAS
cycles are required.

The AC characteristics assume attT =5 ns

Vi4 (Min) and Vj_ (Max) are reference levels for measuring of input signals. Also,
transition times are measured between Vi and V.

Assumes that trep < trep (Max.). I trep > tReD (Max), tRac will increase by {tRCD
—trcp (Max)}.

Assumes that tRcp = treD (Max.).
Measured with a load circuit equivalent to 2TTL + 100 pF.

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

Assumes that tgep (Min) = tRaH (Min) + 2t1 + tagc (Min.).
Either tRRH or tRCH must be satisfied for a read cycle.
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READ CYCLE
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PAGE MODE READ CYCLE
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RAS ONLY REFRESH CYCLE

Note: CAS =V I,W and Dy not dependent on the high or low level.

L trc

4 trRasS
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Viu y 7
s v LTI wew i ] TR
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CAS BEFORE RAS REFRESH CYCLE

Note: Address WE and DN notdependent on the high or low level,
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i

)
ICPR trcs. I tFCH trpC
e jﬂ 07 /
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I\
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HIDDEN REFRESH CYCLE

Addresses
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FUNCTIONAL DESCRIPTION

Address Inputs:

20 bits of binary address input are required
to decode any one of the 1,048,576 words by 1
bit storage cell locations.

10 row-address bits are set up on address
input pins AO through A9 and latched onto the
chip by the row address strobe (RAS). Then 10
column-address bits are set up on pins AO
through A9 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 (tran)
specification has been satisfied and the address
inputs have been changed from row-addresses
to column-addresses.

Therefore specifications permit column
addresses to be input immediately after the row
address hold time (tRaH).

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 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 a 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.

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 is satisfied.
The output becomes valid after the access time
has elapsed and remains valid while CAS is low.
CAS going high returns it to a high impedance
state. In an early-write cycle, the output is
always in the high impedance state.

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 ac-
complished by performing a memory cycle at
each of the 512 row-addresses (Ao to Ag) at least
every 8 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 512 (Ao to As)
row-addresses with RAS will cause all bits in
each row to be refreshed. Further RAS-only re-
fresh resuits in a substantial reduction in power
dissipation.

CAS Before RAS Refresh:

CAS before RAS refreshing offers an
alternafe refresh method. If CAS is held eld 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 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. 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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OXK I semiconductor

MSC2311YS8/KS8

1,048,576 BY 8 BIT DYNAMIC RAM MODULE

GENERAL DESCRIPTION

The Oki MSC2311YS8/KS8 is a fully decoded, 1,048,576 words X 8 bit NMOS dynamic random
access memory composed of nine 1Mb DRAMs in SOJ (MSM411000JS). The mounting of nine SOJs
together with nine 0.2uF 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 MSC2311YS8/KS8 are quite same as the original MSM411000JS;

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

FEATURES
@ 1,048,576 word X 8 bit Organization

.Separate CAS Control for One Separate Pair

of Data-In and Data-Out Linens

e Single =5V Supply (10% Tolerance)
® 30-Pin Socket Insertable Module ® Row Access Time;
e Refresh Period ... 8ms (512 cycles) 100ns max. (MSC2311-10YS8/KS8)
e AllInputs, Outputs, Clocks 120ns max. (MSC2311-12YS8/KS8)
Fully TTL compatible ® Low Power Dissipation;
e 3-States Outputs 3300mW max. (MSC2311-10YS8/KS8)
® Common CAS Control for Eight Common 3080mW max. (MSC2311-12YS8/KS8)
Data-In and Data-Out Lines ® Operating Temperature ...0°C to 70°C
FUNCTIONAL BLOCK DIAGRAM
L —
R_Ls
(iA_S
WE
b Ao~As b Ao~As
RAS RAS
CAS CAS
We WE
oat Dyec ved) 0Qs Oyecvsd
L Ac~As Ao~As
RAS RAS
CAS CAS
bz o ol oa v
VeeVss I Vec v?lf I
Ao~Rs bt dA0~As
RAS RAS
CAS TAS
pQ3 '?zicvsg 0Q7 L_E'T‘?&vfg:]
L] Ac~As Lt Ao~As
RAS RAS
s S
WE WE
pos I Py vss —l pas ] _Vcchso_l
vee Ic _Lce
vss —T
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PIN ASSIGNMENT

MSC2311YS8

MSC2311KS8

q
|

1

PIN No. PIN NAME PIN No. PIN NAME PIN No. PIN NAME
1 Voo 1 A4 21 WE
2 CAS 12 A5 22 vss
3 DQ1 13 DQ4 23 pQ7
4 A0 14 A6 24 NC
5 A1 15 A7 25 DQ8
6 DQ2 16 DQ5 26 NC
7 A2 17 A8 27 RAS
8 A3 18 A9 28 NC
9 VsS 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 Vece -1to+7 v
Operating temperature Topr Oto70 °C
Storage temperature Tstg —40to +125 °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 Vgg)

Parameter Symbol Min. Typ. Max. Unit teorr?:;?;agre
Vce 4.5 50 55 Vv
Supply Voltage
Vss 0 0 0 \Y
' Hiah Vot 0°Cto +70°C
nput High Voltage,
all inputs VIH 2.4 6.5 \
Input Low Voltage,
all inputs ViL —10 08 v
DC CHARACTERISTICS
(Recommended operating conditions unless otherwise noted.)
M§C2311- MSC2311-
Parameter Symbol 10YS8/KS8 12YS8/KS8 Unit

Min. Max. Min. Max.

Operating Current*

Average power supply current icc 600 560 mA
(RAS, CAS cycling; tgc =min.)

Standby Current*

Power supply current Icc2 40 40 mA

(RAS =CAS = V)

Refresh Current*
Average power supply current 'CCS 520 480 mA
(RAS cycling, CAS = V|y; trg =min.)

Page Mode Current*
Average power supply current lcca 440 400 mA
(RAS =V, CAS cycling; tpg =min.)

Input Leakage Current

Input leakage current, any input
(OV < V)N < 5.5V, all other L —80 80 | -—80 80 | wA
pins not under test =0V)

Output Leakage Current
(Data out is disabled, ILo -10 10 -10 10 A
oV <VoyT £5.5V)

Output Levels
Output high voltage VoH 24 2.4 v
(loH =—5mA)
Output low voltage VoL 0.4 0.4 v
(loL =4.2mA)

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

—a DYNAMIC RAM -MSC2311YS8/KS8 m

Parameter Symbol Typ. Max. Unit
Input Capacitance (Ao ~ Ao) CiN1 37 60 pF
Input Capacitance (RAS, CAS, WE) CiN2 35 65 pF
Data Input/Output coQ 7 20 PF

Capacitance (DQ)

Capacitance measured with Boonton Meter.
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AC CHARACTERISTICS
Note 1,2, 3 (Vog = 5V +10%, Ta =0 to +70°C)
MSC2311- MSC2311-
Parameter Symbol 10YS8/KS8 12YS8/KS8 Unit | Note
MIN MAX MIN MAX

Refresh period tREF - 8 - 8 ms
Random read/write cycle time tRc 200 - 230 - ns
Page mode cycle time tpc 100 - 120 - ns
Access time from RAS tRAC - 100 - 120 ns 4,6
Access time from CAS tcAC - 50 - 60 ns 5,6
Output buffer turn-off delay toFF 0] 25 0 25 ns
Transition time tr 3 50 3 50 ns
RAS precharge time trp 90 - 100 - ns
RAS pulse width tRas | 100 10000 | 120 {10000 | ns
'RAS hold time tRSH 50 - 60 - ns
A o || - o | |
CAS pulse width tcAs 50 |10000 | 60 |10000 | ns
CAS hold time tcsH | 100 - 120 - ns
‘RAS to CAS delay time tRcD 25 50 25 60 ns 7.8
CAS and RAS set-up time tcRs 15 | - 20 - ns
Row address set-up time tASR 0 - 0 - ns
Row address hoid time tRAH 15 - 15 - ns
Column address set-up time tasc 0 - 0 - ns
Column address hold time tcAH 20 - 20 - ns
Column address hold time from RAS | taR 70 - 80 - ns
Read command set-up time trcs 0 - 0 - ns
Read command hold time tRCH 0 - 0 - ns 9
Write command hold time from RAS | twcR 70 - 85 - ns
Write command set-up time twcs 0 - 0 - ns
Write command hold time twcH 20 - 25 - ns
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AC CHARACTERISTICS (CONT))

1MS%%3}1(§- MSC2311-

Parameter Symbol 0YS8/KS8 12YS8/KS8 Unit | Note
MIN MAX MIN MAX

Write command pulse width twp 20 - 25 - ns

Write command to RAS lead time tRwL 40 - 40 - ns

Write command to CAS lead time tcwL 40 - 40 - ns

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

Data-in hold time tDH 20 - 25 - ns

Data-in hold time from RAS tDHR 70 - 85 - ns

Read command hold time

reference to RAS tRRH 20 20 ns o

RAS to CAS set-up time _ _

(CAS before RAS) tFCs 20 25 ns

RAS to CAS hold time

(CAS before RAS) FCH | 30 30 ns

CAS active delay from RAS _ _

precharge tRPC 20 20 ns

CAS precharge time B _

(CAS before RAS) fcPR | 20 25 ns
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Notes:

328

1

©

An initial pause of 100 pus is required after power-up followed by any 8 RAS cycles
(Example: RAS only) before proper device operation is achieved. In case of using internal
refresh counter, a minimum of 8 CAS before RAS initialization cycles instead of 8 RAS
cycles are required. ’

The AC characteristics assume atiT =5 ns

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

Assumes that tgcp < treD (Max). If tReD > tReD (Max.), tRAc will increase by {tRCD
—trcp (Max)).

Assumes thattRcp > tRcp (Max.).
Measured with a load circuit equivalentto 2TTL + 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 tRcp is greater than the specified trgp (Max.)
limit, then access time is controlled exclusively by tcaC.

Assumes that tggp (Min.) = tRaH (Min.) + 2tT + tasc (Min)).
Either tRRH or tRCH must be satisfied for a read cycle.
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READ CYCLE
trc
v trRAS
RAS YIH—
Vil — \:.( AR =]
tcsH
trCo : tRSH
’ ! tcas b
cas Vin —
s o N \c I Y1/
tASR| |trRA tas tcm.{ )
Vi HZ? j
Address ViL Row address Column addressw // /// M
) t
[

] N
trRp o
o tCR S|

w= Vi 77
VE viL —7/ A/ /j‘[ L teac W
t
- RAC — O[E
DQ Voy — -
® ver = OPEN ——— vaidpana .

Don’t Care

WRITE CYCLE (EARLY WRITE)

trc
traAsS
Vig — AN ~
RS M \= AR | — \—
tcsH i . tRP—m
! tRSH
trcD tcas t CRS—f
CAS Vi — /_J/—'___
CASS Vil — I
task| [LRAH tas Lean
Vig — - i
R/ —i@f S /Y/ ZIX
‘ tWCH—'
WE ViH— wes twp*& f
ViL — ! /// /// /
| | tRWL
tDS——W 'R l__tDH
DO Vin — ///// vmamm% ////////// /
p9 ViL —

IDHR

.

Don’t Care
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PAGE MODE READ CYCLE

tras

p———— tRSH— | | trp__|

&=
I'_tc‘c—j_' torr | m_’i_J torF

\%
Address I : // address @ { agclll:lens?

I R
} trac

DO Von—___ OPlEN

o I el
WE X”‘j. // W W//

Don’t Care

PAGE MODE WRITE CYCLE (EARLY WRITE)

tras
RS Vm—_l}»\.._w{___{
ViL— K. — o 4t 7
oS tRSH— trp
[—trcD Reas—] ter ’.._tCAS tcr
CAS Vg = \ F-
CAS9 ViL — . A x
tRAH tcan | tcan
tasgl ' tasc tas L tasg

Address V”{ // dd:es add.:e";? o Sslume M //////////
wcs‘—‘ b—-l“’wb_ﬂ_jwcs#—'}—ﬁtﬂ twes|- !——t—c;—qhtii,h‘

—/m{ 72, A, O

‘___tw P—’I
I-G‘W( R—[::”DH tps tm-x tDSI—-—, |.-t tRWL_‘I
DQ Vi mg Valid Data Valid Data Valid Data W ///// //

v
by T L) pu—

/] Don’t Care
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RAS ONLY REFRESH CYCLE

Note: CAS = Vm,WT{ and Dy not dependent on the high or low level.

trc

- trRas

—_— Vv f— R
RAS TH . N
Vie —

tRAH—f I trp

tasr
Vin Z;/ b 7
Address Vit Row address W / /K

DQ VoW — OPEN
Q¥ VoL —

Don’t Care

CAS BEFORE RAS REFRESH CYCLE

Note: Address WE and DN notdependent on the high or low level.

[ tre
trRp —
RAS l,’::' ;__/ fras X
lo—tFCH trpc
o W) —

Q VoL — 7|‘ OPEN

/] Dont Care
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HIDDEN REFRESH CYCLE

Addresses

DQ
Q9

ViH —
ViL —

ViH —
ViL -

ViL —

ViH —
ViL -

VoH—
VoL—

AR

tRC

tRp—=

RAS |

'CRs '
[<~—tRCD—

;
—tRSH—=
I

tRAS

7

TRAH

‘ cas

tFCH

 —

ASR

tcAH

TASC = |=—
|

Row
Address Ad

umn )
dress

L——-tRHH

OFF

Valid Data

Don’t Care
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FUNCTIONAL DESCRIPTION

Address inputs:

20 bits of binary address input are required
to decode any one of the 1,048,576 words by 1
bit storage cell locations.

10 row-address bits are set up on address
input pins AO through A9 and latched onto the
chip by the row address strobe (RAS). Then 10
column-address bits are set up on pins AO
through A9 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)
specification has been satisfied and the address
inputs have been changed from row-addresses
to column-addresses.

Therefore specifications permit column
addresses to be input immediately after the row
address hold time (tRaR)-

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 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 a 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.

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 tgac that begins with the negative
transition of CAS as long as tRac is satisfied.
The output becomes valid after the access time
has elapsed and remains valid while CAS is low.
CAS going high returns it to a high impedance
state. In an early-write cycle, the output is
always in the high impedance state.

# DYNAMIC RAM -MSC2311YS8/KS8 m

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 ac-
complished by performing a memory cycle at
each of the 512 row-addresses (Ao to As) at least
every 8 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 512 (Ao to As)
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
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 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. 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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MOS STATIC RAMS

MSM5165RS/JS
MSM5165LRS/JS
MSM5188RS
MSM51257RS/JS
MSM51257LRS/JS

8,192-Word x 8-Bit RAM (CMOS)
8,192-Word x 8-Bit RAM (CMOS)
16,384-Word x 4-Bit RAM (CMOS) ......ccvvvniieniiniinnnns 350
32,768-Word x 8-Bit RAM (CMOS)
32,768-Word x 8-Bit RAM (CMOS)



OKI semiconductor
MSM5165RS/JS

8,192-WORD x 8-BIT CMOS STATIC RAM (E3-S-017-32)

GENERAL DESCRIPTION

The MSM5165RS/JS 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 MSM5165RS/JS is also a CMOS silicon gate device which
requires very low power during standby (standby current of TmA) 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, C—E1 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
© Single 5V Supply e Direct TTL Compatible. (Input and Output)
e 0°C~ 70°C @ 3-State Output
e Low Power Dissipation o Pin Compatible with
Standby; 5.5 mW MAX 64K EPROM (MSM2764)
Operation; 248 mW MAX ® 28-pin DIP PKG
® High Speed (Equal Access and Cycle Time) ® 32-pin PLCC

120 — 200 ns MAX

PIN CONFIGURATION

(Top View)
ne[T] 28] vee
An[7] 27) We
K] 28] c,
A.E ] a CONFIGURATION
A 5] 4] A,
A 72 o8
~ 3] [0 e,
A, [i9] [19] /0,
vo. [ (8] vo. Ao~Ai;  : Address INPUTS
110,12} [77] vo, 1/0,~1/0s : Data INPUT/OUTPUT
110, [13] [78) 110 CE,, CE; : Chip Select
v B |/o( WE : Write Enable
= ) GE : OUTPUT Enable
Vee, Vss : Supply Volt
Ao~ A, : Address INPUTS CC. Vss : Supply Voltage
1/0, ~ 1/O4 : Data Input/Output
EE,, CE, : Chip Select
WE : Write Enable , 20
OE ; Output Enable [ LF)' (UI L;I ut]
Vcc. Vgg : Supply Voltage Qv z90Q <4
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CE,
eE,
We

OE

<——0 Vce

<=0 Vss

FUNCTIONAL BLOCK DIAGRAM
o— ! [MEMORY ARRAY
ROW | ! 256 ROWS
SELECT| | | 32 COLUMNS
' x 8 BLOCK
——
L — E—] COLUMN 1/0
— - INPUT == cIRCUITS
—{>—-1 DATA EHCOLUMN SELECT
— 1 CON-
tw‘ s % % % %%
o— D
R:._
I Ao A; A; Az Ay

T
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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
Wreite L H L X DinN
X:HorL
ABSOLUTE MAXIMUM RATINGS
Rating Symbol Value Unit Conditions
Supply Voltage Vee -0.3t07.0 \
Respect to GND
Input Voltage VIN -03to Vgc +0.3 Y
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 55 v 5V + 10%
Supply Voltage
Vss 0 \
v 2.2 Vee+ 0.3 \%
Input Voltage H ce 5V + 10%
ViL -0.3 0.8 \
C 100 pF
Output Load L
TTL 1
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DC CHARACTERISTICS
(Vge = 5V £10%, Ta = 0°C to +70°C)

MSM5165
Paramter Symbol Unit Test Condition
Min. Typ. Max.
Input
Leakage Iy -1 1 HA ViNn=0to Vcc
Current
Output CE, =V|Hor CE, = VyLor
Leakage ILo -1 1 HA OE = V|H
Current Vijo=0to Vce
Output VOH 24 \Y] IoH = -1mA
Voltage VoL 0.4 \ loL =2.1mA
CE, 2 Ve - 0.2V, CE, 2 Vgg - 0.2V
lces 0.02 1 mA Vin =0 to Vce
= Standby CE, S0.2V
E Supply VN =0to Vce
Current CE, =V|H.CE, =V
Icest 3 mA 7 VIR I
teye = Min, cycle
Operating ® Tcyc = Min, cycle
Supply lcca mA
Current 15 Tcyc=1#us
@ 5165-12 55 mA 5165-15 50 mA 5165-20 45 mA
AC CHARACTERISTICS
Test Condition
Parameter Conditions
Input Pulse Level V| y=24V, V, =0.6V
Input Rise and Fall Times 10 ns
Input and Output ey
Timing Reference Level -
Output Load CL=100 pF, 1 TTL Gate
READ CYCLE

(Vee =5V £ 10%, Tg = 0°Cto 70°C)

MSM5165-12 | MSM5165-15 | MSM5165-20

Parameter Symbol Unit
Min. Max. Min. Max. Min. Max.

Read Cycle Time tRC 120 150 200 ns
Address Access Time tAC 120 150 200 ns
Chip Enable Access Time tco 120 150 200 ns
Output Enable to Output Valid t0E 60 70 90 ns
Chip Selection to Output Active tcX 10 10 10 ns
et e I I -
Output Enable to Output Active tOX 5 5 5 ns
Output 3-state from Output Disable| tOTD 0 40 0 50 0 60 ns
Output 3-state from Chip Deselection tcTD 0 60 0 70 0 80 ns
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READ CYCLE
< tRC
4
X X
[ e———tAC———»
CEs i NN
le—tcO— [¢——1CTD——»
CE, \\ /
[e—tOE—>] HOTD—»|
OE NS
t
~iCx oA \
1/0 oX DATA OUT VA LIDV‘I\/I“
Notes: 1. A Read occurs during the overlap of a low CE,, a high CE,, a low OE and a high WE.
2. tcx is specified from CE, or CE, whichever occurs last,
3. tcTD is specified from CE, or CE, whichever occurs first,
4. toHA and tQTp are specified by the time when DATA OUT is floating.

WRITE CYCLE
(Vee =BV £ 10%, T5 = 0°C to +70°C)

Item Symbol MSM5165-12 | MSM5165-15 | MSM5165-20 Unit
Min. | Max. | Min. | Max. | Min. | Max.
Write Cycle Time twe 120 150 200 ns
Address to Write Setup Time tAS 0 0 0 ns
Write Time tw 70 90 120 ns
Write Recovery Time tWwR 15 15 15 ns
Data Setup Time tps 50 60 80 ns
Data Hold from Write Time tDH 0 0 0 ns
Output 3-State from Write toTW 0 40 0 50 [o] 60 ns
Chip Selection to End of Write tcw 100 120 150 ns
Address Valid to End of Write tAW 100 120 150 ns
Output Active from End of Write tWwx 5 5 5 ns

Notes: 1. A Write Cycle occurs during the overlap of a low 'CE , a high CE, and a low WE.
2. OE may be both high and low in a Write Cycle.

3. tag is specified from CE,, CE, or WE, whichever occurs last.

4. ty is an overlap time of a low CE, , a high CE, and a low WE.

5. twR. tps and tpy are specified from CE, , CE, or WE, whichever occurs first.

6. toTw is specified by the time when DATA OUT is floating, not defined by output level.
7. When 1/0 pins are Data output mode, don’t force inverse signal to those pins.
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WRITE CYCLE

¢ tWC »
D, X
O
CE, N / // / /
N N Z L
i taw
e,/ / N
& L AN NN N
tAS ’
<<% tcw a—tyR—>
We NN /
\;ﬂ)s—’*tDH—»l
1/0 (D|N) ‘\DATA IN STABLE —_—
toTW twx
110 (DouT!
CAPACITANCE
(Ta =25°C, f = TMHz)
Parameter Symbol Min Typ. Max. Unit
Input/Output Capacitance Ci/o 8 pF
Input Capacitance CiN 6 pF

Note: This parameter is periodically sampled and not 100% tested.
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OKI semiconductor
MSM5165LRS /JS

8,192-WORD x 8-BIT CMOS STATIC RAM (E3-S-017-32)

GENERAL DESCRIPTION

The MSM5165LRS/JS 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 MSM5165LRS/JS 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 s 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
® Single 5V Supply e Direct TTL Compatible. (Input and Output)
e 0°C~ 70°C ® 3-State Output
® Low Power Dissipation ® Pin Compatible with
Standby; 0.55 mW MAX 64K EPROM (MSM2764)
Operation; 248 mW MAX ® 28-pin DIP PKG
© High Speed (Equal Access and Cycle Time) ©32-pin PLCC

120 — 200 ns MAX

PIN CONFIGURATION
(Top View)
Nl ~ 28] vee
AulZ] 27) We
A3 6] cE,
e =N morview PN CONFIGURATION
* - AT
A [5] 24 A, < 2 ‘2’ f I§ s
A [ 23 A, T3 T RA D
AT %) 68
NG ., A[]s 29[ ] A
A [5] %) ce, As[le 28[]A,
A, [10] [15] 110, et 27Ma
o, (1] (8] o, - A Ao~Ay;  : Address INPUTS
o[ 5] vo, As[]s 26[INC  1/0,~1/0; : Data INPUT/OUTPUT
= O T
o Ch Ao 240A0  OE : OUTPUT Enable
A CE, Vee, Vss : Supply Vol
A,~ Ay, : Address INPUTS oL 23[]¢E, CC. Vss : Supply Voltage
1/0,~ 1/O, : Data Input/Output Ne[Tiz 22[11/04
CE,, CE, : Chip Select |/0|E13 2171/0,
WE ¢ Write Enable 14 15 16 17 18 19 20
OE i Output Enable LN O N
o 828533
Vce, Vsg : Supply Voltage ==>2%==22
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FUNCTIONAL BLOCK DIAGRAM

As
As
A, O—— ! IMEMORY ARRAY
Ag O——— ROW | | 256 ROWS <———0 Vcc
Ay SELECT| ! | 32 COLUMNS . o Vss
Ao ! x 8 BLOCK
An
AI2
110, o—4——T—
110, —_— E—{ COLUMN 1/0
1/05 - INPUT = CIRCUITS
1/04 0— —{>3-{ DATA E—{COLUMN SELECT
1/05 £ CON-
1/0¢ O— =1 TROL kv
1/07 o —r—
1/0g M=y L]

] Ao A1 Az A3 Aq
CE,
CE,
e
oF
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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 2
Read
L H H L DouTt
Wreite L H L X Din
X:HorL
ABSOLUTE MAXIMUM RATINGS
Rating Symbol Value Unit Conditions
Supply Voltage Vee -03t0 7.0 \%
Respect to GND
Input Voltage VIN -0.3 to Vg +0.3 \
Operating Temperature Topr Oto 70 °c
Storage Temperature Tstg -65 to 150 °C
Power Dissipation Pp 1.0 w Ta=25°C
RECOMMENDED OPERATING CONDITION
Parameter Symbol Min. Typ. Max. Unit Conditions
Vece 4.5 5 5.5 \ 5V + 10%
Supply Voltage
Vss v
Data Retention Voltage VCeH 2 5 5.5 \%
\ 2.2 Vee+ 0.3 \
Input Voltage tH 1 cc 5V + 10%
ViL -0.3 0.8 v
(o] 100 pF
Output Load L
TTL 1
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DC CHARACTERISTICS
(Ve = BV £10%, T = 0°C to +70°C)

MSM5165L
Paramter Symbol Unit Test Condition
Min. Typ. Max.
Input
Leakage I -1 1 mA ViN =0to Vce
Current
Output CE, = Vinor CE, = Vj_or
Leakage ILo -1 1 LA OE = V|H
Current Vyjo=0to Vcc
Output VOoH 24 \ IoH = -1 mA
Voltage VoL 04 \Y loL=2.1mA
€E, 2 Vgc - 0.2V, CE, Z Ve - 0.2V or
Iccs 2 100 uA ViN=0toVce
<

Standby CE, £0.2V
Supply VN =0to Vce
Current CE, =V|H.CE, = VL

Iccst 3 mA .

teye = Min, cycle

Operating @ Teyc = Min, cycle
Supply Icca mA
Current 15 Tcyc=1ks

@ 5165L-12 55 mA  5165L-15 50 mA 5165L-20 45 mA

AC CHARACTERISTICS
Test Condition

Parameter Conditions
Input Pulse Level Vig=24V, V| L=0.6V
Input Rise and Fall Times 10 ns
Inpt{t and Output ) 1.5V
Timing Reference ievel
Output Load CL=100pF, 1 TTL Gate

READ CYCLE
(Ve = BY £ 10%, Ta = 0°C to 70°C)

MSM5165L-12 | MSM5165L-15 | MSM5165L-20

Parameter Symbol Unit
Min. | Max. | Min. | Max. | Min. | Max.
Read Cycle Time tRC 120 150 200 ns
Address Access Time tAC 120 150 200 ns
Chip Enable Access Time tco . 120 150 200 ns
Output Enable to Output Valid tOE 60 70 90 ns
Chip Selection to Output Active teX 10 10 10 ns
umna et | gy [0 | || | -
Output Enable to Output Active tOX 5 5 5 ns
Output 3-state from Output Disable| tOTD 0 40 0 50 0 60 ns
QOutput 3-state from Chip Deselectioln tcTD 0 60 ] 70 0 80 ns
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READ CYCLE
< tRC
/
X X
[ —————tAC——]
CEZ / \
t
¢—tco— CTD——»
e N
—tOE—b HOTD-»|
OE \ \ N /
t
=X <258
1/0 9X DATA OUT VALID TSy
Notes: 1. A Read occurs during the overlap of a low CE, . a high CE,, a low OE and a high WE.
2. tcx is specified from CE, or CE, whichever occurs last.
3. tcxp is specified from CE, or CE, whichever occurs first.
4. toHA and toTp are specified by the time when DATA OUT is floating.

WRITE CYCLE

(Vee =BV £ 10%, T4 = 0°C to +70°C)

tem Symbol UASM5165L-1 2 | MSM5165L-15 | MSM5165L.-20 Unit
Min. | Max. | Min. | Max. | Min. | Max.
Write Cycle Time twe 120 150 200 ns
Address to Write Setup Time tAS 0 0 0 ns
Write Time tw 70 20 120 ns
Write Recovery Time tWR 15 15 15 ns
Data Setup Time tps 50 60 80 ns
Data Hold from Write Time tDH 0 0 0 ns
Output 3-State from Write toTW 0 40 0 50 0 60 ns
Chip Selection to End of Write tcw 100 120 150 ns
Address Valid to End of Write tAW 100 120 150 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.

» WR, tDs and tpH are specified from CE,, CE, or WE, whichever occurs first.

- A Write Cycle occurs during the overlap of a low CE,, a high CE, and a low WE.

. toTW is specified by the time when DATA OUT is floating, not defined by output level.

. When 1/0 pins are Data output mode, don‘t force inverse signal to those pins.

1

2

3

4. tyis an overlap time of a low CE, , a high CE, and a low WE.
5

6

7
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WRITE CYCLE

7S

s X D

Tq———~tw——————>I
cE /
o, \ Y A
-] tAw >
ce. 777077 AN
L5 tow «—tWR—
_ N v
WE &\\ -/
\;—tos—><—tDH—>|
1/0 (D) l\DATA IN STABLEX —
otw Jwx
1/0 (DoyT!

LOW Vcc DATA RETENTION CHARACTERISTICS

(T4 = 0°C to +70°C, unless otherwise noted)

Parameter Symbol | Min. | Typ. Max. Unit Conditions

CE,> Vgc -0.2v, CE,> Vgg - 0.2V
V¢ for Data Retention VCCH 2 Vv

CE, <02V

Vee = 3V, CE, 2 vge - 0.2V,
Data Retention Current lccH 1 50 uA CE, 2 V¢c -0.2V
Vce = 3V, CE,£0.2V

CS to Data Retention Time tsuU 0 ns

Operation Recovery Time tR tRC ns
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STANDBY MODE

CE, CONTROL

STANDBY MODE
4.5V
CE,
VceH
Vi
ov
CAPACITANCE
(Ta = 25°C, f = 1MHz)
Parameter Symbol Min. Typ. Max. Unit
Input/Output Capacitance Ci/o 8 pF
Input Capacitance CiN 6 pF

Note: This parameter is periodically sampled and not 100% tested.
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OKI semiconductor

MSM5188RS

16,384-WORD X 4-BIT HIGH SPEED STATIC CMOS RAM

GENERAL DESCRIPTION

The MSM5188 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 MSM5188 is offered in a 22-pin slim package.

FEATURES

Standby

Operation

Single 5V supply (==10%)

Completely static operation
Operating temperature range Ta =010 70°C
Low power dissipation

11 mW MAX
605 mW MAX

Access time

45/55/70 ns MAX

Direct TTL compatible (Input and output)
3-State output
22 pin DIP PKG (300 mil width)

As
As

PIN CONFIGURATION

As| 1 EVCC
a-[ 2] 21] As
As[ 3] 20] Ao
As[ 4] [19] An
A« 5] (18] A
Ao[ 6 7] Ass
AT [16] 10,
A:[ 8 [15] vo.
A 9 [14] /05
¢s[io 13] 1104
Vss[11 12| WE
Pin Names Function
AotoArs Addressinput
1/01t01/04 Datainput/output
cs Chip Select
WE Write Enable
Vee, Vss Supply Voltage

As
Ao

170,
1/02 O

Aw O—— 5 — ]

A O———— ]
A O—— 5 ———]

1/0s

FUNCTIONAL BLOCK DIAGRAM

ROW
SELECT

[

MEMORY ARRAY

512ROWW
32COLUMNS
X 4BLOCK

-—o Vee
+—0 Vgg

1/04

P D]
L | INPUT COLUMNI/O
?ﬁ DATA I CIRCUIT
CONTROL [ COLUMNSELECT
Ao A1 Az As As

—
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ELECTRICAL CHARACTERISTICS

ABSOLUTE MAXIMUM RATINGS

2 STATIC RAM -MSM5188RS m

Rating Symbol Condition Value Unit
Supply Voltage Vece -0.3t07.0 \
Ta = 25°C Respect to 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 - —-55to0 +150 °C
RECOMMENDED OPERATING CONDITIONS
Parameter Symbol Conditions Min. Typ. Max. Unit
Supply Voltage Vee - 4.5 5.0 5.5 \'
“H” Input Voltage VIH 2.2 - Vcg +0.3 v
Voc =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, VIH max =Vgg + 1.0V, V| min = —1.0V.
DC CHARACTERISTICS
(Vog =5V=+10%, Ta =0°C to 70°C)
Parameter Symbol Conditions Min Typ. Max. Unit
Input Leakage Current I VI=0toVgcc -1 1 HA
CS=V|y
Output Leakage Current ILo VI/0 =0'to Vg —1 1 uA
“H” Output Voltage VOH IOH=-4 mA 2.4 \Y
“L” Output Voltage VoL loL =8 mA 0.4 \"
CS ZVge - 0.2V
Iccs VIN £0.2VOR 2 mA
Standby Supply Current VIN ZVgg —-0.2v
CS =V
lccs: Tcyc = min cycle 30 mA
Operating Supply Current Icca Min cycle 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 C|/0 Vi;0 =0V 8 pF

AC CHARACTERISTICS TEST CONDITIONS

Parameter Conditions
Input Pulse Level Vig =3.0V,V|_ =0V
Input Rise and Fall Times 5ns
Input/Output Timing Reference Level 1.5V
Output Load CL =30pF, 1TTL GATE
READ CYCLE
(Voo =5V=+10%, Ta=0°Cto 70°C)
5188-45 5188-55 5188-70
Parameter Symbol Unit
Min. | Max. | Min. | Max. | Min. | Max.
Read Cycle Time TRC 45 55 70 ns
Address Access Time Tac 45 55 70 ns
Chip Select Access Time Tco 45 55 70 ns
Chip Selection to Output Active | Tcx 5 5 5 ns

Output Hold Timé from
Address Change ToHA | 5 5 5 ns

Output 3-state from
Dgs?ﬂection ToTD 0 25 0 25 0 30 ns

Chip Selection to Power

up Time TPu 0 0 0 ns
Chip Deselection to Power
Down Time TPD o} 45 0 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. .
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5v 5V
4800 4800
Dout Dour.
2550 88 ”r 250 gEF Note: CL includes
-scope and jig.
Figure 1 Output Load Figure 2 Output Load
WRITE CYCLE
(Vce =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: Write condition: During the overlap of a low CS and a low WE.

1.

2. Tas is specified from a low CS or a low WE, whichever occurs last after the address is set.

3. Ty is an overlap time of a low CS and a low WE.

4. TwR, Tps and TpH are specified from a high TS or a high WE, whichever occurs first.

5. Totw and Tow are measured =200 mV from steady state voltage with specified loading
in Figure 2.

6

. When I/0 pins are Data output mode, don’t force inverse input signals to those pins.

READ CYCLE TIMING 1

TRC |

Ro~Ai X - ‘ *

|
TOHA
DouT X Valid Data
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READ CYCLE TIMING 2

CS
— —
N 7
T 1€0 ' T
cX oTD
Open Opel
Dout XX Valid Data | ) L
PD
IcC—-— — ——— :
Power Supply 50% 50%
Iss
WRITE CYCLE TIMING 1
(WE Control)
Twc ,
1
Ao~ A1z }é X
Tow l
— — |
Cs N - £/ /7
L TAS Tw L TWR |
WE ‘el %
| Tps TDH
DiN * Valid Data
Totw Tow
Dout Open
WRITE CYCLE TIMING 2
(CS Control)
Twc
Ao~ A3 X X
tAs | Tcw
= | 1
LAW - TwR
WE AN OO\ N\ /S
| Tps TDH,
DiN )k Valid Data
Totw
DouT Open
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OKI semiconductor
MSM51257RS/JS

32,768-WORD x 8-BIT CMOS STATIC RAM

GENERAL DESCRIPTION

The MSM51257RS/JS 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 easy to use. The MSM51257RS/JS is also a CMOS silicon gate device
which requires very low power during standby (standby current of 1TmA) when there is no chip selection.

CS and O_Esignals enable OR ties with the output terminals of other chips, thereby facilitating simple memory expan-
sion and bus line control etc.

FEATURES
@ Single 5V Supply e Direct TTL Compatible. (Input and Output)
e 0°C ~ 70°C @ 3-State Output
@ Low Power Dissipation @ 28-pin DIP PKG
Standby; 5.5 mW MAX ® 32-pin PLCC

Operation; 385mW MAX
@ High Speed (Equal Access and Cycle Time)
85-120 ns MAX

PIN CONFIGURATION

(Top View)
-
[28] vee
27] We
= A (TOP VIEW) PIN CONFIGURATION
25] A, e 2 ¥ O O W 2
L <« 2 > ,§ <
24] A,
[ A 73 2
[27) o€
7] A, A
[mcs AsC]
[5] 110, A4E
78] 110. Ao~Ays  : Address INPUTS
! A 1/0,~1/0g : Data INPUT/OUTPUT
[17) vo, o=
g o A cs : Chip Select
. : A WE : Write Enable
3] o ‘E OE : OUTPUT Enable
Ao vge, V. : Supply Voltage
A~ A,, : Address INPUTS ] ss
1/0, ~ 1/Oy : Data Input/Output vor]
cS : Chip Select !
WE : Write Enable R |1_B_[ & I2_0I
i | = T o °
OE Output Enable 33 é” g SS9

Vce. Vgs : Supply Voltage
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FUNCTIONAL BLOCK DIAGRAM

ROW

SELECT| !

-J(

| Il Bt Bt Bt et

INPUT
DATA
CON-

TROL

MEMORY ARRAY
512 ROWS
64 COLUMNS
x 8 BLOCK

(]

~<———0 Vcc

=—O0 Vss

COLUMN i1/0

CIRCUITS

Widitihidinid

T

Ao At A; A3 Aq A ‘
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TRUTH TABLE

u STATIC RAM -MSM51257RS/JS =

Mode Ccs WE OE 1/0 Operation
Standby H X X High Z
L H H High 2
Read
L H L DouT
Wreite L L X DN
X:HorL
ABSOLUTE MAXIMUM RATINGS
Rating Symbol Value Unit Conditions
Supply Voltage Vee -03t07.0 v R
espect to GND
Input Voltage VIN -03to Vog +0.3 v i
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 \% 5V + 10%
Supply Voltage
Vss 0 \%
v 2.2 Ve + 0.3 v
Input Voltage L cc 5V + 10%
ViL -0.3 0.8 v
C 100 F
Output Load L P
TTL 1
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DC CHARACTERISTICS
(Ve = 5V +10%, Ty = 0°C to +70°C)

MSM51257
Paramter Symbol - Unit Test Condition
Min. Typ. Max
Input
Leakage Iy -1 1 nA Vin=0to Vce
Current
Output CS = VIH or
Leakage Lo -1 1 kA OE = V|4
Current Vijo=0to Vce
Output VOH 24 \Y 10H =-1mA
Voltage VoL 04 A\ loL=2.1mA
CS Zvge-0.2v
Standby lccs 0.02 ! mA v B 0 CCV
=0t
Supply IN o Vce
Current €S =VIH
lcest 3 mA
Operating 70
Supply lcca mA MIN CYCLE
Current
AC CHARACTERISTICS
Test Condition
Parameter Conditions

Input Pulse Level V|H = 2.4V, 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
(Vge =5V £10%, Tg = 0°Cto 70°C)
MSM51257-85 | MSM51257-10 | MSM51257-12 )
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 tcxX 10 10 10 ns
Output Hold Time From
10 1
Address Change foHA 5 0 ns
Output 3-state from Output Disable | toTD — 30 — 50 — 60 ns
" ] -
Output 3 state from Chip 1cTD _ 30 _ 0 _ 50 ns
Deselection
Qutput Enable to Output Active tOX 5 5 5 ns
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READ CYCLE

2 STATIC RAM -MSM51257RS/JS =

tRC

N/
7\ &
N/
/N

[¢—————tAC———>|
+ tICTD —»

[ —tCO—>

cs RN A /) /

lé—tOE—> O TD-»
OE )M g

TOH
<-:cx <—>|A
1/0 oX DATA OUT VA LIDQ&/—-——-

Notes: 1. A Read occurs during the overlap of a low CS, a low OE and a high WE.

2. tcTp and toTp are specified by the time when DATA OUT is floating.

WRITE CYCLE
(Vee = BV £ 10%, T4 = 0°C to +70°C)

MSM51257-85 | MSM51257-10 | MSM51257-12
Item Symbol Unit
Min. | Max. | Min. | Max. | Min. | Max.
Write Cycle Time twe 85 100 120 ns
Address to Write Setup Time tAS 0 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 0o 0 ns
Output 3-State from Write toTW 0 30 0 50 0 60 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 WX 5 5 5 ns

Notes:

. OE may be both high and low in a Write Cycle.
. tags is specified from CS or WE, whichever occurs last.

. tWR, tDS 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.
. When 1/O pins are Data output mode, don’t force inverse signal to those pins.

1
2
3
4. ty is an overlap time of a low CS, and a low WE,
5
6
7

. A Write Cycle occurs during the overlap of a low €S, and a low WE,
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WRITE CYCLE

-+ twc e
Ag~Ar, >< >l<
—————tyy
NN !
&\ \ / L
-t tAw >
tAS '
—pg tcw —tWR—P|
l;—tns——’<—tou—>|
1/0 (D) I\DATA IN STABLEX —_—
4
totw WX
1/0 (DoyT)
CAPACITANCE
(Ta = 25°C, f = 1MHz)
Parameter Symbol Min. Typ. Max Unit
Input/Output Capacitance Cy/o 10 pF
Input Capacitance CiN 10 pF

Note: This parameter is periodically sampled and not 100% tested.
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OKI semiconductor
MSM51257LRS/JS

32,768-WORD x 8-BIT CMOS STATIC RAM

GENERAL DESCRIPTION

The MSM51257LRS/JS 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 easy to use. The MSM51257LRS/JS 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
@ Single 5V Supply ® Direct TTL Compatible. (Input and Output)
e 0°C ~ 70°C © 3-State Output
o Low Power Dissipation @ 28-pin DIP PKG
Standby; 0.56 mW MAX ® 32-pin PLCC

Operation; 385 mW MAX
® High Speed (Equal Access and Cycle Time)
85-120 ns MAX

PIN CONFIGURATION

(Top View)
AT ~ 28] vee
Az 27) We
NG 7 A,
A,E 25] A,
A.E 24]a,
A7 27 o8
A 2] 77 A,
NG s
A, [0} 18] 10,
o (3 Falo. Ao~Ays  : Address INPUTS
” 1/0,~1/0g : Data INPUT/OUTPUT
.[12] [7] vo. 43 : Chip Select
1o, [73] 1) 110, @ : Write Enable
vss [i4] [15) 10, OE : OUTPUT Enable
Ve, Vss : Supply Voltage
Ao~ A;, : Address INPUTS
1/0, ~ 1/Oy : Data Input/Output
CcS : Chip Select
= . 18 20
WE : Write Enable
OE i Output Enable ‘g‘l lg'l L"’, Lal 3 'Bg 5
! g e=zee8

Vee: Vss ¢ Supply Voltage

361



= STATIC RAM -MSM51257LRS/JS =

FUNCTIONAL BLOCK DIAGRAM

A 00— ——

Ay o———F ] ! [MEMORY ARRAY
Ay o———{F—] ROW | ; 512 ROWS «<—— 0 Vee
Ao 0———IFISELECT| ! | 64COLUMNS 3 o Vss
Ay o—Ix—] ' x 8 BLOCK
Ay o————F ]
Also——%:

14
1/0, 0—¢
1/0, ere F= COLUMNI/0
1/0; o —tr{ INPUT — CIRCUITS
1104 © >3+ DATA - COLUMN SELECT
1105 © 1 CON- L]
/0 o 4 TROL % % % %%% ll %
1/0, -
1/05 £

W Ao Ay Ay Ay Ag A

[
WE
oF
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TRUTH TABLE

m STATIC RAM - MSM51257LRS/JS »

Mode CS WE OE 1/0 Operation
Standby H X X High Z2
L H H High Z
Read
L H L Dour
Wreite L L X DN
X:HorL
ABSOLUTE MAXIMUM RATINGS
Rating Symbol Value Unit Conditions
Supply Voltage Vee -03t07.0 \ R
espect to GND
Input Voltage VIN -03to Voo +0.3 \ pect to
Operating Temperature Topr 0to 70 I °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 4.5 5.5 \ 5V + 10%
Supply Voltage
Vss v
Data Retention Voltage VeeH 2 5 5.5 \
\ 2.2 Vee+0.3 \Y
Input Voltage al cc 5V + 10%
ViL -0.3 0.8 \
CL 100 pF
Output Load
TTL 1
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DC CHARACTERISTICS
{(Vce = 5V 10%, Ta = 0°C to +70°C)

Paramter Symbol MSMS1257 Unit Test Condition
Min. Typ. Max.
Input
Leakage [TN] -1 1 uA Vin=0to Vce
Current
Output CS =V|H or
Leakage ILo -1 1 uA OE = VIH
Current Vyjo=0to Vce
Output VOH 24 \Y) loH=-1mA
Voltage VoL 0.4 v loL=2.1mA
Standby lces 2 100 uA ¢S ZVec-02v
Supply Vin=0to Vce
Current
Iccst 3 mA CS =VIH.
Operating 70
Supply Icca mA MIN CYCLE
Current
AC CHARACTERISTICS
Test Condition
Parameter Conditions
Input Pulse Level VH = 2.4V, V| = 0.6V
Input Rise and Fall Times 5ns
- Input and Output 15V
Timing Reference Level
Output Load CL=100 pF, 1 TTL Gate
READ CYCLE

(Ve = BV * 10%, Ta = 0°C to 70°C)

MSM51257L-85| MSM51257L-10 MSM51257L-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 fOHA 5 0 ns
Output 3-state from Output Disable | tOTD - | 30 - 50 - 60 ns
Output 3-state from Chip

Deselection tcTD - 30 - 40 - 50 ns
Output Enable to Output Active toXx 5 5 5 ns
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READ CYCLE
< tRC
__XC X
e————IAC——»f
L~tc0—> | ICTD*>
N NN v
le—toE—~ N tOTD-»|
o RIS, ST 777
A =5
1/0 K DATA OUT VALID o

Notes: 1. A Read occurs during the overlap of a low CS, a low OE and a high WE.
2. tcTD and tOTp are specified by the time when DATA OUT is floating.

WRITE CYCLE
(Vg = BV £ 10%, T, = 0°C to +70°C)

MSM51257L-85/MSM51257L-10| MSM51257L-12
Item Symbol Unit
Min. | Max. | Min. | Max. | Min. | Max.
Write Cycle Time twe 85 100 120 ns
Address to Write Setup Time tas 0 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 tPH 0 0 0 ns
Output 3-State from Write toTw 0 30 0 50 0 60 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 twx 5 5 15 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. tagis specified from CS or WE, whichever occurs last.

4. ty is an overlap time of a low TS, and a low WE,
5
6
7

- 'WR, tDs and tpH are specified from TS or WE, whichever occurs first.

. tOTw is specified by the time when DATA OUT is floating, not defined by output level.

. When 1/0 pins are Data outpi*t mode, don't force inverse signal to those pins.
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WRITE CYCLE
Ag~A,, >< )(
-ty
EENNNNNS L
< AW -
Ll tow <—tWR—
WE \m\\ /F
tDs—**tDH—’l
1/0 (DyN) I\DATA IN STABLEX_‘}————
totw Jwx ‘
1/0 (DouT)

LOW Vcc DATA RETENTION CHARACTERISTICS

(T4 = 0°C to +70°C, unless otherwise noted)

Parameter Symbol | Min. Typ. Max. Unit Conditions

Vg for Data Retention VeeH 2 \Y €S> vec-02v

Data Retention Current IccH 1 50 kA Vee = 3V, CS 2 vee - 0.2V
CS to Data Retention Time tsu 0 ns
Operation Recovery Time tR tRC ns
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CS CONTROL

CAPACITANCE
(Ta=25°C, f = 1MHz)
Parameter Symbol Min. Typ. Max. Unit
Input/Output Capacitance Cy/o 10 pF
Input Capacitance Cin 10 pF

Note: This parameter is periodically sampled and not 100% tested.
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MOS MASK ROMS

MSM3864RS
MSM38128ARS
MSM38256RS
MSM38256 ARS
MSM28101AAS
MSM28201AAS
MSM53256RS
MSM531000RS.

8,192-Word x 8-Bit MASK ROM (NMOS) .....ccoevirinnninis 37
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OKI semiconductor
MSM3864RS

8,192 WORD x 8 BIT MASK ROM

GENERAL DESCRIPTION

The MSM3864RS is an N-channel silicon gate MOS device MASK ROM with a 8,192 word x 8 bit capacity. It oper-
ates on a 5V single power supply and the all inputs and outputs are TTL compatible. The adoption of an asynchro-
nous system in the circuit requires no external clock assuring extremely easy operation. The availability of power
down mode contributes to the low power dissipation which is as low as 30mA (max) when the chip is not selected.
The application of a byte system and the pin compatibility with standard UV EPROMs make the device most
suitable for use as a large-capacity fixed memory for microcomputers and data terminals.

As it provides 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

® Input/output TTL compatible
® 3-state output

® Power down mode
® 28-pin DIP

® 5V single power supply
© 8,192 words x 8 bits
® Access time: 250 ns MAX

FUNCTIONAL BLOCK DIAGRAM

PIN CONFIGURATION

(Top View) :0 o= Memory cell o Vee
N[ 28]J vee ! )
. Ay O—==i ——=i Matrix =0 Vss
Al 2 27]§(cszuwc> Ar oo D
Al 3 26[] TST(CST)(NC) A, decoder 8192 x 8
Ad] 4 2s)la, As O—=1 Address |1
Al s 24[] A, Ag O = N I
A buffer
Al 6 23[]A, 7 O] ne
Al 7 22[JOF (0E) As 0 Multiplexer TSor
Ay o0—q b ——]f és
Az[ 8 21]20 Aro . OE CE -
Al e 20[JCE Ay o] I Controt [0 OE o1
Aofl10 19{]0, Atz 0—ed L] decoder Output buffer
i TIIITIIT o
o.ffi2 17f1os D00, D, D5 By D; B, D
0,13 16[]D4
vss[[14 18[]o,
OE :  Output enable
Vee, Vss : Power supply
Ag~Ag, Address input
D,~D, Data output
C‘% Chip enable
CS1,CS2 : cChip 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 -0.5t0 7 \" Respect to Vgg
Input Voltage V) -05t0 7 \Y 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 - 45 5 5.5 \
Power Supply Voltage
Vs - 0 0 0 \%
ViH - 2 5 6 \
Input Signal Level
Vi - -0.5 0 0.8 \%
\ | =-400 uA 24 - Vce \%
Output Signal Level OH OH
VoL loL=2.1mA - 0.4 v
Input Leakage Current N V=0V or V¢ -10 - 10 MA
Vo =0V or Vcc
Output Leakage Current Lo Chip not selected -10 - 10 rA
[ Vce = Max. 1o = 0 mA - - 100 mA
Power Supply Current
Ices Vec=Max.CE=V|H,I0=0mA| — - 30 mA
Vee = GND ~ Vec Min.
— - - 60 A
Peak Power ON Current Ipo CE = Ve or Vi m
Operating Temperature Topr - 0 — 70 °c
AC CHARACTERISTICS
TIMING CONDITIONS
Parameter Conditions
Input Signal Level V|H=2.4V V| =0.6V
Input Rising, Falling Time tr=tf=15ns

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%, Vgg = 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 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""
tc
naress X b

tAA
—_ 3 jlo\—tco——

CS _ OF

(cs) °" (0E) @) OH—
tL.2(4) Hy —— ]
< N

2) READ CYCLE-2?

tc
CE ) Y
tACE
s oE® N v/
(CS) °" (OE) N— /] )
|- tHZ
tLz
(4) >£
Dout
tPD
Vce
supply
current

373



s MASK ROM - MSM3864RS m

Note: (1) CEis“'L" fevel.
(2) The address is decided at the same time as or ahead of CE ""L" level.
(3) The OE and CS are shown in the negative logic here, however the active level is freely selected.
(4) tL is determined by the later level, CE “L"/CS “L" or OE “L".
tH2 is determined by the earlier CE *'H"’/CS ""H"" or OE "H"".
While, ty; shows the time until floating and it is therefore not determined by the output level.

INPUT/OUTPUT CAPACITANCE
{Ta=25°C, f = 1 MHz)

Specification
Parameter Symbol Value Unit Remarks
Min. Max.
Input Capacitance Cy 8 pF V=0V
Output Capacitance Co 10 pF Vo=0V
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OKI semiconductor

MSM38128 ARS

16,384 WORD x 8 BIT MASK ROM (E3-5-028-32)

GENERAL DESCRIPTION

The MSM38128ARS is an N-channel silicon gate MOS device MASK ROM with a 16,384 word x 8 bit capacity. It
operates on a 5V single power supply and the all inputs and outputs are TTL compatible. The adoption of an asyn-
chronous system in the circuit requires no external clock assuring extremely easy operation. The availability of power
down mode contributes to the low power dissipation which is as low as 30mA (max) when the chip is not selected.
The application of a byte system and the pin compatibility- with standard UV EPROMs make the device most suitable
for use as a large-capacity fixed memory for microcomputers and data terminals.

As it provides CE, OE, and CS as the control signal, the connection of output terminals of other chips with the wired
OR is possible ensuring an easy expand operation of memory and bus line control.

FEATURES
® 5V single power supply @ Input/output TTL compatible ® Power down mode
® 16384 words x 8 bits ® 3-state output ® 28-pin DIP

® Access time: 250 ns MAX

FUNCTIONAL BLOCK DIAGRAM

PIN CONFIGURATION

(Top View) Ao O] Memory cell o
NC[[ T Vee Ar vee
. Ay O—=y 1 Matrix -0
Anaf] 2 27]]Es (cs) (nC) A X Vs
Al 3 26[]A:5 As decoder 16384 x 8
Adf 4 25[Ay As 0—=1 Address [~
Asll 5 24(]a, As ot ot l l ________ -—‘
buff
Al 6 23[JA,, Ar o—ef PHHET 1]
A 7 22[]GE (0E) Ag O—=] Multiplexer —
[ - — — (c:g or
Al 8 21flan Ao OE CE Ne
Al o 20[JCE F—— LY Control "‘08_50'
Ao Dy A1z 0t - decoder Output buffer
D,f] D4 A, 3 0—e] — =0 CE
o b SETEITT
‘[ ‘ Do D, D,D; Ds D D4 D,
D, ] Ds
Vss[ D;
OE :  Output enable
Vee, Vss : Power supply
A0~A12 ¢ Address input
D,~D, :  Data output
E& 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 \" Respect to Vgg
Input Voltage 7 -0.5t0 7 \ Respect to Vgg
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 - 45 5 5.5 \Y
Power Supply Voltage
Vss — 0 0 0 v
ViH - 2 5 6 \%
Input Signal Level
ViL - -0.5 0 0.8 \
\% | = -400 pA 24 - Vce \%
Output Signal Level OH OH
VoL loL=2.1mA - 0.4 Vv
Input Leakage Current [N} Vi =0V or V¢ -10 — 10 HA
Vo =0V or Vcc
Output Leakage Current o Chip not selected 10 - 10 LA
fcc Vce = Max. g = 0 mA -~ - 100 mA
Power Supply Current
lces Vce = Max. — — 30 mA
Vee = GND ~ Vce Min.
i - - 60 A
Peak Power ON Current Ipo CE = Ve or Viy m
Qperating Temperature Topr - 0 - 70 °c
AC CHARACTERISTICS
TIMING CONDITIONS
Parameter Conditions
Input Signal Level ViH=2.4V V| =0.6V
tr=tf=15ns

Input Rising, Falling Time

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
(Veg = 5V £10%, Vgs = 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
7 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 tpyU 0 - ns
Power Down Time tpD - - 100 ns
1) READ CYCLE-1""
te
Address >< ><
tAA
— (3 tICO—
s, oe® | O e
(Cs) °" (0E) @) ‘oH
tL.z(4) tHZz ——
Dout < \__
2) READ CYCLE-2?
tc
CE ‘\ f
tACE
I i \ tco /
Cs . OE ® NG
(Cs) =" (OE) @)
tLZ(4) —hz
L
Dout 1|< >< |
tPD
Vce
supply
current
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Notes: (1) CEis “'L" level.
(2) The address is decided at the same time as or ahead of CE “/L" level.
(3) The OE and CS are shown in the negative logic here, however the active level is freely selected.
(4) t|_ 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, t}4, shows the time until floating and it is therefore not determined by the output level.

INPUT/OUTPUT CAPACITANCE
{Ta=25°C, f = 1 MHz)

Specification
Parameter Symbol Value Unit Remarks
Min. Max.
Input Capacitance o] 8 pF V=0V
Output Capacitance Co 10 pF Vo=0V
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OKI semiconductor
MSM38256RS

32768 WORD x 8 BIT MASK ROM (E3-5-029-32)

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 EPROMSs 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 @ Input/output TTL compatible ® Power down mode
® 5V single power supply e 3-state output ® 28-pin DIP

® Access time: 250 ns MAX

FUNCTIONAL BLOCK DIAGRAM

PIN CONFIGURATION

(TOD V|eW) :o Memory cell Vee
== Ot b
(cSHNC) TS [T Vee | -0
Az O——mm 1 Matrix =0 Vss
Al 2 27[)A, . A M
Al 3 26[]A,5 Ad o decoder 32768 x 8
A 4 (1A As O—=1 Agdress [
Al s 24{]A, A¢ O—of - i l ________ °—I
buffer
Adf] 6 A A7 o—el —
Ag O——of Multipl
Af] 7 OE (0E) A ultiplexer o
A} 8 %o Ao OE CE
Alfl o Ay o—wd L] Y Control "OS’E
D
AOE ’ Ar2 00—t [——] decoder Output buffer OE
Dy D A3 0] _— |- s
of by Ao ITIITTIT o
Do D, D, D3 D4 Ds D6 D, cs
D] D4 or
NC
vss|] Ds
cs : Chip Select
OE :  Output enable
Vce, Vss @ Power supply voltage
Ag~A,;, : Address input
Dy~D, : Dataoutput
E& 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 -05t07 \"
Input Voltage Vi -05t0 7 \" Respect to Vgg
Output Voltage Vo -05to 7 v
Operating Temperature Top, 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 \
ViH 2 5 6 v
Input Signal Level
ViL -0.5 0 0.8 v
Vv I =-400 uA 24 Vce \%
Output Signal Level OH OH
VoL loL=2.1mA 04 \%
Input Leakage Current [IN] V=0V or V¢ -10 10 MA
Vo =0V or Vcc
Output Leakage Current iLo Chip not selected -10 10 BA
lcc Vee = Max. Ig = 0 mA 120 mA
Power Supply Current
lces Vee = Max. 30 mA
Vcc = GND ~ Vee Min.
Peak Power ON Current Ipo CE-= Vee or Vin 60 mA
Operating Temperature Topr 4] 70 °c
AC CHARACTERISTICS
TIMING CONDITIONS
.Parameter Conditions
Input Signal Level VIH=2.4V V| =0.6V
Input Rising, Falling Time tr=tf=15ns

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
(Vge =5V +£10%, Vgg =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 . 250
ns
Access Time ACE
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 tPU 0 ns
Power Down Time tPD 100 ns
1) READ CYCLE-1""
tc
Address >< ><
tAA
— tCO—
ot 9 _Ni—' co
(4) = tOH =
Lz (4)
}.._. tHz —=
Dout < >—

2) READ CYCLE-2?

tc
cE N A
tACE (
4)
f——— tCO —*= /—‘—
o N A
cs (4)
|- tHZ
twz
Dout <
tPD

Vce
supply
current
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Notes: (1) TEis “L"” level.
(2) The address is decided at the same time as or ahead of CE ‘L’ level.
(3) OE and CS are shown in the negative logic here, however the active level is freely selected.
(4)  tco and t|_Z are 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=1MHz)

Specification
Parameter Symbol Value Unit Remarks
Min. Max.
Input Capacitance Cy 8 pF V=0V
Output Capacitance Co 10 pF Vo=0V
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OKI semiconductor
MSM38256 ARS

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 EPROMSs 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)
(cs) T8 (No) Ao
Ay ,[ A Memory cell Vee
A7[ A; O—= 1 Matrix -0 Vss
Asf A; O—ef = X
Ad] As 0—odf L decoder 32768 x 8
Ad As O—=1 address [
Ag O—ed F— | | | —ee————
:alt: Af, o buffer LJ l _—l
2 Ag O—oi .
A:[ Ay Multiplexer L. ocE
Ad] Fapra— L CE,0E, Cs
0o Al 0—er S Control =0 OE
o, Yy — | decoder Output buffer
A3 0—=q el leo ==
D. 13 cs
o e TTTITITT S
Vss[ 00D, D, D3 D4 Ds D4 D, cs
or
CE : Chip enable NC
OE : Output enable
(CS)CS : Chip select
Vce, Vss @ Power supply voltage
Ap~A;,  Address input
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 Voitage Vcec -05to7 \"
Input Voltage 7 -051t07 Respect to Vgs
Output Voltage Vo -05to07 \Y
Operating Temperature Topr 0to 70 °c
Storage Temperature Tstg -55 to 150 °C
Power Dissipation PD 1.0 w Per package

OPERATING CONDITION AND DC CHARACTERISTICS

Rating
Parameter Symbol Measuring Conditions Unit
Min Typ. Max.

Vee 4.5 5 5.5 \%
Power Supply Voltage

Vs 0 0 0 v
““H'" Input Signal Level ViH 2.2 5 6 \
L Input Signal Level ViL -0.5 0 08 |V
“H"" Output Signal Level VoH loH = —400 uA 24 Vee \%
““L" Output Signal Level VoL loL=2.1mA 04 \
Input Leakage Current Iy Vi =0V or Ve -10 10 nA

Vo =0Vor Ve

Output Leakage Current ILo Chip not selected -10 10 nA

lee Vee = Max. Ig=0mA 60 mA
Power Supply Current -

lees Vee = Max. 6 mA

Vee = GND ~ Ve Min

| cc cc : 60 A
Peak Power On Current po CE = Ve or Vi m
Operating Temperature Topr 0 70 °Cc
Load Capacitance CL 100 pF
Fan Out N TTL Load 1 Piece

AC CHARACTERISTICS
TIMING CONDITIONS
Parameter Conditions

Input Signal Level

VIH=2.4V V| =0.6V

Input Rising, Falling Time

tr=tf=15ns

Timing Measuring Point Voltage

Input Voltage=1.5V

Output Voltage=0.8 & 2.0V

Loading Condition

CL=100pF +1TTL
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# MASK ROM - MSM38256ARS m

READ CYCLE
(Voo = BV £10%, Vss = 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 . 150
ns
Access Time ACE
Output Delay Time tco 50 ns
Output Setting Time Lz 10 ns
Output Disable Time tHZ 10 50 ns
Output Retaining Time tOH 10 ns
Power Up Time tpy 0 ns
Power Down Time tPD 100 ns
1) READ CYCLE-1""
- te
Address >< ><
tAA
& __@ ﬁbteo——
or
cs > OF @ = tOH~]
tLz (4)
}._. tHz —=
Dout < >___

2) READ CYCLE-2?

tc
N T
cE N /
tACE (
— 4)
tco
® o oe N § // -
GtHZM)
1wz
Dout >F
tPD
Vee
supply
current
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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) TS are shown in the negative logic here, however the active level is freely selected.
(4) tco and t|_2 are determined by the later CE “'L"’, OE ““L" or CS “"L"".
tHz is determined by the earlier CE “’'H"’, OE “H" or CS “"H"".
tHz shows time until floating therefore it is not determined by the output level.

INPUT/OUTPUT CAPACITANCE
(Ta =25°C, f = 1 MHz)

Specification
Parameter Symbol Value Unit Remarks
Min. Max.
Input Capacitance Cy 8 pF V=0V
Output Capacitance Co 6 pF Vo=0V
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OKI semiconductor

MSM28101AAS

JAPANESE-CHARACTER GENERATING 1M BIT MASK ROM (E3-S-032-32)

GENERAL DESCRIPTION

The MSM 28101AAS is a 1M Bit Mask ROM using the N-channel silicon gate MOS process which stores 3,760 charac-
ters of numeric characters, Japanese cursive and square syllabarys, JIS 1st standard Japanese-characters, etc., in one

chip.

Because of its large capacity, Japanese-character pattern of 3,760 characters can be generated with only one chip.
Furthermore, since the dot matrix character form of 18 lines x 16 strings is available from the data out pin by only
inputting the JIS Japanese-character code into the address pin, the MSM28101AAS is efficient and optimum for
constituting the Japanese-character terminal.

The power supply voltage is of 5V single power supply, the input level is of TTL compatible, the data output is of
3-state output, the data valid is the output of the ‘open collector and is packaged on the 40-pin DIP.

FEATURES

® Function

® Configuration

18 x 16 chinese-character font
output

Duplex configuration of cell-
array using the defect permissible
technique

@ Storage capacity 1082880 Bits

© Number of
generating
characters
@ Storage

character range

© Address input
o Data output
o Output mode

® Address enable

3,418 characters

Partition O ~ 7 and partition

16 ~ 47 of Japanese-character
code system for JIS information
processing

14 Bits (A,~A ;)

16 Bits (D, ~D, ;, 3-state)

16 Bits x 18 times transfer

1 each (AE)

© Data valid

e Clock

® Used tempera-
ture

® Access time

@ Data transfer
rate

® Interface

® Power supply
voltage

® Power con-
sumption

o Package

o Memory cell

1 each (DV, open collector output)
1 each (¢r) DC ~ 1.5MHz
Ta=0~70°C

10 us MAX

22 ps/character

TTL level

5V single power supply (+5%)
700 mW TYP

Side-brazed 40-pin DIP
Multi-gate ROM

This specification is subject to change without notice

PIN CONFIGURATION
(Top View)

Vee

Ag~A 3 Address input
D,~D,s: Dataoutput

AE: Address enable

DV: Data valid output

@7 Clock input

: Power supply voltage (5V)
Vgg: GND (OV)

(Note) Connect all Vo and Vgg terminals.
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FUNCTIONAL BLOCK DIAGRAM
- —=O DV
] Timing |y 0 A€
r— circuit O or
- l
1 O—f N N —0 Do
:2 o Decoder IM Bit cell array \ E::: ——o15;
Ay O— 14 bit oD
As O—or] |—=0 D3
As O—ef [—ODs
Ay O—1 ';:f:'“ Selector N g::z:‘ oD
A; O—df 1/ —=0Ds
Ay O—ef —0 D,
Ay O—ef —ln
0 Dy
Al O—e N LN N
A Ocoder | IM Bit cell array 1[:::, -0 Dj
Atz O] 14 bit =00,
Ay O—ef 0 Du
_—O D:
f —-ors
|0 tj:
ABSOLUTE MAXIMUM RATINGS
(Ta=25°C)
Rating Symbol Conditions Value Unit
Power Supply Voltage Vce Respect to Vss -05 ~7-. \
Input Terminal Voltage VIN Respect to Vss -0.5 ~7 \"
Output Terminal Voltage VouTt Respect to Vss -05 ~7 v
Power Dissipation Pp 2 w
Operating Temperature Topr 0~70 °c
Storage Temperature Tstg -35~125 °C
RECOMMENDED OPERATING CONDITIONS
Specification value
Parameter Symbol Conditions - Unit
Min. Typ. Max.
Power Supply Voltage Vce 5V + 5% 4.75 5 5.25 \
Power Supply Voltage Vss 0 0 0 \
VIH Respect to Vss 2.0 5 6 Vv
Input Signal Level
ViL Respect to Vss | -0.5 0 0.8 Vv
Operating Temperature Topr 0 70 °c
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2 MASK ROM - MSM28101AAS m

DC CHARACTERISTICS
(Vee = 6V £5%, Ta= 0"C to +70°C)

Parameter Symbol Conditions Specification value Unit
Min. Typ. Max.
Output Signal Level VoH 'oH=-0.2mA 24 Vee v
voL loL =1.6 mA 0.4 \%
Input Leakage Current [N ViN=0 ~Vcc -10 10 rA
Output Leakage Current ILo xglEJIO: 2\7 Vee -10 10 uA
tRC=22us
Average Power Supply Current Icca tc=650 ms 170 mA
tAR=300 ns
Steady State Power Supply Current Iccs VaAEg=0.8V 170 mA
AC CHARACTERISTICS
TIMING CONDITIONS
Parameter Conditions
Input Signal Level ViH = 2.0V, V|_= 0.8V
Input Rising, Falling Time tr=t=15ns
Input Timing Level 1.5V
Loading Condition CL =50 pF, 1TTL Gate
READ CYCLE
(Vee = BV £5%, Ty = 0°C to +70°C)
Parameter Symbol Conditions Specification Value Unit
Min. Typ. Max.
Read Cycle Time tRC 22 uS
Address Setting Time tAS V] ns
AE Pulse Width tAE 300 ns
Address Retaining Time tAH 100 ns
DV Access Time tVA 10 uS
DV Delay Time tvD 150 ns
DV Retaining Time tvH 100 ns
¢ Pulse Width tH 200 ns
¢71 Delay Time T 450 ns
Output Retaining Time tDH 50 ns
AE Setting Time tAES 0 ns
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ADDRESS
VALID DON'T CARE
(A, ~Ays)
IAST=—1AE tAH
AE 7 1
tRC
VA tAES
ov \ (Note 1 iNote 2)f
tH D oot —— —etty H—
(Note 3) M\ ?'\ [
1 2\ 18 19
. I RS W A0
T DH
(Note 3) ‘ 77 ) 777
D ouT / /
S 1 17 18
(0,~D;) 9 N\t ‘ L
High Impedance (Nots 4) High Impedance
(Note 1) DV is determined by the falling of ¢r.
(Note 2) DV changes with the falling of ¢r.
(Note 3)  ¢r and Dn DATA are repeated 18 times during DV is Low.
(Note 4)  The Dn timing levels are 2.0V and 0.8 V.
(Note 5)  Sometimes it will not normally operate unless input is made at least once with
E as the dummy after input of power supply.
(Note 6) DV is an open collector output and Dn is a 3-stage output.

INPUT/OUTPUT CAPACITANCE

(Ta=25°C, f= 1 MHz)

Specification value
Parameter Symbol Conditions Unit
Min. Typ. Max.
Input Capacitance (excluding AE) CIN ViN = OV 8 pF
Input Capacitance (AE terminal) CIN VN = OV 15 pF
Output Capacitance CouT VouTt =0V 8 pF
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FUNCTIONAL CHARACTERISTICS

Parameter Specification Unit Remarks
Font Type 18 lines x 16 strings dot matrix
Output Mode 16 bits x 18 times transfer (Note 1)
Number of Generating
characters 3418 Word
0 ~ 7 (Non chinese-character area) s
Storage Character Range 16 ~ 47 (JIS 1st standard) Partition (Note 2)

(Note 1)  The correspondence of the 18 lines x 16 strings matrix and the data out pins are as shown in the diagram
below.
Output for the character portion will be Low (V| ) and the output for the background portion will be
High (Von).

16 lines
7_ . t=A71
t=A712
|
|
|
|
|
|
|
18 |
strings |
|
|
|
|
|
|
|
|
t=A7117
t=A718

Data out pins

(Note 2)  The correspondence of the 1st and 2nd bytes of JIS C 6226 and the address pins are as shown below.

Second byte First byte
JIS C 6226
b, | by | bs | by | by | by | by | b, | bg | by | by | by | by | by
Address Pin Al AL An | A A, Ag A, Aq As A, As A, A, Ao
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OXK X semiconductor
MSM28201AAS

1M BIT MASK ROM FOR JAPANESE-CHARACTER PATTERN (E3-S-033-32)

GENERAL DESCRIPTION

The MSM28201AAS is a 1M-bit mask ROM employing an N-channel silicon gate MOS process, and with 3760 Japa-
nese-characters (kanji conforming with JIS No. 2 standards) incorporated in single chip.

With this large capacity, 3760 Japanese-character patterns can be generated in a single chip. And by only a single
input of JIS Japanese-character code via the address pin, 18-row x 16-column dot matrix character forms can be
obtained from the data output pin, making this device ideal for construction of functionally versatile Japanese-charac-
ter terminals.

The power supply voltage is 6V single, the input level TTL compatible, outputs are tri-state data out, and data valid
is denoted by open collector. The device is mounted in a 40-pin DIP.

FEATURES
® Function . . .. ... 18 x 16 chinese-character font ® Address enable . . . 1 (AE)
output e Datavalid ...... 1 (DV, open collector output)
® Configuration . . . . Duplex configuration employing ®Clock . ........ 1 (¢T) DC to 1.5MHz
defect permissible technique ® Operating tempera-
e Storage capacity . . . 1082880 bits ture . . ... .. ... Ta=0"C to 70°C

® Number of generated @~ eAccesstime .. ... 10 us MAX.

characters . .. ... 3384 characters
® Accommodation. . . Japanese-character encoded
character region partitions 48 to 87 for JIS
data processing.
... 14bits(A, toA;)
..... 16 bits (D, to D, tristate)
. . . 16 bit x 18 transfers

® Address input .
e Data output
® Output mode

® Data transfer rate . . 22 us/character

® Interface . . .. ... TTL level

© Power supply voltage 5V single (+5%)

® Power consumption , 700 mW TYP

® Package Side-brazed 40-pin DIP
Multi-gate ROM

PIN CONFIGURATION

(Top View)

Vss (]
Vss[2]
AE [3]
Vee[3]
Ay (]
A 6]
Ay O
Ay [E]
A, [9]
Ag [i0]
A, [
As [12]
As [13]
A, 4]
A, (1]
A, 16}
A,
A, (8]
vee[9]
Vss 29

U/

[40 D
[38] D
138 D13
57) D2
[36] D1y
135] Do
[33] s’
33 Ds
132] ¢r
31 vee
130 vgs
129 bV
128D,
27156
126] D5
125 D,
24D,
231D,
122D,
|21 5,

Address inputs

Data outputs

Address enable

Data valid output

Clock input

Power supply voltage (5 V)
GND (0 V)

Note: All Vss pins are to be connected
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= MASK ROM -MSM28201AAS =

FUNCTIONAL BLOCK DIAGRAM

O DV
r " Timing O AE
— circuit O ¢r
Ay O—f l .
AL O— _[\ __I\ —O Do
) AN Data D,
A O Decoder IM Bit cell array e —=0D,
/ V/ / L—=O 2
Ay O—= 14 bit o
A; O Ds
Ac O—oi oy
Address Output =0 Dy
:" O] Buter Selector buffer | o p;
A O—l =015
A, O— O Ds
o O D,
:m Decoder IM Bit cell array / :::;: —=ODuw
V v O Dy,
A O—= 14 bit
A O— —O D
oy
f 1 oo
| ——oD:
ABSOLUTE MAXIMUM RATINGS
(Ta=25°C)
Rating Symbol Conditions Value Unit
Power Supply Voltage Vcee Respect to Vss -0.5~7 \
Input \loltage Vi Respect to Vss -0.5~7 \"
Output Voltage Vo Respect to Vss -0.5~7 \%
Power Dissipation Pp 2 w
Operating Temperature Topr 0~70 °c
Storage Temperature Tstg -35~125 °C
RECOMMENDED OPERATING CONDITIONS
R Val
Parameter Symbol Conditions ange vaue Unit
Min Typ Max
Power Supply Voltage Vce 5V 5% 4.75 5 5.25 \%)
Power Supply Voltage Vss 0 0 0 \)
“H" Input Voltage VIH Respect to Vss 2.0 5 6 \%
“L" Input Voltage ViL Respect to Vss -0.5 0 0.8 \
Operating Temperature Topr 0 70 °c
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DC CHARACTERISTICS
(Voo =5V 5%, Ta= 0°C to +70°C)

Parameter Symbol Conditions Range Value Unit
Min. Typ. Max
““H" Output Voltage VOH IoH - -0.2 mA 2.4 Vee \Y
“L" Output Voltage VoL loL=1.6 mA 0.4 \
Input Leakage Current [IN] V=0~ Vce -10 10 HA
Output Leakage Current ILo \\;25:3(:3\\//0(: _10 10 A
Average Power Supply Current Icca ::g : 2(2)5:; t€ =650 ns 170 mA
Rated Power Supply Current Iccs VAE = 0.8V 170 mA
AC CHARACTERISTICS
TIMING CONDITIONS
Parameter Conditions
Input Signal Level ViH=2.0V, V| =08V
Input Rise/Fall Time tr=tf=15ns
Input Timing Level 1.5V
Output Load C=50pF, 1TTL Gate
READ CYCLE
(Vce =5V £5%, Ta= 0°C to +70°C)
Parameter Symbol Conditions Specification Vafus Unit
Min. Typ. Max.
Read Cycle Time tRC 22 uS
Address Setting Time tAS 0 ns
AE Pulse Width tAE 300 ns
Address Retaining Time tAH 100 ns
DV Access Time tVA _ 10 uS
DV Delay Time tvD 150 ns
DV Retaining Time tVH 100 ns
¢T Pulse Width tH 200 ns
¢T1 Delay Time t 450 ns
Output Retaining Time tDH 50 ns
AE Setting Time tAES 0 ns
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Address ’
DON'T CARE
(Ag~A.) VALID
tAS tAE tAH
' R
AE 7 7Z
RC
tvA tAES

I x (Note 1) {Note 2)//
DV ( 7

tH Dl |, tVH
(Note 3) /_\ ﬁ
oT / \ 1 X ?[{ 1 7[2—3( ,)1:\“ 7'19 (
L

{Note 3) tc
D OuUT / >< 7
P 1 1w 18
(Dy~Dy5) ; \ @ //

High Impedance (Note 4) High Impedance

Notes: 1. DV is determined by the ¢T falling edge.

2. DVis changed by the ¢T falling edge.

3. ¢T and DnDATA are repeated 18 times when DV is low.

4. Dn timing levels of 2.0V and 0.8V.

5. Normal operation may not be possible unless there is at least one AE dummy input after
the power is switched on.

6. DV denotes open collector output, and Dn the tristate output.

INPUT/OUTPUT CAPACITANCE
(Ta=25°C, f=1 MHz)

Range Value
Parameter Symbol Conditions - Unit
Min. Typ. Max.
Input Capacitance (excluding AE) C) V=0V 15 pF
Input Capacitance (AE pin) Cy V=0V 35 pF
Output Capacitance Co Vo=0V 10 pF
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FUNCTIONAL CHARACTERISTICS

Parameter Range Unit Remarks
Font Format 18-row x 16-column dot matrix
Output Mode 16 bit x 18 transfers {Note 1)
Number of Characters Generated 3384 Word
48~87 (JIS No.2 standard) Partition (Note 2)

Character Accommodation Region

Note 1. The relation between the 18-row x 16-column matrix and the data output pins is outlined below. The output
is low (V) for the character portion, and high (Vo) for the background area.

16 columns

18 rows

Note 2. The address pins are related to the JIS C6226 no.1 and no.2 bytes in the following way.

No.2 byte No.1 byte
JIS C 6226
b, | by b b, b, b, b, b, b, by b, b, b, b,
Address Pin A AL (AL (AL A | A | A | A | Ay | A, | A . | A A,
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OKI semiconductor

MSM53256RS

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 operatas on a 5V
single power supply and all inputs and outputs are TTL compatible. The adoption of an asynchronous system in the
circuit requires no external clock assuring extremely easy operation. The availability of power down mode contri-
butes to the low power dissipation when the chip is not selected. The application of a byte system is most suitable
for use as a large capacity fixed memory for microcomputers and data terminals.
Since it provides signals, the connection of output terminals of other chips with the wired OR is possible ensuring an
easy expand operation of memory and bus line control.

FEATURES

@ 256k bits: 32,768 words x 8 bits

@ High speed: access time 150 ns max

® Low power: active current 15 mA max
standby current 0.1 mA max

e Wide tolerance operating: Vcc = 5V + 10%

© Fully static operating: using no clock

@ Fully TTL compatible
e Pin compatible to 256k EPROM
o Packaged to 28 pins plastic

® Fabricated with CMOS silicon gate technology

PIN CONFIGURATION

(Top View)

CS : Chip select

OE : Output enable

Vce, Vss @ Power supply voltage
A,~A;; : Address input
D,~D, : Data output

CE : CHip enable

Note: CS active level is specified
by customer.

FUNCTIONAL BLOCK DIAGRAM

Ay 30—t
A, 30—y
Ayq O—=|

X
decoder
Address

Lt

buffer

decoder

Ll

l

Address Transition
Detector

Memory cell
Matrix

32768 x 8 bit

=0 Vec

=0 Vss

-

Multiplexer

Sense Amp &
Out Output Buffer

OE CE

Control

$838 5T T

DD, D, D3 D4 D Dg D,
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= MASK ROM -MSM53256RS =

ABSOLUTE MAXIMUM RATINGS

(Ta = 25°C)
Rating Symbol Value Unit Conditions

Power Supply Voltage Vee -03to7 \% Respect to Vgg
Input Voltage V) -0.3 to Vec + 0.3 \ Respect to Vg
Output Voltage Vo -0.3 to Vec +0.3 \ 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

Vee - 4.5 5 55 \
Power Supply Voltage

Vs - 0 (o] 0 \

ViH - 2.2 5 |Vec+0.3| V
Input Signal Level

ViL - -0.3 0 0.8 \%

\ 1 =-400 uA 2.4 - - v
Output Signal Level OH OH

VoL loL=2.1mA - - 0.4 \%
Input Leakage Current N} V| =0V or V¢ -10 - 10 HA
Output Leakage Current Lo Xg:v?o\i :;;(/:‘t::d -10 - 10 HA

Vce = Max. |g =0 mA,
| - - mA
CCA tc =150 ns 15
Power Supply Current Iccs Vce = Max. CE = Vec - 0.2V]| — - 0.1 mA
Vee = Max.

Icest CE = V|4 min. - = 0.5 mA

Operating Temperature Topr - 0 - 70 °Cc
AC CHARACTERISTICS
TIMING CONDITIONS
Parameter Conditions

Input Signal Level

ViH =24V, V|_=06V

Input Rising, Falling Time

tr=tf=15ns

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 = BV £10%, Vgs = 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 Enabkle R
E 150 ns
Access Time AC
Output Delay Time tco 50 ns
Output Setting Time tLz 10 ns
Output Disable Time tHZ 10 50 ns
Output Retaining Time tOH 10 ns
1) READ CYCLE-1""
- te
Address >< ><
tAA
s (3) _ﬂ“\—tco——
cs o' OE A | toH=—]
tLz (4)
|.._. tHz ——=
( SN

2) READ CYCLE-2??

tc
CE \ /
tACE .
— —] 4
[+ (3) \\ tco /
cs°r OF NG V4
- > ‘tHZ“)
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 are shown in the negative logic here, however the active level is freely selected.
tco and t|_Z are determined by the later CE 'L, OE "L or CS “'L"".

tHz is determined by the earlier CE “'H", OE "“H’’ or CS ""H"".

tHz shows time until floating therefore it is not determined by the output level.

INPUT/OUTPUT CAPACITANCE
(Ta =25°C, f = 1 MHz)

Specification
Parameter Symbol Value Unit Remarks
Min. Max.
Input Capacitance Cy 8 pF V=0V
Output Capacitance Co 6 pF Vo=0V

400



OKI semiconductor

MSM531000RS

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

® 5V single power supply @ 3-state output

® Access time: 250 ns MAX

® Input/outout TTL compatible

® 28-pin DIP

PIN CONFIGURATION

(Top View)
A.s[ 1 Vee
Anfl 2 27[JA, 4
Al 3 26[]A,;
Adl 4 25[J Ay
Al 5 24[] A,
Ad] 6 23f]A.,
Al 7 22]]A,,
Adf 8 21fJA,,
Al o 20[JCE
Ad] D,
Do[ Ds
D,[ Ds
D] D,
Vss|] D;

Vee, Vss : Power supply voltage
Apy~A,;; : Addressinput
Dy~D, :  Data output

:  Chip enable

FUNCTIONA

L BLOCK DIAGRAM

Ap O——wni
A; o—edf

A; O—ef
Ay O—if
As O
As O—of
A; O
Ay o—f
Ay o—ep
Ao O—e]
Ay o—d
Ay 20—
A} 3 O—=f
Ay O——onf
Als O
Als

x

decoder
Address

buffer

Y
decoder

L L T

Memory cell ——0 Vee
Matrix =0 Vss
131072 x 8
Multiptexer
CE = oOCE
Control
Output buffer

ST T

Do D, D, D3 D4 Ds Dg D,
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ABSOLUTE MAXIMUM RATINGS

(Ta = 25°C)

Rating Symbol Value Unit Conditions
Power Supply Voltage Vce -0.3to07 \ Respect to Vg
Input Voltage 7 -0.3 to Vec +0.3 \" Respect to Vgg
Output Voltage Vo -0.3 to Vec +0.3 \% 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.
Vee - 45 5 5.5 \
Power Supply Voltage
PPy d Vss - 0 [ 0 \
ViH - 2.2 5 |Vec+03| V
Input Signal Level
put>ie ViL - -0.3 0 0.8 \
V IoH = -400 uA 2.4 - - Vv
Output Signal Level oH
VoL loL=2.1mA - — 0.4 \%
Input Leakage Current TN Vi =0V or Ve -10 — 10 HA
Output Leakage Current Lo ::/r?'::o\i gl;::::d -10 - 10 MA
Vce = Max. g =0 mA,
| —_ _— mA
cea tG = 250 ns 15
Power Supply Current Iccs Vce = Max. (ﬁ =Vcc-02V| - — 0.1 mA
Vce = Max.
lcest CE = V|y min. - - 05 mA
Operating Temperature Topr - 0 - 70 °C
AC CHARACTERISTICS

TIMING CONDITIONS

Parameter Conditions
Input Signal Level Vg =24V,V|_ =06V
Input Rising, Falling Time tr=tf=15ns

Timing Measuring Point Voltage

Input Voltage=1.5V

Output Volitage=0.8V & 2.0V

Loading Condition

CL=100pF +1TTL
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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 te 250 - - ns
Address Access Time tAA - - 250 ns
Chip Enable
tACE - - 250 ns
Access Time
Address Setting Time tAS 0 - - ns
Output Setting Time twz 10 - - ns
Output Disable Time tHZ 10 - 80 ns
Output Retaining Time tOH 10 - - ns
READ CYCLE
tc
Address ‘< ><
/]
TAA
>t
tas | tACE _ OH
CE N %
/| Note1
otz . tHZ
Dout >< Valid Data }—-

Note: tpz 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 C - 8 pF V=0V
Output Capacitance Co - 6 pF Vo=0V
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MOS EPROMS

MSM2764A
MSM27128A
MSM27256
MSM27512AS
MSM271000
MSM271024
MSM27C1024
MSM2764AZB-RS
MSM27128AZB-RS
MSM27256ZB-RS
MSM27512ZB-RS

8,192-Word x 8-Bit EPROM (NMOS) .........cceiiriiiinnenn. 407
16,384-Word x 8-Bit EPROM (NMOS) ......c.ovevnininiennnnn 413
32,768-Word x 8-Bit EPROM (NMOS) .......ccevviiirnirennns 419
65,5636-Word x 8-Bit EPROM (NMOS) ............... e 425
131,072-Word x 8-Bit EPROM (NMOS) .......ccocuviinninnnnes 430
65,536-Word x 16-Bit EPROM (NMOS) ........coovvinriinnnes 436
65,5636-Word x 16-Bit EPROM (CMOS) ........ccvvininnninns 442
8,192-Word x 8-Bit OTP ROM (NMOS) ........cvvirnennnnnn 448
16,384-Word x 8-Bit OTP ROM (NMOS) ........ccoveiiinnnns 453
32,768-Word x 8-Bit OTP ROM (NMOS) .......cooevvunnieenn 458

65,536-Word x 8-Bit OTP ROM (NMOS) .......ccocuiminnnnne 463



OKI semiconductor
MSM2764A

8192 X 8 BIT UV ERASABLE ELECTRICALLY PROGRAMMABLE
READ-ONLY MEMORY

GENERAL DESCRIPTION

The MSM2764A is a 8192 words x 8 bit ultraviolet erasable and electrically programmable read-
only memory. Users can freely prepare the memory content, which can be easily changed, so the
MSM2764A is ideal for microprocessor programs, etc. The MSM2764A is manufactured by the N
channel double silicon gate MOS technology and is contained in the 28 pin package.

FEATURES
® +5V single power supply @ Power consumption:
e 8192 words X 8 bit configuration MAX525 mW (during operation)
® Access time: MAX184 mW (during stand-by)
MAX 100 ns (MSM2764A - 10) o Perfect static operation
MAX 120 ns (MSM2764A - 12) e INPUT/OUTPUT TTL level
MAX 150 ns (MSM2764A - 15) (three state output)

MAX 200 ns (MSM2764A - 20)
MAX 250 ns (MSM2764A - 25)

FUNCTIONAL BLOCK DIAGRAM

00| 0-

Output buffers

PIN CONFIGURATION

(Top View) Vee
N . )
o e | Fn—— ro
Az E 27 PGM

V]
A- [3] 76) NG _ P
CE—* CE
Ae [4] 2] Ae Decoder
As 5] 24] As GND
A E 23] A1t OF | OE
As [7] 22] OE Input buffers

A2 E E Ao T T T
A+ E E CE AcAr _ _ _ _ __ Az
Ao E E O~
00 [[] 78] O6 This specification may be changed without notification.
0. [iZ] 7] Os
0 [T3] 6] 04
GND (7] 5] Os
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m EPROM -MSM2764A m
FUNCTION TABLE

Pins | &£ OE | PGM | vep | Voo
Mode (20) (22) 27) (1) (28) Outputs
Read ViL ViL ViH +5V +5V Dout
Output Disable VIL VIH VIH +5V +5V High impedance
Stand-by VIH - - +5V +5V High impedance
Program ViL VIH ViL +12.5V +6Vv DIN
Program Verify ViL ViL VIH +12,5v +6V Dout
Program Inhibit VIH - - +12.5V +6V High impedance

—; Can be either V|_or V|4

ABSOLUTE MAXIMUM RATINGS

Temperature Under Bias Ta . - 0°c~70°C
Storage Temperature Tstg oo —-55°C ~125°C
All Input/Output Voltages VINSVOUT - vveeieeeeenn —-0.6V ~13.5V
Vcc Supply Voltage VCC v -—0.6V~ 7V
Program Voltage VPP -0.6V ~ 14v
Power Assembly Voltage PD oo 1.5W

The voltage with respect to GND.

ELECTRICAL CHARACTERISTICS

<READ OPERATION>
RECOMMENDED OPERATION CONDITION

xggszwer Supply Vce 4.75 | 50 | 5.25 v
Vpp Voltage Vpp 475 | 50 | 5.25 VootV 5 v
V';It:gegel et ViH 20 | - | 625 e —rore Vgrchc— o v
‘\‘/lél,tléz‘éel nput ViL —-0.1 - 0.8 v

The voltage with respect to GND
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DC CHARACTERISTICS
(Voo =5V=+5%, Vpp =V, Ta =0°C ~ 70°C)

Limits
Parameter Symbol Conditions Unit
Min. Typ. | Max.

Input Leakage Current Iy VIN =5.25V - - 10 nA
Output Leakage Current Lo VouT =5.25V - - 10 nA
Ve Power Current (Stand-by) Icc; | CE=ViH - - 35 | mA
Vcc Power Current (Operation) lcc, | CE=v)_ - - 100 | mA
Program Power Current Ipp1 Vpp =Vgo — - 5 mA
Input Voltage “H” Level VIH - 2.0 - |Vgc+t| V
Input Voltage “L” Level ViL - -0.1 - 0.8 "
Output Voltage “H” Level VoH loH =—400 nA 2.4 - - v
Output Voltage “L” Level VoL loL=2.1mA - - 0.45 \

AC CHARACTERISTICS
(Voe =5V=£5%, Vpp = Vo, Ta = 0°C ~ 70°C)

Parameter Symbol  Conditions | 2764A-10 | 2764A-12 | 2764A-15 | 2764A-20 2764A-25 )
! Min. | Max. | Min.| Max.| Min. Max.| Min. | Max.| Min.| Max. Unit
. CE=0E=V,
t -E = L,
Address Access Time [tACC PGM = Vin - 100 | — 120 | — 150 | — 200 | — 250 | ns
E . OE = ViL
CE Access Time tCE PG = VI'H - 100 | — 120 | — 150 | — 200 | — 250 | ns
BE . CE=V,
1 I,
E Access Time OE PGM = Vg - 50 | — 50 | — 60 | — 70 | — 100 | ns
. . CE=V,
t I,
Output Disable Time [tDF PGM = Vin 1] 40 0 40 (0] 50 0 55 0 60 | ns
Measurement condition
Inputpulselevel .......................... 0.45V and 2.4V
Input timing reference level ............... 0.8V and 2.0V
Outputload .............................. 1TTL GATE + 100pF
Output timing referencelevel .............. 0.8V and 2.0V
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TIME CHART

'
Address input ><

N

fe—tcE —+

OE
Data output tacc /
N
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<PROGRAMMING OPERATION >

DC CHARACTERISTICS

(Vee =5.75V ~6.5V, Vpp = 12.5V 0.5V, Ta = 25°C+5°C)

@ EPROM - MSM2764A &

Limits
Parameter Symbol Conditions Unit
Min. Typ. | Max.
Input Leakage Current 1) VIN =5.25V - - 10 uA
Vpp Power Current Ipp CE=PGM =V|_ - - 50 | mA
Ve Power Current Icc - - - 100 mA
Input Voltage “H” Level VIH - 2.0 - |Vecc+t| V
Input Voltage “L” Level ViL - —0.1 - 0.8 \
Output Voltage “H” Level VoH loH =—400 A 2.4 - - \
Output Voltage “L” Level VoL | loL=2.1mA - - | 045 | v
AC CHARACTERISTICS
(Vce =5.75V ~ 6.5V, Vpp = 12.5V+0.5V, Ta = 25°C+5 °C)
Limits
Parameter Symbol Conditions Unit
Min. Typ. | Max.

Address Set-up Time tas - 2 - - us
OE Set-up Time toES - 2 - - us
Data Set-up Time tbs ~ 2 - - us
Address Hold Time tAH - 0 - - ns
Data Hold Time tbH - 2 - - us
33;?352?“6 to Output tpEp _ 0 _ 130 ns
Vpp Power Set-up Time tvs - 2 - - us
PGM Initial Program Pulse Width tpw Vce=6V10.25Vv 0.95 1.0 1.05 ms
PGM Program Pulse Width tpw Vce=6.25V+0.25V | 95 | 100 | 105 | us
PGM Overprogram Pulse Width topw | Vee=6V0.25v 285| — | 7875 | ms
CE Set-up Time tcES - 2 - - us
Data Valid from OE toE - - - 150 ns
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TIME CHART

<—tAS—'~[

4 !

Data ——< DATA INPUT
input/output N

la—tDS —
4

s \
Address ><
inpat X‘ ADDRESS N )

la— tyS —

e-tCES

tpH
~=toOPW r—tOES
le-tPW

CAPACITANCE
(Ta =25°C, f =1 MHz)
Parameter Symbol Conditions Min. Typ. Max. Unit.
Input Capacitance CIN VIN =0V - 4 6 pF
Output Capacitance CouTt VouyT =0V - 8 12 pF
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OK X semiconductor
MSM27128A

16384 X 8 BIT UV ERASABLE ELECTRICALLY PROGRAMMABLE
READ-ONLY MEMORY

GENERAL DESCRIPTION

The MSM27128A is a 16834 words x 8 bit ultraviolet erasable and electrically programmable read-
only memory. Users can freely prepare the memory content, which can be easily changed, so the
MSM27128A is ideal for microprocessor programs, etc. The MSM27128A is manufactured by the N
channel double silicon gate MOS technology and is contained in the 28 pin package.

FEATURES
® +5V single power supply e Power consumption: )
® 16384 words X 8 bit configuration MAX525 mW (during operation)
@ Accesstime: MAX184 mW (during stand-by)
MAX 100 ns (MSM27128A-10) e Perfect static operation
MAX 120 ns (MSM27128A-12) o INPUT/OUTPUT TTL level
MAX 150 ns (MSM27128A-15) (three state output)

MAX 200 ns (MSM27128A-20)
MAX 250 ns (MSM27128A-25)

FUNCTIONAL BLOCK DIAGRAM

0001 0~

Output buffers

PIN CONFIGURATION

(Top View) Voo
veo ]  ~~  [@vec | Fam—] Pam Y6364 x Bbit
A2 E 27) PGM Vop
A+ E [26] A1 .
* [ i Ao S s H-—Djor—j
As [5] 24] As GND
As E E At OE— » OE
Az [&] [27] Ao
A1 E 20) CE
Ao [i0] 5] O-
0o [[] 5] 06 This specification may be changed without notification.
0+ [iz] 7] Os
02 [i3] [16] O«
GND [14] 5] Os
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FUNCTION TABLE

Pins — — R
Mode (gg) 8; 7?%” \ﬁ)p \(/208(): Outputs
Read ViL ViL ViH +5V +5V Dout
Output Disable ViL VIH ViH +5V +5V High impedance
Stand-by ViH - - +5V +5V High impedance
Program VIL ViH ViL +12.5V +6V DIN
Program Verify ViL ViL VIH +12.5V +6V Dout
Program Inhibit ViH - - +12.5V +6V High impedance

—; Can be either V|_or V|4

ABSOLUTE MAXIMUM RATINGS

Temperature Under Bias Ta . —10°C ~80°C
Storage Temperature Tstg oo —55°C —125°C
All Input/Output Voltages VINNVOUT -+ v o —0.6V ~13.5V
Vcc Supply Voltage VCGC v e ~-0.3V ~7V
Program Voltage VPP o -0.6V — 14V
Power Assembly Voltage PD oo 1.5W

The voltage with respect to GND.

ELECTRICAL CHARACTERISTICS

<READ OPERATION >
RECOMMENDED OPERATION CONDITION

Limit .
Operating Remarks Symbol
Parameter Symbol Min. Tvo. | Max. Temperature y
Ve Power Supply
Voltage Vee 4.75 5.0 5.25 \"
Vpp Voltage Vpp 4.75 5.0 5.25 \
0°C — 70°C Vee=5V=+5%
“H” Level Input v 200 _ 6.25 - Vpp=VcC v
Voltage IH : :
“L” Level Input

The voltage with respect to GND
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DC CHARACTERISTICS
(Ve =5V+5%, Vpp =V, Ta = 0°C ~ 70°C)
Limits
Parameter Symbol Conditions Unit
Min. | Typ. | Max.

Input Leakage Current Lt VIN =5.25V - - 10 nA
Output Leakage Current ILo VouT =5.25V - - 10 nA
Vg Power Current (Stand-by) lcc, | CE=ViH - - 35 | mA
Vi Power Current (Operation) Icc. | CE=V|L - - 100 | mA
Program Power Current Ipp1 Vpp =Vce - - 5 mA
Input Voltage “H” Level ViIH - 2.0 - |Vgcc+1| V
Input Voltage “L” Level ViL - -0.1 - 0.8 \"
Output Voltage “H” Level VOH loH =—400 uA 2.4 - - \
Output Voltage “L” Level VoL loL =2.1 mA - - 0.45 v

AC CHARACTERISTICS

(Vcc =5V+5%, Vpp = Vg, Ta =0°C ~ 70°C)

b . Svembol  Conditi 27128A-10 | 27128A-12 | 27128A-15| 27128A-20 | 27128A-25 Unit
nattions
arameter ymbo © Min. | Max. |Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max. n
Address Access Time| tacc - OE=VIL,| _ | 400 | = | 120 | — | 150 | — | 200 | — | 250 | ns
PGM = V|
CE Access Time tCcE %ﬁ ZI\I/-M - |100| = | 120 — | 150 | — [200| — | 250 | ns
-— CE=V
i t == VIL, - - - - 70| — | 100
E Access Time OE PGM = Vi 50 50 60 0 ns
: : t CE=V|_
Output Disable Time| tDF ——_ “IL. 0 40| 0 40| 0 50 | 0 55| 0 60 | ns
PGM = V|
Measurement condition
Inputpulselevel .......................... 0.45V and 2.4V
Input timing referencelevel ............... 0.8V and 2.0V
Qutputload ............... ... ... 1TTL GATE + 100pF
Output timing referencelevel .............. 0.8V and 2.0V
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TIME CHART

Address input ><

jx

CE \
le—tCE —>
OE
toE tDF
N
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<PROGRAMMING OPERATION >

® EPROM -MSM27128A =

DC CHARACTERISTICS
(Vee =5.75V ~6.5V, Vpp = 12,5V £0.5V, Ta = 25°C+5°C)
Limits
Parameter Symbol Conditions Unit
Min. Typ. | Max.
Input Leakage Current Il VIN =5.25V - - 10 nA
Vpp Power Current Ipp CE=PGM =V,_ - - 50 | mA
Vcc Power Current Icc - - - 100 mA
Input Voltage “H” Level VIH - 2.0 - |Vecctl| V
Input Voltage “L” Level ViL - -0.1 - 0.8 \'
Output Voltage “H” Level VoH IOoH =—400 pA 2.4 - - \
Output Voltage “L” Level VoL loL=2.1mA - - 0.45 \
AC CHARACTERISTICS
(Vee =5.75V ~6.5V, Vpp = 12.5V£0.5V, Ta = 25°C+5°C)
Limits
Parameter Symbol Conditions Unit
Min. Typ. | Max.
Address Set-up Time tas - 2 - - us
"OE Set-up Time toES - 2 - - us
Data Set-up Time tps - 2 - - us
Address Hold Time tAH - 0 - - us
Data Hold Time tpH - 2 - - us
I(:)Igtapilgs;?ble to Output tDEP _ 0 _ 130 ns
Vpp Power Set-up Time tvs - 2 - - us
PGM Initial Program Pulse Width tpw Vec =6V x025v |[0.95 1.0 1.05 ms
PGM Program Pulse Width Py Vce =6.25V £0.25V 95 100 105 us
Overprogram Pulse Width tpwy Vee =6V £0.25V 2.85 - 78.75 ms
CE Set-up Time tCES — 2 — - us
Data Valid from OE o] = — - - 150 ns
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TIME CHART
Address h
input ADDRESS N ,><
ta
tAS H
| N
Data DATA INPUT DATA >
input/output / OuTPUT /]
tDFP

tDs — >
Vpp
_ tvs —»
CE //—'

tCES—»
PGM ———-—\

tbH
topw =—tOES
tpw
— [_—
OE /
CAPACITANCE
(Ta=25°C,f=1 MHz)
Parameter Symbol Conditions Min. Typ. Max. Unit.
Input Capacitance CiIN VIN =0V - 4 6 pF
Output Capacitance CouTt VouTt =0V — 8 12 pF
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OKI semiconductor
MSM27256

32768 x 8 BIT UV ERASABLE ELECTRICALLY PROGRAMMABLE
READ-ONLY MEMORY

GENERAL DESCRIPTION

The MSM27256 is a 32768 words X 8 bit ultraviolet erasable and electrically programmable read-
only memory. Users can freely prepare the memory content, which can be easily changed, so the
MSM27256 is ideal for microprocessor programs, etc. The MSM27256 is manufactured by the N
channel double silicon gate MOS technology and is contained in the 28 pin package.

FEATURES
® {5V single power supply ® Power consumption:
® 32768 words X 8 bit configuration MAX525 mW (during operation)
e Access time: MAX184 mW (during stand-by)
MAX 100ns (MSM27256-10) ® Perfect static operation
MAX 120 ns (MSM27256-12) e INPUT/OUTPUT TTL level
MAX 150 ns (MSM27266-15) (three state output)

MAX 200 ns (MSM27256-20)
MAX 250 ns (MSM27256-25)

FUNCTIONAL BLOCK DIAGRAM

000+ 0-

Output buffers

PIN CONFIGURATION

(Top View)
A

Vee

Memory matrix
78] Voo PGM 32768 x 8 bit

EAM

Vpp
[26] Ao —
CE—* CE
[25) Ae Decoder

[32] Ao " GND
E An _OE ———— OE
[32] O Input buffers

[27] Ao ? T T
E CE AoAv _ _ As
o-
Os This specification may be changed without notification.
7] 05
6] O«
5] 05
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FUNCTION TABLE

e CE OF vep vee Outputs
Mode (20) (22) (1) (28)
Read ViL ViL +5V +5V Dout
Output Disable ViL ViH +5V +5V High impedance
Stand-by VIH — +5V +5V High impedance
Program ViL VIH +12.5V +6V DIN
Program Verify ViH VIL +12.5V +6V Dout
Program Inhibit VIH VIH +12.5V +6V High impedance

—; Can be either V)_or V|

ABSOLUTE MAXIMUM RATINGS

Temperature Under Bias Ta .o o°c ~70°C
Storage Temperature Tstg ooovoo —-55°C ~125°C
All Input/Output Voltages VINNVOUT -+ eveeeeee —0.6V ~13.5V
Ve Supply Voltage VCC oo —0.6V ~7V
Program Voltage VEp —-0.6V ~ 14V
Power Assembly Voltage PD o 1.5W

The voltage with respect to GND.

ELECTRICAL CHARACTERISTICS
<READ OPERATION >
RECOMMENDED OPERATION CONDITION

Limit Operating
P bol !
arameter Symbo i, Tvo. | Max Temperature Remarks Symbo
V¢ Power Supply
Voltage Vce 4.75 5.0 5.25 )
Vpp Voltage Vpp 4.75 5.0 5.25 Vv
Vcc=5V=+5%
g 0°C ~70°C
H” Level Input , Vpp=Vcc

Voltage ViH 2.0 - 6.25 \
“L” Level Input
Voltage V"_ —-0.1 - 0.8 \

The voltage with respect to GND
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Output load

Output timing reference level

1TTL GATE + 100pF

0.8V and 2.0V

DC CHARACTERISTICS
(Voo =5V+5%, Vpp =Vgg, Ta =0°C ~ 70°C)
Limits
Parameter Symbol Conditions Unit
Min. Typ. | Max.
Input Leakage Current I VIN =5.25V - - 10 nA
Output Leakage Current ILo VouTt =5.25V - - 10 nA
V¢ Power Current (Stand-by) Icc, | CE=VIH - - 35 | mA
Vg Power Current (Operation) icc, | CE=VL - - 100 | mA
Program Power Current Ipp1 Vpp =V¢ce - - 5 mA
Input Voltage “H” Level VIH - 2.0 - |Vecg+1 v
Input Voltage “L’ Level ViL - -0.1 - 0.8 \'
Output Voltage “H” Level VOH | loH=-400pA 24 | - - v
Output Voltage “I.” Level VoL loL=2.1mA - - 0.45 \
AC CHARACTERISTICS
(Voo =5V+5%, Vpp =V e, Ta =0°C ~70°C)
27256-10 | 27256-12 | 27256-15 | 27256-20 | 27256-25
Parameter |Symbol| Conditions . T T T ax. | Min. | Max. | Min. | Max. | Min. | Max. | 2"
Address Access Time | tACC |CE=0OE=V, | — [ 100| — | 120| — | 180| — |200| — | 250 | ns
‘CE Access Time tcE  |OE=V|_ —|100| -] 120| —| 180| — |200| — | 250 | ns
‘OE Access Time t0E |CE=V|_ - | 50| - | 80| —| 60| — | 70| — | 100 | ns
Output Disable Time | tDF  |CE = Vj_ o | 40| o] 40| 0| 50| O 55| 0 60 | ns
Measurement condition
Inputpulselevel ................ ... 0.45V and 2.4V
Input timing referencelevel ............... 0.8V and 2.0V
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TIME CHART

Address input ><t

CE \

jx

le—tcE —

Data output

+——tAcC ——*

toe tpE
—
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< PROGRAMMING OPERATION >

DC CHARACTERISTICS

(Voo =5.75V ~6.5V/, Vpp = 12.5V+0.5V, Ta = 25°C=+5°C)

Limits
Parameter Symbol Conditions Unit
Min. | Typ. | Max.
Input Leakage Current ] VIN =5.25V - - 10 nA
Vpp Power Current Ipp CE=V|,OE=V|H| — - 50 mA
Ve Power Current ‘CC - - - 100 mA
Input Voltage “H” Level ViH - 2.0 - |Vecc+1| V
Input Voltage “L” Level ViL - -0.1 - 0.8 \"
Output Voltage “H” Level VOH loH =—400 uA 2.4 - - \
Output Voitage “L” Level VoL loL=2.1 mA - - 0.45 \
AC CHARACTERISTICS
(Vog =5.75V ~6.5V, Vpp = 12.5V+0.5V, Ta = 25°C+£5°C)
Limits
Parameter Symbol Conditions Unit
Min. Typ. | Max.

Address Set-up Time tas - 2 - - us
OE Set-up Time tOES - 2 - - us
Data Set-up Time tps - 2 - - us
Address Hold Time tAH - (o] - - us
Data Hold Time tDH - 2 - - us
'(:)lgtaelgggsble to Output tDEP _ 0 _ 130 ns
Vpp Power Set-up Time tvs - 2 - - us
CE Initial Program Pulse Width tpw Vee=6V10.25v [0.95 | 1.0 | 1.05 | ms
CE Program Pulse Width tpw Vce=6.25V10.25v | 95 100 105 | s
CE Overprogram Pulse Width topw Vee=6V#0.25Vv | 2.85 — | 78.75| ms
Data Valid from OE toE - - - 150 ns
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TIME CHART
4
Address >< ADDRESS N
input L
tAH
<—tAS—>|
4 | Y
DATA
Data ———< DATA INPUT >_—
input/output N _ ¥, ouTPUT
{DFP
le—tpg — -
'
Vpp /
le—tys —»
& —————
tpH.
topwe- =—tOES
tpw
— /S —
OE A
CAPACITANCE
(Ta =25°C,f =1 MHz2)
Parameter Symbol Conditions Min. Typ. Max. Unit.
Input Capacitance C VIN =0V - 4 6 pF
IN IN
Output Capacitance Cout Vout =0V - 8 12 pF
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OKI semiconductor

MSM27512

65536 X 8 BIT UV ERASABLE ELECTRICALLY PROGRAMMABLE
READ-ONLY MEMORY

GENERAL DESCRIPTION

The MSM27512 is a 65536 words X 8 bit ultraviolet erasable and electrically programmable read-
only memory. Users can freely prepare the memory content, which can be easily changed, so the
MSM27512 is ideal for microprocessor programs, etc. The MSM27512 is manufactured by the N
channel double silicon gate MOS technology and is contained in the 28 pin package.

FEATURES
e +5V single power supply o Power consumption:
® 65536 words X 8 bit configuration MAX525 mW (during operation)
® Access time: MAX184 mW (during stand-by)
MAX 120 ns (MSM27512-12) e Perfect static operation
MAX 150 ns (MSM27512-15) ® INPUT/OUTPUT TTL level
MAX 200 ns (MSM27512-20) (three state output)

MAX 250 ns (MSM27512-25)

FUNCTIONAL BLOCK DIAGRAM

000+ 0~

Output buffers

PIN CONFIGURATION

(Top View) Voo
¢ Memory matrix
" @ vee PGM 65536y>< 8 bit
Az E Ata
A~ @ Az —
CE —* CE
he 23] A — Decoder
Ao L] 29 Ao GND
A [6] EAI\ E/Vpp—’ OE
As 22] OE/Vpp Input buffers
Az[8] E Ao

A E CE AoAr _ _ As

Ao 9] O-

Oo 18] 06 This specification may be changed without notification.
[o]] 7] Os

O: [16] O«

GND 5] Os
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FUNCTION TABLE

Pins — —
CE OE/Vpp Vee
(20) (22) (28) Outputs
Mode
Read ViL ViL +5V Dout
Output Disable ViL VIH +5V High impedance
Stand-by VIH - +5V High impedance
Program ViL 12.5V +6V DiN
Program Inhibit ViH 12,5V +6V High impedance
—; Can be either Vj_or V|4
ABSOLUTE MAXIMUM RATINGS
Temperature Under Bias Ta..oooo 0°Cc ~70°C
Storage Temperature Tstg ..... e —55°C ~ 125°C
All Input/Output Voltages VINCVOUT «vvvveeeeeeninnn —0.6V ~13.5V
Ve Supply Voltage VGG oo —0.3V ~ 7V
Program Voltage VPP o —0.6V ~ 14V
Power Assembly Voltage PD oo 1.5W
The voltage with respect to GND.
ELECTRICAL CHARACTERISTICS
<READ OPERATION >
RECOMMENDED OPERATION CONDITION
Limit .
Parameter Symbol TOperatTg Remarks Symbol
Min. | Typ. | Max. | emperature
Ve Power Supply
Volgge Vocc | 475 | 50 | 5.25 v
“H” Level Input o — 70° —
Voltage VIH 2.00 - 6.25 | 0°C~70°C | Voc=5V+5% Vv
“L” Level Input
Voltage V"_ -0.1 - 0.8 \

The voltage with respect to GND
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DC CHARACTERISTICS
(Vo =5V£5%, Ta = 0°C ~ 70°C)

® EPROM - MSM27512®m

Limits
Parameter Symbol Conditions Unit
Min. Typ. Max.
Input Leakage Current N VIN =5.25V - - 10 nA
Output Leakage Current ILo VouT =5.25V - - 10 nA
Ve Power Current (Stand-by) Icc;, | CE=VH - - 35 | mA
V¢ Power Current (Operation) lcc, |CE=vy - - 100 | mA
Input Voltage “H” Level ViH - 2.0 - |Vcc+1| V
Input Voltage “L” Level ViL - -0.1 - 0.8 v
Output Voltage “H” Level VOH IoH =—400 uA 24 - - v
Output Voltage “L” Level VoL loL=2.1mA - - 0.45 \"
AC CHARACTERISTICS
(Voe =5V+5%, Ta = 0°C ~ 70°C)
27512- - B X
Parameter Symbol Conditions - 1212 2751215 2751220 27512-25 Unit
Min. | Max.| Min. | Max. | Min. | Max. | Min. | Max.
CE=0E/Vpp=
Address Access | yacc SI . Vep= | _ 20| - |80 | — |200 | — | 250 | ns
CE Access Time | tcg ‘OE/Vpp=V|_ - {120 — 11580 | — 200 | — | 250 | ns
‘OE Access Time tOE CE = ViL - 50 | — 60 | — 70 — | 100 ns
QutputDisable | o | TE = vy 0o (40| 0 |5 |0 |5 |0 | 60/ ns
Measurement condition
Inputpulselevel .......................... 0.45V and 2.4V
Input timing referencelevel ............... 0.8V and 2.0V
Outputload .................ccoiin... 1TTL GATE + 100pF
Output timing referencelevel .............. 0.8V and 2.0V
TIME CHART
Address input ><P X
1\ -
* N 2
L—tCE —
OE
—>toE tDF
Data output tacc /
N
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<PROGRAMMING OPERATION >

DC CHARACTERISTICS
(Voo =5.75V ~6.5V, Vpp = 12,5V £0.5V, Ta = 25°C*5°C)
Limits
Parameter Symbol Conditions Unit
Min. Typ. | Max.

Input Leakage Current ] VIN =5.25V - - 10 nA
Vpp Power Current Ipp CE=V|_ - - 50 | mA
Vg Power Current Icc - - - 100 mA
Input Voltage “H” Level VIH - 2.0 - |Vgc+1| V
Input Voltage “L” Level ViL - -0.1 - 0.8 \"
Output Voltage “H” Level VOH loH =—400 pA 2.4 - - \
Output Voltage “L” Level VoL loL=2.1mA - - 0.45 v

AC CHARACTERISTICS

(Vee =5.75V ~6.5V, Vpp = 12.5V*0.5V, Ta = 25°C £5°C)

Limits
Parameter Symbol Conditions Unit
Min. Typ. | Max.

Address Set-up Time tas - 2 - - us
Data Set-up Time tps - 2 - - us
Address Hold Time tAH - 0 - - us
Data Hold Time toH - 2 - - us
'C::Ea!inDag{:yto Output tDEP _ 0 _ 130 ns
Vpp Power Set-up Time tvs - 2 - - us
CE Initial Program Pulse Width tpw Vce=6V+0.25V | 0.95 1.0 1.05 | ms
‘CE Program Pulse Width tpw Vee=6.25V10.25vV| 95 | 100 | 105 | us
CE Overprogram Pulse Width topw Vec=6V+0.25V 2.85 - 78.75 | ms
OE/Vpp Hold Time tOEH - 2 - - us
Data Valid from CE tpv - - - 1 us
‘OE/Vpp Recovery Time tyR — 2 — - us
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TIME CHART
\
Address
input ><F ADDRESS N )(
R
tAS :AH
"4 3 - R
Data : DATA | g_____< DATA >_
input/output . A INPUT A X OUTPUT 7
tDs DV IDFP
4 N
OE/Vpp -—/ tvs tDH
tvr
tOEH
CE ———-5\ j
- tpw
toPw
CAPACITANCE
(Ta =25°C, f =1 MHz)
Parameter Symbol Conditions Min. Typ. Max. Unit.
Input Capacitance CIN VIN =0V - 4 6 pF
Output Capacitance Cout VouT =0V - 8 12 pF

429



OXK X semiconductor
MSM271000 .

131072 X 8 BIT UV ERASABLE ELECTRICALLY PROGRAMMABLE
READ-ONLY MEMORY

GENERAL DESCRIPTION

The MSM271000 is a 131072 words X 8 bit ultraviolet erasable and electrically programmable
read-only memory. Users can freely prepare the memory content, which can be easily changed, so
the MSM271000 is ideal for microprocessor programs, etc. The MSM271000 is manufactured by the
N channel doubie silicon gate MOS technology and is contained in the 32 pin package.

FEATURES
® 15V single power supply @ Power consumption:
e 131072 words X 8 bit configuration MAX525 mW (during operation)
® Access time: MAX184 mW (during stand-by)
MAX120 ns (MSM271000-12) e Perfect static operation
MAX150 ns (MSM271000-15) o [INPUT/OUTPUT TTL level
MAX200 ns (MSM271000-20) (three state output)
PIN CONFIGURATION
FUNCTIONAL BLOCK DIAGRAM
vep [1] ~
As E
Ais E
Az E 0001 0~
o[
As E
As E Vce
4 FET ) Memory matrix
a«[e] pom Pom 131072 X 8 bit
As E Vpp
Az E CE —{ CE I‘—r‘— I
Al E Decoder oD
Ao E Of ———%1 OE
Qo E Input buffers
0. 14l T f T
O2E AcAr — - - - A
VSS E This spectfication may be changed without notification.
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FUNCTION TABLE
Pins — J— R
CE OE PGM Vpp Vee
(22) (24) @1) (1) 32) Outputs
Mode
Read ViL ViIL - - +5V Dout
Output Disable ViL VIH - - +5V High impedance
Stand-by VIH - - - +5V High impedance
Program ViL ViH VIL +12.5V +6V DIN
Program Verify ViL ViL VIH +12.5V +6v Dout
Program Inhibit VIH - - +12.5V +6V High impedance
—; Can be either V|_or V|H
ABSOLUTE MAXIMUM RATINGS
Temperature Under Bias Ta oo o’c ~70°C
Storage Temperature Tstg ovvveeei e —556°C ~125°C
All Input/Output Voltages VIN,VOUT «+veverevnernnnns —0.6V ~ 13.5V
Ve Supply Voltage VOGC tvv et -0.6v~7V
Program Voltage VPP oo —0.6V ~ 14V
Power Assembly Voltage PD oo 1.5W
The voltage with respect to GND.
ELECTRICAL CHARACTERISTICS
<READ OPERATION >
RECOMMENDED OPERATION CONDITION
Limit .
Operating
Parameter Symbol i Tvo. | Max. Temperature Remarks Symbol
Ve Power Supply
Voltage Vce 4.75 5.0 5.25 \"
Vpp Voltage Vpp -0.1 - |Vec+1 Vv
g 0°C ~70°C | Voo=5V=+ 5%
H” Level Input cC
Voltage VIH 2.0 - 6.25 Vv
“L"” Level Input
Voltage ViL -0.1 - 0.8 \"

The voltage with respect to GND
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DC CHARACTERISTICS
(Vg =5V+5%, Ta =0°C ~ 70°C)
Limits
Parameter Symbol Conditions Unit
Min. Typ. Max.
Input Leakage Current I VIN =5.25V - - 10 | uA
Output Leakage Current ILo VouTt =5.25V - - 10 nA
Vo Power Current (Stand-by) Icc, CE=ViH - - 35 mA
Vg Power Current (Operation) Icc. CE=V|_ - - 100 mA
Program Power Current Ipp 1 Vpp =Vgce - - 10 A
Input Voltage “H” Level VIH - 2.0 - |Vecc+1| V
Input Voltage “L” Level ViL - -0:.1 - 0.8 \'
Output Voltage “H” Level VoH IoH =—400 nA 2.4 - - \Y
Output Voltage “L” Level VoL loL=2.1mA - - 0.45 \
AC CHARACTERISTICS
(Vo =5V+£5%, Ta =0°C ~70°C)
271000-12|271000-15|271000-20
Parameter Symbol Conditions Unit
Min. | Max. | Min. | Max. | Min. | Max.
Address Access Time tacc |CE=0E=V|_ - 120 | — 1560 | — | 200 ns
CE Access Time tcE OE =V|_ - |120| - 150 — | 200 | ns
OE Access Time tOE CE=vV|_ - 50 | — 60| - 70 | ns
Output Disable Time tDE CE=V)_ o] 40| 0 50| O 55| ns

Measurement condition

Inputpulselevel ..........................
Input timing referencelevel ...............
Outputload .................ccoiiiiiin..
Output timing referencelevel ..............
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TIME CHART

Address inp:><
R
CE \

fe—tcE—»

OE

to tpD

Data output tacc

I

433



m EPROM -MSM271000 =

<PROGRAMMING OPERATION >

DC CHARACTERISTICS

(Voo = 5.25V ~6.5V, Vpp = 12.5V+0.5V, Ta = 25°C=+5°C)

Limits
Parameter Symbol Conditions Unit
Min. Typ. | Max.
Input Leakage Current 1Ly VIN =5.25V - - 10 nA
Vpp Power Current Ipp CE=PGM =V|_ - - 50 | mA
Vcc Power Current Icc - - - 100 mA
Input Voltage “H” Level ViH - 2.0 - |VecctHt| V
Input Voltage “L” Level ViL - -0.1 - 0.8 v
Output Voltage “H” Level VOH loH =—400 uA 2.4 - - v
Output Voltage “L” Level VoL loL=2.1mA - - 0.45 \
AC CHARACTERISTICS
(Voc =5.25 ~6.5V Vpp = 12.5V+0.5V, Ta = 25°C=+5°C)
Limits
Parameter Symbol Conditions Unit
Min. Typ. | Max.

Address Set-up Time tas - 2 - - us
OE Set-up Time toEs - 2 - - us
Data Set-up Time tps - 2 - - us
Address Hold Time tAH - 0 - - us
Data Hold Time tpH - 2 - - us
’C:)Igtagtgflg;xble to Output tDEP _ 0 _ 130 ns
Vpp Power Set-up Time tvs - 2 - - us
PGM Initial Program Pulse Width tpw Vee=6V10.25V 0985 | 1.0 | 1.05 | ms
Program Pulse Width tpw Vce=6.25VH0.25V 95 | 100 105 us
Over Program Pulse Width toPW Vee=6V10.25V 2.85 78.75 ms
CE Set-up Time tCES 2 — us
Data Valid from OE toE - 150 ns
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TIME CHART
Address h
input ADDRESS N )
tAs
I
Data DATA INPUT
input/output
tps —
Vpp
tys —»
CE /!____.._.
tCES-»
PGM —_—\
\k_7 tpH
[etoPWs r+—tOES
tPW -»|
~E ‘
OE /
CAPACITANCE
(Ta =25°C, f =1 MHz)
Parameter Symbol Conditions Min. Typ. Max. Unit.
Input Capacitance CIN VIN =0V - 4 6 pF
Output Capacitance Court VouT =0V - 8 12 pF
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OKI semiconductor

MSM271024

65536 x 16 BIT UV ERASABLE ELECTRICALLY PROGRAMMABLE
READ-ONLY MEMORY

GENERAL DESCRIPTION

The MSM271024 is a 65536 words X 16 bit ultraviolet erasable and electrically programmable
read-only memory. Users can freely prepare the memory content, which can be easily changed, so
the MSM271024 is ideal for microprocessor programs, etc. The MSM271024 is manufactured by the
N channel double silicon gate MOS technology and is contained in the 40 pin package.

FEATURES

® +5V single power supply @ Power consumption:

@ 65536 words X 16 bit configuration MAX 630 mW (during operation)

® Access time: MAX184 mW (during stand-by)
MAX120 ns (MSM271024-12) e Perfect static operation
MAX150 ns (MSM271024-15) @ INPUT/OUTPUT TTL level
MAX200 ns (MSM271024-20) (three state output)

PIN CONFIGURATION
FUNCTIONAL BLOCK DIAGRAM

vop [1] ~ 40] Vee
¢ 2] [39] FGM
0 [3] 38] NC
OME E Ais
Ou E 36] A
Oz E E] As

O E E Az
OtoE EAH

0001 O1s

Os E @ Ao - Vce
R pGM Memory matrix
0s [i0] 31] A PGM — 65536 X 16 bit
vss [ 39 vss vep

o~ E E As CE —— CE
0 [13] 28] A-
o -

OSE % 25 BT of Input buffers

4 26| As

OSE E As /Iolu o= ATus
0O: E E As '
o, E :23 As This specification may be changed without notification.
Oo E E A

<— —-—~ GND

436



= EPROM -MSM271024 »

FUNCTION TABLE
Pins | ce OF PGM Vpp v
CC
@) (20) (39) (1) (40) Outputs
Mode
Read ViL ViL - - +5V Dout
Output Disable ViL VIH - - +5V High impedance
Stand-by VIH - -~ — +5V High impedance
Program VIL ViH ViL +12.5V +6V DIN
Program Verify ViL ViL VIH +12.5V +6V Dout
Program Inhibit VIH = - +12.5V +6V High impedance
—; Can be either V|_or V|4
ABSOLUTE MAXIMUM RATINGS
Temperature Under Bias Ta . oo 0°c ~70°C
Storage Temperature Tstg oo —-55°C ~125°C
All Input/Output Voltages VINGVOUT -+ vevenvennnnnn —-0.6V ~ 13.5V
Vcc Supply Voltage VOC v vveiiiiiiieeas —0.3V ~7V
Program Voltage L7 o] o T —0.6V ~ 14V
Power Assembly Voltage PD oo 1.5W
The voltage with respect to GND.
ELECTRICAL CHARACTERISTICS
<READ OPERATION >
RECOMMENDED OPERATION CONDITION
Limit .
Operating
Parameter Symbol in. vo. | Max. Temperature Remarks Symbol
Vg Power Supply
Voltage Vce 4.75 5.0 5.25 v
Vpp Voltage Vpp -0.1v| — |Veet+1 Vv
0°C ~70°C | Vog=5V=+0.25V
“H” Level Input
Voltage VIH 2.00 - 6.25 \"
“L” Level Input
Voltage ViL -0.1 - 0.8 \

The voltage with respect to GND
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DC CHARACTERISTICS

(Vog =5V+5%, Ta =0°C ~ 70°C)

Limits
Parameter Symbol Conditions Unit
Min. | Typ. | Max.
Input Leakage Current Iy VIN =58.25V - - 10 nA
Output Leakage Current Lo Vout =5.25V - - 10 nA
Ve Power Current (Stand-by) lcc, | CE=Vjy - - 35 | mA
Ve Power Current (Operation) lcc. | CE=V|L - - 120 | mA
Program Power Current Ipp+ Vpp =Vce - - 10 wA
Input Voltage “H” Level VIH - 2.0 - |VgcH+1| V
Input Voltage “L” Level ViL — —0.1 - 0.8 \
Output Voltage “H” Level VOH loH =—400 A 2.4 - - %
Output Voltage “L” Level VoL loL=2.1mA - - 0.45 v
AC CHARACTERISTICS
(VoG =5V+5%, Ta=0°C ~70°C)
271024-12 |271024-15|271024-20
Parameter Symbol Conditions Unit
Min. {Max. | Min. [ Max. | Min. | Max.
Address Access Time tacc |CE=0OE=vVy, | — [120| — | 150 | — | 200 ns
CE Access Time tcE OE =V, - |120| — | 150| — | 200 | ns
OE Access Time toE CE=V|_ - 50 | — 60 | — 70| ns
Output Disable Time tpF CE=V|L 0 |"40| O 50| 0O 55| ns
Measurement condition
Input pulselevel .......................... 0.45V and 2.4V
Input timing referencelevel ............... 0.8V and 2.0V

OQutput load

Output timing reference level
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TIME CHART

I's
Address input ><
R\

J
W><

fe—tcE —

\b toE tDF
Data output tacc //—P
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<PROGRAMMING OPERATION >

DC CHARACTERISTICS
(Vce =5.75V ~6.5V, Vpp = 12,5V10.5V, Ta = 25°C+5°C)

Limits
Parameter Symbol Conditions Unit
Min. | Typ. | Max.

Input Leakage Current ] VIN =5.25V - - 10 nA
Vpp Power Current Ipp CE=PGM =V|_ - - 50 | mA
Vcc Power Current Icc - - - 100 mA
Input Voltage “H” Level VIH - 20| - |Veeo+i| Vv
Input Voltage “L” Level VIL - -0.1 - 0.8 Vv
Output Voltage “H” Level VoH loH =—400 pA 2.4 - - v
Output Voltage “L” Level VoL loL=2.1mA - - 0.45 v

AC CHARACTERISTICS
(Vo =5.75V ~6.5V, Vpp = 12.5V+0.5V, Ta = 25°C+5°C)

Limits
Parameter Symbol Conditions Unit
Min. Typ. | Max.

Address Set-up Time tas - 2 - - us
OE Set-up Time toES - 2 - - us
Data Set-up Time tps - 2 - - us
Address Hold Time tAH - (0] - - us
Data Hold Time tDH - 2 - - us
ggztggg;lble to Output toEp _ 0 _ 130 ns
Vpp Power Set-up Time tvs - 2 - - us
PGM Initial Program Pulse Width tpw Veoe =6V+0.25v | 095| 1.0/ 1.05| ms
PGM Program Pulse Width tpwy Voe =6.25V10.25V) 95 | 100 105 | ws
'PGM Overprogram Pulse Width tOPW Ve =6V+0.25V 2.85 - 78.75| ms
CE Set-up Time tCES - 2 - - us
Data Valid from OE tOE - - - 150 | ns
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TIME CHART
4 \.
Address
input >< ADDRESS N ><
N A
< tAS ]
4 |
Data —————u( DATA INPUT
input/output N
le—tpDS —»
4
Vpp /
_ le—tys —»
CE _\ / —
N /
le-tCES—
PGM——\1
tDH
toPW» —tOES
tPw
J— [_
OE A
CAPACITANCE
(Ta =25°C,f =1 MHz)
Parameter Symbol Conditions Min. Typ. Max. Unit.
Input Capacitance CIN VIN =0V - 4 6 pF
Output Capacitance CouTt Vout =0V - 8 12 pF
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OI X semiconductor
MSM27C1024

65536 X 16 BIT UV ERASABLE ELECTRICALLY PROGRAMMABLE
READ-ONLY MEMORY

GENERAL DESCRIPTION

The MSM27C1024 is a 65536 words X 16 bit ultraviolet erasable and electrically programmable
read-only memory. Users can freely prepare the memory content, which can be easily changed, so
the MSM27C1024 is ideal for microprocessor programs, etc. The MSM27C1024 is manufactured by
the CMOS double silicon gate technology and is contained in the 40 pin package.

FEATURES

® +5V single power supply & Power consumption:

® 65536 words X 16 bit configuration MAX 165 mW (during operation)

e Accesstime: MAXO0.55 mW (during stand-by)
MAX 120 ns (MSM27C1024-12) e Perfect static operation
MAX150 ns (MSM27C1024-15) @ INPUT/OUTPUT TTL level
MAX200 ns (MSM27C1024-20) (three state output)

PIN CONFIGURATION
FUNCTIONAL BLOCK DIAGRAM

vor [1]
e [2]
o [3]
0.4E
01 [5]
0: 5
o [T
0[]
o]
o [T
Vss [T]
07E
o[
o [E
ot [29]

Output buffers

Memory matrix
65536 x 16 bit

Vpp
CE —— CE
Decoder

GND

Input buffers

1§ T

Axs

This specification may be changed without notification.
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FUNCTION TABLE
Pins CE OE PGM Vpp Vee
Vode @) (20) (39) () (40) Outputs
Read ViL ViL - — +5V Dout
Output Disable ViL VIH - - +5V High impedance
Stand-by VIH - - - +5V High impedance
Program ViL ViH ViL +12.5V +6V DIN
Program Verify ViL ViL VIH +12.5V +6V Dout
Program Inhibit VIH - - +12.5V +6V High impedance

—; Can be either V|_or V|4

ABSOLUTE MAXIMUM RATINGS

Temperature Under Bias Ta . 0°c ~70°C
Storage Temperature Tstg oo —55°C ~125°C
All Input/Output Voltages VINGVOUT +vvvevemeienennnn VIN=-0.6V — 13V,
VouT =-0.3V ~Vgg +1V
V¢ Supply Voltage VCC -t v —-0.3V ~7V
Program Voltage L7 o] « —0.6V —~13.5V
Power Assembly Voltage Pp o 1.5W

The voltage with respect to GND.

ELECTRICAL CHARACTERISTICS
<READ OPERATION >
RECOMMENDED OPERATION CONDITION

Parameter Symbol Limit Operating Remarks Symbol
Min. | Typ. | Max. |Temperature y

Vcc Power Supply

Vpp Voltage Vpp -0.1 — |Veet1 Vv

0°C ~70°C |Vgo=5V=+0.5V

“H” Level Input

“L” Level Input

Voltage ViL -0.1 - 0.8 Vv

The voltage with respect to GND
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DC CHARACTERISTICS

(VoG =5V=£10%, Ta = 0°C ~ 70°C)

Limits
Parameter Symbol Conditions Unit
Min. | Typ. | Max.
Input Leakage Current I VIN =5.25V - - 10 nA
Output Leakage Current ILo VouT =5.25V - - 10 uA
Ve Power Current (Stand-by) Icc, | CE=ViH=Vce - - 1 mA
V¢ Power Current (Operation) Icc. CE=V|_ - - 30 mA
Program Power Current Ipp1 Vpp =Vge - - 10 m
Input Voltage “H” Level VIH - 2.0 - |Vgc+1| V
Input Voltage “L” Level ViL - -0.1 - 0.8 \
Output Voltage “H” Level VOH IoH =—400 A 2.4 - - v
Output Voltage “L” Level VoL loL=2.1 mA - - 0.45 \
AC CHARACTERISTICS
(Voo =5V=£10%, Ta =0°C ~ 70°C)
27C1000- | 27C1000- | 27C1000-
Parameter Symbol Conditions 12 15 20 Unit
Min. | Max. | Min. | Max. | Min. | Max.
. CE=0E=V|_
A Access T e U - S _
ddress ss Time tACC | PGM =V|y 120 50 200 ns
~ . OE =V
T DA - 2 | - -
CE Access Time PGM = V| 1 150 200 | ns
et . CE=V|_
Access T BENF N\, - 50 | — 0| —
E Access Time PGM =V 6 70 | ns
. . CE=V|_
tput Disable T BEN — \, 50 55
Outpu ime PGM =V 0 4 | O 0 ns
Measurement condition
Inputpulselevel .......................... 0.45V and 2.4V
Input timing referencelevel ............... 0.8V and 2.0V
Outputload .............................. 1TTL GATE + 100pF
Output timing referencelevel .............. 0.8V and 2.0V
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TIME CHART

s
Address input ><
N

Ql
Wx

le—1tCE—»

\b toE tDF
Data output tacc y,
N
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DC CHARACTERISTICS

(Ve =5.75V ~ 6.5V, Vpp = 12,5V £0.5V, Ta = 25°C+5°C)

Limits
Parameter Symbol Conditions Unit
Min. Typ. | Max.
Input Leakage Current I VIN =56.25V - - 10 nA
Vpp Power Current Ipp CE=PGM =V|_ - - 50 | mA
Vg Power Current Icc - - - 30 mA
Input Voltage “H” Level ViH - 2.0 - |Vcct+tl| V
Input Voltage “L” Level ViL - -0.1 - 0.8 v
Output Voltage “H” Level VOH loH =—400 A 2.4 - - \
Output Voltage “L” Level VoL loL=2.1mA - - 0.45 v
AC CHARACTERISTICS
(Vge =5.75V ~ 6.5V, Vpp = 12.56V*0.5V, Ta = 26°C £5°C)
Limits
Parameter Symbol Conditions Unit
Min. Typ. | Max.

Address Set-up Time tas - 2 - - us
OE Set-up Time toES - 2 - - us
Data Set-up Time tps - 2 - - us
Address Hold Time tAH - [¢] - - us
Data Hold Time tpH - 2 - - us
gg;r:tgggsble to Output tDEPp _ 0 _ 130 ns
Vpp Power Set-up Time tvs - 2 - - us
PGM Initial Program Pulse Width tpwy Vee=6V10.25v 0.95 1.0 1.05 ms
PGM Program Pulse Width tpwy Vcc=6.25V10.25V 95 100| 105 us
PGM Overprogram Pulse Width topw Vcc=6Vi0.25V 2.85 —| 78.75| ms
CE Set-up Time tCES - 2 - - us
Data Valid from OE tOE - - - 150| ns
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u EPROM - MSM27C1024 =

Y L
Address
input ><‘ ADDRESS N ><
tAH
l— tAS—'PI
<’ ! ) DATA >_
Data DATA INPUT
input/output N /] OUT_JPUT
tDFP
<—tpS — <
4
Vpp /
_ le—tys —»
CE _\ SEEEEEE
K /
le-tCES—
PGM —-———\\
tDH
toPwW +—tOES
- tPW
—_ /—"
OE /
CAPACITANCE
(Ta=25°C,f=1 MHz)
Parameter Symbol Conditions Min. Typ. Max. Unit.
Input Capacitance CIN VIN =0V - 4 6 pF
Output Capacitance CouTt VouTt =0V - 8 12 pF
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OX X semiconductor

MSM2764AZB-RS

8,192 X 8-BIT ONE TIME PROGRAMMABLE READ-ONLY MEMORY

GENERAL DESCRIPTION

The MSM2764AZB is a 8,192 words X 8-bit electrically programmable read-only memory. The
MSM2764AZB is manufactured by the N channel double silicon gate MOS technology and is

contained in the 28 pin package.

(OKI can provide programming service as per customer’s request.)

FEATURES

® +5V single power supply
® 8,192 words X 8-bit configuration
® Accesstime: MAX150ns

@ Power consumption:
MAX525 mW (during operation)
MAX184 mW (during stand-by)
® Completely static operation
e INPUT/OUTPUT TTL compatible
(3-state output)
e 28-pin DIP

PIN CONFIGURATION

(Top View)

27) PGM
[26) NC
EAE
EAQ
EAM
) o8
EAm
) e
0
] 0.
EOs
16] O
EOa

25) Voc PGM—| PGM

CE—= CE

OE—* OE

FUNCTIONAL BLOCK DIAGRAM

0001 0~

Output buffers

Memory matrix
8192 X 8 bit

———I Decoder |

~—4—| Input buffers i

i f

AoAy _ _ _ _ __ Az

This specification may be changed without notification.

Vee

Vpp

GND
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FUNCTION TABLE
Pins | &g oF FGM Vpp v
CC
(20) (22) (27) (1) (28) Outputs
Mode
Read ViL ViL VIH +5V +5V Dout
Output Disable ViL VIH VIH +5V +5V High impedance
Stand-by ViH - - +5V +5V High impedance
Program ViL VIH ViL +12.5V +6V DIN
Program Verify ViL ViL ViH +12.5V +6V Dout
Program Inhibit ViH - - +12.5V +6V High impedance
ABSOLUTE MAXIMUM RATINGS
Temperature Under Bias B - 0°C ~70°C
Storage Temperature Tstg ..o —55°C ~125°C
All Input/Output Voltages VINGVOUT «+vcvevevmennnnns —0.6V ~13.5V
Vcc Supply Voltage VOG « - v vvvrrmnncienannnns -0.6V ~7V
Program Voltage VPP tieeiiiiiieee e —0.6V ~14V
Power Assembly Voltage PD oo 1.5W
The voltage with respect to GND.
ELECTRICAL CHARACTERISTICS
<READ OPERATION>
RECOMMENDED OPERATION CONDITION
Limit .
Operating .
Parameter Symbol in. Tvo. | Wax. Temperature Remarks Unit
Vi Power Supply
Voltage \eTe} 4.75 5.0 5.25 Y
Vpp Voltage Vpp 4.75 5.0 5.25 \%
0°C ~ 70°C Vee=5V+5%
“H” Level Input _ Vpp=V¢e
Voltage VIH 2.00 6.25 \
“L” Level Input _
Voltage ViL -0.1 0.8 Y

The voltage with respect to GND.
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DC CHARACTERISTICS
(Ve =5V=+5%, Vpp =V, Ta = 0°C ~ 70°C)
Limits
Parameter Symbol Conditions Unit
Min. Typ. | Max.

Input Leakage Current LI VIN =5.25V - - 10 nA
Output Leakage Current ILo VouT =5.25V - - 10 nA
Vg Power Current (Stand-by) Icc: | CE=V|H - - 35 | mA
V¢ Power Current (Operation) Icc. | CE=V)_ - - 100 | mA
Program Power Current Ipp 1 Vpp =Vgco - - 5 mA
Input Voltage “H” Level ViH - 2.0 - | Vcct1| V
Input Voltage “L” Level VIL - -0.1 - 0.8 v
Output Voltage “H” Level VoH loH =—400 uA 2.4 - - \%
Output Voltage “L” Level VoL loL=2.1mA - - 0.45 v

AC CHARACTERISTICS

(Ve =5V=5%, Vpp =V¢ce, Ta =0°C ~ 70°C)

Parameter Symbol Conditions Min. Max. Unit
Address Access Time tacc CE=0E=V|_ - 150 ns
CE Access Time tcE OE=V|_ - 150 ns
OE Access Time toE CE=V)_ - 60 ns
Output Disable Time tpF CE=V|_ 0 50 ns

TIME CHART
¥
Address input ><\ ><
=\ a
le—tcE —>

Data

output

)’%._
[——tacc —OE:":’F
/]
N
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<PROGRAMMING OPERATION >

DC CHARACTERISTICS
(Vgg =5.75V~6.5V, Vpp = 12.5V+0.5V, Ta = 25°C=+5°C)
Limits
Parameter Symbol Conditions Unit
Min. Typ. Max.

Input Leakage Current I VIN =5.25V - - 10 nA
Vpp Power Current Ipp CE =PGM =V - - 50 | mA
V¢ Power Current lcc - - - 100 mA
Input Voltage “H” Level VIH - 2.0 - | Vecct+t| V
Input Voltage “L” Level ViL - -0.1 - 0.8 \
Output Voltage “H” Level VOH loH =—400 nA 2.4 - - \
Output Voltage “L” Level VoL loL=2.1mA - - 0.45 \'

AC CHARACTERISTICS

(Voo =5.756V~6.5V,Vpp =1 2.5V+0.5V, Ta =25°C+5°C)

Limits
Parameter Symbol Conditions Unit
Min. Typ. Max.

Address Set-up Time tas - 2 - - us
OE Set-up Time toEs - 2 - - us
Data Set-up Time tps - 2 - - us
Address Hold Time tAH - 0 - - us
Data Hold Time tDH - 2 - - us
lc:)lg';p:uct)éElgsble to Output tDEp _ 0 _ 130 ns
Vpp Power Set-up Time tvs - 2 - - us
PGM Initial Program Pulse Width | tpw | Vocc=6V+0.25V |095| 10| 105 | ms
'31%22%‘*2?1 196 Width tw | VCC=8250* 95 | 100| 105 | us
PGM Overprogram Pulse Width topw | Vcc =6V +025V {285 — | 7875| ms
CE Set-up Time tcES - 2 - - us
Data Valid from OE tOE - - - 150 ns
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TIME CHART

Add f )
ress

bh ><‘ ADDRESS N }><
<—tAs ]

4 |

Data —-< DATA INPUT
input/output N_

re—tps —

TN

le—tys —
.

N /

le-tCES -+
PGM _\

tDH
toPwe- re—tOES
tPW !

J— /—
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OKI semiconductor
MSM27128AZB-RS

16,384 X 8-BIT ONE TIME PROGRAMMABLE READ-ONLY MEMORY

GENERAL DESCRIPTION

The MSM27128AZB is a 16,384 words X 8-bit electrically programmable read-only memory. The
MSM27128AZB is manufactured by the N channel double silicon gate MOS technology and is
contained in the 28 pin package.

(OKI can provide programming service as per customer’s request.)

FEATURES
® +5V single power supply ® Power consumption:
e 16,384 words X 8-bit configuration MAX525 mW (during operation)
® Accesstime: MAX150 ns MAX184 mW (during stand-by)
@ Completely static operation
e INPUT/OUTPUT TTL level
(three state output)
e 28-pin DIP
FUNCTIONAL BLOCK DIAGRAM
0001 0-
PIN CONFIGURATION
(Top View) <——Vce
— M tri
1o = PGM—»]| PaM oan4 x & bit
Az 2] [27) PGM <+——— Vpp
A- (2] [26] A s —
—— sy CE
No SIS -
As [5] 23] Ao GND
As |6 23] A = —— OE
As E % oF OE Input buffers
Az E E Ao T T T
A ] 5] CE AoAi - Aw
Aq [10} 9] O- :
0o E E Os This specification may be changed without notification.
O E E Os
02 [13] 16] O4
GND Os
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FUNCTION TABLE

Pins — J— -
CE OE PGM Vpp Vee
(20) (22) 27) (1) (28) Outputs
Mode
Read ViL ViL VIH +5V +5V Dout
Output Disable ViL VIH VIH +5V +5V High impedance
Stand-by VIH — - +5V +5V High impedance
Program ViL ViH ViL +12.5V +6vV DIN
Program Verify ViL ViL VIH +12.5V +6V Dout
Program Inhibit VIH - - +12.5V +6V High impedance
ABSCLUTE MAXIMUM RATINGS
Temperature Under Bias Ta ..o 0°C ~70°C
Storage Temperature Tstg oo —55°C ~125°C
All Input/Output Voltages VINNVOUT « o vvveeeeen —0.6V ~13.5V
Ve Supply Voltage VGG - oo iii e -0.6V ~7V
Program Voltage VPP o -0.6V ~ 14V
Power Assembly Voltage PD o 1.5W
The voltage with respect to GND.
ELECTRICAL CHARACTERISTICS
<READ OPERATION>
RECOMMENDED OPERATION CONDITION
Limit .
Operating
bol R
Parameter Symbol Min. | Typ. | Max Temperature emarks Symbol
V¢ Power Supply
Voltage Vce 4.75 5.0 5.25 \
Vpp Voltage Vpp 4.75 5.0 5.25 \
Vee=5V+5%
. 0°C ~70°C | JCC™OV=E
H” Level Input Vpp=Vcc
Voltage VIH 200 | - | 625 ¢ v
“L” Level Input
Voltage VL -0.1 - 0.8 Vv

The voltage with respect to GND.
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DC CHARACTERISTICS
(Vog =5V+5%, Vpp = Vg, Ta = 0°C ~ 70°C)
Limits
Parameter Symbol Conditions Unit
Min. Typ. | Max.

Input Leakage Current 1Ll VIN =5.25V - - 10 nA
Output Leakage Current ILo VouTt =5.25V - - 10 nA
V¢ Power Current (Stand-by) Icc, | CE=VH - - 35 | mA
Vg Power Current (Operation) Icc, | CE=VL - - 100 | mA
Program Power Current Ipp+ Vpp=Vce - - 5 mA
Input Voltage “H” Level VIH - 2.0 - |VgccH1| V
Input Voltage “L” Level ViL - -0.1 - 0.8 \
Output Voltage “H” Level VOH loH =—400 pA 2.4 - - Vv
Output Voltage “L” Level VoL loL=2.1mA - - 0.45 \

AC CHARACTERISTICS
(Voc =5V+5%, Vpp =Vce, Ta = 0°C ~ 70°C)

Parameter Symbol Conditions Min. Max. Unit
Address Access Time tacc CE=0E=V|_ - 150 ns
CE Access Time tCE OE =V - 150 ns
OE Access Time toE CE=V|_ 60 ns
Output Disable Time tpF CE=V)L 50 ns

TIME CHART

'S
Address input ><
N

/
Wk |

le—tcE—

tOE tp
[ e——iACC— P
_/

Data
output N

i
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<PROGRAMMING OPERATION >

DC CHARACTERISTICS
(Vo =5.75V~6.5V, Vpp = 12.5V+0.5V, Ta = 25°C+5°C)

Limits
Parameter Symbol Conditions Unit
Min. Typ. | Max.
Input Leakage Current Ll VIN =5.25V - - 10 nA
Vpp Power Current Ipp CE=PGM =V|_ - - 50 | mA
V¢ Power Current Icc - - - 100 mA
Input Voltage “H” Level VIH - 2.0 - |Vegt1 \
Input Voltage “L” Level ViL - —0.1 - 0.8 \
Output Voltage “H” Level VoH IoH =—400 uA 2.4 - - \'
Output Voltage “L” Level VoL loL=2.1mA - - 0.45 \
AC CHARACTERISTICS
(Ve =5.75V~6.5V, Vpp = 12.5V+0.5V, Ta = 25°C+5°C)
Limits
Parameter Symbol Conditions Unit
Min. Typ. Max.

Address Set-up Time tas - 2 - - us
'OE Set-up Time toes - 2 - - us
Data Set-up Time tps - 2 - - us
Address Hold Time tAH - o] - - us
Data Hold Time tDH - 2 - - us
I(:)Ig;pt)lggg?ble to Output toFp _ 0 _ 130 ns
Vpp Power Set-up Time tvs - 2 - - us
PGM Initial Program Pulse Width tpw Vcc =6V +£0.25V | 0.95 1.0 1.05 ms
?i%rg'riﬁfﬁﬂ 156 Width tPw Ve =625V + 95 | 100} 105 | us
PGM Overprogram Pulse Width topw | Vcc=6V =025V |285| — | 7875| ms
CE Set-up Time tCES - 2 - - us
Data Valid from OE toE - - - 150 ns
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# EPROM -MSM27128AZB-RS m

TIME CHART
J \
Address ADDRESS N X
input
tAs —»]
|
Data DATA INPUT
input/output
tbs—
Vpp
tys —f
CE / EE—
tCES—+
PGM ——————\
tpH
toPw r—tOES
tPw
OE £
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O E semiconductor

MSM27256ZB-RS

32,768 X 8-BIT ONE TIME PROGRAMMABLE READ-ONLY MEMORY

GENERAL DESCRIPTION

The MSM27256ZB is a 32,768 words X 8-bit electrically programmable read-only memory. The
MSM27256ZB is manufactured by the N channel double silicon gate MOS technology and is

contained in the 28 pin package.

(OKI can provide programming service as per customer’s request.)

FEATURES

® +5V single power supply

@ 32,768 words X 8-bit configuration

® Access time: MAX1

70ns

® Power consumption:
MAX525 mW (during operation)
MAX184 mW (during stand-by)
® Completely static operation
e [INPUT/OUTPUT TTL compatible
(3-state output)
® 28-pin DIP

PIN CONFIGURATION

(Top View)

o i [ElVec
szE EAM
A~ E [26] A1
As E '2__5]Aa
As ] [24] Ao
AA[G: EAH
As [7] 73] O
A2 [3] 7] Ao
A« [3] [20] CE
Ao [ig] 9] O~
OoE EO&
0. (i3] 7] Os

6] 0.
15] 05

0 [13]
GND [14]

Vpp
CE — CE
: Decoder
GND
—1 OE l———J—j
O Input buffers

FUNCTIONAL BLOCK DIAGRAM

0001 0~

Output buffers

Vee
Memory matrix

PGM 32768 x 8bit

I i

AoAv _ _ _ ___ As

This specification may be changed without notification.
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@ EPROM -

MSM27256ZB-RS m

FUNCTION TABLE
ins e oF Vop v
CcC
(20) (22) (1) (28) Outputs
Mode
Read ViL ViL +5V +5V Dout
Output Disable ViL VIH +5V +5V High impedance
Stand-by VIH - +5V +5V High impedance
Program ViL ViH +12.5V +6V DIN
Program Verify ViH ViL +12.5V +6V Dout
Program Inhibit ViH ViH +12.5V +6V High impedance
ABSOLUTE MAXIMUM RATINGS
Temperature Under Bias Ta .o 0°C ~70°C
Storage Temperature Tstg oo —55°C ~125°C
All Input/Output Voltages VINGVOUT - covvreeeennen —0.6V ~13.5V
Ve Supply Voltage VOG v -0.6V ~7V
Program Voltage VPP oo —-0.6V ~ 14V
Power Assembly Voltage PD oo 1.5W
The voltage with respect to GND.
ELECTRICAL CHARACTERISTICS
<READ OPERATION >
RECOMMENDED OPERATION CONDITION
Limit .
Operating .
Parameter Symbol i Tvo. | Max. Temperature Remarks Unit
Ve Power Supply
Voltage Vce 4.75 5.0 5.25 \"
Vpp Voltage Vpp 4.75 5.0 5.25 \Y
Veo=5V+5%
0°C ~70°C
“H” Level Input _ Vpp=Vcg
Voltage ViH 2.00 6.25 \"
“L" Level Input
Voltage ViL -0.1 - 0.8 v

The voltage with respect to GND
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2 EPROM - MSM27256ZB-RS m

DC CHARACTERISTICS
(Voo =5V+5%, Vpp = Ve, Ta = 0°C ~ 70°C)
Parameter Symbol Conditions Limits Unit
Min. Typ. Max.

Input Leakage Current L) VIN =5.25V - - 10 HA
Output Leakage Current ILo VouT =5.25V - - 10 nA
Vg Power Current (Stand-by) Icc, | CE=V|y - - 35 | mA
Ve Power Current (Operation) Icc, | CE=V|_ - - 100 | mA
Program Power Current Ipp1 Vpp =Vgoe - - 5 mA
Input Voltage “H” Level VIH - 2.0 - |VccHl| V
Input Voltage “L” Level ViL - —0.1 - 0.8 \
Output Voltage “H” Level VOH ioH = —400 nA 2.4 - - \
Output Voltage “L” Level VoL loL=2.1 mA - - 0.45 \Y

AC CHARACTERISTICS

(Voo =5V+5%, Vpp =Vgg, Ta =0°C ~ 70°C)

Parameter Symbol Conditions Min. Max. Unit
Address Access Time tacc CE=0E =Vj_ - 170 ns
CE Access Time tcE OE=V|_ - 170 ns
‘OE Access Time toE CE=V|_ 60 ns
Output Disable Time tDF CE=V|_ 50 ns

TIME CHART

Address input ><L
R

CE

N

fe—1CE —»
OE
tOE
le——— t
Data AC
output

c—— tDF
/|
N
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<PROGRAMMING OPERATION>

DC CHARACTERISTICS
(Voe =5.75V~6.5V, Vpp = 12.5V+0.5V, Ta = 25°C+5°C)

Limits
Parameter Symbol Conditions Unit
Min. Typ. | Max.

Input Leakage Current L) VIN =5.25V - - 10 nA
Vpp Power Current Ipp CE=V|L - - 50 mA
V¢ Power Current Icc - - - 100 mA
Input Voltage “H” Level ViH - 2.0 - |VgcH Vv
Input Voltage “L” Level ViL - —0.1 - 0.8 \
Output Voltage “H” Level VOH | loH=-400puA 24 | - - %
Output Voltage “L” Level VoL loL=2.1mA - - 0.45 \

AC CHARACTERISTICS
(Voo =5.75V~6.5V, Vpp = 12.5V=+0.5V, Ta = 25°C=+5°C)

Limits
Parameter Symbol Conditions Unit

Min. Typ. Max.
Address Set-up Time tas - 2 - - us
OE Set-up Time toES - 2 - - us
Data Set-up Time tps - 2 - - us
Address Hold Time tAH - 0 - - us
Data Hold Time . tpH - 2 - - us
gg;p;uSSralsble to Output toEp _ 0 _ 130 ns
Vpp Power Set-up Time tys - 2 - - Hus
CE Initial Program Pulse Width tpw Vo =6V +=0.25V [ 0.95 1.0 1.05 ms
e han ow | YOO8 | a5 |00 | os | e
CE Overprogram Pulse Width topw |Vcc =6V =025V | 2.85 - 78.75| ms
Data Valid from OE toe - - - 150 ns
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TIME CHART
-\
Address ADDRESS N ><
input L J
—tAS
4 |
Data ——< DATA INPUT
input/output N
re—tpS —»
Y
Vpp _/
la—tyg —»
CE —8 |
tpH
toPwW# <—tOES
tPW
OE —
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OKI semiconductor

MSM27512ZB-RS

65,536 X 8-BIT ONE TIME PROGRAMMABLE READ-ONLY MEMORY

GENERAL DESCRIPTION

The MSM27512ZB is a 65,536 words X 8-bit electrically programmable read-only memory. The
MSM27512ZB is manufactured by the N channel double silicon gate MOS technology and is

contained in the 28 pin package.

(OKI can provide programming service as per customer’s request.)

FEATURES

® +5V single power supply
® 65,5636 words X 8-bit configuration
® Accesstime: MAX200 ns

Power consumption:
MAX525 mW (during operation)
MAX184 mW (during stand-by)
Completely static operation
INPUT/OUTPUT TTL compatible
(3-state output)
28-pin DIP

PIN CONFIGURATION

Vcc
27) Aa
Am
EAB

24] Ao

EAH

(Top View)

CE —*

OE/Vpp ——»

FUNCTIONAL BLOCK DIAGRAM

000+ 0-

Output buffers

[22) OE/Vpp

EAm
[20) CE
5] o-
[18] Os
[17) Os
76] O+
5] 0.

Vee
Memory matrix
PGM 65536 X 8 bit
CE
——-l Decoder I
GND
OE
Input buffers
AocAs . _ _ ___ Ass

This specification may be changed without notification.
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= EPROM -MSM27512ZB-RS =

FUNCTION TABLE

o é—g) 0—52/\2/;) P \(/2CB(): Outputs
Mode
Read ViL ViL +5V Dout
Output Disable ViL ViH +5V High impedance
Stand-by VIH - +5V High impedance
Program ViL 12.5V +6V DIN
Program Inhibit VIH 12.5V +6V High impedance

ABSOLUTE MAXIMUM RATINGS

Temperature Under Bias Ta .o 0°C ~70°C
Storage Temperature Tstg oo —55°C ~125°C
All Input/Output Voltages VINCVOUT ++vvvvveeeneannnn —0.6V ~13.5V
Ve Supply Voltage VCC vt v i —-0.6V ~7V
Program Voltage VPP o —0.6V ~ 14V
Power Assembly Voltage PD o 1.5W

The voltage with respect to GND.

ELECTRICAL CHARACTERISTICS

<READ OPERATION>
RECOMMENDED OPERATION CONDITION

Parameter Symbol Min. "_I'I::)'t Max. Teon?g;?g?uge Remarks Unit
¥g’,g§§we' Supply | oo 475 | 50 | 525 v
;’;;;:gegel neu! ViH 2.00 - 6.25 [0°C ~70°C | Voc=5V+5% %
‘\‘/g;ttz\éel nput ViL —0.1 - 0.8 v

The voltage with respect to GND
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DC CHARACTERISTICS
(Voc =5V+5%, Ta =0°C ~ 70°C)

Limits
Parameter Symbol Conditions Unit
Min. Typ. | Max.

Input Leakage Current 1L} VIN = 5.25V - - 10 A
Output Leakage Current ILo VouTt =5.25V - - 10 nA
Vg Power Current (Stand-by) Icc: | CE=V|H - - 35 | mA
Vg Power Current (Operation) Icc. | CE=V|L - - 100 | mA
Input Voltage “H” Level ViH - 2.0 - |Vectl| VvV
Input Voltage “L” Level ViL - -0.1 - 0.8 \
Output Voltage “H” Level VoH loH =—400 uA 2.4 - - Vv
Output Voltage “L” Level VoL | loL=21mA - - | 045 v

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

Parameter Symbol Conditions Min. Max. Unit
Address Access Time tacc CE=0E=V|_ - 200 ns
CE Access Time tcE OE =V - 200 ns
OE Access Time toE CE=V|_ 70 ns
Output Disable Time tDE CE=Vj_ 55 ns

TIME CHART

"4
Address input ><

N
CE \

le—tCE —

tOE-

le——taACcC—* o

Data
output N

il
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= EPROM -MSM27512ZB-RS

<PROGRAMMING OPERATION >
DC CHARACTERISTICS
(Voo =5.75V~6.5V, Vpp = 12.5V+0.5V, Ta = 25°C+5°C)

Limits
Parameter Symbol Conditions Unit
Min. Typ. | Max.

Input Leakage Current 1L} VIN =5.25V - - 10 nA
Vpp Power Current Ipp CE=V|_ - - 50 | mA
Ve Power Current Icc - - - 100 mA
Input Voltage “H” Level VIH - 2.0 - |Vgct1| Vv
Input Voltage “L” Level ViL - -0.1 - 0.8 \
Output Voltage “H” Level VOH loH =—400 A 2.4 - - Vv
Output Voltage “L” Level VoL loL=2.1mA - - 0.45 v

AC CHARACTERISTICS
(Vog =5.75V~6.5V, Vpp = 12.5V+0.5V, Ta = 25°C=+5°C)

Limits
Parameter Symbol Conditions Unit
Min. Typ. | Max.

Addrees Set-up Time tas - 2 - - us
‘OE/Vpp Hold Time tpEH - 2 - - us
Data Set-up Time tps - 2 - - us
Address Hold Time tAH - 0 - - us
Data Hold Time tDH - 2 - - us
gg;ggggsble to Output tDEP _ 0 _ 130 ns
Vpp Power Set-up Time tvs - 2 - - us
CE Initial Program Pulse Width tpw Vcc =6V +£0.25V | 0.95 1.0 1.05 ms
Lo Speed el ow | YoOGEEYE | a5 | 00| 105 | s
CE Overprogram Pulse Width topw |Vcc =6V £0.25V | 2.85 - 78.75| ms
Data Valid from CE tpy - - - 1 us
OE/Vpp Recovery Time tvr - 2 - - us
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TIME CHART

y B
Address
i ><‘ ADDRESS N ]><
Data —<
input/output

_/ N
OE/Vpp N
tvs
tDEH
tvR
= N/ A
PW
topw
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MSM16911RS

1,024-Word x 1-Bit E2 PROM
1,024-Word x 1-Bit E2 PROM
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OKI semiconductor
MSM16811RS

1.024 BIT SERIAL EEPROM

FEATURES: PIN CONFIGURATION

® C.MOS Floating Gate Technology 8 Pin Dual-In-Line

@ Single +5-volt supply

o Eight pin plastic package

® 64 x 16 or 128 x 8 user selectable serial memory

e Compatible with NS9346 TOP VIEW

@ Self timed programming cycle NG

® Word and chip erasable cs1e1 8V

e Operating Range 0°C to 70°C 4 [1Vee
SK[]2 7[JNC
DI 3 6| JORG
Do[]4 5[ JGND

BLOCK DIAGRAM

Vee GND

MEMORY m

ARRAY A:ADDRESS
128 x 8 DECODER
or64 x 16

g

DATA OUTPUT
REGISTER BUFFER =DO

!

MODE
Cs——{ DECODE
LOGIC

\ l:c L:-L—_:IOCK
SK | GENERATOR

ORG——

[3]]
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= MOS E*PROMS-MSM16811RS =

PIN FUNCTIONS

Ccs Chip Select ORG  Memory Array Organization Selec-
SK Clock Input tion Input. When the ORG pin is
DI Serial Data Input connected to +5 V the 64 x 16
DO Serial Data Output organization is selected. When it
Vee +5 V Power Supply is connected to ground the 128 x
NC Non Connection 8 organization is selected. If the
GND Ground ORG pin is left unconnected, then
an internal pull-up device will
select the 64 x 16 organization.

INSTRUCTION SET

Instruction " Opcode 128 x 8 Addresse4 x 16 128 x sDatas4 x 16 comments
READ 1 10 Ag—Ay Ag—A,y Read Address A—Ag
ERASE 1 11 Ag—Aq As—Aq ERASE Address Any—Ag
WRITE* 1 01 Ag—Ag Ag—A, D7—Do | Dys—Do | WRITE Address An—Ag
EWEN 1 00 TIXXXXX TIXXXXX Program Enable
EWDS 1 00 00X XXX X 00XXXXX Program Disable
ERAL 1 00 TOXXXXX TOXXXXX Erase All Addresses
WRAL 1 00 01XXXXX OTXXXXX D7—Dg | Dys—Dg Program All Addresses

*Write instruction is a self timed program instruction. The selected byte (word) gets erased before being written.

Power-On Data Protection Circuitry: During power-up all modes of operation are inhibited until
V¢ has reached a level of between 2.8 and 3.5 volts. During power-down the source data protection
circuitry acts to inhibit all modes when Vg has fallen below the voltage range of 2.8 to 3.5 volts.
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m MOS E’PROMS-MSM16811RS »

ABSOLUTE MAXIMUM RATINGS

Parameter Symbol Condition Value Unit
Supply Voltage Vece —03~7 \J
Input Voltage Vv, Ta=25°C —0.3~Vec+0.3 \%
Output Voltage V, —0.3~Vgc +0.3 \
Storage Temperature TsTG —55 ~ + 150 °c

Note: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded.
Functional operation should be restricted to the conditions as recommended. Exposure to
ABSOLUTE MAXIMUM RATINGS for extended periods may affect device reliability.

RECOMMENDED OPERATING RANGE

Parameter Symbol Range Unit
Supply Voltage Vee 5+10% \
Temperature Range Ta 0~70 °c
Data Hold Temperature Ta 0~70 °c

DC CHARACTERISTICS
(Veg=4.5Vto 5.5V, Ta=0~ 70°C, unless otherwise specified.)

Parameter Symbol Condition MIN MAX Unit
Supply Voltage Vce 4.5 5.5 \%
lcet Vee=55V CS=1 3 mA
Power Supply Current Vec=5.5V CS=0
lcc2 | pi’Z0or vee 100 KA
L Input Voltage ViL —-0.1 0.8 \%
““H"" Input Voltage VIH 2.0 Vee+1 v
TTLIloL=2.1mA 0.4 v
“’L"" Output Voltage VoL
CMOS IgL = 100 A 0.1 v
TTL lgH =—400uA 24 v
’H’* Output Voltage VOH -
. CMOS igH =-—100uA | Voe—0.1
Input Leakage Current It Vin =55V 10 MA
Output Leakage Current ILo Vout=55V CS=0 10 MA
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= MOS E’PROMS-MSM1681iRS =

AC CHARACTERISTICS

Parameter Description Test Condition Min | Typ | Max | Units
tcss CS Setup Time 0.2 Hs
tCSH CS Hold Time 0 us
tpIs DI Setup Time 0.4 us
tDIH DI Hold Time 04 us
tpp1 Output Delay to 1 CL = 100pF 2 us
tPDO Output Delay to 0 VoL =08V, Vo =20 2| us
tHZ Output Delay to HiZ VIL =045V, Vg =24 04 | us
tEW Erase / Write Pulse Width 10 | ms
tCSMIN Min CS Low Time 1 us
tSKHI Min SK High Time 1 s
tSKLOW Min SK Low Time 1 us
tsv Output Delay to Status Valid Ci =100 pF 1 us
SKmAax Maximum Frequency 0 250 kHz
SK CYCLE
tskan i tskLow - F—tesn—=
S SN m S m—
tois o h—‘om
S, T 459,
b

N

L—zm_}

Synchronous Timings

DEVICE OPERATION

The MSM 16811 RS has 7 instructions that allow it to read, erase, or write. Each instruction consists
of a start bit logical ‘1’, an opcode field (2 bits or 4 bits) and an address field (6 or 7 bits).

The DO pin is a multiplexed pin. It is used as Data Out during the Read mode. It can also be used as a
Ready Busy status indicator in programming mode. In all the other modes DO is tri-stated.

During power-up, all modes of operation are disabled and the device comes up in a program disabled
state. An EWEN instruction has to be issued before starting to program.

At power-down, when V. falls below a level of approximately 3V, the data protection circuitry
inhibits all modes of operation and an EWDS instruction is executed internally.
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= MOS E’PROMS-MSM16811RS =
READ MODE

sk [ L LLLTLrLs mmw

CS

/o -
TANDBY
/T N\ AXEX OGO \

—\t

DI
D HIGH Z Y HIGH Z
© E e C=) mmem

Organization AN DN
128 x 8 Ag Dy
64 x 16 Ag D15

The READ instruction reads the contents of the addressed register. It outputs data serially on the DO
pin. After the instruction is decoded, a dummy bit (logical *0"") precedes the output data string.

ERASE/WRITE ENABLE AND DISABLE

sk_M Loy Le

cs/” —\ STANDBY

ENABLE =11 64 x 16 =4 Xs
DISABLE=00 128x8=5Xs

After power-up and before starting any programming instruction the EWEN instruction has to be
issued. Once it has been issued, it will remain active until an EWDS instruction takes place. The EWDS
instruction is provided to avoid any accidental programming of the part. The READ instruction is inde-
pendent from the EWEN and EWDS instructions.
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= MOS E*PROMS-MSM16811RS &

ERASE MODE

cs/ —

pi_ /T 1T e OGO, !

sy by
DO HIGH z \ . 1 [‘gUSY IV
R HIGH Z

—c"

STATUS % STANDBY
VERIFY

After an ERASE instruction has been shifted in. CS is dropped low. This will set the beginning of the
self timed erase sequence. If CS is then brought high (after observing tcg spec) the DO pin will act as a
status indicator. It will remain low as long as the chip is programming. It will go high after all the bits of
the addressed register have been set to a logical ‘1’.

WRITE MODE

s« UL UMMyt

t'(:
cs/ — =
DI__ /TN 0/ T XEREX_XG OXE0X DM, XD0

DO HIGH Z - Uy REAE', th
o HIGH Z

After a WRITE instruction has been shifted in with ite corresponding 8 bits or 16 bits of data, CS is
dropped low. This will set the beginning of the self timed programming sequence. The addressed register
will first be erased and then the previously shifted data will be written in the register. If CS is brought
high during the programming time (after observing the teg specification), the DO pin will act as a status
indicator — it will remain low as long as the chip is programming. It will go high after all the bits of the
addressed register have been set to their proper value.

STATUS xSTANDBY

VERIFY

Configuration AN Dy
128 x 8 Ag Dy
64 x 16 Ag D1g

476



ERASE ALL

= MOS E’PROMS*-MSM16811RS =

cs/ \__/

VERIFY

DI / 1\ 0 0

po HIGHZ

64 X 16=4Xs
128 x8=5Xs
RS

J1
rEL‘J‘SY i
e READYHTGH 2z
FW

This instruction is provided to erase the whole chip. Besides its different opcode, the ERAL instruc-

tion is identical to the ERASE instruction.

WRITE ALL

Sagigigigipipinipipipipiaupupupi)

cs/
DI/ 1\ 0 _0 0

DO HIGH Z

R RLIIEK DN )
64x 16=4Xs
128 x 8=5Xs N

= tes
R STATUS K STANDBY
VERIFY
DO J)
iy

tsv_.l W
E‘_{SY READY
s HIGH Z

This instruction is provided to write simultaneously all the registers. All the registers must be erased

before doing a WRAL operation. Besided its different opcode, the WRAL instruction is identical to the

WRITE instruction.

477



OKI semiconductor

MSM16911RS

1.024 BIT SERIAL EEPROM

FEATURES: PIN CONFIGURATION
® CMOS Floating Gate Technology . .
e Single +5-volt supply 8 Pin Dual-In-Line
e Eight pin plastic package
® 64 x 16 or 128 x 8 user selectable serial memory ,
e Compatible with GI5911 TOP VIEW
@ Self timed programming cycle N
® Word and chip erasable cs[e1 8[(+5Vv) v
® Operating Range 0°C to 70°C u ] cC
CLK]: 2 7] RDY/BUSY
Di 3 6| ]ORG
DO[ 4 5[ JGND
BLOCK DIAGRAM
Vece GND
MEMORY
ARRAY ADDRESS
ORG
T 128x8 [—loecopen
or64 x 16
DATA OUTPUT
REGISTER BUFFER >DO
DI T
MODE
CS——— DECODE
LOGIC > RDY/BUSY

CLOCK
CLK GENERATOR
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= MOS E*PROMS*MSM16911RS =

PIN FUNCTIONS

CS Chip Select ORG Memory Array Organization Selec-
CLK Clock Input tion Input. When the ORG pin is
DI Serial Data Input connected to +5 V the 64 x 16
DO Serial Data Output organization is selected. When it
Vece +5 V Power Supply is connected to ground the 128 x
RDY/BUSY Status Output 8 organization is selected. If the
GND Ground ORG pin is left unconnected, then
an internal pull-up device will
select the 64 x 16 organization.
INSTRUCTION SET
Address Data
Instruction S;it Opcode Comments
! 128x8 | 64x16 | 128x8 | 64x16
READ 1 1000 Ag—A, A;—A, Read Address
AN—AO
PROGRAM 1 x100 A,—A, A=A, D,-D, D,;—D, | Program Address
AN—AO
PEN 1 0011 0000000 | 000000 Program Enable
PDS 1 0000 |0000000| 000000 Program Disable
ERAL 1 0010 |0000000| 000000 Erase All
Addresses

DI/DO: It is possible to connect the Data In and Data Out pins together. However, with this con-
figuration it is possible for a *’bus conflict’ to occur during the “’dummy zero” that precedes the read
operation, if Ag is a logic high level. Under such a condition the voltage level seen at Data Out is
undefined and will depend upon the relative impedances of Data Out and the signal source driving Ag.
The higher the current sourcing capability of Ag, the higher the voltage at the Data Out pin.

Power-On Data Protection Circuitry: During power-up all modes of operation are inhibited until
Ve has reached a level of between 2.8 and 3.5 voits. During power-down the source data protection
circuitry acts to inhibit all modes when Vg has fallen below the voltage range of 2.8 to 3.5 volts.
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= MOS E’PROMS-MSM16911RS =

ABSOLUTE MAXIMUM RATINGS

Parameter Symbol Condition Value Unit
Supply Voltage Vece —03~7 \
Input Voltage Vv, Ta=25°C —0.3~ Ve +0.3 \Y
Output Voltage V, —0.3 ~ Ve +0.3 \
Storage Temperature TSTG —55 ~ + 150 °c

Note: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded.
Functional operation should be restricted to the conditions as recommended. Exposure to
ABSOLUTE MAXIMUM RATINGS for extended periods may affect device reliability.

RECOMMENDED OPERATING RANGE

Parameter Symbol Range Unit
Supply Voltage Vce 5+ 10% \%
Temperature Range Ta 0~70 °c

DC CHARACTERISTICS
(Vcc=4.5V 1055V, Ta=0~ 70°C, unless otherwise specified.)

Parameter Symbol Condition MIN MAX Unit
Supply Voltage Vee 4.5 5.5 \%
lcct Vee=565V CS=1 3 mA
Power Supply Current e ;FS;grE:/\éC CcS=0 100 A
“L" Input Voltage ViL —0.1 0.8 \
“H’’ Input Voltage ViH 2.0 Vee +1 v
“L"" Output Voltage VoL TTtloL=21mA o4 v
CMOS Ig_ = 100 uA 0.1 \
"H"” Output Voltage VoH TTLIoH = _400~“A 24 v
CMOS Igy =—100uA | Voe—0.1
Input Leakage Current I Vin =565V 10 HA
Output Leakage Current ILo Vout=55V CS=0 10 rA
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® MOS E’PROMS°-MSM16911RS =

AC CHARACTERISTICS

(Vecc =45V t05.5V, Ta=0~ 70°C, unless otherwise specified.)

Symbol Parameter Min Typ Max Unit Note
fcLk CLK Frequency 0 250 kHz 1
tcss CS Setup Time with respect to CLK Falling 0.2 us
tcSH CS Hold Time with respect to CLK Rising 0 us
tDIST DI Setup Time with respect to CLK Rising 04 us
tDIH DI Hold Time with respect to CLK Rising 04 us
tCPH CLK Pulse High Time 1.0 us
tcPL CLK Pulse Low Time 1 us
Delay Ti f DO Rising with t to CLK
D1 Risianig ime o ising with respect to 20 us 2
Delay Time of DO Falling with respect to CLK
tPDO F{isin&:g 9 P 2.0 us 2
tp ‘L' Time of Status (Programming Time) 10 ms
Note: Condition: C|_= 100 pF and Vo/OH = 0.8/2.0
Figure 1. Synchronous Data Timing
1
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I ! !
I ! i
| I 1
CLK
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YRR RN D GOSN
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| |
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cs b !
e |
—{ ~<—tcss |
DO L I
| \‘r |
i /
) 1
I , | |
: | | 1
— tPDO :4-— — tPD1 f—
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= MOS E’PROMS*-MSM1691IRS &

Figure 2. READ Mode

E
4]

JEpEpEpMpEy

DI 1 1 0 0 OIANX ;;XAO\ (1
—!

Dummy Bit
DO HI-Z |
—_0 oYy XDoXD
Organization AN Dn
128 x 8 A D,
64 x 16 A D,

Read Mode
The READ instruction is the only instruction which outputs serial data on the DO pin. After

a READ instruction is received, the instruction and address are decoded, followed by data
transfer from the memory register into a serial-out shift register. A dummy bit (logical "“0"’)
procedes the data output string. The output data changes during the high states of the system

clock.
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= MOS E’PROMS°MSM16911RS =

Figure 3. PROGRAM Mode

{L {L

s/ ! T YR

ok UL LU LML L L R L L

ol /7 C T\ _/ANCHEONCOER /T X OC

RDY/BUSY .
{L
n I q l‘—-—_
' |
e
Organization AN Dn
128 x 8 Ag D,
64 x 16 A Dy

Program Mode
The program instruction is followed by either eight or sixteen bits of data, which are to be
written into the specified address.

After the last data bit (DO) has been shifted into the data register the contents of the specified
address will be erased and the new data written to the same address.

During the automatic erase/write sequence the RDY/BUSY output will go low for the duration
of the automatic programming cycle as indicated by tp.

During a program cycle the internal erase and write operations occur automatically and are
self-timed on the device. A single memory location may also be erased by programming that
address with all "*1’s"’,
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= MOS E*PROMS-MSM16911RS =

Figure 4. PEN (Program Enable) and PDS (Program Disable)

CLK

ENABLE = 11
DISABLE = 00

DI 7\ 0 0/ "\ 0 0 0 0 0 0 O

PEN AND PDS FOR 128 x 8 ORGANIZATION

CLK

ENABLE =11
DISABLE = 00

DI /1\0 o / \ O 0O o0 O 0 0

PEN AND PDS FOR 64 x 16 ORGANIZATION

Program Enable and Program Disable

Programming must be preceded once by a programming enable (PEN) instruction. Programming
remains enabled until a programming disable (PDS) instruction is executed. The programming
disable instruction is provided to protect against accidental data disturb. Execution of a READ
instruction is independent of both PEN and PDS instructions.
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= MOS E’PROMS-MSM16911RS =

Figure 5. ERAL (Erase All) Mode (128 x 8)

cs/ \XXXXX/

o /MO 0/M0 0000000 /XX

RDY/BUSY
s
< to]
ERAL (Erase All) Mode (64 x 16)
cs/ OXXXK/

{(-
N

DI__/7\° 0/7\0 00 00 0 O Y

RDY/BUSY

Yy f

< tp >

Chip Erase

Entire chip erasing is provided for ease of programming and is implemented with the ERAL

(erase all registers) instruction. Erasing the chip means that all registers in the memory array
have each bit settoa 1"

All specifications and details published are subject to change without notice.
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= MOS E’PROMS -MSM16911RS =

Figure 6. WRITE ALL

WRAL (Write All) Mode (128 x 8)

cs/ T

LU LU L U L UL L U U A R L L
Dl/moomoooooogo—,\bqb-m

RDY/BUSY
N
re—sl
Ltp
WRAL (Write All) Mode (64 x 16)
cs/ QR

CLk LML L LU U L U L U L LA e L
DI_/3\0 0 0/\0 0 0 0 o 96hEa ,, /T

RDY/BUSY
!
el
votp
AN Dn
128x 8 A, D,
64 x 16 A D,;
Write All

This instruction is provided to write simultaneously all the registers. All the registers must be
erased before doing a WRAL operation. After a WRAL instruction has been shifted in, the
RDY/BUSY pin goes low and the self timed write sequence starts, The RDY/BUSY pin will
act as a status indicator. It will remain low as long as the chip is programming. It will go high
after all the bits of the array have been set to their proper value,
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64K 256K BIT DYNAMIC RAM APPLICATION NOTES

1. MEMORY DRIVER

There are problems in driving MOS ICs by a TTL driver:
increase of driver delay time due to capacitive load and
ringing waveform at the failing edge.

An example of the increase of delay time due to capaci-
tive load is shown in the following figure.

The number of load memory elements must be taken
into consideration when designing the timing.

In case of LS type
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In case of L type
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e |f the number of load memory elements is 20 ~ 40
(150 ~ 300PF) on a two layer board, an undershoot
of -2 to -3V (peak voltage) occurs. Therefore, meas-
ures against ringing must be taken as described in the
following.

e Measures against ringing

(1) No consideration is required for the rising edge
since there is a margin.

(2) Since ringing may be considered as a reflection

due to mismatching between the driver output
impedance and signal line impedance, it can be
prevented by line matching (termination).
For memory arrays, however, termination with
pull up or bleeder resistance is not effective.
Instead, series resistance (damping resistance) is
suitable for memory arrays.

(3) The optimal value of series resistance differs
depending upon the speed, pattern status, and
driver. Experience will help in determining the
optimal series resistance.

As a general rule, a resistance of 10 ~ 1008 is
suitable.

However the speed will be lowered if the resist-
ance is too large. An example is shown in
attached drawing 3.

(4) Make the signal lines as short as possible. Multi-
layer board design is effective in reducing the
undershoot (as the signal line impedance is
lowered).
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2. DECOUPLING CAPACITORS

The dynamic MOS RAM is featured by the great
power current at the active time in comparison
to that at the standby time.
For example, the rated value (lcc1) of the mean
power current of the MSM3764 is 45mA, while
the standby current (icc2) of the MSM3764-15
(150ns version) is 5mA. The former is approximately
10 times greater than the latter. The peak current
of the MSM3764 approaches 90mA in the worst case.
{t is approximately 20 times as great as the standby
current lcc2.
Therefore, the power circuit must be designed so
as to prevent the above current variation from
causing an erroneous operation of the memory.
A by-pass capacitor must be inserted for this
purpose. There are two types of by-pass capaci-
tors: high frequency capacitor and low frequency
capacitor.
2.1 High Fregquency Capacitor
In the lcc current waveform, the peak current
rises at a high speed such as 10ns, and a high
frequency noise represented by the foliowing
expression is caused to occur by the L compo-
nent of the current applied to the capacitor:

av = L-%'t-
To reduce the fluctuation 2V, the value of L
must be reduced.
For this purpose, the capacitor must be placed as
close as possible to the power pin of the IC. Fur-
ther, sufficient capacity for supplying the peak
current is required. The standard capacity for a
double sided circuit board (two layer circuit
board) is 0.05~0.1uF or more. The capacity
may be less than this value for a multi layer
circuit board since the L component is less than
the former.
When designing a board, mount one capacitor
with excellent high frequency characteristics for
every two or three MOS IC memory chips, near
the power pins of these IC chips.

2.2 Low Frequency Capacitor

A low frequency capacitor is required for sup-
pressing the power fluctuation due to a sudden
current variation (for example, current variation
caused by a status change from the standby
status to the continuous access status or concur-
rent refreshment of the entire board) in a board
unit. The power fluctuation in this case is a slow
variation of several handred ns.

For this reason, the low frequency capacitor
must have a capacity larger than the high fre-
quency capacitor.

Though the capacity requirement depends upon
the number of memories which operate simulta-
neously (bit width), 50uF is enough for a 16~
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32 bit system in a practical use.
As an example of capacitor which satisfies the

requirements in both 2.1 and 2.2 above, a
small-sized  tantalum  capacitor with  excellent
high frequency characteristics is shown in the

foliowing table. It is desirable to mount a low
frequency capacitor near the power input pin in
order to suppress the fluctuation of power sup-

plied from outside, even if this capacitor is
mounted.
Manufacturer Model Capacity (uF)
Oki Ceramic Co. | Model CA
. 0.1 ~ 20uF
tantalum capacitor
Model CB

The frequency characteristics of the above
capacitor and the power bus bar are illustrated
in attached figure 1.

3. PRINTED CIRCUIT BOARD

3.1 Number of Layars

Considering the measures against power noise which was
described in 2. above and the routing to be described in
3.2, two layers are enough in principle.

3.2 Routing

An example of routing on a two-layer circuit board is
shown in attached drawing 2. In designing the routing,
note the following four points:

(1) The MOS drive line based on the TTL must be as
short as possible to prevent ringing (reflection) and
reduce crosstalk.

(1) Considerations are required to lower the imped-
ance of the power line (including the ground). (For
example, make a solid or grid-formed power line
pattern. It is desirable that the power line pattern
has width of at least 1.27mm.)

(111) If a signal line is to be branched for multi drive,
the line must be branched at the driving end.
(See the following figure.) And, the memory
matrix must be designed in an integrated form, and
peripheral drivers must be placed near the memory
matrix.

— H- -0

— O OO
SN

I

Memory element
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4, PERIPHERAL CONTROL CIRCUIT

The three types of dynamic RAM control ICs shown in
the following table are available at present.

Manufacturer Model Functions

Intel i-3242 o Seven-bit address multiplexer (for 16K bit
dynamic RAM)

o Seven-bit refresh address count function

o Direct dirving capability of memory elements (for

Motorola MC-3242 approx. 20 elements. 250 pF/25 ns 16 pF/9 ns)

o Application to a 64K bit dynamic RAM, example
(see the following figure)

Texas Instruments 74LS601 o Refresh timer using an RC multivibrator
(T 1) 603 o Timing generation
o Refresh address (7-bit address)
Advanced Micro Am2964A o Address latch/multiplex function (16-bit address)
Device (AMD) o Refresh address counter
o RAS decoder (2 ~ 4)
Intel i-8203 o 8-bit address multiplexer (for 16K/64K DRAM)

o Direct dring capability of memory element
o Including timing control

REF
ENABLE

! 3242

A, MsM3764

ROW ENABLE
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5. NOTES ON MOUNTING 1 MB memory on a board from the viewpoint of mounting
MEMORY ON A BOARD space. In this case, however, note the following points

since the number of memory elements mounted is so
The advent of a 64K bit dynamic RAM such as the large as 128 ~ 176 (when redundant bits are provided).
MSM3764 has made it extremely easy to mount 1 MB

Point to be noted Consideration Practical example
Mounting of Memory elements may be integrated or
memory divided. Driver Memory
elements (Desigh the memory array(s) to make array

the drive lines shortest.) *

Driver|
Memory array Memory array
Memory Take care about the delay time and Drive element
element undershoot noise of the drive element.
driving method (If the condition V| min = —.1V recom- Parameter Delay (mA) )
mended for the MOS dynamic RAM time oL Noise
operation is satisfied, the memory elements Element
will display the full reliability.)
play v 7404 Medium
16 e}
speed
74504 High 20 X
speed
Measures © Two layers are enough for a board.
against noise (Pay attention to the power line pattern.)

o High frequency noise Mount a 0.1 ~ 1 uF capacitor for every two
memory elements.

o Low frequency noise Mount a tantalum capacitor etc. of 50 uF
or more near the power input pin of the
memory package.

Timing design o Prevent skew between each timing in order Use ICs of the same tipe for racing timing
to enhance the system access speed. (for example, RAS or CAS).

o Make a sufficient margin in timing design. Skew and mounting delay

Thermal design Thermal design under the worst condition Operation at a case temperature of 70°C
is required. must be guaranteed.
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6. MEMORY SYSTEM RELIABILITY

6.1 Reliability Determination Factors

The memory system reliability depends upon the four
factors shown in the left column of the following table.
These factors are determined as shown in the right
column of this table.

Memory system

L Factor determination
reliability factor

System-required | Determined by the user-required

reliability specifications (MTBF).
Unit capacity a [MB] = [word depth] x
[bit count]
Parts reliability | Logic element Hard error
Memory element Soft error

Cost

6.2 Hard Error and Soft Error

(1) Hard error
A hard error is a permanent error which occurs each
time a certain address is accessed.

(1) Soft error
A soft error is a transient error that does not repeat. The
following are the three causes for soft errors:

(1) Insufficient power margin

(2) Insufficient system noise margin
(3) Particle failure

(4) Insufficient power margin

(6) Insufficient system noise margin
(6) particle failure

Items (1) through (5) are largely influenced by the
system design. For item (6), it is required to consider
whether a remedy such as ECC should be taken or not
to satisfy the system-required reliability based on the
parts reliability (pertaining to hard errors and soft
errors). See 1.3 and 1.4 for details.

6.3 Measures for Reliability Enhancement

The following are the two typical means for the en-
hancement of system reliability.

(1) Parity..... .. Error detection only (makes no
contribution to the MTBF enhance-
ment)

(2) ECC.........The SEC-DED* is used in general

* Single Error Correct — Double Error Detect
{one bit error correction and two bit error detection)

6.4 Reliability Calculation Method

MTBF for a hard error and a soft error
(1) Memory element reliability

Hard error ryy = e “H'" (\: Hard error rate)

Softerror rg = e ™S (Ag: Soft error rate)

Reliability
n n-1
R=(ﬂi) +nC,-(rHerg)~ -(1 =rH)

O
@ Probability of no hard error
@ Probability of one bit hard error followed

by no hard or soft error

Find a value for t when the value of Rise '.

The following calculations are based on the assumption
that there is a low probability of two bit soft error
occurrence.

(2) Memory unit reliability
Assume a memory unit whose size is n bits in bit
width and k blocks in address capacity. The
memory element reliability is expressed as
follows:
r=eM(\: error rate)

@ One bit correction
Find a value for t which satisfies the following
expression:
R = {g)_':‘+nC, -rn—1(1 -r)}k =e!

@ @

@ Probability of all bits being correct

@ Probability of error occurrence for only one
bit

@ Only parity error detection without bit correc-

tion

Find a value for t which satisfies the following

expressiﬁn:

R=(M%=¢™

k blocks -

]

n bits

6.5 Raeliability Calculation Result Example

(1) Comparison of 64k byte, 128k byte, and 256k
byte configurations (without ECC)

(@) 64kbyte
Element (:;';) (::\i) '(V\I/:aBr:)

64k 100 | 1000 1.5
200 10.6
100 100 15.9
50 211

16k
200 12.7
50 100 21.1
50 31.7
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() 128kbyte (3) 256kbyte

Element AH AS MTBF Element AH AS MTBF
(Fit) (Fit) (years) (Fit) (Fit) (years)

64k 100 1000 5.8 64k 100 1000 29

200 5.3 200 26

100 100 7.9 100 100 4.0

50 106 50 5.3

16k 16k

200 6.3 200 3.2

50 100 10.6 50 100 5.3

50 15.9 50 7.9

Notes: 1. The bit width is 9 bits for each case.
2. 1 bit is used for parity error detection.

(2) Comparison of 1M byte configurations (with ECC)

Reliability (years)
Element AH (Fit) AS (Fit)
Bit width: 22 bits Bit width: 39 bits
100
(100%) 1000 8.2 (0.76) 7.9 (0.79)
64k
100 1000 13.9 (0.76) 145 (0.79)
(50% 50%) - o
100
(100%) 100 8.3 (1.05) 6.8 (1.08)
16k
100
(50% 50%) 100 13.0 (1.05) 10.7 (1.08)
Notes: 1. When the bit width is 22 bits, six bits are 4. The (50%, 50%) in the AH column means
used for the ECC. that 50% of the hard error rate AH is han-
2. When the bit width is 39 bits, seven bits are dled as the total bit hard error rate and the
used for the ECC. remaining 50% is handled as the one bit
3. Values in parentheses are the reliabilities in hard error rate (which reflects the hard
the case of parity error detection without error mode analysis result confirmed so far).
ECC.
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7. MEMORY COMPARISON
STANDARD

In general, power, speed, and usability are required for
memory elements. At present, 64K bit dynamic RAMs
can be supplied by a lot of manufacturers, and these
elements have almost unified specifications.

In designing a circuit board to achieve stable system
operation, however, considerations must be given to the
specification values and margins against the specification
values, pertaining to the points shown in the following
table. Factors that will affect the stable system opera-
tion are power, temperature, aging, clock skew, uneven
operation of peripheral 1Cs, and so forth.

Point . .
to be noted Actual item to be considered Reason
Power o Currents (lcct, lcc3, and lcc4) at the operating The power system must be noted.
time and current (lcc2) at the standby time (example: with battery backup)
o Current waveform (especially the peak current The noise margin must be strict for
value) memories with large peak current.
Timing o Address setup (tASR, tASC) and hold (tRAH, In system designing, these timing pulses
margin tcAH) timing are directly related to the access time.
o Data setup (tpg) timing and write pulse width These timing pulses are related to the
(twp) cycle time in writing.
Voltage, temperature, and dependability of each The temperature inclination must be
timing (especially the tRgF and tRaC) little for the timing pulses tRgF and
tRAC.
Voltage It is impossible to achieve the ideal voltage status A sufficient voltage margin must be
margin when used within a system. provided under consideration of various
factors which will affect the system
operation stability.

Attached drawing 1
Frequency characteristics of capacitor and Q/PAC

%07 Q/PAC sectional view
<
(Q)
10 pin3 Pint1  pip o

Model C8 tantalum 1.0uF
N capacitor (manufactured
J by the Oki Seramic)

)
\ —-— Q/PAC (manufactured by
~ the Rogers)

Model CB

(1.0uF) Q-PAC

(between pins
1and 2)

Q-PAC

(between pins
2 and 3)

5 50 100
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Attached drawing 2
Two layer board circuit pattern example

Ifrequency

capacitor

- tHigh

Mmﬁe_ .Mﬁﬁﬂﬂ_ﬂ T > ﬁ_@_‘ﬁﬁE,_%_E_ﬂﬂﬂﬂlﬁ -
B

8| 0| 8| B i 3

e B zzzmTwh.mww@wwm@ﬁ;w ww@@wwmu

\ 28R

2 _ 5
pay.yzg&@@%ﬁ _MWﬁE“_ dr:ws_zmmﬁu&

s 5159|7109 @ | s _n\,w,%
o HERH : _ ; .. .‘ : ] t?uﬁﬂ 20
B T R T
s Bllew 79 a | i B a0 19719 8 | G, elole o |

SRR SR S
IS i aagﬁww¢ w_@&m@M@
et e et et

L e
CADS AR Rl S e )
e ﬁﬁfﬁ@w ‘ b s WW__M

PR w.mrwmﬁﬁﬁw,ww

SSA

]

H
|

a8
%ﬁ

& APPLICATIONS 58—

508



m APPLICATIONS &

Attached drawing 3
input waveform example Horizontal: 50 ns/div

Vertical: 1 volt/div
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CMOS RAM BATTERY BACK-UP

A practical example of formation of non-
volatile data by CMOS static RAM battery
back-up is outlined below.

1. System power and battery switching
circuit

The simplest RAM power supply (CMOS Vcc) is out-

lined in Fig. 1. In this case, the CMOS Vcc for normal

operation is kept at a voltage 0.7V below the system

voltage by the voltage drop across a diode (forward

direction).

+ -

= Battery

_ CMOS Vce —I

Fig. 1

System
battery

Fig. 2 is an example of use of a chargeable Ni-Ca battery
as the back-up battery. While the system power is being
employed, the Ni-Ca battery is gradually charged up via
Rc. As in Fig. 1, the diode voltage drop also poses a
problem in this circuit.

D2 (optional)
System T M-

battery —p TTL Vcc
CMOS Vce
D1
Rc

= Ni-Ca battery

+

Fig. 2

The conditions for formation of non-volatile data (data
retention) by battery back-up are listed below.

(1)" The input signal H level must not exceed Vcc +
0.3V when the CMOS RAM Vcc power voltage is
dropped.

(2) CE (or CS) must maintain CMOS Vcc “H" level.

(3) In order to minimize power consumption, WE,
AD, DIN (or 1/O) must be set to GND level or to
the same “H” level as CMOS Vcc. (This is not
necessary, however, for CMOS RAMs with chip
select floating capability).

510

Note: CS floating capability
Power down possible irrespective of other input
levels when memory has not been selected (i.e.
when CS = H).

Consequently, if the TTL Vcc level is greater than the
CMOS RAM supply voltage, and the RAM driver is at
the TTL Vcc level, the CMOS RAM input voltage will
exceed CMOS Vcc + 0.3V (a situation which must be
avoided). Therefore, in order to reduce the voltage
difference between CMOS Vcc and TTL Vcc with the
battery voltage set to at least 4.5V or 4.75V (due to
the RAM operating supply voltage range), the D2 diode
may be added to abtain a system voltage level at least
0.7V above 4.5 ~ 4.75V (which will keep CMOS Vcc
and TTL Vcc within the respective CMOS and TTL
operating supply voltage ranges).

To cope with (1) and (3), a CMOS driver which will also
operate at a low voltage Vcc during data hold may be
empioyed, or eise, the open coilector and open drain
buffer may be pulled up to CMOS Vcc in order to drive
the RAM.

A control circuit for coping with (2) when an abnormal
system power supply is detected is also required.

2. Switching Circuit Modifications

Modification of the diode switching circuit can employ
PNP transistors. Voltage drops by PNP transistor VcE
are smaller by about 0.2V, and this can lead to the
generation of a system ‘power fail’ signal.

System 2N3638

battery

;

1K2N222%L

Fig. 3

Fig. 3 outlines a switching circuit employing a PNP
transistor. The Rc used when a chargeable battery is
employed is replaced by a diode when a non-chargeable
battery is used. In this case, switching occurs at the
zener diode voltage, so "‘power fail’”’ must be detected
by another circuit, and CE set to CMOS Vcc “high”
level.



Figs. 4 and 5 are examples of circuits capable of generat-
ing a POWER FAIL output signal. In these circuits, the
C2 capacitance must be rather large, the important

m APPLICATIONS =

point being the need for a smooth gradual change in
CMOS Vcc when the system power is cut. See next page
for further details.

» TTL Vee
a {
System [ 1 X » CMOS V. ]
battery ~ ¢ |, N - ce Q: : 2N2907 or 2SA495
el 3 Reg 1 .| ¢ Q. : 2N2222 or 25C372
- R, TR 4 : Rs :1K R2 :100
POWER ¢ D o, Rs :500 R4 :47K
FAIL R = D, :36V Rc :200
Q A = Ni-Cad : 3.6V
* Rs T, {70mAH)
Fig. 4
POWER FAIL signal
! » TTL Vcc or system Vee
1N467A 1K
3.9v
System 2N3638 . » CMOS Vi
battery N - » CMOS Vce
+__C1 70 +
ci
‘1 2N2222 l—
2N2222 = Ni-Cad

J., 500mAH

Fig. 5

System bat_tery Q,
l ¥
N C

=0

T_._.

CT = C2 + (another decoupling capacitor)

5V 4‘5\,‘/ Determined by C1
CMOS Vee \ Example.

GND§

3V > 2.0V

CMOS Vce
-0.1 ~0.2v
>1.5V

Fig. 6
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3. Data Retention Mode

The RAM driver (peripheral circuit) is determined
according to conditions (1) and (3) required for data
retention. In Oki Electric CMOS RAMs, the power
voltage during data retention is kept at a minimum of
2.0V. The CE (or CS) voltage at this time has to be kept
at about Vcc —-0.2V. And as was mentioned earlier, the
CMOS Vec must drop smoothly when the system power

is cut until it reaches the power voltage for data reten-
tion (practically equivalent to the battery voltage, or
else reduced by the diode voltage drop). And although
CE traces the slope of CMOS Vcc reduction at this time,
a smooth change in CE is also a necessary condition for
actual circuits.

(4) When switching to retention mode, or from reten-
tion mode to operation mode, CE must exhibit a
smooth change. If noise is generated in CE in this case,
the data will be subject to rewriting.

Operation mode

-

Cmos Vcc 5V +10%

I >asv
CE input VTH =
Vcec — 2.0V ' 2.5

(MIN) ' ‘

Other inputs Vy =
0.8V (MAX)

t=0/

MIN)

-—_—t\ 4 —
GND —— — — — 1 == —"‘——r ————————————
May be longer

’-—» Data retention mode

Must be free of noise

RAMP f
( waveform) 2.0V (MiN)
{— Ve
) ~
Vce — 0.2V
0.5V (MAX)

Fig. 7

(5) When switching to operation mode, commence
operation after elapse of tRc (read cycle time) following

Vcc reaching the operating power voltage range.

Data .
. Operation
retention <«— mode
mode 45V \ ‘ CMOS Vcc = 5V £10%
| 2.5V (MIN)
ViH = Vcec — 2.0V
CMOS Vcee . ‘ 2.5V = 1/2Vcc (MIN)
\_
P /'———"—‘*—
CE I
X | CE Vy = 0.8V (MAX)
GND —— —— — ——— I et e GND
May be longer tRC min.
Fig. 8
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4. Interfacing

A) TTL Interface
In the case of CMOS RAM drive by TTL, use an open-
collector type TTL according to conditions (1) and (3).

u APPLICATIONS =

When the system power line (i.e. TTL Vcc) is cut, the
open-collector TTL Q2 in Fig. 9 is turned off, followed
by Q1 also being turned off, resulting in the CMOS
RAM input being pulled-up to CMOS Vcc.

Switching circuit System power line

TTL Vce CMOS Ve
1K< I
p
< Vce
IN
CMOS
RAM

.

|
1

il

N or TTL Vce
+

Fig. 9

When the power line voltage in LS type TTL is dropped
to ground, the output is also dropped to ground,
thereby making the pull-up resistors for address line
buffers etc no longer necessary. In this case, however, it
will not be possible to employ this as a control line
buffer which must be switched to “’high’”’ during CE (or
CS) data retention.

(6) In order to minimize the consumption current
during data retention, all inputs except CE (or CS, this
being designated as either “high” or “low’’) must be

maintained at either GND or CMOS Vcc. (This does
not apply, however, for CMOS RAMs equipped with CS
floating function).

B) CMOS Interface

In systems where the CMOS RAM is driven by CMOS
buffer, operation must be at the data retention power
voltage, and the corresponding output voltage must
satisfy the requirements indicated in Figs. 7 and 8.

¢ -4 CMOS Vcc
$.53 % I 1
9 3 1 Vce
T LT
+ N
HI CMOS
R RAM
[N ! '
L
A .
Fig. 10

5. Miscellaneous

In order to further reduce power consumption during
data retention by even a small margin, the use of a MOS
FET as the transistor generating the POWER FAIL
output signal is recommended. This is in order to
prevent flow of current from the 14k resistor.
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MASK ROM KANJI GENERATION MEMORY
DESCRIPTION

1. KANJI GENERATION MEMORIES
IC Number | Character storing Config- Character Bit Access
models of codes capacity uration style capacity time
MSM38256-19
4 ;ﬁgi’;:f;:tzz '] 15x16 | Gothic style | 25yK bits |  250ns max
MSM38256-22
8 MSM38256-32
5 4 ;ﬁ ;‘i:‘:f;:tz‘rz' 2| 15x16 | Gothic style | 256K bits|  250ns max
g | MsM38256:35
°
® | Msm38256-10
Q
z 9 ;'431 ;tizdfrdt'\'r:' V| 2ax24 | Mingstyle | 256K bits|  250ns max
2 | MSM38256-18 aracte
MSM38256-38
9 ;ﬁ;ta';:fa'cdte'\“:' 2| 24x24 | Mingstyle |256K bits| 250ns max
MSM38256-46 ¢ "
MSM38128-00
- 18 3281 ;t?::::;gt":‘:' ! 24 x 24 Ming style | 128K bits 450ns max
88| MSM3812817
*5
3 E| mswssi2s18
T o -
el
sE 10 ;'451 ;tac'r']:::tg:' V| 16x18 | Gothicstyle | 128K bits|  450ns max
MSM38128-27
JIS standard No. 1 ) . 10us max
38 MSM28101A 1 3018 ohormetors 16x 18 | Gothicstyle | TMbits | . 2 W
78
] JIS standard No. 2 10us max
S . ) )
S E| MsM28201A 1 3380 ohorrctors 16x18 | Gothicstyle | 1Mbits | o CEBT
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2. MSM38256 SERIES

2-1 15x 16 Font

(1) Model names
MSM38256-19~22 (four codes); JIS standard No. 1 (2,965 characters) + Non-kanji (524 characters)
MSM38256-32~35 (four codes); JIS standard No. 2 (3,384 characters)

These models are similar in electrical characteristics to the MSM38256 mask ROM. The CS and OE signals are active
low.

(2) Split character patterns, and their storage
e Split character patterns

«The character patterns are standard OKI
character patterns.

« Each character consists of two chips.

. Character data is generated at high level, and
background data is generated at low level.

«Character data is stored in a 16 x 16 dot
pattern area, left-justified.

® Storage
- Each group of four chips forms one set to
#3 #4 (K = 1024) store about 4K characters.
#1 #2
/2K characters
/QK characters
#1 #2 #3 #4

JIS standard No. 1 MSM38256-19 MSM38256-20 MSM38256-21 MSM38256-22
JIS standard No. 2 MSM38256-32 MSM38256-33 MSM38256-35
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(3)

Address code conversions

The following address code conversions are required to access character patterns with the JIS C6226 kanji code
(i)  Converting JIS standards Nos. 1 and 2 (byte 1 = 50H ~ 6FH area)
Byte 1 Byte 2
C6226 Xo | %o [ X | %o [ xa | % [ %, [, [ s [ Y, ] Y, ] v, v.]v,lv, ’ Y,
Byte 1 Byte 2
ROM address A | A AL AL AL A Ag | As | Ay | Ag | As | A,
Conversion address Xs | X | X5 | X, | X, Yo | Yl Ys | Yol Y| Y| Y,
(ii) Converting non-kanji and JIS standard No. 2 (byte 1 = 70H ~ 74H)
Byte 1 Byte 2
6226 Xy | X, [xs | Xs | X, | X, l X, I PR AN AR AR ALARARAYZ
Byte 1 Byte 2
ROM address A AL AL ALIAL Al Ay 1A A, | Ag | A A,
Conversion address Y, Yel X5 | Xy | Xy O 0 | Y iYa|Ys|Y|Y,

* Use A ; as a CE control signal because it is not supported as a ROM address. (For further details, see the circuit
example.)
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15 x 16 font circuit configuration example

Kanji code

Font data j>
| 16 bit I I
Al5
|_ Byte 1 Xy ~X,. )
|: Byte 2 Y, ~Y §§ A D
ve2Y,~v, N 2E& Chip Chip
© 1 2 D 1 2
) 3] 4 [ 3] 4
. $tr|ng address —0 — ‘—(RJ
Conversion in a character CE| JIS standard CE |CET J!S standard
rule choice ™~ 1 No.1 ROM No. 2 ROM
module module
Yg=0
e I T D
8 Xg~X,=
™~
L 1H~28H Non-kanji
©  [30H~4FH x | ) JIS standard No. 1
<]
XX ) o <7 ROM select
°© ~~--JIS stan-
H~6FH
8 ;F’gHN;H -#— dard No. 1
: e JIS standard No. 2 ROM select
° 4
8 JIS stan-
dard No. 2
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2-1 24 x 24 Font

(1) Model names

MSM38256-10~18 (nine codes); JIS standard No. 1 (2,965 characters) + Non-kanji (524 characters) + Half-size

characters (159).
MSM38256-38~46; JIS standard No. 2 (3,384 characters)

These models are similar in electrical characteristics to the MSM38256 mask ROM. The CS and OE signals are

active low.

(2) Split character patterns, and their storage
® Split character patterns

@ Storage

(K =1024)

‘J//4K characters

518

* The character patterns
character patterns.

« Each character consists of nine chips.

« Character data is generated at high level, and
background data is generated at low level.

are standard JIS

JIS standard No. 1

JIS standard No. 2

#1 MSM38256-10 MSM38256-38
#2 MSM38256-11 MSM38256-39
#3 MSM38256-12 MSM38256-40
#4 MSM38256-13 MSM38256-41
#5 MSM38256-14 MSM38256-42
#6 MSM38256-15 MSM38256-43
#7 MSM38256-16 MSM38256-44
#8 MSM38256-17 MSM38256-45
#9 MSM38256-18 MSM38256-46




m APPLICATIONS m

(3) Address code conversions

The follt_)wing address code conversions are required to access character patterns with the JIS C6226 and C6229
kanji code:

(i) Converting JIS standards Nos. 1 and 2 (byte 1 = 560H~6FH area)

Byte 1 Byte 2
6226 X, [ %] % | % x4|x3|x2|x1 v [ Y, v ] Ys v.[v.[v.]v,
Byte 1 Byte 2
ROM address AnlALlAL AL AL A, [ A A, A A [ A ] A,
Conversion address Xs | Xa | X5 | X, | Xy Y, | Yo | Ys | Ya| Y| Yo!|Y,
(i) Converting non-kanji and JIS standard No. 2 (byte 1 = 70H~74H area)
Byte 1 Byte 2
C6226 x,|x,]x6|xs|x,,|x,|x2|x1 Ya[Y7|Ys|Ys|Y4IY3|Yzle
Byte 1 Byte 2
ROM address Al Al AL AL AL A, LA LA, A A A A,
Conversion address Y, | Ye | Xs i X, | X, 0| O |Ys|Ya|VYs|Yo|Y,
(iii) Converting half-size characters (C6220 code)
6220 |z, |2, 2] 2 EAE2 |z, ZJ
Byte 1 Byte 2
ROM address Al ALl AL AL AL A LA A AL A A A,
Conversion address 0|1 0|2,|2,]2 0l 0|2,]2,] 2,| 2,2,
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(4) 24 x 24 font circuit configuration example

Font data
[24 bit ]
o A Chip
] Byte 1 X, ~X ) .
§ 8 1 v § g’ A,~A,, 1 2 3 1 2 3
= gt
c
S Byte 2 Y,~Y, 3¢ 4| 5] 6 4] 5| 6
v © T ) E>
String address |__7 8 9 7 8 9
i character
——d_ | | ne I:ﬁ (?JIS standard :ﬁ (PJIS standard No. 2
Chip select |No.1 ROM ROM module
module
~
Half-size font
specification | w4
Y, =0 iDj—lalf—size
Y, Xg~X, = ¥ ‘\characters
— 21H~28H Non-kanji} |
8. {30H~4FH « | |~ 1S standard No. 1
» ©
Xe X, ) 53 ' ROM select
3 8 .l dard
38 |soH~6FH P 2 standar
© " [ron=77H ‘e | o—
o JIS standard No. 2 ROM select

v
JIS standard
No. 2
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