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IC MEMORY LINE-UP AND TYPICAL CHARACTERISTICS

® DYNAMIC RAMS ... e e e
SIP/SIMMMODULE . .. e
NMOS STATIC RAMS
CMOS STATIC RAMS
MASK ROMS
EPROMS . e
E2P ROMS



IC MEMORY LINE-UP AND TYPICAL
CHARACTERISTICS

— 32— 32k x 1 f—{msm3zazn - msmazzaL |
—oymmic NMOS'——:—‘I 64K | 64K x 1 |—IMSM3764 | MsM3764A |
128K |— 128K x 1 |—Msm37s64 |— msm37s64A |

—{ 256K 256K x 1 |- msma12s6 |

Msma1256A— Msma1257a]

64K x 4 |—{msma1464 |

{ ™ 1M x 1 |—{msma11000}— msmai1001 |*
J_ljZSGK x 4 |—{msma14286 ]+

 cmos —] 1w 1M x 1 —{msms11000}— msms11001 |-

256K x 4 |—{ msm5 14256} —] msms14257 |

MODULE

RAM 576K |—— 64K x 9 |—{Mmsc2301vsg]
—{ sip/simm |— nmios M I—I::zseK x 8 —{msc2304vss} msc2zoaxss |

256K x 9 |—{msc2304vsol mscazoakse |

nmos |— 16k F— 2k x 8 |—{msm2128 |
— ak F—{ 1kxa}—{mswmsi14 |

— ek ] 2k x s} msms128 |} msms1286sK |

— 64K 8k x 8 |—{msms165 | msmsiesL |
16K x 4 F—m5188Us |*
osek ] sakxs|—{ms1257  F— msms 12571 ] +

*Under development



= IC MEMORY LINE-UP AND TYPICAL CHARACTERISTICS =

6ak |— sk xs }{msmases |

256K |— 32k x 8 |{msmas2s6}{msmasasea |

512k_|— 64K x 8 |{msmsss12]*
—| Mask Rom |+ nmos |—{ 1m |18k x 16F}{ msm28101aAsHMsm2820145 |

256K |— 32k x 8 }{msms3256]
i |—{128c x8 |{msms31000|

— eax }— sk xs }{msm2764 |

1128 }—1 16k x 8 {msm27128]

—Terrom  |{nmos |1 286K | 32K x 8 }{msm27256]

512k | 64k x 8 {msm27512]*

v | 64k x 16 FH{msm271000F— msm271024 |+

L{cnvsos 1 sax —{ sk xs {msmzrces }*
{128k }—{ 16k x8 }{msm27c128]*
L im | 64K x 16 | {msm27c1024 |+

_{eeprom |—{nmos — 16k |— 2K x8 {msm2s16A]

*Under development



e DYNAMIC RAMS

m IC MEMORY LINE-UP AND TYPICAL CHARACTERISTICS =

Num- c Power
) onsump-
N‘I,em Memory b;{n‘;f Access | Cycle tion Power
Model Name carv | Circuit Function | Configura- Time | Time MAX Supply | Equivalent
pac i per MIN | (mw) | Volt Devi
ity tion Pack- | MAX d oltage evice
age (ns) (ns) | Operating/ (V)
9 Standby
MSM3732H-15 16 Pin Dynamic 150 270 248/28
32k A7 (Column)=H 32,768x1 | 16 +5
MSM3732H-20 mn 200 | 330 | 248/28
MSM3732L-15 16 Pin Dynamic 150 270 248/28
32k A7 (Column)=L. 32,768x1 | 16 +5
MSM3732L-20 200 330 248/28
MSM3764-15 150 270 248/28 TMS4164-15
64k 16 Pin Dynamic 65,536x1 | 16 +5
MSM3764-20 200 330 248/28 TMS4164-20
MSM3764A-12 120 230 330/28
MSM3764A-15 |64k 16 Pin Dynamic 65,536x1 | 16 150 260 330/28 +5
MSM3764A-20 200 330 330/28
MSM41256-15 150 260 385/28
256k | 16 Pin Dynamic | 262,144x1| 16 +5
MSM41256-20 200 330 385/28
MSM41256A-10 100 200 385/28
MSM41256A-12| 250k | 16 Pin Dynamic | 262,144x1| 16 120 220 385/28 +5
MSM41256A-15 150 260 385/28
MSM41257A-10 100 200 385/28
MSM41257A-12| 256k | 16 Pin Dynamic | 262,144x1| 16 120 220 385/28 +5
MSM41257A-15 150 260 385/28
MSM41464-10 100 200 385/28
MSM41464-12 | 256k | 18 Pin Dynamic | 65,536x4 | 18 120 230 385/28 +5
MSM41464-15 150 260 385/28
MSM414256-10 100 200 413/28
256k | 20 Pin Dynamic | 262,144x4| 20 +5
MSM414256-12 120 230 385/28
MSM411000-10 100 200 413/28
F—————| 1M | 18 Pin Dynamic | 1,048576x1 18 +5
MSM411000-12 120 230 385/28
MSM411001-10 100 200 413/28
fF—————————| 1M | 18 Pin Dynamic |1,048576x1, 18 +5
MSM411001-12 120 230 385/28
MSM511000-10 100 190 385/11
—————————| 1M [ 18 Pin Dynamic | 1,048576x1| 18 +5
MSM511000-12 120 220 330/11
MSM511001-10 100 190 385/11
[———— ] 1M | 18 Pin Dynamic |1,048576x1, 18 +5
MSM511001-12 120 220 330/11
MSM514256-10 100 190 413/11
—————————1| 1M | 20 Pin Dynamic | 262,144x4| 20 +5
MSM514256-12 120 220 385/11




m IC MEMORY LINE-UP AND TYPICAL CHARACTERISTICS =

Power
o oy Consum
ory Memory Pins Access | Cycle tion Power
Model Name Capac- Circuit Function | Configura- per Time | Time MAX Supply | Equivalent
isy tion Pack- | MAX | MIN (mw) | Voltage Device
a (ns) (ns) | Operating/ | (V)
ge Standby
MSM514257-10 100 190 413/11
| 1M | 20 Pin Dynamic | 262.144x4| 20 +5
MSM514257-12 120 220 385/11
MSM37S64-15 150 270 360/55
128k| 16 Pin Dynamic | 131,072x1{ 16 +5
MSM37564-20 200 330 360/55
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
MSC2301- 120 120 -
12YS9/KS9 30 Pin Socket
30 +5
MSC2301- 576k Insertable Module 65536x9 150 150 -
15YS9/KS9
MSC2304- 120 | 120 _
12YS8/KS8 30 Pin Sock
2M in Socket 262144x8 | 30 +5
MSC2304- Insertable Module 150 150 -
15YS8/KS8
MSC2304-
120 120 —
12YS9/KS9 i
om (30 PinSocket ) o65144x9 | 30 +5
MSC2304- Insertable Module 150 150 -
15YS9/KS9




e NMOS STATIC RAMS

= IC MEMORY LINE-UP AND TYPICAL CHARACTERISTICS =

Power
ll)\lel:"gf Consump-
Mem- Memory | Pins Access | Cycle tion Power
Model ory — . " ' Time | Time MAX Supply Equivalent
lodel Name Capac- Circuit Function Conflgura per | AX | MIN (mw) Voltage Device
" tion Pack- A
ity age (ns) (ns) | Operating/ | (V)
Standby
MSM2128-12 120 | 120 | 660/110
: Static, Common 1/0| TMM2016
MSM2185-15 | 16k | nelG -ommon /O 5048x8 | 24 | 150 | 150 | 550/110 | +5 ety
MSM2128-20 Mode 200 | 200 | 550/110
e CMOS STATIC RAMS
Power
Mem t':'el:mof ' Consump- o
: P - Memory " Access | Cycle tion ower
Model Name c:"V Circuit Function Configura- I::: Time | Time MAX Supply | Equivalent
apac- tion | poll | MAX | MIN (mw) | Voltage Device
ity age (ns) (ns) | Operating/| (V)
Standby
MSM5114-2 200 | 200 | 192/0.04
MSM5114-3 | 4k Eg::“’ms;z‘:jb 1024x4 | 18 | 300 | 300 | 192/0.04 | +5 :,Sgi;j
MSM5114 450 | 450 | 192/0.04
MSM5128-12 120 | 120 |330/0.275 HMG116
MSM5128-15 |16k Eg:fms;z‘ﬁb 2048x8 | 24 | 150 | 150 |300/0.275| +5 #.'Eggﬁ
MSMS5128-20 200 | 200 |275/0.275
MSM5126-20 150 | 150 |385/0.165
Fully Static 2048x8 24 +5
MSM5126-25 |16k | Common 1/0 200 | 200 |385/0.165
MSM5165-12 120 | 120 | 248/5.5
Fully Static
MSM5165-15 |64k | Common 1/0 8192x8 | 28 | 150 | 150 | 248/56.5 | +5
MSM5165-20 200 | 200 | 248/5.5
MSM5165L-12 120 | 120 | 248/0.55
MSM5165L-15 |64k gg'r'r}’msotf“:jo 8192x8 | 28 | 150 | 150 | 248/0.56 | +5
MSMS5165L-20 200 | 200 | 248/0.55
MSM5188-45 45 | 45 | 605/11
MSM5188-55 |64k Eg::‘yms;j‘:fo 16384x4 | 22 | 65 | 55 | 605/11 +5
MSM5188-70 70 | 70 | 605/11
MSM51257-85 85 | 85 | 385/55
MSM51257-100 [256k E;:wymsc::tli(/:o 32768x8 | 28 | 100 | 100 | 385/55 | +5
MSM51257-120 120 | 120 | 385/55
MSM51257L.85 85 | 85 | 385/0.55
MSMS51257L-100| 256k zg::‘yms;:‘:‘/’o 32768x8 | 28 | 100 | 100 | 385/0.55 | +5
MSM51257L-120 120 | 120 | 385/0.55




m IC MEMORY LINE-UP AND TYPICAL CHARACTERISTICS »-

e MASK ROMS
Power
Num-
Mem- ber of | Access | Cycle Con'sump- Power
Model Name ory Circuit Function Cn::'f? ‘::rya- Pins | Time | Time l\tlllf\')‘( Supply Equivalent
Capac- H per [ MAX | MIN Voltage Device .
i Hon I pack-| (ns) | (ns) | gpimed |7 (V)
ty P Operating/
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
MSM38256A | 256k | Fully Static 32768x8 | 28 150 150 330/33 +5
MSM38512 512k | Fully Static 65536x8 | 28 200 200 - +5
JIS-Chinese-
character
MSM28101 coding sys-
40 Pin MASK RAM t1<36r227~'7,
18x16 Chinese-cha- | 3760x16
™ 40 10us 22us 893 +5
racter font output x 18 JIS-Chinese-
character
MSM28201 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




u IC MEMORY LINE-UP AND TYPICAL CHARACTERISTICS =

e EPROMS
Power
Num- Consump-
Mem- Memory b;;nzf Access | Cycle tion Power
Model Name C:na/ - Circuit Function Configura-| per | Time | Time I(\:In% Supply | Equivalent
P tion |Pack-| MAX | MIN ! Voitage Device
ity age | (ns) (ns) Operating/ v)
Standby
MSM2764 64k 28 Pin EPROM 8192x8 28 200 200 790/185 +5 2764
MSM27128 128k | 28 Pin EPROM 16,384x8 | 28 250 250 788/184 +5 27128
MSM27256 256k | 28 Pin EPROM 32,768x8 | 28 150 150 525/184 +5 27256
MSM27512 512k | 28 Pin EPROM 65,536x8 | 28 150 150 525/184 +5 27512
MSM271000 ™M 32 Pin EPROM 131,072x8 | 32 120 120 525/184 +5 271000
MSM271024 im 40 Pin EPROM 65,536x16| 40 120 120 525/184 +5 271024
MSM27C64 64k 28 Pin EPROM 8,192x8 28 200 200 165/0.55 +5 27C64
MSM27C128 | 128k | 28 Pin EPROM 16,384x8 | 28 | 200 | 200 | 165/0.55 +5 27C128
MSM27C1024| 1M | 40 Pin EPROM |65,536x16| 40 | 100 | 100 | 175/0.55 +5 27C1024
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/ (\Y)]
age . Standby
MSM2816A-25 250 250 —
+5
MSM2816A-30 : 300 300 -
16k E‘,‘: '; om 2048x8 | 24
MSM2816A-35 350 350 -
+5
MSM2816A-45 450 | 450 —
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PACKAGING

PACKAGES
No. RS GS Js us Ys Ks AS
Name of | PLASTIC | PLASTIC | PLASTIC | PLASTIC | MODULE | MODULE |  SIDE-
Pins | pIp FLAT Lce SKINNY BRAZED
MSM3732 16 )
3764 16 )
3764A 16 )
37564 16 o
37S64A | 16 )
16 o
41256
18 B
a1256A |0 °
18 o
41257A | 16 )
18 o
41464
22 o
18 o
411000
2% o
18 °
411001
2 B
20 o
414256
2 5
18 o
511000
2 5)
18 o
511001
26 o
(¢]
514256 20
26 o
514257 20 °
2 o
2128 24 o
5114 18 °
5126 24 o
5128 24 o )
28 o
5165
32 5
28 o
5165L
32 5)
5188 22 )
28 o
51257
32 o
28 o
51257L
32 o
3864 28 o
38128A | 28 o
38256 28 )
38256A | 28 °
28101A | 40 5
28201A | 40 o
38512 28 o
531000 28 o
53256 28 o
2764 28 )

13




u PACKAGING =»-

PACKAGES
Nemo | ot |__BS Gs s us vs KS AS
Pins | PLASTIC | PLASTIC | PLASTIC | PLASTIC SIDE-
DIP FLAT Lce skiNNy | MODULE | MODULE | gpazgp
27128 28 5)
27256 28 )
27512 28 )
271000 32 )
271024 40 o
27C64 28 o
27C128 28 o
27C1024 20 5
2816A 2 )
2301 30 ) °
2304 30 o o

14




m PACKAGING =

e 16 PIN PLASTIC

20.0MAX

0 U S s U s Y e Y

)

6.7MAX

(0 e s e e s
\UNDEX MARK

7.62+0.30

] 0.51MIN

- 5 .
2.54+0.25 0.65MAX Seating Plane

e 16 PIN PLASTIC

20.0 MAX

7.5MAX \

INDEX MARK

7.62+0.30
z oz
25
d 3|5
ERE
] [y z
i \[ ? s 0.6 MAX
' L3
__I L_ Nl
Seating 15° MAX

0.65 MAX 2.54:0.25  Plane

Note: All dimensions in millimeters.

15



mPACKAGING »——

e 16 PIN STACK PLASTIC

20.0 MAX

o s I | 1 1

D

O

6.7 MAX

O IJUC T T T LI TITU

INDEX MARK

7.62+0.30

/-n\./r'\

4 MIN

18

‘U |

‘l—;«

0.65 MAX 254+

s

2.54 MIN 8.5 MAX

P

Seatnng Plane\#

e 18 PIN PLCC

PIN 1

/INDEX_MARK

122 45 @,;//@

®q p®
g u}
g p
d b
g )
E ]
® D@
oooo 9,
050TYPE |0 ® S,

3 PLACES

f1=0.38 MIN

I —7 T
12.370
(% 12522 13.208
127 | TYPT CAV, T” 73588
== [ ¢
=00
Loy B 6185‘6604i
‘ L 6.267|6.794
I H i i
| | !
1.27 |TYP~— | l—
LI 3.645
T 3ee 3.721
1“':_ 4.064
8128 2,254
8508 2

0.33

~ APEX REF
APEX OF LEADS TO

2 355"T' ]" [®laB-c[0.38]

=[0.10]

[T053 [@]alB-c[0.1

BE

16




e 18 PIN PLASTIC

u PACKAGING m

i 24.5MAX
r
| O s U e O s e O s A s Y e |
X
<
s
~
O\ o
—J | SN i GHNNED  GND (NSNS B SNNS (n GHNS | 7
l\ INDEX MARK
7.62:0.30
Z x
s<
S ‘
=
Z
s -
]
[y}

Seating
Plane

2.54:0.25 0.65MAX

¢ 18 PIN SIDE-BRAZED

23.2MAX

7.52MAX

R ——

__ [oEMIN

2.54MIN ' 5.1MAX

f
N 0.35MAX
Seating
Plane

e
2.54+0.52 0.6MAX

Note: All dimensions in millimeters.

17



u PACKAGING =

e 22 PIN PLCC

1.52
PIN 1 2.41
INDEX MARK +=-0.38 MIN
%45"» ® 0.64 MIN - 033
o 107 oty 053 _[f?nA]E:CE!ﬁI
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RELIABILITY INFORMATION

1. INTRODUCTION

Semiconductor memories play a leading role in the
explosive progress of semiconductor technology. They
use some of the most advanced design and manu-
facturing 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 incaiculable losses. So, the demand, for
stable high quality memory devices is strong.

We, at Oki Electric is fully aware of this demand. So
we have adopted a comprehensive quality assurance
system based on the concept of consistency in devel-
opment, manufacturing and sales.

With the increasing demand for improvement in func-
tion, 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 Electric
can be divided into 4 major stages: device planning,
developmental prototype, production prototype, and
mass production. This system is outlined in the follow-
ing block diagram (Fig. 1-1).

1} Device planning stage

To manufacture devices that meet the 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 requirements during
this stage. At the same time, we carry out actual proto-
type reliability testing.

Since device quality is largely determined during the
designing stage, Oki Electric 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 tech-
nology, production technology, installation tech-
nology 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 involve new
concepts and employ high level manufacturing
technology, the TEG evaluation test is often used
during this stage.

Note: TEG (Test Element Group) refers to the
device group designed for stability evalua-
tion of MOS transistors, diodes, resistors,
capacitors and other circuit component
element used in LS| memories.

(3) Prototypes are subjected to repeated reliability 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 reliability and
other special features of the production prototype at
the mass production factory level. After confirming
the quality of device, we prepare 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
inspection 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 inspection is performed in 3 different
forms as shown below.
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Fig. 2 Defect Processing Flowchart
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(1) Group A tests: appearance, labels, dimensions
and electrical characteristics in-
spection

(2) Group B tests: check of durability under thermal
and mechanical environmental
stresses, and operating life charac-
teristics

performed periodically to check
operational life etc on long term
basis.

Note: Like the reliability tests, the group B tests con-

form to the following standards.

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

Devices which pass these lot guarantee inspections are
stored in a warehouse awaiting shipment to customers.
Standards are also set up for handling, storage and
transportation during this period, thereby ensuring
quality prior to delivery.
5) At Oki Electric, 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.

(3) Group C tests:

3. EXAMPLE OF RELIABILITY TEST
RESULTS

We have outlined the quality assurance system and
the underlying concepts employed by Oki Electric.
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
Electric conform with the following standards.
MIL-STD-883B, JIS C 7022, EIAJ-IC-121

Since these reliability tests must determine performance
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 performed 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 manu-
facturing processes. Some of the more common defects
in memory LSI elements and their analysis are described
below.
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OKI MEMORY LSI LIFE TEST RESULTS

Device name

MSM41256-XXRS

MSM3764A-XXRS

MSM5165-XXRS

Function 262144 x 1 bit 65536 x 1 bit 8192 x 8 bit
Y DYNAMIC RAM DYNAMIC RAM . STATIC RAM
Structure Si gate N-MOS Si gate N-MOS Si gate C-MOS
ructu 16P plastic package 16P plastic package 28P plastic package
Test item Test condition Sar.nple Test Failures Sa@ple Test Failures Sar:nple Test Failures
size hours Size hours size hours
_ o
Ta=125C 300 2000 0 300 2000 0 88 2000 0
Operating Vce =5.5V
life test Ta = 150°V
Vee = 5.5V 40 | 6000 0 50 | 2000 0 50 | 2000 0
° 0,
140_(:856 100 100 0 100 100 0 22 100 0
Temperature | Vec = 5.5V
humidity test ©
85°C 85% 100 | 2000 0 150 | 2000 0 100 | 2000 0
Vce = 5.5V
o 0, :
Pressure 121 C 100% 100 | 500 | © 100 | 500 | © 50 | 300 | o©
cooker test No bias
=_ O
Low tempera- | Ta = -10 C 22 | 2000 | 0 22 | 2000 | o 22 {2000 | 0
ture life test Vce = 7.0V
Tem.perature —5500 ~ 100 500 0 100 500 o 100 500 0
cycling test 150°C cycles cycles cycles
Device name MSM27256-AS MSM38256-XXRS MSM531000-XXRS
Function 32768 x 8 bit 32768 x 8 bit MSM531000-XXRS
UV erasable EP ROM Mask ROM Mask ROM
Structure Si gate N-MOS Si gate N-MOS Si gate C-MOS
28P cerdip 28P plastic package 28P plastic package
Test item Test condition Sar.nple Test Failures Sar?ple Test Failures Sal:nple Test Failures
size hours Size | hours size hours
—_ o
Ta=125¢C 88 | 2000 0 55 | 2000 0 88 | 2000 0
Operating Vee = 5.5V
life test Ta = 150°C
Vee = 5.5V 40 | 2000 0
140°C 85%
22 100 0
Temperature | Vcc = 5.5V
humidity test © 9
85 (:_854, 50 1000 0 50 | 2000 0 25 | 2000 0
Vcec = 5.5V
° 0,
Pressure 121 C100% 22 8| o 22 | 500 | 0 50 | 200 | ©
cooker test No bias
Low tempera- | Ta=-10°C
ture life test Vce = 7.0V 22 2000 0 22 2000 0
Temperature | -55°C ~ 500 300
cycling test 150°C 100 cycles 0 50 cycles 0 50 300 0
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OKI MEMORY LSI ENVIRONMENTAL TEST RESULTS
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Device name "MSM41 256-XXRS|MSM3764A- X XRS|MSM5165-XXRS
. .. Sample . Sample . Sample .
Test item Test condition size Failures size Failures size Failures
Soldering 260°C
heat 10 sec
O O
Thermal S?m% 1005((:“"1
Thermal shock 22 0 22 0 22 0
. 10 cycles
environmental - -
test -55"C~RT~150"C
Temperature | 30 min 30 min
Y 9 20 cycles
Variable 100Hz~2000Hz
frequency 4 min per cycle
vibration 4 timesinX, Y,Z
Mechanical 1500G, 0.5 ms,
environmental Shock 5 times in each 22 2 22 0 22 0
test X,Y,2
Constant 10000G or 20000G
acceleration 1minineach X, Y, Z
Electrical .
Environmental ESD 200pF, 092, 5 times 10 0 10 0 10 0
test +200V
Device name MSM2725-AS |MSM38256-X X RSMSM531000-XXRS|
. . Sample . Sample . Sample .
Test item Test condition size Failures size Failures size Failures
Soldering 260°C
heat 10 sec
0°C~100°C
T::;g';(al 5 min 5 min
Thermal 10 cycles
environmental 22 0 22 0 22 0
test
-55°C~RT~150°C
Temperature | . 30min 30 min
i 9 20 cycles
Variable 100Hz~2000Hz
frequency 4 min per cycle
vibration 4 timesin X,Y,Z
: 1500G, 0.5 ms
Mechanical S ’
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, 092, 5 times 10 0 10 0 10 0
test £200V
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HIGH TEMPERATURE OPERATING LIFE TEST
(Ta=125°C, Vcc = 5.5V, teycle = 3 us)

MSM41256-12RS

SAMPLE SIZE = 300 pcs.

30

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
Icc2 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 1109 110.9 111 110.9 111.0
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. 0 -1 1 -1 -1
TRAC — Tcac
ns ns |
120 60 L
115 55
L A S S S S S
105 45
1 L 1 - | 1 1 Il 1 1
OH 168H 500H 1000H 2000H OH 168H 1000H  2000H
A Icc mA L lce2
70 4
65 35 -
60 ‘F_.—-{___¥___¥___ 3 ~ I———- T - -
55 25 |
] l ] | ] ] ! 1 ] !
OH  168H 500H 1000H 2000H OH  168H 500H 1000H 2000H




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
incidence.

< Semiconductor Element Failure Rate Curve >
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1) Surge Destruction

This is destruction of the input/output stage circuits by
external surge currents or static electricity. The
accompanying photograph shows a point of contact
between aluminum and poly-silicon that has been
dissolved by a surge current. 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
returned to the manufacturer. Despite miniaturization
of semiconductor memory component elements (which
means the elements themselves are less resistant), these
failures usually occur during assembly and other handl-
ing operations.

At Oki Electric, all devices are subjected to static
electricity intensity tests (under simulated operational
conditions) in the development stage to reduce this type
of failure. In addition to checking endurance against
surge currents, special protective circuits are incorporated
in the input and output sections.

Example of surge destruction

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

3) Surface Deterioration due to lonic Impurities

Under some temperature and electric field conditions,
charged ionic impurities moving within the oxide film
previously resulted in occasional deterioration of silicon
surfaces. This problem has been eliminated by new
surface stabilization techniques.

4) Photolithographic Defects

Integrated circuits are formed by repeated photographic
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 107
cm through miniaturization. However, the size of dust
and scratches stays the same. At Oki Electric, a high
degree of automation, minimizing human intervention
in the process, and unparalleled cleanliness solves this
problem.

Photolithographic Defect
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5) Aluminum Corrosion

Aluminum corrosion is due to electrolytic reactions
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 re-
duce costs. Oki Electric has carefully studied the pos-
sible cause and effect relationship between structure
and manufacturing conditions on the one hand, and
the generation of aluminum corrosion on the other.
Refinements incorporated in Oki LSIs permit superior
endurance to even the most severe high humidity
conditions.

6) Alpha-Particle Soft Failure

This problem occurs when devices are highly minia-
turized, such as in 64-kilobit RAMs. The inversion of
memory cell data by alpha-particle generated by radio-
active elements like uranium and thorium (present in
minute quantities, measured 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 Electric we
have eliminated the problem by coating the chip surface
of 64-kilobit RAMs with a resin which effectively
screens out these alpha-particle.

Package ceramic
cover

i ; /Y

Silicon oxide
- film

Substrate silicon

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

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

Drain
+VD
+Vg \
—I 1
Gate [
Source Hot electron

+VaG

Silicon oxide © © 7]

Source

Substrate silicon

Characteristic deterioration caused by hot electron

With further progress in the miniaturization of circuit
components, failures related to pin hole oxide film
destruction and photolithography have increased. To
eliminate these defects during manufacturing, we at
Oki Electric have been continually improving our pro-
duction processes based on reliability tests and informa-
tion 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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MOS MEMORY HANDLING PRECAUTIONS

1. STATIC ELECTRICITY COUNTER-
MEASURES

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

Although Oki MOS memories incorporate built-in
protector circuits to protect all input terminals from
such destruction, it is not considered possible to give
complete protection against heat destruction due to
overcurrents and insulation film destruction due to
irregular high voltages. It is, therefore, necessary to
observe the following precautionary measures.

1) Under no circumstances must voltages or currents
in excess of the specified ratings be applied to any
input terminal.
Always use an electrically conductive mat or ship-
ping tubes for storage and transporting purposes.
Avoid wearing apparel made of synthetic fiber
during operations. The wearing of cottons which do
not readily generate static electricity is desirable.
Also avoid handling devices with bare hands. If
handling with bare hands cannot be avoided, make
sure that the body is grounded, and that a 1MQ
resistor is always connected between the body and
ground in order to prevent the generation of static
electricity.
Maintaining the relative humidity in the operation
room at 50% helps to prevent static electricity.
This should be remembered especially during dry
seasons.
5) When using a soldering iron, the iron should be
grounded from the tip. And as far as possible, use
low power soldering irons (12 V or 24V irons).

2. POWER SUPPLY AND INPUT SIGNAL
NOISE

2.1 Power supply noise absorption

2

3

4

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

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

3.2 Battery Back-Up

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

(1) Do not permit the input signal H level to exceed
Vce +0.3 V when the memory Vcc power is dropped.
To achieve this, it is recommended that a CMOS
driver using a Vcc power common with the CMOS
memory, or an open collector buffer or open drain
buffer pulled-up by a Vcc power common with the-
CMOS memory be used for driving purposes.

(2) Set the chip select input signal CE to the same H
level as the CMOS memory Vcc power line. And in
order to minimize memory power consumption, set
the write enable input WE level, the address input
and the data input to either ground level or to the
same H level as the CMOS memory Vcc power line.

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

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

Back-up'’ at the end of this manual.
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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

ate \/
/

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 V4 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 withinthe 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
[y
» Threshold

Exposure time

b tE o 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.
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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 +56% (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) Bit density:800BPI standard, although 1600BPI|
can also be employed.

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

2.2 Magnetic tape format

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

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

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

2.3 Magnetic tape data format

(1) The data contained in a single file on magnetic tape
must be inserted from the head address (0000)pey of
the device up to the final address in succession for a
single chip.

(2) In this case, the LSB of the data should correspond
to Dy, 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)

%k : tape mark

8 E
o 1-chip data file 1 * * _ * | % o
T File 2 File m T
/ - = - — _— —
/ -
| | | | |
R R R R R
Block 1 | G| Block 2 | G| Biock3 | © G| Biock n-1] | Block n
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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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A MASK ROM DEVELOPMENT FLOWCHART



MASK ROM DEVELOPMENT FLOWCHART

— No
Examination I

Examination

I
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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 A, ~A, A, ~A, A, ~ A, A, ~ A,
Data Input Pin DI DIN
Data Output Pin 0, ~ 0, D, ~ D, DO D OuT
Data Input/OQutput 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
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2. ABSOLUTE MAXIMUM RATINGS

Term EPROM ROM Static RAM Dynamic RAM
Vpp. Vce Vee Vee Vop: Vce
Power supply voltage VGG, VBB
Vss Vss Vss Vss
Terminal voltage VT VT VT
Input voltage Vi 7 Vi V)
Output voltage Vo Vo Vo Vo
Input current
Output current lo
Output short circuit current los
Load capacitance
Power dissipation Pp Pp PD 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

Vpp. Vce Vee . Vee Vbo: Vce

Power Supply Voltage VGG. VBB \7:1:)
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 VCcCcH

Load Capacitance CpL 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 VOH VoH

‘L' output voltage VoL VoL VoL VoL

’H'* output current 10H

L' output current

Input leakage current [N} '} [IN] [IN]

Output leakage current Lo ILo Lo Lo

1/0 leak current Lo

Program terminal current Ipp1. IpP2

Peak power on current lpo Ipo. Isp
bp. Icc lcc. Iccs Icc, lcca Ipp1.!cct. 1BB1

Power supply current IsB. Icc1 lcca lcci.lcc2 | 'bp2-'cc2.'8B2
Icc2 Iccs. Iccs1 | lppa lcca IBB3

Iss 'pp4. Icca. IBB4
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5. AC CHARACTERISTICS
(1) Read cycle

2 TERMINOLOGY AND SYMBOLS =

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 tLz tcx, 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 tcc
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 tvD
Clock delay time tvH
Clock pule width tH
Clock delay time T
Output delay time DD
Output access time tDA
Output hold time tDH
Address enable set-up time tAES
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(2) Write Cycle

Term EPROM ROM Static RAM Dynamic RAM
Write cycle time twe tRC
Address set-up time tAS tAS, tAw
Write pulse width tPwW tw. twp twp
Write recovery time tWR
Data set-up time tps DS tpw tps
Data hold time tDH tDH tDH
Output off-time tDF tOTW: tWz tOFF
Chip select set-up time tcss 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 tweL
Write enable hold time twH
Address/write enable setting time tAW
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 tpv
Program pulse rising edge time tPRT
Program pulse falling edge time tPFT
Vpp restoration time tvR
Chip enable hold time tCH

56







N DATA SHEET
® MOS DYNAMIC RAMS

MSM 3732AS/RS  32,768-Word X 1-Bit RAM(NMOS) .........covvneennnnn., 60
MSM3764AS/RS  65,536-Word X 1-Bit RAM(NMOS) .........oovvneinnennn., 76
MSM3764AAS/ARS 65,536-Word X 1-Bit RAM(NMOS) ..........coovvveiennnen. .. 92
MSM41256AS/RS 262,144-Word X 1-Bit RAM (NMOS) <Page Mode> .......... 108
MSM41256JS 262,144-Word x 1-Bit RAM (NMOS) <Page Mode> .......... 122
MSM41256AAS/RS 262,144-Word X 1-Bit RAM (NMOS) <Page Mode> .......... 132
MSM41257AAS/RS 262,144-Word X 1-Bit RAM (NMOS) <Nibble Mode> ......... 147
MSM41464RS 65,5636-Word X 4-BitRAM (NMOS) .................cccevnnn.. 163
MSM414256RS 262,144-Word X 4-BitRAM (NMOS) ....................o..t. 178
MSM411000RS 1,048,576-Word X 1-BitRAM (NMOS) ....................... 191
MSM411001RS 1,048,576-Word X 1-Bit RAM (NMOS) <Nibble Mode> ....... 204
MSM511000RS 1,048,576-Word X 1-Bit RAM (NMOS) <Fast Page> ......... 217
MSM511001RS 1,048,576-Word X 1-Bit RAM (NMOS) <Static Column>...... 218
MSM514256RS 262,144-Word X 4-Bit RAM (CMOS) <FastPage> ........... 219
MSM514257RS 262,144-Word X 4-Bit RAM (CMOS) < Static Column > ....... 220
MSM37S64ARS/37S64RS 131,072-Word X 4-Bit RAM (NMOS) .................. 221
MSC2301YS9/KS9 65,536-Word X 9-Bit RAM(NMOS) ..........coovneinnnnn.. 234
MSC2304YS8/KS8 262,144-Word X 8-Bit RAM (NMOS) ..........cooveviniin... 245
MSC2304YS9/KS9 262,144-Word X 9-Bit RAM (NMOS) ........c.covverieeinn... 256
e MOS STATIC RAMS
MSM5114RS 4,096-Word X 4-BitRAM(CMOS) .................cccvvenn.. 268
MSM2128RS 2,048-Word X 8-BitRAM(NMOS) .................ccovvinnn... 273
MSM5128RS 2,048-Word X 8-BitRAM(CMOS) .............ooevvniiinnn... 278
MSM5128-20GSK  2,048-Word X 8-BitRAM(CMOS) .........cooovveinennnnnn... 283
MSM5126RS 2,048-Word X 8-BitRAM(CMOS) ............covviinennn 289
MSM5165RS/JS  8,192-Word X 8-Bit RAM (CMOS) ........oveeeenainn... 294
MSM5165LRS/JS  8,192-Word X 8-BitRAM(CMOS) ............cooevvenennn... 300
MSM5188US 16,384-Word X 4-BitRAM(CMOS) .................cnnn.. 307
MSM5127RS/JS  32,768-Word X 8-BitRAM (CMOS) ..........ovvveeeiiinn, 312
MSM51257LRS/JS 32,768-Word X 8-Bit RAM(CMOS) .........covveeanninn... 318
® MOS MASK ROMS
MSM3864RS 8,192-Word X 8-Bit MASK ROM (NMOS) ..................... 326
MSM38128ARS 16,384-Word X 8-Bit MASK ROM (NMOS) .................... 330
MSM38256RS 32,768-Word x 8-Bit MASKROM (NMOS) .................... 334
MSM38256ARS 32,768-Word x 8-Bit MASK ROM (NMOS) .................... 338
MSM38512RS 65,536-Word x 8-Bit MASK ROM (NMOS) .................... 342
MSM28101AAS 1M BitMASKROM (NMOS) .........oiiiiiiiiie i 346
MSM28201AAS 1M Bit MASKROM (NMOS) ............ooooiiiiiinin i, 351
MSM53256RS 32,768-Word X 8-Bit MASK ROM (CMOS) .................... 356
MSK531000RS 131,072-Word x 8-Bit MASK ROM (CMOS) .................. 360
® MOS EPROMS
MSM2764AS 8,192-Word X 8-Bit EPROM (NMOS) ..., 366
MSM27128AS 16,384-Word X 8-Bit EPROM (NMOS) ........................ 372
MSM27256AS 32,768-Word x 8-Bit EPROM (NMOS) ........................ 378
MSM27512AS 65,636-Word x 8-Bit EPROM (NMOS) ............cccovovnn.. .. 384
MSM271000AS 131,072-Word X 8-BitEPROM (NMOS) ...................... 389
MSM271024AS 65,536-Word x 16-Bit EPROM (NMOS) ...................... 395
MSM27C64AS 8,192-Word X 8-BitEPROM (CMOS) ...................c.. .. 401
MSM27C128AS 16,384-Word X 8-Bit EPROM (CMOS) ...........ccvveeinn. .. 407

MSM27C1024AS  65,536-Word X 16-Bit EPROM (CMOS)
® MOS E2PROMS
MSM2816ARS 2,048-Word X 8-Bit E2PROM



MOS
DYNAMIC
RAMS




OKI semiconductor
MSM3732 AS/RS

32,768-BIT DYNAMIC RANDOM ACCESS MEMORY

GENERAL DESCRIPTION

The Oki MSM3732H/L is a fully decoded, dynamic NMOS random access memory organized as 32,768 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 MSM3732 to be housed in a standard 16 pin DIP.
The MSM3732 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
© 32,768 x 1 RAM, 16 pin package ® Three-state TTL compatible output
e Silicon-gate, Double Poly NMOS, single transistor cell e “Gated’’ CAS
® Row access time, ® 128 refresh cycles/2 ms
150 ns max (MSM3732H/L-15) ® Common /O capability using “Early Write'
200 ns max (MSM3732H/L-20) operation
® Cycle time, ® Output unlatched at cycle end allows extended page
270 ns min (MSM3732H/L-15) boundary and two-dimensional chip select
330 ns min (MSM3732H/L-20) © Read-Modify-Write, RAS-only refresh, and Page-
® Low power: 248 mW active, Mode capability
28 mW max standby ©® On-chip latches for Addresses and Data-in
e Single +5V Supply, +10% tolerance ® On-chip substrate bias generator for high
e All inputs TTL compatible, low capacitive load performance

PIN CONFIGURATION
(Top View)
.
ne[ 18] Jvss
Di"E 2 15 :]m Pin Names Function
'VEE 3 14 jDoul A~A, Address Inputs
o RAS Row Address Strobe
R SE 4 13 ]Aﬁ' CAS Column Address Strobe
WE Write Enable
A ]s 2] At
© I: :] ? Din Data Input
Ayt I: 6 n jA4~ Dout Data Output
Vee Power Supply (+5V)
A o JaC vgg Ground (0V)
vee []s o[, * Refresh Address
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FUNCTIONAL BLOCK DIAGRAM
RAS Timing
Generator Timing
CAS 1 > Generator
Timing .
Generator ggéi WE
Column A erator|
A Column
ddress )
Buffers l Decoders l
~ =1 /0 [™{Output
Ao~Aq [ Sense Amps Selection| .| B’Ef?:r —Dout
Row {
Address i i
Buffers R Word
ow or Data
De- | [Driv- Mecj:l):y Input fe————Din
coders| | ers Registor
vee i
Vsg —=
On chip VBB
ABSOLUTE MAXIMUM RATINGS (see Note)
Rating Symbol Value Unit
Voltage on any pin relative to Vgg VIN. VouT -1to+7 \%
Voltage on V¢ supply relative to Vgg Vece -1to+7 \2
Operating temperature Topr Oto 70 °C
Storage temperature Tstg -55 to +150 °C
Power dissipation Pp 1.0 w
Short circuit output current 50 mA

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

to absolute maximum rating conditions for extended periods may affect device reliability.

RECOMMENDED OPERATING CONDITIONS

(Referenced to Vgg)

X . Operating
Parameter Symbol Min Typ. Max Unit Temperature
vce 4.5 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 \Y
Input Low Voltage, all inputs ViL -1.0 0.8 \
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DC CHARACTERISTICS

(Recommended operating conditions unless otherwise noted.)

Parameter Symbol Min.

Unit

Notes

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

Icct

a5

mA

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

lcc2

5.0

mA

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

lccs

35

mA

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

lcca

42

mA

Input Leakage Current

Input leakage current, any input

(OV < VN <55V, all other pins not
under test = 0V)

L

10

uA

Output Leakage Current
(Data out is disabled,
0V < VoyT £56.5V)

Lo

10

uA

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

VouH 24
VoL

0.4

\
v

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

CAPACITANCE
(Ta=25°C, f= 1 MHz2)
Parameter Symbol Typ. Max Unit
Input Capacitance (A, ~ A,, D|N) CIN1 45 5 pF
Input Capacitance (RAS, CAS, WE) CIN2 7 10 pF
Output Capacitance (DouT) Cout 5 7 pF
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AC CHARACTERISTICS
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(Recommended operating conditions unless otherwise noted.) Note 1,2,3
Parameter Symbol | Units MSM373215 | MSM373220 Note
Min. | Max. | Min. | Max.

Refresh period tREF ms 2 2

Random read or write cycle time tRC ns 270 330

Read-write cycle time tRWC ns 270 330

Page mode cycle time tpC ns 170 225

Access time from RAS tRAC ns 150 200 4,6

Access time from CAS tCAC ns 100 135 5,6

Output buffer turn-off delay tOFF ns 0 40 0 50

Transition time tT ns 3 35 3 50

RAS precharge time tRP ns 100 120

RAS pulse width tRAS ns | 150 (10,000 | 200 (10,000

RAS hold time tRSH ns 100 135

CAS precharge time tcp ns 60 80

CAS pulse width tCAS ns 100 [10,000 | 135 [10,000

CAS hold time tcsH ns | 150 200

RAS to CAS delay time tRCD ns 25 50 30 65 7

CAS to RAS precharge time tCRP ns

Row Address set-up time tASR ns

Row Address hold time tRAH ns 15 20

Column Address set-up time tASC ns 0

Column Address hold time tCAH ns 45 55

rotoronend 10 FAS wa | m | % 120

Read command set-up time tRCS ns 0 0

Read command hold time tRCH ns 0 0

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

Write command hold time tWCH ns 45 55

Write command pulse width twp ns 45 55

Write command to RAS lead time | tRwL ns 45 55

Write command to CAS lead time tewL ns 45 55

Data-in set-up time tps ns 0 0

Data-in hold time tDH ns 45 55

?oat;:; hold time referenced {DHR ns 95 120

CAS to WE delay tcWD ns 60 80

RAS to WE delay tRWD ns | 110 145
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NOTES: 1

2
3

4

5
6
7

8

) 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.

) 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|4 and V.

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 tgcpexceeds the value shown.

) Assumes that tgcp < tRCD (max.)

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

) Operation within the tycp (max.) limit insures that tRAC (max.) can be met. trcp (max.) is spe-

cified as a reference point only; if trcp is greater than the specified tRCpD (max.) limit, then access

time is controlled exclusively by tCAC.

twCs. tCWD and tRwWD are not restrictive operating parameters. They are included in the data sheet

as electrical characteristics only; if tycs = twcs (min.), the cycle is an early write cycle and the data

out pin will remain open circuit (high impedance) throughout the entire cycle; if tcwp 2 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.

READ CYCLE TIMING

Py
2

[
72

\Y
Addresses

DouT

tRC
tRAi]
t
VIH — Y AR |
ViL — N 71 \
1 H tRP_—
tRCD RSH {=1CRP=
Vin — ' \ tCAS %
ViL — \ K o Z \
tcan |
e
Column
Address JW
tRCH
’ L‘RRH»
Vit - W/ S Ui
tRAC tOFF

D

VoH- { OPEN b—--—"-=X

VoL~

Valid Data

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

(EARLY WRITE)

2 DYNAMIC RAM - MSM3732AS/RS =

tRA“'RC
. VT tAR i
RAS ViL — \\ ¥ \—
tRSH tRP
v =—tRCD —tcas {CRP—
CAS y,| - \‘ | |
tCSH
tASR| [IRAH tCAH
“’ltASC
ViH -7 Row Column Y
Addresses viL - // Address Address //@(
| t
Twes twen |, oW
— ViH-— % WP
WE ViL - X ! : //
: tRWL
tWCR
tps—={ =—+=—tDH
V —_
DIN Vll?_—// 7 Valid Data
v tDHR -
DouT VSE: | OPEN +
READ-WRITE/READ-MODIFY-WRITE CYCLE
[ : S‘RWC
RA
ViH - AR {
RA ~
S VIL N jr tRSH / tRP
tRCD - tCAS ~tCRP:
—— VIH- { -/- -
CAS v - ‘T\ \ \,t i
tASR! [tRAH tASC "_‘(EAH CSH
ViH- R T
Addresses /"~ % FOWress Co umj%rw %
L tRWD
tncs'——l = tcwD
— ViIH-
WE ViL - ﬁ
tCAC tOFF
DouT ‘\’/%"L‘ —+—— oreN — Valid Data
tRAC tDS| | tDH
ViH - Valid N
Din viL - " "Bata ;0

“H"”, “L" = Don’t Care
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RAS ONLY REFRESH TIMING
(CAS: VIH, WE & DIN: Don‘t care)

tRC
tRAS |
Fas WM N ,lf N
F=—tR AH-= I tRP
Vi - ﬁAsn-—
aawresses ' _77777IK_Row address
VOH -
PoUT o0 - OPEN
B2 H”, L = Don't Care
PAGE MODE READ CYCLE
RAS
" A \
L_tpC tIRSH—— 1]
eas— =S [=—tcas - tCAS™= f=—tCRP i
, ) )

tCAH

tASC
A~

tCAH

¢
‘rsC|ICAH

VR ss)

tCAC—{ | = t=tCAC [
t =
~ OFF| tOFF tOFF
OPEN !
tRCS

tRCS  tRCH|, |
- e

Col. 7

K

ol.
Add.

4

p‘@

U4 H",“L""=Don't Care
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PAGE MODE WRITE CYCLE

tRAS
—  ViH-
RAS v - f e
- ’ =—tRSH—=] [=-tRP
cr tCAS-—+ le—tCAS tCRP-
cas wii': / V/
tASR ; Ttasc|=‘CAH tASC reAH
ViH-
Acrosses Y17 U UL U
tWCH - tWCH
v rtcw\_—-—l tCWL—=
we - 77070 Ly ST VT
Il e
y (DSp==tDH~ _tDS{ ‘D”ﬁ DS\ = toH
ow M7 %Valid Data][%va“d Datav % ( Velid Da‘%&/ Y,
tDHR
= " U7} *H*, L' = Don't Care

PAGE MODE, READ-MODIFY-WRITE CYCLE

tRAS
—— VIH — -—tARﬂ
RAS il N
. ViH
CAS ViL

Addresses Vin
ViL

WE ://IH y
I
DS ! i-vd?
v ! 7/ -
D IH T
LN 1, S i Y,

tRl—-—ACtCAC ] toFF 1-tCAc tCAC
VOoH
PEN PENJ &—
Dout VoL 0 0

“H","L" = Don't Care
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HIDDEN REFRESH

Read Cycle RAS only cycle

____ VIH TRP—=
RAS v, — 'R N

ViIH —] ’
CAS ViL

tASR tasr | [IRAH
v |
Addresses \/:I;_l 'f//' Ade:
tRCS ‘ .1 tRCH
| -
WE VIH 7 7
WE v mi ICAC X
tOFF
Vv tRAC
DouT oy ———oPEN ( Valid Data
““H"”, L' = Don't Care
DESCRIPTION a fan-out of two standard TTL loads. Data-out is the

Address Inputs:

A total of fifteen binary input address bits are required
to decode any 1 of 32,768 storage cell locations within
the MSM3732. Eight row-address bits are established on
the input pins (A,~A,) and latched with the Row
Address Strobe (RAS). The seven column-address bits
(A, through A) 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.

One Column Address (A,) has to be fixed at logic ‘0"’
(low level) for MSM3732L, and at logic “‘1'* (high level)
for MSM3732H.

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 MSM3732 during a write or
read-write cycle. The last falling edge of WE or CAS is
a strobe for the Data In (DjN) register. In a write
cycle, if WE is brought low (write mode) before CAS,
D) is strobed by CAS, and the set-up and hold times
are referenced to CAS. In a read-write cycle, WE will
be delayed until CAS has made its negative transistion.
Thus Dyp 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
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same polarity as data-in. The output is in a high im-
pedance state until CAS is brought low. In a read cycle,
or read-write cycle, the output is valid after tgac from
transition of RAS when tgcp (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 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 MSM3732 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 V| is permitted for A,.
RAS only refresh avoids any output during refresh
because the output buffer is in the high impedance
state unless CAS is brought low. Strobing each of 128
row-addresses with RAS will cause all bits in each rwo
to be refreshed. Further RAS-only refresh results in a
substantial reduction in power dissipation.

Hidden Refresh:

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

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




TYPICAL CHARACTERISTICS

5.0V)

tRAC(Ta)/tRac(Ta = 25°C) tRAC(Vee) tRACVee

tcac(Veel/tcac(Vee = 5.0V)

Access time from RAS
(Relative value) v.s. Vcc

Ta=25°C

1A

AN

0.9

4.0 4.5 5.0 5.5 6.0
Veel[V]

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

T
Vcc =5.0V
1.1 -

L~

1.0

0.9

Tal°Cl]

Access time from CAS
(Relative value) v.s. Vcc

T

Ta=50°C I

TRCD = max.
11
Ta=0°C
1.0 N
0.9 ‘\
N

4.0 4.5 5.0 55 6.0
Vee [V]

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

Icc1 (Operation) [mA]

- DYNAMIC RAM -MSM3732AS/RS u

Icct (tRAs: Constant)
v.s. Vcc
50

Ta=25°C

tRAS = 140 ns 20 05

/ 330 ns

30

20

Icct (tRAs: Constant)
v.s. Cycle rate
50

Ta=28°C
tRAS = 140 ns
40 v

w0 A/ 4.5V
20 /

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

Icc1 (tRAs: Constant)

vs. Ta
50 T L
Vclc = 5.5\|/
tRAS = 140 ns
40 RC = 240
ns
Sy 0
\\m-
3 330 net+—
30 \\ns.
T — 500 ns
20
T 1000
-\_‘_\ns-

0 25 50 75
Ta [°C]
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. lce1 (trp: Constant) lcg2 v-s. Vee
v.s. Vee
50 T
Ta =25°C VH: max.
_ trp = 100 ns 2 5.0
< 40 10, 0, €
£ y% -
- [ 332 > 4.0
c // 3
2 30 ] ] 50008 °
® _//‘, // s o°C
2 "] 1000 NS ® 3.0 A=
o / |t - PR W soc
= ___——"'—'_——_ N —-Z-r"‘“"'
T | Q commrp—— cl _—
5 LN [ oc
= | 18—
4.0 45 5.0 5.5 6.0 4.0 4.5 5.0 5.5 6.0
Vee [V] Vee [V]
Icc1 (trp: Constant) lcca vs. Ta
v.s. Cycle rate )
50 T T
Ta= 25l C 5.0 Vce = 5.5V,
z tRP = 100 ns Vpp = 5.5V < ’ ViH: max.
40
£ Py E
= > 4.0
c L 4.5V z "
g / = & 3.0
- 20 O \
1) o \
o - 20
N
1 2 3 4 5 0 25 50 75
Cycle Rate (1/tgc) [MHz] Ta [°C]
Icct (trp: Constant)
vs. Ta
50 T T
Vc|c = 5.5\(
- tRP = 100 ns
T a0 ™
= .'\,\ct
c \ 331D§~-
‘é 30 ~——] 5 ~—
a J \L%
o) '\ ; .
- \‘@ ns,
5 20 <
O

Ta [°C]
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Icc3 (Refresh Cycle) [mA] Iccs (Refresh Cycle) [mA]

Icc3 (Refresh Cycle) [mA]

Icc3 (tRAS: Constant)
v.s Vee

40 T
Ta=25°C
tRAS = 140 ns
30 =2
1RC S
—— ]
20 —
—
——-——_—-’—-

10

4.0 4.5 5.0 5.5 6.0
Vee (V)

Icc3 (tRAS: Constant)
v.s. Cycle rate

40 T
Ta=25°C
tRAS = 140 ns Vee = 5.5V
-

r 5.0v

4.5V
/,4’

20 >

%?

30

10

1 2 3 4 5
Cycle rate (1/trg) [MHz]

Icc3 (tRAS: Constant)
vs. Ta

40— T
Vee = 5.5V

tRAS = 140 ns

30 1 -
—~——RC =24 0 g
\\ 330 ns

P—

20
500 n
\_\S.

— 1000 ns
10 ——t

Ta [°C]

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

Icc3 (Refresh Cycle) [mA]

lcc3 (trp: Constant)
v.s. Vee

40 T

Ta=25°C
tRp =100 ns ’,onns
30 RC_, G5
NS,

/% 30 0]
oo
//

000 ©
— —
/

10

4.0 4.5 5.0 5.5 6.0
Vee (V]

Icca (trp: Constant)
v.s. Cycle rate

40

T
Ta=25'C
tRP = 100 ns Vce = 5.5V

5.0V

30

20

=
/

10

1 2 3 4 5
Cycle rate (1/tpc) [MHz)

Icc3 (trp: Constant)
v.s. Ta

40

T
Vce =5.5VI
trp = 100 ns

30 ‘RC=
—~——C = 240
———omm
3300
2 F\\ 500‘;?

[ — 1000 ns

0 25 50 75
Ta [°C)
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lcca (tcAs: Constant) Icca (tep: Constant)
v.s. Vee v.s. Vee
1 T
Ta=25°C Ta=25°C
< tcas = 100 ns < tcp =50 ns
% ciﬁ? E %0 eC> 150 "5
° 1P ns < x
2 S e Y 2 /,4 230 0%
o 30 —— ) ] o 30 — o
8 8
4.0 4.5 5.0 5.5 6.0 4.0 4.5 5.0 5.5 6.0
Ve [V] Vce [V]
Icca (tcAas: Constant) Icca (tep: Constant)
v.s. Cycle rate v.s. Cycle rate
T T
Ta=25°C Ta=25°C
< tCcAS = 100 ns < tcp = 50 ns
£ 40 £ 0 Vee = 5.5V
) Vcc_=_5.5V 3 cc—/5'0V
g 5 e sov £ s
§ //‘—4‘5V % /&/
[-% =% ]
3 4 p Z=
Q 20 Is) 20
° °
2 4 6 2 4 6
Cycle rate (1/tpc) [MHz] Cycle rate (1/tpc) [MHz]
icca (tcAs: Constant) Icca (tcp: Constant)
v.s. Ta vs. Ta
T T T
Vcee = 5.5V| Vce = 5.5V
< tCAS = 100 ns < tCP = 50 ns
E 40 £ 40
—_ N~ Pp < - I Iy
% M ~— C 150 ns % \\PCFISO ns
> 775\____ > T — 170 | |
3 so—— B © ~ 200
3 [ — ns 8, :\ \ns
@ \m @ I~
a S a {400
= \\@0 - & \\ D‘ ns
g 20 ~LS — a 20
© °
0 26 50 75 0 25 50 75
Ta [°C] Ta [°C]
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Input level [V]

Input level [V]

Input level [V]

Address Input

v.s Vee
I —
Ta=25°C T
V{H min
>0 /,/
15 ] /
— VL max
1.0
40 45 5.0 55 6.0
Vee (VI
Data Input
v.s. Vee
T
Ta=25°C
20
VIH min
1.0 //
/
"1 —T" V|1 max
1.5
40 45 5.0 55 6.0
Vee [V]
Clock Input
v.s. Vee
I
Ta=25°C
2.0
VIH min
1.5 )/
/m_‘lmax/
1.0

4.0 4.5 5.0 5.5 6.0
Vce [V]

= DYNAMIC RAM -MSM3732AS/RS m

Address Input

v.s. Ta
]
Vce = 5.0V
:>: 20 V|H min
E
© 15
< V| L max
2
a
=3
- 1.0
0 25 50 75
Ta [°C]
Data Input
vs. Ta
Vce = 5.0V
— 20
2
T V|H min
3 15
g —F
e VL max
- 10
0 25 50 75
Ta [°C)
Clock Input
vs. Ta
|
Vce = 5.0V
— 20
2
5 ViH min
3 15
H
< V| max
1.0
0 25 50 75
Ta [°C]
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RAS/CAS CYCLE LONG RAS/CAS CYCLE RAS ONLY CYCLE PAGE MODE CYCLE
RAS [\ / \ \
~ Cas[ ] \ /]
80
1
Icc
20 \ f \.) q‘ 7 \/\_, \/

50 ns/div
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MSM3732 Bit MAP (Physical-Decimal)

1
~
MSM3732H BIT MAP MSM3732L BIT MAP
/ [A7 column = ""H"'] r [A7 column = “L"] D T
191h 129128 192]193 254[255]  [191]190 129|128 192|193 2541255
255|255 255|255 255|255 255255 127|127 1271127 L 127127 127|127
63| 62 11 o 64| 65 126} 127, 63| 62 1| o 64| 65 126[127
255255 256|255 256|255 256{255 127[127 127|127 [ 127{127 127127
63| 62 1| o 64| 65| |126]127 63] 62 1| oleleds] 64| 65] [126]127
254|254 254|254 [ | 254|254 254|254 126{126 126]126 126{126 126126
191{190 129|128} Y oe 4192|193 254|255 1911190 129|128 4 Yoe{{192]193 254|255
254]254 254254 [ 254|254 254|254 126126 126126 J 126|126 126126
191]190 129|128 192|193 254|255 191]190 129|128 192|193 254255
253[253 253|253 253|253 253|253 125[125 125|125[[ (]| ]126]125 125[125
63] 62 1 64| 65 126|127 63| 62 1 o 64| 65 126127
253|253 253|253 [ 253|253 253|253 125[125 125125 [ 125|125 125[125
63] 62 il o 64| 65 126|127 63| 62 1l o 64| 65 126{127
252|252 252[252 [ |252|252 252[252 124{124 124]124 124{124 124|124
191[190 129{128 1 J192]193 254255 191[190 129|128 192|193 254|255
252|252 252|252 [ ] 252|252 252|252 124]124 124|124 [N 124]124 124|124
1911190 129|128 192|193 254|255 191}190 129|128 192[193 254|255
251|251 251|251 251[251 251|251 123123 123{123 123123 123]123
191[190 129(128 192[193 254 [255 191190 129128 L L) | h92]193 254255
132132 1321132 [ ] 132{132 132|132 4] a4 4] 4 "] 4] 4 4] 4
191]190 129(128 192[193 254|255 191190 129128 192]193 254|255
1311131 131131 131131 131131 3| 3 3| 3 3l 3 3] 3
63 62 11 0 64| 65 126127 63} 62 1l o 64| 65 126127
131131 131131 ] [ 131131 131131 3| 3 3] 3§ 3| 3 2| 3
63| 62 1l o 64| 65 126[127 63] 62 1] o 64| 65 126]127
130}130 130{130 130{130 130[130 2| 2 2| 2 2| 2 2| 2
191[190 129]128 192{193 254|255 191190 129128 192|193 254]255
130[130 1301301 7 ] 130[130 130[130 2| 2 2l 217 2] 2 2| 2
191190 129128 L 192193 254[255 191190 129[128 192[193 254]255
129129 129112917 129129 129|129 1 1 1 1 1 1 1l 1
63| 62 110 64| 65 126|127 63| 62 1l o 64| 65 126]127
129129 129(129 (129 129 129|129 1 1 1l ] 1 1 1| 1
63] 62 1l o 64| 65 126127 63| 62 1l o 64| 65 126127
128128 128/128 128128 128]128 o] o o] o o] o o] o
191[190 129[128 192 (193 254255 191[190 129128 | L _J | ]192[193 254255
128(128 128128 128{128 128|128 ol o ol o r o] o o o
efresh Address Refresh Addiess Refresh Address Refresh Address
(63 - 0) 0 (64 - 127) (63 0) ?Hx\ (sa—» 127) |
T T
Din D, D, D, D, Din Din D, D, D, o.n
{Positive) D (Negative) (Positive) (Negative)
Pin 8 (Row)
Cell A = Row Address {Decimal) Word Driver o Sense Amp

B = Column Address {Decimal)

Sub Amp (C = Number of Bus Line)

(mom N EFY

# DYNAMIC RAM -MSM3732AS/RS »

(Column)
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OKI semiconductor

MSM3764 AS/RS

65,536-BIT DYNAMIC RANDOM ACCESS MEMORY

GENERAL DESCRIPTION

The Oki MSM3764 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 MSM3764 to be housed in a standard 16 pin DIP. Pin-outs
conform to the JEDEC approved pin out.

The MSM3764 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 pin package ® Three-state TTL compatible output
e Silicon-gate, Double Poly NMOS, single transistor cell ® “Gated”” CAS
® Row access time, ® 128 refresh cycles/2 ms
150 ns max (MSM3764-15) ® Common 1/0 capability using ‘’Early Write'
200 ns max (MSM3764-20) operation
® Cycle time, ® Output unlatched at cycle end allows extended page
270 ns min (MSM3764-15) boundary and two-dimensional chip select
330 ns min (MSM3764-20) ® Read-Modify-Write, RAS-only refresh, and Page-
® Low power: 248 mW active, Mode capability
28 mW max standby ® On-chip latches for Addresses and Data-in
e Single +5V Supply, +10% tolerance ® On-chip substrate bias generator for high
@ All inputs TTL compatible, low capacitive load performance

PIN CONFIGURATION
(Top View)
.
E 18] Jvss
; TAS
D‘"E 2 chA Pin Names Function
ﬁ: 3 14 joom A,~A, Address Inputs
o RAS Row Address Strobe
R sE 4 13[ A CAS Column Address Strobe
WE i
n* s 12 j A .E Write Enable
Din Data Input
Ay 6 ) ]A‘ . Dout Data Output
Vee ! Power Supply (+5V)
A o[ A" veg Ground (0V)
Vee E 8 9 jA’ * Refresh Address
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FUNCTIONAL BLOCK DIAGRAM
RAS Timing
Generator Timing
CAS T > D Generator
Timing 1
l+| Generator ggéf( WE
Column [Generator
Column
Address D
Buffers Vv 1 ecoders ‘
Ag~A 1/0 [*]Output
0 7|: Sense Amps Selection| ] Buffer —Dout
Row ‘ ’
Address
Buffers R Word
ow or Data
De- Driv- Mzmlc;)ry Input f=————Din
coders| ers ells Reg'“or
vee i
Vss
On chip VBB
ABSOLUTE MAXIMUM RATINGS (sece Note)
Rating Symbol Value Unit
Voltage on any pin relative to Vgg ViN. VouT -1to +7 \"
Voltage on V¢ supply relative to Vgg Vce -1to+7 Vv
Operating temperature Topr 0to 70 °cC
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
vVce 4.5 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 \
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DC CHARACTERISTICS

(Recommended operating conditions unless otherwise noted.)

Parameter Symbol Min.

Unit

Notes

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

Icct

45

mA

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

lcc2

5.0

mA

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

lces

35

mA

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

lcca

42

mA

Input Leakage Current

Input leakage current, any input

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

UN]

-10

10

HA

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

Lo

10

nA

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

VOH 24
VoL

0.4

\
\%

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

CAPACITANCE
(T,= 25°C, f= 1 MHz2)
Parameter Symbol Typ. Max Unit
Input Capacitance (A, ~ A,, D|N) CIN1 45 5 pF
Input Capacitance (RAS, CAS, WE) CIN2 7 10 pF
Output Capacitance (DoyT) Cout 5 7 pF
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AC CHARACTERISTICS

a DYNAMIC RAM -MSM3764AS/RS m

(Recommended operating conditions unless otherwise noted.) Note 1,2,3
Parameter Symbol | Units MSM376415 | MISWI3764-20 Note
Min. | Max. [ Min. | Max.

Refresh period tREF ms 2 2

Random read or write cycle time tRC ns 270 330

Read-write cycle time tRWC ns 270 330

Page mode cycle time tpC ns 170 225

Access time from RAS tRAC ns 150 200 4,6

Access time from CAS tCAC ns 100 135 5,6

Output buffer turn-off delay tOFF ns 0 40 0 50

Transition time tT ns 3 35 3 50

RAS precharge time tRP ns 100 120

RAS pulse width tRAs | ns | 150 {10,000 | 200 (10,000

RAS hold time tRSH ns 100 135

CAS precharge time tcp ns 60 80

CAS pulse width tCAS ns 100 |10,000 | 135 [10,000

CAS hold time tCsH ns 150 200

RAS to CAS delay time tRCD ns 25 50 30 65 7

CAS to RAS precharge time tCRP ns o]

Row Address set-up time tASR ns

Row Address hold time tRAH ns 15 20

Column Address set-up time tASC ns 0

Column Address hold time tCAH ns 45 55

e G B 120

Read command set-up time tRCS ns 0 0

Read command hold time tRCH ns 0 0

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

Write command hold time tWCH ns 45 55

referenced 10 FAS wem | s | 95 120

Write command pulse width twe ns 45 55

Write command to RAS lead time tRWL ns 45 55

Write command to CAS lead time | tcwL ns 45 55

Data-in set-up time tps ns 0 0

Data-in hold time tDH ns 45 65

It)oa:;ir;hold time referenced tDHR ns 95 120

CAS to WE delay tCWD ns 60 80

RAS to WE delay tRWD ns 110 145 8

s conmrd e g [ v | s
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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 = 5ns,

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

4) Assumes that trcp < tRCD (max.).

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

5) Assumes that tycp < tRCD (max.)

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

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

8) 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 = 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.

READ CYCLE TIMING

tRC
tRAS-
1 4 )
e VIH- \ AR | /]
RAS ViL — N 7 1 \_—
- tRP—=—
1 [N}
! tRCD RSH =tCRP =
Vit — <\ tCAS \
TAS v — \ X
tCSH
tASR| [tRAH tCAH
tasc= =
ViH— Row Column
Addresses ViL — Address Address ,W
, ! TRCH
tRCS}.’l l tRRH =
—  ViH-— j W
WE vy - L—ICAC
tRAC
pout YOH- { OPEN F——————< valid Data
VoL~

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

tRA"tRC
— VIH—T tAR =
RAS v - \ A N
| tRSH —‘RPj
v ——1RCD tcas tCRP
— IH—
CAS vy - N \‘ | £
CSH
tASR | [tRAH H
Addresses *IH ~ 7/ C?Alg$gss / v @(
| ¢
Twes twer |, oWL
= VIH-— /// % twp
WE ViL— K I| | /
1
tRWL
tWCR
;‘__{__tDH_..
ViIH— 7 N
DIN ViL— Valid Data ,W
vV —
bout yIMZ : OPEN :
READ-WRITE/READ-MODIFY-WRITE CYCLE
F tRWC
VlH |e————tAR 'RAS
RAS ViL-— N - e A l__tgp
=——tRCD5 tCAS -tCRP-

cas M- o L7\
tCsH

tASC I___‘CAH
Col Addrgs_w

1 1 +
RWD
tResfe=  e———tCWD——=

Dout VOH-— 1 | opeN |_____< Valid Data

V .
o tRAC F.D.Sll."l'i
o Y- ) ST Y

“H* “L" = Don’t Care

IH-

\
Addresses ViL-

tOFF
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RAS ONLY REFRESH TIMING

(CAS: VIH, WE & DIN: Don‘t care)

RAS \\lllu:j: \‘__t o )H’ ' N~
N ) T )

b VOH -
OUT voL - ~ OPEN
770 *H", “'L"* = Don't Care
PAGE MODE READ CYCLE
RAS v
mas it /I J\
L - ¢ /
tRSH———= [=-tRpP
Chi e tcas |=—1tCRP
CAS \\//m- - .Jér———'
- ,
tASR '-l tA—SEL_ tCAH " 1CAH
7 5 - % -
: XX, XX,
C ¢ FF| f=-tcac f=tcAC |
v - % F‘OFF Htoﬁ
OH- OPEN
DouT Voui- L tRCS _.l
tRCS  tRCH|, |
—~ RQ—“- ) !‘—tRCH*I
we V' 770000 7 X

B4 1 L"*=Don't Care
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PAGE MODE WRITE CYCLE

tRAS
e U .
tPC ’ tRSH R
v (R8H e =] S8 1= tcas— oA |i=tcRr
TAS i1 - 4DF
tASR X2E (CAH | psc|tcAH ase —{tcaH
v H L
Addresses "~ 7) --’//-éﬂi- 7 /%Eﬁ'd.;&%/// VIR RGN
tWCH f=—ef tWCH f=—e tWCH |=—
v ptowl—|  —towL— toWL——]
we - 7717 TN YT, Y Wi
R latWP, 4 |
v L'_\'*Vt(f‘tDH tpsf— = !DH— tos - ot
oiIN e /) Valid Data)(”//) )X Valid DataW 7 ( valid Dat‘aw
=—1DHR

V/)H", “L" = Don't Care

PAGE MODE, READ-MODIFY-WRITE CYCLE

tRAS

—-tRP

Addresses v

Din ViL 77

t

e CAC T [1OFF L-tCAC tCAC
VoH

T PEN PENJ L—o

Dout OF 0 )

L) H*" , “L" = Don't Care
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HIDDEN REFRESH

Read Cycle

-

TRP—=]

RAS only cycle

tASR

IRAH

Addresses

J lﬂacn

WE X/
tOFF
Dout v Valid Data
““H", “L"" = Don't Care
DESCRIPTION same polarity as data-in. The output is in a high im-

Address Inputs:

A total of sixteen binary input address bits are required
to decode any 1 of 65536 storage cell locations within
the MSM3764. 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 (tgranR) 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 MSM3764 during a write or
read-write cycle. The last falling edge of WE or CAS is
a strobe for the Data In (D) register. In a write
cycle, if WE is brought low (write mode) before CAS,
DN is strobed by CAS, and the set-up and hold times
are referenced to CAS. In a read-write cycle, WE will
be delayed until CAS has made its negative transistion.
Thus Dy is strobed by WE, and set-up and hold times
are referenced to WE.

Data Output:

The output buffer is three-state TTL compatible with
a fan-out of two standard TTL loads. Data-out is the
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pedance state until CAS is brought low. In aread cycle,
or read-write cycle, the output is valid after tgac from
transition of RAS when trcp (max.) is satisfied, or
after tcac from transition of CAS when the transition
occurs after tyep (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 MSM3764 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 V| is permitted for A,.
RAS only refresh avoids any output during refresh
because the output buffer is in the high impedance
state unless CAS is brought low. Strobing each of 128
row-addresses with RAS will cause all bits in each rwo
to be refreshed. Further RAS-only refresh results in a
substantial reduction in power dissipation.

Hidden Refresh:

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

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

Access time from RAS Icct (tRas: Constant)
(Relative value) v.s. Vcc v.s. Vee
50 -
S Ta=25°C Ta=25°C
S tRAS = 140 ns
— RAS n [y
v 1.1 \ < 40 ‘%
’ 3 \RCS=G o
% »g // 330 as
< 1.0 = 30
g g /V
= 2 l—1 500 ns
8 \ e O
2 09 R —
g ° 1000 NS
E ___————-——P—'——
4.0 4.5 5.0 5.5 6.0 4.0 4.5 5.0 5.5 6.0
Veel V] Vcee [V]
Access time from RAS Icct (tRAs: Constant)
(Relative value) v.s. Ta v.s. Cycle rate
T Omas2c
5 Vee = 5.0V ta‘ T iaon
% L ;EE 20 RAS s Vpp = 5.5V
A
¢ / = 5.0V
£ 8 A [ 4.5V
210 5 30
. ® o
= ) g /<
= o /
z e
E 09 o 20
3} o
< -—
i
£
0 25 50 75 2 3 4 5
Tal°C] Cycle Rate (1/trc) [MHz]
Access time from CAS Icct (tRAS: Constant)
(Relative value) v.s. Vcc ) vs. Ta
T 50 T T
s Ta =50°C Vee = 5.5
g TRCD = max. < tRAS = 140 ns
w1 E 40 ~—=3=IRC = 24
S = d\‘%‘b?g\ns..
2 Ta= OOC 2 N\”sb
3} = 4 2
g 1.0 AV § 30 \&s__
= e
Q ‘; — 500
> 09 A 5 20 ns
3 \ s}
; Q .\r\_%-
4.0 4.5 5.0 55 6.0 (0] 25 50 75
Vee (V] Ta [°C]
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icc1 (trp: Constant)

lcga vs. Vee
vs. Vee
50 T
Ta=25°C 50 ViH: max.
- trp = 100 ns 1900 oS <
< C% S
< 40 QR ﬁ £
= ] (330 = 40
c 1 a
2 B0t 500.05 *g
A o S e e s _gc
§ —— 1—T oo 2 3.0 —
o |t N by 25°Cl
o o= 8 —— ot —
0 = 2of——fF——T
g ' 5=
4.0 25 5.0 5.5 6.0 4.0 4.5 5.0 5.5 6.0
Vee [V] Ve (V]
Icc1 (trp: Constant) Icc2 Vs Ta
v.s. Cycle rate
50 T T
Ta= 25l C 5.0 Vce = 5.5V
t =1 —_— .
z RP =100 ns Vpp = 5.5V z ViH: max.
€ 40 b €
= L 5.0V = 40
< L 4.5V F-
- ©
g / ] & 3.0
- O
Q 20 o N
° 2.0 ~C
3 2 34 5 0 25 50 75
Cycle Rate (1/tgc) [MHz] Ta[°C]
Icct (trp: Constant)
v.s. Ta
50
Ve = 5.5V
— tRp = 100 ns
< T
40 R
._E.. \\ C
s 30 ——
Ny
5 20
°

Ta [°C]
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Icc3 (Refresh Cycle) [mA] Icc3 (Refresh Cycle) [mA]

Icc3 (Refresh Cycle) [mA]

lcc3 (tRAS: Constant)
v.s Vece

40

T
Ta=25°C
tRAS = 140 ns
30 TRC ‘}ﬁ

// 330 NS
20 e
1
I—-’

et

4.0 4.5 5.0 5.5 6.0
Vee [V]

Icc3 (tRAS: Constant)
v.s. Cycle rate

40

.
Ta=25°C
RAS=140ns| oo 55y
b

P 5.0V

L~ 4.5V

30

20 2

—

A\
AN

10

1 2 3 4 5
Cycle rate (1/tgc) [MHz]

Icc3 (tRAS: Constant)
vs. Ta

40

T T
Vce = 5.5V|
tRAS = 140 ns
30 T

RC =24,
{330 ns
‘\\ 500 ns

0 ng

20

1000 ns

0 25 50 75
Ta [°C]

Icc3 (Refresh Cycle) [mA]

lcc3 (Refresh Cycle) [mA]

Icc3 (Refresh Cycle) [mA]

-2 DYNAMIC RAM - MSM3764AS/RS m

Icc3 (trp: Constant)
v.s. Vee

40 T
Ta=25°C

tRp =100 ns ,r)_AO“s
30 tRC, T

S
1
20%
-

oo
—"" w
]

"]

"]
/

10

4.0 45 5.0 5.5 6.0
Vce [V]

Icc3 (trp: Constant)
v.s. Cycle rate

Ta=25°C
tRP = 100 ns Ve = 5.5V

[ 5.0V
L
L asv

30

W\

20

]
e

10

1 2 3 4 5
Cycle rate (1/tpc) [MHz]

Icc3 (trp: Constant)
v.s. Ta

40

T
Vce = 5.5Vl
trp = 100 ns
0

3 trn L
% 240 ng

[
S —

500
20 ns+—
\\"%

10

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

Icca (Page Cycle) [mA]

a0

30

20

4

’

lcca (tcas: Constant)

v.s. Vee
T
Ta=25°C
tcAS = 100 ns
e 150 ns]
1P gﬁ
/ ns
% [230
ns
///“ 200
00 ns
//
.0 4.5 5.0 5.5 6.0

Vee [V]

Icca (tcas: Constant)
v.s. Cycle rate

I
Ta=25°C

tcas = 100 ns
40
Vce = 5.5V
20 L
//
4
20
2 4 6
Cycle rate (1/tpc) [MHz]
Iccs (tcas: Constant)
v.s. Ta
T
Vcee = 5.5V|
tcAs = 100 ns
40
e Lo
R———i
30 — > n§T—
\t 30 ns
m"s
\\ﬂo Dsi |
20
0 25 50 75
Ta [°C]

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

Icca (Page Cycle) [mA]

Icca (tep: Constant)

v.s. Vec
T
Ta=25°C
tcp=50ns
40 = 750 05
i
— T
30 — S
A0
| rion]
20 / et

4.0 4.5 5.0 5.5 6.0
Vee [V]

Icca (top: Constant)
v.s. Cycle rate

1
Ta=25°C

tcp =50 ns
40
Vce = 5.5V
A o\
4.5V
30 b -
/ 7
=
20
2 4 6
Cycle rate (1/tpc) [MHz]
Icca (tep: Constant)
vs. Ta
T T
Vce = 5.5V|
tCP = 50 ns
40
] tp,
'\_\C“75o n
— — 170 o .
d ~~—~—~—~1.200
.\ ns
\\ 400
Al N,
20 Gy A

Ta [°C]



Input level [V]

Input level [V]

Input level [V]

Address Input

vs Vee
: I
Ta=25°C
V|H min
2.0 /,/
1.5 l/,/
g / V"_ max
1.0
40 45 5.0 55 6.0
Vcee [V]
Data Input
v.s. Vee
T
Ta=25°C
20
ViH min
1.0 //
// VL max
15
40 45 5.0 55 6.0
Vce [V]
Clock Input
v.s. Vee
T
Ta=25°C
2.0
V|H min
//
—"T V)L max
1.0

4.0 4.5 5.0 5.5
Vce [V]

6.0

Input level [V]

Input level [V]

Input level [V]

Address Input

v.s. Ta
I
Vce = 5.0
2.0 VIH min
1.5 VL max
1.0
0 25 50 75
Ta [°C]
Data Input
vs. Ta
Vce = 5.0V
2.0
VIH min
15 4'_?_'
Vi max
1.0
0 25 50 75
Ta [°C]
Clock Input
vs. Ta
J I
Vce = 5.0V
2.0
ViH min
1.5
V)L max
1.0
0 25 50 75
Ta [°C]

2 DYNAMIC RAM -MSM3764AS/RS n
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RAS/CAS CYCLE LONG RAS/CAS CYCLE RAS ONLY CYCLE PAGE MODE CYCLE

CAs[ | - \ NI
[:il 40 ' A
. UV \ AN
\ VM 71V

50 ns/div
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MSM3764 Bit MAP (Physical-Decimal)
|

r
/ [A7 column = ""H"] ’ [A7 column = “L"] Oerinie \
19119 1291128 1921193 254 255l 191}190 129|128 192]193 254|255
255255 255|255 J [ 255|255 255|255 127§127 1271127 127(127 127|127
63 62l 1 O 64| 65| 126|127 63| 62 1 0 64| 65 126127
255255 255|255 [ 255|255 255|255 1271127 127|127 127|127 127|127
63| 62 11 0 64| 65| 126{127 63| 62 11 o 64| 65 126{127
254|254 254{254 254|254 254{254 126§126 126|126 126|126 126[126
191190 129(128 192193 254|255 191{190 129128 L 3o, 192[193 2541255
254254 254/254 [ 254|254 254{254 126{126 126126 ] 126|126 126{126
191190 129|128 1921193 254|255 191[190 129|128 192|193 254|255
253253 253|253 253|253 253|253 125[125 125[125 125[126 125[125
63| 62 1 0 64| 65 126]127 63| 62 1l o 64| 65 126[127
253|253 253|253 [ 253|253 253|253 125125 125|125 [ 125|125 125|125
63| 62 11 O 64| 65 126127 63| 62 11 0 64| 65 126{127
252|252 252}252 252|252 252252 124|124 124|124 L 124|124 124|124
1911190 129]128 192|193 254|255 191[190 129|128 192(193 254|255
252252 252|252 [ ] 252|252 262|252 124|124 124|124 [”] 124[124 124|124
191]190 129]128 192{193 2544265 191[190! 12911284 Seo¢ 192193 254|255
251]251 251|251 251|251 251|251 123[123 123|123 123]123 123|123

(Column)
191|190 1291128 192|193 254|255 191[190 129|128 1921193 254|255
132/132 132132 ] 132[132 132132 4 4 4) 4 ["] 4| 4 4] 4
1911190 129128 132(193 254|255 1911190 129128 192|193 254255
131131 131131 131131 131131 3| 3 31 3[17 ) 3| 3 3] 3
63| 62 1 0 64| 65 126127 63| 62 1 OJ 64| 65 126127
131131 131131 131131 131131 3| 3 3| 3 } [ 3| 3 2l 3
63| 62 1 0 64| 65 126|127 63| 62 1 0 64| 65 1261127
130[130 130130 130(130 130{130 21 2 2l 213 2| 2 2| 2
191190 129(128 192|193 2541255 191190 129|128 192|193 254|255
130[130 130{130 [ N 130|130 130[130 2 2 2] 2 "’] 2] 2 2l 2
191190 129]128 J 192|193 254|255 191190 129|128 192193 254|255|
1294129 129{129 r 129129 129(129 1 1 1 1 [ 1 1 1 1
63| 62 11 0 64| 65 126127 63| 62 1l o 64| 65 126|127
129129 129(129 ] [ 129(129 1291129 1 1 1 1 ] [ 1 1 1 1
63| 62 11 O 64| 65 126|127 63| 62 1 o0 1] 64| 65 1261127
128|128 1281128 128{128 128|128 of O 0] o 0 ol 0
191[190 129(128 192193 254|255 191190 1291128 192 193 254|255
128[128 128128 L 128|128 128128 o] O 0] O ) 0 ol O

Refresh Address Refresh Address Refresh Address Refresh Address
L (63 < 0) ) ;‘H‘V\-‘ (64 — 127) | (63 < 0) | (64 - 127) |
T 4 \ T T 7
Din D, D, D Din Din . D, D Dm
(Positive) (Negative) (Positive) (Neganve)
Pin8 (Row)

Cenl A = Row Address (Decimal) Word Driver o Sense Amp

B = Column Address (Decimal)

Sub Amp (C = Number of Bus Line)
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OKI semiconductor
MSM3764 AAS/RS

65,5636-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 wtiere 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. 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 pin package o All inputs TTL compatible, low capacitive load
e Silicon-gate, Double Poly NMOS, single transistor cell ® Three-state TTL compatible output
® Row access time, ® “Gated”” CAS
120 ns max (MSM3764A-12) ® 128 refresh cycles/2 ms
150 ns max (MSM3764A-15) ® Common 1/0 capability using ‘‘Early Write"
200 ns max (MSM3764A-20) operation
® Cycle time, e Output unlatched at cycle end allows extended page
230 ns min (MSM3764A-12) boundary and two-dimensional chip select
260 ns min (MSM3764A-15) © Read-Modify-Write, RAS-only refresh, and Page-
330 ns min (MSM3764A-20) Mode capability
® Low power: 330 mW active, ® On-chip latches for Addresses and Data-in
28 mW max standby ® On-chip substrate bias generator for high
e Single +5V Supply, £10% tolerance performance

PIN CONFIGURATION
(Top View)
. U
e[t 16 Jvss
D"‘E 2 5 ]C_AS Pin Names Function
"TEE 3 14 jDom Ay~A, Address Inputs
”_d RAS Row Address Strobe
rRAs[ |4 13 jAs CAS Column Address Strobe
WE Write Enable
AL ]S 12| A"
. ] ? Din Data Input
A C 6 " j“«' Dout Data Output
Vee Power Supply (+5V)
A, [: 7 10DA;' Vss Ground (0V)
Vee lj 8 91 |A * Refresh Address
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FUNCTIONAL BLOCK DIAGRAM
RAS Timing
Generator bﬁ Timing
CAS v Generator
Timing e
Generator Qe WE
Column Generator|
Column
Address / Decod
Buffers ecoders l
Ap~A 1/0  []Output
o~ E Sense Amps 1. ISelection| Buffer [ Dout
Row 3 }
Address N ]
Buffers
Row | |Word Memory Data
De- | | Driv- Input f=————Din
coders| ers Cells Reglstor
1 -
vce
Vss
On chip VBB
ABSOLUTE MAXIMUM RATINGS (see Note)
Rating Symbol Value Unit
Voltage on any pin relative to Vgg Vin. VouT ~1to +7 \%
Voltage on Vcc supply relative to Vgg Vee -1to +7 v
Operating temperature Topr O0to 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)

X . Operating
Parameter Symbol Min Typ. Max Unit Temperature
vce 4.5 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 0.8 \
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DC CHARACTERISTICS

(Recommended operating conditions unless otherwise noted.)

Parameter Symbol Min.

Unit

Notes

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

Icci

60

mA

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

Icc2

5.0

mA

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

lccs

40

mA

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

lcca

mA

Input Leakage Current

Input leakage current, any input

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

Ly

-10

LA

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

Lo

-10

uA

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

VoH 24
VoL

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,, D|n) CIN1 - pF
Input Capacitance (RAS, CAS, WE) CINn2 - 8 pF
Output Capacitance (DoyT) Cout - 7 pF
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AC CHARACTERISTICS

a DYNAMIC RAM -MSM3764AAS/RS m

(Recommended operating conditions unless otherwise noted.) Note 1,2,3
Parameter Symbol | Units MSM3764A-12 | MSM3764A-15 | MSM3764A-20 Note
Min. Max. Min. Max. Min. Max.

Refresh period tREF ms 2 2 2

Random read or write cycle time tRC ns 220 260 330

Read-write cycle time tRWC ns 245 280 345

Page mode cycle time tpC ns 120 145 190

Access time from RAS tRAC ns 120 150 200 4,6

Access time from CAS tCAC ns 60 75 100 5,6

Output buffer turn-off delay tOFF ns 0 35 0 40 0 50

Transition time tT ns 35 3 35 3 50

RAS precharge time tRP ns 90 100 120

RAS pulse width tRAS ns 120 (10,000 | 150 {10,000 | 200 (10,000

RAS hold time tRSH ns 60 75 100

CAS precharge time (Page cycle) tcp ns 50 60 80

CAS pulse width tCAS ns 60 [10,000 | 75 [10,000 | 100 (10,000

CAS hold time tCSH ns | 120 150 200

RAS to CAS delay time tRCD ns 25 60 25 75 30 100 7

CAS to RAS precharge time tCRP ns

Row Address set-up time tASR ns

Row Address hold time tRAH ns 15 15 20

Column Address set-up time tASC ns 0

Column Address hold time tCAH ns 20 20 25

rotoenced 10 FAS R | ns | 80 % 125

Read command set-up time tRCS ns 0 0 0

Read command hold time tRCH ns 0 0 0

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

Write command hold time tWCH ns 40 45 55

z;;‘zzz&’z‘znﬁ"g'd time twer | ns | 100 120 155

Write command pulse width WP ns 40 45 55

Write command to RAS lead time | tRwL ns 40 45 55

Write command to CAS lead time | tocwL ns 40 45 55

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

Data-in hold time tDH ns 40 45 55

2,3%% hold time referenced {OHR ns 100 120 155

CAS to WE delay tcwD ns 40 45 55

RAS to WE delay tRWD ns 100 120 155

CAS precharge time tCPN ns 30 35 45
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NOTES: 1)

2)
3)

4

5)

7)

8

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.

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 V| and V(L.

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 tgop exceeds the value shown.

Assumes that trcp < 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 tcAC.

tWCS. tCWD and tRWD are not restrictive operating parameters. They are included in the data sheet
as electrical characteristics only; if twcs = twcs (min.), the cycle is an early write cycle and the cata
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 access time) is indeterminate.

READ CYCLE TIMING

Addresses

tRC
tF(AS~l
mAs (M- N e 1 N
S ViL — N 7 P
——
tRCD TRSH t-tCRP-»
Vin — ! \ tCAS— | |
CAS v — R 7 /
tCsH tCPN
tASR| [tRAH C’I tCAH

ViH — Row Column ﬂ
ViL - Address Address

—  VIH-
WE - M | W
tCAC |
tRAC
Dout YOH- { OPEN F—————7 valid Data
VoL~

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

(EARLY WRITE)

a DYNAMIC RAM -MSM3764AAS/RS m

lRA“'RC
tAR___._..« ©
RAS A \___
| tRSH —'RP—=
| tcas {CRP =
CAsS N\ I
tCAH
\Y Column 7 /)
Addresses Address /./@(
! t
twes twen oW
—  ViH-— - tWP- 7
WE ViL — K ! ! / W
1
tRWL-
tWC
H——{-_tDH
v
DIN Vlnt /// Valid Data
v tDHR
DouT Vg‘c: { OPEN L
READ-WRITE/READ-MODIFY-WRITE CYCLE
——IRWC
RAS
RAS \IHZ AR y
-
T tRSH = RP
|=——tRCD tCAS [CRP
NN | £/
[ 1 t t
tASC tCAH csH [~ PN
[
o Rforess
! L tRWD tewL —
tResk= = tCWD tRWL—=
we - T )
-
twp
tCAC — 1OFF
v
Doyt QM T oren  —— Valid Data
tRAC tDS| | toH
Viy - i
o iH Valid ¥
LV @( Data

“H"”, “L"" = Don’t Care
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RAS ONLY REFRESH TIMING
(CAS: VIH, WE & DIN: Don‘t care)

—tRC
|

VIH -
ViL -

(2]

K

tRAS

-\

——

tASR

f—tR AH-=

N

(-

tRP ————=

\
Addresses V:T_ _/

Row Address

Tl

X T

o VOH -
ouTt VoL - — OPEN }
) 'H", “L" = Don't Care
PAGE MODE READ CYCLE
tRAS
¥y
tRSH———= [=-tRP
1
ch tCAS’l/ ~ tc;\sy~—tcw
tasc tCAH ‘rsc|ICAH
T NETIR
d 88X IE&i IR W
t
-tOFFl f=-tcac t';FEAC tolFF
A OPEN !
tRCS

}-—tRCH

/

e

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

tRAS

RAS M- )
L 7 Fe—tRSH—=1 F=tRP
le—tCAS LCRP-
— V- 7 £
CAS i - /
tASR tASC L tCAH
VIH-
Addresses ViL - / od, // ////////
tWCH—
. ‘ towL——|
ML Wy i
WP, 4 twtp»l
v b DS DS A ]
DN llt://%@@vmd DataW % (Valia Dat:‘#&
—tDHR

m I A I Don‘t Care

PAGE MODE, READ-MODIFY-WRITE CYCLE

tRAS

—_ ViH —
RAS v,
_ VIH
CAS ViL

tASR
Addresses /M 77
L

tRAC

OPEN

A /7
‘ =—1tCcAC ] |toFF

OPEN

) “H" . “L" = Don't Care
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HIDDEN REFRESH

Read Cycle

o

by

2

(2]
=
I

tRP—=

RAS only cycle

CAS
tasr | [IRAH
Addresses /
.I tRCH
WE %
tOFF
DouT v Valid Data
““H"”, “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 (D|y) register. In a write
cycle, if WE is brought low (write mode) before CAS,
DN is strobed by CAS, and the set-up and hold times
are referenced to CAS. In a read-write cycle, WE will
be delayed until CAS has made its negative transistion.
Thus Dy is strobed by WE, and set-up and hold times
are referenced to WE.

Data Output:

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

100

same polarity as data-in. The output is in a high im-
pedance state until CAS is brought low. In a read cycle,
or read-write cycle, the output is valid after traC from
transition of RAS when tgcp (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 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 V| is permitted for A,.
RAS only refresh avoids any output during refresh
because the output buffer is in the high impedance
state unless CAS is brought low. Strobing each of 128
row-addresses with RAS will cause all bits in each rwo
to be refreshed. Further RAS-only refresh results in a
substantial reduction in power dissipation.

Hidden Refresh:

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

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




TYPICAL CHARACTERISTICS

Access time from RAS

g ] (Relative value) v.s. Vo
s Ta=25°C

g}’ - tR‘CDi min

2 1 N

o

310

5 ~
> 0.8

Q

<

O

¥ 40 45 50 55 6.0

vee [Vl

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

08 Vee = 5.0V
~ tRCD: min
1.2
e /
(&)
< 1.0
oc
* P
=
= 08
[&]
<
T
0 25 50 75
Ta[°C]
Access time from CAS
é 14 (Rela}nve value) v.s. VcC
7S] TRCD: max
1}
\
S 1.2 AN
> \‘ \
(&)
Z0 AN
& N NS Ta = 50
Q) \\Ta = 25°
S os ™ Ta=0°C
(@]
b
& 40 45 50 55 6.0

vee [V

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

Icc1 (Operatian) [mA]

a DYNAMIC RAM -MSM3764AAS/RS m

Icct (tRAS: Constant)
50 VS VCoC
Ta=25C

tRAS = 120 ns
40 ]

-~
e

|
L»tRC =220 ns
|

’tRc|= 260 ns
tRC =330 ns

30

tRc = 500 ns

20

s tRC = 1000 ns

40 45 50 55 6.0
Vee [V]

Icc1 (tRAS: Constant)
50 _ Vs Cycle rate

Ta=25°C | VI .
tRAS = 120 ns cC=>o.
40 Vee = 5.0V
|
/ Vee = 4.5V
30 V
Y
1 2 3 4 5
Cycle Rate (1/trc) [MHz]
Icc1 (tRAS: Constant)
vs. Ta
0
° Vce = 5.5V
tRAS = 120 ns
40 ‘;‘.-.tﬁc =220 ns
tRC = 260 ns
|
30 tRc =330 ns
20 tRc = 500 ns
trc = 1000 ns

0 25 50 75
Ta[°C]
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Icct (Operation) [mA] Icc1 (Operation) [mA]

Icc1 (Operation) [mA]
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Icct (trp: Constant) v.s. Vo lccavs. Vee
0= , 5.0
a=25¢C _ tRC =220 ns —_
40 tRP =90 ns 7 tR(_‘i =260 ns E 4.0 ViH: max
A L» tRC =330 ns =
,/ —] ! 3 —Ta = 0°C
30 — tRC =500 ns 2 3.0 —-—;_—F——-ﬁ——-—‘— °
- i 8 Ta=25C
,//— trC = 1000 ns () Ta=50°C
20 820 Ta=75°C
Lo
40 45 50 55 6.0 40 45 50 55 6.0
Vee[V] Vee [V
Icc1 (trp: Constant) }
v.s. Cycle rate | v.s. Ta
50 . y 5.0 ch .
Ta=25°C v Vce =5.5V
=55V — VIH: max
tRP =90 ns ¢c < H
ao|-RP Vee = 5.0V E 40
]
Vee =4.5V >
30 %,4/ D 3.0~
5 \
é/ ) S~
20 ~ 2.0
O
°
1 2 3 4 5 0 25 50 75
Cycle Rate (1/tRc) [MHz] Ta[°C]
Icc1 (trp: Constant) v.s. Ta
50
40 tBC = zzg ns
- tRC = ns
30 ™t tRC = 330 ns
I
- === tRC = 500 ns
20 1 tRC = 1000 ns
Vee =5.5V RC
tRP =§O ns
0 25 50 75
Ta[°C]



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

icc3 (Refresh Cycle) [mA]

30

20

10

0

4.0

30

20

10

0

Icc3 (tRAS: Constant) v.s. Voo

Ta=25°C

tRAS=120ns __4

/tR(Jj =220ns

/4/

L=tRC = 260 ns
’tRE =330 ns

-
P
a—

—

|
b= tRC = 500 ns

—tRT = 1000 ns

45 50

Vee [V]

55

6.0

Icc3 (tRAS: Constant)

v.s. Cycle rate

T
Ta=25°C
tRAS = 120 ns

Vce = 5.5V
N\ CE = 5.0V

;Vlcc =45V

1 2 3
Cycle Rate (1/trc) [MHz]

30

20

10

4 5

lcc3 (tRas: Constant) vs. Ta
40

Vge = 5.5V
tRAS =120 ns
tRp =220ns
tRC =260 ns
-trTc =330 ns
tRC = 500 ns
T — tRC = 1000 ns
0 25 50 75
Ta [°C]

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

Icc3 (Refresh Cycle) [mA]
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lcc3 (tRrp: Constant) v.s. Voo
40

T
Ta=25°C
tRC = 220
30| RP 390 s AT RS 260 s
- tRC = 330 ns
§¢/¢ tRG = 500 ns
20— ~tRC = 1000 ns
-
//
10
0
40 45 5.0 55 6.0
Vee [V]
Icc3 (tRp: Constant)
v.s. Cycle rate
40 —
Ta=25C
30 tRp=90ns Vee =5.5V
Vce = 5.0V
7 9§Vcc = 4.5V
20| == —
—
10
0
1 2 3 4 5

30

20

Cycle Rate (1/tRrc) [MHz]

Icc3 (trp: Constant) v.s. Ta
40

Vgge =5.5V
tRP =90 ns

tRC = 220 ns

tRC = 260 ns

trc =330 ns

tF\EC =500 ns
™tRC = 1000 ns

Ta[°C]

50

75
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Icca (Page Cycle) [mA] Icca (Page Cycle) [mA]

Icc4 (Page Cycle) [mA]
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Icca (tcas: Constant)

vs. Vee
50 T
Ta=25°C
tCAS = 60 ns
40 _~tPC = 120 ns
tpc = 145 ns
o
30 tpC = 230 ns
/:;/: tpC = 400 ns
-1 pu"
20
40 45 50 55 6.0
Vee [V]
Icc4 (tcAs: Constant)
v.s. Cycle rate
T
Ta=25°C
40 tCAS =60 ns
p»Vee = 5.5V
/ VGG = 5.0V
30 //lévvcc =45V
20 Vé
2 4 6 8 10
Cycle Rate (1/tpc) [MHz]
Icca (tcas: Constant) vis. Ta
0
Vee = 5.5V
tCAS =60 ns
40 S
'\\\.tpp =120 ns
30 — = tpC = 145 ns
- \
\\\htplc =230ns
20 tpC = 400 ns
0 25 50 75
Ta[°C]

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

Icc4 (Page Cycle) [mA]

Icca (tcp: Constant) v.s. Vee
50

Ta=25°C
tcp=50ns

40 CP /rtPCf 120 ns
s tpC = 145 ns

30 //,tPCf: 230 ns

= / L= tPC =400 ns
20—
-
40 45 50 55 6.0
Vee (V]
lcca (tep: Constant)
v.s. Cycle rate
50 T o7
Ta=257C
tcp=50ns

40 cp -
,Vccl =55V
L Ve = 5.0V

30 7‘/ Vee = 4.5V

20} 5

2 4 6 8 10

40

30

20

Cycle Rate (1/tpc) [MHZz]

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

Vee = 5.5V
tcp =50 ns
=
P —
T —~~——"—tpc=120ns
\
'\\\' tPC = 230 ns
grtpc =400 ns
0 25 50 75
Ta[°C]



Input level [V]

Input level [V]

Input level [V]

Address Input v.s. Voo

Ta=25°C .
20 '[ >
V|H min //
1'57/
TV max
1.0
40 45 650 55 6.0
Vee [V]
Data Input v.s. Vo
20 Ta=25°C -
. f
ViH min 9
15 i
VL max
1.0
40 45 50 55 6.0
vee [V]
Clock Input v.s. Voo
"0 Ta=25°C
) VIH min o
1.5 /‘//
P VL max
1.0 i
40 45 50 55 6.0
Vee [V

# DYNAMIC RAM -MSM3764AAS/RS »

Input level [V]

Input level [V]

Input level [V]

20

1.5

1.0

20

Address Input v.s. Ta

Vee = 5.0V

| I
ViH min

I l

VL max

0 25 50

Ta[°C]

Data Input v.s. Ta

75

Vce = 5.0V

f f
ViH min

VL max

25 50
Ta[°C]

Clock Inputv.s. Ta

75

Vee = 5.0V

! |
ViH min

VL max
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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

X
>
Z

|

O
>
[

140

120

Icc

[mA) 100 &
60 R
40

20
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MSM3764A Bit MAP (Physical-Decimal)

-
/I [A7 column = “H"] ! [A7 column = “L"] Oerinie \
63| 62 1 0 64] 65 1261127 63| 62 1 o 64| 65 126127
255|255 255|255 J 255|255 255]255 12711127 127127 J l 127127 1271127
191 190[ 129|128 192|193 254255 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[1 27 63| 62 1 0 64| 65 126(127
254|254 254|254 254|254 254]254 126(126 1261126 126[126 126|126
191|190 129]128 192193 254)255 191[190 129]128 192|193 2541255
254254 254|254 [ ] 254|254/ 254|254 126[126 126126 [ 126|126 126126
63| 62 i1 o 64| 65 126127 63] 62 11 O 64| 65 126127
253[253 253)253 253|253 253|253 125]125 125]125 125(126 125|125
191]190 1291128 192193 254(255 191{190 129|128 1921193 2541255
253|263 253|253 [ 253|253 253|253 125{125 1251125 125|125 125]125
63} 62 1 O 64| 65 126127 63| 62 11 O \| 64] 65 1261127
252252 252|252 [ ]252|252 252|252 124|124 124|124 124|124 124124
1911190 129|128 192|193 254255 191]190 129128 192{193 254|255
252[252 252|252 [ 252|252 252|252 124124 124124 E] 124[124 124124
63] 62 1 0 64| 65 126127 63| 62 1 O 64| 65 126127
251|251 251|251 251|251 251}251 123|123 123|123 123[123 123}123
191|190 1291128 1921193 254255 191|190 129128 Yee 411921193 254|255
132132 132]132 [ ] 132]132 132132 4| a 4] 4 [’] 4| 4 4| a
63] 62 1 0 64] 65] 126|127 63| 62 1 0 64| 65 1261127
131131 131131 1311131 131131 3l 3 3] 3 3] 3 3] 3
191190 129128 192193 254|255 191]190 129[128 192{193 254|255
131131 131131 [ 131131 1314131 3] 3 3] 3 [ 3] 3 2] 3
63| 62 11 0 64| 65 126127 63| 62 11 ol 64| 65 126|127
130[130 130130 130{130 130|130 2| 2 21 203 2] 2 2] 2
191190 1291128 192|193 2541255 191190 129128 192(193 2541255
1304130 130[130 [ 130[130 1304130 2] 2 2| 2 2l 2 2] 2
63| 62 1 O 64| 65 1264127 63| 62 1 0 64| 65 126127
129}129 129|129 r 1291129 129129 1 1 1 1 1 1 1 1
1911190 129]128] J 192]193 2541255 1911190 129128 192{193 2541255
129129 1291129 ] [ 1291129 129|129 1 1 1 1 J [ 1 1 1 1
63| 62 11 0 64| 65 126|127 63| 62 1 0 64| 65 126127
128J128 128|128 128]128 128128 [ ¢ 0] o 0 o] ©
191190 129(128 J 192193 254|255 191190 1291128 o0 1 ]192]193 2541255
128]128 128128 128|128 128|128 ol O of 0 o] o o] O
Refresh Address Refresh Address Refresh Address Refresh Address
L (ezrm , AN (64—[*127) | (63[«0) Ve L (64—;127) |
Di,n, D, D, D, D_z Din D, D, D, D, Din
(Positive) D (Negative) (Positive) (Negative)
Pin 8 (Row)
cen A= Row Address (Decimal )} Word Driver o Sense Amp

= [=>]

Sub Amp (C = Number of Bus Line)

B = Column Address (Decimal)

s DYNAMIC RAM -MSM3764AAS/RS m

(Column)
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OKI semicohductor
MSM41256AS/RS

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, 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 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
® 262144 x 1 RAM, 16-pin package. ® Single +5V Supply, +10% tolerance
® Silicon-gate, Double Poly NMOS, single transistor cell @ All inputs TTL compatible, low capacitive load
® Row access time, ® Three-state TTL compatible output
120 ns max. (MSM41256-12AS/RS) ® “Gated”” CAS
150 ns max. (MSM41256-15AS/RS) ® 4 ms/256 refresh cycles
200 ns max. (MSM41256-20AS/RS) ® Common |/O capability using “‘Early Write’
e Cycle time, operationi
230 ns min. (MSM41256-12AS/RS) e Output unlatched at cycle and allows extended page
260 ns min. (MSM41256-15AS/RS) boundary and two-dimensional chip select
330 ns min. (MSM41256-20AS/RS) ® Read-Modify-Write, RAS-only refresh, and Page
® Low power: Mode capability
385 mW active (MSM41256-12AS/RS) ® On-chip latches for Addresses and Data-in
360 mW active (MSM41256-15AS/RS) ©® On-chip substrate bias generator for high
305 mW active (MSM41256-20AS/RS) performance
28 mW max. standby
PIN CONFIGURATION
N\
A, D * 6] Jvss
D‘“E 2 15 jm Pin Names Function
W—EE 3 14 DDou( Ay ~ Ay Address Inputs
RAS Row Address Strobe
FA—SE 4 13 ]Aﬂ' CAs Column Address Strobe
. . WE Write Enable
Ao D ® 12.jA° Din Data Input
A [: 6 1" :]A‘ . Dout Data Output
Vee Power (+5V)
A,’E7 10]A5’ Vss Ground (0V)
vee []s o Jar * Refresh Address
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FUNCTIONAL BLOCK DIAGRAM

RAS Timing
__ | Generator Timing
CA ! b
S T Generator
1
ook fo—wE
Column Gm:rcator
i \ Column
Address ] ) Decod,
Buffers l ecoders l
~ 1/0  [*™]Output
A, A.I: Sense Amps jSelectionL. Bzf‘f):r —Dout
Row I
Address
Buffers R Word
ow or Data
De- Driv- Memory Input te—8+—Din
coders ers Cells Register
vce
Vg ——=
On chip VBB
ABSOLUTE MAXIMUM RATINGS (see Note)
Rating Symbol Value Unit
Voltage on any pin relative to Vgg ViNn. VouT -1to+7 \
Voltage on V¢ supply relative to Vgg Vce -1to+7 \2
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
(Respect to Vgg)

. . Operating
Parameter Symbol Min. Typ. Max. Unit Temperature
Iv Vol vce 45 5.0 5.5 v
Supply Voitage Vss 0 0 0 v .
0°C to +70°C
Input High Voltage, all inputs ViH 24 6.5 \Y)
Input Low Voltage, all inputs ViL -1.0 0.8 \Y
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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 MSM41256-15 lce 65 mA
(RAS, CAS cycling; tgc = min.) MSM41256-20 60
STANDBY CURRENT
Power supply current lcc2 5.0 mA
(RAS=CAS =Vy) .
REFRESH CURRENT MSM41256-12 60
Average power supply current MSM41256-15 lcc3 55 mA
(RAS cycling, CAS = V| trg = min.) MSM41256-20 50
PAGE MODE CURRENT* MSM41256-12 60
Average power supply current MSM41256-15 lcca 55 mA
(RAS = V), CAS cycling; tpc = min.) MSM41256-20 50
INPUT LEAKAGE CURRENT
Input leakage current, any input
{0V < V)N < 5.5V, all other pins not L -10 10 A
under test = 0V)
OUTPUT LEAKAGE CURRENT
(Data out is disabled, ILo -10 10 A
(0V < VoyT < 5.5V)
OUTPUT LEVELS

. _ VOH 2.4 \%
Output high voltage (IgH = -5 mA) VoL 0.4 v

Output low voltage (Ig| = 4.2 mA)

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,, D|n) CIN1 6 pF
Input Capacitance (RAS, CAS, WE) CiNn2 pF
Output Capacitance (DoyT) CouT 7 _pF

Note: Capacitance measured with Boonton Meter.
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AC CHARACTERISTICS

# DYNAMIC RAM -MSM41256AS/RS m

Notes 1,2,3 Under Recommended

Operating conditions

MSM41256-12 | MSM412566-15 | MSM41256-20
Parameter Symbol | Units Note
Min. | Max. | Min. | Max. | Min. |Max.
Refresh period tREF ms . 4 4 4
Random read or write cycle time tRC ns 230 260 330
Read-write cycle time tRWC ns 255 325 410
Page mode cycle time tpC ns 130 145 190
Access time from RAS tRAC ns 120 150 200 4,6
Access time from CAS tCAC ns 60 75 100 5,6
Output buffer turn-off delay tOFF ns 0 40 [ 40 0 50
Transition time tT ns 3. 50 3 50 3 50
RAS precharge time RP ns | 100 100 120
RAS pulse width tRAS ns 120 [10,000f{ 150 {10,000 | 200 10,000
RAS hold time tRSH ns 60 75 100
CAS precharge time tcp ns 60 60 80
TAS pulse width tcas | ns 60 |10,000{ 75 0,000 | 100 |10,000
CAS hold time tcsH ns | 120 150 200
RAS to CAS delay time tRCD ns 25 60 25 75 30 |100 7
‘CAS to RAS precharge time tCRP ns 0
Row Address set-up time tASR ns
Row Address hold time tRAH ns 20 20 25
Column Address set-up time tASC ns 0 0 0
Column Address hold time tCAH ns 35 45 55
eroncsa RS | AR | | % 120 158
Read command set-up time tRCS ns
Read command hold time tRCH ns
Write command set-up time twcs ns 8
Write command hold time tWCH ns 40 45 55
eI R
Write command pulse width twp ns 40 45 55
Write command to RAS lead time | tRwL ns 40 60 80
Write command to CAS lead time | tcwL ns 40 60 80
Data-in set-up time tDs ns 0 0 0
Data-in hold time tDH ns 40 45 55
?oa% hold time referenced {DHR ns 100 120 156
CAS to WE delay tcwp | ns 40 75 100
RAS to WE delay tRWD ns 100 150 200 8
T |y | | 0| | m || @

111



m DYNAMIC RAM - MSM41256AS/RS =

NOTES: 1

2
3

4

5

7

8

) 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.

) AC measurements assume t =5ns.

) VIH (Min.) and V| (Max.) are reference levels for measuring timing of input signals. Also, transition

times are measured between V| and V.

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 tRCp 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 tRCp is greater than the specified tRcp (max.) limit, then access

time is controlled exclusively by tCAC.

tWCS. tCWD and tRwWD 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 gata

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 access time) is indeterminate.

READ CYCLE TIMING

X
i

0
(7]

\Y)
Addresses

Dout

tRC
tRAS )
tAR
VIH — \ f
ViL — Nt I 7/ \___
|- TR P —e=i
N tRSH t
| RCD r‘ CRP+
Vin — — \ tCAS /
ViL — \ K 2 \_
tCSH
tASR| [{RAH ICAH
e
IH— Column
ViL - Address 3

Valid Data

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

tRAS tRC
=—= V- 1
RAS H N AR
ViL - K 7 \_
tRSH tRP——
v tRCD tCAS j—tcRp
CAS IH— X
ViL — L\ 7/ /r 1
tasp | [FRAH sGsH
ASR VAsc—| . [CAH
VIH - Row Column
Addresses VL — Address Address
t
twes twen | oWt
g —
" W7 7/
. tRWL
tWCR
tDS—— [— —1tDH
Vv —_
LIV 7 % Valid Data
tDHR |
DouT xg':: { OPEN |
“H", "L" = Don’t Care
READ-WRITE/READ-MODIFY-WRITE CYCLE
tRWC
FAs  VIiH- Y t tRAS
RAS 1 N AR 74‘ X
- t
) tRSH t'é:_FH
v tRCD tCAS |=CRP_|
CAS IH— T\ 7
Vi - N_% £/ AV
- 1 tCSH
ASR| [tRAH tASC | |tcaH
ViH = Row - Column
Addresses VL — Address 2 Address 7W
tRWD —tcwL —
y tRCS | tCwD ——tRWL—
WE IH— |
wE o0 i N
T t
- tcac twp | |LIOFF
VOou—
DouT Vg'l‘_‘_ ———  opEN — Valid Data
tRAC DS/ |tDH
ViH - Valid
O ViL — %J(—;aia
“H”, L' = Don't Care

113



m DYNAMIC RAM -MSM41256AS/RS =

RAS ONLY REFRESH TIMING
(CAS: ViH, WE & D|N: Don't care)

tRC
wa
Addresses Y/:t N Row Address V//////////////////////////////////////////////////////
B2 H". “L" = Don't Care
PAGE MODE READ CYCLE
N U A I

_It EF| f=tcac t;';gAC
‘:;—OPEN s
tRCS

toFF

/4

- 13305 tRCH| l‘—. ‘ !__'R;l.@
4 " W

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

ViL —

ViH —

tRAS
l———tAR—
= tCSH P
tCAS —tcAS—
Y N
tRAH /]
tAsC, CAH
(g:g 0 Aol.
f— tWCH
—towL—
% "% Y )
twee WP y WP
L_twCR el -—.—tRWL—-<
DS —tDH DS~ ~tDH DS —tDH
Valid Data Valid Da&& 7 X Valid Data}&
-—!DHR

z “H"”, “L"” = Don't Cal

re

PAGE MODE, READ-MODIFY-WRITE CYCLE

|

py
>
2

|

O
>
Z

Addresses

DouT

VIH -
ViL

VIH -
ViL -

VOH—
VoL-

- tAR—-]

tRAS

tRP

tRSH

Y/
07

DS| |tDH

IDS|{tDH

7R

~—tCAC
tRAC

OPEN

tOFF l-—tcAC
OPEN@——!

tOFF

T

“H", “L" = Don’t Care
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HIDDEN REFRESH

Read Cycle —— RAS only cycle
=—1tRP
RAS VIH-— ‘AR—-—‘ N
ViL-
I |
CAS V:t:
tASR tAsR | |'RAH
Add VIH- b
resses vy - 7 p /// / //

Al

= 70707

VOH- —
DouT Vg[‘_————-— oPEN—

Valid Data

“H", “L" = Don't Care

DESCRIPTION

Address Inputs:

A total of eighteen binary input address bits is 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 (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 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, if WE is brought low (write mode) before CAS,
DN is strobed by CAS, and the set-up and hold times
are referenced to CAS. In a read-write cvcle,_VWE will
be delayed until CAS has made its negative transition.
Thus D) 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
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same polarity as data-in. The output is in a high im-
pedance state until CAS is brought low. In a read cycle,
or read-write cycle, the output is valid after trac from
transition of RAS when tgcp (max.) is satisfied, or
after tgcac from transition of CAS when the transition
occurs after tgcp (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| 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 RAS-only refresh results in a
substantial reduction in power dissipation.

Hidden Refresh:

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

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

tRAc (Vee)/trac (Vee

=5V)

tcac (Vee)/teac (Vee

Icc1 (operation) [mA]

Access time from RAS
(Relative value) vs. Vcg

Ta=25°C
1.4
1.2
1.0
08
0.6
4.0 4.5 5.0 5.5 6.0
Vee (V]
Access time from CAS
(Relative value) vs. Voo
Ta = 25°C
trRCD; max.
1.4
1.2 \
1.0
0.8
0.6
4.0 45 5.0 5.5 6.0
Vee (VI
lcc1vs- Vee
60 T T
Ta=25°C tRC =260 nS
tRAS = 160 nS
50 7 T
tRC= 330"/3
40 // =
30 / tRC = 500&
//
/
20 trc = 1000 nS
__-——»"_‘
10
4.0 45 5.0 5.5 6.0
Vce (VI

tRAC (Tal/trac (Ta=25°C)

tcac (Tal/tcac (Ta=25°C)

Icc1 (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
Vee = 5.0V
tRCD; max.
1.2
//
1.1
1.0
09 4
0.8
0 25 50 70
Ta [°C]
lcc1 vs. Cycle rate
60 T T
Ta=25C Ve =55V
tRAS = 160 nS / |
50 // B ?'OV
y =45V
40 ///
30 ///
20 /
10
2 3 4 5

Cycle Rate (1/tgc) [MHz]
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Icc1 (operation) [mA]

Icc2 (stand-by) [mA]

Icc3 (refresh cycle) [mA]

lcct vs. Ta
60

Vee = 5.5V
tRc = 260 nS

55

\

50

45

40

0 25 50
Ta [°C]

lcc2 vs. Ta

70

4.0 T
Vce = 5.5V

ViH: max

3.5

N
WA

AN

25

20
0 25 50

Ta [°C]

Icc3 vs. Ta

70

50 T T
Vee =5.5V
tRC = 260 nS

45

40

35

30

Ta [°C]

70

Icc3 (refresh cycle) [mA] Icc2 (stand-by) [mA]

Icca (page cycle) [mA]

lcc2 vs.Vee
4.0, T
Ta=25°C
ViH; max.
3.5
3.0 /
25
2.0
4.0 45 5.0 55 6.0
Vee (VI
lcca vs. Ve
60 T
Ta=25°C
tRC =260 nS
50
40
//
30 —
20

4.0 4.5 5.0 5.5 6.0

Vee (VI

Icca vs. Ve

60

50

Ta=25°C
tpe = 145 nS

40

1

30 =

20

4.0 45 50 556 6.0

Vee [V]



Input Level [V] Icca (page cycle) [mA]

Input Level [V]

lcca vs. Ta
50 T
Vce =5.5V
tpc = 145 nS
45
\\
40 \
\N
35
30
0 25 50 70
Ta [°C]
Address, Data Input vs. Ta Address, Data Input vs. Ta
25 T 25 T
Vce = 4.5V Vcc =55V
2.0 2.0
— ViH min.
fr—
) > '\'\\
- V|H min. — —
I —— [
15 215
|
5 VL max.
B 3
VL max. r— e
1.0 - 1.0
05 05
0 25 50 70 0 25 50 70
Ta [°C] Ta [°C]
Clock Input vs. Ta Clock Input vs. Ta
2.5 2.5
Vee =45V Vee =5.5V
20 20
S V|H min.
ViH min. §
1.5 9 15
5
a
£ VL max.
1.0 VL max. 1.0
0.5 0.5
0 25 50 70 0 25 50 70
Ta [°C] Ta [°C]

s DYNAMIC RAM -MSM41256AS/RS m
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Icc [mA]

120

Input Level [V]

Address, Data Input vs. Voo

25 T
Ta=25°C
20
1.5 //
—-"—_—/ VL max.
1.0
4.0 4.5 5.0 5.5 6.0
Vee V]

Clock Input vs. Vg

25 T
Ta=25°C

2.0
E ViH min. /
E
g 15
g —
(=4

1.0 VL max.

4.0 4.5 5.0 5.5 6.0

TYPICAL CURRENT WAVEFORMS

cc VI

Vee =5.5V
Ta=25°C
RAS/CASCYCLE ~ LONG RAS/CAS CYCLE RAS ONLY CYCLE  PAGE MODE CYCLE
RAS /
CAS / U I
200
150
100 % K
50 Al A AV, \\
—
[
o L= W |V p=
t 100 nS/Div
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MSM41256 Bit Map (Physical-Decimal)

= [=>]

1 Sub

B = Column Address (Decimal)

Amp.

1 O Pin 16
[A8 column = "L"] [A8 column = "“H"]
255|254 129(128 o 0| 1 126 127 255|254 129(128 o of 1 126127
255| 255 255|255 265|255 255 | 256 511[511 511|511 511511 511|511
511|510 3865(384 o 256 (257 382 (383 511|510 38651384 256 | 257 382/383
255|255 255|255 255|255 255 {255 511|511 511|511 511 (511 511|511
511|510 385(384 256 (257 382 (383 611|510 385|384 256|257 382|383
254|254 254 | 264 254|254 254 |1254 510|510 510510 510|510 610(510
255) 2564 129)128 of 1 126|127 255|254 129[128 of 1 126127
254|254 254 (254 254 12654 254 (254 510|510 510(510 510|510 510|510
255|254 1291128 o 1 126|127 255|254 129(128 of 1 126127
253|253 253 (253 253 (253 253 (253 509|509 509 |509 509 (509 509 (509
611|510 129128 256 (257 382383 511{510 385|384 256|257 382|383
253(253 2653 (253 253|253 253 (253 509 (509, 509 |509 hd 509 |509 509|509
511]510 385384 256 (257 382 (383 511510 385|384 256 | 257 382|383
252|252 2652|252 252|252 252 [252 508|508 508 |508 e 508 (508 508|508
255|254 129128 o 1 126 (127 255254 129128 0| 1 126 (127
252)252 252252 252|252 252|262 508|508 508 |508 508 |508 508|508
255254 129|128 0| 1 126 127 255|254 1291128 of 1 126(127
251|251 251 (251 ~ 251261 251 [251 507|507 507|507 507|507 6507(507
255|254 129{128 o 1 126 127 255|254 129 (128 of 1 126|127
4] 4 4| 4 4| 4 4| 4 260260 260|260 ~ 260|260 260(260
255(2564 129(128 of 1 126 {127 255254 1291128 of 1 1261127
3] 3 3] 3 3] 3 3| 3 259|259 259 [259 259 1259 259 (269
511{510 385|384 256|257 382 /383 511510 385|384 256 | 257 382|383
3| 3 3] 8 3] 38 3 3 2591259 259|259 259 | 259 259|259
511(510 385384 256 257 382 /383 611510 385 (384 256 | 257 382|383
2] 2 2| 2 2] 2 2] 2 258 (258 258 |258 258 |268 258|258
255|254 129(128 0 1 126 |127 255|254 129128 0 1 126127
2] 2 2 2 2] 2 2| 2 258|258 268 | 258 258 | 268 258(258
255/254 129(128 of 1 126 |127 255|254 129 (128 0] 1 126(127
1 1 1 1 1 1 1 1 257(257 267 {257 257|257 257(257
511|510 385 [384 256|257 382|383 511(510 385 (384 _o. 256 1267 382|383
1 1 11 1 1 1 1 1 257|257 257|257 257 (267 267|257
511(510 385 [384 256|257 382 383 511|510 386 (384 o 256 (257 382|383
0] 0 0] 0 0] O 0| 0 256 {256 256 |256 256 (256 256 | 256
265|254 1291128 o| 1 126 |127 255|254 1291128 o] 1 126127
0] 0 0| O of O 0| 0 256 256L_256 256 256 [256 | 256|256
-;efresh Address Refresh Address Refresh Address Refresh Address
(255 + 128) L (0—127) | | (255 < 128) | (0—>127)
\ T T 7
Din D,, b, Din Din D,, Din
(Positive) (Negative) (Positive) (Negative)
: Cell A = Row Address (Decimal) : Word Driver —©-: Sense Amp.

{Column)
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OXK I semiconductor
MSM41256JS

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 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 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
0262144 x 1 RAM, 18-pin PLCC package ® All inputs TTL compatible, low capacitive load
® Silicon-gate, Double Poly NMOS, single transistor cell ® Three-state TTL éompatible output
® Row access time, ® “Gated”” CAS
120 ns max. (MSM41256-12JS) ® 4 ms/256 refresh cycles
150 ns max. (MSM41256-15JS) ® Common 1/0 capability using ‘“Early Write’
o Cycle time, operation
230 ns min. (MSM41256-12JS) © Output unlatched at cycle and allows extended page
260 ns min. (MSM41256-15JS) boundary and two-dimensional chip select
® Low power: 385 mW/360 mW active ® Read-Modify-Write, RAS-only refresh, and Page
28 mW max. standby Mode capability
o Single +5V Supply, +10% tolerance ® On<chip latches for Addresses and Data-in
©® On<hip substrate bias generator for high
performance

PIN CONFIGURATION

Din A, Vgg CAS

2 11817
Pin Names Function
WEC]3 16 [1 Dout ’:o ~ A, Address Inputs
R AS R A
RASO 4 15PA ow Address Strobe
CAS Column Address Strobe
NcOds 14[ANC WE Write Enable
*
A Os6 13 AT Din Data Input
A0 120 A Dout Data Output
Vee Power (+5V)
Vss Ground (0V)
8 9 1011 NC No Connection
Al ATAT

vee * Refresh Address
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FUNCTIONAL BLOCK DIAGRAM
RAS Timing
— | Generator .
cas by Timing
Generator
(V:V'riti WE
Column I\ Gawo::ator
Column
Address | o
Buffers Y 1 ecoders l
A, ~ e 1/0  |*1Output
oA Sense Amps lectionf o] Buf?er —Dout
Row ‘ {
Address i [
Buffers Q Word
ow or Data
De- | |Driv- Mec:‘.ﬁ'v Input |=——Din
coders| ers R'ms"r
vce
Vgg ——e
On chip VBB
ABSOLUTE MAXIMUM RATINGS (see Note)
Rating Symbol Value Unit
Voltage on any pin relative to Vgg VIN. VouT -1to+7
Voltage on Vc supply relative to Vgg Vee -1to0+7 v
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

(Respect to Vgg)

. . Operating
Parameter Symbol Min Typ. Max. Unit Temperature
Iv Vol vVce 4.5 5.0 5.5 Vv
Supply Voltage Vss 0 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 \"
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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 lcci
(RAS, CAS cycling; tgg = 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 lec3 mA
(RAS cycling, CAS = V; trc = min.) MSM41256-15 55
PAGE MODE CURRENT* MSM41256-12 60
Average power supply current lcca 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 i -10 10 A
under test = 0V)
OUTPUT LEAKAGE CURRENT
(Data out is disabled, ILo -10 10 MA
{0V < VpouyT <£5.5V)
OUTPUT LEVELS

i =_ VoH 2.4 Y]

Output high voltage (IoH 5 mA) VoL 0.4 v

Output low voltage (g = 4.2 mA)

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,, D) CIN1 6 pF
Input Capacitance (RAS, CAS, WE) Cin2 pF
Output Capacitance (DoyT) CouT 7 pF

Note: Capacitance measured with Boonton Meter.

124



—u DYNAMIC RAM - MSM41256JS =

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) 75 110,000

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 20 20

Column Address set-up time tASC ns 0 0

Column Address hold time tCAH ns 35 45

Column Address hold time

referenced to RAS AR ns 98 120

Read command set-up time tRCS ns

Read command hold time tRCH ns

Write command set-up time twcs ns 0 0 8
Write command hold time tWCH ns 40 45
o e L e T

Write command pulse width WP 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

za;a%% hold time referenced {DHR ns 100 120

CAS to WE delay tcwD ns 40 75 8
RAS to WE delay tRWD ns 100 150 8
Read command hold time tRRH 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 = 5ns.
3) ViH (Min.) and VL (Max.) are reference levels for measuring timing of input signals. Also, transition

4

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, 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. tRcp (max.) is spe-

8

cified as a reference point only; if tRcp is greater than the specified tRcpD (max.) limit, then access
time is controlled exclusively by tCAC.

tWCS. tCWD and tRwWD are not restrictive operating parameters. They are included in the data sheet
as electrical characteristics only; if tywcs 2 twes (min.), the cycle is an early write cycle and the data
out pin will remain open circuit (high impedance) throughout the entire cycle; if 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 access time) is indeterminate.

READ CYCLE TIMING

X
i

O
(7]

Dout

Addresses

VOH- { OPEN b—-"I{

VoL~

Viw — N \ tcAS %

RC

tRAS
ViH - N ‘AR‘___'i f

ViL — \ /

tRSH

».

— tR P —o=f

[=1CRP=

tRCD

N
hN.

ViL -

tCSH

tASR| [tRAH C'l ICAH

tAS -
VIH - R Column
ViL - gvc‘!ldress Address / %
! ) tRCH
o] | o
ViH~ ‘
ViL- W / L—tCAC

1RAC

Valid Data

7)'*H", “L" = Don't Care
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(EARLY WRITE)
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tRC
VA N T tRAS
RAS
ViL - - 7 SY_
tRSH tRP——
y tRCD tCAS j—tCRP—
CAS L 3
ViL — k\ 7/ /r \—
tRAH [osH
t t
AR [Phaso— |- ‘cAH
ViH = Row Column
Addresses VL - Address Address
te!
twcs tweh | ot
___ ViR — 7 wp
WE viL - g //
tRWL
WCR
tDS——{f=— [——1DH
DIN x:’: B % Valid Data
IDHR 1
DouT zOH: | OPEN |
oL “H"”, “L" = Don't Care
READ-WRITE/READ-MODIFY-WRITE CYCLE
tRWC
==  Vig-—— tAR RAS b
RAS VL - \ 72 tRP N
tRSH ICRP.
tRCD tCAS =CRP—
— \Y) —_
CAS  yIM~ R\ pA X
t
tASR| [tRAH, tAsC|| | tcan csH
ViH — Row Y Column Y
Addresses VL - Address # Address 7%
tRWD ——tcwL —
tRCS'—— tcwD ~—tRWL—
WE Z \:{_
L—
1 t
L—‘CAC twp | |OFF
_ s - 3
DouT zgt‘ OPEN < Valid Data r—
tRAC t tDH
VIH — Valid
PiN -y, = %8‘5
“H", “L" = Don't Care
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RAS ONLY REFRESH TIMING
(CAS: VIH, WE & DIN: Don't care)

s VI":: \itRAH——l J/Litm-——-————-\_
W o neer K

bour oM "
VoL - OPEN
"H", “L'" = Don’t Care
PAGE MODE READ CYCLE
TRAS
RS v
IL- .
cqPC tRSH———={ [=tRP
tcS 1
"%AS—" CL tCAS tCRP
CAS ViH
ViL- .
tCAH tAsC tCAH TCAH
-

VIH-
Adresses ViL-

Col.
dd.4

N

. cCAC—— .l‘ FF' =-tcac 7 ptcac . |
POUT vo, - OE‘ tRCS —"
t ——
, [tRes ‘Rcﬂlt* " [=-tRCH
N 7

1

/4 'H","L"=Don't Care
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PAGE MODE WRITE CYCLE
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|
(7]

3

Addresses

tRP
tCRP

tRAS
L tAR——
tpC { # ~—tRSH—
I=tCSHi t
TCAS—| |- l—tcAs— —1CAS
-
tCAH
T,
twcH
tewL—I

I tCWL——
LV V@[ % 2
WCRV o] WP ' E—twpﬂ'lam—{
v tpS | —tDH DS} |~tDH tDS tDH
DlN IH — ) R .
VL — Valid Data Valid Data, / IValld Data
——.—tDHR

“H"”, *L" = Don't Care

PAGE MODE, READ-MODIFY-WRITE CYCLE

ViH —
ViL —

I
>
7]

0
(%)

Addresses

ViH
ViL -

VOH—

Dout VoL -

tRCS| tCWDwyp

tRAS
l—tAR—
K. n \
tcp tRSH *RP—
-
N N
tasclltcan  tasc||ICAH  F——'CRP——
Col. Col.
Add Add.

tDS| |tDH
|

DS|{tDH

7 L:VLMW
twp

~—1tCAC
tRAC

OPEN

tOFF

'OFF [_tcac —tcAC
OPEN f

“H", " = Don't Care
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HIDDEN REFRESH

Read Cycle RAS only cycle
j=—tRP—et
RAS VIH_-— ‘AR——I N
ViL -
CAS
tasR | [tRAH
Addresses /
’l F_ftcn
WE X
tOFF
DouT Valid Data
““H"”, “L" = Don't Care
DESCRIPTION same polarity as data-in. The output is in a high im-

Address Inputs:

A total of 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 (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 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, if WE is brought low (write mode) before CAS,
Dyn 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
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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 tgcac from transition of CAS when the transition
occurs after tgcp (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|| 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 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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MSM41256 Bit Map (Physical-Decimal)
[

/ [A8 column = “L"] [A8 column = “H"']
255| 254 129|128 0] 1 126 (127 255|264 129{128 o o| 1 126|127
255| 255 255|255 255|255 255 {255 511|511 511|511 511|511 511|511
511|510 385|384 256|257 382 (383 511|510 385|384 256 (257 382|383
255/ 255 255|255 255|255 255 [255 511|511 511|511 511|511 511|511
511510 385|384 256|257 382 (383 5111510 385(384 256 (257 382|383
254|254 254254 ~ 254|254 254 |1254 510|510 510(510 510(510 510(510
255 254 129|128 o 1 126 127 255|254 129(128 0 1 126(127
254|254 254|254 e 254|254 254 |254 510|510 510{510 = 510(510 510|510
255|254 129128 o] 1 126 (127 255|254 129(128 0| 1 1261127
253|253 253|263 253|253 253 |253 509|509 509 [509 b 509 |509 509|509
611510 129|128 256 (257 382 (383 511|510 385|384 256|257 382|383
253|253 253|253 253|253 253 |253 509|509 509 [509 509 |509 509|509
511|510 385|384 256 (257 382 {383 511|510 385|384 256 (257 382383
252|252 252|252 252(252 252 (252 508|508 508 [508 hd 508 | 508 508|508
255(254 129|128 o] 1 126 (127 255|254 129128 o 1 126|127
252|252 252252 252|252 252 (252 508508 508 (508 ~ 508 {508 508|508
255|254 129(128 0| 1 126 |127 255|254 129|128 0 1 126127
251|251 251|251 ~ 251|251 251 (251 507|507 507 {507 507|507 507|507
(Column)

255|254 129128 o} 1 126 (127 255|254 129(128 of 1 126(127

4| 4 4| 4 4| 4 4| 4 260|260 260 (260 ™ 260|260 260|260
255|254 129(128 of 1 126 127 255|254 129128 o 0| 1 126(127

3 3 3] 3 3] 3 3 259|259 259 | 259 259|259 259|259
511|510 385384 © 256|257 382 (383 511|510 385 |384 256 |257 382|383

3] 3 3] 3 3] 3 3| 3 259259 259|259 259|259 259|259
511|510 385 (384 256 (257 382 (383 511(5610 385 (384 256 (2567 382(383

2| 2 2| 2 2| 2 2| 2 258|258 258 {258 258 | 258 258|258
255254 129(128 o| 1 126 127 255254 129(128 of 1 126127

2| 2 2| 2 2 2 2| 2 258|258 258|258 258 (258 258258
255|254 129128 ol 1 126 127 256 (254 129 (128 0| 1 126127

1 1 1 1 1 1 1 1 257|257 257|267 257|257 257|257
511|510 385|384 256 (257 382 383 511510 385 |384 o 256|257 382|383

1 1 1 1 1 1 1 1 257257 257|257 257|257 267|257
611|510 385 (384 o 256 (257 382 {383 511(510 385 |384 o— 256 |257 382383

0] O 0 0 o] O ol o 256 | 256 256 | 256 256 [256 256 | 256
255 254 129 128 of 1 126 127 255254 1291128 o o 1 126127

0 (1] o} 0 0 256(256| _[256 |256 256|256 | 256 (256

Retresh Adaress Add'ess Refresh Address _Refresh Address _Refresh Address
L (255* 128) o-12n |\ (255 < 128) X (0-127)
‘_ . T 7
Dm D,, Din Din D,, D,, Din
(Positive) (Negative) (Positive) (Negative)
: Cell A = Row Address (Decimal) : Word Driver —o-: Sense Amp.

= [(=»]

: Sub Amp.

B = Column Address (Decimal)
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OKI semiconductor
MSM41256AAS/RS

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. Pin-outs conform to the JEDEC approved pin out. Additionally, the MSM41256A 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 pin package ® Three-state TTL compatible output
o Silicon-gate, Double Poly NMQOS, single o “Gated” CAS
transistor cell ® 256 refresh cycles/4 ms
® Row access time: e Common I/0 capability using “Early Write”
100 ns max (MSM41256A-10AS/RS) operation
120 ns max (MSM41256A-12AS/RS) o Output unlatched at cycle end allows
150 ns max (MSM41256A-15AS/RS) extended page boundary and
® Cycletime: two-dimensional chip select
200 ns min (MSM41256A-10AS/RS) o Read-Modify-Write, RAS-only refresh,
220 ns min (MSM41256A-12AS/RS) capability
260 ns min (MSM41256A-15AS/RS) ® On-chip latches for Addresses and Data-in
® Low power: ® On-chip substrate bias generator for high
385 mW active, 28 mW max standby performance
e Single +5V Supply, +10% tolerance ® CAS-before-RAS refresh capability
o Allinputs TTL compatible, low capacitive load o “Page Mode” capability
PIN CONFIGURATION (TOP VIEW)
.
As 1 16 :] Vss Pin Names Function
DIN E 2 15 :I CAS Ao~ As Address Inputs
WE [: 3 14 :] DouT Tf Row Address Strobe
RAS l: 4 13 j A is Column Address Strobe
WE Write Enable
Ao* 5 As*
E 12 :l Din Data Input
AZ E 6 1 [JAs DouT Data Output
A 10[] A Vee Power Supply (+5V)
vee[] 8 o[Jar Vss Ground (0V)
* Refresh Address
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FUNCTIONAL BLOCK DIAGRAM
RAS Timing
s Generator Timing
RN L Generator
Write
Clock o WE
Column Generator|
Address Column
Buffers —_—/ Decoders
Internal
Aohe f Counter ool Clock senseAmps | 15 qiedion [ St - oour
- 1
Row =
Asrese i
Row Word Data
E’ﬁ: i Can™ rogster | N
Vee n
VSS ——=
OnchipVgg
ELECTRICAL CHARACTERISTICS
ABSOLUTE MAXIMUM RATINGS (See Note)
Rating Symbol Value Unit
Voltage on any pin relative to Vgg VIN: VOouT —1to+7 \
Voltage on V¢ supply relative to Vgg Vce —-1to+7 \Y
Operating temperature Topr 0to70 °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

Vce 45 5.0 5.5

Supply Voltage

Vss 0 0 0 0°Cto +70°C

Input High Voltage, all inputs ViH 2.4 6.5

< I < | < | <

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*
Average power supply current Icc1 70 mA
(RAS, CAS cycling; trg = min.)

STANDBY CURRENT

Power supply current Icco 5.0 mA
(RAS =CAS =V

REFRESH CURRENT 1*
Average power supply current Icca 60 mA
(RAS cycling, CAS = V|y; trc = min.)

PAGE MODE CURRENT*
Average power supply current Icca 40 mA
(RAS =V, CAS cycling; tpc = min.)

REFRESH CURRENT 2*
Average power supply current Iccs 65 mA
(CAS before RAS; tgc =min.)

INPUT LEAKAGE CURRENT

Input leakage current, any input
(OV < V)N < 5.5V, all other pins not ILi —10 10 HA
under test =0V)

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

OUTPUT LEVELS
Output high voltage (IoH =—5 mA) VOH 2.4 \"
Output low voltage (lo|. = 4.2 mA) VoL 0.4 v

Note*: Icc is dependent on output loading and cycle rates. Specified values are obtained with the
output open.
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CAPACITANCE
(Ta =25°C,f=1 MHz)
Parameter Symbol Typ. Max. Unit
Input capacitance (Ao ~ As, D|N) CIN1 - 7 pF
Input capacitance (RAS, CAS, WE) CiN2 - 10 pF
Output capacitance (DoyT) Cout - 7 pF

Capacitance measured with Boonton Meter.
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AC CHARACTERISTICS
(Recommended operating conditions unless otherwise noted.) Note 1,2,3
MSM41256A- | MSM41256A- | MSM41256A-
Parameter Symbol | Unit 10 12 15 Notes
Min. | Max. | Min. | Max. | Min. | Max.
Refresh period tREF ms 4 4 4
S;:,g‘m;ead orwrite 1 1o ns | 200 220 260
Read-write cycle time tRwc 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
(?;tapyut buffer turn-off {OFF ns o 30 0 30 0 30
Transition time t1 ns 3 50 3 50 3 50
RAS precharge time trp ns 85 90 100
RAS pulse width tRAS ns 105 | 10us | 120 | 10us | 150 | 10us
RAS hold time tRsH | ns 55 60 75
CAS pulse width tcAs ns 55 | 10us | 60 | 10us | 75 | 10us
CAS hold time tcSH ns | 105 120 150

|

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

CAS to RAS set-uptime | tcRrs ns 20 20 20
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

Column address hold
time tcAH ns 20 20 25

Read command set-up
time tRCS ns 0 0 0]

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

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.)

MSM41256A- | MSM41256A- | MSM41256A-
Parameter Symbol | Unit 10 12 15 Notes
' Min. | Max. | Min. | Max. | Min. | Max.
uvlg:ﬁ command pulse twp ns 15 20 05
:li\l"r]lée command hold tWCH ns 15 20 25
Write command to
RAS lead time tRwL | ns | 35 40 45
Write command to
CAS lead time tcwL | ns | 35 40 45
Data-in set-up time tps ns 0 0 0
Data-in hold time tpH ns 20 20 25
CAS to WE delay time tcwD ns 15 20 25 8
Refresh set-up time for
CAS referenced toRAS | FCS ns 20 25 30
Refresh hold time for
CAS referenced toRAS | FCH ns 20 25 30
CAS precharge time
(C before R cycle) tCPR ns 20 25 30
RAS precharge to
CAS active time tRPC ns 20 20 20
Z;gee mode cycle tpc ns | 100 120 150 9
Page mode read
write cycle time tpPRWC | ns 100 120 150 9
Page mode CAS
precharge time tcp ns 40 50 65 9
Efgﬁi':n?”"ter test tatc | ns | 340 375 430 10
S%ge:l:’,sg e test ttRAs | ns | 230 | 10us| 265 | 10s | 320 | 1ous| 10
Refresh counter test
CAS precharge time tcpT ns 50 60 70 10
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Notes:

138

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

The AC measurements assume tT =5 ns

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

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

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

Operation within the 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 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 twcs = twcs (min.), the cycle is an early write
cycle and the data out pin will remain open circuit (high impedance) throughout the
entire cycle; if tcwp = towp (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.

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



READ CYCLE
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tRC
TRAS
R Vip— \
RAS vii— N N
t, —tRp—™
tCRS CSH tRSH RP
tncol te
AS
- Vig— "4 "4
cas oMo N\ 7
tASR | [tRAH tAscC tcaH
ViH— Row Column
Addresses ViL— Address Address
! 1
tHCSl‘—" ’ —~{tRCH EH
—_ ViH— 3
WE ViL— 2 ! tcac
| tRAC — [~ ‘oFF
VoH- . X 7 Valid
DouT VoL - { OPEN } \ Data
] Don'tcCare
WRITE CYCLE (EARLY WRITE)
" tRC
— Viyg— p RAS Y \
RAS V'” N\ \_
-
tCRsS tcsH then le——trp —=i
RCD tcas
— ViH— X /
CAS vi- _/ N\ N /
TASR| |'RAH tAsC tCAH
4—.] — f-—
ViH— Row @g Column
Addresses V“—_% Address AddressW %
1
twes wor CWL
WE ViH— twp
ViL—
TRWL
tpg—| [=— ~—tDH
ViH— Valid
Din ViL— %‘ Data
VoH-
DouT Vo { OPEN
/] Don‘tcare
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READ/WRITE/READ-MODIFY-WRITE CYCLE

CAsS

TASR ’—’1
ViH— Row Column
Addresses Vi - Address Address W 7 %

tRwc |
Vige Y tRAS
ViL— \t 7
cR ICSH i
S RSH tRp—
tRCD tcas

ViH— /( ' \ 4
Vi RAH tAsc /

— tcAH |

[ ~—tcwiL—]

tRCS I tcwp ~—TtRWL
Vin—
ViL— 7 N7 /

tcac ~—twp—~  —] —torF
- - \
xOH_ { Open I———< Valid Data ’>_
ot tRAC
DS tDH

% Don’t Care

PAGE MODE READ CYCLE

RAS

ViH-T Y

W

toFF

. _[tres tacgh;’ ; '_—tRET-l
WE vy - / ﬁ

&3+ 'L"'=Don't Care
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tRAS
¢ A
s
tCAS— [=—tCAS -
N T
tasc| [~ ] CAH
nglam
7 SN W
tweH
—tCWL — ) -
NS i S s
e W, s WP
[DSP=r=tDH= _tos =tDH— tDs Eond
DN \\/,'lt WY KRV Data% 7)) ((Valid Da@&

7/

“L'" = Don't Care

PAGE MODE, READ-MODIFY-WRITE CYCLE

tRAS

D
[72]

CAs

\%
Addresses

“H"

WE

DiN / / ”// i
I——tCAc——{ \tOFF \.tCAc PPl tcac

DouT \\fg:‘_‘_ OPEN OPEN

,"L" =Don't Care

141




a DYNAMIC RAM -MSM41256AAS/RS m

RAS ONLY REFRESH CYCLE

NOTE: CAS = Vy, WE, Dy = Don't care

tRC
TRAS
—_— Vv -_—
RAS IH h j\
ViL— \t J{
<—tRAH—T L tRP
TASR =
ViH— Row
Addresses ViL— Address W
VoH— .
DouT Voo { OPEN }
/] Don’t Care

CAS-BEFORE-RAS REFRESH CYCLE

NOTE: Address, WE, Dy = Don’t care

tRC
RP
t |
- ViH — ) S—— RAS Y Y\
tFCs || trcH tRPC
CPR
- ViH—
~—tOFF
VoH— N
DouT VoL— s { OPEN F

Don’t Care
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HIDDEN REFRESH CYCLE

tRC
e—tRp —=
= - tRAS | tRAS {
RRS G N N V
ViL — . .
CRS ~—t —
~—tRCD— RsH tcAs
= ViH — b tFCH
CAS ViL — / tRAH \)\ A
tASR tcaH
T'Asc 1~ [
VIH — \
Addresses VIIE _ Agg:'l;ss %%é.lrrgsr; W
I
tRCS S— L—— tRRH
I ViH —
WE (Read) V:’l-_i _ tcac W
L tRAC L—1 OFF
VOH— Y -
DouT vg’:_ %‘ Valid Data ?———
tcwD
tRCs 4—‘ — twp
WE Vin— N\
(Read-Write) V) _— /
Don’t Care
CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE
tRTC {
—_ ITRAS Y/
RAS \\;IH— b /
[
trCs fepT RSH [~—tRP
tcsH f tcas
— Vig— N
CAS IH AN \
VLT "Ase \ tCAH
Addresses V:E: Col. Address%
'RCS [~ I | RRH
— Vig—
WE (Read) tH /
ViL— tcAC r—
[ tOFF
VOoH— Z f
DouT V'gL—— 4 Valid Data 1}—
tRcs| | tcwp | |~—tcwL —=
~——tRWL—
e ViH— twp
WE (write) , "
1,
——DS le—tpH _.l
DN \\;'H— 7 /X Valid Data W
L=
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) = tcac which provides an optimal
time space for address multiplexing. In addition,
the MSM41256A has the minimal hold time of
Address (tcan), WE (twcH) and D|N (tpH). And
the MSM41256A can commit better memory
system through-put during operations in an inter-
leaved system. Furthermore, Oki has made
timing requirements referenced to RAS non-
restrictive and deleted from the data sheet,
which includes tAR, twcR, tDHR and tRwD-
Therefore, the hold times of the Column Address
D)N and WE as well as tgwp (CAS to WE Delay)
are not restricted by trcp.

Fast Read- While-Write Cycle:

The MSM41256A has the fast read while
write cycle which is achieved by excellent con-
trol of the three-state output buffer in addition
to the simplified timings described in the pre-
vious section. The output buffer is controlled
by the state of WE when CAS goes low. When
WE is low during CAS transition to low, the
MSM41256A goes to early write mode where
the output becomes floating and common 1/0
bus can be used on the system level. Whereas,
when WE goes low after tgwp 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
DN 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.
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Write Enable:
The read or write mode is selected with the

WE input. A logic “high” on WE dictates read

mode, logic “low” dictates write mode. Data input
is disabled when read mode is selected.

Data Input:

Data is written into the MSM41256A during a
write or read-write cycle. The last falling edge of
WE or CAS is a strobe for the Data in (D|N)
register. In a write cycle, if WE is brought “low”
(write mode) before CAS, Dy is strobed by CAS,
and the set-up and hold times are referenced to
CAS. In a read-write cycle, WE will be delayed
until CAS has made its negative transition. Thus
DjN is strobed by WE, and set-up and hold times
are referenced to WE.

Data Output:

The output buffer is three-state TTL compati-
ble with a fan-out of two standard TTL loads.
Data out is the same polarity as data in. The
output is in a high impedance state until CAS is
brought “low”. In a read cycle, or a read-write
cycle, the output is valid after trac from transi-
tion of RAS when tRgp (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.



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
MS8M41256A 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.

= DYNAMIC RAM - MSM41256AAS/RS m

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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MSM41256A Bit Map (Physical-Decimal)

OPin16
252 | 253 | 254 | 255 3 2 1 o] 256 | 257 | 258 | 259 511 | 510 | 509 | 508
(o] 0 [o] (o] o] o] 0 o] [o] [¢] 0] o] [o] (o] o]
252 | 253 | 254 | 255 3 2 1 0 256 | 257 | 258 | 259 511 | 510 | 509 | 508
256 | 256 | 256 | 256 256 | 256 | 256 | 256 256 | 256 | 256 | 256 256 | 256 | 256 | 256
252 | 258 | 254 | 255 3 2 1 0] 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 ] g 256 | 257 | 258 | 259 511 | 510 | 509 | 508
257 | 257 | 257 | 257 257 | 257 | 257 | 257 8 257 | 257 | 257 | 257 257 | 257 | 257 | 257
8
zZ
2
252 | 2563 | 254 | 255 3 2 1 o] 6' 256 | 257 | 258 | 259 511 | 510 | 509 | 508
126 | 126 | 126 | 126 126 | 126 | 126 | 126 © 126 | 126 | 126 | 126 126 | 126 | 126 | 126
252 | 2563 | 254 | 255 3 2 1 [o] 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 0 256 | 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 [o] 256 | 257 | 258 | 259 511 | 510 | 509 | 508
383 | 383 | 383 | 383 383 | 383 383 [ 383 383 | 383 | 383 | 383 383 { 383 | 383 | 383
ROW DECODER ROW DECODER
252 | 253 | 254 | 255 3 2 1 o] 256 | 257 | 258 | 259 511| 510 | 509 | 508
511 511 | 511 | 611 511 511 511 [ 511 511 | 511 | 511 | 511 511{ 511 | 511 { 511
252 | 253 | 254 | 255 3 2 1 o] 256 | 257 | 258 | 259 511 | 510} 509 | 508
255| 255 | 255 | 255 255| 255| 255 | 255 255| 255| 255 | 255 255| 255 | 255 | 255
252 | 253 | 254 | 255 3 2 1 0] 256 | 257 | 258 | 259 511 | 510 | 509 | 508
510| 510| 510| 510 510( 510 510| 510 510| 510| 510 510 510| 510 510 510
252 | 253 | 254 | 255 3 2 1 0 E 256 | 257 | 258 | 259 511 | 510 | 509 | 508
254 254 254 | 254 254 | 254| 254 | 254 8 2541 2541 254 | 254 254 | 254 | 254 | 254
O
a8
4
b
252 253 254 255 3 2 1 ] 3 256 | 257 258 | 259 511| 510} 509 | 508
385| 385| 385| 385 385| 385| 385| 385 8 385| 385| 385 | 385 385| 385 385 | 385
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 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 2563| 254|255 3 2 1 0 256 257 | 258 | 259 511| 5610 | 509 | 508
128| 128 128 128| 128 128| 128( 128 128| 128 128 | 128 128| 128 | 128 | 128
A8 ROW =“L” A8 ROW =“H"
REFRESH ADDRESS REFRESH ADDRESS
(0—255) (0—255)
]
Pin 8
A A =ROW ADDRESS (DECIMAL)
B | CELL B =COLUMN ADDRESS (DECIMAL)
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OKI semiconductor
MSM41257AAS/RS

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

GENERAL DESCRIPTION

The Oki MSM41257A is a fully decoded, dynamic NMOS random access memory organized as
262144 one-bit words. The design is optimized for high-speed, high performance applications such
as mainframe memory, buffer memory, peripheral storage and environments where low power dissipa-
tion and compact layout is required.

Multiplexed row and column address inputs permit the MSM41257A to be housed in a standard
16 pin DIP. Pin-outs conform to the JEDEC approved pin out. Additionally, the MSM41257A offers
new functional enhancements that make it more versatile than previous dynamic RAMs. “CAS-
before-RAS” refresh provides an on-chip refresh capability, also features “nibble mode” which allows
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 pin package o Three-state TTL compatible output
e Silicon-gate, Double Poly NMOS, single o “Gated” CAS
transistor cell ® 256 refresh cycles/4 ms
® Row access time: e Common I/0 capability using “Early Write”
100 ns max (MSM41257A-10AS/RS) operation
120 ns max (MSM41257A-12AS/RS) o OQutput unlatched at cycle end allows
150 ns max (MSM41257A-15AS/RS) extended page boundary and
® Cycletime: two-dimensional chip select
200 ns min (MSM41257A-10AS/RS) o Read-Modify-Write, RAS-only refresh,
220 ns min (MSM41257A-12AS/RS) capability
260 ns min (MSM41257A-15AS/RS) ® On-chip latches for Addresses and Data-in
e Low power: ® On-chip substrate bias generator for high
385 mW active, 28 mW max standby performance
o Single +5V Supply, +=10% tolerance o CAS-before-RAS refresh capability
e Allinputs TTL compatible, low capacitive load e “Nibble Mode” capability
PIN CONFIGURATION (TOP VIEW)
.
As[]1 16[ ] Vss Pin Names Function
DIN E 2 15 ] CAS Ao~ As Address Inputs
WE E 3 14 j Dout R_AS Row Address Strobe
FAS E 4 13 :l A is Column Address Strobe
WE Write Enable
Ar[] 5 12[ ] As
Din Data Input
Az &
? E © " 3 A DouT Data Output
A7 0[] A Ve Power Supply (+5V)
vee [ 8 9 D A7 Vss Ground (OV)
* Refresh Address
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FUNCTIONAL BLOCK DIAGRAM

RAS L
b—_"" gtg::grgalor Timing
AS [ 3 Generator
+—
Gock o WE
Column Column Generator
ngl'ree;s | l Decoders
Internal i l {
o | (B ] ot senseams [ solhon [ | S6tr' |- Pour
[]
i i
ﬁdogress 1 .1
Buffers
Row qud Data
L coa- | [ere” Core™ B e
. ers
= -
Vee
VSS -
On chipVgg
ELECTRICAL CHARACTERISTICS
ABSOLUTE MAXIMUM RATINGS (See Note)
Rating Symbol Value Unit
Voltage on any pin relative to Vgg VIN. VOuT —-1to+7 v
Voltage on Vg supply relative to Vgg Vee —-1to+7 Vv
Operating temperature Topr Oto70 °C
Storage temperature Tstg —-55t0 +1560 °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

vee 45 5.0 5.5

Supply Voltage

Vss 0 0 0 0°Cto +70°C

Input High Voltage, all inputs VIH 2.4 6.5

< |1 < | < | <

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*
Average power supply current Icc 70 mA
(RAS, CAS cycling; tggc =min.)

STANDBY CURRENT
Power supply current Icc2 5.0 mA
(RAS =CAS =V|p)

REFRESH CURRENT 1
Average power supply current Icca 60 mA
(RAS cycling, CAS = V|y; trc = min.)

NIBBLE MODE CURRENT*
Average power supply current Icca 30 mA
(RAS =V, CAS cycling; tNyg = mind)

REFRESH CURRENT 2
Average power supply current Iccs 65 mA
(CAS before RAS; trc =min.)

INPUT LEAKAGE CURRENT
Input leakage current, any input
(OV < V)N < 5.5V, all other pins not L —10 10 KA

under test = 0V) ﬂ
OUTPUT LEAKAGE CURRENT

(Data out is disabled, OV < VoyT < 5.5V) Lo -10 10 pA

OUTPUT LEVELS
Output high voltage (IoH = —5 mA) VOH 24 v
Output low voltage (Ig = 4.2 mA) VoL 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 MHz2)
Parameter Symbol Typ. Max. Unit
Input capacitance (Ao ~ As, D|N) CIN1 - 7 pF
Input capacitance (RAS, CAS, WE) CiN2 - 10 pF
Output capacitance (DoyT) Cout - 7 pF

Capacitance measured with Boonton Meter.



AC CHARACTERISTICS
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(Recommended operating conditions unless otherwise noted.) Note 1,2,3
MSM41257A- | MSM41257A- | MSM41257A-
Parameter Symbol | Unit 10 12 15 Notes

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

Refresh period tREF ms 4 4 4

Random read or write

cycle time tRc ns 200 220 260

Read-write cycle time tRwC ns 200 220 260

Access time from RAS | tRaG ns 100 120 150 | 4,6

Access time from CAS | tGAG 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 85 90 100

RAS pulse width tRAS ns 105 | 10us | 120 | 10us | 150 | 10us

RAS hold time tRSH ns 55 60 75

CAS pulse width tcas ns 55 | 10us 60 | 10us 75 | 10us

CAS hold time tcsH ns | 105 120 150

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

CAS to RAS set-uptime | tcRrs ns 20 20 20

Row address set-up

time tASR ns o] 0 0

Row address hold time tRAH ns 15 15 15

Column address set-up

time tAsc ns 0 0 o]

tci:no1I:mn address hold {CAH ns 20 20 25

Read command set-up

time tRCS ns 0 0 0

Read command hold

time referenced to CAS | !RCH ns 0 0 0

Read command hold

time referenced to RAS | 'RRH ns 20 20 20

;Iivnl;ge command set-up Wes ns 0 0 0 8
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AC CHARACTERISTICS (Continued)
(Recommended operating conditions unless otherwise noted.)

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

Write command pulse

Write command hold

time twcH | ns 15 20 25

Write command to

RAS lead time tRwL | ns | 35 40 45

Write command to

CAS lead time tcwL | ns | 35 40 45

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

Data-in hold time tpH ns 20 20 25

CAS to WE delay time tcwp | ns 15 20 25 8
Refresh set-up time for

CAS referenced toRAS | 'FCS ns 20 25 30

Refresh hold time for

CAS referenced toRAS | FCH ns 20 25 30

CAS precharge time

(C before R cycle) ICPR ns 20 25 30

RAS precharge to

CAS active time tRPC ns 20 20 20

Nibble mode read/write

cycle time tNC ns 55 60 70 9

Nibble mode read-write
cycle time tNRWC | ns 55 60 70 9

Nibble mode access
time tNCAC | ns 25 30 35 9

Nibble mode CAS
pulse width tNCAS | ns 25 30 35 9

Nibble mode CAS
precharge time tNCP ns 20 25 30 9

Nibble mode read
RAS hold time tNRRSH ns 25 30 40 9

Nibble mode write
RAS hold time tNWRSH| ns 45 50 60 9

Nibble mode CAS hold
time referenced toRAS | [RNH ns 20 20 20 9
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AC CHARACTERISTICS (Continued)
(Recommended operating conditions unless otherwise noted.)

MSM41257A- | MSM41257A- | MSM41257A-

Parameter Symbol | Unit 10 12 15 Notes
Min. | Max. | Min. | Max. | Min. | Max.
Z;ggsﬁt:“c;ounter test tRTC ns | 340 a75 430 o
E-i%e;?,:: unertest | trpas | ns | 230 | tous | 265 | 10us | 320 | 10us | 10
GRS prochargetime | 'cPT | ns | 50 60 70 10

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

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

[}

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

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

8 twcs and towp are not restrictive operating parameters. They are included in the data
sheet as electrical charcteristics only; if twcs = twcs (minJ), the cycle is an early write
cycle and the data out pin will remain open circuit (high impedance) throughout the
entire cycle; if tcwp = tcwp (minJ), the cycle is read-write cycle and the data out will
contain data read from the selected cell; if neither of the above sets of conditions is
satisfied the condition of the data out (at access time) is indeterminate.

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

(-]

153



s DYNAMIC RAM - MSM41257AAS/RS &

READ CYCLE

tRC
IRAS
Vg | —
mRAs M N / N
- A /
Py fe——tRp—
t CSH RP
CRS tRCD tRSH
4 tcas
— ViH— 4 4
CAS V:'C_ 7/ \ /
IASR | ['RAH tAsC Mj
ViH— Row Column
Addresses ViL- Address Address
[ t
tF!CSI‘*‘ l __L,tnc;-, _TH
—_ Vikn— h
WE Vi— / ! tcac
| tRAC " [ toFF
VOH— Valid
DouT —{ OPEN I---———-{ >__
ou VOL— Data

Don’t Care

WRITE CYCLE (EARLY WRITE)

tRC
FAS Vin— )\ TRAS s
ViL—
CRs tcsH rr— l—tgp —=
v tRCD tcas:
cas T f RN ( /
' TASR| [tRAH tA_s_c " tCAH ]

Vin— Row 7 Column
Addresses Vi~ %k Address AddressW

t i}
i twes <—tWCH-—;I‘NL | l
= IH— twp
WE ViL— % |
TRWL ]
tps |e— te—tpH
Vik— Valid
DIN ViL— %x Data
VOoH-
DouT Vgt* { OPEN F

- K4 pon'tcare
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|

D]
D
2

(e
7]

\%
Addresses

Dout

Din

- tRWC |
RAS
ViH— 5\
ViL— . N T |1
CRS CSH 4 <n ; tRp—
tRCD ‘ tcas
ViH— 4
V”_—./ t \ /
RAH tAasc " |
— CAH
Column
Address
~—tcwL—]
tgcsH ! tcwD le—tRWL
ViH—
ViL— /j N f /
tcac e twp —] - tOFF
\\:OH: - open —X Valid Data
ot ! tRAC
DS tDH
ViH— ¢ Valid
ViL— Data

Don’t Care

NIBBLE MODE READ CYCLE

D
%]

|

O
>
[

Dout

Addresses v

RP

tRAS

INC

INCAS

i

RRSH

tRCH

[ el s
<7

INCAC
—a]

7 <7

tOFF

Valid
Data

Valid
Data

Valid
Data

r— e —

% Don’t Care
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NIBBLE MODE WRITE CYCLE
tRP
v tRAS
RAS iz N 7
=
CRs 1, t, t
_,] L. trop CSH e NWRSH | | tRNH
la—t, —] "
S W e
CAS ViL- ﬂ N ‘—/
TASR| |tRAH | [tCAH Nee tNea
i S
tASC =T
ViH— R Col.
Addresses V:':— ASZ", Agd. W %C
t twCH twCcH tRWL"‘
‘WCS "*T
i L
WE vz % / /
WE o || 77 DN
tps| |toH 'j":_"WP
L—— tDS tDH
D ViH— Valid { Valid Valid Valid
IN Vi — Data Data Data Data
I
DouT zz’:: { Open }
% Don’t Care
NIBBLE MODE READ-WRITE CYCLE
tRP
RAS
RAS :’/:':: / N\
tcRs tCAH INWRSH| | tRNH
" [~—tNRWC—]
RCD | tcas
i Vin— t_\_/—\ r‘ﬁ%
CAS vii_ /| / S
TASR| [tRAH| [tcAH Nep
ey 1 INCAS
—tASC |
ViH— Rcw KZ Col.
Addresses ViL— Add. | Add.
: Y L
tCWD [~ tCWL towL tRWL
R ViH—
we 7 N / % . e
tCAC =" — tNCAC
l—trac—] |twP ‘OFF twi
D VoH— Valid ¢ Valid Valld Valid
ouT VoL- — < Data \ Data Data Data
1
o
DH
D ViH— % Valid Valid Valid )@( Valid
IN ViL— L Data Data Data Data
% Don’t Care
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RAS ONLY REFRESH CYCLE

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

RAS ViH— b { R

ViL— N 7

TR AH— tRp
tASR e

ViH— Row
Addresses ViL— Address j

VoH—
D { OPEN

ouT VoL—
/] Don’t Care
CAS-BEFORE-RAS REFRESH CYCLE
NOTE: Address, WE, Dy = Don’t care
tRC
tRP
- ViH — tRAS > g \
RAS Vi - / 4{ \
tFCcs tFCH tRPC
CPR
- ViH—
CAS Vi — %
—toFF

VoH— N

D { OPEN |
ouT VoL— _V i O k
Don’t Care
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HIDDEN REFRESH CYCLE

tRC
tRP—
e ViH — N tRAS | \ RAS {
RAS vihz N \ 4
CRs t —
~—tRcD—=]_ "oH tcas
CAS ViH - ‘ ——tFCH 4
CAS ViL — il tRAH N\ /]
TASR CAH
flASC——ﬁ —
Vi —
Addresses VIH — Agg:{;ss 2%5'!!25'; W
L :
tRT:S — L—- tRRH
WE (Read) /"~ t
ad) v, - CAC
tRAC ——= tOFF
VoH— b d ;
DOUT Vor— < Valid Data
tcwD
tFacs——-] h— we
WE ViH—
(Read-Write) V) _— /
Don’t Care

CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE

Addresses

‘WE (Read)

tRTC {
ViH— N\ ITRAS /‘
ViL—
tFCs tcPT tRSH l=—1TRP
tcsH i ] tcas
ViH— —\
ViL— / tasc \ n 7 o
~—1tCAH

H™ Col. Address

ViL—
tRcs t—-— I ! l——— tRRH

7
Vi fcac tRCH
v § = 'OFF

OH ; Valid Data
VoL— N

'‘RCS| | tcwDp | [=—tcwL —=] _\
~—RwL

ViH— / twp
ViL— —

L tos

—1DH —
ViH—
Valid Data

ViL— %, X

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 (tcaR), WE (twcH) and DN (tpH). And
the MSM41257A can commit better memory
system through-put during operations in an inter-
leaved system. Furthermore, Oki has made
timing requirements referenced to RAS non-
restrictive and deleted from the data sheet,
which includes tAR, twcR. tDHR and tRwD-
Therefore, the hold times of the Column Address
DjN and WE as well as tgwp (CAS to WE Delay)
are not restricted by tRcp.

Fast Read- While-Write Cycle:

The MSM41257A has the fast read while
write cycle which is achieved by excellent con-
trol of the three-state output buffer in addition
to the simplified timings described in the pre-
vious section. The output buffer is controlled
by the state of WE when CAS goes low. When
WE is low during CAS transition to low, the
MSM41257A goes to early write mode where
the output becomes floating and common 1/0
bus can be used on the system level. Whereas,
when WE goes low after tgwp following CAS
transition to low, the MSM41257A goes to
delayed write mode where the output contains
the data from the cell selected and the data from
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 As) and latched with the Row Ad-
dress Strobe (RAS). Then nine column address
bits are established on the input pins_and
latched with the Column Address Strobe (CAS).
All input addresses must be stable on or before
the falling edge of RAS. CAS is internally inhibit-
ed (or “gated”) by RAS to permit triggering of
CAS as soon as the Row Address Hold Time
(tRAH) specification has been satisfied and the
address inputs have been changed from row-
addresses to column-addresses.

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 MSM41257A during a
write or read-write cycle. The last falling edge of
WE or CAS is a strobe for the Data in (D|N)
register. In a write cycle, if WE is brought “low”
(write mode) before CAS, Dy is strobed by CAS,
and the set-up and hold times are referenced to
CAS. In a read-write cycle, WE will be delayed
until CAS has made its negative transition. Thus
DN is strobed by WE, and set-up and hold times
are referenced to WE.

Data Output:

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

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

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

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

The data output is controlled by only WE
state referenced at CAS negative transition of
the normal cycle (first Nibble bit). That is, when
twcs > twes (min) is met, the data output will
remain open circuit throughout the succeeding
Nibble cycle regardless of WE state. Whereas,
when tocwp > tcwp (min) is met, the data
output will contain data from the cell selected
during the succeeding nibble cycle regardless of
WE state. The write operation is done during the
period where WE and CAS clocks are low.
Therefore, write operation can be done bit by bit
during each nibble operation at any timing condi-
tions of WE (twcs and tcwp) at the normal
cycle (first Nibble bit). 159
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Table1 NIBBLE MODE ADDRESS SEQUENCE EXAMPLE

NIBBLE ROW COLUMN

SEQUENCE BIT RAs ADDRESS CAs ADDRESS
RAS/CAS (normal mode) 1 0 10101010 O 10101010 ...inputaddresses
toggle CAS (nibble mode) 2 10101010 O 10101010
toggle CAS (nibble mode) 3 0 10101010 1 10101010 generated inter-

ST 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
MS8M41257A 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.

160

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: . 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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NIBBLE MODE

1) The case of first nibble cycle is Early write

s SN\ N\
W TT\__/ \ o

o Xz2K KK XezZK

DouT ) 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)

DouT N\ N N\ N\ VRN
—_ N/ N/ N/ N
I-——~ Read-Write —|l Read-Write ! Read ~J. Read-Write —>.

: Valid Data
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MSM41257A Bit Map (Physical-Decimal)

OPin16
252 | 253 | 254 | 255 3 2 1 (o] 256 | 257 | 258 | 259 511 | 510 | 509 | 508
0 0 [o] o} 0 o] o] 0 0 o] 0 (o] 0] [0]
252 | 253 | 2564 | 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
1 1 1 1 1 1 1 1 . 1 1 1 1 1 1 1 1
252 | 2563 | 254 | 255 3 2 1 [o] g 256 | 257 | 258 | 259 511 | 510 | 509 | 508
257 | 257 | 257 | 257 257 | 257 | 257 | 257 8 257 | 257 | 257 | 257 257 | 257 | 257 | 257
8
Z
2
252 | 253 | 254 | 255 3 2 1 o] (_)I 256 | 257 | 258 | 259 511 | 510 | 509 | 508
126 | 126 | 126 | 126 126 | 126 | 126 | 126 © 126 | 126 | 126 | 126 126 | 126 | 126 | 126
252 | 263 | 254 | 255 3 2 1 [¢] 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 0 256 | 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 o] 256 | 257 | 258 | 259 511 | 510 | 509 | 508
383 | 383 | 383 | 383 383 | 383 | 383 | 383 383 | 383 | 383 | 383 383 | 383 | 383 383
ROW DECODER ROW DECODER
252 | 253 | 254 | 255 3 2 1 0 256 | 257 | 258 | 259 511 | 510} 509 | 508
511 511 ) 511 | 511 511 | 511| 511 | 511 511 | 511 | 511 511 511 ] 511 | 511 | 511
252 | 253 | 254 | 255 3 2 1 o] 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
510| 510 510 | 510 510| 510| 510{ 510 510( 510 510 510 510{ 510| 510 510
252 | 253 | 254 | 255 3 2 1 0 E 256 | 257 | 258 259 511 510 | 509 | 508
254 | 254 | 254 | 254 254 | 254| 254 | 254 8 254 | 254 | 254 | 254 254 | 254} 254 | 254
[&]
a
Z
s
252 | 253| 254 | 255 3 2 1 0 3 256 | 257 | 258 259 511) 510| 509 | 508
385| 385| 385| 385 385| 385| 385! 385 8 385| 385 385 | 385 385| 385 385 385
252| 253| 254 255 3 2 1 0 256 | 257 | 258 | 259 511| 510| 509 | 508
129 129 129| 129 129 129 129| 129 1291 129 129 | 129 129 129 129} 129
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 (o] 256 | 257 | 258 259 511| 510} 509 | 508
128 128| 128| 128 128| 128] 128 128 1281 128 128 128 128 128 | 128 128
ABROW =*“L" A8 ROW ="“H"
REFRESH ADDRESS REFRESH ADDRESS
(0—255) (0 - 255)
|
Pin8
Al GELL A =ROW ADDRESS (DECIMAL)
B | B = COLUMN ADDRESS (DECIMAL)
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OKI semiconductor
MSM41464RS

65,536-WORD X 4-BITS DYNAMIC RANDOM ACCESS MEMORY

GENERAL DESCRIPTION

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

Multiplexed row and column address inputs permit the MSM41464 to be housed in a standard 18
pin DIP. 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 ® Three-state TTL compatible output
o Silicon-gate, Double Poly NMOS, single e “Gated” CAS
transistor cell ® 256 refresh cycles/4 ms
® Row access time: e Outputimpedance controllable through early
100 ns max (MSM41464-10RS) write and OE operations
120 ns max (MSM41464-12RS) o Output unlatched at cycle end allows
150 ns max (MSM41464-15RS) extended page boundary and
® Cycletime: two-dimensional chip select
200 ns min (MSM41464-10RS) ® Read-Modify-Write, RAS-only refresh,
230 ns min (MSM41464-12RS) capability
260 ns min (MSM41464-15RS) ® On-chip latches for Addresses and Data-in
® Low power: ® On-chip substrate bias generator for high
385 mW active, 28 mW max standby performance
® Single +5V Supply, +=10% tolerance ® CAS-before-RAS refresh capability
o Allinputs TTL compatible, low capacitive load ® “Page Mode” capability
PIN CONFIGURATION (TOP VIEW)
__ N/
o€ [1] 18] Vss
Pin Names Function
1 1
ba [:2: Zl bQ« Ao—A- Address Inputs
DQ: E % CAS RAS Row Address Strobe
3 CAS Column Address Strobe
WE [4] 15 DQ TAS
RAS E 14 Ao DQ:~DQ« | Dataln/DataOut
As E 1__§| Al OE Output Enable
As [7] 7 A WE Write Enable
™ IE E As Voo Power Supply (+5V)
\ Ground (OV)
Vee E @ A Ss roun
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FUNCTIONAL BLOCK DIAGRAM

RAS Timing
s Generator Timing
T Generator
[ T
Write
Clock - WE
Column p—mm——— Column Generator
Sg'd';erzs N Decoders
L T [~
Internal
Ao—A~ l: égﬂ:ﬁzf L" Cor?t?g%gck Sense Amps Selzgion : g:“:";‘;t
[]
Row 3 DQ:~DQ4
Address
Buffers
Row Wprd Data
L} e e,
ers
Vee n Il
VSS
On chipVgg
ELECTRICAL CHARACTERISTICS
ABSOLUTE MAXIMUM RATINGS (See Note)
Rating Symbol Value Unit
Voltage on any pin relative to Vgg VIN: VOUT —1to+7 \
Voltage on Vg supply relative to Vgg Vce —1to+7 v
Operating temperature Topr 0to70 °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.
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Functional operation should be restricted to the conditions as detailed in the operational sec-
tions of this data sheet. Exposure to absolute maximum rating conditions for extended periods
may affect device reliability.
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RECOMMENDED OPERATING CONDITIONS

(Referenced to Vgg)

Parameter Symbol

Min.

Typ.

Operating

Unit Temperature

Max.

vVce

4.5 5.0

55

Supply Voltage
Vss

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*
Average power supply current
(RAS, CAS cycling; trg = min.)

Icc

70 mA

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

lcc2

5.0 mA

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

Icca

55 mA

PAGE MODE CURRENT*
Average power supply current
(RAS =V, CAS cycling; tpg = min.)

Icca

60 mA

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

Ilccs

60 mA

INPUT LEAKAGE CURRENT

Input leakage current, any input
(OV <V|N £5.5V, all other pins not
under test =0V)

-10 nA

OUTPUT LEAKAGE CURRENT
(Data out is disabled, OV < VouT < 5.5V)

Lo

-10 10 uhA

OUTPUT LEVELS
Output high voltage (IoH = —5 mA)
Output low voltage (Ig = 4.2 mA)

VOH
VoL

24 \
0.4 \"

Note*: Igc 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 ~ A7) CIN1 - 7 pF
Input capacitance (RAS, CAS, WE, OE) Cing - 10 pF
Data I/0 capacitance (DQ1 ~ 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
g"j‘;‘:‘:{;?ad orwrite | o ns | 200 230 260

Read-write cycle time tRwec ns | 275 320 360

Page mode cycle time tpc ns 100 120 145

Access time from RAS | tRac ns 100 120 150 | 4,6
Access time from CAS | tcac ns 50 60 75 | 5,6
(?eulta;;ut buffer turn-off {OFF ns 0 30 0 35 0 40
Transition time tr ns 3 50 3 50 3 50

RAS precharge time tRp ns 90 100 100

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

RAS hold time tRSH ns 50 60 75

(Pagé mode cycleonly) | 6P | s | 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 22 50 22 60 25 75 7,8

CAS to RAS set-up time | tocRrs ns 20 25 30
Row address set-up

time tASR ns 0 0 0
Row address hold time tRAH ns 12 12 15

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

Column address hold
time tCAH ns 15 15 20

Read command set-up
time tRCS ns 0 0 0

Read command hold
time tRCH ns 0 0 0 ) 10

Write command set-up
time twcs ns -5 -5 -5 9

167



m DYNAMIC RAM - MSM41464RS m—

AC CHARACTERISTICS (Continued)
(Recommended operating conditions unless otherwise noted.)

MSM41464- | MSM41454- | MSM41464-
Parameter Symbol | Unit 10 12 15 Notes

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

&Vlg:ﬁ command pulse WP ns 20 25 30

:/ivn:ge command hold tWCH ns 20 25 30

Write command to

RAS lead time tRwL | ns 35 45 50

Write command to

CAS lead time tcwL | ns | 35 45 50

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

Data-in hold time tpH ns 20 25 30

CAS to WE delay tcwp | ns 85 100 120 9

RAS to WE delay tRwp | ns | 135 160 195 9

Read command hold

time reference to RAS tRRH ns 20 20 25 10

Access time from OE tOEA ns 25 30 40

OE data delay time toED ns 30 35 40

OE hold time toEH ns 0 0 0

fTr‘;rmng—g delay time togz | ns o| 30 o| 35 0| 40

RAS to CAS set-up time

(CAS before RAS) tFcs | ns | 20 25 30

RAS to CAS hold time

(CAS before RAS) tFCH | ns | 20 25 30

CAS active delay from

RAS precharge tRPC ns 20 20 20

CAS precharge time

(CAS before RAS) tcPR | ns | 20 25 30

Read/write cycle

(Refresh counter test) RTC ns | 385 450 515 "

RAS pulse width

(Refrosh counter test) | ITRAS | ns | 285 | 10us| 340 | 10us | 405 | 10us| 11

CAS precharge time

(Refresh counter test) tcPT ns 50 60 70 "

Read/write cycle time

(Page mode) tPRWC | ns 175 210 245
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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 =5ns

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

4 Assumes that tycp S trep (Max) If tRocp > treD (Max.), trac will increase by {tRcD
—trep (Max.)).

5 Assumes thattRgp = trcp (Max.).

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

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

8 Assumes thattrgp (Min) =tgaH (Min.) + 2tT +tagc (Min.)

9 twcs. tcwpD and trwp are not restrictive operating parameters. They are included in
the data sheet as electrical charcteristics only; if tyycs > twgs (MinJ), the cycle is an
early write cycle and the data in/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 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 trRcH must be satisfied for a read cycle.
11 CAS before RAS refresh counter test cycle only.

READ CYCLE

trc

\ tRAS

RAS Vin— ’\F'
Vip— - P
tcsu trp

tRCD tRSH - tCRS of
tcas

—_—= Vv — + r
T N / 1/
tAsR ER_A_I]-! tas _tcm_' ’

Addresses ‘\;; :%: Row address Colum:n addressw / / A}///é M
. | tRCSt’—— . —P‘—%ggﬂ‘—
™ YT <

fRAC

Vou — j
DATA e —
VoL OPEN

toEA

s v ZTTTTTTTII. 27700077

m “H”, “L” = Don’t Care

Valid Data
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WRITE CYCLE (EARLY WRITE)

J— trRAS

RAS XIL_ \L

7
- tRP— o

t
tRCD tc tcrs
_V —_
cas (H
ViL— |

tasr| |[tRAH tas tcay | |
\4 T p
Addresses ' TH Column 2;/ p
Vip — Row address address % /// /V/ M
o |
.__| twcu i
WE ViH— twcs tw i'_
Viv— | 7 If// Y,

! trRwL

tos —— |— l.._tDH
O ST I

7] “B”, “L” = Don’t Care

OE WRITE CYCLE
RC _
tRas
RAS XIH — /[
L —
- tRSH t
f Toon RP
tRCD — teas
CAS Vin —
ViL —
t tRAH
ASH v

Vig —7 Row Column
/\ddrcssesvI L __% address address / /

toewe o
tncsH tRWL_-‘
WE Vin—7 /
Vin
tps twp
tDH—-1

DATA\\;';O':—/ /% Valid Data w ///

OF vt ZIIIIIIiiiiizz? - N,

“H”, “L” = Don’t Care
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READ/WRITE AND READ MODIFY WRITE CYCLE

trRwC

RAS

Vig — Y
Vi — \
tRSH
CSH

1
Ji
trp~
trcp toa ter
CAS Vin
Vi, —

tRAH

RAS

T

~

t
AS tcaH

R/ '::&?5@{ EEl LTI //////////////)@

| —
|_ tRCSl-_'l tcewn tRWL__l
WE Vin E
Vin —/ /'7// 72{
tcac toEZ tpsf— twpt
DH
Vi/on— ~
DATAy o —— OPEN — Valid Data Valid Data /// ////

! trac OED

toEa = —
OF Jn—
ViL —

U/ “H”, “L”= Don’t Care

PAGE MODE READ CYCLE

trAs

tRSH- trp

ICAs — tcu—]y ters
toan
ASC

Addresses VIH addms addreuW/m E,;"':,":;‘ Egg;g;: //M // /
! I;A_tmc-—-u tOFF F_tCAC_i‘ tor‘r‘l——_!mo_—i toFF ’

_ |
DATA YOH —___ OPEN

— i

2 7 tom - Ltom
= 2 T } ff ?V o

U/ “H”, “L” = Don’t Care
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PAGE MODE WRITE CYCLE
tras
RAS Vin— ‘\
Ve i tpc
t
[—trRcD “SHers ﬁ tcas
S — .
CAS I'H
Vi — %; 7
tRAH tcan tcaH
tasc tasgl

Address V1H
Vio

tasgy
Row
ddres:

S

ﬁX///// //

—{twch
+—tow

WCH
.._t Cer——‘

Column

adduss

K

twcn
\.WL
R TE 1 Wy, /lﬁ W7
w
|.[')J. tps L_t‘:l)n lﬁtm-}RWL
DATA z:: Valid Data Valid Data Z Valid Data }0 / / /// / "
toED toEn OE ‘OEH toED| X )_togﬂ
oF T 7 N N X
V] “H”, “L” = Don’t Care
PAGE MODE OE WRITE CYCLE
tras
RAS VIH—= 4
Vip— tpc tRSH 11R£
[——treo—t teas LY — tcr
TAS ViH— y
ViL— N
tRA tca teP——1 ltcagy
tAS_li1 N tasc H tasc, H—

Address
Vi

{ —twp

Vin
Vi

WE

Iy

tpH
—
DS

7/ / ), &= Y

e

R tRw L
twcH
N Y7777
/
tbH
tps,

DATA ‘V’;:ﬁﬁt I 7 77X vaiia baa X7, T/ v v X777
el
‘IOED ‘OEl-ll ‘IOED loeul
OF U\ T Rz N
“H”, “L” = Don’t Care
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PAGE MODE READ/WRITE CYCLE

— 3”{—— tRasS
L tPRWC____ tRSH T—tRP
[——troo—p teas tcas -—tcn
= Vig— J
CAS | IH N
Vo, —
" teP—— licay
tasc,
Address / // /////)L’M / t/ / K
-—tRCS—“
twcH
letcwn — tcwo— ¢
w5 VvV F—twp- —-twp
LM/ /Y i i

RWD. toH tDH
| tca tps|
DS |

DATA ‘\i' H;:// o 777 /Rvalid DaX( X Valid Data X/ 77/ Xaiid Dad{X_ Valid Data X7/
1L/ Vou

-
o
>
a

o
<
N
=

toEa toEz toEa tokz

VIH =
OE Vip — \ va

“H”, “L” = Don’t Care

RAS ONLY REFRESH CYCLE

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

. trc

I trAsS |

Vin — i y

Vip — , N

tRAH— o trp

RAS

tASRl-——

s V22 T wovsse XTI

pATA YOH — OPEN
VoL —

/7] “H”, “L” = Don’t Care
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CAS BEFORE RAS REFRESH CYCLE

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

- tre
trp
s Vin —= tras - \
nwo— N
trcs l—tFCH tRPC
CAS Vim — \ /| 7
Vie ™ ICPR
VOH —
DATA OPEN
VO -
HIDDEN REFRESH CYCLE
trec trc
tRAS trp___|

b tRAS
==

'CRS

— Vg =
ViL —

- z:}:: :A:co):ﬁ RSH | trcu
task| [Ttascl L Ltoan |
s 11 T SN ////////////////////////}@(
“’Im . tRRH
= L T U,
— trac = Alto[“p
DATA xgr: OPEN —{: Valid Data

toEa

toEz

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

trTC
— v tTRAS |
RAS le - N \
L= —
Fes teSH ——— o ,—-tcp—-] trRSH trp
VI = s tcas )
CAS v, \
tasc le—tcAH —f )

Address VlH—-ﬁ’

iy, o,

Column address W/ /// )’T//ﬂ////////i/

ViL—

tres ’

| e

WERest ZLITTTTITTTTTTT T
ViL

I

Dmvgf— - \_\_/_l_:dl)t*l:rt———————

oF (Read) 77, ////////////////M/{ J NI
Vi FML_tcwn tc‘:,l:WL !

wEwiw 77777777777 TTTIITTTIE 1 N 7/

NI

SEESS I

ViH

toEH

'._tom__

Vi

OF (Wiite) Z22/////////// /11 /T /SR

N
“H”, “L” = Don’t Care

FUNCTIONAL DESCRIPTION

Address Inputs:

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

8 row-address bits are set up on address
input pins Ao through A- and latched onto the
chip by the row address strobe (RAS). Then 8
column-address bits are set up on pins Ao
through A- and latched onto the chip by the
column address strobe (CAS).

All addresses must be stable on or before the
falling edges of RAS. CAS is internally inhibited
(gated) by the RAS to permit triggering of CAS as
soon as the Row Address Hold Time (tRaH) spe-
cification has been satisfied and the address
inputs have been changed from row-addresses
to column-addresses.

Therefore specifications permit column ad-
dresses to be input immediately after the row ad-
dress hold time (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-out will remain
in the high-impedance state allowing a write
cycle with WE grounded.

Data Input:

Data is written during a write or read-modify
write cycle. Depending on the mode of operation,
the falling edge of CAS or WE strobes data into

the on-chip data latches. In an early-write cycle,

WE is brought low prior to CAS and the data is
strobed in by CAS with setup and hold times
referenced to this signal. In a delayed write or
read-modify-write cycle, CAS will already be low,
thus the data will be strobed in by WE with setup
and hold times referenced to this signal. In
delayed or read-modify-write, OE must be high
to bring the output buffers to high impedance
prior to impressing data on the 1/0 lines.
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Data Output:

The three-state output buffer provides direct
TTL compatibility with a fan-out of two standard
TTL loads. Data-out is the same polarity as data-
in. The output is in the high-impedance (floating)
state until CAS is brought low. In a read cycle the
output goes active after the access time interval
tcAc that begins with the negative transition of
CAS as long as tRac and toga are satisfied.
The output becomes valid after the access time
has elapsed and remains valid while CAS or 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 OE low
during a normal cycle will activate the output buf-
fers putting them in the low impedance state. It is
necessary for both RAS and CAS to be brought
low for the output buffers to go into the low impe-
dance state. Once in the low impedance state,
they will remain in the low impedance state until
OE or CAS is brought high.

Page Mode:

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

RAS Only Refresh:

Refresh of the dynamic memory cells is ac-
complished by performing a memory cycle at
each of the 256 row-addresses (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
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specified period (trcg) before RAS goes to low,
on chip refresh control clock generators and the
refresh address counter are enabled, and an in-
ternal refresh operation takes place. After the re-
fresh operation is performed, the refresh address
counter is automatically incremented in prepara-
tion for the next CAS before RAS refresh
operation.

Hidden Refresh:

Hidden refresh cycle may take place while
maintaining latest valid data at the output by ex-
tending CAS active time. Hidden refresh means
CAS before RAS refresh and the internal refresh
addresses from the counter are used to refresh
addresses, because CAS is always low when
RAS goes to low in this mode.

CAS Before RAS Refresh Counter Test Cycle:

A special timing sequence using CAS before

RAS counter test cycle provides a convenient

method of verifying the functionality of CAS

before RAS refresh activated circuitry. As shown

in CAS before RAS Counter Test Cycle, if CAS

goes to high and goes to low again while RAS is

held low, the read and write operation are

enabled. This is shown in the CAS before RAS

counter test cycle. A memory cell address, con-

sisting of a row address (8 bits) and a column ad-

dress (8 bits), to be acceded can be defined as

follows:

* AROW ADDRESS

— Bits Aothrough A- are defined by the refresh

counter.

* A COLUMN ADDRESS

— All the bits Ao through A- are defined by

latching levels on Ao through A- at the
second falling edge of CAS.

Suggested CAS before RAS Counter Test
Procedure: _ _
The timing, as shown in CAS before RAS

Counter Test Cycle, is used for all the operations

described as follows:

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

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

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

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

(5) Complement the test pattern and repeat the
steps (2), (3) and (4).
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MSM41464 Bit Map (Physical-Decimal) Opin1s

DQ1 DQ2 DQ3 DQ4
[]

252 | 253 | 254 | 255 3 2 1 [o] 0] 1 2 3 255 | 254 | 253 | 252
[¢] 0 4] 0 o] 0 (0] (o] I 0 0 0 o] o] 0 0 0
252 | 253 | 254 | 255 3 2 1 o] (0] 1 2 3 255 | 254 | 253 | 252
ol o] ol o ol o] o o ‘f <ol o of o ol of o] o
252 | 253 | 254 | 255 3 2 1 0 0 1 2 3 255 | 254 | 253 | 252
1 1 1 1 1 1 1 1 [ 1 1 1 1 1 1 1 1
252 | 253 | 254 | 255 3| 2 1 0 0 1 2| 3 256 | 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 0o 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 N E i 0 1 2 3 255 | 254 | 253 | 252
2 2 2 2 2 2 2 2 8 2 2 2 2 2 2 2 2

=

Z

2
252 | 253 | 254 | 255 3 2 1 ol lal i © 1 2 3 255 | 254 | 263 | 262
125 | 125 | 125 | 125 125 [ 125 | 125 | 125 F|| [|125 | 125 | 125 | 125 126 | 125 | 125 | 125
252 | 253 | 254 | 255 3 2 1 0 o] 1 2 3 255 | 254 | 253 | 252
125 | 125 [ 125 | 125 125 1125 [ 125 | 125 —)7 _<—\125 125 | 125 | 125 125 [ 125 | 126 | 125
252 | 253 | 254 | 255 3 2 1 0 o] 1 2 3 255 | 254 | 253 | 252
126 | 126 | 126 | 126 126 | 126 | 126 | 126 I ﬂ126 126 | 126 | 126 126 | 126 | 126 | 126
252 | 2563 | 254 | 255 3 2 1 0 L o] 1 2 3 255 | 254 | 253 | 252
126 | 126 | 126 | 126 126 {126 | 126 | 126 T 126 | 126 | 126 | 126 126 | 126 [ 126 | 126
252 | 258 | 254 | 255 3 2 1 0 [ i 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] _<_ [¢] 1 2 3 255 | 254 | 253 | 252
127 | 127 | 127 | 127 127 (127 (127 | 127 ?»_ 127 | 127 | 127 | 127 127 | 127 | 127 | 127

L ROW DECODER I l ROW DECODER

252 | 2563 | 254 | 255 3 2 1 0 S ] [0] 1 2 3 255 | 254 | 253 | 252
255 | 265 | 2565 | 255 255 | 255 | 255 | 2565 255 | 2565 | 255 | 255 255 ( 255 | 255 | 255
252 | 253 | 254 | 255 3 2 1 o[ [ 1 2 3 255 | 254 | 253 | 252
255 | 255 | 255 | 255 2565 | 255 | 255 | 255 255 | 255 | 255 | 255 255 | 255 | 2565 | 255
252 | 253 | 254 | 255 3 2 1 o] (o] 1 2 3 255 | 254 | 253 | 252
254 | 254 | 254 | 254 254 | 254 | 254 | 254 rd 254 | 254 | 254 | 254 254 | 264 | 254 | 254
262 | 2563 | 254 | 255 3 2 1 0 || | 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 [¢] o] 1 2 3 255 | 254 | 253 | 252
253 | 2563 | 253 | 253 253 | 253 | 2563 | 253 ra ‘€‘ 253 | 2583 | 253 | 253 253 | 253 | 253 | 253
252 | 2563 | 254 | 255 3 2 1 [¢] i § | o 1 2 3 255 | 254 | 253 | 252
253 | 253 | 253 | 253 253 | 253 | 253 | 253 8 253 | 2583 | 253 | 253 253 | 2563 | 253 | 253

=

Z|

B
252 | 253 | 254 | 255 3 2 1 [0] N 3 va [¢] 1 2 3 255 | 254 | 253 | 252
130 { 130 | 130 | 130 130 | 130 | 130 | 130 © 130 | 130 | 130 | 130 130 | 130 | 130 | 130
252 | 253 | 254 | 255 3 2 1 0 || | O 1 2 3 255 | 254 | 253 | 252
130 | 130 [ 130 | 130 130 {130 {130 | 130 130 | 130 | 130 | 130 130 | 130 | 130 | 130
252 | 253 | 254 | 255 3 2 1 0 0 1 2 3 255 | 254 | 253 | 252
129 | 129 | 129 | 129 129 [ 129 [ 129 [ 129 4 #129 129 | 129 | 129 129 | 129 [ 129 | 129
252 | 253 | 254 | 255 3 2 1 o] o] 1 2 3 255 | 264 | 253 | 252
129 | 129 | 129 | 129 129 [129 [ 129 | 129 I 1129 | 129 | 129 | 129 129 | 129 | 129 | 129
252 | 253 | 254 | 255 3 2 1 [o] 0 1 2 3 255 | 254 | 253 | 252
128 | 128 | 128 | 128 128 {128 {128 | 128 ﬁ128 128 | 128 | 128 128 | 128 | 128 | 128
252 | 253 | 254 | 255 3 2 1 3} 3} 1 2 3 255 | 254 | 253 | 252
128 | 128 | 128 | 128 128 [ 128 [ 128 | 128 L -‘128 128 | 128 | 128 128 | 128 | 128 | 128

REFRESH ADDRESS REFRESH ADDRESS
(0—255) (0—255)
O A CELL A =ROW ADDRESS (DECIMAL)
Pin9 B B =COLUMN ADDRESS (DECIMAL)
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OKI semiconductor

MSM414256RS

262,144-WORD X 4-BITS 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/O 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
. . Power Dissipation
Famil Access Time Cycle Time -
Y (MAX) (MIN) Operating Stand By
(MAX) (MAX)
MSM414256-10RS 100 ns 200 ns 413 mW
28 mwW
MSM414256-12RS 120 ns 230 ns 385 mW
® Single +5V supply, =10% tolerance ® Page mode, read modify write capability
® Input: 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

® OQutput impedance controllable through early
write and OE operations

PIN CONFIGURATION (TOP VIEW)
Da3 ] 2d Vss
DQ4 E E DQ2
WE E E] DQ1 Pin Names Function
RAS [z ﬁ] CAS A0 to A8 Address Input
RAS Row Address Strobe
NC |5 16| OF
[: j CAS Column Address Strobe
A0 I—E A8 DQ1 toDQ4 Data In/Data Out
*A1 E @ AT* oF Output Enable
*A2 E E A6* WE Write Enable
Vi
‘A3 E @ A5* cc Power Supply (+5V)
Vss Ground (0V)
Vee|19) 1] A4*
*Refresh Address
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D
>
[

FUNCTIONAL BLOCK DIAGRAM

gming
enerator
— '__ Timt
CAS I D G‘tre'r‘\':rgﬁtor
1
N Write —_
Qotumn, Clock _[=————WE
Buffers y Decoders Generator
] -
Internal Refresh ]
Moche [ || Address || convoiCiook | | senseamss [ ]S, [ 0uRS
Row ] 1 1 l DQ:~DQ4
Address Row Word
Buffers De- Drci)r Memory
cod- ersv. Cells
ers Input
|l Buffer
Vee
Vs —
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 \Y
Short circuit output current los Ta =25°C 50 mA
Power dissipation Pp Ta=25°C 1 w
Operating temperature Topr - Oto+70 °C
Storage temperature Tstg - —55to +150 °C
RECOMMENDED OPERATING CONDITIONS
(Ta=01t0 +70°)
Parameter Symbol Conditions MIN TYP MAX Unit
vVee - 45 5.0 55 v
Supply Voltage
Vss - 0 0 0 \
Input high voltage VIH - 24 - 6.5 v
Input low voltage ViL - -1.0 - 0.8 \Y
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DC CHARACTERISTICS
(Veg =5V £10%, Ta =0 to +70°C)

MSM MSM
Parameter Symbol Conditions 414256-10 1414256-12| |4 | Note
MIN | MAX | MIN | MAX
Output high voltage VOH loH =-5.0 mA 24| - |24 | - \Y
Output low voltage VoL loL=4.2mA - |-04| - 04 | V
OV VI £6.5V,;
Input leakage current L all other pins not -10| 10 |—-10| 10 nA
under test =0V
Doyt disable _ _
Output leakage current ILo OV <VO <55V 10| 10 10| 10 | unA
Average power supply RAS, CAS cycling,| _
current* (Operating) lcct trc =min 75 70 | mA
Power supply current* RAS =V|H _ _
(Standby) lcc2 | Tas =V 5 5 | mA
Average power supply RAS cycling,
current* Iccs CAS =V|H - 65 - 60 | mA
(RAS only refresh) trc = min
Average power supply RAS =V,
current* Icca CAS cycling - 70 - 65 | mA
(Page mode) tpc =min
Average power supply - .
. RAS cycling,
current Iccs - 70 - 65 | mA
(CAS before RAS refresh) CAS before RAS

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

output open.

CAPACITANCE
(Ta =25°C, f =1 MHz)

are obtained with the

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) C - — 7 pF
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AC CHARACTERISTICS
Note 1,2, 3 (Vg =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 trRC 200 - 230 - ns
Read/write cycle time trRwc | 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 trRp 90 - 100 - ns
RAS pulse width tRAS 100 (10000 | 120 |10000 ns
RAS hold time tRSH 50 - 60 - ns
(Page mods ovelo aniy) top | 40 | - | 80| - | ons
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 hold time tRAH 15 - 15 - ns
Column address set-up time tasc 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 - o] - ns
Read command hold time tRCH 0 - 0 - ns 10
Write command hold time from RAS | twcR 80 - 95 - ns
Write command set-up time twcs 0 - 0 - ns 9
Write command hold time twcH 30 - 35 - ns
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AC CHARACTERISTICS (CONT.)

Parameter

MSM414256-10

MSM414256-12

Symbol Unit | Note
MIN MAX MIN MAX
Write command pulse width twp 30 - 35 - 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 tbH 30 - 35 - ns
Data-in hold time from RAS tDHR 80 - 95 - ns
CAS to WE delay tcwp 80 - 90 - ns 9
RAS to WE delay trRwD | 130 - 150 - ns 9
Read command hold time
reference to RAS tRRH 20 B 20 B 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 1
Turn-off delay time from OE toEZ 0o | 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 B 30 B 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) tRTC 385 435 ns "
RAS pulse width
(Refresh counter test) ttRas| 285 |10000| 325 |10000 | ns 11
CAS precharge time _ _
(Refresh counter test) tcpT 50 60 ns "
Read/write cycle time (Page mode) | tprwc| 175 - 195 - ns

182




Notes:

N

10
1

a DYNAMIC RAM -MSM414256RS n

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,
transition times are measured between Vi and V).

Assumes that tycp < trep (Max.). If trecp > trReD (Max.), tRac will increase by {tRcD
—trcD (MaxJ)}.

Assumes that tRcp > trcp (Max.).

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

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

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

twcs. tcwp and trwp are not restrictive operating parameters. They are included in
the data sheet as electrical charcteristics only; if tywcs 2 twgs (Min)), the cycle is an
early write cycle and the data out pin will remain open circuit (high impedance)
throughout the entire cycle; if tcwp = tcwp (Min.) and trwp = trwpD (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— 3
Vi — N A S— ] \
tcsu trp___ |
trRCD ! trRsH tCRS o
v . ' tcas
CAS YIH =™
Vip — \; I / |/
tASR tRA_T tas | tcan I

toEa

S VT

T

v @ ¥ R 2 ;/
Address vl H Row address Columln address W / /// M
L K ! A
t
trCs = ?‘Qﬂ
we VI H |
Vi | tcac /
t
S 'V DU °

Vou —

DATA (0% = OPEN ———| ValidData

V] bon'tCare

WRITE CYCLE (EARLY WRITE)

N
| FtCRs_—

i Valid Data }W
{DHR

trec
; traAsS
—_— |
RAS v | __ AR 1 7
tcsn 1 trp
! tRSH—
trcD tca
o Von— N |
CAS
ViL —
tasr| Ltran tas tcan
V - N
Address Y IH Column
Vi Row addr;@ address %// / %/ /&(
‘ ' tewr
tW C H
WE Vin— LN Pl*
Vi — '
| ! tRWL -
T WCR -
Ds—ﬂ——
Vg —
DATA 1% / /
Vi —

Y,

tOED--I

2L

i

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

tRwWC

RAS
v, Y
RAS 1H \ AR - /
L — ] A
| t
f t RSH trp

CSH

1
tRCD — ! toas ters|
CaAS Vin — ' |
Vip —

tasit {RALL t% Feean |l
saaes 1 )N 2‘5’@@{ Sé’é“ré‘;;‘ XUk

) trRwD

|_ tRcsr_.{ tcwn tRWL__I

v T A
Vin
l——‘ tcac toez tpsp— twpt
DH——~
Vi on— v
DATA VoL —— OPEN —< Valid Data Valid Data M/ / "
|-; trac toED

toEa ma —
oF VIH—
ViL —

1

Don’t Care

PAGE MODE READ CYCLE

trAS

Ny

tRSH l._trp

— tCAs——l/ ——tcrs
r
HE

t Cp—f

tcan

. . tasc

. —
naaress v i~ N e} N W CES U
| ! F—tCAC_—I ' LoFF F_tc"c_i‘ -tom‘}'— tCAC—.i__l toFF

} trac {
DATA “joﬂ e OPEN 1t
or LtR_CS _u tRRH
t ‘C;‘ L—tRCH

w7 .4 el ] "
= U T, Y700 YT ¥

qf——*

Don’t Care
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PAGE MODE WRITE CYCLE
tras
R i
[ Trcp bk T Ys tep tcas
C—AS V[H —_— N F
e tRAH N tcan 1 (Etcm
tasg = ._‘t_;'sc tA_S,__I__
s DO ’sEseEn‘W//// UMM
l tc LCLJ 'CWltviH—l L—QCWLtXi‘H
_—V of
Rt /117/1 SR S . S A
l—tw et
I'TI;%JE:} tps L_tDH ) tDsHu_l.?t— jRWL
DATA z;z mg{ Valid Data | Valid Data / Valid Data / /// /
PO oo - LOEL oy |
. D——] OED) - om-x.]
ok yiZf U] X X
Don’t Care
PAGE MODE READ/WRITE CYCLE
(I ey Sy p— s q
tpRWC tRSH trp
l—trc L] tcas tcas L tcr
e Vi = tcsu i
Cas L — N /] o It /
tASEy SR_A%“SC ht_“ tase, LE—C_AEI
Address 01 77X B WK ik (T

S|

I
Icwl

T
=N

tres

twcH
—tew . —tewr—| |
v WP [t wp —
WE TR N N
tRWD. tpH tDH
X teac _—t hs_s tCA _tos|
DATA ‘\:ig%g’: 7, /////////RValid Dat Valid Data /X‘vu.d Valid Data
toEa toez toEa torz
VIH =
OE Vi —

Don’t Care
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RAS ONLY REFRESH CYCLE

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

trc

- trRaAs )

Vin —
Vi — &L_

traH | trp

tasr
Vin
R/ T YIS

RAS

DATA V1M = OPEN
Vi

Don’t Care

CAS BEFORE RAS REFRESH CYCLE

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

. tre

trp

t
—— Vig = RAS - N

Vi — -

S

Vie —

N

DATA VIH = OPEN
Viu

Don’t Care
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HIDDEN REFRESH CYCLE

trc trc
tRAS trp_ | r_._.___tRAs
e U ) N
trRcD tRS'H e
cas x;z : tray 3\\ .
saaess 1 T wowsares XS ST TR,
. et [ |
Ve v T l N
}—tRAC _Jto“
Vig— e
DATA (M —— OPEN — | Valid Data
oF Vin ——W l01554‘ o
Don’t Care
CAS BEFORE RAS REFRESH COUNTER TEST CYCLE
oS ¥ o tTRAS — ra ;gc——
 tres tcsH rthT_—’ t!tnsn e trp— ]
Y ‘4; 4 I - ' A
tASCr—I-—-‘CAH—J ﬂ \
Address /// / 0& Column address W /W/“/ /// //
tes | I sy
WERead) /////// /LT H Jf/
’— CAC ~ 'tRCHtoW
DATA ; Valid Data__ || | p——
— 1OES L] forz
oEwes) 7777777777 TTITTTITITT T TTTRDN = 7777777777777,
t—tRC—S—“—-—-——tCWD——-—i .—tc‘&w«;_‘l
WE wite) 7777777777777 7 :]x o ? T
tpg— [~ tpH—
DATA /11111 [///1: vaiia Daa X7/ 77/ /1111 LT
torD | toEH
OF (Wiite) 7////////// /[ [/ 11/ // i L Y.
U/l Don’tCare
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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 (tRARH)-

Write Enable:

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

Data Input:

Data is written during a write or read-modify
write cycle. Depending on the mode of operation,
the falling edge of CAS or WE strobes data into
the on-chip data latches. In an early-write cycle,
WE is brought low prior to CAS and the data is
strobed in by CAS with setup and hold times
referenced to this signal. In a delayed write or
read-modify-write cycle, CAS will already be low,
thus the data will be strobed in by WE with setup
and hold times referenced to this signal. In
delayed or read-modify-write, OE must be high
to bring the output buffers to high impedance
prior to impressing data on the 1/0 lines.

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 tgac and topa are satisfied.
The output becomes valid after the access time
has elapsed and remains valid while CAS and
OE is 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 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 Ae) 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 (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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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.
* ACOLUMN ADDRESS
— All the bits Ao through As are defined by
latching levels on Ao through As at the
second falling edge of CAS.

190

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.

(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 512 times, and highs are
written into the 512 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).



OKI semiconductor
MSM411000RS

1,048,576-WORD X 1-BITS 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 1/0 pins are TTL compatible.

FEATURES
® Silicon gate, tripple polysilicon NMOS, ® Standard 18-pin plastic DIP
1-transistor memory cell ® Family organization

® 1,048,576 words by 1 bit

i i Power Dissipation
Family Access Time Cycle Time -
(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 ® Page mode, read modify write capability
® Input: TTL compatible, address input, data ® CAS before RAS refresh, CAS before RAS
input latch hidden refresh, RAS only refresh capability
o Output: TTL compatible, tristate, nonlatch ® “Gated” CAS
® Refresh: 512 cycles/8 ms ® Built-in Vgg generator circuit
® Common I/0 capability using “Early Write”

operation

PIN CONFIGURATION (TOP VIEW)

g

Oin [1] 18] vss

WE 3 17] D
_— [: :] out Pin Names Function
RAS E E] CAS a0t Address Input

NC E E A9 RAS Row Address Strobe
AO* E E A8* CAS Column Address Strobe

DiN Data Input
A" e 13 A7*
l: :I Dout Data Output

A2 E EI A6 WE Write Enable

A3" [g] [11] A5 vee Power Supply (+5V)
Vee [9] o] A+ _Vss Ground (0V)

* Refresh Address
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FUNCTIONAL BLOCK DIAGRAM
RAS Timing
) t;ienerator “}__ Timing
ﬁ! ) Generator
[
R Write J—
o, W
Buffers Y Decoders Generator
Internal Refresh I l ]
hohe Adcress [ _conwoiClock_| | - senseames [l 00, [IQuest — pour
Rgg - Lo
A
Buffreff':s 32‘.” g"?’d Memory
cod- er';v' Cells
ers Input fa—o— Dy
L) Buffer
Vee
Vsg —
OnchipVgg
ELECTRICAL CHARACTERISTICS
ABSOLUTE MAXIMUM RATINGS
Rating Symbol Conditions Value Unit
Voltage on any pin relative to Vgg vT Ta=25°C -1.0t0+47.0 \'
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 - —551t0+150 °C
RECOMMENDED OPERATING CONDITIONS
(Ta=0to +70°)
Parameter Symbol | Conditions MIN TYP MAX Unit
Vece - 45 5.0 55 Vv
Supply Voltage
Vss - 0 0 0 \
Input high voltage VIH — 2.4 - 6.5 \"
Input low voltage ViL - -1.0 - 0.8 Y
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DC CHARACTERISTICS
(Vo =5V +=10%, Ta =0 to +70°C)
MSM MSM
Parameter Symbol Conditions 411000-10 1411000-12 Unit | Note
MIN [MAX | MIN | MAX
Output high voltage VOH IoH=-5.0mA 24 | - 24 - \
Output low voltage VoL loL=4.2mA - |04 | - 04 | V
0V VI £6.5V,;
Input leakage current L) all other pinsnot | -10 | 10 [—-10| 10 | uA
under test =0V
DouyT disable _ _
Output leakage current ILo OV <VO < 5.5V 10| 10 10| 10 | nA
Average power supply RAS, CAS cycling, _ _
current* (Operating) lccH trc = min & 70 | mA
Power supply current* RAS =V|H _ _
(Standby) lcc2 | GAs-=v|y 5 5 | mA
Average power supply RAS cycling,
current* lcca CAS =V|H - 65 - 60 | mA
(RAS only refresh) trc = min
Average power supply RAS =V,
current” lcca CAS cycling - 70 - 65 | mA
(Page mode) tpc =min
Average power supply == .
current* lccs %%Ey?lmg'ﬁrg - 70| - | 65| ma
(CAS before RAS refresh) etore

*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, CAS, WE) Cin2 - - 10 pF
Output capacitance (DoyT) Cout — — 7 pF
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AC CHARACTERISTICS
Note 1, 2,3 (Voc =5V £10%, Ta=0to +70°C)
MSM411000-10 [MSM411000-12
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 trwc | 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
(Page mode oyele onty tp | 40 | - | 80| - |
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 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 fromRAS | twcR 80 - 95 - ns
Write command set-up time twcs 0 - 0 - ns 9
Write command hold time twcH 30 - 35 - ns
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MSM411000-10

MSM411000-12

Parameter Symbol Unit Note
MIN MAX MIN MAX
Write command pulse width twp 30 - 35 - 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 30 — 35 - ns
Data-in hold time from RAS tDHR 80 - 95 - ns
CAS to WE delay tcwb 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) tFCS 20 B 25 B ns
RAS to CAS hold time
(CAS before RAS) tFCH | 30 - 8| - 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 355 385 ns B
RAS pulse width
(Refresh counter test) tTRAS | 255 | 10000 | 275 10000 ns 11
CAS precharge time
(Refresh counter test) tcPT 50 60 ns "
Read/write cycle time (Page mode) | tprwg| 135 - 145 - ns
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Notes:

196

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.

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| and V).

Assumes that trcp < treoD (Max). If trop > treD (Max.), tRac will increase by {trcD
—trcp (Max.)).

Assumes that tRcp = trep (Max.).

Measured with a load circuit equivalent to 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 trcp (Max.)
limit, then access time is controlled exclusively by tcAC.

Assumes that tgcp (Min) = tRAH (Min) + 2tT + tasc (Min)).

twcs, tcwp and trwp are not restrictive operating parameters. They are included in
the data sheet as electrical charcteristics only; if twcs = twcs (Min.), the cycle is an
early write cycle and the data out pin will remain open circuit (high impedance)
throughout the entire cycle; if 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
trc
— v tRAS ‘
RAS YIH— h
ViL— \)( AR _{ 4 Xc—
tcsH trp
trRCD tRSH fe— LCR S|
v < I__tcas L
CAS YIH —
ViL — \ \r ' 7/ l/
tASR| [tRa tas |_tcan ‘
\'2
Address Vi:@q Row address Column addresw // // / /I/ W
trcs

|-tmm——"_

Viu
Vio

7

Vo —
VoL —

Dout

U

tcac

Y

t
IRAC OfF

OPEN Valid Data

7///1 Don’t Care

WRITE CYCLE (EARLY WRITE)

trc
tRAS
Vig — 1
RAS y \_L ‘AR - 7 \——
tcsH - tep
tRSH s
trcD tcas ter
<as Vin— \ /r—/r—‘_\——
Vip — :
tasr| |tRAH tas M
Vig — i T
Add - Column
ddress Vin Row address address
l ! : tewL.
W C H —f
TE Vg s twcs tw 1._
WE YVin— ) /////f/ W
| 'I ! tRWL
tDs_—_Yi(;R I——tDH
DIN Via — ////@< Valid Data // / // ///
Vi —~
IDHR
VoH —
D OPEN
ouUT VoL—

w,

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

I tRwC |
Vine TRAS
RAS IH tAR
ViL— N
CRs CSH TRsH | tRp—-
tRCD tcas
CAS \\f:f:j N\
tRAH tasc
tASR =~ 'CAH ’
ViH— Row Column /
Addresses , - Address Address
! i tRWD [e—tcwiL—
tncsl———' I tcwD e—tRWL
J— ViH—
WE vi— Zd N 7 /
tcac - twp—! ] tOFF
VoH— — Valid Data
Dout  vg -  open ——% .
tRAC

tpg e tDH

ViH— Valid
Din ViL— / % Data

Don’t Care

PAGE MODE READ CYCLE

tras

RAS

Address

Dour

1/

E _=te
WE 1" U

Don’t Care
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PAGE MODE WRITE CYCLE

tras

RAS Vin— 3\-»——-(/“{4.4
Vi — K I . . b
_tpc tRSH— trp
tcs
Ctrep Heas tep tcas tcr
Cas Vin= \\ 3
ViL— Kk

A

t
RAH tcan tcan
tasgl tasc tasgl tasg

R [\ R
Address X; ': ddor‘ev; A addl;“s;‘ m fé’":‘?‘:‘éi‘ /@(@:ﬂiﬂ? M / ///// [
—{twcH twcH I-————-I twch
| _tcw ' cw l—towL —-l

we vz || ////>\ Vi, A

[ Htwe| T
’leck—l.w—_t. oy DS L.tv;/m DS}~ JI—_—XD!:R—‘:'L—_-J
SRR/ i 1 e e

—tOAR ——)

Z

Don’t Care

PAGE MODE READ/WRITE CYCLE

tras

RAS X”"_ ~—AR——] . .
L—
| tpRWC trsH tRp
|
l—trc ] tcas ) tcas — tcr
v tesu |
CAS I1H— N | | mY
Vi

- ' tep—- ¢
t,gg_}_z_‘tfl%usc __:_CA tasc, :_C_Mil
R/ @ A ) &R Y, (777X

RCS| RC tre
twcH
l—tcwn t cwp— twp

KRN //// I . /

tRWD. ton tpH
tcac tca
tRAC

—4¢  validDan ] Valid Data ~ p————

— —
tpDs tps
tDH-= | {DH-~

D M VY /////)Fr—I i

ViL

VOH —
VOL pu—

Dout

V)] Don’tCare
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RAS ONLY REFRESH CYCLE

RAS

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

trc

; traAs

Vig —
ViL —

tRAH—=
tasr

ZT trp

N

O I T e

VoH —

Dour oL —

OPEN

[///] Don’tCare

CAS BEFORE RAS REFRESH CYCLE

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

tre

tRPA_l

o

—

oS Yin ’\[ ‘j/////////////////%

Don’t Care
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(Read-Write) V _—

tRC
AR tRp
RAS VIH — tRAS | tFtAs——j —
ViL — -
tCRs (e tREH —=!
D T e W
S ViH — ‘ tFCH S
CAS ViL - / tRAH N /]
tAsR| = tCAH ’
|
ViH — G [}
Addresses \w - Address x Address W /
L
‘IRT:S ~— tRRH
J— VIH —
WE (Read) 1~ tcac 7
L_tRAC —_— tOFF
Vor- | .
DouT OH - < Valid Data
VoL~— j=——1tRWD X
L_ tcwD
tRCs —-l twp
WE ViH— / J

Don’t Care

CAS BEFORE RAS REFRESH COUNTER TEST CYCLE

RAS ViH—
ViL—
CAS ViH—
ViL—
IH™

Add
resses V|L—
R ViH—
WE (Read) '
ViL—
OH—

D
ouT VoL—
— ViH—
WE (Write) '™
[ S
ViH—

Din
ViL—

tRTC {
1TRAS
R
- /7 f}\
tFCs tcpT tRSH l—tRP
tcsH i |
—\ N tcas \
tAasc
| =i |~—tcAH
-
Col. Address

| 'RCS [=—= } ! l-—’[tam-o

7 1. N

cAC tRCH
‘ M= toFF
l { Valid Data }———
t
r RWDTREs[ | tcwo towL —
TRWL
7 A
t 9
DS
el |e—tpH —=
Valid Data W

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 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
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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 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.

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 e _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 Ao 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)
()

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)
(5)

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 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).
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OKI semiconductor
MSM411001RS

1048576-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
o Silicon-gate, Tripple Poly NMQOS, single transistor cell
® Row access time
100 ns max (MSM411001-10RS)
120 ns max (MSM411001-12RS)
® Cycle time
200 ns min (MSM411001-10RS)
230 ns min (MSM411001-12RS)
e Low power: 411001-12RS
413 mW/28 mW (MSM411001-10RS)
385 mW/28 mW (MSM411001-12RS)
® Single+5V Supply, +10% tolerance
e All inputs TTL compatible, low capacitive load
® Three-state TTL compatible output

e Gated CAS

® 8ms/512 refresh cycles

® 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<hip substrate bias generator for high
performance

o CAS-before-RAS refresh capability

©® “Nibble Mode'’ capability

PIN CONFIGURATION

18 ] Vss
17 :] DouT

Pin Names Function

16 3 CAS

~A, Address Inputs
RAS Row Address Strobe
Column Address Strobe
Write Enable

A
15 ] A, Rj\s
CAS

14 A, "
:l WE
Din

13:]A1'

Data Input
12 j A DouT Data Output
Vee Power (+5V)
1 j A Vss Ground (0V)

10 A, * Refresh Address
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BLOCK DIAGRAM
RAS Timing
| Generator Timing
Al
CAS 3 r Generator
Write J—
Clock WE
Column A\ |Generator
Column
Address ] Decod
Buffers 1 ecocers l
Internal Refresh
~ Address etres 1/0 {Output
Ao~ Ay Counter| | control clock Sense Amps Selection| ] Buf?er —DouT
K]
Row ’ f
Address
Buffers R Word
ow or Data
Me|
De- | | Driv- mory Input fe——0— Dy
. Cells Register
cogers| ers
o]
vce
Vg ——e
On chip VBB
ABSOLUTE MAXIMUM RATINGS (see Note)
Rating Symbol Value Unit
Voltage on any pin relative to Vgg VIN. VouT -1to +7 \%
Voltage on V¢ 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 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 shieet. 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
| VCC 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 0.8 v
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DC

CHARACTERISTICS

(Recommended operating conditions unless otherwise noted.)

Parameter

Symbol

MSM411001-10

MSM411001-12

Min Max

Min Max

Unit

Notes

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

Icct

- 75

- 70

mA

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

Icc2

mA

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

Icca

mA

Nibble MODE CURRENT™*
Average power supply current
(RAS = V|, CAS cycling; tyc = min.)

Icca

mA

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

lccs

mA

INPUT LEAKAGE CURRENT

Input leakage current, any input

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

Ll

-10 10

-10 10

MA

OUTPUT LEAKAGE CURRENT
(Data out is disabled,
0V < VouT £5.5V)

Lo

-10 10

-10 10

LA

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

VoH
VoL

24 -
- 0.4

24 -
- 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;, D|N) CINt - 5 pF
Input Capacitance (RAS, CAS, WE) Cin2 — 10 pF
Output Capacitance (DoyT) Cout - 7 pF
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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 0 25 0 25
Transition time tT ns 3 50 3 50
RAS precharge time tRp ns 90 100
RAS pulse width tRAS ns 100 | 10us | 120 | 10 us
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 80 95!
Write command set-up time twes ns 0 0 8
Write command pulse width twp ns 30 35
Write command hold time tWCH ns 30 35
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 30 35
Data-in hold time from RAS IDHR ns 80 95
CAS to WE delay time tcwp 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 tECcH 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 mode CAS precharge time tNCP ns 25 25 9
Nibble mode read RAS hold time tNRRSH| Ns 40 40 9
Nibble mode write RAS hold time tNWRSH| Ns 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 (10,000| 275 10,000 10
Refresh counter test CAS precharge time tCcPT 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

208

2)
3)

4

5)
6)
7)

8

9)

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 V| and ViL.

Assumes that trep S tRCD (max.).

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

Assumes that trcp > 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 trcp is greater than the specified trcp (max.) limit, then access
time is controlled exclusively by tcaC.

twCSs: tCWD and tRwpD are not restrictive operating parameters. They are included in the data dheet
as electrical characteristics only; if tycs >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>tcwpD(min.),
and tRWD >tRWD (min.) the cycle is read-write cycle and the data out will contain data read from the
selected cell; if neither of the above sets of conditions is satisfied the condition of the data out (at
acccess time) is indeterminate.

Nibble mode cycle.

10) CAS before RAS Refresh Counter Test Cycle only.



m DYNAMIC RAM -MSM411001RS m

READ CYCLE
tRC
tRAS
Vig— N\ L = R —— { R
RAS N 7 N
tcRS tcsH ~——tRp—>
tRcD tRSH
{ tcas
I ViH— ¢
CAS V::_ \ / 7
tASR | [tRAH 'Asc TCAH
ViH— Row Column Y
Addresses ViL— Address Address
| t
‘Rcsr—‘ ’ ~tRCH .TH

WE x:‘:: / L——‘CAC——T
|

tRAC —={  |~—tOFF

VoH- )

N 7 Vaid
DouT VoL - - OPEN p— - Data J}—-—-———
Don’t Care

WRITE CYCLE (EARLY WRITE)

tRC .
Vin— \ tRAS
RAS v ~—TAR—— "I / R\_
- —
tCRS tCSH tRSH tRP—
y tRCD tcas
__ - X
Ay g ) /
tASR| [tRAH tasc tCAH \
T ASS EAD
Vin— Row " Column
Addresses ViL— %x Address A Address W %
t |
Vi |twcs =-twCH*| cwL ! I
WE V:H twp
- @ _
. | tRWL -
tWCR—

tpg—»| |=— [~—tpH
ViH— Valid
Din V- %k Data
l'"——'tDHH_—’l

VoH- 1
VoL—

DouT OPEN |

/] Don't care
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READ-WRITE/READ-MODIFY-WRITE CYCLE

D]
ol

CAS

Addresses

A

Dout

Din

" tRWC |
RAS
ViH— \ tAR
ViL— N 7
tcRs ‘CSH—— o1 { tRp—-

tRCD tcas
ViH— .
V“_-—f ¢ /

RAH tasc
tASR —= tcAH
ViH— Row Column Y
ViL— Address Address
| L tRWD —tcwiL—]

tnc%\ I tcwp —tRWL
ViH—
ViL— SL

tcac ~twp ! ——l [~—tOFF
://OH'_' ——  Open |_< Valid Data J
ot ! tRAC ’
tpg e <—-—|tDH

ViH— 27 Valid
ViL— / Data W

V//A Don’t Care

NIBBLE MODE READ CYCLE

)
i

|

0

DouT

Addresses v

'RP
DAL
Vin— tRAS
IH |—— tA R ——] /
ViL—
1
tcrs| [rep ooM tNe tNRRSH
T TN N AT
ViL- .] ‘f«jc k \\__{ L/ 'RRH
tASR tRAH !
—| 7| |t*cAH tNCP| [TNCAS
ViH— f Row Col.
- Add. X Add. W
[ tRCH
tRes H— ‘RCH‘I L—tncs L—»
v ! N
IH™ W W
ViL— / tcAC
tOFF [INCAC .
OFF
tRAC
VoH— Zf Valid Valid Valid Valid
VoL— X _Data Data Data Data

Don’t Care
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NIBBLE MODE WRITE CYCLE

tRP
v ) tRAS
N - —
RAS ~—1 ——'
vie- N AR P
CRS t t t
oD csn-iI e NWRSH | [ 'tRNH
_ Vig— e—tC AS —
RS- N T/ N S S N
T
tASR| |tRAH | |tCAH tNep
[ INCAS
v tAsC =T
Addresses V::‘_ 233{ Egcl," W %(
_'WCR— ]
L = tw tRWL"I
twes Wk WCH CH
LM i/ %N
tps| |toH wp
DH
D Vin- Valid Valid Valid
IN ViL— Data Data Data
Vaon— L'—tDHR——\
DouT Vg':— 4 Open —
% Don’t Care
NIBBLE MODE READ-WRITE CYCLE
RP
v tRAS
'Fﬁ's‘ fH™ f— tAR ——
ViL— T \_
tCRs CAH INWRSH| [tRNH
f—tNRWC—-—‘
v tRCD CAS
o y N N/ N
tASR| |tRAH| [tcaH tNCP Neas
—t] _tAsc |

Vig— Y
aadresses 1M~ X(Rer W Sot W .4
~—tRWD—= |
tCWD [+ tICWL —=f e tewL L—tRWL
ViH— /
V L0 L7/
tcAC =" <->] |~—-| - -tNcac
tRac—=| | WP tov=|r= WP f—s]

DouT VOH— < Valid
VoL—
tps—= 1
tDH DH
D ViH— Valid Valid Valid Valid
IN V- ¢ ¢__Data Data Data Data

% Don’t Care

=

Valid Valid Valid
Data Data Data
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RAS ONLY REFRESH CYCLE

NOTE: CAS =V, WE, Dyn = Don't care

} RC
tRAS
RAS ViH— T* \
ViL— . 7 )
f~—tRAH— L tRpP
TASR
ViH— Row
Addresses ViL— Address
VoH—
D { OPEN }
ouT VoL—

/] Don't Care

CAS-BEFORE-RAS REFRESH CYCLE

NOTE:

Address, WE, Dy = Don't care

tRC

|——1tRp

t
RAS )Pr

tFCH

tRPC

RAS ViH — / — "\
L tFCs
tCPR
I ViH—
CAS ViL—
— tOFF
VoH= X
Pout  vo - ¥

{ OPEN

I
e

Don’t Care
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RAS ViH =
ViL —
- ViH —
N
Addresses IH—
Vi -
__ ViH —
WE (Read) V::j _
V .

ooyt "
oL~
WE ViH—

(Read-Write) Vi —

tRC
tAR tRP—
\ tRAS , { \ tFtAs—“:]/——-
N !
tCRS ~— tRSH —]
o1 ]
RCD | ‘ tcAS
/ trFCH
tRAH Q\ 7
TASR CAH
TASC = |=—
|
T \ >
Column
Address Address W / 7
LD
‘RCS ~— ‘——‘tRHH
; tcac W
tRAC —— tOFF
' P d -
' - Valid Data
tRWD
N tcwD

tRCs ~—’
7

L

Don’t Care

CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE

RAS ViH—
ViL—
CAS ViH—
ViL—
V —_—
Addresses tH
ViL—
[ ViH—
WE (Read) tH
ViL—
OH—
D
ouT VoL—
_ Vig—
WE (Write) |, '"
-
VIH—
DiN
ViL—

-— tRTC '
tTRAS /
“\ tAR -
ths. tcpT tRSH l—1tRP
! tCSH i { |
tca