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MEMORY ICs

FUNCTION GUIDE

1. INTRODUCTION
1.1 Dynamic RAM

| it - 1 |

—KM41C1000C-6 [ KM41C1000C-7 | KM41C1000C-8 |

[ !
|KM41C1000CL-6 | KM41C1000CL7 | KM41C1000CL8 |

—KM41C1000CSL-6 | KM41C1000CSL-7 | KM41C1000CSL S |

256Kx4

{kmascosec-6 | kmaac2sec7 | Kmaaczsecs |

JI KM44C256CL-6 H KM44C256CL-7 H KM44C256CL-8 |

] . -
| KM44C256CSL-6 H?MMczsscu Hﬁnuczsscu

[ambit - amx1 |- kmarcaooocs | kmatcaooocs |- kmarcaoooc7 | kmarcacoocs |

- KM41C4000CL5 | KM41C4000CL6 || KM41C4000CL-7 | KM41C4000CL8 |

- KM41C4000CSL-5 | KM41C4000CSL-6 || KM41C4000CSL-7 | KM41C4000CSL-$ |

-{ KM41C4002C-5 —H KM41C4002C-6 H KM41C4002C-7 HKMM 04002;0-8 J

{KM41v4000C-6 | KM41v4000C7 | KM41va000C8 |

Jl KM41V4000CL-6 KM41V4000CL-7 H KM41V4000CL-8 ‘

| R
| kma1vaooocLL6 || KMs1vdoocLL7 | KmatvaooocLLs |

I ELECTRONICS

1




MEMORY ICs FUNCTION GUIDE

[ambit |- 1mxa |-

{kmaac1000cs | kMaac1000c6 |- kmaacioooc-7 . |-{kmasciooocs |

[ KM44C1000CL-5 [ KM44C1000CL-6 | KM44C1000CL-7 | KM44C1000CL-8 |

- KM44C1000CSL-5 |—| KM44C1000CSL-6 [ KM44C1000CSL-7 | KM44C1000CSL-8 |

- KM44C1010C-5 Hkmucwwc-sJ—{ KM4sC1010c7 || kmascrot0c-8 |

kmascro02c-5 |- KMa4C1 002c-6 | KM44c1002c-7 | KMaac1002c-8 |

-{KM44¢10030-5 H KM44C1 oosc-s_H KM44C1003C-7 |-—| KM44C1003C-8 |

-I KM44C1003CL-5 H KM44C1003CL-6 H KM44C1003CL-7 H KM44C1003CL-8 I

-{KM44c1ooacsu5 |—-| KM44C1003CSL-6 H KM44C1003CSL-7 H KM44C1003CSL-8 |

-|KM44c1oo4c-5 HKM44c1oo4c-s H KM44C1004C-7 |——| KM44C1004C-8 |

-IKM44C10MCF-5 H KM44C10040L-LI—-—| KM44C1004CL-7 - H KM44C1004CL-8 |

 kmaac100acsLs || kmasctooacsis [ kmaactooacsL7 |- kmascrooscsis |

{Kmuv1oooc-sJ—| KM44V1000C-7 H KM44V1000C-8 ]

—{ km4sviooocLs || kMasvicoocL7 | kmaaviosocLs |

| R
I|(|vn44v1ooom.|.ﬂ—| KM44V1000CLL-7 |——| KM44V1000CLL |

[kmaavicoacs || kmaaviooac7 | kmaaviooscs |

[Kmaavio0acL s | KMaaviooacL7 |- kmaavicoscrLs |

| y .
| KM44V1004CLL-6 || KM44V1004CLL-7 || kmaaviooacLL-s |

ELECTRONICS



MEMORY ICs FUNCTION GUIDE

lam B/w]——l 512Kx8 H KMA48C512B-5 —H KM48C512B-6 J—| KM48C512B-7 Himacsua-a |

-‘KM480512BL-5 H KM48C512BL-6 Al——-l KM48C512BL-7 HKM48051ZBL-8 l

- KM48C512BLL5 | KMASC512BLL6 || KMABC512BLL-7 | KM4SC512BLL-8 |

- KM48C514B-5 | KM48C514B-6 | KM4BC514B-7 |- KM48C514B-8 |

-| KM48¢.:514BL-5 |- KMasC514BL6 || KM48C514BL-7 | KM4sC514BLS |

—|KM4acs14BLL-5 HKM480514BLL-6 H KM48C514BLL-7 |—|KM4ac514BLL-s ]

[ %
|KM4BV512B-6 || KM48V512B-7 |——|KM48V512B-8 [

{
|KM48V512BL-6 || KM48V512BL-7 | KMASV512BL8 |

|
|KM48V512BLL6 [ KM4BV512BLL-7 | KM4SV512BLLS |

| y y
| KM48V514B-6 J—I KM48V514B-7 H KM48V514B-8 |

I
l KM48V514BL-6 J——-l KM48V514BL-7 I——I KM48V514BL-8 I

{ KM48V514BLL-6 H KM48V514BLL-7 I——I KM48V514BLL-8 '

—|512szl | KMagC5128-6 H KM49C512B-7 |-|KM4905123-8 ]

I B - B
| KM49C512BL-6 J—| KM49C512BL7 | KM49C512BL8 |

| A
|KM49CS12BLL6 || KM4SC512BLL-7 |— KM4SC512BLL-8 |

L 256Kx16|-|KM416C256B-5 || KM416C256B-6 H KM416C256B-7 HKM41602563-8 ‘

KM416C256BL-5 HKMMeczssBL-sJ—( KM416C256BL7 | KM416C256BL8 |

KM416C256BLL-5 || KM416C256BLL-6 || KM416C256BLL-7 || KMd16C256BLL-8 |

ELECTRONICS




MEMORY ICs. - FUNCTION GUIDE

|am BW] T 256Kx16}-

-IKM4‘IGC254B-5 H KM416C254B-6 H KM416C254B-7 H KM416C254B-8 l

-I KM416C254BL-5 H KM416C254BL-6 H KM416C254BL-7 H KM416C254BL-8 ‘

—|KM41662548LL-5 | KM416C254BLL-6 || KM416C254BLL-7 H KM416C254BLL-8 \

-| KM416C156BL-5 H KM416C156BL-6 H KM416C156BL-7 H KM416C156BL-8 l

| km416C156BLL-5 H KM416C156BLL-6 || KM416C156BLL-7 |— KM416C156BLL-8 |

-|7 KM416C157B-5 H K416C157B-6 |—| KM416C157B-7 H KM416C157B-8 ‘

~|KM4160157BL~5 HKM41sc1s7BL-s H KM416C157BL-7 |——| KM416C157BL-8 \

-IKM4160157BLL-5 H KM416C157BLL-6 H KM416C157BLL-7 H KM416C157BLL-8 ‘

|
|KM416V256B-6 || KM416V256B-7 || KM416V256B-8 |

{KMMsvzssBL-s H KM416V256BL-7 H KM416V256BL-8 {

I .
| KM416V256BLL-6 .HT(M416V256BLL 7 H KM416V2563LL-8J

| - _ -
| KM416V254B-6 HKM416V254B7 H KM416V254B-8 ‘

IIKM416V254BL-6 H KM416V254BL-7 |-—-| KM416V254BL-8 t

| KMa16V254BLL-6 || KM416V254BLL-7 || KM416V254BLL8 ]

4 256Kx18

|KM418C256B-6 | KM418C256B-7 |- Kma18C256B-8 [

{meczssal.-s H KM418C256BL-7 | — KM418C256BL-8 |

| KM418C256BLL-6 || KM418C256BLL-7 | KM418C256BLLS |

ELECTRONICS

a , e

- KM416C156B-5 | — KM416C156B-6 [ KM416C156B-7 | KM416C1568-8 \



MEMORY ICs - FUNCTION GUIDE

[1oMbit] | 16Mx1 |- {KMATC16000A5 |- KMA4TCI6000A6 || KMATCT6000A7 || KMA41C16000A |

~{KM41 C16000AL-5 H KM41C16000AL-6 H KM41C16000AL-7 |——{ KM41C16000AL-8 |

~{ KM41C1 6000AL|.-5H KM41 C16000ALL—6H KM41C1 soooALL-7H KM41 c16000ALL-a|

-‘ KM41C1 GOOOASL_-SH KM41C1 SOOOASL-GH KM41C1 GOOOASL-T'——{ KM41C1 6000ASL-4

“Hkmarc1e002a-5 }——|KM41c1soozA-s |- KM41C16002A-7 | KM41C16002A-8 |

| KMA1V16000A-6 | KM41V16000A7 | KM41V16000A-8 |

| KM41V16000AL6 || KM41V16000AL-7 HKM41V16000A|.-8 |

I KM41V16000ALL-6H KM41V16000ALL-7H KM41v1eoooALL-s[

| -
| KM41V16000ASL-6]—| KM41V16000ASL-7— KM41V16000ASL-§

—I 4Mx4 H—-I KM44C4000A-5 H KM44C4000A-6 H KM44C4000A-7 H KM44C4000A-8 |

- kmascaoooaLs |{kmascaoooaLs || KmascaoooaL7 |- KmascaoooaLs |

—| KM44C4000ALL-5 || KM44C4000ALL-6 H KM44C4000ALL-7 || KM44C4000ALL-8 |

| KM44C4000ASL-5 | KM44C4000ASL6 |- KM44C4000ASL-7 | KM44C4000ASL-8 |

—|KM44C4100A-5 [ kMa4C4100A-6 || kmasca100a7 | KMa4ca100A-8 I

 kmaaca100aL5 || kmaacat00aLs || kMascat100AL7 | KMascatr00AL8 |

H KM44C4100ALL-5 | KM44C4100ALL-6 || KM44C4100ALL-7 | KM44C4100ALL-8 |

L(KM!MCMOOASL—S H KM44C4100ASL-6 H KM44C4100ASL-7 H KM44C41 OOASL-BJ

ELECTRONICS




MEMORY ICs FUNCTION GUIDE

|h16M bit|- amxa |

{KM44C4002A-5 || KM44C4002A-6 || KM44C4002A-7 HKM4404002A-8 |

- KM44C4102A-5 |- KM44C41024-6 | KMaaC4102A-7 || KMaac4102A-8 |

- KMaaC4003A5 |- KMaaC4003A6 | KMaacsoosa7 || kMascaoosas |

H KM44C4003AL-5 |- KM44C4003AL-6 || KM44C4003AL-7 || KM4dCa003AL8 |

| KM44C4003ALL-5 || KM44C4003ALL-6 || KM44C4003ALL-7 || KM44C4003ALL S |

| KM44C4003ASL-5 |-| KM44C4003ASL-6 || KM44C4003ASL-7 || KM44C4003ASL-8 |

- KM4aCa103A-5 | KMaaca103A-6 || KMaaca103a7 | kmascstosas |

L KM44C4103AL-5 || KM44C4103AL-6 || KM44C4103AL-7 |{ kMa4catosaLs |

1 KM44C4103ALL-5 || KM44C4103ALL-6 [ KM44C4103ALL-7 || KM44C4103ALL-S |

{ KM44C4103ASL-5 || KM44C4103ASL-6 || KM44C4103ASL-7 || KM44C4103ASL-8 |

- KM44c4004a-5 || KMascao0eas || KMaaca00sA-7 |-{ kmaacatoans |

—{KM44c4004AL-5 | KM4ac4004AL-6 || KMaacaoaAL-7 || Kmaacat0aaL8 |

{ KM44C4004ALL-5 || KM44C4004ALL-6 | | KM44C4004ALL-7 || KMA4CA104ALL 8 |

{ KM44C4004ASL-5 || KM44C4004ASL-6 | | KM44C4004ASL-7 || KM44C4104ASLS |

{KM44C4104A-5 | {KM44C4104A6 | | KM44C4002A-7 | | KM4aca002a8 |

—| KM44C4104AL-5 I—-| KM44C4104AL-6 H KM44C4104AL-7 H KM44C4104AL-8 I

- KM44C4104ALL-5 || KM44C4104ALL-6 || KM44C4104ALL7 | KM44Ca104ALL 8 |

| KM44C4104ASL-5 [ KM44C4104ASL6 [— KMA4C4104ASL-7 [ KMA4C4104ASL-S |

PSiis unog )

ELECTRONICS



MEMORY ICs ’ ' FUNCTION GUIDE

I 16M bit H 4Mx4 |T-‘ KM44C4010A-5 HﬂIIMC401 0A-6 H KM44C4010A-7 H KM44C4010A-8 l

- KM44C4010AL5 |- KM44C4010AL-6 || KM44C4010AL7 || KM44C4010AL-8 |

-I KM44C4010ALL-5 H KM44C4010ALL-6 H KM44C4010ALL-7 I——l KM44C4010ALL-8 |

—IKM44C4010ASL-5 l——{ﬂl44c4010ASL-6 H KM44C4010ASL-7 H KM44C4010ASL-8 |

-’ KM44C4110A-5 H KM44C4110A-6 H KM44C4110A-7 H KM44C4110A-8 l

- KM44C4110AL-5 HKM44C4110AL-6 | KM44C4110AL-7 | KMa4C4110AL-8 |

| KM44C4110ALL5 | KM44C4110ALL6 || KMaaC4110ALL7 || kmadcat10ALL |

~| KM44C4110ASL-5 H KM44C4110ASL-6 H KM44C4110ASL-7 H KM44C4110ASL-8 ‘

—RMMC4005A-5 HKM44C4005A-6 H KM44C4005A-7 HKM44C4005A-8 j

j~|KM44C4005AL-5 HKM44C4005AL-6 HKM44C4005AL-7 HKM44C40.05AL-8 J

{ KM44C4005ALL-5 Hﬂw44c4005ALi.-6 H KM44C4005ALL-7 || KM44C4005ALL-8 |

- KM44C4005ASL-5 | KM44C4005ASL-6 || KM44C4005ASL-7 || KM44C4005ASL-8 |

—[ KM44C4105A-5 HKM44C4105A-6 |—| KM44C4105A-7 |—-|KM44c4105A-8 }

HKM44C4105AL-5 H KM44C4105AL-6 H KM44C4105AL-7 H KM44C4105AL-8 J

-{KM44c4105ALL-5 H KM44C4105ALL-6 H KM44C4105ALL-7 H KM44C4105ALL-8 |

- KM44C4105ASL-5 || KM44C4105ASL-6 || KM44C4105ASL-7 || KM44C4105ASLS |

[ .
| KM44V4000A-6 || KM44V4000A-7 || KM44V4000A-8 |

{
lKM44V4000AL-6‘HKM44V4000AL-7 HKM44V4000AL-8 l

{KM44V4000ALL-6 || KM44V4000ALL-7 |— KMA44V4000ALL-8 |

T . R .
| KM44V4000ASL e_H KM44V4000ASL-7 || KM44V4000ASL-8 |

ELECTRONICS




MEMORY ICs FUNCTION GUIDE

[1embit|—{ amxa |-

I
| KM44V4100A-6 J—LKM44V4100A-7 —I—-I KM44V4100A-8 j

|
| KM44V4100AL-6 I—-I KM44V4100AL-7 H£M44V41 00AL-8 I

|
LKM44V41 00ALL-6J—IﬂII44V41 00ALL-7 H KM44v41 OOALL-;I

| KM44V4100ASL-6 [ KM44V4100ASL-7 | KM44v4100ASLS |

[
1 KM44V4004A-6 HKM44V4004A-7 H£M44V4004A-8 I

| KM44VA004AL-6 | KM44VAO04AL-7 || KM44v4004ALS |

I
IKM44V4004ALL-6J—| KM44V4004ALL-7 I——I KM44V4004ALL-8 I

| KM44V4004ASL-6 I——I KM44V4004ASL-7 H KM44V4004ASL-8 I

[ ~ R -
| KMaav4104A-6 J—LKM44V4104A7 Hﬂn44V4104A 8 |

I
1 KM44V4104AL-6 H KM44V4104AL-7 I—LKM44V4104AL-8 |

| KM44V4104ALL-6 | KM44V4104ALL-7 | KM4aV4104ALLS |

IKM44V4104ASL-6 H KM44V4104ASL-7 I—I KM44V4104ASL-8 |

fisM BW— 2Mxs |-

-I KM48C2000A-5 KM48C2000A-6 H KM48C2000A-7 I—-I KM48C2000A-8 |

‘IKM48C2000AL-5 H KM48C2000AL-6 H KM48C2000AL-7 1—-&(M4802000AL-8 '

—-I KM48C2000ALL-5 KM4802000ALL-6J—| KM4802000ALL-7 I——-I KM48C2000ALL-8 |

| KM48C2000ASL-5 H KM4BC2000ASL-6 || KM48C2000ASL-7 | KM48C2000ASL-8 ]

L KM48C2100A-5 HKM4scz100A-s J——IKM4802100A-7 I—Iﬂusczwoms |

—I KM48C2100AL-5 H KM48C2100AL-6 I—I KM48C2100AL-7 I—I KM48C2100AL-8 I

| KM48BC2100ALL-5 || KM4BC2100ALL-6 || KM4BC2100ALL-7 | KM48C2100ALL-8

L KM48C2100ASL-5 H KM4802100ASL-(1}—-U(M4802100ASL-7 H KM48C2100ASL8 |
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MEMORY ICs

FUNCTION GUIDE

l16M BM 2Mx8 IV(LKM48C2OO4A-5 H KM48C2004A-6 H KM48C2004A-7 H KM48C2004A-8 |

H KM48C2004AL6 | KM48C2004AL-6 || KM4sC2004AL-7 HKM4sczoo4AL-s |

-I KM48C2004ALL-6 H KM4802004ALL‘-6—H KM48C2004ALL-7 H KM48C2004ALL-8 l

-lKM48C2004ASL-6 H KM48C2004ASL-6 |—| KM48C2004ASL-7 H KM48C2004ASL-8 |

~LKM4BC2104A-5 H KM48C2104A-6 H KM48C2104A-7 H KM48C2104A-8 |

- KM48C2104AL5 | — KM4SC2104AL6 || KM4BC2104AL-7 H KM48C2104AL-8 |

-LKM4802104ALL-5 H KM48C2104ALL—6H KM48C2104ALL-7 H KM48C2104ALL-8 ’

-LKM48021 04ASL-5 H KM4802104ASL-6H KM48C2104ASL.-7 H KM48C21 04ASL-8J

[KM4avzoooA-s H KM48V2000A-7 H KMA48V2000A-8 [

IKM48V2000AL-6 H KM48V2000AL-7 HKM48V2000AL—8 ’

]lKM48V2000ALL-6 H KM48V2000ALL-7 H KM48V2000ALL-8 |

{ KM48V2000ASL-6H KMA48V2000ASL-7 H KM48V2000ASL-8 ]

{KM48V2100A-6 H KM48V2100A-7 H KM48V2100A-8 |

}KM48V2100AL-6 H KM48V2100AL-7 H KM48V2100AL-8 |

I KM48V2100ALL-6H KMA48V2100ALL-7 | KM48V2100ALL8 |

| KM48V2100ASL-6 || KM48V2100ASL-7 [ KM48V2100ASL S |

I - - -
| KM48V2004A-6 H KM48V2004A-7 H KM48V2004A-8 I

{KM48V2004AL-6 H KM48V2004AL-7 HKM48V2004AL-8 I

|
| KM48V2004ALL-6 || KM4BV2004ALL-7 | KM48V2004ALLS |

| KM48V2004ASL-6 || KM48V2004ASL-7 [ KM48V2004ASL S |

s uig
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MEMORY ICs

FUNCTION GUIDE

tem B 2Mxs |

| .
|KM48V2104A6 | KM4BV2104A-7 | KMaBv2104A-8 |

M ' :
—{KM48V2104AL6 | KM48V2104AL-7 | KM48V2104AL-8 |-

| KM48V2104ALL-6 || KM48V2104ALL-7 | KMasv2104ALL=S |

[ kMa8v2104SL-6 || KM4sV2104aSL-7 |- KM4sv2104ASLS |

-I 1Mx16 I[

{KM416C1000A6 | KM416C1000A-7 || KM416C1000A-8 |

]I KM41601000A-M—| KM416C1000A-L7 H KM416C1000A-L8 ’

—{ KM416C1000A-F6 | KM416C1000A-F7 || KMa16C1000a-F8 |

|
]KM41GC1200A-64H KM416C1200A-7 H KM416C1200A-8 |

{KM416C1200A-L6 | KM416C1200A-L7 | KM416C1200A-L8 |

{ KM416C1200A-F6 KM416C1200A-F7 H KM416C1200A-F8 ]

[ R
IKM41601004A-LHKM41601WA7 H KM416C1004A-8 ]

[kM416C1004A-L6 || KM416C1004A-L7 | KM416C1004A-L8 |

| KM416C1004A-F6 || KM416C1004A-F7 | KM416C1004A-F8 ]

|
|KM416C1204A6 || KM416C1204A-7 | KM416C1204A-8 |

RMM 6C1204A-L6 KM416C1204A-L7 I-—| KM416C1204A-L8 l

RMM 6C1204A-F6 KM416C1204A-F7 H KM416C1204A-F8 ‘

s uig
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MEMORY ICs FUNCTION GUIDE

6M B/W— 1Mx16 | 1[ KM416V1000A£M416V1MA-7 H KM416V1000A-8 |

{KM416V1000A-L6 | KM416V1000A-L7 || KM416V1000A-L8 |

11 KM416V1000A-F6 KM416V1000A-F7 H KM416V1000A-F8 |

1[ KM416V1200A-6 I——-l KM416V1200A-7 H KM416V1 200A-8—!

{KM416V1200A-L6 || KM416V1200A-L7 || KM416V1200A-L8 |

I
{ KM416V1 200A-F6—I—[ KM416V1200A-F7 H KM416V1200A-F8 l

[ R i
| KMa16V1004A-6 Hﬂn41sv1oo4A7 |—-| KM416V1004A-8 |

! KM416V1004A-L6 H KM416V1004A-L7 H KM416V1004A-L8 |

]F KM416V1004A-F6 || KM416V1004A-F7 || KM416V1004A-Fs |

| KM416V1204A-6 || KMa16V1204A-7 l—-] KM416V1204A-8 |

1' KM416V1204A-L6 H KM416V1204A-L7 H KM416V1204A-L8 I

| KM416V1204A-F6 || KM416V1204A-F7 || KM416V1204A-F8 |

PEiinsungg i
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MEMORY ICs | FUNCTION GUIDE

6am bit] | smxs | — KM48V8000-5 | KM48V80005 || KM48VB00O-7 |

|kmaaveooo-Ls || kmsvaooo-Le || kmasvaooo-L7 |

Irxmuvsm@Fs Hkmevaooo-Fs |- Km4svaooo-F7 |

{Kmsvswo-s }—{L(nmvmoo-s H KM48V8100-7 \

i Y
|KM48V8100-L5 || KM48V8100-L6 HKM48V8100 L7

[ y
[ kmaaver00-F5 || kmasvs100-F6 || kmasverooF7 |

| KM48V8004-5 | KM48VB0O4-6 | KM4SVE004-7 |

[
| KM48VB004-L5 || KM48VBOO4-L6 | KMaeVe0os-L7 |

[
| KM48V8004-F5 H KM48V8004-F6 HKM48V8004-F7 ~

[ ' N
| Kmasvs104-5 || KMdBVB104-6 | KMdsve104-7

]f KM48V8104-L5 H KM48V8104-L6 H KM48V8104-L7 l

[ ¥ N
| KM48V8104-F5 | KM4sVB104-F6 HKM48V8104 F7 ]
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MEMORY ICs FUNCTION GUIDE

1.2 Dynamic RAM Module

[4M Based—|>~[ 1Mx8 H KMM581000CN-6 H KMM581000CN-7 H KMMS581000CN-8 |

——I 1Mx9 H KMM591000CN-6 H KMM591000CN-7 H KMM591000CN-8 l

—1 4AMx8 H KMM584000C-5 H KMM584000C-6 |—| KMM584000C-7 H KMM584000C-8 J

—{ 4AMx3 H KMM594000C-5 H KMM594000C-6 H KMM594000C-7 ]>| KMM584000C-8 l

*l 1Mx32 H KMM5321000CV/CVG-5 H KMM5321000CV/CVG-6 H KMM53210000V/CVG-7H KMM5321OOUCV/CVG-BI

~|71Mx33 I—@AS%WOOC/CG-G H KMM5331000C/CG-7 I—IﬂMS3310000/CG-8]

—-I 1Mx36 KMM5361000C2/C2G-6 H KMM5361000C2/C2G-7 H KMM5361000C2/C2G-8 I

KMM5361000CH-5 HKMM5361000CH-6 H KMM5361000CH-7 H KMM5361000CH-8 l

KMM5361003C/CG-5 H KMM5361003C/CG-6 HKMM53610030/CG-7HKMM5361003C/CG-8 l

H 1Mx40 H KMM54010000/CG/CM-5H KMM5401000C/CG/CM-6 H KMM5401 OUOC/CG/CM-7H KMM5401000C/CG/CM-8 I

2Mx32 H KMM5322000CV/CVG-5 H KMM5322000CV/CVG-6 H KMM53220000V/CVG—7H KMM5322000CV/CVG-8 I

2Mx36 KMM536200002/C2G~6H KMM5362000C2/C2G-7 H KMM5362000C2/C2G-8 |

KMM5362000CH-5 H KMM5362000CH-6 H KMM5362000CH-7 H KMM5362000CH-8 |

KMM5362003C/CG-5 F{ KMM5362003C/CG-6 MMS%ZO%C/CGJH KMM5362003C/CG-8 I

2Mx40 H KMM5402000C/CG/CMﬂ—| KMMB5402000C/CG/CM-6 HEMMS%ZOOOC/CG/CMJ—H KMM54020000/CG/CNBI

4Mx32 H KMM5324000CV/CVG-5 H KMM5324OOOCV/CVGiH?MMSGZAiOOUCV/CVG-?H KMM5324000CV/CVG-8 |

4Mx33 H KMM5334000CV/CVG-5 H KMM5334000CV/CVG-6 H KMM5334000CV/CVG-7 HKMM5334000CV/CVG-8 |

I

4Mx36 H KMM5364000C/CG-5 HKMMSSMOOOC/CG-G H KMM5364000C/CG-7H KMM5364000C/CG-8J
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MEMORY ICs FUNCTION GUIDE

Ll 256Kx32 H KMM532256BW/BWG-6 H KMM532256BW/BWG-7 H KMM532256BW/BWG-8 I

}—l 256Kx36 J——I KMM536256BW/BWG-6 H KMM536256BW/BWG-7 HWM&GZ%BW/BWG-BJ

—[ 512Kx32 H KMM532512BW/BWG-6 WMM5325128W/BWG-7 HKMM53251ZBW/BWG-8J

‘—[ 512Kx36 H KMM536512BW/BWG-6 WMM%BSIZBWBWG-7H KMM536512BW/BWG-8 |

| 16M Based I——l 4Mx8 |~—| KMM584100AN-5 H KMM584100AN-6 H KMM584100AN-7 HWMSSMOOAN-U

‘l KMM584100AKN-5 H KMM584100AKN-6 H KMMB584100AKN-7 H KMM584100AKN-B]

-—l 4Mx9 I‘\"' KMM594100AN-5 H KMM594100AN-6 H KMM594100AN-7 H KMM594100AN-L|

<| KMM594100AKN-5 H KMM594100AKN-6 H KMMB594100AKN-7 H KMM594100AKN-8 ]

-—I 16Mx8 KMM5816000A/AT-5 H KMM5816000A/AT-6 H KMM5816000A/AT-7 H KMM5816000A/A'&I

KMM5816000AK-5 H KMM5816000AK-6 H KMMB5816000AK-7 H KMM5816000AK-8 ]

—l 16Mx9 KMM5916000A/AT-5 H KMM5916000A/AT-6 H KMM5916000A/AT-7 H KMMS5916000A/AT-8 |

KMM5916000AK-5 HKMM5916000AK-6 HKMM5916000AK-7 H KMM5916000AK-8 |

—[ 4Mx32 KMM5324100AV/AVG-5 HT(MM5324100AV/AVG-6 H KMM5324100AV/AVG-7 H KMM5324100AV/AVG-8 I

KMM5324000AV/AVG-5 ]—F(MMSSMOOOAV/AVG-G H KMM5324000AV/AVG—7H KMM5324OODAV/AVG-8—I

KMM5324100AK/AKG-5 KMM5324100AK/AKG-?H£»/IM53241OOAK/AKG-7H KMM5324100AK/AKG-8 I

KMM5324000AK/AKG-5 KMM5324000AK/AKG-6 H KMM5324000AK/AKG-7 H KMM5324000AK/AK(ﬂ

—[ 4Mx33 J——,m5334100A/AG-5 I—F(MM5334100A/AG-6H£JIM5334100NAG-7HKMM5334100A/AG-8 I
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*L 4Mx36 I»*I KMM5364100A/AG-6 H KMM5364100A/AG-6 H KMM5364100A/AG-7H KMMB5364100A/AG-8 I

Ll KMM5364100A1/A1G-5 H KMM5364100A1/A1G-6 H KMM5364100A1/A1G-7 H KMM5364100A1/A1G-8 |

HI KMMSSS4100AH/AHG-5H£MM5364100AH/AHG-6 H KMM5364100AH/AHG-7H KMM5364100AH/AHG?|

—| KMME364000AH/AHG-5 H KMM&MWMG%WMMW/MG-7 H KMM5364000AH/AH(;I|

<| KMM53M1MMWMHGiH KMM5364100AKH/AKHG-6H KMMSGGMODAKH/AKHG-?HKMMSSGMOOAKH/AKHG-—Bl

{ KMM5364000AKH/AKHG-5 HﬁﬂMSSMOOOAKH/AKHG-S HKMM5364000AKH/AKHG-7 H KMM5364000AKH/AKHG-8 |

—[ KMMB5364103AK/AKG-5 H KMM5364103AK/AKG-6 HKMM5364103AK/AKG-7 |—| KMM5364103AK/AKG-8 |

‘—I KMM5364003AK/AKG-5 H KMM5364003AK/AKG-6 H KMM5364003AK/AKG-7H KMM5364003AK/AKG-8 |

~l 4Mx39-

J—

—I KMM5394100AM-5 H KMM5394100AM-6 WMM53941OOM-7 H KMM5394100AM-8 I

—[ KMM5394000AM-5 H KMM5394000AM-6 H KMM5394000AM-7 H KMMB5394000AM-8 I

—| 4Mx40

—T

—l KMM5404100A/AG-5 H KMM5404100A/AG-6 H KMM5404100A/AG-7H KMM5404100A/AG-8J

>—[ KMM5404000A/AG-5 H KMM5404000A/AG-6H KMM5404000A/AG-7H KMMS404000A/AG-8 |

FI KMM5404100AK/AKG-5 H KMM5404100AK/AKG-6 H KMM5404100AK/AKG-7H KMM5404100AK/AKG-8 I

L" KMM5404000AK/AKG-5 I—UMMSMMOOAK/AK@—' KMMB5404000AK/AKG-7 —|—|7KMM5404000AK/AKG-8 I

«l 8Mx32 ]vr KMM5328100AV/AVG-5H KMM5328100AV/AVG-6 H KMM5328100AV/AVG-7H KMM5328100AV/AVG-8 |

‘l KMMS5328000AV/AVG-5 ]—UMMSSZEOOOAV/AVG-S H KMM5328000AV/AVG-7 H KMM5328000AV/AVG-8 l

—I KMM5328100AK/AKG-5 H;KMM53261>00AKIAKG-6 H KMM5328100AK/AKG—7HKMM5328100AK/AKG-8J

<I KMM5328000AK/AKG-5 HKMMSSZ&ODOAK/AKG-G H KMM5328000AK/AKG-7 H KMM5328%0AWAKGﬂ

-—l 8Mx33 H KMM5338100AKV/AKVG-5 H KMM5338100AKV/AKVG-6 H KMM5335100AKV/AKVG-7H KMM5338100AKV/AKVG-8 |
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-L 8Mx36 I»*I KMM5368100A1/A1G-5 HKMMSSBBWOAVMG-B HKMMSSG&1OOA1/A1G-7 H KMM5368100A1/A1G-8 ]

H KMM5368100AH/AHG-5 H KMM5368100AH/AHG-6 H KMM53681 00AH/AHG-7J—|l(MM53681 00AH/AHG-84|

—{ KMM5368000AH/AHG-5 H KMM5368000AH/AHG-6 J—LKMM5368000AH/AHG-7J—@MSSGBOUOAH/AHG-BJ

“l KMM5368100AKH/AKHG-5 H KMM5368100AKH/AKHG6H KMM53681 00AKH/AKHG-7J—| KMM5368100AKH/AKHG-8J

)—IﬂdMSSSSOOOAKH/AKHG-E HWM%OOUAKH/AKHG-S H KMM5368000AKH/AKHG-7 HWM%GBOOOAKH/AKHG-B |

—I KMM5368103AK/AKG-5 H KMM5368103AK/AKG-6 H KMM5368103AK/AKG-7 H?JIM5368103AK/AKG-8—|

‘—I KMM5368003AK/AKG-5 H KMM5368003AK/AKG-6H KMMSSSGUOSAK/AKG-?H KMMSSSSOO3AK/AKG—d

iBMX40 KMM5408100AK/AKG-5 HL(MM5408100AK/AKG-6 H KMM5408100AK/AKG-7 H KMM5408100AK/AKG-8 I

KMM5408000AK/AKG-5 H KMM5408000AK/AKG-6 H KMMB5408000AK/AKG-7 H KMM5408000AK/AKG-8 |

4' 1Mx32 —lTl KMM5321200AW/AWG-6 H KMM5321200AW/AWG-7 H KMM5321200AW/AWG%J

—l KMM5321000AW/AWG-6 KMMS5321000AW/AWG-7 WM%21WW/AWG-B l

‘LKMM5321203AW/AWG-6 KMMB5321203AW/AWG-7 J—-@MSSZWOBAW/AWG-BJ

*L 2Mx32 —lTl KMM5322200AW/AWG-6 H KMM5322200AW/AWG-7H KMM5322200AW/AWG-8J
*l KMMS5322000AW/AWG-6 H KMM5322000AW/AWG-7 J—WM&ZZOOOAW/AWG-BJ

7| KMM5322208AU/AUG-6 H KMM5322208AU/AUG-7 H KMM5322208AU/AUG-8 I

{ KMM5322100AU/AUG-6 }WM%Z21MAU/AUG-7 KMM5322100AU/AUG—8J

—I 2Mx36 KMMS362203AW/AWG-6 WM%ZZ%AW/AWG-? H KMMS5362203AW/AWG-8 I

KMM5362209AU/AUG-6 J—LKMMSSG2209AU/AUG-7J—| KMM35362209AU/AUG-8 |
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1.3 Video RAM

\
I CMOS‘I—'% 256K bit H 64K x4 I—LKM424CG4-1OH KM424C64-12 I
‘l 512K bi’TH 64K x 8 HKM428064-7 H KM428C64-8 —'———l KM428C64-10 l

—{ 1M bit 256KX4—|—[—I KM424C256A-6 HKM424C256A-7 H KM424C256A-8 I
l—I;KM424C257-6 H KM424C257-7 ] UM4240257-8 |

128K><8HKM4280128-6 |——| KM428C128-7 | . BM4280128-8 |

«[ M bitHZSGKXG KM428C256-6 HKM4280256-7 I——I KM428C256-8 |
*
KM428V256-L|——| KM428V256-8—|

KM428C257-6 H KM428C257-7 H KM428C257-8 l

KM428C258-6 H KM428C258-7 H KM428C258-8 |

ft Tt it
1—[ aM bit—l——{ 256Kx161——h<M42160256-6H KM4216C256-7 I——l KM4216C256-8 I

i i

ft
%I 8M bitH 256KX32H KM4232C256-6 H KM4232C256-7 H KM4232C256-8 J

Tt Under Development
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MEMORY ICs FUNCTION GUIDE

1.4 Static RAM
Standard SRAM

| CcMOs }—I 64K H 8Kx8 H KM6264BL-7/7L H KM6264BL-10/10L H KM6264BL-12/12L ]
—l 256K H 32K x8

-—[ KM62256BL-7/7L I—rKM62256BL-8/BL H KM62256BL-10/10L H KM622568L-12/12LJ

4{ KM62256BLI- 7/7LH KM62256BLI- 10/1(Ll

—[ KM62256CL-5/5L H KM62256CL-7/7L H KM62256CL-8/8L HKM622560L-10/10LJ

L[ KM62256CLI-7/7L H KM622560LI-10/10L|

KM62256CL-7LY
{ 512K H 64K X8 }—[ KMe8512L-5/5L ]-r KM68512L-7/7L H KM8512L-8/6L H KM68512L-10/10LJ

-{ KM68512AL-5/5L HKMGBSQAL-?NL H KM68512AL—8/8LJ

~| M H 128K x8 |>~[ KM681000BL-5/5L H KM681000BL-7/7L H KM681000BL-B/BLHKMGNOOOBL-10/1OLJ

~| KM681000BLI-7/7L HKM681000BLI-10/1OLJ

-I KM68V1000BL-7/7L H KM68V1000BL-10/1 OLH KM68V1000BL-15/1 5L]

LI 4aM H 512K><£h{ KM684000L-5/L-5L H KM684000L-7/L-7L HKMGS4000L—8/L-8LH KM684000L-10/L-10L

‘{ KM684000IL1-7/L1-7L H KM684000ILI-8/L1-8L HKM684000ILI 10/L- 10[J
+

N

KM6164000AL-5/5L [ KM6164000AL-7/7L -{KM6164000AL 8/8L. |

’

+
KM68V4000AL-7/7L [ KM68VA000AL-10/10L -|?M68V4000AL—12/12L I

T

S

i , ?
Ll KM616V4000AL-7/7L —l KM616V4000AL-10/10L -|7KM616V4000AL-12/12L|
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FUNCTION GUIDE

Pseudo SRAM

| CMOS H M H 128K % 8 H KM658128A/L-8/8L HKM658128M.—10/10LHKM658128A/L—12/12L]

High Speed SRAM
|CMOS H 64K H 16Kx 4 f~{ KM6465B-12 H KM6465B-15 KM6465B-20 —H KM6465B-25 l
KM6466B-12 H KM6466B-15 KM6466B-20 1—| KM6466B-25 |
(With OE)
*I 8Kx8 J‘{ KM6865B-12 H KM6865B-15 KM6865B-20 H KM6865B-25 |
Iy
—{ 256K |~ 64K x 4 }—I KM64258B-15 KM64258B-20 KM64258B-25 —I
ith Ol
~| KM64258C-12 KM64258C-15 KM64258C-20_|

ith Of

KM64v258C-15

KM64v258C-17

KM64v258C-20 —l

(With O)
JAY
<[ 32Kx8 KM68257B-15 KM68257B-20 KM68257B-25 —l
KM68258C-12 KM68258C-15 KM68258C-20 ]
A

KM68V257-15

KM68V257-17

KM68V257-20 |

Low Voltage Operation

KM68V257C-15

I LTI T I T T p

KMB8V257C-17

KM68v257C-20 I

(Low Voltage Operation)

>

'—l 512K H 32Kx 16

KM616513-15

KM616513-17

A
KM616513-20 |—7

KM616513-25 J

A

A
KM616V513-15 H KM616V513-17

IDTBIIDIZDZ;IIDIII

KM616V513-20 —l

Low Voltage Operation

P nsungg
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MEMORY ICs

FUNCTION GUIDE

A

A A
~| 1M—|~1 1Mx 1 I—r KM611001-20 J—l KM611001-25 H KM611001-35

~|7256K>< 4 |~

—I KM641001-20‘H KM641001-25 H KM641001-35

—l KM641003-15

H KM641003-17 H KM841003-20

f

[ =

N =

ki

KM641003A-12 |— KM641003A-15 I— KM641003A-17 KM641003A-20 |
i ]

KM64V1003A-12 I— KM64V1003A-15 l— KM64V1003A-17 KM64V1003A-20 ]

(Low Voltage Operation)

-I 128K x 8 I~—| KM681001-20

T

KM681001-25 H KM681001-35

—i KM681002-15

KM681002-17 H KM681002-20

)
+ b 1
l KM681002A-12 |> KM681002A-15 |~ KM681002A-17 KM681 002A-26 |
i t it t
| kMe8v10024-12 4|> KM68V1002A-15 KM68V1002A-17 KM68V1002A-20 |
{Low Voltage Operation)
~|764K><16 —|~—-|7 KM6161002-15 J—l KM6161002-17 H KM6161002-20 |
it it
H KM6161002A-12 H KM6161002A-15 H KM6161002A-17 KM6161002A-20 I

[—

KM616V1002A-12 J’

KM616V1002A-15 —|>

KM616V1002A-17

It
H KM616V1 002A-20—|

{Low Voltage Operation)

o

1Mx4 H KM644002-17/L-1LH KM644002-20/L-20 H KM644002-25/L-25

512Kx 8 H7KM684002-17/L-17J-{ KM684002-20/L-20 H KM684002-25/L-25 I

256K x 16 H KM6164002-20/L-2ﬂ—| KM6164002-25/L-25 H KM6164002-35/L.-35 |

L 1ms ugg
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MEMORY ICs

FUNCTION GUIDE

BiCMOS SRAM
BiCMOS —*I 256K 64K x4 |>-| KM64B258A-8 KM64B258A-10 H KM64B258A-12 |
TTL /O * _(Revolutionary, With OF) _* +
KM64B261A-6 KM64B261A-7 H KM64B261A-8 |
(Revolutionary)
32Kx8 |‘ KM68B257A-8 H KM68B257A-9 H KM68B257A-10 H KM68B257A-12 l

*

(Evolutionary} *

*

KM68B261A-6 H

KM68B261A-7 H

KM68B261A-8 I

*

*

256K x 4 H KM64B1003-8

KM6481003-10 H

KM64B1003-12 H KM64B1003-15 |

(Revolutionary, With OF)
*

*

128K x 8 |——-| KM68B1002-8

H

KM68B1002-9 H

KM68B1002-10 KM68B1002-12 |

(Revolutionary)

KM68B1002-15

s

{ 1Mx4

i
KM64B4002-10 H

4
KM64B4002-12 H

KM64B4002-15 '

(Revolutionary, With OF) +

KM64Bv4002-10

i)
KM64BV4002-12 J»

KM64BV4002-15 |

f

(3.3V Operation-Revolutionary, With OE)

'-I 512Kx8 }

~| KM68B4002-10

B

i
KM68B4002-12 l'

KM68B4002-15 |

f

(Revolutionary, With OE) 1

i

KM68BV4002-10

KM68BV4002-12 |~

KM68BV4002-15 J

f

(3.3V Operation-Revolutionary)

~l 256K x 16 |-—-|

¥
KM616B4002-10 H

i
KM616B4002-12 H

KM616B4002-15 I

f

(Revolutionary, With OE} -

F

I

KM616BYV4002-10 |>

KM616Bv4002-12 r

KM616BV4002-15 I

(3.3V Operation-Revolutionary)

PEiinsunog
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MEMORY ICs

FUNCTION GUIDE
Specialty SRAM
Sync. TI 288K H 32Kx9 KM79C86J-14 l> KM79C86J-19 KM79C86J-20 |
SRAM . {Interleave Burst)

I

256K x4 H KM741006J-10 H

KM741006J-12

H KM741006J-15 |

1

(§ep. 170}

64K x 18

KM718B86-10

. i
KM718886-9 H
i

1 (nterleave Burst)

i
H— KM718B86-12. |
1

f

KM718B90-9 KM718B90-10 KM718B90-12 J
uential Burst)
KM718BV87-9 KM718Bv87-10 KM718BV87-12 J

T Interleavet Burst, Glue)

KM718BV90-9

B s

KM718Bv90-10

T T

KM718BV90-12 |

(Sequential Burst, Glue)

o e

L

KM7484006-10

KM74B4006-12

KM74B4006-15 ]

——

* : New Product

T : Preliminary Product

1t : Advanced Information

A : Last Time by Product

Phimsuncg
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MEMORY ICs FUNCTION GUIDE

1.5 MASK ROM
Standard Product

r CMOS Wﬂl 256K bit H 32K x 8 H KM23C256(G)-12 H KM23C256(G)-15
—I 512K bit—l—l 64K x 8 —H KM23C512(G)-12 Hﬁ KM23C512(G)-15
1 1M bit ]—I 128K x 8 }{ KM23C1000-12 H KM23C1000-15

—I KM23C1001-12 H KM23C1001-15

KM23C256(G)-20 |

KM23C512(G)-20 |

KM23C1000-20

~I KM23C1010(G)-12 H KM23C1010(G)-15 KM23C1010(G)-20

KM23C1001-20 I
KM23C1011(G)-20 I

~r KM23C1011(G)-12 H KM23C1011(G)-15

~| 2M bit —|~-| 256K x 8

_l_‘
=
<
>
5}
Q
R
S
S
S
P
o
=)

KM23C2000A(G)-12 KM23C2000A(G)-15

—l KM23C2000B(G)-10 H KM23C2000B(G)-12 KM23C2000B(G)-15

4 KM2302001A(G)-10J—{ KM23C2001A(G)-12 KM23C2001A(G)-15

mn e s s e s s e e

o e ]

4 KM23C2001B(G)-10 H KM23C2001B(G)-12 KM23G2001B(G)-15

256K x 8/
758K x 16 KM23C2100A-10 |-—| KM23C2100A-12 H KM23C2100A-15

1 [ .
KM23C2100B-10 H KM23C2100B-12 H KM23C2100B-15

] L

‘I 4M bit

s

rr 519K x 8 KM23C4000B(G)-10 H ‘KM2304OOOB(G)-124H KM23C4000B(G)-15

KM23C4001B(G)-10 l—rKM2304001B(G)-12 H KM23C4001B(G)-15

KM23C4000C(G)-10 |-—| KM23C4000C(G)-12 H KM23C4000C(G)-15 |

KM23C4001C(G)-10 H KM23C4001C(G)-12 H KM23C4100B(G)-15

S2KX8L 11 KM23C4100B(G)- 1(&{ KM23C4100B(G)- 12J—‘ KM23041OOB(G)-15J

KM23C4100C(G)-10 iKMZSCMOOC(G) |—| KM23C4100C(G)-15 |

KM23C4200B-12 H KM23C4200B-15 KM23C4200B-20 I

1 1 .
KM23C4200C-10 J—I KM23C42000—124H KM23C4200C-15 I
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MEMORY ICs FUNCTION GUIDE

I CMOS h{ M bitgl?{ 1Mx8 |~—[ KM23C8000B(G)-10 H7M23CSOOOB(G)-12 H KMZSCBOOOB(G)-15J

—[ KM23C8000C(G)-12 HiKMZSCBOOOC(G)JS‘H KM23C8000C(G)-20 |

-r KM23C8001B(G)-10 H7M2308001B(G)-12 H KM23C8001B(G)-15 l
{ KM23C8001C(G)-12 H7KM2308001C(G)-15 H KM2308001C(G)-20J

{ KM23C8100B(G)-10 H KM23C8100B(G)-12 H KM23C8100B(G)-15 l

1M x 8/
512K x 16

{ KM23C8100C(G)-12 H KM23C8100C(G)-15 H KM23C8100C(G)-20 |

{ KM23C16101A-12 J—IjKM23016101A—1MM23016101A-20 l

*

-I 16M bit 2Mx 8

[ —

L-|7 KM23C16101B-12 H KM23C16101B-15—|—| KM23C16101B-20 I

2M x 8/
1M x 16

J— —

{ KM23C16000A(G)-12 J—I KM23C16000A(G)-15 H KM23C16000A(G)-20 I

{ KM23C16000B(G)-12 H KM23C16000B(G)-15 HJ(M230160008(G)-20 I

1 1 1
4 KM23C32101A-12 H KM23C32101A-15 H KM23032101A-20J

* 32M bit i~| 4M x 8

s

rl KM23C32110-15 H KM23C32110-20 I—-L KM23C32110-25 J

[ f f -
{ KM23C32110A-12 KM23C32110A-15 H KM23C32110A-20 I

‘r 2M x 16 KM23C32000-15 WKM%CSZOOOQO —H KM23C32000-25 I

1 i
KM23C32000A-12 H KM23C32000A-15 I—L KM23032000A-20J

Ll X8 KM23C32000G-15 I—L KM23C32000G-20 I—Lszsoszoooe-zs l
A

— 1 .f
KM23C32000AG-12 HKM23CS2000AG-15 H KM23C32000AG-20 |
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MEMORY ICs FUNCTION GUIDE

T T i
‘1 6aM bit [ SMx8 H KM23C64000G-12 |—-| KM23C64000G-15 J~| KM23C64000G-20 |

f f t
mx1e H KM23C642005G-12 |—-| KM23C64200SG-15 H KM23C64200SG-20 |

* : New Product
T : Under Development

Page Mode Product

CMOS 8M bit H S8 KM23C8105B(G)-10 H KM23C8105B(G)-12 H KM23C8105B(G)-15 |

16M bit |—| 2M X8 H KM23C16005A(G)-12 H KM23C16005A(G)-15 H KM23C16005A(G)-20 |

32M bit

——

FI 2Mx 16 KM23C32005-15 H KM23C32005-20 H KM23C32005-25 J

1 1
KM23C32005A-10 H KM23C32005A-12 H KM23C32005A-15 J

X8l KM23C32005(G)-15 H KM23C32005(G)-20 H KM23032005(G)-25'|

) i
KM23C32005AG-10 H KM23C32005AG-12 H KM23C32005AG-15 |

f T |
aMx 18 |—| KM23C32205ASG-10 H KM23C32205ASG-12 H KM23C32205ASG-15 J
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MEMORY ICs | FUNCTION GUIDE

Low Voltage Product

* *

l CMOS |T| 4M bit 512K x 8 KM23V4000B(G)-15 H KM23v4000B(G)-20 I—l KM23V4000B(G)-25J

KM23V4001B(G)-15 |—| KM23V4001B(G)-20 H KM23V4001B(G)-25J

ggé,*é;fé |—LKM23V41003(G)-15 H KM23V4100B(G)-20 H KM23V4100B(G)-25 |

1 8M bit |~’—| 1Mx8 KM23V8000B(G)-20 H KM23V8000B(G)-25 H KM23VBOOOB(G)-30J

KM23V8001B(G)-20 H;KM23V8001B(G)-25 H KM23V8001B(G)—3(£'

L| 5]2”,(")(81/6 kM23V81008(G)-20MM23V81OOB(G)—25 H KM23V81OOB(G)-3L|

*

~l 16M bit l~+ 2Mx 8 H KM23V16101A-20 H KM23V16101A-25 H KM23V16101A-30 |

f,'\‘,,”;‘?éH KM23V16000A(G)-20 H KM23V16000A(G)-25 H KM23V16000A(G)-30 l

*  New Product
T : Under Development
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1.6 EEPROM
*Serial EEPROM

l cMOS }Lﬂ( bit H 64x 16 H KMI3C46/V/ |—rKM93C4GG/VG/I H KM93C46GDANGD/ l
L2K bit H 128 x 16 H KM93C56/V/1 H KMI3C56G/VG! H KM93C56GDAGD/ J
4 22556",( 857 H KM93C57V/ | l KM93C57GVGA I I KM93CS7GDNGD/I |
L4K bit H 256 x 16 H KM93CB6/V/ H KMO3CE6G/VG/ H KM93C66GDVGD/ ]
J 255152)‘,( 85 H KM93CB7/V/ Hixmgscme/ven H KM93C67GDVGD/ ]

*Parallel EEPROM

| CMO;H 64K bit H 8Kx8 KM28C64A/J/1-12 H KM28C64A/J/-15 WKMZSCMA/J/I—ZO l

KM28C65A/J/1-12 H KM28C65A/J/1-15 H KM28C65A/J/1-20 J

KM28C64B/J/1-12 H KM28C64B/J/I-15 H KM23C256(G)-20 |

KM28C65B/J/1-12 H KM28C65B/J/1-15 H KM28C65B/J/1-20 J

1.7 Flash

( CMOS 1Mbit - H 128K x SH KM29C010/J/T-10 H KM29C010/J/T-12 H7KM29CO1 0/J/1-15
[ i -
16M bit H 2Mx 8 I—LKM29N1 6000/T/TS H KM29N16000/R/RS J

32M bit H 4aMx 8 H KM29N32000/T/TS WKM29N32000/R/RS |

* : New Product
T : Preliminary Product
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MEMORY ICs FUNCTION GUIDE
2. PRODUCT GUIDE
2.1 Dynamic RAM
Density| Org. gz:;; Part Number [Speed(ns) Features Pac“ka)ges
) P:18 Pin DIP
1Mbit |1Mx1  [5V+10% [KM41C1000C# 69/70/80 Fast Page 1:20 Pin SOJ
KM41C1000CL# 220 Piny ZIP
KM41C1000CSL# V:20 Pin TSOP-I (Forward)
256Kx4 |5V+10% |KM44C256CH 60/70/80 |Fast Page VR:20 Pin TSOP-| (Reverse
KM44C256CL# T:20 Pin TSOP-Il (Forward)
KM44C256CSL# TR:20 Pin TSOP-Hl (Reverse|
4Mbit |4Mx1  |5V+10% |KM41C4000C#  |50/60/70/80|Fast Page P:20 Pin-DIP
KM41C4000CL# J:20 Pin SOJ
KM41C4000CSL# Z:20 Pin ZIP
KM41C4002C# Static Column V:20 Pin TSOP-I (Forward)
3.3V+10%| KM41v4000C#  [60/70/80 |Fast Page VR:20 Pin TSOP-| (Revefseﬂ
KM41V4000CL# T:20 Pin TSOP-Il (Forward)
KM41V4000CLL# TR:20 Pin TSOP-II (Reverse
1Mx4  |5V+10% |KM44C1000C#  |50/60/70/80|Fast Page
KM44C1000CL#
KM44C1000CSL#
KM44C1010C# Fast Page with WPB
KM44C1002C# Static Column
KM44C1003C# Quad CAS
KM44C1003CL#
KM44C1003CSL#
KM44C1004C# EDO
KM44C1004CL#
KM44C1004CSL#
3.3V+10%|KM44Vv1000C#  [60/70/80  |Fast Page
KM44V1000CL#
KM44V1000CLL#
KM44V1004C# EDO
KM44V1004CL#
KM44V1004CLL#
4AMB/W |512Kx8 [5V+10% |KM48C512B# 50/60/70/80|Fast Page
KM48C512BL#

=S uig
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FUNCTION GUIDE

Dynamic RAM

IDensity Org.

Power
Supply

Part Number

Speed(ns)

Features

Packages
(#)

4M B/W |512Kx8

5V+10%

KM48C512BLL#
KM48C514B#
KM48C514BL#
KM48C514BLL#

50/60/70/80|

Fast Page
EDO

3.3V+10%)|

KM48V512B#
KM48V512BL#
KM48V512BLL#
KM48V514B#
KM48V514BL#
KM48V514BLL#

60/70/80

Fast Page

EDO

512Kx9

5V+10%

KM49C512B#
KM49C512BL#
KM49C512BLL#

60/70/80

Fast Page

J:28 Pin SOJ

Z:28 Pin ZIP

T:28 Pin TSOP-II (Forward)
TR:28 Pin TSOP-Il (Reverse

256Kx16)

5V+10%

KM416C256B#
KM416C256BL#
KM416C256BLL#
KM416C254B#
KM416C254BL#
KM416C254BLL#
KM416C156B#
KM416C156BL#
KM416C156BLL#
KM416C157B#
KM416C157BL#
KM416C157BLL#

50/60/70/80,

Fast Page

EDO

Fast Page with 2WE

3.3V+10%]

KM416V256B#
KM416V256BL#
KM416V256BLL#
KM416V254B#
KM416V254BL#
KM416V254BLL#

60/70/80

Fast Page

EDO

256Kx18

5V+10%

KM418C256B#
KM418C256BL#
KM418C256BLL#

60/70/80

Fast Page

16M bit |16Mx1

5V+10%

KM41C16000A#
KM41C16000AL#
KM41C16000ALL#
KM41C16000ASE#

50/60/70/80

Fast Page(4K)

J:24 Pin SOJ
(400mil)
T:24 Pin TSOP-II (Forward)

(400mil) _

L5 imsungg
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FUNCTION GUIDE

Dynamic RAM

‘Densit'y

Org.

Power
Supply

Part Number

Speed(ns)

Features

Packages
#

16M bit | 16Mx1

5V+10%

KM41C16002A#

50/60/70/80

Static Column(4K)

3.3V+10%

KM41V16000A#
KM41V16000AL#

KM41V16000ALL#
KM41V16000ASL#

60/70/80

Fast Page(4K)

{400mil)
K: 24 Pin SOJ
(300mit)

4Mx4

5V+10%

KM44C4000A#
KM44C4000AL#
KM44C4000ALL#
KM44C4000ASL#
KM44C4100A#
KM44C4100AL#
KM44C4100ALL#
KM44C4100ASL#
KM44C4002A#
KM44C4102A#
KM44C4003A#
KM44C4003AL#

|KM44C4003ALL#

KM44C4003ASL#
KM44C4103A#
KM44C4103AL#
KM44C4103ALL#
KM44C4103ASL#
KM44C4004A#
KM44C4004AL#
KM44C4004ALL#
KM44C4004ASL#
KM44C4104A#
KM44C4104AL#
KM44C4104ALL#
KM44C4104ASL#
KM44C4010A#
KM44C4010AL#
KM44C4010ALL#
KM44C4010ASL#
KM44C4110A#
KM44C4110AL#
KM44C4110ALL#
KM44C4110ASL#
KM44C4005A#
KM44C4005AL#
KM44C4005ALL#

50/60/70/80

Fast Page(4K)

| Fast Page(2K)

Static Column(4K)
Static Column(2K)
Quad CAS(4K)

Quad CAS(2K)

EDO(4K)

EDO(2K)

Fast Page with WPB
(4K)

Fast Page with WPB

(2K)

EDO with Quad CAS
(4K)

(300mil)

(300mil)

TR:24 Pin TSOP-II (Reverse

S: 24 Pin TSOP-il(Forward)

SR: 24 Pin TSOP-II(Reverse

1 vy
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FUNCTION GUIDE

Dynamic RAM

Power

Density Supply

Org.

Part Number

Speed(ns)

Features

Packages

#)

16Mbit | 4Mx4 |5V+10%

KM44C4005ASL#
KM44C4105A#
KM44C4105AL#
KM44C4105ALL#
KM44C4105ASL#

50/60/70/80

EDO with Quad CAS
(2K)

3.3V+10%)

KM44V4000A#
KM44V4000AL#
KM44V4000ALL#
KM44V4000ASL#
KM44V4100A#
KM44V4100AL#
KM44V4100ALL#
KM44V4100ASL#
KM44V4004A#
KM44V4004AL#
KM44V4004ALL#
KM44V4004ASL#
KM44V4104A#
KM44V4104AL#
KM44V4104ALL#
KM44V4104ASL#

60/70/80

Fast Page(4K)

Fast Page(2K)

EDO(4KO

EDO(2K)

J: 24 Pin SOJ
(400mit)

T:24 Pin TSOP-I| (Forward)
(400mil)

TR:24 Pin TSOP-Il (Reverse
(400mil)

K: 24 Pin SOJ
(300mil)

S:24 Pin TSOP-Il (Forward)
(300mil)

SR:24 Pin TSOP-Il(Reverse)
(300mil)

16M B/W| 2Mx8 |5V+10%

KM48C2000A#
KM48C2000AL:#
KM48C2000ALL#
KM48C2000ASL#
KM48C2100A#
KM48C2100AL#
KM48C2100ALL#
KM48C2100ASL#
KM48C2004A#
KM48C2004AL#
KM48C2004ALL#
KM48C2004ASL#
KM48C2104A#
KM48C2104AL#
KM48C2104ALL#
KM48C2104ASL#

50/ 60/70/8(

Fast Page(4K)

Fast Page(2K)

EDO(4K)

EDO(2K)

J:28 Pin SOJ
T:28 Pin TSOP-II (Forward)
TR:24 Pin TSOP-lI(Reverse

s v
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Dynamic RAM

Density| Org.

Power
Supply

Part Number

Speed(ns)

Features

Packages
(#)

16M B/W| 2Mx8

3.3V+10%4

KM48V2000A#
KM48V2000AL#
KM48V2000ALL#
KM48V2100A#
KM48V2100AL#
KM48V2100ALL#
KMA48V2004A#
KM48V2004AL#
KM48V2004ALL#
KM48V2104A#
KM48V2104AL#
KM48V2104ALL#

60/70/80

Fast Page(4K)

Fast Page(2K)

EDO(4K)

EDO(2K)

J:28 Pin SOJ
T:28 Pin TSOP-II (Forward)
TR:28 Pin TSOP-lI(Reverse}

1Mx16

5V+10%

KM416C1000A#
KM416C1000A#-L
KM416C1000A#-F
KM416C1200A#
KM416C1200A#-L
KM416C1200A#-F
KM416C1004A#
KM416C1004A#-L
KM416C1004A#-F
KM416C1204A#
KM416C1204A#-L
KM416C1204A#-F

60/70/80

Fast Page(4K)

Fast Page(1K)

EDO(4K)

EDO(1K)

J:42 Pin SOJ
T:44 Pin TSOP-II (Forward)
R:44 Pin TSOP-lI(Reverse)

3.3V+10%4

KM416V1000A#
KM416V1000A#-L
KM416V1000A#-F
KM416V1200A#
KM416V1200A#-L

| KMa16v1200A4-F

60/70/80

Fast Page(4K)

Fast Page(1K)

L msuneg
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FUNCTION GUIDE

Dynamic RAM

Density

Org.

Power
Supply

Part Number

Speed(ns)

Features

Packages
(#)

16M BW

1Mx16

3.3V+10%)

KM416V1004A#
KM416V1004A#-L
KM416V1004A#-F
KM416V1204A#
KM416V1204A#-L
KM416V1204A#-F

50/60/70

EDO(4K)

EDO(1K)

J:42 Pin SOJ

T:44 Pin TSOP-Il (Forward)
R:44 Pin TSOP-lI(Reverse)

64M bit

8Mx8

3.3V£10%)|

KM48V8000#
KM48V8000#-L
KM48V8000#-F
KM48V8100#

KM48V8100#-L
KM48V8100#-F
KM48V8004+#

KM48V8004#-L
KM48V8004#-F
KM48V8104#

KM48V8104#-L
KM48V81044-F

50/60/70

Fast Page(8K)

Fast Page(4K)

EDO(8K)

EDO(4K)

J:34 Pin SOJ

T:34 Pin TSOP-II (Forward)
R:34 Pin TSOP-li(Reverse)

PSimsuigg
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MEMORY ICs PRODUCT GUIDE
2.2 Dynamic RAM Module
Org. Part No. Feature Speed(ns) Package H'::gBht ;z:;e/:s C/S

DRAM SIMM Based on 4M DRAM
1Mx8 KMM581000CN F/P 60/70/80 | S,30PinSIMM | 650 | 1024/16 NOW
1Mx9 KMMS591000CN F/P 60/70/80 | S,30PinSIMM | 650 | 1024/16 NOW
4Mx8 KMM584000C F/P 60/70/80 | S,72PinSIMM | 805 | 1024/16 NOW
4Mx9 KMM594000C F/P 60/70/80 S, 72PinSIMM | 805 | 1024/16 Now
1Mx32 KMM5321000CV/CVG F/P 50/60/70/80 | S,72PinSIMM | 855 | 1024/16 NOW
1Mx33 KMMS5331000C/CG F/P 60/70/80 D,72PinSIMM | 1000 | 1024/16 NOW
1Mx36 KMMS5361000C2/C2G F/P, PLCC 60/70/80 S, 72PinSIMM | 1000 | 1024/16 NOW
1Mx36 KMM5361000CH F/P, ECC 50/60/70/80 | S,72PinSIMM | 1000 | 1024/16 NOW
1Mx36 KMM5361003C/CG F/P, QCAS 50/60/70/80 | S, 72 Pin SIMM | 1000 | 1024/16 NOW
1Mx40 KMM5401000C/CG/CM F/P, ECC 50/60/70/80 | S,72 Pin SIMM | 1000 | 1024/16 NOW
2Mx32 KMM5322000CV/CVG F/P 50/60/70/80 | D, 72 Pin SIMM | 1000 | 1024/16 NOW
2Mx36 KMM5362000C2/C2G F/P, PLCC 60/70/80 D,72PinSIMM | 1000 | 1024/16 NOW
2Mx36 | KMM5362000CH F/P, ECC 50/60/70/80 | D, 72 Pin SIMM | 1000 | 1024/16 NOW
2Mx36 KMM5362003C/CG F/P, QCAS 50/60/70/80 | D, 72PinSIMM | 1000 | 1024/16 NOW
2Mx40 KMMB5402000C/CG/CM F/P, ECC 50/60/70/80 | D, 72PinSIMM | 1000 | 1024/16 NOW
4Mx32 KMM5324000CV/CVG Double Nocth | 50/60/70/80 | D, 72 Pin SIMM | 1290 | 1024/16 NOW
4Mx33 KMM5334000CV/CVG Double Nocth | 50/60/70/80 | D, 72 PinSIMM | 1290 | 1024/16 NOW
4Mx36 KMMS5364000C/CG Double Nocth | 50/60/70/80 | D, 72 Pin SIMM | 1290 | 1024/16 NOW

DRAM SIMM Based on 4M B/W DRAM
256Kx32 | KMM532256BW/BWG F/P 60/70/80 S,72PinSIMM | 1000 | 512/8 NOW
256Kx36 | KMM536256BW/BWG F/P 60/70/80 S,72PinSIMM | 1000 | 512/8 NOW
512Kx32 | KMM532512BW/BWG F/P 60/70/80 D,72PinSIMM | 1000 | 512/8 NOW
512Kx36 | KMM536512BW/BWG F/P 60/70/80 D,72PinSIMM | 1000 | 512/8 NOW

DRAM SIMM Based on 16M DRAM -
aMx8 KMMS584100AN F/P 50/60/70/80 | S,30 Pin SIMM | 650 | 2048/32 NOW
4Mx8 KMM584100AKN F/P 50/60/70/80 | S,30 PinSIMM | 650 | 2048/32 '94, 4Q
4Mx9 KMM594100AN F/P 50/60/70/80 | S,30 PinSIMM | 650 | 2048/32 NOW
4Mx9 KMM594100AN F/P 50/60/70/80 | S,30 PinSIMM | 650 | 2048/32 '94, 4Q
16Mx8 KMM5816000A/AT F/P 50/60/70/80 | D, 30 PinSIMM | 900 | 4096/64 NOW
16Mx8 KMM5816000AK F/P 50/60/70/80 | D, 30 PinSIMM | 900 | 4096/64 '94, 4Q
16Mx9 KMM5916000A/AT F/P 50/60/70/80 | D,30 PinSIMM | 900 | 4096/64 NOW
16Mx9 KMMS5916000AK F/P 50/60/70/80 | D, 30 PinSIMM | 900 | 4096/64 '94, 4Q
4Mx32 KMM5324100AV/AVG F/P 50/60/70/80 | S, 72 PinSIMM | 1000 | 2048/32 NOW
4Mx32 KMMB5324000AV/AVG F/P 50/60/70/80 | S, 72 Pin SIMM | 1000 | 4096/64 NOW
4Mx32 KMM5324100AK/AKG F/P 50/60/70/80 | S, 72 PinSIMM | 1000 | 2048/32 NOW
4Mx32 KMM5324000AK/AKG F/P 50/60/70/80 | S,72 Pin SIMM | 1000 | 4096/64 NOW
4Mx33 KMMS5334100A/AG F/P 50/60/70/80 | D, 72 PinSIMM | 1000 | 2048/32 NOW
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2.2 Dynamic RAM Module (Continued)

Org. Part No. Feature Speed(ns) Package HF:i;gBht c?/:::::‘s C/s
DRAM SIMM Based on 16M DRAM
4Mx36 KMM5364100A/AG * F/P 50/60/70/80 | D, 72 Pin SIMM | 1000 | 2048/32 NOW
4Mx36 KMM5364100A1/A1G F/P 50/60/70/80 | S, 72 Pin SIMM | 1250 | 2048/32 NOwW
4Mx36 KMM5364100AH/AHG F/P, ECC 50/60/70/80 | S, 72 Pin SIMM | 1000 | 2048/32 NOW
4Mx36 KMM5364000AH/AHG F/P, ECC 50/60/70/80 | S, 72 Pin SIMM | 1000 | 4096/64 NOwW
4Mx36 KMM5364100AKH/AKHG F/P, ECC 50/60/70/80 | S, 72 Pin SIMM | 1000 | 2048/32 '94, 4Q
4Mx36 KMM5364000AKH/AKHG ~ | F/P, ECC 50/60/70/80 | S, 72 Pin SIMM | 1000 | 4096/64 '94, 4Q
4Mx36 KMM5364103AK/AKG F/P, QCAS 50/60/70/80 | S,72 Pin SIMM | 1000 | 2048/32 NOW
4Mx36 KMM5364003AK/AKG F/P, QCAS 50/60/70/80 | S, 72 Pin SIMM | 1000 | 4096/64 NOW
4Mx39 KMM5394100AM F/P 50/60/70/80 | S, 72 Pin SIMM | 1000 | 2048/32 NOwW
4Mx39 KMM5394000AM F/P 50/60/70/80 | S,72 Pin SIMM | 1000 | 4096/64 NOW
4Mx40 KMM5404100A/AG F/P, ECC 50/60/70/80 | S, 72 Pin SIMM | 1000 | 2048/32 NOW
4Mx40 ‘ KMM5404000A/AG - F/P, ECC 50/60/70/80 | S, 72 Pin SIMM | 1000 | 4096/64 NOW
4Mx40 KMM5404100AK/AKG F/P, ECC 50/60/70/80 | S, 72 Pin SIMM | 1000 | 2048/32 '94, 4Q
4Mx40 KMM5404000AK/AKG F/P, ECC 50/60/70/80 | S, 72 Pin SIMM | 1000 | 4096/64 '94, 4Q
8Mx32 KMM5328100AV/AVG F/P 50/60/70/80 | D, 72 Pin SIMM | 1000 | 2048/32 NOW
8Mx32 KMM5328000AV/AVG F/P 50/60/70/80 | D, 72 Pin SIMM | 1000 | 4096/64 NOW
8Mx32 KMM5328100AK/AKG F/P 50/60/70/80 | D, 72 Pin SIMM | 1000 | 2048/32 NOW
8Mx32 KMM5328000AK/AKG F/P 50/60/70/80 | D, 72 Pin SIMM | 1000 | 4096/64 NOW
8Mx33 KMM5338100AKV/AKVG F/P 50/60/70/80 | D, 72 Pin SIMM | 1000 | 2048/32 NOW
8Mx36 KMM5368100A1/A1G F/P 50/60/70/80 | D, 72 Pin SIMM | 1375 | 2048/32 NOW
8Mx36 KMM5368100AH/AHG F/P, ECC 50/60/70/80 | D, 72 Pin SIMM | 1250 | 2048/32 NOW
8Mx36 KMM5368000AH/AHG F/P ECC 50/60/70/80 | D, 72 PinSIMM | 1250 | 4096/64 NOW
8Mx36 KMM5368100AKH/AKHG F/P, ECC 50/60/70/80 | D, 72 Pin SIMM | 1000 | 2048/32 '94, 4Q
8Mx36 KMM5368000AKH/AKHG F/P, ECC 50/60/70/80 | D, 72 Pin SIMM | 1000 | 4096/64 '94, 4Q
8Mx36 KMM5368103AK/AKG | F/P, QCAS 50/60/70/80 | D, 72 Pin SIMM | 1000 | 2048/32 NOW
8Mx36 KMM5368003AK/AKG F/P, QCAS 50/60/70/80 | D, 72Pin SIMM | 1000 | 4096/64 NOwW
8Mx40 KMM5408100AK/AKG F/P, ECC 50/60/70/80 | D, 72 Pin SIMM | 1000 | 2048/32 '94,4Q
8Mx40 KMM5408000AK/AKG F/P ECC 50/60/70/80 | D, 72 Pin SIMM | 1000 | 4096/64 '94,4Q
DRAM SIMM Based on 16M B/W DRAM

1Mx32 KMM5321200AW/AWG F/P 60/70/80 D, 72 Pin SIMM 1000 | 1024/16 NOwW
1Mx32 KMM5321000AW/AWG F/P 60/70/80 D, 72 Pin SIMM | 1000 | 4096/64 NOW
1Mx32 KMM5321203AW/AWG F/P 60/70/80 D, 72 PinSIMM | 1000 | 1024/16 NOW
2Mx32 KMM5322200AW/AWG F/P 60/70/80 D, 72PinSIMM | 1000 | 1024/16 NOW
2Mx32 KMM5322000AW/AWG F/P 60/70/80 D,72PinSIMM | 1000 | 4096/64 NOW
2Mx32 KMM5322103AU/AUG F/P, QCAS 60/70/80 D,72Pin SIMM | 1000 | 2048/32 NOW
2Mx32 KMM5322208AU/AUG F/P, AND 60/70/80 S, 72PinSIMM | 1000 | 1024/16 NOW
2Mx36 KMM5362209AU/AUG F/P, AND 60/70/80 S, 72PinSIMM | 1000 | 1024/16 NOwW
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2.3 Video RAM
Capacity Part Number Orgnization | Speed(ns) | Technology Features Package Remark
256K KM424C64 64K x4 1001120 CMOS MF 24Pin DIP/ZIP NOW
512K KM428C64 64K x8 70/80/100 CMOS M/F 40PIN SOJ NOW
1M KM424C256A 256K x 4 60/70/80 CMOS M/F 28Pin ZIP/SOJ NOW
KM424C257 256K x4 60/70/80 CMOS EFF 28Pin ZIP/SOJ NOwW
' KM428C128 . 128K x8 -60/70/80 CMOS E/F 40Pin SOJ/TSOP- NOW
M KM428C256 256K x 8 60/70/80 CMOS EF 40Pin SOJ/TSOP-1 NOW
KM428V256 256K x 8 70/80 CMOoS E/F(3.3V) 40Pin SOJ/TSOP-1 NOW
KM428C257 256K x 8 60/70/80 CMOS FF 40Pin SOJ/TSOP-1 NOW
KM428C258 256K x 8 60/70/80 CMOS FIF 40Pin SOJ/TSOP-1 NOW
aM T KM4216C256 256K X 16 60/70/80 CMOS FIF 64Pin SSOP/TSOP- 2Q'94

*: New Product 1 : Under Development
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2.4 Static RAM
Low power SRAM

Power Dissipation
Den. Part Name Org. Speed(ns) | Technology|  pctive Standby Package
Max.(mA) | Max.(zA)
64K KM6264BL/BL-L 8K x8 70/100/120 | CMOS 55 100/50 DIP/SDIP/SOP
256K KM62256BL/BL-L 32K x 8 | 70/85/100/120 | CMOS 70 100/20 DIP/SDIP/SOP/TSOP
KM62256BLI/BLI-L 32K x 8 70/100 CMOS 70 100/20 DIP/SOP
* KM62256CL/CL-L 32Kx 8 | 55/70/85/100 | CMOS 70 100/20 DIP/SDIP/SOP/TSOP
* KM62256CLI/CLI-L 32K x 8 70/100 CMOS 70 100/20 SOP/TSOP
512K KM68512L/L-L 64K x 8 70/85/100 CMOS 70 100/20 SOP/TSOP
* KM68512AL/AL-L 64K x 8 55/70 CMOS 70 100/20 ~ SOP/TSOP
™ * KM681000BL/BL-L 128K x 8 | 55/70/85/100 | CMOS 70 100/20 DIP/SOP/TSOP
* KM681000BLI/BLI-L | 128K x 8 70/100 CMOS 70 100/20 SOP/TSOP
4M * KM684000L/L-L 512K x 8 | 55/70/85/100 | CMOS 70 100/20 DIP/SOP/TSOP
* KM684000LI/LI-L 512K x 8 70/85/100 CMOS 70 100/50 SOP/TSOP
Low Voltage SRAM
Power Dissipation .
Den. Part Name Org. Speed|(ns) Technology Active Standby Package
Max.(mA) | Max.(zA)
256K |1 KM62256CL-LV 32K x 8 70 CMOS 40 20/10 SOP/TSOP
™ 1 KM68V1000BL/BL-L | 128K x 8 70/100 CMOS 40 50/10 SOP/TSOP
4M T KMB68V4000AL/AL-L | 512Kx 8 70/100/120 | CMOS 70 50/10 SOP/TSOP
11 KM616V4000AL/AL-L | 256K x 16 70/100 CMOS 70 50/10 SOP/TSOP
Low Voltage SRAM
Power Dissipation
Den. Part Name Org. Speed(ns) | Technology |  Active Standby Package
) Max.(mA) | Max.(zA)
™ KMB58128A/AL/AL-L | 128K x8 | 80/100/120 | CMOS 70 100/20 | DIP/SOP

*:New Product  { :Preliminary Product  {f : Under Development A : Last Time by Product
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MEMORY ICs
High speed & Ultra High Speed SRAM
Power Dissipation
Den. Part Name Org. Speed(ns) Technology | - Active Standby Package
Max.(mA) | Max.(xA) '
64K KM6465B 16K x 4 12/15/20/25 | CMOS 140 1 22 SDIP
KM6466B 16K x 4 12/15/20/25 | CMOS 140 1 24 SDIP/SOJ
KM68658 8Kx 8 12/15/20/25 | CMOS 140 1 28 SDIP/SOJ
256K | A KM64258B 64K x 4 15/20/25 CMOS 140 2 28 SDIP/SOJ
KM64258C 64K X 4 12/15/20 CMOS 140 2 28 S0J
KM64Vv258C 64K x 4 15/17/20 CMOS 110 2 28 DIP/SOJ
* KM64B261A 64K x 4 6/7/8 BiCMOS 160 20 28S0J
* KM64B258A 64K x 4 8/10/12 BiCMOS 185 20 28S0J
A KM68257B 32KX 8 15/20/25 CMOSs 150 2 28 DIP/SOJ
KM68257C 32K X8 12/15/20 CMOS 150 2 28 DIP/SOJ
KM68V257C 32K X 8 15/17/20 CMOS 110 2 28 DIP/SOJ
‘|* KM68B261A 32K x 8 6/7/8 CMOS 170 20 32S0J
* KM68B257A 32Kx 8 8/10112 CMOS 185 20 28S0J
A KM68V257 32Kx 8 20/25/35 CMOS 90 0.1 28 DIP/SOJ
™ A KM611001 1Mx1 20/25/35 CMOS 130 2 28 DIP/SOJ
KM641001 256K x 4 17/20/25/35 | CMOS 150 2 28 SDIP/SOJ
KM641003 256K x 4 15/17/20 CMOS 170 10 32S0J
11 KM641003A 256K x 4 | 12/15/17/20 | CMOS 185 3/0.2 32 SOJ/TSOP(I)
Tt KM64V1003A 256K x 4 12/15/17/20 | CMOS 95 2/0.1 32 SOJ/TSOP(Il) .
* KM64B1003 256K x 4 8/10/12/15 |BiCMOS 165 10 3250J
KM681001 128K x 8 20/25/35 CMOS 170 2 32 SDIP/SOJ
KM681002 128K x 8 15/17/20 CMOS 170 10 32 SOJ/TSOP(l)
Tt KM681002A 128Kx8 | 12/15/17/20 | CMOS 185 3/0.2 32 SOJ/TSOP()
11 KM68V1002A 128Kx 8 | 12/15/17/20 | CMOS 95 2/0.1 32 SOJ/TSOP(l)
* KM68B1002 128Kx 8 | 8/9/10/12/15 |BiCMOS 175 10 32 SOJ/TSOP()
KM6161002 64K x 16 15/17/20 CMOS 230 10 44 SOJ/TSOP(I)
1T KM6161002A 64K x 16 12/15/20 CMOS 250 3/0.2 44 SOJ/TSOP(I)
1T KM616V1002A 64K x 16 | 13/15/17/20 | CMOS 170 2/0.1 44 SOJ/TSOP(Il)
4am KM644002/L iMx4 17/20/25 CMOS 170 10/0.5 32S50J
i KM68B4002 Mx4 10/12/15 | BiCMOS 180 60/30 3280J
T KM68BV4002 1Mx 4 12/15/20 | BiCMOS 170 60/30 32S0J
KM684002/L 512k x 8 17/20/25 ‘CMOS 160 10/0.5 36 SOJ
T KM6884002 512K x 8 10/12/15 |BiCMOS| 200 60/30 36 SOJ
1T KM68BV4002 512K x 8 12/15/20 BICMOS 180 60/30 36 SOJ
KM6164002/L 256K x 16 20/25/35 CMOS 160 10/0.5 44S0J
T KM616B4002 256K x 16 10/12/15 |BiCMOS| 240 60/30 44 S0J/54 SOJ
11 KM616BV4002 256K x 16 12/15/20 |BiCMOS| 200 60/30 44 S0J/54 SOJ

*: New Product

1 :Preliminary Product

11 : Under Development

A : Last Time by Product
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Speciality SRAM
Power Dissipation
Den. Part Name Org. Speed(ns) Technology | Active Standby Package
Max.(mA) | Max.(zA)
288K | A KM79C86 32Kx 9 14/19/24 CMOS 190 50 44PLCC
M KM741006 256K x 4 6.5/7/8 CMOS 190 40 46 SOJ
 KM718B86 64K x 18 9/10/12 BiCMOS 280 80 52 PLCC
T KM718B91 64K x 18 9/10/12 BiCMOS 280 80 52 PLCC
} Km718Bv87 64K x 18 9/10/12 BiCMOS| 280 80 52 PLCC
T KM718BVa1 64K x 18 9/10/12 BiICMOS| 280 80 52PLCC
*:New Product 1 :Preliminary Product i1 : Under Development A : Last Time by Product
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2.5. MASK ROM
Capacity Part Number Organization| Speed(ns) | Technology Features Package Remark
256K KM23C256(G) 32Kx 8 120/150/200 | CMOS | Programmable CE & OE | 28DIP(3250P) NOW
512K KM23C512(G) 64K x 8 120/150/200 | CMOS | Programmable CE & OE | 28DIP(32SOP) NOw
™ KM23C1000 128Kx8 | 120/150/200 | CMOS | Programmable CE 28DIP NOW
KM23C1001 128K x8 | 120/150/200 | CMOS | Programmable OE 28DIP NOW
KM23C1010(G) 128K x8 | 120/150/200 | CMOS | Programmable CE & OE | 32DIP(32SOP) NOW
KM23C1011(G) 128K x8 | 120/150/200 | CMOS | Programmable OE 32DIP(32S0OP) NOW
KM23C2000A(G) 256K x 8 100/120/150 | CMOS | Programmable CE & OE | 32DIP(32SOP) NOW
M KM23C2001A(G) 256K x 8 | 100/120/150 | CMOS | Programmable OE 32DIP(32SOP) NOW
KM23C2100A 256K x 8/ | 100/120/150 | CMOS | Programmable CE & OE | 40DIP ’ NOw
128K x 16 Word/Byte Mode NOw
T KM23C2000B(G) 256K x 8 | 100/120/150 | CMOS | Programmable CE & OE | 32DIP(32SOP) 4Q.'94
T KM23C2001B(G) 256K x 8 100/120/150 | CMOS | Programmable OE 32DIP(32S0P) 4Q.'94
TKM23C2100B 256K x 8/ | 100/120/150 | CMOS | Programmable CE & OE | 40DIP 4Q.'94
128K x 16 Word/Byte Mode
4M KM23C4000B(G) 512K x 8 100/120/150 | CMOS | Programmable CE & OE | 32DIP(32SOP) NOwW
KM23C4001B(G) 512Kx 8 | 100/120/150 | CMOS | Programmable OE 32DIP(32SOP) NOwW
KM23C4100B(G) 512K x 8/ | 100/120/150 | CMOS | Programmable CE & OE | 40DIP(40SOP) NOW
256K x 16 Word/Byte Mode
KM23C4200B 512K x 8/ ] 100/120/150 | CMOS | Programmable CE & OE | 40DIP NOW
256K x 16 Word/Byte Mode
1 kM2304000C(G) 512K x 8 100/120/150 | CMOS Programmable CE & OE | 32DIP(32SOP) 4Q.'94
T KM23C4001C(G) 512K x 8 100/120/150 | CMOS | Programmable OE 32DIP(32SOP) 4Q.'94
1 KM23C4100C(G) 512K x 8/ | 100/120/150 | CMOS | Programmable CE & OE | 40DIP(40SOP) 4Q.'94
256K x 16 Word/Byte Mode
TKM23C4200C 512Kx8/ |100/120/150 | CMOS | Programmable CE & OF | 40DIP 4Q.94
256K x 16 Word/Byte Mode
* KM23V4000B(G) 512K x 8 150/200/250 | CMOS | 3.3V QOperation 32DIP(32SOP) NOW
* KM23V4001B(G) 512K x 8 150/200/250 | CMOS | 3.3V Operation 32DIP(32SOP) NOW
* KM23V4100B(G) 512K x 8/ | 150/200/250 | CMOS | 3.3V Operation 40DIP(40SOP) NOW
256K x 16
8M KM23C8000B(G) TMx8 100/120/150 | CMOS | Programmable CE & OE | 32DIP(32SOP) NOwW
KM23C8001B(G) 1Mx8 100/120/150.| CMOS | Programmable OE 32DIP(32SOP) NOW
KM23C8100B(G) | 1M x 8/ 100/120/150 | CMOS | Programmable CE & OE | 42DIP(44SOP) Now
512K x 16 Word/Byte Mode
* KM23C8000C(G) 1Mx8 120/150/200 | CMOS | Programmable CE & OE | 32DIP(32SOP) NOW
* KM23C8001C(G) 1Mx8 120/150/200 | CMOS | Programmable OE 32DIP(32SOP) NOwW
* KM23C8100C(G) 1Mx 8/ 120/150/200 | CMOS | Programmable CE & OE | 42DIP(44SOP) NOwW
. 512K x 16 Word/Byte Mode
KM23C8105B(G) | 1M x 8/ 100/120/150 | CMOS | 4Word Page 42DIP(44SOP) NOW
512K x 16 {tP>50) ‘
* KM23V8000B(G) 1Mx8 200/250/300 | CMOS | 3.3V Operation 32DIP(32SOP) NOW
* KM23V8001B(G) 1Mx8 200/250/300 | CMOS | 3.3V Operation 32DIP(32S0OP) NOW
* KM23V8100B(G) 1M x 8/ 200/250/300 | CMOS | 3.3V Operation 42DIP(44SOP) NOW
512K x 16 .
50
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MASK ROM (Continued)
Capacity Part Number Organization| Speed(ns) | Technology Features Package ‘ Remark{
16M KM23C16101A 2Mx 8 120/150/200 | CMOS | Programmable OE 36DIP NOW
KM23C16000AG) | 2M x 8/ 120/150/200 | CMOS | Programmable CE & OE | 42DIP(44SOP) NOW
1M x 16 Word/Byte Mode
* KM23C16101B 2M x 8 120/150/200 | CMOS | Programmable OE 36DIP NOW
* KM23C16000B(G) | 2M x 8/ 120/150/200 | CMOS | Programmable CE & OE | 42DIP{44SOP) NOW
1Mx 16 Word/Byte Mode
KM23C16005A(G) | 2M x 8/ 120/150/200 { CMOS | 8Word Page 42DIP(44SOP) NOW
1M x 16 {tP > 50)
* KM23V16101A 2Mx 8 200/250/300 | CMOS | 3.3V Operation 36DIP NOW
* KM23V16000A(G) | 2M x 8/ 200/250/300 | CMOS | 3.3V Operation 42DIP(44SOP) NOW
1Mx 16
32M KM23C32110 4AMx 8 150/200/250 | CMOS | Programmable CE & OE | 42DIP NOW
KM23C32000 2Mx 16 150/200/250 | CMOS | Programmable CE & OE | 42DIP(44SOP) NOW
KM23C32000G 4M x 8/ 150/200/250 | CMOS | Programmable CE & OE | 42DiP(44SOP) NOW
2M x 16
TKM23C32101A 4Mx 8 120/150/200 | CMOS | Programmable OE 36DIP 4Q.'94
TKM23C32110A 4AMx 8 120/150/200 | CMOS | Programmable CE & OE | 42DIP 4Q.'9%4
T KM23C32000A 2M x 16 120/150/200 | CMOS | Programmable CE & OE | 42DIP 4Q.'94
T KM23C32000AG 4M x 8/ 120/150/200 | CMOS | Programmable CE & OE | 44SOP 4Q.'94
2Mx 16 Word/Byte Mode '
KM23C32005 2M x 16 150/200/250 | CMOS | 8Word Page 42DIP NOW
KM23C32005G 4M x 8/ 150/200/250 | CMOS | 8word Page 44S0OP NOW
2Mx 16
T KM23C32005AG 4M x 8/ '100/120/150 | CMOS | 8Word Page 44S0P 1Q.'95
2Mx 16 {tP > 30)
TKM23C32205ASG | 2M x 16 100/120/150 | CMOS | 8word Page 70SSOP 2Q.'95
1M x 32 (tP > 30)
64M T KM23C64000G 8M x 8/ 120/150/200 | CMOS : Programmable CE & OE | 44SOP 3Q.95
4M x 16 Word/Byte Mode
KM23C64200SG 4M x 16/ 120/150/200 | CMOS | Programmable CE & OE | 70SSOP 3Q.'95
2M x 32
* : New Product
T : Under Development
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2.6 EEPROM/FLASH

Density Part Number Organization| Speed(ns) | Technology Features Package Remark

1K bit KM93C46/G/GD/I 6416 1MHz CMOS | Self-timed 8DIP/8SOP Now
KM93C46VAG/NVGDA 64x16 250KHz CMOS | 3.0v-Operation 8DIP/8S0P Now
2K bit KM93C56/G/GD/I 128x16 | IMHz | CMOS | Auto Erase, Self-timed 8DIP/8SOP Now
KM93C57/G/GD/! 128x16/256x 8 | IMHz CMOS | Select Organization 8DIP/8SOP 3Q,94
KM93C56VNVGNVGD/I 128x16 | IMHz CMOS | 3.0V Operation 8DIP/8SOP Now
KMO3C57VAVGNGDA | 198 16/256x8 | TMHz CMOS | 3.0V Operation 8DIP/BSOP Now
4K bit KM93C66/G/GD/I 256x16 | IMHz CMOS | Auto Erase, Self-timed 8DIP/8SOP Now
KM93C67/G/GD/I 256x16/512x8 | IMHz CMOS | Select Organization 8DIP/8SOP 30,94
KM93C66VNVGNVGD/ 256x16 | IMHz CMOS | 3.0V Operation 8DIP/8SOP Now
KM33C67VAIGNGD/| 256x16/512x8 | TMHz CMOS | 3.0V Operation 8DIP/8SOP Now
64K bit | KM28C64A/AJ 8Kx8 120/150/200 CMOS | 64B Page Mode, D-P, T-B 28DIP/32PLCC Now
KM28C64AI/AJl 8Kx8 120/150/200 CMOS Industrial 28DIP/32PLCC Now
KM28CE5A/A) 8K x8 120/150/200 CMOS | 64B Page Mode, D-P B R-B | 28DIP/32PLCC Now
KM28CB5A1/AJI 8Kx8 120/150/200 CMOS | Industrial 28DIP/32PLCC Now
KM28C64B/BJ 8K x8 90/120/150 CMOS | 64B Page Mode, D-P, T-B 28DIP/32PLCC 30,94
KM28C64BII/BJI 8K x8 90/120/150 CMOS | Industrial 28DIP/32PLCC 30,94
KM28C65B/BJ 8K x8 90/120/150 CMOS | 64B Page Mode, D-P 7B, R-B | 28DIP/32PLCC 30,94
KM28C65BI/BJl 8Kx8 90/120/150- CMOS | Industrial 28DIP/32PLCC 30,94
1M bit KM29C010//T 198Kx8 | 100/120/150 CMOS | 128B Page Mode, D-P T-B 32DIP/32PLCC Now
16Mbit | KM29N16000T/TS 2Mx8 tR=15us CMOS | 2568 Page Mode 44{40)TSOP 30.94
KM29N16000R/RS tRc = 80ns 4K Block Erase
2Mbit - | KM29N32000T/TS M8 tR=104s CMOS | 512B Page Mode 44{40)TSOP 2Q.94
‘ KM29N32000R/RS tRe = 50ns 8K Block Erase

* D-P : Data-Polling, R/B : Ready/Busy, T-B : Toggie Bit
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2.7 DRAM Card

Card Style Vecc | Density Part No. Organization |Speed(ns) PKG Features
JEIDA/JEDEC | 5.0V | 2MByte | KMCJ532512 | 512Kx32/1Mx16| 60/70/80 | 88 Pin Two Piece | . Fast Page Mode
KMCJ536512 | 512Kx36/1Mx18 | 60/70/80 | 88 Pin Two Piece Operation
4M Byte | KMCJ5321000 | 1Mx32/2Mx16 | 60/70/80 | 88 Pin Two Piece | « Low Power
KMCJ5361000 | 1Mx36/2Mx18 | 60/70/80 | 88 Pin Two Piece Consumption
8M Byte | KMCJ5322000 | 2Mx32/4Mx16 | 60/70/80 | 88 Pin Two Piece | . RAS only and
KMCJ5362000 | 2Mx36/4Mx18 | 60/70/80 | 88 Pin Two Piece Hidden Refresh
16M Byte | KMCJ5324000 | 4Mx32/8Mx16 | 60/70/80 | 88 Pin Two Piece | . CAS before RAS
KMCJ5324100 | 4Mx32/8Mx16 | 60/70/80 | 88 Pin Two Piece Refresh
KMCJ5364100 | 4Mx36/8Mx18 | 60/70/80 | 88 Pin Two Piece
3.3V | 2M Byte | KMCV532512 | 512Kx32/1Mx16| 60/70/80 | 88 Pin Two Piece
4M Byte | KMCV5321000 | 1Mx32/2Mx16 | 60/70/80 | 88 Pin Two Piece
8MByte | KMCV5322000 | 2Mx32/4Mx16 60/70/80 | 88 Pin Two Piece
16M Byte | KMCV5324000 | 4Mx32/8Mx16 | 60/70/80 | 88 Pin Two Piece
KMCV5324100 | 4Mx32/8Mx16 | 60/70/80 | 88 Pin Two Piece
SRAM Card
Card Style Vee | Capacity Part No. Organization Speed(ns) PKG Features
PCMCIA/JEIDA | 5.0V | 512K Byte | KMCJ616256 | 256Kx16/512Kx8 | 150/200/250 | 68 Pin Two Piece | . 8KByte Attr bute Memory
Standard 1MByte | KMCJB16512 | 512Kx16/1Mx8 150/200/250 | 68 Pin Two Piece | + Repiaceable & Rechargeable Battery
2MByte | KMCJ6161000 | 1Mx16/2Mx8 150/200/250 | 68 Pin Two Piece | « High Speed : 150ns
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3. CROSS REFERENCE GUIDE
3.1 Video RAM
Density | Feature |Organization| Samsung Micron Toshiba NEC Hitachi Ti
256K Minimum | 64K x4 KM424C64 MT42C4064 #PD41264 HM53461(2) | TMS4461
#PD42264
512K Minimum | 64K x 8 KM428C64 v
Minimum | o56K x4 | KM424C256 TC524256 1#PD42273 HM534251 TMS44C250
KM424C256A TC524256A HM534251A | SMJ44C250
TC524256B HM534252
TC524257
128K x 8 TC528126A HM538121 TMS48C121
™ . TC528126B HM538121A
Extended | 256K x4 | KM424C257 | MT42C4256 | TC524258A | uPD42274 TMS44C251
. MT42C4255 | TC524258B HM534253A | SMJ44C251
© | TC5242598 SMJ44C251A
128K x8 | KM428C128 | MT42C8128 | TC528128A 1 PD42275
MT42C8128 | TC528128B HM538123A
. TC528129B
Extended | 256Kx8 |KM428C256 | MT42C8255
M '
Full 256K x8 | KM428C257 | MT42C8256 | TC528267 «PD482234 | HM538253
KM428C258 | MT42C8254 2 PD482235
aMm Full 256K x32 | KM4216C256 | MT42C256K16A1

s g
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3.2 Static RAM
Low power SRAM
Den. Org. SAMSUNG HITACHI SONY TOSHIBA MITSUBISHI NEC
64K 8Kx8 | KM6264BL/BL-L | HM6264A/AL/AL-L | CXK5864B-L/B-LL | TC6565AL/AL-L M5M5165/L #PDA3BAL/L-L
256K | 32Kx8 | KM62256CL/CL-L | HM62256AL/AL-L | CXK58257A-L/A-LL | TC55257BLBL-L | MEM5255B-L/B-LL | »PD43256B/BL
512K | 64Kx8 | KMBB512AL/AL-L
M 128Kx 8 | KM681000BL/BL-L | HM628128AL/AL-L | CXK581000/L TC551001AL-AL-L | M5M51008/L #PD431000AL/ALL
M 512K x 8 | KM628512 HM828512/L/L-L | CXK584000(1)-L TC554002 M5M54008L/LL «PDA34000/L/LL
Low power SRAM
Den. Org. SAMSUNG HITACHI TSOHIBA NEC OKl MOTOROLA
1M | 128Kx8 | KMB5B128A/AL/AL-L | HMB58128A/AL/AL-L | TCH18120A/AL/AL-L | xPD428128AVAL/AL-L | MSM548128 MCM518128
High Speed SRAM
Den. Org. Samsung Hitachi Cypress | Fujitsu Micron IDT Motorola | Toshiba sony
64K 16Kx4 | KM6465B | HM6288 CY7C164A | MB81C74 | MT5C6404 IDT7188 MCM6288C Ti)5541 6 CXK5466
16Kxd(With OF)| KM6466B | HM6289 CY7C166A | MB81C75 | MT5C6405 IDT6198 185417 CXK5465
8KX8 KM6865B CY7C186A | MBBIC78 | MT5C6408 IDT7164 MCM6264C | TC5588 CXK5863
256K | 64KX4(5V) | KM64458C | HM67909A | CY7C196 | MBB1C84A | MT5C2565 IDT612985A | MCM629C | TC55464A
64K X 4(3.3V) | KM64B258C MT5LC2565
32KX8(5v) | KM68257C | HM62832H | CY7C199 MT5C2568 IDT71256SA | MCM6206D | TC55328A | CXK58258B
32K x8(3.3V) | KM68V257C ’ MT5LC2568 | IDT713256 | MCM62V06D| TC55V328
1M Mx1E) | KM11001 CY7C1007 MT5C1001 IDT71281 MCM6227B
256K x 4(E) | KM641001 | HM624256A | CY7C1006 MT5C1005 IDT71028 | MCM6229A CXK541000
256K x 4(R) | KM641003 | HM674256UH MT5C256K4A1
128K x 8(E) | KM681001 | HM6268127H| CY7C1009 | MB82008 | MT5C1008 IDT71024 | MCM6226B CXK541020
128K x 8(R} | KM681002 MT5C128K8A1
64K x 16(R) | KM6161002 CY7C108 MT5C64K16A1 TC551664
M 1Mx4 KM644002 | HM624100 MB82201 | MT5C1M4B2 TC551402
512Kx8 | KM684002 MT5C512K8B2
256K x16 | KM6164002 MT5C256KX16

<
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BiCMOS SRAM
Den. Org. Samsmung Hitachi NEC Toshiba Motorola IDT
256K | 64K x 4(With OE)-R KM64B261A MCM6709R
64K x 4(with-OE)-E KM64B258A HM6709SH TC55B465 MCM6709A | IDT61B298
32K x 8-R KM68B261A #PD46258 MCM6706R
32K x 8-E KM68B257A HM6783SH TC55B328 MCM6706A | IDT71256
M 256K x 4(With OE}-R | KM64B1003 TC55B4257 | MCM6729A
128K x 8-R KM68B1002 TC55B8128 | MCM6726A | IDT71B024
Specialty SRAM
Den. Org. SMAMSUNG Motorola Micron Cypress IcW
™ 256K x 4 KM741006 MCM67Q804
64K x 18 KM718B86 MCM67B618 CY7C1031 ICW73B596
KM718B90 MT58LC64K18M1
KM718BV87 MCM67H618 MT58LC64K18B2
KM718BV90 MT58LC64K18M1
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3.3 MASK ROM
DTY Samsung NEC Hitachi Toshiba Sharp Mitsubishi Fujitsu Sony
256K KM23C256 HN623257P LH23255 M5M23256P | MB83256 CXK38256
HN623258P LH53259
512K KM23C512 TC53512C LH53514 MB83512
LH53515
™ KM23C1000 | uPD23C1000A | HN62321P TC531000C LH231000B . | M5M23C100 | MB831000 CXK381000P
HN62321BP LH531000A M5M231000 | MB831124
HN62331P
KM23C1001 | uPD23C1010A | HN62321EP M5M231001
HN62331EP
KM23C1010 | uPD23C1001E | HN62321A TC531001C LH231100B
uPD23C1000E | HN62331A LH530800
KM23C1011 | uPD23C100EA ' LH530900
M KM23C2000A | uPD23C2001 | HN62302B TC532000A LH532300 MB832000 CXK382001
LH5321008 MB832001
KM23C2001A LH5322008
LH532400
KM23C2100A | uPD23C2000 | HN62412P LH532000B
uPD23C2000A | HN62422P LH532500
M KM23C4000B | uPD23C4001E | HN62335 TC534000A LH534100B M5M23C401AP | MB834000A | CXK384001
HN62344B
KM23C4000C HN62335 :
) HN62344B MB834000AL
KM23v40018 HN62W335B
KM23C4001B LH534300
LH534400
KM23C4001C LH534300
LH534400
KM23C4100B | uPD23C4000 | HN62404P TC534200 LH534000B M5M23C400AP | MB834100A
uPD23C4000A | HN62414P LH534500' MB834200A
HN62424P -
HN62444P
KM23C4100C | uPD23C4000 | HN62404P LH5340008 MB834100AL
uPD23C4000A | HN62414P LH534500
HN62424P
HN62444P
KM23v41008 HNW15
KM23C4200B
KM23C4200C
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3.3 MASK ROM (Continued)
DTY | Samsung NEC Hitachi Toshiba Sharp Mitsubishi Fujitsu Sony
av KM23C8000B | uPD23C8001E | HN62318B TC538000A | LH538100 M5M23801P - | MB838000 CXK388000
LH538200
KM23C8000C | uPD23C8001E | HN62318B LH538100 M5M23801P | MB838000
: LH538200
KM23v8000B HN62W328B
KM23C8001B
KM23C8001C
KM23v8001B 1
KM23C8100B | uPD23C8000 | HN62418P TC538200A | LH538000 M5M23800P | MB838200
KM23C8100C | uPD23C8000 | HN62428P TC538200A | LH538000 M5M23800P
KM23C8105B
KM23v8100B MB838200L
16M KM23C16101A
KM23C16101B
KM23V16101A
KM23C16000A | uPD23C16000 | HN624316P TC5316200A | LH53160000 | M5M23160P | MB831620P
KM23C160008 | uPD23C16000 | HN624316P | TC5316200A | LH53160000 | M5M23160P | MB831620P
KM23C16005A M5M23168P
KM23V16000A HN62W4116
32M  |KM23C32000 | uPD23C32000 LH5332000
KM23C32000A | uPD23C32000 LH5332000
KM23C32005
KM23C32005A
KM23C32205A
58
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3.4 EEPROM
*Serial /0 EEPROM
Density Samsung N.S Exar Micro Chip | SGSThomson|  Catalyat Rohm Atmel-
1K KM93C46 NM3346 XRM93C46A | 93C46 ST93C46T | CAT93C46A | BRI3C46 AT93C46
KM93C46V | NM93C46L
2K KM93C56 NM93C56A | XRMI3C56A BR9I3CS56A | AT93C56
KM93C57 93C56 ST93C56 CAT36C102
KM93C56V | NM93C56L BR9Y3C56B
KM93C57V
4K KM93C66 NM93C66 | XRM93C66B BRY3C66A | AT93C66
KM93C67 93C66 CAT35C104
KM@3C66V | NM9I3Ce6L BR93C66B
KM93C67V CAT33T104
*Paraliel EEPROM
Density Samsung Xicor ~ Seeq Exel Atmel Hitachi Oki Catalyat
64K KM28C64A | X2864A/B DQ28C64 XL2864 AT28C64 HN58064 MSM28C64A | CAT28C65A
X28C64 XL28C64A
KM28C65A DQ28C65 XL2865 HN58C65/66 CAT28C65A
DQ2864 XL28C65A
KM28C64B | X2864A/B DQ28C64 XL2864 AT28C64 HN58064 MSM28C64A | CAT28C65A
X28C64 XL28C64A
KM28C65B DQ28C65 XL2865 HN58C65/66 CAT28C65A
DQ2864 XL28C65A
59
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MEMORY ICs
3.5 Flash
Density Samsung Toshiba Seeq Exel Atmel Hitachi Oki Catalyat
1M KM29C010 AT29C010
16M KM29N16000 | TCS816FT/TR
32M KM29N32000 | TC5832FT/TR
60
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4. ORDERING INFORMATION

4.1 DRAM
KM 4 X XXXXX X X - XX
'l' T T T TT ‘}'
DRAM SPEED
*6 : 60ns
ORGANIZATION 7 : 70ns
- *8 : 80ns
N +10: 100ns
* 8. X8
e 9: X9 PACKAGE
*16: X16
*18: X18 °P: DIP
o 32: x32 *J: S0
oZ: 2IP
PROCESS & POWER oT: TSOP I (TR: Reverse)
«C: CMOS, 5 *V: TSOP I (VR: Reverse)
sV/: CMOS, 3.3V
POWER LIMITS
DENSITY *BLANK: NORMAL
i i oL . LOW POWER
Refer to the previous chapter 2 (Product Guide) oSL - SUPER LOW POWER
ol L : SELF REFRESH
DIE REVISION
*BLANK: NONE
*A - :FIRST REV.
*B  : SECOND REV.
«C  :THIRD REV.
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* NEW DRAM ORDERING SYSTEM
This new DRAM ordering system will be used for all SAMSUNG's DRAM products in '95.
In '94 DRAM Databook, only used for 16M Byte Word Wide 2nd Gen. and 64M DRAM.

2 3 4 5 6 7 8 9
KM 4 AA B CCC D E - F GG
—_— e — = —_
SAMSUNG
__Memory | Speed
DRAM
Organization Power(DC Current)
Product
Density & Mode/Feature
Revision Package Type
1. SAMSUNG Memory 7. Package Type
soJ
2. DRAM(4) TSOP |l (Forward)
) TSOP |l (Reverse)
3. Organization TSOP | (Forward)
1 x 1 TSOP | (Reverse)
4 x4 SOJ(Shrinked PKG,SOJ)
8 x8 TSOP Il (Shrinked PKG,Forward)
9 = X9 W TSOP |l (Shrinked PKG,Reverse)
16 x 16
18 - x18 8. Power(DC Current)
32 x 32 Blank Normal
L Low power
4. Product H Super Low power
C 5V F Self Refresh with L.P
\Y 3.3V
9. Speed

-5 <eeeree---- 50 NS

5. Density & Mode/Feature (Same)

6. Revision :
Blank 1st Gen.
A 2nd Gen.
B 3rd Gen.
(o} 4th Gen.
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4.2 DRAM Module

Module

Memory Type &
Edge Connector

Organization

Process & Power

Density

Refresh

1. SAMSUNG Memory

2. Module

3. Memory Type & Edge Connector

.................... LASH

_2 .............. MaskROM
B I R DRAM DIMM
B R R DRAM SIP
B IR PP DRAM SIMM
N R R R R SRAM
B A R Pseudo SRAM
B - I I ASSP
- R VRAM

4. Organization
“8/9 it x8/x9 bit wide
18 - x18 bit wide
“32/33 - X32/X33
-36/40 ................ X36/X39/X40
B4/66 - -+ x64/x66
“T2/80 et X72/x80
44 i x144 bit W|de

5. Process & Operation Voltage
“Blank <+ e CMOS 5V
.V .................... CMOS 33V
[ T O Sync 3.3V

6. Density
R R 16M
B P 8M
W e 4M
I oM
T 2M
B2 i 512K
L R 256K

7. Refresh (16M DRAM Based)
B R R I 4K
I I 2K
R LR R R TR 1K

8. Power Consumption
B ) I R Normal
B R R R Low Power
N Super Low Power
-6 .................... Se|f Refresh

8 9 101112 13 14 15 16

F HIJKLM NN

Lead Finish & Customer

TTTT T [ oo

Onlyx32 or x33 PCB

Number of Components
PCB Revision

Package Type

Component Revision

Operation Mode & Organization

Power Consumption

9. Operation Mode & Organization

-0 F/P

-1 Nibble

-2 Static Column

3. Using Quad CAS

4 ... Using EDO

5. Using EDO & Quad CAS
-8---- Using Non Memory Logic
-9 Using Non Memory Logic

& Quad CAS
10. Component Revision

-Blank
A e
B--
N o R
11. Package Type
-Blank :
Fs
12. PCB Revision
“Blank cccccciniiiienan None
First Rev.
Second Rev.
Third Rev.
13. Number of Components
-Blank more than 7 chip
N less than 8 chip
U Byte Wide Base
W o Word Wide Base

.................... x32 or x33 PCB
15 Lead Finish & Customer
Blank ---ccveviiiiinns Solder

Compaq
Cambex

L= utg
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4.3 VRAM
KM

VRAM

ORGANIZATION

s 4: X4
e 8: X8
* 16: X16

'PROCESS & POWER

* C:CMOS, 5V
+ V. LOW Vee CMOS, 3.3V

DENSITY

* 64K
* 128K
* 256K

1

T SPEED

« 6:60ns
* 7:70ns
« 8:80ns
« 10: 100ns

PACKAGE

«P: DIP

*J: SOJ

«Z: ZIP

*T. TSOPII

* TR: TSOP [ Reverse

DIE VERSION

« A: SECOND-VER

vy
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4.4 Static RAM

M XX

MEMORY COMPONENT

DEVICE TYPE

1

« 6: SRAM(Async.)
« 65: Pseudo SRAM
« 7: SRAM(ASSP)

ORGANIZATION

= 1: X 1bit

 4: X 4bits

« 2 or 8: x8bits
« 9: X 9bits

= 16: X 16bits

TECHNOLOGY

« BLANK: CMOS
+ B: BICMOS

OPERATING Vcc

-

» BLANK: 5.0V
*V:3.0 0r 3.3V

XXXX X X X X-XX X X

DENSITY & OPTION

» 64: 64K Slow

« 65: 64K Fast

+ 66: 64K Fast(with OF)

» 256: 256K Slow

» 257: 256K Fast

» 258: 256K Fast(with OE)

» 512: 512K Slow

» 513: 512K Fast

« 1000: 1M Slow

«1001: 1M Fast

» 1002: 1M Fast(Revolutionary)

« 1003: 1M Fast(Revolutionary, with OE)
« 1005: 1M Fast(Sep./O)

» 1006: 1M Fast(Sync.,Sep.l/O)

+ 86 : 1M Sync. linear Burst, No Glue
« 87 : 1M Sync. linear Burst, Glue

* 90 : 1M Sync. Interleave Burst, No Glue
* 4000: 4M Slow

« 4002: 4M Fast(Revolutionary)

« 8128: 128K x 8 Pseudo SRAM

« 8512: 512K x 8 Pseudo SRAM

L msung

ELECTRONICS

65




MEMORY ICs | FUNCTION GUIDE

4.4 Static RAM
» TTT T T
VERSION ’ OPERATING Vcc
* BLANK—A—B—C « BLANK: 5.0V
o + V: Wide Voltage
POWER LIMITS
PACKAGES -« BLANK: High Power
' « L: Low Power
< P.DIP X
. G: SOP . o L-L: Low pr Power
+ J: SOJ or PLCC i
» T. TSOP(Standard Type)
« R: TSOP(Reverse Type)
OPERATING TEMP ‘ SPEED
« BLANK: Commercial Slow Fast
« I: Industrial « 5:55ns .+ 8:8ns
« 7:70ns *9: 9ns
« 8:80ns +10: 10ns
«10: 100ns *12: 12ns
«12: 120ns * 14: 14ns
« 15: 15ns
*17: 17ns
*19: 19ns
« 20: 20ns
* 24: 24ns
» 25: 25ns
» 30: 30ns
« 35: 35ns
* 45: 45ns
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4.5 MASK ROM
MEMORY SPEED
*«10:100ns
DEVICE TYPE *12:120ns
- +15:150ns
« 23 : MASK ROM « 20+ 200ns
PROCESS & POWER PKG
. C: CMOS, 5V
' « BLANK : DIP
«V: CMOS, 3.3V +G:SOP
DENSITY - SG:SSOP
. 256 256K
«512: 512K VERSION
« 1 :1M
2 om BLANK—A—B—C
o 4 :4M
8 aM TYPE & MODE
¢ 16 : 16M + 0 : COMMERCAL
. 32 :32M « 1 : Multi OF :
- 64 : 64M + 5 : PAGE MODE
ORGANIZATION
+ 00 :x 8 bit (1M 28DIP, 2M, 4M, 8M)
x 16 bit (16M, 32M, 64M)
» 01 : x 8 bit (1M 32Pin)
+ 10 : x 8 bit (16M, 32M, 64M)
x 16 bit (2M, 4M, 8M)
« 11 :x 8 bit (32M 42DIP)
« 20 :x 16 bit & EPROM TYPE PIN OUT (4M)
x 32 bit (16M, 32M, 64M)
* Internal KF - CODE Inforamtion
MASK ROM Intermal Ver. NO.
DENSITY SERIAL NO.
«3 : 256K
«Z : 512K
<4 : 1M PRODUCTION LINE
;im «1:LINE1
: «2:LINE2
X 8 «3:LINE3
<6 : 16M it
W : 32M
67
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4.6 EEPROM

*Serial EEPROM

93 : Micro Wire Type

CMOS Process

XX

DENSITY

46 : 1K Bit
56 : 2K Bit
57 : 2K Bit,x8/x16 Select
66 : 4K Bit
67 : 4K Bit,x8/x16 Select

*Parallel EEPROM

KM

28 : Pallel EEPROM
29 :Flash Memory

CMOS Process

28(29) C XXX X X X - X

L BLANK: Commercial

| : Industrial

Blank : DIP Package

G : SOIC PKG

GD : S0IC PKG,DIP pin Conf

Blank : 5V Operation.

Density
64 :64K Bit
010 : 1M Bit

Revision

Blank : 1st Gen.
A : 2nd Gen.
B : 3rd Gen.

4.7 Flash

Flash Memory

NAND Type (CMOS)

\ : 3V Operation.

1><

SPEED

9 : 90ns
10:100ns
12 :120ns
15:150ns
20 : 200ns

BLANK : Commercial
| : Industrial

Package

Blank : DIP PKG
J : PLCC PKG
T : TSOP | PKG

L BLANK : Good Block=502~511

Density

16000 : 16M Bit.
- 32000 : 32M Bit.

64000 : 64M Bit.

S : Good Block=512

Package
T : TSOP Forward Type
R : TSOP Reverse Type

S msuvyg
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4.8 Memory Card

SAMSUNG MEMORY

CARD

CARD STYLE

+ J : PCMCIA/JEIDA/JEDEC STYLE(5.0V)
» V: PCMCIA/JEIDA/JEDEC STYLE(3.3V)

MEMORY TYPE

« 5 : DRAM Card
* 6 : SRAM Card

MEMORY DATA WIDTH

- 8 : 8Bit +16:16Bit - 18:18Bit
+16:16Bit -32:32Bit - 36:36Bit

T

C W W Ww XXXX YYY - ZZ

SPEED

«06:60ns +15:150ns
«07:70ns =20:200ns
«08:80ns +25:250ns

CUSTOMER CODE

COMPONENT COMPOSITION

« BLANK : x41x1 BASE
« W : BYTE-WORD WIDE BASE

DIE(COMPONENT) REVISION

DENSITY & MODE/FEATURE

» DRAM Card « BLANK : NONE
4100 : 4M Bit F. Page, 2K refresh - A: FIRST REV.
4000 : 4M Bit F. Page, 4K refresh « B: SECOND REV.
2000 : 2M Bit F. Page, 1K refresh « C: THIRD REV.
1000 : 1M Bit F. Page, 1K refresh
512 :512K Bit F. Page, 1K refresh

« SRAM Card
1000 : IM BIT
512: 512K BIT
256 : 256K BIT

69
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KM41C1000C/CL/CSL CMOS DRAM

1M x 1 Bit CMOS Dynamic RAM with Fast Page Mode

FEATURES _ GENERAL DESCRIPTION

« Performance range: The Samsung KM41C1000C/CL/CSL is a CMOS hlgh
speed 1,048,576 x 1 Dynamic Random Access
Memory. Its design is optimized for high performance

tRAC tcac tre

KM41C1000C/CL/CSL-6 60ns 15ns | 110ns applications such as minicomputers, graphics and high
KM41C1000C/CL/CSL-7 70ns | 20ns | 130ms performance microprocessor computers.
KM41C1000C/CL/CSL-8 80ns | 20ns | 150ns The KM41C1000C/CL/CSL features Fast Page Mode
operation which allows high speed random access of
- Fast Page Mode operation memory cells within the same row. CAS-before-RAS
« CAS-before-RAS refresh capability refresh capability provides on-chip auto refresh as an
- RAS-only and Hidden refresh capability alternative to RAS-only refresh. All inputs and output
« TTL compatible input and output are fully TTL compatible.
« Single 5V+10% power supply
« Refresh Cycle The KM41C1000C/CL/CSL is fabricated using
— 512 cycle/8ms refresh (Normal) Samsung's advanced CMOS process.

— 512 cycle/64ms refresh (L-version)
— 512 cycle/128ms refresh (SL-version)
» Power Dissipation
—Standby : 5.5mW (Normal)
1.1mW (L-version)
0.55mW (SL-version)
— Active(60/70/80ms) : 385/358/330mW
« 256K x 4 fast test mode
- JEDEC standard pinout
« Available in plastic DIP, SOJ, ZIP, TSOP(l),
TSOP(il) and PLCC Packages

FUNCTIONAL BLOCK DIAGRAM

RAS — .
CAS —| CONTROL & DATA
AS CLOCK N |f—bp
W — BUFFER
t~| REFRESH CONTROL & .
ADDRESS COUNTER
DATA
-] COLUMN DECODER ouT |—aq
{31 SENSE AMPs & 110 BUFFER
Ag — %)
. @
k]S
. |2|g| Memory armay
o I} 1,048,576 Cells
nle —— Vco
x| 2 V.
== Vss
. 1818
Ag - <
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KM41C1000C/CL/CSL CMOS DRAM

PIN CONFIGURATION (fop Views)

« KM41C1000CP/CLP/CSLP + KM41C1000CJ/CLJ/CSLJ * KM41C1000CZ/CLZ/CSLZ - KM41C1000CT/CLT/CSLT

DEOU 18] Ves ofpo 200 Vss A 1] DE1o\fzo:|v._gs
w[2] 7la WEZ wha daECTS w2 ©la
% RAS O3 18] CAS %Evss - mass 18| CAS
RAS [3] 16] CAS e 04 17faNe o{s Elw T 04 w751 NC
T.F.% [75] A nc g5 18] As ij T nc s 160 A
NC
g B Noiole
' 3] A ¥ 150 A 10 53] o, A s 50 A
A [7] [13] As a7 uh A AQE[E_N A7 1 A,
As 8] 1] As A8 13 As Vee [15] A:[]s 13 As
widl O [@a As[]o 27 A e i) O] A sde 4 rhaA
veio O nfa, 8| A vedo ~ unfa
A [19]
[20] A
™
- KM41 C{OOOCVICLVIGSLV « KM41C1000CVR/CLVR/CSLVR
A CTd1 0 20 ET0 As As [T 20 o1 A
]2 9 FriA 7 9
JCi=EE e REE I
'S
vsstts 1s,:1:lA< A, CTH 16 5:!:1”55
S EH s BEEK yaszk SR e
g==H =R S ez}
e 1 3 A A, L] 11 ofo S
+ KM41C1000CTR/CLTR/CSLTR  » KM41C1000CG/CLG/CSLG
Pin Names Pin Function
Vss [ 20 o1pD Ac-A Address Inputs
ofew O :2pw A P
CAS[] 18 3|1 RAS g o D Data In
Nc 17 4] TF 16] CAS
s I 5B ne 5 o S Data Out
% As w Read/Write Input
ads b A 13] Ar RAS Row Address Strobe
A, C]1a 7 EII A, F| As CAS Column Address Strobe
] A
2: E 12 o g 5 A TF Test Function
A 10 Vee Vee Power (+5V)
Vss Ground
NC No Connection
NL No Lead
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KM41C1000C/CL/CSL CMOS DRAM

ABSOLUTE MAXIMUM RATINGS*

Parameter Symbol Rating Units
Voltage on Any Pin Relative to Vss . ViN, VouT -1t0 +7.0 v
Voltage on Ve Supply Relative to Vss "Viop -1to+7.0 \
Storage Temperature Tstg -55to + 150 °C
Power Dissipation ‘ Po 600 mw
Short Circuit Output Current los 50 mA

*

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

RECOMMENDED OPERATING CON DITIONS (Voltage referenced to Vss, Ta=0 to 70°C)

Parameter Symbol Min Typ Max Unit
Supply Voltage Vece 45 5.0 5.5 \
Ground Vss 0 0 0 Vv
Input High Voltage ViH 24 — Vee +1 \
Input Low Voltage viL 1.0 — 0.8 v '

DC AND OPERATING CHARACTERISTICS

(Recommended operating conditions unless otherwise noted)

Parameter Symbol| Min | Max | Units
) KM41C1000C/CL/CSL-6 - 70 mA
Operating Current*
= . . - KM41C1000C/CL/CSL-7 lcct - -65 mA
(RAS and CAS, Addreéss vacIlng @trc=min.) KM41C10000/CL/CSL-8 i 60 mA
Standby Current (RAS=CAS=W=Vix ) ‘ lcc2 - 2 mA
T— . KM41C1000C/CL/CSL-6 - 70 mA
FCATSS-?\Z:Z ';%eir\' dit’e’;es”é g @tho=min) KM41C1000C/CL/CSL-7 lccs -] 65 | mA
= RS, yelng Re=min. KM41C1000C/CL/CSL-8 - | 60 | mA
KM41C1000C/CL/CSL-6 - 55 mA
Fast Page Mode Current*
i st . . KM41C1000C/CL/CSL-7- lcca - 50 mA
(RAS=ViL, CAS, Address Cycling @tpc=min.) KM41C1000C/CL/CSL-8 . 45 mA
KM41C1000C - 1 mA
Standby Current
e KM41C1000CL fcos - 200 | rA
(RAS=CAS=W=Vce-02V) KM41C1000CSL - | 100 | kA
e = . KM41C1000C/CL/CSL-6 - 70 mA
%‘m%ﬁﬁ3°$§y3?§;es@'l§c”1i?ﬁ) KM41C1000C/CL/CSL-7 lccs - | 65 | mA
S KM41C1000C/CL/CSL-8 - 60 mA
Battery Back Up Current
Average Power Supply Current, Battery back
up Mode (CAS=CAS-Before-RAS Cycling or KM41C1000CL loc? ) 200 A
0.2V, W=Vce-0.2V or 0.2V, Ao~As= ) KM41C1000CSL 100 #A
Vee-0.2V or 0.2V, Din=Vcee-0.2V, 0.2V or
OPEN : trc=2504S, trRas=tras min.~14S)
Input Leakage Current
(Any input 0<VIN <6.5V, all other pins not under test=0 volts.) ) -10 10 KA
Qutput Leakage Current (Data out is disabled, 0<VouTt<Vcc) low -10 10 #A

ELECTRONICS




KM41C1000C/CL/CSL | CMOS DRAM

DC AND OPERATING CHARACTERISTICS (Gontinued)

Parameter Symbol | Min |-Max | Units
Output High Voltage Level (loH=-5mA) . VoH 24 - \"
Output Low Voltage Level (loL=4.2mA) ‘ VoL - 0.4 \

*NOTE: lcc, Iecs, Iccsa and lccs are dependent on output loading and cycle rates. Specified values are obtained with
the output open. lcc is specified as average current. Icc, Iccs, Address can be changed maximum two times
while RAS=ViL, lccs, Address can be changed maximum once during a Fast Page cycle.

CAPACITANCE (1a=25°C, Vcc=5V, =1MHz)

Parameter Symbol Min Max . Unit
Input Capacitance (D) Cini - 5 pF
Input Capacitance (Ao~Ag) Cin2 - 6 pF
Input Capacitance (RAS, CAS, W) Cing - 7 pF
Output Capacitance (Q) Cout - 7 pF

AC CHARACTERISTICS (0°C<Ta<70°C, Vcc=5.0V+10%, See notes 1,2)

-6 -7 -8
Parameter Symbol Unit | Notes
Min| Max | Min| Max { Min|{ Max

Random read or write cycle time trRC 110 130 150 ns
Read-modify-write cycle time trwe | 130 150 170 ns
Access time from RAS tRAC 60 70 80| ns | 34,11
Access time from CAS tcac 15 20 20| ns | 345
Access time from column address taa 30 35 40| ns | 310
CAS to output in Low-Z toLz 0 0 .0 ns 3
Output buffer turn-off delay tOFF 0 15 0 20 0 20| ns 7
Transition time (rise and fall) T 3 50 3 50 3 50| ns 2
RAS precharge time trRP 40 50 60 ns
RAS pulse width ) ' trAS 60| 10,000 ; 70| 10,000 | 80| 10,000 | ns
RAS hold time s | 15 20 20 ns

.| CAS hold time : * tCsH 60 70 80 ns
CAS pulse width tcas 15| 10,000 | 20| 10,000 | 20{ 10,000 | ns
RAS to CAS delay time ) tReo | 20 45| 20 50| 20 60| ns | 4
RAS to column address delay time tRAD 15 30| 15 3% 15 40| ns 11
CAS to RAS precharge time torp 5 5 5 ns
Row address set-up time tasr 0 0 0 ns
Row address hold time tRAH 10 10 10 ns
Column address set-up time tasc 0 0 0 ns
Column address hold time tcaH 15 15 15 ns
Column address to RAS lead time RAL 30 35 40 ns
Read command set-up time | tres 0 0 0 ns

- ELECTRONICS



KM41C1000C/CL/CSL CMOS DRAM

AC CHARACTERISTICS (Continued)

-6 -7 -8
Parameter Symbol - Unit | Notes
Min | Max | Min| Max | Min| Max
Read command hold time referenced to CAS tRCH 0 0 0 ns 9
Read command hold time referenced to RAS tRRH 0 0 0 ns
Write command hold time tweH 10 10 10 ns
Write command hold time referenced to RAS twer 45 50 55 ns 6
Write command pulse width twp 10 10 10 ns
Write command to RAS lead time tRWL 15 15 15 ns
Write command to CAS lead time tewL 15 15 15 ns
Data-in set-up time’ tos 0 0 0 ns 10
Data-in hold time toH 15 15 15 ns 10
Data-in hold time referenced to RAS tDHR 50 55 60 ns 6
Refresh period (Normal) {REF 16 16 16| ms
Refresh period (Low power) tREF 64 64 64| ms
Refresh period (Super Low power) - tREF 128 128 128| ms
Write command set-up time twes 0 0 0 ns 8
CAS to W delay time towo | 15 20 20 ns 8
RAS to W delay time tRwp | 60 70 80 "ns 8
Column address to W delay time tawp 30 35 40 ns 8
CAS set-up time (CAS-before-RAS refresh) tesR | 5 5 5 ns
CAS hold time (CAS-before-RAS refresh) tcHR 15| 15 15 ns
RAS precharge to CAS hold time tRPC 5 5 5 ns
CAS precharge time (C-B-R counter test cycle) topT 20 25 30 ns
Access time from CAS precharge . tcPA 35 35 40| ns 3
Fast Page mode cycle time trc 40 45 50 ns
Fast Page mode read-modify-write cycle time tPRWC | 60 60 65 ns
RAS pulse width (Fast Page mode) trRASP 60 100K| 70| 100K| 80 100K | ns
RAS hold time from CAS precharge tRHcP | 40 45 50 ns
CAS precharge time (Fast page mode) fcp 10 10 10 ns

L= sung "
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KM41C1000C/CL/CSL

CMOS DRAM

NOTES

1.

‘An initial pause of 200us is required after power
up followed by any 8 RAS cycles before proper
device operation is achieved.

. Viu(min) and V,(max) are reference levels for

measuring timing of input signals. Transition times
are measured between Viy(min) and V,(max),and
are assumed to be 5ns for all inputs.’

. Measured with a load equivalent to 2 TTL loads and

100pF.

. Operation within the trcp(max) limit insures that

trac(max) can be met. tacp(max) is specified as a
reference point only. If taeo is greater than the
specified trep(max) limit, then access time is con-
“trolled exclusively by tcac.

. Assumes that trcp> taco(max).
. twen, tonr are referenced to taao(max).

. This parameter defines the time at which the out-

put achieves the open circuit condition and is not
referenced to Vou or Vor.

. twes, trwo, towo and tawn are non restrictive

operating parameters. They are included in the data
sheet as electrical characteristics only. If
twes> twes(min) the cycle is an early write cycle and

TIMING DIAGRAMS

the data output will remain open circuit throughout
the entire cycle. If towo>tcwo{min) and trwp>
trwn(min) and tawo>tawo (Min), then the cycle is a
read-write cycle and the data output will contain
data read from the selected cell. If neither of the
above conditions are satisfied, the condition of the
data out is indeterminate.

9. Either tacn Or traw must be satisfied fpr a read cycle.

10. These parameters are referenced to tﬂ(_e CAS leading
edge in early write cycles and to the W leading edge
in read-write cycles.

11. Operation within the trap (Mmax). limit insures that
taac (Max) can be met. trap (Max) is specified as a
reference point only. If tgap is greater than the
specified trap (Max) limit, then access time is con-
trolled by taa.

12. Normal operation requires the “T.F” pin to be con-
nected to Vss or TTL logic low level or left uncon-
nected on the printed wiring board.

13. When the “T.F” pin is connected to a defined posi-
tive voltage, the internal test function may be acti-
vated. Contact Samsung for specific operational
details of the “test function.”

14. In a test mode read cycle, the value of trac, tcac,
taa is delayed for 3ns.

READ CYCLE
tRe
tras
s ViH— g
AAS o S( / N\
tcsH trp
) trRcD tRsH e tcRP—|
tcas
I ViH—
oAS Vi —-——t‘RAD——I \ \t i 1_/ / \_
tRAH tasg tean RAL
tasR —=f ——r [ ..—_f

ViH— ROW COLUMN

A Vi ADDRESS ADDRESS
tRRH—
il tRCH

Vin— XXX X - OO0

w Vi SRS ta SRR
tcac
trac : — ta— tOFF

VoH— o { - VALID

Q OPEN { DATA E._-—

VoL—

o
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KM41C1000C/CL/CSL

CMOS DRAM

TIMING DIAGRAMS (continued)
WRITE CYCLE (EARLY WRITE)

trc
- Vi~ \ tRAS \
RAS ViL— SL f’
tcsH o tRp ——t ]
tRCD tRsH tCRP—=
JE— ViH~— tcas
CAS ViL— N\ \ /
F=— tRAD tRAL
tasr tRAH tasc tcan
—
A k- m ROW COLUMN
ViL— -ADDRESS | ADDRESS
towl:
twes = tweH -
_ ViH— \ AN NN SNNANNNY \V YANANAAANAANNANANNY
wow R R R RSN
-
tRwL
twer 1
tps — fo—  f—tpH —=
Vin— SOOOOOOOOOONKX XD VALID
0 Vi XAESRILABEK DATA
h toHR
VOoH—
Q VoL OPEN

READ-WRITE/READ-MODIFY-WRITE CYCLE

tRwe
tRas
- .
—— ViH—
RS- N ;
tesH trp
tRCD trsH f—tcRP
d tcas
Ju— ViH— \_
CAS ViL— tasm i tasc \k .4 ]
-_IRAH ] tcan
1

ViK— ROW -b COLUMN

A Vi ADDRESS A\ ADDRESS
1
tRwD F—towL ——-[
trReCs ——1 — towo tRWL
— ViH— t AR XSS RN
W KRR LRI
tcac e twp e tofF
tcLz

VoH— A VALID 3

¢ o OPEN « DATA -
trac tDH

Vi KU O K KX KX KX X KX XX R R RN RA XXX

° ViL— 0’0’0‘A’o’;’o’o’o‘oféo‘c\’o’o’o’.’0?ofo?c“‘o’c’o’o’o’.«‘c‘a‘fl' y "?0?0?0?0f'?0?0?0?0’0?0?0?0?0?0?6‘

m DON'T CARE

PEinsunog
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KM41C1000C/CL/CSL

CMOS DRAM

TIMING DIAGRAMS (Continued)
FAST PAGE MODE READ CYCLE

trASP
RAS VM- r
ViL— " tap \_
tcsH i - tRSH
tRcD o ‘PCt _ | tome
— tCAS —of CAS 1| g tcas
CAS ViH— s }F‘ \ A
ViL— tRAH
t = ‘ﬂ tcaH tcaH
tasr tasc CAH tA‘SE'I tasc
] - {RAL
A Vin— ROW COL coL  coL
V||_'— ADD ADD ADD N\ ADD
- e tcac i oPAT— ] IS rpp—
RAD —1taa torr taa ] toFF taa . “'10FF
VA WS g oY, i S AL ) S B
[e] ViL— 'ALDATA DATA DATA
—={ t=—1tRRH
tRcH
i
- ViH— 1¢
w ViL—
FAST PAGE MODE WRITE CYCLE (EARLY WRITE)
tRp —=—]
ViH— 1 .
wE . :S RASP \
L— a
tosH tec ~—— tRsH—~— 1
¢ tcas tep tep CRP
trep |
. t t
. Vin— \ CAS h CAS —
S ViL— R X }
tasc tasc tRAL
tasr ARAH | tasc tcAH tcAH tcan
ViH— Row coL coL coL
A ViL— ADD ADD A ADD ADD
1 f
tweH
twer twes twes twer
twes tweH
e AR
w ViL—
tos toH tps ton_| tps toH
ViH— —
D v VALID DATA VALID DATA VALID DATA
L—
) \
f——————tDHR————
VouH—
Q on OPEN
VoL—

m DON'T CARE
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KM41C1000C/CL/CSL ~ CMOS DRAM

TIMING DIAGRAMS (Continued)
FAST PAGE MODE READ-WRITE CYCLE

tRASP tap
_ ViH - 3 :
RAS
viL -
tcsH tRsH
tPRWC | e
tRcp tCAS ] |—tCPe] -
or CAS—=]|
. . f——1tCAS —=—
Viy - B e 8 -
s | \ /N \ 7
ViL- S x x
tRAL
t 4 t t t tasc| | tcam
tasn || |IRan tasc| CAH ASC CAH
ViH - - N £
A ROW ADD COL ADD COL ADD COL ADD
Vi - X
! [
towo tcwo towp
——tRAD —=— —— ———f }-—— .
tewe — towL
= tawo—= b= tAwD -~ p=—mri e tAWD e}
tres l |——tRWL
_ ViH - j =\
ViL - B E
twpl tres twe tacs twp
tRwD
t t
tos —— 2 tnsl——‘ | tom lol il
| |
ViH -
D H (VALID ALID ALID
ViL - DATA DAT, DATA|
.‘ ——torz ] tc‘l[.._« tCLz‘___
! tcac —Ttcac—T= - teac
taad— f——tan taa
tRaC tcra tcpa
VoH - L |
Q { VALID VALID VALID
Vor - \&k DATA ¥ DATA \ _ DATA H> :
toFF torF torF

m DON'T CARE
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KM41C1000C/CL/CSL

CMOS DRAM

TIMING DIAGRAMS (Continued)

RAS-ONLY REFRESH CYCLE
Note: CAS =Viu, W,D, Ag = Don’t Care

ViL—

o Vi RRIIRTIITO
vi- YOS

tRAS
’lzc

ROW ADDRESS

Q0

OOOOOOOOOOOOOONN XX
NSRRI

trp

OOOOOOOONXXX)
SRR

VoH—
Q " OPEN
VoL—
HIDDEN REFRESH CYCLE
' tRC
tras [ tRp ——= tRas Ftﬂp—“
. ViH— \
RAS Vie S
~—""RcD
—— VIiH— 1,
5 IH RAD
o V- tRAH
tnsn_
tasc=
A ViH— ROW
Vi ADDRESS K
I
—~|tncs|——
W ViH—
ViL—

tcac——
VoH—

Q - Von tcLz 4
VoL—

CAS-BEFORE-RAS REFRESH CYCLE

VALID DATA

tras .‘“ i
RAS ViH - s
ViL - S( Z
t N trrc
HUSH ICHR
s VW Y - | RERRIREXIRXXND
A Vi - \ "0“ 0“"““’"""’“‘0’0’0
T
\\;Z: i OPEN

m DON'T CARE

S s v
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KM41C1000C/CL/CSL

CMOS DRAM

TIMING DIAG RAMS (Continued)

CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE

trp

Vib—-
ViL-

D
b
(2

tras

tRSH

ViH -
ViL -

O
(2

ViH—
ViL—

>

\/ \ A\ \\VVVVVVV
R ERIRLRLLRKLKLR

TAVAVAVAVAVAVAVAN

READ.CYCLE

Q VoH—

\/\
XY

tcas

tcAH

COLUMN
(_ADDRESS 4

tRAL

taa

r— tCAC —e=ni

toFF

VoL—

g

WRITE CYCLE

VOoH
Q OH

¥
VALID DATA

tcLz

tres L—

tRRH

tRCH

tRWL.

VoL -

ViH —
ViL -

2|

R

towL

OPEN

twe tweH

twp

tos toH

ViH-
ViL-

READ-MODIFIED WRITE CYCLE

Q Vor-—

VALID DATA

——t

toFF

VoL~

ViH -
Vit XXXAX

g

ViK—
ViL—

NN/

V‘VVVV

NAN AN NN ANANANANNN/NIN/N/S
KRR

\\/\/ \/ VVVVVVVV VNN \/\/
SRRLLLLLRIERRRRRRRLLLLENK

VALID DATA

tRes |

towL l

twp

[ tRwL —==1

TR

toH

VALID DATA

m DON'T CARE

s vy
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KM41C1000C/CL/CSL

‘CMOS DRAM

DEVICE OPERATION

The KM41C1000C/CL/CSL contains 1,048,576 memo-
ry locations. Twenty address bits are required to
address a particular memory location. Since the
KM41C1000C/CL/CSL has only 10 address input pins,
time multiplexed addressing is used to input 10 row
and 10 column addresses. The multiplexing is con-
trolled by the timing relationship between the row
address strobe (RAS), the column adress strobe(CAS),
and the valid row and column address inputs.
Operation of the KM41C1000C/CL/CSL begins by
strobing in a valid row address with RAS while CAS
remains high. Then the address on the 10 address
input pins is changed from a row address to a column
address and is strobed in by CAS. This is the begin-
ning of any KM41C1000C/CL/CSL cycle in which a
memory location is accessed. The specific type of
cycle is determined by the state of the write enable pin
and various timing relationships. The cycle is terminat-
ed when both RAS and CAS have returned to the high
state. Another cycle can be initiated after RAS remains
high long enough to satlsfy the RAS precharge time
(trP) requirement.

RAS and CAS Timing

The minimum RAS and CAS pulse widths are specmed
by tras(min) and tcas(min) respectively. These minimum
pulse widths must be satisfied for proper device opera-
tion and data integrity. Once a cycle is initiated by
bringing RAS low, it must not be aborted prior to satis-
fying the minimum RAS and CAS pulse widths. in addi-
tion, a new cycle must not begin until the minimum
RAS precharge time, trP, has been satisfied. Once a
cycle begins, internal clocks and other circuits within
the KM41C1000C/CL/CSL begin a complex sequence
of events. If the sequence is broken by violating mini-
mum timing requirements, loss of data integrity can
occur.

Read '
A read cycle is achieved by maintaining the write
enable input (W) high during RAS/CAS cycle. The
access time is normally specified with respect to the
falling edge of RAS. But the access time also depends
on the falling edge of CAS and on the valid column
address transition.

If CAS goes low before trRcp(max) and if the column
address is valid before trRap(max), then the access time
to valid data is specified by trac(min). However if CAS
goes low after trcp(max), or if the column address
becomes valid after trRap(max.), access is specified by
tcAc or taa. In order to achieve the minimum access
time, trac(min), it is necessary to meet both trRco(max)
and tran(max). '

Write

The KM41C1000C/CL/CSL can perform early write,
late write and read-modify-write cycles. The difference
between these cycles is in the state of data-out and is
determined by the timing relationship between W and
CAS. In any type of write cycle, Data-in must be valid
at or before the falling edge of W or CAS, whichever is
later.

Early Write: An early write cycle is performed by bring-
ing W low before CAS. The data at the data input pin
(D) is written into the addressed memory cell.
Throughiout the early write cycle the output remains in
the Hi-Z state. This cycle is good for common I/O
applications because the data-in and data-out pins
may be tied together without bus contention.

Read-Modify-Write: In this cycle, valid data from the
addressed cell appears at the output before and during
the time that data is being written into the same cell
location. This cycle is achieved by bringing W low after
CAS and meeting the data sheet read-modify-write
cycle timing requirements. This cycle requires using a
separate |/O to avoid bus contention

Late Write: If W is brought low after CAS, a late write
cycle will occur, The late write cycle is very similar to
the read-modify-write cycle except that the timing
parameters, tcwp and tawp, are not necessarily met.
The state of date-out is indeterminate since the output

“can be either Hi-Z or contain data depending on the

timing conditions. This cycle requires a separate 1/0 to
avoid bus contention.

Data Output

The KM41C1000C/CL/CSL has a three-state output
buffer which is controlled by CAS. Whenever CAS is
high(ViH), the output is in the high impedance (Hi-Z)
state. In any cycle in which valid data appears at the
output, the output goes into the low impedance state
in a time specified by tcLz after the falling edge of CAS.
invalid data may be present at the output during the
time after tcLz and before the valid data appears at the
output. The timing parameters tcac, tRac and taa speci-
fy when the valid data will be present at the output.
The valid data remains at the output until CAS returns
high. This is true even if a new RAS cycle occurs (as in
hidden refresh). Each of the KM41C1000C/CL/CSL
operating cycles is listed below after the corresponding
output state produced by the cycle.
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KM41C1000C/CL/CSL

CMOS DRAM

DEVICE OPERATION (continued)

Valid Output Data: Read, Read-Modify-Write, Hidden
Refresh, Fast Page Mode Read, Fast Page Mode
Read-Modify-Write.

Hi-Z Qutput State: Early Write, RAS-only Refresh, Fast
Page Mode Write, CAS-before-RAS Refresh, CAS only
cycle. :

Indeterminate Output State: Delayed Write.

Refresh

The data in the KM41C1000C/CL/CSL is stored on a
tiny capacitor within each memory cell. Due to leakage
the data may leak off after a period of time. To main-
tain data integrity it is necessary to refresh each of the
rows every 16/64/128 ms. There are several ways to
accomplish this.

RAS-Only Refresh: This is the most common method
for performing refresh. It is performed by strobing in a
- row address with RAS while CAS remains high. This
- cycle must be repeated for each of the 512 row
addresses, (Ao~As). The state of address Ao is ignored
during refresh.

CAS-before-RAS Refresh: The KM41C1000C/CL/CSL
has CAS-before-RAS on-chip refresh capability that
eliminates the need for external refresh addresses. If
CAS is held low for the specified set up time (tcsR)
before RAS goes low, the on-chip refresh circuitry is
enabled. An internal refresh operation automatically
occurs. The refresh address is supplied by the on-chip
refresh address counter which is then internally incre-

mented in preparation for the next CAS-before-RAS"

refresh cycle.

Hidden Refresh: A hidden refresh cycle may be per-

formed while maintaining the latest valid data at the
output by extending the CAS active time and cycling
RAS. The KM41C1000C/CL/CSL hidden refresh cycle
is actually a CAS-before-RAS refresh cycle within an
extended read cycle. The refresh row address is pro-
vided by the on-chip refresh address counter.

Other Refresh Methods: It is also possible to refresh the
KM41C1000C/CL/CSL by using read, write or read-
modify write cycles. Whenever a row is accessed, all
the cells in that row are automatically refreshed. There
are certain applications in which it might be advanta-
geous to perform refresh in this manner but in general
RAS-only or CAS-before-RAS refresh is the preferred
method.

CAS-before-RAS Refresh Counter Test Cycle -
A special timing sequence using the CAS-before-RAS
refresh counter test cycle provides a convenient
method of verifying the functionality of the CAS-
before-RAS refresh activated circuitry. The cycle
begins as a CAS-before-RAS refresh operation. Then,
if CAS is brought high and then low again while RAS is
held low, the read and write operations are enabled. In
this mode, the low address bits Ao through As are sup-
plied by the on-chip refresh counter. The A9 bit is set
low internally.

Fast Page Mode

The KM41C1000C/CL/CSL has Fast page mode capa-
bility which provides high speed read, write or read-
modify-write access to all memory cells within a
selected row. These cycles may be mixed in any order.
A fast page mode cycle begins with a normal cycle.
Then, while RAS is kept low to maintain the row
address CAS is cycled to strobe in additional column
addresses. This eliminates the time requried to set up
and strobe sequential row addresses for the same
page

Power-up

If RAS=Vss during power-up, the KM41C1000C/CL/CSL
could begin an active cycle. This condition results in
higher than necessary current demands from the pow-
er supply during power-up. It is recommended that
RAS and CAS track with Vcc during power-up or be
held at a valid ViH in order to minimize the power-up
current. An initial pause of 200 ¢ sec is required after
power-up followed by 8 initialization cycles before
proper device operation is assured. Eight initialization
cycles are also required after any 8msec period in
which there are no RAS cycles. An initialization cycle is
any cycle in which RAS is cycled.

Termination

The lines from the TTL driver circuits to the
KM41C1000C/CL/CSL inputs act like unteminated
transmission lines resulting in significant overshoot and
undershoot at the inputs. To minimize overshoot it is
advisable to terminate the input lines and to keep them
as short as possible. Although either series or paraliel
termination may be used,series termination is generally
recommended since it is simple and draws no addi-
tional power. It consists of a resistor in series with the
input line placed close to the KM41C1000C/CL/CSL
input pin. The optimum value depends on the board
layout. It must be determined experimentally and is
usually in the range of 20 to 40 ohms.
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KM41C1000C/CL/CSL

CMOS DRAM

DEVICE OPERATION (continued)
Board Layout

It is important to lay out the power and ground lines on
memory boards in such a way that switching transient
effects are minimized. The recommended methods are
gridded power and ground lines or separate power and
ground planes. The power and ground lines act like
transmission lines to the high frequency transients gen-
erated by DRAMS. The impedance is minimized if all
the power supply traces to all the DRAMS run both
horizontally and vertically and are connected at each
intersection or better yet if power and ground planes
are used.

Decoupling

The importance of proper decoupling can not be over
emphasized. Excessive transient noise or voltage
droop on the Vcc line can cause loss of data integrity
(soft errors). It is recommended that the total combined
voltage changes over time in the Vcc to Vss voltage
(measured at the device pins) should not exceed
500mV.

PACKAGE DIMENSJONS

18-LEAD PLASTIC DUAL IN-LINE PACKAGE

o | - — - 1 ul

A high frequency 0.12F ceramic decoupling capacitor
should be connected between the Vcc and ground
pins of each KM41C1000C/CL/CSL using the shortest
possible traces. These capacitors act as a low
impedance shunt for the high frequency switching tran-
sients generated by the KM41C1000C/CL/CSL and
they supply much of the current used by the
KM41C1000C/CL/CSL during cycling.

In addition, a large tantalum capacitor with a value of
47uF to 100« F should be used for bulk decoupling to
recharge the 0.1xF capacitors between cycles, thereby
reducing power line droop. The bulk decoupling
capacitor meet the power grid or power plane. Even
better resuits may be achieved by distributing more
than one tantalum capacitor around the memory array.

Units: Inches (Millimeters)

S Q

0.279 (7.08)
0.293 (7.44)
0.300(7.62)
0.325(8.26)

| S A | LS G WU (R SN A | | GRS B v

=/

i

0.862 (21.89) _
0.872 (22.15) | 0.009 (0.2 /
0.050 (1.27) 0.015 (0.38) 0.013 (0.33)
MAX MIN ' '
) 0.183 (4.65)
1 MAX
0.135 (3.43) I
T 0.115 (2.92)
MIN
0.100 (2.54) 0.035 (0.89)
TYP 0.055 (1.40)
0.016 (0.41)
0.024 (0.61)
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KM41C1000C/CL/CSL

CMOS DRAM

PACKAGE DIMENSIONS (continued)
20-LEAD PLASTIC SMALL OUT-LINE J-LEAD

Units: Inches (millimeters)

0.027 (0.69)
. MIN
Ao o0 o I o o O
gle 28 8lg gI8
== Sle 2|8 Sle
D O |4z Bkals
olc Slo olo ol|o
LO
S S TT(J T T
0.670 (17.02) 0.128 (3.25)
0.680 (17.27) 0.145 (3.68)
5 0.004 (0.1)
0.050 (1.27) H 0.015 (0.38) 0.026 (0.66)
TYP | [ 0021053 0.032 (0.81) :
| 0.050 (1.27)
i MAX
20-LEAD PLASTIC ZIGZAG-IN-LINE PACKAGE
0.113 (2.87)
1.025 (26.04) 113 (2.87)
1.035 (26.29) 0120 (3.05)
glg —
INDEX 3|3 @
/ O w0 |0 2 (x
N ™ ~
el it olg
oo <] =2
o

IRUI000 |

RAAL

0.009 (0.23)

] U 0.013(0.33)
N <t
]

0016 (0.41) || 0.050 (1.27) 0.050 (1.27) o 0.100 (2.54)

0.024 (0.61) l TYP MAX - 8 Ve
o
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KM41C1000C/CL/CSL CMOS DRAM

PACKAGE DIMENSIONS (continued)
20-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE (ll) (Forward and Reverse Type)

Units: Inches (millimeters)

003(080)
. TYP
HEHBH HEHAA —
518 s ¥
D Ol &5 sl 3|3
&8 SF 8|8
* S|o S c|o
Lo W,
HEHHE HEEEH| .- —
0671 (17.04) ; E
0679 (17.24) g3 00050.19
0.008 (0.20)
. \
[©] 0.003 0.08)] g
0.048(1.22) 0012 (0.30)
0.052 (1.32) 0020 (050)
’ 0016 (040) | |
0,024 (0.60) DL

20-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE (I) (Forward and Reverse Type)

0.232 (5.90) , 0.016 (0.40)

10.240(6.10) 0.024 (0.60)
BHPHR BRHHA %g—FJ:‘

0.565 (14.35)

0.569 (14.45)
0.626 (15.9)
0.634 (16.1)

] U
HH088  HeEHE N L
0.039 (1.0)
0.047 (1.20)
(B owseon | SOI=IOIR |
0.004 (0.1) 0.022 (0.55) ' 0,016 (040) I N
0.012(0.3) 0.018 (0.45) 0024 (0.60) [
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KM41C1000C/CL/CSL CMOS DRAM

PACKAGE DIMENSIONS (continued)
18- LEAD PLASTIC CHIP CARRIER

0.140 (3.56)
0.320 (8.13) MAX
0.330 (8.38) 0.080 (2.03)
0.285 (7.24) . 0.090 (2.29)
0305 7 48] 0.020 (0.51) 0.070 (1.78) 0150 (3.81) |
MIN REF REF
1 1011 O J7_Om
o ) g
> 0.026 (0.66) © MTTHT T
—— @
10.032 (0.81) @
| 1 L H
51880 5 g
oig dld i == s
~| - ~ |~ o
Ol v iwv o
S8 83 0 ] 0.013 (0.33) s
olo olo
3 8 0.021 (0.53) —
e /
A o oOog
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KM44C256C/CL/CSL

CMOS DRAM

256K x 4 Bit CMOS Dynamic RAM with Fast Page Mode

FEATURES

« Performance range:

trac tcac tre
KM44C256C/CL/CSL-6 60ns 15ns | 110ns
KM44C256C/CL/CSL-7 70ns | 20ns | 130ns
KM44C256C/CL/CSL-8 80ns 20ns | 150ns

« Fast Page Mode operation
« CAS-before-RAS refresh capability
« RAS-only and Hidden refresh capability
.« TTL compatible inputs and outputs
« Early write or Output Enable Controlled Write
- Single 5V+10% power supply '
» Refresh Cycle
— 512 cycle/8ms refresh (Normal)
— 512 cycle/64ms refresh (L-version)
— 512 cycle/128ms refresh (SL-version)
« Power Dissipation
—Standby : 5.5mW (Normal)
1.1mW (L-version)
0.55mW (SL-version)
— Active(60/70/80ms) : 385/360/330mW
« JEDEC standard pinout
« Available in plastic DIP, SOJ, ZIP, TSOP(l),
and TSOP(Il) Packages

FUNCTIONAL BLOCK DIAGRAM

GENERAL DESCRIPTION

The Samsung KM44C256C/CL/CSL is a CMOS high
speed 262,144 x 4 Dynamic Random Access Memory.
Its. design is optimized for high performance
applications such as minicomputers, graphics and high
performance microprocessor computers.

The KM44C256C/CL/CSL features Fast Page Mode
operation which allows high speed random access of
memory cells within the same row. CAS-before-RAS
refresh capability provides on-chip auto refresh as an
alternative to RAS-only refresh. All inputs and outputs
are fully TTL compatible.

The KMA44C256C/CL/CSL is fabricated using
Samsung's advanced CMOS process.

RAS —
cAs —| CONTROL & DATA
AS CLOCK IN
W — BUFFER
+{REFRESH CONTROL & D?‘
ADDRESS COUNTER °
DQs
DATA
[7] COLUMN DECODER out
{4 SENSE AMPS & 10 BUFFER
g le
w w
wlo
510 | MEMORY ARRAY
D18 | 262,144x4 Cells
@ ; —— Vce
@« —V,
L B2 =
Ag — <

P
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KM44C256C/CL/CSL

CMOS DRAM

PIN CONFIGURATION (Top Views)

« KM44C256CZ/CLz/CSL.Z

* KM44C256CP/CLP/CSLP « KM44C256CJ/CLJ/CSLJ
\w ’ \wr i
DQ,D:O E—E'VSS 881510 203338 GEDE(%
2 19
DQ. 2] [19] DQ. wda 18f100; 00, |5] ] oa.
w[3] 18] DQ, RAS C}4 17P CAS Vss [5]
J— — NC s 16[1 GE [e]0a,
RAS [4] [17] GAS DQ; |7] Glw
NC % 6] OE s [5] [0} nL
Acds 15[0 As
Ao L8 131 A A7 14EA7 A"E@ A
A‘[Z [14] A, 2258 1332 A EEA’
9 12
Ao [8] ] A Vo O 1 A VC°E[£A4
A 3] [12] A, As [17] ] A
ve® O [Ala A 18 ol
S——
« KM44C256CV/CLV/CSLV » KM44C256CVR/CLVR/CSLVR
OE ]t o 20D A 1 OF
SREEz 13:DA7 ,Q:EE:%) OlbH e
5% 5 BEER AE Hesh
Vie 75 16D A == R r{=Sive
DQ v, v DQ
o&; 5 BEEA A 2 $EB oo
il 58 e A HEsp
RAS e o i ==Y A L 11 10 T3 NG
« KM44C256CT/CLT/CSLT » KM44C256CTR/CLTR/CSLTR " N
Pin Names Pin Function
pa, 1o 20 Evss Vss E 20 o o 110aq, Ao-As Address Inputs
DQ, []2 19[1DQ, DQ4 [}19 2[0pa.
s 18F10a, o shw RAS Row Address Strobe
RAS [ 4 17[1CAS CAs 17 +pQRAsS CAS Column Address Strobe
NC OE OE ! —
s 16 [1OE de spNC w Read/Write Input
OE Data Output Enable
Ao (]e 151 A As (s 6[JA
Ar E 7 14 % A Ar e 70A DQ:-DQ; | Data In/Data Out
A s 130 As As[]13 s JA, V Power (+5
A9 0) 12[]As As []12 splAs ce (+5V)
Vee (10 1A, A1 100 vee Vss - | Ground
NC No Connection
NL No Lead
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KM44C256C/CL/CSL CMOS DRAM
ABSOLUTE MAXIMUM RATINGS*
Parameter Symbol Rating Units
Voltage on Any Pin Relative to Vss VIN, Vour -11t0+7.0 Vv
Voltage on Vcc Supply Relative to Vss Vob -1to+7.0 A\
Storage Temperature Tstg -55to + 150 °C
Power Dissipation Pp 600 - mW
Short Circuit Output Current los 50 mA

-

Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. Functional operation

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

RECOMMENDED OPERATING CONDITIONS (Voltage referenced to Vss, TA=Q to 70°C)

Phnsuneg

ELECTRONICS

Parameter Symbol Min Typ Max Unit
Supply Voltage Vce 4.5 5.0 5.5 \"
Ground Vss 0 0 0 \
_ Input High Voltage ViH 2.4 — Vee +1 \"
Input Low Voltage ViL -1.0 — 0.8 A
DC AND OPERATING CHARACTERISTICS
(Recommended operating conditions unless otherwise noted)
Parameter Symbol| Min | Max | Units
Operating Current* KM44C256C/CL/CSL-6 - 70 mA
o U mre . . KM44C256C/CL/CSL-7 lcct - 65 mA
(RAS and CAS, Address Cycling @trc=min.) KM44C256C/CL/CSL-8 _ 60 mA
Standby Current (RAS=CAS=W=ViH) loc2 - 2 mA
== . KM44C256C/CL/CSL-6 - 70 mA
3 t* :
E:A%S\ZLY %&ej‘dg?;‘:%ycling @trc=min) - KM44C256C/CL/CSL-7 . lece B 65 mA
! ! A ’ KM44C256C/CL/CSL-8 - 60 mA
" KM44C256C/CL/CSL-6 - 55 mA
fﬁ%ﬁf}ﬁe (':“—:geAfj‘é’r':;‘st oyeling @troumin) KM44C256C/CL/CSL-7 lccs - | s0 | ma
=YL BAS, ycing @ro=min. KM44C256C/CL/CSL-8 - | 4 | m
» KM44C256C - 1 mA
Standby Current
plaagye Mgl KM44C256CL Iccs - 200 | rA
(RAS=CAS=W=Vee-0.2Y) KM44G256CSL - | 100 | kA
s e . KM44C256C/CL/CSL-6 - 70 mA
gﬁ%gﬁf{%‘“g c”,f:'esé‘tgc“_"n‘:?;) KM44C256C/CL/CSL-7 los | - | 6 | mA
ycling Girc=min. KM44C256C/CL/CSL-8 - | 60 | mA
Battery Back Up Current .
Average Power Supply Current, Battery back
up Mode (CAS=CAS-Before-RAS Cycling or KM44C256CL lec7 ) 200 | pA
0.2V, W=Vce-0.2V or 0.2V, Ao~Ag= - KM44C256CSL 100 p#A
Vee-0.2V or 0.2V, DIN=Voc-0.2V, 0.2V or
OPEN : trRc=2501S, tras=trAS min.~1xS)
Input Leakage Current E
{(Any input 0<VIN <6.5V, all other pins not under test=0 volts.) hw 10 10 #A
Output Leakage Current (Data out is disabled, 0< Vout < Vcc) low -10 10 rA
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'KM44C256C/CL/CSL CMOS DRAM
DC AND OPERATING CHARACTERISTICS (Continued)
Parameter Symbol| Min | Max | Units
Output High Voltage Level (loH=-5mA) . VoH 2.4 - \
Output Low Voltage Level (loL=4.2mA) VoL - 0.4 \"

*NOTE: Icct, lces, lcc4 and Icce are dependent on output loading and cycle rates. Specified values are obtained with
the output open. Icc is specified as average current. Icc1, Iccs, Address can be changed maximum two times
while RAS=VIL, Icc4, Address can be changed maximum once during a Fast Page cycle.

CAPACITANCE (14=25°C, Vco=5V, f=1MHz)

<z
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} Parameter Symbol Min Max Unit

Input Capacitance (Ao~As) CiNt - pF

Input Capacitance (RAS, CAS, W) CiN2 - pF

Output Capacitance (DQ1~DQ4) Coa - pF

AC CHARACTERISTICS (¢°C<Ta<70°C, Voc=5.0v+10%, See notes 1,2)
-6 -7 -8
Parameter Symbol Unit | Notes
Min | Max | Min| Max | Min| Max
Random read or write cycle time trC 110 130 150 ns
Read-modify-write cycle time trwe | 155 176 195 ns
Access time from RAS trRAC 60 70 80| ns | 34,11
Access time from CAS tcac 15 20 20| ns | 345
Access time from column address taa 30 35 40| ns 3,10
CAS to output in Low-Z toLz 0 0 ns 3
Output buffer turn-off delay toFF 0 15 0 20 20| ns 7
Transition time (rise and fall) tr 3 50 3 50 5 | ns 2
RAS precharge time trp 40 50 60 ns
RAS pulse width trAS 60 | 10,000 | 70| 10,000 | 80| 10,000 | ns
RAS hold time tRSH 15 20 20 ns
CAS hold time tosH 60 70 80 ns
CAS pulse width tcas 15( 10,000 20} 10,000} 20} 10,000 | ns
RAS to CAS delay time tRCD 20 45) 20 50| 20 60 | ns 4
RAS to column address delay time trRAD 15 30| 15 35 15 40| ns 1
CAS to RAS precharge time tcrp 5 5 ns
Row address set-up time tasr 0 0 ns
Row address hold time tRAH 10 10 10 ns
Column address set-up time tasc 0 0 0 ns
Column address hold time tCAH 15 15 15 ns
Column address to RAS lead time tRAL 30 35 40 ns
Read command set-up time trRCS 0 0 0 ns
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KM44C256C/CL/CSL CMOS DRAM
AC CHARACTERISTICS (Continued)
-6 -7 -8
Parameter Symbol Unit | Notes
Min{ Max | Min| Max | Min| Max
Read command hold time referenced to CAS tRoH 0 0 0 ns | 9
Read command hold time referenced to RAS tRRH 0 0 0 ns 9
Write command hold time tweh | 15 15 15 ns
Write command hold time referenced to RAS tWoR 55 55 60 | ns 6
Write command pulse width twp 15 15 15 ns
Write command to RAS lead time tRaL | 15 15 15 ns
Write command to CAS lead time towL 15 15 15 ns
Data-in set-up time tos 0 0 0 ns 10
Data-in hold time toH 15 15 15 ns 10
Data-in hold time referenced to RAS {OHR 50 55 60 ns 6
Refresh period (Normal) ' tREF 8 8 8| ms
Refresh period (Low power) tReF 64 64 . 64| ms
Refresh period (Super Low power) tREF 128 128 128 ms
Write command set-up time twes ol 0 0 ns 8
CAS to W delay time towo | 40 45 45 ns 8
RAS to W delay time tawp | 85 95 105 ns 8
Column address to W delay time tawo | 55 60 65 ns 8
CAS set-up time (CAS-before-RAS refresh) tosr 5 5 5 ns
CAS hold time (CAS-before-RAS refresh) ter | 15 15 15 ns
RAS precharge to CAS hold time trrc 5 5 5 ns
CAS precharge time (C-B-R counter test bycle) tepT 20 25 30 ns
Access time from CAS precharge toPa 35 35 40| ns 3
Fast Page mode cycle time trc 40 45 50 ns
Fast Page mode read-modify-write cycle time trRwC | 80 85 90 ns
RAS puise width (Fast Page mode) ' trRasp | 60| 100K| 70| 100K| 80| 100K| ns
RAS hotd time from CAS brecharge tRHCP | 40 45 50 ns
CAS precharge time (Fast page mode)’ tcp 10 10 10 ns
RAS hold time referenced to OF tRou | 15 20 20 ns
OE access time tOEA 15 20 20| -ns
OFE to data delay toEp 15 20 20 ns
Output buffer turn off delay time from OE toez 0 15 0 20 20| ns
OE command hold time toen 15 20 20 ns
NOTES

1. An initial pause of 200yus is required after power-up
followed by any 8 RAS cycles before proper device

operation is achieved.

2. Vi (min) and Vi (max) are reference levels for
measuring timing of input signals. Transition times
are measured between V4 (min) and V;. (max) and

are assumed to be 5ns for all inputs.

3. Measured with a load equivalent to 2 TTL loads
and 100pF.
4. Operation within the trcp (max) limit insures that
trac (max) can be met. trcp (Max) is specified as a
reference paint only. If trcp is greater than the speci-
fied trco (max) limit, then access time is controlied
exclusively by tcac.
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KM44C256C/CL/CSL CMOS DRAM

NOTES (Continued)

5. Assumes that taco > trop(max). the selected address. If neither of the above condi-
6. twen, tonr are referenced to taao(max). tions are satisfied, the condition of the data out is
7. This parameter defines the time at which the out- indeterminate.
put achieves the open circuit condition and is not 9. Either trcy Or tarn must be satisfied for a read
referenced to Vou or Vor. cycle.

8. twes, tawn, tcwo and tawp are non restrictive operat- 10. These parameters are referenced to the CAS lead-
ing parameters. They are included in the data sheet ing edge in early write cycles and to the W leading
as electrical characteristics only. If twcs > twes{min) edge in read-write cycles.
the cycle is an early write cycle and the data out- 11. Operation within the taa(max) limit insures that
put will remain high impedance for the duration of trac(max) can be met. trac{max) is specified as a
the cycle. If tewo> town(min), trwo=trwo(min) and reference point only. If trap is greater than the
tawo = tawn(min), then the cycle is a read-write cycle specified tras(max) limit, then access time is con-
and the data output will contain the data read from trolled by taa.

TIMING DIAGRAMS
READ CYCLE

trc
- tRAS—— o] trp
ViH—

RAS —_—

ViL— \ [ \
' tesH tcrp
trcD tRsH

tcas
cAs Vin— _/ \ / \

Vi— —t

I tASR 'RA:AD tRAL

= tasc[ TcAn

Vin— ROW GOLUM

A ViL— MK;DDRESS RDDRESS
f
|—=1-tRCH
trcs tRAH
— ViH—
w ViL— MAL tRoH
taa -

Vin— |— toga—|
OF V'” toEa }

iL—

tcac-—— 1_tore
tRac toez

parDQs  VOHT . OPEN m VALID DATA-OUT

VoL— oz i

m DON'T CARE

ELECTRONICS




KM44C256C/CL/CSL

CMOS DRAM

TIMING DIAGRAMS (Continued)

WRITE CYCLE (EARLY WRITE)

: t»;c
. tRA tRP
= T _
tcsH tcRP ——=—
treo : tRSH ’7 .
cAs :::: ) / _ A tRAH \! toas f \
tasm tasc tCAR | tRAL
===
A Vin— ROW COLUMN
ViL— \ ADDRESS ADDRESS
RAD ;v—vlcs romt |
= Vin— = tWCH =
ViL—
twer
tRwWL
5E Vin—
ViL—
‘r— tbHR
ps |=— == toH-—
ViH—
DQ1-DQs ViL— VALID DATAIN OPEN
WRITE CYCLE (OE CONTROLLED WRITE)
tRc
tRas trRP
wm N
— tcsH [T —
trco tRsH
— Vin—
cAs " _/ el \ teas / f \_
i tASR | | tRaH : tRAL
f E 1 tasC — tcAH"I
A Vin— ROW COLUMN
ViL— ADDRESS ADDRESS
= towL
tRwL
— VIH_ VV VAN NANNNNNANNANNNN NNV NNV Y N (INVY VAVAVAVAVAVAVAVAVAVATAVAVAVAVAVAVAVAVAVAVAY,
|toen
Vin— v
o B T I b
v ——toH — ’
VIH— GAVAVAVAVATAVAVAVAVAVAY AV YAVAVAVAVAVAYAVAVATAVAYAY ,*
baas vauo oara-n MK X AN

m DON'T CARE
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KM44C256C/CL/CSL CMOS DRAM

TIMING DIAGRAMS (continued)
READ-MODIFY-WRITE CYCLE

tRWG
e tRAS tRP—=—
o ViH—
s v \ N
tcrp
tcsH
trReD tRsH
CAS Vin= \ —— tcas / / \
ViL— Z
tcaH :
A ViH— OLUMN
Vi— DDRESS A
tawo
tewp [CWL‘—t
_ trRwo tRwL
w ViH—
fe— tyyp —=
ViL— tAA Z
) s toEA .
— ViH— ]
" U
ViL— 1 toeo ‘ toen
| tcac-— ‘
L— tRAC I‘ toEz = os | ton
ViioH - ' DvaLp VALID
DQ4-DQ4 0000
VioL — oz 1 YRATAQUT DATA:IN O 000 ’
FAST PAGE MODE READ CYCLE
tRP
tRasp
— Vih— = X
RAS 2 \
Vi —f—
tec F=—tRSH —= (——-atcnp
~— trco b= tcp
— ViH— tcas 4f
CAS v \X tcas r=— 1cAs \
wL—
t
—-ﬁ[RAD tesH
u tRAL
¢ tran  tasc | 1CAH tasc| | tcam tasc| | tcan
ASR -+
A Vin— oW COLUMN '\, TOLUMN COLU
Vi— ADD ADDRESS ADDRESS ADDRESS
! |
tRCS| tRCH F:‘ ]— ‘tRCs ] l—-ﬂncs ~e{ |~ tRCH
W ViH— 15
" N
ViL— th — y t
AA - taA ——= trcH fe— tap ——e RAH
) toEA| 'CPA . N .
oF Vin— OEA OEA
ViL— :
t 1 !
che torr tcac |toFE | tcAG t
tRaC : OFF
tewz OEZ tcLz OEZ toLz | tOEZ =]
V —_
0Q1-DQs OH VALID VALID ™ VALID
VoL— DATA-OUT, DATA-OUT, DATA-OUT
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KM44C256C/CL/CSL | CMOS DRAM

TIMING DIAGRAMS (continued)
FAST PAGE MODE WRITE CYCLE (EARLY WRITE)

| _tRe_,

e tRASP B |
e _— ‘ ‘
. " j \
: tpc tRsH-——] tcre
— fRCD@ L f—tep— H :
CAS _/ : \ [ toas- Z S€~ toas—— { \—— toas——]
p— H: | : tRAL: \
tasr L tRAH ‘{Asc tcaH tasc || lCAH . !
Tt ASC CAH
A m ROW " COLUMN COLUMN X COLUMN
\ ADD ADDRESS ADDRESS 4 L ADDRESS
tRAD towL ——— twes o towl———] 0 M ToWL
) tweH ' i1 _twen tRWL
oo | o tweH
. e s I
. ’v’v'v’v’v."v v‘v.v.v.""v"}v’vov' VaVaV.VaV,V, i"""' KA/ v’v"v‘ v.v‘v VVV '.v v' /'V.V‘v WWAAMAN VYV "' VVV\A/VVYV
o RO R KK RSN
- ID’HR—[—-{ | ‘
| tos | 1pH tos !t toH tos toH
VIALI D ‘ VA LII‘J VALID 'V’V.V‘V.v‘v’v.v’v’v‘v.v.v
parba DATAN DATAN oarain_ AR
FAST PAGE MODE READ-MODIFY-WRITE
. tRasP . i
RAS 'S ) ‘
i tosH #
1 tPRWC- - —tRsH
—-tRcD tcas | 1eP toas ' ) P {CRP ——

7

CAS tRAD \\ Z ' ‘?
tRAH
T T tcAH |

t,ASH ’ tasc  f—ri tasc tcAH tasc

A OWYAN CoL coL coL
WAoo AGA_Abo ADD ADD

tacs o — ‘ to !L - taw—
| o —too | g |~ |,
W OOQOOQORXXRD
" wio—— | Lt __ﬂt ] e N AR
wp t
l—taa—] T = —T— 4 WP —
toea tro toEA tre T
) N — ’ - — toea
¢ r ‘ L I
o / . Vi
‘ toep ‘ 0ED
——tcn—ﬁ- / ! J—~t, [
’ tcac r I toep CPA toen
' i torz toac e
tRAG ——| , ‘ !' toE:
| - 105»—’
tos| |—toH o
DQ1-DQs u IN N p—
—tcLz

R oon cane
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KM44C256C/CL/CSL CMOS DRAM

. TIMING DIAGRAMS (Continued)

RAS-ONLY REFRESH CYCLE
Note: W, OE = Don’t care

tRC F”, -
Vin— tras ‘_j §
RAS Vil— S |
torp l trPc
“ W
S ron 100 AR

CAS-BEFORE-RAS REFRESH CYCLE
Note: W, OE, A = Don't care

tRC
trRP trp

ViH— - \

RAS / S tRas Z
ViL— |— trpc - trrc
tcsr toHR .

ViH—
CAS
ViL— L
' torr
Viion —
DQrDAs vy — / OPEN

m DON'T CARE
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KM44C256C/CL/CSL

CMOS DRAM

TIMING DIAGRAMS (Continued)

HIDDEN REFRESH CYCLE (READ)
tRAs " —1rp f—————1Ras i lap_;._
- ViH— = _P«\
RAS ViL— S i S -
tRCD ——] tRsH ——tCHR ————] tonp .
— ViH—
CAS i _/ tRap \_
tasr 1—- b-(ff:A: B foan »
ViH— \VAVAVAVAVAVAVAYAVAVAVAVAVAVAVAVAVAVAAVAVAWAVAVAVAVAVAVAVAVAVAVAVAVAY,
C o OO e R SRR
tRcs 4—4— tRRH .
_ ViH— v VAV, 7 v
R s
= BB
tcac
tRac ;%1 L'OEZET‘OFF
DQ+-DQ4 \\’,‘::: : / VALID DATA-OUT )
HIDDEN REFRESH CYCLE (WRITE)
F————tras hiu— ;lm»— _ | e Flap:
RAS \\//I:: N tAR \ tras Ny \
trCD ___F'_ o | tcHR tore
. ViH— .
oA ViL— _/ [——tRaD — \\ // ) \
tasR — ":50 % B tean
ViH— L (7 \V Y \VAV,
R G T R
| twes e }—lwcu
— VIH— N AN NN NANNNANNNNNNNNNNNANNNNNNNN/
L R R e e
_ ViH—
OE Vi—
tos toH
DQ4-DQ4 v::: VALID DATA
n toHR @DON’T CARE
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KM44C256C/CL/CSL

CMOS DRAM

TIMING DIAGRAMS (Continued)
CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE

tRAS t—— tRP

— ViH— = jN
RAS

ViL— .

{ tcsr { tCHR— tcpT—| tRsH
CAS :::: ] S tcas /
. tasc| | tcaH —— e

Vin— YA T AR AT I AR AR COLUMN

Sy ,
tRRH .

READ CYCLE s o Meon|
_ ViH— -
v ViL— tROH—— M

ViH— toea
oE ViL— i

torz . 'lEZ:— torF
DQ1-DQ4 \;Z':: OPEN VALID DATA-OUT :F—
WRITE CYCLE -
towe

_ Vin— VAN NIV SISV A [ twes woh
T RO ‘

- | L
oE ViL— _tgs_] }-—— -
DQ-DQy \3:: OPEN \ VALID DATA-IN KF

! towl
READ-MODIFY-WRITE . tawp = tRwL—
RCS s towp

w tcac

ViL—

taa
. ViH— XY XY X XY Y Y XXX Y X XYY Y Moza ‘
& SOOI et [, NI
teac DS H
toLz— ] jﬁz' t -
DQ1-DQs \\//:),Zt: @ / *E'@ gﬁ#ﬁm E
o

@ DON'T CARE
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KM44C256C/CL/CSL

CMOS DRAM

DEVICE OPERATION

Device operatlon :
The KM44C256C/CL/CSL contains 1,048,576 memory
locations organzed as 262,144 four-bit words. Eighteen
address bits are required to address a paricular 4-bit
word in the memory array. Since the KM44C256C/CL-
/CSL has only 9 address input pins,time multiplexed
addressing is used to input 9 row and 9 column
addresses. The multiplexing is controlled by the timing
relationship between the row address strobe (RAS), the
column .adress strobe(CAS), and the valid row and
column address inputs.
Operation of the KM44C256C/CL/CSL begins by
strobing in a valid row address with RAS while CAS
remains high. Then the address on the 9 address input
" pins is changed from a row address to a column
address and is strobed in by CAS. This is the begin-
ning of any KM44C256C/CL/CSL cycle in which a
memory location is accessed. The specific type of
cycle is determined by the state of the write enable pin
and various timing relationships. The cycle is terminat-
ed when both RAS and CAS have returned to the high
state. Another cycle can be initiated after RAS remains
high long enough to satisfy the RAS precharge time
(trRP) requirement.

RAS and CAS Timing

The minimum RAS and CAS pulse widths are specified
by tras(min) and tcas(min) respectively. These minimum
pulse widths must be satisfied for proper device opera-
tion and data integrity. Once a cycle is initiated by
bringing RAS low, it must not be aborted prior to satis-
fying the minimum RAS and CAS pulse widths. In addi-
tion, a new cycle must not begin until the minimum
RAS precharge time, trp, has been satisfied. Once a
cycle begins, internal clocks and other circuits within
the KM44C256C/CL/CSL begin a complex sequence
of events. If the sequence is broken by violating mini-
mum timing reqwrements loss of data integrity can
occur.

Read

A read cycle is achieved by maintaining the write
enable input (W) high during RAS/CAS cycle. The
access time is normally specified with respect to the
falling edge of RAS. But the access time also depends
on the falling edge of CAS and on the valid column
address transition.

If CAS goes low before trco(max) and if the column
address is valid before trap(max), then the access time
to valid data is specified by trac(min). However if CAS
goes low after trcp(max), or if the column address
becomes valid after tran(max.), access is specified by
tcac or taa. In order to achieve the minimum access
time, trac(min), it is necessary to meet both tRcp(max),
and traD(max).

The KM44C256C/CL/CSL has common data |/O pins.
For this reason an output enable control input (OE) has
been provided so the output buffer can be precisely
controlled. For data to appear at the outputs, OE must
be low for the period of time defined by to toea and
toez.

Write
The KM44C256C/CL/CSL can perform early write, late

~ write and read-modify-write cycles. The difference

between these cycles is in the state of data-out and is
determined by the timing relationship between W and
CAS. In any type of write cycle, Data-in must be valid
at or before the falling edge of W or CTAS, whichever is
later.

Early Write: An early write cycle is performed by bring-
ing W low before CAS. The 4-bit wide data at the data
input pin is written into the addressed memory cell.
Throughout the early write cycle the output remains in
the Hi-Z state. In the early write cycle the output
buffers remain in he Hi-Z state regardless of the state
of the OE input.

Read-Modify-Write: In this cycle, valid data from the
addressed cell appears at the output before and during
the time that data is being written into the same cell
location. This cycle is achieved by bringing W low after
CAS and meeting the data sheet read-modify-write
timing requirements. This output enable input (OE)
must be low during the time defined by toea and toez
for data to appear at the outputs. If tcwp and trwp are
not met the output may contiain invalid data.
Conforming to the OE timing requirements prevents
bus contention on the KM44C256C/CL/CSL's DQ pins.

Data Output

The KM44C256C/CL/CSL has a three-state output
buffer which is controlled by CAS and OE. Whenever
CAS or OE is high(ViH), the output is in the high
impedance (Hi-Z) state. In any cycle in which valid data
appears at the output, the output goes into the low
impedance state in a time specified by tcLz after the
falling edge of CAS. Invalid data may be present at the
output during the time after tcL.z and before the valid
data appears at the output. The timing parameters
tcac, trac and taa specify when the valid data will be
present at the output. This is true even if a new RAS
cycle occurs (as in hidden refresh). Each of the
KM44C256C/CL/CSL operating cycles is listed below
after the corresponding output state produced by the
cycle.

Valid Output Data: Read, Read-Modify-Write, Hidden
Refresh, Fast Page Mode Read Fast Page Mode

L 1ms v
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KM44C256C/CL/CSL

CMOS DRAM

DEVICE OPERATION (continued)

Read-Modify-Write.

Hi-Z Output State: Early Writs, RAS-only Refresh, Fast
Page Mode Write, CAS-before-RAS Refresh, CAS only
cycle.

Indeterminate Output State: Delayed Write (tcwp or
tRwD are not met)

Refresh

The data in the KM44C256C/CL/CSL is stored on a
tiny capacitor within each memory cell. Due to leakage
the data may leak off after a period of time. To main-
tain data integrity it is necessary to refresh each of the
rows every 8/64/128 ms. There are several ways to
accomplish this.

RAS-Only Refresh: This is the most common method
for performing refresh. It is performed by strobing in a
row address with RAS while CAS remains high. This
cycle must be repeated for each of the 512 row
addresses, (Ao~As).

CAS-before-RAS Refresh: The KM44C256C/CL/CSL
has CAS-before-RAS on-chip refresh capability that
eliminates the need for external refresh addresses. If
CAS is held low for the specified set up time (tcsr)
before RAS goes low, the on-chip refresh circuitry is
enabled. An internal refresh operation automatically
occurs. The refresh address is supplied by the on-chip
refresh address counter which is then internally incre-
mented in preparation for the next CAS-before-RAS
refresh cycle.

. Hidden Refresh: A hidden refresh cycle may be per-
formed while maintaining the latest valid data at the
output by extending the CAS active time and cycling
RAS. The KM44C256C/CL/CSL hidden refresh cycle is
actually a CAS-before-RAS refresh cycle within an
extended read cycle. The refresh row address is pro-
vided by the on-chip refresh address counter.

Other Refresh Methods: It is also possible to refresh the
KM44C256C/CL/CSL by using read, write or read-
modify write cycles. Whenever a row is accessed, all
the cells in that row are automatically refreshed. There
are certain applications in which it might be advanta-
geous to perform refresh in this manner but in general
RAS-only or CAS-before-RAS refresh is the preferred
method.

CAS-before-RAS Refresh Counter Test Cycle

A special timing sequence using the CAS-before-RAS
refresh counter test cycle provides a convenient
method of verifying the functionality of the CAS-
before-RAS refresh activated circuitry. The cycle

begins as a CAS-before-RAS refresh operation. Then,
if CAS is brought high and then low again while RAS is
held low, the read and write operations are enabled. In
this mode, the low address bits Ao through As are sup-
plied by the on-chip refresh counter.

Fast Page Mode

The Fast page mode Provides high speed read, write
or read-modify-write access to all memory cells within
a selected row. These cycles may be mixed in any
order. Then, while RAS is kept low to maintain the row
address CAS is cycled to strobe in additional column
addresses. This eliminates the time requried to set up
and strobe sequential row addresses for the same
page

Power-up

If RAS=Vss during power-up, the KM44C256C/CL/CSL
could begin an active cycle. This condition results in
higher than necessary current demands from the pow-
er supply during power-up. It is recommended that
RAS and CAS track with Vcc during power-up or be
held at a valid ViH in order to minimize the power-up
current. An initial pause of 200 # sec is required after
power-up followed by 8 initialization cycles before
proper device operation is assured. Eight initialization
cycles are also required after any 8msec period in
which there are no RAS cycles. An initialization cycle is
any cycle in which RAS is cycled.

Termination

The lines from the TTL driver circuits to the
KM44C256C/CL/CSL inputs act like unteminated
transmission lines resulting in significant overshoot and
undershoot at the inputs. To minimize overshoot it is
advisable to terminate the input lines and to keep them
as short as possible. Although either series or parallel
termination may be used,series termination is generally
recommended since it is simple and draws no addi-
tional power. It consists of a resistor in series with the
input line placed close to the KM44C256-C/CL/CSL
input pin. The optimum value depends on the board
layout. It must be determined experimentally and -is
usually in the range of 20 to 40 ohms.

Board Layout

It is important to lay out the power and ground lines on
memory boards in such a way that switching tran-
sisient effects are minimized. The recommended meth-
ods are gridded power and ground lines or separate
power and ground planes. The power and ground lines
act like transmission lines to the high frequency tran-
sients generated by DRAMS. The impedance is mini-
mized if all the power supply traces to all the DRAMS

L1 ugg
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KM44C256C/CL/CSL

CMOS DRAM

DEVICE OPERATION (Continued)

run both horizontally and vertically and are connected
at each intersection or better yet if power and ground
planes are used.

Address and control lines should be as short as possi-
ble to avoid skew. In boards with many DRAMS these
lines should fan out from a central point like a fork or
comb rather than being connected in a serpentine pat-
tern. Also the control logic should be centrally located
on large memory boards to facilitate the shortest pos-
sible address and control lines to all the DRAMS.

Decoupling

The importance of proper decoupling can not be over
emphasized. Excessive transient noise or voltage
droop on the Vcc line can cause loss of data integrity
(soft errors). It is recommended that the total combined
voltage changes over time in the Vcc to Vss voltage
(measured at the device pins) should not exceed
500mV.

PACKAGE DIMENSIONS

20-LEAD PLASTIC DUAL IN-LINE PACKAGE

0.962 (24.43)

A high frequency 0.14F ceramic decoupling capacitor
should be connected between the Vcc and ground
pins of each KM44C256C/CL/CSL using the shortest
possible traces. These capacitors act as a low
impedance shunt for the high frequency switching tran-
sients generated by the KM44C256C/CL/CSL and they
supply much of the current used by the KM44C256-
C/CL/CSL during cycling.

In addition, a large tantalum capacitor with a value of
47¢F to 100¢«F should be used for bulk decoupling to
recharge the 0.14F capacitors between cycles, thereby
reducing power line droop. The bulk decoupling
capacitor meet the power grid or power plane. Even
better results may be achieved by distributing more
than one tantalum capacitor around the memory array.

Units: Inches (Miilimeters)

0.972 (24.69)
1 [ 1 1 [ ]

[

—

D

(o]

O

)

300(7.62)

0.293 (7.44)
0.325(8.26

0.279 (7.08)

| D ) GNUD [ NN (R AU [y SN [ S [ SN A SN [y SN [ S| —

0.135 (3.43)!

0.145 (3.68)

l

0.009 (0.23)
0.013 (0.33)

0.015 (0.38)
MIN

|

T (e
' 0.115 (2.92)
MIN

0.183 (4.65)

0.100 (2.54) 0.016 (0. 41) 0.035 (0.89) 0.050 (1.27)
TYP 0. oza 0.61) 0.055 (1.40) MAX
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KM44C256C/CL/CSL CMOS DRAM

- PACKAGE DIMENSIONS (continued)
20-LEAD PLASTIC SMALL OUT-LINE J-LEAD Units: Inches (millimeters)

0.027 (0.69)
MIN

o s o Y o o o s T e B o
2lg g2 gg 3|8
) O |55 slg sla  gls
oo Q
g3 g8 83 &5
cl|o oloc ojo Sio
L J
A I S A 1 O S A | )
0.670 (17.02) l 0.128 (3.25)
0.680 (17.27) I 0.145 (3.68)
Y

‘ 0.026 (0.66)
| 0.032 (0.81)

_

0.050 (1.27) | \ 0.015 (0.38)
|| 0.021 (053

0.050 (1.27)
| MAX

TYP

20-LEAD PLASTIC ZIGZAG:-IN-LINE PACKAGE

1.025 (26.04) | 0113 (287)
1.035 (26.29) : 0.120 (3.05)
o ] K
= [
INDEX o s g g i
)/ 818 S| I
aHe S| !
. olo =] 2 i
S
‘ i I | T
—
| | . 0.009 (0.23)
Y B I I 0.013 (0.33)
< .
3
0.016 (0.41) 0.050 (1.27) 0.050 (1.27) s g 0.100 (2.54)
0,024 (0.61) 1 MAX 81> — —vF
o
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KM44C256C/CL/CSL . CMOS DRAM

PAV\CKA‘GE DIMENSIONS (Continued)
20-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE (ll) (Forward and Réverse Type)

Units: Inches (millimeters)

003 (0:80)
TYP
H;]Elf;l;lf;! FH;H%F\FL —
58 al 8
D Ol §s
S Sz wle
g8 3" 8|8
(]
N
HEHBEH SIsi==ES] s —
0671 (17.04) ; §
0679 (17.24 3|3
(724 °ele 0.005 (0.13)
0.008 (0.20)

Elomem] GOAHA——H]

0.048 (1.22) 0.012 (0.30)
0.052 (1.32) 0.020 (0.50)

0016 (0.40) J N

0,024 (0.60) | il

20-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE (l) (Forward and Reverse Type)

0.232 (5.90) 0.016 (0.40)

0.240(6.10) . 0.024 (0.60)
HHHEH ARA < i
M

0.565 (14.35)

0.569 (14.45)
0.626 (15.9)
0.634 (16.1)

HeHEH  BEHEH N

0.039(1.0)

) 0.047 (1.20)
o[ 0.003(0.08) | ILﬁ

0.004 (0.1) 0.022 (0.55) 0016 (0.40) l |
0.012(0.3) 0.018 (0.45) 0024 (0.60) =1
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KM41C4000C/CL/CSL CMOS DRAM

4M x 1 Bit CMOS Dynamic RAM with Fast Page Mode

FEATURES : GENERAL DESCRIPTION
« Performance range: The Samsung KM41C4000C/CL/CSL is a high speed
CMOS 4,194,304 x 1 Dynamic Random Access
Rac | tcac | tRe Memory. lts design is optimized for high performancd
© KM41C4000C/CL/CSL-5 50ns | 13ns | 90ns applications such as mainframes and mini computers,
graphics and high performance microprocessor
KM41C4000C/CL/CSL-6 60ns | 15ns | 110ns systems.
KM41C4000C/CL/CSL-7 70ns | 20ns | 130ns
KM41C4000C/CL/CSL-8 80ns | 20ns | 150ns The KM41C4000C/CL/CSL features Fast Page Mode
- operation which allows high speed random access of
« Fast Page Mode operation memory cells within the same row. CAS-before-RAS
- CAS-before-RAS refresh capability refresh capabillity provides on-chip auto refresh as an
« RAS-only and hidden refresh capability alternative to RAS-gnIy Refresh. All inputs and output
- Fast parallel test mode capability are fully TTL compatible.
« TTL compatible inputs and.output . . .
« Common I/0 using early write The KM41C4000C/CL/CSL is fabricated using
« Single + 5V +10% power supply Samsung's advanced CMOS process.
« Refresh Cycle
— 1024 cycle/16ms (Normal)

— 1024 cycle/128ms (L-version)
— 1024 cycle/256ms (SL-version)
- Power dissipation
— Standby : 5.5mW(Normal)
1.1mW(L-version)
0.55mW(SL-version)
— Active (50/60/70/80): 470/415/360/305mW
- JEDEC standard pinout .
« Available in plastic SOJ, ZIP and TSOP-Il packages

FUNCTIONAL BLOCK DIAGRAM

RAS — ,
Gas | CONTROL & DATA
i CLOCK IN feD»D
W — BUFFER
1| REFRESH CONTROL &
ADDRESS COUNTER
L DATA
"] COLUMN DECODER ouT |—q
t=| SENSE AMPS & I/0 BUFFER
Ag — &)
C|E(E
. 2|9 MEemoRy arraY
ol 4,194,304 Cells
alo —— Vce
z |2 v
L s
Afg—f <

PSnmsunog ”

ELECTRONICS



KM41C4000C/CL/CSL

CMOS DRAM

PIN CONFIGURATION (Top Views)

+ KM41C4000CJ/CLJ/CSLJ

:.

o 20 [1 Vss
L 1wpQ
RAS[]3 18 [J CAS
N.C.C]4 17 N.C.
Ap]5 16 A Ag
] " 15 [0 As
A Q7 14 0 A7
A2 ()8 13 H As
Az ]o 12[As
veeO1o O 1A,
—

- KM41C4000CTR/CLTR/CSLTR

vss[[]20
a[T]1e
CAS[T]18
NG.[T]17
Ag [T]16

Ag [T}1s
A7[[14
Ag[T]3
A5[[12
A T]1e

o

o s W N

© ® ~N O

» KM41C4000CT/CLT/CSLT

« KM41C4000CZ/CLZ/CSLZ
A ﬁ\ oM+ © 20[T] ves
al 3] [z} w2 19T a
NG [e] ves mms [T]o 18[T1CAS
FTSZ]E W ne. [T+ 17[ne.
ne.[ 9] % :'(0: ap[[]s 16{1] Ae
Ao E IE At Ao D: 6 15 :D As
AZEE A3 a7 Ly
vee [15] =] A a2 [[]s 13[T)4e
As EE“ as[T]e 12[T]As
A7E|§Aa vee [T}10 °  ifmA
~~
Pin Names Pin Function
:[]D AgAio ° Address Inputs
W D Data In
1] AAs Q Data Out
[T]ne. W Read/Write Input
A
410 RAS Row Address Strobe
1] A0 CAS Column Address Strobe
1] A1 Voo Power (+5V)
] A2 Vss Ground
A
E o N.C. No Connection
Vee

s uiag
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ABSOLUTE MAXIMUM RATINGS*
Parameter Symbol Value Units
Voltage on Any Pin Relative to Vss Vin, Vour —-1t0 +7.0 \"
Voltage on Vcc Supply Relative to Vss Vee —-1to +7.0 V-
Storage Temperature Teg —55 to +150 c
Power Dissipation Pp 600 mw
Short Circuit Output Current los 50 mA

*

Permanent device Vdamage may occur if “ABSOLUTE MAXIMUM RATINGS” are exceeded. Functional Operation

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

RECOMMENDED OPERATING CONDITIONS (voltage reference 0 Vgg, To=0 to 70€)

Parameter Symbol Min Typ Max Unit
Supply Voltage Veo 45 5.0 55 \
Ground ‘ Vss ¢} 0 0 \
Input High Voltage Vi 2.4 - Veet+1 v

" Input Low Voltage ViL -1.0 - 0.8 \

DC AND OPERATING CHARACTERISTICS

(Recommended operating conditions unless otherwise noted)

Parameter Symbol | Min | Max [Units
R . KM41C4000C/CL/CSL-5 - 85 mA
Operating Current KM41C4000C/CL/CSL-6 Icct - 75 | mA
(RAS, CAS, Address Cycling @trc=min.) KM41C4000C/CL/CSL-7 - 65 | mA
KM41C4000C/CL/CSL-8 = 55 mA
Standby Current (RAS=CAS=W=ViH) lcce - 2 mA
J— KM41C4000C/CL/CSL-5 - 85 mA
RAS-Only Refresh Current* KM41C4000C/CL/CSL-6 - 75 mA
(CAS=VIH, RAS, Cycling @trc=min.) KM41C4000C/CL/CSL-7 Iccs - 65 mA
. KM41C4000C/CL/CSL-8 - 55 mA
" KM41C4000C/CL/CSL-5 - 65 mA
Fast Page Mode Current KM41C4000C/CL/CSL-6 lcca - 55 | mA
(RAS=VIL, CAS, Address Cycling @tpc=min.) KM41C4000C/CL/CSL-7 - 45 mA
KM41C4000C/CL/CSL-8 - 35 mA
Standby Current KM41C4000C - 1 mA
e . KM41C4000CL Iccs - 200 | xA
(RAS=CAS=W=Vce -0.2V) KM41C4000CSL - | 100 | A
N N KM41C4000C/CL/CSL-5 - 85 mA
CAS-Before-RAS Refresh Current* KM41C4000C/CL/CSL-6 lccs - | 75 mA
(RAS and CAS Cycling @trc=min.) KM41C4000C/CL/CSL-7 - 65 mA
KM41C4000C/CL/CSL-8 - 55 mA
Battery Back Up Current
Average Power Supply Current,
Battery Back Up Mode, KMa1 CA000CL 300 A
Input High Voltage(ViH)=Vcc-0.2V 41C4 lccr - #
CAS=CAS-Before-RAS Cycling or 0.2V KM41C4000CSL N 150 | #A
DiN=Don't Care TrRc=125(L-ver.)uS
Trc=250(SL-ver.),S Tras=Tras m|n~300ns
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DC AND OPERATING CHARACTERISTICS (continued)

Parameter Symbol | Min | Max [Units
Input Lealfage Current (Any input o<VIN<Vcc+0.5V I i 0" 10 4A
all other pins not under test=0 volts.) C
Output Leakage Current (Data out is disabled, 0V <Vout <Vcc) low <10 | 10 | pA
Output High Voltage Level (loH=-5mA) " Vow 24 | - v
Output Low Voltage Level (loL=4.2mA) Vou - 0.4 v

* Note: lgci1, locs, Icca @and Icce are dependent on output loading and cycle rates. Specified value are obtained with
the output open. Icc is specified as average current. Iecy, lccs, lcce, Address can be changed maximum two times
while RAS= VL. Igcs, Address can be changed maximum once during a Fast Page Mode Cycle.

CAPACITANCE (1a=25°C, Vcc=5V, f=1MHz)

L imsuvyg

ELECTRONICS

Parameter Symbol Min Max Unit
Input Capacitance (D) Cini - 5 pF
Input Capacitance (Ag-A1q) Cinz - S pF
Input Capacitance (RAS, CAS, W) Ciia - 7 pF
Output Capacitance (Q) Cour — 7 pF
AC CHARACTERISTICS (0°C<Ta<70°C, Vcc=5.0+10%, See notes 1,2)
‘ 5 ry 7 -8
Parameter Symbol "in | Max | Min| Max | Min| Max | Min| Max | US| Notes
Random read or write cycle time trRe 90 110 130 150 ns
Read-modify-write cycle time tRwc | 108 130 . 155 175 ns
Access time from RAS tRAC 50 60 70 80| ns | 34,11
Access time from CAS tcac 13 15 20 20| ns | 345
Access time from column address taa 25 30 35 40| ns 31
CAS to output in Low-Z toiz 0 0 0 0 ns 3
Output buffer turn-off delay torF 0 180 0 15 0 20] 0 2| ns 7
Transition timefrise and fall) ) tr 3 50 3 50 3 50 3 50 | ns 2
RAS precharge time trp 30 40 50 60 ns
RAS pulse width tras | 50| 10,000 | 60| 10,000 | 70| 10,000 | 80| 10,000 | ns
RAS hold time ten | 13 15" 20 20 ns
CAS hold time . | tosH 50 60 70 80 ns
CAS pulse width teas 13| 10,000 | 15| 10,000 | 20| 10,000 | 20| 10.000 | ns
RAS to CAS delay time troo | 20 35| 20 45| 20 50 | 20 60| ns 4
RAS to column address defay time trRAD 15 25| 15 3| 15 3| 15 40 | ns 1
CAS to RAS precharge time tore 5 5 5 5 ns
Row address set-up time tAsR 0 0 0 0 ns
Row address hold time tRAH 10 10 10 10 ns
Column address set-up time tasc 0 0 0 0 ns
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ADVANCED

KM41C4000C/CL/CSL CMOS DRAM
AC CHARACTERISTICS (continued)
-5 -6 -7 -8
Parameter Symbol Min| Max | Min| Max | Min| Max | Min| Max Unit | Notes

Column address hold time tcaH 10 10 15 15 ns

Column address hold time referenced to RAS AR 40 45 55 60 ns 6
Column address to RAS lead time tRAL 25 30 35 40 ns

Read command set-up time tRCS 0 0 0 0f. ns

Read command hold time referenced to CAS | treH 0 0 0 0 ns 9
Read command hold time referenced to RAS tRRH 0 0 0 0 ns 9
Write command hold time fweH 10 10 15 15 ns

Write command hold time referenced to RAS twer 40 45 55 60 ns 6
Write command pulse width twp 10 10 15 15 ns

Write command to RAS lead time fRWL 13 15 20 20 ns

Write command to CAS lead time towe | 13 15 20 20 ns
Data-in-set-up time s 0 0 0 0 ns 10 -
Data-in hold time toH 10 10 15 15 ns 10
Data-in hold time referenced to RAS tDHR 40 45 55 60 ns 6
Refresh period (Normal) tREF 16 16 16 16 | ms

Réfresh period {Low power) tREF 128 128 128 128 | ms

Refresh period (Super low power) {REF 256 256 256 256 | ms

Write command set-up time twes 0 0 0 0 ns 8
CAS to W delay time tewo | 13 15 20 20 ns 8
RAS to W delay time thwp | 50 60 70 80 ns 8.
Column address to W delay time tawp 25 30 35 40 ns 8
CAS set-up time (CAS-before-RAS refresh) tcsm 10 10 0] 10 ns

CAS hold time(CAS-before-RAS refresh) tCHR 10 10 15 15 ns

RAS to CAS precharge time tRPC 5 5 5 5 ns

CAS precharge time (C-B-R counter test cycle) tcet 20 20 25 30 ns

Access time from CAS precharge tora 30 35 40 45| ns 3
Fast page mode cycle time trc 35 1 40 45 50 ns

Fast page mode read-modify-write cycle time tPRWC | 53 60 70 75 ns

RAS pulse width(Fast Page Mode) trasP | 50| 200.000 | 60| 200,000 | 70| 200,000 | 80 | 200,000 | ns

CAS precharge time{Fast page mode) tep 10 10 10 10 ns

RAS hold time from CAS precharge taucp | 30 35 40 45 ns

Write command set-up time {test mode in) twrs 10 10 10, 10 ns

Write command hold time ({test mode in) twrH 10 10 10 10 ns

W to RAS precharge time(C-B-R cycle) twrp | 10 10 10 10 ns

W to RAS hold time(C-B-R cycle) twed | 10 10 10 10 ns
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KM41C4000C/CL/CSL

CMOS DRAM

TEST MODE CYCLE

(Note. 12)
-5 -6 -7 -8

Parameter Symbol Min | Max | Min| Max | Min| Max | Min] Max Unit | Notes
Random read or write cycle time R 95 115 135 135 ns
Read-modify-write cycle time twe | 113 135 160 180 ns
Access time from RAS ARAC 55 65 75 85| ns | 34,11
Access time from CAS teac 18 .20 25 25| ns | 345
Access time from column address taa 30 35 40 45| ns 3,11
RAS pulse width tRaS 55| 10,000 | 65| 10,000 | 75 10,000 | 85| 10,000 | ns
CAS pulse width tcas 18| 10,000 | 20| 10,000 | 25| 10,000 | 25| 10,000 | ns
RAS hold time tRsH | 18 20 25 25 ns
CAS hold time tesH | 55 " 65 75 85 ns
Column address to RAS lead time tRAL 30 35 40 45 ns
CAS to write enable delay towo | 18 20 25 25 ns 8
RAS to write enable delay tewp | 55 65 75 85 ns 8
Column-address to W delay time tawp 30 35 40 45 ns 8
Fast mode cycle time ) trc 40 45 50 55 ns
Fast page mode read-modefy-write tPRwC | 58 65 75 80 ns
RAS pulse width(Fast page mode) tRAsP | 55| 200000 | 65| 200000 | 75| 200000 | 85| 200000 | ns
Access time from CAS precharge topa % ' 40 45 5 | ns 3

NOTES

1. An initial pause of 200us is required after power up
followed by any 8 CAS-before-RAS or RAS-only Re-
fresh cycles before proper device operation is
achieved.

2. Vigmin) @nd Viymay) are reference levels for measuring
timing of input signals. Transition times are measu-
red between Viymin) and Vi max, and are assumed
to be 5ns for all inputs.

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

4. Operation within the trcpmax) limit insures that trac
(max) €an be met. tacpmax) is specified as a reference
point only. If tacpimax) is greater than the specified
trepmaxy limit, then access time is controlled exclusi-
ver by tcac-

. Assumes that tgcp 2> trepmax.-

. tar: twer, towr are referenced to trapmax)-

..This parameter defines the time at which the output
achieves the open circuit condition and is not refer-
nced to Vou or Vou. .

8. twes, trwo, tcwp and tawp are non restrictive opera-

ting parameters. They are included in the data sheet
as electrical characteristics only. If twcs > twesmin

TN O

11.

12.
13.

14.

the cycle is an early write cycle and the data out
pin will remain high impedance for the duration of
the cycle. If towp > tewo(min) and trwo 2> trwoimin) and
tawp = tawpimin), then the cycle is a read-modify-write
cycle and the data our will contain the data read
from the selected address. If neither of the above
conditions are satisfied, the condition of the data out
is indeterminate.

. Either tacn Or trry must be satisfied for a read cycle.
. These parameters are referenced to the C?S leading

edge in early write cycles and to the W leading edge
in read-modify-write cycles. ]

Operation within the trapmax limit insures that tpac
(max) €an be met. trapmax) is specified as a reference
point only. If tgap is greater than the specified tgap |
(max) limit, then access time is controlled by taa.
These specifications are applied in the test mode.
In test mode read cycle, the value of trac, taa, tcac
is delayed by 2ns to 5ns for the specified value.
These parameters should be specified in test mode
cycles by adding the above value to the specified
value in this data sheet.

torFmax) @nd toezmax) define the time at which the
output achieves the open circuit condition and are
not referenced to output voltage level.

Phinsungd
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KM41C4000C/CL/CSL CMOS DRAM

TIMING DIAGRAMS

READ CYCLE
tae
) b tap o]
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WRITE CYCLE (EARLY WRITE)

trc

trAS

— ViH_ \ 4 \
RAS v:’:_ St tam 1_] N\

tcsH - RP
treo tRsH tcRp—=]
. ViH— \ \ tcas /
Al
CAS Vil \
—=— tRAD tRAL
tasr tRAH tasc tcan

.—.' ——] I
A ViH— ROW COLUMN Y
Vil ADDRESS \ ADDRESS

towl:
- tWCs = P tWCH-=1
X _ twe A A YV A Y XY XY S X SAAAAARAAANAAAANY
w m B
tRwL —ll
twer
tbs —= p=— tDH —o={
ViH— V.V.V‘v‘v‘v.v.v‘v‘v V’v‘v‘v'v’v. VALID ".v‘v"’v'v’v.v‘v’v.v’v’v’~.v' ‘v.v’-’v’v.v’vov0v‘v.v Y
D vl XURKBEOSBEEAY oAt R RNERS
VoH—
Q VoL OPEN

m DON'T CARE

ELECTRONICS




KM41C4000C/CL/CSL

CMOS DRAM

TIMING DIAGRAMS (continued)
READ-WRITE/READ-MODIFY-WRITE CYCLE

tawe
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KM41C4000C/CL/CSL 4 CMOS DRAM

TlMlNG DlAGRAMS (Continued)
FAST PAGE MODE WRITE CYCLE (EARLY WRITE)

trasp trp
o Ve — N
AAS \ tan
Vi — N . 44
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KM41C4000C/CL/CSL

CMOS DRAM

TIMING DIAGRAMS (Continued)

RAS-ONLY REFRESH CYCLE
Note: W, D, Ay =Don’t Care
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KM41C4000C/CL/CSL

CMOS DRAM

TIMING DlAGRAMS (Continued)
HIDDEN REFRESH CYCLE (READ)
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HIDDEN REFRESH CYCLE (WRITE)
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KM41C4000C/CL/CSL

'cmos DRAM

TIMING DIAGRAMS (Continued)
CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE
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CMOS DRAM

KM41C4000C/CL/CSL

TIMING DIAGRAMS (Continued)

TEST MODE IN CYCLE
NOTE: D, Address=Don'’t Care
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TEST MODE DESCRIPTION

The KM41C4000C/CL/CSL is the RAM organized 4,
194,304 words by 1 bit it is internally organized ‘524,
288 words by 8 bits. In "Test Mode", data are written
into 8 sectors in parallel and retrieved the same way.
Column address bit Ao and A1o are not used. If, upon
reading, all bits are equal (all "1" or "0"s) the Q pin
indicates a "1".

If they were not equal, the Q pin would indicate a "0".

OPEN

In "Test Mode", the 4M DRAM can be tested as if it
were a 512K DRAM. W, CAS-BEFORE-RAS Cycle (Test
Mode in Cycle) puts the device into "Test Mode*, And
"CAS-BEFORE-RAS REFRESH CYCLE" or "RAS-only-
Refresh Cycle" puts it back into "Normal Mode".
During the test mode operation, a WCBR cycle is used
to perform refresh. The "Test Mode" function reduces
test time(1/8 in cases of N test pattern.)

<
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' KM41C4000C/CL/CSL

CMOS DRAM

" DEVICE OPERATION

" Device Operation

The KM41C4000C/CL/CSL contains 4,194,304 memory
locations. Twenty-two address bits are required to
address a particular memory location. Since the
KM41C4000C/CL/CSL has only 11 address input pint,
time multiplexed addressing is used to input 11 row and
11 column address. The muitiplexing is controlled by
- the timing relationship between the row address strobe
(RAS), the column address strobe(CAS), and the valid

. . row and column address inputs.

Operating of the KM41C4000C/CL/CSL begins by

strobing in valid row address with RAS while CAS
remains high. Then the address on the 11 address

input pins is changed from a row address to a column

. address and is strobed in by CAS. This is the beginning
of any KM41C4000C/CL/CSL cycle in which a memory
location is accessed. The specific type of cycle is deter-
mined by the state of the write enable pin and various
timing relationships. The cycle is terminated when both
RAS and CAS have returned to the high state. Another
cycle can be initiated after RAS remains high long

- enough to satisfy the RAS precharge time(trr) require-
ment.

- RAS and CAS Timing
" The minimum RAS and CAS puise widths are specified
by tras(min) and tcas(min) respectively. These mini-
* mum pulse widths must be satisfied for proper device
" operation and data integrity. Once a cycle is initiated by
- bringing RAS low, it must not be aborted prior to satisfy-
._ing the minimum RAS and CAS pulse widths. In addi-
" tion, a new cycle must not begin until the minimum RAS
- precharge time, tRP, has been satisfied. Once a cycle
begins, internal clocks and other circuits within the
KM41C4000C/CL/CSL begin a complex sequence. of
. events. If the sequence is broken by violating minimum

~"-timing requirements, loss of data integrity can occur. )

Read

A read cycle is achieved by maintaining the write
_enable input(W) high during a RAS/CAS cycle. If CAS

goes low before tRco(max) the access time to valid data

»'* is specified by tRac. if CAS goes low after trcp(max),

"* The KM41C4000C/CL/CSL can perform early write, late

I

R

- the access time is measured from CAS and is specified

- by tcac. In order to achieve the min_mum access time,
trac(min), it is necessary to bring CAS low before trcD
(max).

- Write

v

“write and read-modify-write cycles. The differece
" between these cycles is in the state of data-out and is
" determined by the. timing relationship between W and

- CAS. In'any type of write cycle, Data-in must be valid at

or before the falling edge of W or CAS, whichever. is
later. :

Early Write: An early write cycle is performed by bring-
ing W low before CAS. The data at the data input pin
(D) is written into the addressed memory cell.
Throughout the early write cycle the output remains in
the Hi-Z state. The cycle is good for common /O appli-
cations because the data-in and data-out pins may be
tied together without bus contention.

Read-Modify-Write: In this cycle, valid data from the
addressed cell appears at the output before and during
the time that data is being written into the same cell
location. This cycle is achieved by bringing W low
afterCAS and meeting the data sheet read-modify-write
cycle timing requirements. This cycle requires using a
separate I/O to avoid bus contention

Late Write: If W is brought low after CAS, a late write
cycle will occur, The late write cycle is very similar to
the read-modify-write cycle except that the timing
parameters, trRwD, tcwp and tawp, are not necessarily
met. The state of date-out is indeteminate since the
output can be either Hi-Z or contain data depending on
the timing conditions. This cycle requires a separate I/O

to avoid bus contention.

Data Output .

The KM41C4000C/CL/CSL has three-state outpu
buffer which are controlled by CAS. Whenever CAS is
high(ViH), the outputs is in the high impedance (Hi-2)
state. In any cycle in which valid data appears at the
output, the putput goes into the low impedance state in
a time specified by tcLz after the falling edge of CAS,
Invalid data may be present at the output during the
time after tc.z and before the valid data appears at the
output. The timing parameters tcac, tRAac and TaA speci-
fy when the valid data the output until CAS returns high.

This is true even if a new RAS cycle occurs (as in hid- .

den refresh). Each of the KM41C4000C/CL/CSL oper-
ating cycles is listed below after the corresponding out-
put state produced by the cycle.

Valid Output Data: Read, Read-Modify-Write, Hidden
Refresh, Fast Page Mode Read, Fast Page Mode
Read-Modify-Write.

Hi-Z Output State: Early Write, RAS-only Refresh, Fast

" Page Mode Write, CAS-before-RAS Refresh, CAS-only

cycle.
Indeterminate Output State: Delayed Write

Refresh
The data in the KM41C4000C/CL/CSL is stored on a
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KM41C4000C/CL/CSL

CMOS DRAM

DEVICE OPERATION (Continued)

tiny capacitor within each memory cell. Due to leakage
the data may leak off after a period of time. To maintain
data integrity it is necessary to refresh each of the rows
every 16/128/256 ms. There several ways to
accomplish this.

RAS-Only Refresh: This is the most common method
for performing refresh. It is performed by strobing in a
row address- with RAS while CAS remains high. This
cycle must be repeated for each row.

CAS-before-RAS Refresh: The KM41C4000C/CL/CSL
has CAS-before-RAS on-chip refresh capability that
eliminates the need for external refresh addresses. If
CAS input is held low for the specified set up time
(tcsr) before RAS goes low, the on-chip refresh circuit-
ry is enabled. An internal refresh operation auto-mati-
cally occurs. The refresh address is supplied by the on-
chip refresh address counter which is then internally
incremented in preparation for the next CAS-before-
RAS refresh cycle.

Hidden Refresh: A hidden refresh cycle may be per-
formed while maintaining the latest valid data at the
output by extending the CAS active time and cycling
RAS. The KM41C4000C/CL/CSL hidden refresh cycle
is actually a CAS-before-RAS refresh cycle within an
extended read cycle. The refresh row address is provid-
ed by the on-chip refresty address counter.

Other Refresh Methods: It is also possible to refresh the
KM41C4000C/CL/CSL by using read, write or read-
modify write cycles. Whenever a row is accessed, all
the cells in that row are automatically refreshed. There
are certain applications in which it might be advanta-
geous to perform refresh in this manner but in general
RAS-only or CAS-before-RAS refresh is the preferred
method.

Fast Page Mode

The KM41C4000C/CL/CSL has Fast page mode capa-
bility. Fast page mode memory cycles provides faster
access and lower power dissipation than normal memo-
ry cycles. In Fast page mode, it is possible to perform
read, write or read-modify-write cyclels. As long as the
applicable timing requirements are observed, it is possi-
ble to mix these cycles in any order. A fast page mode
cycle beging with a normal cycle. Then, while RAS is
kept low to maintain the CAS is cycled to strobe in addi-
tional column addresses. This eliminates the time
required to set up and strobe sequential row addresses
for the same page. Up to 2048 memory cells can be
accessed with the same row address.

CAS-before-RAS Refresh Counter Test Cycle
A special timing sequence using the CAS-before-RAS
counter test cycle provides a convenient method of ver-
ifying the functionality of the TAS-before-RAS refresh
activated circuitry.

After the CAS-before-RAS refresh operation, is CAS
goes high and then low again while RAS is held low,
the read and write operations are enabled.

This is shown in the CAS-before-RAS counter test
cycle timing diagram. A memory cell can be addressed
with 11 row address bits and 11 column address bits
defined as follows

Row Address- Bits Ao through Ae are supplied by the
on-chip refresh counter. This A1o bit is set high interally.

Column Address-Bits Ao through Ato are strobed -in by
the falling edge of CAS as in a normal memory cycle.

Suggested CAS-before RAS Counter
Test Procedure

The CAS-before-RAS refresh counter test cycle timing
is used in each of the following steps:

1. Initialize the internal refresh counter by perfoming
8CAS-before-RAS cycles.

2. Write a test patten of "lows"into the memory cells at
a single column address and 1024 row address(The
row addresses are supplied by the on-chip refresh
counter) '

3. Using read-modify-write cycles, read the "lows"writ-
ten during step 2 and write "highs” into the same
memory locations. Perform this step 1024 times so
that highs are written into the 1024 memory cells.

4. Read the "highs" written-during step 3.

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

Power-up

If RAS=Vss during power-up, the KM41C4000C/CL/CSL
could begin an active cycle. This condition resuits in
higher than necessary current demands from the power
supply during power-up. It is recommended that RAS
and ply during power-up. It is recommended that RAS
and CAS track with Vcc during power-up or be held a
valid ViH in order to minimize the power-up current. An
initial pause of 200 u sec is required after power-up fol-
lowed by any 8 RAS cycles before proper device oper-
ation is assured. Eight initialization cycles are also
required after any 16(L-version:128, SL-version:256)
msec period in which there are no RAS cycles. An

L= ung
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KM41C4000C/CL/CSL

CMOS DRAM

DEVICE OPERATION (Continued)

initialization cycle in'which RAS is cycled.

Termination

The lines from the TTL driver circuits to the
KM41C4000C/CL/CSL inputs act like unterminated
transmission lines resulting in significant overshoot and
undershoot at the inputs. To minimize overshoot it is
advisable to terminate the input lines and to keep them
as short as possible. Although either series or parallel
temination may be used,series temination is generallu
recommended since it is simple and draws on addition-
al power. It consists of a resistor in series with the input
line placed close to the KM41C4000C/CL/CSL input
pin. The optimum value depends on the board layout. it
must be determined experimentally and is usually in the
range of 20 to 40 ohms.

Board Layout

It is important to lay out the power and ground lines on
memory boards in such a way that switching transinent
effects are minized. The recommended methods are
gridded power and ground lines or separate power and
ground planes. The power and ground lines act like
transmission lines to the high frequency transients gen-
erated by DRAMS. The impedance is minimized if all
the power supply traces to all the DRAMS run both hor-
izontally and vertically and are connected at each inter

section or better yet if power and ground planes are

" used.

Decoupling

The importance of proper decoupling can not be over
emphasized. Excessive transient noise or voltage
droop on the Vcc line can cause loss of data integrity
(soft errors). It is recommended that the total combined
voltage changes over time in the Vec to Vss voltage -
(measured at the device pins) should not exceed
500mV

A high frequency 0.1 «F ceramic decoupling capacitor
should be connected between the Vcc and ground pins
of each KM41C4000C/CL/CSL using the shortest pos-
sible traces. These capacitors act as a low imped ance
shunt for the high frequency switching transients gener-
ated by the KM41C4000C/CL/CSL and they supply
much of the current used by the KM41C4000C/CL/CSL
during cycling.

In anddition, a large tantalum capacitor with a value of
47 p¢Fto 100 u«F capacitors between cycles, thereby
reducing power line droop. The bulk decoupling capaci-
tor meet the power grid or power plane. Even better
results may be achieved by distributing more than one
tantalum capacitor around the memory array.

0 1ms v
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KM41C4000C/CL/CSL ' CMOS DRAM .

PACKAGE DIMENSIONS (continued)
20-LEAD PLASTIC SMALL OUT-LINE J-LEAD Units: Inches (millimeters)

0.027 (0.69)
MIN

ﬁ[_l o T e s o 0 o o O B
1 gl glz28ls 33
S8 Clg B8 eie
) O 818 geglz &5
sle Sls s|s Sio
LO
D D O [N I D S 3
0.670 (17.02) 0.128 (3.25)
0.680 (17.27) | 0.145 (3.68)
0.004 (0.1) qg
0.050 (1.27) . 0.015 (0.38) 0.026 (o ee)
TYP 0.021 (0.53) 0.032 (081)
| 0.050 (1.27)
| MAX
20-LEAD PLASTIC ZIGZAG-IN-LINE PACKAGE
1.025(26.04) 0.113(2.87)
1.035(26.29) 0.120(3.05)
/ gl= :’
. gla 5
@ |0 .
(/vINDEX 0o e s
- Mo Q
clo =4
[
— 0.013(0.33)
0.016(0.41) "<l l 0.050(1.27) 0.050(1.27) | ©0.100(2.54) 0.100(2.54)
0.024(0.61) | [ TYP MAX MIN TYP
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KM41C4000C/CL/CSL | CMOS DRAM

PACKAGE DIMENSIONS (continued)
20-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE (ll) (Forward and Reverse Type)
' Units: Inches (millimeters)

003 (080)
l—_TY—P

fH HHHH HHH FTLEj ‘ -1
| 5|8 5 58
) O [l sl 2|2
g8 slE 8%
) Sl|o e o=

o
L . .
=i=i=ESES) =i=l=l=]=! S8 —
0671 (17.04) ?’:’: §

oe7a(72) 3|3 0.005 (0.13)
I 0.008(0.20)

Elomem] CHEATH——HAARD

0.048 (1.22) l ‘ 0.012 (0.30)
0.052 (1.32) | ™ 0.020(050)

0,016 (0.40) ] |
0024 (060) 1
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KM41C4002C

'CMOS DRAM

4M x 1 Bit CMOS Dynamic RAM with Static Column Mode

FEATURES
« Performance range:
trac teac trc
KM41C4002C-5 50ns 13ns 90ns
KM41C4002C-6 60ns 16ns | 110ns
KM41C4002C-7 70ns 20ns | 130ns
KM41C4002C-8 80ns 20ns | 150ns

« Static Column Mode operation

- CS-before-RAS refresh capability

« RAS-only and Hidden Refresh capability

« Fast parallel test mode Capability

« TTL compatible inputs and outputs

« Commom I/O using Early Write

« Single +5.0V+10% power supply

« 1024 cycles/16ms refresh

« JEDEC standard pinout

« Available in plastic SOJ, ZIP and TSOP(ll) Packages

FUNCTIONAL BLOCK DIAGRAM

GENERAL DESCRIPTION

The Samsung KM41C4002C is a CMOS high speed 4, .
194,304 x 1-Dynamic Random Access Memory. Its

design is optimized for high performance applications -

such as mainframes and mini computers, graphics and
high performance microprocessor systems.

The KM41C4002C features Static Column Mode
operation which allows high speed random or

Sequential access within a row. Static Column Mode "« ‘

operation offers high performance while relaxing many
critical system timing requirements for fast usable
speed. :

CS-before-RAS refresh capability provides on-chip
auto refresh as an alternative to RAS-only refresh. All :
inputs and output are fully TTL compatible.

The KM41C4002C is fabricated using Samsung's °
advanced CMOS process.

RAS —1coNTROL &
C5 ™ cLocks
W
{ | REFRESH CONTROL &
ADDRESS COUNTER
=]  COLUMN DECODER
[ SENSE AMPS & /0 GATING
Ao
- & g
ERIS) MEMORY ARRAY
ol 4,194,304
82 GELLS
5 3 ~—Vce
Cla|x -,
A10—={ < 8s
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KM41C4002C

CMOS DRAM

PIN CONFIGURATION (Top Views)

» KM41C4002CJ

D! 20 {7 Vss
w2 19pa
RAS[]3 18 C3
N.C.]4 17[ON.C.
A5 16 P Ag

Ao[]6 15 {148

AQr 14 [J A7

A28 13 As

Az o 12dAs
VecJ10 O 11PAs

« KM41C4002CTR

VsslI
o]
SS[T
N.c.[T]
Ag I]:

4 [T}
A7

Ag %
As U:
Ag [I

15
14
13
12
1

(<]

-

ne
W
[T) RAS
[T]nC.
IlAw

[T] Ao

o B oW N

1] A2
Ag
10 Vee

© ® N o

[T A

+ KM41C4002CZ

Ag

D)

EIEIEERE=]E1]

o

FEEEEENEE

(

+ KM41C4002CT

DE1 o 20:DVss
w[]- 19[T]a
RA3 T3 18] C3
ne. T4 7[TIne.
A10[E5 16 ]JAQ
Ao [T]s 15{T] As
a7 1[T] A7
A2(T]s 13[T]As
A3[E 9 12 :DAs
vee [T]10 ° D:]AA

Pin Names Pin Function
Ac-Avp Address Inputs
D Data In
Q Data Out
W Read/Write Input
RAS Row Address Strobe
Cs Chip Select Input
Vee Power (+5V)
Vss Ground
N.C. No Connection

s uvig
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KM41C4002C CMOS DRAM

ABSOLUTE MAXIMUM RATINGS

Parameter Symbol Rating Units
Voltage on Any Pin Relative to Vss ViN, Vout -1to +7.0 \Y
Voltage on Vcc Supply Relative to Vss Vce -1to +7.0 \
Storage Temperature ’ Tstg -55to + 150 °C
Power Dissipation Po 600 mw
Short Circuit Output Current los 50 mA

* Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. Functional operation
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to abso-
lute maximum rating conditions for extended periods may affect device reliability.

RECOMMENDED OPE_BAT'NG CONDITIONS (Voltage referenced to Vss, TA=0 to %0°C)

Parameter Symbol Min Typ Max Unit
Supply Voltage Vce 4.5 5.0 55 v
Ground Vss 0 0 0 \"
Input High Voltage VIH 2.4 — Vec+ 1 A
Input Low Voltage ViL -1.0 —_ 0.8 \'
DC AND OPERATING CHARACTERISTICS (Recommended operating conditions unless otherwise noted)
Parameter Symbol| Min | Max | Units
KM41C4002C-5 - 85 mA
Operating Current* KM41C4002C-6 lect - 75 mA
(RAS and CS Cycling @trc=min.) KM41C4002C-7 - 65 mA
KM41C4002C-8 . - 56 mA
Standby Current (RAS=CS=W=Vix) . loc2 - 2 mA
KM41C4002C-5 - - 85 mA
RAS-Only Refresh Current* Kh41C4002C-6 i s mA
(C5=Vin, RAS, Address Cycling @trc=mi KM4164002C-7 leca i 65 mA
=Y RAS, yeling @trc=min.) KM41C4002C-8 - 55 | mA
KM41C4002C-5 - 65 mA
Static Golumn Mode Current* KM41C4002C-6 lccs - 55 mA
(RAS=CS=V, Address Cycling @tpc=min.) KM41C4002C-7 - 45 mA
KM41C4002C-8 - 35 mA
Standby Current (RAS=CS=W=Vcc-0.2V) Iccs - 1 mA
i KM41C4002C-5 - 85 mA
CS-Before-RAS Refresh Current* KM41C4002C-6 ocs - 75 mA
(RAS and CS Cycling @trc=min.) KM41C4002C-7 - 65 mA
KM41C4002C-8 - 55 mA

JInput Leakage Current .

(Any input 0<VIN <Vcc+0.5V, all other pins not under test=0 volts.) o -10 10 A

Output Leakage Current » .
(Data out is disabled, OV <Vour<Vcc) low 101 10 | A

Output High Voltage Level (IoH=-5mA) VoH 2.4 - v

Output Low Voltage Level (foL=4.2mA) VoL - 0.4 Vv

*NOTE: lIcct, lccs, lccs and Iccs are dependent on output loading and cycle rates. Specified values are obtained with the
output open. Icc is specified as an average current. Icct, lccs, Iccs Address can be changéd maximum two times
while RAS=VIL. In Icc4, Address can be changed maximum once during a Static Column mode cycle.

ELECTRONICS




KM41C4002C - ~ CMOS DRAM

CAPACITANCE (14=25°C, Vce=5Y, f=1MHz)

Parameter ) Symbol Min Max Unit
Input Capacitance(D) ' CiNt - 5 ~ pF
Input Capacitance (Ao~A10) Cin2 - - 5 pF
Input Capacitance (RAS, CS, W) CINg - 7 pF
Input Capacitance (Q) ) Cout - 7 pF
AC CHARACTERISTICS (0°C<Ta<70°C, Vcc=5.0V+10%, See notes 1,2)
v -5 -6 -7 -8
Parameter Symbol Units | Notes
Min| Max | Min| Max | Min| Max | Min| Max
Random read or write cycle time tRC 90 110 130' 150 ns
Read-modify-write cycle time tRwc | 108 130 150 170 ns
Static column mode cycle time tsc 30 35 40 6 ns
Static column mode read-write cycle time tsRwc | 53 65 75 85 ’ ns
Access time from RAS tRAC 50 60 70 80| ns | 3411
Access time from CS tcac 13 15 20 20{ ns | 345
Access time from column address taa 25 30 35 407 ns | 31
Access time from last write taw 50 55 65 5| ns 3
CS to output in Low-Z toz 0 0 0 0 ns 7
Qutput buffer turn-off delay toFF 0 13 0 15 0 20 0 20 ns 2
Output data hold time from column address tAOH 5 5 5 5 ns
Qutput data enable time from W tow 3% 40 45 5| ns
Qutput data hold time from W twon | . 0 0 0 0 ns
Transition time (rise and fall) tr 3 50 3 50 3 50 3 50| ns 2
RAS precharge time tp 30 40 50 60 ns
RAS pulse width tRAS 50| 10000! 60| 10000 70| 10,000 | 80| 10,000 ns
RAS pulse width(static column mode) trasc [ 50 | 100,000 | 60 | 100,000 | 70 | 100,000 80 ( 100,000 { ns
RASholdtime s | 13 15 20 20 ns
CS hold time tosn | 50 60 70 80 ns
CS pulse width ] tcs 131 10,000 | 15| 10,000 | 20| 10,000 { 20| 10,000 | ns
C3 pulse width (static column mode) tese 131 100,000 | 15 100,000 | 20 | 100,000 | 20| 100,000 | ns
RAS to CS delay time . tRCD 20 32 65 20 501 20 60| ns 4
RAS to column address delay time . tRAD 15 %1 15 0| 15 35 15 40| ns 1
CS to RAS precharge.time tcRP 5 5 5 5 ns
CS precharge time (static column mode) top 10 10 10 10 ns
Row address set-up time _ tAsR 0 0 0 0 ns
Row address hold time tran | 10 10 10 10 ns
Column.address set-up time tasc 0y . 0 0 A 0 ns
Column address hold toan | 10 10 15 15 ns
Wite address hold time referenced to RAS tAWR 40 45 55 60 ns 6

ELECTRONICS



KM41C4002C

CMOS DRAM
AC CHARACTERISTICS (Continued)
-5 -6 -7 -8
Parameter Symbol Units | Notes
Min| Max | Min| Max | Min| Max | Min| Max

Column address hold time referenced to RAS AR 60 70 80 20 ns

Column address to RAS lead time tRaL | 25 30 35 40 ns
Column address hold time referenced to RAS rise, | tan 5 5 5 5 ns

Last Write to column address to delay time twap | 20 25| 2 0] .2 B2 40 ns 12
Last write to column address gold time taHw | 50 55 65 7% s

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

Read command hold time referenced to CS tRCH 0 0 0 0 ns 9
Read command hold time referenced to RAS tRRH 0 0 0 0 ns 9
Write command‘hold time tweH 10 10 15 15 ns

Write command hold time referenced to RAS twer | 40 45 55 60 ns 6
Write command pulse width twp 10 10 15 15 ns

Write command inactive time twi 10 10 10 10 ns

Write command to RAS lead time twe | 15 15 15 15 ns

Wiite command to CS lead time tow. | 13 15 15 15 ns
Data-in set-up time tos 0 0 0 0 ns 10
Data-in hold time - toH 10 10 15 15 ns 10
Data-in hold time referenced to RAS DHR 40 45 55 60 ns 6
Refresh period (1024 cycles) tREF 16 16 16 16| ms

Write command set-up time twes 0 0 0 0 ns 8
CS to W delay time tewo | 13 15 15 15 ns | -8
RAS to W delay time trwp | 50 60 70 80 ns 8
Column address to W delay time tawp 25 30 35 40 ns v 8
CS setup time (CS-before-RAS refresh) tesr | 10 10 10 10 ns

CS hold time (CS-before-RAS refresh) tchR | 10 10 10 10 ns

Write command set-up time (test mode in) twts 10 10 10 10 ns

Write command hold time (test mode in) tWIH 10 10 10 10 ns

W to RAS precharge time (CS-before-RAS cycle) twep | 10 10 10 10 ns

Wto RAS hold time (CS-before-RAS cycle) twen | 10 10 10 10 ns

RAS precharge to CS hold time - tArc 5 5 5 5 ns

Refresh counter test CS precharge time tert 20 20 25 30 ns

131
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KM41C4002C CMOS DRAM

TEST MODE CYCLE

(Note.13)
-5 -6 -7 -8
Parameter Symbol Units | Notes
Min| Max | Min| Max | Min| Max. | Min| Max

Random read or write cycle time tRC 95 115 135 155 ns
Read-modify-write cycle time trwe | 113 135 155 175 ns

Access time from RAS tRac 55 65 75 85| ns | 34,11
Access time from CS toac 18 20 25 25|.ns | 345
Access time from column address taa 30 35 40 45| ns 31
RAS pulse width ' tras 55| 10,000 65 10,000 75 10,000{ 85{ 10,000| ns

CS pulse width tcs 18| 10,000 20| 10,000{ 25| 10,000 25| 10,000 ns

RAS hold time tRsH | 18 20 25 25 ns

CS hold time tesH | 55 65 75 85 ns

Column address to RAS lead time tRaL | 30 35 40 45 ns

CS to Write enable delay tewo | 18 20 20 20 ns 8
RAS to Write enable delay twp | 55 65 75 85 ns 8
Column address to W delay time tawp 30 35 40 45 ns 8
Static column mode cycle time tsc 35 40 45 50 ns

Static column mode read-modify-write tsawc | 58 0| 80 90 ns

RAS pulse width (Static column mode) trasc [ 55| 100,000 65 (100,000 75 | 100,000 85 | 100,000| ns

Access time from last write taw 55 65 75 85| ns 3,12
CS pulse width (static column mode) tese 18 1100,000 [ 20 | 100,000 | 25 [ 100,000 25 | 100,000 ns

NOTES

1.

An initial pause of 200us is required after power-

up followed by any 8 CBR or ROR cycles before

proper device operation is achieved.

and the data out pin will 'remain high impedance for
the duration of the cycle. If tcwp=tcwoimin) and
trwo>tRwb(min) and tawp>tawp(min), then the cycle

2. ViHmin) and Viimax) are reference levels for measur- is a read-write cycle and the data out will contain
ing timing of input signals. Transition times are the data read from the selected address. If neither
measured between ViHmin) and ViLmax), and are of the above conditions are satisfied, the condition
assumed to be 5ns for all inputs. of the data out is indeterminate.

3. Measured with a load equivalent to 2 TTL loads and 9. Either trcH or trRrRH must be satisfied for a read
100pF cycle. ’ _

4. Operation within the trcpmax) limit insures that 10. These parameters are referenced to the CS leading
traC(max) Can be met. trcp(max) is specified as a edge in early write cycles and to the W leading edge
reference point only. If trcp is greater than the in read-write cycles.
specified tacomax) limit, then access time is con-  11. Operation within the trapmax limit insures that
trolled exclusively by tcac. trac(max) can be met. trRapimax) is specified as a

5. Assumes that tRCD>tRCD(max). reference point only. If trap is greater than the

6. tawR, twcr, toHR are referenced to trRaD(max) specified trap(max) limit, then access time is con-

7. This parameter defines the time at which the out- trolled by taa.
put achieves the open circuit condition and is not ~ 12. Operation within the tiwapmax) limit insures that
refernced to VoH or VoL. taLwmax) can be met. tiwapimax) is specified as a

8. twes, trwp, tcwp and tawp are non restrictive reference point only. tiwap is greater than the
operating parameters. They are included in the data specified tLwapmax) limit, then access time is con-
sheet as electrical characteristics only. If trolled by taa.
twcs=twes(min) the cycle is an early write cycle 13. These specifications are applied in the test mode.

Simsung
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KM41C4002C

CMOS DRAM

TIMING DIAGRAMS

READ CYCLE
tre
trp
— Vin— X tRas Vi
RAS Vi— \ \_
tosH—
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i | T T e
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_ ViH—
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w Vin— TR e
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AR toFF
tRac

Q VoH— OPEN VALID DATA }-—

VoL—

- tc[_zj’
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KM41C4002C

CMOS DRAM

TIMING DIAGRAMS (Continued)
WRITE CYCLE (EARLY WRITE)
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AAs ‘\le— _'—-’S tRAS \
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. v |
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KM41C4002C

CMOS DRAM

TIMING DIAGRAMS (continued)
STATIC COLUMN MODE READ CYCLE

tRASC H=—tap——
J— ViH— !&
RAS ViL— o
t
tasr —-1 | RAH, tsc tsc— tRAL— o |~ tAH
ViH— ROW COLUMN COLUMN COLUMN
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: T
- -tRAD--—— —tcrp—
tar )-1012—- f—— tRSH——
I
— Vin— tesc ——tcse
Ccs Jr X tRRH
Vies 1RGO —1— tRCH
—tRCS ~— trcs F=tRCH -
tosH
— Vin— 4
w ViL— loac = taa——
I toFF torr
foma—— tAA'_—
taoH tcac
tRAC:
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Q VoL— DATA 4 DATA DATA
f
|
terz tcz
STATIC COLUMN MODE WRITE CYCLE (W controlled early write)
trP
e Vie— N tRASC
RAS Vi— \
t
tASR | RAM, __| ——tcan tRaL
Vin— oW { COLUMN COLUMN " COLUMN
A ViL— ADDRESS ADDRESS / ADDRESS ADDRESS
tawn tRsH
t
tRAD———ﬂ—A—S& 1 _tesc tep lcnp%
ViH— b -
s \ 5 /
i trcD . i
sC
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t twi
twos—] wi . w
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o e Ny /
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tos_ | [] ’DHIWCH
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b Vi— DATA DATA DATA ) 8.0.0.0.900.0.9.9,
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KM41C4002C CMOS DRAM

TIMING DIAGRAMS (Continued)

STATIC COLUMN MODE WRITE CYCLE (CS controlled early write)

I—- tRp
- Vig— trasc
RAS \
viL— .
tash || || tran _tasct——T-1cAH L tRaL
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Vin— R XXXRATIDS XX o twe LR
w vie— KOO0 OO
’_~ toHR - ! tos tbH
tns'——i —— toH ,£~
ViH— v (7
O VALID VALID VALID
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KM41C4002C CMOS DRAM

TIMING DIAGRAMS (Continued)
STATIC COLUMN MODE MIXED CYCLE
|

trasc H JARP ..
— ViH— :
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ViL— !
N
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cs ViL—
v
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KM41C4002C

CMOS DRAM

TIMING DIAGRAMS (Continued)
HIDDEN REFRESH CYCLE (READ)
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KM41C4002C CMOS DRAM

TIMING DIAGRAMS (Continued)
CS-BEFORE-RAS BEFRESH COUNTER TEST CYCLE

tRA; e {RP ]
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‘ - tp! —— tDH ——
D ://:r: | VALID DATA
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KM41C4002C

CMOS DRAM

TIMING DIAGRAMS (Continued)
TEST MODE IN CYCLE

NOTE: D, Address=Don't Care-

tre

' tras trp
RAS Vin— / \
Vi tRPC —— ) x /
tep tcsr toHn »
—_ VIH— 0""'0'0"'0""‘"""""‘v‘"‘"’v’v’"'0"‘."""""""""
twrs twrh
ViH— .v.v’v‘v’v "v""’v‘v"'"""."v‘""v".‘W’"’”“"”v
_Q_(E
Q Viior = OPEN
VioL — [
—_——

TEST MODE DESCRIPTION

The KM41C4002C is the RAM organized 4,194,304
words by 1 bit, itis internally organized 524,288 words
by 8 bits. In “Test Mode”, data are written into 8 sec-
tors in parallel and retrieved the same way. A1or. A1oc
and Agc are not used. If, upon reading, all bits are equal
(all “1”’s or “0’'s), the data output pin indicates a “1”.
If any of the bits differed, the data output pin would in-

m DON'T CARE

dicate a “0” In “Test Mode”, the 4M DRAM can be tested
asif it were a 512K DRAM. W, CS-Before-RAS Cycle
(Test Mode in Cycle) puts the device into “Test Mode”.
And “CS-Before-RAS Refresh Cycle” or “RAS only
Refresh Cycle" puts it back into “Normal Mode”. The
“Test Mode” function reduces test time (1/8 in cases
of N test pattern).

L= ms v
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KM41C4002C

CMOS DRAM

DEVICE OPERATION

Device Operation

The KM41C4002C contains 4,194,304 memory loca-
tions. Twenty-two address bits are required to address
a particular memory location. Since the KM41C4002C
has only 11 address input pins, time muitiplexed
addressing is used to input 11 row and 11 column
addresses. The multiplexing is controlled by the timing
relationship between the row address strobe (RAS), the
chip select input(CS) and the valid row and column
address inputs.

Operation of the KM41C4002C begins by strobing in a
valid row address with RAS while CS remains high.
Then the address on the 11 address input pins is
changed from a row address to a column address and
is strobed in by CS. This is the beginning of any
KM41C4002C cycle in which a memory location is
accessed. The specific type of cycle is determined by
the state of the write enable pin and various timing
relationships. The cycle is terminated when both RAS
and CS have returned to the high sta5e. Another cycle
can be initiated after RAS remains high long enough to
satisfy the RAS precharge time (trp) requirement.

RAS and CS Timing

The minimum RAS and CS pulse widths are specified
by tras(min) and tcs(min) respectively. These minimum
pulse widths must be satisfied for proper device opera-
tion and data integrity. Once a cycle is initated by
bringing RAS low, it must not be aborted prior to satis-
fying the minimum RAS and CS pulse widths. In addi-
tion, a new cycle must not begin until the minimum
RAS precharge time, trp, has been satisfied. Once a
cycle begins, internal clocks and other circuits within
the KM41C4002C bigin a complex sequence of events.
If the sequence is broken by violating minimum timing
requirements, loss of data integrity can occur.

Read

A read cycle is achieved by maintaining the write
enable input(W) high during a RAS/CS cycle. If CS
goes low before trcp(max), the access time to valid
data is specified with respect to the falling edge of
RAS. But the addess time also depends on the falling
edge of CS and on the valid column address transition.
If CS goes low before trcb(max) and if the column
address is valid before trap(max) then the access time
to valid data is specified by trac(min). However, if CS
goes low after tRcp(max) or if the column address
becomes valid after trap(max), access is specified by
tcac or taa. In order to achieve the minimum access
time, trac(min), it is necessary to meet both tRcp(max)
and tranp(max).

Write

The KM41C4002C can perform early write, late write
and read-modify-write cycles. The differece between
these cycles is in the state of data-out and is deter-
mined by the timing relationship between W and CS. In
any type of write cycle, Data-in must be valid at or
before the falling edge of W or CS, whichever is later.

Early Write: An early write cycle is performed by bring-
ing W low before CS. The data at the data input pin(D)
is wirtten into the addressed memory cell. Throughout
the early write cycle the output remains in the Hi-Z
state. This cycle is good for common I/O applications
because the data-in and data-out pins may be tied
together without bus contention.

Read-Modify-Write: In this cycle, valid data from the
daaressed cell appears at the output before and during
the time that data is being written into the same cell
location. This cycle is achieved by bringing W low after
CS and meeting the data sheet read-modify-write
cycle timing requirements. This cycle requires using a
separate 1/0 to avoid bus contention.

Late Write: If W is brought low after CS, a late write
cycle will occur. The late write cycle is very similar to
the read-modify-write cycle except that the timing
parameters, tCWD and tAWD are not necessarily met.
The state of data-out is indeterminate since the output
can be either Hi-Z or contain data depending on the
timing conditions. This cycle requires a separate I/0 to
avoid bus contention.

Data Output

The KM41C4002C has a three-state output buffer
which is controlled by CS. Whenever CS is high(VIH)
the output is in the high impedance(Hi-Z) state. In any
cycle in which valid data appears at the output, the
output goes into the low impedance state in a time
specified by tcLz after the falling edge of CS. Invalid
data may be present at the output during the time after
tclz and before: the valid data appears at the output.
The timing paraneters tcac, tRac and taa specify when
the valid data will be present at the output. The valid
data remains at the output until CS returns high. This is
true even if a new RAS cycle occurs (as in hidden
refresh). Each of the KM41C4002C operating cycles is
listed below after the corresponding output state pro-
duced by the cycle. )

Valid Output Data: Read, Read-Modify-Write, Hidden
Refresh, Static Column Mode Read, Static Column
Mode Read-Modify-Write.

s ungg
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'KM41C4002C

CMOS DRAM'

DEVICE OPERATION (continued)

Hi-Z Output State: Early Write, RAS-only Refresh,

Static Column Mode Write, CS-before-RAS Refresh, -

CS-only cycle.
Indeterminate Output State: Delayed Write

Refresh
The data in the KM41C4002C is stored on a tiny

capacitor within each memory cell. Due to leakage the -

data may leak off after a-period of time. To maintain
data integrity it is necessary to refresh each of the
rows every 16ms. There are several ways to accom-
plish this.

RAS-Only-Refresh: This is the most common method
for performing refresh. It is performed by strobing in a
"row address with RAS while CS remains high. This
cycle must be repeated for each row.

CS-before-RAS Refresh: The KM41C4002C has CS-
Before-RAS on-chip refresh capability that eliminates
the need for external refresh addresses. If CS is held
- low for the specified set up time (tcsr) before RAS
goes low, the on-chip refresh circuitry is enabled. An
internal refresh operation automatically occurs. The
refresh address is supplied by the on-chip refresh
address counter which is then internally incremented in
preparation for the next CS-before-RAS refresh cycle.

Hidden Refresh: A hidden refresh cycle may be per-
formed while maintaining the latest valid data at the
output by extending the CS active time and cycling
RAS. The KM41C4002C hidden refresh cycle is actu-
ally CS-before-RAS refresh cycle within an extended
read cycle. The refresh row address is provided by the
on-chip refresh address counter.

Other Refresh Methods: It is also possible to refresh
the KM41C4002C by using read, write or read-modify-
write cycles. Whenever a row is accessed, all the celis
in that row are automatically refreshed. There are cer-
“tain applications in which it might be advantateous to
perform refresh in this mammer but in gheneral RAS-
only or CS-before-RAS refresh is the preferred
method.

~ Static Column Mode

Static Column Mode allows high speed read, write or
read-modity-write random access to all the memory
cells within a selected row. Operation within a selected
row is similar to a static RAM. The read, write or
readmodify-write cycles may be mixed in any order.

A Static Column mode read cycles starts as a normal
cycle. Additional cells within the selected row are writ-
ten by applying a new column address while W=ViH
and RAS=VIL.

A Static Column mode write cycle starts as a normal
cycle. Additional cells within the selected ro are written
by applying a new column address while RAS=ViL and
toggiling either W or CS. The data is written into the
cell trigered by the latter fallin edge of W or CS.

CS-before-RAS Refresh Counter Test Cycle
A special timing sequence using the CS-before-RAS
refresh counter test cycle provides a convenient
method of verifying the functionality of the CS-
befofore-RAS refresh activated circuitry.

After the CS-before-RAS refresh operation, is cs goes
high and then low again while RAS is held low, the read
and write operations are enabled.

This is shown in the CS-before-RAS counter test cycle
timing diagram. A memory ‘cell can be addressed with
11 row address bits and 11 column address bits
defined as follows. :

Row Address — Bits AO through A9 are supplied by
the on-chip refresh counter. The A10 bit is set High
internally.

Column Address — Bits A0 through A10 are strobed-in
by the falling edge of CS as in a normal memory cycle.

Suggested CS-before-RAS Counter Test
Procedure

The CS-before-RAS refresh counter test cycle timing is
used in each of the following steps:

1. nitialize the internal refresh counter by performing
8 cycles. )

2. Write a test pattern of "lows" into the memory cells
at a single column address and 512 row address.
(The row addresses are supplied by the on-chip
refresh counter). )

3. Using read-modify-write cycles, read the "lows"
written during step 2 and write "highs" into the
same memory locations. Perform this step 512
times so that highs are written into the 512 memo-
ry cells.

4. Read the "highs" written during step 3.

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

Power-up

If RAS= Vss during power-up, the KM41C4002C could
begin an active cycle. This coundition results in higher
than necessary current demands from the power sup-
plu during power-up. It is recommended that RAS and

~CS track with Vcc during power-up or be held at a

valid ViH in order to minimize the power-up current.

s ungg
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KM41C4002C

CMOS DRAM

DEVICE OPERATION (Continued)

An initial pause of 200xsec is required after power-up
followed by 8 initialization cycles before proper device
operation is assured. Eight initialization cycles are also
required after any 8 msec period in which there are no
RAS cycles. An initialization cycle is any cycle in which
RAS is cycled.

Termination

The lines from the TTL driver circuits to the
KM41C4002C inputs act like unterminated transmis-
sion lines resulting in significant overshoot and under-
shoot at the inputs. To minimize overshoot it is advis-
able to terminate the input lines and to keep them as
short sa possible. Although either series or parallel ter-
mination may be used, series termination is generally
recommended since it is simple and draws no addi-
tional power. It consists of a resistor in series with the
input line placed close to the KM41C4002C input pin.
The optimum value depends on the board layout. It
must be determined experimentally and is usually in
the range of 20 to 40 ohms.

Board Layout

It is important to lay out the power and ground lines on
memory boards in such a way that switching transient
effects are minimized. The recommended methods are
gridded power and ground lines or separate power and
ground planes. The power and ground lines act like
transmission lines to the high frequency transients gen-
erated by DRAMS. The impedance is minimized if all
the power supply traces to all the DRAMS run both

PACKAGE DIMENSIONS

18-LEAD PLASTIC DUAL IN-LINE PACKAGE

horizontally and verticaooy and are connected at each
intersection or better yet if power and ground planes
are used.

Decoupling

The importance of proper decoupling can not be over
emphasized. Excessive transient noise or voltage
droop on the Vcc line can cause loss of data integrity
(soft erros). It is recommended that the total combined
voltage changes over time in the Vcc to Vss voltage
(measured at the device pins) should not exceed
500mV.

A high frequency 0.1x«F ceramic decoupling capacitor
should be connected between the Vcc and ground
pins of each KM41C4002C using the shortest possible
traces. These capacitors act as a low impedance shunt
for the high frequency switching transients generated
by the KM41C4002C and they supply much of the cur-
rent used by the KM41C4002C during cycling.

In addition, a large tantalum capacitor with a value of
47u1F to 1004« F should be used for bulk decoupling to
recharge the 0.1 F capacitors between cycles, thereby
reducing power line droop. The bulk decoupling
capacitor should be placed near the point where the
power traces meet the power grid or power plane.
Even better results may be achieved by distributing
more than one tantalum capacitor around the memory
array.

Units: inches (Millimeters)
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0.050 (1.27) 0.015 (0.38) 2019 (0.33)
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KM41C4002C CMOS DRAM

PACKAGE DIMENSIONS (Continued)
20-LEAD PLASTIC SMALL OUT-LINE J-LEAD _ Units: Inches (millimeters)

0.027 (0.69)
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o 0 I O B | om0 e e
g8 glgglg 38
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&3 g8 85
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| 0.050 (1.27)
| MAX

20-LEAD PLASTIC ZIGZAG-IN-LINE PACKAGE
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KM41C4002C

CMOS DRAM

PACKAGE DIMENSIONS (continued)
20-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE (ll) (Forward and Reverse Type)

Units: Inches (millimeters)
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KM44C1000C/CL/CSL

CMOS DRAM

1M x4Bit CMOS Dynamic RAM with Fast Page Mode

FEATURES
« Performance range:
trac tcac tre
KM44C1000C/CL/CSL-5 50ns | 13ns | 90ns
KM44C1000C/CL/CSL-6 60ns 15ns | 110ns
KM44C1000C/CL/CSL-7 70ns | 20ns | 130ns
KM44C1000C/CL/CSL-8 80ns | 20ns | 150ns

GENERAL DESCRIPTION

The Samsung KM44C1000C/CL/CSL is a high speed
CMOS 1,048,576 x 4 Dynamic Random Access
Memory. Its design is optimized for high performance
applications such as mainframes and mini computers,
graphics and high performance microprocessor
systems.

The KM44C1000C/CL/CSL features Fast Page Mode

- Fast Page Mode operation
« CAS-before-RAS refresh capability
+ RAS-only and hidden refresh capability
« Fast parallel test mode capability
« TTL compatible inputs and outputs
- Early Write or output enable controlled write
« Single + 5V +10% power supply
« Refresh Cycle
— 1024 cycle/16ms (Normal)
— 1024 cycle/128ms (L-version)
— 1024 cycle/256ms (SL-version)
- Power Dissipation
— Standby: 5.5mW (Normal)
1.1mW (L-Ver)
0.55mW (SL-Ver.)
— Active (50/60/70/80): 470/415/360/305mW
» JEDEC standard pinout
» Available in plastic DIP,SOJ, ZIP and TSOP -l
packages

FUNCTIONAL BLOCK DIAGRAM

operation which allows high speed random access of
memory cells within the same row. CAS-before-RAS
refresh capability provides on-chip auto refresh as an
alterntive to RAS-only Refresh. All inputs and outputs are

fully TTL compatible.

The KM44C1000C/CL/CSL is fabricated using
Samsung's advanced CMOS process.

?%: ] controL & DATA
AS CLOCK IN
W — BUFFER
|| REFRESH CONTROL & ?Q‘
ADDRESS COUNTER o
DQ4
DATA
7] coLumn pecoper out
SENSE AMPS & 110 BUFFER .
Co|E|E oF
. 1518| M™emMoRy ARRAY
< 1213 1048576x4 CELLS
. 8 a : A/
w = ——— VCC
N HE
) gl —— Vgs
Ag —f <

s v

ELECTRONICS

146



KM44C1000C/CL/CSL

CMOS DRAM

PIN CONFIGURATION (Top Views)

+ KM44C1000CP/CLP/CSLP

oai[1] o
0@z [ 2]
w 3]
s [4]
Ag E
Ao E
Ay [Z
Az E
A3 E

S

20| Vss
% DQ4
18] DQs
[17]CAS
[16] OF
5] 40
il
i %
)%

Voo E o E_T] Ag

+ KM44C1000CT/CLT/CSLT

pai [T} 0 20[T] vss
o0 [T]2 19 [T] 0Qs
W [T]s 18[T] oQs
RES[[]4 17[1] cAs
e 16| ] OF
Ao []6 15[T] Ag
A 14[T] A7
A2[T]8 13[T]As
As[]e 12[T]As
vee [T]10 ° [T] A

« KM44C1000CJ/CLJ/CSLJ

plelim 20 1 Vss
DQ2 2 19 {3 DQ4
wrls 18 [10Q3
RAS[]4 173 CAS
Ag[}5 16 |1 OE
Ao[]6 15 [J As
A7 14 A7
A28 13 P Ae
Az 12{1As
veed10 O 11PAs
—

» KM44C1000CTR/CLTR/CSLTR

Vss D:
DQq II
DQ3 [[
cas ([

il

n
A7H:
Aeﬂ:
As[E
A4U:

o

- KM44C1000CZ/CLZ/CSLZ

OE JU—
CAS

DQ3
DQg

Vss
DQy

DQa

Vee

A7

EEEEREEFFEER

< liJEJL@JIEJéIﬁH:MMH)

Pin Function

Address [nputs

Row Address Strobe

Column Address Strobe

Read/Write Input

Data Output Enable

Data In/Data Out

Power (+5V)

Ground

Pin Names
1[T] pas -
Ag-Ag
2[T] b,
3[Mw AS
4[Tras | CAS
5[T] A W
o OE
611]Ao
A DQ1~DQ4
8[T] A2 Veo
9Tl As Vss
10 Vee
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KM44C1000C/CL/CSL CMOS DRAM
ABSOLUTE MAXIMUM RATINGS*
Parameter ‘ Symbol Value Units
Voltage on Any Pin Relative to Vss Vine Vour —1to +7.0 \
Voltage on Vcc Supply Relative to Vss Vee —-1t0 +7.0 \
Storage Temperature Tstg -55to +150 c
Power Dissipation P 600 mw
Short Circuit Output Current los 50 mA

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

RECOMMENDED OPERATING CONDITIONS (Voltage reference to Vgg, To=0 to 70°C)

Parameter Symbol Min Typ Max Unit
Supply Voitage Vee 45 5.0 5.5 \'
Ground Vss 0 0 0 A"
Input High Voltage Vin 24 - Vee+1 \"
Input Low Voltage Vi -1.0 — 08 \

DC AND OPERATING CHARACTERISTICS
(Recommended operating conditions unless otherwise noted)
Parameter Symbol | Min | Max [Units

. KM44C1000C/CL/CSL-5 - 85 mA
Operating Current* KM44C1000C/CL/CSL-6 - 75 | mA
(RAS and CAS Cycling @trc=min.) KM44C1000C/CL/CSL-7 lec - 65 | mA

KM44C1000C/CL/CSL-8 - 55 mA
Standby Current (RAS=CAS=W=VH) lccz - 2 mA
N KM44C1000C/CL/CSL-5 - 85 mA
RAS-Only Refresh Current* KM44C1000C/CL/CSL-6 | - 75 mA
(CAS=ViH, RAS, Address Cycling @trc=min.) KM44C1000C/CL/CSL-7 ces - 65 | mA
KM44C1000C/CL/CSL-8 = 55 mA
KM44C1000C/CL/CSL-5 = 65 mA
Fast Page Mode Current* KM44C1000C/CL/CSL-6 | - 55 | mA
(RAS=ViL, CAS, Address Cycling @trc=min.) KM44C1000C/CL/CSL-7 ce4 - 45 | mA
KM44C1000C/CL/CSL-8 - 35 mA
Standby C t KM44C1000C 1 mA
(Ri,cCs—éTsu—r%rvac 02 KM44C1000CL lecs | . | 200 | wA
= - ey KM44C1000CSL 100 ©A
_ I v KM44C1000C/CL/CSL-5 - 85 nA
CAS-Before-RAS Refresh Current* KM44C1000C§CH/CSL-6 - 75 mA
(RAS and CAS Cycling @tac=min.) KM44C1000C/CL/CSL-7 Iccs - 65 | mA
KM44C1000C/CL/CSL-8 - 55 mA
Battery Back Up Current
Average Power Supply Current,
Battery Back Up Mode,
Input High Voltage(ViH)=Vcc-0.2V ﬁmjﬁg} gggg;l_ lccz h ?gg ’;ﬁ
Input Low Voitage(ViL)=0.2V
CAS=CAS-Before-RAS Cycling or 0.2V
Da1-4=Don't Care, TrRc=125¢s(L-Ver)
| TRc=250us(SL-Ver), TRas=TRaS Min~300ns
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KM44C1000C/CL/CSL CMOS DRAM
DC AND OPERATING CHARACTERISTICS (Continued)
—

Parameter Symbol | Min | Max Units
Input Leakage Current (Any input 0 <VIN<Vce+0.5V Iy -0 | 10 A
all other pins not under test=0 volts.)
Output Lgakage Current low 10 10 WA
(Data out is disabled, 0V <VouTt < Vcc)
Output High Voltage Level (loH=-5mA) Vou 24 - \Y
Output Low Voltage Level (loL=4.2mA) Vou 04 Y

* Note: lgci, loca, lcca @nd lgce are dependent on output loading and cycle rates. Specified value are obtained with
the output open. I is specified as average current. lcc1, lccs, Icos, Address can be changed maximum two times
while RAS=VIL. Iccs, Address can be changed maximum once during a fast page Mode cycle.

CAPACITANCE (1a=25°C, Voc=5V, f=1MHz)

s unig

ELECTRONICS

Parameter- Symbol Min Max Unit

Input Capacitance (Ag-Ag) Cini - 5 pF

Input Capacitance (RAS, CAS, W, OE) Cine - 7 pF

Output Capacitance (DQ¢-DQy) Coa - 7 pF

AC CHARACTERISTICS (0°C<Ta<70°C, Vcc=5.0V+10%, See notes 1,2)
-5 6 |7 -8
Parameter Symbol Min| Max | Min| Max | Min, Max | Min| Max Unit | Notes
Random read or write cycle time tRC 90 110 130 150 ns
Read-modify-write cycle time trwe | 133 155 185 205 ns
Access time from RAS trAC 50 60 70 80 ns | 34,11
Access time from CAS tcac 13 15 20 20| ns 345
Access time from column address tAa 25 30 35 40 ns 3,1
CAS to output in Low-Z toiz 0 0 0 0 ns 3
Output buffer turn-off delay ’ toFF 0 13 0 15 0 20 0 20| ns 7
Transition time(rise and fall) tr 3 50 3 50 3 50 3 50| ns 2
RAS precharge time : tRP 30 40 50 60 ns
RAS pulse width tRas 50| 10,000 | 60| 10,000 | 70| 10,000 | 80| 10,000 | ns
RAS hold time tsH | 13 15 20 20 ns
CAS hold time tosH | 50 60 70 80 ns
CAS pulse width tcas 13| 10,000 | 15] 10,000 | 20| 10,000 | 20| 10.000 | ns
RAS to CAS delay time tRCD 20 37 20 45| 20 50| 20 60| ns 4
RAS to column address delay time tRAD 15 25| 15 30 15 35| 15 40 | ns 11
CAS to RAS precharge time ‘ tcrp 5 5 5 5 ns
Row address set-up time tASR 0 0 0 0 ns
Row address hold time tRAH 10 10 10 10 ns
Column address set-up time tasc 0 0 0 0 ns
Column address hold time tcaH 10 10 15 15 ns
Column address hold time referenced to RAS taR 40 45 55 60 ns 6
Column address to RAS lead time tRAL 25 30 35 40 ns
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KM44C1000C/CL/CSL CMOS DRAM
AC CHARACTERISTICS (continued)
-5 -6 7 -8
Parameter SYmbol “in | Max | Min| Max | Min| Max | Min| wax | Ut | Notes

Read command set-up time tres 0 0 0 0 ns

Read command hold time referenced to CAS | tRcH 0 0 0 0 ns 9
Read command hold time referenced to RAS tRAH 0 0 0 0 ns 9
Write command hold time tweH 10 10 15 15 ns

Write command hold time referenced to RAS | twer | 40 45 55 60 ns 6
Write command pulse width twp 10 10 15 15 ns

Write command to RAB lead time taw | 13 15 20 20 ns

Write command to CAS lead time towL 13 15 20 20 ns
Data-in-set-up time tos 0 0 0 0 ns 10
Data-in hold time toH 10 10 15 15 ns 10
Data-in hold time referenced to RAS R | 40 45 55 60 ns 6
Refresh period (Normal) tREF 16 16 16 16| ms

Refresh period (L-ver) tREF 128 128 128 128 | ms

Refresh period (SL-ver) tREF 256 256 256 256 | ms |
Write command set-up time twes 0 0 0 0 ns 8
CAS to W delay time tewo | 36 40 50 50 ns 8
RAS to W delay time twp | 73 85 100 110 ns 8
Column address to W deay time twp | 48 55 65 70 ns 8
CAS set-up time (CAS-before-RAS refresh) tcsR 10 10 10 10 ns

CAS hold time(CAS-before-RAS refresh) tor | 10 10 15 15 ns

RAS to CAS precharge time tRPC 5| 5 5 5 ns

CAS precharge time (C-B-R counter test cycle) teet 20 20 25 30 ns

Access time from CAS precharge toea 30 35 40 451 ns 3
Fast page mode cycle time trc 35 40 45 50 ns

Fast page mode read-modify-write cycle time tPRWC | 76 85 100 105 ns

RAS pulse width{Fast Page Mode) tRASP 50| 200,000 | 60| 200,000 | 70| 200,000 | 80| 200,000 | ns

CAS precharge time(Fast page mode) tcp 10 10 10 10 ns

RAS hold time from CAS precharge taice | 30 35 40 45 ns

OE access time toeA 13 15 20 20| ns

OE to data delay toep | 13 15 20 20 ns

Qutput buffer tum off delay time from OF toez 0 13| 0 15 0 20 0 20| ns

OF command hold time toen | 13 15 20 20 ns

Write command hold time (test mode in) twTH 10 10 10 10 ns

Wiite command gold time (test mode in} tweH 10 10 10 10 ns

Wto RAS precharge time(C-B-R rcycle) twp | 10 10 10 10 ns

Wto RAS hold time(C-B-R rcycle) twan | 10 10 10| 10 ns
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KM44C1000C/CL/CSL CMOS DRAM

TEST MODE CYCLE (Note. 12)
-5 -6 -7 -8
Parameter Symbol it | N
4 Min| Max | Min| Max | Min| Max | Min| Max Unit | Notes.
Random read or write cycle time trRC 95 115 135 155 ns
Read-modify-write cycle time trwc | 138 160 190 210 ns
Access time from RAS tRAC 55 65 75 85| ns | 34,11
Access time from CAS tcac 18 20 25 25| ns | 345
Access time from.column address taa 30 35 40 45| ns 3,11
RAS puise width tRas 55| 10,000 | 65| 10,000 | 75| 10,000 | 85| 10,000 | ns
CAS pulse width toas 18| 10,000 | 20| 10,000 | 25| 10,000 | 25| 10,000 | ns
RAS hold time tRon | 18 20 25 25 ns
CAS hold time tesH 55 65 75 85 ns
Column address to RAS lead time tRAL 30 35 40 45 ns
CAS to write enable delay towo | 41 45 55 55 ns 8
RAS to write enable delay twp | 78 90 105 115 ns 8
Column address to W delay time tawp 53 60 70 75 ns 8
Fast mode cycle time trc. 40 45 50 55 ns
Fast page mode read-modefy-write trrwc | 81 85 100 105 ns
RAS pulse width(Fast page mode) trasp | 55| 200,000 | 65| 200,000 | 75| 200,000 | 85| 200000 | ns
Access time from CAS precharge tcra 35 40 45 5| ns 3
OE access time toeA 20 20| 25 % | ns
OE to data delay toeo | 18 20 25 | 25 ns
OE command hold time toeH 18 20 25 25 ns
NOTES
1. An initial pause of 200us is required after power up pin will remain high impedance for the duration of
followed by any 8 CAS-before-RAS or RAS-only Re- the cycle. If towp > tewpimin) @nd trwo = trwpminy and
fresh cycles before proper device operation is tawb = tawomin), then the cycle is a read-modify-write
achieved. cycle and the data our will contain the data read
2. Vipymin) @nd Vi max) are reference levels for measuring from the selected address. If neither of the above
timing of input signals. Transition times are measu- conditions are satisfied, the condition of the data out
red between Viymin) @nd Viymax, and are assumed is indeterminate.
to be 5ns for all inputs. ' 9. Either tgoy Or trgy must be satisfied for a read cycle.
3. Measured with a load equivalentto 2 TTL loads and  10. These parameters are referenced to the CAS leading
100pF. edge in early write cycles and to the \_N leading edge -
4. Operation within the trcpmay) limit insures that trac in read-modify-write cycles.
(max) C@N be met. tacpimax) is specified as a reference 11. Operation within the trap(max) limit insures that trac
point only. If taepmax) is greater than the specified (max) Can be met. taapmax) i specified as a reference
trep(max) limit, then access time is controlled exclusi- " point only. If tgap is greater than the specified trap
vely by tcac. (max) limit, then access time is controlled by taa.
5. Assumes that tacp > tacp(max)- 12. These specifications are applied in the test mode.
6. tar, twen, torr are referenced to trapgmax)- 13. In test mode read cycle, the value of tgac, taa, tcac
7. This parameter defines the time at which the output is delayed by 2ns to 5ns for the specified value.
achieves the open circuit condition and is not refer- These parameters should be specified in test mode
nced to Vo or Vor. cycles by adding the above value to the specified
8. twes: trwo, towp and tawp are non restrictive opera- value in this data sheet. ] _ .
ting parameters. They are included in the data sheet  14. torrmax) and toezmax define the time at which the

as electrical characteristics only. If twes 2 twesmin
the cycle is an early write cycle and the data out

output achieves the open circuit condition and are
not referenced to output voltage level.
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KM44C1000C/CL/CSL

CMOS DRAM

TIMING DIAGRAMS
READ CYCLE
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KM44C1000C/CL/CSL CMOS DRAM

TIMING DIAGRAMS (continued)
WRITE CYCLE (EARLY CYCLE)
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KM44C1000C/CL/CSL CMOS DRAM

TlM'NG DlAGRAMS (Continued)
READ-MODIFY-WRITE CYCLE
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KM44C1000C/CL/CSL CMOS DRAM

TIMING DIAGRAMS (continued)
FAST PAGE MODE WRITE CYCLE (EARLY WRITE)
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KM44C1000C/CL/CSL

CMOS DRAM

TIMING DIAGRAMS (continued)

RAS-ONLY REFRESH CYCLE
Note: W, OE=Don’t Care
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Note: OE, Address=Don’t Care

[ trp

0|
[

tcsh

tras

twrp

NECEESISEECEOEBOEOENK

OPEN

DON'T CARE

L= ns v

ELECTRONICS

156



KM44C1000C/CL/CSL CMOS DRAM

TIM'NG DlAGRAMS (Continued)
HIDDEN REFRESH CYCLE (READ)
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KM44C1000C/CL/CSL

CMOS DRAM

TIMING DIAGRAMS (Continued)
CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE
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KM44C1000C/CL/CSL

CMOS DRAM

TIMING DIAGRAMS (Continued)

TEST MODE IN CYCLE
Note: OE, Address: Don’t Care
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TEST MODE DESCRIPTION

The KM44C1000C/CL/CSL is the RAM organized 1,
048,576 words by 4 bit internally organized 524,288
words by 8 bits. In "Test Mode", data are written into 8
sectors in parallel and retrieved the same way. Column
address bit Ao is not used. If, upon reading, two bits on
one /O pin are equal (all "1" or "0"s) the I/O pin
indicates a "1". If they were not equal, the /0 pin
would indicate a "0". In "Test Mode", the 1M x 4 DRAM

can be tested as if it were a 512K x 4DRAM. W, CAS-
BEFORE-RAS Cycle (Test Mode in Cycle) puts the
device into "Test Mode", And "CAS-BEFORE-RAS
REFRESH CYCLE" or "RAS-only-Refresh Cycle" puts it
back into "Normal Mode". During the test mode
operation, a WCBR cycle is used to perform refresh.
The "Test Mode" function reduces test time(1/2 in
cases of N test pattern.)

o
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KM44C1000C/CL/CSL

CMOS DRAM

DEVICE OPERATION

The KM44C1000C/CL/CSL contains 4,194,304 memory
locations. Twenty address bit are required to address a
particular 4-bit word in the memory array. Since the
KM44C1000C/CL/CSL has only 10 address input pins,
time multiplexed addressing is used to input 10 row (Ao-
Ag) and 10 column (Aoc-A9) address. The multiplexing is
controlled by the timing relationship between the row
address strobe (RAS), the column adress strobe(CAS),
and the valid row and column address inputs.

Operating of the KM44C1000C/CL/CSL begins by
strobing in a valid row address with RAS while CAS
remains high. Then the address on the 10 address
input pins (Ao-Ag) is changed from a row address to a
column address and is strobed in by CAS. This is the
beginning of any KM44C1000C/CL/CSL cycle in which
a memory location is accessed. The specific type of
cycle is determined by the state of the write enable pin
and various timing relationships. The cycle is terminat-
ed when bath RAS and CAS have returned to the high
state. Another cycle can be initiated after RAS remains
high long enough to satisfy the RAS precharge time
(t”P) requirement.

RAS and CAS Timing

The minimum RAS and CAS pulse widths are specified
by tras(min) and tcas(min) respectively. These mini-
mum pulse widths must be satisfied for proper device
operation and data integrity. Once a cycle is initiated by
bringing RAS low, it must not be aborted prior to satisfy-
ing the minimum RAS and CAS pulse widths. In addi-
tion, a new cycle must not begin until the minimum RAS
precharge time, trp, has been satisfied. Once a cycle
begins, internal clocks and other circuits within the
KM44C1000C/CL/CSL begin a complex sequence of
events. If the sequence is broken by violating minimum
timing requirements, loss of data integrity can occur.

Read
A read cycle is achieved by maintaining the write

enable input (W) high during RAS/CAS cycle. The -

access time is normally specified with respect to the
falling edge of RAS. But the access time also depends
on the falling edge of CAS and on the valid column
address transition.
if CAS goes low before trRco(max) and if the column
address is valid befor trcp(max), the access time to
valid data is specified by trac(min). However if CAS
goes low after trco(max), access is specified by tcac or
taa. In order to achieve the minimum access time, tRAC
(min), it is necessary to meet both trRcb(max) and tRAD
- (max). The KM44C1000C/CL/CSL has common data
1/0 pins
The this reason an output enable control input (OE) has
been provided so the output buffer can be precisely

controlled. For data to appear at the output, OE must
be low for the period of time defined by toea and toez.

Write

The KM44C1000C/CL/CSL can perform eary write, late
write and read-modify-write cycles. The difference
between these cycles is in the state of data-out and is
determined by the timing relationship between W, OE
and CAS. In any type of write cycle, Data-in must be
valid at or before the falling edge of W or CAS,
whichever is later.

Early Write: An early write cycle is performed by bring-
ing W low before CAS. The data at the data input pins
is written into the addressed memory cells. Throughout
the early write cycle the output remains in the Hi-Z
state. In the early write cycle the output buffers remain
in the three state regardless of the state of the OE
input.

Read-Modify-Write: In this cycle, valid data from the
addressed cell appears at the output before and during
the time that data is being written into the same cell
location. This cycle is achieved by bringing W low after
CAS and meeting the data sheet read-modify-write
cycle timing requirements. This cycle requires using a
separate I/O to avoid bus contention

Late Write: If W is brought low after CAS, a late write
cycle will occur, The late write cycle is very simiar to the
read-modify-write cycle except that the timing parame-
ters, tRwD, tcwD and tawp, are not necessarily met. The
state of date-out is indeterninate since the output can
be either Hi-Z or contain data depending on the timing
conditions. This cycle requires a separate 1/O to avoid
bus contention.

Data Output :

The KM44C1000C/CL/CSL has a three-state output
buffer which is controlled by CAS and OE. Whenever
CAS and OE are high(ViH), the outputs are in the high
impedance state. In-any cycle in which valid data
appears at the output the output goes into the low
impedance state in a time specified by tcLz after the
falling edge of CAS. Invalid data may be present at the
output during the time after tcL.z and before the valid
data appears at the output. The timing parameters tcac,
tRAC and taa specify when the valid data will be present
at the output. The valid data remains at the output untill
CAS retums high. This is true even if a new RAS cycle
occurs. (as in hidden refresh). Each of the
KM44C1000C/CL/CSL operating cycles is listed below
after the corresponding output state produced by the
cycle.

LS surgg
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KM44C1000C/CL/CSL

CMOS DRAM

DEVICE OPERATION (Continued)

Valid Output Data: Read, Read-Modify-Write, Hidden
Refresh, Fast Page Mode Read, Fast Page Mode
Read-Modify-Write.

Hi-Z Output State: Early Write, RAS-only Refresh, Fast
Page Mode Write, CAS-before-RAS Refresh, OE con-
trolled write.

Indeterminate Output State: Delayed Write(tcwp or
trRwD are not met)

Refresh

The data in the KM44C1000C/CL/CSL is stored on a
tiny capacitor within each memory cell. Due to leakage
the data may leak off after a period of time. To maintain
data integrity it is necessary to refresh each of the rows
every 16/128/256ms. There are several ways to
accomplish this.

RAS-Only Refresh: This is the most common method
for performing refresh. It is performed by strobing in a
row address with RAS while CAS remains high. This
cycle must be repeated for each row.

CAS-before-RAS Refresh: The KM44C1000C/CL/CSL
has CAS-before-RAS on-chip refresh capability that
eliminates the need for external refresh addresses. If
CAS is vheld low for the specified set up time (tcsR)
before RAS goes low, the on-chip refresh circuitry is
enabled. An internal refresh operation automatically
occurs. The refresh address is supplied by the on-chip
refresh address counter which is then internally incre-
mented in preparation for the next CAS-before-RAS
refresh cycle.

Hidden Refresh: A hidden refresh cycle may be per-
formed while maintaining the latest valid data at the
output by extending the CAS active time and cycling
RAS. The KM44C1000C/CL/CSL hidden refresh cycle
is actually a CAS-before-RAS refresh cycle within an
extended read cycle. The refresh row address is provid-
ed by the on-chip refresh address counter. '

Other Refresh Methods: It is also possible to refresh the
KM44C1000C/CL/CSL by using read, write or read-
modify write cycles. Whenever a row is accessed, all
the cells in that row are automatically refreshed. There
are certain applications in which it might be advanta-
geous to perform refresh in this manner but in general
RAS-only or CAS-before-RAS refresh is the preferred
method.

Fast Page Mode

Fast page mode provides high speed read, write or
read-modify-write access to all memory cells within a
selected row. These cycles may be mixed in any order.

A fast page mode cycle begins with a normal_cycle.
Then, while RAS is kept low to maintain the CAS is
cycled to strobe in additional column addresses. This
eliminates the time requried to set up and strobe
sequential row addresses for the same page

CAS-before-RAS Refresh Counter Test Cycle
A special timing sequence using the CAS-before-RAS
counter test cycle provides a convenient method of ver-
ifying the functionality of the CAS-before-RAS refresh
activated circuitry.

After the CAS-before-RAS refresh operation, is CAS
goes high and then low again while RAS is held low,
the read and write operations are enabled.

This is shown in the CAS-before-RAS counter test
cycle timing diagram. A memory cell be addressed
with 10 row address bits and 10 column address bits
defined as follows

Row Address- Bits Ao through Ag are supplied by the
on-chip refresh counter.

Column Address-Bits Ao through Ag are supplied by the
falling edge of CAS as in a normal memory cycle.

Suggested CAS-before-RAS counter

Test Procedure

The CAS-before-RAS refresh counter test cycle timing

is used in each of the following steps:

1. Initialize the internal refresh counter by performing 8
CAS-before-RAS cycles.

2. Write a test pattern of "lows” into the memory cells
at a single column address and 1024 row address
(The row addresses are supplied by the on-chip
refresh counter)

3. Using read-modify-write cycle, read the "lows” writ-
ten during step 2 and write "highs" into the same
memory locations. Perform this step 1024 times so
that highs are written into the 1024 memory cells.

. Read the "highs™ written during step 3.

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

[$. 0N

Power-up

If RAS=Vss during power-up, the KM44C1000C/CL/CSL
cold possibly begin an active cycle. This condition
results in higher than necessary current demands from
the power supply during power-up. It is recommended
that RAS and CAS track with Vcc during power-up or
be held at a valid Vir in order to minimize the power-up
eurrent. An initial pause of 200 xc is required after

s v
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KM44C1000C/CL/CSL

CMOS DRAM

DEV'CE OPERATION (Continued)

power-up followed by 8 initialization cycles before prop-
er device operation is assured. Eight initialization cycles
are also required after any 16(L-ver:128, SL-ver:256)
msec period in which there are no RAS cycles. An ini-
tialization cycle is any cycle in which RAS is cycled.

Termination

The lines from the TTL driver circuits to the
KM44C1000C/CL/CSL inputs act like unteminated
transmission lines resulting in significant overshoot and
undershoot at the inputs. To minimize overshoot it is
advisable to terrminate the input lines and to keep them
as short as possible. Although eiter series or paraliel
temination may be used,series termination is generally
recommended since it is simple and draws no addition-
al power. It consists of a resistor in series with the input
line placed close to the KM44C1000C/CL/CSL input
pin. The optimum value depends on the board'layout. It
must be determined experimentally and is usually in the
range of 20 to 40 ohms.

Board Layout

It is importnat to lay out the power and ground lines on
memory boards in such a way that switching transinent
effects are mimized. The recommended methods are
gridded power and ground lines or separate power and
ground planes. The power and ground planes. The
power and ground lines act like transmission lines to
the high frequency transients generated by DRAMS.

PACKAGE DIMENSIONS

20-LEAD-PLASTIC DUAL IN-LINE PACKAGE

0.962 (24.43)

The impedance is minimized if all the power supply
traces to all the DRAMS run both horizontally and verti-
cally and are connected at each intersection or better
yet if power and ground planes are used.

bDecoupIing

The importance of proper decoupling can not be over
emphasized. Excessive transient noise or voltage
droop on the Vcc line can cause loss of data integrity
(soft errors). It is recommended that the total combined
voltage changes over time in the Vcc to Vss voltage
(measured at the device pins) should not exceed
500mV

A high frequency 0.1 ¢ F ceramic decoupling capacitor
should be connected between the Vcc and ground pins
of each KM44C1000C/CL/CSL using the shortest pos-
sible traces. These capacitors act as a low impedance
shunt for the high frequency switching transients gener-
ated by the KM44C1000C/CL/CSL and they supply
much of the current used by the KM44C1000C/CL/CSL
during cycling.

In addition, a large tantalum capacitor with a value of
47u4F to 1004 F should be used for bulk decoupling to
recharge the 0.1xF capacitors between cycles, thereby
reducing power line droop. The bulk decoupling capaci-
tor meet the power grid or power plane. Even better
results may be achieved by distributing more than one
tantalum capacitor around the memory array.

Units: Inches (Millimeters)

0.972 (24.69)

N ) Y S e Y s Y s Y s s A s M

SSTY

@)

D | O

300 (7.62)
0.325 (8.26)

0.279 (7.08)
0.293 (7.44)

LT T LI T T T

0.135 (0.43)
0.145 (3.68)

0.015 (0.38)
MIN
0.009 (0.23)

'L

\ 0.013 (0.33)

0.100 (2.54) ‘ ‘ 0.016 (0. 41) 0.035 (0.89)

Tee?

0.183 (4.65)
MAX

‘ 0.115 (2.92)
~ MIN

0.050 (1.27)

TYP 0. 024 (0.61) 0.055 (1.40)

MAX
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KM44C1000C/CL/CSL CMOS DRAM

PACKAGE DIMENSIONS (Continued)
20-LEAD PLASTIC SMALL OUT-LINE J-LEAD

Units: Inches (millimeters)

0.027 (0.69)
MIN .

L1 MM o I o e R 11
gie glgglgE g3
(S Slg 8|8 glg
O 813 gL 83 82
cle cjec | Sl
Lo
TJ [ J 0717 J U O O G I |
0.670 (17.02) 0.128 (3.25)
0.680 (17.27) [ 0.145 (3.68)
—
5 0.004 (0.1)
0.050 (1.27) | 0.015 (0.38) 0.026 (0.66)
TYP “ |1 0.021 (0.53) 0.032 (0.81)
0.050 (1.27)
[ MAX
20-LEAD PLASTIC ZIGZAG-IN-LINE PACKAGE
1.025(26.04) — | 0.113(2.87)
1.035(26.29) 0.120(3.05)
. = —~
N 9
INDEX o g g S|s
(@ 3|3
olo <
c
-

HHHHHHHHHHHHHHHHHHH? T Ve

0.016(0.41) l_“ 0.050(1.27) 0.050(1.27) 0.100(2.54) 0.100(2.54)
[ MAX MIN TYP

0.024(0.61)1
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KM44C1000C/CL/CSL

CMOS DRAM

PACKAGE DIMENSIONS (Continuéd) ‘
20-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE (ll) (Forward and Reverse Type)

Units: Inches (millimeters)

0,03 (080)
. TYP
rI;] HHHH HHHHH —
' w 5|5 sl §F
D O | &ls sl 5t
&8 S 8|8
o|lo o oo
©
=ISiSESES HHBEHES I —
0671 (17.04) 5 E’
0679 (17.24) 813
°|e 0.005 (0.13)
0.008 (0.20)
\
] 0.003(0.08)| HHAH [_‘__

0.048 (1.22) 0012 (030)
0.052 (1.32) 0020 (050)
0016 (0.40) J |

0.024 {0.60) | |
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KM44C1010C

CMOS DRAM

1M x4 Bit CMOS Dynamic RAM with Fast Page Mode

(Write Per Bit Mode)
FEATURES

« Performance range:

tRAC tcac tre
KM44C1010C-5 50ns 13ns 90ns
KM44C1010C-6 60ns 15ns | 110ns
KM44G1010C-7 70ns 20ns 130ns
KM44C1010C-8 80ns 20ns | 150ns

« Fast Page Mode operation

« Write Per Bit Mode Capabillity

« CAS-before-RAS refresh capability

« RAS-only and Hidden Refresh capability

« Fast parallel test mode Capability

« TTL compatible inputs and outputs

« Early Write or Output Enable Controlled Write

« Singple +5V +10% power supply

« 1024 cycles/16ms refresh

» JEDEC standard pinout

« Available in plastic DIP, SOP ZIJ and TSOP(Hl)
Packages

FUNCTIONAL BLOCK DIAGRAM

GENERAL DESCRIPTION

The Samsung KM44C1010C is a high speed CMOS 1,
048,576 x 4 Dynamic Random Access Memory. Its
design is optimized for high performance applications
such as mainframes and mini computers, graphics and
high performance microprocessor systems.

The KM44C1010C features Fast Page Mode operation
which allows high speed random access of memory
cells within the same row.

CAS-before-RAS refresh capability provides on-chip
auto refresh as an alternative to RAS-only-refresh. All
inputs and outputs are fuily TTL compatible.

The KM44C1010C is fabricated using Samsung's
advanced CMOS process.

RAS —
AS ] CONTROL & DATA
wm ] crock v N -
BUFFER| |\u/pa
to
REFRESH CONTROL &
ADDRESS COUNTER DATA Wa4/DQs
I BUFFER

COLUMN DECODER

SENSE AMPS & I/0 GATING

Lw

Ao

ROW DECODER

ADDRESS BUFFERS

Ay

MEMORY ARRAY
1,048,576X4 Cells

~— Vec

-—-—Vss
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KM44C1010C

CMOS DRAM

PIN CONFIGURATION (Top Views)

- KM44C1010CP « KM44C1010CY » KM44C1010CZ
A\ ) SR Y 2R :
wyoa[1] o 20] Vss wyargyt 2 Vs GE
WaiD[ 2 2/DQ2 19 1 Wa/DQy
2_°2E to] wyoax wew O 3 18 AwyDs We/DG3
wew 3] 18] wa/DQs RAS O] 4 17| CAS Vss
A s :
mas (4] 17]CAs °5 1 poE WalDQ
Ao 5] 16] OF AAS
Ao [6] [15) Aa AOES 15 [0 48 Ao
M :] A A7 14 A7
E 14] A7 AQE 8 13[0 A6 A2
A28 A Aso 120 As
? E i vecJ1o O 11 PAA Vee
Az LT_ E As As
Vcc o 11] As A7
- KM44C1010CT + KM44C1010CTR . -
5 Pin Names Pin Function
1
wypay [[]1 20f 1] Ves ves([J20 o [l wie AcAs Address Inputs
waipez [T]2 19 [T]wapQ DQ4 [[]19 2[T] wa/bQ
2002 [} [[wepa,  wyoas [ W0 s Row Address Strobe
WBW [T]3 18[[Jwabas  wypas[[]1s s[Twew
(T« T o il s CAS Column Address Strobe
| Write per bit/Read/
A OFE 5[] A
o[ of1] ok [T} e [1]40 WBW Write input
a (s 15 [T] A s [I}1s 6[1] 20 OE Data Output Enable
a7 14[T]A7 A7 [T 14 70 A WyDQs~ | Write select/
Ml 13[T146 as (T3 s[m A W.,/DQ, Data In/Out
A3 [[e 12[T]As As [Tz o o[1] As Vee Power (+5V)
vee [T]10 ° 4 T As A 10[T] vee Vss Ground
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KM44C1010C CMOS DRAM
ABSOLUTE MAXIMUM RATINGS*
Parameter Symbol Rating Units
Voltage on Any Pin Relative to Vss ViN, VouT “1to +7.0 v
Voltage on Vcc Supply Relative to Vss Vce -1to +7.0 \"
Storage Temperature Tstg -55to + 150 °C
Power Dissipation Pp 600 mwW
Short Circuit Qutput Current los 50 mA

*

Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. Functional operation

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

RECOMMENDED OPERATlNG CONDlTIONS (Voltage referenced to Vss, Ta=0 to 70°C)

Parameter Symbol Min Typ Max Unit
Supply Voltage Vce 4.5 5.0 5.5 Vv
Ground Vss 0 0 0 Vv
Input High Voltage ViH 2.4 — -Vec+1 \"
Input Low Voltage ViL -1.0 — 0.8 \

DC AND OPERATING CHARACTERISTICS {Recommended operating conditions unless otherwise noted)

Parameter Symbol| Min | Max | Units
KM44C1010C-5 - 85 mA
Operating Current* KM44C1010C-6 loct - 75 mA
(RAS and CAS Cycling @trc=min.) KM44C1010C-7 - 65 mA
KM44C1010C-8 - 55 mA
Standby Current (RAS=CAS=WB/W=ViH) “ioc2 - 2 mA
KM44C1010C-5 - 85 mA
RAS-Only Refresh Current* KM44C1010C-6 ) & mA
(CAS=Vin, RAS Cycling @trc=min.) KM44G1010C-7 locs ) €5 mA
! i KM44C1010C-8 - 55 mA
KM44C1010C-5 - 65 mA
Standby Column Mode Current* KM44C1010C-6 14 - 55 mA
(RAS=ViL, CAS, Address Cycling @trc=min.) KM44C1010C-7 - 45 mA
KM44C1010C-8 . - 35 mA
Standby Current (RAS=CAS=WB/W=Vcc-0.2V) lccs - 1 mA
_ KM44C1010C-5 - 85 | mA
CAS-Before-RAS Refresh Current* KM44C1010C-8 los - 75 mA
(RAS and CAS Cycling @trc=min.) KM44G1010C-7 - 65 | mA
KM44C1010C-8 - 55 mA
Input Leakage Current ~
(Any input 0<Vin <Vec+0.5V, all other pins not under test=0 volts.) ) 10 1o KA
Output Leakage Current ~
(Data out s disabled, OV<Vout<Vco) low | 10 ] 10 kA
Output High Voltage Level (loH=-5mA) VoH 24 - \'
Output Low Voltage Level {lo,=4.2mA) VoL - 0.4 v

*NOTE: Icci, lIccs, Iccs and Iccs are dependent on output loading and cycle rates. Specified values are obtained with the
output open. Icc is specified as an average current. Icc1, Iccs, Icce Address can be changed maximum two times

while RAS=VIL. In Icc4, Address can be changed maximum once during a Fast Page mode cycle.

s v
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KM44C1010C CMOS DRAM
CAPACITANCE (14=25°C, Vcc=5V, f=1MHz)
Parameter Symbol Min Max Unit

Input Capacitance (Ao~Ag) CiNt - pF

Input Capacitance (RAS, CAS, WB/W, OF) CiN2 - pF .

Input Capacitance (W1/DQ1~W4/DQ4) Cba - pF
AC CHARACTERISTICS (0°C<Ta<70°C, Vcc=5.0V+10%, See notes 1,2)

-5 -6 -7 -8
Parameter Symbol Units | Notes
Min| Max | Min| Max | Min| Max | Min| Max
Random read or write cycle time tRC 90 110 130 150 ns
Read-modify-write cycle time trwe | 133 155 185 205 ns
Fast page mode cycle time tc | 30 40 45 50 ns
Fast page mode read-write cycle time tPRWC| 76 85 100 105 ns
Access time from RAS A | e 50 60 70 80| ns | 3411
Access time from CAS tcaC 13 15 20 20| ns 345
Access time from column address tan 25 30 35 40/ ns 3,11
Access time from CAS precharge topa 30 35 40 45| ns 3
CAS to output in Low-Z toiz 0 0 0 0 ns 3
QOutput buffer turn-off delay toFF 0 13 0 15 0 20 0 2 ns 7
Transition time (rise and fall) tr 3 50 3 50 3 50 3 50| ns 2
RAS precharge time w | X 1 50 60 ns
FIAS puise width , tas | 50| 10000 | 60| 10000 | 70| 10000 [ 80| 10000 | ns
RAS pulse width(fast page mode) trasc | 50 | 200,000 | 60 | 200,000 | 70 | 200,000 | 80| 200,000 | ns
RAS hold time tRsH | 13 15 2 20 ns
CAS hold time _ tcsH | 50 60 70 80 ns
CAS pulse width tcas 134 10000 | 15| 10000 | 20| 10,000 | 20| 10,000| ns
RAS to CAS delay time taco | 20 37| 2 45| 2 5 | 20 60)| ns 4
RAS to column address delay time tRAD 15 251 15 | 15 B 15 01 ns 1
CAS to RAS precharge time tcrp 5 5 |5 5 ns
CAS precharge time (fast page mode) top 10 10 10 10 ns
Row address set-up time tasR 0 0 0 0 ns
Row address hold time tRAH 10 10 10 10 ns
Column address set-up time tasc 0 0 0 0 ns
Column address hold tcaH 10 10 15 15 ns
Column address to RAS1ead time tRaL | 25 30 35 40 ns
Read command set-up time tRCS 0 0 0 0 ns
Read command hold time referenced to CAS tRCH | 0 0 0 0 ns 9
Read command hold time referenced to RAS tRRH’ 0 0 0 0 ns 9
Write command hold time twew | 10 10 15 15 ns
168
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KM44C1010C CMOS DRAM
AC CHARACTERISTICS (continued)
-5 -6 -7 -8
Parameter Symbol Units | Notes
. ) Min| Max | Min{ Max | Min| Max | Min| Max
Write command hotd time referenced to RAS twert| 40 45 55 60 ns 6
Write command pulse width WP 10 10 15 15 ns
Write command to RAS lead time taw | 15 15 20 20 ns
Write command to CAS lead time tow. | 13 15 2 20 ns
Data-in set-up time tos 0 0 0 0 ns 10
Data-in hold time toH 10 10 15 15 ns 10
Data-in hold time referenced to RAS DHR 40 45 55 60 ns 6
Refresh period tREF 16 16 16 16| ms
Write command set-up time twes 0 0 0 0 ns 8
CAS to W delay time towo | 36 4 50 50 ns 8
RAS to W delay time tawo | 73 85 100 110 ns 8
Column address to W delay time tawp 40 55 65 70 ns 8
CAS setup time (CAS-before-RAS refresh) tcsR | 10 10 10 10 ns
CAS hold time (CAS-before-RAS refresh) towr | 10 10 15 15 ns
RAS to CAS hold time tRPC 5 5 5 5, ns
CAS precharge time ns
(CAS-before-RAS counter test cycle) o 2 2 5 v
Write command set-up time {test mode in) tWrs 10 10 10 10 ns
Write command hold time {test mode in) WTH 10 10 10 10 ns
W to RAS precharge time (CAS-before-RAS cycle) | twrp | 10 10 10 10 ns
W to RAS hold time (CAS-before-RAS cycle) tweH | 10 10 10 10 ns
OE access time toEA 13 15 20 200 ns
OE to data delay toeo | 13 15 2 20 ns
Output buffer turn off delay time from OF toez 0 13 0 15 0 201 0 20| ns
'OE command hold time toew | 13 15 2 20 ns
Write-per bit set-up time twss 0 0 0 0 ns
Write per bit hold time WBH 10 10 10 15 ns
Write per bit selection set-up time twos 0 0 0 0 ns
Write per bit selection hold time twoH 10 10 10 15 ns
169
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KM44C1010C

CMOS DRAM

TEST MODE CYCLE (Note.12)
-5 -6 -7 -8
Parameter Symbol - Units | Notes
Min| Max | Min| Max | Min| Max | Min| Max

Random read or write cycle time tRC 95 15] 135 |. 155 ns
Read-modify-write cycle time trwe | 138 160 190 210 ns

Access time from RAS tRac 55 65 75 85| ns | 34,11
Access time from CS tcac 18 2 25 25| ns | 345
Access time from column address 7Yy 30 35 40 45( ns 31
RAS pulse width tRAS 55| 10,000 65| 10,000| 75| 10,000/ 85| 10,000 ns

CAS pulse width tcas 18 10,000 20| 10,000 25| 10,000{ 25| 10,000| ns

RAS hold time tRsH | 18 20 25 25 ns

CAS hold time tosH | 55 65 75 85 ns

Column address to RAS lead time tR .30 35 40 45 . ns

CAS to Write enable delay town | 41 45 55 55| ns | 8
RAS to Write enable delay twp | 78 90 105 115 ns 8
Column address to W delay time tawp | 53 60 70 75 ns 8
Fast mode cycle time trc 40 45 50 55 ns

Fast page mode read-modiy-write trrwc | 81 85 100 105 ns

RAS pulse width (Fast page mode) trasP | 55 | 200,000 | 65 | 200,000 | 75 | 200,000] 85 | 200,000 ns

Access time from CAS precharge toea 35 40 45 50| ns 3
OE access time toEA 20 20 25 25| ns

OFE to data delay toeo | 18 20 25 25 ns

OE command hold time toen | 18 20 25 25 ns
NOTES ‘

1. An initial pause of 200yus is required after power- pin will remain high impedance for the duration of
up followed by any 8 RAS cycles before proper the cycle. If tcwp>tewo(min) and tawo > tawo(min) and
device operation is achieved. . tawp > tawo(min), then the cycle is a read-write cycle

2. Viy(min) and Vy (max) are reference levels for meas- and the data out will contain the data read from the
uring timing of input signals. Transition times are selected address. If neither of the above conditions
measured between Viy(min) and Vi (max) and are are satisfied, the condition of the data out is indeter-
assumed to be 5ns for all inputs. minate. ) -

3. Measured with a load equivalent to 2 TTL loads and 9. Either tacn Or tray must be satisfied for a read
100pF. cycle.

4. Operation within the tgcp(max) limit insures that 10. These parameters are referenced to the CAS leading
taac(max) can be met. tacp(Mmax) is specified as a edge in early write cycles and to the W leading edge
reference point only. if taep is greater than the _ in read-write cycles.
specified taco(max) limit, then access time is con- 11. Operation within the trap(max) limit insures that tRac
trolled exclusively by tcac. (max) can be met. trap(max) is specified as a refer-

5. Assumes that trcp < treo(max). ence point only. If trap is greater than the specified

6. twes, toxr are referenced to trap(max). trap(max) limit, then access time is controlled by taa.

7. This parameter defines the time at which the out- 12. These specifications are applied in the test mode.

put achieves the open circuit condition and is not
referenced to Vou or VoL.

. twes, trwo, town and tawp are non restrictive operat-
ing parameters. They are included in the data sheet -

as electrical characteristics only. If tycs> twes(min)
the cycle is an early write cycle and the data out

s ung
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KM44C1010C CMOS DRAM

|
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‘ |
TIMING DIAGRAMS \
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KM44C1010C

CMOS DRAM

TIMING DIAGRAMS (continued)

WRITE CYCLE (OE CONTROLLED WRITE)
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KM44C1010C

CMOS DRAM

TIMING DIAGRAMS (continued)
FAST PAGE MODE READ CYCLE

4 trp
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TIMING DIAGRAMS (Continued)
FAST PAGE MODE READ-MODIFY-WRITE CYCLE

W,/DQ,
~MW/DQ,

Ve— " trasp
Vi~ - tre \
tesn terwe
tasH
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K [ S
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T R I
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cPa L toro teeal
tcac tcac teac
tan
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TIMING DIAGRAMS (continued)
RAS-ONLY REFRESH CYCLE

NOTE: WB/W, DE=Don't Care

ms T

tRas

ViL —

terp

trec

S S
Vi — ADDRESS Y

CAS-BEFORE-RAS REFRESH CYCLE

NOTE: WB/W, OE, A=Don't Care

\/ VYV VA VYVYVYVYYY \/
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Vie — r—— trec
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Vih — \VAVAVAVAYAYAYAYAYAY \VAVAY
o LR
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VioL — ____dl
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TIMING D|AGRAMS (Continued)
HIDDEN REFRESH CYCLE (READ)

tre

the

4 —tap trp ——=
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L —
RAS Vi i S tras -4 \
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|.__ be— troo s —= ..__.tcnp__q
_ - teHr
cAs 7 \ /
Vi — = F=—tRap —={
tasm tasc
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t
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VoL —
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E—

HIDDEN REFRESH CYCLE (WRITE)
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R D I e
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KM44C1010C CMOS DRAM

TIMING DIAGRAMS (Continued)
CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE

fe—tpp
o Vin — S tras
RAS Vi — _
¢ J—
osh torm teer [
CAS Vin = S teas [ 7
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1
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READ-MODIFY-WRITE CYCLE
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VOH_ VAVAYAYAYAAY, \VAVAVAVAVAVAVAVAVAVAVAVAWAV/ VVVVVVYYVVVVV
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KM44C1010C

TIMING DIAGRAMS (Continued)

TEST MODE IN CYCLE
NOTE: OE, Address=Don’t Care

CMOS DRAM

trc
’ tRAS trp
Sy ]' N\
V::— tRPG —— \
‘ tecr "} tcsm tonm .
- ViH=— ] ‘V‘v‘V’.V’V’V V’V’v.v v’v’v v‘v’v’vov’v.v’v.v‘v’v.v‘v V.v v"""’
= / AR R R
pars twrH )
Vin= OO XXX XXX XXX XXXXXXXXNK
'_°ff
DQ4-DQ. Viron — \ OPEN
VioL — 4

TEST MODE DESCRIPTION

The KM44C1010C is the RAM organized 1,048,576
words by 4 bit, it is internally organized 524,288 words
by 8 bits. In “Test Mode”, data are written into 8 sec-
tors in parallel and retrieved the same way. Column ad-
dress bit Ao is not used. If, upon reading, two bits on
one |/O pin are equal (all “1"s or “0’'s), the I/O pin in-
dicates a “1". If they were not equal, the 1/0O pin would

m DON'T CARE

indicate a “0”. In “Test Mode”, the 1MX4 DRAM can
be tested as if it were a 512Kx4 DARM. W, CAS-
Before-RAS Cycle (Test Mode in Cycle) puts the device
into “Test Mode”. And “CAS-Before-RAS Refresh Cy-
cle” or “RAS only Refresh Cycle” puts it back into “Nor-
mal Mode”. The “Test Mode” function reduces test time
(1/2 in cases of N test pattern).
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CMOS DRAM

DEVICE OPERATION

Device Operation

The KM44C1010C contains 4,194,304 memory locations
organized as 1,048,576 four-bit words. Twenty address
bits are required to address a particular 4-bit word in the
memory array. Since the KM44C1010C has only 10
address input pins, time multiplexed addressing is used to
input 10 row and 10 column addresses. The multiplexing is
controlled by the timing relationship between the row
address strobe (RAS), the column address strobe (CAS)
and the valid address inputs. ‘

Operation of the KM44C1010C begins by strobing in a
valid row address with RAS while CAS remains high. Then
the address on the 10 address input pins is changed from
a row address to a column address and is strobed in by
CAS. This is the beginning of any KM44C1010C cycle
in which a memory location is accessed. The specific type

" of cycle is determined by the state of the write enable
pin and various timing relationships. The cycle is ter-
minated when both RAS and CAS have returned to the
high state. Another cycle can be initiated after RAS re-
mains high long enough to satisfy the RAS precharge time
(trP) requirement.

RAS and CAS Timing

The minimum RAS and CAS pulse widths are specified
by tras(min) and tcasmin) respectively. These minimum
puise widths must be satisfied for proper device opera-
tion and data integrity. Once a cycle is initiated by bring-
ing RAS low, it must not be aborted prior to satisfying
the minimum RAS and CAS pulse widths. In addition, a
new cycle must not begin until the minimum RAS
precharge time, trp, has been satisfied. Once a cycle
begins, internal clocks and other circuits within the
KM44C1010C begin a complex sequence of events. If
the sequence is broken by violating minimum timing re-
quirements, loss of data integrity can occur.

Read

Aread cycle is achieved by maintaining the write enable,

input(W) high during a RAS/CAS cycle. The access time
is normally specified with respect to the falling edge of
RAS. But the access time also depends on the falling
edge of CAS and on the valid column address transition.

If CAS goes low before trcpmax) and if the column ad-
dress is valid before trap(max) then the access time to
valid data is specified by tracimin). However, if CAS goes
low after trapmax), access is specified by tcac or taa.
In order to achieve the minimum access time, trac(min),
it is necessary to meet both trcpmax) and trRaD(max)-

The KM44C1010C has common data 1/O pins. For this
reason an output enable control input (OE) has been pro-
vided so the output buffer can-be precisely controlied.

For data to appear at the outputs, OE must be low for
the period of time defined by toea and toez.

Write

The KM44C1010C can perform early write. OF controlled
write and read-modify-writé cycles. Each of these write
cycles is achieved by maintaing the write per bit write enabie
(WB/W) input high at the falling edge of RAS. If write-per bit
function is performed, WB/W is kept low at the falling edge
of RAS. The difference between these cycles is in the state
of data-out and is determined by the timing relationship bet-
ween W, OF and CAS IN any type of write cycle, Data-in
must be valid at or before the falhng edge of W or CAS,
whichever is later.

Early Write: An early write cycle is performed by bring-

_ing W low before CAS. The 4-bit wide data at the data

input pins is written into the addressed memory cells.
Throughout the early write cycle the output remains in
the Hi-Z state. In the early write cycle the output buffers
remain the he Hi-Z state regardless of the state of the
OE input.

Read-Modify-Write: In this cycle, valid data from the ad-
dressed cell appears at the output before and during the
time that data is being written into the same cell loca-
tion. This cycle is achieved by bringing W low after CAS
and meeting the data sheet read-modify-write timing re-
quirements. This output enable input (O_E) must be low
during the time defined by toeaand toez for data to ap-
pear at the outputs. If tcwp and trwp are not met the out-
put may contain invalid data. Conforming to the OE timing
requirements prevents bus contention on the
KM44C1010C DQ pins.

Write-Per-Bit

- Write-per-bit function is performed in the write cycle, that

is early write. OE controlled write, read-modify-write. Write-
per-bit markes it possible selectively to write one or more
of the four I/O pins. To perform write per-bit function at
the falling edge of RAS the write-per-bit/Write enable
(WB/W) is kept low and at the same time Mask data of
input pins to write among 4 1/0 pins must be in high. If
1/0 pins that Mask data is kept low, write operation is
inhibited.

Data Output

The KM44C1010C has a three state output buffer which
are controlled by CAS and OE. When either CAS or OE
is high (Vin) the output are in the high impedance (Hi-Z)
state. In any cycle in which valid data appears at the out-
put, the output goes into the low impedance state in a
time specified by tc, z after the falling edge of CAS. In-
valid data may be present at the output during the time
after tcz and before the valid data appears at the out-

“put. The timing parameters tcac, trac and taa sepcify
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DEVICE OPERATION (continued)

when the valid data will be present at the output. This
is true even if a new RAS cycle occurs (as in hidden
refresh). Each of the KM44C1010C operating cycles is
listed below after the corresponding output state produc-
ed by the cycle.

Valid Output Data: Reéad, Read-Modify-Write, Hidden
Refresh, Fast page Mode Read, Fast Page Mode Read-
Modify-Write. .

Hi-Z Output State: Early Write, RAS-only Refresh, Fast
Page Mode Write, CAS-only cycle.

Indeterminate Output State: Delayed Write (tcwp or
trwp are not met)

Refresh

The data in the KM44C1010C is stored on a tiny capacitor
within-each memory cell. Due to leakage the data may
leak off after a period of time. To maintain data integrity
it is necessary to refresh each of the rows every16 ms.
There are several ways to accomplish this.

RAS-Only Refresh: This is the most common method for
performing refresh. It is performed by strobing in a row
address with RAS while CAS remains high. This cycle
must be repeated for each of the 1024 row addresses,
(Ao-Ag).

CAS-before-RAS Refresh: The KM44C1010C has CAS-
before-RAS on-chip refresh capability that eliminates the
need for external refresh addresses. If CAS is held low
for the specified set up time (tcsr) before RAS goes
low, the on-chip refresh circuitry is enabled. An internal

refresh operation automatically occurs. The refresh ad- .

dress is supplied by the on-chip refresh address counter
which is then internally incremented in preparation for the
next CAS-before-RAS refresh cycle.

Hidden Refresh: A hidden refresh cycle may be perform-
ed while maintaining the latest valid data at the output
by extending the CAS active time and cycling RAS. The
KM44C1010C hidden refresh cycle is actually a CAS-
before-RAS refresh cycle within an extended read cy-
cle. The refresh row address is provided by the on- ch|p
refresh address counter.

Other Refresh Methods: It is also possible to refresh the
KM44C1010C by using read, write or read-modify-write
cycles. Whenever a row is'accessed, all the cells in that
row are automatically refreshed. There are certain ap-
plications in which it might be advantageous to perform
refresh in this manner but in general RAS-only or CAS-
before-RAS refresh is the preferred method.

m-before-R—A_S Refresh Counter Test

Cycle .

A special timing sequence using the CAS-before-RAS
refresh counter test cycle provides a convenient method
of verifying the functionality of the CAS-before-RAS
refresh activated circuitry. The cycle begins as a CAS-
before-RAS refresh operation. Then, if CAS is brought
high and then low again while RAS is held low, the read
and write operations are enabled. In this mode, the row
address bits Ap through Ag are supplied by the on-chip
refresh counter.

Fast Page Mode

Fast page mode provides high speed read write or read-
modify-write access to all memory cells within a selected
row. These cycles may be mixed in any order. A fast page
mode cycle begins with a normal cycle.

Then, while RAS is kept low to maintain the row address,
CAS is cycled to strobe in additional column addresses.
This eliminates the time required to set up and strobe
sequential row addresses for the same page.

Power-up

If RAS=Vss during power-up, the KM44C1010C could
begin an active cycle. This condition results in higher than
necessary current demands from the power supply dur-
ing power-up. It is recommended that RAS and CAS track
with Ve during power-up or be held at a valid Vi{ in
order to minimize the power-up courrent.

An initial pause of 200 usec is required after power-up
followed by 8 initialization cycles before proper device
operation is assured. Eight initialization cycles are also
required after any 8 msec period in which there are no
RAS cycles. An initialization cycle is any cycle in which
RAS is cycled.

Termination

The lines from the TTL driver circuits to the KM44C1010C
inputs act like unterminated transmission lines resulting
in significant positive and negative overshoot at the in-
puts. To minimize overshoot it is advisable to terminate
the input lines and to keep them as short as possible.
Although either series or parallel termination may be us-
ed, series termination is generalty recommended since

. it is simple and draws no additional power. It consists

of a resistor in series with the input line placed close to
the KM44C1010C input pin. The optimum value depends
on the board layout. It must be determined experimen-
tally and is usually in the range of 20 to 40 ohms.

- Board Layout

It is important to lay out the power and ground lines on
memory boards in such a way that switching transient
effects are minimized. the recommended methods are

L= ms v
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DEVICE OPERATION (continued)

gridded power and ground lines orseparate power and
ground planes. The power and ground lines act like
transmission lines to the high frequency transients
generated by DRAMS. The impedance is minimized if all
the power supply traces to all the DRAMS run both
horizontally and vertically and are connected at each in-
tersection or better yet if power and ground planes are
used.

Address and control lines should be as short as possi-
ble to avoid skew. In boards with may DRAMS these lines
should fan out from a central point like a fork or comb
rather than being connected in a serpentine pattern. Also
the control logic should be centrally located on large
memory boards to facilitate the shortest possible address
and control lines to all the DRAMS.

Decoupling

The importance of proper decoupling can not be over
emphasized. Excessive transient noise or voltage droop

PACKAGE DIMENSIONS

20-LEAD PLASTIC DUAL IN-LINE PACKAGE

on the Vcc line can cause loss of data integrity (soft er-
rors). Itis recommended that the total combined voltage
changes over time in the V¢ to Vss voltage (measured
at the device pins) should not exceed 500mV.

A high frequency 0.1uF ceramic decoupling capacitor
should be connected between the Vcc and ground pins
of each KM44C1010C using the shortest possible traces.
These capacitors act as a low impedance shunt for the
high frequency switching transients generated by the
KM44C1010C and they supply much of the current us-
ed hy the KM44C1010C during cycling.

In addition, a large tantalum capacitor with a value of 47uF
to 100uF should be used for bulk decoupling to recharge
the 0.1uF capacitors between cycles, thereby reducing
power line droop. The bulk decoupling capacitor should
be placed near the point where the power traces meet
the power grid or power plane. Even better results may
be achieved by distributing more than one tantalum
capacitor around the memory array."

Units: Inches (Millimeters)
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PACKAGE DIMENSIONS (continued)
20-LEAD PLASTIC SMALL OUT-LINE J-LEAD . Units: Inches (millimeters)
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"| MIN

el e M W O o
‘ g8 glz8% g8
> O NI cles|ls gle
[Te]
&8 EIREIT 83
olo Slo olo oo
LO
I S o
0670 (17.02) 0.128 (3.25)
0.680 (17.27) K 0.145 (3.68)
[ )
5 0.004 (0.1)
0.050 (1.27) H 0.015 (0.38) \ " 0.026 (0.66)
TYp |~ 0.021 (053 | 0.032 (0.81)
| 0.050 (1.27)
| MAX
20-LEAD PLASTIC ZIGZAG-IN-LINE PACKAGE
1.025(26.04) |_0.113(2.87)
1.035(26.29) 0.120(3.05)
/ py T
. © —~
o e
INDEX o gls Sl
813 53
ols 9
o
] S 0.013(0.33)
0.016(0;41)”. 0.050(1.27) 0.050(1.27) ’ | 0.1002:54) __‘ | 0.100(2.54)
0.024(0.61) | [ TYP MAX | MIN TYP

ELECTRONICS | ‘



KM44C1010C CMOS DRAM

PACKAGE DIMENSIONS (Continued)
20-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE (ll) (Forward and Reverse Type)

Units: Inches (millimeters)
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CMOS DRAM

1M x4 Bit CMOS Dynamic RAM with Static Column Mode

FEATURES
» Performance range:
tRAC tcac tre
KM44C1002C-5 50ns 13ns 90ns
KM44C1002C-6 60ns 15ns | 110ns
KM44C1002C-7 70ns 20ns 130ns
KM44C1002C-8 80ns 20ns | 150ns

« Static Column Mode operation

« CS-before-RAS refresh capability

- RAS-only and Hidden Refresh capability

« Fast parallel test mode Capability

» TTL compatible inputs and outputs

« Early Write or Output Enable Controlled Write
« Single +5V +10% power supply

» 1024 cycles/16ms refresh

» JEDEC standard pinout

- Available in plastic DIP, SOJ, ZIP and TSOP(ll) Packages

FUNCTIONAL BLOCK DIAGRAM

GENERAL DESCRIPTION

The Samsung KM44C1002C is a CMOS high speed 1,
048,576 x 4 Dynamic Random Access Memory. Its
design is optimized for high performance applications
such as mainframes and mini computers, graphics and
high performance microprocessor systems.

Static Column Mode Operation allows high sepeed
random or sequential access within a row. The
KM44C1002C offers high performance while relaxing
many critical system timing requirements for fast
usable speed.

CS-before-RAS refresh capability provides on-chip
auto refresh as an alternative to RAS-only refresh. All
inputs and outputs are fully TTL compatible.

The KM44C1002C is fabricated using Samsung's
advanced CMOS process.

RAS—1
5™ conroL & DATA
C8— cLock IN
W— BUFFER
+=1 REFRESH CONTROL & Da
ADDRESS COUNTER to
DQ,
. DATA
-] coLumn pecoper peia
{1 sense avps s 10 BUFFER
Ao—]

ADDRESS BUFFERS
ROW DECODER

A9 ——f

MEMORY ARRAY
1,048,576 X 4
Cells

- Ve

—~—Vss

s v
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KM44C1002C CMOS DRAM

PIN CONFIGURATION (Top Views)

« KM44C1002CP « KM44C1002CJ « KM44C1002CZ
A\ SRR
DQ’[I o 20| Vss DQ1E; 20 Bvss OE| 1] 5168
DQ, 19 g pQ
DQ_2 (2] 1] 00 wrls 18 [10as P13 (2] oos
w 3] 78] Das AS 4 vph& : VSSEEDQ
I'RTSE Eé—s Ag[]5 16 1 OE pa. [ 7 ,:_1
8 | WE
A9 [5] [16] OF aas[ e EE
Ao [6] [15] A :?Et; 5P AOEE?
1
A1E EA7 A28 133 As Az EEAS .
A8 A Az e 12[dAs
: [: E i veel1o O npAs Voo E 16} As
Az E : 12| As ) { ) As [17] A
Vee (10 & 11| Ag A7 EE °
As
~—
» KM44C1002CT . » KM44C1002CTR
) Pin Names Pin .Function
paq [T]1 20T v V. 20 1[T] pa - ——
! I s o 11 oo Ao-Ag Address Inputs
pa2 [T]2 . 19[T] pas pa4 [T]19 2{T]oaz 5] Row Add Strob
— — ow ress Strobe
w3 18{7] pQ3 Dag [T]18 3[w —
m[E 4 [ cs 53‘% 17 s CS Chip Select Input
Ag[T]s 16| ] OF oE [ 5[ A W Read/Write Input
v [d . . [d GE Data Output Enable
#olle 15 {1 Ao fa LLJ1s 61 %0 DQ1/DQ; | Data In/Data Out
A~ 14[T] A7 A7E14 7[1] A
A2 [T]s 13[T]As Ag [ﬂ 13 8T} A2 Vee Power (+5V)
As[T]o 12{T]As As [T]12 o) o[T] A3 Vss Ground
vee [[]10 ° 11 ;[] Ag Aq [T]11 10[]] Vee
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KM44C1002C CMOS DRAM

ABSOLUTE MAXIMUM RATINGS*

Parameter Symbol Rating Units
Voltage on Any Pin Relative to Vss VIN, Vout -1to +7.0 A"
Voltage on Ve Supply Relative to Vss Voe 1to +7.0 Vv
Storage Temperature Tstg -55 to + 150 °C
Power Dissipation : Po 600 mwW
Short Circuit Output Current los 50 mA

* Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. Functional operation
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to abso-
lute maximum rating conditions for extended periods may affect device reliability.

RECOMMENDED OPERATING CONDITIONS (vottage referenced to Viss, Ta=0 to 70°C)

Parameter Symbol Min Typ Max ‘Unit
Supply Voltage ' Vce 4.5 5.0 5.5 Vv
Ground Vss 0 0 0 \'
input High Voltage VH 2.4 — Vee+ 1 Vv
Input Low Voltage ViL -1.0 — 0.8 \
DC AND OPERATING CHARACTERISTICS (Recommended operating conditions unless otherwise noted)
Parameter Symbol| Min { Max | Units
KM44C1002C-5 - 85 mA
Operating Current* KM44C1002C-6 16c1 - 75 mA
(RAS and CS Cycling @trc=min.) KM44C1002C-7 - 65 mA
KM44C1002C-8 - 55 mA
Standby Current (RAS=CS=W=Vix) : . lec2 - 2 mA
KM44C1002C-5 - 85 mA
RAS-Only Refresh Current* KM44G1002-6 ” 5 mA
(CS=Vin, RAS, Address Cycling @trc=min.) KM44C10020-7 loca . 65 | mA
! ! ’ KM44C1002C-8 - 55 mA
: KM44C1002C-5 - 65 mA
Standby Column Mode Current* KM44C1002C-6 loca - 55 mA
(RAS=CS=ViL Address Cycling @trc=min.) : KM44C1002C-7 - 45 mA
. KM44C1002C-8 - 35 mA
Standby Current (RAS=CS=W=Vcc-0.2V) lecs - 1 mA
KM44C1002C-5 - 85 mA
CS-Before-RAS Refresh Current* ~ KM44C1002C-6 | 1os - 75 mA
(RAS and CS Cycling @trc=min.) KM44C1002C-7 - 65 mA
KM44C1002C-8 - 55 mA
Input Leakage Current . o
(Any input 0<VIN <Vcc+0.5V, all othér pins not under test=0 volts.) v 10 10 KA
Output Leakage Current R
(Data out is disabled, 0V <Vour <Vco) low 100 10} #A
Output High Voltage Level (loH=-5mA) VoH 2.4 - \'
Output Low Voltage Level (lo=4.2mA) VoL - 04 | Vv

*NOTE: Icc1, lccs, Iccs and Icce are dependent on output loading and cycle rates. Specified values are obtained with the
output open. Icc is specified as an average current. Icc1, Iccs, Iccs Address can be changed maximum two times
while RAS=VIL. In Icca, Address can be changed maximum once during a static column mode cycle.
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KM44C1002C CMOS DRAM
CAPACITANCE (14=25°C, Vcc=5V, f=1MHz)
Parameter Symbol Min Max Unit
Input Capacitance (Ao~Ag) CiNt - pF
Input Capacitance (RAS, CS, W, OF) Cin2 - pF
Input Capacitance (DQ1~DQ4) Cout - pF
AC CHARACTERISTICS (0°c <Ta<70°C, Voo=5.0V£10%, See notes 1,2)
-5 -6 -7 -8
Parameter Symbol - Units | Notes
Min{ Max | Min| Max | Min| Max | Min| Max
Random read or write cycle time tRC 90 110 130 150 ns
Read-modify-write cycle time trwe | 133 155 185 205 ns
Static column mode cycle time tsc 30 35 40 45 ns
Static column mode read-write cycle time tsrwe| 80 85 100 10 ns
Access time from RAS tRAC 50 60 70 80| ns | 341
Access time from CS tcac 13 15 20 20| ns | 345
Access time from column address tan 25 30 35 40| ns n
Access time from last write AW 50 55 65 %] ns 3
CS to output in Low-Z torz 0 0 0] 0 ns 7
Output buffer turn-off delay toFF 0 13 0 15 0 20 2] ns
Output data hold time from column address tAOH 5 5 5 5 ns
Output data enable time from W tow 35 40 45| 5| ns
Transition time (rise and fall) tr 3 50 3 50 3 3 | ons
RAS precharge time trp 30 40 50 50| 60 5| ns 2
RAS pulse width tRAS 50| 10000 60! 10000 70 80 ns
RAS pulse width{static column mode) trasc | 50| 100,000 | 60| 100,000 | 70| 10000 | 80{ 10,000 | ns
CS to RAS hold time tsn | 13 15 20 | 100,000 [ 20| 100,000 | ns
RAS to TS hold time tosh | 50 80 70 ns
CS pulse width tcs 13| 10,000 15] 10000 | 20 2 ns
CS pulse width (static column mode) » tese 131100,000 | 151100000 | 20| 10,000 | 20; 10,000 ns
RAS to CS delay time tReo | 20 37| 2 45| 20 (100,000 | 20| 100000 ns
RAS to column address delay time tRAD 15 %] 15 0] 15 50 15 60| ns 4
CS to RAS precharge time tcrp 5 5 5 B| 5 40| ns 11
C3 precharge time (static column mode) tep 10 10 10 10 ns
Row address set-up time tasR 0 0 0 0 s
Row address hold time tRaH 10 10 10 10 ns
Column address set-up time tasc 0 0 0 0 ns
Column address hold tcAH 10 10 15 15 ns
Write address hold time referenced to RAS tawr | 40 45 55 60 ns 6
Column address hold time referenced to RAS taR 60 70 80 90 ns
187
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KM44C1002C CMOS DRAM

AC CHARACTERISTICS (Continued)

-5 -6 -7 -8
Parameter Symbol Units | Notes
Min| Max | Min| Max | Min| Max | Min| Max

Column address to RAS lead time L | 25 30 35 0l ns
Column-address hold time referenced to RAS rise tan 5 5 5 5 ns

Last Write to column address to delay time tiwan | 20 5| 2 251 25 3B | 25 40 | ns 12
Last write to column address hold time faHw | 50 60 70 80 ns

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

Read command hold time referenced to CS tRCH 0 0 0 0 ns 9
Read command hold time referenced to RAS ’ tRRH 0 0 0 0 ns 9
Write command hold time tWeH 10 15 15 15 ns

Write command hold time referenced to RAS twer | 40 50 55 60 ns 6
Write command pulse width ' twp 10 15 15 15 ns

Write command inactive time twi 10 10 10 10 .| ns

Write command to RAS lead time tRwL | 15 15 20 20 ns

Write command to CS lead time tow 13 ’ 15 20 20 ns

Data-in set-up time tos 0 -0 0 0 ns 10
Data-in hold time toH 10 15 15 15 ns 10
Data-in hold time referenced to RAS ) | R 40 50 55 | . 60 ns 6
Refresh period (1024 cycles) tREF 16 16 16 16| ms

Write command set-up time twes 0 0 0 0 ms 8
CStoWdelaytime town | 3 40 50 50 ms | 8
RAS to W delay time tRwp | 73 85| . 100 10 | - ns 8
Column address to W delay time tawp 48 55 65 70 . ns 8
CS setup time (CS-before-RAS refresh) tesk | 10 10 10 10 ns

CS hold time (CS-before-RAS refresh) tchR | 10 10 10 10 ns

RAS to CS hold time tRPC 5 5 5 5 ns

CS precharge time(CS-before-RAS counter test cyéle) teer | 20 120 2 30 ns

OE access time toeA 13 15 20 20| ns

OE to data delay toep | 13 15 20 20 ns

Output buffer trun off delay time from OF toez 0 13 0 15 0 20 0 20| ns

OE command hold time . toen | 13 15 15 15 ns
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KM44C1002C

CMOS DRAM

TEST MODE CYCLE (Note.13)
-5 -6 -7 -8
Parameter Symbol Units | Notes
Min| Max | Min| Max | Min| Max | Min| Max

Random read or write cycle time R 95 115 135 155 ns

Read-modify-write cycle time trwec | 138 160 190 210 ns

Access time from RAS tRac 55 65 75 85| ns | 34,11

Access time from CS toac 18 20 25 25| ns | 345

Access time from column address : taa 30 35 40 45! ns 3,11

RAS pulse width tras | 55| 10,000| 65| 10,000{ 75| 10,000 85| 10,000 ns

CS pulse width fcs 18| 10,000 20| 10,000 25| 10,000( 25| 10,000 ns

RAS hold time tren | 18 20 2% 25 ns

CS hold time tosH | 55 65 75 85 ns

Column address to RAS lead time tRaL | 30 35| 40 45 ns

CS to W delay time towp | 41 45 55 56 ns 8

RAS to W delay time tRwp | 78 0 105 BRE ns 8

Column address to W delay time tawp 53 60 70 75 ns 8

Static column mode cycle time tsc 35 40 45 501 ¢ ns

Static column mode read-modefy-write tsrwe| 85 90 105 115 ns

RAS pulse width (Static column mode) trasc | 55| 100,000 65 100,000 75 | 100,000 85 | 100,000 ns

Access time from last write taw 55 60 70 80| ns 3,12

CS pulse width (static column mode) tesc 18| 100,000 [ 20 | 100,000 | 25 | 100,000 25 | 100,000 ns

O access time toea 18 25 25 30

OE to data delay toeo | 18 20 2 25

OE command hold time toen | 18 20 25 25

NOTES

1. An initial pause of 200us is required after power- «  and the data out pin will remain high impedance for
up followed by any 8 CBR or ROR cycles before the duration of the cycle. If tcwp=>tcwpimin) and
proper device operation is achieved. tRwp2tRwb(min) and tawp=tawpmin), then the cycle

2. ViHmin) and Viymax) are reference levels for measur- is a read-write cycle and the data out will contain
ing timing of input signals. Transition times are the data read from the selected address. If neither
measured between ViHmin) and Vimax), and are of the above conditions are satisfied, the condition
assumed to be 5ns for all inputs. of the data out is indeterminate.

3. Measured with a load equivalent to 2 TTL loads and 9. Either trcH or trRrn must be satisfied for a read
100pF cycle. _

4. Operation within the trcpmax) limit insures that 10. These parameters are referenced to the CS leading
tRAC(max) can be met. trcpmax) is specified as a edge in early write cycles and to the W leading edge
reference point only. If trcp is greater than the in read-write cycles.
specified tropmax) limit, then access time is con- 11. Operation within the trap(max) limit insures that
trolled exclusively by tcac. tRac(max) can be met. tRapmax) is specified as a

5. Assumes that trco>tRcD(max)- reference point only. It trap is greater than the

6. tawn, twcr, toHr are referenced to trRapmax) specified trapmax) limit, then access time is con-

7. This parameter defines the time at which the out- trolled by taa.
put achieves the open circuit condition and is not 12. Operation within the tiwapimax) limit insures that
refernced to Von or VoL. taLwimax) can be met. tiwapimax) is specified as a

8. twes, trwp, tcwp and tawp are non restrictive reference point only. tLwap is greater than the
operating parameters. They are included in the data specified tLwap(max) limit, then access time is con-
sheet as electrical characteristics only. If trolled by taa.
twes2twes(min) the cycle is an early write cycle 13.

These specifications are applied in the test mode.

sy
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KM44C1002C | ' CMOS DRAM

TIMING DIAGRAMS

READ CYCLE
tR
trp
— e —
RAS ViL— S e F—— toRP ———{ s
tesH
icRP
trRep tRSH
_ ViH— t
cs
cs ViL— / -‘—‘RAD-‘l \ \ 2
tar
tasr tRAH : tRAL tan

ViH— ROW
A Vo ADDRESS COLUMN ADDRESS

'nch— t

ViH— CRXARIUSAK/
w OOOC000000
W vi— SOOI teom

taa

- Vip— - toea

ViL—

}——— tcac——
tRAG toez

barbas oM e VALID DATA

VoL—

—tcLz

m DON'T CARE
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KM44C1002C

CMOS DRAM

TIMING DIAGRAMS (continued)

WRITE CYCLE (EARLY WRITE)

tras ~ “tRP—
J— ViH— tawr
RAS ViL— ‘ S \____
torp tesH tcRp
treD tRsSH
— ViH— tcs 3
cs _ | taap—] /
ASR pet- tRAH tcaH
Vin— ROW
A _ COLUMN ADDRESS
ViL \ ADDRESS m
twes tweh ;
Viy— twe VAVAVAVAVAVAVAVAVAVAVAVAVAVATAVAV VAVAVAVAVAV,
W e KRR
twer T
towL
_ ViH—
OE Vie—
tDHR
tos toH
DQ1-DQs z:’:: {_ vaup pataiN ) OPENmmm
WRITE CYCLE (OE CONTROLLED WRITE)
!— tre
tras trp
L ) N
[CRP t~——1RcD o tRsH ‘——WRP
— ViH— tcs
&/ [
tasmr tRAH |————~tCAH
A ViH— ROW COLUMN
ViL— ADDRESS QOA".A’[I ADDRESS
tasc ltCWL 1
== tRWL ——
Vih— It YYvYYY ATAVAVATAY
W Vam N LCRRAAOOOOCRO00
toEH I . .
—— ViH— ° Yo —
AN M XGRSO
|——ton )
Vin— FTTTY LY TS — YT Y YT Y YUY Y Y
baroas y,— RAGIO000R

A
m DON'T CARE
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KM44C1002C CMOS DRAM

TIMING DIAGRAMS (Continued)
READ-WRITE/READ-MODIFY-WRITE CYCLE

tcrp tcrp
tRcD - tRsH

: trAs lRP_._
RAS Vi S ] \

—_— ViH— » - tcs
TS ) s
‘-‘—AEE- ——I—tnAH lf—v— tcan

ViH— ROW
A . Vi— ADDRESS COLUMN ADDRESS
' f

tcwp tewe |

trRwo - tRwi
—_ 3 = twp
" YR 0N
taa
tOEA |
OE. / A
' toen -——tOEH_?
c ‘——‘CACﬁ—
t
trRac 1-2e2) .'.Qi | tpH——
ViioH — | VALID VALID XXX X XXX
DQrDAs y,0, _ — DATA-OUT DATAIN ‘0‘0‘0).0))’0.0’0.’)?0’0?0
STATIC COLUMN MODE READ CYCLE
trasc e tRP —o=r]
— Vin—
w0 N N
) (ASR~*—- 1 tRAH tsc tsc tRAL F=—t—tam
A ViH— ROW "COLUMN g COLUMN COLUMN
ViL— ADDRESS f! ADDRESS ADDRESS ADDRESS
! tnAD—-I tcrp
tar |~ tep}— tRSH
—= ViH— ' . —tosc t~— tesc——
s y / v jIe=

1
[_ tros — l* tnos | [trch_|

— ViH— KX AR AN VA Y.
W OOOKOOCOA) M
ViL— A’?’A’?‘?’A’A A‘?’A‘A‘A’? A'/
— tROH——
oE ViH—
ViL—
|
toEA toFr ’ toea toez
tcac toez tan —— :
torF
f—1t — .
A tAOHtM tcac
trRAC

Vou— VALID VALID| Z VALID E
varbas : _DATA DAT ) DATA
tcLz ' tciz .
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KM44C1002C CMOS DRAM

TIMING DIAGRAMS (Continued) o
STATIC COLUMN MODE WRITE CYCLE (W controlled early write)

tRasc #‘ﬂ
[— A e a— ' . t
RAS
ViL— S \
traD tRAL
. teaH tasc ’_.._ tcaH
tAsF ———I tcan F’
A Vik— ROW m COLUMN f CoLoMN W COLUMN W
ViL— ADDRESS_A\ ADDRESS ADDRESS /A ADDRESS
r |
t tREH —=—]
(R::IR top RSH | .
= Vin— OO X000
cs ViL— ‘A‘A’A’A’A”’f"';’a’o‘&
T
tw
' — tWCSH
Wes —-q - twer tRWL
_ ViH— twe twe ‘
w ViL— ) twi \ /
_ ViH—
OE . Vie—
toHR
tps
(=t tDH
ViH— TNAAARAAAAAAA AN A A A AT AYAA"AY,
R () VALID VALID VALID
A i TR Y TR TR, A

STATIC COLUMN MODE WRITE CYCLE (CS controlled early write)

trp

trasc
— ViH— —
RAS Vi— \ / \
tASR _I_- tRAH | [—-——'—icm l-———}—lCAH f—— tRAL ——=
Vin— ROW COLUMN COLUMN COLUMN
A ViL— ADDRESS ADDRESS ADDRESS. ADDRESS
! I

Al U
tAwR }———tcnp
trAD tASC —memr] tcp tRSH ——f
- tasc tosc |
— ViH— tesc
cs [
ViL— S Z S
trRcD ——tcwL
tsc
t twi WCS tw
twes WCH twcH tRwL
. Vi e L twes /—_
o V= | :
— Vih—
OE ViL—
toHR:
- t tos
ips S—— oS t~=e=1— tDH -——-l— ton
Vin— VALID VALID VALID YA XXX XX XX XXX XXX
0Qr00 BATA DATA bara XA
F ! T

m DON'T CARE

ELECTRONICS




KM44C1002C

CMOS DRAM

TIMING DIAGRAMS (Continued)
STATIC COLUMN MODE READ-MODIFY-WRITE CYCLE
|

AAS Vin— trasc Z—
ViL—
.
tasr f==—t—tRAH | ]
ViH— ROW — OO
A COLUMN ADDRESS COLUMN ADDRESS XXX
ViL— m ADD “‘A’A OO
I -
tasc tcaH —-——-|~tcgp
tRaD tsawc tRAL
_ ——
s Vih— S tLwab tRwL - y
ViL—
—=——tRCD tcwp twp i i
| trcs tawp tawp —=— towL
= ViH— ORI Y XX RN
w A )
- TRRT \ TN
tRWD —-—-'OEHJ*—' twp ‘
— ViH— r
OE t
ViL— J | toeo ¢ _K OFD
toea ALW Tan tocz
Sa— tos t—=t~ tow
toEz toH
tRAC t [—=—1—tOEA
v — o .
DQ4-DQ4 V:EL Dout Din Dout Din
) towz
STATIC COLUMN MODE MIXED CYCLE
I Viy— w— —
RAS Vi — E
: .
r==——tRCD —= cP
- ViH— tesc S
cs Vi —
i pom— tRAD —omrdf -
t LWAD
Pﬂ BA ltasol| f— toan——]
i
A Vin— ROW COLUMN COLUMN COLUMN
ViL— ADDRESS ADDRESS ADDRESS ADDRESS )
N T T
tawn Liles] - tawp —= ~—-+—1(:AH
_ ViH— twes - =—twp .
RS =T T
bt A —eer] .
'WCLR " ﬂ toen
taw
U toea
— ViH—
OE viL—
s e |
- lAA4 taoH tps =
v ps toH .
lioL — B
DQ:-DQs Vion _—_—_@ Din Dour Dout H Din
! - |
WRITE W READ ’— READ , WRITE

o
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KM44C1002C CMOS DRAM

TIMING DIAGRAMS (Continued)
RAS-ONLY REFRESH CYCLE
NOTE: W, OE = Don't Care

tre -
tras — ¢,

RP

R ——
ViL— S

tcrp tRPC
— ViH—
cs Vil— .

tasr

RAS

tRaH

Vin— ROW
ViL— ADDRESS

CS-BEFORE-RAS REFRESH CYCLE
NOTE: W, OE, A=Don’t Care

tRc
trp tRAS : trp:
A ViH— =
RAS Vi S ‘ z o \
——1trPC
‘ tcsr toHR

& ViH— 0 ’ ‘ W/

: Vie— NNO NNM
: torr
pQ1-DQs ViioH— '\L

OPEN
VioL— f OPE
m DON'T CARE
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KM44C1002C

CMOS DRAM

TIMING DIAGRAMS (Continued)

HIDDEN REFRESH CYCLE (READ)

=1

DQ4-DQ4

|

I
P2
7

g

trc tre
tRAS — tRp——{ tras tRP——
vie— T ¥ Z x ‘
ViL— - -
tAR
trRco——1 tRSH ——=—
tomp RCD RSH
4]-—-— —tRAD tRAL tCHR tcre
ViH— z‘ S Z
ViL—
= tRaH
tAsR— = tan
ViH— JY VAL L O\ [ U YV YY) TATAVA'LyATAVAY,
ROW VWAAXAXAXX)
o ) Ao KA, couuun aooness K XX
trcs tARH
ViH—
ViL— Ftan
toea
Vij—
" tRoH ]
ViL—
tcac
o toFF
1 toez
trac
VoH—
VALID DATA-OUT
VoL—
HIDDEN REFRESH CYCLE (WRITE)
tRe tRC
tRAs =e—tRP —=— tRAs tRp——
e ’S tawi \ \
ViLm ¢ e
tcrp (—=— tRCD —-——nnsm——J tcHR tcrp
ViH—
j tRAD z
Vi tasc I
~—1 tRAH tCAH
tASR—t~
Vig—
" ROW COLUMN
Vi ADD ADDRESS
L —
sl [
ViL—
twp
ViL—
toHR
tos— toy ——
Vin—

DQ1-DQs

VALID DATA-IN y
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KM44C1002C

CMOS DRAM

TIMING DIAGRAMS (Continued)

CS-BEFORE-RAS REFRESH COUNTER TEST CYCLE

trRAS = tRP —=—{
— Vie— "y £
RAS Vi— &L Z \
st ] tthPT—‘— [ --——1RSH = ! torp— o]
T a R
READ CYCLE tRAL tAH
N YAV AVAVATATAVAY AV AV AV AVAVAVAV A VAVAVAVAV,A VWAV B
2 - SRR COLUMN ADDRESS KX
trCs: tRcH
_ ViH—
T v KOOI | ey Rk
AA r~=1{RCH ——
__ Vih— toea
OE
ViL— } :rtOFF
-_tgl'_z.__! i t(I)EZ_—]
DQ;-DQ4 \\IIZ:: m VALID DATA-OUT
WRITE CYCLE ) ISC || toanel
Vin— T Y Y Y Y XY VY YY VY VY AAA 7~
A e GOXKKSRIN  Sebiess
twes twcH
. ViH— ROy TAVATAVAVAYAYAYAYAVAVAVAVAVAVAYAY twp GAVAVAVAVAVAV,VAV S @@ 'AYAAA AAYAAVAYAVAVAYAVAY)
L vi— (OO A'o'o’o’o’o’o’o‘o’o'o'o"0'0'0’00’0’0’ SRR
_ Vi 1]
ViL—
R
DQ;-DQs :'H— _ OPEN——————w—{  VALID DATAIN
nw—
READ-MODIFY-WRITE CYCLE ] toan——
A \\:'H_ """"""""" COLUMN ADDRESS
L= 4
tres ‘ o
— ViH— X 7 !
W SOOGS0 I
tewl
t\iv:gEA p—trWL——
_ ViH— YT Y Y Y Y Y \YATA '@ &rAVAVAVATATAY £
€y OQOOSAGOON. | /oeo
tAA——— — Ptoaz(igs o
toiz CACi
VijoH— fDATA: DATA "\
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KM44C1002C CMOS DRAM
TIMING DIAGRAMS (continued)
TEST MODE IN CYCLE
NOTE: D, Address=Don't Care
thas: . tre

trec.

8

.

LR

' -—tcpj tosn
f‘ e o ———]
Viy —
ES H
Vo — !

RN

twrs twrH
v —
W H
ViL —
: tore
o ——
a Von X
VoL = e 4

TEST MODE DESCRIPTION

The KM44C1002C is the RAM organized 1,048,576
words by 4 bit, it is internally organized 524,288 words
by 8 bits. In “Test Mode", data are written into 8 sec-
tors in parallel and retrieved the same way. Column ad-
dress bit Ao is not used. If, upon reading, two bits on
one I/O pin are equal (all “1"s or “0”s), the I/O pin in-
dicates a “1”. If they were not equal, the I/O pin would

OPEN

m DON'T CARE

indicate a “0". In “Test Mode”, the 1MX4 DRAM can
be tested as if it were a 512K x4 DRAM. W, CS Before
RAS Cycle (Test Mode in Cycle) puts the device into
“Test Mode”. And “CS-Before-RAS Refresh Cycle” or
“RAS only Refresh Cycle” puts it back into “Normal
Mode”. The “Test Mode” function reduces test time (1/2
in cases of N test pattern). .

" vsuig
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KM44C1002C

CMOS DRAM

DEVICE OPERATION

Device Operation

The KM44C1002C contains 4,194,304 memory loca-
tions. organized as 1,048,576 four-bit words. Twenty-
tWo address bits are required to address a particular 4-
bit word in the memory array. Since the KM44C1002C
has only 10 address.input pins, time multiplexed

addressing is used to input 10 row and 10 column

addresses. The multiplexing is controlled by the timing
relationship between the row address strobe (RAS), the
column address strobe CS and the valid row and col-
umn address inputs.

Operation of the KM44C1002C begins by strobing in a
" valid row address with RAS while CS remains high.
Then the address on the 10 address input pins is
changed from a row address to a column address and
is strobed in by CS. This is the beginning of any
KM44C1002C ~ycle in. which a memory location is

accessed. The specific type of cycle is determined by’

the state of the write enable pin and various timing
relationships. The cycle is terminated when both RAS
and CS have returned to the high state. Another cycle
can be initiated after RAS remains high long enough to
satisfy the RAS precharge time (trp) requirement.

RAS and CS Timing

The minimum RAS-and CS pulse widths are specified
by tras(min) and tes(min) respectively. Theése minimum
pulse widths must be satisfied for proper device opera-
tion and data integrity. Once a cycle is initated by
bringing RAS low, it must not be aborted prior to satis-
fying the minimum RAS and CS pulse widths. In addi-
tion, a new cycle must not begin until the minimum
RAS precharge time, trp, has been satisfied. Once a
cycle begins, internal clocks and other circuits within
the KM44C1002C bigin a complex sequence of events.
If the sequence is broken by violating minimum timing
requirements, loss of data integrity can occur.

Read

A read cycle is achieved by maintaining the write
enable input(W) high during a RAS/CS cycle. The
access time is normally specified with respect to the
falling edge of RAS. But the addess time also depends
on the falling edge of CS and on the valid column
address transition.

If CS goes low before trcp(max) and if the column
address is valid before tran(max) then the access time
to valid data is specified by trac(min). However, if CS
goes low after trecp(max) or if the column address
becomes valid after trap(max), access is specified by
tcAc or taa. In order to achieve the minimum access
time, trRAC(min), it is necessary to meet both trRcp(max)
and tran(max).

The KM44C1002C has common data 1/O pins. For this
reason and output enable control input (OE) has been
provided so the output buffer can be precisely con-
trolled. For data to appear at the outputs. OE must be
low for the period of time defined by toea and toez.

Write

The KM44C1002C can perform early write, late write
and read-modify-write cycles. The differece between
these cycles is in the state of data-out and is deter-
mined by the timing relationship between W, OE and
CS. In any type of write cycle, Data-in must be valid at
or before the falling edge of W or CS, whichever is
later.

Early Write: An early write cycle is performed by bring-
ing W low before CS. The 4-bit wide data at the data
input pins is written into the addressed memory cells.
Throughout the early write cycle the output remain in
the Hi-Z state. In the early write cycle the output
buffers remain in the Hi-Z state regardless of the state
of the OE input.

Read-Modify-Write: In this cycle, valid data from the
daaressed cell appears at the output before and during
the time that data is being written into the same cell
location. This cycle is achieved by bringing W low after
CS and meeting the data sheet read-modify-write
cycle timing requirements. The output enable input
(OE) must be low during the time defined by toea and
toez for data to apear at the outputs If tcwp and tRwD

“are not to the OE timing requirements prevents bus

contention on the KM44C1002C's DQ pins.

Data Output v ,

The KM44C1002C has a three-state output buffer
which is controlled by CSand OE. Whenever CS or OE
is high(ViH) the output are in the high impedance(Hi-Z)
state. In any cycle in which valid data appears at the
output, the output goes into the low impedance state
in a'time specified by tciz after the falling edge of CS.
Invalid data may be present at the output during the
time after tcLz and before the valid data appears at the
output. The timing paraneters tcac, trac and taa speci-
fy when the valid data will be present at the output.
This is true even if a new RAS cycle occurs (as in hid-
den refresh). Each of the KM44C1002C operating
cycles is listed below after the corresponding output
state produced by the cycle.

Valid Output Data: Read, Read-Modify-Write, Hidden
Refresh, Static Column Mode Read, Static Column
Mode Read-Modify-Write.

s uigg
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KM44C1002C

CMOS DRAM

DEVICE OPERATION (Gontinued)

Hi-Z Output State: Early Write, RAS-only Refresh,
Static Column Mode Write, CS-before-RAS Refresh,
CS-only cycle.

Indeterminate Output State: Delayed Write (tcwp or
tRWD)

Refresh : :

The data in the KM44C1002C is stored on a tiny
capacitor within each memory cell. Due to leakage the
data may leak off after a period of time. To maintain
data. integrity it is necessary to refresh each of the
rows every 16ms. Either a burst refresh or distributed
refresh may be used. There are several ways to
accomplish this.

RAS-Only-Refresh: This is the most common method
for performing refresh. It is performed by strobing in a
row address with RAS while CS remains high. This
cycle must be repeated for each for each of the 1024
rw address. (Ao~Ag).

CS-before-RAS Refresh: The KM44C1002C has CS-
Before-RAS on-chip refresh capability that eliminates
the need for external refresh addresses. If CS is held
low for the specified set up time (tcsr) before RAS
goes low, the on-chip refresh' circuitry is enabled. An
internal refresh operation automatically occurs. The
refresh address is supplied by the on-chip refresh
address counter which is then internally incremented in
preparation for the next CS-before-RAS refresh cycle.

Hidden Refresh: A hidden refresh cycle may be per-
formed while maintaining the latest valid data at the
output by extending the CS active time and cycling
RAS. The KM44C1002C hidden refresh cycle is actu-
ally CS-before-RAS refresh cycle within an extended
read cycle. The refresh row address is provided by the
on-chip refresh address counter.

Other Refresh Methods: It is also possible to refresh
the KM44C1002C by using read, write or read-modify-
write cycles. Whenever a row is accessed, all the cells
in that row are automatically refreshed. There are cer-
tain applications in which it might be advantateous to
perform refresh in this mammer but in gheneral RAS-
only or CS-before-RAS refresh is the preferred
method. '

Power-up

If RAS= Vss during power-up, the KM44C1002C might
begin an active cycle. This coundition results in higher
than necessary current demands from the power sup-
plu during power-up. It is recommended that RAS and

CS rrack with Vce during power-up or be held at a
valid ViH in order to minimize the power-up current.

An initial pause of 200x sec is required after power-up .
followed by 8 initialization cycles before proper device
operation is assured. Eight initialization cycles are also
required after any 8 msec period in which there are no
RAS cycles. An initialization cycle is any cycle in which
RAS is cycled.

Termination ‘

The lines from the TTL driver circuits to the
KM44C1002C inputs act like unterminated transmis-
sion lines resulting in significant.overshoot and under-
shoot at the inputs. To minimize overshoot it is advis-
able to terminate the input lines and to keep them as
short sa possible. Although either series or parallel ter-
mination may be used, series termination is generally
recommended since it is simple and draws no addi-
tional power. It consists of a resistor in series with the
input line placed close to the KM44C1002C input pin.
The optimum value depends oh the board layout. It
must be determined experimentally and is usually in
the range of 20 to 40 ohms.

A high frequency 0.1xF ceramic decoupling capacitor
should be connected between the Vcc and ground
pins of each KM44C1002C using the shortest possible
traces. These capacitors act as a low impedance shunt
for the high frequency switching transients generated
by the KM44C1002C and they supply much of the cur-
rent used by the KM44C1002C during cycling.
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KM44C1002C

CMOS DRAM

DEVICE OPERATION (continued)

Board Layout

It is important to lay out the power and ground lines on
memory boards in such a way that switching transient
effects are minimized. The recommended methods are
gridded power and ground lines or separate power and
ground planes. The power and ground lines act like
transmission lines to the high frequency transients
generated by DRAMS. The impedance is minimized if
all the power supply traces to all the DRAMS run both
horizontally and vertically and are connected at each in-
tersection or better yet if power and ground planes are
used.

Address and control lines should be as short as possi-
ble to avoid skew. In boards with may DRAMs these
lines should fan out from a central point like a fork or
comb rather than being connected in a serpentine pat-
tern. Also the control logic should be centrally located
on the memory boards to facilitate the shortest possi-
ble address and control lines to all the DRAMs.

Decoupling
The importance of proper decoupling can not be over

PACKAGE DIMENSIONS

20-LEAD PLASTIC DUAL IN-LINE PACKAGE

0.962 (24.43)

emphasized. Excessive transient noise or voltage droop
on the V¢c line can cause loss of data integrity (soft er*
rors). It is recommended that the total combined vol-
tage changes over time in the V¢c to Vss voltage
(measured at the device pins) should not exceed 500mV.

A high frequency 0.14F ceramic decoupling capacitor
should be connected between the V¢ and ground pins
of eachkKkM44C1002Busing the shortest possibie traces.
These capacitors act as a low impedance shunt for the
high frequency switching transients generated by the
KM44C1002B and they supply much of the current used
by theKM44C1002Bduring cycling.

In addition, a large tantalum capacitor with a value of
47uF to 100uF should be used for bulk decoupling to
recharge the 0.1uF capacitors between cycles, thereby
reducing power line droop. The bulk decoupling capa-
citor should be placed near the point where the power
traces meet the power grid or power plane. Even better

- results may be achieved by distributing more than one

tantalum capacitor around the memory array.

Units: Inches (millimeters)

0.972 (24.69)

&
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0.009 (0.23) /
0.013 (0.33)
0.015 (0.38)
0.135 (3.43) MIN
0.145 (3.68) ’
I 0.183 (4.65)
MAX
‘ ‘ 0.115 (2.92)
| MIN
0.100 (2.54) ’ 0.016 (0.41) 1 0.035 (0.89) 0.050 (1.27)
TYP ’ | 0024061 | [ 0.055(1.40) MAX
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KM44C1002C CMOS DRAM

PACKAGE DIMENSIONS (Continued)
20-LEAD PLASTIC SMALL OUT-LINE J-LEAD

Units: Inches (millimeters)

0.027 (0.69)
MIN

Fml Nl =Nl i T B s O
gie 2281 g8
) . O [ 1 - Lo 88 sle
w0
, g8 gl5813 85
olo A R-1K-] Sic
L©
S e A S A ) B B 0y o
~ 0.670 (17.02) 0.128 (3.25)
0.680 (17.27) ] 0.145 (3.68)
)
Z 0.004 (0.1) 1\
0,050 (1.27) || 0.015 (0.38) ‘ 0.026 (0.66)
TYP |7 0.021(0.53) | 0.032 (0.81)
| 0.050 (1.27)
| MAX
20-LEAD PLASTIC ZIGZAG-IN-LINE PACKAGE
1.025(26.04) : 0.113(2.87)
1.035(26.29) R 0.120(3.05)
V4 P oS
© |- —~
N @
rlNDEX _ o o8 S|y
oM -
(0 ols
cle <
= S
4
0.009(0.23)
—+ 0.013(0.33)
0.016(0.41) 0.050(1.27) :0.050(1.27) | | 0.100(2.54) A_‘ 0.100(2.54)
| MIN L TYP

0.024(0.61) [ TYP MAX
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KM44C1002C CMOS DRAM

PACKAGE DIMENSIONS (continued) ‘
20-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE (il) (Forward and Reverse Type)
Units: Inches (millimeters)

0.03 (0.80)
TYP
HHHHA HHHHH T
) O | & 1R 1
, , g8 85 818
S| ° °e|e
© J ’
HEHHHEH SHHEH| s —
2 [N
0671 (17.04) é E
0679 (17.24) s|s 0005 (0.13)
0.008 (0.20)

[o] 0.003(008)] 't] [:] [ ) e——

0.048 (1.22) 0.012 (0.30)
0.052 (1.32) 0.020 (0.50)

0.016 (0.40) ]
0.024 (0.60) ST
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KM44C1003C/CL/CSL CMOS DRAM ;

1M x4Bit CMOS Quad CAS RAM with Fast Page Mode

FEATURES GENERAL DESCRIPTION
« Performance range: The Samsung KM44C1003C/CL/CSL is a CMOS high
trac | tcac tre speed 1,048,576 x 4 Dynamic Random Access

Memory. Its design is optimized for high performance
KM44C1003C/CL/CSL-5 50ns | 13ns | 90ns applications such as minicomputers, graphics and high
KM44C1003C/CL/CSL-6 60ns 15ns | 110ns performance portable computers.

KM44C1003C/CL/CSL-7 | 70ns | 20ns | 130ns The KM44C1003C/CL/CSL features Fast Page Mode
KM44C1003C/CL/CSL-8 80ns | 20ns | 150ns operation which allows high speed random access of
memory cells within the same row. CAS-before-RAS
refresh capability provides in-chip auto refresh as an
alterntive to RAS-only refresh. All inputs and outputs are
fully TTL compatible and four separate CAS pins
provide for separate 1/O operation allowing this device
to operate in partity mode.

« Fast Page Mode operation
« Four separate CAS pins provide for separate /O
operation .
« CAS-before-RAS refresh capability
- RAS-only and hidden refresh capability
« Fast parallel test mode capability
» TTL compatible inputs and outputs .
« Early wite or output enable controlled write
» Single + 5.0V +10% power supply
« Refresh Cycle
— 1024 cycle/16ms (Normal)
— 1024 cycle/128ms (L-version)
— 1024 cycle/256ms (SL-version)
» Power Dissipation
— Standby: 5.5mW (Normal)
1.1mW (L-version)
0.55mW (SL-version)
— Active (50/60/70/80) : 468/413/358/303mW
» JEDEC standard pinout
« Available in plastic SOJ and TSOP -ll packages

The KM44C1003C/CL/CSL is fabricated using
Samsung's advanced CMOS process.

FUNCTIONAL BLOCK DIAGRAM
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KM44C1003C/CL/CSL CMOS DRAM

PIN CONFIGURATION (Top Views)

» KM44C1003CJ/CLJ/CSLJ « KM44C1003CT/CLT/CSLT + KM44C1003CTR/CLTR/CSLTR
bai 1 0 241 Vss DQ: O}t O 24 [T Vss Vss [ 24 110 bQy
DQ; £} 2 23 0 DQs DQ2 (0] 2 23 {I1] DQ4 b, 23 O 2 m paQ:

wos 22 11 DQ3 s K] 22 [ DQg DQs O] 22 3fmw
RAS ] 4 21|01 TAS, RAS 1] 4 21 [ TAS, CAS, (o] 21 410 RAS

CTAS1] 5 20p OF CAS, O 5 20 M OE OF Orj 20 5 {11 CASy

CAS2 e 190 TAS; CAS, 0] 6 19 011 CAS, CAS; 00T 19 6 [I1 TAS,
Ao Q7 © 18 [ANC Ag O 7 18 [Or1 N.C N.C O] 18 7 1 Ag
Ao s 170 As Ao ] 8 17 [0 As Ag O] 17 8 10 Ao
Ao 16 Az A OO 9 16 [10 A7 Ay O 16 9 [0 Ay
A2 10 150 Ag Az O] 10 15 [T Ag Asﬁﬁ 10 [ A2
adn o 1Pas A0t @ 140 As As 4 o MDA
Vec 12 130 Ay Vee 12 13 [0 Ag A4 13 12 11 Vce

—— .

Pin Name Pin Function

Ac-Ag Address Inputs
DQ1-DQ4 Data In/Out
Vss Ground
RAS Row Address Strobe
CAS1-CAS4 Column Address Strobe
w " Read/Write Input
OE Data Output Enable
Vece Power(+5.0V)
N.C. No connection
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KM44C1003C/CL/CSL CMOS DRAM
ABSOLUTE MAXIMUM RATINGS )
Parameter Symbol Rating Units

Voltage on any pin relative to Vss VIN, Vout -1to +7.0 \'

Voltage on Vcc supply relative to Vss . Vee -1to +7.0 Y

Storage Temperature Tstg -55 to + 150 °C

Power Dissipation Pp 600 mwW

Short Circuit Output Current los 50 mA

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

RECOMMENDED OPERAT|NG COND|T|ONS (Voltage referenced to YSS",_ Ta=0 to 70°C)

Parameter Symbol Min Typ Max Unit
Supply Voltage Vee 4.5 5.0 55. \Y
Ground Vss 0 0 0 \
Input High Voltage ' ViH 2.4 — Vec+ 1 Y
Input Low Voltage ) ViL -1.0 — 0.8. \Y

DC AND OPERATING CHARACTERISTICS (Recommended operating conditions unless otherwise noted)

= 1msugg

ELECTRONICS

Parameter . Symbol| Min | Max | Units

KM44C1003C/CL/CSL-5 - 85 mA
Operatilg_Current“ KM44C1003C/CL/CSL-6 ot |- C 75 mA
(RAS, CAS, Address Cycling @trc=min.) KM44C1003C/CL/CSL-7 - 65 | mA
. KM44C1003C/CL/CSL-8 - 55 mA
— e 2
(RAS=CAS=W=Vir) KM44C1003CSL locz 4 1] mA
KM44C1003C/CL/CSL-5 - 85 mA
RAS-Only Refresh Current‘ KM44C1003C/CL/CSL-6 g3 - 75 mA
(CAS=Vix, RAS, Address Cycling @tRc—mln) KM44C1003C/CL/CSL-7 - 65 mA
KM44C1003C/CL/CSL-8 - | 55 | mA
KM44C1003C/CL/CSL-5 - 65 mA
Fast Page Mode Current* KM44C1003C/CL/CSL-6 locs - 55 mA
(RAS=ViL, CAS, Address Cycling @tpc=min.) KM44C1003C/CL/CSL-7 - 45 mA
KM44C1003C/CL/CSL-8 - 35 mA
KM44C1003C - 1 mA

Standby Ci t
PRS- AS N C-0.2) KM44C1003CL los | - | 200 | uA
’ KM44C1003CSL - 100 £A
KM44C1003C/CL/CSL-5 - 85 mA
CAS-Before-RAS Refresh Current* KM44C1003C/CL/CSL-6 - 75 mA
(RAS and CAS Cycling @trc=min.) KM44C1003C/CL/CSL-7 lcce - 65 mA
- KM44C1003C/CL/CSL-8 - 55 mA
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KM44C1003C/CL/CSL | CMOS DRAM

DC AND OPERATING CHARACTERISTICS (continued) .

Parameter Symbol | Min | Max | Units
Battery Back Up Current Average Power Supply Current,
Battery Back Up Mode, Input High Voltage(ViH)=Vcc-0.2V ‘
Input Low Voltage(ViL)=0.2V CAS=CAS-Before-RAS mﬁg} %gg;L lecr - :1323 K : ’
Cycling or 0.2V DQ1-DQ4=Don't Care Tre=1254S(L-Ver,) #
250pS(SL-Ver), TRas=Trasmin~300ns
Input Leakage Current }
(Any input 0<Vin <Vce+0.5V, all other pins not under test=0 volts.) v 10 10 #A
Output Leakage Currént . _
(Data out is disabled, 0V <Vout<Vco) low 10 10 1A
Output High Voltage Level (loH=-5mA) VoH 2.4 - v
Output Low Voltage Level (lor=4.2mA) VoL - 0.4 v

*NOTE: lcc, lecs, Iccs and Icce are dependent on output loading and cycle rates. Specified values are obtained with
the output open. Icc is specified as an average current. In Icc1 and Iccs, Address can be changed maximum
d two times while RAS=VIL. In Icc4, Address can be changed maximum once during a fast page mode cycle.

CAPACITANCE (12=25°C, Vcc=5.0V, f=1MHz)

Parameter Symbol Min Max Unit
Input Capacitance (Ao~Ag) CiNt - 5 . pF
Input Capacitance (RAS, CAS1-CAS4, W, OF) Cin2 - 7 pF
Output Capacitarice (DQ1~DQ4) Coa - 7 pF

AC CHARACTERISTICS (0°C<Ta<70°C, Vcc=5.0V£0.5V, See notes 1,2)
Test condition : Vin/Vii=2.4/0.8V, Von/Voi=2.4/0.4V, output loading CL=100pF

. -5 -6 -7 . 8
Parameter Symbol Units | Notes
Min| Max | Min| Max | Min| Max | Min| Max

Random read or write cycle time trRC . 90 110 130 150 ns
Read-modify-write cycle time tawc | 133 155 185 205 ns |
Access time from RAS tRAC 50 60 70 80| ns | 3411
Access time from CAS feac 13 15 20 201 ns [34519
Access time from column address v taa 25 30 35 40| ns 311
CAS to output in Low-Z towz 0 0 0 0 ns | 3,19
Output buffer turn-off delay torF 0 13 0 15 0 20 0 20( ns 7,19
Transition time(rise and fall) tr 3 50| 3 50 3 50 3 50| ns 2
RAS precharge time tRp 30 40 50 60 fis
RAS pulse width tras 50 | 10,000 | 60 | 10,000 | 70 | 10,000 | 80| 10,000 | ns
RAS hoid time tRsH | 13 15 20 20 ns | 17
CAS hold time tosh | 50 60 70 80 ns | 18
CAS pulse width tcas 13| 10,000 | 15| 10,000 | 20| 10,000 | 20| 10.000 | ns 24
RAS to CAS delay time tReo | 20 37| 20 45| 20 50| 20 60| ns | 4,17
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KM44C1003C/CL/CSL CMOS DRAM
AC CHARACTERISTICS (continued)
Test condition : Vin/Vii=2.4/0.8V, Von/Vol=2.4/0.4V, output loading CL=100pF
5 -6 -7 -8
Parameter Symbol Units | Notes
Min| Max | Min| Max | Min| Max | Min| Max
RAS to column address delay time RAD 15 25| 15 30| 15 3| 15 40| ns 1
CAS to RAS precharge time o | 5 5 5 5 ns | 18
Row address set-up timé tasr 0 0 0 0 ns
Row address hold time tRAH 10 10 10 10 ns
Calumn address éet-up time tasc 0 0 0 0 ns 17
Column address hold time tead | 10 10 15 15 ns 17
Column address hold time referenced to RAS tar 40 45 55 60 ns 6
Column address to RAS lead time L | 25 30 35 40 ns
Read command set-up time tRCS 0 0 0 0 ns 17
Read command hold time referenced to CAS ten | 0 0 0 0 ns | 9,18
Read command hold time referenced to RAS tRRH 0 0 0 0 ns 9
Write command hold time twen | 10 10 15 15 ns 25
Write command hold time referenced to RAS twer | 40 45 55 ' 60 ns 6
Write command pulse width twp 10 10 15 15 ns
Write command to RAS lead time tow. | 13 15 20 20 ns
Wite command to CAS lead time tom | 13 15 20 20 ns 18
Data set-up time tos 0 0 0 0 ns 10
Data-in hold time toH 10 15 15 15 ns 10
Data-in hold time referenced to RAS {DHR 40 45 55 60 ns 6
Refresh period (Normal) ' e 16 16 16 16| ms
Refresh period (L-ver) tREF 128 128 128 128 | ms
Refresh period (SL-ver) tReF 256 256 X 256 256 | ms
Write command set-up time twes 0 0 0 0 ns 8,17
CAS to W delay time towo | 36 40 50 50 ns | 817
RAS to W delay time two | 73 85 100 110 ns 8
Column address to W delay time . tawo | 48 55 65 70 ns 8
CAS set-up time (CAS-before-RAS refresh) tesh | 10 10 10 10 ns | 17
CAS hold time{CAS-before-RAS refresh) towr | 10 10 15 15 ns | 18
RAS to CAS precharge time tRPC 5 5 5 5 ns
CAS precharge time (C-B-R counter test cycle) toer | 20| 20 25 30]. ns
Access time from TAS precharge tcea 30 35 40 45| ns | 319
Fast page mode cycle time tec 35 45 45 50 ns 20
Fast page mode read-modify-write cycle time trnC | 76 85 100 1056 ns 20
CAS precharge ime tep 10 10 10 10 ns 21
RAS pulse width(Fast Page Mode) trase | 50 | 200,000 | 60 | 200,000 70 | 200000 | 80| 200,000 | ns
RRAS hold time from CAS precharge thice | 30 35 0| | ns
OF access time toa 13 15 20 20f ns | 2
208
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KM44C1003C/CL/CSL CMOS DRAM
AC CHARACTERISTICS (continued)
.5 6 -7 8
Parameter Symbol Units | Notes
| Min| Max | Min| Max | Min| Max | Min| Max
OE to data delay toeo | 13 15 20 20 ns 23
Qutput buffer tum off delay time from OF toez 0 13 0 15| 0 21 0 20| ns
OE command hold time toen | 13 15 20 20 ns
Write command set-up time (test mode in) twrs 10 10 10 10 ns
Write command hold time (test mode in) tweH | 10 10 10 10 ns
W to RAS precharge time(C-B-R rcycle) twep | 10 10 10 10 ns
Wo RAS hold time(C-B-R rcycle) twen | 10 10 10 10 ns
Hold time CAS lowto CAShigh - teon| 5 5] 5 5 ns | 1526
TEST MODE CYCLE ' ’ (Note.12)
: -5 6 -7 -8
Parameter - Symbol Units | Notes
. Min| Max | Min| Max | Min| Max | Min| Max

Random read or write cycle time tre 95 115 135 155 ns
Read-modify-write cycle time tRwc | 138 160 190 210 ns
Access time from RAS tRaC 60 65 5| 85| ns |3411,13
Access time from CAS tcac 18 20 25 25| ns |34513
Access time from column address taa 30 35 40 45 ns | 3,11,13
RAS pulse width tRAS 55| 10,000 65| 10,000 75| 10,000) 85 10,000 ns
CAS pulse width tcas 18| 10,000 20| 10,000| 25| 10,000f 25| 10,000| ns
RAS hold time tRsH | 18 20 25 25 ns
CAS hold time tosn .| 55 65 75 85 ns
Column address to RAS lead time tae | 30 35 .40 45 ns
CAS to W delay time towo | 41 ) 45 55 55 ns 8
RAS to W delay time ) twp | 78 90 105 115 ns 8
Column address to W delay time ‘ tawp | 53 60 70 75 ns 8
Fast Page mode cycle time e | 40 45 50 55 ns
Fast Page mode read-modify-write cycle time trrwc | 81 90 100 105 ns
RAS pulse width (Fast Page Mode) . tRasP | 55 65 200,000 75 200,000{ 85 | 200,000 ns
Access time from CAS precharge tcpa 35 40 T 50| ns 3
OE access time _ toea | 18 20 25 2| ns
OE to data delay toeo | 18 20 25 25 ns
OE command hold time toen | 18 20 25 25 ns
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KM44C1003C/CL/CSL

CMOS DRAM

NOTES

1

10.

. An initial pause of 200us is required after power-up

followed by any 8 CAS-before-RAS or RAS-only
Refresh cycles before proper device operation is
achieved.

. ViIH(min) and ViL(max) are reference levels for

measuring timing of input signals. Transition times
are measured between ViH(min) and Viu(max) are
assumed to be 5ns for all inputs.

. Measured with a load equivalent to 2 TTL loads

and 100pF

. Operation within the trRco(max) limit insures that

trac(max) can be met. tRco(max) is specified as a
reference point only. If tRcD is greater than the
specified trco(max) limit, then access time is
controlled exclusively by tcac.

. Assumes that trRcD >trcD (max).

tAR, tWCR, tDHR are referenced to trAD(max).

. This parameter defines the time at which the

output achieves the open circuit condition and ‘is
not referenced to VoH or VoL.

. twes, trwp, tcwp and tawbp are non restrictive

operating parameters. They are included in the
data sheet as electric characteristics only. If twcs>
twes(min) the cycle is an early write cycle and the
data output will remain high impedance for the
duration of the cycle.: If tcwp>tcwb(min), trRwp>
trwp(min) and tawp >tawo(min), then the cycle is a
read-write cycle and the data output will contain
the data read from the selected address. If neither
of the above conditions are satisfied, the condition
of the data out is indeterminate.

. Either trRcH or trRH must be satisfied for a read

cycle.

These parameters are referenced to the CAS
leading edge in early write cycles and to the W
leading edge in read-write cycles.

11.

12.
. In test mode read cycle, the value of trRAC, taa, tcac

14.

15.

16.

17.
. The last CAS x edge to transition low.
19.

20.

21.
22.
23.
24.
25.
. The last falling CAS x edge to the first rising CAS X

Operation within the trap(max) limit insures that
trac(max) can be met. trap(max) is specified as a
reference point only. If tRaD is greater than the
specified trRap(max) limit, then access time is
controlled by taa.

These specifications are applied in the test mode.

is delayed by 2ns to 5ns for the specified value.
These parameters should be specified in test mode
cycles by adding the above value to the specified
value in this data sheet.

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

In order to hold the address latched by the first
CAS x going low, the parameter tcLcH must be met.
If at least one CAS is low at the falling edge of
RAS, DQ will be maintained from the previous
cycle. To initiate a new cycle and clear the datao-ut -
buffer, all four CAS must be puised high for tcp.
The first CAS x edge to transition low.

Output parameter is referenced to corresponding
CAS xinput.

Last rising CAS x edge to next cycle's last rising
CAS x edge.

Last rising CAS x edge to first falling CAS x edge.
First DQ x controlled by the first CAS x to go low.
Last DQ x controlled by the first CAS x to go low.
Each CAS x must meet minimum pulse width.

Last CAS x to go low.

edge,
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KM44C1003C/CL/CSL | CMOS DRAM

TIMING DIAGRAM
READ CYCLE

tras trRP

ViR — \ N
mAS N \
Vi —
CRP tcre
tRCD tRSH ==

= N Y
o \
: v — tcrp
ViH — \
o~ XA A\N
L tcrp
s TN /
3 viL — 3
w2 XK N\
CAS.,
4 Vi — e tRAD ——=]
tasR -

tcsH

tRAH
. bt tASC  fem—tCAH
ViH — r 7
A ROW ADDRESS COLUMN ADDRESS
VIL — \ \
1
' [~—1RRH

ViL —

trRoH

tRAL

trReH

|

torF

tha— L-—loez .

ViH —
ViL —

trac
Von — -
DQy~DQ4 OPEN = DATA-OUT .
VoL — 7

m Don't Care
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KM44C1003C/CL/CSL

CMOS DRAM

TIMING DIAGRAM (Continued)
WRITE CYCLE (EARLY WRITE)

Vin —
RAS
Vie —
ViH —
CASy
viL —
ViH —
CAS2
ViL —
VIH —
CAS
i —
ViH —
CAS,
viL —
ViH —
A
ViL —
. VIH —
w viL —
ViH —
oF H
viL —
Vih —
DQy~DQ4
Vi —

tRe
tRas

trp

trco

tRSH
tcas

tcrP

pre—— tRAD ——a=nt

\ tcien

tcsH

tRAL:
|ea— tCAH

tasr | | tRAH
] | TASC ool
ROW ADDRESS COLUMN ADDRESS
|

X000~

twes

tos s——-] l-——-lDH——
X

[

toHR

W Don’t Care

L 1ms ugg
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KM44C1003C/CL/CSL CMOS DRAM

TIMING DIAGRAM (Continued)
WRITE CYCLE (OE CONTROLLED WRITE)

tRc

tRas (- p—

ViH — 3\

viL =

tcre

l_tfi treo tRSH
ViH — tcas
CASy \
ViL— tcrp

I—.
2 vi—
t
= \ /
ViL —
tcrp
T Vin— \ toLeH
Cove— |m——tRAD ~—od ) 2

tcsH

e
RN

tRaL

tasr !
R tASC foe] e tGAH —eme

Vi = A Rrow 7 coLumn
A = ADDRESS ADDRESS

towL —!
tRwL
o VH— r=—twp
W N
viL—

ViH—
OE toeH
ViL— toED

—-los—{ e tpH —eed

ViH—
DQ1~DQ4 DATA-IN
ViL—

Don't Care
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KM44C1003C/CL/CSL

CMOS DRAM

TIMING DIAGRAM (Continued)
READ-MODIFY-WRITE CYCLE

CAS;

CAS;

CASs

CAS,

DQi ~DQ4

tre
tras tRp .
| —
ViH A \ z ~\
viL —
t : tcap
I—"CRP tRCD tRsH
Vip — -\\ tcas /
ViL -
'!cnp [
e - W \\ / /
Vi - tcRp ]
Vin — /
ViL —
fcnp
o N
tesh
tasr tRaH . o tRAL.
SO [ S ]
Viw = ROW ve COLUMN
viL - ADDRESS i 1 ADDRESS
tRwL
tawp
tewp towL
Vin ~ :\ twe
Ve = trwD % <><;<><><><><>< >'<
Vin — toea
viL —
tCLZ |
toac toep
L tan toez tps tDH
—tRAC i aae
Vion — 29 vaLp N
VioL — k DATA-OUT DATAIN JJ”

@ Don’t Care
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KM44C1003C/CL/CSL

CMOS DRAM

TIMING DIAGRAM (continued)
FAST PAGE MODE READ CYCLE

I
[

CAS

CAS;

CAS3

=

DQy

DQ2

. DQs

DQ4

Vi
Vie

Vi

ViH
Vie

Vin
ViL

Vin
Vi

ViL

Vin
Vi

Vi
Vi

Vo

Vou

trRasp =—trP
!\ tar tRHCP /
K u (- 7]
tcrp trc trc
bl trcD F=—tcp=—y le top-sm] |fe—— tRgH —f=i
\ I T\
2 ; ;l "tCAs-/‘ \"'tCAs—/ \—'—‘CAS __/
tasc=—= © 7 N—t—
£¢
!\-. tCAs-/z 35 \r‘tms——/f \
K 7 7
4 R \ tcas | £
\"‘CAs— / /
{ PO,
72y
4 b tcas /!
) (7
4¢
f——r=tRAD —=={
tasr tesh tcan tasc| [tcam
™™ |eedtrRAH tasc S——— e o]
s ) ~\ R . \
ROW COLUMN CQLUMN COLUMN
ADDR ADDRESS ADDRESS p ADDRESS
trCs t fRRH
AoH thes  'RCH “{ }-— tRcs [=trcH=
fea—— t AN —— ] tAA—== TAA e
‘ =——tcpa —=— tcpa
toea| J /
1 / /
tcac L-— torr | _toAC tore tcac tL_.- torF
trac t=—=—{ toE Oz
Z toez —
v VAUD N | 4 VALD N~ VALID 5
\ DATA-OUTY ™ 7 | ¥ DATA-OUT DATA-OUT.
X X teiz 7
toLz i toez fe—et tOFF
tRac toez
7 vap N VAUD |
\ DATA-QUT [/ 7 DATA-OUT.
N tcz
teLz = toez | toLz == tOl--——EZ toFF
trac j
y, VALID > “__< VALD "N
\ DATA-OUT, \ DATA-OUT/
toLz foel toLz [~ toez
St vaLD "\,
X/ \ DATA-OUT. Yy
oLz peemi \
Don’t Care
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KM44C1003C/CL/CSL

TIMING DIAGRAM (Continued)
FAST PAGE MODE WRITE CYCLE (EARLY WRITE)

[e]
>
o

CASy

s

DQy

DQ;

‘DQ3

DQy

ViH —

ViL —

Vin —

ViL —

ViH —

ViL —

VIH —
ViL —

Vin —
Vie —

ViH —
Vit —

ViH —

CMOS DRAM

. tRasp trp
,‘\ tar ' tRHCP
8 . (r' 7
¢
tcrp tec trc
il s y— | tcp e b topei | tasH—1{=|
’ ! 4
\-—- toas — / \)"‘tCAS'—' / \-—‘o»\s—- /
«
tasc b=t 4
L
4 \L—.—tCAs.._/‘ it \—»«16;\8--/
’ b,
\ teas
' 4 - oAs™ / !\ 4
QQ X 7 na /
tcas
y N
\ LC >
4
-—-—tRAD——
tcsH
toan tasc| | tcaH tasc
tasRl=—at L__itran I ey e | | fomed tcam
ROW COLUMN COLUMN COLUMN
ADDR \ ADDRESS \ ADDRESS ADDRESS
[ .
twer
twes twes|
el | twCH e} tweH
1 T
toHR i
[ tos tl
t D [ t
DS H DS DH DS DH

]

{ vaup vaLD )
DATA IN DATAIN | q

VALID
DATA IN

X
tos| | tom tos | [ton
I .

: VALID
\ DATA IN
t|:>sl toH tps
s

. DATA IN
,,

\ DATA IN \ DATAIN .

tos | {tom

et

VALID
y | DATAIN
-

Don't Care
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KM44C1003C/CL/CSL

CMOS DRAM

TIMING DIAGRAM (ontinued)
FAST PAGE MODE READ-MODIFY-WRITE CYCLE

| ‘mP
1,
RASP
1,
Vi — \ CSH
mAs M tan tos
ViL -
e —
trcD tep tRSH
Y
ViH - t 1
TAS, \ chs cAS
ViL — traD
chss UM - \ 1 te,
CAS2 CAS AS
ViL - \ \
|
v t 1 toas
H —
o 1/ N
ik — 4 ‘
ViH — K teas toas —
CAS; v
L=
- 1
tRAH ‘
RAL
tasr tasc tcan thsc o] ] tcaH
ViH - ROW coL coL.
Ay - ADD. ADD | ADD
I
tRCS
=1 tRCS fowe
B Y
Vi - twp
w V’H y towo: x e towo
[
tawp tawo
1,
RWD
= Vin - toen Y toen Y
o ton ton
ViL - ( / toso r . toen
S P ‘ .
! ?s tcac toez 0S
tcac toez ——t
e 4 L)
DQq~DQs Viow = >____—__
VoL = . . 3
cLz CLz
VALID VALID VALID VALID
DATA-OUT DATA-IN DATA-OUT DATA-IN
Don't Care
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KM44C1003C/CL/CSL CMOS DRAM
TIMING DIAGRAMS (Continued)-
RAS ONLY REFRESH CYCLE
NOTE: W, OE=Don't Care
S N N
terp trec tere
) -
%%
tasr tRaH
O e IR R BB BB
DQ, - DQy ://OH_ OPEN

oL —

CAS-BEFORE-RAS REFRESH CYCLE
NOTE: W, OE, A=Don'’t Care

L | tre -
tras
G S T N
tep
tcsa
SASY tfu ::: £ a‘;!t:—__-' fon
twrp thH
IH— \/\/ \/
LA R SBSEKIXIKRAK
torF
Vn — .
DQy~DQq _ OPEN

[ wonr oame

L ms ugg
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KM44C1003C/CL/CSL CMOS DRAM

- TIMING DIAGRAMS (Continued)
HIDDEN REFRESH CYCLE (READ)

t : tac

tras L—— thp —em e tRAS e} trp -
.V
Ve — N\ /| N Q‘Z1 \

tcrp

el
(72

trco trgH ——=—

= toHR —=]

ViH —
- T \ /7
Vi —
* tasr N tasc . Z
= tran car

Vs — L
A X WI* XX 4 CRLRLKHIHLLRLIKIKLLILLLKILKS
R’i\';)—_—‘:rs tRRH YV.TP WRH ‘

o - BT W ‘%22%22222222222

toea
Vin—
OF /d
ViL— 3

l—— tcac—— b toEZ

g

trac

VOH —_
DQ1~DQy VALID DATA-OUT >——
4 _ L ]

torz

HIDDEN REFRESH CYCLE (WRITE)
tre tre

tras tap —=f = tRAS——=] tep
o V- )
RAS N N
ViL — 3 A

|- tcrp =] treo trsH ——
—_ Vu— = tonr
CASX v W tRAD—=-{ \\
" tasn tran tasc .

tean
UG ™ ROW COLUMN
Ve — \ ADDRE;SS | ADDRESS
twon —=| twnpl-—-l ! tWRH -
O V- = tws = ‘
ViL — K

%
e
Par=DGe  _ A’A‘A‘A‘A‘A‘A‘A‘A‘A’A’A" DATA-IN

ELECTRONICS



'KM44C1003C/CL/CSL | CMOS DRAM

TlMlNG D|AGRAMS (Continued)
CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE

} e trp
— ! |“ ]
ms ’\
Vie — -
‘—_{tﬁ %._.QCHR_.,_A‘ i tepr —=] tasH -
Vin — tcas
o N /
’ traL
tasc F— toan —=]
A Vin = COLUMN ADDRESS
Vi — Y K.
: : tan taam
READ CYCLE F&E iy ’—tﬁg b tCAC ——d fr—emd tRCH
— Vin —
w
w - Q000"
toEa
G-E VIH -
Vi — k
[ o
b toL2 }-—y— togz ——=
Vou— —-
DQ,-DQ4 OPEN VALID DATA-OUT
VoL—
. trwe
WRITE CYCLE j'i'i e . tow
. Ve — _lw_c_ﬁ twen
.~ 00"
[ [ —— N
O ViH —
Vi —
tos (T E—
Vi —
DQ;-DQs v‘” VALID DATA-IN
. —
_ tawn }-——*RWL fow
READ-WRITE CYCLE tu+ | | twas thos o .
‘WP
—_ Vg —
w
’ | 7Y pe—
toea
LV v vA VA VAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAN
oE LRRGRIRRKIOOOCOROCORROOOIN !
v — QUOUOORXOOKIUKX XXX ==
oz toez | tos ton
" ba.-pa Viion— VALID
" VoL — / DATA-IN

VALID
DATA-OUT

m DON'T CARE
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KM44C1003C/CL/CSL

CMOS DRAM

TIMING D|AGRAMS (Continued)

TEST MODE IN CYCLE
Note: OE, Address: Don’t Care

- Vi — tras = _

= N SIS
LI e 0 SRR,
DQ;-DQ, \\I/Z':: J} OPEN

TEST MODE DESCRIPTION

The KM44C1003C/CL/CSL is the RAM organized 1,
048,576 words by 4 bit, it is internally organized 524,
288 words by 8 bits. In "Test Mode", data are written
into 8 sectors in parallel and retrieved the same way.
Column address bit Ao is not used. If, upon reading, two
bits on one I/O pin are equal (all "1"s or *0"s) the /O pin
indicates a "1". If they were not equal, the I/O pin would

DON'T CARE

indicate a "0". In "Test Mode", the 1M x 4 DRAM can be
tested as if it were a 512K x 4 DRAM. W, CAS-BEFORE-
RAS Cycle (Test Mode in Cycle) puts the device into
"Test Mode". And "CAS-BEFORE-RAS REFRESH
CYCLE" or "RAS-only Refresh Cycle" puts it back into
"Normal Mode". The "Test Mode" function reduces test
time (1/2 in cases of N test pattern).

Piansunsgh
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KM44C1003C/CL/CSL

CMOS DRAM

DEVICE OPERATION

The KM44C1003C/CL/CSL contains 4,194,304 memory
locations. Twenty address bit are required to address a
particular 4-bit word in the memory array. Since the
KM44C1003C/CL/CSL has only 10 address input pins,
time multiplexed addressing is used to input 10 row
(Ao~Ag9) and 10 column(Ao~Ag) addresses. The
multiplexing is controlled by the timing relationship
between the row address strobe(RAS), the column

address strobe(CASx) and the valid row and column

address inputs.

Operating of the KM44C1003C/CL/CSL begins by
strobing in a valid row address with RAS while CASx
remains high. Then the address on the 10 address input
pins(Ao~Ag) is changed from a row address to a column
address and is strobed in by CASX. This is the beginning
of any KM44C1003C/CL/CSL cycle in which a memory
location is accessed. The specific type of cycle is
determined by the state of the write enable pin and
various timing relationships. The cycle is terminated
when both RAS and CASx have returned to the high
state. Another cycle can be initiated after RAS remains
high long enough to satisfy the RAS precharge time(trp)
requirement.

RAS and CASx Timing

The minimum RAS and CASx pulse widths are specified
by tras(min) and tcas(min) respectively. These minimum
pulse widths must be satisfied for proper device
operation and data integrity. Once a cycle is initiated by
bringing RAS low, it must not be aborted prior to
satisfying the minimum RAS and CASx pulse widths. In
addition, a new cycle must not begin until the minimum
RAS precharge time, trp, has been satisfied. Once a
cycle begins, internal clocks and other circuits within the
KM44C1003C/CL/CSL begin a complex sequence of
events. If the sequence is broken by violating minimum
timing requirements, loss of data integrity can occur.

Read

A read cycle is achieved by maintaining the write enable
input(W) high during a RAS/CASx cycle. The access
time is normally specified with respect to the falling edge
of RAS. But the access time also depends on the falling
edge of CASx and on the valid column address
transition. .

If CASx goes low before trcp(max) and if the column
address is valid before trRac(max), then the access time
to valid data is specified by trac{min). However, if CASx
goes low after trco(max) or if the column address
becomes valid after traD(max), access is specified by
tcac or taa. In order to achieve the minimum access
time, trac(min), it is necessary to meet both trco(max)
and trab(max). The KM44C1003C/Cl/CSL has common
data I/O pins. The this reason an output enable control

input(OE) has been provided so the output buffer can be
precisely controlled. For data to appear at the outputs,
OE must be low for the period of time defined by toea
and toez.

Wirite

The KM44C1003C/CL/CSL can perform early write, late
write and read-modify-write cycles. The difference
between these cycles is in the state of data-out and is
determined by the timing relationship between W, OE
and CASx. In any type of write cycle, Data-in must be
valid at or before the falling edge of W or CASx,
whichever is later.

Early Write: An early write cycle is performed by bringing
W low before CASx. The data at the data input pins is
written into the addressed memory cells. Throughout the
early write cycle the output remains in the Hi-Z state. In
the early write cycle the output buffers remain in the
three state regardless of the state of the OE input.

Read-Modify-Write: In this cycle, valid data from the
addressed cell appears at the output before and during
the time that data is being written into the same cell
location. This cycle is achieved by bringing W low after
CASx and meeting the data sheet read-modify-write
cycle timing requirements. This cycle requires using a
separate I/O to avoid bus contention.

Late Write: If W is brought low after CASX, a late write
cycle will occur. The late write cycle is very similar to the
read-modify-write cycle except that the timing
parameters, trwp, tcwo and tawp, are not necessarily
met. The state of date-out is indeterminate since the
output can be either Hi-Z or contain data depending on
the timing conditions. This cycle requires a separate /O
to avoid bus contention.

Data Output v

The KM44C1003C/CL/CSL has a three-state output
buffers which is controlled by CASx and OE. Whenever
CASx and OE are high (ViH), the outputs are in the high
impedance state. In any cycle in which valid data
appears at the output, the output goes into the low
impedance state in a time specified by tcLz after the
falling edge of CASx. Invalid data may be present at the
output during the time after tct.z and before the valid
data appears at the output. The timing parameters tcac,
tRAC and taa specify when the valid data will be present
at the output. The valid data remains at the output until
CASx returns high. This is true even if a new RAS cycle
occurs(as in hidden refresh). Each of the KM44C-
1003C/CL/CSL operating cycles is listed:below after the
corresponding output state produced by the cycle.

Phinsungg
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KM44C1003C/CL/CSL

CMOS DRAM

DEVICE OPERATION (Continued)

Valid O&tput Data: Read, Read-Modify-Write, Hidden
Refresh, Fast Page Mode Read, Fast Page Mode Read-
Modify-Write.

Hi-Z Output State: Early Write, RAS-only Refresh, Fast
Page Mode Write, CASx-before-RAS Refresh, OE
controlled write.

Indeterminate Output State: Delayed Write (tcwb or tRwp
are not met)

Refresh

The data in the KM44C1003C/CL/CSL is stored on a
tiny capacitor within each memory cell. Due to leakage
the data may leak off after a period of time. To maintain
data integrity it is necessary to refresh each of the rows
every 16ms. There are several ways to accomplish this.

RAS-Only Refresh: This is the most common method for
performing refresh. It is performed by strobing in a row
address with RAS while CASx remains high. This cycle
must be repeated for each row.

CASx-before-RAS Refresh: The KM44C1003C/CL/ CSL
has CASx-before-RAS on-chip refresh capability that
eliminates the need for external refresh addresses. If
CASx is held low for the specified set up time (tcsr)
before RAS goes low, the on-chip refresh circuitry is
enabled. An internal refresh operation automatically
occurs. The refresh address is supplied by the on-chip
refresh address counter which is then internally
incremented in preparation for the next CASx-before-
RAS refresh cycle.

Hidden Refresh: A hidden refresh cycle may be
performed while maintaining the latest valid data at the
output by extending the CASx active time and cycling
RAS. The KM44C1003C/CL/CSL hidden refresh cycle is

actually a CASx-before-RAS refresh cycle within an

extended read cycle. The refresh row address is
provided by the on-chip refresh address counter.

Other Refresh Methods: It is also possible to refresh the
KM44C1003C/CL/CSL by using read, write or read-
modify-write cycles. Whenever a row is accessed, all the
cells in the row are automatically refreshed. There are
certain applications in which it might be advantageous
to perform refresh in this manner but in general RAS-
only or CASx-before-RAS refresh is the preferred
method.

Fast Page Mode

Fast page mode provides high speed read, write or

read-modify-write access to all memory cells within a

selected row. These cycles may be mixed in any order.
A fast page mode cycle begins with a normal cycle.
Then, while RAS is kept low to maintain the CASX is
cycled to strobe in additional column address. This
eliminates the time required to set up and strobe
sequential row addresses for the same page.

CASx-before-RAS Refresh Counter Test Cycle
A special timing sequence using the CASx-before-RAS
counter test cycle provides a convenient method of
verifying the functionality of the CASx-before-RAS
refresh activated circuitry.

After the CASx-before-RAS refresh operation, is CASx
goes high and then low again while RAS is held low, the
read and write operations are enabled.

This is shown in the CASx-before-RAS counter test
cycle timing diagram. A memory cell can be addressed
with 10 row address bits and 10 column address bits
defined as follows:

Row Address — Bits Ao through As are supplied by the
on-chip refresh counter.

Column Address — Bits Ao through Ag are supplied by
the falling edge of CASx as in a normal memory cycle.

Suggested CASx-before-RAS Counter

Test Procedure

The CASx-before-RAS refresh counter test cycle timing

is used in each of the following steps.

1. Initialize the internal refresh counter by performing 8
CASx-before-RAS cycles.

2. Write a test pattern of "lows" into the memory cells at
a single column address and 1024 row address.

(The row addresses are supplied by the on-chip
refresh counter).

3. Using read-modify-write cycles, read the "lows"
written during step 2 and write "highs" into the same
memory locations. Perform this step 1024 times so
that highs are written into the 1024 memory cells.

4. Read the "highs" written during step 3.

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

Power-up

If RAS=Vss during power-up, the KM44C1003C/
CL/CSL could possibly begin an active cycle. This
condition results in higher than necessary current
demands from the power supply during power-up. It is
recommended that RAS and CASx track with Vcc during
power-up or be held at a valid ViH in order to minimize
the power-up current.
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KM44C1003C/CL/CSL

CMOS DRAM

DEVICE OPERATION (Gortinued)

An initial pause of 200 usec is required after power-up
followed by any 8 RAS cycles before proper device
operation is assured. Eight initialization cycles are also
required after any 64 msec period in which there are no
RAS cycles. An initialization cycle is any cycle in which
RAS is cycled. :

Termination

The lines from the TTL driver circuits to the
KM44C1003C/CL/CSL inputs act like unterminated
transmission lines resulting in significant overshoot and
undershoot at the inputs. To minimize overshoot it is
advisable to terminated the input lines and to keep them
as short as possible. Although either series or parallel
termination may be used, series termination is generally
recommended since it is simple and draws no additional
power. It consists of a resistor in series with the input
line placed close to the KM44C1003C/CL/CSL input pin.

The optimum value depends on the board layout. It A

must be determined experimentally and is usually in the
range of 20 to 40 chms.

Board Layout

It is important to lay out the power and ground lines on
memory boards in such a way that switching
transienteffects are minimized. the recommended
methods are gridded power and ground lines or
separate power and ground planes. The power and
ground lines act like transmission lines to the high
frequency transients generated by DRAMS. The

impedance is minimized if all the power supply traces to
all the DRAMS run both horizontally and vertically and
are connected at each intersection or better yet if power
and ground planes are used.

Decoupling

The importance of proper decoupling can not be over
emphasized. Excessive transient noise or voltage droop
on the Vcc line can cause loss of data integrity(soft
errors). It is recommended that the total combined
voltage changes over time in the Vcc to Vss voltage
(measured at the device pins) should not exceed 500mV.

A high frequency 0.1 «F ceramic decoupling capacitor
should be connected between the Vcc and ground pins
of each KM44C1003C/CL/CSL using the shortest
possible traces. These capacitors act as a low
impedance shunt for the high frequency switching
transients generated by the KM44C1003C/CL/CSL and
they supply much of the current used by the
KM44C1003C/CL/CSL during cycling.

In addition, a large tantalum capacitor with a value of
47¢F to 100xF should be used for bulk decoupling to
recharge the 0.14F capacitors between cycles, thereby
reducing power line droop. The bulk decoupling
capacitor should be placed near the point. where the
power traces meet the power grid or power plane. Even
better results may be achieved by distributing more than
one tantalum capacitor around the memory array.
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KM44C1003C/CL/CSL

CMOS DRAM

PACKAGE DIMENSIONS

24-LEAD PLASTIC SMALL OUT-LINE J-LEAD (300MIL)

VL_"JJ'TI“II_II_H—I

101 ] ™

[1 [

Units: Inches (millimeters)

| 0.027 (0.69)
N MIN

D

0.295 (7.49)
0.305 (7.75)

0.260 (6.60)
0.275 (6.98)
0.330 (8.38)
0.340 (8.64)

0.008 (0.20)

(o]

S g I ) O O Y i
0.670 (17.02)
0.680 (17.27)

Slawion] YH

0.026(0.66)

0.050(1.27) ‘ 0.015(0.38) ‘J
TYP I 0.021(0.53)

[~ 0.032(0.81)

0.012 (0.30)

0.128 (3.25)
0.145 (3.68)

0.050(1.27)
MAX

24-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE(ll) (300MIL, Forward and Reverse Type)

003 (0.80)

TYP

HHHHHHE HHHHHH

D

O

0671 (17.04)

(o]
HsBEHEBEH sHHEHEHHSH

0679 (17.24)

—

4
Elomon] UOHHAATHHHAART

0.048 (1.22)

0.012 (0.30)

0.052 (1.32)

0.020 (0.50)

-

Y g =9
(SR s, Z|S
© | o <> @l
2|8 8- 88
oo o S|o
a8 -
ale
3|3
S|e 0.005 (0.13)
S | It
0.008 (0.20) -
0.037 (0.95)
TVYP
0.016 (0.40) | J
0024 (060) I !
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KM44C1004C/CL/CSL

CMOS DRAM

1M x4Bit CMOS Dynamic RAM with Extended Data Out

FEATURES
« Performance range:
tRAaC | tcac | tRc | tHPC
KM44C1004C/CL/CSL-5 50ns | 13ns | 90ns | 20ns
KM44C1004C/CL/CSL-6 60ns | 15ns | 110ns | 24ns
KM44C1004C/CL/CSL-7 70ns | 20ns | 130ns | 29ns
KM44C1004C/CL/CSL-8 80ns | 20ns | 150ns| 34ns

- Fast Page Mode with Extended data out
« CAS-before-RAS refresh capability
« RAS-only and hidden refresh capability
« Fast parallel test mode capability

« TTL compatibie inputs and outputs
« Early write or output enable controlled write
« Single + 5.0V +10% power supply

« Refresh Cycle

— 1024 cycle/16ms (Normal)
— 1024 cycle/128ms (L-version)
— 1024 cycle/256ms (SL-version)

« Power Dissipation

— Standby: 5.5mW (Normal)
1.1mW (L-version)
0.55mW (SL-version)

— Active (50/60/70/80): 468/413/358/303mW

« JEDEC standard pinout

* Available in plastic DIP,SOJ,ZIP and TSOP -lI

packages

FUNCTIONAL BLOCK DIAGRAM

GENERAL DESCRIPTION

The Samsung KM44C1004C/CL/CSL is a high speed
CMOS 1,048,576 x 4 Dynamic Random Access
Memory. lts design is optimized for high performance
applications such as mainframes and mini computers,
graphics and high performance microprocessor
systems.

The KM44C1004C/CL/CSL features EDO Mode
operation which allows high speed random access of
memory cells within the same row. CAS-before-RAS
refresh capability provides on-chip auto refresh as an
alterntive to RAS-only Refresh. All inputs and outputs
are fully TTL compatible.

The KM44C1004C/CL/CSL is fabricated using
Samsung's advanced CMOS process.

RAS
e CONTROL & DATA
i CLOCK IN
w BUFFER
u REFRESH CONTROL & [t)g 1
ADDRESS COUNTER
DQg
DATA
COLUMN DECODER ouT
SENSE AMPS & 1/0 BUFFER
L |Elg Lo
. |5]18| memory array
- 218 1048576x4 cELLS
. |&]a
ul > —— VoD
. @
. g 13 ~— Vgs
Ag —f <

s v
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KM44C1004C/CL/CSL CMOS DRAM

PIN CONFIGURATION (Top Views)

« KM44C1004CP/CLP/CSLP « KM44C1004CJ/CLJ/CSLJ « KM44C1004CZ/CLZ/CSLZ
T SRAY AR T
oai[1] o 20] Vss pa; " 20[7 vss oE[1] Bl
pa, 2 19 oa
oo, [ 2] 0] Das ws 18 [100s ] [#]oas
w[3] [18] Dos AAS O} 4 17 [0 CAS Vss[ 5]
WE ECTS Ag}5 16 [ OF DQzZ]E;Ch
Ag E E OF RAS E] % A
Ao [® 15] A Ao[]6 15 [0 A8 o
AI: :l: a7 14 A7 AOT—TIF_{ A
'E [14] A7 A2(}8 130 As AZEEA
AZE EAG Az (o 12{dAs Vee E 3
veco O 11PAs [16] 2
As[9] 12] 45 — As [17] [5] A
vee [10 o [11] As ) A7 E_] & A:
20
>

« KM44C1004CT/CLT/CSLT + KM44C1004CTR/CLTR/CSLTR

. Pin Names Pin Function
oo [T+ © 20[T] vss vss [T]20 1T} pa ’
o Ag-Ag Address Inputs
oaz [[]2 19{T] pas paq [T]1e 2[T]oe,
w e 18[T] 00s 0as [T}1e Ak RAS Row Address Strobe
ras (]« 1[[] cAs Gas |17 4[| RAS CAS Column Address Strobe
As[T]s 16[T] OF oe [[]1e 5[] e W Read/Write Input
OE Data Output Enable
Ao [Tle 15 15 A
A:’g:: ; iy %: :‘: E . j % o | DQr-DQs | Data InData Out
Az[]: 8 13 :DAS ABH:13 Bﬂ]AZ Vcc Power (+5V)
As[[e 12[T]As As [T]12 o o[l A Vss Ground
vee [T]to S t]]m Aq [T 10[T] Ve
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KM44C1004C/CL/CSL -CMOS DRAM
ABSOLUTE MAXIMUM RATINGS
Parameter Symbol Rating Units
Voltage on any pin relative to Vss VIN, VouT -1to +7.0 \Y
Voltage on Vcc supply relative to Vss Vce -1to +7.0 )
Storage Temperature Tstg -55 to + 150 °C
Power Dissipation Po 600 mwW
Short Circuit Output Current los - 50 mA

*

Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. Functional operation

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

RECOMMENDED OPERATING COND'T'ONS (Voltage referenced to Vss, Ta=0 to 70°C)

Parameter Symbol Min Typ Max Unit
Supply Voltage Vee 4.5 5.0 5.5 \
Ground Vss 0 0 0 \'
Input High Voltage ViH 2.4 —_ Vee + 1 \
Input Low Voltage ViL -1.0 — 0.8 \
DC AND OPERATING CHARACTERISTICS
(Recommended operating conditions unless otherwise noted)
Parameter Symbol| Min | Max | Units
KM44C1004C/CL/CSL-5 85 mA
Operating Current* KM44C1004C/CL/CSL-6 oot B 75 ‘mA
(RAS and CAS Cycling @tre=min.) KM44C1004C/CL/CSL-7 65 mA
KM44C1004C/CL/CSL-8 55 mA
Standby Current KM44C1004C oo B 2 mA
(RAS=CAS=W=V) KM44C1004CL/CSL 1 mA
KM44C1004C/CL/CSL-5 85 mA
RAS-Only Refresh Current* KM44G1004C/CL/CSL-6 lec3 ) 75 | mA
(CAS=ViH, RAS, Address Cycling @trc=min.) KM44C1004C/CL/CSL-7 65 mA
KM44C1004C/CL/CSL-8 55 mA
KM44C1004C/CL/CSL-5 85 mA
EDO Mode Current* KM44C1004C/CL/CSL-6 lccs R 75 mA
(RAS=ViL, CAS, Address Cycling @tHpc=min.) KM44C1004C/CL/CSL-7 65 mA
KM44C1004C/CL/CSL-8 55 mA
; KM44C1004C 1 mA
Standby Current
AT ARG T KM44C1004CL lccs - 200 KA
(RAS=CAS=W=Vce-0.2V) KM44C1004CSL 100 | uA
KM44C1004C/CL/CSL-5 85 mA
CAS-Before-RAS Refresh Current* KM44C1004C/CL/CSL-6 loce ) 75 mA
(RAS and CAS Cycling @tre=min.) KM44C1004C/CL/CSL-7 65 mA
KM44C1004C/CL/CSL-8 55 mA

s ug
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DC AND OPERATING CHARACTERISTICS (continued)
Parameter Symbol| Min | Max | Units
Battery Back Up Current Average Power Supply Current, .
Battery Back Up Mode, Input High Voltage(ViH)=Vcc-0.2V
Input Low Voltage(Vi)=0.2V CAS=CAS-Before-RAS Emﬁglggig; lcc? - ?gg H :
Cycling or 0.2V DQ1-DQs=Don't Care, TRe=1254S(L-Ver) #
Trc=250pS(SL-Ver.), TRas=TRas min.~300nS
Input Leakage Current Vcc+0.5V I 10 10 A
(Any input 0<VIN <Vcc+0.5V, all other pins not under test=0 volts.) b /‘
Output Leakage Current }
(Data out is disabled, OV <Vout<Vcc) low 10 10 A
Output High Voltage Level (lon=-5mA) Vo 2.4 - \
Output Low Voltage Level (loL=4.2mA) Vou - 0.4 \'

*NOTE: lcc, lces, Icca and Icce are dependent on output loading and cycle rates. Specified values are obtained with
the output open. Icc is specified as an average current. In Icct, Iccs, Iccs, Address can be changed maximum
two times while RAS=ViL. In Iccs, Address can be changed maximum once during a Hyper Page cycle.

CAPACITANCE (12-25°C, Vcc=5V, f=1MHz)

L msung

ELECTRONICS

Parameter Symbol Min Max Unit

Input Capacitance (Ao~Ao) CiNt - 5 pF

Input Capacitance (RAS, CAS, W, OE) Cin2 - 7 pF

Output Capacitance (DQ1~DQa) Coa - 7 pF

AC CHARACTERISTICS (0°C<Ta<70°C, Vcc=5.0V+0.5V, See notes 1,2)
Test condition: VIH/VIL=2.4/0.8V, Voh/Voi=2.0/0.8V, output loading CL=100 pF
-5 -6 -7 -8
Parameter Symbol Units | Notes
Min| Max | Min| Max | Min] Max | Min| Max
Random read or write cycle time trRC 90 110 130 150 ns
Read-modify-write cycle time trwe | 133 155 185 205 ns
Access time from RAS tRAC 50 60 70 80| ns | 3411
Access time from CAS tcac 13 15 20 20| ns | 345
Access time from column address taa 25 30 35 40| ns 3N
CAS to output in Low-Z teiz 3 3 3 3 ns 3
Output buffer turn-off delay from CAS tcez 3 13 3 15 3 20 3 20| ns 7
Transition time(rise and fall) tr 2. 50 2 50 2 50 2 50! ns 2
RAS precharge time tRP 30 40 50 60 ns
RAS pulse width tRas 50 | 10,000 | 60 | 10,000 | 70| 10,000 | 80| 10,000 | ns
RAS hold time theH | 13 15 20 20 ns
CAS hold time tcsH | 40 50 60 70 ns
CAS pulse width tcas 8| 10,000 | 10| 10,000 | 15| 10,000 | 20| 10.000| ns 16
RAS to CAS delay time tRoo | 20 37| 20 45| 20 50 | 20 60| ns 4
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KM44C1004C/CL/CSL ‘ CMOS DRAM

AC CHARACTERISTICS (Continued)

. -5 -6 -7 -8
Parameter Symbol Units | Notes
‘ Min| Max | Min| Max | Min| Max | Min| Max

RAS to column address delay time tRAD 15 25| 15 30| 15 3| 15 4 ns 1
CAS to RAS precharge time fcrp 5 5 5 5 | ns
Row address set-up time tasA 0 0 0 0 ns
Row address hold time tRAH 10 10 10 10 ns
Column address set-up time tasc 0 0 0 0 ns
Column address hold time tcaH 8 10 15 15 ns

| Column address hold time referenced to RAS R 40 45 56 60 ns 6
Column address to RAS lead time traL | 25 30 35 40 ns
Read command set-up time tRCS 0 0 0 0 ns
Read command hoid time referenced to CAS tRCH 0 1 0 0 0 ns 9
Read command hold time referenced to RAS tRAH 0 0 0 0 ns 9
Write command hold time twen | 10 10 15 15 ns
Write command hold time referenced to RAS twer 40 45 55 60 ns 6
Write command pulse width twe | 10 10 15 15 : ns
Write command to RAS lead time tawe | 13 15 20 20 ns
Write command to CAS lead time tow, 8 10 15 20 ns
Data set-up time tos 0 0 0 0 ns 10
Data-in hold time toH 10 10 15 15 ns 10
Data-in hold time referenced to RAS {OHR 40 45 55 60 ns 6
Refresh period (Normal) tREF 16 16 16 16| ms
Refresh period (L-ver) tREF 128 128 | 128 128 | ms
Refresh period (SL-ver) REF 256 256 256 256 | ms
Write command set-up time twes 0 0 0 0 ns 8
CAS to W delay time fowo | 36 40 50 50| ns 8
RAS to W delay time to | 73 85 100 110 ns | 8
Column address to W delay time tawo | 48 55 65 70 ns 8
CAS set-up time (CAS-before-RAS refresh) fesr | 10 10 10 10 ns
CAS hold time(CAS-before-RAS refresh) towr | 10 10 15 15 ns
RAS to CAS precharge time tRpc 5 5 5 5 ns
CAS precharge time (C-B-R counter test cycle) tcer | 20 20 25 30 ns
Access time from CAS precharge tcpa 30 35 40 45| ns 3
Hyper Page cycle time tHPC 20 24 29 34 ns 16
Hyper Page read-modify-write cycle time temc | 62 73 88 98 ns
RAS pulse width (Hyper Page Cycle) trasp | 50 | 200,000| 60| 200,000 | 70 | 200,000 | 80| 200,000 | ns
CAS precharge fime (Hyper Page Cycle) tcp 8 10 10 10 ns
RAS hold time from CAS precharge taHce | 30 35 40 45 ns
OE access time tOEA 13 15 20 20| ns
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KM44C1004C/CL/CSL

CMOS DRAM
AC CHARACTERISTICS (continued)
-5 6 -7 -8
Parameter Symbol Units | Notes
- | Min|{ Max | Min| Max | Min| Max | Min| Max
OE to data delay toeo | 13 15 20 20 ns
Output buffer tum off delay time from O toez 3 13| 3 15 3 20 3 20| ns
OE command hold time toew | 13 15 20 20 ns
Write command set-up time (test mode in) twrs 10 10 10 10 ns
Write command hold time {test mode in) twTH 10 10 10 10 ns
W to RAS precharge time(C-B-R refresh) twrp | 10 10 10 10 ns
W to RAS hold time(C-B-R refresh) twrH | 10 10 10 10 ns
Output data hold time tDOH 5 5 5 5 ns
Output buffer turn off delay from RAS tREZ 3 13| 3 15| 3 20 3 2| ns | 7,15
Output buffer turn off delay from W twez 3 13 3 15 3 20 3 20| ns 7
W to data delay tweo | 15 15 20 20 | ns
OE to CAS hold time tocH 5 5 5 5 ns
CAS hold time to OE tcHo 5 5 5 5 ns
OE precharge time toep 5 -5 5 5 ns
W pulse width (Hyper Page Cycle) twPE 5 5 5 5 ns
231
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KM44C1004C/CL/CSL CMOS DRAM

TEST MODE CYCLE - Note.12)

-5 -6 -7 -8
Parameter Symbol Units | Notes
Min| Max | Min| Max | Min| Max | Min| Max
Random read or write cycle time trRe 95 115 135 155 ns
Read-modify-write cycle time trwe | 138 160 190 210 ns
Access time from RAS tRAC 55 65 75 85| ns | 3411
Access time from CAS tcac 18 20 25 25| ns | 345
Access time from column address taa 30 35 40 45| ns 3,11
RAS pulse width trRaS 55| 10,000 65| 10,000 75| 10,000{ 85| 10,000| ns
‘| CAS pulse width tcas 13| 10,000 15| 10,000 20 | 10,000| 25 ( 10,000{ ns
RAS hold time thsH | 18 20 2 % ns
CAS hold time tesH |- 43 - 50 55 65 ns
Column address to RAS lead fime e | 30 35 40 45 ns
. | CAS to W delay time town | 41 45 55 55 ns 8
RAS to W delay time tawo | 78 90 105 115 ns 8
Column address to W delay time twp | 53 60 70 75 ns 8
Hyper Page cycle time tHPC 25 29 34 39 ns
Hyper Page read-modify-write cycle time tPRWC | 67 78 ) 93 103 ns
RAS pulse width (Hyper Page Cycle) trasp | 55| 200,000 | 65 200,000 75| 200000 85| 200,000 ns
Access time from CAS precharge topa 35 40 45 50| ns 3
OE access time toEA 18 20 25 25| ns
OE to data delay toeo | 18 20 25 25 ns
OE command hold time toen | 18 20 25 25 ns
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KM44C1004C/CL/CSL

CMOS DRAM

NOTES

1

. An initial pause of 200us is required after power-up

followed by any 8 CAS-before-RAS or RAS-only
Refresh cycles before proper device operation is
achieved.

. ViH(min) and ViL{max) are reference levels for

measuring timing of input signals. Transition times
are measured between ViH(min) and ViL{(max) are
assumed to be 5ns for all inputs, except tHpc and
tHPRWC .

. Measured with a load equivalent to 2 TTL loads

and 100pF,

. Operation within the trRco(max) limit insures that

trac(max) can be met. trcb(max) is specified as a
reference point only. If trcD is greater than the
specified trcp(max) limit, then access time is
controlled exclusively by tcac.

Assumes that trco >trcp (max).

taR, twcr, toHR are referenced to trap(max).

. This parameter defines the time at which the

output achieves the open circuit condition and is
not referenced to VoH or VoL.

twcs, trRwp, tcwp and tawp are non restrictive
operating parameters. They are included in the
data sheet as electric characteristics only. If twcs >
twcs(min) the cycle is an early write cycle and the
data out pin will remain high impedance for the
duration of the cycle. If tcwp>tcwp(min), trRwp>
trRwp(min) and tawp >tawp(min), then the cycle is a

1

-

12.
13.

14.

15.

16.

read-modify-write cycle and the data output will
contain the data read from the selected address. If
neither of the above conditions are satisfied, the
condition of the data out is indeterminate.

. Either trcH or trRrRH must be satisfied for a read

cycle.

. These parameters are referenced to the CAS

leading edge in early write cycles and to the W
leading edge in read-write cycles.

. Operation within the trab(max) limit insures that

trac(max) can be met. trad(max) is specified as a
reference point only. If tRaD is greater than the
specified trap(max) limit, then access time is
controlled by taa.

These specifications are applied in the test mode.

In test mode read cycle, the value of tRaC, taa, tcac
is delayed by 2ns to 5ns for the specified value.
These parameters should be specified in test mode
cycles by adding the above value to the specified
value in this data sheet.

tcez(max), trRez(max), toez(max) and twez(max) define
the time at which the output achieves the open cir-
cuit condition and are not referenced to output volt-
age level.

If RAS goes to high before CAS high going, the
open circuit condition of the output is achieved by -
CAS high going. If CAS goes to high before RAS
high going, the open circuit condition of the output
is achieved by RAS high going.

tasc = tcP min, Assume tT=2.0ns.

S imsung
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KM44C1004C/CL/CSL

CMOS DRAM

TIMING DIAGRAMS

READ CYCLE
tre
tass b tpp ——|
_ T -
s Vin \)———————hn / N
Vie —
tere L————tRCD trsH fore
Vi — tcas -
C_AS H \ /
Vie — .
tosn
tasn traH tasc
LASC] I
Vin — ROW - coLumn
v, — ADDRESS ADDRESS
iL -
B I
l~—trap traL e tRRH
I’ tros — treH
Vi —
Ve = t
AA ——r————y
. Vin —
OF /6
Vie — z
toea l—t(}EZ—«
[e=——tcac ——= tOEZ——'4
thrac tREZ ——
Von—
DQ4-DQ4 OPEN VALID DATA-OUT }——
VoL— —
F—'tCLZ

DON'T CARE

L= ns v
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KM44C1004C/CL/CSL CMOS DRAM

T|M|NG DIAGRAMS (Continued)
WRITE CYCLE (EARLY CYCLE)

tre

thp —=
tras P
RAS tan
Vi —

trco trsH tcrP
tes

Vi — teas -
Ve — -——'RAD——J /
t
t t H RAL
ek ’2-‘ tasc ——‘cm—-l
A Vin = [ row ) COLUMN |
Vi — ADDRESS ADDRESS )
twen
towe
Vi — 2

twes

tawe

OE Vin
DQ. Vi — Y\ NV VVVVYV \/ -
2000 X RKILLLEN v onan KX BB
= tonr

WRITE CYCLE (OE CONTROLLED WRITE)

[? [——
v, — ————— - RAS
e Vi T tchp ‘ \—
trep trsH
tesn
Vin = . teas :
R ave
tosh t :AH bsep | toan
A Vi = . ROW ) - CcoLUMN
Vi — ADDRESS ADDRESS
traL
w Vi = twp
Vi — V.
. bm‘RWL
Ve = XY
L A
Vi TS " VAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAV.
o CRH oo R REE

DON'T CARE

i
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KM44C1004C/CL/CSL ~ CMOS DRAM

TIMING DIAGRAMS (Continued)
READ-MODIFY-WRITE CYCLE

tawc

trp ~={

tras

Vi — ,\

terp
f'_‘ —trco taskH
Vin — \ teas /_'
CAs Vi .— tasr | [~ tRao—— \ 4

tcHs

tran et tasc H = tcan

Vin r
A ROW COLUMN
Vii — b 9

tawo tRwL
, towo ; a—— towL —]
t
Vin — we
W le | teac—od
(i tawp "
tan
Vi — toea
O? H
Ve — ) toen tos
F trac togz —] toH
Vijon — ’ |
DQ-DQ, VALID VALID
VoL — DATA OUT DATA IN > R
torz .
HYPER PAGE READ CYCLE
7 tRASP l— tRP
 —
N ViH — tRHCP ——]
RAS y \ tan——— .
ViL — 4’
——tHPC ————f——tHPC ——
tCRP F=———— tRCD: N .
VIH — | tCAS
l—tRAD: tCAS b——tcAS—-y
s X \
ey | tasc
e tASC| |tCAH —
tASR __H__ tRAH) 1ASC] tCAH A
ViH — ROW COLUMN COLUMN g COoL.
A viL — ADDR ADDRESS | ADDRESS ADDR
tRCS l
- VIH — ’ '
w viL — L
tA|A —tcac —
r—tCPA
1CPA
W\——1 CAC toCH
/1
VIH — L toEA j N| toEA
w2 OO
toEP
e tCAG——~
tRAC tDOH Htoez

VoH — 7 VALID 3z b
DQ1-DQs e, ‘%DATAOUT 2 m L1 b
| torz.]
. VALID -

DATA OUT Don't Care
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KM44C1004C/CL/CSL CMOS DRAM

TlMlNG DlAGRAMS (Continued)
HYPER PAGE WRITE CYCLE (EARLY WRITE)

trase

RAS \ tar [=— tancr —

£€ j
1,
].C_“‘; trco

trp
- tRgH —d
tee tep
Vin — \—!cas— ——teas 5y toas — )
CAS Y \ \
v - e £ X 4

5

tec tec

tasc=y tasc tasc
tasr tesH : toan | toan
CAH
Vi — — L
A " ROW COLUMN '] COLUMN | COLUMN
Vi — ADD ADDRESS ADDRESS ADDRESS
fee— tRAD —4 I tweH twos| tweH —=] twes| [ twer—|
twe:
5 e 1 e e
- Vi — N
1 7
bt towe
towe —! towt J: F—1 tawL —=
__ Vin —
OE
Vi —

tos toH tos ton tos ton
Viu — R
DQ;-DQ, VALID VALID VALID
Ve = DATA-IN DATA-IN DATA-IN
L—'DHR ]

HYPER PAGE READ-MODIFY-WRITE CYCLE

trase
Vi — =y \
RAS AR
Vii — ¢
cRP -
- trRWC ) = trsH trp
lcsH CP
P Vin — W tRan \ tcas f \ tcas - //
Vi — b1 tRco 11 tasc
tasr tasc toan tow |~ tow,
- ] toan trwL ——
— 4 N
A Vi ROW ><'L COLUMN | " coLumN
Vi — ADD _tADDRESS ‘ADDRESS
trap ] tRaL
I'-—— tres twe twp |
w Vi — X / - N
v, tewo \ town \‘
L - ‘
tawo tawp
tawo
Vi —
6E IH
Vie —
_—tAIA
toea =T tow
toac e—ei
trac
Viou— VAVAVAVAVAVAV,
R
VoL = . WANN NN
o2 VALID VALID ALID VALID
DATA-OUT DATA-IN DATA-OUT DATA-IN

M DON'T CARE
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KM44C1004C/CL/CSL

CMOS DRAM

HYPER PAGE READ AND WRITE MIXED CYCLE

ViH

RAS Vi
ViH
Y
A Vi
ViL

— VIH
w Vi
— VIH
OE ViL
VvoH

DQ1~DQ4

VoL

4 tcp
- READ{tCAC) E READ{tCPA) E WRITE E READ(tAA) Z
\‘ : : ; \_
tar i tHPc tHPC tHrc
P L tcp—] top
R 4 N N s
\E—tcxas—y R-—tc;«s—-j tcas mﬁ}
K. b |
tRaH |
tasr tasc | (tcan teaH tasc| |tcan tasc }iﬁn

te——ad

le——tASC—» te—

L

fROw x COLUMN x‘
| ADDR £\ ADDRESS ¥\

COLUMN ) # coLumn ) - coL.
ADDRESS \ ADDRESS,, \ ADDR )

trcs ‘ tRCH tRCH
trecs
] tweH
tROH —~He wos
QU NS NV XX
7
‘ )
—~ twee
‘ tweo
tcpa S
l' J’
OEA twez toH tREZ
I-—tCAc—— ] o—w\_..w
e tAA — twez tos
trac '— torz ==
| £ vaup VALIDjH‘ VALID > { VALID }_
DATA-OUT DATA-OUT, o DATA-IN p ATA-OUT]
toz ’

m Don't Care
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KM44C1004C/CL/CSL CMOS DRAM

TIMING DIAGRAMS (continued)
HIDDEN REFRESH CYCLE (READ)

tre tre :
Re
taas ~—tre b tras B
| — ]
mAS ™ \ tan 2“ ’\ : / X
Vi — "
t
i treo tRsH ——=]
Vi — 4 = tcHr S
S, N Y g
Vi — z
tasr tran tasc
. 1 F=tcan—
A Vi = " Row ] COLUMN /
Vi — . ADDRESS ADDRESS & \
— 1
trao whp =y
r-'lacs—— trRRH S

g
< <
/I
[

'S

t
*~ }—- trRez

oF Vig — toea §

VL —

—tcac —— twez I-———~ tcez
trac toez
. on — ¥ 2!

DQ;-DQ4 VALID DATA-OUT

Voo — towz

HIDDEN REFRESH CYCLE (WRITE)
- tre tre
trp —=— tap =
\ tras " tRAS ———]
[ Vi = \ tar \ \
RAS Vio — r
torp tren trsH——

J— Vi — = tcwr
CAS \

Vi — x ‘

tasr tran tasc caH

Vi = " Row COLUMN

A v — ADDRESS ADDRESS
L A
-.—tRAD‘—( twre §
I -y

= twes -~

twe

:
%

tos

—
Vig — =
ViL —

| tonr
DON'T CARE
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KM44C1004C/CL/CSL CMOS DRAM

TIMING DIAGRAMS (Continued)

RAS-ONLY REFRESH CYCLE
Note: W, OE=Don't Care

tre

tras

tere trrc tore
CAS Viy — -
M — )

Vin — F row XYY Y AVAVAVAY VAV %7040 %078747070 0

CAS-BEFORE-RAS REFRESH CYCLE
Note: OE, Address=Don't Care

tre tre

tapc —=|
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tep
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— Vin — 4 f=————tcHn
CAS
ViL — X
twre twrH
_ Vi — . Y
" NOKEEEEEIXIOKEKRC
Vi —
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Von —
DQ;-DQ4 OPEN
on — -
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KM44C1004C/CL/CSL 'CMOS DRAM

TIMING DIAGRAMS (continued)

CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE b teo
a—— Vih — RAS
RAS el \L t \
) tept —= RSH
tosr
JE— Vin — terr 7t % teas -
| e o traL
A Vin = COLUMN
Vi — o ADDRESS .
tan [=t—=1 tRaH
READ CYCLE il I Y s | L toac— trcn
o P
- R R
™ trez

Vin —

o £
ViL —

\—— ]’—‘- tcez
toea
toez
Von— = N
DQ;-DQ4 VALID DATA-OUT
VoL — tewz =
towe
WRITE CYCLE twm««‘ Yt
twes
w Vig — o —twon—
Vie — .-
’er
oF Vin —
Vie —
L-.to—s. LIDH——-
Vi — - B
DQ;-DQ, VALID DATA-IN
, viL— X
READ-MODIFY-WRITE tawo o
twre twaH 4‘ tres N t=— tAwe
tewo
_ Vi — N
W N
Vie —

teac

oF Vi — toea -
ViL — I: toen

1 = tor ~

torz = - 4

to:
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KM44C1004C/CL/CSL

CMOS DRAM

TIMING DIAGRAMS (cContinued)

TEST MODE IN CYCLE
Note: OE, Address: Don't Care

tac

[

tras

Vg —
RAS " \
V —
" | to—

toHm

BB

XIS

tcez

DQ,-DQ; N

Voo — 4

TEST MODE DESCRIPTION

The KM44C1004C/CL/CSL is the RAM organized 1,
048,576 words by 4 bit, it is internally organized 524,
288 words by 8 bits. In "Test Mode", data are written
into 8 sectors in parallel and retrieved the same way.
Column address bit Ao is not used. If, upon reading, two
bits on one I/O pin are equal (all "1"s or “0"s) the I/O pin
indicates a "1". If they were not equal, the I/O pin would

OPEN

DON'T CARE

indicate a "0". In "Test Mode", the 1M x4 DRAM can be
tested as if it were a 512K x 4 DRAM. W, CAS-BEFORE-
RAS Cycle (Test Mode in Cycle) puts the device into
"Test Mode". And "CAS-BEFORE-RAS REFRESH
CYCLE" or "RAS-only Refresh Cycle" puts it back into
"Normal Mode". The "Test Mode" function reduces test
time (1/2 in cases of N test pattern).
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KM44C1004C/CL/CSL

CMOS DRAM

DEVICE OPERATION

The KM44C1004C/CL/CSL contains 4,194,304 memory
locations. Twenty address bit are required to address a
particular 4-bit word in the memory array. Since the
KM44C1004C/CL/CSL has only 10 address input pins,
time multiplexed addressing is used to input 10 row
(Ao~A9) and 10 column(Ao~Ag) address. The multiplexing
is controlled by the timing relationship between the row
address strobe(RAS), the column address strobe(CAS),
and the valid row and column address inputs.

Operating of the KM44C1004C/CL/CSL begins by
strobing in a valid row address with RAS while CAS
remains high. Then the address on the 10 address input
pins(Ao~As) is changed from a row address to a column
address and is strobed in by CAS. This is the beginning
of any KM44C1004C/CL/CSL cycle in which a memory
location is accessed. The specific type of cycle is
determined by the state of the write enable pin and
various timing relationships. The cycle is terminated
when both RAS and CAS have returned to the high
state. Another cycle can be initiated after RAS remains
high long enough to satisfy the RAS precharge time(trr)
requirement.

RAS and CAS Timing

The minimum RAS and CAS pulse widths are specified
by tras(min) and tcas(min) respectively. These minimum
pulse widths must be satisfied for proper device
operation and data integrity. Once a cycle is initiated by
bringing RAS low, it must not be aborted prior to
satisfying the minimum RAS and CAS pulse widths. In
addition, a new cycle must not begin until the minimum
RAS precharge time, trp, has been satisfied. Once a
cycle begins, internal clocks and other circuits within the
KM44C1004C/CL/CSL begin a complex sequence of
events. If the sequence is broken by violating minimum
timing requirements, loss of data integrity can occur.

Read .

A read cycle is achieved by maintaining the write enable
input(W) high during a RAS/CAS cycle. The access time
is normally specified with respect to the falling edge of
RAS. But the access time also depends on the falling
edge of CAS and on the valid column address transition.
If CAS goes low before trep(max) and if the column
address is valid before trRac(max), then the access time
to valid data is specified by trac(min). However, if CAS
goes low after trco(max), access is specified by tcac or
taa. In order to achieve the minimum access time, tRAC
(min), it is necessary to meet both trRcp(max) and trAaD
(max). The KM44C1004C/CL/CSL has common data I/O
pins. The this reason an output enable control input(OE)
has been provided so the output buffer can be precisely
controlled. For data to appear at the outputs, OE must
be low for the period of time defined by toea and toez.

Write

The KM44C1004C/CL/CSL can perform early write, late
write and read-modify-write cycles. The difference
between these cycles is in the state of data-out and is
determined by the timing relationship between W, OE
and CAS. In any type of write cycle, Data-in must be
valid at or before the falling edge of W or CAS,
whichever is later.

Early Write: An early write cycle is performed by bringing
W low before CAS. The data at the data input pins is
written into the addressed memory cells. Throughout the
early write cycle the output remains in the Hi-Z state. In
the early write cycle the output buffers remain in the
three state regardless of the state of the OE input.

Read-Modify-Write: In this cycle, valid data from the
addressed cell appears at the output before and during
the time that data is being written into the same cell
location. This cycle is achieved by bringing W low after
CAS and meeting the data sheet read-modify-write
cycle timing requirements. This cycle requires using a
separate I/0O to avoid bus contention.

Late Write: f W is brought low after CAS, a late write
cycle will occur. The late write cycle is very similar to the
read-modify-write cycle except that the timing
parameters, tRwD, tcwp and tawp, are not necessarily
met. The state of date-out is indeterminate since the
output can be either Hi-Z or contain data depending on
the timing conditions. This cycle requires a separate I/0
to avoid bus contention.

Data Output

The KM44C1004C/CL/CSL has a three-state output
buffer which is controlled by RAS, CAS and OE. When
RAS and CAS go high(ViH) or OE goes high (ViH), the
outputs are in the high impedance state. In any cycle in
which valid data appears at the output, the output goes
into the low impedance state in a time specified by tci.z
after the falling edge of CAS. Invalid data may be
present at the output during the time after tcLz and
before the valid data appears at the output. The timing
parameters tcac, tRAC and taa specify when the valid
data will be present at the output. The valid data at the
output cannot be eliminated by CAS rising only and it
remains until both RAS and CAS returns high. This is
true even if a new RAS cycle occurs(as in hidden
refresh). Each of the KM44C1004C/CL/CSL opegating
cycles is listed below after the corresponding output
state produced by the cycle.

Valid Output Data: Read, Read-Modify-Write, Hidden
Refresh, EDO Mode Read, EDO Mode Read-Modify-
Write. )

L5 utig
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KM44C1004C/CL/CSL

CMOS DRAM

DEVICE OPERATION (Continued)

Hi-Z Output State: Early Write, RAS-only Refresh, Fast
Page with EDO Mode Write, CAS-before-RAS Refresh,
OE controlled write.

Indeterminate Output State: Delayed Write (tcwb or tRwD
are not met)

Refresh

The data in the KM44C1004C/CL/CSL is stored on a
tiny capacitor within each memory cell. Due to leakage
the data may leak off after a period of time. To maintain
data integrity it is necessary to refresh each of the rows
every 16/128/256ms. There are several ways to
accomplish this.

RAS-Only Refresh: This is the most common method for
performing refresh. It is performed by strobing in a row
address with RAS while CAS remains high. This cycle
must be repeated for each row. ’

CAS-before-RAS Refresh: The KM44C1004C/CL/CSL
has CAS-before-RAS on-chip refresh capability that
eliminates the need for external refresh addresses. If
CAS is held low for the specified set up time (tcsr)
before RAS goes low, the on-chip refresh circuitry is
enabled. An internal refresh operation automatically
occurs. The refresh address is supplied by the on-chip
refresh address counter which is then internally
incremented in preparation for the next CAS-before-
RAS refresh cycle.

Hidden Refresh: A hidden refresh cycle may be
performed while maintaining the latest valid data at the
output by extending the CAS active time and cycling
RAS. The KM44C1004C/CL/CSL hidden refresh cycle is
actually a CAS-before-RAS refresh cycle within an
extended read cycle. The refresh row address is
provided by the on-chip refresh address counter.

Other Refresh-Methods: It is also possible to refresh the
KM44C1004C/CL/CSL by using read, write or read-
modify-write cycles. Whenever a row is accessed, all the
cells in that row are automatically refreshed. There are
certain applications in which it might be advantageous
to perform refresh in this manner but in general RAS-

only or CAS-before-RAS refresh is the preferred method.

Fast Page Mode with Extended Data Out

Fast page mode provides high speed read, write or
read-modify-write access to all memory cells within a
selected row. These cycles may be mixed in any order.
A fast page mode cycle begins with a normal cycle.
Then, while RAS is kept low to maintain the CAS is
cycled to strobe in additional column addresses. This

eliminates the time required to set up and strobe
sequential row addresses for the same page.

CAS-before-RAS Refresh Counter Test Cycle

A special timing sequence using the CAS-before-RAS
counter test cycle provides a convenient method of
verifying the functionality of the CAS-before-RAS refresh
activated circuitry.

After the CAS-before-RAS refresh operation, is CAS
goes high and then low again while RAS is held low, the
read and write operations are enabled.

This is shown in the CAS-before-RAS counter test cycle
timing diagram. A memory cell be addressed with 10
row address bits and 10 column address bits defined as

follows:

Row Address — Bits Ao through Ag are supplied by the
on-chip refresh counter.

Column Address — Bits Ao through Ag are supplied by
the falling edge of CAS as in a normal memory cycle.

Suggested CAS-before-RAS Counter Test

Procedure

The CAS-before-RAS refresh counter test cycle timing is

used in each of the following steps;

1. Initialize the internal refresh counter by performing 8
CAS-before-RAS cycles.

2. Write a test pattern of "lows" into the memory cells at
a single column address and 1024 row address.

(The row addresses are supplied by the on-chip
refresh counter).

3. Using read-modify-write cycle, read the "lows"
written during step 2 and write "highs" into the same
memory locations. Perform this step 1024 times so
that highs are written into the 1024 memory cells.

4. Read the "highs" written during step 3.

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

Power-up

If RAS=Vss during power-up, the KM44C1004C/
CL/CSL could possibly begin an active cycle. This
condition results in higher than necessary current
demands from the power supply during power-up. It is
recommended that RAS and CAS track with Vcc during
power-up or be held at a valid ViH in order to minimize
the power-up current. An initial pause of 200 usec is
required after power-up followed by any 8 initialization
cycles before proper device operation is assured. Eight
initialization cycles are also required after any 16(L-ver:
128, SL-ver:256) msec period in which there are no RAS

s v
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KM44C1004C/CL/CSL

CMOS DRAM

DEVICE OPERATION (Continued)

cycles. An initialization cycle is any cycle in which RAS
is cycled.

Termination

The lines from the TTL driver circuits to the
KM44C1004C/CL/CSL inputs act like unterminated
transmission lines resulting in significant overshoot and
undershoot at the inputs. To minimize overshoot it is
advisable to terminate the input lines and to keep them
as short as possible. Although either series or parallel
termination may be used, series termination is generally
recommended since it is simple and draws no additional
power. It consists of a resistor in series with the input
line placed close to the KM44C1004C/CL/CSL. input pin.
The optimum value depends on the board layout. It
must be determined experimentally and is usually in the
range of 20 to 40 ohms.

Board Layout

It is important to lay out the power and ground lines on
memory boards in such a way that switching transient
effects are minimized. the recommended methods are
gridded power and ground lines or separate power and
ground planes. The power and ground lines act like
transmission lines to the high frequency transients
generated by DRAMS. The impedance is minimized if all
the power supply traces to all the DRAMS run both
horizontally and vertically and are connected at each

PACKAGE DIMENSIONS

20-LEAD PLASTIC DUAL IN-LINE PACKAGE

0.962 (24.43)

intersection or better yet if power and ground planes are
used.

Decoupling

The importance of proper decoupling can not be over
emphasized. Excessive transient noise or voltage droop
on the Vcc line can cause loss of data integrity(soft
errors). It is recommended that the total combined
voltage changes over time in the Vcc to Vss voltage
(measured at the device pins) should not exceed 500mV.

A high frequency 0.1 x¢F ceramic decoupling capacitor
should be connected between the Vcc and ground pins
of each KM44C1004C/CL/CSL using the shortest
possible traces. These capacitors act as a low
impedance shunt for the high frequency switching
transients generated by the KM44C1004C/CL/CSL and
they supply much of the current used by the
KM44C1004C/CL/CSL during cycling.

In addition, a large tantalum capacitor with a value of
47uF to 100u«F should be used for bulk decoupling to
recharge the 0.1x4F capacitors between cycles, thereby
reducing power line droop. The bulk decoupling
capacitor meet the power grid or power plane. Even
better results may be achieved by distributing more than
one tantalum capacitor around the memory array.

Units: Inches (Millimeters)

0.972 (24.69)

1 1 [ ] —

0°-10°

O

D O

300
0.325 (8.26)

0.279 (7.08)
0.293 (7.44)

g 7 7t TJJ —

0.135 (0.43)
0.145 (3.68)

=

Il

0.035 (0.89)

0.015 (0.38)
T
0.009 (0.23) /
‘ 0.013 (0.33)
0.183 (4.65)
MAX

} B 7**0.115 (2.92)
L[ MIN

0.050 (1.27)

0.055 (1.40)

0.100 (254) 0.016 (0.41) ’
TYP ' 0024 (0.61) !

MAX

<
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KM44C1004C/CL/CSL | CMOS DRAM

PACKAGE DlMENS'ONS (Continued)
20-LEAD PLASTIC SMALL OUT-LINE J-LEAD Units: Inches (millimeters)

0.027 (0.69)
MIN

o i O o o 0 s O o
gl 2lg8|E 18
NS Sle sje  gle
. O | Q Q
D O |5ls EEES E5
olo S |o ol S|o
(o]
0 I O S [ O —
0.670 (17.02) 0.128 (3.25) ]
0.680 (17.27) 0.145 (3.68)
Ty
5] 0.004 (0.1) ‘
0.050 (1.27) | 0.015 (0.38) ‘ 0.026 (0.66)
TYP [ 0021 (053 [ 0.032 (0.81). :
‘ 0.050 (1.27)
| MAX

"20-LEAD PLASTIC ZIGZAG-IN-LINE PACKAGE

1.025(26.04) O:;sggg
0. R

1.035(26.29)

g
J—INDEX (o)

0.325(8.26)
0.335(8.51)

HHH?HHMHHHHHHHHHW o T

0.016(0.41) ' l_ J 0.050(1.27) 0.050(1.27) 0.100(2.54) ' 0.100(2.54)
0.024(0.61) | TYP MAX B MIN TYP

| 0.400(10.16)
M
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KM44C1004C/CL/CSL | CMOS DRAM

PACKAGE DIMENSIONS (continued)
20-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE (ll) (Forward and Reverse Type)
Units: Inches (millimeters)

0.03 (0.80)
TYP
rI;H;H;H;HQ FIFH;H;IFE T
gls s 9F
RN N oo
) O|zls 13K
' Sla sl o|s
g )
HHBEHH BEBEBEH| (s —_— 1
> [N
0671 (17.04) §§
0679 (17.29) 3|3 0.005 (0.13)
I~ 0.008 (0.20)

[a] 0.0030.08)] 6[1 1HH A

0.048 (1.22) 0.012 (0.30)
0.052(1.32) 0.020 (0.50)

0.016 (0.40) |
0024 (0.60) |

S
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KM41V4000C/CL/CLL

CMOS DRAM

4M x 1 Bit CMOS Dynamic RAM with Fast Page Mode

FEATURES

« Performance range:

traC tcac trc
KM41V4000C/CL/CLL-6 60ns | 15ns | 110ns
KM41Vv4000C/CL/CLL-7 70ns | 20ns | 130ns
KM41V4000C/CL/CLL-8 80ns | 20ns | 150ns

« Fast Page Mode operation
» Self Refresh operation (LL-version).
+ CAS-before-RAS refresh capability
- RAS-only and hidden refresh capability
- Fast parallel test mode capability
« TTL compatible inputs and outputs
« Common I/O using early write
« Single + 3.3V + 0.3V power supply .
« Refresh Cycle
— 1024 cycle/16ms (Normal)
— 1024 cycle/128ms (L-version)
— 1024 cycle/128ms (LL-version)
» Power Dissipation
— Standby: 3.6mW(Nomal)
0.18 mW(L-version)
0.18mW(LL-version)
— Active (60/70/80ns):220/200/180mW
« JEDEC standard pinout
+ Available in plastic SOJ, ZIP and TSOP Il packages

FUNCTIONAL BLOCK DIAGRAM

GENERAL DESCRIPTION

The Samsung KM41V4000C/CL/CLL is a high speed
CMOS 4,194,304 bitx 1 Dynamic Random Access
Memory. Its design is optimized for high performance
applications such as mainframes and mini computers,
graphics and high performance microprocessor
systems.

The KM41V4000C/CL/CLL features Fast Page Mode
operation which allows high speed random access of
memory cells within the same row.

CAS-before-RAS refresh capabillity provides on-chip
auto refresh as an alternative to RAS-only Refresh. All
inputs and output. are fully TTL compatible.

The KM41V4000C/CL/CLL is fabricated using
Samsung's advanced CMOS process.

RAS
g CONTROL & DATA
“* ™ cock IN D
W BUFFER
}" 'REFRESH CONTROL &
ADDRESS COUNTER
DATA
. COLUMN DECODER ot |e—a
=1 SENSE AMPS & 1/0 ‘ BUFFER
Ay —1
.
2
. w|eox
« k|3
- 218 MEMORY ARRAY
c |ald 4,194,304 CELLS
. w g
o
. alo ~—— Vpp
o
. |8 .
A1) —eml ss

<
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KM41VvV4000C/CL/CLL CMOS DRAM

PIN CONFIGURATION (Top Views)

- KM41V4000CJ/CLJ/CLLY + KM41V4000CZ/CLZ/CLLZ « KM41V4000CT/CLT/CLLT
F‘v_\
Bd10 20 11 Vss Ag?_ o[+ © 20[T] vss
w2 1vpa QEECAS W[} 1[I e
RAS[]3 18 [0 CAS E Vss
N.C.O]4 7N - (5] — RAs [T]s 18[]] CAS
A5 16 1 A mj%:’:’ ne. [T]4 17[]Ine
10
AE ao[[]s 16{]] Ae
A ne.1o] [io] ne.
0[]6 15 [0 As Ao [11]
a7 1upAr :Em Ao [T]e 15[T] As
A28 13 |3 As Az |13
4] A a7 14 [T] A7
s o uB D s I
-“—/ As EEM as[I]e 12[T]As
azf19 ©
7 lz—_2 s voo [T]10 11 1]As
» KM41V4000CTR/CLTR/CLLTR Pin Names Pin Function
vss [T]20 1Mo Ao-Aro Address Inputs
a[T]e ° 2w D Data In
cas[[]1s s[T]RAS Q Data Out
ne. ([ s[Ine. W Read/Write Input
#o I} ® :[] Ao RA! Row Address Strobe
Ag [[]15 6[1] Ao AS Column Address Strobe
A7 [[]14 7{T] A+ Vb Power (+3.3V)
As D:‘ 18 8[1] 42 Vss Ground
As [T]12 o 9[T] As -
ae [T 107 voo N.C. No Connection -
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KM41Vv4000C/CL/CLL CMOS DRAM
ABSOLUTE MAXIMUM RATINGS*
Item Symbol Rating Unit
Voltage on Any Pin Relative to Vss Vin, Vour -0.5~Vop + 0.5 \"
Voltage on Vop Supply Relative to Vss Vbp -05~46 "
Storage Temperature Tetg - 55 to +150 °C
Power Dissipation Po 600 mwW
Short Circuit Output Current los 50 mA

* Permanent device damage may occur if “ABSOLUTE MAXIMUM RATINGS” are exceeded. Functional Operation
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to ab-
solute maximum rating conditions for extended periods may affect device reliability.

RECOMMENDED OPERATlNG COND'T'ONS (Voltages referenced to Vss, Ta=0 to 70°C)

Parameter Symbol Min Typ Max Unit
Supply Voltage Vop 3.0 3.3 36 \
Ground Vss 0 0 0 \
Input High Voltage Viu 2.0 L= Voo + 0.3 \
Input Low Voltage Vi -03 — 0.8 \

DC AND OPERATING CHARACTERISTICS (0°c<T.<70°C, vop =3.3V£0.3V)
Recommended operating conditions unless otherwise noted)
Parameter Symbol | Min | Max |Unit
Opernting Current* KM41V4000C/CL/CLL-6 60 | mA
=8 ARG . o KM41V4000C/CL/CLL-7 Icct 55 | mA
(RAS, CAS, Address Cycling @trc=min.) KM41V40000/CL/OLL-8 50 mA
Standby Current (RAS=CAS=W=ViH) lccz 1 mA
OIS | 1y || R | 2
= = _—= . . . - m.
(CAS=ViH, RAS, Address Cycling @trc=min.) KM41V40000/CL/CLL-8 50 mA
e IR N
st VIO , ) i m
(RAS=VIL, CAS, Address Cycling @tpc=min.) KM41V4000C/CL/CLL-8 35 m A
KM41V4000C 500 | wxA
(Sﬂ“};\s’\l-cc)%?%ﬁ\?i; 2v) KM41V4000CL lccs 100 | #A
= =T ' KM41V4000CLL 100 H#A
C_A§-Bef ’_F_‘A_S Refresh Current* KM41V4000C/CL/CLL-6 60 mA
s oo CAS Oyl P i ) KM41V4000C/CL/CLL-7 lccs 55 | mA
yeling =min. KM41V4000C/CL/CLL-8 50 /| mA
Battery Back Up Current
Average Power Supply Current,
Battery Back Up Mode,
Input High Voltage(ViH)=Vpp-0.2V Icer
Input Low Voltage (Vi)=0.2V - KM4TV4000CL 200 | #A
CAS=CAS-Before-RAS Cycling or 0.2V
Din=Don't Care TrRc=125(L-ver) 4 S
TrAS=TRAS Min~300ns
Self Refresh Current
RAS=CAS=ViL KM41V4000CLL lccs 150 | #A
D=W=Ao~A10=D=VbDp-0.2V or 0.2V

s uig
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KM41V4000C/CL/CLL CMOS DRAM

DC AND OPERATING CHARACTERISTICS Continued)

Parameter Symbol | Min | Max |Unit

Input Leakage Current

{Any input 0<VIN< VDD+0.3V, all other pins not under test=0V) Wy -10 10 | kA

Output Leakge Current

"|(Data out is disabled, OV < VouT < VDD) low) -10 10 | #A

Output High Voltage Level (loH=-2mA) VOH 2.4 - \

Output Low Voltage Level (loL=2mA) VoL - 0.4 \

* Note: lcet, Iccs, Ieca and Iccs are dependent on output loading and cycle rates. Specified- value are obtained with the
output'open. Icc is specified as average current. Icc1, Iccs, Icce, Address can be changed maximun two times while
RAS=ViL. lcc4, Address can be canged maximun once during a Fast Page Mode Cycle.

CAPACITANCE (1a=25°C, Vop=3.3V, f=1MHz)

Parameter Symbol Min Max Unit
Input Capacitance(Ao-A10,D) CiNt — 5 pF
Input Capacitance(RAS, CAS, W) CiN2 — -7 pF
| output Capacitance(Q) Cout — 7 pF
AC CHARACTERISTICS (0°Cc<Ta<70°C, Vco=5.0V+10%, See notes 1,2)
-6 -7 -8 .
Parameter Symbol Min| Max | Min| Max | Min]  Max Unit | Notes
Random read or write cycle time tRe | 110 130 150 ns
Read-modify-write cycle time tRwC 130 155 175 ns
Access time from RAS tRac 60 70 80 ( ns | 34,11
Access time from CAS toac 15 20 20| ns | 345
Access time from column address tan 30 35 40 ns 3,11 )
‘| CAS to output in Low-Z toiz 0 0 0 ns 3
Qutput buffer tumn-off delay . torF 0 15 0 20 0 20 ns 7
Transition time(rise and fall} tr 3 50 3 50 3 50 ns 2
RAS precharge time tRp 40 50 | 60 ns
RAS pulse width tRAS 60| 10,000 | 70| 10,000 | 80| 10,000 | ns
RAS hold time tRSH 15 20 20 ns
CAS hold time tosH 60 70 80 ns
CAS puise width toas | 15| 10000 | 20| 10,000 | 20| 10,000 | ns |
RAS to CAS delay time tacD 20 45| 2 50| 20 60 | ns 4
RAS to column address deay time ; tRAD 15 30 15 35 15 40 ns 11
CAS to RAS precharge time tcrp 5 5 5 ns
Row address set-up time tASR 0 0 0 ns
Row address hold time tan | 10 10 10 ’ ns
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KM41V4000C/CL/CLL

CMOS DRAM

AC CHARAGTERISTICS (Continusd)

Sinsunggl

ELECTRONICS

-6 -7 -8
Parameter Symbol Min Max Min | Max Min | Max Unit | Notes

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

Column address hold time tCAH 10 15 15 ns

Column address hold time referenced to RAS R 45 55 60 ns 6

Column address to RAS lead time tRAL 30 35 40 ns

Read command set-up time tRCS 0 0 0 ns

| Read command hold referenced to CAS tRCH 0 0 0 ns 9

Read command hold referenced to RAS tRRH | 0 0 0 ns 9

Write command hold time tWCH 10 15 |15 ns |

Write command hold referenced to RAS twon | 45 55| 60 ns 6 |

Write command pulse width twe 10 15 15 ns

Write command to RAS lead time tRWL 15 20 20 ns

Write command to CAS lead time towe 15 20 20 ns

Data-in set-up time tos 0 0 0 ns 10

Data-in hold time toH 10 15 15 " ns 10

Data-in hold referenced to RAS tDHR 45 55 60 ns 6

Refresh period (1024 cycles) tREF 16 16 16 ms

Refresh period (L/LL-version) REF 128 128 128 | ms

Write command set-up time twes 0 0 0 ns 8

CAS to Write enable delay town 15 20 20 ns 8

RAS to Write enable delay tRWD 60 70 80 ns 8

Column address to W delay time tAwD 30 35 40 ns 8

CAS setup tinte (CAS-before-RAS cycle) tcsr 10 10 10 ns

CAS hold time(CAS-before-RAS refresh) tCHR 10 15 15 ns

RAS precharge to CAS hold time tRPC 5 5 5 ns

CAS precharge (C-B-R counter test) teet 20| 25 30 ns

Access time from CAS precharge tcPa 35 40 45 ns 3

Fast page mode cycle time trc 40 45 50 ns

CAS precharge time(fast page mode) tcp 10 10 10 ns

RAS hold time from CAS precharge tRHCP 35 40 45 ns

Fast page mode read-modify-write tPRWC 60 70 75 ns

RAS pulse width (fast page mode) traSP 60| 200,000 70| 200,000 80 | 200,000 ns

Write command set-up time (test mode in) twTs 10 10 10 ns

Write command hold time (test mode in) twWTH 10 10 10 ns

W to RAS precharge time(C-B-R refresh) twhp 10 10 10 ns

W to RAS hold time(C-B-R refresh) tweH 10 10 10 ns

RAS pulse width (C-B-R self refresh) tPass 100 100 100 us 13
: &»R_AS precharge time (C-B-R self refresh) tRPS 110 130 150 ns 13

CAS hold time (C-B-R self refresh) tcHs -50 -50 -50 ns 13
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KM41V4000C/CL/CLL

TEST MODE CYCLE

1. An initial pause of 200us is required after power-

up followed by and 8 CBR or ROR cycles before
proper device operation is achieved.

2. Vii(min) and V\(max) are reference levels for meas-

uring timing of input signals. Transition times are
measured between Vi(min) and V,(max) and are
assumed to be 5ns for all inputs.
3. Measured with a load equivalent to 1TTL load and
100pF, and Voh=2.0V, Voi=0.8V

4. Operation within the tgep(max) limit insures that

trac(max) can be met. tacp(max) is specified as a
reference point only. If tacp iS greater than the
specified tscp(max) limit, then access time is con-

ing parameters. They are included in the data sheet
as electrical characteristics only. If twcs > twes(min)

(Note. 12)
-6 7. -8 .

Parameter Symbol Min Max Min Max Min Max Unit | Notes
Random read or write cycle time trRC 116 135 155 ns
Read-modify-write cycle time tRwe 135 160 180 ns
Access time from RAS tRac 65 75 85 ns | 341
Access time from CAS foac 20 25 25| ns | 345
Access time from column address tha 35 40 45 ns 31
RAS pulse width tRAS 65| 10,000 75! 10,000 85| 10,000 ns
CAS pulse width fcas 20| 10,000 25| 10,000 | 25| 10,000 | ns
RAS hold time tRsH 20 25 25 ns
CAS hold time fcsH 65 75 85 ns
Column address to FAS lead time 1RAL 35 40 45 ns
CAS to write enable delay towo 20 25 25 ns 8
RAS to write enable delay tRWD 65 75 85 ns 8
Column address to W delay time tawp 35 40 45 ns | -8
Fast mode cycle time trc 45 50 55 ns
Fast page modered-modify-write tPRWC 65 80 85 ns
RAS pulse width(fast page mode) tRasP 65| 200000 | 75| 200000 | 85| 200000 | ns
Access time from CAS precharge fora 40 45 50 ns 3

NOTES

the cycle is an early write cycle and the data out-
put will remain high impedance for the duration of
the cycle. If tewo>tewn(min), trwp>tawo(min) and
tawo > tawo(min), then the cycle is a read-write cycle
and the data output will contain the data read from
the selected address. If neither of the above con-
ditions are satisfied, the condition of the data out
is indeterminate.

9. Either tren Or tagy must be satisfied for a read

10.

cycle. :

These parameters are referenced to the CAS lead-
ing edge in early write cycles and to the W leading
edge in read-write cycles.

trolled exclusively by tcac. 11. Operation within the tsap(max) limit insures that
5. Assumes that trcp> trep(max). trac(max) can be met. trap(max) is specified as a
6. tar, twer, tonr are referenced to trap(max). reference point only. If trap is greater than the
7. This parameter defines the time at which the out- specified trap(max) limit, then access time is con-

put achieves the open circuit condition and is not trolled by taa.

referenced to Vou or Vor. 12. These specifications are applied in the test mode.
8. twcs, tawp, town and tawp are non restrictive operat- 13. 1024 cycle of Burst Refresh must be executed

within 16ms before and after self refresh, in order to
meet refresh specification

s v
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KM41V4000C/CL/CLL

CMOS DRAM

TIMING DIAGRAMS

READ CYCLE
tRc
’ tras
— N
RAS Vin— tAR N
RAS ViL— S( 72
tesk tRP ———
treo tRSH le— tcRp —
1
. Vi < \ CAS /
CAS ViL_ —ftnw——t\ \ /. \
= tRAL —
tRAH tasc tcan
tASR —=f }—— "
ViH— ROW COLUMN
A Vi— ADDRESS ADDRESS
LRRH—
{os tRcH
Vin— OO X ' '9'0;0‘0'0;0;0;0'0;0‘
T v BEOSKBEORAK tan LB
tcac
trac e F— tOFF
I——(
Q VoH— OPEN o 7@3£ VALID &
VoL— p L DATA E"—

WRITE CYCLE (EARLY WRITE)

trC
tRAS y N
— ViH— N
mS \ 4 N
tcsH tRP——=t
tRCD tRsH tcRp—ef
— tcas
w N 4
=— tRAD tRAL
tasr tRAH tasc tcaH
A ViH— ROW COLUMN -
ViL— ADDRESS 4 ADDRESS .
towl:
\ Dl twp ] OO
W XN B e
tRwL =|I
- twer
tos je—  p=——tpH —=
ViH— VALID OO XXX AX AXX OO
v DATA o e 0 o e %
h toHR
Q Vori— OPEN
VoL—

L ms v
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KM41V4000C/CL/CLL

CMOS DRAM

TIMING DIAGRAMS (Continued)
READ-WRITE/READ-MODIFYWRITE CYCLE

tRwe |
tras
R ViH— t
RS IH !S AR
ViL— 7
tosH tRp
trRco tRSH ke tCRP
tcas
J— ViH— '4
CAS " tRAD——=] \ Z ] \
ViL—  tasm tasc
[ tRan - toan
tRAL
ViH— ROW /- COLUMN
A Vi ADDRESS A ADDRESS
|
trRwD -——tCWL——J
trcs -——I — tcwp F—tRWL ———=
w ViL— tAA b
tcac e twp o e toFF
~——rtcLz
VoH— X
Q Vo OPEN - VALID E-——.
oL— " DATA .
tRac toH

SR IR

\AAAANAAANWVVAAAN
0090000000000
° vie— RSN RIEKRAI NI XXX % 0 e % %

FAST PAGE MODE READ CYCLE

\\/\/" W\ V\/\V\/\/ \V\/ \/\/\/
R RRXRAXIXNS

T trasP
AAS ViH— AR tance 4 \-
ViL— 3 trP
tcsH . tRsH
tRcD PC i tere
tcp—{ 1 1
toas cAs A CAS [
CAS Vie— 3\ WF
ViL— 4 7
RAH
== tcaH = tcan tcaH
tasr tasc oA tasc tasc
™ T — tRAL
A Vin— ROW CoL coL yCoL
Vi— 'ADD ADD ADD A ADD
—tcac—-] | 1OPAt cac —=] 1A o=
t g pa
RaD trac AA torF faa 1oFE AT |-——to»=r
Vin— ..__...__-—..optghle VALID tcLz UALDN,_1.C-2 VALID
o ViL— DATA)_ DATA DATA pr——
tRcs t_. ~— trAH
RCH
trcs F— tRCH —=
- ViH— |
w ViL—

m DON'T CARE

s v
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KM41V4000C/CL/CLL o CMOS DRAM

TIMING DIAGRAMS (Continued)
FAST PAGE MODE WRITE CYCLE (EARLY WRITE)

VIH_ 'nr\or’
RAS ViL— . #
tcsH : . tpc == tRSH——
s tRcD cas < Jtee |
. Vin— H—\ tcas j:,}: tcas [—————
S ViL— _/ Z \A
- tar tasc tasc tRAL
tasr tRAH | tasc tcaH tcaH tcaH
|
Vik— ROW coL CoL oL VVII999 0999799,
Ao O B8 R 50 )RR
t=—tRaD —™
tweH
twer twes twes tweH
I twes tweH
ViH— twe- T WP e v
W ViL— §§§;§;
R tos toH tps toH | tps toH .
ViH~ v‘v’v“v‘v' NMAAMAAAXAAAAAAAX
VALID DATA VALID DATA vALID DATA JOOOOOOOOOOOCOO0
SR . ROBONNX
' toHR
aQ Von— OPEN
VoL—

m DON'T CARE

ELECTRONICS



KM41V4000C/CL/CLL

CMOS DRAM

TIMING DIAGRAMS (continued)
FAST PAGE MODE READ-WRITE CYCLE

I
>
[z

[¢]
(2

s

= tRASP tap
ViK-""" —\
Vie -
tcsH f=—trSH
tPRWC
\oap tRCO tcAS——] f—toPr L tcas——
tep
| F——tcas
VIH - \ _Fﬂ\ . \ -
ViL - Z AW X
' tRAL
|
tRAH tasc tcaH tasc | | tcan i Mtasc| | toam
tasr — - per] -
ViH - R - '
ROW ADD COL ADD COL ADD COL ADD
ViL - X
|
towo tcwp tewn
F——tRAD—— — ——
towr - tewt
= tawo-— | tawp—] |~ tAWD-—|
tres | tRwL 4+
" ! _\ %
" EJ/
twep twp twe
tRwD
| toH
P I L 105_1 b —|-tom tps o
y ) .
" (VALID ALID ALID
Vil DATA DAT. DATA|
—‘ —tcrz terz tc._z*y4
I tcac —TtCAC—T= tcac 1~
taay—— F——tAA ~—— tan
trac tcpa topa
Von - { VALID '} VALID VALID
\ DATA DATA DATA
VoL - & = RS -
~—t—TtoFF toFF toFF

B oon cane

s unig
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KM41V4000C/CL/CLL

CMOS DRAM

TIMING DIAGRAMS (Continued)
RAS-ONLY. REFRESH CYCLE

Note: W, D, A= Don’t Care

RAS ViH—
ViL—

Vin—
ViL—

CAS ViH—
ViL—

Von—

Q
VoL—

tasr

___.1

tras

\ 7 N

p— tRAH—e=—]

ROW ADDRESS

J ——tcrp f—— ‘RPCM

OPEN

CAS BEFORE RAS REFRESH CYCLE
Note: D, Address =Don’t Care

Vi —
RAS "

Vie —

S Vi —

ViL —

— Vig —

w

Vie —

Q Vou —

Voo —

A tesr
/ terr
Z

N —

[=—tRPC

twap twaH

RS

torr

NRLLLLLLLLLLLLARRLKRLKRRLLKK

CAS-BEFORE-RAS SELF REFRESH CYCLE (LL-ver only)
Note: Address=Don’t Care

mAs w —
Vii —

& M
Vi —

w Vin —
Vi —

a Von —
Voo —

[rt-—— tppg

/- trec

-
K tesn
—_—s i

N - /| N

tons

twrp twar twrp | | twRH

RIS
RTTITREXLLS )

} OPEN

m DON'T CARE

Phins i
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KM41V4000C/CL/CLL CMOS DRAM

TIMING DIAGRAMS (Continued)
HIDDEN REFRESH CYCLE (READ)

trC
tras ——tRP—— tras
V=" \
RAS vH | \ Z \
w—
teap tReo tRSH tcHR
e ———
ViH— z
CAS ViL—
|~ tRaD tRAL——]
tar
tasR [1RAH| tagc | | | tead
ViH— ROW COLUMN
A Vi ADDRESS ADDRESS
. twRH
tRCS —= tRRH twrp
W ViH—
ViL—
tcac
- ]
%— AA —=—
torrF
trac

V, —
Q oH VALID DATA
VoL—
tcrz

HIDDEN REFRESH CYCLE (WRITE)

tRC
tras |—-—!RP—~ tras
—_— ViH— )
RAS " \ j \ /
ViL—
tcrp trcoD tRSH \
I ViH— CHR
TAS \
ViL—
tAR —
T traD tRaL —H
task R | o —] [ toan—]
A Vin— ROW COLUMN
ViL— ADDRESS ADDRESS
il
twer
tRwL
twcs tWRH
r——twcr-«——— twrp
twp
ViH—
w (XX ’Q
ViL— m W ”.’ ‘A“A
|Ios | toH
ViH—
[s] VALID DATA ‘ ‘ .‘
ViL— A ‘ " ’ ‘ ’
1
VoH— !— tDHR _
Q VoL PEN

V‘X‘ DON'T CARE
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KM41V4000C/CL/CLL

CMOS DRAM

TIMING DIAGRAMS (Continued)

CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE

trp

tRas
ViH— tRSH: +F
- V'H —'—ﬁx RS / \
IL—
t t
CSR tonm cPT toas
A8 Vik— \ / N /
Vie—
- tasc
p—— iCAH ]
ViH—
A ADDRESS
ViL—
—'CAc‘—|
READ CYCLE tRAL.
taa — torF —
v |
H—
Q OPEf VALID DATA
ViL—
twrp twRH trcs — toLz tRRH
ViH—
w VIH
= - tRCH—-{
WRITE CYCLE
V, —_
) oH OPEN
VoL—
tRwL
towL
twRrp- twrH
t—twes —] ——tweH
W ViH—
WP
ViL—
t——tD$—— F———tpy —=—
-
D Vik— VALID DATA
ViL—

READ-WRITE CYCLE

VoH—

r—— tcac—=—

__tol,;F.__

VoL—

twrp)

twrH

’,__

tciz

VALID DATA

taa -—-—‘CWL-—{

tawo

ViH—
W X

N RV VWAV AV AV Y AV AVAVAVAVAVAYA VAV VAV VAV AV VAVAVAVAVAVAV ALY WaV,a\
X v KRR

tRCS

tRWL:

twp

——tcwo —ﬁ

VALID DATA

tos]] toH
[

YA AN NV VAAAAAA AN/
QOUELEELIEAK

AAA'AAVAAYA

m DON'T CARE
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KM41V4000C/CL/CLL

CMOS DRAM

TIMING DIAGRAMS (continued)

TEST MODE IN CYCLE
NOTE: D, Address=Don't Care

tre

tras tRP ————y

/ \__

J— ViH—
RAS x
< V- tRPC —

tcp tcsr
toHR
o ViH— .v‘v‘v.v v’v.v v‘v’v‘v.v.v.v‘V‘VOVOV‘"V’V’V‘v’v‘v‘v‘v"’v.'.V.V.V‘
= o _ /N BRI
s twtH )
w R TT TIX KT RXXK XA
" e 1 AN
toFF,
Q Vor— \ OPEN
VoL— jl
m DON'T CARE
TEST MODE DESCRIPTION

The KM41V4000C/CL/CLL is the RAM organized 4,
194,304 words by 1 bit it is internally organized 524,
288 words by 8 bits. In "Test Mode", data are written
into 8 sectors in parallel and retrieved the same way.
Column address bit Ao and A1o are not used. If, upon
reading, all bits are equal (all "1" or "0"s), the data
output pin indicates a "1"If any of the bits differed the
data output pin would indicate a "0". In "Test Mode",

the 4M DRAM can be tested as if it were a 512K
DRAM. W, CAS-Before-RAS Cycle (Test Mode in Cycle)
puts the device into "Test Mode', And "CAS-Before-
RAS Resfresh Cycle" or "RAS-only-Refresh Cycle"
puts it back into "Normal Mode". During the test mode
operation, a WCBR cycle is used to perform refresh.
The "Test Mode" function reduces test time(1/8 in
cases of N test pattern.)

ELECTRONICS
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KM41VvV4000C/CL/CLL

DEVICE OPERATION

Device Operation

The KM41V4000C/CL/CLL contains 4,194,304 memory
locations. Twenty-two address bits are required to
address a particular memory location. Since the
KM41V4000C/CL/CLL has only 11 address input pints,
time multiplexed addressing is used to input 11 row and
11 column addresses. The multiplexing is controlled by
the timing relationship between the row address strobe
(RAS), the column adress strobe(CAS) and the valid
row and column address inputs.

Operating of the KM41V4000C/CL/CLL begins by
strobing in valid row address with RAS while CAS
remains high. Then the address on the 11 address
input pins is changed from a row address to a column
address and is strobed in by CAS. This is the beginning
of any KM41V4000C/CL/CLL cycle in which a memory
location is accessed. The specific type of cycle is deter-
mined by the state of the write enable pin and various
timing relationships. The cycle is terminated when both
RAS and CAS have returned to the high state. Another
cycle can be initiated after RAS remains high long
enough to satisfy the RAS precharge time(tre) require-
ment.

RAS and CAS Timing

The minimum RAS and CAS pulse widths are specified
by tras(min) and tcas(min) respecitively. These mini-
mum pulse widths must be satisfied for proper device
operation and data integrity. Once a cycle is initiated by
bringing RAS low, it must not be aborted prior to satisfy-
ing the minimum RAS and CAS pulse widths. In addi-
tion, a new cycle must not begin until the minimum RAS
precharge time, tRP, has been satisfied. Once a cycle
begins, internal clocks and other circuits within the
KM41V4000C/CL/CLL begin a complex sequence of
events. If the sequence is broken by violating minimum
timing requirements, loss of data integrity can occur.

Read

A read cycle is achieved by maintaining the write
enable input(W) high during a RAS/CAS cycle. If CAS
goes low before tRcb(max), the access time to valid
data is specified by trac(min). If CAS goes low after
trcp(max), the access time is measured from CAS and
is specified by tcac. In order to achieve the minmum
access time, trac(min), it is necessary to bring CAS low
before tRcb(max).

Write

The KM41V4000C/CL/CLL can perform early write, late
write and read-modify-write cycles. The difference
between these cycles is in the state of data-out and is
determined by the timing relationship between W and
CAS. In any type of write cycle, Data-in must be valid at

CMOS DRAM

or before the falling edge of W or CAS, whichever is
later.

Early Write: An early write cycle is performed by bring-
ing W low before CAS. The data at the data input pin
(D) is written into the addressed memory cell.
Throughout the early write cycle the output remains in
the Hi-Z state. The cycle is good for common 1/O applii-
cations because the data-in and data-out pins may be
tied together without bus contention.

Read-Modify-Write: In this cycle, valid data from the
addressed cell appears at the output before and during
the time that data is being written into the same cell
location. This cycle is achieved by bringing W low after
CAS and meeting the data sheet read-modify-write
cycle timing requirements. This cycle requires using a
separate I/O to avoid bus contention.

Late Write: If W is brought low after CAS, a late write
cycle will occur. The late write cycle is very similar to
the read-modify-write cycle except that the timing
parameters, tRwp, tcwp and tawp, are not necessarily
met. The state of date-out is indeterminate since the
output can be either Hi-Z or contain data depending on
the timing conditions. This cycle requires a separate /O
to avoid bus contention.

Data Output

The KM41V4000C/CL/CLL has three-state output
buffer which are controlled by CAS. Whenever CAS is
high(ViH), the output is in the high impedance (Hi-Z)
state. In any cycle in which valid data appears at the
output, goes into the low impedance state in a time
specified by tcLz after the falling edge of CAS, Invalid
data may be present at the output during the time after
tcLz and before the valid data appears at the output.
The timing parameters tCAC, tRAC and taa specify when
the valid data will be present at the putput. The valid
data remains at the output until CAS returns high. This
is true even if a new RAS cycle occurs (as in hidden
refresh). Each of the KM41V4000C/CL/CLL operating
cycles is listed below after the corresponding outout
state produced by the cycle.

Valid Output Data: Read, Read-Modify-Write, Hidden
Refresh, Fast Page Mode Read, Fast Page Mode
Read-Modify-Write.

Hi-Z Output State: Early Write, RAS-only Refresh, Fast
Page Mode Write, CAS-before-RAS Refresh, CAS-only
cycle.

Indeterminate Output State: Delayed Write

Refresh

sy
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KM41V4000C/CL/CLL

CMOS DRAM

DEVICE OPERATION (Continued)

The data in the KM41V4000C/CL/CLL is stored on a
tiny capacitor within each memory cell. Due to leakage
the data may leak off after a period of time. To maintain
data integrity it is necessary to refresh each of the rows
every 16(L,LL-ver:128ms). There are several ways to
accomplish this.

RAS-Only Refresh: This is the most common method
for performing refresh. It is performed by strobing in a
row address with RAS while CAS remains high. This
cycle must be repeated for each row.

CAS-before-RAS Refresh: The KM41V4000C/CL/CLL
has CAS-before-RAS on-chip refresh capability that
eliminates the need for external refresh addresses. If
CAS input is held low for the specified set up time
(tcsr) before RAS goes low, the on-chip refresh circuit-
ry is enabled. An internal refresh operation auto-mati-
cally occurs. The refresh address is supplied by the on-
chip refresh address counter which-is then internally
incremented in preparation for the next CAS-before-
RAS refresh cycle.

Hidden Refresh: A hidden refresh cycle may be per-
formed while maintaining the latest valid data at the
output by extending the CAS active time and cycling
RAS. The KM41V4000C/CL/CLL hidden refresh cycle
is actually a CAS-before-RAS refresh cycle within an
extended read cycle. The refresh row address is provid-
ed by the on-chip refresh-address counter.

Self Refresh : The self refresh is CAS-before-RAS
refresh to be used for long periods of standby, such as
al battery back-up. In nomal CAS-befoerd-RAS cond-
tion, when RAS is held low above 100 s an internal
timer activates an refresh operation of consecutive row
addersses in DRAM. The self refresh mode is exited
when either RAS of CAS goes high(ViH).

Other Refresh Methods: It is also possible to refresh the
KM41V4000C/CL/CLL by using read, write or read-
modify write cycles. Whenever a row is accessed, all
the cells in that row are automatically refreshed. There

are certain applications in which it might be advanta-

geous to perform refresh in this manner but in general
RAS-only or CAS-before-RAS refresh is the preferred
method.

Fast Page Mode

The KM41V4000C/CL/CLL has Fast page mode capa-
bility. Fast page mode memory cycles provides faster
access and lower power dissipation than normal memo-
ry cycles. In Fast page mode, it is possible to perform
read, write or read-modify-write. cyclels. As long as the

applicable timing requirements are observed, it is possi-
ble to mix these cycles in any order. A fast page mode
cycle begins with a normal cycle. Then, while RAS is
kept low to maintain the CAS is cycled to strobe in addi-
tional column addresses. This eliminates the time
required to set up and strobe sequential row addresses
for the same page. Up to 2048 memory cells can be
accessed with the same row address.

CAS-before-RAS Refresh Counter Test Cycle

A special timing sequence using the CAS-before-RAS
counter test cycle provides a convenient method of ver-
ifying the functionality of the CAS-before-RAS refresh

_activated circuitry.

After the CAS-before-RAS refresh operation, is CAS
goes high and then low again while RAS is held low,
the read and write operations are enabled.

This is shown in the CAS-before-RAS counter test
cycle timingy diagram. A memory cell can be
addressed with 11 row address bits and 11 column
address bits defined as follows:

Row Address— Bits Ao through A9 are supplied by the
on-chip refresh counter. This A1o bit is set high
interally.

Column Address-Bits Ao through A1o are strobed -in by
the falling edge of CAS as in a normal memory cycle.

Suggested CAS-before-RAS counter

Test Procedure

The CAS-before-RAS refresh counter test cycle timing
is used in each of the following steps:

1. Initialize the internal refresh counter by perfoming
8CAS-before-RAS cycles.

2. Write a test patten of "lows"into the memory celis at
a single column address and 1024 row address.
(The row addresses are supplied by the on-chip
refresh counter).

3. Using read-modify-write cycles, read the "lows" writ-
ten during step 2 and write "highs” into the same
memory locations. Perform this step 1024 times so
that highs are written into the 1024 memory cells.

. Read the "highs™ written during step 3.

5. Complement the test pattern and repeat steps 2, 3

and 4.

I

Power-up
If RAS=Vss during power-up,the KM41V4000C/CL/CLL
could begin an active cycle. This condition results in

L= ung
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KM41V4000C/CL/CLL

CMOS DRAM

DEVICE OPERATION (Continued)

higher than necessary current demands from the power
supply during power-up. It is recommended that RAS
and CAS track with Vcc during power-up or be held at
a valid VIH in order to minimize the power-up current.
An initial pause of 200 xsec is required after power-up
followed by any 8 RAS cycles before proper device
operation is assured. Eight initialization cycles are aiso
required after any 16 msec period in which there are no
RAS cycles. An initialization cycle is any cycle in which
RAS is cycled.

Termination

The lines from the TTL driver circuits to the
KM41V4000C/CL/CLL inputs act like unterninated
transmission lines resulting in significant overshoot and
undershoot at the inputs. To minimize overshoot it is
advisable to terminate the input lines and to keep them
as short as possible. Although either series or parallel
temination may be used,series temination is generally
recommended since it is simple and draws on addition-
al power. It consists of a resistor in series with the input
line placed close to the KM41V4000C/CL/CLL input pin.
The optimum value depends on the board layout. It
must be determined experimentally and is usually in the
range of 20 to 40 ohms.

Board Layout

It is important to lay out the power and ground lines on
memory boards in such a way that switching trnsinent
effects are minimized. The recommended methods are
gridded power and ground lines or separate power and
ground planes. The power and ground lines act like

transmission lines to the high frequency transients gen-
erated by DRAMS. The impedance is minimized if all
the power supply traces to all the DRAMS run both hor-
izontally and vertically and are connected at each inter-
section or better yet if power and ground planes are
used.

Decoupling

The importance of proper decoupling can not be over
emphasized. Excessive transient noise or voltage
droop on the Vcc line can cause loss of data integrity
(soft errors). It is recommended that the total combined
voltage changes over time in the Vcc to Vss voltage
(measured at the device pins) should not exceed
500mV.

A high frequency 0.1 #F ceramic decoupling capacitor
should be connected between the Vcc and ground pins
of each KM41V4000C/CL/CLL using the shortest possi-
ble' traces. These capacitors act as a low impedance
shunt for the high frequency switching transients gener-
ated by the KM41V4000C/CL/CLL and they sypply
much of the current used by the KM41V4000C/CL/CLL
during cycling.

In anddition, a large tantalum capacitor with a value of
47 F to 100¢«F capacitors between cycles. thereby
reducing power ling droop. The bulk decoupling capaci-
tor should be placed near the point where the power
traces meet the power grid or power plane. Even better
results may be achieved by distributing more than one
tantalum capacitor around the memory array.

L= ms v
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KM41V4000C/CL/CLL CMOS DRAM

‘PACKAGE DIMENSIONS
20-LEAD PLASTIC SMALL OUT-LINE J-LEAD Units: Inches (millimeters)

0.027 (0.69)
MIN

rr—1 o a  an i ! i I
gl g8l gg
O SIS Cle S|l gfe
) : ik giggs g3
oSl olc o|o clo
kO
L D O O | —
0.670 (17.02) ) 0.128 (3.25)
0.680 (17.27) 0.145 (3.68)
3
5 0.004 (0.1)
0.050 (1.27) H 0.015 (0.38) ‘ 0.026 (0.66)
) | 0021053 | 0.032 (0.81)
‘ 0.050 (1.27)
| MAX
20-LEAD PLASTIC ZIGZAG-IN-LINE PACKAGE
1.025(26.04) |_0-113(2.87)
1.035(26.29) 0.120(3.05)
4 o= _ !
N g
INDEX fe) ?_;, % 9- =
5|8 s
olo <4
o
4 U7 00131033
0.016(0.41) L<| ‘ 0.050(1.27) 0.050(1.27) | 0.100(2.54) | 0.100(2.54)
0.024(0.61) | [ TYP MAX | MIN TYP
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KM41V4000C/CL/CLL CMOS DRAM

PACKAGE DIMENSIONS (Continued)
20-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE (ll) (Forward and Reverse Type)
Units: Inches (millimeters)

003 (0.80)
TP
KEU;H;H;H;] FHQF—TIQB1 -
- 55 , g S8
ol S g
D O | gl SF 218
oo = o|o
L0
[BEEEEE HEEEE _- L
T 5|
0671 (17.04) § NS
0679 (17.24) 3|3
e 0.005 (0.13)
0.008 (0.20)
T Y
ol coseon] T HHHH
0.048 (1.22) 0012 (030)
0.052(1.32) 0020 (050)
0016 (0.40) I ]
0024 (060) [
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KM44V1000C/CL/CLL

CMOS DRAM

| 1M x4Bit CMOS Dynamic RAM with Fast Page Mode

FEATURES

« Performance range:

trRAC | tcac | trc
KM44V1000C/CL/CLL-6 60ns | 15ns | 110ns
KM44V1000C/CL/CLL-7 70ns | 20ns | 130ns
KM44V1000C/CL/CLL-8 80ns | 20ns | 150ns

» Fast Page Mode operation
« Self Refresh operation (LL-version)
+ CAS-before-RAS refresh capability
« RAS-only and hidden refresh capability
- Fast parallel test mode capability.
« TTL compatible inputs and output
» Early write or output enable controlled write
« Single + 3.3V + 0.3V power supply
» Refresh Cycle
— 1024 cycle/16ms (Normal)
—.1024 cycle/128ms (L-version)
— 1024 cycle/128ms (LL-version)
« Power dissipation
— Standby: 3.6mW (Normal)
0.18mW(L-version)
0.18mW(LL-version)
— Active (60/70/80ns):220/200/180mW
« JEDEC standard pinout
« Available in Plastic SOJ, DIP, ZIP and TSOP -II
packages :

FUNCTIONAL BLOCK DIAGRAM

GENERAL DESCRIPTION

The Samsung KM44V1000C/CL/CLL is a high speed
CMOS 1,048,576 bit x4 Dynamic Random Access
Memory. Its design is optimized for high performance
applications such as mainframes and mini computers,
graphics and high performance microprocessor
systems.

The KM44V1000C/CL/CLL features Fast Page Mode
operation which allows high speed random access of
memory cells within the same row.

CAS-before-RAS refresh capability provides on-chip
auto refresh as an alter native to RAS-only Refresh. All
inputs and outputs are fully TTL compatible.

The KM44V1000C/CL/CLL is fabricated using
Samsung's advanced CMOS process.

RRS 1 contRoL DATA
g 3
——
c"f CLOCK IN
w BUFFER
™| REFRESH CONTROL & DQy
ADDRESS COUNTER to
DQg
DATA
] COLUMN DECODER ouT
= SENSE AMPS & 1/0 BUFFER
Ao —n
N __
. i P OE
W w
] .
- 1218 MEMORY ARRAY
- |g |8 1,048,576 x 4 CELLS
. w ;
s
. clQ ——— VoD
@
. |2
A9 —umd - Vss

s v
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KM44V1000C/CL/CLL CMOS DRAM

PIN CONFIGURATION (Top Views)

« KM44V1000CP/CLP/CLLP - KM44V1000CJ/CLJ/CLL) » KM44V1000CZ/CLZ/CLLZ
4 T )

bai[7] o % Vss =N 200 Vss oF
DQ; [ 19 g DQ.

DQzE f1of DQs wls 18 300: DQ3

w[3] [18] DQ3 RAS ] 4 17 J CAS Vss

WE .’_llm A5 16 A OE bQs

A9 5] 6] OF RAS

A{)E E‘Ag :oEs, 15 ‘_:']1:8 Ao
107 14 7

A'E U__‘.]A7 AzEB 13 aAe A2
A| 8 A A3 ]o 12 As

2|: E ° vio 1o O nPAs Veo

As E E As R As

Vop E o E Aq A7

» KM44V1000CT/CLT/CLLT « KM44V1000CTR/CLTR/CLLTR

ooy [[]+ © 20[T] vss vss(T]20 111 pox Pin Names Pin Function

pe; (T2 19{T] Qs pa, [T]1e ° 2[J e Ao-Ag Address Inputs
wjs 18{T] pas oas [T]18 (I W RAS Row Address Strobe

Fas([] s 17{]] cas cas [} 4 %m CAS Column Address Strobe
As[Ms 18[T] OF oe [ SpllAe w Read/Write Input
Nl 15 [T] A g [T]1s 6[T] 20 OE Data Output Enable
a7 14| A7 A7 {[]14 7[1] A1 DQ;~DQ, | Data In/Data Out
Az [[}8 13[TAs As [t 81 A2 Voo Power (+3.3V)
As([e 12[T]As a2 © 9 :]]Aa

vop [T]10 ° 11 [T] As As [T 10 :]] Voo Ves Ground
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KM44V1000C/CL/CLL CMOS DRAM
ABSOLUTE MAXIMUM RATINGS*
item Symbol Rating Unit
Voltage on Any Pin Relative to Vgs Vin, Vour - 0.5~Vop + 0.5 v
Voltage on Vob Supply Relative to Vss Vop -0.5~4.6 v
Storage Temperature Teag —-55to +150 °C
‘Power Dissipation Po 600 mwW
Short Circuit Output Current los 50 mA

* Permanent device damage may occur if “ABSOLUTE MAXIMUM RATINGS” are exceeded. Functional Operation
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to ab-
solute maximum rating conditions for extended periods may affect device reliability.

RECOMMENDED OPERATING CONDITIONS (Voltages referenced to Vss, Ta=0 to 70°C)

Parameter Symbol Min Typ Max Unit
Supply Volitage Vobb 3.0 33 3.6 \
Ground Vss 0 0 0 \
Input High Voltage Vin 20 -_ Vop +0.3 \Y
Input Low Voltage Vi -03 — 0.8 v

DC AND OPERATING CHARACTERISTICS (0°c<T.<70°C, voo=3.3V£0.3V)
(Recommended operating conditions unless otherwise noted)
Parameter Symbol | Min | Max | Unit

. KM44V1000C/CL/CLL-6 - 60 mA

Operating Current* , _ KM44V1000G/CL/CLL-7 leet | -~ | 55 | mA
(RAS, CAS, Address Cycling @trc=min.) KM44V1000C/CL/CLL-8 - | 50 | mA
Standby Current (RAS=CAS=W=Vix) fccz - 1 mA
BAG- * KM44V1000C/CL/CLL-6 - 60 mA
oy ehiesh e i . KM44V1000C/OL/CLL7 | lccs | - | 55 | ma
(CAS=ViH, RAS, Address Cycling @trc=min.) KM44V1000C/CL/CLL-8 - ] 50 | mA
Fast Page Mode Current* KM44V1000C/CL/CLL-6 - 45 mA
e . - KM44V1000C/CL/CLL-7 lcca - 40 | mA
(RAS=Vi, CAS, Address Cycling @trc=min.) KM44v1000C/OL/CLL.8 _ 35 mA
KM44V1000C . | 500 | xA
%’P%I%TVDD o2 KM44V1000CL lces | - | 100 | A
- - . KM44V1000CLL - 100 #A
CAS-Before-RAS Refresh Current* KM44V1000C/CL/CLL-6 - 60 | mA
(RAS and GAS Cycling @tro=min) KM44V1000C/CL/CLL-7 fcce - 55 | mA
ycling =min. KM44V1000C/CL/CLL-8 - 50 | mA
Battery Back Up Current
Average Power Supply Current,
Battery Back Up Mode,
Input High Voltage(ViH)=Vcc-0.2V
Input Low Voltage(ViL)=0.2V KM44Vv1000CL lec7 - 200 | pA
CAS=CAS-Before-RAS Cycling or 0.2V
DQ1~DQ4=Don't Care
TrRc=125(L-ver.)uS
TrAS=TRAS min.~300ns
Self Refresh Current
RAS=CAS=ViL
W=0E=Ao~As=VbD-0.2V or 0.2V KM44V1000CLL lees | - | 150 | xA
DQ1~DQ4=VDD-0.2V or 0.2V
269
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KM44V1000C/CL/CLL

CMOS DRAM

' DC AND OPERATING CHARACTERISTICS Continued)

Parameter Symbol Min | Max | Unit

Input Leakage Current
- A

(Any input 0 <VIN<VDD+0.3V, all other pins not under test-OV) iy 10 10 #
Output Leakge Current
(Data out is disabled, OV <Vour< Voo ) o |10 | 10 | #A
Output High Voltage Level (lon=-2mA) VOH 24 - \'
Qutput Low Voltage Level (IoL.=2mA) VoL - 04 | V

* Note: lcct, lces, Icc4 and lcce are dependent on output loading and cycle rates. Specified value are obtained wnth the
output open. Iccis specified as average current. Icc1, lccs, Iccs, Address can be changed maximun two times while
RAS=VIL. Iccs, Address can be canged maximun once during a fast page Mode cycle.

CAPACITANCE (1a=25°C, Vop=3.3V, f=1MHz)

L= ung

ELECTRONICS

Parameter Symbol Min Max Unit

Input Capacitance(Ao-Ag) CiNt — pF

Input Capacitance(RAS, CAS, W,0OE) Cinz — pF

output Capacitance(DQ1-DQa4) Cout — pF

AC CHARACTERISTICS (0°C<Ta<70°C, Vbp=3.3V+0.3V, See notes 1,2)
-6 -7 -8 .
Parameter Symbol Min | Max Min|  Max Min| Max Unit | Notes
Random read or write Cycle time tRC 110 130 150 ns
Read-modify-write cycle time tRWC 155 185 205 ns
Access time from RAS tRAC 60 70 80 | ns | 34,11
Access time from CAS tcac 15 20 20| ns 34,5
Access time from column address taa 30 35 40 ns 3,11
CAS to output in Low-Z touz 0 0 0 ns 3
Output buffer turn-off delay torF 0 15 0 20 0 20 ns 7
Transition time(rise and fall) r 3 50 3 50 3 50 ns 2
RAS precharge time trP 40 50 60 ns
RAS pulse width tRaS 60 10,000 70| 10,000 | 80| 10,000 ns
RAS hold time tRsH 15 20 20 ns
CAS hold time tosH 60 70 80 ns
CAS pulse width toas 15| 10,000 20| 10,000 | 20| 10,000 ns
RAS to CAS delay time tRGD 20 45 | 20 50| 20 60 | ns 4
RAS to column address delay time tRAD 15 30 15 35 15 .40 ns 1
CAS to RAS precharge time tomp 5 5 5 ns
Row address set-up time tasr 0 0 0 ns
Row address hold time tRAH 10 10 10 ns
Column address set-up time tasc 0 0 0 ns
Column address hold time toaH 10 15 15 ns
Column address hold time referenced to RAS tAR 45 55 60 ns 6
Column address to RAS lead time tRAL 30 35 40 ns
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KM44V1000C/CL/CLL CMOS DRAM
AC CHARACTERISTICS (Continued)
-6 -7 -8
Parameter Symbol Min| Max | Min] Max | Min| Max Unit | Notes

Read command set-up time tRes 0 0 ) 0 ns

Read command hold referenced to CAS tRCH 0 0 0 ns 9
Read command hold referenced to RAS tRRH 0 0 0 ns 9
Write command hold time tweH 10 15 15 ns

Write command hold referenced to RAS twer 45 55 60 ns 6
Write command pulse width twp 10 15 15 ns

Write command to RAS lead time tRWL 15 20 20 ns

Write command to CAS lead time towL 15 20 20 ns
Data-inset-up time tos 0 . 0 0 ns 10
Data-in hold time toH 10 15 15 ns 10
Data-in hold time referenced to RAS {DHR 45 55 60 ns 6
Refresh period (1024 cycles) tREF 16 16 16 ms

Refresh period (L-version/LL-version, 1024 cycles) tREF 128 128 128 | ms

Write command set-up time twes 0 0 0 ns 8
CAS to write enable delay towp 40 40 50 ns 8
RAS to write enable delay trwp 85 | 100 110 ns 8
Column address to W delay time tAwD 55 65 70 : ns 8
CAS setup time (CAS-before-RAS cycle) tcsh 10 10 10 ns

CAS hold time(CAS-before-RAS refresh) toHR 0] 15 15 ns

RAS precharge to CAS hold time tRPC 5 5 5 ns

CAS precharge time (C-B-R counter test) tepT 20 25 30 ns

Access time from CAS precharge | toma 35 40 45 | ns 3
Fast page mode cycle time trc 40 45 50 ns

CAS precharge time{Fast page mode) top 10/ 10 10 ns

RAS hold time from CAS precharge ' tHce | 35 40 45 ns

Fast page mode read-modify-write tPRWC 80 95 100 ns

RAS pulse width(Fast Page Mode) tRasp 60| 200,000 70| 200,000 80| 200,000 ns

Wiite command set-up time (test mode in) twrs 10 10 10 ns

Write command hold time (test mode in) twTH 10 10 |10 ns

W to RAS precharge time(C-B-R refresh) twrp 10 10 10 ns

W to RAS hold time(C-B-R refresh) twhH 10 10 10 ns

RAS hold time referenced to OF tROK 15 20 20 ns

OF access time toEA 15 2 20| ns

OE to data delay toen 15 20 20 ns

Output buffer turn off delay time from OF . toez 0 15 0 20 0 2! ns

OE command hold time toEH 15 20 20 ns

RAS pulse with(C-B-R self refresh) trass | 100 100 100 us 13
RAS precharge time (C-B-R seff refresh) tRes .| 110 130 150 ns 13
CAS hold time (C-B-R self refesh) teus | -50 -50 -50 | s | 18
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KM44V1000C/CL/CLL

CMOS DRAM

TEST MODE CYCLE (Note.12)
-6 -7 -8
Parameter Symbol Min Max Min Max Min | Max Units | Notes
Random read or write cycle time tre 115 135 155 ns
Read-modify-write cycle time tRwe 160 190 210 ns
Access time from RAS tRAC 65 75 85| ns | 3411°
Access time from CAS tcac 20 25 25 ns 345
Access time from column address . taa 35 40 45 ns 3,11
RAS pulse width tras 65| 10000 | 75| 10000 | 85| 10,000 | ns
CAS pulse width tcas 20| 10,000 25| 10,000 251 10,000 ns
RAS hold time tRSH 20 25 25 ns
CAS hold time tosH 65 75 85 ns
Column address to RAS lead time tRAL 35 40 45 ns
CAS to write enable delay towp 45 45 55 ns 8
RAS to write enable delay tRWD 90 105 115 ns 8
Column address to W delay time tawp 60 70 75 ns 8
Fast mode cycle time trc 45 50 55 ns
Fast page mode read-modefy-write tPRVC 85 100 105 ns
RAS pulse width(Fast page mode) trasP 65| 200000 | 75{- 200,000 85| 200,000 ns
Access time from CAS precharge tcra 40 45 5 | ns 3
OE access time toeA 20 25 2% | ns
OE to data delay toED 20 25 25 ns
OE command hold time toeH 20 25 25 ns

NOTES

1. An initial pause of 200us is required after power-
up followed by and 8 CBR or ROR cycles before
proper device operation is achieved.

2. Vix(min) and V\(max) are reference levels for meas-
uring timing of input signals. Transition times are
measured between Viy(min) and Vi (max) and are
assumed to be 5ns for all inputs.

3. Measured with a load equivalent to 1TTL load and

100pF, and Voh=2.0V, Vol=0.8V

4. Operation within the tgcp(max) limit insures that
taac(max) can be met. tacp(max) is specified as a
reference point only. If taep is greater than the
specified trep(max) limit, then access time is con-
trolled exclusively by tcac.

. Assumes that trep > trop(max).

. tar, twer, tonur are referenced to tgap(max).

. This parameter defines the time at which the out-
put achieves the open circuit condition and is not
referenced to Vo or Vo,.

8. twes, trwo, town and tawp are non restrictive operat-

ing parameters. They are included in the data sheet

as electrical characteristics only. If twcs> twes(min)

NOoOO

the cycle is an early write cycle and the data out-
put will remain high impedance for the duration of
the cycle. If tcwnztcwn(min), trwo Ztnwp(min) and
tawo > tawp(min), then the cycle is a read-write cycle
and the data output will contain the data read from
the selected address. If neither of the above con-
ditions are satisfied, the condition of the data out
is indeterminate.

9. Either tgen or tren must be satisfied for a read

cycle.

10. These parameters are referenced to the CAS lead-

11.

ing edge in early write cycles and to the W leading
edge in read-write cycles.

Operation within the trap(max) limit insures that
tracimax) can be met. tran(max) is specified as a
reference point only. If trap is greater than the
specified taap(max) limit, then access time is con-
trolled by taa.

12. These specifications are applied in the test mode.
13. 1024 cycle of Burst Refresh must be executed

within 16ms before and after self refresh, in order to
meet refresh specification

s ug
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KM44V1000C/CL/CLL CMOS DRAM

TIMING DIAGRAMS

READ CYCLE
trc
Vig— ) tRAs t tRP
RAS Vi— ] tan F
tosH
toRe, tRcD tRsH tCRP ——
\ 1 S
i ViH— / \
ViL— |—-tRaD tRAL
tasR
= [l tasc/™ icAH
ViH— ROW
o S S e
r [——1-tRCH '
PE% tRRH
- Vi ‘ XYL
W Y OSSOSO
’ taA
oE Vin— I~ toEa— (
ViL—
}-—-tCAC —FEE.
tRac toez

Vor— OPEN | VALID DATA-OUT

DQ:-DQs Vo
o ‘——lcu— !

WRITE CYCLE (EARLY WRITE)

tRc
tRas trp
— ViH— tar
RAS v
L—
tesH tcrp
tcrp
trcD tRsH
- tca
ey ViH— s
CAS ViL— ] f~—tRAD —=— 2
t
tasr S tcAH
Vin— ROW
A ViL— ADDRESS COLUMN ADDRESS
I I .
twos tweH
_ ViH— IWP—_T
w ViL—
twer A
WL ————————]
tRWL-
— Vin—
Ot Vi —
tDHR
tbs toH

ViH— AARRAAAAAARAA A/ Y VAV VAVAVaY YaY

Vie A AVANANAV,VAVAVAVAV.N

X son
DON'T CARE
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KM44V1000C/CL/CLL | CMOS DRAM

TIMING DIAGRAMS (Continued)
WRITE CYCLE ((ﬁ CONTROLLED WRITE)

tHb
—————— tRef - — - ———————— trp
Vi
tar
RAS
ViL—
tesH
tcrp
trcD tRsH

— Vih— L.
CAS \ tcas / \
ViL— I~ tRaD —

task | | tram tRAL
.—-—-——' et ——— |mef tASC p— tcaH =

A Vin— ROW COLUMN
ViL— ADDRESS /! ADDRESS
'
e
trwL

— A Ry VAV AV AV AV AV AW AV AVAVAVAVAVAV,VAVAVAVAYAVAVAVAYAYA Y, VAVAVAWAYAVAYAYAVAVAVAVAVAVATAYAYLVAVAVAVAY,AWAVAVAY,
v D e e
toEH :
ViH— - v 7 v
® e toro A NN
o ‘DH ]

ViH— AVAVAVAVAVAVAVAVAVAVAVAY AV AVAVAVAVAVAVAVAVAVAVAVAY A",
D o T A

READ-MODIFY-WRITE CYCLE

thwo : -
trRAS tRpJ
ViH— 3
RAS tar »
RAS Vi \ / K
tcrp fosH
!—-— trco tRSH tcre
CAS ViH— = ‘\ toas ‘ [ /
ViL— . \
l—tisf— |tRAH itasc| . [tcan .
j
A ViK= ROW COLUMN
Vi— ADDRESS ADDRESS
[ l tawp
[=—trAD—] towo: ———tcwL
_ trwp
w ViH—
Vip— 'AAﬁ——J
v foEa
J— H—
[o]
£ ViL— 3 toep
l—tcac—{ "1 tos
—tRac togz =] f— ton
Viion - 4 VALD VALID 'v.'v'VV VAVAVAVAV Y W, v'v‘v
QDO XA NKAX)
' ‘ Vior — toLz DATA-QUT ) DATA-IN "’A’A’A‘A’A’A’A’A‘A‘A‘.‘A’A A‘A’}

. m DON'T CARE
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KM44V1000C/CL/CLL

CMOS DRAM

TIMING DIAGRAMS (Continued)
FAST PAGE MODE READ CYCLE

tRp
tRasP e
A R tan
ViL— a £$
tcrP . tre = tRsH tcRP
e trRcD—— [ tcp-=— e
CAS :IH: Z \X loas —— tcas N teas ——i[ \
v tRAD )
| tosh tRAL
tash trRaH tlAsc cAH tasc| | tcaw |tasc| | tcan
ViH— COLUMN COLUMN COLUMN
A i ADD ADDRESS ADDRESS ADDRESS
- ; | 1
tRcs tRCH l_«-_—‘ *RCs - trRes o] tRCH
w Vin— L Ny 9\
ViL— c
taa Ltan tan tRRH
toEA| tcPA
t t
- ViH— OEA j OEA
- [ ! '
CAG
l_t.‘fi tcac JtorF | tcac =1 torr
t'g:zc foez foiz OEZ toiz | = tOEZ =
Vor— _{NfVALD \/VALD {VALID
DQ+-DQ4 _ DATA-OUT, DATA-OUT! DATA-OUT
VoL
FAST PAGE MODE WRITE CYCLE (EARLY WRITE) \
tRASP s
RAS Vin— tan \
YiL— o " —
tec L tRsH t
t CRP
oR? tRCD. | tcP—
CAS Vik= R tcas Z —tcas—] S—-—— lcas—/ /—
ViL—
tesH: tRAL:
t 1 tRan | tcaH tasc | | tcaH |
ASR ! !As]c_'__ tasc| | tcad
A Vin— ROW COLUMN COLUMN COLUMN
ViL— ADD ADDRESS ADDRESS 4 ADDRESS
tRAD tewe twes gy tewL twos | towL.
twes tweH tweH tRWL
7 - 4 w tWCH
= 0 A
w Vie— \ wp |
_ Vin—
OE ViL—
tDHR
I tnsc toH tos | | tow tos tDH
Vin
. \ - VALID VALID VALID
corcor .~ YRR it DATR N m tatRn MK

@ DON'T CARE
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KM44V1000C/CL/CLL

CMOS DRAM

_TIMING DIAGRAMS (continued)
FAST PAGE MODE READ-MODIFY-WRITE

t trp
tRaSP
— ViH— _#s F
RAS Vi— ” \
e tCSH
tPRWC tRSH
tcp
|—— tRcD— toas —— |=2 toas -
s Vin— tRAD j Hs toas —— o
VL= tRAH
1 tcAH
task I tasc tasc|i {tcan wse [ tRAL
| | K ¥ CAH
A Vin— 0! coL oL COL Y
Vi— ADDJ/\Y\ ADD ADD ADD
tawo— ] l tRwWL—]
tres 4 — towL . .
—— tewo——] ~— towp—=— towL owo— towt
— Vig— -
w —
viL tawp v tawp \
e AAt—l I —t] twp—
o5 — [— toea
L
— ViH~
OE ViL—
" toep 0ED
cPA— -
| toAc) . [ tcac [_
.OEZ tan t
tRAC —— OE2
tos
! tou
Vi -
DG+-DQ4 WOH
VioL — !
: f—tcz oLz
VALD  VALID VALD  VAUD VALD  VALID m DON'T CARE

DATA-OUT  DATA-IN

DATA-OUT  DATA-IN

DATA-OUT  DATA-IN

L= 1ms v
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KM44V1000C/CL/CLL

CMOS DRAM

TIMING DIAGRAMS (continued)

RAS-ONLY REFRESH CYCLE
Note: W, OE=Don’t Care

tras

RAS ViH—

\ / _

tasr | F~— tRAH——] tRP

ViH— VANAANANNANNAANNNAANNAANANNAANAAAANAN/
A e row aooress R RRRRRE RN
m VIH_ L " 1

ViL—

v —tcre . tRPC:

Vin—
DQ4-DQy PEN

ViL—

CAS-BEFORE-RAS REFRESH CYCLE
Note: OE, Address=Don't Care

tre

trp tre

RAS \\,/: : /—f trrc \ thas _‘Z \

. tep |——tcre

R o o
© otwre | | twan

LR O R QKXLRRLELIRLHRLLLRLALRK,

torr
e ERRRR

CAS-BEFORE-RAS SELF REFRESH CYCLE (LL-ver only)

Note: OE, Address: Don’t Care

tap =—trps ——=—
Vig — trass R
RAS T 7 teec XL / N
tee tons
s Vi — . tesr
Vie — / 1
twre twRH twap
I
LA IR
Vi —
torr
Vor — XXX XXKYKSN_
paroa, o XKL open

m DON'T CARE
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CMOS DRAM

TIMING DIAGRAMS (Continued)
HIDDEN REFRESH CYCLE (READ)

RAS

CAS

=|

DQ1-DQ4

RAS

CAS

=|

tRe trc
trRas —trp : tras tRP ——]
L e ——
\ ; '
Vie— hl S \._
tcrp tRCD ——f—~——tRSH tcHR
ViH—
ViL— j Rap \ / \.
1 tasc — |—
tASR 1=~ f==1-tRAH oM
Vin—
Y N E
tres -4—— JV—VF’:;Q H:——llwnn
Vin—
e RO 1 XY IR AX
e RRngees
Vi —
* tcac
toLz torF
tRac ——toEz —
\\//0”_ @f VALID DATA-OUT f
oL— )
HIDDEN REFRESH CYCLE (WRITE)
trc tRc
tRAS - ]——tap—— ‘ Ftap—-—
. Vie— \ tap ———— [ trRas \ .
ViL— A
=——tRSH ——
tcap 1—— tReD —— teHR )
ViH—
ViL— _/ L;“RAD — \ \
tasc —
tasr —| tRAH toan
ViH= ROW m COLUMN
ViL— ADD ADDRESS
' J twes — l— L—twm« —~  lwee wRH
ViH— twp -
v p— .
L J —
Vi B
ViL—

DQ4-DQ4

——ton ——

tos
ViH—
VALID DATA-IN
ViL—

I

toHR

Dqoor care
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TIMING DIAGRAMS (Continued)
CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE

R

—tap—

RAS Vin-- tRas Z '
ViL—
1,
—_ Vig— t
CAS S cAs [
ViL— -
I
tRAL
T
ASC toan—{
A ViH— \/ COLUMN
Vi— | ADDRESS
. tan [ [tRRH
READ CYCLE |_‘yR.P_ twAH }_‘_Rfi I [ trcH
ViL— tRoH
toea
ViH—
OF
ViL—
toFr
L [
CLz | t0EZ —=]
f
DQDQs  VYOH— OPEN VALID DATA-OUT }—
VoL—
. RWL
WRITE CYCLE twRP WhH towt:
twes
w
ViL— ’
I ViH—
OE
ViL—
tps toH
Vin—
DQ+-DQg Vi— VALID DATA-IN
READ-MODIFY-WRITE . tawp =—tRwL
twep | | twRH RCs ¢ twe
cwD
W Vi— CAC
tAA — =]
v toea
oE = 7 toeo
ViL—
tcac toez | tos| | ton
teLz
DQy-DQ4 |
VoL— = DATA-IN
. VALID '
DATA-OUT

m DON'T CARE

L= s v
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KM44V1000C/CL/CLL

CMOS DRAM

TIMING DIAGRAMS (continued)

TEST MODE IN CYCLE
NOTE: OE, Address=Don't Care

tre
tRas trp
RAS Vin— / | \
Vi trRpC \ /
tcp tcsr L ton
= me OOOOOONOXXXXXXX X XOOOOOOOOOONND
= "/ N XX
twrs twrH—
ViH— \/ \ VVYV \/ VVVVYVVVVVVVVV
w ™ OO0 OOOX XX XXX XXXXX XXX XX
e ' LND0RIANOANNNHO00
lo_E
DQ10Q. \\;HOH - \ OPEN
oL — iL

TEST MODE DESCRIPTION

. The KM44V1000C/CL/CSL is the RAM organized 1,
048,576 words by 4 bit internally organized 524,288
words by 8 bits. In "Test Mode", data are written into 8
sectors in parallel and retrieved the same way. Column
address bit Ao is not used. If, upon reading, two bits on
one /O pin are equal (all "1" or "0"s) the I/O pin
indicates a "1". If they were not equal, the I/0 pin
would indicate a "0". In "Test Mode", the 1M x 4 DRAM

m DON'T CARE

can be tested as if it were a 512K x 4 DRAM. W, CAS-
Before-RAS Cycle (Test Mode in Cycle) puts the device
into "Test Mode", And "CAS-Before-RAS Refresh
Cycle" or "RAS-only-Refresh Cycle" puts it back into
"Normal Mode". During the test mode operation, a

. WCBR cycle is used to perform refresh. The "Test

Mode" function reduces test time (1/2 in cases of N
test pattern.)

Phimsugg
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DEVICE OPERATION

DEVICE OPERATION

The KM44V1000C/CL/CLL contains 4,194,304 memory
locations. Twenty address bits are required to address
a particular 4-bit word in the memory array. Since the
KM44V1000C/CL/CLL has only 10 address input pins,
time multiplexed addressing is used to input 10 row (Ao-
Ag) and 10 column (Ao-A9) addresses. The multiplexing
is controlled by the timing relationship between the row
address strobe (RAS), the column adress strobe(CAS),
and the valid row and column address inputs.

Operating of 