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MEMORY ICs FUNCTION GUIDE

1. INTRODUCTION (DRAM)

1M bit 1Mx1 I I KM41C1000D-6 H KM41C1000D-7 H KM41C1000D-8 ‘

I KM41C1000D-L6 H KM41C1000D-L7 H KM41C1000D-L8 l

256Kx4 |KM44C256D-6 [ KMA4C256D-7 | KM44C256D-8 |

}KM440256D-L6 H KM44C256D-L7 H KM44C256D-L8 I

l 4M bit l—-—‘ 4Mx1 J—rl KM41C4000C-5 H KM41C4000C-6 H KM41C4000C-7 H KM41 C4060C-8 J

"{ KM41C4000CL-5 H KM41C4000CL-6 H KM41C4000CL-7 H KM41C4000CL-8 |

—l KM41C4002C-5 H KM41C4002C-6 H KM41C4002C-7 H KM41C4002C-8 |

{ KM41V4000C-6 H KM41V4000C-7 l—l KM41V4000C-8 ‘

1 KM41V4000CL-6 H KM41V4000CL-7 H KM41V4000CL-8 ‘

L 1Mx4 |{KM44C1000C5 | KM44C1000C-6 | KM44C1000C-7 [ KM44C1000C-8 |

H kmaacro00cL5 |- kmascrooocL-6 | kmaactooocL-7 | kmasciooocLs |

4 KM44C1010C-5 H KM44C1010C-6 H KM44C1010C-7 H KM44C1010C-8 ‘

- KM44C1002C-5 |- KM44C1002C-6 | KM44C1002C-7 | KMaac1002c-8 |

- KM44C1003C-5 || KM44C1003C-6 | KM44C1003C-7 | KM44C1003C-8 |

H KM44C1003CL5 || KM44C1003CL-6 || KM44C1003CL-7 || KMaact003CL8 |

‘[ KM44C1004C-5 H KM44C1004C-6 H KM44C1004C-7 ‘H KM44C1004C-8 ‘

- KM44C1004CL5 || KM44C1004CL6 | KM44C1004CL7 | KMaaC1004CL8 |

|KM44V1000C-6 | KM44V1000C-7 || KM44vi000C-8 |

[
— KM44V1000CL-6 | KM44V1000CL7 || Km4sviooocLs |

l . ¥ ‘ .
LKM44V1OMC 6 H KM44v1004C-7 H KM44V1004C-8 |

—i KM44V1004CL-6 H KM44V1004CL-7 H KM44V1004CL-8 ]

s ugg "
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MEMORY ICs

FUNCTION GUIDE

| kmasCs12B-6

|- kmascs1zB8 |

|am BIWH

- 512Kx8 }TI KM48C512B-5

|| kmascs128-7

-KM4BC512BL-5 | KM4SC512BL6 | KMasCs12BL-7 | KmasCs12BL-8 |
HKM48C514B-5 [ KM4BC514B-6 [ KM4SC514B-7 | KM4SC514B-8 |

- KM48C514BL-5 | KMABC514BL-6 [ KM4SCS14BL-7 | KM4SC514BL-8 |
|KMagvs1286 | kM4sV51zB-7 [ kmasvsizes |

|KM4gV512BL6 KM48V512BL-7 I KMagV512BL-8 |

|kmasvs14B-6 || kmasvs1aB7 || kmasvsisB-s |

{ KM4BV514BL-6 [ km4sv514BL7 | KM4svs14BL8 |

—{ 512Kx9 } {KM49C512B6 || KM49C512B-7  |— KM49C512B-8 |
} KM49C512BL-6 H KMA49C512BL-7 |—| KM49C512BL-8 |

|2s6Kxte] {KMat6C568-5 || KM416C256B-6 || KM416C256B-7 || KM416C256B-8 |

“| 256Kx18

H KM416C256BL-5 [ KM416C256BL-6

[H kma16C256BL-7

| kmat6c256BL8 |

H KM416C254B-5

H Kma16C2548-6

H KM416C254B-7

|- kmatec2s4B8 |

H KM416C254BL-5 [ KM416C254BL-6

H KM416C254BL-7

H KM416C254BL-8 |

ll KM416V256B-6

H KM416V256B-7

H KM416V256B-8 J

} KM416V256BL-6

|—| KM416V256BL-7

H KM416V256BL-8 |

{ KM416V254B-6

H KM416V254B-7

[ KM416v254B-8 |

| KMa16V254BL-6

[ KM416v2548L7

H KM416V254BL-8 | )

| KM418C256B-6

H KM418C256B-7

H KM418C256B-8 |

{ KM418C256BL-6

H KM418C256BL-7

| KmatscoseBL-8 |

s v
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MEMORY ICs FUNCTION GUIDE

16M bit l——‘ 16Mx1 Jﬂ—-l KM41C16000A-5 —H KM41C16000A-6 H KM41C16000A-7 H KM441C16000A-8 |

H KM41C16000AL5 | KM41C16000AL-6 |—| KM41C16000AL-7 |— KM41C16000AL-8

H KM41C16000ASL-5[— KM41C16000ASL-6— KM41C1 6000ASL-7H KM41C1 GOOOASL-BI

- KM41C16002A-5 [—|KM41C16002A-6 || KMA1C16002A-7 |— KM41C16002A-8 |

|KM41V16000A-6 |~ KM41V16000A-7 || KM41V16000A-8 |

- KM41V16000AL-6 | KM41V16000AL-7 | KM41V16000AL8 |

| KM41V16000ASL-6{—| KM41V16000ASL-7|—| KM41V16000ASL-8|

-[ 4Mx4 J—«‘ KM44C4000A-5 H KM44C4000A-6 H KM44C4000A-7 I——-I KM44C4000A-8 l

- KM44C4000AL-5 [~ KM44C4000AL6 || KMA4C4000AL-7 | KMA4C4000AL-8 |

|KM44C4000ASL-5 | |KM44C4000ASL-6 || KMA4C4000ASL-7 | KM44C4000ASL-S |

KM44C4100A-5 [ KM44C4100A6 | KM44C4100A-7 | KM44C4100A-8 |

|KM44C4100AL-5 HKM44C4100AL-6 HKM44C4100AL-7 HKM44C4100AL-8 |

| KM44C4100ASL-5 |-{KM44C4100ASL6 || KM44C4100ASL-7 || KM44C4100ASL-8 |

|KM44:24002A-5 ‘HKM4404002A-6 HHA44C4002A-7 H KM44C4002A-8 l

|KM44Ca102A-5  |{KMaaCa102a-6 | KM44C4102A7 | KMaacat02a-8 |

|km44ca003a-5 | {Kmaacaoosa-s |- kmaaceoosa-7 | kmaacaoosas |

|KM44C4003AL-5 | KM44C4003AL6 | KM44C4003AL-7 KM44C4003AL-8 |

|5M44c4003AS|.-5 H KMA44C4003ASL-6 H KM44C4003ASL-7 |—[ KM44C4003ASL-8 |

| KM44Ca103A-5 HKM44C4103A-6 | kmaacat03a7 |- kmascarosns |

|KM44C4103AL-5 | KM44C4103AL-6 [ KMAACA10BAL-7 | KMA4C4103AL-8 |

| KM44C4103ASL-5 H KM44C4103AS L-(L[—LKMMC“ 03ASL—7—H£JI44C41 03ASL-8 I

LKM4,4C4004A—5 H KM44C4004A-6 H KM44C4004A-7 H KM44C4004A-8 —I

|KM44C4004AL5 | KMaaca004AL6 || KMaaca004AL-7 || KmascdoosaLs |

H KM44C4004ASL-5 [ KM44C4004ASL6 |- KM44Cd004ASL7 |-{ kmaacaoosasLs |

ELECTRONICS




MEMORY ICs

FUNCTION GUIDE

[1embit]{ amxa |-kmascatosas |-{xmascatosas || kmascaoraaz |- kmascscoans |

-{ KM44CH 04AL-5 J—-—| KM44C41 04AL-?H KM44C4104AL-7 H KM44C4104AL-8 J

-’ KM44C4104ASL-5 H KM44C41 MASI;}—’ KM44C4104ASL-7 Hl(M44C41 04ASL-8 I

L KM44C4010A-5 | KMaaC4010A-6 || KMaaca010a7 || kmaacaorons |

- KM44Ca110A-5 || KMaaca110A-6 | KMadca110a7 || kmaacations |

| KM44V4000A-6 | KM44V4000A-7 | KM44V4000A-8 |
|

lKM44V4000AL-?H KM44V4000AL-7 H KM44V4000AL-8

| \ [
liMMVWOOASI;H KM44V4000ASL-7 H KM44V4000ASL-84|

| I
| KM44V4100A-6 H KM44V4100A-7 H KM44V4100A-8

I v
|KM44V4100AL-6 || KM44V4100AL-7 || KM4ava100ALS |

Jl KM44V4100ASL-6 H KM44V4100ASL-7 H KM44V4100ASL-8 |

l ,
|KM44V4004A-6 || KM4avaoosa7 | KM44V40044-8 |

I .
| KM44v4004AL-6 || KM44V4004AL7 | KmaavacosaLs |

J|KM44V40(ZMIASL-6 H KM44V4004ASL-7 H KM44V4004ASL-8

J|£M44,V4104A-6 H KM44V4104A-7 H KM44V4104A-8 ‘
I

| KM44V4104AL-6 [ KM44VA104AL-7 |— KM44VAT04ALS |

| KM44v4104ASL-6 || KM44V4104ASL7 || KMaavat04nsLs |

i msung
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MEMORY ICs

FUNCTION GUIDE

hemBmw— 2mxs |-

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

—|KM48C2000AL-5 H KM48C2000AL-6 H KM48C2000AL-7 H KM48C2000AL-8 |

~ KM4S8C2000ASL-5 [| KM4BC2000ASL-6 || KM4BC2000ASL-7 || KM43C2000ASL S |

—i KM48C2100A-5 H KM48C2100A-6 H KM48C2100A-7 H KM48C2100A-8 I

’}KM4802100AL-5 H KM48C2100AL-6 H KM48C2100AL-7 H KM48C2100AL-8 }

"IKM4802100ASL-5 H KM48C2100ASL-6 H KM48C2100ASL-7 H KM48C2100ASL-8 I

-l KM48C2004A-5 H KM48C2004A-6 H KM48C2004A-7 H KM48C2004A-8 l

H KM48C2004AL-5 | KM4BC2004AL-6 | KM48C2004AL-7 || KM4BC2004AL-8 |

- KM4BC2004ASL-5 | KM48C2004ASL-6 | KM4BC2004ASL-7 | KM48C2004ASL S |

- KM4BC2104A5 || KM4BC2104A6 || KM4SC2104A-7 | KM4BC2104A-8 |

| KM4BC2104AL-5 || KM4BC2104AL-6 || KM48C2104AL7 | KM48C2104AL8 |

- KMABC2104ASL-5 | KM4BC2104ASL-6 |~ KM4SC2104ASL-7 | KM48C2104ASL S |

} KM48V2000A-6 H KM48V2000A-7 H KM48V2000A-8 ‘

IKM48V2000AL-6 H KM48V2000AL-7 H KM48V2000AL-8 ‘

| KM4BV2000ASL-6 [ KM48V2000ASL-7 [ KM48V2000ASL-8 |

| KM48V2100A-6 [~ KM4BV2100A-7 | KM48V2100A-8 |

| KM4BV2100AL6 |~ KM4BV2100AL-7 |~ KM48V2100AL8 |

| KM48V2100ASL-6 |— KM48V2100ASL-7 |- KM48V2100ASL-8 |

I KM48V2004A-6 H KM48V2004A-7 H KM48V2004A-8 ‘

IKM48V2004AL-6 H KM48V2004AL-7 H KM48V2004AL-8 i

} KM48V2004ASL-6 H KM48V2004ASL-7 H KM48V2004ASL-8 \

| KM48V2104A-6 || KM4BV2104A7 |- KM4sv2104n8 |

| KMagV2104AL6 || KMasv2104AL7 || Kmasv2104AL8 j

| KM4BV2104ASL-6 || KM4BV2104ASL-7 || KM48V2104ASL S |

P nmsuncg
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MEMORY ICs

FUNCTION GUIDE

[16M BW| 1Mx16 |

|KM416C1000A-6 | KM416C1000A-7 || KM416C1000A8 |
|

| KM41 6C1000A-L6 KM416C1000A-L7 H KM416C1000A-L8 I

IKM41601200A-6 |——| KM416C1200A-7 H KM416C1200A-8 |
|

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

| . -
| KM416C1004A-6_H KM416C1004A-7 | KM416C1004A-8 |

| KM416C1004A-L6 |- KM416C1004A-L7 | KM416C1004A-L8 |

{KMa16C1204a6 | KMa16C1204A7 || KMat6C120408 |

I KM416C1204A-L6 H KM416C1204A-L7 KM416C1204A-L8 1

I KM416V1000A-6 |——-| KM416V1000A-7 H KM416V1000A-8 I

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

| KM416V1200A-6 | | KM416V1200A-7 || KMa16V1200a-8 |

I KM416V1200A-L6 H KM416V1200A-L7 KM416V1200A-L8 I

| KM416V1004A-6 || KM416V1004A-7 | KM416V1004A8 |

—|KM416V1004A-L6 || KM416V1004A-L7 || KM416V1004A-LS |

| -
= KM416V1204A-6J—( KM416V1204A-7 |——| KM416V1204A-8 ]

| kMat6v1204a-L6 || KMa16V1204A-L7 || KMat6V1204A-L8 |

“ 512Kx32

|KM432V5027 | KM432v5028 |

| KM432V502-L7 || KM432V502-L8

| KM432vs227 | KM4s2vs22-8
|

| KM432v522-L7 H KM432V522-L8

{ KM432V504-7 H KM432V504-8

{ KM432V524-7 H KM432V524-8

|
|
|
|
| KM432V504-L7 | KM432v504-L8 |
|
|

l —
| KMas2vs24.7 | kmasavsaa-Ls

o
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MEMORY ICs FUNCTION GUIDE

|6am bit|-{ 16Mxa I——I?MMweooo-s | KM44v160006 | KMaav16000-7 |

* 1st Gen.

—Rmuvmoo-s ]—h(umwswo-s HKM44V16100-7 |

8Mx8 | KM4SV8000-5 | |Kmasveooo-6 | Kmasveooo7 |

Llkmasvs1005 | |kmasvsioo6 | [kmasveioo7r |

|6am bit || 16Mxa I—H KM44v1eoooA-5 | kmaavi6000a-6 || Kkmaavieoo0n7 |

* 2nd Gen

— KM44V16000A-LS ]—BMMWGWA-LG 1| KM44v16000A-L7 |

- KM44v16100A5 || KM44V16100A6 || KMaav16100A7 |

_{KMaav16100a-L5 || kmaavi6100a-L6 || KMaav16100A-L7 |

- 8Mx8 |- KM48V80OOA-5 || KM48V8000A-6 || KMasvsoooa-7 |

{KM48V8000A-L5 || KM48VBO0OA-L6 || KM4BVB0DOA-L7 |

—{KM4BVB100A-5 | KM4BVB100A-6 [ KM4SV8100A-7 |

L {KM48VB100A-L5 || KM48V8100A-L6 || KM4BVB100A-L7 |

o ELECTRONICS
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MEMORY ICs

FUNCTION GUIDE

2. PRODUCT GUIDE (DRAM)

1

Density{ Org. ;3:::;, Part Number [Speed(ns) Features Pac(l;a)ges
[ IMbit |1Mx1  |5V£10% | KM41C1000D# |60/70/80 | Fast Page P:18 Pin DIP (1Mx1)
KM41C1000D-L# 20 Pin DIP (256Kx4)
256Kx4 15V110% | KM44C256D# 60/70/80 Fast Page J:20 Pin SOJ
KM44C256D-L# . Z:20 Pin ZIP
4Mbit [4Mx1  |5V+10% | KM41C4000C# [50/60/70/80| Fast Page P:20 Pin DIP
KM41C4000CL# J:20 Pin SOJ
KM41C4002C# Static Column Z:20 Pin ZiP
3.3V+0.3V] KM41V4000C# 160/70/80 Fast Page T:20 Pin TSOP-II (Forward)
KM41V4000CL# TR:20 Pin TSOP-II (Reverse
1Mx4  |5V+10% | KM44C1000C#  [50/60/70/80f Fast Page ' ‘
KM44C1000CL#
KM44C1010C# Fast Page with WPB
KM44C1002C# Static Column
KM44C1003C# Quad CAS *Quad CAS
KM44C1003CL# J:24 Pin SOJ
KM44C1004C# EDO T:24 Pin TSOP-II (Forward)
KM44C1004CL# TR:24 Pin TSOP-II (Reverse
3.3V+0.3V] KM44V1000C# [60/70/80 | Fast Page
KM44V1000CL#
KM44V1004C# EDO
KM44V1004CL#
4M B/W |512Kx8 |5V+10% | KM48C512B# 50/60/70/80 Fast Page J:28 Pin SOJ
KM48C512BL# T:28 Pin TSOP-lI(Forward)
KM48C514B# EDO TR:28 Pin TSOP-II(Reverse)
KM48C514BL#
3.3V+0.3V] KM48V512B# 60/70/80 Fast Page
KM48V512BL#
KM48V514B# EDO
KM48V514BL#
512Kx9 |5V+10% | KM49C512B# 60/70/80 | Fast Page
KM49C512BL#
256Kx16|5V+10% | KM416C256B#  |50/60/70/80] Fast Page J:40 Pin SOJ .
KM416C256BL# | T:40 Pin TSOP-Il (Forward)
KM416C254B# EDO TR:40 Pin TSOP-li(Reverse)
KM416C254BL#

!

L ms v
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MEMORY ICs FUNCTION GUIDE
Density{ Org. gower Part Number [Speed(ns Features Packages
upply , #)
4M B/W |256Kx16(3.3V+0.3\|KM416V256B#  [60/70/80 | Fast Page(4K) J:40 Pin SOJ
KM416V256BL# T:40 Pin TSOP-II(Forward)
KM416V254B# EDO TR:40 Pin TSOP-lI(Reverse
KM416V254BL#
256Kx18}5V+10% | KM418C256B# 60/70/80 Fast Page
KM418C256BL#
16Mbit |16Mx1 |5V£10% |KM41C16000A# [50/60/70/800 Fast Page(4K) J:24 Pin SOJ (400mil)
KM41C16000AL# T:24 Pin TSOP-II (Forward)
KM41C16000ASL# (400mil)
KM41C16002A# Static Column(4K) TR:24 Pin TSOP-Il (Reverse
3.3V+0.3V| KM41V16000A#  60/70/80 | Fast Page(4K) (400mil)
KM41V16000AL# K:24 Pin SOJ (300mil)
KM41V16000ASL# S:24 Pin TSOP-II(Forward)
4Mx4 5V+10% |KM44C4000A# 50/60/70/80 Fast Page(4K) (300mil)
KM44C4000AL# SR:24 Pin TSOP-Ii(Reverse)
KM44C4000ASL# (300mil)
KM44C4100A# Fast Page(2K)
KM44C4100AL# ‘
KM44C4100ASL#
KM44C4002A# Static Column(4K)
KM44C4102A# Static Column(2K)
KM44C4003A# Quad CAS(4K) *Quad CAS
KM44C4003AL# J:28 Pin SOJ
KM44C4003ASL# T:28 Pin TSOP-lI(Forward)
KM44C4103A# Quad CAS(2K) TR:28 Pin TSOP-lI(Reverse
KM44C4103AL#
KM44C4103ASL#
KM44C4004A# EDO(4K)
KM44C4004AL#
KM44C4004ASL#
KM44C4104A# EDO(2K)
KM44C4104AL#
KM44C4104ASL#
KM44C4010A# Fast Page with WPB(4K

s v

LECTRONICS
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FUNCTION GUIDE

MEMORY ICs

Density

Org.

Power
Supply

Part Number |Speed(ns)

Features

Packages
(#)

16M bit | 4Mx4

5V+10%

KM44C4110A#

'|50/60/70/80|Fast Page with WPB(2K]J:24 Pin SOJ (400mil)

3.3V+0.3\

KMA44V4000A#
KM44V4000AL#
KM44V4000ASL#
KM44V4100A#
KM44V4100AL#
KM44V4100ASL#
KMA44V4004A#
KM44V4004AL#
KM44V4004ASL#
KM44V4104A#
KM44V4104AL#
KMA44V4104ASL#

60/70/80

Fast Page(4K)

Fast Page(2K)

EDO(4K)

EDO(2K)

T:24 Pin TSOP-li (Forward)
(400mil)

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

K:24 Pin SOJ(300mil)

§:24 Pin TSOP-lI(Forward)
(300mil)

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

{16M BMW| 2Mx8

5V+10%

KM48C2000A#
KM48C2000AL#
KM48C2000ASL#
KM48C2100A#
KM48C2100AL#
KM48C2100ASL#
KM48C2004A#
KM48C2004AL#
KM48C2004ASL#
KM48C2104A#
KM48C2104AL#
KM48C2104ASL#

50/60/70/80

Fast Page(4K)

Fast Page(2K)

EDO(4K)

EDO(2K)

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

3.3V+0.3\

KM48V2000A#
KM48V2000AL#
KM48V2000ASLi#
KM48V2100A#
KM48V2100AL#
KM48V2100ASL#
KM48V2004A#
KM48V2004AL#
KM48V2004ASL#

60/70/80

Fast Page(4K)

Fast Page(2K)

EDO(4K)

Prinsunog

~ ELECTRONICS
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MEMORY ICs FUNCTION GUIDE
Density| Org. ;3;":;;, Part Number [Speed(ns) Features Pac(#ka)ges
16M B/W|2Mx8 3.3V+0.3V} KM48V2104A# 60/70/80 | EDO(2K) J:28 Pin SOJ
KM48V2104AL# T:28 Pin TSOP-I (Forward)
KM48V2104ASL# ; TR:28 Pin TSOP-Il(Reverse
1Mx16 [5V+10% | KM416C1000A# | 60/70/80 | Fast Page(4K) J:42 Pin SOJ
KM416C1000A#-L T:44 Pin TSOP-II (Forward)
KM416C1200A# Fast Page(1K) R:44 Pin TSOP-Il{Reverse)
KM416C1200A#-L
KM416C1004A# EDO(4K)
KM416C1004A#-L
KM416C1204A# EDO(1K)
KM416C1204A#-L
3.3V+0.3V] KM416V1000A# | 60/70/80 | Fast Page(4K)
KM416V1000A#-L
KM416V1200A# Fast Page(1K)
KM416V1200A#-L
KM416V1004A# EDO(4K)
KM416V1004A#-L
KM416V1204A# EDO(1K)
KM416V1204A#-L
512Kx32} 3.3V+0.3] KM432V502# 70/80 Fast Page(4K) T:70 Pin TSOP-II (Forward)
KM432V502#-L ) R:70 Pin TSOP-lI(Reverse)
KM432V522# Fast Page(1K)
KM432V522#-L.
KM432V5044# EDO(4K)
KM432V5044#-L.
KM432V5244# EDO(1K)
KM432V524#-1

|ﬂ: FI FATRANINC
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MEMORY ICs FUNCTION GUIDE

Depsity ‘Org. gzg:lry Part Number [Speed(ns) Features Pac(l;a)ges

64M bit | 16Mx4 |3.3V£0.3V] KM44V16000# 50/60/70 | Fast Page(8K) J :34 Pin SOJ
KM44V16100# Fast Page(4K)

8Mx8 |3.3V0.3\ KM48V8000# 50/60/70 | Fast Page(8K)

KM48V8100# Fast Page(4K)

64M bit | 16Mx4 [3.3V+£0.3V] KM44V16000A# | 50/60/70 | Fast Page(8K) " | J:32Pin SOJ
KM44V16000A#-L ‘ T : 32 pin TSOP I(Forward)
KM44V16100A# Fast Page(4K) R : 32 pin TSOP li(Reverse)

KM44V16100A#-L
8Mx8 13.3V+0.3V| KM48V8000A# 50/60/70 | Fast Page(8K)
KM48V8000A#-L
KM48V8100A# Fast Page(4K)
KM48V8100A#-L

= EMTDAMINC ‘ : -



MEMORY ICs

FUNCTION GUIDE

3. DRAM ORDERING SYSTEM

1 2 3 4 6 7 8 9
KM 4 AA B CCCCC D E F- G
-T— T I E— T T T
SAMSUNG
Memory Speed
Organization Package Type
Product
Density & Mode/Feature
Revision Power(DC Current)
1. SAMSUNG Memory . Power(DC Current)
Blank Normal
2. DRAM(4) L Low power
with Self refresh
3. Organization SL Super Low power
1 x 1
4 X 4 . Package Type
8 x 8 N gy = o |
9 X9 TSOP il (Forward)
16 x16 TSOP 1l (Reverse)
18 x 18 DIP
32 x 32 ZIP
‘ SOJ(Shrinked PKG,S0OJ)
4. Product TSOP Il (Shrinked PKG,Forward)
C 5V TSOP |l (Shrinked PKG,Reverse)
Vv 3.3V

5. Density & Mode/Feature
Refer to the previous "Chapter 2. Product

Guide."

6. Revision
Blank 1st Gen.
A 2nd Gen.
B 3rd Gen.
Cc 4th Gen.
D 5th Gen.

Speed

=5 ceemmrmemnenee 50 ns
60 ns
70 ns

- 8 ~vemmoeeeeee 80 NS

I El EFTRDANINC
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MEMORY ICs

FUNCTION GUIDE

* NEW DRAM ORDERING SYSTEM

This new DRAM ordering system will be used for all SAMSUNG's New DRAM products from 1995.
In '95 DRAM Databook, only used for 1M 5th Gen., 16M Byte Word Wide 2nd Gen. and 64M DRAM.

1 2 3 4 5 6 7 8 9
KM 4 AA B CCCCC D E - F GG
SAMSUNG
Memory Speed
DRAM
Organization Power(DC Current)
Product
Densiiy & Mode/Feature
Revision Package Type
1 SAMSUNG Memory 7. Package Type
---- SOJ
2. DRAM(4) ---- TSOP Il (Forward)
. -ermmnmemmeeen TSOP |1 (Reverse)
3. Organization DIP
1 x1 ZIP
4 x4 SOJ(Shrinked PKG,S0OJ)
8 X8 S e eaees TSOP Il (Shrinked PKG,Forward)
9 x9 W oo TSOP |I (Shrinked PKG,Reverse)
16 x16
18 x 18 . Power(DC Current)
32 x 32 Blank Normal
L Low power
4, Product with Self refresh
(©] 5V H Super Low power
Y 3.3V ,
_ Speed
5. Density & Mode/Feature (Same) S 50 ns
- B 60 ns
6. Revision B 70ns
Blank 1st Gen. - 8 e 80 ns
A 2nd Gen.
B 3rd Gen.
C 4th Gen.
D 5th GEn.

Wm -
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KM41C1000D

CMOS DRAM

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

DESCRIPTION

This is a family of 1,048,576 x 1 bit Fast Page Mode CMOS DRAMSs. Fast Page Mode offers high speed
random access of memory cells within the same row. Access time(-6, -7 or -8), power consumption (Normal
or Low power) , and package type (SOJ, ZIP,DIP) are optional features of this family. All of this family have
CAS-before-RAS refresh, RAS-only refresh and Hidden refresh capabilities.

This 1Mx1 Fast Page Mode DRAM Family is fabricated using Samsung's advanced CMOS process to
realize high band-width, low power consumption and high reliability.

FEATURES

¢ Part Identification
- KM41C1000D/D-L(5V)

* Active Power Dissipation

-8 330

* Refresh cycles

» Fast Page Mode operation

» CAS-before-RAS refresh capability

» RAS-only and Hidden refresh capability

* TTL(5V) compatible inputs and outputs

* 256K x 4 fast test mode

+ JEDEC Standard pinout

¢ Available in Plastic SOJ, ZIP and DIP packages
* Single +5V+10% power supply

FUNCTIONAL BLOCK DIAGRAM

Vee
RAS
e e
w-> VBB Generator
1
Flow Decod bom o o
S o Buffer
¢ Performance range: =
Memory Array
1CAC, : owsres 1§
-6 15ns ons : Celis 3 »
7 20ns | 130ns | 45ns H —
8 20ns | 150ns | 50ns | A0 -A9 o Addhons Bulier }-+-{ Gt Decoder Butter [ @
SAMSUNG ELECTRONIC CO., LTD. reserves the right to
change products and specifications without notice.
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KM41C1000D ' ~ CMOS DRAM

PIN CONFIGURATION (Top Views)

* KM41C1000DJ * KM41C1000DZ

[] Vss
0 Q
O CAS
ON.C
[ A9

O A8
[ A7
A6
H As
mpVi

" KaM41€10000P A0 - A9 Address Inputs
pm]i o Vss D Data In
Q Data Out
R‘g E : v ;;g | Vs Ground
TF i 12 A9 RAS Row Address Strobe
A0 M5 1afm A8 CAS Column /}ddress Strobe |
Y= s a7 W | Read/MWrite Input
a2 7 12k A6 Vee Power(+5.0V)
N.C No Connection
- 1 TF Test Function
il M NL No Lead

ELECTRONICS



KM41C1000D e CMOS DRAM

ABSOLUTE MAXIMUM RATINGS

Voltage on any pin relative to Vss Vin,Vour -1 to +7.0 Vv
Voltage on Vcc supply relative to Vss - Vee -1 to +7.0 Vv
Storage temperature Tstg -55 to +150 °C
Power dissipation Po 600 mw
Short circuit output current los 50 mA

* Permanent device damage may oceur 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 (Voltages referenced to Vss, Ta= 0 to 70 °C)

Supply voltage Vee 45 5.0 5.5 v
Ground Vss 0 ' 0 0 v
Input high voltage Vin 24 - Vee+1™! \
Input low voltage ViL -1.072 - 0.8 Y

*1:Vee+2.0V at pulse width < 20ns (pulse width is measured at Vcc)
*2 :-2.0V at pulse width < 20ns (pulse is measured at Vss)

DC AND OPERATING CHARACTERISTICS (Recommended operating conditions unless otherwise noted.)

“Input leakage current (Any input O<VinsVce+0.5V pA
all other pins not under test=0 volts.)

Output leakage current

(Data out is disabled, 0V<Vour<Vce) low) -5 5 HA
Output high voltage level(lon=-5mA) VoH 2.4 - Y%
Output low voltage level(loL=4.2mA) VoL - 0.4 \

ELECTRONICS




KM41C1000D o ' CMOS DRAM

DC AND OPERATING CHARACTERISTICS (Recommended operating conditions unless otherwise noted.)

. 60
lec Don't care 7 55 m: =
50 ‘m A
Icc2 Don't care Don't care 2 mA
6 ' 60
lcca Don't care 7 55 :‘A\
-8 ‘ 50 mA
-6
lcca Don't care 7 ig g:
-8 40 mA
Normal \ 1 . mA
D«
lces L on't care 100 WA
-6 60
lccs Don't care 7 55 2:
-8 50 ' mA
[o7] L Don't care 100 pA

lcc1* : Operating current (RAS and CAS, Address cycling @tRC=min.)

Icc2 : Standby current ( RAS=CAS=W=Vix')

lcca® : RAS-only refresh current (CAS=Vin, RAS ,Address cycling @tRC=min.)

lcca® : Fast Page Mode current (RAS=ViL, CAS, Address cycling @tPC=min.)

lccs : Standby current (RTS:C—KS?W=VOC-O.2V)

Iccs* : CAS-before-RAS refresh current (RAS and CAS cycling @tRC=min.)

lcc7 : 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 cycling or 0.2V
DIN=W=A0 ~ A9 = Vcc-0.2V or 0.2V, Trc= 125us(L-ver), Tras=Trasmin~300 ns

* NOTE : lcct, lecs, 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. In‘iccy,. leca .
and Iccs, address can be changed maximum once while RAS=VIL. In lccs, Address canbe
changed maximum once within one fast page mode cycle time tPC. '

- : - - — =
w ELECTRONICS Pty b



KM41C1000D | | CMOS DRAM

CAPACITANCE(Ta=25°C,Vcc=5V, f=1MHz)

Parameter Symbol Min Max Unit
Input capacitance [D] . Cini - 5 pF
Input capacitance [AO - A9] Cinz - 6 pF
Input capacitance [RAS, CAS, W] Cina - 7 pF
Output capacitance [Q] Cour - 7 pF

AC CHARACTERISTICS (0°C<Ta<70°C, See note 1,2)
Test condition : Vcc=5.0V+10%, Vin/Vi=2.4/0.8V, Von/Voi=2.0/0.8V

Parameter Symbol Min6 Max | Min l Max | Min 2 Max Units [Notes
Random read or write cycle time tRC 110 130 150 ns
Head-modify-write cycle time tRWC 130 150 170 ns
Access time from RAS tRAC 60 70 80 ns |34,10
Access time from CAS tCAC 15 20 20 | ns |345
Access time from column address tAA 30 35 | 40 ns 3,9
CAS to output in Low-Z tCLZ 0 0 0 ns
Output buffer turn-off delay tOFF 0 15 0 20 0 20 ns
Transition time (rise and fall) AT 3 50 3 50 3 50 ns 2
RAS precharge time tRP 40 50 60 ns
RAS pulse width tRAS 60 | 10K | 70 | 10K | 80 | 10K ns
RAS hold time tRSH 15 20 20 ns
CAS hold time tCSH 60 70 80 ns
CAS pulse width tCAS 15§ 10K| 20 | 10K | 20 | 10K ns
RAS to CAS delay time tRCD 20 45 20 50 20 60 ns 4
RAS to column address delay time tRAD 15 30 15 35 15, 40 ns 10
CAS to RAS precharge time tCRP 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 hold time referenced to RAS| tAR 50 55 60 ns 14
Column address to RAS lead time tRAL 30 35 40 ns
Read command set-up time tRCS 0 0 0 | ns
Read command hold time referenced to CAS | tRCH 0 0 0 ns 8
Read command hold time referenced to RAS | tRRH 0 0 0 ns
Write command hold time tWCH 10 10 10 ns
Write command hold time referenced to RAS | tWCR 45 50 55 ns 14
Write command pulse width tWP 10 10 10 ns
Write command to RAS lead time t1RWL 15 15 15 ns
Write command to CAS lead time tCWL 15 15 15 ns

‘m; | | as
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KM41C1000D

CMOS DRAM

AC CHARACTERISTICS (0°C<TA<70°C, See note 2)

Data set-up time tDS 0 0 ns 9.
Data hold time tDH 15 15 15 ns | 9
Data hold time referenced to RAS tDHR 50 55 60 ns. |14
Refresh period(Normal) tREF 8 8 8 ms
Refresh period(L -ver) tREF 128 128 128 ms

Write command set-up time tWCS [¢] 0 0 ns 7
CAS to W delay time tCWD 15 20 20 ns 7
RAS to W delay time tRWD 60 70 80 ns 7
Column address to W delay time tAWD 30 " 35 40 ns 7
CAS precharge to W delay time t{CPWD | 35 40 45 ns

CAS set-up time (CAS-before-RAS refresh) | tCSR 5 5 5 ns

CAS hold time (CAS-before-BAS refresh) tCHR 15 15 15 ns

RAS to CAS precharge time tRPC 5 5 5 ns

CAS precharge time(CBR counter test cycle)] tCPT 20 25 30 ns
Access time from CAS precharge tCPA 35 35 .| 45 ns 3
Fast Page mode cycle time tPC 40 45 50 ns

Fast Page mode read-modify-write cycle timg tPRWC | 60 60 65 ns

CAS precharge time (Fast page cycle) tcP__~ | 10 10 10 ns

RAS pulse width (Fast page cycle) tRASP | 60 | 200K| 70 | 200K| 80 | 200K | ns

RAS hold time from CAS precharge tRHCP | 40 45 50 ns

s v

ELECTRONICS
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KM41C1000D ‘ CMOS' DRAM

NOTES

1.

10.

11.

12.

13.
14.

An initial pause of 200us is required after power up followed by any 8 ROR or CBR 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) and are assumed to be 5ns for all inputs.

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

Operation within the tRCD(max) limit insures that tRAC(max) can be met. tRCD(max) is specified as a
reference point only. If tRCD(max) is greater than the specified tRCD(max) limit, then access time is
controlled exclusively by tCAC.

Assumes that tRCD> tRCD(max).

This parameter defines the time at which the output achieves the open circuit condition and is not
referenced to VOH or VOL.

tWCS, tRWD, tCWD and tAWD are non restrictive operating parameters. They are included in the data
sheet as electrical characteristics only. If tWCS=tWCS(min),the cycles is an early write cycle and the
data output will remain high impedance for the duration of the cycle. If tCWD>= tCWD(min),
tRWD2tRWD(min) and tAWD=> tAWD(min), then the cycle is a read-modify-write cycle and the data
output will contain the data read from the selected address. If neither of the above conditions is
satisfied, the condition of the data out is indeterminate.

Either tRCH 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-modify-write cycles.

Operation within the tRAD(max) limit insures that tRAC(max) can be met. tRAD(max) is specified as a
reference point only. If tRAD is greater than the specified tRAD(max) limit, then access time is
controlled by tAA. :
Normal operation requires the "TF" pin to be connected to Vss or TTL logic low level or left unconnected
on the printed wiring board.

When the "TF" pin is connected to a defined positive voltage, the internal test function may be activated.
Contact Samsung for specific operational details of the "test function".

In a test mode cycle, the value of tRAC, tCAC, tAA is delayed for 3ns.-

tAR, tWCR, and tDHR are referenced to tRAD(MAX).

ELECTRONICS




KM44C256D

CMOS DRAM

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

FEATURES

¢ Part Identifi

cation

- KM44C256D/D-L(5V)

* Active Power Dissipation

DESCRIPTION

This is a family of 262,144 x 4 bit Fast Page Mode CMOS DRAMs. Fast Page Mode offers high speed
random access of memory cells within the same row. Access time(-6, -7 or -8), power consumption (Normal
or Low power), and package type (SOJ, ZIP,DIP) are optional features of this family. All of this family have
CAS-before-RAS refresh, RAS-only refresh and Hidden refresh capabilities.
This 256Kx4 Fast Page Mode DRAM Family is fabricated using Samsung's advanced CMOS process to
realize high band-width, low power consumption and high reliability.

Unit : mW

Speed Active Power Dissipation
-6 ' 385
7 358
-8 330

¢ Refresh cycles

¢ Fast Page Mode operation
» CAS-before-RAS refresh capability

* RAS-only and Hidden refresh capability
¢ TTL(5V) compatible inputs and outputs

* Early write or Output Enable controlled write
» JEDEC Standard pinout
* Available in Plastic SOJ, ZIP, and DIP packages
¢ Single +5V+10% power supply

FUNCTIONAL BLOCK DIAGRAM

Part No. Refresh | ~ Refresh ‘p,emd
Cycle| Normmal | | Vee
RAS > Control Vss
KM44C256D | 512 - 8ms | 128ms o] Clocks VOB Genorator
1
Row Decoder Data in
[ o Buffer
* Performance range: " A 3
- - - - — e - emory Array
Speed i tRAC | tCAC | tRC | 1PC _J 262,144 x 4 E [- 5)00
6" 60ns | 15ns | 110ns | 40ns Cells o | DQ3
7 70ns | 20ns | 130ns | 45ns * 12{Row Address Bufter] £
AQ ~AS & Data out
-8 80ns 20ns [ 150ns | S0ns ol. Address Buffer || Column Decoder [« Buffer |— oF
SAMSUNG ELECTRONIC CO., LTD. reserves the right to
change products and specifications without notice.
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KM44C256D CMOS DRAM

PIN CONFIGURATION (Top Views)

¢ KM44C256DJ * KM44C256DP * KM44C256DZ
b Vss
H Da3 DQO r_d 10 20 [ Vss
1 DQ2 pQ1 M2 19 [ DQ3
O TAS wms 18 [0 DQ2
mlold FAS m}4 17 [ cAS
N.C 5 16 (0 OE
A0 6 15 (11 A8
(1 A8 Al 37 14 D A7
1 A7 A2 s 13 [ A6
1 A6 A3 o 12 1 A5
;2‘3 Vccﬁw o A

Pin Name | Pin Function
A0 - A8 Address Inputs
DQO~3 Data In/out
Vss Ground
RAS Row Address Strobe
CAS Column Address Strobe

W Read/Write Input
OE Data Outputs Enable
Vce Power(+5.0V)

N.C No Connection

NL No Lead

PRms ungg 37
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KM44C256D | ' CMOS DRAM

- ABSOLUTE MAXIMUM RATINGS

Voltage on any pin relative to Vss Vin,Vour -1 to +7.0 \
Voltage on Vcc supply relative to Vss Vee - -1 to +7.0 \'
Storage temperature ‘ Tstg -55 to +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 absolute 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
Supply voltage Vee 45 v
Ground - Vss 0 0- 0 Vv
Input high voltage Vin 24 - Vee+1'! \'

. Input low voitage Vi 2072 - 0.8 \

*1 : Vec+2.0V at pulse width < 20ns (pulse width is measured at Vcc)
*2 :-2.0V at pulse width < 20ns (pulse is measured at Vss)

DC AND OPERATING CHARACTERISTICS (Recommended operating conditions unless otherwise noted.)

Input leakage current (Any input 0<VinsVec+0.5V hw) -5 5 HA

all other pins not under test=0 volts.)

Output leakage current

(Data out is disabled, 0V<Vour<Vce) low) -5 5 WA
Output high voltage level(lon=-5mA) VoH 24 - Vv
Output low voltage level(loL.=4.2mA) VoL - '0.4 Vv

Jar | o



KM44C256D ' CMOS DRAM

DC AND OPERATING CHARACTERISTICS (Recommended operating conditions unless otherwise noted.)

-6 - 60 mA
lcct Don't care -7 55 mA
-8 50 . mA
lecz Don't care Don't care C2 mA
-6 60 mA
lccs Don't care -7 55 mA
-8 50 mA
. -6 50 .mA
lcca Don't care -7 45 mA
-8 40 mA
Normal . 1 ' mA

lccs Don't care
L ‘ 100 HA
-6 60 mA
lcce Don't care -7 55 mA
. -8 50 mA
lecr L Don't care 100 KA

lcc1* : Operating current (RAS and CAS, Address cycling @tRC=min.)

icc2 : Standby current (RAS=CAS=W=VH )

lcca* : RAS-only refresh current (CAS=Vi, RAS ,Address cycling @tRC=min.)

lcca” : Fast Page Mode current (RAS=Vi, CAS, Address cycling @tPC=min.)

lccs : Standby current ( RAS=CAS=W=Vcc-0.2V)

lcce* : CAS-before-RAS refresh current (RAS and CAS cycling @tRC=min.)

Icc7 : Battery back-up current, Average power supply current, Battery back-up mode
Input high voltage(ViH)=Vce-0.2V, Input low voltage(ViL)=0.2V, CAS=CAS-before-RAS cycling or 0.2V
DIN=W=A0 ~ A8= Vcc-0.2V or 0.2V, Tre= 125us(L-ver), Tras=Trasmin~300 ns

*NOTE : lcct, lecs, Icca 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. In lcc1, locs
and lIccs, address can be changed maximum once while RAS=ViL. In Iccs, Address can be
changed maximum once within one fast page mode cycle time tPC.

o "



KM44C256D

CMOS DRAM

CAPACITANCE(Ta=25°C,Vce=5V , f=1MHz)

___ Parameter. | symbol |
Input capacitance [AQ - A8] Civi
Input capacitance [RAS, CAS, W,OF] Cine
Output capacitance [DQO~DQ3] Cour

AC CHARACTERISTICS (0°C<Ta<70°C, See note 1,2)

Test condition : Vec=5.0V+10%, Vin/'Vi=2.4/0.8V, Von/Vo=2.0/0.8V

Sl B
Parameter ; VSynyib_o!; " Min| Max| Min Min

Random read or write cycle time tRC 110 130 150 ns
Read-modify-write cycle time tRWC 155 175 195 ns
Access time from RAS tRAC 60 70 80 ns |3,4,10
Access time from CAS tCAC 15 20 20 ns | 345
Access time from column address tAA 30 35 40 ns 3,9
CAS to output in Low-Z tCLZ 0 ns 3
Output buffer tum-off delay tOFF 0 15 20 20 ns 6
Transition time (rise and fall) {T 3 | 50 50 50 ns 2
RAS precharge time tRP 40 50 60 ns
RAS pulse width tRAS 60 | 10K| 70 | 10K | 80 [ 10K | - ns
RAS hold time tRSH 15 20 20 ‘ns
CAS hold time tCSH 60 70 80 ns
CAS pulse width tCAS 15 | 10K 20 | 10K | 20 10K ns
RAS to CAS delay time tRCD 20 | 45 20 | 50 20 60 ns 4
BAS to column address delay time tRAD 15| 30| 15| 35 | 15 | 40 ns 10
CAS to RAS precharge time tCRP 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 hold time referenced to BAS| tAR 50 55 60 ns 11
Column address to RAS lead time tRAL, 30 35 40 ns
Read command set-up time tRCS 0 0 0 ns
Read command hold time referenced to TAS | tRCH 0 0 o) ns 8
Read command hold time referenced to BAS | tRRH 0 | 0 0 ns 8
Write command hold time . tWCH | 10 10 10 ns
Write command hold time referenced to BAS | tWCR |- 45 50 55 ns 11
Write command pulse width ‘ tWP 10 10 10 ns

mmand to BAS | i tRWL 15 15 15 ns
Write command to CAS lead time tCWL 15 15 15 ns
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KM44C256D . CMOS DRAM

AC CHARACTERISTICS (0°C<Ta<70°C, See note 2)

Data set-up time

Data hold time tDH 15 15 15 ns

Data hold time referenced to RAS tDHR 50 55 60 ns 11
Refresh period(Normal) tREF 8 8 8 ms
Refresh period(L -ver) tREF 128 128 128 ms
Write command set-up time tWCS 0 0 0 ns 7
TAS to W delay time tcwD | 40 45 45 ns | 7
RAS to W delay time tRWD 85 95 105 ns 7
Column address to W delay time tAWD 55 60 65 ns 7
CAS precharge to W delay time tCPWD | 60 65 70 'ns

CAS set-up time (CAS-before-RAS refresh) | tCSR 5 5 5 ns

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

RAS to CAS precharge time tRPC 5 ) 5 5 ns

CAS precharge time(CBR counter test cycle)| tCPT 20 25 30 ns
Access time from CAS precharge tCPA 35 35 40 ns 3
Fast Page mode cycle time tPC 40 45 50 ns .
Fast Page mode read-modify-write cycle timg tPRWC | 80 85 90 ns

CAS precharge time (Fast page cycle) tCP. 10 10 10 ns

RAS pulse width (Fast page cycle) tRASP 60 | 100K| 70 |100K| 80 100K | ns

RAS hold time from CAS precharge tRHCP | 40 45 50 ns

OE access time tOEA 15 20 éo ns

OE to data delay tOED 15 20 . 20 ns
Qutput buffer turn off delay time from OF tOEZ 0 15 0 | 20 0 20 | ns

OE command hold time tOEH 15 20 20 ns

PSinsuneg i
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KM44C256D ’ CMOS DRAM

NOTES

1.

w

10.

11.

An initial pause of 200us is required after power up followed by any 8 ROR or CBR 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) and are assumed to be 5ns for all inputs.

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

Operation within the tRCD(max) limit insures that tRAC(max) can be met. tRCD(max) is specified as a
reference point only. If tRCD(max) is greater than the specified tRCD(max) limit, then access time is
controlled exclusively by tCAC.

Assumes that tRCD> tRCD(max).

This parameter defines the time at which.the output achieves the open circuit condition and is not
referenced to VOH or VOL. )

tWCS, tRWD, tCWD and tAWD are non restrictive operating parameters. They are included in the
data sheet as electrical characteristics only. If tWCS2tWCS(min),the cycles is an early write cycle and
the data output will remain high impedance for the duration of the cycle. If tCWD2= tCWD(min),
tRWD2tRWD(min) and tAWD> tAWD(min), then the cycle is a read-modify-write cycle and the data
output will contain the data read from the selected address. If neither of the above conditions is
satisfied, the condition of the data out is indeterminate.

Either tRCH or tRRH must be satisfied for a read cycle.

These parameters are referenced to the CAS Ieading edge in early write cycles and to the W leading
edge in read-modify-write cycles.

Operation within the tRAD(max) limit insures that tRAC(max) can be met. tRAD(max) is specified as a
reference point only. If tRAD is greater than the specified tRAD(max) limit, then access time is
controlled by tAA. ' '

tAR, tWCR, and tDHR are referenced to tRAD(MAX).

w' ' | 42
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KM41C4000C, KM41V4000C ' CMOS DRAM

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

This is a family of 4,194,304 x 1 bit Fast Page Mode CMOS DRAMs. Fast Page Mode offers high speed
random access of memory cells within the same row. Power supply voltage (+5.0V or +3.3V), access
time(-5, -6, -7 or -8), power consumption (Normal, Low power) , and package type (SOJ, ZIP, TSCP-II) are
optional features of this family. All of this family have CAS-before-RAS refresh, RAS-only refresh and
Hidden refresh capabilities. Further more, self-refresh operation is available in Low power version.

This 4Mx1 Fast Page Mode DRAM Family is fabricated using Samsung's advanced CMOS process to
realize high band-width, low power consumption and high reliability. It may be used as main memory for
main frames ,mini computers, personal computer and high performance microprocessor systems.

FEATURES « Fast Page Mode operation

* Part Identification » CAS-before-RAS refresh capability
- KM41C4000C/CL(5V) * RAS-only and Hidden refresh capability
- KM41V4000C/CL(3.3V) « Self-refresh capability (3.3V,L-ver only)

* Fast parallel test mode capability
e TTL(5V)/LVTTL(3.3V) compatible inputs and outputs
Unit : mW » Common /O using early write

 Active Power Dissipation

Seadl * JEDEC Standard pinout
‘p,, o * Available in Plastic SOJ, ZIP, TSOP(ll) packages
-5 - * Single +5V+10% power supply(5V product)
-6 220 - 415 * Single +3.3V+0.3V power supply(3.3V product)
-7 200 360
-8 180 305
« Refresh cycles FUNCTIONAL BLOCK DIAGRAM
o bvesd : s Vee
o ¢y . © RAS P
cio000] 5V | . ' cas¥ e Vs
1K | 16ms | 128ms | W VBB Generator
V1000C| 3.3V ‘ T
Row Decoder Data in D
S Buffer
» Performance range: y . e
TS TR SR BRI SO OIS KSR emory Array | o
Speed| tRAC|tCAC| tRC | tPC | Remark | Refewh Coumrer ] | | 4194304 1 [£ 1]
5 50ns | 13ns | 90ns| 35ns | 5V Only - Cells P
6 | 60ns| 15ns [110ns| 40ns | 5V/3.3V § —
- Ui
-7 ;gns zgns Egns ;gns Es,xggx A0 ~A10 S dorees Bafier -+ | Gorumn Decoder Jo— Buffer Q
8 ns | 20ns ns| 50ns .

SAMSUNG ELECTRONIC CO., LTD. reserves the right to
change products and specifications without notice.

ELECTRONICS




KM41C4000C, KM41V4000C ; ~ . CMOS DRAM

PIN CONFIGURATION (Top Views)

* KM41C/vV4000CJ * KM41C/V4000C2 ‘ * KM41C/v4000CT

[T Vss
=i o)

N CAS
I N.C
(0 A9

[T A8
[0 A7
D A6
[0 A5
[0 A4

* KM41C/V4000CTR

AO-A10 | Address Inputs vl o ] o
D Dataln TAS 18 3fuRAS
Q Data Out . ) NC 7 4fNC
Vss Ground s SHAt0
BAS Row Address Strobe
CAS Column Address Strobe as s sk 00
w Read/Write input Ag fre A 7B a1
N.C No Connection A6 E 13 o 8 gAz
As L2 o3
Veo zzx::ggga : A4 11 1o vee
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KM41C4000C, KM41V4000C ‘ _____CMOS DRAM

ABSOLUTE MAXIMUM RATINGS

Voltage on any pin relative to Vss Vin,Vour -0.5 to +4.6 -1 to +7.0 Vv
Voltage on Vce supply relative to Vss Vee -0.5 to +4.6 -1 to +7.0 Y,
Storage temperature Tstg 55 to +150 -65 to +150 °C
Power dissipation " Po 600 . 600 mw
Short circuit output current los 50 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 (Voltages referenced to Vss, Ta= 0 to 70 °C)

Supply voltage Vee 3.0 3.3 3.6 4.5 5.0 5.5 v
Ground " Vss 0 0 0 0 0 0 v
Input high voltage |  Vm 2.0 . Voc+031 24 - | Veert'| v
Input low voltage Vi -0.372 - 08 | -1.07 : 08 | Vv

*1: Vce+1.3V/15ns(3.3V),Vee+2.0V/20ns(5V), Pulse width is measured at Vce
2: -1.3V/15ns(3.3V), -2.0V/20ns(5V),Pulse width is measured atVss

DC AND OPERATING CHARACTERISTICS (Recommended operating conditions unless otherwise noted.)

» Input leakage current (Any input OSVINSVce+0.3V . I 5 5 pA
, all other pins not under test=0 volts.) .
Output leakage current : : ] B
3.3v (Data out is disabled, 0V<Vout<Vcc) low) 5 5 KA
Output high voltage level(loH=-2mA) VoH 2.4 - Vv
Output low voltage level(lo,=2mA) VoL - 0.4 Y
Input leakage current (Any input 0<ViNgVec+0.5V . A
. hw 5 5 0
all other pins not under test=0 voits.)
Output leakage current )
sV (Data out is dlsabled OV<Vou1<Vcc) low 5 5 WA
Output high voltage level(loH=-5mA) | "Vou 24 - |V
Output low voltage level(lo.=4.2mA) ) VoL - 0.4 Vv

ELECTRONICS



KM41C4000C, KM41V4000C CMOS DRAM

DC AND OPERATING CHARACTERISTICS (Recommended operating conditions unless otherwise noted.)

-5 - 85 mA
) -6 60 75 mA
Don't care

toct -7 55 65 | mA
-8 50 55 mA
lecz Don't care Don't care 1 2 mA
-5 - 85 mA
. -6 60 75 mA
lcca Don't care e 55 | o8 mA
-8 50 55 . mMA
-5 - 65 : mA
' -6 45 55 mA

Icca Don't care )
7 40 45 mA
-8 35 35 mA
Normal . ) 0.5 o1 mA
lcos L Don't care 100 200 uA
-5 - ) 85 mA
" 6 60 75 mA

Don't care

loce -7 55 65 mA
-8 50 55 mA
lcc7 L : Don't care 200 300 pA
lccs L Don't caré 150 ' - HA

Icct *: Operating current (RAS and CAS cycling @tRC=min.)’
lccz : Standby current (RAS=CAS=W=ViH)
lcca *: RAS-only refresh current (CAS=ViH, RAS ,Address cycling @tRC=min.)
lcca *: Fast Page Mode current (RAS=Vi, CAS, Address cycling @tPC=min.)
lccs : Standby current (RAS=CAS=W=Vcc-0.2V)
lccs *: TAS-before-RAS refresh current (RAS and TAS cycling @tRC=min.)
lcc : Battery back-up cufrent, Averaée power supply current, Battery back-up mode
Input high voltage(ViH)=Vce-0.2V, Input low voltage(ViL)=0.2V, CAS=0.2V
DN = Don't care, Trc= 125us(L-ver), Tras=Trasmin~300 ns
Iccs : Self refresh current
RAS=CAS=Vi, W=0OE=A0 ~ A10= D= Vcc-0.2V or 0.2V
*NOTE: lccy, lecs, Icca 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. In lcct1, lecs,

and lccs, address can be changed maximum once while RAS=ViL. In Iccs, Address can be
changed maximum once within one fast page mode cycle time tPC.

T 48
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KM41C4000C, KM41V4000C - CMOS DRAM
CAPACITANCE(Ta=25°C Vce=5V or 3.3V, f=1MHz)

Pal?a"mketé{: S SymbOI Min Unit
Input capacitance [D] Cini - pF.
Input capacitance [AO - A10] Cine - pF
Input capacitance [RAS, CAS, W] Cing - pF
Output capacitance [Q] Cour - pF

AC CHARACTERISTICS (0°C<Ta<70°C, See note 1,2)
Test condition(5V device) : Vcc=5.0V+10%, Vin/Vi=2.4/0.8V, Von/Voi=2.4/0.4V
Test condition(3.3V device) : Vcc=3.3V+0.3V, Vin/Vi=2.0/0.8V, Von/Voi=2.0/0.8V

Random read or write cycle time tRC 90 110 . 1150 ns
Read-modify-write cyclle time tRWC |108 130 155 175 ns

Access time from RAS tRAC 50 60 70 80 ns |3,4,10
Access time from CAS tCAC 13 15 20 20 ns | 34,5
Access time from column address tAA 25 30 35 40 ns | 3,10
CAS to output in Low-Z tCLZ 0 0 0 0 ns 3
Output buffer turn-off delay tOFF 0|13/ 0 | 15| 0|20 0| 20 ns 6
Transition time (rise and fall) tT 31503 50 | 3|50 )| 3| 50 ns 2
BAS precharge time tRP 30 40 50 60 ns

RAS pulse width tRAS 50 | 10K | 60 | 10K | 70 | 10K | 80 | 10K ns

BAS hold time tRSH | 13 15 20 20 ns

CAS hold time tCSH | 50 60 70 80 ns

CAS pulse width tCAS 13 [ 10K | 15 | 10K | 20 | 10K | 20 | 10K ns

RAS to CAS delay time tRCD 20| 35 |20 | 45 |20 | 50 | 20| 60 ns 4
RAS to column address delay time tRAD 15125 |15 | 30 |15 | 35 | 15| 40 ns 10
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 RA§ tAR 40 45 55 60 ns 15
Column address to RAS lead time tRAL | 25 30 35 40 ns

Read command set-up time tRCS | © 0 {0 0 ns

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

Read command hold time referenced to BAS | tRRH 0 0 0 0 ns

Write command hold time tWCH | 10 10 15 15 ns

Write command hold time referenced to RAS | tWCR | 40 45 55 60 ns | 15
Write command pulse width tWP- 10 | - 10 15 15 ns

Write command to BAS lead time tRWL | 13 15 20 " 120 ns

Write commiand to CAS lead time tCWL | 13 15 20 20 ns

Note) *1 : 5V only

S imsugg )
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KM41C4000C, KM41V4000C

CMOS

DRAM

AC CHARACTERISTICS (0°C<Ta<70°C, See note 2)

Data set-up time tDS 0 0 0 0 ns |9

Data hold time tH |10 10 15 15 ns |9

Data hold time referenced to BAS tDHR | 40 45 55 60 ns. |15

Refresh period(Normal) tREF 16 16 16 16 ms

Refresh period(L-ver) tREF 128 128 128 128 | ms

Write command set-up time tWCS 0 0 0 0 ns (7

TAS to W delay time tcWwD | 13 15 20 20 ns | 7

FAS to W delay time . tRWD | 50 60 70 80 ns | 7

Column address to W delay time tAWD | 25 30 35 40 ns | 7

CAS precharge to W delay time tCPWD | 30 35 40 45 ns |

CAS set-up time (CAS-before-RAS refresh) [tCSR_ |10 - 10 10 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(CBR counter test cycle) [tCPT | 20 20 25 30 ns

Access time from CAS precharge tCPA 30 35 40 45 | ns- | 3

Fast Page mode cycle time | tPC 35 40 45 50 ns

Fast Page mode read-modify-write cycle timg tPRWC | 53 60 70 75 ns

ICAS precharge time (Fast page cycle) tCP 10 10 10 10 ns

BAS pulse width (Fast page cycle) tRASP | 50 |200K | 60 |200K |70 | 200K | 80 | 200K | ns

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

Write command set-up time(Test mode in) |[tWTS | 10 10 10 10 ns

Write command hold time(Test mode in) __|tWTH | 10 10 10 10 ns

W to BAS 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

RAS pulse width(C-B-R self refresh) tRASS | 100 100 100 100 us | 14

RAS precharge time (C-B-K self refresh) tRPS 90 110 130 150 ns |14
i -B- ) tCHS -50 -50 -50 -50 ns | 14

Note) *1 : 5V only

ﬂ ELECTRONICS
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KM41C4000C, KM41V4000C

CMOS DRAM

TEST MODE CYCLE

Random read or write cycle time
Read-modify-write cycle time tRwWC | 113 135 160 180 ns
Access time from RAS tRAC 55 65 75 85 ns (34,10
Access time from TAS tCAC 18 20 25 25 | ns [345
Access time from column address tAA 30 35 40 45 ns | 3,10
RAS pulse width | tRAS |55| 10K |65| 10K |75 | 10K { 85| 10K | ns
CAS puise width tCAS | 18| 10K |20] 10K {25 | 10K [ 25| 10K | ns
BAS hold time tRSH | 18 20 25 25 ns
CAS hold time tCSH | 55 65 75 85 ns
'Column address to RAS lead time tRAL | 30 35 40 45 ns
CAS to W delay time tCWD | 18 20 25 25 ns | 7
BAS to W delay time tRWD | 55 65 75 85 ns 7
Column address to W delay time tAWD | 30 35 40 45 ns z
Fast Page mode cycle time tPC 40 45 50 55 ns
Fast page mode read-modify-write cycle time| tPRWC} 58 65 75 80 ns
RAS pulse width (Fast page cycle) tRASP | 55 | 200K | 65| 200K | 75 | 200K | 85 | 200K | ns
Access time form CAS precharge tCPA 35 40 45 50 | ns 3
Note) *1: 5V only

51
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KM41C4000C, KM41V4000C ' CMOS DRAM

NOTES

1. An initial pause of 200us is required after power up followed by any 8 ROR or CBR cycles before proper
device operation is achieved.

2. ViH(min} and ViL(max) are reference levels for measuring timing of input signals. Transition times are
measured between VIH(min) and Vit(max) and are assumed to be 5ns for all inputs.

3. Measured with a load equivalent to 2 TTL(5V device)/1 TTL(3.3V device) loads and 100pF.

4. Operation within the tRCD(max) limit insures that tRAC(max) can be met. tRCD(max) is specified as a
reference point only. If tRCD(max) is greater than the specified tRCD(max) limit, then access time is
controlled exclusively by tCAC.

5. Assumes that tRCD2 tHCD(max).

6. This parameter defines the time at which the output achieves the open circuit condition and is not
referenced to VOH or VOL.

7.1WCS, tRWD, tCWD and tAWD are non restrictive operating parameters. They are included in the data
sheet as electrical characteristics only. If tWCS2tWCS(min),the cycles is an early write cycle and the data
out pin will remain high impedance for the duration of the cycle. If tCWD= tCWD(min), tRWD2tRWD(min)
and tAWD= tAWD(min), then the cycle is a read-modify-write cycle and the data out will contain the data
read from the selected address. If neither of the above conditions is satisfied, the condition of the data
out is indeterminate.

8. Either tRCH or tRRH must be satisfied for a read cycle.

9. These parameters are referenced to the CAS leading edge in early write cycles and to the ' |eadmg
edge in read-modify-write cycles.

10. Operation within the tRAD(max) limit insures that tRAC(max) can be met. tRAD(max) is specified as a
reference point only. If tRAD is greater than the specified tRAD(max) limit, then access time is controlled
by tAA. :

11. These specifications are applied in the test mode.

12. 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.

13. tOFF(max) define the time at which the output achieves the open circuit condition and are not referenced
to output voltage level.

14. 1024cycles of burst refresh must be executed  within 16ms before and after self refresh, in order to
meet refresh specification.(3.3V L-ver.)

15.tAR, tWCR, tDHR are referenced to tRAD(max.).

aar g
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KM41C4002C CMOS DRAM

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

DESCRIPTION

This is a family of 4,194,304 x 1 bit Static Column Mode CMOS DRAMs. Static Column Mode offers high
speed random or sequential access of memory cells within the same row. Access time(-5, -6, -7 or -8) and
package type (SOJ, ZIP, TSOP-lI) are optional features of this family.

All of this family have CS-before-RAS Refresh, RAS-only refresh and Hidden Refresh capabilities.

This 4Mx1 Static Column Mode DRAM Family is fabricated using Samsung's advanced CMOS process to
realize high band-width and high reliability. It may be used as main memory for main frames, mini computers
and high performance microprocessor systems.

FEATURES _
 Part Identification » Static Column Mode operation
- KM41C4002C « CS-before-RAS refresh capability

*RAS-only and Hidden refresh capability
» Fast paralle! test mode capability
¢ TTL compatible inputs and outputs

» Active Power Dissipation . 1
Unit : mwW ¢ Ccmmon I/O using Early Write

B L e « JEDEC Standard pinout
Spead o At powerdissipanon « Available in Plastic SOJ, ZIP, TSOP(ll) packages
-5 470 * Single +5V+10% power supply
-6 415
-7 360
-8 305
* Refresh cycles ~ FUNCTIONAL BLOCK DIAGRAM
: i Vo, Refresh

cycle Refre;h Penoq i

’ ‘ RAS ¥ Control
[ ing Vss
C4002C| 5V 1K 16ms pd Clocks VBB Generator |

¢ Performance range: [ Refresh Timer | [*]_Row Decoder Data in |q_p,
[ o Buffer
Speed | tRAC | tCAC | tRC | 1SC Memory Array |2
{ / : 3
af
-5 50ns 13ns 90ns 30ns 4,194,304 x 1 £
-6 60ns | 15ns | 110ns 35ns Cells n
7 | 70ns | 20ns | 130ns | 40ns 2 -
AO~A1Q Data out > Q
-8 80ns 20ns | 150ns 45ns [Coi. Address Buffer -] Column Decoder Buffer

SAMSUNG ELECTRONIC CO., LTD. reserves the right to
change products and specifications without notice.
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KM41C4002C : CMOS DRAM

PIN CONFIGURATION (Top Views)

* KM41 C4b02CJ * KM41C4002CZ * KM41C4002CT

[0 Vss
[mQ
mifeiy
[TIN.C
[ A9

[T A8
[ A7
[T A6
A5
Ad

¢ KM41C4002CTR

_Pin Name | Pin Function
Vsseo  , 1HOD AO-A10 | Address Inputs
(o] = JT: 2knw
tsis almras D Data In
N.c@Tq17 4 INC Q Data Out
A9}16 sEOA10 Vss Ground
RAS Row Address Strobe
CS Chip select input
A mui -
Ag E :i g - ﬁ? W Read/Write Input
As}13 o sl A2 N.C No Connection
A5[}12 91 A3
aardi 100 Vec Veo Power(+5.0V)

ELECTRONICS
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KM41C4002C : CMOS DRAM

ABSOLUTE MAXIMUM RATINGS

Parameter Symbol Rating ' Units
Voltage on any pin relative to Vss Vin,Vour -1 to +7.0 Y
Voltage on Vcc supply relative to Vss Vee -1 to +7.0 \Yj
Storage temperature . Tstg -55 to +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 absolute maximum rating conditions for extended periods may affect
device reliability.

RECOMMENDED OPERATING CONDITIONS (Voltéges referenced to Vss, Ta= 0 to 70 °C)

Parameter  Symbol Min | Typ . Max Unit
Supply voltage _ Vee 45 5.0 5.5 v
Ground Vss 0 0 0 Vv
Input high voltage Vi 2.4 - Vee+1.0™ v
Input low voltage Vie -1.072 - 0.8 v

*1: Vee+2.0V/20ns(5V), Pulse width is measured at Vce
*2 : «2.0V/20ns(5V),Pulse width is measured atVss

DC AND OPERATING CHARACTERISTICS

(Recommended operating conditions unless otherwise noted.)

: Patameter: . Symbol | Min ~ Max .| Units
Input leakage current (Any input 0<Vin<Vec+0.5V ) I 5 5 LA
all other pins not under test=0 volts.)

(Dat out s isabled 0VSVoursveo) G L A R
Output high voltage level(loH=-5mA) VoH 2.4 - \Y
Output low voltage level(loL=4.2mA) Voo - 04 \'

ELECTRONICS



KM41C4002C ' ‘ CMOS DRAM

DC AND OPERATING CHARACTERISTICS

(Recommended operating conditions unless otherwise noted.)

Symbol | ’ PQWér : i Speed -

-5

o s

Icet Don't care 7

-8
Icc2 Normal Don't care 2 mA
-5 85 mA
. -6 75 mA
Ices Don't care 7 65 mA
-8 55 mA
-5 65 ' mA
. -6 ' 55 mA

Don't care

Icea 7 - mA
-8 35 mA
Ices Normal Don't care ' 1 mA
-5 85 mA
! -6 : 75 mA
Icce Don't care 7 o8 mA
-8 55 mA

lcct1 *: Operating current (RAS and CS cycling @tRC=min.}

lcc2 : Standby current (RAS=CS=W=ViH)

leca *: RAS-only refresh current (CS=ViH, RAS ,Address cycling @tRC=min.)
lcca *: Static column Mode current (RAS=ViL, CS, Address cycling @tSC=min.)
lccs : Standby current (RAS=CS=W=Vcc-0.2V)

lccs *: CS-before-RAS refresh current (RAS and CS cycling @tRC=min.)

*NOTE : lcc, lccs, Icca 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. In Icc1, lccs,
and lcce, address can be changed maximum once while RAS=ViL. In Icc4, address can be
changed maximum once during a Static Column mode cycle time tSC.

ELECTRONICS



KM41C4002C CMOS DRAM

CAPACITANCE(T+=25°C,Vce=5V , f=1MHz)

Parameter : Symbol - ‘Min | Max | = Unit
Input capacitance [D] Cini - 5 pF
Input capacitance [AO - A10] Cinz - 5 pF
Input capacitance [RAS, TS, W] Cina - 7 pF
Output Capacitance [Q] Coa - 7 pF
AC CHARACTERISTICS (0°C<Ta<70°C, Vcc=5.0V+10%, See note 1,2)
Test condition : Vcc=5.0V+10%, Vin'Vi=2.4/0.8V, Von/Vol=2.4/0.4V
Random read or write cycle time tRC 90 110 130 150 ns
Read-modify-write cycle time tRWC [108 130 150 170 ns
Access time from RAS tRAC 50 60 70 80 ns |3,4,10
Access time from CS tCAC 13 15 20 20 ns | 34,5
Access time from column address tAA 25 30 35 40 ns | 3,10
Access time from last write tALW 50 55 65 75 ns 3
CS to output in Low-Z tCLZ 0 0 0 0 ns 6
Output buffer turn-off delay from CS tOFF 0|[13|0 | 15| 0 |20]| 0| 20 ns 2
Transition time (rise and fall) tT 3503 |50|3 |5 | 3| 50 ns
RAS precharge time tRP 30 40 50 60 ns
RAS pulse width tRAS 50 | 10K | 60 | 10K | 70 | 10K | 80 | 10K ns
RAS hold time tRSH | 13 15 20 20 ns
CS hold time tCSH 50 60 70 80 ns
CS pulse width tCS 13 | 10K | 15 | 10K | 20 { 10K | 20 | 10K ns
RAS to CS 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 10
CS to BAS precharge time tCRP 5 5 5 5 ns
Row address set-up time tASR 0 0 0 Q 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
Colhmn address hold time referenced to RAS| tAR 40 45 55 60 ns 13
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 hold time referenced to CS | tRCH Q 0 0 (4] ns 8
Read command hold time referenced to RAS tRRH 0 0 0 Q ns 8
Write command hold time tWCH | 10 15 15 15 ns
Write command hold time referenced to BAS | tWCR | 40 45 { . |55 60 ns 13
Write command pulse width i tWP 10 15 15 15 ns
| Write command to BAS lead time tRWL | 15 15 20 20 ns
Write command to CS lead time tCWL | 13 15 20 20 ns
LData set-up time DS Q 0 0 0 9

o ”

ELECTRONICS



KM41C4002C

CMOS DRAM

AC CHARACTERISTICS (0°C<Ta<70°C, See note 1, 2)

Data hold time

10

10

15

No*esl

tDH 15 ns
Data hold time referenced to BAS tDHR | 40 45 55 60 ns | 12
Refresh period(1024cycles) tREF 16 16 16 16 | ms
Write command set-up time tWCS | 0 0 0 0 “lns |7
TS to W delay time tCWD | 13 15 15 15 ins |7
RAS to W delay time tRWD | 50, 60 70 80 ns | 7
Column address to W delay time tAWD | 25 30 35 40 ns | 7
CAS precharge to W delay time tCPWD| 30 35 40 45 ns
CS set-up time (CS-before-BAS refresh) tCSR | 10 10 10 10 ns
TS hold time (CS-before-RAS refresh) tCHR | 10 10 10 10 ns
RAS to CS precharge time ' tRPC | 5 5 5 5 ns
CS precharge time(C-B-R counter test cycle) |[tCPT | 20 20 |25 30 ns
Static Column mode cycle time ~|tsC 30 35 140 45 ns |
Static Columin mode read-modify-write cycle ime | tSRWC | 53 65 75 85| 75 | ns
Access time from last write tALW 50 55 | 65 ‘ ns | 311
Output data hold time from column address [tAOH | & 5 5 | 5] 55 |ns
" |Output data enable time from W toW 35 40 45 |- ns
Output data hold time from W tWOH | 0 0 0 0  ns
TS precharge time (Static Column cycle) tCP 10 10 10 10 | 100K"| ns
RAS pulse width (Static Column cycle) tRASC | 50 [100K |60 [100K [70 | 100K | 80 | 10K | ns
C3 pulth width (Static Column cycle) - tCSC 13 [10K [ 15 | 10K |20 | 10K | 20 ns
Column address hold time referenced to RAS rising| tAH 5 5 5 5 40 ns
Last write to column address delay time ttWAD | 20 | 25 120 | 30 [25{ 35 |25 ns |11
Last write to column address hold time tAHLW | 50 55 65 75 ns
Write command inactive time twi 10 10 10 10 ns
rite command set-up time(Test mode in) IWTS | 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
i tWRBH | 10 10 10 10 ns

W 1o BAS hold time(C-B-F refresh)

" ELECTRONICS




KM41C4002C

CMOS DRAM

TEST MODE CYCLE

(Note. 12)

aa»

Random read or write cycle time
Read-modify-write cycle time ns
Access time from RAS tRAC 55 65 ns (34,10
Access time from CS tCAC 18 20 ns | 345
Access time from column address tAA 30 35 ns | 3,10
RAS pulse width tRAS | 55| 10K [65] 10K |75 | 10K |85| 10K | ns
CS pulse width tCS 18| 10K [ 20| 10K |25 10K [25] 10K | ns
RAS hold time tRSH | 18 20 25 25 ns
CS hold time tCSH | 55 65 75 85 ns
Column address to BAS lead time tRAL | 30 35 40 45 ns
CS to W delay time tCWD | 18 20 20 20 ns 7
RAS to W delay time tRWD | 55 65 75 85 ns | 7
Column address to W delay time tAWD | 30 35 40 45 ns | 7
Static Column mode cycle time tsC 35 40 45 50 ns
Static Column mode read-modify-write cycle time | tSRWC| 58 | 70 80 90 ns
RAS pulse width (Static Column cycle) tRASC| 55 | 100K | 65| 100K |75 | 100K | 85| 100K | ns
Access time form last write tALW 55 65 75 85 | ns | 31
TS pulse width(static column cycle) t{CSC | 18 | 100K | 20] 100K | 25 | 100K | 25 | 100K | ns
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KM41C4002C CMOS DRAM

NOTES

1.

10.

11.

12.
13.

An initial pause of 200us is required after power up followed by any 8 CBR or ROR 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) and are assumed to be 5ns for all inputs.

. Measured with a load equivalent to 2 TTL loads and 100pF.
. Operation within the tRCD(max) limit insures that tRAC(max) can be met. tRCD(max) is specified as a

reference point only. If tRCD(max) is greater than the specified tRCD(max) limit, then access time is
controlled exclusively by tCAC.

. Assumes that tRCD2 tRCD(max). _
. This parameter defines the time at which the output achieves the open circuit condition and is not

referenced to VOH or VOL.

. tWCS, tRWD, tCWD and tAWD are non restrictive operating parameters. They are included in the data

sheet as electrical characteristics only. If tWCS>tWCS(min),the cycles is an early write cycle and the data
output will remain high imped-ance for theduration of the cycle. If tCWD2 tCWD(min), tRWD2tRWD(min)
and tAWD= tAWD(min), then the cycle is a read-modify-write cycle and the data output will contain the
data read from the selected address. If neither of the above conditions is satisfied, the condition' of the
data out is indeterminate. :

. Either tRCH or tRRH must be satisfied for a read cycle.
. These parameters are referenced to the CS leading edge in early write cycles and to the W leading edge

in read-modify-write cycles.

Operation within the tRAD(max) limit insures that tRAC(max) can be met. tRAD(max) is specified as a
reference point only. If tRAD is greater than the specified tRAD(max) limit, then access time is controlled
by tAA.

Operation within the tLWAD(max) limit insures that tALW(max) can be met. tLWAD(max) is specified as a
reference point only. If tLWAD is greater than the specified tRAD(max) limit, then access time is
controlled by tAA.

These specifications are applied in the test mode.

tAR, tWCR , tDHR are referenced to tRAD(max).




KM44C1000C, KM44V1000C

CMOS DRAM

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

DESCRIPTION

This is a family of 1,048,576 x 4 bit Fast Page Mode CMOS DRAMs. Fast Page Mode offers high speed
random access of memory cells within the same row. Power supply voltage (+5.0V or +3.3V), access
time(-5, -6, -7 or -8), power consumption (Normal or Low power) , and package type (SOJ , DIP, ZIP or
TSOP-Il) are optional features of this family. All of this family have CAS-before-RAS refresh, RAS-only
refresh and Hidden refresh capabilities. Further more, self-refresh operation is available in 3.3V Low power

version.

This 1Mx4 Fast Page Mode DRAM Family is fabricated using Samsung's advanced CMOS process to
realize high band-width, low power consumption and high reliability. It may be used as main memory for
main frames and mini computers, personal computer and high performance microprocessor systems.

FEATURES
¢ Part Identification

- KM44C1000C/CL(5V)
- KM44V1000C/CL(3.3V)

» Active Power Dissi

pation

Unit : mW

470
220 - 415
200 360
180 305

* Refresh cycles

* Fast Page Mode operation

» CAS-before-RAS refresh capability

* RAS-only and Hidden refresh capability
* Self-refresh capability (3.3V,L-ver only)
* Fast paraliel test mode capability
e TTL(5V)/LVTTL(3.3V) compatible inputs and outputs
* Early Write or output enable controlled write

« JEDEC Standard pinout ‘
¢ Available in Plastic SOJ, ZIP, DIP,TSOP(Il) packages
* Single +5V+10% power supply(5V product)

* Single +3.3V+0.3V power supply(3.3V product)

FUNCTIONAL BLOCK DIAGRAM

Vee

gg: Control ' Vss
C1000C| sV W Clocks VBB Generator
1K 16ms 128ms |
V1000C| 3.3V .
Refresh Timer Row Decoder Data in
1 o Buffer
* Performance range: ot
Memory Array DQo
A : 1,048,576 x 4 g' . to
5 | 50ns | 13ns| 90ns| 35ns | 5V Only olresT wounter cols |2l pas
-6 60ns | 15ns [ 110ns| 40ns | 5V/3.3V & —_—
A0~A9 ata ou
-7 70ns | 20ns | 130ns| 45ns | 5V/3.3V -L-:ICOL “Address Buffer l_. Column Decoder I« Buffer |eg= OF
-8 80ns [ 20ns [ 150ns| 50ns | 5V/3.3V
SAMSUNG ELECTRONIC CO., LTD. reserves the right to
change products and specifications without notice.
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KM44C1000C, KM44V1000C CMOS DRAM

PIN CONFIGURATION (Top Views)

* KM44C/V1000CP * KM44C/V1000CJ * KM44C/V1000CZ
DQOE ° Vss
DQ1 ] DQ3
wEl DQ2
RAS 2] TAS
A9[E] OE
AolEl A8
a1l A7
A2El A6
A3l o) A5
veclD A4
* KM44C/V1000CT ¢ KM44C/V1000CTR

(1l DQO
HI DQ1
[w
[T RAS
(1 A9

[ Vss Vss
[ DQ3 DQ3
11 DQ2 DQ2

Address Inputs
Data In/Out
Ground

Row Address Strobe
Column Address Strobe
Read/Write Input

Data Outputs Enable
Power(+5.0V)
Power(+3.3V)

Puinsuneg -
ELECTRONICS .




KM44C1000C, KM44V1000C

CMOS DRAM

ABSOLUTE MAXIMUM RATINGS

- Parameter -

Voltage on any pin relative to Vss

Vin,Vout

-0.5 to +4.6

-1 to +7.0

Voltage on Vce supply relative to Vss ' Vee -0.5 to +4.6 -1 to +7.0 \

Storage temperature Tstg -55 to +150 -55 to +150 °C
Power dissipation Po 600 600 mw
Short circuit output current los 50 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 (voltages referenced to Vss, Ta= 0 to 70 °C)

, e ; : Max
Supply voltage " Vee 3.0 3.3 3.6 45 5.0 5.5 v
Ground Vss 0 - 0 0 0 0 0 v
Input high voltage Vix 2.0 - Vee+0.3'| 24 - Veerl 0| v
Input low voltage ViL -0.372 - 0.8 -1.072 - 0.8 v

*1.: Vee+1.3V/15ns(3.3V),Voc+2.0V/20ns(5V), Pulse width is measured at Vcc

*2 . -1.3V/15ns(3.3V), -2.0V/20ns(5V),Pulse width is measured atVss

DC AND OPERATING CHARACTERISTICS (Recommended operating conditions unless otherwise noted.)

ELECTRONICS

o |units.
Input leakage current (Any input o 5 5 pA
0<VinsVee+0.3V, all other pins not under test=0 volts.)
Output leakage current :

33V | (Data out is disabled, OV<VoursVce) low) 5 5 | pA
Output high voltage level(loH=-2mA) VoH 2.4 - Y
Output low voltage level(lo,=2mA) Vot - 0.4 v
Input Ieakgge current (Any.input 0OsVingVee+0.5V e 5 5 pA
all other pins not under test=0 volts.) }
QOutput leakage current

5V | (Data out is disabled, OV<Vour<Vce) low -5 5 | mA
Output high voltage level(loH=-5mA) VoH 2.4 - Y
Qutput low voltage level(lo,=4.2mA) VoL - 0.4 \
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KM44C1000C, KM44V1000C | CMOS DRAM

DC AND OPERATING CHARACTERISTICS (Recommended operating conditions unless otherwise noted.)

85
. -6 . . 60 75 mA
lcct Don't care 7 55 65 mA
8 50 55 mA
Iccz Don't care Don'tcare 1 , 2 mA
-5 - 85 mA
! -6 60 75 mA
Icca Don't care 7 55 b mA
-8 50 55 mA
-5 - ) 65 mA
Don't care 6 45 55 mA
lcca 7 P - mA
-8 35 35 mA
Normal . 0.5 1 mA
locs L Don't care 100 : 200 HA
-5 - 85 mA
f -6 60 75 mA
lccs Don't care 7 55 65 mA
-8 50 55 mA
lccr L Don't care ' 200 300 pA
Iccs L Don't care 150 - pA

lcc1 *: Operating current (RAS and CAS cygling @tRC=min.)
lccz : Standby current (RAS=CAS=W=ViH )
lcca *: RAS-only refresh current (CAS=ViH, RAS ,Address cycling @tRC=min.)
Iccs *: Fast Page Mode current (RAS=Vi, CAS, Address cycling @tPC=min.)
Iccs : Standby current (RAS=CAS=W=Vcc-0.2V)
lccs *: CAS-before-RAS refresh current (RAS and CAS cycling @tRC=min.)
Icc7 : Battery back-up current, Average power supply current, Battery back-up mode
Input high voltage(Vin)=Vcec-0.2V, Input low voltage(ViL)=0.2V, CAS=0.2V
DQo-3 = Don't care, Tre= 125us(L-ver) ,TrRas=TRAsSMin~300 ns
Iccs : Self refresh current
RAS=CAS=ViL, W=0OE=A0 ~ A9= Vcc-0.2V or 0.2V,
DQO ~ DQ3= Vce-0.2V, 0.2V or OPEN

*NOTE : lcci, lecs, Iccs and lecs 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, lccs
and Iccs, address can be changed maximum once while RAS=ViL. In Icc4, address can be
changed maximum once within one fast page mode cycle time tPC.

: ELECTRONICS ‘ ,
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KM44C1000C, KM44V1000C CMOS DRAM
CAPACITANCE(TA=25°C,Vcc=5V or 3.3V, f=1MHz)
Parameter Symbol Min Max Unit
Input capacitance [AO - A9] Cini - 5 pF
Input capacitance [RAS, CAS, W, OE] Cinz - 7 pF
Output capacitance [DQO - DQ3] Coa - 7 pF
AC CHARACTERISTICS (0°C<Ta<70°C, See note 1,2)
Test condition(5V device) : Vce=5.0V+£10%, Vin/Vi=2.4/0.8V, Von/Vol =2.4/0.4V
Test condition(3.3V device) : Vcc=3.3V+0.3V, Vin/Vi=2.0/0.8V, Voh/Vo =2.0/0.8V
B -5t -6 -7 -8 ; ~
~ Parameter Symbol  TMax| Min | Max| Min| Max | Min| Max | Ot | Notes
Random read or write cycle time tRC 90 110 130 . 150 ns
Read-modify-write cycle time tRWC (133 155 185 205 ns
Access time from RAS tRAC 50 60 70 80 ns [34,10
Access time from CAS tCAC 13 15 20 20 ns | 345
Access time from column address tAA 25 30 35 40 ns | 3,10
CAS to output in Low-Z tCLZ 0 0 0 ns 3
Output buffer turn-off delay tOFF 0[13 [0 15 20 | o | 20 ns 6
Transition time (rise and fall) T 50 | 3 50 50 | 3| 50 ns 2
RAS precharge time tRP 30 40 50 60 ns
RAS pulse width tRAS | 50 | 10K | 60 | 10K | 70| 10K | 80 | 10K ns
RAS hold time tRSH | 13 15 20 20 ns
CAS hold time tCSH | 50 60 70 80 ns
CAS pulse width tCAS 13 [ 10K | 15 | 10K [ 20 | 10K | 20 | 10K ns
RAS to CAS delay time tRCD | 20 { 37 |20 | 45 |20 | 50 { 20| 60 ns 4
RAS to column address delay time tRAD | 151 25 |15 | 30 |15 | 35 | 15| 40 ns 10
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 tBRAH | 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 15
Column address to BAS lead time tRAL | 25 30 35 40 ns
Read command set-up time tRCS 0 0 0 0 ns
Read command hold time referenced to TAS | tRCH 0 0 0 0 ns 8
Read command hold time referenced to RAS | tRRH 0 0 0 0 ns
Write command hold time tWCH | 10 10 15 15 ns
Write command hold time referenced to RAS | {WCR | 40 45 55 60 ns_| 15
Write command pulse width tWp_ | 10 10 15 15 ns
Write command to RAS lead tim tRWL | 15 15 20 20 ns
Write command to CAS lead time tCcwi | 13 15 20 20 ns
Note) *1 : 5V only
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KM44C1000C, KM44V1000C

CMOS DRAM
AC CHARACTERISTICS (0°C<Ta<70°C, See note 2)
| -8 -7 o8

: . “[Min | Max. |Min| Max | Min| Max |UMits|Notes
Data set-up time 0 0 0 ns |9
Data hold time 10 15 15 ns |9
Data hold time referenced to RAS 45 55 60 ns |15
Refresh period(Normal) 16 16 16 ms
Refresh period(L-ver) tREF 128 128 128 | O 128 | ms
Write command set-up time tWCS | 0 0 0 50 ns | 7
CAS to W delay time tCWD | 36 40 50 110 ns | 7
RAS to W delay time tRWD | 73 85 100 70 ns | 7
Column address to W delay time tAWD | 48 55 65 75 ns | 7
CAS precharge to W delay time tCPWD| 53 60 70 10 ns
CAS set-up time (CAS-before-BAS refresh) |[tCSR |10 10 10 15 ns
CAS hold time (CAS-before-RAS refresh) {tCHR | 10 10 15 5 ns
RAS to CAS precharge time tRPC 5 5 5 30 ns
CAS precharge time(CBR counter test cycle)| tCPT | 20 20 25 ns
Access time from CAS precharge tCPA 30 35 40 |50 45 | ns |3
Fast Page mode cycle time tPC 35 40 45 1051 ns
Fast Page mode read-modify-write cycle timg tPRWC | 76 85 100 10 ns
CAS precharge time (Fast page cycle) tCP 10 10 10 80 ns
RAS pulse width (Fast page cycle) tRASP | 50 |200K | 60 [200K |70 | 200K | 45 | 200K | ns
RAS hold time from CAS precharge tRHCP | 30 35 40 ns
OE access time tOEA 13 15 20 |20} 20 ns
OE to data delay tOED | 13 15 20 0 ns
Out put buffer turn oft delay time from OE | tOEZ 0113 |0 | 15 |0 20 20| 20 | ns
OE command hold time tOEH |13 - 15 20 10 ns
Write command set-up time(Test mode in) | tWTS | 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 10 100 | ns
IRAS pulse width(C-B-R self refresh) tRASS | 100 100 100 150 us | 14
BAS precharge time (C-B-R self refresh) tRPS | 90 110 130 -50 ns |14

i -B- resh) tCHS_ | -50 1-50 -50 ns |14
Note) *1 : 5V only
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KM44C1000C, KM44V1000C CMOS DRAM
TEST MODE CYCLE
, _ (Note. 11
St Bl SYmE0! win] Max [Min] Max_
Random read or write cycle time tRC 115
Read-modify-write cycle time tRWC | 138 160 190 210 ns
Access time from RAS tRAC 55 65 75 85 | ns [34,1q
Access time from CAS tCAC 18 20 25 25 ns | 34,5
Access time from column address tAA 30 35 40 45 | ns | 310
RAS pulse width tRAS | 55| 10K {85]| 10K |75 | 10K | 85| 10K | ns
CAS pulse width tCAS | 18] 10K | 20| 10K {25| 10K [ 25| 10K | ns
BAS hold time tRSH | 18 20 25 25 ns
CAS hold time tCSH | 55 65 75 85 ns
Column address to RAS lead time tRAL | 30 35 40 45 ns
CAS to W delay time 1CWD | 41 45 55 55 ns
RAS to W delay time tRWD | 78 90 105 115 ns
Column address to W delay time tAWD | 53 60 70 75 ns 7
Fast Page mode cycle time tPC 40 45 50 55 ns
Fast page mode read-modify-write cycle time| tPRWC| 81 90 105 110 ns
RAS pulse width (Fast page cycle) tRASP | 55 | 200K | 65 | 200K | 75 [ 200K | 85 | 200K | ns
Access time form CAS precharge tCPA 35 .40 45 50 ns 3
OE access time tOEA 20 20 25 25 | ns
OE to data delay tOED | 18 20 25 25 ns
OE command hold time tOEH | 18 20 25 25 ns
Note) *1: 5V only
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KM44C1000C, KM44V1000C CMOS DRAM

NOTES

1. An initial pause of 200us is required after power up followed by any 8 ROR or CBR cycles before proper

. device operation is achieved.

2. VIH(min) and ViL(max) are reference levels for measuring timing of input signals. Transition times are
measured between VIH(min) and ViL(max) and are assumed to be 5ns for all inputs.

3. Measured with a load equivalent to 2 TTL(5V device)/1 TTL(3.3V device) loads and 100pF.

4. Operation within the tRCD(max) limit insures that tRAC(max) can be met. tRCD(max) is specified as a
reference point only. If tRCD(max) is greater than the specified tRCD(max) limit, then access time is
controlled exclusively by tCAC.

5. Assumes that tRCD> tRCD(max).

6. This parameter defines the time at which the output achleves the open circuit condition and is not
referenced to VOH or VOL.

7.tWCS, tRWD, tCWD and tAWD are non restrictive operating parameters. They are included in the data
sheet as electrical characteristics only. If tWCS2tWCS(min),the cycles is an early write cycle and the data
out pin will remain high impedance for the duration of the cycle. If tCWD2= tCWD(min), tRWD>tRWD(min)
and tAWD= tAWD(min), then the cycle is a read-modify-write cycle and the data out will contain the data
read from the selected address. If neither of the above conditions is satisfied, the condition of the data out
is indeterminate.

8. Either tRCH or tRRH must be satisfied for a read cycle.

9. These parameters are referenced to the CAS leading edge in early write cycles and to the W leading edge
in read-modify-write cycles.

10. Operation within the tRAD(max) limit insures that tRAC(max) can be met. tRAD(max) is specified as a
reference point only. If tRAD is greater than the specified tRAD(max) limit, then access time is controlled
by tAA. '

11. These specifications are applied in the test mode.

12. 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.

13. tOFF(max) and tOEZ(max) define the time at which the output achieves the open circuit condition and are
not referenced to output voltage level.

14. 1024cycles of burst refresh must be executed within- 16ms before and after self refresh, in order to
meet refresh specification.(3.3V L-ver.)

15. tAR, tWCR , tDHR are referenced to tRAD{max).

ELECTRONICS



KM44C1002C CMOS DRAM

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

DESCRIPTION

This is a family of 1,048,576 x 4 bit Static Column Mode CMOS DRAMs. Static Column Mode offers high
speed random or sequential access of memory cells within the same row. Access time(-5, -6, -7 or -8) and
package type (SOJ , DIP, ZIPor TSOP-Il) are optional features of this family.

Ali of this family have CS-before-RAS Refresh, RAS-only refresh and Hidden Refresh capabilities.

This 1Mx4 Static Column Mode DRAM Family is fabricated using Samsung's advanced CMOS process to
realize high band-width and high reliability. It may be used as main memory for main frames and mini

computers and high performance microprocessor systems.

FEATURES
* Part |dentification e Static Column Mode operation
- KM44C1002C « 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
» JEDEC Standard pinout

 Active Power Dissipation

Unit : mW

* Available in Plastic SOJ, ZIP, DIP,TSOP(ll) packages
-5 470 .
* Single +5V+10% power suppl
5 215 9 +10% p pply
-7 360
-8 305

FUNCTIONAL BLOCK DIAGRAM

Vee

néz -_: Control Vss
W Clocks VBB Generator

|

Refresh Timer
L]

Refresh Control

Refresh Counter

Row Address Bufier
Data out

[Col. Address Butfer |-»] Column Decoder Buffer ¢~ OF

Row Decader

y

Data in
Buffer

DQO
to
DQ3

Memory Array
1,048,576 x 4
Cells

50ns 13ns 90ns 30ns

Sense Amps & 10
|

5
-6 60ns 15ns | 110ns 35ns
-7 70ns 20ns | 130ns 40ns
8 | 80ns | 20ns | 150ns | 45ns AO=A9

SAMSUNG ELECTRONIC CO. LTD. reserves the right to
change products and specifications without notice.
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CMOS DRAM

KM44C1002C
PIN CONFIGURATION (Top Views)
« KM44C1002CP * KM44C1002CJ * KM44C1002CZ
DQo [ffe b Vss OE
v
b1 ] 9 DQ3 oo DQ2
W =] DQ2 DQ2 Vss
RAS 7 T3 [ CS
F oF [ple}l
A9 ] il OF RAS
Ao E] = A8 AQ
Al 14 A7 b as A2
A2 i3 A A7 Ve
a3(8] o) 12l A5 (] A6 AS
7 H A .
Vee A4 1 A4 A7
« KM44C1002CT « KM44C1002CTR
DQo 1 20 [ Vss vss 20 ° 1 En DQO
DQ1 f2 19 [ DQ3 DQ3 }19 2 pQ1
s k) 18 |1 DQ2 DQ2 18 3w
RAS 4 17 FO TS cs 17 4FORAS
A9 []5 16 [0 OF OEM@16 s A9
Ao 15 | A8 as]1s s A0
A7 14 F A7 A7 14 70 A1
A2s 13 £ A6 AsL}13 o A2
A3@o 12 [ As as @12 90 a3
vee o 11 F A4 as Ot 108 vee

A0 - A9 Address Inputs

W Read/Write input
RAS Row Address Strobe
CS | Chip Select Input
DQO/DQ3| Data In/Out

OE Data Qutputs Enable
Vee Power(+5.0V)

Vss Ground

s v

ELECTRONICS
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KM44C1002C CMOS DRAM

ABSOLUTE MAXIMUM RATINGS

mb

Voltage on any pin relative to Vss Vin,Vour -1 to +7.0 Y
Voltage on Vcc supply relative to Vss Vce -1 to +7.0 \
Storage temperature Tstg -55 to +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 absolute maximum rating conditions for extended periods may affect
device reliability.

RECOMMENDED OPERATING CONDITIONS (Voltages referenced to Vss, Ta= 0 to 70 °C)

Supply voltage Voc 45 5.0 5.5 Vv
Ground Vss 0 . 0 0 \
Input high voltage Vi 2.4 - Vee+1.0™ v
Input low voltage \ -1.072 - 0.8 v

*1: Vce+2.0V/20ns(5V), Pulse width is measured at Ve
*2: -2.0V/20ns(5V),Pulse width is measured atVss

DC AND OPERATING CHARACTERISTICS

(Recommended operating conditions unless otherwise noted.)

Input leakage current (Any input 0<ViNsVec+0.5V Iy 5 5 pA
all other pins not under test=0 volts.)

Output leakage current R

(Data out is disabled, 0V<Vout<Vcc) low) 5 5 KA
Output high voltage level(loH=-5mA) Vo 24 - A
Output low voltage level(loL=4.2mA) VoL - 0.4 v

Prnnsuncg "
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KM44C1002C , . . CMOS DRAM

DC AND OPERATING CHARACTERISTICS

(Recommended operating conditions unless otherwise noted.)

-5 85 mA
: . -6 75 mA
Icct Don't care 7 68 A
-8 55 mA
lccz Normal Don't care 2 mA
-5 85 mA
! -6 75 mA
lcca Don't care 7 o8 mA
-8 55 mA
-5 65 mA
. -6 55 mA

Don't care
lcca e = mA
-8 35 mA
lccs Normal Don'tcare S 1 mA
-5 85 mA
: ) -6 75 mA
Iccs Don't care 7 o8 mA
-8 55 , mA

lcct

*: Operating current (RAS andCS cycling @tRC=min.) -

lccz : Standby current (RAS=CS=W=VH )

: RAS-only refresh current (CS=ViH, RAS ,Address cycllng @tRC=min.)
Static Column Mode current (RAS=Vi, CS, Address cycling @tSC=min.)
Iccs : Standby current (RAS=CS=W=Vcc-0.2V)

: CS-before-RAS refresh current (RAS and CS cycling @tRC=min.)

lcca *
Icca *:

lccs *

*NOTE :

lcct, lecs, lecsa and lecs are dependent on output loading and cycle rates. Specified values
are obtained with the output open. lcc is specified as an average current. In lcc1, lcca
and lccs, address can be changed maximum once while RAS=ViL. In Iccs, address can be
changed maximum once within one Static Column mode cycle time tSC.

ﬂ ELECTRONICS
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KM44C1002C CMOS DRAM
CAPACITANCE(TA=25°C,Vce=5V , f=1MHz)
Parameter Symbol Min Max | Unit
Input capacitance [AO - A9] Cinvt - 5 pF
Input capacitance [RAS, CS, W, OF] Cinz - 7 pF
Output Capacitance [DQO - DQ3] Coa - 7 pF

AC CHARACTERISTICS (0°CSTAS70°C, Vce=5.0V+10%, See note 1,2)

Test condition : Vcc=5.0V+10%, Vin/Vi=2.4/0.8V, Von/Voi=2.4/0.4V

i utig

ELECTRONICS

Random read or write cycle time
Read-modify-write cycle time 185 205 ns
Access time from RAS 70 80 | ns {34,10
Access time from CS 20 20 ns | 345
Access time from column address 35 40 ns | 3,10
CStooutputinLow-Z 0 0 ns 6
Output buffer turn-oft delay from CS 0|2 | 0|2 | ns
Transition time (rise and fall) 3|50 3| 50 ns 2
RAS precharge time 50 60 ns
RAS pulse width tRAS 50 | 10K [ 60 | 10K [ 70 [ 10K | 80 | 10K ns
RAS hold time tRSH 13 15 20 20 ns
CS hold time tCSH 50 60 70 80 ns
CS pulse width tCS 13 {10K| 15 | 10K| 20 [10K | 20 | 10K | ns
RAS to CS 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 10
CS 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 BAS| tAR 40 45 55 60 ns 13
Column address to RAS lead time tRAL | 25 30 35 40 ns
Read command set-up time tRCS 0 0 0 ns
Read command hold time referenced to CS__ | tRCH 0 0 0 ns 8
Read command hold time referenced to RAS | tRRH 0 0 0 0 ns 8
Write command hold time tWCH | 10 15 15 15 ns
Write command hold time referenced to RAS | tWCR | 40 45 55 60 ns 13
Write command puise width twP 10 15 15 15 ns
Write command to BAS lead time tRWL | 15 15 20 20 ns
|Write command to CS lead time tCWI | 13 15 20 20 ns
LD_ala_s_eI—_up_thﬂ DS 0 0 0 ns 9
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KM44C1002C CMOS DRAM
AC CHARACTERISTICS (0°C<Ta<70°C, See note 1, 2)

B STl age il
| n | Max_[Min] Max | Min] max |U""SNOte
Data hold time 15 15 ns |9
Data hold time referenced to RAS 55 60 ns |13
Refresh period(1024cycles) 16 16 16 ms
Write command set-up time 0 0 ns 7
CS to W delay time 50 50 ns | 7
RAS to W delay time 100 110 ns | 7
Column address to W delay time 65 70 ns | 7
CS set-up time (CS-before-RAS refresh) 10 10 ns
CS hold time (CS-before-BAS refresh) 10 10 ns
RAS to CS precharge time 5 5 ns’
CS precharge time(C-B-R counter test cycle) | tCPT | 20 20 25 30 ns
Static Column mode cycle time tSC 30 35 40 45 ns
Static Column mode read-modify-write cycle time | tSRWC| 80 85 100 110 ns
Access time from last write tALW 50 55 65 75 ns | 3,11
Output data hold time from column address | tAOH 5 5 5 5 ns
Qutput data enable time from W tOW 35 40 45 55 ns
CS precharge time (Static Column cycle) tCP 10 10 10 10 ns
RAS pulse width (Static Column cycle) tRASC | 50 [100K| 60 [ 100K |70 | 100K | 80 | 100K | ns
CS pulth width (Static Column cycle) tCSC | 13 | 10K |15 | 10K |20} 10K {20 | 10K | ns
Column address hold time referenced to RAS rising | tAH 5 5 5 5 ns
Last write to column address delay time tLWAD| 20 | 25 |20 | 25 [25| 35 [25| 40 ns | 11
Last write to column address hold time tAHLW| 50 60 70 80 ns
Write command inactive time tWI 10 10 10 10 ns
OE access time tOEA 13 15 20 20 ns
OF to data delay tOED | 13 15 |20 20 ns
Out put buffer turn off delay time from OF tOEZ | 0 | 13 | 0 15 | 0 20 0 20 ns
OE command hold time tOEH | 13 15 15 15 ns
Write command set-up time(Test mode in) tWTS | 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

74
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KM44C1002C CMOS DRAM

TEST MODE CYCLE

(Note. 12)
R 5 6 7 8 .

4 Parameter : Symbol Min{ Max |Min| Max |Min| Max |Min| Max Units|Notes
Random read or write cycle time tRC 95 115 135 155 ns
Read-modify-write cycle time tRWC |138 160 190 210 ns
Access time from BAS tRAC 55 65 75 85 | ns |3,4,10
Access time from CS tCAC 18 20 25 25 ns | 345
Access time from column address tAA 30 35 40 45 ns | 3,10
RAS pulse width tRAS |55 10K |85 10K [ 75| 10K | 85| 10K | ns
CS pulse width tCS 18| 10K [ 20| 10K |25 | 10K | 25| 10K | ns
RAS hold time tRSH | 18 20 25 25 ns
CS hold time tCSH | 55 65 75 85 ns
Column address to RAS lead time tRAL | 30 |35 40 45 ns
CS to W delay time tcwD | 41 45 55 55 ns
RAS to W delay time tRWD | 78 90 105 115 ns
Column address to W delay time tAWD | 53 60 70 75 ns
Static Column mode cycle time tSC 35 40 45 50 ns
Static Column mode read-modify-write cycle time tSRWC| 85 90 105 110 ns
BAS pulse width (Static Column cycle) tRASC| 55 | 100K | 65| 100K |75 | 100K | 85 | 100K | ns
Access time form last write tALW 55 60 70 80 ns | 311
OE access time _ tOEA 18 25 25 30 ns
OF to data delay : ‘ tOED | 18 20 25 25 ns
OE command hold time tOEH | 18 20| 25 25 ‘ .ns )

ELECTRONICS ‘



KM44C1002C CMOS DRAM

NOTES

1.

w

10.

1.

12.
13.

An initial pause of 200us is required after power up followed by any 8 CBR or ROR 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) and are assumed to be 5ns for all inputs.

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

. Operation within the tRCD(max) limit insures that tRAC(max) can be met. tRCD(max) is specified as a
reference point only. If tRCD(max) is greater than the specified tRCD(max) limit, then access time is
controlled exclusively by tCAC.

. Assumes that tRCD2 tRCD(max). )

. This parameter defines the time at which the output achieves the open circuit condition and is not
referenced to VOH or VOL.

. tWCS, tRWD, tCWD and tAWD are non restrictive operating parameters. They are included in the data
sheet as electrical characteristics only. If tWCStWCS(min),the cycles is an early write cycle and the data
output will remain high imped-ance for theduration of the cycle. If tCWD2 tCWD(min), tRWD2>tRWD(min)
and tAWD2 tAWD(min), then the cycle is a read-modify-write cycle and the data output wili contain the
data read from the selected address. |f neither of the above conditions is satisfied, the condition of the
data out is indeterminate.

. Either tRCH or tRRH must be satisfied for a read cycle.

. These parameters are referenced to the CS leading edge in early write cycles and to the W leading edge

in read-modify-write cycles.

Operation within the tRAD(max) limit insures that tRAC(max) can be met. tRAD(max) is specified as a

reference point only. If tRAD is greater than the specified tRAD(max) limit, then access time is controlled

by tAA.

Operation within the tLWAD(max) limit insures that tALW(max) can be met. tLWAD(max) is specified as a

reference point only. If tLWAD is greater than the specified tRAD(max) limit, then access time is

controlled by tAA.

These specifications are applied in the test mode.

tAR ,tWCR , tDHR are referenced to tRAD(max).

ELECTRONICS



KM44C1003C CMOS DRAM

1M x 4 Bit CMOS Quad CAS DRAM with Fast Page Mode

DESCRIPTION

This is a family of 1,048,576 x 4 bit Fast Page Mode Quad CAS CMOS DRAMs. Fast Page Mode offers
high speed random access of memory cells within the same row. Access time(-5, -6, -7 or -8), power
consumption (Normal, Low power) , and package type (SOJ or TSOP-Il) are optional features of this family.
All of this family have CAS-before-RAS refresh, BAS-only refresh and Hidden refresh capabilities.

All inputs and outputs are fully TTL compatible and four seperate CAS pins provide for seperate I/O
operation allowing this device to operate in parity mode.

This 1Mx4 Fast. Page Mode DRAM Family is fabricated using Samsung's advanced CMOS process to
realize high band-width, low power consumption and high reliability. i

FEATURES * Fast Page Mode operation
« Part |dentification * Four seperate CAS pins provide for seperate /O
- KM44C1003C/CL(5V) ’ 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
* JEDEC Standard pinout

* Active Power Dissipation

5 470 7 * Available in Plastic SOJ, TSOP(ll) packages
5 415 * Single +5V+10% power supply

-7 N 360

8 305

FUNCTIONAL BLOCK DIAGRAM

RAS vee
CAS0-CAS3 P Control Vss
C1003C 1K 16ms 128ms W Clocks VBB Generator

Refresh Timer Row Decoder Data in
R—f — l o Buffer
efres| ontro
Memory Array ﬁ DQo
Refresh Counter 1,048,576 x 4 g B to
Cells o 4 [plex]
-6 60ns 15ns | 110ns 40ns Row Address Buffer § Fv—
ata ou!
AO~A9
-7 70ns | 20ns | 130ns 45ns -I__':]cm. Address Buffor || Column Decoder | Buffer |- OE
-8 80ns 20ns 150ns 50ns

SAMSUNG ELECTRONIC CO., LTD. reserves the right to
change products and specifications without notice.
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KM44C1003C ' : CMOS DRAM

PIN CONFIGURATION (Top Views)

o KM44C1003CJ ¢ KM44C1003CT * KM44C1003CTR
4
DQid 1o 24P Vss pQoy 1°© 24D Vss Vss 424 1|Em DQO
DQi g2 23pDQ3 DQ1I 2 23 DQ3 DQ3mTj23 o) 2cn DQ1
wgs 22pDQ2 W 3. 22FDQ2 DQ2 @22 <= A
BAS 4 4 21 PCAS3 RASI] 4 21 F1 CAS3 CAS3mTj21 4 RAS
CAS0 g5 20p OE CASod s 20D OE OEm]20 sl CASo
CASi1Qe6 19p CAS2 CAS1I 6 19 CAS2 CAS2mI19 60 CAS1
A9l 7 18PN.C A9} 7. 18F@N.C N.cI]18 70 A9
A0O 8 17p A8 A0 8 17 A8 AsI17 gsjm A0
A1l o 16 P A7 A9 16O A7 A7I]16 o™ A1
A2d10 15 A6 A2IH10 150 A6 A6 15 10f0 A2
Asdi1 O 14pPAs As}i1 O 14fmas as14 O 41fmA3
Vee Q12 13p A4 Vec12 130 A4 A4]13 120 Vee
Pin :Naine L. Pin Function
AQ - A9 Address Inputs
DQO -3 Data In/Qut
Vss Ground
RAS Row Address Strobe
CAS0-CAS3 Column Address Strobe
W Read/Write input
OE Data Outputs Enable
Ve - Power(+5.0V)
N.C No Connection

ELECTRONICS



KM44C1003C CMOS DRAM
ABSOLUTE MAXIMUM RATINGS
Parameter Symbol Rating Units
Voltage on any pin relative to Vss Vin,Vour -1 to +7.0 \
Voltage on Vcc supply relative to Vss Vee -1 to +7.0 Vv
Storage temperature Tstg -55 to +150 °C
Power dissipation Po mw
Short circuit output current los 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 (Voltages referenced to Vss, Ta= 0 to 70 °C)

Parameter Symbol Min Typ " Max - Unit
Supply voltage Vee 4.5 5.0 55 v
Ground Vss 0 0 0 \Y
Input high voltage Vi 24 - Vec+1.0'" y
Input low voltage Vi -1.02 - 0.8 v

*1: Vce+2.0V/20ns(5V), Pulse width is measured at Vce

*2 1 -2.0V/20ns(5V),Pulse width is measured at Vss

DC AND OPERATING CHARACTERISTICS

(Recommended operating conditions unless otherwise noted.)

Parameter ‘Symbol | Min | Max |Units

Input leakage current (Any input 0O<ViNgVcc+0.5V I -5 5 pA '
.all other pins not under test=0 volts.)
Output leakage current )
(Data out is disabled, 0V<VoursVce) low 5 5 | wA
Qutput high voltage level(loH=-5mA) VoH 2.4 - \
Output low voltage level(io.=4.2mA) Vou - 0.4 \'/

P iusunag

ELECTRONICS
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KM44C1003C ’ CMOS DRAM

DC AND OPERATING CHARACTERISTICS (Recommended operating conditions unless otherwise noted.)

: ) -6 75 mA
lcet Don't care 7 6n A
-8 55 mA
Normal ‘Pant 2 mA
lccz L Don't care ; ] mA
-5 85 mA
. -6 75 mA
lccs Don't care 7 65 mA
-8 55 mA

. -6 55 : m

Don't care

lcca e 45 mA
-8 35 mA
Normal . 1 mA
locs L Don't care ) 200 MA
-5 85 mA
\ -6 75 mA
Icce Don't care 7 65 mA
-8 55 mA
lcc7 ‘ L Don't care 300 HA

Icc1 *: Operating current (RAS and CAS cycling @tRC=min.)

lccz : Standby current (RAS=CAS=W=ViH )

Icca *: RAS-only refresh current (CAS=ViH, RAS ,Address cycling @tRC=min.)

lcca *: Fast Page Mode current (RAS=Vi, CAS, Address cyciing @tPC=min.)

lccs : Standby current (RAS=CAS=W=Vcc-0.2V)

lccs *: CAS-before-RAS refresh current (RAS and CAS cycling @tRC=min.)

lcc7 : 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=0.2V
DQO~3 = Don't care, Trc= 125ps(L-ver), Tras=TrRAsMin~300 ns

*NOTE : lcc, leces, Iccaand 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 icci, lccs,
and lcce, address can be changed maximum once while RAS=Vuw. In lccs, address can be

changed maximum once within one fast page mode cycle time tPC.

ELECTRONICS



KM44C1003C CMOS DRAM

CAPACITANCE(Ta=25°C,Vce=5V , f=1MHz)

Input capacitance [AQ - A9] Cint - 5 pF
Input capacitance [RAS, CAS0-CAS3, W, OE] Cinz - 7 . pF
Output capacitance [DQO - DQS3] Coa - 7 pF

AC CHARACTERISTICS (0°C<Ta<70°C, See note 1,2)
‘Test condition : Vcc=5.0V+10%, Vin/Vi=2.4/0.8V, Von/Vo=2.4/0.4V

Random read or write cycle time tRC 90 110 130 150 ns
Read-modify-write éycle time tRWC {133 155 185 205 ns
Access time from RAS tRAC 50 60 70 80 ns |3,4,10
Access time from CAS tCAC 13 15 20 20 ns |3,4,18
Access time from column address tAA 25 30 35 40 ns | 3,10
CAS to output in Low-Z tCLZ. 0 0 0 0 ns | 3,18
Output buffer turn-off delay tOFF 013|015 01}{20| 0} 20 ns | 6,18
Transition time (rise and fall) tT 3|/50(3 |5 (3|5 ]| 3| 50 ns 2
RAS precharge time tRP 30 40 50 60 ns
RAS pulse width tRAS 50 | 10K | 60 | 10K | 70 | 10K | 80 | 10K ns
BAS hold time tRSH | 13 15 20 20 ns 16
CAS hold time tCSH | 50 60 70 80 ns 17
CAS pulse width tCAS 13 | 10K | 15 | 10K | 20 | 10K | 20 | 10K ns 23
RAS to CAS delay time tRCD | 20| 37 |20 | 45 |20 | 50 | 20| 60 ns 4,16
RAS to column address delay time tRAD 151 25 |15 | 30 |15 | 35 | 15| 40 ns 10
CAS to RAS precharge time tCRP 5 5 5 5 ns 17
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 16
Column address hold time tCAH 10 10 15 15 ns 16
Column address hold time referenced to RAS| tAR 40 45 55 60 ns
Column address to RAS lead time tRAL 25 30 35 40 ns 26
Read command set-up time tRCS 0 0 0 0 ns 16
Read command hold time referenced to CAS | tRCH 0 0 0 0 ns | 817
Read command hold time referenced to BAS | tRRH | 0 0 0 0 ns 8
Write command hold time tWCH | 10 10 15 15_ ns 24
Write command hold time referenced to RAS | tWCR | 40 45 55 60 ns 26
Write comman Ise width WP 10 10 15 1 ns
| Write command to BAS lead time tRWL | 15 15 20 20 ns
| Write command to CAS lead time tCWL | 13 15 20 20 ns | 17

Siusaneg }
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KM44C1003C

CMOS DRAM

AC CHARACTERISTICS (0°C<Ta<70°C, See note 2)

s vy

- ELECTRONICS

Data set-up time tDS 0 0 0 0 ns

Data hold time tDH 10 10 15 15 ns |10
Data hold time referenced to RAS tDHR |40 | |45 55 60 ns |26
Refresh period(Normal) tREF 16 16 16 16 ms
Refresh period(L-ver) tREF 128 128 128 128 | ms

Write command set-up time tWCS 0 0 0 0 ns (7,16
CAS to W delay time tCWD [ 36 40 50 50 ns |7,16
RAS to W delay time tRWD [ 73 85 100 110 ns |7
Column address to W delay time tAWD |48 55 65 70 ns |7
CAS precharge to W delay time tCPWD | 53 60 70 75 ns

CAS set-up time (CAS-before-BAS refresh) [tCSR |10 10 10 10 ns {16
CAS hold time (CAS-before-RAS refresh) [tCHR | 10 10 15 15 ns |17
RAS to CAS precharge time tRPC 5 5 5 5 ns

CAS precharge time(CBR counter test cycle) tCPT | 20 20 30 30 ns

Access time from CAS precharge tCPA 30 35 40 45 ns |3,18
Fast Page mode cycle time tPC 35 40 45 50 ns 19
Fast Page mode read-modify-write cycle tima tPRWC | 76 85 100 105 ns {19
CAS precharge time (Fast page cycle) tCP 10 10 10 10 ns |20
RAS pulse width (Fast page cycle) tRASP | 50 |200K |60 {200K |70 |200K | 80 | 200K | ns

BAS hold time from CAS precharge tRHCP | 30 35 40 45 ns

OE access time tOEA 13 15 20 20 [ ns [21
OE to data delay tOED 13 15 20 20 ns 21
CAS precharge to W delay time tCPWD | 53 60 70 75 ns

Out put buffer turn off delay time from OF  [tOEZ 0 13 ]0 15 10 20 0 20 ns

OF command hold time tOEH |13 15 20 20 ns

Write command set-up time(Test mode in) _|tWTS | 10 10 10 10 ns

Write command hold time(Test mode in) tWTH | 10 10 10 10 ns
|W to BAS precharge time(C-B-R refresh) [tWRP |10 10 10 10 ns

|W to RES hold time(C-B-F refresh) fWRH | 5 5 5 ns

Hold time CAS low to CAS high tCLCH | & 5 5 ns 14,25
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KM44C1003C CMOS DRAM

TEST MODE CYCLE

(Note. 11)
‘ -5 6 -7 -8 .
Parameter ‘ - Symbol Min| Max [Min| Max [Min| Max |Min| Max dnits| Notes
Random read or write cycle time tRC 95 115 135 155 ns
Read-modify-write cycle time tRWC [138 160 190 210 ns
Access time from RAS tRAC 60 65 75 85 | ns {34,10,12
Access time from CAS tCAC 18 20 25 25 | ns |345,12
Access time from column address tAA 30 35 40 45 | ns [3,10,12
BAS pulse width tRAS | 55| 10K |65]| 10K |75 | 10K | 85| 10K | ns
CAS pulse width tCAS | 18| 10K | 20| 10K |25] 10K | 25| 10K | ns
RAS hold time tRSH | 18 20 25 250  |ns
CAS hold time tCSH | 55 65 75 85 ns.
Column address to RAS lead time tRAL | 30 35 40 45 ns
CAS to W delay time tCWD | 41 45 55 55 ns
RAS to W delay time tRWD | 78 90 105 115 ns
Column address to W delay time tAWD_| 53 60 70 75 ns |7
Fast Page mode cycle time tPC 40 45 50 55 ns
Fast page mode read-modify-write cycle time| tPRWC| 81 90 105 110 ns
RAS pulse width (Fast page cycle) tRASP | 55 | 200K | 65 | 200K | 75 | 200K | 85 | 200K | ns
Access time form CAS precharge tCPA 35 40 45 50_| ns [3
OE access time tOEA 20 20 | 25 25 | ns
OE to data delay tOED | 18 20 25 25 ns
OF command hold time tOEH | 18 20 25 25 ns

o ;
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KM44C1003C CMOS DRAM

NOTES

1.

10.

11.
12.

13.

14.
15.

16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.

An initial pause of 200us is required after power up followed by any 8 ROR or CBR 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) and are assumed to be 5ns for all inputs.

. Measured with a load equivalent to 2 TTL loads and 100pF.
. Operation within the tRCD(max) limit insures that tRAC(max) can be met. tRCD(max) is specified as a

reference point only. If tRCD(max) is greater than the specified tRCD(max) limit, then access time is
controlled exclusively by tCAC.

. Assumes that tRCD> tRCD(max).
. This parameter defines the time at which the output achieves the open circuit condition and is not

referenced to VOH or VOL.

. tWCS, tRWD, tCWD and tAWD are non restrictive operating parameters. They are included in the data<

sheet as electrical characteristics only. If tWCS2tWCS(min),the cycles is an early write cycle and the data
output will remain high impedance for the duration of the cycle. If tCWD2= tCWD(min), tRWD=tRWD(min)
and tAWD= tAWD(min), then the cycle is a read-modify-write cycle and the data output will contain the
data read from the selected address. If neither of the above conditions is satisfied, the condition of the
data out is indeterminate. :

. Either tRCH 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-modify-write cycles.
Operation within the tRAD(max) limit insures that tRAC(max) can be met. tRAD(max) is specified as a
reference point only. If tRAD is greater than the specified tRAD(max) limit, then access time is controlled
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.
tOFF(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 CASx 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 data out buffer, all four CAS must be pulsed high for t{CP.
The first CASx edge to transition low.
The last CASx edge to transition low.
Output parameter is referenced to corresponding CASx input.
Last rising CASx edge to next cycle's last rising CASx edge.
Last rising CASx edge to first falling CASx edge.
First DQx controlled by the first CASx to go low.
Last DQx controlled by the first CASx to go low.
Each CASx must meet minimum pulse width.
Last CASx to go low.
The last falling CASx edge to the first rising CASx edge
tAR,tWCR,tDHR are referenced to tRAD(max).

ELECTRONICS



KM44C1004C, KM44V1004C CMOS DRAM

1M x 4 Bit CMOS Dynamic RAM with Extended Data Out

DESCRIPTION

This is a family of 1,048,576 x 4 bit Extended Data Out CMOS DRAMSs. Extended Data Out offers high
speed random access of memory cells within the same row. Power supply voltage(+5.0V or +3.3V), access
time (-5, -6, -7 or -8), power consumption ( Normal or Low power ) and package type(SOJ or TSOP-Il) are
optional features of this family.

All of this family have CAS-before-RAS refresh, RAS-only refresh and Hidden refresh capabilities.

This 1Mx4 Extended Data Out DRAM family is fabricated using Samsung's advanced CMOS process to
realize high band-width, low power consumption and high reliability.

It may be used as main memory unit for microcomputer, personal computer and portable machines.

FEATURES * Extended Data Out operation
» Part Identification » CAS-before-RAS refresh capability
- KM44C1004C/CL (5V) * RAS-only and Hidden refresh capability

- KM44V1004C/CL (3.3V) » Self-refresh capability (3.3V,L-ver only)

¢ TTL(5V)/LVTTL(3.3V) compatible inputs and outputs

* Active Power Dissipation « Early Write or output enable controlied write

Unit : mW
i » JEDEC standard pinout
Speed 33v 5V » Available in plastic SOJ ,DIP ,ZIP and TSOP(ll) packages
5 R 468 * Single +5V+10% power supply (5V product) ’
6 220 413 * Single +3.3V+0.3V power supply (3.3V product
y
-7 200 358
-8 180 303
* Refresh cycles FUNCTIONAL BLOCK DIAGRAM
Refresh | Refresh Period
Vee
: : cycle | Normal L s Vee
CAS ™ Vss
S:gg:g 35:\/ 1K 16ms 128ms w ™ Clocks | VBB Generator I: l
: |
Row Decoder Data in
R [ ] Buffer
* Performance ran’ge.’ ’ g -
Speed| tRAC|ICAC] tRC | tPC | Remark Memory Aray |2 | | o
-5 | 50ns | 15ns | 90ns| 35ns| 5V Onl 1'04&?';6 x4 % 4 pa3
-6 60ns | 15ns [110ns! 40ns| 5V/3.3V Row Address Buffer § Pe—
)
-7 70ns | 20ns |130ns| 45ns| 5V/3.3V Aoh9 I :ICoI. Address Buffer |- Column Decoder Buffer |- OF
-8 80ns | 20ns {150ns| 50ns| 5V/3.3V

SAMSUNG ELECTRONIC CO. LTD. reserves the right to
change products and specifications without notice.

<P N
ELECTRONICS




- KM44C1004C, KM44V1004C CMOS DRAM
PIN CONFIGURATION (Top Views)
* KM44C/V1004CP * KM44C/V1004CJ * KM44C/v1004CZ
OEff]
10

gg? = ; DQ2[3)
wQOs Vss [5]

RAS OQ4

1 DQO
[1DQ1
nw
[MRAS
(A9

D A0
[ A1
A2
[N A3
[T Vee

* KM44C/V1004CT * KM44C/V1004CTR
poo i o 20 [ Vss
DQ1 M2 19 [0 DQ3
w s 18 |0 DQ2
RAS M}4 17 [ CAS
Ag Y5 16 I OE
A0 e 15 g A8
A1@d7 14 [ A7
A28 13 |l A6
A3@Mg o 12HAs
vee Mho 11 FO A4
PinName|  PinFunction |
AO- A9 Address Inputs
DQO -3 Data In/Out
Vss Ground
RAS Row Address Strobe
CAS Column Address Strobe
W Read/Write Input
OE Data Outputs Enable
Vi Power(+5.0V)
ce Power(+3.3V)

s ugg
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KM44C1004C, KM44V1004C CMOS DRAM

ABSOLUTE MAXIMUM RATINGS

Voltage on any pin relative to Vss Vin,Vour -0.5 to +4.6 -1.0 to +7.0 \'
Voltage on Vcc supply relative to Vss Vce -0.5 to +4.6 -1.0 to +7.0 \
Storage Temperature Tstg -55 to +150 -55 to +150 °C
Power Dissipation Po 600 600 w
Short Circuit Output Current los 50 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 (Voltages referenced to Vss, Ta= 0 to 70 °C)

Supply Voltage Vee 3.0 3.3 3.6 45 5.0 55 v
Ground Vss 0 0 0 0 0 0 \
input High Voltage | Vi 2.0 - vee+0.3'| 24 - Veer1. 0| v
Input Low Voltage Vi -0.372 - 08 -1.0% - 0.8 v

*1: Vee+1.3V/15ns(3.3V),Vee+2.0V/20ns(5V), Pulse width is measured at Vcc
*2: -1.3V/15ns(3.3V), -2.0V/20ns(5V),Pulse width is measured atVss

DC AND OPERATING CHARACTERISTICS

(Recommended operating conditions unless otherwise noted.)

Input .Leakage Current . I 5 5 WA
(Any input 0<Vin<Vee+0.3V, all other pins not under test=0V
3.3v (CI)Duat?auLtte ;ngzg:g,e(?\t/sVourchc) low) -5 5 HA
Output High Voltage Level (lon=-2mA) - Vo 2.4 - v
Output Low Voltage Level (lo.=2mA) VoL - 0.4 Y
Input Leakage Current (Any input 0<VingVcc+0.5V, I 5 5 pA
(Any input 0<ViIN<Vee+0.5V, all other pins not under test=0V)
5V | (Data out i dsabled, OVEVoursveo) o | 5] 5 | wA
Output High Voltage Level (loH=-5mA) Vo 2.4 - Vv
‘ Output Low Voltage Level (lo.=4.2mA) VoL - 0.4 Vv

ELECTRONICS



KM44C1004C, KM44V1004C CMOS DRAM

DC AND OPERATING CHARACTERISTICS

(Recommended operating conditions unless otherwise noted.)

-5 - 85 mA

. . -6 60 75 mA
lcch Don't care 7 55 65 mA
-8 50 55 : mA
lccz Don't care Don't care 1 2 mA
-5 - 85 mA
! -6 60 : 75 mA
lces Don't care R 55 65 mA
-8 50 55 mA
' -5 - 85 ~ mA
Don't -6 60 75 mA
lcca on't care 7 55 65 mA
-8 50 55 mA
Normal . 05 1 mA
lccs L Don't care 100 200 uA
-5 - 85 mA
. -6 60 75 mA
lcce Don't care e , 55 65 mA
-8 50 55 mA
lec7 L Don't care 200 300 HA
Iccs L Don't care 150 - pA
lcc1* : Operating current (RAS, CAS, Address cycling @tRC=min.)
Icce : Standby . current (RAS=CAS=W=ViH )
lccs* : BAS-only refresh current (CAS=ViH, RAS , Address cycling @tRC=min.)
Icc4* : EDO Mode current (RAS=Vi, CAS, Address cycling @tPC=min.)
lces : Standby current (RAS=CAS=W=Vcc-0.2V) )
Icce* : CAS-before-RAS Refresh current (RAS and CAS cycling @tRC=min.)
lcc7 : 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= 0.2V
DQO0-~3 = Don't care, TrRe=125us, Tras=TrAs min~300 ns
Iccs : Self refresh current

RAS=CAS=Vi,, W=0OE=A0 ~ A9 = Vcc-0.2V or 0.2V,
DQO ~ DQ3= Vcc-0.2V, 0.2V or open

*NOTE : lce, lecs, loca and lccs are dependent on output loading and cycle rates. Specified values

are obtained with the output open. lcc is specified as an average current. In lcc1, lecs
and lccs, address can be changed maximum two times while RAS=V.L. In icc4, address
can be changed maximum once within one hyper page cycle.

w | : 88
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KM44C1004C, KM44V1004C CMOS DRAM

CAPACITANCE (Ta=25°C,Vcc=5V or 3.3V, f=1MHz)

Input capacitance [AO ~ A9] (o - 5 pF
Input capacitance [RAS, CAS, W, OF] - Cme - 7 pF
Output Capacitance [DQO ~ DQ3] Coo - 7 pF

AC CHARACTERISTICS (0°C<Ta<70°C, See note 1,2)
Test condition (5V device) : Vcc=5.0V+10%, Vin/Vi=2.4/0.8V, Von/Vo=2.0/0.8V
Test condition (3.3V device) : Vcc=3.3V+0.3V, Vin/Vi=2.0/0.8V, Von/Vo =2.0/0.8V

Random read or write cycle time tRC 84 104 124 144 ns

Read-modify-write cycle time tRWC |116 140 165 190 ns

Access time from RAS tRAC 50 60 70 80 ns |3,4,10
Access time from CAS tCAC 13 15 20 20 ns | 345
Access time from column address tAA 25 30 35 40 ns | 3,10
CAS to output in Low-Z tCLZ 3 3 3 3 ns 3
Output buffer turn-off delay from CAS tCEZ 3|13 3|15 |3 |20]| 3| 20 ns | 7,13
Transition time (rise and fall) T 2 |50|2 |58 (2|5 | 2|50 ns 2
RAS precharge time tRP 30 40 50 60 ns

RAS pulse width tRAS | 50 |10K | 60 | 10K | 70 | 10K | 80 | 10K ns

RAS hold time tRSH | 13 15 . 20 20 ns

CAS hold time tCSH | 40 50 60 70 ns

CAS pulse width tCAS | 8 |10K| 10 [10K| 15 |10K| 20 | 10K | ns 11
RAS to CAS delay time tRCD | 20 | 33 |20 § 43 |20 | 50 | 20| 60 ns 4
BAS to column address delay time tRAD | 156|125 | 15| 30 | 15| 35 | 15| 40 ns 10
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 8 10 15 15 ns
Column address hold time referenced to RAS| tAR 35 42 52 57 ns 17
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 hold time referenced to CAS | tRCH 0 0 0 0 ns 8
Read command hold time referencedto RAS | tRRH | O 0 0 0 : ns 8
Write command hold time tWCH | 10 10 15 15 ns

Write command hold time referenced to RAS | tWCR | 37 42 52 57 ns 17
Write command pulse width tWP 10 10 15 15 | ns

Write command to BAS lead time tRWL | 13 15 20 20 ns

|Write command to CAS lead time tcwi | 8 10 15 20 ns

Note) *1: 5V only
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KM44C1004C, KM44V1004C

AC CHARACTERISTICS (0°C<Ta<70°C, See note 1,2)

CMOS DRAM:

Data set-up time tDS *0 0 0 0 ns |9
Data hold time tDH 8 10 15 15 ns |9
Data hold time referenced to BAS tDHR 35 42 52 57 ns | 17 -
Refresh period(NormaI) tREF 16 16 16 16| ms
Refresh period(L-ver) tREF 128 128 128 128| ms

Write command set-up time tWCS 0 0 0 0 ns | 7
CAS to W delay time tCWD 30 34 44 44 ns |7
RAS to W delay time tRWD 67 79 89 99 ns |7
Column address to W delay time tAWD 42 49 59 64 ns |7
CAS precharge to W delay time tCPWD | 45 54 64 69 ns

CAS set-up time (CAS-before-RAS refresh) |{tCSR 5 5 5 5 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(CBR counter test cycle) tCPT 20 20 25 30 ns

Access time from CAS precharge tCPA 28 35 40 45| ns | 3
Hyper Page mode cycle time tHPC 20 25 30 35 ns |15
Hyper Page mode read-modify-write cycle time ~ [tHPRWC| 47 56 71 81 ns

CAS precharge time (Hyper page cycle) . - |tCP 8 10 10 10 ns

RAS puise width (Hyper page cycle) tRASP 50 |200K| 60 [200K| 70 [200K| 80 [200K| ns

RAS hold time from CAS precha_gg tRHCP 30 35 40 45 ns

OE access time tOEA 13 15 20 20[ ns

OE to data delay tOED 13 15 20 20 _ns

Qut put buffer turn off delay time from OE tOEZ 3 13] 3 15 3 20 20| ns 6,13
OE to output in low-Z toLZ 3 3 3 ns

OE command hoid time tOEH 13 15 20 20 ns
{Output data hold time tDOH 5 5 _5 ns

Qutput buffer turn off delay from RAS tREZ 3 13| 3 15 3 20 20| ns [6,13
Output buffer turn off delay from W tWEZ 3 13| 3 15 3 20 20| ns [6,13
W to data delay tWED 15 15 20 20 ns

OE to CAS hold time tOCH 5 5 5 ns

CAS hold time to OF tCHO 5 5 5 ns

GE precharge time tOEP 5 5 5 ns

W pulse width (hyper page cycle) tWPE 5 5 5 ns

IRAS pulse width(C-B- self refresh) tRASS | 100 0 100 100 ps |16
IBAS precharge time (C-B-K self refresh) _ |tRPS 90 110 130 150 ns |16
CAS holdtime (C-B-B. self refre h) iCHS =50 -50 =50 -50 n 1

Note) *1: 5V only

PEins unog
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KM44C1004C, KM44V1004C CMOS DRAM

TEST MODE CYCLE

(Note. 11)
: ' ' 5 | 6 | 7 | 8 |

. e 'Paramtét‘ e stbm Min| Max |Min| Max [Min| Max {Min| Max Unite NO@S
Random read or write cycle time tRC 89 109 129 149 ns
Read-modify-write cycle time tRWC (121 145 170 195 ns

Access time from RAS tRAC 55 65 75 85 | ns |34,1d
Access time from CAS tCAC 18 20 25 25 | ns | 345
Access time from column address tAA 30 35 40 45 ns | 3,10
RAS pulse width tRAS [ 55| 10K |65] 10K (75| 10K [ 85| 10K | ns

CAS pulse width tCAS | 13| 10K [15] 10K |20 | 10K | 25| 10K | ns

RAS hold time tRSH | 18 20 25 25 ns

CAS hold time tCSH | 45 55 65 75 ns

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

CAS to W delay time tCWD | 35 39 49 49 ns

RAS to W delay time tRWD | 72 84 94 104 ns | 7
Column address to W delay time tAWD | 47 54 64 69 ns

Hyper Page mode cycle time tHPC | 26 30 35 40 ns 15
Hyper page mode read-modify-write cycle time tPRWC| 52 61 76 86 ns

RAS pulse width (Hyper page cycle) tRASP | 55 | 200K | 65 | 200K | 75 | 200K | 85 | 200K | ns

Access time form CAS precharge tCPA 33 40 45 50 | ns

OE access time tOEA 18 20 25 25 | ns

OE to data delay tOED | 18 20 25 25 ns

OE command hold time tOEH | 18 20 25 25 ns

Note) *1: 5V only
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KM44C1004C, KM44V1004C CMOS DRAM

NOTES

1.

10.

11.

12.

13.

14.

15.

16.

17.

An initial pause of 200us is required after power-up followed by any 8 ROR or CBR cycles before proper
device operation is achieved.

. ViH(min) and Vit(max) are reference levels for measuring timing of input signals. Transition times are

measured between ViH(min) and ViL(max) and are assumed to be 2ns for all inputs.

. Measured with a load equivalent to 2 TTL(5V)/1 TTL(3.3V) loads and 100pF.
. Operation within the tRCD(max) limit insures that tRAC(max) can be met. tRCD(max) is specified as a

reference point only. If tRCD is greater than the specified tRCD(max) limit, then access time is
controlled exclusively by tCAC.

. Assumes that tRCD= tRCD(max).
. This parameter defines the time at which the output achieves the open circuit condition and is not

referenced to VoH or VoL.

. tWCS, tRWD, tCWD and tAWD are non restrictive operating parameters. They are included in the data

sheet as electrical characteristics only. If tWCS> tWCS(min), the cycles is an early write cycle and the
data output will remain high impedance for the duration of the cycle. If tCWD> tCWD(min), tRWD2
tRWD(min) and tAWD2> tAWD(min), then the cycle is a read-write cycle and the data output will contain
the data read from the selected address. [f neither of the above conditions is satisfied, the condition of
the data out is indeterminate.

. Either tRCH 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-modify write cycles.

Operation within the tRAD(max) limit insures that tRAC(max) can be met. tRAD(max) is specified as a
reference point only. If tRAD is greater than the specified tRAD(max) limit, then access time is
controlled by tAA.

These specifications ar'e 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),tREZ(max),tOEZ(max) and tWEZ(max) define the time at which the output achives the open
circuit condition and are not referenced to output voltage level.

If RAS goes high before TAS high going, the open circuit condition of the output is achieved by CAS
high going. If CAS goes high before RAS high going, the open circuit condition of the output is achieved
by BAS high going.

tASC26ns, Assume tT=2.0ns.

1024 cycles of burst refresh must be executed within 16ms before and after self refresh,in order to meet
refresh specification.(3.3V L-Ver.)

tAR , tWCR ,tDHR are referenced to tRAD(max).

ELECTRONICS

@ | 92



KM44C1010C CMOS DRAM

1M x 4 Bit CMOS Dynamic RAM with Fast Page Mode
(Write Per Bit Mode)

DESCRIPTION

This is a family of 1,048,576 x 4 bit Fast Page Mode CMOS DRAMs. Fast Page Mode offers high speed
random access of memory cells within the same row. Access time(-5, -6, -7 or -8) and package type (SOJ ,
DIP, ZIP, TSOP-Ii) are optional features of this family.

All of this family have CAS-before-RAS Refresh, RAS-only refresh and Hidden Refresh capabilities.

This 1Mx4 Fast Page Mode DRAM Family is fabricated using Samsung's advanced CMOS process to
realize high band-width and high reliability.

FEATURES
« Part Identification * Fast Page Mode operation
- KM44C1010C . « Write Per Bit Mode Capability
* CAS-before-RAS refresh capability
* BAS-only and Hidden refresh capability
* Active Power Dissipation Uit W « Fast parallel test mode capability
— - e e * TTL compatible inputs and outputs
 Speed . | Acti've;power di';s"sipatioaf,f;_ * Early Write or Output enable controlled write
—— 5 N —— 4“70” e » JEDEC Standard pinout
5 215 ¢ Available in Plastic SOJ, ZIP, DIP,TSOP(ll) packages
7 360 * Single +5V+10% power supply
-8 305

FUNCTIONAL BLOCK DIAGRAM

RAS ¥
Control
- Vss
C1010C| 5V 16ms WCBZI:VSV" Ciocks Imm-]ﬁ
¢ Performance range: Refresh Timer Row Decoder Data in
— - Buffer,
ICAC | RC | tPC Refresh Control % DW(%
13ns | 90ns | 35ns Memory Array g | |
Refresh Counter 1.048.576 x 4 £ to
15ns | 110ns 40ns . Cells - 3 ol wa/
20ns | 130ns | 45ns Row Address Buffer pas
20ns | 150ns 50ns AD-A9 3 Data out
Col. Address Buffer |- Column Decoder [ Buffer |a~ OE

SAMSUNG ELECTRONIC CO., LTD. reserves the right to
change products and specifications without notice.
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KM44C1010C 'CMOS DRAM

PIN CONFIGURATION (Top Views)

* KM44C1010CP * KM44C1010CJ * KM44C1010CZ

WO0/DQO [ Vss

w1/DQ1 A wa/DQ3 w2/Dq2 ]
WBW [ w2/DQ2
ﬁfi ggés w1/pa1 [

A0 [ A8
At 0 A7
A2 2 A6
A3 H A5
Vee 0 A4

* KM44C1010CT * KM44C1010CTR
Wwo/DQOY1 o 20 [T vss Tl W0/DQO
w1/DQ1 ]2 19 [ w3/DQ3 CTIw1/DQ1

WB/W [M}3 18 I wW2/DQ2 [MWBW
RAS T4 17 O TAS [TIRAS
A9 5 16 [ OE [T A9
A0 @6 15 O A8 =yy
A1y 14 [ A7 [0 A1
A28 13 [ As [T A2
A3 @T}o o 12 [T A5 A3
vee Mo 11 [ A Vee

| Pin Name Pin Function
A0 - A9 Address Inputs
WBW Write per bit/Read/Write input
RAS Row Address Strobe
CAS Column Address Strobe
WO/DQO | Write select/Data in/Out
~W3/DQ3
OE Data Outputs Enable
Vce Power(+5.0V)
Vss Ground

ELECTRONICS -



KM44C1010C CMOS DRAM

ABSOLUTE MAXIMUM RATINGS

- Parameter symbOI - Units
Voltage on any pin relative to Vss Vin,Vour \Y
Voltage on Vcc supply relative to Vss Vee -1 to +7.0 \'
Storage temperature Tstg -55 to +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 absolute maximum rating conditions for extended periods may affect
device reliability.

RECOMMENDED OPERATING CONDITIONS (Voltages referenced to Vss, Ta= 0 to 70 °C)

iParér!\lei‘efj' i

Supply voltage 45 5.0 55 v
Ground 0 0 0 \Y
Input high voitage Vi 24 - Vee+1.0™ v
Input low voltage ViL -1.02 - 0.8 v

*1 1 Vee+2.0V/20ns(5V), Pulse width is measured at Vcc
*2 . -2.0V/20ns(5V),Pulse width is measured atVss

DC AND OPERATING CHARACTERISTICS

(Recommended operating conditions unless otherwise noted.)

Input leakage current (Any input 0<VINSVee+0.5V I 5 5 RA
all other pins not under test=0 volts.)

Qutput leakage current

(Data out is disabled, 0V<VouTt<Vcc) lowy -5 5 HA
Output high voltage level(lor=-5mA) VoH 24 - \'
Qutput low voltage level(loL.=4.2mA) Vor - 0.4 \)

ﬂ ELECTRONICS
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KM44C1010C

CMOS DRAM

DC AND OPERATING CHARACTERISTICS

(Recommended operating conditions unless otherwise noted.)

Iccz Don't care 2 mA
-5 85 mA
-6 75 mA
lcea 7 65 mA
-8 55 mA
-6 55 m
lcca 7 e mA
-8 35 mA
Iccs Don't care 1 mA
-5 85 mA
Iccs 6 75 mA
-7 65 mA
-8 55 mA

lcct* : Operating current(RAS and CAS cycling @tRC=min.)

lccz : Standby current (RAS=CAS=W=ViH )

Iccs* : BAS-only refresh current (CAS=ViH, RAS ,Address cycling @tRC=rin.)
lcca* : Fast Page Mode current (RAS=ViL, CAS, Address cycling @tPC=min.)
lccs : Standby current (RAS=CAS=W=Vcc-0.2V)

lcce* : CAS-before-RAS refresh current (RAS and CAS cycling @tRC=min.)

“*NOTE:

lce, lecs, 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. In lcc1, lccs
and Iccs, address can be changed maximum once while RAS=V.L. In lccs, address can be
changed maximum once within one fast page mode cycle time tPC.

96
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KM44C1010C CMOS DRAM

CAPACITANCE(Ta=25°C,Vcc=5V, f=1MHz)

Parameter Symbol Min Max Unit -
Input capacitance [AO - A9] Cint - 5 pF
Input capacitance [RAS, CAS, W, OE] Cinz - 7 pF
Output Capacitance [DQO - DQ3] Coa - 7 pF

AC CHARACTERISTICS (0°C<Ta<70°C, Vcc=5.0V+10%, See note 1,2)
Test condition : Vcc=5.0V+10%, Vin/Vi=2.4/0.8V, Von/Vol =2.4/0.4V

. Pa'?"?‘?‘e’ e Er o s‘f':‘"’°‘ Min 5Max Min 6Max Min :dax | Min '?8Max Units | Notey
Random read or write cycle time tRC 90 110 130 150 ns
Read-modify-write cycle time tRWC |133 156 - (185 205 ns

Access time from RAS tRAC 50 60 70 80 ns |3,4,10
Access time from CAS tCAC 13 15 20 20 ns |3,4,5
Access time from column address tAA 25 30 35 40 ns | 3,10
CAS to output in Low-Z tCLZ 0 0 0 0 ns 3
Output buffer turn-off delay tOFF 0| 13|0 | 15/0|20] 01§ 20 ns 6
Transition time (rise and fall) tT 3|50 | 3 50| 3 5 | 3| 50 ns 2
RAS precharge time tRP | 30 4| |50 60 ns

RAS pulse width tRAS | 50 | 10K | 60 | 10K | 70 | 10K | 80 | 10K ns

RAS hold time tRSH | 13 15 20 20 ns

CAS hold time tCSH 50 60 70 80 ns

CAS pulse width tCAS | 13 |10K| 15 [ 10K |20 [ 10K | 20 | 10K | 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 10
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 o] ns

Column address hold time tCAH 10 10 15 15 ns

Column address hold time referenced to BAS| tAR 40 45 55 60 ns 12
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 hold time referenced to CAS | tRCH 0 0 0 0 ns 8
Read command hold time referenced to RAS | tRRH 0 0 0 0 ns 8
Write command hold time tWCH | 10 10 15 15 ns

Write command hold time referenced to RAS | tWCR | 40 45 55 60 ns 12
Write command pulse width tWp 10 10 | - 15 15 ns

Write command to BAS lead time tRWL | 15 15 20 20 ns

Write command to CAS lead time tCWL | 13 15 20 20 ns

ELECTRONICS



KM44C1010C

CMOS DRAM

AC CHARACTERISTICS (0°C<Ta<70°C, See note 1, 2)

ﬂ ELECTRONICS

Parameter

Data set-up time
Data hold time 9
Data hold time referenced to RAS . tDHR | 40 45 55 60 ns 12
Refresh period tREF 16 16 16 16 | ms
Write command set-up time tWCS 0 0 ) 0 0 ns | 7
CAS to W delay time tCWD | 36 40 50 50 ns |7
RAS to W delay time tRWD | 73 85 100| 110 ns 7
Column address to W delay time tAWD | 48 55 65 70 ns |7
CAS set-up time (CAS-before-FAS refresh) |t1CSR | 10 10 10 10 ns
CAS hold time (CAS-before-BAS refresh) |tCHR | 10 10 15 15 ns -
RAS to CAS precharge time tRPC 5 5 5 5 ns
CAS precharge time(CBR counter test cycle)| tCPT | 20 20 25 30 ns
Access time from CAS precharge tCPA 30 _35 40 45 | ns | 3
Fast Page mode cycle time tPC 35 40 45 50 ns
Fast Page mode read-modify-write cycle timg tPRWC | 76 85 100] 105" ns
CAS precharge time (Fast page cycle) tCP 10 10 10 10 ns
RAS pulse width (Fast page cycle) [tRASP |50 |200K| 60 |200K | 70| 200K | 80 | 200K | ns -
RAS hold time from CAS precharge tRHCP | 30 35 40 45 ns
OE access time tOEA 13 15 20 20 [ ns
OE to data delay tOED | 13 15 20 20| ~ |ns
CAS precharge to W delay time tCPWD | 53 60 70 75 ns
Out put buffer tumn off delay time from OE | tOEZ 01 13[/0 15 0| 20 0| 20 |ns
OE command hold time tOEH | 13 15 20 20 ns
Write command set-up time(Test mode in) |tWTS | 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
Write per bit set-up time tWBS 0 0 0 0 ns
Wri 1 bi i tWBH 10 10 10 15 ns

it selecti -up tim tWDS 0 0 0 0 ns
(Write per bit hold time tWDH |10 10 10 10 ns
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KM44C1010C CMOS DRAM

TEST MODE CYCLE

(Note. 11)

Random read or write cycle time tRC 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 |3,4,10
Access time from CAS ) tCAC 18 20 25 25 | ns {345
Access time from column address tAA 30 35 40 45 ns | 310
RAS pulse width tRAS | 55| 10K |65] 10K | 75| 10K [ 85| 10K | ns

CAS pulse width tCAS | 18| 10K | 20| 10K [25| 10K [ 25| 10K | ns

RAS hold time tRSH | 18 20 25 25| ns

CAS hold time tCSH | 55 65 75 85 ns
Column address to RAT lead time tRAL | 30 35 40 45 ns_

CAS to W delay time tcwD | 41 45 55 55 ns | 7
FAS to W delay time tRWD | 78 90 105 115 ns

Column address to W delay time tAWD | 53 60 70 75 ns 7
F;;t Pa;e mode cycle time tPC 40 45 50 55 _ns

Fast page mode read-modify-write cycle time| tPRWC| 81 85 100 105 ns

BAS pulse width (Fast page cycle) tRASP | 55 [200K | 65 | 200K | 75 | 200K | 85 | 200K | ns

Access time form CTAS precharge tCPA 35 40 45 50 ns 3
OE access time tOEA 20 20 25 25 | ns
|OE to data delay tOED | 18 20 25 25 ns

OE command hold time tOEH | 18 20 25 25 ns

aa» | ”



KM44C1010C CMOS DRAM

NOTES

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

2. ViH(min) and ViL(max) are reference levels for measuring timing of input signals. Transition times are

~ measured between ViH(min) and ViL(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 tRCD(max) limit insures that tRAC(max) can be met. tRCD(max) is specified as a
reference point only. If tRCD(max) is greater than the specified tRCD(max) limit, then access time is
controlled exclusively by tCAC.

5. Assumes that tRCD> tRCD(max).

6. This parameter defines the time at which the output achieves the open circuit condition and is not
referenced to VOH or VOL.

7.tWCS, tRWD, tCWD and tAWD are non restrictive operating parameters. They are included in the data
sheet as electrical characteristics only. If tWCS>tWCS(min),the cycles is an early write cycle and the data
output will remain high imped-ance for theduration of the cycle. If tCWD2 tCWD(min), tRWD=tRWD(min)
and tAWD2> tAWD(min), then the cycle is a read-modify-write-cycle and the data output will contain the
data read from the selected address. If neither of the above conditions is satisfied, the condition of the
data out is indeterminate.

8. Either tRCH or tRRH must be satisfied for a read cycle.

9. These parameters are referenced to the CAS leading edge in early write cycles and to the W leading edge
in read-modify-write cycles.

10. Operation within the tRAD(max) limit insures that tRAC(max) can be met. tRAD(max) is specified as a
reference point only. If tRAD is greater than the specified tRAD(max) limit, then access time is controlled
by tAA.

11. These specifications are applied in the test mode.

12.tAR, tWCR, tDHR are referenced to tRAD(max).

ELECTRONICS



KM48C512B, KM48V512B CMOS DRAM

512K x 8 Bit CMOS Dynamic RAM with Fast Page Mode
DESCRIPTION

This is a family of 524,288 x 8 bit Fast Page Mode CMOS DRAMs. Fast Page Mode offers high speed
random access of memory cells within the same row. Power supply voltage(+5.0V or +3.3V), access time
(-5, -6, -7 or -8), power consumption (Normal or Low power) and package type (SOJ or TSOP-Il) are optional
features of this family.

All of this family have CAS-before-RAS refresh, RAS-only refresh and Hidden refresh capabilities. Further
more, Self-refresh operation is available in Low power version. :

This 512Kx8 Fast Page Mode DRAM family is fabricated using Samsung's advanced CMOS process to
realize high band-width, low power consumption and high reliability.

It may be used as main memory unit for personal computer and portable machines.

FEATURES » Fast Page Mode operation
¢ Part Identification * Byte Read/Write operation
- KM48C512B/BL (5V, 1K Ref.) o CAS-before-RAS refresh capability

- KM48V512B/BL (3.3V, 1K Ref.) « RAS-only and Hidden refresh capability

« Self-refresh capability (L-ver only)

¢ TTL(5V)/LVTTL(3.3V) compatible inputs and outputs

* Active power dissipation Unit : mW

3 « Early Write or output enable controlled write
* JEDEC standard pinout
-5 - 470 « Available in plastic SOJ and TSOP(ll) packages
-6 255 385 ¢ Dual+5V+10% power supply (5V product)
-7 235 360 ¢ Dual +3.3V+0.3V power supply (3.3V product)
-8 220 330
* Refresh cycles FUNCTIONAL BLOCK DIAGRAM
Vee
g : - Control Vss
W"‘ Clocks VBB Generator
1
Row Decoder Data in
| Buffer
* Performance range % 500
& 4] Memory Array é_ | ] o
5| 50ns | 15ns | 90ns| 35ns | 5V Only crostoouer 1| | see288x8 < | ba7
6 | 60ns | 15ns |110ns| 40ns | 5V/3.3V |  ag-o 4 3 —
-7 70ns | 20ns [130ns| 45ns | 5V/3.3V
- :ICO|. Address Buffer |-{ Column Decoder [« Buffer [« OF,

-8 | 80ns | 20ns |150ns| S0ns | 5V/33V | “°A®

. SAMSUNG ELECTRONIC CO., LTD. reserves the right to
change products and specifications without notice.
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KM48C512B, KM48V512B CMOS DRAM

PIN CONFIGURATION (Top Views)

* KM48C/V512BJ

(Sov)
* KM48C/V512BT * KM48C/V512BTR
Vce 1o 28 1 Vss Vss 28 o1 Vce
Do 2 27 @poar pQ7 M 27 2 FIDQo
DQ1@} 3 26 o DQ6 pas 2 O 3 pODAQ1
pQ2d 4 25 1 DQs pQ5 25 4 fopQ2
DQ3@M 5 24 @ DQ4 DQ4 ™24 5 mpaQ3
NCOs6 23 FuCAS CAS M 23 6 FON.C
w7 22 FuOE OE ™22 7 |Bw
RASO}s8 21 FoNC N.C @21 8 FORAS
A9] 9 20 [ A8 A8 20 9 A9
A0 310 19 o A7 A7 19 10 foao
A1 11 18 [ A6 A6 ] 18 11 o A1
A2 O 17HAs AsT17 O 12pmA2
A3T]13 16 [0 A4 A4 16 13 D A3
Vec 14 15 A Vss Vss M} 15 14 EVee

(TSOP(ll)-Forward Type) (TSOP(ll)-Reverse Type)

AO - A9 Address Inputs \ Read/Write Input
DQO-7 | Data In/Out OE Data Output Enable
Vss - Ground . " Vee Power (+5V)
RAS Row Address Strobe Power (+3.3V)
CAS Column Address Strobe N.C No Connection

ELECTRONICS



KM48C512B, KM48V512B | CMOS DRAM

ABSOLUTE MAXIMUM RATINGS

fohme 'Parameter i Symbol - "3""9 Units
Voltage on any pin relative to Vss Vin,Vour -0.5 to +4.6 -1.0 to +7.0 \
Voltage on Vcc supply relative to Vss Vee -0.5 to +4.6 -1.0 to +7.0 v
Storage Temperature © Tstg -55 to +150 -55 1o +150 °C
Power Dissipation Po 1 1 w
Short Circuit Output Current los 50 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 (Voltages referenced to Vss, Ta= 0 to 70 °C)

_ Parameter | Symbol -—————————— e s o 7 Unit
oo b Min | Typ ol Max | Min | Typ | Max |
Supply Voltage Vee 3.0 3.3 3.6 4.5 5.0 5.5 \%
Ground Vss 0 0 0 0 0 0 v
Input High Voltage |  Vm 2.1 - Vee+0.3"1 24 - Vec+1.0'| v
Input Low Voltage | Vi -0.32 - 0.8 -1.0% - 0.8 v
*1: Vee+1.3V/15ns(3.3V), Vec+2.0V/20ns(5V), Pulse width is measured at Vee.

*2: -1.3V/16ns(3.3V), -2.0V/20ns(5V), Pulse width is measured at Vss.
DC AND OPERATING CHARACTERISTICS
(Recommended operating conditions unless otherwise noted.)
|  Parameter |Symbol| Min | Max |Units
Input Leakage Current A
(Any input 0<ViNsVec+0.3V, all other pins not under test=0v)| "V -5 5 H
Output Leakage Current )
3.3V | (Data out is disabled, OV<Vour<Vce) o | -5 | 5 | pA
Output High Voltage Level (loH=-2mA) VoH 2.4 - \
Output Low Voltage Level (lo.=2mA) Vou - 0.4 \
Input Leakage Current (Any input 0<VinsVec+0.5V, I 5 5 pA
(Any input 0<ViINVece+0.5V, all other pins not under test=0V) !
Output Leakage Current )
5V | (Data out is disabled, OV<VoutsVce) low 5 5 | mA
Output High Voltage Level (loH=-5mA) . VoH 24 - Y
Output Low Voltage Level (lo.=4.2mA) VoL - 0.4 Vv

ELECTRONICS



KM48C512B, KM48V512B CMOS DRAM

DC AND OPERATING CHARACTERISTICS

(Recommended operating conditions unless otherwise noted.)

~Symbol |

-5 ) - 85 mA

. -6 ' 70 70 mA

lect Don't care 7 65 65 mA

-8 60 ‘ 60 mA

lcc2 Don't care Don't care 1 2 mA

-5 . - 85 mA

. -6 70 70 mA

Don't care

lecs -7 65 65 mA

-8 60 60 mA

-5 - 65 mA

\ -6 55 55 mA

Icca Don't care 7 50 50 mA

-8 45 45 mA

Normal , 0.5 1 mA

lccs L Don't care 100 150 WA
-5 , - 85 “mA

, -6 70 70 mA

Icce Don't »care 7 65 65 A

, -8 60 60 mA

lecr L Don't care 200 300 HA

Iccs L Don't care 100 200 pA

icc1* : Operating current (RAS, CAS, Address cycling @tRC=min.)
lccz : Standby current (RAS=CAS=W=VH)
Iccs* : RAS-only refresh current (CAS=Vi4, RAS , Address cycling @tRC=min.)
Icca* : Fast Page Mode current (RAS=Vu, CAS, Address cycling @tPC=min.)
Iccs : Standby current (RAS=CAS=W=Vcc-0.2V)
Iccs* : CAS-before-RAS Refresh current (RAS and CAS cycling @tRC=min.)
lcc7 : 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= 0.2V
Din = Don't care, Trc=125us, Tras=Tras min~300 ns
Iccs : Self refresh current
RAS=CAS=ViL, W=OE=AO0 ~ A9 = Vcc-0.2V or 0.2V,
DQO ~ DQ7= Vcc-0.2V, 0.2V or open
*NOTE : lcct, Iccs, lcc4 and lccs are dependent on output loading and cycle rates. Specified values
are obtained with the output open. lcc is specified as an average current. In lcc1, lccs,

and Iccs, address can be changed maximum once while RAS=ViL. In lccs, address can be
changed maximum once within one fast page mode cycle time, tPC.

. ELECTRONICS o




KM48C512B, KM48V512B CMOS DRAM

CAPACITANCE (Ta=25°C,Vcc=5V or 3.3V, f=1MHz)

; , Parameter . | symbol | Min - Unit
Input capacitance [AO ~ A9] Civt - 5 pF
Input capacitance [RAS, CAS, W, OE] Cie - 7 pF
Output Capacitance [DQO~ DQ7] Coa - 7 pF

AC CHARACTERISTICS (0°C<Ta<70°C, See note 1,2)
Test condition (5V device) : Vee=5.0V+10%, Vin/Vi=2.4/0.8V, Voh/Voi=2.4/0.4V
Test condition (3.3V device): Vcc=3.3V+0.3V, Vin/Vi=2.1/0.8V, Von/Voi =2.0/0.8V

,, « = 6
’ - Parameter. i ;

Random read or write cycle time tRC 90 110 130 150 ns
Read-modify-write cycle time tRWC | 135 155 185 205 ns
Access time from RAS tRAC 50 60 70 80| ns (34,10
Access time from CAS tCAC 15 15 20 20| ns (345
Access time from column address tAA 25 30 35 40| ns | 310
CAS to output in Low-Z tCLZ 0 0 0 0 ns 3
Output buffer turn-off delay tOFF 0| 15| 0| 15| O] 15! 0] 15| hs 6
Transition time (rise and fall) tT 3| 50| 3| 50 3] 50| 3} 50| ns 2
BAS precharge time tRP 30 40 50 60 ns
RAS pulse width tRAS | 50 [10K| 60 |10K | 70|10K| 80)| 10K | ns
RAS hold time tRSH | 15 15 20| | 20 ns
CAS hold time tCSH | 50 60 70 80 ns
CAS pulse width tCAS | 15[10K| 15|10K | 20|10K| 20| 10K | ns
RAS to CAS delay time JRCD [ 20| 35| 20| 45| 20| 50| 20| 60 ns 4
RAS to column address delay time tRAD 15] 25| 15| 30| 15| 35| 15| 40| ns 10
CAS to RAS precharge time : tCRP 5 5 5 5 ns
Row address set-up time tASR 0 0 0 0 ns
Row addreéss hold time tRAH 10 10 10 10 ns
Column address set-up time tASC 0 0 0 0 ns
Column address hold time (5V) tCAH 10 10 15 15 ns
Column address hold time (3.3V) tCAH - 15 15 15 ns
Column address to BAS lead time tRAL 25 30 35 40 ns
Read command set-up time tRCS 0 0 0 [} ns
Read command hold time referenced to CAS | tRCH 4] 0 0 0 ns 8
Read command hold time referenced to RAS | tRRH 0 0 Q 0 ns
Write command set-up time tWCS 0 0 0 0 ns
Write command hold time tWCH | 10 10 10 10 ns

T mmand pulse width tWP 10 10 10 10 ns
Write command to RAS lead time tRWL | 15 15 15 20 ns
Write command to CAS lead time tCWL | 15 15 15 20 ns

(*) : 50ns product : Vcc=5V+5%, Output Loading(CL)=50pF

ELECTRONICS




KM48C512B, KM48V512B : . CMOS DRAM

AC CHARACTERISTICS (0°C<Ta<70°C, See note 1,2)

Data set-up time 1DS 0 0 0 ' 0 ns-l:Q
Data hold time (5V) tDH 10 "1 10 15 15 ns 9
 Data hold time (3.3V) tDH - | 15 15 15 ns
Refresh period (Normal) - |tREF 16 16 16 16| ms
Refresh period (L-ver) |tREF 128 128 128 128| ms

CAS to W delay time tCWD | 40 ) 40 50 50 ns

RAS to W delay time tRWD | 75 85 95 105 ns 8
Column address to W delay time tAWD | 50 55 60 65 ns 8
CAS precharge to W delay time tCPWD| 55 60 65 70 ns

CAS set-up time (CAS-before-RAS refresh) |tCSR 5 5 5 ) 5 ns

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

RAS to CAS precharge time tRPC 5 5 5 5 ns

CAS precharge time(CBR counter test cycle)[ tCPT | 20 20 25 | 30 ns
Access time from CAS precharge . tCPA 30 35 40 45| ns 3
Fast Page mode cycle time . tPC 35 | 40 45 '50 ns

Fast Page mode read-modify-write cycle timg tPRWC| 80 80 - 95 105 ns

CAS precharge time (Fast page cycle) tCP 10 10 10 10 ns

RAS pulse width (Fast page cycle) tRASP | 50 {100K| 60 [100K| 70 [100K| 80 |100K| ns

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

OE access time tOEA 15 15 20| 20| ns

OE to data delay tOED | 15 15 20 20 ns

Out put buffer turn off delay time from OE  [tOEZ 0 15| 0] 15 0| 20 0| 20| ns

OE command hold time : tOEH | 15 - 15 20 20 ns

RAS pulse width (C-B-R self refresh) tRASS | 100 | | 100 100 100 ps | 11
RAS precharge time (C-B-R self refresh) tRPS | 90 110 130 150 ns 11
CAS hold time (C-B-R self refresh) tCHS | -50 -50 -50 -50 ns | 11

(*) : 50ns product : Vee=5V+5%, Output Loading(CL)%SOpF
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KM48C512B, KM48V512B CMOS DRAM

NOTES

1.

10.

11.

An initial pause of 200us is required after power-up followed by any 8 ROR or CBR cycles before
proper device operation is achieved.

. Viv(min) and ViL(max) are reference levels for measuring timing of input signals. Transition times are

measured between ViH(min) and ViL(max) and are assumed to be 5ns for all inputs.

. Measured with a load equivalent to 2 TTL(5V)/1 TTL(3.3V) loads and 100pF.
. Operation within the tRCD(max) limit insures that tRAC(max) can be met. tRCD(max) is specified as

a reference point only. 'If tRCD is greater than the specified tRCD(max) limit, then access time is
controlled exclusively by tCAC.

. Assumes that tRCD2 tRCD(max).
. tOFF(max) defines the time at which the output achieves the open circuit condition and is not

referenced to VoH or VoL.

. tWCS, tRWD, tCWD and tAWD are non restrictive operating parameters. They are included in the

data sheet as electrical characteristics only. If tWCS> tWCS(min), the cycles is an early write cycle
and the data output will remain high impedance for the duration of the cycle. If tCWD2 tCWD(min),
tRWD2 tRWD(min) and tAWD2 tAWD(min), then the cycle is a read-modify-write cycle and the data
output will contain the data read from the selected address. If neither of the above conditions is
satisfied, the condition of the data out is indeterminate.

. Either tRCH 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-modify-write cycles.

Operation within the tRAD(max) limit insures that tRAC(max) can be met. tRAD(max) is specified as
a reference point only. If tRAD is greater than the specified tRAD(max) limit, then access time is
controlled by tAA.

1024 cycle of burst refresh must be executed within 16ms before and after self refresh in order to
meet refresh specification (L-version).

£1 EATRANING )




KM48C514B, KM48V514B

CMOS DRAM

5 12K x 8 Bit CMOS Dynamic RAM with Extended Data Out
DESCRIPTION

This is a family of 524,288 x 8 bit Extended Data Out CMOS DRAMs. Extended Data Out offers high speed
random access of memory cells within the same row. Power supply voltage (+5.0V or +3.3V), access time
(-5, -6, -7 or -8), power consumption (Normal or Low power) and package type (SOJ or TSOP-II) are optional
features of this family.

Alt of this family have CAS-before-RAS refresh, RAS-only refresh and Hidden refresh capabilities. Further
more, Self-refresh operation is available in Low power version.

This 512Kx8 Extended Data Out DRAM family is fabricated using Samsung's advanced CMOS process to
realize high band-width, low power consumption and high reliability.

It may be used as main memory unit for personal computer and portable machines.

“EATURES
»Part Identification

» Extended Data Out operation

- KM48C514B/BL (5V, 1K Ref.)
- KM48V514B/BL (3.3V, 1K Ref.)

* Active power dissipation

* Refresh cycles

"o Byte Read/Write operation
» CAS-before-RAS refresh capability
* RAS-only and Hidden refresh capability
« Self-refresh capability (L-ver only)
¢ TTL(SV)/LVTTL(3.3V) compatible inputs and outputs
 Early Write or output enable controlled write
* JEDEC standard pinout

-5 R 470 - * Available in plastic SOJ and TSOP(ll) packages
-6 255 385 ¢ Dual +5V+10% power supply (5V product)

-7 235 360 ¢ Dual +3.3V+0.3V power supply (3.3V product)
-8 220 -

FUNCTIONAL BLOCK DIAGRAM

Vee

- - FAS 5 Control
C514B | sV CAS - l—_l:E Vss
Clocks
V5148 | 3.3V 1K 128ms Wb ; VBB Generator |
Row Decoder DBatilf in
— ufter
* Performance range %
7 Memory Array | 8] | Dg 0
-5 | 50ns | 15ns | 90ns| 20ns| 5V Only s aaenand I el § " bar
-6 | 60ns | 15ns [110ns| 25ns | 5V/3.3V |  Ap-ag - & —
. Ul
-7 | 70ns | 20ns |130ns| 30ns | 5V/3.3V AQ ~A8 Col. Address Bufier |{ Column Decoder [« Buffer |- OF
-8 | 80ns | 20ns | 150ns | 35ns | 3.3V Only
SAMSUNG ELECTRONIC CO., LTD. reserves the right to
change products and specifications without notice.
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KM48C514B, KM48V514B ' CMOS DRAM

PIN CONFIGURATION (Top Views)

* KM48C/V514BJ

-]

1
2
3
4
5
6
7
8
9

(SO0J)
* KM48C/V514BT « KM48C/V514BTR
Vec 1o 28 [ Vss Vss [ 28 o 1 Vce
pQod 2 27 @ DQ7 DQ7 ™ 27 2 DQO
bDQ1™ 3 26 | DQ#6 pee ™26 O 3 A Dba1
DQ2mM} 4 25 P2 DQ5 DQ5 M 25 4 K1 DQ2
DQ3M 5 24 B DQ4 DQ4 ™ 24 5 1 DQ3
N.CO 6 23 FnCAS CAS ™23 6 FAN.C
w3z 22 B OE OE ™22 7ROWw
RAS O 8 21 FAN.C N.C ™ 21 8 FORAS
A9 g 20 F0 A8 A8 ™ 20 9 m A9
A0M™10 19 A7 A7 I}319 10 FDAO
A1 ™11 18 F1 A6 A6 I} 18 11 O A1
A2 O 17RA5 As17 O 12FDA2
A3@313 16 D A4 A4 16 13 D A3
Vec ™14 15 O Vss Vss ™ 15 14 FA Vce

(TSOP(ll)-Forward Type) (TSOP(ll)-Reverse Type)

AO - A9 Address Inputs \ Read/Write Input
DQO -7 Data In/Out OE Data Output Enable
Vss Ground Vee Power (+5V)
RAS Row Address Strobe : Power (+3.3V)
CAS Column Address Strobe N.C No Connection

. ELECTRONICS



KM48C514B, KM48V514B ' CMOS DRAM

ABSOLUTE MAXIMUM RATING

o

Voltage on any pin relative to Vss Vin,Vour -0.5 to +4.6 -1.0 to +7.0 \';

Voltage on Vec supply relative to Vss . Vee -0.5 to +4.6 -1.0 to +7.0 \

Storage Temperature Tstg -55 to +150 -55 to +150 °C
Power Dissipation Po -1 1 w
Short Circuit Output Current los 50 ‘ 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. )

Supply Voltage Ve | 30 3.3 3.6 45 5.0 5.5 v
Ground Vss 0 ‘ 0 0 0 0 0 v
Input High Voltage ' 2.1 - Vees0.31 24 - Vee+1.0'| v
Input Low Voltage Vi 032 |- - 08 -1.0% - 0.8 v

*1: Vee+1.3vA1 5hs(3.3V), Vce+2.0V/20ns(5V), Pulse width is measured at Vcc.
*2: -1.3V/15ns(3.3V), -2.0V/20ns(5V), Pulse width is measured at Vss.

DC AND OPERATING CHARACTERISTICS

(Recommended operating conditions unless otherwise noted.)

Input .Leakage Current _ o 5 5 uA
(Any input 0<VIN<Vec+0.3V, all other pins not under test=0V)

33V | (Data out s dabled, OV<Voursves) o | 5 | 5 | uA
Output High Voltage Level (IoH=-2mA) VoH 2.4 - v
Output Low Voltage Leve! (lo.=2mA) . VoL - 0.4 \"
Input .Leakage Current (Any input OSVI§SVcc+O.5V, " ' 5 5 p A
(Any input 0<VINsVce+0.5V, all other pins not under test=0V

5v El)JuatFau :)tf ;kgi%eatﬁ:geg\tl‘sVowchc) low | -5 5 HA
Output High Voltage Level (lon=-5mA) VoH 24 \"
OQutput Low Voltage Level (lo.=4.2mA) Vou - 0.4 \

110
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KM48C514B, KM48V514B - | CMOS DRAM

DC

AND OPERATING CHARACTERISTICS

(Recommended operating conditions unless otherwise noted.)

-5 . - . 85 mA

Don' -6 70 70 mA

lcct on't care 7 65 65 mA
-8 60 - mA

lcca Don't care Don't care 1 ’ 2 mA
-5 - ‘ 85 mA

! -6 70 ‘70 mA

Icca Don't care e &5 65 o
-8 60 - mA

-5 ) - 65 mA

Don't care 6 55 55 mA

loca -7 50 50 mA'
-8 45 - mA

0.5 1 mA

Iccs No:-mai Don't care 100 150 A
-5 85 mA

‘ -6 70 70 mA

lccs Don't care e 65 65 A
-8 60 - mA

lco7 L Don't care 200 300 HA
lccs L Don't care 100 200 UA

lcc1* : Operating current (RAS, CAS,
Iccz

<
ddress cycling @tRC=min.)

A
Standby current (RAS=CAS=W=ViH)

lces* : RAS-only refresh current (CAS=Vin, RAS , Address cycling @tRC=min.)
lcca* : Hyper Page Mode current (RAS=ViL, CAS, Address cycling @tHPC=min.)

lccs

: Standby current (RAS=CAS=W=Vcc-0.2V)

Iccs* : CAS-before-RAS Refresh current (RAS and CAS cycling @tRC=min.)"

lcc7

Iccs

: 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= 0.2V
Din = Dopft care, Tre=125us, Tras=Tras min~300 ns
: Self refresh current
RAS=CAS=Vi,, W=0OE=A0 ~ A9 = Vcc-0.2V or 0.2V,
DQO ~ DQ7 = Vee-0.2V, 0.2V or open

*NOTE : lcct, Iccs, 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.. In Icc, lccs,
and lccs, address can be changed maximum once while RAS=ViL. In Icc4, address can be
changed maximum once within one hyper page cycle time, tHPC

~ ELECTRONICS



KM48C514B, KM48V514B ~_CMOS DRAM

CAPACITANCE (T+=25°C,Vce=5V or 3.3V, {=1MHz)

=

i S i . i o :

Input capacitance [AQ ~ A9] Cint - 5 pF
" Input capacitance {[RAS, CAS, W, OF] Cinz - 7 pF

Output Capacitance [DQO ~ DQ7] Coa - 7 pF

AC CHARACTERISTICS (0°C<Ta<70°C, See note 1,2)
Test condition (5V device) : Vcc=5.0V+10%, Vin/'Vi=2.4/0.8V, Von/Voi=2.0/0.8V
/0.8V, Von/Vo=2.0/0.8V

S

Random read or write cycle time tRC 84 104 124 144 ns
Read-modify-write cycle time tRWC |116 140 165 190 ns

Access time from RAS tRAC 50 60 70 80| ns [34,10
Access time from CAS tCAC 17 17 20 20| ns | 345
Access time from column address tAA 25 30 35 40 | ns | 3,10
CAS to output in Low-Z tcLZ 3 3 ns 3
Output buffer turn-off delay from CAS tCEZ 3| 18| 3| 15| 3| 15 3] 15| ns |6,13
Transition time (rise and fall) T 2| 50| 2| 50| 2| 50 2 50| ns 2
RAS precharge time tRP 30 40 50 60 ns

| BAS pulse width tRAS | 50 [ 10K | 60| 10K | 70|10K| 80| 10K | ns

RAS hold time tRSH | 17 17 20 20 ns

CTAS hold time ' tCSH_| 40 50 60 70 ns

CAS pulse width tCAS 8 |10K| 10|10K | 15{10K| 20| 10K | ns 11
RAS to CAS delay time tRCD | 20| 33| 20| 43| 20{ 50| 20| 60 ns 4
BAS to column address delay time tRAIj 15| 25| 15| 30| 15| 35| 15| 40| ns 10
CAS to RAS precharge time tCRP 5 5 5 1 s 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 (5V) : tCAH 8 10 15 - ns

Column address hold time (3.3V) ICAH | - 15 15 15 ns

Column address to RAS lead time tRAL 25 30 35 40 ns

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

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

Read command hold time referenced to RAS | tRRH 0 1] 0 0 ‘ ns_
| Write command set-up time tWCS 0 0 0 0 ns | 7
Wirite command hold time tWCH-[ 10 10 10 10 ns |
Write command pulse width tWP 10 10 10 10 ns

Write command to RAS lead time tRWL | 13 15 15 20 ns

Write command to CAS lead time tcwL | 8 10 15 20 ns

(*) : 50ns product : Vcc=5V+5%, Output Loading(CL)=50pF




KM48C514B, KM48V514B

CMOS DRAM

AC CHARACTERISTICS (0°C<Ta<70°C, See note 1,2)

n
Data set-up time Y
Data hoid time (5V) tDH 8 10 15 ns
Data hoid time (3.3V) tDH - 15 15 15 ns
Refresh period (Normal) tREF 16 16 16 16| ms
Refresh period (L-ver) tREF 128 128 128 128 ms
CAS to W delay time tCWD 34 36 44 44 ns 7
RAS to W delay time __ tRWD 67 79 94 104 ns 7
Column address to W delay time tAWD 42 49 59 64 ns 7
CAS precharge to W delay time tCPWD | 45 54 64 69 ns
CAS set-up time (CAS-before-RAS refresh)  [tCSR 5 5 5 5 ns
CAS hold time (CAS-before-RAS refresh) tCHR 10 10 10 10 ns
RAS to CAS precharge time tRPC 5 5 5 5 ns
CAS precharge time (CBR counter test cycle) [tCPT 20 20 25 30 ns
Access time from CAS precharge t{CPA 28 35 40 45| ns 3
Hyper Page mode cycle time tHPC 20 25 30 35 ns 11
Hyper Page mode read-modify-write cycle timgtHPRWCQ 47 56 71 81 ns 11
CAS precharge time (Hyper page cycle) tCP 8 10 10 10 ns
RAS pulse width (Hyper page cycle) tRASP | 50 [100K| 60 |100K| 70 |100K| 80 [100K| ns
RAS hold time from CAS precharge tRHCP | 30 35 40 45 ns
OF access time tOEA 15 15 20 20| ns 3
OE to data delay tOED 13 15 20 20 ns
Out put buffer turn off delay time from OE tOEZ 3] 13| 3 15| 3| 20{ 3| 20| ns 6
[OF to output in low-Z toLz 3 3 3 3 ns
OE co n im. tOEH 13 15 20 20 ns

hold tim tDOH 5 5 5 5 ns
|Output buffer turn off delay from BAS tREZ 3| 13] 3| 15| 3| 20/ 3| 20/ ns |6,13
| Output buffer turn off delay from W tWEZ 3| 13| 3| 15| 3| 20| 3| 20| ns 6
W to data delay : tWED 13 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 puise width (hyper page cycle) tWPE 5 5 5 5 ns
RAS pulse width(C-B-R self refresh) tRASS | 100 100 100 100 us 12
RAS precharge time (C-B-R self refresh) tRPS 90 110 130 150 ns 12
CAS hold time (C-B-R self refresh) tCHS -50 -50 -50 -50 ns 12
(*) : 50ns product : Vce=5V+5%, Output Loading(CL)=50pF
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KM48C514B, KM48V514B CMOS DRAM

NOTES

1. An initial pause of 200us is required after power-up followed by any 8 ROR or CBR cycles before
proper device operation is achieved.

2. Vi(min) and Vu.(maX) are reference levels for measuring timing of input signals. Transition times are
measured between ViH(min) and ViL(max) and are assumed to be 2ns for all inputs.

3. Measured with a load equivalent to 2 TTL(5V)/1 TTL(3.3V) loads and 100pF.

4. Operation within the tRCD(max) limit insures that tRAC(max) can be met. tRCD(max) is specified as
a reference point only. If tRCD is greater than the specified tRCD(max) limit, then access time is
controlled exclusively by tCAC.

5. Assumes that tRCD= tRCD(max).

6. This parameter defines the time at which the output achieves the open circuit condition and is not
referenced to VoH or VoL. : ) .

7. tWCS, tRWD, tCWD and tAWD are non restrictive operating parameters. They are included in the
data sheet as electrical characteristics only. . If tWCS2 tWCS(min), the cycles is an early write cycle
and the data output will remain high impedance for the duration of the cycle. If tCWD= tCWD(min),
tRWD2= tRWD(min) and tAWD= tAWD(min), then the cycle is a read-modify-write cycle and the data
output will contain the data read from the selected address. If neither of the above conditions is
satisfied, the condition of the data out is indeterminate.

8. Either tRCH or tRRH must be satisfied for a read cycle.

9. These parameters are referenced to the CAS leading edge in early write cycles and to the W leading
edge in read-modify-write cycles.

10. Operation within the tRAD(max) limit insures that tRAC(max) can be met. tRAD(max) is specified as ’
a reference point only. If tRAD is greater than the specified tRAD(max) limit, then access time is
controlled by tAA. ‘

11. tASC=6ns, Assume tT=2.0ns.

12. 1024 cycle of burst refresh must be executed within 8ms before and aﬁ(’e’r;self refresh in order to meet
refresh specification (L-version). ’ o

13. If RAS goes high before CTAS high going, the open circuit condition of the output is achieved by CAS
high going. If CKS goes high before RAS high going, the open circuit condition of the output is
achieved by RAS high going.

ELECTRONICS



KM49C512B CMOS DRAM

512K x 9 Bit CMOS Dynamic RAM with Fast Page Mode
DESCRIPTION

This is a family of 524,288 x 9 bit Fast Page Mode CMOS DRAMs. Fast Page Mode offers high speed
random access of memory cells within the same row. Access time (-6, -7 or -8), power consumpticn. (Normal
or Low power) and package type (SOJ or TSOP-II) are optional features of this family.

All of this family have CAS-before-RAS refresh, RAS-only refresh and Hidden refresh capabilities. Further
more, Self-refresh operation is available in Low power version. '

This 512Kx9 Fast Page Mode DRAM family is fabricated using Samsung's advanced CMOS process to
realize high band-width, low power consumption and high reliability.

It may be used as main memory unit for personal computer and portable machines.

FEATURES * Fast Page Mode operation
* Part Identification ‘ * Byte Read/Write operation
- KM49C512B/BL (5V, 1K Ref.) « CAS-before-RAS refresh capability

- RAS-only and Hidden refresh capability
* Self-refresh capability (L-ver only)

» Active power dissipation * TTL(5V) compatible inputs and outputs

Unit : mW
 Seond | Aok Pk SeteaRan » Early Write or output enable controlled write
S S - ‘ 415 e * JEDEC standard pinout
'7 385 ¢ Available in plastic SOJ and TSOP(Ii) packages
= 360 ¢ Dual +5V+10% power supply
* Refresh cycles FUNCTIONAL BLOCK DIAGRAM
 Patt | Refresh |  Refresh period.
. NO. | ‘cycle | Nommal | L RAS B ol _.| I I._.:cc
A - SS
C512B 1K 16ms 128ms [of ;_’ Clocks VBB Generator
|
Refresh Timer Row Decoder Data in
1 Buffer
. Perfprmance range : S Qo
Speed | tRAC | tCAC | tRC | tPC M;T‘ZBA'?Y E‘ ] °
6 60ns | 15ns | 110ns | 40ns P - D8
7 70ns -| 20ns | 130ns | 45ns AD~A9 - § P—
ata ou
-8 80ns 20ns | 150ns | 50ns AC ~A8 _-:lCoI. Address Buffer [ Column Decoder e Buffer |e— OF .

SAMSUNG ELECTRONIC CO. LTD. reserves the right to
change products and specifications without notice.
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KM49C512B CMOS DRAM
PIN CONFIGURATION (Top Views)
* KM49C512BJ
i0
2
3
4
5
6
7
8
9
* KM49C512BT * KM49C512BTR
Vec 1o 28 H Vss Vss I 28 o 1 FVcc
pQod 2 27 FB DQs8 .DQ8 ™ 27 . 2 M DQoO
DQ1 M 3 26 0 DQ7 DQ7M 26 O 3FDQ1
DQ2m 4 25 [0 DQ6 DQs6 ™ 25 4 [ mDQ2
DQ3M 5 24 PO DQ5 DQ5 T 24 5 @ DQ3
DQ4O™ 6 23 [@CAS CAS ™ 23 6 F1 DQ4
w7 22 FnOE OE @] 22 7w
RAST] s 21 F@N.C N.C I 21 8 o RAS
A9 9 20 Fo A8 A8 I} 20 9 mA9
A0I]10 19 o A7 A7 I 19 10 mA0
A1 11 18 0 A6 A6 ] 18 11 o A1
A212 O 17FA5 A5 17 O 12FmA2
A3@13 16 fo a4 A4 ] 16 13 [0 A3
Veec @14 15 [ Vss Vss [} 15 14 @ Vee

(TSOP(ll)-Forward Type)

-(TSOP(ll)-Reverse Type)

AQ - A9 | Address Inputs W Read/Write Input
DQO -8 Data In/Out OE Data Output Enable
Vss Ground Vece Power (+5V)
RAS Row Address Strobe N.C No Connection
CAS Column Address Strobe

Phinnngg
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KM49C512B CMOS DRAM

ABSOLUTE MAXIMUM RATINGS

«  Pparameter | Symbol |  Rating
Voltage on any pin relative to Vss Vin,Vour -1.0 to +7.0
Voltage on Vcc supply relative to Vss Vee -1.0 to +7.0 \Y
Storage Temperature Tstg -55 to +150 °C
Power Dissipation Po 1 W
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 (Voltages referenced to Vss, Ta= 0 to 70 °C)

_ Parameter |  Symbol in ax

Supply Voltage 45 5.5 v
Ground .0 0 0 \Y
Input High Voltage 7 24 - Vee+1.0™ v
Input Low Voltage \/ -1.072 - 08 v

*1: Vcc+2.0V/20ns, Pulse width is measured at Vcc.
*2 . -2.0V/20ns, Pulse width is measured at Vss.

DC AND OPERATING CHARACTERISTICS
(Recommended operating conditions unless otherwise noted.)

Input Leakage Current (Any input 0<VINSVec+0.5V, he 5 5 iy
(Any input 0<Vin<Vee+0.5V, all other pins not under test=0V) '

Output Leakage Current

(Data out is disabled, OV<VoursVce) low) 5 5 HA
Output High Voltage Level (lov=-5mA) VoH 24 - \Y
Output Low Voltage Level (lo.=4.2mA) VoL - 0.4 \'

ELECTRONICS




KM49C512B o CMOS DRAM

DC AND OPERATING CHARACTERISTICS
(Recommended operating conditions unless otherwise noted.)

lcct Don't care -7 70 mA
-8 65 mA

Iccz : Don't care Don't care 2 mA
-6 75 mA

leca Don't care -7 70 | mA
-8 65 mA

-6 ‘55 mA

lcca Don't care -7 50 mA
-8 - 45 mA

Normal . 1 » mA

Don't care

lces L 150 HA
-6 v 75 mA

Iccs Don't care -7 ’ 70 mA
-8 65 mA

lccr L Don't care 300 HA
lccs L Don't care 200 pA

lcc1*:
: Standby current (RAS=CAS=W=Vix)

: RAS-only refresh current (CAS=ViH, RAS , Address cycling @tRC=min.)

: Fast Page Mode current (RAS=ViL, CAS, Address cycling @tPC=min.) -

: Standby current (RAS=CAS=W=Vcc-0.2V) '

: CAS-before-RAS Refresh current (RAS and CAS cycling @tRC=min.)

: Battery back-up current, Average power supply current, Battery back-up mode

Iccz
lcca*
lccs*

lccs™
[olerd

lccs

Operating current (RAS, CAS, Address cycling @tHC:min.)

Input high voltage(ViH)=Vcc-0.2V, Input low voltage(ViL)=0.2V, CAS= 0.2V
Din = Don't care, Trc=125us, TrAs=TRrAs min~300 ns :

: Self refresh current

RAS=CAS=ViL, W=OE=A0 ~ A9 = Vcc-0.2V or 0.2V,
DQO ~ DQ8= Vcc-0.2V, 0.2V or open

*NOTE : lIcch, Iecs, Iccs and Iccs are dependent on output loading and cycle rates. Specified values

are obtained with the output open. lcc is specified as an average current. In lcc, locs,
and Iccs, address can be changed maximum once while RAS=VIL. In Icca, address can be
changed maximum once within one fast page mode cycle time, tPC.
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KM49C512B ~_ CMOS DRAM

CAPACITANCE (Ta=25°C, Vee=5V, f=1MHz)

- Parameter =~ . . .Symbol “Min Max. Unit
Input capacitance [AO ~ A9] Cini - 5 pF
Input capacitance [RAS, CAS, W, OE] Cinz - 7 pF
Output Capacitance [DQO ~ DQ8] Coa - 7 pF

AC CHARACTERISTICS (0°C<Ta<70°C, See note 1,2)
Test condition : Vcc=5.0V+10%, Vin/Vi=2.4/0.8V, Von/Vol=2.4/0.4V

Parameter. .. . | SWMbOl T e | in | Max | Win | Max| e 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 [34,10
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 tCLZ 0 0 0 ns 3
Output buffer tumn-off delay tOFF 0 15 0 15 0 15 | ns 6
Transition time (rise and fall) tT 3 50 3 50 3| 50| ns 2
RAS precharge time tRP 40 50 60 | ns
|RAS pulse width tRAS 60 | 10K 70 | 10K 80 | 10K ns
RAS hold time tRSH 15 20 20 ns
CAS hold time tCSH 60 70 80 ns
CAS pulse width ) tCAS 15 | 10K 20 | 10K 20 | 10K ns
RAS to CAS delay time tRCD 20 45 20 50 | 20 | 60 | ns
RAS to column address delay time tRAD 15 30 15 35 15 40 | ns 10
CAS to RAS precharge time _ tCRP 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 10 15 15 ns
Column address to BAS lead time tRAL 30 35 40 ns
Read command set-up time tRCS 0 0 0 ns
Read command hold time referenced to CAS | tRCH 0 0 0 ns
Read command hold time referenced to RAS | tRRH 0 4] 0 ns
Write command set-up time tWCS 0 0 0 ns
| Write command hold time tWCH 10 10 10 ns
‘ Write command pulse width twp 10 10 10 ns
Write command to RAS lead time tRWL 15 15 20 ns

Write command to CAS lead time tCWL 15 15 20 ‘ ns
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KM49C512B CMOS DRAM

AC CHARACTERISTICS (0°C<Ta<70°C, See note 1,2)

Data set-up time tDS 0 0 0 ns 9
Data hold time .| tDH 10 : 15 15 ns 9
Refresh period (Normal) tREF 16 16 16| ms
Refresh period (L-ver) tREF 128 128 128| ms

CAS to W delay time : tCWD 40 50 50 ns

RAS to W delay time tRWD 85 95 105 - ns
Column address to W delay time tAWD 55 60 65 ns

CAS precharge to W delay time ' tCPWD | 60 65 70 ns

CAS set-up time (CAS-before-RAS refresh) tCSR 5 5 5 ns

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

RAS to CAS precharge time tRPC 5 5 5 ns

CAS precharge time(CBR counter test cycle) | tCPT 20 25 30 ns’
Access time from CAS precharge tCPA 35 40 45| ns 3
Fast Page mode cycle time tPC 40 45 50 ns

Fast Page mode read-modify-write cycle time | tPRWC 80 95 105 ns

CAS precharge time (Fast page cycle) tCcP 10 -~ 10 10 ns

RAS pulse width (Fast page cycle)' tRASP 60 | 100K| 70 | 100K| 80 |100K [ ns

RAS hold time from CAS precharge tRHCP: | 35 . 40 45 ns

OE access time - . tOEA 15 20 20| ns

OE to data delay " | t0ED 15 20 20 ns

Out put buffer turn off delay time from OE tOEZ_ 0 15 0 20 0 20| ns |

OE command hold time tOEH 15 20 20 ns

RAS pulse width(C-B-R self refresh) tRASS | 100 100 i 100 us 11
RAS precharge time (C-B-R self refresh) tRPS | 110 130 150 lons |11
CAS hold time (C-B-R self refresh) tCHS -50 -50 -50 ns 11
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KM49C512B CMOS DRAM

NOTES

1.

10.

11.

An initial pause of 200us is required after power-up followed by any 8 ROR or CBR cycles before
proper device operation is achieved.

. Vin(min) and ViL{max) are reference levels for measuring timing of input signals. Transition times are

measured between ViH(min) and ViL(max) and are assumed to be 5ns for all inputs.

. Measured with a load equivalentto 2 TTL loads and 100pF.
. Operation within the tRCD(max) limit insures that tRAC(max) can be met. tRCD(max) is specified as

a reference point only. If tRCD is greater than the specified tRCD(max) limit, then access time is
controlled exclusively by tCAC.

. Assumes that tRCD= tRCD(max).
. tOFF(max) defines the time at which the output achieves the open circuit condition and is not

referenced to Von or VoL.

. tWCS, tRWD, tCWD and tAWD are non restrictive operating parameters. They are included in the

data sheet as electrical characteristics only. If tWCS2 tWCS(min), the cycles is an early write cycle
and the data output will remain high impedance for the duration of the cycle. If tCWD= tCWD(min}),
tRWD> tRWD(min) and tAWD2 tAWD(min), then the cycle is a read-modify-Write cycle and the data
output will contain the data read from the selected address. If neither of the above conditions is
satisfied, the condition of the data out is indeterminate.

. Either tRCH 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-modify-write cycles.

Operation within the tRAD(max) limit insures that tRAC(max) can be met. tRAD(max) is specified as
a reference point only. If tRAD is greater than the specified tRAD(max) limit, then access time is
controlled by tAA.

1024 cycle of burst refresh must be executed within 16ms before and after self refresh in order to
meet refresh specification (L-version).




KM416025GB KM416V2563 CMOS DRAM

256K x 16 Blt CMOS Dynamlc RAM with Fast Page Mode
DESCRIPTION

This is a family of 262,144 x 16 bit Fast Page Mode CMOS DRAMs. Fast Page Mode offers high speed

random access of memory cells within the same row. Power supply voltage (+5.0V or +3.3V), access time

(-5, -6, -7 or -8), power consumptlon (Normal or Low power) and package type (SOJ or TSOP-II) are optional
features of this family.

All of this family have CAS-before-RAS refresh, ﬁKS-only refresh and Hidden refresh capabilities. - Further
more, Self-refresh operation is available in Low power version.

This 256Kx16 Fast Page Mode DRAM family is fabricated using Samsung's advanced CMOS process to

realize high band-width, low power consumption and high reliability.

It may be used as graphic memory unit for microcomputer, personal computer and portable machines.:

FEATURES : » Fast Page Mode operation

* Part Identification , .+ 2CAS Byte/Word Read/Write operation
- KM416C256B/BL (5V, 512 Ref.) ~ «CAS-before-RAS refresh capability
- KM416V256B/BL (3.3V, 512 Ret.) * RAS-only and Hidden refresh capability

* Self-refresh capability (L-ver only)

* Active power dissipation * TTL(5V)/LVTTL(3.3V) compatible inputs and outputs

i "« Early Write or output enable controlled write
Speed| (512 Ret. *» JEDEC standard pinout
-5 - 605 : * Available in plastic SOJ and TSOP(II) packages
-6 305 495 * Triple +5V+10% power supply (5V product)
-7 290 440 * Triple +3.3V+0.3V power supply (3.3V product)
-8 270 415
* Refresh Cyc'es A FUNCTIONAL BLOCK DIAGRAM
SR W Epenn G
/ Vi
£ CNOB S V Sl MO NN ] Control Vz:
256 5 [CAS ¥ Clocks VBB Generator
512 8ms 12 L
V256B | 3.3V 8ms W T ‘ Data in
Buffer Dtoo
- . ()
. Row Decoder [« Lower pQ7
[ 1 T o Data out
*.Performance range: . p Buffer
PSRBT ey Memory Array |2 0 OF
Speed| {RA 262,148x 16 |E [ Data i
5| 50ns | 15ns | 90ns| 35ns | 5V Only _ Cells An Buffer DtQB
Row Address Buffer]
6| 60ns [16ns [110ns| dons [sv/aav | . ppeibewidiesBiel | (3 Torer Jel| pais
-7 | 70ns | 20ns |130ns| 45ns | 5v/3.3V. A [_“:]gol. ‘Address Buffer | Column Decoder Dgfﬁ:r“*
-8 80ns | 20ns |150ns| 50ns | 5V/3.3V

SAMSUNG ELECTRONIC CO., LTD. reserves the right to-
change products and specifications without notice.
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KM416C256B, KM416V2568B CMOS DRAM

PIN CONFIGURATION (Top Views)

« KM416C/V256BJ * KM416C/V256BT « KM416C/V256BTR
vccgio 40 p Vss vcC 31 o 40 D Vss Vss@ 40 o 1fmvcec
pQoq2 hDQls  DbQom]2 39 foDQ15 DQ15m] 39 2mbao
pa1 d3 hpaisa DAl g3 38 fppQi14 pQ1ami3s O 3fmbaQ1l
pQa2d4. hpQla P2md4 37 fobQ13 DQ13m} 37 aEopa2
pasds DQi2 D93 m]s 36 [DDQ12 DQ12T] 36 5mDQ3
, vce M6 35 o vss Vsst] 35 6fmvce
vecge P Vss DQ4 o7 34 fnDQ11 DQ11m] 34 7Enpaa
DQ4g7 b DQ11 DQ5 8 33 fnpQ1o DQ10©] 33 snpas
DQ548 hDQ10  DQ6 9 32 FnpaQ9 DQ9I] 32 oY =alel]
pQ6 g9 h DQ9 DQ7 10 31 fopas DQ8 ] 31 10 [FmDQ7
DQ7 h DQ8
i 0 N. :
mg ,mN c N.c 11 30 fmN.C N.CT{ 30 11
W ) UCAS N.CcIq12 29 [O[CAS [CAS ] 29 12
RAS [ oF W13 . 28 M UCAS UCAS] 28 13 W
NG [ AS RAST]14 27 [moOE OEm} 27 14 FORAS
- N.cI]15 26 o A8 A8 26 15 [ON.C
A0 g A7 Ao 16 25 A7 A7 25 16 [FDAO -
Al p A6 A117 24 [ A, A6OY 24 17 FOA1
A2 1 A5 A2}18 O 23 FmAs AsT]23 O 18fmA2
A3 A4 A3I]19 22 A4 A4 22 19 A3

vce h Vss veer] 2o 21 o vss Vssi] 21 20 Fmvee
(SOJ) (TSOP(ll)-Forward Type) (TSOP(ll)-Reverse Type)

AO - A8 Address Inputs
DQO-15 | Data In/Out
Vss Ground
RAS Row Address Strobe
UCAS Upper Column Address Strobe
[CAS Lower Column Address Strobe

W Read/Write Input
OE Data Output Enable
Power (+5V)
Vee Power (+3.3V)
N.C No Connection

Prinsuncdll | "



KM416C256B, KM416V256B

CMOS DRAM

ABSOLUTE MAXIMUM RATINGS

Voltage on any pin relative to Vss Vin,Vour -0.5 to +4.6 -1.0 to +7.0 Vv
Voltage on Vcc supply relative to Vss Vee -0.5 to +4.6 -1.0 to +7.0 \)
Storage Temperature Tstg -55 to +150 -55 to +150 °C
Power Dissipation Po 1 1 w
Short Circuit Output Current los 50 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 (Voltages referenced to Vss; Ta= 0to 70 °C)

Supply Voltage Vee 3.0 33 3.6 4.5 5.0 5.5 \'
Ground Vss 0 0 0 0o 0 0 \"
Input High Voltage | Vi 2.1 - vee+0.37| 24 - vee:1.0'| v
Input Low Voltage Vi -0.3% - 0.8 -1.0% - 0.8 v

*1: Vee+1.3V/15ns(3.3V), Vee+2.0V/20ns(5V), Pulse width is measured at Vcc.
*2: -1.3V/15ns(3.3V), -2.0V/20ns(5V), Pulse width is measured at Vss.

DC AND OPERATING CHARACTERISTICS

(Recommended operating conditions unless otherwise noted.)

Input Leakage Current ) 5 5 pA
(Any input 0<ViINsVee+0.3V, all other pins not under test=0V
Output Leakage Current )

3.3v (Data out is disabled, OV<Vout<Vcc) low) 5 5 KA
Output High Voltage Level (lon=-2mA) Vor 24 - \
Output Low Voltage Level (lo.=2mA) VoL - 0.4 \"
Input Leakage Current (Any input 0sVinsVec+0.5V, hw) -5 5 HA
(Any input 0<ViINngVee+0.5V, all other pins not under test=0V)
Output Leakage Current .

sV (Data out is disabled, OV<Vout<Vec) low) 5 5 KA
Output High Voltage Level (lon=-5mA) VoH 2.4 - \
Output Low Voltage Level (lo.=4.2mA) VoL - 0.4 \

124

ﬂ ELECTRONICS



KM416C256B, KM416V256B CMOS DRAM

DC AND OPERATING CHARACTERISTICS

(Recommended operating conditions unless otherwise noted.)

. Max s
Symbol Power Speed - - Units
: : KM416Vv256B : KM416C256B T
5 - 110 mA
- 90 90 mA
Icct Don't care (73 80 80 mA
-8 75 75 mA
lcc2 Don't care Don't care 1 2 mA
-5 - 110 mA
\ -6 ' 90 90 ) mA
lcca Don't care e 80 80 mA
-8 75 75 mA
-5 - 70 mA
Don't -6 60 60 mA
lcca on't care 7 56 , 55 mA
-8 50 50 mA
Normal . 0.5 1 mA
lces L Don't care 100 150 pA
-5 o ' 110 mA
, 6 90 90. mA
Iccg Don't care e 80 80 mA
-8 75 75 mA
Iccr L Don't care 200 300 LA
lecs L Don't care 100 ' 200 BA
lcc1* : Operating current (RAS , UCAS, LCAS , Address cycling @tRC=min.)
lccz : Standby current (RAS=UCAS=LCAS=W=ViH) _
lcca* : RAS-only refresh current (UICAS=LCAS=ViH, RAS , Address cycling @tRC=min.)
lcca* : Fast Page Mode current (RAS=Vi, UCAS or LCAS, Address cycling @tPC=min.)

Iccs
lcce™ :
lec7

lccs

: Standby current (RAS=UCAS=LCAS=W=Vcc-0.2V)

CAS-before-RAS Refresh current (RAS , UCAS or LCAS cycling @tRC=min.)

: 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, UCAS, LCAS= 0.2V
Din = Don't care, Trc= 125us, Tras=TRAsmin~300 ns

: Self refresh current

RAS=UCAS=LCAS=Vi,, W=OE=A0 ~ A8 = Vcc-0.2V or 0.2V,
DQO ~ DQ15= Vce-0.2V, 0.2V or open

*NOTE : Icet, lecs, lecs and lccs are dependent on output loading and cycle rates. Specified values

are obtained with the output open. lcc is specified as an average current. In lcci, lecs,
and Iccs, address can be changed maximum once while RAS=ViL. In Icca, address can be
changed maximum once within one fast page mode cycle time, tPC.

ELECTRONICS




KM416C256B, KM416V256B - : CMOS DRAM

CAPACITANCE (Ta=25°C,Vco=5V or 3.3V, f=1MHz)

Input capacitance [AO A8l - Cmi - 5 pF
Input capacitance [RAS, UCAS,LCAS, W, UE] Cine - 7 ' pF
Output Capacitance [DQ0 - DQ15] = Coa - 7 pF

AC CHARACTERISTICS (0°C<Ta<70°C, See note 1,2)
Test condition (5V device) : Vee=5.0V+10%, Vin/Vi=2.4/0.8V, Von/Vo =2.4/0.4V
Test condition (3.3V device) : Vec=3.3V+0.3V, Vin/Vi=2.1/0.8V, Von/Vo =2.0/0.8V

Random read or write cycle time tRC 90 110 130 150 ns
Read-modify-write cycle time tRWC [135 155 185 205 ns
Access time from RAS ) tRAC 50 60 70 80| ns 34,10
Access time from CTAS tCAC 15 15 20 20| ns [34,5
Access time from column address tAA 25 30 35 40 ns | 3,10
CAS to output in Low-Z - tcLz 0 0 0 0 ns 3
Output buffer turn-off delay tOFF | 0| 15| 0O} 15 0| 15 0| 15| ns 6
Transition time (rise and fall) T - 3| 50 3| 50 3| 50 3 50 ns | 2
RAS precharge time tRP 30 40| 50 60, ns

RAS pulse width - | tras | 50| 10k| 60| 10k| 70| 10K| 80| 10k| ns

RAS hold time tRSH 15 15 20 20 ns

TAS hold time _ tCSH | 50 0|~ | 70 80 ns

CAS pulse width tCAS 15| 10K| 15| 10K| 20| 10K| 20| 10K| ns

RAS to CAS delay time tRcD | 20| 35| 20| 45| 20| 50| 20| 60| ns | 4
BAS to column address delay time tRAD 16| 25 15| 30| 15| 35| 15 40| ns 10
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 S tRAH | 10 10 10 10 ns

Column address set-up time : | tASC 0 0 0 0 ns
Column address hold time (5V) 1CAH | 10 10 15 | 15 ns
Column address hold time (3.3V) tCAH - 15 15 15 ns
Column address to BAS lead 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 Q 0 (I 0 ns | 8
Read command hold time referenced to RAS | tRRH | 0 0 0 o ns 8
Write command set-up time tWCS 0 0 0 ] 0 ns

Write command hold time tweH | 10~ | 10 10 10 ns

Write command pulse width : WP 10 10| - 10 10 ns

Write command to FAS lead time [ tRWL | 15 15 15 20 ns

Write command to TAS lead time tCWL | 15 15 15 20 ns

(*) : 50ns product : Vcc=5V+5%, Output Loading(CL)=50pF

Piansuncg | R
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KM416C256B, KM416V256B : ‘ CMOS DRAM

AC CHARACTERISTICS (0°C<Ta<70°C, See note 1,2)

Data set-up time tDS 0 0 ) 0 0 ns
Data hold time (5V) tDH 10 10 15 15 ns
Data hold time (3.3V) tDH - 15 15 15 ns 9
Refresh period (Normal) tREF 8 8 8 8| ms
Refresh period (L-ver) tREF 128 128 128 .| 128 ms
CAS to W delay time tCWD | 40 40 50 50 ns 7
RAS to W delay time tRWD | 75 85 95 105 ns
Column address to W delay time tAWD | 50 55 60 65 ns 7
CAS precharge to W delay time tCPWD| 55 60 65 70 ns
CAS set-up time (CAS-before-RAS refresh) |tCSR 5 5 5 5 ns
CAS hold time (CAS-before-RAS refresh) - [tCHR 10 10 10 10 ns
RAS to CAS precharge time tRPC 5 5 5 5 ‘ns
CAS precharge time(CBR counter test cycle)| tCPT 20 20 25 ‘ 30 ns
Access time from CAS precharge tCPA |- 30 35 40 45| ns 3
Fast Page mode cycle time tPC 35 40 45 50 ns
Fast Page mode read-modify-write cycle timg tPRWC| 80 80 95 105 | ns
CAS precharge time (Fast page cycle) tCP 10 10 10 10 ns
RAS pulse width (Fast'gage cycle} i tRASP | 50 (100K| 60 }100K| 70| 100K| 80 |100K| ns
BAS hold time from CAS precharge tRHCP | 30 1.35 40 45 ns
OE access time tOEA 15 15 20 20| ns
OF to data delay ’ tOED | 15 15 20 20 ‘ns
Out put buffer turn off delay time fromOF - [tOEZ | 6| 15| o] 15 0| 20 0| 20| ns
OF command hold time tOEH | 15| 15 20 20 | ns
RAS pulse width(C-B-R self refresh) tRASS | 100 100 100 100 us | 11
RAS precharge time (C-B-R self refresh) tRPS 90 110 130 150 ns 11
CAS hold time (C-B-R self reﬁesh)" S tCHS - | -50 --50 | -50 -50 ns 1

(*) : 50ns product : Vec=5V+5%, Output Loading(Ct)=50pF

ELECTRONICS



KM416C256B, KM416V256B CMOS DRAM

NOTES

1.

10.

An initial pause of 200us is required after power-up followed by any 8 ROR or CBR 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) and are assumed to be 5ns for all inputs.

. Measured with a load equivalent to 2 TTL(5V)/1 TTL(3.3V) loads and 100pF.
. Operation within the tRCD(max) limit insures that tRAC(max) can be met. tRCD(max) is specified as

a reference point only. If tRCD is greater than the specified tRCD(max) limit, then access time is

" controlled exclusively by tCAC.
. Assumes that tRCD> tRCD(max).
. This parameter defines the time at which the output achieves the open circuit condition and is not

referenced to VoH or VoL.

. tWCS, tRWD, tCWD and tAWD are non restrictive operating parameters. They are included in the

data sheet as electrical characteristics only. If tWCS= tWCS(min), the cycles is an early write cycle
and the data output will remain high impedance for the duration of the cycle. If tCWDz tCWD(min),
tRWD2= tRWD(min) and tAWD= tAWD(min), then the cycle is a read-modify-write cycle and the data
output will contain the data read from the selected address. If neither of the above conditions is
satisfied, the condition of the data out is indeterminate.

. Either tRCH 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-modify-write cycles.

Operation within the tRAD(max) limit insures that tRAC(max) can be met. tRAD(max) is épeciﬁed as
a reference point only. If tRAD is greater than the specified tRAD(max) limit, then access time is
controlled by tAA.

KM416C/v256B/BL Truth Table

H H H H H Hi-Z Hi-Z " Standby

L H H H H Hi-Z Hi-Z Refresh

L s L H H L |, DQ-OUT . Hi-Z Byte Read
L H L H L Hi-Z DQ-OUT Byte Read
L L L H L DQ-OUT DQ-OUT Word Read
L L H L H DQ-IN - Byte Write
L H L L H - DQ-IN Byte Write
L L L L H DQ-IN DQ-IN Word Write
L L L H H - Hi-Z Hi-Z - '
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CMOS DRAM

11. 512 cycle of burst refresh must be exécuted within 8ms before and after self refresh in order to meet

refresh specification (L-version).

12. tASC, tCAH are referenced to the earlier CAS falling edge.
13. tCP is specified from the last CAS rising edge in the previous cycle to the first CAS falling edge in the

next cycle.

14. tCWD is referenced to the later CAS falling edge at word read-modify-write cycle.
15. tCWL is specified from W falling edge to the earlier CAS rising edge.

m—js

4 N

UCAS
tASC| [tCAH

/ |tCP

ADD. Col.

tCWD

g

./

tCWL

17.tCSR is referenced to earlier CAS falling low before RAS transition low.
18. tCHR is referenced to the later CAS rising high after RAS transition low.

ST

2

RAS

[CAS —  \

UCAS \ /
tCSR tCHR

19. tDS, tDH is independently specified for lower byte Din(0~7), upper byte Din(8~15).

CAS — X

UCAS
tDS [tDH

DQoO~

DQ7 Din

DQ8~
DQ15

W\

tDS

Din

tDH

s g
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KM416C254B, KM416V2548B

CMOS DRAM

256K x 16 Bit CMOS Dynamic RAM with Extended Data Out

DESCRIPTION

This is a family of 262,144 x 16 bit Extended Data Out CMOS DRAMs. Extended Data Out offers high
speed random access of memory cells within the same row. Power supply voltage (+5.0V or +3.3V),
access time (-5, -6, -7 or -8), power consumption (Normal or Low power) and package type(SOJ or TSOP-II)
are optional features of this family.

All of this family have CAS-before-RAS refre

more, Self-refresh operation is available in Low power version.

This 256Kx16 Extended Data Out DRAM family is fabricated using Samsung's advanced CMOS process to
realize high band-width, low power consumption and high reliability.

It may be used as graphic memory unit for microcomputer, personal computer and portable machines.

- FEATURES

* Part Identification

- KM416C254B/BL (5V, 512 Ref.)
- KM416V254B/BL (3.3V, 512 Ref.)

* Active power dissipation

Unit : mW
33V 5V
Speed| (512 Ref.) (512 Ret.)
5 - 605
r 255 495
7 235 440
-8 220 -

* Refresh cycles

* Extended Data Out operation

« 2 CAS Byte/Word Read/Write operation

» CAS-before-RAS refresh capability

» RAS-only and Hidden refresh capability

* Self-refresh capability (L-ver only)

» TTL(5V)/LVTTL(3.3V) compatible inputs and outputs
« Early Write or output enable controlled write

* JEDEC standard pinout

. » Available in plastic SOJ and TSOP(il) packages

* Triple +5V+10% power supply (5V product)
* Triple +3.3V+0.3V power supply (3.3V product)

FUNCTIONAL BLOCK DIAGRAM

sh, RAS-only refresh and Hidden refresh capabilities. Further

Part Vee Refresh | Refresh Period :
; RAS v
NO. .-cycle | Normal L UeAs | Control _ v::
C254B | 5V LCAS > Clocks | VBB Generator | : I
8ms L
V2548 | 3av| O°2 128ms W T Data in e
Buffer DQo
. P> to
Row Decoder Lower || oa7
3 o Data out
* Performance range i Buffer |
r : P Memory Array U OF
Speed| tRAC[1CAC] tRC [tHPC[ Remark soznaix s | | oo
-5 | 50ns| 17ns| 84ns | 20ns | 5V Only Cells 8 [ Buffer »D‘QB
-6 | 60ns| 17ns|104ns| 25ns | 5V/3.3V £y & Uppor Q15
-7 | 70ns| 20ns}124ns| 30ns | 5v/3.3V 2, L= Col- Address Buffer|-#{Column Decoder f«— D;‘:ﬁ;”‘
-8 | 80ns | 20ns|144ns| 35ns | 3.3V Only
SAMSUNG ELECTRONIC CO_, LTD. reserves the right to
change products and specifications without notice.
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KM416C254B, KM416V254B CMOS DRAM

PIN CONFIGURATION (Top Views)

* KM416C/V254BJ « KM416C/V254BT * KM416C/V254BTR
./
vcedio 40 b Vss VCC o311 o 40 Vss Vss I 40 o1 vce
pDQod2 39 b DQ15 DQO g2 39 DQ15 DQ150 39 2 DQo
pazda a7 b pa13 DQ2m]4 37 @ DQ13 DQ13 @] 37 4D DQ2
pasds Y N DQ3 T} 5 36 [0 DQ12 DQ12 1 36 5o DQ3
vcc o6 35 Vss Vss ] 35 6 VCC
veege 35 Vss DQ4 7 34 | DQ11 DQ11 o] 34 7EoDQ4
DQ4g7 34 pDQM DQ5 ]38 33 | bQi1o DQ10 ] 33 8 0 DQ5
DQ518 33 pDQ10 DQ6 ] 9 32 | DQ9 DQ9 ] 32 9@ DQ6
DQ649 32 pDQ9 pQ7 10 31 DQs DQ8 1] 31 10 @ DQ7
pQ7 410 31 pDQ8
N.Cc 411 30pN.C
Ncd12 29prtcas NCHM SO FIN.C _N.CIq30 MEING
wdis o8 hUCAs N.C 12 29 (M [CAS LCAS ] 29 12fmN.C
o o7 hor w13 28 [0 UCAS UCAS ] 28 13w
Nodis s b As RAS 114 27 |0 OF OE ] 27 14 FD RAS
' N.crq15 26 [0 A8 A8 ] 26 15 EmN.C
A0Q16 25 p A7 aor]1s 25 |1 A7 A7 25 16 1 A0
A1Q17 . 24pA6 A1 IT}17 24 1 A6 A6 ] 24 17 o A1
A2d18 O 23pas A2m318 O 23[mA5 A50]23 O 18fmA2
A3g19 22 pA4 - A9 22 1 A4 A4 22 19 A3
vee 420 21 P Vss vee =420 21 [@vVss Vss ] 21 20 B vVce
(SOJ) (TSOP(Il)-Forward Type) (TSOP(ll)-Reverse Type)
‘PinName | ©~ . PinFunction .

AQ - A8 Address Inputs
DQO -15 Data In/Out
Vss Ground
RAS Row Address Strobe
UCAS Upper Column Address Strobe
LCAS Lower Column Address Strobe

W Read/Write Input
Ok Data Output Enable
Power (+5V)
Ve Bower (+3.3V)
N.C No Connection
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KM416C254B, KM416V254B

CMOS DRAM

ABSOLUTE MAXIMUM RATINGS

Voltage on any pin relative to Vss Vin,Vour -0.5 to +4.6 -1.0 to +7.0 \'/
Voltage on Vcc supply relative to Vss Vee -0.5 to +4.6 -1.0 to +7.0 A
Storage Temperature Tstg -55 to +150 -55 to +150 °C
Power Dissipation Po 1 1 W
Short Circuit Output Current los 50 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 (Voltages referenced to Vss, Ta= 0 to 70 °C)

lJnlt
Supply Voltage Vce 3.0 45 5.0 55 \
Ground Vss 0. 0 0 0 0 0 \'
Input High Voltage |  Vix 2.1 - vee+0.37 24 - Vee+1.0'| v
Input Low Voltage Vi -0.32 - 0.8 -1.02 - 0.8 v

*1: Vee+1.3V/15ns(3.3V), Vee+2.0V/20ns(5V), Pulse width is measured at Vcc.
*2: -1.3V/15ns(3.3V), -2.0V/20ns(5V), Pulse width is measured at Vss.

DC AND OPERATING CHARACTERISTICS

(Recommended operating conditions unless otherwise noted.)

Input Leakage Current ) 5 5 WA
(Any input 0<Vin<Vee+0.3V, all other pins not under test—OV)
Output Leakage Current
3.3V | (Data out is disabled, OV<VoutsVec) ow | 5 | 5 | wA

Output High Voltage Level (lon=-2mA) VoH 24 - \
Output Low Voltage Level (lo.=2mA) VoL - 0.4 v
Input Leakage Current (Any input 0<VinsVcc+0.5V, " 5 5 Y
(Any input 0<ViIN<Vee+0.5V, all other pins not under test=0V) o
Output Leakage Current :

5V | (Data out is disabled, OV<VoutsVco) low | 5 | 5 | pA
Output High Voltage Level (lon=-5mA) VoH 24 - Vv
Output Low Voltage Level (lo.=4.2mA) VoL - 0.4 -V
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KM416C254B, KM416V254B CMOS DRAM

DC AND OPERATING CHARACTERISTICS

(Recommended operating conditions unless otherwise noted.)

' : , ‘ Max o ‘
Symbol Power Speed —— - — ~ Units
N KM416V254B - KM416C254B - :
-5 - 110 mA
Don't 6. 70 ) 90 mA
lcct on't care 7 6§ 80 mA
-8 60 - mA
lcce Don't care Don't care 1 2 mA
-5 - 110 mA
. -6 70 90 mA

Don't
lces on't care = 65 80 mA
-8 60 - mA
-5 - 70 mA
Don't care -6 60 60 mA
lcca 7 55 50 mA
-8 50 - mA
Normal . 0.5 1 mA
lccs L Don't care 100 150 pA
-5 - 110 mA
. 6 70 90 mA
lcce Don't care 7 65 80 mA
-8 60 _— mA
Icc? L Don't care 200 300 HA
lccs : L Don't care 100 200 uA

lcc1* : Operating current (RAS , UCAS, LCAS , Address cycling @tRC=min.)

lccz : Standby current (RAS UC_§ E AS=W=VIH)
lccs* : RAS-only refresh current (UCAS=LCAS =V, RAS , Address cycling @tRC=min.)
Icca™ : Hyper Page Mode current (RA L, UCAS or LCAS, Address cycling @tHPC=min.)

Iccs : Standby current (RAS=UCAS=LCAS=W=Vcc-0.2V)

Icce” : CAS-before-RAS Refresh current (RAS , UCAS or LCAS cycling @tRC=min.)

Icc7 : Battery back-up current, Average power supply current, Battery back-up mode
Input high voltage(Vin)=Vce-0.2V, input low voltage(ViL)=0.2V, UCAS LCAS= 0.2V
Din = Don't care, Tre= 125us, Tras=Trasmin~300 ns

lccs : Self refresh current
RAS=UCAS=LCAS=Vi,, W=OE=A0 ~ A8 = Vcc-0.2V or 0.2V,
DQO ~ DQ15= Vcc-0.2V, 0.2V or open '

*NOTE : lcc, lees, lecs and lccs 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, lccs,
and Iccs, address can be changed maximum once while RAS=V.L. In lccs, address can be
changed maximum once within one hyper page cycle time, tHPC.
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KM416C254B, KM416V254B

CMOS DRAM

CAPACITANCE (Ta=25°C,Vce=5V or 3.3V, f=1MHz)

Input capacitance [AQ - A8} Cinv 5 pF
Input capacitance [RAS, UCAS,[CAS, W, OF] Cive 7 pF
Output Capacitance [DQO - DQ15] Coa 7 pF

AC CHARACTERISTICS (0°C<Ta<70°C, See note 1,2)
Test condition (5V device) : Vee=5.0V+10%, Vin/Vi=2.4/0.8V, Von/Vo =2.0/0.8V
Test condition (3.3V device) : Vcc=3.3V+0.3V, Vin/Vi=2.1/0.8V,. Von/Vo =2.0/0.8V

L hsutig

ELECTRONICS

Random read or write cycle time tRC 84 104

Read-modify-write cycle time tRWC [ 116 140

Access time from RAS tRAC 50 60 70 80| ns |34,10

Access time from CAS tCAC 17 17 20 20| ns | 345

Access time from column address tAA 25 30 35 40| ns | 3,10
| TAS to output in Low-Z cz | 3 3 3 3 ns | 3

Output Buffer turn-off delay from CAS tCEZ 3| 13 3| 15| 3| 20| 3| 20| ns | 6,13

Transition time (rise and fall) tT 2| 50 2| 50| 2| 50 2| 50} ns 2

RAS precharge time tRP 30 40 50 60 ns

RAS pulse width tRAS | 50 [10K | 60| 10k| 70|10k | 80| 10K| ns

RAS hold time tRSH 17 17 20 20 ns

CAS hold time tCSH | 40 50 60 70 ns

CAS pulse width tCAS 8 [10K| 10| 10K| 15{10K| 20| 10K| ns

RAS to CAS delay time tRCD | 20| 331 20{ 43| 20| 50] 20| 60| ns 4

RAS to column address delay time tRAD 15| 25| 15| 30| 15| 35| 15| 40| ns 10

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 14

Column address hold time (5V) tCAH 8 10 15 - ns 14

Column address hold time (3.3V) tCAH - 15 15 15 ns

Column address to RAS lead time tRAL 25 30 35]. 40 ns

Read command set-up time tRCS 0 0 9] 0 ns

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

Read commangd hold time referenced to RAS | tRRH 0 0 0 0 ns

Write command set-up time tWCS 0 0 0 0 ns

Write command hold time tWCH | 10 10 10 10 ns

Write command pulse width tWP 10 10 10 10 ns

Write command to RAS lead time tRWL | 13 15 15 20 ns

Write command to CAS lead time tCWL 8 10 15 20 ns 17

(*) : 50ns product : Vcc=5V+5%
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AC CHARACTERISTICS (0°C<Ta<70°C, See note 1,2)

%

Data set-up time

Data hold time (5V)

Data hold time (3.3V) {DH - 15 15 15 ns
Refresh period (Normal) tREF 8 8 8 8| ms
Refresh period (L-ver) ) tREF 128 128 128 128| ms

CAS to W delay time : tCWD 34 36 44 44 ns | 7,16
RAS to W delay time tRWD 67 79 94 104 ns 7
Column address to W delay time ) tAWD 42 49 59 64 ns 7
CAS precharge to W delay time tCPWD | 45 54 64 69 ns

CAS set-up time (CAS-before-RAS refresh)  [tCSR 5 5 5 5 ns 18
CAS hold time (CAS-before-RAS refresh) tCHR 10 10 10 10 ns 19
RAS to CAS precharge time tRPC 5 5 |1 5 5 ns

CAS precharge time (CBR counter test cycle) [tCPT 20 20 25 30 ns
Access time from CAS precharge tCPA 28 35 40 45| ns 3
Hyper Page mode cycle time tHPC 20 25 30 35 ns 11
Hyper Page mode read-modify-write cycle time/tHPRWC| 47 56 71 81 ns 11
CAS precharge time (Hyper page cycle) tCP 8 10 10 10 ns 15
RAS pulse width (Hyper page cycle) _ tRASP | 50 [100K| 60 |100K| 70 [100K| 80 [100K| ns

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

OE access time tOEA 15 15 20| 20| ns 3
OE to data delay tOED 13 15 20 20 ns

Output buffer turn off delay time from OF tQEZ 3 13| 3| 15| 3| 20| 3| 20| ns 6
OF command hold time {OEH | 13 15 20 20 ns

Output data hold time tDOH 5 5 5 5 ns
| Output buffer turn off delay from BAS _ltREZ 3| 15 3| 15| 3| 20| 3| 20 ns |63
| Qutput buffer turn off delay from W tWEZ 3 13| 3| 15 3| 20| 3] 20| ns 6
| W to data delay tWED | 13] * | 15 20 20 ns

OE to CAS hold time tOCH 5 5 5 5 ns

CAS hold time to OF tCHO 5 5 5 5 ns

OE precharge time ' tOEP 5 5 5 5 ns

W pulse width (Hyper page cycle) tWPE 5 51 5 5 ns

BAS pulse width(C-B-F self refresh) tRASS 100 100 100| ~ |100 us | 12
RAS precharge time (C-B-R self refresh) tRPS 90 110 130 150 ns 12
CAS hold time (C-B-R self refresh) tCHS -50 -50 -50 -50 ns 12

(*) : 50ns product : Vcc=5V+5%

Phnmsuncy -
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KM416C254B, KM416V254B CMOS DRAM

NOTES

1.

10.

11

An initial pause of 200us is required after power-up followed by any 8 ROR or CBR cycles before
proper device operation is achieved.

. VIK(min) and ViL(max) are reference levels for measurihg timing of input signals. Transition times are

measured between ViH(min) and ViL(max) and are assumed to be 2ns for all inputs.

. Measured with a load equivalent to 2 TTL(5V)/1 TTL(3.3V) loads and 50pF.
. Operation within the tRCD(max) limit insures that tRAC(max) can be met. tRCD(max) is specified as

a reference point only. If tRCD is greater than the specified tRCD(max) limit, then access time is
controlled exclusively by tCAC.

. Assumes that tRCD> tRCD(max).
. This parameter defines the time at which the output achieves the open circuit condition and is not

referenced to VoH or VoL.

. tWCS, tRWD, tCWD and tAWD are non restrictive operating parameters. They are included in the

data sheet as electrical characteristics only. If tWCS2 tWCS(min), the cycles is an early write cycle
and the data output will remain high impedance for the duration of the cycle. If tCWD2= tCWD(min),
tRWD=> tRWD(min) and tAWD2 tAWD(min), then the cycle is a read-modify-write cycle and the data
output will contain the data read from the selected address. If neither of the above conditions is
satisfied, the condition of the data out is indeterminate.

. Either tRCH or tRRH must be satisfied for a read cycle.
. These parameters are referenced to the CKS leading edge in early write cycles and to the W leading

edge in read-modify-write cycles.

Operation within the tRAD(max) limit insures that tRAC(max) can be met. tRAD(max) is specmed as
a reference point only. If tRAD is greater than the specified tRAD(max) limit, then access time is
controlled by tAA. '

. tASC 2 6ns, Assume tT=2.0ns.
12.

512 cycle of burst refresh must be executed within 8ms before and after self refresh in order to meet
refresh specification (L-version). )

KM41GCN254B/BL Truth Table

mAs |[cAs | UcAs | W | OF | poo-poz | pas-pats | sm
H H H H H Hi-Z Hi-Z Standby
L H H H H H-z |  HiZ Refresh
L L H H L DQ-OUT Hi-Z- Byte Read
L H L H L Hi-Z DQ-OUT Byte Read
L L L H L DQ-OUT DQ-OUT Word Read
L L H L H DQ-IN - Byte Write
L H L L H ; DQ-IN Byte Write
L L L L H DQ-IN DQ-IN Word Write
L L L H H Hi-Z Hi-Z -

~ ELECTRONICS _ o
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13. If RAS goes high before CAS high going, the open circuit condition of the output is achieved by CAS
high going. If CAS goes high before RAS high going, the open circuit condition of the output is
achieved by RAS going.

14. tASC, tCAH are referenced to the earlier CAS falling edge.

15. {CP is specified from the last CAS rising edge in the previous cycle to the first CAS falling edge in the
next cycle.

16. tCWD is referenced to the later CAS falling edge at word read-modify-write cycle.

17. tCWL is specified from W falling edge to the earlier CAS rising edge

[CAS — /%
UCAS '
tASC| | tCAH ) /|1Ch
ADD. ol
1CWD, |
tCWL

18. tCSR is referenced to earlier CAS falling low before RAS transition low.
19. tCHR is referenced to the later CAS rising high after RAS transition low.

RAS K, /
[CAS ™\ 4
UCAS \ /

CsR (CHR A "

20. tDS, tDH is independently specified for IoWer byte Din(0O~7), upper byte Din(8~15).

w4

UCAS

DS |« {4-»/ tDH

Din

DQO~
bQ7

tDS tDH

DQs-~ Din

DQ15

WO

Phimsuncg -
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KM418C256B ‘ CMOS DRAM

256K x 18 Bit CMOS Dynamic RAM with Fast Page Mode
DESCRIPTION

This is a family of 262,144 x 18 bit Fast Page Mode CMOS DRAMs. Fast Page Mode offers high speed
random access of memory cells within the same row. Access time (-6, -7 or -8), power consumption (Normal
or Low power) and package type (SOJ or TSOP-II) are optional features of this family.

All of this family have CAS-before-RAS refresh, RAS-only refresh and Hidden refresh capabilities. Further
more, Self-refresh operation is available in Low power version.

This 256Kx18 Fast Page Mode DRAM family is fabricated using Samsung's advanced CMOS process to
realize high band-width, low power consumption and high reliability.

FEATURES » Fast Page Mode operation
* Part Identification « 2 CAS Byte/Word Read/Write operation
- KM418C256B/BL (5V, 512 Ref.) « TAS-before-RAS refresh capability

« RAS-only and Hidden refresh capability
« Self-refresh capability (L-ver only)

* Active Power Dissipation Unit: mW  TTL compatible inputs and outputs
“Spead | Active Powe T * Early Write or output enable controlled write
5 | - « JEDEC standard pinout :
7 * Available in plastic SOJ and TSOP(ll) packages
8 * Triple +5V+10% power supply
* Refresh cycles - FUNCTIONAL BLOCK DIAGRAM
~ Part S FAS -] Vi
b cc
NO. UCAS ¥ Control Vss
> locks | l:l |
C256B [37{'57_’ Cloc VBB .Generator Tower
1 Data in
Buffer DQo
P> to
Row Decoder Lower |, pas
o Data out e
* Performance range ot Buffer
S . . Memory Array |28 | | Upper b— OF
| SOpe 1AL 1A 262,144x18 | Data in {4
-6 60ns 15ns Cells 3 » Buffer DQ9
- [Row Address Buffer]
) 70ns 20ns A:O Row Address Buffer| & Tppor led »[)(3017
-8 80ns 20ns A.e Col. Address Buffer |-#{ Column Decoder D:‘fﬁeo:n -]

SAMSUNG ELECTRONIC CO., LTb. reserves the right to
change products and specifications without notice.

ELECTRONICS ’ |




KM418C256B A CMOS DRAM

PIN CONFIGURATION (Top Views)

* KM418C256BJ » KM418C256BT » KM418C256BTR
vccgio 40 p Vss vcC 1 o 40 FDVss Vss I 40 o 1 fnVvce
paoq2 1 DQ17 DQo 2 39 fnDQ17 DQ17 ] 39 2 Fnbao
DQ143 1 DQ16 DQ1 3 38 FmpQ1s DQi6e ]38 O 3fmDQ1
DQ2 4 h DQ15 DQ2 T4 37 mpQis DQ15 ] 37 = Tler
basds  DQi4 DQ3 5 36 FopQi14 DQ14 i 36 Y =lek]

VCC 6 35 FVss Vss I 35 6 o vCcC
vee g6 p Vss DQ4 7 34 FoDQ13  pQ13 ]34 7 FnDQ4
DQ4 g7 p DQ13 DQ5 T8 33 fFmbpQ12 DQ12 ] 33 8 fnDQs
DQ5 18 1 DQ12 DQs 9 32 Fopait DQ11 32 9 Fopaos
DQ6 49 1 DQ11 DQ7 310 31 ADQ10 DQ10 31 10 D DQ7
DQ7 1 DQ10
DQ8 h DQQ ,

N.C h TCAS DQs ™ 11 30 FDQ9 DQ9 I 30 11 FoDQ8
w nUcas  NcM12 29 [DICAS  [CAS {29 12mN.C
RAS h OF Wm13 28 fmUCAS  UCAS 28 13w
NG A8 BAS 14 27 |noE OE @] 27 14 FORAS
A a7 N.C 15 26 o8 A8 T 26 15 EON.C
A0 16 25 A7 A7 ] 25 16 Fmao
Al p AG Al 17 24 Fnas A6 ] 24 17 o A1
A2 1 A5 A2m}18 Q 23 [FUAS AsI]23 O 18fmA2
A3 0 A4 A3 319 22 [mA4 A4 22 19 0 A3
VCC 0 Vss VCC T}20 21 FVss Vss I 21 20 [mvce
(SOJ) (TSOP(ll)-Forward Type) (TSOP(ll)-Reverse Type)
Pin Name Pin Function

AO - A8 Address Inputs -
DQO -17 Data In/Out
Vss Ground
RAS Row Address Strobe
UCAS Upper Column Address Strobe
LCAS Lower Column Address Strobe

W Read/Write Input
OE Data Output Enable
Vce Power (+5V)

N.C No Connection

ELECTRONICS



KM418C256B CMOS DRAM
ABSOLUTE MAXIMUM RATINGS
_ parameter ___Symbol _Rating | Units
Voltage on any pin relative to Vss Vin,Vour -1.0 to +7.0 Vv
Voltage on Vec supply relative to Vss Vec -1.0 to +7.0 Vv
. Storage Temperature Tstg -55 to +150 °C
Power Dissipation Po 1 w
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.
device reliability.

Exposure to absoiute maximum rating conditions for extended periods may affect

RECOMMENDED OPERATING CONDITIONS (Vvoltages referenced to Vss, Ta= 0 to 70 “C)

: : “Symbol | Min Typ Max Unit
Supply Voltage Vee 45 5.0 55 \
Ground Vss 0 0 0 \Y
Input High Voltage ViH 2.4 - Vee+1.0™ \Y
Input Low Voltage Vi 1.0 0.8 v

*1: Vcc+2.0V/20ns, Pulse width is measured at Vcec.
*2 :-2.0V/20ns, Pulse width is measured at Vss.

DC AND OPERATING CHARACTERISTICS

(Recommended operating conditions unless otherwise noted.)
ko Pemes _Min_| Max | Units
Input Leakage Current (Any input 0<VINSVec+0.5V, I 5 5 LA
(Any input 0<VingVee+0.5V, all other pins not under test=0V)
Output Leakage Current )
(Data out is disabled, 0V<Vour<Vcc) low 5 S KA
Output High Voltage Level (loH=-5mA) VoH 24 - \
Output Low Voltage Level (loL.=4.2mA) Vou - 0.4 \'

140
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KM418C256B CMOS DRAM

DC AND OPERATING CHARACTERISTICS

(Recommended operating conditions unless otherwise noted.)

Symbol Power Speed Max Units
-6 95 mA
lecs Don't care -7 85 mA
-8 80 mA
lcca Don't care Don't care 2 mA
6 . 95 mA
Icca Don't care 7 85 mA
-8 ' 80 mA
-6 60 mA
lcca Don't care -7 55 mA
-8 50 . mA
Normal 1 mA
Iccs Don't care

L 150 HA

-6 95 , mA
Icce Don't care 7 85 mA
- -8 ) 80 mA
lcc? L Don't care 300 HA
Iccs L Don't care 200 HA

lcct* :

lcca

lces* :

lcca* :

lccs

lcce™ :

lcc?

Iccs

Operating current (RAS , Uﬁ§,‘E‘CT\§ , Address cycling @tRC=min.)

: Standby current (RAS=UCAS=LCAS=W=Vix )

RAS-only refresh current (UCAS=LCAS=Vi, RAS , Address cycling @tRC=min.)
Fast Page Mode current (RAS=Vi, UCAS or LCAS, Address cycling @tPC=min.)

: Standby current (RAS=UCAS=LCAS=W=Vcc-0.2V)

CAS-before-RAS Refresh current (RAS , UCAS or LCAS cycling @tRC=min.)

: Battery back-up current, Average power supply current, Battery back-up mode

Input high voltage(ViH)=Vce-0.2V, Input low voltage(ViL)=0.2V, UCAS,LCAS= 0.2V
Din = Don't care, Tre= 125us, Tras=Trasmin~300 ns

: Self refresh current

RAS=UCAS=LCAS=Vi, W=0OE=A0Q ~ A8 = Vcc-0.2V or 0.2V,
DQO ~ DQ17= Vce-0.2V, 0.2V or open

* NOTE : lcct, lees, Icca and lccs are dependent on output loading and cycle rates. Specified values

are obtained with the output open. lIcc is specified as an average current. In lccy, lccs,
and Iccs, address can be changed maximum once while RAS=ViL. In Icc4, address can be
changed maximum once within one fast page mode cycle time tPC.

FLECTRONICS



KM418C256B

DRAM

CAPACITANCE (Ta=25°C,Vcc=5V, f=1MHz)

L _ Parameter ymbol |  Min_ _Unit
Input capacitance [AO - A8] Cini pF
Input capacitance [RAS, UCAS,[CAS, W, OF] Cinz - 7 pF
Output Capacitance [DQO - DQ17] Coa - 7 pF

AC CHARACTERISTICS (0°C<Ta<70°C, See note 1,2)

Test condition : Vce=5.0V+10%, Vin/Vi=2.4/0.8V, Voh/Vo=2.4/0.4V

» ' R 6 | -7 -8

Paramster ’Symbol‘ Min | Max | Min | Max | Min | Max Units . | 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 3,4,10

Access time from CAS tCAC 15 20 20 ns 3,4,5

Access time from column address tAA 30 35 40 ns 3,10

CAS to output in Low-Z tCLZ 0 0 0 ns 3

Output buffer tum-off delay {OFF ol 18] of 18] o 15 ns 7

Transition time (rise and fall) tT 3| 50 3| 50 3| 50 ns 2

RAS precharge time tRP 40 50 60 ns

‘BAS pulse width tRAS _ 60 | 10K | 70| 10K| 80 | 10K ns

RAS hold time tRSH 15 20 20 ns

CAS hold time tCSH 60 70 80 ns

CAS pulse width {CAS 15| 10K | 20| 10K| 20 |10k | ns

RAS to CAS delay time tRCD 20 45| 20| 50| 20 60 ns 4

RAS to column address delay time tRAD - 15| 30| 15| 35| 15| 40 ns 10

CAS to RAS precharge time tCRP - 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 10 15 15 ns

Column address to RAS lead time tRAL 30 35 40 ns

Read command set-up time tRCS 0 0 0 ns

Read command hold time referenced to CAS | tRCH 0 0 .0 ns 8

Read command hold time referenced to BAS | tRRH 0 0 0 ns 8

Write command set-up time tWCS 0 0 0 ns 7

Write command hold time tWCH 10 10 16 ns

Write command pulse width tWP 10 10 10 ns

Write command to RAS lead time tRWL 15 15 20 ns

ri n i tCWL 15 15 20 ns
142
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AC CHARACTERISTICS (0°C<Ta<70°C, See note 1,2)

-6 ’ -7 -8

Parameter - Symbol e | Max | Min | Max | Min | Max | Units | Notes
Data set-up time DS 0 0 0 ns | 9
Data hold time tDH 10 15 15 | ns 9
Refresh period (Normal) tREF 8 8 8| ms
Refresh period (L-ver) tREF 128 128 128 ms
CAS to W delay time tCWD 40 50 50 ns
RAS to W delay time tRWD 85 95 105 ns
Column address to W delay time tAWD 55 60 65 ns
CAS precharge to W delay time ~ {CPWD 60 65 70 i
CAS set-up time (CAS-before-RAS refresh) tCSR 5 5 5 ns
CAS hold time (CAS-before-RAS refresh) tCHR 10 10 10 ns
RAS to CAS precharge time tRPC 5 5 5 ns
CAS precharge time(CBR counter test cycle) tCPT 20 25 30 ns
Access time from CAS precharge tCPA 35 40 45| ns 3
Fast Page mode cycle time tPC 40 45 50 ns
Fast Page mode read-modify-write cycle time tPRWC 85 95 105 ns
CAS precharge time (Fast page cycle) tCP 10 10 10 ns
RAS pulse width (Fast page cycle) tRASP 60 | 100K | 70 [100K| 80 |100K| ns
BAS hold time from CAS precharge tRHCP. 35 40 45 ns
OE access time tOEA 15 . 20 20| ns
OE to data delay tOED 15 20 20 ns
Out put buffer turn off delay time from OF tOEZ 0 15 0 20| 0 20{ ns
OE command hold time tOEH 15 20 20 ns
RAS pulse width(C-B-R self refresh) tRASS 100 100 100 us 11
RAS precharge time (C-B-R self refresh) tRPS 110 130 150 ns 11
CAS hold time (C-B-R self refresh) tCHS - | -50 -50 -50 ns 11

PRnmsuncg e
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NOTES

1.

10.

An initial pause of 200us is required after power-up followed by any 8 ROR or CBR cycles before
proper device operation is achieved.

. VH(min) and ViL(max) are reference levels for measuring timing of input signals. Transition times are

measured between ViH(min) and ViL(max) and are assumed to be 5ns for all inputs.

. Measured with a load equivalent to 2 TTL loads and 100pF. ‘
. Operation within the tRCD(max) limit insures that tRAC(max) can be met. tRCD(max) is specified as

a reference point only. If tRCD is greater than the specified tRCD(max) limit, then access time is
controlled exclusively by tCAC.

. Assumes that tRCD> tRCD(max).
. This parameter defines the time at which the output achieves the open circuit condition and is not

referenced to Von or VoL. -

. tWCS, tRWD, tCWD and tAWD are non restrictive operating parameters. They are included in the

data sheet as electrical characteristics only. If tWCS>tWCS(min), the cycles is an early write cycle
and the data output will remain high impedance for the duration of the cycle. If tCWD2 tCWD(min),
tRWD2= tRWD(min) and tAWD= tAWD(min), then the cycle is a read-modify-write cycle and the data
output will contain the data read from the selected address. If neither of the above conditions is
satisfied, the condition of the data out is indeterminate.

. Either tRCH 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-modify-write cycles. ,

Operation within the tRAD(max) limit insures that tRAC(max) can be met. tRAD(max) is specified as
a reference point only. If tRAD is greater than the specified tRAD(max) limit, then access time is
controlled by tAA.

KM418C256B/BL Truth Table

H H H H H Hi-Z Hi-Z Standby
L H H H H | Hiz Hi-Z Refresh
L L H H L DQ-OUT Hi-Z Byte Read
L H L H L Hi-Z DQ-OUT Byte Read
L L L H L DQ-OUT DQ-OUT Word Read
L L H L H DQ-IN - Byte Write
L H L L H - DQ-IN . Byte Write
L L L L H DQ-IN DQ-IN Word Write
L L L H H Hi-Z Hi-Z .

: ELECTRONICS , '
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11. 512 cycle of burst refresh must be executed within 8ms before and after self refresh in order to meet
refresh specification (L-version).

12. tASC, tCAH are referenced to the earlier CAS falling edge.

13. tCP is specified from the last CAS rising edge in the previous cycle to the first CAS falling edge in the
next cycle. .

14. tCWD is referenced to the later CAS falling edge at word read-modify-write cycle.

15. tCWL is specified from W falling edge to the earlier CAS rising edge

[CAS — | . /_‘_—T

UCAS \ ‘
1ASC| | tCAH }[‘.95
ADD. Col.
ICWD,
B toWL N

16. tCSR is referenced to earlier CAS falling low before RAS transition low.
17.tCHR is referenced to the later CAS rising high after RAS transition low.

RAS /
LCAS N\ i
UCAS \ /
tCSR  ICHR
18. tDS, tDH is independently specified for lower byte Din (0~8), upper byte DIN(9~17).
LCAS N
UCAS N\
tDS| |tDH
DQO-~ Di:ﬂ
DQ8
. tDS tDH
DQ9~ -
DQ17 Din

LN

PEins g -
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16M DRAM

KM41C16000A
KM41V16000A

KM41C16002A

KM44C4000A, KM44C4100A
KM44V4000A, KM44V4100A
KM44C4002A

KM44C4102A

KM44C4003A

KM44C4103A

KM44C4004A, KM44C4104A
KM44V4004A, KM44V4104A
KM44C4010A

KM44C4110A

KM48C2000A, KM48C2100A
KM48V2000A, KM48V2100A
KM48C2004A, KM48C2104A
KM48V2004A, KM48V2104A
KM416C1000A, KM416C1200A
KM416V1000A, KM416V1200A
KM416C1004A, KM416C1204A
KM416V1004A, KM416V1204A
KM432v502 '
KM432Vv522

KM432V504
KM432V524
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KM41C16000A, KM41V16000A CMOS DRAM

16M x 1 Bit CMOS Dynamic RAM with Fast Page Mode

DESCRIPTION

This is a family of 16,777,216 x 1 bit Fast Page Mode CMOS DRAMSs. Fast Page Mode offers high speed
random access of memory cells within the same row. Power supply voltage(+5.0V or +3.3V), access time(-5,
-6, -7 or -8), power consumption(Normal, Low power or Super-Low power) and package type(SOJ or
TSOP-lI) are optional features of this family. All of this family have CAS-before-RAS refresh, RAS-only
refresh and Hidden refresh capabilities. Further more, Self-refresh operation is available in L & SL version.

This 16Mx1 Fast Page mode DRAM family is fabricated using Samsung's advanced CMOS process to
realize high band-width, low power consumption and high reliability. It may be used as main memory unit for
high level computer and microcomputer.

FEATURES - e Fast Page Mode operation
« Part Identification * CAS-before-RAS refresh capability
- KM41C16000A/AL/ASL (5V, 4K Ref.) * BAS-only and Hidden refresh capability

- KM41V16000A/AL/ASL (3.3V, 4K Ref.) » Self-refresh capability(L & SL-ver)
: * Fast parallel test mode capability

» TTL(5V)/LVTTL(3.3V) compatible inputs and outputs

Dataout Ly g
Buffer

* Active Power Dissipation ’ Unit : mW * Early Write or output enable controlled write
Speed 3.3V i 5V « JEDEC Standard pinout
5 B 495 * Available in Plastic SOJ and TSOP(Il) packages
-6 288 440 * Single +5V+10% power supply(5V product)
7 252 385 * Single +3.3V+0.3V power supply(3.3V product)
-8 216 330
*Refreshcycles . FUNCTIONAL BLOCK DIAGRAM
Part [y . |Refreshl. Refresh period
‘NO. cycle {Normal), L~} SL | RAS - Vee
C16000A] 5V cas-»|  Control Vss
V16000A| 3.3V 4K | 64ms (128ms |256ms w > Clocks VBB Generator
|
Row Decoder Data in e D
[ 1 o Buffer
» Performance range: =
- - - Memory Array | o
Speed| tRAC|1CAC| tRC | tPC | Remark 16777216x 1 |
-
-5 | 50ns [ 13ns | 90ns| 35ns | 5V Only Cells -
6 | 60ns | 15ns |110ns| 40ns | 5V/3.3V §

-7 | 70ns | 20ns | 130ns| 45ns | 5V/3.3V Ao*A"ﬂﬂcm. Address Buffer | Colurmn Decoder
-8 80ns | 20ns | 150ns| 50ns | 5V/3.3V

SAMSUNG ELECTRONIC CO., LTD. reserves the right to
change products and specifications without notice.
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KM41C16000A, KM41V16000A CMOS DRAM
PIN CONFIGURATION (Top Views)
_ KM41C/V16000AJ * KM41C/V16000AT « KM41C/V16000ATR
Vee I 1°© 241 Vss Vss I§24 1FDvee
L= P 23fmaQ a2 o 2fmp
NCIg 3 220 NC N.C 322 3EIN.C
w4 21 TAS CTAS mj21 4FDW
RASI s 200 N.C N.C @320 SFORAS
A1 6 195 A9 A9 IJ19 6FTA11
Ao} 7 18| A8 A8 18 7ED a10
Ao} 8 178 A7 A7 0317 80 A0
A1 9 161 A6 A6 (16 9l A1
A2d10 158 A5 AsIJ15 100 A2
A3t O 140 A4 arliea O 11fmas
veed12 13 Vss vss 13 12 Vee

J 1 400 mil 24(28) SOJ

» KM41C/NV16000AK

A100

VeeRQi2
K : 300 mil 24(26) SOJ

T : 400 mil 24(28) TSOP Il

* KM41C/V16000AS
Vee ] 1© 24 1 vss
po32 23N Q
N.CIH 3 20 N.C

wls 21 fnCcAS
RASId s 20FIN.C
A113 6 19 0 A9
Al 7 18 1 A8
AO] s 17 10 A7
A1} 9 16 11 A6
Al  15fmas
A1 o 14FDA4
Veed12 13D vss

S : 300'mil 24(26) TSOP I

TR : 400 mil 24(28) TSOP li(Rev.)

* KM41C/V16000ASR
Vss 24 © 10 Vee
Qo3 20 D
N.CI]22 3FONC

CAS 24 AW
N.C 20 51 RAS
A9 19 61 Ai1
A8 1g 70 A10
AT 17 8 Ao
A6 16 o A1
A5 15 100 A2
MO o 11 A3
Vss 13 1278 Ve

SR : 300 mil 24(26) TSOP li(Rev.)

Address Inputs
D Data in
Q Data out
- Vss Ground
RAS Row Address Strobe
CAS Column Address Strobe
w Read/Write Input
Power(+5.0V)
Veo Power(+3.3V)
‘N.C No Connection
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'KM41C16000A, KM41V16000A

CMOS DRAM

ABSOLUTE MAXIMUM RATINGS

-1 to +7.0

Voltage on any pin relative to Vss Vin,Vour -0.5 to +4.6 \
Voltage on Vcc supply relative to Vss Vee -0.5 to +4.6 -1 to +7.0 \
Storage Temperature Tstg -55 to +150 -55 to +150 °C
Power Dissipation Po 1 1 w
Short Circuit Output Current los 50 50 mA

* Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded.
Functional operation shquld 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 (Voltages referenced to Vss, Ta=

0to 70 °C)

Supply Voltage Vae 3.0 3.3 3.6 45 5.0 5.5 v
Ground Vss 0 0 0 0 0 0 v
Input High Voltage Vi [ 20 - Vce+0.3™! 24 - | Veest'| v
Input Low Voltage Vi -0.32 - 08 -1.02 - 0.8 v

*1:Vee + 1.3V/15ns(3.3V), Vcc+2.0V/20ns(5V), Pulse width is measured at vee.
*2: -1.3V/15ns(3.3V), - 2.0V/20ns(5V), Pulse width is measured at Vss.

DC AND OPERATING CHARACTERISTICS (Recommended operating conditions uniess otherwise noted.)

Input Leakage Current (Any input 0<ViIN<Vec+0.3V, I -5 5 pA
all other pins not under test=0 volt.) ,
Output Leakage Current
3.3V | (Dataout is disabled, 0V<VoursVec) low | -5 5 | mA
Output High Voltage Level(loH=-2mA) VoH 2.4 - \
Output Low Voltage Level(lo.=2mA) VoL - 0.4 \)
Input Leakage Current (Any input 0<VIN<Vec+0.5V, Iy -5 5 pA
all other pins not under test=0 volt.) :
Output Leakage Current . ;
5V | (Data out is disabled, OV<VoursvVee) low 5 5 | wA
Output High Voltage Level(loH=-5mA) Vot 24 - \"
Output Low Voltage Level(loL=4.2mA) VoL - 0.4 \'
m—— o
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KM41C16000A, KM41V16000A ' CMOS DRAM

DC AND OPERATING CHARACTERISTICS (Continued.)

-5 - : 90 mA
.\ 6 - 80 80 mA
Icct Don't care 7 70 70 mA
-8 60 60 mA’
Normal ) 8 2 2 mA
lccz LSL Don't care 1 ] mA
-5 - ; 90 mA
. -6 80 80 mA
Iccg Don't care 7 70 70 mA
-8 60 60 mA
-5 - 80 mA
. -6 70 70 mA

Icc Don't care »
ces -7 80 60 mA
-8 50 50 mA
Normal 1 . 1 mA
lces L Don't care 300 300 pA
SL 200 200 " pA
-5 - 90 mA
I Don't care -6 80 80 mA
cee 7 70 70 mA
-8 60 60 mA
L s 450 450 HA
lccr ~ Don't care 350 350 uA
lccs | wSL Don't care 250 : 300 HA

Icc1* : Operating Current (RAS and CAS cycling @tRC=min.)

lccz :
lcca* :
lcca™ :
: Standby Current (FAS=CAS=W=Vcc-0.2V)

: CAS-Before-RAS Refresh Current (RAS and CAS cycling @tRC=min.)

lecs
lcce*

lcc7

Iccs

RAS-only Refresh Current (CAS=ViH, RAS cycling @tRC=min.)
Fast Page Mode Current (RAS=Vi, CAS, Address cycling @t{PC=min.)

Battery back-up current, Average power supply current, Battery back-up mode
Input high voltage(ViH)=Vcec-0.2V, Input low voltage(ViL)=0.2V, CAS= 0.2V
Din = Don't care, Tre= 31.25us(L-ver), 62.5us(SL-ver), TRas=Trasmin~300 ns

: Self Refresh Current

RAS=CAS=0.2V, W=A0 ~ A11 = Vcc-0.2V or 0.2V, D,Q = Vcc-0.2V, 0.2V or Open

*NOTE : lcct, lecs, Iccs and Iccs are dependent on output loading and cycle rates. Specified values

are obtained with the output open. lcc is specified as an average current. In Icc, lccs,
and Iccs, address can be changed maximum once while BAS=VIL. In Iccs, address can be
changed maximum once within one fast page mode cycle time tPC.

PRimsuneg *
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KM41C16000A, KM41V16000A o - CMOS DRAM
CAPACITANCE(Ta=25°C,Vce=5V or 3.3V, f=1MHz)

“Parameter | symbol | Min
Input capacitance [D] Cint -
Input capacitance [AQ - A11] Cinz -
Input capacitance [RAS, CAS, W] ’ Cina -
Output Capacitance [Q] Cour -

AC CHARACTERISTICS (0°C<Ta<70°C, See note 1,2)
Test condition(5V device) : Vce=5.0V+10%, Vin/Vi=2.4/0.8V, Von/Vol =2.4/0.4V
Test condition(3.3V device) : Vcc=3.3V+0.3V, Vin/Vi=2.0/0.8V, Von/Voi =2.0/0.8V

Endom read or write cycle time tRC 90 110 130 150 ns
Read-modify-write cycle time tRWC (110 130 155 175 ns

Access time from RAS tRAC 50 | 60 70 80 ns |3,4,10
Access time from CAS . tCAC 13 15 20 20 ns | 345
Access time from column address tAA 25 30 35 -40 ns | 3,10
CAS to output in Low-Z tCLZ 0 0 0 0 ns 3
Output buffer turn-off delay tOFF 0130 | 15|02 | 0| 20 ns 6
Transition time (rise and fall) tT 3 /503 | 503 |50]| 3| 50 ns 2
RAS precharge time ‘ tRP 30 40 50 60 ns

RAS pulse width tRAS 50 | 10K [ 60 | 10K | 70 | 10K | 80 | 10K ns

BAS hold time tRSH | 13 15| |20 20 ns

CAS hold time tCSH | 50 60 70 80 ns

CAS pulse width tCAS | 13 {10K| 15 | 10K |20 |10K| 20 | 10K | ns

RAS to CAS delay time tRCD [ 20| 37 120 [ 45 |20 | 50 | 20 | 60 ns

RBAS to column address delay time tRAD | 156|125 |15 | 30 |15 | 35 | 15| 40 ns 10
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 15
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 hold time referenced to CAS | tRCH 0 0 0 0 ns 8
Read command hold time referenced to RAS | tRRH 0 0 0 0 ns

Write command hold time tWCH | 10 1 10 15 15 ns

Write command hold time referenced to BAS | tWCR | 40 45 55 60 ns 15
Write command pulse width WP 10 10 15 15 ns

Write command to BAS lead time tRWL | 15 15 20 20 ns

Wri an lead tim tCWL | 13 15 20 20 ns

Note) *1: 5V only
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KM41C16000A, KM41V16000A o o CMVOS DRAM
AC CHARACTERISTICS (Continuecd) - -

Data set-up time tDS 0 0 0 0 ns

Data hold time -~ Jon f10 {10 15 15 ns

Data hold time referenced to RAS tDHR | 40° 45 55 | 60 ns |15
Refresh period( Normal) . |tReF 64 | | 64 64 | 64 | 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 tWCS | 0 0 0] | -0 ns | 7
CAS to W delay time , _ltcwp | 13 15 20 20 lns | 7
BAS to W delay time . - [tRWD |50 60 70 80 ns | 7
Column address to W delay time tAWD | 25 130 35 40 ns | 7
CAS precharge to W delay time tCPWD | 30 35 40 45 ns

CAS set-up time (CAS-before-RAS refresh) [tCSR 5 5 5 .| 5 . 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(CBR counter test cycle) [tCPT | 20 20 30 30 - ns )
Access time from CAS precharge tCPA 30 | | 35 40 | -| .45 |.ns |8
Fast Page mode cycle time ) tPC 35 40 451 . 50 |- | ns
Fast Page mbde read-modify-write: cycle timel tPRWC | 53 60 70 ) .80 .| ns

CAS precharge time (Fast page cycle) tCP 10 10 10 10 ns

RAS pulse width (Fast page cycle) tRASP | 50 [200K| 60 [200K |70 | 200K | 80 | 200K | ns

RAS hold time from CAS prechafge tRHCP | 30 35 40 45 ns

Write command set-up time(Test mode in)  [tWTS | 10 10 10 10 ns |11
Write command hold time(Test mode in) tWTH | 10 10 10 10 ns |11
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

RAS pulse width(C-B-R self refresh) tRASS [100 100 | 100 100 us | 14
RAS precharge time (C-B-R self refresh) tRPS 90 110 130 150 ns |14
CAS hold time (C-B-R self refresh) tCHS -50 ] -50 -50 -50 ns | 14

Note) *1: 5V only
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KM41C16000A, KM41V16000A

CMOS DRAM

TEST MODE CYCLE

(Note. 11)

’nit‘s‘i[Notés
Random read or write cycle time 95 115 135 155 ns
Read-modify-write cycle time 138 160 190 210 ns
Access time from RAS 55 65 75 85 ns (3,.4,14
Access time from CAS 18 20 25 25 | ns | 345
Access time from column address tAA 30 35 40 45 | ns-| 3,10
RAS puise width tRAS [ 55| 10K 65| 10K |75 | 10K | 85| 10K | ns
CAS puise width tCAS | 18| 10K 20| 10K |25 10K | 25| 10K | ns
RAS hold time tRSH | 18 20 25 25 ns
TAS hold time {CSH_| 55 65 75 85 ns
Column address to RAS lead time tRAL_|.30 35 40 45 ns
CAS to W delay time tCWD | 18 20 25 25 ns 7
RAS to W delay time tRWD | 55 65 75 85 ns 7
Column address to W delay time tAWD | 30 35 40 45 ns Z
Fast Page mode cycle time tPC__ | 40 45 50 55 ns
Fast page mode read-modify-write cycle time| tPRWC| 58 65 75 85 ns
RAS pulse width (Fast page cycle) tRASP | 55 | 200K | 65 | 200K | 75 | 200K | 85 | 200K | ns
| Access time form TAS precharge 1CPA 35 40 45 50 | ns | 3
Note) *1: 5V only

155

’ m FLECTRONICS



KM41C16000A, KM41V16000A ‘ ' CMOS DRAM

NOTES

1.

10.

11.

12.

13.

14,

15.

An initial pause of 200us is required after power-up followed by any 8 ROR or CBR cycles before
proper device operation is achieved.

ViH(min) and Vi(max) are reference levels for measuring timing of input signals. Transition times are
measured between ViH(min) and ViL(max) and are assumed to be 5ns for all inputs.

Measured with a load equivalent to 2 TTL(5V device)/1 TTL(3.3V device) loads and 100pF.
Operation within the tRCD(max) limit insures that tRAC(max) can be met. tRCD(max) is specified as
a reference point only. If tRCD is greater than the specified tRCD(max) limit, then-access time is
controlled exclusively by tCAC.

Assumes that tRCD2= tRCD(max).

This parameter defines the time at which the output achleves the open circuit condition and is not
referenced to VoH or Vor.

tWCS, tRWD, tCWD and tAWD are non restrictive operating parameters. They are included in the
data sheet as electric characteristics only. If tWCS>tWCS(min), the cycles is an early write cycle
and the data output will remain high impedance for the duration of the cycle. If tCWD= tCWD(min),
tRWD2tRWD(min) and tAWD2 tAWD(min), then the cycle is a read-modify-write cycle and the data
output will contain the data read from the selected address. If neither of the above conditions is
satisfied, the condition of the data out is indeterminate.

. Either tRCH 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-modify-write cycles.

Operation within the tRAD(max) limit insures that tRAC(max) can be met. tRAD(max) is specified as
a re ference point only. If tRAD is greater than the specified tRAD(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
values. These parameters should be specified in test mode cycles by adding the above value to the
specified value in this data sheet.

tOFF(max) defines the time at which the output achieves the open circuit condition and are not
referenced to output voltage level.

4096 cycles of burst refresh must be executed within 16ms before and after self refresh, in order to
meet refresh specification.

tAR, tWCR, and tDHR are referenced to tRAD(MAX).

PRinsuncg -
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KM41C16002A : CMOS DRAM

16M x 1Bit CMOS Dynamic RAM with Static Column Mode

DESCRIPTION

This is a family of 16,777,216 x 1 bit Static Column Mode CMOS DRAMs. Static Column Mode offers
high speed random access of memory cells within the same row. Access time(-5, -8, -7 or -8) and package
type (SOJ or TSOP-II) are optional features of this family.

All of this family have CS-before-RAS Refresh, RAS-only refresh and Hidden Refresh capabilities.

This 16Mx1 Static Column Mode DRAM Family is fabricated using Samsung's advanced CMOS process to
realize high band-width and high reliability. It may be used as main memory unit for high level computer and
high performance microprocessor systems.

FEATURES
* Part Identification « Static Column Mode operation
- KM41C16002A(5V, 4K Ref.) « CS-before-RAS refresh capability
* RAS-only and Hidden refresh capability
¢ Fast parallel test mode capability
* Active Power Dissipation : * TTL compatible inputs and outputs
, Unit : mW * Early Write or Output enable controlled write
Speed _ Power dissipation * JEDEC Standard pinout
i 5 : 495 ¢ Available in Plastic SOJ and TSOP(li) packages
- o N
= 220 Single +5V+10% power supply
-7 385
-8 330

* Refresh cycles

FUNCTIONAL BLOCK DIAGRAM

: Refresh | o trosh Period
g . -~ cycle ] S e
FAS > vee
KM41C16002A | 4K 64ms cs» ool Vss
w > Clocks VBB Generator
* Performance range: Row Decoder 'Da!faf inle p
i 1 Buffer
“Speed | tRAC | ICAC | tRC | 1SC N e
lemory Array
-5 50ns | 13ns | 90ns | 30ns 16777218 1 E_
-6 60ns 15ns | 110ns 35ns Cells & -
-7 70ns | 20ns | 130ns 40ns Row Address Buffer ] ro—
: ; > Q
-8 80ns 20ns | 150ns 45ns A0~AI I—_':lCT)I. Address Butfer [~ Column Decoder Buffer

SAMSUNG ELECTRONIC CO. LTD. reserves the right to
change products and specifications without notice.
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CMOS DRAM

KM41C16002A
PIN CONFIGURATION (Top Views)
« KM41C16002AJ * KM41C16002AT *« KM41C16002ATR
o/

Vec 10 24P Vss Vee I} 10 24T Vss Vss }24 1D Vee
Dg2 23pa DI 2 230 Q Q23 o 2fmD
NCQ3 22pNC NCI]3 220F0 N.C N.cj22 3fONC
LA K 21pTsS wioda4 21 TS TS 21 aFnw
RAS Q5 20pNC RAS@] 5 20D NC N.c @20 sEORAS
Atide 19P A9 A110] 6 19 A9 A9q19 sFDA11
A10Q 7 18p A8 A0} 7 " 18 A8 A8I]18 7D A10
A0OQ 8 17PA7 AOIg 8 178 A7 A7IJ17 s a0
Algg iepAs A1 9 160 A6 A6]16 o1 Aq
A2 010 15P A5 A2I310 150 A5 - As5]15 10 A2
A3t O 14Pad A3t O 1afmaA4 Aasr14 O qifmas
Vee Q12 13 Vss Veedq12 130 Vss VssI}13 12 vee

J 1 400 mil 24(28) SOJ

* KM41C16002AK

Ve[l

K: 300 mil 24(26) SOJ

T : 400 mil 24(28) TSOP Il

* KM41C16002AS

Vee 19 24 [T vss
pI3 o 230 Q
N.c] 3 22F0NG
- WIE4 21FDCs
RASI 5 20 FIN.C
A1 s 19 [ A9
A0 7 18 11 A8
Ao g 17 FO A7
A1l 9 16 0 A6
A2I]40 15 1 A5
A1 O 140 A4
Vec {2 13 1 vss

S : 300 mil 24(26) TSOP I

TR : 400 mil 24(28) TSOP lI(Rev.)

* KM41C16002ASR
Vss 24 o1 vee
Q@323 2B
N.CTY 22 <] =B \Ke!
(o= P¥ s w
N.CIT] 2o 50 BAS
A9 19 s A1
A8 8 7 A10
AT 7 s Ao
A6 16 o A1
ASI] s 10 A2
Ay O 118 A3
Vss 43 120 vee

- SR : 300 mit 24(26) TSOP II(Rev.)

A0 - A11 Address Inputs
D " Data in '
Q Data out
Vss Ground
RAS - Row Address Strobe
CS Chip select input
W Read/Write Input
Vce Power(+5.0V)
N.C No Connection

P nnsuncg
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KM41C16002A o CMOS DRAM

ABSOLUTE MAXIMUM RATINGS

Voltage on any pin relative to Vss Vin,Vour -1 to +7.0

Voltage on Vcc supply relative to Vss ~ Vee -1 to +7.0 Y,

Storage temperature’ Tstg -55 to +150 °C
Power dissipation ’ Po 1 w

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 (Vvoltages referenced to Vss, Ta= 0 to 70 °C)

Supply voltage Vee 45 5.0 5.5 v
Ground ’ Vss - 0 0 0 v
Input high voltage | " 2.4 - Vee+1.0™ v
Input low voltage ViL -1.0 - 0.8 %

*1 : Vcc+2.0V at pulse width < 20ns (puise width is measured at Vcc)
*2: -2.0V at pulse width < 20ns (pulse Wwidth is measured at Vss)

DC AND OPERATING CHARACTERISTICS

(Recommended operating conditipns unless otherwise noted.)

Input leakage current (Any input 0<VinsVee+0.5V I

all other pins not under test=0 volts.) .

Output leakage current }

(Data out is disabled, 0V<Voursvce) lowy 5 5 HA
Output high voltage level(lon=-5mA) VoH 2.4 - \Y
Output low voltage level(loL=4.2mA) Vou - 0.4 Vv

ELECTRONICS : '



KM41C16002A CMOS DRAM

DC AND OPERATING CHARACTERISTICS (Continued)

o Max : .

T Units

KM41C16002A e
90 mA
-6 80 mA
lcct 7 o A
-8 60 mA

Iccz Don't care 2 mA .
S 90 , mA
-6 80 mA
lces 7 70 A
-8 60 : mA
-5 ' 80 mA
-6 .70 mA
Icca e s A
-8 50 mA
lccs Don't care 1 ' mA
5 90 . mA
-6 80 mA
Icce 7 70 oA
-8 60 mA

lcct *: Operating current (RAS and TS cycling @tRC=min.)

lccz : Standby current (RAS=CS=W=Vi )

Iccs *: RAS-only refresh current (CS=ViH, RAS ,Address cycling @tRC=min.)
lccs *: Static Column Mode current (RAS=Vi, CS, Address cycling @tSC:min.)
lces : Standby current (RAS=CS=W=Vcc-0.2V)

lccs *: CS-before-RAS refresh current (RAS and CS cycling @tRC=min.)

*NOTE : lcey, lecs, 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 lcct , leca
and Iccs, address can be changed maximum once while RAS=ViL. In Icc4, address can be
changed maximum once within one Static Column mode cycle time tSC.

ELECTRONICS



KM41C16002A CMOS DRAM
CAPACITANCE(TA=25°C,Vcc=5V , f=1MHz)
Parameter Symbol Min Max Unit
Input capacitance [AO - A9] Cint - 5 pF
Input capacitance [RAS, CS, W, OE] Cinz - 7 pF
Output Capacitance [DQO - DQ3] Coa - 7 pF
AC CHARACTERISTICS (0°C<Ta<70°C, See note 1,2)
Test condition : Vce=5.0V+10%, Vih/Vil = 2.4/0.8V, Voh/Vol = 2.4/0.4V
e : 5 | -8 -7 | -8 b
Porsmeter Symbol i Max | Min] Max| Min| Max | Min] Max | Unte | Notes
Random read or write cycle time tRC 90 | 110 130 150 ns
Read-modify-write cycle time tRWC (110 130 155 175 ns
Access time from RAS | tRAC 50 60 70 80 | ns |34,10
Access time from CS tCAG 13" 15 20 20 ns | 345
Access time from column address tAA 25 30 35 40 ns | 3,10
CS to output in Low-Z tcLZ 0] 0 0 0 ns 3
Output buffer turn-off delay from CS tOFF 0|13} 0 15| 0 [20| 0 | 20 ns 6
Transition time (rise and fall) T 3|50 |3 50 | 3 50| 3| 50 ns 2
RAS precharge time tRP 30 40 50| |60 ns
RAS pulse width tRAS 50 | 10K | 60 | 10K | 70 { 10K | g0 | 10K ns
RAS hold time tRSH 13 15 20 20 ns
CS hold time tCSH | 50 60 70 80 ns
CS pulse width tCS 13 [10K| 15 | 10K | 20 [ 10K | 20 [ 10K | ns
RAS to CS delay time tRCD | 20| 37.120 | 45 120 50 | 20 | 60 ns 4
RAS to column address delay time tRAD | 15| 25 [ 15 | 30 | 15| 35 | 15| 40 ns 10
CS to RAS precharge time tCRP 5 5 5 ns
Row address set-up time tASR 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 tAR 40 50 55 60 ns 14
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 hold time referencedto CS | tRCH 0 0 0 0 ns 8
Read command hold time referenced to RAS | tRRH 0 0 0 0 ns 8
Write command hold time tWCH | 10 10 15 15 ns
Write command hold time referenced to RAS | tWCR | 40 45 55 60 ns 14
Write command pulse width tWP 10 10 15 15 ns
Write command to RAS lead time tRWL | 15 15 20 20 ns
Write command to CS lead time tCWL | 13 15 20 20 ns
Data set-up time tDS 0 0 0 0 ns 9
161
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KM41C16002A ~ CMOS DRAM

AC CHARACTERISTICS (Continued)

" |Data hold time , tDH 10 10 15 15 ns |9
Data hold time referenced to RAS tDHR | 40 45 55 60 ns |14
Refresh period ‘ tREF 64 64 64 64 | ms
Write command set-up time tWCS 0 0 0 0 ns |7
CS to W delay time ' tCWD | 18 15 20 20 ns |7
RAS to W delay time tRWD | 50 60 170 80 ns | 7
Column address to W delay time tAWD | 25 30 35 40 ns | 7
CS set-up time (CS-before-RAS refresh) tCSR 5 5 5 5 ns 4
TS hold time (CS-before-RAS refresh) tCHR | 10 10 10 10 ns
RAS to CS precharge time tRPC [ 5 5 5 5 ns
TS precharge time(C-B-R counter test cycle) [tCPT | 20 20 30 30 -ns
Static Column mode cycle time tSC 30 35 40 45 ns
Static Column mode read-modify-write cycle time | tSRWC| 53 60 70 80 | ns
Access time from last write tALW 50 55 65 75 ns | 311
Output data hold time from column address |tAOH 5 5 5 5 . | ns )
Output data enable time from W tOW 35 | 40 45 55_| ns |
[ precharge time (Static Column cycle) tCP 10 170 10 10 . ns
RAS pulse width (Static Column cycle) tRASC | 50 J200K| 60 |200K | 70 | 200K | 80 | 100K | ns
TS pulth width (Static Column cycle) tCSC 13- [200K | 15 | 200K [ 20 | 200K | 20 | 200K | ns
Column address hold time referenced to BAS rising | tAH 5 5 5 5 ns
Last write to column address delay time tLWAD | 20 | 256 |20 | 25 [25]| 30 |25 35 ns
Last write to column address hold time tAHLW | 50 55 65 75 ns
Write command inactive time tWI 10 10 10 10 ns
Write address hold time referenced to BAS [tAWR | 40 45 55 60 ns
Write command set-up time(Test mode in)  |tWTS 10 10 10 10 ns
Write command hold time(Test mode in) tWTH 10 10 10 10 ns
W to BAS 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

ELECTRONICS



KM41C16002A

CMOS DRAM

TEST MODE CYCLE

(Note. 11)

DS msungg

ELECTRONICS

Random read or write cycle time tRC 95 115 135 155 ns

Read-modify-write cycle time tRWC | 140 160 190 210 ns

Access time from RAS tRAC 55 - 65 75 85 | ns |34,10

Access time from TS tCAC 18 20 25 25 | ns | 345

Access time from column address tAA 30 35 40 45 | ns | 3,10

RAS pulse width tRAS | 55| 10K {65| 10K | 75| 10K | 85| 10K | ns

CS pulse width tCS 18| 10K | 20| 10K |25 | 10K | 25| 10K | ns

RAS hold time tRSH | 20 20 25 25 ns

CS hold time tCSH . | 55 65 75 85 ns

Column address to BAS lead time tRAL | 30 35 40 45 ns

CS to W delay time ' tCWD | 18 20 25 25 ns

RAS to W delay time tRWD | 55 65 75 85 ns 7

Column address to W delay time tAWD | 30 35 40 45 ns

Static Column mode cycle time tSC_ | 35 40 45 50 ns

Static Column mode read-modify-write cycle time | tSRWC| 58 65 75 85 ns

RAS pulse width (Static Column cycle) tRASC | 55 | 200K | 65 | 200K | 75 | 200K | 85 | 200K | ns

Access time form last write tALW 55 60 70 80 | ns | 3.11
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KM41C16002A - CMOS DRAM

NOTES

©

10.

11.
12

13.

14,

. An initial pause of 200us is required after power-up followed by any 8 ROR or CBR 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 Vi(max) and are assumed to be 5ns for all inputs.

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

Operation within the tRCD(max) limit insures that tRAC(max) can be met. tRCD(max) is specified as
a reference point only. If tRCD is greater than the specified tRCD(max) limit, then access time is
controlled exclusively by tCAC.

Assumes that tRCD> tRCD(max).

. This parameter defines the time at which the output achieves the open circuit condition and is not

referenced to Vo or VoL.

. tWCS, tRWD, tCWD and tAWD are non restrictive operating parameters. They are included in the

data sheet as electric characteristics only. If tWCS>tWCS(min), the cycles is an early write cycle
and the data output will remain high impedance for the duration of the cycle. If tCWD= tCWD(min),
tRWD2tRWD(min) and tAWD> tAWD(min), then the cycle is a read-modify-write cycle and the data

.output will contain the data read from the selected address. If neither of the above conditions is

satisfied, the condition of the data out is indeterminate.

Either tRCH or tRRH must be satisfied for a read cycle.

These parameters are referenced to the CS leading edge in early write cycles and to the W leading
edge in read-modify-write cycles.

Operation within the tRAD(max) limit insures that tRAC(max) can be met tRAD(max) is specified as
are ference point only. If tRAD is greater than the specified tRAD(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
values. These parameters should be specified in test mode cycles by adding the above value to the
specified value in this data sheet.

tOFF(max) defines the time at which the output achieves the open circuit condition and are not
referenced to output voltage level.

tAR, tWCR, and tDHR are referenced to tRAD(MAX).

ELECTRONICS



KM44C4000A, KM44C4100A
KM44V4000A, KM44V4100A CMOS DRAM

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

DESCRIPTION

This is a family of 4,194,304 x 4 bit Fast Page Mode CMOS DRAMs. Fast Page Mode offers high speed
random access of memory cells within the same row. Power supply voltage(+5.0V or +3.3V), refresh
cycle(2K Ref. or 4K Ref.), access time(-5, -6, -7 or -8), power consumption(Normal, Low power or
Super-Low power) and package type(SOJ or TSOP-II) are optional features of this family. All of this family
have CAS-before-RAS refresh, RAS-only refresh and Hidden refresh capabilities. Further more, Self-refresh
operation is available in L & SL version.

This 4Mx4 Fast Page mode DRAM family is fabricated using Samsung's advanced CMOS process to
realize high band-width, low power consumption and high reliability. It may be used as main memory unit for
high level computer, microcomputer and personal computer.

FEATURES * Fast Page Mode operation
« Part Identification « CAS-before-RAS refresh capability
- KM44C4000A/AL/ASL (5V, 4K Ret.) « RAS-only and Hidden refresh capability
- KM44C4100A/AL/ASL (5V, 2K Ref.) * Self-refresh capability(L & SL - ver)

- KM44V4000A/AL/ASL (3.3V, 4K Ref.)

- KM44V4100A/AL/ASL (3.3V. 2K Ref) * Fast parallel test mode capability

* TTL(5V)/LVTTL(3.3V) compatible inputs and outputs

* Active Power Dissipation Unit: mW « Early Write or output enable controlled write
Speed - ey ooy « JEDEC Standard pinout
b oak 2K | 4K L 2K * Available in Plastic SOJ and TSOP(ll) packages
-5 - - 495 605 = Single +5V+10% power supply(5V product)
-6 288 | 360 440 550 « Single +3.3V+0.3V power supply(3.3V product)
-7 252 324 385 495
-8 216 288 330 440 *

*Refresh oycles . , "~ FUNCTIONAL BLOCK DIAGRAM
Part |\, |Refreshl Refresh period
C4000A| 5V cag—»|  Control - Vss
V4000A| 3.3V 4K | 64ms W > Clocks VBB Generator
CA4100A 5\/ 128ms |256ms T
2K | 32ms
V4100A| 3.3V Row Decoder Data in
N Bufer
* Performance range: N .\ e boo
PSRN SR SRS T R lemory Array | @
tRAC tCAC’F!RC | tPC | Remark 4,194,304 x 4 g m to
-5 50ns | 13ns | 90ns| 35ns | 5V Only Cells o e DQ3
6 | 60ns | 15ns |110ns| 40ns | 5V/33V | A0-A11 ] 3 —
(A0 ~A10)*1
-7 | 70ns | 20ns [130ns| 45ns | 5V/3.3V A0 ~A9 —]Col. Address Buffer || Column Decoder Buffer |- OF

-8 | 80ns | 20ns.|150ns| 50ns | 5V/3.3V |- (A0~A10)1

Note) *1 : 2K Refresh

SAMSUNG ELECTRONIC CO., LTD. reserves the right to
change products and specifications without notice.

ELECTRONICS




KM44C4000A, KM44C4100A

KM44V4000A, KM44V4100A CMOS DRAM
PIN CONFIGURATION (Top Views)
« KM44C/V40(1)00AJ « KM44C/V40(1)00AT « KM44C/V40(1)00ATR
4
Vece 10 24P Vss Vce I 1© 24 Vss Vss 324 11 Vee
paoq 2 23ppa3 DQom 2 230 DQ3 DQ3mY23 o 2w DQO
DQ1ds3 22 DQ2 DQim] 3 22D DQ2 DQ2 22 3 pan
wq4 21 PTAS = P 21} TAS TAS 21 4 W
RASq s 20 OE RASM] 5 20fD OF OFE 20 5T BAS
*Al10d 6 19 P A9 *Al1m] 6 191 A9 A9 I}19. 60 *A11
At0q 7 18P As Atom] 7 18D A8 as]18 2m At0
Aol 8 17pA7 Ao 17D A7 A7md17 gl Ao
Al g 16 H A6 Alg 160 A6 A6 T]16 oM A1
A2010 15P A5 A2m310 150 A5 As5I]15 10 A2
A3d11 O 14pPaAs4 As}11 O 14f@ A4 a4 O y1fmA3
Vee Q12 13P Vss Veclq2 130 Vss Vss 13 12JFD Vce

J: 400 mil 24(28) SOJ

« KM44C/V40(1)00AK

K : 300 mil 24(26) SOJ
* A11 is N.C for KM44C/V4100A(5V/3.3V, 2K Ref. product)

T : 400 mil 24(28) TSOP I

* KM44C/V40(1)00AS
Vee ] 1© 24 M Vss
pQod™ 2 23 1 DQ3
DQ1I 3 22 £ DQ2

wol4 21 o CAS
RASE]s5 20 o OE
A1 6 19 -1 A9
A0 7 18 |1 A8

A0 g 17 A7
A1 g 16 1 A6
A2d10 15 0 A5
A1 o 140 A4
Vec@M12 13 1 Vss

S : 300 mil 24(26) TSOP Il

TR : 400 mil 24(28) TSOP lI(Rev.)

» KM44C/V40(1)00ASR
Vss o4 o1 bJ Vce
DQ3I} 23 21 pao
DQ2M3 20 30 DQ1
CASI]2q 4w
OEm 20 s RAS
A9} 19 e *A11
A8 18 7 A10
AT 17 8| A0
A6Y 16 o A1
A5 15 100 A2
A4 O 110 A3
Vss 13 12 vee

SR : 300 mil 24(26) TSOP II(Rev.)

Pin Name | Pin Function -
AO - A11 | Address Inputs(4K Product)
AQ - A10 | Address Inputs(2K Product)
DQO -3 Data In/Out
Vss Ground
RAS Row Address Strobe
CAS Column Address Strobe
U Read/Write Input
OE Data Outputs Enable
Vee Power(+5.0V)

Power(+3.3V)
N.C No Connection(2K Refresh)

ELECTRONICS
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KM44C4000A, KM44C4100A
KM44V4000A, KM44V4100A

CMOS DRAM

ABSOLUTE MAXIMUM RATINGS

. .3V i
Voltage on any pin relative to Vss Vin,Vour 0.5 to +4.6 -1 to +7.0
Voltage on Vcc supply relative to Vss Vee -0.5 to +4.6 -1 to +7.0 Y
Storage Temperature Tstg -55 to +150 -55 to +150 °C
Power Dissipation Po 1 1 w
Short Circuit Output Current los 50 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 (Voltages referenced to Vss, Ta= 0 to 70 °C)

Supply Voltage Vee 3.0 3.3 3.6 45 5.0 5.5 v
Ground . Vss 0 0 0 0 0 0 \Y;
Input High Voltage Vin 20 - Vee+0.3™! 2.4 Vee+11 v
Input Low Voltage Vi -0.372 - 0.8 -1.072 0.8 v

*1 :Vee + 1.3V/15ns(3.3V), Vec+2.0V/20ns(5V), Pulse width is measured at Vce.

*2: - 1.3V/15ns(3.3V), - 2.0V/20ns(5V), Pulse width is measured at Vss.

DC AND OPERATING CHARACTERISTICS (Recommended operating conditions unless otherwise noted.)

ELECTRONICS

Input Lealfage Current (Any input 0<VingVec+0.3V, I -5 5 pA
all other pins not under test=0 volt.)
Output Leakage Current '
3.3v (Data out is disabled, 0V<Vout<Vcc) low -5 5 HA
Output Hi’gh\ Voltage Level(loH=-2mA) Vo 2.4 - \)
Output Low Voltage Level(loL.=2mA) VoL - - 0.4 \
Input Leakage Current (Any input 0<VINSVec+0.5V, I -5 5 pA
all other pins not under test=0 volt.)
Output Leakage Current '
5V | (Data out is disabled, OV<Vour<Vce) low) -5 5 A
Output High Voltage Level(loH=-5mA) Vor 2.4 - Vv
Output Low Voltage Level(lo,=4.2mA) Vou - 0.4 \
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KM44C4000A, KM44C4100A
KM44V4000A, KM44V4100A CMOS DRAM

DC AND OPERATING CHARACTERISTICS (Continued.)

5 - - 90 110 mA
-6 80 100 80 100 mA

3] Don't care 7 70 90 70 % mA
-8 60 80 60 80 mA

Normal ’ 2 2 2 2 mA

Iccz USL Don't care 1 1 1 1 mA
-5 - - 90 110 mA

it -6 80 100 80 100 mA

lcca | Don't care 7 70 90 70 % mA
-8 60 80 60 80 mA

. -5 - - 80 90 mﬁ

. -6 70 80 70 80 m,
Don't care d )

loca 7 60 70 60 70 mA
-8 50 60 | - 50 60 mA

Normal 1 1 1 1 mA

lecs L Don't care 300 300 300 300 pA
SL 200 200 200 200 pA

5 . - . 90 110 mA

8 -6 80 100 80 ’ 100 mA

Icce Don't care 7 70 %0 70 90 mA
-8 60 80 60 80 mA

L , 450 400 450 400 HA

lec? sL | Dontcare 350 300 350 300 A
lccs L/SL | Don't care 250 250 300 300 pA

Icct* : Operating Current (RAS and CAS cycling @tRC=min.)
Icc2 : Standby Current (RAS=CAS=W=ViH )
Iccs* : RAS-only Refresh Current (CAS=VmH, RAS cycling @tRC=min.)
Iccsa* : Fast Page Mode Current (RAS=Vw, CAS, Address cycling @tPC=min.)
lccs : Standby Current (RAS=CAS=W=Vcc-0.2V)
lcce* : CAS-Before-RAS Refresh Current (RAS and CAS cycling @tRC=min.)
Icc7 : Battery back-up current, Average power supply current, Battery back-up mode
Input high voltage(ViH)=Vce-0.2V, Input low voltage(Vi)=0.2V, CTAS= 0.2V
Din = Don't care, Trc= 31.25us(4K/L-ver), 62.5us(4K/SL-ver, 2K/L-ver), 125us(2KISL-ver) ,
_Tras=Trasmin~300 ns
Iccs : Self Refresh Current
RAS=CAS=0.2V, W=OE=A0 ~ A11 = Vcc-0.2V or 0.2V, DQO ~ DQ3= Vcc-0.2V, 0.2V or Open

*NOTE : lcct, lees, Icca and lccs are dependent on output loading and cycle rates. Specified values
are obtained with the output open. Icc is specified as an average current. In lcc1, lccs,
and Icce, address can be changed maximum once while RAS=V.L. In Icc4, address can be

.changed maximum once within one fast page mode ¢ycle time tPC.

ELECTRONICS ' :




KM44C4000A, KM44C4100A
KM44V4000A, KM44V4100A

CMOS DRAM

CAPACITANCE(TA=25°C,Vce=5V or 3.3V, f=1MHz)

e
Input capacitance [AO - A11] Cins - 5 pF
Input capacitance [RAS, CAS, W, OE] Cinz - 7 pF
Output Capacitance [DQO - DQ3] Coa - 7 pF

AC CHARACTERISTICS (0°C<Ta<70°C, See note 1,2)
: Vee=5.0V+10%, Vin/Vii=2.4/0.8V, Von/Vol =2.4/0.4V
Test condition(3.3V device) : Vcc=3.3V+0.3V, Vin/Vi=2.0/0.8V, Von/Vo =2.0/0.8V

Test condition(5V device)

Random read or write cycle time

90

130

ns

tRC 110 150

Read-modify-write cycle time tRWC {133 155 185 205 ns
Access time from BAS tRAC 50 60 70 80 ns |3,4,10
Access time from CAS tCAC 13 15 20 20 ns | 345
Access time from column address tAA 25 30 35 40 ns | 3,10
CAS to output in Low-Z tCcLZ 0 0 0 ns 3
Output buffer turn-off delay tOFF 0|13 ] 0 15|10 | 20 20 ns 6
Transition time (rise and fall) tT 3|/50|3 |50|3]50 50 ns 2
RAS precharge time tRP 30 40 50 60 ns

RAS pulse width tRAS 50 | 10K | 60 | 10K |70 [ 10K | 80 | 10K ns
RAS hold time tRSH | 13 15 20 20 ns
CAS hold time tCSH | 50 60 70 80 ns

CAS putse width tCAS 13 | 10K | 15 | 10K [ 20 | 10K | 20 | 10K ns

RBAS 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 10
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 ns
Column address hold time referenced to RAS| tAR 40 45 55 60 ns 15
Column address to RAS lead time tRAL | 25 30 35 ns
Read command set-up time - tRCS 0 0] 0 0 ns
Read command hold time referenced to CAS | tRCH [4] 0 0 0 ns 8
Read command hold time referenced to RAS | tRRH 0| 0 0 0 ns

Wri mm. im tWCH | 10 10 15 15 ns

| Write command hold time referenced to RAS | tWCR | 40 45 55 60 ns

| Write command pulse width tWP 10 10 15 15 ns

| Write command to BAS lead time tAWL | 15 15 20 20 ns

Write command to CAS lead time tCWL | 13 15 20 20 ns

Note) *1 : 5V only
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KM44C4000A, KM44C4100A el e mroee e
KM44V4000A, KM44V4100A . CMOS DRAM
'AC CHARACTERISTICS (Continuecd) ' ' Tt

Data set-up time tbs | © 0 0 0 9
Data hold time' . . |lioH . T10 110 15 15 ns | o
Data hold time referenced to RAS DHR | 40 45 55 60 | ns |15
Refresh period(2K, Normal) - |tREF 32 32 32 32 | ms
Refresh period(4K, Normal) : {REF.. | 64 64 64 64 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 ’ twCs | o o ‘1o 0 ns. |. 7
CAS to W delay time . - - |ltcwp. |36 40 50 50 ns |7
RAS to W delay time ' tRWD |73 85 100 110 - |ns | 7
Column address to W delay time tAWD | 48 55 65 70 ns | 7
CAS precharge to W delay time - |tcPwD | 53 60 70| 75| ns

ICAS set-up time (CAS-before-RAS refresh) [tCSR | 5 5 5 5 ns

CAS hold time (CAS-before-BAS refresh)  [tCHR | 10 10 15 15 ns

IRAS to CAS precharge time tRPC 5 5 5 5 ns

CAS precharge time(CBR counter test cycle)|tCPT | 20 20 30 30 ns | 3
Access time from CAS précharge 1CPA - | 30 35 40 45 | ns

Fast Page mode cycle time : - |tPC. |35 40 45| |50 ns

Fast Page mode read-modify-write cycle timel tPRWC | 76 85 100 {105 ns

CAS precharge time (Fast page cycle) - tCP 10 10 10 10 ns

RAS pulse width (Fast page cycle) tRASP | 50 |200K | 60 |200K | 70 | 200K | 80 200K | ns

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

OF access time _ |toEA 13 15 20 20 | ns

OE to data delay : tOED | 13 15 20 20 | ns

Out put buffer turn off delay time from OE  [tOEZ 0| 183[]0 |15 |0 20 0 20 | ns

OE command hold time ) tOEH | 13 15 20 20 ns

Write command set-up time(Test mode in) [tWTS | 10 10 10 10 ns | 11
Write command hold time(Test mode in) tWTH | 10 10 10 10 ns |11
W to RAS precharge timé(C-B-ﬁ refrésh) tWRP_ | 10 10 10 10 ns

W to BAS hold time(C-B-R refresh) tWRH | 10 10 10 10 ns

RAS pulse width(C-B-R self refresh) tRASS. [100 100 100 100 us | 14
RAS prechafge time (C-B-R self refresh) tRPS | 90 110 130 150 ns |14
CAS hold time (C-B-R self refresh)’ tCHS | -50 -50 -50 -50 ns |14

Note) *1: 5V only
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KM44C4000A, KM44C4100A
KM44V4000A, KM44V4100A CMOS DRAM

TEST MODE CYCLE

(Note. 11)

: i 5! ; ohaab
' ’Parqmeter‘ o , PP min| Max [Min| Max ! _Max Unils Notes
Random read or write cycle time tRC | 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 |3,4,10
Access time from CAS tCAC 18 20 25 25 | ns [345
Access time from column address tAA 30 35 40 45 | ns | 310
RAS pulse width tRAS [ 55| 10K |e5]| 10K | 75| 10K | 85| 10K | ns
CAS pulse width tCAS | 18| 10K 20| 10K |25 10K | 25| 10K | ns
RAS hoid time tRSH [ 18] . 20 25 25 ns
CAS hold time tCSH | 55 65 75 85 ns
Column address to RAS lead time tRAL | 30 [ 35 40 45 ns
CAS to W delay time tCWD | 41 45 55 55 ns 7
RAS to W delay time tRWD ‘| 78 90 105 115 ns 7
Column address to W delay time tAWD | 53 60 70 75 ns 7
Fast Page mode cycle time tPC 40 45 50 55 ns
Fast page mode read-modify-write cycle time| tPRWC| 81 90 105 110 ns
RAS pulse width (Fast page cycle) tRASP | 55 | 200K | 65 | 200K | 75 | 200K | 85 | 200K | ns
Access time form CAS precharge tCPA 35 40 1 45 50 | ns 3
OE access time tOEA 18 20 25 25 | ns
OE to data delay tOED | 18 20 25 25 ns
OE command hold time tOEH | 18 20 25 25 ns

Note) *1: 5V only
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KM44C4000A, KM44C4100A
KMA44VA4000A, KM44V4100A CMOS DRAM

NOTES

1. An initial pause of 200us is required after power-up followed by any 8 ROR or CBR cycles before
proper device operation is achieved.

2. ViH(min) and ViL(max) are reference levels for measuring timing of input signals. Transition times are
measured between ViH{min) and ViL(max) and are assumed to be 5ns for all inputs.

3. Measured with a load.equivalent to 2 TTL(5V device)/1 TTL(3.3V device) loads and 100pF.

4. Operation within the tRCD(max) limit insures that tRAC(max) can be met. tRCD(max) is specified as
a reference point only. If tRCD is greater than the specified tRCD(max) limit, then access time is
controlled exclusively by tCAC.

5. Assumes that tRCD= tRCD(max).

6. This parameter defines the time at which the output achieves the open circuit condmon and is not
referenced to VoH or VoL.

7. tWCS, tRWD, tCWD and tAWD are non restrictive operating parameters. They are included in the
data sheet as electric characteristics only. If tWCS>tWCS(min), the cycles is an early write cycle
and the data output will remain high impedance for the duration of the cycle. If tCWD>tCWD(min),
tRWD=tRWD(min) and tAWD2 tAWD(min), then the cycle is a read-modify-write cycle and the data
output will contain the data read from the selected address. If neither of the above conditions is
satisfied, the condition of the data out is indeterminate.

8. Either tRCH or tRRH must be satisfied for a read cycle.

9. These parameters are referenced to the CAS leading edge in early write cycles and to the W
leading edge in read-modify-write cycles. '

10. Operation within the tRAD({max) limit insures that tRAC(max) can be met. tRAD(max) is specified as
a re ference point only. If tRAD is greater than the specified tRAD(max) limit, then access time is
controlled by tAA. ‘

11. These specifications are applied in the test mode.

12. In test mode read cycle, the value of tRAC, tAA, tCAC is delayed by 2ns to 5ns for the specified
values. These parameters should be specified in test mode cycles by adding the above vaiue to the
specified value in this data sheet.

13. tOFF(max) and tOEZ(max) define the time at which the output achieves the open circuit condition

_ and are not referenced to output voltage level.

14. 4096 (4K Ref.)/2048(2K Ref.) cyclesof burst refresh must be executed within 16ms before and after
self refresh, in order to meet refresh specification.

15. tAR, tWCR, and tDHR are referenced to tRAD(MAX).

ELECTRONICS



KM44C4002A, KM44C4102A CMOS DRAM

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

DESCRIPTION

This is a family of 4,194,304 x 4 bit Static Column Mode CMOS DRAMs. Static Column Mode offers high
speed random access of memory cells within the same row. Refresh cycle(2K Ref. or 4K Ref.), access
time(-5, -6, -7 or -8) and package type (SOJ or TSOP-ll) are optional features of this family.

All of this family have CS-before-RAS Refresh, RAS-only refresh and Hidden Refresh capabilities.

This 4Mx4 Static Column Mode DRAM Family is fabricated using Samsung's advanced CMOS process to

realize high band-width and high reliability. It may be used as main memory unit for high level computer and
high performance microprocessor systems.

FEATURES
¢ Part Identification o Static Column Mode operation
- KM44C4002A(5V, 4K Ret.) « CS-before-RAS refresh capability

- KM44C4102A(5V, 2K Ret.) * RAS-only and Hidden refresh capability

* Fast parallel test mode capability

* Active Power Dissipation « TTL compatible inputs and outputs

Unit : mW ; .
: o mem - * Early Write or Output enable controlled write
Speed s Power dissipation « JEDEC Standard pinout
po AR 2R « Available in Plastic SOJ and TSOP(Il) packages
S 495 605 « Single +5V+10% power suppl
-6 440 550 *Sing - P PPy
-7 385 495
-8 330 440
* Refresh cycles
: e FUNCTIONAL BLOCK DIAGRAM
N | Refresh | Refresh Period v , .
| ooyle VT s e
o3 > ontrol Vss
KM44C4002A 4K 64ms S 3 cous T ——
KM44C4102A 2K 32ms T -
. Row Decoder Data in
* Performance range: 5 Buffer
[Speed | tRAC | ICAC | tRC | t8C | Memory Amay |3 poo
- [ Refresh Counter | [ | 4194304x 4 {517}
5 50ns | 13ns | 90ns | 30ns Refresh Counter Celis g N 0a3
6 | 60ns | 15ns | 110ns | 35ns AO-AT1 g
-7 70ns | 20ns | 130ns 40ns (AD~A10)"1 # Data out
-8 80ns 20ns 150ns 45ns A0 ~A9 _-:ICOI. Address Buffer l—’ Column Decoder Buffer |4~ OE
(A0 ~A10)"1

Note) *1 : 2K Refresh

SAMSUNG ELECTRONIC CO. LTD. reserves the right to
change products and specifications without notice.
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KM44C4002A, KM44C4102A ‘ CMOS DRAM

PIN CONFIGURATION (Top Views)

« KM44C40(1)02AJ _ * KM44C40(1)02AT » KM44C40(1)02ATR
Vec 1o 24pVss Vee o 10 241 Vss Vss 24 1§ Vee
Do 2 23ppaQ3 DQom] 2 230 DQ3 pa3E23 o  2fmDQO
ple] N K 22pDQ2 DQi3 3 220 DQ2 DQ2@j22 3 bDQ1

wda 21pTs L= P 21fm s ts 21 sFmw
RASO S5 20pTE RASI] 5 201 OF OE 20 5D RAS
*Al1d 6 19P A9 ‘A1l 6 19f A9 A9IJ19 e *A11
A0 7 18P A8 Al00] 7 18| A8 As]18 7 A0

A0O 8 17PA7 A0 8 170 A7 A7Iq17 sfm Ao
AiQo 16 P A6 Alm]g 160 A6 As]16 ofm A1
A2010 15p A5 A2md10 150 A5 A5IJ15 10D A2
A3011 O 14pA4 A3t O 14fm A4 a4 O 11fmA3
VecH12 13 EVss Vec}12 13 Fn Vss Vss Q13 12JA0 Vee
J: 400 mil 24(28) SOJ T : 400 mil 24(28) TSOP Il TR : 400 mil 24(28) TSOP li(Rev.)
* KM44C40(1)02AK : » KM44C40(1)02AS * KM44C40(1)02ASR
veem]1© 24} vss vssidos  o1fm Vee
Doy 2 23fm DQ3 DQ3IY 23 2 bao
pQ1 3 22 1 DQ2 DQ2tY 2o 3 ba1
w4 21 TS [efy: = PR s W
RBASI] 5 20 o OE OEmM] 2o 51 RAS
‘A1 6 19 |1 A9 A9 19 s *A11
Al0@] 7 18k A8 A8 g 7D A0
A0 8 17 (0 A7 AT} 47 s A0
Al g 16 | A6 A6 16 9 A1
A2i40 15 [ A5 A5 15 100 A2
A1 o 140 A4 A4 O 110 A3
Vec ™12 13 0 Vss vssi 13 120 Vec
K : 300 mil 24(26) SOJ S : 300 mil 24(26) TSOP Il SR : 300 mil 24(26) TSOP IlI(Rev.)

* A11is N.C for KM44C4102A(5V, 2K Ref. product)

A0 - A1 Address Inputs(4K Product)
A0 - A10 Address Inputs(2K Product)
DQO~3 Data in/out -
Vss Ground
RAS Row Address Strobe
CS Chip select input
w Read/Write Input
OE Data Output Enable
Vee Power(+5.0V)
N.C No Connection

ELECTRONICS



CMOS DRAM

KM44C4002A, KM44C4102A

ABSOLUTE MAXIMUM RATINGS

Voltage on any pin relative to Vss Vin,Vour -1 to +7.0 Vv
Voltage on Vce supply relative to Vss Vee -1 to +7.0 Vv
Storage temperature Tstg -55 to +150 °C
Power dissipation Po 1 w
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 (Voltages referenced to Vss, Ta= 0 to 70 °C)

Supply voltage Vee 45 5.0 5.5 v
Ground Vss 0 0 0 vV
Input high voltage . ViH 24 - Vee+1.0M1 \%
Input low voltage Vi -1.0°2 - 0.8 v

*1 1 Vce+2.0V at pulse width < 20ns (pulse width is measured at Vec)
*2 1 -2.0V at pulse width < 20ns (pulse width is measured at Vss)

DC AND OPERATING CHARACTERISTICS

(Recommended operating conditions unless otherwise noted.)

Input leakage current (Any input 0<VingVee+0.5V T .5 5 pA
all other pins not under test=0 volts.) ' .

Output leakage current

(Data out is disabled. 0V<Vout<Vce) low) o 5 KA
Output high voltage level(lon=-5mA) _ VoH 24 - \
Output low voltage level(loL=4.2mA) i VoL - 0.4 \'

PEamsungg g AT
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-6 80 100 mA
lect 7 70 9% mA
-8 60 80 mA
lccz Don't care 2 2 mA
-5 ) 90 110 mA
-6 80 100 . mA
lccs 7 70 90 mA
-8 60 80 mA
-5 80 90 m:
-6 70 80 m
|
cce e 60 o , mA
-8 50 60 mA
lees Don't care 1 1 mA
-5 90 110 mA’
-6 80 100 mA
lcce 7 70 ; 90 | mA
-8 60 80 mA

lcct *: Operating current (RAS and CS cycling @tRC=min.)

Iccz : Standby current (RAS=CS=W=Vin )

Iccs *: RAS-only refresh current (CS=ViH, RAS ,Address cycling @RC=min.)
Icca *: Static Column Mode current (RAS=Vi, CS, Address cycling @tSC=min.)
Ices : Standby current (RAS=CS=W=Vcc-0.2V)

lccs *: CS-before-RAS refresh current (RAS and CS cycling @tRC=min.)

*NOTE : lcey, lecs, Iecs and Iecs are dependent on output loading and cycle rates. Specified values
: are obtained with the output open. lcc is specified as an average current. In lcct, lccs
and lcce, address can be changed maximum once while BAS=ViL. In lccs, address can be

changed maximum once within one Static Column mode cycle time tSC.
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KM44C4002A, KM44C4102A CMOS DRAM

CAPACITANCE(Ta=25°C,Vcc=5V , f=1MHz)

Parameter Symbol Min Max Unit
Input capacitance [AO - A9] Cint - 5 pF
Input capacitance [RAS, CS, W, OF] Cine - 7 pF
Output Capacitance [DQO - DQ3] Coa - 7 pF

AC CHARACTERISTICS (0°C<Ta<70°C, See note 1,2)
Test condition : Vcc=5.0V+10%, Vih/Vil = 2.4/0.8V, Voh/Vol = 2.4/0.4V

’ Parameter ‘ Symbol Min 5Max Min 6Max Min :ﬂax Min. SMax Units | Notes
Random read or write cycle time tRC 90 110 130 150 ns
Read-modify-write cycle time tRWC 1133 155 185 205 ns
Access time from RAS tRAC 50 60 70 80 ns |3,4,10

| Access time from CS tCAC 13 15 20 20 ns | 345
Access time from column address tAA 25 30 35 40 ns | 3,10
CS to output in Low-Z tCLZ 0 0 0 0 ns 3
Output buffer turn-off delay from CS* tOFF 0|13 0 [ 150 |20 | o0 | 20 ns 6
Transition time (rise and fall) tT 3|50 3 50 3|50 3| 50 ns 2
RAS precharge time tRP 30 40 50 60 ns
RAS pulse width tRAS 50 | 10K | 60 | 10K | 70 | 10K | 80 | 10K ns
RAS hold time tRSH | 13 15 20 20 ns
CS hold time ‘ tCSH | 50 60 70 80 ns
CS pulse width . tCS 13 | 10K | 15 | 10K | 20 | 10K | 20 | 10K ns
RAS to CS 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 10

'| CS 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 50 55 60 ns 14
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 hold time referenced to CS | tRCH 0 0 0 0 ns 8
Read command hold time referenced to RAS | tRRH 0 0 |0 0 ns 8
Write command hold time tWCH | 10 10 15 15 ns
Write command hold time referenced to RAS | tWCR | 40 45 55 60 ns 14
Write command pulse width tWP 10 10 15 15 ns
Write command to RAS lead time tRWL | 15 15 20 20 ns
Write command to CS lead time tCWL | 13 15 20 20 ns
Data set-up time tDS 0 0 0 0 ns 9

ELECTRONICS



KM44C4002A, KM44C4102A CMOS DRAM

AC CHARACTERISTICS (Continued)

Data hold time ‘ DH | 10 10 15 15| | ns |9
Data hold time referenced to RAS tDHR | 40 45 - |55 60 ns | 14
Refresh period(2K Ref.) tREF 32 32 32 32 ms
Refresh period(4K Ref.) tREF 64 64 64 64 ms
Write command set-up time tWCS 0 0 0 0 ns | 7
CS to W delay time tCWD | 36 40| |50 50 ns | 7
RAS to W delay time tRWD | 73 85 100 110 ns | 7
Column address to W delay time tAWD | 48 55 65 70 ns | 7
CS set-up time (CS-before-RAS refresh) tCSR 5 5 5 5 ns

CS hold time (CS-before-RAS refresh) tCHR | 10 10 10 10 ns
RAS to CS precharge time ) tRPC 5 5 5 5 ns

CS precharge time(C-B-R counter test cycle) |tCPT | 20 20 30 30. ns
Static Column mode cycle time tSC 30 35 40 45 ns
Static Column mode read-modify-write cycle time  (tSRWC| 76 85 100 110 ns
Access time from last write tALW 50 55 65 75 ng | 3,11
Output data hold time from column address |tAOH 5 5 5 5 ns
Output data enable time from W tOW 35 40 45 55 ns

CS precharge time (Static Column cycle) tCP 10 10 10 10 |. ns
RAS pulse width (Static Column cycle) tRASC | 50 |200K| 60 |200K |70 | 200K | 80 | 100K | ns

TS pulth width (Static Column cycle) 1CSC | 13 |200K | 15 | 200K | 20 | 200K | 20 | 200K | ns
Column address hold time referenced to RAS rising | tAH 5 5 5 5 ns
Last write to column address delay time tLWAD | 20 | 26 |20 | 25 |25]| 30 | 25| 35 ns

Last write to column address hold time tAHLW | 50 55 65 75 ns
Write command inactive time ~|[tWI 10 ‘ 10 10 10 ns
Write address hold time referenced to RAS  [tAWR | 40 45 55 60 .| ns

OF access time tOEA 13 15 20 20 | ns

OE to data delay tOED | 13 15 20 20 ns
Output buffer turn off delay from OE tOEZ 0|13 ]0 15 | 0 20 0 20 ns

OE command hold time . tOEH | 13 15 20 120 ns
Write command set-up time(Test mode in)  [tWTS 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

ELECTRONICS
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TEST MODE CYCLE

(Note. 11)
Random read or write cycle time tRC 95 115 135 155
Read-modify-write cycle time tRWC | 138 160 190 210 ns
Access time from RAS tRAC 55 65 75 85 ns |3,4,1Q
Access time from CS tCAC 18 20 25 25 | ns | 345
Access time from column address tAA 30 35 40 45 ns | 3,10
RAS pulse width tRAS | 55| 10K [ 65| 10K |75 | 10K | 85| 10K | ns
CS pulse width tCS 18| 10K | 20| 10K |25 | 10K | 25| 10K | ns
RAS hold time tRSH | 20 20 25 25 ns
CS hold time tCSH | 55 65 75 85 ns
Column address to RAS lead time tRAL | 30 35 40 45 ns
CS to W delay time tCWD | 45 45 55 55 ns
RAS to W delay time tRWD | 80 20 105 115 ns
Column address to W delay time tAWD | 55 60 70 75 ) ns
Static Column mode cycle time tSC 35 40 45 50 ns
Static Column mode read-modify-write cycle time | tSRWC| 81 90 105 110 ns
RAS pulse width (Static Column cycle) tRASC| 55 | 100K | 65| 100K |75 | 100K | 85| 100K | Nns
Access time form last write tALW 55 60 70 80 ns | 3,11
OE access time tOEA 18 20 25 30 | ns
OE to data delay tOED | 18 20 25 25 ns
OE command hold time tOEH | 18 20 25 25 ns

ELECTRONICS ‘
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NOTES

1. An initial pause of 200us is required after power-up followed by any 8 ROR or CBR cycles before
proper device operation is achieved.

2. ViH(min) and ViL(max) are reference levels for measuring timing of input signals. Transition times are
measured between ViH(min) and ViL{(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 tRCD(max) limit insures that tRAC(max) can be met. tRCD(max) is specified as
a reference point only. If tRCD is greater than the specified tRCD(max) limit, then access time is
controlled exclusively by tCAC.

5. Assumes that tRCD> tRCD(max).

6. This parameter defines the time at which the output achieves the open circuit condition and is not
referenced to Vo or VoL.

7. tWCS, tRWD, tCWD and tAWD are non restrictive operating parameters. They are included in the
data sheet as electric characteristics only. If tWCS>tWCS(min), the cycles is an early write cycle
and the data output will remain high impedance for the duration of the cycle. If tCWD= tCWD(min),
tRWD=tRWD(min) and tAWD= tAWD(min), then the cycle is a read-modify-write cycle and the data
output will contain the data read from the selected address. If neither of the above conditions is
satisfied, the condition of the data out is indeterminate.

8. Either tRCH or tRRH must be satisfied for a read cycle.

9. These parameters are referenced to the CS leading edge in early write cycles and to the W leading
edge in read-modify-write cycles.

10. Operation within the tRAD(max) limit insures that tRAC(max) can be met. tRAD(max) is specified as-
a re ference point only. If tRAD is greater than the specified tRAD(max) limit, then access time is
controlled by tAA.

11. These specifications are applied in the test mode.

12. In test mode read cycle, the value of tRAC, tAA, tCAC is delayed by 2ns to 5ns for the specified
values. These parameters should be specified in test mode cycles by adding the above value to the
specified value in this data sheet.

13. tOFF(max) and tOEZ(max) defines the time at which the output achieves the open circuit condition
and are not referenced to 6utput voltage level.

14. tAR, tWCR, and tDHR are referenced to tRAD(MAX).

PSinsuneg | -
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KM44C4003A, KM44C4103A CMOS DRAM

4M x 4 Bit CMOS Quad CAS DRAM with Fast Page Mode

DESCRIPTION

This is a family of 4,194,304 x 4 bit Fast Page Mode Quad CAS DRAMs. Fast Page Mode offers high
speed random access of memory cells within the, same row. Refresh cycie(2K Ref. or 4K Ref.), access
time(-5, -6, -7 or -8), power consumption(Normal, Low power or Super-Low power) and package
type(SOJ or TSOP-II) are optional features of this family. All of this family have CAS-before-RAS refresh,
RAS-only refresh and Hidden refresh capabilities. Further more, Self-refresh operation is available in L & SL
version.

This 4Mx4 Fast Page mode Quad CAS DRAM family is fabricated using Samsung's advanced CMOS
process to realize high band-width, low power consumption and high reliability.

FEATURES

« Part Identification
- KM44C4003A/AL/ASL (5V, 4K Ref.)
- KM44C4103A/AL/ASL (5V, 2K Ref.)

* Fast Page Mode operation

« Four separate CAS pins provide for separate
I/0O operation

» CAS-before-RAS refresh capability

*RBAS-only and Hidden refresh capability

 Active Power Dissipation
v P « Self-refresh capability(L & SL ver)

Spéed‘ : Refresh Cycl ' « Fast parallel test mode capability
o K * TTL compatible inputs and outputs
2 :Zg ggg » Early Write or eutput enable controlled write
:7 385 195 » JEDEC Standard pinout
= 350 240 * Available in Plastic SOJ and TSOP(ll) packages

* Single +5V+10% power supply

* Refresh cycles

FUNCTIONAL BLOCK DIAGRAM

s ugg

ELECTRONICS

~ Pat | Refrest .
NO. Vee
C4002A Control l_——tj__l' Vs
~CAS3 Clocks
C4102A 2K 32ms 128ms | 256ms| N : VBB Generator
Fow Decoder Data in
* Performance range: ——3 o Buffer
Speed| tRAC | tCAC | tRC | tpC. emory Aray |2 bco
-5 50ns 13ns 90ns 35ns 4,194,304 x 4 g H DICO)3
6 60ns | 15ns | 110ns | 40ns Cells g
A0~A11 ]
7 70ns 20ns | 130ns | 45ns (A0-ATO)T oW necdress Bulter 3 Data out
-8 80ns 20ns 150ns 50ns A0 ~A9 —w{Col. Address Buffer | Column Decoder |a—m Buffer |~ OE
(A0 ~A10)"1
Note) *1 : 2K Refresh
SAMSUNG ELECTRONIC CO., LTD. reserves the right to
change products and specifications without notice.
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CMOS DRAM

+ KM44C40(1)03AT/ALT/ASLT

Vee @
DQO @O
DQ1 O

W O

RAS O
A11(N.C) ™
CASO ™
CAS1 O
A10 @

> >
)
illil

A2
A3
Vce O

—_
(]

TooONoO AWM

12
13
14

28 FO Vss
27 | DQ3
26 [0 DQ2
o5 0 CAS3
240 OFE
232 A9
22 0 CAS2
21 A N.C
20 0 A8
19 [ A7
18 [0 A6
171 A5
16 [0 A4
mi|

15

* Note : () --> 2K Product

PIN CONFIGURATION (Top Views)
* KM44C40(1)03AJ/ALJ/ASLJ

J : 400 mil 28 SOJ
T : 400 mil 28 TSOP Ii
TR : 400 mil 28 TSOP li(Rev.)

* KM44C40(1)03ATR/ALTR/ASLTR

Vss 28
DQ3 I§27
DQ2 M 26
CAS3 M2s
OE ™24
A9 4§23
CAS2 22
N.C M21
A8 ™20
A7 ™19
A6 ] 18
A5 117
A4 ™16
Vss 415

o

©CONOODWN =

(0 Vee
2 DQO
0 DQ1
T W

[T RAS
(0 A11(N.C)
(0 CTASO
1 CAS1
[0 A10
0 A0

(0 A1

1 A2

1 A3
1 Vee

£in Functio

A0 - A1 Address Inputs(4K product)
AQ - A10 Address Inputs(2K product)
DQ0 -3 Data In/Out

Vss Ground

RAS Row Address Strobe

CAS0~CAS3| Column Address Strobe
w Read/Write Input

OE Data Output Enable

Vee Power(+5.0V)

N.C No Connection
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KM44C4003A, KM44C4103A CMOS DRAM
ABSOLUTE MAXIMUM RATINGS
Parameter Symbol Rating Units
Voltage on any pin relative to Vss Vin,Vour -1 to +7.0 \
Voltage on Vcc supply relative to Vss Vece -1 to +7.0 v
Storage Temperature Tstg -55 to +150 °C
Power Dissipation Po 1 w
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 (Voltages referenced to Vss, Ta= 0 to 70 °C)

~ Parameter | Symbol Min: Typ Max Unit
Supply Voltage Vee 45 ‘5.0 55 v
~Ground Vss 0 0 0 Y,
Input High Voltage Vin 24 - Vee+11 \Y;
Input Low Voltage Vi -1.072 - 0.8 v

*1: Vcc+2.0V at pulse width < 20ns, Pulse width is measured at Vcc.
*2: - 2.0V at pulse width < 20ns, Pulse width is measured at Vss.

DC AND OPERATING CHARACTERISTICS (Recommended operating conditions unless otherwise noted.)

, Parameter | symbol | Min Max | Units

input Leakage Current (Any input 0<VINnVce+0.5V W -5 5 pA

all other pins not under test=0 volt.) ‘

Output Leakage Current _

(Data out is disabled, 0V<Vout<Vcc) 'o(")_ 5 5 WA
Output High Voltage Level(lon=-5mA) VoH 24 - v
Output Low Voltage Level(loL=4.2mA) VoL - 0.4 \"
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KM44C4003A, KM44C4103A . , CMOS DRAM

DC AND OPERATING CHARACTERISTICS (Continued.)

i SMax
~ Symbol Power Speed - ; : “Units
a8t o KM44C4003A | KM44C4103A |
-5 90 110 mA
P -6 ) 80 100 mA
lcet Don't care e 70 | 90 mA
-8 60 80 mA
I Normal . Don't care 2 2 mA
cez L/sL 1 1 mA
-5 90 110 mA
| Don't care -6 80 100 mA
ces 7 70 90 mA
-8 60 80 mA
-5 80 90 mﬁ
. ' -6 70 80 m
Don't care .
lcca al e 60 70 mA
-8 50 60 mA
Normal 1 1 mA
Iccs L Don't care 300 300 uA
SL 200 200 HA
-5 90 110 mA
I Don't care -6 80 100 mA
cce on't ca -7 70 90 mA
-8 60 80 mA
L . 450 400 pA
Icc7 SL Don't care 350 300 uA
lccs L/sL Don't care 300 300 HA

Icc1* : Operating Current (RAS and CAS cycling @tRC=min.)
lccz : Standby Current (RAS=CAS=W=Vi )
Icca* : RAS-only Refresh Current (CAS=ViH, RAS cycling @tRC=min.)
Icca* : Static Column Mode Current (RAS=ViL, CAS, Address cycling @tPC=min.)
lccs : Standby Current (RAS=CAS=W=Vcc-0.2V)
lccs* : CAS-Before-RAS Refresh Current (RAS and CAS cycling @tRC=min.)
Icc7 : Battery back-up current, Average power supply current, Battery back-up mode
Input high‘voltage(V|H)=Vcc-0.2V, Input low voltage(ViL)=0.2V, CAS= 0.2V
Din = Don't care, Trc= 31.25us(4K/L-ver), 62.5us(4K/SL-ver, 2K/L-ver), 125us(2K/SL-ver) ,
TrAs=TRAsMIN~300 ns
lccs : Self Refresh Current
" RAS=CAS=0.2V, W=0OE=A0 ~ A11 = Vcc-0.2V or 0.2V, DQO ~ DQ3= Vcc-0.2V, 0.2V or Open

*NOTE : lcct, Iees, Ieca 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. In lcct, Iccs,
and lccs, address can be changed maximum once while RAS=V.L. In Iccs, address can be
changed maximum once within one fast page mode cycle time tPC.

P e
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KM44C4003A, KM44C4103A CMOS DRAM

CAPACITANCE(TA=25"C,Vce=5V, f=1MHz)

 Parameter _ Symbo _Unit.
Input capacitance [AQ - A11] 3 Cint pF
Input capacitance [RAS, CASx, W, OE] Cing pF
Output Capacitance [DQO - DQ3] Coa pF

AC CHARACTERISTICS (0°C<Ta<70°C, See note 1,2)
Test condition : Vcc=5.0V+10%, Vin/Vi=2.4/0.8V, Von/Vo=2.4/0.4V

Random read or write cycle time tRC 90 10| [130 150 ns
Read-modify-write cycle time tRWC |133 155 185 205 ns
Access time from BAS . tRAC 50 60 70 80 ns | 34,10
Access time from CAS tCAC 13 15 20 20 ns |(3,4,5,18
Access time from column address tAA 25 30 35 40 ns | 3,10
CAS to output in Low-Z tCLZ 0 0 0 0 ns 3,18
Output buffer turn-off delay tOFF 013 ]| 0 15|10 | 20 0 | 20 ns 7,18
Transition time (rise and fall) tT 3 (503 |50 |3 |50 3] 50 ns 2
RAS precharge time tRP 30 40 50 60 ns
RAS pulse width tRAS 50 [10K'| 60 | 10K | 70 | 10K | 80 | 10K ns

.| RAS hold time tRSH | 13 15 20 20 ns 16
CAS hold time - tCSH | 50 60 70 80 ns 17
CAS pulse width tCAS | 13 |10K| 15 [ 10K |20 | 10K | 20 | 10K | ns 23
RAS to CAS delay time tRCD | 20 | 37 |20 | 45 {20 | 50 [ 20| 60 | ns | 4,16
RAS to column address delay time tRAD | 15| 25 |15 | 30 |15 | 35 | 15| 40 | ns 10
CAS to RAS precharge time tCRP 5 5 5 5 ns 17
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 16
Column address hold time tCAH 10 10 15 k 15 ns 16
Column address hold time referenced to RAS| tAR 40 45 55 60 ns 25
Column address to RAS lead time tRAL | 25 30 35 40 ns
Read command set-up time tRCS 0 0 0 0 ns 16
Read command hold time referenced to CAS | tRCH 0 0 0 0 ns | 8,17
Read command hold time referenced to RAS | tRRH 0 0 0 0 ns 8
Write command hold time tWCH | 10 10 15 15 ns 24
Write command hold time referenced to RAS | tWCR | 40 45 15 15 ns 25
Write command pulse width tWP 10 10 55 60 ns
Write command to RAS lead time tRWL | 15 15 20 20 ns
Write command to CAS lead time tCWL | 13 15 20 20 ns 17




KM44C4003A, KM44C4103A

AC CHARACTERISTICS (Continued)

CMOS DRAM

ﬂ Ll CrATDNAMING

Param in | Max [Min | Max_[Min] Max | Min| Max |/Te[Notes
Data set-up time tbs 0 0 0 0 ns | 9 ]
Data hold time tDH 10 10 15 15 ns 9
Data hold time referenced to RAS tDHR | 40 45 55 60 ns | 25
Refresh period(2K, Normal) tREF .32 32 32 32 ms
Refresh period(4K, Normal) tREF 64 64 64 64 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 tWCS 0 0 0 0 ns (7,16
CAS to W delay time tCWD | 36 40 50 50 ns | 7,16
RAS to W delay time tRWD | 73 85 100 110 ns 7
Column address to W delay time tAWD | 48 55 65 70 ns 7
CAS set-up time (CAS-before-RAS refresh) |tCSR 5 5 5 5 ns | 16
TAS hold time (CAS-before-RAS refresh) |tCHR | 10 10 15 15 ns | 17
RAS to CAS precharge time tRPC | 5 5 5 5 ns
CAS precharge time(CBR counter test cycle)|tCPT | 20 20 30 30 ns
Access time from CAS precharge tCPA 30 35 40 45 | ns | 3,18
Fast Page mode cycle time tPC 35 40 45 50 ns 19
Fast Page mode read-modify-write cycle timeg tPRWC | 76 85 100 105 ns 19
CAS precharge time (Fast page cycle) tCP 10 | 10 10 10 ns | 20
RAS pulse width (Fast page cycle) tRASP | 50 | 200K | 60 |200K |70 | 200K | 80 | 200K | ns
RAS hold time from CAS precharge tRHCP | 30 35 40 45 ns
OFE access time tOEA 13 15 20 20 | ns | 21
OE to data delay tOED | 13 15 20 20 ns | 22
CAS precharge to W delay time tCPWD | 53 60 70 75 ns

"|Out put buffer turn off delay time from OE tOEZ 0 15 | 0 15 | 0 20 0 20 ns
OE command hold time tOEH | 13 15 20 20 ns
Write command set-up time(Test mode in) [tWTS 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 )
RAS pulse width(C-B-R self refresh) tRASS {100 100 100 100 us | 14
RAS precharge time (C-B-R self refresh) tRPS | 90 110 130 150 ns | 14
CAS hold time (C-B- self refresh) {CHS | -50 .50 -50 -50 ns | 14
Hold time CAS low to CAS high tCLCH | 5 5 5 5 ns 15
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CMOS DRAM

TEST MODE CYCLE

(Note. 11)

Random read or write cycle time tRC 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 (3,4,10,12

Access time from CAS tCAC 18 20 25 25 | ns | 34,512

- | Access time from column address tAA 30 35 40 45 | ns | 3,10

RAS pulse width tRAS |55 10K|65| 10K |75 | 10K | 85! 10K | ns

CAS pulse width tCAS | 18| 10K120| 10K |25 | 10K | 25| 10K | ns

RAS hold time tRSH | 18 20 25 25 ns

CAS hold time tCSH | 55 65 75 85 ns

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

CAS to W delay time tcwWD | 41 45 55 55 ns- 7

RAS to W delay time tRWD | 78 90 105 115 ns 7
‘|Column address to W delay time tAWD | 53 60 70 75 ns 7

Fast Page mode cycle time tPC 40 45 50 55 ns

Fast page mode read-modify-write cycle time| tPRWC| 81 90 105 110 ns

RAS pulse width (Fast page cycle) tRASP | 55 | 200K| 65 | 200K | 75 | 200K | 85 | 200K| ns

Access time form CAS precharge tCPA 35 40 45 50 | ns 3

OE access time tOEA 18 20 25 25 | ns

OE to data delay tOED | 18 20 25 25 ns

OF command hold time tOEH | 18 20 25 25 ns
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KM44C4003A, KM44C4103A CMOS DRAM
NOTES

1. An initial pause of 200us is required after power-up followed by any 8 ROR or CBR cycles before
proper device operation is achieved.

2. Vin(min) and ViL(max) are reference levels for measuring timing of input signals. Transition times are
measured between ViH(min) and ViL(max) and are assumed to be 5ns for all inputs.

3. Measured with a load equivalentto 2 TTL loads and 100pF.

4. Operation within the tRCD(max) limit insures that tRAC(max) can be met. tRCD(max) is specified as
a re ference point only. If tRCD is greater than the specified tRCD(max) limit, then access time is
controlled exclusively by tCAC. ‘

5. Assumes that tRCD= tRCD(max).

6. This parameter defines the time at which the output achieves the open circuit condition and is not
referenced to VoH or VoL. )

7. tWCS, tRWD, tCWD and tAWD are non restrictive operating parameters. They are included in thedata
sheet as electric characteristics only. If tWCS2tWCS(min), the cycles is an early write cycle and the
data output will remain high impedance for the duration of the cycle. If tCWDz tCWD(min),
tRWD2tRWD(min) and tAWD> tAWD(min), then the cycle is a read-modify-write cycle and the data
output will contain the data read from the selected address. If neither of the above conditions is
satisfied, the condition of the data out is indeterminate.

8. Either tRCH or tRRH must be satisfied for a read cycle.

9. These parameters are referenced to the CAS leading edge in early write cycles and to the W leading
edge in read-modify-write cycles.

10. Operation within the tRAD(max) limit insures that tRAC(max) can be met. tRAD(max) is specified as a
reference point only. If tRAD is greater than the specified tRAD(max) limit, then access time is
controlled by tAA.

11. These specifications are applied in the test mode.

12. In test mode read cycle, the value of tRAC, tAA, tCAC is delayed by 2ns to 5ns for the specified
values. These parameters should be specified in test mode cycles by adding the above value to” the
specified value in this data sheet.

13. tOFF(max) and tOEZ(max) define the time at which the output achieves the open circuit condition
and are not referenced to output voltage level.

14. 4096(4K Ref.)/2048(2K Ref.) cycles of burst refresh must be executed within 16ms before and after
self refresh, in order to meet refresh specification.

15. In order to hold the address latched by the first
CAS going low, the parameter tCLCH must be met.

16. The first CASx edge to transition low.

17. The last CASx edge to transition high.

18. Output parameter is referenced to corresponding CASx input.

19. Last rising CASx edge to next cycle's last rising CASx edge.

20. Last rising CASx edge to first falling CAS edge.

21. First DQx controlled by the first CASx to go low.

22, Last DQx controlled by the last CASx to go high.

23. Each TASx must meet minimum pulse width.

24. Last CASx to go low.

25. tAR, tWCR, and tDHR are referenced to tRAD(MAX).
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KM44C4004A, KM44C4104A
KM44V4004A, KM44V4104A CMOS DRAM

4M x 4 Bit CMOS Dynamic RAM with Extended Data Out

DESCRIPTION

This is a family of 4,194,304 x 4 bit Extended Data Out CMOS DRAMs. Extended Data Out Mode offers
high speed random access of memory cells within the same row, so called Hyper Page Mode. Power supply
voltage(+5.0V or +3.3V), refresh cycle(2K Ref. or 4K Ref.), access time(-5, -6, -7 or -8), power
consumption(Normal, Low power or Super-Low power) and package type(SOJ or TSOP-II)
are optional features of this family. All of this family have CAS-before-RAS refresh, RAS-only refresh and
Hidden refresh capabilities. Further more, Self-refresh operation is available in L & SL version.

This 4Mx4 EDO DRAM family is fabricated using Samsung's advanced CMOS process to realize high
band-width, low power consumption and high reliability. it may be used as main memory unit for high level
computer, microcomputer and personal computer.

FEATURES « Extended Data Out mode operation

« Part Identification (Fast Page Mode with Extended data out)
- KM44C4004A/AL/ASL (5V, 4K Ref.) * CAS-before-RAS refresh capability
- KM44C4104A/AL/ASL (5V, 2K Ref.) » RAS-only and Hidden refresh capability

- KM44V4004A/AL/ASL (3.3V, 4K Ref.)

- KM44V4104A/AL/ASL (3.3V, 2K Ret.) * Self-refresh capability(L & SL - ver)

* Fast parallel test mode capability

* Active Power Dissipation Uit m « TTL(5V)/LVTTL(3.3V) compatible inputs and outputs
Speed 3.3V - 5V o * Early Write or outpt.Jt enable controlled write
4K 2K | 4K | 2K » JEDEC Standard pinout
> - - 495 | 605 * Available in Plastic SOJ and TSOP(Il) packages
5 288 360 440 550 * Single +5V410% power supply(5V product)
’ 252 324 385 495 * Single +3.3V+0.3V power supply(3.3V product)
-8 216 288 330 440

" Refresh oycles ; FUNCTIONAL BLOCK DIAGRAM
Part. Vee | Refresh Refresh period
NO. |~ “cycle {Normal| L | SL FAS b Vee
C4004A| 5V cas»{  Conwol Vss
V4004A | 3.3V 4K | 64ms w > Clocks VBB Generator
Ca104A| BV N 128ms | 256ms T
V4104A| 3.3V Refresh Timer Row Decoder Data in
[} Buffer
* Performance range: " N 3 bQo
o lemory Array
Speed] trac[tcac] tRC [tHPC [ Remark | 4194304 % 4 §— to
-5 | 50ns | 13ns| 90ns| 20ns | 5V Only Colls 3 I Da3
-6 60ns | 15ns |110ns| 25ns | 5V/3.3V A0~A11 _TIRow Address Butfer
70ns | 20ns | 130ns| 30ns [ 5V/3av| (A0-A10M 3 Dot
-7 ns | 2Uns ns| S9ns - A0 ~A9 ol. Address Buffer || Column Decoder Je Buffer |- OF
-8 80ns | 20ns [150ns| 35ns | 5V/3.3V | (A0~A10)1

Note) *1 : 2K Refresh

SAMSUNG ELECTRONIC CO., LTD. reserves the right to
change products and specifications without notice.
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KM44C4004A, KM44C4104A

KM44V4004A, KM44V4104A 'CMOS DRAM
PIN CONFIGURATION (Top Views)
* KM44C/V40(1)04AJ * KM44C/V40(1)04AT « KM44C/V40(1)04ATR
V .
Ve 10 24bvss Vee g 10 24D Vss - vss }24 1} Vee
DQod 2 23 DQ3 DQOm 2 231 DQ3 DQ3m}23 21 DQO
DQ1d 3 22pDQ2 DQigy 3 221 DQ2 DQ2 mj22 3o ba1
WA 21pTAS = P} 21D TAS CAS m}21 4w
RASQ 5 20pOE RASm]s 20l oE OFE 320 5D RAS
A1 6 19P A9 ahh= 19§ A9 Agm19 elm *A11
Al0g 7 18P A8 Aol 7 18D A8 As]18 7l A0
A0Q 8 17PpA7 A0 8 170 A7 A70}17 8 A0
A1 g 16 A6 Al] g 161 A6 Ae]16 o A1
A2010 15P A5 A2m}10 150 A5 A50]15 100 A2
A3d1t O 14pas4 A1 O 14fm A4 Aaad14 O 11fma3
Vec 12 13P Vss Veem12 130 Vss vss @13 12[FB Vee

J : 400 mil 24(28) SOJ

* KM44C/V40(1)04AK

K : 300 mil 24(26) SOJ

T : 400 mil 24(28) TSOP Il

* KM44C/V40(1)04AS
Vee T 1° 24 1 Vss
paor 2 23 1 DQ3
DQ1M] 3 22 1o pQ2

wWrl a4 21 [ TAS
RASIT] 5 20D OF
*A110] 6 19T A9
A0 7 18 7D A8

A0 8 17 D A7
A1E9 16 0 A6
A2@T10 15 F0' A5
A311 o 140 A4
Vecd12 13 0 Vss

S : 300 mil 24(26) TSOP I

*A11is N.C for KM44C/V4104A(5V/3.3V, 2K Ref. product)

in Function

TR : 400 mil 24(28) TSOP Ii(Rev.)

« KM44C/V40(1)04ASR
Vssl} 24 o 11 Vce
DQ3T 23 2 DQO
DQ2@T3 22 30 DQ1

CAST]o1 - 4fmW
OEm 20 s RAS
A9 19 61 *A11
A8 18 7 A10
A7TETY 17 8 Ao
A6 16 o1 At
A5 15 108 A2
Add 14 O 11D A3
Vssi] 13 12 vee

SR : 300 mil 24(26) TSOP li(Rev.)

A0 - A11 | Address inputs(4K Product)

AQ - A10 | Address Inputs(2K Product)

DQO -3 Data In/Out

Vss Ground

RAS Row Address Strobe

CAS Column Address Strobe

w Read/Write Input

OE Data Outputs Enable

Vec Power(+5.0V)
Power(+3.3V)

N.C No Connection(2K Refresh)

ﬂ ELECTRONICS
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KM44C4004A, KM44C4104A

KM44V4004A, KM44V4104A CMOS DRAM
ABSOLUTE MAXIMUM RATINGS
Rating Units
Parameter Symbot
3.3v 5V

Voltage on any pin relative to Vss Vin,Vour -0.5 to +4.6 -1 to +7.0 \Y
Voltage on Vcc supply relative to Vss © Veo -0.5 to +4.6 -1 to +7.0 \
Storage Temperature Tstg -55 to +150 -55 to +150 °C
Power Dissipation Po 1 w
Short Circuit Output Current los 50 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 (Voltages referenced to Vss, Ta= 0 to 70 °C)

Parameter Symbol - 3.3V — i Unit
Min Typ Max Min Typ Max .
Supply Voltage Voe 3.0 3.3 3.6 45 5.0 5.5 v
Ground Vss 0 0 0 0 0 0 v
Input High Voltage Vin 2.0 - Vee+0.3™ 2.4 - Vee+t™ | v
Input Low Voltage Vie -0.3% - 0.8 -1.072 - 0.8 v

*1:Vce + 1.3V/15ns(3.3V), Vec+2.0V/20ns(5V), Pulse width is measured at Vec.
*2: - 1.3V/15ns(3.3V), - 2.0V/20ns(5V), Pulse width is measured at Vss.

DC AND OPERATING CHARACTERISTICS (Recommended operating conditions uniess otherwise noted.)

L= sunig

ELECTRONICS

Parameter | Symbol Min. | Max |Units

Input Leakage Current (Any input 0<Vin<Vec+0.3V, m -5 5 HA
all other pins not under test=0 volt.)
Output Leakage Current

33V | (Data out is disabled, OV<Vour<Vcc) low | -5 5 KA
Output High Voltage Levei(lon=-2mA) VoH 2.4 - \
Output Low Voltage Level(lo,=2mA) VoL - 0.4 \
Input Leakage Current (Any input 0<VINSVec+0.5V, I .5 5 pA
all other pins not under test=0 volt.)
Output Leakage Current

5V | (Data out is disabled, OV<VoursVec) v | -5 | 5 nA
Output High Voltage Level(loH=-5mA) VoH 24 - \
Qutput Low Voltage Level(loL.=4.2mA) Vo - 0.4 \'J
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KM44C4004A, KM44C4104A , :
KM44V4004A, KM44V4104A CMOS DRAM

DC AND OPERATING CHARACTERISTICS (Continued.)

P B e peses s | i1
KM44C4004A | KM44C4104A |
90 110 mA
§ -6 80 100 80 100 mA
lcct | Don't care 7 70 %0 70 90 mA
-8 60 80 60 80 mA
Normal , 2 2 2 2 mA
locz psL | Donteare 1 1 1 1 mA
-5 - - 90 110 mA
I Don't -6 80 : 100 80 100 mA
cc3 ontcare -7 70 ) 70 % . mA -
-8 60 80 60 80 mA
-5 - - 100 110 mﬁ
f -6 90 100 90 100 m
Don't
loos | Don'tcare 7 80 90 80 90 mA
-8 70 - 80 70 80 mA
Normal 1 1 1 1 mA
lces L Don't care 300 . 300 300 300 HA
SL 200 200 200 200 uHA
-5 - - 20 110 mA
| Don't -6 80 100 80 100 mA
cee ont care -7 70 .90 70 9 mA
-8 60 80 60 80 mA
L . 450 400 : 450 400 pA
lec sL | Dontcare 350 300 350 300 uA
lccs L/SL | Don't care 250 250 300 300 pA
Icc1* : Operating Current (RAS and CAS cycling @tRC=min.)
Icc2 : Standby Current (RAS=CAS=W=Vix)
lccs* : RAS-only Refresh Current (CAS=VH, RAS cycling @tRC=min.)
Icca* : Hyper Page Mode Current (RAS=Vi, CAS, Address cycling @tHPC=min.)
lces : Standby Current (RAS=CAS=W=Vcc-0.2V)
Icce* : CAS-Before-RAS Refresh Current (RAS and CAS cycling @tRC=min.)
lccz : Battery back-up current, Average power supply current, Battery back-up mode
Input high voltage(ViH)=Vce-0.2V, Input low voltage(Vi)=0.2V, CAS= 0.2V
Din = Don't care, Tre= 31.25us(4K/L-ver), 62.5us(4K/SL-ver, 2K/L-ver), 1251s(2K/SL-ver) ,
Tras=Trasmin~300 ns
lccs : Self Refresh Current

ﬁAT=CA§=O.2\(, W=0E=A0 ~ At1 = Vcc-0.2V or 0.2V, DQO ~ DQ3= Vce-0.2V, 0.2V or Open

*NOTE : lcct, Iccs, Icca and lccs are dependent on output loading and cycle rates. Specified values

are obtained with the output open. lIcc is specified as an average current. In lcc, lccs,
and Icce, address can be changed maximum once while RAS=ViL. In lccs, address can be
changed maximum once within one hyper page mode cycle time tHPC.
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KM44C4004A, KM44C4104A
KM44V4004A, KM44V4104A ; CMOS DRAM

CAPACITANCE(TA=25°C,Vce=5V or 3.3V, f=1MHz)

Input capacitance [AO - A11] Cint 5 pF

Input capacitance [RAS, CAS, W, OE] Cinz - 7 pF
Output Capacitance [DQO - DQ3] Coa - 7 pF

~ AC CHARACTERISTICS (0°C<Ta<70°C, See note 1,2)
Test condition(5V device) : Vcc=5.0V+10%, Vin/Vii=2.4/0.8V, Voh/Vol =2.0/0.8V
Test condition(3.3V device) : Vcc=3.3V+0.3V, Vin/Vi=2.0/0.8V, Voh/Vol =2.0/0.8V

Random read or write cycle time tRC 84 104 124 144 ns
Read-modify-write cycle time tRWC |116 140 170 190 ns

Access time from RAS tRAC 50| | 60 70 80 | ns |34,10
Access time from CAS tCAC 13 15 20 20 ns | 34,5
Access time from column address tAA 25 30 35 40 ns | 3,10
CAS to output in Low-Z tcLZz 3 3 3 3 ns 3
Output buffer turn-off delay from CAS tCEZ 3|113|3 |15(3[20]| 31| 20 ns | 6,14
OE to output in Low-Z toLz 3 3 3 3 ns 3
Transition time (rise and fall) T 2150 2 50 | 2 {50 2 | 50 ns 2
RAS precharge time tRP 30 40 | 50 60 ns

RAS pulse width tRAS 50 | 10K | 60 | 10K | 70 | 10K | 80 ; 10K ns

RAS hold time tRSH | 13 15 20 20 ns

TAS hold time ‘ tCSH | 38 45 50 60 ns

CAS pulse width tCAS 8 | 10K| 10 [ 10K | 15 [10K| 20 | 10K | ns 15
RAS to CAS delay time tRCD | 20| 37 |20 | 45 |20 | 50 | 20| 60 .| ns 4
RAS to column address delay time tRAD | 16| 25 {15 | 30 | 15| 35 | 15| 40 ns 10
CAS to RAS precharge time tCRP 5 5 5 5 ns

Row address set-up time tASR 0 0 0 10 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 RAS tAR 35 42 52 57 ns 17
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 hold time referenced to CAS | tRCH 0 0 0 0 ns 8
Read command hold time referenced to RAS | tRRH 0 0 0 0 ns

Write command hold time tWCH | 10 10 15 15 ns

Write command hold time referenced to RAS | tWCR | 37 42 52 57 ns 17
Write command pulse width tWP 10 10 15 15 ns

Write command to RAS lead time tRWL | 13 15 20 20 ns

Write command to CAS lead time tCWL 8 10 15 20 ns

Note) *1 : 5V only

<P -
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KM44C4004A, KM44C4104A
KM44V4004A, KM44V4104A , . CMOS DRAM

AC CHARACTERISTICS (Continued)

Data sét-up time tDS 0 0 ‘ 0 0 ns 9
Data hold time tDH 8 10 15 15 ns 9
Data hold time referenced to RAS tDHR 37 42 52 57 ns | 17
Refresh period(2K, Normal) tREF 32 32 32 32 | ms
Refresh period(4K, Normal) tREF 64 | 64 64 64 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 tWCS 0 0 0 0 ns 7
CAS to W delay time tCWD |30 34 44 44 ns 7
RAS to W delay time tRWD | 67 79 04 104 ns | 7
Column address to W delay time tAWD | 42 49 59 64 ns 7
CAS set-up time (CAS-before-RAS refresh) | tCSR 5 5 5 5 ns

CAS hold time (CAS-before-BAS refresh) [{tCHR- | 10 10 15 15 ns

RAS to CAS precharge time tRPC 5 5 5 5 ns

CAS precharge time(CBR counter test cycle) tCPT 20 20 30 30 ns
Access time from CAS precharge t{CPA | 28 35 40 45 ns 3
Hyper Page cycle time tHPC 20 25 30 35 ns 16.
Hyper Page read-modify-write cycle time tHPRWGQ 47 56 71 81 ns | 16
CAS precharge time (Hyper page cycle) tCP 8 10- 10 10 ns

RAS pulse width (Hyper page cycle) tRASP | 50 [200K| 60 |200K | 70| 200K | 80 | 200K | ns

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

OFE access time tOEA 13 15 20 20 | ns

OF to data delay tOED |13 | |15 20 20 ns

CAS precharge to W delay time tCPWD | 45 54 64 69 ns

Out put buffer turn off delay time from OE  [tOEZ 3 13 | 3 15 | 3 20 | 3 20 | ns 6.
OE command hold time tOEH 13 15 20 20 ns

Write command set-up time(Test mode in) | tWTS 10 10 10 10 ns |11
Write command hold time(Test mode in) tWTH 10 10 | 10 10 ns 11
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 3 156 |3 | 15 |3 20 3 20 ns |6,15
Output buffer turn off delay from W tWEZ |3 |13 |3 |15 |3]| 20 | 3| 20 |hs | 6
W to data delay tWED | 15 15 20 20 ns

OF to CAS hold time tOCH 5 5 5 5 - ns

CAS hold time to OF , tCHO 5 5 5 5 ns

OE precharge time tOEP 5 5 5 5 ns

W pulth width(Hyper Page Cycle) tWPE 5 5 5 5 ns

RAS puise width(C-B-R self refresh) tRASS |100 100 100 100 us 14

Note) *1: 5V only
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KM44C4004A, KM44C4104A
KM44V4004A, KM44V4104A CMOS DRAM

AC CHARACTERISTICS (Continued)

S - -Units| Notes|

A DR R Max [Min] Max | 0| TOC
BAS precharge time (C-B-R self refresh) 150 ns 14
CAS hold time (C-B-R self refresh) -50 ns 14

TEST MODE CYCLE

(Note. 11)
Random read or write cycle time tRC |89 109|129 “[1a9 ns
Read-modify-write cycle time tRWC |121 145 175 195 ns
Access time from RAS tRAC | 55 65 75 85 ns (34,10
Access time from CAS tCAC 18 20 25 25 ns {345
Access time from column address tAA ‘ 30 35 40 45 ns | 3,10
RAS pulse width tRAS 55) 10K |65| 10K [75| 10K |85| 10K | ns
CAS pulse width tCAS 13| 10K 15| 10K |20| 10K {25| 10K | ns
BAS hold time tRSH 18 20 25 25 ns
CAS hold time ' tCSH |43 50 55 65 ns
Column address to RAS lead time tRAL 30 35 40 45 ns
CAS to W delay time tCWD (35 39 49 49 ns
RAS to W delay time tRWD |72 84 99 109 ns
Column address to W delay time tAWD |47 54 64 69 ns
Hyper Page cycle time tHPC 25 30 35 40 ns
Hyper page read-modify-write cycle time| tHPRWC| 53 61 76 86 ns
RAS pulse width (Hyper page cycle) tRASP | 55| 200K 65| 200K |75 | 200K | 85| 200K | ns
Access time form CAS precharge tCPA 33 40 45 50 ns 3
OE access time tOEA 18 20 25 25 ns
OE to data delay tOED 18 20 25 25 ns
OE command hold time tOEH 18 20 25 25 ns

Note) *1 : 5V only
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KM44C4004A, KM44C4104A

KM44V4004A, KM44V4104A CMOS DRAM
NOTES

1. An initial pause of 200us is required after power-up followed by any 8 ROR or CBR cycles before
. proper device operation is achieved.

2.  ViH(min) and ViL(max) are reference levels for measuring timing of input signals. Transition times are
measured between ViH(min) and ViL(max) and are assumed to be 2ns for all inputs.

3. Measured with a load equivalent to 2 TTL(5V device)/1 TTL(3.3V device) loads and 100pF.

4. Operation within the tRCD(max) limit insures that tRAC(max) can be met. tRCD(max) is specified as
a re ference point only. If tRCD is greater than the specified tRCD(max) limit, then access time is
controlled exclusively by tCAC.

5. Assumes that tRCD> tRCD(max).

6. This parameter defines the time at which the output achieves the open circuit condition and is not
referenced to VoH or VoL. '

7. tWCS, tRWD, tCWD and tAWD are non restrictive operating parameters. They are included in the
data sheet as electric characteristics only. If tWCS2tWCS(min), the cycles is an early write cycle
and the data output will remain high impedance for the duration of the cycle. If tCWD2 tCWD(min),
tRWD2tRWD(min) and tAWD2 tAWD(min), then the cycle is a read-modify-write cycle and the data
output will contain the data read from the selected address. If neither of the above conditions is
satisfied, the condition of the data out is indeterminate.

8. Either tRCH or tRRH must be satisfied for a read cycle.

9. These parameters are referenced to the CAS leading edge in early write cycles and to the W leading
edge in read-modify-write cycles.

10. Operation within the tRAD(max) limit insures that tRAC(max) can be met. tRAD(max) is specified as
a re ference point only. If tRAD is greater than the specified tRAD(max) limit, then access time is
controlled by tAA. '

11. These specifications are applied in the test mode.

12. In test mode read cycle, the value of tRAC, tAA, tCAC is delayed by 2ns to 5ns for the specified
values. These parameters should be specified in test mode cycles by adding the above value to the
specified value in this data sheet.

13. tCEZ(max), tREZ(max), tWEZ(max) and tOEZ(max) define the time at which the output achieves the
open circuit condition and are not referenced to output voltage level.

14. 4096(4K Ref.)/2048(2K Ref.) cycles of burst refresh must be executed within 16ms before and after

, self refresh, in order to meet refresh specification. ‘

15. If BAS goes high before CAS high going, the open circuit condition of the output is achieved by CAS
high going. If CAS goes high before RAS high going, the open circuit condition of the output is
achieved by RAS high going.

16. tASC >tCPmin, Assume tT =2.0ns

17. tAR, tWCR, and tDHR are referenced to tRAD(MAX).
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KM44C4010A, KM44C4110A CMOS DRAM

_4M x 4 Bit CMOS DRAM with Fast Page Mode(Write per Bit Mode)

DESCRIPTION

This is a family of 4,194,304 x 4 bit Fast Page Mode(Write per Bit mode) CMOS DRAMs. Fast Page Mode
offers high speed random access of memory cells within the same row. Refresh cycle(2K Ref. or 4K Ref.),
access time(-5, -6, -7 or -8) and package type(SOJ or TSOP-II) are optional features of this family. All of
this family have CAS-before-RAS refresh, RAS-only refresh and Hidden refresh capabilities.

This 4Mx4 Fast Page mode(write per bit mode) DRAM family is fabricated using Samsung's advanced
CMOS process to realize high band-width, low power consumption and high reliability. It may be used as
main memory unit for high level computer, microcomputer and personal computer.

FEATURES

¢ Fast Page Mode operation

* Write per bit mode capability

« CAS-before-RAS refresh capability

« RAS-only and Hidden refresh capability

¢ Fast parallel test mode capability

o TTL compatible inputs and outputs

» Early Write or output enable controlled write

+ JEDEC Standard pinout

¢ Available in Plastic SOJ and TSOP(ll) packages
* Single +5V+10% power supply(5V product)

» Part Identification
- KM44C4010A(5V, 4K Ret.)
- KM44C4110A(5V, 2K Retf.)

« Power Range Unit

* Refresh cycles

FUNCTIONAL BLOCK DIAGRAM

Vee
Control Vss
o Clocks
KM44C4100A| 2K 32ms WEW > [[ve8 Generator ]:J—l—
: |
] Row Decod| Data i
¢ Performance range: e o ;u?fe',"
efresh Control Memory Array & W1/DQO0
-5 50ns 13ns 90ns 35ns A 4194304 x 4 é‘ = to
T < w4/DQ3
-6 60ns 15ns | 110ns | 40ns Cells o |
7 | 70ns | 20ns | 130ms | 4Bns | A0-Af1 ] 5
(AD ~A10)"1 Data out
-8 80ns 20ns | 150ns | 50ns A0 ~A9 _—:IC()L ‘Address Buffer || Column Decoder Buffer |~ OE
(A0 ~A10)11
Note) *1 : 2K Refresh
SAMSUNG ELECTRONIC CO. , LTD. reserves the right to
change products and specifications without notice.
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KM44C4010A, KM44C4110A CMOS DRAM
PIN CONFIGURATION (Top Views)
* KM44C40(1)10AJ ~* KM44C40(1)10AT * KM44C40(1)10ATR
\—y
Vee 1o 241 Vss Vee I 19 24 Vss Vssi]24 1[0 Vee
w1/DQo 2 23 wa/pQs wi/Daor] 2 23nwW4DQ3W4DA3T]23 o  2FMW1/DQo
w2/bQ1 g 3 22 W3/DQ2 W2/bQ1i] 3 22 I W3/DQ2 Wa/DQ2m22 3@ w2/bQ1
WBW ( 4 21 I TAS WB/WI] 4 21 EOCAS TASI-}21 M =R
RAS (5 20p OFE RASI] 5 20CE OEm]20" 5D RAS
*Al1g e 19§ A9 *A110] 6 19 A9 A9I}19 6fm*A11
Al0Od 7 18P A8 A0 7 181 A8 Asl]18 70 A10
A0Q g 17p A7 A0 8 17| A7 A7I}17 8| A0
Alld g 16p A6 A1 9 160 A6 A 16 ol A1
A2d40 15 A5 a2d10 15 A5 AsI}15 10T A2
A3d11 O 14 A4 Aasdi1 O 14fmaA4 a4 O q1fmas
Vee gq2 13 Vss vec12 130 Vss VssI]13 12 Vee

J: 400 mil 24(28) SOJ

T : 400 mil 24(28) TSOP I

TR : 400 mil 24(28) TSOP li(Rev.) -

« KM44C40(1)10ASR

» KM44C40(1)10AK « KM44C40(1)10AS
Vee g Vee ] 1°© 24 F1Vss Vss T 24 o1 mVce
W1/DQO{ W1/DQ0 ] » 23 fOW4/DQ3  W4/DQ3 023 2 mwi1/DQo
W2/DQ1 { w2/DQim] 3 22 fOW3/DQ2 W3/DQ2m 20 sfmw2/Dat
WB/W | WBW ] 4 21 EnCAS CAS 21 sfFnwsw
RAS | RASm] 5 20 {OOE [0]4: = DY) s FIRAS
*A11 ] A1 g 19 A9 A9 19 s *A11
A10q A0 7 18 A8 As] g 7§ A10
A0 A0m]g - 17 oAz A7 17 gD A0
Al At g 16 o A6 A6} 16 obmA1
A2 A2m]qg 15 FDAS5 A5 15 100 A2
A3 A3dy11 o 14[mA4 AdM14 O 11FIAS
Vee Veel342 13 FVss Vss@ 13 12 Vcee

K': 300 mil 24(26) SOJ

S : 300-mil 24(26) TSOP Il

* A11is N.C for KM44C4110A(2K Ref. product)

SR : 300 mil 24(26) TSOP Il(Rev.)

PinName | PinFuncton |
A0 - A11 Address Inputs(4K Product)
A0 - A10 Address Inputs(2K Product)

W/DQO -3 Write select/ Data In,Out
Vss Ground
RAS Row Address Strobe
CAS Column Address Strobe
WBIW Write per bit/ Read,Write Input
OE Data Output Enable
Vee Power(+5.0V)
N.C No Connection

L5 ims uig
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KM44C4010A, KM44C4110A CMOS DRAM
ABSOLUTE MAXIMUM RATINGS
Parameter Symbol Rating Units
Voltage on any pin relative to Vss Vin,Vour -1 to +7.0 \Y
Voltage on Vce supply relative to Vss Vee -1 to +7.0 \Y
Storage Temperature Tstg -55 to +150 °C
Power Dissipation Po 1 w
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. i

RECOMMENDED OPERATING CONDITIONS (Voltages referenced to Vss, Ta= 0 to 70 °C)

Parameter

Symbol Min Typ Max ~ Unit
Supply Voltage Vee 45 5.0 5.5 %
Ground Vss 0 0 0 v
Input High Voltage Vin 2.4 - Vee+1™ v
Input Low Voltage Vi -1.0"2 - 0.8 V;

*1:
2

Vec+2.0V at pulse width < 20ns, Pulse width is measured at Vcc.

- 2.0V at pulse width < 20ns, Pulse width is measured at Vss.

DC AND OPERATING CHARACTERISTICS (Recommended operating conditions unless otherwise noted.)

Parameter , Symbol Min Max Units

Input Leakage Current (Any input 0sVingVec+0.5V, I .5 - 5 "y

all other pins not under test=0 volt.)

Output Leakage Current

(Data out is disabled, OV<Vour<Vce) low) -5 5 KA
Output High Voltage Level(lon=-5mA) VoH 2.4 - Y
Output Low Voltage Level(loL=4.2mA) VoL - 0.4 Vv

199
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KM44C4010A, KM44C4110A | CMOS DRAM

DC AND OPERATING CHARACTERISTICS (Contihued.)

| -6 80 100 mA
Co1 -7 70 90 mA
-8 60 , 80 mA
Icc2 Don't care 9 2 mA
5 % 110 mA
| 6 80 100 mA
cC3 7 70 90 mA
-8 60 80 mA
-5 80 90 . mA
-6 70 ~ 80 mA
loca 7 60 70 mA
-8 50 ' 60 mA
lces Don't care 1 Ty mA
-5 90 110 mA
| 6 80 100 mA
cco 7 70 90 mA
-8 60 80 mA

lcc1* : Operating Current (RAS and CAS cycling @tRC=min.)

Icc2 : Standby Current (RAS=CAS=WB/W=VH )

lcca* : BAS-only Refresh Current (CAS=ViH, RAS cycling @tRC=min.)

lcca* : Fast Page Mode Current (RAS=Vuw, CTAS, Address cycling @tPC=min.)
lecs : Standby Current (RAS=CAS=WB/W=Vcc-0.2V)

lcce* : CAS-Before-RAS Refresh Current (RAS and CAS cycling @tRC=min.)

*NOTE: lccy, lees, Iccs and lccs are dependent on output loading and cycle rates. Specified values
are obtained with the output open. lcc is specified as an average current. In lcci, lecs,
and Iccs, address can be changed maximum once while RAS=ViL. In Icc4, address can be
changed maximum once within one fast page mode cycle time tPC.

FIECTRONICS S



KM44C4010A, KM44C4110A CMOS DRAM
CAPACITANCE(TA=25°C,VCC=5V , f=1MHz)

 Parameter | symbol Min Max |  Unit
Input capacitance [AO - A11] Cini - 5 pF
Input capacitance [RAS, CAS, WBIW, OE] Cinz - 7 pF
Output Capacitance [W/DQO - W/DQ3] Coa - 7 pF

AC CHARACTERISTICS (0°C<Ta<70°C, See note 1,2)
Test condition : Vcc=5.0V+10%, Vin/Vi=2.4/0.8V, Von/Vo=2.0/0.8V

1 -6 .7 gl , .
ke 0 2| Max| Min | Max| Min] Max | Min| max | 2™ | MO
Random read or write cycle time tRC 90 110 130 150 ns
Read-modify-write cycle time tRWC 1133 155 185 205 ns .
Access time from BAS tRAC | | 50 60 70 80 | ns |34,10
Access time from CAS tCAC 13 15 20 20 ns | 345
Access time from column address tAA 25 30 35 40 ns | 3,10
CAS to output in Low-Z tCLZ 0 0 0 | 0 ns 3
Output buffer turn-off delay tOFF 0j13]0 [15[0[20]| 0| 20 ns 6
Transition time (rise and fall) tT 3|50|3 |53 50| 3| 50 ns 2
RAS precharge time tRP 30 40 50 60 ns
RAS pulse width tRAS 50 | 10K| 60 | 10K | 70 | 10K | 80 | 10K ns
RBAS hold time tRSH 13 15 20 20 ns
CAS hold time tCSH 50 60 70 80 ns
CAS pulse width tCAS 13 | 10K | 15 | 10K | 20 | 10K | 20 | 10K ns
RAS to CAS delay time tRCD | 20 37 {20 | 45 |20 | 50 | 20| 60 ns
RAS to column address delay time tRAD 151 25 {15 | 30 |15 | 35 | 15| 40 ns 10
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 14
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 hold time referenced to CAS | tRCH 0 0 0 0 ns 8
r..ad command hold time referenced to RAS | tRRH 0 0 0 0 ns
Write command hold time tWCH | 10 10 15 15 ns
Write command hold time referenced to RAS | tWCR | 40 45 55 60 ns | 14
Write command pulse width tWP 10 10 15 15 ns
Write command to BAS lead time tRWL | 15 15 20 20 ns
Write command to CAS lead time tCWL | 13 15 20 20 ns

C1 CATDNAING
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KM44C4010A, KM44C4110A CMOS DRAM

AC CHARACTERISTICS (Continued)

e 5l e 7| .8 i

- oo Parameter Max |Min| Max |Min] Max | Min| Max |onits|Notes

Data set-up time 0 0 0 ns |9

Data hold time 10 15 15 ns 9

Data hold time referenced to RAS tDHR | 40 45 55 60 ns |14

Refresh period(2K, Normal) tREF 32 32 32 32 ms

Refresh period(4K, Normal) tREF 64 | 64 64 64 ms

Write command set-up time tWCS 0 0 0 0 ns | 7

CAS to W delay time tCWD | 36 40 50 50 ns | 7

RAS to W delay time tRWD | 73 85 100 110 ns | 7

Column address to W delay time tAWD | 48 55 65 70 ns |7

CAS set-up time (CAS-before-RAS refresh) [tCSR 5 5 5 5 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(CBR counter test cycle)| tCPT | 20 20 30 30 ns

Access time from CAS precharge tCPA 30 35 40 45 | ns | 3

Fast Page mode cycle time tPC 35 40 45 50 ns

Fast Page mode read-modify-write cycle timg tPRWC | 76 85 100 105 ns

CAS precharge time (Fast page cycle) tCP 10 10 10 10 ns'

RAS pulse width (Fast page cycle) tRASP | 50 |200K | 60 {200K | 70 | 200K | 80 | 200K | ns

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

OE access time tOEA 13 15 20 20 | ns

OE to data delay tOED | 13 15 20 20 ns

CAS precharge to W delay time tCPWD | 53 60 70 75 ns

Out put buffer turn off delay time from OF tOEZ 0 13 | 0 15 | 0 20 | 0 20 ns

OE command hold time tOEH | 13 15 20 20 ns

Write command set-up time(Test mode in) [tWTS | 10 10 10 10 ns |11

Write command hold time(Test mode in) tWTH | 10 10 10 10 ns |11
|W to RAS precharge timé(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

Write per bit set-up time tWBS 0 0 0 0 ns

Write per bit hold time tWBH | 10 10 10 10 ns

Write selection set-up time twDS | 0 0 0 0 ns

Write per bit selection hold time tWDH | 10 10 10 10 ns
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KM44C4010A, KM44C4110A CMOS DRAM

TEST MODE CYCLE

(Note. 11
Random read or write cycle time tRC 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 {3,410
Access time from CAS ‘ tCAC 18 20 25 25 | ns | 345
Access time from column address tAA 30 35 40 45 ns | 310
RAS pulse width tRAS [ 55| 10K [65| 10K |75 | 10K [ 85| 10K | ns
CAS pulse width ) tCAS | 18| 10K |20| 10K [25| 10K [ 25| 10K | ns
RAS hold time tRSH | 18 20 25 25 ns
CAS hold time tCSH | 55 65 75 85 ns
Column address to RAS lead time tRAL | 30 35 40 45 ns
CAS to W delay time tCWD | 41 45 55 55 ns 7
RAS to W delay time tRWD | 78 90 105 115 ns
Column address to W delay time tAWD | 53 60 70 75 ns
Fast Page mode cycle time tPC 40| 45 50 55 ns
Fast page mode read-modify-write cycle time| tPRWC| 81 90 105 110 ns
RAS pulse width (Fast page cycle) tRASP | 55 | 200K | 65 | 200K | 75 | 200K | 85 | 200K | ns
Access time form CAS precharge tCPA 35 40 45 50 ns 3
OE access time tOEA 18 20 25 25 | ns
OE to data delay tOED | 18 20 25 25 ns
OE command hold time tOEH | 18 20 25| . 25 ns




KM44C4010A, KM44C4110A CMOS DRAM

NOTES

10.

11.
12.

13.

14.

. An initial pause of 200us is required after power-up followed by any 8 ROR or CBR 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) and are assumed to be 5ns for all inputs.

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

Operation within the tRCD(max) limit insures that tRAC(max) can be met. tRCD(max) is specified as
a reference point only. If tRCD is greater than the specified tRCD(max) limit, then access time is
controlled exclusively by tCAC.

Assumes that tRCD2 tRCD(max).

This parameter defines the time at which the output achieves the open circuit condition and is not
referenced to VoH or VoL.

tWCS, tRWD, tCWD and tAWD are non restrictive operatlng parameters. They are included in the
data sheet as electric characteristics only. If tWCS2tWCS(min), the cycles is an early writé cycle
and the data output will remain high impedance for the duration of the cycle. If tCWD= tCWD(min),
tRWD2tRWD(min) and tAWD2 tAWD(min), then the cycle is a read-modify-write cycle and the data
output will contain the data read from the selected address. If neither of the above conditions is
satisfied, the condition of the data out is indeterminate.

Either tRCH 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-modify-write cycles.

Operation within the tRAD(max) limit insures that tRAC(max) can be met. tRAD(max) is specified as
a re ference point only. If tRAD is greater than the specified tRAD(max) limit, then access time is
controlied 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
values. These parameters should be specified in test mode cycles by adding the above value to the
specified value in this data sheet.

tOFF(max) and tOEZ(max) define the time at which the output achieves the open circuit condition
and are not referenced to output voltage level.

tAR, tWCR, and tDHR are referenced to tRADMAX).

ELECTRONICS :



KM48C2000A, KM48C2100A
KM48V2000A, KM48V2100A CMOS DRAM

2M x 8 Bit CMOS Dynamic RAM with Fast Page Mode

DESCRIPTION

This is a family of 2,097,152 x 8 bit Fast Page Mode CMOS DRAMs. Fast Page Mode offers high speed
random access of memory cells within the same row. Power supply voltage(+5.0V or +3.3V), refresh
cycle(2K Ref. or 4K Ref.), access time(-5, -6, -7 or -8), power consumption(Normal, Low power or
Super-Low power) and package type(SOJ or TSOP-II) are optional features of this family. All of this family
have CAS-before-RAS refresh, RAS-only refresh and Hidden refresh capabilities. Further more, Self-refresh
operation is available in L & SL. version.

This 2Mx8 Fast Page mode DRAM famiily is fabricated using Samsung's advanced CMOS process to
realize high band-width, low power consumption and high reliability. It may be used as main memory unit for
high level computer, microcomputer and personal computer.

FEATURES
* Part Identification * Fast Page Mode operation

- KM48C2000A/AL/ASL (5V, 4K Ref.) * Byte Read/Write operation

- ﬁm::gg&ggﬁ;ﬁb’:ﬁt ((g’\gv 2§E‘;{~)f \ « CAS-before-RAS refresh capability

- . ef. ) .

’ « RAS-only and Hidden refresh capability

) KM48V2100A{AL'/AS.L (3.3, 2K Ref.) « Self-refresh capability(L & SL -ver)

* Active Power Dissipation Unit: mw * Fast parallel test mode capability

* TTL(5V)/LVTTL(3.3V) compatible inputs and outputs
* Early Write or output enable controlled write

-5 - - 495 605 * JEDEC Standard pinout

-6 288 360 440 550 ¢ Available in Plastic SOJ and TSOP(ll) packages

7 252 324 385 495 * Single +5V+10% power supply(5V product)

-8 216 288 330 440 * Single +3.3V+0.3V power supply(3.3V product)
* Refresh cycles FUNCTIONAL BLOCK DIAGRAM

Vee
. ycle | —
C2000A| 5V -  Control Vss
V2000A| 3.3V 4K | 64ms C@S > Clocks VBB Generator
C2100A év - 128ms {256ms T
2K | 32ms
V2100A| 3.3V Row Decoder Data in
[} Buffer
* Performance range [ Fa Q —
&
Memory Array DQo
' sosrizzxs (B o
-5 50ns | 13ns | 90ns}| 35ns | 5V Only e ot Cells 8 [ DQ7
-6 60ns | 15ns |110ns| 40ns | 5V/3.3V A0~A11 _TXIRow Address Buffer &
70ns | 20ns | 130ns| 45ns | 5V/3.3v | (A0~A10M : Data out
7 - A0 ~A8 —wCol. Address Buffer |- Column Decoder [« Butfer |- OF
-8 80ns | 20ns [150ns| 50ns | 5V/3.3V | (A0~ A9)1

Note) *1 : 2K Refresh

SAMSUNG ELECTRONIC CO., LTD. reserves the right to
change products and specifications without notice.

Phmsuncy -
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KM48C2000A, KM48C2100A

CMOS DRAM

KM48V2000A, KM48V2100A

PIN CONFIGURATION (Top Views)

* KM48C/V20(1)00AT/ALT/ASLT

» KM48C/V20(1)00AJ/ALJ/ASLJ

]

Vee [T
DQO ™
DQ1 ™
DQ2
DQ3 ™
W
RAS ™
A11(N.C)
A10 @
A0 10
A1 11
A2}z O
A3}13
Vec @14

©CONOODWN =

28
27
26
25
24
23
22
21
20
19
18
17

Vss
(0 DQ7
F DQ6
=0 DQ5
1 DQ4
1 CAS
1 OE
(0 A9
(1 A8
0 A7
L1 AB
£ A5
(0 A4
(1 Vss

* Note : () --> 2K Product

AQ-A11

J : 400 mil 28 SOJ
T : 400 mil 28 TSOP ||
TR : 400 mil 28 TSOP Ii(Rev.)

* KM48C/V20(1)00ATR/ALTR/ASLTR

Vss @
DQ7 M
DQ6 T
DQ5 ™
DQ4 M
CAS I

OE @M

A9 @O
A8 @
A7
A6 O
A5 [
A4 T

Vss O

28
27
26
25
24
23
22
21
20
19
18
17
16
15

0]

©CONOGTHPWN =

0 Vee
0 DQO
0 DQ1
0 DQ2
(0 DQ3
0 W
(0 RAS
1 A11(N.C)
[0 A10
0 A0
(0 A1
1 A2
ny.
0 Vee

Address Inputs(4K product)

A0 - A10 Address Inputs(2K product
DQO -7 Data In/QOut
Vss Ground
RAS Row Address Strobe
CAS Column Address Strobe
W Read/Write Input
| OE Data Outputs Enable
Vee Power(+5.0V)
Power(+3.3V)
N.C No Connection

s uvig
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KM48C2000A, KM48C2100A
KM48V2000A, KM48V2100A CMOS DRAM

ABSOLUTE MAXIMUM RATINGS

 parameter
Voltage on any pin relative to Vss Vin,Vour -0.5 to +4.6 -1 to +7.0 \
Voltage on Vcc supply relative to Vss Vee -0.5 to +4.6 -1 to +7.0 Vv
Storage Temperature Tstg -55 to +150 -55 to +150 °C
Power Dissipation . Po 1 1 W
Short Circuit Output Current los 50 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 (Voltages referenced to Vss, Ta= 0 to 70 °C)

Supply Voltage 3.0 3.3 3.6 45 5.0 5.5 v
Ground Vss 0 0 0 0 0 0 \Y
Input High Voltage Vi 2.0 - Vee+0.37 2.4 - Vec+11 v
Input Low Voltage Vi -0.32 . 0.8 -1.072 . 0.8 Vv

*1: Vee + 1.3V/15ns(3.3V), Vec+2.0V/20ns(5V), Pulse width is measured at Vce.
*2: - 1.3V/15ns(3.3V), - 2.0V/20ns(5V), Pulse width is measured at Vss.

(Recommended operating conditions unless otherwise noted.)

DC AND OPERATING CHARACTERISTICS

Input Leakage Current (Any input 0<VinsVece+0.3V, I -5 " 5 pA
all other pins not under test=0 volt.)
Output Leakage Current -

33V | (Data out is disabled, OV<Vour<Vcc) low) -5 5 KA
Output High Voltage Level(lon=-2mA) ~ - VoH 2.4 - \Y
Output Low Voltage Level(lo.=2mA) VoL - 0.4 \'
Input Leakage Current (Any input 0<VingVec+0.5V ) -5 5 HA
all other pins not under test=0 volt.)
Output Leakage Current

5V | (Dataout s disabled, 0V<Vour<Vce) - low -5 5 nA
Output High Voltage Level(loH=-5mA) Vo 24 - Vv
Output Low Voltage Level(loL=4.2mA) VoL - 0.4 Vv

ELECTRONICS



KM48C2000A, KM48C2100A _ :
KM48V2000A, KM48V2100A ~ CMOS DRAM

DC AND OPERATING CHARACTERISTICS (Continued)
—

90 110 mA

§ -6 80 100 80 100 mA
lcc1- | Don't care 7 70 90 20 0 mA
-8 60 80 60 80 mA
' Normal , 2 2 2 2 mA
lccz - LSL Don't care 1 1 1 1 mA
-5 - - 90 110 mA
, -6 80 100 80 100 mA
lcca Don't care | 7 70 % 70 % mA
-8 60 80 60 80 mA
5 - - 80 90 m:
-6 70 80 70 80 m
I Don't care
cos 7 60 70 60 70 mA
- -8 50 60 50 60 mA
Normal 1 1 1 1 mA
lccs L Don't care 300 - 300 300 300 pA
SL 200 200 200 200 unA
-5 - - 20 110 mA
, -6 80 100 80 100 mA
locs | Don'tcare 7 70 90 70 90 mA
-8 60 80 60 80 mA
L . 450 400 450 400 LA
tocz sL | Dentcare 350 300 350 300 | pA
lces LSL | Don'tcare 250 250 300 300 pA

lccr* : Operating Current (RAS and CAS cycling @tRC=min.)
lcc2 : Standby Current (RAS=CAS=W=Vi )
lccs* : RAS-only Refresh Current (CAS=ViH, RAS cycling @tRC=min.)
.Icca* : Fast Page Mode Current (ﬁKS:VnL, CAS, Address cycling @tPC=min.)
Iccs : Standby Current (RAS=CAS=W=Vcc-0.2V)
Iccs* : CAS-Before-RAS Refresh Current (RAS and CAS cycling @tRC=min.)
lccz : 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= 0.2V
Din = Don't care, Trc= 31.25us(4K/L-ver), 62.5us(4K/SL-ver, 2K/L-ver), 125us(2K/SL-ver), -
Tras=Trasmin~300 ns
Iccs : Self Refresh Current
RAS=CAS=0.2V, W=DE=A0 ~ A11 = Vcc-0.2V or 0.2V, DQO ~ DQ7= Vcc-0.2V, 0.2V or Open
*NOTE : lccy, lces, lccs and lccs are dependent on output loading and cycle rates. Specified values
are obtained with the output open. Icc is specified as an average current. In lcci, lccs,

and Iccs, address can be changed maximum once while RAS=V.. In lccs, address can be
changed maximum once within one fast page mode cycle time tPC.

ELECTRONICS




KM48C2000A, KM48C2100A

KM48V2000A, KM48V2100A K CMOS DRAM
CAPACITANCE(Ta=25°C,Vce=5V or 3.3V, f=1MHz)
" Parameter Symbol | Min |  Max Unit
Input capacitance [AO - A11] Cini - 5 pF
Input capacitance [RAS, CAS, W, OF] Cive - 7 pF
Output Capacitance [DQO - DQ7] Coa - 7 pF

AC CHARACTERISTICS (0°C<Ta<70°C, See note 1,2)
Test condition(5V device) : Vce=5.0V+£10%, Vin/Vi=2.4/0.8V, Von/Vol =2.4/0.4V
Test condition(3.3V device) : Vcc=3.3V+0.3V, Vin/Vi=2.0/0.8V, Von/Voi =2.0/0.8V

: T reTe et B | ’
L fmmm | Symboll win|Max | Min | Max| Min] Max | Min| max | U® | Mote®
Random read or write cycle time tRC 90 110 130 150 ns
Read-modify-write cycle time tRWC [133 155 185 205 ns
Access time from RAS tRAC 50 60 70 80 ns |3,4,10
Access time from CAS tCAC 13 15 20 20 ns | 345
Access time from column address tAA 25 30 35 40 ns | 3,10
CAS to output in Low-Z tCLZ 0 0 0 0 ns 3
Output buffer turn-off delay tOFF 0[13]0 |15[0[20]| 0] 20 ns 6
Transition time (rise and fall) tT 3/50|3 {503 |5 |3]50 ns 2
RAS precharge time tRP 30 40 50 60 ns
RAS 'pulse width tRAS 50 | 10K | 60 | 10K [ 70 | 10K | 80 [ 10K ns
RAS hold time ' tRSH_| 13 15 20 20 ns
TAS hold time tCSH | 50 60 70 80 ns
CAS pulse width tCAS | 13 |10K | 15 | 10K|20 |10K| 20| 10K | 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 10
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 RAS | tAR 40 45 55 60 ns 15
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 hold time referenced to CAS | tRCH 0 0 0 0 ns 8
Read command hold time referenced to RAS | tRRH 0 0 0 0 ns
Write command hold time tWCH | 10 10 15 15 ns
Write command hold time referenced to RAS | tWCR | 40 45 55 60 ns 15
Write command pulse width tWP 10 10 15 15 ns
Write command to BAS lead time tRWL | 15 15 20 20 ns
Write command to CAS lead time tCWL | 13 15 20 20 ns

Note) *1 : 5V only
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KM48C2000A, KM48C2100A
KM48V2000A, KM48V2100A , CMOS DRAM

AC CHARACTERISTICS (Continued)

" Symbol/=
Data set-up time tDS
Data hold time tDH
Data hold time referenced to RAS tDHR
Refresh period(2K, Normal) tREF
Refresh period(4K, Normal) tREF
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 tWCS 0 0 0 0 ns 7
CAS to W delay time tCWD | 36 40 50 50 ns 7
RAS to W delay time tRWD | 73 85 100 110 ns 7
Column address to W delay time tAWD | 48 55 65 70 ns 7
CAS set-up time (CAS-before-RAS refresh) [tCSR 5 5 5 5 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(CBR counter test cycle) [tCPT | 20 20 30 30 ns
Access time from CAS precharge tCPA 30 35 40 45 ns 3
Fast Page mode cycle time tPC_ |35 40 45 50 ns
Fast Page mode read-modify-write cycle time tPRWC | 76 85 100 105 ns
ICAS precharge time (Fast page cycle) tCP 10 __ 110 10 10 ns
RAS pulse width (Fast page cycle) i tRASP | 50 |200K| 60 |200K [70 | 200K | 80 | 200K | ns
RAS hold time from CAS precharge tRHCP | 30 35 40 45 ns
OE access time tOEA 13 15 20 20 ns
OE to data delay tOED_ | 13 15 20 20 ns
CAS precharge to W delay time tCPWD | 53 60 70 75 ns
Out put buffer turn off delay time from OE ___[tOEZ 0 | 1310 |15 |0 20 0 20 | ns
[OE command hold time tOEH | 13 15 20 20 ns
Write command set-up time(Test mode in) [tWTS | 10 10 10 10 ns 11
\Write command hold time(Test mode in) tWTH | 10 10 10 10 ns | 11
W to RAS precharge time(C-B-R refresh) _ [tWRP | 10 10 10 10 ns
W to BAS hold time(C-B-R refresh) : fWRH | 10 10 10 10 ns
[RAS pulse width(C-B-R self refresh) tRASS 1100 100 100 100 us | 14
IRAS precharge time (C-B-R self refresh) tRPS 90 110 |, 130 150 ns 14
CAS holdtime (C-B-R self refresh) tCHS | -50 -50 -50 -50 ns 14

Note) *1 : 5V only -
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KM48C2000A, KM48C2100A :
KM48V2000A, KM48V2100A 'CMOS DRAM

TEST MODE CYCLE

(Note. 11
5! - 7 -8 e

Parameter | SymbolT T Wil Max IMin] Max |Min] Max Units|Notes
Random read or write cycle time tRC 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 134,10
Access time from CAS tCAC 18 20 25 25 | ns | 345
Access time from column address tAA 30 35 40 45 | ns | 310
RAS pulse width tRAS | 55| 10K 65| 10K [75| 10K [ 85| 10K | ns
CAS pulse width tCAS | 18| 10K | 20| 10K |25 10K | 25| 10K | ns
RAS hold time tRSH | 18 20 25 25 ns
CTAS hold time tCSH | 55 65 75 85 ns_
Column address to BAS lead time tRAL | 30 35 40 45 ns
CAS to W delay time |l tcwb | 41 45 |55 55 ns 7
RAS to W delay time tRWD | 78 920 105 115 ns 7
Column address to W delay time tAWD | 53 60 70 75 ns 7
Fast Page mode cycle time tPC 40 45 50 55 ns
Fast page mode read-modify-write cycle time| tPRWC| 81 20 105 110 ns
RAS pulse width (Fast page cycle) tRASP | 55 | 200K | 65 | 200K | 75 | 200K | 85 | 200K | ns
Access time form CAS precharge tCPA 35 40 45 50 | ns 3
OE access time tOEA 18 20 25 25 | ns
OE to data delay tOED | 18 20 25 25 ns
OE command hold time tOEH | 18 20 25 25 ns

Note) *1: 5V only

ELECTRONICS



KM48C2000A, KM48C2100A
KM48V2000A, KM48V2100A ' CMOS DRAM

NOTES

1.

10.

11.
12,
13,
14,

15.

An initial pause of 200us is required after power-up followed by any 8 ROR or CBR cycles before
proper device operation is achieved. k

ViH(min) and ViL(max) are reference levels for measuring timing of input sngnals Transition times are
measured between ViH(min) and ViL(max) and are assumed to be 5ns for all inputs.

Measured with a load equivalent to 2 TTL(5V device)/1 TTL(3.3V device) loads and 100pF. ‘
Operation within the tRCD(max) limit insures that tRAC(max) can be met. tRCD(max) is specified as
a reference point only. .If tRCD is greater than the specified tRCD(max) limit, then access time is
controlled exclusively by tCAC.

Assumes that tRCD= tRCD(max).

This parameter defines the time at which the output achieves the open circuit condition and is not
referenced to VoH or VoL.

tWCS, tRWD, tCWD and tAWD are non restrictive operating parameters. They are included in the
data sheet as electric characteristics only. If tWCS2tWCS(min), the cycles is an early write cycle
and the data output will remain high impedance for the duration of the cycle. If tCWD2tCWD(min),
tRWD>tRWD(min) and tAWD2 tAWD(min), then the cycle is a read-modify-write cycle and the data
output will contain the data read from the selected address. If neither of the above conditions is
satisfied, the condition of the data out is indeterminate. :
Either tRCH 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-modify-write cycles.

Operation within the tRAD(max) limit insures that tRAC(max) can be met. tRAD(max) is specified as
a re ference point only. If tRAD is greater than the specified tRAD(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
values. These parameters should be specified in test mode cycles by adding the above value to the
specified value in this data sheet.

tOFF(max) and tOEZ(max) define the time at which the output achieves the open circuit condition
and are not referenced to output voltage level. ' :
4096 (4K Ref.)/2048(2K Ref.) cyclesof burst refresh must be executed within 16ms before and after
self refresh, in order to meet refresh specification.

tAR, tWCR, and tDHR are referenced to tRAD(MAX).

ELECTRONICS



KM48C2004A, KM48C2104A
KM48V2004A, KM48V2104A ~_CMOS DRAM

2M x 8 Bit CMOS Dynamic RAM with Extended Data Out

DESCRIPTION

This is a family of 2,097,152 x 8 bit Extended Data Out CMOS DRAMs. Extended Data Out Mode offers
high speed random access of memory cells within the same row, so called Hyper Page Mode. Power supply
voltage(+5.0V or +3.3V), refresh cycle(2K Ref. or 4K Ref.), access time(-5, -6, -7 or -8), power
consumption(Normal, Low power or Super-Low power) and package type(SOJ or TSOP-II) are optional
features of this family. All of this family have CAS-before-RAS refresh, RAS-only refresh and Hidden refresh
capabilities.” Further more, Self-refresh operation is available in L & SL version.

This 2Mx8 EDO DRAM family is fabricated using Samsung's advanced CMOS process to realize high
band-width, low power consumption and high reliability. It may be used as main memory unit for high level
computer, microcomputer and personal computer.

FEATURES » Extended Data Out mode operation
« Part Identification (Fast Page mode with Extended data out)
- KM48C2004A/AL/ASL(5V, 4K Ref.) * Byte Read/Write operation
- KM48C2104A/AL/ASL(5V, 2K Ref.) « CAS-before-RAS refresh capability

- KM48V2004A/AL/ASL(3.3V, 4K Ref.)

- KM48V2104A/AL/ASL(3.3V. 2K Ref) * RAS-only and Hidden refresh capability

« Self-refresh capability(L & SL-ver)

* Active Power Dissipation Unit : mW « Fast parailel test mode capability
Spe’é d . 33v 4 o 5v * TTL(5V)/LVTTL(3.3V) compatible inputs gnd outputs
ek ] oK | 4K | 2k » Early Write or output enable controlled write
-5 - - 495 605 * JEDEC Standard pinout
-6 288 360 440 550 * Available in Plastic SOJ and TSOP(Il) packages
7 | 252 324 385 495 » Single +5V+10% power supply(5V product)
-8 216 | 288 330 440 - * Single +3.3V+0.3V power supply(3.3V product)

FUNCTIONAL BLOCK DIAGRAM

NO. | "1 cycle [Normat) L | SL’ ﬁKSN’l oo Vce
C2004A Vss
V2004A| 3.3V 4K | 64ms : C‘;KVS_’ Clocks I VBB Generator | : I
. _ 5 ;
catoal sv | [ 28ms 256ms ]
V2104A| 3.3V Row Decoder DBat?i in
S uffer
« Performance range: 2
SRR Sl SR N B Memory Array g DQo
Speed| tRAC|1CAC| tRC | tHPC | Remark 2007.162x 6 £ a
-5 | 50ns [ 13ns | 90ns| 20ns | 5V Only Cells g DQ7
6 | 60ns | 15ns [110ns| 25ns | 5V/3.3V |  A0~At1 . 3 —
(AQ~A10)"1 ata ou
-7 | 70ns | 20ns [130ns| 30ns | 5V/3.3V A0 -A8 _—JCol. Address Buffer J-+{ Column Decoder < Buffer |«¢- OE
-8 80ns | 20ns | 150ns| 35ns | 5V/3.3V (AO~ AQ)1

Note) "1 : 2K Refresh

SAMSUNG ELECTRONIC CO., LTD. reserves the right to
change products and specifications without notice.
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KM48C2004A, KM48C2104A

KM48V2004A, KM48V2104A CMOS DRAM

PIN CONFIGURATION (Top Views)

* KM48C/V20(1)04AJ/ALJ/ASLJ

Vecd { o 28H Vss
DQO O 27P DQ7
DQ1 O 26 A DQ6
DQ2d DQ5
DQ3 243 DQ4
WO 23 CAS
RAS O 22 0OE
A11(N.C) O 21p A9
A10 A8
A0O310 A7
Al 11 AB
A2 12 A5 J 1 400 mil-28 SOJ
A3d13 A4 T : 400 mil TSOP I
Veer14 Ves TR : 400 mil TSOP II(Rev.)
* KM48C/V20(1)04AT/ALT/ASLT * KM48C/V20(1)04ATR/ALTR/ASLTR
Vec 10 28 bﬂ Vss Vss 428 1 kIl Vce
pQod 2 27 {0 pQ7 parM27 o 2P DQo
pDQ1 M 3 26 0Das . DQ6 ™26 3 DpaQ1
DQ2m 4 25 F1DQ5 DQ5 M 25 4 DpQ2
DQ3M 5 24 F1 DQ4 DQ4 M 24 5 2 DQ3
= K3 23 B cAas CAS 23 spw
RAS ™ 7 22 FOOE OE ™22 7 P RAS
A11(N.C)] 8 21 A9 A9 ™21 8 1 A11(N.C)
A0 9 20 o As : A8 ™20 9 1 A10
A0 D10 19 O A7 A7 19 10 U AO
A1 11 18 0 A6 A6 {18 11 9 A1
A2 O 17ppas Asd17 O 12pA2
A313 16 O A4 A4T]16 130 A3
Vee 14 15 F Vss Vss 15 14 [ Vee

* Note : () --> 2K Product

A0 - A11 Address Inputs(4K product)

AQ - A10 Address Inputs(2K product)

DQO -7 Data In/Out

Vss Ground )

RAS Row Address Strobe

CAS Column Address Strobe

U "| Read/Write Input

OE Data Outputs Enable

Vee * Power(+3.3V)
Power(+5.5V)

N.C No Connection

i g

ELECTRONICS
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KM48C2004A, KM48C2104A
KM48V2004A, KM48V2104A CMOS DRAM

ABSOLUTE MAXIMUM RATINGS

Voltage on any pin relative to Vss Vin,Vour -05 to +4.6 -1 to +7.0 \
Voltage on Vcc supply relative to Vss Vce -0.5 to +4.6 -1 to +7.0 \
Storage Temperature Tstg -55 to +150 -55 to +150 °C
Power Dissipation Po 1 1 w
Short Circuit Output Current los ' 50 - 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 (Voltages referenced to Vss, Ta= 0 to 70 °C)

Supply Voltage Vee 3.0 3.3 3.6 45 5.0 5.5 v
Ground Vss 0 0 0 0 0 0 \Y
Input High Voltage Vin 2.0 - Vee+0.3™ 24 - Vee#t™ | v
input Low Voltage Vi -0.3% - 0.8 1072 . 0.8 v

*1: Vee + 1.3V/15ns(3.3V), Vec+2.0V/20ns(5V), Pulse width is measured at Vce.
*2: - 1.3V/15ns(3.3V), - 2.0V/20ns(5V), Pulse width is measured at Vss.

DC AND OPERATING CHARACTERISTICS (Recommended operating conditions unless otherwise noted.)

Input Lealfage Current (Any input 0<ViN<Vece+0.3V, I -5 5 pA
all other pins not under test=0 volt.)
Output Leakage Current ’
3.3V | (Data out is disabled, 0V<VoutsVcc) low) -5 5 uA

Output High Voltage Level(lon=-2mA) VoH 24 - \
Output Low Voltage Level(loL.=2mA) VoL - 0.4 \Y
Input Leakage Current (Any input 0<ViN<Vec+0.5V, I -10 10 pA
all other pins not under test=0 volt.)
Output Leakage Current i

- 5V | (Data out is disabled, OV<Vour<Vec) low) 10| 10 ) pA
Output High Voltage Level(loH=-5mA) VoH 24 - \%
Output Low Voltage Level(loL=4.2mA) VoL - 0.4 Vv

ELECTRONICS



KM48C2004A, KM48C2104A | e
KM48V2004A, KM48V2104A | CMOS DRAM

DC AND OPERATING CHARACTERISTICS (Continued.)

-5 |
. -6 80 100 80 100 | mA
Icci Don't care 7 70 90 70 %0 mA
-8 60 80 60 . 80 | mA
Normal . 2 2 2 2 el o mA
- USL Don't care 1 ] 1 Y mA
-5 - . 90 110 mA
, -6 80 100 80 100  mA
lcca - | Don'tcare 7 70 90 70 90 mA
-8 60 80 60 80 | mA
-5 - ’ . 100 110 mﬁ
. -6 90 100 90 100 om
Ic Don't care
o 7 80 90 : 80 90 S mA
-8 70 80 70 .80 1. mA
Normal 1 1 1 o1 mA
Iccs L Don't care 300 300 300 300 HA
SL 200 200 200 200  pA
‘ -5 - - - 90 \ 110. | mA
| Dont care -6 80 100 80 100 "~ mA
Ccce 7 70 90 70 - 90 mA
-8 60 80 60 80 mA
L . 450 400 450 400 uA
e sL | Dontcare 350 300 350 300 WA
Iccs USL | Don'tcare 250 250 300 300 uA

Icct* : Operating Current (RAS and CAS cycling @tRC=min.)

lccz : Standby Current (RAS=CAS=W=VH )

Iccs* : RAS-only Refresh Current (CAS=Vin, RAS cycling @tRC=min.)

Icca* : Hyper Page Mode Current (RAS=Vi, CAS, Address cycling @tHPC=min.)

lccs : Standby Current (RAS=CAS=W=Vcc-0.2V)

Iccs* : CAS-Before-RAS Refresh Current (RAS and CAS cycling @tRC=min.)

Icc7 : Battery back-up current, Average power supply currént, Battery back-up mode
Input high voltage(ViH)=Vce-0.2V, Input low voltage(ViL)=0.2V, CAS=CAS-before-RAS cycling or 0.2V
Din = Don't care, Trc= 31.25us(4K/L-ver), 62.5us(4K/SL-ver, 2K/L-ver), 125us(2K/SL-ver) ,
Tras=Trasmin~300 ns

Iccs : Self Refresh Current
RAS=CAS=0.2V, W=0OE=A0 ~ A11 = Vcc-0.2V or 0.2V, DQO ~ DQ7= Vcc-0.2V, 0.2V or Open

*NOTE : lec, lecs, Icca 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. In lccy, lccs, -
and lcce, address can be changed maximum once while RAS=V.L. In Iccs, address can be
changed maximum once within one hyper page mode cycle time tHPC.

. ELECTRONICS




KM48C2004A, KM48C2104A

KM48V2004A, KM48V2104A | ____CMOS DRAM
CAPACITANCE(Ta=25°C,Vce=5V or 3.3V, f=1MHz)
Parameter : S ' Syinbol “Min Max Unit
Input capacitance [AO - A11] Cint - 5 pF
Input capacitance [RAS, CAS, W, OE] Cinz - 7 pF
Output Capacitance [DQO - DQ7] Coa - - 7 pF

AC CHARACTERISTICS (0°C<Ta<70°C, See note 1,2) .
Test condition(5V device) : Vcc=5.0V+10%, Vin/Vi=2.4/0.8V, Von/Vo =2.0/0.8V
Test condition(3.3V device) : Vcc=3.3V10.3V, Vin/Vi=2.0/0.8V, Von/Voi =2.0/0.8V

bt ! ~5 V'_6 . -7 -8
 Porameter |Symbollg, Tatax | Min| Max| Min] Max | Min| max | Ut |Notes
Random read or write cycle time tRC k 84 104 124 144 ns
Read-modify-write cycle time tRWC (115 140 170 190 ns
Access time from RAS tRAC 50 60 70 80 | ns [34,10
Access time from CAS tCAC 13 15 20 20 ns |345
Access time from column address tAA 25 30 35 40 ns | 3,10
CAS to output in Low-Z tcLZ 3 3 3 3 ns 3
Output buffer turn-off delay from CAS tCEZ 3|/13|3 | 15|3 |20/ 3| 2 ns | 6,13
OE to output in Low-Z toLz 3 3 3 3 ns 3
Transition time (rise and fall) tT 2 50| 2 50 |2 | 50| 2 | 50 ns 2
RAS precharge time tRP 30 40 50 60 ns
RAS pulse width tRAS | 50 |10K| 60 | 10K} 70 [10K| 80 | 10K | ns
RAS hold time tRSH | 13 15 20 20 ns
CAS hold time tCSH | 38 45 50 60 ns
CAS pulse width tCAS 8 [10K| 10 | 10K |15 |10K | 20 | 10K ns 15
RAS to CAS delay time tRCD | 20| 37 |20 | 45 |20 | 50 | 20 | 60 ns 4
RAS to column address delay time tRAD | 15| 256 (15 | 30 |15 (.35 | 15| 40 ns 10
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 8 10 15 15 ns
Column address hold time referenced BAS tAR 35 42 52 57 ns 17
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 hold time referenced to CAS | tRCH 0 0 0 0 ns 8
Read command hold time referenced to RAS | tRRH 0 0 0 0 ns 8
Write command hold time tWCH | 10 10 15 15 ns
Write command hold time referenced to RAS | tWCR | 37 42 52 57 ns 17
Write command pulse width tWP 10 10 15 15 ns
Write command to RAS lead time tRWL | 13 15 20 20 ns
Write command to CAS lead time tCWL | 8 10 15 20 ns

Note) *1 : 5V only
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KM48C2004A, KM48C2104A

KM48V2004A, KM48V2104A

CMOS DRAM

AC CHARACTERISTICS (Continued)

sy

ELECTRONICS

amelor

Data set-up time
Data hold time
Data hold time referenced to RAS tDHR 37 42 52 57 ns | 17
Refresh period(2K, Normal) tREF 32 ; 32 32 32 ms
Refresh period(4K, Normal) tREF 64 64 64 64 .| 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 tWCSs 0 0 0 0 ns 7
CAS to W delay time tCWD | 30 34 44 44 ns 7
RAS to W delay time tRWD | 67 79 94 104 ns 7
Column address to W delay time tAWD | 42 49 59 64 ns 7
CAS set-up time (CAS-before-RAS refresh) |tCSR 5 5 5 5 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(CBR counter test cycle) tCPT 20 20 30 30 ns
Access time from CAS precharge tCPA 28 35 40 45 | ns 3
Hyper Page cycle time tHPC 20 25 30 35 ns 16
Hyper Page read-modify-write cycle time tHPRWGQ 47 56 71 81 ns 16
CAS precharge time (Hyper page cycle) tCP 8 10 10 10 ns
RAS pulse width (Hyper page cycle) tRASP | 50 [200K| 60 |200K |70 | 200K | 80 | 200K | ns
RAS hold time from CAS precharge tRHCP | 30 35 40 45 ns
OF access time tOEA 13 15 20 20 | ns
OF to data delay tOED 13 15 20 20 ns
CAS precharge to W delay time tCPWD | 45’ 54 64 69 ns
Out put buffer turn off delay time from OE  |tOEZ 313|315 3| 20 | 3| 20 |ns |6,13
OF command hold time tOEH 13 15 20 20 ns
Write command set-up time(Test mode in) |{tWTS | 10 10 10 10 ns | 11
Write command hold time(Test mode in) tWTH 10 10 10 10 ns | 11
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 20 ns (6,13
Output buffer turn off delay from W tWEZ 3 13 | 8 15 | 3 20 3 20 ns |6,13
W to data delay tWED | 15 15 20 20 ns
OF to CAS hold time tOCH 5 5 5 ns
CAS hold time to OE tCHO 5 5 5 ns
OE precharge time tOEP 5 5 5 ns
'W puith width(Hyper Page Cycle) tWPE 5 5 5 ns
RAS pulse width(C-B-R self refresh) tRASS [100 100 100 100 us | 14
Note) *1: 5V only

218



KM48C2004A, KM48C2104A

KM48V2004A, KM48V2104A , CMOS DRAM
AC CHARACTERISTICS (Continued)
K -5 -6 -7 -8 )
Parameter Symbol Min | Max | Min |Max | Min| Max |Min| Max Units| Notes
RAS precharge time (C-B-R self refresh) | tRPS | 90 110 130 150 ns 14
CAS hold time (C-B-R self refresh) tCHS | -50 -50 -50 -50 ns 14
TEST MODE CYCLE
(Note. 11
: , 5" - 7 -8 .
Parameter Symbol | T ax Min] Max [Min] Max [Min] Max |00 ot
Random read or write cycle time tRC 89 109 129 149 ns
Read-modify-write cycle time tRWC  |121 145 175 195 ns
Access time from RAS tRAC 55 65 75 85 ns (34,10
Access time from CAS tCAC | 18 20 25 25 ns | 3,45
Access time from column address tAA 30 35 40 "~ 45 ns | 3,10
RAS pulse width . tRAS 55| 10K [65| 10K [75| 10K | 85| 10K | ns
CAS pulse width tCAS 13| 10K |[15] 10K |20 | 10K | 25| 10K | ns
RAS hold time tRSH 18 20 25 25 ns
TAS hold time tcSH [43] |50 55 65 " | ns
Column address to RAS lead time tRAL 30 35 40 45 ns
CAS to W delay time tCWD |35 39 49 | 49 ns
RAS to W delay time tRWD |72 84 99 109 ns
Column address to W delay time tAWD |47 54| 64 69 ns
Hyper Page cycle time tHPC 25 30 135 40 ns 16
Hyper page read-modify-write cycle time| tHPRWC| 53 61 76 86 ns 16
RAS pulse width (Hyper page cycle) tRASP |55 200K | 65| 200K |75 | 200K | 85| 200K | ns
Access time form CAS precharge tCPA 33 40 45 50 ns 3
OE access time tOEA 18 20 25 25 ns
OE to data delay ) tOED 18 20 25 25 ns
OF command hold time tOEH |18 20 25 25 ns

Note) *1 : 5V only
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KM48C2004A, KM48C2104A
KM48V2004A, KM48V2104A CMOS DRAM

NOTES

1. Aninitial pause of 200us is required after power-up followed by any 8 ROR or CBR cycles before
proper device operation is achieved.

2. ViH(min) and ViL{(max) are reference levels for measuring timing of input sngnals Transition times are
measured between Vi(min) and ViL(max) and are assumed to be 2ns for all inputs.

3. Measured with a load equivalent to 2 TTL(5V device)/1 TTL(3.3V device) loads and 100pF.

4. Operation within the tRCD(max) limit insures that tRAC(max) can be met. tRCD(max) is specified as
a re ference point only. If tRCD is greater than the specified tRCD(max) limit, then access time is
controlled exclusively by tCAC.

5. Assumes that tRCD2 tRCD(max).

6. This parameter defines the time at which the output achieves the open circuit condition and is not
referenced to VoH or VoL.

7. tWCS, tRWD, tCWD and tAWD are non restrictive operating parameters. They are included in the
data sheet as electric characteristics only. If tWCS>tWCS(min), the cycles is an early write cycle
and the data output will remain high impedance for the duration of the cycle. If tCWD2 tCWD(min),
tRWD2tRWD(min) and tAWD2> tAWD(min), then the cycle is a read-modify-write cycle and the data
output will contain the data read from the selected address. [f neither of the above conditions is
satisfied, the condition of the data out is indeterminate.

8. Either tRCH or tRRH must be satisfied for a read cycle.

9. These parameters are referenced to the CAS leading edge in early write cycles and to the W leading
edge in read-modify-write cycles.

10. Operation within the tRAD(max) limit insures that tRAC(max) can be met. tRAD(max) is specified as
a re ference point only. If'tRAD is greater than the specified tRAD(max) limit, then access time is
controlled by tAA. ‘

11. These specifications are applied in the test mode.

12. In test mode read cycle, the value of tRAC, tAA, tCAC is delayed by 2ns to 5ns for the specified
values. These parameters should be specified in test mode cycles by addlng the above'value to the
specified value in this data sheet.

13. tCEZ(max), tREZ(max), tWEZ(max) and tOEZ(maXx) define the time at which the output achieves the
open circuit condition and are not referenced to output voltage level.

14. 4096(4K Ref.)/2048(2K Ref.) cycles of burst refresh must be executed within 16ms before and after
self refresh, in order to meet refresh specification.

15. It RAS goes high before CAS high going, the open circuit condition of the output is achieved by CTAS
high going. If CAS goes high before RAS high going, the open circuit condition of the output is
achieved by RAS high going.

16. tASC =tCPmin, Assume tT =2.0ns

. 17. tAR, tWCR, and tDHR are referenced to tRAD(MAX).
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KM416C1000A, KM416C1200A
KM416V1000A, KM416V1200A

CMOS DRAM

1M x 16Bit CMOS Dynamic RAM with Fast Page Mode

DESCRIPTION

This is a family of 1,048,576 x16 bit Fast Page Mode CMOS DRAMs. Fast Page Mode offers high speed
random access of memory cells within the same row. Power supply voltage(+5.0V or +3.3V), refresh
cycle(1K Ref. or 4K Ref.), access time(-6, -7 or -8), power consumption(Normal or Low power) and package
type(SOJ or TSOP-II) are optional features of this family.
All of this family have CAS-before-RAS refresh, RAS-only refresh and Hidden refresh capabilities. Further
more, self-refresh operation is available in self-refresh version.
This 1Mx16 Fast Page mode DRAM family is fabricated using Samsung's advanced CMOS process to
realize high band-width, low power consumption and high reliability. It may be used as main memroy unit for
microcomputer, personal computer and portable machines.

FEATURES

 Part Identification
- KM416C1000A/A-L (5V, 4K Ref.)
- KM416C1200A/A-L (5V, 1K Ret.)

¢ Fast Page Mode operation

» 2 CAS Byte/Word Read/Write operation
* CAS-before-RAS refresh capability

* RAS-only and Hidden refresh capability

- KM416V1000A/A-L (3.3V, 4K Ref.)
- KM416V1200A/A-L (3.3V, 1K Ref.)

* Active Power Dissipation

* Refresh cycles

« Self-refresh capability(L-ver only)
* TTL(5V)/LVTTL(3.3V) compatible inputs and outputs
 Early Write or output enable controlled write
» JEDEC Standard pinout
* Available in Plastic SOJ and TSOP(ll) packages

324 540 550 880 * Triple +5V+10% power supply(5V product)
-7 288 504 495 825 ¢ Triple +3.3V+0.3V power supply(3.3V product)
-8 252 468 440 770

FUNCTIONAL BLOCK DIAGRAM

sl b RAS -¥ Vee
C1000A Y; ' UCAS ¥ Control Vss
4ams |- [CAS ¥ Clocks
V1000A| 3.3V 4K 64ms i28ms g | VBB Generator | I Tower
C1200A| 5V 1K 16ms l D;:?ielrn T bao
V1200A| 3.3V b to
Fow Decoder Lover 1 [ ooy
ata ou
« Perf . ] o P
erformance range: p Buffe
Memory Array | o Upper — OF
1048576 x 16 | £ 1T | Dara n
-6 60ns 15ns [ 110ns | 40ns Cells o [+ Butfer DQs
7 70ns 20ns | 130ns | 45ns AD~A11 § Tl
8 | 80ns | 20ns | 150ns | 5ons | “° ~A9) | - pata out| | O
A0 ~A7 _-:ICOL Address Butfer |-> Column Decoder |«
(AD ~A9)"1 - Buffer
Note) *1 : 1K Refresh
SAMSUNG ELECTRONIC CO., LTD. reserves the right to
change products and specifications without notice.
221

vy

ELECTRONICS



KM416C1000A, KM416C1200A

KM416V1000A, KM416V1200A CMOS DRAM
PIN CONFIGURATION (Top Views)
* KM416C/V10(2)00AJ * KM416C/V10(2)00AT * KM416C/V10(2)00ATR
Ny
veedit o 42 fp Vss vecmd1 o 44 EDVss Vss 44 1 | vee
DQo Q2 41ppais ~DPQO ]2 43 P DQ15 DQ15 @43 2 [0 DQO
DQ1 3 42fmDQ14  pQ1a Hgn 3 o pQ1
DQ1 43 40pDQ14  pAo
a2 da 39 b DQ13 4 41 FBDQ13 DQ13 41 4 o DQ2
DQ3 5 40 FDai2  pQi2 a0 5 o DQ3
DQ3 45 38 pDQ12 veemls 39 FO Vss Vss {39 6 I VCC
vce ge 37 vss DQ4 7 38 F@DQ11 DQ11 38 7 o DQ4
DQ4q7 36 p DQ11 ng = g % :088;0 88;0 E 37 g g ggg
1 36
bl Mfbe g ozEse Bk Ok SR
pazd1o 33 h D8 ' ne N.C I34 nENe
N.cd11 32BN.C
N.CQ12 31 pLCAS NG 12 T o L NG
w13 h UCAS : . N. 33 12 )
Rasdia  s0poE NgH13  32RIICAS  [CASOsp 13 FONC
W 14 31 FOUCAS  UCAS 31 14 BwW
A11(N.C) 15 28 p A9 BAS m15 30 moE OFE ™30 15 1 RAS
A10(N.C)g16 o7baAas  A1I(N.C)d1s 29 FO A9 A9 29 16 B A11(N.C)
A0q17 2spa7r  AION.C)rd17 28 FO A8 A8 28 17 D A10(N.C)
A1d18 25h A6 A0 18 27 EB A7 A7 27 18 fm A0
A2d19 24 h A5 Al 19 26 [0 A6 A6 {26 19 [m A1
A2 } o0 25 FmAs A5 25 ~ 20 FOA2
A3d20 o 23pA4 A2 O 2afmag A4 24 51 o a3
vce g21 22 pVss veem] 22 23 Fvss Vss 23 22 pnvee
*Note : () --> 1K Product :
_Pin Name | Pin Function
A0 - A11 | Address Inputs(4K Product)
AOQ - A9 Address Inputs(1K Product)
DQO -15 [ Data In/Out .
Vss Ground
RAS Row Address Strobe
UCAS Upper Column Address Strobe
LCAS Lower Column Address Strobe
w Read/Write Input
OE Data Outputs Enable
vcec Power(+5.0V)
Power(+3.3V)
N.C No Connection

T s ugg
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KM416C1000A, KM416C1200A
KM416V1000A, KM416V1200A CMOS DRAM

ABSOLUTE MAXIMUM RATINGS

Rating Units
Parameter | Symbol — : ~ :
; ' ‘ 3.3V 5v

Voltage on any pin relative to Vss Vin,Vour -0.5 to +4.6 -1 to +7.0 \Y
Voltage on Vcc supply relative to Vss Vee -05 to +4.6 -1 to +7.0 Vv
Storage Temperature Tstg -55 to +150 -55 to +150 °C
Power Dissipation Po 1 1 w
Short Circuit Output Current “los 50 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 (Voltages referenced to Vss, Ta= 0 to 70 °C)

Parameter | Symbol 3 A bl | Unit
G ' Min Typ Max Min | Typ | Max |
Supply Voltage Vee 3.0 3.3 3.6 45 5.0 55 v
Ground Vss 0 0 0 0 0 0 v
Input High Voltage Viu 2.1 - Vee+0.3" 2.4 - Veert™ | v
Input Low Voltage Vic -0.32 - 0.8 -1.02 - 0.8 v

*1 : Vee + 1.3V/15ns(3.3V), Vec+2.0V/20ns(5V), Pulse width is measured at Vec.
*2: - 1.3V/15ns(3.3V), - 2.0V/20ns(5V), Pulsg width is measured at Vss.

DC AND OPERATING CHARACTERISTICS (Recommended operating conditions unless otherwise noted.)

g . Parameter : ‘ Vi ,Syinbol,; Mm , Max Units

Input Lealfage Current.(Any input 0<Vin<Vcc+0.3V, I -5 5 uA
all other pins not under test=0 volt.)

33V | (Data out i disabled, OV<VoursVog ow | 5 | 5 |wA
Output High Voltage Level(loH=-2mA) VoH 2.4 - \Y
Output Low Voltage Level(lo,=2mA) VoL - 0.4 \Y
Input Leakage Current (Any input 0<VinsVec+0.5V, ) -5 5 pA
all other pins not under test=0 volt.)

5V | (Data out s dsabled, OV<VoursVo) ow | -5 | 5 | wA
Output High Voltage Levél(loH=-5mA) VoH 2.4 - \"
Output Low Voltage Level(loL.=4.2mA) VoL - 0.4 Vv

ELECTRONICS



KM416C1000A, KM416C1200A R :
KM416V1000A, KM416V1200A CMOS DRAM

DC AND OPERATING CHARACTERISTICS (Recommended operating conditions unless otherwise noted.)

-6 90 150 100 160 | mA

lcct Don't care -7 80 140 90 150 mA
-8 70 130 80 140 mA

Normal , 2 2 2 2 . mA

Icc2 L Don't care 1 1. 1 ] mA
-6 90 150 100" 160 mA

lcca | Don'tcare 7 80 140 90 150 mA
8 70 130 80 140 mA

6 90 100 100 110 mA

lcca | Don't care 7 80 90 90 100 mA
-8 70 80 80 %0 - mA

Normal "o 1 1 1 1 mA

Don't care

lccs L 200 200 200 200 pA
) -6 90 ‘ 150 100 160 mA

loce | Don'tcare 7 80 140 90 150 - mA
-8 70 130 80 140 mA

lcc? L Don't care 400 300 450 350 nA
lees L Don't care 200 200 250 250 HA

lcc1* : Operating Current (RAS ,UCAS L CAS ,Address cycling @tRC=min.)
lccz : Standby Current (RAS=UCAS=LCAS=W=Vi)
lccs* : RAS-Only Refresh Current (UCAS= m =ViH, RAS ,Address cycling @tRC=min.)
Iccs* : Fast Page Mode Current (RAS=Vi, UCAS or [CAS, Address cycling @tPC= mln)
lces : Standby Current (RAS=UCAS=LCAS=W=Vcc-0.2V)
lccs* : CAS-before-RAS Refresh Current (RAS ; UCAS or EC_§ cycling @tRC=min.) -
Icc7 : Battery back-up current, Average power supply current, Battery back-up mode
Input high voltage(ViH)=Vce-0.2V, Input low voltage(ViL)=0.2V, UCAS,LCAS= 0.2V,
Din = Don't care, Trc= 31.25us(4K/L-ver), 125us(1K/L-ver), Tras=Trasmin~300 ns
Iccs : Self Refresh Current
RAS=UCAS=LCAS=Vi,, W=OE=A0 ~ A11 = Vcc-0.2V or 0.2V,
DQO ~ DQ15= Vcc-0.2V, 0.2V or Open

*NOTE : lcct, lIccs, Icca 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.. in lcct, lccs,
and lcce, address can be changed maximum once while RAS=ViL. In lcca, address can be
changed maximum once within one fast page mode cycle time tPC.
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KM416C1000A, KM416C1200A

KM416V1000A, KM416V1200A CMOS DRAM
CAPACITANCE(TA=25°C,Vcc=5V or 3.3V, f=1MHz)
 pParameter | symbot | Min | Max | unit
Input capacitance [AO - A11] Cini - 5 pF
Input capacitance [RAS, UCAS LCAS, W, OF] Cinz - 7 pF
Output Capacitance [DQO - DQ15] Coa - 7 pF

AC CHARACTERISTICS (0°C<Ta<70°C, See note 2)
Test condition(5V device) : Vce=5.0V+10%, Vin/Vi=2.4/0.8V, Von/Vol =2.4/0.4V
Test condition(3.3V device) : Vcc=3.3V10.3V, Vin/Vi=2.1/0.8V, Von/Vo =2.0/0.8V

Random fead E)‘r whte cycle time

Read-modify-write cycle time 155 185 205 ns

Access time from RAS 60 70 80 ns [3,4,10
Access time from CAS 15 20 20 ns | 34,5
Access time from column address tAA 30 35 40 ns | 3,10
CAS to output in Low-Z tCLZ 0 0 0 ns 3
Output buffer turn-off delay tOFF [¢] 15 0 15 0 15 ns 6
Transition time (rise and fall) 1T 3 50 3 50 3 50 ns 2
RAS precharge time tRP 40 50 60 ns

RAS pulse width tRAS 60 10K 70 10K 80 10K ns
'RAS hold time tRSH 15 20 20 ns

CAS hold time tCSH 60 70 80 ns

CAS pulse width tCAS 15 10K 20 10K 20 10K ns

RAS to CAS delay time tRCD 20 45 20 50 20 60 ns 4
RAS to column address delay time tRAD 15 30 15 35 15 40 ns 10
CAS to RAS precharge time tCRP 5 5 5 ns

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

Row address hold time tRAH 10 10 10 ns
Column address set-up time tASC 0 0 0 ns 11
Column address hold time tCAH 10 15 15 ns 1
Column address to RAS lead time tRAL 30 35 40 ns

Read command set-up time tRCS 0 0 0 ns

Read command hold time referenced to CAS | tRCH 0 0 0 ns 8
Read command hold time referenced to RAS | tRRH 0 0 0 ns 8
Write command set-up time tWCS 0 0 0 ns 7
Write command hold time tWCH 10 15 15 ns

Write cbmmand pulse width tWP 10 15 15 ns

Write command to RAS lead time tRWL 15 15 20 ns

Write command to TAS lead time tCWL 15 15 20 ns
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KM416C1000A, KM416C1200A « , SRR
KM416V1000A, KM416V1200A CMOS DRAM

AC CHARACTERISTICS (0°C<Ta<70°C, See note 2)

Data set-up time tDS 0 0 0 ns (917
Data hold time tDH 10 15 15 ns |9,17
Refresh period(1K, Normal) tREF 16 16 16 ms
Refresh period(4K, Normal) tREF 64 64 64 ms
Refresh period(L. -ver) tREF 128 128 128 | ms

CAS to W delay time tCWD 40 50 50 ns | 7
RAS to W delay time tRWD 85 95 105 ns | 7
Column address to W delay time .| tawD 55 60 65 ns | 7
CAS precharge to W delay time tCPWD | 60 65 70 ns

CAS set-up time (CAS-before-RAS refresh) | tCSR 5 5 5 : ns

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

FAS to CAS precharge time tRPC 5 5 5 ns

ICAS precharge time(CBR counter test cycle) | tCPT 20 25 30 ns
Access time from CAS precharge {CPA 35 40 45 | ns | 3
Fast Page mode cycle time tPC 40 45 50 ns

Fast Page mode read-modify-write cycle time | tPRWC | 80 95 100 ns

ICAS precharge time (Fast page cycle) tCP 10 10 10 ns

RAS pdlse width (Fast page cycle) tRASP 60 | 200K| 70 |200K | 80 |200K | ns

RAS hold time from CAS precharge tRHCP | 35 40 45 ns

IOE access time tOEA 15 20 20 | ns | 3
OE to data delay tOED 15 20 20 ns

Out put buffer turn off delay time from OE tOEZ 0 15 0 20 0 20 | ns

[OE command hold time tOEH 15 20 20 ns

RAS pulse width(C-B-R self refresh) tRASS | 100 100 100 us |18
RAS precharge time (C-B-R self refresh) tRPS 110 130 150 ns |18
ICAS hold time (C-B-R self refresh) tCHS -50 -50 -50 ns |18

ELECTRONICS '



KM416C1000A, KM416C1200A : ,
KM416V1000A, KM416V1200A CMOS DRAM

NOTES

1.

10.

An initial pause of 200us is required after power-up followed by any 8 RAS-only or CAS-before-RAS
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 ViL(max) and are assumed to be 5ns for all inputs.

. Measured with a load equivalent to 2 TTL (5V device)/ 1 TTL(3.3V device) loads and 100pF.
. Operation within the tRCD(max) limit insures that tRAC(max) can be met. tRCD(max) is specified as

a reference point only. If tRCD is greater than the specified tRCD(max) limit, then access time is
controlled exclusively by tCAC. ~

. Assumes that tRCD2 tRCD(max). )
. tOFF(max) defines the time at which the output achieves the open circuit condition and is not

referenced to VoH or VoL.

. tWCS, tRWD, tCWD and tAWD are non restrictive operating parameters. They are included in the

data sheet as electrical characteristics only. If tWCS> tWCS(min), the cycles is an early write cycle
and the data output will remain high impedance for the duration of the cycle. If tCWD=tCWD(min),
tRWD2= tRWD(min) and tAWD2= tAWD(min), then the cycle is a read-modify-write cycle and the data
output will contain the data read from the selected address. !f neither of the above conditions is
satisfied, the condition of the data out is indeterminate.

. Either tRCH 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-modify-write cycles.

Operation within the tRAD(max) limit insures that tRAC(max) can be met. tRAD(max) is specified as
a reference point only. If tRAD is greater than the specified tRAD(max) limit, then access time is
controlled by tAA.

KM416C/V10(2)00A/A-L Truth Table

H X X X X Hi-Z Hi-Z Standby
L H H X X Hi-Z Hi-Z Refresh
L L H H L DQ-OUT Hi-Z Byte Read
L H L H L Hi-Z DQ-OUT Byte Read
L L L H L DQ-OUT DQ-OUT Word Read
L L H L H DQ-IN - Byte Write
L H L L H - DQ-IN Byte Write
L L L L H DQ-IN DQ-IN Word Write
L L L H H Hi-Z Hi-Z -

ELECTRONICS 4




KM416C1000A, KM416C1200A
KM416V1000A, KM416V1200A CMOS DRAM

11. tASC, tCAH are referenced to the earlier CAS falling edge.

12. tCP is specified from the last CAS rising edge in the previous cycle to the first CAS falling edge in the
next cycle. ‘

13. tCWD is referenced to the later CAS falling edge at word read-modify-write cycle.

14. tCWL is specified from W falling edge to the earlier CAS rising edge.

[CAS 3\ ’ /X
UCAS '
tASC | | tCAH ) /llgﬁ
ADD. .
[ 1CWD |
W
1CWL

15. tCSR is referenced to earlier CAS falling low before BAS transition low.
16. tCHR is referenced to the later CAS rising high after RAS transition low.

RAS Vo
[CAS ———'\ /
UCAS \ /

tzsa " wchr

17.1DS, tDH is independently specified for lower byte DIN(O~7), upper byte Din(8~15).
LCAS N

UCAS \
tDS| | tDH
Do RN
DS 1} |1BH
DQs~ . 7
DQ15 oin

w \

18. 4096 cycle(1024 cycle) of burst refresh must be executed within 16ms before and after self refresh,
in order to meet refresh specification(L-version).
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KM416C1004A, KM416C1204A
KM416V1004A, KM416V1204A CMOS DRAM

1M x 16Bit CMOS Dynamic RAM with Extended Data Out
DESCRIPTION

This is a family of 1,048,576 x16 bit Dxtended Data Out CMOS DRAMs. Dxtended Data Out mode offers
high speed random access of memory cells within the same row, so called Hyper Page Mode. Power supply
voltage(+5.0V or +3.3V), refresh cycle(1K Ref. or 4K Ref.), access time(-6, -7 or -8), power
consumption(Normal or Low power ) and package type(SOJ or TSOP-Il) are optional features of this family.
All of this family have CAS-before-RAS refresh, RAS-only refresh and Hidden refresh capabilities. Further
more, self-refresh operation is available in Low power version.

This 1Mx16 Extended Data Out mode DRAM family is fabricated using Samsung's advanced CMOS
process to realize high band-width, low power consumption and high reliability. It may be used as main
memroy unit for microcomputer, personal computer and portable machines.

FEATURES * Extended Data Out mode operation
« Part Identification (Fast Page mode with Extended Data Out)
- KM416C1004A/A-L (5V, 4K Ref.) » 2CAS Byte/Word Read/Write operation

- KM416C1204A/A-L (5V, 1K Ref.)

» CAS-before-RAS refresh capability
: Em::gﬁggjﬁﬁt ggg ‘:E 228 *RAS-only and Hid(#zn refresh capability
* Self-refresh capability(L-ver only)

* Active Power Dissipation uUnit : mw * TTL(5V)/LVTTL(3.3V) compatible inputs and outputs
e 88V e B e * Early Write or output enable controlled write
Speedy. K | 1K | 4K | 1K + JEDEC Standard pinout

-6 324 540 550 880 * Available in Plastic SOJ and TSOP(ll) packages
-7 288 504 495 825 * Triple +5V+10% power supply(5V product)
-8 252 468 440 770 * Triple +3.3V+0.3V power supply(3.3V product)

* Refresh cycles

FUNCTIONAL BLOCK DIAGRAM

i Refresh_ Refresh period
- NO. | "~" 1 cycle |- Normal |- L-ver | RAS -» Vee
> Control
C1004A| 5V UcAS Vss
4K 64ms LCAS ¥ Clocks
V1004A| 3.3V W VBB Generator Tower
C1204A| 5V 128ms I Data in
1K 16ms Buffer pao
V1204A| 3.3V to
Row Decoder Lower DQ7
A o Data out
* Performance range: y N 2 Buffer
T ] TN S TR (TR emory Array ]
£ LY I o S| | Upper 0] =2
Speed ~tRC | tHPC 1.048576x 16 | & Data in
-6 104ns | 25ns Cells o | Buffer DQ8
= 124ns | 30ns | A0-A11 ] 5 = to
144ns 35ns (A0 ~A9)" - D: xppert pars
8 A0 ~A7 —w[Col. Address Butfer || Column Decoder |« ata ou
(AO ~AQ)1 Buffer

Note) *1: 1K Refresh

SAMSUNG ELECTRONIC CO., LTD. reserves the right to
change products and specifications without notice.
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KM416C1004A, KM416C1204A

KM416V1004A, KM416V1204A CMOS DRAM
PIN CONFIGURATION (Top Views)
* KM416C/V10(2)04AJ * KM416C/V10(2)04AT * KM416C/V10(2)04ATR
N/
veed1 o 42p Vss veem}1 o 44 FDvss Vss T44 1 | vee
DQoM2 41 pDQ15 88‘1) g Zg 53881‘51 88}2 43 % = 88?
h 42
3k PR T 1= ] 1l = S =
g DQ3 5 40 @DQI2  pQi2 M40 5 | pa3
DQ3M5 38 pDQ12 eleli= 15 39 O Vss Vss 39 6 | vee
\/ole]: [ 37 pVss DQ4 7 38 FIDQ11 DQ11 M3 7 0 bQ4
pa4d7 ashpait  DQ5 s 37@DQ10  pQio a7 8 | DQ5
DQ5H8 paio R 9 36 fFnDQ9 DQ9 36 9 o D6
Q54 35 DQ7
pa6g9 sappoe Nl SHER®  bas Hss 10 1 Dba7
pardio  a3fpas ' ¢ NCHa4 1T EINC
N.cd11 32pN.C
N.C12 31 pLcas NG o 12 Y - - I
wg13 30 pUCAS . NC N.C ™33 12 I N.
rasd 14 o9 hoE N.C 13 32 [WICAS LCAS ™32 13 F@ N.C
_Wmrla 31 EDUCAS  UCAS =il
C UCAS 31 14 2
A11(N.C)d 15 28 A9 RAS 15 30 FIOE OE ™30 15 [0 RAS
A10(N.C)0} 16 27pAs  A1I(N.C)m]16 29 Fm A9 A9 29 16 I A11(N.C)
Ao 17 26pa7  AI0N.C)m17 28 o A8 A8 {28 17 | A10(N.C)
h A A0 {18 27 E A7 A7 27 18 [0 A0
A1d18 25p A6 Al =
A2r19 24 h A5 19 26 FO A6 A6 26 19 [T A1
A2 20 25 A5 A5 25 20 |5 A2
A3420 o 23pA4 A3 21 O 24Fmag A4 Tioa = 21 FU A3
vccq 21 22 hvss Veololr= B 23 |1 vss Vss M23 2o o vee
* Note : (N.C ) --> 1K Product
AO - A1 Address Inputs(4K Product
A0 - A9 Address Inputs(1K Product)
DQO0 -15 | Data In/Out
Vss Ground
RAS Row Address Strobe
UCAS Upper Column Address Strobe
[CAS Lower Column Address Strobe
W Read/Write Input
OE Data Outputs Enable
Vee Power(+5.0V)
Power(+3.3V)
N.C No Connection
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KM416C1004A, KM416C1204A

CMOS DRAM

KM416V1004A, KM416V1204A
ABSOLUTE MAXIMUM RATINGS
Ratin Units
- Parameter Symbol d
e . 3.3V 5v
Voltage on any pin relative to Vss Vin,Vour -0.5 to +4.6 -1 to +7.0 \%
Voltage on Vcc supply relative to Vss Vee -0.5 to +4.6 -1 to +7.0 \
Storage Temperature Tstg -55 to +150 -55 to +150 °C
Power Dissipation Po 1 1 W
Short Circuit Output Current los 50 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 (Voltages referenced to Vss, Ta= 0 to 70 °C)

Parameter | Symbol : a3y o 5V | unit

o : : Min |  Typ Max Min Typ Max o
Supply Voltage Vee 3.0 33 3.6 45 5.0 5.5 v
Ground Vss 0 0 0 0 0 0 v
Input High Voltage Vin 2.1 - Vce+0.3" 2.4 - Veest'! | v
Input Low Voltage Vi -0.3% - 0.8 -1.02 0.8 v

*1:Vce + 1.3V/15ns(3.3V), Vec+2.0V/20ns(5V), Pulse width is measured at Vee.
*2: -1.3V/15ns(3.3V), - 2.0V/20ns(5V), Puise width is measured at Vss.

DC AND OPERATING CHARACTERISTICS (Recommended operating conditions unless otherwise noted.)

s vy

. Parameter - | Symbol | Min | Max |Units

Input Leakage Current (Any input 0<VinsVce+0.3V, Iy -5 5 pA
all other pins not under test=0 volt.)
Output Leakage Current N

3.3V | (Data out is disabled, OV<Vour<Vce) low 5 5 HA
Output High Voltage Level(lon=-2mA) VoH 24 - \
Output Low Voltage Level(loL.=2mA) Vou 0.4 \
Input Leakage Current (Any input 0<ViNsVcc+0.5V, I -5 5 uA
all other pins not under test=0 volt.)
Output Leakage Current

5V (Data out is disabled, 0V<Vout<Vcc) low) -5 5 A
Output High Voltage Level(loH=-5mA) Vo 24 - \
Output Low Voltage Level(loL=4.2mA) VoL - 0.4 \

.231



KM416C1004A, KM416C1204A

KM416V1004A, KM416V1204A CMOS DRAM

DC AND OPERATING CHARACTERISTICS (Recommended operating conditions unless otherwise noted.)
Symbol| Power | Speed i : : ——— Units
KM416V1004A | KM416V1204A | KM416C1004A | KM416C1204A i
-6 90 150 100 160 mA
Icci | Don't care -7 80 140 90 150 mA
-8 70 130 80 140 mA
Normal . 2 2 2 2 mA
Icc2 L Don't care 1 1 1 1 mA
; -6 90 - 150 100 160 mA
lcca Don't care -7 80 140 90 150 mA
-8 70 130 80 140 ‘mA
-6 110 120 120 130 mA’
Ilcca | Don'tcare 7 100 110 110 120 mA
-8 90 100 100 110 . mA
Normal 8 1 . 1 1 1 mA
Don't care
lecs L 200 200 200 - 200 WA
) -6 90 150 100 160 mA
lccs | Don'tcare 7 80 140 90 150 mA
-8 70 130 80 140 mA
Iccr L Don't care 400 400 450 350 pA
lccs L Don't care 200 200 -~ 250 250 HA

lcc1* : Operating Current (RAS ,UCAS,L CAS ,Address cycling @tRC=min.)
lccz : Standby Current (RAS=UCAS=LCAS=W=VH )
lccs* : RAS-Only Refresh Current (UCAS=LCAS=ViH, RAS ,Address cycling @RC=min.)
lcca™ : Hyper Page Mode Current (RAS=Vi, UCAS or LCAS, Address cycling @tHPC=min.)
Ices : Standby Current (RAS=UCAS=LCAS=W=Vcc-0.2V)
lcce* : CAS-before-RAS Refresh Current (RAS , UCAS or LCAS cycling @tRC=min.)
lccz : 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, UCAS,[CAS= 0.2V,
Din = Don't care, Trc= 31.25us(4K/L-ver), 125us(1K/L-ver), TRas=TRAsmMin~300 ns
lccs : Self Refresh Current (
RAS=UCAS=LCAS=Vi, W=0OE=A0 ~ A11 = Vcc-0.2V or 0.2V,
DQO ~ DQ15= Vcc-0.2V, 0.2V or Open

*NOTE : lccy, Iccs, 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. In Iccy, lccs,
and Icce, address can be changed maximum once while RAS=ViL. In Iccs4, address can be
changed maximum once within one hyper page mode cycle time tHPC.

ﬂ FI FCTRONINS
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KM416C1004A, KM416C1204A

KM416V1004A, KM416V1204A CMOS DRAM
CAPACITANCE(Ta=25°C,Vcc=5V or 3.3V, f=1MHz)
Parameter Symbol Min Max Unit
Input capacitance [AO - A11] Cing - 5 pF
Input capacitance [RAS, UCAS,LCAS, W, OFE] Cine - 7 pF
Output Capacitance [DQO - DQ15] Coa - 7 pF
AC CHARACTERISTICS (0°C<Ta<70°C, See note 2)
Test condition(5V device) : Vce=5.0V+10%, Vin/Vi=2.4/0.8V, Von/Vo =2.0/0.8V
Test condition(3.3V device) : Vcc=3.3V10.3V, Vin/Vi=2.1/0.8V, Von/Voi =2.0/0.8V
: ‘:6; ,_'7 i " -8 t |
Parameter Symbo! = Miﬁ = Max Min Ma’i T Min Max ;qut's Notes
Random read or write cycle time tRC 104 124 144 ns
Read-modify-write cycle time tRWC | 140 170 190 ns
Access time from BRAS tRAC 60 70 80 ns |3,4,10
Access time from CAS tCAC 17 20 20 ns | 34,5
Access time from column address tAA 30 35 40 ns | 3,10
CAS to output in Low-Z tCLZ 3 3 3 ns 3
OE to output in Low-Z toLz 3 3 3 ns 3
Output buffer turn-off delay from CAS tCEZ 3 15 3 20 3 20 ns | 6,13
Transition time (rise and fall) tT 2 50 2 50 2 50 ns 2
RAS precharge time tRP 40 50 60 ns
RAS pulse width tRAS 60 | 10K | 70 | 10K | 80 | 10K ns
RAS hold time tRSH 17 20 20 ns
CAS hold time tCSH 50 60 70 ns
CAS pulse width tCAS 10 [ 10K | 15 | 10K | 20 | 10K ns
RAS to CAS delay time tRCD 20 43 | 20 50 20 | 60 ns 4
RAS to column address delay time tRAD 15 30 15 35 15 | 40 ns 10
CAS to RAS precharge time tCRP 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 14
Column address hold time tCAH 10 15 15 ns 14
Column address to RAS lead time tRAL 30 35 40 ns
Read command set-up time tRCS 0 0 0 ns
Read command hold time referenced to CAS | tRCH 0 0 0 ns 8
Read command hold time referenced to RAS | tRRH 0 0 0 ns 8
Write command set-up timg tWCS 0 0 0 ns 7
Write command hold time tWCH 10 15 15 ns
Write command pulse width tWP 10 15 15 ns
Write command to RAS lead time tRWL 15 20 20 ns
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KM416C1004A, KM416C1204A ~ S
KM416V1004A, KM416V1204A CMOS DRAM

AC CHARACTERISTICS (Continued)

i "A‘Par’ameler “ ; Symbol _ﬂi n “Max | ‘

Write command to CAS lead time tCWL - | 10

Data set-up time .| tDS 0 0 0 ns {920
Data hold time tbH .| 10 15 15 ns | 9,20
Refresh period(1K, Normal) tREF 16 16 - 16 ms
Refresh period(4K, Normal) . tREF 64 64 64 ms
Refresh period(L -ver) tREF 128 128 128 | ms

CAS to W delay time tCWD 36 44 44 | ns | 7,16
RAS to W delay time tRWD 79 94 104 ns 7
Column address to W delay time tAWD 49 59 64 ns 7
CAS precharge to W delay time tCPWD | 54 64 69 ns

CAS set-up time (CAS-before-RAS refresh) tCSR 5 5 10 ns | 18
CAS hold time (CAS-before-RAS refresh) tCHR 10 10 10 ns | 19
RAS to CAS precharge time tRPC 5 5 5 ns

CAS precharge time(CBR counter test cycle) | tCPT 20 25 30 ns

Access time from CAS precharge tCPA 35 40 45 | ns 3
Hyper Page mode cycle time tHPC 25 30 35 ns 11
Hyper Page mode read-modify-write cycle time | tHPRWQ 56 71 81 ns 11
CAS precharge time Hyper page cycle) tCP 10 10 10 | ns 15
RAS pulse width (Hyper page cycle) tRASP 60 | 200K| 70 | 200K [ 80 :|200K | ns

RAS hold time from CAS precharge tRHCP | 35 40 45 ns

OE access time tOEA 15 20 | 20 | ns 3
OE to data delay tOED 15 20 20 ns

Out put buffer turn off delay time from OF tOEZ 3 15 3 20 3 20 [ns | 6
OF command hold time ' 1OEH | 15 20 20 ns

Output data hold time tDOH 5 5 5 ns ]
Output buffer turn off delay from RAS tREZ 3 15 3 20 3 20 | ns |6,13
Output buffer turn off delay from W tWEZ 3 15 3 20 3 20 | ns 6
W to data delay tWED 15 20 20 ns

OE to CAS hold time tOCH 5 5 5 ns

CAS hold time to OE - tCHO -5 5 5 | ns

OE precharge time tOEP 5 5 5 | ns

W pulse width : tWPE 5 5 5 ns

RAS pulse width(C-B-R self refresh) tRASS | 100 | 100 100 us | 12
RAS precharge time (C-B-R self refresh) tRPS 110 130 150 ns | 12
CAS hold time (C-B-R self refresh) tCHS -50 -50 -50 ns | 12
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NOTES

1.

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) and are assumed to be 2ns for all inputs.

. Measured with a load equivalent to 2 TTL (5V device)/ 1 TTL(3.3V device) loads and 100pF.
. Operation within the tRCD(max) limit insures that tRAC(max) can be met. tRCD(max) is specified as

a reference point only. If tRCD is greater than the specified tRCD(max) limit, then access time is
controlled exclusively by tCAC.

5. Assumes that tRCD> tRCD(max).

. This parameter defines the time at which the output achieves the open circuit condition and is not

referenced to Von or VoL.

. tWCS, tRWD, tCWD and tAWD are non restrictive operating parameters. They are included in the

data sheet as electrical characteristics only. If tWCS> tWCS(min), the cycles is an early write cycle
and the data output will remain high impedance for the duration of the cycle. If tCWD= tCWD(min),
tRWD=> tRWD(min) and tAWD> tAWD(min), then the cycle is a read-modify-write cycle and the data
output will contain the data read from the selected address. If neither of the above conditions is
satisfied, the condition of the data out is indeterminate.

8. Either tRCH or tRRH must be satisfied for a read cycle.

10.

. These parameters are referenced to the CAS leading edge in early write cycles and to the W leading

edge in read-modify-write cycles.

Operation within the tRAD(max) limit insures that tRAC(max) can be met. tRAD(max) is specified as
a reference point only. If tRAD is greater than the specified tRAD(max) limit, then access time is
controlled by tAA.

KM416C/V10(2)04A/A-L Truth Table

H X X X X Hi-Z Hi-Z Standby
L H H X X Hi-Z Hi-Z Refresh
L L H H L DQ-OUT Hi-Z Byte Read
L H L H L Hi-Z DQ-OUT Byte Read
L L L H L DQ-OUT DQ-OUT Word Read
L L H L H DQ-IN - Byte Write
L H L L H - . DQ-IN Byte Write
L L L L H DQ-IN ’ DQ-IN Word Write
L L L H H Hi-Z Hi-Z -

)
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CMOS DRAM

11.
12.

tASC= 6 ns, Assume tT =2.0 ns

4096 cycle(1024 cycle) of burst refresh must be executed within 16ms before and after self refresh,

in order to meet refresh specification(L-version).

13.

If BRAS 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.
14.
15.
next cycle.
16.
17.

[CAS —

tASC, tCAH are referenced to the earlier CAS falling edge.
tCP is specified from the last CAS rising edge in the previous cycle to the first CAS falling edge in the

tCWD is referenced to the later CAS falling edge at word read-modify-write cycle.
tCWL is specified from W falling edge to the earlier CAS rising edge.

\ / \
UCAS '
tasc| | tcAH ) /|1CP
ADD. o
tCWD
A
tCWL

18. tCSR is referenced to earlier CAS falling low before RAS transition low.
19. tCHR is referenced to the later CAS rising high after BAS transition low.

RAS K

—

CAS ™\

/

UCAS

A\

/

tCSR

tCHR

20. tDS, tDH is independently specified for lower byte DiN(0O~7), upper byte Din(8~15).

—_—

UCAS tDS [ [tDH
DQO~ - T
b7 Din ORISR
DS tDH
DQ8~ TRRRIRIIIIIIRIRITR IR ISR
DQ15 ERRRRRRALRRRRRRRRRRY PRRERRREERRERRERRIRERRLRRELHKRLRERLRRRRKK

w" _
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Target
KM432V502, KM432V522 CMOS DRAM

512K x 32Bit CMOS Dynamic RAM with Fast Page Mode

DESCRIPTION

This is a family of 524,288 x 32 bit Fast Page Mode CMOS DRAMSs. Fast Page Mode offers high speed
random access of memory cells within the same row. Refresh cycle(1K Ref. or 4K Ref.), access time( -7 or
-8), power consumption(Normal or Low power) are optional features of this family.

All of this family have CTAS-before-RAS refresh, RAS-only refresh and Hidden refresh capabilities. Further
more, self-refresh operation is available in Low power version.

This 512Kx32 Fast Page mode DRAM family is fabricated using Samsung's advanced CMOS process to
realize high band-width, low power consumption and high reliability.

FEATURES + Fast Page Mode operation
« Part Identification * 4 CAS Byte/Word Read/Write operation
- KM432V502/-L (3.3V, 4K Ref.) » CAS-before-RAS refresh capability

- KM432V522/-L (3.3V, 1K Ref.)

* RAS-only and Hidden refresh capability

» Self-refresh capability(L-ver only)

* LVTTL(3.3V) compatible inputs and outputs
 Early Write or output enable controlled write

Unit : mwW
St * JEDEC Standard pinout

: ? K , ¢ Available in TSOP(ll) package
-7 324 504 * Single +3.3V+0.3V power supply
-8 288 468
* Refresh cycles FUNCTIONAL BLOCK DIAGRAM
Vee
Control Vss
Clocks VBB Generator Tower
l Data in |4
Buffer DQo
- 10
Fow Decoder Tower 1,1 oats
S ate ou
* Performance range: [Refrosh Contol | % Buffer [
B j Memory Array é‘ Upper — oF
: Refresh Counter 524,288 x 32 B Data i
7 | 70ns | 20ns | 130ns | 45ns cols |3 e || pats
-8 80ns 20ns | 150ns | 50ns A0~A11 ] 3 Do 1 »Dg)m
(A0 ~A9)1
A0 ~A6 —]Col. Address Buffer | #] Column Decoder Dgta“ outL )
(AO~AB)" utter

Note) *1: 1K Refresh

SAMSUNG ELECTRONIC CO., LTD. reserves the right to
change products and specifications without notice.
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Target

KM432V502, KM432V522 CMOS DRAM
PIN CONFIGURATION (Top Views)
* KM432V502T * KM432V502R
vee Q1o 70 P vss vss Q7o TP vee
Do A2 69 P paat paa1 6o 2 Bpao
pal O3 es p DQ30 pa3o g es O 3 Bpat
DQ2 Q4 67 P D29 Da29 Y67 4 P paz
pQ3 A5 66 P DQ28 Dazs J66 5 P pas
Vee 6 65 vss vss Oes 6 B vee
pa4 47 64 P paz7 DQ27 §64 7 B a4
Das g8 63 P pazs pazs § 63 8 Npas
Das o 62 P pa2s DQ2s 62 9 Poas
DQ7 Q10 61 P pQ24 pDQ24 Q61 100 pa7
NC O 60 f N.C NC O60 11ANC
Vec 012 59 P vss vss 059 12 vee
pas O 13 58 fl pQ23 DQ23 58 130 pas
DQ9 O 14 57 P pQ22 pq22 B57 140 pag
paio 15 56 P DQ21 DQ21 56 15P pa1o
DQ11 0 16 55 P DQ20 ' DQ20 55 16 pa11
Vee Q17 54 B vss vss [O54 178 vee
pQi20 18 53 P pa1e pQi19 0153 18P pai2
pQi3 g 19 s2 P pa1s DQ1g 052 19 pa13
pDQ14 0 20 51 P pQ17 DQ17 @51 20P pa1s4
pQa1s 0 21 50 P pQie DQ16 050 21P pa1s
NC Q22 a9 NC NC Q49 22fNC
N.C Q23 48 P TASO TASo 48 23fNC
N.C ﬂ 24 47 P TAS1 CAS1 047 24P NC
NC Q25 46 P TAS2 CAS2 46 250 NG
NC 026 45 P CAS3 CAS3 145 26P NC
RAS {27 upw W Q4 27P RAS
A0 [o2s8 43 P OE OE Q43 28P A0
Al Oo2g 2pNC NC 42 298 A1
A2 Q3o 41 A11(N.C) A11(N.C) 41 a0f a2
A3  [31 40 P A10(N.C) A10(N.C) [§40 31B A3
A4 O3z 39 A9 A9 Q39 2P A4
A5 033 38 A8 A8 38 33P As
A6 Haq 37p A7 A7 Q37 o 34 As
Vee Oas QO 36 vss Vss )36 350 vee
*(N.C) : 1K Ref. Product

AQ - A11 | Address Inputs

DQO -31_ | Data In/Out

Vss Ground

RAS Row Address Strobe

CAS0 1st Byte Column Address Strobe

CAS1 2nd Byte Column Address Strobe

CAS2 3rd Byte Column Address Strobe

CAS3 4th Byte Column Address Strob

W Read/Write Input :

OE Data Outputs Enable

Ve Power(+3.3V)

N.C No Connection
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Target
KM432V502, KM432V522 ‘ ~ CMOS DRAM

ABSOLUTE MAXIMUM RATINGS

. Parameter | Symbol |  Rating Units
Voltage on any pin relative to Vss Vin,Vour -0.5 to Vec+0.5V Vv
Voltage on Vcc supply relative to Vss Vee -0.5 to +4.6 \
Storage Temperature Tstg -55 to +150 °C
Power Dissipation Po 1 w
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 (Voltages referenced to Vss, Ta= 0 to 70 °C)

Supply Voltage Vee 3.0 33 36 Vv
Ground Vss 0 0 0 v
Input High Voltage Vin 22 - Vee+0.3™! v
Input Low Voltage Vi 0.3 - 0.8 \Y

*1 : Vee+1.3V at pulse width < 15ns (pulse width is measured at Vcc)
*2: -1.3V at pulse width < 15ns (pulse width is measured at Vss)

DC AND OPERATING CHARACTERISTICS (Recommended operating conditions unless otherwise noted.)

Input Leakage Curl -5 5

all other pins not under test=0 volt.) nA
Output Leakage Current )

(Data out is disabled, 0V<VoursVec) low 5 5 nA
Output High Voltage Level(loh=-2mA) VoH 24 - \
Output Low Voltage Level(lo.=2mA) VoL - 0.4 Vv

ELECTRONICS



: Target
KM432V502, KM432V522 CMOS DRAM

DC AND OPERATING CHARACTERISTICS (Continued)

-7 80 140 mA
lcct Don't care -8 70 130 mA
lccz Don't care Don't care 1 1 mA '

. -7 80 140 mA
Don't care

locs -8 70 130 mA

lcca Don't care -7 70 80 mA
-8 60 70 mA

Iccs Don't care Don't care 500 500 pA

lccs Don't care -7 80 140 mA
-8 70 . 130 mA

Iccr L Don't care 450 350 pA

Iccs L Don't care 200 200 MA

Icct* : Operating Current (RAS ,XCAS ,Address cycling @tRC=min.)
lccz : Standby Current (RAS=XCAS=W=ViH)
lcca* : RAS-Only Refresh Current (XCAS=ViH, RAS ,Address cycling @tRC=min.)
lcca* : Fast Page Mode Current (RAS=Vi,, XCAS, Address cycling @tPC=min.)
lccs : Standby Current (RAS=XCAS=W=Vcc-0.2V)
Icce* : CAS-before-RAS Refresh Current (RAS and XCAS cycling @tRC=min.)
lcc7 : 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, XCAS= 0.2V,
Din = Don't care, Extended Trc= 32.3us(4K)/125us(1K), Tras=Trasmin~200 ns
Iccs : Self Refresh Current
RAS=XCAS=0.2V, W=DE=A0 ~ A11 = Vcc-0.2V or 0.2V,
DQO ~ DQ31= Vce-0.2V, 0.2V or Open
*NOTE : lcct, lccs, lecs and Iccs are dependent on output loading and cycle rates. Specified values
are obtained with the output open. lcc is specified as an average current. In Icct, lccs,

and lcce, address can be changed maximum once while BAS=VLL. In lcc4, address can be
changed maximum once within one fast page mode cycle time tPC.
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Target
KM432V502, KM432V522 ’ CMOS DRAM

CAPACITANCE(TA=25°C,Vce= 3.3V, f=1MHz)

 Parameter | sSymbol | Min | Max | Unit
Input capacitance [A0 - A11] Cini - 6 pF
Input capacitance [RAS, XCAS, W, OE] Cinz - 7 pF
Output Capacitance [DQO - DQ31] Coa . - 7 pF

AC CHARACTERISTICS (0°C<Ta<70°C, See note 2)
Test condition : Vce=3.3V+0.3V, Vin/Vi =2.2/0.8V, Von/Voi =2.0/0.8V, Output Loading CL = 50pF

ant;lom réaid or Wri e cyclé time ] 130 150 ns
Read-modify-write cycle time 185 205 ns
Access time from RAS 70 80 ns (3,4,10
Access time from CAS 20 20 ns | 345
Access time from column address 35 40 ns | 3,10
CAS to output in Low-Z 0 ns 3
Output buffer turn-off delay 0 15 0 15 ns 6
Transition time (rise and fall) 3 50 50 ns 2
RAS precharge time 50 ) 60 ns
RAS pulse width 70 10K 80 10K ns
RAS hold time 20 20 ns
CAS hold time 70 80 ns
CAS pulse width 20 10K 20 10K ns
RAS to CAS delay time 20 50 20 60 ns 4
RAS to column address delay time tRAD 15 35 15 40 ns 10
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 ns
Column address set-up time tASC 0 0 ns
Column address hold time tCAH 15 15 ns
Column address to RAS lead time tRAL 35 40 ns
Read command set-up time tRCS 0 0 ns
Read command hold time referenced to CAS tRCH 0 0 ns 8
Read command hold time referenced to RAS tRRH 0 0 ns
Write command set-up time tWCS 0 0 ns 7
Write command hold time tWCH 15 15 ns
Write command pulse width tWP 15 15 ns
Write command to RAS lead time tRWL 15 20 ns
Write command to CAS lead time tCWL 15 20 ns

ELECTRONICS



o : Target
KM432V502, KM432V522 CMOS DRAM

AC CHARACTERISTICS (Continued)

Data set-u'p time tDS 0 0 ns |9
Data hold time tDH 15 15 ns 9
Refresh period(1K, Normal) tREF 16 16 ms
Refresh period(4K, Normal) tREF 64 64 ms
Refresh period(L -ver) tREF 128 128 ms

CAS to W delay time tCWD 50 50 ns 7
RAS to W delay time tRWD 95 105 ns 7
Column address to W delay time tAWD 60 65 ns 7
CAS precharge to W delay time tCPWD 65 70 ns

CAS set-up time (CAS-before-RAS refresh) tCSR 5 5 ns

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

RAS to CAS precharge time tRPC 5 5 ns

CAS precharge time(CBR counter test cycle) tCPT 25 30 ns

Access time from CAS precharge tCPA ' 40 45 ns 3
Fast Page mode cycle time tPC 45 50 ns

Fast Page mode read-modify-write cycle time tPRWC 95 100 ns

CAS precharge time (Fast page cycle) tCcP 10 10 ns

RAS pulse width (Fast page cycle) tRASP 70 200K 80 200K ns

RAS hold time from CAS precharge tRHCP 40 45 ns

OF access time tOEA 20 20 ns

OF to data delay tOED 20 20 ) ns

Out put buffer turn off delay time from OE tOEZ 0 20 0 20 ns

OE command hold time tOEH 20 20 ns

RAS pulse width(C-B-R self refresh) tRASS 100 100 us 18
RAS precharge time (C-B-R self refresh) tRPS 130 150 ns 18
CAS hold time (C-B-R self refresh) tCHS -50 -50 ns 18

" ELECTRONICS : ' ‘



Target

KM432V502, KM432V522 : CMOS DRAM

NOTES

1.

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

. Vi(min) and ViL(max) are reference levels for measuring timing of input signals. Transition times are

measured between ViH(min) and ViL(max) and are assumed to be 5ns for all inputs.

. Measured with a load equivalentto 1 TTL loads and 50pF.
. Operation within the tRCD(max) limit insures that tRAC(max) can be met. tRCD(max) is specified as

a reference point only. If tRCD is greater than the specified tRCD(max) limit, then access time is
controlled exclusively by tCAC.

5. Assumes that tRCD2 tRCD(max).

KM432V50(2)2 Truth Table

. tOFF(max) defines the time at which the output achieves the open circuit condition and is not

referenced to VoH or VoL.

. tWCS, tRWD, tCWD and tAWD are non restrictive operating parameters. They are included in the

data sheet as electrical characteristics only. If tWCS2 tWCS(min), the cycles is an early write cycle
and the data output will remain high impedance for the duration of the cycle. If tCWD> tCWD(min),
tRWD2= tRWD{min) and tAWD= tAWD(min), then the cycie is a read-modify-write cycle and the data
output will contain the data read from the selected address. [f neither of the above conditions is
satisfied, the condition of the data out is indeterminate.

. Either tRCH 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-modify-write cycles.

RAS [caST |CASZ [CAS3|CASA| W | OF | DQO-DQ7 | Da8-DQ1S |DQ16 - DA23DA24 - DQ3Y|  STATE
Hl x| x| x| x |[x]|x]| Hz Hi-Z Hi-Z Hi-Zz  |Standby
Ll H] H| H] B | x]X Hi-Z Hi-Z Hi-Z Hi-Z  |Refresh
Ll L] H| H| H|H]|L]| Daour Hi-Z Hi-Z Hi-Z  |Byte Read
LIl Hl L | v H|H]|L Hi-Z DQ-OUT Hi-Z Hi-Z  |Byte Read
tl HlHL Ll H{H|L Hi-Z Hi-Z DQ-OUT Hi-Z  |Byte Read
Ll H| Wl H]l L ]|H]|L Hi-Z Hi-Z Hi-Z DQ-OUT |Byte Read
L L L L L H L DQ-OUT DQ-OUT DQ-OQUT DQ-OUT [2Word Read
Ll L Hl H] H|L]|H DQ-IN - - - Byte Write
Ll H| L] H]|H]L]|H - DQ-IN - - |Byte write
L H H L H L|H - - DQ-IN - Byte Write
Ll H]l H] H|] L|L]|H . - v DQ-IN  |Byte Write
Lt ofuolo]|ulmn DQ-IN DQ-IN DQ-IN DQ-IN  |2Word Write
L| L L L L{H|H Hi-Z Hi-Z' Hi-Z Hi-Z -

PRimsungg -
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_ Target
KM432V502, KM432V522 CMOS DRAM

10. Operation within the tRAD{max) limit insures that tRAC(max) can be met. tRAD(max) is specified as a
reference point only. If tRAD is greater than the specified tRAD(max) limit, then access time is controlled
by tAA.

11. tASC, tCAH are referenced to the earlier CAS falling edge.

12. tCP is specified from the last CAS rising edge in the previous cycle to the first CAS falling edge in the
next cycle.

13. tCWD is referenced to the later CAS falling edge at word read-modify-write cycle.

14. tCWL is specified from W falling edge to the earlier CAS rising edge.

15. tCSR is referenced to earlier CAS falling low before RAS transition low.

16. tCHR is referenced to the later CAS rising high after RAS transition low.

17. tDS, tDH is independently specified for 1st byte DiN(0~7), 2nd byte DIN(8~15), 3rd byte Din(16~23),

4th byte Din(24~31). )

18. 4096 cycle(1024 cycle) of burst refresh must be executed within 16ms before and after self refresh,

in order to meet refresh specification(L-version).
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Target

KM432V504, KM432V524 CMOS DRAM

512Kx 32Bit CMOS Dynamic RAM with Extended Data Out

DESCRIPTION

This is a family of 524,288 x32 bit Extended Data Out CMOS DRAMs. Extended Data Out mode offers high
speed random access of memory cells within the same row, so called Hyper Page Mode. Refresh cycle
(1K Ref. or 4K Ref.), access time ( -7 or -8), power consumption(Normal or Low power ) are optional
features of this family.

All of this family have CAS-before-RAS refresh, RAS-only refresh and Hidden refresh capabilities. Further
more, self-refresh operation is available in Low power version.

This 512Kx32 Extended Data Out mode DRAM family is fabricated using Samsung's advanced CMOS
process to realize high band-width, low power consumption and high reliability.

FEATURES
¢ Part Identification

- KM432V504/-L (3.3V, 4K Ref.)
- KM432V524/-L. (3.3V, 1K Ref.)

¢ Active Power Dissipation

» Extended Data Out mode operation
(Fast Page mode with Extended Data Out)
+ 4CAS Byte/Word Read/Write operation
« CAS-betore-RAS refresh capability
* RAS-only and Hidden refresh capability
« Self-refresh capability(L-ver only)
* LVTTL(3.3V) compatible inputs and outputs

Unit : mW
) Active Power Dissipation * Early Write or outpgt enable controlled write
Speed K = “'( - » JEDEC Standard pinout
= 204 504 * Available in Plastic TSOP(Il) packages
8 288 468 * Single +3.3V+0.3V power supply
« Refresh cycles FUNCTIONAL BLOCK DIAGRAM
Pat | Refresﬁ __Refresh time RS o>
v : e e s Rl A vee
NO. | cycle | Nomal | L-ver CAS0 | Contol Ves
V504 4K 64ms 128ms ~ CA§3_’ Clocks VBB Generator oo
V524 1K 16ms w T Data in :
Buffer DQo
1
Row Decoder Lower [)001 5
[ o Data out
vorore Ay | Bufier
. emory Array | o
" Performance range:_ sz |EFy o LI O
Spee Al 7. Celis o | Buffer pQ16
7 70ns 20ns | 130ns | 30ns AD~A11 ] § = o
(A0 ~A9)1
-8 80ns 20ns | 150ns 35ns A0 -AS __:ICoI. Address Buffer J-# Column Decoder Data out
(AO~AB)1 Buffer
Note) *1 : 1K Refresh
SAMSUNG ELECTRONIC CO., LTD. reserves the right to
change products and specifications without notice.
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Target

KM432V504, KM432V524 CMOS DRAM
PIN CONFIGURATION (Top Views)
* KM432V50(2)4T * KM432V50(2)4R
Vee Q1o 70 P vss vss H7o 1 B Vee
bao 2 69 P! paat paat §eo 2 hoao
Dal @3 68 P pQ30 paso Jes (O 8 ppat
DQ2 Q4 67 P pa29 paze §e7 4 1DQ2
pa3 5 66 P DQ28 DQ28 Hes 5 pDQ3
vee Q6 65 f vss vss Qes 6 p Vee
pas Q7 64 B pa27 paz7 Q64 7 pbQ4
pas g8 63 P paze paze Q63 8 pDQs
DQs B9 62 P pazs pazs Be62 9 Q1 DQ6
DQ7 Q@10 61 P paz4 DQ24 g6t 10p DQ7
NC 011 60 I NC N.Cc 060 11ANC
Vee 012 50 P vss vss Q59 12 Vee
pas 13 58 P D@23 DQ23 458 13 Da8
DQ9 O 14 57 P pa22 paz22 457 14p DQY
pato O 15 56 P pQ21 DQ21 456 15f1 DQ10
DQt1 Q16 55 P pazo DQ20 055 16jp DQMN
Vec 017 54 f vss vss 054 17 Vee
pQi2f 18 53 B paie Dai1g 453 18jp DQ12
pai3f 19 52 B pais DQ1s [I52 19 DQ13
pa14d 20 51 B pa17 pQi7 g51 20 DQ14
DQ15 [ 21 50 P pQ1s pate 450 o1pDa15
NC O22 4a9p NC NC 49 22INC
NC Q23 48 P TAS0 TASo0 [48 23ANC
NC D24 47 P CAS1 TASt1 Q47 24fANC
N.C Q25 46 P TAS2 CAS2 [j46 25 N.C
N.C Qo2 45 @ CTAS3 CAS3 [J45 26 A N.C
RAS d27 upw W g4 27 RAS
A0 [o28 43 P OFE - OE Q43 28 A0
Al Qo9 42fNC NC  g42 201 A1
A2 Oao 41 B A11(N.C) A11(N.C) Q41 30P A2
A3 O34 40 B A10(N.C) A10(N.C) 40 31p A3
A4 O 32 39 p A9 A9 39 3o ) A4
A5 Oa3 38 A8 A8 38 33 AS
A6 Oag 37p A7 A7 - Q37 o 34 A6
vee O3s O 36 vss vss 36 asp Vee
*(N.C) : 1K Ref. Product
Pi tion

AQ - A11 | Address Inputs

DQO -31__| Data In/Out

Vss Ground

RAS Row Address Strobe

CASO 1st Byte Column Address Strobe

CASH 2nd Byte Column Address Strobe

CAS2 3rd Byte Column Address Strobe

CAS3 4th Byte Column Address Strobe

W Read/Write Input

OE Data Outputs Enable

Vee Power(+3.3V)

N.C No Connection
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Target
KM432V504, KM432V524 CMOS DRAM

ABSOLUTE MAXIMUM RATINGS

Voltage on any pin relative to Vss Vin,Vour -0.5 to Vcc+0.5V \Y
Voltage on Vcc supply relative to Vss Vee -0.5 to +4.6 \Y
Storage Temperature ‘ Tstg -55 to +150 °C
Power Dissipation Po 1 w
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 (Voltages referenced to Vss, Ta= 0 to 70 °C)

Supply Voltage Vee 3.0 3.3 3.6

\
Ground Vss 0 0 0 v
Input High Voltage Vi 22 - vee+0.3™ v
Input Low Voltage Vi -0.3% - 0.8 v

*1 : Vce+1.3V at pulse width < 15ns (pulse width is measured at Vce)
*2: - 1.3V at pulse width < 15ns (pulse width is measured at Vss)

DC AND OPERATING CHARACTERISTICS (Recommended operating conditions unless otherwise noted.)

Input Leakage Current (Any input 0<VINSVce+0.3V, I -5 5 uA
all other pins not under test=0 volt.)

Output Leakage Current

(Data out is disabled, OV<VoursVce) low) -5 5 HA
Output High Voltage Level(loh=-2mA) VoH 24 - \
Output Low Voltage Level(lo,=2mA) VoL - 0.4 \

ELECTRONICS




- ~ Target
KM432V504, KM432V524 CMOS DRAM

DC AND OPERATING CHARACTERISTICS (Continued)

-7 80 140

lect Don't care 8 70 130
lccz Don't care Don't care 1 . 1 ) mA
" Don 7 80 140 mA

Don't care

ICCGT -8 70 130 mA
lcca Don't care -7 80 90 mA
-8 70 80 mA
lces Don't care Don't care 500 500 MA
lcce Don't care ' -7 ; 80 140 mA
-8 70 130 mA
lecr L Don't care 350 250 pA
Iccs L : Don't care 200 ) 200 pA

lcct* : Operating Current (RAS ,XCAS ,Address cycling @tRC=min.)
lcc2 : Standby Current (RAS=XCAS=W=ViH)
lccs* : RAS-Only Refresh Current (XCAS=ViH, RAS ,Address cycling @tRC=min.)
lcca* : Hyper Page Mode Current (RAS=Vi, XCAS, Address cycling @tHPC=min.)
fccs : Standby Current (RAS=XCAS=W=Vcc-0.2V)
Icce* : CAS-before-BAS Refresh Current (RAS and XCAS cycling @tRC=min.)
Icc7 : Battery back-up current, Average power supply current, Battery back-up mode
input high voltagé(Vm):Vcc-O.ZV, Input low voltage(ViL)=0.2V, XCAS=0.2V, -
Din = Don't care, Extended Trc= 32.3us(4K)/125us(1K), Tras=TRASMIN~200 ns
Iccs : Self Refresh Current ,
RAS=XCAS=0.2V, W=OE=A0 ~ A11 = Vcc-0.2V or 0.2V,
DQO ~ DQ31= Vcc-0.2V, 0.2V or Open
* NOTE : lccy, lecs, leca and lccs are dependent on output loading and cycle rates. Specified values
are obtained with the output open. Icc is specified as an average current. In lcct, -lccs,

and Icce, address can be changed maximum once while RAS=ViL. In Iccs4, address can be
changed maximum once within one Hyper page mode cycle time tHPC.

ELECTRONICS | e




Target
KM432V504, KM432V524 ‘ CMOS DRAM

CAPACITANCE(TA=25°C, 3.3V, f=1MHz)

Input capacitance [AQ - A11] Cini - 6 pF
Input capacitance [RAS, XCAS, W, OE] Cinz - 7 pF
Output Capacitance [DQO - DQ31] Coa - 7 pF

AC CHARACTERISTICS (0°C<Ta<70°C, See note 2)
Test condition : Vcc=3.3V+0.3V, Vin/Vi=2.2/0.8V, Voh/Vol =2.0/0.8V

Random read or write cycle time tRC 124 144 ns
Read-modify-write cycle time tRWC 170 190 ns

Access time from BAS tRAC 70 80 ns [3,4,10
Access time from CAS tCAC 20 20 ns 1345
Access time from column address tAA 35 40 ns | 3,10
CAS to output in Low-Z tCLZ 3 3 ns 3
OE to output in Low-Z toLz 3 3 ns 3
Output buffer tur-off delay from CAS tCEZ |~ 3 15 3 15 ns | 6,13
Transition time (rise and fall) T 2 50 2 50 ns 2
RAS precha}ge time tRP 50 60 ns

RAS pulse width tRAS 70 10K 80 10K ns

RAS hold time tRSH 20 20 ns

CAS hold time tCSH 60 70 ns

CAS pulse width tCAS 15 10K 20 10K ns

RAS to CAS delay time tRCD 20 50 20 60 ns 4
RAS to column address delay time tRAD 15 35 15 40 ns 10
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 ns
Column address set-up time tASC 0 0 ns 14
Column address hold time tCAH 15 15 ns 14
Column address to RAS lead time tRAL 35 40 ns

Read command set-up time tRCS 0 0 ns

Read command hold time referenced to CAS | tRCH 0 0 ns 8
Read command hold time referenced to RAS | tRRH 0 0 ns 8
Write command set-up time tWCS 0 0 ns 7
Write command hold time tWCH 15 15 ns

Write command pulse width tWP 15 15 ns

Write command to RAS lead time tRWL 20 20 ns

FLECTRONICS



KM432V504, KM432V524

Target

CMOS DRAM

AC CHARACTERISTICS (Continued)

e T wax - "T"“ ‘
Write command to CAS lead time tCWL 15 ns | 17
Data set-up time tDS 0 0 ns 9
Data hold time tDH 15 15 ns 9
Refresh period(1.K, Normal) tREF 16 16 ms
Refresh period(4K, Normal) tREF 64 64 ms
Refresh period(L -ver) tREF 128 128 ms

CAS to W delay time tCWD 44 4 ns |76
RAS to W delay time tRWD 94 104 ns 7
Column address to W delay time tAWD 59 64 ns 7
CAS precharge to W delay time ‘| tcPrwD 64 69 ns

CAS set-up time (CAS-before-RAS refresh) tCSR 5 5 ns [ 18
CAS hold time (CAS-before-RAS refresh) tCHR 10 10 ns 19
RAS to CAS precharge time tRPC ' 5 5 ns

CAS precharge time(CBR counter test cycle) | tCPT 25 30 ns
Access time from CAS precharge tCPA 40 45 ns 3
Hyper Page mode cycle time tHPC 30 35 ns 1
Hyper Page mode read-modify-write cycle time tHPRW( 71 81 ns 11
CAS precharge time Hyper page cycle) tCP 10 e 10 ns 15
RAS pulse width (Hyper page cycle) tRASP 70 200K 80 200K | ns

RAS hold time from CAS precharge tRHCP 40 45 ns

OE access time tOEA 20 20 ns 3
OE to data delay tOED 20 20 ns

Out put buffer turn off delay time from OE tOEZ 3 20 3 20 ns 6
OFE command hold time tOEH 20 20 ns .
Output data hold time . tDOH 5 5. ns

Output buffer turn off delay from RAS tREZ -3 20 3 20 ns | 6,13
Output buffer turn off delay fromW tWEZ 3 20 3 20 ns 6
W to data delay ’ tWED 20 20 ' ns

OF to CAS hold time tOCH 5 5 ns

CAS hold time to OF tCHO 5 5 ns

OE precharge time tOEP 5 5 ns

W pulse width ; tWPE 5 5 ns

RAS pulse width(C-B-R self refresh) tRASS 100 100 us | 12 |
RAS precharge time (C-B-R self refresh) tRPS 130 150 ns 12
CAS hold time (C-B-R self refresh) tCHS -50 -50 ns | 12

ELECTRONICS
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Target

KM432V504, KM432V524 CMOS DRAM

NOTES

1.

10.

KM432V50(2)4 Truth Table

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

. VH(min) and Vi{(max) are reference levels for measuring timing of input signals. Transition times are

measured between ViH(min) and ViL(max) and are assumed to be 2ns for all inputs.

. Measured with a load equivalentto 1 TTL loads and 50pF.
. Operation within the tRCD(max) limit insures that tRAC(max) can be met. tRCD(max) is specified as

a reference point only. If tRCD is greater than the specified tRCD(max) limit, then access time is
controlled exclusively by tCAC.

. Assumes that tRCD=> tRCD(max). A
. This parameter defines the time at which the output achieves the open circuit condition and is not

referenced to VoH or VoL.

. tWCS, tRWD, tCWD and tAWD are non restrictive operating parameters. They are included in the

data sheet as electrical characteristics only. If tWCS2> tWCS(min), the cycles is an early write cycle
and the data output will remain high impedance for the duration of the cycle. If tCWD2= tCWD(min),
tRWD2= tRWD(min) and tAWD2 tAWD(min), then the cycle is a read-modify-write cycle and the data
output will contain the data read from the selected address. If neither of the above conditions is
satisfied, the condition of the data out is indeterminate.

. Either tRCH 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-modify-write cycles.

Operation within the tRAD(max) limit insures that tRAC(max) can be met. tRAD(max) is specified as
a reference point only. If tRAD is greater than the specified tRAD(max) limit, then access time is
controlled by tAA.

H X X X X | X | X Hi-Z Standby

L H H H H X| X Hi-Z Hi-Z Hi-Z Hi-Z Refresh

L L H H H|HIL DQ-OUT Hi-Z Hi-Z Hi-Z Byte Read

L H L H H|H|L Hi-Z DQ-OUT Hi-Z Hi-Z Byte Read

L H H L H H| L Hi-Z Hi-Z DQ-OUT Hi-Z Byte Read

L H H H L H| L Hi-Z Hi-Z Hi-Z DQ-OUT |Byte Read
L L L L L H|L DQ-OUT DQ-OUT DQ-OUT DQ-OUT |2Word Read
L L H H H|L|H DQ-IN - - - Byte Write

L H L H H L] H - DQ-IN - - Byte Write

L H H L H|L|H - - DQ-IN - Byte Write

L H H H L L H - - - DQ-IN Byte Write

L L L L L L|H DQ-IN DQ-IN DQ-IN DQ-IN 2Word Write)|
L L L L L H|H Hi-Z Hi-Z Hi-Z Hi-Z -

FIFCTROANINS




. Target
KM432V504, KM432V524 CMOS DRAM

11.tASC= 7.0ns, Assume tT =2.0ns

12. 4096 cycle(1024 cycle) of burst refresh must be executed within 16ms before and after self refresh,
in order to meet refresh specification(L-version).

13. 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 gaing, the open circuit condition of the output is
achieved by RAS high going. '

14. tASC, tCAH are referenced to the earlier CAS falling edge.

15. tCP is specified from the last CAS rising edge in the previous cycle to the first CAS falling edge in the
next cycle.

16. tCWD is referenced to the later CAS falling edge at word read-modify-write cycle.

17. tCWL is specified from W falling edge to the earlier CAS rising edge.

CASx ————— /_—__!§
CASx '
tASC| | tCAH Y /]tch
ADD Ag&r.
tCWD
w N
tCWL

18. tCSR is referenced to earlier CAS falling low before RAS transition low.
19. tCHR is referenced to the later CAS rising high after RAS transition low.

RAS \ /____
CASx T\ o/
CASx i \ /

\CSR T chR
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, PRELIMINARY
KM48Vv8000, KM48V8100 CMOS DRAM

8M x 8 Bit CMOS Dynamic RAM with Fast Page Mode

DESCRIPTION

This is a family of 8,388,608 x 8 bit Fast Page Mode CMOS DRAMs. Fast Page Mode offers high speed
random access of memory cells within the same row. Refresh cycle(4K Ref. or 8K Ref.), access time(-5, -6,
or -7) are optional features of this family.

All of this family have CAS-before-RAS refresh, RAS-only refresh and Hidden refresh capabilities.
This 8Mx8 Fast Page mode DRAM family is fabricated using Samsung's advanced CMOS process to

realize high band-width, low power consumption and high reliability.

FEATURES * Fast Page Mode operation
« Part Identification ¢ CAS-before-RAS refresh capability
- KM48V8000 (3.3V, 8K Ref.) * RAS-only and Hidden refresh capability

- KM48V8100 (3.3V, 4K Ref.) « Fast parallel test mode capability

¢ LVTTL(3.3V) compatible inputs and outputs
» Early Write or output enable controlled write

* Active Power Dissipation Unit : mwW » JEDEC Standard pinout
Speed | : * Available in Plastic SOJ package
-5 432 612 * +3.3V+0.3V power supply
-6 396 576 '
-7 360 540
FUNCTIONAL BLOCK DIAGRAM
Y Vee
RAS
V8000 8K 128ms CAS > 2?:;;‘;' |____|£ Vss
V8100 4K 64ms w VBB Generator
|
Row Decoder Data in
1 o Buffer
* Performance range: =
y Memory Array DQo
oo Gomr ]| | 356800 x s |E R
Refresh Counter Colls 2| pa7
A0-A12 ] 3
(A0 ~A11)1 Data out
A0 ~A9 —a]Col. Address Buffer |-#{Column Decoder |« Buffer |~ OF

(A0 ~A10)*1
Note) *1 : 4K Refresh

SAMSUNG ELECTRONIC CO., LTD. reserves the right to
change products and specifications without notice.

ELECTRONICS




| | PRELIMINARY
KM48V8000, KM48V8100 CMOS DRAM

PIN CONFIGURATION (Top Views)

* KM48V80(1)00J

o

Vss
DQ7
DQ6
DQ5
DQ4
Vss
CAS
OE
N.C
A12(N.C)
Al

1
2
3
4
5
6
7
8
9

* () : N.C for 4K Refresh product

A0 - A12 | Address Inputs(8K Product)
AO - A11 | Address Inputs(4K Product)
DQO -7 Data In/Out

Vss Ground

RAS Row Address Strobe

CAS Column Address Strobe

W Read/Write Input

OE Data Outputs Enrable

Vce Power(+3.3V)

N.C No Connection

ELECTRONICS



PRELIMINARY
KM48V8000, KM48V8100 CMOS DRAM

ABSOLUTE MAXIMUM RATINGS

Sy

Voltage on any pin relative to Vss Vin,Vour -0.5 to +4.6

Voltage on Vcc supply relative to Vss Vce -0.5 to +4.6 o Vv

Storage Temperature Tstg -55 to +150 °C
Power Dissipation Po 1 w
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 (Voltages referenced to Vss, Ta= 0 to 70 °C)

Supply Voltage Vee 3.0 3.3 36 Vv
Ground Vss 0 ' 0 0 v
Input High Voltage Vin 2.0 - Vee+0.3 71 \'
Input Low Voltage Vie -0.32 . : 08 v

*1 : Vee+1.3V at pulse width < 15ns (pulse width is measured at Vce)
*2 :-1.3V at pulse width < 15ns (pulse is measured at Vss)

DC AND OPERATING CHARACTERISTICS (Recommended operating conditions unless otherwise noted.)

Input Leakage Current (Any input 0<VinsVee+0.3V, Iy -5 5

all other pins not under test=0 volt.) nA
Output Leakage Current

(Data out is disabled, 0V<Vour<Vcc) low -5 5 HA
Output High Voltage Level(loH=-2mA) VoH 24 - \
Output Low Voltage Level(lo,=2mA) Voi ] - 0.4 \

ELECTRONICS



PRELIMINARY -
KM48v8000, KM48V8100 CMOS DRAM

DC AND OPERATING CHARACTERISTICS (Recommended operating conditions unless otherwise noted.)

-5 120 ‘ 170 mA

Icct -6 110 160 mA
-7 100 150 mA

lcc2 Don't care 1 g 1 mA
-5 120 170 mA

lccs - -6 110 160 mA
-7 100 150 mA

5 90 100 mA

lecs -6 80 90 : mA
-7 70 80 mA

lecs Don't care 500 500 MA
-5 120 170 mA

Iccs -6 110 160 mA
-7 100 , 150 mA

Icc1* : Operating Current (RAS and CAS cycling @tRC=min.)

lcc2 : Standby Current (RAS=CAS=W=ViH )

Icca* : RAS-only Refresh Current (CAS=ViH, RAS cycling @tRC=min.)

Icca* : Fast Page Mode Current (RAS=Vi, CAS, Address cycling @tPC=min.)
Ices : Standby Current (RAS=CAS=W=Vcc-0.2V)

Icce* : CAS-Before-BAS Refresh Current (RAS and CAS cycling @tRC=min.)

*NOTE : lcct, lccs, lccs and Icces are dependent on output loading and cycle rates. Specified values
are obtained with the output open. lcc is specified as an average current. In lcc1, lccs,
and lccs, address can be changed maximum once while RAS=ViL. In Icc4, address can be
changed maximum once within one fast page mode cycle time tPC.

258
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PRELIMINARY
KM48V8000, KM48V8100 CMOS DRAM

CAPACITANCE(TA=25°C,Vce= 3.3V, f=1MHz)

e e Max Umt
Input capacitance [AO - A12] 10 pF
Input capacitance [RAS, CAS, W, OE] 10 pF
Output Capacitance [DQO - DQ7] 15 pF

AC CHARACTERISTICS (0°C<Ta<70°C, See note 2)
" Test condition : Vcc=3.3V+0.3V, Vin/Vi=2.0/0.8V, Von/Voi =2.0/0.8V

Random read or write cycle time tRC 90 110 130 ns
Read-modify-write cycle time tRWC 133 155 185 ns
Access time from BAS tRAC 50 60 70 ns 3,4,10
Access time from CAS tCAC 13 15 20 ns 3,45
Access time from column address tAA 25 30 35 ns 3,10
CAS to output in Low-Z tCLZ 0 0 ' 0 ns 3
Output buffer turn-off delay tOFF 0 13 0 15 0 20 ns 6
Transition time (rise and fall) tT 3 50 3 50 3 50 ns 2
RAS precharge time tRP 30 40 50 ns
RAS pulse width tRAS 50 | 10K | 60 | 10K | 70 | 10K| ns
RAS hold time tRSH 13 15 20 ns
CAS hold time tCSH 50 60 70 ns
CAS puise width tCAS 13 | 10K | 15 | 10K | 20 | 10K ns
RAS to CAS delay time tRCD 20 | 37 | 20 | 45 | 20 | 50 ns 4
RAS to column address delay time tRAD 15 | 25 15 | 30 15 | 35 ns 10
CAS to RAS precharge time tCRP 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 o] 0 ns

.| Column address hold time tCAH 10 15 15 ns
Column address hold time referenced to RAS| tAR 40 50 55 ns
Column address to RAS lead time tRAL 25 30 35 ns
Read command set-up time tRCS 0 0 0 ns
Read command hold time referenced to CAS | tRCH 0 0 0 ns 8
Read command hold time referenced to RAS | tRRH 0 0 0 ns
Write command hold time tWCH 10 15 15 ns
Write command hold time referenced to RAS | tWCR 40 50 55 | ns
Write command pulse width tWP 10 10 15 ns
Write command to RAS lead time tRWL 15 15 20 ns
Write command to CAS lead time tCWL 13 15 20 ns
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KM48V8000, KM48V8100

PRELIMINARY
.CMOS DRAM

1

Data set-up time

AC CHARACTERISTICS (0°C<T<70°C, See note 2)

tDS 0 0 ns 9

Data hold time tDH 10 15 15 ns 9
Data hold time referenced to RAS tDHR 40 50 55 ns
Refresh period(4K) tREF 64 64 64 ms
Refresh period(8K) tREF 128 128 128 ms
Write command set-up time tWCS 0 0 0 ns 7
CAS to W delay time tCWD 36 40 50 ns 7
[RAS to W delay time tRWD 73 85 100 ns 7
Column address to W delay time tAWD 48 55 65 ns 7
CAS precharge to W delay time tCPWD | 53 60 70 ns
CAS set-up time (CAS-before-RAS refresh) |[tCSR 10 10 10 " ns
CAS hold time (CAS-before-RAS refresh)  |1CHR 10 10 15 ns
RAS to CAS precharge time tRPC 5 5 5 ns
ICAS precharge time(CBR counter test cycle) | tCPT 20 20 30 ns
Access time from CAS precharge tCPA 30 35 40 ns 3
Fast Page mode cycle time tPC 35 40 45 ns
Fast Page mode read-modify-write cycle timeg tPRWC | 76 85 100 ns
ICAS precharge time (Fast page cycle) tCP 10 10 10 ns
RAS pulse width (Fast page cycle) tRASP 50 | 200K | 60 | 200K{ 70 | 200K ns

hold time from CAS precharge tRHCP 30 35 40 ns
IOE access time tOEA 13 15 20 ns
OE to data delay tOED 13 15 20 ns
Out put buffer turn off delay time from OE tOEZ 0 13 0 15 0 20 ns 13
OE command hold time tOEH 13 15 20 ns
Write command set-up time(Test mode in) [tWTS 10 10 10 ns 11
Write command hold time(Test mode in) tWTH 10 10 10 ns 1
W to RAS precharge time(C-B-R refresh) tWRP 10 10 10 ns
W to RAS hold time(C-B-R refresh) tWRH 10 10 10 ns
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PRELIMINARY
KM48V8000, KM48V8100 CMOS DRAM

TEST MODE CYCLE

(Note. 12
-5 -6 -7 .

- Parameter Symbol |~ win | Wax | win Taiae | Min T Max Units | Notes
Random read or write cycle time tRC 95 115 135 ns
Read-modify-write cycle time tRWC | 138 160 190 ns
Access time from RAS tRAC 55 65 75 ns 3,4,10
Access time from CAS tCAC 18 20 25 ns 34,5
Access time from column address tAA 30 35 40 ns 3,10
RAS pulse width tRAS 55 | 10K| 65 [ 10K | 75 | 10K | ns
CAS pulse width tCAS 18 | 10K| 20 | 10K | 25 | 10K | ns
RAS hold time tRSH 18 20 25 ns
CAS hold time tCSH 55 65 75 ns
Column address to RAS lead time tRAL 30 35 40 ns
CAS to W delay time tCWD 41 45 55 ns 7
RAS to W delay time tRWD 78 20 105 ns 7
Column address to W delay time tAWD 53 60 70 ns 7
Fast Page mode cycle time tPC 40 45 50 ns
Fast page mode read-modify-write cycle time| tPRWC| 81 90 105 ns
RAS pulse width (Fast page cycle) tRASP | 55 | 200K| 65 |200K| 75 |200K{ ns
Access time form CAS precharge tCPA 35 40 45 ns 3
OE access.time tOEA 18 20 25 ns
OE to data delay tOED 18 20 25 ns
OF command hold time ' tOEH 18 20 25 ns

ELECTRONICS
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PRELIMINARY

KM48V8000, KM48V8100 ‘ CMOS DRAM

NOTES

1.

10.

11.
12.

13.

An initial pause of 200us is required after power-up followed by any 8 ROR or CBR 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) and are assumed to be 5ns for all inputs.

Measured with a load equivalent to 1 TTL loads and 100pF.

Operation within the tRCD(max) limit insures that tRAC(max) can be met. tRCD(max) is specified as
a reference point only. If tRCD is greater than the specified tRCD(max) limit, then access time is
controlled exclusively by tCAC.

Assumes that tRCD> tRCD(max).

This parameter defines the time at which the output achieves the open circuit condition and is not
referenced to VoH or VoL.

tWCS, tRWD, tCWD and tAWD are non restrictive operating parameters. They are included in the
data sheet as electric characteristics only. If tWCS2tWCS(min), the cycles is an early write cycle
and the data output will remain high impedance for the duration of the cycle. If tCWD> tCWD(min),
tRWD=tRWD(min) and tAWD2 tAWD(min), then the cycle is a read-modify-write cycle and the data
output will contain the data read from the selected address. If neither of the above conditions is
satisfied, the condition of the data out is indeterminate. :

Either tRCH 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-modify-write cycles.

Operation within the tRAD(max) limit insures that tRAC(max) can be met. tRAD(max) is specified as
a reference point only.  If tRAD is greater than the specified tRAD(max) limit, then access time is
controlled 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
values. These parameters should be specified in test mode cycles by adding the above value to the
specified value in this data sheet.
tOFF(max) and tOEZ(max) define the time at which the output achieves the open circuit condition
and are not referenced to output voltage level.

PRinsuncy o
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PRELIMINARY
KM44Vv16000, KM44V16100 CMOS DRAM

16M x 4 Bit CMOS Dynamic RAM with Fast Page Mode

DESCRIPTION

This is a family of 16,777,216 x 4 bit Fast Page Mode CMOS DRAMs. Fast Page Mode offers high speed
random access of memory cells within the same row. Refresh cycle(4K Ref. or 8K Ref.), access time(-5, -6,
or -7) are optional features of this family.

All of this family have CAS-before-RAS refresh, RAS-only refresh and Hidden refresh capabilities.

This 16Mx4 Fast Page mode DRAM family is fabricated using Samsung's advanced CMOS process to
realize high band-width, low power consumption and high reliability.

FEATURES « Fast Page Mode operation

« Part Identification « CAS-before-RAS refresh capability
- KM44V16000 (3.3V, 8K Ref.) : « RAS-only and Hidden refresh capability
- KM44V16100 (3.3V, 4K Ref.) * Fast parallel test mode capability

* L VTTL(3.3V) compatible inputs and outputs
« Early Write or output enable controlled write

* Active Power Dissipation Unit : mw « JEDEC Standard pinout
Speed | 8K | a4k * Available in Plastic SOJ package
-5 432 612 * +3.3V+0.3V power supply
-6 396 576
-7 360 540
*Refreshcycles 3 FUNCTIONAL BLOCK DIAGRAM
Pant [Retresh | Lo o -
| NO. | cycle |- e RAS
V16000 8K 128ms cAS M g?;;:;’ r—ﬁ Vss
V16100 | 4K 64ms w VBB Generator
~ |
Row Decoder Data in
: [ ] Buffer
. Perfprmance range: y . 500
S aeaa s s - emory Array
 Speed RAC | tCA tRC C 16,777,216 x 4 B to
-5 50ns 13ns 90ns | 35ns Cells » DQ3
-6 60ns | 15ns | 110ns | 40ns A0~A12 _T2Row Address Buffer]
70ns | 20ms | 130ns | 45ns | (A0-ATDM Data out
7 ' A0 ~A10_—3]Col. Address Buffer |- Column Decoder [e— Buffer OF

(A0 ~At1)1
Note) *1 : 4K Refresh

SAMSUNG ELECTRONIC CO., LTD. reserves the right to
change products and specifications without notice.

ELECTRONICS




: L PRELIMINARY
KM44V16000, KM44V16100 ' - CMOS DRAM

PIN CONFIGURATION (Top Views)

* KM44V160(1)00J

o

0 Vss
0 DQ3
0 DQ2
0 N.C
0 N.C
0 N.C
0 CAS
0 OE
0 N.C
0 A12(N.C)
0 A11
0 A10
0 A9
0 A8

0 A7
0 A6

P Vss

1
2
3
4
5
6
7
8
9

* () : N.C for 4K Refresh product

PinName| PinFunction
AQ - A12 | Address Inputs(8K Product)
A0 -A11 | Address Inputs(4K Product)
DQO -3 Data In/QOut

Vss Ground

RAS Row Address Strobe
CAS Column Address Strobe
1 Read/Write Input

OE Data Outputs Enable
Vee " Power(+3.3V)

N.C No Connection

ELECTRONICS



PRELIMINARY
KM44V16000, KM44V16100 CMOS DRAM

ABSOLUTE MAXIMUM RATINGS

Parameter L Svﬁlb@l;"'*"' - Rating Ly Units
Vo|tage on any pin relative to Vss ViN,Vour -0.5 to +4.6 \
Voltage on Vcc supply relative to Vss Vce -0.5 to +4.6 \
Storage Temperature Tstg -55 to +150 °C
Power Dissipation Po 1 w
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 (Voltages referenced to Vss, Ta= 0 to 70 °C)

Parameter symbol |  Min | TP |  Ma
Supply Voltage Vee 3.0 33 3.6 v
Ground Vss 0 0 0 Vv
Input High Voltage Vin 2.0 - Vce+0.37! Y,
Input Low Voltage Vi -0.32 - 08 \

*1: Vec+1.3V at pulse width < 15ns (pulse width is measured at Vcc)
*2 :-1.3V at pulse width < 15ns (pulse is measured at Vss)

DC AND OPERATING CHARACTERISTICS (Recommended operating conditions unless otherwise noted.)

Input Leakage Current (Any input OSV|Nchc+0§3V\, I -5 5 pA
all other pins not under test=0 volt.)

Output Leakage Current

(Data out is disabled, OV<Vour<Vec) low -5 5 HA
Output High Voltage Level(loH=-2mA) VoH 2.4 - \

QOutput Low Volitage Level(lo.=2mA) VoL - 0.4 \')

ELECTRONICS



} PRELIMINARY
KM44V16000, KM44V16100 CMOS DRAM

DC AND OPERATING CHARACTERISTICS (Recommended operating conditions unless otherwise noted.)

5 120 " 170 mA

Icci -6 110 160 mA
7 100 150 mA

lccz Don't care 1 1 mA
5 120 170 mA

Iccs -6 110 160 mA
7 100 150 mA

5 90 100 mA

lces -6 80 90 mA
-7 70 80 mA

lces Don't care 500 500 HA
-5 120 170 mA

Icce -6 110 160 mA
-7 100 150 mA

lcci1* : Operating Current (RAS and CAS cycling @tRC=min.)

lcc2 : Standby Current (RAS=CAS=W=ViH )

Icca* : RAS-only Refresh Current (CAS=Vin, RAS cycling @tRC=min.)

lcca* : FastPage Mode Current (RAS=Vi, CAS, Address cycling @tPC=min.)
Iccs : Standby Current (RAS=CAS=W=Vcc-0.2V)

lccs* : CAS-Before-RAS Refresh Current (RAS and CAS cycling @tRC=min.)

*NOTE : lcct, lIees, Icca and Iccs are dependent on output loading and cycle rates. Specified values
are obtained with the output open. lcc is specified as an average current. In lcci, lccs,
and Iccs, address can be changed maximum once while RAS=ViL. In Icc4, address can be
changed maximum once within one fast page mode cycle time tPC.

ELECTRONICS . ,



PRELIMINARY
KM44V16000, KM44V16100 CMOS DRAM

CAPACITANCE(TA=25°C,Vce= 3.3V, f=1MHz2)

Parameter ; Symbol L ;Mikn - Max Unit
Input capacitance [AQ - A12] Cini - 10 pF
Input capacitance [RAS, CAS, W, OE] Cinz - 10 pF
Output Capacitance [DQO - DQ3] Coa - 15 pF

AC CHARACTERISTICS (0°C<Ta<70°C, See note 2)
Test condition : Vee=3.3V+0.3V, Vin/Vi=2.0/0.8V, Voh/Vo =2.0/0.8V

Pwamster 0 (mmbel SMax Wi 6Max “Min 7Max Units| Notes
Random read or write cycle time tRC 90 110 130 ns
Read-modify-write cycle time tRWC |133 155 185 ns
Access time from RAS tRAC 50 60 70 ns 34,10
Access time from CAS tCAC 13 15 20 ns 34,5
Access time from column address tAA 25 30 35 ns 3,10
CAS to output in Low-Z | tcLz 0 0 0 ns 3
Output buffer turn-off delay tOFF 0 | 13| 0 | 15| 0] 20| nms 6
Transition time (rise and falf) tT 35| 3 |[s5| 3|50 ns 2
RAS precharge time tRP 30 40 50 ns
RAS pulse width tRAS 50 | 10k | 60 | 10k | 70 | 10k]| ns
RAS hold time tRSH 13 15 20 ns
CAS hold time tCSH 50 60 70 ns
CAS pulse width tCAS 13 | 10K | 15 | 10K | 20 | 10K ns
RAS to CAS delay time tRCD 20 | 37 | 20 | 45 | 20 | 50 ns 4
RAS to column address delay time tRAD 15 | 25 | 15 | 30 [ 15 | 35 ns 10
CAS to RAS precharge time tCRP 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 10 15 15 ns
Column address hold time referenced to RAS| tAR 40 50 55 ns
Column address to RAS lead time tRAL 25 30 35 ns
Read command set-up time tRCS 0 0 0 ns
Read command hold time referenced to CAS | tRCH 0 0 0 ns 8
Read command hold time referenced to RAS [ tRRH 0 0 0 ns
Write command hold time tWCH 10 15 15 ns
Write command hold time referenced to RAS | tWCR 40 50 55 ns
Write command pulse width twp 10 10 15 ns
Write command to RAS lead time tRWL 15 15 20 ns
Write command to CAS lead time tCWL 13 15 20 ns

ELECTRONICS



PRELIMINARY
KM44V16000, KM44V16100 CMOS DRAM

AC CHARACTERISTICS (0°C<Ta<70°C, See note 2)

; Tiiax | Une | Nots

Data set-up time tDS 0 0 0 ns
Data hold time tDH 10 15 15 ns
Data hold time referenced to RAS tDHR 40 50 55 ns
Refresh period(4K) tREF 64 64 64 ms
Refresh period(8K) tREF 128 128 128 ms
Write command set-up time tWCS 0 0 0 ns 7
CAS to W delay time tCWD 36 40 50 1 ns 7
[RAS to W delay time tRWD 73 85 100 ns 7
Column address to W delay time tAWD | 48 55 65 ns 7
ICAS precharge to W delay time tCPWD | 53 60 70 ns
CAS set-up time (CAS-before-RAS refresh) | tCSR 10 10 10 ns
CAS hold time (CAS-before-RAS refresh)  [tCHR 10 10 15 ns
RAS to CAS precharge time tRPC 5 5 5 ns
CAS precharge time(CBR counter test cycle)| tCPT 20 20 30 ns
Access time from CAS precharge tCPA 30 35 40 ns 3
Fast Page mode cycle time tPC 35 40 45 ns
Fast Page mode read-modify-write cycle tim tPRWC | 76 85 100 ns
CAS precharge time (Fast page cycle) tCP 10 10 10 ns
RAS pulse width (Fast page cycle) tRASP 50 |200K| 60 | 200K| 70 [200K | ns

" |RAS hold time from TAS precharge tRHCP | 30 35 40 ns
OF access time ’ tOEA 13 15 20 ns
OE to data delay tOED 13 15 20 ns
Out put buffer turn off delay time from OE | tOEZ 0 13 0 15 0 20 ns 13
OE command hold time tOEH 13 15 20 ns
Write command set-up time(Test mode in) [ tWTS 10 10 10 ns 11
Write command hold time(Test mode in) tWTH 10 10 10 ns 11
W to RAS precharge time(C-B-R refresh) tWRP 10 10 [ 10 ns
W to RAS hold time(C-B-R refresh) tWRH 10 10 10 ns

Smsunog o B
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PRELIMINARY
KM44V16000, KM44V16100 CMOS DRAM

TEST MODE CYCLE

(Note. 12)
s o8 6 - 7 u,,i“ .

Parameter ‘ Symboj “Min | Max | Min | Max | Min | Max el ’N’olas
Random read or write cycle time tRC 95 115 135 ns
Read-modify-write cycle time tRWC 138 160 190 ns
Access time from RAS tRAC 55 65 75 ns 3,4,10
Access time from CAS tCAC 18 20 25 ns 3,45
Access time from column address tAA 30 35 40 ns 3,10
RAS pulse width tRAS 55 | 10K| 65 | 10K | 75 | 10K | ns
CAS pulse width tCAS 18 | 10K| 20 | 10K | 25 | 10K | ns
RAS hold time tRSH 18 20 25 ns -
CAS hold time tCSH 55 65 75 ns -
Column address to RAS lead time tRAL 30 35 40 ns
CAS to W delay time tCWD 41 45 55 ns 7
RAS to W delay time tRWD 78 90 105 ns 7
Column address to W delay time tAWD 53 60 70 ns 7
Fast Page mode cycle time tPC 40 -] 45 50 ns
Fast page mode read-modify-write cycle time| tPRWC | 81 90 105 ns
RAS pulse width (Fast page cycle) tRASP | 55 | 200K| 65 |[200K| 75 |200K| ns
Access time form CAS precharge tCPA 35 40 45 ns 3
OE access time tOEA 18 20 25 ns
OE to data delay tOED 18 20 25 ns
OE command hold time tOEH 18 20 25 ns

w 269
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PRELIMINARY

KM44V16000, KM44V16100 CMOS DRAM

NOTES

1.

10.

11.
12.

13.

An initial pause of 200us is required after power-up followed by any 8 ROR or CBR 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) and are assumed to be 5ns for all inputs. :
Measured with a load equivalent to 1 TTL loads and 100pF.

Operation within the tRCD(max) limit insures that tRAC(max) can be met. tRCD(max) is specified as
a reference point only. If tRCD is greater than the specified tRCD(max) limit, then access time is
controlled exclusively by tCAC.

Assumes that tRCD= tRCD(max).

This parameter defines the time at which the output achieves the open circuit condition and is not
referenced to Von or VoL.

tWCS, tRWD, tCWD and tAWD are non restrictive operating parameters. They are included in the
data sheet as electric characteristics only. If tWCS2tWCS(min), the cycles is an early write cycle
and the data output will remain high impedance for the duration of the cycle. If tCWD2= tCWD(min),
tRWD2tRWD(min) and tAWD2> tAWD(min}, then the cycle is a read-modify-write cycle and the data
output will contain the data read from the selected address. If neither of the above conditions is
satisfied, the condition of the data out is indeterminate. '

Either tRCH 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-modify-write cycles.,

Operation within the tRAD(max) limit insures that tRAC(max) can be met. tRAD(max) is specified as
a reference point only. If tRAD is greater than the specified tRAD(max) limit, then access time is
controlled 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
values. These parameters should be specified in test mode cycles by adding the above value to the
specified value in this data sheet.
tOFF(max) and tOEZ(max) define the time at which the output achieves the open circuit condition
and are not referenced to output voltage level.

ELECTRONICS '



TARGET
KM48V8000A, KM48V8100A CMOS DRAM

8M x 8 Bit CMOS Dynamic RAM with Fast Page Mode
DESCRIPTION

This is a family of 8,388,608 x 8 bit Fast Page Mode CMOS DRAMs. Fast Page Mode offers high speed
random access of memory cells within the same row. Refresh cycle(4K Ref. or 8K Ret.), access time(-5, -6,
or -7), power consumption(Normal, Low power, or Self-refresh power) and package type(SOJ or TSOP-I11)
are optional features of this family.

All of this family have CAS-before-RAS refresh, BAS-only refresh and Hidden refresh capabilities. Further
more, Self-refresh operation is available in self-refresh version.

This 8Mx8 Fast Page mode DRAM family is fabricated using Samsung's advanced CMOS process to
realize high band-width, low power consumption and high reliability.

FEATURES * Fast Page Mode operation
* Part Identification » CAS-before-RAS refresh capability
- KM48V8000A/A-L(3.3V, 8K Ref.) * RAS only and Hidden refresh capability
- KM48V8100A/A-L(3.3V, 4K Ret.) « Self-refresh capability(L-ver only)
Active P Dissipati « Fast parallel test mode capability
clive Fower Dissipation Unit : mW * LVTTL(3.3V) compatible inputs and outputs
Speed | 8K | . 4K : * Early Write or output enable controlled write
-5 396 540 « JEDEC Standard pinout
-6 288 504 ¢ Available in Plastic SOJ and TSOP(Il) packages
7 252 468 * +3.3V+0.3V power supply
* Refresh cycles
Pat |Refresh | Refresh
| NO. | cycle | Normal | « L
' RS ' — FUNCTIONAL BLOCK DIAGRAM
V8000 8K
64ms 256ms
V8100 4K
Vce
* Access mode & RAS only refresh mode gg: Control Vss
: 8K cycle/64ms w > Clocks VBB Generator
CAS-before-RAS & Hidden refresh mode T
: 4K cycle/64ms
Row Decoder Data in
[ Buffer
« Performance range: g
B B T ; - Memory Array |@ DQo
Speed | tRAC | tCAC | tRC tPC 8,388,608 8 | & M to
5 50ns | 13ns 90ns | 35ns Cells 5 » ey
-6 60ns 15ns 110ns | 40ns A0~A12 | g = t
(A0 ~A11)11| ata ou
7 70ns | 20ns | 130ns | 45ns A0 ~A9 —[Col. Address Bufier || Column Decoder | Buffer [« OE

(A0 ~A10)*1
Note) *1 : 4K Refresh

SAMSUNG ELECTRONIC CO., LTD. reserves the right to

change products and specifications without notice. .
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: TARGET
KM48V8000A, KM48V8100A ~ CMOS DRAM

PIN CONFIGURATION (Top Views)

* KM48V80(1)00AJ * KM48V80(1)00AT * KM48V80(1)00AR

3 Vss Veer] 1 © 32 Eu Vss Vss @332 1 3 Vee
0 DQ7 bQor] 2 31 A DQ7 DQ7 31 2 [ bDQo
N DQ6 DQ1 3 30 D DQ6 DQ630 o =@ 3 DAt
0 DQ5 DQ2 4 29 KO DQ5 DQ5 29 4 0 DQ2
0 DQ4 DQ3m] 5 28 [ DQ4 DQ4 28 5 0 DQ3
D Vss NCmrle 27 F Vss Vss 27 6 80 N.C
DCAS ~ Vec 7 26 1 CAS CAS 26 7 F@ Vee
0 OF , = F:] 25 FIOE |, ., OEO2s spw
P A12(N.C) RAS ] 9 24 I A12(N.C) A12(N.C) 24 9 |m RAS
5 A11 A0m]10 23 FO A11 A11 23 10 O AO
H A10 Al m111 22 [ A10 A10 22 11 A At
0 A9 A2]12 21 O A9 A9 21 12 [ A2
b As A3m]13 20D As A8 20 13 A A3
H A7 Adm314 ‘o 19PRA7 A7 19 o 4P A4
P A6 A5M45 18 |1 A6 As18 15 3 A5
D vss Voo ™16 17 |0 Vss Vss ™17 16 @ Vee
*(N.C) : N.C for 4K Refresh product

AO - A12 | Address Inputs(8K Product)

AO - A11 | Address Inputs(4K Product)

DQO -7 Data In/Out

Vss Ground

RAS Row Address Strobe

CAS " Column Address Strobe

W Read/Write Input

OE Data Qutputs Enable

Vce Power(+3.3V)

N.C No Connection

ELECTRONICS



| TARGET
KM48V8000A, KM48V8100A CMOS DRAM

ABSOLUTE MAXIMUM RATINGS

Voltage on any pin relative to Vss Vin,Vour -0.5 to +4.6 \
Voltage on Vcc supply relative to Vss Vee -0.5 to +4.6 v
Storage Temperature Tstg -55 to +150 °C
Power Dissipation Po 1 w
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 (Voltages referenced to Vss, Ta= 0 to 70 °C)

Supply Voltage Vee 3.0 3.3 36 v
Ground Vss 0 0 0 \"
input High Voltage ViH 2.0 - Vce+0.3"1 \
Input Low Voltage Vi -0.32 - 08 v

*1: Vee+1.3V at pulse width < 15ns (pulse width is measured at Vcc)
*2 :-1.3V at pulse width < 15ns (pulse is measured at Vss)

DC AND OPERATING CHARACTERISTICS (Recommended operating conditions unless otherwise noted.)

Input Leakage Current (Any input 0<ViNnsVcece+0.3V, ) -5 5 pA
all other pins not under test=0 volit.)

Output Leakage Current

(Data out is disabled, 0V<Vour<Vcc) low -5 5 KA
QOutput High Voltage Level(lon=-2mA) VoH 2.4 - \

Output Low Voltage Level(loL.=2mA) Vor - 0.4 Vv

ELECTRONICS



TARGET

KM48V8000A, KM48V8100A CMOS DRAM

DC AND OPERATING CHARACTERI

STICS (Continued.)

o T

-5 110 150 mA
lcct Don't care -6 100 140 mA
-7 90 ) 130 mA
Normal . 1 1 mA
Icca. L Don't care 1 1 A
-5 110 150 mA
lccs Don't care -6 100 140 mA
-7 _ S0 130 mA
-5 80 95 mA
Icca Don't care 6 70 : 85 mA
-7 60 75 , mA
Normal . 500 500 pA
Iccs L Don't care 500 500 pA
-5 150 © 150 mA
lcce Don't care 6 140 140 mA
-7 130 130 mA -
lcc? L Don't care 450 450 uA
lces L Don't care 450 450 HA
lcc1* : Operating Current (RAS and CAS cycling @tRC=min.)
lccz2 : Standby Current (RAS=CAS=W=Vin)
lccs* : RAS-only Refresh Current (CAS=ViH, RAS cycling @tRC=min.)
Icca* : Fast Page Mode Current (RAS=Vi, CAS, Address cycling @tPC=min.)
lces : Standby Current (RAS=CAS=W=Vcc-0.2V) ,
icce* : CAS-Before-RAS Refresh Current (RAS and CAS cycling @tRC=min.)
lcc7 : 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 cycling or 0.2V
W, OE = VIH, Address = Don't care, DQ=Open, Trc= 62.5us
Tras=Trasmin~300 ns
lccs : Self Refresh Current

RAS=CAS=0.2V, W=OE=A0 ~ A1 2(A11) = Vice-0.2V or 0.2V, DQO ~ DQ7= Vce-0.2V, 0.2V or Open

*NOTE: lcc, Iccs, 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 lcct, lccs,
and lccs, address can be changed maximum once while ﬁKg;VlL. In lccs, address can be
changed maximum once within one fast page mode cycle time tPC.

Phimsuneg L
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: TARGET
KM48V8000A, KM48V8100A CMOS DRAM

CAPACITANCE(Ta=25°C,Vce= 3.3V, f=1MHz)

Input capacitance [AO - A12] Cing - 5 pF
Input capacitance [RAS, CAS, W, OE] Cine - 7 pF
Output Capacitance [DQO - DQ7] Coa - 7 pF

AC CHARACTERISTICS (0°C<Ta<70°C, See note 2)
Test condition : Vcc=3.3V+0.3V, Vin/Vii=2.0/0.8V, Voh/Voi =2.0/0.8V

Random read or write cycle time tRC 90 110 130 ns
Read-modify-write cycle time tRWC 133 . 155 185 ns

Access time from RAS tRAC 50 60 70 ns 3,4,10
Access time from CAS tCAC 13 15 20 ns 345
Access time from column address tAA 25 30 35 ns 3,10
CAS to output in Low-Z tCLZ 0 0 0 ns 3
Output buffer turn-off delay tOFF 0 13 0 15 0 20 ns 6,13
Transition time (rise and fall) tT 3 50 3 50 3 50 ns 2
RAS precharge time tRP 30 40 50 ns

RAS pulse width tRAS 50 | 10K| 60 | 10K | 70 | 10K ns

RAS hold time tRSH 13 15 20 ns

CAS hold time : tCSH 50 60 70 ns

CAS puise width tCAS 13 | 10K| 15 | 10K [ 20 | 10K ns

RAS to CAS delay time tRCD ;20 37 20 45 20 50 ns 4
RAS to column address delay time tRAD 15 1 25 | 15| 30| 15| 35 ns 10
CAS to RAS precharge time tCRP 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 10 10 15 ns

Column address to RAS lead time tRAL 25 30 35 ns

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

Read command hold time referenced to CAS tRéH 0 0 0 ns 8
Read command hold time referenced to RAS | tRRH 0 0 0 ns

Write command hold time tWCH 10 10 15 ) ns

Write command pulse width tWP. 10 10 15 ns

Write command to RAS lead time tRWL 15 15 20 ns

Write command to CAS lead time tCWL 13 15 20 ns

FIFCTRONINS



TARGET
KM48V8000A, KM48V8100A CMOS DRAM

AC CHARACTERISTICS (Continued)

Data set-up time tDS
Data hold time tDH 10 10 15 ns | 9
Refresh period(4K, Normal) tREF 64 64 64 | ms
Refresh period(8K, Normal) tREF 64 64 64 ms
Refresh period(L -ver) tREF 256 256 256 ms
Write command set-up time tWCs 0 0 0 ns 7
CAS to W delay time . [tCWD 36 40 50 ns 7
RAS to W delay time tRWD 73 85 | 100 ns 7
Column address to W delay time tAWD 48 55 65 ns 7
ICAS precharge to W delay time tCPWD | 53 60 70 ns
CAS set-up time (CAS-before-RAS refresh) [tCSR 10 10 10 ns
CAS hold time (CAS-before-RAS refresh).  |tCHR 10 10 [ 15 ns
[RAS to CAS precharge time tRPC 5 5 5 ns
CAS precharge time(CBR counter test cycle) [tCPT 20 20 30 ns
[Access time from CAS precharge tCPA 30 . 35 40 | ns 3
Fast Page mode cycle time tPC 35 40 : 45 ns

" |Fast Page mode read-modify-write cycle time tPRWC | 76 85 100 ns
[CAS precharge time (Fast page cycle) tCP 10 10 10 ns
[RAS pulse width (Fast page cycle) tRASP 50 {200K| 60 | 200K| 70 |200K| ns
[RAS hold time from CAS precharge tRHCP | 30 35 40 ns
OE access time tOEA 13 15 20 ns
O to data delay tOED 13 15 20 | ns
Output buffer tum off delay time from OF tOEZ 0 13 1] 15 0 20 ns 13
[OE command hold time ' tOEH 13 15 20 ns
Write command set-up time(Test mode in) |tWTS 10 10 10 ns 11
Write command hold time(Test mode in). tWTH 15 15 15 ns 11
W to RAS precharge time(C-B-R refresh) ~ |tWRP 10 10 10 ns
W to RAS hold time(C-B-R refresh) : tWRH 10 10 10 ns
RAS pulse width(C-B-R self refresh) tRASS | 100 100 100 us 14
[RAS precharge time (C-B-R self refresh) tRPS 90 110 130 ns 14
[CAS hold time (C-B-R self refresh) tCHS -50 -50 -50 ns 14

>



TARGET
KM48V8000A, KM48V8100A CMOS DRAM

TEST MODE CYCLE

(Note. 11
Notes

Random read or write cycle time tH‘C ’ 95 | i 11 1 35 ' [ ’ns
Read-modify-write cycle time tRWC | 138 160 190 ns
Access time from RAS tRAC 55 65 75 ns |3,4,10,12
Access time from CAS tCAC 18 20 25 ns | 345,12
Access time from column address tAA 30 35 40 ns 3,10,12
RBAS pulse width tRAS 55 10K | 65 10K 75 | 10K ns
CAS pulse width tCAS 18 | 10K| 20 | 10K | 25 | 10K | ns
RAS hold time tRSH 18 20 25 ns
CAS hold time tCSH 55 65 75 ns.
Column address to RAS lead time tRAL 30 35 40 ns
CAS to W delay time tCWD 41 45 55 ns 7
RAS to W delay time tRWD 78 90 105 ns 7
Column address to W delay time tAWD 53 60 70 ns 7
Fast Page mode cycle time tPC 40 . 45 50 ns
Fast page mode read-modify-write cycle time| tPRWC | 81 90 105 ns
RAS pulse width (Fast page cycle) tRASP | 55 | 200K| 65 |(200K| 75 |200K| ns
Access time form CAS precharge tCPA 35 40 45 ns 3
OE access time tOEA 18 20 25 ns
OE to data delay tOED 18 20 25 ns
OE command hold time tOEH 18 20 25 ns

ELECTRONICS



TARGET
KM48V8000A, KM48V8100A L CMOS DRAM

NOTES

1. An initial pause of 200us is required after power-up followed by any 8 ROR or CBR cycles before
proper device operation is achieved.

2. ViH(min) and ViL(max) are reference levels for measuring timing of input signals. Transition times are
measured between ViH(min) and ViL(max) and are assumed to be 5ns for all inputs.

3. Measured with a load equivalent to 100pF and Voh = 2.0V(lout= -2mA), Vol =0.8V(lout = 2mA)

4.  Operation within the tRCD(max) limit insures that tRAC(max) can be met. tRCD(max) is specified asa
reference point only. If tRCD is greater than the specified tRCD(max) limit, then access time is
controlled exclusively by tCAC.

5. Assumes that tRCD> tRCD(max).

6. This parameter defines the time at which the output achieves the open circuit condition and is not
referenced to VoH or VoL. :

7. tWCS, tRWD, tCWD and tAWD are non restrictive operating parameters. They are included in the
data sheet as electric characteristics only. If tWCS > tWCS (min), the cycles is an early write cycle
and the data output will remain high impedance for the duration of the cycle. If tCWD>= tCWD(min),
tRWD2tRWD(min) and tAWD2 tAWD(min), then the cycle is a read- modify -write cycle and the data
output will  contain the data read from the selected address. If neither of the above conditions is
satisfied, the condition of the data out is indeterminate.

8. Either tRCH or tRRH must be satisfied for a read cycle.

9. These parameters are referenced to the CAS leading edge in early write cycles and to the W leading
edge in read-modify-write cycles.

10. Operation within the tRAD(max) limit insures that tRAC(max) can be met. tRAD(max) is specified as a
reference point only. If tRAD is greater than the specified tRAD(max) limit, then access time is
controlled by tAA. '

11. These specifications are applied in the test mode.

12. In test mode read cycle, the value of tRAC, tAA, tCAC, tOEA, and tCPA is delayed by 2ns to 5ns for
the specified values. These parameters should be specified in test mode cycles by adding the above
value to the specified value in this data sheet.

13. tOFF(max) and tOEZ(max) define the time at which the output achieves the open circuit condition
and are not referenced to output voltage level.

14. 8192(8K Ref.)/4096(4K Ref.) cycles of burst refresh must be executed within 64ms before and after
self refresh, in order to meet refresh specification.

I
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TARGET

KM44V16000A, KM44V16100A CMOS DRAM

16M x 4 Bit CMOS Dynamic RAM with Fast Page Mode
DESCRIPTION

This is a family of 16,777,216 x 4 bit Fast Page Mode CMOS DRAMs. Fast Page Mode offers high speed
random access of memory cells within the same row. Refresh cycle(4K Ref. or 8K Ref.), access time(-5, -6,
or -7), power consumption(Normal, Low power, or Self-refresh power) and package type(SOJ or TSOP-II)
are optional features of this family.

All of this family have CAS-before-RAS refresh, RAS-only refresh and Hidden refresh capabilities. Further
more, Self-refresh operation is available in self-refresh version.

This 16Mx4 Fast Page mode DRAM family is fabricated using Samsung's advanced CMOS process to
realize high band-width, low power consumption and high reliability.

FEATURES * Fast Page Mode operation

« Part ldentification » CAS-before-RAS refresh capability
- KM44V16000A/A-L(3.3V, 8K Ref.) + RAS only and Hidden refresh capability
- KM44V16100A/A-L(3.3V, 4K Ref.) "« Self-refresh capability(L-ver only)

* Fast parallel test mode capability
* Active Power Dissipation

Unit : mW ¢ LVTTL(3.3V) compatible inputs and outputs
< 0k * Early Write or output enable controlled write
5 - 3§5 T 540 ' » JEDEC Standard pinout ’
-6 288 504 * Availabie in Plastic SOJ and TSOP(Il) packages \-
-7 252 468 * +3.3V+0.3V power supply

* Refresh cycles

V160007 8K _
Vieroo T ax | ©4ms | 2sems FUNCTIONAL BLOCK DIAGRAM
* Access mode & RAS only refresh mode ‘ Vo
: 8K cycle/64ms RAS™ ol v ©
C.A4§K-t;eyf;;e/£?n§s & Hidden refresh mode c;svs: Clocks Y ar——— s
' |
Refresh Timer Row Decoder [« Data in
[ Bufter
* Performance range: %
§ Memory Array |« ’— DQO
- F 2 16,777,216 x 4 to
5 50ns | 13ns 90ns | 35ns e Cells g » Da3
6 60ns | 15ns | 110ns | 40ns A0~A12 3 —
(A0 ~A11)1 ’ ata ou
-7 70ns | 20ns | 130ns | 45ns AQ ~A10—a]Col. Address Buffer |-#{Column Decoder Buffer |« OE

(A0 ~A11)1
Note) *1 : 4K Refresh

SAMSUNG ELECTRONIC CO., LTD. reserves the right to
change products and specifications without notice.

ELECTRONICS




KM44V16000A, KM44V16100A

TARGET

CMOS DRAM
PIN CONFIGURATION (Top Views) -
* KM44V160(1)00AJ * KM44V160(1)00AT * KM44V160(1)00AR
10 Vss Veer] 1 © 32 0 vss Vss }32 159 Vee
2 DQ3 Daom]2 31 P9 DQ3 DQ3 31 2P pao
3 DQ2 DQ1c] 3 30 |1 DQ2 D230 o 3 pat
4 N.C NCm{ 4 29 FIN.C N.C ™29 4E NC
5 N.C NCO™s 28 N.C N.C 28 s NC
6 N.C NC6 27 N.C N.C 327 6 F0 N.C
7 CAS N.Cc 7 26 [ CAS CAS M6 7HI NC
8 OF , Wmrls 25 m0oE , L,OEOs sPpw
9 A12(N.C)RAS ] 9 24 0 A12(N.C)A12(N.C) 24 9 0 RAS
Al1 A0mM10 23 2 A1 A11 23 10 A0
A10 Alm]11 22 [ A10 A10 22 11 A A1
A9 A2]12 21 0 A9 A9 21 120 A2
A8 A3m]13 20 2 A8 A8 20 13 A3
A7 A1s o 19fmA7 Arhe o 14fm A4
A6 A5™15 18 1 As A6 18 15 1 A5
Vss vcc M6 17 o .vss Vss 417 16 [ Vee
* (N.C) : N.C for 4K Refresh product
Address Inputs(8K Product)
AO - A11 | Address Inputs(4K Product)
DQO -3 Data In/Out
Vss Ground
RAS Row Address Strobe
CAS Column Address Strobe
w Read/Write Input
OF Data Outputs Enable
Vce Power(+3.3V)
N.C No Connection
280



, TARGET
KM44V16000A, KM44V16100A CMOS DRAM

ABSOLUTE MAXIMUM RATINGS

Voltage on any pin relative to Vss Vin,Vour -0.5 to +4.6 v
Voltage on Vcc supply relative to Vss ~ Vee -0.5 to +4.6 V.
Storage Temperature : Tstg -55 to +150 °C
Power Dissipation . Po 1 w
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 (Voltages referenced to Vss, Ta= 0 to 70 °C)

Supply Voltage Vee 3.0 3.3 36 v
Ground Vss 0 0 0 Vv
Input High Voltage Vin 2.0 - Vee+0.3™ \
Input Low Voltage Vi -0.372 - 0.8 v

*1 : Vee+1.3V at pulse width < 15ns (pulse width is measured at Vcc)
*2 :-1.3V at pulse width < 15ns (pulse is measured at Vss)

DC AND OPERATING CHARACTERISTICS (Recommended operating conditions unless otherwise noted.)

Input Leakage Current (Any input 0sViNgVec+0.3V,
all other pins not under test=0 volt.)

Output Leakage Current

<|<|3 | 3

(Data out is disabled, 0V<Vour<Vce) lowy -5 5
Output High Voltage Level(loH=-2mA) VoH 24 -
Output Low Voltage Level(lo.=2mA) VoL ) - 0.4

ELECTRONICS . ’



TARGET

KM44V16000A, KM44V16100A CMOS DRAM

DC AND OPERATING CHARACTERISTICS (Continued.)

-5 110 150 mA
lcct Don't care -6 100 140 mA
7 90 130 mA
Normal . 1 1 mA
lccz L Don't care < 1 1 mA
-5 110 150 mA
lcea Don't care s 100 140 mA
-7 90 130 mA
5 80 95 mA
lcca Don't care 6 70 85 mA
-7 60 75 mA
Normal ) 500 - 500 A
lces L . Don't care 500 p 500 HA
-5 150 150 , mA
lcce Don't care -6 140 . 140 mA
-7 130 130 mA
Iccr L Don't care 450 450 " pA
Iccs L Don't care 450 450 : uA
lcc1* : Operating Current (ﬁK‘S" and CAS cycling @tRC=min.)
Iccz : Standby Current (RAS=CAS=W=V )
Iccs* : RAS-only Refresh Current (CAS=Vi4, RAS cycling @tRC=min.)
lcce* : Fast Page Mode Current (RAS=Vi, CAS; Address cycling @PC=min.)
lces : Standby Current (RAS=CAS=W=Vcc-0.2V)
_lcce* : CAS-Before-RAS Refresh Current (RAS and CAS cycling @tRC=min.)
lcc7 : 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 cychng or 0.2V
W, OE = ViH, Address = Don't care, DQ = Open, Tac= 62.5us
Tras=TrAasmin~300 ns
lces : Self Refresh Current

RAS=CAS=0.2V, W=0E=A0 ~ A1 2(A11) = Vce-0.2V or 0.2V, DQO ~ DQ3= Vee-0.2V, 0.2V or Open

*NOTE : lcc, lcces, Iccs and Icce are dependent on output loading and cycle rates. Specified values

are obtained with the output open. lcc is specified as an average current. In Icc1, lccs,
and lccs, address can be changed maximum once while RAS=ViL. In Iccs, address can be
changed maximum once within one fast page mode cycle time tPC.

ELECTRONICS
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s v

ELECTRONICS

KM44V16000A; KM44V16100A CMOS DRAM
CAPACITANCE(TA—25°C Vce= 3.3V, {= 1MHz)
Parameter be -~ Max . Unit
Input capacitance [AO - A1 2] Cint - pF
Input capacitance [RAS, CAS, W, OE] Cinz - 7 pF
Output Capacitance [DQO - DQ3} Coo - 7 pF
AC CHARACTERISTICS (0°C<Ta<70°C, See note 2)
Test condition : Vcc=3.3V+0.3V, Vin/Vi=2.0/0.8V, Von/Voi =2.0/0.8V
Y o LS e -7 g
: parameter | Symbol Min | Mai( Min| Max| Min| Max Units Notes
Random read or write cycle time tRC 90 110 130 ns
Read-modify-write cycle time tRWC 133 155 185 ns
Access time from RAS tRAC 50 60 70 ns 3,4,10
Access time from CAS ) tCAC 13 15 20 ns 345
Access time from column address tAA 25 30 35 ns 3,10
CAS to output in Low-Z tCLZ 0 0 ns 3
Output buffer turn-off delay tOFF 0 13 0 15 20 ns 6,13
Transition time (rise and fall) tT 3 50 3 50 50 ns 2
RAS precharge time tRP 30 40 50 ns
RAS pulse width tRAS 50 | 10K | 60 | 10K | 70 | 10K| ns
RAS hold time tRSH 13 15 20 ns
CAS hold time tCSH 50 60 70 ns
CAS pulse width tCAS 13 | 10K | 15 | 10K | 20 | 10K| ns
RAS to CAS delay time tRCD 20 | 37 | 20 | 45 | 20 | 50 ns 4
RAS to column address delay time tRAD 15| 25| 15| 30 | 15| 35 ns 10
CAS to RAS precharge time tCRP 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 10 10 15 ns
{ Column address to RAS lead time tRAL 25 30 35 ns
Read command set-up time tRCS 0 0 0 ns
Read command hold time referenced to CAS | tRCH 0 0 0 ns 8
Read command hold time referenced to RAS | tRRH 0 0 0 ns
Write command hold time tWCH 10 10 15 ns
Write command pulse width tWP 10 10 15 ns
Write command to RAS lead time tRWL 15 15 20 | ns
Write command to CAS lead time tCWL 13 15 20 ns
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TARGET
KM44V16000A, KM44V16100A - CMOS DRAM

AC CHARACTERISTICS (Continued)

ol s

Data set-up time tDS v 0 T 0 V 0 ns 9

Data hold time tDH 10 10 15 ns 9
Refresh period(4K, Normal) tREF 64 64 64 ms
Refresh period(8K, Normal) tREF 64 64 64 ms
Refresh period(L-ver) tREF 256 | - 256 256 ms

Write command set-up time tWCS 0 0 0 ns 7
CAS to W delay time tCWD 36 40 50 ns 7
RAS to W delay time tRWD 73 85 100 ns 7
Column address to W delay time tAWD 48 . 55 ) 65 ns 7
CAS precharge to W delay time tCPWD | &3 | 60 70 ns

CAS set-up time (CAS-before-RAS refresh) |tCSR 10 10 10 ns

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

[RAS to CAS precharge time tRPC 5 5 5 ns

CAS precharge time(CBR counter test cycle)| tCPT 20 20 30 ns

Access time from CAS precharge tCPA 30 35 40 ns 3
Fast Page mode cycle time tPC 35 40 45 ns

Fast Page mode read-modify-write cycle timg tPRWC | 76 . 85 100 ns

CAS precharge time (Fast page cycle) tcpP 10 10 10 ns

RAS pulse width (Fast page cycle) tRASP 50 |200K| 60 | 200K| 70 | 200K ns

RAS hold time from TAS precharge tRHCP | 30 35 40 ns

OF access time ) tOEA 13 15 20 ns

OE to data delay . |tOED 13 15 20° ns

Out put buffer turn off delay time from OE tOEZ 0 13 ] 15 0 20 ns 13
OE command hold time tOEH 13 15 ‘ 20 ns

Write command set-up time(Test mode in) |tWTS 10 10 10 ns 11
Write command hold time(Test mode in) tWTH 15 15 15 ns 1
W to RAS precharge timé(C-B-R refresh) |tWRP | 10 10 10 ns

W to RAS hold time(C-B-R refresh) tWRH 10 10 10 ns

IRAS pulse width(C-B-R self refresh) tRASS | 100 100 100 us 14
[RAS precharge time (C-B-R self refresh) tRPS | .90 110 130 ns 14
CAS hold time (C-B-R self refresh) tCHS -50 -50 -50 ns ‘14

W ‘ ' ‘ .. 284
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KM44V16000A, KM44V16100A CMOS DRAM

TEST MODE CYCLE

(Note. 11)

Random read or write cycle time tRC 95 115 135 ns
Read-modify-write cycle time tRWC | 138 160 190 ns

Access time from RAS tRAC 55 65 75 ns |34,10,12
Access time from CAS tCAC 18 20 25 | ns |34512
Access time from column address tAA 30 35 40 ns | 3,10,12
RAS pulse width tRAS 55 | 10K| 65 | 10K | 75 | 10K | ns

CAS pulse width ) tCAS 18 | 10K | 20 [ 10K | 25 | 10K | ns

RAS hold time tRSH 18 20 25 ns

CAS hold time tCSH 55 ‘65 75 ns

Column address to RAS lead time tRAL 30 35 40 ns

CAS to W delay time tCWD | 41 45 55 ns 7
RAS to W delay time tRWD 78 90 105 ns

Column address to W delay time tAWD | 53 60 70 ns 7
Fast Page mode cycle time tPC 40 45 50 ns

Fast page mode read-modify-write cycle time| tPRWC | 81 90 105 ns

RAS pulse width (Fast page cycle) tRASP | 55 | 200K| 65 |200K| 75 |200K| ns

Access time form CAS precharge tCPA 35 40 45 ns 3
OE access time tOEA 18 20 25 ns

OE to data delay tOED 18 20 25 | ns

OE command hold time tOEH 18 20 25 ns

ELECTRONICS



TARGET

KM44V16000A, KM44V16100A CMOS DRAM

NOTES

1.

10.

11.
12,

13.

14.

An initial pause of 200us is required after power-up followed by any 8 ROR or CBR cycles before
proper device operation is achieved.

ViH(min) and ViL(max) are reference levels for measuring timing of input signals. Transmon times are
measured between ViH(min) and ViL(max) and are assumed to be 5ns for all inputs.

Measured with a load equivalent to 100pF and Voh=2.0V(lout = -2mA), Vol=0.8V(lout = 2mA)
Operation within the tRCD(max) limit insures that tRAC(max) can be met. tRCD(max) is specified as
a re ference point only. If tRCD is greater than the specified tRCD(max) limit, then access time is
controlled exclusively by tCAC.

. Assumes that tRCD> tRCD(max).
. This parameter defines the time at which the output achieves the open circuit condition and is not

referenced to VoH or VoL.

. tWCS, tRWD, tCWD and tAWD are non restrictive operating parameters. They are included in the

data sheet as electric characteristics only. If tWCS2tWCS(min), the cycles is an early write cycle
and the data output will remain high impedance for the duration of the cycle. If tCWD2=tCWD(min),
tRWD=>tRWD(min) and tAWD2 tAWD(min), then the cycle is a read-modify-write cycle and the data
output will contain the data read from the selected address. If neither of the above conditions is
satisfied, the condition of the data out is indeterminate.

. Either tRCH 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-modify-write cycles.
Operation within.the tRAD(max) limit insures that tRAC(max) can be met. tRAD(max) is specified as

. a re ference point only. If tRAD is greater than the specified tRAD(max) limit, then access time is

controlled by tAA.
These specifications are applied in the test mode.

In test modé read cycle, the value of tRAC, tAA, tCAC is delayed by 2ns to 5ns for the specmed
values. These parameters should be specified in test mode cycles by adding the above value to the
specified value in this data sheet.
tOFF(max) and tOEZ(max) define the time at which the output achieves the open circuit condition
and are not referenced to output voltage level.
8192(8K Ref.)/4096(4K Ref.) cycles of burst refresh must be executed within 64ms before and after
self refresh, in order to meet refresh specification.
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Fast Page Mode, x1 Device Timing Diagram CMOS DRAM

TIMING DIAGRAM
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Fast Page Mode, x1 Device Timing Diagram ___CMOS DRAM

WRITE CYCLE ( EARLY WRITE)
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Fast Page Mode, x1 Device Timing Diagram - CMOS DRAM

READ-WRITE / READ - MODIFY - WRITE CYCLE
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Fast Page Mode, x1 Device Timing Diagram - CMOS DRAM
FAST PAGE MODE READ CYCLE
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Fast Page Mode, x1 Device Timing Diagram CMOS DRAM

FAST PAGE MODE WRITE CYCLE (EARLY WRITE)
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| Fast Page Mode, x1 Device TimingDiaram CMOS DRAM

FAST PAGE MODE READ-MODIFY-WRITE CYCLE
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Fast Page’ Mode, x1 Device Timing Diagram

CMOS DRAM

RAS-ONLY REFRESH CYCLE

NOTE : W, D= Don't care
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Fast Page Mode, x1 Device Timing Diagram_ - . CMOS DRAM

HIDDEN REFRESH CYCLE ( READ )
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Fast Pag_je Mode, x1 Device Timing Diac__;ram CMOS DRAM

HIDDEN REFRESH CYCLE ( WRITE)
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Fast Page, Mode, x1 Device Timing Diagﬁram » CMOS DRAM

CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE
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Fast Page Mode, x1 Device Timing Diagram CMOS DRAM

TEST MODE IN CYCLE
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Fast Page Mode, x4 and x8 Device Timing Diagram CMOS DRAM

TIMING DIAGRAM
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Fast Page Mode, x4 and x8 Device Timing Diagram “CMOS DRAM

WRITE CYCLE ( EARLY WRITE)
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Fast Page Mode, x4 and x8 Device Timing Diagram CMOS DRAM

WRITE CYCLE (OE CONTROLLED WRITE)
NOTE : Dout = OPEN
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"Fas':t Page Mode, x4 and x8 Device Timing Diagram " CMOS DRAM

READ - MODIFY - WRITE CYCLE
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Fast Page Mode, x4 and x8 Device Timing Dialgram CMOS DRAM

FAST PAGE READ CYCLE
NOTE : Dour = Open
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Fast Page Mode, x4 and x8 Device TiminjL Diagram CMOS DRAM

FAST PAGE WRITE CYCLE ( EARLY WRITE)
NOTE : Dour = Open
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Fast Page Mode, x4 and x8 Device Timing Diag_;ram CMOS DRAM
FAST PAGE READ-MODIFY-WRITE CYCLE '
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Fast Page Mode, X4'and x8 Device Timing Diagram

CMOS DRAM

RAS-ONLY REFRESH CYCLE
NOTE : W, OE, D = Don't care
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Fast Page Mode, x4 and x8 Device Timing Diagram CMOS DRAM

HIDDEN REFRESH CYCLE ( READ )
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Fast Page Mode, x4 and x8 Device Timing Diagram . CMOS DRAM

HIDDEN REFRESH CYCLE (WRITE)
NOTE : Dour = OPEN '
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Fast Page Mode, x4 and x8 Device Timing Diagram CMOS DRAM
CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE )
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Fast Page Mode, x4 and x8 Device Timirg Diagram;

CMOS DRAM

TESTMODE IN CYCLE
NOTE : OE, A =Don't Care

trc

v : [e— tRp—— |e— tras > Etap—v
V:: : / | trpC \t trrc—»| \——
<Jer
i | 1
wo S N /////////////////
. t
o ) 7 )
DQO ~ DQ3(7) Jor |
Vow - 7\ OPEN
Vou - ____;{
Don't Care
CAS -BEFORE-RAS SELF REFRESH CYCLE
; NOTE : W, OE, A=Don't Care -
v [—— tRp—>| |« [¢——— frRps———»|
w W Som N .\
<ICB . toHs | -
" - —{ tcsa
v »
DQO ~ DQ3(7) forg
Vou - ) OPEN
- Voo - £
» %2 Don't Care
316

s v

ELECTRONICS









Fast Page Mode, x16 (2CAS) Device Timing Diagram CMOS DRAM

TIMING DIAGRAM

WORD READ CYCLE .
NOTE : Dn = OPEN
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Fast Page Mode, x16 (2CAS) Device Timing Diagram CMOS DRAM
TIMING DIAGRAM
LOWER BYTE READ CYCLE
NOTE : Din = OPEN o
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Fast Page Mode, x16 (2CAS) Device Timing Diagram CMOS DRAM

TIMING DIAGRAM

UPPER BYTE READ CYCLE

NOTE : Din = OPEN
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Fast Page Mode, x16 (2CAS) Device Timing Diagram CMOS DRAM

WORD WRITE CYCLE ( EARLY WRITE)
NOTE : Dour = OPEN
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Fast Page Mode, x16 (2CAS) Device Timing Diagram CMOS DRAM

LOWER BYTE WRITE CYCLE ( EARLY WRITE)
NOTE : Dour = OPEN
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Fast Page Mode, x16 (2CAS) Device Timing Diagram |

CMOS DRAM

UPPER BYTE WRITE CYCLE ( EARLY WRITE)
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Fast Page Mode, x16 (2CAS) Device Timing Diagram CMOS DRAM

WORD WRITE CYCLE (OE CONTROLLED WRITE)
NOTE : Dout = OPEN
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Fast Page Mode, x16 (2CAS) Device Timing Diagram CMOS DRAM

. LOWER BYTE WRITE CYCLE (OE CONTROLLED WRITE)
NOTE : Dour = OPEN '
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Fast Page Mode, x16 (2CAS) Device Timing Diagram CMOS DRAM

UPPER BYTE WRITE CYCLE (OE CONTROLLED WRITE)
NOTE : Doutr = OPEN

2
m<
3l IEH R

>
<<
F I

o \\2: 7 : ,.toeo V
D08~D?\£:'5: D ./

ELECTRONICS



Fast Page Mode, x16 (2CAS) Device Timing Diagram CMOS DRAM

WORD READ - MODIFY - WRITE CYCLE
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Fast Page Mode, x16 (2CAS) Device Timing Diagram CMOS DRAM

LOWER-BYTE READ - MODIFY - WRITE CYCLE
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Fast Page Mode, x16 (2CAS) Device Timing Diagram CMOS DRAM
UPPER-BYTE READ - MODl#Y - WRITE CYCLE
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Fast Page Mode, x16 (2CAS) Device Timing Diagram = CMOS DRAM

FAST PAGE MODE WORD READ CYCLE
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Fast Page Mode, x16 (2CAS) Device Timing Diagram CMOS DRAM

FAST PAGE MODE LOWER BYTE READ CYCLE
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Fast Page Mode, x16 (2CAS) Device Timing Diagram CMOS DRAM

FAST PAGE MODE UPPER BYTE READ CYCLE
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Fast Page Mode, x16 (2CAS) Device Timing Diagram

CMOS DRAM

FAST PAGE MODE WORD WRITE CYCLE (EARLY WRITE)

NOTE : Dour = Open
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Fast Page Mode, x16 (2CAS) Device Timing Diagram CMOS DRAM

FAST PAGE MODE LOWER BYTE WRITE CYCLE ( EARLY WRITE)
NOTE : Dour = Open
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Fast Page Mode, x16 (2CAS) Device Timing Diagram CMOS DRAM

FAST PAGE MODE UPPER BYTE WRITE CYCLE ( EARLY WRITE)
NOTE : Dour = Open
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Fast Page Mode, x16 (2CAS) Device Timing Diagram  CMOS DRAM

FAST PAGE MODE WORD READ-MODIFY-WRITE CYCLE
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Vi - 7 K 7
el foRP
l¢— treo—> " etcp > —tcap |
I V/ VI b M ,
[CAS v / \4—— tcas————» \ tcas >
o= 7
[¢-tRAD |
: L tRAL >
tasr fcat tasc| |+l
P tASQ; « < |
Vin - ?{FROW coL \ coL. ’}%V
A v, ADDR ADDR ADDR
- |1 #
l—p> tres tow tHC_S,I tew T tH,WL
. 7 y g \
W xm % D tCWD—’\‘—’tWP / — tcwo-‘—‘—*\ twe
o : < tawp > e tawp———»
trwo >
Vi - toes ¥ toea
OE Vie - \C / toH ton
L toen, > {oeD, >
T taa—b 1 "y [ taa <«
< trac L ;D ° OEZ :DS
DQO ~ DQ7 [*tcac® ttcac>]
Vion - / r\}éx N 4 -><F >
VoL - ‘_& 4 4 y 4
tewz | terz|,
4 VALID VALID d VALID VALID
DATA-OUT DATA-IN DATA-OUT DATA-IN
OED, | _[toH I |toH
L P L B ED_ i
[ t:A—c— W?_’ L EDS ‘oezr R
DQ8 ~ DQ15 *+tcac®| " “toac > |
Vion - %{_—\}%K N y 5<
VoL - XN I X '4 3 4
tcz > \ terzl, .
VALID VALID i VALD VALID
DATA-OUT DATA-IN DATA-QUT DATA-IN

Don't Care
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Fast Page Mode, x16 (2CAS) Device Timing Diagram

CMOS DRAM

FAST PAGE MODE LOWER-BYTE-READ-MODIFY-WRITE CYCLE

Vik -

RAS Vo -

Vi -

Vie -

Vi -
[CAS

; -

A Vin -

Vi -

Vi -

w Vi -

Viu -

OE Vie -
DQO ~ DQ7

ViioH -

VoL -

DQ8 ~ DQ15

Vou -

VoL -

/7

trasp > {etrr->)
S\= tesn >
X 7 \_
> tere trec
7 \
“_.'
> torp l¢———————— trRWC tRsH >
l¢— trco—1| ter ¥ | : —tcre—¥ .
// i\ﬁ—— tcas————p \4——— toas————»]
[-tRAD -»] / 7
tRaH < t >
T RAL >
fasr tasco| I toan tasc| |>roRi—
% ROW coL. ) cot. | 7
ADDR ADDR ADDR
T 7 7
e
el pltRCS tow| RC_SJ tow | tR,WL
\ \
D tcwo——>\ e — tcwo—>\
< tawp ———»; < tawp ————>
< tawo >
\ 1oea \ toea ¥
N N/
toe o 5 _|toH
le—r tan—> b — taa—> 420 i
—— trnc—>| |19 t=cs OEZ LDS
i*tcac®| cac®
y N D/ 5{‘ 5
3 X \l ; FYC X
VALID VALID VAUD  \ VALD
torzl ) DATA-OUT DATAIN ~SZles DATA-OUT DATA-IN
OPEN

Don't Care

s v
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Fast Page Mode, x16 (2CAS) Device Timing Diagram CMOS DRAM

FAST PAGE MODE UPPER-BYTE-READ-MODIFY-WRITE CYCLE

» trasp > |etrp
. —\ e tesH > y
Vi -
RAS Vi - \; 7/
N M -+ trrwC > trsH >
) [&— trcp—¥| tcp > jtere
o Vi - # X e tcas > < tcas >
UCAS ,, . / \: \ 7
et foBP treC
Viu -
LCAS Vi -
A Ve
-V
W Vi -
Vi -

Vi - toen \ toea, 4
OF \, . N N/
DQO ~ DQ7
Vou -
OPEN
VoL -
tOED‘ R tDﬂ tOED‘ R i H
‘_'_ tF:C— IAA—: . toez LDS fe— taa—> k7 tf.s
[+tcac® HcAac >
DQ8 ~ DQ15
VioH - 7 >< X y
VioL - p N x
tez : teizl,
VALID VALID VALID VALID
DATA-OUT DATAIN DATA-OUT DATA-IN

@ Don't Care
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Favst} Page Mode, x16 (2CKS) :pe\.lige Timing piagram ’ CMOS DRAM
- x:: : _\\: tras }4; tnp—-—-—--\—
s \ 4
S

CAS-BEFORE-RAS REFRESH CYCLE
NOTE : W, OE, A =Don't Care

tre — - »>
le—— trp——»] |« tras > thRr—
_ Vm - 3
RAS Vio - / ¢ lcrp \t trRrc —» |
P (63:) :
{csm
— Vu - teHR
ors v AN , N
dcpy
tcsr
S A
- LCAS A/ ‘ \t 7 . //%\
torr - V
DQO ~ DQ7 <
Vou - —'ﬂ\
Vou - )— OPEN
oL
DQ8 ~ DQ15
Vou - By
- OPEN -
VoL - ,F

Don't Care

ELECTRONICS
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Fast Page Mode, x16 (2CAS) Device Timing Diagram CMOS DRAM

CAS-BEFORE-RAS SELF REFRESH CYCLE
NQTE :W, OE, A=Don't Care

i

: ;;“fRP—*’ < trass—— * |¢——— tRpg———>
VH - A Y
RS v -/ N
o= < 1reC » tarc
o Jdeey tens
y—\ [tcsr
Vi - . 7
Vi - / \( é //":
‘ tep | tows | v
tcsn :
A - [
V|L - - \( ‘ %
5 tore .
DQo ~ DQ7 >
[ —
Vo - ) OPEN
VoL - ,[ .
DQ8 ~ DQ15

Von - N

. ) OPEN

VoL - 4

@ Don't Care

FI FATRNNINS .



Fast Page Mode, x16 (2CAS) Device Timing Diagram ~ CMOS DRAM
HIDDEN REFRESH CYCLE ( READ )
: tre tac ]
‘ k tras fe- thp »f [4—— tras — ] |« tap
s \ /) =\
lt‘cip. [e——— tRecD———>i4— tRsH—> [+— tonn —u
Um://:: : % \ 5 J / /Z“—'—
, o) e taco sle— tasH—| | f—tom __4
s T o N o
i ) ML » o tasc 4> Al Ce
v Pl v
’ tres tnnubl J;;»—twgu : |
- 2 V
- w5
XN
torF
. +— tcac—> . T
<—tCLZ—ﬂ
DQO ~ DQ7 " trac < toez N
xz: - OPEN ——é%{: DATA-OUT ‘>—
DQ8 ~ DQ15
xz: OPEN ————(@( DATA-OUT j>———

% Don't Care ‘

i FI ErTRANIMC
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Fast Page Mode, x16 (2CAS) Device Timing Diagram

CMOS DRAM

NOTE : Dour =

DQO ~ DQ7
Vi -
Vi -

DQ8 ~ DQ15

\‘&‘

1} 1 1 L} [} 1
o
| |® ]
o] o
T
>
T
)
>
<]
T
% ]
le] o

OPEN

-
[¢)
3
h

~ HIDDEN REFRESH CYCLE ( WRITE)

tre

tras

i
3

< RC
> trep >} [¢——— tras
7N

DDDDD

SS

CCCCCC
DDDDDDD

B

Ny @ @

< toH—»

’

L toH—»
DATA -

" W 000

Don't Care
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Fast Page Mode, x16 (2CAS) Device Timing Diagram CMOS DRAM

CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE

RAS ViH : j

L
tcsr

trp
1H\— ’

\

Vi
_ Vin -
UCAS |, \

wo- K

tcsn N

Vi -
[CAS

L

\T ‘///

A
Vi -

t la Is’
ﬂfllﬂ/’

Y 1/
Y/ /

traL

READ CYCLE  tyme

tan < traH

7

V

< (des  [  ) ol trCH
D, |

DQO ~ DQ15
Vou -

<
=

VoL -
WRITE CYCLE mir;

twRH

WVIH:?//

Vi

twes

\
uT >‘—
7

)

—

Y

= T 7

t
DQO ~ DQ15 - ton ——»
Vi - OPEN LID D IN }
Vo - 2
READ-MODIFY-WRITE "  tawn towt
t t «
. I,Vft WRH GJregl ly towo —— e tRWL—'J
Vin - ZZ We
..l w N0
) le taa
oV toea| A
Ok ViL - _toep t
DQO ~ DQ15 o Sl | llos
Vion - b 1 x‘
VoL - V\ R
\
VALID
DATA-OUT DA

ELECTRONICS



Fast Page Mode, d Device






Fast Page Mode, Quad CAS Device Timing Diagram CMOS DRAM

TIMING DIAGRAM

READ CYCLE
NOTE : Din = OPEN

tre

3 tras ¢ |
Vi - K { i
RAS ViL - \

CRP,

le——— trcD trsH

tre ’
s >
CAST Vi - ?’%% le——— tcAs ———»f 7
Vio -
/
/

%

tcre l |
ot BTN

tcrp H
_ Vi - l¢——— tcen ——» /
CAS3 Vi - W \\
tcrp I
Vi 7 R je———— tcrcH ——» y
as M 77 \\
Vi
:—tRAD —p tosn
| _tasr | [tRan tasc (o] o traL, ————»
A Vmo- f  Row 7 coLumn ;
Vi - | ADDRESS . ADDRESS
[e— tar trcH
e tRCS )| P Y am «
- 7 A
o v @
o=

+«—— thon ———>|

tan ——>

= v -~ T
L-—tmc—> forr |

DQ1 ~ DQ4 e forz >

trac > a— {opz >
Vin - i ] B
OPEN DATA-OUT
Vi -

% Don't Care




Fast Page Mode, Quad CAS Device Timing Diagram

TIMING DIAGRAM

WRITE CYCLE ( EARLY WRITE)

— Vm
RAS Vi
— Vin
CAST Vi
cAsz "
Vi
cass ™
Vi
Vi
CAS4 Vi
A Vi
\

Vi

w Vi
o U
Vi

DQ1 ~ DQ4
Vi

Vi

t L
L - u Z
Al

CMOS DRAM

tras ° qu'
—
. | 7 \
fcrp
tcrp
> le—— 1 t »
% j\‘“—‘—t —
tcap
N et ——

/

/
/
/

tesu N
traL ]
< fcan
COLUMN
ADDRESS
‘='
towe

tRwi

{¢——twen —»]
twp ——»
4

\

.

twen

7.

- T

n. 3

Don't Care
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Fast Page Mode, Quad CAS Device Timing Diagram CMOS DRAM

TIMING DIAGRAM
WRITE CYCLE (OE CONTROLLED WRITE )

tre

tras L |
e Vi - \
RAS Vie - \ 7
tcre
tcre

. le—>! treo < trsH »)
cast " 7 N~ = VY j

” e X t |
—V [—— tcen ——]
ASZ " 7 | /

tcre
—»!

[4——— {CLCH —‘—J
T /

._\4‘—— teLen ——»

W,

0l
%
<s

(¢— tRaD —»
tesH

tasm {RAH R Toan

v D YO Yy

— o ——»
— tRwL———————»

| [ twp

w7 - 2

a
mi
< <
\
:
i§

DQt ~ 3?4: DAT; : IND f///////////////////////

V/ Don't Care

ELECTRONICS



Fast Page Mode, Quad CAS Device Timing Diagram _ CMOS DRAM

TIMING DIAGRAM

READ - MODIFY - WRITE CYCLE
trc
tRa )‘;ﬁ"q
Vi y ]
RAS Vi \ 7 ."ff 3‘ " | W
fcrp ) fcap | »
v :RSH »
H D — (o7 Y- E—
CAST Vie \ /
tcar l
[
ViH

e foen —* /

7
S s " 7 | | - ’/
. M | ' -
y/ \:————ICLCH —> J/i /

Vi -

[¢— trap —» LR
- tesnH " A
< tasm L tASCF’ tCAH AL

A ViH - {  ROwW 7 COLUMN %

Vi - ADDRESS 3 ADDRESS
‘ tHWL ik
tawo
tcwo > > tcwL

Vin - Y
¢ trRwo—— NP

OF 31'3 %//////%%//%%m’ I

% Don't Care

— — . a0

ELECTRONICS



_CMOS DRAM

Fast Page Mode, Quad CAS Device Timing Diagﬁm

FAST PAGE MODE READ CYCLE

trasp

tre
RAS ViH s\ f¢——— trHoP ———»| /
Vi N § 7
terpl j¢——— tPc ———le— trc
[+— trcp —» o fop P (. l— trsH —»
CAST Vin % <lcas ¢ \H_tm*/ *\‘ tCAS‘>/l—
! Vi ) \ tasciq,) 7 —§—
7 g \ I
w7 = g
z .
CAS3 Vin / / Nye tcas
Vi St ; { g
— Vi - 2% \ tors :‘f
CAS4 Vi p
o [IRAD )]
———— > k
tash g ) tran c|$H] Joany,  WsC | |4 " VES N P
A Vin  ROW COLUMN )\ f coLumn 2| CoLuMN
Vi ADDR ADDRESS _/ | ADDRESS {g‘ ADDRESS
K i trRAH
L awD trcn tacs -{AgH < tAcs e treu
5 1 «.
Y wl D i \
. — tan—>] taa—> taa—»
[¢—— fcPA —®) | —— tcPA ——¥
Vin toeal / %/5 Z
OE Vi X 4 V7% 7%
toa toaey | | 4o
[ trac > Josg o | JoEz
Vin ‘ f 7
ot V" Olomnd 51Ok ——
CLz
teiz <
LoEZ,
Vin ¢
paz \" Nosndr-s Dhossy——
toz <
toez
Viu £\ :
DQ3 y, %{’Jﬁ:gmhi 7 L DX::EgUT D—_—_
terz—» < , to
. Vm f 7
DQ4 Vi tcg DX?kingL
Lz
y .
% Don't Care
351
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Fast Page Mode, Quad TAS Device Timing Diagram ' CMOS DRAM

FAST PAGE MODE WRITE CYCLE (EARLY WRITE)

I < ‘ trasp > trp
e VH - |¢———— tRHCP ——— .
RAS N VE

Vi - N g ‘
je——tpc————Me+——trc )
lomp l«—— trcp Lc P 4 le— tash
CAST Vi - leas ,/'t \4@s /'l 3 t
CAST v - % bl (g
__Vm - é’/ toas £ 8 le toas—>
CASZ . 7 7\ ( \F
. T
cAS3 \\?H % \. tcas .~ \ t N
o= % :__1 —
Yk - B ¢
CASA |, . // foss 1/
trAD —
tcs
tasm traH ! tasg ol ACAH E‘E% Lt—>
P ROW oown N f ooy
- ADDR DDRESS y s ADDRI

o W/ ,f = u%/“///ff i .
NS,

—
-

= E’ o tps tou
S 2 WP o Y
) et tos DH

1
i g VAuD“
. DS DH | . ‘<t|:>_s>' }2"‘, oo - . »
oo . EDNEN

i vt 7K o

ELECTRONICS




Fast qu;e Mode, Quad CAS Device Timing Digg_;ram CMOS DRAM

FAST PAGE MODE READ-MODIFY-WRITE CYCLE

¢ trasp > e tRP_p
RAS Vi - \: tesw > | tPRWC—_‘——’A \

¥

—

teien /
tcre

| —a

~
A
A\ 4

traL >
H tasc| » tcan
> <
Vi - coL. W %/ ///
A Vie - ADDR %/
t N [+ tRwL
. i . tnci ‘ Tow o >
. y y
W Vi 4"‘—“—tcwn—*\«\“@j‘ — tcwo——’\ﬁ/—
Vi - < tawp ———> “ tawp——— |
trwo >
—— Vmn - toea toea
e— tan—> tos| | [ taa Joeo, 1
[— tRac » |loEz |0 OEZ -
DQ1 ~ DQ4 [tcac e fttcac > -
Vi - y N y, K _>—
Vio - t b \1{ t T AJ
e * VALID \ VALD e VALID \ VALID

DATA-OUT DATA-IN DATA-OUT DATA-IN

Don't Care

=
N

ELECTRONICS



_Fast Page Mode, Quad CAS Device Timing Diagram

CMOS DRAM

RAS-ONLY REFRESH CYCLE
NOTE : W, OE, D = Don't care

el N
a7 | A
e %ggg: 200

CAS-BEFORE-RAS REFRESH CYCLE
NOTE : W, OE, A = Don't Care

[e—— tp—>| |« tras > ftnp —
\( trec .

Vik -
RAS Vi - / <ere
ey
CASY XIH - 7‘ !\l:tﬁ < teHr
L =
wre | | JwRH,
— Vm - {/
w 3
DQ1 ~ DQ4 forr
Vi - ——‘\
VIL .0 ( OPEN
. % Don't Care

o

ELECTRONICS
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. DQ1 ~ DQ4

Fast Page Mode, Quad CAS Device Timing Diagram CMOS DRAM

HIDDEN REFRESH CYCLE ( READ)

< tre >l tre
¢ RAS » | trp |[¢——— tras —>| |« trP
. Vi - /g :4
RAS Vi - ;/ 7
CRP | | D R —»
' [T

K
RSH —| [¢— tchi

Y, &

xL - o /
s xRy

[&—— tcac—>

twez
le-
o) trac tmz—’] < toez
Vik - i
OPEN ———— 77X  DATA-OUT
Vie - . 7

% Don't Care

ELECTRONICS



Fast Page Mode, Quad CAS Device Timing Diagram CMOS DRAM

HIDDEN REFRESH CYCLE ( WRITE)

NOTE : Dour = OPEN

o NI

CASX x:f _ - W
o D s = W |
v\ N -

N~

toH >

% Don't Care

ELECTRONICS



Fast Page Mode, Quad CAS Device Timing Diagram CMOS DRAM

CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE

RAS

tcsm
Ho- ;

CASX

- X

tras

tap
7] \

<§ss§

terr— o trRsH
—— T,
X

le— tasc »

le- tcan

N A

READ CYCLE

t t )
WRP WRH tRes,

ZW//

le—— fcac )

WVIH:%

Vi

taa —
PN '[RCH

DQ1 ~ DQ4
Vi -

S 77 /W

-
toea M oEz t EZ

Vi -

WRITE CYCLE
twrp

\
ot )

trRwL

fa) Loy
wo 7

WSWCS

towL

DQ1 ~ DQ4
Vi -

- (S

Vi -

READ-MODIFY-WRITE
p| 1 twen t Jew
- NP r—
o H - WP
ARV 7 \ % /,3

VVVVVVVVVV

ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ
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Fast Page Mode, Quad CAS Device Timing Diagram CMOS DRAM

TEST MODE IN CYCLE
NOTE : OE, A =Don't Care

— tre >

[e—trp —>f |« tras > trRe—»
Vi - / 5\
Vie - / trpc X trec | V-

Jep
Vin - \Lm ¢————— tcHR—————>|
Vi - //‘j
twrs W)
Vin, - / ;
w Vi - o . % .
DQ1 ~ DQ4 LoF

Viu - _’—"’\
Vi - ) OPEN
I

% Don't Care

CAS-BEFORE-RAS SELF REFRESH CYCLE
NOTE: W, OE, A=Don't Care

trass » [¢——— frps———»
\\;IH : 1} 3
L ’ t \
N RPC————
tens
X Vi /
DQO ~ DQ3 o

—_—
Vo -

OPEN

g

VoL - 4

@ Don't Care




EDO Mode, " "







EDO Mode, x4 and x8 Device Timing Diagram CMOS DRAM

TIMING DIAGRAM

READ CYCLE
tre r >
BAS Vi - \ t 7-———RP=S
AS Ve - \ 7/ \
;// It'ci t ' thH trsH :—tcnp—»
~xz VY \ tcas >
CAS A le— traD—>| \ / /
tasm traH
* tasc [e» e tcan

>
<<
Lo~ o
N @
5
$3
gé
L
” LA N

i tecs ‘_t’iffﬁg
Wy 7 L )
= - T /Afl: y
DQO ~ DQ3(7) L-ttzziC , T
v - oPeN ———%@{t oanour  p—p——

V% Don't Care




EDO Mode, x4 and x8 Device Timing Diagram CMOS DRAM-

WRITE CYCLE (EARLY WRITE)
NOTE : Dour = OPEN

tre

cre | [ tesu >
L_, [¢——— tRCD————>j¢——— trsH ) I“ terp —»

tcas
ViH - % b \‘ j’
CAS Vi - [&— traD —>| \ 7/
tran tra
\Y
Vi

W 3@( = N

tar—»

CWL
tRwe

i%  =EI= /
LV %///////////////////////////////////////////////////////////

toHr ™
% Don't Care




EDO Mode, x4 and x8 Device Timing Diagram CMOS DRAM

WRITE CYCLE (OE CONTROLLED WRITE)
NOTE : Dour = OPEN

trc
tras > trp——t
Vs -
RAS Vi - \ \
tﬁi — tncn——t?bsi’——— tRsH "‘ tCRP—J
cag Vin - % A\\'— tCAS"—‘ﬁ/ —/
S Vie - L—tnAo————ﬁl

tasr tRAH traL
tasc [ tcan
- e ——
A Vm ROW COLUMN
Vi - | ADDRESS ADDRESS

—— fowL
——— taw —————>
[ twp—>
— Vu -
W Vi - ﬁ z y:
7 4 ¥
OE Vi - / toep PRGN
Vi -
tos ton
DQO ~ DQ3(7)

Vi

"l o M

%//é Don't Care




EDO Mode, x4 and x8 Device Timir@ Diggram

CMOS DRAM

READ - MODIFY - WRITE CYCLE

Vi -
Vi -

-VIH -

A Vi -

Vi -
Vi -

Vi -
Vi -

Vi
Vi

DQO ~ DQ3(7)
Vion -
VoL -

< trwe
< tras »| tRp ——n
\ \
K 7
P —
forpl le—— troo N trsw >
teas
_ trao \
tasm tman [ Jasc ) [toan
tosn —>
7 row COLUMN
ADDR ADDRESS ;

tawp

DERE— (e s S——

[ trwL

tRwp

g e

Slloz,

[+ toiz>

[ tcac

7Y

A

trac

toww

"

‘ VALID {
"/ DATA - IN

Don't Care
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EDO Mode, x4 and x8 Device Timm Diggram CMOS DRAM

HYPER PAGE READ CYCLE

e trasP »> tap
RAS Viu - ER fe—— thcP——>/
Vie - K $
1 [¢——— thpc —>J¢— thpc — P ¢— thre
CRB ¢ l¢—— trRop—>] fep,.
CAS Vi - traD ‘\4 teas o \ tcas / foag
Vie - R 7 L_)l
[e—— tcsH > fas
tasqy | M tasgl 1o toay, tasc o “ltean |t ol 2]
A Vi - / row COLUMN A coLumn AcoLum] COLUMN
VIL - ADDRESS ADDRESS P ADDRESS KADDRESS ADDRESS
7 K ¢ 7
taos|
\ t
Vi - le—{ tcac o é
i le— tcac—>| e— tcac—>
le—— tcpa—»| le—— tan >l taa—>|
‘t—' loPa— ¥ | tono
* taa | feac e 1l ol OEP
2000 = N .
OE Vi - 2 A
|| |toer
D le——toEA—>
Lo toac_,| toon._ - toez oz
DQO ~ DQ3(7) A o loez o
Vion - 'livAuoﬁ ( VALID / VALID '>_
VioL - A L DATA-OUT7 PR DATA-OUT M-
. toz b
toz, DATA-OUT

Don't Care

ELECTRONICS



EDO Mode, x4 and x8 Device Timing Diagram

__ CMOS DRAM

HYPER PAGE WRITE CYCLE (EARLY WRITE)
NOTE : Dout =Open

< trasp > i
BAS Vi - 5\ |¢———— tRHCP
Vi - K + & 7
4 fe——— tHpc ———»l——— tupc ———> _
j¢—> j«— trRco——» e fcp <fce [ tRsn
Vi - % tRaD Jcas ) F \ # Xl toas A
CAS . . / tasc \ ,/ g \ /
le—— fcsH
.tﬁ§ﬂ4_> _ . tran :tCAH tasc «—> ;CA b sﬁ% LC—A-!
A Vi - %{’ ROW >@<‘ COLUMN A'>€%<‘COLUMN Y5, # oo //’
Vi - | ADDR | ADDRESS | ADDRESS (¢ | ADDRESS 7 %

| twen twe

g
<5
T§g

twes

= ) e

trwL———»]

|
o | 7////////////////////////////////////////////////////%

DQO -~ Dc>3( ) | ton,, o} |0y,
Viu VALID "\ VALID
Ve - DATA-IN / DATA-IN

g

tos | |pyt

§

VALD ]
DATA-IN

% Don't _Care

s

ELECTRONICS
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EDO Mode, x4 and x8 Device Timing Diagram __ CMOS DRAM
HYPER PAGE READ-MODIFY-WRITE CYCLE

< trasP > trp
T\ e tcsh >
Vi -
AS Vi - N 7
tRsH
trco—>| tcp ttcnp—>
CTAS Vi - !\4-——— tcas—————» [———— tcas————>
Vi - letrnn-> 7 K 7
tran -« tHPRWC >
i« i T tRAL >
SR tascy >l —|lCAH téi& . C|
v s X
Mo ROW coL. cot.
A Vi - ADDR ADDR ADDR |
T
-« Jtnc_s_ fow, Jﬂu_:_tﬁw
V - 7 "4 Y X
\ " / / <"ﬁtcwo—“—"\ B | —— tcwo——>\ twe
Vi - < tawp————» & “ tawp » T
trRwo >
Vi - _toEa \ toea £
ﬁ Vie - \t
[Ttcac™ ton tcac™ t ton
b ol 12 tan toep >
4 tos an Flae g —tos
) —— tRac > | «— toz QEZ ¥
DQO ~ DQ3(7) >
" Vwou - %@ \ N & k_ % >_____
VioL - - L t 3 r k_‘)i
tcrz oLz VALID \ VALID s VALID VALID
> DATA-OUT DATA-IN DATA-OUT  DATAIN

% Don't Care

ELECTRONICS



EDO Mode, x4 and x8 Device Timing Diajg_;ram CMOS DRAM

HYPER PAGE READ AND WRITE MIXED CYCLE

trasp P
Vi - READ(ICAC) : READ(ICPA) : WRITE i READ(1AA)
RAS N\ ; z ; ,

Vi - K : : : 7

[——— tipc —H——— tupc——>}¢—— tirc —>
tep tep ter
Vi - \ V =\ —\ r——! . )
CAS. - o tors Y/ N\ o/ Netos i
traH
tcan I
tasp tasg| 12’;*'* tasc atascl fcan " _pasd, Y
— x
A VH - Rowx COLUMN COLUMN COLUMN CoL. /
Vi - \ ADDI ADDRESS ADDRESS 4 ADDRESS ADDR.
' tres troH
}103 tren, |1 ol e twon trey,
o Vi - 77 72 3 IR !wcg /
w Vi - / j 7

1 wee
' forz

z// e tcea N tWEQ

ok

N

OE
tou

¢ tcac twez > —ta >,

— tpa—>] -+ I« twez | | ate tos trRez

DQO-~DQ3(7) -

—

Vion - /[ VvALD A/ vauo /| VALID /' vaup
VioL - \DATA-OU DATA-OUT, DATA-IN | DATA-OUT

Don't Care

s v

ELECTRONICS
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EDO Mode, x4 and x8 Device Timim_l Diggiam

CMOS DRAM

RAS-ONLY REFRESH CYCLE
NOTE : W, OE, Dn = Don't care

Dour = Open

trc

O | H =
,ﬁ‘ﬁ e _1 Jdome |
v )
N

CAS-BEFORE-RAS REFRESH CYCLE
NOTE : W, OE, A =Don't Care

trc

| trpC

<Jery)l

et

. —\ [tcsn B

—— thRp—> |«

teHr

—> f trRp——»
trec

<Jwee

_ Vi -
RAS ViL - /
— Vm
CAS Vi
W Vi - %
Vi -
DQO ~ DQ3(7)
Vou -

Voo - 4

4
tcez
>

.

g

OPEN

] % Don't Care

MRomcs
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EDO Mode, x4 and x8 Device Timing Diagram - CMOS DRAM

HIDDEN REFRESH CYCLE ( READ )

tre > — tre

syl N 1 N )

T W_
w v Y —% ?////////////4
o P «_T—i e

DQ0~DQ3(7) ok thac , o] - : .
Vo - : KNS
~ OPEN DATA-OUT —
VoL - @{t 7

% Don't Care

ELECTRONICS



EDO Mode, x4 and x8 Device Timing Diagram CMOS DRAM

HIDDEN REFRESH CYCLE ( WRITE)
NOTE : Dour = OPEN

wi TN N
- - '———WF*

PSinsungg ST

ELECTRONICS



EDO Mode, x4 and x8 Device Timing Diagam CMOS DRAM
CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE

tre

e T e

Y A
N e N
= .

towe

T |l

twe

o Y

READ-MODIFY-WRITE

tawp 4@'-
cWp—» (4— tRwL—»]
_Vm W
W\ - N7
ta
__ Vm Ioeg £
OF Vi % / S1t:B
th ‘tOEDV _ |ips
ter toez
DQO ~ DQ3(7) — >
VoL - X \i
VALID yauo P22 Dont Care

DATA-OUT
Piiusuneg "

ELECTRONICS



EDO Mode, x4 and x8 Device Timing Diagam CMOS DRAM

TEST MODE IN CYCLE

NOTE : OE, A =Don't Care

Vv tcsh
IH - >
CAS _/ \L

n -

tre

< tras

]' E tre ——»
trre \_

4———— {CHR

twrs |

v

.

DQO ~ DQ3(7) ﬂ’“

Vor - N OPEN
VoL - ;/
% Don't Care
CAS -BEFORE-RAS SELF REFRESH CYCLE
NOTE : W, OE, A =Don't Care
tRass o |[—— tRps———¥
ViH N
- )
Vi - <——tnpc—————>\—
teus
Vi W
CAS Vi %
DQO ~ DQ3(7) :EZ
Vo - N
: OPEN
VoL - 7{
;/':é Don't Care

I
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EDO Mode, x16 (2CAS) Device






EDO Mode, x16 (2CAS) Device Timing Diagram CMOS DRAM

TIMING DIAGRAM

WORD READ CYCLE
NOTE : Dn = OPEN

tre >
tras [&—— trRp——»
Vin \
RAS |, N\ / N\
t
terp taco C:? tRsH »> [&— tcrp —»
Vin - & 3 D - {
UCAS 7 \\ / /
Lo L 4
tesH
tcre treo " trsH > t4— tcrp —|
. 7 X ——— — /
[CAS \/T / \ tcas / /
Vi - L 4
— trap —>
tasr tran M tra
< tasc (&> [ tcaH
A Vi - ' Row 7 coLumn W
Vi - . ADDRESS 3 ADDRESS
tar
trcs || — tran —
Vi ’/

Z|

W - .

| [
P el ¥ oy S

% Don't Care




EDO Mode, x16 (2CAS) Device Timing Diagram CMOS DRAM

TIMING DIAGRAM

LOWER BYTE READ CYCLE
- NOTE: Dn=0OPEN

tre
tras le—— tap———>n
m TN =
= ]
0w\ 7 |
il «— trep to'sr trsh
ws 0 7 N
LasA ; -~ ;:0 & tcan e
N DR oiss YODK eens
) tres tan tRAH —
"7 B | \
< taa —
v D = }///{////////%
’ < tcac—> fcez
DQO ~ DQ7_ tanc ez - e toers ,
Vo - OPEN o f%{t— DATA-OUT >—
DQ8 ~ DQ15 o
Vor - OPEN
Voo -

Don't Care

£ EPTRANICC i S



EDO Mode, x16 (2CAS) Device Timing Diagram CMOS DRAM

TIMING DIAGRAM

UPPER BYTE READ CYCLE
NOTE : Dn = OPEN

trc

t j&—— tap ——>r
) Vi - \ —\
RAS Vi - \ ;/ \
terp tcsu
je—> 4~ tRCD ~———>l—— tRSH [e— tcrp —
Vi - //// 3 \"“_“ tCAs—“"/ +
UCAS ViL - / \ 2 /
tcrp < »itreC
7
rcas M 7
Vi -
[¢—— tRAD —¥ trad
tasr traH
tasc (> te tcan
A Vin - ROW 7 coLumn
Vi - | ADDRESS L ADDRESS
< t;xn-’l
, trcs R tRRH —
7;’/

o 7 "

taa —>

w

- S

% Don't Care




EDO Mode, x16 (2CAS) Device Timing Diagram CMOS DRAM

WORD WRITE CYCLE ( EARLY WRITE)
NOTE : Dour = OPEN

tre

tras > trp——
Vin - 7l: \
Vi - \ 7 \
tc >
t,‘_, e——— tRecp————ple—— tRsH - [¢— tcrp —»,
Vin - %7 3 [ jopg—— .
g VIH // \\ CAS / /
wo- L 4
tcsh
tore | e trco tRsH (¢ tcrp —>
Vi - 3 \'— tcas—™ ™ /
Vi - % \ C 2 /
f— t

fasm tRaH “ traL
tasc [+ tcad .
A Vi -  Row COLUMN ’
Vi - %7\ ADDRE ss ADDRESS
< tar

Vm - —twen —>
v D Z

s 8@ 3
. D C——

oL
e XN

Don't Care

FIFCTRONICS



EDO Mode, x16 (2CAS) Device Timing Diagram CMOS DRAM

LOWER BYTE WRITE CYCLE ( EARLY WRITE)
NOTE : Dour = OPEN

« trc
tras trp——»
Vi - } y
AS Vie - \ 4 \

ucas V' 7 = | HRP{___
e H T N
= T

N -

<
I—

% Don't Care

ELECTRONICS




EDO Mode, x16 (2CAS) Device Timing Diagram = CMOS DRAM

UPPER BYTE WRITE CYCLE ( EARLY WRITE )
NOTE : Dour = OPEN

tre

Aas \ ” | / tm—.\_
s 7 N

s v Y > N
gy - @f Bt }W@:
= T

Vin -
Vi -

% Don't Care

ELECTRONICS



EDO Mode, x16 (2CAS) Device Timing Diagram ~~ CMOS DRAM

WORD WRITE CYCLE (OE CONTROLLED WRITE)
NOTE : Dour = OPEN

« trRas > trRe—»
Vin - ; y
RAS Vi - \ 7 \

* tesH »
temp le— tcrp —w

/|

y

0

7
<
N
/]4
<

14— tcrp —

s

¢l
7
<
N
.//I ‘
g{
<

/

l— trap —>|
R

- tcaH

>
<=
-

w v Y -\ Z
e 2 ways
DQO~D?\;':7': : } | ;ATA-lN
Iy o Y7777

7] Dont Care

ELECTRONICS



EDO Mode, x16 (2CAS) Device Timing Diagram CMOS DRAM

LOWER BYTE WRITE CYCLE (OE CONTROLLED WRITE )
NOTE : Dour = OPEN

: tRAs trRp——»
Viu - 3 ’
Vi - ) \ k 7 \
‘ tcrp ﬂ-—tgpc;j
Vin -
S A N

2|
)

ne 4 *_K: :::“’“/ .

. / —

Y -
= 1

NN .

Don't Care

ELECTRONICS



EDO Mode, x16 (2CAS) Device Timing Diagram CMOS DRAM

UPPER BYTE WRITE CYCLE (OE CONTROLLED WRITE)
NOTE : Dour = OPEN

i E | N

s 7 2

. -
o« 7
e N

Don't Care

ELECTRONICS



EDO Mode, x16 (2CAS) Device Timing Diagram

CMOS ‘DRAM

WORD READ - MODIFY - WRITE CYCLE

Vi
Vi

ViH

UCAS

Vi

Vin
Vi

ViH
Vi

Vlﬁ
Vi

DQO ~ DQ7
Viou
VoL

DQ8 ~ DQ15

Viou

VoL

tawc
< tras > trp ——»
N\ \_
X 7 -
fore| e tacp—le tRsH »>
V ’\ teas —> /
forel le——— trco—-»le trsm >
;// \‘ tcas >
_ trap
tashi, o |epylman | 1ASG oa, tosu
f row N/AJ COLUMN \
| ADDR | ADDRESS
< tawp [¢— trwe
tcwo — tow.—>
"\ twe
trwo. >
7, '
%///// ///%ﬂoEAﬂ /|
K
toz _, <
[+ fcLz-+!
[+ tcac 1>
e faa >
< trac >
/
oitoz <
toz-»
tcac T
[ taa >
< trac >
VALID
DATA - IN

% Don't Care

Shmsung

ELECTRONICS
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EDO Mode, x16 (2CAS) Device Timing Diagram

CMOS DRAM

LOWER-BYTE READ - MODIFY - WRITE CYCLE

< trRwe
< tras > tRp ——
Vi - 3 3
RAS Vi - \( 7 \
texe tRPc—"I
‘ 2 i
ViH -
UCAS . 7 \
L -
Ilg‘fi [e——— tReD—pre trsH >
ViH - W 3 tcas >
LCAS Vi - /
| tRap
E-S—H-‘—H oytna | lrsg Htom N tesH .
A Ym - [ row COLUMN
Vi - | ADDR | ADDRESS
- tawo I G
—————— fowp—————> [¢— tow—>
\
_ VH - twe
W ViL - trwo ~\
" 00 /|
OE Vi - / 2 .
otz
[* tcLz—>|
[+ tcac
—— tan
DQO ~ DQ7 N trac >
Vion - %{
5 . DATA- IN
VoL - 7
DQ8 ~ DQ15
\\;O“ ) OPEN
oL -

% Don't Care

S nsueg

ELECTRONICS
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EDO Mode, x16 (2CAS) Device Timing Diagram CMOS DRAM

UPPER-BYTE READ - MODIFY - WRITE CYCLE

N trwe
—\ ) tras > je—— trp——t
_ Vm -
RAS Vi - \( ] / N
'1(31; ¢——— trcp < trsH o
_ Vi - ;// . |¢ tons ,
v Vio - /
fp N trrc
i -]
G Viu - 2
"2 N
Lo
| trap
&14—» o 1RAH fasc | (tcan . X
P f ROW COLUMN
ViL - | ADDR ADDRESS |
[~ " tawp le— tRwL
tewo > le— tow—>
— VH - ;K twe
W Vi - tawp. >
Z 4
oE Viu - ///////// <—tOEA-NJ
Vi - N
toLz
DQO ~ DQ7
xOH ) OPEN
oL -
[+ torz
[+t T +— toep
taa > toez
DQ8 ~ DQ15 < thac . Paidre
Vion - A vauo vALD N
VoL - DATA - OUT] DATA- N |/

% Don't Care

ELECTRONICS



EDO Mode, x16 (2CAS) Device Timing Diagram CMOS DRAM

HYPER PAGE MODE WORD READ CYCLE

trasp > LG
A5 Vi - \ ' <——tRHCP—-——->/'
Vi - X « 7
»

)

t [¢——— typc —>j¢— tupc —>¢—— tHpc—>

CRR, le—— {RcD— ldee,
Vw2 t 3 . X |t —\ —
UCAS V::' ] _/% <_W*Q_t.1 \; tcas =;/ \< teas i/u \; CA%)/ \rCAS=/

[e——— tcsH > sc|

L BV sgl Lo Jloany ’11‘39 oA [tean | ftasg ; To « tREZ
e VM - P taan | ) |t R [_J {gas l_\ [
[CAS | / \( / Netdee s/ \_ _;/ 3/

- ™ r LA L J— r \
A Vin ROW COLUMN /| COLUMN A K COLUMN| COLUMN
V"_ - /-\DDRES@7 ADDRESS 4 !‘ ADDRESS 4 TADDRES;_ 5DDRESST

tRCS’ tRCH—P
V- 4 7
w Vi - / % tan ‘* tcraA——> é
: ) " le— tcac—>| [ tcac—»
tcra—>| tan——> ]l taa——>
<—tcpA—1=—> wlcHo
. : JocH L e
Jdeac T o | toep
WW m 'am
Vi - / » toea ] W' / \ %
OE Vi - /% 2 %/
o-foac ) ;toon ‘ lper '{- toez—*] toez
DQo ~ DQ7 [ trac > i ol | loEZ o >
Vion - ;%{l T A@( ﬁ>_< —\ o=
VoL - tou! | DATA-OUT _% PRA DATA-OUT > @{DATA—OUT}—
| vaup
ez, pataolr
< foag > Jtoon|, PrTTe— - toez—
DQ8 ~ DQ15 * trac > > | toez
Vion - }%{‘ VALID "@{‘ !H Fommn X £ vaLD
VioL - tOLZ! DATA-OUT \ DATA-OUT, _>—@<_DATA_OUT:>—
* VALID /L
Jlewz DATA-OUT

* Don't Care

Phamsuneg o -

ELECTRONICS



N

EDO Mode, x16 (2CAS) Device Timing Diagram CMOS DRAM
HYPER PAGE MODE LOWER BYTE READ CYCLE
¢ trasp > ;ﬁt .
Vi - y y
RAS Vi - \; § 1/
taec
Icrp, ’
me -7 Y
Vi - _/
[e——— tcsH————»|
[ tupc——>
|&—— trcD—»  top .
Vi - ? i 3 toas ik
et G N ey
__ trap t >
tasm, | [tran tasg| | | tear H—sg lfeap
A Vin - [ Row coumn AR coLumn footu
Vio - ADDRESS) | ADDRESS _ 5L ADDRESS
tros
— VH - 7
W Vi - / / = taa_,

oE VIH'%

D=

Vi -
tcac b N
< : DOH <
DQO ~ DQ7 —fhac > ‘
VioH - y, VALID
VioL - Y7\ pataour ‘
> < VALID .
torz pATAOUT __/
DQ8 ~ DQ15
¥OH - OPEN
oL -

tan—>

le— tcPA——>

feac

% Don't Care

L5 utig

ELECTRONICS
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EDO Mode, x16 (2CAS) Device Timing Diagram CMOS DRAM

HYPER PAGE MODE UPPER BYTE READ CYCLE

Vi - y o ’ " y
RAS Vi - \: » 7/ \

«
»
f———— tosH———»] & thncp——>
[¢——— typc ——>j¢— tHpc —>1¢—— tHpc—> | taec
forp) le le—— thco—» fcp, lelch]
_ Vi - W/' 3 fcas o i 1 tcas  di tc;xg Y e f \
UCAS Vi - % \t 'J/ \g )P \ \I—LS’(}‘ tree \_
fcrr, < >
Y
[CAS /™ \
ViL -
tasp, | :tRAZRAt[:\s= oA, asg toa E\s «|tchH taso "+ tea trez
Vi - = s = /s —\ r
A ROW COLUMN 4 coLumn COLUMN COLUMN
Vi - ADDRESS) | ADDRESS | ADDRESS ADDRESSY KDDRESS
RAI
trcs t
Phaival ACH
e - T
4 " / ~ tcra >
Vie - —1 taa——»] %
1 — tcact—>)| [ tcac—»
le— tcpAa——>] [ tan > tan——>
oo tepa—tg2l . toro
: « taa foac ] < ol ) foEr
7 Ty Ty
sV Dt ] = \ /)
OE Vi - 3 %
DQO0 ~ DQ7
Vou -
PEN
VoL - 0
fcac ltoon _LOEJ
D@8 ~DQ15 * tRac > i toez
Vion - i 3 y
o 50X, H

tez

S »
VALID
DATA-OUT g

Don't Care

" ELECTRONICS



EDO Mode, x16 (2CAS) Device Timing Diagram ‘ CMOS DRAM

HYPER PAGE MODE WORD WRITE CYCLE ( EARLY WRITE)
~ NOTE : Dour = Open

[« [«—— trRcp——> P +— trsH p
Vi - %% toas o 7 T £ 3 tcas
ueas W7 N\ \gfs’;z{ N /
1 tupc ——> thec
. j¢—> [«— trai > fop «1cP p |e— tasH
v .z X |t Y X |t N /4 X |t Y
LCAS V:H . / tRADtASC \‘ ca ] / \L—cs,;s_) / \‘ cAs /

e tran | foan tasc feal tasc| . |teay

A Vin - A Row N A coLumn N { COLUMN "\ g COLUMN
Vi - | ADDR | ADDRESS | | ADDRESS | ¢ ADDRESS
twes| | twew twe twen twes
NN ey oy \elesy,
% Vi - twe—> /* twp / ~ twe %

«

N T

)3 -

DQO ~ DO7 tos v, Jos DH tos,| It
Vi - VALID "\ VALID |\ VALID N ‘
ViL - DATA-IN . DATA-IN | DATA-IN |

DQ8 ~ DQ15 0S| | o, dos,| oy togd ‘
Vi - VALID \ 7 VALID VALID
Vi - DATA-IN Y . DATA-IN s DATA-IN

£777] Dont Care

PSimsuneg *

ELECTRONICS



EDO Mode, x16 (2CAS) Device Timing Diagram CMOS DRAM

HYPER PAGE MODE LOWER BYTE WRITE CYCLE ( EARLY WRITE)
NOTE : Dour = Open .

B trasp e o -
'V 3 .
RAS " \ — trH ——— /
Vi k \
trec
ter . >
“ |‘_’
ucas ™M 7
Vi
1 le——— tHpc ———>¢——— tipc —————»
I‘-—b le—— trcD——»] fep fcp 1 R
v 7 AS ¢ —  \ 1t /o —
CAS Vi / e \ ]/ \L \
ta \
le—— 1 N
tasnyg | i 1BA foan tasc Joa tasc| |toay
A Vi W N T coLuMn ) $ COLUMN
Vi DR /X7 \ ADDRESS Y \¢ZZ7f \ ADDRESS % DDRESS
H S

5|
< <
o
.
3
B
m—fg
X
$F
§

o«

O W i

b))

DQO ~ DQ7 tos] | ton Dos! |{oy, tos,| lpgs
Vi - VALID \ { vaup ] VALID |
Vi - DATA-IN | DATAIN /NN DATAIN ‘

DQ8 ~ DQ15

W Ui

Don't Care

ELECTRONICS




EDO Mode, x16 (2CAS) Device Timing Diagram CMOS DRAM

HYPER PAGE MODE UPPER BYTE WRITE CYCLE ( EARLY WRITE)
NOTE : Dour = Open

trase

< AP
RAS ViH - . y 4——&!—!@———» 7
S Vo - \L( S 7/
t l&——— tHpc ———>l¢——— thpc ————]
tcrp 1 - N
[¢—— tReo——> ‘ < et
UCAS Viu - % !\‘ fcas / \ / 5\ tcas |
Ve - NG N e ‘
tere
Vi -
CA Vi - % 180,
fasc .
tashy, < tRAHtCSH Joan tasc CA tascl [foa
A Vi - A row N N f co
Vi - ADDR ESS | ADDRI

twe twes,y 1o le L twes

Ry
=\ Y

-

LY

>3
<<
~ I
P
g
II‘” z3
g SE

< twp

DQ8 ~ DQ15 23 o Jos) oy tos,| [tpg
Vin - VALID "\ { vaLb NZ2AJL vALID
Vie - DATA-IN _/ . DATA-IN (5 DATA-IN

% bon't Care

ELECTRONICS



EDO Mode, x16 (2CAS) Device Timing Diagram CMOS DRAM

HYPER PAGE MODE WORD READ-MODIFY-WRITE CYCLE

trasp . tre »|
\ |« { »| .
AAS Viu - \ oS < tpRWC \_
Vi - - 7
e torp trsH >
: l¢— trRcp—>| [*tcp ¥ —tcrp >
UCAS Vin - Zf )\4———tc;\s——> / \<——tc;\s———>
Vie - 7 J
el fore AJ
. .|¢— treo—¥| tce ¥ —tcrp
T§ Vin - Zf 7 [——————— {cAg————> [—————— tcaAs————>|
LCA Vie - / \ ]/ \; 7
[¢-tRAD ]
L tRAL >
ol dcan t Jlic
Vi - "row coL \ coL. N
A Vi ADDR ADDR ADDR
wo- |1 A
-
e ol tRcs dow) RCil towt | ¢ tH,WL
.z — \
W le // 4——tcwo——’\‘lw—P> "—tcwo—’\ﬂ—
Lo- < tawp ————>| tawp————>
< tAwD ——————>
_ . Vm - toEA Y
OE Vio - fon ton
PR toE ' > e—| | Joen, sl
e taac 1% L oez ot
DQo ~ DQ7 ﬂCAC"‘_I_\
VioH - AL\ 1 K
VoL - k r
torz |, L—& \ fciz v
> VALID VALID VALID VALID
DATA-OUT |  DATA-N DATA-OUT |- DATA-IN
OED. _{toH 1o ton
| > > ED_ ¢
le—— tI:AC_ ta—>] |toez LDS 7| tos
DQ8 ~ DQ15 *tcac® o *tcac 4
VioH - ‘ m?_@{ N K
VoL - 1 X : -
terz \ fezi
VALID VALID v VALID VALID
DATA-OUT DATA-IN DATA-OUT DATA-IN

Don't Care

ELECTRONICS



EDO Mode, x16 (2CAS) Device Timing Diagram CMOS DRAM

HYPER PAGE MODE LOWER-BYTE-READ-MODIFY-WRITE CYCLE

< trasp > tre -
N | tesH > e tHPRWC
Vi - ]
A Vi - \( y, \_
> tcap tHPcl
Viu - 2%
A ViL - ’ \t_
»i et tore ‘ — trsH >
[«— trcD—> [+tce ¥ —tcrRp—|
CAS Vi - 77 tcas Ny N fe——— tors——»
¢ Vie - / \ ¢ ;/ \ S f
le-tRAD >
LS ton tas o traL >
tASR tAS.C» » C= b
Vi - A/ row coL \ ZV
A v - ADDR ADDR | ADDR
[
el pltacs tow tnc‘sJ tow, ’T tR,WL
- \ \
v o B N e
o= ¢ tawp - tawp
e tAwp————>|
VH - toea N foea, ¥
__ OE4
OB Vi - T \
ton toH
K (o] > OED_, " [™]
. tFILA:?— th_: foez tfs - t?A ‘OEZV t‘DS
DQO ~ DQ7 [“tcac ] - *tcac®) > ]
~ Vion - 2/ N ), >< )
Vior - : ALY A N %
toz|® Loz VALD  \ VALD g, oz vAUD  \ VAUD
> DATA-OUT  DATAIN > DATA-OUT . DATAIN
D@8 ~ DQ15
\\;°” ) OPEN
oL -

o
yﬁ Don't Care

ELECTRONICS



CMOS DRAM

EDO Mode, x16 (2CAS) Device Timing Diagram

HYPER PAGE MODE UPPER-BYTE-READ-MODIFY-WRITE CYCLE

trasp - > |e-trr >
Vi - 5\< tes »> tHPRWC > Y \
RAS Vi - K 7 \_
il fcRP e tRsH
[¢— trcD—> [-tcp ] le tcre
UCAS Vin - )\ﬁ—— toas————» £ \4——— tcas———
Vie - . 7
oLl tcRP tapc
Vi - Y
(cxs ¥ 7
it tRAD ¥
trAH
— trAL >
task tascy| 12 efoan tASC= > ftc
Vin £ row coL. do. ] Z
A Vi | ADDR ADDR ApoR |
! [« t
e Jtrcs _tclﬂ trcs | | tC_:VL_ RWL
W Vi - 7//%/ <—‘—tcwo———’\<-mb fe——— towp———>{\[« 4P
Vi - < tawp ————» “ tawp————»|
trwo >
. Vm - N\ Josa A "\ Joss, ¥
OE Vie - \c / \t /
DQO ~ DQ7
Vou - OPEN
VoL -
toen _|ton
le—1 taa—»| e T e
k—— taac |——]  [10FZ ;DS
[tcac»|
DQ8 ~ DQ15 NI
Vion - 7 K
VoL - A X
tez toz
VALID VALID VALID VALID
DATA-OUT  DATAIN DATA-OUT  DATAIN
L
7 % Don't Care

s i

i ELECTRONICS
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EDO Mode; x16 (2CAS) Device Timing Diagram CMOS DRAM

HYPER PAGE READ AND WRITE MIXED CYCLE

RAS
Vi - tRasp > tcp |
Vi - y READ(tCAC) * READ(tCPA) WRITE READ(tAA) / \
%( : H H ;
UCAS . . e——— typc———Pje———— tupc—————>j¢—— tirc——|
Vi - fer  toP—p P,
Vi - i X S ' o
* \‘— tcas tCAS'*/ \F tCAs—>/ \&/
LCAS [ twee be thrc e tHec »
- \A/m - fce le— tcP—»] fcp
Vi - k i 3 f \ y "\ I
\‘- tea \4- fcas \:— tCAs—h;/ A /
tRaH
tasa ¢ | lasc M tasc—p] tEAH Jascl | fopn sl caH
A Vi - £ row’ COLUMN / COLUMN COLUMN COL.
Vi - ADDR. |/\| ADDRESS | ADDRESS 1 ADDRESS ADDR.
N b
J‘ﬁ?ﬁl tRon ) trgs > tZCH twon troH i
Vi - ZZ F X -
v = |
Vi - 7 . . ; ,
Jwee
! _ ‘tCLZ
OF'.Vu. - //
doss fou
teac®  _, _twiﬁ_ > l— tan—] }EE:
DQO ~ DQ7 [ taa—T—" wEzy| 1o »H* tDs
Vion - tRAC, VALID N A/ vaup >_< VALID A vaup
VioL - N DATA-OUTY X7 \ PATA-OUT DATA-IN nm.our_}—
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VioL - \ DATA—OUT_>_@< DATA-OUT /™ \| DATA-IN tim.our}—‘
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EDO Mode, x16 (2CAS) Device Timing Diagram CMOS DRAM

RAS-ONLY REFRESH CYCLE

NOTE : W, OE, D = Don't care
Dout = Open

tre

P
RAS v
L - N
tcr
[—
Vin - %
ucAs " ‘4
tcrp)
[
L Vwu - 27
[CAS y, . %

| lenlB

]

>
<<
-~ I
W g

CAS-BEFORE-RAS REFRESH CYCLE
NOTE : W, OE, A =Don't Care

RAS x: : / <Jlcrp ) \r B V tnp:P——> \_
UCAS | /r—!\ﬁ e )
v N T 000,

DQO ~ DQ7 =tCE:
xzf - > OPEN
o %E? 5: : > OPEN

% Don't Care

ELECTRONICS




EDO Mode, x16 (2CAT) Device Timing Diagram

CMOS DRAM

CAS -BEFORE-RAS SELF REFRESH CYCLE

NOTE : W, OE, A = Don't Care
[ tecp—»|
Vi - / y
Vi - ' / < tRPC
<lcP,
s

\L trass

jl/*— tRrs———>

Y
- trrc ———~—>\——

_ tous

Y

sV
-

Vin f—"\lis’é
LCAS Vi X
tcez
DQO ~ DQ7 [
Vou - ) OPEN
Voo - ¥
DQ8 ~ DQ15 .
Vo - \
- OPEN
VoL - ,/

_fews
N

7.

Don't Care

s v
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EDO Mode, x16 (2CAS) Device Timing Diagram CMOS DRAM

HIDDEN REFRESH CYCLE ( READ)

s I .
ws N Y17
) | ot N v
Al X L}S@o W
« ¥ V0 1 i
S N

N T *%///////////////{/{/ﬂ////j
DQO ~ DQ7 . trac iﬁjzi_t « ZMEZ-_RE: |

z‘: OPEN ————{%{‘ -ou ;>——— v
DQ8,~ %(5;5: OPEN ————4%{ B

% Don't Care

Plinsungg o

ELECTRONICS




- EDO Mode, x16 (ZCK'S) Device Timing Diagram - CMOS DRAM

HIDDEN REFRESH CYCLE ( WRITE )
NOTE : Dour = OPEN "

' ) tre « tro >
N tras trp > [¢— trss trp
s \ ) \_
oRF roD e
) CRP
" 00

1we

O L i

[ tor—»

DQO ~ DQ7

" Y

tos

DQs ~ DQ1s

. T

Xl i

‘ ’ Don't Care
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EDO Mode, x16 (2CAS) Device Timing Diagram CMOS DRAM
CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE

: | tep
ve -~ X y
< trAs >
RAS Vi - \ 1/g\_
losn, torT—> e thsH >
Nl ——
tes[ terT—> L R N
_ Vi - \ e—— torm — toas ;/ 4
L Vio - k \( 7
' traL >

N = N

, Vlu-f,’z/'.’/ﬁ
w7 %

. - N e
N e
WRITE CYCLE rx@;

w7 m —
@Ex:::%/////////////////////////////////////////////////////////

DQO ~ DQ15 t —
Vi - : N
OPEN VALID DATA - IN
Vi - £
READ-MODIFY-WRITE ” tawp towt
twrp| | twrn t M

—

. H P e towp—— fe— trwL —>d
Vi - 7 4 wp
" % w NW7
e tan |
Vi - 7
oE " .

OED D
fos, toez t'DS )
DQO ~ bQ15 tog | —» <
Vion - 2/ i 1
VoL - ] x\- \7
VALID
DATA-OUT

DVAAT‘;:?N % Don't Care

‘ w | ‘ 403
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PACKAGE DIMENSIONS

CMOS DRAM

PLASTIC DUAL IN-LINE PACKAGE

ﬁ DIP 300 mit

o

Unit : Inches (millimeteh

A 4

/

i T e Y e R e N s OO e B e B o -3 40.008 (0.20)
0.014 (0.35)
g5 g
NS b
D O |l & 5
N[N -
o =15 )
- I jumj jaj L} ol = J J l
" 0.883(22.42) N
N MAX 5 &
S5 ghs
0.859(21.82 jul i) v
0.875(22.22) dE g8
=153 =)
Y Y
q jl I
A Y
0.033(0.85) | |. o100 254 1 ‘ g g9
- SHeooenm gz g
0.054 (1.37) b S|o
. 0014(036) ol &lo
TT70.022 (0.56)
ﬁ) DIP 300 mil Unit : Inches (millimeters)
. A
0.014 (0.35)
< S
B o || &5 <
=
] 8
° ° b
= = LI g 0] \
0~15°

P 0.983(24.96) N
MAX -
ge g
0.959(24.36 ole % 3
0.975(24.76) e 8
Slo P
\ [y [y
7 S
0.033 (0.85) N 0,100 (2.54) l l 8. gg
> « Slle00s 1 Sz gl
0054(1.37) FI= S
| 0014038 ol SIS
\ > 145,022 (6.56) . J
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PACKAGE DIMENSIONS o CMOS DRAM
PLASTIC’ ZIGZAG IN-LINE PACKAGE ‘

ﬁ 9(20)ZIP 400 mit : ‘ Unit : Inches ’(milIimet®

—— — X
£ 8
o |&§ S
SE &
O S
A
| 0.110(2.79)
, | MIN
0.040 (1.02) > |‘ | oot ot 0.050(1.27,
"1™ 0.024 (0.61) 0.008 (0.20)
0.014 (0.35)
1.046(26.56) | | 0100 (254)
MAX >
L 1.022(25.96)
l‘ 1.038(26.36)

il 1
ﬂO ZIP 400 mit ‘ Unit : Inches (millimeteh

[e]
0.276(2.01)
0.202(7.41)
%I
0400(10.16)
MAX >

0]
UUUUU.UUUUUUU ULl gl
MIN
0.040 (1.02) AL oo 0at 0.050(1.27) »
0.024 (0.61) 0,008 (0.20
0.014 (0.35)
0.100 (2.54)
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PACKAGE DIMENSIONS | CMOS DRAM

PLASTIC SMALL OUT-LINE J-LEAD

60(26) SOJ 300 mil Unit : Inches (millimeters)\

o B Wl W 0.0 0.0 0
r ==
& &
& @
) o < ft
8 8
® &
o o
o
| Q) S i g i g o LI U W L gy o )
. . 0.027 (0.69)' !' ’
le 0.691(17.55) » MIN
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<
0.670 (17.03 ® §
0.680 (17.27) 5
v
1 Y
0.037 (0.95) | 0.050(1.27) 0.024 (0.61
0.032 (0.81)
0.013 (0.33)
0.021 (0.53)

64(26) SOJ 300 mii Unit : inches (millimetersh

b | :
o
, O =
8
8 Y 0.006 (0.15)
Lo , 0.012 (0.30)
IS S [ N [ Oy By | IO [ U [ W [ g 3 gy o | A\
0.027 (0.69),
" 0.691(17.55) B MIN
MAX o)
0.670 (17. g
0.680 (17.28) P
3
\
—%
0.037 (0.95) 0.050 (1.27)
WL, 0.026 (0.66)
0.032 (0.81)
, 0.015(0.38
T 0.021(0.53)

N \ Y
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PACKAGE DIMENSIONS CMOS DRAM
PLASTIC SMALL OUT-LINE J-LEAD

/24(28) SOJ 400 mil Unit : Inches (millimeters)\

[~y o

= S )

- - =3
D Olg 8 28

- < b1l

o o oo

0.006 (0.15)
A 0.012 (0.30)

\.
| L [ 0 R gy 0 | | 0 By l_]J
0.027 (069) | | r
0.741(18.82) & MIN
MAX )
W 0.730 (18.30) W E
0.720 (18.54) 5

A Annnn

TN 0.050 (1.27) 0.026 (0.66)
™ T 0.032 (0.81)

0.015 (0.38)

0.021 (0.53)

0.037 (0.95)

@ S0J 400 mil Unit : Inches (millimeters)\
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: 9
5 S
. o 8|
A 4
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PACKAGE DIMENSIONS , CMOS DRAM

PLASTIC SMALL OUT-LINE J-LEAD

ﬂZ SOJ 400 mil ‘ Unit : Inches (m'illimeterS)\

[ 9 y >
A= & .
oM™ — {72}
. o S - |
hae 2 alo
D o ] '§ 8 3|8
hod s < @|m
il = S 0,006 (0.15)
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« A » 2
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< 0.83 (21.08) S
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Dl 0.032 (0.81)
0.015 (0.38)
0.021 (0.53)

ﬂ4 SOJ 500 mii Unit : Inches (millimetersﬁ

nmnnnnnmnnannnnnn——‘r ——
— P/
g 8| 2
e ~ ~
) o) ‘a & 8 2
| i <
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L ° . 0.012 (0.30) -
OO OO T O T T T Y =
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A ARARAAT
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A 0.032 (0.81)
0.015 (0.38)
0.021 (0.53)
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PACKAGE DIMENSIONS

CMOS DRAM

PLASTIC SMALL OUT;LlNE J-LEAD

ﬂ)SOJ 400 mil

Unit : Inches (millimeters)\

/

'y
[y [~
-~ i
o =|<e
bt 2/
8 318
< @l
e °l®  0.006(0.15)
[0.012(0:30)
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pat T e
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_
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PACKAGE DIMENSIONS

CMOS DRAM

PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE(ll)
(Forward and Reverse Type)

-

ﬁzs) TSOP(I) 300 mil

Unit : Inches (millimetem

/

HHHHEH HEHRH
89 g
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o|o -]
EEEELE BEEEH TP
. 061 (1750 N RearTTron
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PACKAGE DIMENSIONS o CMOS DRAM

PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE(Il)
(Forward and Reverse Type)

/24(28) TSOP(ll) 400 mit Unit : Inches (millimeterS)\

HAHAHAE HAEBHAABH  § .
s
g 3

EEEEEEREEELEE 'S

¢ 0'69;,12;‘54) > 0.004 (0,10
0.010 {0.25)
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ﬁo'&‘)
0.016{0.40) — '
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0.729 (18.51) 0.047 (120)
MAX
I=R=R=N=N=E=N=N=NS!
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PACKAGE DIMENSIONS CMOS DRAM

PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE (1)
(Forward and Reverse Type)

, ﬁZ TSOP(Il) 400 mit Unit : Inches (millimete&

HHARHHAHARAHAAHARAA

0.471 (11.96)
0.400 (10.16)

0.455 (11.56)

EEHHBEEOHHEBEEDGEE ~
‘ e

< 0.841 (21.35)
MAX
. 0.821 (20.85) R
N 0.829 (21.05) 0.047 (1.20)
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y
0037095 | |, 0050 (1.27) 0.000 000) Y\ ~
MIN ]
o [ 0012(03) ‘ X
0.020 (0.5)
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ﬁ0(44) TSOP(1) 400 mi Unit : Inches (millimeteh

HARAARARAA HAARAARAAAR . * e
g ¢
e R -

- 0.741 (18.81) R 0.004 (0.10)
N MAX 0.610 (0.25)
. 0.721 (18.31) .
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y
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PACKAGE DIMENSIONS , CMOS DRAM

PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE (Il)
(Forward and Reverse Type)

/44(50) TSOP(H) 400 mit Unit : inches (millimeterh
ARAARAAAAA  HAHAAAHAH <
g

lalalalatalalslalss sl s 1s s 1s1s s s s v =
< 0.841 (21.35) > Igg?s(‘g;g)!

MAX
4 0.821 (20.85) R
< 0.829 (21.05) > 0.047 (1.20)
MAX
y N
: 4
0.036 (0.925 0.031 (0.80) '0.000 (0.00 V' \
(0. ')H—“ _.I_q__(_)_ [0.000 (0.00)
. MIN | E—
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™ 0.018 (0.45)

ﬂo.&o
' 0.016 (0.40) —_—
k : 0.024 (0.60)

ﬂ) TSOP(l) 400 mii _ Unit : Inches (millimeters)\
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gg e
e el e el Rt ' y
2o v N
MAX
0.027 (0.695) | | | 1¢0:026 (0.65) : 0.000 (0.00
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0.016 (0.4) 0-8

0.016 (0.40) —
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SAMSUNG SEMICONDUCTOR SALES OFFICES-U.S.A.

Northwest North Central Northeast
3655 North First Street 300 Park Boulevard 119 Russell Street
San Jose, CA 95134 Suite 210 Littleton, MA 01460

ltasca, IL 60143-2636
TEL: (708) 775-1050
FAX: (708) 775-1058

TEL: (508) 486-0700
FAX: (508) 486-8209

TEL: (408) 954-7000
FAX: (408) 954-7883

Southwest South Central Southeast
16253 Laguna Canyon Road 15851 Dallas Parkway 802 Greenvalley Road
Suite 100 Suite 410 Suite 204

Irvine, CA 92718
TEL: (714) 753-7530
FAX: (714) 753-7544

Dallas, TX 75248-3307
TEL: (214) 770-7970
FAX: (214) 770-7971

Greensboro, NC 27408
TEL: (919) 370-1600
FAX:(919) 370-1633

SAMSUNG SEMICONDUCTOR REPRESENTATIVES

ALABAMA

SOUTHERN COMPONENT SALES

307 Clinton Ave. East

Suite 413

Huntsville, AL 35801
ARIZONA

O'DONNELL ASSOCIATES

2432 W. Peoria Ave.

Suite 1026

Phoenix, AZ 85029

O'DONNELL ASSOCIATES

11449 N. Copper Springs Trail

Tucson, AZ 85737

CALIFORNIA
BESTRONICS
9683 Tierro Granda Street
Suite 102
San Diego, CA 92126
I-SQUARED
3355-1 Scott Bivd.
Suite 102
Santa Clara, CA 95054
WESTAR REP COMPANY
15265 Alton Parkway
Suite 400
Irvine, CA 92718
WESTAR REP COMPANY
26500 Agoura Rd.
Suite 204
Calabasas, CA 91302
CANADA
INTELATECH, INC.
275 Michael Copeland Drive
Kanata, Ontario K2M 2G2
INTELATECH, INC.
3700 Griffith Street
Suite 93
St. Laurent, Quebec H4T 1A7
INTELATECH, INC.
5625 Orbitor Drive
Suite 2
Mississauga, Ontario L4W4Y8

TEL: (205) §33-6500
FAX: (205) 533-6578

TEL: (602) 944-9542
FAX: (602) 861-2615

TEL: (802) 797-2047
FAX: (602) 797-2047

TEL: (619) 693-1111
FAX: (619) 693-1963

TEL: (408) 988-3400
FAX: (408) 988-2079

TEL: (714) 453-7900
FAX: (714) 453-7930

TEL: (818) 880-0594
FAX: (818) 880-5013

TEL: (613) 762-8014
FAX: (613) 253-1370

TEL: (514) 343-4877
FAX: (514) 343-4355

TEL: (905) 629-0082
FAX: (905) 629-1795

COLORADO
FRONT RANGE MARKETING
3100 Arapahoe Road
Suite 404
Boulder, CO 80303
FLORIDA
B/B TECH SALES
3900 N.W. 78th Avenue
Suite 636
Miami, FL 33166
DYNE-A-MARK
500 Winderley Place
Suite 110
Maitland, FL 32751
DYNE-A-MARK

3355 N.W. 55th Street

Fort Lauderdale, FL 33309

DYNE-A-MARK

742 Penguin Ave:, NE

Palm Bay, FL 32905

DYNE-A-MARK

7884 Tent Avenue S

St. Petersburg, FL 33707
GEORGIA

TEL: (303) 443-4780
FAX: (303) 447-0371

TEL: (305) 477-0341
FAX: (305) 477-0343

TEL: (407) 660-1661
FAX: (407) 660-9407

TEL: (305) 485-3500
FAX: (305) 485-6555

TEL: (407) 725-7470
FAX: (407) 984-2718

TEL: (813) 345-9411
FAX: (813) 345-3731

SOUTH ATLANTIC COMPONENT SALES

3300 Holcomb Bridge Road

Suite 210

Norcross, GA 30092
ILLINOIS

DAVIX INTERNATIONAL. LTD.

1655 N. Arlington Heights Rd.

Suite 204East

Arlington Heights, IL 60004
INDIANA

GEN Il MARKETING, INC.

31 E. Main Street

Carmel, IN 46032

GEN Il MARKETING, INC

1415 Magnavox Way

Suite 130

Ft. Wayne, IN 46804

TEL: (404) 447-6154
FAX: (404) 447-6714

TEL: (708) 259-5300
FAX: (708) 259-5428

TEL: (317) 848-3083
FAX: (317) 848-1264

TEL: (219) 436-4485
FAX: (219) 436-1977

s uvig

E

LECTRONICS

419




SAMSUNG SEMICONDUCTOR REPRESENTATIVES (Continued)

IOWA
ASSOCIATED ELECTRONIC MARKETERS, INC.
4001 Shady Oak TEL: (319) 377-1129
Marion, |A 52302 FAX: (319) 377-1539
KANSAS
ASSOCIATED ELECTRONIC MARKETERS, INC.

8843 Long St. TEL: (913) 888-0022

Lenexa, KS 66215 FAX: (913) 888-4848
KENTUCKY

GEN Il MARKETING, INC. TEL: (502) 894-9903

4012 Dupont Circle FAX: (502) 893-2435

Suite 414 .

Louisville, KY 40207

MASSACHUSETTS
" NEW TECH SOLUTIONS, INC. TEL: (617) 229-8888
111 South Bedford Street FAX: (617) 229-1614
Suite 102
Burlington, MA 01803
MICHIGAN
MICROTECH SALES
9357 General Drive
Suite 116
Plymouth, Mi 48170
MINNESOTA
GP SALES, INC.
7600 Parklawn
Suite 315
Edina, MN 55435
MISSOURI '
ASSOCIATED ELECTRONIC MARKETERS, INC.
11520 St. Charles Rock Rd. TEL: (314) 298-9900

TEL: (313) 459-0200
FAX: (313) 459-0232

TEL: (612)831-2362
FAX: (612) 831-2619

Suite 131 FAX: (314) 298-8660
Bridgeton, MO 63044 .
NEW YORK .

NEPTUNE ELEC. TEL: (516) 349-1600

' 256 Executive Dr. FAX: (516) 349-1343
Suite 211
Plainview, NY 11803
T-SQUARED TEL: (315) 699-1559
6170 Wynmoor Drive FAX: (315) 699-1705
Cicero, NY 13039
T-SQUARED TEL: (716) 924-9101
7353 Victor-Pittsford Road FAX: (716) 924-4946
Victor, NY 14564
T-SQUARED TEL: (607) 625-3983

1790 Pennsylvania Avenue FAX: (607) 625-5294
Apalachin, NY 13732
NORTH CAROLINA

SOUTH ATLANTIC COMPONENT SALES

5200 Park Road TEL: (704) 525-0510
Suite 103 FAX: (704) 525-9714
Charlotte, NC 28209

SOUTH ATLANTIC COMPONENT SALES

4904 Waters Edge Drive TEL: (919) 859-9970
Suite 268 FAX: (919) 859-9974
Raleigh, NC 27606.

OHIO

J.N. BAILEY & ASSOCIATES TEL: (513) 687-1325
129 W. Main Street FAX: (513) 687-2930
New Lebanon,OH 45345

J.N. BAILEY & ASSOC.IATES TEL: (614) 262-7274
3591 Milton Avenue FAX: (614) 262-0384
Columbus, OH 43214

J.N. BAILEY & ASSOCIATES TEL: (216) 273-3798
1667 Devonshire Drive * FAX: (216) 225-1461
Brunswick,OH 44212
OREGON
ATMI TEL: (503) 643-8307
4900 SW Giriffith FAX: (503).643-4364
Suite 156
Beaverton, OR 97005
PENNSYLVANIA
CMS SALES & MARKETING  TEL: (215) 834-6840
627 Plymouth Road FAX: (215) 834-6848
Suite 420
Plymouth Meeting, PA 19462
PUERTO RIiCO
DIGIT-TECH
P.O. Box 1945
Calle Cruz #2
Bajos, San German
Puerto Rico 00753
TEXAS
O'DONNEL ASSOCIATES TEL: (915) 778-2581

TEL: (809) 892-4260
FAX: (809) 892-3366

5959 Gateway West FAX: (915) 778-6429
Suite 558

El Paso, TX 79925 :
VIELOCK ASSOCIATES TEL: (214) 881-1940
555 Republic Drive FAX: (214) 423-8556
Suite105

Plano,TX 75074

VIELOCK ASSOCIATES TEL: (512) 345-8498

9430 Research Blvd.
Echelon Bidg. 2, Suite 330
Austin, TX 78759

FAX: (512) 346-4037

VIELOCK ASSOCIATES TEL: (713) 974-3287
10700 Richmond Avenue FAX: (713) 974-3289
Suite 108
Houston, TX 77042

UTAH

FRONT RANGE MARKETING, INC.
488 E. 6400 South TEL: (801) 288-2500
Suite 280 FAX: (801) 288-2505
Murray, UT 84107 :

WASHINGTON
ATMI TEL: (206) 869-7636
8521 154th Ave., NE FAX: (206) 869-9841
Redmond, WA 98052

WISCONSIN
DAVIX INTERNATIONAL LTD. TEL: (414) 255-1600
N91 W17194 Appleton Avenue  FAX: (414) 255-1863
Menomonee Falls, W| 53051
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SAMSUNG SEMICONDUCTOR SALES OFFICES-EUROPE

SAMSUNG SEMICONDUCTOR MUENCHEN OFFICE MILANO OFFICE LONDON BIRMINGHAM OFFICE
EUROPE GmbH Cari-Zeiss-Ring 9 Viale G. Matteotti, 26 Samsung House Florence House St.
Am Unisyspark 1, D-85737 Ismaning bei 1-20095 Cusano 225 Hook Rise South Mary's Road Hinckley,
65843 Sulzbach (Germany) Muenchen Milanino Surbiton Leicestershire LE10
TEL: 0049-6196-582-06 TEL: 0049-89-964838 TEL: 0039-2-66400181 Surrey 1EQ
FAX: 0049-6196-750-345 FAX: 0049-89-964873 FAX: 0039-2-6192279 KT6 7LD TEL: 0044-455-891111
TEL: 0044-81-3914550 FAX: 0044-455-612345

PARIS OFFICE STOCKHOLM FAX: 0044-81-9742540

Centre d'Affaires La OFFICE

Boursidiere RN 186, Bat. Bergkaellavaegen 32 BARCELONA OFFICE BELGIUM OFFICE

Bourgogne, BP 202 PO. Box 319 C. Provenza, 5193-1 Rue de Geneve 10,

92357 Le Plessis-Robinson $-19130 Sollentuna E-08025 Barcelona B3 B-1140 Brussels

TEL.: 0033-1-40940700 TEL: 0046-8-6269626 TEL: 0034-3-4-504876 TEL: 0032-2-2456510

FAX: 0033-1-40940216 FAX: 0046-8-6268638 FAX: 0034-3-4-331944 FAX: 0032-2-2456313

SAMSUNG SEMICONDUCTOR-REPRESENTATIVES

EUROPE
BELGIUM GERMANY
DANE-LEC BELGIUM ASTRONIC GmbH
91-93 Rue J.D. Navez TEL : 0032-2-2167058 Gruenwalder Weg 30 TEL : 0049-89-6130303
B-1210 Bruxelles FAX: 0032-2-2166871 D-82041 Deisenhofen FAX : 0049-89-6131668
DENMARK. CANNING ELECTRONIC DISTRIBUTION CED GmbH
Laatzener Str. 19 TEL : 0049-511-87640
EXATEC A/S :
Mileparken 20E TEL : 0045.44927000 D-30539 Hannover Delete FAX : 0049-551-8764160
DK-2740 Skovlunde FAX : 0045-44926020 MSC VERTRIEBS GmbH
Industrie Str. 16 TEL : 0049-7249-9100
MIKO KOMPONENT AB
-76297 Stut : -7249-799:
Segersbyvaegen 3 TEL : 0046-853189080 D-76297 Stutensee 3 FAX:: 0047 o 8
S-14502 Norsborg FAX : 0046-853175340 MICRONETICS GmbH
Dieselstrasse 12 TEL : 0049-7159-92583-0
FINLAND D-71272 Renningen FAX : 0049-7159-9258355
TAHINIK OY
P.O.Box 125 TEL : 00358-1482177 SILCOM ELECTRONICS VERTRIEBS GmbH .
SF-00241 Helsinki FAX : 00358-1482189 Hindenburg Str. 284 TEL : 0049-2161-15074
D-41061 Moenchengladbach ~ FAX : 0049-2161-183313
OY FINTRONIC AB
Pyyntitie 3 TEL : 00358-0887331 ITALY
SF-02230 Espoo FAX : 00358-088733342 DEUTSCHE ITT INDUSTRIES GmbH
’ Viale Milanofiori E/5 TEL : 0039-2-824701
FRANCE . 1-20090 Assago Mi FAX : 0039-2-8242631/8242831
MEGACHIP
7 avenue du Canada TEL : 0033-1-69290404 FANTON COMPONENTS BOLOGNA S.R.L.
ZA de Courtaboeuf FAX : 0033-1-69290039 Via O. Simoni, 5 TEL : 0039-51-735015
91966 LES UILIS Cedex 1-40011 Anzola dell' Emilia FAX : 0039-51-735013
FRANCE
RAFI ELETTRONICA SPA
SCAIB Via Savona 134 TEL : 0039-2-48300431
80 Rue d'Arcueit TEL : 0033-1-46872313 1-20144 Milano FAX :0039-2-428880
Silic 137 FAX : 0033-1-45605549
94523 RUNGIS Cedex
FRANCE




SAMSUNG SEMICONDUCTOR REPRESENTATIVES

THE NETHERLANDS

MALCHUS BV HANDELMiJ
Fokkerstraat 511-513
Postbus 48

NI-3125 BD Schiedam

SPAIN

SEMICONDUCTORS S.A.
Ronda General Mitre
240 Bjs

E-08006 Barcelona

SWEDEN

MIKO KOMPONENTS
Segersbyvaegen 3
P.P. Box 2001
S-14502 Norsborg

TEL: 0031-10-4277777
FAX: 0031-10-4154867

TEL: 0034-3-2172340
FAX: 0034-3-2176598

TEL : 0046-853-189080
FAX : 0046-853-175340

SWITZERLAND

ELBATEX AG
Hard Str. 72
CH-5430 Wettingen Schweiz

UNITED KINGDOM

MAGNATEC
Coventry Road
Lutterworth
Leicestershire
LE17 4JB

ICE ELECTRONICS LYD.
31-32 Stephenson Road
Burrel Road Industrial Estate
St. lves

Cambridgeshire

PE17 4WJ

TEL:
FAX:

~ TEL:
FAX :

TEL:
FAX :

0041-56275511
0041-56275532

0044-455-554711
0044-455-552612

0044-480-496466
0044-480-496621




SAMSUNG SEMICONDUCTOR REPRESENTATIVES

ASIA
HONG KONG

AV. CONCEPT LTD.

Unit 11-15, 11/F1, Block A, TEL : 3347333
Focal Industrial Centre FAX : 7643108
21 Man Lok Street, Hunghom,

Kowloon, Hong Kong

PROTECH COMPONENTS LTD.

Unit 2,3/F, Wah Shing Centre,
11 Shing Yip Street,

Kwun Tong, Kowloon,

Hong Kong

TEL : 7930882
FAX: 7930811

WISEWORLD ELECTRONICS LTD.

Room 708, Tower A, 7/Fi., TEL : 7658923
Hunghom Commercial Centre, FAX: 3636203
37-39 Ma Tau Wai Road, Hunghom,

Kowloon, Hong Kong

IBDT HK LTD. (CHINA AREA)
Unit 2, 23rd floor,

Westlands Center,

No.20 Westlands Road,

Quarry Bay, Hong Kong

TEL : 565-5898
FAX: 564-5411

SOLARBRITE ELECTRONICS LTD.
{CALCULATOR & WATCH)

Unit 1, 11/F, Tower 1, Harbour
Centre, 1, Hok cheung
St, Hunghom, Kowloon,

TEL: 3633233
FAX: 3633900
TLX : 52543 SECL HX

Hong Kong

ATLANTIC COMPONENTS LTD.
(MEMORY & PC)

Unit 502, 5/F, Tower lll, TEL: 7991996
Enterprise Square, FAX: 7559452

9 Sheung Yuet Road, Kowloon Bay,
Kowloon, Hong Kong

LISENG & CO.

(4BIT/8BIT ONE CHIP SOFTWARE HOUSE)
Flat B&C, 6/F, Four Seas TEL : 5431338
Communication Bank Bldg, FAX: 5442602
49-51 Bonham Strand

West, Hong Kong

‘SOLARI COMPUTER ENGINEERING LTD.
(4 BIT/8BIT ONE CHIP SOFTWARE HOUSE)
Roon 2018-2025, Tower 1, TEL : 418-0988
Metroplaza, Kwai Fong, FAX: 418-0887
N.T., Hong Kong

DATAWORLD INTERNATIONAL LTD.
(MIYUKI ELECTRONICS (HK) LTD.)
(ASIC DESIGN HOUSE)
Flat No. 3-4,5/F1.,

‘Yuen Shing Ind. Bldg.,
1033, Yee Kuk Street, West,
Kowloon, Hong Kong

TEL : 7862611
FAX: 7856213
TLX : 45876 MYK HX

SYNTHESIS SYSTEMS DESIGN, LTD.

(ASIC DESIGN HOUSE)

Unit 4,12/F Chai Wan Ind. City, ~ TEL
Phase 2, No. 70, Wing Tai Road, FAX
Chai Wan, Hong Kong

TAIWAN
YOSUN INDUSTRIAL CORP.
7F, No. 76, Sec. 1, TEL
Cheng Kung Rd. Nan Kang, FAX
Taipei, R.O.C.
SANT SONG CORP.
4F, No.12, Lane 94, Tsao TEL
Ti Wei, Shen Keng Hsiang, FAX

Taipei Hsien, Taiwan, R.O.C.
SUPREME ELECTRONICS CO., LTD.
18Fl., No.67, Section 2,

Tun hwa S. Road,
Taipei, Taiwan, R.O.C.

JAPAN

TOMEN ELECTRONICS CORP.

1-1 Uchisaiwa-Cho 2 Chome TEL :
Chiyoda-Ku Tokyo, 100 Japan FAX:

RIKEI

Nichimen Bidg., TEL :
2-2 Nakanojima 2 Chome, FAX:
Kita-Ku, Osaka, 530 Japan

ISECO

26-3, Kitamagome 2 Chome, TEL :
Ota-Ku, Tokyo, 143, Japan FAX:
ADO

7F Sasage Bldg., TEL :
4-6 Sotokanda 2 Chome FAX:

Chiyoda-Ku Tokyo, 101 Japan

MARUBUN

8-1 Nihombashi-Odenma-Cho TEL:
Chuo-Ku Tokyo, 103 Japan FAX:
SAMSUNG JAPAN

17F, Hamacho Center BLDG. TEL:
2-31-1, Nihonbashi-Hamacho FAX:

Chuo-ku, TOKYO 103 JAPAN

: 657-1102
: 889-2962

: (02)788-1991
: (02)788-1996

: (02) 662-7829
: (02) 662-0781

TEL : (02) 7023258/7023278
FAX: (02) 7063196

(03) 3506-3654
(03) 3506-3497

(06) 201-2081
(06) 222-1185

(03) 3777-3611
(03) 3777-3614

(03) 3257-2600
(03) 3251-9705

(03) 3639-9897
(03) 3661-7433

(03) 5641-9651
(03) 5641-9713
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SAMSUNG SEMICONDUCTOR REPRESENTATIVES

SINGAPORE
ASTINA ELECTRONIC(S) PTE LTD.
203, Henderson Road TEL : 65-2769997

#12-08 Henderson Industrial Park, FAX : 65-2769996
Singapore 0315

BOSTEX ELECTRONICS PTE LTD..

No.221 Henderson Road TEL : 2765130
#04-06 Henderson Building FAX: 2765132
Singapore 0315

SAMSUNG(THAILAND) CO., LTD.

15th Fl. Sathomn Thani Bidg., TEL: 662-2367642-5
92/40-41 North Sathor Road FAX: 662-2368049
Bankok 10500, Thailand .

SOUTH-WEST ELECTRONICS PTE LTD.

30 Kallang Pudding Road, TEL: 7431813
* #04-04 Valiant Industrial Bldg., FAX: 7471128

Singapore 1334

SYARIKAT SAMSUNG ELECTRONICS(S) PTE LTD.
Suite 9-2, Menara Penang TEL : 229-1670~1
Garden 42A, Jalan Suitan FAX : 229-1678
Ahmad Shah 10050 Penang,

Malaysia '

VUTIPONG ELECTRONIC CO., LTD.
51-53 Pahurat Rd, (Banmoh)  TEL: 662-2266496-9
Bankok 10200, Thailand FAX: 662-2240861

YIC SINGAPORE PTE, LTD.

623, Aljunied Road, #06-08 TEL: 65-7490677
Aljunied Industrial Complex, FAX: 65-7477019
Singapore, 1438

SAMSUNG SINGAPORE PTE, LTD.

4,SHENTON WAY, #18-01/10  TEL : 65-5352808
Shingwan House, FAX : 65-2772792
Singapore 0106

WESTECH ELECTRONICS CO., LTD.

77/113, Ladprao SOI 3, TEL : 662-512-2751
Ladyao, Jatujak, Bangkok FAX : 662-512-5531
10900, Thailand

INDIA

COMPONENTS AND SYSTEMS MARKETING
ASSOCIATES (INDIA) PVT. LTD. .

100, Dadasaheb Phalke Road, TEL: 4114585

Dadar, Bombay 400 . FAX: 4112546

014 : TLX: 001-4605 PDT IN

TURKEY

ELEKTRO SAN. VE TIC. KOLL STI.

Hasanpasa, Ahmet Rasim

Sok No. 16 Kadikoy Istanbut,

Turkey

CHINA

TEL: 3372245
FAX: 336-8814
TLX: 29569 elts tr

IBDT(HK) LTD. (SHANGHAI! LIAISON OFFICE)

Rm 501,

750 Zhao Jia Bang Rang Road,

Shanghai, China

KOREA

TEL : (021) 4316170
FAX : (021) 4316170

NAEWAE SEMICONDUCTOR CO., LTD.

Bangbae Center Bidg.,
875-5, Bangbae-4dong,
Seocho-ku, Seoul, Korea

TEL: (02)595-1010
FAX: (02)595-7888

SAMSUNG LIGHT-ELECTRONICS CO., LTD.

4th Fl. Room 2-3,
Electronics Main Bidg.,
16-9, Hankangro-3ka,
Yongsan-ku, Seoul, Korea

TEL: 718-0045
718-9531—5
FAX: 718-9536

NEWCASTLE SEMICONDUCTOR CO., LTD.

4th Fl. Room 410411, TEL: 718-8531—4
Electronics Main Bldg., FAX: 718-8535
16-9, Hankangro-3ka,

Yongsan-ku, Seoul, Korea

HANKOOK SEMICONDUCTOR &

TELECOMMUNICATION CO., LTD.

#302, Monami Bldg., 125-20,
Chungdam-dong, Kangnam-ku,
Seoul, Korea

SEGYUNG INTERISE CORP.
Dansan Bldg., 301, 7-44 -
Hwayang-dong, Sungdong-ku,
Seoul, Korea

SEGYUNG ELECTRONICS
182-2, Jangsa-dong,
Jongro-ku, Seoul, Korea

SAMTEK

3/4 FL. Chungju Bldg.,
156-16, Samsung-dong,
Kangnam-ku, Seoul, Korea

SUNIN TRADING CO,, LTD.
Sunin Bidg., 7Fl., 16-8,
Hankangro-2ka, Yongsan-ku,
Seoul, Korea

TEL: (02)542-4123
FAX: (02)542-2454

TEL : (02)469-3511
FAX: (02)469-7966

TEL: (02)273-6781
FAX: (02)275-9448
TLX: K24950 SUKSEMT

TEL : (02)538-4400
FAX: (02)538-4338—2

TEL: (02)702-1257—8

 FAX: (02)704-0897
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SAMSUNG SEMICONDUCTOR DISTRIBUTORS

ARIZONA
ADDED VALUE
7741 East Gray Road
Suite 9
Scottsdale, AZ 85260

CALIFORNIA
ADDED VALUE
1582 Parkway Loop
UnitG
Tustin, CA 92680
ADDED VALUE
5752 Oberlin Drive
Suite 105
San Diego, CA 92121
ALL AMERICAN
369 Van Ness Way
Unit 701
Torrance, CA 90501
ALL AMERICAN

2360 Qume Drive, Suite C

San Jose, CA 95131
ALL AMERICAN
5060 Shoreham Place
Suite 200

San Diego, CA 92122
ILE.C.

9940 Business Park Drive

Suite 145
Sacramento, CA 95827
ITT Components

18 Technology Drive
Irvine, CA 92718

ITT Components
1580 Oakland Road
Suite C102

San Jose, CA 95131
JACO

1541 Parkway Loop
Suite A

Tustin, CA 92680
JACO

2282 Townsgate Road
Suite 100

Westlake Village, CA 91361

JACO

2880 Zanker Road
Suite 202

San Jose, CA 95134

CANADA
ACTIVE
237 Hymus Boulevard

(602) 951-9788
FAX: (602) 951-4182

(714) 259-8258
FAX: (714) 259-0828

(619) 558-8890
FAX: (619) 558-3018

(800) 831-8300
(213) 320-0240
FAX: (213) 320-7207

(408) 943:1200
FAX: (408) 943-1393

(619) 458-5850 .
FAX: (619) 458-5866

(916) 363-6030
FAX: (916) 362-6926

(714) 727-4001
FAX: (714) 727-2109

(408) 453-1404
FAX: (408) 453-1407

(714) 258-9003
FAX: (714) 258-1909

.(805) 495-9998
(800) 266-1282
FAX: (805) 494-3864

(408) 432-9290
FAX: (408) 432-9208

(514) 694-7710
FAX: (514) 697-8112

Point Claire, Quebec HIR 5C7

ACTIVE

100 S.E. Marine Drive
Vancouver, BC V5X 253
ACTIVE

100 Lombard Street

Toronto, Ontario M5C 1M3

ACTIVE
5651 Ferrier Street

Montreal, Quebec H4AP 1N1

(604) 324-7500
FAX: (604) 324-3100

(416) 367-2911
FAX: (416) 367-4706

(514) 731-7441
FAX: (514) 731-0129

CANADA (Continued)
ACTIVE

3220 5th Avenue, N.E. Bay 2

Calgary, Alberta T2A N1
ACTIVE
106 King Edward St., E

Winnepeg, Manitoba R3H ON8

ACTIVE -

1350 Matheson Bivd, Unit 2
Mississauga, Ontario L4W 4MI

ACTIVE
6029 103rd St.

Edmonton, Alberta T6H 2H3

ACTIVE
1990 Bivd. Charest O.

Ste-Foy, Quebec GIN 4K8

ACTIVE

1023 Merivale Road
Ottawa, Ontario K1Z 6A6
ACTIVE

6080 Metropolitan East

Montreal, Quebec H1S 1A9

COLORADO
ADDED VALUE
4090 Youngfield
Wheatridge, CO 80033
LE.C.
420 East 58th Avenue
Denver, CO 80216
LE.C.
5750 North Logan Street
Denver, CO 80216
Q.P.S.
14291 E. 4th Avenue
Bldg. 7, Unit 208
Aurora, CO 80011

FLORIDA
ALL AMERICAN
16085 NW 52 Avenue
Miami, FL 33014-9317
ALL AMERICAN
5009 Hiatus Road
Sunrise, FL 33351
JACO )
1060 Holland Drive
Suite 3K
Boca Raton, FL 33487
RM ELECTRONICS
581 East St. Rte. 434
Longwood, FL 32750

ILLINOIS
LE.C.
2200 N. Stronington Ave.,
Suite 210

Hoffman Estates, IL 60195

QPs
101 E. Commerce Dr.
Schaumburg, IL 60173

(403) 235-5300
FAX: (403) 248-0750

(204) 786-3075
FAX: (204) 763-8133

(416) 238-8825
FAX: (4186) 238-2817

(403) 438-5888
FAX: (403) 434-0812

(418) 682-5775
FAX: (418)682-8303

(613) 728-7900
FAX: (613) 728-3586

(514) 256-7538
FAX: (514) 256-4890

(303) 422-1701
FAX: (303) 422-2529

(303) 292-5537
FAX: (303) 292-0114

(303) 292-6121
FAX: (303) 297-2053

(303) 343-9260
FAX: (303) 343-3051

(305) 621-8282
FAX: (305) 620-7831

(800) 327-6237
FAX: (305) 749-9229

(407) 241-7943
FAX: (407) 241-7950

(407) 767-8005
FAX: (407) 767-8165

(708) 843-2040

FAX: (708) 843-2320

(708) 884-6620
FAX: (708) 884-7573

425




INDIANA
RM ELECTRONICS
1329 W. 96th Street
Suite 10
Indianapolis, IN 46260

MARYLAND
ALL AMERICAN
14636 Rothgeb Dr.
Rockville, MD 20850
JACO
Rivers Center
10270 Oid Columbia Road
Columbia, MD 21046

MASSACHUSETS
ALL AMERICAN
107 Audubon Road
Suite 104
Wakefield, MA 01880

JACO
1053 East Street.
Tewksbury, MA 01876

MICHIGAN
RM ELECTRONICS
4310 Roger B. Chaffee Drive
Grand Rapids, Mi 49508

MINNESOTA
ALL AMERICAN
11409 Valley View Road
~ Eden Prairie, MN 55344

NEW YORK
ALL AMERICAN
711-2 Koehier Ave.
Ronkonkoma, NY 11779
CAM/RPC
200 Buell Rd.

~ Rochester, NY 14624

JACO
145 Oser Avenue
Hauppauge, NY 11788 .

.

NORTH CAROLINA
JACO
5206 Greens Dairy Road
Raleigh, NC 27604

OHIO
CAM/RPC
749 Miner Road
Cleveland, OH 44143
CAM/RPC
733 H. Lakeview Plaza Rd.
Worthington, OH 43085

Suite B
Beaverton, Oregon 97005

(317) 580-9999
FAX: (317) 560-9615

(301) 251-1205
FAX: (301) 251-8674

{410) 895-6620
FAX: (410) 995-6032

(617) 246-2300
FAX: (617) 246-2305

(508) 640-0010
FAX: (508) 640-0755

(616) 531-9300
FAX: (616) 531-2990

(612) 944-2151
FAX: (612) 944-9803

(516) 981-8935
FAX: (516) 981-3947

(716) 436-5070
FAX: (716) 436-5093

(516)-273-5500
FAX: (516) 273-5506

(919) 876-7767
FAX: (919) 876-6964

(216) 461-4700
FAX: (216) 461-4329

(614) 888-7777
FAX: (614) 888-9779

(503) 641-1690
FAX: (503) 646-3737

PENNSYLVANIA
CAM/RPC
620 Alpha Drive
Pittsburgh, PA 15238

TEXAS
ALL AMERICAN
1819 Firman Drive
Suite 127 .
Richardson, TX 75081
JACO
1209 N. Glenville Drive
Richardson, TX 75081
JACO
10707 Corporate Drive
Suite 124
Stafford, TX 77477
JACO
2120-A Braker Lane
Austin, TX 78758

UTAH
ADDED VALUE
1836 Parkway Blvd.
West Valley City, UT 84119
ALL AMERICAN
4455 South - 700 East
Suite 301
Salt Lake City, UT 84107
LE.C.
2117 South 3600 West
W. Valley City, UT 84119

WASHINGTON -

LE.C.
1750 124th Avenue, N.E.
Bellevue, WA 98005

(412) 782-3770
FAX: (412) 963-6210

(214) 231-5300
FAX: (214) 437-0353

(214) 234-5565
FAX: (214) 238-7066
(713) 240-2255
FAX: (713) 240-6988

(512) 835-0220
FAX: (512) 339-9252

(801) 975-9500
FAX: (801) 977-0245

(801) 261-4210
FAX: (801) 261-3885

(801) 977-9750
FAX: (802) 975-1207

(206) 455-2727
FAX: (206) 453-2963
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