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MEMORVICs FUNCTION GUIDE 

1. INTRODUCTION (DRAM) 

1M bit 1Mx1 KM41C1000D-6 KM41C1000D-7 KM41C1000D-8 

KM41C1000D-L6 KM41C1000D-L7 KM41 C1 OOOD-L8 

256Kx4 KM44C256D-6 KM44C256D-7 KM44C256D-8 • KM44C256D-L6 KM44C256D-L7 KM44C256D-L8 

4M bit 4Mx1 KM41 C4000C-5 KM41 C4000C-6 KM41 C4000C-7 KM41 C4000C-8 

KM41 C4000CL-5 KM41 C4000CL-6 KM41 C4000CL-7 KM41 C4000CL-8 

KM41 C4002C-5 KM41 C4002C-6 KM41C4002C-7 KM41 C4002C-8 

KM41V4000C-6 KM41 V4000C-7 KM41 V4000C-8 

KM41V4000CL-6 KM41V4000CL-7 KM41V4000CL-8 

1Mx4 KM44C1 OOOC-5 KM44C1 OOOC-6 KM44C1 OOOC-7 KM44C1 OOOC-8 

KM44C1 OOOCL-5 KM44C1000CL-6 KM44C1 OOOCL-7 KM44C1 OOOCL-8 

KM44C1010C-5 KM44C101 OC-6 KM44C101 OC-7 KM44C101 OC-8 

KM44C1002C-5 KM44C1002C-6 KM44C1002C-7 KM44C1002C-8 

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

KM44C1003CL-5 KM44C1003CL-6 KM44C1003CL-7 KM44C1003CL-8 

KM44C1004C-5 KM44C1004C-6 KM44C1004C-7 KM44C1004C-8 

KM44C1004CL-5 KM44C1004CL-6 KM44C1004CL-7 KM44C1004CL-8 

KM44V1 OOOC-6 KM44V1000C-7 KM44V1 OOOC-8 

KM44V1000CL-6 KM44V1 OOOCL-7 KM44V1 OOOCL-8 

KM44V1004C-6 KM44V1004C-7 KM44V1004C-8 

KM44V1004CL-6 KM44V1004CL-7 KM44V1004CL-8 
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MEMORY ICs FUNCTION GUIDE 

4MB/W 512Kx8 KM48C512B-5 KM48C512B-6 KM48C512B-7 KM48C512B-8 

M48C512BL-5 KM48C512BL-6 KM48C512BL-7 KM48C512BL-8 

KM48C514B-5 KM48C514B-6 KM48C514B-7 KM48C514B-8 

KM48.C514BL-5 KM48C514BL-6 KM48C514BL-7 KM48C514BL-8 

KM48V512B-6 KM48V512B-7 KM48V512B-8 

KM48V512BL-6 KM48V512BL-7 KM48V512BL-8 

KM48V514B-6 KM48V514B-7 KM48V514B-8 

KM48V514BL-6 KM48V514BL-7 KM48V514BL-8 

512Kx9 KM49C512B-6 KM49C512B-7 KM49C512B-8 

KM49C512BL-6 KM49C512BL-7 KM49C512BL-8 

256Kx16 KM416C256B-5 KM416C256B-6 KM416C256B-7 KM416C256B-8 

KM416C256BL-5 KM416C256BL-6 KM416C256BL-7 KM416C256BL-8 

KM416C254B-5 KM416C254B-6 KM416C254B-7 KM416C254B-8 

KM416C254BL-5 KM416C254BL-6 KM416C254BL-7 KM416C254BL-8 

KM416V256B-6 KM416V256B-7 KM416V256B-8 

KM416V256BL-6 KM416V256BL-7 KM416V256BL-8 

KM416V254B-6 KM416V254B-7 KM416V254B-8 

KM416V254BL-6 KM416V254BL-7 KM416V254BL-8 

256Kx18 KM418C256B-6 KM418C256B-7 KM41SC256B-8 

KM418C256BL-6 KM418C256BL-7 KM418C256BL-8 
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MEMORY ICs 

16M bit 16Mx1 

4Mx4 

FUNCTION GUIDE 

KM41C16000A-5 KM41C16000A-6 KM41 C16000A-7 KM441 C16000A-8 

KM41C16000AL-5 KM41 C16000AL-6 KM41C16000AL-7 KM41C16000AL-8 

KM41C16000ASL-5 KM41C16000ASL-6 KM41 C16000ASL-7 KM41C16000ASL-8 

KM41C16002A-5 KM41C16002A-6 KM41 C16002A-7 KM41 C16002A-8 

KM41V16000A-6 KM41V16000A-7 KM41V16000A-8 

KM41V16000AL-6 KM41V16000AL-7 KM41V16000AL-8 

KM41V16000ASL-6 KM41V16000ASL-7 KM41V16000ASL-8 

KM44C4000A-5 KM44C4000A-6 KM44C4000A-7 KM44C4000A-8 

KM44C4000AL-5. KM44C4000AL-6 KM44C4000AL-7 KM44C4000AL-8 

KM44C4000A~L-5 I I KM44C4000ASL-6 H KM44C4000ASL-7 H KM44C4000ASL-8 I 
KM44C41 OOA-5 H KM44C41 OOA-6 H KM44C4100A-7 H KM44C4100A-8 

KM44C41 OOAL-5 H KM44C41 OOAL-6 H KM44C4100AL-7 H KM44C4100AL-8 

KM44C4100ASL-5 H KM44C4100ASL-s H KM44C4100ASL-7 H KM44C4100ASL-s J 

KM44C4002A-5 KM44C4002A-6 KM44C4002A-7 KM44C4002A-8 

KM44C4102A-5 H KM44C4102A-6 H KM44C4102A-7 H KM44C4102A-8 

KM44C4003A-5 H KM44C4003A-6 H KM44C4003A-7 H KM44C4003A-8 

KM44C4003AL-5 H KM44C4003AL-6 H KM44C4003AL-7 H KM44C4003AL-8 

KM44C4003ASL-5 H KM44C4003ASL-6 H KM44C4003ASL-7 H KM44C4003ASL-8 I 
KM44C4103A-5 H KM44C4103A-6 H KM44C4103A-7 H KM44C4103A-8 

I KM44C4103AL-5 H KM44C4103AL-6 H KM44C4103AL-7 H KM44C4103AL-8 

I KM44C4103ASL-5 H KM44C4103ASL-6 H KM44C4103ASL-7 H KM44C4103ASL-s J 

I KM44C4004A-5 H KM44C4004A-6 H KM44C4004A-7 H KM44C4004A-8 

I KM44C4004AL-5 H KM44C4004AL-6 H KM44C4004AL-7 H KM44C4004AL-8 

KM44C4004ASL-5 KM44C4004ASL-6 KM44C4004ASL-7 KM44C4004ASL-8 
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MEMORY ICs FUNCTION GUIDE 

16M bit 4Mx4 KM44C4104A-5 KM44C4104A-6 KM44C4002A-7 KM44C4002A-8 

KM44C4104AL-5 KM44C4104AL-6 KM44C4104AL-7 KM44C4104AL-8 

KM44C4104ASL-5 KM44C4104ASL-6 KM44C4104ASL-7 KM44C4104~SL-8 

KM44C401 OA-5 KM44C401 OA-6 KM44C401 OA-7 KM44C401 OA-8 

KM44C411 OA-5 KM44C4110A-6 KM44C4110A-7 KM44C411 OA-8 

KM44V4000A-6 KM44V4000A-7 KM44V4000A-8 

'\ 
KM44V4000AL-6 KM44V4000AL-7 KM44V4000AL-8 

KM44V4000ASL-6 KM44V4000ASL-7 KM44V4000ASL-8 

KM44V4100A-6 KM44V4100A-7 KM44V4100A-8 

KM44V4100AL-6 KM44V4100AL-7 KM44V4100AL-8 

KM44V4100ASL-6 KM44V4100ASL-7 KM44V41 OOASL-8 

KM44V4004A-6 KM44V4004A-7 KM44V4004A-8 

KM44V4004AL-6 KM44V4004AL-7 KM44V4004AL-8 

KM44V4004ASL-6 KM44V4004ASL-7 KM44V4004ASL-8 

KM44V4104A-6 KM44V4104A-7 KM44V4104A-8 

KM44V4104AL-6 KM44V4104AL-7 KM44V4104AL-8 

KM44V4104ASL-6 KM44V4104ASL-7 KM44V4104ASL-8 
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MEMORY ICs FUNCTION GUIDE 

2Mx8 KM48C2000A-5 KM48C2000A-6 KM48C2000A-7 KM48C2000A-8 

KM48C2000AL-5 KM48C2000AL-6 KM48C2000AL-7 KM48C2000AL-8 

KM48C2000ASL-5 KM48C2000ASL-6 KM48C2000ASL-7 KM48C2000ASL-8 

KM48C2100A-5 KM48C21 OOA-6 KM48C21 OOA-7 KM48C21 OOA-8 

• KM48C21 OOAL-5 KM48C21 OOAL-6 KM48C21 OOAL-7 KM48C21 OOAL-8 

KM48C21 OOASL-5 KM48C21 OOASL-6 KM48C21 OOASL-7 KM48C21 OOASL-8 

KM48C2004A-5 KM48C2004A-6 KM48C2004A-7 KM48C2004A-8 

KM48C2004AL-5 KM48C2004AL-6 KM48C2004AL-7 KM48C2004AL-8 

KM48C2004ASL-5 KM48C2004ASL-6 KM48C2004ASL-7 KM48C2004ASL-8 

KM48C2104A-5 KM48C2104A-6 KM48C2104A-7 KM48C2104A-8 

KM48C2104AL-5 KM48C2104AL-6 KM48C2104AL-7 KM48C21-04AL-8 

KM48C2104ASL-5 KM48C2104ASL-6 KM48C2104ASL-7 KM48C2104ASL-8 

KM48V2000A-6 KM48V2000A-7 KM48V2000A-8 

KM48V2000AL-6 KM48V2000AL-7 KM48V2000AL-8 

KM48V2000ASL-6 KM48V2000ASL-7 KM48V2000ASL-8 

KM48V21 OOA-6 KM48V2100A-7 KM48V21 OOA-8 

KM48V21 OOAL-6 KM48V21 OOAL-7 KM48V21 OOAL-8 

KM48V21 OOASL-6 KM48V21 OOASL-7 KM48V21 OOASL-8 

KM48V2004A-6 KM48V2004A-7 KM48V2004A-8 

KM48V2004AL-6 KM48V2004AL-7 KM48V2004AL-8 

KM48V2004ASL-6 KM48V2004ASL-7 KM48V2004ASL-8 

KM48V2104A-6 KM48V2104A-7 KM48V2104A-8 

KM48V2104AL-6 KM48V2104AL-7 KM48V2104AL-8 

KM48V2104ASL-6 KM48V2104ASL-7 KM48V2104ASL-8 
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MEMORYICs FUNCTION GUIDE 

16M B/W 1Mx16 KM416C1000A-6 KM416C1000A-7 KM416C1000A-8 

KM416C1000A-L6 KM416C1000A-L7 KM416C1000A-L8 

KM416C1200A-6 KM416C1200A-7 KM416C1200A-8 

KM416C1200A-L6 KM416C1200A-L7 KM416C1200A-L8 

KM416C1004A-6 KM416C1004A-7 KM416C1004A-8 

KM416C1004A-L6 KM416C1004A-L7 KM416C1004A-L8 

KM416C1204A-6 KM416C1204A-7 KM416C1204A-8 

KM416C1204A-L6 KM416C1204A-L7 KM416C1204A-L8 

KM416V1000A-6 KM416V1000A-7 KM416V1 OOOA-8 

KM416V1000A-L6 KM416V1 OOOA-L7 KM416V1 OOOA-L8 

KM416V1200A-6 KM416V1200A-7 KM416V1200A-8 

KM416V1200A-L6 KM416V1200A-L7 KM416V1200A-L8 

KM416V1004A-6 KM416V1004A-7 KM416V1004A-8 

KM416V1004A-L6 KM416V1004A-L7 KM416V1004A-L8 

KM416V1204A-6 KM416V1204A-7 KM416V1204A-8 

KM416V1204A-L6 KM416V1204A-L7 KM416V1204A-L8 

512Kx32 KM432V502-7 KM432V502-8 

KM432V502-L7 KM432V502-L8 

KM432V522-7 KM432V522-8 

KM432V522-L7 KM432V522-L8 

KM432V504-7 KM432V504-8 

KM432V504-L7 KM432V504-L8 

KM432V524-7 KM432V524-8 

KM432V524-7 KM432V524-L8 
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MEMORYICs FUNCTION GUIDE 

64M bit 16Mx4 KM44V16000-5 KM44V16000-S KM44V16000-7 

KM44V16100-5 KM44V16100-6 KM44V16100-7 

8Mx8 KM48V8000-5 KM48V8000-6 KM48V8000-7 

I KM48V8100-5 KM48V810D-6 KM48V8100-7 

64M bit 16Mx4 KM44V16000A-5 KM44V16000A-6 KM44V16000A-7 

*2nd Gen 
KM44V16000A-L5 KM44V16000A-L6 KM44V16000A·L7 

KM44V16100A-5 KM44V16100A-6 KM44V161 OOA-7 

KM44V161 OOA-LS KM44V161 OOA-L6 KM44V161 OOA-L7 

8Mx8 KM48V8000A-5 KM48V8000A-6 KM48V8000A-7 

KM48V8000A-L5 KM48V8000A-L6 KM48V8000A-L7 

KM48V8100A-5 KM48V81 OOA-6 KM48V81 OOA-7 

KM48V81 OOA-LS KM48V8100A-L6 KM48V8100A-L7 
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MEMORY ICs FUNCTION GUIDE 

2. PFIODUCT GUIDE {DRAM) 

Density Org. 
Power 

Part Number Speed(ns) Features 
Packages 

Supply (#) 

1M bit 1 Mx1 5V±10% KM41C10000# 60/70/80 Fast Page P:18 Pin DIP (1Mx1) 

KM41C1000D-L# 20 Pin DIP (256Kx4) 

256Kx4 5V±10% KM44C256D# 60170180 Fast Page J:20 Pin SOJ 

KM44C256D-L# Z:20 Pin ZIP 

4Mbit 4Mx1 5V±10% KM41 C4000C# 50/60/70/8q Fast Page P:20 Pin DIP 

KM41 C4000CL# J:20 Pin SOJ 

KM41 C4002C# Static Column Z:20 Pin ZIP 

3.3V±0.3V KM41 V4000C# 60/70/80 Fast Page T:20 Pin TSOP-11 (Forward) 

KM41 V4000CL# TR:20 Pin TSOP-11 (Reverse 

1Mx4 5V±10% KM44C1 OOOC# 50/60/70/80 Fast Page 

KM44C1 OOOCL# 

KM44C101 OC# Fast Page with WPB 

KM44C1002C# Static Column 

KM44C1003C#. Quad CAS *Quad CAS 

KM44C1003CL# J:24 Pin SOJ 

KM44C1004C# EDO T:24 Pin TSOP-11 (Forward) 

KM44C1004CL# TR:24 Pin TSOP-11 (Reverse~ 

3.3V±0.3V KM44V1 OOOC# 60170180 Fast Page 

KM44V1 OOOCL# 

KM44V1004C# EDO 

KM44V1004CL# 

4M B/W 512Kx8 5V±10% KM48C512B# 50/60/70/8Q Fast Page J:28 Pin SOJ 

KM48C512BL# T:28 Pin TSOP-ll(Forward) 

KM48C514B# EDO TR:28 Pin TSOP-ll(Reverse) 

KM48C514BL# 

3.3V±0.3~ KM48V512B# 60/70/80 Fast Page 

KM48V512BL# 

KM48V514B# EDO 

KM48V514BL# 

512Kx9 5V±10% KM49C512B# 60/70/80 Fast Page 

KM49C512BL# 

256Kx16 5V±10% KM416C2568# 50/60/70/80 Fast Page J:40 Pin SOJ 

KM416C256BL# T:40 Pin TSOP-11 (Forward) 

KM416C254B# EDO TR:40 Pin TSOP-ll(Reverse) 

KM416C254BL# 

ttMfillil" ELECTRONICS 
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MEMORY ICs FUNCTION GUIDE 

Density Org. 
Power 

Part Number Speed(ns) Features 
Packages 

Supply (#) 

4MB/W 256Kx16 3.3V±0.3V KM416V2568# 60/70/80 Fast Page(4K) J:40 Pin SOJ 

KM416V256BL# T:40 Pin TSOP-ll(Forward) 

KM416V2548# EDO TR:40 Pin TSOP-ll(Reverse 

KM416V254BL# 

256Kx18 5V±10% KM418C2568# 60/70/80 Fast Page I 
KM418C256BL# 

16M bit 16Mx1 5V±10% KM41C16000A# 50/60/70/8q Fast Page(4K) J:24 Pin SOJ (400mil) 

KM41C16000AL# T:24 Pin TSOP-11 (Forward) 

KM41C16000ASL# (400mil) 

KM41C16002A# Static Column(4K) TR:24 Pin TSOP-11 (Reverse 

3.3V±0.3\I KM41V16000A# 60170180 Fast Page(4K) (400mil) 

KM41V16000AL# K:24 Pin SOJ (300mil) 

KM41V16000ASL# S:24 Pin TSOP-ll(Forward) 

4Mx4 5V±10% KM44C4000A# 50/60/70/80 Fast Page(4K) (300mil) 

KM44C4000AL# SR:24 Pin TSOP-ll(Reverse) 

KM44C4000ASL# (300mil) 

KM44C41 OOA# Fast Page(2K) 

KM44C41 OOAL# 

KM44C41 OOASL# 

KM44C4002A# Static Column(4K) 

KM44C4102A# Static Column(2K) 

KM44C4003A# Quad CAS( 4K) *Quad CAS 

KM44C4003AL# J:28 Pin SOJ 

KM44C4003ASL# T:28 Pin TSOP-ll(Forward) 

KM44C4103A# Quad CAS(2K) TR:28 Pin TSOP-ll(Reverse 

KM44C4103AL# 

KM44C4103ASL# 

KM44C4004A# ED0(4K) 

KM44C4004AL# 

KM44C4004ASL# 

KM44C4104A# ED0(2K) 

KM44C4104AL# 

KM44C4104ASL# 

KM44C401 OA# Fast Pa_g_e with WPBl4K 

rttMfiliil» 
ELECTRONICS 
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MEMORY ICs FUNCTION GUIDE 

Density Org. Power 
Part Number Speed(ns) Features Packages 

Supply (#) 
16M bit 4Mx4 5V±10% KM44C411 OA# . 50/60/70/80 Fast Page with WPB(2K J:24 Pin SOJ (400mil) 

3.3V±0.3\I KM44V4000A# 60/70/80 Fast Page(4K) T:24 Pin TSOP-11 (Forward) 

KM44V4000AL# (400mil) 

KM44V4000ASL# TR:24 Pin TSOP-11 (Reverse1 

KM44V4100A# Fast Page(2K) (400mil) 

KM44V4100AL# K:24 Pin SOJ(300mil) 

KM44V4100ASL# 8:24 Pin TSOP-ll(Forward) 

KM44V4004A# ED0(4K) (300mil) 

KM44V4004AL# SR:24 Pin TSOP-ll(Reverse) 

KM44V4004ASL# (300mil) 

KM44V4104A# ED0(2K) 

KM44V4104AL# 

KM44V4104ASL# 

16M B/W 2Mx8 5V±10% KM48C2000A# 50/60/70/80 Fast Page(4K) J:28 Pin SOJ 

KM48C2000AL# T:28 Pin TSOP-11 (Forward) 

KM48C2000ASL# TR:28 Pin TSOP-11 (Reverse 

KM48C21 OOA# FC}St Page(2K) 

KM48C21 OOAL# 

KM48C21 OOASL# 

KM48C2004A# ED0(4K) 

KM48C2004AL# 

KM48C2004ASL# 

KM48C2104A# ED0(2K) 

KM48C2104AL# 

KM48C2104ASL# 

3.3V±0.3\J KM48V2000A# 60/70/80 Fast Page(4K) 

KM48V2000AL# 

KM48V2000ASL# 

KM48V21 DOA# Fast Page(2K) 

KM48V21 OOAL# 

KM48V21 OOASL# 

KM48V2004A# ED0(4K) 

\."' KM48V2004AL# 

KM48V2004ASL# 

dMfrih> 
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MEMORY ICs FUNCTION GUIDE 

Density Org. 
Power 

Part Number Speed(ns~ Features 
Packages 

Supply (#) 

16M B/W 2Mx8 3.3V±0.3~ KM48V2104A# 60/70/80 ED0(2K) J:28 Pin SOJ 

KM48V2104AL# T:28 Pin TSOP-11 (Forward) 

KM48V2104ASL# TR:28 Pin TSOP-ll(Reverse 

1Mx16 5V±10% KM416C 1 OOOA# 60/70/80 Fast Page(4K) J:42 Pin SOJ 

KM416C1 OOOA#-L T:44 Pin TSOP-11 (Forward) • KM416C 1200A# Fast Page(1 K) R:44 Pin TSOP-ll(Reverse) 

KM416C1200A#-L 

KM416C1004A# l;D0(4K) 

KM416C 1004A#-L 

KM416C 1204A# ED0(1K) 

KM416C1204A#-L 

3.3V±0.3\I KM416V1 OOOA# 60/70/80 Fast Page(4K) 

KM416V1 OOOA#-L 

KM416V1200A# Fast Page(1 K) 

KM416V1200A#-L 

KM416V1004A# ED0(4K) 

KM416V1004A#-L 

KM416V1204A# ED0(1K) 

KM416V1204A#-L 

512Kx32 3.3V±0.3\J KM432V502# 70/80 Fast Page(4K) T:70 Pin TSOP-11 (Forward) 

KM432V502#-L R:70 Pin TSOP-ll(Reverse) 

KM432V522# Fast Page(1 K) 

KM432V522#-L 

KM432V504# ED0(4K) 

KM432V504#-L 

KM432V524# ED0(1K) 

KM432V524#-L 
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MEMORY ICs FUNCTION GUIDE 

Density Org. 
Power 

Part Number Speed(ns) Features 
Packages 

Supply (#) 

64M bit 16Mx4 3.3V±0.3\1 KM44V16000# 50/60/70 Fast Page(BK} .) : 34 Pin SOJ 

KM44V16100# Fast Page(4K} 

8Mx8 3.3V±0.3\1 KM48V8000# 50/60/70 Fast Page(BK} 

KM48V8100# Fast Page(4K} 

64M bit 16Mx4 3.3V±0.3\1 KM44V16000A# 50/60/70 Fast Page(BK} J: 32 Pin SOJ 

KM44V16000A#-L T : 32 pin TSOP ll(Forward} 

KM44V161 OOA# Fast Page( 4K} R : 32 pin TSOP ll(Reverse} 

KM44V16100A#-L 

8Mx8 3.3V±0.3V KM48V8000A# 50160170 Fast Page(BK} 

KM48V8000A#-L 

KM48V81 OOA# Fast Page(4K} 

KM48V81 OOA#-L 
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MEMORY ICs FUNCTION GUIDE 

3. DRAM ORDERING SYSTEM 

2 3 4 5 6 7 8 9 

KM4AA B ccccc D E F - G 

SAMSUNG 
Memory 

DRAM 

Organization 

Product 

Density & Mode/Feature 

Revision 

1. SAMSUNG Memory 

2. DRAM(4) 

3. Organization 
1 --------------------------------------- x 1 
4 --------------------------------------- x 4 
8 --------------------------------------- x 8 
9 ------------------'--------------------- x 9 

16 --------------------------------------- x 16 
18 --------------------------------------- x 18 
32 --------------------------------------- x 32 

4. Product 
C --------------------------------------- 5V 
V --------------------------------------- 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. 
C -------------------------------------- 4th Gen. 
D --------------------------------------- 5th Gen. 

tt:!:i:fiiUI> 
1:1 crrnnaur~ 

1 Speed 

Package Type 

Power(DC Current) 

7. Power(DC Current) 
Blank ---------------------------------- Normal 
L ----------------------------------- Low power 

with Self refresh 
SL ----------------------------------- Super Low power 

e. Package Type 
J ------------------------- SOJ 
T ------------·------------ TSOP II (Forward) 
TR ------------------------- TSOP II (Reverse) 
P ------------------------- DIP 
Z ------------------------- ZIP 
K ------------------------ SOJ(Shrinked PKG,SOJ) 
S ------------------------- TSOP II (Shrinked PKG,Forward) 
SR------------------------- TSOP II (Shrinked PKG,Reverse) 

9. Speed 
- 5 -------------- 50 ns 
- 6 -------------- 60 ns 
- 7 -------------- 70 ns 
- 8 -------------- 80 ns 
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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. 

2 3 4 5 6 7 8 9 

KM4AA B ccccc DE-FGG 

SAMSUNG 
Memo 

DRAM 

Organization 

Product 

Densi & Mode/Feature 

Revision 

1. SAMSUNG Memory 

2. DRAM(4) 

3. Organization 
1 --------------------------------------- x 1 
4 ---------------------------------~----- x 4 
8 --------------------------------------- x 8 
9 --------------------------------------- x 9 

16 --------------------------------------- x 16 
18 --------------------------------------- x 18 
32 --------------------------------------- x 32 

4. Product 
C ------~-------------------------------- 5V 
V --------------------------------------- 3.3V 

s. Density & Mode/Feature (Same) 

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

~ 
Power(DC Current) 

Package Type 

7. Package Type 
J --------------------------- SOJ 
T ---------------------------. TSOP 11 (Forward) 
R --------------------------- TSOP II (Reverse) 
P --------------------------- DIP 
Z --------------------------- ZIP 
K -------------------------- SOJ(Shrinked PKG,SOJ) 
S --------------------------- TSOP II (Shrinked PKG,Forward) 
W ------------~------------- TSOP II (Shrinked PKG,Reverse) 

8. Power(DC Current) 
Blank ---------------------------------- Normal 
L ---------------------------------------- Low power 

with Self refresh 
H ---------------------------------------- Super Low power 

9. Speed 
- 5 -------------- 50 ns 
- 6 -------------- 60 ns 
- 7 -------------- 70 ns 
- 8 -------------- 80 ns 
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1MDRAM 

• KM41C1000D 

• KM44C256D 





KM41C1000D CMOS DRAM 

1 M 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 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 
CA'S-before-RAS refresh, RAS-only refresh and Hidden refresh capabilities. 
This 1 Mx1 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 
- KM41 C1 OOOD/D-L(5V) 

• Active Power Dissipation 

-6 

-7 

-8 

• Refresh cycles 

KM41C1000D 512 

• Performance range: 

:::s~a[ ::]R~;:' 

385 
58 

330 

ams 

Unit:mW 

128ms 

-6 60ns 15ns 11 Ons 40ns 
-7 70ns 20ns 130ns 45ns 

-8 sons 20ns 150ns sons AO -A9 

• 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 

Control 
Clocks ..--V-88-Ge-n-era-to-r-dJ : 

Row Decoder 

Memory Array 
1,048,576 x 1 

Cells 

Column Decoder 

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

•1Mf11ih" ELECTRONICS 
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KM41C1000D 

A2 
A3 

Vee 

D 

w 
RAS 

PIN CONFIGURATION (Top Views) 

• KM41C1000DJ • KM41C1000DZ 

• KM41 C1 OOODP 

1 0 

2 

3 

AS 
A7 
A6 
AS 
A4 

Vss 

Q 

CAS" 

A9 

A9 
Q 

D 

RAS 

N.C 
N.L 

Data Out 
Vss Ground 

RAS Row Address Strobe 

CMOS DRAM 

TF 4 

AB 
CA'S Column Address Strobe 

AO s w Read/Write Input 
A1 6 A7 

Vee Power +5.0V 
A2 7 A6 

N.C No Connection 
A3 8 AS 

TF Test Function 
Vee 9 0 A4 

NL No Lead 

dt.i.tilhl• 
ELECTRONICS 

30 



KM41C1000D CMOS DRAM 

ABSOLUTE MAXIMUM RATINGS 

Parameter· 

Voltage on any pin relative to Vss V1N,VOUT -1 to +7.0 v 
Voltage on Vee supply relative to Vss Vee -1 to +7.0 v 
Storage temperature Tstg -55 to +150 oc 
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= o to 70 °C) 

P3rllnu9ter 
·Supply voltage Vee 4.5 5.0 

Ground Vss 0 0 

Input high voltage VtH 2.4 

Input low voltage V1L -1.0 *2 

*1 : Vcc+2.0V at pulse width~ 20ns (pulse width is measured at Vee) 

*2 : -2.0V at pulse width :::; 20ns (pulse is measured at Vss) 

5.5 v 
0 v 

Vcc+f1 v 
0.8 v 

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

Input leakage current (Any input O~VtN:::;Vcc+0.5V lt(L) -5 5 µA 
all other pins not under test=O volts.) 

Output leakage current IO(L) -5 5 µA 
(Data out is disabled, OV:::;Vour:::;Vcc) 

Output high voltage·level(loH=-5mA) VoH 2.4 v 
Output low voltage level(loL=4.2mA) VOL 0.4 v 

•t:f:l:fillfiiP 
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KM41C1000D CMOS DRAM 

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

lcc1 

lcc2 

lcca 

ICC4 

Ices 

Ices 

ICC7 

Don't care 

Don't care 

Don't care 

Don't care 

Normal 
L 

Don't care 

L 

-6 60 
-7 55 
-8 50 

Don't care 2 

-6 60 
-7 55 
-8 50 

-6 50 
-7 45 
-8 40 

Don't care 1 
100 

-6 60 
-7 55 
-8 50 

Don't care 100 

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

icc2 : Standby current ( °RAS=CAS°=W=V1H') 

lcca* : RAS"-only refresh current (CAS°=V1H, ~ ,Address cycling @tAC=min.) 

lcC4*: Fast Page Mode current (RAS=V1L, CA'S, Address cycling @tPC=min.) 

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

Ices* : CA'S-before-RAS refresh current (RAS and CA'S cycling @tRC=min.) 

lcc1 : Battery back-up current, Average power supply current, Battery back-up mode 

mA 
.mA 
mA 

mA 

mA 
mA 
mA 

mA 
mA 
mA 

mA 
µA 

mA 
mA 
mA 

µA 

Input hignvoltage(V1H)=Vcc-0.2V, Input low voltage(V1L)=0.2V, CAS°=CAS°-before-RAS cycling or 0.2V 

DIN=W=AO-A9 = Vcc-0.2Vor0.2V, TRc= 125µs(L-ver), TRAS=TRAsmin-300 ns 

* NOTE : lcc1, lcca, ICC4 and Ices are dependent on output loading and cycle rates. Specified values 
are obtained with the output open. Ice is specified as an average current. In lcc1,. lcca 
and Ices. address can be changed maximum once while R°AS=V1L. In lcc4, Address can be 
changed maximum once within one fast page mode cycle time tPC. 

•11!~fi@» 
ELECl'RONICS 
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KM41C1000D CMOS DRAM 

CAPACITANCE(TA=25°C,Vcc=5V, f=1 MHz) 

Parameter Symbol Min Max Unit 

ln_Q_ut ca_gacitance lDl C1N1 - 5 _Q_F 

Input capacitance [AO - A9] CiN2 - 6 pF 

Input capacitance [RAS, CAS, W] C1N3 - 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%, VihNi1=2.4/0.8V, VohN01 =2.0/0.8V 

-6 -7 -8 
Parameter 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 130 150 170 -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 3,9 

CAS" to output in Low-Z tCLZ 0 0 0 ns 3 

Output buffer turn-off del~ tOFF 0 15 0 20 0 20 ns 6 

Transition time (rise and fall) tT 3 50 3 50 3 50 ns 2 

l1AS precharge time tRP 40 50 60 ns 

RAS 2_ulse width tRAS 60 10K 70 10K 80 10K ns 

l1AS 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 delqy_time tRCD 20 45 20 50 2Q_ 60 ns 4 

RAS" to column address delC!Y._ time tRAD 15 30 15 35 j_Q_ 40 ns 10 

CAS to l1AS precha~e time tCRP 5 5 5 ns 

Row address set-~ time tASR 0 0 0 ns 

Row address hold time tRAH 10 10 -10. ns 

Column address set-u_Q_ time tASC 0 0 0 ns 

Column address hold time tCAH 15 15 1.5- ns 

Column address hold time referenced to -RAS tAR 50 55 _6_0 ns 14 

Column address to~ lead time tRAL 30 35 _4Q. ns 

Read command set-u_Q 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 comman_d..Q..ulse width tWP 10 10 _1Q_ ns 

Write command to ~ lead time .tRWL 15 1.5- -15.. ns 

Write command to CAS" lead time tCWL 15 15 15 ns 

41:!:1.fiiiilt> 
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KM41C1000D CMOS DRAM 

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

'', : ':i~'Y:: Para~~i~;· 
,' ,<' < i :. f·:· ,,,, ·> ·r<i',,· ', 

'i ,,, 

":" 
·~·1 .... :g·i ,·, I' :; ~· " 

I,;,, I I 
,: 

Sy~b~~ 
,•, 

!;'-'nit$ Notes 
:.:;:_ ·•:_:._ 

'; .Mtn· ··Max Min Max Min ... · .. i M~x " i 

Data set-up time tDS 0 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 0 ns 7 

CA'S to W dela_y time tCWD 15 20 20 ns 7 

RAS to W dela_y time tRWD 60 70 80 ns 7 

Column address to W del~ time tAWD 30 "35 40 ns 7 

CA'S _Qrecharg_e to W dela_y time tCPWD 35 40 45 ns 

CA'S set-u_1>_ time _iCAS-before-RAS refres~ tCSR 5 5 5 ns 

CA'S hold time_(CAS-before-RAS refreshl tCHR 15 15 15 ns 

RAS to CA'S £_recharg_e time tRPC 5 5 5 ns 

CA'S _pJecharn_e timel_CBR counter test ~clejj tCPT 20 25 30 ns 

Access time from CA'S _precharn_e tCPA 35 35 45 ns 3 

Fast Pa_g_e mode cy_cle time tPC 40 45 50 ns 

Fast Pa_g_e mode read-modify-write ~cle timj tPRWC 60 60 65 ns 

CAS_precharn_e time_(Fast_Q_ag_e cycleJ tCP ,10 10 10 ns 

RAS _e_ulse width _{Fast_Q~e ~clel tRASP 60 200K 70 200K 80 200K ns 

RAS hold time from CA'S precharge tRHCP 40 45 50 ns 

tt:!:i:fi'lili' 
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KM41C1000D CMOS' DRAM 

NOTES 

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

2. VIH(min) and V1L(max) are reference levels for measuring timing of input signals. Transition times are 
measured between VIH(min) and V1L(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 impedance for the duration of the cycle. If tCWD~ tCWD(min), 
tAWD~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 tAAD(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. Normal operation requires the "TF" pin to be connected to Vss or TTL logic low level or left unconnected 
on the printed wiring board. 

12. 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". 

13. In a test mode cycle, the value of tRAC, tCAC, tAA is delayed for 3ns. · 
14. tAR, tWCR, and tDHR are referenced to tRAD(MAX). 

•1MfW1» 
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KM44C256D CMOS DRAM 

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

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-11AS" 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. 

FEATURES 

• Part Identification 
- KM44C256D/D-L(5V) 

•Active Power Dissipation 
Unit·mw 

Speed Active Power Dissipation 

-6 385 
-7 358 
-8 330 

• Refresh cycles 

Part No. 
Refresh Refresh period 

Cycle Normal L 

KM44C256D 512 8ms 128ms 

• Performance range: 

Speed tRAC tCAC tRC tPC 
-6' 60ns 15ns 110ns 40ns 

-7 70ns 20ns 130ns 45ns 

-8 sons 20ns 150ns 50ns AO -AB 

• Fast Page Mode operation 
• CAS-before-11AS refresh capability 
• l1AS-only and Hidden refresh capability 
• TTL(SV) 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 

Control 
Clocks 

...---------,· . r: ~:: 
VBB Generator l:J 

Row Decoder 

Memory Array 
262,144 x 4 

Cells 

Column Decoder 

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 

OE DQO Vss 
DQ1 DQ3 DQO 1 0 20 Vss DQ2 

w DQ2 DQ1 2 19 DQ3 
Vss 

RAS 4 CAS w 3 18 DQ2 DQO 
N.C s OE RAS 4 17 CAS w 

N.C s 16 OE 
N.L • AO 6 1S AB 

AB A1 7 14 A7 

A7 A2 B 13 A6 A3 

A2 A6 A3 9 12 AS A4 
A3 AS Vee 10 11 A4 A6 

Vee A4 0 
AB 

Pin Name · Pin Function 

AO-AB Address Inputs 

DQ0-3 Data In/out 

Vss Ground 

RAS Row Address Strobe 

CAS Column Address Strobe 

w Read/Write Input 

OE Data Outputs Enable 

Vee Power{_+5.0Vl 
N.C No Connection 

NL No Lead 
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KM44C256D CMOS DRAM 

ABSOLUTE MAXIMUM RATINGS 

Voltage on any pin relative to Vss V1N1Vour -1 to +7.0 v 
Voltage on Vee supply relative to Vss Vee -1 to +7.0 v 
Storage temperature Tstg -55 to +150 oc 
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= o to 70 °C) 

Parameter Symbol Min Typ 
Supply voltage Vee 4.5 5.0 

Ground Vss 0 0 

Input high voltage V1H 2.4 -
. Input low voltage V1L -2.0·2 -
*1 : Vcc+2.0V at pulse width :$; 20ns (pulse width is measured at Vee) 

*2: -2.0V at pulse width:$; 20ns (pulse is measured at Vss) 

Max Vl'ltt· 

5.5 v 
0 v 

Vcc+f1 v 
0.8 v 

DC AND OPERATING CHARACTERISTICS (Recommended operating condition,s unless otherwise noted.) 

Parameter 
-;c ~ 

' 

M-.x ul111s·· Symbol .·Min·.~. 

Input leakage current (Any input O:$;V1N:$;Vcc+0.5V h(L) 
all other pins not under test=O volts.) 

-5 5 µA 

Output leakage current 
IO(L) -5 5 µA (Data out is disabled, OVs.VouT:$;Vcc) 

Output high voltage level(loH=-5mA) VoH 2.4 - v 
Output low voltage level(loL=4.2mA) VOL - '0.4 v 
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KM44C256D CMOS DRAM 

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

I Speed 
Max '.·.···., 

Symbc>I .• ....'.. ' Pc>wer ·' Uhits · 
KM44C2560 

-6 60 
lcc1 Don't care -7 55 

-8 50 

lcc2 Don't care Don't care 2 

-6 60 
ICC3 Don't care -7 55 

-8 50 

-6 50 
ICC4 Don't care -7 45 

-8 40 

Ices Normal Don't care 1 
L 100 

-6 60 
ICC6 Don't care -7 55 

-8 50 

lcc1 L Don't care 100 

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

lcc2 : Standby current ( RAS=CAS=W=V1H) 

lcc3*: RAS-only refresh. current (CAS=V1H, RAS ,Address cycling @tRC=min.) 

lcc4*: Fast Page Mode current (RAS=V1L, CAS, Address cycling @tPC=min.) 

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

lcc6* : GAS-before-RAS refresh current (RAS and CAS cycling @tRC=min.) 

lcc1 : Battery back-up current, Average power supply current, Battery back-up mode 

c 

mA 
mA 
mA 

mA 

mA 
mA 
mA 

mA 
mA 
mA 

mA 
µA 

mA 
mA 
mA 

µA 

Input high voltage(V1H)=Vcc-0.2V, Input low voltage(V1L)=0.2V, CAS=CAS-before-RAS cycling or 0.2V 

DIN=W=AO - A8= Vcc-0.2V or 0.2V, TRc= 125µs(L-ver), TRAS= TRAsmin-300 ns 

* NOTE : lcc1, lcc3, lcc4 and lcc6 are dependent on output loading and cycle rates. Specified values 
are obtained with the output open. Ice is specified as an average current. In lcc1, lcc3 
and lcc6. address can be changed maximum once while RAS=V1L. In lcc4, Address can be 
changed maximum once within one fast page mode cycle time tPC. 
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KM44C256D CMOS DRAM 

CAPACITANCE(TA=25°C,Vcc=5V, f=1 MHz) 

Parameter Symbol Min Max...:::....:.:.··· ~ Unlt~:i 
ln_Q_ut ca_Q_acitance lAO - A8l C1N1 - 6 _Q_F 

Input capacitance [RAS, CA'S, W,OEJ C1N2 - 7 pF 

Output capacitance [DQO-DQ3] Gour - 7 pF 

AC CHARACTERISTICS (0°C~TA~70°C, See note 1,2) 
Test condition : Vcc=5.0V±10%, VitNi1=2.4/0.8V, VohN01 =2.0/0.BV 

-6 -7 -8 
Note~ Parameter Symbol 

Min Max Min Max Min 
Units 

Max 

Random read or write cycle time tRC 110 130 150 ns 

Read-modify-write cycle time tRWC 155 175 195 ns 

Access time from l1AS 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 3,9 

CAS to output in Low-Z tCLZ 0 0 0 ns 3 

OutQ_ut buffer turn-off delcty_ tOFF 0 15 0 20 0 20 ns 6 

Transition time.(rise and fall) tT 3 50 3 50 3 50 ns 2 

RAS precharge time tRP 40 50 60 ns 

l1AS j>_ulse width tRAS 60 10K 70 10K 80 10K ns 

l1AS 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 

l1AS to CAS dela_y_ time tRCD 20 45 20 50 20 60 ns 4 

l1AS to column address dela_y_ time tRAD 15 30 15 35 15 40 ns 10 

CAS to RAS _Q_recha!'.9_e time tCRP 5 5 5 ns 

Row address set-u_E_ time tASR 0 0 0 ns 

Row address hold time tRAH 10 10 _1_Q_ ns 

Column address set-u_E_ time tASC 0 0 0 ns 

Column address hold time tCAH 15 15 15 ns 

Column addreS8 hold time referenced to l1AS tAR 50 55 60 ns 11 

Column address to l1AS lead time tRAL 30 35 40 ns 

Read command set-~ time tRCS 0 0 0 ns 

Read command hold time referenced to CAS tRCH 0 0 _Q_ ns 8 

Read command hold time referenced to l1AS tRRH 0 0 _Q_ ns 8 

Write command hold time tWCH 10 10 j_Q_ ns 

Write command hold time referenced to l1AS tWCR 45 50 _55_ ns 11 

Write command_QUlse width tWP 10 10 _1Q_ ns 

_Write__co._m_mandJQ_ l1AS leadJime J8WL t5_ 15 _15_ ns 

Write command to CAS lead time tCWL 15 15 15 ns 

1111HJ@• 
Cl CPl'DftlUlrC 
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KM44C256D CMOS DRAM 

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

~6 1 .. . ,.:~·"l : ;: 1'. 
I . .,,. 

'i.:i.. .•. ~.·~ .• \ '. f.~t{~ Parameter ··:S"mbol 1··Min:· M4t:>c: .:raa~·= '~··· 
'Nc>tes (llin: Ma . )C 

Data set-up time tDS 0 0 0 ns 9 

Data hold time tDH 15 15 15 ns 9 

Data hold time referenced to R'P~·s 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 

CA'S to W delay time tCWD 40 45 45 ns 7 

R'AS to W dela_y_ time tRWD 85 95 105 ns 7 

Column address to W dela1 time tAWD 55 60 65 ns 7 • CA'S _Qrecharg_e to W dela_y_ time tCPWD 60 65 70 ·ns 

CAS set-u_Q_ time _iCAS-before-RAS refreshl tCSR 5 5 5 ns 

CA'S hold time _(CA'S-before-RAS refreshl tCHR 15. 15 15 ns 

fiAS to CA'S prechar_g_e time tRPC 5 5 5 ns 

CA'S _Qrecharn_e time_iCBR counter test 91.clel tCPT 20 25 30 ns 

Access time from CA'S Qrechar_ge tCPA 35 35 40 ns 3 

Fast P<![e mode ~cle time tPC 40 45 50 ns 

Fast Pcm_e mode read-modify_-write QY.cle tim_E: tPRWC 80 85 90 ns 

CAS_Q_recharg_e timel_Fast_Qa_g_e ~clel tCP 10 10 10 ns 

fiAS_Qulse width_iFast_Q_a_g_e 91.claj_ tRASP 60 100K 70 100K 80 100K ns 

fiAS hold time from CA'S _Q_recharg_e tRHCP 40 45 50 ns 

OE access time tOEA 15 20 20 ns 

OE to data dela_y_ tOED 15 20 20 ns 

Ou:m_ut buffer turn off del<ri._tirne from LYE tOEZ 0 15 0 20 0 20 ns 

OE command hold time tOEH 15 20 20 ns 
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KM44C256D CMOS DRAM 

NOTES 

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

2. V1H(min) and V1L(max) are reference levels for measuring timing of input signals. Transition times are 
measu,red between V1H(min) and V1L(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 impedance for the duration of the cycle. If tCWD~ tCWD(min), 
tRWD~tRWP(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 aci::ess time is 
controlled by tAA. 

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

t11Hf Wi» 
ELECTRONICS 
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• KM41 C4000C 
KM41V4000C 

• KM41 C4002C 
• KM44C1 OOOC 

KM44V1000C 
• KM44C1002C 
• KM44C1003C 
• KM44C1004C 

KM44V1004C 
• KM44C1010C 

• KM48C512B 
KM48V5128 

• KM48C5148 
KM48V5148 

• KM49C5128 
• KM416C2568 

KM416V2568 
• KM416C2548 

KM416V2548 

• KM418C2568 

4MDRAM 





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, TSOP-11) 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 

• Part Identification 
- KM41 C4000C/CL(5V) 
- KM41 V4000C/CL(3.3V) 

• Fast Page Mode operation 
• CAS-before-RAS refresh capability 
•RAS-only and Hidden refresh capability 
•Self-refresh capability (3.3V,L-ver only) 
• Fast parallel test mode capability 
• TTL(5V)/LVTTL(3.3V) compatible inputs and outputs 

• Active Power Dissipation Unit:mW 

Speed 3.3V 5V 

-5 - 470 
-6 220 .. 415 
-7 200 360 
-8 180 305 

• Refresh cycles 

Refresh Refresh time 
Vee cycle Normal L 

C1000C sv 
V1000C 3.3V 

1K 16ms 128ms 

• Performance range: 

Speed tRAC tCAC tAC tPC Remark 
-5 50ns 13ns 90ns 35ns 5V Only 

-6 60ns 15ns 110ns 40ns 5V/3.3V 

-7 70ns 20ns 130ns 45ns 5V/3.3V 

-8 eons 20ns 150ns 50ns 5V/3.3V 

AAS 
CAS 

w 

AO -A10 

• Common 1/0 using early write 
• JEDEC Standard pinout 
•Available in Plastic SOJ, ZIP, TSOP(ll) packages 
•Single +5V±10% power supply(5V product) 
•Single +3.3V±0.3V power supply(3.3V product) 

FUNCTIONAL BLOCK DIAGRAM 

Control dI~: Clocks VBB G.enerator 

Refresh Timer Row Decoder 

Memory Array 
4,194,304 x 1 

Cells 

Column Decoder 

SAMSUNG ELECTRONIC CO. , LTD. reserves the right to 
change products and specifications without notice. 
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KM41C4000C, KM41V4000C CMOS DRAM 

PIN CONFIGURATION (Top Views) 

• KM41 CN4000CJ • KM41 CN4000CZ • KM41 CN4000CT 

D Vss 
A9 D 20 Vss 

w a a w 19 a 
RAS "CA'S Vss RAS 1B CA'S 

D 
N.C N.C 17 N.C 
A9 RAS 

A10 A10 1S A9 
N.C 

N.C 
AO 

A1 
AO AB A2 AO 1S AB 
A1 A7 A3 A1 14 A7 

Vee 
,A2 AS A4 A2 13 AS 
A3 AS AS 

AS A3 0 12 AS 
Vee A4 A7 Vee 11 A4 

AB 

• KM41 CN4000CTR 

Pin Name Pin Function : -;- ""'! 

'..:;. 

AO- A10 Address ln_Quts 
D Data In 

Vss 
0 

D 
a w 

"CA'S RAS 
a Data Out N.C N.C 

Vss Ground A9 A10 

RAS Row Address Strobe 
CAS Corumn Address Strobe 
w Read/Write ln~ut AB AO 

A7 A1 
N.C No Connection AS 0 A2 

Vee Power'{_+5.0VJ 
Power'{_+3.3Vl 

AS A3 
A4 Vee 

d"'ifi@• 
ELECTRONICS 
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KM41C4000C, KM41V4000C CMOS ·DRAM 

ABSOLUTE MAXIMUM RATINGS 

Parameter· ···symb&l:::,: Rating 
; 

; ;Unit$. 

......... ... _:. ... --'-~ 
·~·3V .sv . , .. 

Voltage on any pin relative to Vss VtN,Vour -0.5 to +4.6 -1 to +7.0 v 
Voltage on Vee supply relative to Vss Vee -0.5 to +4.6 -1 to +7.0 v 
Storage temperature Tstg -55 to +150 -55 to +150 oc 
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= o to 70 °C) 

3 •. 3;V ... ;. sv 
Parameter Symbol :.:::. .. 

Min .Typ 
o,o, 

J\tax.·· . ,MIJ'I Typ 
Supply voltage Vee 3.0 3.3 3.6 4.5 5.0 
Ground Vss 0 0 0 0 0 

Input high voltage VtH 2.0 - Vcc+o.3·1 2.4 -
Input low voltage V1J- -0.3 ·2 - 0.8 -1.0 •2 -

*1 : Vcc+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 atVss 

. ,U.,it' 
Max I· 

5.5 v 
0 v 

Vcc+(1 v 
0.8 v 

DC AND OPERATING CHARACTERISTICS (Rec,ommended operating conditions unless otherwise noted.) 
·; 

p41rameter 
..• . : •, ·:: . 

;~YIJl~r:· 
.. · .. ·t ·.· Min Max· · ·units ; ·, ..:.. .. • .,:,:;•:.:::._:. :·: ; --'-

Input leakage current (Any input OSV1NSVcc+0.3V ll(L) -5 5 µA 
, all other pins not under test=O volts.) 

3.3V 
Output leakage current IO(L) -5 5 µA .. 
(Data out is disabled, OVsVoursVcc) 

Output high voltage level{loH=-2mA) VoH 2.4 - v 
Output low voltage level(loL=2mA) VOL - 0.4 v 
Input leakage current (Any input OSV1NSVcc+0.5V ll(L) -5 5 µA 
all other pins not under test=O volts.) 

sv 
Output leakage current IO(L) -5 5 µA 
(Data out is disabled, OVSVoursVcc) 

Output high voltage level(loH=-5mA) 'VOH 2.4 - v 
Output low voltage level(loL=4.2mA) VOL - 0.4 v 

•111i'ifiliii» 
ELECTRONICS 
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KM41C4000C, KM41V4000C CMOS DRAM 

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

-5 

lcc1 Don't care -6 60 
-7 55 
-8 50 

lcc2 Don't care Don't care 

-5 

Ices Don't care -6 60 
-7 55 
-8 50 

-5 

ICC4 Don't care -6 45 
-7 40 
-8 35 

Normal Don't care 0.5 
Ices L 100 

-5 

Ices Don't care -6 60 
-7 55 
-8 50 

ICC7 L Don't care 200 

Ices L Don't care 150 

lcc1 *: Operating current (RA"S" and CAS cycling @tRC=min.) 

lcc2 : Standby current (RA"S"=CAS"=W=V1H ) 

Ices *: 'RAS"-only refresh current (CAS"=V1H, J1AS ,Address cycling @tRC=min.) 

lcc4 *:Fast Page Mode current (RA"S"=V1L, CA'S, Address cycling @tPC=min.) 

Ices : Standby current (RA"S"=CAS"=W=Vcc-0.2V) 

Ices *: CAS"-before-RA"S" refresh curre_nt (RA"S" and CAS cycling @tRC=min.) 

85 
75 
65 
55 

2 

85 
75 
65 
55 

65 
55 
45 
35 
1 

200 

85 
75 
65 
55 

300 

lcc1 : Battery back-up current, Average power supply current, Battery back-up mode 

Input high voltage(V1H)=Vcc-o.2v, Input low voltage(V1L)=0.2V, CAS"=0.2V 

DIN = Don't care, TRc= 125µs(L-ver), TRAS= TRAsmin-300 ns 

Ices : Self refresh current 

'RAS"=CAS=V1L, W=OE=AO - A10= D= Vcc-0.2Vor 0.2V 

~rtlt~ 
'~ ,, ~ 0 

mA 
mA 
mA 
mA 

mA 

mA 
mA 
mA 
mA 
mA 
mA 
mA 
mA 

mA 
µA 

mA 
mA 
mA 
mA 

µA 

µA 

*NOTE: lcc1, Ices, lcC4 and Ices are dependent on output loading and cycle rates. Specified values 
are obtained with the output open. Ice is specified as an average current. In lcc1, lcc3, 
and Ices. address can be changed maximum once while R"AS=V1L In lcc4, Address can be 
changed maximum once within one fast page mode cycle time tPC. 

11:!:1.HllU• 
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KM41C4000C, KM41V4000C CMOS DRAM 
CAPACITANCE(TA=25°C, Vcc=5V or 3.3V, f=1 MHz) 

Parameter Symbol Min Max Unit 

ln_Q_ut ca~acitance lDl CiN1 -
Input capacitance [AO - A10] CiN2 -
Input capacitance [RAS, CAS, W] CiN3 -
Output capacitance [Q] CouT -

AC CHARACTERISTICS (0°C~TA~70°C, See note 1,2) 
Test condition(5V device) : Vcc=5.0V±10%, VihNi1=2.4/0.8V, VohN01 =2.4/0.4V 
Test condition(3.3V device) : Vcc=3.3V±0.3V. VihNi1=2.0/0.8V, VohN01 =2.0/0.8V 

. 5'1 -6 -7 
Parameter Symbol 

LMin Max Min Max Min Max 

Random read or write cycle time tRC 90 110 130 

Read-modify-write cycle time tRWC 108 130 155 

Access time from RAS tRAC 50 60 70 

Access time from C.AS tCAC 13 15 20 

Access time from column address tAA 25 30 35 

C.AS to output in Low-Z tCLZ 0 0 0 

Output buffer turn-off del~ tOFF 0 13 0 15 0 20 

Transition time (rise and fall) tT 3 50 3 50 3 50 

RAS precharge time tRP 30 40 50 

RAS _Qulse width tRAS 50 10K 60 10K 70 10K 

RAS hold time tRSH 13 15 20 

C.AS hold time tCSH 50 60 70 

CAS pulse width tCAS 13 10K 15 10K 20 10K 

RAS to CAS dela_y_ time tRCD 20 35 20 45 20 50 

RAS to column address dela_y_ time tRAD 15 25 15 30 15 35 

C.AS to RAS prechar:g_e time tCRP 5 5 5 

Row address set-u_Q_ time tASR 0 0 0 

Row address hold time tRAH 10 10 10 

Column address set-u_Q_ time tASC 0 0 0 

Column address hold time tCAH 10 10 15 

Column address hold time referenced to RA_] tAR 40 45 55 

Column address to Ii.AS lead time tRAL 25 30 35 

Read command set-up time tRCS 0 0 0 

Read command hold time referenced to C.A"S tRCH 0 0 0 

Read command hold time referenced to RAS tRRH 0 0 0 

Write command hold time tWCH 10 10 15 

Write command hold time referenced to liAS tWCR 40 45 55 

Write command_Qulse width tWP 10 - 10 15 

Write command to 11.AS lead time tRWL 13 15 20 

Write command to CAS lead time tCWL 13 15 20 
Note) *1 : 5V only 

ttMfi:Wt> 
ELECTRONICS 

5 _QF 

5 pF 

7 pF 

7 pF 

-8 

Min Max 
Units Notes 

150 ns 

175 ns 

80 ns 3,4, 10 

20 ns 3,4,5 

40 ns 3,10 

0 ns 3 

0 20 ns 6 

3 50 ns 2 

60 ns 

80 10K ns 

20 ns 

80 ns 

20 10K ns 

20 60 ns 4 

1..5.. 40 ns 10 

5 ns 

0 ns 

_ill ns 

0 ns 

15 ns 

60 ns 15 

4Q_ ns 

0 ns 

Jl ns 8 

Jl ns 8 

_15_ ns 

..6.0. ns 15 

J.5. ns 

.20.. ns 

20 ns 
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KM41C4000C, KM41V4000C CMOS DRAM 

AC CHARACTERISTICS (0°C~TA90°C, See note 2) 
.... 

·· . . : 
--;:--;;;- :; ___ I :_ ~5"1 _: ·.· .. . 

Parameter\ Symbol 
-~ - 7. _::~~t'._:_ ;· 

.: 

Min ,IYfaic Min Max Mt9 Ma~ Mfot M•x· Units Notes 
..::. ·.·. _:_ :: ..::.. ;-·...:. .. 

Data set-up time tDS 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 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 

CAS to W dela_y_ time tCWD 13 15 20 20 ns 7 

RAS" to W del~ time tRWD 50 60 70 80 ns 7 

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

CAS _Qrechai:g_e to W dela_y time tCPWD 30 35 40 45 ns 

CA'S set-'!(:>_ time J__CAS-before-RAS" refreshl tCSR 10 . 10 10 10 ns 

CA'S" hold time _{_CAS-before-RAS refreshl tCHR 10 10 15 15 ns 

RAS to GAS _Qrechal]le time tRPC 5 5 5 5 ns 

CAS _Ql'echai:g_e timel_CBR" counter test ~clel tCPT 20 20 25 30 ns 

Access time from CAS _Qrecharg_e tCPA 30 35 40 45 ns 3 

Fast Pa_g_e mode 91._Cle time tPC 35 40 45 50 ns 

Fast Pa_g_e mode read-modih-':-write c_y_cle tim_§ tPRWC 53 60 70 75 ns 

CAS _Ql"echarge time _iFast_Q_a_g_e qclel tCP 10 10 10 10 ns 

RAS" _Q_ulse width _iFast_Q_Cill_e GY_clel tRASP 50 200K 60 200K 70 200K 80 200K ns 

R"AS hold time from CA'S _Qrechar:g_e tRHCP 30 35 40 45 ns 

Write command set-u_Q_time_(_Test mode inl tWTS 10 10 10 10 ns 

Write command hold timel_Test mode inl tWTH 10 10 10 10 ns 

W to R"AS_Ql"echar:g_e time_(_C-B-R refreshl tWRP 10 10 10 10 ns 

W to RAS" hold timel_C-B-R" refreshl tWRH 10 10 10 10 ns 

RAS" pulse widthl_C-B-R" self refrest}l tRASS 100 100 100 100 µs 14 

RAS _Qrechai:g_e time l_C-8-R" self refrest)l tRPS 90 110 130 150 ns 14 

ICAS hold time~self rAfrAsh) ltQJiS :5Q_ -50 -_50 :50 ns 14 
Note) *1 : SV only 
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KM41C4000C, KM41V4000C CMOS DRAM 

TEST MODE CYCLE 
(Note. 111 

I•······· 

.•. - .5"1 · ;;6 ·7 -8 
Parameter ~ymbot 

Uin 
Units Notes ·. -' Min .Uax Min Max Max ·Min 1Max 

Random read or write cycle time tRC 95 115 135 155 ns 

Read-modify-write cycle time tRWC 113 135 160 180 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 _Q_ulse 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 dela_y_time tCWD 18 20 25 25 ns L 

RAS to W dela_y time tRWD 55 65 75 85 ns L 
Column address to W del~time tAWD 30 35 40 45 ns "'l_ 

Fast Pag_e mode GY_cle time tPC 40 45 50 55 ns 

Fastp_ag_e mode read-modjfy:-write ~cle time tPRWC 58 65 75 80 ns 

RAS.e_ulse width1Fast_Q_crn_e GY_cle_l tRASP 55 200K 65 200K 75 200K 85 200K ns 

Access time form CAS J?!echar:g_e tCPA 35 40 45 50 ns ...3.. 
Note) *1 : 5V only 
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KM41C4000C, KM41V4000C CMOS DRAM 

NOTES 

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

2. V1H(min) and V1L(max) are reference levels for measuring timing of input signals. Transition times are 
measured between V1H(min) and V1L(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 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 
out pin 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 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) 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-v,er.) 

15. tAR , tWCR, tDHR are referenced to tRAD(max.). 
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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 0ffers 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-11) 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 
- KM41 C4002C 

• Active Power Dissipation 
Unit:mW 

Speed Active power dissipation 

-5 470 

-6 415 
-7 360 
-8 305 

• Refresh cycles 

Vee 
Refresh Refresh Period 

cycle 

C4002C 5V 1K 16ms 

• Performance range: 

Speed tRAC tCAC tRC tSC 

-5 50ns 13ns 90ns 30ns 

-6 60ns 15ns 110ns 35ns 

-7 70ns 20ns 130ns 40ns 

-8 80ns 20ns 150ns 45ns 

RAS 
cs 
w 

AO-A1Q 

• Static Column Mode operation 
•CS-before-RAS refresh capability 
•RAS-only and Hidden refresh capability 
•Fast parallel test mode capability 
• TTL compatible inputs and outputs 
• Ccmmon 1/0 using Early Write 
• JEDEC Standard pinout 
•Available in Plastic SOJ, ZIP, TSOP(ll) packages 
• Single +SV ± 10% power supply 

FUNCTIONAL BLOCK DIAGRAM 

Control 
Clocks 

.....------. x:: ~:: 
VBB Generator 1:-J 

Row Decoder 

Memory Array 
4, 194.304 x 1 

Cells 

Column Decoder 

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 C4002CJ • KM41 C4002CZ • KM41 C4002CT 

A9 
CS' D Vss D Vss 20 

w Q Q w 19 a 
RAS CS' RAS 1S cs 
N.C N.C N.C 17 N.C 

A10 A9 !=iAS 
A10 A10 16 A9 

N.C 
N.C 

A1 
AS A3 1S AS 

A1 A7 Vee A1 14 A7 
A2 A6 A4 A2 13 A6 
A3 AS AS 

A6 A3 0 12 AS 
Vee A4 Vee 11 A4 

A8 

• KM41 C4002CTR 

Pin Name Pin Function 
Vss 1 D 

Q 0 2 w 
CS" 3 RAS 

AO-A10 Address ln_Q_uts 
D Data In 

N.C 4 N.C a Data Out 
A9 s A10 Vss Ground 

RAS Row Address Strobe 

A8 6 AO 
A7 7 A1 

cs Chip select in_.E.ut 
w Read/Write Input 

A6 0 8 A2 
AS 9 A3 
A4 10 Vee 

N.C No Connection 
Vee Powetl_+5.0Vl 

t1Mf1ihi» 
ELECTRONICS 

54 



KM41 C4002.C CMOS DRAM 

ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol Rating Units 

Voltage on any pin relative to Vss V1N,VOUT -1 to +7.0 v 
Voltage on Vee supply relative to Vss Vee -1 to +7.0 v 
Storage temperature ' Tstg -55 to +150 oc 
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= o to 70 °C) 

Parameter Symbol Min 

Supply voltage Vee 4.5 

Ground Vss 0 

Input high voltage V1H 2.4 

Input low voltage V1L -1.0 •2 

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

*2: -2.0V/20ns(5V),Pulse width is measured atVss 

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

Typ Max Unit 

5.0 5.5 v 
0 0 v 
- Vec+1.0 •1 v 
- 0.8 v 

Parameter Symbol Min Max Units 

Input leakage current (Any input O:s;;V1N:s;;Vcc+0.5V ll(L) -5 5 µA 
all other pins not under test=O volts.) 

Output leakage current IO(L) -5 5 µA 
(Data out is disabled, OV:s;;VouT:s;;Vcc) 

Output high voltage level(loH=-5mA) VoH 2.4 - v 
Output low voltage level(loL=4.2mA) VOL - 0.4 v 

tl:!:i: H@» 
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KM41C4002C CMOS DRAM 

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

Symbol Power Speed 

-5 

lcc1 Don't care -6 
-7 
-8 

lcc2 Normal Don't care 

-5 

ICC3 Don't care -6 
-7 
-8 

-5 

ICC4 Don't care -6 
-7 
-8 

Ices Normal Don't care 

-5 

ICC6 Don't care -6 
-7 
-8 

lcc1 *: Operating current (RAS and CS cycling @tRC=min.) 

lcc2 : Standby current (RAS=CS=W=V1H) 

Max 

KM41C4002C 

85 
75 
65 
55 

2 

85 
75 
65 
55 

65 
55 
45 
35 

1 

85 
75 
65 
55 

lcc3 *: RAS-only refresh current (CS=V1H, RAS ,Address cycling @tRC=min.) 

fcc4 *:Static column Mode current (RAS=V1L, CS, Address cycling @tSC=min.) 

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

lcc6 *: CS-before-RAS refresh current (RAS and CS cycling @tRC=min.) 

Unit$ 

mA 
mA 
mA 
mA 

mA 

mA 
mA 
mA 
mA 
mA 
mA 
mA 
mA 

mA 

mA 
mA 
mA 
mA 

* NOTE : lcc1, lcc3, lcc4 and Ices are dependent on output loading and cycle rates. Specified values 
are obtained with the output open. Ice is specified as an average current. In lcc1, lcc3, 
and Ices, address can be changed maximum once while RAS=V1L. In lcc4, address can be 
changed maximum once during a Static Column mode cycle time tSC. 
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KM41C4002C 

CAPACITANCE(TA=25°C,Vcc=5V, f=1MHz) 

Parameter Symbol Min 

ln_Q_ut ca_Q_acitance lDl C1N1 -

Input capacitance [AO - A 1 O] C1N2 -
Input capacitance [RAS, CS, W] CtN3 -
Output Capacitance [Q] Coa -

AC CHARACTERISTICS (0°C:::;TA:::;7Q°C, Vcc=5.0V±10%, See note 1,2) 
Test condition : Vcc=5.0V±10%, Vih/Vn=2.4/0.8V, VohN01 =2.4/0.4V 

-5 -6 
Parameter Symbol 

Min Max Min Max 

Random read or write cycle time tRC 90 110 

Read-modify-write cycle time tRWC 108 130 

Access time from RAS tRAC 50 60 

Access time from CS tCAC 13 15 

Access time from column address tAA 25 30 

Access time from last write tALW 50 55 

CS to ou~ut in Low-Z tCLZ 0 0 

Output buffer turn-off delay from CS tOFF 0 13 0 15 

Transition time (rise and fall) tT 3 50 3 50 

RAS _Q_rechal'Q_e time tRP 30 40 

RAS _Q_ulse width tRAS 50 10K 60 10K 

RAS hold time tRSH 13 15 

CS hold time tCSH 50 60 

CS _Qulse width tCS 13 10K 15 10K 

RAS to CS dela..Y.. time tRCD 20 37 20 45 

RAS to column address del~ time tRAD 15 25 15 30 

CS to RAS" _Q_rechar:g_e time tCRP 5 5 

Row address set-l!.Q. time tASR 0 0 

Row address hold time tRAH 10 10 

Column address set-im_ time tASC 0 0 

C~umnaddressh~dtime tCAH 10 10 

Column address hold time referenced to RAS tAR 40 45 

Column address to RAS lead time tRAL 25 30 

Read command set-u...Q.time tRCS 0 0 

Read command hold time referenced to CS tRCH 0 0 

Read command hold time referenced to RAS tRRH 0 0 

Write command hold time tWCH 10 15 

Write command hold time referenced to RAS tWCR 40 45 

Write command...Q.ulse width tWP 10 15 

CMOS DRAM 

Max Unit 

5 _Q_F 

5 pF 

7 pF 

7 pF 

-7 -8 

Min Max Min Max 
Units Notes 

130 150 ns 

150 170 ns 

70 80 ns 3,4, 10 

20 20 ns 3,4,5 

35 40 ns 3,10 

65 75 ns 3 

0 0 ns 6 

0 20 0 20 ns 2 

3 50 3 50 ns 

50 60 ns 

70 10K 80 10K ns 

20 20 ns 

70 80 ns 

20 10K 20 10K ns 

20 50 _2Q_ 60 ns 4 

15 35 15 40 ns 10 

5 5 ns 

0 _Q_ ns 

10 10 ns 

0 0 ns 

15 15 ns 

55 6Q_ ns 13 

35 40 ns 

0 _Q_ ns 

0 Jl. ns 8 

0 Jl ns 8 

15 15 ns 

55 _fiQ_ ns 13 

15 __15_ ns 

I Write w.._to_~ lead time tRWL _15_ _15_ 2Q_ _2Q_ ns 

Write command to CS lead time tCWL 13 15 20 20.. ns 

.Ila.ta_ coot..un_ timo _IDS_ _Q_ _O ....0. -0- ' ...ns_ _g_ 
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KM41.C4002C CMOS DRAM 

AC CHARACTERISTICS (0°C~TA~?o0c, See note 1, 2) 

. -5 -6 -7. -8 
Parameter S~mbol Min Niax Min Max Min Max Min . Max Units Notes 

·_;_ 
·. 

Data hold time · tDH 10 10 15 15 ns 9 

Data hold time referenced to RAS tDHR 40 45 55 60 ns 12 

Refresh _E_eriod(1024c_y_cles) tREF 16 16 16 16 ms 

Write command set-up time tWCS .o 0 0 0 ns 7 

CS to W dela_y_ time tCWD 13 15 15 15 ns 7 

RAS to W delC!Y_ time tRWD 50 60 70 80 ns 7 

Column address to W del~ time tAWD 25 30 35 40 ns 7 

CAS _Q_rechar:g_e to W delC!Y_ time tCPWD 30 35 40 45 ns 

CS set-1!.Q_timelCS-before-RAS refreshl tCSR 10 10 10 10 ns 

CS hold time iCS-before-RAS refreshl tCHR 10 10 10 10 ns 

RAS to CS _Q_recharge time tRPC 5 5 5 5 ns 

CS _m-echarg_e timel_C-B-R counter test c_y_clei tCPT 20 20 25 30 ns 

Static Column mode ~cle time tSC 30 35 40 45 ns 

Static Column mode read"modifiwrite ~le time tSRWC 53 65 75 85 75 ns 

Access time from last write tALW 50 55 65 ns 3,11 

OutQ_ut data hold time from column address tAOH 5 5 5 5 55 ns 

OutQ_ut data enable time from W tOW 35 40 45 ns 

OutQ_ut data hold time from W tWOH 0 0 0 0 ns 

CS ~echarn_e time _(_Static Column GY_clel tCP 10 10 10 10 100K- ns 

RAS Q1Jlse width_{_Static Column Q'Lclel tRASC 50 too_K 60 100K 70 100K 80 10K ns 

CS ..Q..Ulth widthJ_Static Column Q'LClel 'tcsc 13 10K 15 10K 20 10K 20 ns 

Column address hold time referenci!_d to 11AS' risil}g_ tAH 5 5 5 5 40 ns 

Last write to column address dela_y_ time tLWAD 20 25. 20 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 

~te command set-uJttime_LTest mode inl tWTS 10 10 10 10 ns 

Write command hold timelTest mode ·in}_ tWTH 10 10 10 10 ns 

W to RAS' orecharg_e time_LC-:S-R refresh~ tWRP 10· 10 10 10 ns 

lW_to_ RA"Sllold_ time(C ::B:R refresh) tWRH _1Q_ _10_ _1Q_ _1Q_ ns 
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KM41C4002C CMOS DRAM 

TEST MODE CYCLE 
(Note. 12) 

-s -6 .7 -8 
Parameter Symbol Units Notes 

Min Max Min Max Min Max Min Max 

Random read or write cycle time tRC 95 115 135 155 ns 

Read-modify-write cycle time tRWC 113 135 155 175 ns 

Access time from RAS" tRAC 55 65 75 85 ns 3,4,10 
Access time from CS tCAC 18 20 25 25 ns 3 4,_5 
Access time from column address tAA 30 35 40 45 ns 310 
RAS" _Q..ulse width tRAS 55 10K 65 10K 75 10K 85 10K ns 

CS ..e._ulse 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 del~ time tCWD 18 20 20 20 ns J_ 

RAS" to W delc:rt time tRWD 55 65 75 85 ns J_ 

Column address to W del~time tAWD 30 35 40 45 11$ J_ 

Static Column mode qy_cle time tSC 35 40 45 50 ns 

Static Column mode read-mod!h'::write ~cle time tSRW__gj 58 70 80 90 ns 

RAS°_Qulse widthiStatic Column qy_clel tRASC 55 100K 65 100K 75 100K 85 100K ns 

Access time form last write tALW 55 65 75 85 ns ..3..1i 

CS' p_ulse width{static column cyclel tCSC 18 100K 20 100K 25 100K 25 100K ns 
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KM41C4002C CMOS DRAM 

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

device operation is achieved. 
2. V1H(min) and V1L(max) are reference levels for measuring timing of input signals. Transition times are 

measured between V1H(min) and VIL( max) and are assumed to be Sns 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 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. 
1 o. 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. 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. 

12. These specifications are applied in the test mode. 
13. tAR , tWCR , tDHR are referenced to tRAD(max). 
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KM44C1000C, KM44V1000C CMOS DRAM 

1 M 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 (.f.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-11) 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 1 Mx4 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 
- KM44C1 OOOC/CL(5V) 
- KM44V1 OOOC/CL(3.3V) 

• Active Power Dissipation Unit:mW 

speed 3.3V SV 

-5 - 470 
-6 220 .. 415 
-7 200 360 
-8 180 305 

• Refresh cycles 

Vee Refresh Refresh time 
cycte· Norrilat L-'.. 

C1000C 5V 
1K 16ms 128ms 

V1000C 3.3V 

• Performance range: 

Speed tRAC tCAG tRC tPC cRetnad< 
-5 50ns 13ns 90ns 35ns 5V0nly 

-6 60ns 15ns 110ns 40ns 5V/3.3V 

-7 70ns 20ns 130ns 45ns 5V/3.3V 

-8 aons 20ns 150ns 50ns 5V/3.3V 

AO-A9 

• Fast Page Mode operation 
• CAS~before-RAS" refresh capability 
• RAS"-only and Hidden refresh capability 
•Self-refresh capability (3.3V,L-ver only) 
• Fast parallel test mode capability 
• TTL(5V)/L VTTL(3.3V) compatible inputs and outputs 
• Early Write or output enable controlled write 
• JEDEC Standard pinout -
•Available in Plastic SOJ, ZIP, DIP,TSOP(ll) packages 
•Single +5V±10% power supply(5V product) 
•Single +3.3V±0.3V power supply(3.3V product) 

FUNCTIONAL BLOCK DIAGRAM 

Control 
Clocks 

..---------,. s: ~:: 
VBB Generator l:J 

Row Decoder 

Memory Array 
1,048,576 x 4 

Cells 

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) 

• KM44CN1 OOOCP • KM44CN1 OOOCJ • KM44CN1 OOOCZ 

Vss OE 
003 oao Vss 

002 
~ 

001 003 003 002 w 002 Vss 
RAS 4 ~ RAS ~ 001 

ooo 

OE A9 OE w 
A9 RAS 
AO A8 AO 

A9 

A7 A2 
A1 

AO A8 A3 
A2 A6 A1 A7 Vee 

A3 A5 A2 A6 A5 7 
A4 

A4 
A3 A5 A6 

Vee Vee A4 A7 
AS 

• KM44CN1 OOOCT • KM44CN1 OOOCTR 

ooo 1 0 20 Vss Vss 
0 

oao 
001 2 19 003 003 001 

w 3 18 002 002 w 
RAS 4 17 CA'S CA'S RAS 

A9 5 16 rn: rn: A9 

AO 6 15 A8 AO 
A1 7 14 A7 A1 
A2 8 13 A6 0 A2 

A3 9 0 12 A5 A3 
Vee 0 11 A4 Vee 

:r~1li~iR~~; V,"z!;ii~~~!N:!iJ1ffl~~:~(l~tfl~"'. 
AO - A9 Address Inputs 
DQO -3 Data In/Out 
Vss Ground 

Row Address Strobe 
Column Address Strobe 

w Read/Write Input 
Data Outputs Enable 

Vee 
Power(+5.0V) 
Power +3.3V 
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KM44C1 OOOC, KM44V1 OOOC ·cMOS DRAM 

ABSOLUTE MAXIMUM RATINGS 

Rating Units 
Parameter· Symbol 

3.3V sv 
Voltage on any pin relative to Vss V1N,Vour -0.5 to +4.6 -1 to +7.0 v 
Voltage on Vee supply relative to Vss Vee -0.5 to +4.6 -1 to +7.0 v 
Storage temperature Tstg -55 to +150 -55 to +150 oc 
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) 

.. 
3.3V sv 

Parameter Symbol 
Min Typ Max Min Typ 

Supply voltage Vee 3.0 3.3 3.6 4.5 5.0 

Ground Vss 0 0 0 0 0 

Input high voltage V1H 2.0 - Vcc+o.3*1 2.4 -
Input low voltage V1L -0.3 •2 0.8 -1.0 •2 -

*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 atVss 

Unit 
Max 

5.5 v 
0 v 

Vcc+1.0·1 v 
0.8 v 

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

Parameter Symbol Min Max Units 

Input leakage current (Any input ll(l) 
o::;;V1N::;;Vcc+0.3V, all other pins not under test=O volts.) 

-5 5 µA 

3.3V 
Output leakage current IO(l) -5 5 µA 
(Data out is disabled, OV::;;Vour-5.Vcc) 

Output high voltage level(loH=-2mA) VoH 2.4 - v 
Output low voltage level(lol=2mA) Vol - 0.4 v 
Input leakage current (Any. input O::;;V1N::;;Vcc+0.5V ll(l) -5 5 µA 
all other pins not under test=O volts.) 

sv 
Output leakage current IO(l) -5 5 µA (Data out is disabled, OV-5.Vour::;;Vcc) 

Output high voltage level(loH=-5mA) VOH 2.4 - v 
Output low voltage level(lol=4.2mA) Vol - 0.4 v 

t'Mifiiiii» 
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KM44C1000C, KM44V1000C CMOS DRAM 

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

lcc1 Don't care 

lcc2 Don't care 

ICC3 Don't care 

ICC4 Don't care 

Normal 
Ices L 

Ices Don't care 

ICC7 L 

Ices L 

-5 
-6 
-7 
-8 

Don't care 

-5 
-6 
-7 
-8 

-5 
-6 
-7 
-8 

Don't care 

-5 
-6 
-7 
-8 

Don't care 

Don't care 

60 
55 
50 

60 
55 
50 

45 
40 
35 

0.5 
100 

60 
55 
50 

200 

150 

lcc1 *: Operating current (l1AS and CAS eye.ting @tRC=min.) 

lcc2 : Standby current (l1AS=CAS=W=V1H ) 

lcc3 *: RAS-only refresh current (CAS=V1H, RAS ,Address cycling @tRC=min.) 

lcC4 *:Fast Page Mode current (RAS=V1L, CAS, Address cycling @tPC=min.) 

Ices : Standby current (l1AS=CAS=W=Vcc-0.2V) 

Ices*: CA'S-before-l1AS refresh current (RAS and CAS cycling @tRC=min.) 

85 
75 
65 
55 

2 

85 
75 
65 
55 

65 
55 
45 
35 
1 

200 

85 
75 
65 
55 

300 

lcc1 : Battery back-up current, Average power supply current, Battery back-up mode 

Input high voltage(V1H)=Vcc-o.2v, Input low voltage(V1L)=0.2V, CAS=0.2V 

DQo-3 =Don't care, TRc= 125µs(L-ver) ,TRAS=TRAsmin-300 ns 

Ices : Self refresh current 

°RAS=CAS=VIL, W=0E=A0-A9= Vcc-0.2V or 0.2V, 

DQO - 003= Vcc-0.2V, 0.2V or OPEN 

mA 
mA 
mA 
mA 

mA 

mA 
mA 
mA 
mA 
mA 
mA 
mA 
·mA 

mA 
µA 

mA 
mA 
mA 
mA 

µA 

µA 

* NOTE : lcc1, lcc3, lcC4 and Ices are dependent on output loading and cycle rates .. Specified values 
are obtained with the output open. Ice is specified as an average current. In lcc1. lcc3 
and Ices. address can be changed maximum once while RAS=V1L In lcc4, address can be 
changed maximum once within one fast page mode cycle time tPC. 
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KM44C1000C, KM44V1000C CMOS DRAM 

CAPACITANCE(TA=25°C,Vcc=5Vor 3.3V, f=1MHz) 

Parameter Symbol Min Max Unit 

ln_Q_ut caRacitance lAO - A9J C1N1 -
Input capacitance [RAS, CAS, W, OE] C1N2 -
Output capacitance [DQO - 003] Coo -

AC CHARACTERISTICS (0°C~TA~70°C, See note 1,2) 
Test condition(SV device) : Vcc=5.0V±10%, WnNi1=2.4/0.8V, VohN01 =2.4/0.4V 
Test condition(3.3V device): Vcc=3.3V±0.3V, VihNn=2.0/0.8V, VohN01 =2.0/0.8V 

I -5 *1 -6 -7 
Parameter Symbol 

Min Max Min Max Min Max 

Random read or write cycle time tRC 90 110 130 

Read-modify-write cycle time tRWC 133 155 185 

Access time from RAS tRAC 50 60 70 

Access time from GAS tCAC 13 15 20 

Access time from column address tAA 25 30 35 

CA"S to output in Low-Z tCLZ 0 0 0 

Ou~ut buffer turn-off del~ tOFF 0 13 0 15 0 20 

Transition time (rise and fall) tT 3 50 3 50 3 50 

RA"S precharge time tRP 30 40 50 

RA"S _Q_ulse width tRAS 50 10K 60 10K 70 10K 

RA"S hold time tRSH 13 15 20 

CA"S hold time tCSH 50 60 70 

CA"S pulse width tCAS 13 10K 15 10K 20 10K 

RAS to GAS dela_y_ time .tRCD 20 37 20 45 20 50 

RA"S to column address del<!'Ltime ..1BAQ. 15 25 15 30 15 35 

CA"S to RA"S _Qrechar-g_e time tCRP 5 5 5 

Row address set-UR time tASR 0 0 0 

Row address hold time tRAH 10 10 10 
Column address set-u_Q time tASC 0 0 0 

Column address hold time _iCAH 10 10 15 

Column address hold time referenced to RAS _!_AR 40 45 55 

Column address to RAS lead time J8AL 25 30 35 

Read command set-!!e_ time tRCS 0 0 0 

Read command hold time referenced to GAS ...t8cJi 0 0 0 

Read command hold time referenced to RAS -1BBH 0 0 0 
Write command hold time ..tWC.l:i 10 10 15 
Write command hold time referenced to RAS tWCR 40 45 55 
Write command_g_ulse width _tWe_ 10 10 15 
Write command to RAS" lead tim tRWL 15 15 20 
Write command to GAS lead time tCWL 13 15 20 
Note) *1 : 5V only 

•1Mfiliii" ELECTRONICS 

5 _Q_F 

7 pF 

7 pF 

-8 

Min Max 
Units Notes 

150 ns 

205 ns 

80 ns 3,4,10 

20 ns 3,4,5 

40 ns 3,10 

0 ns 3 

0 20 ns 6 

3 50 ns 2 

60 ns 

80 10K ns 

20 ns 

_80 ns 

20 10K ns 

..2.0.. 60 ns 4 

.15_ 40 ns 10 

5 ns 

0 ns 

_.1Q_ ns 

0 ns 

1_5_ ns 

_00_ ns 15 

AO_ ns 

0 ns 

_a_ ns 8 

_a_ ns 

-1.5_ ns 

Jill.. ns 15 

-1.5_ ns 

20 ns 

_2Q_ ns 
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KM44C1 OOOC, KM44V1 OOOC CMOS DRAM 

AC CHARACTERISTICS (0°C::;TA::;?o0 c, See note 2) 

:; Ti' 

:::5·1 -6 ·7 -8 
P~rarnetdr Symbol 

Min Max Min Max. Min Max Min Max 
Units Notes 

Data set-up time tDS 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 15 

Refresh period(Normal) tREF 16 16 16 16 ms 

Refresh period(L-ver) tREF 128 128 128 0 128 ms 

Write command set-up time tWCS 0 0 0 50 ns 7 

CA'S to W dela_y_ time tCWD 36 40 50 110 ns 7 

RAS to W delC!Y_ time tRWD 73 85 100 70 ns 7 

Column address to W dela_y_ time tAWD 48 55 65 75 ns 7 

CA'S _Q_recharg_e to W dela_y_ time tCPWD 53 60 70 10 ns 

CAS set-l!Q_ time _(_GAS-before-RAS refreshl tCSR 10 10 10 15 ns 

CA'S hold time lCAS-before-RAS refreshl tCHR 10 10 15 5 ns 

RAS to CA'S _Q_rechai:g_e time tRPC 5 5 5 30 ns 

GAS _Q_rechai:g_e time_(_C8R counter test cy_clel tCPT 20 20 25 ns 

Access time from CA'S _prechar~e tCPA 30 35 40 50 45 ns 3 

Fast Pa_g_e mode cy_cle time tPC 35 40 45 105 ns 

Fast Pa_g_e mode read-modify:-write cycle tim~ tPRWC 76 85 100 10 ns 

CAS precham_e time l_Fast_Q_C!Q_e cycle) tCP 10 10 10 80 ns 

RAS_Q_ulse width_(Fast_Q_C!Q_e ~clel tRASP 50 200K 60 200K 70 200K 45 200K ns 

RAS hold time from CA'S _Qrecharn_e tRHCP 30 35 40 ns 

OE access time tOEA 13 _1_5_ 20 20 20 ns 

OE to data dela_y_ tOED 13 15 20 0 ns 

Out..Q.ut buffer turn off dela_y_ time from OE tOEZ 0 13 0 _15_ 0 20 20 20 ns 

OE command hold time tOEH 13 15 20 10 ns 

Write command set-u_Q_timel_Test mode in) tWTS 10 10 10 10 ns 

Write command hold time_{.Test mode inl tWTH 10 10 10 10 ns 

W to RA'S" .Qrecham_e time_{.C"8-R refreshl tWRP 10 10 10 10 ns 

W to RA'S" hold timelC-8-R refreshl tWRH 10 10 10 100 ns 

IRAS oulse widthfC':-a-B self refresh) tBASS 100 LJ..QQ_ l1QQ_ j_5__Q_ us _14 

RAS...Qfecham_ejjmelC-8-R self refresh_)_ tRPS 90 110 130 -50 ns 14 

I CA'S ..b.QJ.d Jirn.e..K:..B.: selt_mfresh) tCJ:::f.S_ :fill :fill :fill ns 14_ 

Note) *1 : 5V only 
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KM44C1 OOOC, KM44V1 OOOC CMOS DRAM 

TEST MODE CYCLE 
(Note. 11) 

.5·1 -6 ·7 ·8 i 

Parameter Symbo1 Units Notes 
Min Max Min Max Min Max Min Max 

Random read or write cycle time tRC 95 115 135 155 ns 

Read-modify-write cycle time 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 3 4,_5 

Access time from column address tAA 30 35 40 45 ns 310 
RAS _Q_ulse width tRAS 55 10K 65 10K 75 10K 85 10K ns 

CAS" ..e.ulse width tCAS 18 10K 20 10K 25 10K 25 10K ns 

RAS" hold time tRSH 18 20 25 25 ns • CA'S" hold time tCSH 55 65 75 85 ns 

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

CAS" to W dela_y_ time tCWD 41 45 55 55 ns L 

RAS" to W dela_y_ time tRWD 78 90 105 115 ns L 

Column address to W dela_y_time tAWD 53 60 70 75 ns .1 
Fast Pa_ge mode G'LCle time tPC 40 45 50 55 ns 

Fast_Q_a_g_e mode read-modi!Y:-write c_y_cle time tPRWC 81 90 105 110 ns 

RAS"_Q_ulse width_f.Fast_Q_a_g_e QY.clel tRASP 55 200K 65 200K 75 200K 85 200K ns 

Access time form CAS" _Qrecham_e tCPA 35 40 45 50 ns _3_ 

L>E access time tOEA 20 20 25 25 ns 

L>E to data delcrL tOED 18 20 25 25 ns 

L>E command hold time tOEH 18 20 25 25 ns 

Note) *1 : 5V only 
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KM44C1 OOOC, KM44V1 OOOC CMOS DRAM 

NOTES 

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

2. V1H(min) and V1L(max) are reference levels for measuring timing of input signals. Transition times are 
measured between V1H(min) and V1L(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 tlie 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 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), tRWD2tRWD(min) 
and tAWD2 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). 
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KM44C1002C CMOS DRAM 

1 M 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-11) are optional features of this family. 
All of this family have CS-before-RAS Refresh, RAS-only refresh and Hidden Refresh capabilities. 
This 1 Mx4 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 Identification 
- KM44C 1002C 

• Static Column Mode operation 
•CS-before-RAS refresh capability 

• Active Power Dissipation 
Unit:mW 

Speed Active power dissipation 

-5 470 

-6 415 
-7 360 
-8 305 

• Refresh cycles 
,-

.Refresh Vee 
cycle. 

Refresh Period 

C1002C 5V 1K 16ms 

• Performance range: 

Speed, tRAC tCAC tRC tSC 

-5 50ns 13ns 90ns 30ns 

-6 60ns 15ns 110ns 35ns 

-7 70ns 20ns 130ns 40ns 

I -8 I 80ns 
I 

20ns 150ns 45ns 

liAS 
cs 
w 

AO-A9 

• 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 
•Available in Plastic SOJ, ZIP, DIP,TSOP(ll) packages 
•Single +5V±10% power supply 

FUNCTIONAL BLOCK DIAGRAM 

Control ~~: Clocks VBB Generator 

Refresh Timer Row Decoder 

Memory Array DQO 
to 1,048,576 x 4 

Cells DQ3 

Column Decoder 

SAMSUNG ELECTRONIC CO. LTD. reserves the right to 
change products and specifications without notice. 
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KM44C1002C CMOS DRAM 

PIN CONFIGURATION (Top Views) 

• KM44C1002CP 

Vss 

003 

002 

cs 
DE 

AB 

A7 

A6 

A5 

A4 

000 
001 

w 
RAS 

A9 

A1 
A2 
A3 

Vee 

• KM44C1002CT 

000 20 Vss 
001 19 003 

w 1B 002 
RAS 17 cs 

A9 16 DE 

AO 15 AB 
A1 14 A7 
A2 13 A6 
A3 0 12 A5 

Vee 11 A4 

Pin Name 
AO-A9 
w 
RAS 
cs 
DQO/DQ3 
OE 
Vee 
Vss 

t!:IMJiiii» 
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• KM44C1002CJ • KM44C1002CZ 

Vss 
003 
002 
cs 
DE 

AB A2 

A7 
A6 
A5 
A4 A7 

AB 

• KM44C1002CTR 

Vss 
0 

000 
003 001 
002 w 
cs RAS 
DE A9 

AB AO 
A7 A1 
A6 0 A2 
A5 12 A3 
A4 Vee 

Pin Function 
Address Inputs 
Read/Write in_gut 
Row Address Strobe 
ChiQ_ Select ln_Q_ut 
Data In/Out 
Data Ou!Q_uts Enable 
Power{+5.0V_l 
Ground 
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KM44C1002C CMOS DRAM 

ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol Rating Units 

Voltage on any pin relative to Vss V1N,VouT -1 to +7.0 v 
Voltage on Vee supply relative to Vss Vee -1 to +7.0 v 
Storage temperature Tstg -55 to +150 oc 
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= o to 70 °C) 

Parameter Symbol Min 

Supply voltage Vee 4.5 

Ground Vss 0 

Input high voltage V1H 2.4 

Input low voltage V1L -1.0·2 

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

*2: -2.0V/20ns(5V),Pulse width is measured atVss 

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

Parameter 

Input leakage current (Any input 0'5.V1N'5.Vcc+0.5V 
all other pins not under test=O volts.) 

Output leakage current 
(Data out is disabled, OV'5.VouT'5.Vcc) 

Output high voltage level(loH=-5mA) 

Output low voltage level(loL=4.2mA) 

•1:Ji': f1I iii> 
ELECTRONICS 

Typ Max Unit 

5.0 5.5 v 
0 0 v 
- Vcc+1.0·1 v 
- 0.8 v 

Symbol Min Max Units 

h(L) -5 5 µA 

IO(L) -5 5 µA 

VoH 2.4 - v 
VOL - 0.4 v 
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KM44C1002C CMOS DRAM· 

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

-5 

lce1 Don't care 
-6 
-7 
-8 

lce2 Normal Don't care 

-5 

lce3 Don't care 
-6 
-7 
-8 

-5 

lce4 Don't care -6 
-7 
-8 

Ices Normal Don't care 

-5 

Ices Don't care 
-6 
-7 
-8 

lcc1 *: Operating current (RAS and CS cycling @tRC=min.) 

lcc2: Standby current (RAS=CS=W=V1H) 

85 
75 
65 
55 

2 

85 
75 
65 
55 

65 
55 
45 
35 

85 
75 
65 
55 

lcc3 *: RAS-only refresh current (CS=V1H, RAS ,Address cycling @tRC=min.) 

lcc4 *: Static Column Mode current (RAS=V1L, CS, Address cycling @tSC=min.) 

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

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

mA 
mA 
mA 
mA 

mA 

mA 
mA 
mA 
mA 
mA 
mA 
mA 
mA 

mA 

mA, 
mA 
mA 
mA 

* NOTE : lcc1, lcc3, lcc4 and Ices are dependent on output loading and cycle rates. Specified values 
are obtained with the output open. Ice is specified as an average current. In lcc1 , lcc3 
and Ices. address can be changed maxi.mum onqe while ~=VIL In lce4, address can be 
changed maximum once within one Static Column mode cycle time tSC. 
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KM44C1002~ 

CAPACITANCE(TA=25°C,Vcc=5V, f=1MHz) 

Parameter Symbol Min 

Input ca_Qacitance lAO - A9J CiN1 -
Input capacitance [RAS, CS, W, OE] C1N2 -
Output Capacitance [DQO - 003] Coo -

AC CHARACTERISTICS (0°C:::TA~70°C, Vcc=5.0V±10%, See note 1,2) 
Test condition : Vcc=5.0V±10%, VihNi1=2.4/0.8V, VohN01 =2.4/0.4V 

-5 
c • 6 

Parameter Symbol 
Min Max Min Max 

Random read or write cycle time tRC 90 110 

Read-modify-write cycle time tRWC 133 155 

Access time from RAS" tRAC 50 60 

Access time from CS" tCAC 13 15 

Access time from column address tAA 25 30 

c"S to output in Low-Z tCLZ 0 0 

Ou!.e_ut buffer turn-off delay from CS tOFF 0 13 0 15 

Transition time (rise and fall) tT 3 50 3 50 

RAS precharge time tRP 30 40 

RAS-_Q_ulse width tRAS 50 10K 60 10K 

RAS hold time tRSH 13 15 

CS hold time tCSH 50 60 

CS pulse width tCS 13 10K 15 10K 

RAS to CS dela_y time tRCD 20 37 20 45 

RAS" to column address dela_y_ time tRAD 15 25 15 30 

CS to l1AS precha~e time tCRP 5 5 

Row address set-u_Q_ time tASR 0 0 

Row address hold time tRAH 10 10 

Column address set-u_Q_ time tASC 0 0 

Column address hold time tCAH 10 10 

Column address hold time referenced to RAS" tAR 40 45 

Column address to RAS" lead time tRAL 25 30 

Read command set-u.E_ time tRCS 0 0 

Read command hold time referenced to CS" tRCH 0 0 

Read command hold time referenced to l1AS tRRH 0 0 

Write command hold time tWCH 10 15 

Write command hold time referenced to RAS" tWCR 40 45 

Write command_Q_ulse width tWP 10 15 

Write command to 11A"S lead time tRWL 15 15 

lwrite. 1o.l:S_ lead.1i.ma tCWL .13.. -15. 

I D::it::i set=Unlima tDS Jl _Q_ 

tl'li'if)@> 
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CMOS DRAM 

Max Unit 

5 _QF 

7 pF 

7 pF 

-7 -8 

Min Max Min Max 
Units Notes 

130 150 ns 

185 205 ns • 70 80 ns 3,4,10 

20 20 ns 3,4,5 

35 40 ns 3,10 

0 0 ns 6 

0 20 0 20 ns 

3 50 3 50 ns 2 

50 60 ns 

70 10K 80 10K ns 

20 20 ns 

70 80 ns 

20 10K 20 10K ns 

20 50 2...Q_ 60 ns 4 

15 35 J.5.. 40 ns 10 

5 5 ns 

0 .0 ns 

10 10 ns 

0 0 ns 

15 15 ns 

55 _6_0 ns 13 

35 40 ns 

0 0 ns 

0 _Q ns 8 

0 Jl ns 8 

15 -15_ ns 

55 _fill ns 13 

15 ..15. ns 

20 .2Q_ ns 

.20.. ...20. ns 

_Q_ _a_ ns 9 
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KM44C1002C CMOS DRAM 

AC CHARACTERISTICS (0°C~TA~70°c, See note 1, 2) 

-5 -6 -7 - 8 
Parameter Symbol 

Min Max Min Max Min Max Min Max 
Units Notes 

' 

Data hold time tDH 10 15 15 15 ns 9 

Data hold time referenced to RAS tDHR 40 45 55 60 ns 13 

Refresh period(1024cycles) tREF 16 16 16 . 16 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 10 10 10 10 ns 

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

RAS to CS prechar:g_e time tRPC 5 5 5 5 ns 

CS _Qrechar:g_e timelC-8-R counter test ~claj_ tCPT 20 20 25 30 ns 

Static Column mode ~cle time tSC 30 35 40 45 ns 

Static Column mode read-modi!Y:-write qcJe 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 

Ou!Q_ut data enable time from W tOW 35 40 45 55 ns 

CS _Qrechai:g_e time lStatic Column c_y_clel tCP 10 10 10 10 ns 

RAS _Qulse widthJ..Static Column GY_clel tRASC 50 100K 60 100K 70 100K 80 100K ns 

CS _Qulth width_{.Static Column c_y_clel tCSC 13 10K 15 10K 20 10K 20 10K ns 

Column address hold time referenced to FlAS risir:!9._ tAH 5 5 5 5 ns 

Last write to column address dela_y_ 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 

OE to data dela_y_ tOED 13 15 20 20 ns 

Out_Qut buffer turn off delqy_ time from OE tOEZ 0 13 0 15 0 20 0 20 ns 

OE command hold time tOEH 13 15 15 15 ns 

Write command set-UJ2 timeJTest mode inj_ tWTS 10 10 10 10 ns 

Write command hold timelTest mode ml tWTH 10 10 10 10 ns 

W to RASJ2recharn._e time_(_C-8-R refreshl tWRP 10 10 10 10 ns 

W to RAS hold timeJ_C-B-R refresh_}_ · tWRH 10 10 10 10 ns 
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KM44C1002C CMOS DRAM 

TEST MODE CYCLE 
(Note. 12) 

-5 -6 -7 -8 
Parameter Symbol Units Notes 

Min Max Min Max Min Max Min Max 

Random read or write cycle time tRC 95 115 135 155 ns 

Read-modify-write cycle time tRWC 138 160 190 210 ns 

Access time from R"AS tRAC 55 65 75 85 ns 3,4, 10 

Access time from CS tCAC 18 20 25 25 ns 3,4,5 

Access time from column address tAA 30 35 40 45 ns 310 

l1AS _Q_ulse 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 ~ lead time tRAL 30 35 40 45 ns 

CS to W dela_y_ time tCWD 41 45 55 55 ns J_ 

l1AS to W delcrL time tRWD 78 90 105 115 ns J_ 

Column address to W dela_y_time tAWD 53 60 70 75 ns J_ 

Static Column mode GY_cle time tSC 35 40 45 50 ns 

Static Column mode read-modify-write cycle time tSRWC 85 90 105 110 ns 

R"AS_Q_ulse widthlStatic Column c_y_clel tRASC 55 100K 65 100K 75 100K 85 100K ns 

Access time form last write tALW 55 60 70 80 ns .3...11 

OE access time tOEA 18 25 25 30 ns 

OE to data dela_y_ tOED 18 20 25 25 ns 

OE command hold time tOEH 18 20 25 25 . ns 
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KM44C1002C CMOS DRAM 

NOTES 
1. An initial pause of 200µs is required after power up followed by any 8 CBR or ROA" cycles before proper 

device operation is achieved. 
2. V1H(min) and V1L(max) are reference levels for measuring timing of input signals. Transition times are 

measured between V1H(min) and V1L(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 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. 
1 o. 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. 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 gre~ter than the specified tRAD(max) limit, then access time is 
controlled by tAA. 

12. These specifications are applied in the test mode. 
13. tAR , tWCR , tDHR are referenced to tRAD(max). 
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KM44C1003C CMOS DRAM 

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

DESCRIPTION 

This is a family of 1,048,576 x 4 bit Fast Page Mode Quad GAS 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-11) are optional features of this family. 
All of this family have CAS-before-RAS refresh, RAS-only refresh and Hidden refresh capabilities. 
All inputs and outputs are fully TTL compatible and four seperate CAS pins provide for seperate 1/0 
operation allowing this device to operate in parity mode. 
This 1 Mx4 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 
- KM44C1003C/CL(5V) 

• Active Power Dissipation 
Unit:mW 

Speed Active. power.dissipatiqn • 

-5 470 
-6 41"5 
-7 360 
-8 305 

• Refresh cycles 

Refresh .. Refresn Perl()(:j ·: · 
Part NO. Cycle Nor:ln~t 'l t.~:/ 

C1003C 1K 16ms 128ms 

• Performance range: 

··speE:)d. ... tRAC tCAC ···tR¢ ···~; 

-5 50ns 13ns 90ns 35ns 

-6 60ns 15ns 110ns 40ns 

-7 70ns 20ns 130ns 45ns 

-8 80ns 20ns 150ns 50ns 

• Fast Page Mode operation 
• Four seperate CAS pins provide for seperate 1/0 

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 
•Available in Plastic SOJ, TSOP(ll) packages 
•Single +5V±10% power supply 

FUNCTIONAL BLOCK DIAGRAM 

RAS 
cp;so-CA:S3 

w 
Control 
Clocks 

....------· J:: ~:: 
VBB Generator l:J 

AO-A9 

Row Decoder 

Memory Array 
1,048.576 x 4 

Cells 

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) 

• KM44C1003CJ • KM44C1003CT • KM44C1003CTR 

000 1 0 24 Vss OQO 10 24 Vss Vss 24 1 000 
001 2 23 003 001 2 23 003 003 23 0 2 001 

w 3 22 002 w 3. 22 002 002 22 3 w 
RAS 4 21 CAS"3 RAS" 4 21 CAS"3 CAS"3 21 4 RAS 

CASO 5 20 OE CASO 5 20 OE OE 20 5 CASO 
CAS1 6 19 CAS"2 CAS"1 6 19 CAS2 CAS2 19 6 CAS1 

A9 7 18 N.C A9 18 N.C N.C 18 7 A9 
AO 8 17 A8 AO 17 A8 A8 17 8 AO 
A1 9 16 A7 A1 16 A7 A7 16 9 A1 
A2 10 15 A6 A2 15 A6 A6 15 10 A2 
A3 11 0 14 A5 A3 0 14 A5 A5 14 0 11 A3 

Vee 12 13 A4 Vee 13 A4 A4 13 12 Vee 

Pin Name Pin Function 
AO-A9 Address ln_..12.uts 

DQ0-3 Data In/Out 

Vss Ground 

RAS Row Address Strobe 

CASO-CAS3 Column Address Strobe 

w Read/Write Input 

OE Data Outputs Enable 

Vee Power( +5.0V) 

N.C No Connection 
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KM44C1003C CMOS DRAM 

ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol Rating Units 

Voltage on any pin relative to Vss V1N,VouT -1 to +7.0 v 
Voltage on Vee supply relative to Vss Vee -1 to +7.0 v 
Storage temperature Tstg -55 to +150 oc 
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= o to 70 °C) 

Parameter Symbol Min 

Supply voltage Vee 4.5 

Ground Vss 0 

Input high voltage V1H 2.4 

Input low voltage V1L -1.0·2 

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

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

Typ Max Unit 

5.0 5.5 v 
0 0 v 

·1 
·- Vcc+1.0 v 
- 0.8 v 

Parameter Symbol Min Max Units 

Input leakage current (Any input Os;V1Ns;Vcc+0.5V ll(L) -5 5 µA 
.all other pins not under test=O volts.) 

Output leakage current IO(L) -5 5 µA (Data out is disabled, OVS.Vours.Vcc) 

Output high voltage level(loH=-5mA) VoH 2.4 - v 
Output low voltage level(loL=4.2mA) VOL - 0.4 v 
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KM44C1003C CMOS DRAM 

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

ii :: 

'.~"'"°' ···Power 
.,, 

Speed 
· .. ·. .. 

_;_ _,i. 

-5 

lcc1 Don't care -6 
-7 
-8 

lcc2 Nonnal Don't care 
L 

-5 

Ices Don't care -6 
-7 
-8 

-5 

ICC4 Don't care -6 
-7 
-8 

Nonnal Don't care Ices L 

-5 

ICC6 Don't care -6 
-7 
-8 

ICC7 L Don't care 

lcc1 *: Operating current (RAS and C'AS" cycling @tRC=min.) 

lcc2 : Standby current (RAS=C'AS"=W=V1H) 

Max 
...•... -, 

KM44C1003C 

85 
75 
65 
55 

2 
1 

85 
75 
65 
55 

65 
55 
45 
35 
1 

200 

85 
75 
65 
55 

300 

Ices *: 'RAS'-only refresh current (C'AS"=V1H, RAS ,Address cycling @tRC=min.) 

lcC4 *: Fast Page Mode current (RAS=V1L, C'AS", Address cycling @tPC=min.) 

Ices : Standby current (RAS=C'AS"=W=Vcc-0.2V) 

lcca *: CAS-before-RA'S refresh current (RA'S and C'AS" cycling @tRC=min.) 

lcc1 : Battery back-up current, Average power supply current, Battery back-up mode 

Input high voltage(V1H)=Vcc-o.2v, Input low voltage(V1L)=0.2V, C'AS"=0.2V 

DQ0-3 = Don't care, TRc= 125µs(L-ver), TRAS= TRAsmin-300 ns 

I 
Units 

mA 
mA 
mA 
mA 

mA 
mA 
mA 
mA 
mA 
mA 
mA 
mA 
mA 
mA 

mA 
µA 

mA 
mA 
mA 
mA 

µA 

* NOTE : lcc1, Ices, lcc4 and lcca are dependent on output loading and cycle rates. Specified values 
are obtained with the output open. Ice is specified as an average current. In lcc1, lcc3, 
and lcca. address can be changed maximum once while RA'S=V1L. In lcc4, address can be 
changed maximum once within one fast page mode cycle time tPC. 
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KM44C1003C CMOS DRAM 

CAPACITANCE(TA=25°C,Vcc=5V, f=1 MHz) 

Parameter Symbol Min Max Unit 

l!'!Q.ut ca~acitance JAO - A~ CiN1 - 5 _gF 

Input capacitance [RAS, CASO-CAS3, W, OE] C1N2 - 7 pF 

Output capacitance [DQO - DQ3] Coo - 7 pF 

AC CHARACTERISTICS (0°C$;TA$;70°C, See note 1,2) 
Test condition : Vcc=5.0V±10%, VihNi1=2.4/0.8V, VohN01 =2.4/0.4V 

Parameter 
-5 -6 -7 -8 

Symbol 
Min Max Min Max Min Max Min Max 

Units 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 l1AS" 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 0 13 0 15 0 20 0 20 ns 6,18 

Transition time (rise and fall) tT 3 50 3 50 3 50 3 50 ns 2 

l1AS" precharge time tRP 30 40 50 60 ns 

RAS _Q_ulse width tRAS 50 10K 60 10K 70 10K 80 10K ns 

l1AS" 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" del~ time tRCD 20 37 20 45 20 50 20 60 ns 4,16 

RAS to column address del~ time tRAD 15 25 15 30 15 35 15 40 ns 10 

CAS" to l1AS" precharge time tCRP 5 5 5 5 ns 17 

Row address set-1.!e_ time tASR 0 0 0 0 ns 

Row address hold time tRAH 10 10 10 _1_Q 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 l1AS" 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 8,17 

Read command hold time referenced to l1AS" tRRH 0 0 0 0 ns 8 

Write command hold time tWCH 10 10 15 15 ns 24 

Write command hold time referenced to l1AS" tWCR 40 45 55 60 ns 26 

Write command_o._ulse width tWP 10 10 15 1 fi ns 

WritA rn Lio_~ IA::irl timA tl=IWI 15 Hi ?O --20.. ns 

Write uY.JQ_ CAS" leadJim_e_ tCWL 13 15 20 ?0 ns 17 
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KM44C1003C CMOS DRAM 

AC CHARACTERISTICS (0°C~T~10°c, See note 2) 

. . ·:;· it' 
-::- -6 ~ •.. ;.7 l 8 · Parameter syr11tiol ur,l~t~ Notes ,,-, 

"'''' a:tix .:PJIJn ·~ ,,, . .,. ·."1.t>t·'. fA~tt r:.Malc(. l:::.:..:::.:.~...::..'.l: ' ":; o'; ~I ..::.. :.:.:.. _L:..;:... ~ ',' ,', ,',,' 

Data set-up time tDS 0 0 0 0 ns 10 

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-vetl_ tREF 128 128 128 128 ms 

Write command set-up time tWCS 0 0 0 0 ns 7,16 

C"AS" to W dela_y_ time tCWD 36 40 50 50 ns 7,16 

RAS to W dela_y_ time tRWD 73 85 100 110 ns 7 

Column address to W del~ time tAWD 48 55 65 70 ns 7 

C"AS" _Qrecharg_e to W del~ time tCPWD 53 60 70 75 ns 

C"AS" set-u_p time J..C"AS"-before-RAS refresh)_ tCSR 10 10 10 10 ns 16 

C"AS" hold time J..C"AS"-before-RAS refreshl tCHR 10 10 15 15 ns 17 

RAS to C"AS" _Qrecharg_e time tRPC 5 5 5 5 ns 

C"AS" _Qrecharg_e timeJ..CB11 counter test c_y_cle_1 tCPT 20 20 30 30 ns 

Access time from C"AS" _QJecharg_e tCPA 30 35 40 45 ns 3,18 

Fast Pa_g_e mode GY_cle time tPC 35 40 45 50 ns 19 

Fast Pa_g_e mode read-modITY:-write GY_Cle timJ: tPRWC 76 85 100 105 ns 19 

C"AS" _Q_recharg_e time JFastj)_cme GY_clel tCP 10 10 10 10 ns 20 

RASj>_ulse widthjfastj)_cme c_y_claj_ tRASP 50 200K 60 200K 70 200K 80 200K ns 

RAS hold time from C"AS" _Ql"echarg_e 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 

C"AS" ..Qrecharg_e to W dela_y_ time tCPWD 53 60 70 75 ns 

Outj)_ut buffer turn off delaY_time from OE tOEZ 0 13 0 15 0 20 0 20 ns 

OE command hold time tOEH 13 15 20 20 ns 

Write command set-u_g_time_(Jest mode in_l tWTS 10 10 10 10 ns 

Write command hold time_(_Test mode iril tWTH 10 10 10 10 ns 

w~ time(C :B:B. refresh) JWBE. .1Q. _1Q_ .1Q. _1Q_ ns 

l.N..tn.B"AS holrl timP.fr..,&R rP.frP.~hl_ ltWRH -5. -5. _5_ _5_ _ns_ 

Hold time CAS low to CAS hia.h tCLCH 5 5 5 5 ns 14 25 
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KM44C1003C CMOS DRAM 

TEST MODE CYCLE 
(Note. 11) 

-5 -6 -7 -8 
Parameter Symbol 

Min 
Units Notes 

Min Max Max Min Max Min Max 

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 3,4,10,12 

Access time from CA'S tCAC 18 20 25 25 ns 34 512 

Access time from column address tAA 30 35 40 45 ns 31012 

RAS" _Q_ulse width tRAS 55 10K 65 10K 75 10K 85 10K ns 

CA'S pulse width tCAS 18 10K 20 10K 25 10K 25 10K ns 

RAS" hold time tRSH 18 20 25 25 ns • CA'S hold time tCSH 55 65 75 85 ns 

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

CA"S to W dela_y_time tCWD 41 45 55 55 ns J_ 

RAS" to W dela_y_ time tRWD 78 90 105 115 ns 7_ 

Column address to W del~time tAWD 53 60 70 75 ns 7_ 

Fast Pc;g_e mode GY_cle time tPC 40 45 50 55 ns 

Fast _£C!9_e mode read-modify-write ~cle time tPRWC 81 90 105 110 ns 

RAS" ..Q..ulse widthlFast_Q_C!Q.e c_y_claj_ tRASP 55 200K 65 200K 75 20'0K 85 200K ns 

Access time form CA"S .mecharn_e tCPA 35 40 45 50 ns ~ 

ITE access time tOEA 20 20 25 25 ns 

OE to data dela_y_ tOED 18 20 25 25 ns 

OF command hold time tOEH 18 20 25 25 ns 
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KM44C1003C CMOS DRAM 

NOTES 

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

2. V1H(min) and V1L(max) are reference levels for measuring timing of input signals. Transition times are 
measured between V1H(min) and V1L(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 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 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 cdntrolled 

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. In order to hold the address latched by the first CASx going low, the parameter tCLCH must be met. 
15. If at least one CAS is low at the falling edge of RA"S, DQ will be maintained from the previous cycle. To 

initiate a new cycle a~d clear the data out buffer, all four CAS must be pulsed high for tCP. 
16. The first CASx edge to transition low. 
17. The last CASx edge to transition low. 
18. Output parameter is referenced to corresponding CAS"x input. 
19. Last rising CASx edge to next cycle's last rising CASx edge. 
20. Last rising CASx edge to first falling CASx edge. 
21. First DQx controlled by the first CASx to go low. 
22. Last DQx controlled by the first CASx to go low. 
23. Each CASx must meet minimum pulse width. 
24. Last C:ASx to go low. 
25. The last falling C:ASx edge to the first rising CA:Sx edge 
26. tAR,tWCR,tDHR are referenced to tRAD(max). 
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KM44C1004C, KM44V1004C CMOS DRAM 

1 M 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 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-11) are 
optional features of this family. 
All of this family have CAS-before-RAS refresh, RAS-only refresh and Hidden refresh capabilities. 
This 1 Mx4 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 
• Part Identification 

- KM44C1004C/CL (5V) 
- KM44V1004C/CL (3.3V) 

• Active Power Dissipation 
Unit:mW 

Speed 3.3V 5V 

-5 - 468 

-6 220 413 

-7 200 358 

-8 180 303 

• Refresh cycles 

Refresh Refresh Period 
Vee 

cycle Normal L 

C1004C 5V 
1K 16ms 128ms 

V1004C 3.3V 

• Performance range: 

Speed tRAC tCAC tRC tPC Remark 

-5 50ns 15ns 90ns 35ns 5V Only 

-6 60ns 15ns 110ns 40ns 5V/3.3V 

-7 70ns 20ns 130ns 45ns 5V/3.3V 

-8 80ns 20ns 150ns 50ns 5V/3.3V 

AO-A9 

• Extended Data Out operation 
• CAS-before-RAS refresh capability 
•RAS-only and Hidden refresh capability 
•Self-refresh capability (3.3V,L-ver only) 
• TTL(5V)/L VTTL(3.3V) compatible inputs and outputs 
• Early Write or output enable controlled write 
• JEDEC standard pinout 
•Available in plastic SOJ ,DIP ,ZIP and TSOP(ll) packages 
•Single +5V± 10% power supply (SV product) 
•Single +3.3V±0.3V power supply (3.3V product) 

FUNCTIONAL BLOCK DIAGRAM 

Control 
Clocks 

Refresh Timer 

....---------,. s: ~:: 
VBB Generator l:J 

Row Decoder 

Memory Array 
1,048,576 x 4 

Cells 

Column Decoder 

SAMSUNG ELECTRONIC CO. LTD. reserves the right to 
change products and specifications without notice. 
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/ KM44C1004C, KM44V1004C CMOS DRAM 

PIN CONFIGURATION (Top Views) 

• KM44CN1004CP • KM44CN1004CJ • KM44CN1004CZ 

Vss OE 
DQ1 DQ3 DQO Vss DQ2 

DQ1 DQ3 
w DQ2 w DQ2 

CAS" RAS CAS" D01 
OE A9 OE 

A9 RAS 

AO A8 

A7 A2 AB 
A2 A6 A7 
A3 0 AS A2 A6 A4 

AS 
A4 

A3 AS 
Vee Vee A4 

• KM44CN1004CT • KM44CN1004CTR 

DQO 20 Vss Vss DQO 
DQ1 19 DQ3 DQ3 0 DQ1 

w 18 DQ2 D02 w 
RAS 17 CAS" CAS" RAS 

A9 16 OE OE A9 

AO 1S A8 A8 AO 
A1 14 A7 A7 A1 

. A2 13 A6 A6 0 A2 
A3 0 12 AS AS A3 

Vee 11 A4 A4 Vee 

Pin Name Pin Function 
AO-A9 Address Inputs 

DQ0-3 Data In/Out 

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) 
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KM44C1004C, KM44V1004C CMOS DRAM 

ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol 
Rating 

u~~· 
3.3V sv 

Voltage on any pin relative to Vss V1N,VouT -0.5 to +4.6 -1.0 to +7.0 v 
Voltage on Vee supply relative to Vss Vee -0.5 to +4.6 -1.0 to +7.0 v 
Storage Temperature Tstg -55 to +150 -55 to +150 oc 
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= o to 70 °C) 

3.3V SV 
Parameter Symbol 

Min Typ Max Min Typ 
Supply Voltage Vee 3.0 3.3 3.6 4.5 5.0 

Ground Vss 0 0 0 0 0 

Input High Voltage V1H 2.0 Vcc+o.31 2.4 -
Input Low Voltage V1L -0.3*2 - 0.8 -1.0*2 -

*1 : Vcc+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 atVss 

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

Parameter 

Input Leakage Current 
(Any input O~V1N~Vcc+0.3V, all other pins not under test=OV 

3.3V 
Output Leakage Current 
(Data out is disabled, OV~VouT~Vcc) 

Output High Voltage Level (loH=-2mA) 

Output Low Voltage Level (loL=2mA) 

Input Leakage Current (Any input O~V1N~Vcc+O.SV, 
(Any input O~V1N~Vcc+0.5V, all other pins not under test=OV 

sv 
Output Leakage Current 
(Data out is disabled, OV~VouT~Vcc) 

Output High Voltage Level (loH=-5mA) 

Output Low Voltage Level (loL=4.2mA) 

t1""ifiihi> 
ELECTRONICS 

Symbol 

ll(L) 

IO(L) 

VoH 

VoL 

h(L) 

IO(L) 

VoH 

VOL 

Unit 
Max 

5.5 v 
0 v 

Vcc+1.0·1 v 
0.8 v 

Min Max Units 

-5 5 µA 

-5 5 µA 

2.4 - v 
- 0.4 v 

-5 5 µA 

-5' 5 µA_ 

2.4 - v 
- 0.4 v 
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KM44C1004C, KM44V1004C CMOS DRAM 

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

• cc;:- j:T ',; ' 
..;. ' 

:',,«, ::,;.·.,, . 
. : KM44C1:()04¢:; : •: {: 

· lcc1 

lcc2 

ICC3 

ICC4 

Ices 

Ices 

ICC? 

Ices 

Don't care 

Don't care 

Don't care 

Don't care 

Normal 
L 

Don't care 

L 

L 

-5 
-6 
-7 
-8 

Don't care 

-5 
-6 
-7 
-8 

-5 
-6 
-7 
-8 

Don't care 

-5 
-6 
-7 
-8 

Don't care 

Don't care 

60 
55 
50 

60 
55 
50 

60 
55 
50 

0.5 
100 

60 
55 
50 

200 

150 

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

lcc2 : Standby, current (RAS=CAS=W=V1H ) 

lcc3*: RAS-only refresh current (CAS=V1H, RAS , Address cycling @tRC=min.) 

lcc4*: EDO Mode current (RAS=V1L, CAS, Address cycling @tPC=min.) 

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

lcc5* : CAS-before-RAS Refresh current (Fti\S and CA'S cycling @tRC=min.) 

85 
75 
65 
55 

2 

85 
75 
65 
55 

85 
75 
65 
55 

1 
200 

85 
75 
65 
55 

300 

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

Input high voltage(V1H)=Vcc-o.2v, Input low voltage(V1L)=0.2V, CA'S= 0.2V 

DQ0-3 = Don't care, TRc=125µs, TRAS= TRAS min-300 ns 

Ices : Self refresh current 

RAS=CAS=V1L, W=OE=AO - A9 = Vcc-0.2V or 0.2V, 

DQO - 003= Vcc-0.2V, 0.2V or open 

T" 

mA 
mA 
mA 
mA 

mA 

mA 
mA 
mA 
mA 
mA 
mA 
mA 
mA 

mA 
µA 

mA 
mA 
mA 
mA 

µA 

µA 

*NOTE : lcc1, lcc3, lcc4 and lcc6 are dependent on output loading and cycle rates. Specified values 
are obtained with the output open. Ice is specified as an average current. In lcc1 , lcc3 
and Ices, address can be changed maximum two times while RAS=V1L In lcc4, address 
can be changed maximum once within one hyper page cycle. 

d'fitJli ii" 
ELECTRONICS 

·"'.~i·. 

88 



KM44C1004C, KM44V1004C 

CAPACITANCE (TA=25°C,Vcc=5Vor 3.3V, f=1MHz) 

Parameter $Yntbol· ·Min 

Input capacitance [AO - A9] C1N1 -
Input capacitance [RAS, CAS, W, OE] C1N2 -
Output Capacitance [DQO - DQ3] Coo -

AC CHARACTERISTICS (0°C~TAQ0°C, See note 1,2) 
Test condition (SV device) : Vcc=5.0V±10%, VitNi1=2.4/0.8V, VohN01 =2.0/0.8V 
Test condition (3.3V device): Vcc=3.3V±0.3V, VihNi1=2.0/0.8V, VohN01 =2.0/0.8V 

CMOS DRAM 

Max Unit 

5 pF 

7 pF 

7 pF 

.,5·t ~ .. ~ ~ Para"'9ler Sy~1l91 
•" ... 2 

·~~it~ ·~•Js Min:Max 
. 

Min . 

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 CA'S tCAC 13 15 20 20 ns 3,4,5 

Access time from column address tAA 25 30 35 40 ns 3,10 

CA'S to output in Low-Z tCLZ 3 3 3 3 ns 3 

Output buffer turn-off delay from CA'S tCEZ 3 13 3 15 3 20 3 20 ns 7,13 

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 _Qulse width tRAS 50 10K 60 10K 70 10K 80 10K ns 

RAS hold time tRSH 13 15 - 20 20 ns 

CA'S hold time tCSH 40 50 60 70 ns 

CA'S pulse width tCAS 8 10K 10 10K 15 10K 20 10K ns 11 

RAS to CA'S delClY. time tRCD 20 33 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 

CA'S to RAS precharge time tCRP 5 5 5 5 ns 

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

Row address hold time tRAH 10 10 10 10 ns 

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

Column address hold time tCAH 8 10 15 15 ns 

Column address hold time referenced to~ 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 CA'S 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__1.2ulse width tWP 10 10 15 15 ns 

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

IWritA Ltn ~ IA~rf timA tCWL _8_ -10. -15. 20 ns 
Note) *1 : 5V only 

t111Hi'ihiP 
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KM44C1004C, KM44V1004C CMOS DRAM· 

AC CHARACTERISTICS (0°C~T~10°c, See note 1,2) 

Ji ±T:~,:.{i~ ~ '.' !f'~!Jl;lI: :c: ·~ ;~;5·1 ::-6, > '-7' .: .... a. 
l.YdL ·- l':I::c;.;:::::•"'·· > '> > 

Urti~s, I'.'~~· > •.· 

··,·.· ,·· >'; 
-:f rr 'MihMa~ Mltl Max Mr11 Mat<: ~.,(!:.,,., 

>'> ,: ;,,:; ,» I· ;' ., 

Data set-up time tDS "O 0 0 0 ns 9 

Data hold time tDH 8 10 15 15 ns 9 

Data hold time referenced to RA'S tDHR 35 42 52 57 ns 17 

Refresh period(Normal) tREF 16 16 16 16 ms 

Refresh _e_erioq_{L-ve!l tREF 128 128 128 128 ms 

Write command set-LIQ time tWCS 0 0 0 0 ns 7 

CA'S to W delay time tCWD 30 34 44 44 ns 7 

RAS to W del~ time tRWD 67 79 89 99 ns 7 

Column address to W delay time tAWD 42 49 59 64 ns 7 

CA'S _Qrecha!Q.e to W del~ time tCPWD 45 54 64 69 ns 

CA'S set-uQ. time iCAS'-before-R'AS' refresl}l tCSR 5 5 5 5 ns 

CA'S hold time 1CA'S'-before-RA'S refrestil tCHR 10 10 15 15 ns 

RAS to CA'S ..Qrechame time tRPC 5 5 5 5 ns 

CA'S JJ.rechame time{CBJ1 counter test QY.cle} tCPT 20 20 25 30 ns 

Access time from C"AS12rechame tCPA 28 35 40 45 ns 3 

H_.YQ_er Pa_g_e mode ~cle time tHPC 20 25 30 35 ns 15 

H_yQ.er Pa_g_e mode read~modify_,-write qy_cle time · tHPRWC 47 56 71 81 ns 

CA'S'..12.rechame timelHvper page cycle) tCP 8 10 10 10 ns 

RAS ..12.ulse width_(_H,,,YQ.er ..Q.C!Q_e qclaj_ tRASP 50 200K 60 200K 70 200K 80 200K ns 

RAS hold time from CA'S..Qrechame tRHCP 30 35 40 45 ns 

OE access time tOEA 13 15 20 20 ns 

O"E to data delfil'. tOED 13 15 20 20 ns 

Out_Qut buffer turn off delfil/, time from OE tOEZ 3 13 3 15 3 20 3 20 ns 613 

OE to oujQ_ut in low-Z tOLZ 3 3 3 3 ns 

OE command hold time tOEH 13 15 20 20 ns 

I Cutout data hold time ltDQl:l 5 5 _5 5 ns 

Oumut buffer turn off dela'l from RAS tREZ 3 13 3 15 3 20 3 20 ns 613 

Oumut buffer turn off delcrt from W tWEZ 3 13 3 15 3 20 3 20 ns 613 

W to data delaY. tWED 15 15 20 20 ns 

OE to CAS" hold time tOCH 5 5 5 5 ns 

CA'S hold time to OE tCHO 5 5 5 5 ns 

GE..Qrecharg_e time tOEP 5 5 5 5 ns 

W ..Qulse widthlhYQ.er_Qaqe ~clel tWPE 5 5 5 5 ns 

RAS oulse width<C-8-R'~elf re.fres.bl ltRASS 100 too 100 100 J!S 16 

I~ Llll:&l 1 time <C-8-R' self rAfrA~h\ LtRes 90 _llQ 13_0 150 ns 16 
~ hnlrl timo:>~ c;o:>lf ro:>fro:>coh\ ltcH~ ,,50. -fin -fin ,,50. M 16. 

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

TEST MODE CYCLE 
(Note. 11) 

·1 -6 -7 -8 Parameter ·5 
~ymb01 Units Notes 

Min Max Min Max Min Max Min Max 

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 3,4,1Q 
Access time from GAS tCAC 18 20 25 25 ns 34_,_5 
Access time from column address tAA 30 35 40 45 ns 310 
RAS" _Q_Ulse width tRAS 55 10K 65 10K 75 10K 85 10K ns 

GAS 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 

C-:t\S to W dela_y_ time tCWD 35 39 49 49 ns L 
~S" to W dela_y_ time tRWD 72 84 94 104 ns L 

Column address to W del<!Y_ time tAWD 47 54 64 69 ns L 

H_'iQ_er Pa_g_e mode QYCle time tHPC 25 30 35 40 ns 15_ 

Hyper p"!9._e mode read-modify-write ~cle time tPRWC 52 61 76 86 ns 

~S _Qulse widthlH.YQ.er _Q_C!Q.e GY,.claj_ tRASP 55 200K 65 200K 75 200K 85 200K ns 

Access time form CAS _Q_l"echarg_e tCPA 33 40 45 50 ns ..3.. 
OE access time tOEA 18 20 25 25 ns 

OE to data del<!Y_ tOED 18 20 25 25 ns 

OE command hold time tOEH 18 20 25 25 ns 
Note) *1 : 5V only 

ttMHiiii• 
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KM44C1004C, KM44V1004C CMOS DRAM 

NOTES 

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

device operation is achieved. 

2. V1H(min) and V1L(max) are reference levels for measuring timing of input signals. Transition times are 

measured between V1H(min) and V1L(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 1 OOpF. 

4. Operation within the tRCD(max) limit insures that tRAC(max) can b~ 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 tRCO;;:: 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 impedance for the duration of the cycle. If tCWD;;:: tCWD(min), tRWD;;:: 

tRWD(min) and tAWD;;:: tAWD(min), then the cycle is a read-write cycle and the data output will contain 

the data read from the selected address. If neither of the above conditions 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. 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. 

14. 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 ~efore RAS high going, the open circuit condition of the output is achieved 

by RAS high going. 

15. tASC~6ns, Assume tT =2.0ns. 

16. 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.) 

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

t11JnHiiii• 
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KM44C1010C CMOS DRAM 

1 M 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 timet-5, -6, -7 or -8) and package type (SOJ , 
DIP, ZIP, TSOP-11) are optional features of this family. 
All of this family have CAS-before-RAS Refresh, RAS-only refresh and Hidden R_efresh capabilities. 
This 1 Mx4 Fast Page Mode DRAM Family is fabricated using Samsung's advanced CMOS process to 
realize high band-width and high reliability. 

FEATURES 

• Part Identification 
- KM44C1010C 

• Active Power Dissipation 
Unit:mW 

Speed Active power dissipation 

-5 470 

• Fast Page Mode operation 
• Write Per Bit Mode Capability 
• CAS-before-AAS refresh capability 
•AAS-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 

-6 415 

-7 360 

•Available in Plastic SOJ, ZIP, DIP,TSOP(ll) packages 

• Single +5V± 10% power supply 

-8 

• Refresh cycles 

Vee 
Refresh 
~cle 

C1010C 5V 1K 

• Performance range: 

Speed tRAC tCAC 

-5 50ns 13ns 

-6 60ns 15ns 

-7 70ns 20ns 

-8 sons 20ns 

305 

FUNCTIONAL BLOCK DIAGRAM 
Refresh time 

16ms 
l=IAS Control i:!I ~: CAS Clocks VBB Generator WB!W 

Refresh Timer Row Decoder 

tRC tPC 

90ns 35ns 
Memory Array 
1.048.576 x 4 

110ns 40ns Cells 

130ns 45ns 

150ns 50ns AO-A9 
Column Decoder 

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

WO/ 
DQO 

to 
W3/ 
DQ3 
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KM44C1010C 

• KM44C101 OCP 

W1/DQ1 2 

WB/W 3 

RAS 4 

A9 

A2 

A3 0 

PIN CONFIGURATION (Top Views) 

Vss 

W3/DQ3 

W2/DQ2 

CAS 

OE 

AB 

A7 

A6 

A5 

A4 

WO/DQO 
W1/DQ1 

WB/W 
RAS 

A9 

A2 
A3 

Vee 

• KM44C101 OCJ 

Vss 
W3/DQ3 
W2/DQ2 
CAS 
OE' 

AB 
A7 
A6 
A5 
A4 

CMOS DRAM 

• KM44C101 OCZ 

OE' 

W2/DQ2 
W3/DQ3 

Vss 
WO/DQO 

W1/DQ1 
WB/W 

RAS 
A9 

AO 
A1 

A2 
A3 

Vee 
A4 

A5 
A6 

A7 
AB 

• KM44C101 OCT • KM44C101 OCTR 

WO/DQO 20 Vss Vss 
0 

WO/DQO 
W1/DQ1 19 W3/DQ3 W3/DQ3 W1/DQ1 

WB/W 1B W2/DQ2 W2/DQ2 WB/W 
RAS 17 CAS CAS RAS 

A9 16 OE OE' A9 

AO 15 AB AB AO 
A1 14 A7 A1 
A2 13 A6 0 A2 
A3 0 12 A5 A3 

Vee 0 11 A4 Vee 

Pin.Name Pin Function 
AO-A9 Address Inputs 

WB/W Write per bit/Read/Write input 

RAS Row Address Strobe 

CA'S Column Address Strobe 

WO/DQO Write select/Data In/Out 

-W3/DQ3 
OE Data Outputs Enable 

Vee Power( +5.0V) 
Vss Ground 

tl&ifi@» 
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KM44C1010C CMOS DRAM 

ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol Rating Units 

Voltage on any pin relative to Vss V1N,Vour -1 to +7.0 v 
Voltage on Vee supply relative to Vss Vee -1 to +7.0 v 
Storage temperature Tstg -55 to +150 oc 
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= o to 70 °C) 

Parameter Symbol Min 

Supply voltage Vee 4.5 
Ground Vss 0 

Input high voltage V1H 2.4 

Input low voltage 1 V1L -1.0·2 

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

*2: -2.0V/20ns(5V),Pulse width is measured atVss 

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

Parameter 

Input leakage current (Any input Q::;;V1N::;;Vcc+0.5V 
all other pins not under test=O volts.) 

Output leakage current 
(Data out is disabled, OV::;;Vour::;;Vcc) 

Output high voltage level(loH=-5mA) 

Output low voltage level(loL=4.2mA) 

tJMfJIW• 
ELECTRONICS 

Typ Max Unit 

5.0 5.5 v 
0 0 v 
- Vcc+1.0·1 v 
- 0.8 v 

Symbol Min Max Units 
j_ 

ll(L) -5 5 µA 

IO(L) -5 5 µA 

VoH 2.4 - v 
VOL - 0.4 v 
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KM44C1010C CMOS DRAM 

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

-5 

lcc1 
-6 
-7 
-8 

lcc2 Don't care 

-5 

ICC3 
-6 
-7 
-8 

-5 

ICC4 -6 
-7 
-8 

Ices Don't care 

-5 

ICC6 
-6 
-7 
-8 

lcc1* : Operating current(RAS and GAS cycling @tRC=min.) 

lcc2 : Standby current (RAS=GA°S=W=V1H) 

85 
75 
65 
55 

2 

85 
75 
65 
55 

65 
55 
45 
35 

85 
75 
65 
55 

lcc3* : RAS-only refresh current (GAS=V1H, RAS ,Address cycling @tRC=min.) 

lcc4*: Fast Page Mode current (RAS=V1L, GAS, Address cycling @tPC=min.) 

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

lcc5*: GAS-before-RAS refresh current (RAS and GAS cycling @tRC=min.) 

mA 
mA 
mA 
mA 

mA 

mA 
mA 
mA 
mA 
mA 
mA 
mA 
mA 

mA 

mA 
mA 
mA 
mA 

* NOTE : lcc1, lcc3, lcc4 and lcc6 are dependent on output loading and cycle rates. Specified values 
are obtained with the output open. Ice is specified as an average current. In lcc1 , lcc3 
and lcc6. address can be changed maximum once while R.AS°=V1L. In lcc4, address can be 
changed maximum once within one fast page mode cycle time tPC. 

•tMfiiW» 
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KM44C1010C 

CAPACITANCE{TA=25°C,Vcc=5V, f=1 MHz) 

Parameter Symbol Min 

ln_Q_ut ca_Q_acitance lAO - A9l CiN1 -
Input capacitance [RAS, CAS, W, OE] CiN2 -
Output Capacitance [DQO - 003] Goa -

AC CHARACTERISTICS (0°CsTAs70°C, Vcc=5.0V±10%, See note 1,2) 
Test condition : Vcc=5.0V±10%, VihNi1=2.4/0.8V, VohN01 =2.4/0.4V 

-5 -6 
Parameter Symbol 

Min Max Min Max 

Random read or write cycle time tRC 90 110 

Read-modify-write cycle time tRWC 133 155 

Access time from RAS tRAC 50 60 

Access time from CA"S tCAC 13 15 

Access time from column address tAA 25 30 

CA'S to output in Low-Z tCLZ 0 0 

Output buffer turn-off delay tOFF 0 13 0 15 

Transition time (rise and fall) tT 3 50 3 50 

RAS precharge time tRP 30 40 

RAS pulse width tRAS 50 10K 60 10K 

RAS hold time tRSH 13 15 

CA'S hold time tCSH 50 60 

CA'S pulse width tCAS 13 10K 15 10K 

l=!A"S to CA'S delay_ time tRCD 20 37 20 45 

RAS to column address dela_y_ time tRAD 15 25 15 30 

CA'S to l=!A"S precharge time tCRP 5 5 

Row address set-up time tASR 0 0 

Row address hold time tRAH 10 10 

Column address set-up time tASC 0 0 

Column address hold time tCAH 10 10 

Column address hold time referenced to RA'S tAR 40 45 

Column address to l=!AS lead time tRAL 25 30 

Read command set-up time tRCS 0 0 

Read command hold time referenced to CAS tRCH 0 0 

Read command hold time referenced to RA'S tRRH 0 0 

Write command hold time tWCH 10 10 

Write command hold time referenced to RAS tWCR 40 45 

Write command_Q_ulse width tWP 10 10 

Write command to f1A"S lead time tRWL 15 l 15 

CMOS DRAM 

-
Max Unit· 

5 QF 

7 pF 

7 pF 

-7 -8 

Min Max Min Max 
Units Notes 

130 150 ns 

185 205 ns 

70 80 ns 3,4,10 

20 20 ns 3,4,5 

35 40 ns 3,10 

0 0 ns 3 

0 20 0 20 ns 6 

3 50 3 50 ns 2 

50 60 ns 

70 10K 80 10K ns 

20 20 ns 

70 80 ns 

20 10K 20 10K ns 

20 50 20 60 ns 4 

15 35 ~ 40 ns 10 

5 5 ns 

0 0 ns 

10 _1Q_ ns 

0 ci ns 

15 15 ns 

55 60 ns 12 

35 40 ns 

0 0 ns 

0 ..0. ns 8 

0 ..0. ns 8 

15 J.5. ns 

55 ..fill ns 12 

15 J.5. ns 

20 20. ns 

Write command to CA'S lead time tCWl 13 ~ 2Q_ 20 ns 

t1:1:':f JihliP 
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KM44C1010C CMOS DRAM 

AC CHARACTERISTICS (0°C~TA~70°C, See note 1, 2) 

-5 -6 -7 -a 
.. Para.meter Symb()I 

Min Max Min Max Min Max Min Max 
Units Notesj 

Data set-up time tDS 0 0 0 ·O ns 9 

Data hold time tDH 10 10 15 15 ns 9 

Data hold time referenced to RAS" . tDHR 40 45 55 60 ns 12 

Refresh _E_eriod tREF 16 16 16 16 ms 

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

CAS' to W dela_y_ time tCWD 36 40 50 50 ns 7 

RAS" to W dela_y_ time tRWD 73 85 100 110 ns 7 

Column address to W delE!Y_ time tAWD 48 55 65 70 ns 7 

CAS' set-up time l'CAS'-before-RAS" refreshl tCSR 10 10 10 10 ns 

CAS' hold time l'CAS'-before-RAS" refreshl tCHR 10 10 15 15 ns 

RA'S to CA'S _Q_recha!'..9_e time tRPC 5, 5 5 5 ns 

CAS' _Q_recharg_e time_iCBR counter test qy_claj_ tCPT 20 ·20 25 30 ns 

Access time from CA'S' _Qrecharg_e tCPA 30 35 40 45 ns 3 

Fast Pcme mode qy_cle time tPC 35 40 45 50 ns 

Fast Pcme mode read-modfil'-write qy_cle timJI tPRWC 76 85 100 105 ns 

CAS' _m-echarg_e time JFast _Q_CMie qy_clel tCP 10 10 10 10 ns 

RA'S _Q_ulse width_{Fast_g__a_g_e qy_clel tRASP 50 200K 60 200K 70 200K 80 200K ns 

RAS" hold time from CA'S' .Q_recharg_e tRHCP 30 35 40 45 ns 

ITE access time tOEA 13 15 20 20 ns . 
ITE to data del~ tOED 13 15 20 20 ns 

CAS' .Qrecharn_e to W dela_y_ time tCPWD 53 60 ·70 75 ns 

Out_Q_ut buffer turn off dela_y_ time from ITE tOEZ 0 13 0 15 0 20 0 20 ns 

ITE command hold time tOEH 13 15 20 20 ns 

Write command set-u_g__ timeiTest mode in1 tWTS 10 10 10 10 ns 

Write command hold timeiTest mode in1. tWTH 10 10 10 10 ns 

W to RA'S JLrecharn_e timeiC-B~R refresh1 tWRP 10 10 10 10 ns 

W to RA'S hold timel_C-B-R refresh1 tWRH 10 10 10 10 ns 

Write_Q_er bit set-lJ.Q. time tWBS 0 0 0 0 ns 

Wr~...bith.QldJime _iWBH 1_Q_ tQ_ tQ_ 1_5_ ns 

W~_btt_se!ectiQ_n set-lJ.Q. time .1WD_S_ _Q_ _Q_ .0 0 ns 

IWrite oer...bit hold time JWD..l:i _1Q_ _1Q_ _1Q_ _1Q_ ns 
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KM44C1010C CMOS DRAM 

TEST MODE CYCLE 
(Note. 11) 

Parameter 
.. 5 -6 -7 -8 

Symbol Units Notes 
M.ln Max Min Max Min Max· Min ·Max. 

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 _12_ulse width tRAS 55 10K 65 10K 75 10K 85 10K ns 

CAS' _Q_ulse 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 

Colurnn address to RAS" lead time tRAL 30 35 40 45 ns 

CAS' to W del~ time tCWD 41 45 55 55 ns J_ 

RAS to W del~time tRWD 78 90 105 115 ns :z. 
Column address to W dela'L time tAWD 53 60 70 75 ns :z. 
Fast Pag_e mode G'LCle time tPC 40 45 50 55 ns 

Fast _Q_~e mode read-mod~write ~cle time tPRWC 81 85 100 105 ns 

IRAS" _12_ulse widthlfast_12_ag_e G'LClel tRASP 55 200K 65 200K 75 200K 85 200K ns 

Access time form CAS' _orechar.a_e tCPA 35 40 45 50 ns _3_ 

OE access time tOEA 20 20 25 25 ns 

OE to data del~ tOED 18 20 25 25 ns 

OE command hold time tOEH 18 20 25 25 ns 
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KM44C1010C CMOS DRAM 

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

operation is achieved. 
2. V1H(min) and V1L(max) are reference levels for measuring timing of input signals. Transition times are 

measured between V1H(min) and VIL(max) and are assumed to be Sns 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 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 electrical characteristics only. If tWCS2tWCS(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 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. 
1 O. 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). 
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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-11) 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 
• Part Identification 

- KM48C512B/BL (5V, 1 K Ref.) 
- KM48V512B/BL (3.3V, 1K Ref.) 

• Fast Page Mode operation 
• Byte Read/Write operation 
• CAS-before-RAS refresh capability 
•RAS-only and Hidden refresh capability 
• Self-refresh capability (L-ver only) 

• Active power dissipation 
Unit:mW 

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

3.3V 
.Speed (1K Ref.) 

-5 -
-6 255 
-7 23S 
-8 220 

• Refresh cycles 

Part 
Vee 

Refresh 
NO; cycle 

C512B SV 
1K 

V512B 3.3V 

• Performance range 

Speed tRAC tCAC tRC 

-5 sons 15ns 90ns 

-6 sons 1Sns 110ns 

-7 70ns 20ns 130ns 

-8 eons 20ns 1SOns 

5V 
(1K Ref.) 

470 

38S 

360 

330 

Refresh~eriod 

Normal L 

16ms 128ms 

tPC Remark 

3Sns SV On!Y_ 

40ns SV/3.3V 

4Sns SV/3.3V 

sons SV/3.3V 

• Early Write or output enable controlled write 
• JEDEC standard pinout 
•Available in plastic SOJ and TSOP(ll) packages 
• Dual+5V±10% power supply (SV product) 
• Dual +3.3V±0.3V power supply (3.3V product) 

FUNCTIONAL BLOCK DIAGRAM 

Control 
Clocks 

....------· s: ~:: 
VBB Generator i::J 

Row Decoder 

Memory Array 
524,288 x 8 

Cells 

Column Decoder 

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) 

• KM48CN512BJ 

Vee 
DOO 
001 
002 
003 
N.C 
w 

R"AS 
A9 
AO 
A1 
A2 
A3 

Vee 

Vee 
DOO 
001 
002 
003 
N.C 
w 

11AS' 
A9 
AO 
A1 
A2 
A3 

Vee 

• KM48CN512BT 

1 0 2B Vss 
2 27 007 
3 26 DQ6 
4 25 005 
5 24 004 
6 23 CAS 
7 22 OE 
B 21 N.C 
9 20 AB 
10 19 A7 
11 1B A6 
12 0 17 A5 
13 16 A4 
14 15 Vss 

(TSOP(ll)-Forward Type) 

DQO -7 Data In/Out 
Vss · Ground 

Row Address Strobe 
Column Address Strobe 

t1Mfi'lh• 
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(SOJ) 

Vee 

N.C 

Vss 
007 
006 
005 
004 
cAS 
OE 
N.C 
AB 
A7 
A6 
A5 
A4 
Vss 

• KM48CN512BTR 

Vss 2B o1 
007 27 2 
006 26 0 3 
DQ5 25 4 
004 24 5 
cAS 23 6 

OE . 22 7 
N.C 21 B 
AB 20 9 
A7 19 10 
A6 1B 11 
AS 17 0 12 
A4 16 13 

Vss 15 14 

Vee 
DQO 
001 
002 
003 
N.C 
w 
R"AS 
A9 
AO 
A1 
A2 
A3 
Vee 

(TSOP(ll)-Reverse Type) 

Power +5V 
Power (+3.3V) 
No Connection 
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KM48C512B, KM48V512B CMOS DRAM 

ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol 
Rating 

Units 
3.3V sv 

Voltage on any pin relative to Vss V1N,VouT -0.5 to +4.6 -1.0 to +7.0 v 
Voltage on Vee supply relative to Vss Vee -0.5 to +4.6 -1.0 to +7.0 v 
Storage Temperature Tstg -55 to+150 -55 to +150 oc 
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= o to 70 °C) 

3.3V 5V 
Parameter Symbol 

Min Typ Max Min Typ 
Supply Voltage Vee 3.0 3.3 3.6 4.5 5.0 

Ground Vss 0 0 0 0 0 

Input High Voltage V1H 2.1 - Vcc+0.3*1 2.4 

Input Low Voltage V1L -o.3*2 0.8 *2 - -1.0 -

*1 : Vcc+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 CHARACTERIST~CS 
(Recommended operating conditions unless otherwise noted.) 

Unit 
Max 

5.5 v 
0 v 

Vcc+1.0· 1 v 
0.8 v 

Parameter Symbol Min Max Units 

Input Leakage Current 
h(L) -5 5 µA (Any input OsV1NSVcc+0.3V, all other pins not under test=OV) 

3.3V 
Output Leakage Current IO(L) -5 5 µA (Data out is disabled, OVSVoursVcc) 

Output High Voltage Level (loH=-2mA) VoH 2.4 - v 
Output Low Voltage Level (loL=2mA) VOL - 0.4 v 
Input Leakage Current (Any input OSV1NSVcc+0.5V, ll(L) 
(Any input OSV1NSVcc+0.5V, all other pins not under test=OV) 

-5 5 µA 

sv Output Leakage Current IO(L) -5 5 µA 
(Data out is disabled, OVsVours.Vcc) 

Output High Voltage Level (loH=-5mA) VoH 2.4 - v 
Output Low Voltage Level (loL=4.2mA) VOL - 0.4 v 

ttMfiliiiiP 
ELECTRONICS 

103 

• 



KM48C5128., KM48V512B CMOS DRAM 

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

Symbol Power Speed 
Max 

Units 
KM48V512B KM48C512B I ~ ; ~ !-'.':·, ,~t: :" /L:•,: 

-5 -
lcc1 Don't care -6 70 

-7 65 
-8 60 

lcc2 Don't care Don't care 1 

-5 -
ICC3 Don't care -6 70 

-7 65 
-8 60 

-5 -
ICC4 Don't care 

~6 55 
-7 50 
-8 45 

Ices 
Normal Don't care 

0.5 
L 100 

-5 -
Ices Don't care -6 70 

-7 65 
-8 60 

lcc1 L Don't care 200 

Ices L Don't care 100 

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

lcc2 : Standby current (RAS~GAS=W=V1H ) 

lcc3* : RAS-only refresh current (GAS=V1H, RAS , Address cycling @tRC=min.) 

lcC4*: Fast Page Mode current (~V1L, GAS, Address cycling @tPC=min.) 

Ices : Standby current (RAS"=GAS=W=Vcc-0.2V) 

Ices* : GAS-before-RAS Refresh current (RAS and GAS cycling @tRC=min.) 

85 
70 
65 
60 

2 

85 
70 
65 
60 

65 
55 
50 
45 

1 
150 

85 
70 
65 
60 

300 

200 

lcc1 : Battery back-up current, Average power supply current, Battery back-up mode 

Input high voltage{V1H)=Vcc-o.2v, Input low voltage(V1L)=0.2V, GAS= 0.2V 

Din= Don't care, TRc=125µs, TRAS= TRAS min-300 ns 

Ices : Self refresh current 

RAS=CAS"=V1L, W=0E=A0 - A9 = Vcc-0.2V or 0.2V, 

DQO - D07= Vcc-0.2V, 0.2V or open 

mA 
mA 
mA 
mA 

mA 

mA 
mA 
mA 
mA 

mA 
mA 
mA 
mA 

mA 
µA 

mA 
mA 
mA 
mA 

µA 

µA 

* NOTE : lcc1, lcc3, lcc4 and Ices are dependent on output loading and cycle rates. Specified values 
are obtained with the output open. Ice is specified as an average current. In lcc1, lcc3, 
and Ices, address can be changed maximum once while RAS=V1L In lcc4, address can be 
changed maximum once within one fast page mode cycle time, tPC. 
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KM48C512B, KM48V512B 

CAPACITANCE (TA=25°C,Vcc=5Vor 3.3V, f=1MHz) 

Parameter Symbol Min 

Input capacitance [AO - A9] CtNl -
Input capacitance [RAS, CAS, W, OE] C1N2 -
Output Capacitance [DQO- DQ7] Coo -

AC CHARACTERISTICS (0°C~TA~70°C, See note 1,2) 
Test condition (5V device): Vcc=5.0V±10%, VihNil=2.4/0.8V, VohN01=2.4/0.4V 
Test condition (3.3V device): Vcc=3.3V±0.3V, VihNi1=2.1/0.8V, VohN01 =2.0/0.8V 

- 5(*) -6 -7 
Parameter Symbol 

Min ,Max Min Max Min Max 

Random read or write cycle time tRC 90 110 130 

Read-modify-write cycle time tRWC 135 155 185 

Access time from RAS tRAC 50 60 70 

Access time from GAS tCAC 15 15 20 

Access time from column address tAA 25 30 35 

CAS" to output in Low-Z tCLZ 0 0 0 

Output buffer turn-off del~ tOFF 0 15 0 15 0 15 

Transition time (rise and fall) tT 3 50 3 50 3 50 

RAS precharge time tRP 30 40 50 

RAS _Q_ulse width tRAS 50 10K 60 10K 70 10K 

RAS hold time tRSH 
I 

15 15 20 

CAS" hold time tCSH 50 60 70 

CAS" j>_Ulse width tCAS 15 10K 15 10K 20 10K 

RAS to CAS" delcri_ time _JRCD 20 35 20 45 20 50 

RAS to column address dela_y_ time tRAD 15 25 15 30 15 35 

CAS" to RAS precharg_e time tCRP 5 5 5 

Row address set-l!Q_ time tASR 0 0 0 

Row address hold time tRAH 10 10 10 

Column address set-u_Q_ time tASC 0 0 0 

Column address hold time J_5Vj_ tCAH 10 10 15 

Column address hold time (3.3V) tCAH - 15 15 

Column address to RAS lead time tRAL 25 30 35 

Read command set-u_Q_ time tRCS 0 0 0 

Read command hold time referenced to CAS" tRCH 0 0 0 

Read command hold time referenced to RAS tRRH 0 0 0 

Write command set-l!Q. time tWCS 0 0 0 

Write command hold time tWCH 10 10 10 

Write command_o_ulse width tWP 10 10 10 

Write command to RAS lead time tRWL 15 15 15 

Write command to CAS" lead time tCWL 15 15 15 

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

ttMfiliii" · ELECTRONICS 
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Max Unit 

5 pF 

7 pF 

7 pF 

•8 

Min Max 
Units Notes 

150 ns 

205 ns • 80 ns 3,4, 10 

20 ns 3,4,5 

40 ns 3,10 

0 ns 3 

0 · 15 ns 6 

3 50 ns 2 

60 ns 

80 10K ns 

20 ns 

80 ns 

20 10K ns 

20 60 ns 4 

15 40 ns 10 

5 ns 

0 ns 

10 ns 

0 ns 

15 ns 

15 ns 

40 ns 

0 ns 

0 ns 8 

0 ns 8 

0 ns 

10 ns 

10 ns 

20 ns 

20 ns 
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KM48C5128, KM48V512B CMOS DRAM 

AC CHARACTERISTICS (0°C~TA~70°C, See note 1,2) 

• 

b---· PararUeter 

Data set-up time tDS O o O o ns 9 

Data hold time (5V) tDH 10 10 15 15 ns 9 

Data hold time (3.3V) tDH 15 15 15 ns 9 

Refresh _e_eriod lNormal) tREF 16 16 16 16 ms 

Refresh _e_eriod (L-ved._ tREF 128 128 128 128 ms 

CAS to W delay_ time tCWD 40 40 50 50 ns 8 

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- _12_recharge to W delay time tCPWD 55 60 65 70 ns 

C.A.S set-up time (CAS-before-l1AS refreshl tCSR 5 5 5 5 ns 

CAS hold time (CAS-before-l1AS refresl}l tCHR 1 O 10 10 10 ns 

RAS to CAS_grecharg_e time tRPC 5 5 5 5 ns 

CAS_Qrecharg_e time1CBl1 counter test ~clel tCPT 20 20 25 30 ns 

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

Fast Pa__g_e mode GY_cle time tPC 35. 40 45 50 ns 

Fast Pa_ge mode read-modify-write cycle tim....§ tPRWC 80 80 . 95 105 ns 

CAS precharqe time (Fast paqe cycle) tCP 10 10 10 10 ns 

RAS121.Jlse width_LFastJ.Laoe cycle) tRASP 50 1 OOK 60 1 OOK 70 100K 80 100K ns 

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

DE access time tOEA 15 15 20 20 ns 

DE to data delav tOED 15 15 20 20 ns 

Out_o_ut buffer turn off delCi'L time from DE tOEZ 0 15 0 15 0 20 0 20 ns 

DE command hold time tOEH 15 15 20 20 ns 

l1AS ___guise width J_C-B-11 self refresh) tRASS 100 100 100 100 µs 11 

l1AS precharge time (C-B-11 self refreshl tRPS 90 110 130 150 ns 11 

CAS hold time (C-8-11 self refresh) tCHS -50 -50 -50 -50 ns 11 

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

t1Mfi1111» 
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KM48C512B, KM48V512B CMOS DRAM 

NOTES 

1. An initial pause of 200µs is required after power-up followed by any 8 ROA or CBR cycles before 

proper device operation is achieved. 

2. V1H(min) and V1L(max) are reference levels for measuring timing of input signals. Transition times are 

measured between V1H(min) and V1L(max) and are assumed to be 5ns for all inputs. 

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

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. tOFF(max) 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 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 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. 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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KM48C514B, KM48V514B CMOS DRAM 

512K 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-11) 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 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 

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

• Extended Data Out operation 
.- • Byte Read/Write operation 

• CAS"-before-RAS refresh capability 
•RAS-only and Hidden refresh capability 

• Self-refresh capability (L-ver only) 
• Active power dissipation 

Unit:mW 
• TTL(5V)/L VTTL(3.3V) compatible inputs and outputs 

-5 470 
-6 255 385 
-7 235 360 
-8 220 

• Refresh cycles 

-6 60ns 
-7 70ns 20ns 130-ns 
-8 sons 20ns 150ns 

• Early Write or output enable controlled write 

• JEDEC standard pinout 
• Available in plastic SOJ and TSOP(ll) packages 

• Dual +5V± 10% power supply (5V product) 
• Dual +3.3V±0.3V power supply (3.3V product) 

FUNCTIONAL BLOCK DIAGRAM 

Control 
Clocks 

-----_ r: ~:: 
VBB Generator J:J 

Row Decoder 

Memory Array 
524,288 x 8 

Cells 

Column Decoder 

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) 

• KM48CN514BJ 

Vee Vss 
DOO D07 
D01 D06 
002 005 
D03 004 
N.C CAS 
w OE 

RAS N.C 
A9 A8 
AO A7 
A1 A6 • A2 AS 
A3 A4 

Vee Vss 

(SOJ) 

• KM48CN514BT • KM48CN514BTR 

Vee 1 0 28 Vss Vss 28 0 1 Vee 
DOO 2 27 007 D07 27 2 DOO 
D01 3 26 D06 D06 26 0 3 001 
002 4 25 oos DOS 2S 4 D02 
D03 s 24 D04 D04 24 s D03 
N.C 6 23 CAS CAS 23 6 N.C 
w 7 22 OE OE 22 7 w 

RAS 8 21 N.C N.C 21 8 RAS 
A9 9 20 A8 A8 20 9 A9 
AO 10 19 A7 A7 19 10 AO 
A1 11 18 A6 A6 18 11 A1 
A2 12 0 17 AS AS 17 0 12 A2 
A3 13 16 A4 A4 16 13 A3 

Vee 14 15 Vss Vss 1S 14 Vee 

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

··:p;fl';~ ;c:,'o ::.,,., ,.g,.etijj'I :;; "· ·· ;~-.am•:1. i.::; :;; ;tfth.i. :..oc~ i;:i 

.:.·:. 
;; ::·i;f;• 

AO-A9 Address ln_Q_uts w Read/Write ln_Q_ut 

D00-7 Data In/Out OE Data Ou!Q_ut Enable 

Vss Ground 
Vee Power_{_+SVl 

RAS Row Address Strobe Power (+3.3V) 

CAS Column Address Strobe N.C No Connection 

ttMfilJiliP 
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KM48C5148, KM48V514B CMOS· DRAM 

ABSOLUTE MAXIMUM RATINGS 

Voltage on any pin relative to Vss VrN,Vour -0.5 to +4.6 -1.0 to +7.0 v 
Voltage on Vee supply relative to Vss Vee -0.5 to +4.6 -1.0 to +7.0 v 
Storage Temperature Tstg -55 to +150 -55 to +150 oc 
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= o to 70 °C) 

Supply Voltage Vee 3.0 3.3 3.6 4.5 5.0 

Ground Vss 0 0 0 0 

Input High Voltage VrH 2.1 Vcc+o.3·1 2.4 

Input Low Voltage VtL -o.3·2 0.8 -1.0·2 

*1 : Vcc+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 OPERATIN.G CHARACTERISTICS 
(Recommended operating conditions unless otherwise noted.) 

0 

5.5 v 
0 v 

Vcc+1.0·1 v 
0.8 v 

':~Ji~~~·: .~9~J~.~ 
Input Leakage Current 

h(L) -5 5 µA (Any input O:::;V1N:::;Vcc+0.3V, all other pins not under test=OV) 

Output Leal<age Current IO(L) -5 5 µA 
(Data out is disabled, OV:::;Vour:::;Vcc) 3.3V 

Output High Voltage Level (loH=-2mA) VoH 2.4 v 
Output Low Voltage Level (IOL=2mA) VOL 0.4 v 
Input Leakage Current (Any input o:::;V1N:::;Vcc+0.5V, 

ll(L) -5 5 µA 
(Any input o:::;V1N:::;Vcc+0.5V, all other pins not under test=OV) 

Output Leakage Current 
IO(L) -5 5 µA (Data out is disabled, OV5:Vour:::;Vcc)' 5V 

Output High Voltage Level (loH=-5mA) VoH 2.4 v 
Output Low Voltage Level (loL=4.2mA) VOL 0.4 v 

•1Mfiiiii» 
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KM48C5148, KM48V5148 CMOS DRAM 

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

Max~ 
··· ... 

,,,,, 

Symbol Power Speed. 
·1 KM4SV514B. KM48tj~i4B' 

' 

-5 - 85 
-6 70 70 

lcc1 Don't care 
-7 65 65 
-8 60 

lcc2 Don't care Don't care 1 2 

-5 - 85 

lcc3 Don't care -6 70 70 
-7 65 65 
-8 60 

-5 65 

Don't care 
-6 55 55 

ICC4 -7 50 50 
-8 45 

Normal 0.5 1 
Ices 

L 
Don't care 100 150 

-5 85 

ICC6 Don't care -6 70 70 
-7 65 65 
-8 60 -

ICC? L Don't care 200 300 

Ices L Don't care 100 200 

I. 

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

lcc2 : Standby current (RAS=CAS=W=V1H) 

lcc3* : RAS-only refresh current (CAS=V1H, RAS , Address cycling @tRC=min.) 

lcc4*: Hyper Page Mode current (RAS=V1L, CAS, Address cycling @tHPC=min.) 

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

lcc5*: CAS-betore-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(V1H)=Vcc-0.2V, Input low voltage(V1L)=0.2V, CAS= 0.2V 

Din = Do;ft care, TRC=125µs, TRAS= TRAS min-300 ns 

Ices : Seit refresh current 

RAS=CAS=V1L, W=OE=AO - A9 = Vcc-0.2V or 0.2V, 

DQO - 007 = Vcc-0.2V, 0.2V or open 

Units 

mA 
mA 
mA 
mA 

mA 

mA 
mA 
mA 
mA 

mA 
mA 
mA 
mA 

mA 
µA 

mA 
mA 
mA 
mA 

µA 

µA 

* NOTE : lcc1, lcc3, lcc4 and lcc6 are dependent on output loading and cycle rates. Specified values 
are obtained with the output open. Ice is specified as an average current. In lcc1, lcc3, 
and lcc6. address can be changed maximum once while RAS=V1L. In lcc4, address can be 
changed maximum once within one hyper page cycle time, tHPC 

4'111i'i fji iii;; 
ELECTRONICS 

111 

• 



KM48C514B, KM48V514B 

CAPACITANCE (TA=25°C,Vcc=5Vor 3.3V, f=1MHz) 

Input capacitance [AO - A9] 

Input capacitance [RAS, GAS, W, OE] C1N2 

Output Capacitance [DQO - DQ7] Coo 

AC CHARACTERISTICS (0°C~TA90°C, See note 1,2) 
Test condition (5V device) : Vcc=5.0V±10%, VitNi1=2.4/0.8V, VotN01 =2.0/0.8V 
Test condition (3.3V device) : \{cc=3.3V±0.3V, VihNH=2.1/0.8V, VohN01 =2.0/0.8V 

Random read or write cycle time tRC 84 104 124 

Read-modify-write cycle time tRWC 116 140 165 

Access time from RAS tRAC 50 60 70 

Access time from CAS tCAC 17 17 20 

Access time from column address tAA 25 30 35 

CAS to output in Low-Z tCLZ 3 3 3 

Out ut buffer tum-off dela from CAS tCEZ 3 13 3 15 3 15 

Transition time (rise and fall) tT 2 50 2 50 2 50 

RAS precharge time tRP 30 40 50 

RAS ulse width tRAS 50 10K 60 10K 70 10K 

RAS hold time tRSH 17 17 20 

CAS hold time tCSH 40 50 60 

tCAS 8 10K 10 10K 15 10K 

tRCD 20 33 20 43 20 50 

time tRAD 15 25 15 30 15 35 

tCRP 5 5 5 

tASR 0 0 0 

tRAH 10 10 10 

Column address set-u time tASC 0 0 0 

Column address hold time 5V tCAH 8 10 15 

Column address hold time 3.3V tCAH 15 15 

Column address to RAS lead time tRAL 25 30 35 

Read command set-u time tRCS 0 0 0 

Read command hold time referenced to CAS tRCH 0 0 0 

Read command hold time referenced to RAS tRRH 0 0 0 

Write command set-u time tWCS 0 0 0 

Write command hold time tWCH 10 10 10 

Write command ulse width tWP 10 10 10 

Write command to RAS lead time tRWL 13 15 15 

Write command to CAS lead time tCWL 8 10 15 

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

etm¥J:m» 
ELECl'RONICS 

CMOS DRAM 

5 pF 

7 pF 

7 pF 

144 ns 

190 ns 

80 ns 3,4, 10 

20 ns 3,4,5 

40 ns 3,10 

3 ns 3 

3 15 ns 6, 13 

2 50 ns 2 

60 ns 

80 10K ns 

20 ns 

70 ns 

20 10K ns 11 

20 60 ns 4 

15 40 ns 10 

5 ns 

0 ns 

10 ns 

0 ns 

ns 

15 ns 

40 ns 

0 ns 

0 ns 8 

0 ns 8 

0 ns 7 

10 ns 

10 ns 

20 ns 

20 ns 
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KM48C514B, KM48V514B CMOS DRAM 

AC CHARACTERISTICS (0°C$TA$70°C, See note 1,2) 

-5(") -6 -7 -8 
Parameter Symbol Min Max Miri Max Min' Max Min 

~ Units Notes Max 

Data set-LIQ time tDS 0 0 0 0 n~ 9 

Data hold timeJ.5\1 tDH 8 10 15 ns 9 

Data hold time J.3.3VJ tDH - 15 15 15 ns 

Refresh _E_eriod JNorma_!l tREF 16 16 16 16 ms 

Refresh _E_eriod J.L-ver) tREF 128 128 128 128 ms 

CAS to W del<!Y_ time tCWD 34 36 44 44 ns 7 

RAS to W del<!Y_ time tRWD 67 79 94 104 ns 7 

Column address to W del<!Y_ time tAWD 42 49 59 64 ns 7 

CAS _Qrecharge to W delay time tCPWD 45 54 64 69 ns 

CAS set-l!Q_ timeJCAS-before-RAS refresh) tCSR 5 5 5 5 ns • CAS hold timejCAS-before-RAS refresh) tCHR 10 10 10 10 ns 

RAS to CAS _grecharg_e time tRPC 5 5 5 5 ns 

CAS_grecharg_e time JC BR counter test i;y_claj_ tCPT 20 20 25 30 ns 

Access time from CAS..Qrecham.e tCPA 28 35 40 45 ns 3 

H..YQ..er P;me mode i;y_cle time tHPC 20 25 30 35 ns 11 

1-fyQ_er P;me mode read-modif'l_-write i;y_cle timJl tHPRW~ 47 56 71 81 ns 11 

CAS..Qrechame time_(_H_yt>_er_Q_ag_e ~clel tCP 8 10 10 10 ns 

RAS_Q_ulse 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 

Out...Q.ut buffer turn off delqy_time from OE tOEZ 3 13 3 15 3 20 3 20 ns 6 

OE_JQ_ cutout in low-Z tOLZ 3 3 3 3 ns 

OE commao.d. hold tim....e_ tOEH 13 15 20 20 ns 

I Cutout data llQl.dJim_e_ tDOH 5 5 5 5 ns 

I Outnut buff Ar hHnnft rlP.l;:iv_fmm ~ ltRE7 3 13 -3 15 _3_ 20 3 20 ns 6 13 

I Cutout buffer t!JIQ__Off_ delavJrom 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 _grechame time tOEP 5 5 5 5 ns 

W _Qulse width (hyper_E_~e <2YClaj_ tWPE 5 5 5 5 ns 

RAS pulse width(C-B-R self refresh) tRASS 100 100 100 100 µs 12 

RAS precharge time (C-8-R self refresh) tRPS 90 110 130 150 ns 12 

CAS hold time (C-8-R self refresh) tCHS -50 -50 -50 -50 ns 12 

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

•tMfiliii> 
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KM48C514B, KM48V514B CMOS DRAM 

NOTES 

1. An initial pause of 200µs is required after power-up followed by any 8. ROA or CBR cycles before 

proper device operation is achieved. 

2. V1H(min) and V1L(max) are reference levels for measuring timing of input signals. Transition times are 

measured between V1H(min) and V1L(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 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 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. tRAQ(max) is specified as 

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

controlled by t.AA. 

11. tASC~6ns, Assume tT :;:2.0ns. 

12. 1024 cycle of burst refresh must be executed within 8ms before and af~er self refresh in order to meet 

refresh specification (L-versi~n). 

13. If RAS goes high before CAS high going, the open circuit condition of the output is achieved by CAS 
high going. If CA'S goes high before RAS high going, the open circuit condition of the output is 

achieved by RAS high going. 

tJ"t'itiiiii• 
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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-11) 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 
• Part Identification 

- KM49C512B/BL (SV, 1K Ref.) 

• Active power dissipation 
Unit:mW 

Speed Active power dissipation 

-6 415 

-7 385 

-8 360 

• Refresh cycles 

Part Refresh Refresh period 
NO. cycle Normal I L 

C512B 1K 16ms l 128ms 

• Performance range 

Speed tRAC tCAC tRC tPC 

. -6 60ns 15ns 110ns 40ns 

-7 70ns 20ns 130ns 45ns 

-8 80ns 20ns 150ns 50ns 

• Fast Page Mode operation 
•Byte Read/Write operation 
• CAS-before-RAS refresh capability 

- •RAS-only and Hidden refresh capability 
• Self-refresh capability (L-ver only) 
• TTL(SV) compatible inputs and outputs 
• Early Write or output enable controlled write 
• JEDEC standard pinout 
• Available in plastic SOJ and TSOP(llj packages 
• Dual +SV± 10% power supply 

FUNCTIONAL BLOCK DIAGRAM 

Control 
Clocks 

Refresh Timer 

.....-------, J: ~:: 
VBB Generator l:J 

Row Decoder 

Memory Array 
524,288 x9 

Cells 

Column Decoder 

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 

Vee Vss 
DQO DQ8 
DQ1 DQ7 
DQ2 DQ6 
DQ3 DQ5 
DQ4 CAS 

w OE 
RAS N.C 

A9 A8 
AO A7 
A1 A6 
A2 A5 
A3 A4 

Vee Vss 

(SOJ) 

• KM49C512BT • KM49C512BTR 

Vee 1 0 28 Vss Vss 28 0 1. Vee 
DQO 2 27 DQ8 DQ8 27 2 DQO 
DQ1 3 26 DQ7 DQ7 26 0 3 DQ1 
DQ2 4 25 DQ6 DQ6 25 4 DQ2 
DQ3' 5 24 DQ5 DQ5 24 5 DQ3 
DQ4 6 23 CAS CAS 23 6 DQ4 

w 7 22 OE OE 22 7 w 
RAS 8 21 N.C N.C 21 8 RAS 

A9 9 20 A8 A8 20 9 A9 
AO 10 19 A7 A7 19 10 AO 
A1 11 18 A6 A6 18 11 A1 
A2 12 0 17 A5 A5 17 0 12 A2 
A3 13 16 A4 A4 16 13 A3 

Vee 14 15 Vss Vss 15 14 Vee 

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

Pin Name Pin Function Pin Name Pin Fun~tlon 
AO-A9 Address ln_Quts w Read/Write Input 

DQ0-8 Data In/Out OE Data Output Enable 

Vss Ground Vee Power (+5V) 

RAS .Row Address Strobe N.C No Connection 

CAS Column Address Strobe 

ttMflliii" . ELECTRONICS 
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KM49C512B CMOS DRAM 

ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol Rating Units 

Voltage on any pin relative to Vss V1N,Vour -1.0 to +7.0 v 
-

Voltage on Vee supply relative to Vss Vee -1.0 to +7.0 v 
Storage Temperature Tstg -55 to +150 oc 
Power Dissipation Po 1 w 
Short Circuit Output Current las 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= o to 70 °C) 

Parameter Symbol Min 

Supply Voltage Vee 4.5 

Ground Vss 0 

Input High Voltage V1H 2.4 

Input Low Voltage V1L -1.0 ·2 

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

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

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

Parameter 

Input Leakage Current (Any input 0:5V1N:5Vcc+0.5V, 
(Any input 0:5V1N:5Vcc+O.SV, all other pins not under test=OV) 

Output Leakage Current 
(Data out is disabled, OV:5Vour:5Vcc) 

Output High Voltage Level (loH=-5mA) 

Output Low Voltage Level (loL=4.2mA) 

t11!i'ltlliiiiP 
ELECTRONICS 

Typ Max Unit 

5.0 5.5 v 
0 0 v 
- Vcc+1.0 •1 v 
- 0.8 v 

Symbol Min Max v 
h(L) -5 .5 µA 

IO(L) -5 5 µA 

VoH 2.4 - v 
VOL - 0.4 v 
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KM4$C512B :, CMOS DRAM 

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

.symbol Power 
~. I 

.$~,cl 
,: 

-6 

lcc1 Don't care -7 

-8 

lcc2 Don't care Don't care 

-6 

ICC3 Don't care -7 

-8 

-6 

ICC4 Don't care -7 

-8 

Normal 

Ices L 
Don't care 

-6 

Ices Don't care -7 

-8 

ICC7 L Don't care 

Ices L Don't care 

•'·'·' 

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

lcc2 : Standby current (~AS=GAS=W=VlH ) 

'~~)f ;: 

75 

70 

65 

2 

75 

70 

65 

55 

50 

45 

1 

150 

75 

70 

65 

300 

200 

lcc3* : ~-only refresh curr~nt (CAS°=V1H, RAS , Address cycling @tRC=min.) 

lcc4* : Fast Page Mode current (RAS=V1L, GAS, Address cycling @tPC=min.) 

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

Ices* : GAS-before-RAS Refresh c~rrent (RAS and GAS cycling @tRC=min.) 

:; 

~':,£ 

lcc1 : Battery back-up current, Average power supply current, Battery back-up mode 

Input high voltage(V1H)=Vcc-o.2v, Input low voltage(V1L)=0.2V, GAS= 0.2V 

Din = Don't care, TRc=125µs, TRAS= TRAS min-300 ns 

Ices : Self refresh current 

~=CAS°=V1L, W=ITE=AO - A9 = Vcc-0.2V or 0.2V, 

DQO - 008= Vcc-0.2V, 0.2V or open 

'':"M• 
mA 

mA 

mA 

mA 

mA 

mA 

mA 

mA 

mA 

mA 

mA 

µA 

mA 

mA 

mA 

µA 

µA 

*NOTE : lcc1, lcc3, lcc4 and Ices are dependent on output loading and cycle rates. Specified values 
are obtained with the output open. Ice is specified as an average current. In lcc1, lcc3, 
and Ices. address can be changed maximum once while RAS=V1L. In lcc4, 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, Vcc=5V, f=1MHz) 

Parameter Symbol Min Max Unit 

Input capacitance [AO - A9] C1N1 - 5 pF 

Input capacitance [AAS, CAS, W, OE] C1N2 - 7 pF 

Output Capacitance [DQO - DQ8] Coo - 7 pF 

AC CHARACTERISTICS (0°C$TA$70°C, See note 1,2) 
Test condition : Vcc=5.0V±10%, VitNi1=2.4/0.8V, VohN 01 =2.4/0.4 V 

-6 -7 -8 
Parameter Symbol 

Min Max Min Max Min 
Units Notes 

Max 

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 

CA'S" to output in Low-Z tCLZ 0 0 0 ns 3 

Output buffer turn-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 _Q_ufse width tRAS 60 10K 70 10K 80 10K ns 

RAS hold time tRSH 15 20 20 ns 

CA'S" hold time tCSH 60 70 80 ns 

CA'S" pulse width tCAS 15 10K 20 10K 20 10K ns 

RAS to CA'S" def~ 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 

CA'S" to RAS _Q_recha!9_e time tCRP 5 5 5 ns 

Row address set-l!Q_ 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-LIQ time tRCS 0 0 0 ns 

Read command hold time referenced to CA'S" 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 

Write command hold time tWCH 10 10 10 ns 

Write command_..12.ulse width tWP 10 10 10 ns 

Write command to RAS lead time tRWL 15 15 20 ns 

Write command to CA'S" lead time tCWL 15 15 20 ns 

t1Mfiliil_~---·-
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KM49C512B CMOS DRAM 

AC CHARACTERISTICS (0°C~TA~?0°C, See note 1,2) 

-.6 -7 -8 
Parameter Symbol Min Max Min Max Mi.-i Max Units Notes 

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 8 

RAS to W delay time tRWD 85 95 105' ns 8 

Column address to W delay time tAWD 55 60 65 ns 8 

CAS precharge to W delay time tCPWD 60 65 70 ns 

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

CA"S hold time (CAS-before-R"AS refresh) tCHR 10 10 10 ns 

R"AS to CAS" precharge time tRPC 5 5 5 ns 

CA"S _Q_recha~e tir'ne(CBR counter test c_y_cle) tCPT 20 25 30 ns 

Access time from CAS _Q_recha~e tCPA 35 40 45 ns 3 

Fast Pa_g_e mode cy_cle time tPC 40 45 50 ns 

Fast Page mode read-modif}'.:"write cycle time tPRWC 80 95 105 ns 

CAS _Q_recha~e time i_Fast_e_ag_e c_y_clel tCP 10 10 10 ns 

RAS _e_ulse width l_Fast_e_a_g_e c_y_clel tRASP 60 100K 70 100K 80 100K ns 

RAS hold time from CAS _i:>recharg_e tRHCP 35 40 45 ns 

OE access time tOEA 15 20 20 ns 

OE to data dela_y_ tOED 15 20 20 ns 

Out_Q_ut buffer turn off del<!Y_ time from OE tOEZ 0 15 0 20 0 20 ns 

OE command hold time tOEH 15 20 20 ns 

RAS _Q_ulse widthJ_C-B-R self refreshl tRASS 100 100 100 µs 11 

RAS _Q_rechar:g_e time J_C-B-R self refreshl tRPS 110 130 150 ns 11 

CAS" hold time J_C-8-R self refreshl_ tCHS -50 -50 -50 ns 11 

t1Mf11iil» 
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KM49C512B CMOS DRAM 

NOTES 

1. An initial pause of 200µs is required after power-up followed by any 8 ROA or CBR cycles before 

proper device operation is achieved. 

2. V1H(min) and V1L(max) are reference levels for measuring timing of input signals. Transition times are 

measured between V1H(min) and V1L(max) and are assumed to be Sns for all inputs. 

3. Measured with a load equivalent to 2 TTL loads and 1 OOpF. 

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. tOFF(max) 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 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 CAS leading edge in early write cycles and to the W leading 

edge in read-modify-write cycles. 

1 O. 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. 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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KM416C256B, KM416V256B CMOS DRAM 

256K x 16 Bit CMOS Dynamic 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 s~eed 
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-11) are optional 
features of .this family. · 
All of this family have CA'S-before-RAS' refresh, RAS-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 
• Part Identification 

- KM416C2568/BL (5V, 512 Ref.) 
- KM416V256B/BL (3.3V, 512 Ref.) 

• Fast Page Mode operation 

• 2 CA'S Byte/Word ~ead/Write operation 

•CA'S-before-RAS refresh capability 

•RA'S-only and Hidden refresh capability 

• Self-refresh capability (L-ver only) 
• Active power dissipation 

Unit·mw 
• TTL(5V)/LVTTL(3.3V) compatible inputs and outputs 

Speed 
3,sv 

(512 Ref;) 
-5 -
-6 325 
-7 290 
-8 270 

• Refresh cycles 

Part 
Vee 

Refresh 
NO. cycle 

C256B sv 
512 

V256B 3.3V 

•Performance range: 

Speed tRAC tCAC tRC 
-5 sons 15ns 90ns 
-6 60ns 15ns 110ns 
-7 70ns 20ns 130ns 
-8 sons 20ns 150ns 

• I~ : 6V 
(512 Ref.) 

605 
495 
440 
415 

Refresh _Reriqd 
Normal L 

ams 128ms 

tPC Remark 
35n"s 5V0n!Y_ 
40ns 5V/3.3V 
45ns 5V/3,.~V 

sons 5V/3.3V 

• Early Write or output enable controlled write 

• JEDEC standard pinout 

•Available in plastic SOJ and TSOP(ll) packages 

•Triple +5V± 10% power supply (5V product) 

•Triple +3.3V±0.3V power supply (3.3V product) 

FUNCTIONAL BLOCK DIAGRAM 

RAS_:_;,· ..r-----------..., ··.···•····. &~= UCAS' 
I:CAS' 

Control 
Clocks w ~ ..... ___ ___. 

".OJT""-:i;.;;..;.;..;...;;;=~;.;;.;;,;.i 
• . AB __ .,_.... ___ __. 

Vee . Generator 

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

DQO 
to 

DQ7 

OE 

DOB 

1.22 



KM416C256B, KM416V256B CMOS DRAM 

PIN CONFIGURATION (Top Views) 

• KM416CN256BJ • KM416CN256BT· • KM416CN256BTR 

vee 1 0 40 Vss vee 1 0 40 Vss Vss 40 0 1 vec 
DQO 2 39 D015 DQO 2 39 DQ15 DQ15 39 2 DQO 
DQ1 3 3B DQ14 DQ1 3 3B DQ14 DQ14 38 0 3 DQ1 

DQ2 4 37 D013 DQ2 4 37 DQ13 DQ13 37 4 DQ2 

DQ3 5 36 D012 
DQ3 5 36 DQ1.2 DQ12 36 5 D03 
vcc 6 35 Vss Vss 35 6 vcc vee 6 3S Vss DQ4 7 34 DQ11 DQ11 34 7 DQ4 

DQ4 7 34 D011 DQS B 33 DQ10 DQ10 33 B DQ5 
DQ5 B 33 DQ10 DQ6 9 32 DQ9 DQ9 32 9 DQ6 
DQ6 9 32 D09 DQ7 10 31 DQB DOB 31 10 DQ7 
DQ7 10 31 DOB 
N.C 11 30 N.C 

N.C N.C N.C N.C 12 29 [CAS 11 30 N.C 30 11 

w 13 28 UCAS N.C 12 29 r:cAS [GAS 29 12 N.C 

~ 14 27 OE w 13. 28 OCAS UCAS 28 13 w 
~ 14 27 OE OE 27 14 RAS 

N.C 15 26 AB N.C 15 26 AB AB 26 15 N.C 
AO 16 2S A7 AO 16 25 A7 A7 25 16 AO· 
A1 17 24 A6 A1 17 24 A6, A6 24 17 A1 
A2 18 0 23 AS A2 1B 0 23 AS A5 23 0 18 A2 
A3 19 22 A4 A3 19 22 A4 A4 22 19 A3 

vee 20 21 Vss vec 20 21 Vss Vss 21 20 vcc 

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

Piil~•me: P•11 r:u.11inor1:~ :: :v ~ 
·: d 

AO-AS Address ln_Q_uts 
DQ0-1S Data In/Out 

Vss Ground 
l1AS Row Address Strobe 

UCAS Upper Column Address Strobe 
[CAS Lower Column Address Strobe 
w Read/Write Input 

OE Data Output Enable 

Vee 
Power (+5V) 
Power ( +3.3V) 

N.C No Connection 
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KM416C256B, KM416V256B CMOS DRAM 

ABSOLUTE MAXIMUM RATINGS 

Voltage on any pin relative to Vss V1N,VouT -0.5 to +4.6 -1.0 to +7.0 v 
Voltage on Vee supply relative to Vss Vee -0.5 to +4.6 -1.0 to +7.0 v 
Storage Temperature Tstg -55 to +150 -55 to +150 oc 
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= o to 70 °C) 

Supply Voltage Vee 3.3 3.6 4.5 5.0 

Ground Vss 0 0 0 0 0 

Input High Voltage V1H 2.1 Vcc+o.3·1 2.4 

Input Low Voltage V1L -0.3"2 0.8 -1.0·2 

*1 : Vcc+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 unless otherwise noted.) 

·:: '.'. 
·: :'·':., 

·. :: . 2 
·i.J>.t~-~·· 

: 

: ..• 
Input Leakage Current 

:· ·,< :.: ... 
.... S)'m~01 

(Any input o::;V1N::;Vcc+0.3V, all other pins not under test=OV) 
ll(L) 

3.3V 
Output Le<:;ikage Current IO(L) 
(Data out is disabled, OV::;Vour::;Vcc) 

Output High Voltage Level (loH=-2mA) VoH 

Output Low Voltage Level (loL=2mA) VOL 

Input Leakage Current (Any input O::;V1N::;Vcc+0.5V, ll(L) 
(Any input o::;V1N::;Vcc+0.5V, all other pins not under test=OV) 

5V 
Output Leakage Current IO(L) 
(Data out is disabled, OV::;Vour::;Vcc) 

Output High.Voltage Level (loH=-5mA) VoH 

Output Low Voltage Level {loL=4.2mA) VoL 

•tMfiiiii» 
ELECTRONICS 

Max 
gnn 

5.5 v 
0 v 

Vcc+1.0·1 v 
0.8 v 

-'-Min•·. Max Unit• 

-5 5 µA 

-5 5 µA 

2.4 - v 
- 0.4 v 

-5 5 µA 

-5 5 µA 

2.4 - v 
- 0.4 v 
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KM416C2568, KM416V2568 CMOS DRAM 

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

Max 
Symbol Power Speed Units 

KM416V2568 KM416C256B 

-5 -
-6 90 

lcc1 Don't care. -7 80 
-8 75 

lcc2 Don't care Don't care 1 

-5 -
ICC3 Don't care -6 90 

-7 80 
-8 75 

-5 -
-6 60 

ICC4 Don't care -7 55 
-8 50 

Normal 0.5 
ICC5 L Don't care 100 

-5 -
ICC6 Don't care -6 90 

-7 80 
-8 75 

ICC? L Don't care 200 

Ices L Don't care 100 

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

lcc2 : Standby current (RAS=OCAS=LCAS=W=V1H) 

110 
90 
80 
75 

2 

110 
90 
80 
75 

70 
60 
55 
50 

1 
150 

110 
90 
80 
75 

300 

200 

lcc3*: RAS-only refresh current (OCAS=LCAS=V1H, RAS, Address cycling @tRC=min.) 

lcc4*: Fast Page Mode current (RAS=V1L, OCAS or LCAS, Address cycling @tPC=min.) 

lcc5 : Standby current (RAS=0CAS=CCAS=W=Vcc-0.2V) 

lcc6* : GAS-before-RAS Refresh current (RAS , OCAS or rcAS cycling @tRC=min.) 

lcc1 : Battery back-up current, Average power supply current, Battery back-up mode 

Input high voltage(V1H)=Vcc-0.2V, Input low voltage(V1L)=0.2V, OCAS, LCAS= 0.2V 

Din = Don't care, TRc= 125µs, TRAS= TRAsmin-300 ns 

Ices : Self refresh current 

RAS=UCAS=CCAS=V1L, W=OE=AO - A8 = Vcc-0.2V or 0.2V, 

DQO - DQ15= Vcc-0.2V, 0.2V or open 

mA 
mA 
mA 
mA 

mA 

mA 
mA 
mA 
mA 

mA 
mA 
mA 
mA 

mA 
µA 

mA 
mA 
mA 
mA 

µA 

µA 

*NOTE: lcc1, lcc3, lcc4 and lcc6 are dependent on output loading and cycle rates. Specified values 
are obtained with the output open. Ice is specified as an average current. In lcc1, lcc3, 
and lcc6, address can be changed maximum once while RAS=V1L In lcc4, address can be 
changed maximum once within one fast page mode cycle time, tPC. 

t1114J1Ji1$ 
ELECTRONICS 
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KM416C256B, KM416V256B 

CAPACITANCE (TA=25°C,Vcc=5Vor 3.3V, f=1MHz) 

Paramjter ' 

:, ;· , >Syl11bOJ, ' Min 
Input capacitance [AO - AB] C1N1 -
Input capacitance [RAS, UCAS,I:CAS, W, OE] C1N2 -
Output Capacitance [DQO - DQ15] Coa -

AC CHARACTERISTICS (0°C~T AS70°C, See note 1,2) 
Test condition (5V device) : Vcc=5.0V±10%, VitNn=2.4/0.8V, VohN01 =2.4/0.4V 
Test condition (3.3V device) : Vcc=3.3V±0.3V, V1hNi1=2.1/0.8V, Voh/Vo1 =2.0/0.BV 

• . '-5(·> -6 -7 
Parameter SymbQI 

,Mfn Max Min Max Min Max 

Random read or write cycle time tRC 90 110 130 

Read-modify-write cycle time tRWC 135 155 185 

Access time from RAS tRAC 50 60 70 

Access time from CAS tCAC 15 15 20 

Access time from column address tAA 25 30 35 

CAS to output in Low-Z tCLZ 0 0 0 

Ou~ut buffer turn-off delq_ tOFF 0 15 0 15 0 15 

Transition time (rise and fall) tT 3 50 3 50 3 50 

RAS precharge time tRP 30 40 50 

RAS pulse width tRAS 50 10K 60 10K 70 10K 

RAS hold time tRSH 15 15 20 

CAS hold time tCSH 50 60 70 

CAS 2_Ulse width tCAS 15 10K 15 10K 20 10K 

RAS to CA'S del~ time tRCD 20 35 20 45 20 50 

RAS to column address del~ time tRAD 15 25 15 30 15 35 

CAS to RAS _£_recha~e time tCRP 5 5 5 

Row address set-l!Q_ time tASR 0 0 0 

Row address hold time tRAH 10 10 10 

Column address set-im. time tASC 0 0 '() 

Column address hold timel5Vl tCAH 10 10 15 

Column address hold timel3.3Vl tCAH - 15 15 

Column address to RAS lead time tRAL 25 30 35 

Read command set-u_Q_ time tRCS·· 0 0 0 

Read command hold time referenced to CA'S tRCH 0 0 0 

Read command hold time referenced to RAS tRRH 0 0 0 

Write command set-u.Jl time tWCS 0 0 0 -
Write command hold time tWCH 10 10 10 

Write command.Jluls.e width tWP 10 10 10 

Write command to RAS lead time tRWL j_5 15 15 

Write command to CA'S lead time tCWL 15 15 15 

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

tt:!:l.fliiii» 
ELECTRONICS 

CMOS DRAM 

'M4\D( Uhlt 

5 pF 

7 pF 

7 pF 

-8 

Min Max 
Units Notes 

150 ns 

205 ns 

80 ns 3,4,10 

20 ns 3,4,5 

40 ns 3,10 

0 ns 3 

0 15 ns 6 

3 50 ns 2 

60 ns 

80 10K ns 

20 ns 

80 ns 

20 10K ns 

20 60 ns 4 

15 40 ns 10 

5 ns 

0 ns 

10 ns 

0 ns 

15 ns 

15 ns 

40 ns 

0 ns 

0 ns 8 

0 ns 8 

0 ns 

10 ns 

10 ns 

20 ns 

20 ns 
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KM416C256B,. KM416V2568 CMOS DRAM 

AC CHARACTERISTICS (0°C~TA~70°c, See note 1,2) 
.. 

1 
. .- 5(*) -6 -8 

Parameter Symbo I Min Ma:!< Min ·Max Miri Max Min· Msx Units Note.s 

Data set-LIQ time tDS 0 0 0 0 ns 9 

Data hold time (5V) tDH 10 10 15 15 ns 9 

Data hold time (3.3V) tDH - 15 15 15 ns 9 

Refresh _2.eriod lNorma.!}_ tREF 8 8 8 8 ms 

Refresh _2.eriod lL-ve!}_ tREF 128 128 128 128 ms 

CAS to W del~ time tCWD 40 40 50 50 ns 7 

RAS to W del~ time tRWD 75 85 95 105 ns 7 

Column address to W del~ time tAWD 50 55 60 65 ns 7 

CAS _12_recharg_e to W dela_y time tCPWD 55 60 65 70 ns 

CAS set-1.!Q_ time 1CAS"-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 precharne time tRPC 5 5 5 5 ns 

CAS _12_recharg_e time1C8R counter test ~clel tCPT 20 20 25 30 ns 

Access time from cAS _grecharg_e tCPA 30 35 40 45 ns 3 

Fast P~e mode ~cle time tPC 35 40 45 50 ns 

Fast P~e mode read-modify_-write qy_cle timJ;l tPRWC 80 80 95 105 ns 

CAS"_Qrecharn_e timelFast_ga_g_e ~clel tCP 10 10 10 10 ns 

RAS_Qulse widthlFast_QC!Q.e ~cle_l_ tRASP 50 100K 60 100K 70 100K 80 100K ns 

RAS hold time from CAS_grecharg_e tRHCP 30 35 40 45 ns 

OE access time tOEA 15 15 20 20 ns 

OE to data delfil.'_ tOED 15 15 20 20 ns 

Out_o_ut buffer turn off delav time from OE tOEZ 6 15 0 15 0 20 0 20 ns 

OE command hold time tOEH 15 15 20 20 ns 

RAS_Qulse width(C-8-R self refresh) tRASS 100 100 100 100 µs 11 

RAS precharge time (C-8-R selfrefresh) tRPS 90 110 130 150 ns 11 

cAS hold time (C-8-R self refresh)·· tCHS -50 -50 -50 -50 ns 11 

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

tJ:!:i:f WI> 
ELECTRONICS 
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KM416C256B, KM416V256B CMOS DRAM 

NOTES 

1. An initial pause of 200µs is required after power-up followed by any 8 ROA or CBR cycles before 

proper device operation is achieved. 

2. V1H(min) and V1L(max) are reference levels for measuring timing of input signals. Transition times are 

measured between V1H(min) and V1L(max) and are assumed to be 5ns for all inputs. 

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

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 tWCS~ tWCS(min), the cycles is an early ·write cycle 

and the data output will remain high impet:lance 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 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. 

KM416CN256B/BL Truth Table 

··-rors .··. -~· 1_.UCAS: w rn; DQ0-007 DQ8•DQ15 STATE 

H H H H H Hi-Z Hi-Z Standby 

L H H H H Hi-Z Hi-Z Refresh 

L ' L H H L 
I 

DO-OUT Hi-Z Byte Read 

L H L H L Hi-Z DO-OUT Byte Read 

L L L H L DO-OUT DO-OUT Word Read 

L L H L H DO-IN - Byte Write 

L H L L H - DO-IN Byte Write 

L L L L H DO-IN DO-IN Word Write 

L L L H H Hi-Z Hi-Z -

d!ti:Hllh• 
ELECJRONICS 
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KM416C256B, KM416V256B CMOS DRAM 

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 CA"S falling edge at word read-modify-write cycle .. 

15. tCWL is specified from W falling edge to the earlier CA'S' rising edge. 

ITAS -----. 

ADD. 

tCWD 

w 
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. 
I 

~ 

' .I 

~ .. ...... 

tCSR tCHR 

19. tDS, tDH is independently specified for lower byte D1N(0-7), upper byte D1N(8-15). 

LCAS 

DQO
DQ7 

DQ8-
DQ15 

w 

11:!:1: Hifil* ELECTRONICS 
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KM416C254B, KM416V254B 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-11) 
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 2~6Kx16 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 (SV, 512 Ref.) 
- KM416V254B/BL (3.3V, 512 Ref.) 

• Extended Data Out operation 

• 2 CAS Byte/Word Read/Write operation 

• CAS-before-R"AS" refresh capability 
•RAS-only and Hidden refresh capability 

• Self-refresh capability (L-ver only) 
• Active power dissipation 

Unit·mw 
• TTL(SV)/L VTTL(3.3V) compatible inputs and outputs 

3.3V 
Speed (512 Ref.) 

-5 -
-6 255 
-7 235 
-8 220 

• Refresh cycles 

Part Refresh 
NO. Vee . cycle 

C254B 5V 
512 

V254B 3.3V 

• Performance range 

Speed tRAC tCAC tRC 
-5 50ns 17ns 84ns 
-6 60ns 17ns 104ns 
-7 70ns 20ns 124ns 
-8 sons 20ns 144ns 

5V 
(512 Ref.) 

605 
495 
440 
-

Refresh Period 
Normal L 

ams 128ms 

tHPC Remark 
20ns 5V Only 
25ns 5V/3.3V 
30ns 5V/3.3V 
35ns 3.3V Only 

RAS 
OCAS 
[CAS 

w 

AO . . . 
A8 

• Early Write or output enable controlled write 

• JEDEC standard pinout 
•Available in plastic SOJ and TSOP(ll) packages 

• Triple +5V± 10% power supply (5V product) 

•Triple +3.3V±0.3V power supply (3.3V product) 

FUNCTIONAL BLOCK DIAGRAM 

di~= Control 
Clocks VBB Generator . : 

Row Decoder 

Memory Array 
262,144 x 16 

Cells 

Column Decoder 

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

tJ!fofi@IP 
ELECTRONICS 

DOO 
to 

D07 

OE 

DOS 
to 

D015 
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KM416C254B, KM416V254B CMOS DRAM 

PIN CONFIGURATION (Top Views) 

• KM416CN254BJ • KM416CN254BT • KM416CN254BTR 

vcc 1 0 40 Vss vcc 1 0 40 Vss Vss 40 0 1 vcc 
DQO 2 39 D015 DOO 2 39 D015 D015 39 2 DOO 

DQ1 3 3S D014 D01 3 3S D014 D014 38 0 3 D01 

DQ2 4 37 D013 D02 4 37 D013 D013 37 4 D02 
D03 5 36 D012 D012 36 5 D03 

DQ3 5 36 D012 vcc 6 35 Vss Vss 35 6 vcc 
vcc 6 35 Vss D04 7 34 D011 D011 34 7 D04 
DQ4 7 34 D011 D05 s 33 D010 D010 33 s D05 
DQ5 s 33 D010 D06 9 32 D09 D09 32 9 D06 

• DQ6 9 32 D09 D07 10 31 DOS DOS 31 10 D07 
DQ7 10 31 DOS 
N.C 11 30 N.C 
N.C 12 29 CCAS N.C 11 30 N.C N.C 30 11 N.C 

w 13 2S CTCAS N.C 12 29 CCAS [CAS 29 12 N.C 

RAS 14 27 OE w 13 2S CTCAS CTCAS 28 13 w 
RAS 14 27 OE OE 27 14 RAS 

N.C 15 26 AS N.C .15 26 AS ~8 26 15 N.C 
AO 16 25 A7 AO 16 25 A7 A7 25 16 AO 
A1 17 24 A6 A1 17 24 A6 A6 24 17 A1 
A2 1S 0 23 A5 A2 18 0 23 A5 A5 23 0 18 A2 
A3 19 22 A4 A3 19 22 A4 A4 22 19 A3 

vcc 20 21 Vss vcc 20 21 Vss Vss 21 20 vcc 

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

Pin Name Pin Function 

AO-AS Address lnQ_uts 

DOO -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 Output Enable 

Vee 
Power (+5V) 

Power (+3.3V) 

N.C No Connection 

t1'1Mi1iii» 
Fl FCTRnNlr.~ 
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KM416C2548, KM416V2548 CMOS DRAM 

ABSOLUTE MAXIMUM RATINGS 

symbol 
Rating 

Units Parameter 
~ 3.3V 5V 

Voltage on any pin relative to Vss V1N,VOUT -0.5 to +4.6 -1.0 to +7.0 v 
Voltage on Vee supply relative to Vss Vee -0.5 to +4.6 -1.0 to +7.0 v 
Storage Temperature Tstg -55 to +150 -55 to +150 oc 
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= o to 70 °C) 

3.3V 5V 
Parameter Symbol 

Min Typ Max Min Typ 

Supply Voltage Vee 3.0 3.3 3.6 4.5 5.0 

Ground Vss 0 0 0 0 0 

Input High Voltage V1H 2.1 - Vcc+o.3·1 2.4 -
Input Low Voltage V1L -o.3*2 - 0.8 -1.0*2 -

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

*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.) 

~ 

Unit 
Max 

5.5 v 
0 v 

Vcc+1.0·1 v 
0.8 v 

Parameter Symbol Min Max Units 

Input Leakage Current lt(L) -5 5 µA 
(Any input o::;;V1N::;;Vcc+0.3V, all other pins not under test=OV) 

3.3V 
Output Leakage Current IO(L) -5 5 µA 
(Data out is disabled, OV::;;VoUT::;;Vcc) 

Output High Voltage Level (loH=-2mA) VoH 2.4 - v 
Output Low Voltage Level (loL=2mA) VoL - 0.4 v 
Input Leakage Current (Any input Q::;;V1N::;;Vcc+0.5V, lt(L) -5 5 µA 
(Any input Q::;;V1N::;;Vcc+0.5V, all other pins not under test=OV) 

sv 
Output Leakage Current 

IO(L) -5 5 µA (Data out is disabled, OV::;;VouT::;;Vcc) 

Output High Voltage Level (loH=-5mA) VoH 2.4 - v 
Output Low Voltage Level (loL=4.2mA) VOL - 0.4 v 

t1'1i'ifi'hi• 
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KM416C2548, KM416V2548 CMOS DRAM 

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

Symbol Power Speed 
Max 

KM416V254B KM416C254B 

-5 
-6. 70 

lcc1 Don't care -7 65 
-8 60' 

lcc2 Don't care Don't care 1 

-5 -
ICC3 Don't care -6 70 

-7 65 
-8 60 

-5 -

Don't care 
-6 60 

ICC4 -7 55 
-8 50 

Normal 0.5 
Ices 

L 
Don't care 100 

-5 -
ICC6 Don't care -6 70 

-7 65 
-8 60 

ICC? L Don't care 200 

Ices L Don't care 100 

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

lcc2 : Standby current (RAS=DCAS=[CAS=W=V1H) 

110 
90 
80 

2 

110 
90 
80 

70 
60 
50 

1 
150 

110 
90 
80 
-

300 

200 

lcc3* : RAS-only refresh current (DCAS=[CAS =V1H, RAS , Address cycling @tRC=min.) 

lcc4*: Hyper Page Mode current (RAS=V1L, DCAS or [CAS, Address cycling @tHPC=min.) 

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

lcc5* : CAS-before-RAS Refresh current (RAS , DCAS or LCAS cycling @tRC=min.) 

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

Input high voltage(V1H)=Vcc-0.2V, Input low voltage(V1L)=0.2V, DCAS,[CAS"= 0.2V 

Din = Don't care, TRc= 125µs, TRAS= TRAsmin-300 ns 

Ices : Self refresh current 

RAS=DCAS=LCAS=V1L, W=OE=AO - AB= Vcc-0.2V or 0.2V, 

DQO - DQ15= Vcc-0.2V, 0.2V or open 

Units 

mA 
mA 
mA 
mA 

mA 

mA 
mA 
mA 
mA 

mA 
mA 
mA 
mA 

mA 
µA 

mA 
mA 
mA 
mA 

µA 

µA 

* NOTE : lcc1, lcc3, lcc4 and lcc6 are dependent on output loading and cycle rates. Specified values 
are obtained with the output open. Ice is specified as an average current. In lcc1, lcc3, 
and lcc6, address can be changed maximum once while RAS=V1L. In lcc4, address can be 
changed maximum once within one hyper page cycle time, tHPC. 
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KM416C254B, KM416V254B 

CAPACITANCE (TA=25°C,Vcc=5Vor 3.3V, f=1MHz) 

Input capacitance [AO - AS] C1N1 

Input capacitance [RAS, DCAS",I:cAS, W, OE] 
Output Capacitance [DQO - DQ15] Goa 

AC CHARACTERISTICS (0°C~TA~70°C, See note 1,2) 
Test condition (SV device) : Vcc=5.0V±10%, VitNi1=2.4/0.8V, VohN01 =2.0/0.8V 
Test condition (3.3V device) : Vcc=3.3V±0.3V, VihNn=2.1/0.8V, VohN01 =2.0/0.8V 

Parameter 
- 5(*). -:6 -7 

Symbol 
Min Max Min Max Min Max 

Random read or write cycle time tRC 84 104 124 

Read-modify-write cycle time tRWC 116 140 165 

Access time from RAS tRAC 50 60 70 

Access time from CA'S" tCAC 17 17 20 

Access time from column address tAA 25 30 35 

CA'S" to output in Low-Z tCLZ 3 3 3 

Output Buffer turn;.off delay from CA'S" tCEZ 3 13 3 15 3 20 

Transition time (rise and fall) tT 2 50 2 50 2 50 

RAS prechalJle time tRP 30 40 50 

RAS" pulse width tRAS 50 10K 60 10.K 70 10K 

RAS hold time tRSH 17 17 20 

CA'S" hold time tCSH 40 50 60 

CA'S" 2_ulse width tCAS 8 10K 10 10K 15 10K 

RAS to CA'S" del~ time tRCD 20 33 20 43 20 50 

RAS" to column address delay time tRAD 15 25 15 30 15 35 

CA'S" to RAS 2recha!:9_e time tCRP 5 5 5 

Row address set-up time tASR 0 0 0 

Row address hold time tRAH 10 10 10 

Column address set-l!Q time tASC 0 0 0 

Column address hold timej5VJ tCAH 8 10 15 

Column address hold timej3.3\Q_ tCAH - 15 15 

Column address to RAS lead time tRAL 25 30 35 

Read command set-i,m_ time tRCS 0 0 0 

Read command hold time referenced to CA'S" tRCH 0 0 0 

Read command hold time referenced to RAS tRRH 0 0 0 

Write command set-yp time tWCS 0 0 0 

Write command hold time tWCH 10 10 10 

Write command pulse width tWP 10 10 10 

Write command to RAS" lead time tRWL 13 15 15 

Write command to CA'S" lead time tCWL 8 10 15 

(*): 50ns product: Vcc=5V±5% 

41111'¥1iiiiiP 
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Unit 

5 pF 

7 pF 

7 pF 

-:8 

Min M•x 
Units Notes 

144 ns 

190 ns 

80 ns 3,4,10 

20 ns 3,4,5 

40 ns 3,10 

3 ns 3 

3 20 ns 6, 13 

2 50 ns 2 

60 ns 

80 10K ns 

20 ns 

70 ns 

20 10K ns 

20 60 ns 4 

15 40 ns 10 

5 ns 

0 ns 

10 ns 

0 ns 14 

- ns 14 

15 ns 

40 ns 

0 ns 

0 ns 8 

0 ns 8 

0 ns 7 

10 ns 

10 ns 

20 ns 

20 ns 17 
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KM416C2548, KM416V2548 CMOS DRAM 

AC CHARACTERISTICS (0°C::;TA::;?o0 c, See note 1,2) 

• 5(*) ·6 .7 -8 
Parameter Symbol 

Min Max Min Max Min Max Min Max 
Units Notes 

-'--

Data set-u_Q_ time tDS 0 0 0 0 ns 9,20 

Data hold time 1sv1 tDH 8 10 15 - ns 9,20 

Data hold time (3.3V) tDH - 15 15 15 ns 

Refresh _Q_eriod (Normal) tREF 8 8 8 8 ms 

Refresh _Q_eriod lL-ved_ 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 _i:>_recharge to W delay time tCPWD 45 54 64 69 ns 

CAS set-up time (CAS-before-RAS refreshl tCSR 5 5 5 5 ns 18 • CAS hold time (CAS"-before-RAS refreslJl tCHR 10 10 10 10 ns 19 

RAS to CAS _i:>_recharqe time tRPC 5 5 5 5 ns 

CAS_i:>_recharg_e time1CBR counter test GY_Clel tCPT 20 20 25 30 ns 

Access time from CAS_i:>_recharg_e tCPA 28 35 40 45 ns 3 

H__'iQ_er P@e mode GY_Cle time tHPC 20 25 30 35 ns 11 

H__'iQ_er Pa_g_e mode read-modif'{-write qcle time tHPRWC 47 56 71 81 ns 11 

CAS_12recharqe time (Hyper paqe cyclel tCP 8 10 10 10 ns 15 

RAS pulse width (Hyper paae cycle) tRASP 50 100K 60 100K 70 100K 80 100K ns 

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

OE access time tOEA 15 15 20 20 ns 3 

OE to data delav tOED 13 15 20 20 ns 

Ou1J;,tut buffe_r turn off dela'Ltime from OE tOEZ 3 13 3 15 3 20 3 20 ns 6 

OE command hold time tOEH 13 15 20 20 ns 

Oumut daia hold time tDOH 5 5 5 5 ns 

Outout buffer-1.um__Qff del'avlrom__BA~ tREZ 3 15 3 15 3 20 3 20 ns 6,13 

()11tn11t h11ffAr t11rn off rlAl::i'' from W ltwEz 3 13 3 15 3 20 3 20 ns 6 

W J.Q data delav 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 precharae time tOEP 5 5 5 5 ns 

W .Qulse width (Hvper oaae cvclel tWPE 5 5 5 5 ns 

RAS°..Qulse width(C-B-R self refresh_l tRASS 100 100 100 100 µs 12 

RAS_i:>_recharqe time '(C-B-R self refreshl 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% 
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KM416C254B, KM416V254B CMOS DRAM 

NOTES 
1. An initial pause of 200µs is required after power-up followed by any 8 ROA or CBR cycles before 

proper device operation is achieved. 

2. V1H(min) and V1L(max) are reference levels for measuring timing of input signals. Transition times are 

measured between V1H(min) and V1L(max) and are assumed to be 2ns for all inputs. 

3. Measured with a load equivalent to 2 TIL(5V)/1 TIL(3.3V) loads and 50pF. 

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 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 ~ead cycle. 

9. These parameters are referenced to the CA_S" leading edge in early write cycles and to the W leading 

edge in read-modify-write cycles. 

1 o. 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. 512 cycle of burst refresh must be executed within ams before and after self refresh in order to meet 

refresh specification (L-v~rsion). 

KM416CN254B/BL Truth Table 

'RAS [CAS UCAS w OE DQO·DQ7 DQ8-DQ15 STATE 

H H H H H Hi-Z Hi-Z Standby 

L H H H H Hi-Z Hi-Z Refresh 

L L H H L DQ-OUT Hi-Z Byte Read 

L H L H L Hi-Z DO-OUT Byte Read 

L L L H L DO-OUT DO-OUT Word Read 

L L H L H DO-IN - Byte Write 

L H L L H - DQ-IN Byte Write 

L L L L H DO-IN DO-IN Word Write 

L L L H H Hi-Z Hi-Z -

t1m'it11iii" ELECTRONICS 
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KM416C254B, KM416V254B CMOS DRAM 

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. 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 

CCAS------

ADD. 

w 

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. 

l\ 

\_ I/ 

UCAS 
~ -
tCSR tCHR 

20. tDS, tDH is independently specified for lower byte DrN(0-7), upper byte D1N(8-15). 

DQO
DQ7 

DQ8-
DQ15 

w 
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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-11) are optional features of this family. 
All of this family have C'AS-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 
•Part Identification 

- KM418C2568/BL (5V, 512 Ref.) 

• Active Power Dissipation 
Unit:mW 

Speed Active Power Diss!Qation 
-6 525 
-7 470 

-8 440 

• Refresh cycles 

Part Refresh Refresh Period 
,NO. cycle Normal I L 
C256B 512 ams T 128ms 

• Performance range 

Speed tRAC tCAC tRC tPC 

-6 60ns 15ns 110ns 40ns 

-7 70ns 20ns 130ns 45ns 

-8 80ns 20ns 150ns sons 

• Fast Page Mode operation 
• 2 CAS Byte/Word Read/Write operation 
•'CA'S-before-RAS refresh capability 
•RAS-only and Hidden refresh capability 
• Self-refresh capability (L-ver only) 

• TTL compatible inputs and outputs 
• Early Write or output enable controlled write 
• JEDEC standard pinout 
• Available in plastic SOJ and TSOP(ll) packages 
•Triple +5V±10% power supply 

FUNCTIONAL BLOCK DIAGRAM 

Control 
Clocks 

Refresh Timer 

.------· J: ~:: 
VBB GeneFator l:J 

Row Decoder 

Memory Array 
262,144 x 18 

Cells 

AO 
.IT""~.;.;..;..;;=;,;,.;;.;;;.;;.;,;,.i . 
• 
Aa-~;;,,;,,;,;;=;;....;;;..;;;;.;.;;..;..i 

Column Decoder 

SAMSUNG ELECTRONIC CO. , LTD. reserves the right to 
change products and specifications without notice. ' 
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KM418C256B CMOS DRAM 

PIN CONFIGURATION (Top Views) 

• KM418C2568J • KM418C256BT • KM418C256BTR 

vee 1 0 40 Vss vee 1 0 40 Vss Vss 40 0 1 vee 
DQO 2 39 DQ17 DQO 2 39 DQ17 DQ17 39 2 DQO 
DQ1 3 3B DQ16 DQ1 3 38 DQ16 DQ16 38 0 3 DQ1 

DQ2 4 37 DQ15 DQ2 4 37 DQ15 DQ15 37 4 DQ2 

DQ3 5 36 DQ14 
DQ3 5 36 DQ14 DQ14 36 5 DQ3 
vee 6 35 Vss Vss 35 6 vee vee 6 35 Vss DQ4 7 34 DQ13 DQ13 34 7 DQ4 

DQ4 7 34 DQ13 DQ5 8 33 DQ12 DQ12 33 8 DQ5 
DQ5 8 33 DQ12 DQ6 9 32 0011 DQ11 32 9 DQ6 • DQ6 9 32 DQ11 DQ7 10 31 DQ10 DQ10 31 10 DQ7 
DQ7 10 31 DQ10 
DQ8 11 30 DQ9 
N.C 12 29 LCAS DQ8 11 30 DQ9 DQ9 30 11 DQ8 

w 13 28 OCAS N.C 12 29 [C°AS [C°AS 29 12 N.C 

RAS 14 27 OE w 13 28 TICAS OCAS 28 13 w 
N.C 15 26 AB RAS 14 27 OE OE 27 14 RAS 

N.C 15 26 AB AB 26 15 N.C 
AO 16 25 A7 AO 16 25 A7 A7 25 16 AO 
A1 17 24 A6 A1 17 24 A6 AS 24 17 A1 
A2 18 0 23 A5 A2 18 0 23 A5 AS 23 0 18 A2 
A3 19 22 A4 A3 19 22 A4 A4 22 19 A3 

vee 20 21 Vss vee 20 21 Vss Vss 21 20 vee 

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

Pin Name Pin Function 
AO-AB Address ln_e_uts. 
DQ0-17 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 
Vee Power (+5V) 

N.C No Connection 

ttMfill!i" ELECTRONICS 
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KM418C256B CMOS DRAM 

ABSOLUTE MAXIMUM RATINGS 

Parameter S_ymbol Rati1'!9_ Units 
Voltage on any pin relative to Vss V1N,VouT -1.0 to +7.0 v 
Voltage on Vee supply relative to Vss Vee -1.0 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= o to 70 °C) 

Parameter Symbol Min 
Supply Voltage Vee 4.5 

Ground Vss 0 

Input High Voltage V1H 2.4 

Input Low Voltage V1L -1.0 •2 

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

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

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

Parameter Jr.. 
Input Leakage Current (Any input O::;V1N::;Vcc+0.5V, 

Typ 
5.0 

0 

Symbol 

(Any input O::;V1N::;Vcc+0.5V, all other pins not under test=OV) 
ll(L) 

Output Leakage Current IO{L) 
(Data out is disabled, OV::;VouT::;Vcc) 

Output High Voltage Level (loH=-5mA) VoH 

Output Low Voltage Level (loL=4.2mA) VoL 

4WfjiiiliP 
ELECTRONICS 

Max Unit 
5.5 v 
0 v 

Vee+ 1.0 ·1 v 
0.8 v 

Min Max Units 

-5 5 µA 

-5 5 µA 

2.4 - v 
- 0.4 v 
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DC AND OPERATING CHARACTERISTICS 
(Recommended operating conditions unless otherwise noted.) 

Symbol Power Speed 

-6 

lcc1 Don't care -7 

-8 

lcc2 Don't care Don't care 

-6 

ICC3 Don't care -7 

-8 

-6 

ICC4 Don't care -7 

-8 

Normal 
Ices Don't care 

L 

-6 

ICC6 Don't care -7 

/ -8 

ICC? L Don't care 

Ices L Don't care 

Max 
95 

85 

80 

2 

95 

85 

80 

60 

55 

50 

1 

150 

95 

85 

80 

300 

200 

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

lcc2 : Standby current (RAS=OCAS=[CAS=W=V1H) 

lcc3* : RAS-only refresh current (OCAS=LCAS=V1H, RAS, Address cycling @tRC=min.) 

lcc4* : Fast Page Mode current (RAS=V1L, OCAS or LCAS, Address cycling @tPC=min.) 

Ices : Standby current (RAS=0CAS=[CAS=W=Vcc-0.2V) 

lcc5* : CAS-before-RAS Refresh current (RAS , TICAS or rcAS cycling @tRC=min.) 

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

Input high voltage(V1H)=Vcc-0.2V, Input low voltage(V1L)=0.2V, UCAS,rcAS= 0.2V 

Din = Don't care, TRc= 125µs, TRAS= TRAsmin-300 ns 

Ices : Self refresh current 

RAS=OCAS=LCAS=V1L, W=ITE=AO - AB= Vcc-0.2V or 0.2V, 

DQO - 0017= Vcc-0.2V, 0.2V or open 

Units 

mA 

mA 

mA 

mA 

mA 

mA 

mA 

mA 

mA 

mA 

mA 

µA 

mA 

mA 

mA 

µA 

µA 

* NOTE : lcc1, lcc3, lcc4 and lcc6 are dependent on output loading and cycle rates. Specified values 
are obtained with the output open. Ice is specified as an average current. In lcc1, lcc3, 
and lcc6, address can be changed maximum once while RA"S=V1L. In lcc4, address can be 
changed maximum once within one fast page mode cycle time tPC. 
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KM418C256B CMOS DRAM 

CAPACITANCE (TA=25°C,Vcc=5V, f=1MHz) 

Parameter Symbol ,JtUn Max Unit 
Input capacitance [AO - AB] C1N1 - 5 pF 

Input capacitance [RAS", DCAS",CCAS, W, OE] C1N2 - 7 pF 

Output Capacitance [C?QO - DQ17] Coa - 7 pF 

AC CHARACTERISTICS (0°C~TA~70°C, See note 1,2) 
Test condition : Vcc=5.0V±.10%, VihNi1=2.4/0.8V, VohN01 =2.4/0.4V 

-6 -7 -8 
Parameter 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 Ftli:S 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 turn-off delay tOFF 0 15 0 15 0 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 

"RAS _e_ulse 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 prechar:g_e time tCRP 5 5 5 ns 

Row address set-u_e_ time tASR 0 0 0 ns 

Row address hold time tRAH 10 10 10 ns 

Column address set-u_Q_time tASC 0 0 0 ns 

Column address hold time tCAH 10 15 15 ns 

Column address to FiAS" lead time tRAL 30 35 40 ns 

Read command set-u_Q 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 l1A"S tRRH 0 0 0 ns 8 
Write command set-UQ_ time tWCS 0 0 0 ns 7 
Write command hold time tWCH 10 10 10 ns 

Write command_Q_ulse width tWP 10 10 10 ns 

Write command to RAS lead time tRWL 15 15 20 ns 

Jlllr_ite___cQmman__d.J_Q_ CAS" lead time tCWL t5_ 15 2.0.. ns 
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KM418C256B CMOS DRAM 

AC CHARACTERISTICS (0°C::;TA::;70°c, See note 1,2) 

. 6 . 7 . 8 
Parameter Symbol 

Min Max Min Max Min Max 
Units Notes 

Data set-up time tDS 0 0 0 ns 9 

Data hold time tDH 10 15 15 ns 9 

Refresh_Q_eriod (Normal) tREF 8 8 8 ms 

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

CAS to W del<!Y_ 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 

CA'S _Q_recharge to W del(!Y time tCPWD 60 65 70 

CAS set-~ time JCAS-before-RAS refresh} tCSR 5 5 5 ns 

CAS hold timeJCA'S-before-RAS refresl2}_ tCHR 10 10 10 ns • RAS to CAS precharge time tRPC 5 5 5 ns 

CASp_recharqe time(CBR counter test c;y_clel tCPT 20 25 30 ns 

Access time from CAS precharqe tCPA 35 40 45 ns 3 

Fast Pfille mode 9"_Cle time tPC 40 45 50 ns 

Fast Paqe mode read-modify-write cycle time tPRWC 85 95 105 ns 

CAS_Q_rechame time_{Fast_Qa_ge cvcle) tCP 10 10 10 ns 

RAS_Qulse width_(Fast_Qaqe cycle} tRASP 60 100K 70 100K 80 100K ns 

RAS hold time from CAS _12recharn_e tRHCP 35 40 45 ns 

OE access time tOEA 15 20 20 ns 

OE to data delay tOED 15 20 20 ns 

OutJLut butter turn off delav time from L)E tOEZ 0 15 0 20 0 20 ns 

OE command hold time tOEH 15 20 20 ns 

RAS_Qulse widtti_(C-B-R self retresbl tRASS 100 100 100 _g_s 11 

RAS precha_r:g_e timejC-B-R self refresh) tRPS 110 130 150 ns 11 

CAS hold time (C-B-R self refresh) tCHS -50 -50 -50 ns 11 

tl11i'ifJllWP 
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KM418C256B CMOS DRAM 

NOTES 

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

proper device operation is achieved. 

2. V1H(min) and V1L(max) are reference levels for measuring timing of input signals. Transition times are 

measured between V1H(min) and V1L(max) and are assumed to be Sns for all inputs. 

3. Measured with a load equivalent to 2 TTL loads and 1 OOpF. 

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 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 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. 

KM418C256B/BL Truth Table 

~~Q;·QQ~<, ! . !(}(ll9,bqgg 

H H H H H Hi-Z Hi-Z Standby 

L H H H H Hi-Z Hi-Z Refresh 

L L H H L DO-OUT Hi-Z Byte Read 

L H L H L Hi-Z DO-OUT Byte Read 

L L L H L DO-OUT DO-OUT Word Read 

L L H L H DO-IN Byte Write 

L H L L H DO-IN Byte Write 

L L L L H DO-IN DO-IN Word Write 

L L L H H Hi-Z Hi-Z 

tW:fliiii» 
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KM418C2568 CMOS DRAM 

11. 512 cycle of burst refresh niust 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 ------

ADD. 

w 
tCWL 

16. tCSR is referenced to earlier CAS falling low before RAS transition low. 

17. tCHR is referenced to the laterCAS rising high after RAS transition low. 

1'c_ 

) { 

!+-+ ~ -.. 
tCSR tCHR 

18. tDS, tDH is independently specified for lower byte D1N (0-8), upper byte D1N(9-17). 

LCAS 

DCAS 

DOO
D08 

D09-
D017 

w 
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• KM41C16000A 
KM41V16000A 

• KM41C16002A 

16MDRAM 

• KM44C4000A, KM44C41 OOA 
KM44V4000A, KM44V4100A 

• KM44C4002A 
KM44C4102A 

• KM44C4003A 
KM44C4103A 

• KM44C4004A, KM44C4104A 
KM44V4004A, KM44V4104A 

• KM44C401 OA 
KM44C4110A 

• KM48C2000A, KM48C21 OOA 
KM48V2000A, KM48V21 OOA 

• KM48C2004A, KM48C2104A 
KM48V2004A, KM48V2104A 

• KM416C1 OOOA, KM416C1200A 
KM416V1 OOOA, KM416V1200A 

• KM416C1004A, KM416C1204A 
KM416V1004A, KM416V1204A 

• KM432V502 
KM432V522 

• 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 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 or Super-Low power) and package type(SOJ or 
TSOP-11) are optional features of this family. All of this family have GAS-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 

• Part Identification 
- KM41C16000A/AUASL (5V, 4K Ref.) 
- KM41V16000A/AUASL (3.3V, 4K Ref.) 

• Fast Page Mode operation 
• CAS-before-RAS refresh capability 
•RAS-only and Hidden refresh capability 
• Self-refresh capability(L & SL-ver) 
•Fast parallel test mode capability 
• TTL(5V)/LVTTL(3.3V) compatible inputs and outputs 

• Active Power Dissipation Unit:mW 

Speed 3.3V 5V 

-5 495 

-6 288 440 
-7 . 252 385 

-8 216 330 

• Refresh cycles 

Part Vee Refresh , Refresh period 

NO. cycle Normal L SL 

C16000A 5V 
4K 64ms 128ms 256ms 

V16000A 3.3V 

• Performance range: 

Speed tRAC tCAC tRC tPC Remark 
-5 sons 13ns 90ns 35ns 5V Only 

-6 60ns 15ns 110ns 40ns 5V/3.3V 

-7 ?Ons 20ns 130ns 45ns 5V/3.3V 

-8 80ns 20ns 150ns 50ns 5V/3.3V 

RAS 
CAS 
w 

AO-A11 

• Early Write or output enable controlled write 
• JEDEC Standard pinout 
• Available in Plastic SOJ and TSOP(ll) packages 
•Single +5V±10% power supply(SV product) 
•Single +3.3V±0.3V power supply(3.3V product) 

FUNCTIONAL BLOCK DIAGRAM 

Control !ti~: Clocks VBB Generator 

Refresh Timer Row Decoder 

Memory Array 
16,777,216x 1 

Cells 

Column Decoder 

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

11mWJ1m• 
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KM41. C1t;OOOA,. KM41 ""tOOOOA CMOS DRAM 

• KM41CN16000AJ 

PIN CONFIGURATION (Top Views) 
• .KM41CN16000AT • KM41CN18000ATR 

Vee 1 o 
D 2 

N.C 3 
w 4 

RiS" s 
A11 6 

A10 7 
AO B 
A1 9 
A2 10 
A3 11 

Vee 12 

Vss 
a 
N.C 
CAS 
N.C 
A9 

AB 
A7 
A6 
AS 
A4 
Vss 

J : 400 mil 24(2B) SOJ 

• KM41CN16000AK 

Vee 1 o 
D 2 

N.C 3 
w 4 

RAS 5 
A11 6 

Vss 
a 
N.C 
CAS 
N.C 
A9 

A10 7 AS 
AO 8 A7 
A1 9 A6 
A2. 10 AS 
A3 11 0 A4 

Vee 12 Vss ----K : 300 mil 24(26) SOJ 

AO-A11 
D 
a 

Vss 

w 
Vee 

N.C 

dli'ifilih» 
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Vee 1° 24 Vss 
D 2 

N.C 3 
w 4 

2a a 
22 N.C 
21 CAS 

RAS 5 20 N.C 
A11 6 19 A9 

A10 
AO 
A1 
A2 
A3 

Vee 

1B AB 
17 A7 
16 A6 
15 AS 

0 14 A4 
13 Vss 

T : 400 mil 24(28) TSOP 11 

• KM41CN16000AS 

Vee 
D 

N.C 
w 

RAS 
A11 

A10 
AO 
A1 
A2 
A3 

Vee 

Vss 
a 
N.C 
CAS 
N.C 
A9 

A8 
A7 
A6 
AS 
A4 
Vss 

S : 300 mil 24(26) TSOP II 

Data in 
Data out 
Ground 
Row Address Strobe 
Column Addre$S Strobe 
Read/Write Input 
Power(+5.0V) 
Power( +3.3V) 
No Connection 

Vss 
a 

N.C 
CAS 
N.C 
A9 

AB 
A7 
A6 
AS 
A4 

Vss 

Vee 
D 
N.C 
w 
RAS 
A11 

A10 
AO 
A1 
A2 
A3 
Vee 

TR : 400 mil 24(28) TSOP ll(Rev.) 

• KM41CN16000ASR 

Vss 
a 

N.C 
CAS 
N.C 
A9 

AB 
A7 
A6 
AS 
A4 

Vss 

Vee 
D 
N.C 
w 
RAS 
A11 

A10 
AO 
A1 
A2 
A3 
Vee 

SR : 300 mil 24(26) TSOP ll(Rev.) 
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KM41C16000A, KM41V16000A CMOS DRAM 

ABSOLUTE MAXIMUM RATINGS 

•v~~r 

Voltage on any pin relative to Vss V1N,VOUT -0.5 to +4.6 -1 to +7.0 v 
Voltage on Vee supply relative to Vss Vee -0.5 to +4.6 -1 to +7.0 v 
Storage Temperature Tstg -55 to +150 -55 to +150 oc 
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= o to 70 °C) 

Paramet$r ; ·· ~*~~bol 
3 •. 3V 

:.<-.c;.;. 11111 typ ,·.:Max . Min·· 

Supply Voltage Vee 3.0 3.3 3.6 4.5 

Ground V5s 0 0 0 0 

Input High Voltage V1H 2.0 - Vec+o.3*1 2.4 

Input Low Voltage V1L -o.32 - 0.8 -1.cr2 

*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. 

GV 
····c..'._ :. Un.it 

Typ 
~ 

Max· 
5.0 5.5 v 
0 0 v 
- Vcc+1*1 v 
- 0.8 v 

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

······· 

,';:. ;. '•.sy.n1m.· 
<,0' t.tu';. Parameter ·•·'Mrn. ;Onita: 

-"-

lnpuf Leakage Current (Any input O$;V1N$;Vcc+0.3V, ll(l) -5 5 µA 
all other pins not under test=O volt.) 

3.3V 
Output Leakage Current IO(l) -5 5 µA 
(Data out is disabled, OV$;Vour$;Vcc) 

Output High Voltage Level(loH=-2mA) VoH 2.4 - v 
. Output Low Voltage Level(lol=2mA) Vol - 0.4 v 
Input Leakage Current (Any input O~V1N$;Vcc+0.5V, ll(l) -5 5 µA 
all other pins not under test=O volt.) 

sv Output Leakage Current IO(l) -5 5 µA (Data out is disabled, OV$;Vour$;Vcc) 

Output High Voltage Level(loH=-5mA) VOH 2.4 - v 
Ou~ut Low Volta_.9.e Level(lol=4.2mAl Vol - 0.4 v 

•tllf:fiiiii» 
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KM41C16000A, KM41V16000A CMOS DRAM 

DC AND OPERATING CHARACTERISTICS (Continued.) 
" 

· Sy,1,bQI Speed Powet 
KM41V16000A 

-5 -
lcc1 Don't care -6 80 

-7 70 
-8 60 

lcc2 
Normal Don't care 2 

USL 1 

-5 -
ICC3 Don't care 

-6 80 
-7 70 
-8 60 

-5 -
lcC4 Don't care -6 70 

-7 60 
-8 50 

Normal 1 
Ices L Don't care 300 

SL 200 

-5 

ICC6 Don't care 
-6 80 
-7 70 
-8 60 

ICC7 
L Don't care 450 

SL 350 

Ices USL Don't care 250 

lcc1*: Operating Current (RAS and CAS cycling @tRC=min.) 

lcc2 : Standby Current (RAS=CAS=W=V1H) 

. 
Max 

lcc3* : RAS-only Refresh Current (CAS=V1H, RAS cycling @tRC=min.) 

KM41C16000A 

90 
80 
70 
60 

2 
1 

90 
80 
70 
60 

80 
70 
60 
50 

1 
300 
200 

90 
80 
70 
60 

450 
350 

300 

lcc4* : Fast Page Mode Current (RAS=V1L, CAS, Address cycling @tPC=min.) 

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

lcc6* : CAS-Before-RAS Refresh Current (RAS and CAS cycling @tRC=min.) 

lcc1 : Battery back-up current, Average power supply current, Battery back-up mode 

Input high voltage(V1H)=Vcc-0.2V, Input low voltage(V1L)=0.2V, CAS= 0.2V 

Din = Don't care, TRc= 31.25µs(L-ver), 62.Sµs(SL-ver), TRAS= TRAsmin-300 ns 

Ices : Self Refresh Current 

~ 

RAS=CAS=0.2V, W=AO - A11 = Vcc-0.2V or 0.2V, D,Q = Vcc-0.2V, 0.2V or Open 

~ ~~ 

Unite 

mA 
mA 
mA 
mA 

mA 
mA 

mA 
mA 
mA 
mA 
mA 
mA 
mA 
mA 

mA 
µA 
µA 

mA 
mA 
mA 
mA 

µA 
µA 

µA 

* NOTE : lcc1, lcc3, lcc4 and lcc6 are dependent on output loading and cycle rates. Specified values 
are obtained with the output open. Ice is specified as an average current. In lcc1, lcc3, 
and lcc6, address can be changed maximum once while 11AS=V1L. In lcc4, address can be 
changed maximum once within one fast page mode cycle time tPC. 
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KM41C16000A, KM41V16000A ·CMOS DRAM 

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

Parameter Symbol Min Max Unit 

Input capacitance [D] CiN1 -
Input capacitance [AO - A 11] C1N2 -
Input capacitance [RAS, CAS, W] C1N3 -
Output Capacitance [Q] Gour -

AC CHARACTERISTICS (0°C~TA~70°C, See note 1,2) 
Test condition(5V device) : Vcc=5.0V±10%, VihNH=2.4/0.8V, VohN01 =2.4/0.4V 
Test condition(3.3V device) : Vcc=3.3V±0.3V, VihNH=2.0/0.8V, VohN01 =2.0/0.8V 

-5 •1 -6 -7 
Parameter Symbol Min ·Max Min Max . Min Max 

Random read or write cycle time tRC 90 110 130 

Read-modify-write cycle time tRWC 110 130 155 

Access time from RAS tRAC 50 60 70 

Access time from CAS tCAC 13 15 20 

Access time from column address tAA 25 30 35 

CAS to ou!Q_ut in Low-Z tCLZ 0 0 0 

Ou!Q_ut buffer turn-off delay_ tOFF 0 13 0 15 0 20 

Transition time (rise and fall} tT 3 50 3 50 3 50 

RAS _E_rechar:g_e time tRP 30 40 50 

RAS pulse width tRAS 50 10K 60 10K 70 10K 

RAS hold time tRSH 13 15 20 

CAS hold time tCSH 50 60 70 

CAS _g_ulse width tCAS 13 10K 15 10K 20 10K 

RAS to CAS def~ time tRCD 20 37 20 45 20 50 

RAS to column address del~ time tRAD 15 25 15 30 15 35 

CAS to RAS Qrecharg_e time tCRP 5 5 5 

Row address set-l!Q time tASR 0 0 0 

Row address hold time tRAH 10 10 10 

Column address set-l!Q time tASC 0 0 0 

Column address hold time tCAH 10 10 15 

Column address hold time referenced to RAS tAR 40 45 55 

Column address to RAS lead time tRAL 25 30 35 

Read command set-up time tRCS 0 0 0 

Read command hold time referenced to C.AS tRCH 0 0 0 

Read command hold time referenced to RAS tRRH 0 0 0 

Write command hold time tWCH 10 10 15 

Write command hold time referenced to RAS tWCR 40 45 55 

Write command_Qufse width tWP 10 10 15 

Write command to RAS lead time tRWL 15 15 20 

WrlliL@mmalldJQ_ C.AS lea.Ji time tCWL 13 15 20' 

Note) *1 : 5V only 

tJMfiiiii» 
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7 RF 
5 pF 

7 pF 

7 pF 

-.& .. · ... 
.Unit& 

~-· Min .... ; 
150 ns 

175 ns 

80 ns 3,4, 10 

20 ns 3,4,5 

40 ns 3,10 

0 ns 3 

0 20 ns 6 

3 50 ns 2 

60 ns 

80 10K ns 

20 ns 

80 ns 

20 10K ns 

20 60 ns 4 

15 40 ns 10 

5 ns 

0 ns 

10 ns 

0 ns 

15 ns 

60 ns 15 

40 ns 

0 ns 

0 ns 8 

0 ns 

15 ns 

60 ns 15 

15 ns 

_2Q_ ns 

_2Q_ ns 
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KM41C1600.0A, KM41V16000A CMOS. DRAM 

AC CHARACTERISTICS (Continuecd) 

Paramttter 
,.:,, .5:1·· -6 - 7:. ';. ... 8' 

SymbQI Min M•x Min .Max "in M.~?< ... M•P ~ .. ~··.·, units Notes 
l'-". \· . 

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

Data h<;>ld time tDH 10 10 15 15 ns 9 

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 ·O ns 7 

CA'S to W del<!Y time tCWD 13 15 20 20 ns 7 

RAS to W del~ time tRWD 50 60 70 80 ns 7 

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

CAS .E_recharge to W delay time tCPWD 30 35 40 45 ns 

CAS set-~ time lCAS-before-RAS refresh) tCSR 5 5 5 5 ns 

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

RAS to CAS _grecha~e .time tRPC 5 5 5 5 ns 

CAS _E_recha~e timelCBR counter test ~clEtl tCPT 20 20 30 : 30 . ns 

Access time from CAS _grecha~e tCPA 30 35 40 45 ns 3 

Fast Pa_g_e mode ~cle time tPC 35 40 45 50 ns 

Fast Pa_g_e mode read-modi!Y·write cy_cle time tPRWC 53 60 70 80 ns 

CA'S _precharge time (Fast_Q_age ~_cle) tCP 10 1.0 10 10 ns 

RAS_Qulse width (Fast i:>_age 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-l!Q_ tim~Test mode inl tWTS 10 10 10 10 ns 11 

Write command hold tim~Test mode in) tWTH 10 10 10 10 ns 11 

W to RAS' _Qrechar:ge tim~C-B-R ref rest}} tWRP 10 10 10 10 ns 

W to RA'S hold tim~c~B-R refreslJl tWRH 10 10 10 10 ns 

RAS _QU lse widtl'l_(C ·B-R self refreslJl tRASS 100 100 100 100 us 14 

RAS _Qrecharge time (C-B-R self refresh) tRPS 90 110 130 150 ns 14 

CA'S hold time_(C-B-R self refresh) tCHS -50 -50 -50 -50 ns 14 
Note) *1 : 5V only 

t1:1:': Hi iii"' 
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KM41C16000A, KM41V16000A CMOS DRAM 

TEST MODE CYCLE 
(Note. 11) 

Symbol 
.5·1 -6. .7 ..a 

Parametet Units Notes 
Min Max Min Max Min Max Min Max 

Random read or write cycle time tRC 95 115 135 155 ns 

Read-mod~write cycle time tRWC 138 160 190 210 ns 

Access time from RAS tRAC 55 65 75 85 ns 3 4 1_Q 

Access time from CAS tCAC 18 20 25 25 ns 345 
Access time from column address tAA 30 35 40 45 ns 310 
RAS _Q_ulse width tRAS 55 10K 65 10K 75 10K 85 10K ns 

CAS _Q_ulse width tCAS 18 10K 20 10K 25 10K 25 10K ns 

RAS hold time tRSH 18 20 25 25 ns • GAS hold time tCSH 55 65 75 85 ns 

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

GAS to W delay_ time tCWD 18 20 25 25 ns L 
RAS to W del~ time tRWD 55 65 ·75 85 ns L 
Column address to W del~ time tAWD 30 35 40 45 ns 2 

Fast Pa_g_e mode qy_cle time tPC 40 45 50 55 ns 

Fast.Q.CMie mode read-modfil'.:-write qy_cle time tPRWC 58 65 75 85 ns 

RAS.Q.ulse widthlfastJtCMie qy_clel tRASP 55 200K 65 200K 75 200K 85 200K ns 

Access ti~e fQ_rm CA'S ... JCPA 35 40 45__ _5Q_ ns _a 

Note) *1 : 5V only 

ttMfi@tP 
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KM41C16000A, KM41V16000A CMOS DRAM 

NOTES 

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

2. V1H(min) and V1L(~ax) are reference levels for measuring timing of input signals. Transition times are 
measured between V1H(min) and V1L(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 1 OOpF. 
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 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), 
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. 
1 o. 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) defines the time at which the output achieves the· open circuit condition and are not 
referenced to output voltage level. 

14. 4096 cycles of 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). 

111Ji':Hlih• 
ELECTRONICS 

156 



KM41C16002A CMOS DRAM 

16M x 1 Bit 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, -6, -7 or -8) and package 
type (SOJ or TSOP-11) 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 
- KM41C16002A(5V, 4K Ref.) 

• Active Power Dissipation 
Unit:mW 

Speed Power dissipation 

-5 495 

-6 440 

-7 385 

-8 330 

• Refresh cycles 

Refresh 
Refresh Period 

~cle . 
KM41C16002A 4K 64ms 

• Performance range: 

Speed tRAC tCAC tRC tSC 

-5 sons 13ns 90ns 30ns 

-6 60ns 15ns 110ns 35ns 

-7 70ns 20ns 130ns 40ns 

-8 80ns 20ns 150ns 45ns 

• Static Column Mode operation 
•CS-before-RAS" refresh capability 
•RAS-only and Hidden refresh capability 
• Fast parallel test mode capability 
• TTL compatible inputs and outputs 
• Early Write or Output enable controlled write 
• JEDEC Standard pinout 
•Available in Plastic SOJ and TSOP(ll) packages 
•Single +5V± 10% power supply 

AO-A11 

FUNCTIONAL BLOCK DIAGRAM 

Control 
Clocks 

...------· s: ~:: 
VBB Generator l:J 

Row Decoder 

Memory Array 
16,777,216 x 1 

Cells 

Column Decoder 

SAMSUNG ELECTRONIC CO. LTD. reserves the right to 
change products and specifications without notice. 
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KM41C16002A CMOS DRAM 

PIN CONFIGURATION (Top Views) 
• KM41C16002AJ • KM41C16002AT • KM41C16002ATR 

Vee 24 Vss Vee 10 24 Vss Vss 24 Vee 
D 23 Q D 2 23 Q Q 23 0 D 

N.C 22 N.C N.C 3 22 N.C N.C 22 N.C 
w 21 cs w 4 21 cs cs 21 w 

RAS" 20 N.C RAS"· s 20 N.C N.C 20 RAS 
A11 19 A9 A11 6 19 A9 A9 19 A11 

A10 18 A8 A10 7 18 AS A8 18 A10 
AO 17 A7 AO 8 17 A7 A7 17 AO 
A1 16 A6 A1 9 16 A6 A6 16 A1 
A2 15 AS A2 10 15 AS· AS 15 A2 
A3 14 A4 A3 11 0 14 A4 A4 14 0 A3 

Vee 13 Vss Vee 12 13 Vss Vss 13 Vee 

J : 400 mil 24(28) SOJ T : 400 mil 24(28) TSOP II TR : 400 mil 24(28) TSOP ll(Rev.) 

• KM41C16002AK • KM41C16002AS • KM41C16002ASR 

Vee 1 0 Vss 10 24 Vss Vss 24 Vee 
D 2 a 2 23 Q Q 23 D 

N.C 3 N.C 3 22 N.C N.C 22 N.C 
w 4 cs 4 21 cs cs 21 w 

RAS 5 N.C 5 20 N;C N.C 20 FiA"S 
A11 6 A9 6 19 A9 A9 19 A11 

A10 7 A8 18 A8 AB 18 A10 
AO 8 A7 17 A7 A7 17 AO 
A1 9 A6 16 A6 A6 16 A1 
A2 10 A5 15 A5 A5 15 A2 
A3 11 0 A4 0 14 A4 A4 14 0 A3 

Vee 12 Vss 13 Vss Vss 13 Vee 

K : 300 mil 24(26) SOJ S : 300 mil 24(26) TSOP II · SR : 300 mil 24(26) TSOP ll(Rev.) 

Vss Ground 

Row Address Strobe 

Chip select input 
w Read/Write Input 

Vee Power(+S.OV) 

N.C No Connection 

t1MfJiiii» 
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KM41C16002A CMOS DRAM 

ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol Rating Units 

Voltage on any pin relative to Vss V1N,VouT -1 to +7.0 v 
Voltage on Vee supply relative to Vss Vee -1 to +7.0 v 
Storage temperature Tstg -55 to +150 oc 
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= o to 70 °C) 

o; '. / .c .•.. ,,, 
Parameter Symbol Mm Typ 

Supply voltage Vee 4.5 5.0 

Ground Vss 0 0 

Input high voltage V1H 2.4 -
Input low voltage ·V1L -1.0*2 -

*1 : . Vcc+2.0V at pulse width~ 20ns (pulse width is measured at Vee) 

*2 : -2.0V at pulse width ~ 20ns (pulse width is measured at Vss) 

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

Parameter 

Input leakage current (Any input O~V1N~Vcc+0.5V 
all other pins not under test=O volts.) 

Output leakage current 
(Data out is disabled, OV~Vour~Vcc) 

Output high voltage level(loH=-5mA) 

Output low voltage level(loL=4.2mA) 

t11MfJii ii" 
ELECTRONICS 

Symbol 

h(L) 

IO(L) 

VoH 

VOL 

. •.-

Max Unit 

5.5 v 
0 v 

Vcc+1.0*1 v 
0.8 v 

Min Max Units 

-5 5 µA 

-5 5 µA 

2.4 - v 
- 0.4 v 
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KM41C16002A CMOS DRAM 

DC AND OPERATING CHARACTERISTICS (Continued) 

Symbol Speed 

-5 

lcc1 
-6 
-7 
-8 

lcc2 Don't care 

-5 

ICC3 
-6 
-7 
-8 

-5 

ICC4 -6 
-7 
-8 

ICC5 Don't care 

-5 

ICC6 
-6 
-7 
-8 

lcc1 *: Operating current (RAS and CS cycling @tRC=min.) 

lcc2: Standby current (RAS=CS=W=V1H) 

Max 

KM41C16002A 

90 
80 
70 
60 

2 

90 
80 
70 
60 

80 
70 
60 
50 

1 

90 
80 
70 
60 

lcc3 *: RAS-only refresh current (CS=V1H, RAS ,Address cycling @tRC=min.) 

lcc4 *: Static Column Mode current (RAS=V1L, CS, Address cycling @tSC=min.) 

lcc5 : Standby current (RAS=CS=W=Vcc-0.2V) 

lcc6 *: CS-before-RAS refresh current (RAS and CS cycling @tRC=min.) 

units 

mA 
mA 
mA 
mA 

mA , 

mA 
mA 
mA 
mA 
mA 
mA 
mA 
mA 

mA 

mA 
mA 
mA 
mA 

* NOTE : lcc1, lcc3, lcc4 and lcc6 are dependent on output loading and cycle rates. Specified values 
are obtained with the output open. Ice is specified as an average current. lri lcc1 , lcc3 
and lcc6, address can be changed maximum once while RAS=V1L In lcc4, address can be 
changed maximum once within one Static Column mode cycle time tSC. 
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KM41C16002A CMOS DRAM 

CAPACITANCE(TA=25°C,Vcc=5V, f=1 MHz) 

Parameter Symbol Min Max Unit 

ln_Qut ca_Q_acitancejAO - Afil C1N1 - 5 gF 

Input capacitance [RAS, CS, W, OE] C1N2 - 7 pF 

Output Capacitance [DQO - DQ3] Coo - 7 pF 

AC CHARACTERISTICS (0°C~TA~70°C, See note 1 ,2) 
Test condition: Vcc=5.0V±10%, VihNil = 2.410.BY, VohNol = 2.4/0.4V 

-5 ·6 -7 -8 
Parameter Symbol 

Min Max Min Max Min Max Min 
Units Notes 

Max 

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 3,4, 10 

Access time from CS" tCAC 13. 15 20 20 ns 3,4,5 

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) tT 3 50 3 50 3 50 3 50 ns 2 

RAS precharge time tRP 30 40 50 60 ns 

RAS _Q_ulse width tRAS 50 10K 60 10K 70 10K 80 10K ns 

Ftli:S 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 ?O 60 ns 4 

RAS to column address delc:iy 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-l!Q. 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 AQ 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_Qulse 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 

•111no;m• 
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KM41C16002A CMOS DRAM 

AC CHARACTERISTICS (Continued) 

~ .. · ... · 
·:5 ..• >e ·' •; .. , ~· :·:. /, l ,'..· '''\',' ' ~.:·.:. "' 

~Yrttb.l>I 
•. ,. ..1 

.l'..::.. 
P.ar•m .. iffr Mi~ :f,t~x !'J.'in ·~~'. Min '1•~

1

• :M.ili Ma~ ·. Pll'l~ ·~<!~~ .. ..1 _:_ c::.·::: .;.« 

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 13 15 20 20 ns 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 

CS set·u_Q. time_(CS-before-RAS" refresh} tCSR 5 5 5 5 ns 

CS hold time J_CS-before-RAS" refreshl tCHR 10 10 10 10 ns 

RAS to CS _Q_rechai:g_e time tRPC 5 5 5 5 ns 

CS _Qrecha!Q.e time_(C-B-R counter test ~clel tCPT 20 20 30 30 . ns 

Static Column mode Cl{cle time tSC 30 35 40 45 ns 

Static Column mode read-modi!}i,-write C}'Cle time tSRWC 53 60 70 80 ns 

Access time from last write tALW 50 55 65 75 ns 3, 11 

Ou!Q_ut data hold time from column address tAOH 5 5 5 5 ·' 
ns 

Ou!Q_ut data enable time from W tOW 35 40 45 55 ns 

ts'i:>.recharge time lStatic Column c_y_clel tCP 10 10 10 10 ns 

RAS _Q_ulse widthj_Static Column 9'.'._Clel tRASC 50 200K 60 200K 70 200K 80 100K ns 

CS _Q_Ulth width _(_Static Column C!Y_claj_ tCSC 13 200K 15 200K 20 200K 20 200K ns 

Column address hold time referenced to RA'S risin_g_ tAH 5 5 5 5 ns 

Last write to column address del<rL_ time tLWAD 20 25 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 

Write command set-UJttimelTest mode inl tWTS 10 10 10 10 ns 

Write command hold tim_fil_Test mode in_l tWTH 10 10 10 10 ns 

W to RAS _12recharn.e time_LC-B-11 refreshl tWRP 10 10 10 10 ns 

W to RAS hold time(C-B-11 refresh) tWRH 10 10 10 10 ns 

•11IWJiiii» 
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KM41C16002A CMOS DRAM 

TEST MODE CYCLE 
(Note. 11) 

-5 -6 -7 -8 
Parameter Symbol Units Notes 

Min Max Min Max Min Max Min Max 

Random read or write cycle time tRC 95 115 135 155 ns 

Read-modify-write cycle time tRWC 140 160 190 210 ns 

Access time from R".AS tRAC 55. 65 75 85 ns 3,4,1( 

Access time from CS tCAC 18 20 25 25 ns 3,4,5 

Access time from column address tAA 30 35 40 45 ns 310 
R".AS _Q_ulse width tRAS 55 10K 65 10K 75 10K 85 10K ns 

CS pulse width tCS 18 10K 20 10K 25 10K 25 10K ns 

R".AS hold time tRSH 20 20 25 25 ns • CS hold time tCSH. 55 65 75 85 ns 

Column address to R".AS lead time tRAL 30 35 40 45 ns 

CS to W delay_ time tCWD 18 20 25 25 ns _J_ 

R".AS" to W delcrt_ time tRWD 55 65 75 85 ns _J_ 

Column address to W dela_y_ time tAWD 30 35 40 45 ns _J_ 

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 

R"AS"_Q_ulse widthJStatic Column qy_clel 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 

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

2. V1H(min) and V1L(max) are reference levels for measuring timing of input signals. Transition times are 
measured between. V1H(min) and V1L(max) and are assumed to be 5ns for all inputs. 

3. Measured with a load equivalent to 2 TTL loads and 1 OOpF. 
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 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. 
1 o. 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) defines the time at which the output achieves the open circuit condition and are not 
referenced to output voltage level. 

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

•1MfJihl> ELECTRONICS 

164 



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-11) are optional features of this family. All of this family 
have GAS-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 

• Part Identification 
- KM44C4000A/AUASL (SV, 4K Ref.) 
- KM44C41 OOA/AUASL (SV, 2K Ref.) 
- KM44V4000A/AUASL (3.3V, 4K Ref.) 

• Fast Page Mode operation 
•GAS-before-RAS refresh capability 
•RAS-only and Hidden refresh capability 
•Self-refresh capability(L & SL - ver) 
•Fast parallel test mode capability 

- KM44V4100A/AUASL (3.3V, 2K Ref.) 
• TTL(SV)/L VTTL(3.3V) compatible inputs and outputs 

• Active Power Dissipation Unit:mW 

Speed 3.3V 5V 
4K 2K 4K 2K 

-5 - - 495 605 
-6 288 360 440 sso 
-7 2S2 324 38$ 495 
-8 216 288 330 440 ' 

• Refresh cycles 

Part Vee Refresh Refresh P.eriod 
NO. ~cle Normal L SL 

C4000A SV 
4K 64ms 

V4000A 3.3V 
C4100A SV 

128ms 2S6ms 

V4100A 3.3V 
2K 32ms 

• Performance range: 

Speed tRAC tCAC tRC tPC Remark 
-5 sons 13ns 90ns 3Sns SVOnly 
-6 60ns 15ns 110ns 40ns SV/3.3V 
-7 70ns 20ns 130ns 4Sns 5V/3.3V 

-8. 80ns 20ns 150ns sons 5V/3.3V 

• Early Write or output enable controlled write 
• JEDEC Standard pinout 
•Available in Plastic SOJ and TSOP(ll) packages 
•Single +5V±10% power supply(SV product) 
•Single +3.3V±0.3V power supply(3.3V product) 

FUNCTIONAL BLOCK DIAGRAM 

Control 
Clocks 

Refresh Timer 

AO-A11 .,--,;..;.;;..;.;...;..;.;;=~~ 
(AO-A10)*1L.a..r-----, 

AO-A9 -oi.;;;.;;.;.;..;..;,;;;;=~~ 
(AO-A10)*1 

Note) *1 : 2K Refresh 

. df~: 
VBB Generator 

Row Decoder 

Memory Array 
4, 194,304 x 4 

Cells 

Column Decoder 

SAMSUNG ELECTRONIC CO. , LTD. reserves the right to 
change products and specifications without notice. 
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KM44<;:4000A, KM44C41 OOA 
KM44V4000A, KM44V4100A CMOS DRAM 

PIN CONFIGURATION (Top Views) 

• KM44CN40(1)00AJ • KM44CN40(1)00AT • KM44CN40(1)00ATR 

Vee 1 0 24 Vss Vee 10 24 Vss Vss 24 Vee 
000 2 23 003 000 2 23 003 003 23 0 000 
001 3 22 002 001 3 22 002 002 22 001 

w 4 21 GAS w 4 21 GAS GAS 21 w 
l1AS 5 20 OE l1AS 5 20 OE OE 20 RAS 
*A11 6 19 A9 *A11 6 19 A9 A9 19 *A11 

A10 7 1B AB A10 7 1B 'AB AB 1B 7 A10 
AO B 17 A7 AO B 17 A7 A7 17 B AO 
A1 9 16 A6 A1 9 16 A6 A6 16 9 A1 
A2 10 15 A5 A2 10 15 A5 A5 15 10 A2 
A3 11 0 14 A4 A3 11 0 14 A4 A4 14 0 11 A3 

Vee 12 13 Vss Vee 12 13 Vss Vss 13 12 Vee 

J : 400 mil 24(2B) SOJ T : 400 mil 24(2B) TSOP 11 TR: 400 mil 24(2B) TSOP ll(Rev.) 

• KM44CN40(1)00AK • KM44CN40(1 )OOAS • KM44CN40(1 )OOASR 

Vee 1 0 Vss Vee 10 24 Vss Vss 24 Vee 

000 2 003 000 2 23 003 003 23 ooo' 
001 3 002 001 3 22 002 002 22 001 

w 4 GAS w 4 " 21 GAS GAS 21 w 
RAS" 5 OE l1AS 5 20 OE OE 20 l1AS 
*A11 6 A9 *A11 6 19 A9 A9 19 *A11 

A10 7 AB A10 7 1B AB 1B A10 
AO B A7 AO B 17. A7 17 AO 
A1 9 A6 A1 9 16 A6 16 A1 
A2 10 A5 A2 15 A5 15 A2 

A3 11 0 A4 A3 0 14 A4 14 0 A3 
Vee 12 Vss Vee 13 Vss 13 Vee 

K : 300 mil 24(26) SOJ S : 300 mil 24(26) TSOP II SR : 300 mil 24(26) TSOP ll(Rev.) 

* A11 is N.C for KM44CN4100A(5V/3.3V, 2K Ref. product) 

Pin Name Pin Function 
AO - A11 Address l11Quts_{4K Product) 

AO-A10 Address ll}Q_uts_{2K Produc!l 

DQ0-3 Data In/Out 

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 Nd Connection(2K Refresh) 
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KM44C4000A, KM44C4100A 
KM44V4000A, KM44V4100A CMOS DRAM 

ABSOLUTE MAXIMUM RATINGS 

Symbol 
Rating Units 

Parameter 
3.3V 5V 

Voltage on any pin relative to Vss V1N,VouT -0.5 to +4.6 -1 to. +7.0 v 
Voltage on Vee supply relative to Vss Vee -0.5 to +4.6 -1 to +7.0 v 
Storage Temperature Tstg -55 to+150 -55 to +150 oc 
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= o to 70 °C) 

Parameter 
3.3V 

Symbol 
Min Typ Max Min 

Supply Voltage Vee 3.0 3.3 3.6 4.5 

Ground Vss 0 0 0 0 

Input High Voltage V1H 2.0 - Vee+o.3·1 2.4 

Input Low Voltage V1L -o.3·2 - 0.8 -1.0 ·2 

*1 : Vee+ 1.3V/15ns(3.3V), Vee+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. 

5V 
Unit 

Typ Max 

5.0 5.5 v 
0 0 v 

Vee+r1 v 
0.8 v 

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

~ .. \ Parameter 
...:._ 

Symbol Ml.n Max Units 

Input Leakage Current (Any input O~V1N~Vcc+0.3V, ll(L) -5 5 µA 
all other pins not under test=O volt.) 

3.3V 
Output Leakage Current 

IO(L) - 5 5 µA (Data out is disabled, OV~Vour~Vcc) 

Output High Voltage Level(loH=-2mA) VoH 2.4 - v 
Output Low Voltage Level(loL=2mA) VOL - 0.4 v 
Input Leakage Current (Any input O~V1N~Vcc+0.5V, h(L) -5 5 µA 
all other pins not under test=O volt.) 

5V 
Output Leakage Current 

IO(L) -5 5 µA (Data out is disabled, OV~Vour~Vcc) 

Output High Voltage Level(loH=-5mA) VOH 2.4 - v 
Output Low Volta_g_e Leve!{_loL=4.2mA) . VOL - 0.4 v 
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KM44C4000A, KM44C41 OOA 
KM44V4000A, KM44V4100A CMOS DRAM 

DC AND OPERATING CHARACTERISTICS (Continued.) 

-5 90 110 mA 

lcc1 Don't care -6 80 100 80 100 mA 
-7 70 90 70 90 mA 
-8 60 80 60 80 mA 

lcc2 
Normal Don't care 2 2 2 2 mA 

LJSL 1 1 1 1 mA 
-5 90 110 mA 

ICC3 Don't care -6 80 100 80 100 mA 
-7 70 90 70 90 mA 
-8 60 80 60 80 mA 
-5 80 90 mA 

lcC4 Don't care -6 70 80 70 80 mA 
-7 60 70 60 70 mA 
-8 50 60 50 60 mA 

Normal 1 1 1 1 mA 
Ices L Don't care 300 300 300 300 µA 

SL 200 200 200 200 µA 

-5 90 110 mA 

Ices Don't care -6 80 100 80 100 mA 
-7 70 90 70 90 mA 
-8 6.0 80 60 80 mA 

ICC7 
L Don't care 

450 400 450 400 µA 
SL 350 300 350 300 µA 

Ices LJSL Don't care 250 250 300 300 µA 

lcc1*: Operating Current ~and CA'S cycling @tRC=min.) 

lcc2 : Standby Current (RAS=GAS=W=V1H ) 

lcc3* : RAS'-only Refresh Current (GAS=V1H, RAS cycling @tRC=min.) 

lcc4*: Fast Page Mode Current (RAS'=V1L, GAS, Address cycling @tPC=min.) 

Ices : Standby Current (RAS'=GAS=W=Vcc-0.2V) 

Ices* : CAS'-Before-RAS' Refresh Current (RAS' and CA'S cycling @tRC=min.) 

lcc1 : Battery back-up current, Average power supply current, Battery back-up mode 

Input high voltage(V1H)=Vcc-0.2V, Input low voltage(V1L)=0.2V, GAS= 02.V 

Din= Don't care, TRc= 31.25µs(4K/L-ver), 62.5µs(4K/SL-ver, 2K/L-vet), 125µs(2K/SL-ver), 

. TRAS= TRAsmin-300 ns 

Ices : Self Refresh Current 

~=CAS'=0.2V, W=0E=AO-A11 = Vcc-0.2Vor0.2V, DQO- 003= Vcc-0.2V, 0.2V or Open 

* NOTE : lcc1, lcc3, lcC4 and Ices are dependent on output loading and cycle rates. Specified values 
are obtained with the output open. Ice is specified as an average current. In. lcc1, ICC3, 
and Ices. address can be changed maximum once while RAS'=V1L. In lcC4, address can be 

· changed maximum once within one fast page mode cycle time tPC. 
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KM44C4000A, KM44C41 OOA 
KM44V4000A, KM44V4100A 

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

CMOS DRAM 

Parameter ~ymbo• Min Max Unit 

ln_Q_ut ca_g_acitance lAO - A 11J C1N1 -
Input capacitance [RAS, CAS, W, OE] C1N2 -
Output Capacitance [DQO - DQ3] Coo -

AC CHARACTERISTICS (0°C~TA~70°C, See note 1,2) 
Test condition(SV device) : Vcc=5.0V±10%, VihNi1=2.4/0.8V, VohN01 =2.4/0.4V 
Test co~dition(3.3V device): Vcc=3.3V±0.3V, VihNi1=2.0/0.8V, VohN01 =2.0/0.8V 

.. 
:.! ·· .. -5:f .. l' > .. 

~!m.X.1 I. 7 
. • ·:Pat•.m.eter ~Mi!i.·•"*· :Milf ~:tc. .;llig 

• •• 'oc-"' .. .·~c::. -""' ~_., ~,~ ','~,\ '' OA 

Random read or write cycle time tRC 90 110 130 

Read-modify-write cycle time tRWC 133 155 185 

Access time from J1AS tRAC 50 60 70 

Access time from CAS tCAC 13 15 20 

Access time from column address tAA 25 30 35 

CA'S to output in Low-Z tCLZ 0 0 0 

Output buffer turn-off delay tOFF 0 13 0 15 0 20 

Transition time (rise and fall) tT 3 50 3 50 3 50 

J1AS precharge time tRP 30 40 50 

J1AS pulse width tRAS 50 10K 60 10K 70 10K 

J1AS hold time tRSH 13 15 20 

CA'S hold time tCSH 50 60 70 

CA'S _..e.ulse width tCAS 13 10K 15 10K 20 10K 

J1AS to CA'S del~ time tRCD 20 37 20 45 20 50 

J1AS to column address delClY. time tRAD 15 25 15 30 15 35 

CA'S to J1AS _Qrecharn.e time tCRP 5 5 5 

Row address set-~ time tASR 0 0 0 

Row address hold time tRAH 10 10 10 

Column address set-u..Q. time tASC 0 0 0 

Column address hold time tCAH 10 10 15 

Column address hold time referenced to J1AS tAR 40 45 55 

Column address to J1AS lead time tRAL 25 30 35 

Read command set-im_ time tRCS 0 0 0 

Read command hold time referenced to CA'S tRCH 0 0 0 

Read command hold time referenced to J1AS tRRH 0 0 0 

WrM. comm...a..nd hold time tWCH 10 10 1-5_ 

Wri~mm...a..nd ho!.d..time remrencedJ.o RAS tW_Q_R 40 45. -55.. 
..write.. lll.lDulse width JW.e. 1.Q_ _.1Q_ -1.5._ 

Write L.lld...!Q_ RAS lead time JBWL. ts. _15_ _2Q_ 

Write command to CA'S lead time tCWL 13 15 20 

Note) *1 : 5V only 

dMHIHI• 
ELECTRONICS 

5 _Q_F 

7 pF 

7 pF 

-'8 

Ml~· .'4alt 
q_.i~s NQt•e. 

150 ns 

205 ns 

80 ns 3,4,10 

20 ns 3,4,5 

40 ns 3,10 

0 ns 3 

0 20 ns 6 

3 50 ns 2 

60 ns 

80 10K ns 

20 ns 

80 ns 

20 10K ns 

20 60 ns 4 

15 40 ns 10 

5 ns 

0 ns 

to_ ns 

Q_ ns 

-15. ns 

-60. ns 15 

.AO_ ns 

_Q_ ns 

_Q_ ns 8 

_Q_ ns 

j5 ns 

...60.. ns .15.. 

..15. ns 

20._ ns 

_2Q_ ns 
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KM44C4000A, KM44C4100A 
KM~4V4000A, KM44V4100A 

AC,CHARACTERISTICS (Contin~ec~) 

'"'/~ ,{!:}~:·, i.'· ;/';•,: 1.·~ 
,,:oi,.,: 'd~ ":1 5 .. 

I . ::,1 <'iL :.:::.,..::_~ ~ /,.:/' :',';<'., ..... ~:lM•~~: 
Data set-up time tDS 0 

Data hold tim~ · tDH 10 

Data hold time referenced to RA'S" tDHR 40 

Refresh period(2K, Normal) tREF 

Refresh period(4K, Normal) tREF 

Refresh period(L-ver) tREF 

Refresh period(SL-ver) tREF 

Write command set-up time tWCS 0 

CA'S to W delay time tCWD 36 

RA'S" to W delay time tRWD 73 

Column address to W delay time tAWD 48 

c.AS precharge to W delay time tCPWD 53 

CAS" set-up time (CA'S-before-RAS" refresh) tCSR 5 

CAS hold time (CA'S-before-RAS" refresh) tCHR 10 

RA'S" to CAS" precharge time tRPC 5 

CA'S precharge time(C8R counter test cycle) tCPT 20 

Access time from c.AS precharge tCPA 

Fast Page mode cycle time tPC 35 

Fast Page mode read-modify-write cycle time tPRWC 76 

CA'S precharge time (Fast page cycle) tCP 10 

RAS pulse width (Fast page cycle) tRASP 50 

RAS hold time from CA'S precharge tRHCP 30 

OE access time tOEA 

OE to data delay tOED 13 

Out put buffer turn off delay time from OE tOEZ 0 

OE command hold time tOEH 13 

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

Write command hold time(Test mode in) tWTH 10 

W to RAS precharge time(C-8-R refresh) tWRP 10 

W to RAS hold time(C-8-R refresh) tWRH 10 

RAS _Q,ulse width(C-8-R self refreshl tRASS 100 

RAS precha1'.9.e time J,C-8-R self refresl!}_ tRPS 90 

CA'S hold time J_C-8-R self refreshl tCHS -50 

Note) *1 : 5V only 

11mm:m• 
ELECTRONICS 

ff'i: 

:j~> 

32 

64 

128 

256 

30 

200K 

13 

13 

CMOS,O~AM 

'..:'':},;,'~~ :· ·.~~·17:'. I :.;:·~; '.::,:1;:.:~1~< 
:.;;''.·.":•· ~,,'/ ,',' ,, ;»",'" 

~ / ' '0 ',' :;- 0 '"~ ,' '"> ~.1)-~ NOi~~ f.t1n. "~~·. ,;fin :.i,!>('. :.~~.~ .>:u~>,t·.' •',"";/'.> ~': ::",/,/'.' ,1 

0 0 0 ns 9 

10 15 15 ns 9 

45 55 60 ns 15 

32 32 32 ms 

64 64 64 ms 

128 128 128 ms 

256 256 256 ms 

0 0 0 ns 7 

40 50 50 ns 7 

85 100 110 ns 7 

55 65 70 ns 7 

60 70 75 ns 

5 5 5 ns 

10 15 15 ns 

5 5 5 ns 

20 30 30 ns 3 

35 40 45 ns 

40 45 50 ns 
•' 

85 100 105 ns 

10 10 10 ns 

60 200K 70 200K 80 200K ns 

35 40 45 ns 

15 20 20 ns 

15 20 20 ns 

0 15 0 20 0 20 ns 

15 20 20 ns 

10 10 10 ns 11 

10 10 10 ns 11 

10 10 10 ns 

10 10 10 ns 

100 100 100 us 14 

110 130 150 ns 14 

-50 -50 -50 ns 14 



KM44C4000A, KM44C4100A 
KM44V4000A, KM44V4100A 

TEST MODE CYCLE 

Parameter 

Random read or write cycle time 

Read-modify-write cycle time 

Access time from ~ 

Access time from CA'S 

Access time from column address 

RAS pulse width 

CAS pulse width 

RAS hold time 

CAS hold time 

Column address to ~ lead time 

CA'S to W delay time 

RAS to W delay time 

Column address to W delay time 

Fast Page mode cycle time 

Fast page mode read-modify-write cycle time 

RAS pulse width (Fast page cycle) 

Access time form CAS precharge 

OE access time 

OE to data delay 

OE command hold time 

Note) *1 : 5V only 

t1Mfiiiil» 
ELECTRONICS 

Symbol 

tRC 

tRWC 

tRAC 

tCAC 

tAA 

tRAS 

tCAS 

tRSH 

tCSH 

tRAL 

tCWD 

tRWD 

tAWD 

tPC 

tPRWC 

tRASP 

tCPA 

tOEA 

tOED 

tOEH 

·1 
< .. 5 

Min Max Min 
95 115 
138 160 

55 

18 

30 

55 10K 65 
18 10K 20 
18 20 
55 65 
30 35 
41 45 
78 90 
53 60 
40 45 
81 90 
55 200K 65 

35 

18 

18 20 
18 20 

CMOS DRAM 

(Note. 11) 

..f) ·7 -8 

Min Max 
Units Notes 

Max Min Max 
135 155 ns 

190 210 ns 

65 75 85 ns 34,J_Q 
20 25 25 ns 3...1..45 
35 40 45 ns 310 

10K 7p 10K 85 10K ns 

10K 25 10K 25 10K ns 
25 25 ns • 75 85 ns 

40 45 ns 

55 55 ns 7 
105 115 ns 7 
70 75 ns 7 
50 55 ns 

105 110 ns 

200K 75 200K 85 200K ns 

40 45 50 ns 3 
20 25 25 ns 

25 25 ns 

25 25 ns 
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KM44C4000A, KM44C4100A 
KM44V4000A, KM44V4100A 

NOTES 

CMOS DRAM 

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

2. V1H(min) and V1L(max) are reference levels for measuring timing of input signals. Transition times are 
measured between V1H(min) and V1L(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 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), 
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 CA'S 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.) 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). 

41'JMW1» 
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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 pit 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-11) are optional features of this family. 
All of this family have CS-before-l1AS Refresh, l1AS-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 
- KM44C4002A(5V, 4K Ref.) 
- KM44C4102A(5V, 2K Ref.) 

• Active Power Dissipation 
Unit:mW 

Speed 
Power dissipation 

4K 2K 

-5 495 605 

-6 440 550 

-7 385 495 

-8 330 440 

• Refresh cycles 

Refresh Refresh Period 
~cle 

KM44C4002A 4K 64ms 

KM44C4102A 2K 32ms 

• Performance range: 

Speed tRAC tCAC tAC tSC 

-5 50ns 13ns 90ns 30ns 

-6 60ns 15ns 110ns 35ns 

-7 70ns 20ns 130ns 40ns 

-8 80ns 20ns 150ns 45ns 

RAS 
cs 
w 

• Static Column Mode operation 
•CS-before-RAS refresh capability 
•RAS-only and Hidden refresh capability 
• Fast parallel test mode capability 
•TTL compatible inputs and outputs 
• Early Write or Output enable controlled write 
• JEDEC Standard pinout 
•Available in Plastic SOJ and TSOP(ll) packages 
•Single +SV± 10% power supply 

FUNCTIONAL BLOCK DIAGRAM 

Control 
Clocks 

Refresh Timer 

.------· -r: ~:: 
VBB Generator l:J 

Row Decoder 

Memory Array 
4, 194,304 x 4 

Cells 

AO-A11 
(AO-A1Q)·11 ~~.;;;;;;,~=;,,;.i 

AO -A9 ol. Address Buffer Column Decoder 
(AO-A1Q)•1 

Note) •1 : 2K Refresh 

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

ttm"filhiiP 
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KM44C4002A, KM44C4102A CMOS DRAM 

• KM44C40(1)02AJ 

PIN CONFIGURATION (Top Views) 
• KM44C40(1)02AT • KM44C40(1)02ATR 

Vee 1 o 
000 2 
001 3 

w 4 
RAS s 
*A11 6 

24 Vss 
23 003 
22 002 
21 cs 
20 OE 
19 A9 *A11 

Vss 
003 
002 
cs 
OE 
A9 

A10 7 
AO S 
A1 9 
A2 10 
A3 11 0 

Vee 12 

1S AS 
17 A7 
16 A6 
1S AS 
14 A4 
13 Vss 

J : 400 mil 24(2S) SOJ 

• KM44C40(1)02AK 

Vee 1 o 
000 2 
001 3 

w 4 
~ s 
*A11 6 

A10 7 
AO S 
A1 9 
A2 10 
A3 11 0 

Vee 12 

Vss 
003 
002 
cs 
OE 
A9 

AS 
A7 
A6 
AS 
A4 
Vss 

K : 300 mil 24(26) SOJ 

A10 
AO 
A1 
A2 
A3 

Vee 

AS 
A7 
A6 
AS 
A4 
Vss 

T : 400 mil 24(2S) TSOP II 

• KM44C40(1 )02AS 

Vee 1° 
000 2 
001 3 

w 4 
RAS s 
*A11 6 

A10 
AO 
A1 
A2 
A3 

Vee 

24 Vss 
23 003 
22 002 
21 cs 
20 OE 
19 A9 

1S AS 
17 A7 
16 A6 
15 AS 

0 14 A4 
13 Vss 

S : 300 mil 24(26) TSOP II 

* A11 is N.C for KM44C4102A(5V, 2K Ref. product) 

Pin· Name Pin Function 
AO-A11 Address lnputs(4K Product) 
AO-A10 Address lnputs(2K Product) 
OQ0-3 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 

dlMlih' ELECTRONICS 

Vss 
003 
002 
cs 
OE 
A9 

AS 
A7 
A6 
AS 
A4 

Vss 

Vee 
000 
001 
w 
RAS 
*A11 

A10 
AO 
A1 
A2 
A3 
Vee 

TR : 400 mil 24(2S) TSOP ll(Rev.) 

Vss 24 
003 23 
002 22 
cs 21 
OE 20 
A9 19 

AS 1S 
A7 17 
A6 16 
AS 1S 
A4 14 0 

Vss 13 

Vee 
000 
001 
w 
RAS 
•A11 

A10 
AO 
A1 
A2 
A3 
Vee 

SR : 300 mil 24(26) TSOP ll(Rev.) 
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KM44C4002A, · KM44C4102A CMOS DRAM. 

I 

ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol Rating Units 

Voltage on any pin relative to Vss V1N,Vour -1 to +7.0 v 
Voltage on Vee supply relative to Vss Vee -1 to +7.0 v 
Storage temperature Tstg -55 to +150 oc 
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= o to 70 °C) 

Parameter' 
-::;: 

:Typ Symbol Min 

Supply voltage Vee 4.5 5.0 

Ground Vss 0 0 

Input high voltage V1H 2.4 

Input low voltage V1L -1.0·2 

*1 Vcc+2.0V at pulse widths 20ns (pulse width is measured at Vee) 

*2 -2.0V at pulse width s 20ns (pulse width is measured at Vss) 

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

Parameter 

Input leakage current (Any input OsV1NsVcc+0.5V 
all other pins not under test=O volts.) 

Output leakage current 
(Data out is disabled, OVsVoursVcc) 

Output high voltage level(loH=-5mA) 

Output low voltage level(loL=4.2mA) 

;; .··• . '· 
symbol 

ll(L) 

IO(L) 

VoH 

VOL 

Max Unit 

5.5 v 
0 v 

Vee+ 1.0·1 v 
0.8 v 

Min Max Units 

- 5 5 µA 

-5 5 µA 

2.4 - v 
- 0.4 v 

t1Mf11Jil" 
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KM44C4002A, KM44C4102A CMOS DRAM 

DC AND OPERATING CHARACTERISTICS (Continued) 

-5 

lcc1 
-6 
-7 
-8 

lcc2 Don't care 

-5 

ICC3 
-6 
-7 
-8 

-5 

ICC4 -6 
-7 
-8 

Ices Don't care 

-5 

ICC6 
-6 
-7 
-8 

90 
80 
70 
60 

2 

90 
80 
70 
60 

80 
70 
60 
50 

90 
80 
70 
60 

lcc1 *: Operating current (RAS" and CS cycling @tRC=min.) 

lcc2: Standby current (RAS°=CS=W=V1H) 

110 
100 
90 
80 

2 

110 
100 
90 
80 

90 
80 
70 
60 

110 
100 
90 
80 

lcc3 *:RAS-only refresh current (CS=V1H, RAS" ,Address cycling @tRC=min.) 

lcc4 *:Static Column Mode current (RAS=V1L, CS, Address cycling @tSC=min.) 

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

lcc6 *:CS-before-RAS refresh current (RAS and CS cycling @tRC=min.) 

mA 
mA 
mA 
mA 

mA 

mA 
mA 
mA 
mA 
mA 
mA 
mA 
mA 

mA 

mA' 
mA 
mA 
mA 

* NOTE : lcc1, lcc3, lcc4 and lccB are dependent on output loadinQ and cycle rates. Specified values 
are obtained with the output open. Ice is specified as an average current. In lcc1 , lcc3 
and lcc6, address can be changed maximum once while RAS=V1L. In lcc4, address cah be 
changed maximum once within one Static Column mode cycle time tSC. 

etMfiiiii» 
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KM44C4002A, KM44C4102A CMOS DRAM 

CAPACITANCE(TA=25°C,Vcc=5V, f=1MHz) 

Parameter Symbol Min Max Unit 

ln_Q_ut ca_Q_acitance lAO - A!R C1N1 - 5 _QF 

Input capacitance [RAS, CS, W, OE] C1N2 - 7 pF 

Output Capacitance [DQO - DQ3] Coo - 7 pF 

AC CHARACTERISTICS (0°C~TA~70°C, See note 1,2) 
Test condition : Vcc=5.0V±10%, VihNil = 2.4/0.8V, VohNol = 2.4/0.4V 

-5 -6 -7 -8 
Parameter Symbol 

Min Max Min Max Min Max Min Max 
Units 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 ~ tRAC 50 60 70 80 ns 3,4,10 

Access time from CS" tCAC 13 15 20 20 ns 3,4,5 

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) 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 l1AS 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 liAS 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 

41"i'ifl@" 
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KM.44C4002A, KM44C4102A CMOS DRAM 

AC CHARACTERISTICS (Continued) 

-5 -6 ' -7 -8 
P~rameter Symbol Min Max Min Max Mil1 Max Min Max UniJ,s Npte~ 

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(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 

~ 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 

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

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

RAS to CS precharge time tRPC 5 5 5 5 ns 

~ precharge time(C-B-11 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 n~ 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 

~ precharge time (Static Column cycle) tCP 10 10 10 10 ns 

~pulse width (Static Column cycle) tRASC 50 200K 60 200K 70 200K 80 100K ns 

~ pulth width (Static Column cycle) tCSC 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 25 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 RA'S tAWR 40 45 55 60 ns 

OE 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 20 ns 

Write command set-u2_ time1Test mode inl tWTS 10 10 10 10 ns 

Write command hold timej_Test mode inl tWTH 10 10 10 10 ns 

W to RA'S _Q_recha!:9_e time1C-B-l1 refreshl tWRP 10 10 10 10 ns 

W to RAS hold time(C-8-R refresh) tWRH 10 10 10 10 ns 
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KM44C4002A, KM44C4102A CMOS DRAM 
• 

TEST MODE CYCLE 
(Note. 11) 

I· -5 -6 ·7 :-8 
Pa!a~eter Symbol 

Min Min Max 
Units Notes 

. .. Min Max Max ·Min Max 
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 R"AS tRAC 55 65 75 85 ns 3,4,10 
Access time from CS tCAC 18 20 25 25 ns 3,4,5 
Access time from column address tAA 30 35 40 45 ns 3,10 
R"AS 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 R"AS lead time tRAL 30 35 40 45 ns 

CS to W delay time tCWD 45 45 55 55 ns 7 

R"AS to W delay time tRWD 80 90 105 115 ns 7 

Column address to W delay time tAWD 55 60 70 75 ns 7 

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 ns 

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 
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KM44C4002A, KM44C4102A CMOS DRAM 

NOTES 

1. An initial pause of 200µs is required after power-up followed by any 8 ROA or CBR cycles before 

proper device operation is achieved. 
2. V1H(min) and V1L(max) are reference levels for measuring timing of input signals. Transition times are 

measured between V1H(min) and V1L(max) and are assumed to be Sns for all inputs. 

3. Measured with a load equivalent to 2 TTL loads and 1 OOpF. 

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 tC.AC. 

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), 

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. 

1 O. 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 Sns 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 output voltage level. 

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

tJm':fiiW" 
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KM44C4003A, ·KM44C4103A CMOS DRAM 

4M x 4 Bit CMOS Quad GAS DRAM with Fast Page Mode 

DESCRIPTION 

This is a family of 4, 194,304 x 4 bit Fast Page Mode Quad GAS 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), power consumption(Normal, Low power or Super-Low power) and package 
type(SOJ or TSOP-11) 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/AUASL (5V, 4K Ref.) 
- KM44C4103A/AUASL (5V, 2K Ref.) 

• Active Power Dissipation 
Unit:mW 

Speed 
Refresh Cycle 

4K 2K 
-5 495 605 
-6 440 550 
-7 385 495 
-8 330 440 

• Refresh cycles 

Part Refresh Refresh period 
NO. cycle Normal L SL 

C4002A 4K 64ms 
C4102A 2K 32ms 128ms 256ms 

• Performance range: 

Speed tRAC tCAC tRC tPC 
-5 50ns 13ns 90ns 35ns 

-6 60ns 15ns 110ns 40ns 

-7 70ns 20ns 130ns 45ns 
-8 80ns 20ns 150ns 50ns 

AO-A11 

• Fast Page Mode operation 
• Four separate CAS pins provide for separate 

110 operation 
• CAS-before-RAS refresh capability 
•·RAS-only and Hidden refresh capability 
•Self-refresh capability(L & SL ver) 
•Fast parallel test mode capability 
• TTL compatible inputs and outputs 
•Early Write or E>utput enable controlled write 
• JEDEC Standard pinout 
•Available iri Plastic SOJ and TSOP(ll) packages 
• s·ingle +5V±10% power supply 

FUNCTIONAL BLOCK DIAGRAM 

Control 
Clocks .------ .r:: ~= 

VBB Generator 1:-J 

Row Decoder 

Memory Array 
4, 194,304 x 4 

Cells 

(AO-A10)•11 -i:..;..;;.;.;..;....;..;.......;..;...;;..;;;.;.;;.;..i 

AO -A9 Col. Address Buffer Column Decoder 
(AO-A10)'1 

Note) '1 : 2K Refresh 

SAMSUNG ELECTRONIC CO. , LTD. reserves the right to 
change products and specifications without notice. 
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KM44C4003A, KM44C4103A. CMOS DRAM 

PIN CONFIGURATION (Top Views) 

• KM44C40(1)03AJ/ALJ/ASLJ 

Vee Vss 
DQO DQ3 
DQ1 DQ2 

w CAS"3 
l1AS ITE 

. A11(N.C) A9 
CASO CAS'2 
CAS1 N.C 

A10 A8 
AO A7 
A1 A6 
A2 AS J : 400 mil 28 SOJ 

A3 A4 T: 400 mil 28TSOP11 
Vee Vss TR : 400 mil 28 TSOP ll(Rev.) 

• KM44C40(1)03AT/ALT/ASLT • KM44C40(1 )03ATR/AL TR/ASL TR 

Vee 1 0 28 Vss Vss 1 Vee 
DQO 2 27 DQ3 DQ3 0 2 DQO 
DQ1 3 26 DQ2 DQ2 3 DQ1 

w 4 25 CAS"3 CAS"3 4 w 
RA'S s 24 ITE ITE s ·RAS 

A11 (N.C) 6 23 . A9 A9 6 A11 (N.C) 
CASO 7 22 CAS"2 CAS"2 7 CASO 
CAS1 8 21 N.C N.C 8 CAS1 

A10 9 20 A8 AS 9 A10 
AO 10 19 A7 A7 10 AO 
A1 11 18 A6 A6 11 A1 
A2 12 0 17 AS A5 0 12 A2 
A3 13 16 A4 A4 13 A3 

Vee 14 15 Vss Vss 14 Vee 

* Note : ( ) --> 2K Product 

Pin Name Pin Function 
AO-A11 Address ln.Quts14K_Q_l'oducll. 

AO-A10 Address I n.Quts12K filOduct) 
DQ0-3 Data In/Out 

Vss Ground 
RA'S Row Address Strobe 

CASO-CAS"3 Column Address Strobe 
w Read/Write Input 

OE Data Output Enable 
Vee Power(+S.OV) 
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 V1N,VouT -1 to +7.0 v 
Voltage on Vee supply relative to Vss Vee -1 to +7.0 v 
Storage Temperature Tstg -55 to +150 oc 
Power Dissipation Po 1 w 
Short Circuit Output Current las 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= o to 70 °C) 

Parameter Symbol Min Typ 

Supply Voltage Vee 4.5 5.0 
'Ground Vss 0 0 

Input High Voltage V1H 2.4 -
Input Low Voltage V1L -1.0 •2 -
*1 : Vee+2.0V at pulse width::;; 20ns, Pulse width is measured at Vee. 
*2: - 2.0V at pulse width:::;; 20ns, Pulse width is measured at Vss. 

Max Unit 

5.5 v 
0 v 

Vec+1*1 v 
0.8 v 

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

Parameter Symbol Min Max Units 

Input Leakage Current (Any input O::;;V1N::;;Vcc+0.5V li(L) -5 5 µA 
all other pins not under test=O volt.) 

Output Leakage Current IO(L) -5 5 µA 
(Data out is disabled, OV::;;Vour::;;Vcc) 

Output High Voltage Level(loH=-5mA) VoH 2.4 - v 
Output Low Volta_g_e Level(loL=4.2mA) VoL - 0.4 v 
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KM44C4003A, KM44C4103A CMOS DRAM 

DC AND OPERATING CHARACTERISTICS (Continued.) 

Speed 
Max 

Units Symbol Power 
KM44C4003A 

-5 90 

lcc1 Don't care -6 80 
-7 70 
-8 60 

lcc2 
Normal 

Don't care 2 
USL 1 

-5 90 

ICC3 Don't care -6 80 
-7 70 
-8 60 

-5 80 

ICC4 Don't care -6 70 
-7 60 
-8 50 

Normal 1 
ICC5 L Don't care 300 

SL 200 

-5 90 

ICC6 Don't care -6 80 
-7 70 
-8 60 

ICC? 
L Don't care 

450 
SL 350 

Ices USL Don't care 300 

lcc1* : Operating Current (RAS and CAS cycling @tRC=min.) 

lcc2 : Standby Current (FtAS=CAS=W=VrH) 

lcc3* : RAS-only Refresh Current (CAS=VrH, RAS cycling @tRC=min.) 

KM44C4103A 

110 
100 
90 
80 

2 
1 

110 
100 
90 
80 

90 
80 
70 
60 

1 
300 
200 

110 
100 
90 
80 

400 
300 

300 

lcc4* : Static Column Mode Current (RAS=VrL, CAS, Address cycling @tPC=min.) 

lcc5 : Standby Current (RAS°=CAS=W=Vcc-0.2V) 

lcca~: GAS-Before-RAS" Refresh Current (RAS and CAS cycling @tRC=min.) 

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

Input high voltage(V1H)=Vcc-0.2V, Input low voltage(V1L)=0.2V, CA'S= 0.2V 

Din = Don't care, TRc= 31.25µs(4K/L-ver), 62.5µs(4K/SL-ver, 21</L-ver), 125µs(2K/SL-ver) , 

TRAS= TRAsmin-300 ns 

Ices : Self Refresh Current 

mA 
mA 
mA 
mA 

mA 
mA 

mA 
mA 
mA 
mA 
mA 
mA 
mA 
mA 

mA 
µA 
µA 

mA 
mA 
mA 
mA 

µA 
µA 

µA 

'RAS=CAS=0.2V, W=ITE=AO - A11 = Vcc-0.2V or 0.2V, DQO - DQ3= Vcc-0.2V, 0.2V or Open 

* NOTE : lcc1, lcc3, lcc4 and lcca are dependent on output loading and cycle rates. Specified values 
are obtained with the output open. Ice is specified as an average current. In lcc1, tcc3, 
and lcca. address can be changed maximum once while RAS=V1L. In lcc4, address can be 
changed maximum once within one fast page mode cycle time tPC. 
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KM44C4003A, KM44C4103A CMOS DRAM 

CAPACITANCE(TA=25:·c,Vcc=5V, f=1 MHz) 

Parameter Symbol Min Max Unit 

ln~ut ca~acitance [AO - A 11J CiN1 - 5 _g_F 

Input capacitance [RAS, CASx, W, OE] CiN2 - 7 pF 

Output Capacitance [DQO - 003] c~ - 7 pF 

AC CHARACTERISTICS (0°C$TA$70°C, See note 1,2) 
Test condition : Vcc=5.0V±10%, VihNi1=2.4/0.8V, VohN01 =2.4/0.4V 

-5 -6 -7 -8 
Parameter Symbol 

Min Max Min Max Min Max ~n Max 
Units 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 Fl.AS" tRAC 50 60 70 80 ns 3,4, 10 

Access time from CA:S tCAC 13 15 20 20 ns 3,4,5,18 

Access time from column address tAA 25 30 35 40 ns 3,10 

CA:S to output in Low-Z tCLZ 0 0 0 0 ns 3,18 

Output buffer turn-off delay tOFF 0 13 0 15 0 20 0 20 ns 7,18 

Transition time (rise and fall) tT 3 50 3 50 3 50 3 50 ns 2 

liAS 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 15 ns 16 

Column address hold time referenced to RAS tAR 40 45 55 60 ns 25 

Column address to R"AS 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 R"AS 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 Fl.AS" lead time tRWL 15 15 20 20 ns 

Write command to CA:S lead time tCWL 13 15 20 20 ns 17 
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KM44C4003A, KM44C4103A CMOS DRAM 

AC CHARACTERISTICS (Continued) 
,. . 

i .. ' . ~s - 6 . -7 -8 
Parameter $ymb()I 

Min Max: Min Max Min Max Min Max 
Units Notes 

~ 

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

Data hold time tDH 10 10 15 15 ns 9 

Data hold time referenced to l1AS' 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 

CA'S to W delay time tCWD 36 40 50 50 ns 7,16 

RA'S 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-l1A'S refresh) tCSR 5 5 5 5 ns 16 

CAS hold time (CAS'-before-l1AS' refresh) tCHR 10 10 15 15 ns 17 

RAS to CAS precharge time tRPC 5 5 5 5 ns 

CA'S precharge time(C8R counter test cycle) tCPT 20 20 30 30 ns 

Access time from CA'S 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 tim~ tPRWC 76 85 100 105 ns 19 

CA'S 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 

l1AS hold time from CA'S 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 22 

CA'S 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 precharg_e time(C-8-11 refresh) tWRP 10 10 10 10 ns 

W to RAS' hold time(C-8-11 refresh) tWRH 10 10 10 10 ns 

l1AS _Qulse width(C-8-11 self refreshl tRASS 100 100 100 100 us 14 

RAS _Qrecharg_e time (C-8-11 self refreshl tRPS 90 110 130 150 ns 14 

CAS hold time _iC-8-R self refreshl tCHS -50 -50 -50 -50 ns 14 

Hold time CA'S low to CA'S high tCLCH 5 5 5 5 ns 15 

•1iJ:'ifiljil$ 
c1 cPTananr(! 
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KM44C4003A, KM44C4103A CMOS DRAM 

TEST MODE CYCLE (Note. 11) 
', >,' 0 o Uc ,c • {< ~' o ~ 

, :~:, ;;Par,~t•r 
": : _::_ ...:.'.....::.:..::.. ...:..:.. 

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 3,4,5,12 

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 

GAS 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 

GAS 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 11 O ns 

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

Access time form GAS precharge tCPA 35 40 45 50 ns 3 

ITE access time tOEA 18 20 25 25 ns 

ITE to data delay tOED 18 20 25 25 ns 

ITE command hold time tOEH 18 20 25 25 ns 
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KM44C4003A,. KM44C4103A CMOS DRAM 

NOTES 

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

2. V1H(min) and V1L(max) are reference levels for measuring timing of input signals. Transition times are 
measured between V1H(min) and V1L(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 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 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 re~d 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 specifi,ed 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 
C.AS going low, the parameter tCLCH must be met. 

16., The first CASx edge to transition low. 
17. The last C.ASx edge to transition high. 
18. Output parameter is referenced to corresponding CASx input. 
19. Last rising CASx edge to n~xt cycle's last rising C.ASx edge. 
20. Last rising CASx edge to first falling CA'S edge. 
21. First DQx controlled by the first CASx to go low. 
22. Last DQx controlled by the last CAS"x to go high. 
23. Each C.ASx must meet minimum pulse width. 
24. Last CAS"x to go low. 
25. tAR, tWCR, and tDHR are referenced to tRAD(MAX). 

•1111'¥11iii1P 
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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(+S.OV 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-11) 
are optional features of this family. All of this family have CAS-before-RA"S" 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 

• Part Identification 
- KM44C4004A/AUASL (5V, 4K Ref.) 
- KM44C4104A/AUASL (5V, 2K Ref.) 
- KM44V4004A/AUASL (3.3V, 4K Ref.) 
- KM44V4104A/AUASL (3.3V, 2K Ref.) 

• Extended Data Out mode operation 
(Fast Page Mode with Extended data out) 

• CAS-before-RA"S" refresh capability 
• RA"S"-only and Hidden refresh capability 
• Self-refresh capability(L & SL - ver) 
•Fast parallel test mode capability · 

• Active Power Dissipation 
Unit:mW • TTL(5V)/L VTTL(3.3V) compatible inputs and outputs 

Speed 
3.3V 5V 

4K 2K 4K 2K 
-5 - - 495 605 
-6 288 360 440 550 
-7 252 324 385 495 

-8 216 288 330 440 

• Refresh cycles 

Part 
Vee Refresh Refresh period 

NO. <21'_cle Normal L SL 
C4004A 5V 

V4004A 3.3V 
4K 64ms 

C4104A 5V 
128ms 256ms 

V4104A 3.3V 
2K 32ms 

• Performance range: 

Speed tRAC tCAC tRC tHPC Remark 
-5 50ns 13ns 90ns 20ns 5V Only 

-6 60ns 15ns 110ns 25ns 5V/3.3V 

-7 70ns 20ns 130ns 30ns 5V/3.3V 

-8 80ns 20ns 150ns 35ns 5V/3.3V 

• 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) 
•Single +3.3V±0.3V power supply(3.3V product) 

FUNCTIONAL BLOCK DIAGRAM 

Control 
Clocks 

Refresh Timer 

...------· J::: ~= 
VBB Generator 1:-J 

Row Decoder 

Memory Array 
4, 194,304 x 4 

Cells 

AO-A11 
(AO-A10)',1-i:..;.;.;.;..;~.;;.;;.;;..=;,;.i 

AO-A9 
(AO-A10)*"'."""1 ~;.:;;:..:.=:;;;;;..:;=~ 

Column Decoder 

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 

• KM44CN40(1)04AJ 

Vee 1 o 
000 2 
001 3 

PIN CONFIGURATION (Top Views) 
• KM44CN40(1 )04AT 

Vee 10 
000 2 
001 3 

·CMOS DRAM 

• KM44CN40(1 )04ATR 

Vss 24 
003 23 0 
002 22 

w 4 
RAS 5 
*A11 .6 

24 Vss 
23 003 
22 002 
21 GAS" 
20 OE 
19 A9 

w 4 

Vss 
003 
002 
CAS 
OE 
A9 

CA"S 21 

Vee 
000 
001 
w 
RA'S 
*A11 

A10 7 
AO S 
A1 9 
A2 10 
A3 11 0 

Vee 12 

1S AS 
17 A7 
16 A6 
15 A5 
14 A4 
13 Vss 

J : 400 mil 24(2S) SOJ 

• KM44CN40(1 )04AK 

Vee 1 o 
000 2 
001 3 

w 4 
RAS 5 
*A11 6 

A10 7 
AO S 
A1 9 
A2 10 
A3 11 0 

Vee 12 

Vss 
003 
002 
CAS 
OE 
A9 

AS 
A7 
A6 
A5 
A4 
Vss 

K : 300 mil 24(26) SOJ 

RAS 5 
*A11 6 

A10 
AO 
A1 
A2 
A3 

Vee 
0 

AS 
A7 
A6 
A5 
A4 
Vss 

T : 400 mil 24(2S) TSOP 11 

• KM44CN40(1)04AS 

Vee 1° 24 Vss 
OQO 2 23 003 
001 3 22 002 

w 4 21 CA"S 
RAS" 5 20 OE 
*A11 6 19 A9 

A10 7 1S AS 
A7 
A6 
A5 
A4 
Vss 

AO 8 17 
A1 9 16 
A2 10 15 
A3 11 O 14 

Vee 12 13 

S : 300 mil 24(26) TSOP II 

* A11 is N.C for KM44CN4104A(5V/3.3V, 2K Ref. product) 

Pin Name Pin Function 

AO - A11 Address ln_Q_utsj4K Product) 
AO- A10 Address ln_QutsJ2K Product}_ 
DQ0-3 Data In/Out 
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(2K Refresh) 

tl1Mfi@IP 
ELECTRONICS 

OE 20 
A9 19 

AS 
A7 
A6 
A5 
A4 

Vss 

1S 
17 
16 
15 
14 0 
13 

A10 
AO 
A1 
A2 
A3 
Vee 

TR : 400 mil 24(2S) TSOP ll(Rev.) 

• KM44CN40(1)04ASR 

24 
23 
22 
21 
20 
19 

01 Vee 
2 000 
3 001 
4 w 
5 RAS" 
6 *A11 

1S 7 
17 s 
16 9 
15 10 
14 0 11 
13 12 

A10 . 

AO 
A1 
A2 
A3 
Vee 

SR : 300 mil 24(26) TSOP ll(Rev.) 
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KM44C4004A, KM44C4104A 
KM44V4004A, KM44V4104A CMOS DRAM 

ABSOLUTE MAXIMUM RATINGS 

Rating Units 
Parameter Symbol 

3.3V 5V 

Voltage on any pin relative to Vss V1N,VouT -0.5 to +4.6 -1 to +7.0 v 
Voltage on Vee supply relative to Vss Vee -0.5 to +4.6 -1 to +7.0 v 
Storage Temperature Tstg -55 to +150 -55 to +150 oc 
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= o to 70 °C) 

3.3V 
Parameter Symbol 

Min Typ Max Min 

Supply Voltage Vee 3.0 3.3 3.6 4.5 

Ground Vss 0 0 0 0 

Input High Voltage V1H 2.0 Vee+o.3·1 2.4 

Input Low Voltage V1L -o.3·2 - 0.8 -1.0·2 

*1 : Vee+ 1.3V/15ns(3.3V), Vee+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. 

sv 
Unit 

Typ Max 

5.0 5.5 v 
0 0 v 
- Vee+1·1 v 
- 0.8 v 

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

Parameter Symbol Min Max Units 

Input Leakage Current (Any input OSV1NSVcc+0.3V, ll(L) -5 5 µA 
all other pins not under test=O volt.) 

3.3V 
Output Leakage Current 

IO(L) -5 5 µA 
(Data out is disabled, OVSVourSVcc) 

Output High Voltage Level(loH=-2mA) VoH 2.4 - v 
Output Low Voltage Level(loL=2mA) VOL - 0.4 v 
Input Leakage Current (Any input OSV1NSVcc+0.5V, li(L) . -5 5 µA 
all other pins not under test=O volt.) 

sv 
Output Leakage Current 

IO(L) -5 5 µA 
(Data out is disabled, OVSVourSVcc) 

Output High Voltage Level(loH=-5mA) VOH 2.4 - v 
Output Low Voltag_e Level{loL=4.2mA) VOL - 0.4 v 

•1Mfiiiil" ELECTRONICS 
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KM44C4004A, KM44C4104A 
KM44V4004A, KM44V4104A CMOS DRAM 

DC AND OPERATING CHARACTERISTICS (Continued.) 

Max 
Symbol Power Speed Units 

KM44V4004A KM44V4104A KM44C4004A KM4404104A 

-5 - -
lcc1 Don't care 

-6 80 100 
-7 70 90 
-8 60 80 

lcc2 
Normal 

Don't care 
2 2 

USL 1 1 

-5 - -
ICC3 Don't care 

-6 80 100 
-7 70 90 
-8 60 80 

-5 - -
ICC4 Don't care -6 90 100 

-7 80 90 
-8 70 80 

Normal 1 1 
Ices L Don't care 300 300 

SL 200 200 

-5 - -
lcca Don't care 

-6 80 100 
-7 70 90 
-8 60 80 

lcc1 
L 

Don't care 
450 400 

SL 350 300 

Ices USL Don't care 250 250 

lcc1* : Operating Current (RAS and CAS cycling @tRC=min.) 

lcc2 : Standby Current (RAS=CAS=W=V1H) 

lcc3* : RAS-only Refresh Current (CAS=V1H, RAS cycling @tAC=min.) 

90 
80 
70 
60 

2 
1 

90 
80 
70 
60 

100 
90 
80 
70 

1 
300 
200 

90 
80 
70 
60 

450 
350 

300 

lcc4* : Hyper Page Mode Current (RAS=V1L, CAS, Address cycling @tHPC=min.) 

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

lcca~ : GAS-Before-RAS Refresh Current (RAS and CAS cycling @tRC=min.) 

lcc1 : Battery back-up current, Average power supply current, Battery back-up mode 

Input high voltage(V1H)=Vcc-0.2V, Input low voltage(V1L)=0.2V, CAS= 0.2V 

110 
100 
90 
80 

2 
1 

110 
100 
90 
80 

110 
100 
90 
80 

1 
300 
200 

110 
100 
90 
80 

400 
300 

300 

Din= Don't care, TRc= 31.25µs(4K/L-ver), 62.5µs(4K/SL-ver, 21</L-ver), 125µs(2K/SL-ver), 

TRAS= TRAsmin-300 ns 

Ices : Self Refresh Current 

mA 
mA 
mA 
mA 

mA 
mA 

mA 
mA 
mA 
mA 
mA 
mA 
mA 
mA 

mA 
µA 
µA 

mA 
mA 
mA 
mA 

µA 
µA 

µA 

RAS=CAS=0.2V, W=OE=AO - A11 = Vcc-0.2V or 0.2V, DQO - DQ3:::; Vcc-0.2V, 0.2V or Open 

* NOTE : lcc1, lcc3, lcc4 and lcca are dependent on output loading and cycle rates. Specified values 
are obtained with the output open. Ice is specified as an average current. In lcc1, lcc3, 
and lcca. address can be changed maximum once while RAS=V1L. In lcc4, address can be 
changed maximum once within one hyper page mode cycle time tHPC. 

•tmifi'm• 
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KM44C4004A, KM44C4104A 
KM44V4004A, KM44V4104A 

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

ln_Q_ut ca_Q_acitance !AO - A 111 

Input capacitance [RAS, CA'S, W, OE] 

Output Capacitance [DQO - DQ3] Coa 

AC CHARACTERISTICS (0°C~TA90°C, See note 1,2) 
Test condition(5V device) : Vcc=5.0V±10%, VihNit=2.4/0.8V, VohNot =2.0/0.8V 
Test condition(3.3V device) : Vcc=3.3V±0.3V, VihNit=2.0/0.8V, Voh1Vo1 =2.0/0.8V 

I··· < - -::- ·,;::;; cc ' ; 

~>~ ·'·' ~hL 
,, C! ,·; 

::;, ;., -"' ': ' bdf ';· :·· ' ' ... 7 .· 
; -2_··· 

t:~ •.> :, 'h:: ~ ,,,;•', :..;:. ''4in M#Y(' M.iri: 'Max. :Min 118~ 
Random read or write cycle time tRC 84 104 124 

Read-modify-write cycle time tRWC 116 140 170 

Access time from RAS tRAC 50 60 70 

Access time from CA'S tCAC 13 15 20 

Access time from column address tAA 25 30 35 

GAS to output in Low-Z tCLZ 3 3 3 

Output buffer tum-off delay from GAS tCEZ 3 13 3 15 3 20 

OE to output in Low-?'. tOLZ 3 3 3 

Transition time (rise and fall) tT 2 50 2 50 2 50 

RAS precharge time tRP 30 40 50 

RAS pulse width tRAS 50 10K 60 10K 70 10K 

RAS hold time tRSH 13 15 20 

GAS hold time tCSH 38 45 50 

GAS pulse width tCAS 8 10K 10 10K 15 10K 

RAS to GAS delay time tRCD 20 37 20 45 20 50 

RAS to column address delay time tRAD 15 25 15 30 15 35 

GAS to RAS precharge time tCRP 5 5 5 

Row address set-up time tASR 0 0 0 

Row address hold time tRAH 10 10 10 

Column address set-up time tASC 0 0 0 

Column address hold time tCAH 8 10 15 

Column address hold time referenced RAS tAR 35 42 52 

Column address to RAS" lead time tRAL 25 30 35 

Read command set-up time tRCS 0 0 0 

Read command hold time referenced to GAS tRClrl 0 0 0 

Read command hold time referenced to RAS" tRRH 0 0 0 

Write command hold time tWCH 10 10 15 

Write command hold time referenced to RAS" tWCR 37 42 52 

Write command pulse width tWP 10 10 15 

Write command to RAS lead time tRWL 13 15 20 

Write command to GAS lead time tCWL 8 10 15 

Note) *1 : 5V only 

dfofjlhi» 
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5 

7 pF 

7 pF 

·;;;~ .. a:;LL< ::;'.:·'··'.•',; :' ,:~' ,;,~,~: 

1tlJ;1t~:. 'ni~. iMhr;fi;4ii; ;. ' ~," ,:' o~ ~ 

144 ns 

190 ns • 80 ns 3,4,10 

20 ns 3,4,5 

40 ns 3,10 

3 ns 3 

3 20 ns 6,14 

3 ns 3 

2 50 ns 2 

60 ns 

80 10K ns 

20 ns 

60 ns 

20 10K ns 15 

20 60. ns 4 

15 40 ns 10 

5 ns 

0 ns 

10 ns 

0 ns 

15 ns 

57 ns 17 

40 ns 

0 ns 

0 ns 8 

0 ns 8 

15 ns 

57 ns 17 

15 ns 

20 ns 

20 ns 
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KM44C4004A, KM44C4104A 
KM44V4004A, KM44V4104A 

AC CHARACTERISTICS (Continued) 

~';o-< ' '._,:'.i:,\i:~-,~: 
-;c '::' 

t ,'. :,. 

~~ta.;,~te~ Symbol 
I :· .. C::. ::::_:_ 'i _::'... 
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 

Refresh period(SL-ver) tREF 

Write command.set-up time tWCS 

CA'S to W delay time tCWD 

11AS to W delay time tRWD 

Column address to W delay time tAWD 

CA'S set-up time (CA'S-before-RAS refresh) tCSR 

CA'S hold time (CAS"-before-11.A'S refresh) tCHR· 

l1.A'S to C.AS precharge time tRPC 

CA'S precharge time(CBl1 counter test cycle tCPT 

Access time from CA'S precharge tCPA 

Hyper Page cycle time tHPC 

Hyper Page read-modify-write cycle time tHPRWC 

CAS precharge time (Hyper page cycle) tCP 

11AS' pulse width (Hyper page cycle) tRASP 

l1AS hold time from CA'S precharge tRHCP 

OE access time tOEA 

OE to data delay tOED 

CAS precharge to W delay time tCPWD 

Out_Q_ut buffer turn off dela_y_ time from OE tOEZ 

OE command hold time tOEH 

Write command set-l!Q_ time(Test mode in) tWTS 

Write command hold time_{_Test mode inl tWTH 

W to 11AS' precharg_e timeJ_C-B-11 refreshl tWRP 

W to RAS hold timel_C-B-R refresh~ tWRH 

OutQ_ut data hold time tDOH 

Ou!Q_ut buffer turn off dela_y from RAS tREZ 

OutQ_ut buffer turn off del<!Y_ from W tWEZ 

W to data del<!Y_ tWED 

OE to GAS hold time tOCH 

CA'S hold time to ITE tCHO 

OE_Qfecharn_e time tOEP 

W _12ulth widthJH_'iQ_er PClQe C_y_clel tWPE 

l1AS pulse width(C-B-11 self refresh) tRASS 

Note) *1 : 5V only 

41:!:1: f JiU iiP 
ELECTRONICS 

;'';'.', ;:~:5:~1, 

PJlin M•.x Nin 
0 0 

8 10 

37 42 

32 

64 

128 

256 

0 0 

30 34 

67 79 

42 49 

5 5 

10 10 

5 5 

20 20 

28 

20 25 

47 56 

8 10 

50 200K 60 

30 35 

13 

13 15 

45 54 

3 13 3 

13 15 

10 10 

10 10 

10 10 

10 10 

5 5 

3 15 3 

3 13 3 

15 15 

5 5 

5 5 

5 5 

5 5 

100 100 

CMOS DRAM 

: . .::Er' :-J;> L 
,~,7 

,,;_ .,;,, Min M.~X. Ml.n Max units Nc:)tes 
L _:::,;;_:' 

0 0 ns 9 

15 15 ns 9 

52 57 ns 17 

32 32 32 ms 

64 64 64 ms 

128 128 128 ms 

256 256 256 ms 

0 0 ns 7 

44 44 ns 7 

94 104 ns 7 

59 64 ns 7 

5 5 ns 

15 15 ns 

5 5 ns 

30 30 ns 

35 40 45 ns 3 

30 35 ns 16. 

71 81 ns 16 

10 10 ns 

200K 70 200K 80 200K ns 

40 45 ns 

15 20 20 ns 

20 20 ns 

64 69 ns 

15 3 20 3 20 ns 6 

20 20 ns 

10 10 ns 11 

10 10 ns 11 

10 10 ns 

10 10 ns 

5 5 ns 

15 3 20 3 20 ns 6,15 

15 3 20 3 20 ns 6 

20 20 ns 

5 5 · ns 

5 5 ns 

5 5 ns 

5 5 ns 

100 100 us 14 
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KM44C4004A, KM44C4104A 
KM44V4004A, KM44V4104A 

AC CHARACTERISTICS (Continued) 

-5 ·1 -6 
Parameter Symbol Min Max Min Max '--"-

~ precharge time (C-8-R self refresh) tRPS 90 110 

CAS hold time (C-8-R self refresh) tCHS -50 -50 

TEST MODE CYCLE 

-5 *1 -6 
Parameter Symbol 

Min Max Min Max 
Random read or write cycle time tRC 89 109 

Read-modify-write cycle time tRWC 121 145 

Access time from RAS tRAC 55 65 

Access time from CAS tCAC 18 20 

Access time from column address tAA 30 35 

RAS pulse width tRAS 55 ·10K 65 10K 

CAS" pulse width tCAS 13 10K 15 10K 

RAS" hold time tRSH 18 20 

CAS hold time tCSH 43 50 

Column address to RAS" lead time tRAL 30 35 

CAS to W delay time tCWD 35 39 

RAS to W delay time tRWD 72 84 

Column address to W delay time tAWD 47 54 

Hyper Page cycle time tHPC 25 30 

Hyper page read-modify-write cycle time tHPRWC 53 61 

RAS pulse width (Hyper page cycle) tRASP 55 200K 65 200K 

Access time form CAS" precharge tCPA 33 40 

OE access time tOEA 18 20 

OE to data delay tOED 18 20 

OE command hold time tOEH 18 20 

Note) *1 : 5V only 

dt.i:f11Ji1$ 
ELECTRONICS 

CMOS DRAM 

-7 -8 

Min Max Min Max 
Units Notes 

130 150 ns 14 

-50 -50 ns 14 

(Note. 11) 

'!'7 -8 
Units Notes 

Min Max Min Max 
129 149 ns 

175 195 ns 

75 85 ns 3,4,10 • 25 25 ns 3,4,5 
40 45 ns 3,10 

75 10K 85 10K ns 

20 10K 25 10K ns 

25 25 ns 

55 65 ns 

40 45 ns 

49 49 ns 7 
99 109 ns 7 
64 69 ns 7 

35 40 ns 

76 86 ns 

75 200K 85 200K ns 

45 50 ns 3 
25 25 ns 

25 25 ns 

25 25 ns 
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KM44C4004A, KM44C4104A 
KM44V4004A, KM44V4104A 

NOTES 

CMOS DRAM 

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

2. V1H(min) and V1L(max) are reference levels for measuring timing of input signals. Transition times are 
measured between V1H(min) and V1L(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 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 CA'S leading edge in early write cycles and to the W leading 

edge in read-modify-write cycles. 
1 o. 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 RA'S goes high before CA'S high going, the open circuit condition of the output is achieved by CAs 
high going. If CA'S goes high before RAS high going, the open circuit condition of the output is 
achieved by RAS high going. 

16. tASC ·~ tCPmin , Assume tT = 2.0 ns 
17. tAR, tWCR; and tDHR are referenced to tRAD(MAX). 

•tm':filiii» 
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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-11) 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 

• Part Identification 
- KM44C4010A(5V, 4K Ref.) 
- KM44C4110A(5V, 2K Ref.) 

• Power Range Unit:mW 

Speed .. 4K 2K 
-5 49S 60S 
-6 440 sso 
-7 38S 49S 
-8 330 440 

• Refresh cycles 

KM44C4000A 4K 64ms 

KM44C4100A 2K 32ms 

• Performance range: 

.spe~9' i'·tRAQ: .·tcAC· tRC. ··I ~:..;_; 
-s sons 13ns 90ns 3Sns 

-6 60ns 15ns 110ns 40ns 

-7 70ns 20ns 130ns 4Sns 

-8 80ns 20ns 1SOns sons 

AO-A11 

• 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 
• 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) 

FUNCTIONAL BLOCK DIAGRAM 

Control 
Clocks 

Refresh Timer 

--------...· .r: ~:: 
VBB Generate~ l:J 

Row Decoder 

Memory Array 
4, 194,304 x 4 

Cells 

(AO-A10)•11 ._._ ____ _. 

AO-A9 
(AO-A10)'-1 --...;;...;..;.;...;,.;....;.... __ _. 

Column Decoder 

Note) *1: 2K Refresh 

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

tJ:!:i:Hiiii• 
ELECTRONICS 

197 

• 



KM44C401 OA, KM44C411 OA CMOS DRAM 

• KM44C40(1 )1 OAJ 

PIN CONFIGURATION (Top Views) 
• KM44C40(1 )1 OAT • KM44C40(1 )1 OA TR 

Vee 1 o 
W1/DQO 2 
W2/DQ1 3 

WB/W 4 
RAS 5 
*A11 6 

A10 7 
AO 8 
A1 9 
A2 10 
A3 11 0 

Vee 12 

24 Vss Vee 
23 W4/DQ3 W1/DQO 
22 W3/DQ2 W2/DQ1 
21 CAS WB/W 
20 OE RAS 
19 A9 *A11 

18 A8 
17 A7 
16 A6 
15 A5 
14 A4 
13 Vss 

A10 
AO 
A1 
A2 
A3 

Vee 

Vss Vss 
W4/DQ3 W4/DQ3 
W3/DQ2 W3/DQ2 
CAS CAS 
OE OE 
A9 A9 

A8 
A7 
A6 
A5 
A4 
Vss 

A8 
A7 
A6 
A5 
A4 

Vss 

18 
17 
16 
15 

0 

14 0 
13 

1 
2 
3 
4 
5 
6 

7 
8 
9 

10 
11 
12 

Vee 
W1/DQO 
W2/DQ1 
WB/W 
RAS 
*A11 

A10 
AO 
A1 
A2 
A3 
Vee 

J : 400 mil 24(28) SOJ T: 400 mil 24(28) TSOP II TR: 400 mil 24(28) TSOP ll(Rev.) 

• KM44C40(1)10AK • KM44C40(1 )1 OAS 

Vee 1 0 
W1/DQO 2 
W2/DQ1 3 

WB/W 4 
RAS 5 
*A11 6 

A10 7 
AO 8 
A1 9 
A2 10 
A3 11 0 

Vee 12 

Vss 
W4/DQ3 
W3/DQ2 
CAS 
OE 
A9 

A8 
A7 
A6 
A5 
A4 
Vss 

Vee 
W1/DQO 
W2/DQ1 

WB/W 
RAS 
*A11 

A10 
AO 
A1 
A2 
A3 

Vee 

10 

2 
3 
4 
5 
6 

24 
23 
22 
21 
20 
19 

Vss 
W4/DQ3 
W3/DQ2 
CAS 
OE 
A9 

18 A8 
17 A7 
16 A6 
15 A5 

0 14 A4 
13 Vss 

K : 300 mil 24(26) SOJ S : 300· mil 24(26) TSOP II 

* A11 is N.C for KM44C4110A(2K Ref. product) 

Pin Name Pin Function 
AO - A11 Address ln_Quts_i4K Product} 

AO-A10 Address ln_Q_uts_i2K Productl_ 

W/DQ0-3 Write select/ Data ln,Out 

Vss Ground 

RAS Row Address Strobe 

CA"S Column Address Strobe 

• KM44C40(1 )1 OASR 

Vss 
W4/DQ3 
W3/DQ2 

CAS 
OE 
A9 

24 
23 
22 
21 
20 
19 

A8 18 
A7 17 
A6 16 
A5 15 
A4 14 0 

Vss 13 

01 
2 
3 
4 
5 
6 

Vee 
W1/DQO 
W2/DQ1 
WB/W 
RAS 
*A11 

A10 
AO 
A1 
A2 
A3 
Vee 

SR : 300 mil 24(26) TSOP ll(Rev.) 

WNW Write per bit/ Read,Write Input 

OE Data Output Enable 

Vee Power( +5.0V) 

N.C No Connection 

t1Mfiliil" 
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KM44C401 OA, KM44C411 OA CMOS DRAM 

ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol Rating Units 

Voltage on any pin relative to Vss V1N,Vour -1 to +7.0 v 
Voltage on Vee supply relative to Vss Vee -1 to +7.0 v 
Storage Temperature Tstg -55 to +150 oc 
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= o to 70 °C) 

Parameter Symbol Min Typ 

Supply Voltage Vee 4.5 

Ground Vss 0 

Input High Voltage V1H 2.4 

Input Low Voltage V1L -1.0·2 

*1 : Vee+2.0V at pulse width ::; 20ns, Pulse width is measured at Vee. 

*2 : - 2.0V at pulse width ::; 20ns, Pulse width is measured at Vss. 

5.0 

0 

-
-

Max Unit 

5.5 v 
0 v 

Vee+1*1 v 
0.8 v 

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

Parameter Symbol Min Max Units 

Input Leakage Current (Any input o::;V1N::;Vcc+0.5V, li(L} -5 5 µA 
all other pins not under test=O volt.) 

Output Leakage Current 
IO(L) -5 5 µA 

(Data out is disabled, OV::;Vour::;Vcc) 

Output High Voltage Level(loH=-5mA) VoH 2.4 - v 
Output Low Volta_g_e Level(loL=4.2mA) VOL - 0.4 v 

''""' tillii" ELECTRONICS 
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KM44C4010A, KM44C4110A CMOS DRAM 

DC AND OPERATING CHARACTERISTICS (Continued.) 
,,, ' 

Symbol Speed 
KM44C40,0A 

-5 90 

lcc1 
-6 80 
-7 70 
-8 60 

lcc2 Don't care 2 

-5 90 

ICC3 
-6 80 
-7 70 
-8 60 

-5 80 

lcC4 -6 70 
-7 60 
-8 50 

Ices Don't care 1 

-5 90 

ICC6 
-6 80 
-7 70 
-8 60 

lcc1* : Operating Current (RAS and CA'S cycling @tRC=min.) 

lcc2 : Standby Current (R"AS=CAS°=WB7W=V1H ) 

Max 

lcc3* : RAS-only Refresh Current (CAS=V1H, RAS cycling @tRC=min.) 

KM44C4: 11 OA 

'110. 
100 
90 
80 

2 

110 
100 
90 
80 

90 
80 
70 
60 

1 

110 
100 
90 
80 

lcc4*: Fast Page Mode Current (RAS=V1L, CAS, Address cycling @tPC=min.) 

Ices : Standby Current (RAS=CAS=WB7W=Vcc-0.2V) 

lcc6* : CAS-Before-RAS Refresh Current (RAS and CA"S cycling @tRC=min.) 

~ ~ ,·unft$ 

mA 
mA 
mA 
mA 

mA 

mA 
mA 
mA 
mA 
mA 
mA 
mA 
mA 

mA 

mA 
mA 
mA 
mA 

* NOTE : lcc1, lcc3, lcc4 and lcc6 are dependent on output loading and cycle rates. Specified values 
are obtained with the ou'tput open. Ice is specified as an average current. In lcc1, lcc3, 
and lcc6, address can be changed maximum once while R"AS=V1L In lcc4, address can be 
changed maximum once within one fast page mode cycle time tPC. 

·.<! 
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KM44C4010A, KM44C4110A CMOS DRAM 

CAPACITANCE(TA=25°C,Vcc=5V, f=1MHz) 

Parameter Symbol Min Max Unit 

I l'!Q_ut ca_Q_acitance _LAO '." A 111 C1N1 - 5 _Q_F 

Input capacitance [RAS, CAS, WIDW, OE] C1N2 - 7 pF 

Output Capacitance [W/DQO - W/DQ3] Coo - 7 pF 

AC CHARACTERISTICS (0°C::;;TA::;;70°C, See note 1,2) 
Test condition : Vcc=5.0V±10%, VihNi1=2.4/0.8V, VohN01 =2.0/0.8V 

-5 -6 -7 -8 
Parameter Symbol 

Min Max Min Max Min Max Min 
Units Notes 

Max 

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 CA'S 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 0 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 

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 

CA"S 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 CA'S tRCH 0 0 0 0 ns 8 

L P.~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 R"AS 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 CAS lead time tCWL 13 15 20 20 ns 

•l:!:iifiliii" c1 crrnnan,.c.-
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KM44C4010A, KM44C4110A CMOS DRAM 

AC CHARACTERISTICS (Continued) 

Parameter 
·5 -6 ·7 ~8 

Symbol 
Min Max Min Max Min Max Min Max Units Notes 

Data set-up time tDS 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 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-RA"S" refresh) tCHR 10 10 15 15 ns 

RAS" to CAS precharge time tRPC 5 5 5 5 ns 

CAS" precharge time(C8R counter test cycle) tCPT 20 20 30 30 ns 

Access time from CA'S" 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 

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 ~o 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 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 time(C-8-R refresh) tWRP 10 10 10 10 ns 

W to RAS" hold time(C-8-R refresh) tWRH 10 10 10 10 ns 

Write per bit set-up time tW8S 0 0 0 0 ns 

Write per bit hold time tW8H 10 10 10 10 ns 

Write selection set-u_Q_ time tWDS 0 0 0 0 ns 

Write _Qer bit selection hold time tWDH 10 10 10 10 ns 

41"i'if1 liii" 
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KM44C4010A, KM44C4110A CMOS DRAM 

TEST MODE CYCLE 
(Note. 11) 

"'1 -5 ;.a·. ·7 -8 
. Parameter SytnbOJ: 

u~x Min 
Units Notes 

Min ·Max Min M(lx Min Max 
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 3,4,1Q 
Access time from CA"S tCAC 18 20 25 25 ns 3,4,5 
Access time from column address tAA 30 35 40 45 ns 3,10 
l1AS" pulse width tRAS 55 10K 65 10K 75 10K 85 10K ns 

CA"S pulse width tCAS 18 10K 20 10K 25 10K 25 10K ns 

l1AS" hold time tRSH 18 20 25 25 ns • CA"S hold time tCSH 55 65 75 85 ns 

Column address to l1AS" lead time tRAL 30 35 40 45 ns 

CA"S to W delay time tCWD 41 45 55 55 ns 7 
l1AS" 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 

l1AS" pulse width (Fast page cycle) tRASP 55 200K 65 200K 75 200K 85 200K ns 

Access time form CA"S precharge tCPA 35 40 45 50 ns 3 
CJE access time tOEA 18 20 25 25 ns 

OE to data delay tOED 18 20 25 25 ns 

CJE command hold time tOEH 18 20 25 25 ns 
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KM44C4010A, KM44C4110A CMOS DRAM 

NOTES 

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

2. V1H(min) and V1L(max) are reference levels for measuring timing of input signals. Transiti.on times are 
measured between V1H(min) and V1L(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 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 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. 
1 O. 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 outp,ut voltage level. 

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

tl:!!:fiiiil» 
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KM48C2000A, KM48C2100A 
KM48V2000A, KM48V21 OOA 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-11) are optional features ofthis family. All of this family 
have C.AS-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 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 tor 
high level computer, microcomputer and personal computer. 

FEATURES 

• Part Identification 
- KM48C2000A/AUASL (5V, 4K Ref.) 
- KM48C2100A/AUASL (5V, 2K Ref.) 
- KM48V2000A/AUASL (3.3V, 4K Ref.) 
- KM48V2100A/AUASL (3.3V, 2K Ref.) 

• Active Power Dissipation Unit:mW 

• Fast Page Mode operation 
•Byte Read/Write operation 
• C.AS"-before-R.AS refresh capability 
• R.AS-only and Hidden refresh capability 
• Self-refresh capability(L & SL -ver) 
• Fast parallel test mode capability 
• TTL(5V)/L VTTL(3.3V) compatible inputs and outputs 

-5 495 605 
-6 288 360 440 550 
-7 252 324 385 495 
-8 216 288 330 440 

• Refresh cycles 

C2000A 5V 
4K 64ms 

V2000A 3.3V 
C2100A 5V 

128ms 256ms 
2K 32ms 

V2100A 3.3V 

• Performance range: 

~~d :1aA:e 
-5 50ns 13ns 90ns 35ns 5VOnly 

-6 60ns 15ns 110ns 40ns 5V/3.3V 

-7 70ns 20ns 130ns· 45ns 5V/3.3V 

-8 sons 20ns 150ns 50ns 5V/3.3V 

RAS 
CAS" 
w 

AO-A11 
(AO-A10)*1 

AO-AB 
(AO-A9)*1 

• 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) 
•Single +3.3V±0.3V power supply(3.3V product) 

FUNCTIONAL BLOCK DIAGRAM 

a~= Control 
Clocks VBB Generator 

Row Decoder 

Memory Array 
2,097,152x 8 

Cells 

Column Decoder 

Note) *1 : 2K Refresh 

SAMSUNG ELECTRONIC CO. , LTD. reserves the right to 
change products and specifications without notice. 
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KM48C2000A, KM48C21 OOA 
KM48V2000A, KM48V21 OOA CMOS DRAM 

PIN CONFIGURATION (Top Views) 

• KM48CN20(1 )OOAJ/ALJ/ ASLJ 

Vee Vss 
DQO DQ7 
DQ1 DQ6 
DQ2 DQ5 
DQ3 DQ4 

w c~ 
RAS OE 

A11(N.C) A9 
A10 AB 

AO A7 J : 400 mil 28 SOJ 
A1 A6 T: 400 mil 28TSOP11 A2 A5 
A3 A4 TA : 400 mil 28 TSOP ll(Rev.) 

Vee Vss 

• KM48CN20(1)00AT/ALT/ASLT • KM48CN20(1 )OOATR/ AL TR/ ASL TR 

Vee 1 0 28 Vss Vss 1 Vee 
DQO 2 27 DQ7 DQ7 0 2 DQO 
DQ1 3 26 DQ6 DQ6 3 DQ1 
DQ2 4 25 DQ5 DQ5 4 DQ2 
DQ3 5 24 DQ4 DQ4 5 DQ3 

w 6 23 ~ ~ 6 w 
RAS 7 22 OE OE 7 ~~ 

A11(N.C) 8 21 A9' A9 8 A_11(N.C) 
A10 9 20 AS AS 9 A10 

AO 10 19 A7 A7 10 AO 
A1 11 18 A6 A6 11 A1 
A2 12 0 17 A5 A5 0 12 A2 
A3 13 1 () A4 A4 13 A3 

Vee 14 15 Vss Vss 14 Vee 

* Note : ( ) --> 2K Product 

Vss Ground 

Row Address Strobe 
Column Address Strobe 

w Read/Write In ut 
Data Outputs Enable 

Vee Power(+5.0V) 
Power(+3.3V) 

N.C No Connection 

tt:!:i:filihiP 
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KM48C2000A, KM48C2100A 
KM48V2000A, KM48V21 OOA CMOS DRAM 

ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol 
Rating Units 

3.3V 5V 

Voltage on any pin relative to Vss V1N,Vour -0.5 to• +4.6 -1 to +7.0 v 
Voltage on Vee supply relative to Vss Vee -0.5 to +4.6 -1 to +7.0 v 
Storage Temperature Tstg -55 to +150 -55 to +150 oc 
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= o to 70 °C) 

3.3V 
Parameter Symbol 

Min Typ Max Min 

Supply Voltage Vee 3.0 3.3 3.6 4.5 

Ground Vss 0 0 0 0 

Input High Voltage V1H 2.0 - Vee+o.31 2.4 

Input Low Voltage V1L -0.3.2 - 0.8 -1.0·2 

*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. 

5V 
Unit 

Typ Max 

5.0 5.5 v 
0 0 v 

Vee+f1 v 
0.8 v 

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

Parameter Symbol Min Max Units 

Input Leakage Current (Any input O::;V1N::;Vcc+0.3V, li(L) 
~ 

µA -5 5 
all other pins not under test=O volt.) 

3.3V 
Output Leakage Current IO(L) -5 5 µA 
(Data out is disabled, OV::;Vour::;Vcc) 

Output High Voltage Level(loH=-2mA) VoH 2.4 - v 
Output Low Voltage Level(loL=2mA) Vol - 0.4 v 
Input Leakage Current (Any input Q::;V1N::;Vcc+0.5V li(L) -5 5 µA 
all other pins not under test=O volt.) 

sv Output Leakage Current 
IO(L) -5 5 µA (Data out is disabled, OV::;Vour::;Vcc) 

Output High Voltage Level(loH=-SmA) VOH 2.4 - v 
Output Low Volta_g_e Level(loL=4.2mA) VOL - 0.4 v 
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KM48C2000A, KM48C2100A 
KM48V2000A,. KM48V21 OOA CMOS DRAM 

DC AND OPERATING CHARACTERISTICS (Continued) 

-5 

lcc1 Don't care -6 80 100 
-7 70 90 
-8 60 80 

lcc2 
Normal Don't care 2 2 

LJSL 1 1 

-5 

lcca Don't care -6 80 100 
-7 70 90 
-8 60 80 

-5 

ICC4 Don't care -6 70 80 
-7 60 70 
-8 50 60 

Normal 1 1 
Ices L Don't care 300 300 

SL 200 200 

-5 

Ices Don't care -6 80 100 
-7 70 90 
-8 60 80 

ICC7 
L Don't care 450 400 

SL 350 300 

Ices LJSL Don't care 250 250 

Ice~* : Operating Current (RAS and CA'S cycling @tRC=min.) 

lcc2 : Standby Current (RAS'=CAS°=W=V1H ) 

lcca* : RAS-only Refresh Current (CAS°=V1H, RAS cycling @tRC=min.) 

90 
80 
70 
60 

2 
1 

90 
80 
70 
60 

80 
70 
60 
50 
1 

300 
200 

90 
80 
70 
60 

450 
350 

300 

. lcC4*: Fast Page Mode Current (RAS°=V1L, CA'S, Address cycling @tPC=min.) 

Ices : Standby Current (RAS=CAS°=W=Vcc-0.2V) 

Ices* : GAS-Before-RAS Refresh Current (RAS and CA'S cycling @tRC=min.) 

lcc1 : Battery back-up current, Average power supply current, Battery back-up mode 

Input high voltage(V1H)=Vcc-o.2v, Input low voltage(V1L)=0.2V, CAS= 0.2V 

110 
100 
90 
80' 

2 
1 

110 
100 
90 
80 

90 
80 
70 
60 
1 

300 
200 

110 
100 
90 
80 

400 
300 

300 

Din = Don't care, TRc= 31.25µs(4K/L-ver), 62.5µs(4K/SL-ver, 2K/L-ver), 125µs(2K/SL-ver) , 

TRAS= TRAsmin-300 ns 

Ices : Self Refresh Current 

mA 
mA 
mA 
mA 
mA 
mA 
mA 
mA 
mA 
mA 
mA 
mA 
mA 
mA 

mA 
µA 
µA 

mA 
mA 
mA 
mA 
µA 
µA 

µA 

°RAS=CAS°=0,2V, W=OE=AO - A11 = Vcc-0.2V or 0.2V, DQO - DQ7= Vcc-0.2V, 0.2V or Open 

* NOTE : lcc1, lcca, lcc4 and Ices are dependent on output loading and cycle rates. Specified values 
are obtained with the output open. Ice is specified as an average current. In lcc1, lcca, 
and Ices. address can be changed maximum once while RAS=V1L In lcc4, address can be 
changed maximum once within one fast page mode cycle time tPC. 
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KM48C2000A, KM48C2100A 
KM48V2000A, KM48V21 OOA 

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

CMOS DRAM 

Parameter Symbol Min Max Unit 

ln_Qut ca_Qacitance lAO - A 11] C1N1 -
Input capacitance [RAS, CAS, W, OE] C1N2 -
Output Capacitance [DQO - DQ7] Coo -

AC CHARACTERISTICS (0°C~TA90°C, See note 1,2) 
Test condition(5V device) : Vcc=5.0V±10%, VihNi1=2.4/0.8V, VohN01 =2.4/0.4V 
Test condition(3.3V device) : Vcc=3.3V±0.3V, VihNi1=2.0/0.8V, VohN01 =2.0/0.8V 

-5 *1 -6 -7 
Parameter Symbol 

Min Max Min Max Min Max 

Random read or write cycle time tRC 90 110 130 

Read-modify-write cycle time tRWC 133 155 185 

Access time from RAS" tRAC 50 60 70 

Access time from CAS tCAC 13 15 20 

Access time from column address tAA 25 30 35 

CAS to ouy:>_ut in Low-Z tCLZ 0 0 0 

Ouy:>_ut buffer turn-off dela_y_ tOFF 0 13 0 15 0 20 

Transition time lrise and fall}_ tT 3 50 3 50 3 50 

RAS" _Qrecharge time tRP 30 40 50 

RAS2_ulse width tRAS 50 1-0K 60 10K 70 10K 

RAS" hold time tRSH 13 15 20 

CAS hold time tCSH 50 60 70 

CA'S" .£.Ulse width tCAS 13 10K 15 10K 20 10K 

RAS" to CAS del<!Y_ time tRCD 20 37 20 45 20 50 

RAS" to column address del<!Y_ time tRAD 15 25 15 30 15 35 

CAS to RAS _Qrecha_r:g_e time tCRP 5 5 5 

Row address set-@ time tASR 0 0 0 

Row address hold time tRAH 10 10 10 

Column address set-@ time tASC 0 0 0 

Column address hold time tCAH 10 10 15 

Column address hold time referenced RAS" tAR 40 45 55 

Column address to RAS" lead time tRAL 25 30 35 

Read command set-up time tRCS 0 0 0 

Read command hold time referenced to CAS tRCH 0 0 0 

Read command hold time referenced to RAS" tRRH 0 0 0 

Write command hold time tWCH 10 10 15 

Wrila command hold time referenced to RAS" tWCR 40 45 55 

Write command~e width tWP 10 10 15 

Write_e_omm_.a.nd to RAS lead time tRWL 15 15 20 

Write command to CAS lead time tCWL 13 15 20 
Note) *1 : 5V only 

•t"i'1t1iiii" ELECTRONICS 

5 ..QF 

7 pF 

7 pF 

-8 

Min Max 
Units Notes 

150 ns 

205 ns 

80 ns 3,4,10 

20 ns 3,4,5 

40 ns 3,10 

0 ns 3 

0 20 ns 6 

3 50 ns 2 

60 ns 

80 10K ns 

20 ns 

80 ns 

20 10K ns 

20 60 ns 4 

15 40 ns 10 

5 ns 

0 ns 

10 ns 

0 ns 

_15 ns 

_fiO ns 15 

40 ns 

0 ns 

_O ns 8 

0 ns 

1 El ns 

60 ns 15 

Hi ns 

_2Q ns 

20 ns 
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KM48C2000A, KM48C2100A 
KM48V2000A, KM48V21 OOA 

AC CHARACTERISTICS (Continued) 

Parameter Symbol 

Data set-up time tDS 

Data hold time tDH 

Data hold time referenced to RAS tDHR 

Refresh period(2K, Normal) tREF 

Refresh. periodl 4K, Normal}_ tREF 

Refresh _£.eriod_{_L~ver}_ tREF 

Refresh _£.erioe!(SL-ved_ tREF 

Write command set-~ time tWCS 

CAS to W del~ time tCWD 

RAS to W del~ time tRWD 

Column address to W delC!Y_ time tAWD 

CAS set-Y.Q. time J..CAS-before-RAS" refreshl tCSR 

CAS hold time J..CAS-before-RAS refreshl tCHR 

RAS to CAS _Q_recharg_e time tRPC 

CAS _Q_recharg_e time_{_CBR counter test ~clel tCPT 

Access time from CAS _Q_rechai:g_e tCPA 

Fast Page mode GY_cle time tPC 

Fast Pa...Q..e mode read-modify:-write ~cle tim_§i tPRWC 

CAS _Ql"echarn_e time J.Fast_Q_~e c__v_clel tCP 

RAS _12ulse widthlFast_mi_g_e GY_Clel tRASP 

RAS hold time from CAS .Q.recharn..e tRHCP 

OE access time tOEA 

OE to data del~ tOED 

CAS _Ql"echarn_e to W dela_y_time tCPWD 

OutJLut buffer turn off dela__v_time from OE tOEZ 

OE command hold time tOEH 

Write command set-uJLtime_LTest mode inl tWTS 

I Write ll!.lhold . ne1Iest mode lol ltwni 
Wl.o_RAS l.lt time(C:B.:B_ refreshl_ Ltwae_ 

W_1o RAS holdJime<c-a-R refreshl ltWl1.l:i 
l~AS nulsA width(C:B.:B_self refresh) ltRA88 

!BAS u.i lime_lC_-B::B. self refresh) ltB.Es. 
CAS hold time J..C-8-R self refresl!2_ tCHS 
Note) *1 : 5V only 

•llli'ifiiiii• 
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-5 *1 

Min Max Min 

0 0 

10 10 

40 45 

32 

64 

128 

256 

0 0 

36 40 

73 85 

48 55 

5 5 

10 10 

5 5 

20 20 

30 

35 40 

76 85 

10 10 

50 200K 60 

30 35 

13 

13 15 

53 60 

0 13 0 

13 15 

10 10 

_1Q_ 1..Q. 

_1Q_ 1..Q. 

1..Q_ 1_Q 

•.100 10_Q_ 

..9.Q_ J..1Q. 

-50 -50 

CMOS DRAM 

·6 ·1 ·8 

Max Min Max Min Max·· Unit~ Notes 

0 0 ns 9 

15 15 ns 9 

55 60 ns 15 

32 32 32 ms 

64 64 64 ms 

128 128 128 ms 

256 256 256 ms 

0 0 ns 7 

50 50 ns 7 

100 110 ns 7 

65 70 ns 7 

5 5 ns 

15 15 ns 

5 5 ns 

30 30 ns 

35 40 45 ns 3 

45 50 ns 

100 105 ns 

10 10 ns 

200K 70 200K 80 200K ns 

40 45 ns 

15 20 20 ns 

20 20 ns 

70 75 ns 

15 0 20 0 20 ns 

20 2_Q_ ns 

10 1_Q_ ns 11 

_1Q_ 1_Q_ ns _11 

to_ 1_Q_ ns 

_1Q_ 1 Q_ ns 

1100 mo us _14 

h3o_ 150 ns .li. 

-50 -50 ns 14 
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KM48C2000A, KM48C2100A 
KM48V2000A, KM48V21 OOA 

TEST MODE CYCLE 

Parameter 

Random read or write cycle time 

Read-mod!!}'_-write cycle time 

Access time from RAS 

Access time from CA'S 

Access time from column address 

l1AS" _.E.Ulse width 

CAS" _.E.ulse width 

l1AS" hold time 

CAS" hold time 

Column address to l1AS" lead time 

CAS" to W delay_ time 

l1AS" to W delay_ time 

Column address to W del<!Y_ time 

Fast Pa_g_e mode ~cle time 

Fast_Q_a_g_e mode read-modify:-write c_y_cle time 

l1AS" _Q_U lse width ff ast _Q_a_g_e QY..Clel 

Access time form CAS"_Q_recham_e 

CJE access time 

CJE to data delaY_ 

CTE command hold time 

Note) *1 : 5V only 

t1Mfiiiii• 
ELECTRONICS 

Symbor 

tRC 

tRWC 

tRAC 

tCAC 

tAA 

tRAS 

tCAS 

tRSH 

tCSH 

tRAL 

tCWD 

tRWD 

tAWD 

tPC 

tPRWC 

tRASP 

tCPA 

tOEA 

tOED 

tOEH 

*1 -5 

Min Max Min 

95 115 
138 160 

55 

18 

30 

55 10K 65 
18 10K 20 
18 20 
55 65 
30 35 
41 45 
78 90 
53 60 
40 45 
81 90 
55 200K 65 

35 

18 

18 20 
18 20 

,CMOS DRAM 

(Note. 11) 

-6 -7 -8 
Units Notes 

Max Min Max Min Max 

135 155 ns 

190 210 ns 

65 75 85 ns 3 4 1_Q 

20 25 25 ns 345 
35 40 45 ns 310 

10K 75 10K 85 10K ns 

10K 25 10K 25 10K ns 

25 25 ns • 75 85 ns 

40 45 ns 

55 55 ns 7 
105 115 ns 7 
70 75 ns L 
50 55 ns 

105 110 ns 

200K 75 200K 85 200K ns 

40 45 50 ns _3_ 

20 25 25 ns 

25 25 ns 

25 25 ns 
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KM48C2000A, KM48C2100A 
KM48V2000A, ·KM48V21 OOA 

NOTES 

CMOS DRAM 

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

2. V1H(min) and V1L(max) are reference levels for measurir:ig timing of input signals. Transition times are 
measured between V1H(min) and v.rL(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 1 OOpF. 
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 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 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), 
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. 

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. 
1 o. 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 referencectto 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). 

•11'i'i Hliii" ELECTRONICS 
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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-11) 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 

• Part Identification 
- KM48C2004A/AUASL(5V, 4K Ref.) 
- KM48C2104A/AUASL(5V, 2K Ref.) 
- KM48V2004A/AUASL(3.3V, 4K Ref.) 
.- KM48V2104A/AUASL(3.3V, 2K Ref.) 

• Active Power Dissipation 
Unit:mW 

• Extended Data Out mode operation 
(Fast Page mode with Extended data out) 

•Byte Read/Write operation 
• CAS"-before-RAS refresh capability 
•RAS-only and Hidden refresh capability 
•Self-refresh capability(L & SL-ver) 
•Fast parallel test mode capability 

Speed 
3.3V 5V • TTL(5V)/L VTTL(3.3V) compatible inputs and outputs 

4K 2K 4K 2K 
-5 - - 495 605 

-6 288 360 440 550 
-7 252 324 385 495 
-8 216 288 330 440 ' 

• Refresh cycles 

Part 
Vee Refresh Refresh period 

NO. C_Y,Cfe Normal L-.- SL 
C2004A 5V 

4K 
V2004A 3.3V 

64ms 

C2104A 5V 
128ms 256ms 

V2104A 3.3V 
2K 32ms 

•Performance range: 

Speed tRAC tCAC tRC tHPC Remark 
-5 50ns 13ns 90ns 20ns 5V Only 

-6 60ns 15ns 110ns 25ns 5V/3.3V 

-7 70ns 20ns 130ns 30ns 5V/3.3V 

-8 80ns 20ns 150ns 35ns 5V/3.3V 

AO-A11 

• Early Write or output enable controlled write 
• JEDEC Standard pinout 
•Available in Plastic SOJ and TSOP(ll) packages 
•Single +5V±10% power supply(SV product) 
•Single +3.3V±0.3V power supply(3.3V product) 

FUNCTIONAL BLOCK DIAGRAM 

c'ontrol 
Clocks 

Refresh Timer 

-------·_r: ~:: 
VBB Generator l:J 

Row Decoder 

Memory Array 
2,097,152 x 8 

Cells 

(AO-A10)•11 ~;.;;,,;,,;,,.;,.;;;,;,;,,;;,,;;.;;,.;;;.;;;;;,.;;,;,.i 

AO-AB 
(AO- A9)·1--i.;;.;;,;,;.;,.;,;;,=::..:;.::,;;,;:;,;..J 

Column Decoder 

Note) ·1 : 2K Refresh 

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

tl:V:filJil* 
ELECTRONICS 
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KM48C2004A, KM48C2104A 
KM48V2004A, KM48V2104A 

PIN CONFIGURATION (Top Views) 

• KM48CN20(1 )04AJ/ ALJ/ ASLJ 

Vee Vss 
000 007 
001 006 
002 005 
003 004 

w CAS 
RAS OE 

A11 (N.C) A9 
A10 AB 

AO A7 
A1 A6 
A2 AS 
A3 A4 

Vee Vss 

CMOS DRAM 

J : 400 mil 28 SOJ 

T : 400 mil TSOP II 

TR : 400 mil TSOP ll(Rev.) 

• KM48CN20(1)04AT/ALT/ASLT • KM48CN20(1 )04ATR/ AL TR/ ASL TR 

Vee 1 0 2B Vss Vss 2B 1 Vee 
000 2 27 007 007 27 0 2 000 
001 3 26 006 006 26 3 001 
002 4 25 005 005 25 4 002 
D03 5 24 D04 D04 24 5 003 

w 6 23 CAS CAS 23 6 w 
RAS 7 22 OE OE 22 7 RAS 

A11(N.C) B 21 A9 A9 21 B A11(N.C) 
A10 9 20 AB AB 20 9 A10 

AO 10 19 A7 A7 19 10 AO 
A1 11 18 A6 A6 18 11 A1 
A2 12 0 17 AS AS 17 0 12 A2 
A3 13 16 A4 A4 16 13 A3 

Vee 14 15 Vss Vss 15 14 Vee 

* Note : ( ) --> 2K Product 

Pin Name Pin· Function 

AO - A11 Address I n_Quts.{_ 4K _Qroduc!l 

AO - A10 Address lnQ_utsl_2K_Qroduc!l 

D00-7 Data In/Out 

Vss Ground 

RAS Row Address Strobe 

CAS Column Address Strobe 

w Read/Write Input 

OE Data Outputs Enable 

Vee Power( +3.3V) 

Power(+5.5V) 

N.C No Connection 

t1MH:m" ELECTRONICS 
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KM48C2004A, KM48C2104A 
KM48V2004A, KM48V2104A CMOS DRAM 

ABSOLUTE MAXIMUM RATINGS 

Parameter· Symbol 
Ratl~g Units 

3.3V 5V 

Voltage on any pin relative to Vss V1N,VouT -0.5 to +4.6 -1 to +7.0 v 
Voltage on Vee supply relative to Vss Vee -0.5 to +4.6 -1 to +7.0 v 
Storage Temperature Tstg -55 to +150 -55 to +150 oc 
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 CONDITIPNS (Voltages referenced to Vss, TA= o to 70 °C) 
·, 

Parameter Symbol 
3.3V 

.. Min Typ Max Min 

Supply Voltage Vee 3.0 3.3 3.6 4.5 

Ground Vss 0 0 0 0 

Input High Voltage V1H 2.0 - Vee+o.3·1 2.4 

Input Low Voltage V1L -o.3·2 
- 0.8 -1.0 •2 

*1 : Vee+ 1.3V/15ns(3.3V), Vce+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. 

sv 
Unit 

Typ Max 

5.0 5.5 v 
0 0 v 

Vee+f1 v 
- 0.8 v 

DC AND OPERATING CHARACTERISTl~S (Recommended operating conditions unless otherwise noted.) 

Parameter Symbol .. Min Max Units 

Input Leakage Current (Any input OsV1NsVcc+0.3V, h(L) - 5 5 µA 
all other pins not under test=O volt.) 

3.3V 
Output Leakage Current IO(L) - 5 5 µA (Data out is disabled, OVsVoursVcc) 

Output High Voltage Level(loH=-2mA) VoH 2.4 - v 
Output Low Voltage Level(loL=2mA) VOL 0.4 v 
Input Leakage Current (Any input OsV1NsVcc+0.5V, ll(L) -10 10 µA 
all other pins not under test=O volt.) 

sv 
OUtput Leakage Current 

IO(L) -10 10 µA {Pata out is disabled, OVsVouTSVcc) 

Output High Voltage Level(loH=-5mA) VoH 2.4 - v 
Ou!E_ut Low Volt~e Leve!{!oL=4.2mAl VoL 0.4 v 

t1MfjlhliP 
ELECTRONICS 
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KM48C2004A, KM48C2104A 
KM48V2004A, KM48V2104A CMOS DRAM 

" 

-5 90 110 mA 

lcc1 Don't care 
-6 80 

70 
60 

100 
90 
80 

80 100 mA 
-7 70 90 mA 
-8 60 80 mA 

lcc2 

ICC3 

ICC4 

Ices 

ICC6 

Ice? 

Ices 

Normal 
USL 

Don't care 

Don't care 

Normal 
L 

SL 

Don't care 

L 
SL 

USL 

Don't care 

-5 
-6 
-7 
-8 

-5 
-6 
-7 
-8 

Don't care 

-5 
-6 
-7 
-8 

Don't care 

Don't care 

2 
1 

80 
70 
60 

90 
80 
70 

1 
300 
200 

80 
70 
60 

450 
350 

250 

2 

100 
90 
80 

100 
90 
80 

1 
300 
200 

100 
90 
80 

400 
300 

250 

lcc1* : Operating Current (RA~ and CAS cycling @tRC=min.) 

lcc2 : Standby Current (RAS=CAS=W=V1H) 

2 
1 

90 
80 
70 
60 

100 
90 
80 
70 

1 
300 
200 

. 90 
80 
70 
60 

450 
350 

300 

lcc3* : RAS-only Refresh Current (CAS=V1H, l1AS cycling @tRC=min.) 

lcc4*: Hyper Page Mode Current (RAS=V1L, CAS, Address cycling @tHPC=min.) 

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

lcc6* : CAS-Before-RAS Refresh Current (RAS and CAS cycling @tRC=min.) 

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

2 
1 

110 
100 
90 
80 

110 
100 
90 
80 

1 
300 
200 

110. 
100 
90 
80 

400 
300 

300 

mA 
mA 

mA 
mA 
mA 
mA 
mA 
mA 
mA 
mA 

mA 
µA 
µA 
mA 
mA 
mA 
mA 

µA 
µA 

µA 

Input high voltage(V1H)=Vcc~0.2V, Input low voltage(V1L)=0.2V, CA"S=CAS-before-RAS cycling or o.2y 

Din = Don't care, TRc= 31.25µs(4K/L-ver), 62.5µs(4K/SL-ver, 21</L-ver), 125µs(2K/SL-ver) , 

TRAS= TRASmin-300 ns 

Ices : Self Refresh Current 

RAS=C"AS=0.2V, W=0E=AO-A11 = Vcc-0.2V or 0.2V, DQO- D07= Vcc-0.2V, 0.2V or Open 

*NOTE: lcc1, lcc3, lcc4 and lcc6 are dependent on output loading and cycle rates. Specified values 
are obtained with the output open.· Ice is specified as an average current. In lcc1, lcc3,. 
and lcca. address can be changed maximum once while RAS=V1L. In lcc4, address can be 
changed maximum once within one hyper page mode cycle time tHPC. 

tliU'+fo'" ELECTRONICS 
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KM48C2004A, KM48C2104A 
KM48V2004A, KM48V2104A 

CAPACITANCE(TA=25°C,Vcc=5Vor 3.3V, f=1MHz) 

CMOS DRAM 

Parameter S_ymbol Min Max Unit 

ln_Q_ut ca_Q_acitance J.AO - A 11] C1N1 .. 

Input capacitance [RAS°, CAS, W, OE] C1N2 .. 

Output Capacitance [DQO - DQ7] Coa · .. 

AC CHARACTERISTICS (0°C:s;TA:s;?0°C, See note 1,2) 
Test condition(5V device) : Vcc=5.0V±10%, VihNn=2.4/0.8V, VohN01 =2.0/0.8V 
Test condition(3.3V device) : Vcc=3.3V±0.3V, VihNi1=2.0/0.8V; Voh/Vo1 =2.0/0.8V 

.. 5*1 -6 .. 7 
Parameter Symbol 

Min Max Min Max Min Max 
~ 

Random read or write cycle time tRC 84 104 124 

Read-modify-write cycle time tRWC 116 140 170 

Access time from RAS tRAC, 50 60 70 

Access time from CA'S tCAC 13 15 20 

Access time from column address tAA 25 30 35 

CA'S to output in Low-Z tCLZ 3 3 3 

Output buffer tum-off delay from CA'S tCEZ 3 13 3 15 3 20 

OE to output in Low-Z tOLZ 3 3 3 

Transition time (rise and fall) tT 2 50 2 50 2 50 

RAS precharge time tRP 30 40 50 

RAS pulse width tRAS 50 10K 60 10K 70 10K 

RAS hold time tRSH 13 15 20 

CA'S hold time tCSH 38 45 50 

CA'S pulse width tCAS 8 10K 10 10K 15 10K 

RAS to CA'S delay time tRCD 20 37 20 45 20 50 

RAS to column address delay time tRAD 15 25 15 30 15 35 

CA'S to RAS precharge time tCRP 5 5 5 

Row address set-up time tASR 0 0 0 

Row address hold time tRAH 10 10 10 

Column address set-up time tASC 0 0 0 

Column address hold time tCAH 8 10 15 

Column address hold time referenced RAS tAR 35 42 52 

Column address to RAS" lead time tRAL 25 30 35 

Read command set-up time tRCS 0 .0 0 

Read command hold time referenced to CA'S tRCH 0 0 0 

Read command hold time referenced to RAS" tRRH 0 0 0 

Write command hold time tWCH 10 10 15 

Write command hold time referenced to RAS" tWCR 37 42 52 

Write command pulse width tWP 10 10 15 

Wn"te command to RAS lead time tRWL 13 15 20 

Write command to CAS lead time tCWL 8 10 15 

Note) *1 : 5V only 

5 _Q_f 

7 pF 

7 pF 

-8 

Min Max 
Units Notes 

144 ns 

190 ns 

80 ns 3,4,10 

20 ns 3,4,5 

40 ns 3,10 

3 ns 3 

3 20 ns 6,13 

3 ns 3 

2 50 ns 2 

60 ns 

80 10K ns 

20 ns 

60 ns 

20 10K ns 15 

20 60 ns 4 

15 40 ns 10 

5 ns 

0 ns 

10 ns 

0 ns 

15 ns 

57 ns 17 

40 ns 

0 ns 

0 ns 8 

0 ns 8 

15 ns 

57 ns 17 

15 ns 

20 ns 

20 ns 
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KM48C2004A, KM48C2104A 
KM48V2004A, KM48V2104A 

AC CHARACTERISTICS (Continued) 

Pa.ramet•r 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 

Refresh period(SL-ver) tREF 

Write command set-up time tWCS 

CA'S to W delay time tCWD 

RAS to W delay time tRWD 

Column address to W delay time tAWD 

CA'S set-up time (CA'S-before-RAS refresh) tCSR 

CA'S hold time (CA'S-before-RAS refresh) tCHR 

RAS to CA'S precharge time tRPC 

CA'S precharge tim'e(C8R counter test cycle tCPT 

Access time from CAS' precharge tCPA 

Hyper Page cycle time tHPC 

Hyper Page read-modify-write cycle time tHPRWC 

CA'S precharge time (Hyper page cycle) tCP 

RAS pulse width (Hyper page cycle) tRASP 

R"AS hold time from CA'S precharge tRHCP 

OE access time tOEA 

OE to data delay tOED 

GAS precharge to W delay time tCPWD 

Out put buffer turn off delay time from OE tOEZ 

OE command hold time tOEH 

Write command set-up ti'me(Test mode in) tWTS 

Write command hold time(Test mode in) tWTH 

W to RAS precharge time(C~8-R refresh) tWRP 

W to RAS hold time(C-8-R" refresh) tWRH 

Output data hold time tDOH 

Output buffer turn off delay from RAS tREZ 

OutQ_ut buffer turn off delay from W tWEZ 

W to data delay tWED 

OE to GAS hold time tOCH 

GAS hold time to OE tCHO 

OE _Qrecharg_e time tOEP 

W _Qulth widthJHyper Page Cycle) tWPE 

RAS' _Qulse width_(C-8-R self refresh) tRASS 

Note) .*1 : 5V only 

41'Mf1 :m;; 
ELECTRONICS 

·5 
•1 

Min Max Min 
0 0 

8 10 

37 42 

32 

64 

128 

256 

0 0 

30 34 

67 79 

42 49 

5 5 

10 10 

5 5 

20 20 

28 

20 25 

47 56 

8 10 

50 200K 60 

30 35 

13 

13 15 

45 54 

3 13 3 

13 15 

10 10 

10 10 

10 10 

10 10 

5 5 

3 13 3 

3 13 3 

15 15 

5 5 

5 5 

5 5 

5 5 

100 100 

CMOS DRAM 

-6 ·1 -8. 
,,,: 

Max Min Max Min Max• .. 
Units Notes 

0 0 ns 9 

15 15 ns 9 

52 57 ns 17 

32 32 32 ms 

64 64 64 ms 

128 128 128 ms 

256 256 256 ms 

0 0 ns 7 

44 44 ns 7 

94 104 ns 7 

59 64 ns 7 

5 5 ns 

15 15 ns 

5 5 ns 

30 30 ns 

35 40 45 ns 3 

30 35 ns 16 

71 81 ns 16 

10 10 ns 

200K 70 200K 80 200K ns 

40 45 ns 

15 20 20 ns 

20 20 ns 

64 69 ns 

15 3 20 3 20 ns 6,13 

20 20 ns 

10 10 ns 11 

10 10 ns 11 

10 10 ns 

10 10 ns 

5 5 ns 

15 3 20 3 20 ns 6,13 

15 3 20 3 20 ns 6,13 

20 20 ns 

5 5 ns 

5 5 ns 

5 5 ns 

5 5 ns 

100 100 us 14 
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KM48V2004A, KM48V2104A 

AC CHARACTERISTICS (Continued) 

Parameter Symbol 

RAS precharge time (C-B-R self refresh) tRPS 

CAS hold time (C-B-R self refresh) tCHS 

TEST MODE CYCLE 

-5 ·1 -6 

Min Max Min Max 

90 110 

-50 -50 

-5 ·1 -6 
Parameter Symbol 

Mi~ Max Min Max 

Random read or write cycle time tRC 89 109 

Read-modify-write cycle time tRWC 121 145 

Access time from RAS tRAC 55 65 

Access time from C'AS' tCAC 18 20 

Access time from column address tAA 30 35 

RAS pulse width tRAS 55 10K 65 10K 

C'AS' pulse width tCAS 13 10K 15 10K 

RAS hold time tRSH 18 20 

C'AS' hold time tCSH 43 50 

Column address to RAS lead time tRAL 30 35 

C'AS' to W delay time tCWD 35 39 

RAS to W delay time tRWD 72 84 

Column address to W delay time tAWD 47 54 

_ttyper Page cycle time tHPC 25 30 

Hyper page read-modify-write cycle time tHPRWC 53 61 

RAS pulse width (Hyper page cycle) tRASP 55 200K 65 200K 

Access time form C'AS' precharge tCPA 33 40 

OE access time tOEA 18 20 

OE to data delay tOED 18 20 

OE command hold time tOEH 18 20 

Note) *1 : 5V only 

CMOS DRAM 

-7 -8 

Min Max Min Max 
Units Notes 

130 150 ns 14 

-50 -50 ns 14 

(Note. 11) 

-7 -8 
Units Notes 

Min Max Min Max 

129 149 ns 

175 195 ns 

75 85 n.s 3,4, 1q • 25 25 ns 3,4,5 
40 45 ns 3,10 

75 10K 85 10K ns 

20 10K 25 10K ns 

25 25 ns 

55 65 ns 

40 45 ns 

49 . 49 ns 7 
99 109 ns 7 
64 69 ns 7 
35 40 ns 16 
76 86 ns 16 
75 200K 85 200K ns 

45 50 ns 3 
25 25 ns 

25 25 ns 

25 25 ns 
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KM48C2004A, KM48C2104A 
KM48V2004A, KM48V2104A 

NOTES 

CMOS DRAM 

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

2. V1H(min) and V1L(max) are reference levels for measuring timing of input signals. Transition times are 
measured between V1H(min) and V1L(max) and are assumed to be 2ns for all inputs. 

3. Measured with a toad equivalent to 2 TTL(5V device)/1 TTL(3.3V device) loads and 1 OOpF. 
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 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 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. lftRAD 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 RAS goes high before CAS" high going, the open circuit condition of the output is achieved by CAS 
high going. If CA'S goes high before RAS high going, the open circuit condition of the output is 
achieved by RAS high going. 

16. tASC ? tCPmin , Assume tT = 2.0 ns 
17. tAR, tWCR, and tDHR are referenced to tRAD(MAX). 
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KM416C1000A, KM416C1200A 
KM416V1000A, KM416V1200A CMOS DRAM 

1 M 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(+S.OV or +3.3V), refresh 
cycle(1 K Ref. or 4K Ref.), access time(-6, .;.7 or -8), power consumption(Normal or Low power) and package 
type(SOJ or TSOP-11) are optional features of this family. 
All of this family have CAS-before-R"AS refresh, J1AS"-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 Samsu11g'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 (SV, 4K Ref.) 
- KM416C1200A/A-L (SV, 1 K Ref.) 
- KM416V1000A/A-L (3.3V, 4K Ref.) 

• Fast Page Mode 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) 

- KM416V1200A/A-L (3.3V, 1K Ref.) 
• TTL(5V)/LVTTL(3.3V) compatible inputs and outputs 

• Active Power Dissipation 

Speed 
3.3V ' 

4K 1K 
-6 324 540 
-7 288 504 
-8 252 468 

• Refresh cycles 

f)al't Vee Refresh 
l\!O. ~cfe 

C1000A 5V 
4K 

V1000A 3.3V 
C1200A 5V 
V1200A 3.3V 

1K 

• Performance range: 

Sp~c;t tAAC' tCAC 
-6 60ns 15ns 
-7 70ns 20ns 

-8 eons 20ns 

Unit:mW 

5V 
4K I lK 
550 880 
495 825 
440 770 

R~resfl ,tirne 
~ 

Normal L-ver 

64ms 
128ms 

16ms 

tRC""" 'iee,:,'' 
110ns 40ns 
130ns 45ns 
150ns 50ns 

• Early Write or output enable controlled write 
• JEDEC Standard pinout, 
•Available in Plastic SOJ and TSOP(ll) packages 
•Triple +SV± 10% power supply(5V product) 
•Triple +3.3V±0.3V power supply(3.3V product) 

FUNCTIONAL BLOCK DIAGRAM 

RAS ......-------, 

....------ J:: ~:: UCAS 
mrs 
w 

Control 
Clocks 

AO-A11 
(AO -A9)•1"T"'-i;.;,;.~;.;.;.;;.;;.;;..;;;.;~ 

AO-A? 
(AO-A9)*1--..~;;.;....-----' 

Note) *1 : 1 K Refresh 

VBB Generator 1:-J 

Row Decoder 

Memory Array 
1,048,576 x 16 

Cells 

Column Decoder 

SAMSUNG ELECTRONIC CO. , LTD. reserves the right to 
change products and specifications without notice. 
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KM416C1 OOOA, KM416C1200A 

KM416V1 OOOA, KM416V1200A CMOS DRAM 

PIN CONFIGURATION (Top Views) 

• KM416CN10(2)00AJ • KM416CN10(2)00AT • KM416CN10(2)00ATR 

vcc 1 0 42 Vss vcc 1 0 44 Vss Vss 44 1 vcc 
000 2 41 0015 · 000 2 43 0015 D015 43 2 DOO 
001 3 40 0014 

D01 3 42 0014 D014 42 3 D01 
002 4 41 D013 D013 41 4 D02 002 4 39 0013 003 5 40 D012 0012 40 5 D03 

D03 5 38 0012 ·vcc 6 39 Vss Vss 39 6 vcc 
vcc 6 37 Vss 004 7 38 0011 D011 38 7 D04 
004 7 36 D011 oos 8 37 0010 D010 37 8 DOS 
DOS 8 3S 0010 D06 9 36 D09 009 36 9 D06 

009 
007 10 . 35 D08 008 3S 10 007 D06 9 34 N.C 11 34 N.C N.C 34 11 N.C 

D07 10 33 008 
N.C 11 32 N.C 
N.C 12 31 [CAS 

N.C w 13 30 OCAS 12 33 N.C N.C 33 12 N.C 

RAS OE 
N.C 13 32 [CAS LCAS 32 13 N.C 14 29 w 14 31 OCAS OCAS 31 14 w 

A11(N.C) 15 28 A9 RAS 15 30 OE OE 30 1S RAS 
A10(N.C) 16 27 A8 A11(N.C) 16 29 A9 A9 29 16 A11(N.C) 

AO 17 26 A7 A10(N.C) 17 28 A8 A8 28 17 A10(N.C) 
A1 18 2S A6 AO 18 27 A7 A7 27 18 AO 

AS 
A1 19 26 A6 A6 26 19 A1 A2 19 24 A2 20 2S AS AS 2S 20 A2 

A3 20 0 23 A4 A3 21 0 24 A4 A4 24 0 21 A3 
vcc 21 22 Vss vcc 22 23 Vss Vss 23 22 vcc 

* Note : ( ) --> 1 K Product 

Pin NAmA Pin FuncJion 
AO - A11 Address ln_Q_utsi4K Productl. 
AO-A9 Address ln_Q_utsi1 K Productl. 
D00-1S Data In/Out 

Vss Ground 
l1AS Row Address Strobe 

OCAS Upper Column Address Strobe 
[CAS Lower Column Address Strobe 
w Read/Write Input 
OE Data Outputs Enable 
vcc Power( +S.OV) 

Power( +3.3V) 

N.C No Connection 

•tMHIUI» 
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KM416C1000A, KM416C1200A 
KM416V1000A, KM416V1200A CMOS DRAM 

ABSOLUTE MAXIMUM RATINGS 

Rating Units 
Parameter Symbol 

3.3V sv 
Voltage on any pin relative to Vss V1N,Vour -0.5 to +4.6 -1 to +7.0 v 
Voltage on Vee supply relative to Vss Vee -0.5 to +4.6 -1 to +7.0 v 
Storage Temperature Tstg -55 to +150 -55 to +150 oc 
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= o to 70 °c) 

3.3V 
Parameter Symbol 

Min Typ Max Min 

Supply Voltage Vee 3.0 3.3 3.6 4.5 

Ground Vss 0 0 0 0 

Input High Voltage V1H 2.1 - Vee+o.3·1 2.4 

Input Low Voltage V1L -0.:32 - 0.8 -1.0·2 

*1 : Vee+ 1.3V/15ns(3.3V), Vce+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. 

sv 
Unit 

Typ Max 

5.0 5.5 v 
0 0 v 
- Vee+1·1 v 
- 0.8 v 

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

Parameter Symbol Min Max Units 

Input Leakage Current(Any input O~ViN~Vcc+0.3V, h(L) -5 5 µA 
all other pins not under test=O volt.) 

3.3V 
Output Leakage Current IO(L) -5 5 µA (Data out is disabled, OV~VouT~Vcc) 

Output High Voltage Level(loH=-2mA) VoH 2.4 - v 
Output Low Voltage Level(loL=2mA) VOL - 0.4 v 
Input Leakage Current (Any input O~V1N~Vcc+0.5V, h(L) -5 5 µA 
all other pins not under test=O volt.) 

sv 
Output Leakage Current IO(L) -5 5 µA (Data out is disabled, OV~Vou~Vcc) 

Output High Voltage Level(loH=-5mA) VoH 2.4 - v 
Output Low Voltage Level(loL=4.2mA) VOL - 0.4 v 
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KM416C1000A, KM416C1200A 
KM416V1000A, KM416V1200A CMOS DRAM 

-6 90 150 100 
lcc1 Don't care -7 80 140 90 

-8 70 130 80 

lcc2 
Normal Don't care 2 2 2 

L 1 1 1 

-6 90 150 100 
ICC3 Don't care -7 80 140 90 

-8 70 130 80 

-6 90 100 100 
lec4 Don't care -7 80 90 90 

-8 70 80 80 

Ices Normal Don't care 
L 200 200 200 

-6 90 150 100 
ICC6 Don't care -7 80 140 90 

-8 70 130 80 

lce1 L Don't care 400 300 450 

Ices L Don't care 200 200 250 

lcc1*: Operating Current (RAS ,OCAS,[ CAS .Address cycling @tRC=min.) 

lcc2 : Standby Current (RAS=OCAS=LCAS=W=V1H) 

160 
150 
140 

2 
1 

160 
150 
140 

110 
100 
90 

1 
200 

160 
150 
140 

350 

250 

lcc3*: RAS-Only Refresh Current (OCAS=LCAS=V1H, RAS ,Address cycling @tRC=min.) 

lcc4*: Fast Page Mode Current (RAS=V1L, OCAS or LCAS, Address cycling @tPC=min.) ·· 

Ices : Standby Current (RAS=0CAS=LCAS=W=Vec-0.2V) 

lcc6*: CAS-before-RAS Refresh Current (RAS; OCAS or LCAS cycling @tRC=min.) 

lce1 : Battery back-up current, Average power supply current, Battery back-up mode 

Input high vpltage(V1H)=Vcc-0.2V, Input low voltage(V1L)=0.2V, OCAS,LCAS= 0.2V, 

Din = Don't care, TRc= 31.25µs(4K/L-ver), 125µs(1 K/L-ver), TRAS= TRAsmin-300 ns 

Ices : Self Refresh Current 

RAS=UCAS=LCAS=V1L, W=OE=AO - A11 = Vce-0.2V or 0.2V, 

DQO - 0015= Vee-0.2V, 0.2V or Open 

mA 
mA 
mA 

mA 
mA 

mA 
mA 
mA 

mA 
mA 
mA 

mA 
µA 

mA 
mA 
mA 

µA 

µA 

* NOTE : lee1, lcc3, lce4 and lcc6 are dependent on output loading and cycle rates. Specified values 
are obtained with the output open. Ice is specified as an average current. In lec1, lec3, 
and lcc6, address can be changed maximum once while RAS=V1L. In lcc4, address can be 
changed maximum once within one fast page mode cycle time tPC. 
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KM416C1000A, KM416C1200A 
KM416V1 OOOA, KM416V1200A 

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

Parameter 

I n_Qut ca_Qacitance lAO - A 111 

Input capacitance [RAS, OCAS,LCAS, W, OE] 

Output Capacitance [DQO - 0015] 

AC CHARACTERISTICS (0°C~TAQ0°C, See note 2) 

·symbol Min 

C1N1 -
CiN2 -
Coo -

Test condition(SV device) : Vcc=5.0V±10%, VihNil =2.4/0.8V, VohN01 =2.4/0.4V 
Test condition(3.3V device) : Vcc=3.3V±0.3V, VihNi1 =2.1/0.8V, VohN01 =2.0/0.8V 

-6 - 7 
Parameter Symbol 

Min Max Min Max, 

Random read or write cycle time tRC 110 130 

Read-modify-write cycle time tRWC 155 185 

Access time from Ii.AS tRAC 60 70 

Access time from C.AS tCAC 15 20 

Access time from column address tAA 30 35 

CAS to output in Low-Z tCLZ 0 0 

Output buffer turn-off delay tOFF 0 15 0 15 

Transition time (rise and fall) tT 3 50 3 50 

RAS precharge time tRP 40 50 

RAS pulse width tRAS 60 10K 70 10K 

·Fi.AS hold time tRSH 15 20 

CAS hold time tCSH 60 70 

CAS pulse width tCAS 15 10K 20 10K 

RAS to CAS delay time tRCD 20 45 20 50 

RAS to column address delay time tR..AD 15 30 15 35 

CAS to Ji.AS precharge time tCRP 5 5 

Row address set-up time tASR 0 0 

Row address hold time tRAH 10 10 

Column address set-up time tASC 0 0 

Column address hold time tCAH 10 15 

Column address to Ii.AS lead time tRAL 30 35 

Read command set-up time tRCS 0 0 

Read command hold time referenced to CAS tRCH 0 0 

Read command hold time referenced to Ii.AS tRRH 0 0 

Write command set-up time tWCS 0 0 

Write command hold time tWCH 10 15 

Write command pulse width tWP 10 15 

Write command to Ii.AS lead time tRWL 15 15 

Write command to CAS lead time tCWL 15 15 

d!:i:fi@» 
ELECTRONICS 

CMOS DRAM 

Max Unit 

5 QF 
7 pF 

7 pF 

-8 

Min 
Units Notes 

Max 

150 ns • 205 ns 

80 ns 3,4,10 

20 ns 3,4,5 

40 ns 3,10 

0 ns 3 

0 15 ns 6 

3 50 ns 2 

60 ns 

80 1 Ot< ns 

20 ns 

80 ns 

20 10K ns 

20 60 ns 4 

15 40 ns 10 

5 ns 

0 ns 

10 ns 

0 ns 11 

15 ns 11 

40 ns 

0 ns 

0 ns 8 

0 ns 8 

0 ns 7 

15 ns 

15 ns 

20 ns 

20 ns 
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KM416C1000A, KM416C1200A 
KM416V1 OOOA, KM416V1200A 

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

~) ;: ' ,,,,· " '';' 0 

'. t?arllm~ter 

CMOS DRAM 

Data set-up time tDS O O O ns 9, 17 

Data hold time tDH 10 15 15 ns 9,17 

Refresh period( 1 K, 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 

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 95 100 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 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 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 

CAS" hold time 1C-B-J1 self refresJ:!l tCHS -50 -50 -50 ns 18 
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KM416C1000A, KM416C1200A 
KM416V1000A, KM416V1200A 

NOTES 

CMOS DRAM 

1. An initial pause of 200µs is required after power-up followed by any 8 RAS-only or CAS"."before-RAS 

refresh cycles before proper device operation is achieved. 

2. V1H(min) and V1L(max) are reference levels for measuring timing of input signals. Transition times are 

measured between V1H(min) and V1L(max) and are assumed to be 5ns for all inputs. 

3. Measured with a load equivalent to 2 ITL (5V device)/ 1 ITL(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. tOFF(max) 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 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 C:AS 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. 

KM416CN10(2)00A/A-L Truth Table 

RAS rcAS" OCAS w OE DQO-DQ7 DQ8-DQ15 STATE 

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 DO-IN DQ-IN Word Write 

L L L H H Hi-Z Hi-Z -
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KM416C1000A, KM416C1200A 
KM416V1000A, KM416V1200A 

11. tASC, tCAH are referenced to the earlier CAS' falling edge. 

CMOS DRAM 

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 

ADD. 

w 

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. 

RAS 1\_ 

\_ _/ 

1 ......... ~ ~ 

tCSR tCHR 

17. tDS, tDH is independently specified for lower byte D1N(0-7), upper byte D1N(8-15). 

[CAS 

DQO
DQ7 

DQB;.. 
DQ15 

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(+S.OV or +3.3V), refresh cycle(1 K Ref. or 4K Ref.), access time(-6, -7 or -8), power 
consumption(Normal or Low power) and package type(SOJ or TSOP-11) 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 

• Part Identification 
- KM416C1004NA-L (SV, 4K Ref.) 
- KM416C1204NA-L (SV, 1K Ref.) 
- KM416V1004NA-L (3.3V, 4K Ref.) 
- KM416V1204NA-L (3.3V, 1 K Ref.) 

• Extended Data Out mode operation 
(Fast Page mode with Extended Data Out) 

• 2CAS Byte/Word Read/Write operation 
• CAS-before-RAS refresh capability 
•RAS-only and Hidden refresh capability 
• Self-refresh capability(L-ver only) 

• Active Power Dissipation Unit:mW • TTL(SV)/L VTTL(3.3V) compatible inputs and outputs 

3.3V 
Speed 

4K 1K 
-6 324 540 
-7 288 504 
-8 252 468 

• Refresh cycles 

Part Vee Refresh 
NO. cycle 

C1004A 5V 
3.3V 

4K 
V1004A 
C1204A 5V 
V1204A 3.3V 

1K 

• Performance range: 

Speed tRAC tCAC 
-6 60ns 17ns 

-7 70ns 20ns 

-8 80ns 20ns 

SV 
4K 1K 
550 880 
495 825 
440 770 

Refresh period 
Normal L-ver 

64ms 
128ms 

16ms 

tRC tHPC 
104ns 25ns 
124ns 30ns 
144ns 35ns 

Ftli:S 
OCA:S 
CCAS 

w 

AO-A11 
(AO-A9)•1 

AO-A7 
(AO-A9)•1 

Note) ·1 

• Early Write or output enable controlled write 
• JEDEC Standard pinout 
•Available in Plastic SOJ and TSOP(ll) packages 
•Triple +SV± 10% power supply(SV product) 
•Triple +3.3V±0.3V power supply(3.3V product) 

FUNCTIONAL BLOCK DIAGRAM 

df ~: Control 
Clocks VBB Generator 

Refresh Timer Row Decoder 

Memory Array 
1,048,576 x 16 

Cells 

Column Decoder 

: 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) 

• KM416CN10(2)04AJ • KM416CN10(2)04AT • KM416CN10(2)04ATR 

vcc 1 0 42 Vss vcc 1 0 44 Vss Vss 1 vee 
DOO 2 41 D015 DQO 2 43 D01S DQ1S 2 DQO 
DQ1 3 40 DQ14 DQ1 3 42 D014 DQ14 3 DQ1 

DQ2 4 41 DQ13 DQ13 4 DQ2 DQ2 4 39 D013 D03 s 40 D012 DQ12 5 DQ3 
DQ3 s 3B D012 vee 6 39 Vss Vss 6 vee 
vce 6 37 Vss DQ4 7 3B D011 DQ11 7 DQ4 
DQ4 7 36 DQ11 DQS B 37 D010 DQ10 8 DQS 
DQ5 8 3S D010 D06 9 36 DQ9 D09 9 D06 

DQ7 10 3S DOB DOB 10 DQ7 DQ6 9 34 D09 N.C 11 34 N.C N.C 11 N.C 
DQ7 10 33 DOB 
N.C 11 32 N.C 
N.C 12 31 LCAS 

N.C w 13 30 UCAS 12 33 N.C N.C 12 N.C 
N.C 13 32 LCAS LCAS 13 N.C RAS 14 29 OE w 14 31 UCAS UCAS 14 w 

A11(N.C) 15 2B A9 RAS 1S 30 OE OE 15 RAS 
A10(N.C) 16 27 AB A11(N.C) 16 29 A9 A9 16 A11(N.C) 

AO 17 26 A7 A10{N.C) 17 2B AB A8 17 A10(N.C) 
A1 1B 2S A6 AO 1B 27 A7 A7 18 AO 

A1 19 26 A6 A6 19 A1 A2 19 24 AS A2 20 2S AS AS 20 A2 
A3 20 0 23 A4 A3 21 0 24 A4 A4 0 21 A3 vee 21 22 Vss vee 22 23 Vss Vss 22 vcc 

*Note : (N.C) --> 1 K Product 

Pin Name Pin Function 

AO - A11 Address lnouts{4K Product}_ 

AO-A9 ·Address lnouts(1 K Product}_ 

DQ0-1S Data In/Out 

Vss Ground 

RAS Row Address Strobe 

OGAS Upper Column Address Strobe 

CCAS Lower Column Address Strobe 

w Read/Write Input 

OE Data Outputs Enable 

Vee Power(+S.OV) 

Power(+3.3V) 

N.C No Connection 

tJ:':iif jili '-~---.. --
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KM416C1004A, KM416C1204A 
KM416V1004A, KM416V1204A 

ABSOLUTE MAXIMUM RATINGS 

CMOS DRAM 

Rating Units 
Parameter Symbol 

3.3V sv 
Voltage on any pin relative to Vss V1N,VouT -0.5 to +4.6 -1 to +7.0 v 
Voltage on Vee supply relative to Vss Vee -0.5 to +4.6 -1 to +7.0 v 
Storage Temperature Tstg -55 to +150 -55 to +150 oc 
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= o to 70 °C) 

Parameter Symbol 
Min 

3.3V 

Typ Max Min 

Supply Voltage Vee 3.0 3.3 3.6 4.5 

Ground Vss 0 0 0 0 

Input High Voltage V1H 2.1 - Vee+o.3·1 2.4 

Input Low Voltage V1L -o.3·2 - 0.8 -1.0·2 

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

5V 
Unit 

Typ Max 

5.0 5.5 v 
0 0 v 
- Vee+f1 v 

0.8 v 

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

Parameter Symbol Min Max Units 

Input Leakage Current (Any input O:SV1NsVcc+0.3V, li(L) - 5 5 µA 
all other pins not under test=O volt.) 

3.3V 
Output Leakage Current IO(L) 
{Data out is disabled, OV::;VouTsVcc) l - 5 5 µA 

Output High Voltage Level(loH=-2mA) VQH I 2.4 - v 
Output Low Voltage Level(loL=2mA) VoL 0.4 v 
Input Leakage Current (Any input OsV1N::;Vcc+0.5V, li(L) - 5 5 µA 
all other pins not under test=O volt.) 

Output Leakage Current I 

5V (Data out is disabled, OVsVouTsVcc) 
IO(L) -5 5 µA 

Output High Voltage Level{loH=-5mA) VoH 2.4 - v 
Output Low Voltage Level(loL=4.2mA) VOL 0.4 v 
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KM416C1004A, KM416C1204A 
KM416V1004A, KM416V1204A CMOS DRAM 

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

Max 
units Symbol Power Speed 

KM416V1004A KM416V1204A KM416C1004A KM416C1204A 

-6 90 150 100 
lcc1 Don't care -7 80 140 90 

-8 70 130 80 

lcc2 
Normal Don't care 2 2 2 

L 1 1 1 

-6 90. 150 100 
ICC3 Don't care -7 80 140 90 

-8 70 130 80 

-6 110 120 120 
ICC4 Don't care -7 100 110 110 

-8 90 100 100 

Ices Normal Don't care 1 1 1 
L 200 200 200 

-6 90 150 100 
ICC6 Don't care -7 80 140 90 

-8 70 130 80 

ICC7 L Don't care 400 400 450 

Ices L Don't care 200 200 250 

lcc1*: Operating Current (RAS ,UCAS,[CAS ,Address cycling @tRC=min.) 

lcc2 : Standby Current (RAS=UCA'S=[CAS=W=V1H) 

160 
150 
140 

2 
1 

160 
150 
140 

130 
120 
110 

1 
200 

160 
150 
140 

350 

250 

lcc3*: RAS-Only Refresh Current (UCA'S=[CAS=V1H, RAS ,Address cycling @tRC=min.) 

lcC4* : Hyper Page Mode Current (RAS=V1L, UCAS or [CAS, Address cycling @tHPC=min.) 

Ices : Standby Current (RAS=UCAS"=[CAS=W=Vcc-0.2V) 

lcc5* : CAS-before-RAS Refresh Current (RAS , UCAS or [CAS cycling @tRC=min.) 

lcc1 : Battery back-up current, Average power supply current, Battery back-up mode 

Input high voltage(V1H)=Vcc-o.2v, Input low voltage(V1L)=0.2V, UCAS,CCAS= 0.2V, 

Din= Don't care, TRc= 31.25µs(4K/L-ver), 125µs(1 K/L-ver), TRAs= TRAsmin-300 ns 

Ices : Self Refresh Current 

RAS·UCAS'=[CAS=V1L, W=0E=AO-A11 = Vcc-0.2V or 0.2V, 

DQO - 0015= Vcc-0.2V, 0.2V or Open 

mA 
mA 
mA 

mA 
mA 

mA 
mA 
mA 

mA 
mA 
mA 

mA 
µA 

mA 
mA 
mA 

µA 

µA 

*NOTE: lcc1, lcc3, lcc4 and lcc6 are dependent on output loading and cycle rates. Specified values 
are obtained with the output open. Ice is specified as an average current. In lcc1, lcc3, 
and lcc6, address can be changed maximum once while RAS=V1L. In lcc4, address can be 
changed maximum once within one hyper page mode cycle time tHPC. 
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KM416C1004A, KM416C1204A 
KM416V1004A, KM416V1204A 

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

Parameter 

I n_Q_ut ca_pacitance lAO - A 111 

Input capacitance [RAS, DCAS,CCAS, W, OE] 

Output Capacitance [DQO - DQ15] 

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

Symbol Min 

CiN1 -
C1N2 -
Coo -

Test condition(SV device) : Vcc=5.0V±10%, VihNil =2.4/0.8V, VohN01 =2.0/0.8V 
Test condition(3.3V device): Vcc=3.3V±0.3V, VihNil =2.1/0.8V, VohN01 =2.0/0.8V 

-6 -7 
Parameter Symbol 

Min Max Min Max 

Random read or write cycle time tRC 104 124 

Read-modify-write cycle time tRWC 140 170 

Access time from RAS tRAC 60 70 

Access time from GAS tCAC 17 20 

Access time from column address tAA 30 35 

GAS to output in Low-Z tCLZ 3 3 

OE to output in Low-Z tOLZ 3 3 

Output buffer turn-off delay from GAS tCEZ 3 15 3 20 

Transition time (rise and fall) tT 2 50 2 50 

RAS precharge time tRP 40 50 

RAS pulse width tRAS 60 10K 70 10K 

RAS hold time tRSH 17 20 

GAS hold time tCSH 50 60 

GAS pulse width tCAS 10 10K 15 10K 

RAS to GAS delay time tRCD 20 43 20 50 

RAS to column address delay time tRAD 15 30 15 35 

CAS to RAS precharge time tCRP 5 5 

Row address set-up time tASR 0 0 

Row address hold time tRAH 10 10 

Column address set-up time tASC 0 0 

Column address hold time tCAH 10 15 

Column address to RAS lead time tRAL 30 35 

Read command set-up time tRCS 0 0 

Read command hold time referenced to GAS tRCH 0 0 

Read command hold time referenced to RAS tRRH 0 0 

Write command set-up timo tWCS 0 0 

Write command hold time tWCH 10 15 

Write command pulse width tWP 10 15 

Write command to RAS lead time tRWL 15 20 

CMOS DRAM 

Max Unit 

5 _2f 

7 pF 

7 pF 

-8 

Min Max 
Units Notes 

144 ns 

190 ns 

80 ns 3,4, 10 

20 ns 3,4,5 

40 ns 3,10 

3 ns 3 

3 ns 3 

3 20 ns 6,13 

2 50 ns 2 

60 ns 

80 10K ns 

20 ns 

70 ns 

20 10K ns 

20 60 ns 4 

15 40 ns 10 

5 ns 

0 ns 

10 ns 

0 ns 14 

15 ns 14 

40 ns 

0 ns 

0 ns 8 

0 ns 8 

0 ns 7 

15 ns 

15 ns 

20 ns 
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KM416C1004A, KM416C1204A 
KM416V1004A, KM416V1204A 

AC CHARACTERISTICS (Continued) 

" 

Parameter Symbol 
' 

Write command to CA'S lead time tCWL 

Data set-up time tDS 

Data hold time tDH 

Refresh period(1 K, Normal) tREF 

Refresh period( 4K, Normal) . tREF 

Refresh period(L -ver) tREF 

CA'S to W delay time tCWD 

RAS" to W delay time tRWD 

Column address to W delay time tAWD 

CAS" precharge to W delay time tCPWD 

CAS" set-up time (CA'S-before-RAS refresh) tCSR 

CAS" hold time (CA'S-before-RAS refresh) tCHR 

RAS" to CA'S precharge time tRPC 

CAS" precharge time(C8R counter test cycle) tCPT 

Access time from CA'S precharge tCPA 

Hyper Page mode cycle time tHPC 

Hyper Page mode read-modify-write cycle time tHPRWQ 

CAS" precharge time Hyper page cycle) tCP 

RAS" pulse width (Hyper page cycle) tRASP 

RAS" hold time from CA'S precharge tRHCP 

OE access time tOEA 

OE to data delay tOED 

Out put buffer turn off delay time from OE tOEZ 

OE command hold time tOEH 

Output data hold time tDOH 

Output buffer turn off delay from RAS" tREZ 

Output buffer turn off delay from W tWEZ 

W to data delay tWED 

OE to CAS" hold time tOCH 

CAS" hold time to OE tCHO 

OE precharge time tOEP 

W pulse width tWPE 

RAS" pulse width(C-8-R self refresh) tRASS 

RAS" precharg_e time (C-8-R self refresh) tRPS 

CA'S hold time _iC-8-R self refreshl tCHS 

-6 

Min Max 
10 

0 

10 

16 

64 

128 

36 

79 

49 

54 

5 

10 

5 

20 

35 

25 

56 

10 

60 200K 

35 

15 

15 

3 15 

15 

5 

3 15 

3 15 

15 

5 

5 

5 

5 

100 

110 

-50 

CMOS DRAM 

-7 -8 

Min Max Min Max 
Units Notes 

15 20 ns 17 

0 0 ns 9,20 

15 15 ns 9,20 

16 16 ms 

64 64 ms 

128 128 ms 

44 44 ns 7,16 

94 104 ns 7 

59 64 ns 7 

64 69 ns 

5 10 ns 18 

10 10 ns 19 

5 5 ns 

25 30 ns 

40 45 ns 3 

30 35 ns 11 

71 81 ns 11 

10 10 ns 15 

70 200K 80 200K ns 

40 45 ns 

20 20 ns 3 

20 20 ns 

3 20 3 20 ns 6 

20 20 ns 

5 5 ns 

3 20 3 20 ns 6,13 

3 20 3 20 ns 6 

20 20 ns 

5 5 ns 

5 5 ns 

5 5 ns 

5 5 ns 

100 100 us 12 

130 150 ns 12 

-50 -50 ns 12 
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KM416C1004A, KM416C1204A 
KM416V1004A, KM416V1204A 

NOTES 

CMOS DRAM 

1. An initial pause of 200µs is required after power-up followed by any 8 RA-S-only or C-AS-before-RAS 

refresh cycles before proper device operation is achieved. 

2. V1H(min) and V1L(max) are reference levels for measuring timing of input signals. Transition times are 

measured between V1H(min) and V1L(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 1 OOpF. 

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 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 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. 

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. 

1 O. 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 
-~ 'CC 

RAS LCAS OCAS w OE DQ0-007 DQ8-0Q15 STATE 

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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KM416C1004A, KM416C1204A 
KM416V1004A, KM416V1204A 

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

CMOS DRAM 

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 going, 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. 

[CAS ------

ADD. 

w 
tCWL 

18. tCSR is referenced to earlier CAS falling low before 11AS transition low. 

19. tCHR is referenced to the later CAS rising high after 11AS transition low. 

11AS 1\-

\. J/ 

I........, I""'" .. 
tCSR tCHR 

20. tDS, tDH is independently specified for lower byte D1N(0-7), upper byte D1N(8-15). 

D00-
007 

008-
0015 

w 
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KM432V502, KM432V522 
Target 

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 DRAMs. Fast Page Mode offers high speed 
random access of memory cells within the same row. Refresh cycle(1 K 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 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 
- KM432V502/-L (3.3V, 4K Ref.) 
- KM432V522/-L (3.3V, 1 K Ref.) 

•Active Power Dissipation Unit:mW 

Speed 
Active Power Dissipation 

4K 1K 
-7 324 504 

-8 288 468 

• Refresh cycles 

Part Refresh Refresh time 
NO. cycle. Normal L-ver 

V502 4K 64ms 
128ms 

V522 1K 16ms 

• Performance range: 

Speed tRAC tCAC tRC tPC 
-7 70ns 20ns 130ns 45ns 

-8 sons 20ns 150ns 50ns 

• Fast Page Mode operation 
• 4 CA·S Byte/Word Read/Write operation 
• CAS-before-RAS refresh capability 
•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 
• JEDEC Standard pinout 
•Available in TSOP(ll) package 
•Single +3.3V±0.3V power supply 

FUNCTIONAL BLOCK DIAGRAM 

Control 
Clocks 

...---------.· J: ~:: 
VBB Generator i::J 

Refresh Timer 

AO-A11 
(AO-A9)•1,-,;,,;,.;..;.;.,,;,,;.;;..;;.;..;..;;..;;..;;..;~ 

AO-A6 
(AO-A8)·1-oi.;;;..;;.;;;..;..;.;;;,=~~ 

Note) ·1 : 1K Refresh 

Row Decoder 

Memory Array 
524,288 x32 

Cells 

Column Decoder 

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

d!:i.filiii' 
ELECTRONICS 

DQO 
to 

0015 
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Target 
KM432V502, KM432V522 CMOS DRAM 

PIN CONFIGURATION (Top Views) 

• KM432V502T • KM432V502R 

Vee 1 0 70 vss vss 70 1 Vee 
DOO 2 69 D031 D031 69 2 000 
D01 3 68 D030 0030 68 0 3 001 
002 4 67 0029 0029 67 4 002 
003 5 66 0028 0028 66 5 003 
Vee 6 65 vss vss 65 6 Vee 
004 7 64 0027 0027 64 7 004 
005 8 63 0026 0026 63 8 005 
006 9 62 0025 0025 62 9 006 
007 10 61 0024 0024 61 007 
N.C 11 60 N.C N.C 60 11 N.C 

Vee 12 59 vss VSS 59 Vee 
008 13 58 0023 0023 58 008 
009 14 57 D022 0022 57 009 
0010 15 56 D021 0021 56 0010 
0011 16 55 0020 0020 55 0011 
Vee 17 54 vss vss 54 Vee 
D012 18 53 0019 0019 53 0012 
0013 19 52 0018 0018 52 0013 
D014 20 51 0017 0017 51 0014 
D015 21 50 0016 0016 50 21 0015 
N.C 22 49 N.C N.C 49 N.C 
N.C 23 48 CASO CASO 48 N.C 
N.C 24 47 CAS1 CAS1 47 N.C 
N.C 25 46 CAS2 CAS2 46 N.C 
N.C 26 45 CAS3 CAS3 45 N.C 

~ 27 44 w w 44 ~ 
AO 28 43 OE OE 43 AO 
A1 29 42 N.C N.C 42 A1 
A2 30 41 A11(N.C) A11(N.C) 41 A2 
A3 31 40 A10(N.C) A10(N.C) 40 31 A3 
A4 32 39 A9 A9 39 A4 
A5 33 38 A8 A8 38 A5 
A6 34 37 A7 A7 37 

0 A6 
Vee 35 0 36 VSS VSS 36 Vee 

* (N.C ) : 1 K Ref. Product 

Pin Name Pin r=:unctlon 
AO-_A1_1 Address ll'l.Q_uts 
DQ0-31 Data In/Out 
Vss Ground 
RAS Row Address Strobe 
CAS"O 1st Byte Column Address Strobe 
CAS"1 2nd Byte Column Address Strobe 
CAS"2 3rd Byte Column Address Strobe 

CAS"3 4th Byte Column Address Strobe 
w Read/Write Input 
OE Data Outputs Enable 
Vee Power( +3.3V) 
N.C No Connection 

tt:!:i.fi:W» 
ELECTRONICS 
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KM432V502, KM432V522 
Target 

CMOS·DRAM 

ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol_ Rating Units 

Voltage on any pin relative to Vss V1N,VouT -0.5 to Vcc+0.5V v 
Voltage on Vee supply relative to Vss Vee -0.5 to +4.6 v 
Storage Temperature Tstg -55 to +150 oc 
Power Dissipation Po 1 w 
Short Circuit Output Current las 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= o to 70 °C) 

Parameter $ymbol Min Typ 
Supply Voltage Vee 3.0 3.3 

Ground Vss 0 0 

ln_Q_ut H!g_h Volta_g_e V1H 2.2 -
Input Low Voltage V1L -o.3·2 -

* 1 : Vee+ 1.3V at pulse width ~ 15ns (pulse width is measured at Vee) 
*2: -1.3V at pulse width~ 15ns (pulse width is measured at Vss) 

Max Unit. 

3.6 v 
0 v 

Vee+o.3·1 v 
0.8 v 

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

Parameter Symbol Min Max Units 

Input Leakage Current (Any input O~V1N~Vcc+0.3V, h(L) -5 5 µA 
all other pins not under test=O volt.) 

Output Leakage Current 
IO(L) -5 5 µA (Data out is disabled, OV~Vour~Vcc) 

Output High Voltage Level(loh=-2mA) VoH 2.4 - v 
Output Low Voltage Level(loL=2mA) VOL - 0.4 v 

•1Mfilhl" ELECTRONICS 
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Target 
KM432V502, KM432V522 CMOS DRAM 

DC AND OPERATING CHARACTERISTICS (Continued) 

-7 80 
lcc1 Don't care -8 70 

lcc2 Don't care Don't care 

lcc3 Don't care -7 80 
-8 70 

ICC4 Don't care -7 70 
-8 60 

Ices Don't care Don't care 500 

ICC6 Don't care -7 80 
-8 70 

Ice? L Don't care 450 

Ices L Don't care 200 

lcc1*: Operating Current (RAS ,XCAS ,Address cycling @tRC=min.) 

lcc2 : Standby Current (RAS=X"CAS=W=V1H) 

140 
130 

140 
130 

80 
70 

500 

140 
130 

350 

200 

lcc3* : RAS-Only Refresh Current (XCAS°=V1H, RAS ,Address cycling @tRC=min.) 

lcc4*: Fast Page Mode Current (RAS=V1L, XCAS, Address cycling @tPC=min.) 

Ices : Standby Current (RAS=XCAS=W=Vcc-0.2V) 

lcc6*: CAS-before-RAS Refresh Current (RAS and XCAS cycling @tRC=min.) 

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

Input high voltage(V1H)=Vcc-0.2V, Input low voltage(V1L)=0.2V, XCAS= 0.2V, 

Din = Don't care, Extended TRc= 32.3µs(4K)/125µs(1 K), TRAS= TRAsmin-200 ns 

Ices : Self Refresh Current 

RAS"=XCAS=0.2V, W=OE=AO - A11 = Vcc-0.2V or 0.2V, 

DQO - 0031= Vcc-0.2V, 0.2V or Open 

.·11'1Jite·· 

mA 
mA 

mA 

mA 
mA 

mA 
mA 

µA 

mA 
mA 

µA 

µA 

* NOTE : lcc1, lcc3, lcc4 and lcc6 are dependent on output loading and cycle rates. Specified values 
are obtained with the output open. Ice is specified as an average current. In lcc1, lcc3, 
and lcc6, address can be changed maximum once while RA°S=V1L. In lcc4, address can be 
changed maximum once within one fast page mode cycle time tPC. 

41:!:1. fjijil" 
ELECTRONICS 
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KM432V502, KM432V522 

CAPACITANCE(TA=25°C,Vcc= 3.3V, f=1 MHz) 

Parameter Symbol 

l~ut ca_Qacitance JAO - A 11] C1N1 

Input capacitance [RAS, XCAS, W, OE] C1N2 

Output Capacitance [DQO - 0031] Coo 

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

Min 

-
-
-

Target 
CMOS DRAM 

Max Unit 

6 _QF 

7 pF 

7 pF 

Test condition : Vcc=3.3V±0.3V, VihNi1 =2.2/0.8V, VohN01 =2.0/0.8V, Output Loading CL = 50pF 

~7 -8 
Parameter Symbol 

Min Max Min Max 
Units Notes 

Random read or write cycle time tRC 130 150 ns 

Read-modify-write cycle time tRWC 185 205 ns 

Access time from RAS tRAC 70 80 ns 3,4,10 

Access time from CAS tCAC 20 20 ns 3,4,5 

Access time from column address tAA· 35 40 ns 3,10 

CAS to output in Low-Z tCLZ 0 0 ns 3 

Output buffer turn-off delay tOFF 0 15 0 15 ns 6 

Transition time (rise and fall) tT 3 50 3 50 ns 2 

RAS precharge 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 70 80 ns 

CAS pulse width tCAS 20 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 

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 CA'S 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 R".A'S lead time tRWL 15 20 ns 

Write command to CAS lead time tCWL 15 20 ns 

•liJ:': filUI;; 
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KM432V502, KM432V522 

AC CHARACTERISTICS (Continued) 
,, 

Parameter Symbol 
Min 

-"'-

Data set-up time tDS 0 

Data hold time tDH 15 

Refresh period(1 K, Normal) tREF 

R~fresh period( 4K, Normal) tREF 

Refresh period(L -ver) tREF 

CA'S' to W delay time tCWD 50 

RAS to W delay time tRWD 95 

Column address to W delay time tAWD 60 

CA'S' precharge to W delay time tCPWD 65 

CA'S' set-up time (CAS'-before-RAS' refresh) tCSR 5 

CA'S hold time (CAS'-before-RAS' refresh) tCHR 10 

Ftt;;S to CA'S' precharge time tRPC 5 

CA'S precharge time(CBR counter test cycle) tCPT 25 

Access time from CA'S precharge tCPA 

Fast Page mode cycle time tPC 45 

Fast Page mode read-modify-write cycle time tPRWC 95 

CA'S precharge time (Fast page cycle) tCP 10 

F1AS pulse width (Fast page cycle) tRASP 70 

RAS hold time from CA'S' precharge tRHCP 40 

OE access time tOEA 

OE to data delay tOED 20 

Out put buffer turn off delay time from OE tOEZ 0 

OE command hold time tOEH 20 

11AS pulse width(C-B-R self refresh) tRASS 100 

RAS" precharge time (C-8-R self refresh) tRPS 130 

CA'S hold time (C-B-R self refresh) tCHS -50 

t1""ifiihi» 
ELECTRONICS 
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Max Min 

0 

15 

16 

64 

128 

50 

105 

65 

70 

5 

10 

5 

30 

40 

50 

100 

10 

200K 80 

45 

20 

20 

20 0 

20 

100 

150 

-50 

Target 
CMOS DRAM 

~ 

Max 
Units Notes 

ns 9 

ns 9 

16 ms 

64 ms 

128 ms 

ns 7 

ns 7 

ns 7 

ns 

ns 

ns 

ns 

ns 

45 ns 3 

ns 

ns 

ns 

200K ns 

ns 

20 ns 

ns 

20 ns 

ns 

us 18 

ns 18 

ns 18 
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KM432V502, KM432V522 

NOTES 

Target 
CMOS DRAM 

1. An initial pause of 200µs is required after power-up followed by any 8 RAS-only or CAS-before-RAS 

refresh cycles before proper device operation is achieved. 

2. V1H(min) and V1L(max) are reference levels for measuring timing of input signals. Transition times are 

measured between V1H(min) and V1L(max) and are assumed to be 5ns for all inputs. 

3. Measured with a load equivalent to 1 TTL loads and 50pF. 

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. tOFF(max) 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 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 CAS leading edge in early write cycles and to the W leading 

edge in read-modify-write cycles. 

KM432V50(2)2 Truth Table 

RAS CAST CAS2 CAS3 CAS4 w a-E 000-007 D08- D015 0016 - 0023 D024 - D031 STATE 

H x x x x x x Hi-Z Hi-Z Hi-Z Hi-Z Standby 

L H H H H x x Hi-Z Hi-Z Hi-Z Hi-Z Refresh 

L L H H H H L DO-OUT Hi-Z Hi-Z Hi-Z Byte Read 

L H L H H H L Hi-Z DO-OUT Hi-Z Hi-Z Byte Read 

L H H L H H L Hi-Z Hi-Z DO-OUT Hi-Z Byte Read 

L H H H L H L Hi-Z Hi-Z Hi-Z DO-OUT Byte Read 

L L L L L H L DO-OUT DO-OUT DO-OUT DO-OUT 2Word Read 

L L H H H L H DO-IN - Byte Write 

L H L H H L H - DO-IN - - Byte Write 

L H H L H L H - - DO-IN - Byte Write 

L H H H L L H - - \ - DO-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 -

•liJ:':filiiiiP 
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KM432V502, KM432V522 
Target 

CMOS DRAM 

1 o. 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 D1N(0-7), 2nd byte D1N(8-15), 3rd byte D1N(16-23), 

4th byte D1N(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). 

t1Mfil111
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KM432V504, KM432V524 
Target 

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 
(1 K 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, 1 K Ref.) 

• Active Power Dissipation Unit : mW 

Speed 
Active Power Dissipation 

4K 1K 
-7 324 504 
-8 288 468 

• Refresh cycles 

Part Refresh Refresh time 
NO. cycle Normal L-ver 

V504 4K 64ms 
128ms 

V524 1K 16ms 

• Performance range: 

Speed tRAC tCAC tRC tHPC 
-7 70ns 20ns 130ns 30ns 

-8 80ns 20ns 150ns 35ns 

!1A:"S 
CA:"SO 

- CA:S-3 
w 

• Extended Data Out mode operation 
(Fast Page mode with Extended Data Out) 

• 4CAS Byte/Word Read/Write operation 
• CAS-before-RAS refresh capability 
•RAS-only and Hidden refresh capability 
• Self-refresh capability(L-ver only) 
• L VTTL(3.3V) compatible inputs and outputs 
• Early Write or output enable controlled write 
• JEDEC Standard pinout 
•Available in Plastic TSOP(ll) packages 
•Single +3.3V±0.3V power supply 

FUNCTIONAL BLOCK DIAGRAM 

Control 
Clocks 

.--------..!:: ~:: 
VBB Generator 1:-J 

Row Decoder 

Memory Array 
524,288 x 32 

Cells 

AO-A11 
(AO-A9)•1.-~-----' 

AO-A6 
(AO -A8)•1--.~="'-'--'-'-....;.;...;;.;..i 

Column Decoder 

Note) •1 : 1K Refresh 

SAMSUNG ELECTRONIC CO. , LTD. reserves the right to 
change products and specifications withal.It notice. 

tJ:!:i&iliii" ELECTRONICS 
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Target 
KM432V504, KM432V524 CMOS DRAM 

PIN CONFIGURATION (Top Views) 

• KM432V50(2)4T • KM432V50(2)4R 

Vee 1 0 70 VSS vss 70 Vee 

DQO 2 69 DQ31 0031 69 2 DQO 
DQ1 3 68 0030 0030 68 0 3 001 
DQ2 4 67 0029 0029 67 4 DQ2 

DQ3 5 66 DQ28 0028 66 5 DQ3 

Vee 6 65 vss VSS 65 6 Vee 

004 7 64 0027 0027 64 7 DQ4 

DQ5 8 63 DQ26 DQ26 63 8 DQ5 

DQ6 9 62 0025 DQ25 9 006 

DQ7 10 61 DQ24 DQ24 D07 

N.C 11 60 N.C N.C 60 N.C 

Vee 12 59 vss vss 59 Vee 

DOB 13 58 DQ23 DQ23 58 DOB 

DQ9 14 57 D022 D022 57 009 

D010 15 56 DQ21 DQ21 56 0010 

DQ11 16 55 DQ20 DQ20 55 0011 

Vee 17 54 VSS VSS 54 Vee 

DQ12 18 53 DQ19 DQ19 53 DQ12 

DQ13 19 52 DQ18 DQ18 52 DQ13 

DQ14 20 51 0017 DQ17 51 DQ14 

DQ15 21 50 DQ16 DQ16 50 21 0015 

N.C 22 49 N.C N.C 49 N.C 

N.C 23 4B ~o ~o 48 N.C 

N.C 24 47 ~1 ~1 47 N.C 

N.C 25 46 ~2 ~2 46 N.C 

N.C 26 45 ~3 ~3 45 N.C 

RAS 27 44 w w 44 RAS 

AO 28 43 OE OE 43 AO 

A1 29 42 N.C N.C 42 A1 

A2 30 41 A11(N.C) A11(N.C) 41 A2 

A3 31 40 A10(N.C) A10(N.C) 40 A3 

A4 32 39 A9 A9 39 A4 

A5 33 38 AB A8 3B A5 

A6 34 37 A7 A7 37 
0 

A6 

Vee 35 0 36 vss VSS 36 Vee 

* ( N.C) : 1 K Ref. Product 

,.,...;::. , ;,;i11t:~u'tlct1~:/ :'"7 ~t,·':'i 
. :'•}.· .• :! :"'.<: 

AO-_All Address lrmuts 

D_Q0-31 Data In/Out 

Vss Ground 

R"AS Row Address Strobe 

"CASO 1st Byte Column Address Strobe 

CAS1 2nd Byte Column Address Strobe 

C"AS2 3rd Byte Column Address Strobe 

C"AS"3 4th Byte Column Address Strobe 

w Read/Write Input 

OE Data Outputs Enable 

Vee Power( +3.3V) 

N.C No Connection 

1MnH111
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KM432V504, KM432V524 
Target 

CMOS DRAM 

ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol Rat11,1g .. ··units 

Voltage on any pin relative to Vss V1N,Vour -0.5 to Vcc+0.5V v 
Voltage on Vee supply relative to Vss Vee -0.5 to +4.6 v 
Storage Temperature Tstg -55 to +150 oc 
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 operation?I 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= o to 70 °C) 

Pa~meter Symbol~ Min 'lyp 
Supply Voltage Vee 3.0 3.3 
Ground Vss 0 0 

Input High Voltage V1H 2.2 -
Input Low Voltage V1L -o.3*2 -

* 1 : Vee+ 1.3V at pulse width ::; 15ns (pulse width js measured at Vee) 

*2 : - 1.3V at pulse width ::; 15ns (pulse width is measured at Vss) 

I' 
Ma¥ [· Unit 

3.6 v 
0 v 

Vee+0.3.1 v 
0.8 v 

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

P~rameter Symbol Min Max Units 

Input Leakage Current (Any input Q::;V1N::;Vcc+0.3V, li(L) - 5 5 µA 
all other pins not under test=O volt.) 

Output Leakage Current IO(L) - 5 5 µA 
(Data out is disabled, OV::;Vour::;Vcc) 

Output High Voltage Level(loh=-2mA) VoH 2.4 - v 
Output Low Voltage Level(loL=2mA) VOL - ·oA v 

tl"''ifiliii ;p 
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KM432V504,. KM432V524 
Target 

CMOS ·DRAM· 

DC AND OPERATING CHARACTERISTICS (Continued) 
, ..•. 

1··1 .. Max· 
I· , ..• , '.:~ ~ 

Ir 

·~y~··· ·P6w~r 
; 

S,Peed H• iJrlitii . 
····!'.,'.'•. KM432V~4' L' •!t'.; .w'.; ·KM432V504 

-""- :..l = ~ --"""- ..:. "'c,,' >''«'>'' ., , . ' ~ :, \: • . c,:_ 

-7 80 
lcc1 Don't care -8 70 

lcc2 Don't care Don't care 1 

ICC3 Don't care -7 80 
-8 70 

ICC4 Don't care -7 80 
-8 70 

Ices Don't care Don't care 500 

ICC6 Don't care -7 80 
-8 70 

Ice? L Don't care 350 

Ices L Don't care 200 

lcc1* : Operating Current (RAS ,XCAS ,Address cycling @tRC=min.) 

lcc2 : Standby Current (l1AS=XCAS=W=V1H) 

140 
130 

1 

140 
130 

90 
80 

500 

140 
130 

250 

200 

lcc3* : RAS-Only Refresh Current (XCAS=V1H, 11AS ,Address cycling @tRC=min.) 

lcc4*: Hyper Page Mode Current (R"AS=V1L, XCAS, Address cycling @tHPC=min.) 

Ices : Standby Current (RAS=XCAS=W=Vcc-0.2V) 

lcc6* : CAS-before-RAS Refresh Current (RAS and XCAS cycling @tRC=min.) 

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

Input high voltage(V1H)=Vcc-o.2v, Input low voltage(V1L)=0.2V, XCAS"= 0.2V, 

Din = Don't care, Extended TRc= 32.3µs(4K)/125µs(1 K), TRAS= TRAsmin-200 ns 

Ices : Self Refresh Current 

11AS=XCA"S°=0.2V, W=OE=AO - A11 = Vcc-0.2V or 0.2V, 

DQO - DQ31 = Vcc-0.2V, 0.2V or Open 

mA 
mA 

mA 

mA 
mA 

mA 
mA 

µA 

mA 
mA 

µA 

µA 

* NOTE : lcc1, lcc3, lcc4 and lcc6 are dependent on output loading and cycle rates. Specified values 
are obtained with the output open. Ice is specified as an average current. In lcc1, .lcc3, 
and lcc6, address can be changed maximum once while RAS=V1L In lcC4, address can be 
changed maximum once within one Hyper page mode cycle time tHPC. 

•1.f:i.filjiiiP 
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KM432V504, KM432V524 

CAPACITANCE(TA=25°C, 3.3V, f=1MHz) 

.. P1;1r,aro~ter ... .. ... . . •symbol 

llJ.Q_ut capacitance JAO - A 111 C1N1 

Input capacitance [RAS, XCAS, W, OE] C1N2 

Output Capacitance [DQO - 0031] Coo 

AC CHARACTERISTICS (0°CsTA90°C, See note 2) 
Test condition : Vcc=3.3V±0.3V, VihNi1 =2.2/0.8V, VohN01 =2.0/0.8V 

= 

--· 

~ ---= = == -::;: 

I .o 

'M,ln.. . ... 

-
-
-

Target 
CMOS DRAM 

" ·Max t 1;.1n1t 
6 _Q_F 

7 pF 

7 pF 

··flt =': .. ~ ~~r I 
P:ax~t,r. AvrTlhAI ;~·~~ 1·•07 'MiilC r,~ :MAll•~ ·;~~I .•.•;t.,,e_· > 

····• .. . v, 
' r '".'~'F;>• I:•· 1;, .. : .. 

""" """-

Random read or write cycle time tRC 124 144 ns 

Read-modify-write cycle time tRWC 170 190 ns 

Access time from RAS tRAC 70 80 ns 3,4,10 

Access time from CAS tCAC 20 20 ns 3,4,5 

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 turn-off delay from CAS tCEZ 3 15 3 15 ns 6,13 

Transition time (rise and fall) tT 2 50 2 50 ns 2 

11AS precharge time tRP 50 60 ns 

11AS' pulse width tRAS 70 10K 80 10K ns 

11AS hold time tRSH 20 20 ns 

CAS hold time tCSH 60 70 ns 

CAS pulse width tCAS 15 10K 20 10K ns 

11AS to C.AS delay time tRCD 20 50 20 60 ns 4 

11AS to column address delay time tRAD 15 35 15 40 ns 10 

CAS to 11.AS 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 r.s 

tl1JnHIW" 
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KM432V504, KM432V524 

AC CHARACTERISTICS (Continued) 

T 'i '. ' 
_:_: 0 

Parameter -'Symbol Mfo_ 
' -- '"'== -"- "_ic_-

Write command to CA'S lead time tCWL 15 

Data set-up time tDS 0 

Data hold time tDH 15 

Refresh period(tK, Normal} tREF 

Refresh period(4K, Normal} tREF 

Refresh period(L -ver} tREF 

CA'S to W delay time tCWD 44 

R"A'S to W delay time tRWD 94 

Column address to W delay time tAWD 59 

CA'S precharge to W delay tirne tCPWD 64 

CA'S set-up time (CA'S-before-RAS refresh) tCSR 5 

CA'S hold time (CA'S-before-RAS refresh) tCHR 10 

liAS to CA'S precharge time tRPC 5 

CA'S precharge time(CBR counter test cycle} tCPT 25 

Access time from CA'S precharge tCPA 

Hyper Page mode cycle time tHPC 30 

Hyper Page mode read-modify-write cycle time tHPRWC 71 

CA'S precharge time Hyper page cycle) tCP 10 

RAS pulse width (Hyper page cycle) tRASP 70 

RAS hold time from CA'S precharge tRHCP 40 

<JE access time tOEA 

<JE to data delay tOED 20 

Out put buffer turn off delay time· from <JE tOEZ 3 

<JE command hold time tOEH 20 

Output data hold time tDOH 5 

Output buffer turn off delay from RAS tREZ 3 

Output buffer turn off delay from W tWEZ 3 

W to data delay tWED 20 

<JE to CA'S hold time tOCH 5 

CA'S hold time to <JE tCHO 5 

O"E precharg$ time tQEP 5 

W pulse width tWPE 5 

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

RAS precha~e time (C-B-R self refresh) tRPS 130 

CA'S hold time (C-B-R self refresh) tCHS -50 

•11Jnf Jiiii• 
ELECTRONICS 

:-1 
Max Min 

20 

0 

15 

16 

64 

128 

44 

104 

64 

69 

5 

10 

5 

30 

40 

35 

81 

10 

200K 80 

45 

20 

20 

20 3 

20 

5_ 

20 3 

20 3 

20 

5 

5 

5 

5 

100 

150 

-50 

Target 
CMOS DRAM 

--e-
Max Units Notes 

',,\ ;'' 

ns 17 

ns 9 

ns 9 

16 ms 

64 ms 

128 ms 

ns 7,16 

ns 7-

ns 7 

ns 

ns 18 

ns 19 

ns 

ns 

45 ns 3 

ns 11 

ns 11 

ns 15 

200K ns 

ns 

20 ns 3 

ns 

20 ns 6 

ns -

ns 

20 ns 6,13 

20 ns 6 

ns 

ns 

ns 

ns 

ns 

us 12 

ns 12 

ns 12 
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KM432V504, KM432V524 
Target 

CMOS DRAM 

NOTES 

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

2. V1H(min) and V1L(max) are reference levels for measuring timing of input signals. Transition times are 
measured between V1H(min) and V1L(max) and are assumed to be 2ns for all inputs. 

3. Measured with a load equivalent to 1 TIL loads and SOpF. 
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 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 ~elected 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. 

KM432V50(2)4 Truth Table 

RAS CA"S1 t:AS2 CAS3 CA"S4 w OE 000-007 008-0015 0016-0023 0024-0031 STATE 

H x x x x x x Hi-Z Hi-Z Hi-Z Hi-Z Standby 

L H H H H x x Hi-Z Hi-Z Hi-Z Hi-Z Refresh 

L L H H H H L DO-OUT Hi-Z Hi-Z Hi-Z Byte Read 

L H L H H H L Hi-Z DO-OUT Hi-Z Hi-Z Byte Read 

L H H L H H L Hi-Z Hi-Z DO-OUT Hi-Z Byte Read 

L H H H L H L Hi-Z Hi-Z Hi-Z DO-OUT Byte Read 

L L L L L H L DO-OUT DO-OUT DO-OUT DO-OUT 2Word Read 

L L H H H L H DO-IN - - Byte Write 

L H !- H H L H - DO-IN - - Byte Write 

L H H L H L H - - DO-IN - Byte Write 

L H H H L L H - - - DO-IN Byte Write 

L L L L L L H DO-IN DO-IN DO-IN DO-IN 2Word Write 

L L L L L H H Hi-Z Hi-Z Hi-Z Hi-Z -
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KM432V504, KM432V524 

11. tASC~ 7.0ns, Assume tT = 2.0 ns 

Target 
CMOS DRAM 

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 going, 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 CA'S rising edge in the previous cycle to the first CA'S 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. 

18. tCSR is referenced to earlier CA'S falling low before RAS transition low. 

19. tCHR is referenced to the later CAS rising high after RAS transition low. 

RAS 

CASx 

CASx 

tCSR tCHR 

11:1:'.fJiiii'> 
ELECTRONICS 

252 



• KM48V8000 
KM48V8100 

• KM44V16000 
KM44V16100 

• KM48V8000A 
KM48V8100A 

• KM44V16000A 
KM44V161 OOA 

64-M DRAM 





KM48V8000, KM48V8100 
PRELIMINARY 
CMOS DRAM 

BM x 8 Bit CMOS Dynamic RAM with Fast Page Mode 

DESCRIPTION 

This is a family of S,3SS,60S x S 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 SK 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 SMxS 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 
- KM4SVSOOO (3.3V, SK Ref.) 
- KM4SVS100 (3.3V, 4K Ref.) 

• Active Power Dissipation 
Unit:mW 

Speed BK 4K 
-5 432 612 
-6 396 576 
-7 360 540 

• Refresh cycles 

Part Refresh Refresh period 
NO. cycle 

vaooo SK 128ms 
V8100 4K 6~ms 

• Performance range: 

Speed tRAC tCAC tRC tF>C 
-5 sons 13ns 90ns 35ns 

-6 60ns 15ns 110ns 40ns 
-7 70ns 20ns 130ns 45ns 

AO-A12 

•Fast Page Mode operation 
• CAS-before-RAS refresh capability 
•RAS-only and Hidden refresh capability 
• Fast parallel test mode capability 
• LVTTL(3.3V) compatible inputs and outputs 
• Early Write or output enable controlled write 
• JEDEC Standard pinout 
• Available in Plastic SOJ package 
• +3.3V±0.3V power supply 

FUNCTIONAL BLOCK DIAGRAM·. 

Control 
Clocks 

Refresh Timer 

....-----· -r: ~:: 
VBB Generator l:J 

Row Decoder 

Memory Array 
8,388,608 x B 

Cells 

(AO-A11)•11 --..__......;.....;.;.;.....;.....;~ 

AO-A9 
(AO-A10)·-1 ~~=;;.;.;..;;=.;..i 

Column Decoder 

Note) •1 : 4K Refresh 

SAMSUNG ELECTRONIC CO. , LTD. reserves the right to 
change products and specifications without notice. 
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KM48V8()00, KM48V8100 

PIN CONFIGURATION (Top Views) 

• KM48V80(1 )OOJ 

Vee 1 0 34 Vss 
000 2 33 007 
001 3 32 006 
002 4 31 005 
003 5 30 004 
N.C 6 29 Vss 
Vee 7 28 CAS 
w 8 27 OE 

RAS 9 26 N.C 
N.C 10 25 A12(N.C) 
AO 11 24 A11 
A1 12 23 A10 
A2 13 22 A9 
A3 14 21 AB 
A4 15 

0 
20 A7 

A5 16 19 A6 
Vee 17 18 Vss 

* () : N.C for 4K Refresh product 

Vss Ground 
Row Address Strobe 
Column Address Strobe 

w Read/Write Input 
Data Outputs Enable 

Vee Power(+3.3V) 
N.C No Connection 
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KM48V8000, KM48V8100 
PRELIMINARY 
CMOS DRAM 

ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol Rating Units 

Voltage on any pin relative to Vss V1N,VouT -0.5 to +4.6 v 
Voltage on Vee supply relative to Vss Vee -0.5 to +4.6 v 
Storage Temperature Tstg -55 to +150 oc 
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 

Supply Voltage Vee 3.0 3.3 
Ground Vss 0 0 

Input High Voltage V1H 2.0 -
Input Low Voltage V1L -0.3"2 -

*1 : Vee+ 1.3V at pulse width $ 15ns (pulse width is measured at Vee) 
*2 : -1.3V at pulse width $ 15ns (pulse is measured at Vss) 

Max Unit 

3.6 v 
0 v 

Vcc+0.3*1 v 
0.8 v 

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

Parameter Symbol Min Max Units 

Input Leakage Current (Any input O$V1N$Vcc+0.3V, h(L) -5 5 µA 
all other pins not under test=O volt.) 

Output Leakage Current IO(L) -5 5 µA (Data out is disabled, OV$VouT'.5.Vcc) 

Output High Voltage Level(loH=-2mA) VoH 2.4 - v 
Output Low Voltage Level(loL=2mA) VOL - 0.4 v 

41.!:':fJilifi' 
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KM48V8000, KM48V8100 
PRELIMINARY · 
CMOS DRAM 

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

-5 
lcc1 -6 

-7 

lcc2 Don't care 

-5 
ICC3 -6 

-7 
----

-5 
ICC4 -6 

-7 

Ices Don't care 

-5 
Ices -6 

-7 

120 
110 
100 

120 
110 
100 

90 
80 
70 

500 

120 
110 
100 

lcc1*: Operating Current (RAS and CAS cycling @tRC=min.) 

lcc2 : Standby Current (RAS=CAS=W=V1H) 

lcc3*: RAS-only Refresh Current (CAS=V1H, RAS cycling @tRC=min.) 

170 
160 
150 

170 
160 
150 

100 
90 
80 

500 

170 
160 
150 

lcc4*: Fast Page Mode Current (RAS=V1L, CAS, Address cycling @tPC=min.) 

lcc5 : Standby Current (FlAS=CAS=W=Vcc-0.2V) 

Ices* : CAS-Before-RAS Refresh Current (RAS and CAS cycling @tRC=min.) 

mA 
mA 
mA 

mA 

mA 
mA 
mA 

mA 
mA 
mA 

µA 

mA 
mA 
mA 

* NOTE : lcc1, lcc3, lcc4 and Ices are dependent on output loading and cycle rates. Specified values 
are obtained with the output open. Ice is specified as an average current. In lcc1, lcc3, 
and Ices. address can be changed maximum once while RAS=V1L. In lcc4, address can be 
changed maximum once within one fast page mode cycle time tPC. 

tl:!:i: (ji iii, 
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KM48V8000, KM48V8100 

CAPACITANCE(TA=25°C,Vcc= 3.3V, f=1MHz) 

Parameter Symbol Min 

ln_Q_ut ca_Q_aCitance!AO - A12l CiN1 -
Input capacitance [RAS, CAS, W, OE] C1N2 -
Output Capacitance [DQO - 007] Coo -

AC CHARACTERISTICS (0°C$TA$70°C, See note 2) 
Test condition : Vcc=3.3V±0.3V, VihNi1=2.0/0.8V, VohN01 =2.0/0.8V 

.,5 -6 
.·Parameter Symbol 

...:.:.. 
Min JIAax Min 

Random read or write cycle time tRC 90 110 

Read-modify-write cycle time tRWC 133 155 

Access time from RAS tRAC 50 

Access time from CAS tCAC 13 

Access time from column address tAA 25 

CAS to output in Low-Z tCLZ 0 0 

Output buffer turn-off delay tOFF 0 13 0 

Transition time (rise and fall) tT 3 50 3 

RAS precharge time tRP 30 40 

RAS pulse width tRAS 50 10K 60 

RAS hold time tRSH 13 15 

CAS hold time tCSH 50 60 

CAS pulse width tCAS 13 10K 15 

RAS to c.AS delay time tRCD 20 37 20 

RAS to column address delay time tRAD 15 25 15 

CAS to RAS precharge time tCRP 5 5 

Row address set-up time tASR 0 0 

Row address hold time tRAH 10 10 

Column address set-up time tASC 0 0 

Column address hold time tCAH 10 15 

Column address hold time referenced to RAS tAR 40 50 

Column address to RAS lead time tRAL 25 30 

Read command set-up time tRCS 0 0 

Read command hold time referenced to CAS tRCH 0 0 

Read command hold time referenced to RAS tRRH 0 0 

Write command hold time tWCH 10 15 

Write command hold time referenced to RAS tWCR 40 50 

Write command pulse width tWP 10 10 

Write command to RAS lead time tRWL 15 15 

Write command to CAS lead time tCWL 13 15 

Max 

60 

15 

30 

15 

50 

10K 

10K 

45 

30 

PRELIMINARY 
CMOS DRAM 

Max Unit 

10 QF 

10 pF 

15 pF 

-7 
I 

Min Max Units Notes 

130 ns 

185 ns 

70 ns 3,4,10 

20 ns 3,4,5 

35 ns 3,10 

0 ns 3 

0 20 ns 6 

3 50 ns 2 

50 ns 

70 10K ns 

20 ns 

70 ns 

20 10K ns 

20 50 ns 4 

15 35 ns 10 

5 ns 

0 ns 

10 ns 

0 ns 

15 ns 

55 ns 

35 ns 

0 ns 

0 ns 8 

0 ns 

15 ns 

55 ns 

15 ns 

20 ns 

20 ns 
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KM48V8000, KM48V8100 

AC CHARACTERISTICS (0°C:5;TA:5;70°C, See note 2) 
~ -;- y ;5 

Param~ter Symbol 
Mirr Max 

..;.:. 

Data set-up time tDS 0 

Data hold time tDH 10 

Data hold time referenced to RAS tDHR 40 

Refresh period( 4K) tREF 64 

Refresh period(8K) tREF 128 

Write command set-up time tWCS 0 

CAS" to W delay time tCWD 36 

RAS to W delay time tRWD 73 

Column address to W delay time tAWD 48 

CAS precharge to W delay time tCPWD 53 

CAS" set-up time (GAS-before-RAS refresh) tCSR 10 

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

RAS to CAS precharge time tRPC 5 

CAS precharge time(CBR counter test cycle) tCPT 20 

Access time from CAS" precharge tCPA 30 

Fast Page mode cycle time tPC 35 

;-- Fast Page mode read-modify-write cycle time tPRWC 76 

CAS precharge time (Fast page cycle) tCP 10 

~pulse width (Fast page cycle) tRASP 50 200K 

FAs h~ld time from CAS" precharge tRHCP 30 

OE access time tOEA 13 

OE to data delay tOEiD 13 

Out put buffer turn off dela_y time from OE tOEZ 0 13 

OE command hold time tOEH 13 

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

Write command hold time(Test mode in) tWTH 10 

W to RAS' _Q_recha~e time(C-B-R refresh) tWRP 10 

W to RAS' hold time(C-B-R refresh) tWRH 10 

·:• 
.,6 

.i... 
Min Max.c:J 

0 

15 

50 

64 

128 

0 

40 

85 

55 

60 

10 

10 

5 

20 

35 

40 

85 

10 

60 200K 

35 

15 

15 

0 15 

15 

10 

10 

10 

10 

PRELIMINARY 
.CMOS DRAM 

..:.. :,.:. .'·· :::.<· :· 
' ;,;,, 

.Unit~ N~\..a Min· ,.x: 
0 ns 9 

15 ns 9 

55 ns 

64 ms 

128 ms 

0 ns 7 

50 ns 7 

100 ns 7 

65 ns 7 

70 ns 

10 ns 

15 ns 

5 ns 

30 ns 

40 ns 3 

45 ns 

100 ns 

10 ns 

70 200K ns 

40 ns 

20 ns 

20 ns 

0 20 ns 13 

20 ns 

10 ns 11 

10 ns 11 

10 ns 

10 ns 
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KM48V8000, KM48V8100 

TEST MODE CYCLE 

-5 
Parameter Symbol 

.Min Max 

Random read or write cycle time tRC 95 

Read-modify-write cycle time tRWC 138 

Access time from RAS tRAC 55 

Access time from CAS tCAC 18 

Access time from column address tAA 30 

RAS pulse width tRAS 55 10K 

CAS pulse width tCAS 18 10K 

RAS hold time tRSH 18 

CAS hold time tCSH 55 

Column address to RAS lead time tRAL 30 

CAS to W delay time tCWD 41 

RAS to W delay time tRWD 78 

Column address to W delay time tAWD 53 

Fast Page mode cycle time tPC 40 

Fast page mode read-modify-write cycle time tPRWC 81 

RAS pulse width (Fast page cycle) tRASP 55 200K 

Access time form CAS precharge tCPA 35 

OE access. time tOEA 18 

OE to data delay tOED 18 

OE command hold time tOEH 18 

dl:i:fiiiii• 
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-6 -7 

Min Max Min 

115 135 

160 190 

65 

20 

35 

65 10K 75 

20 10K 25 

20 25 

65 75 

35 40 

45 55 

90 105 

60 70 

45 50 

90 105 

65 200K 75 

40 

20 

20 25 

20 25 

PRELIMINARY 
CMOS DRAM 

(Note. 12) 

Units 
Max 

Notes 

ns 

ns 

75 ns 3,4, 10 

25 ns 3,4,5 

40 ns 3,10 

10K ns 

10K ns 

ns 

ns 

ns 

ns 7 

ns 7 

ns 7 

ns 

ns 

200K ns 

45 ns 3 

25 ns 

ns 

ns 
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KM48V8000, KM48V8100 

NOTES 

PRELIMINARY 
CMOS DRAM 

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

2. V1H(min) and V1L(max) are reference levels for measuring timing of input signals. Transition times are 
measured between V1H(min) and V1L(max) and are assumed to be 5ns for all inputs. 

3. Measured with a load equivalent to 1 TTL loads and 1 OOpF. 
4. Operation within the tRCD(max) limit insures that tRAC(max) can be met. tRCD(rnax) 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 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 C.AS 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. 

dif:fJiUI> 
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KM44V16000, KM44V16100 
PRELIMINARY 
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 SK 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 

• Part ldentif ication 
- KM44V16000 (3.3V, 8K Ref.) 
- KM44V16100 (3.3V, 4K Ref.) 

• Active Power Dissipation 
Unit:mW 

Speed SK 4K 
-5 432 612 
~6 396 576 
-7 360 540 

• Refresh cycles 

Part Refresh Refresh period 
NO. cycle 

V16000 BK 128ms 
V16100 4K 64ms 

• Performance range: 

Speed tRAC tCAC tRC tPC 
-5 50ns 13ns 90ns 35ns 

-6 60ns 15ns 110ns 40ns 
-7 70ns 20ns 130ns 45ns 

AO-A12 

• Fast Page Mode operation 
• CAS-before-RAS refresh capability 
•RAS-only and Hidden refresh capability 
• Fast parallel test mode capability 
• LVTTL(3.3V) compatible inputs and outputs 
• Early Write or output enable controlled write 
• JEDEC Standard pinout · 
•Available in Plastic SOJ package 
• +3.3V±0.3V power supply 

FUNCTIONAL BLOCK DIAGRAM 

Control 
Clocks 

Refresh Timer 

..-------- r:: ~: 
VBB Generator i::J 

Row Decoder 

Memory Array 
16,777,216 x4 

Cells 

(AO-A11)'"1'1 ~;.;;,,;,,;,.;..;.;..;...;;,,;;,,;;,,,.~.;..J 

AO-A10 
(AO-A11)'"."""1 ~;,;:;;;,,,;.=;.;;,,;;,,.;;=.;..J 

Column Decoder 

Note) ·1 : 4K Refresh 

SAMSUNG ELECTRONIC CO. , LTD. reserves the right to 
change products and specifications without notice. 
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KM44V16000, KM44V16100 

PIN CONFIGURATION (Top Views) 

• KM44V160(1)00J 

Vee 1 0 34 Vss 
DOO 2 33 D03 
D01 3 32 D02 
N.C 4 31 N.C 
N.C 5 30 N.C 
N.C 6 29 N.C 
N.C 7 28 CAS w 8 27 OE 

RAS 9 26 N.C 
N.C 10 25 A12(N.C) 

AO 11 24 A11 
A1 12 23 A10 
A2 13 22 A9 
A3 14 21 A8 
A4 15 

0 
20 A7 

AS 16 19 A6 
Vee 17 18 Vss 

* () ; N.C for 4K Refresh product 

Pln·.Name Pin Function 
AO-A12 Address ln_Q_utsj_8K Produc!}_ 

AO- A11 Address ln_Q_utsj_4K Produc!}_ 

D00-3 Data In/Out 

Vss Ground 

RAS Row Address Strobe 

CAS' Column Address Strobe 

w Read/Write Input 

OE Data Outputs Enable 

Vee · Power( +3.3V) 

N.C No Connection 

tl"t'lfilihiP 
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KM44V16000, KM44V16100 
PRELIMINARY 
CMOS DRAM 

ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol Rating Units 

Voltage on any pin relative to Vss V1N,Vour -0.5 to +4.6 v 
Voltage on Vee supply relative to Vss Vee -0.5 to +4.6 v 
Storage Temperature Tstg -55 to +150 oc 
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 
thi.s data sheet. Exposure to absolute maximum rating conditions for extended periods may affect 

device reliability. 

RECOMMENDED OPERATING CONDITIONS (Voltages referenced to Vss, TA= o to 70 °C) 

Parameter Symbol Min Typ 
Supply Voltage Vee 3.0 3.3 
Ground Vss 0 0 

Input High Voltage V1H 2.0 -
Input Low Voltage V1L -0.3·2 -

*1 : Vee+ 1.3V at pulse width s 15ns (pulse width is measured at Vee) 
*2 : -1.3V at pulse width s 15ns (pulse is measured at Vss) 

Max Unit 

3.6 v 
0 v 

Vcc+o.3·1 v 
0.8 v 

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

Parameter 
--"-

Symbol Min Max Units 

Input Leakage Current (Any input Q,;V1N~Vcc+O~ ll(L) -5 5 µA 
all other pins not under test=O volt.) 

\ 

Output Leakage Current 
(Data out is disabled, OVsVouTSVcc) 

IO(L) -5 5 µA 

Output High Voltage Level(loH=-2mA) VoH 2.4 - v 
Output Low Voltage Level(loL=2mA) VOL - 0.4 v 

t1Mf11iiiiP 
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KM44V16000, KM44V16100 
PRELIMINARY 
CMOS DRAM 

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

Max 
Speed Symbol 

. KM44V16tQO,: ~,,, , . ,\1~11$; 
t<M..WV16000 £ 

-5 120 
lcc1 -6 110 

-7 100 

lcc2 Don't care 1 

-5 120 
ICC3 -6 110 

-7 100 

-5 90 
ICC4 -6 80 

-7 70 

Ices Don't care 500 

-5 120 
lcce -6 110 

-7 100 

lcc1* : Operating Current (RAS" and CAS cycling @tRC=min.) 

lcc2 : Standby Current (RAS°=CAS"=W=V1H) 

lcc3* : 'R'AS"-only Refresh Current (CAS"=V1H, RAS" cycling @tRC=min.) 

i ' '"'''',···;·'11; 1, 

170 
160 
150 

1 

170 
160 
150 

100 
90 
80 

500 

170 
160 
150 

lcc4*: Fast.Page Mode Current (RAS"=V1L, CAS, Address cycling @tPC=min.) 

Ices : Standby Current (Rt~:S-=CAS"=W=Vcc-0.2V) 

lcce* : CA'S-Before-RAS Refresh Current (RAS" and CAS cycling @tRC=min.) 

mA 
mA 
mA 

mA 

mA 
mA 
mA 

mA 
mA 
mA 

µA 

mA 
mA 
mA 

* NOTE : lcc1, lcc3, lcc4 and lcce are dependent on output loading and cycle rates. Specified values 
are obtained with the output open. Ice is specified as an average current. In lcc1, lcc3, 
and lcce. address can be changed maximum once while RAS"=V1L In lcc4, address can be 
changed maximum once within one fast page mode cycle time tPC. 
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KM44V16000, KM44V16100 

CAPACITANCE(TA=25°C,Vcc= 3.3V, f=1 MHz) 

Parameter Symbol Min 

ln_p_ut ca_p_acitance lAO - A 121 C1N1 -
Input capacitance [RAS, GAS, W, OE] C1N2 -
Output Capacitance [DQO - DQ3] Coo -

AC CHARACTERISTICS (0°C~TA~70°C, See note 2) 
Test condition : Vcc=3.3V±0.3V, VihNi1=2.0/0.8V, VohNot =2.0/0.8V 

-·5 -6 
Parameter Symbol 

Min Max Min 

Random read or write cycle time tRC 90 110 

Read-modify-write cycle time tRWC 133 155 

Access time from RAS tRAC 50 

Access time from CAS tCAC 13 

Access time from column address tAA 25 

CAS to output in Low-Z tCLZ 0 0 

Output buffer tum-off delay tOFF 0 13 0 
Transition time (rise and fall) tT 3 50 3 
RAS precharge time tRP 30 40 

RAS" pulse width tRAS 50 10K 60 
RAS" hold time tRSH 13 15 
CAS hold time tCSH 50 60 
CAS pulse width tCAS 13 10K 15 
RAS" to CAS delay time tRCD 20 37 20 
RAS" to column address delay time tRAD 15 25 15 
CAS to RAS precharge time tCRP 5 5 
Row address set-up time tASR 0 0 
Row address hold time tRAH 10 10 
Column address set-up time tASC 0 0 
Column address hold time tCAH 10 15 

Column address hold time referenced to RAS tAR 40 50 

Column address to RAS lead time tRAL 25 30 
Read command set-up time tRCS 0 0 
Read command hold time referenced to CAS tRCH 0 0 
Read command hold time referenced to RAS tRRH 0 0 
Write command hold time tWCH 10 15 

Write command hold time referenced to RAS tWCR 40 50 

Write command _E>_ulse width tWP 10 10 
Write command to RAS lead time tRWL 15 15 
Write command to CAS lead time tCWL 13 15 

•llil'&JliiiiP 
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Max 

60 

15 

30 

15 

50 

10K 

10K 

45 

30 

PRELIMINARY 
CMOS DRAM 

Max Unit 

10 _p_F 

10 pF 

15 pF 

-..7 

Min Max 
Units Notes 

130 ns 

185 ns 

70 ns 3,4,10 

20 ns 3,4,5 

35 ns 3,10 

0 ns 3 

0 20 ns 6 

3 50 ns 2 

50 ns 

70 10K ns 

20 ns 

70 ns 

20 10K ns 

20 50 ns 4 

15 35 ns 10 

5 ns 

0 ns 

10 ns 

0 ns 

15 ns 

55 ns 

35 ns 

0 ns 

0 ns 8 

0 ns 

15 ns 

55 ns 

15 ns 

20 ns 

20 ns 
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KM44V16000, KM44V16100 

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

·P:•ra•ter 
-5 

Symbol 
Min Max 

Data set-up time tDS 0 

Data hold time tDH 10 

Data hold time referenced to RAS tDHR 40 

Refresh period(4K) tREF 64 

Refresh period(8K) tREF 128 

Write command set-up time tWCS 0 

CA'S" to W delay time tCWD 36 

RAS to W delay time tRWD 73 

Column address 'to W delay time tAWD 48 

CAS precharge to W delay time tCPWD 53 

CAS set-up time (C"AS-before-RAS refresh) tCSR 10 

CAS hold time (C"AS-before-RAS refresh) tCHR 10 

RAS to CA'S" precharge time tRPC 5 

CAS precharge time(CBR counter test cycle) tCPT 20 

Access time from CAS precharge tCPA 30 

Fast Page mode cycle time tPC 35 

Fast Page mode read-modify-write cycle time tPRWC 76 

CAS precharge time (Fast page cycle) tCP 10 

RAS pulse width (Fast page cycle) tRASP 50 200K 

RAS hold time from CA'S" precharge tRHCP 30 

OE access time tOEA 13 

OE to data del~ tOED 13 

Out put buffer turn off del~ time from OE tOEZ 0 13 

OE command hold time tOEH 13 

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

Write command hold tim~(Test mode in) tWTH 10 

W to RAS' £recharge time(C-B-R refresh) tWRP 10 

W to RAS' hold time(C-B-R refresh) tWRH 10 

41:!:1.fiihi» 
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Min Max Min 

0 0 

15 15 

50 55 

64 

128 

0 0 

40 50 

85 100 

55 65 

60 70 

10 10 

10 15 

5 5 

20 30 

35 

40 45 

85 100 

10 10 

60 200K 70 

35 40 

15 

15 20 

0 15 0 

15 20 

10 10 

10 10 

10 10 

10 10 

PRELIMINARY 
CMOS DRAM 

Max Units · Notes 

ns 9 

ns 9 

ns 

64 ms 

128 ms 

ns 7 

ns 7 

ns 7 

ns 7 

ns 

ns 

ns 

ns 

ns 

40 ns 3 

ns 

ns 

ns 

200K ns 

ns 

20 ns 

ns 

20 ns 13 

ns 

ns 11 

ns 11 

ns 

ns 
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KM44V16000, KM44V16100 

TEST MODE CYCLE 

·S 
Parameter Symbol 

Min Max 
Random read or write cycle time tRC 95 

Read-modify-write cycle time tRWC 138 

Access time from ~ tRAC 55 

Access time from CAS tCAC 18 

Access time from column address tAA 30 

~ pulse width tRAS 55 10K 

CAS pulse width tCAS 18 10K 

~holdtime tRSH 18 

CAS hold time tCSH 55 

Column address to ~ lead time tRAL 30 

CAS to W delay time tCWD 41 

~to W delay time tRWD 78 

Column address to W delay time tAWD 53 

Fast Page mode cycle time tPC 40 

Fast page mode read-modify-write cycle time tPRWC 81 

~pulse width (Fast page cycle) tRASP 55 200K 

Access time form CAS precharge tCPA 35 

OE access time tOEA 18 

OE to data delay tOED 18 

OE command hold time tOEH 18 

tl"f:fi@» 
ELECTRONIC!t 

-6 -7 

Min Max Min 
115 135 

160 190 

65 

20 

35 

65 10K 75 

20 10K 25 

20 25 

65 75 

35 40 

45 55 

90 105 

60 70 

45 50 

90 105 

65 200K 75 

40 

20 
20 25 

20 25 

PRELIMINARY 
CMOS DRAM 

(Note. 12) 

Units Notes 
Max 

ns 

ns 

75 ns 3,4,10 

25 ns 3,4,5 

40 ns 3,10 

10K ns 

10K ns 

ns · 

ns 

ns 

ns 7 
ns 7 
ns 7 
ns 

ns 

200K ns 

45 ns 3 

25 ns 

ns 

ns 
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KM44V16000, KM44V16100 

NOTES 

PRELIMINARY 
CMOS DRAM 

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

2. V1H(min) and V1L(max) are reference levels for measuring timing of input signals. Transition times are 
meas~red between V1H(min) and V1L(max) and are assumed to be 5ns for all inputs. 

3. Measured with a load equivalent to 1 TTL loads and 1 OOpF. 
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 whi.ch 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), 
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 CAS leading edge in early write cycles and to the W leading 

edge in read-modify-write cycles. 
1 o. 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. 

tt:!:i:Hiih* 
ELECTRONICS 
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KM48V8000A, KM48V8100A 
TARGET 

CMOS DRAM 

BM 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), power consumption(Normal, Low power, or Self-refresh power) and package type(SOJ or TSOP-11) 
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 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 

• Part Identification 
- KM48V8000A/A-L(3.3V, 8K Ref.) 
- KM48V81 OOA/A-L(3.3V, 4K Ref.) 

• Active Power Dissipation 
Unit:mW 

Speed SK 4K 

-5 396 540 

-6 2SS 504 

-7 252 46S 

• Refresh cycles 

Part Refresh Refresh 

NO. cycle Normal L 
V8000* SK 

V8100 4K 
64ms 256ms 

* Access mode & R"A"S only refresh mode 
: BK cycle/64ms 

CA""S-before-Rti:S & Hidden refresh mode 
: 4K cycle/64ms 

•Performance range: 

Speed tRAC tCAC tRC tPC 
-5 50ns 13ns 90ns 35ns 

-6 60ns 15ns 110ns 40ns 

-7 70ns 20ns 130ns 45ns 

AO-A12 

• Fast Page Mode operation 
• CAS-before-RAS refresh capability 
• RAS only and Hidden refresh capability 
• Self~refresh capability(L-ver only) 
• Fast parallel test mode capability 
• L VTTL(3.3V) compatible inputs and outputs 
• Early Write or output enable controlled write 
• JEDEC Standard pinout 
•Available in Plastic SOJ and TSOP(ll) packages 
• +3.3V±0.3V power supply 

FUNCTIONAL BLOCK DIAGRAM 

Control 
Clocks 

Refresh Timer 

...------·~ r: ~:: 
VBB Generator ~ 

Row Decoder 

Memory Array 
8,388,608 x 8 

Cells 

(AO-A11)•11 --.._ ____ _, 

AO -A9 Col. Address Buffer Column Decoder 
(AO-A10)•1 

Note) •1 : 4K Refresh 

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

•J:J:'if jli !iiP 
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KM48V8000A, KM48V81 OOA 

PIN CONFIGURATION (Top Views) 

• KM48V80(1 )OOAJ • KM48V80(1 )OOAT 

Vee 1 0 32 Vss Vee 1 0 32 Vss Vss 
DOO 2 31 D07 DOO 2 31 D07 D07 
D01 3 30 D06 D01 3 30 D06 D06 
D02 4 29 D05 D02 4 29 D05 D05 
D03 5 28 D04 D03 5 28 D04 D04 
N.C 6 27 Vss N.C 6 27 Vss Vss 
Vee 7 26 CAS Vee 7 26 CAS CAS w 8 25 OE. w 8 25 OE. • OE 

RAS 9 24 A12(N.C) RAS 9 24 A12(N.C) A12(N.C) 
AO 10 23 A11 AO 10 23 A11 A11 
A1 11 22 A10 A1 11 22 A10 A10 
A2 12 21 A9 A2 12 21 A9 A9 
A3 13 20 AS A3 13 20 AS AS 
A4 14 19 A7 A4 14 0 19 A7 A7 0 A5 15 18 A6 A5 15 18 A6 A6 

Vee 16 17 Vss Voo 16 17 Vss Vss 

* (N.C) : N.C for 4K Refresh product 

Pin.Name ·Pin Function 
AO-A12 Address lnj)_uts_(_8K Produc!}_ 
AO-A11 Address ln_e_uts_i4K Produc!}_ 

D00-7 Data In/Out 
Vss Ground 
RAS Row Address Strobe 
CAS ' Column Address Strobe 
w Read/Write Input 
OE Data Outputs Enable 
Vee Power( +3.3V) 

N.C No Connection 

t1:f:l:H11h• 
ELECTRONICS 

TARGET 
CMOS DRAM 

• KM48V80(1 )OOAR 

2 1 Vee 
1 2 DOO 
0 0 3 D01 
9 4 D02 
8 5 D03 
7 6 N.C 
6 7 Vee 
5 8 w 
4 9· RA'S 
3 10 AO 
2 11 A1 
1 12 A2 
0 13 A3 

19 0 14 A4 
18 15 A5 
17 16 Vee 
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KM48V8000A, KM48V81 OOA 
TARGET 

CMOS DRAM 

ABSOLUTE MAXIMUM RATINGS 

Rating· Unit• 
Voltage on any pin relative to Vss V1N,Vour -0.5 to +4.6 v 
Voltage on Vee supply relative to Vss Vee -0.5 to +4.6 v 
Storage Temperature Tstg -55 to +150 oc 
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= o to 70 °C) 

·::.: .. . · ,-::- ·rt: $ymbo1 ~ · ' Mlt.. Typ ·Para.meter: . 

Supply Voltage Vee 3.0 3.3 

Ground Vss 0 0 

Input High Voltage V1H 2.0 

Input Low Voltage V1L -o.3*2 

*1 : Vcc+1.3V at pulse width :5 15ns (pulse width is measured at Vee) 
*2 : -1.3V at pulse width :5 15ns (pulse is measured at Vss) 

:I· ·Max Unit 

3.6 v 
0 v 

Vcc+0.3* 1 v 
0.8 v 

DC AND OPERATING CHARACTERISTICS (Recommended operating conditions unless otherwise noted.) 
. :·· .· :~~rainelitr :·.:.::;: ' ~,, ' 

'• 

~ 

r .. 

'• :; .,, 

.,,,, ,,,,, ~yanbOI. Min Max Lmfts 
.:.:::. -"- ... , 

Input Leakage Current (Any input O:SV1N:SVcc+0.3V, ll(L) -5 5 µA 
all other pins not under test=O volt.) 

Output Leakage Current IO(L) -5 5 µA 
(Data out is disabled, OV:SVour:SVcc) 

Output High Voltage Level(loH=-2mA) VoH 2.4 - v 
Output Low Voltage Level(loL=2mA) VOL - 0.4 v 

•1.t.i:Hihi• ELECTRONICS 
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KM48V8000A, KM48V81 OOA 
TARGET 

CMOS DRAM 

DC AND OPERATING CHARACTERISTICS (Continued.) 

lcc1 

lcc2. 

ICC3 

ICC4 

Ices 

Ices 

lce1 

Ices 

Don't care 

Normal 
L 

Don't care 

Don't care 

Normal 
L 

Don't care 

L 

L 

-5 
-6 
-7 

Don't care 

-5 
-6 
-7 

-5 
-6 
-7 

Don't care 

-5 
-6 
-7 

Don't care 

Don't care 

110 
100 
90 

110 
100 
90 

80 
70 
60 

500 
500 

150 
140 
130 

450 

450 

lcc1 * : Operating Current (PAS and CAS cycling @tRC=min.) 

lcc2 : Standby Current {liAS=CAS=W=VtH) 

lcc3* : RAS-only Refresh Current {CAS=VtH, l1:AS cycling @tRC=min.) 

lcc4*: Fast Page Mode Current (l1AS=V1L, CAS, Address cycling @tPC=min.) 

Ices : Standby Current {RAS=CAS=W =Vcc-0.2V) 

Ices* : CAS-Bef~re-R:AS Refresh Current (R'AS and CAS cycling @tRC=min.) 

150 
140 
130 

150 
140 
130 

95 
85 
75 

500 
500 

150 
140 
130 

450 

450 

lcc1 : Battery back-up current, Average power supply current, Battery back-up mode 

mA 
mA 
mA 

mA 
mA 

mA 
mA 
mA 

mA 
mA 
mA 

µA 
µA 

mA 
mA 
mA · 

µA 

µA 

Input high voltage(V1H)=Vcc-0;2V, Input low voltage(V1L)=0.2V, CAS=CAS-before-R:AS cycling or 0.2V 

W, OE= VIH, Address= Don't care, DQ=Open, TRc= 62.5µs 

TRAS= TRAsmin-300 ns 

Ices : Self Refresh Current 

RAS=CAS=0.2V, W=OE=AO - A12(A11) = Vcc-0.2V or 0.2V, DQO - 007= Vcc-0.2V, 0.2V or Open 

*NOTE: lcc1, lcc3, lcc4 and Ices are dependent on output loading and cycle rates. Specified values 
are obtained with the output open. Ice is specified as an average current. In lcc1, lcc3, 
and Ices, address can be changed maximum once while l1AS=V1L. In lcc4, address can be 
changed maximum once within one fast page mode cycle time tPC. 

•1:1:1. fiijiliP 
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KM48V8000A, KM48V81 OOA 

CAPACITANCE(TA=25°C,Vcc= 3.3V, f=1 MHz) 

Parameter Symbol Min 

ln_Q_ut ca_Q_acitance lAO - A 121 CiN1 -
Input capacitance [RAS, CAS, W, OE] CiN2 -
Output Capacitance [DQO - 007] Coo -

AC CHARACTERISTICS (0°C~TA~70°C, See note 2) 
Test condition : Vcc=3.3V±0.3V, VihNi1=2.0/0.8V, VohN01 =2.0/0.BV 

- 5· -6 
Parameter Symbol 

Min Max Min 

Random read or write cycle time tRC 90 110 

Read-modify-write cycle time tRWC 133 155 

Access time from l1:AS tRAC 50 

Access time from CA:S tCAC 13 

Access time from column address tAA 25 

CAS to output in Low-Z tCLZ 0 0 

Output buffer turn-off delay tOFF 0 13 0 

Transition time (rise and fall) tT 3 50 3 

RAS precharge time tRP 30 40 

RAS pulse width tRAS 50 10K 60 

R"AS hold time tRSH 13 15 

CAS hold time tCSH 50 60 

CAS pulse width tCAS 13 10K 15 

RAS to CA'S delay time tRCD . 20 37 20 

RAS to column address delay time tRAD 15 25 15 

CAS to RAS precharge time tCRP 5 5 

Row address set-up time tASR 0 0 

Row address hold time tRAH 10 10 

Column address set-u_Q_ time tASC 0 0 

Column address hold time tCAH 10 10 

Column address to RAS lead time tRAL 25 30 

Read command set-~ time tRCS 0 0 

Read command hold time referenced to CAS tRCH 0 0 

Read command hold time referenced to RAS" tRRH 0 0 

Write command hold time tWCH 10 10 

Write command _Q_ulse width tWP 10 10 

Write command to RAS lead time tRWL 15 15 

Write command to CA:S lead time tCWL 13 15 

•t:!:i:fllhl" Fl Fr.TRONlr.!i: 

Max 

60 

15 

30 

15 

50 

10K 

10K 

45 

30 

TARGET 
CMOS DRAM 

Max Unit 

5 J>F 

7 pF 

7 pF 

-7 

Min Max 
Units Notes 

130 ns 

185 ns 

70 ns 3,4,10 

20 ns 3,4,5 

35 ns 3,10 

0 ns 3 

0 20 ns 6,13 

3 50 ns 2 

50 ns 

70 10K ns 

20 ns 

70 ns 

20 10K ns 

20 50 ns 4 

15 35 ns 10 

5 ns 

0 ns 

10 ns 

0 ns 

15 ns 

35 ns 

0 ns 

0 ns 8 

0 ns 

15 ns 

15 ns 

20 ns 

20 ns 
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KM48V8000A, KM48V81 OOA 

AC CHARACTERISTICS (Continued) 

Data set-up time tDS 0 

Data hold time tDH 10 

Refresh period(4K, Normal) tREF 

Refresh period(8K, Normal) tREF 

Refresh period(L -ver) tREF 

Write command set-up time tWCS 0 

CAS" to W delay time tCWD 36 

RAS to W delay time tRWD 73 

Column address to W delay time tAWD 48 

~ precharge to W delay time tCPWD 53 

~set-up time (~-before-RAS refresh) tCSR 10 

~ hold time (~-before-RAS refresh) tCHR 10 

RAS to CA'S precharge time tRPC 5 

~ precharge time(CBR counter test cycle) tCPT 20 

Access time from ~ precharge tCPA 

Fast Page mode cycle time tPC 35 

Fast Page mode read-modify-write cycle tim tPRWC 76 

CA'S precharge time (Fast page cycle) tCP 10 

RAS pulse width (Fast page cycle) tRASP 50 

RAS hold time from CAS" precharge tRHCP 30 

OE access time tOEA 

OE to data delay tOED 13 

Output buffer tum off delay time from OE tOEZ 0 

OE command hold time tOEH 13 

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

Write command hold time(Test mode in)• tWTH 15 

W to RAS precharge time(C-B-R refresh) tWRP 10 

W to RAS hold time(C-B-R refresh) tWRH 10 

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

RAS precharge time (C-B-R self refresh) tRPS 90 

CAS" hold time (C-B-R self refresh) tCHS -50 

c!:!Mlihi5 
ELECTRONICS 

0 

10 

64 64 

64 64 

256 256 

0 

40 

85 

55 

60 

10 

10 

5 

20 

30 35 

40 

85 

10 

200K 60 200K 

35 

13 15 

15 

13 0 15 

15 

10 

15 

10 

10 

100 

110 

-50 

0 

15 

0 

50 

100 

65 

70 

10 

15 

5 

30 

45 

100 

10 

70 

40 

20 

0 

20 

10 

15 

10 

10 

100 

130 

-50 

TARGET 
CMOS DRAM 

ns 9 

ns 9 

64 ms 

64 ms 

256 ms 

ns 7 

ns 7 

ns 7 

ns 7 

ns 

ns 

ns 

ns 

ns 

40 ns 3 

ns 

ns 

ns 

200K ns 

ns 

20 ns 

ns 

20 ns 13 

ns 

ns 11 

ns 11 

ns 

ns 

us 14 

ns 14 

ns 14 
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KM48V8000A, KM48V8100A 

TEST MODE CYCLE 

.5 
Parameter Symbol 

Min Max 
Random read or write cycle time tRC 95 

Read-modify-write cycle time tRWC 138 

Access time from RAS tRAC 55 

Access time from CAS tCAC 18 

Access time from column address tAA 30 

fiAS pulse width tRAS 55 10K 

CAS pulse width tCAS 18 10K 

RA'S hold time tRSH 18 

CA'S hold time tCSH 55 

Column address to 11AS lead time tRAL 30 

CA'S to W delay time tCWD 41 

RAS to W delay time tRWD 78 

Column address to W delay time tAWD 53 

Fast Page mode cycle time tPC 40 

Fast page mode read-modify-write cycle time tPRWC 81 

RAS pulse width (Fast page cycle) tRASP 55 200K 

Access time form CAS precharge tCPA 35 

OE access time tOEA 18 

OE to data delay tOED 18 

OE command hold time tOEH 18 

t1"i': filiiiiP 
ELECTRONICS 

-6 .,7 

Min Max .Min 

115 135 

160 190 

65 

20 

35 

65 10K 75 

20 10K 25 

20 25 

65 75 

35 40 

45 55 

90 105 

60 70 

45 50 

90 105 

65 200K 75 

40 

20 

20 25 

20 25 

TARGET 
CMOS DRAM 

(Note. 11) 

Notes Units 
Max 

ns 

ns 

75 ns 3,4, 10,12 
25 ns 3,4,5,12 
40 ns 3,10,12 

10K ns 

10K ns 

ns 

ns. 

ns 

ns 7 
ns 7 
ns 7 
ns 

ns 

200K ns 

45 ns 3 
25 ns 

ns 

ns 
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KM48V8000A, KM48V81 OOA 

NOTES 

TARGET 
CMOS ORAM 

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

2. V1H(min) and V1L(max) are reference levels for measuring timing of input signals. Transition times are 
measured between V1H(min) and V1L(max) and are assumed to be 5ns for all inputs. 

3. Measured with a load equivalent to 1 OOpF 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 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 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 CAS leading edge in early write cycles and to the W leading 

edge in read-modify-write cycles. 
1 O. 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. 

•tMtJliii" ELECTRONICS 
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KM44V16000A, KM44V161 OOA 
TARGET 

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-11) 
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 

• Part Identification 
- KM44V16000A/A-L(3.3V, 8K Ref.) 
- KM44V161 OOA/A-L(3.3V, 4K Ref.) 

• Active Power Dissipation 
Unit:mW 

Speed SK 4K 
-5 396 540 
-6 288 504 
-7 252 468 

• Refresh cycles 

r Part Refresh Refresh period 

NO. cycle Normal L 
r V16000* 8K 

64ms 256ms 
f V16100 4K 

* Access mode & J1A"S only refresh mode 
: 8K cycle/64ms 

CAS"-before-fiA"S & Hidden refresh mode 
: 4K cycle/64ms 

• Performance range: 

Speed tRAC , tCAC tRC tPC 
-5 50ns 13ns 90ns 35ns 

-6 60ns 15ns 110ns 40ns 

-7 70ns 20ns 130ns 45ns 

] 
J 
J 
J 

• Fast Page Mode operation 
• CAS-before-RAS refresh capability 
•RAS only and Hidden refresh capability 
• Self-refresh capability(L-ver only) 
• Fast parallel test mode capability 
• L VTTL(3.3V) compatible inputs and outputs 
• Early Write or output enable controlled write 
• JEDEC Standard pinout 
•Available in Plastic SOJ and TSOP(ll) packages 
• +3.3V±0.3V power supply 

FUNCTIONAL BLOCK DIAGRAM 

Control 
Clocks 

Refresh Timer· 

..------- .r:: ~: 
VBB Generator i::J 

Row Decoder 

Memory Array 
16,777,216 x 4 

Cells 

AO-A12 
(AO-A11)•,1 ~.;.;..;.;..;..;,;;;.;.;.=;;..=;.;..i 

AO-A10 
(AO-A11)'-:-1 -P!.,;;.;;;;..;.=.;~=.;..i 

Column Decoder 

Note) *1 : 4K Refresh 

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

41:!:': f1I hf$ 
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KM44V16000A, KM44V16100A 

PIN CONFIGURATION (Top Views) 

• KM44V160(1 )OOAJ • KM44V160(1)00AT 

Vee 32 Vss Vee 1 0 32 Vss 
DOO 31 D03 DOO 2 31 DQ3 
D01 30 D02 D01 3 30 D02 
N.C 29 N.C N.C 4 29 N.C 
N.C 28 N.C N.C 5 28 N.C 
N.C 27 N.C N.C 6 27 N.C 
N.C 26 cAS N.C 7 26 CAS 
w 2S OE. w 8 2S OE * 

TARGET 
CMOS DRAM 

• KM44V160(1 )OOAR 

Vss 2 1 Vee 
D03 1 2 DOO 
D02 0 0 3 001 
N.C 9 4 N.C 
N.C 8 5 N.C 
N.C 7 6 N.C 

CAS 6 7 N.C 
*OE 5 8 w 

RAS 24 A12(N.C) RAS 9 24 A 12(N.C) A 12(N.C) 4 9 RAS 
AO 23 A11 AO 10 23 A1 A11 3 10 AO 
A1 22 A10 A1 11 22 A10 A10 2 11 A1 
A2 21 A9 ·A2 12 21 A9 A9 1 12 A2 
A3 20 A8 A3 13 20 A8 A8 0 13 A3 
A4 

0 
19 A7 A4 14 0 19 A7 A7 19 0 14 A4 

AS 18 A6 AS 1S 18 A6 A6 18 15 AS 
vee 17 vss vee 16 17 vss Vss 17 16 Vee 

* ( N.C): N.C for 4K Refresh product 

Pin Narne Pin FunctfQn ' .. .' 

AO-A12 Address ln_g__uts_{_8K Product) 

AO -A11 Address ln_Q_uts_{_4K Product) 

D00-3 Data In/Out 

Vss Ground 

RAS Row Address Strobe 

GAS Column Address Strobe 

w Read/Write Input 
·aE Data Outputs Enable 

Vee Power( +3.3V) 

N.C No Connection 

t111WilUI• 
ELECTRONICS 
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KM44V16000A, KM44V16100A 
TARGET 

CMOS DRAM 

ABSOLUTE MAXIMUM RATINGS 
·.· . · .. ·:c:.:. .. ;:c ~c ~ 

Parameter Symbol .Rating Units 

Voltage on any pin relative to Vss V1N,Vour -0.5 to +4.6 v 
Voltage on Vee supply relative to Vss Vee -0.5 to +4.6 v 
Storage Temperature Tstg -55 to +150 oc 
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= o to 70 °C) 

Parameter Sym,bc>I Min Typ 

Supply Voltage Vee 3.0 3.3 
Ground Vss 0 0 
Input High Voltage V1H 2.0 -
Input Low Voltage V1L -0.3*2 -

*1 : Vcc+1.3V at pulse width~ 15ns (pulse width is measured at Vee) 
*2: -1.3V at pulse width~ 15ns (pulse is measured at Vss) 

Max Unit 

3.6 v 
0 v 

Vcc+o.3·1 v 
0.8 v 

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

Parameter Sfll'bGI .· Min Max Units 

Input Leakage Current (Any input O~V1N~Vcc+0.3V, h(L) 
all other pins not under test=O volt.) 

-5 5 µA 

Output Leakage Current IO(L) -5 5 µA (Data out is disabled, OV~Vour~Vcc) 

Output High Voltage Level(loH=-2mA) VoH 2.4 - v 
Output Low Voltage Level(loL=2mA) VoL - 0.4 v 

. d't'if1@$ 
ELECTRONICS 
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KM44V16000A, KM44V16100A 
TARGET 

CMOS DRAM 

DC AND OPERATING CHARACTERISTICS (Continued.) 

lcc1 

lcc2 

ICC3 

ICC4 

Ices 

lcce 

ICC7 

Ices 

Don't care 

Normal 
t. 

Don't care 

Don't care 

Normal 
L 

Don't care 

L 

L 

-5 
-6 
-7 

Don't care 

-5 
-6 
-7 

-5 
-6 
-7 

Don't care 

-5 
-6 
-7 

Don't care 

Don't care 

110 
100 
90 

110 
100 
90 

80 
70 
60 

500 
500 

150 
140 
130 

450 

450 

lcc1*: Operating Current (RAS' and GAS cycling @tl1C=min.) 

lcc2 : Standby Current (R'AS=CAS=W=V1H ) 

lcc3* : RAS-only Refresh Current (GAS=V1H, RAS" cycling @tRC=min.) 

lcc4*: Fast Page Motj,e Current (RAS=V1L, GAS"; Address cycling @tPC=min.) 

Ices : Standby Current (RAS=GAS=W=Vcc-0.2V) 

lcce* : GAS-Before-RAS Refresh Current (RAS and GAS cycling @tRC=min.) 

150 
140 
130 

150 
140 
130 

95 
85 
75 

500 
500 

150 
140 
130 

450 

450 

lcc1 : Battery back-up current, Average power supply current, Battery back-up mode 

mA 
mA 
mA 

mA 
mA 

mA 
mA 
mA 

mA 
mA 
mA 

µA 
µA 

mA 
mA 
mA 

. µA 

µA 

Input high voltage(V1H)=Vcc-0.2V, Input low voltage(V1L)=0.2V, CAS=GAS-before-RAS cycling or 0.2V 

W, OE= VIH, Address= Don't care, DQ =Open, TRc= 62.Sµs 

TRAS= TRAsmin-300 ns 

Ices : Self Refresh Current 

RAS=CAS"=0.2V, W=O"E=AO - A12(A11) = Vcc-0.2V or 0.2V, DQO - 003= Vcc-0.2V, 0.2V or Open 

• NOTE : lcc1, lcc3, lcc4 and Ices are dependent on output loading and cycle rates. Specified values 
are obtained with the output open. Ice is specified as an average current. In lcc1, lcc3, 
and lcce. address can be changed maximum once while RAS°=V1L. In lcc4, address can be 
changed maximum once within one fast page mode cycle time tPC. 

•1'1M11iiit> 
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KM44V16000A; KM44V16100A 

CAPACITANCE(TA=25°C,Vcc= 3.3V, f=1 MHz) 

Parameter Symbol Min 

I n_Q_ut ca_g_acitance lAO - A 121 C1N1 -
Input capacitance [RAS, CAS, W, OE] C1N2 -
Output Capacitance [DQO - 003] Coo -

AC CHARACTERISTICS (0°C::;TA90°C, See note 2) 
Test condition : Vcc=3.3V±0.3V, VihNil=2.0/0.8V, VohN01 =2.0/0.BV 

-5 -6 
Parameter Symbol 

Min Max Min 

Random read or write cycle time tRC 90 110 

Read-modify-write cycle time tRWC 133 155 

Access time from RAS" tRAC 50 

Access time from CAS tCAC 13 

Access time from column address tAA 25 

CAS to output in Low-Z tCLZ 0 0 

Output buffer turn-off delay tOFF 0 13 0 

Transition time (rise and fall} tT 3 50 3 

RAS precharge time tRP 30 40 

RAS pulse width tRAS 50 10K 60 

RAS hold time tRSH 13 15 

CAS hold time tCSH 50 60 

CA'S pulse width tCAS 13 10K 15 

RAS to CAS delay time tRCD 20 37 20 

RA'S to column address delay time tRAD 15 25 15 

CA'S to RA'S precharge time tCRP 5 5 

Row address set-up time tASR 0 0 

Row address hold time tRAH 10 10 

Column address set-up time tASC 0 0 

Column address hold time tCAH 10 10 

Column address to R"A'S lead time tRAL 25 30 

Read command set-up time tRCS 0 0 

Read command hold time referenced to CA'S tRCH 0 0 

Read command hold time referenced to R"AS tRRH 0 0 

Write command hold time tWCH 10 10 

Write command pulse width tWP 10 10 

Write command to RAS lead time tRWL 15 15 

Write command to CAS lead time tCWL 13 15 

•tM"iUI• ELECTRONICS 

' ~ ' 

Max 

60 

15 

30 

15 

50 

10K 

10K 

45 

30 

TARGET 
CMOS DRAM 

Max Unit 

5 _2._F 

7 pF 

7 pF 

-7 

Min Max 
Units Notes 

130 ns 

185 ns 

70 ns 3,4,10 

20 ns 3,4,5 

35 ns 3,10 

0 ns 3 

0 20 ns 6,13 

3 50 ns 2 

50 ns 

70 10K ns 

20 ns 

70 ns 

20 10K ns 

20 50 ns 4 

15 35 ns 10 

5 ns 

0 ns 

10 ns 

0 ns 

15 ns 

35 ns 

0 ns 

0 ns 8 

0 ns 

15 ns 

15 ns 

20 ns 

20 ns 
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KM44V16000A, KM44V16100A 

AC CHARACTERISTICS .(Continued) . 

Data set-up time tDS 0 

Data hold time tDH 10 

Refresh period(4K, Normal) tREF 

Refresh period(8K, Normal) tREF 

Refresh period(L-ver) tREF 

Write command set-up time tWCS 0 

CAS to W delay time tCWD 36 

RAS to W delay time tRWD 73 

Column address to W delay time tAWD 48 

CAS precharge to W delay time tCPWD 53 

CAS set-up time (C'AS-before-RAS refresh) tCSR 10 

CAS hold time (C'AS-before-RAS refresh) tCHR 10 

RAS to CAS precharge time tRPC 5 

CAS precharge time(CBR counter test cycle) tCPT 20 

Access time from CA'S precharge tCPA 

Fast Page mode cycle time tPC 35 

Fast Page mode read-modify-write cycle tim tPRWC 76 

CAS precharge time (Fast page cycle) tCP 10 

RAS pulse width (Fast page cycle) tRASP 50 

RAS hold time from CAS precharge tRHCP 30 

OE access time tOEA 

OE to data delay tOED 13 

Out put buffer turn off delay time from OE tOEZ 0 

OE command hold time tOEH 13 

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

Write command hold time(Test mode in) tWTH 15 

W to RAS precharge time(C-B-R refresh) tWRP 10 

W to RAS hold time(C-B-R refresh) tWRH 10 

RAS pulse width(C-8-R self refresh) tRASS 100 

RAS precharge time (C-8-R self refresh) tRPS .90 

CAS hold time (C-B-R self refresh) tCHS -50 

•1"i'if1ihi» 
ELECTRONICS 

0 0 

10 15 

64 64 

64 64 

256 256 

0 0 

40 50 

85 100 

55 65 

60 70 

10 10 

10 15 

5 5 

20 30 

30 35 

40 45 

85 100 

10 10 

200K 60 200K 70 

35 40 

13 15 

15 20 

13 0 15 0 

15 20 

10 10 

15 15 

10 10 

10 10 

100 100 

110 130 

-50 -50 

TARGET 
CMOS DRAM 

ns 9 

ns 9 

64 ms 

64 ms 

256 ms 

ns 7 

ns 7 

ns 7 

ns 7 

ns 

ns 

ns 

ns 

ns 

40 ns 3 

ns 

ns 

ns 

200K ns 

ns 

20 ns 

ns 

20 ns 13 

ns 

ns 11 

ns 11 

ns 

ns 

us 14 

ns 14 

ns 14 
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TARGET 
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 3,4, 10,12 
Access time from CAS tCAC 18 20 25 ns 3,4,5,12 
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 ·as 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 

tPRWC 81 90 105 ns 

tRASP 55 200K 65 200K 75 200K ns 

Access time form CAS tCPA 35 40 45 ns 3 
l5E access time tOEA 18 20 25 ns 

l5E to data dela tOED 18 20 25 ns 

OE command hold time tOEH 18 20 25 ns 

•1:!:1.filhl• 
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KM44V16000A, KM44V161 OOA 

NOTES 

TARGET 
CMOS DRAM 

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

2. V1H(min) and V1L(max) are reference levels for measuring timing of input signals. Transition times are 
measured between V1H(min) and V1L(max) and are assumed to be Sns 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 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:2'. tRCD(max). 
6. This parameter defines the time at which t~e 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:2'.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:2'. tCWD(min), 
tRWD:2'.tRWD(min) and tAWD:2'. 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. 

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

. a re ference point only. Jf 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 Sns 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. 

tl:!:': filiii" 
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Fast Page Mode, x1 Device 





Fast Page Mode, x1 Device Timing Diagram CMOS DRAM 

TIMING DIAGRAM 

READ CYCLE 

VrH -
CAS 

VrL -

A 
VrH -
VrL -

VrH -

W VrL -

VrH -
Q 

VrL -

•1"t'i ti:W ;p 
ELECTRONICS 

---------tRc-----------

---- tRAC -----+--+I 
1~-~~~~~~--1 

DATA-OUT 

~ Don't Care 
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Fast Page Mode, x1 Device Timing Diagram CMOS DRAM 

WRITE CYCLE ( EARL V WRITE ) 

---------tRc-----------.i 

V1H -

~·v 
IL 

V1H -

A V1L -

V1H -w 
V1L -

D Vitt -
V1L -

111foHll!I" · ELECTRONICS 

~ Don't Care 
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Fast Page Mode, x1 Device Timing Diagram 

READ-WRITE I READ - MODIFY - WRITE CYCLE 

A VrH -

VrL -

VrH -
W. VrL -

VtH -

D VtL -

Q VtH -

V1L -

•tm'ifi:WiP 
ELECTRONICS 

CMOS DRAM 

tOFF 

DATA-OUT 

~ Don't Care 
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Fast Page Mode, x1 Device Timing Diagram 

FAST PAGE MODE READ CYCLE 

.VIH -

RAS V1L -

V1H -

CA~ V1L -

V1H -

A . V1L -

V1H -w 
V1L -

Q 
V1L -

V1H -

ttMfjiih» 
ELECTRON I~~ 

CMOS DRAM 

~Don't Care 
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Fast Page Mode, x1 Device Timing Diagram 

FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 

RAS 

CAS 

A 

w 

D 

V1H -
V1L -

V1H -
V1L -

V1H -
V1L -

V1H -
V1L -

V1H -

V1L -

•tmm1m• ELECTRONICS 

CMOS DRAM 

• 
~ Don't Care 
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Fast Page Mode, x1 Devic~ Timing Diagram 

FAST PAGE MODE READ-MODIFY-WRITE CYCLE 

VtH -
RAS 

VtL -

V1H -
CAS 

V1L -

V1H -
A 

V1L -

V1H -w 
V1L -

D 

Q 
V1H -

dfaH@iP 
ELECTRONICS 

tcsH 

tPRWC 

tcAs 

VALID 
DATA-OUT 

CMOS DRAM 

tRSH 

tCAS 

tRAL 

~ Don't Care 
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Fast Page Mode, x1 Device Timing Diag'ram 

RA"S"-ONLY REFRESH CYCLE 

NOTE : w' D1N = Don't care 
DouT =Open 

V1H ~ 
RAS V 

IL • 

CAS"-BEFORE-RAS REFRESH CYCLE 

NOTE : A = Don't Care 

V1H -w 
V1L -

Q 
V1H -
V1L -

tt:!:l:filiii" l=I m:ManNll'C: 

CMOS DRAM 

~ Don't Care 
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Fast Page Mode, x1 Device Timing Diagram . 

HIDDEN REFRESH CYCLE ( READ ) 

R"AS VVIH -

IL 

CAS VVIH -

IL 

V1H -

A V1L -

V1H -

w V1L -

Q V1H -

V1L -
--~------- OPEN 

41m'&iliii" 
ELECTRONICS 

CMOS DRAM 

DATA-OUT 

~ Don't Care 
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Fast Page Mode, x1 Device Timing Diagram 

HIDDEN REFRESH CYCLE ( WRITE ) 

NOTE : Dour = OPEN 

V1H -

A V1L -

D V1H 

V1L 

dJ:': fjii ! I! ____ __ 

CMOS DRAM 

• 

~ Don't Care 
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Fast Page. Mode, x1 Device Timing Diagram CMOS DRAM 

C"AS-BEFORE-RA"S REFRESH COUNTER TEST CYCLE 

V1H -

RAS V1L -

V1H -

CAS V1L -

V1H -

A V1L -

V1H -w 
V1L -

V1H -
Q 

V1L -

WRITE CYCLE 

V1H -

w V1L -

D V1H -

V1L -

READ-MODIFY-WRITE 

V1H -

w V1L -

V1H -

Q V1L -

V1H -

D V1L -

ttMHiiii• 
ELECTRONICS 

tRAS ----------+! 

1r-----..1 -----tRSH ----;::::!~~-

1----tcAs---

VALID DATA- OUT 

----!-+---- tRWL -----+-•I 
--'t-1--- tcwL 

tAWD 

DATA-IN 
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Fast Page Mode, x1 Device Timing Diagram 

TEST MODE IN CYCLE 

NOTE: D, A= Don't Care 

V1H -w 
V1L -

V1H ~ Q -
V1L -

CA'S-BEFORE-RAS" SELF REFRESH CYCLE 

NOTE : A ddress = Don't Care 

V1H -
c~ v 

IL 

V1H -w 
V1L -

Q VoH -
VoL -

•tm'1Hliii" ELECTRONICS 

CMOS DRAM 

• 
~ Don't Care 

Don't Care 
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Fast Page Mode, x4 and xB Device 





Fast Page Mode, x4 and x8 Device Timing Diagram 

TIMING DIAGRAM 

READ CYCLE 

RAS VrH -
VrL 

A VrH -
ViL -

DQO- DQ3(7) 
VoH -

+--- fAR·-+----+-----

----- tAA 

VoL _------OPEN 

•l:!:i:filhi» 
ELECTRONICS. 

CMOS DRAM 

• 

~ Don't Care 
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Fast Page Mode, x4 and x8 Device. Timing Diagram 

WRITE CYCLE ( EARLY WRITE ) 
NOTE : DouT = OPEN 

V1H -

A V1L -

OE V1H -

V1L -

DQO - DQ3(7) 
V1H -

V1L -

'"" n Hliii, ELECTRONICS 

14------tRAS -------

CMOS DRAM 

~ Don't Care 
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Fast Page Mode, x4 and x8 Device Timing Diagram 

WRITE CYCLE (OE CONTROLLED WRITE ) 
NOTE : DouT = OPEN 

V1H -

A V1L -

DQO- DQ3(7) 
V1H -

V1L -

ttMfrlli> 
ELECTRONICS 

CMOS DRAM 

I 

~Don't Care 
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Fast Page Mode, x4 and x8 Device Timing Diagram 

READ - MODIFY - WRITE CYCLE 

V1H -
OE V 

IL 

DQO- 003(7) 

V110H - ------------0~1 
V110L -

d!fitJihl" 
ELECTRONICS 

CMOS DRAM 

~ Don't Care 
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Fast Page Mode, x4 and x8 Device Timing Diagram 

FAST PAGE READ CYCLE 

NOTE : DouT = Open 

V1H -
RAS 

V1L -

V1H -
CAS 

V1L -

V1H -
A 

V1L -

V1H -w 
V1L -

V1H CJE -
V1L -

DQO - DQ3(7) 
V1H -

V1L -

4111Miiiii• 
ELECTRONICS 

tRASP 

tRHCP 

CMOS DRAM 

RP 

• 

~ Don't Care 
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Fast Page Mode, x4 and x8 Device Timing Diagram 

FAST PAGE WRITE CYCLE (EARLY WRITE) 
NOTE : DouT = Open 

CAS VVIH -
IL 

V1H -
A V1L -

OE V1H -
V1L -

t1:fafiljiliP 
ELECTRONICS 

CMOS DRAM 

~ Don't Care 
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Fast Page MQde, x4 and x8 Device Timing Diagram 

FAST PAGE READ-MODIFY-WRITE CYCLE 

VrH -
RAS 

V1L -

V1H -
CAS 

VrL -

VrH 
A 

VrL 

w VrH -

VrL -

V1H -

OF V1L -

DQO- DQ3(7) 

tRWD 

V110H -------+-~~ 
V1tOL -

4liUWillh" ELECTRONICS 

CMOS DRAM 

• 

~ Don't Care 
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Fast Page Mode, x4 and x8 Device Timing Diagram 

RAS-ONLY REFRESH CYCLE 

NOTE : W, OE , D1N = Don't care 
DouT= Open 

V1H -
RAS 

V1L 

V1H -
CAS V IL 

V1H -
A V1L -. 

CA'S-BEFORE-RAS REFRESH CYCLE 

NOTE : W, OE, A= Don't Care 

- V1H -
RAS V1L -

V1H -
CAS V IL 

DQO - 003(7) ----i 
VoH -

VoL - ----

tl'Mfiiiii* 
ELECTRONICS 

CMOS· DRAM 

~ Don't Care 
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Fast Page Mode, x4 and · x8 Device Timing Diagram CMOS DRAM 

HIDDEN REFRESH CYCLE ( READ } 

V1H 

RAS V1L 

-

V1H -
CAS 

V1L -

V1H -
A 

V1L - • V1H -
w 

V1L -

V1H -
OE 

V1L -

DQO- DQ3(7) tRAC 

VoH - OPEN 
VoL -

~ Don't Care 

•!Mfilhi» 
ELECTRONICS 
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Fast Page Mode, x4 and. x8 Device Timing Diagram 

HIDDEN REFRESH CYCLE ( WRITE) 

NOTE : DouT = OPEN 

V1H - '77}.::l7h~Tll.,....----;f"' 

GAS V1L .-

V1H -

A V1L -

V1H -

OE V1L - ~~~~~ 

DQO - DQ3(7) 
V1H -

V1L -

1111nmw• · 
ELECTRONICS 

CMOS.DRAM, 

~ Don't Care 
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Fast Page Mode, x4 and x8 Device Timing Diagram CMOS DRAM 
~-BEFORE-RAS REFRESH COUNTER TEST CYCLE 

V1H -

A V1L -

READ CYCLE 

V1H -w 
V1L -
V1H -

OE 
V1L -

DQO- 003(7) 
VoH -

VoL -

WRITE CYCLE 

V1H -

w V1L -

DQO- DQ3(7) 
V1H -

V1L -

READ-MODIFY-WRITE 

V1H -

w V1L -

V1H -

OE VtL -

DQO- DQ3(7) 

Vt/OH - ----------------«~! 
V110L -

tt:J:':fJlhl• 
ELECTRONICS 

VALID VALID ~ Don't Care 
DATA-OUT DATA-IN 
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Fast Page Mode, x4 and x8 Device Timing Diagram 

TEST MODE IN CYCLE 

NOTE : UE, A = Don't Care 

' V1H -

CAS" V1L -

V1H -

w V1L -

DQ0-003(7) 
VoH - ----..i 

I>----------~ 
VoL -

~-BEFORE-RAS SELF REFRESH CYCLE 

NOTE: W, UE, A= Don't Care 

DQO-DQ3(7)° 
VoH - -------
VoL - i >---------------- OPEN 

11M film• 
ELECTRONICS 

CMOS DRAM 

~Don't Care 

tCHS 

~Don't Care 
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Fast Page Mode, x16 (2CAS) Device Timing Diagram 

TIMING DIAGRAM 
WORD READ CYCLE . 

NOTE : 01N = OPEN 

A 

V1H -w 
V1L -

V1H -
OE 

V1L -

000- 007 
VoH -

VoL -

008- 0015 
VoH -

VoL -

d'i'ifiliil» 
ELECTRONICS 

CMOS DRAM 

• 

~ Don't Care 
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Fast Page Mode, x16 (2'CAS) Deyice Timing Diagram 

TIMING DIAGRAM 
LOWER BYTE READ CYCLE 

NOTE : DrN = OPEN 

A 

VrH -w 
V1L -

V1H -
OE 

V1L -

DQO-DQ7 
VoH -

VoL -

CMOS DRAM 

DQ8- DQ15 
VoH -

--------------------------~OPEN-----------------------
VoL -

~ Don't Care 

dJMJihi» 
ELECTRONICS 
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Fast Page Mode, x16 (2CAS°) Device Timing Diagram 

TIMING DIAGRAM 
UPPER BYTE READ CYCLE 

NOTE : DrN = OPEN 

VrH -
RAS V 

IL 

VrH -
DCAS 

VrL -

VrH -
A 

VrL -

I VrH -w 
VrL -

VrH -
OE 

VrL -

DQO-DQ7 
VoH -
VoL -

.DQ8- DQ15 
VoH -

VoL -

•11JMJIUI» 
ELECTRONICS 

---- tRAC 

CMOS DRAM 

• 

·~ Don't Care 
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Fast Page Mode, x16 (2'CAS) Device Timing Diagram 

WORD WRITE CYCLE ( EARLY WRITE ) 
NOTE : DouT = OPEN 

RAS VVIH -

IL 

V1H -

TICAS V 
IL 

V1H -

LCAS ViL _ 

A 

w 

V1H -

V1L -

V1H -

V1L -

V1H -
OE 

V1L -

DQO-DQ7 
V1H -

V1L -

DOB- DQ15 
V1H -

V1L -

41'MfiliiliP 
ELECTRONICS 

CMOS DRAM 

~ Don't Care 
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Fast Page Mode, x16 (2'C"AS') Device Timing Diagram 

LOWER BYTE WRITE CYCLE ( EARLY WRITE ) 
NOTE : DouT = OPEN 

--- V1H -

RAS V1L -

V1H -

A V1L -

V1H -w 
V1L -

V1H -
OE 

V1L -

DQO- DQ? 
V1H -

V1L -

DQ8- DQ15 
V1H -

V1L -

41"t'ifi@iP 
ELECTRONICS 

twcs 

CMOS DRAM 

tcRP 

• 

~ Don't Care 
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Fast Pag~ Mode, x16 (2'CAS} Device Timing Diagram 

UPPER BYTE WRITE CYCLE ( EARLY WRITE ) 
NOTE : DouT = OPEN 

V1H -

RAS V IL 

V1H -

OCAS ViL _ 

V1H -

LCAS ViL _ 

V1H -

A V1L -

V1H -w 
V1L -

V1H -
OE 

V1L -

DQO- DQ7 
V1H -
V1L -

008- DQ15 
V1H -
V1L -

tt:J:l.HIOI" 
ELECTRONICS 

twcs 

CMOS DRAM 

~ Don't Care 
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Fast Page Mode, x16 (2CAS} Device Timing Diagram 

WORD WRITE CYCLE ( OE CONTROLLED WRITE ) 
NOTE : OouT = OPEN 

-- V1H -

RAS V1L -

V1H -

CAS V1L -

CAS 
V1H -

V1L -

V1H -
A 

V1L -

V1H -w 
V1L -

V1H -
OE 

V1L -

000- 007 
V1H -

V1L -

008- 0015 
V1H -

V1L -

•1Mfiliil» 
ELECTRONICS 

CMOS DRAM 

• 

~ Don't Care 
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Fast Page Mode, x16 (2~ Device Timing Diagram 

LOWER BYTE WRITE CYCLE ( OE CONTROLLED WRITE ) 
NOTE : DouT = OPEN 

VtH -

RAS V 
IL -

VtH -

CAS VtL -

VtH -

A VtL -

DQO- DQ7 
VtH -

VtL -

DQ8 - DQ15 
VtH -. 

VtL -

tcRP 

•tMfriii» 
ELECTRONICS 

CMOS DRAM 

~Don't Care 
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Fast Page Mode, x16 (2C"AS) Device Timing Diagram 

UPPER BYTE WRITE CYCLE (OE CONTROLLED WRITE ) 
NOTE : OouT = OPEN 

VrH -
RAS VrL -

. VrH -
CAS VrL -

VrH -
CAS VrL -

VrH -

A VrL -

VrH -w 
VrL -

VrH -
OE 

VrL -

000- 007 
VrH -

VrL -

008 - 0015 
VrH -

VrL -

tCRP 

dfofiijhiP 
ELECTRONICS 

------tRAs--------.i 

----- tRSH---+---.i 

tcAS 

to ED tOEH 

CMOS DRAM 

tcRP 

+--tRPC 

• 

~Don't Care 
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Fast Page Mode, x16 (2CAS} Device Timing Diagrarn 

WORD READ - MODIFY - WRITE CYCLE 

V1H -

A V1L -

V1H -w 
V1L -

V1H -
OE 

V1L -

DQO - DQ7 

V110H - ----+----+---+---~'Ml 
V110L -

DQ8- DQ15 

V110H - ------------CV,,"XI 

V110L -

d!i'lfliiii» 
ELECTRONICS 

CMOS DRAM 

~Don't Care 
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Fast Page Mode, x16 (2'CAS} Device Timing Diagram CMOS DRAM 

LOWER-BYTE READ - MODIFY - WRITE CYCLE 

---------tRAS-------------.1 , _______ , 

V1H -

A V1L -

V1H -w 
V1L -
V1H -

OE 
V1L -

OQ0-007 

V110H - -----------0.~..J<I 
V110L -

008- 0015 

VoH - -------------OPEN----------------
VoL -

~ Don't Care 

t1Mfl@IP 
ELECTRONICS 

329 
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Fast Page Mode, x16 (2'CAS} Device Timing Diagram 

UPPER-BYTE READ - MODIFY • WRITE CYCLE 

V1H -

[CAS V1L -

V1H -

A V1L -

V1H -w 
V1L -
V1H -

OE 
V1L -

DQO-DQ7 
VoH -
VOL -

DOB - DQ15 
V110H 

V110L 

-

tt:fofiljiiiP 
ELECTRONICS 

tOEA 

tcLZ 

tAA 

OPEN 

CMOS DRAM 

~Don't Care 

330 



Fast Page Mode, x16 (2CAS} Device Timing Diagram 

FAST PAGE MODE WORD READ CYCLE 

V1H -

RAS V 
IL -

V1H -

OCAS ViL _ 

A 

OE 

V1H -

V1L -

V1H -

V1L -

DQO- DQ7 
V110H -

V1/0L -

DQ8-DQ15 
V110H -

V110L -

~~~1--~~~~i-<:l7M 

~~~~~~~~+-&'"AKI 

•1:1:1: fjliii;; 
ELECTRONICS 

CMOS DRAM 

• 

~Don't Care 
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Fast Page Mode, x16 (2CAS} Device Timing Diagram 

FAST PAGE MODE LOWER BYTE READ CYCLE 

A 

w 

V1H -

V1L -

V1H -

V1L -

DQO-DQ? 
V110H -

~-,------,-------14'l~I 

V110L -

DQ8- DQ15 
VoH -
VoL _ ----------------- OPEN 

•Wfl'hl» 
ELECl'RONICS 

CMOS DRAM 

~ Don't Care 
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Fast Page Mode, x16 (2'C'A"S} Device Timing Diagram 

FAST PAGE MODE UPPER BYTE READ CYCLE 

V1H -

RAS V1L -

V1H -

OCAS ViL _ 

LCAS ViH -

V1L -

A 

w 

V1H -

V1L -

V1H -

V1L -

DQO- DQ7 
VoH -

V o L -

DQ8-DQ15 
V110H -

V110L -

~~---1--~~~~~~+-++-~-

~~~~~~~~~~' 

•lil:'1f11Ui» 
ELECTRONICS 

CMOS DRAM 

• 

~ Don't Care 
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Fast Page Mode, x16.(2'CAS) Device Timing Diagram 

FAST PAGE MODE WORD WRITE CYCLE ( EARLY WRITE ) 
NOTE : DouT = Open 

--- V1H -

RAS V1L 

UCAS" •VIH -

V1L 

V1H -

[CAS V1L -

A 

w 

OE 

V1H -

V1L -

V1H -

VIL -

DQ8 - 0015 
V1H -

V1L -

•1:!:i:filhl1P 
ELECTRONICS 

CMOS DRAM 

~ Don't Care 
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Fast Page Mode, x16 (2CAS} Device Timing Diagram CMOS DRAM 

FAST PAGE MODE LOWER BYTE WRITE CYCLE ( EARLY WRITE ) 
NOTE : OouT = Open 

-- V1H -
RAS 

UCAS 

LCAS 

A 

w 

OE 

V1L -

V1H -
V1L -

V1H -
V1L -

V1H -
V1L -

V1H -
V1L -

V1H -

V1L -

OQ0-007 
V1H -

V1L - filj~~~~~fl_ ___ _,, 

008 - 0015 

~:: ~ 

•1:f:I: fiiiii» 
ELECTRONICS 

tRASP 

tRHCP 

SS 

5S 

~ Don't Care 

335 
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Fast Page Mode, x16 (2CAS'} Device Timing Diagram CMOS DRAM 

FAST PAGE MODE UPPER BYTE WRITE CYCLE (EARLY WRITE) 
NOTE : OouT = Open 

V1H -

LCAS ViL _ 

A 

w 

OE 

V1H -

V1L -

V1H -

V1H -

V1L -

000-007 
V1H -

V1L -

008- DQ15 
V1H -

V1L - ~~~~~~fl, ___ _,. 

•tm'1filiiitP 
ELECTRONICS 

~Don't Care 
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Fast Page Mode, x16 {2CAS) Device Timing Diagram 

FAST PAGE MODE WORD READ-MODIFY-WRITE CYCLE 

V1H -
RAS 

V1L -

V1H -
ITC AS 

V1L -

V1H -
LCAS 

V1L -

V1H -
A 

V1L -

V1H -w 
V1L -

V1H -

OE V1L -

000- 007 

V1tOH - ---+---+--+--CY/A< 

V1tOL -

008- 0015 

V110H - --------+--CVA< I 
V110L -

d!:i:tfhiiP 
ELECTRONICS 

DATA-OUT 

CMOS DRAM 

• 

DATA-IN 

~Don't Care 
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Fast Page Mode, x16 (2CAS) Device Timing Diagram 

FAST PAGE MODE LOWER-BYTE-READ-MODIFY-WRITE CYCLE 

DQO-DQ7 
V110H -------+-~l{I 
V110L -

DQ8- DQ15 

VoH ---------------OPEN 
VOL -

dWfJiiWP 
ELECTRONICS 

CMOS DRAM 

~Don't Care 
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Fast Page .Mode, x16 (2"C"AS) Device Timing Diagram 

FAST PAGE MODE UPPER-BYTE-READ-MODIFY-WRITE CYCLE 

V1H -
RAS 

V1L -

V1H -
UCAS 

V1L -

V1H -

LCAS ViL _ 

A 

w 

OE 

V1H 

V1L 

V1H -
V1L -

V1H -

V1L -

DQO- DQ7 

VoH -~~--~---ii---1-~--1--1-~~--1--1-
VoL -

DQ8- DQ15 
V110H -

~~~~~~+--{!/':~ 

V1tOL -

tOED 

tRASP 

OPEN 

L toED 

tAA--+ 

CMOS DRAM 

VALID 
DATA-OUT DATA-IN DATA-OUT DATA-IN 

~ Don't Care 

•tMflliiiiP 
ELECTRONICS 
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Fast Page Mode, x16 (2'CAS'} Device Timing Diagram 

RAS-ONLY REFRESH CYCLE 

NOTE: W, OE, D1N =Don't care 
DouT =Open 

--------tRAs---------+I 

CMOS DRAM 

V1H -
11AS V 

~~-1 lr~~~~I 

IL -

V1H -
UCAS V 

IL -

A 
V1H -

V1L -

tCRP tRPC 

C"AS"-BEFORE-RAS" REFRESH CYCLE 

NOTE: W, OE, A= Don't Care 

V1H -
UCAS ViL _ 

DQO- DQ7 
VoH -

VoL -

DQ8- DQ15 
VoH -

VoL -

•1Mf11Jii» 
ELECTRONICS 

---tcHR---

1>-------------------0PEN----------------------~ 

1>--------------------0PEN----------------------~ 

~Don't Care 
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Fast Page Mode, x16 (2~) Device Timing Diagram 

~-BEFORE-RAS" SELF REFRESH CYCLE 

NOTE : W, UE, A= Don't Care 

V1H -

OCA"S"· V1L -

DQO - DQ7 
VoH -

VoL -

DQ8 - DQ15 
VoH - >----------- OPEN 
VoL - ----· 

CMOS DRAM 

~ Don't Care 
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Fast Page Mode, x16 (2CJ(S) Device Timing Diagram CMos··oRAM 

HIDDEN REFRESH CYCLE ( READ ) 

VrH -
RAS V1L -

VrH -
UCAS ViL _ 

VrH -
LCAS VrL _ 

A 
VrH -

VrL -

VrH -

W VrL -

OE 
VrH -

VrL -

DQO- DQ7 

VoH -

VoL -

DQ8- DQ15 
VoH -

VoL -

-------tRc~------.44-----

-----tRAS ----

~ tcAC 
+tcLZ 

---- tRAC -----+-- 1---toEZ----
1r-~~~~~~~~-.1_ 

~~~~~~ OPEN DATA{)UT 

~~~~~~ OPEN DATA-OUT 

~ Don't Care 

tt:f:l:Hllii" 
s:1s:M"Dna11r~ 
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Fast Page Mode, x16 (2'CAS) Device Timing Diagram 

HIDDEN REFRESH CYCLE ( WRITE ) 

NOTE : DouT = OPEN 

V1H -
A 

V1L -

V1H -w 
V1L -

DQO- DQ7 
V1H -

V1L -

DQ8- DQ15 
V1H -

V1L -

tMMilih" Cl CPTDftllllr~ 

1+-------------~tRc------------------~------~ 

----- tRAS -----------.t 

CMOS DRAM 

• 

~ Don't Care 
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Fast Page Mode, x16 (2"CAS) Device Timing Diagram 

CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 

V1H -

DCAS V 
IL 

V1H -

LCAS V 
IL 

A 

V1H -

w V1L -

OE V1H -

V1L 

DOO- 0015 

WRITE CYCLE 

- V1H -

w V1L -

000 -0015 
V1H -

V1L -

V1H -

w V1L -

. V1H· -

OE v· 
IL -

000- 0015 

V110H - ------------------411'/.MI 

V110L -

tJl):':HiiU» 
ELECTRONICS 

VALID 
DATA-OUT 

CMOS DRAM 

VALID ~Don't Care 
DATA-IN ~ 
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Fast Page Mode, Quad CAS" Device Timing Diagram 

TIMING DIAGRAM 

READ CYCLE 
NOTE : D1N = OPEN 

RAS 
V1H -
V1L -

V1H -
CAS1 

V1L -

V1H -
CAS2 

V1L -

V1H -
CAS3 

V1L -

__ V1H -
CAS4 ViL -

A 
V1H -
V1L -

V1H -w 
V1L -

V1H -
OE 

V1L -

DQ1 - DQ4 

V1H -

V1L -

s1&¥Jll}ltP 

~tROH 

CMOS DRAM 

• 

~ Don't Care 
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Fast Page Mode, Quad CA'S Device Timing Diagram 

TIMING DIAGRAM 

WRITE CYCLE ( EARLY WRITE ) 

RAS 
V1H -
V1L -

V1H -
CAS1 

V1L -

V1H -
CAS2 

V1L -

V1H -
CAS3 

V1L -

--- V1H -
CAS4 ViL -

A 

V1H -w 
V1L -

V1H -
OE 

V1L -

001 - 004 
V1H -

V1L -

CMOS DRAM 

~ Don't Care 
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Fast Page Mode, Quad C":AS Device Timing Diagram 

TIMING DIAGRAM 

WRITE CYCLE (OE CONTROLLED WRITE ) 

-- V1H -
RAS V 

IL 

V1H -
CAST 

V1L -

-- V1H -

CAS3 ViL _ 

-- V1H -

CAS4 ViL _ 

A 

w 

OE 

V1H -

V1L -

V1H -

V1L -

V1H -

V1L -

DQ1 - DQ4 
V1H -

V1L -

41Mf11iii" 
ELECTRONICS 

CMOS DRAM 

I 

~ Don't Care 
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Fast Page Mode, Quad 'CA'S Device Timing Diagram 

TIMING DIAGRAM 

READ · MODIFY - WRITE CYCLE 

_AS V1H -

R s V1L 

__ ._ V1H -
CAS1 

CAS2 

CAS3 

CAS4 

A 

w 

OE 

V1L 

V1H -
V1L -

V1H -
V1L 

V1H -
V1L -

V1H -

V1L -

V1H -

V1L -
V1H -
V1L -

DQ1 "'.' DQ4 

V1H -

V1L -

d!tl:fiiiil» 
ELECTRONICS 

CMOS DRAM 

Don't Care 

~5.0 



Fast Page Mode, Quad ~Device Timing Diagram CMOS DRAM 

FAST PAGE MODE READ CYCLE 

V1H 

___ , -----------tRASP-----------.i ~::::::;;:~ 
-

11~ 
V1L -

V1H -
CAST 

V1L -

V1H -
CAS2 

V1L -

V1H -
~ 

V1L -

V1H -
CAS4 

V1L -

V1H -
A 

V1L -

w V1H -
V1L -

V1H -
OE 

V1L -

V1H -
DQ1 

V1L -

V1H -
DQ2 

V1L -

V1H -
DQ3 

V1L -

V1H -
DQ4 

V1L -

•liJ:Wiiiii• 
ELECTRONICS 

--- tRHCP---.. 

VALID 
DATA-OUT 

~Don't Care 
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Fast Page Mode, Quad CA~ Deyice Timing Diagram CMOS DRAM 

FAST PAGE MODE WRITE CYCLE (EARLY WRITE} 

-- V1H -
RAS 

V1L -

--- V1H -
CAS1 

V1L -

V1H -
CAS2 

V1L -

V1H -
CAS3 

V1L -

V1H -
CAS4 

V1L -

V1H -
A 

V1L -

w V1H -
V1L -

V1H -
OE 

V1L -

V1H -
001 

V1L -

V1H -
002 

V1L -

V1H -
003 

V1L -

V1H -
004 

V1L -

Don't Care 

tJm':flifoiP 
ELECTRONICS 
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Fast Page Mode, Quad CA'S Device Timing Diagram CMOS DRAM 

FAST PAGE MODE READ-MODIFY-WRITE CYCLE 

V1H -

RAS V1L -

V1H -

C"AS2 VtL _ 

VtH -

C"AS3 VtL _ 

VtH -

CAS4 VtL _ 

V1H -

A V1L -

VtH -

w VtL -

VtH -
OE 

VtL -

DQ1 - DQ4 
V1H -

V1L -

------------ tRASP -------------

------tcsH------

--+-- tAwD----
----+---1- tRwD-----

------ tPRwc-----.i 

---- tRsH----.i ,..+---+____ tcAs----

VALID 
DATA-IN 

~ Don't Care 

353 
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. Fast Page Mode, Quad C'AS Device Timing Diagram 

RAS-ONLY REFRESH CYCLE 

NOTE : W, OE , D1N = Don't care 
DouT= Open 

V1H -
CASX V 

IL 

A 
. V1H -

V1L -

CAS"-BEFORE-RAS REFRESH CYCLE 

NOTE : W, OE, A= Don't Care 

RAS V1H -
V1L 

DQ1 - DQ4 

V1H -
V1L -

tJ:!:i:fillh" 
ELECTRONICS 

14-------tRAs------

CMOS DRAM 

• ~ Don't Care 
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Fast Page Mode, Quad CAS" Device Timing Diagram 

HIDDEN REFRESH CYCLE ( READ ) 

RAS VVIH -
IL 

V1H -

CASX V1L -

A 

w 

OE 

V1H -

V1L -

V1H -
V1L -

V1H -
V1L -

DQ1 - DQ4 
V1H -

V1L -

•1:1:1: filiii> 
ELECTRONICS 

CMOS DRAM 

• 

~ Don't Care 
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Fast Page Mode, Quad 'CA'S Device Timing Diagram 

HIDDEN REFRESH CYCLE ( WRITE ) 

NOTE : DouT = OPEN 

V1H -

A.AS V 
IL -

V1H -
A 

V1L -

V1H -w 
V1L -

OE 

DQ1 - DQ4 
V1H -

V1L - - .___D_A_TA_-_1N _ _,
1 

11:!:1: Hiiii• 
ELECTRONICS 

CMOS DRAM 

~ Don't Care 
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Fast Page Mode, Quad CA'S Device Timing Diagram 

GAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 

V1H -

CASX ViL _ 

V1H -

A V1L -

V1H -w 
V1L -
V1H -

OE 
V1L -

DQ1 - DQ4 
V1H -

V1L -

WRITE CYCLE 

V1H -

w V1L -

CMOS DRAM 

OE V1H - ~~~fmW?]~~?ll~~?]~M~~~~~~~~~~~~~~w~~~ V1L - t2 
DQ1 - DQ4 

V1H -

V1L -

READ-MODIFY-WAI 

V1H -

w V1L -

OE 
V1H -

V1L -

DQ1 - DQ4 
V1H -

V1L -

41:!:1: (jiiiiiP 
c1 crrananr~ 

DATA-OUT DATA-IN 

~Don't Care 

357 
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Fast Page Mode, Quad CA'S Device Timing Diagram 

TEST MODE IN CYCLE 

NOTE : OE, A = Don't Care 

w 

V1H -

V1L -

CMOS DRAM 

DQ1 - DQ4 
V1H -

V1L - ___ __..,p1------------ OPEN-----------

~-BEFORE-~ SELF REFRESH CYCLE 

NOTE : W, UE, A= Don't Care 

------tRAss-------. 

~ Don't Care 

1-------1 1.-------""'1 

DQ0-003 
VoH -

VoL -
___ !--}_o~FF 1--------------- OPEN 

41''@]11!1± ___ .. __ 

~ Don't Care 
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EDO Mode, x4 and xB Device 





EDO Mode, x4 and x8 Device Timing Diagram 

TIMING DIAGRAM 

READ CYCLE 

RAS 
V1H -
V1L -

V1H -
CAS 

V1L -

V1H -
A 

V1L -

V1H -
w V1L -

DQO - DQ3(7) 
VoH -

VoL -
------

, 1,u,r11u1s 

CMOS DRAM 

• 

~ Don't Care 

361 



EDO Mode, x4 and x8 Device Timing Diagram 

WRITE CYCLE ( EARLY WRITE ) 
NOTE : DouT = OPEN 

-- V1H -

RAS V1L -

V1H -

A V1L -

Ot V1H -

V1L -

DQO - DQ3(7) 
V1H -

V1L -

------tRAS -------

CMOS DRAM· 

~ Don't Care 
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EDO Mode, x4 and x8 Device Timing Diagram 

WRITE CYCLE ( OE CONTROLLED WRITE ) 
NOTE : DouT = OPEN 

V1H -

RAS V1L -

V1H -

A V1L -

DQO- 003(7) 
V1H -

V1L -

d-Jtfoi\IUt?P 

tDH 

DATA- IN 

·------1 

CMOS DRAM 

~ Don't Care 
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EDO Mode, x4 and x8 Device Timing Diagram 

READ - MODIFY - WRITE CYCLE 

V1H -

RAS V1L -

V1H -

CAS V1L -

V1H -

A V1L -

V1H -

w V1L 

V1H -
OE 

V1L -

DQO- DQ3(7) 

V110H - -------------tJ.~I 
V1tOL -

tJMfiliiitP 
r1r..w-nna111>11!' 

CMOS DRAM 

~ Don't Care 
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EDO Mode, x4 and x8 Device Timing Diagram CMOS DRAM. 

HYPER PAGE READ CYCLE 

tRASP tRP 

VtH -
RAS 

VtL -

VtH -
CAS 

V1L -

V1H -
A 

VtL -

• VtH -w 
VtL -

tCAC 

tAA----+ 

VtH -
OE 

V1L -

DQO- DQ3(7) 
V110H -

~~~~~~~~!--+-~~I 

VttOL -

~ Don't Care 

dUifiliiliJ 
ELECTRONICS 
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EDO Mode, x4 and x8 Device Timing Diagram 

HYPER PAGE WRITE CYC'-E (EARLY WRITE ) 
NOTE : Dour = Open 

V1H -

RAS V 
IL 

V1H -

CAS V 
IL 

V1H -

A V1L -

•1Mfiliil" ELECTRONICS 

CMOS DRAM 

~ Don't . Care 
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EDO Mode, x4 and x8 Device Timing Diagram 

HYPER PAGE READ-MODIFY-WRITE CYCLE 

V1H -
RAS 

V1L -

V1H -
CAS 

V1L -

V1H 
A 

V1L 

w V1H -

V1L -

V1H -
OE 

V1L -

DQO - DQ3(7) 

tRWD 

V110H --------14-U/.l~I 
V110L -

ttm'&iihi" 
ELECTRONICS 

CMOS DRAM 

• 

VALID 

~ Don't Care 

367 



EDO Mode, x4 and x8 Device Timing Diagram CMOS DRAM 

HYPER PAGE READ AND WRITE MIXED CYCLE 

------------- tRASP ------------..i 

READ(tCAC) 

V1H - --------... 
CASV1L -

A V1H 
V1L -

DQO-DQ3(7) 

V110H ----------<I 
V110L -

•lm'ifiihi» 
ELECTRONICS 

READ(tCPA) WRITE READ(tAA) 

~Don't Care 
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EDO Mode, x4 and x8 Device Timing Diagram 

RAS-ONLY REFRESH CYCLE 

NOTE: W, OE, D1N =Don't care 
DouT= Open 

V1H -
A V1L -

CA"S-BEFORE-~ REFRESH CYCLE 

NOTE : W, OE, A= Don't Care 

V1H -
RAS V1L -

VtH -

CAS V1L -

DQO - DQ3(7) ----.1 
VoH -
VoL - ___ __,, 

•1'1i'ifi'iii> 
ELECTRONICS 

CMOS DRAM 

• 

~ Don't Care 
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EDO Mode,··x4 and x8 Device ·Timing· Diagram · CMO$ PRAl\Jl 

HIDDEN REFRESH CYCLE ( READ ) 

------tRC ------.i+i-----

V1H -

A V1L -

V1H -w 
V1L -

V1H -
OE 

V1L -

DQO- DQ3(7) 

---- tRAS ----

VoH - -------
VoL -

dfofi@IP 
ELECTRONICS 

~ Don't Care 
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EDO. Mode, x4 and x8 Device Timing Diagram 

HIDDEN REFRESH CYCLE ( WRITE ) 

NOTE : Dour = OPEN 

V1H -

A V1L -

41Mf111hiP 
ELECTRONICS 

CMOS DRAM 

• 

~ Don't Care 
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EDO Mode, x4 and x8 Device Timing Diagram CMOS DRAM 
~-BEFORE-~ REFRESH COUNTER TEST CYCLE 

V1H -

RAS V1L -

V1H -

A V1L -

READ CYCLE 

V1H -w 
V1L -
V1H -

OE 
V1L -

DOO- 003(7) 
VoH -

VoL -

WRITE CYCLE 

V1H -

w V1L -

V1H -
OE 

V1L -

000- 003(7) 
V1H -

V1L -

READ-MODIFY-WRITE 

V1H -

w V1L -

V1H -oE 
V1L -

DOO - DQ3(7) 

_ __.... _____ tRWL _____ _ 

-----tcwL-----

V110H - ----------------lV./,XI 
V110L -

•1:1:1: fil iii$ 
ELECTRONICS 

VALID 
DATA-OUT 

VALID 
DATA-IN 

Don't Care 
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EDO Mode, x4 and x8 Device Timing Diagram 

TEST MODE IN CYCLE 

NOTE: ITE, A= Don't Care 

V1H -

w V1L -

CMOS DRAM 

DQO - ~~3~) ---~....._----------OPEN-----------
VoL - J 

CAS" -BEFORE-RAS" SELF REFRESH CYCLE 

NOTE : W, ITE, A= Don't Care 

1------tRAss------. 

tJ'' ::, fl II~··~--... -

~ Don't Care 

~ Don't Care 

373 

• 





EDO Mode, x16 (2CAS) Device 





EDO Mode, x16 (2~ Device Timing Diagram CMOS DRAM 

TIMING DIAGRAM 
WORD READ CYCLE 

NOTE : D1N = OPEN 
tRC 

tRAS 

J1AS 
V1H -

V1L -

V1H -
UCAS 

V1L -

V1H -
LCAS 

V1L -

V1H - • A 
V1L -

V1H -w V1L -

V1H -
OE V1L -

DQO- DQ7 
VoH -

VoL -

008- DQ15 
VoH -

VoL -

~ Don't Care 

41,tiif jll!I_~---.. - 377 



EDO Mode, x16 (2'CAS) Device Timing Diagram 

TIMING DIAGRAM 
LOWER BYTE READ CYCLE 

NOTE : D1N = OPEN 

CMOS DRAM 

---------tRc-------------.i 

RAS VVIH -
IL 

_CAS V1H -
UCA V1L 

A 

w 

OE 

V1H -

V1L -

V1H -
V1L -

V1H -
V1L -

DQO - DQ7 
VoH -

VoL -

------tRAs-------_.. 

tcRP tRPC 

DQ8 - DQ15 
VoH - --------------OPEN------------
VoL -

~ Don't Care 

tJ:!:i:fillh" 1:1 a:rraniu1f'~ 
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EDO Mode, x16 (2'CAS} Device Timing Diagram 

TIMING DIAGRAM 
UPPER BYTE READ CYCLE 

NOTE : D1N = OPEN 

------IRAs 

OCAS VtH -
AS V1L 

A 

VtH -w 
VtL -

V1H -
OE 

VtL -

DQO - DQ7 

------ tRSH----+--

tCAS 

CMOS DRAM 

VoH -

VoL -
--------------~OPEN-----+-----+----+--------+----+------------

DQ8 - DQ15 
VoH -

VoL -

sl&ifJIUitP 

~ Don't Care 
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EDO Mode, x16 (2'CAS} Device Timing Diagram 

WORD WRITE CYCLE ( EARLY WRITE ) 
NOTE : Dour = OPEN 

A 

w 

OE 

V1H -

V1L -

V1H -

V1L -

V1H -

V1L -

DQO-DQ7 
V1H -

V1L -

DQ8 - DQ15 
V1H -

V1L -

4JiJi':fiiiil$ 
Fl Fr.TRONlr.!i: 

CMOS DRAM 

~ Don't Care 
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EDO Mode, x16 (2'CAS} Device Timing Diagram 

LOWER BYTE WRITE CYCLE ( EARLY WRITE ) 
NOTE : DouT = OPEN 

V1H -

RAS V1L -

V1H -

UCAS ViL _ 

V1H -

[CAS V1L -

V1H -

A V1L -

V1H -w 
V1L -

V1H -
OE 

V1L -

DQO- DQ? 
V1H -

V1L -

DQ8- 0015 
V1H -

V1L -

d"'ifriii> 
ELECTRONICS 

CMOS DRAM 

• 

~ Don't Care 
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EDO Mode, x16 (2CAS} Device Timing Diagram 

UPPER BYTE WRITE CYCLE ( EARLY WRITE ) 
NOTE : DouT = OPEN 

V1H -

TICAS" V1L -

V1H -

A V1L -

V1H -w 
V1L -

V1H -
OE 

V1L -

DQO- 007 
V1H -
V1L -

DQ8- 0015 
V1H -
V1L -

•lm':filih> 
ELECTRONICS 

twcs 

CMOS DRAM 

~ Don't Care 
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EDO Mode, x16 (2'C'AS} Device Timing Diagram 

WORD WRITE CYCLE ( OE CONTROLLED WRITE ) 
NOTE : DouT = OPEN 

V1H -

CAS V1L -

V1H -

CAS V1L -

V1H -

A V1L -

V1H -w 
V1L -

V1H -
OE 

V1L -

DQO- DQ7 
V1H -

V1L -

DQ8- DQ15 
V1H -

V1L -

d"'ifiliil» 
ELECTRONICS 

CMOS DRAM 

• 

~ Don't Care 
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EDO Mode, x16 {2CAS) Device Timing Diagram 

LOWER BYTE WRITE CYCLE ( OE CONTROLLED WRITE ) 
NOTE : DouT = OPEN 

V1H -

A V1L -

V1H -w 
V1L -

OE V1H -

V1L -

DQO- DQ7 
V1H -

V1L -

DQ8- 0015 
V1H -

V1L -

d'i'i fiiiii» 
ELECTRONICS 

DATA- IN 

CMOS DRAM 

~Don't Care 
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EDO Mode, x16 (2'CAS} Device Timing Diagram 

UPPER BYTE WRITE CYCLE ( OE CONTROLLED WRITE ) 
NOTE : DouT = OPEN 

V1H -
RAS 

V1L -

V1H -
CAS 

V1L -

V1H 
CAS 

V1L -

V1H -
A 

V1L -

V1H -w 

V1H -
OE 

V1L -

DQO- DQ7 
V1H -

V1L -

DQ8 - DQ15 
V1H -

V1L -

fcRP 

t1Mffo1» 
ELECTRONICS 

fRC 

fRAS 

fRSH 

fcAS 

CMOS DRAM 

+-fcRP 

• 

~Don't Care 
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EDO Mode, x16 (2'C"AS) Device Timing Diagram 

WORD READ - MODIFY - WRITE CYCLE 

VtH -

UCAS V1L -

V1H -

A V1L -

V1H -w 
V1L -

V1H -
OE 

V1L -

DQO- DQ7 

V110H - ----t----+--t--+--W~I 
V110L -

DQ8- DQ15 ---- tRAc----+-1 
1---i 

V110H - -----~------<v.-XI 
V110L -

dfofi@iP 
ELECTRONICS 

CMOS-DRAM 

~ Don't Care 
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EDO Mode, x16 (2C"AS) Device Timing Diagram 

LOWER-BYTE READ - MODIFY - WRITE CYCLE 

V1H -

A V1L -

V1H -w 
V1L -
V1H -

OE 
V1L -

OQO- 007 

14---------tRAs---------

V110H - ----------~:Y/A<.I 
V110L -

008 - 0015 

CMOS DRAM 

VoH - -------------OPEN----------------
VoL -

~ Don't Care 

4J1'i'lf1iiii» 
ELECTRONICS 

387 
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EDO Mode, x16 (2C"~ Device Timing Diagram 

UPPER-BYTE READ - MODIFY - WRITE CYCLE 

V1H -
RAS V1L -

---------tRAS---------

tRCD--t~------tRSH------

CMOS DRAM 

V1H -
UCAS ViL _ 

--------tcAs------+--+---

V1H -

A V1L -

V1H -w 
V1L -

V1H -
OE 

V1L -

DQO- DQ7 

tcRP 

VoH - ----+----+----+--+--+---!- OPEN--+-+-----------
VoL -

tcLZ 
tCAC 

tAA 
-~-- tRAc---+---

1,..---
DQ8- DQ15 

V110H ------------<tr.Ml 
V110L -

~ Don't Care 

•1"i'Ai'iil• 
ELECTRONICS 
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EDO Mode, x16 (2C'AS} Device Timing Diagram 

HYPER PAGE MODE WORD READ CYCLE 

V1H -

TICAS ViL _ 

[CAS 
V1H 

VtL -

VtH -
A 

V1L -

VtH -w 
VtL -

VtH -
OE 

VtL -

DQO- 007 
V110H 

V110L 

-
-

DQ8 - 0015 
V110H -

~~~~~~~~-++---<Y"A< 

V110L -

•tMfiliii" ELECTRONICS 

tAA 

tcPA+ 

CMOS DRAM 

tREZ 

• 

~Don't Care 
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EDO Mode, x16 {2~ Device Timing Diagram CMOS .I>RAM 

HYPER PAGE MODE LOWER BYTE READ CYCLE 

-------------tRASP----------.i .. --=-tR..,__P-
V1H -
V1L -

UCASVIH -
V1L -

LCAS ViH -
V1L -

A 
V1H -
V1L -

w 
v,H -~~~~~T~--11rTI---rr1--rrr----~~~ 
V1L - ~~~~'° 

OE 

DQO- DQ7 
V110H -

--------------+---+-O'hKI 
V110L -

DQB- 0015 

VoH ----------------------------OPEN-----------------------------------
Vm -

Don't Care 

•t:!:iifiliii» 
ELECTRONICS 
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EDO Mode, x16 (2C"AS} Device Timing Diagram 

HYPER PAGE MODE UPPER BYTE READ CYCLE 

V1H -

OCASViL _ 

A 

w V1H -

V1L -

000- 007 
VoH -

VoL -

008 -0015 
V110H -

V110L -

~~~~~~~-+-~~-+---+ OPEN 

----------------1----<YAKI 

tt:V:flliii» 
ELECTRONICS 

CMOS DRAM 

• 

~ Don't Care 
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EDO Mode, x16 (2"C"A'S) Device Timing Diagram 

HYPER PAGE MODE WORD WRITE CYCLE ( EARLY WRITE ) 
NOTE : DouT = Open 

V1H -
RAS 

V1L -

V1H -
TICAS 

V1L -

V1H -
LCAS 

V1L -

V1H -
A 

V1L -

w V1H -
V1L -

OE 

DQO- 007 
V1H -

V1L -

tt:!:l:filJiliP 
ELECTRONICS 

CMOS DRAM 

~ Don't Care 
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EDO Mode, x16 (2C"AS) Device Timing Diagram CMOS DRAM 

HYPER PAGE MODE LOWER BYTE WRITE CYCLE ( EARLY WRITE ) 
NOTE : DouT = Open 

V1H -
RAS 

V1L -

V1H -
UCAS 

V1L -

V1H -
LCAS 

V1L -

V1H -
A 

V1L -

V1H -w 
V1L -

DQO- DQ7 
V1H -

V1L -

008- DQ15 

~:: ~ 

tJMfilli" ELECTRONICS 

fRASP 
tRP 

tRHCP 

SS 

SS 

~ Don't Care 

393 

• 



EDO Mode, x16 {2C~ Device Timing Diagram CMOS DRAM 

HYPER PAGE MODE UPPER BYTE WRITE CYCLE (EARLY WRITE) 
NOTE : DouT = Open 

-- V1H -

RAS V1L -

V1H -
UCAS V 

IL 

LCAS ~:: _ 

V1H -

A V1L -

V1H -
OE 

V1L -

DQO - DQ7 
V1H -

V1L -

•tMfilhiiP 
ELECTRONICS 

tRP 

~Don't Care 
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EDO Mode, x16 {2CAS) Device Timing Diagram 

HYPER PAGE MODE WORD READ-MODIFY-WRITE CYCLE 

VtH -
RAS 

VtL -

V1H -
UCAS 

V1L -

V1H -
LCAS 

V1L -

V1H -
A 

VtL -

w VtH -

VtL -

VtH -

OE VtL -

000- 007 

Vt/OH - ---+---+---+--<r.~ I 
V110L -

008- 0015 

V110H - -------+---<v.~ I 
VttOL -

dli'ifilii" ELECTRONICS 

DATA-IN 

CMOS DRAM 

• 

DATA-OUT DATA-IN 

~Don't Care 
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EDO Mode, x16 (2'CAS) Device Timing Diagram CMOS DRAM 

HYPER PAGE MODE LOWER-BYTE-READ-MODIFY-WRITE CYCLE 

V1H -
A 

V1L -

V1H -w 
V1L -

V1H -
OS 

V1L -

000-007 
V110H --------+-1~~1 
V110L -

008- 0015 

VoH ----------------OPEN 
VoL -

•111''¥1@• 
ELECTRONICS 

~Don't Care 
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EDO Mode, x16 (2'CAS} Device Timing Diagram CMOS DRAM 

HYPER PAGE MODE UPPER-BYTE-READ-MODIFY-WRITE CYCLE 

RAS 

UCAS 

LCAS 

A 

w 

OE 

V1H -
V1L -

V1H -
V1L -

V1H -

V1L -

V1H 

V1L 

V1H -

V1L -

V1H -

V1L -

DQO- DQ7 

VoH -~~--.~----1~-1--+---+-+-~~--+-+
VoL -

DQ8- £?015 
V110H -

~~~~~~-1-~;.x 

V110L -

DATA-OUT DATA-IN 

1111nHiiii• 
ELECTRONICS 

VALID 
DATA-OUT DATA-IN 

Don't Care 
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EDO Mode, x16 (2'CAS} Device Timing Diagram CMOS DRAM 

HYPER PAGE READ AND WRITE MIXED CYCLE 

-------------- tRAsp-------------.i 

READ(tCAC) 

UCAS 
V1H - ---!-+---...... 
V1L -

V1H -
A 

V1L 

W V1H - ~~~?!/:---T--~ 
V1L -

DQO - DQ7 
V110H - -----+---------< 
V110L -

DQ8- DQ15 
V110H ----------
V 110 L -

•l:f:l:fillh» 
ELECTRONICS 

READ(tCPA) WRITE READ(tAA) 

tREZ 

~Don't Care 
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EDO Mode, x16 (2'C"A'S} Device Timing Diagram 

R"AS-ONL Y REFRESH CYCLE 

NOTE: W, OE, D1N =Don't care 
DouT =Open 

RAS VV1H -
IL 

V1H -
UCAS 

V1L -

V1H -
[CAS V1L -

A 
V1H -
V1L -

CA'S-BEFORE-RAS REFRESH CYCLE 

NOTE: W, OE, A= Don't Care 

V1H -
RAS V1L -

V1H -
UCAS 

V1L -

V1H -
LCAS 

V1L -

DQO- DQ7 
VoH -
VoL -

DQ8- DQ15 
VoH -
VoL -

tcEz 

41:!:i:f JIUI$ 
ELECTRONICS 

CMOS DRAM 

• 

~Don't Care 
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EDO Mode, x16 (2~) Device Timing Diagram 

~-BEFORE-RAS SELF REFRESH CYCLE 

NOTE : W, UE, A= Don't Care 

V1H -

OCAS" V1L -

DQO-DQ7 
VoH -

VoL -

DQ8 - DQ15 
VoH -

VoL -

41:!:1: fj :m ;p 
ELECTRONICS 

------tRAss-----

CMOS DRAM 

~ Don't Care 
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EDO Mode, X16 (2CAS} Device Timing Diagram· 

HIDDEN REFRESH CYCLE ( READ ) 

V1H -
J1AS 

V1L 

UCAS 
V1H -

V1L -

V1H -
[CAS v IL 

V1H -
A 

V1L -

V1H -
w 

V1L -

V1H -
OE V1L -

DQO- DQ7 
VoH -

VoL -
------

DQS- DQ15 

VoH -
------ OPEN 

VoL -

t1:1:'¥iliii" 
ELECTRONICS 

CMOS DRAM 

• 

DATA-OUT 

~ Don't Care 
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EDO Mode, x16 (2'CAS} Device Timing Diagram 

HIDDEN REFRESH CYCLE ( WRITE ) 

NOTE : DouT = OPEN 

V1H -
A 

V1L -

w V1H -
V1L -

DQO-DQ7 
V1H -

V1L -

DQ8- DQ15 
V1H -

V1L -

d'i'ifiliii» 
ELECTRONICS 

------tRC ----------
-----tRAS ____ _.. 

CMOS DRAM 

· ~ Don't Care 
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EDO Mode, x16 (2'CAS} Device Timing Diagram CMOS DRAM 

CAS"-BEFORE-R"AS REFRESH COUNTER TEST CYCLE 

~~~~~~~ V1H - ~f\ tRAS RAS 
V1L -

tcsR ~tCPT-+ tRSH 

~ V1H -
tCHR J \ tcAS UCAS ViL 

~ 

-
tcsR 

i.. ... ~tcPT-+ .. tRSH 

~ V1H -
tcHR J 

~ tcAS [CAS" V1L -

--~j/ ~ v 
--v·v 

~ tRAL 
j+ tASC~ j+ tCAH+ 

A 

READ CYCLE 

' V1H -

w V1L -

V1H z:'. '7,; ~ '777., 77, '77A 
OE - ~.@ 0~//, ~ %/.7/////..-:/#ff////////,'l""ff_,-0.\ 

V1L - LL:ZZ ~h '///, 

OQO- 0015 
VoH -

VoL -

__.. tRRH 

~ 

~ 

~\_ VALID DATA - OUT ~ 

WRITE CYCLE ~ 1 ,.twR~I 
V1H - ~mm:r-t--r-'t1~:::i::00'7Zi:;m'l'fiv...0w;'l.;7,~m-;:~'?'h,£i:;i:00m7..\~ ~ "/. 7,.,@ ,,...,..,...,..--07//h 

w V1L - Zf21 ~~- ·1 ~twcHW///////,~'//. '.i'//.i:;"//,-

V1H - '77777,77, '7777.; 

oE v,L _ ~awzr~/§fl 
'LLLLL'L,//, 

L--~+-+--twP~~~~ 

V///#/////Q//..0~.00('d/J0Wij//.ij"',/,7/~ 
~ 'LLLLELLL. 'Zi "./.-0 ~ W'LZ 

~ i.--tDH~ OQO- 0015 
V1H -

V1L -

~ ~ 
OPEN-----+-<I VALID DATA - IN ~>---+--+-------

~ 

tt:!:i:filiiiiP 
ELECTRONICS 

fAWD 

VALID 
DATA-OUT 

VALID ~Don't Care 
DATA-IN 
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PACKAGE DIMENSIONS 

PLASTIC DUAL IN-LINE PACKAGE 

18 DIP 300 mil 

0.033 (0.85) 

20 DIP 3oo"m;1 

0.883(22.42) 
MAX 

0.859 21.82 
0.875(22.22) 

[ : : : : : : : : :11 
0.983 24.96 

0.033 0.85 

•t"i'&Jiiii» 
ELECTRONICS 

CMOS DRAM 

Unit : Inches (millimeters) 

• 
Unit : Inches (millimeters) 
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PACKAGE DIMENSIONS CMOS DRAM 

PLASTIC ZIGZAG IN-LINE PACKAGE 

19(20)ZIP 400 mil Unit: Inches '(millimeters) 

~~ 
0 ~i 

ci c:) 

I 

0.040 (1.02) ·I I~ 
0.016 0.41 

.I L 0.050(1.27) 

0.024 (0.61) 

1.046(26.56) 
MAX 

I· ··~' ·I 1.038(26.36) 

20 ZIP 400 mil 

0 

0.040 (1.02) 

0.024 (0.61) 

1.046(26.56) 
MAX 

I • · .022(25.96J • I 1.038(26.36) 

4Wfj@$ 
ELECTRONICS 

Unit : Inches (millimeters) 

0.008 0.20 
0.014 (0.35) 

0.100 2.54 
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PACKAGE DIMENSIONS 

PLASTIC SMALL OUT-LINE J-LEAD 

20(26) SOJ aoo mil 

0.037 (0.95) 

24(26) SOJ aoomil 

0.037 (0.95) 

t1MtJiiii» 
ELECTRONIC~ 

0.691 17.55 
MAX 

0.670 17.03 
0.680 (17.27) 

0.691(17.55) 
MAX 

0.026 0.66 
0.032 (0.81) 
0.015 0.38 
0.021 (0.53) 

CMOS DRAM 

Unit : Inches (millimeters) 

• 
Unit : Inches (millimeters) 
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PACKAGE DIMENSIONS 

PLASTIC SMALL OUT-LINE J-LEAD 

24(28) SOJ 400 mil 

0.037 (0.95) 

28 SOJ 400 mil 

df:l:fJihilP 
ELECTRONICS 

0.741 18.82 
MAX 

0.730 18.30 
0.720 (18.54) 

0.741 18.82 

CMOS PRAM 

Unit : Inches (millimeters) 

Unit : Inches (millimeters) 
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PACKAGE DIMENSIONS CMOS· DRAM 

PLASTIC SMALL OUT-LINE J-LEAD 

32 SOJ 400 mil Unit : Inches (millimeters) 

r::::::::::::::::Jii 
_____ o.0_41~(21._....36) ___ ~ 

MAX i;iX 

1-----"'=-'==----I ! 
6 

0.037 (0.95) 

34 SOJ soo mil Unit : Inches (millimeters) 

, ___ --'-0.8-:-:9~....,_.~·63~) ___ lQ' 

e~ , ___ ~0.8~70=~·~11 ____ 1!~ 

0.880 (22.35) c:i 

0.037 (0.95) 

•tMHliii" 1=11=1'Tanu1re? 
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PACKAGE DIMENSIONS 

PLASTIC SMALL OUT-LINE J-LEAD 

40SOJ 400 mil 

r::::::::::::::::::::J! 

0.037 (0.95) 

42 SOJ 400 mil 

1.041 26.44) 
MAX 

1.020 25.92 
1.030 (26.16) 

O.Q15 0.38 
0.021 (0.53) 

[::::::::::::::::::]! 
1.091 27.71 

MAX 

1.070 (27.19) 
1.080 (27.43) 

0.037 (0.95) 

t11i1fillh» 
ELECTRONICS 

CMOS DRAM 

Unit : Inches (millimeters) 

Unit : Inches (millimeters) 
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PACKAGE DIMENSIONS CMOS DRAM 

PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE(ll} 

(Forward and Reverse Type) 

20(26) TSOP(I/) 300 mil 

0.691 (17.54) 
MAX 

0.671 (17.04) 
0.679 (17.24) 

0.037 (0.95) 

24(26) TSOP(ll) 300 mil 

0.037 (0.95) 

•tllnfilih' ELECTRONICS 

0.047 1.20 
MAX 

0.047 1.20 
MAX 

Unit : Inches (millimeters) 

~~,_.. 
0.016 0.40 - J 
0.024 (0.60) 

Unit : Inches (millimeters) 

~~0-~ 
0.016 0.40 - ..._7 
0.024 (0.60) 
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PACKAGE DIMENSIONS CMOS DRAM 

PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE(ll) 

(Forward and Reverse Type) 

24(28) TSOP(ll) 400 mil 

0.037 (0.95) 

28 TSOP(I/) 400 mil 

0.741 (18.81) 
MAX 

0.721 (18.31) 
0.729 (18.51) 

0.037 (0.95) .1 

•1"i':f JllW• 
ELECTRONICS 

~~ 
~ ~ 
d d 

0.047 1.20 
MAX 

0.000 0.00 
MIN 

"'~ "'"' "l""I" 
d ci 

<D 

~ 
8 
'I" 
d 

u 

Unit : Inches (millimeters) 

0.004 0.10 
0.010 (0.25) 

m=-4,_,. 
0.016(0.40) - _-y 
0.024(0.60) 

Unit : Inches (millimeters) 

~ 0.010 (0.25) 

m==-'+,_,. 
0.016(0.40) . J' 
0.024(0.60) 
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PACKAGE DIMENSIONS CMOS DRAM 

PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE (II) 

(Forward and Reverse Type) 

32 TSOP(ll) 400 mil Unit : Inches (millimeters) 

1i:: : : : : : : : : : : : : : :11 :: n 
0.841 (21.35) 

MAX 

0.821 (20.85) 
0.829 (21.05) 0.047 (1.20) 

MAX 

·11·0.004 (0.10) 
0.010 (0.25) 

&-==-4, ... 
0.016 (0.40) . J' 

. 0.024 (0.60) 

40(44) TSOP(/I) 400 mil Unit : Inches (millimeters) 

1i:::::::::: ::::::::::11 ~: Il 

d!:i: fji!iiiP 
ELECTRONICS 

0.741 (18.81) 
MAX 

0.047 (1.20) 
- MAX 

.11.0.004 (0.10) 
0.010 (0.25) 

&==-4, ... 
O.Q16 (0.40) . _-y· 
0.024 (0.60) 
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PACKAGE DIMENSIONS CMOS DRAM 

PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE (II) 

(Forward and Reverse Type) 

44(50) TSOP(ll) 400 mil Unit : Inches (millimeters) 

0.036 (0.925 

i::::::::::: :::::::::::~ u 
. 0.841 (21.35) .. 11. 0.004(0.10) 

MAX 0.010 (0.25) 

0.821 (20.85) 
0.829 (21.05) 0.047 1.20 

MAX 

0.000 0.00 
MIN 

0.010 0.25 
0.018 (0.45) m~,~ 

O.o16 (0.40) . ._7' 
0.024 (0.60) 

70 TSOP(ll) 400 mil Unit : Inches (millimeters) 

c::::: :: :::::::::::::::::::::::::11 H Q 
.. ,~. 0.004 (0. 10) 

0.941 (23.89) 0.010 (0.25) 
MAX 

0.921 (23.39) 
0.929 (23.59) 0.047 1.20 

MAX 

m~o-~ 
O.o16 (0.40) . J' 

0.027 (0.695) 

0.024 (0.60) 

d!:i:tilfo• 
ELECTRONICS 
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SAMSUNG SEMICONDUCTOR SALES OFFICES-U.S.A. 

Northwest 
3655 North First Street 
San Jose, CA 95134 
TEL: (408) 954-7000 
FAX: (408) 954-7883 

Southwest 

North Central 
300 Park Boulevard 
Suite 210 
Itasca, IL 60143-2636 
TEL: (708) 775-1050 
FAX: (708) 775-1058 

Northeast 
119 Russell Street 
Littleton, MA 01460 
TEL: (508) 486-0700 
FAX: (508) 486-8209 

Southeast 
16253 Laguna Canyon Road 
Suite 100 

south Central 
15851 Dallas Parkway 
Suite 410 

802 Greenvalley Road 
Suite204 

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 TEL: (205) 533-6500 
Suite 413 FAX: (205) 533~578 
Huntsville, AL 35801 

ARIZONA 
O'DONNELL ASSOCIATES TEL: (602) 944-9542 
2432 W. Peoria Ave. FAX: (602) 861-2615 
Suite 1026 
Phoenix, AZ. 85029 
O'DONNELL ASSOCIATES TEL: (602) 797-2047 
11449 N. Copper Springs Trail FAX: (602) 797-2047 
Tucson, AZ. 85737 

CALIFORNIA 
BESTRONICS 
9683 Tierro Granda Street 
Suite 102 
San Diego, CA 92126 
I-SQUARED 
3355-1 Scott Blvd. 
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 
INTELA TECH, INC. 
3700 Griffith Street 
Suite 93 
St. Laurent, Quebec H4T 1A7 
INTELA TECH, INC. 
5525 Orbitor Drive 
Suite2 
Mississauga, Ontario L4W4Y8 

ttMfilhl> 
ELECTRONICS 

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 TEL: (303) 443-4780 
3100 Arapahoe Road FAX: (303) 447-0371 
Suite 404 
Boulder, CO 80303 

FLORIDA 
BIB TECH SALES 
3900 N. W. 79th 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: (305) 477-0341 
FAX: (305) 477-0343 

TEL: (407) 660-1661 
FAX: (407) 660-9407 

TEL: (305) 485-3500 
FAX: (305) 485~555 

TEL: (407) 725-7470 
FAX: (407) 984-2718 

TEL: (813) 345-9411 
FAX: (813) 345-3731 

SOUTH ATLANTIC COMPONENT SALES 
3300 Holcomb Bridge Road TEL: (404) 447~154 
Suite 210 FAX: (404) 447~714 
Norcross, GA 30092 

ILLINOIS 
DAVIX INTERNATIONAL LTD. 
1655 N. Arlington Heights Rd. TEL: (708) 259-5300 
Suite 204East FAX: (708) 259-5428 
Arlington Heights, IL 60004 

IN DIANA 
GEN II MARKETING, INC. 
31 E. Main Street 
Carmel, IN 46032 
GEN II MARKETING, INC 
1415 Magnavox Way 
Suite 130 
Ft. Wayne, IN 46804 

TEL: (317) 848-3083 
FAX: (317) 848-1264 

TEL: (219) 436-4485 
FAX: (219) 436-1977 
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SAMSUNG SEMICONDUCTOR REPRESENTATIVES (Continued) 

IOWA 
ASSOCIATED ELECTRONIC MARKETERS, INC. 
4001 Shady Oak TEL: (319) 377-1129 
Marion, IA 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 II MARKETING, INC. 
4012 Dupont Circle 
Suite 414 
Louisville, KY 40207 

MASSACHUSETTS 
NEW TECH SOLUTIONS, INC. 
111 South Bedford Street 
Suite 102 
Burlington, MA 01803 

MICHIGAN 
MICROTECH SALES 
9357 General Drive 
Suite 116 
Plymouth, Ml 48170 

MINNESOTA 
GP SALES, INC. 
7600 Parklawn 
Suite 315 
Edina, MN 55435 

MISSOURI 

TEL: (502) 894-9903 
FAX: (502) 893-2435 

TEL: (617) 229-8888 
FAX: (617) 229-1614 

TEL: (313) 459-0200 
FAX: (313) 459-0232 

TEL: (612)831-2362 
FAX: (612) 831-2619 

ASSOCIATED ELECTRONIC MARKETERS, INC. 
11520 St. Charles Rock Rd. TEL: (314) 298-9900 
Suite 131 FAX: (314) 298-8660 
Bridgeton, MO 63044 

NEW YORK 
NEPTUNE ELEC. 

· 255 Executive Dr. 
Suite 211 
Plainview, NY 11803 
T-SQUARED 
6170 Wynmoor Drive 
Cicero, NY 13039 
T·SQUARED 
7353 Victor-Pittsford Road 
Victor, NY 14564 
T-SQUARED 
1790 Pennsylvania Avenue 
Apalachin, NY 13732 

NORTH CAROLINA 

TEL: (516) 349-1600 
FAX: (516) 349-1343 

TEL: (315) 699-1559 
FAX: (315) 699-1705 

TEL: (716) 924-9101 
FAX: (716) 924-4946 

TEL: (607) 625-3983 
FAX: (607) 625-5294 

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 

• 1mW'hl, 
ELECTRONICS 

J.N. BAILEY & ASSOCIATES TEL: (216) 273-3798 
1667 Devonshire Drive ·FAX: (216) 225-1461 
Brunswick.OH 44212 

OREGON 
. ATMI 

4900 SW Griffith 
Suite 155 
Beaverton, OR 97005 

PEN.NSYL VANIA 

TEL: (503) 643-8307 
FAX: (503) 643-4364 

CMS SALES & MARKETING TEL: (215) 834-6840 
527 Plymouth Road FAX: (215) 834-6848 
Suite 420 
Plymouth Meeting, PA 19462 

PUERTO RICO 
DIGIT-TECH 
P.O. Box 1945 
Calle Cruz #2 
Bajos, San German 
Puerto Rico 00753 

TEXAS 
O'DONNEL ASSOCIATES 
5959 Gateway West 
Suite 558 
El Paso, TX 79925 
VIELOCK ASSOCIA n:s 
555 Republic Drive 
Suite105 
Plano, TX 75074 
VIELOCK ASSOCIATES 
9430 Research Blvd. 
Echelon Bldg. 2, Suite 330 
Austin, TX 78759 
VIELOCK ASSOCIATES 
10700 Richmond Avenue 
Suite 108 
Houston, TX 77042 

UTAH 

TEL: (809) 892-4260 
FAX: (809) 892-3366 

TEL: (915) 778-2581 
FAX: (915) 778-6429 

TEL: (214) 881-1940 
FAX: (214) 423-8556 

TEL: (512) 345-8498 
FAX: (512) 346-4037 

TEL: (713) 974-3287 
FAX: (713) 974-3289 

FRONT RANGE MARKETING, INC. 
488 E. 6400 South TEL: (801) 288-2500 
Suite 280 FAX: (801) 288-2505 
Murray, UT 84107 

WASHINGTON 
ATMI 
8521 154th Ave., NE 
Redmond, WA 98052 

WISCONSIN 

TEL: (206) 869-7636 
FAX: (206) 869-9841 

DAVIX INTERNATIONAL LTD. TEL: (414) 255-1600 
N91 W17194 Appleton Avenue FAX: (414) 255-1863 
Menomonee Falls, WI 53051 

• • • • • 
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SAMSUNG SEMICONDUCTOR SALES OFFICES-EUROPE 

SAMSUNG SEMICONDUCTOR 
EUROPEGmbH 
Am Unisyspark 1, 
65843 Sulzbach (Germany) 
TEL: 0049-6196-582-06 
FAX: 0049-6196-750-345 

MUENCHEN OFFICE 
Cari-Zeiss-Ring 9 
D-85737 lsmaning bei 
Muenchen 

MILANO OFFICE 
Viale G. Matteotti, 26 
1-20095 Cusano 
Milani no 

LONDON 
Samsung House 
225 Hook Rise South 
Surbiton 

BIRMINGHAM OFFICE 
Florence House St. 
Mary's Road Hinckley, 
Leicestershire LE1 O 
1EQ TEL: 0049-89-964838 

FAX: 0049-89-964873 
TEL: 0039-2-66400181 
FAX: 0039-2-6192279 

Surrey 
KT6 7LD TEL: 0044-455-891111 

FAX: 0044-455-612345 
PARIS OFFICE 
Centre d'Affaires La 
Boursidiere RN 186, Bat. 
Bourgogne, BP 202 
92357 Le Plessis-Robinson 
TEL: 0033-1-40940700 
FAX: 0033-1-40940216 

STOCKHOLM 
OFFICE 
Bergkaellavaegen 32 
P.O. Box 319 
S-19130 Sollentuna 
TEL: 0046-8-6269626 
FAX: 0046-8-6268638 

TEL: 0044-81-3914550 
FAX: 0044-81-9742540 

BARCELONA OFFICE 
C. Provenza, 5193-1 
E-08025 Barcelona 
TEL: 0034-3-4-504876 
FAX: 0034-3-4-331944 

BELGIUM OFFICE 
Rue de Geneve 10, 
B3 B-1140 Brussels 
TEL: 0032-2-2456510 
FAX: 0032-2-2456313 

SAMSUNG SEMICONDUCTOR-REPRESENTATIVES 

EUROPE 

BELGIUM 

DANE-LEC BELGIUM 
91-93 Rue J.D. Navez 
B-1210 Bruxelles 

DENMARK 

EXATECA/S 
Mileparken 20E 
DK-2740 Skovlunde 

MIKO KOMPONENT AB 
Segersbyvaegen 3 
S-14502 Norsborg 

TEL : 0032-2-2167058 
FAX : 0032-2-2166871 

TEL : 0045~44927000 
FAX : 0045-44926020 

TEL : 0046-853189080 
FAX: 0046-853175340 

GERMANY 

ASTRONIC GmbH 
Gruenwalder Weg 30 
D-82041 Deisenhofen 

TEL: 0049-89-6130303 
FAX: 0049-89-6131668 

CANNING ELECTRONIC DISTRIBUTION CED GmbH 
Laatzener Str. 19 TEL : 0049-511-87640 
D-30539 Hannover Delete 

MSC VERTRIEBS GmbH 
lndustrie Str. 16 
D-76297 Stutensee 3 

FAX : 0049-551-8764160 

TEL: 0049-7249-9100 
FAX: 0047-7249-7993 

FINLAND 

TAHINIKOY 

MICRONETICS GmbH 
Dieselstrasse 12 
D-71272 Renningen 

TEL: 0049-7159-92583-0 
FAX: 0049-7159-9258355 

P.O. Box 125 
SF-00241 Helsinki 

OY FINTRONIC AB 
Pyyntitie 3 
SF-02230 Espoo 

FRANCE 

MEGACHIP 
7 avenue du Canada 
ZA de Courtaboeuf 
91966 LES UILIS Cedex 
FRANCE 

SCAIB 
80 Rue d'Arcueil 
Silic 137 
94523 RUNGIS Cedex 
FRANCE 

TEL: 00358-1482177 
FAX: 00358-1482189 

TEL: 00358-0887331 
FAX : 00358-088733342 

TEL : 0033-1-69290404 
FAX : 0033-1-69290039 

TEL : 0033-1-46872313 
FAX : 0033-1-45605549 

SILCOM ELECTRONICS VERTRIEBS GmbH 
Hindenburg Str. 284 TEL: 0049-2161-15074 
D-41061 Moenchengladbach FAX: 0049-2161-183313 

ITALY 

DEUTSCHE ITT INDUSTRIES GmbH 
Viale Milanofiori E/5 TEL : 0039-2-824701 
1-20090 Assago Mi FAX: 0039-2-8242631/8242831 

FANTON COMPONENTS BOLOGNA S.R.L. 
Via 0. Simoni, 5 TEL: 0039-51-735015 
1-40011" Anzola dell' Emilia FAX: 0039-51-735013 

RAFI ELETTRONICA SPA 
Via Savona 134 
1-20144 Milano 

TEL: 0039-2-48300431 
FAX : 0039-2-428880 
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SAMSUNG SEMICONDUCTOR REPRESENTATIVES 

THE NETHERLANDS SWITZERLAND 

MALCHUS BV HANDELMIJ ELBATEXAG 

Fokkerstraat 511-513 TEL: 0031-10-4277777 Hard Str. 72 TEL: 0041-56275511 
Postbus 48 FAX: 0031-10-4154867 CH-5430 Wettingen Schweiz FAX : 0041-56275532 
Nl-3125 BO Schiedam 

UNITED KINGDOM 
SPAIN MAGNATEC 

SEMICONDUCTORS S.A. Coventry Road TEL : 0044-455-554711 

Ronda General Mitre TEL: 0034-3-2172340 Lutterworth FAX : 0044-455-552612 

240 Bjs FAX: 0034-3-2176598 Leicestershire 
E-08006 Barcelona LE17 4JB 

SWEDEN ICE ELECTRONICS LTD. 
31-32 Stephenson Road TEL : 0044-480-496466 

MIKO KOMPONENTS Burrel Road Industrial Estate FAX : 0044-480-496621 
Segersbyvaegen 3 TEL : 0046-853-189080 St. Ives 
P.P. Box 2001 FAX : 0046-853-175340 Cambridgeshire 
S-14502 Norsborg PE174WJ 



SAMSUNG SEMICONDUCTOR REPRESENTATIVES 

ASIA 

HONGKONG 

AV. CONCEPT LTD. 
Unit 11-15, 11/F1, Block A, 
Focal Industrial Centre 
21 Man Lok Street, Hunghom, 
Kowloon, Hong Kong 

TEL : 3347333 
FAX: 7643108 

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, 
Hong Kong 

TEL : 3633233 
FAX: 3633900 
TLX : 52543 SECL HX 

ATLANTIC COMPONENTS LTD. 
(MEMORY & PC) 

Unit 502, 5/F, Tower Ill, 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/FI., 
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: 557-1102 
Phase 2, No. 70, Wing Tai Road, FAX : 889-2962 
Chai Wan, Hong Kong 

TAIWAN 

YOSUN INDUSTRIAL CORP. 
7F, No. 76, Sec. 1, 
Cheng Kung Rd. Nan Kang, 
Taipei, R.O.C. 

SANT SONG CORP. 
4F, No.12, Lane 94, Tsao 
Ti Wei, Shen Keng Hsiang, 
Taipei Hsien, Taiwan, R.O.C. 

TEL: (02)788-1991 
FAX: (02)788-1996 

TEL: (02) 662-7829 
FAX: (02) 662-0781 

SUPREME ELECTRONICS CO., LTD. 
18FI., No.67, Section 2, TEL: (02) 7023258/7023278 
Tun hwa S. Road, FAX: (02) 7063196 
Taipei, Taiwan, R.O.C. 

JAPAN 

TOMEN ELECTRONICS CORP. 
1-1 Uchisaiwa-Cho 2 Cherne 
Chiyoda-Ku Tokyo, 100 Japan 

RIKEI 
Nichimen Bldg., 
2-2 Nakanojima 2 Cherne, 
Kita-Ku, Osaka, 530 Japan 

ISECO 
26-3, Kitamagome 2 Chome, 
Ota-Ku, Tokyo, 143, Japan 

ADO 
7F Sasage Bldg., 
4-6 Sotokanda 2 Chome 
Chiyoda-Ku Tokyo, 101 Japan 

MARUBUN 
8-1 Nihombashi-Odenma-Cho 
Chuo-Ku Tokyo, 103 Japan 

SAMSUNG JAPAN 
17F, Hamacho Center BLDG. 
2-31-1, Nihonbashi-Hamacho 
Chuo-ku, TOKYO 103 JAPAN 

TEL : (03) 3506-3654 
FAX : (03) 3506-3497 

TEL: (06) 201-2081 
FAX: (06) 222-1185 

TEL : (03) 3777-3611 
FAX: (03) 3777-3614 

TEL: (03) 3257-2600 
FAX: (03) 3251-9705 

TEL : (03) 3639-9897 
FAX: (03) 3661-7433 

TEL: (03) 5641-9651 
FAX: (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. Sathom Thani Bldg., TEL: 662-2367642-5 
92/40-41 North Sathom 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 Sultan 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 

VIC 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 

/NOIA 

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 TEL: 337-2245 
Sok No. 16 Kadikoy lstanbut, FAX: 336-8814 
Turkey TLX: 29569 elts tr 

CHINA 

IBDT(HK) LTD. (SHANGHAI LIAISON OFFICE) 
Rm 501, TEL: (021) 4316170 
750 Zhao Jia Bang Rang Road, FAX: (021) 4316170 
Shanghai, China 

KOREA 

NAEWAE SEMICONDUCTOR CO., LTD. 
Bangbae Center Bldg., TEL: (02)595-1010 
875-5, Bangbae-4dong, FAX: (02)595-7888 
Seocho-ku, Seoul, Korea 

SAMSUNG LIGHT·ELECTRONICS CO., LTD. 
4th Fl. Room 2-3, TEL: 718-0045 
Electronics Main Bldg., 718-9531-5 
16·9, Hankangro-3ka, FAX: 718-9536 
Yongsan-ku, Seoul, Korea 

NEWCASTLE SEMICONDUCTOR CO., LTD. 
4th Fl. Room 410-411, 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, TEL: (02)542-4123 
Chungdam-dong, Kangnam-ku, FAX: (02)542-2454 
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 

TEL: (02)469-3511 
FAX: (02)469-7966 

TEL: (02)273-6781 
FAX: (02)275-9448 
TLX: K24950 SUKSEMT 

SAMTEK 
3/4 FL. Chungju Bldg., 
156-16, Samsung-dong, 
Kangnam-ku, Seoul, Korea 

SUNIN TRADING CO., LTD. 
Sunin Bldg., 7FI., 16-8, 
Hankangro-2ka, Yongsan-ku, 
Seoul, Korea 

TEL: (02)538-4400 
FAX: (02)538-4338-9 

TEL: (02)702-1257-8 
FAX: (02)704-0997 
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SAMSUNG SEMICONDUCTOR DISTRIBUTORS 

ARIZONA CANADA (Continued) 
ADDED VALUE (602) 951-9788 ACTIVE (403) 235-5300 
7741 East Gray Road FAX: (602) 951-4182 3220 5th Avenue, N.E. Bay 2 FAX: (403) 248-0750 
Suite9 Calgary, Alberta T2A 5N1 
Scottsdale, AZ. 85260 ACTIVE (204) 786-3075 

106 King Edward St., E FAX: (204) 783-8133 
CALIFORNIA Winnepeg, Manitoba R3H ON8 

ADDED VALUE (714) 259-8258 ACTIVE (416) 238-8825 
1582 Parkway Loop FAX: (714) 259-0828 1350 Matheson Blvd, Unit 2 FAX: (416) 238-2817 
UnitG Mississauga, Ontario L4W 4MI 
Tustin, CA 92680 ACTIVE (403) 438-5888 
ADDED VALUE (619) 558-8890 6029 103rd St. FAX: (403) 434-0812 
5752 Oberlin Drive FAX: (619) 558-3018 Edmonton, Alberta T6H 2H3 
Suite 105 ACTIVE (418) 682-5775 
San Diego, CA 92121 1990 Blvd. Charest 0. FAX: (418)682-8303 
ALL AMERICAN (800) 831-8300 Ste-Foy, Quebec G1N4K8 
369 Van Ness Way (213) 320-0240 ACTIVE (613) 728-7900 
Unit701 FAX: (213) 320-7207 1023 Merivale Road FAX: (613) 728-3586 
Torrance, CA 90501 Ottawa, Ontario K1Z 6A6 
ALL AMERICAN (408) 943-1200 ACTIVE (514) 256-7538 
2360 Qume Drive, Suite C FAX: (408) 943-1393 6080 Metropolitan East FAX: (514) 256-4890 
San Jose, CA 95131 Montreal, Quebec H1S 1A9 
ALL AMERICAN (619) 458-5850 
5060 Shoreham Place FAX: (619) 458-5866 COLORADO 
Suite 200 ADDED VALUE (303) 422-1701 
San Diego, CA 92122 4090 Youngfield FAX: (303) 422-2529 
l.E.C. (916) 363-6030 Wheatridge, CO 80033 
9940 Business Park Drive FAX: (916) 362-6926 l.E.C. (303) 292-5537 
Suite 145 420 East 58th Avenue FAX: (303) 292-0114 •• Sacramento, CA 95827 Denver, CO 80216 
ITT Components (714) 727-4001 l.E.C. (303) 292-6121 
18 Technology Drive FAX: (714) 727-2109 5750 North Logan Street FAX: (303) 297-2053 
Irvine, CA 92718 Denver, CO 80216 
ITT Components (408) 453-1404 Q.P.S. (303) 343-9260 
1580 Oakland Road FAX: (408) 453-1407 14291 E. 4th Avenue FAX: (303) 343-3051 
Suite C102 Bldg. 7, Unit 208 
San Jose, CA 95131 Aurora, CO 80011 
JACO (714) 258-9003 
1541 Parkway Loop FAX: (714) 258-1909 
Suite A FLORIDA 
Tustin, CA 92680 ALL AMERICAN (305) 621-8282 
JACO (805) 495-9998 16085 NW 52 Avenue FAX: (305) 620-7831 
2282 Townsgate Road (800) 266-1282 Miami, FL33014-9317 
Suite 100 FAX: (805) 494-3864 ALL AMERICAN (800) 327-6237 
Westlake Village, CA 91361 5009 Hiatus Road FAX: (305) 749-9229 
JACO (408) 432-9290 Sunrise, FL 33351 
2880 Zanker Road FAX: (408) 432-9298 JACO (407) 241-7943 
Suite 202 1060 Holland Drive FAX: (407) 241-7950 
San Jose, CA 95134 Suite 3K 

Boca Raton, FL 33487 
CANADA RM ELECTRONICS (407) 767-8005 

ACTIVE (514) 694-7710 581 East St. Rte. 434 FAX: (407) 767-8165 
237 Hymus Boulevard FAX: (514) 697-8112 Longwood, FL 32750 
Point Claire, Quebec H9R 5C7 
ACTIVE (604) 324-7500 
100 S.E. Marine Drive FAX: (604) 324-3100 ILUNOIS 
Vancouver, BC V5X 2$3 l.E.C. (708) 843-2040 
ACTIVE (416) 367-2911 2200 N. Stronington Ave., FAX: (708) 843-2320 
100 Lombard Street FAX: (416) 367-4706 Suite 210 
Toronto, Ontario IVl5C 1 M3 Hoffman Estates, IL 60195 
ACTIVE (514) 731-7441 QPS (708) 884-6620 

5651 Ferrier Street FAX: (514) 731-0129 101 E. Commerce Dr. FAX: (708) 884-7573 . 
Montreal, Quebec H4AP 1 N1 Schaumburg, IL 60173 
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IND/ANA PENNSYLVANIA 
RM ELECThONICS (317) 580-9999 CAM/RPC (412) 782-3770 
1329 W. 96th Street FAX: (317) 580-9615 620 Alpha Drive FAX: (412) 963-6210 
Suite 10 Pittsburgh, PA 15238, 
Indianapolis, IN 46260 

TEXAS 
ALL AMERICAN (214) 231-5300 

MARYLAND 1819 f:irman Drive FAX: (214) 437-0353 
ALL AMERICAN (301) 251-1205 Suite 127 
14636 Rothgeb Dr. FAX: (301) 251-8574 Richardson, TX '75091 
Rockville, MD 20850 JACO (214) 234-5565 
JACO (410) 995-6620 1209 N. Glenville Drive FAX: (214) 238-7066 
Rivers Center FAX: (410) 995-6032 Richai:dson, TX 75081 
10270 Old Columbia Road JACO (713) 240-2255 
Columbia, MD 21046 10707 Corporate Drive FAX: (713) 240-6988 

Suite 124 
MASSACHUSETS Stafford, TX 77477 

ALL AMERICAN (617) 246-2300 JACO (512) 835-0220 
107 Audubon Road FAX: (617) 246-2305 2120-A Braker Lane FAX: (512) 339-9252 
Suite 104 Austin, TX 78758 
Wakefield, MA 01880 

UTAH 
JACO (508) 640-0010 ADDED VALUE (801) 975-9500 
1053 East Street. FAX: (508) 640-0755 1836 Parkway Blvd. FAX: (801) 977-0245 
Tewksbury, MA 01876 West Valley City, UT 84119 

ALL AMERICAN (801) 261-4210 
MICHIGAN 4455 South - 700 East FAX: (801) 261-3885 

RM ELECTRONICS (616) 531-9300 Suite 301 
4310 Roger B. Chaffee Drive FAX: (616) 531-2990 Salt Lake City, UT 84107 
Grand Rapids, Ml 49508 l.E.C. (801) 977-9750 

2117 South 3600 West FAX: (802) 975-1207 
MINNESOTA W. Valley City, UT 84119 

ALL AMERICAN (612) 944-2151 
11409 Valley View Road FAX: (612) 944-9803 WASHINGTON 
Eden Prairie, MN 55344 l.E.C. (206) 455-2727 

NEW YORK 
1750124th Avenue, N.E. FAX: (206) 453-2963 
Bellevue, WA 98005 

ALL AMERICAN (516) 981-3935 
711-2 Koehier Ave. FAX: (516) 981-3947 
Ronkonkoma, NY 11779 • • • • • CAMIRPC (716) 436-5070 
200 Buell Rd. FAX: (716) 436-5093 
Rochester, NY 14624 
JACO (516)-273-5500 
145 Oser Avenue FAX: (516) 273-5506 
Hauppauge, NY 11788 , 

NORTH CAROUNA 
JACO (919) 876-7767 
5206 Greens Dairy Road FAX: (919) 876-6964 
Raleigh, NC 27604 

OHIO 
CAMIRPC (216) 461-4700 
749 Miner Road FAX: (216) 461-4329 
Cleveland, OH 44143 
CAMIRPC (614) 888-7777 
733 H. Lakeview Plaza Ad. FAX: (614) 888-9779 
Worthington, OH 43085 

OREGON 
l.E.C. (503) 641-1690 
68505.W. 105thAve. FAX: (503) 646-3737 
Suite B 
Beaverton, Oregon 97005 
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