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MEMORYICs 

1. INTRODUCTION 
1.1 Dynamic RAM 

1M bit 1Mx1 

256Kx4 

4M bit 4Mx1 KM41 C4000C-5 

KM41 C4000CL-5 

KM41 C4000CSL-5 

KM41 C4002C-5 

dfofiiiii• 
ELECTRONICS 

KM41 C1 OOOC-6 

KM41 C1000CL-6 

KM41C1000CSL-6 

KM44C256C-6 

KM44C256CL-6 

KM44C256CSL-6 

KM41 C4000C-6 

KM41 C4000CL-6 

KM41 C4000CSL-6 

KM41 C4002C-6 

KM41 V4000C-6 

KM41V4000CL-6 

KM41 V4000CLL-6 

FUNCTION GUIDE 

KM41C1000C-7 KM41 C1000C-8 

KM41 C1 OOOCL-7 KM41C1000CL-8 

KM41 C1 OOOCSL-7 KM41 C1000CSL-8 

KM44C256C-7 KM44C256C-8 

KM44C256CL-7 KM44C256CL-8 

KM44C256CL-7 KM44C256CL-8 

KM41 C4000C-7 KM41 C4000C-8 

KM41 C4000CL-7 KM41 C4000CL-8 

KM41 C4000CSL-7 KM41 C4000CSL-~ 

KM41 C4002C-7 KM41 C4002C-8 

KM41V4000C-7 KM41 V4000C-8 

KM41V4000CL-7 KM41V4000CL-8 

KM41 V4000CLL-7 KM41 V4000CLL-8 

11 



MEMORYICs FUNCTION GUIDE 

4M bit 1Mx4 KM44C1 OOOC-5 KM44C1 OOOC-6 KM44C1000C-7 KM44C1 OOOC-8 

KM44C1000CL-5 KM44C1000CL-6 KM44C1000CL-7 KM44C1000CL-8 

KM44C1 OOOCSL-5 KM44C1 OOOCSL-6 KM44C1000CSL-7 KM44C1 OOOCSL-8 

KM44C101 OC-5 KM44C101 OC-6 KM44C1010C-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 

KM44C1003CSL-5 KM44C1003CSL-6 KM44C1003CSL-7 KM44C1003CSL-8 

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

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

KM44C1004CSL-5 KM44C1004CSL-6 KM44C1004CSL-7 KM44C1004CSL-8 

KM44V1 OOOC-6 KM44V1000C-7 KM44V1 OOOC-8 

KM44V1 OOOCL-6 KM44V1 OOOCL-7 KM44V1 OOOCL-8 

KM44V1 OOOCLL-6 KM44V1 OOOCLL-7 KM44V1 OOOCLL-8 

KM44V1004C-6 KM44V1004C-7 KM44V1004C-8 

KM44V1004CL-6 KM44V1004CL-7 KM44V1004CL-8 

KM44V1004CLL-6 KM44V1004CLL.;7 KM44V1004CLL-8 

tJ:f:l:filihi' 
ELECTRONICS 
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MEMORYICs FUNCTION GUIDE 

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

KM48C512BL·5 KM48C512BL-6 KM48C512BL-7 KM48C512BL-8 

KM48C512BLL-5 KM48C512BLL-6 KM48C512BLL-7 KM48C512BLL-8 

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

KM48C514BL·5 KM48C514BL-6 KM48C514BL-7 KM48C514BL-8 

KM48C514BLL-5 KM48C514BLL-6 KM48C514BLL-7 KM48C514BLL-8 

KM48V512B-6 KM48V512B-7 KM48V512B-8 

KM48V512BL-6 KM48V512BL-7 KM48V512BL-8 

KM48V512BLL-6 KM48V512BLL-7 KM48V512BLL-8 

KM48V514B-6 KM48V514B-7 KM48V514B-8 

KM48V514BL-6 KM48V514BL-7 KM48V514BL-8 

KM48V514BLL-6 KM48V514BLL-7 KM48V514BLL-8 

512Kx9 KM49C512B-6 KM49C512B-7 KM49C512B-8 

KM49C512BL-6 KM49C512BL-7 KM49C512BL-8 

KM49C512BLL-6 KM49C512BLL-7 KM49C512BLL-8 

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

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

KM416C256BLL-5 KM416C256BLL-6 KM416C256BLL-7 KM416C256BLL-8 

d"'ifiihi> 
ELECTRONICS 
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MEMORYICs. FUNCTION GUIDE 

4MB/W 256Kx16 KM416C2548·5 KM416C2548·6 KM416C2548·7 KM416C2548-8 

KM416C2548L·5 KM416C2548L-6 KM416C2548L·7 KM416C2548L-8 

KM416C254BLL·5 KM416C2548LL·6 KM416C2548LL-7 KM416C2548LL·8 

KM416C1568-5 KM416C1568-6 KM416C1568-7 KM416C1568-8 

KM416C1568L·5 KM416C1568L-6 KM416C1568L·7 KM416C1568L-8 

KM416C1568LL-5 KM416C1568LL·6 KM416C1568LL·7 KM416C1568LL·8 

KM416C1578·5 K416C1578-6 KM416C1578·7 KM416C1578-8 

KM416C1578L·5 KM416C1578L-6 KM416C157BL-7 KM416C1578L-8 

KM416C1578LL·5 KM416C1578LL·6 KM416C1578LL·7 KM416C1578LL-8 

KM416V2568·6 KM416V2568-7 KM416V2568·8 

KM416V2568L-6 KM416V2568L·7 KM416V2568L-8 

KM416V2568LL-6 KM416V2568LL·7 KM416V2568LL·8 

KM416V2548·6 KM416V2548·7 KM416V2548-8 

KM416V2548L-6 KM416V2548L·7 KM416V254BL-8 

KM416V2548LL-6 KM416V2548LL·7 KM416V2548LL-8 

256Kx18 KM418C256B-6 KM418C256B·7 · KM418C2568-8 

KM418C2568L-6 KM418C2568L-7 KM418C2568L-8 

KM418C2568LL·6 KM418C2568LL·7 KM418C2568LL-8 

dli'i fjliii, 
ELECTRONICS 
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MEMORYICs FUNCTION GUIDE 

16M bit 16Mx1 KM41C16000A-5 KM41 C16000A-6 KM41C16000A-7 KM441 C16000A-8 

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

KM41C16000ALL-5 KM41 C16000ALL-6 KM41C16000ALL· KM41 C16000ALL-8 

KM41C16000ASL-5 KM41 C16000ASL KM41 C16000ASL· KM41 C16000ASL 

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

KM41V16000A-6 KM41V16000A~7 KM41V16000A-8 

KM41V16000AL-6 KM41V16000AL-7 KM41V16000AL-8 

KM41V16000ALL-6 KM41V16000ALL-7 KM41V16000ALL-8 

KM41V16000ASL-6 KM41V16000ASL- KM41V16000ASL-8 

4Mx4 KM44C4000A-5 KM44C4000A-6 KM44C4000A~7 KM44C4000A·8 

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

KM44C4000ALL·5 KM44C4000ALL-6 KM44C4000ALL-7 KM44C4000ALL-8 

KM44C4000ASL-5 KM44C4000ASL-6 KM44C4000ASL-7 KM44C4000ASL-8 

KM44C4100A-5 KM44C4100A-6 KM44C41 OOA-7 KM44C41 OOA-8 

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

KM44C4100ALL-5 KM44C41 OOALL-6 KM44C4100ALL-7 KM44C4100ALL-8 

KM44C4100ASL-5 KM44C4100ASL-6 KM44C4100ASL-7 KM44C41 OOASL-8 

•l1Jnfi@IP . 
ELECTRONICS 
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MEMORYICs FUNCTION GUIDE 

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

KM44C4102A·5 KM44C4102A-6 KM44C4102A·7 KM44C4102A·8 

KM44C4003A·5 KM44C4003A-6 KM44C4003A·7 KM44C4003A-8 

KM44C4003AL·5 KM44C4003AL-6 KM44C4003AL·7 KM44C4003AL-8 

KM44C4003ALL·5 KM44C4003ALL·6 KM44C4003ALL·7 KM44C4003ALL·8 

KM44C4003ASL·5 KM44C4003ASL-6 KM44C4003ASL·7 KM44C4003ASL-8 

KM44C4103A·5 KM44C4103A-6 KM44C4103A·7 KM44C4103A·8 

KM44C4103AL·5 KM44C4103AL-6 KM44C4103AL·7 KM44C4103AL-8 

KM44C4103ALL·5 KM44C4103ALL-6 KM44C4103ALL·7 KM44C4103ALL·8 

KM44C4103ASL·5 KM44C4103ASL-6 KM44C4103ASL·7 KM44C4103ASL-8 

KM44C4004A·5 KM44C4004A·6 KM44C4004A·7 KM44C4104A-8 

KM44C4004AL-5 KM44C4004AL-6 KM44C4004AL·7 KM44C4104AL-8 

KM44C4004ALL·5 KM44C4004ALL-6 KM44C4004ALL·7 KM44C4104ALL-8 

KM44C4004ASL·5 KM44C4004ASL-6 KM44C4004ASL·7 KM44C4104ASL-8 

KM44C4104A·5 KM44C4104A·6 KM44C4002A-7 KM44C4002A·8 

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

KM44C4104ALL·5 KM44C4104ALL-6 KM44C4104ALL·7 KM44C4104ALL-8 

KM44C4104ASL·5 KM44C4104ASL-6 KM44C4104ASL·7 KM44C4104ASL-8 
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MEMORY ICs FUNCTION GUIDE 

16M bit 4Mx4 KM44C401 OA-5 KM44C401 OA-6 KM44C401 OA-7 KM44C401 OA-8 

KM44C401 OAL-5 KM44C401 OAL-6 KM44C4010AL-7 KM44C401 OAL-8 

KM44C401 OALL-5 KM44C401 OALL-6 KM44C401 OALL-7 KM44C401 OALL-8 

KM44C401 OASL-5 KM44C401 OASL-6 KM44C401 OASL-7 KM44C401 OASL-8 

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

KM44C411 OAL-5 KM44C411 OAL-6 KM44C4110AL-7 KM44C411 OAL-8 

KM44C411 OALL-5 KM44C411 OALL-6 KM44C4110ALL-7 KM44C4110ALL-8 

KM44C411 OASL-5 KM44C411 OASL-6 KM44C4110ASL-7 KM44C411 OASL-8 

KM44C4005A-5 KM44C4005A-6 KM44C4005A-7 KM44C4005A-8 

KM44C4005AL-5 KM44C4005AL-6 KM44C4005AL-7 KM44C4005AL-8 

KM44C4005ALL-5 KM44C4005ALL-6 KM44C4005ALL-7 KM44C4005ALL-8 

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

KM44C4105A-5 KM44C4105A-6 KM44C4105A-7 KM44C4105A-8 

KM44C4105AL-5 KM44C4105AL-6 KM44C4105AL-7 KM44C4105AL-8 

KM44C41 OSALL-5 KM44C41 OSALL-6 KM44C4105ALL-7 KM44C4105ALL-8 

KM44C4105ASL-5 KM44C4105ASL-6 KM44C4105ASL-7 KM44C4105ASL-8 

KM44V4000A-6 KM44V4000A-7 KM44V4000A-8 

KM44V4000AL-6 KM44V4000AL-7 KM44V4000AL-8 

KM44V4000ALL-6 KM44V4000ALL-7 KM44V4000ALL-8 

KM44V4000ASL-6 KM44V4000ASL-7 KM44V4000ASL-8 
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MEMORYIC·s FUNCTION GUIDE 

16M bit 4Mx4 KM44V4100A-6 KM44V4100A-7 KM44V41 OOA-8 

KM44V4100AL-6 KM44V4100AL-7 KM44V4100AL-8 

KM44V4100ALL-6 KM44V4100ALL-7 KM44V4100ALL-8 

KM44V4100ASL-6 KM44V4100ASL-7 KM44V4100ASL-8 

KM44V4004A-6 KM44V4004A-7 KM44V4004A-8 

KM44V4004AL-6 KM44V4004AL-7 KM44V4004AL-8 

KM44V4004ALL-6 KM44V4004ALL-7 KM44V4004ALL-8 

KM44V4004ASL-6 KM44V4004ASL-7 KM44V4004ASL-8 

KM44V4104A-6 KM44V4104A-7 KM44V4104A-8 

KM44V4104AL-6 KM44V4104AL-7 KM44V4104AL-8 

KM44V4104ALL-6 KM44V4104ALL-7 KM44V4104ALL-8 

KM44V4104ASL-6 KM44V4104ASL-7 KM44V4104ASL-8 

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

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

KM48C2000ALL-5 KM48C2000ALL-6 KM48C2000ALL~7 KM48C2000ALL-8 

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

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

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

KM48C21 OOALL-5 KM48C21 OOALL-6 KM48C21 OOALL-7 KM48C21 OOALL-8 

KM48C21 OOASL-5 KM48C21 OOASL-6 KM48C21 OOASL-7 KM48C21 OOASL-8 
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MEMORYICs FUNCTION GUIDE 

6MB 2Mx8 KM48C2004A-5 KM48C2004A-6 KM48C2004A-7 KM48C2004A-8 

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

KM48C2004ALL-6 KM48C2004ALL•6 KM48C2004ALL-7 KM48C2004ALL-8 

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

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

KM48C2104AL-5 KM48C2104AL-6 KM48C2104AL-7 KM48C2104AL-8 

KM48C2104ALL-5 KM48C2104ALL-6 KM48C2104ALL-7 KM48C2104ALL-8 

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

KM48V2000A-6 KM48V2000A-7 KM48V2000A-8 

KM48V2000AL-6 KM48V2000AL-7 KM48V2000AL-8 

KM48V2000ALL-6 KM48V2000ALL-7 KM48V2000ALL-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 OOALL-6 KM48V21 OOALL-7 KM48V21 OOALL-8 

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

KM48V2004A-6 KM48V2004A-7 KM48V2004A-8 

KM48V2004AL-6 KM48V2004AL-7 KM48V2004AL-8 

KM48V2004ALL-6 KM48V2004ALL-7 KM48V2004ALL-8 

KM48V2004ASL-6 KM48V2004ASL-7 KM48V2004ASL-8 
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MEMORY ICs FUNCTION GUIDE 

6MB 2Mx8 KM48V2104A-6 KM48V2104A-7 KM48V2104A-8 

KM48V2104AL-6 KM48V2104AL-7 KM48V2104AL-8 

KM48V2104ALL-6 KM48V2104ALL-7 KM48V2104ALL-8 

KM48V2104ASL-6 KM48V2104ASL-7 KM48V2104ASL-8 

1Mx16 KM416C1 OOOA-6 KM416C1 OOOA-7 KM416C1000A-8 

KM416C1 OOOA-L6 KM416C1 OOOA-L7 KM416C1000A-L8 

KM416C1 OOOA-F6 KM416C1 OOOA-F7 KM416C1000A-F8 

KM416C1200A-6 KM416C1200A-7 KM416C1200A-8 

KM416C1200A-L6 KM416C1200A-L7 KM416C1200A-L8 

KM416C1200A-F6 KM416C1200A-F7 KM416C1200A-F8 

KM416C1004A-6 KM416C1004A-7 KM416C1004A-8 

KM416C1004A-L6 KM416C1004A-L7 KM416C1004A-L8 

KM416C1004A-F6 KM416C1004A-F7 KM416C1004A-F8 

KM416C1204A-6 KM416C1204A-7 KM416C1204A-8 

KM416C1204A-L6 KM416C1204A-L7 KM416C1204A-L8 

KM416C1204A-F6 KM416C1204A-F7 KM416C1204A-F8 
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MEMORYICs FUNCTION GUIDE 

6MB/W 1Mx16 KM416V1 OOOA-6 KM416V1000A-7 KM416V1 OOOA-8 

KM416V1 OOOA-L6 KM416V1000A-L7 KM416V1 OOOA-L8 

KM416V1 OOOA-F6 KM416V1 OOOA-F7 KM416V1 OOOA-F8 

KM416V1200A-6 KM416V1200A-7 KM416V1200A-8 

KM416V1200A-L6 KM416V1200A-L7 KM416V1200A-L8 

KM416V1200A-F6 KM416V1200A-F7 KM416V1200A-F8 

KM416V1004A-6 KM416V1004A-7 KM416V1004A-8 

KM416V1004A-L6 KM416V1004A-L7 KM416V1004A-L8 

KM416V1004A-F6 KM416V1004A-F7 KM416V1004A-F8 

KM416V1204A-6 KM416V1204A-7 KM416V1204A-8 

KM416V1204A-L6 KM416V1204A-L7 KM416V1204A-L8 

KM416V1204A-F6 KM416V1204A-F7 KM416V1204A-F8 
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MEMORYICs FUNCTION GUIDE 

64M bit 8Mx8 KM48V8000-5 KM48V8000-5 KM48V8000-7 

KM48V8000-L5 KM48V8000-L6 KM48V8000-L7 

KM48V8000-F5 KM48V8000-F6 KM48V8000-F7 

KM48V8100-5 KM48V8100-6 KM48V8100-7 

KM48V8100-L5 KM48V8100-L6 KM48V8100-L7 

KM48V8100-F5 KM48V81 OO-F6 KM48V81 OO-F7 

KM48V8004-5 KM48V8004-6 KM48V8004-7 

KM48V8004-L5 KM48V8004-L6 KM48V8004-L7 

KM48V8004-F5 KM48V8004-F6 KM48V8004-F7 

KM48V8104-5 KM48V8104-6 KM48V8104-7 

KM48V8104-LS KM48V8104-L6 KM48V8104-L7 

KM48V8104-F5 KM48V8104-F6 KM48V8104-F7 
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MEMORY ICs FUNCTION GUIDE 

1.2 Dynamic RAM Module 

4M Based 1Mx8 KMM581 OOOCN-6 KMM581 OOOCN-7 KMM581 OOOCN-8 

1Mx9 KMM591 OOOCN-6 KMM591 OOOCN-7 KMM591 OOOCN-8 

4Mx8 KMM584000C-5 KMM584000C-6 KMM584000C-7 KMM584000C-8 

4Mx9 KMM594000C-5 KMM594000C-6 KMM594000C-7 KMM594000C-8 

1Mx32 KMM5321 OOOCV /CVG-5 KMM5321 OOOCV/CVG-6 KMM5321000CV/CVG-7 KMM5321 OOOCV/CVG-8 

1Mx33 KMM5331 OOOC/CG-6 KMM5331 OOOC/CG-7 KMM5331 OOOC/CG-8 

1Mx36 KMM5361 OOOC2/C2G-6 KMM5361000C2/C2G-7 KMM5361 OOOC2/C2G-8 

KMM5361000CH-5 KMM5361 OOOCH-6 KMM5361 OOOCH-7 KMM5361 OOOCH-8 

KMM5361003C/CG-5 KMM5361003C/CG-6 KMM5361003C/CG-7 KMM5361003C/CG-8 

1Mx40 KMM5401 OOOC/CG/CM-5 KMM5401 OOOC/CG/CM-6 KMM5401000C/CG/CM-7 KMM5401000C/CG/CM-8 

2Mx32 KMM5322000CV/CVG-5 KMM5322000CV/CVG-6 KMM5322000CV/CVG-7 KMM5322000CV/CVG-8 

2Mx36 KMM5362000C2/C2G-6 KMM5362000C2/C2G-7 KMM5362000C2/C2G-8 

KMM5362000CH:s KMM5362000CH-6 KMM5362000CH-7 KMM5362000CH-8 

KMM5362003C/CG-5 KMM5362003C/CG-6 KMM5362003C/CG-7 KMM5362003C/CG-8 

2Mx40 KMM5402000C/CG/CM-5 KMM5402000C/CG/CM-6 KMM5402000C/CG/CM-7 KMM5402000C/CG/CM-8 

4Mx32 KMM5324000CV/CVG-5 KMM5324000CV /CVG-6 KMM5324000CV /CVG-7 KMM5324000CV/CVG-8 

4Mx33 KMM5334000CV/CVG-5 KMM5334000CV /CVG-6 KMM5334000CV/CVG-7 KMM5334000CV/CVG-8 

4Mx36 KMM5364000C/CG-5 KMM5364000C/CG-6 KMM5364000C/CG-7 KMM5364000C/CG-8 
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MEMORYICs FUNCTION GUIDE 

256Kx32 KMM532256BW/BWG-6 KMM532256BW/BWG-7 KMM532256BW/BWG-8 

256Kx36 KMM536256BW/BWG-6 KMM536256BW/BWG-7 KMM536256BW/BWG-8 

512Kx32 KMM532512BW/BWG-6 KMM532512BW/BWG-7 KMM532512BW/BWG-8 

512Kx36 KMM536512BW/BWG-6 KMM536512BW/BWG-7 KMM536512BW/BWG-8 

16M Based 4Mx8 KMM5841 OOAN-5 KMM5841 OOAN-6 KMM584100AN-7 KMM584100AN-8 

KMM5841 OOAKN-5 KMM5841 OOAKN-6 KMM584100AKN-7 KMM584100AKN-8 

4Mx9 KMM594100AN-5 KMM594100AN-6 KMM594100AN-7 KMM5941 OOAN-8 

KMM594100AKN-5 KMM5941 OOAKN-6 KMM594100AKN-7 KMM594100AKN-8 

16Mx8 KMM5816000A/AT-5 KMM5816000A/AT-6 KMM5816000A/AT-7 KMM5816000A/AT-8 

KMM5816000AK-5 KMM5816000AK-6 KMM5816000AK-7 KMM5816000AK-8 

16Mx9 KMM5916000A/AT-5 KMM5916000A/AT-6 KMM5916000A/ AT-7 KMM5916000A/AT-8 

KMM5916000AK-5 KMM5916000AK-6 KMM5916000AK-7 KMM5916000AK-8 

4Mx32 KMM5324100AV/AVG-5 KMM53241 OOAV/AVG-6 KMM5324100AV/AVG-7 KMM53241 OOAV/AVG-8 

KMM5324000AV/AVG-5 KMM5324000AV/AVG-6 KMM5324000AV/AVG-7 KMM5324000AV/AVG-8 

KMM5324100AK/AKG-5 KMM53241 OOAK/AKG-6 KMM5324100AK/AKG-7 KMM5324100AK/AKG-8 

KMM5324000AK/AKG-5 KMM5324000AK/AKG-6 KMM5324000AK/AKG-7 KMM5324000AK/AKG-8 

4Mx33 KMM5334100A/AG-5 KMM53341 OOA/AG-6 KMM53341 OOA/ AG-7 KMM5334100A/AG-8 
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MEMORY ICs FUNCTION GUIDE 

4Mx36 KMM53641 OONAG-5 KMM53641 OONAG-6 KMM53641 OOA/AG-7 KMM53641 OONAG-8 

KMM5364100A1/A1G-5 KMM5364100A1/A1G-6 KMM5364100A1/A1G-7 KMM5364100A1/A1G-8 

KMM5364100AH/AHG-5 KMM5364100AH/AHG-6 KMM5364100AH/AHG-7 KMM53641 OOAH/AHG-8 

KMM5364000AH/AHG-5 KMM5364000AH/AHG-6 KMM5364000AH/AHG-7 KMM5364000AH/AHG-8 

KMM53641 OOAKH/AKHG-5 KMM53641 OOAKH/AKHG-6 KMM5364100AKH/AKHG-7 KMM53641 OOAKH/AKHG-8 

KMM5364000AKH/AKHG-5 KMM5364000AKH/AKHG-6 KMM5364000AKH/AKHG-7 KMM5364000AKH/AKHG-8 

KMM5364103AK/AKG-5 KMM5364103AK/AKG-6 KMM5364103AK/AKG-7 KMM5364103AK/AKG-8 

KMM5364003AK/AKG-5 KMM5364003AK/AKG-6 KMM5364003AK/AKG-7 KMM5364003AK/AKG-8 

4Mx39· KMM53941 OOAM-5 KMM53941 OOAM-6 KMM5394100AM-7 KMM53941 OOAM-8 

KMM5394000AM-5 KMM5394000AM-6 KMM5394000AM-7 KMM5394000AM-8 

4Mx40 KMM54041 OONAG-5 KMM5404100NAG-6 KMM5404100NAG-7 KMM54041 OOA/AG-8 

KMM5404000A/ AG-5 KMM5404000NAG-6 KMM5404000NAG-7 · KMM5404000A/AG-8 

KMM54041 OOAK/AKG-5 KMM54041 OOAK/AKG-6 KMM5404100AK/AKG-7 KMM5404100AK/AKG-8 

KMM5404000AK/AKG-5 KMM5404000AK/AKG-6 KMM5404000AK/AKG-7 KMM5404000AK/AKG-8 

8Mx32 KMM53281 OOAV/AVG-5 KMM5328100AV/AVG-6 KMM5328100AV/AVG-7 KMM53281 OOAV/AVG-8 

KMM5328000AV/AVG-5 KMM5328000AV/AVG-6 KMM5328000AV/AVG-7 KMM5328000AV/AVG-8 

KMM5328100AK/AKG-5 KMM53281 OOAK/AKG-6 KMM5328100AK/AKG-7 KMM53281 OOAK/AKG-8 

KMM5328000AK/AKG-5 KMM5328000AK/AKG-6 KMM5328000AK/AKG-7 KMM5328000AK/AKG-8 

8Mx33 KMM5338100AJW/AKVG-5 KMM5338100AKV/AKVG-6 KMM5338100AJW/AKVG-7 KMM5338100AJW/AKVG-8 
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MEMORYICs FUNCTION GUIDE 

8Mx36 KMM5368100A1/A1G-5 KMM5368100A1/A1G-6 KMM5368100A1/A1G-7 KMM5368100A 1/ A 1 G-8 

KMM5368100AH/AHG-5 KMM53681 OOAH/AHG-6 KMM53681 OOAH/ AHG-7 KMM53681 OOAH/ AHG-8 

KMM5368000AH/AHG-5 KMM5368000AH/AHG-6 KMM5368000AH/ AHG-7 KMM5368000AH/AHG-8 

KMM53681 OOAKH/AKHG-5 KMM5368100AKH/AKHG-6 KMM53681 OOAKH/AKHG-7 KMM53681 OOAKH/AKHG-8 

KMM5368000AKH/AKHG-5 KMM5368000AKH/AKHG-6 KMM5368000AKH/AKHG-7 KMM5368000AKH/AKHG-8 

KMM5368103AK/AKG-5 KMM5368103AK/AKG-6 KMM5368103AK/ AKG-7 KMM5368103AK/AKG-8 

KMM5368003AK/AKG-5 KMM5368003AK/AKG-6 KMM5368003AK/AKG-7 KMM5368003AK/AKG-8 

8Mx40 KMM5408100AK/AKG-5 KMM54081 OOAK/AKG-6 KMM5408100AK/AKG-7 KMM54081 OOAK/AKG-8 

KMM5408000AK/AKG-5 KMM5408000AK/AKG-6 KMM5408000AK/AKG-7 KMM5408000AK/AKG-8 

1Mx32 KMM5321200AW/AWG-6 KMM5321200AW/AWG-7 KMM5321200AW/AWG-8 

KMM5321000AW/AWG-6 KMM5321000AW/AWG-7 KMM5321 OOOAW/AWG-8 

KMM5321203AW/AWG-6 KMM5321203AW/AWG-7 KMM5321203AW/AWG-8 

2Mx32 KMM5322200AW/AWG-6 KMM5322200AW/AWG-7 KMM5322200AW/AWG-8 

KMM5322000AW/AWG-6 KMM5322000AW/AWG-7 KMM5322000AW/AWG-8 

KMM5322208AU/AUG-6 KMM5322208AU/AUG-7 KMM5322208AU/AUG-8 

KMM53221 OOAU/AUG-6 KMM5322100AU/AUG-7 KMM53221 OOAU/AUG-8 

2Mx36 KMM5362203AW/AWG-6 KMM5362203AW/AWG-7 KMM5362203AW/AWG-8 

KMM5362209AU/AUG-6 KMM5362209AU/AUG-7 KMM5362209AU/AUG-8 
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MEMORYICs FUNCTION GUIDE 

1.3 Video RAM 

CMOS 256K bit 64Kx4 KM424C64-10 KM424C64-12 

512K bit 64Kx8 KM428C64-7 KM428C64-8 KM428C64-10 

1M bit 256Kx4 KM424C256A-6 KM424C256A-7 KM424C256A-8 

y KM424C257-6 H KM424C257-7 I I KM424C257-8 

128Kx8 KM428C128-6 KM428C128-7 I KM428C128-8 

2M bit 256Kx8 KM428C256-6 KM428C256-7 KM428C256-8 

KM428V256-7 KM428V256-8 

KM428C257-6 KM428C257-7 KM428C257-8 

KM428C258-6 KM428C258-7 KM428C258-8 

tt tt tt 
4M bit 256Kx 16 KM4216C256-6 KM4216C256-7 KM4216C256-8 

tt tt tt 
SM bit 256Kx32 KM4232C256-6 KM4232C256-7 KM4232C256-8 

tt Under Development 
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MEMORY ICs FUNCTION GUIDE 

1.4 Static RAM 

St.andard SRAM 

CMOS 64K 8Kx8 KM6264BL-7/7L KM6264BL-10/1 OL KM6264BL-12/12L 

256K 32Kx8 KM62256BL-7 /7L KM62256BL-8/8L KM62256BL-10/1 OL KM62256BL-12/12L 

KM62256BLI-7/7L KM62256BLl-10/1 OL 

KM62256CL-5/5L KM62256CL-7/7L KM62256CL-8/8L KM62256CL-10/1 OL 

KM62256CLl-7 /7L KM62256CLl-10/1 OL 

KM62256CL-7LV 

512K 64Kx8 KM68512L-5/5L KM68512L-7/7L KM68512L-8/8L KM68512L-10/10L 

KM68512AL-5/5L KM68512AL-7/7L KM68512AL-8/8L 

1M 128Kx8 KM681 OOOBL-5/5L KM681000BL-7/7L KM681 OOOBL-8/SL KM681OOOBL-10/1 OL 

KM681000BLl-7/7L KM681OOOBLl-10/1 OL 

KM68V1OOOBL-7 /7L KM68V1OOOBL-10/1 OL KM68V1 OOOBL-15/1 SL 

512Kx8 KM684000L-5/L-5L KM684000L-7/L-7L KM684000L-8/L-8L KM684000L-1 O/l-1 Ol 

KM684000lll-7/ll-7l KM6840001ll-8/ll-8l KM6840001ll-1 O/ll-1 OL 

KM6164000AL-5/5L KM6164000AL-7/7L KM6164000AL-8/8L 

t t 
KM68V4000AL-7/7L KM68V4000AL-10/10l KM68V4000Al-12/12L 

tt t 
KM616V4000AL-7/7L KM616V4000Al-10/10l KM616V4000Al-12/12L 
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MEMORY ICs FUNCTION GUIDE 

PseudoSRAM 

CMOS 1M 128Kx8 KM658128A/L-8/8L KM658128A/L-10/10L KM658128A/L-12/12L 

High Speed SRAM 

CMOS 16Kx4 KM6465B-12 KM6465B-15 KM6465B-20 KM6465B-25 

KM6466B-12 KM6466B-15 KM6466B-20 KM6466B-25 

(With OE) 

8Kx8 KM6865B-12 KM6865B-15 KM6865B-20 KM6865B-25 

6 6 6. 

256K 64Kx4 KM64258B-20 KM64258B-25 

KM64258C-15 KM64258C-20 

KM64V258C-17 KM64V258C-20 

(With OE) 

6 6 6 

32Kx8 KM68257B-15 KM68257B-20 KM68257B-25 

KM68258C-12 KM68258C-15 KM68258C-20 

KM68V257-15 KM68V257-17 KM68V257-20 
Low Voltage Operation 

KM68V257C-15 KM68V257C-17 KM68V257C-20 
(Low Voltage Operation) 

6 6 6 

512K 32Kx 16 KM616513-15 KM616513-17 KM616513-20 KM616513-25 

KM616V513-15 KM616V513-17 KM616V513-20 

Low Voltage Operation 

•tMHIUI" ELECTRONICS 
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MEMORY ICs FUNCTION GUIDE 

6 6 6 

1M 1Mx1 KM611001-20 KM611001-25 KM611001-35 

256Kx4 KM641001-20 KM641001-25 KM641001-35 

KM641003-15 KM641003-17 KM641003-20 

KM641003A-12 . KM641003A-15 KM641003A-17 KM641003A-20 

KM64V1003A-12 KM64V1003A-15 KM64V1003A-17 KM64V1003A-20 

(Low Voltage Operation) 

128Kx8 KM681001-20 KM681001-25 KM681001-35 

KM681002-15 KM681002-17 KM681002-20 

KM681002A-12 KM681002A-15 KM681002A-17 KM681002A-20 

KM68V1002A-12 KM68V1002A-15 KM68V1002A-17 KM68V1002A-20 

(Low Voltage Operation) 

64Kx 16 KM6161002-15 KM6161002-17 KM6161002-20 

KM6161002A-12 KM6161002A-15 KM6161002A-17 KM6161002A-20 

KM616V1002A-12 KM616V1002A-15 KM616V1002A-17 KM616V1002A-20 

(Low Voltage Operation) 

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

512Kx8 KM684002-17 /L-17 KM684002-20/L-20 KM684002-25/L-25 

256Kx16 KM6164002-20/L-20 KM6164002-25/L-25 KM6164002-35/L-35 

4J:!:l:fiihitP 
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MEMORY ICs 

BiCMOSSRAM 

Bi CMOS 
TTLl/O 

256K 

32Kx8 

tl:!:i:H'ihi' 
ELECTRONICS 

(Revolutionary) 

FUNCTION GUIDE 

KM64B258A-12 

KM64B261A-7 KM64B261A-8 

KM68B257A-9 KM68B257 A-10 KM68B257 A-12 

KM68B261A-7 KM68B261A-8 
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Specialty SRAM 

288K 32Kx9 KM79C86J-14 KM79C86J-19 KM79C86J-20 
(Interleave Burst) 

1M 256Kx4 KM741006J-10 KM741006J-12 KM741006J-15 

64Kx18 KM718886-9 KM718886-10 KM718886-12 
t Interleave Burst) 

KM718890-9 KM718890-10 KM718890-12 

t Sequential Burst) 

KM7188V87-9 KM7188V87-10 KM7188V87-12 

t Interleave! Burst, Glue) 

KM7188V90-9 KM7188V90-10 KM7188V90-12 

(Sequential Burst, Glue) 

t 
4M 1Mx4 KM7 484006-10 KM7 484006-12 KM7 484006-15 

* : New Product t : Preliminary Product tt : Advanced Information /:::,. : Last Time by Product 

. tJMflliiltP 
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1.5MASKROM 
Standard Product 

CMOS 256K bit 32Kx8 KM23C256(G)-12 KM23C256(G)-15 KM23C256(G)-20 

512K bit 64Kx8 KM23C512(G)-12 KM23C512(G)-15 KM23C512(G)-20 

1M bit 128K x 8 KM23C1000-12 KM23C1000-15 KM23C1000-20 

KM23C1001-12 KM23C1001-15 KM23C1001-20 

KM23C101 O(G)-12 KM23C101 O(G)-15 KM23C101 O(G)-20 

KM23C1011 (G)-12 KM23C1011 (G)-15 KM23C1011 (G)-20 

2M bit 256K x 8 KM23C2000A(G)-10 KM23C2000A(G)-12 KM23C2000A(G)-15 

KM23C20008(G)-10 KM23C20008(G)-12 KM23C20008(G)-15 

KM23C2001A(G)-10 KM23C2001 A(G)-12 KM23C2001 A(G)-15 

KM23C2001B(G)-10 KM23C2001 B(G)-12 KM23C2001 B(G)-15 

256Kx 8/ KM23C2100A-10 KM23C21 OOA-12 KM23C21 OOA-15 128Kx 16 

KM23C21008-10 KM23C21008-12 KM23C21008-15 

4M bit 512K x 8 KM23C40008(G)-10 KM23C40008(G)-12 KM23C40008(G)-15 

KM23C4000C(G)-10 KM23C4000C(G)-12 KM23C4000C(G)-15 

KM23C40018(G)-10 KM23C40018(G)-12 KM23C4001 8(G)-15 

KM23C4001C(G)-10 KM23C4001 C(G)-12 KM23C41008(G)-15 

512K x 8/ KM23C41008(G)-10 KM23C41008(G)-12 KM23C41008(G)-15 256K x 16 

KM23C41OOC(G)-10 KM23C41 OOC(G)-12 KM23C41 OOC(G)-15 

KM23C42008-12 KM23C42008-15 KM23C42008-20 

KM23C4200C-10 KM23C4200C-12 KM23C4200C-15 

•11l111lJ1UI' 33 
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CMOS BM bit 1Mx8 KM23C8000B(G)-10 KM23C8000B(G)-12 KM23C8000B(G)-15 

KM23C8000C(G)-12 KM23C8000C(G)-15 KM23C8000C(G)-20 

KM23C8001B(G)-10 KM23C8001 B(G)-12 KM23C8001 B(G)-15 

KM23C8001 C(G)-12 KM23C8001 C(G)-15 KM23C8001 C(G)-20 

1M x8/ 
KM23C81OOB(G)-10 KM23C81 OOB(G)-12 KM23C81008(G)-15 512Kx16 

KM23C81 OOC(G)-12 KM23C81 OOC(G)-15 KM23C81 OOC(G)-20 

16M bit 2M x8 KM23C16101A-12 KM23C16101A-15 KM23C16101 A-20 

KM23C161018-12 KM23C161018-15 KM23C161018-20 

2M x8/ 
KM23C16000A(G)-12 KM23C16000A(G)-15 KM23C16000A(G)-20 1M x 16 

KM23C160008(G)-12 KM23C160008(G)-15 KM23C160008(G)-20 

32M bit 4M x8 KM23C32101A-12 KM23C32101 A-15 KM23C32101 A-20 

KM23C32110-15 KM23C32110-20 KM23C32110-25 

KM23C3211 OA-12 KM23C3211 OA-15 KM23C3211 OA-20 

2M x 16 KM23C32000-15 KM23C32000-20 KM23C32000-25 

KM23C32000A-12 KM23C32000A-15 KM23C32000A-20 

4M x8/ KM23C32000G-15 KM23C32000G-20 KM23C32000G-25 2Mx 16 

KM23C32000AG-12 KM23C32000AG-15 KM23C32000AG-20 

•1Mfiiiil> 
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MEMORY ICs 

64M bit 

* : New Product 
t : Under Development 

Page Mode Product 

CMOS 8M bit 

16M bit 

32M bit 

8M x8/ 
4Mx 16 

4Mx 16 
2M x32 

1M x8/ 
512K x 16 

2M x8/ 
1M x 16 

2M x 16 

4M x8/ 
2M x 16 

2M x 16/ 
1M x32 

•1m'ifJliiliP 
ELECTRONICS 

KM23C64000G-12 

KM23C64200SG-12 

KM23C8105B(G)-10 

KM23C16005A(G)-12 

KM23C32005-15 

KM23C32005A-10 

KM23C32005(G)-15 

KM23C32005AG-10 

KM23C32205ASG-10 

FUNCTION GUIDE 

KM23C64000G-15 KM23C64000G-20 

KM23C64200SG-15 KM23C64200SG-20 

KM23C8105B(G)-12 KM23C8105B(G)-15 

KM23C16005A(G)-15 KM23C16005A(G)-20 

KM23C32005-20 KM23C32005-25 

KM23C32005A-12 KM23C32005A-15 

KM23C32005(G)-20 KM23C32005(G)-25 

KM23C32005AG-12 KM23C32005AG-15 

KM23C32205ASG-12 KM23C32205ASG-15 
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Low Voltage Product 

CMOS 4M bit 512K x 8 KM23V4000B(G)-15 KM23V4000B(G)-20 KM23V4000B(G)-25 

KM23V4001 B(G)-15 KM23V4001 B(G)-20 KM23V4001 B(G)-25 

512K x 8/ 
KM23V41 OOB(G)-15 KM23V41 OOB(G)-20 KM23V41 OOB(G)-25 256K x 16 

BM bit 1M x8 KM23V8000B(G)-20 KM23V8000B(G)-25 KM23V8000B(G)-30 

KM23V8001 B(G)-20 KM23V8001 B(G)-25 KM23V8001 B(G)-30 

1M x8/ KM23V81 OOB(G)-20 KM23V81 OOB(G)-25 KM23V81 OOB(G)-30 512Kx16 

16M bit 2M x8 KM23V16101 A-20 KM23V16101 A-25 KM23V16101 A-30 

2M x 8/ KM23V16000A(G)-20 KM23V16000A(G)-25 KM23V16000A(G)-30 1M x 16 

* : New Product 
t : Under Development 

dMfi@iP 
ELECTRONICS 

36 



MEMORY ICs FUNCTION GUIDE 

1.6 EEPROM 
*Serial EEPROM 

CMOS 1K bit KM93C46N/I KM93C46GNG/I KM93C46GDNGD/I 

2K bit KM93C56N/I KM93C56GNG/I KM93C56GDNGD/I 

KM93C57N/I KM93C57GNG/I 11 KM93C57GDNGD/I 

4K bit KM93C66N/I KM93C66GNG/I KM93C66GDNGD/1 

KM93C67N/1 KM93C67GNG/I KM93C67GDNGD/I 

*Parallel EEPROM 

CMOS 64K bit 8Kx8 KM28C64A/J/l-12 KM28C64A/J/l-15 KM28C64A/J/l-20 

KM28C65A/J/l-12 KM28C65A/J/l-15 KM28C65A/J/l-20 

KM28C64B/J/l-12 KM28C648/J/1-15 KM23C256(G)-20 

KM28C65B/J/l-12 KM28C658/J/l-15 KM28C65B/J/l-20 

1.7 Flash 

CMOS 1M bit , 128K x 8 KM29C01O/J!T-10 KM29C01 O/J!T-12 KM29C010/ J!T-15 

16M bit 2M x8 KM29N16000!T!TS • KM29N16000/R/RS 

32M bit 4M x8 KM29N32000!T !TS KM29N32000/R/RS 

* : New Product 
t : Preliminary Product 

•tMfiliW> 
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MEMORYICs 

2. PRODUCT GUIDE 

2.1 Dynamic RAM 

Density Org. Power 
Supply 

1M bit 1Mx1 5V±10% 

256Kx4 5V±10% 

4Mbit 4Mx1 5V±10% 

3.3V±10% 

1Mx4 5V±10% 

3.3V±10% 

4MB/W 512Kx8 5V±10% 

Part Number 

KM41 C1 OOOC# 

KM41 C1 OOOCL# 

KM41 C1 OOOCSL# 

KM44C256C# 

KM44C256CL# 

KM44C256CSL# 

KM41 C4000C# 

KM41 C4000CL# 

KM41 C4000CSL# 

KM41 C4002C# 

KM41 V4000C# 

KM41 V4000CL# 

KM41 V4000CLL# 

KM44C1 OOOC# 

KM44C1 OOOCL# 

KM44C1 OOOCSL# 

KM44C101 OC# 

KM44C1002C# 

KM44C1003C# 

KM44C1003CL# 

KM44C1003CSL# 

KM44C1004C# 

KM44C1004CL# 

KM44C1004CSL# 

KM44V1 OOOC# 

KM44V1 OOOCL# 

KM44V1 OOOCLL# 

KM44V1004C# 

KM44V1004CL# 

KM44V1004CLL# 

KM48C512B# 

KM48C512BL# 

dfofiihitP 
ELECTRONICS 

FUNCTION GUIDE 

Speed(ns) Features Packages 
J.#1 

sono1ao Fast Page 
P:18 Pin DIP 

J:20 Pin SOJ 

Z:20 Pin ZIP 

V:20 Pin TSOP-1 (Forward) 
sono1ao Fast Page VR:20 Pin TSOP-1 (Reverse~ 

T:20 Pin TSOP-11 (Forward) 

TR:20 Pin TSOP-llJ_Reverse 
50/60nOl80 Fast Page P:20 Pin DIP 

J:20 Pin SOJ 

Z:20 Pin ZIP 

Static Column V:20 Pin TSOP-1 (Forward) 

sono1ao Fast Page VR:20 Pin TSOP~I (Reverse' 

T:20 Pin TSOP-11 (Forward) 

TR:20 Pin TSOP-11 (Reverse 

so1sono1ao Fast Page 

Fast Page with WPB 

Static Column 

QuadCAS 

EDO 

sono1ao Fast Page 

EDO 

so1sono1ao Fast Page 
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Dynamic RAM 

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

4MB/W 512Kx8 5V±10% KM48C512BLL# so1sono1ao Fast Page 
J:28 Pin SOJ 

KM48C5148# EDO Z:28 Pin ZIP 
KM48C5148L# T:28 Pin TSOP-11 (Forward) 
KM48C5148LL# TR:28 Pin TSOP-11 (Reverse 

3.3V±10% KM48V5128# sono1ao Fast Page 

KM48V5128L# 

KM48V5128LL# 

KM48V5148# EDO 

KM48V5148L# 

KM48V5148LL# 

512Kx9 5V±10% KM49C5128# sono1ao Fast Page 

KM49C5128L# 

KM49C5128LL# 

256Kx16 5V±10% KM416C2568# so1sono1ao Fast Page 

KM416C2568L# 

KM416C2568LL# 

KM416C2548# EDO 

KM416C2548L# 

KM416C2548LL# 

KM416C1568# Fast Page with 2WE 

KM416C1568L# 

KM416C 1568LL# 

KM416C 1578# 

KM416C1578L# 

KM416C 1578LL# 

3.3V±10% KM416V2568# sono1ao Fast Page 

KM416V2568L# 

KM416V2568LL# 

KM416V2548# EDO 

KM416V2548L# 

KM416V2548LL# 

256Kx18 5V±10% KM418C2568# sono1ao Fast Page 

KM418C2568L# 

KM418C2568LL# 

16M bit 16Mx1 5V±10% KM41C16000A# so1sono1ao Fast Page(4K) J:24 Pin SOJ 

KM41C16000AL# {400mil) 

KM41C16000ALL# T:24 Pin TSOP-11 (Forward) 

I KM4.1.C I "'00(' I\ Cl_# 1-400mm 

t1Mf11Ui» 
ELECTRONICS 
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Dynamic RAM 

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

Supply (#) 

16M bit 16Mx1 5V±10% KM41C16002A# 50/60/70/80 Static Column(4K) TR:24 Pin TSOP-11 (Reverse 

3.3V±10o/c KM41V16000A# 60/70/80 Fast Page(4K) (400mil) 

KM41V16000AL# K: 24 Pin SOJ 

KM41V16000ALL# (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 

KM44C4000ALL# (300mil) 

KM44C4000ASL# 

KM44C41 OOA# Fast Page(2K) 

KM44C41 OOAL# 

KM44C41 OOALL# 

KM44C41 OOASL# 

KM44C4002A# Static Column(4K) 

KM44C4102A# Static Column(2K) 

KM44C4003A# Quad CAS(4K) 

KM44C4003AL# 

KM44C4003ALL# 

KM44C4003ASL# 

KM44C4103A# Quad CAS(2K) 

KM44C4103AL# 

KM44C4103ALL# 

KM44C4103ASL# 

KM44C4004A# ED0(4K) 

KM44C4004AL# 

KM44C4004ALL# 

KM44C4004ASL# 

KM44C4104A# ED0(2K) 

KM44C4104AL# 

KM44C4104ALL# 

KM44C4104ASL# 

KM44C401 OA# Fast Page with WPB 

KM44C401 OAL# (4K) 

KM44C401 OALL# 

KM44C401 OASL# 

KM44C411 OA# Fast Page with WPB 

KM44C411 OAL# (2K) 

KM44C411 OALL# 

KM44C411 OASL# 

KM44C4005A# 

KM44C4005AL# EDO with Quad CAS 

KM44C4005ALL# (4K) 

ttMfi@IP 
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Dynamic RAM 

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

16M bit 4Mx4 5V±10% KM44C4005ASL# 50/60/70/80 J: 24 Pin SOJ 

KM44C4105A# EDO with Quad CAS (400mil) 

KM44C4105AL# (2K) 
T:24 Pin TSOP-11 (Forward) 

(400mil) 
KM44C4105ALL# TR:24 Pin TSOP-11 (Reverse 

KM44C4105ASL# 
(400mil) 

K: 24 Pin SOJ 
3.3V±10% KM44V4000A# 60/70/80 Fast Page(4K) (300mil) 

KM44V4000AL# 5:24 Pin TSOP-11 (Forward) 

KM44V4000ALL# 
(300mil) 

SR:24 Pin TSOP-ll(Reverse) 
KM44V4000ASL# (300mil) 

KM44V4100A# Fast Page(2K) 

KM44 V41 OOAL# 

KM44V4100ALL# 

KM44V41 OOASL# 

KM44V4004A# ED0(4KO 

KM44V4004AL# 

KM44V4004ALL# 

KM44V4004ASL# 

KM44V4104A# ED0(2K) 

KM44V4104AL# 

KM44 V4104ALL# 

KM44V4104ASL# 

16M B/W 2Mx8 5V±10% KM48C2000A# 50/ 60/70/8( Fast Page(4K) J:28 Pin SOJ 

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

KM48C2000ALL# TR:24 Pin TSOP-ll(Reverse 

KM48C2000ASL# 

KM48C21 OOA# Fast Page(2K) 

KM48C21 OOAL# 

KM48C21 OOALL# 

KM48C21 OOASL# 

KM48C2004A# ED0(4K) 

KM48C2004AL# 

KM48C2004ALL# 

KM48C2004ASL# 

KM48C2104A# ED0(2K) 

KM48C2104AL# 

KM48C2104ALL# 

KM48C2104ASL# 

df:l:fiiiii» 
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Dynamic RAM 

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

Supply (#) 

16M B/W 2Mx8 3.3V±10o/c KM48V2000A# 60/70/80 Fast Page(4K) J:28 Pin SOJ 

KM48V2000AL# T:28 Pin TSOP-11 (Forward) 

KM48V2000ALL# 
TR:28 Pin TSOP-ll(Reverse 

KM48V21 OOA# Fast Page(2K) 

KM48V21 OOAL# 

KM48V21 OOALL# 

KM48V2004A# ED0(4K) 

KM48V2004AL# 

KM48V2004ALL# 

KM48V2104A# ED0(2K) 

KM48V2104AL# 

KM48V2104ALL# 

1Mx16 5V±10% KM416C 1 OOOA# 60170180 Fast Page(4K) J:42 Pin SOJ 

KM416C1 OOOA#-L T:44 Pin TSOP-11 (Forward) 

KM416C1000A#-F R:44 Pin TSOP-ll(Reverse) 

KM416C1200A# Fast Page(1 K) 

KM416C1200A#-L 

KM416C1200A#-F 

KM416C1004A# ED0(4K) 

KM416C1004A#-L 

KM416C1004A#-F 

KM416C 1204A# ED0(1K) 

KM416C1204A#-L 

KM416C 1204A#-F 

3.3V±10°/c KM416V1 OOOA# 60170180 Fast Page(4K) 

KM416V1 OOOA#-L 

KM416V1 OOOA#-F 

KM416V1200A# Fast Page(1 K) 

KM416V1200A#-L 

KM416V1200A#-F 

•tlli'ifiihi» 
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Dynamic RAM 

Density Org. Power Part Number Speed(ns) Features Packages 
Supply 1#1 

16M B/W 1Mx16 3.3V±10% KM416V1004A# 50/60/70 ED0(4K) J:42 Pin SOJ 

KM416V1004A#-L T:44 Pin TSOP-11 (Forward) 

KM416V1004A#-F R:44 Pin TSOP-ll(Reverse) 

KM416V1204A# ED0(1K) 

KM416V1204A#-L 

KM416V1204A#-F 

64M bit 8Mx8 3.3V±10% KM48V8000#. 50/60/70 Fast Page(SK) J:34 Pin SOJ 
KM48V8000#-L T:34 Pin TSOP-11 (Forward) 
KM48V8000#-F R:34 Pin TSOP-ll(Reverse) 
KM48V8100# Fast Page(4K) 

KM48V8100#-L 

KM48V8100#-F 

KM48V8004# EDO(SK) 

KM48V8004#-L 

KM48V8004#-F 

KM48V8104# ED0(4K) 

KM48V8104#-L 

KM48V8104#-F 

ttMHllh• 
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MEMORYICs PRODUCT GUIDE 

2.2 Dynamic RAM Module 

Org. Part No. Feature Speed(ns) Package 
PCB Refresh 

C/S Height cycle/ms 

DRAM SIMM Based on 4M DRAM 

1Mx8 KMM581000CN F/P 60170180 S, 30 Pin SIMM 650 1024/16 NOW 

1Mx9 KMM591000CN F/P 60170180 S, 30 Pin SIMM 650 1024/16 NOW 

4Mx8 KMM584000C F/P 60170180 S, 72 Pin SIMM 805 1024/16 NOW 

4Mx9 KMM594000C F/P 60170180 S, 72 Pin SIMM 805 1024/16 NOW 

1Mx32 KMM5321 OOOCV/CVG F/P 50/60/70/80 S, 72 Pin SIMM 855 1024/16 NOW 

1Mx33 KMM5331 OOOC/CG F/P 60170180 D, 72 Pin SIMM 1000 1024/16 NOW 

1Mx36 KMM5361000C2/C2G F/P, PLCC 60170180 S, 72 Pin SIMM 1000 1024/16 NOW 

1Mx36 KMM5361 OOOCH F/P, ECC 50/60/70/80 S, 72 Pin SIMM 1000 1024/16 NOW 

1Mx36 KMM5361003C/CG F/P, QCAS 50/60/70/80 S, 72 Pin SIMM 1000 1024/16 NOW 

1Mx40 KMM5401 OOOC/CG/CM F/P, ECC 50/60/70/80 S, 72 Pin SIMM 1000 1024/16 NOW 

2Mx32 KMM5322000CV/CVG F/P 50/60/70/80 D, 72 Pin SIMM 1000 1024/16 NOW 

2Mx36 KMM5362000C2/C2G F/P, PLCC 60/70/80 D, 72 Pin SIMM 1000 1024/16 NOW 

2Mx36 KMM5362000CH F/P, ECC 50/60/70/80 D, 72 Pin SIMM 1000 1024/16 NOW 

2Mx36 KMM5362003C/CG F/P, QCAS 50/60/70/80 D, 72 Pin SIMM 1000 1024/16 NOW 

2Mx40 KMM5402000C/CG/CM F/P, ECC 50/60/70/80 D, 72 Pin SIMM 1000 1024/16 NOW 

4Mx32 KMM5324000CV /CVG Double Nocth 50/60/70/80 D, 72 Pin SIMM 1290 1024/16 NOW 

4Mx33 KMM5334000CV/CVG Double Nocth 50160170180 D, 72 Pin SIMM 1290 1024/16 NOW 

4Mx36 KMM5364000C/CG Double Nocth 50/60/70/80 D, 72 Pin SIMM 1290 1024/16 NOW 

DRAM SIMM Based on 4M B/W DRAM 

256Kx32 KMM532256BW/BWG F/P 60170180 S, 72 Pin SIMM 1000 512/8 NOW 

256Kx36 KMM536256BW/BWG F/P 60/70/80 S, 72 Pin SIMM 1000 512/8 NOW 

512Kx32 KMM532512BW/BWG F/P 60170180 D, 72 Pin SIMM 1000 512/8 NOW 

512Kx36 KMM536512BW/BWG F/P 60/70/80 D, 72 Pin SIMM 1000 512/8 NOW 

DRAM SIMM Based on 16M DRAM 

4Mx8 KMM584100AN F/P 50/60/70/80 S, 30 Pin SIMM 650 2048/32 NOW 

4Mx8 KMM584100AKN F/P 50/60/70/80 S, 30 Pin SIMM 650 2048/32 '94,4Q 

4Mx9 KMM594100AN F/P 50/60/70/80 S, 30 Pin SIMM 650 2048/32 NOW 

4Mx9 KMM594100AN F/P 50/60/70/80 S, 30 Pin SIMM 650 2048/32 '94,40 

16Mx8 KMM5816000A/AT F/P 50/60/70/80 D, 30 Pin SIMM 900 4096/64 NOW 

16Mx8 KMM5816000AK F/P 50/60/70/80 D, 30 Pin SIMM 900 4096/64 '94, 4Q 

16Mx9 KMM5916000A/ AT F/P 50/60/70/80 D, 30 Pin SIMM 900 4096/64 NOW 

16Mx9 KMM5916000AK F/P 50/60/70/80 D, 30 Pin SIMM 900 4096/64 '94,40 

4Mx32 KMM53241 OOAV/ AVG F/P 50/60/70/80 S, 72 Pin SIMM 1000 2048/32 NOW 

4Mx32 KMM5324000AV/AVG F/P 50/60/70/80 S, 72 Pin SIMM 1000 4096/64 NOW 

4Mx32 KMM5324100AK/AKG F/P 50/60/70/80 S, 72 Pin SIMM 1000 2048/32 NOW 

4Mx32 KMM5324000AK/AKG F/P 50/60/70/80 S, 72 Pin SIMM 1000 4096/64 NOW 

4Mx33 KMM5334100A/ AG F/P 50/60/70/80 D, 72 Pin SIMM 1000 2048/32 NOW 
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2.2 Dynamic RAM Module (Continued) 

PCB Refresh 
C/S Org. Part No. Feature Speed(ns) Package Height cycle/ms 

DRAM SIMM Based on 16M DRAM 

4Mx36 KMM5364100A/AG · F/P 50/60/70/80 D, 72 Pin SIMM 1000 2048/32 NOW 

4Mx36 KMM5364100A1/A1G F/P 50/60/70/80 S, 72 Pin SIMM 1250 2048/32 NOW 

4Mx36 KMM5364100AH/AHG F/P, ECG 50/60/70/80 S, 72 Pin SIMM 1000 2048/32 NOW 

4Mx36 KMM5364000AH/AHG F/P, ECG 50160170180 S, 72 Pin SIMM 1000 4096/64 NOW 

4Mx36 KMM53641 OOAKH/ AKHG F/P, ECG 50/60/70/80 S, 72 Pin SIMM 1000 2048/32 '94,40 

4Mx36 KMM5364000AKH/ AKHG F/P, ECG 50/60/70/80 S, 72 Pin SIMM 1000 4096/64 '94, 40 

4Mx36 KMM5364103AK/AKG F/P, OGAS 50/60/70/80 S, 72 Pin SIMM 1000 2048/32 NOW 

4Mx36 KMM5364003AK/AKG F/P, OGAS 50/60/70/80 S, 72 Pin SIMM 1000 4096/64 NOW 

4Mx39 KMM5394100AM F/P 50/60/70/80 S, 72 Pin SIMM 1000 2048/32 NOW 

4Mx39 KMM5394000AM F/P 50/60/70/80 S, 72 Pin SIMM 1000 4096/64 NOW 

4Mx40 KMM54041 OOA/ AG F/P, ECG 50/60/70/80 S, 72 Pin SIMM 1000 2048/32 NOW 

4Mx40 KMM5404000A/ AG F/P, ECG 50/60/70/80 S, 72 Pin SIMM 1000 4096/64 NOW 

4Mx40 KMM5404100AK/AKG F/P, ECG 50/60/70/80 S, 72 Pin SIMM 1000 2048/32 '94, 40 

4Mx40 KMM5404000AK/AKG F/P, ECG 50/60/70/80 S, 72 Pin ~IMM 1000 4096/64 '94,40 

8Mx32 KMM5328100AV/AVG F/P 50160170180 D, 72 Pin SIMM 1000 2048/32 NOW 

8Mx32 KMM5328000AV/AVG F/P 50160170180 D, 72 Pin SIMM 1000 4096/64 NOW 

8Mx32 KMM5328100AK/AKG F/P 50/60/70/80 D, 72 Pin SIMM 1000 2048/32 NOW 

8Mx32 KMM5328000AK/AKG F/P 50/60/70/80 D, 72 Pin SIMM 1000 4096/64 NOW 

8Mx33 KMM53381 OOAKV I AKVG F/P 50/60/70/80 D, 72 Pin SIMM 1000 2048/32 NOW 

8Mx36 KMM5368100A1/A1G F/P 50/60/70/80 D, 72 Pin SIMM 1375 2048/32 NOW 

8Mx36 KMM5368100AH/AHG F/P, ECC 50160170180 D, 72 Pin SIMM 1250 2048/32 NOW 

8Mx36 KMM5368000AH/ AHG F/P, ECC 50/60/70/80 D, 72 Pin SIMM 1250 4096/64 NOW 

8Mx36 KMM5368100AKH/ AKHG F/P, ECG 50160170180 D, 72 Pin SIMM 1000 2048/32 '94,40 

8Mx36 KMM5368000AKH/ AKHG F/P, ECC 50/60/70/80 D, 72 Pin SIMM 1000 4096/64 '94,40 

8Mx36 KMM5368103AK/AKG F/P, OGAS 50/60/70/80 D, 72 Pin SIMM 1000 2048/32 NOW 

8Mx36 KMM5368003AK/ AKG F/P, OGAS 50/60/70/80 D, 72 Pin SIMM 1000 4096/64 NOW 

8Mx40 KMM54081 OOAK/AKG F/P, ECC 50/60/70/80 D, 72 Pin SIMM 1000 2048/32 '94,40 

8Mx40 KMM5408000AK/ AKG F/P, ECC 50/60/70/80 D, 72 Pin SIMM 1000 4096/64 '94,40 

DRAM SIMM Based on 16M B/W DRAM 

1Mx32 KMM5321200AW/AWG F/P 60/70/80 D, 72 Pin SIMM 1000 1024/16 NOW 

1Mx32 KMM5321 OOOAW/AWG F/P 60/70/80 D, 72 Pin SIMM 1000 4096/64 NOW 

1Mx32 KMM5321203AW/ AWG F/P 60/70/80 D, 72 Pin SIMM 1000 1024/16 NOW 

2Mx32 KMM5322200AW/AWG F/P 60/70/80 D, 72 Pin SIMM 1000 1024/16 NOW 

2Mx32 KMM5322000AW/AWG F/P 60/70/80 D, 72 Pin SIMM 1000 4096/64 NOW 

2Mx32 KMM5322103AU/AUG F/P, OGAS 60/70/80 D, 72 Pin SIMM 1000 2048/32 NOW 

2Mx32 KMM5322208AU/ AUG F/P, AND 60/70/80 S, 72 Pin SIMM 1000 1024/16 NOW 

2Mx36 KMM5362209AU/ AUG F/P, AND 60/70/80 S, 72 Pin SIMM 1000 1024/16 NOW 

t!Mfiliil" 
ELECTRONICS 

45 



MEMORYICs FUNCTION GUIDE 

2.3 Video RAM 

Capacity Part Number Orgnization Speed(ns) Technology Features Package Remark 

256K KM424C64 64Kx4 100/120 CMOS M/F 24Pin DIP/ZIP NOW 

512K KM428C64 64Kx8 70/80/100 CMOS M/F 40PIN SOJ NOW 

1M KM424C256A 256Kx4 60/70/80 CMOS M/F 28Pin ZIP/SOJ NOW 
KM424C257 256Kx4 60/70/80 CMOS E/F 28Pin ZIP/SOJ NOW 

, KM428C128 128Kx8 60/70/80 CMOS E/F 40Pin SOJffSOP- Il NOW 

2M KM428C256 256Kx8 60/70/80 CMOS E/F 40Pin SOJfTSOP- Il NOW 
KM428V256 256Kx8 70/80 CMOS E/F(3.3V) 40Pin SOJfTSOP- Il NOW 
KM428C257 256Kx8 60/70/80 CMOS F/F 40Pin SOJfTSOP- Il NOW 
KM428C258 256Kx8 60/70/80 CMOS F/F 40Pin SOJfTSOP- Il NOW 

4M t KM4216C256 256Kx 16 60/70/80 CMOS F/F 64Pin SSOP{TSOP- Il 20'94 

* : New Product t : Under Development 
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2.4 Static RAM 

Low power SRAM 

Power Dissipation 
Den. Part Name Org. Speed(ns) Technology Active Standby Package 

Max.(mA) Max.(µ A) 

64K KM6264BUBL-L 8Kx 8 70/100/120 CMOS 55 100/50 DIP/SDIP/SOP 

256K KM62256BUBL-L 32Kx 8 70/85/100/120 CMOS 70 100/20 DIP/SDIP/SOP/TSOP 
KM62256BLl/BLl-L 32Kx 8 70/100 CMOS 70 100/20 DIP/SOP 

* KM62256CUCL-L 32Kx 8 55/70/85/1 00 CMOS 70 100/20 DIP/SDIP/SOP/TSOP 
* KM62256CLl/CLl-L 32Kx8 70/100 CMOS 70 100/20 SOP/TSOP 

512K KM68512UL-L 64Kx8 70/85/100 CMOS 70 100/20 SOP/TSOP 
* KM68512AUAL-L 64Kx8 55/70 CMOS 70 100/20 SOP/TSOP 

1M * KM681 OOOBUBL-L 128K x 8 55/70/85/100 CMOS 70 100/20 DIP/SOP/TSOP 
* KM681 OOOBLl/BLl-L 128K x 8 70/100 CMOS 70 100/20 SOP/TSOP 

4M * KM684000UL-L 512K x 8 55/70/85/1 00 CMOS 70 100/20 DIP/SOP/TSOP 
* KM684000Ll/Ll-L 512K x 8 70/85/100 CMOS 70 100/50 SOP/TSOP 

Low Voltage SRAM 

Power Dissipation 
Den. Part Name Org. Speed(ns) Technology Active Standby Package 

Max.(mA) Max.(µ A) 

256K t KM62256CL-LV 32Kx 8 70 CMOS 40 20/10 SOP/TSOP 

1M t KM68V1 OOOBUBL-L 128Kx 8 70/100 CMOS 40 50/10 SOP/TSOP 

4M tt KM68V4000AUAL-L 512K x 8 70/100/120 CMOS 70 50/10 SOP/TSOP 

tt KM616V4000AUAL-L 256K x 16 70/100 CMOS 70 50/10 SOP/TSOP 

Low Voltage SRAM 

Power Dissipation 
Den. Part Name Org. Speed(ns) Technology Active Standby Package 

Max.(mA) Max.(µ A) 

1M KM658128NAUAL-L 128K x 8 80/100/120 CMOS 70 100/20 DIP/SOP 

* : New Product t : Preliminary Product tt : Under Development 6 : Last Time by Product 
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High speed & Ultra High Speed SRAM 

Power Dissipation 
Den. Part Name Org. Speed(ns) Technology ·Active Standby Package 

Max.(mA) Max.tu A) 

64K KM64658 16Kx4 12/15/20/25 CMOS 140 1 22SDIP 
KM6466B 16Kx4 12/15/20/25 CMOS 140 1 24SDIP/SOJ 
KM6865B 8Kx8 12/15/20/25 CMOS 140 1 28SDIP/SOJ 

256K 6 KM642588 64Kx4 15/20/25 CMOS 140 2 28SDIP/SOJ 
KM64258C 64KX4 12/15/20 CMOS 140 2 28SOJ 
KM64V258C 64Kx4 15/17/20 CMOS 110 2 28DIP/SOJ 

* KM648261A 64Kx4 6fi/8 BiCMOS 160 20 28SOJ 
* KM648258A 64Kx4 8/10/12 BiCMOS 185 20 28SOJ 
6 KM682578 32KX8 15/20/25 CMOS 150 2 28DIP/SOJ 

KM68257C 32KX8 12/15/20 CMOS 150 2 28DIP/SOJ 
KM68V257C 32KX8 15/17/20 CMOS 110 2 28DIP/SOJ 

* KM688261A 32Kx 8 6fi/8 CMOS 170 20 32SOJ 
* KM688257A 32Kx8 8/10/12 CMOS 185 20 28SOJ 
6 KM68V257 32Kx8 20/25/35 CMOS 90 0.1 28DIP/SOJ 

1M L. KM611001 1M x 1 20/25/35 CMOS 130 2 28DIP/SOJ 
KM641001 256Kx4 17 /20/25/35 CMOS 150 2 28SDIP/SOJ 
KM641003 256Kx 4 15/17/20 CMOS 170 10 32SOJ 

tt KM641003A 256Kx4 12/15/17 /20 CMOS 185 3/0.2 32 SOJ/TSOPOI) 
tt KM64V1003A 256Kx4 12/15/17 /20 CMOS 95 2/0.1 32 SOJ/TSOP(ll) . 
* KM6481003 256Kx4 8/10/12/15 BiCMOS 165 10 32SOJ 

KM681001 128K x 8 20/25/35 CMOS 170 2 32SDIP/SOJ 
KM681002 128Kx 8 15/17/20 CMOS 170 10 32 SOJ/TSOPOO 

tt KM681002A 128Kx 8 12/15/17 /20 CMOS 185 3/0.2 32 SOJ/TSOPOO 
tt KM68V1002A 128K x 8 12/15/17 /20 CMOS 95 2/0.1 32 SOJ/TSOP(ll) 
* KM6881002 128K x 8 8/9/1 0/12/15 BiCMOS 175 10 32 SOJ/TSOPOO 

KM6161002 64K x 16 15/17/20 CMOS 230 10 44 SOJ/TSOP(IO 
tt KM6161002A 64Kx 16 12/15/20 CMOS 250 3/0.2 44 SOJ/TSOPOO 
tt KM616V1002A 64K x 16 13/15/17 /20 CMOS 170 2/0.1 44 SOJ/TSOPOI) 

4M KM644002/L 1M x4 17/20/25 CMOS 170 10/0.5 32SOJ 
t KM6884002 1M x4 10/12/15 BiCMOS 180 60/30 32SOJ 
tt KM68BV4002 1M x4 12/15/20 BiCMOS 170 60/30 32SOJ 

KM684002/L 512kx 8 17/20/25 CMOS 160 10/0.5 36SOJ 
t KM6884002 512K x 8 10/12/15 BiCMOS 200 60/30 36SOJ 
tt KM68BV4002 512K x 8 12/15/20 Bi CMOS 180 60/30 36SOJ 

KM6164002/L 256K x 16 20/25/35 CMOS 160 10/0.5 44SOJ 
t KM61684002 256K x 16 10/12/15 BiCMOS 240 60/30 44 SOJ/54 SOJ 
tt KM616BV4002 256K x 16 12/15/20 Bi CMOS 200 60/30 44 SOJ/54 SOJ 

* : New Product t : Preliminary Product tt : Under Development 6 : Last Time by Product 
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Specialty SRAM 

Power Dissipation 
Den. Part Name Org. Speed(ns) Technology Active Standby Package 

Max.(mA) Max.(µ A) 

288K 6 KM79C86 32Kx 9 14/19/24 CMOS 190 50 44PLCC 

1M KM741006 256Kx4 6.5/7/8 CMOS 190 40 46SOJ 

t KM718886 64K x 18 9/10/12 BiCMOS 280 80 52PLCC 

t KM718B91 64K x 18 9/10/12 BiCMOS 280 80 52PLCC 

t KM718BV87 64K x 18 9/10/12 BiCMOS 280 80 52PLCC 

t KM718BV91 64K x 18 9/10/12 BiCMOS 280 80 52PLCC 

* : New Product t : Preliminary Product tt : Under Development 6 : Last Time by Product 
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2.5. MASK ROM 

Capacity Part Number Organization Speed(ns) Technology Features Package Remark 

256K KM23C256(G) 32Kx8 120/150/200 CMOS Programmable CE & OE 28DIP(32SOP) NOW 

512K KM23C512(G) 64Kx8 120/150/200 CMOS Programmable CE & OE 28DIP(32SOP) NOW 

1M KM23C1000 128Kx 8 120/150/200 CMOS Programmable CE 28DIP NOW 
KM23C1001 128Kx 8 120/150/200 CMOS Programmable OE 28DIP NOW 
KM23C101 O(G) 128K x8 120/150/200 CMOS Programmable CE & OE 32DIP(32SOP) NOW 
KM23C1011 (G) 128K x 8 120/150/200 CMOS Programmable OE 32DIP(32SOP) NOW 

KM23C2000A(G) 256K x8 100/120/150 CMOS Programmable CE & OE 32DIP(32SOP) NOW 
2M KM23C2001 A(G) 256K x 8 100/120/150 CMOS Programmable OE 32D!P(32SOP) NOW 

KM23C2100A 256K x 8/ 100/120/150 CMOS Programmable CE & OE 40DIP NOW 
128K x 16 Word/Byte Mode NOW 

t KM23C2000B(G) 256Kx 8 100/120/150 CMOS Programmable CE & OE 32DIP(32SOP) 40.'94 
t KM23C2001 B(G) 256K x 8 100/120/150 CMOS Programmable OE 32DIP(32SOP) 40.'94 
t KM23C21 OOB 256K x 8/ 100/120/150 CMOS Programmable CE & OE 40DIP 40.'94 

128K x 16 Word/Byte Mode 

4M KM23C4000B(G) 512K x 8 100/120/150 CMOS Programmable CE & OE 32DIP(32SOP) NOW 
KM23C4001 B(G) 512K x 8 100/120/150 CMOS Programmable OE 32DIP(32SOP) NOW 
KM23C41 OOB(G) 512Kx8/ 100/120/150 CMOS Programmable CE & OE 40DIP(40SOP) NOW 

256K x 16 Word/Byte Mode 
KM23C4200B 512K x 8/ 100/120/150 CMOS Programmable CE & OE 40DIP NOW 

256K x 16 Word/Byte Mode 

t KM23C4000C(G) 512K x 8 100/120/150 CMOS Programmable CE & OE 32DIP(32SOP) 40.'94 
t KM23C4001 C(G) 512K x 8 100/120/150 CMOS Programmable OE 32DIP(32SOP) 40.'94 
t KM23C41 OOC(G) 512K x 8/ 100/120/150 CMOS Programmable CE & OE 40DIP(40SOP) 40.'94 

t KM23C4200C 
256K x 16 Word/Byte Mode 
512Kx8/ 100/120/150 CMOS Programmable CE & OE 40DIP 40.'94 
256K x 16 Word/Byte Mode 

* KM23V4000B(G) 512K x 8 150/200/250 CMOS 3.3V Operation 32DIP(32SOP) NOW 
* KM23V4001 B(G) 512K x 8 150/200/250 CMOS 3.3V Operation 32DIP(32SOP) NOW 
* KM23V4100B(G) 512K x 8/ 150/200/250 CMOS 3.3V Operation 40DIP(40SOP) NOW 

256K x 16 

8M KM23C8000B(G) 1M x8 100/120/150 CMOS Programmable CE & OE 32DIP(32SOP) NOW 
KM23C8001 B(G) 1Mx8 100/120/150 CMOS Programmable OE 32DIP(32SOP) NOW 
KM23C81 OOB(G) 1M x8/ 100/120/150 CMOS Programmable CE & OE 42DIP(44SOP) NOW 

512K x 16 Word/Byte Mode 

* KM23C8000C(G) 1M x8 120/150/200 CMOS Programmable CE & OE 32DIP(32SOP) NOW 
* KM23C8001 C(G) 1M x 8 120/150/200 CMOS Programmable OE 32DIP(32SOP) NOW 
* KM23C81 OOC(G) 1M x 8/ 120/150/200 CMOS Programmable CE & OE 42DIP(44SOP) NOW 

512Kx16 Word/Byte Mode 

KM23C8105B(G) 1M x8/ 100/120/150 CMOS 4Word Page 42DIP(44SOP) NOW 
512K x 16 (tP>50) 

* KM23V8000B(G) 1Mx8 200/250/300 CMOS 3.3V Operation 32DIP(32SOP) NOW 
* KM23V8001 B(G) 1M x8 200/250/300 CMOS 3.3V Operation 32DIP(32SOP) NOW 
* KM23V81 OOB(G) 1M x8/ 200/250/300 CMOS 3.3V Operation 42DIP(44SOP) NOW 

512Kx16 
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MASK ROM (Continued) 

Capacity Part Number Organization Speed(ns) Technology Features Package Remark 

16M KM23C16101A 2M x S 120/150/200 CMOS Programmable OE 36DIP NOW 
KM23C16000A(G) 2M xS/ 120/150/200 CMOS Programmable CE & OE 42DIP(44SOP) NOW 

1Mx 16 Word/Byte Mode 

* KM23C16101 B 2M xS 120/150/200 CMOS Programmable OE 36DIP NOW 
* KM23C16000B(G) 2M x S/ 120/150/200 CMOS Programmable CE & OE 42DIP(44SOP) NOW 

1M x 16 Word/Byte Mode 

KM23C16005A(G) 2M xS/ 120/150/200 CMOS sword Page 42DIP(44SOP) NOW 
1Mx 16 (tP > 50) 

* KM23V16101A 2M xS 200/250/300 CMOS 3.3V Operation 36DIP NOW 
* KM23V16000A(G) 2M xS/ 200/250/300 CMOS 3.3V Operation 42DIP(44SOP) NOW 

1M x 16 

32M KM23C32110 4M x S 150/200/250 CMOS Programmable CE & OE 42DIP NOW 
KM23C32000 2M x 16 150/200/250 CMOS Programmable CE & OE 42DIP(44SOP) NOW 
KM23C32000G 4M xS/ 150/200/250 CMOS Programmable CE & OE 42DIP(44SOP) NOW 

2M x 16 

t KM23C32101A 4M xS 120/150/200 CMOS I Programmable OE 36DIP 40.'94 
t KM23C3211 QA 4M x S 120/150/200 CMOS Programmable CE & OE 42DIP 40.'94 
t KM23C32000A 2M x 16 120/150/200 CMOS Programmable CE & OE 42DIP 40.'94 
t KM23C32000AG 4M xS/ 120/150/200 CMOS Programmable CE & OE 44SOP 40.'94 

2M x 16 Word/Byte Mode 

KM23C32005 2M x 16 150/200/250 CMOS sword Page 42DIP NOW 
KM23C32005G 4M xS/ 150/200/250 CMOS Sword Page 44SOP NOW 

2M x 16 

t KM23C32005AG 4M xS/ 100/120/150 CMOS SWord Page 44SOP 10.'95 
2M x 16 (tP >30) 

t KM23C32205ASG 2M x 16 100/120/150 CMOS Sword Page 70SSOP 20.'95 
1M x32 (tP > 30) 

64M t KM23C64000G SM xS/ 120/150/200 CMOS Programmable CE & OE 44SOP 30.95 
4M x 16 Word/Byte Mode 

KM23C64200SG 4M x 16/ 120/150/200 CMOS Programmable CE & OE 70SSOP 30.'95 
2M x32 

* : New Product 
t : Under Development 
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2.6 EEPROM/FLASH 

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

1Kbit KM93C46/G/GO/I 64x16 1MHz CMOS Self-timed 8DIP/8SOP Now 
KM93C46VNGNGO/I 64x16 250KHz CMOS 3.0V-Operation 801P/8SOP Now 

2Kbit KM93C56/G/GO/I 128x16 1MHz CMOS Auto Erase, Self-timed 8DIP/8SOP Now 
KM93C57 /G/GD/1 128x16/256 x 8 1MHz CMOS Select Organization 8DIP/8SOP 30,94 
KM93C56VNGNGO/I 128x16 1MHz CMOS 3.0V Operation 8DIP/8SOP Now 
KM93C57VNGNGO/I 128x16/256 x 8 1MHz CMOS 3.0V Operation 8DIP/8SOP Now 

4Kbit KM93C66/G/GO/I 256x16 1MHz CMOS Auto Erase, Self-timed 8DIP/8SOP Now 
KM93C67 /G/GD/1 256x16/512 x 8 1MHz CMOS Select Organization 8DIP/8SOP 30,94 
KM93C66VNGNGD/1 256x16 1MHz CMOS 3.0V Operation 8DIP/8SOP Now 
KM93C67VNGNGO/I 256x16/512x8 1MHz CMOS 3.0V Operation 8DIP/8SOP Now 

64Kbit KM28C64A/AJ 8Kx8 120/150/200 CMOS 64B Page Mode, D-P, T-B 28DIP/32PLCC Now 
KM28C64Al/AJI 8Kx8 120/150/200 CMOS Industrial 28DIP/32PLCC Now 
KM28C65A/AJ 8Kx8 120/150/200 CMOS 64B Page Mode, 0-P, T-B R-B 28DIP/32PLCC Now 
KM28C65Al/AJI 8Kx8 120/150/200 CMOS Industrial 28DIP/32PLCC Now 

KM28C64B/BJ 8Kx8 90/120/150 CMOS 64B Page Mode, D-P, T-B 28DIP/32PLCC 30,94 
KM28C64Bll/BJI 8Kx8 90/120/150 CMOS Industrial 28DIP/32PLCC 30,94 
KM28C65B/BJ 8Kx8 90/120/150 CMOS 64B Page Mode, D-P, T-B, R-B 28DIP/32PLCC 30,94 
KM28C65Bl/BJI 8Kx8 90/120/150 CMOS Industrial 2801P/32PLCC 30,94 

1Mbit KM29C01 O/J/T 128Kx8 100/120/150 CMOS 128B Page Mode, 0-P, T-B 32DIP/32PLCC Now 

16Mbit KM29N16000T/TS 2Mx8 tR= 15 µS CMOS 256B Page Mode 44(40)TSOP 30.94 
KM29N 16000R/RS tRc = 80ns 4K Block Erase 

32M bit KM29N32000T/TS 4Mx8 tR= 10 µs CMOS 512B Page Mode 44(40)TSOP 20.94 
KM29N32000R/RS tRC= 50ns BK Block Erase 

* D-P : Data-Polling, RIB : Ready/Busy, T-B : Toggle Bit 
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2. 7 DRAM Card 

Card Style Vee Density Part No. Organization Speed(ns) PKG Features 

JEIDA/JEDEC 5.0V 2M Byte KMCJ532512 512Kx32/1Mx16 60170/BO BB Pin Two Piece • Fast Page Mode 

KMCJ536512 512Kx36/1Mx1B 60170/BO BB Pin Two Piece Operation 

4M Byte KMCJ5321000 1Mx32/2Mx16 60170/BO BB Pin Two Piece • Low Power 

KMCJ5361000 1Mx36/2Mx1B 60170/BO BB Pin Two Piece Consumption 

BM Byte KMCJ5322000 2Mx32/4Mx16 60170/BO BB Pin Two Piece • RAS only and 

KMCJ5362000 2Mx36/4Mx1 B 60/70/BO BB Pin Two Piece Hidden Refresh 

16M Byte KMCJ5324000 4Mx32/BMx16 60170/BO 8B Pin Two Piece • CAS before RAS 

KMCJ5324100 4Mx32/BMx16 60170/BO 88 Pin Two Piece Refresh 

KMCJ5364100 4Mx36/BMx1 B 60170/BO BB Pin Two Piece 

3.3V 2M Byte KMCV532512 512Kx32/1Mx16 60170/BO BB Pin Two Piece 

4M Byte KMCV5321000 1Mx32/2Mx16 60170/BO BB Pin Two Piece 

BM Byte KMCV5322000 2Mx32/4Mx16 60170/BO 8B Pin Two Piece 

16M Byte KMCV5324000 4Mx32/8Mx16 60170/BO BB Pin Two Piece 

KMCV5324100 4Mx32/BMx16 60170/BO 88 Pin Two Piece 

SRAM Card 

Card Style Vee Capacity Part No. Organization Speed(ns) PKG Features 

PCMCIA/JEIDA 5.0V 512K Byte KMCJ616256 256Kx16/512KxB 150/200/250 68 Pin Two Piece • BKByte Attri bute Memory 

Standard 1M Byte KMCJ616512 512Kx16/1Mx8 150/200/250 68 Pin Two Piece • Replaceable & Rechargeable Battery 

2M Byte KMCJ6161000 1Mx16/2Mx8 150/200/250 68 Pin Two Piece • High Speed : 150ns 

•Mno:m• ELECTRONICS 
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3. CROSS REFERENCE GUIDE 
3.1 Video RAM 

Density Feature Organization Samsung 

256K Minimum 64Kx4 KM424C64 

512K Minimum 64Kx8 KM428C64 

Minimum 256Kx4 KM424C256 

KM424C256A 

128Kx8 

1M 

Extended 256Kx4 KM424C257 

128Kx8 KM428C128 

Extended 256Kx8 KM428C256 

2M 

Full 256Kx8 KM428C257 

KM428C258 

4M Full 256Kx32 KM4216C256 

dfofiliiiiP 
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Micron 

MT42C4064 

MT42C4256 

MT42C4255 

MT42C8128 

MT42C8128 

MT42C8255 

MT42C8256 

MT42C8254 

MT42C256K16A1 

CROSS REFERENCE GUIDE 

Toshiba NEC Hitachi Ti 

µPD41264 HM53461{2) TMS4461 

µPD42264 

TC524256 µPD42273 HM534251 TMS44C250 

TC524256A HM534251A SMJ44C250 

TC524256B HM534252 

TC524257 

TC528126A HM538121 TMS48C121 

TC528126B HM538121A 

TC524258A µPD42274 TMS44C251 

TC524258B HM534253A SMJ44C251 

TC524259B SMJ44C251A 

TC528128A µP042275 

TC528128B HM538123A 

TC528129B 

TC528267 µPD482234 HM538253 

µPD482235 
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MEMORY ICs CROSS REFERENCE GUIDE 

3.2 Static .RAM 

Low power SRAM 

Den. Org. SAMSUNG HITACHI SONY TOSHIBA MITSUBISHI NEC 

64K 8Kx8 KM6264BUBL-L HM6264A/AUAL-L CXK5864B-UB-LL TC6565AUAL-L M5M5165/L µPD4364UL-L 

256K 32Kx8 KM62256CUCL-L HM62256AUAL-L CXK58257A-UA-LL TC55257BL/BL-L M5M5255B-UB-LL µ PD43256B/BL 

512K 64Kx8 KM68512AUAL-L 

1M 128Kx8 KM681 OOOBUBL-L HM628128AUAL-L CXK581000/L TC551001AL-AL-L M5M51008/L µ PD431000AUALL 

4M 512Kx8 KM628512 HM628512/UL-L CXK584000(1 )-L TC554002 M5M54008ULL µ PD434000/ULL 

Low power SRAM 

Den. Org. SAMSIJNG HITACHI TSOHIBA NEC OKI MOTOROLA 

1M 128K x 8 KM658128A/AUAL-L HM65812BA/AUAL-L TC518129A/AUAL-L µPD42812BA/AUAL-L MSM54812B MCM518128 

High Speed SRAM 

Den. Org. Samsung Hitachi Cypress Fujitsu Micron IDT Motorola Toshiba sony 

64K 16Kx4 KM6465B HM62BB CY7C164A MBB1C74 MT5C6404 IDT7188 MCM62BBC TC55416 CXK5466 

16Kx4(With OE) KM6466B HM6289 CY7C166A MBB1C75 MT5C6405 IDT6198 TC55417 CXK5465 

BKXB KM6865B CY7C186A MB81C78 MT5C6408 IDT7164 MCM6264C TC5588 CXK5863 

256K 64KX4(5V) KM64458C HM67909A CY7C196 MB81C84A MT5C2565 IDT61298SA MCM629C TC55464A 

64K X 4(3.3V) KM64B258C MT5LC2565 

32KX 8(5V) KM68257C HM62832H CY7C199 MT5C2568 IDT71256SA MCM6206D TC55328A CXK5825BB 

32K x 8(3.3V) KM68V257C MT5LC2568 IDT713256 MCM62V06D TC55V328 

1M 1M x 1(E) KM11001 CY7C1007 MT5C1001 IDT71281 MCM6227B 

256K x 4(E) KM641001 HM624256A CY7C1006 MT5C1005 IDT71028 MCM6229A CXK541000 

256Kx4(R) KM641003 HM674256UH MT5C256K4A 1 

128K x B(E) KM681001 HM6268127H CY7C1009 MBB2008 MT5C1008 IDT71024 MCM6226B CXK541020 

128Kx8(R) KM681002 MT5C128KBA 1 

64Kx 16(R) KM6161002 CY7C108 MT5C64K16A1 TC551664 

4M 1M x4 KM644002 HM624100 MB82201 MT5C1M4B2 TC551402 

512K x B KM684002 MT5C512KBB2 

256K x 16 KM6164002 MT5C256KX16 

41MtJllWP 
ELECTRONICS 
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MEMORYICs CROSS REFERENCE GUIDE 

BiCMOSSRAM 

Den. Org. Samsmung Hitachi NEC Toshiba Motorola IDT 

256K 64K x 4(With OE)-R KM648261A MCM6709R 

64K x 4(with-OE)-E KM648258A HM6709SH TC558465 MCM6709A IDT618298 

32Kx 8-R KM688261A µPD46258 MCM6706R 

32Kx 8-E KM688257A HM6783SH TC558328 MCM6706A IDT71256 

1M 256K x 4(With OE)-R KM6481003 TC5584257 MCM6729A 

128Kx 8-R KM6881002 TC5588128 MCM6726A IDT718024 

Specialty SRAM 

Den. Org. SMAMSUNG Motorola Micron Cypress ICW 

1M 256Kx4 KM741006 MCM67Q804 

64Kx 18 KM718886 MCM678618 CY7C1031 ICW738596 

KM718890 MT58LC64K18M1 

KM718BV87 MCM67H618 MT58LC64K1882 

KM718BV90 MT58LC64K18M1 

t1Mf11Ui» 
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MEMORY ICs CROSS REFERENCE GUIDE 

3.3MASKROM 

DTY Samsung NEC Hitachi Toshiba Sharp Mitsubishi Fujitsu Sony 

256K KM23C256 HN623257P LH23255 M5M23256P MB83256 CXK38256 
HN623258P LH53259 

512K KM23C512 TC53512C LH53514 MB83512 
LH53515 

1M KM23C1000 uPD23C1 OOOA HN62321P TC531000C LH2310008 . M5M23C100 MB831000 CXK381000P 
HN62321BP LH531000A M5M231000 MB831124 
HN62331P 

KM23C1001 uPD23C101 OA HN62321EP M5M231001 
HN62331EP 

KM23C1010 uPD23C1001 E HN62321A TC531001C LH2311008 
uPD23C1000E HN62331A LH530800 

KM23C1011 uPD23C1 OOEA LH530900 

2M KM23C2000A uPD23C2001 HN623028 TC532000A LH532300 MB832000 CXK382001 
LH532100B MB832001 

KM23C2001A LH5322008 
LH532400 

KM23C2100A uPD23C2000 HN62412P LH532000B 
uPD23C2000A HN62422P LH532500 

4M KM23C40008 uPD23C4001 E HN62335 TC534000A LH5341008 M5M23C401 AP MB834000A CXK384001 
HN623448 

KM23C4000C HN62335 
HN623448 MB834000AL 

KM23V40018 HN62W335B 
KM23C40018 LH534300 

LH534400 
KM23C4001C LH534300 

LH534400 
KM23C4100B uPD23C4000 HN62404P TC534200 LH534000B M5M23C400AP MB834100A 

uPD23C4000A HN62414P LH534500' MB834200A 
HN62424P 
HN62444P 

KM23C4100C uPD23C4000 HN62404P LH5340008 MB834100AL 
uPD23C4000A HN62414P LH534500 

HN62424P 
HN62444P 

KM23V41008 HNW15 
KM23C4200B 
KM23C4200C 

41111'¥1@• 
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3.3 MASK ROM (Continued) 

DTY Samsung NEC Hitachi Toshiba Sharp Mitsubishi Fujitsu Sony 

BM KM23C8000B uPD23C8001 E HN623188 TC538000A LH538100 M5M23801P MB838000 CXK388000 
LH538200 

KM23C8000C uPD23C8001 E HN623188 LH538100 M5M23801P MB838000 
LH538200 

KM23V8000B HN62W328B 
KM23C8001B 
KM23C8001C 
KM23V8001B 
KM23C8100B uPD23C8000 HN62418P TC538200A LH538000 M5M23800P MB838200 
KM23C8100C uPD23C8000 HN62428P TC538200A LH538000 M5M23800P 
KM23C8105B 
KM23V8100B MB838200L 

16M KM23C16101A 
KM23C16101B 
KM23V16101A 
KM23C16000A uPD23C16000 HN624316P TC5316200A LH53160000 M5M23160P MB831620P 
KM23C160008 uPD23C16000 HN624316P TC5316200A LH53160000 M5M23160P MB831620P 
KM23C16005A M5M23168P 
KM23V16000A HN62W4116 

32M KM23C32000 uPD23C32000 LH5332000 
KM23C32000A uPD23C32000 LH5332000 
KM23C32005 
KM23C32005A 
KM23C32205A 

t!Mfilhl" 
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3.4 EEPROM 
*Serial 1/0 EEPROM 

Density Samsung N.S Exar Micro Chip SGSThomson Catalyat Rohm Atmel· 

1K KM93C46 NM9346 XRM93C46A 93C46 ST93C46T CAT93C46A BR93C46 AT93C46 

KM93C46V NM93C46L 

2K KM93C56 NM93C56A XRM93C56A BR93C56A AT93C56 

KM93C57 93C56 ST93C56 CAT36C102 

KM93C56V NM93C56L BR93C56B 

KM93C57V 

4K KM93C66 NM93C66 XRM93C66B BR93C66A AT93C66 

KM93C67 93C66 CAT35C104 

KM93C66V NM93C66L BR93C66B 

KM93C67V CAT33T104 

*Parallel EEPROM 

Density Samsung Xicor Seeq Exel Atmel Hitachi Oki Catalyat 

64K KM28C64A X2864A/B 0028C64 XL2864 AT28C64 HN58064 MSM28C64A CAT28C65A 

X28C64 XL28C64A 

KM28C65A 0028C65 XL2865 HN58C65/66 CAT28C65A 

002864 XL28C65A 

KM28C64B X2864A/B 0028C64 XL2864 AT28C64 HN58064 MSM28C64A CAT28C65A 

X28C64 XL28C64A 

KM28C65B 0028C65 XL2865 HN58C65/66 CAT28C65A 

002864 XL28C65A 

tl:!:i:filiHiP 
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MEMORY.ICs CROSS REFERENCE GUIDE 

3.5Flash 

Density Samsung Toshiba Seeq Exel Atmel Hitachi Oki Catalyat 

1M KM29C010 AT29C010 

16M KM29N16000 TC5816FT/TR 

32M KM29N32000 TC5832FT/TR 

df:l:filiii' ELECTRONICS 
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MEMORY ICs 

4. ORDERING INFORMATION 
4.1 DRAM 

DRAM 

ORGANIZATION 

• 1: X1 
• 4: X4 
• 8: X8 
• 9: X9 
•16: X16 
•18: X18 
• 32: x32 

KM 4 X X XXXXX X X X 

J 

PROCESS & POWER 

•C: CMOS, 5V 
•V: CMOS, 3.3V 

DENSITY 

Refer to the previous chapter 2 (Product Guide) 

•11fafiiUllP 
ELECTRONICS 

FUNCTION GUIDE 

xx 

1SPEED 
•6 : 60ns 
•7 : 70ns 
•8 : 80ns 
•10: 100ns 

PACKAGE 

•P: DIP 
•J: SOJ 
•Z: ZIP 
•T: TSOP II (TR: Reverse) 
•V: TSOP I (VR: Reverse) 

POWER LIMITS 

•BLANK: NORMAL 
•L : LOW POWER 
•SL : SUPER LOW POWER 
•LL : SELF REFRESH 

DIE REVISION 

•BLANK: NONE 
•A : FIRST REV. 

: SECOND REV. 
: THIRD REV. 

61 



MEMORY ICs FUNCTION GUIDE 

* NEW DRAM ORDERING SYSTEM 
This new DRAM ordering system will be used for all SAMSUNG's DRAM products in '95. 
In '94 DRAM Databook, only used for 16M Byte Word Wide 2nd Gen. and 64M DRAM. 

2 3 4 5 6 7 ' 8 9 

KM 4 AA 

SAMSUNGT J 
Memory i I 

B CCC CC D E - F GG 

_DRA_M _ 

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 --------------------------------------- sv 
V ---------------------------------------- 3.3V 

s. Density & Mode/Feature (Same) 

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

dlf:fillhlP 
ELECTRONICS 

~ 
Power(DC Current) 

Package Type 

1. Package Type 
J ---------------------------- SOJ 
T ---------------------------- TSOP II (Forward) 
R ---------------------------- TSOP II (Reverse) 
V ---------------------------- TSOP I (Forward) 
U ---------------------------- TSOP I (Reverse) 
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 
H ---------------------------------------- Super Low power 
F ---------------------------------------- Self Refresh with L. P 

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

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

KM M AA BBB C ODD E F G H I J K L M - NN 

SAMSUNG T T Speed 
Memory _ 
----'------~ Lead Finish & Customer 
Module 

Memory Type & 
Edge Connector 

Organization 

Process & Power 

Density 

Refresh 

1. SAMSUNG Memory 
2. Module 
3. Memory Type & Edge Connector 

-1 · · · · · · · · · · · · ········FLASH 
-2 · ................... MaskROM 
-3 · · · · · · · · · · · · · · · · · · · ·DRAM DIMM 
-4 · ·· · · · · · · ·· · ········DRAM SIP 
-5 · · · · · · · · · · · · · · · · · · · ·DRAM SIMM 
-6 · · · · · · · · · · · · · · · · · · · ·SRAM 
-7 · .. · · .. · · · · · · · .. · · · ·Pseudo SRAM 
-8 · ·· · · · · · · · · · · · · · · · · ·ASSP 
-9 ... · ...... · · ..... · .. VRAM 

4. Organization 
-8/9 · .......... · .. · · .. x8/x9 bit wide 
-18 · · · · · · · · .. · · · · · .. · ·x18 bit wide 
-32/33 .... · ...... · .... x32/x33 
-36/40 · · · · · · · · · · · · · · · · x36/x39/x40 
-64/66 · · · · · · · · · · · · · · · · x64/x66 
-72/80 · · · · · · · · · · · · · · · · x72/x80 
-144 · · · · · · · · · · · · · · .. · ·x144 bit wide 

5. Process & Operation Voltage 
-Blank · · · · · · · · · · · · · · · ·CMOS 5V 
-V · · · · · · · · · · · · · · · · · · · ·CMOS 3.3V 
-S · · · · · · · · · · · · · · · · · · · ·Sync 3.3V 

6. Density 
-16 · · · · · · · · · · · · · · · · · · · 16M 
.,a ····················BM 
-4 ··· ···· ·· ······· ····4M 
-2 ··· · · · · · · · · · · · ·· · · · ·2M 
-1 · · · · · · · · · · · · · ··· · · · · ·2M 
-512 · .. · .... · .. · ...... 512K 
-256 · · · · · · · · · · · · · · · · · ·256K 

7. Refresh (16M DRAM Based) 
-0 · · · · · · · · · · · · · · · · · · · ·4K 
-1 · · · · · · · · · · · · · · · · · · · ·2K 
-2 · · · · · · · · · · · · · · · · · · · ·1K 

8. Power Consumption 
-0 · · · · · · · · · · · · ········Normal 
-2 · · · · · · · · · · · · · · · · · · · ·Low Power 
-4 · · · .... · · · · .. · .... · ·Super Low Power 
-6 .. · .. · · · · · · · · · · · .... Self Refresh 

41Mflliii" ELECTRONICS 

Onlyx32 or x33 PCB 

Number of Components 

PCB Revision 

Package Type 

Component Revision 

Operation Mode & Organization 

Power Consumption 

9. Operation Mode & Organization 
-0 · · · · · · · · · · · · · · · · · · · ·F/P 
-1 ........ · ........ · .. Nibble 
-2 · · · · · · · · · · · · · · · · · · · ·Static Column 
-3 · · · · · · · · · · · · · · · · · · · · Using Quad CAS 
-4 .... · .... · · · · .. · .... Using EDO 
-5 · · · · · · · · · · · · · · · · · · · ·Using EDO & Quad CAS 
-8 · · · · · · · · · · · · · · · · · · · ·Using Non Memory Logic 
-9 · · · · · · · · · · · · · · · · · · · · Using Non Memory Logic 

&QuadCAS 
10. Component Revision 

-Blank · · · · · · · · · · · · · · · · None 
-A · · · · · · · · · · · · · · · · · · · · First Rev. 
-B · · · · · · · · · · · · · · · · · · · ·Second Rev. 
-C · · · · · · · · · · · · · · · · · · · ·Third Rev. 

11. Package Type 
-Blank · · · · · · · · · · · · · · · · SOJ or PLCC 
-T · · · · · · · · · · · · · · · · · · · ·TSOP 

12. PCB Revision 
-Blank · · · · · · · · · · · · · · · · None 
-1 · · · ·: · · · · · · · · ·······First Rev. 
-2 · · · · · · · · · · · · · · · · · · · ·Second Rev. 
-3 · · · · · · · · · · · · · · · · · · · ·Third Rev. 

13. Number of Components 
-Blank · · · · · · · · · · · · · · · ·more than 7 chip 
-N · · · · · · · · · · · · · · · · · · · · less than 8 chip 
-U · · .... · · · · · · · · · · · · · · Byte Wide Base 
-W · · · · · · · · · · · · · · · · · · ·Word Wide Base 

14. Only x32 or x33 PCB 
-V · · .. · · · · · · · .. · .... · ·x32 or x33 PCB 

15. Lead Finish & Customer 
-Blank · · · · · · · · · · · · · · · ·Solder 
-G · · · · · · · · · · · · ········Gold 
-D · · · · · ·DEC -P · · · · · ·Nickel 
-H ······HP -Q · · · · · ·Compaq 

· -M ······IBM -X · · · .. ·Cambex 
16.Speed 

-5 · · · · · · · · · · · · · · · · · · · ·50ns 
-6 · · · · · · · · .· · · · · · · · · · · ·60ns 
-7 · · · · · · · · · · · · · · · · · · · · 70ns 
-8 · · · · · · · · · · · · · · · · · · · ·80ns 
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4.3 VRAM 

KM 42 x x 
VRAM T 

J ORGANIZATION 

• 4: X4 
• 8: XS 
• 16: X16 

PROCESS & POWER 

• C:CMOS, 5V 
• V: LOW Vee CMOS, 3.3V 

DENSITY 

• 64K 
• 128K 
• 256K 

tt:!MJIO'tP 
ELECTRONICS 

xxx x x 

FUNCTION GUIDE 

- xx 

T SPEED 

• 6:60ns 
• 7:70ns 
• 8:80ns 
• 10: 100ns 

PACKAGE 

• P: DIP 
• J: SOJ 
• Z: ZIP 
• T: TSOPII 
• TR: TSOP H Reverse 

DIE VERSION 

• A: SECOND-VER 
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4.4 Static RAM 

KM XX X XX XXXX X X X X-XX X X 

MEMORY COMPONENT T DENSITY & OPTION 

• 64: 64K Slow 
• 65: 64K Fast 
• 66: 64K Fast(with OE) 
• 256: 256K Slow 

DEVICE TYPE • 257: 256K Fast 

• 6: SRAM(Async.) 
• 65: Pseudo SRAM 

• 258: 256K Fast(with OE) 
• 512: 512K Slow 

• 7: SRAM(ASSP) • 513: 512K Fast 
• 1000: 1M Slow 

ORGANIZATION • 1001: 1 M Fast 

• 1: x 1 bit 
• 4: x4bits 
• 2 or 8: x 8bits 
• 9: x9bits 
• 16: x 16bits 

• 1002: 1 M Fast(Revolutionary) 
• 1003: 1 M Fast(Revolutionary, with OE) 
• 1005: 1 M Fast(Sep.1/0) 
• 1006: 1 M Fast(Sync.,Sep.1/0) 
• 86 : 1 M Sync. linear Burst, No GI Lie 
• 87 : 1 M Sync. linear Burst, Glue 
• 90 : 1 M Sync. Interleave Burst, No Glue 

TECHNOLOGY • 4000: 4M Slow 

• BLANK: CMOS 
• B: BiCMOS 

• 4002: 4M Fast(Revolutionary) 
• 8128: 128Kx8 Pseudo S~M 
• 8512: 512Kx8 Pseudo SRAM 

OPERATING Vee 

• BLANK: 5.0V 
• V: 3.0 or 3.3V 

dWfiliiitP 
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4.4 Static RAM 

KMXXXX XXXXXX X XX-XX XX 

-----------~~ ~ ~~ ~ ~~~r----VERSION J _ OPERATING Vee 

• BLANK-+A-+B---+C • BLANK: 5.0V 
• V: Wide Voltage 

POWER LIMITS 

PACKAGES · •BLANK: High Power 

.• P: DIP 
• G: SOP 

• L: Low Power 
• L-L: Low Low Power 

• J: SOJ or PLCC 
• T: TSOP(Standard Type) 
• A: TSOP(Reverse Type) 

OPERATING TEMP SPEED 

• BLANK: Commercial Slow Fast 
• I: Industrial • 5:55ns • 8: ans 

• 7:70ns • 9: 9ns 

• 8:80ns • 10: 10ns 

• 10: 100ns • 12: 12ns 

• 12: 120ns • 14: 14ns 
• 15: 15ns 
• 17: 17ns 
• 19: 19ns 
• 20: 20ns 
• 24: 24ns 
• 25: 25ns 
• 30: 30ns 
• 35: 35ns 
• 45: 45ns 

•Mnn:m• ELECTRONICS 
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4.5MASKROM 

KM 23 X XXX XX X X XX - XX 

_M_E_M_O_R_v ____ ~~I- -- - -- -- - - -- --1~~-__ s_P_E_E_D __ 

DEVICE TYPE 

• 23 : MASK ROM 

PROCESS & POWER 

• C: CMOS, 5V 
• V : CMOS, 3.3V 

DENSITY 

• 256: 256K 
• 512: 512K 
• 1 : 1 M 
• 2 : 2M 
• 4 :4M 
• 8 :8M 
• 16 : 16M 
• 32 : 32M 
• 64 : 64M 

* Internal KF · CODE lnforamtion 

• 10: 100ns 
• 12: 120ns 
• 15: 150ns 
• 20: 200ns 

PKG 

•BLANK: DIP 
• G: SOP 
• SG: SSOP 

VERSION 

• BLANK----+A----+B----+C 

TYPE&MODE 

• 0 : COMMERCAL 
• 1 : Multi OE 
• 5 : PAGE MODE 

ORGANIZATION 

• 00 : x 8 bit (1 M 28DIP, 2M, 4M, 8M) 
x 16 bit (16M, 32M, 64M) 

• 01 : x 8 bit (1M 32Pin) 
• 10 : x 8 bit (16M, 32M, 64M) 

x 16 bit (2M, 4M, BM) 
• 11 : x 8 bit (32M 42DIP) 
• 20 : x 16 bit & EPROM TYPE PIN OUT (4M) 

x 32 bit (16M, 32M, 64M) 

KFXXXXX 

_M_A_S_K_R_o_M _________ ~-1- -I - -- ~~-------•-nt_e_rm_a_IVi_e_~_N_o_. 
DENSITY . SERIAL NO. 

• 3 : 256K 
•Z : 512K 
• 4 : 1M PRODUCTION LINE 
• Y : 2M 
• 5 : 4M 
• X : 8M 
• 6 : 16M 

• 1 : LINE 1 
• 2: LINE 2 
• 3: LINE 3 

• W: 32M 

•l11f:fi@IP 
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4.6EEPROM 

*Serial EEPROM 

93 : Micro Wire Type . 

CMOS Process 

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

*Parallel EEPROM 

FUNCTION GUIDE 

KM 93 · C XX X XX X 

_-I, - - -T L BLANK: Commercial 

. I : Industrial 

Blank : DIP Package 
G : SOIC PKG 
GD : SOIC PKG,DIP pin Cont 

~------ Blank : 5V Operation. 
V : 3V Operation. 

KM 28(29) C XXX X X X - XX 

28 : Pallel EEPROM _____ __, LSPEED 
29 : Flash Memory 

CMOS Process 

Density 
64 : 64K Bit 
010 : 1M Bit 

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

4.7 Flash 

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

~-----BLANK : Commercial 
I : Industrial 

Package 
Blank : DIP PKG 
J : PLCC PKG 
T : TSOP I PKG 

KM 29 N XXXXX X X 

---~ -I 11 __ BLANK: Good Block=502-511 
. S : Good Block=512 

Package 

Flash Memory 

NANO Type (CMOS) 

Density 
16000 : 16M Bit. 
32000 : 32M Bit. 
64000 : 64M Bit. 

•1Mfiliii* ELECTRONICS 

T : TSOP Forward Type 
R : TSOP Reverse Type 
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MEMORY ICs 

4.8 Memory Card 

KM C 

_s_A_M_s_uN_G_M_E_M_o_R_v __ T__. 

CARD 

CARD STYLE 

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

MEMORY TYPE 

• 5 : DRAM Card 
• 6 : SRAM Card 

MEMORY DATA WIDTH 

• 8: 8Bit • 16 :16Bit • 18 :18Bit 
• 16: 16Bit • 32: 32Bit • 36: 36Bit 

DENSITY & MODE/FEATURE 

•DRAM Card 
4100 : 4M Bit F. Page, 2K refresh 
4000: 4M Bit F. Page, 4K refresh 
2000 : 2M Bit F. Page, 1 K refresh 
1000 : 1 M Bit F. Page, 1 K refresh 
512 : 512K Bit F. Page, 1 K refresh 

• SRAM Card 
1000: 1M BIT 
512: 512K BIT 
256 : 256K BIT 

4J:!:i:fiihiiP 
ELECTRONICS 

FUNCTION GUIDE 

W W WW XXXX YYY - ZZ 

SPEED 

• 06: 60ns • 15: 150ns 
• 07 : 70ns • 20 : 200ns 
• 08 : 80ns • 25 : 250ns 

CUSTOMER CODE 

COMPONENT COMPOSITION 

• BLANK : x 41 x 1 BASE 
• W : BYTE-WORD WIDE BASE 

DIE(COMPONENT) REVISION 

• BLANK : NONE 
•A: FIRST REV. 
• B : SECOND REV. 
• C : THIRD REV. 
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KM41 C1 OOOC/CL/CSL CMOS DRAM 

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

FEATURES 
• Performance range: 

tRAC tCAC 

KM41 C1 OOOC/CUCSL-6 60ns 15ns 

KM41 C1OOOC/CUCSL-7 70ns 20ns 

KM41 C1 OOOC/CUCSL-8 80ns 20ns 

• Fast Page Mode operation 
• CAS-before-RAS refresh capability 
• RAS-only and Hidden refresh capability 
• TTL compatible input and output 
• Single 5V ± 10% power supply 
• Refresh Cycle 

- 512 cycle/8ms refresh (Normal) 
- 512 cycle/64ms refresh (L-version) 
- 512 cycle/128ms refresh (SL-version) 

• Power Dissipation 
-Standby : 5.5mW (Normal) 

1.1 mW (L-version) 
0.55mW (SL-version) 

- Active(60n0/80ms) : 385/358/330mW 
• 256K x 4 fast test mode 

• JEDEC standard pinout 
• Available in plastic DIP, SOJ, ZIP, TSOP(I), 

TSOP(ll) and PLCC Packages 

tRC 

110ns 

130ns 

150ns 

FUNCTIONAL BLOCK DIAGRAM 

RAS 

GAS 
CONTROL & 
CLOCK w 

REFRESH CONTROL & 
ADDRESS COUNTER 

COLUMN DECODER 

SENSE AMPS & 1/0 

Ao 
a: 
w 
0 
0 MEMORY ARRAY 
(.) 

1,048,576 Cells Cl) w 

ffl 
0 

a: :s: 
0 0 
0 a: 

As < 

t1MHIHI• 
ELECTRONICS 

GENERAL DESCRIPTION 
The Samsung KM41 C1 OOOC/CUCSL is a CMOS high 
speed 1,048,576. x 1 Dynamic Random Access 
Memory. Its design is optimized for high performance 
applications such as minicomputers, graphics and high 
performance microprocessor computers. 

The KM41 C1 OOOC/CUCSL features Fast Page Mode 
operation which allows high speed random access of 
memory cells within the same row. GAS-before-RAS 
refresh capability provides on-chip auto refresh as. an 
alternative to RAS-only refresh. All inputs and output 
are fully TTL compatible. 

The KM41 C1 OOOC/CL/CSL is fabricated using 
Samsung's advanced CMOS process. 

D 

Q 

--Vee 

-Vss 
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KM41 C1 OOOC/CL/CSL CMOS DRAM 

PIN CONFIGURATION (Top Views) 

• KM41C1000CP/CLP/CSLP • KM41C1000CJ/CW/CSW • KM41C1000CZ/CLZ/CSLZ • KM41C1000CT/CLT/CSLT 

0 D 10 Vss D 10 Vss 
w 2 a w 2 a 

RAS 3 CA8 Vss 
TF 4 NC w 
NC 5 Ag 

RAS 3 CA8 
TF NC 
NC Ag 

Ao 6 Ag Ao 6 Aa 
A2 A1 7 A1 A2 A, 7 A1 
Aa A2 8 Ag Vee A2 8 Ag 

0 
A3 9 As 

As 
Vee 10 0 11 A,, 

A3 9 0 As 
Vee 10 11 A,, 

A1 

• KM41 C1000CV/CLV/CSLV • KM41C1000CVR/CLVR/CSLVR 

Ag ~o 20 As Ag 20 01 Ag 

CA~ 19 A1 A1 19 2 rc 3 18 ~ Ag 18 3 

~~ 
4 17 As 17 4 
5 16 A,, A,, 16 5 Vss 

NC 6 15 Vee Vee 15 6 ~c D 7 14 A3 A3 14 7 

~ 
8 13 A2 A2 13 8 w 
9 12 A, A1 12 9 ~ 10 11 Ao Ao 11 10 

• KM41C1000CTR/CLTR/CSLTR • KM41 C1000CG/CLG/CSLG 

w D Vss a 
Pin Names Pin Function 

Vss 20 D 
a 19 0 w 

CA8 18 RAS 

Ao-As Address Inputs 

D Data In 
NC 17 TF 

As 16 NC 
a Data Out 

w Read/Write Input 

Ag 15 Ao 
RAS Row Address Strobe 

A1 14 A1 CAS Column Address Strobe 
Ag 13 A2 
As 12 0 A3 
A,, 11 10 Vee A3 Vee A4 As 

TF Test Function 

Vee Power (+5V) 

Vss Ground 

NC No Connection 

NL No Lead 

•11Uif1@tP 
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KM41 C1 OOOC/CL/CSL CMOS DRAM 

ABSOLUTE MAXIMUM RATINGS* 
Parameter Symbol Rating Units 

Voltage on' Any Pin Relative to Vss VIN, VOUT -1 to +7.0 v 
Voltage on Vee Supply Relative to Vss · Voo -1to+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 abso
lute maximum rating conditions for extended periods may affect device reliability. 

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

Parameter Symbol Min Typ Max Unit 

Supply Voltage Vee 4.5 5.0 5.5 v 
Ground Vss 0 0 0 v 
Input High Voltage V1H 2.4 - Vee+1 v 
Input Low Voltage VIL -1.0 - 0.8 v 

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

Parameter Symbol Min Max Units 

Operating Current* 
KM41 C1 OOOC/CUCSL-6 - 70 mA 
KM41 C1OOOC/CUCSL-7 lcc1 - 65 mA (RAS and CAS, Address Cycling @tRc=min.) 
KM41 C1 OOOC/CUCSL-8 - 60 mA 

Standby Current (RAS=CAS=W=VIH ) lcc2 2 mA 

RAS-Only Refresh Current* 
KM41 C1 OOOC/CUCSL-6 - 70 mA 
KM41 C1 OOOC/CUCSL-7 ICC3 - 65 mA (CAS=VIH, RAS, Address Cycling @tRC=min.) 
KM41 C1 OOOC/CUCSL-8 - 60 mA 

Fast Page Mode Current* 
KM41 C1 OOOC/CUCSL-6 - 55 mA 
KM41 C1000C/CUCSL-7 ICC4 - 50 mA 

(RAS=VIL, CAS, Address Cycling @tPC=min.) 
KM41 C1 OOOC/CUCSL-8 - 45 mA 

Standby Current 
KM41C1000C - 1 mA 
KM41C1000CL Ices - 200 µA 

(RAS=CAS=W=Vcc-0.2V) 
KM41C1000CSL - 100 µA 

GAS-Before-RAS Refresh Current* 
KM41 C1 OOOC/CUCSL-6 - 70 mA 

(RAS and CAS Cycling @tRC=min.) 
KM41 C1 OOOC/CUCSL-7 ICC6 - 65 mA 
KM41 C1 OOOC/CUCSL-8 - 60 mA 

Battery Back Up Current 
Average Power Supply Current, Battery back 
up Mode (CAS=CAS-Before-RAS Cycling or KM41C1000CL 

ICC? 
200 µA 

0.2\1, W=Vcc-0.2V or 0.2\1, Ao-A9= KM41 C1 OOOCSL 
-

100 µA 
Vcc-0.2V or 0.2V, D1N=Vcc-0.2V, 0.2V or 
OPEN : tRc=250µS, tRAS=tRAs min.-1µS) 

Input Leakage Current 
li(L) -10 10 µA 

(Any input O::;V1N ::;6.5V, all other pins not under test=O volts.) 

Output Leakage Current (Data out is disabled, O::;Vour::;Vee) IO(L) -10 10 µA 

e'i':fliiiitP 
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KM41 C1 OOOC/CL/CSL CMOS DRAM 

DC AND OPERATING CHARACTERISTICS (Continued) 

Parameter Symbol Min ·Max Units 

Output High Voltage Level (loH=-SmA) VoH 2.4 - v 
Output Low Voltage Level (IOL=4.2mA) VOL - 0.4 v 

*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 average current. lcc1, lcca, Address can be changed maximum two times 
while RAS=VIL, ICC4, Address can be changed maximum once during a Fast Page cycle. 

CAPACITANCE (f A=25°C, Vcc=SV, f=1 MHz) 

Parameter Symbol Min Max Unit 

Input Capacitance (D) · CIN1 - 5 pF 

Input Capacitance (Ao-As) CIN2 - 6 pF 

Input Capacitance (RAS, CA~. W) CIN3 - 7 pF 

Output Capacitance (Q) GOUT - 7 pF 

AC CHARACTERISTICS (0°C:s;Ta:s;_70°C, Vcc=5.0V±10%, See notes 1,2) 

-6 -7 -8 
Parameter Symbol Unit Notes 

Min Max Min Max Min Max 

Random read or write cycle time tRC 110 130 150 ns 

Read-modify-write cycle time tRWC 130 150 170 ns 

Access time from RAS tRAC 60 70 80 ns 3,4,11' 

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 20 0 20 ns 7 

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

RAS precharge time tRP 40 50 60 ns 

RAS pulse width tRAS 60 10,000 70 10,000 80 10,000 ns 

RAS hold time tRSH 15 20 20 ns 

CAS hold time . tCSH 60 70 80 ns 

CAS pulse width tCAS 15 10,000 20 10,000 20 10,000 ns 

RAS to CAS delay time tRCD 20 45 20 50 20 60 ns 4 

RAS to column address delay time tRAD 15 30 15 35 15 40 ns 11 

CAS to RAS precharge time tCRP 5 5 5 ns 

Row address set-up time tASR 0 0 0 ns 

Row address hold time tRAH 10 10 10 ns 

Column address set-up time tAsc 0 0 0 ns 

Column address hold time tCAH 15 15 15 ns 

Column address to RAS lead time tRAL 30 35 40 ns 

Read command set-up time tRCS 0 0 0 ns 

tllli'if iiUI• 
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KM41 C1 OOOC/CL/CSL CMOS DRAM 

AC CHARACTERISTICS (Continued) 

-6 -7 -8 
Parameter Symbol Unit Notes 

Min Max Min Max Min Max 

Read command hold time referenced to CAS tRCH 0 0 0 ns 9 

Read command hold time referenced to RAS tRRH 0 0 0 ns 9 

Write command hold time twCH 10 10 10 ns 

Write command hold time referenced to RAS twCR 45 50 55 ns 6 

Write command pulse width twP 10 10 10 ns 

Write command to RAS lead time tRWL 15 15 15 ns 

Write command to CAS lead time tCWL 15 15 15 ns 

Data-in set-up time tos 0 0 0 ns 10 

Data-in hold time tDH 15 15 15 ns 16 

Data-in hold time referenced to RAS tDHR 50 55 60 ns 6 

Refresh period (Normal) tREF 16 16 16 ms 

Refresh period (Low power) tREF 64 64 64 ms 

Refresh period (Super Low power) tREF 128 128 128 ms 

Write command set-up time twcs 0 0 0 ns 8 

CAS to W delay time tcwo 15 20 20 ns 8 

RAS to W delay time tRWD 60 70 80 ns 8 

Column address to W delay time tAwo 30 35 40 nl> 8 

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

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

RAS precharge to CAS hold time tRPC 5 5 5 ns 

CAS precharge time (C-8-R counter test cycle) tCPT 20 25 30 ns 

Access time from CAS precharge tCPA 35 35 40 ns 3 

Fast Page mode cycle time tPC 40 45 50 ns 

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

RAS pulse width (Fast Page mode) tRASP 60 100K 70 100K 80 100K ns 

RAS hold time from CAS precharge tRHCP 40 45 50 ns 

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

cMMiiiii» 
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KM41 C1 OOOC/CL/CSL 

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 V1l(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 tRco(max) limit insures that 
tRAc(max) can be met. tRco(max) is specified as a 
referenc.e .point only. If tRco is greater than the 
specified tRco(max) limit, then access time is con-

. ~rolled exclusively by tcAc· 

5. Assumes that tRco~tRco(max). 

6. twcR, toHR are referenced to tRAo(max). 

7. This parameter defines the time at which the out
put achieves the open circuit condition and is not 
referenced to VoH or Vol· 

8. twcs, tRwo, tcwo and tAwo are non restrictive 
operating parameters. They are included in the data 
sheet as electrical characteristics only. If 
twcs~twcs(min) the cycle is an early write cycle and 

TIMING DIAGRAMS 
READ CYCLE 

V1H-
A Vil-

w V1H-
Vil-

Q VoH-
Vol-

tt:!:i:Hlhl" 
ELECTRONICS 

CMOS DRAM 

the data output will remain open circuit throughout 
the entire cycle. If. tcwo~tcwo(min) and tRwo~ 
tRwo(min) and tAwo~tAwo (min), then the cycle is a 
read-write cycle and the data output will contain 
data read from the selected cell. If neither of the 
above conditions are satisfied, the condition of the 
data out is indeterminate. 

9. Either tRcH or tRRH must be satisfied for a read cycle. 

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

11. Operation within the tRAD (max) I imit insures that 
tRAc (max) can be met. tRAD (max) is specified as a 
reference point only. If tRAo is greater than the 
specified tRAD (max) limit, then access time is con-
trolled by tAA· . 

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

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

14. In a test mode read cycle, the value of tRAC, tcAc, 
tAA is delayed for 3ns. 

i-----tcAc----' 
lOFF 

~DON'T CARE 
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KM41 C1 OOOC/CL/CSL 

TIMING DIAGRAMS (Continued) 

WRITE CYCLE (EARLY WRITE) 

A 
V1H-

V1L-

w V1H-

V1L-

D 
V1H-

V1L-

a VoH-

Vol-

IOHR 

READ·WRITE/READ·MODIFY·WRITE CYCLE 

V1H-
CAS 

V1L-

A 
V1H-

V1L-

V1H-w 
V1L-

a VoH-

VoL-

V1H-
D 

V1L-

dfafllhi» 
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CMOS DRAM 

• 
OPEN 

IRSH 

tcAs-

~DON"TCARE 
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KM41 C1 OOOC/CL/CSL CMOS DRAM 

TIMING DIAGRAMS (Continued> 

FAST PAGE MODE READ CYCLE 

CAS V1H-

V1L-

V1H-
A 

V1L;-

V1H-
0 V1L-

w 

FAST PAGE MODE WRITE CYCLE (EARLY WRITE) V,H_, 
IRASP 

RAS V1L-
I 

tcsH ICRP 

IRCD 

V1H-
GAS 

V1L-

V1H

A 
V1L - ~r1i;;... .... _..;a,-l1~ ,_...__,__.....,,--"'~ liiii-.... ,......-~ \j~'--);-...4-;.;,;:.:.-~-\'lc:~~QQ~'l:::Jl.~~~ 

V1H-

w V1L-

V1H-

D V1L-

IDHR 

VoH-
OPEN Q 

VoL-

· im DON'T CARE 
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KM41 C1 OOOC/CL/CSL CMOS DRAM 

TIMING DIAGRAMS (Continued) 

FAST PAGE MODE READ-WRITE CYCLE 

A 

w 

D 

a 

~DON'T CARE 
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KM41 C1 OOOC/CL/CSL CMOS DRAM 

TIMING DIAGRAMS (Continued) 

RAS-ONLY REFRESH CYCLE 
Note: CAS = V1H, W,D, As= Don't Care 

A 

Q VoH-~~~~~~~~~~~~~~-oPEN~~~~~~~~~~~~~~~ 
VoL-

HIDDEN REFRESH CYCLE 

1--------IRc-------+-----

1------IRAs---- 1-----IRAS 

GAS 
V1H-

V1L-

A 
V1H-

V1L-

w V1H-

V1L-

Q 

CAS·BEFORE·RAS REFRESH CYCLE 

tcsR tcHR 

GAS V1H-

V1L -

a VoH-

VoL-

mDON'TCARE 

•l:!:i:fiijhiP 
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KM41 C1 OOOC/CL/CSL CMOS DRAM 

TIMING DIAGRAMS (Continued) 

CAS·BEFORE·RAS REFRESH COUNTER TEST CYCLE 

RAS 
V1H-

V1L-

CAS 
V1H -

V1L -

V1H-
A 

V1L-

READ. CYCLE 

Q VoH-
VoL-

WRITE CYCLE 

Q 

w 

D 

VoH

VoL-

READ-MODIFIED WRITE CYCLE 

Q 

w 

D 

VoH

VoL-

V1H-

V1L,-

V1H-

V1L·-

•1:1:1: fjl iii ;p 
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KM41C1000C/CL/CSL 

DEVICE OPERATION 

The KM41 C1 OOOC/CUCSL contains 1,048,576 memo
ry locations. Twenty address bits are required to 
address a particular memory location. Since the 
KM41 C1 OOOC/CUCSL has only 10 address input pins, 
time multiplexed addressing is used to input 10 row 
and 10 column addresses. The multiplexing is con
trolled by the timing relationship between the row 
address strobe (RAS), the column adress strobe(CAS), 
and the valid row and column address inputs. 
Operation of the KM41 C1 OOOC/CUCSL begins by 
strobing in a valid row address with RAS while CAS 
remains high. Then the address on the 10 address 
input pins is changed from a row address to a column 
address and is strobed in by CAS. This is the begin
ning of any KM41 C1 OOOC/CUCSL cycle in which a 
memory location is. accessed. The specific type of 
cycle is determined by the state of the write enable pin 
and various timing relationships. The cycle is terminat
ed when both RAS and CAS have returned to the high 
state. Another cycle can be initiated after RAS remains 
high long enough to satisfy the RAS precharge time 
(tRP) requirement. 

RAS and CAS Timing 
The minimum RAS and CAS pulse widths are specified 
by tRAs(min) and tcAs(min) respectively. These minimum 
pulse widths must be satisfied for proper device opera
tion and data integrity. Once a cycle is initiated by 
bringing RAS low, it must not be aborted prior to satis
fying the minimum RAS and CAS pulse widths. In addi
tion, a new cycle must not begin until the minimum 
RAS precharge time, tRP, has been satisfied. Once a 
cycle begins, internal clocks and other circuits within 
the KM41 C1 OOOC/CUCSL begin a complex sequence 
of events. If the sequence is broken by violating mini
mum timing requirements, loss of data integrity can 
occur. 

Read 
A read cycle is achieved by maintaining the write 
enable input (W) high during RAS/CAS cycle. The 
access time is normally specified with respect. to the 
falling edge of RAS. But the access time also depends 
on the falling edge of CAS and on the valid column 
address transition. 
If GAS goes low before tRco(max) and if the column 
address is valid before tRAo(max), then the access time 
to valid data is specified by tRAc(min). However if CAS 
goes low after tRco(max), or if the column address 
becomes valid after tRAD(max.), access is specified by 
tcAc or tAA. In order to achieve the minirrium access 
time, tRAc(min), it is necessary to meet both tRco(max) 
and tRAo(max). · 

t1Mtiliii" ELECTRONICS 

·CMOS DRAM 

Write 
The KM41 C1 OOOC/CUCSL can perform early write, 
late write and read-modify-write cycles. The difference 
between these cycles is in the state of data-out and is 
determined by the timing relationship between W and 
CAS. In any type of write cycle, Data-in must be valid 
at or before the falling edge of W or CAS, whichever is 
later. 

Early Write: An early write cycle is performed by bring
ing W low before CAS. The data at the data input pin 
(D) is written into the addressed memory cell. 
Throughout the early write cycle the output remains in 
the Hi-Z state. This cycle is good for common 1/0 
applications because the data-in and data-out pins 
may be tied together without bus contention. 

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

Late Write: If W is brought low after CAS, a late write 
cycle will occur, The late write cycle is very similar to 
the read-modify-write cycle except that the timing 
parameters, tcwo and tAwo, are not necessarily met. 
The state of date-out is indeterminate since the output 
can be either Hi-Z or contain data depending on the 
timing conditions. This cycle requires a separate 1/0 to 
avoid bus contention. 

Data Output 
The KM41 C1 OOOC/CUCSL has a three-state output 
buffer which is controlled by CAS. Whenever CAS is 
high(V1H), the output is in the high impedance (Hi-Z) 
state. In any cycle in which valid data appears at the 
output, the output goes into the low impedance state 
in a time specified by tcLZ after the falling edge of CAS. 
Invalid data may be present at the output during the 
time after tcLZ and before the valid data appears at the 
output. The timing parameters tcAc, tRAc and tAA speci
fy when the valid data will be present at the output. 
The valid data remains at the output until CAS returns 
high. This is true even if a new RAS cycle occurs (as in 
hidden refresh). Each of the KM41 C1 OOOC/CUCSL 
operating cycles is listed below after the corresponding 
output state produced by the cycle. 
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KM41 C1 OOOC/CL/CSL 

DEVICE OPERATION (Continued) 

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

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

Indeterminate Output State: Delayed Write. 

Refresh 
The data in the KM41 G1 OOOG/GUGSL is stored on a 
tiny capacitor within each memory cell. Due to leakage 
the data may leak off after a period of time. To main
tain data integrity it is necessary to refresh each of the 
rows every 16/64/128 ms. There are several ways to 
accomplish this. 

RAS-Only Refresh: This is the most common method 
for performing refresh. It is performed by strobing in a 
row address with RAS while GAS remains high. This 
cycle must be repeated for each of the 512 row 
addresses, (Ao-As). The state of address A9 is ignored 
during refresh. 

GAS-before-RAS Refresh: The KM41 G1 OOOG/GUGSL 
has GAS-before-RAS on-chip refresh capability that 
eliminates the need for external refresh addresses. If 
GAS is held low for the specified set up time (tcsR) 
before RAS goes low, the on-chip refresh circuitry is 
enabled. An internal refresh operation automatically 
occurs. The refresh address is supplied by the on-chip 
refresh address counter which is then internally incre
mented in preparation for the next GAS-before-RAS · 
refresh cycle. 

Hidden Refresh: A hidden refresh cycle may be per
formed while maintaining the latest valid data at the 
output by extending the GAS ac~ive time and cycling 
RAS. The KM41 G1 OOOG/GUGSL hidden refresh cycle 
is actually a GAS-before-RAS refresh cycle within an 
extended read cycle. The refresh row address is pro
vided by the on-chip refresh address counter. 

Other Refresh Methods: It is also possible to refresh the 
KM41 G1 OOOG/GUGSL by using read, write or read
modify write cycles. Whenever a row is accessed, all 
the cells in that row are automatically refreshed. There 
are certain applications in which it might be advanta
geous to perform refresh in this manner but in general 
RAS-only or GAS-before-RAS refresh is the preferred 
method. 

dVifJllll• 
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CMOS DRAM 

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

Fast Page Mode 
The KM41G1000G/GUGSL has Fast page mode capa
bility which provides high speed read, write or read
mod ify-write access to all memory cells within a 
selected row. These cycles may be mixed in any order. 
A fast page mode cycle begins with a normal cycle. 
Then, while RAS is kept low to maintain the row 
address GAS is cycled to strobe in additional column 
addresses. This eliminates the time requried to set up 
and strobe sequential row addresses for the same 
page 

Power-up 
If RAS=Vss during power-up, the KM41 C1 OOOG/GUGSL 
could begin an active cycle. This condition results in 
higher than necessary current demands from the pow
er supply during power-up. It is recommended that 
RAS and GAS track with Vee during power-up or be 
held at a valid V1H in order to minimize the power-up 
current. An initial pause of 200 µ sec is required after 
power-up followed by 8 initialization cycles before 
proper device operation is assured. Eight initialization 
cycles are also required after any 8msec period in 
which there are no RAS cycles. An initialization cycle is 
any cycle in which RAS is cycled. 

Termination 
The lines from the TTL driver circuits to the 
KM41 G1 OOOG/GUGSL inputs act like unteminated 
transmission lines resulting in significant overshoot and 
undershoot at the inputs. To minimize overshoot it is 
advisable to terminate the input lines and to keep them 
as short as possible. Although either series or parallel 
termination may be used,series termination is generally 
recommended since it is simple and draws no addi
tional power. It consists of a resistor in series with the 
input line placed close to the KM41 G1000G/GUGSL 
input pin. The optimum value depends on the board 
layout. It must be determined experimentally and is 
usually in the range of 20 to 40 ohms. 
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KM41 C1 OOOC/CL/CSL 

DEVICE OPERATION (Continued) 

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

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

PACKAGE DIMENSJONS 

18-LEAD PLASTIC DUAL IN-LINE PACKAGE 

CMOS DRAM 

A high frequency 0.1 µ F ceramic decoupling capacitor 
should be connected between the Vee and ground 
pins of each KM41 C1 OOOC/CUCSL using the shortest 
possible traces. These capacitors act as a low 
impedance shunt for the high frequency switching tran
sients generated by the KM41C1000C/CUCSL and 
they supply much of the current used by the 
KM41 C1 OOOC/CUCSL during cycling. 
In addition, a large tantalum capacitor with a value of 
47µF to 100µF should be used for bulk decoupling to 
recharge the 0.1 µ F capacitors between cycles, thereby 
reducing power line droop. The bulk decoupling 
capacitor meet the power grid or power plane .. Even 
better results may be achieved by distributing more 
than one tantalum capacitor around the memory array. 

Units: Inches (Millimeters) 

E: : : ~ ~~-: !~~~i 
I 

0.862 (21.89) , I 
o 872 (22.15) I 

--+-+---0_05_0_:._(1_2__;_7) 0 015 (0.38) 

J 
0.145 (3.68) 

0.100 (2.54) 

TYP I 

MAX 

~-rJ-fµ-

flJ l~I 
11 _ -~ o.0JS 10.w1 

11 r- 0.055 (1.40) 
0.016 (0.41) 

0.024 (0.61) 
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MIN 

0.183 (4.65) 

~ 

0.115 (2.92) 

MIN 

--- ~ 
0 009 (0 2--;;J-

0.01 3 (0.33) 
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KM41 C1 OOOC/CL/CSL 

PACKAGE DIMENSIONS (Continued) 

20-LEAD PLASTIC SMALL OUT-LINE J-LEAD 

0 

0.670 (17.02) 

0.680 (17.27) 

0 

Id 0004(0.1) B BhMJ~l _1AAMA 
0.050 (1.27) I 0.015 (0.38) I 0.026 (0.66) I 

TYP I 0.021 (0.53) I 0.032 (0.81) 

----i 

20·LEAD PLASTIC ZIGZAG-IN-LINE PACKAGE 

1.025 (26.04) 

1.035 (26.29) 

0.050 (1.27) 

MAX 

~~=============~~ 
ta ;:-r-INDEX 

rUrHHHHHf--
u I I I I 

,v t \J v v v u 

0.016 (0.41) 11 0.050 (1.27) 

0.024 (0.6~ ~ r TYP 
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v ~ v u v v 

0.050 (1.27) 

MAX 

0 
N' ll'l 

~~ 
I!) I!) 
N (") 
(") (") 

ci ci 

CMOS DRAM 

Units: Inches (millimeters) 

0.027 (0.69) 

MIN 

6' 6' 
N (") e. e. 
CO N 
0,... 
00 
ci ci 

0.128 (3.25) 

0.145 (3.68) 

0.009 (0.23) 

0.013 (0.33) 

0.100(2.54) 

TYP 
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KM41 C1 OOOC/CL/CSL CMOS DRAM 

PACKAGE DIMENSIONS (Continued) 

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

Units: Inches (millimeters) 

0.048 (1.22) 

0.052 (1.32) 

0 

s~ 
i. i. 
O> ,._ (')..,. 
0 0 
ci ci 

N 
N 

~ D.. 
.q- >
~ 1-
ci 

0.005 (0.13) 

0.008 (0.20) 

~ 
O.Q16 (0.40) I I 
0.024 (0.60) 

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

0.232 (5.90) 

.0.240 (6.10) 

0.039 (1.0) 

I cl 0.003 (0.00) I 
0.004 (0.1) 

0.012 (0.3) 

6riiibiila~ 
1

1 I I 0.022 (0.55) 

I-- ----J 0.018 (0.45) 
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KM41 C1 OOOC/CUCSL 

PACKAGE DIMENSIONS (Continued) 

18- LEAD PLASTIC CHIP CARRIER 

0.320 (813) 

0.330 (8.38) 

0.285 (7.24) 

0.295 (7.49) 

•tMfiihi» 
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0.140 (356) 
!---------+-----

MAX 

0 080 (2 03) 

0.090 (2.29) 

0.020 (051) 

MIN 

CMOS DRAM 

0.070 (1 78) 0.150 (3.81) 

REF REF 

0.050 (1.27) 

TYP 

89 



KM44C256C/CL/CSL CMOS DRAM 

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

FEATURES 
• Performance range: 

tRAC tCAC tRC 

KM44C256C/CUCSL-6 60ns 15ns 110ns 

KM44C256C/CUCSL-7 ?Ohs 20ns 130ns 

KM44C256C/CUCSL-8 sons 20ns 150ns 

• Fast Page Mode operation 
• CAS-before-RAS refresh capability 
• RAS-only and Hidden refresh capability 
• TTL compatible inputs and outputs 
• Early write or Output Enable Controlled Write 
• Single 5V ± 10% power supply , 

• Refresh Cycle 
- 512 cycle/Bms refresh (Normal) 
- 512 cycle/64ms refresh (L-version) 
- 512 cycle/128ms refresh (SL-version) 

• Power Dissipation 
-Standby : 5.5mW (Normal) 

1.1 mW (L-version) 
0.55mW (SL-version) 

- Active(60n0/80ms) : 385/360/330mW 
• JEDEC standard pinout 
• Available in plastic DIP, SOJ, ZIP, TSOP(I), 

and TSOP(ll) Packages 

FUNCTIONAL BLOCK DIAGRAM 

CONTROL & 
CLOCK 

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

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

The KM44C256C/CL/CSL is fabricated using 
Samsung's advanced CMOS process. 

REFRESH CONTROL & 
ADDRESS COUNTER 

DQ1 

to 
DQ4 

COLUMN DECODER 

SENSE AMPS & 1/0 

Ao 

As 

t1Mfl:W* 
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a: 
w 
0 
O MEMORY ARRAY 
1rl 262,144x4 Cells 
0 

~ 
0 a: 

-Vee 

-Vss 
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KM44C256C/CL/CSL CMOS DRAM 

PIN CONFIGURATION (Top Views) 

• KM44C256CP/CLP/CSLP • KM44C256CJ/CW/CSW • KM44C256CZ/CLZ/CSLZ 

0 oo, Vss 
002 oo. 
w 003 

RAS CA8 Vss 
NC OE 

Ao Ae NL 

0 

A, A1 
A2 As 
Aa 

0 
As 

Vee A. 

A, 

• 
A2 

Vee 
Aa 
A. 

As 

A1 

• KM44C256CV/CLV/CSLV • KM44C256CVR/CLVR/CSLVR 

5E 1 0 20 Ae Ae 20 o~ OE 

~ 2 19 A1 A1 19 CAS 
03 3 18 As As 18 3 003 

oo. 4 17 As As 17 4 oo. 
Vss 5 16 A. A. 16 5 Vss 

oo, 6 15 Vee Vee 15 6 oo, 
002 7 14 Aa Aa 14 7 002 
w 8 ·13 A2 A2 13 8 w 

RAS 9 12 A, A, 12 9 RAS 
NC 10 11 Ao Ao 11 10 NC 

• KM44C256CT/CLT/CSLT • KM44C256CTR/CLTR/CSLTR 
Pin Names Pin Function 

oo, 10 20 Vss Vss 20 01 oo, 
O~ 2 19 oo. oo. 19 0 2 002 
w 3 18 003 003 18 3 w 

Ao-As Address Inputs 

RAS Row Address Strobe 

RAS 4 17 CAS CA8 17 4 RAS CAS Column Address Strobe 
N.C 5 16 BE OE 16 5 N.C w Read/Write Input 

OE Data Output Enable 
Ao 6 15 As As 15 6 Ao 
A, 7 14 A1 A1 14 7 A, 001-004 Data In/Data Out 
A2 8 13 As As 13 8 A2 
A3 9 0 12 As As 12 0 9 A3 

Vee 10 11 A. A. 11 10 Vee 

Vee Power (+5V) 

Vss Ground 

NC No Connection 

NL No Lead 

4111ntJ1m• 
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KM44C256C/CL/CSL 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 Voo -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 abso
lute maximum rating conditions for extended periods may affect device reliability. 

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

Parameter Symbol Min Typ Max Unit 

Supply Voltage Vee 4.5 5.0 5.5 v 
Ground Vss 0 0 0 v 
Input High Voltage V1H 2.4 - Vee+1 v 
Input Low Voltage VIL -1.0 - 0.8 v 

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

Parameter Symbol Min Max Units 

Operating Current* 
KM44C256C/CUCSL-6 - 70 mA 

(RAS and CAS, Address Cycling @tRc=min.) 
KM44C256C/CUCSL-7 lcc1 - 65 mA 
KM44C256C/CUCSL-8 - 60 mA 

Standby Current (RAS=CAS=W=VIH ) lcc2 - 2 mA 

RAS-Only Refresh Current* 
KM44C256C/CUCSL-6 - 70 mA 
KM44C256C/CUCSL-7 ICC3 - 65 mA 

(CAS=VIH, RAS, Address Cycling @tRC=min.) 
KM44C256C/CUCSL-8 - 60 mA 

Fast Page Mode Current* 
KM44C256C/CUCSL-6 - 55 mA 
KM44C256C/CUCSL-7 ICC4 - 50 mA 

(RAS=VIL, CAS, Address Cycling @tPC=min.) 
KM44C256C/CUCSL-8 - 45 mA 

Standby Current KM44C256C - 1 mA 

(RAS=CAS=W=Vcc-0.2V) 
KM44C256CL Ices - 200 µA 
KM44C256CSL - 100 µA 

GAS-Before-RAS Refresh Current* 
KM44C256C/CUCSL-6 - 70 mA 

(RAS and CAS Cycling @tRC=min.) 
KM44C256C/CUCSL-7 Ices - 65 mA 
KM44C256C/CUCSL-8 - 60 mA 

Battery Back Up Current 
Average Power Supply Current, Battery back 
up Mode (CAS=CAS-Before-RAS Cycling or KM44C256CL 

ICC? 
200 µA 

0.2V, W=Vcc-0.2V or o.2V, Ao-A9= KM44C256CSL 
-

100 µA 
Vce-0.2V or o.2V, D1N=Vcc-o.2v, o.2V or 
OPEN: tRC=250µS, tRAS=tRAS min.-1µS) 

Input Leakage Current 
ll(L) -10 10 µA 

(Any input 0 s V1N s 6.5V, all other pins not under test=O volts.) 

Output Leakage Current (Data out is disabled, OsVoursVee) IO(L) -10 10 µA 

t1MfiihitP 
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KM44C256C/CL/CSL CMOS DRAM 

DC AND OPERATING CHARACTERISTICS (Continued) 

Parameter Symbol Min Max Units 

Output High Voltage Level (IOH=-5mA) VoH 2.4 - v 
Output Low Voltage Level (IOL=4.2mA) VOL - 0.4 v 

*NOTE: lcc1, ICC3, lcc4 and Ices are dependent on output loading and cycle rates. Specified values are obtained with 
the output open. Ice is specified as average current. lcc1, lcc3, Address can be changed maximum two times 
while RAS=VIL, ICC4, Address can be changed maximum once during a Fast Page cycle. 

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

Parameter Symbol Min Max Unit 

Input Capacitance (Ao-Aa) CIN1 - 6 pF 

Input Capacitance (RAS, GAS, W) CIN2 - 7 pF 

Output Capacitance (DQ1-DQ4) Coo - 7 pF 

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

-6 -7 -8 
Parameter Symbol Unit Notes 

Min Max Min Max Min Max 

Random read or write cycle time tRC 110 130 150 ns 

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

Access time from RAS tRAC 60 70 80 ns 3,4,1.1 

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 20 0 20 ns 7 

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

RAS precharge time tRP 40 50 60 ns 

RAS pulse width tRAS 60 10,000 70 10,000 80 10,000 ns 

RAS hold time tRSH 15 20 20 ns 

CAS hold time tCSH 60 70 80 ns 

CAS pulse width tCAS 15 10,000 20 10,000 20 10,000 ns 

RAS to CAS delay time tRCD 20 45 20 50 20 60 ns 4 

RAS to column address delay time tRAD 15 30 15 35 15 40 ns 11 

CAS to RAS precharge time tCRP 5 5 5 ns 

Row address set-up time tASR 0 0 0 ns 

Row address hold time tRAH 10 10 10 ns 

Column address set-up time tAsc 0 0 0 ns 

Column address hold time tCAH 15 ·15 15 ns 

Column address to RAS lead time tRAL 30 35 40 ns 

Read command set-up time tRCS 0 0 0 ns 

•1MHIUI" ELECTRONICS 
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KM44C256C/CL/CSL 

AC CHARACTERISTICS (Continued) 

Parameter Symbol 

Read command hold time referenced to CAS tRCH 

Read command hold time referenced to RAS tRRH 

Write command hold time twCH 

Write command hold time referenced to RAS twCR 

Write command pulse width twp 

Write command to RAS lead time tRWL 

Write command to GAS lead time tCWL 

Data-in set-up time tos 

Data-in hold time tDH 

Data-in hold time referenced to RAS tDHR 

Refresh period (Normal) tREF 

Refresh period (Low power) tREF 

Refresh period (Super Low power) tREF 

Write command set-up time twcs 

CAS to W delay time tcwo 

RAS to W delay time tRWD 

Column address to W delay time tAWD 

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

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

RAS precharge to CAS hold time tRPC 

CAS precharge time (C-B-R counter test cycle) tCPT 

Access time from CAS precharge tCPA 

Fast Page mode cycle time tPC 

Fast Page mode read-modify-write cycle time tPRWC 

RAS pulse width (Fast Page mode) tRASP 

RAS hold time from CAS precharge tRHCP 

GAS precharge time (Fast page mode)· tcP 

RAS hold time referenced to OE tROH 

OE access time tOEA 

OE to data delay tOED 

Output buffer turn off delay time from OE tOEZ 

OE command hold time tOEH 

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 V1L (max) and 
are assumed to be 5ns for all inputs. 

tt:f:l:filihtP 
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CMOS DRAM 

-6 -7 -8 
Unit Notes 

Min Max Min Max Min Max 

0 0 0 ns 9 

0 0 O· ns 9 

15 15 15 ns 

55 55 60 ns 6 

15 15 15 ns 

15 15 15 ns 

15 15 15 ns 

0 0 0 ns 10 

15 15 15 ns 10 

50 55 60 ns 6 

8 8 8 ms 

64 64 64 ms 

128 128 128 ms 

0 0 0 ns 8 

40 45 45 ns 8 

85 95 105 ns 8 

55 60 65 ns 8 

5 5 5 ns 

15 15 15 ns 

5 5 5 ns 

20 25 30 ns 

35 35 40 ns 3 

40 45 50 ns 

80 85 90 ns 

60 100K 70 100K 80 100K ns 

40 45 50 ns 

10 10 10 ns 

15 20 20 ns 

15 20 20 -ns 

15 20 20 ns 

0 15 0 20 20 ns 

15 20 20 ns 

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

4. Operation within the tRco (max) limit insures that 
tRAC (max) can be met. tRco (max) is specified as a 
reference point only. If tRco is greater than the speci
fied tRco (max) limit, then access time is controlled 
exclusively by tCAC. 
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KM44C256C/CL/CSL 

NOTES (Continued) 

5. Assumes that tRco~tRco(max). 
6. twcR, toHR are referenced to tRAo(max). 
7. This parameter defines the time at which the out

put achieves the open circuit condition and is not 
referenced to VoH or VoL· 

8. twcs, tRwo, tcwo and tAwo are non restrictive operat
ing parameters. They are included in the data sheet 
as electrical characteristics only. If twcs>twcs(min) 
the cycle is an early write cycle and the data out
put will remain high impedance for the duration of 
the cycle. If tcwo~ tcwo(min), tRwo~tRwo(min) and 
tAwo~tAwo(min), then the cycle is a read-write cycle 
and the data output will contain the data read from 

TIMING DIAGRAMS 

READ CYCLE 

CMOS DRAM 

the selected address. If neither of the above condi
tions are satisfied, the condition of the data out is 
indeterminate. 

9. Either tRcH or tRRH must. be satisfied for a read 
cycle. 

10. These parameters are referenced to the CAS lead
ing edge in early write cycles and to the W leading 
edge in read-write cycles. 

11. Operation within the tRAo(max) limit insures that 
tRAc(max) Carl be met. tRAc(max) iS Specified as a 
reference point only. If tRAo is greater than the 
specified tRAo(max) limit, then access time is con
trolled by tAA· 

0------------tRC------------< 

e--------IRAS-----------1 

tcRP 

A 

VoH-------
VoL-

~DON'TCARE 
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KM44C256C/CL/CSL 

TIMING DIAGRAMS (Continued) 

WRITE CYCLE (EARLY WRITE) 

V1H-
RAS 

V1L-

V1H-

V1L-

V1H-

V1L-

V1H-

V1L-

V1H-

V1L-

WRITE CYCLE (OE CONTROLLED WRITE) 

CMOS DRAM 

IRC 

IRAS 

f-------------tRc------------' 
..__ ______ IRAS-----~--< 

V1H-

V1L-

lcsH le RP 

V1H-
CAS 

V1L-

V1H-
A 

V1L-

V1H-
w 

V1L-

V1H-

V1L-

V1H-

V1L-

~DON'T CARE 

tJMf Jiiii» 
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KM44C256C/CL/CSL 

TIMING DIAGRAMS (Continued) 

READ-MODIFY-WRITE CYCLE 

CMOS DRAM 

,__ _____________ \RWC-------------~~ 

RAS 

A 

w 

-- IRAS-------------< 

V1H- '7\7.:i'\"':l\A?\?.:-*:~7\J±r--t--+-..,.---------~ 

V1L- ~W..~~~~.ij,I 

V1H- \7\.~:?t"j~"'fe:J~:it?:70~~'7\J~7V\ 

V1L - lQ,j~./lJ..~4£,l..a.l~l:J.l.~~l:J,,£.~~14;--1---i 

V110H -

------------+----CJ/\~ V110L -

FAST PAGE MODE READ CYCLE 

RAS 

GAS 

A 
V1H- ~f\.-J!!'l'rt"im'~J';llJl..~~~;;:::-;:~L.nmi~r\ i7.~mi~U~l1\Sl~, r~~rln~U"7"'7~"7V'\ ---

V1L -

w V1H- ~r'V"ilf:J~'1\J.it'°Ti....t-----H~t-L+------t{l~Jd~r=---+t---bmi""~l"7 
V1L-~~~~~ 

V1H- ""~~offt""'""""''7tl""'"'-
OE 

V1L - ~~2Q~~~~~~~~-+""'~~~~~~-~~~~QQ~~~--~~~~~~~~~ 

~DON'T CARE 

ttifafiljiiiP 
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KM44C256C/CL/CSL CMOS DRAM 
TIMING DIAGRAMS (Continued> 

FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 
RAS -it--- -------------1RASP 

J 

A 

FAST PAGE MODE READ·MODIFY·WRITE 
---------·--------------1RAsp----

RAS 

i------tcsH-- 1---- -lRSH~ 
1

1 

lCRP-

A 

w 

~DON'TCARE 

tl:f:I: ti liii ;p 
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KM44C256C/CL/CSL CMOS DRAM 

TIMING DIAGRAMS (Continued) 

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

----------- IRc---

l\.f------- IRAS------
RAS 

-- -- ----------1 
~-- IRP -----I 

GAS 

A 

I 

:::=-~.---------

CAS·BEFORE·RAS REFRESH CYCLE 
Note: W, DE, A= Don't care 

f----------tRc----------~ 

RAS •---------IRAS-----

GAS 

V1H-

V1L- ~ 

v'"- __t-t '------''"' ~ 
ViL- ~IOFF- ,___---~~~~~-

V110H - -
V110L - t---------- OPEN-----------------

~DON'TCARE 

41m'ifiihiiP 
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KM44C256C/CL/CSL 

TIMING DIAGRAMS (Continued) 

HIDDEN REFRESH CYCLE (READ) 

CMOS DRAM 

i-------tRc ______ ...__ ______ tRc:-----___, 

RAS 
V1L-

A 
V1L-

w V1H- \A'!\!\,.~~~~r--t-----'-~'J'ijf;_~~~~\J\J~l\7Vr\7'i"ml:'?I:?~,~~~~~~ 

V1L- ~~~~~ 

HIDDEN REFRESH CYCLE (WRITE) 
>--------IRC ------+---

<-----IRAS ---

tcRP 

A 

w 

V1H- "'""'~~"""'"'""''7'1"""l"""1~~"W""l""""'""""'""""'"W""l'"""".,....,,........_.,,...,........,...,...,....,....,..._..._....,._.....,_..,...,....._,... 

V1L- ..M..i..l.lW:...w.;lf-M~~~~~~~"-l.j~~~.J,,::.J.~~~~~tl.::i,/.~tl.::i,/...:i£.:l~~..c:i.I.~~~~~ 
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KM44C256C/CL/CSL CMOS DRAM 

TIMING DIAGRAMS (Continued) 

CAS·BEFORE·RAS REFRESH COUNTER TEST CYCLE 

V1H-
RAS 

V1L-

V1H-

GAS 
V1L-

V1H-
A 

V1L-

READ CYCLE • V1H-
w 

V1L-

V1H-

OE 
V1L-

D01·DQ4 
VoH-

VOL-

WRITE CYCLE --··-IRWL 

V1H-

w 
V1L-

V1H-

OE 
v11:.-

V110H-
D01·DQ4 

V110L-

~DON'T CARE 
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KM44C256C/CL/CSL 

DEVICE OPERATION 

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

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

Read 
A read cycle is achieved by maintaining the write 
enable input (W) high during RAS/CAS cycle. The 
access time is normally specified with respect to the 
falling edge of RAS. But the access time also depends 
on the falling edge of CAS and on the valid column 
address transition. 
If CAS goes low before tRco(max) and if the column 
address is valid before tRAo(max), then the access time 
to valid data is specified by tRAc(min). However if CAS 
goes low after tRco(max), or if the column address 
becomes valid after tRAo(max.), access is specified by 
tcAc or tAA. In order to achieve the minimum access 
time, tRAc(min), it is necessary to meet both tRco(max) 
and tRAo(max). 

•tMfJiih» 
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The KM44C256C/CUCSL has common data 1/0 pins. 
For this reason an output enable control input (OE) has 
been provided so the output buffer can be precisely 
controlled. For data to appear at the outputs, OE must 
be low for the period of time defined by to toEA and 
tOEZ. 

Write 
The KM44C256C/CUCSL can perform early write, late 
write and read-modify-write cycles. The difference 
between these cycles is in the state of data-out and is 
determined by the timing relationship between W and 
CAS. In any type of write cycle, Data-in must be valid 
at or before the falling edge of W or CAS, whichever is 
later. 

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

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

Data Output 
The KM44C256C/CUCSL has a three-state output 
buffer which is controlled by CAS and OE. Whenever 
CAS or OE is high(V1H), the output is in the high 
impedance (Hi-Z) state. In any cycle in which valid data 
appears at the output, the output goes into the low 
impedance state in a time specified by tcLZ after the 
falling edge of CAS. Invalid data may be present at the 
output during the time after tcLZ and before the valid 
data appears at the output. The timing parameters 
tcAc, tRAc and tAA specify when the valid data will be 
present at the output. This is true even if a new RAS 
cycle occurs (as in hidden refresh). Each of the 
KM44C256C/CUCSL operating cycles is listed below 
after the corresponding output state produced by the 
cycle. 

Valid Output Data: Read, Read-Modify-Write, Hidden 
Refresh, Fast Page Mode Read, Fast Page Mode 
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KM44C256C/CL/CSL 

DEVICE OPERATION (Continued) 

Read-Modify-Write. 

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

Indeterminate Output State: Delayed Write (tcwo or 
tRWD are not met) 

Refresh 
The data in the KM44G256G/GUGSL is stored on a 
tiny capacitor within each memory cell. Due to leakage 
the data may leak off after a period of time. To main
tain data integrity it is necessary to refresh each of the 
rows every 8/64/128 ms. There are several ways to 
accomplish this. 

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

GAS-before-RAS Refresh: The KM44G256G/GUGSL 
has GAS-before-RAS on-chip refresh capability that 
eliminates the need for external refresh addresses. If 
GAS is held low for the specified set up time (tcsR) 
before RAS goes low, the on-chip refresh circuitry is 
enabled. An internal refresh operation automatically 
occurs. The refresh address is supplied by the· on-chip 
refresh address counter which is then internally incre
mented in preparation for the next GAS-before-RAS 
refresh cycle. 

Hidden Refresh: A hidden refresh cycle may be per
formed while maintaining the latest valid data at the 
output by extending the GAS active time and cycling 
RAS. The KM44G256C/GUGSL hidden refr~sh cycle is 
actually a GAS-before-RAS refresh cycle within an 
extended read cycle. The refresh row address is pro
vided by the on-chip refresh address counter. 

Other Refresh Methods: It is also possible to refresh the 
KM44G256G/GUGSL by using read, write or read
modify write cycles. Whenever a row is accessed, all 
the cells in that row are automatically refreshed. There 
are certain applications in which it might be advanta
geous to perform refresh in this manner but in general 
RAS-only or GAS-before-RAS refresh is the preferred 
method. 

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

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

Power-up 
If RAS=Vss during power-up, the KM44G256G/GUGSL 
could begin an active cycle. This condition results in 
higher than necessary current demands from the pow
er supply during power-up. It is recommended that 
RAS and GAS track with Vee during power-up or be 
held at a valid V1H in order to minimize the power-up 
current. An initial pause of 200 µ sec is required after 
power-up followed by 8 initialization cycles before 
proper device operation is assured. Eight initialization 
cycles are also required after any Smsec period in 
which there are no RAS cycles. An initialization cycle is 
any cycle in which RAS is cycled. 

Termination 
The lines from the TTL driver circuits to the 
KM44G256G/CL/GSL inputs act like unteminated 
transmission lines resulting in significant overshoot and 
unde~shoot at the inputs. To minimize overshoot it is 
advisable to terminate the input lines and to keep them 
as short as possible. Although either series or parallel 
termination may be used.series termination is generally 
recommended since it is simple and draws no addi
tional power. It consists of a resistor in series with the 
input line placed close to the KM44G256-G/GUGSL 
input pin. The optimum value depends on the board 
layout. It must be determined experimentally and is 
usually in the range of 20 to 40 ohms. 

Board Layout 
It is important to lay out the power and ground lines on 
memory boards in such a way that switching tran
sisient effects are minimized. The recommended meth
ods are gridded power and ground lines or separate 
power and ground planes. The power and ground lines 
act like transmission lines to the high frequency tran
sients generated by DRAMS. The impedance is mini
mized if .all the power supply traces to all the DRAMS 
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KM44C256C/CL/CSL 

DEVICE OPERATION (Continued) 

run both horizontally and vertically and are connected 
at each intersection or better yet if power and ground 
planes are used. 
Address and control lines should be as short as possi
ble to avoid skew. In boards with many DRAMS these 
lines should fan out from a central point like a fork or 
comb rather than being connected in a serpentine pat
tern. Also the control logic should be centrally located 
on large memory boards to facilitate the shortest pos
sible address and control lines to all the DRAMS. 

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

PACKAGE DIMENSIONS 

20-LEAD PLASTIC DUAL IN-LINE PACKAGE 

0.962 (24.43) 

0.972 (24.69) 

0 
0 

0.135 (3.43) 1 

CMOS DRAM 

A high frequency 0.1 µ F ceramic decoupling capacitor 
should be connected between the Vee and ground 
pins of each KM44C256C/CUCSL using the shortest 
possible traces. These capacitors act as a low 
impedance shunt for the high frequency switching tran
sients generated by the KM44C256C/CUCSL and they 
supply much of the current used by the KM44C256-
C/CUCSL during cycling. 
In addition, a large tantalum capacitor with a value of 
47µF to 100µF should be used for bulk decoupling to 
recharge the 0.1µ F capacitors between cycles, thereby 
reducing power line droop. The bulk decoupling 
capacitor meet the power grid or power plane. Even 
better results may be achieved by distributing more 
than one tantalum capacitor around the memory array. 

~ 
t::. 

"' ..... 
N 
ci 

~ 
t::. 
('") 

"' N 

ci 

.. 

0.015 (0 38) 

MIN 

Units: Inches (Millimeters) 

~1~4_5_(3-.6-8)_·----------------------------------r-----t--
1183 (4.65) 

MAX 

· 1~1 . 
0.100 12.54) 11 0.015 (0.41) I I ,0.035 (0.89) 
--TY_P_--+_.__, ---i ~~ ~0.055 (1.40) 
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0.115 (2.92) 

MIN 

I ____ o.o5o (1.27) 

r MAX 
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KM44C256C/CL/CSL 

PACKAGE DIMENSIONS (Continued) 

20-LEAD PLASTIC SMALL OUT-LINE J·LEAD 

0 

0.670 (17.02) 

0.680 (17.27) 

0 

ld·'°',.,,§8PAAJI 1lAAAF:R 
0.050 (1.27) I 0.015 (0.38) I 0.026 (0.66) 

TYP I 0.021 (0.53) I 0.032 (0.81) 

20·LEAD PLASTIC ZIGZAG-IN-LINE PACKAGE 

0.050 (1.27) 

MAX 

1.025 (26.04J I 

~~~~~~~=1=.0=35=(2=6.=29=)~~~~~~~'---. 
~ I 

~'~ 0 _j 
~H H~r-r-~H H~r-H ~r-~H H~ HH H~H f-~H h~h ~ 

I I I I 
~u 1UVuuu uuuuvVUvv 

0.016 (0.41) I o 050 (1.27) o.o5o (1.27) 

0.024 (0.6~ 1-- r TYP MAX 

,---INDEX 
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Units: Inches (millimeters) 

0.027 (0.69) 

MIN 

0.128 (3.25) 

0.145 (3.68) 

H~(2.871 
I 0.120 (3.05) 

0.009 (0.23) 

0.013 (0.33) 
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KM44C256C/CL/CSL CMOS DRAM 

PA.CKAGE DIMENSIONS (Continued) 
I . 

20-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE (II} (Forward and Reverse Type) 
Units: Inches (millimeters) 

0.005 (0.13) 

0.008 (0.20) 

~ 
O.Q16 (0.40) · 1 I 
0.024 (0.60) 

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

0.232 (5.90) 

0.240 (6.10) 

lol o.oo3(o.oe) I 
0.004(0.1) 

0.012 (0.3) 

~Wi2liiiiP~ 
1

1 I I 0.022 (0.55) r-- --l 0.018(0.45) 
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0.016 (0.40) 

0.024 (0.60) 

~ 
O.Q16 (0.40) I I 
0.024 (0.60) 
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KM41 C4000C/CL/CSL CMOS DRAM 

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

FEATURES 
• Performance range: 

tRAC tCAC 

KM41 C4000C/CLJCSL-5 50ns 13ns 

KM41 C4000C/CLJCSL-6 60ns 15ns 

KM41 C4000C/CLJCSL-7 70ns 20ns 

KM41 C4000C/CLJCSL-8 80ns 20ns 

• Fast Page Mode operation 
• CAS-before-RAS refresh capability 
• RAS-only and hidden refresh capability 
• Fast parallel test mode capability 
•TTL compatible inputs and.output 
• Common 1/0 using early write 
• Single + 5V ± 10% power supply 
• Refresh Cycle 

- 1024 cycle/16ms (Normal) 
- 1024 cycle/128ms (L-version) 
- 1024 cycle/256ms (SL-version) 

• Power dissipation 
- Standby : 5.5mW(Normal) 

1.1 mW(L-version) 
0.55mW(SL-version) 

tRC 

90ns 

110ns 

130ns 

150ns 

- Active (50/60/70/80): 470/415/360/305mW 
• JEDEC standard pinout 
•Available in plastic SOJ, ZIP and TSOP-11 packages 

FUNCTIONAL BLOCK DIAGRAM 

CONTROL & 
CLOCK 

GENERAL DESCRIPTION 
The Samsung KM41 C4000C/CLJCSL is a high speed 
CMOS 4, 194,304 x 1 Dynamic Random Access 
Memory. Its design is optimized for high performancd 
applications such as mainframes and mini compute'rs, 
graphics and high performance microprocessor 
systems. 

The KM41 C4000C/CL/CSL features Fast Page Mode 
operation which allows high speed random access of 
memory cells within the same row. GAS-before-RAS 
refresh capabillity provides on-chip auto refresh as an 
alternative to RAS-only Refresh. All inputs and output 
are fully TTL compatible. 

The KM41 C4000C/CL/CSL is fabricated using 
Samsung's advanced CMOS process. 

D 

REFRESH CONTROL & 
ADDRESS COUNTER 

Ao 

A10 
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a: 
w 
0 

COLUMN DECODER 

SENSE AMPS & 110 

0 MEMORY ARRAY 
~ 4,194,304 Cells 
0 

~ 
a: 

Q 

--Vee 
-Vss 
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KM41 C4000C/CL/CSL CMOS DRAM 

PIN CONFIGURATION (Top Views) 

• KM41 C4000CJ/CW/CSW • KM41 C4000CZ/CLZ/CSLZ • KM41C4000CT/CLT/CSLT 

D 20 Vss D 1 0 20 Vss 
w 19 Q w 19 Q 

IUl:S 3 18 ~ 
N.C. 4 17 N.C. RAS 18 CAS 
A10 5 16 Ag N.C. 4 17 N.C. 

A1o Ag 

Ao 6 As N.C. 
15 

A1 14 A1 A1 Ao 15 As 
A2 13 As A2 A1 A1 
A3 12 As A3 

Vee 10 0 A4 Vee A2 8 As 11 A4 
As A3 9 12 As As 0 

Vee 10 11 A4 

• KM41 C4000CTR/CLTR/CSLTR Pin Names Pin Function 

Vss D Ao-A10 . Address Inputs 

Q 0 w D Data In 
CA8 18 RAS Q Data Out 
N.C. 17 N.C. w Read/Write Input 

Ag 16 A10 
RAS Row Address Strobe 

As 15 Ao CAS Column Address Strobe 

A1 14 A1 Vee Power (+5V) 
-As A2 

As 12 0 A3 
A4 11 Vee 

Vss Ground 

N.C. No Connection 

tMi'ifiliiiiP 
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KM41 C4000C/CL/CSL CMOS DRAM 

ABSOLUTE MAXIMUM RATINGS* 

Parameter Symbol Value Units 
-"' 

Voltage on Any Pin Relative to Vss v,N, 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 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 (Voltage reference to Vss• TA=o to 70°C) 

Parameter Symbol Min Typ Max Unit 

Supply Voltage Vee 4.5 5.0 5.5 v 

Ground Vss 0 0 0 v 
Input High Voltage VtH 2.4 - Vcc+1 v 

Input Low Voltage Vtl -1.0 - 0.8 v 

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

Parameter Symbol Min Max Units 

KM41 C4000C/CUCSL-5 - 85 mA 
Operating Current* KM41 C4000C/CUCSL-6 lcc1 - 75 mA 
(RAS, CAS, Address Cycling @tRc=min.) KM41C4000C/CUCSL-7 - 65 mA 

KM41 C4000C/CUCSL-8 - 55 mA 

Standby Current (RAS=CAS=W=VtH) lcc2 - 2 mA 

KM41 C4000C/CUCSL-5 - 85 mA 
RAS-Only Refresh Current* KM41 C4000C/CUCSL-6 - 75 mA 
(CAS=VtH, RAS, Cycllng @tRC=min.) KM41 C4000C/CUCSL-7 ICC3 - 65 mA 

KM41 C4000C/CUCSL-8 - 55 .mA 

KM41 C4000C/CUCSL-5 - 65 mA 
Fast Page Mode Current* KM41 C4000C/CUCSL-6 ICC4 - 55 mA 
(RAS=VtL, GAS, Address Cycling @tPc=min.) KM41 C4000C/CUCSL-7 - 45 mA 

KM41 C4000C/CUCSL-8 - 35 mA 

Standby Current KM41C4000C - 1 mA 

(RAS=CAS=W=Vcc -0.2V) KM41 C4000CL ICC5 - 200 µA 
KM41 C4000CSL - 100 µA 

CAS-Before-RA.S Refresh Current* 
KM41 C4000C/CUCSL-5 - 85 mA 
KM41 C4000C/CUCSL-6 Ices - 75 mA 

(RAS and GAS Cycling @tRC=min.) KM41C4000C/CUCSL-7 - 65 mA 
KM41 C4000C/CUCSL-8 - 55 mA 

Battery Back Up Current 
Average Power Supply Current, 
Battery Back Up Mode, 

KM41 C4000CL 300 µA Input High Voltage(VtH)=Vcc-0.2V ICC7 -
CAS=CAS-Before-RAS Cycling or 0.2V KM41 C4000CSL - 150 µA 

DtN=Don't Care TRC=125(L-ver.)µS 1. 
TRc=250(SL-ver.)µS TRAS= TRAS min-300ns 

tJiJ:'+i'iii' , ELECTRONICS 
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KM41 C4000C/CL/CSL CMOS DRAM 

DC AND OPERATING CHARACTERISTICS (Continued) 

Parameter Symbol Min Max Units 

Input Leakage Current (Any input o::;V1N::;Vcc+0.5V ... 
h(L) -10 10 µ_A all other pins not under test=O volts.) 

Output Leakage Current (Data out is disabled, OV::;Vour::;Vcc) IO(L) -10 10 µA 

Output High Voltage Level (IOH=-5mA) VOH 2.4 - v 
Output Low Voltage Level (loL=4.2mA) VOL - 0.4 v 

* Note: lcc1, lcc3, lcC4 and Ices are dependent on output loading and cycle rates. Specified value are obtained with 
the output open. Ice is specified as average current. lcch lcc3, Ices. Address can be changed maximum two times 
while RAS= V1L. lcc4, Address can be changed maximum once during a Fast Page Mode Cycle. 

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

Parameter Symbol Min Max Unit 

Input Capacitance (D) C1N1 - 5 pF 

Input Capacitance (Ao-A10) C1N2 - 5 pf 

Input Capacitance (RAS, GAS, W) C1N3 - 7 pF 

Output Capacitance (0) Gour - 7 pF 

AC CHARACTERISTICS (0°C::;TA::;?0°C, Vcc=5.0±10%, See notes 1,2) 

-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 108 130 . 155 175 ns 

Access time from RAS tRAC 50 60 70 80 ns 3,4,11 

Access time from GAS tCAC 13 15 20 20 ns 3,4,5 

Access time from column address tAA 25 30 35 40 ns 3,11 

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 7 

Transition time(rise and fall) tr 3 50 3 50 3· 50 3 50 ns 2 

RAS precharge time tRP 30 40 50 60 ns 

RAS pulse. width tRAS 50 10,000 60 10,000 70 10,000 80 10,000 ns 

RAS hold time tRSH 13 15 
,. .... 

20 20 ns 

CAS hold time tcsH 50 60 70 80 ns 

CAS pulse width tCAS 13 10,000 15 10,000 20 10,000 20 10.000 ns 

RAS to GAS delay time tRCD 20 35 20 45 20 50 20 60 ns 4 

RAS to column address delay time tRAD 15 25 15 30 15 35 15 40 ns 11 

CAS to RAS precharge time tCRP 5 5 5 5 ns 

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

Row address hold time tRAH 10 10 10 10 ns 

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

41m'1fi@IP 
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KM41 C4000C/CL/CSL 

AC CHARACTERISTICS (Continued) 

-5 
Parameter Symbol 

Min Max 

Column address hold time tCAH 10 

Column address hold time referenced to RAS tAR 40 

Column address to RAS lead time tRAL 25 

Read command set-up time tRCS 0 

Read command hold time referenced to CAS tRCH 0 

Read command hold time referenced to RAS tRRH 0 

Write command hold time tWCH 10 

Write command hold time referenced to RAS tWCR 40 

Write command pulse width twP 10 

Write command to RAS lead time tRWL 13 

Write command to CAS lead time tcwL 13 

Data-in-set-up time tos 0 

Data-in hold time tDH 10 

Data-in hold time referenced to RAS tDHR 40 

Refresh period (Normal) tREF 16 

Refresh period (Low power) tREF 128 

Refresh period (Super low power) tREF 256 

Write command set-up time twcs 0 

CAS to W delay time tcwo 13 

RAS to W delay time tRWD 50 

Column address to W delay time tAWD 25 

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 (C-B-R 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 53 

RAS pulse width(Fast Page Mode) tRASP 50 200.000 

GAS precharge time(Fast page mode) tCP 10 

RAS hold time from CAS precharge tRHCP 30 

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-B-R cycle) tWRP 10 

W to RAS hold time(C-B-R cycle) twRH 10 

•t:!:i:flihitP 
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Min Max Min Max 

10 15 

45 55 

30 35 

0 0 

0 0 

0 0 

10 15 

45 55 

10 15 

15 20 

15 20 

0 0 

10 15 

45 55 

16 16 

128 128 

256 256 

0 0 

15 20 

60 70 

30 35 

10 10 

10 15 

5 5 

20 25 

35 40 

40 45 

60 70 

60 200,000 70 200,000 

10 10 

35 40 

10 10 

10 10 

10 10 

10 10 

ADVANCED 
CMOS DRAM 

-8 

Min Max 
Unit Notes 

15 ns 

60 ns 6 

40 ns 

0 ns 

0 ns 9 

0 ns 9 

15 ns 

60 ns 6 

15 ns 

20 ns 

20 ns 

0 ns 10 ' 

15 ns 10 

60 ns 6 

16 ms 

128 ms 

256 ms 

0 ns 8 

20 ns 8 

80 ns 8 

40 ns 8 

10 ns 

15 ns 

5 ns 

30 ns 

45 ns 3 

50 ns 

75 ns 

80 200,000 ns 

10 ns 

45 ns 

10 ns 

10 ns 

10 ns 

10 ns 
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KM41 C4000C/CL/CSL 

TEST MODE CYCLE 
-5 

Parameter Symbol 
Min Max 

Random read or write cycle time tRC 95 

Read-modify-write cycle time tRWC 113 

Access time from RAS .tRAC 55 

Access time from CAS tCAC 18 

Access time from column address tAA 30 

RAS pulse width tRAS 55 10,000 

GAS pulse width tCAS 18 10,000 

RAS hold time tRSH 18 

GAS hold time tcsH 55 

Column address to tiAS lead time tRAL 30 

GAS to write enable delay tcwo 18 

RAS to write enable delay tRWD 55 

Column address to W delay time tAWD 30 

Fast mode cycle time tPC 40 

Fast page mode read-modefy-write tPRWC 58 

RAS pulse width(Fast page mode) tRASP 55 200,000 

Access time from CAS precharge tCPA 

NOTES 
1. An initial pause of 200µs is required after power up 

followed by any 8 GAS-before-RAS or RAS-only Re
fresh 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 exclusi
vely by tcAC· 

5. Assumes that tRco 2 tRcD(max)· 
6. tAR· twcR. toHR are referenced to tRAD(max)· 
7 .. This parameter defines the time at which the output 

achieves the open circuit condition and is not refer
nced to VoH or VoL· 

8. twcs. tRwo. tcwo and tAwo are non restrictive opera
ting parameters. They are included in the data sheet 
as electrical characteristics only. If twcs 2 twcs(min) 

t?MfilihtP 
ELECTRONICS 
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(Note. 12) 

-6 -7 -8 

Min Max Min Max Min Max 
Unit Notes 

115 135 135 ns 

135 160 180 ns 

65 75 85 ns 3,4,11 

20 25 25 ns 3,4,5 

35 40 45 ns 3,11 

65 10,000 75 10,000 85 10,000 ns 

20 10,000 25 10,000 25 10,000 ns 

20 25 25 ns 

. 65 75 85 ns 

35 40 45 ns 

20 25 25 ns 8 

65 75 85 ns 8 

35 40 45 ns 8 

45 50 55 ns 

65 75 80 ns 

65 200,000 75 200,000 85 200,000 ns 

40 45 50 ns 3 

the cycle is an early write cycle and the data out 
pin will remain high impedance for the duration of 
the cycle. If tcwo 2 tcwo(min) and tRwo 2 tRWD(min) and 
tAwo 2 tAWD(min)• then the cycle is a read-modify-write 
cycle and the data our will contain the data read 
from the selected address. If neither of the above 
conditions are satisfied, the condition of the data out 
is indeterminate. 

9. Either tRcH or tRRH must be satisfied for a read cycle. 
10. These parameters are referenced to the GAS leading 

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

11. 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. 

12. These specifications are applied in the test mode. 
13. 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. 

14. 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. 
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KM41 C4000C/CL/CSL 

TIMING DIAGRAMS 
READ CYCLE 

A 

w 

VoH -

tcAC 

Q --------OPEN----rv 
Vm -

WRITE CYCLE (EARLY WRITE) 

A 
V1H-

V1L-

w V1H-

V1L-

D 
V1H-

V1L-

IOHA 

Q 
VoH-

VoL-

•tMHlih• 
ELECTRONICS 

CMOS DRAM 

toFF 

VALID DATA-OUT 

OPEN 

~DON'TCARE 
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KM41 C4000C/CL/CSL 

TIMING DIAGRAMS (Continued) 

READ-WRITE/READ-MODIFY-WRITE CYCLE 

A 

w 

D 

Q 

V1H - "'?'\""'.~""A":rl~~-+--+---------J 

VIL - ........ ~"-"-.¥.,.l<:...JIJ 

V1H - A/~7'\'?''*'~"'7'M~7':'"11""11"'~~~~~""""'°°" r--"---1 

VrL - .......... ......_. .......... ~~~..¥....l~~~~~~..:¥...;'.t...::U . ___ _,, 

VoH -

Vm -

FAST PAGE MODE READ CYCLE 

CMOS DRAM 

t-----------!RASP--------------1 

RAS 

CAS 

A 

w 

Q 

VrH 
lAR 

VrL -

VrH -

VrL -

VrH - 7V~'1'\J'~7'\7mM-+----Ht-:t--+---1~+tblt--+----~-+~~...., 
VrL - .................... _......_~__, 

VoH -

--------~~ 
VoL -

lcLZ 

~DON'TCARE 

ttMfiiiH> 
ELECTRONICS 
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KM41 C4000C/CL/CSL CMOS DRAM 

TIMING DIAGRAMS (Continued) 

FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 

A 

D 
V1H -

V1L - ~~:.L..l.~.lL.l~ 

FAST PAGE MODE READ-WRITE CYCLE 

V1H 
A 

V1L 

w V1H 

V1L 

D 
V1H 

V1L 

VoH -
Q 

Vol -

•1Mfiliil1P 
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KM41 C4000C/CL/CSL 

TIMING DIAGRAMS (Continued) 

RAS-ONLY REFRESH CYCLE 
Note: W, D, A10 =Don't Care 

CMOS DRAM 

1----------IRc----------t 

1--------IRAS-------t 

A 

CAS-BEFORE-RAS REFRESH CYCLE 
Note: Address=Don't Care 

a 

V1H -

V1L ___ _ 

V1H -

V1L- ___ _ 

V1H - ~~~~"'"*"'7't""7'~~---..r-"""""~""""""~~"'""""'"'""""""ft""'ft""""""~"""""""'""'~""""""" 

V1L - .__ .......................... .......,...__, 

Voi-1- ------......i 
1>----------0PEN--------

VoL- -------" 

~DON'T CARE 

41Mfl@tP 
ELECTRONICS 
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KM41 C4000C/CL/CSL 

TIMING DIAGRAMS (Continued) 

HIDDEN REFRESH CYCLE (READ) 

-----IRAS------l 

1------IAR----

le RP 

A 

CMOS DRAM 

V1H - ~~~~~~~-+--~-----.....r-,""""'..,,__--.1 ....... --i.-.-..,...., ...................... _.... ........ _ 

VIL - ........................................... r..J 

Q 
VoH- ------------1--coc VoL-

HIDDEN REFRESH CYCLE (WRITE) 

RAS 

CAS 

A 

D 

a 

V1H-

V1L-

VrH-

V1L-

V11-r

V1L-

VrH- 'jf:j.iiO'::'fu"\'AA,~~~ >-----------+-+------ ~~~..:....--t~~~~Ut:?i~"~~~ 

VrL- .{j/,;.~~~QQ.~~~:.,__4-~--~~ 

V1H- ""'"''v''' v''"'"'""'" v 

V1L-~~~~~~~(J JiiO-----""'I \.~~~~~~~~~~::it:J/,::i,t.JI.~~~ 
VoH-____ _:_:-_-_-_-_-_-_-_-_,_o_HR::::::.::_-_-_-_-.-OPEN--------------
VoL-

~DON'T CARE 

•1Mf1'1h1P 
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KM41 C4000C/CL/CSL CMOS DRAM 

TIMING· DIAGRAMS (Continued) 

CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 

A 
V1H -

Vil - ~----""t'-"f-M-.-...._.._ ..................... '--"-"-"'-........... '-' !'----.-~--'! '""-' ............................... _.._1'-"--¥--"i-l'-'"--"-~ 

READ CYCLE 

V1H -
w Vil -

VoH -
a 

Vol -

WRITE CYCLE lcwl 

V1H - lwcH 

w 
Vil -

lwp 

VoH -
a OPEN 

Vol -

los 
loH 

D 
V1H -

Vil -

V1H -w 
Vil -

VALID DATA-IN 

~DON'T CARE 

ttMHliii' ELECTRONICS 
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KM41 C4000C/CL/CSL 

TIMING DIAGRAMS (Continued) 

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

CMOS DRAM 

i------tRAS------t 

tcp 

~IL------

w V1H -

V1L - ~~~~~~~~ll'-----~~..¥,.,;~"""--i"'-1'.~"-¥.~~~"'-1'.~~~~~~~ 

VoH -a l>----------~OPEN----------VoL - _______ ..., 

TEST MODE DESCRIPTION 
The KM41 C4000C/CUCSL is the RAM organized 4, 
194,304 words by 1 bit it is internally organized 524, 
288 words by 8 bits. In "Test Mode", data are written 
into 8 sectors in parallel and retrieved the same way. 
Column address bit Ao and A10 are not used. If, upon 
reading, all bits are equal (all "1" or "O"s) the Q pin 
indicates a "1 ". 
If they were not equal, the Q pin would indicate a "O". 

41il:lif Jih i» 
ELECTRONICS 

~DON'T CARE 

In "Test Mode", the 4M DRAM can be tested as if it 
were a 512K DRAM. W, GAS-BEFORE-RAS Cycle (Test 
Mode in Cycle) puts the device into "Test Mode,;, And 
"GAS-BEFORE-RAS REFRESH CYCLE" or "RAS-only
Refresh Cycle" puts it back into "Normal Mode". 
During the test mode operation, a WCBR cycle is used 
to perform refresh. The "Test Mode" function reduces 
test time(1/8 in cases of N test pattern.) 
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KM41C4000C/CL/CSL 

DEVICE OPERATION 
· ·. Device Operation 

The KM41 C4000C/CLJCSL contains 4, 194;304 memory 
locations. Twenty-two address bits are required to 
address a particular memory location. Since the 
KM41 C4000C/CLJCSL has only 11 address input pint, 
time multiplexed addressing is used to input·11 row and 
11 column address. The multiplexing is controlled by 
the timing relationship between the row address strobe 
(RAS), the column address strobe(CAS), and the valid 

, row and column address inputs. 

Operating of the KM41 C4000C/CL/CSL begins by 
' strobing in .valid row address with RAS while CAS 

remains high. Then the address on the 11 address 
input pins is changed from a row address to a column 
address and is strobed in by CAS. This is the beginning 
of any KM41 C4000C/CLJCSL cycle in which a memory 
location is accessed. The specific type of cycle is deter
mined by the state of the write enable pin and various 
timing relationships. The cycle is terminated when both 
RAS and CAS have returned to the high state. Another 
cycle can be initiated after RAS remains high long 
enough .to satisfy the RAS precharge time(tRP) require-

·. ment. 

RAS and CAS Timing 
The minimum RAS and OAS pulse widths are specified 
by tRAs(min) and tcAs(min) respectively. These mini
mum pulse widths must be satisfied for proper device 
operation and data integrity. Once a cycle is initiated by 
bringing RAS low, it must not be aborted prior to satisfy
ing the minimum RAS and GAS pulse widths. In addi
tion, a new cycle must not begin until the minimum RAS 

, !?recharge time, tRP, has been satisfied. Once a cycle 
begins, internal clocks and other circuits within the 
KM41 C4000C/CLJCSL begin a complex sequence of 
events. If the sequence is broken by violating minimum 

' · · timing requirements, loss of data integrity can occur. 

Read 
· '" A read cycle is achieved by maintaining the write 

enable input(W) high during a RAS/CAS cycle. If CPS 
goes low. before tRco(max) the access time to valid data 

'·:· is specified by tRAc. if CPS goes low after tRco(max), 
· · · the access time is measured from GAS and is specified 

by tcAc. In order to achieve the minmum access time, 
tRAC(min), it.is necessary to bring CAS low before tRCD 
(max). 

Write 
The KM41 C4000C/CLJCSL can perform early write, late 
write and read-modify-write cycles. The differece 
between these cycles is in the state of data-out and is 
determined by the timing relationship between W and 

· GAS. In any type of write cycle, Data-in must be valid at 

· •tMfJihiiP 
ELECTRONICS 

CMOS DRAM 

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

Early Write: An early write cycle is performed by bring
ing W low before CAS. The data at the data input pin 
(D) is written into the addressed memory cell. 
Throughout the early write cycle the output remains in 
the Hi-Z state. The cycle is good for common 1/0 appli
cations because the data-in and data-out pins may be 
tied together without bus contention. 

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

Late Write: If W is brought low after CAS, a late write 
cycle will occur, The late write cycle is very similar to 
the read-modify-write cycle except that the timing 
parameters, tRwo, tcwo and tAwo, are not necessarily 
met. The state of date-out is indeteminate since the 
output can be either Hi-Z or contain data depending on 
the timing conditions. This cycle requires a separate 1/0 
to avoid bus contention. 

Data Output 
The KM41 C4000C/CL/CSL has three-state output 
buffer which are controlled by CAS. Whenever CAS is 
high(V1H), the outputs is in the high impedance (Hi-Z) 
state. In any cycle in which valid data appears at the 
output, the putput goes into the low impedance state in 
a time specified by tcLZ after the falling edge of CAS, 
Invalid data may be present at the output during the 
time ~fter tcLZ and before the valid data appears at the 
output. The timing parameters tcAc, tRAC and TAA speci
fy when the valid data the output until GAS returns high. 
This is true even if a new RAS cycle occurs (as in hid- . 
den refresh). Each of the KM41C4000C/CLJCSL oper
ating cycles is listed below after the corresponding out
put state produced by the cycle. 

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

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

Indeterminate Output State: Delayed Write 

Refresh 
The data in the KM41 C4000C/CLJCSL is stored on a 
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KM41 C4000C/CL/CSL 

DEVICE OPERATION (Continued) 

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

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

CAS-befote-RAS Refresh: The KM41 G4000G/GL/GSL 
has GAS-before-RAS on-chip refresh capability that 
eliminates the need for external refresh addresses. If 
CAS input is held low for the specified set up time 
(tesR) before RAS goes low, the on-chip refresh circuit
ry is enabled. An internal refresh operation auto-mati
cally occurs. The refresh address is supplied by the on
chip refresh address counter which is then internally 
incremented in preparation for the next GAS-before
RAS refresh cycle. 

Hidden Refresh: A hidden refresh cycle may be per
formed while maintaining the latest valid data at the 
output by extending the CAS active time and cycling 
RAS. The KM41 G4000G/GL/GSL hidden refresh cycle 
is actually a GAS-before-RAS refresh cycle within an 
extended read cycle. The refresh row address is provid
ed by the on-chip refresl}. address counter. 

Other Refresh Methods: It. is also possible to refresh the 
KM41 G4000G/GL/GSL by using read, write or read
modify write cycles. Whenever a row is accessed, all 
the cells in that row are automatically refreshed. There 
are certain applications in which it might be advanta
geous to perform refresh in this manner but in general 
RAS-only or GAS-before-RAS refresh is the preferred 
method. 

Fast Page Mode 
The KM41 G4000G/GL/GSL has Fast page mode capa
bility. Fast page mode memory cycles provides faster 
access and lower power dissipation than normal memo
ry cycles. In Fast page mode, it is possible to perform 
read, write or read-modify-write cyclels. As long as the 
applicable timing requirements are observed, it is possi
ble to mix these cycles in any order. A fast page mode 
cycle beging with a normal cycle. Then, while RAS is 
kept low to maintain the GAS is cycled to strobe in addi
tional column addresses. This eliminates the time 
required to set up and strobe sequential row addresses 
for the same page. Up to 2048 memory cells can be 
accessed with the same row address. 

tJ:faf]lhl• 
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CAS-before-RAS Refresh Counter Test Cycle 
A special timing sequence using the GAS-before-RAS 
counter test cycle provides a convenient method of ver
ifying the functionality of the GAS-before-RAS refresh 
activated circuitry. 

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

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

Row Address- Bits Ao through A9 are supplied by the 
on-chip refresh counter. This A10 bit is set high interally. 

Column Address-Bits Ao through A10 are strobed -in by 
the falling edge of CAS as in a normal memory cycle. 

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

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

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

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

4. Read the "highs" written· during step 3. 
5. Complement the test pattern and repeat steps 2, 3 

and4. 

Power-up 
If RAS=Vss during power-up, the KM41 G4000G/GL/GSL 
could begin an active cycle. This condition results in 
higher than necessary current demands from the power 
supply during power-up. It is recommended that RAS 
and ply during power-up. It is recommended that RAS 
and GAS track with Vee during power-up or be held a 
valid V1H in order to minimize the power-up current. An 
initial pause of 200 µsec is required after power-up fol
lowed by any 8 RAS cycles before proper device oper
ation is assured. Eight initialization cycles are also 
required after any 16(L-version:128, SL-version:256) 
msec period in which there are no RAS cycles. An 
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KM41 C40-00C/CL/CSL 

DEVICE OPERATION (Continued) 

initialization cycle in' which RAS is cycled. 

Termination 
The lines from the TTL driver circuits to the 
KM41 C4000C/CL/CSL inputs act like unterminated 
transmission lines resulting in significant overshoot and 
undershoot at the inputs. To minimize overshoot it is 
advisable to terminate the input lines and to keep them 
as short as possible. Although either series or parallel 
temination may be used,series temination is generallu 
recommended since it is simple and draws on addition
al power. It consists of a resistor in series with the input 
line placed close to the KM41 C4000C/CL/CSL input 
pin. The optimum value depends on the board layout. It 
must be determined experimentqlly and is usually in the 
range of 20 to 40 ohms. 

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

t1MfiliH» 
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section or better yet if power and ground planes are 
'used. 

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

A high frequency 0.1 µ F ceramic decoupling capacitor 
should be connected between the Vee and ground pins 
of each KM41 C4000C/CL/CSL using the shortest pos
sible traces. These capacitors act as a low imped ance 
shunt for the high frequency switching transients gener
ated by the KM41 C4000C/CL/CSL and they supply 
much of the current used by the KM41 C4000C/CL/CSL 
during cycling. 

In anddition, a large tantalum capacitor with a value of 
47 µ Fto 100 µ F capacitors between cycles, thereby 
reducing power line droop. The bulk decoupling capaci
tor meet the power grid or power plane. Even better 
results may be achieved by distributing more than one 
tantalum capacitor around the memory a'rray. 
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KM41 C4000C/CL/CSL 

PACKAGE DIMENSIONS (Continued) 

20-LEAD PLASTIC SMALL OUT-LINE J-LEAD 

0 

0.670 (17.02) 

0.680 (17.27) 

0 

b[Oj04 (0.1) 8 8 MAJ~l ___....,llfW\P:R 
0.050 (1.27) . I 0.015 (0.38) I 0.026 (0.66) I 

TYP ~ 0.021 (0.53) I 0.032 (0.81) 

------i 

20-LEAD PLASTIC ZIGZAG-IN-LINE PACKAGE 

0.016(0.41) 
0.024(0.61) 

1.025(26.04) 

1.035(26.29) 

r-INDEX 

0.050(1.27) 

TYP 

41:!:i:fi@IP 
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0.050(1.27) 

MAX 

0 

0.050 (1.27) 

MAX 

0.100(2.54) 

MIN 

CMOS DRAM 

Units: Inches (millimeters) 

~I 

0.027 (0.69) 

MIN 

~g 
e. e. 
CXl"' 0 ~ 
00 
c:i c:i 

0.128 (3.25) 

0.145 (3.68) 

0.113(2.87) 

0.120(3.05) 

0.009(0.23) 
0.013(0.33) 

0.100(2.54) 

TYP 
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KM41 C4000C/CL/CSL CMOS DRAM 

PACKAGE DIMENSIONS (Continued) 

20-LEAD PLASTIC THIN SMALL OUT,;.LINE PACKAGE TYPE (II) (Forward and Reverse Type) 

Units: Inches (millimeters) 

iol o.oo3(0.08ll· b O CLJlAJ---UiHJULil 
· I 0.048 (1.22) I 0.012 (o~ 
---j 0.052 (1.32) ---j 0.020 (0.50) 

•tMfiliii» . 
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@' @' 
~ (') 

e.e 
Ol ,... 
LO <D 
(') (') 

ci ci 

0.005 (0.13) 

0.008 (0.20) 

~ 
O.Q16 (0.40) I I 
0.024 (0.60) 
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KM41C4002C CMOS DRAM 

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

FEATURES 
• Performance range: 

tRAC tCAC tRC 

KM41 C4002C-5 50ns 13ns 90ns 

KM41 C4002C-6 60ns 15ns 110ns 

KM41C4002C-7 70ns 20ns 130ns 

KM41 C4002C-8 80ns 20ns 150ns 

• Static Column Mode operation 
• CS-before-RAS refresh capability 
• RAS-only and Hidden Refresh capability 
• Fast parallel test mode Capability 
• TTL compatible inputs and outputs 
• Commom 1/0 using Early Write 
•Single +5.0V±10% power supply 
• 1024 cycles/16ms refresh 
• JEDEC standard pinout 
• Available in plastic SOJ, ZIP and TSOP(ll) Packages 

FUNCTIONAL BLOCK DIAGRAM 

REFRESH CONTROL & 
ADDRESS COUNTER 

GENERAL DESCRIPTION 
T~e Samsung KM41 C4002C is a CMOS high speed 4, . 
194,304 x 1 ·Dynamic Random Access Memory. Its 
design is optimized for high performance applications ' 
such as mainframes and mini computers, graphics and 
high performance microprocessor systems. 

The KM41 C4002C features Static Column Mode 
operation which allows high speed random or 
Sequential access within a row. Static Column Mode 
operation offers high performance while relaxing many 
critical system timing requirements for fast usable 
speed. 

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

The KM41 C4002C is fabricated using Samsung's · 
advanced CMOS process. 
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KM41C4002C CMOS DRAM 

PIN CONFIGURATION (Top Views) 

• KM41 C4002CJ • KM41C4002CZ • KM41 C4002CT 

D 1 0 20 Vss D 20 Vss 
w 19 a w 19 a 
~ 3 18 ~ 

~ N.C. 17 N.C. 18 ~ 

A10 16 Ag N.C. 17 N.C. 

A10 16 Ag 

Ao 6 Aa 
N.C. 

15 
Ai 7" 14 A1 Ai Ao 15 Aa 
A2 13 Ae A2 

AJ Ai 14 A1 
AJ 12 As 

Vee 10 0 A4 
Vee A2 13 Ae 11 A4 

A5 AJ 9 12 A5 
Ae 0 

Vee 10 11 A4 
Aa 

• KM41C4002CTR Pin Names Pin Function 

Vss 20 D Ao-A10 Address Inputs 

a 19 0 w D Data In 

cs 18 RAS Q Data Out 
N.C. 17 N.C. w Read/Write Input 

Ag 16 Aio 
RAS Row Address Strobe 

Aa 15 Ao cs Chip Select Input 

A1 14 Ai Vee Power (+SV) 

Ae 13 8 A2 
Vss Ground 

.A5 12 0 9 AJ 
N.C. No Connection 

A4 11 10 Vee 

tt:!ii:Hllh" 
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KM41C4002C CMOS DRAM 

ABSOLUTE MAXIMUM RATINGS 
Parameter Symbol Rating Units 

Voltage on Any Pin Relative to Vss VIN, 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 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 abso
lute maximum rating conditions for extended periods may affect device reliability. 

RECOMMENDED OPE~ATING CONDITIONS (Voltage referenced to Vss, TA=O to 70°C) 

Parameter Symbol Min Typ Max Unit 

Supply Voltage Vee 4.5 5.0 5.5 .v 
Ground Vss 0 0 0 v 
Input High Voltage VIH 2.4 - Vee+ 1 v 
Input Low Voltage VIL -1.0 - 0.8 v 

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

Parameter Symbol Min Max Units 

KM41 C4002C-5 - 85 mA 
Operating Current* KM41 C4002C-6 

lcc1 - 75 mA 
(RAS and CS Cycling @tRc=min.) KM41 C4002C-7 - 65 mA 

KM41 C4002C-8 - 55 mA 

Standby Current (RAS=CS=W=VIH ) lcc2 - 2 mA 

KM41 C4002C-5 - 85 mA 

RAS-Only Refresh Current* 
KM41 C4002C-6 - 75 mA 
KM41 C4002C-7 ICC3 - 65 mA 

(CS=VIH, RAS, Address Cycling @tRC=min.) 
KM41 C4002C-8 - 55 mA 

KM41 C4002C-5 - 65 mA 
Static Column Mode Current* KM41 C4002C-6 

ICC4 - 55 mA 
(RAS=CS=VIL, Address Cycling @tPC=min.) KM41 C4002C-7 - 45 mA 

KM41 C4002C-8 - 35 mA 

Standby Current (RAS=CS=W=Vcc-0.2V) ICC5 - 1 mA 

KM41 C4002C-5 - 85 mA 
CS-Before-RAS Refresh Current* KM41 C4002C-6 

ICC6 
- 75 mA 

(RAS and CS Cycling @tRc=min.) KM41C4002C-7 - 65 mA 
KM41 C4002C-8 - 55 mA 

,Input Leakage Current h(L) -10 10 µA 
(Any input O~V1N ~Vcc+0.5V, all other pins not under test=O volts.) 

Output Leakage Current 
IO(L) -10 10 µA 

(Data out is disabled, OV~Vour~Vcc) 

Output High Voltage Level (IOH=-5mA) VoH 2.4 - v 
Output Low Voltage Level (IOL=4.2mA) VOL - 0.4 v 

*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. lcc1, ICC3, Ices Address can be changed maximum two times 
while RAS=VIL. In ICC4, Address can be changed maximum once during a Static Column mode cycle. 

•1Mfiijiit> 
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KM41C4002C CMOS DRAM 

CAPACITANCE (f A=25°C, Vcc=5V, f=1 MHz) 

Parameter Symbol Min Max Unit 

Input Capacitance(D} CIN1 - 5 pF 

Input Capacitance (Ao-Arn) CIN2 - 5 pF 

Input Capacitance (RAS, CS, Vii) CIN3 - 7 pF 

Input Capacitance (Q) GOUT - 7 pF 

AC CHARACTERISTICS (0°C:s;TA:s;?0°C, Vcc=5.0V±10%, See notes 1,2) 

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

Min Max Min Max Min Max Min Max 
--, 

Random read or write cycle time tRC 90 110 130 150 ns 

Read-modify-write cycle time tRWC 108 130 150 170 ns 

Static column mode cycle time tsc 30 35 40 45 ns 

Static column mode read-write cycle time tSRWC 53 65 75 85 ns 

Access time from RAS tRAC 50 60 70 80 ns 3,4,11 

Access time from CS tCAC 13 15 20 20 ns 3,4,5 

Access time from column address tAA 25 30 35 40 ns 3,11 

Access time from last write tALW 50 55 65 75 ns 3 

CS to output in Low-Z !CLZ 0 0 0 0 ns 7 

Output buffer turn-off delay tOFF 0 13 0 15 0 20 0 20 ns 2 

Output data hold time from column address tAOH 5 5 5 5 ns 

Output data enable time from W tow 35 40 45 55 ns 

Output data hold time from W twOH 0 0 0 0 ns 

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

RAS precharge time !RP 30 40 50 60 ns 

RAS pulse width tRAS 50 10,000 60 10,000 70 10,000 80 10,000 ns 

RAS pulse width(static column mode) tRASC 50 100,000 60 100,000 70 100,000 80 100,000 ns 

RAS hold time tRSH 13 15 20 20 ns 

CS hold time tCSH 50 60 70 80 ns 

CS pulse width tcs 13 10,000 15 10,000 20 10,000 20 10,000 ns 

CS pulse width (static column mode) tcsc 13 100,000 15 100,000 20 100,000 20 100,000 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 11 

CS to RAS precharge. time tCRP 5 5 5 5 ns 

CS precharge time (static column mode) tCP 10 10 10 10 ns 

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

Row address hold time tRAH 10 10 10 10 ns 

Column.address set-up time tAsc 0 0 0 0 ns 

Column address hold tCAH 10 10 15 15 ns 

Write address hold time referenced to RAS tAWR 40 45 55 60 ns 6 

t!Mfiliil" 
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KM41C4002C CMOS DRAM 

AC CHARACTERISTICS (Continued) 

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

Min Max Min Max Min Max Min Max 

Column address hold time referenced to RAS tAR 60 70 80 90 ns 

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

Column address hold time referenced to RAS rise. tAH 5 5 5 5 ns 

Last Write to column address to delay time tLWAD 20 25 20 30 20 35 20 40 ns 12 

Last write to column address gold time tAHLW 50 55 65 75 ns 

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

Read command hold time referenced to CS tRCH 0 0 0 0 ns 9 

Read command hold time referenced to RAS tRRH 0 0 0 0 ns 9 

Write command hold time twCH 10 10 15 15 ns 

Write command hold time referenced to RAS twCR 40 45 55 60 ns 6 

Write command pulse width twp 10 10 15 15 ns 

Write command inactive time twl 10 10 10 10 ns 

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

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

Data-in set-up time tos 0 0 0 0 ns 10 

Data-in hold time tDH 10 10 15 15 ns 10 

Data-in hold time referenced to RAS tDHR 40 45 55 60 ns 6 

Refresh period (1024 cycles) tREF 16 16 16 16 ms 

Write command set-up time twcs 0 0 0 0 ns 8 

CS to W delay time tcwo 13 15 15 15 ns 8 

RAS to W delay time tRWD 50 60 70 80 ns 8 

Column address to W delay time tAwo 25 30 35 40 ns 8 

CS setup time (CS-before-RAS refresh) tCSR 10 10 10 10 ns 

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

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

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

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

W to RAS hold time (CS-before-RAS cycle) twRH 10 10 10 10 ns 

RAS precharge to CS hold time tRPC 5 5 5 5 ns 

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

dMfilihtP 
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KM41C4002C CMOS DRAM 

TEST MODE CYCLE (Note.13) 

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

Min Max Min Max Min Max. Min Max 

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

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

Access time from RAS tRAC 55 65 75 85 ns 3,4,11 

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

Access time from column address tAA 30 35 40 45 ns 3,11 

RAS pulse width tRAS 55 10,000 65 10,000 75 10,000 85 10,000 ns 

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

RAS hold time tRSH 18 20 25 25 ns 

CS hold time tCSH 55 65 75 85 ns 

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

CS to Write enable delay tcwo 18 20 20 20 ns 8 

RAS to Write enable delay tRWD 55 65 75 85 ns 8 

Column address to W delay time tAwo 30 35 40 45 ns 8 

Static column mode cycle time tsc 35 40 45 50 ns 

Static column mode read-modify-write tSRWC 58 70 80 90 ns 

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

Access time from last write tALW 55 65 75 85 ns 3,12 

CS pulse width (static column mode) tcsc 18 100,000 20 100,000 25 100,000 25 100,000 ns 

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 measur
ing timing of input signals. Transition times are 
measured between VrH(min) and VrL(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 tRco is greater than the 
specified tRCD(max) limit, then access time is con
trolled exclusively by tcAC· 

5. Assumes that tRco;;i.tRCD(max)· 
6. tAwR, twcR. toHR are referenced to tRAD(max) 
7. This parameter defines the time at which the out

put achieves the open circuit condition and is not 
refernced to VoH or VoL. 

8. twcs. tRwo. tcwo and tAwo are non restrictive 
operating parameters. They are included in the data 
sheet as electrical characteristics only. If 
twcs~twcs(min) the cycle is an early write cycle 

•tMHiiii• 
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and the data out pin will remain high impedance for 
the duration of the cycle. If tcwo~tcwo(min) and 
tRwo~tRWD(min) and tAwo~tAWD(min), then the cycle 
is a read-write cycle and the data out will contain 
the data read from the selected address. If neither 
of the above conditions are satisfied, the condition 
of the data out is indeterminate. 

9. Either tRcH or tRRH must be satisfied for a read 
cycle. 

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

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

1 2. Operation within the tLWAD(max) limit insures that 
tALW(max} can be met. lLwAD(max) is specified as a 
reference point only. tLwAo is greater than the 
specified tLWAD(max) limit, then access time is con
trolled by tAA. 

13. These specifications are applied in the test mode. 
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KM41C4002C CMOS DRAM 

TIMING DIAGRAMS 

READ CYCLE 

t---------------- tRc~------------l 

>----- tRP 

~t-----·----- tRAS---------jJI 

>-------- IRAL----

A 
V1H- V'V"~..J...,......,._,_,_--\,n~~_r---------------,il-1"1:7'7".l~ 

V1L-
COLUMN ADDRESS 

-...._,;--+-------=;===~_,>----- tRSH--1 
ViH- -- tcs---+----u1 

V1L-

V1H- '1'\1'-.~~~~~~~~mr'."'t"--,..-----------+-~~~~M": 

V1L- ~~~~~~~~~~ 

a 

lcLZ 

~DON'T CARE 
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KM41C4002C CMOS DRAM 

TIMING DIAGRAMS (Continued) 

WRITE CYCLE (EARLY WRITE) 

RAS 

A 

cs 

w 

D 

Q 

V1H- vt"t""l~--1'-°_....._~~~"'0'tl"O't~/:!'""-;:";::"~-;;:;""-"°"1~~~~"1\7~~~70~~~~ ,_. __ _ 

V1L-

V1H- ~?O'l';1'\1'~~"0":i"O"i:~'7'i7'~0'0~ 

V1L- i...&.~l.Q,j:lao~lll.:.~~CMl.&:J.i:.liO..tl~~>;;....-1-+-----___;~'..J::J,J.:l,Ata.0.C¥.~~0.0.&:J.i:.l..0£~~6,/),.&:J.i:.~ 

V1H- Ui:'.~'1V"il'i1~1"1't'1f:J'.'il"\J~~~~O"O'"-',..,_..._~--~.J0\70~~~"1f1~~'1f:J'."1'\!'~~~~~~ 

V1L - ;..o..o..c.ULJ~~:.l.tl.0.0..IJ.t:.looWl.a.~CJ.L.laLT""l;..._----~ '-D..A,C,,.C.~~~Q.Q~l..O.ii~O..O./l£1itl£Wl.Q~ 

VoH-____ ...._ ____________ OPEN----------------~ 
VoL-

READ·WRITE/READ·MODIFY·WRITE CYCLE 

·RAS 

cs 

V1H-
w 

V1L-

V1H-

El 
V1L-

Q VoH--------------+-41 
VoL-

~DON'T CARE 

•1Mfiihi» 
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KM41C4002C 

TIMING DIAGRAMS (Continued) 

STATIC COLUMN MODE READ CYCLE 

CMOS DRAM 

r-----....,.--------IRASC-------------i 

RAS 

A 

w 

---lRAc---

a VoH-~------------U~J 
VoL- ~'~...;;.;..:.;.;.~ 

tcLZ 

STATIC COLUMN MODE WRITE CYCLE ~ controlled early write) 

f---------------- IRASC--------------, 

RAS 

A 

ICAP~ 

w 

D 

a VoH- ~----------------OPEN~----------------~ 
VoL-

~DON'T CARE 

tliJ:':fi@iP 
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KM41C4002C CMOS DRAM 

TIMING DIAGRAMS (Continued) 

STATIC COLUMN MODE WRITE CYCLE (CS controlled early write) 

V1H-
RAS 

V1L-

V1H-
A 

V1L-

V1H-
cs 

V1L-

V1H-

w V1L-

V1H-
D 

V1L-

a VoH-

VoL-

STATIC COLUMN MODE READ-WRITE CYCLE 

A 

cs 

w 

V1H- ~A?l~t'?'tl~~"ifu~~'7t7'~-..J 
D 

V1L-

Q 
VoH-

~~~~~~~~~~-+-<I 

VoL-

~DON'T CARE 
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KM41C4002C CMOS DRAM 

TIMING DIAGRAMS (Continued) 

STATIC COLUMN MODE MIXED CYCLE 

RAS ---------------tR-ASC========1 ··" ~ 
cs 

A 

V IH - °""""""""'""""""""""'w 
V 1 L -

D 

VoH-
a ---...-----------~---C.I VQL-'-

READ-MODIFY-WRITE 

RAS·ONL Y REFRESH CYCLE 
NOTE: W, A10= Don't care r t j 

v,,- R ,~t ·"=-\ :· ~:~; ~ rr .. ,.. ~ w ------
lASR H ~!RAH ::1 

A ~::= .,.~...,....,.....,....._..,..._.._ R(}W ADORES'---------

0 
VoH-

----------------OPEN-----------------
VoL-

CS-BEFORE-RAS REFRESH CYCLE 
NOTE: W, A =Don't c~re 

RAS V1H-

V1L-

tcsR lcHR 

cs V1H-

V1L-

a VoH-

VoL- -------------------OPEN----------------------------------

mDON'TCARE 
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KM41C4002C CMOS DRAM 

TIMING DIAGRAMS (Continued) 

HIDDEN REFRESH CYCLE (READ) 

RAS 

A 

w V1H- 70~'0"\::~*"'j!jlVQt-~~~~~~~.i.-t71"1'\}~~~'7'\J<~~~~'J\J~'lj'\'1'\}4,'i!'\}~~'f'V'<~ 

V1L- t:Jt,;.~':£Jl,.~~'YY ICAC 

VoH-
Q ~-~~~~-~--+---V.. 

VoL-
ICLZ 

HIDDEN REFRESH CYCLE (WRITE) 

RAS 

A 

w 

D 

Q 

>--------IRc---------+--------IRc---------

V1H-~~~~~:1.. 

V1L- .::::i.~~Q{:.'i:::/,.~;l;_.j....j~~~-~~~~-~~~~-~~'/::il,'i:::/,.::J:::JJ,:,:ioQC.1iet~~QQc::£~~ 

V1H- ""Ol~~~~.__r-........ -~ "7'\7t~A7'1~\7t~7t'l~~~"/\?-.~~~~70!:7i:J.~00'0't'rv'<i7'0~7\J 

V1L- ::.:::~~~Ci/ ~~~~...., ~DL,.~~~C:it,.'i:::i,~CiQCJC't:::J.~~~C:£.~~~QOOQC;L~~~':£JI,. 

VoH-~~~--~--~~~-~-~OPEN~~~~-~~~~-~~~~~~~~ 
VOL-

~DON'T CARE 
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KM41C4002C CMOS DRAM 

TIMING DIAGRAMS (Continued) 

CS·BEFORE·RAS BEFRESH COUNTER TEST CYCLE 

V1H-
RAS 

---- lRSH-~--

V1L-

V1H-

cs V1L-

A 
V1H-

V1L-

READ CYCLE 

Q 
VoH-

VoL-

lRRH 

V1H-
w 

V1L-

V1H-
A 

V1L-

VoH-
Q 

VoL-

w V1H-

V1L-

D 
V1H-

V1L-

A V1H-

V1L-

Q 

w 
V1H- ~~~J'T"'!'TT"T"1~:"'T"l:"T"lr"rr"'l'"~~~-------S 

V1L - .t:.t_~~'i.::::L~":il::;L~;c:J.::J.::J,.::ii.::i,~~(::J 

D 

ltnH~ tos [-= 

~:~~,_>_A_Ll_D -DA-TA 

~DON'T CARE 
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KM41C4002C 

TIMING DIAGRAMS (Continued) 

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

CMOS DRAM 

i---------- IRAs--------t 

RAS 

cs 

w 

a 

V1H-

V1L-

ll1H-

V1L-

V1H-

V1L-

V110H -

V110L -

lcp I.CSR 

-----'! 

TEST MODE DESCRIPTION 

ICHR 

lwTH 

The KM41C4002C is the RAM organized 4, 194,304 
words by 1 bit, it is internally organized 524,288 words 
by 8 bits. In 'Test Mode", data are written into 8 sec
tors in parallel and retrieved the same way. A10R. A10c 
and Aoc are not used. If, upon reading, all bits are equal 
(all "1 "s or "O"s), the data output pin indicates a "1 ". 
If any of the bits differed, the data output pin would in-

•1Mf1%1P 
· · ELECTRONICS 

~DON'TCARE 

dicate a "O" In 'Test Mode", the 4M DRAM can be tested 
as if it were a 512K DRAM. W, CS-Before-RAS Cycle 
(Test Mode in Cycle) puts the device into "Test Mode". 
And "CS-Before-RAS Refresh Cycle" or "RAS only 
Refresh Cycle" puts it back into "Normal Mode". The 
"Test Mode" function reduces test time (1 /8 in cases 
of N test pattern). 
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KM41C4002C 

DEVICE OPERATION 

Device Operation 
The KM41 C4002C contains 4, 194,304 memory loca
tions. Twenty-two address bits are required to address 
a particular memory location. Since the KM41 C4002C 
has only 11 address input pins, time multiplexed 
addressing is used to input 11 row and 11 column 
addresses. The multiplexing is controlled by the timing 
relationship between the row address strobe (RAS), the 
chip select input(CS) and the valid row and column 
address inputs. 

Operation of the KM41C4002C begins by strobing in a 
valid row address with RAS while CS remains high. 
Then the address on the 11 address input pins is 
changed from a row address to a column address and 
is strobed in by CS. This is the beginning of any 
KM41 C4002C cycle in which a memory location is 
accessed. The specific type of cycle is determined by 
the state of the write enable pin and various timing 
relationships. The cycle is terminated when both RAS 
and CS have returned to the high sta5e. Another cycle 
can be initiated after RAS remains high long enough to 
satisfy the RAS precharge time (tRP) requirement. 

RAS and CS Timing 
The minimum RAS and CS pulse widths are specified 
by tRAs(min) and tcs(min) respectively. These minimum 
pulse widths must be satisfied for proper device opera
tion and data integrity. Once a cycle is initated by 
bringing RAS low, it must not be aborted prior to satis
fying the minimum RAS and CS pulse widths. In addi
tion, a new cycle must not begin until the minimum 
RAS precharge time, tRP, has been satisfied. Once a 
cycle begins, internal clocks and other circuits within 
the KM41 C4002C bigin a complex sequence of events. 
If the sequence is broken by violating minimum timing 
requirements, loss of data integrity can occur. 

Read 
A read cycle is achieved by maintaining the write 
enable input(W) high during a RAS/CS cycle. If CS 
goes low before tRco(max), the access time to valid 
data is specified with respect to the falling edge of 
RAS. But the addess time also depends on the falling 
edge of CS and on the valid column address transition. 

If CS goes low before tRco(max) and if the column 
address is valid before tRAo(max) then the access time 
to valid data is specified by tRAc(min). However, if CS 
goes low after tRco(max) or if the column address 
becomes valid after tRAo(max), access is specified by 
tcAc or tAA. In order to achieve the minimum access 
time, tRAC(min), it is necessary to meet both tRCD(max) 
and tRAo(max). 

•1Mfi1Jiit> 
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CMOS DRAM 

Write 
The KM41 C4002C can perform early write, late write 
and read-modify-write cycles. The differece between 
these cycles is in the state of data-out and is deter
mined by the timing relationship between W and CS. In 
any type of write cycle, Data-in must be valid at or 
before the falling edge ofW or CS, whichever is later. 

Early Write: An early write cycle is performed by bring
ing W low before CS. The data at the data input pin(D) 
is wirtten into the addressed memory cell. Throughout 
the early write cycle the output remains in the Hi-Z 
state. This cycle is good for common 1/0 applications 
because· the data-in and data-out pins may be tied 
together without bus contention. 

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

Late Write: If W is brought low after CS, a late write 
cycle will occur. The late write cycle is very similar to 
the read-modify-write cycle except that the timing 
parameters, tCWD and tAWD are not necessarily met. 
The state of data-out is indeterminate since the output 
can be either Hi-Z or contain data depending on the 
timing conditions. This cycle requires a separate 1/0 to 
avoid bus contention. 

Data Output 
The KM41 C4002C has a three-state output buffer 
which is controlled by CS. Whenever CS is high(VIH) 
the output is in the high impedance(Hi-Z) state. In any 
cycle in which valid data appears at the output, the 
output goes into the low impedance state in a time 
specified by tcLZ after the falling edge of CS. Invalid 
data may be present at the output during the time after 
tcLZ and before the valid data appears at the output. 
The timing paraneters tcAc, tRAC and tAA specify when 
the valid data will be present at the output. The valid 
data remains at the output until CS returns high. This is 
true even if a new RAS cycle occurs (as in hidden 
refresh). Each of the KM41 C4002C operating cycles is 
listed below after the corresponding output state pro
duced by the cycle. 

Valid Output Data: Read, Read-Modify-Write, Hidden 
Refresh, Static Column Mode Read, Static Column 
Mode Read-Modify-Write. 
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KM41C4002C 

DEVICE OPERATION (Continued) 

Hi-Z Output State: Early Write, RAS-only Refresh, 
Static Column Mode Write, CS.,before-RAS Refresh, 
CS-only cycle. 
Indeterminate Output State: Delayed Write 

Refresh 
The data in the KM41 C4002C is stored on a tiny 
capacitor within each memory cell. Due to leakage the 
data may leak off after a· period of time. To maintain 
data integrity it is necessary to refresh each of the 
rows every 16ms. There are several ways to accom
plish this. 

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

CS-before-RAS Refresh: The KM41 C4002C has CS
Before-RAS on-chip refresh capability that eliminates 
the need for external refresh addresses. If CS is held 
low for the specified set up time (tcsR) before RAS 
goes low, the on-chip refresh circuitry is enabled. An 
internal refresh operation automatically occurs. The 
refresh address is supplied by the on-chip refresh 
address counter which is then internally incremented in 
preparation for the next CS-before-RAS refresh cycle. 

Hidden Refresh: A hidden refresh cycle may be per
formed while maintaining the latest valid data at the 
output by extending the CS active time and cycling 
RAS. The KM41 C4002C hidden refresh cycle is actu
ally CS-before-RAS refresh cycle within an extended 
read cycle. The refresh row address is provided by the 
on-chip refresh address counter. 

Other Refresh Methods: It is also possible to refresh 
the KM41 C4002C by using read, write or read-modify
write cycles. Whenever a row is accessed, all the cells 
in that row are automatically refreshed. There are cer
tain applications in which it might be advantateous to 
perform refresh in this mammer but in gheneral RAS
on ly or CS-before-RAS refresh is the preferred 
method. 

Static Column Mode 
Static Column Mode allows high speed read, write or 
read-modity-write random access to all the memory 
cells within a selected row. Operation within a selected 
row is similar to a static RAM. The read, write or 
readmodify-write cycles may be mixed in any order. 
A Static Column mode read cycles starts as a normal 
cycle. Additional cells within the selected row are writ
ten by applying a new column address while W=V1H 
and RAS=VIL. 

tJMfiihi» 
ELECTRONICS 
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A Static Column mode write cycle starts as a normal 
cycle. Additional cells within the selected ro are written 
by applying a new column address while RAS=VIL and 
toggiling either W or CS. The data is written into the 
cell trigered by the latter fallin edge of W or CS. 

CS-before-RAS Refresh Counter Test Cycle 
A special timing sequence using the CS-before-RAS 
refresh counter test cycle provides a conveni.ent 
method of verifying the functionality of the CS
befofore-RAS refresh activated circuitry. 

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

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

Row Address - Bits AO through A9 are supplied by 
the on-chip refresh counter. The A10 bit is set High 
internally. 

Column Address - Bits AO through A 10 are strobed-in 
by the falling edge of CS as in a normal memory cycle. 

Suggested CS-before-RAS Counter Test 
Procedure 
The CS-before-RAS refresh counter test cycle timing is 
used in each of the following steps: 

1. nitialize the internal refresh counter by performing 
8 cycles. 

2. Write a test pattern of "lows" into the memory cells 
at a single column address and 512 row address. 
(The row addresses are supplied by the on-chip 
refresh counter). 

3. Using read-modify-write cycles, read the "lows" 
written during· step 2 and write "highs" into the 
same memory locations. Perform this step 512 
times so that highs are written into the 512 memo
ry cells. 

4. Read the "highs" written during step 3. 
5. Complement the test pattern and repeat steps 2,3 

and 4 

Power-up 
If RAS= Vss during power-up, the KM41 C4002C could 
begin an active cycle. This coundition results in higher 
than necessary current demands from the power sup
plu during power-up. It is recommended that RAS and 

. CS track with Vee during power-up or be held at a 
valid V1H in order to minimize the power-up current. 
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KM41C4002C 

DEVICE OPERATION (Continued) 

An initial pause of 200µ sec is required after power-up 
followed by 8 initialization cycles before proper device 
operation is assured. Eight initialization cycles are also 
required after any ·a msec period in which there· are no 
RAS cycles. An initialization cycle is any cycle in which 
RAS is cycled. 

Termination 
The lines from the TTL driver circuits to the 
KM41 C4002C inputs act like unterminated transmis
sion lines resulting in significant overshoot and under
shoot at the inputs. To minimize overshoot it is advis
able to terminate the input lines and to keep them as 
short sa possible. Although either series or parallel ter
mination may be used, series termination is generally 
recommended since it is simple and draws no addi
tional power. It consists of a resistor in series with the 
input line placed close to the KM41 C4002C input pin. 
The optimum value depends on the board layout. It 
must be determined experimentally and is usually in 
the range of 20 to 40 ohms. 

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

PACKAGE DIMENSIONS 
18-LEAD PLASTIC DUAL IN-LINE PACKAGE 

CMOS DRAM 

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

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

A high frequency 0.1 µ F ceramic decoupling capacitor 
should be connected between the Vee and ground 
pins of each KM41 C4002C using the shortest possible 
traces. These capacitors act as a low impedance shunt 
for the high frequency switching transients generated 
by the KM41 C4002C and they supply much of the cur
rent used by the KM41 C4002C during cycling. 

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

Units: Inches (Millimeters) 
\ 

----i---1---o· -10° 

E: :-:-~-: : : 3~~ 
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0.862 (21.89) I 

--T 

0.872 (22.15) 
--+---1----0_0_50-'('-1 _27-'-) 0 015 (0 38) 

0. 135 (3.43) 

0.145 (3.68) 

0.100 (2.54) 
TYP 

MAX 
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0.035 (0.89) 

0.055 (1.40) 

MIN 

0.183 (4.65) 

MAX 

0.115 (2.92) 

~ 

-- ~ 
0.009 (o.2;-?-
0.013 (0.33) 
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KM41C4002C 

PACKAGE DIMENSIONS (Continued) 

20-LEAD PLASTIC SMALL OUT-LINE J·LE'AD 

0 

0.670 (17.02) 

0.680 (17.27) 

0 

Bi0041o.1) 8 B AAAJ---l ----1LPlAAAA 
0.050 (1.27) I 0.015 (0.38) I ' 0.026 (0.66) I 

TYP I 0.021 (0.53) -1 0.032 (0.81) 

---i 

20-LEAD PLASTIC ZIGZAG-IN-LINE PACKAGE 

0.016(0.41) 
0.024(0.61) 

1.025(26.04) 

1.035(26.29) 

r-INDEX 

0.050(1.27) 

TYP 
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0.050(1.27) 

MAX 

0 

0.050 (1.27) 

MAX 

0.100(2.54) 

MIN 

CMOS DRAM 

Units: Inches (millimeters) 

~I 

0.027 (0.69) 
MIN 

iS iS 
NC? e. e. 
00 N 
gc; 
oo 

0.128 (3.25) 

0.145 (3.68) 

0.113(2.87) 

0.120(3.05) 

0.009(0.23) 

0.013(0.33) 

0.100(2.54) 

TYP 
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KM41C4002C CMOS DRAM 

PACKAGE DIMENSIONS (Continued) 

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

Units: Inches (millimeters) 

0.671 (17.04) 

0.679 (17.24) 

;:::- ;:::-
Ii) <O 

~ t:. 
~ ~ 
C\I (') 

ci ci 

°' ,.._ (') "<t 
0 0 
ci ci 

ioi o.oo3(0.o8)1 b ~ H.JlJU---LJJLJUliLd 
I 0.048 (1.22) I 0.012 (O~ 

------j 0.052 (1 .32) --I 0.020 (0.50) 
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ci ci 

0.005 (0.13)< 

0.008 (0.20) 

~ 
O.Q16 (0.40) I I 
0.024 (0.60) 
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KM44C1 OOOC/CL/CSL CMOS DRAM 

1 M x4Bit CMOS Dynamic RAM with Fast Page Mode 

FEATURES 
• Performance range: 

tRAC tCAC tRC 

KM44C1 OOOC/CLJCSL-5 50ns 13ns 90ns 

KM44C1 OOOC/CLJCSL-6 60ns 15ns 110ns 

KM44C1 OOOC/CLJCSL-7 70ns 20ns 130ns 

KM44C1 OOOC/CLJCSL-8 80ns 20ns 150ns 

• Fast Page Mode operation 
• CAS-before-RAS refresh capability 
• RAS-only and hidden refresh capability 
• Fast parallel test mode capability 
• TTL compatible inputs and outputs 
• Ear1y Write or output enable controlled write 
• Single + 5V ± 10% power supply 
• Refresh Cycle 

- 1024 cycle/16ms (Normal) 
- 1024 cycle/128ms (L-version) 
- 1024 cycle/256ms (SL-version) 

• Power Dissipation 
- Standby: 5.5mW (Normal) 

1.1mW (L-Ver.) · 
0.55mW (SL-Ver.) 

- Active (50/60n0/80):·470/415/360/305mW 
• JEDEC standard pinout 
• Available in plastic DIP,SOJ, ZIP and TSOP -II 

packages 

FUNCTIONAL BLOCK DIAGRAM 

CONTROL & 
CLOCK 

GENERAL DESCRIPTION 
The Samsung KM44C1000C/CLJCSL is a high speed 
CMOS 1,048,576 x 4 Dynamic Random Access 
Memory. Its design is optimized for high performance 
applications such as mainframes and mini computers, 
graphics and high performance microprocessor 
systems. 

The KM44C1 OOOC/CL/CSL features Fast Page Mode 
operation which allows high speed random access of 
memory cells within the same row. CAS-before-MS 
refresh capability provides on-chip auto refresh as an 
alterntive to RAS-only Refresh. All inputs and outputs are 
fully TTL compatible. 

The KM44C1 pOOC/CL/CSL is fabricated using 
Samsung's advanced CMOS process. 

IN 
BUFFER 

REFRESH CONTROL & 
ADDRESS COUNTER 

COLUMN DECODER 

SENSE AMPS & 1/0 

Ao 
a: 
w 
c 

MEMORY ARRAY 0 
() 

1 ;048,576 x 4 CELLS 
~ 

w 
c 

w :;: a: 
c 0 
c a: 

--- Vee 

--- Vss 
Ag < 
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KM44C1 OOOC/CL/CSL CMOS DRAM 

PIN CONFIGURATION (Top Views) 

• KM44C1000CP/CLP/CSLP • KM44C1000CJ/CLJ/CSLJ • KM44C1000CZ/CLZ/CSLZ 

0 001 20 Vss 
002 19 004 

w 003 
F!!AS GAS 

Ag 16 OE 

15 As 
Ag 

A1 14 A1 A1 
A2 13 As A2 

AJ 12 As Vee 
Vee 10 0 11 A4 A4 

• As 

0 
As 

A1 
As 

• KM44C1000CT/CLT/CSLT • KM44C1000CTR/CLTR/CSLTR 
Pin Names Pin Function 

001 10 Vss Vss 20 001 

002 19 004 004 19 0 002 

w 003 003 18 w 

Ao· Ag Address Inputs 

RAS Row Address Strobe 

~ GAS GAS 17 RAS CAS Column Address Strobe 

Ag OE ~ 16 Ag w Read/Write Input 

OE Data Output Enable 
Ao 15 As As 15 Ao 

A1 14 A1 A1 14 A1 
DQ1-DQ4 Data In/Data Out 

A2 13 As As 13 A2 Vee Power (+5V) 

AJ 12 As As 12 0 A3 Vss Ground 

Vee 10 
0 

11 Ad A4 11 10 Vee 

•tMfi@tP 
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KM44C1 OOOC/CL/CSL CMOS DRAM 

ABSOLUTE MAXIMUM RATINGS* 

Parameter Symbol Value 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 °c 

Power Dissipation Po 600 mW 

Short Circuit Output Current los 50 mA 

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

RECOMMENDED OPERATING CONDITIONS (Voltage reference to V88, TA=O to 70°C) 

Parameter Symbol Min Typ Max Unit 

Supply Voltage Vee 4.5 5.0 5.5 v 
Ground Vss 0 0 0 v 
Input High Voltage V1H 2.4 - Vcc+1 v 
Input Low Voltage V1L -1.0 - 0.8 v 

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

Parameter Symbol Min Max Units 

Operating Current* 
KM44C1 OOOC/CLJCSL-5 85 mA 
KM44C 1 OOOC/CLJCSL-6 

lcc1 
75 mA 

(RAS and CAS Cycling @tRC=min.) KM44C 1OOOC/CLJCSL-7 65 mA 
KM44C 1 OOOC/CLJCSL-8 55 mA 

Standby Current (RAS=CAS=VV=V1H) lcc2 2 mA 

KM44C 1 OOOC/CLJCSL-5 85 mA 
RAS-Only Refresh Current* KM44C 1 OOOC/CLJCSL-6 

ICC3 
75 mA 

(GAS=VIH, RAS, Address Cycling @tRC=min.) KM44C1 OOOC/CLJCSL-7 65 mA 
KM44C1 OOOC/CLJCSL-8 55 mA 

Fast Page Mode Current* 
KM44C 1 OOOC/CLJCSL-5 65 mA 
KM44C1 OOOC/CLJCSL-6 

ICC4 
55 mA 

(RAS=VIL, CAS, Address Cycling @tPC=min.) KM44C1OOOC/CLJCSL-7 45 mA 
KM44C 1 OOOC/CLJCSL-8 35 mA 

Standby Current KM44C1000C 
Ices 

1 mA 

(RAS=CAS=VV=Vcc -0.2V) KM44C1 OOOCL 200 µA 
KM44C1 OOOCSL 100 µA 

CAS-Before-RAS Refresh Current* 
KM44C 1 OOOC/CLJCSL-5 85 mA 
KM44C 1 OOOC/CLJCSL-6 75 mA 

(RAS and CAS Cycling @tRC=min.) KM44C1000C/CLJCSL-7 ICC6 65 mA 
KM44C1 OOOC/CLJCSL-8 55 mA 

Battery Back Up Current 
Average Power Supply Current, 
Battery Back Up Mode, 

KM44C1 OOOCL 300 µA 
Input High Voltage(V1H)=Vcc-0.2V 

KM44C1 OOOCSL 
ICC? 150 µA 

Input Low Voltage(V1L)=0.2V 
CAS=CAS-Before-RAS Cycling or 0.2V 
Da1-4=Don't Care, TRC=125µs(L-Ver.) 
TRC=250µs(SL-Ver.), TRAS= TRAS min-300ns 

•tM&Jlhl" ELECTRONICS 
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KM44C1 OOOC/CL/CSL CMOS DRAM 

DC AND OPERATING CHARACTERISTICS (Continued) 

Parameter Symbol Min Max Units 

Input Leakage Current (Any input o-s=V1N<;:Vcc+0.5V li(L} 
all other pins not under test=O volts.) 

-10 10 µA 

Output Leakage Current 
IO(L) -10 10 µA 

(Data out is disabled, OV<;:Vour<;:Vcc) 

Output High Voltage Level (IOH=-5mA) VOH 2.4 v 
Output Low Voltage Level (IOL=4.2mA) VOL 0.4 v 
* Note: lcc1, lcc3, lcc4 and lcc6 are dependent on output loading and cycle rates. Specified value are obtained with 

the output open. Ice is specified as average current. lcc1, lcc3, lcc6, Address can be changed maximum two times 
while RAS=V1L. lcc4, Address can be changed maximum once during a fast page Mode cycle. 

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

Parameter· Symbol Min Max Unit 

Input Capacitance (Ao-A9) C1N1 - 5 pF 

Input Capacitance (RAS, GAS, W, OE) C1N2 - 7 pF 

Output Capacitance (DOrD04) Coo - 7 pF 

AC CHARACTERISTICS (0°C-S::TA-S::70°C, Vcc=5.0V±10%, See notes 1,2) 

-5 -6 T -7 -8 
Parameter Symbol 

Min Max Min Max Min Max Min Max 
Unit Notes 

Random read or write cycle time tRC 90 110 130 150 ns 

Read-modify-write cycle time tRWC 133 155 185 205 ns 

Access time from RAS tRAC 50 60 70 80 ns 3,4,11 

Access time from CAS tCAC 13 15 20 20 ns 3,4,5 

Access time from column address tAA 25 30 35 40 ns 3,11 

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

Output buffer turn-off delay tOFF 0 13 0 15 0 20 0 20 ns 7 

Transition time(rise and.fall) 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 10,000 60 10,000 70 10,000 80 10,000 ns 

RAS hold time tRSH 13 15 20 20 ns 

CAS hold time tCSH 50 60 70 80 ns 

CAS pulse width tCAS 13 10,000 15 10,000 20 10,000 20 10.000 ns 

RAS to CAS delay time tRCD 20 37 20 . 45 20 50 20 60 ns 4 

RAS to column address delay time tRAD 15 25 15 30 15 35 15 40 ns 11 

CAS to RAS precharge time tCRP 5 5 5 5 ns 

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

Row address hold time tRAH 10 10 10 10 ns 

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

Column address hold time tCAH 10 10 15 15 ns 

Column address hold time referenced to RAS tAR 40 45 55 60 ns 6 

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

dJMJiiiiiP 
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KM44C1 OOOC/CL/CSL CMOS DRAM 

AC CHARACTERISTICS (Continued) 

-5 -6 -7 -8. 
Parameter Symbol 

Min Max Min Max Min Max Min Max 
Unit Notes 

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

Read command hold time referenced to CAS tRCH 0 0 0 0 ns 9 

Read command hold time referenced to RAS tRRH 0 0 0 0 ns 9 

Write command hold time tWCH 10 10 15 15 ns 

Write command hold time referenced to RAS twcR 40 45 55 60 ns 6 

Write command pulse width twP 10 10 15 15 ns 

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

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

Data-in-set-up time tos 0 0 0 0 ns 10 

Data-in hold time tDH 10 10 15 15 ns 10 

Data-in hold time referenced to ~S tDHR 40 45 55 60 ns 6 

Refresh period (Normal) tREF 16 16 16 16 ms 

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

Refresh period (SL-ver) tREF 256 256 256 256 ms 

Write command set-up time twcs 0 0 0 0 ns 8 

CAS to W delay time tcwo 36 40 50 50 ns 8 

RAS to W delay time tRWD 73 85 100 110 ns 8 

Column address to W delay time ~WD 48 55 65 70 ns 8 

CAS set-up time (GAS-before-RAS refresh) tCSR 10 10 10 10 ns 

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

RAS to CAS precharge time tRPC 5 5 5 5 ns 

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

Access time from GAS 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 

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

GAS precharge time(Fast page mode) tCP 10 10 10 10 ns 

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

OE access time tOEA 13 15 20 20 ns 

6E to data delay tOED 13 15 20 20 ns 

Output buffer tum 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 hold time (test mode in) twTH 10 10 10 10 ns 

Write command gold time (test mode in) tWPH 10 10 10 10 ns 

W to RAS precharge time(C-B-R rcycle) tWRP 10 10 10 10 ns 

W to RAS hold time(C-B-R rcycle) tWRH 10 10 10 10 ns 

tt:!:i:Hl!h• 
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KM44C1 OOOC/CL/CSL 

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 GAS tCAC 18 

Access time from column address tAA 30 

RAS pulse width tRAS 55 10,000 

GAS pulse width tCAS 18 t0,000 

RAS hold time tRSH 18 

CPS hold time tCSH 55 

Column address to RAS' lead time tRAL 30 

CAS to write enable delay tcwo 41 

RAS to write enable delay tRWD 78 

Column address to W delay time tAWD 53 

Fast mode cycle time tPC 40 

Fast page mode read-modefy-write tPRWC 81 
t--· 

RAS pulse width(Fast page mode) tRASP 55 200,000 

Access time from GAS precharge tCPA 

OE access time tOEA 

OE to data delay tOED 18 

OE command hold time tOEH 18 

NOTES 
1. An initial pause of 200µs is required after power up 

followed by any 8 GAS-before-RAS or RAS-only Re
fresh cycles before proper device operation is 
achieved. 

2. V1H(min) and V1L(max) are reference levels for measuring 
tir:ning 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 exclusi
vely by tcAC· 

5. Assumes that tRco 2- tRCD(max)· 
6. tAR· twcR. toHR are referenced to tRAD(max)· 
7. This parameter defines the time at which the output 

achieves the open circuit condition and is not refer
nced to VoH or VoL· 

8. twcs. tRwo. tcwo and tAwo are non restrictive opera
ting parameters. They are included in the data sheet 
as electrical characteristics only. If twcs 2- twcs(min) 
the cycle is an early write cycle and the data out 

•1m'if11ihiP 
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(Note. 12) 

-6 -7 -8 

Min Max Min Max Min Max 
Unit Notes 

115 135 155 ns 

160 190 210 ns 

65 75 85 ns 3,4,11 

20 25 25 ns 3,4,5 

35 40 45 ns 3,11 

65 10,000 75 10,000 85 10,000 ns 

20 10,000 25 10,000 25 10,000 ns 

20 25 25 ns 

65 75 85 ns 

35 40 45 ns 

45 55 55 ns 8 

90 105 115 ns 8 

60 70 75 ns 8 

45 50 55 ns 

85 100 105 ns 

65 200,000 75 200,000 85 200,000 ns 

40 45 50 ns 3 

20 25 25 ns 

20 25 25 ns 

20 25 25 ns 

pin will remain high impedance for the duration of 
the cycle. If tcwo 2. tcwo(min) and tRwo 2- tRWD(min) and 
tAwo 2- tAWD(min)• then the cycle is a read-modify-write 
cycle and the data our will contain the data read 
from the selected address. If neither of the above 
conditions are satisfied, the condition of the data out 
is indeterminate. 

9. Either tRcH or tRRH must be satisfied for a read cycle. 
10. These parameters are referenced to the CAS l~ing 

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

11. 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. 

12. These specifications are applied in the test mode. 
13. 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. 

14. 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. 
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KM44C1 OOOC/CL/CSL 

TIMING DIAGRAMS 
READ CYCLE 

V1H -
RAS 

V1L -

V1H -
CAS 

V1L -

V1H -

A 
V1L -

V1H -

w 
V1L -

5E 
V1H -

V1L -

VoH- ------
VoL-

tJifti:filjiliP 
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KM44C1 OOOC/CL/CSL 

TIMING DIAGRAMS (Continued) 

WRITE CYCLE (EARLY CYCLE) 

RAS 
V1H -

V1L -

V1H -
GAS 

V1L -

V1H -
A 

VIL -

w V1H -
VIL -

OE V1H -

VIL -

00,-004 
V1H -

V1L -

WRITE CYCLE (OE CONTROLLED WRITE) 

V1H -
RAS 

V1L -

GAS 
V1H -

V1L -

V1H -
A 

V1L -

V1H -w 
V1L -

V1H -
OE 

V1L -

V1H -
00 1-004 

V1L -

t1MfiliiiiP 
ELECTRONICS 

CMOS DRAM 

~DON'T CARE 
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KM44C1000C/CUCSL 

.TIMING DIAGRAMS (Continued) 

READ-MODIFY-WRITE CYCLE 

V1H -
RAS 

V1L -

V1H -

GAS 
V1L .-

V1H -

A 
V1L -

w V1H -

V1L -

BE V1H -

V1L -

D01·D04 WoH - ---------.+-./\1 
WoL-

FAST PAGE MODE READ CYCLE 

V1H -
A 

V1L -

w V1H -

V1L-

BE V1H -

V1L-

VoH- ________ _.,~ 
VoL-

ttMfiiiii> 
ELECTRONICS 

CMOS DRAM 

~DON'TCARE 
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KM44C1 OOOC/CL/CSL 

TIMING DIAGRAMS (Continued) 

FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 

FAST PAGE MODE READ-MODIFY-WRITE CYCLE 

A 

w V1H -

V1L - --.............. _ 

41MflihitP 
ELECTRONICS 

CMOS DRAM 

VALID 
DATA-OUT DATA-IN 

~DON'TCARE 
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KM44C1 OOOC/CL/CSL 

TIMING DIAGRAMS (Continued) 

RAS-ONLY REFRESH CYCLE 
Note: W, OE=Don't Care 

CMOS DRAM 

i------------!Rc-----------

A 

CAS-BEFORE-RAS REFRESH CYCLE 
Note: OE, Address=Don't Care 

V1L ------' 

w 

VoH- "7't"'?'~~~~~~ 
00,-00. VV\I---------

VoL - ~~~~~-..l!I~ 

~DON'TCARE 

t!:l:WiihiiP 
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KM44C1 OOOC/CL/CSL 

TIMING DIAGRAMS (Continued) 

HIDDEN REFRESH CYCLE (READ) 

RAS 
V1H -

V1L -

CAS V1H -

V1L -

A 
V1H -

V1L -

V1H -w 
V1L -

OE 
V1H -

V1L -

Vm. -

HIDDEN REFRESH CYCLE (WRITE) 

V1H -
RAS 

V1L -

V1H -
CAS 

V1L -

'V1H -
A 

V1L -

w V1H -
V1L -

BE V1H -

V1L -

V1H -
DQ1-DQ• 

V1L -

•1:1:1: Hliii, 
ELECTRONICS 

CMOS DRAM 

157 



KM44C1 OOOC/CL/CSL CMOS DRAM 

TIMING DIAGRAMS (Continued) 

CAS-BEFORE·RAS REFRESH COUNTER TEST CYCLE 

RAS 
V1H - IRAS 

V1L -

RSH 

ViH - le HR le AS 
CAS 

V1L -

IRAL 

A 
V1H-

V1L -

READ CYCLE 

w 

V1H

V1L - ~~~~~~~~~~~~~~~-i:...lo~~.._J;..-i----~~W4-~~~~ 

VoH-
D01·DQ4 

Vol -

IRwL 
WRITE CYCLE lcwL 

w V1H -

V1L -

OE V1H -

V1L -

V1H-
D01·D04 

V1L -

w V1H -

V1L -

~ V1H -

V1L -
loH 

V110H-
DQ1-DQ4 

V110L-

VALID DATA-OUT VALID DATA-IN . 

~DON'T CARE 

ttMHllh• 
ELECTRONICS 
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KM44C1 OOOC/CL/CSL 

TIMING DIAGRAMS (Continued) 

TEST MODE IN CYCLE 
Note: OE, Address: Don't Care 

CMOS DRAM 

V1H 
,__ ____ \RAS----

-
RAS 

V1L -
lRPC 

lcP 

V1H -
CA8 

V1L -

w V1H -

V1L - ~~~~~~~'-Ji..+------'l~~~~~~~~~~~~.¥.-¥.~~~ ........ --..... 

VoH - !'\------------OPEN----------
VoL - _______ _,, 

TEST MODE DESCRIPTION 
The KM44C1 OOOC/CUCSL is the RAM organized 1, 
048,576 words by 4 bit internally organized 524,288 
words by 8 bits. In "Test Mode", data are written into 8 
sectors in parallel and retrieved the same way. Column 
address bit Ao is not used. If, upon reading, two bits on 
one 1/0 pin are equal (all "1" or "O"s) the 1/0 pin 
indicates a "1 ". If they were not equal, the 1/0 pin 
would indicate a "O". In "Test Mode", the 1 M x 4 DRAM 

•liUWJ@» 
ELECTRONICS 

~DON'T CARE 

can be tested as if it were a 512K x 4DRAM. W, CAS
BEFORE-RAS Cycle (Test Mode in Cycle) puts the 
device into "Test Mode", And "GAS-BEFORE-RAS 
REFRESH CYCLE" or "RAS-only-Refresh Cycle" puts it 
back into "Normal Mode". During the test mode 
operation, a WCBR cycle is used to perform refresh. 
The "Test Mode" function reduces test time(1/2 in 
cases of N test pattern.) 
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KM44C1 OOOC/CL/CSL 

DEVICE OPERATION 

The KM44C1 OOOC/CLJCSL contains 4, 194,304 memory 
locations. Twenty address bit are. required to address a 
particular 4-bit word in the memory array. Since the 
KM44C1 OOOC/CLJCSL has only 10 address input pins, 
time multiplexed addressing is used to input 1 O row (Ao
A9) and 10 column (Ao-As) address. The multiplexing is 
controlled by the timing relationship between the row 
address strobe (RAS), the column adress strobe(CAS), 
and the valid row and column address inputs. 

Operating of the KM44C1 OOOC/CL/CSL begins by 
strobing in a valid row address with RAS while CAS 
remains high. Then the address on the 1 O address 
input pins (Ao-As) is changed from a row address to a 
column address and is strobed in by CAS. This is the 
beginning of any KM44C1 OOOC/CLJCSL cycle in which 
a memory location is accessed. The specific type of 
cycle is determined by the state of the write enable pin 
and various timing relationships. The cycle is terminat
ed when both RAS and CAS have returned to the high 
state. Another cycle can be initiated after RAS remains 
high long enough to satisfy the RAS precharge time 
(tRP) requirement. 

RAS and CAS Timing 
The minimum RAS and CAS pulse widths are specified 
by tRAS(min) and tcAs(min) respectively. These mini
mum pulse widths must be satisfied for proper device 
operation and data integrity. Once a cycle is initiated by 
bringing RAS low, it must not be aborted prior to satisfy
ing the minimum RAS and CAS pulse widths. In addi
tion, a new cycle must not begin until the minimum RAS 
precharge time, tRP, has been satisfied. Once a cycle 
begins, internal clocks and other circuits within the 
KM44C1 OOOC/CLJCSL begin a complex sequence of 
events. If the sequence is broken by violating minimum 
timing requirements, loss of data integrity can occur. 

Read 
A read cycle is achieved by maintaining the write 
enable input (W) high during RAS/CAS cycle. The 
access time is normally specified with respect to the 
falling edge of RAS. But the access time also depends 
on the falling edge of CAS and on the valid column 
address transition. 
If CAS goes low before tRco(max) and if the column 
address is valid befor tRco(max), the access time to 
valid data is specified by tRAc(min). However if CAS 
goes low after tRco(max), access is specified by tcAc or 
tAA. In order to achieve the minimum access time, tRAC 
(min), it is necessary to meet both tRco(max) and tRAD 
(max). The. KM44C1000C/CLJCSL has common data 
1/0 pins 
The this reason an output enable control input (OE) has 
been provided so the output buffer can be precisely 

t1mmliii• 
ELECTRONICS 

CMOS DRAM 

controlled. For data to appear at the output, OE must 
be low for the period of time defined by tOEA and toEz. 

Write 
The KM44C1 OOOC/CLJCSL can perform eary write, late 
write and read-modify-write cycles. The difference 
between these cycles is in the state of data-out and is 
determined by the timing relationship between W, OE 
and GAS. In any type of write cycle, Data-in must be 
valid at or before the falling edge of W or CAS, 
whichever is later. 

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

Read-Modify-Write: In this cycle, valid data from the 
addressed cell appears at the output before and during 
the time that data is being written into the same cell 
location. This cycle is achieved by bringing W low after 
CAS and meeting the data sheet read-modify-write 
cycle timing requirements. This cycle requires using a 
separate 1/0 t6 avoid bus contention 

Late Write: If W is brought low after CAS, a late write 
cycle will occur, The late write cycle is very simiar to the 
read-modify-write cycle except that the timing parame
ters, tRwo, tcwo and tAwo, are not necessarily met. The 
state of date-out is indeterninate since the output can 
be either Hi-Z or contain data depending on the timing 
conditions. This cycle requires a separate 1/0 to avo+d 
bus contention. 

Data Output 
The KM44C1 OOOC/CL/CSL has a three-state output 
buffer which is controlled by CAS and OE. Whenever 
CAS and OE are high(VtH), the outputs are in the high 
impedance state. In any cycle in which valid data 
appears at the output the output goes into the low 
impedance state in a time specified by tcLZ after the 
falling edge of CAS. Invalid data may be present at the 
output during the time after tcLZ and before the valid 
data appears at the output. The timing parameters tcAc, 
tRAC and tAA specify when the valid data will be present 
at the output. The valid data remains at the output untill 
CAS returns high. This is true even if a new RAS cycle 
occurs (as in hidden refresh). Each of the 
KM44C1000C/CLJCSL operating cycles is listed below 
after the corresponding output state produced by the 
cycle. 
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KM44C1 OOOC/CL/CSL 

DEVICE OPERATION (Continued) 

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

Hi-Z Output State: Early Write, RAS-only Refresh, Fast 
Page Mode Write, GAS-before-RAS Refresh, OE con
trolled write. 

Indeterminate Output State: Delayed Write(tcwo or 
tRwo are not met) 

Refresh 
The data in the KM44C1 OOOC/CUCSL is stored on a 
tiny capacitor within each memory cell. Due to leakage 
the data may leak off after a period of time. To maintain 
data integrity it is necessary to refresh each of the rows 
every 16/128/256ms. There are several ways to 
accomplish this. 

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

GAS-before-RAS Refresh: The KM44C1000C/GUGSL 
has GAS-before-RAS on-chip refresh capability that 
eliminates the need for external refresh addresses. If 
CAS is vheld low for the specified set up time (tcsR) 
before RAS goes low, the on-chip refresh circuitry is 
enabled. An internal refresh operation automatically 
occurs. The refresh address is supplied by the on-chip 
refresh address counter which is then internally incre
mented in preparation for the next GAS-before-RAS 
refresh cycle. 

Hidden Refresh: A hidden refresh cycle may be per
formed while maintaining the latest valid data at the 
output by extending the GAS active time and cycling 
RAS. The KM44G1 OOOC/GUCSL hidden refresh cycle 
is actually a GAS-before-RAS refresh cycle within an 
extended read cycle. The refresh row address is provid
ed by the on-chip refresh address counter. 

Other Refresh Methods: It is also possible to refresh the 
KM44G1 OOOC/GL/GSL by using read, write or read
modify write cycles. Whenever a row is accessed, all 
the cells in that row are automatically refreshed. There 
are certain applications in which it might be advanta
geous to perform refresh in this manner but in general 
RAS-only or GAS-before-RAS refresh is the preferred 
method. 

Fast Page Mode 
Fast page mode provides high speed read, write or 
read-modify-write access to all memory cells within a 
selected row. These cycles may be mixed in any order. 

•1Mfiiii11P 
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A fast page mode cycle begins wit.h a normal cycle. 
Then, while RAS is kept low to maintain the GAS is 
cycled to strobe in additional column addresses. This 
eliminates the time requried to set up and strobe 
sequential row addresses for the same page 

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

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

This is shown in the GAS-before-RAS counter test 
cycle timing diagram. A memory cell be addressed 
with 1 o row address bits and 10 column address bits 
defined as follows 

Row Address- Bits Ao through Ag are supplied by the 
on-chip refresh counter. 

Column Address-Bits Ao through Ag are supplied by the 
falling edge of GAS as in a normal memory cycle. 

Suggested CAS-before-RAS counter 
Test Procedure 
The GAS-before-RAS refresh counter test cycle timing 
is used in each of the following steps: 
1. Initialize the internal refresh counter by performing 8 

GAS-before-RAS cycles. 
2. Write a test pattern of "lows" into the memory cells 

at a single column address and 1024 row address 
(The row addresses are supplied by the on-chip 
refresh counter) 

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

4. Read the "highs" written during step 3. 
5. Complement the test pattern and repeat steps 2, 3 

and 4. 

Power-up 
If RAS=Vss during power-up, the KM44G1 OOOC/GUGSL 
cold possibly begin an active cycle. This condition 
results in higher than necessary current demands from 
the power supply during power-up. It is recommended 
that RAS and GAS track with Vee during power-up or 
be held at a valid V1H in order to minimize the power-up 
current. An initial pause of 200. µiec is required after 
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KM44C1 OOOC/CL/CSL 

DEVICE OPERATION (Continued) 

power-up followed by 8 initialization cycles before prop
er device operation is assured. Eight initialization cycles 
are also required after any 16(L-ver:128, SL-ver:256) 
msec period in which there are no RAS cycles. An ini
tialization cycle is any cycle in which RAS is cycled. 

Termination 
The iines from the TTL driver circuits to the 
KM44C1 OOOC/CL/CSL inputs act like unteminated 
transmission lines resulting in significant overshoot and 
undershoot at the inputs. To minimize overshoot it is 
advisable to terrminate the input lines and to keep them 
as short as possible. Although eiter series or parallel 
temination may be used,series termination is generally 
recommended since it is simple and draws no addition
al power. It consists of a resistor in series with the input 
line placed close to the KM44C1 OOOC/CL/CSL input 
pin. The optimum value depends on the board layout. It 
must be determined experimentally and is usually in the 
range of 20 to 40 ohms. 

Board Layout 
It is importnat to lay out the power and ground lines on 
memory boards in such a way that switching transinent 
effects are mimized. The recommended methods are 
gridded power and ground lines or separate power and 
ground planes. The power and ground planes. The 
power and ground lines act like transmission lines to 
the high frequency transients generated by DRAMS. 

PACKAGE DIMENSIONS 
20-LEAD PLASTIC DUAL IN-LINE PACKAGE 

0.962 (24.43) 

0.972 (24.69) 

0 

·CMOS DRAM 

The impedance is minimized if all the power supply 
traces to all the DRAMS run both horizontally and verti
cally and are connected at each intersection or better 
yet if power and ground planes are used. 

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

A high frequency 0.1 µ F ceramic decoupling capacitor 
should be connected between the Vee and ground pins 
of each KM44C1 OOOC/CL/CSL using the shortest pos
sible traces. These capacitors act as a low impedance 
shunt for the high frequency switching transients gener
ated by the KM44C1 OOOC/CL/CSL and they supply 
much of the current used by the KM44C1 OOOC/CL/CSL 
during cycling. 

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

Units: Inches (Millimeters) 

co ~ C! 
t::. t:. 
"' M 
I'- "' N N 

0 0 

0.015 (0.38) 

0.135 (0.43) MIN 

-t=~~-0.1~4-5-(3-.6-8)~~~~~~~~~~~~~~~~~----+~~ 

I 
I 

0.100 (2.54) 11 0.016 (0.41) I 0.035 (0.89) 

~ r-0.024~ I 0.055 (1.40J TYP 

4111f:f11iil» 
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0.183 (4.65) 

MAX 

0.115 (2.92) 

MIN 

0.050 (1.27) 

MAX 

0.013 (0.33) 
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KM44C1 OOOC/CL/CSL 

PACKAGE DIMENSIONS (Continued) 

20-LEAD PLASTIC SMALL OUT-LINE J·LEAD 

0 

0.670 (17.02) 

0.680 (17.27) 

0 

a,004,,,,hBPAAJI 1JilH 
0.050 (1.27) I 0.015 (0.38) I 0.026 (0.66) 

TYP ~ 0.021 (0.53) I 0.032 (0.81) 
0.050 (1.27) 

MAX 

20-LEAD PLASTIC ZIGZAG-IN-LINE PACKAGE 

1.025(26.04) 

1.035(26.29) 

;-INDEX 

0.016(0.41) 0.050(1.27) 

0.024(0.61) TYP 

dJnfiifoiP 
ELECTRONICS 

0.050(1.27) 

MAX 

0 

CD";::-
N Ill 
a:i a:i 
ill ill 
NC') 
C') C') 

0 0 

l 0.100(2.54) 

MIN 

CMOS DRAM 

Units: Inches (millimeters) 

~I 

0.027 (0.69) 

MIN 

0.128 (3.25) 

0.145 (3.68) 

0.113(2.87) 

0.120(3.05) 

0.009(0.23) 

0.013(0.33) 

0.100(2.54) 

TYP 
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KM44C1 OOOC/CL/CSL CMOS DRAM 

PACKAGE DIMENSIONS (Continued) 

20-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE (II) .(Fo.rward and Reverse Type) 

Units: Inches (millimeters) 

0 

•tMH@» 
ELECTRONICS 

NN 
.... <'> e e. 
O> ,.... 

~ ~ 
ci ci 

0.005 (0.13) 

0.008 (0.20) 

~ 
O.D16 (0.40) I I 
0.024 (0.60) 
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KM44C1010C CMOS DRAM 

1 M x4 Bit CMOS Dynamic RAM with Fast Page Mode 
(Write Per Bit Mode) 

FEATURES 

• Performance range: 

tRAC tCAC 

KM44C101 OC-5 50ns 13ns 

KM44C101 OC-6 60ns 15ns 

KM44C1010C-7 70ns 20ns 

KM44C101 OC-8 80ns 20ns 

• Fast Page Mode operation 
• Write Per Bit Mode Capabillity 
• CAS-before-RAS refresh capability 
• RAS-only and Hidden Refresh capability 
• Fast parallel test mode Capability 
• TTL compatible inputs and outputs 

tRC 

90ns 

110ns 

130ns 

150ns 

GENERAL DESCRIPTION 
The Samsung KM44C101 OC is a high speed CMOS 1, 
048,576 x 4 Dynamic Random Access Memory. Its 
design is optimized for high performance applications 
such as mainframes and mini computers, graphics and 
high performance microprocessor systems. 

The KM44C101 OC features Fast Page Mode operation 
which allows high speed random access of memory 
cells within the same row. 

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

• Early Write or Output Enable Controlled Write 

The KM44C1010C is fabricated using Samsung's 
advanced CMOS process. 

• Sing pie +SV ± 10% power supply 
• 1024 cycles/16ms refresh 
• JEDEC standard pinout 
• Available in plastic DIP, SOP ZIJ and TSOP(ll) 
Packages 

FUNCTIONAL BLOCK DIAGRAM 

Ao 

41MfiliiliP 
ELECTRONICS 

CONTROL & 
CLOCK 

a: 
w 
0 
0 
() 
w 
0 

31: 
0 
a: 

REFRESH CONTROL & 
ADDRESS COUNTER 

COLUMN DECODER 

SENSE AMPS & 1/0 GATING 

MEMORY ARRAY 
1,048,576X4 Cells 

-Vee 

-Vss 
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KM44C1010C CMOS DRAM 

PIN CONFIGURATION (Top Views) 

• KM44C1010CP • KM44C1010CJ • KM44C1010CZ 

0 Vss W1/DQ1 20 Vss 
W2/DQ2 2 19 W4'DQ4 

WBiW 3 18 W3'DQ3 
RAS 17 m 

Ag 16 e>E 

Ao 15 As Ag 
Ao 

A, 14 A1 Al 
A2 13 As A2 

A3 A3 A5 Vee 
Vee 10 0 11 A4 A4 

A5 

0 As 
A1 

As 

• KM44C101 OCT • KM44C101 OCTR 
Pin Names Pin Function 

W1/DQ1 0 Vss Vss 20 W1/DQ1 

W2/DQ2 19 W4'DQ4 W4'DQ4 19 
0 W2/DQ2 

WFJ/W W3'DQ3 W3'DQ3 18 ifm!W 

AAS 17 ~ CAs 17 4 RAS 

Ao· Ag Address Inputs 

RAS Row Address Strobe 

GAS Column Address Strobe 

Ag OE OE 16 Ag WSiW Write per bit/Read/ 
Write input 

Ao 6 15 As As 15 Ao OE Data Output Enable 

Al 14 A1 A1 14 A1 W1/D01- Write select/ 

A2 13 As As A:; W4/0Q4 Data In/Out 

A3 9 12 A5 A5 12 0 9 A3 Vee Power (+5V) 

Vee 10 
0 

11 A4 A4 11 10 Vee Vss Ground 

ttMHIUI• 
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KM44C1010C CMOS DRAM 

ABSOLUTE MAXIMUM RATINGS* 
Parameter Symbol Rating Units 

Voltage on Any Pin Relative to Vss VIN, 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 cc 
Power Dissipation Po 600 mW 

Short Circuit Output Current los 50 mA 

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

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

Parameter Symbol Min Typ Max Unit 

Supply Voltage Vee 4.5 5.0 5.5 v 
Ground Vss 0 0 0 v 
Input High Voltage V1H 2.4 - ·Vee+ 1 v 
Input Low Voltage VIL -1.0 - 0.8 v 

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

Parameter Symbol Min Max Units 

KM44C101 OC-5 - 85 mA 
Operating Current* KM44C101 OC-6 

lec1 
- 75 mA 

(RAS and CAS Cycling @tRC=min.) KM44C101 OC-7 - 65 mA 
KM44C101 OC-8 - 55 mA 

Standby Current (RAS=CAS=WBiW=VIH) lcc2 - 2 mA 

KM44C101 OC-5 - 85 mA 

RAS-Only Refresh Current* 
KM44C1010C-6 - 75 mA 
KM44C1010C-7 ICC3 - 65 mA 

(CAS=VIH, RAS Cycling @tRC=min.) 
KM44C101 OC-8 - 55 mA 

KM44C101 OC-5 - 65 mA 
Standby Column Mode Current* KM44C101 OC-6 

ICC4 
- 55 mA 

(AAS=VIL, GAS, Address Cycling @tPc=min.) KM44C1010C-7 - 45 mA 
KM44C101 OC-8 - 35 mA 

Standby Current (RAS=CAS=WBiW=Vcc-0.2V) Ices - 1 mA 

KM44C101 OC-5 - 85 mA 
GAS-Before-RAS Refresh Current* KM44C101 OC-6 

ICC6 
- 75 mA 

(RAS and CAS Cycling @tRC=min.) KM44C1010C-7 - 65 mA 
KM44C101 OC-8 - 55 mA 

Input Leakage Current 
ll(L) -10 10 µA 

(Any input Os V1N s Vcc+0.5V, all other pins not under test=O volts.) 

Output Leakage Current 
IO(L) -10 10 µA 

(Data out is disabled, OVsVoursVcc) 

Output High Voltage Level (IOH=-5mA) VoH 2.4 - v 
Output Low Voltage Level (IOL=4.2mA) VOL - 0.4 v 

*NOTE: lee1, ICC3, 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. lec1, lcc3, lcc6 Address can be changed maximum two times 
while RAS=VIL. In lec4, Address can be changed maximum once during a Fast Page mode cycle. 

•t:!:i:Hlhl" ELECTRONICS 
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KM44C1010C CMOS DRAM 

CAPACITANCE (fA=25°C, Vcc=SV. f=1MHz) 

Parameter Symbol Min Max Unit 

Input Capacitance (Ao-A9) CIN1 - 5 pF 

Input Capacitance ('RAS, GAS, WB/W, OE) CIN2 - 7 pF. 

Input Capacitance (W1/DQ1-W4/DQ4) Coo - 7 pF 

AC CHARACTERISTICS (0°C::;TA::;?0°C, Vcc=5.0V±10%, See notes 1,2) 

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

Min Max Min Max Min Max Min Max 

Random read or write cycle time tRC 90 110 130 150 ns 

Read-modify-write cycle time tRWC 133 155 185 205 ns 

Fast page mode cycle time tPC 30 40 45 50 ns 

Fast page mode read-write cycle time tPRWC 76 85 100 105 ns 

Access time from RAS tRAC 50 60 70 80 ns 3,4,11 

Access time from CAS tCAC 13 15 20 20 ns 3,4,5 

Access time from column address tAA 25 30 35 40 ns 3,11 

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

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 7 

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

RAS precharge time tRP 30 40 50 60 ns 

RAS pulse width tRAS 50 10,000 60 10,000 70 10,000 80 10,000 ns 

RAS pulse width(fast page mode) tRASC 50 200,000 60 200,000 70 200,000 80 200,000 ns 

RAS hold time tRSH 13 15 20 20 ns 

CAS hold time tcsH 50 60 70 80 ns 

GAS pulse width tCAS 13 10,000 15 10,000 20 10,000 20 10,000 ns 

RAS to GAS delay time tRCO 20 37 20 45 20 50 20 60· ns 4 

RAS to column address delay time tRAO 15 25 15 30 15 35 15 40 ns 11 

GAS to RAS precharge time tCRP 5 5 5 5 ns 

CAS pr~harge time (fast page mode) tCP 10 10 10 10 ns 

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

Row address hold time tRAH 10 10 10 10 ns 

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

Column address hold tCAH 10 10 15 15 ns 

Column address to RAS~ead time tRAL 25 30 35 40 ns 

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

Read command hold time referenced to CAS tRCH 0 0 0 0 ns 9 

Read command hold time referenced to RAS tRRH 0 0 0 0 ns 9 

Write command hold time twCH 10 10 15 15 ns 

t1Mfill!liP 
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KM44C1010C CMOS DRAM 

AC CHARACTERISTICS (Continued) 

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

Min Max Min Max Min Max Min Max 

Write command hold time referenced to RAS twcRt 40 45 55 60 ns 6 

Write command pulse width WP 10 10 15 15 ns 

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

Write command to GAS lead time tCWL 13 15 20 20 ns 

Data-in set-up time tos 0 0 0 0 ns 10 

Data-ih hold time tDH 10 10 15 15 ns 10 

Data-in hold time referenced to RAS tDHR 40 45 55 60 ns 6 

Refresh period tREF 16 16 16 16 ms 

Write command set-up time twcs 0 0 0 0 ns 8 

CAS to W delay time tcwo 36 40 50 50 ns 8 

RAS to W delay time tRWD 73 85 100 110 ns 8 

Column address to W delay time tAWD 40 55 65 70 ns 8 

CAS setup time (CAS-before-RAS refresh) tCSR 10 10 10 10 ns 

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

RAS to CAS hold time tRPC 5 5 5 5. ns 

CAS precharge time ns 
tCPT 20 20 25 30 

(GAS-before-RAS counter test cycle) 

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

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

W to RAS precharge time (GAS-before-RAS cycle) tWRP 10 10 10 10 ns 

W to RAS hold time (CAS-before-RAS cycle) twRH 10 10 10 10 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 time from OE tOEZ 0 13 0 15 0 20 0 20 ns 

OE command hold time tOEH 13 15 20 20 ns 

Write per bit set-up time twas 0 0 0 0 ns 

Write per bit hold time twBH 10 10 10 15 ns 

Write per bit selection set-up time twos 0 0 0 0 ns 

Write per bit selection hold time twDH 10 10 10 15 ns 

t1MfiliiltP 
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KM44C1010C CMOS DRAM 

TEST MODE CYCLE (Note.12) 

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

Min Max Min Max Min Max Min Max 

Random read cir 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 3,4,11 

Access time fr.om CS tCAC 18 20 25 25 ns 3,4,5 

Access time from column address w. 30 35 40 45 ns 3,11 

RAS pulse width tRAS 55 10,000 65 10,000 75 10,000 85 10,000 ns 

GAS pL!lse width tCAS 18 10,000 20 10,000 25 10,000 25 10,000 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 Write enable delay tcwo 41 45 55 55 ns 8 

RAS to Write enable delay tRWD 78 90 105 115 ns 8 

Column address to W delay time tAWD 53 60 70 75 ns 8 

Fast mode cycle time tPC 40 45 50 55 ns 

Fast page mode read-modiy-write tPRWC 81" 85 100 105 ns 

RAS pulse width (Fast page mode) tRASP 55 200,000 65 200,000 75 200,000 85 200,000 ns 

Access time from GAS precharge !CPA 

OE access time tOEA 

OE to data delay tOED 18 

OE command hold time tOEH 18 

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 meas
uring 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 tRco(max) limit insures that 
tRAc(max) can be met. tRco(max) is specified as a 
reference point only. If tRco is greater than the 
specified tRco(max) limit, then access time is con
trolled exclusively by tcAC· 

5. Assumes that tRco.:s;tRco(max). 
6. twcR, toHR are referenced to tRAo(max). 
7. This parameter defines the time at which the out

put achieves the open circuit condition and is not 
referenced to VoH or VoL· 

8. twcs, tRwo, tcwo and tAwo are non restrictive operat
ing parameters. They are included in the data sheet 
as electrical characteristics only. If twcs;;:::;twcs(min) 
the cycle is an early write cycle and the data out 
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20 

40 45 50 ns 3 

20 25 25 ns 

20 25 25 ns 

20 25 25 ns 

pin will remain high impedance for the duration of 
the cycle. If tcwo;;:::;tcwo(min) and tRwo;;:::;tRwo(min) and 
tAwo;;:::;tAwo(min), then the cycle is a read-write cycle 
and the data out will contain the data read from the 
selected address. If neither of the above conditions 
are satisfied, the condition of the data out is indeter
minate. 

9. Either tRcH or tRRH must be satisfied for a read 
cycle. 

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

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

12. These specifications are applied in the test mode. 
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KM44C1010C 

TIMING DIAGRAMS 
READ CYCLE 

A V1H-

V1L-

WB/W 
V1H-

V1L-

i5E V1H-

V1L-

VoH-

tcsH 

~~~~~~~~~~+-~~-tll'V~I 

VoL-

WRITE CYCLE (EARLY WRITE) 

V1H-

GAS 
V1L-

V1H-

A V1L-

V1H-

WB/W 
V1L-

BE 
V1H-

V1L-

W1/D01 V1H-

"-W4/0Q4 
V1L-

t1Mfilih» 
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KM44C1010C CMOS.DRAM 

TIMING DIAGRAMS (Continued) 

WRITE CYCLE (OE CONTROLLED WRITE) 

CA8 
V1H-

V1L-

V1H-
A 

V1L-

W81w 
V1H-

V1L-

OE V1H-

V1L-

w,100, V1H-

"-'W4/0Q4 V1L-

READ-MODIFY-WRITE CYCLE 

V1H-
RAS 

V1L-

CAS 
V1H-

V1L-

A 
ViH-

V1L-

v,H - W"O">~,,__r ....... -""M~fr-1--~------~kf.-__:~-j.()~~U:m~m 
WB/W V1L - ~'"-~:.1'11;;......,,.....__,f-~'11---~~----1 

OE V1H

V1L - /;;,t.;.~~~~~~::J.:.i.~~c:J.::,~~*'---"-J 

~ro~ r~=~~~~~~~f~~~~~~~~~~~~~,~~~~~~~~~~~~~ 
"'W4/0Q4 

VoH- -------«l 
VoL-

~ DON'TCARE 
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KM44C1010C 

TIMING DIAGRAMS (Continued) 

FAST PAGE MODE READ CYCLE 

V1H - '""~ -r=='L "'"'J~~~~ 

A V1L-

CMOS DRAM 

v1H- ~~~~~::a:--t-_,r------r-~±-r-----s,,...t-::n%-t------tt-r--::E7~~~ 

WB!W 
V1L - ~c:£.)f;:;l.~C:::U 

FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 

A 
V1H

V1L- ~'::£J'~~'J'W'~~~~;;f'~~:J'"lt.....:::.::::r::,~~~'(~~~~"""fl,;;_:::~:.:;;::~f"X:~~~C:U 

V1H-

WB/W V1L-

OE 
V1H-

V1L-

W1/D01 V1H-

"-'W4/DQ4 V1L-

~ DON'TCARE 
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KM44C1010C 

TIMING DIAGRAMS (Continued) 

FAST PAGE MODE READ-MODIFY-WRITE CYCLE 

V1H-

RAS Vil-

V1H -
CAS 

Vil-

V1H-

A Vil-

V1H-
WB!W Vil-

BE 
V1H-

Vil-

Vol
W1/D01 

[ 

VoH-

"-W4/DQ4 

V1H

V1l-

ttMfi%tP 
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!RASP 

lcsH IPRWC 

lcp 

CMOS DRAM 
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KM44C1010C 

TIMING DIAGRAMS (Continued) 

RAS·ONL Y REFRESH CYCLE 

NOTE: WB/W, OE=Don't Care 

CAS·BEFORE·RAS REFRESH CYCLE 
NOTE: WB/W, OE, A=Don't Care 

CMOS DRAM 

---------!Re----------

----IGHR----

V1H -

V1L- __ ..J 

V110H-
W1/D01"'W4/0Q4 1i------------OPEN-----------

V110L - ____ _,, 

~DON'T CARE 
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KM44C1010C 

TIMING DIAGRAMS (Continued) 

HIDDEN REFRESH CYCLE (READ) 

RAS V1H -

Vil -

CAS 
V1H -

Vil -

A V1H -

·Vil -

WB/W V1H -

Vil -

OE V1H -

Vil-

VoH -

W1/D01"'W4/0Q4 ----------
Vol -

HIDDEN REFRESH CYCLE (WRITE) 

V1H -

Vil -

1------tRAS----t 

CMOS DRAM 

lcHR 

A 
V1H - -::-F:"J'V\·~=-\_,(j~J:"::-;:=~l-r,'7'\i""""""""7\.7".7'\A7'\Ay;:y::'~~'1'V'\.'1'V'\.~~j"V'.'j'V'oij\ ,---

Vil - ~r:::u-~;:;...;t\~~~:;:::.:;:,;:::::::::,;of"C:,00001.:::/j~~'L::l.:.~>i:::iC.'L::l.:.-£::::£.-£::::£.'£:::£.':i.:::£."::£::/.:J::J.~ """---

WB/W 
V1H - -.rT'<""l>-'1::----:::JL,..,. 

Vil - ~~");....,...,.......;;t\::ll+..j.....~--~~')f.;;:J..~.::£:;,J.~~~~)/,:::i.:.)f.;::l..;.'li.::::J...~~~.::£:;,J.~~~~ 

V1H - '::J"V""'"7e~r\7'\.'1'V\.~~":J'V"'V'\!~~~~7'V'\.7'\!\.7'\'!'..'j'Vl.~""'~jV.~""'~'j'Vl.'j'V.'j'V.'jV.jl\ 

Vil - ~(.:::J.:;i~µit..:.i:::i.:.'ll.::::J...':ip.L'µ~.:::l..::il~(.:::J.:;i~)/,:::i.:.)f.;::l..;.~~:::J.:::J.:::J.:::J.:::J.:::J.:::J.:::J.:::J..::1.:::J.::1.:::J..::1.:::J.:::J.::J.::::1..:::J.:::J.:::J.:::J.:::J.:::J.;:J.. 

~DON'T CARE 
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KM44C1010C CMOS DRAM 

TIMING DIAGRAMS (Continued) 

CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 

V1H -
RAS V1L-

1------lRsH------t 

GAS 
V1H -

--~-- _._ .......... ____ _ 
V1L -

A 
V1H - ""'"""~~V'Vtt'!V'\.7'V'-~~'f'V'.:m. . .r-........ --~""''7'1"""'"'"'f"\7':,~t/f::?~~7'f'(.'7'?""""""' 
V1L - ~~.t.::::J.:.':i.:::J..~~~il.:::J..':£::1...:::J.::.C;:J.;,'O-~-........ --.J:~'::J.:::i.::J.:::il.~.t.::::J.:.':i.:::J..~~~l.::::l..:.~:::l.::i.~~ 

READ CYCLE 

V1H - TJ~'f'V"..'J'V'\Ai~'J'V'o\J'V~~J'V~~:--tt---"""t"-----r--rt-"""":trr7V\."'Jf\7'.~ 

,VIL - :::£::,/.~l::i.::.i.:;,L~;:J;::.l::i.::.i.:;,L~::::J..:::.l::i.::.l:::i,I 

V1H - "7\'J'V'\'A:""'-.7\:!'~"'7'..7V"""'AJIJ'Vr;;:7"~~~\7""-\. 

V1L - . ",,, "' "" ''"" '"" '""" 

WRITE CYCLE 

WB/WE 

OE 

V1H -

V1L - ,;;;;t.;:.il.:::J..':£::1..::t-l;;;..._..,..,........;;af-~.t.::::J.:.~:::£::,J.~~~-1-+------_;;f;~~{..:::J..:.~~":::J.:::i.:::£::,/.~~'il.:::i/..";,t.;. 

V1H - V'\i"""''J'V'-"\!'V~~~J'V~"""'7'\!'\f'\J~"l'V'\."'J'V-V'\J~7V\.7'\!'\.~"J\P..7\:J!.J'Vo.tJ\J\'!\:J~~~r\!'\.~"Jf\. 

V1L - :::J.:::.C;:J.;.':i.:::J..~~"~"::£::,l.~~':1.::::1.::::J.:::.~.t.::::J.:.':it::J.:::J..::,J.'::::J.:::.~~.t.::::J.:.':i.:::J..'::J.::i..":::J.:::i.:::J..::,J.~~~l.::J.:J~~':t.:::/,;.~ 

V1H -

V1L-

V1H-

V1L-

W1/IQ1.-vW4/104[ViH -
V1L-

VoH--"""'"""""""~~:"""".""::"'."":":'~L~~7"1'~~7"1'\m~~~~~~~J="--:-:-::':";:::'~.rv~""'~~T'V'~"V 

VoL-":::£;;;.c:::.L:,'£:::.l.Y~~:.!.:.:.!!!.;1f-~t::£.':£::1...:::i..::.C:ii.:.~::::J.:::.~':J.::i..~:.::i£.::i{..:::J..:.';l,,,;;J;;f~..:::.:::.:..:::.:.:;~-'(.;)ol:::l.::.~~~'.i,;;;J..::1'.::..~ 

~ DONTCARE 
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KM44C1010C 

TIMING DIAG'RAMS (Continued) 

TEST MODE IN CYCLE 
NOTE: OE, Address=Don't Care 

CMOS DRAM 

1--------- IRAs--------1 

AAS 

CAS 

w 

001-DO. 

V1H-

V1L-

V1H-

V1L-

V1H-

V1L-

V110H -

V110L-

tcp · tcsR 

----11 

TEST MODE DESCRIPTION 

The KM44C101 OC is the RAM organized 1,048,576 
words by 4 bit, it is iriternally organized 524,288 words 
by 8 bits. In "Test Mode", data are written into 8 sec
tors in parallel and retrieved the same way. Column ad
dress bit Ao is not used. If, upon reading, two bits on 
one 1/0 pin are equal (all ''1''s or "O"s), the 1/0 pin in
dicates a "1 ''. If they were not equal, the 1/0 pin would 

ttMHiiii• 
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~DON'TCARE 

indicate a "O". In "Test Mode", the 1MX4 DRAM can 
be tested as if it were a 512KX4 DARM. W, CAS
Before-RAS Cycle (Test Mode in Cycle) puts the device 
into "Test Mode''. And "GAS-Before-RAS Refresh Cy
cle" or "RAS only Refresh Cycle" puts it back into "Nor
mal Mode". The "Test Mode" function reduces test time 
(1 /2 in cases of N test pattern). 
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KM44C1010C 

DEVICE OPERATION 
Device Operation 
The KM44C101 OC contains 4, 194,304 memory locations 
organized as 1,048,576 four-bit words. Twenty address 
bits are required to address a particular 4-bit word in the 
memory array. Since the KM44C101 OC has only 10 
address input pins, time multiplexed addressing is used to 
input 10 row and 10 column addresses. The multiplexing is 
controlled by the timing relationship between the row 
address strobe (RAS), the column address strobe (CAS) 
and the valid address inputs. 

Operation of the KM44C101 OC begins by strobing in a 
valid row address with RAS while CAS remains high. Then 
the address on the 10 address input pins is changed from 
a row address to a column address and is strobed in by 
CAS. This is the beginning of any KM44C101 OC cycle 
in which a memory location is accessed. The specific type 

· of cycle is determined by the state of the write enable 
pin and various timing relationships. The cycle is ter
minated when both RAS and CAS have returned to the 
high state. Another cycle can be initiated after RAS re
mains high long enough to satisfy the RAS precharge time 
(tRP) requirement. 

RAS and CAS Timing 
The minimum RAS and CAS pulse widths are specified 
by tRAS(min) and tcAS(min) respectively. These minimum 
pulse widths must be satisfied for proper device opera
tion and data integrity. Once a cycle is initiated by bring
ing RAS low, it must not be aborted prior to satisfying 
the minimum RAS and CAS pulse widths. In addition, a 
new cycle must not begin until the minimum RAS 
precharge time, tRP, has been satisfied. Once !3- cycle 
begins, internal clocks and other circuits within the 
KM44C101 OC begin a complex sequence of events. If 
the sequence is broken by violating minimum timing re
quirements, loss of data integrity can occur. 

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

If CAS goes low before tRCD(max) and if the column ad
dress is valid before tRAD(max) then the access time to 
valid data is specified by tRAC(min)· However, if CAS goes 
low after tRAD(max), access is specified by tcAc or tAA· 
In order to achieve the minimum access time, tRAC(min), 
it is necessary to meet both tRCD(max) and tRAD(max). 

The KM44C1010C has common data 1/0 pins. For this 
reason an output enable control input (OE) has been pro
vided so the output buffer can be precisely controlled. 

41m'ifilihiP 
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For data to appear at the outputs, OE must be low for 
the period of time defined by toEA and toEz. 

Write 
The KM44C1010C can perform early write. OE controlled. 
write and read-modify-write cycles. Each of these write 
cycles is achieved by maintaing the write per bit write enable 
(WB/W) input high at the falling edge of RAS. If write-per bit 
function is performed, WB/W is kept low at the falling edge 
of RAS. The difference between these cycles is in the state 
of data-out and is determined by the timing relationship bet
ween W, OE and CAS IN any type of write cycle, Data-in 
must be valid at or before the failing edge of W or CAS, 
whichever is later. 

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

Read-Modify-Write: In this cycle, valid data from the ad
dressed cell appears at the output before and during the 
time that data is being written into the same cell loca
tion. This cycle is achieved by bringing W low after CAS 
and meeting the data sheet read-modify-write timing re
quirements. This output enable input (OE) must be low 
during the time defined by toEAand toEz for data to ap
pear at the outputs. If tcwo and tRwo are not met the out
put may contain invalid data. Conforming to the OE timing 
requirements prevents bus contention on the 
KM44C101 OC DO pins. 

Write-Per-Bit 
. Write-per-bit function is performed in the write cycle, that 
is early write. OE controlled write, read-modify-write. Write
per-bit markes it possible selectively to write one or more 
of the tour 1/0 pins. To perform write per-bit function at 
the falling edge of RAS the write-per-bit/Write enable 
(WB/W) is kept low and at the same time Mask data of 
input pins to write among 4 1/0 pins must be in high. If 
1/0 pins that Mask data is kept low, write operation is 
inhibited. 

Data Output 
The KM44C101 OC has a three state Output buffer which 
are controlled by CAS and OE. When either CAS or OE 
is high (V1H) the output are in the high impedance (Hi-Z) 
state. In any cycle in which valid data appears at the out
put, the output goes into the low impedance state in a 
time specified by tcLZ after the falling edge of GAS. In
valid data may be present at the output during the time 
after tcLZ and before the valid data appears at the out
put. The timing parameters tcAc, tRAC and tAA sepcify 
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KM44C1010C 

DEVICE OPERATION (Continued) 

when the valid data will be present at the output. This 
is true even if a new RAS cycle occurs (as in hidden 
refresh). Each of the KM44C1010C operating cycles is 
listed below after the corresponding output state produc
ed by the cycle. 

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

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

Indeterminate Output State: Delayed Write (tcwo or 
tRwo are not met) 

Refresh 
The data in the KM44C101 OC is stored on a tiny capacitor 
within each memory cell. Due to leakage the data may 
leak off after a period of time. To maintain data integrity 
it is necessary to refresh each of the rows every 16 ms. 
There are several ways to accomplish this. 

RAS-Only Refresh: This is the most common method for 
performing refresh. It is performed by strobing in a row 
address with RAS while GAS remains high. This cycle 
must be repeated for each of the 1024 row addresses, 
(Ao-Ag). 

GAS-before-RAS Refresh: The KM44C101 OC has CAS
before-RAS on-chip refresh capability that eliminates the 
need for external refresh addresses. If GAS is held low 
for the specified set up time (tcsR) before RAS goes 
low, the on-chip refresh circuitry is enabled. An internal 
refresh operation automatically occurs. The refresh ad
dress is supplied by the on-chip refresh address counter 
which is then internally incremented in preparation for the 
next GAS-before-RAS refresh cycle. 

Hidden Refresh: A hidden refresh cycle may be perform
ed while maintaining the latest valid data at the output 
by extending the GAS active time and cycling RAS. The 
KM44C101 OC hidden refresh cycle is actually a CAS
before-RAS refresh cycle within an extended read cy
cle. The refresh row address is provided by the on-chip 
refresh address counter. 

Other Refresh Methods: It is also possible to refresh the 
KM44C1010C by using read, write or read-modify-write 
cycles. Whenever a row is accessed, all the cells in that 
row are automatically refreshed. There are certain ap
plications in which it might be advantageous to perform 
refresh in this manner but in general RAS-only or CAS
before-RAS refresh is the preferred method. 

tJ:!:i: H'iii;; 
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CAS-before-RAS Refresh Counter Test 
Cycle 
A special timing sequence using the GAS-before-RAS 
refresh counter test cycle provides a convenient method 
of verifying the functionality of the GAS-before-RAS 
refresh activated circuitry. The cycle begins as a CAS
before-RAS refresh operation. Then, if GAS is brought 
high and then low again while RAS is held low, the read 
and write operations are enabled. In this mode, the row 
address bits Ao through A9 are supplied by the on-chip 
refresh counter. 

Fast Page Mode 
Fast page mode provides high ~peed read, write or read
modify-write access to all memory cells within a selected 
row. These cycles may be mixed in any order. A fast page 
mode cycle begins with a normal cycle. 
Then, while RAS is kept low to maintain the row address, 
GAS is cycled to strobe in additional column addresses. 
This eliminates the time required to set up and strobe 
sequential row addresses for the same page. 

Power-up 
If RAS=Vss during power-up, .the KM44C1010C could 
begin an active cycle. This condition results in higher than 
necessary current demands from the power supply dur
ing power-up. It is rec.ommended that RAS and GAS track 
with Vee during power-up or be held at a valid V1H in 
order to minimize the power-up courrent. 
An initial pause of 200 µsec is required after power-up 
followed by 8 initialization cycles before proper device 
operation is assured. Eight initialization cycles are also 
required after any 8 msec period in which there are no 
RAS cycles. An initialization cycle is any cycle in which 
RAS is cycled. 

Termination 
The lines from the TIL driver circuits to the KM44C101 OC 
inputs act like unterminated transmission lines resulting 
in significant positive and negative overshoot at the in
puts. To minimize overshoot It is advisable to terminate 
the input lines and to keep them as short as possible. 
Although either series or parallel termination may be us
ed, series termination is generally recommended since 
it is simple and draws no additional power. It consists 
of a resistor in series with the input line placed close to 
the KM44C101 OC input pin. The optimum value depends 
on the board layout. It must be determined experimen
tally and is usually in the range of 20 to 40 ohms. 

Board Layout 
It is important to lay out the power and ground lines on 
memory boards in such a way that switching transient 
effects are minimized. the recommended methods are 
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KM44C1010C 

DEVICE OPERATION (Continued) 

gridded power and ground lines orseparate power and 
ground planes. The power and ground lines act like 
transmission lines to the high frequency transients 
generated by DRAMS. The impedance is minimized if all 
the power supply traces to all the DRAMS run both 
horizontally and vertically and are connected at each in
tersection or better yet if power and ground planes are 
used. 

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

Decoupling 
The importance of proper decoupling can not be over 
emphasized. Excessive transient noise or voltage droop 

PACKAGE DIMENSIONS 

CMOS DRAM 

on the Vee line can cause loss of data integrity (soft er
rors). It is recommended that the total combined voltage 
changes over time in the Vee to Vss voltage (measured 
at the device pins) should not exceed 500mV. 

A high frequency 0.1 µF ceramic decoupling capacitor 
should be connected between the Vee and ground pins 
of each KM44C101 OC using the shortest possible traces. 
These capacitors act as a low impedance shunt for the 
high frequency switching transients generated by the 

KM44C101 OC and they supply much of the current us
ed by the KM44C1010C dur'ing cycling. 

In addition, a large tantalum capacitor with a value of 4 7 µF 
to 1 OOµF should be used for bulk decoupling to recharge 
the 0.1 µF capacitors between cycles, thereby reducing 
power line droop. The bulk decoupling capacitor should 
be placed near the point where the power traces meet 
the power grid or power plane. Even better results may 
be achieved by distributing more than one tantalum 
capacitor around the memory array. 

20-LEAD PLASTIC DUAL IN-LINE PACKAGE Units: Inches (Millimeters) 

0.962 (24.43) 

0.972 (24.69) 

0 

0.135 (3.43) 

0 
~ ~ 
~ t:::_ 
O> C') 
r-- O> 
N N 
ci ci 

0.015 (0 38) 

MIN 

~~-0.1.~4-5-(3-.6-8)------------------------------------.,-----r-
1183 (4.65) 

MAX 

0.100 (2.54) 
TYP 

I~[ 
I Lo_:o26 (0.41) i I ~~35 (0.89) 

--i, o.024(Q.61)i ri.o55 (1.40) 
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0.115 (2.92) 

MIN 

I __0.050 (1.2?) 

r- MAX 
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KM44C101.0C 

PACKAGE DIMENSIONS (Continued) 

20·LEAD PLASTIC SMALL OUT-LINE J·LEAD 

0 

0.670 (17.02) 

0.680 (17.27) 

0 

k rnnn=r~i ____ 1;;;rn=ITT1. · . · 

Jdo.oo4(0.1)Mnnnn ~ 
0.050 (1.27) I 0.015 (0.38) I . 0.026 (0.66) I 

TYP I 0.021 (0.53) ----1 0.032 (0.81) 

---i 

20-LEAD PLASTIC ZIGZAG-IN-LINE PACKAGE 

0.016(0.41) 
0.024(0.61) 

1.025(26.04) 

1.035(26.29) 

;---INDEX 

0.050(1.27) 

TYP 
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0.050(1.27) 

MAX 

0 

I 

0.050 (1.27) 

MAX 

0.100(2.54) 

MIN 

CMOS DRAM 

Units: Inches (millimeters) 

~I 

0.027 (0.69) 
MIN 

0.128 (3.25) 
0.145 (3.68) 

0.113(2.87) 

0.120(3.05) 

0.009(0.23) 

0.013(0.33) 

0.100(2.54) 

TYP 
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KM44C1010C CMOS DRAM 

PACKAGE DIMENSIONS (Continued) 

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

Units: Inches (millimeters) 

0 

0.048 (1.22) 

0.052 (1.32) 

0 

0.005 (0.13) 

0.008 (0.20) 

~ 
O.D16 (0.40) I . I 
0.024 (0.60) 

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

0.232 (5.90) 

I 
0.240 (6.10) 

1 • '<!; 
;; 
LO CJ) 
<D <D 
LO LO 
ci ci 

0.039(1.0) 

1 al 0.003 (0.08) I 
0.004 (0.1) 

0.012 (0.3) 

6 Uiiiciiilli)~ 
1

1 I I 0.022 (0.55) r---- --l 0.018 (0.45) 
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0.016 (0.40) 

0.024 (0.60) 

I 
a> ~ 
iti cD 

::e ~ 
<D <D 
ci ci 

~ 
O.D16 (0.40) I I 
0.024 (0.60) 
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KM44C1002C CMOS DRAM 

1Mx4 Bit CMOS Dynamic RAM with Static Column Mode 

FEATURES 

• P~rformance range: 

tRAC tCAC tRC 

KM44C1002C-5 50ns 13ns 90ns 

KM44C1002C-6 60ns 15ns 110ns 

KM44C1002C-7 70ns 20ns 130ns 

KM44C1002C-8 80ns 20ns 150ns 

• Static Column Mode operation 
• CS-before-RAS refresh capability 
• RAS-only and Hidden Refresh capability 
• Fast parallel test mode Capability 
• TTL compatible inputs and outputs 
• Early Write or Output Enable Controlled Write 
•Single +5V±10% power supply 
• 1024 cycles/16ms refresh 
• JEDEC standard pinout 
• Available in plastic DIP, SOJ, ZIP and TSOP(ll) Packages 

FUNCTIONAL BLOCK DIAGRAM 

GENERAL DESCRIPTION 
The Samsung KM44C1002C is a CMOS high speed 1, 
048,576 x 4 Dynamic Random Access Memory. Its 
design is optimized for high performance applications 
such as mainframes and mini computers, graphics and 
high performance microprocessor systems. 

Static Column Mode Operation allows high sepeed 
random or sequential access within a row. The 
KM44C1002C offers high performance while relaxing 
many critical system timing requirements for fast 
usable speed. 

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

The KM44C1002C is fabricated using Samsung's 
advanced CMOS process. 

RAS 
CONTROL & cs CLOCK 

w 

REFRESH CONTROL & 
ADDRESS COUNTER 

COLUMN DECODER 

SENSE AMPS & 1/0 

Ao 

cc 
UJ 
0 
0 MEMORY ARRAY 
(.) 

1,048,576 x 4 UJ 
0 Cells 
3: -Vee 
0 -Vss cc 

As 
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KM44C1002C CMOS DRAM 

PIN CONFIGURATION (Top Views) 

• KM44C1002CP • KM44C1002CJ • KM44C1002CZ 

0 oo, 20 Vss 
002 19 004 

w 18 003 

~ 4 17 cs 
Ag 5 16 OE 

Ao 6 15 As 
Ao 

Ai 7 14 A1 A1 
A2 8 13 As A2 

A3 9 12 As A3 
Vee 

Vee 10 0 11 A4 A4 
As 

0 
As 

As 

• KM44C1002CT • KM44C1002CTR 
Pin Names Pin . Function 

001 0 Vss Vss 20 001 

002 004 004 19 
0 002 

w 003 003 18 w 

Ao-A9 Address Inputs 

RAS Row Address Strobe 

RAS cs Cs 17 RAS cs Chip Select Input 

Ag OE ct: 16 Ag w Read/Write Input 

OE Data Output Enable 
Ao 15 As As 15 Ao 

D01/DQ4 Data In/Data Out 
A1 A1 A1 14 A1 

A2 As As 13 A2 Vee Power ( +5V) 

A3 12 As As 12 0 A3 Vss Ground 

Vee 10 
0 

A4 A4 11 Vee 11 

tJiJ:Wlihi• 
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KM44C1002C CMOS DRAM 

ABSOLUTE MAXIMUM RATINGS* 
Parameter Symbol Rating Units 

Voltage o.n 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 abso
lute maximum rating conditions for extended periods may affect device reliability. 

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

Parameter Symbol Min Typ Max Unit 

Supply Voltage Vee 4.5 5.0 5.5 v 
Ground Vss 0 0 0 v 
Input High Voltage VIH 2.4 - Vee+ 1 v 
Input Low Voltage VIL -1.0 - 0.8 v 

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

Parameter Symbol Min Max Units 

KM44C1002C-5 - 85 mA 
Operating Current* KM44C1002C-6 

lcc1 
- 75 mA 

(RAS and CS Cycling @tRc=min.) KM44C1002C-7 - 65 mA 
KM44C1002C-8 - 55 mA 

Standby Current (RAS=CS=W=VIH ) lcc2 - 2 mA 

KM44C1002C-5 - 85 mA 

RAS-Only Refresh Current* 
KM44C1002C-6 - 75 mA 
KM44C1002C-7 ICC3 - 65 mA 

(CS=VIH, RAS, Address Cycling @tRC=min.) 
KM44C1002C-8 - 55 mA 

KM44C1002C-5 - 65 mA 
Standby Column Mode Current* KM44C1002C-6 

ICC4 - 55 mA 
(RAS=CS=VIL Address Cycling @tPC=min.) KM44C1002C-7 - 45 mA 

KM44C1002C-8 - 35 mA 

Standby Current (RAS=CS=iM=Vcc-0.2V) ICC5 - 1 mA 

KM44C1002C-5 - 85 mA 
CS-Before-RAS Refresh Current* KM44C1002C-6 

Ices - 75 mA 
(RAS and CS Cycling @tRC=min.) KM44C1002C-7 - 65 mA 

KM44C1002C-8 - 55 mA 

Input Leakage Current h(L) -10 10 µA 
(Any input O:::;V1N :::;Vcc+0.5V, all other pins not under test=O volts.) 

Output Leakage Current IO(L) -10 10 µA 
(Data out is disabled, OV:::;Vour:::;Vcc) 

Output High Voltage Level (IOH=-5mA) VOH 2.4 - v 
Output Low Voltage Level (IOL=4.2mA) VOL - 0.4 v 

*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. lcc1, ICC3, Ices Address can be changed maximum two times 
while RAS=VIL. In lcc4, Address can be changed maximum once during a static column mode cycle. 

tti!ntiihi" 
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KM44C1002C CMOS DRAM 

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

Parameter Symbol Min Max Unit 

Input Capacitance (Ao-As) CIN1 - 5 pF 

Input Capacitance (RAS, CS, W, OE) C1N2 - 7 pF 

Input Capacitance (001 -004) CouT - 7 pF 

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

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

Min Max Min Max Min Max Min Max 

Random read or write cycle time tRC 90 110 130 150 ns 

Read-modify-write cycle time tRwc 133 155 185 205 ns 

Static column mode cycle time tsc 30 35 40 45 ns 

Static column mode read-write cycle time tSRWC 80 85 100 110 ns 

Access time from RAS tRAC 50 60 70 80 ns 3,4,11 

Access time from CS tCAC 13 15 20 20 ns 3,4,5 

Access time from column address tAA 25 30 35 40 ns 3,11 

Access time from last write tALW 50 55 65 75 ns 3 

CS to output in Low-Z tcu 0 0 0 0 ns 7 

Output buffer turn-off delay tOFF 0 13 0 15 0 20 0 20 ns 

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 

Transition time (rise and fall) tr 3 50 3 50 3 3 ns 

RAS precharge time tRP 30 40 50 50 60 50 ns 2 

RAS pulse width tRAS 50 10,000 60 10,000 70 80 ns 

RAS pulse width(static column mode) tRASC 50 100,000 60 100,000 70 10,000 80 10,000 ns 

CS to RAS hold time tRSH 13 15 20 100,000 20 100,000 ns 

RAS to CS hold time tCSH 50 60 70 80 ns 

CS pulse width tcs 13 10,000 15 10,000 20 20 ns 

CS pulse width (static column mode) tcsc 13 100,000 15 100,000 20 10,000 20 10,000 ns 

RAS to CS delay time tRCD 20 37 20 45 20 100,000 20 100,000 ns 

RAS to column address delay time tRAD 15 25 15 30 15 50 15 60 ns 4 

es to 'RAS precharge time tCRP 5 5 5 35 5 40 ns 11 

CS precharge time (static column mode) tCP 10 10 10 10 ns 

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

Row address hold time tRAH 10 10 10 10 ns 

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

Column address hold tCAH 10 10 15 15 ns 

Write address hold time referenced to RAS tAWR 40 45 55 60 ns 6 

Column address hold time referenced to RAS tAR 60 70 80 90 ns 

41MfilihtP 
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KM44C1002C CMOS DRAM 

AC CHARACTERISTICS (Continued) 

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

Min Max Min Max Min Max Min Max 

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

Column·address hold time referenced to RAS rise tAH 5 5 5 5 ns 

Last Write to column address to delay time tLWAD 20 25 20 25 25 35 25 40 ns 12 

Last write to column address hold time tAHLW 50 60 70 80 ns 

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

Read command hold time referenced to CS tRCH 0 0 0 0 ns 9 

Read command hold time referenced to RAS tRRH 0 0 0 0 ns 9 

Write command hold time twCH 10 15 15 15 ns 

Write command hold time referenced to RAS twCR 40 50 55 60 ns 6 

Write command pulse width twp 10 15 15 15 ns 

Write command inactive time twl 10 10 10 10 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-in set-up time tos 0 0 0 0 ns 10 

Data-in hold time tDH 10 15 15 15 ns 10 

Data-in hold time referenced to RAS tDHR 40 50 55 60 ns 6 

Refresh period (1024 cycles) tREF 16 16 16 16 ms 

Write command set-up time twcs 0 0 0 0 ms 8 

CS to W delay time tcwo 36 40 50 50 ms 8 

RAS to W delay time tRWD 73 85 100 110 ns 8 

Column address to W delay time tAWD 48 55 65 70 ns 8 

CS setup 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 hold time tRPC 5 5 5 5 ns 

CS precharge time(CS-before-RAS counter test cycle) tCPT 20 20 25 30 ns 

OE access time tOEA 13 15 20 20 ns 

OE to data delay tOED 13 15 20 20 ns 

Output buffer trun off delay time from OE tOEZ 0 13 0 15 0 20 0 20 ns 

OE command hold time tOEH 13 15 15 15 ns 

•llil'+iliii" ELECTRONICS 
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KM44C1002C CMOS DRAM 

TEST MODE CYCLE (Note.13) 

-5 -6 -7 -8 
Parameter Symbol 

Min 

Random read or write cycle time tRC 95 

Read-modify-write cycle time tRWC 138 

Access time from RAS !RAC 

Access time from CS ICAC 

Access time from column address IAA 

RAS pulse width IRAS 55 

CS pulse width tcs 18 

RAS hold time tRSH 18 

CS hold time ICSH 55 

Column address to RAS lead time IRAL 30 

CS to W delay time ICWD 41 

RAS to W delay time tRWD 78 

Column address to W delay time tAWD 53 

Static column mode cycle time tsc 35 

Static column mode read-modefy-write tSRWC 85 

RAS pulse width (Static column mode) IRASC 55 

Access time from last write tALW 

CS pulse width (static column mode) tcsc 18 

5E access time tOEA 

5E to data delay !OED 18 

OE command hold time tOEH 18 

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 measur
ing 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(maxJ can be met. tRCD(max) is specified as a 
reference point only. If tRco is greater than the 
specified tRCD(maxJ limit, then access time is con
trolled exclusively by tcAc. 

5. Assumes that tRco;;otRCD(maxJ. 
6. tAwR. twcR, toHR are referenced to tRAD(maxJ 
7. This parameter defines the time at which the out

put achieves the open circuit condition and is not 
refernced to VoH or VoL. 

8. twcs. tRwo. tcwo and tAwo are non restrictive 
operating parameters. They are included in the data 
sheet as electrical characteristics only. If 
twcs;;?;twcs(min) the cycle is an early write cycle 

t1MfiiUI> 
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Max 

55 

18 

30 

10,000 

10,000 

100,000 

55 

100,000 

18 

Units Notes 
Min Max Min Max Min Max 

115 135 155 ns 

160 190 210 ns 

65 75 85 ns 3,4,11 

20 25 25 ns 3,4,5 

35 40 45 ns 3,11 

65 10,000 75 10,000 85 10,000 ns 

20 10,000 25 10,000 25 10,000 ns 

20 25 25 ns 

65 75 85 ns 

35 40 45 ns 

45 55 55 ns 8 

90 105 115 ns 8 

60 70 75 ns 8 

40 45 50 , ns 

90 105 115 ns 

65 100,000 75 100,000 85 100,000 ns 

60 70 80 ns 3,12 

20 100,000 25 100,000 25 100,000 ns 

25 25 30 

20 25 25 

20 25 25 

and the data out pin will remain -high impedance for 
the duration of the cycle. If tcwo;;?;tcwo(minJ and 
tRwo;;?;tRWD(min) and tAwo;;?;tAWD(minJ, then the cycle 
is a read-write cycle and the data out will contain 
the data read from the selected address. If neither 
of the above conditions are satisfied, the condition 
of the data out is indeterminate. 

9. Either tRcH or tRRH must be satisfied for a read 
cycle. 

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

11 . Operation within the tRAD(max) limit insures that 
tRAC(maxJ can be met. tRAD(max) is specified as a 
reference point only. It tRAD is greater than the 
specified tRAD(max) limit, then access time is con
trolled by tAA· 

12. Operation within the ILWAD(max) limit insures that 
tALW(maxJ can be met. ILWAD(max) is specified as a 
reference point only. ILWAD is greater than the 
specified ILwAD(maxJ limit, then access time is con
trolled by tAA· 

13. These specifications ~e applied in the test mode. 
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KM44C1002C 

TIMING DIAGRAMS 
READ CYCLE 

V1H-
RAS 

V1L-

V1H-
cs V1L-

V1H-
A V1L-

V1H-
w· 

V1L-

V1H-
OE 

V1L-

DC1-DC4 
VoL-

ttMfiihitP 
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m DON'T CARE 
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KM44C1002C CMOS DRAM 

TIMING DIAGRAMS (Continued) 

WRITE CYCLE (EARLY WRITE) 

RAS 

cs 

A 

w 

OE 

--------------IRc------------1 

1--------IRAS---------

V1H- ------i >-----IAWR---~-i 
V1L-

V1H- 70'i~:full:~ ii'"__....___,. 

V1L - .Q(..wM~~·~;.:;.;.~;;,;i 

V1H- ~~7'0't'.~:7\.ll~~7n ~-__,1-+

V1L- ~U~i.6J!...0..~,fJ....L~--~------~~k..L.L.l...LU..AJU..A.ClJ:t..l.WL~~liOo~a&o 

V1H- ~~~~~~~7'\?~~'f'V'~~~~'7'0~~~~"'7\':~'7'\}~7"0'l;~l/fl1'i]\J~~"0'\:~7\!\'1\;' 

V1L - ~.A/J..A.l~A..6..l..iµ...Ul..a.~l:i..l.~~C:!AAJ.~~A..6..LU..x.;U..t;.J.~6.J:J..AJ...o.£,~~~~~OCI~ 

WRITE CYCLE (OE CONTROLLED WRITE) 

RAS 

-+------IRSH -----1 le RP 

V1H- -----:i~-..,.,.---~J------tcs-----+--L.r-----..._-___ _ 
cs 

V1L- ---J 
V1H- ...,.,....,.....~ ~~~~.IT'Jl'W"'T~""'"· .r--::~~~"'1. .M7'l,....r-rT'T...,,"'"'.,,.,n.. 

A 
V1L- i::Jt:JC::if:.'1::£.~Y\J,;.;.;;;.;;.;.;.;;.;;;.;~·""""1..1...1..,1...., ~_!S~~~~CJ:.~~::t,l~Olli~ -------

w 

V1H- ....... ~,....,....~...,.. ......... ""l"'lll""l"'!,.._ ___ 4j---,i-,.....,,....,.'T"l..,,,,.,,.,,,,.. ...... ,,.,,~""".,,.,r'T"rT"""~~ 
OE 

V1L - ~QOj~~CJJCJ.:.~~~':J./ 

V1H-----... 

V1L- \---~~ ~1\\,\'\'\()~0,,_~~;!.!:i..._..;~~~/Y.:.IJ::i.~~~~OCIOCIOO"~~tia 
~ DON'TCARE 
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l(M44C1002C CMOS DRAM 

TIMING DIAGRAMS (Continued) 

READ·WRITE/READ·MODIFY-WRITE CYCLE 
f--------------tRwc-------------~-1 

r-----------IRAS------------1 

RAS 

...__----+----------tcsH-------------+----< 

----------IRSH-----------i 

V1H- "'"""'""'11,__++---+-- >-----------tcs--------~__, 
cs V1L-

A 
V1H,.... °'""""'""--:,_~="""
V1L -

COLUMN ADDRESS 

-1-----tRwo------------< 

V1H- "'""~"l!"'ll'"ll"'l'~~"ft""ll~-+---+-----------~1 
w 

V1L - ~a.JWC!:lOO~'I 

V1H- V'tr17":7'\/'<~\1'iJ~"Q'V~~~"fV'r:/V~"'V\\ 
OE. 

V1L- ~~OJ)..i::JL.'>l:J/.~~~~~0£.'i:;J.~~£$;-+....__J 

V110H -i 
D01-D04 V110L - '-----------+---<P(fi.11 ----""I 

STATIC COLUMN MODE READ CYCLE 

RAS 

A 

cs 

V1H- ;l\,ll;~~~l'\A7\?o,~r;:,t'Vf'-t"--"t""---t"t""---ttP\'.X:".O"""""""t'"-----nr--~"f\l'..'1\},';J\}~ 
w 

V1L - QQ~~M.\j~'Ml~~ 

V1H- ~~~'J\i.~lljlJ~7'0i:A'j~A71:i'1:'7m 
OE 

V1L- ~~~~..ti..l!A.t..A,i..,.,i.,A.i~~.AJ~~:.._.....,+..+--....,j~~~~~~~-...L~~~~Q.Q,J::J.:.QC.;Lle,;~ 
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KM44C1002C CMOS DRAM 

TIMING DIAGRAMS (Continued) 

STATIC COLUMN MODE WRITE CYCLE CW controlled early write) 

V1H
A 

V1L - ~'la·~~~=~~~OJY~ ............. -'!-llOIOWW' ~--..-.'I"' ... ' -..-----r<:iOOOOOCliOOOO'' 

w 

V1H- ~~~~~jC:?t'7\,~~7'0':~*71~1/\7~~"°'00'00~~71:'?:?0l~\N~7\?i~l/\70\?~~~j!Vl7\J 

V1L- 'lt;J.~~°'AA/JJ:J.~~~~QCi~J:J.IAJ.~~::t,Xr::J.Y.::J..~~~l:Jt.l.ollJl.l:i,j~.6.J~l/:ii.IAJ.~~~~~ 

V1H- ~~A7'iA7fi'7\Jlj!j1\7':'.~~-T-7,7;'i;!;'~ 

V1L - ,;:ciQiC;,~t::J:i4/.~~6,.A.t::J y;._.;......,.....,~,Uil.l;Uf' "'---

STATIC COLUMN MODE WRITE CYCLE (CS controlled early write) 

RA5 
V1H-

V1L-

V1H-
A 

V1L-

cs V1H-

V1L-

w V1H-

V1L-

V1H-
OE 

V1L-

V1H-
D01-D04 

V1L-

mDON'TCARE 

d"'iti1iiiiP 
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KM44C1002C CMOS DRAM 

TIMING DIAGRAMS (Continued) 

STATIC COLUMN MODE READ-MODIFY-WRITE CYCLE 

RAS V1H-

V1L-

A 
V1H-

COLUMN ADDRESS COLUMN ADDRESS 
V1L-

ci:; V1H- >----+-tLWAD 
V1L-

w V1H-

V1L-

OE 
V1H-

V1L-

STATIC COLUMN MODE MIXED CYCLE 
V1H-

RAS 
V1L-

V1H-
cs V1L-

V1H-
A V1L-

V1H-

w V1L-

m DON'T CARE 

tlm':fi'hi» 
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KM44C1002C 

TIMING DIAGRAMS (Continued) 

RAS-ONLY REFRESH CYCLE 

CMOS DRAM 

NOTE: W, OE= Don't Care 
r----------tRc--------~ 

RAS 

cs 

A 

cs 

001-004 

V1H- ------.1 
V1L-

V1L-

tASR 

V1H-

V1L-

Vu-1-

V1L-

V110H-

V110L-

•11JnfiliiiiP 
ELECTRONICS 

t--------tRAS------1 

~DON'T CARE 
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KM44C1002C 

TIMING DIAGRAMS (Continued) 

HIDDEN REFRESH CYCLE (READ) 

CMOS DRAM 

t-------tRc-------4------ !Rc--------l 

--!RAs-----4 >-----IRAs---~ 

V1L-

ICHR --. ·ICAP 

A 

HIDDEN REFRESH CYCLE (WRITE) 

A 

w 

~DON'TCARE 

t!Mfllih» 
ELECTRONICS 

196 



KM44C1002C CMOS DRAM 

TIMING DIAGRAMS (Continued) 

CS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 

~---------IRAS-----------

RAS 
V1H-

V1L-

cs V1H-

V1L-

READ CYCLE 

A 
V1L-

V1H-
w 

V1L-

6E 
V1H-

V1L-

VoL-

WRITE CYCLE 

A 

w 

OE 

V1H- ~°'"""""''"''7'm~t'7'Ml~m7~""1""""'1l.JI~~~~:--..., r,~~"'7"1:~~~~~~~'lrX'"Jf:7\'~~ 

V1L - ~~~o.flC:i}.~~')(:,L,'::i:::J.~'::,fjJ,~:f);.._~~~:;_~ \~(::,AC:i}.~~~C:,,A~c:Jj.~~~ol::iC,~ 

V1H- "7Trm,.,,..T'T~"""""'7f71t'7'Mlm7'""""'7"" 

V1L- ~~C£.'l::J.~~6/j~.l::it,i;,C.>,6i.li;:i.')f:i*"_,l+,.--~~~~C:Cll~~A'.~~~~~OO~Ci. 

v·,H- ""'l""ll'l~t'7"0'~"""""'~C7"'a""""~"""'"""~~~~~~~m"t''7m:'ml!:~~7'i'ri'n~~m~i!'\1\1\Jt:?I 

V1L- ~bt,i::,/,.~~6f::i~lJJ.~~~~~~~~~Of::i.~~~CJ/:J~~~CJ/.':£::1.~QCa~~~~~ 

V1H-

A V1L - hf_l:J..~~~l::,t.>l:JL."£::1.~~~~f"-"----------...,..._,, 'w~~~~(;:;J..~~~~ 

V1H- _""'",....,"""''li""l7Tnl,.,,..,,.,,.,ll"'T,,,,."""""11""1""",,_-!+-------"'"" 
w 

V1L - ~~D,t_-.t:i.~~~t::JD..t:Jl.~~~(X/ 

v1H- ...,"""""'..,..""""""'"1"'17"'7'1l"""~~'""m""""'"m 
OE 

V1L - l:/..IJ::i.~~C:C.'i:i..~~~CJ/:J.t:Jl.~~~c:Jj.(1tJ~-4-.J 

~DON'T CARE 

e111Mliiii• 
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KM44C1002C 

TIMING DIAGRAMS (Continued) 

TEST MODE IN CYCLE 
NOTE: D, Adcress=Don't Care 

CMOS DRAM 

i-----------t~c----------

-------tRAS------

tcHR 

w V1H-'1'\f'~~~~~ 

V1L - ~~~~~~l:--------=~'ii.:;J.'::iJ.::J/.~~~~~~~~~~~'i::J.:.'t.::iL':i.::1,,;,.~ 

VoH-a i.....---------~OPEN--------------
VoL-----"I 

TEST MODE DESCRIPTION 

The KM44C1002C is· the RAM organized 1,048,576 
words by 4 bit, it is internally organized 524,288 words 
by 8 bits. In ''Test Mode", data are written into 8 sec
tors in parallel and retrieved the same way. Column ad
dress bit Ao is not used. If, upon reading, two bits on 
one 1/0 pin are equal (all "1 "s or "O"s), the 1/0 pin in
dicates a "1 ". If they were not equal, the 1/0 pin would 

•tMHlih• . ELECTRONICS 

~-DON'T CARE 

indicate a "O". In "Test Mode", the 1 MX4 DRAM can 
be tested as if it were a 512KX4 DRAM. W, CS Before 
RAS Cycle (Test Mode in Cycle) puts the device into 
"Test Mode". And "CS-Before-RAS Refresh Cycle" or 
"RAS only Refresh Cycle" puts it back into "Normal 
Mode". The "Test Mode" function reduces test time ( 1 /2 
in cases of N test pattern). 
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KM44C1002C 

DEVICE OPERATION 

Device Operation 
The KM44C1002C contains 4, 194,304 memory loca
tions. organized as 1,048,576 four-bit words. Twenty
tWo address bits are required to address a particular 4-
bit word in the memory array. Since the KM44C1002C 
has only 10 address input pins, time multiplexed 
addressing is used to input 10 row and 10 column 
addresses. The multiplexing is controlled by the timing · 
relationship between the row address strobe (RAS), the 
column address strobe CS and the valid row and col
umn address inputs. 

Operation of the KM-;i491002C begins by strobing in a 
valid row address with RAS while CS remains high. 
Then the address on the 10 a9dress input pins is 
changed from a row address to a column address and 
is strobed in by CS. This is the beginning of any 
KM44C1002C "Vele in which a memory location is 
accessed. The specific type of cycle is determined by· 
the state of the write enable pin and various timing 
relationships. The cycle is terminated when both RAS 
and CS have returned to the high state. Another cycle 
can be initiated after RAS remains high long enough to 
satisfy the RAS precharge time (tRP) requirement. 

RAS and CS Timing 
The minimum RAS and CS pulse widths are specified 
by tRAs(min) and tcs(min) respectively. These minimum 
pulse widths must be satisfied for proper device opera
tion and data integrity. Once a cycle is initated by 
bringing RAS low, it must not be aborted prior to satis
fying the minimum RAS and CS pulse widths. In addi
tion, a new cycle must not begin until the minimum 
RAS precharge time, tRP, has been satisfied. Once a 
cycle begins, internal clocks and other circuits within 
the KM44C1002C bigin a complex sequence of events. 
If.the sequence is broken by violating minimum timing 
requirements, loss of data integrity can occur. 

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

If CS goes low before tRCD(max) and if the column 
address is valid before tRAD(max) then the access time 
to valid data is specified by tRAc(min). However, if CS 
goes low after tRCD(max) or if the column address 
becomes valid after tRAD(max), access is specified by 
tcAc or tAA. In order to achieve the minimum access 
time, tRAc(min), it is necessary to meet both tRCD(max) 
and tRAD(max). 

tt:!:i:fiihiiP 
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CMOS DRAM 

The KM44C1002C has common data 1/0 pins. For this 
reason and output enable control input (OE) has been 
provided so the output buffer can be precisely con
trolled. For data to appear at the outputs. OE must be 
low for the period of time defined by toEA and toEZ. 

Write 
The KM44C1002C can perform early write, late write 
and read-modify-write cycles. The differece between 
these cycles is in the state of data-out and is deter
mined by the timing relationship between W, OE and 
CS. In any type of write cycle, Data-in must be valid at 
or before the falling edge of W or CS, whichever is 
later. 

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

Read-Modify-Write: In this cycle, valid data from the 
daaressed cell appears at the output before and during 
the time that data is being written into the same cell 
location. This cycle is achieved by bringing W low after 
CS and meeting the data sheet read-modify-write 
cycle timing requirements. The output enable input 
(OE) must be low during the time defined by toEA and 
toEZ for data to apear at the outputs If tcwo and tRWD 

· are not to the OE timing requirements prevents bus 
contention on the KM44C1002C's DQ pins. 

Data Output 
The KM44C1002C has a three-state output buffer 
which is controlled by CSand OE. Whenever CS or OE 
is high(V1H) the output are in the high impedance(Hi-Z) 
state. In any cycle in which valid data appears at the 
output, the output goes into the low impedance state 
in a time specified by tcLZ after the falling edge of CS. 
Invalid data may be present at the output during the 
time after tcLZ and before the valid data appears at the 
output. The timing paraneters tcAc, tRAC and tAA speci
fy when the valid data will be present at the output. 
This is true even if a new RAS cycle occurs (as in hid
den refresh). Each of the KM44C1002C operating 
cycles is listed below after the corresponding output 
state produced by the cycle. 

Valid Output Data: Read, Read-Modify-Write, Hidden 
Refresh, Static Column Mode Read, Static Column 
Mode Read-Modify-Write. 
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KM44C1002C 

DEVICE OPERATION (Continued) 

Hi-Z Output State: Early Write, RAS-only Refresh, 
Static Column Mode Write, CS-before-RAS Refresh, 
CS-only cycle. 

Indeterminate Output State: Delayed Write (tewo or 
tRWD} 

Refresh 
The data in the KM44C1002C is stored on a tiny 
capacitor within each memory cell. Due to leakage the 
data may leak off after a period of time. To maintain 
data. integrity it is necessary to refresh each of the 
rows every 16ms. Either a burst refresh or distributed 
refresh may be used. There are several ways to 
accomplish this. 

RAS-Only-Refresh: This is the most common method 
for performing refresh. It is performed by strobing in a 
row address with RAS while CS remains high. This 
cycle must be repeated for each for each of the 1024 
rw address. (Ao-A9). 

CS-before-RAS Refresh: The KM44C1002C has CS
Before-RAS on-chip refresh capability that eliminates 
the need for external refresh addresses. If CS is held 
low for the specified set up time (tesR) before RAS 
goes low, the on-chip refresh circuitry is enabled. An 
internal refresh operation automatically occurs. The 
refresh address is supplied by the on-chip refresh 
address counter which is then internally incremented in 
preparation for the next CS-before-RAS refresh cycle. 

Hidden Refresh; A hidden refresh cycle may be per
formed while maintaining the latest valid data at the 
output by extending the CS active time and cycling 
RAS. The KM44C1002C hidden refresh cycle is actu
ally CS-before-RAS refresh cycle within an extended 
read cycle. The refresh row address is provided by the 
on-chip refresh address counter. 

Other Refresh Methods: It is also possible to refresh 
the KM44C1002C by using read, write or read-modify
write cycles. Whenever a row is accessed, all the cells 
in that row are automatically refreshed. There are cer
tain applications in which it might be advantateous to 
perform refresh in this mammer but in gheneral RAS
on ly or CS-before-RAS refresh is the preferred 
method. 

411foti'iii'' 
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Power-up 
If RAS= Vss during power-up, the KM44C1002C might 
begin an active cycle. This coundition results in higher 
than necessary current demands from the power sup
plu during power-up. It is recommended that RAS and 
CS rrack with Vee during power-up or be held at a 
yalid V1H in order to minimize the power-up current. 

An initial pause of 200µ sec is required after power-up . 
followed by 8 initialization cycles. before proper device 
operation is assured. Eight initialization cycles are also 
required after any 8 msec period in which there are no 
RAS cycles. An initialization cycle is any cycle in which 
RAS is cycled. 

Termination 
The lines from the TTL driver circuits to the 
KM44C1002C inputs act like unterminated transmis
sion lines resulting in significant overshoot and under
shoot at the inputs. To minimize overshoot it is advis
able to terminate the input lines. and to keep them as 
short sa possible. Although either series or parallel ter
mination may be used, series termination is generally 
recommended since it is simple and draws no addi
tional power. It consists of a resistor in series with the 
input line placed close to the KM44C1002C input pin. 
The optimum value depends ori the board layout. It 
must be determined experimentally and is usually in 
the range of 20 to 40 ohms. 

A high frequency 0.1 µ F ceramic decoupling capacitor 
should be connected between the Vee and ground 
pins of each KM44C1002C using the shortest possible 
traces. These capacitors act as a low impedance shunt 
for the high frequency switching transients generated 
by the KM44C1002C and they supply much of the cur
rent used by the KM44C1002C during cycling. 
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KM44C1002C 

DEVICE OPERATION (Continued) 

Board Layout 
It is important to lay out the power and ground lines on 
memory boards ~n such a way that switching transient 
effects are minimized. The recommended methods·are 
gridded power and ground lines or separate power and 
ground planes. The power and ground lines act like 
transmission lines to the high frequency transients 
genera1ed by DRAMS. The impedance is minimized if 
all the power supply traces to all the DRAMS run both 
horizontally and vertically and are connected at each in
tersection or better yet if power and ground planes are 
used. 

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

Decoupling 
The importance of proper decoupling can not be over 

PACKAGE DIMENSIONS 

CMOS DRAM 

emphasized. Excessive transient noise or voltage droop 
on the Vee line can cause loss of data integrity (soft er: 
rors). It is recommended that the total combined vol
tage changes over time in the Vee to Vss voltage 
(measured at the device pins) should not exceed 500mV. 

A high frequency 0.1µF ceramic decoupling capacitor 
should be connected between the Vee and ground pins 
of eachKM44C1002Busing the shortest possible traces. 
These capacitors act as a low impedance shunt for the 
high frequency switching transients generated by the 

KM44C1002Band they supply much of the current used 
by theKM44C1002Bduring cycling. 

In addition, a large tantalum capacitor with a value of 
47µF to 100µF should be used for bulk decoupling to 
recharge the 0.1µF capacitors between cycles, thereby 
reducing power line droop. The bulk decoupling capa
citor should be placed near the point where the power 
traces meet the power grid or power plane. Even better 

· results may be achieved by distributing more than one 
tantalum capacitor around the memory array. 

20-LEAD PLASTIC DUAL IN-LINE PACKAGE Units: Inches (millimeters). 

0.962 (24.43) 

0.972 (24.69) 

co ~ ~ 
!:::. t::. 
~ 

<') 

gi 
ci 0 0 

0.015 (0.38) 

0.135 (3.43) MIN 
~1~45 ..... (3-.68_) ____________________________________ -+-

1183(4.65) 

0.100 (2.54) 

TYP 

•tMHlih• 
ELECTRONICS 

MAX 

0.050 (1.27) 

MAX 

0.009 (0.23) 

0.013 (0.33) 

201 



KM44C1002C 

PACKAGE DIMENSIONS (Continued) 

20-LEAD PLASTIC SMALL OUT-LINE J·LEAD 

0 

0.670 (17.02) 

0.680 (17.27) 

0 

Id 0004 (01) RB MAJ~l -----1AAPJI:A 
0.050 (1.27) . I 0.015 (0.38) I 0.026 (0.66) I 

TYP I 0.021 (0.53) I 0.032 (0.81) 

-------i 

20-LEAD PLASTIC ZIGZAG-IN-LINE PACKAGE 

0.016(0.41) 
0.024(0.61) 

1.025(26.04) 

1.035(26.29) 

~INDEX 

0.050(1.27) 

TYP 

•tMfl@> . 
ELECTRONICS 

0.050(1.27) 

MAX 

0 

ii ;: 
C\I IO 
cxi cxi 
LO LO 
C\I (") 
(") (") 

c:i c:i 

0.050 (1.27) 

MAX 

0.100(2.54) 

MIN 

OMOSDRAM 

Units: Inches (millimeters) 

~ .1 

0.027 (0.69) 
MIN 

0.128 (3.25) 

0.145 (3.68) 

0.113(2.87) 

0.120(3.05) 

0.009(0.23) 

0.013(0.33) 

0.100(2.54) 

TYP 
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KM44C1002C CMOS DRAM 

PACKAGE ·01MENSIONS (Continued) 

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

Units: Inches (millimeters) 

0.671 (17.04) 

0.679 (17.24) 

~S 
C? <'! 

O> r-. 
C') v 
0 0 
ci ci 

lol 0.003 (0.00) I b ci RJOLPJ1----LiiJUiilil 
I 0.048 (1.22) I 0.012 (O~ 

---j 0.052 (1.32) -----j 0.020 (0.50) 

•1MHIUI• 
ELECTRONICS 

0.03(0.80) LTYP 
JJ 

n~ 
NN 

"" ..... C') 

"" ee ~ D.. 
v >- O> r-. 
Pl I-

It) CD 
C') C') 

0 ci ci 

..... ~ 

0.005 (0.13) - 0.008 (0.20) 

~ 
O.Q16 (0.40) I I 
0.024 (0.60) . 
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KM44C1003C/CL/CSL CMOS DRAM 

1Mx4Bit CMOS Quad GAS RAM with Fast Page Mode:, 

FEATURES 

• Performance range: 

tRAC 

KM44C1003C/CUCSL-5 sons 

KM44C1003C/CUCSL-6 60ns 

KM44C1003C/CUCSL-7 70ns 

KM44C1003C/CUCSL-8 sons 

• Fast Page Mode operation 

tCAC 

13ns 

15ns 

20ns 

20ns 

tRC 

90ns 

110ns 

130ns 

150ns 

GENERAL DESCRIPTION 

The Samsung KM44C1003C/CUCSL is a CMOS high 
speed 1,048,576 x 4 Dynamic Random Access 
Memory. Its design is optimized for high performance 
applications such as minicomputers, graphics and high 
performance portable computers. 

• Four separate CAS pins provide for separate 1/0 

The KM44C1003C/CUCSL features Fast Page Mode 
operation which allows high speed random access of 
memory cells within the same row. GAS-before-RAS 
refresh capability provides in-chip auto refresh as an 
alterntive to RAS-only refresh. Ail inputs and outputs are 
fully TTL compatible and four separate CAS pins 
provide for separate 1/0 operation allowing this device 
to operate in partity mode. 

operation 
• CAS-before-RAS refresh capability 
• RAS-only and hidden refresh capability 
• Fast parallel test mode capability 
• TTL compatible inputs and outputs 
• Early wite or output enable controlled write 
• Single + 5.0V ± 10% power supply 

The KM44C1003C/CL/CSL is fabricated using 
Samsung's advanced CMOS process. 

• Refresh Cycle 
- 1024 cycle/16ms (NormaO 
- 1024 cycle/128ms (L-version) 
- 1024 cycle/256ms (SL-version) 

• Power Dissipation 
- Standby: 5.5mW (Normal) 

1.1 mW (L-version) 
0.55mW (SL-version) 

- Active (50/60n0/80): 468/413/358/303mW 
• JEDEC standard pinout 
• Available in plastic SOJ and TSOP -11 packages 

FUNCTIONAL BLOCK DIAGRAM 

RAS 
CAS1-CAS4 

w 

Ao 

Ag 

•!:I:'+ Ji hi*' ELECTRONICS 

Control & Clocks 

Refresh0·control & 
Address Counter 

Column Decoder 

Sense Amps & 110 

Memory Array 

1,048,576 

x4 Cells 

-Vee 
-Vss 
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KM44C1003C/CL/CSL CMOS DRAM 

PIN CONFIGURATION (Top Views) 

• KM44C1003CJ/CLJ/CSLJ • KM44C1003CT/CLT/CSLT • KM44C1003CTR/CLTR/CSLTR 

001 10 24 Vss 001 10 24 Vss Vss 24 001 

002 23 004 002 23 004 004 23 0 2 002 

w 22 003 w 22 003 003 22 3 w 
RAS 21 CAS4 RAS 4 21 CAS4 CAS4 21 4 RAS 

CAS1 20 OE CAS1 5 20 OE OE 20 5 CAS1 

CAS2 19 CAS3 CAS2 6 19 CAS3 CAS3 19 CAS2 

Ag 18 N.C Ag 7 18 N.C N.C 18 7 Ag 

17 As Ao 8 17 As As 17 8 Ao 

A1 9 16 A1 A1 9 16 A1 A1 16 A1 

A2 10 15 Ae A2 10 15 Ae As 15 10 A2 

0 14 As A3 11 0 14 As As 14 0 11 A3 

Vee 12 13 A4 Vee 12 13 A4 A4 13 12 Vee 

Pin Name Pin Function 

Ao-Ag Address Inputs 

DQ1-DQ4 Data In/Out 

Vss Ground 

RAS Row Address Strobe 

CAS1-CAS4 Column Address Strobe 

w Read/Write Input 

OE Data Output Enable 

Vee Power(+S.OV) 

N.C. No connection 

4j:!:jfjiiil> 
ELECTRONICS 
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KM44C1003C/CL/CSL 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 (Voltage referenced toys~. TA=O to 10°c> 

Parameter Symbol Min Typ Max· Unit 

Supply Voltage Vee 4.5 5.0 5.5 v 
Ground Vss 0 0 0 v 
Input High Voltage V1H 2.4- - Vee+ 1 · v 
Input Low Voltage VIL -1.0 - 0.8 v 

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

Parameter Symbol Min Max Units 

KM44C1003C/CUCSL-5 - 85 mA 
Operating Current* KM44C1003C/CUCSL-6 

lcc1 
- 75 mA 

(RAS, CAS, Address Cycling @tRC=min.) KM44C1003C/CUCSL-7 - 65. mA 
KM44C1003C/CUCSL-8 - 55 mA 

Standby Current 
KM44C1003C - 2 mA 

(RAS=CAS=W=VIH) 
KM44C1003CL 

lcc2 '· 
- 1 mA 

KM44C1003CSL - 1 mA 

KM44C1003C/CUCSL-5 - 85 mA 
RAS-Only Refresh Current* KM44C1003C/CL./CSL-6 

Ices 
- 75 mA 

(CAS=VIH, RAS, Address Cycling @tRC=min.) KM44C1003C/CUCSL-7 - 65 mA 
KM44C1003C/CUCSL-8 - 55 mA 

KM44C1003C/CUCSL-5 - 65 mA 
Fast Page Mode Current* KM44C1003C/CUCSL-6 

ICC4 - 55 mA 
(RAS=VIL, CAS, Address Cycling @tPC=min.) KM44C1003C/CUCSL-7 - 45 mA 

KM44C1003C/CUCSL-8 - 35 inA 

Standby Current KM44C1003C - 1 mA 

(RAS=CAS=W=Vcc-0.2V) KM44C1003CL Ices - 200 µA 
KM44C1003CSL - 100 µA 

KM44C1003C/CUCSL-5 - 85 mA 
CAS-Before-RAS Refresh Current* KM44C1003C/CUCSL-6 - 75 mA 
(RAS and CAS Cycling @tRC=min.) KM44C1003C/CUCSL-7 Ices - '65 mA 

KM44C1003C/CUCSL-8 - 55 mA 

t1MfiliiiiP 
ELECTRONICS 
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KM44C1003C/CL/CSL CMOS DRAM 

DC AND OPERATING CHARACTERISTICS (Continued) . 

Parameter Symbol Min Max Units 

Battery Back Up Current Average Power Supply Current, 
Battery Back Up Mode, Input High Voltage(V1H)=Vcc-o.2v 

KM44C1003CL 300 µA 
Input Low Voltage(V1L)=0.2V CAS=CAS-Before-RAS 

KM44C1003CSL 
ICC? - 150 µA 

Cycling or 0.2V DQ1-004=Don't Care TRC=125µS(L-Ver.) 
250µS(SL-Ver), TRAS= TRASmin-300ns 

Input Leakage Current 
li(L) -10 10 µA 

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

Output Leakage Current 
IO(L) -10 10 µA 

(Data out is disabled, OV::;;VOlJr::;;Vcc) 

Output High Voltage Level (loK=-5mA) VOH 2.4 - v 

Output Low Voltage Level (IOL=4.2mA) VOL - 0.4 v 

*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 and lcc3, Address can be changed maximum 
two times while RAS=~IL. In ICC4, Address can be changed maximum once during a fast page mode cycle. 

CAPACITANCE (TA=25°C, Vcc=5.0V, f=1 MHz) 

Parameter Symbol Min 

Input Capacitance (Ao-As) CIN1 -
Input Capacitance (RAS, CAS1-CAS4, W, OE) CIN2 -
Output Capacitance (DQ1-0Q4) Coo -

AC CHARACTERISTICS (0°CsTas70°C, Vcc=5.0V±0.5V, See notes 1,2) 

Te~t condition : Vih1Vi1=2.4/0.8V, Voh/Vo1=2.4/0.4V, output loading CL=1 OOpF 

-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 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 output in Low-Z tciz 0 0 0 

Output buffer turn-off delay tOFF 0 13 0 15 0 20 

Transition time(rise and falQ tr 3 50 3 50 3 50 

RAS precharge time tRP 30 40 50 

RAS pulse width tRAS 50 10,000 60 10,000 70 10,000 

RAS hold time tRSH 13 15 20 

CAS hold time tCSH 50 60 70 

CAS pulse width tCAS 13 10,000 15 10,000 20 10,000 

RAS to CAS delay time tRCD 20 37 20 45 20 50 

dJnfiiJh» 
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Max Unit 

5 pF 

7 pF 

7 pF 

-8 
Units Notes 

Min Max 

150 ns 

205 ns 

80 ns 3,4,11 

20 ns 3,4,5,19 

40 ns 3,11 

0 ns 3,19 

0 20 ns 7,19 

3 50 ns 2 

60 ris 

80 10,000 ns 

20 ns 17 

80 ns 18 

20 10.000 ns 24 

20 60 ns 4,17 
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KM44C1003C/CL/CSL CMOS DRAM 

AC CHARACTERISTICS (Continued) 
Test condition. : V1tNH=2.4/0.8V, VotN01=2.4/0.4V, output loading CL=1 OOpF 

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

Min Max Min Max Min Max Min Max 

RAS to column address delay time tRAD 15 25 15 30 15 35 15 40 ns 11 

CAS to RAS precharge time tCRP 5 5 5 5 ns 18 

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 17 

Column address hold time tCAH 10 10 15 15 ns 17 

Column address hold time referenced to RAS tAR 40 45 55 60 ns 6 

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

Read command set-up time tRCS 0 0 0 0 ns 17 

Read command hold time referenced to CAS tRCH 0 0 0 0 ns 9,18 

Read command hold time referenced to RAS tRRH 0 0 0 0 ns 9 

Write command hold time twcH 10 10 15 15 ns 25 

Write command hold time referenced to RAS twcR 40 45 55 60 ns 6 

Write command pulse width twP 10 10 15 15 ns 

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

Write command to CAS lead time tCWL 13 15 20 20 ns 18 

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

Data-in hold time tOH 10 15 15 15 ns 10 

Data-in hold time referenced to RAS tOHR 40 45 55 60 ns 6 

Refresh period (Normal) tREF 16 16 16 16 ms 

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

Refresh period (SL -ve~ tREF 256 256 256 256 ms 

Write command set-up time twcs 0 o· 0 0 ns 8,17 

CAS to W delay time tcwo 36 40 50 50 ns 8,17 

RAS to W delay time tRWO 73 85 100 110 ns 8 

Column address to W delay time tAwo 48 55 65 70 ns 8 

CAS set-up time (CAS·before-RAS refresh) tCSR 10 10 10 10 ns 17 

CA'S hold time(CAS-before-RAS refresh) tCHR 10 10 15 15 ns 18 

RAS to CAS·precharge time tRPC 5 5 5 5 ns 

GAS precharge time (C-8-R counter test cycle) tCPT 20 20 25 30 ns 

hxess time from 00 precharge tCPA 30 35 40 45 ns 3,19 

Fast page mode cycle time tPC 35 45 45 50 ns 20 

Fast page mode read-modify-write cycle time t~ 76 85 100 105 ns 20 

00 precharge time tCP 10 10 10 10 ns 21 

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

~hold time from CAS precharge tRHCP 30 35 40 45 ns 

OE access time tOEA 13 15 20 20 ns 22 

ttMHihi• 
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KM44C1003C/CL/CSL CMOS DRAM 

AC CHARACTERISTICS (Continued) 

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

Min Max Min Max Min Max Min Max 

OE to data delay tOEO 13 15 20 20 ns 23 

Output buffer tum 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 ~est mode in) twrs 10 10 10 10 ns 

Write command hold time ~est mode in) twPH 10 10 10 10 ns 

W to RAS precharge time(C-8-R rcycle) twRP 10 10 10 10 ns 

W to RAS hold time(C-8-R rcycle) twRH 10 10 10 10 ns 

Hold time CAS low to CAS high tCLCH 5 5 5 5 ns 15,26 

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 RAS tRAC 60 65 75 85 ns 3,4,11,13 

Access time from CAS tCAC 18 20 25 25 ns 3,4,5,13 

Access time from column address tAA 30 35 40 45 ns 3,11,13 

RAS pulse width tRAS 55 10,000 65 10,000 75 10,000 85 10,000 ns 

CAS pulse width tCAS 18 10,000 20 10,000 25 10,000 25 10,000 ns 

RAS hold time tRSH 18 20 25 25 ns 

CAS hold time tCSH . 55 65 75 85 ns 

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

CAS to W delay time tcwo 41 45 55 55 ns 8 

RAS to W delay time tRWD 78 90 105 115 ns 8 

Column address to W delay time tAwo 53 60 70 75 ns 8 

Fast Page mode cycle time tPC 40 45 50 55 ns 

Fast Page mode read-modify-write cycle time tPRWC 81 90 100 105 ns 

RAS pulse width (Fast Page Mode) tRASP 55 65 200,000 75 200,000 85 200,000 ns 

Access time from CAS precharge tCPA 35 40 45 50 ns 3 

OE access time tOEA 18 20 25 25 ns 

OE to data delay tOED 18 20 25 25 ns 

OE command hold time tOEH 18 20 25 25 ns 

tl'!i'lfiliiiiP 
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KM44C1003C/CL/CSL 

NOTES 

1. An initial pause of 200µs is required after power-up 
followed by any 8 GAS-before-RAS or RAS-only 
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) are 
assumed to be 5ns for all inputs. 

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

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

5. Assumes that tRco?:tRCD (max). 
6. tAR, twcR, tDHR are referenced to tRAo(max). 
7. This parameter defines the time at which the 

output achieves the open circuit condition and is 
not referenced to VoH or VOL. 

8. twcs, tRwo, tcwo and tAwo are non restrictive 
operating parameters. They are included in the 
data sheet as electric characteristics only. If twcs?: 
twcs(min) the cycle is an early write cycle and the 
data output will remain high impedance for the 
duration of the cycle. If tcwo?:tcwo(min), tRwo?: 
tRwo(min) and tAwo?:tAwo(min), then the cycle is a 
read:..write cycle and the data output will contain 
the data read from the selected address. If neither 
of the above conditions are satisfied, the condition 
of the data out is indeterminate. 

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

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

ttMtiliii" 
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11. Operation within the tRAD(max) limit insures that 
tRAc(max) can be met. tRAo(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. 

12. These specifications are applied in the test mode. 
13. 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. 

14. 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. 

15. In order to hold the address latched by the first 
GAS x going low, the parameter tcLCH must be met. 

16. If at least one GAS is low at the falling edge of 
RAS, DQ will be maintained from the previous 
cycle. To initiate a new cycle and clear the datao-ut 
buffer, all four GAS must be pulsed high for tcP. 

17. The first GAS x edge to transition low. 
18. The last GAS x edge to transition low. 
19. Output parameter is referenced to corresponding 

GASxinput. 
20. Last rising GAS x edge to next cycle's last rising 

GASxedge. 
21. Last rising GAS x edge to first falling GAS x edge. 
22. First DQ x controlled by the first GAS x to go low. 
23. Last DQ x controlled by the first GAS x to go low. 
24. Each GAS x must meet minimum pulse width. 
25. Last GAS x to go low. 
26. The last falling GAS x edge to the first rising GAS x 

edge. 
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KM44C1003C/CL/CSL CMOS DRAM 

TIMING DIAGRAM 
READ CYCLE 

V1H -

RAS 
V1L -

VJH -

CAS1 
V1L -

V1H -

CA&.! 
V1L -

V1H -
CAS3 

VJL -

V1H -
CAS4 

V1L -

V1H -
A 

VJL -

V1H -
w 

V1L -

tt"i':filiii' ELECTRONICS 
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.__-------tAAs------~~ 

lRCD lRSH 

~ Don'tCare 
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KM44C1003C/CL/CSL 

TIMING DIAGRAM (Continued) 

WRITE CYCLE (EARLY WRITE) 

CMOS DRAM 

------------tRc-----------
---------lRAS-----~-1 

VtH -
RAS 

VtL -

VtH -

CA51 
VtL -

VtH -
CAS2 

V1L-

VtH -

CAS3 
VtL -

VtH -
CAS4 

VtL -

A 

VtH.-

w 
VtL -

6E 
VtH -

VtL -

VtH -
001-004 

VtL -

~Don't Care 

t1MfiihitP 
ELECTRONICS 

212 



KM44C1003C/CL/CSL CMOS DRAM 

TIMING DIAGRAM (Continued) 

WRITE CYCLE (OE CONTROLLED WRITE) 

-----------tRc-----------
---------IRAs-------i 

V1H -
~------~ M...-------~I 

RAS 
V1L-

IRCD IRSH 

V1H -

CAS1 
V1L-

CAS2 
V1H -

V1L-

CAS3 
V1H-

V1L -

V1H-
CAS4 

V1L-

V1H -

A 
V1L-

V1H-
w 

V1L -

~ 
V1H-

V1L-

tos 

V1H-
001-004 

V1L-

~ Don'tCare 
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KM44C1003C/CUCSL 

TIMING DIAGRAM (Continued) 

READ-MODIFY-WRITE CYCLE 

CMOS DRAM 

------------tRc------------

~ 

~ 

tAS2 

~ 

~ 

A 

w 

OE 

V1H -
V1L -

V1H 

V1L 

V1H -

V1L -

V1H -

V1L -

V1H -

V1L -

V1H -

V1L -

V1H -
V1L -

V1H -

V1L -

V110H -

001 - 004 V110L -

diUJIUI• · 
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--------tRAS--------

~ Don'tCare 
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KM44C1003C/CL/CSL CMOS DRAM 

TIMING DIAGRAM (Continued} 

FAST PAGE MODE READ CYCLE 

V1H - lAR 
RAS 

V1L -

V1H -
CAS1 

V1L -

V1H -
CAS2 

V1L -

V1H -
CAS3 

V1L -

V1H -
CAS4 

V1L -

V1H -
A 

V1L -

V1H -

w 
V1L -

V1H -
OE 

V1L -

VoH -
D01 

VoL -

VoH -
D02 

VoL -

VoH -

DQ3 
VoL -

VoH -
DQ4 

VOL -

~Don't Care 
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KM44C1003C/CL/CSL CMOS DRAM 

TIMING DIAGRAM (Continued) 

FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 

V1H -
RAS 

VtL -

V1H -

CAS1 
VtL -

CAS2 
V1H -

V1L -

V1H -
CAS3 

VtL -

VtH -
CAS4 

V1L -

VtH -: 
A 

V1L -

w V1H -

VtL -

OE 
V1H -

VtL -

V1H -
D01 

V1L -

V1H -
D02 

V1L -

V1H -
'DQ3 

V1L -

V1H -

DQ4 
V1L -

~ Don'tCare 
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KM44C1003C/CL/CSL 

TIMING DIAGRAM (Continued) 

FAST PAGE MODE READ·MODIFY·WRITE CYCLE 

GAS; 

CAS2 

CAS3 

CAS4 

A 

w 

BE 

D01-D04 

VrH -

VrL -

VrH -
VrL -

VrH -
VrL -

VrH -
VrL -

ViH -
VrL -

VrH -
VrL -

VrH -
VrL -

VrH -
VrL -

V110H -
V110L -

4J:fafili}I$ 
·ELECTRONICS 

tRWD 

CMOS DRAM 

00 Don't Care 
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KM44C1003C/CL/CSL 

TIMING DIAGRAMS (Continued) 

RAS ONLY REFRESH CYCLE 
NOTE: W, OE=Don't Care 

------IRAS--------i 

VoH-

CMOS DRAM 

001 -D04 -------------OPEN------------
VoL-

CAS-BEFORE-RAS REFRESH CYCLE 
NOTE: W, OE, A= Don't Care 

RAS 
VrH -

Vn_ -

VrH -
CASX 

VrL -

V1H-
w 

V1L-

'VoH- ~ D01-D04 
Vol-

ttMfilhl» 
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OPEN 
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KM44C1003C/CL/CSL 

TIMING DIAGRAMS (Continued) 

HIDDEN REFRESH CYCLE (READ) 

VrH-
RAS 

VrL-

VrH-
CASX 

VrL .;_ 

VrH-
A 

VrL-

VrH-
w 

VrL-

OE 
VrH-

VrL-

VoH -
001 -DQ4 

Vol -

HIDDEN REFRESH CYCLE (WRITE) 

VrH-
RAS 

VrL-

CASX 
VrH-

VrL-

VrH-
A 

VrL-

w VrH-

VrL-

VrH -
OE 

VrL -

D01-D04 
VoL-

VrL -

•1Mfilhl• 
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CMOS DRAM 

• 

00 DON'T CARE 

219 



KM44C1003C/CL/CSL CMOS DRAM 

TIMING DIAGRAMS (Continued) 

CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 

RAS 
V1H - tRAS 

V1L -

tcsR 
IRSH 

V1H - tcAS CASX 
V1L -

A V1H -

V1L -

READ CYCLE 

w V1H -

V1L -

OE 
V1H -

V1L -

VoH-
DQ,-004 

VoL.-

WRITE CYCLE 

w V1H -

V1L -

OE V1H -

V1L -

DQ,-OQ4 
V1H -

V1L -

w V1H -

V1L -

OE 
V1H -

VIL -

DQ,-DQ4 V110H -

V110L-

~DON'TCARE 
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KM44C1003C/CL/CSL 

TIMING DIAGRAMS (Continued) 

TEST MODE IN CYCLE 
Note: OE, Address: Don't Care 

CMOS DRAM 

V1H 
,___ ___ tRAS----

-
RAS 

V1L -
lRPC 

lcp 

GAS 
V1H -

V1L -

w V1H -

V1L - ~~~~~~~~~---...q_;~-"'-.;~...lC...l"""""'~'--¥.-"'-.;~~~...ll..ll'-"-.¥-11~.¥-ll~-

VoH -

VoL - -------J'i 

TEST MODE DESCRIPTION 

The KM44C1003C/CUCSL is the RAM organized 1, 
048,576 words by 4 bit, it is internally organized 524, 
288 words by 8 bits. In "Test Mode", data are written 
into 8 sectors in parallel and retrieved the same way. 
Column address bit Ao is not used. If, upon reading, two 
bits on one 1/0 pin are equal (all "1 "s or "O"s) the 1/0 pin 
indicates a "1 ". If they were not equal, the 1/0 pin would 

•1Mfi'ih» 
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~ DON'TCARE 

indicate a "O". In "Test Mode", the 1.M x 4 DRAM can be 
tested as if it were a 512Kx4 DRAM. W, CAS-BEFORE
RAS Cycle (Test Mode in Cycle) puts the device into 
"Test Mode". And "GAS-BEFORE-RAS REFRESH 
CYCLE" or "RAS-only Refresh Cycle" puts it back into 
"Normal Mode". The "Test Mode" function reduces test 
time (1 /2 in cases of N test pattern). 
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KM44C1003C/CL/CSL 

DEVICE OPERATION 

The KM44C1003C/CUCSL contains 4, 194,304 memory 
locations. Twenty address bit are required to address a 
particular 4-bit word in the memory array. Since the 
KM44C1003C/CUCSL has only 10 address input pins, 
time multiplexed addressing is used to input 10 row 
(Ao-As) and 10 column(Ao-As) addresses. The 
multiplexing is controlled by the timing relationship 
between the row address strobe(RAS), the column 
address strobe(CASx) and the valid row and column 
address inputs. 

Operating of the KM44C1003C/CUCSL begins by 
strobing in a valid row address with RAS while CASx 
remains high. Then the address on the 10 address input 
pins(Ao-A9) is changed from a row address to a column 
address and is strobed in by CASx. This is the beginning 
of any KM44C1003C/CUCSL cycle in which a memory 
location is accessed. The specific type of cycle is 
determined by the state of the write. enable pin and 
various timing relationships. The cycle is terminated 
when both RAS and CASx have returned to the high 
state. Another cycle can be initiated after RAS remains 
high long enough to satisfy the RAS precharge time(tRP) 
requirement. 

RAS and CASx Timing 
The minimum RAS and CASx pulse widths are specified 
by tRAS(min) and tcAs(min) respectively. These minimum 
pulse widths must be satisfied for proper device 
operation and data integrity. Once a cycle is initiated by 
bringing RAS low, it must not be aborted prior to 
satisfying the minimum RAS and CASx pulse widths. In 
addition, a new cycle must not begin until the minimum 
RAS precharge time, tRP, has been satisfied. Once a 
cycle begins, internal clocks and other circuits within the 
KM44C1003C/CUCSL begin a complex sequence of 
events. If the sequence is broken by violating minimum 
timing requirements, loss of data integrity can occur. 

Read 
A read cycle is achieved by maintaining the write enable 
input(W) high during a RAS/CASx cycle. The access 
time is normally specified with respect to the falling edge 
of RAS. But the access time also depends on the falling 
edge of CASx and on the valid column address 
transition. 
If CASx goes low before tRCD(max) and if the column 

· address is valid before tRAc(max), then the access time 
to valid data is specified by t13Ac(min). However, if CASx 
goes low after tRco(max) or if the column address 
becomes valid after tRAo(max), access is specified by 
tcAc or tAA. In order to achieve the minimum access 
time, tRAc(min), it is necessary to meet both tRCD(max) 
and tRAo(max). The KM44C1003C/CUCSL has common 
data 1/0 prns. The this reason an output enable control 
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input(OE) has been provided so the output buffer can be 
precisely controlled. For data to appear at the outputs, 
OE must be low for the period of time defined by toEA 
and toEZ. 

Write 
The KM44C1003C/CUCSL can perform early write, late 
write and read-modify-write cycles. The difference 
between these cycles is in the state of data-out and is 
determined by the timing relationship between W, OE 
and CASx. In any type of write cycle, Data-in must be 
valid at or before the falling edge of W or CASx, 
whichever is later. 

Early Write: An early write cycle is performed by bringing 
W low before CASx. The data at the data input pins is 
written into the addressed memory cells. Throughout the 
early write cycle the output remains in the Hi-Z state. In 
the early write cycle the output buffers remain in the 
three state regardless of the state of the OE input. 

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

Late Write: If W is brought low after CASx, a late write 
cycle will occur. The late write cycle is very similar to the 
read-modify-write cycle except that the timing 
parameters, tRwo, tcwo and tAwo, are not necessarily 
met. The state of date-out is indeterminate since the 
output can be either Hi-Z or contain data depending ori 
the timing conditions. This cycle requires a separate 1/0 
to avoid bus contention. 

Data Output 
The KM44C1003C/CUCSL has a three-state output 
buffers which is controlled by CASx and OE. Whenever 
CASx and OE are high (V1H), the outputs are in the high 
impedance state. In any cycle in which valid data 
appears at the output, the output goes into the low 
impedance state in a time specified by tcLZ after the 
falling edge of CASx. Invalid data may be present at the 
output during the time after tcLZ and before the valid 
data appears at the output. The timing parameters tcAc, 
tRAC and tAA specify when the valid data will be present 
at the output. The valid data remains at the output until 
CASx returns high. This is true even if a new RAS cycle 
occurs(as in hidden refresh). Each of. the KM44C-
1003C/CUCSL operating cycles is listed: below after the 
corresponding output state produced by the cycle. 
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KM44C1003C/CL/CSL 

DEVICE OPERATION (Continued) 

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

Hi-Z Output State: Early Write, RAS-only Refresh, Fast 
Page Mode Write, CASx-before-RAS Refresh, OE 
controlled write. 

Indeterminate Output State: Delayed Write (tcwo or tRWD 
are not met) 

Refresh 
The data in the KM44C1003C/CUCSL is stored on a 
tiny capacitor within each memory cell. Due to leakage 
the data may leak off after a period of time. To maintain 
data integrity it is necessary to refresh each of the rows 
every 16ms. There are several ways to accomplish this. 

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

CASx-before-RAS Refresh: The KM44C1003C/CU CSL 
has CASx-before-RAS on-chip refresh capability that 
eliminates the need for external refresh addresses. If 
CASx is held low for the specified set up time (tcsR) 
before RAS goes low, the on-chip refresh circuitry is 
enabled. An internal refresh operation automatically 
occurs. The refresh address is supplied by the on-chip 
refresh address counter which is then internally 
incremented in preparation for the next CASx-before
RAS refresh cycle. 

Hidden Refresh: A hidden refresh cycle may be 
performed while maintaining the latest valid data at the 
output by extending the CASx active time and cycling 
RAS. The KM44C1003C/CUCSL hidden refresh cycle is 
actually a CASx-before-RAS refresh cycle within an 
extended read cycle. The refresh row address is 
provided by the on-chip refresh address counter. 

Other Refresh Methods: It is also possible to refresh the 
KM44C1003C/CUCSL by using read, write or read
modify-write cycles. Whenever a row is accessed, all the 
cells in the row are automatically refreshed. There are 
certain applications in which it might be advantageous 
to perform refresh in this manner but in general RAS
only or CASx-before-RAS refresh is the preferred 
method. 

Fast Page Mode 
Fast page mode provides high speed read, write or 
read-modify-write access to all memory cells within a 
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selected row. These cycles may be mixed in any order. 
A fast page mode cycle begins with a normal cycle. 
Then, while RAS is kept low to maintain the CASx is 
cycled to strobe in additional column address. This 
eliminates the time required to set up and strobe 
sequential row addresses for the same page. 

CASx-before-RAS Refresh Counter Test Cycle 
A special timing sequence using the CASx-before-~S 
counter test cycle provides a convenient method of 
verifying the functionality of the CASx-before-RAS 
refresh activated circuitry. 

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

This is shown in the CASx-before-RAS counter test 
cycle timing diagram. A memory cell can be addressed 
with 1 O row address bits and 10 column address bits 
defined as follows: 

Row Address - Bits Ao through As are supplied by the 
on-chip refresh counter. 

Column Address - Bits Ao through As are supplied by 
the falling edge of CASx as in a normal memory cycle. 

Suggested CASx-before-RAS Counter 
Test Procedure 
The CASx-before-RAS refresh counter test cycle timing 
is used in each of the following steps. 
1. Initialize the internal refresh counter by performing 8 

CASx-before-RAS cycles. 
2. Write a test pattern of "lows" into the memory cells at 

a single column address and 1024 row address. 
(The row addresses are supplied by the on-chip 
refresh counter). 

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

4. Read the "highs" written during step 3. 
5. Complement the test pattern and repeat steps 2,3 

and4. 

Power-up 
If RAS=Vss during power-up, the KM44C1003C/ 
CUCSL could possibly begin an active cycle. This 
condition results in higher than necessary current 
demands from the power supply during power-up. It is 
recommended that RAS and CASx track with Vee during 
power-up or be held at a valid V1H in order to minimize 
the power-up current. 
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l)EVICE OPERATION (Continued) 

An initiar pause of 200 µsec is required after power-up 
followed by any 8 RAS cycles before proper device 
operation is assured. Eight initialization cycles are also 
required after any 64 msec period in which there are no 
RAS cycles. An initialization cycle is any cycle in which 
RAS is cycled. 

Tennination 
The lines from the TIL driv~r circuits to the 
KM44C1003C/CUCSL inputs act like unterminated 
transmission lines resulting in significant overshoot and 
undershoot at the inputs. To minimize overshoot it is 
advisable to ·terminated the input lines and to keep them 
as short as possible. Although either series or parallel 
termination may be used, series termination is generally 
recommended since it is simple and draws no additional 
power. It consists of a resistor in series with the input 
line placed close to the KM44C1003C/CUCSL input pin. 
The optimum value depends on the board layout. It 
must be determined experimentally and is usual!y in the 
range of 20 to 40 ohms. 

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

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

A high frequency 0.1 µ F ceramic decoupling capacitor 
should be connected between the Vee and ground pins 
of each KM44C1003C/CUCSL using the shortest 
possible traces. These capacitors act as a low 
impedance shunt for the high frequency switching 
transients generated by the KM44C1003C/CUCSL and 
they supply much of the current used by the 
KM44C1003C/CUCSL during cycling. 

In addition, a large tantalum capacitor with a value of 
47µF to 100µF should be used for bulk decoupling to 
recharge the 0.1µF capacitors between cycles, thereby 
reducing power line droop. The bulk decoupling 
capacitor should be placed near the point. where the 
power traces meet the power grid or power plane. Even 
better results may be achieved by distributing more than 
one tantalum capacitor around the memory array. 
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PACKAGE DIMENSIONS 
24-LEAD PLASTIC SMALL OUT-LINE J-LEAD (300MIL) 

0.670 (17.02) 

0.680 (17.27) 

§ 0.004(0.1) 

CMOS DRAM 

Units: Inches (millimeters) 

0.050(1.27) 

MAX 

0.027 (0.69) 
MIN 

66 
"'C') 

8. 8. 
CX)"' 
0 ~ 
0 0 co 

0.128 (3.25) 

0.145 (3.68) 

24-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE(ll) (300MIL, Forward and Reverse Type) 

0.671 (17.04) 

0.679 (17.24) 

R' R' 
U') co 
t:. t:. 
CX) C\l 

gi g 
c:i c:i 

(l) ..... 
C') v 
0 0 
c:i c:i 

ial 0.003 (0.00) I 6 ~ 
I o.o4s (1.22) 0.012 (0.30) I ___j u 

---j 0.052 (1.32) 0.020 (0.50) r--- . 0.037 (0.95) 

TYP 
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N'N' 
~ C') ee 
(l) ..... 
U') co 
C') C') 

c:i c:i 

0.005(0.13) 

0.008 (0.20) 

~ 
O.D16 (0.40) I I 
0.024 (0.60) 
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· KM44C1004C/CL/CSL CMOS DRAM 

1Mx4Bit CMOS Dynamic RAM with Extended Data Out 

FEATURES 

• Performance range: 

tRAC tCAC tRC 

KM44C1004C/CUCSL-5 50ns 13ns 90ns 

KM44C1004C/CUCSL-6 60ns 15ns 110ns 

KM44C1004C/CUCSL-7 70ns 20ns 130ns 

KM44C1004C/CUCSL-8 BOns 20ns 150ns 

• Fast Page Mode with Extended data out 
• CAS-before-RAS refresh capability 
• RAS-only and hidden refresh capability 
• Fast parallel test mode capability 
• TIL compatible inputs and outputs 
• Early write or output enable controlled write 
• Single+ 5.0V ± 10% power supply 
• Refresh Cycle 

- 1024 cycle/16ms (Normal) 
- 1024 cycle/128ms (L-version) 
- 1024 cycle/256ms (SL-version) 

• Power Dissipation 
- Standby: 5.5mW (Normal) 

1.1 mW (L-version) 
0.55mW (SL-version) 

- Active (50/60n0/80): 468/413/358/303mW 
• JEDEC standard pinout 
• Available in plastic DIP,SOJ,ZIP and TSOP -11 
packages 

tHPC 

20ns 

24ns 

29ns 

34ns 

GENERAL DESCRIPTION 

The Samsung KM44C1004C/CUCSL is a high speed 
CMOS 1,048,576 x 4 Dynamic Random Access 
Memory. Its design is optimized for high performance 
applications such as mainframes and mini computers, 
graphics and high performance microprocessor 
systems. 

The KM44C1004C/CL/CSL features EDO Mode 
operation which allows high speed random access of 
memory cells within the same row. GAS-before-RAS 
refresh capability provides on-chip auto refresh as an 
alterntive to RAS-only Refresh. All inputs and outputs 
are fully TTL compatible. 

The KM44C1004C/CL/CSL is fabricated using 
Samsung's advanced CMOS process. 

FUNCTIONAL BLOCK DIAGRAM 

Ao 

Ag 

•t:!:i:Hiiii• ELECTRONICS 

CONTROL & 
CLOCK 

a: 
w 
0 
0 
0 

gi w 
0 

w s: a: 
0 0 
0 a: 
<( 

REFRESH CONTROL & 
ADDRESS COUNTER 

COLUMN DECODER 

SENSE AMPS & 1/0 

MEMORY ARRAY 

1,048,576 x 4 CELLS 

IN 
BUFFER 

--Voo 

--- Vss 
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KM44C1004C/CL/CSL CMOS DRAM 

PIN CONFIGURATION (Top Views) 

• KM44C1004CP/CLP/CSLP • KM44C1004CJ/CW/CSW • KM44C1004CZ/CLZ/CSLZ 

0 20 Vss 
19 004 
18 003 
17 ~ 
16 C5E 

Ao 15 As Ao 
A1 14 A1 A1 
A2 8 13 As A2 

A3 9 12 As 
A3 

Vee 10 0 11 A4 
Vee 

A4 
As 

0 
As 

A1 
As 

• KM44C1004CT/CLT/CSLT • KM44C1004CTR/CLTR/CSLTR 

001 0 Vss Vss 20 001 

002 2 19 004 004 19 0 002 

w 003 003 18 w 

Pin Names Pin Function 

Ao· Ag Address Inputs 

RAS Row Address Strobe 

lti:S 17 ~ CAS 17 4 RAS GAS Column Address Strobe 

Ag O'E O'E 16 Ag w Read/Write Input 

OE Data Output Enable 
Ao 6 15 As As 15 Ao 

A1 14 A1 A1 14 A1 

A2 13 As As 8 A2 

DQ1-DQ4 Data In/Data Out 

Vee Power (+5V) 

A3 9 12 As As 0 A3 Vss Ground 

Vee 
0 

11 A, A4 11 10 Vee 

tt:!:i:HllH• 
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KM44C1004C/CL/CSL 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 1.os 50 mA 

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

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

Parameter Symbol Min Typ Max Unit 

Supply Voltage Vee 4.fi 5.0 5.5 v 
Ground Vss 0 0 0 v 
Input High Voltage VIH 2.4 - Vee+ 1 v 
Input Low Voltage VIL -1.0 - 0.8 v 

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

Parameter Symbol Min Max Units 

KM44C1004C/CUCSL-5 85 mA 
Operating Current* KM44C1004C/CUCSL-6 

lcc1 
75 mA 

(RAS and CAS Cycling @tRc=min.) KM44C1004C/CUCSL-7 
-

65 mA 
KM44C1004C/CUCSL-8 55 mA 

Standby Current KM44C1004C 
lcc2 

2 mA 
(RAS=CAS=W=VIH) KM44C1004CUCSL 

-
1 mA 

_,;_ 

KM44C1004C/CUCSL-5 85 mA 
RAS-Only Refresh Current* KM44C1004C/CUCSL-6 

lce3 
75 mA 

(CAS=VIH, RAS, Address Cycling @tRC=min.) KM44C1004C/CUCSL-7 
-

65 mA 
KM44C1004C/CUCSL-8 55 mA 

KM44C1004C/CUCSL-5 85 mA 
EDO Mode Current* KM44C1004C/CUCSL-6 

ICC4 
75 mA 

(RAS=VIL, CAS, Address Cycling @tHPC=min.) KM44C1004C/CUCSL-7 
-

65 mA 
KM44C1004C/CUCSL-8 55 mA 

Standby Current 
KM44C1004C 1 mA 
KM44C1004CL Ices - 200 µA 

(RAS=CAS=W=Vcc~0.2V) 
KM44C1004CSL 100 µA 

KM44C1004C/CUCSL-5 85 mA 
GAS-Before-RAS Refresh Current* KM44C1004C/CUCSL-6 

lce6 
75 mA 

(RAS and CAS Cycling @tRC=min.) KM44C1004C/CUCSL-7 
-

65 mA 
KM44C1004C/CUCSL-8 55 mA 

d!:i:fi@IP 
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KM44C1004C/CL/CSL CMOS DRAM 

DC AND OPERATING CHARACTERISTICS (Continued) 

Parameter Symbol Min Max Units 

Battery Back Up Current Average Power Supply Current, 
Battery Back Up Mode, Input High Voltage(V1H)=Vcc-o.2v 

KM44C1004CL 300 µA 
Input Low Voltage(V1L)=0.2V CAS=CAS-Before-RAS 

KM44C1004CSL 
ICC? -

150 µA 
Cycling or 0.2V DQ1-D04=Don't Care, TRC=125µS(L-Ver.) 
TRC=250µS(SL-Ver.), TRAS= TRAS min.-300nS 

Input Leakage Current Vcc+0.5V 
ll(L) -10 10 µA 

(Any input O:s;V1N :s;Vcc+0.5V, all other pins not under test=O volts.) 

Output Leakage Current 
IO(L) -10 10 µA 

(Data out is disabled, OV:s;Vour:s;Vcc) 

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

Output Low Voltage Level (IOL=4.2mA) VOL - 0.4 v 

*NOTE: lcc1, lcc3, ICC4 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, lcc6, Address can be changed maximum 
two times while RAS=VIL. In lcc4, Address can be changed maximum once during a Hyper Page cycle. 

CAPACITANCE (fA=25°C, Vcc=5V. f=1MHz) 

Parameter Symbol Min 

Input Capacitance (Ao-A9) CIN1 -

Input Capacitance (RAS, CAS, W, OE) CIN2 -

Output Capacitance (DQ1-DQ4) Coo -

AC CHARACTERISTICS (0°C:s:;Ta:s:;70°C, Vcc=5.0V±0.5V, See notes 1,2) 
Test condition: V1HNIL=2.4/0.8V, VohN01=2.0/0.8V, output loading CL=100 pF 

-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 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 output in Low-Z tCLZ 3 3 3 

Output buffer turn-off delay from CAS tCEZ 3 13 3 15 3 20 

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

RAS precharge time tRP 30 40 50 

RAS pulse width tRAS 50 10,000 60 10,000 70 10,000 

RAS hold time tRSH 13 15 20 

CAS hold time tCSH 40 50 60 

CAS pulse width tCAS 8 10,000 10 10,000 15 10,000 

RAS to CAS delay time tRCD 20 37 20 45 20 50 

erntiliii" ELECTRONICS 

Max Unit 

5 pF 

7 pF 

7 pF 

-8 
Units Notes 

Min Max 

150 ns 

205 ns 

80 ns 3,4,11 

20 ns 3,4,5 

40 ns 3,11 

3 ns 3 

3 20 ns 7 

2 50 ns 2 

60 ns 

80 10,000 ns 

20 ns 

70 ns 

20 10.000 ns 16 

20 60 ns 4 
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KM44C1004C/CL/CSL CMOS DRAM 

AC CHARACTERISTICS (Continued) 

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

Min Max Min Max Min Max Min Max 

RAS to column address delay time tRAO 15 25 15 30 15 35 15 40 ns 11 

CAS to RAS precharge time tCRP 5 5 5 5 ns 

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

Row address hold time tRAH 10 10 10 10 ns 

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

Column address hold time tCAH 8 10 15 15 ns 

Column address hold time referenced to RAS tAR 40 45 55 60 ns 6 

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

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

Read command hold time referenced to CAS tRCH 0 0 0 0 ns 9 

Read command hold time referenced to RAS tRRH 0 0 0 0 ns 9 

Write command hold time twCH 10 10 15 15 ns 

Write command hold time referenced to RAS twCR 40 45 55 60 ns 6 

Write command pulse width twP 10 10 15 15 ns 

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

Write command to CAS lead time tCWL 8 10 15 20 ns 

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

Data-in hold time tOH 10 10 15 15 ns 10 

Data-in hold time referenced to RAS tOHR 40 45 55 60 ns 6 

Refresh period (Normal) tREF 16 16 16 16 ms 

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

Refresh period (SL-ver) tREF 256 256 256 256 ms 

Write command set-up time twcs 0 0 0 0 ns 8 

CAS to W delay time tcwo 36 40 50 50 ns 8 

RAS to W delay time tRWD 73 85 100 110 ns 8 

Column address to W delay time ~WO 48 55 65 70 ns 8 

CAS set-up time (CAS-before-RAS refresh) tCSR 10 10 10 10 ns 

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

RAS to CAS precharge time tRPC 5 5 5 5 ns 

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

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

Hyper Page cycle time tHPC 20 24 29 34 ns 16 

Hyper Page read-modify-write cycle time tlf'ffi\t 62 73 88 98 ns 

RAS pulse width (Hyper Page Cycle) tRASP 50 200,000 60 200,000 70 200,000 80 200,000 ns 

CAS precharge time (Hyper Page Cycle) tcP 8 10 10 10 ns 

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

OE access time tOEA 13 15 20 20 ns 

111mHllii• 
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KM44C1004C/CL/CSL CMOS DRAM 

AC CHARACTERISTICS (Continued) 

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

Min Max Min Max Min Max Min Max 

OE to data delay tOED 13 15 20 20 ns 

Output buffer turn off delay time from OE tOEZ 3 13 3 15 3 20 3 20 ns 

OE command hold time tOEH 13 15 20 20 ns 

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

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

W to RAS precharge time(C-8-R refresh) tWRP 10 10 10 10 ns 

W to RAS hold time(C-8-R refresh) tWRH 10 10 10 10 ns 

Output data hold time tDOH 5 5 5 5 ns 

Output buffer turn off delay from RAS tREZ 3 13 3 15 3 20 3 20 ns 7,15 

Output buffer turn off delay from W tWEZ 3 13 3 15 3 20 3 20 ns 7 

W to data delay tWED 15 15 20 20 ~ ns 

OE to CAS hold time tOCH 5 5 5 5 ns 

CAS hold time to OE tCHO 5 5 5 5 ns 

OE precharge time tOEP 5 5 5 5 ns 

W pulse width (Hyper Page Cycle) twPE 5 5 5 5 ns 

t!Mfi'iii' ELECTRONICS 
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KM44C1004C/CL/CSL CMOS DRAM 

TEST MODE CYCLE (Note.12) 

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

Min Max Min Max Min Max Min Max 

Random read or write cycle time 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 3,4,11 

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

Access time from column address w. 30 35 40 45 ns 3,11 

RAS pulse width tRAS 55 10,000 65 10,000 75 10,000 85 10,000' ns 

· CAS pulse width tCAS 13 10,000 15 10,000 20 10,000 25 10,000 ns 

RAS hold time tRSH 18 20 25 25 ns 

CAS hold time tCSH 43 50 55 65 ns 

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

CAS to W delay time tcwo 41 45 55 55 ns 8 

RAS to W delay time tRWD 78 90 105 115 ns 8 

Column address to W delay time tAWD 53 60 70 75 ns 8 

Hyper Page cycle time tHPC 25 29 34 39 ns 

Hyper Page read-modify-write cycle time tPRWC 67 78 93 103 ns 

RAS pulse width (Hyper Page Cycle) tRASP 55 200,000 65 200,000 75 200,000 85 200,000 ns 

Access time from CAS precharge tCPA 35 40 45 50 ns 3 

OE access time tOEA 18 20 25 25 ns 

OE to data delay tOED 18 20 25 25 ns 

OE command hold time tOEH 18 20 25 25 ns 

4Jifafiij}iiP 
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KM44C1004C/CL/CSL 

NOTES 

1. An initial pause of 200µs is required after power-up 
followed by any 8 CAS-before-RAS or RAS-only 
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) are 
assumed to be 5ns for all inputs, except tHPC and 
tHPRWC. 

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

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

5. Assumes that tRco2::tRco (max). 
6. tAR, twcR, toHR are referenced to tRAo(max). 
7. This parameter defines the time at which the 

output achieves the open circuit condition and is 
not referenced to VoH or VoL. 

8. twcs, tRwo, tcwo and tAwo are non restrictive 
operating parameters. They are included in the 
data sheet as electric characteristics only. If twcs;;::: 
twcs(min) the cycle is an early write cycle and the 
data out pin will remain high impedance for the 
duration of the cycle. If tcwo2::tcwo(min), tRwo;;::: 
tRwo(min) and tAwo2::tAwo(min), then the cycle is a 

dMfiliiiiP 
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read-modify-write cycle and the data output will 
contain the data read from the selected address. If 
neither of the above conditions are satisfied, the 
condition of the data out is indeterminate. 

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

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

11. Operation within the tRAD(max) limit insures that 
tRAc(max) can be met. tRAo(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. 

12. These specifications are applied in the test mode. 
13. 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. 

14. tcEZ(max), tREZ(max), toEZ(max) and twEZ(max) define 
the time at which the output achieves the open cir
cuit condition and are not referenced to output volt
age level. 

15. If RAS goes to high before CAS high going, the 
open circuit cond.ition of the output is achieved by 
CAS high going. If GAS goes to high before RAS 
high going, the open circuit condition of the output 
is achieved by RAS high going. 

16. tAsc;:?; tCP min, Assume tr=2.0ns. 
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KM44C1004C/CL/CSL 

TIMING DIAGRAMS 
READ CYCLE 

V1H -
RAS 

V1L -

CAS 
V1H -

V1L -

V1H -
A 

V1L -

V1H -
w 

Vic -= 

5E 
V1H -

V1L -

VoH- ------
VoL-

d'2fiiiH» 
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KM44C1004C/CL/CSL 

TIMING DIAGRAMS (Continued) 

WRITE CYCLE (EARLY CYCLE) 

RAS 
V1H -
VIL -

V1H -
~ 

V1L -

V1H -
A 

V1L -

w V1H -
VIL -

CMOS DRAM 

OE v,H - 7V~"7V'~"""m::?V~A7iJ\:/"*-~:A7~7'7'1~'-"A:A7'?i'.fu'\AA?\7\7'V'-""A?l';71\')~7'\ 

VIL - ./..:i.t.~t.,;:;,/...~~4'1-~~~~~~~~~~~~~~~~~~~~~~~ 

WRITE CYCLE (OE CONTROLLED WRITE) 

V1H -
RAS 

V1L -

CA5 
V1H -
VIL -

V1H -
A 

VIL -

w V1H -
V1L -

V1H -
OE 

V1L -

V1H -
oa,-oa4 

V1L -

~DON'T CARE 
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KM44C1004C/CL/CSL 

TIMING DIAGRAMS (Continued) 

READ·MODIFY·WRITE CYCLE 

V1H 

RAS 
V1L 

V1H -

GAS 
V1L·-

V1H -
A 

V1L -

w V1H -

V1L -

Ct V1H -

V1L -

D01-D04 ViioH- ----------.....;.--c\1 
V110L-

HYPER PAGE READ CYCLE 

VIH -

RAS VIL -

VIH -

CAS VIL -

VIH -
A VIL -

VIH -
w VIL -

VIH -

OE" VIL -

D01-DQ4 
VoH·-

VOH -

41Mfi@IP 
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KM44C1004C/CL/CSL CMOS DRAM 

TIMING DIAGRAMS (Continued) 

HYPER PAGE WRITE CYCLE (EARLY WRITE) 

A 

w 

HYPER PAGE READ-MODIFY-WRITE CYCLE 

~DON'T CARE 
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KM~4C1004C/CL/CSL CMOS DRAM 

HYPER PAGE READ AND WRITE MIXED CYCLE 

t--~~~~~~~~~~~-tRAsp~~~~~~~~~~~~~~ 

GAS 

A 

w 

OE 

DQ1-DQ4 

VIH -

VIL -

VIH -

VIL -

VIH -

VIL -

V1H -

V1L -

VIH -

VIL -

VVOL -

•tmWiiiii• 
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READ(ICAC) READ(ICPA) WRITE READ(IAA) 

~ Don'tCare 
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KM44C1004C/CL/CSL 

TIMING DIAGRAMS (Continued) 

HIDDEN REFRESH CYCLE (READ) 

RAS 
V1H -

V1L -

CA8 
V1H -

V1L -

A 
V1H -

V1L -

V1H -w 
V1L -

OE 
V1H -
V1L -

VoH -

HIDDEN REFRESH CYCLE (WRITE) 

V1H -
RAS 

V1L -

V1H -
CAS 

V1L -

V1H -
A 

V1L -

w V1H -
V1L -

6E V1H -

V1L -

DQ,-DQ4 
V1H -

V1L -

•1Mf111h1P 
ELECTRONICS 
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KM44C1004C/CL/CSL 

TIMING DIAGRAMS (Continued) 

RAS-ONLY REFRESH CYCLE 
Note: W, OE=Don't Care 

CMOS DRAM 

l----------!Rc--------------1 

1---------!RAS--------

A 

CAS-BEFORE-RAS REFRESH CYCLE 
Note: OE, Address=Don't Care 

V1L -------

V1H - 7'?~~'7'\7'*""7\7':1:----+\'7'\'?~~~"?T"'?l~!"'?'rl~~""""""""""'"""'"'"'"""'"""~.,.;.,.,.., 
w 

V1L --.............................. ..__..,_.., 

D0 1-D04 

~DON'TCARE 

tllJ i'if J llii IP 
ELECTRONICS 
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KM44C1004C/CL/CSL CMOS DRAM 

TIMING DIAGRAMS (Continued) 

CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 

RAS 
VrH - IRAS 
VrL -

RSH 

VrH - lcHR le AS 
CAS 

VrL -

tRAL 

A 
VrH-

VrL -

READ CYCLE 

w 
tWEZ 

V1H

V1L - ~~'"'"""'~~~~..¥..,.;"--"-~'--"-........ ~.¥..-1< ......... ~...r...ll--lfr...ii:....;"-flo--+---~~~~¥....¥~~~ 

VoH-
DQ,-DQ4 

VOL -

lcwL 
WRITE CYCLE IRWL 

w VrH-

VrL -

OE VrH -

VrL -

V1H-
DQ,-DQ4 

V1L -

w VrH -

VrL -

BE VrH -

VrL -
loH 

V110H-
DQ,-DQ4 

V110L-

VALID DATA-OUT VALID DATA-IN 

~DON'T CARE 

t!Mfiihi" 
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241 



KM44C1004C/CL/CSL 

TIMING DIAGRAMS (Continued) 

TEST MODE IN CYCLE 
Note: OE, Address: Don't Care 

CMOS DRAM 

V1H -
t-------tRAS-----1 

RAS 
V1L -

IRPC 

lcp 

V1H -
~ 

V1L -

w V1H -

V1L - .1'....lM~~~~"'-¥,~~_,_---~~~"'-¥...K...l~~~~--. ....... '-"-...._..'-"-..._.'-"-...._."'-¥...._ 

D01-D04 VoH - l>------------OPEN----------
VoL - _______ _, 

TEST MODE DESCRIPTION 

The KM44C1004C/CUCSL is the RAM organized 1, 
048,576 words by 4 bit, it is internally organized 524, 
288 words by 8 bits. In "Test Mode", data are written 
into 8 sectors in parallel and retrieved the same way. 
Column address bit Ao is not used. If, upon reading, two 
bits on one 1/0 pin are equal (all "1 "s or "O"s) the 1/0 pin 
indicates a "1 ". If they were not equal, the 1/0 pin would 

•1MH%• ELECTRONICS 

~ DON'TCARE 

indicate a "O". In "Test Mode", the 1 M x 4 DRAM can be 
tested as if it were a 512Kx4 DRAM. W, CAS-BEFORE
RAS Cycle (Test Mode in Cycle) puts the device into 
"Test Mode". And "GAS-BEFORE-RAS REFRESH 
CYCLE" or "RAS-only Refresh Cycle" puts it back into 
"Normal Mode". The "Test Mode" function reduces test 
time (1 /2 in cases of N test pattern). 
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KM44C1004C/CL/CSL 

DEVICE OPERATION 

The KM44C1004C/CUCSL contains 4,194,304 memory 
locations. Twenty address bit are required to address a 
particular 4-bit word in the memory array. Since the 
KM44C1004C/CUCSL has only 10 address input pins, 
time multiplexed addressing is used to input 10 row 
(Ao-A9) and 10 column(Ao-A9) address. The multiplexing 
is controlled by the timing relationship between the row 
address strobe(RAS), the column address strobe(CAS), 
and the valid row and column address inputs. 

Operating of the KM44C1004C/CUCSL begins by 
strobing in a valid row address with RAS while CAS 
remains high. Then the address on the 10 address input 
pins(Ao-A9) is changed from a row address to a column 
address and is strobed in by CAS. This is the beginning 
of any KM44C1004C/CUCSL cycle in which a memory 
location is accessed. The specific type of cycle is 
determined by the state of the write enable pin and 
various timing relationships. The cycle is terminated 
when both RAS and CAS have returned to the high 
state. Another cycle can be initiated after RAS remains 
high long enough to satisfy the RAS precharge time(tRP) 
requirement. 

RAS and CAS Timing 
The minimum RAS and CAS pulse widths are specified 
by tRAS(min) and tcAs(min) respectively. These minimum 
pulse widths must be satisfied for proper device 
operation and data integrity. Once a cycle is initiated by 
bringing RAS low, it must not be aborted prior to 
satisfying the minimum RAS and CAS pulse widths. In 
addition, a new cycle must not begin until the minimum 
RAS precharge time, tRP, has been satisfied. Once a 
cycle begins, internal clocks and other circuits within the 
KM44C1004C/CUCSL begin a complex sequence of 
events. If the sequence is broken by violating minimum 
timing requirements, loss of data integrity can occur. 

Read 
A read cycle is achieved by maintaining the write enable 
input(W) high during a RAS/CAS cycle. The access time 
is normally specified with ·respect to the falling edge of 
RAS. But the access time also depends on the falling 
edge of GAS and on the valid column address transition. 
If GAS goes low before tRco(max) and if the column 
address is valid before tRAc(max), then the access time 
to valid data is specified by tRAc(min). However, if CAS 
goes low after tRco(max), access is specified by tcAc or 
tAA. In order to achieve the minimum access time, tRAC 
(min), it is necessary to meet both tRco(max) and tRAD 
(max). The KM44C1004C/CUCSL has common data 1/0 
pins. The this reason an output enable control input(OE) 
has been provided so the output buffer can be precisely 
controlled. For data to appear at the outputs, OE must 
be low for the period of time defined by toEA and toEZ. 

•t:f:l:fiiUllP 
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Write 
The KM44C1004C/CUCSL can perform early write, late 
write and read-modify-write cycles. The difference 
between these cycles is in the state of data-out and is 
determined by the timing relationship between W, OE 
and CAS. In any type of write cycle, Data-in must be 
valid at or before the falling edge of W or GAS, 
whichever is later. 

Early Write: An early write cycle is performed by bringing 
W low before CAS. The data at the data input pins is 
written into the addressed memory cells. Throughout the 
early write cycle the output remains in the Hi-Z state. In 
the early write cycle the output buffers remain in the 
three state regardless of the state of the OE input. 

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

Late Write: If W is brought low after CAS, a late write 
cycle will occur. The late write cycle is very similar to the 
read-modify-write cycle except that the timing 
parameters, tRWD, tCWD and tAWD, are not necessarily 
met. The state of date-out is indeterminate since the 
output can be either Hi-Z or contain data depending on 
the timing conditions. This cycle requires a separate 1/0 
to avoid bus contention. 

Data Output 
The KM44C1004C/CUCSL has a three-state output 
buffer which is controlled by RAS, CAS and OE. When 
RAS and CAS go high(V1H) or OE goes high (V1H), the 
outputs are in the high impedance state. In any cycle in 
which valid data appears at the output, the output goes 
into the low impedance state in a time specified by tcLZ 
after the falling edge of CAS. Invalid data may be 
present at the output during the time after tcLZ and 
before the valid data appears at the output. The timing 
parameters tcAc, tRAc and tAA specify when the valid 
data will be present at the output. The valid data at the 
output cannot be eliminated by CAS rising only and it 
remains until both RAS and CAS returns high. This is 
true even if a new RAS cycle occurs(as in hidden 
refresh). Each of the KM44C1004C/CUCSL op~ating 
cycles is listed below after the corresponding output 
state produced by the cycle. 

Valid Output Data: Read, Read-Modify-Write, Hidden 
Refresh, EDO Mode Read, EDO Mode Read-Modify
Write. 
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KM44C1004C/CL/CSL 

DEVICE OPERATION (Continued) 

Hi-Z Output State: Early Write, RAS-only Refresh, Fast 
Page with EDO Mode Write, CAS-before-RAS Refresh, 
OE controlled write. 

Indeterminate Output State: Delayed Write (tcwo or tRWD 
are not met) 

Refresh 
The data in the KM44C1004C/CUCSL is stored on a 
tiny capacitor within each memory cell. Due to leakage 
the data may leak off after a period of time. To maintain 
data integrity it is necessary to refresh each of the rows 
every 16/128/256ms. There are several ways to 
accomplish this. 

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

GAS-before-RAS Refresh: The KM44C1004C/CUCSL 
has CAS-before-RAS on-chip refresh capability that 
eliminates the need for external refresh addresses. If 
GAS is held low for the specified set up time (tcsR) 
before RAS goes low, the on-chip refresh circuitry is 
enabled. An internal refresh .operation automatically 
occurs. The refresh address is supplied by the on-chip 
refresh address counter which is then internally 
incremented in preparation for the next CAS-before
RAS refresh cycle. 

Hidden Refresh: A hidden refresh cycle may be 
performed while maintaining the latest valid data at the 
output by extending the CAS active time and cycling 
RAS. The KM44C1004C/CUCSL hidden refresh cycle is 
actually a GAS-before-RAS refresh cycle within an 
extended read cycle. The refresh row address is 
provided by the on-chip refresh address counter. 

Other Refresh-Methods: It is also possible to refresh the 
KM44C1004C/CUCSL by using read, write or read
modify-write cycles. Whenever a row is accessed, all the 
cells in that row are automatically refreshed. There are 
certain applications in which it might be advantageous 
to perform refresh in this manner but in general RAS
only or GAS-before-RAS refresh is the preferred method. 

Fast Page Mode with Extended Data Out 
Fast page mode provides high speed read, write or 
read-modify-write access to all memory cells within a 
selected row. These cycles may be mixed in any order. 
A fast page mode cycle begins with a normal cycle. 
Then, while RAS is kept low to maintain the CAS is 
cycled to strobe in additional column addresses. This 

•!:!:i:fi:W> 
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eliminate.s the time required to set up and strobe 
sequential row addresses for the same page. 

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

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

This is shown in the CAS-before-RAS counter test cycle 
timing diagram. A memory cell be addressed with 10 
row address bits and 10 column address bits defined as 
follows: 

Row Address - Bits Ao through A9 are supplied by the 
on-chip refresh counter. 

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

Suggested CAS-before-RAS Counter Test 
Procedure 
The CAS-before-RAS refresh counter test cycle timing is 
used in each of the following steps; 
1. Initialize the internal refresh counter by performing 8 

CAS-before-RAS cycles. 
2. Write a test pattern of "lows" into the memory cells at 

a single column address and 1024 row address. 
(The row addresses are supplied by the on-chip 
refresh counter). 

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

4. Read the "highs" written during step 3. 
5. Complement the test pattern and repeat steps 2,3 

and 4. 

Power-up 
If RAS=Vss during power-up, the KM44C1004C/ 
CUCSL could possibly begin an active cycle. This 
condition results in higher than necessary current 
demands from the power supply during power-up. It is 
recommended that RAS and CAS track with Vee during 
power-up or be held at a valid V1H in order to minimize 
the power-up current. An initial pause of 200 µsec is 
required after power-up followed by any 8 initialization 
cycles before proper device operation is assured. Eight 
initialization cycles are also required after any 16(L-ver: 
128, SL-ver:256) msec period in which there are no RAS 
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DEVICE OPERATION (Continued) 

cycles. An initialization cycle is any cycle in which RAS 
is cycled. 

Termination 
The lines from the TTL driver circuits to the 
KM44C1004C/CUCSL inputs act like unterminated 
transmission lines resulting in significant overshoot and 
undershoot at the inputs. To minimize overshoot it is 
advisable to terminate the input lines and to keep them 
as short as possible. Although either series or parallel 
termination may be used, series termination is generally 
recommended since it is simple and draws no additional 
power. It consists of a resistor in series with the input 
line placed close to the KM44C1004C/CUCSL input pin. 
The optimum value depends on the board layout. It 
must be determined experimentally and is usually in the 
range of 20 to 40 ohms. 

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

PACKAGE DIMENSIONS 
20-LEAD PLASTIC DUAL IN-LINE PACKAGE 

0.962 (24.43) 

0.972 (24.69) 

0 
0 

0.135 (0.43) 

CMOS DRAM 

intersection or better yet if power and ground planes are 
used. 

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

A high frequency 0.1 µ F ceramic decoupling capacitor 
should be connected between the Vee and ground pins 
of each KM44C1004C/CL/CSL using the shortest 
possible traces. These capacitors act as a low 
impedance shunt for the high frequency switching 
transients generated by the KM44C1004C/CUCSL and 
they supply much of the current used by the 
KM44C1004C/CUCSL during cycling. 

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

~ ~ 
t::. t::. 

"' 
(') 

"" ~ N 
c) c) 

Units: Inches (Millimeters) 

0.015 (0 38) 

MIN 

~1~4-5-(3_.6_8_) __________________________________ _,--r--
0.013 (0.33) 

!~I 
0.100 (2.54) ~I 0.016 (0.41) i I 0.035 (0.89) 
--TY-'-P----1---+ ' 1~0.024"(o:61)1 I 0.055 (1.40) 

MIN 

0.050 (1.27) 

MAX 
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PACKAGE DIMENSIONS (Continued) 

20-LEAD PLASTIC SMALL OUT-LINE J·LEAD 

0 

0.670 (17.02) 

0.680 (17.27) 

0 

~.,., ~ RAAPJ 1LMAAA 
0.050 (1.27) I 0.015 (0.38) I 0.026 (0.66) 

TYP I 0.021 (0.53) I 0.032 (0.81) 

. 20-LEAD PLASTIC ZIGZAG-IN-LINE PACKAGE 

0.016(0.41) 

0.024(0.61) 

1.025(26.04) 

1.035(26.29) 

;--INDEX 

0.050(1.27) 

TYP 

tJMflihi» 
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0.050(1.27) 

MAX 

0 

l 

0.050 (1.27) 

MAX 

0.100(2.54) 

MIN 

CMOS DRAM 

Units: Inches (millimeters) 

~I 

0.027 (0.69) 
MIN 

0.128 (3.25) 

0.145 (3.68) 

0.113(2.87) 

0.120(3.05) 

0.009(0.23) 
0.013(0.33) 

0.100(2.54) 

TYP 
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KM44C1004C/CL/CSL CMOS DRAM 

PACKAGE DIMENSIONS (Continued) 

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

Units: Inches (millimeters) 

0 

~ ~ :: ~~ 
1--------------+---ci-'-ci ~:~~: ~~::~~ 

eMfiihitP 
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0.048 (1.22) 

0.052 (1.32) ~ 
O.Q16 (0.40) . I I 
0.024 (0.60) 
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KM41 V4000C/CL/CLL CMOS DRAM 

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

FEATURES 
• Performance range: 

tRAC tCAC 

KM41 V4000C/CUCLLc6 60ns 15ns 

KM41 V4000C/CUCLL-7 70ns 20ns 

KM41 V4000C/CUCLL-8 80ns 20ns 

• Fast Page Mode operation 
• Self Refresh operation (LL-version) 
• CAS-before-RAS refresh capability 
• RAS-only and hidden refresh capability 
• Fast parallel test mode capability 
• TTL compatible inputs and outputs 
• Common 1/0 using early write 
• Single + 3.3V ± 0.3V power supply 
• Refresh Cycle 

- 1024 cycle/16ms (Normal) 
- 1024 cycle/128ms (L-version) 
- 1024 cycle/128ms (LL-version) 

• Power Dissipation 
- Standby: 3.6mW(Nomal) 

0.18 mW(L-version) 
0.18mW(LL-version) 

- Active (60/70/80ns):220/200/180mW 
• JEDEC standard pinout 

tRC 

110ns 

130ns 
--

150ns 

GENERAL DESCRIPTION 
The Samsung KM41V4000C/CL/CLL is a high speed 
CMOS 4, 194,304 bit x 1 Dynamic Random Access 
Memory. Its design is optimized for high performance 
applications such as mainframes and mini computers, 
graphics and high performance microprocessor 
systems. 

The KM41V4000C/CL/CLL features Fast Page Mode 
operation which allows high speed random access of 
memory cells within the same row. 

GAS-before-RAS refresh capabillity provides on-chip 
auto refresh as an alternative to RAS-only Refresh. All 
inputs and output are fully TTL compatible. 

The KM41 V4000C/CL/CLL is fabricated using 
Samsung's advanced CMOS process. 

• Available in plastic SOJ, ZIP and TSOP II packages 

FUNCTIONAL BLOCK DIAGRAM 

Ao 

•1mw:m» 
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CONTROL & 

CLOCK 

.REFRESH CONTROL & 

ADDRESS COUNTER 

cc 
w 
0 
0 
() 
w 
0 

3::: 
0 
cc 

COLUMN DECODER 

SENSE AMPS & 110 

MEMORY ARRAY 

4,194,304 CELLS 

DATA 

IN 

BUFFER 

DATA 

OUT 

BUFFER 

-- Voo 

-- Vss 

D 

Q 
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KM41 V4000C/CL/CLL CMOS DRAM 

PIN CONFIGURATION (Top Views) 

• KM41V4000CJ/CLJ/CLLJ • KM41V4000CZ/CLZ/CLLZ • KM41V4000CT/CLT/CLLT 

D 10 Vss 
D 0 20 Vss 

20 
w 19 Q w 19 Q 

RAS 3 18 GAS 
N.C. 4 17 N.C. RAS 18 GAS 

A10 16 Ag N.C. 17 N.C 

Aio 16 Ag 

Ao 6 As 
N.C. 

15 
A1 14 A7 Ai Ao 6 15 As 
A2 13 A5 A2 Ai 14 A7 
A3 12 A5 

VDD 
VDD 10 0 11 A4 A4 A2 8 13 A5 

A5 A3 9 12 As A5 0 
VDD 10 11 A4 

As 

• KM41V4000CTR/CLTR/CLLTR Pin Names Pin Function 

Vss 20 D Ao·A10 Address Inputs 

Q 0 w D Data In 

GAS 18 RAS Q Data Out 
N.C. 17 N.C. w Read/Write Input 

Ag 16 A10 
RAS Row Address Strobe 

As Ao CAS Column Address Strobe 

A1 14 A1 Voo Power ( + 3.3V) 

A5 A2 
Vss Ground 

A5 0 A3 
N.C. No Connection · 

A4 10 VDD 

tJiJ:'¥1@> 
ELECTRONICS 
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KM41 V4000C/CL/CLL CMOS DRAM 

ABSOLUTE MAXIMUM RATINGS* 
Item Symbol Rating Unit 

Voltage on Any Pin Relative to Vss V1N, Vour - 0.5-VDD + 0.5 v 
Voltage on Voo Supply Relative to Vss Voo -0.5-4.6 v 
Storage Temperature Ts1g -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 ab
solute 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 Max 

Supply Voltage VDD 3.0 3.3 3.6 

Ground Vss 0 0 0 

Input High Voltage V1H 2.0 - Voo+0.3 

Input Low Voltage V1L -0.3 - 0.8 

DC AND OPERATING CHARACTERISTICS (0°C::s;TA::s;70°C, Voo=3.3V±0.3V) 
Recommended operating conditions unless otherwise noted) 

Parameter Symbol Min 

Opernting Current* KM41 V4000C/CLJCLL-6 

(RAS, CAS, Address Cycling @tRc=min.) KM41V4000C/CLJCLL-7 lcc1 
KM41V4000C/CLJCLL -8 

Standby Current (RAS=CAS=W=V1H) lcc2 

RAS-Only Refresh Current* KM41 V4000C/CLJCLL-6 

(CAS=VIH, RAS, Address Cycling @tRC=min.) KM41V4000C/CLJCLL·7 ICC3 
KM41 V4000C/CLJCLL-8 

Fast Page Mode Current* KM41 V4000C/CLJCLL-6 

(RAS=VIL, CAS, Address Cycling @tPC=min.) KM41V4000C/CLJCLL-7 ICC4 
KM41 V4000C/CLJCLL-8 

STANDBY CURRENT KM41V4000C 

(RAS=CAS=W=Voo-0.2V) KM41V4000CL Ices 
KM41V4000CLL 

GAS-Before-RAS Refresh Current* KM41 V4000C/CLJCLL-6 

(RAS and CAS Cycling @tRC=min.) KM41V4000C/CLJCLL-7 Ices 
KM41V4000C/CLJCLL-8 

Battery Back Up Current 
Average Power Supply Current, 
Battery Back Up Mode, 
Input High Voltage(V1H)=VDD-0.2V KM41V4000CL ICC7 
Input Low Voltage (V1L)=0.2V -
CAS=CAS-Before-RAS Cycling or 0.2V 
DIN=Don't Care TRC=125(L-ver) µS 
TRAS= TRAS min-300ns 

Self Refresh Current 
RAS=CAS=VIL KM41 V4000CLL Ices 
D=W=Ao-A1o=D=Voo-0.2V or 0.2V 

•11Wfilhi» 
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Unit 

v 
v 
v 
v 

Max Unit 

60 mA 
55 mA 
50 mA 

1 mA 

60 mA 
55 mA 
50 mA 

45 mA 
40 mA 
35 mA 

500 µA 
100 µA 
100 µA 

60 mA 
55 mA 
50 mA 

200 µA 

150 µA 
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KM41 V4000C/CL/CLL CMOS DRAM 

DC AND OPERATING CHARACTERISTICS(continued) 

Parameter Symbol Min Max Unit 

Input Leakage Current 
li(L) -10 10 µA (Any input OsV1NsVoo+0.3V, all other pins not under test=OV) 

Output Leakge Current 
IO(L) -10 10 µA (Data out is disabled, OV s Vour s Voo) 

Output High Voltage Level (IOH=·2mA) VOH 2.4 v 
Output Low Voltage Level (loL=2mA) VOL 0.4 v 
* Note: lcc1, lcc3, lcc4 and ICC6 are dependent on output loading and cycle rates. Specified· value are obtained with the 

outpuropen. Ice is specified as average current. lcc1, lcc3, lcc6, Address can be changed maximun two times while 
RAS=V1L. ICC4, Address can be canged maximun once during a Fast Page Mode Cycle. 

CAPACITANCE (f A=25" C, Voo=3.3V, f=1 MHz) 

Parameter Symbol Min Max Unit 

Input Capacitance(Ao-A10,D) CIN1 - 5 pF 

Input Capacitance(RAS, CAS, W) CIN2 - 7 pF 

output Capacitance(Q) COUT - 7 pF 

AC CHARACTERISTICS (0°CsTAQ0°C, Vcc=5.0V±10%, See notes 1,2) 

-6 -7 -8 
Parameter Symbol 

Min Max Min Max Min Max 
Unit Notes 

Random read or write cycle time tRC 110 130 150 ns 

Read-modify-write cycle time tRWC 130 155 175 ns 

Access time from RAS tRAC 60 70 80 ns 3,4,11 

Access time from CAS tCAC 15 20 20 ns 3,4,5 

Access time from column address tAA 30 35 40 ns 3,11 

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

Output buffer turn-off delay tOFF 0 15 0 20 0 20 ns 7 

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

RAS precharge time tRP 40 50 60 ns 

RAS pulse width tRAS 60 10,000 70 10,000 80 10,000 ns 

RAS hold time tRSH 15 20 20 ns 

CAS hold time tCSH 60 70 80 ns 

CAS pulse width tCAS 15 10,000 20 10,000 20 10,000 ns 

RAS to CAS delay time tRCD 20 45 20 50 20 60 ns 4 

RAS to column address delay time tRAD 15 30 15· 35 15 40 ns 11 

CAS to RAS precharge time tCRP 5 5 5 ns 

Row address set-up time tASR 0 0 0 ns 

Row address hold time tRAH 10 10 10 ns 
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KM41V4000C/CL/CLL CMOS DRAM 

AC CHARACTERISTICS (Continued) 

-6 -7 -8 
Parameter Symbol 

Min Max Min Max Min Max 
Unit Notes 

Column address set-up time tASC 0 0 0 ns 

Column address hold time tCAH 10 15 15 ns 

Column address hold time referenced to RAS tAR 45 55 60 ns 6 

Column address to RAS lead time tRAL 30 35 40 ns 

Read command set-up time tRCS 0 0 0 ns 

Read com_mand hold referenced to CAS tRCH 0 0 0 ns 9 

Read command hold referenced to RAS tRRH 0 0 0 ns 9 

Write command hold time tWCH 10 15 15 ns 

Write command hold referenced to RAS twCR 45 55 60 ns 6 

Write command pulse width twP 10 15 15 ns 

Write command to RAS lead time tRWL 15 20 20 ns 

Write command to CAS lead time tCWL 15 20 20 ns 

Data-in set-up time tos 0 0 0 ns 10 

Data-in hold time tDH 10 15 15 ns 10 

Data-in hold referenced to RAS tDHR 45 55 60 ns 6 

Refresh period (1024 cycles) tREF 16 16 16 ms 

Refresh period (ULL-version) tREF 128 128 128 ms 

Write command set-up time twcs 0 0 0 ns 8 

CAS to Write enable delay tcwo 15 20 20 ns 8 

RAS to Write enable delay tRWD 60 70 80 ns 8 

Column address to W delay time tAWD 30 35 40 ns 8 

CAS setup time (GAS-before-RAS cycle) tCSR 10 10 10 ns 

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

RAS precharge to CAS hold time tRPC 5 5 5 ns 

CAS precharge (C-8-R cour:iter test) 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 

CAS precharge .time(fast page mode) tCP 10 10 10 ns 

RAS hold time from CAS precharge tRHCP 35 40 45 ns 

Fast page mode read-modify-write tPRWC 60 70 75 ns 

RAS pulse width (fast page mode) tRASP 60 200,000 70 200,000 80 200,000 ns 

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

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

W to RAS precharge time(C-8-R refresh) tWRP 10 10 10 ns 

W to RAS hold time(C-8-R refresh) tWRH 10 10 10 ns 

RAS pulse width (C-8-R self refresh) tPASS 100 100 100 µs 13 

RAS precharge time (C-8-R self refresh) tRPS 110 130 150 ns 13 

CAS hold time (C-8-R self refresh) tCHS -50 -50 -50 ns 13 

tJMfiiHI" 
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KM41V4000C/CL/CLL 

TEST MODE CYCLE 

Parameter Symbol 

Random read or write cycle time tRC 

Read-modify-write cycle time tRWC 

Access time from RAS tRAC 

Access time from CAS tCAC 

Access time from column address tAA 

RAS pulse width tRAS 

GAS pulse width tCAS 

RAS hold time tRSH 

GAS hold time tCSH 

Column address to RAS lead time tRAL 

GAS to write enable delay tcwo 

RAS to write enable delay tRWD 

Column address to W delay time tAWD 

Fast mode cycle time tPC 

Fast page modered-modify-write tPR'NC 

RAS pulse width(fast page mode) tRASP 

Access time from GAS precharge tCPA 

NOTES 

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

2. V1H(min) and V1L(max) are reference levels for meas
uring 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 load and 
1 OOpF, and Voh=2.0V, Vol=0.8V 

4. Operation within the tRco(max) limit insures that 
tRAc(max) can be met. tRco(max) is specified as a 
reference point only. If tRco is greater than the 
specified tRco(max) limit, then access time is con
trolled exclusively by tcAC· 

5. Assumes that tRco;;:::tRco(max). 
6. tAR, twcR, toHR are referenced to tRAo(max). 
7. This parameter defines the time at which the out

put achieves the open circuit condition and is not 
referenced to VoH or VoL· 

8. twcs, tRwo, tcwo and tAwo are non restrictive operat
ing parameters. They are included in the data sheet 

as electrical characteristics only. If twcs~::twcs(min) 

t1:f:i:f 4ijll1P 
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115 

135 

65 

20 

20 

65 

35 

20 

65 

35 

45 

65 

65 

CMOS DRAM 

(Note. 12) 

-6 -7 -8 

Max Min Max Min Max 
Unit Notes 

135 155 ns 

160 180 ns 

65 75 85 ns 3,4,11 

20 25 25 ns 3,4,5 

35 40 45 ns 3,11 

10,000 75 10,000 85 10,000 ns 

10,000 25 10,000 25 10,000 ns 

25 25 ns 

75 85 ns 

40 45 ns 

25 25 ns 8 

75 85 ns 8 

40 45 ns 8 

50 55 ns 

80 85 ns 

200,000 75 200,000 85 200,000 ns 

40 45 50 ns 3 

the cycle is an early write cycle and the data out
put will remain high impedance for the durat_ion of 
the cycle. If tcwo;;:::tcwo(min), tRwo;;:::tRwo(min) and 
tAwo;;:::tAwo(min), then the cycle is a read-write cycle 
and the data output will contain the data read from 
the selected address. If neither of the above con
ditions are satisfied, the condition of the data out 
is indeterminate. 

9. Either tRcH or tRRH must be satisfied for a read 
cycle. 

10. These parameters are referenced to the CAS lead
ing edge in early write cycles and to the W leading 
edge in read-write cycles. 

11. Operation within the tRAo(max) limit insures that 
tRAc(max) can be met. tRAo(max) is specified as a 
reference point only. If tRAo is greater than the 
specified tRAo(max) limit, then access time is con
trolled by tAA· 

12. These specifications are applied in the test mode. 
13. 1024 cycle of Burst Refresh must be executed 

within 16ms before and after self refresh, in order to 
meet refresh specification 
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KM41 V4000C/CL/CLL 

TIMING DIAGRAMS 
READ CYCLE 

A 

CMOS DRAM 

w 
V1H- 'ff\7'0~~~~~~....,.--'1-----------t-..,,°'"'~~""'"" 

V1L- \Qo~'°""~LAA°"i~Q..A..T 

i-----tcAc----i 

IQFF 

a 

WRITE CYCLE (EARLY WRITE) 

A 
V1H-

V1L-

w V1H-

V1L-

D 
V1H-

V1L-

IDHR 

a VoH-

VOL-'-
OPEN 

mDON'TCARE 
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KM41 V4000C/CL/CLL 

TIMING DIAGRAMS (Continued) 

READ·WRITE/READ·MODIFY·WRITE CYCLE 

A 

w V1H-

V1L-

a VoH-

VoL-

V1H-
D 

V1L-

FAST PAGE MODE READ CYCLE 

GAS V1H-

V1L-

V1H-
A 

V1L-

d"'iti'iii* 
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CMOS DRAM 

mDON'TCARE 
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KM41V4000C/CL/CLL 

TIMING DIAGRAMS (Continued) 

FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 

A 

w 

D 

a 

V1H

V1L

V1H-

V1L-

V1H-

V1L-

VoH-

VoL-

~,~~~~l~U 

t!MfJihl*' 
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IDHR 

OPEN 

CMOS DRAM 

Im DON'T CARE 
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KM41V4000C/CL/CLL CMOS DRAM 

TIMING DIAGRAMS (Continued) 

FAST PAGE MODE READ-WRITE CYCLE 

A 

w 

D 

Q 

~ DON'tCARE 
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KM41V4000C/CL/CLL 

TIMING DIAGRAMS ccontinued) 

RAS·ONL Y REFRESH CYCLE 

CMOS DRAM 

Note: W, D, A10 =Don't Care 1----------tRC -----------. 

!------ tRAS --~ 

A 
V1H- ~V\J'o~~~~ '--"-----1 ft:!'~~~~~~~~~~~~~~~ 
V1L-

tcRP 

a VoH- -------------OPEN--------------
VoL-

CAS BEFORE RAS REFRESH CYCLE 
Note: D. Address =Don't Care 

V1H -

Vil- ____ _, 

V1H -

Vil - ------

w V1H -

Vic - .L::>L~~~~~.::.t..::..J 

a VoH -
Vol _ -------~.,.--------OPEN 

CAS·BEFORE·RAS SELF REFRESH CYCLE (LL-ver only) 
Note: Address=Don't Care 

RAS 
V1H -
Vil -

V1H -
CAS 

Vil -

w V1H -
Vil -

VoH -
a 

Vol -

dfati:W• 
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KM41 V4000C/CL/CLL CMOS DRAM 

TIMING DIAGRAMS (Continued) 

HIDDEN REFRESH CYCLE (READ) 

f------lRC--- ----l 
t----- IRAS------! f---tRP---j f------IRAS-----1 

V1H-I 

V1L- I !'-I -------'""'! --i tcRP I t---- t IRsH tcHR I 

~::~ J : I 'C0-1{--+-+--11 --+-+----~! 
I f--- IRAD I I I IRAL--1 I 
I I jtAR! I /' I I 

tRAH lcAH I 

i.....----~ r-ll\7\i\!\J\J\!..~j\?\7\!\A?\,~~~\?jl~~7\!\~7\7\T 
A 

w 

Q VALID DATA 

A 
V1L-

V1H-w 
V1L-

V1H-
D 

V1L-

VoH- toHR 

a 
VoL-

OPEN 

~DON'T CARE 
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KM41V4000C/CL/CLL 

TIMING DIAGRAMS (Continued) 

CAS·BEFORE-RAS REFRESH COUNTER TEST CYCLE 

V1H

V1L-

V1H

V1L-

CMOS DRAM 

A 
V1H- ~~~~:7\?'\~~~~~~~~"- i.------o1 L,~~~m~'"'~'V':j~~"J\!f1 
V1L- ~:.::.0,~~~~~~~~~~~11'1'.,'"----.----*~~~~~~Q,Ci~~~~~~ 

READ CYCLE 

a 

IRCS 

w 
V1H- "V':'.:~~~~t"t--...,':7\J'\7'\j~~rj".~--tt-....._ _____ """'t"t"'"-r-"tl';"~l\'i 

V1L - HHV"'"' 

WRITE CYCLE 

a VoH-
VoL------~---------+--~---OPEN 

>---+----+-+---IRWL-----.--t 

w V1H-

V1L-

D V1H-

V1L-

READ-WRITE CYCLE 

a 

V1H- "YV~"\AD_.....__-17'7'-V\J\7':7\?\.""r-"--t"t------\ 
w 

V1L- .L.L~~ 

D 

~DON'TCARE 
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KM41V4000C/CL/CLL 

TIMING DIAGRAMS (Continued) 

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

CMOS DRAM 

i--------- IRAS---------t 

tcp tcsR 
ICHR 

CAS 
V1H-

V1L-

lwTH 

w 
V1H-

V1L-

VoH-Q 
1>--------------0PEN------------~ 

VoL- -----i 

TEST MODE DESCRIPTION 

The KM41 V4000C/CUCLL is the RAM organized 4, 
194,304 words by 1 bit it is internally organized 524, 
288 words by 8 bits. In "Test Mode", data are written 
into 8 sectors in parallel and retrieved the same way. 
Column address bit Ao and A10 are not used. If, upon 
reading, all bits are equal (all "1" or "O"s), the data 
output pin indicates a "1 "If any of the bits differed the 
data output pin would indicate a "O". In "Test Mode", 

t1Mfiliil1P 
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the 4M DRAM can be tested as if it were a 512K 
DRAM. W, CAS-Before-RAS Cycle (fest Mode in Cycle) 
puts the device into "Test Mode", And "CAS-Before
RAS Resfresh Cycle" or "RAS-only-Refresh Cycle" 
puts it back into "Normal Mode". During the test mode 
operation, a WCBR cycle is used to perform refresh. 
The "Test Mode" function reduces test time(1/8 in 
cases of N test pattern.) 
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KM41 V4000C/CL/CLL 

DEVICE OPERATION 
Device Operation 
The KM41 V4000C/CLJCLL contains 4, 194,304 memory 
locations. Twenty-two address bits are required to 
address a particular memory location. Since the 
KM41V4000C/CLJCLL has only 11 address input pints, 
time multiplexed addressing is used to input 11 row and 
11 column addresses. The multiplexing is controlled by 
the timing relationship between the row address strobe 
(RAS), the column adress strobe(CA'S) and the valid 
row and column address inputs. 

Operating of the KM41 V4000C/CL/CLL begins by 
strobing in valid row address with RAS while CAS 
remains high. Then the address on the 11 address 
input pins is changed from a row address to a column 
address and is strobed in by CAS. This is the beginning 
of any KM41 V4000C/GLJCLL cycle in which a memory 
location is accessed. The specific type of cycle is deter
mined by the state of the write enable pin and various 
timing relationships. The cycle is terminated when both 
RAS and CAS have returned to the high state. Another 
cycle can be initiated after RAS remains high long 
enough to satisfy the RAS precharge time(tRP) require
ment. 

RAS and CAS Timing 
The minimum RAS and CAS pulse widths are specified 
by tRAs(min) and tcAs(min) respecitively. These mini
mum pulse widths must be satisfied for proper device 
operation and data integrity. Once a cycle is initiated by 
bringing RAS low, it must not be aborted prior to satisfy
ing the minimum RAS and GAS pulse widths. In addi
tion, a new cycle must not begin until the minimum RAS 
precharge time, tRP, has been satisfied. Once a cycle 
begins, internal clocks and other circuits within the 
KM41 V4000G/CL/CLL begin a complex sequence of 
events. If the sequence is broken by violating minimum 
timing requirements, loss of data integrity can occur. 

Read 
A read cycle is achieved by maintaining the write 
enable input(W) high during a RAS/CAS cycle. If GAS 
goes low before tRco(max), the access time to valid 
data is specified by tRAc(min). If CAS goes low after 
tRco(max), the access time is measured from CAS and 
is specified by tcAc. In order to achieve the minmum 
access time, tRAc(min), it is necessary to bring GAS low 
before tRco(max). 

Write 
The KM41 V4000C/GLJCLL can perform early write, late 
write and read-modify-write cycles. The difference 
between these cycles is in the state of data-out and is 
determined by the timing relationship between W and 
GAS. In any type of write cycle, Data-in must be valid at 
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or before the falling edge of W or GAS, whichever is 
later. 

Early Write: An early write cycle is performed by bring
ing W low before GAS. The data at the data input pin 
(D) is written into the addressed memory cell. 
Throughout the early write cycle the output remains in 
the Hi-Z state. The cycle is good for common 1/0 appli
cations because the data-in and data-out pins may be 
tied together without bus contention. 

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

Late Write: If W is brought low after CAS, a late write 
cycle will occur. The late write cycle is very similar to 
the read-modify-write cycle except that the timing 
parameters, tRWD, tcwo and tAwo, are not necessarily 
met. The state of date-out is indeterminate since the 
output can be either Hi-Z or contain data depending on 
the timing conditions. This cycle requires a separate 1/0 
to avoid bus contention. 

Data Output 
The KM41V4000G/GL/GLL has three-state output 
buffer which are controlled by GAS. Whenever CAS is 
high(V1H), the output is in the high impedance (Hi-Z) 
state. In any cycle in which valid data appears at the 
output, goes into the low impedance state in a time 
specified by tcLZ after the falling edge of GAS, Invalid 
data may be present at the output during the time after 
tcLZ and before the valid data appears at the output. 
The timing parameters tCAC, tRAC and tAA specify when 
the valid data will be present at the putput. The valid 
data remains at the output until CAS returns high. This 
is true even if a new RAS cycle occurs (as ·in hidden 
refresh). Each of the KM41V4000G/CLJGLL operating 
cycles is listed below after the corresponding outout 
state produced by the cycle. 

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

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

Indeterminate Output State: Delayed Write 

Refresh 
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KM41 V4000C/CL/CLL 

DEVICE OPERATION (Continued) 

The data in the KM41V4000C/CL/CLL is stored on a 
tiny capacitor within each memory cell. Due to leakage 
the data may leak off after a period of time. To maintain 
data integrity it is necessary to refresh each of the rows 
every 16(L,LL-ver:128ms). There are several ways to 
accomplish this. 

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

GAS-before-RAS Refresh: The KM41V4000C/CL/CLL 
has GAS-before-RAS on-chip refresh capability that 
eliminates the need for external refresh addresses. If 
CAS input is held low for the specified set up time 
(tcsR) before RAS goes low, the on-chip refresh circuit
ry is enabled. An internal refresh operation auto-mati
cally occurs. The refresh address is supplied by the on
chip refresh address counter which -is then internally 
incremented in preparation for the next CAS-before
RAS refresh cycle. 

Hidden Refresh: A hidden refresh cycle may be per
formed while maintaining the latest valid data at the 
output by extending the CAS active time and cycling 
RAS. The KM41V4000C/CL/CLL hidden refresh cycle 
is actually a GAS-before-RAS refresh cycle within an 
extended read cycle. The refresh row· address is provid
ed by the on-chip refresh address counter. 

Self Refresh : The self refresh is GAS-before-RAS 
refresh to be used for long periods of standby, such as 
al battery back-up. In nomal CAS-befoerd-RAS cond
tion, when RAS is held low above 100 s an internal 
timer activates an refresh operation of consecutive row 
addersses in DRAM. The self refresh mode is exited 
when either RAS of CAS goes high(V1H). 

Other Refresh Methods: It is also possible to refresh the 
KM41V4000C/CL/CLL by using read, write or read
modify write cycles. Whenever a row is accessed, all 
the cells in that row are automatically refreshed. There 
are certain applications in which it might be advanta
geous to perform refresh in this manner but in general 
RAS-only or CPS-before-RAS refresh is the preferred 
method. 

Fast Page Mode 
The KM41 V4000C/CL/CLL has Fast page mode capa
bility. Fast page mode memory cycles provides faster 
access and lower power dissipation than normal memo
ry cycles. In Fast page mode, it is possible to perform 
read, write or read-modify-write_ cyclels. As long as the 
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applicable timing requirements are observed, it is possi
ble to mix these cycles in any order. A fast page mode 
cycle begins with a normal cycle. Then, while RAS is 
kept low to maintain the CAS is cycled to strobe in addi
tional column addresses. This eliminates the time 
required to set up and strobe sequential row addresses 
for the same page. Up to 2048 memory cells can be 
accessed with the same row address. 

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

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

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

Row Address- Bits Ao through Ag are supplied by the 
on-chip refresh counter. This A10 bit is set high 
interally. 

Column Address-Bits Ao through A10 are strobed -in by 
the falling edge of CAS as in a normal memory cycle. 

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

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

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

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

4. Read the "highs" written during step 3. 
5. Complement the test pattern and repeat steps 2, 3 

and 4. 

Power-up 
If 'RAS=Vss during power-up,the KM41V4000C/CL/CLL 
could begin an active cycle. This condition results in 
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KM41 V4000C/CL/CLL 

DEVICE OPERATION (Continued) 

higher than necessary current demands from the power 
supply during power-up. It is recommended that RAS 
and GAS track with Vee during power-up or be held at 
a valid V1H in order to minimize the power-up current. 
An initial pause of 200 µsec is required after power-up 
followed by any 8 RAS cycles before proper device 
operation is assured. Eight initialization cycles are also 
required after any 16 msec period in which there are no 
RAS cycles. An initialization cycle is any cycle in which 
RAS is cycled. 

Termination 
The lines from the TTL driver circuits to the 
KM41 V4000C/CL/CLL inputs act like unterninated 
transmission lines resulting in significant overshoot and 
undershoot at the inputs. To minimize overshoot it is 
advisable to terminate the input lines and to keep them 
as short as possible. Although either series or parallel 
temination may be used,series temination is generally 
recommended since it is simple and draws on addition
al power. It consists of a resistor in series with the input 
line placed close to the KM41 V4000C/CL/CLL input pin. 
The optimum value depends on the board layout. It 
must be determined experimentally and is usually in the 
range of 20 to 40 ohms. 

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

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

A high frequency 0.1 µ F ceramic decoupling capacitor 
should be connected between the Vee and ground pins 
of each KM41 V4000C/CL/CLL using the shortest possi
ble· traces. These capacitors act as a low impedance 
shunt for the high' frequency switching transients gener
ated by the KM41 V4000C/CL/CLL and they sypply 
much of the current used by the KM41 V4000C/CL/CLL 
during cycling. 

In anddition, a large tantalum capacitor with a value of 
4;7µ F to 100µ F capacitors between cycles. thereby 
reducing power ling droop. The bulk decoupling capaci
tc;>r should be placed near the point where the power 
traces meet the power grid or power plane. Even better 
results may be achieved by distributing more than one 
tantalum capacitor around the memory array. 
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KM41V4000C/CL/CLL 

PACKAGE DIMENSIONS 

20-LEAD PLASTIC SMALL OUT-LINE J·LEAD 

0 
0 

0.670 (17.02) 

0.680 (17.27) 

8iOO' "·'' BB AAAJ...__l ________.,ILAAAAA 
0.050 (1.27) I 0.015 (0.38) I 0.026 (0.66) I 

TYP I 0.021 (0.53) I 0.032 (0.81) 

--i 

20-LEAD PLASTIC ZIGZAG-IN-LINE PACKAGE 

0.016(0.41) 

0.024(0.61) 

1.025(26.04) 

1 .035(26.29) 

r-INDEX 

0.050(1.27) 

TYP 
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0.050(1.27) 

MAX 

0 

l 

0.050 (1.27) 

MAX 

0.100(2.54) 

MIN 

CMOS DRAM 

Units: Inches (millimeters) 

~I 

0.027 (0.69) 

MIN 

SS 
C\I M e. e. 
00 "' 0 ~ 
0 0 
d d 

0.128 (3.25) 

0.145 (3.68) 

0.113(2.87) 

0.120(3.05) 

0.009(0.23) 
0.013(0.33) 

0.100(2.5.4) 

TYP 
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KM41V4000C/CL/CLL CMOS DRAM 

PACKAGE DIMENSIONS (Continued) 

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

Units: Inches (millimeters) 

0.671 (17.04) 

0.679 (17.24) 

O> ..... 

8 (!; 
ci ci 

lei 0.003 (0.08) \ FbrHR""'l~=rt=::::r""F=rF-=~~~~=rLiUUiiLilR"t=rt=~::i->=t 
I 0.048 (1.22) I 0.012 (O~ 

--j 0.052 (1.32) --j . 0.020 (0.50) 

4111Mi@1P 
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0.005 (0.13) 

0.008 (0.20) 

~ 
O.D16 (0.40) I I 
0.024 (0.60) 
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KM44V1 OOOC/CL/CLL CMOS DRAM 

1Mx4Bit CMOS Dynamic RAM with Fast Page Mode 

FEATURES 

• Performance range: 

tRAC tCAC tRC 

KM44V1 OOOC/CLJCLL-6 60ns 15ns 110ns 

KM44V1 OOOC/CLJCLL-7 70ns 20ns 130ns 
I---

KM44V1 OOOC/CLJCLL-8 80ns 20ns 150ns 

• Fast Page Mode operation 
• Self Refresh operation (LL-version) 
• CAS-before-RAS refresh capability 
• RAS-only and hidden refresh capability 
• Fast parallel test mode capability. 
• TTL compatible inputs and output 
• Early write or output enable controlled write 
• Single + 3.3V ± 0.3V power supply 
• Refresh Cycle 

- 1024 cycle/16ms (Normal) 
- 1024 cycle/128ms (L-version) 
- 1024 cycle/128ms (LL-version) 

• Power dissipation 
- Standby: 3.6mW (Normal) 

0.1 SmW(L-version) 
0.1 SmW(LL-version) 

- Active (60/70/80ns):220/200/180mW 
• JEDEC standard pinout 
• Available in Plastic SOJ, DIP, ZIP and TSOP -II 

packages 

FUNCTIONAL BLOCK DIAGRAM 

Ao 

Ag 

CONTROL & 

CLOCK 

REFRESH CONTROL & 
ADDRESS COUNTER 

a: 
UJ 
0 
0 
(..) 
UJ 
0 

~ 
0 
a: 

COLUMN DECODER 

SENSE AMPS & 1/0 

MEMORY ARRAY 

1,048,576 x 4 CELLS 

t1MfiliHiP 
ELECTRONICS 

GENERAL DESCRIPTION 
The Samsung KM44V1 OOOC/CL/CLL is a high speed 
CMOS 1,048,576 bit x 4 Dynamic Random Access 
Memory. Its design is optimized for high performance 
applications such as mainframes and mini computers, 
graphics and high performance microprocessor 
systems. 

The KM44V1 OOOC/CL/CLL features Fast Page Mode 
operation which allows high speed random access of 
memory cells within the same row. 

CAS-before-RAS refresh capability provides on-chip 
auto refresh as an alter native to RAS-only Refresh. All 
inputs and outputs are fully TTL compatible. 

The KM44V1 OOOC/CL/CLL is fabricated using 
Samsung's advanced CMOS process. 

DATA 

IN 

BUFFER 

DATA 

OUT 

BUFFER 

-- Voo 

-- Vss 
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KM44V1 OOOC/CL/CLL CMOS DRAM 

PIN CONFIGURATION (Top Views) 

• KM44V1000CP/CLP/CLLP • KM44V1000CJ/CW/CLW • KM44V1000CZ/CLZ/CLLZ 

0 oa, Vss 
002 OQ4 

w 3 OQ3 

RAS CAS 
Ag 5E 

Ao 6, As 

Ai A1 Ai 
A2 As A2 

A3 
A3 A5 Voo 

Voo 10 0 11 A4 A4 
A5 

0 As 

• KM44V1000CT/CLT/CLLT • KM44V1000CTR/CLTR/CLLTR 

oa, 1 0 20 Vss Vss 20 oa, Pin Names Pin Function 

002 19 OQ4 OQ4 19 0 002 Ao-Ag Address Inputs 
w 18 OQ3 OQ3 18 3 w RAS Row Address Strobe 
~ 17 OAS CAS 17 RA'S GAS Column Address Strobe 

Ag 16 O'E 01: 16 5 Ag w Read/Write Input 

Ao 15 Aa Aa 15 6 Ao OE Data Output Enable 

Ai 14 A1 A1 14 Ai DQ,,..,DQ4 Data In/Data Out 
A2 8 13 As As A2 

AJ 9 12 A5 
0

A5 12 0 9 A3 

Voo 10 
0 

A4 A4 11 10 Voo 11 

Voo Power ( + 3.3V) 

Vss Ground 

etMfl@IP 
ELECTRONICS 
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KM44V1 OOOC/CL/CLL CMOS DRAM 

ABSOLUTE MAXIMUM RATINGS* 

Item Symbol Rating Unit 

Voltage on Any Pin Relative to Vss V1N, VolJT - 0.5-Voo + 0.5 v 
Voltage on Voo Supply Relative to Vss Voo -0.5-4.6 v 
Storage Temperature Tsto -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 ab
solute 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 Max 

Supply Voltage VDD 3.0 3.3 3.6 

Ground Vss 0 0 0 

Input High Voltage V1H 2.0 - Voo+0.3 

Input Low Voltage V1L -0.3 - 0.8 

DC AND OPERATING CHARACTERISTICS (0°C~TA~70°C, Vool=3~3V±0.3V) 
(Recommended operating conditions unless otherwise noted) 

Parameter Symbol Min 

Operating Current* KM44V1 OOOC/CL/CLL-6 -
KM44V1 OOOC/CL/CLL-7 lcc1 -

(RAS, CAS, Address Cycling @tRc=min.) KM44V1 OOOC/CL/CLL-8 

Standby Current (RAS=CAS=W=V1H) lcc2 -

RAS-Only Refresh Current* KM44V1 OOOC/CL/CLL-6 

(CAS=VIH, RAS, Address Cycling @tRC=min.) 
KM44V1 OOOC/CL/CLL-7 lcca 
KM44V1 OOOC/CL/CLL-8 -

Fast Page Mode Current* KM44V1 OOOC/CL/CLL-6 
ICC4 

(RAS=VIL, CAS, Address Cycling @tPC=min.) KM44V1 OOOC/CL/CLL-7 
KM44V1 OOOC/CL/CLL-8 -

Standby Current KM44V1000C 

(RAS=CAS=W= VDD -0.2V) KM44V1 OOOCL Ices 
KM44V1 OOOCLL -

CAS-Before-RAS Refresh Current* KM44V1 OOOC/CL/CLL-6 
ICC6 

(RAS and CAS Cycling @tRc=min.) KM44V1000C/CL/CLL-7 -
KM44V1 OOOC/CL/CLL-8 

Battery Back Up Current 
Average Power Supply Current, 
Battery Back Up Mode, 
Input High Voltage(V1H)=Vcc-o.2v 
Input Low Voltage(V1L)c:0.2V KM44V1 OOOCL ICC7 

CAS=CAS-Before-RAS Cycling or 0.2V 
DQ1-D04=Don't Care 
TRC=125(L-ver.)µS 
TRAS= TRAS min.-300ns 

Self Refresh Current 
RAS=CAS=VIL 

Ices 
W=OE=Ao-A9=Voo-0.2V or 0.2V KM44V1 OOOCLL 

DQ1-DQ4=Voo-0.2V or 0.2V 

•1MfriiliP 
ELECTRONICS 

Unit 

v 
v 
v 
v 

Max Unit 

60 mA 
55 mA 
50 mA 

1 mA 

60 mA 
55 mA 
50 mA 

45 mA 
40 mA 
35 mA 

500 µA 
100 µA 
100 µA 

60 mA 
55 mA 
50 mA 

200 µA 

150 µA 
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KM44V1 OOOC/CL/CLL CMOS DRAM 

DC AND OPERATING CHARACTERISTICS(Continued) 
Parameter Symbol Min Max Unit 

Input Leakage Current 
h(L) -10 10 µA 

(Any input 0 ~VIN~ Voo+0.3V, all other pins not under test=OV) 

Output Leakge Current 
IO(L) -10 10 µA 

(Data out is disabled, OV~VOUT~ VDD) 

Output High Voltage Level (loH=-2mA) VoH 2.4 v 
Output Low Voltage Level (loL=2mA) VOL - 0.4 v 
* Note: lcc1, lcc3, ICC4 and ICC6 are dependent on output loading and cycle rates. Specified value are obtained with the 

output open. Ice is specified as average current. lcc1, lcc3, lcc6, Address can be changed maxi mun two times while 
R°AS=V1L. l<;:C4, Address can be canged maximun once during a fast page Mode cycle. 

CAPACITANCE (TA=25° C, Voo=3.3V, f=1 MHz) 

Parameter Symbol Min Max Unit 

Input Capacitance(Ao-A9) CIN1 - 5 pF 

Input Capacitance(RAS, CAS, W,OE) C1N2 - 7 pF 

output Capacitance(DQ1-DQ4) Coui - 7 pF 

AC CHARACTERISTICS (0°C~TA~70°C, Voo=3.3V±0.3V, See notes 1,2) 

-6 -7 -8 
Parameter Symbol 

Min Max Min Max Min Max 
Unit Notes 

Random read or write cycle time tRC 110 130 150 ns 

Read-modify-write cycle time tRWC 155 185 205 ns 

Access time from RAS tRAC 60 70 80 ns 3,4,11 

Access time from CAS tCAC 15 20 20 ns 3,4,5 

Access time from column address tAA 30 35 40 ns 3,11 

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

Output buffer turn-off delay tOFF 0 15 0 20 0 '20 ns 7 

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

RAS precharge time tRP 40 50 60 ns 

RAS pulse width tRAS 60 10,000 70 10,000 80 10,000 ns 

RAS hold time tRSH 15 20 20 ns 

CAS hold time tCSH 60 70 80 ns 

CAS pulse width tCAS 15 10,000 20 10,000 20 10,000 ns 

RAS to GAS 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 11 

GAS to RAS precharge time tCRP 5 5 5 ns 

Row address set-up time tASR 0 0 0 ns 

Row address hold time tRAH 10 10 10 ns 

Column address set-up time tASC 0 0 0 ns 

Column address hold time tCAH 10 15 15 ns 

Column address hold time referenced to RAS tAR 45 55 60 ns 6 

Column address to RAS lead time tRAL 30 35 40 ns 

•t:f:l:fiij}iiP 
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KM44V1 OOOC/CL/CLL CMOS DRAM 

AC CHARACTERISTICS (Continued) 

-6 -7 -8 
Parameter Symbol 

Min Max Min Max Min Max 
Unit Notes 

Read command set-up time tRCS 0 0 0 ns 

Read command hold referenced to GAS tRCH 0 0 0 ns 9 

Read command hold referenced to RAS tRRH 0 0 0 ns 9 

Write command hold time twCH 10 15 15 ns 

Write command hold referenced to RAS tWCR 45 55 60 ns 6 

Write command pulse width twp 10 15 15 ns 

Write command to ~ lead time tRWL 15 20 20 ns 

Write command to GAS lead time tCWL 15 20 20 ns 

Data-inset-up time tos 0 0 0 ns 10 

Data-in hold time tDH 10 15 15 ns 10 

Data-in hold time referenced to ~ tDHR 45 55 60 ns 6 

Refresh period (1024 cycles) tREF 16 16 16 ms 

Refresh period (L-version/LL-version, 1024 cycles) tREF 128 128 128 ms 

Write command set-up time twcs 0 0 0 ns 8 

GAS to write enable delay tcwo 40 40 50 ns 8 

RAS to write enable delay tRWD 85 100 110 ns 8 

Column address to W delay time tAWD 55 65 70 ns 8 

CAS setup time (GAS-before-RAS cycle) tCSR 10 10 10 ns 

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

RAS precharge to GAS hold time tRPC 5 5 5 ns 

GAS precharge time (C-B-R counter test) tCPT 20 25 30 ns 

Access time from GAS precharge tCPA 35 40 45 ns 3 

Fast page mode cycle time tPC 40 45 50 ns 

GAS precharge time(Fast page mode) tCP 10 10 10 ns 

RAS hold time from CAS precharge tRHCP 35 40 45 ns 

Fast page mode read-modify-write tPRWC 80 95 100 ns 

~pulse width(Fast Page Mode) tRASP 60 200,000 70 200,000 80 200,000 ns 

Write com~and set-up time (test mode in) twrs 10 10 10 ns 

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

W to ~ precharge time(C-B-R refresh) twRP 10 10 10 ns 

W to RAS hold time(C-B-R refresh) tWRH 10 10 10 ns 

RAS hold time referenced to OE tROH 15 20 20 ns 

OE access time tOEA 15 20 20 ns 

OE to data delay tOED 15 20 20 ns 

Output buffer tum off delay time from ot tOEZ 0 15 0 20 0 20 ns 

OE command hold time tOEH 15 20 20 ns 

RAS pulse with(G-B-R self refresh) tRASS 100 100 100 µs 13 

RAS precharge time (C-B-'R self refresh) tRPS 110 130 150 ns 13 

GAS hold time (C-B-R self refesh) tCHS -50 -50 -50 ns 13 

tt:!:i:HllH> 
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KM44V1 OOOC/CL/CLL 

TEST MODE CYCLE 

Parameter Symbol 

Random read or write cycle time tRC 

Read-modify-write cycle time tRWC 

Access time from RAS tRAC 

Access time from CAS tCAC 

Access time from column address tAA 

RAS pulse width tRAS 

CAS pulse width tCAS 

RAS holdtim!'.l tRSH 

CAS hold time tCSH 

Column address to RAS lead time tRAL 

CAS to write enable delay tcwo 

RAS to write enable delay tRWD 

Column address to W delay time tAWD 

Fast mode cycle time tPC 

Fast page mode read-modefy-write tPRNC 

RAS pulse width(Fast page mode) tRASP 

Access time from GAS precharge tCPA 

OE access time tOEA 

OE to data delay tOED 

OE command hold time tOEH 

NOTES 

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

2. V1H(min) and V1L(max) are reference levels for meas
uring 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 1TTL load and 
1 OOpF, and Voh=2.0V, Vo1=0.8V 

4. Operation within the tRco(max) limit insures that 
tRAc(max) can be met. tRco(max) is specified as a 
reference point only. If tRco is greater than the 
specified tRco(max) limit, then access time is con
trolled exclusively by tcAc· 

5. Assumes that tRco~tRCo(max). 
6. tAR, twcR, toHR are referenced to tRAo(max). 
7. This parameter defines the time at which the out

put achieves the open circuit condition and is not 
referenced to VoH or VOL· 

8. twcs, tRwo, tcwo and tAwo are non restrictive operat
ing parameters. They are included in the data sheet 

as electrical characteristics only. If twcs~twcs(min) 

t!"flfi@IP 
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Min 

115 

160 

65 

20 

20 

65 

35 

45 

90 

60 

45 

85 

65 

20 

20 

CMOS DRAM 

(Note.12) 

-6 ;.7 -8 

Max Min Max Min Max 
Units Notes 

135 155 ns 

190 210 ns 

65 75 85 ns 3,4,11 . 

20 25 25 ns 3,4,5 

35 40 45 ns 3,11 

10,000 75 10,000 85 10,000 ns 

10,000 25 10,000 25 10,000 ns 

25 25 ns 

75 85 ns 

40 45 ns 

45 55 ns 8 

105 115 ns 8 

70 75 ns 8 

50 55 ns 

100 105 ns 

200,000 . 75 200,000 85 200,000 ns 

40 45 50 ns 3 

20 25 25 ns 

25 25 ns 

25 25 ns 

the cycle is an early write cycle and the data out
put will remain high impedance for the duration of 
the cycle. If tcwo~tcwo(min), tRwo~tRwo(min) and 
tAwo~tAwo(min), then the cycle is a read-write cycle 
and the data output will contain the data read from 
the selected address. If neither of the above con
ditions are satisfied, the condition of the data out 
is indeterminate. 

9. Either tRcH or tRRH must be satisfied for a read 
cycle. 

10. These parameters are referenced to the CAS lead
ing edge in early write cycles and to the W leading 
edge in read-write cycles. 

11. Operation within the tRAo(max) limit insures that 
tRAc(max) can be met. tRAo(max) is specified as a 
reference point only. If tRAo is greater than the 
specified tRAo(max) limit, then access time is con
trolled by tAA· 

12. These specifications are applied in the test mode. 
13. 1024 cycle of Burst Refresh must be executed 

within 16ms before and after self refresh, in order to 
meet refresh specification 
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KM44V1 OOOC/CL/CLL CMOS DRAM 

TIMING DIAGRAMS 

READ CYCLE 
1----------- lRC ------------! 
>----------IRAS -------1 

A 

VoH- -------VoL-

WRITE CYCLE (EARLY WRITE) 

RAS 

GAS 

A 

w 

OE 

,__----------~tRc-----·-----~~ 

t---------lRAS----·---__, 

V1H- -------i r------ lAR ----

V1L -

V1H- °t'tr\J4.i!Q~"/\J.~rji;~'n_ t------++

V1L - ,w.i.A..Q.w;~A.-'l~L,iio..t...L.1.+...--...i.1------~i4'~..t....lft-.l.....L..L.A..A..L.l..A..i~4"'~,¥lij~LMl~ 

V1H-~'7\Jot:~ot~ii't~~'fv'..~~~'t?\~~~7\J't?\~~~~~~~~~~~7\1'~~~7\1-~ 
V1L-

V1H- 7\}l\7\'N\:7iJ\7\.i\i'l7\Jl\A7V'l.-I~-.....,.--~ /\:J'\7'\J<C"f:::J.~7'i"1'J<\:7'i~::J'\:'7'?""7'.'f'V''7"':"'1'\:7\i~ 

V1L-

~DON'T CARE 

ttMfiiiii> 
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I· KM44V1 OOOC/CL/CLL CMOS DRAM 

TIMING DIAGRAMS (Continued) 

WRITE CYCLE (OE CONTROLLED WRITE) 

>---------- IRAS---------' 

V1H--,. ------.!.,,. •.,._ __ _ 
V1L-

V1H- ....,,.,........,,.._ ..ll~__....__""'lLl"ft -!r"'"-;~~7:""'"~~.()'U'tll!;7\.~~7'\!"~im~7'\!"~~1':'?'1'.~~~m 
A 

V1L- ~~~y •---~ 

V1H- ~~~~7':!'-~m~7\l~~J"t'7't:~m'7~ 
w 

V1L - .DJ.~~Q.Ll-1,jJ..l!WlA.Q.Q~~~c.QC;J;.IQt,~~---~~lQjQ,,Ci,lJ,£.~~Q,,Ci,DIJ"~~DIJ~~~ 

V1H- 7\Jil'il~~"JfJ'.,'7'\J'\Jf;J~;'0";7'if'.T----tt--'"*:it'71:7'0"l7\1~~~7\1~~~~~~~~m'7~ 

V1L - ~~~~Q,LliQ,C,;IOt,~~~ 

V1H-

V1L- ----

READ-MODIFY-WRITE CYCLE 

1--------------IRWC•-------------~--l 

1-------------IRAS-----------4 
----.11 

RAS "i----IAR-----< 

A 
V1H- """°" IP"'l':"!'~.._-t 

V1L-

w V1H- ----+-----+----+------------
V1L-

V1H- ~m'l:"1\1~~~~':m~~~~ 
OE 

V1L- ~~~~~~Q,Q,/J,,/;.~l.Q,j~~IQ;.-+..--1 

V110H - -----------+--.....tlll\.A 
V110L -

~DON'T CARE 

dMfiliii> 
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KM44V1 OOOC/CL/CLL CMOS DRAM 

TIMING DIAGRAMS (Continued) 

FAST PAGE MODE READ CYCLE 

RAS 

CAS 

A 
V1H- 7'i191.Tl!~"*-Alllj\.,~;;;"jj;:ttj'"~J'l'i/9W\ n~~~~~'NJr-;::~~,,..~~,m:J"l7"\. 
V1L- t:;C.1.f1..:;::~~'Q,Q'"l;;~;,;:.;.;;;;;:;;:..;;i~~~C/'~:.:;;:;;.:.::~.11-···~···· ·-··~~~~M- '~~~ 

v,H- ""~~~~t-ri-~----+±1:n--J.t-----firt17d~r.;;;;;;.---t1.....,~~~~ 
w 

V1L - .¥J~~~l:),,I 

VI H - """"""""'"""'"""'"7'C""':7\. 
OE 

V1L- ;.Qj:l.O/ll.~Oia~~~~:JCJ~...+...JJ.~~~~~+,.~.j...'4M~~~IQiQ!C'Ji4-o~~cp~~,/M;.~~.A.I~ 

FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 
1--~~~~~~~~~~~~tRASp~~~~~~~~~~~~~--1 

A 

~DON'T CARE 

•1m':filiiliP 
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KM44V1 OOOC/CL/CLL CMOS DRAM 

. TIMING DIAGRAMS (Continued) 

F~ST PAGE MODE READ·MODIFY·WRITE 

RAS 

----tcsH----

CAS 

A 
V1H-

V1L-

V1H-
w V1L-

V1H-
OE V1L-

VALID VALID VALID VALID VALID VALID ~DON'TCARE 
DATA-OUT DATA-IN DATA-OUT DATA-IN DATA-OUT DATA-IN 

•tMfi'ihtP 
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KM44V1 OOOC/CL/CLL CMOS DRAM 

TIMING DIAGRAMS (Continued) 

RAS·ONL Y REFRESH CYCLE 
Note: W, OE=Don't Care 

i----------IRC ----------, 

!------IRAS __ ___, 

RAS VrH-

VrL-

A 
vrH- 7'\J.V\J'.~1"'1:~m. 11>---'----i "1'-~~~~~\7\1\7\'1'1~~~~~m~~ 

VrL-

VrH-
~--------------OPEN-------------~ 

VrL-

CAS·BEFORE-RAS REFRESH CYCLE 
Note: OE, Address=Don't Care 

V1H -

V1l - -----' 

V1H -
Vil - _____ _, 

w V1H -

V1l - ..t..::.t,~t.::;L~~~~)J 

VoH - '7'iJ'\7""~':'A'J~~'?S-
'/'." /',/V,A.fl---------

Vol - c::..t..;.~~~~~~~ 

CAS·BEFORE·RAS SELF REFRESH CYCLE (LL-ver only) 
Note: OE, Address: Don't Care 

RAS 
V1H -
V1l -

V1H -
CAS 

Vil ~ 

w V1H -

V1l - "'-""~""'""-~'--¥..~~~ 

VoH -

Vol - ~~~~~~.M...llo~~ 

•1:!:i:f1'hiiP 
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~ DON'TCARE 
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KM44V1 OOOC/CL/CLL 

TIMING DIAGRAMS (Continued) 

HIDDEN REFRESH CYCLE (READ) 

CMOS DRAM 

i----~---- IRC -------"--------IRC-------< 

AAS 

A 

V1H- \,11;'7\ft,'j\J~~?\-J~.__t-~~~~~---~~~~-1~~~'f'\11!.7V~~'7\7i.'\,~~'7\7t'?O~~ 
w 

V1L- ~&:IJ.J:;,J;.~~ 

VALID DATA-OUT 
VoH-

~~----~~~~~-c:t 

VoL-

HIDDEN REFRESH CYCLE (WRITE) 

AAS 

V1H-
CAS 

V1L-

V1H-
A 

V1L-

w 
V1H-

V1L-

V1H-

OE 
V1L-

V1H-
D01·DQ4 

V1L-

ttMH'lii• 
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KM44V1 OOOC/CL/CLL CMOS DRAM 

TIMING DIAGRAMS (Continued) 

CAS·BEFORE·RAS REFRESH COUNTER TEST CYCLE 

V1H--

V1L-

CAS 
V1H-

V1L-

A 
V1H-

V1L-

READ CYCLE 

w V1H-

V1L-

OE V1H-

V1L-

D01·DQ4 VoH-

VoL-

WRITE CYCLE 

w V1H-

V1L-

OE 
V1H-

V1L-

V1H-
D01·DQ4 

V1L-

V1H-
w VjL-

V1H-
OE 

V1L-

D01·DQ4 WoH-

WoL-

DATA-OUT 

~DON'TCARE 

.t:MH'IW> 
. ELECTRONICS 
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KM44V1 OOOC/CL/CLL 

TIMING DIAGRAMS (Continued) 

TEST MODE IN CYCLE 
NOTE: OE, Address=Don't Care 

CMOS DRAM 

1--------- tAAs-------

RAS 

CAS 

w 

D01·DO. 

V1H-

V1L-

V1H-

V1L-

V1H-

V1L-

V110H -

V110L-

tcp tcsR 

-----'I 

TEST. MODE DESCRIPTION 

tcHR 

twTH 

The KM44V1 OOOC/CUCSL is the RAM organized 1, 
048,576 words by 4 bit internally organized 524,288 
words by 8 bits. In "Test Mode", data are written into 8 
sectors in parallel and retrieved the same way. Column 
address bit Ao is not used. If, upon reading, two bits on 
one 1/0 pin are equal (all "1" or "O"s) the 1/0 pin 
indicates a "1 ". If they were not equal, the 1/0 pin 
would indicate a "O". In "Test Mode'', the 1 M x 4 DRAM 

tJMfriil» 
. · ELECTRONICS 

~DON'TCARE 

can be tested as if it were a 512K x 4 DRAM. W, CAS
Before-RAS Cycle (Test Mode in Cycle) puts the device 
into "Test Mode", And "CAS-Before-RAS Refresh 
Cycle" or "RAS-only-Refresh Cycle" puts it back into 
"Normal Mode". During the test mode operation, a 
WCBR cycle is used to perform refresh. The "Test 
Mode" function reduces test time (1/2 in cases of N 
test pattern.) 
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KM44V1 OOOC/CL/CLL 

DEVICE OPERATION 
DEVICE OPERATION 
The KM44V1 OOOC/CUCLL contains 4, 194,304 memory 
locations. Twenty address bits are required to address 
a particular 4-bit word in the memory array. Since the 
KM44V1 OOOC/CUCLL has only 10 address input pins, 
time multiplexed addressing is used to input 10 row (Ao
A9) and 10 column (Ao-A9) addresses. The multiplexing 
is controlled by the timing relationship between the row 
address strobe (RAS), the column adress strobe(CAS), 
and the valid row and column address inputs. 

Operating of the KM44V1 OOOC/CL/CLL begins by 
strobing in valid row address with RAS while CAS 
remains high. Then the address on the 1 o address 
input pins (Ao-Ag) is changed from a row address to a 
column address and is strobed in by CAS. This is the 
beginning of any KM44V1 OOOC/CUCLL cycle in which 
a memory location is accessed. The specific type of 
cycle is determined by the state of the write enable pin 
and various timing relationships. The cycle is terminat
ed when both RAS and CAS have returned to the high 
state. Another cycle can be initiated after RAS remains 
high long enough to satisfy the RAS precharge time 
(tRP) requirement. 

RAS and CAS Timing 
The minimum RAS and CAS pulse widths are specified 
by tRAS(min) and tcAs(min) respecitively. These mini
mum pulse widths must be satisfied for proper device 
operation and data integrity. Once a cycle is initiated by 
bringing RAS low, it must not be aborted prior to satisfy
ing the minimum RAS and CAS pulse widths. In addi
tion, a new cycle must not begin until the minimum RAS 
precharge time, tRP, has been satisfied. Once a cycle 
begins, internal clocks and other circuits within the 
KM44V1 OOOC/CUCLL begin a complex sequence of 
events. If the sequence is broken by violating minimum 
timing requirements, loss of data integrity can occur. 

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

If CAS goes low before tRco(max) and if the column 
address is valid befor tRAC(max), then the access time 
to valid data is specified by tRAC(min). However, if CAS 
goes low after tRco(max), or if the column address 
bicomes valid after tRAD (max), access is specified by 
tcAc or tAA. In order to achieve the minimum access time, 
tRAc(min), it is necessary to meet both tRco(max) and 
tRAo(max). The KM44V1000C/CUCLL has common data 
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1/0 pins 
The this reason an output enable control input (OE) has 
been provided so the output buffer can be precisely 
controlled. For data to appear at the output, OE must 
be low for the period of time defined by toEA and toEZ. 

Write 
The KM44V1 OOOC/CUCLL can perform early write, late 
write and read-modify-write cycles. The difference 
between these cycles is in the state of data-out and is 
determined by the timing relationship between W, OE 
and GAS. In any type of write cycle, Data-in must be 
valid at or before the falling edge of W or CAS, 
whichever is later. 

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

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

Late Write: If W is brought low after CAS, a late write 
cycle will occur, The late write cycle is very similar to 
the read-modify-write cycle except that the timing 
parameters, tRwo, tcwo and tAwo, are not necessarily met. 
The state of date-out is indeterminate since the output 
can be either Hi-Z or contain datd depending on the 
timing conditions. This cycle requires a separate 1/0 to 
avoid bus contention. 

Data Output 
The KM44V1 OOOC/CL/CLL has three-state output 
buffer which are controlled by CAS and OE. Whenever 
GAS and OE are high(V1H), the outputs is in the high 
impedance state. In any cycle in which vali9 data 
appears at the output the output goes into the low 
impedance state in a time specified by hz after the 
falling edge of CAS, Invalid data may be present at the 
output during the time after tcLZ and before the valid 
data appears at the output. The timing parameters tcAc, 
tRAc and tAA specify when the valid data will be present 
at the output. The valid data remains at the output untill 
CAS returns high. This is true even if a new RAS cycle 
occurs (as in hidden refresh). Each of the 
KM44V1 OOOC/CUCLL operating cycles is listed below 
after the corresponding output state produced by the 
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KM44V1 OOOC/CL/CLL 

DEVICE OPERATION (Continued) 

cycle. 

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

Hi-Z Output State: Early Write, RAS-only Aefresh, Fast 
Page Mode Write, GAS-before-RAS Refresh, OE con
trolled write. 

Indeterminate Output State: Delayed Write(tcwo or tRWD 
are not met) 

Refresh 
The data in the KM44V1 OOOC/CLJCLL is stored on a 
tiny capacitor within each memory cell. Due to leakage 
the data may leak off after a per1od of time. To maintain 
data integrity it is necessary to refresh each of the rows 
every 16 (L,LL-ver:128ms). There are several ways to 
accomplish this. · 

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

GAS-before-RAS Refresh: The KM44V1 OOOC/CLJCLL 
has GAS-before-RAS on-chip refresh capability that 
eliminates the need for external refresh addresses. If 
GAS is held low for the specified set up time (tcsR) 
before RAS goes low, the on-chip refresh circuitry is 
enabled. An internal refresh operation automatically 
occurs. The refresh address is supplied by the on-chip 
refresh address counter which is then internally incre
mented in preparation for the next GAS-before-RAS 
refresh cycle. 

Hidden Refresh: A hidden refresh cycle may be per
formed while maintaining the latest valid data at the 
output by extending the CAS active time and cycling 
RAS. The KM44V1 OOOC/CLJCLL hidden refresh cycle 
is actually a. GAS-before-RAS refresh cycle within an 
extended read cycle. The refresh row address is provid
ed by the on-chip refresh address counter. 

Other Refresh Methods: It is also possible to refresh the 
KM44V1 OOOC/CL/CLL by using read, write. or read
modify-write cycles. Whenever a row is accessed, all 
the cells in that row are automatically refreshed. There 
are certain ·applications in which it might be advanta
geous to perform refresh in this manner but in general 
RAS-only or GAS-before-RAS refresh is the preferred 
method. 

Fast Page Mode 

tJ:!:i:Hihi• 
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Fast page mode provides high speed read, write or 
read-modify-write access to all memory cells within a 
selected row. These cycles may be mixed in any order. 
A fast page mode cycle begins· with a normai cycle. 
Then, while RAS is kept low to maintain the CAS is 
eyelet! to strobe in additional column addresses. This 
eliminates the time requried to set up and strobe 
sequential row addresses for the same page. 

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

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

This is shown in the GAS-before-RAS counter test 
cycle timingy diagram. A memory cell can be 
addressed with 10 row address bits and 10 column 
address bits defined as follows: 

Row Address- Bits Ao through A0 are supplied by the 
on-chip refresh counter. 

Column Address-Bits Ao through A0 are supplied -in by 
the falling edge of CAS as in a normal memory cycle. 

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

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

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

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

4. Read the "highs" written during step 3. 
5. Complement the test pattern and repeat steps 2, 3 

and 4. 

Power-up 
If RAS=Vss during power-up, the KM44V1 OOOC/CLJCLL 
could possibly begin an active cycle. This condition 
results in higher than necessary current demands from 
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DEVICE OPERATION (Continued) 

the power supply during power-up. It is recommended 
that RA'S and GAS track with Vee during power-up or 
be held at a valid V1H in order to minimize the power-up 
current. 
An initial pause of 200 µsec is required after power-up 
followed by 8 initialization cycles before proper device 
operation is assured. Eight initialization cycles are also 
required after any 16 msec period in which there are no 
RAS cycles. An initialization cycle is any cycle in which 
FfJ\S is cycled. 

Termination 
The lines from the TTL driver circuits to the 
KM44V1 OOOC/CL/CLL inputs act like unterminated 
transmission lines resulting in significant overshoot and 
undershoot at the inputs. To minimize overshoot it is 
advisable to terminate the input lines and to keep them 
as short as possible. Although either series or parallel 
temination may be used,series temination is generally 
recommended since it is simple and draws no addition
al power. It consists of a resistor in series with the input 
line placed close to the KM44V1000C/CLJCLL input pin. 
The optimum value depends on the board layout. It 
must be determined experimentally and is usually in the 
range of 20 to 40 ohms. 

Board Layout 
It is important to lay out the power and ground lines on 
memory boards in such a way that switching transient 
effects are minimized. The recommended methods are 
gridded power and ground lines or separate power and 
ground planes. The power and ground lines act like 

PACKAGE DIMENSIONS 
20-LEAD PLASTIC DUAL IN-LINE PACKAGE 

0.962 (24.43) 

0.972 (24.69) 

0 

CMOS DRAM 

transmission lines to the high frequency transients gen
erated by DRAMS. The impedance is minimized if all 
the power supply traces to all the DRAMS run both hor
izontally and vertically and are connected at each inter
section or better yet if power and ground planes are 
used. 

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

A high frequency 0.1 µ F ceramic decoupling capacitor 
should be connected between the Vee and ground pins 
of each KM44V1 OOOC/CLJCLL using the shortest possi
ble traces. These capacitors act as a low impedance 
shunt for the high frequency switching transients gener
ated by the KM44V1 OOOC/CL/CLL and they sypply 
much of the current used by the KM44V1 OOOC/CLJCLL 
during cycling. 

In anddition, a large tantalum capacitor with a value of 
47 µ F to 100µ Fshould be used for bulk decoupling to 
recharge the 0.1 µ F capacitors between cycles, thereby 
reducing power line droop. The bulk decoupling capaci
tor meet the power grid or power plane. Even better 
results may be achieved by distributing more than one 
tantalum capacitor around the memory array. 

Units: Inches (Millimeters) 

~ .... .... 
t:::. t:::. 

~ 
(") 

gi 
ci ci 

0.015 (0.38) 

0.135 (0.43) '· MIN 

~1~4-5-(3-.6-8)----------------------------------....-----tl~---.--
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0.183 (4.65) 

MAX 

0.115 (2.92) 

MIN 

Q.050 (1.27)_ 

MAX 

0.013 (0.33) 
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PACKAGE DIMENSIONS (Continued) 

20-LEAD PLASTIC SMALL OUT-LINE J-LEAD 

0 

0.670 (17.02) 

0.680 (17.27) 

0 

ldooo.(01.BMMAJ · 1LAAPJI:R 
0.050 (1.27) . . I 0.015 (0.38) I 0.026 (0.66) 

TYP ~ 0.021 (0.53) I 0.032 (0.81) 

20-LEAD PLASTIC ZIGZAG-IN-LINE PACKAGE 

1.025(26.04) 

1.035(26.29) 

;--INDEX 

0.050(1.27) 

TYP 

•tm':fillh• 
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0.050(1.27) 

MAX 

0 

0.050 (1.27) 

MAX 

0.100(2.54) 

MIN 

CMOS DRAM 

Units: Inches (millimeters) 

~I 

0.027 (0.69) 
MIN 

So "'C') e. e. 
CXl C\I 
0 ~ 
0 0 
00 

0.128 (3.25) 
0.145 (3.68) 

0.113(2.87) 

0.120(3.05) 

0.009(0.23) 

0.013(0.33) 

0.100(2.54) 

TYP 
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KM44V1 OOOC/CL/CLL CMOS DRAM 

PACKAGE DIMENSIONS (Continued) 

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

Units: Inches (millimeters) 

0.671 (17.04) 

0.679 (17.24) 

O> ,.... 
C')""" 
0 0 
c::i ci 

iai o.003 (0.08) I b1=1'WRIQJ[jjJR1=--i=--i;:~~~~~~LiliLJiiU1,--,:::::i---=-=---=--,:::J 
I 0.048 (1.22) I 0.012 (O:;-r 

---j 0.052 (1.32) ---j 0.020 (0.50) 

•1:1:1: fi'iii" ELECTRONICS 

N"N" 
.... C') ee 
O> ,.... 
LO CD 
C') C') 

c::i c::i 

0.005 (0.13) 

0.008 (0.20). 

~ 
O.Q16 (0.40) , • I 
0.024 (0.60) 
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KM44V1004C/CL/CLL CMOS DRAM 

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

FEATURES 
• Performance range: 

tRAc tCAC tRC 

KM44V1004C/CUCLL-6 60ns 15ns 110ns 

KM44V1004C/CUCLL-7 70ns 20ns 130ns 

KM44V1004C/CUCLL-8 80ns 20ns 150ns 

• Fast Page Mode with ~xtended data out 
• Self refresh operation (LL-ver.) 
• CAS-before-RAS refresh capability 
• RAS-only and hidden refresh capability 
• Fast parallel test mode capability 
• TTL compatible inputs and outputs 

tHPC 

24ns 

29ns 

34ns 

GENERAL DESCRIPTION 
The Samsung KM44V1004C/CUCLL is a CMOS high 
speed 1,048,576 x 4 Dynamic Random Access 
Memory. Its design is optimized for high performance 
applications such as personal computer, graphics and 
high performance portable computers. 
The KM44V1004C/CL/CLL features EDO Mode 
operation which allows high speed random access of 
memory cells within the same row. CAS-before-RAS 
refresh capability provides on-chip auto refresh as an 
alternative to RAS-only refresh. All inputs and outputs 
are fully TTL compatible. 
The KM44V1004C/CL/CLL is fabricated using 
Samsung's advanced CMOS process. 

• Early write or output enable controlled write 
• Single +3.3V±0.3V power supply 
• 1024 cycles/16ms refresh (Normal) 
• 1024 cycles/128ms refresh (ULL-ver) 
• Power dissipation 

- Standby : 3.6mW(Normal) 
0.36mW(L-ver) 
0.36mW(LL-ver) 

- Active(&On0/80) : 220/200/180mW 
• JEDEC standard pinout 
• Available in plastic DIP, SOJ, ZIP and TSOP(ll) 

FUNCTIONAL BLOCK DIAGRAM 

RAS 

CAS 
CONTROL & 
CLOCK w 

REFRESH CONTROL & 
ADDRESS COUNTER 

COLUMN DECODER 

SENSE AMPS & 1/0 

Ao 
a: 
w 
Cl 

MEMORY ARRAY 0 
(.) 

1,048,576 x 4 CELLS w 
Cl 

~ 
0 a: 

Ag 
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IN 
BUFFER 

D01 
to 
DQ4 

--Voo 

--Vss 
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KM44V1004C/CL/CLL CMOS DRAM 

PIN CONFIGURATION (Top Views) 

• KM44V1004CP/CLP/CLLP • KM44V1004CJ/CLJ/CLLJ • KM44V1004CZ/CLZ/CLLZ 

D01 D01 20 Vss 
DQ2 2 19 DQ4 

w 3 18 DQ3 
~ 17 ~ 

Ag 16 BE 

Ao 15 As Ag 

A1 14 A1 A1 
A2 13 As A2 
Aa 12 As 

Voo 0 11 A4 
Voo 

A4 
As 

0 As 
A1 

As 

• KM44V1004CT/CLT/CLLT • KM44V1004CTR/CLTR/CLLTR 

D01 0 Vss 

DQ2 19 DQ4 

Vss 20 DQ1 

DQ4 19 0 DQ2 
Pin Names Pin Function 

w DQ3 DQ3 18 w Ao-Ag Address Inputs 

RA'S GAS 17 RAS RAS Row Address Strobe 

Ag .BE or 16 Ag CAS Column Address Strobe 

w Read/Write Input 
Ao 6 15 As 

A1 14 A1 

As 15 Ao 

A1 14 A1 
OE Data Output Enable 

A2 8 13 As As A2 
DQ1-DQ4 Data In/Data Out 

Aa 9 12 As As 12 0 Aa VDD Power (+3.3V) 

Voo 10 
0 A4 11 A4 11 10 Voo Vss Ground 

dl:i:fiihi• 
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KM44V1004C/CL/CLL CMOS DRAM 

ABSOLUTE MAXIMUM RATINGS 
Parameter Symbol Rating Units 

Voltage on Any Pin Relative to Vss VIN, VOUT -0.5- 4.6 v 
Voltage on Voo Supply Relative to Vss VDD -0.5- 4.6 v 
Storage Temperature Tstg -55 to+ 150 oc 
Power Dissipation PD 600 mW 

Short Circuit Output Current los 50 mA 

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

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

Parameter Symbol Min Typ Max Unit 

Supply Voltage VDD 3.0 3.3 3.6 v 
Ground Vss 0 0 0 v 
Input High Voltage VIH 2.0 - VDD+ 0.3 v 
Input Low Voltage VIL -0.3 - 0.8 v 

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

Parameter Symbol Min Max Units 

Operating Current* 
KM44V1004C/CUCLL-6 60 mA 

(RAS and GAS Cycling @tRC=min.) 
KM44V1004C/CUCLL-7 lcc1 55 mA 
KM44V1004C/CUCLL-8 50 mA 

Standby Current 
KM44V1004C 500 µA 

(RAS=CAS=W=VIH ) 
KM44V1004CL lcc2 500 µA 
KM44V1004CLL 500 µA 

RAS-Only Refresh Current* 
KM44V1004C/CUCLL-6 60 mA 
KM44V1004C/CUCLL-7 ICC3 55 mA 

(CAS=VIH, RAS Cycling @tRC=min.) 
KM44V1004C/CUCLL-8 50 mA 

EDO Mode Current* 
KM44V1004C/CUCLL-6 60 mA 

(RAS=VIL, GAS, Address Cycling @tPC=min.) 
KM44V1004C/CUCLL-7 ICC4 55 mA 
KM44V1004C/CUCLL-8 50 mA 

Standby Current 
KM44V1004C 1 mA 

(RAS=CAS=W=Voo-0.2V) 
KM44V1004CL Ices 100 µA 
KM44V1004CLL 100 µA 

GAS-Before-RAS Refresh Current* 
KM44V1004C/CUCLL-6 60 mA 

(RAS and GAS Cycling @tRC=min.) 
KM44V1004C/CUCLL-7 ICC6 55 mA 
KM44V1004C/CUCLL-8 50 mA 

Battery Back Up Current Average Power Supply Current, 
Battery Back Up Mode, Input High Voltage (VIH)=VDD-0.2V 

KM44V1004CL ICC7 200 µA 
Input Low Voltage (V1L)=0.2V 
CAS=CAS-Before-RAS Cycling or 0.2V 
DQ1-D04=Don't Care tRC=125µs tRAs=tRAsmin.-300ns 

Self Refresh Current 
RAS=CAS=VIL 

KM44V1004CLL Ices 150 µA 
W=0E=Ao-A9=VDo-0.2V or 0.2V 
DQ1-DQ4=VDD-0.2V, 0.2V or Open 

•lm':fJihitP 
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KM44V1004C/CL/CLL CMOS DRAM 

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

Parameter Symbol Min Max Units 

Input Leakage Current 
ll(L) -10 10 µA 

(Any input OsV1N sVoo+0.3V, all other pins not under test=O volts.) 

Output Leakage Current 
IO(L) -10 10 µA 

(Data out is disabled, OVsVOUTSVDD) 

Output High Voltage Level (loH=-2mA) VoH 2.4 - v 
Output Low Voltage Level (IOL=2mA) VOL - 0.4 v 

*NOTE: lcc1, Ices, 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 and Ices, Address can be changed maximum 
two times while HAS=VtL. In lcc4, Address can be changed maximum once within one Hyper Page cycle. 

CAPACITANCE (TA=25°C, VDD=3.3V, f=1 MHz)) 

'Parameter Symbol Min 

Input Capacitance (Ao-Ag) CIN1 -

Input Capacitance (RAS, CAS, OE) CIN2 -

Output Capacitance (DQ1 -004) Coo -

AC CHARACTERISTICS (0°CsTAS70°C, VDD=3.3V±0.3V, See notes 1,2) 

Test Condition: VtHNIL=2.0V/0.8V, Voh/Vo1=2.0V/0.8V, Output Loading CL=1 OOpF 

-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 RAS tRAC 60 70 

Access time from CAS tCAC 15 20 

Access time from column address tAA 30 35 

CAS to output in Low-Z tCLZ 3 3 

OE to output in Low-Z tOLZ 3 3 

Output buffer turn-off delay from CAS 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 15 20 

CAS hold time tCSH 50 60 

CAS pulse width tCAS 10 10K 15 10K 

RAS to CAS delay time tRCD 20 45 20 50 

RAS to column address delay time tRAD 15 30 15 35 

CAS to RAS precharge time tCRP 5 5 

•1Mfi1iii• 
ELECTRONICS 

Max Unit 

5 pF 

7 pF 

7 pF 

-8 
Units Notes 

Min Max 

150 ns 

205 ns 

80 ns 3,4,11 

20 ns 3,4,5 

40 ns 3,11 

3 ns 3 

3 ns 3· 

3 20 ns 7,14,15 

2 50 ns 2 

60 ns 

80 10K ns 

20 ns 

70 ns 

20 10K ns 16 

20 60 ns 4 

15 40 ns 11 

5 ns 
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KM44V1004C/CL/CLL CMOS DRAM 

AC CHARACTERISTICS (Continued) 

-6 -7 -8 
Parameter Symbol Units Notes 

Min Max Min Max Min Max 

Row address set-up time tASR 0 0 0 ns 

Row address hold time tRAH 10 10 10 ns 

Column address set-up time tAsc b 0 0 ns 

Column address hold time tCAH 10 15 15 ns 

Column address hold time referenced to RAS tAR 45 55 60 ns 6 

Column address to RAS lead time tRAL 30 35 40 ns 

Read command set-up time tRCS 0 0 0 ns 

Read command hold time referenced to CAS tRCH 0 0 0 ns 9 

Read command hold time referenced to RAS tRRH 0 0 0 ns 9 

Write command hold time twcH 10 15 15 ns 

Write command hold time referenced to RAS tWCR 45 55 60 ns 6 

Write command pulse width twP 10 15 15 ns 

Write command to RAS lead time tRWL 15 20 20 ns 

Write command to CAS lead time tCWL 10 15 20 ns 

Data set-up time tos 0 0 0 ns 10 

Data hold time tDH 10 15 15 ns 10 

Data.hold time referenced to RAS tDHR 45 55 60 ns 6 

Refresh period (Normal) tREF 16 16 16 ms 

Refresh period (L-ver & LL-ver) tREF 128 128 128 ms 

Write command set-up time twcs 0 0 0 ns 8 

GAS to W delay time tcwo 40 50 50 ns 8 

RAS to W delay time tRWD 85 100 110 ns 8 

Column address.to W delay time tAwo 55 65 70 ns 8 

CAS precharge to W delay time tCPWD 60 70 75 ns 

CAS set-up time (CAS-before-RAS refresh) tcsR · 10 10 10 ns 

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

RAS to CAS precharge time tRPC 5 5 10 ns 

CAS precharge time (C-8-R counter test cycle) tCPT 20 30 30 ns 

Access time from CAS precharge tCPA 35 40 45 ns 3 

Hyper Page cycle time tHPC 24 29 34 ns 16 

Hyper Page read-modify-write cycle time tHPRWC 73 88 98 ns 

CAS precharge time (Hyper Page cycle) tCP 10 10 10 ns 

RAS pulse width (Hyper Page cycle) tRASP 60 200K 70 200K 80 200K ns 

RAS hold time from CAS precharge tRHCP 35 40 45 ns 

OE access time tOEA 15 20 20 ns 

OE to data delay torn 15 20 20 ns 

Output buffer turn off delay time from OE tOEZ 3 15 3 20 3 20 ns 7,14 

tJ:!:i:fili!iiP 
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KM44V1004C/CL/CLL CMOS DRAM 

AC CHARACTERISTICS (Continued) 

-6 -7 -8 
Parameter Symbol Units Notes 

Min Max Min Max Min Max 

OE commend hold time tOEH 15 20 20 ns 

W to AAS precharge time (C-8-R refresh) twRP 10 10 10 ns 

W to RAS hold time (C-8-R refresh) twRH 10 10 10 ns 

Output data hold time tDOH 5 5 5 ns 

Output buffer turn off delay form RAS tREZ 3 15 3 20 3 20 ns 7,14,15 

Output buffer turn off delay form W twEZ 3 15 3 20 3 20 ns 7,14 

W to data delay tWED 15 20 20 ns 

OE to GAS hold time tOCH 5 5 5 ns 

CAS hold time to OE tCHO 5 5 5 ns 

OE precharge time tOEP 5 5 5 ns 

W pulse width (Hyper Page Cycle) twPE 5 5 5 ns 

RAS pulse width (C-8-R self refresh) tRASS 100 100 100 µs 17 • AAS precharge time (C-8-R self refresh) tRPS 110 130 150 ns 17 

CAS hold time (C-8-R self refresh) tCHS -50 -50 -50 ns 17 

TEST MODE CYCLE (Note.12) 

-6 -7 -8 
Parameter Symbol Units Notes 

Min Max Min Max Min Max 

Random read or write cycle time tRC 115 135 155 ns 

Read-modify-write cycle time tAWC 160 190 210 ns 

Access time from RAS tRAC 65 75 85 ns 3,4,11 

Access time from CAS tCAC 20 20 25 ns 3,4,5 

Access time from column address tAA 35 40 45 ns 3,11 

RAS pulse width tRAS 65 10,000 75 10,000 85 10,000 ns 

CAS pulse width tCAS 18 10,000 20 10,000 20 10,000 ns 

RAS hold time tRSH 20 25 25 ns 

CAS hold time tCSH 55 65 70 ns 

Column address to RAS lead time tRAL 35 40 45 ns 

CAS to W delay time tcwo 45 55 55 ns 8 

RAS to W delay time tRWD 90 105 115 ns 8 

Column address to W delay time tAwo 60 70 75 ns 8 

Hyper Page mode cycle time tHPC 29 34 39 ns 16 

Hyper Page mode read-modify-write cycle time tHPRWC 78 93 103 ns 

RAS pulse width (Hyper Page Mode) tRASP 65 200,000 75 200,000 85 200,000 ns 

tJm'iiliii" 
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TEST MODE CYCLE<continued) 

Parameter Symbol 

Access time from CAS precharge tCPA 

OE access time tOEA 

OE to data delay tOED 

OE command hold time tOEH 

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) are 
assumed to be 5ns for all inputs except tHPC and 
tHPRWC. 

3. Measured with a load equivalent to 1 TTL load and 
100pF. 

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

5. Assumes that tRCD2tRco (max). 
6. tAR, twcR, tDHR are referenced to tRAD(max). 
7. This parameter defines the time at which the 

output achieves the open circuit condition and is 
not referenced to. VoH or VoL. 

8. twcs, tRwo, tcwo and tAWD are non restrictive 
operating parameters. They are included in the 
data sheet as electrical 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 tcwo2tcwo(min), tRWD2 
tRwo(min) and tAwo2tAwo(min), then the cycle is a 
read-write cycle and the data output will contain 
the data read from the selected address. If neither 
of the above conditions are satisfied, the condition 
of the data out is indeterminate. 

tJmM@iP 
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Min 

20 

20 

CMOS DRAM 

-6 -7 -8 
Units Notes 

Max Min Max Min Max 

40 45 50 ns 3 

20 25 25 ns 

25 25 ns 

25 25 ns 

9. Either tRcH or tRRH must be satisfied for a read 
cycle. 

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

11. 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. 

12. These specifications are applied in the test mode. 
13. 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. 

14. 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. · 

15. 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 high before RAS high 
going, the open circuit condition of the output is 
achieved by RAS high going. · 

16. tAsc ~ tcP min, Assumn tr=2.0ns 
17. 1024 cycle of burst refresh must be executed 

within 16ms before and after self refresh, in order 
to meet refresh specification.(LL-ver.) 
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TIMING DIAGRAMS 
READ CYCLE 

V1H -
RAS 

V1L -

V1H -
GAS 

V1L -

V1H -

A 

V1H -

w 
V1L -

5E 
V1H -

V1L -

e!:i:H@• 
ELECTRONICS 

CMOS DRAM 

• 

~DON'TCARE 
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TIMING DIAGRAMS (Continued) 

WRITE CYCLE (EARLY CYCLE) 

RAS 
V1H -

V1L -

V1H -

C7iS 
V1L -

V1H -
A 

V1L -

w V1H -
VIL -

BE V1H -
V1L -

D01-D04 
V1H -
VIL -

WRITE CYCLE (OE CONTROLLED WRITE) 

V1H -
RAS 

V1L -

CAS 
V1H -
V1L -

V1H -
A 

V1L -

V1H -w 
V1L -

V1H -
OE 

V1L -

V1H -
D01·DQ4 

V1L -

•t:!:i:flihitP 
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TIMING DIAGRAMS (Continued) 

READ-MODIFY-WRITE CYCLE 

V1H 

RAS 
V1L 

V1H -

GAS 
V1L .-

V1H -
A 

V1L -

V1H -w 
V1L -

OE V1H -

V1L -

VoH-
------------+-~l/\ 

VOL -

HYPER PAGE READ CYCLE 

CAS 

A 

w 

VIH -

VIL -

VIH -

VIL -

VIH -

VIL -

VIH -

VIL -

VIH -

VIL - ....¥--'l~ ....... -~~..¥..~..¥....loll---+---.__, 

VoH -
DQ1-DQ4 VoH _ --------+--o{tv'YI 

l'---.lf 

•1MfiliiiiP 
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• 

~Don'tCare 
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TIMING DIAGRAMS (Continued) 

FAST PAGE MODE wrrn EDO WRITE CYCLE (EARLY WRITE) 

A 

w 

VrL -

VrH -

VrL -

VrH 

VrL 

VrH -

VrL 

FAST PAGE MODE WITH EDO READ-MODIFY-WRITE CYCLE 

A 

w 

VrH -

VrH -

VrL 

VrH -

VrL -;..-.~~~ 

VrH -

VrL -

tJ:f:iifi@» 
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PAGE WITH EDO READ AND WRITE MIXED CYCLE 

,__~~~~~~~~~~~~tRAsP~~~~~~~~~~~~~----

CAS 

A 

w 

OE 

DQ1-DQ4 

V1H -

V1L -

ViH -

V1L -

ViH -

VIL -

ViH -

V1L -

ViH -

V1L -

Vi/OH -

VVOL -

•1Mfiliii» 
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READ(tCAC) READ(tCPA) WRITE READ(tAA) 

~ Don'tCare 
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TIMING DIAGRAMS (Continued) 

RAS-ONLY REFRESH CYCLE 
Note: W, OE=Don't Care 

CMOS DRAM 

---------!Rc--------------i 

A 

CAS-BEFORE-RAS REFRESH CYCLE 
Note: OE, Address=Don't Care 

w 

DQ 1-DO. 

~DON'TCARE 

ttMHiiii• 
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TIMING DIAGRAMS (Continued) 

HIDDEN REFRESH CYCLE (READ) 

RAS 
V1H 

V1L 

GAS 
V1H -

V1L -

A 
V1H 

V1L 

V1H -w 
V1L -

OE V1H 

V1L 

VoH -

VoL -

HYPER PAGE READ CYCLE 

GAS 

A 

w 

OE 

DQ1-0Q4 

VIH -

VIL -

VIH -

VIL -

VIH -

VIL -

VIH -

VIL -

VIH 

VIL 

VoH -

VoH -

diMW1• 
ELECTRONICS 

CMOS DRAM 

• 

~Don'tCare 
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KM44V1004C/CL/CLL CMOS DRAM 

TIMING DIAGRAMS (Continued) 

CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 

RAS 
V1H - IRAS 

V1L -

ASH 

V1H - le HR le AS 
GAS 

V1L -

tRAL 

A 
V1H-

V1L -

READ CYCLE 

w 

V1H

V1L - "-"-~ ........................... ---.................................... _._ ............................................. "'r-"-........ ~--+------''-"'+-"fo-".....,,_"""-'f' __ ............ 

--+---+----lcwL-----+----l 
WRITE CYCLE --+--+----lRWL-----1 

w V1H-

V1L-

BE V1H -

VIL -

D01·DQ4 
V1H -

V1L - ......... _._..,__.,__,._,....,...-"-'"-"-........,'--"--"-"--"'-"-"-~I ----. ........ ---

w 

V1H -

V1L .....: ...v...;i~ ............... ------................ .-.. ........................................... o+f'------!""' loH 

V110H-
D01·DQ4 V110L - -----------------~ 

VALID DATA-OUT VALID DATA-IN 

~DON'T CARE 

.nnwm• 
ELECTRONICS 
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TIMING DIAGRAMS (Continued) 

TEST MODE IN CYCLE 
Note: OE, Address: Don't Care 

CMOS DRAM 

V1H 
1------lRAS-----i 

-
RAS 

V1L -
lRPC 

lcp 

V1H -
GAS 

V1L -

w V1H -

V1L -

lo FF 

DQ,-OQ4 
VoH -

VoL -

TEST MODE DESCRIPTION 
The KM44V1004C/CUCLL is the RAM organized 1, 
048,576 words by 4 bit, it is internally organized 524, 
288 words by 8 bits. In "Test Mode", data are written 
into 8 sectors in parallel and retrieved the same way. 
Column address bit Ao is not used. If, upon reading, two 
bits on one 1/0 pin are equal (all "1 "s or "O"s) the 1/0 pin 
indicates a "1 ". If they were not equal, the 1/0 pin would 

411JM]liiiiP 
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~DON'T CARE 

indicate a "O". In "Test Mode", the 1Mx4 DRAM can be 
tested as if it were a 512K x 4 DRAM. W, CAS-BEFORE
RAS Cycle (Test Mode in Cycle) puts the device into 
"Test Mode". And "CAS-BEFORE-RAS REFRESH 
CYCLE" or "RAS-only Refresh Cycle" puts it back into 
"Normal Mode". The "Test Mode" function reduces test 
time (1/2 in cases of N test pattern). 
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DEVICE OPERATION 

The KM44V1004C/CUCLL contains 4, 194,304 memory 
locations. Twenty address bit are required to address a 
particular 4-bit word in the memory array. Since the 
KM44V1004C/CUCLL has only 10 address input pins, 
time multiplexed addressing is used to input 10 row 
(Ao-A9) and 10 column(Ao-A9) address. The multiplexing 
is controlled by the timing relationship between the row 
address strobe(RAS), the column address strobe(CAS), 
and the valid row and column address inputs. 

Operating of the KM44V1004C/CUCLL begins by 
strobing in a valid row address with RAS while CAS 
remains high. Then the address on the 10 address input 
pins(Ao-Ag) is changed from a row address to a column 
address and is strobed in by CAS. This is the beginning 
of any KM44V1004C/CUCLL cycle in which a memory 
location is accessed. The specific type of cycle is 
determined by the state of the write enable pin and 
various timing relationships. The cycle is terminated 
when both RAS and CAS have returned to the high 
state. Another cycle can be initiated after RAS remains 
hi9h long enough to satisfy the RAS precharge time(tRP) 
requirement. 

RAS and CAS Timing 
The minimum RAS and CAS pulse widths are specified 
by tRAs{min) and tcAs{min) respectively. These minimum 
pulse widths must be satisfied for proper device 
operation and data integrity. Once a cycle is initiated by 
bringing RAS low, it must not be aborted prior to 
satisfying the minimum RAS and CAS pulse widths. In 
addition, a new cycle must not begin until the minimum 
RAS precharge time, tRP, has been satisfied. Once a 
cycle begins, internal clocks and other circuits within the 
KM44V1004C/CUCLL begin a complex sequence of 
events. If the sequence is broken by violating minimum 
timing requirements, loss of data integrity can occur. 

Read 
A read cycle is achieved by maintaining the write enable 
input(W) high during a RAS/GAS cycle. The access time 
is normally specified with respect to the falling edge of 
RAS. But the access time also depends on the falling 
edge of CAS and on the valid column address transition. 
If CAS goes low before tRco(max) and if the column 
address is valid before tRAc(max), then the access time 
to valid data is specified by tRAc(min). However, if CAS 
goes low after tRco(max), access is specified .by tcAc or 
tAA. In order to achieve the minimum access time, tRAc 
(min), it is necessary to meet both tRco(max) and tRAD 
(max). The KM44V1004C/CUCLL has common data 1/0 
pins. The this reason an output enable control input(OE) 
has been provided so the output buffer can be precisely 
controlled. For data to appear at the outputs, OE must 
be low for the period of time defined by toEA arid toEZ. 

•1MfiliiiiP 
ELECTRONICS 
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Write 
The KM44V1004C/CUCLL can perform early write, late 
write and read-modify-write cycles. The difference 
between these cycles is in the state of data-out and is 
determined by the timing relationship between W, OE 
and CAS. In any type of write cycle, Data-in must be 
valid at or before the falling edge of W or CAS, 
whichever is later. 

Early Write: An early write cycle is performed by bringing 
W low before CAS. The data at the data input pins is 
written into the addressed memory cells. Throughout the 
early write cycle the output remains in the Hi-Z state. In 
the early write cycle the output buffers remain in the 
three state regardless of the state of the OE input. 

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

Late Write: If W is brought low after CAS, a late write 
cycle will occur. The late write cycle is very similar to the 
read-modify-write cycle except that the timing 
parameters, tRWD, tcwo and tAwo, are not necessarily 
met. The state of date-out is indeterminate since the 
output can be either Hi-Z or contain data depending on 
the timing conditions. This cycle requires a separate 1/0 
to avoid bus contention. 

Data Output 
The KM44V1004C/CUCLL has a three-state output 
buffer which is controlled by RAS, CAS and OE. When 
RAS and CAS go high(V1H) or OE goes high (V1H), the 
outputs are in the high impedance state. In any cycle in 
which valid data appears at the output, the output goes 
into the low impedance state in a time specified by tcLZ 
after the falling edge of CAS. Invalid data may be 
present at the output during the time after tcLZ and 
before the valid data appears at the output. The timing 
parameters tcAc, tRAc and tAA specify when the valid 
data will be present at the output. The valid data at the 
output cannot be eliminated by GAS rising only and it 
remains until both RAS and CAS returns high. This is 
true even if a new RAS cycle occurs(as in hidden 
refresh). Each of the KM44V1004C/CUCLL operating 
cycles is listed below after the corresponding output 
state produced by the cycle. 

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

302 



KM44V1004C/CL/CLL 

DEVICE OPERATION (Continued) 

Hi-Z Output State: Early Write, RAS-only Refresh, Fast 
Page with EDO Mode Write, GAS-before-RAS Refresh, 
OE controlled write. 

Indeterminate Output State: Delayed Write (tcwo or tRWD 
are not met) 

Refresh 
The data in the KM44V1004C/CUCLL is stored on a tiny 
capacitor within each memory cell. Due to leakage the 
data may leak off after a period of time. To maintain data 
integrity it is necessary to refresh each of the rows every 
16/128/256ms. There are several ways to accomplish 
this. 

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

GAS-before-RAS Refresh: The KM44C1004C/CU CLL 
has GAS-before-RAS on-chip refresh capability that 
~liminates the need. for external refresh addresses. If 
CAS is held low for the specified set up time (tcsR) 
before RAS goes low, the on-chip refresh circuitry is 
enabled. An internal refresh operation automatically 
occurs. The refresh address is supplied by the on-chip 
refresh address counter which is then internally 
incremented in preparation for the next GAS-before-RAS 
refresh cycle. 

Hidden Refresh: A hidden refresh cycle may be 
performed while maintaining the latest valid data at the 
output by extending the CAS active time and cycling 
RAS. The KM44V1004C/CUCLL hidden refresh cycle is 
actually a GAS-before-RAS refresh cycle within an 
extended read· cycle. The refresh row address is 
provided by the on-chip refresh address counter. 

Self Refresh: The self refresh is GAS-before-RAS 
refresh to be used for long periods of standby, such as 
al battery back-up. In nomal CAS-befoerd-RAS 
condition, when RAS is held low above 100µs an 
internal timer activates an refresh operation of 
consecutive row addersses in DRAM. The self refresh 
mode is exited when either RAS of CAS goes high(V1H). 

Other Refresh Methods: It is also possible to refresh the 
KM44V1004C/CUCLL by using read, write or read
modify-write cycles. Whenever a row is accessed, all the 
cells in that row are automatically refreshed. There are 
certain applications in which it might be advantageous 
to perform refresh in this manner but in general RAS
only or GAS-before-RAS refresh is the preferred method. 

•1m'¥1'iii' ELECTRONICS 
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Fast Page Mode with Extended Data Out 
Fast page mode provides high speed read, write or 
read-modify-write access to all memory cells within a 
selected row. These cycles may be mixed in any order. 
A fast page mode cycle begins with a normal cycle. 
Then, while RAS is kept low to maintain the CAS is 
cycled to strobe in additional column addresses. This 
eliminates the time required to set up and strobe 
sequential row addresses for the same page. 

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

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

This is shown in the GAS-before-RAS counter test cycle 
timing diagram. A memory cell be addressed with 10 
row address bits and 10 column address bits defined as 
follows: 

Row Address - Bits Ao through Ag are supplied by the 
on-chip refresh counter. 

Column Address - Bits Ao through Ag are supplied by 
the falling edge of GAS as in a normal memory cycle. 

Suggested CAS-before-RAS Counter Test. 
Procedure 
The GAS-before-RAS refresh counter test cycle timing is 
used in each of the following steps; 
1 . Initialize the internal refresh counter by performing 8 

GAS-before-RAS cycles. 
2. Write a test pattern of "lows" into the memory cells at 

a single column address and 1024 row address. 
(The row addresses are supplied by the on-chip 
refresh counter). 

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

4. Read the "highs" written during step 3. 
5. Complement the test pattern and repeat steps 2,3 

and 4. 

Power-up 
If RAS=Vss during power-up, the KM44C1004C/ 
CUCLL could possibly begin an active cycle. This 
condition results in higher than necessary current 
demands from the power supply during power-up. It is 
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DEVICE OPERATION (Continued) 

recommended that RAS and CAS track with Vee during 
power-up or be held at a valid V1H in order to minimize 

· the power-up current. An initial pause of 200 µsec is 
required after power-up followed by any 8 initialization 
cycles before proper device operation is assured. Eight 
initialization cycles are also required after any 16(ULL
ver:128, SL-ver:256) msec period in which there are no 
RAS cycles. An initialization cycle is any cycle in which 
RAS is cycled. 

Termination 
The lines from the TTL driver circuits to the 
KM44V1004C/CUCLL inputs act like unterminated 
transmission lines resulting in significant overshoot and 
undershoot at the inputs. To minimize overshoot it is 
advisable to terminate the input lines and to keep them 
as short as possible. Although either series or parallel 
termination may be used, series termination is generally 
recommended since it is simple and draws no additional 
power. It consists of a resistor in series with the input 
line placed close to the KM44V1004C/CUCLL input pin. 
The optimum value depends on the board layout. It 
must be determined experimentally and is usually in the 
range of 20 to 40 ohms. 

Board Layout 
It is important to lay out the power and ground lines on 
memory boards in such a way that switching transient 
effects are minimized. the recommended methods are 
gridded power and ground lines or separate power and 
ground planes. The power and ground lines act like 

PACKAGE DIMENSIONS 
20-LEAD PLASTIC DUAL IN-LINE PACKAGE 

0.962 (24.43) 

0.972 (24.69) 

0 

0.135 (0.43) 

CMOS DRAM 

transmission lines to the high frequency transients 
generated by DRAMS. The impedance is minimized if all 
the power supply traces to all the DRAMS run both 
horizontally and vertically and are connected at each 
intersection or better yet if power and ground planes are 
used. 

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

A high frequency 0.1 µF ceramic decoupling capacitor 
should be connected between the Vee and ground pins 
of each KM44V1004C/CL/CLL using the shortest 
possible traces. These capacitors act as a low 
impedance shunt for the high frequency switching 
transients generated by the KM44V1004C/CUCLL and 
they supply much of the current used by the. 
KM44V1004C/CUCLL during cycling. 

In addition, a large tantalum capacitor with a value of 
4 7 µ F to 100µ F should be used for bulk decoupling to 
recharge the 0.1µF capacitors between cycles, thereby 
reducing power line droop. The bulk decoupling 
capacitor meet the power grid or power plane. Even 
better results may be achieved by distributing more than 
one tantalum capacitor around the memory array. 

~ 
t::. 
a> .... 
N 
ci 

~ 
!:::. 

~ 
ci 

Units: Inches (Millimeters) 

0.015 (0.38) 

MIN 

~1~45_(_3.-68-)--------------------------------,..-----t---.-
0.009 (0.23) 

0.013 (0.33) 

t1Mfiihit> 
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0.183 (4.65) 

MAX 

0.050 (1.27) 

MAX 
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PACKAGE DIMENSIONS (Continued) 

20-LEAD PLASTIC SMALL OUT-LINE J·LEAD 

0 

0.670 (17.02) 

0.680 (17.27) 

0 

~....._) --!MAM 
0.050 (1.27) I 0.015 (0.38) I 0.026 (0.66) I 

TYP I 0.021 (0.53) I 0.032 (0.81) 

~ 

20·LEAD PLASTIC ZIGZAG·IN·LINE PACKAGE 

0.016(0.41) 

0.024(0.61) 

1.025(26.04) 

1 .035(26.29) 

;---INDEX 

0.050(1.27) 

TYP 

ttMfiliii" 
ELECTRONICS 

0.050(1.27) 

MAX 

0 

0.050 (1.27) 

MAX 

0.100(2.54) 

MIN 

CMOS DRAM 

Units: Inches (millimeters) 

~I 

0.027 (0.69) 

MIN 

0.128 (3.25) 

0.145 (3.68) 

0.113(2.87) 

0.120(3.05) 

0.009(0.23) 

0.013(0.33) 

0.100(2.54) 

TYP 
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PACKAGE DIMENSIONS (Continued) 

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

Units: Inches (millimeters) 

0.671 (17.04) 

0.679. (17.24) 

i:::- i:::-
LO CC 

r::, rS 
CX> (\I 
Cl 0 
(\I C') 

c:i c:i 

Cl ..... 
C') .q-
0 0 
c:i c:i 

Jal 0.003 (0.08) I 1=b1gF11HJlJl]=rt~=i----F:::.:::.::.=:.::r-LJiiUUUlr=r-=-~~i=t · 
I 0.048 (1.22) . I 0.012 (O~ 

---j 0.052 (1.32) -----1 . 0.020 (0.50) 

.nnnlhl• 
ELECTRONICS 

0.005 (0.13) 

0.008 (0.20) . 

~ 
0.Q16 (0.40) I I 
0.024 (0.60) 
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KM48C512B/BL/BLL CMOS DRAM 

512K xB Bit CMOS Dynamic RAM with Fast Page Mode 

FEATURES 
• Performance range: 

tRAC tCAC tRC 

KM48C512B/BUBLL-5 50ns 15ns 90ns 

KM48C512B/BUBLL-6 60ns 15ns 110ns 

KM48C512B/BUBLL-7 70ns 20ns 130ns 

KM48C512B/BUBLL-8 80ns 20ns 150ns 

• Fast Page Mode operation 
• Self Refresh operation (LL-version) 
• Byte Read/Write operation 
• CAS-before-RAS refresh capability 
• RAS-only and Hidden Refresh capability 
• TTL compatible inputs and outputs 
• Early write or output enable controlled write 
• Dual +5.0V ± 10% power supply 
• Refresh Cycle 

-1024 cycle/16ms (Normal) 
-1024 cycle/128ms (L-version) 
-1024 cycle/128ms (LL-version) 

• Power Dissipation 
-Standby: 5.5mW (Normal) 

1.1 mW (L-version) 
0.83mW (LL-version) 

-Active (50/60n0/80): 470/385/360/330mW 
• JEDEC standard pinout 
• Available in plastic SOJ and TSOP II 

FUNCTIONAL BLOCK DIAGRAM 

Ao-Ag 

Ao-As 

Control 
Clocks 

Refresh Control 

Refresh Counter 

Row Address Buffer 

Col. Address Buffer 

tMnfi@tP 
ELECTRONICS 

GENERAL DESCRIPTION 
The Samsung KM48C5128/BUBLL is a CMOS high 
speed 524,288 bit x 8 Dynamic Random Access 
Memory. Its design is optimized for high performance 
applications such as personal computer, graphics and 
high performance portable computers. 

The KM48C5128/BUBLL features Fast Page Mode 
operation which allows high speed random access of 
memory cells within the same row. GAS-before-RAS 
refresh capability provides on-chip auto refresh as an 
alternative to RAS-only refresh. All inputs and outputs 
are fully TTL compatible. 

The KM48C512B/BL/BLL is fabricated using 
Samsung's advanced CMOS process. 

Row Decoder 

Memory Array 
524,288x8 

Cells 

Column Decoder 

Q. 

en 
a. 
E 

<t: 
Q) 
en c 
Q) 

Cl) 

Data in 
Buffer 

Data out 
Buffer 

DQ1 

to 
DO a 
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KM48C512B/BL/BLL CMOS DRAM 

PIN CONFIGURATION (Top views) 

• KM48C512BJ/BLJ/BLW 

Vee 10 
001 2 
002 3 
OQ3 4 
OQ4 

N.C 
w 7 

RAS 8 

10 
A1 11 
A2 12 
A3. 13 

Vee 14 

• KM48C512BT/BLT/BLLT 

Vee 10 28 Vss 
001 2 27 00s 

002 3 26 007 

003 4 25 OOe 

004 5 24 DQs 

N.C. 6 23 eAS 

w 7 22 OE 

RAS 8 21 N.C. 

Ag 9 20 As 

Ao 10 19 A1 

A1 11 18 Ae 

A2 12 17 As 

A3 13 16 A4 

Vee 14 15 Vss 

(TSOP(ll)-Forward Type) 

Pin Name Pin Function 

Ao-Ag Address Input 

D01-a Data In/Out 

Vss Ground 

RAS Row Address Strobe 

28 Vss 
27 OOs 
26 001 

25 OOe 
24 OOs 

23 ™ 
22 OE 
21 N.C 
20 As 

19 A1 

18 Ae 

17 As 

0 16 A4 

15 Vss 

(SOJ) 

• KM48C512BTR/BLTR/BLLTR 

Vss 28 01 Vee 
Das 27 2 001 

007 26 002 

DOe 25 4 003 
DOs' 24 5 004 

GAS 23 6 N.C. 

OE 22 w 
N.C. 21 8 RAS 

As 20 9 Ag 

A1 19 10 Ao 

Ae 18 11 A1 

As 17 12 A2 

A4 16 13 AJ 

Vss 15 14 Vee 

(TSOP(ll)-Reverse Type) 

Pin Name Pin Function 

w Read/Write Input 

OE Data Output Enable 

Vee Power(+SV) 

N.C. No Connection 

CAS Column Address Strobe 

ttiJ:Wi1iiiiP 
ELECTRONICS 

310 



KM48C512B/BL/BLL CMOS DRAM 

ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol Rating Units 

Voltage on any pin relative to Vss VIN, 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 (Voltage referenced to Vss, TA=O to 70°C) 

Parameter Symbol Min Typ Max Unit 

Supply Voltage Vee 4.5 5.0 5.5 v 
Ground Vss 0 0 0 v 
Input High Voltage VIH 2.4 - Vee+ 1 v 
Input Low Voltage VIL -1.0 - 0.8 v 

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

Parameter Symbol Min Max Units 

KM48C512B/BUBLL-5 85 mA 
Operating Current* KM48C512B/BUBLL-6 

lcc1 
70 mA 

(RAS, CAS, Address Cycling @tRC=min.) KM48C512B/BUBLL-7 
-

65 mA 
KM48C512B/BUBLL-8 60 mA 

Standby Current 
lcc2 - 2 mA (RAS=CAS=W=VIH) 

KM48C512B/BUBLL-5 85 mA 
RAS-Only Refresh Current* KM48C512B/BUBLL-6 

ICC3 
70 mA 

(CAS=VIH, RAS, Address Cycling @tRC=min.) KM48C512B/BUBLL-7 - 65 mA 
KM48C512B/BUBLL-8 60 mA 

KM48C512B/BUBLL-5 65 mA 
Fast Page Mode Current* KM48C512B/BUBLL-6 

ICC4 
55 mA 

(RAS=VIL, CAS, Address Cycling @tPC=min.) KM4l3C512B/BUBLL-7 - 50 mA 
KM48C512B/BUBLL-8 45 mA 

Standby Current KM48C512B 1 mA 

(RAS=CAS=W=Vcc-0.2V) 
KM48C512BL Ices - 200 µA 
KM48C512BLL 150 µA 

KM48C512B/BUBLL-5 85 mA 
GAS-Before-RAS Refresh Current* KM48C512B/BUBLL-6 

Ices 
70 mA 

(RAS and CAS Cycling @tRC=min.) KM48C512B/BUBLL-7 - 65 mA 
KM48C512B/BUBLL-8 60 mA 

tt:fafJiiiltP 
ELECTRONICS 

311 



KM48C512B/BL/BLL CMOS DRAM 

DC AND OPERATING CHARACTERISTICS (Continued) 

Parameter Symbol Min Max Units 

Battery Back Up Current Average Power Supply Current, 
Battery Back Up Mode, Input High Voltage(V1H)=Vcc-0.2V 
Input Low Voltage(V1L)=0.2V CAS=0.2V KM48C512BL ICC? - 300 µA 
DIN=Don't Care, TRC=125µS 
TRAS= TRAS min.-300ns 

Self Refresh Current 
RAS=CAS=0.2V 

KM48C512BLL Ices 200 µA W=0t.=Ao-As=Vcc-0.2V or 0.2V -

DQ1-D0a=Vcc-0.2V, 0.2V or Open 

Input Leakage Current 
ll(L) -10 10 µA 

(Any input OsV1N sVcc+0.5V, all other pins not under test=O volts.) 

Output Leakage Current 
IO(L) -10 10 µA 

(Data out is disabled, OVsVours Vee) 

Output High Voltage Level (IOH=-5mA) VoH 2.4 v 
Output Low Voltage Level (IOL=4.2mA) VOL - 0.4 v 

*NOTE: lcc1, ICC3, 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 and lcc3, address can be changed maximum 
two times while RAS=VIL. In lcc4, address can .be changed maximum once within one fast page cycle. 

CAPACITANCE (TA=25°C, Vcc=SV, f=1 MHz) 

Parameter Symbol Min Max Unit 

Input Capacitance (Ao-As) CIN1 - 5 pF 

Input Capacitance (RAS, CAS, W, OE) CIN2 - 7 pF 

Output Capacitance (DQ1-DQa) Coo - 7 pF 

AC CHARACTERISTICS (0°CsTas?0°C, Vcc=5.0V±10%, See notes 1,2) 

-5(*) -6 -7 -8 
Parameter Symbol Units Notes 

Min Max Min Max Min Max Min Max 

Random read or write cycle time tRC 90 110 130 150 ns 

Read-modify-write cycle time tRWC 135 155 185 205 ns 

Access time from RAS tRAC 50 60 70 80 ns 3,4,11 

Access time from CAS tCAC 15 15 20 20 ns 3,4,5 

Access time from column address tAA 25 30 35 40 ns 3,11 

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

Output buffer turn-off delay tOFF 0 15 0 15 0 15 0 15 ns 7 

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

RAS precharge time tRP 30 40 50 60 ns 

RAS pulse width tRAS 50 10,000 60 10,000 70 10,000 80 10,000 ns 

RAS hold time tRSH 15 15 20 20 ns 

CASholdtime tcsH 50 60 70 80 ns 

CAS pulse width tCAS 15 10,000 15 10,000 20 10,000 20 10.000 ns 

RAS to CAS delay time tRCD 20 35 20 45 20 50 20 60 ns 4 

(*) 50ns Product:Vcc=SV ± 5%, Cout=50pF 

t!MfJliiliP 
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KM48C512B/BL/BLL CMOS DRAM 

AC CHARACTERISTICS (Continued) 

-5(*) . -6 -7 -8 
Parameter Symbol Units Notes 

Min Max Min Max Min Max Min Max 

RAS to column address delay time tRAO 15 25 15 30 15 35 15 40 ns 11 

CAS to RAS precharge time tCRP 5 5 5 5 ns 

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

Row address hold time tRAH 10 10 10 10 ns 

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

Column address hold time tCAH 10 10 15 15 ns 

Column address hold time referenced to RAS tAF! 40 45 55 60 ns 6 

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

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

Read command hold time referenced to CAS tRCH 0 0 0 0 ns 9 

Read command hold time referenced to RAS tRRH 0 0 0 0 ns 9 

Write command set-up time twcs 0 0 0 0 ns 8 

Write command hold time twCH 10 10 10 10 ns 

Write command hold time referenced to RAS twCR 40 45 50 55 ns 6 • Write command pulse width twp 10 10 10 10 ns 

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

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

Data-in set-up time tos 0 0 0 0 ns 10 

Data-in hold time tDH 10 10 15 15 ns 10 

Data-in hold time referenced to RAS tDHR 40 45 55 60 ns 6 

Refresh period (Normal) tREF 16 16 16 16 ms 

Refresh period (L-version) tREF 128 128 128 128 ms 

Refresh period (LL-version) tREF 128 128 128 128 ms 

CAS to W delay time tcwo 40 40 50 50 ns 8 

RAS to W delay time tRWD 75 85 95 105 ns 8 

Column address to W delay time tAwo 50 55 60 65 ns 8 

CAS precharge to W delay time tCPWD 55 60 65 70 ns 

CAS set-up time (GAS-before-RAS refresh) tCSR 10 10 10 10 ns 

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

RAS precharge to CAS hold time tRPC 5 5 5 5 ns 

CAS precharge time (C-8-R counter test cycle) tCPT 20 20 25 30 ns 

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

Fast page mode cycle time tPC 35 40 45 50 ns 

Fast page mode read-modify-write cycle time tmM: 80 80 95 100 ns 

RAS pulse width (Fast Page Mode) tRASP 50 100K 60 100K 70 100K 80 100K ns 

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

(*) 50ns Product:Vcc=5V ± 5%, Cout=50pF 

t11JMJ@• 
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KM48C512B/BL/BLL CMOS DRAM 

AC CHARACTERISTICS (Continued) 

-sr) -6 -7 -8 
Parameter Symbol Units Notes 

Min Max Min Max Min Max Min Max 

00 precharge time (Fast Page Mode) tCP 10 10 10 10 ns 

access time from OE tOEA 15 15 20 20 ns 

OE to data-in delay time tOED 15 15 20 20 ns 

Output buffer tum off delay time from OE tOEZ 0 15 0 15 0 20 0 20 ns 

OE command hold time tOEH 15 15 20 20 ns 

RAS pulse width (C-8-R self refresh) tRASS 100 100 100 100 µs 12 

RAS precharge time (C-8-R self refresh) tRPS 90 110 130 150 ns 1,2 

CAS hold time (C-8-R self refresh) tCHS -50 -50 -50 -50 ns 12 

(*} 50ns Product:Vcc=5V ± 5%, Cout=50pF 

t1m'ifiliil$ 
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KM48C512B/BL/BLL CMOS DRAM 

NOTES 
1 . An initial pause of 200µs is required after power-up followed by any 8 RAS-only or GAS-before-RAS refresh 

cycle before proper device operation is achieved. 
2. 'V1H(min) and V1L(max) are reference levels tor 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 tRco(max) limit insures that tRAc(max) can be met. tRco(max) is specified as a reference 

point only. If tRcD is greater than the specified tRco(max) limit, then access time is controlled exclusively by tcAc. 
5. Assumes that tRco~tRco(max). 
6. tAR. twcR. toHR are referenced to tRAo(max). 
7. toFF(max) defines the time at which the output achieves the open circuit condition and is not referenced to VoH 

to VOL. 
8. twcs, tRwo. tcwo and tAwD are non restrictive operating parameters. They are included in the data sheet as elec

tric characteristics only. It twcs~twcs(min) the cycle is an early write cycle and the data output will remain high 
impedance for the duration of the cycle. If tcwo~tcwo(min), tRwo~tRwo(min) and tAwo~tAwo(min), then the cy
cle is a read-write cycle and the data output will contain the data read from the selected address. If neither 
of the above conditions are satisfied, the condition of the data out is indeterminate. 

9. Either tRcH or rRRH must be satisfied for a read cycle. 
10. These parameters are referenced to the CAS leading edge in early write cycles and to the W leading edge in 

read-write cycles. 
11 . Operation within the tRAo(max) limit insures that tRAc(max) can be met. tRAo(max) is specified as a reference 

point ony. If tRAD is greater than the specified tRAo(max) limit, then access time is controlled by tAA· 

12. 1024 cycle of Burst Refresh must be executed within 16ms before and after self refresh, in order to meet refresh 
specification. (LL-version) 

TIMING DIAGRAMS 

READ CYCLE 

A 

r-----------lRC----------~~ 

r--------lAAS--------

"r----IAR-------i 

DQ1-DOs 
VoH,..-- _____ _ 

VoL-

~DON'TCARE 

•1"41@" 
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KM48C512B/BL/BLL CMOS DRAM 

TIMING DIAGRAMS (Continued) 

WRITE CYCLE (EARLY WRITE) 

RAS 

CAS 

A 

w 

v,H- n~~mV'F~t'*"~rx\F~~~;::;--tm~~~mrt~~"V"\;"fV\J'W'V\)r:n."''f:l.' 
V1L - CJl.:.ICOOC.~r~~=~ ~.jJ.J.~~~~__;if\'l'rJ.~~~~~~~~".:/:i.'Y::J.~'/:JjCCJ" 

V1H- ~~r'ffl~m"{'~""mrin 

V1L-

V1H- "!V'~'ifVV"J1~rv"r:r/.~~'tv''1VV'9~~7\f'o~"Jli1\.~~~7'17'i'TV'-~~~rv'o'il'il'\7'j'0"0~~7'\7~~~ 
V1L- D£1a£~~~~)/JJ.~~.t:l,f,')[:l..~~~~~.ti::JCfi.~~~~~~~h.f.>,b,},~~~~l.A,l~~lJ:l 

V1H-

DQ,-DOs V1L- -----------c:I 
~-----JI' 

WRITE CYCLE (OE CONTROLLED WRITE) 
1------------IRc------------1 

>----------- IRAS---------l 

V1H- ------.1, ... 1 ___ _ 

V1L-

GAS 

V1H- T"'llll..,..,.l"'lr"'!"' ~=-::---~J'7\.--'r"'"-:~7;:-:::;--~~.C1U't~~~~'O"t'.i~~~~~~'1'!'~~11t7\. 
A 

V1L- ~~~y l"---"1 

V1H- ""K'Jr'm't?t"1m'~rrr?m':"°"~rtr"l~"""'""71~niL- I 

V1L - .IJ,L~l.Qj~DJ.:,llO.£~~a,a~~~CJ,/J>,{J,!,~~---~'.t:l,f,~~O/).~~~O,f;jl:JL.~~O,f;jAJ.~~ 

V1H- 'J\J"iftl~"'1'\'Jfil'i~\ro~7'Q'l;7VT----tt--"'*~~'10~~1\"71:"'~~~~~~~7':7<m7~ 

V1L - Q,O~lQ,j~CJ,/J'i::J/;.~~Q,£,lCJ/ 

V1H-

D01·00s 
V1L- ----

IZZI DON'T CARE 

tt:!:i:fillh" 
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KM48C5128/BL/BLL 

TIMING DIAGRAMS (Continued) 

READ·MODIFY·WRITE CYCLE 

RAS 

A 
V1H- "7r"lJl"'li:':~~-\ 

V1L--' 

w. V1H- -.--.--.--.-o+--.--.-"°""'..__,..._,...-+--.--.------------i 

V1L-

V1H- \71:'.m'l:?t"J~"'ft:11j\.ir:?\:"m't'?r~'7f:7m"7\ 
OE 

V1L - lQ.0..0~~4J.:i.Oi.1~~~0.0.f:JJ.~(l{..~;..._...j...._J 

D01·DOs 
V110H -

-------------+--.....CV\~ 
V110L -

FAST PAGE MODE READ CYCLE 

RAS 

GAS 

A 

CMOS DRAM 

w V1H- '\"i~~7\~Tt"""--t-----jH~r"°t------/i1~1d~...:.;,:.:;;::,:. ___ +~-b""'~""~ 
V1L - .¥.Jlf..Ml~~AI 

V1H- ~~~"°"'""'"'"""~'""'7\ 
OE 

V1L- -'J/.~~~~~~~~~-+.--~~~M~4-..--l-4~~~~(;i:J~_J._.i,~~~~M~~~ 

D01-DOs 
VoH~ 

VoL-

e!:i:fiihit> 
ELECTRONICS 

~DON'T CARE 

317 



KM48C512B/BL/BLL CMOS DRAM 

TIMING DIAGRAMS (Continued) 

FAST PAGE MODE WRITE CYCLE (EARLY WRITE) __,_i---- lRASP---------------i 

~-tA-R-------===1-----+-1------------------------~11~------------'I 
tcee i- _ ''co I 

RAS 

tcAS-· 

A 

w 

f.----- toHR.------1 I I I I 
I 1 to§_] I toH ! tos ·' toH tos toH 

DQ1-D0a 

I ' 
FAST PAGE MODE READ-MODIFY-WRITE JCYCLE 1 rL ,,,,, ____ ------

' ----tc_S_H::-=--=---~-_,--------------------tit----_--_-_ --t-Rs-H---,-----i-1 Ji 
-----tPRwc-----

tcRP 

RAS 

GAS 

A 

w 

OE 

~DON'.TCARE 

tJm'+Jiiii» 
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KM48C512B/BL/BLL · 

TIMING DIAGRAMS (Continued) 

RAS·ONL Y REFRESH CYCLE 
Note: W, OE= Don't care 

>------------- tRc----

RAS 
">------tRAS-------<' 

CAS 

A 

CAS-BEFORE-RAS REFRESH CYCLE 
NOTE: W, OE, ~=Don't Care 

CMOS DRAM 

1-----------tRc-----------'-----i 

CAS 

DQ1-00a 

CAS·BEFORE·RAS SELF REFRESH CYCLE (LL-version) 
NOTE: W, OE, A= Don't Care 

V1H

V1L - ---..J 

V1H -

V1L- ____ _, 

VoH -
DQ1-DQ8 VoL- -------1~------0PEN--------------

~ DON'TCARE 

4J:f:i:fl@IP 
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KM48C512B/BL/BLL 

TIMING DIAGRAMS (Continued) 

HIDDEN REFRESH CYCLE (READ) 

A 

CMOS DRAM 

V1H- '7\7\J\..~~'J\J.~r-r-----~~~~7t"1~7\J-'il\J'\J\J\rY"m:~'J\J.~7\J'\J'\7V~~~)l!;'.i 

V1L- ~~~~~ 

to FF 

VALID DATA-OUT 

HIDDEN REFRESH CYCLE (WRITE) 

..__ ___ tRAS-----4 

lcHR 

A 

V1H- ~~~°"7~~~~~~~'"'~"'""~"""""""'~:""7""'""7'1~.,....,.~""""'~.,....,,...,;...,....~....,._._... ... 

V1L- ~~~~~~~.DJ.~ti:::JJ.~/,:::,J.~.£:;:,J.~.AJ.~t:::i,/,.~C;)./..~D,/,.~D,/,.~D,/,.~t:.i,~C::i£.~~~ 

V1H- ~-__," 1~--...__...._ ____ I 

V1L- ~~~~ ~-------~ '11'.l~~~~,J.;;J,/.~J.l.l,~~~~~tiJ,J.~~~~~CJi, 
1-----toHR ------< ~DON'T CARE 

•tMH'hl* ELECTRONICS 
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KM48C512B/BL/BLL 

TIMING DIAGRAMS (Continued) 

CAS·BEFORE·RAS REFRESH COUNTER TEST CYCLE 

RAS 

CAS 

A 

V1H

V1L-

V1L-

V1L-

READ CYCLE 

V1H-
w 

V1L-

VtH-

OE 
V1L-

D01-DOs 
VoH-

VoL-

WRITE CYCLE 

V1H-

w 
V1L-

V1H-

5E 
V1L-

V1H-

D01-DOs 
V1L-

V1H-

w 
V1L-

V1H-

OE 
V1L-

D01-DOs 
V110H-

V110L-

•liJ:'&i'hiiP 
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------ - tRWL 

VALID ~ 
DATA-OUT 

CMOS DRAM 

• 

~DON'T CARE 
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, KM48C512B/BL/BLL 

PACKAGE DIMENSION 

28-LEAD PLASTIC SMALL OUT-LINE J-LEAD 

pro 004(0.1) I 

0 

0016(041) II 
0 020(0.51)-i r- TYP 

0.026(0.66) 

0.032(0 81) 

0 
C'i m 
0 N 

ci 0 

l7i' l7i' 
Ol 0 
C') ~ 

ci ci 

I 0 050(L27] 

~ MAX 

CMOS DRAM 

Units: Inches (millimeters) 

0.027(0.69) 

MIN 

r=::-'-..---t------r-

;:: C'i Iii" 0 
0 0 N LO 0 (') 

N C') oi Ol 

ci ci l7i' l7i' l7i' l7i' 
00 C\i <O t--

C') ~ 
0 C') C') 

~ ~ 
0 0 0 0 0 0 
ci ci 

________ 0_:._140(~:.56) 

0. 148(3. 76) 

28-LEAD PLASTIC THIN SMALL OUT LINE PACKAGE (Forward and Reverse Type) 

0 

4J:!:i:filiWP 
ELECTRONICS 

0.722 (18.36) I 

co <N 
a> 0 
(") ~ 

0.03 (0.80) 

(") 
<N 
~ 
d 

0.037 (0.95) 

0.041 (1.05) 

_J ._I __ o_.o_o5_(0_.1_3J 

0.008 (0.20) 

If---( ---.--~ ~ 
0.016 (0.40) I I 
0.024 (0.60) 
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KM48C514B/BL/BLL CMOS DRAM 

512K xB Bit CMOS Dynamic RAM with Extended Data Out 

FEATURES 

• Performance range: 
.----

tRAC tCAC tRC 

KM48C514B/BUBLL-5 50ns 17ns 90ns 

KM48C514B/BUBLL-6 60ns 17ns 110ns 

KM48C514B/BUBLL-7 70ns 20ns 130ns 

• Fast Page Mode with Extended Data Out 
• Self Rdfresh operation (LL-ver) 
• CAS-before-RAS refresh capability 
• RAS-only and Hidden Refresh capability 
• Byte Read/Write Operation 
• TTL compatible inputs and outputs 
• Early write or output enable controlled write 
• Dual +5V ± 10% power supply 
• Refresh Cycle 

-1024 cycle/16ms (Normal) 
-1024 cycle/128ms (L/LL-ver) 

• Power Dissipation 
-Standby: 5.5mW (Normal) 

1.1 mW (L-version) 
0.83mW (LL-version) 

-Active (50/60/70): 470/385/360mW 
• JEDEC standard pinout 
• Available in plastic SOJ and TSOP II 

tHPC 

20ns 

24ns 

29ns 

FUNCTIONAL BLOCK DIAGRAM 

RAS 

GENERAL DESCRIPTION 
The Samsung KM48C514B/BUBLL is a CMOS high 
speed 524,288 bit x 8 Dynamic Random Access 
Memory. Its design is optimized for high performance 
applications such as personal computer, graphics and 
high performance portable computers. 

The KM48C5148/BL/BLL features EDO Mode 
operation which allows high speed random access of 
memory cells within the same row. GAS-before-RAS 
refresh capability provides on-chip auto refresh as an 
alternative to RAS-only refresh. All inputs and outputs 
are fully TTL compatible. 

The KM48C514B/BL/BLL is fabricated using 
Samsung's advanced CMOS process. 

CAS 
Control & 

~Voe Clocks 

w Vss 
r 

Refresh Control Row Decoder Data in 
Buffer 

Q 
Refresh Counter 

o(l 
DO, 

Memory Array (/) 
a. to 

524,288 x 8 E 
<l:: DO a 

Cells Cl) 

Row Address Buffer (/) 

AO-A9 c 
Cl) 

Cf) 
Data out 

AO-A8 Col. Address Buffer Column Decoder 
Buffer 

OE 

t]iJ:'i{JliiliP 
ELECTRONICS 

323 



KM48C514B/BL/BLL CMOS DRAM 

PIN CONFIGURATION (Top Views) 

• KM48C514BJ/BW/BLW • KM48C514BT/BLT/BLLT • KM48C514BTR/BLTR/BLLTR 

Vee 10 28 Vss Vee 1 0 28 Vss Vss 28 0 1 Vee 

001 2 27 00s 001 2 27 OOs 00s 27 2 001 

002 3 26 OOr 002 3 26 OOr OOr 26 3 002 

003 4 25 00s 003 4 25 00s 00s 25 4 003 

004 5 24 005 004 5 24 005 005 24 5 004 

N.C. 6 23 ~ N.C. 6 23 ~ GAS 23 6 N.C. 

w 7 22 OE w 7 22 OE OE 22 7 w 
AAS 8 21 N.C. RAS 8 21 N.C. N.C. 21 8 RAS 

Ag 9 20 As A9 9 20 As As 20 9 A9 
Ao 10 19 Ar Ao 10 19 Ar Ar 19 10 Ao 
A1 11 18 As A1 11 18 As As 18 11 A1 
A2 12 17 As A2 12 17 As As 17 12 A2 
A3 13 16 A4 A3 13 16 A4 A4 16 13 A3 

Vee 14 0 15 Vss Vee 14 15 Vss Vss 15 14 Vee 

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

Pin Name Pin Function 

Ao-Ag Address Inputs 

DQ1-8 Data In/Out 

Vss Ground 

RAS Row Address Strobe 

CAS Column Address Strobe 

w Read/Write Input 

OE Data Output Enable 

Vee Power(+SV) 

N.C. No Connection 

•1Mfi%> 
ELECTRONICS 
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KM48C514B/BL/BLL CMOS DRAM 

ABSOLUTE MAXIMUM RATINGS 
Parameter Symbol Rating Units 

Voltage on any pin relative to Vss VIN, VOUT -1to7.0 v 

Voltage on Vee supply relative to Vss Vee -1to7.0 v 

Storage Temperature Tstg -55 to+ 150 oc 
Power Dissipation Po 1 w 
Short Circuit Output Current los 50 w 

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

RECOMMENDED OPERATING CONDITIONS (Voltage referenced to vss, TA=O to 70°q 

Parameter Symbol Min Typ Max Unit 

Supply Voltage Vee 4.5 5.0 5.5 v 

Ground Vss 0 0 0 v 

Input High Voltage VIH 2.4 - Vcc+1 v 

Input Low Voltage VIL -1.0 - 0.8 v 

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

Parameter Symbol Min Max Units 

Operating Current* 
KM48C514B/BUBLL-5 85 mA 
KM48C514B/BUBLL-6 lcc1 - 70 mA 

(RAS, GAS, Address Cycling @tRc=min.) 
KM48C514B/BUBLL-7 65 mA 

Standby Current (RAS=CAS=W=VIH ) lcc2 - 2 mA 

RAS-Only Refresh Current* 
KM48C514B/BUBLL-5 85 mA 
KM48C514B/BUBLL-6 lec3 - 70 mA (CAS=VIH, RAS, Address Cycling @tRC=min.) 
KM48C514B/BUBLL-7 65 mA 

EDO Mode Current* 
KM48C514B/BUBLL-5 65 mA 

(RAS=VIL, GAS, Address Cycling @JtPC=min.) 
KM48C514B/BUBLL-6 ICC4 - 55 mA 
KM48C514B/BUBLL-7 50 mA 

Standby Current 
KM48C514B 1 mA 

(RAS=CAS=W=Vcc-0.2V) 
KM48C514BL Ices - 200 µA 
KM48C514BLL 150 µA 

GAS-Before-RAS Refresh Current* 
KM48C514B/BUBLL-5 85 mA 

(RAS and GAS Cycling @tRC=min.) 
KM48C514B/BUBLL-6 ICC6 - 70 mA 
KM48C514B/BUBLL-7 65 mA 

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 KM48C514BL ICC? - 300 µA 
CAS=0.2V 
DIN=Don't Care, TRC=125µS TRAS= TRAS min.-300ns 

Self Refresh Current 
RAS=CAS=0.2V KM48C514BLL Ices - 200 µA 
W=0E=Ao-A9=Vcc-0.2V or 0.2V 
DQ1-D0s=Vcc-0.2V, 0.2V or Open 

t1M HIUI• 
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KM48C514B/BL/BLL CMOS DRAM 

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

Parameter Symbol Min Max Units 

Input Leakage Current 
ll(L) -10 10 µA 

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

Output Leakage Current 
IO(L) -10 10 µA 

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

Output High Voltage Level (IOH=-5mA) VOH 2.4 - v 
Output Low Voltage Level (IOL=4.2 mA) VOL - 0.4 v 

*NOTE: lcc1, lcc3, ICC4 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 and lcc3, address can be changed maximum 
two times while RAS=VIL. In ICC4, address can be changed maximum once within one hyper page cycle. 

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

Parameter Symbol Min 

Input Capacitance (Ao-Ag) CIN1 -

Input Capacitance (RAS, CAS,W, OE) CIN2 -

Input Capacitance (DQ1 -DQa) Coo -

AC CHARACTERISTICS (0°CsTAs70°C, Vcc=5V±10%, See notes 1,2) 

Test condiition:VihNi1=2.4/0.8V, Voh Vo1=2.0/0.8V, Output loading CL=1 OOpF 

-5(*) -6 
Parameter Symbol 

Min Max Min Max 

Random read or write cycle time tRC 90 110 

Read-modify-write cycle time tRWC 135 155 

Access time from RAS tRAC 50 60 

Access time from CAS tCAC 17 17 

Access time from column address tAA 25 30 

CAS to output in Low-Z tCLZ 3 3 

Turn-off delay from CAS tCEZ 3 13 3 15 

Transition time (rise and fall) tr 2 50 2 50 

RAS precharge time tRP 30 40 

RAS pulse width tRAS 50 10,000 60 10,000 

RAS hold time tRSH 17 17 

CAS hold time tcsH 40 50 

CAS pulse width tCAS. 8 10,000 10 10,000 

RAS to CAS delay time tRCD 20 37 20 45 

Ms to column address delay time tRAD 15 25 15 30 

CAS to RAS precharge time tCRP 5 5 

Row address set-up time tASR 0 0 

Row address hold time tRAH 10 10 

(*) -50ns Product : Output Loading (CL)=50pF, Vcc=5V ± 5% 

tJ:!:i: f1I iii ;p 
ELECTRONICS 

Max Unit 

5 pF 
--

7 pF 

7 pF 

-7 
Units Notes 

Min Max 

130 ns 

185 ns 

70 ns 3,4,11 

20 ns 3,4,5 

35 ns 3,11 

3 ns 3 

3 20 ns 7,14 

2 50 ns 2 

50 ns 

70 10,000 ns 

20 ns 

60 ns 

15 10,000 ns 12 

20 50 ns 4 

15 35 ns 11 

5 ns 

0 ns 

10 ns 
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KM48C514B/BL/BLL CMOS DRAM 

AC CHARACTERISTICS (Continued) 

-5(*) -6 -7 
Parameter Symbol>---------+-------+-------+ Units Notes 

Min Max Min Max Min Max 

Column address set-up time tASC 0 0 0 ns 

Column address hold time tCAH 8 10 15 ns 

Column address hold time referenced to RAS tAR 40 45 55 ns 6 

Column address to RAS lead time tRAL 25 30 35 ns 

Read command set-up time tRCS 0 0 0 ns 

Read command hold time referenced to CAS tRCH 0 0 0 ns 9 

Read command hold time referenced to RAS tRRH 0 0 0 ns 9 

Write command hold time twcH 1 O 10 10 ns 
-----------t----- -----f-------t---- -----+--+----+----+----4 

Write command hold time referenced to RAS twcR 40 45 50 ns 6 

Write command pulse width ' twP 10 10 10 ns 

Write command to RAS lead time tRWL 13 15 15 ns 
1----------------------+----+--

Write command to GAS lead time tcwL 8 10 15 ns 
---------+------+----+----+----f----+---+-----+----+-------< 

Data set-up time tos 0 0 0 ns 

Data hold time toH 10 10 15 ns 

Data hold time referenced to RAS tDHR 40 45 55 ns 

Refresh period (Normal) tREF 

Refresh period (L-version) 

Refresh Period(LL-version) 

Write command set-up time 

CAS to W delay time 

RAS to W delay time 

Column address to W delay time 

CAS precharge to W delay time 

CAS set-up time (GAS-before-RAS refresh) 

CAS hold time (GAS-before-RAS refresh) 

RAS to CAS precharge time 

CAS precharge time (C-B-R counter test cycle) 

Access time from CAS precharge 

Hyper Page mode cycle time 

Hyper Page mode read-modity-write cycle time 

CAS precharge time (Hyper Page mode) 

RAS pulse width (Hyper Page mode) 

RAS hold time from CAS precharge 

OE access time 

OE to data dela 

Output buffer turn.off delay time from OE 

OE to output in Low-Z 

tREF 

tREF 

twcs 

tcwo 

tRWD 

tAWD 

tCPWD 

tcsR 

tCHR 

tRPC 

tCPT 

tCPA 

tHPC 

tHPRWC 

tCP 

tRASP 

tRHCP 

tOEA 

tOED 

tOEZ 

tOLZ 

(*) -50ns Product: Output Loading (CL)=50pF, Vcc=5V ± 5% 

ttMfiliiiiP 
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40 

73 

48 

53 

10 

10 

5 

20 

20 

62 

8 

8 

64 

128 

30 

50 100K 

30 

15 

13 

3 13 

3 

0 

42 

85 

55 

60 

10 

10 

5 

20 

24 

71 

10 

8 

64 

128 

35 

60 100K 

35 

15 

15 

3 15 

3 

0 

50 

95 

60 

65 

10 

10 

5 

25 

8 ms 

64 ms 

128 ms 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

40 ns 

29 ns 

81 ns 

10 ns 

70 100K ns 

40 ns 

20 ns 

20 ns 

3 20 ns 

3 ns 

10 

10 

6 

8 

8 

8 

8 

3 

12 

12 

7 

3 
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KM48C514B/'3L/BLL 

AC CHARACTERISTICS (Continued) 

Parameter Symbol 
Min 

OE commend hold time tOEH 13 

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 13 

OE to CAS hold time tOCH 5 

CAS hold time to OE tCHO 5 

OE precharge time tOEP 5 

W pulse width(Hyper page Cycle) tWPE 5 

RAS pulse width(LL-ver) tRASS 100 

RAS precharge time (LL-ver tRPS 90 

CAS hold time (LL-ver) tCHS -50 

(*) -50ns Product : Output Loading (CL)=50pF, Vcc=5V ± 5% 

NOTES 

1. An initial pause of 200µs is required after power-up 
followed by any 8 ROR or CSR cycles before 
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) are 
assumed to be 5ns for all inputs except tHPC and 
tHPRWC. 

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

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

5. Assumes that tRCD 2". tRCD (max). 
6. tAR, twcR, toHR are referenced to tRAo(max). 
7. This parameter defines the time at which the 

output achieves the open circuit condition and is 
not referenced to VoH or VOL 

8. twcs, tRwo, tcwo and tAwo are non restrictive 
operating parameters. They are included in the 
data sheet as electric characteristics only. If twcs 2". 
twcs(min) the cycle is an early write cycle and the 
data output will remain high impedance for the 
duration of the cycle. If tcwo2".tcwo(min), tRWD2". 

tl:!:l:flliiliP 
ELECTRONICS 

CMOS DRAM 

-5(*) -6 -7 
Units Notes 

Max Min Max Min Max 

15 20 ns 

5 5 ns 

13 3 15 3 20 ns 7,14 

13 3 15 3 20 ns 7 

15 20 ns 

5 5 ns 

5 5 ns 

5 5 ns 

5 5 ns 

100 100 µs 13 

110 130 ns 13 

-50 -50 ns 13 

tRwo(min) and tAWD 2".tAwo(min), then the cycle is a 
read-write cycle and the data output will contain 
the data read from the selected address. If neither 
of the above conditions are satisfied, the condition 
of the data out is indeterminate. 

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

10. These parameters are referenced to the GAS 
leading edge in early write cycles and to the W 
leading edge in read-write cycles. 

11. 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 tRAo(max) limit, then access time is 
controlled by tAA. 

12. tAsc 2". tcPmin, Assume tT =2.0 ns 
13. 1024 cycle of burst refresh must be executed 

within 16ms before and after self refresh, in order 
to meet refresh specification (LL-ver) 

14. If RAS goes high befored CAS high going, the 
open circuit condition of the output is achieved by 
GAS high going, If GAS goes high before RAS high 
going, the open circuit condition of the output is 
achieved by RAS high going 
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KM48C514B/BL/BLL 

TIMING DIAGRAMS 
READ CYCLE 

RAS 

CAS 

A 

w 

BE 

DQ1-DQs 

V1H -
V1L -

V1H -

VIL -

VIH -

VIL -

VIH -
'VIL -

V1H -
VIL -

VoH- _____ _ 

VOL -

dMfilhi" ELECTRONICS 

CMOS DRAM 

~ Don'tCare 
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KM48C514B/BL/BLL 

WRITE CYCLE (EARLY CYCLE) 
NOTE : DouT=OPEN 

AAS 
V1H -
V1L -

V1H -
GAS 

V1L -

A 
V1H -

V1L -

w V1H -
V1L -

OE V1H -

CMOS DRAM 

V1L - ...................................... _.__...,.... ......... _.__ ................... """""' ......................................................................................... ~ .......... ~~ .......... ~~ 

DQ1 -DQs ViH -

V1L - ~ ........ ~ ................. - .......... _,._, 

WRITE CYCLE (OE CONTROLLED WRITE) 
NOTE : DouT=OPEN 

A 

V1H -

V1L - ~~~~l...:.L.~~'-JL.~~~~~:..+--------4~~~.lL.li.'-JL.~~"-¥.~ 

V1H -

V1L - ~~ ....... ~""""-'~....IL....lo'-lL....;iJ..I 

DQ1-DQs 

~ Don'tCare 

•1MHlhl" ELECTRONICS 
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KM48C514B/BL/BLL 

READ-MODIFY-WRITE CYCLE 

V1H 

RAS 
V1L 

V1H -

CAS 
V1L -

V1H -
A 

V1L -

V1H -w 
VIL -

BE V1H -

V1L -

DQ1-DQs 

HYPER PAGE READ CYCLE 

GAS 

A 

w 

VIH -

VIL -

VIH -

VIL -

VIH -

VIL -

VIH -

VIL - 1-.¥-¥-.:a:.....lo\..Jil 

VIH 

VIL 

VoH -
DQ1-DQ4 VoH _ ---------1--<IYYI 

---""" 

•1m':fiiiiiiP 
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KM48C514B/BL/BLL CMOS DRAM 

HYPER PAGE WRITE CYCLE (EARLY WRITE) 

A 

w 

DQ1-DQs 

HYPER PAGE READ-MODIFY-WRITE CYCLE 

--------~-----tRAsp---------------1 

V1H 

V1L 

V1H 

V1L 

V1H 

A 
V1L 

w V1H 

V1L 

V1H 

V1L 

DQ1-DQs 

•t:f:l:fJihltP 
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tPRWC 

lcA-

VALID 
DATA-OUT DATA-IN 

~DON'TCARE 
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KM48C5148/BL/BLL 

HYPER PAGE READ AND WRITE MIXED CYCLE 

CAS 

A 

w 

OE 

DQ1-DQa 

ViH -

Vil -

ViH -

Vil -

ViH -

Vil -

ViH -

Vil -

ViH -

Vil -

Vi/OH -

Vi/Ol -

dfofJliiiiP 
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KM48C514B/BL/BLL 

RAS-ONLY REFRESH CYCLE 
NOTE : W, OE, DIN=Don't Care 
Dout=Open 

CMOS DRAM 

1------------IRc-----------i 

A 

CAS-BEFORE-RAS REFRESH CYCLE 
NOTE : W, OE, A=Don't Care 

IRP---+------

V1L ____ _ 

V1H -
le HR 

V1L - ___ ___, 

VoH- -------i 
DQ1-DQs 1>----------0PEN---------VOL - ______ _,, 

~Don't Care 

tJ:f:l:fJiiWP 
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KM48C514B/BL/BLL 

HIDDEN REFRESH CYCLE (READ) 

A 

w 

V1H -

Vil -

V1H -

v,l -

V1H -

V1l -

V1H -

v,l - ____ _..._ ................. _ 

V1H - '"""""~.,...,.~"""""'"*""'~~"""""'~~'*""' 

CMOS~AM 

Vil - ........ ~~~~~~~~~~ ....... ~--+-----~ ................. ,,._.,.. ........... .....,... ........................................... 

VoH-

001-DQa -----------+---<!'\ 
Vol -

HIDDEN REFRESH CYCLE (WRITE) 

A 

w V1H -

V1l - .................. "--"'-"""--""""'-~ ........ ........,.----1,....-+-----+---

V1H -

V1l - "--M~~~~~~~~....i.:...;~~~~~~~..ll....l<~~..ll....l<~~ ......... """'-~ ......... ~~ 

VoH
DQ1-DQa 

Vol - ....... _.._.......,.........,........_ .................. ..., 

4J:!:l:fJihiiP 
ELECTRONICS 
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KM48C5148/BUBLL CMOS DRAM 

CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 

A 
V1H - "'?r.~"?M't"?f'?r'7~~~~~~~~~ i..-----..i ~..,.....,_.._ ........ ~,.._.,p...,.~.,....,. ......... 
V1L - ........................ """'-ll........................................................................... I"--..-~-

READ CYCLE 

w ·V1H -

V1L -

V1H-

OE 
Vil -

DQ1-DQs 
Vol-

WRITE. CYCLE 

w V1H -

Vil -

OE V1H -

Vil -

VoH-
DQ1-DQs --------OPEN---~~I 

Vol-

READ-MODIFY-WRITE 

w 

V1H -

V1L - ......................... """""' ...... .._. _____ ....... __ ..._. ........ .-.... ___ ff"-"""""1-" 

V110H-

DQ1-DQs ------------------{JI\ 
V110L-

•tMfiihi' ELECTRONICS 

VALID DATA-OUT VALID DATA-IN 

~ Don'tCare 
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KM48C514B/BUBLL 

PACKAGE DIMENSION 

28-LEAD PLASTIC SMALL OUT-LINE J-LEAD 

PI~il 

0 

~I 

0.016(041) 11 
o 020(0 51t-i i-- TYP 

0 026(0 66) 

0.032(0 81) 

0 
M m 
0 N 
0 0 

LO LO 
m o 
(") .... 
0 0 

0 050(1.27) 

MAX 

CMOS DRAM 

Units: Inches (millimeters) 

~ M . l0 0 
010 N l() 0 (") 

NO') ai ai 
c:i 0 Li) Li) LO Li) ro i\J <D f'-

(") .... 
810 

(") (") .... .... 
0 0 c:i c:i 

o,o 

I 

~ 0140(3 56) ---------------0. 148( 3.76) 

28-LEAD PLASTIC THIN SMALL OUT LINE PACKAGE (Forward and Reverse Type) 

0.740 (18.80) 

MAX 

0 

CON en o 
(") .... 
ci 6 

0.03 (0.80) 

ie' ~ ~ 
ci - -
(") en ~ N l() 

.... .... .... 
ci ci ci 

I 

0.722 (18.36) I 0.037 (0.95) 

' I 0.005 (0.13) -----j ,____ 
0.008 (0.20) 

0. 726 (18.46) _L 0.041 (1.05) 

,~0~,-0-.0-BM_A_X ~ b ~ ~ 
_o:o_3_7 (_o._95_) ---+-+-+!- I o.048 (1.22) J 0.016 (0.4~ 

I 0.052 (1.32) I 0.020 (0.50) f hs L 
0.016 (0.40) 

I I 0.024 (0.60) 

•1Mfi'iil" ELECTRONICS 
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KM49C512B/BL/BLL CMOS DRAM 

512K x9 Bit.CMOS Dynamic RAM with Fast Page Mode 

FEATURES 

• Performance range: 

tRAC tCAC tRC 

KM49C512B/BUBLL-6 60ns 15ns 110ns 

KM49C512B/BUBLL-7 70ns 20ns 130ns 

KM49C512B/BUBLL-8 80ns 20ns 150ns 

• Fast Page Mode operation 
• Self Refresh operation (LL-version) 
• Byte Read/Write operation 
• CAS-before-RAS refresh capability 
• RAS-only and Hidden Refresh capability 
• TTL compatible inputs and outputs 
~ Early write or output enable controlled write 
• Dual +5.0V ± 10% power supply 
• Refresh Cycle 

-1024 cycle/16ms (Normal) 
-1024 cycle/128ms (L-version) 
-1024 cycle/128ms (LL-version) 

• Power Dissipation 
-Standby: 5.5mW (Normal) 

1.1 mW (L-version) 
0.83mW (LL-version) 

-Active (60n0/80): 415/385/360mW 
• JEDEC standard pinout 
• Available in plastic SOJ and TSOP II 

FUNCTIONAL BLOCK DIAGRAM 

RAS 

GENERAL DESCRIPTION 
The Samsung KM49C5128/BUBLL is a CMOS high 
speed 524,288 bit.x 9 Dynamic Random Access 
Memory. Its design is optimized for high performance 
applications such as personal computer, graphics and 
high performance portable computers. 

The KM49C5128/BUBLL features Fast Page Mode 
operation which allows high speed random access of 
memory cells within the same row. CAS-before-RAS 
refresh capability provides on-chip auto refresh as an 
alternative to RAS-only refresh. All inputs and outputs 
are fully TTL compatible. 

The KM49C5128/BL/BLL is fabricated using 
Samsung's advanced CMOS process. 

Control & 
CAS Clocks ~Vee 
w Vs.s 

. 

Refresh Control Row Decoder Data in 
Buffer 

Q 
Refresh Counter OCI D01 

Memory Array (/) 
a. to 

524,288 x 9 E 
<( DQg 

Row Address Buffer 
Cells Q) 

(/) 

Ao-Ag c 
Q) 

Cl) Data out 
Buffer 

OE Ao-Aa Col. Address Buffer Column Decoder 

ttMfiliiltP 
ELECTRONICS 

338 



KM49C512B/BL/BLL CMOS DRAM 

PIN CONFIGURATION (Top Views) 

• KM49C512BJ/BLJ/BLLJ 

Vee 10 28 Vss 

001 2 27 OOg 

002 3 26 OOa 
003 4 25 007 

004 5 24 OOe 

005 6 23 eAS 

w 7 22 5E 
RAS 8 21 N.e 

Ag 9 20 Aa 

Ao 10 19 A7 

A1 18 Ae 

A2 17 A5 

A3 
0 16 A4 

Vee 14 15 Vss 

(SOJ) 

• KM49C512BT/BLT/BLLT • KM49C512BTR/BLTR/BLLTR 

Vee 10 28 Vss Vss 28 01 Vee 
001 2 27 009 OQ9 27 2 oa, 
002 3 26 00s OOe 26 3 002 

003 4 25 007 001 25 OQ3 

004 5 24 00s 00s 24 OQ4 

OOs 6 23 eAS "CAS 23 OQs 

w 7 22 OE 5E 22 7 w 
RAS 8 21 N.e. N.e. 21 8 RAS 

Ag 9 20 Ae Ae 20 Ag 

Ao 10 19 A1 A1 19 10 Ao 

A1 11 18 As As 18 11 A1 

A2 12 17 As As 17 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 Function 

Ao-Ag Address Input w Read/Write Input 

D01.9 Data In/Out OE Data Output Enable 

Vss Ground Vee Power(+SV) 

RAS Row Address Strobe N.C. No Connection 

GAS Column Address Strobe 

dUifi@» 
ELECTRONICS 
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KM49C512B/BL/BLL CMOS DRAM 

ABSOLUTE MAXIMUM RATINGS 
Parameter Symbol Rating Units 

Voltage on any pin relative to Vss VIN, 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 (Voltage referenced to Vss,· TA=O to 70°C) 

Parameter Symbol Min Typ Max Unit 

Supply Voltage Vee 4.5 5.0 5.5 v 
Ground Vss 0 0 0 v 
Input High Voltage VIH 2.4 - Vee+ 1 v 
Input Low Voltage VIL -1.0 - 0.8 v 

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

Parameter Symbol Min Max Units 

Operating Current* 
KM49C512B/BUBLL-6 75 mA 

(RAS, GAS, Address Cycling @tRe=min.) 
KM49C512B/BUBLL-7 lcc1 - 70 mA 
KM49C512B/BUBLL-8 65 mA 

Standby Current 
lcc2 - 2 mA 

(RAS=CAS=W=VIH ) 

RAS-Only Refresh Current* 
KM49C512B/BUBLL-6 75 mA 

{CAS=VIH, RAS, Address Cycling @tRC=min.) 
KM49C512B/BUBLL-7 ICC3 - 70 mA 
KM49C512B/BUBLL-8 65 mA 

Fast Page Mode Current* 
KM49C512B/BUBLL-6 55 mA 

(RAS=VIL, GAS, Address Cycling @tPc=min.) 
KM49C512B/BUBLL-7 ICC4 - 50 mA 
KM49C512B/BUBLL-8 45 mA 

Standby Current 
KM49C512B 1 mA 

(RAS=CAS=W=Vcc-0.2V) 
KM49C512BL Ices - 200 µA 
KM49C512BLL 150 µA 

GAS-Before-RAS Refresh Current* 
KM49C512B/BUBLL-6 75 mA 

(RAS and GAS Cycling @tRC=min.) 
KM49C512B/BUBLL-7 ICC6 - 70 mA 
KM49C512B/BUBLL-8 65 mA 

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 KM49C512BL ICC7 - 300 µA 
DIN=Don't Care, TRC=125µS 

TRAS= TRAS min.-300ns 

Self Refresh Current 
RAS=CAS=0.2V 

KM49C512BLL Ices 200 µA 
W=0E=Ao-A9=Vec-0.2V or 0.2V 

-

DQ1-D0s=Vec-0.2V, 0.2V or Open 
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KM49C512B/BUBLL CMOS DRAM 

DC AND OPERATING CHARACTE;RISTICS (Continued) 
(Recommended operating conditions unless otherwise noted) 

Parameter Symbol Min Max Units 

Input Leakage Current 
li(L) -10 10 µA 

(Any input O~V1N ~Vcc+0.5V, all other pins not under test=O V) 

Output Leakage Current 
IO(L) -10 10 µA 

(Data out is disabled, OV~VouT~Vcc) 

Output High Voltage Level (loH=-5mA) VOH 2.4 - v 

Output Low Voltage Level (IOL=4.2mA) VOL - 0.4 v 
*NOTE: lcc1, lcc3, lcc4 and lcce are dependent on output loading and cyc::;le rates. Specified values are obtained with 

the output open. Ice is specified as an average current. In lcc1 and lcc3, address can be changed maximum 
two times while RAS=VIL. In ICC4, address can be changed maximum once within one fast page cycle. 

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

Parameter Symbol Min Max Unit 

Input Capacitance (Ao-Ag) CIN1 - 5 pF 

Input Capacitance (RAS, CAS, W, OE) CIN2 - 7 pF 

Input Capacitance (DQ1 -DQg) Coo - 7 pF 

AC CHARACTERISTICS (0°C:S;TA:S;70°C, Vcc=5.0V±10%, See notes 1,2) 

-6 -7 -8 
Parameter Symbol Units Notes 

Min Max Min Max Min 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 3,4,11 

Access time from CAS tCAC 15 20 20 ns 3,4,5 

Access time from column address tAA 30 35 40 ns 3,11 

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 tall) tT 3 50 3 50 3 50 ns 2 

RAS precharge time tRP 40 50 60 ns 

RAS pulse width tRAS 60 10,000 70 10,000 80 10,000 ns 

RAS hold time tRSH 15 20 20 ns 

CAS hold time tCSH 60 70 80 ns 

CAS pulse width tCAS 15 10,000 20 10,000 20 10,000 ns 

RAS to CAS delay time tRCD 20 45 20 50 20 60 ns 4 

RAS to column address delay time tRAD 15 30 15 35 15 40 ns 11 

CAS to RAS precharge time tCRP 5 5 5 ns 

Row address set-up time tASR 0 0 0 ns 

Row address hold time tRAH 10 10 10 ns 

Column address set-up time tAsc 0 0 0 ns 

Column address hold time tCAH 10 15 15 ns 
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KM49C512B/BL/BLL CMOS DRAM 

AC CHARACTERISTICS (Continued) 

-6 -7 -8 
Parameter Symbol Units Notes 

Min Max Min Max Min Max 

Column address hold time referenced to RAS tAR 45 55 60 ns 6 

Column address to RAS lead time tRAL 30 35 40 ns 

Read command set-up time tRCS 0 0 0 ns 

Read command hold time referenced to GAS tRCH 0 0 0 ns 9 

Read command hold time referenced to RAS tRRH 0 0 0 ns 9 

Write command set-up time twcs 0 0 0 ns 8 

Write command hold time twCH 10 10 10 ns 

Write command hold time referenced to RAS twCR 45 50 55 ns 6 

Write command pulse width twp 10 10 10 ns 

Write command to RAS lead time tRWL 15 15 20 ns 

Write command to GAS lead time tCWL 15 15 20 ns 

Data-in set-up time tos 0 0 0 ns 10 

Data-in hold time tOH 10 15 15 ns 10 

Data-in hold time referenced to RAS tOHR 45 55 60 ns 6 

Refresh period (Normal) tREF 16 16 16 ms 

Refresh period (L-version) tREF 128 128 128 ms 

Refresh period (LL-version) tREF 128 128 128 ms 

GAS to W delay time tcwo 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 (GAS-before-RAS refresh) tcsR 10 10 10 · ns 

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

RAS precharge to GAS hold time tRPC 5 5 5 ns 

CAS precharge time (C-8-R counter test cycle) tCPT 20 25 30 ns 

Access time from GAS 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 

RAS pulse width (Fast Page mode) tRASP 60 100K 70 100K 80 100K ns 

RAS hold time from CAS precharge tRHCP 35 40 45 ns 

GAS precharge time (Fast Page mode) tCP 10 10 10 ns 

Access time from OE tOEA 15 20 20 ns 

OE to data-in delay time tOED 15 20 20 ns 

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

OE commend hold time tOEH 15 20 20 ns 

· RAS pulse width (C-8-R self refresh) tRASS 100 100 100 µs 12 

RAS precharge time (C-8-R self refresh) tRPS 110 130 150 ns 12 

GAS hold time (C-8-R self refresh) tCHS -50 -50 -50 ns 12 
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KM49C512B/BL/BLL CMOS DRAM 

NOTES 
1 . An initial pause of 200µs is required after power-up followed by any 8 RAS-only or GAS-before-RAS refresh cycle 

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 lTL loads and 1 OOpF. 
4. Operation within the tRco(max) limit insures that tRAc(max) can be met. tRco(max) is specified as a reference point 

only. If tRco is greater than the specified tRco(max) limit, then access time is controlled exclusively by tcAc. 
5. Assumes that tRcoztRco (max). 
6. tAR; twcR, tDHR are referenced to tRAD(max). 
7. toFF(max) defines the time at which the output achieves the open circuit condition and is not referenced to VoH to 

VOL 
8. twcs, tRWD, tcwo and tAwo are non restrictive operating parameters. They are included in the data sheet as electric 

characteristics only. If twcs 2 twcs(min) the cycle is an early write cycle and the data output will remain high 
impedance for the duration of the cycle. If tcwoztcwo(min), tRWD2tRwo(min)and tAwoztAwo(min), then the cycle is 
·a read-write cycle and the data output will contain the data read from the selected address. If neither of the above 
conditions are satisfied, the condition of the data out is indeterminate. 

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

write cycles. 
11 . Operation within the tRAo(max) limit insures that tRAc(max) can be met. tRAo(max) is specified as a reference point 

only. If tRAD is greater than the specified tRAb(max) limit, then access time is controlled by tAA. 
12. 1024 cycle of burst refresh must be executed within 16ms before and after refresh, in order to meet refesh specifica

tion(LL-version). 

TIMING DIAGRAMS 

READ CYCLE 

c----------IRC-------------i 

RAS 

CAS 

A 

w 

DO,-D09 VoH-------
VoL-

~DON'TCARE 
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KM49C512B/BL/BLL CMOS DRAM 

TIMING DIAGRAMS (Continued) 

WRITE CYCLE (EARLY WRITE) 

CAS 

A 

w 

V1H- ~WN'~~ROi'it°-itl"lrur-;::;:;-;7;;:;;::;-~"IY\~'l'l"-~flVY';'lV\IVV"\i"Y"\i~ll\A:OO.v::J~J 
v1L- OOCJ::i.~'JY'.~~~ ~r~~~~L-*i~.l::tfj~~l::J.t.~~~~".>.li."::bl.IJ:ljt:l:J."iY'. 

V1H- ~:7'm~"""m:!~m7"""'°'~ 

V1L - OC.'/:il.'L:J.~~Y:i.~Y::J.~1;_-+--+----*~t::/:J~M~~~~~6t.-J::J.~~b/)..ll,/:J.W"il 

v1H- 1VVVV'.ir9"irxrvV'.irV17V7vV'i~m'fvlww'i1i}.'"'m7V"~W~'V":rvi..'1V'V'V~~mrv~'0":7\1(.7'\1\. 
V1L- t::Jl:.'iC::il.'.llC::J.~~l::Jl.~~~~~~~~Of:jC:/:Jt:if:jCf:i..~OAOi:i~J:i.l.~~~.J:::,J.~":J:::i.~f:::t.b.J::J.~~l:J:,. 

WRITE CYCLE (OE CONTROLLED WRITE) 

CAS 

A 

w 

V1H- "ll""l'~'l""llr"'n. _r--..._~_,.,, t-....__.___-.1 ~~n7'1'~~"'*7m~\m~~7\1'\rn"17t'~1' 

V1L- Q.CfiC:iJ.~::il _....._ __ .Jt""~._,.____:~~~~f-\l~~M~..tll.1.Ar:~OJ::i~l.Ar:~Mt:J.t.~~':,tl 

V1H- AJ\7U'm:~?O'l~~~7'0'!~±-----t-t---±X"'JIC~l?'t'7~~'Jnll~t'7'tl~~~~"l7t'~7f:7'l'm~ 

V1L - ~~lC.JijU.0,Ql.J~~~~t::I 

V1H-

V1L- ----

~DON'T CARE 
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KM49C512B/BL/BLL 

TIMING DIAGRAMS (Continued) 

READ-MODIFY-WRITE CYCLE 

RAS 

A 

w 

OE 

!------------------~ lRWC----

1----------- ---- -- - IRAS ------
lAR--~-·-·· 

- tcsw·---
------ lRSH~ --- -·-···- - ··· 

--+----~-- lRWD ----···------

V1H- -----t-----1----+-..,...---------J 
V1L-

V1H
./V1v\J~A/VV\.AAA/\A.A~•Ai\A./\/'~~1 

V1L - JW~.ll.l..l..a.'+°"W-'l.a.~.a.ll.a.t::J.C.~~il)o;-.j__J 

FAST PAGE MODE READ CYCLE 

RAS 

GAS 

A 

CMOS DRAM 

w V1H- \")i':\l'-'l'{'~l\iit;;t"""t"""--t._._._._-t"'ti:?TJ.t---------tS1r"tt~~..:..:.:;~._._._ft....,~~~~ 
V1L - ..llf...J~~~&:.I 

V1H- "71:"7'r7'l""'~""""""~'"'~ 
OE 

V1L- .IJl.~~Q,Q.t:;;,,,l.~~~~ ...... +-~~~~~~---1µ~M,~~'PJ~4...J:i~a~~~~Xl 

~DON'T CARE 
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KM49C5128/BL/BLL CMOS DRAM 

TIMING DIAGRAMS (Continued> 

FAST PAGE MODE WRITE CYCLE (EARLY WRITE) tRP 

RAS ~~" ---
1 
-------tRASP-----~~ 

tcRP 71 -- lRSH --
~ -tRcD -

A 

w 

FAST PAGE MODE READ-MODIFY-WRITE CYCLE -c-------
' - --tcsH----i 

lRASP 

-tRsH·-r-1 I 

1CRP~ 
CAS 

A 

w 

~DON'TCARE 

ttMHihi* 
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KM49C512B/BL/BLL 

TIMING DIAGRAMS (Continued) 

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

....__----------tRc----

RAS 

V1L-

A 

CAS-before-RAS REFRESH CYCLE 
NOTE: W, OE, A=Don't Care 

CMOS DRAM 

>------------tRc-·-----------l 

!---------- lRAS--------'• 

CAS 

CAS-before-RAS SELF REFRESH CYCLE (LL-version) 
NOTE: W, OE, A= Don't Care 

V1H-

V1L - ___ _, ,._ _ ___.. 

V1H -

V1L----~ 

VoH -
D01·D09 1--------0PEN--------------

VoL - -------

~ DON'TCARE 
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KM49C512B/BL/BLL CMOS DRAM 

TIMING DIAGRAMS (Continued) 

HIDDEN REFRESH CYCLE (RE~D) 
.,__ ______ IRc -------1-------tRc:------

V1L-

A 

V1H- \,l\7\/\'J'\!.'J\J'VJ¢t"'"°-1--------""i;~7\1'.."'l\1'i!'i:J\Ai"'7\.7'\J'\.7\1'..7'Vm'.~7\1.~ ?~"\7\.'?'i7i."?V\7\?i?\, 
w 

V1L - ~~C;,{,J~'i/JJ 

OE 

DQ 1-DOg 
VoH-

---'-------~I VoL-

HIDDEN REFRESH CYCLE (WRITE) 
f- -·- -- IRC --------~--+-----. ------ IRC- -------

---IRAS ----- -

RAS 

V1H-
CAS 

V1L-

V1H-
A 

V1L-

w 

V1H-

OE 
V1L-

V1H-
DQ 1-DQg 

V1L-
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KM49C512B/BL/BLL CMOS DRAM 

TIMING DIAGRAMS (Continued) 

CAS-before-RAS REFRESH COUNTER TEST CYCLE 

RAS 

GAS 

A 

READ CYCLE 

" V1H-
w 

V1L-

V1H-

OE 
V1L-

D01-D09 
VoH-

VoL-

WRITE CYCLE - lRWL ------+--

------- tcwL---------
V1H-

_.. ....... .._ ............................. ......,..,..._ 
w 

V1L-

V1H-

5E 
V1L-

V1H-

D01-DOs 
V1L-

V1H-

w 
V1L-

V1H-

OE 
V1L-

V110H-
D01-D09 

V110L-

fglJ DON'T CARE 
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KM49C512B/BL/BLL 

PACKAGE DIMENSION 
28-LEAD PLASTIC SMALL OUT-LINE J-LEAD 

0 

a 0.00410.1 l 

0. 720( 18.29) 

0. 730(18.54) 

0.026(0.66) 

0.032(0.81) 

0 

0.050(1.27) 

MAX 

,.-

1"'-

9 

I--' 

CMOS DRAM 

Units: Inches (millimeters) 

0.027(0.69) 

MIN 

j::' C? iO 0 
00 C\I"' C! ~ 
C\I (') ai ai 
ci ci iO iO iO iO (i)(\j" (0 """ (') ..... 
0,.... (') (') .......... 
0 0 ci ci ci ci ci ci 

1140(3.561" 
0 .. 148(3. 76) 

28-LEAD PLASTIC THIN SMALL OUT LINE PACKAGE (Forward and Reverse Type) 

0.740 (18.80) 

MAX 

"' ~ ~ 
~ ~ c-:i 
0 c:) 

0 

I 
0.722 (18.36) I 
0.726 (18.46)i= 

..-lo-.-l-o-.o-8M_A_x -.I. tJ t:J ~ 

_o.o_3_7 ('-0._95'-l ---+-+I-. I o.04811.22i I o.01e (0.4;r-
--, '0.052 11.32) I 0.020 10.50> 

•1Mf1@» 
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0.03 (0.80) 

ie' ! i g ,.; 
c 

~ m ~ ..... ..... 
c:) c:) c:) 

0.037 (0.95) 

0.041 (1.05) 

~ 1 .... __ o_.00_5_(0_.1_3) 
0.008 (0.20) 

I ~ \6 ! 
0.016 (0.40) I ·I 0.024 (0.60) 
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KM416C256B/BL/BLL CMOS DRAM 

256K x 16 Bit CMOS Dynamic RAM with Fast Page Mode 

FEATURES 
• Performance range: 

tRAC tCAC tRC 

KM416C2568/BUBLL-5 50ns 15ns 90ns 

KM416C2568/BUBLL-6 60ns 15ns 110ns 

KM416C2568/BUBLL-7 70ns 20ns 130ns 

KM416C2568/BUBLL-8 80ns 20ns 150ns 

• Fast Page Mode operation 
• 2 CAS Byte/Word Read/Write operation 
• CAS-before-RAS refresh capability 
• RAS-only and Hidden Refresh capability 
• Self Refresh operation (LL-version) 
• TTL compatible inputs and outputs 
• Early write or output enable controlled write 
• Triple +5.0V ± 10% power supply 
• Refresh Cycle 

-512 cycle/8ms (Normal) 
-512 cycle/64ms (L-version) 
-512 cycle/128ms (LL-version) 

• Power Dissipation 
-Standby: 5.5mW (Normal) 

1.1 mW (L-version) 
0.83mW (LL-version) 

-Active (50/60n0/80): 605/495/440/415mW 
• JEDEC standard pinout 
• Available in plastic SOJ and TSOP II 

FUNCTIONAL BLOCK DIAGRAM 

RAS 

LCAS Control 

UCAS Clocks 

GENERAL DESCRIPTION 
The Samsung KM416C256B/BUBLL is a CMOS high 
speed 262, 144 bit x 16 Dynamic Random Access 
Memory. Its design is optimized for high performance 
applications such as personal computer, graphics and 
high performance portable computers. 

The KM416C256B/BUBLL features Fast Page Mode 
operation which allows high speed random access of 
memory cells within the same row. GAS-before-RAS 
refresh capability provides on-chip auto refresh as an 
alternative to RAS-only refresh. All inputs and outputs 
are fully TTL compatible. 

The KM416C256B/BL/BLL is fabricated using 
Samsung's advanced CMOS process. 

Lower 

Vss 
Data in 

w V00 Generator 
2fv" Buffer D01 

to 
DOs 

Refresh Control Row Decoder 

Refresh Coµnter 
Memory Array 
262, 144X 16 

Cells 

Ao 
Row Address Buffer 

As Col. Address Buffer Column Decoder 

t1iJ:':ti1ih'• 
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ad 
Cl) 
c. 
E 
<( 

Q) 
en c 
Q) 
(f) 

Lower 
Data out 
Buffer 

Upper 
Data in 
Buffer 

Upper 
Data out 
Buffer 

DOg 

to 

D016 
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KM416C256B/BL/BLL CMOS DRAM 

PIN CONFIGURATION (Top Views) 

• KM416C256BJ/BL~/BLLJ • KM416C256BT/BLT/BLLT • KM416C256BTR/BLTR/BLLTR 

Vee 40 Vss Vee 1 0 40 Vss Vss 40 0 1 Vee 

001 39 0015 001 2 39 001s 001s 39 2 001 

002 0015 002 3 38 0015 001s 38 3 002 
38 003 4 37 0014 0014 37 4 003 

003 37 0014 004 5 36 0013 0013 36 5 004 
004 36 0013 Vee 6 35 Vss Vss 35 6 Vee 
Vee 35 Vss 00s 7 34 0012 0012 34 7 00s 

OOs 34 0012 Das 8 33 0011 0011 33 8 00s 
OOs 0011 007 9 32 0010 0010 32 9 007 

001 9 32 0010 OOs 10 31 009 009 31 10 00s 

OOs 10 31 009 
N.C 11 30 N.C N.C. 11 30 N.C. N.C. 30 N.C. 
N.C 12 29 [GAS N.C. 12 29 LCAS LCAS 29 N.C. 
w 13 28 UCAS w 13 28 UCAS UCAS 28 w 

RAS 14 27 OE RAS 14 27 5E 5E 27 RAS 
N.C 15 26 As N.C. 15 26 As As 26 N.C. 

Ao 16 25 A1 Ao 16 25 A1 A1 25 Ao 

A1 17 24 Ae A1 17 24 As As 24 A1 

A2 A2 18 23 As As 23 A2 
18 As A3 19 22 A4 A4 22 A3 

A3 19 
0 22 A4 Vee 20 21 Vss Vss 21 Vee 

Vee 20 21 Vss 

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

Pin Name Pin Function Pin Name Pin Function 

Ao-As Address Inputs LCAS Lower Column 

D01-1s Data In/Out 
Address Strobe 

Vss Ground 
w Read/Write Input 

RAS Row Address Strobe 
OE Data Output Enable 

UCAS. Upper Column Vee Power (+5V) 

Address Strobe N.C. No Connection 
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KM416C256B/BL/BLL CMOS DRAM 

ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol Rating Units 

Voltage on any pin relative to Vss VIN, VOUT -1to+7.0 v 
Voltage on Vee supply relative to Vss Vee -1to+7.0 v 
Storage Temperature Tstg -55 to+ 150 QC 

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 (Voltage referenced to Vss, TA=O to 70°C) 

Parameter Symbol Min Typ Max Unit 

Supply Voltage Vee 4.5 5.0 5.5 v 
Ground Vss 0 0 0 v 
Input High Voltage VIH 2.4 - Vee+ 1 v 
Input Low Voltage VIL -1.0 - 0.8 v 

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

Parameter Symbol Min Max Units 

KM416C2568/BUBLL-5 110 mA 
Operating Current* KM416C2568/BUBLL-6 

lcc1 
90 mA 

(RAS, UCAS or LCAS, Address Cycling @tRC=min.) KM416C2g68/BUBLL-7 
-

80 mA 
KM416C2568/BUBLL-8 75 mA 

Standby Current 
lcc2 - 2 mA 

(RAS=UCAS=LCAS=W=VIH ) 

KM416C2568/BUBLL-5 110 mA 
RAS-Only Refresh Current* KM416C2568/BUBLL-6 

ICC3 
90 mA 

(UCAS=LCAS=VIH, RAS, Address Cycling @tRc=min.) KM416C2568/BUBLL-7 
-

80 mA 
KM416C2568/BUBLL-8 75 mt. 

KM416C2568/BUBLL-5 70 mA 
Fast Page Mode Current* KM416C2568/BUBLL-6 

ICC4 
60 mA 

(RAS=VIL, UCAS or LCAS, Address Cycling @tPC=min.) KM416C2568/BUBLL-7 
-

55 mA 
KM416C2568/BUBLL-8 50 mA 

Standby Current 
KM416C2568 1 mA 
KM416C256BL ICC5 - 200 µA 

(RAS=UCAS=LCAS=W=Vcc-0.2V) 
KM416C256BLL 150 µA 

KM416C2568/BUBLL-5 110 mA 
GAS-Before-RAS Refresh Current* KM416C2568/BUBLL-6 

ICC6 
90 mA 

(RAS, UCAS or LCAS Cycling @tRc=min.) KM416C2568/BUBLL-7 
-

80 mA 
KM416C2568/BUBLL-8 75 mA 
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KM416C256B/BL/BLL CMOS DRAM 

DC AND OPERATING CHARACTERISTICS (Continued) 

Parameter Symbol Min Max Units 

Battery Back Up Current Average Power Supply Current, 
Battery Back Up Mode, Input High Voltage(V1H)=Vcc-o.2v 
Input Low Voltage(V1L)=0.2V UCAS=LCAS=0.2V KM416C256BL ICC? - 300 µA 
DIN=Don't Care, TRC=125µS 
TRAS= TRAS min.-300ns 

Self Refresh Current 
RAS=UCAS=LCAS=0.2V 

KM416C256BLL Ices 200 µA 
W=OE=Ao-Aa=Vcc-0.2V or 0.2V -
DQ1-DQ16=Vcc-0.2\/, 0.2Vor Open 

Input Leakage Current 
h(L) -10 10 µA 

(Any input OVs;V1N sVcc+0.5\/, all other pins not under test=O volts) 

Output Leakage Current 
IO(L) -10 10 µA 

(Data out is disabled, OVsVoursVcc) 

Output High Voltage Level (IOH=-5mA) VoH 2.4 - v 
Output Low Voltage Level (IOL=4.2mA) VOL - 0.4 v 

*NOTE: lcc1, lcca, 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 and lcca, address can be changed maximum 
two times while RAS=V1L. In lcc4, address can be changed maximum once within one fast page cycle. 

CAPACITANCE (TA=25°C, Vcc=SV, f=1 MHz) 

Parameter Symbol Min Max Unit 

Input Capacitance (Ao-Aa) CIN1 - 5 pF 

Input Capacitance (RAS, LCAS, UCAS, W, OE) CIN2 - 7 pF 

Output Capacitance (DQ1-DQ16) Coa - 7 pF 

AC CHARACTERISTICS (0°CsTas70°C, Vcc=5.0V±10%, See notes 1,2) 

-5(*) -6 -7 -8 
Parameter Symbol Units Notes 

Min Max Min Max Min Max Min Max 

Random read or write cycle time tRC 90 110 130 150 ns 

Read-modify-write cycle time tRWC 135 155 185 205 ns 

Access time from RAS tRAC 50 60 70 80 ns 3,4,11 

Access time from CAS tCAC 15 15 20 20 ns 3,4,5 

Access time from column address tAA 25 30 35 40 ns 3,11 

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

Output buffer turn-off delay tOFF 0 15 0 15 0 15 0 15 ns 7 

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

RAS precharge time I tRP 30 40 50 60 ns 

RAS pulse width tRAS 50 10,000 60 10,000 70 10,000 80 10,000 ns 

RAS hold time tRSH 15 15 20 20 ns 

CAS hold time tCSH 50 60 70 80 ns 

CAS pulse width tCAS 15 10,000 15 10,000 20 10,000 20 10.000 ns 

(*) 50ns Product:VCC=SV ± 5%, Cout=50pF 

11m'¥1iiii" 
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KM416C256B/BL/BLL CMOS DRAM 

AC CHARACTERISTICS (Continued) 

-5(*) -6 -7 -8 
Parameter Symbol Units Notes 

Min Max Min Max Min Max Min Max 

RAS to CAS delay time tRCD 20 35 20 45 20 50 20 60 ns 

RAS to column address delay time tRAD 15 25 15 30 15 35 15 40 ns 4 

CAS to RAS precharge time tCRP 5 5 5 5 ns 11 

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 

Column address to RAS lead time tRAL 25 30 35 40 ns 6 

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

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

Read command hold time referenced to RAS tRRH 0 0 0 0 ns 9 

Write command set-up time twcs 0 0 0 0 ns 9 

Write command hold time twCH 10 10 10 10 ns 8 

Write command hold time referenced to RAS twCR 40 45 50 55 ns 

Write command pulse width twP 10 10 10 10 ns 6 

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

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

Data-in set-up time tos 0 O· 0 0 ns 

Data-in hold time tDH 10 10 15 15 ns 10 

Data-in hold time referenced to RAS tDHR 40 45 55 60 ns 10 

Refresh period (Normal) tREF 8 8 8 8 ms 6 

Refresh period (L-version) tREF 64 64 64 64 ms 

Refresh period (LL-version) tREF 128 128 128 128 ms 

CAS to W delay time tcwo 40 40 50 50 ns 

RAS to W delay time tRWD 75 85 95 105 ns 8 

Column address to W delay time tAWD 50 55 60 65 ns 8 

CAS precharge to W delay time tCPWD 55 60 65 70 ns 8 

GAS set-up time (GAS-before-RAS refresh) tCSR 10 10 10 10 ns 

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

RAS precharge to GAS hold time tRPC 5 5 5 5 ns 

GAS precharge time (C-B-R counter test cycle) tCPT 20 20 25 30 ns 

Access time from GAS 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 tPRM:: 80 80 95 100 ns 

RAS pulse width (Fast Page Mode) tRASP 50 100K 60 100K 70 100K 80 100K ns 

(*) 50ns Product:VCC=5V ± 5%, Cout=50pF 

dMtiliii" ELECTRONICS 
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KM416C256B/BL/BLL CMOS DRAM 

AC CHARACTERISTICS (Continued) 

-5(*) -6 -7 -8 
Parameter Symbol Units Notes 

Min Max Min Max Min Max Min Max 

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

CPS precharge time (Fast Page Mode) tCP 10 10 10 10 ns 

access time from OE tOEA 15 15 20 20 ns 

OE to data-in delay time tOED 15 15 20 20 ns 

Output buffer tum off delay time from OE tOEZ 0 15 0 15 0 20 0 20 ns 

OE command hold time tOEH 15 15 20 20 ns 

RAS pulse width (C-B-R self refresh) tRASS 100 100 100 100 µs 12 

RAS precharge time (C-B-R self refresh) tRPS 90 110 130 150 ns 12 

CAS hold time (C-B-R self refresh) tCHS -50 -50 -50 -50 ns 12 

(*) 50ns Product:VCC=5V ± 5%, Cout=50pF 

KM416C256B Truth Table 

RAS LCAS UCAS w OE DQ1-DQs DQ9-DQ1s STATE 
H H H H H Hl-Z Hl-Z Standby 

L H H H H Hl-Z Hl-Z Refresh 

L L H H L DO-OUT Hl-Z Lower Byte Read 

L H L H L Hl-Z DO-OUT Upper Byte Read 

L L L H L DO-OUT DO-OUT Word Read 

L L H L H DO-IN Don't Care Lower Byte Write 

L H L L H Don't Care DO-IN Upper Byte Write 

L L L L H. DO-IN DO-IN Word Write 

L L L H H Hl-Z Hl-Z -

t 1:!:1: f Jlii I ;p 
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KM416C2568/BL/BLL CMOS DRAM 

NOTES 
1 . An initial pause of 200µs is required after power-up followed by any 8 RAS-only or GAS-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 TIL 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. tAR, twcR, tDHR are referenced to tRAD(max)· 
7. toFF(max) defines ·the time at which the output achieves the open circuit condition and is not referenced 

to VoH or VOL. 
8. twcs. tRwD, tcwD and tAwD are non restrictive operating parameters They are included in the data sheet as elec

trical characteristics only. If twcs~twcs(min) the cycle is an early write cycle and the data output will remain high 
impedance for the duration of the cycle. If tcwo~tcwo(min). tRwo~tRWD(min). tAwo~tAWD(min) then the cycle is B 

read-write cycle and the data output will contain the data read from the selected address. If neither of the above 
conditions are satisfied, the condition of the data out is indeterminate. 

9. Either tRcH or tRRH must be satisfied for a read cycle. 
1 0. These parameters are referenced to the CAS leading edge in early write cy~les and to the W leading edge in 

read-write cycles. 
11 . 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· 
12. 512 cycles of burst refresh must be executed within 8ms before and after self refresh, In order to meet refresh 

specification. 
13. tAsc, tcAH are referenced to the earlier CAS falling edge. 
14. tcP is specified from the last CAS rising edge in the previous cycle to the first CAS falling edge in the next cycle. 
15. tcwo is referenced to the later CAS falling edge at word read-modify-write cycle. 
16. tcwL is specified from W falling edge to the earlier GAS rising edge. 

ADD. 

w 

1 7. 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. 

tcsR 
(CHA 

dl:i:fjililiP 
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KM416C256B/BL/BLL 

19. tos, tDH is independetly specified for lower byte Din(1-8), upper byte Din(9-16). 

TIMING DIAGRAMS 
WORD READ CYCLE 

V1H - ~""""""~-1-1----~~ 

V1L -

A 

w V1H -

V1L-

V1H-
OE 

VIL-

DQ1-DQ16 
VoH--.., 

VoL -

tJ:!:i:HIUI» 
· ELECTRONICS 
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KM416C256B/BL/BLL CMOS DRAM 

TIMING DIAGRAMS (Continued) 

LOWER BYTE READ CYCLE 
1-----------IRc----------

---------IRAS-------

- V1H-
UCAS 

V1H - '"""""~n--.,.....;-----+--"""111-\. 
LCAS 

A 
V1H -

Vil -

w V1H -

Vil-

OE 
V1H -

Vil-

VoH - ------
Vol-

VoH -
D09-D015 Vol - ----------------

UPPER BYTE READ CYCLE 
1------------IRc------------i 

--------lAAs--------l 

A 
V1H -

Vil-

w V1H-

Vil-

OE 
V1H-

Vil-· 

DQ1-DOs 
VoH-

VOL-

DQ9-D015 
VoH-

OPEN VALID DATA-OUT 
VOL -

~ DON'TCARE 

df:l:fi'hiiP 
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KM416C256B/BL/BLL CMOS DRAM 

TIMING DIAGRAMS (Continu'ed) 

WORD WRITE CYCLE (EARLY WRITE) 

>-----------!RAS--------! 

V1H - ......... -,.....,,,........,,.....,.... .......... ..,....,.~ i------.1 ---..--.,......,......,.....,..-.-.,.....,.. .......... ..-.-.,.....,...........,..-.-.....-T"...,....,--.-,..........., 

V1L- ......... . 

LOWER BYTE WRITE CYCLE (EARLY WRITE) 

RAS 
V1H-

!AR 

V1L-

UCAS 
V1H -

V1L- IRCD !ASH 

lcsH 

LCAS V1H -

VIL -

A. 
V1H-

VIL -

w V1H -

V1L -

BE 
V1H -

V1L -

DQ1-DOa 
V1H -

VIL -

= 
~DON'T CARE 

•t:!:i:HllH• 
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KM416C256B/BL/BLL CMOS DRAM 

TIMING DIAGRAMS (Continued) 

UPPER BYTE WRITE CYCLE (EARLY WRITE) 

V1H -
RAS 

v,l -

UCAS 
VIH -

v,l -

VIH -

LCAS 
v,l -

A 
VIH -

v,l -

w V1H -

V1L-

VIH -

OE 
VIL -

DQ1-DQ8 
VIH - • VIL -

VIH -

D09-D01s 
VIL -

WORD WRITE CYCLE COE CONTROLLED WRITE) 

V,H-

RAS 
VIL -

V1H -

UCAS 
VIL -

V1H -
LCAS 

VIL -

v,(;-
A 

VIL -

w \l,H-

V,L-

V1H-

OE 
VIL -

DQ1-DQ16 
V1H -

V,L-

~DON'TCARE 

tlMfiliH> 
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KM416C256B/BL/BLL CMOS DRAM 

TIMING DIAGRAMS (Continued) 

LOWER BYTE WRITE CYCLE (OE CONTROLLED WRITE) 
I Re 

IRAS 

V1H -

RAS 
Vil-

~ 
V1H-

Vil -

V1H-

CCAS 
Vil -

A 
V1H-

Vil-

V1H -

w 
Vil-

V1H -

or 
Vil-

DQ1-DQ8 
V1H-

Vil -

UPPER BYTE WRITE CYCLE (OE CONTROLLED WRITE) 

V1H -
RAS 

Vil -

UCAS 
V1H -

Vil -

V1H -
LCAS 

Vil -

A 
V1H -

Vil -

V1H -

w 
Vil -

5E 
V1H -

_Vil -

DQ1-DOa 
V1H -

Vil -

DOs-D016 
V1H -

Vil -

~ DONTCARE 

tl:!:i: HIUI;; 
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KM416C256B/BL/BLL CMOS DRAM 

TIMING DIAGRAMS (Continued) 

WORD READ-MODIFY-WRITE CYCLE 

--------------tRwc------------~ 

-----tRAs-----------< 

VIH -
RAS 

VIL -
-~--1-------tRSH---------1 

VIH - ................... _...._ ____ , lcAs----------+-1 ,.---

UCAS 
VIL -

+---+-+---1------IRsH ,.___ __ 
V1H -

· LCAS 
VIL -

A VIH -

VIL -

w VIH -

VIL -

V1H -
OE 

VIL -

LOWER-BYTE READ-MODIFY-WRITE CYCLE 
i--------------IRwc---------------1 

V1H -
RAS 

VIL -

OGAS VIH -

V1L-

LCA8 
V1H -

VIL -

V1H -

A 
VIL -

w V1H -

V1L-

BE 
V1H-

VIL -

DQ1-DQ8 
V10H -

VIOL -

V10H -
DQ9 -DQ15 

V10L -

~ DONTCARE 

ttMfliUI» 
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KM416C256B/BL/BLL 

TIMING DIAGRAMS (Continued) 

UPPER-BYTE READ-MODIFY-WRITE CYCLE 

V1H -

RAS 
Vil -

UCAS 
V1H -

Vil -

V1H -

LCAS 
Vil -

V1H -
A 

Vil -

V1H -w 
Vil -

OE 
V1H -

Vil - __ _.._ ................ _._ ........ _.....,._~-+-' 

V10H-'-

DQ1-DOs ---+-----.....+---+--+----~ 
Viol -

FAST PAGE MODE WORD READ CYCLE 

V1H -
RAS 

Vil-

V1H -
UCAS 

Vil-

V1H-
LCAS 

Vil -

V1H -
A 

Vil -

V1H -

w 
Vil -

V1H -

5E 
Vil -

VoH-
D01-D015 ·----------1-'llA 

Vol -

tJ:!:i:filhi ;p 
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KM416C256B/BL/BLL CMOS DRAM 

TIMING DIAG.RAMS (Continued) 

FAST PAGE MODE LOWER BYTE READ CYCLE 

RAS 
V1H -

Vil -

UCAS 
V1H -

Vil -

LCAS 
V1H -

Vil -

V1H -

A 
Vil -

w V1H -

Vil -

• 
OE 

V1H -

Vil -

DQ1-DOa 

D09-D015 VoH - ---------------
Vm -

FAST PAGE MODE UPPER BYTE READ CYCLE 
t--------------IRASP----------

RAS 
V1H -

IAR 

Vil -

V1H -
UCAS 

Vil -

V1H -
LCAS 

Vtl -

V1H -
A 

Vil -

w 
V1H -

Vil -

V1H -

OE 
Vil -

DQ1-DOa 
VoH -

Vol -

DQ9-D01s 
VoH -

Vol -

~DON'T CARE 

d!:i:filiiiiP 
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KM416C256B/BL/BLL CMOS DRAM 

TIMING DIAGRAMS (Continued) 

FAST PAGE MODE WORD WRITE CYCLE (EARLY WRITE) 

V1H -
RAS 

V1L -

V1H-
UCAS 

V1L-

V1H-

LCAS 
V1L-

A 
V1H-

V1L-

V1H -

w 
V1L-

V1H-

5E 
V1L -

V1H-

D01-D016 
V1L-

FAST PAGE MODE LOWER BYTE WRITE CYCLE (EARLY WRITE) 

R7iS 
V1H -

V1L-

V1H -
OGAS 

V1L -

V1H -
[GAS 

V1L-

V1H -

A 
V1L -

V1H -

w 
V1L-

5E 
V1H-

V1L-

DQ1-DOs 
V1H -

V1L-

DQ9-D01s 

•1MtJiiii» 
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KM416C256B/BL/BLL CMOS DRAM 

TIMING DIAGRAMS (Continued) 

FAST PAGE MODE UPPER BYTE WRITE CYCLE (EARLY WRITE) 
1--------------tRASP------------

A 

w 

VrL -

VrH

VrL -

VrH -

VrL -

VrH -

VrL -

v,H - V\:7'V\7\7"'~J"V~ITT'.ro\7\m"7'1:7\':~\7\'.i\7mrn~'7'\'i"7'\'7'\'i"\7'1~~:7\,~~"'7'""i\7"7'::7"'~ 

VrL - " '' "" '' ' 

VrH -

VrL - ~~~'-ll<:.~"-l.1:.¥ "...__ __ __ 

FAST PAGE MODE WORD READ-MODIFY-WRITE CYCLE 

VrH -
RAS 

VrL -

VrH -
CJCAS 

VrL-

VrH-
[GAS 

VrL-

VrH _ 
A 

VrL-

w VrH-

VrL-

OE 
VrH -

VrL -

D01 - 0015 Vr10H -
V110L-

VALID DATA-OUT VALID DATA-IN 

DON'T CARE 

t1Mfiiiii» 
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KM416C256B/BL/BLL CMOS-DRAM 

TIMING DIAGRAMS (Continued) 

FAST PAGE MODE LOWER-BYTE-READ-MODIFY-WRITE CYCLE 

RAS 
V1H-

V1L-

OGAS. V1H -

V1L-

LCi'iS 
V1H-

V1L -

V1H-
A 

V1L-

w V1H -

V1L-

~ 
V1H-

V1L-

DQ1-DOs 
V110H-

V110L-

VALID DATA-OUT VALID DATA-IN VALID DATA-OUT VALID DATA-IN 
V110H -

OQ9-D01s V110L -
~---------------~OPEN~--------------

FAST PAGE MODE UPPER-BYTE- READ-MODIFY-WRITE CYCLE 

RAS 
V1H-

V1L -
i-----1---tPRwc-----I---< 

V1H-
OGAS 

V1L-

"""'..,.......~+-+--_... lcAs----< 

CCAS 
V1H-

V1L-

V1H -
A 

V1L-

V1H-w 
V1L-

OE V1H -

V1L -

DQ1-DOs 
V110H-

V110L-

DQ9-D01s 
V110H -

V110L -

VALID DATA-OUT 

tJ"t'ifiihiiP 
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VALID DATA-OUT VALID DATA-IN 
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KM416C256B/BL/BLL 

TIMING DIAGRAMS (Continued) 

RAS ONLY REFRESH CYCLE 
NOTE W. OE= Don't Care 

CAS-BEFORE-RAS REFRESH CYCLE 
NOTE: W, OE, A= Don't Care 

VIH -
UCAS v,l -

LCAS 
VIH -

VIL -

CMOS DRAM 

D0,-0016 
VoH- -------.! 

1>---------0PEN-----------
VOL- --------'I 

CAS·BEFORE·RAS SELF REFRESH CYCLE (LL-version) 
NOTE: W, OE, A= Don't Care 

RAS 
V1H- IRASS 

V1L-

V1H-
UCAS 

V1L-

LCAS 
V1H-

V1L -

001'0016 
VoH -

Vol -
OPEN------------

~ OON'TCARE 

einfilm• 
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KM416C256B/BL/BLL 

TIMING DIAGRAMS (Continued) 

HIDDEN REFRESH CYCLE (READ) 

V1H -

RAS 
VIL -

V1H -

OGAS 
Vil -

V1H -

CCAS 
Vil -

V1H-
A 

V1L-

w V1H-;-

VIL -

OE 
V1H-

V1l-

D01-D01e 
VoH -

Vol -

HIDDEN REFRESH CYCLE (WRITE) 

V1H-

RAS 
Vil-

V1H-

OGAS 
Vil -

V1H-

LCA8 Vil-

A 
V1H-

Vil-

w V1H-

Vil-

OE 
V1H -

Vil -

VoH-
DQ1-DQ15 

Vol-

t1if:l:f11ihiP 
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KM416C256B/BL/BLL CMOS DRAM 

TIMING DIAGRAMS (Continued) 

CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 

V1H-
RAS 

V1L -

V1H-
OGAS 

V1L-

V1H-
CCAS 

V1L-

V1H-
A 

V1L-

READ CYCLE 

V1H-
w 

V1L-

V1H-
5E 

V1L-

WRITE CYCLE 

w 

READ-MODIFY-WRITE 

w V1H

V1L - ~"'-"'-~~~~~~~~~~'-¥! 

5E 
V1H - -----------------1 

VALID DATA·OUT VALID DATA·IN 

~DON'T CARE 

t11Jnfi'ihiP 
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KM416C256B/BL/BLL CMOS DRAM 

PACKAGE DIMENSION 
40-LEAD PLASTIC SMALL OUT-LINE J-LEAD Units: Inches (millimeters) 

1.020(25.91) 

1.030(25.16) 

0 
0 0 ~ ~ 
T""" T"""" T""" T""" 

lD lD Ji' Ji' 
(J) 0 (")"'" 
(") '<t '<t '<t 
c:i c:i 6 6 

0 

lolooo4(0l)I ~ ~ liAAiriiAiiAiiA 

00 
C\J (") 

c:i c:i 
oo C\J 
0 ~ 
0 0 
0 0 

0.130(3.30) 

0.140(3.56) 

· 0.016(0.41) I I o.o5o (1 27) I 
0.020(0 51) r--- ---i TYP ---j 

0.050(1.27) 

40 LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE (II) 
(Forward and Reverse Type) 

t!Mfiliii» 
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KM416C254B/BL/BLL CMOS DRAM 

256K x 16 Bit CMOS Dynamic RAM with Extended Data Out 

FEATURES 
• Performance range: 

tRAC tCAC tRC 

KM416C2548/BUBLL-5 50ns 17ns 90ns 

KM416C2548/BUBLL-6 60ns 17ns 110ns 

KM416C254B/BUBLL-7 70ns 20ns 130ns 

• Fast Page Mode with Extended Data Out 
• Byte word Read/Write operation 
• CAS-before-RAS refresh capability 
• RAS-only and Hidden Refresh capability 
• Self Refresh operation (LL-ver) 
• TTL compatible inputs and outputs 
• Early write or output enable controlled write 
• Triple +5V ± 10% power supply 
• Refresh Cycle 

-512 cycle/8ms (Normal) 
-512 cycle/64ms (L-version) 
-512 cycle/128ms (LL-version) 

• Power Dissipation 
-Standby : 5.5mW(Normal) 

1.1 mW(L-version) 
0.83mW(LL-version) 

-Active (50/6ono ): 605/495/440 mW 
• JEDEC standard pinout 
• Available in plastic SOJ and TSOP II 

tHPC 

20ns 

24ns 

29ns 

GENERAL DESCRIPTION 
The Samsung KM416C254B/BUBLL is a CMOS high 
speed 262, 144 bit x 16 Dynamic Random Access 
Memory. Its design is optimized for high performance 
applications such as personal computer, graphics and 
high performance portable computers. 

The KM416C2548/BL/BLL features EDO Mode 
operation which allows high speed random access of 
memory cells within the same row. GAS-before-RAS 
refresh capability provides on-chip auto refresh as an 
alternative to RAS-only refresh. All inputs and outputs 
are fully TTL compatible. 

The KM416C2548/BL/BLL is fabricated using 
Samsung's advanced CMOS process. 

FUNCTIONAL BLOCK DIAGRAM 

VBB Generator 
~~:: 

Refresh Control Row Decoder 

Q 
o6 

Memory Array (/) 

a. 
Refresh Counter 

262,144x16 E 
Cells 

<l'. 
Q) 
(/) 
c Row Address Buffer 
Q) 

Cf) 

Ao-Aa 

Col. Address Buffer Column Decoder 

t1Mfiihi» 
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Dat? in 
Buffer 

Lower 
Data out 
Buffer 

Upper 
Data in 
Buffer 

Upper 
Data out 

Buffer 

DQs 
to 

DQ16 
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KM416C254B/BL/BLL CMOS DRAM 

PIN CONFIGURATION (Top Views) 

• KM416C254BJ/BW/BLW • KM416C254BT/BLT/BLLT • KM416C254BTR/BLTR/BLLTR 

Vee 1 0 40 Vss Vee 10 40 Vss Vss 40 1 Vee 
DQ1 2 39 DQ1s DQ1 2 39 DQ1s DQ1s 39 2 DQ1 

DQ2 3 38 DQ1s DQ2 3 38 DQ1s DQ1s 38 0 3 DQ2 

DQ3 4 37 DQ14 DQ3 4 37 DQ14 DQ14 37 4 003 

DQ4 5 36 DQ13 DQ4 5 36 DQ13 0013 36 5 004 

6 35 Vee 6 35 Vss Vss 35 6 Vee 
Vee Vss 

DOs 7 34 0012 0012 34 7 00s 
DOs 7 0012 

OOs 8 33 D011 0011 33 8 00s 
DQs 8 0011 007 9 32 D010 D010 32 9 007 
D01 9 32 D010 DQa 10 31 DQ0 OQe 31 10 DQa 
DQa 10 31 DQ0 

N.C. 11 N.C. 
N.C. 12 LCAS N.C. 11 30 N.C. N.C. 30 11 N.C. 

w 13 28 UCAS N.C. 12 29 [GAS LCAS 29 12 N.C. 

RAS 14 27 OE w 13 28 OCAS UCAS 28 13 w 
N.C. RAS 14 27 OE OE 27 14 RAS 

15 26 As 
16 

N.C. 15 26 Ae Ae 26 15 N.C. 
Ao 25 A1 Ao 16 25 A1 A1 25 16 Ao 
A1 17 As A1 17 24 As As 24 17 A1 
A2 18 As A2 18 23 As As 23 0 18 A2 
A3 19 0 22 A4 A3 19 22 A4 A4 22 19 A3 

Vee 20 21 Vss Vee 20 21 Vss Vss 21 20 Vee 

Pin Name Pin Function 

Ao-As Address Inputs 

D01-16 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(+SV) 

N.C. No Connection 

411UitJllW> 
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KM416C254B/BL/BLL CMOS DRAM 

ABSOLUTE MAXIMUM RATINGS 
Parameter Symbol Rating Units 

Voltage on any pin relative to Vss V1N, VouT -1-+7.0 v 
Voltage on Vee supply relative to Vss Vee -1-+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 (Voltage referenced to Vss, TA=O to 70°C) 

Parameter Symbol Min Typ Max Unit 

Supply Voltage Vee 4.5 5.0 5.5 v 
Ground Vss 0 0 0 v 
Input High Voltage V1H 2.4 - Vee+1 v 
Input Low Voltage VIL -1.0 - 0.8 v 

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

Parameter Symbol Min Max Units 

Operating Current* 
KM416C254B/BUBLL-5 110 mA 

(RAS, GAS, Address Cycling @tRc=min.) 
KM416C254B/BUBLL-.6 lcc1 - 90 mA 
KM416C254B/BUBLL-7 80 mA 

Standby Current 
lcc2 - 2 mA 

(RAS=UCAS=LCAS=W=VIH ) 

RAS-Only Refresh Current* 
KM416C254B/BUBLL-5 110 mA 

(UCAS=LCAS=VIH, RAS, Address Cycling @tRc=min.) 
KM416C254B/BUBLL-6 ICC3 - 90 mA 
KM416C254B/BUBLL-7 80 mA 

Hyper page Mode Current* 
KM416C254B/BUBLL-5 70 mA 

(RAS=VIL, UCAS=LCAS, Address Cycling @tPC=min.) 
KM416C254B/BUBLL-6 ICC4 - 60 mA 
KM416C254B/BUBLL-7 55 mA 

Standby Current 
KM416C254B 1 mA 

(RAS=UCAS=LCAS=W=Vce-0.2V) 
KM416C254BL Ices - 200 µA 
KM416C254BLL 150 µA 

GAS-Before-RAS Refresh Current* 
KM416C254B/BUBLL-5 110 mA 

(RAS and UCAS=LCAS Cycling @tRc=min.) 
KM416C254B/BUBLL-6 Ices. - 90 mA 
KM416C254B/BUBLL-7 80 mA 

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 KM416C254BL ICC? - 300 µA 
UCAS=LCAS= 0.2V 
DIN=Don't Care, TRC=125µS TRAS= TRAS min.-300ns 

Self Refresh Current 
RAS=UCAS=LCAS=0.2V 

KM416C254BLL Ices 200 µA 
W=0E=Ao-Aa=Vcc-0.2V or 0.2V -

DQ1-DQ1s=Vcc-0.2V, 0.2V or Open 

111JM\iii '" ELECTRONICS 
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KM416C2548/BL/BLL CMOS DRAM 

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

Parameter Symbol Min Max Units 

Input Leakage Current ll{L) -10 10 µA 
(Any input O:S::V1N :s::Vcc+0.5V, all other pins not under test=O volts.) 

Output Leakage Current 
IO(L) -10 10 µA 

(Data out is disabled, OV:s::VouT::S::Vcc) 

Output High Voltage Level (IOH=-5mA) VoH 2.4 - v 
Output Low Voltage Level (IOL=4.2mA) VOL - 0.4 v 

. *NOTE: lcc1, lcc3, ICC4 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 and lcc3, address can be changed maximum 
two times while RAS=VIL. In lcc4, address can be changed maximum once within one hyper page cycle. 

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

Parameter Symbol Min 

Input Capacitance (Ao-Aa) CIN1 -

Input Capacitance (RAS, UCAS, LCAS, W, OE) CIN2 -

Input Capacitance (DQ1 -0016) Coo -

AC CHARACTERISTICS (0°C:s:;TA::s::?0°C, Vcc=5V±10%, See notes 1,2) 

Test condition : VihNil=2.4/0.8V, VohNo1=2.0/0.8V, Output loading CL=1 OOpF 

-5(*) -6 
Parameter Symbol 

Min Max Min Max 

Random read or write cycle time tRC 90 110 

Read-modify-write cycle time tRWC 135 155 

Access time from RAS tRAC 50 60 

Access time from CAS tCAC 17 17 

Access time from column address tAA 25 30 

CAS to output in Low-Z tCLZ 3 3 

Turn-off delay from CAS tCEZ 3 13 3 15 

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

RAS precharge time tRP 30 40 

RAS pulse width tRAS 50 10,000 60 10,000 

RAS hold time tRSH 17 17 

CAS hold time tCSH 40 50 

CAS pulse width tCAS 8 10,000 10 10,000 

RAS to CAS delay time tRCD 20 37 20 45 

RAS to column address delay time tRAD 15 25 15 30 

CAS to RAS precharge time tCRP 5 5 

Row address set-up time tASR 0 0 

Row address hold time tRAH 10 10 

(*) -50ns Product: Output Loading (CL)=50pF, Vcc=5V ± 5% 

t1m'ifiliii" 
ELECTRONICS 

Max Unit 

5 pF 

7 pF 

7 pF 

-7 
Units Notes 

Min Max 

130 ns 

185 ns 

70 ns 3,4,11 

20 ns 3,4,5 

35 ns 3,11 

3 ns 3 

3 20 ns 7,14 

2 50 ns 2 

50 ns 

70 10,000 ns 

20 ns 

60 ns 

15 10,000 ns 12 

20 50 ns 4 

15 35 ns 11 

5 ns 

0 ns 

10 ns 
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KM416C254B/BL/BLL CMOS DRAM 

AC CHARACTERISTICS (Continued) 

-5(*) -6 -7 
Parameter Symbol Units Notes 

Min Max Min Max Min Max 

Column address set-up time tAsc 0 0 0 ns 

Column address hold time tCAH 8 10 15 ns 

Column address hold time referenced to RAS tAR 40 45 55 ns 6 

Column address to RAS lead time tRAL 25 30 35 ns 

Read command set-up time tRCS 0 0 0 ns 

Read command hold time referenced to CAS tRCH 0 0 0 ns 9 

Read command hold time referenced to RAS tRRH 0 0 0 ns 9 

Write command hold time twcH 10 10 10 ns 

Write command hold time referenced to RAS twcR 40 45 50 ns 6 

Write command pulse width twp 10 10 10 ns 

Write command to RAS lead time tRWL 13 15 20 ns 

Write command to CAS lead time tcwL 8 10 15 ns 

Data set-up time tos 0 0 0 ns 10 

Data hold time tDH 10 10 15 ns 10 

Data hold time referenced to RAS toHR 40 45 55 ns 6 

Refresh period (Normal) tREF 8 8 8 ms 

Refresh period (L-version) tREF 64 64 64 ms 

Refresh Period(LL-version) tREF 128 128 128 ms 

Write command set-up time twcs 0 0 0 ns 8 

CAS to W delay time tcwo 40 42 50 ns 8 

RAS to W delay time tRWD 73 85 95 ns 8 

Column address to W delay time tAwo 48 55 60 ns 8 

CAS precharge to W delay time tCPWD 53 60 65 ns 

CAS set-up time (GAS-before-RAS refresh) tCSR 10 10 10 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 (C-B-R counter test cycle) tCPT 20 20 25 ns 

Access time from CAS precharge tCP.A 30 35 40 ns 3 

Hyper Page mode cycle time tHPC 20 24 29 ns 12 

Hyper Page mode read-modity-write cycle time tHPRWC 62 71 81 ns 12 

CAS precharge time (Hyper Page mode) tCP 8 10 10 ns 

RAS pulse width (Hyper Page mode) tRASP 50 100K 60 100K 70 100K ns 

RAS hold time from CAS precharge tRHCP 30 35 40 ns 

OE access time tOEA 15 15 20 ns 

OE to Output in Low-z tmz 3 3 3 ns 

OE to data delay tOED 13 15 20 ns 

Output buffer turn off delay time from OE tOEZ 3 13 3 15 3 20 ns 7 

(*) -50ns Product: Output Loading (CL)=50pF, Vcc=5V ± 5% 

tliiiWJiiii> 
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KM416C254B/BL/BLL CMOS DRAM 

AC CHARACTERISTICS (Continued) 

-5(*} -6 -7 
Parameter Symbol Units Notes 

Min Max Min Max Min Max 

OE commend hold time tOEH 13 15 20 ns 

Output data hold time tDOH 5 5 5 ns 

Output buffer turn off delay from RAS tREZ 3 13 3 15 3 20 ns 7,14 

Output buffer turn off delay from W tWEZ 3 13 3 15 3 20 ns 7 

W to data delay tWED 13 15 20 ns 

OE to GAS hold time tocH 5 5 5 ns 

GAS hold time to OE tCHO 5 5 5 ns 

OE precharge time tOEP 5 5 5 ns 

W pulse width (Hyper Page Cycle) , tWPE 5 5 5 ns 

RAS pulse width(LL-ver) tRASS 100 100 100 µs 13 

RAS precharge time (LL-ver) !RPS 90 110 130 ns 13 

CAS hold time (LL ~ver) !CHS -50 -50 -50 ns 13 

(*) -50ns Product: Output Loading (CL)=50pF, Vcc=SV ± 5% 

KM416C254B/BL/BLL Truth Table 

RAS LCAS UCAS w OE OQ1-0Qa OQ9-0Q1s STATE 
H x x x x Hl-Z Hl-Z Standby 

L H H x x Hl-Z Hl-Z Refresh 

L L H H L DO-OUT Hl-Z Byte Read 

L H L H L Hl-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 Hl-Z Hl-Z -

dJ:i:fjijiliP 
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KM416C254B/BL/BLL CMOS DRAM 

NOTES 

1. An initial pause of 200µs is required after power-up followed by any 8 ROA or CBR cycles before 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) are assumed to be 5ns for all inputs except tHPC and tHPRWC. 

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 tRCD2tRCD (max). · 
6. tAR, twcR, tDHR are referenced to tRAD(max). 
7. This parameter defines the time at which the output achieves the open circuit condition and is not referenced to 

VoH orVoL. 
8. 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 cycle is an early write cycle and the data output will remain high 
impedance for the duration of the cycle. If tcwD2tcwD(min), tRWD2tRWD(min) and tAWD2tAWD(min), then the cycle 
is a read-write cycle and the data output will contain the data read from the selected address. If neither of the 
above conditions are satisfied, the condition of the data out is indeterminate. 

9. Either tRCH or tRRH must be satisfied for a read cycle. 
10. lhese parameters are referenced to the CAS leading edge in early write cycles and to the W leading edge in read-

write cycles. · 
11. 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. 
12. tAsc 2 tcP min, Assume tT =2.0 ns · 
13. 512 cycle of burst refresh must be executed within ams before and after self refresh in order to meet refresh 

specification (LL-Ver) 
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 before RAS high going, the open circuit condition of the output is achieved by RAS high going. 
15. tAsc, tcAH are referenced to the earlier CAS falling edge. 
16. tcP is specified from the last CAS rising edge in the previous cycle to the first CAS falling edge in the next cycle. 
17. tcwD is referenced to the later CAS falling edge at word read-modify-write cycle. 
18. tcwL is specified from W falling edge to the earlier CAS rising edge. 

ADD. 

19. tcsR is refernced to earlier CAS falling low before RAS tr~nsition low. 
20. tcHR is referenced to the later CAS rising high after RAS transition low 

•t:!:i:HIUI• 
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KM416C254B/BL/BLL CMOS DRAM 

~ 

"\_ _f 

lcsR 
~ f----- lcHR ---I . 

21. tos, tof-i, is independently specified for lower byte DrN(1-B), upper byte Din(9-16). 

DQ1-DQs 

DQs-DQ1s 

w 

ttMHliii" 
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KM416C254B/BL/BLL 

TIMING DIAGRAM 
WORD READ CYCLE 
NOTE : DIN=OPEN 

VIH -
RAS 

VIL -

VIH -
UCAS 

VIL -

ViH -
LCAS 

VIL -

V1H -
A 

VIL -

w VIH .:._ 

VIL -

VIH -
OE 

VIL -

VIH -
DQ1-DQs 

VIL -

V1H -
DQ9-DQ1s 

VIL -

tt:!:i:Hliii" 
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CMOS DRAM 

fl2J Don't Care 
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KM416C254B/BL/BLL CMOS DRAM 

TIMING DIAGRAM 
LOWER BYTE READ CYCLE 
NOTE : DIN=OPEN 

----,--------tRC---------+t 

14-------tRAs-------+i 
VIH-

~~~~~ ~~~~--1 

RAS 
VIL -

tCRP 
tRPC 

UCAS 
VIH -

VIL-, 
------tcsH------

tCRP 
tRCD--------tRSH-+--

V1H -
LCAS 

VIL -

V1H -
A 

VIL -

w VIH 

VIL -

VIH -
OE 

VIL -

VIH -
DQ1-DQa 

VIL -

V1H _ 
009-0016 

VIL -

~ Don'tCare 

t1MfiliiltP 
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KM416C254B/BL/BLL CMOS DRAM 

UPPER BYTE READ CYCLE 
NOTE : DIN=OPEN 

----------tRc------------+1 

l+------~tAAs------~ 

V1H - ----~ r~~~""""'\J 
RAS 

VIL -

tCRP 

VIH -
UCAS 

VIL -

tRPC 

VIH -
LCAS 

VIL -

VIH -
A 

VIL -

w V1H -

VIL --: 

V1H -
OE 

VIL -

V1H -
DQ1-DQa 

VIL -

VIH -
DQ9-DQ1s VIL - ------OPEN-------<IX DATA-OUT 

~ Don'tCare 
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KM416C254B/BL/BLL 

WORD WRITE CYCLE (EARLY WRITE) 
NOTE : OOUT=OPEN 

RAS 

UCAS 

LCAS 

A 

w 

OE 

DQ1-DQa 

009-0016 

VIH-

V1L-

V1H-

V1L-

VIH-

V1L-

V1H

V1L-

VIH-

V1L-

V1H-

VIL-

V1H-

VIL-

V1H

V1L -

11mwnw• 
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CMOS DRAM 

~ Oon'tCare 
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KM416C254B/BL/BLL 

LOWER BYTE WRITE CYCLE (EARLY WRITE) 
NOTE : Dour=OPEN 

CMOS DRAM 

---------tRC----------... 

RAS 

UCAS 

LCAS 

A 

w 

OE 

DQ1-DQa 

VIH-

V1L-

VIH-

V1L-

VIH-

V1L-

V!H

V1L-

V!H-

V1L-

V1H-

VIL -

VIH-

V1L-

-----..1 --------tRAs------

tcsH 

tRCD tRSH 

diMJllW> 
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KM416C254B/BL/BLL 

UPPER BYTE WRITE CYCLE (EARLY WRITE) . 
NOTE : DoUT=OPEN 

VIH -
RAS 

VIL -

tcsH 
tRCD 

V1H -
UCAS 

VIL -

VIH -
LCAS 

VIL -

iRAD 

VIH 
A 

VIL -

w V1H·_ 

VIL -

VIH -
OE 

VIL -

VIH 
DQ1-DQs 

V1L-

VIH -
DQs-DQ1s 

tRAS 

VIL - ......lo'~~~...ll'.-~~~ "'------

s1Mflliil» 
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CMOS DRAM 

tRC 

tCAS 

iRAL 

~ Don'tCare 
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KM416C254B/BL/BLL 

WORD WRITE CYCLE (OE CONTROLLED WRITE) 
NOTE : Dour=OPEN 

V1H -
RAS 

VIL -

VIH -
UCAS 

VIL -

VIH-
LCAS 

V1L-

VIH -
A 

VIL -

w VIH -

VIL -

OE 
VIH -

VIL -

V1H-
DQ1-DQa 

VIL -

VIH -
DQs-0016 

VIL -

d!:i:filiil» 
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CMOS DRAM 

~ Don'tCare 
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KM416C254B/BL/BLL 

LOWER BYTE WRITE CYCLE (OE CONTROLLED WRITE) 
NOTE : Dour=OPEN 

CMOS DRAM 

~---------tRC-----------+t 

RAS VIH -
V1L-

V1H -

V1H -
LCAS 

VIH -
A 

V1L-

w VIH-

V1L-

VtH-
OE 

VIL -

V1H -
DQ1-DQa 

V1L-

tt:!:i:Hliii" 
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~-------tMs.-----~ 

.--------tCSH-----+i 

----tRCD------<-----tRSH----+---

tOEH 

tos 

DATA-IN 

~ Don'tCare 
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KM416C254B/BL/BLL 

UPPER BYTE WRITE CYCLE (OE CONTROLLED WRITE) 
NOTE : Dour=OPEN 

CMOS DRAM 

----------tRc----------i 
1+---------tRAs-----------1 

VIH -
RAS 

VIL -

VIH tCAS 

UCAS 
VIL -

tRPC 

tCRP 

VIH -
LCAS 

VIL -
tRAL 

tRAD 

tRAH tAsc tCAH 

VIH -
A 

VIL -

w VIH -

VIL -

5E 
VIH -

VIL - tOEH 

VIH-
DQ1-DQa 

VIL -

ViH -
DQs-DQ1s 

V1L-

~ Don'tCare 
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KM416C254B/BL/BLL 

WORD READ-MODIFY-WRITE CYCLE 

tRWC 

tRAS 

VIH 
RAS 

VIL -

V1H-
UCA$ 

V1L-

VIH-
LCAS 

VIL -

V1H-
A 

VIL -

w VIH--

VIL -

5E 
VIH-

VIL 

DQ1-DQs 

V1H -
DQ9-DQ1s VIL - ------------<IXXI 

1---i 

tJm':fi@iP 
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~ Don'tCare 
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KM416C254B/BL/BLL CMOS DRAM 

LOWER-BYTE READ-MODIFY-WRITE CYCLE 

tRWC 

tRAS 

VIH -
RAS 

VIL -

tCRP 

VIH -
UCAS 

VIL -

tAR 

V1H -
LCAS 

VIL -

VIH -
A 

VIL -

w V1H 

VIL -

V1H -
OE 

VIL -

DQ1-DQs 

VIH-

009- 0016 VIL - ------------OPEN 

~-Don't Care 

tlm':fi@tP 
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KM416C254B/BL/BLL CMOS DRAM 

UPPER-BYTE READ-MODIFY-WRITE CYCLE 

tRWC 

tRAC 
V1H -

RAS 
VIL -

tRSH 

VIH - tCAS 

UCAS 
VIL -

tRPC 

[GAS 
V1H __: 

V1L-

VIH -
A 

V1L-

w VIH _ 

VIL -

VIH-
OE 

VIL -

V1H-
DQ1-DQs OPEN 

V1L-

tCLZ 

tCAC tOED tos tDH 

tAA tOEZ 

tRAC 

VIH-
OQ9-0Q1s 

V1L-

~ Don'tCare 
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KM416C254B/BL/BLL 

HYPER PAGE MODE WORD READ CYCLE 

UCAS 

LCAS 

A 

w 

DQ1-DQa 

VIH -

VIL -

VIH -

VIL -

VIH -

VIL -

VIH -

VIL -

VIH 

VIL 

VIH 

VIL 

VIH - -----1"------+--+-<IVYI 
VIL -

VIH 
0Qg-0Q16 VIL 

.,.t.'¥1@$ 
ELECTRONICS 

CMOS DRAM 

00 Don't Care 
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KM416C254B/BL/BLL 

HYPER PAGE MODE LOWER BYTE READ CYCLE 

RAS 
V1H - tAR 

VIL -

acAS 
V1H -

VIL -

CCAS 
VIH -

VIL -

A 
VIH -

VIL -

w V1H -

VIL -

OE 
VIH -

VIL -

VIH -
001-DQe 

VIL -

V1H -
DQ9-D01s 

VIL -

•tMHIUI• 
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CMOS DRAM 

~':1 
tc~-1 

~ Don'tCare 
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KM416C254B/BL/BLL 

HYPER PAGE MODE UPPER BYTE READ CYCLE 

V1H -

VIL -

UCAS VIH_ 

A 

V1L-

V1H

V1L-

V1H

V1L-

w V1H_ 

V1L- ---------~ 

5E 
VIH - -..-........................................ ....-...-........ 

VIH-

tASC 

-tAA 

I 
tCPA 

CMOS DRAM 

tASC 

tCAC 

tAA 

DQ1-DQa ~~~~-+-~~~~-+-~--+-~~~~-1-~-1-~-+~~~~~-+~~-+-~~~~~-

V1L-

tCAC 

tDOH 
tRAC 

DQ9-QQ15 

t11J:':f11iiii• 
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VALID 
DATA-OUT 

tOEZ 

VALID 
DATA-OUT 

tREZ 

~ Don'tCare 
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KM416C254B/BL/BLL 

HYPER PAGE MODE WORD WRITE CYCLE (EARLY WRITE) 
NOTE : Dour=OPEN 

VtH -
RAS 

VtL -

VtH -
UCAS 

VtL -

CCAS 
VtH -

VtL -

VtH -
A 

VtL -

w VtH -

VtL -

VtH 
OE 

VtL -

VtH -
DQ1-DQs 

VtL -

VtH - ..,,... ____ ..,....._._...,... 11"---.i 

DQ9-DQ15 
VtL - -----...----- ,.. __ _ 

t1M:fi1JiiiP 
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KM416C254B/BL/BLL 

HYPER PAGE MODE LOWER BYTE WRITE CYCLE (EARLY WRITE) 
NOTE : Dour=OPEN 

V1H 
RAS 

VIL-

VIH-
UCAS 

V1L-

V1H 
LCAS 

VIL-

VIH_ 
A 

V1L-

w VIH-

V1L-

VIH-
OE 

V1L-

ViH-
DQ1-DQa 

V1L-

•l11i'ifi liii ;p 
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~ Don'tCare 
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KM416C254B/BL/BLL 

HYPER PAGE MODE UPPER BYTE WRITE CYCLE (EARLY WRITE) 
NOTE : Dour=OPEN 

RAS 

UCAS 

[GAS 

A 

w 

OE 

DQ1-DQs 

DQ9-0Q16 

V1H 

VIL -

V1H -

VIL -

VIH-

VtL -

VtH-

V1L-

VtH-

VtL-

VtH_ 

VtL -

VtH-

V1L-

VtH - ....,..._.._.._....,.......,...._,. ir-----""'1 

VIL - --....... ~~~_,,,, ----i 

ttMH'iii" 
ELECTRONICS 

CMOS DRAM 

~ Don'tCare 
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KM416C254B/BL/BLL CMOS DRAM 

HYPER PAGE MODE WORD READ-MODIFY-WRITE CYCLE 

VIH-
RAS 

V1L-

V1H-
UCAS 

V1L-

VtH-
LCAS 

V1L-

VtH-
A 

VtL-

Vii 
VIH-

VtL~ 

VtH-
OE 

VIL -

VtH-
DQ1-DQs 

V1L-

tDH 

DQs-0016 

VALID VALID tcLZ VALID VALID 
DATA-OUT DATA-IN DATA-OUT DATA-IN 

Don't Care 

ttMHihi" ELECTRONICS 
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KM416C2548/BL/BLL CM.OS DRAM 

HYPER PAGE MODE LOWER-BYTE-READ-MODIFY-WRITE CYCLE 

RAS 

UCAS 

LCAS 

A 

w 

5E 

DQ1-DQs 

D09-DQ1s 

VIH-

V1L-

V1H-

V1L-

V1H-

V1L-

V1H-

V1L-

V1H -

VIL -

V1H-

V1L-

V1H-

V1L-

V1H

V1L -

•tMfJiiii> 
· ELECTRONICS 

tRWD 
tCPWD 

tDH 

VALID VALID VALID VALID 
DATA-OUT DATA-IN DATA-OUT DATA-IN 

~ Don'tCare 
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KM416C254B/BL/BLL CMOS DRAM 

HYPER PAGE MODE UPPER-BYTE-READ-MODIFY-WRITE CYCLE 

VIH -
RAS 

VIL -

VIH -
UCAS 

VIL -

V1H -
LCAS 

VIL -

VIH -
A 

VIL -

w VIH -

VIL -

tRWD 

VIH -
OE 

VIL -

V1H _: 
D01-DQs OPEN 

VIL -

tOED tDH tDH 
tOED 

VIH -
DQ9-DQ15 

VIL -

VALID VALID VALID VALID 
DATA-OUT DATA-IN DATA-OUT DATA-IN 

Don't Care 

t1Mfill1
" ELECTRONICS 
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KM416C254B/BL/BLL CMOS DRAM 

HYPER PAGE READ AND WRITE MIXED CYCLE 

t--~~~~~~~~~~~~~tRASP-~~~~~~~~~~~~~~-i 

UCAS 

LCAS 

A 

w 

OE 

DQ1-DQa 

DQs-DQ1s 

V1H -

VIL -

V1H -

VIL -

V1H -

V1L -

VIH -

VIL -

VIH -

VIL -

V1H -

VIL -

VI/OH 

V1/0L 

Vi/OH 

V1/0L 

dJ:'i fiiiii» 
ELECTRONICS 

AEAD(tCAC) AEAD(ICPA) WAITE READ(IAA) 

~ Don'tCare 
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KM416C254B/BL/BLL 

RAS-ONLY REFRESH CYCLE 
NOTE: W, OE, D1N=Don't Care 

00UT=0PEN 

CMOS DRAM 

14-------------tRc----------

i----------tAAS---------i 

VIH-
RAS 

V1L-

tCRP 

V!H-
UCAS 

V1L-

ViH-
LCAS 

V1L-

tASR tRAH 

V!H-
A 

VIL-

CAS-BEFORE-RAS REFRESH CYCLE 
NOTE: W, OE, A=Don't Care 

V!H-
RAS 

\f1L-

VIH-
UCAS 

V1L-

V!H-
LCAS 

V1L-

V1H-
DQ1-DQs 

V1L-

V1H-
DQs-DQ1e 

VIL-

11mWJ%• 
ELECTRONICS 

tCHR 

tCHR 

OPEN 

OPEN 

tRPC 

tRPC 

KL] Don't Care 
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KM416C2548/BL/BLL 

CAS-BEFORE-RAS SELF REFRESH CYCLE (LL-Version) 
NOTE : W, OE, A=Don't Care 

t+-------tRASS;------

VIH -
RAS 

VIL -

VIH -
UCAS 

VIL -

VIH -
LCAS 

VIL -

VIH -
DQ1-DQa 

VIL -

VIH -
DQ9-DQ15 

VIL-

tl"i'ifiiiii• 
ELECTRONICS 

CMOS DRAM 

KZJ Don't Care 
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KM416C254B/BL/BLL CMOS DRAM 

HIDDEN REFRESH CYCLE (READ) 

tRC tRC 

-tRAS 

V1H-
RAS 

VIL -

tRSH 

VIH-
UCAS 

V1L-

VIH-
LCAS 

VIL -

VIH-
A 

VIL-

w VIH-

V1L-

V1H-
OE 

VIL -

tOEZ 

V1H-
DQ1-DQa OPEN DATA-OUT 

V1L-

tcEZ 

~w~ 
tOEZ 

V1H-
DQs-DQ16 OPEN DATA-OUT 

V1L-

00 Don't Care 

tJMfiliiiiP 
ELECTRONICS 
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KM416C254B/BL/BLL 

HIDDEN REFRESH CYCLE (WRITE) 
NOTE : DouT=OPEN 

l+------tRAc----i 

VIH -
RAS 

VIL -

tCRP 

V1H -
UCAS 

VIL -

V1H-
LCAS 

VIL -

V1H-
A 

V1L-

w V1H -

V1L-

V1H-
OE 

VIL -

V1H-
DQ1-DQa 

V1L-

VIH -
DQ9-DQ1s 

VIL -

'd'i'ifJ@tP 
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CMOS DRAM 
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KM416C254B/BL/BLL CMOS DRAM 

CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 

RAS 
V1H-

V1L-

V1H-
UCAS 

V1L-

V1H-
LCAS 

VIL-

V1H
A 

V1L- ~~..)l..~-l'-~.M.....M.....M.....liC.-~~ 

READ CYCLE 

w V1H-

VIL -

V1H-
OE 

V1L-

V1H-
DQ1-DQ16 --------------+---+-+---<IX 

V1L-

WRITE CYCLE l----1-1----tAWL------1---
1----1-1---tAWL----~ 

w V1H

V1L - ..1.-}.~~:...lL--:i..-¥..~.l.L..~~..lC......ll:-~~.__-++------+~~y""'-lo~'--ll.'--l.~'--l.'-

OE V1H -

V1L- -'-.l.L...l.L..~~~~~~~~~~~'--l.~~~~~~~~~~~~--------....i. 

V1H - --------OPEN----1-oll 
V1L-

READ-MODIFY-WRITE 

w V1H-

VtL-

5E 
V1H-

V1L-

V1H-
DQ1-DQ1s 

VtL-

VALID VALID 
DATA-OUT DATA-IN ~ Don't Care 

41:1:1: fjliii;; 
ELECTRONICS 
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KM416C254B/BL/BLL 

PACKAGE DIMENSION 
40·LEAD PLASTIC SMALL OUT-LINE J-LEAD 

1.020(25.91) 

1.030(25. 16) 

0 
0 

0.016(0.41) 

0.020(0.51) 

40 LEAD PLASTIC. THIN SMALL OUT-LINE PACKAGE TYPE (II) 
(Forward and Reverse Type) 

18.31 

18.51 

0.80 TYP -~-:~:----11 ~ --r,., TYP 

dfofi/lh» 
ELECTRONICS 

CMOS DRAM 
I, 

Units: Inches (millimeters) 

~~~~) 
I I MIN 

0.050(1 .27) 

MAX 

0.80 TYP 

0.130(3.30) 

0.140(356) 

~ 
OAO I I 
0.60 
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KM416C1568/BL/BLL CMOS DRAM 

256K x 16 Bit CMOS Dynamic RAM with Fast Page Mode 

FEATURES 
• Performance range: 

tRAC tCAC tRC 

KM416C1568/8U8LL-5 50ns 15ns 90ns 

KM416C1568/8U8LL-6 60ns 15ns 110ns 

KM416C1568/8U8LL-7 70ns 20ns 130ns 

KM416C1568/8U8LL-8 80ns 20ns 150ns 

• Fast Page Mode operation 
• Byte Write operation (2W) 
• Word Read/Write operation 
• CAS-before-RAS refresh capability 
• RAS-only and Hidden Refresh capability 
• Self Refresh Operation (LL-version) 
• TTL compatible inputs and outputs 
• Early write or output enable controlled write 
•Triple +5V±10% power supply 
• Refresh Cycle 

-512 cycle/8ms refresh 
-512 cycle/64ms (L-Version) 
-512 cycle/128ms (LL-Version) 

• Power Dissipation 
-Standby: 5.5mW (Normal) 

1.1 mW (L-version) 
0.83mW (LL-version) 

-Active (50/60/70/80): 605/495/440/415mW 
• JEDEC standard pinout 
• Available in plastic SOJ and TSOP (II) 

FUNCTIONAL BLOCK DIAGRAM 

Control 
Clocks 

GENERAL DESCRIPTION 
The Samsung KM416C1568/8U8LL is a CMOS high 
speed 262, 144 bit x 16 Dynamic Random Access 
Memory. Its design is optimized for high performance 
applications such as minicomputers, graphics and high 
performance portable computers. 

The KM416C1568/8U8LL features Fast Page Mode 
operation which allows high speed random access of 
memory cells within the same row. GAS-before-RAS 
refresh capability provides on-chip auto refresh as an 
alternative to RAS-only refresh. All inputs and outputs 
are fully TTL compatible. 

The KM416C1568/BL/BLL is fabricated using 
Samsung's advanced CMOS process. 

Lower 
Data in 

VBB Generator 
&~: Buffer D01 

to 
DOs 

Refresh Control Row Decoder 

Refresh Counter Memory Array 
262,144x16 

Cells 

Ao-As Row Address Buffer 

Ao-As 
Col. Address Buffer Column Decoder 

tJiJ:'iiliiiiP 
ELECTRONICS 

Q 
c6 
en a. 
E 
<( 
Ql 
en 
c 
Ql 

Cl) 

Lower 
Data out 

Buffer 

Upper 
Data in 
Buffer 

Upper 
Data out 

Buffer 

DOs 
to 

D016 
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KM416C1568/BL/BLL CMOS DRAM 

PIN CONFIGURATION (Top Views) 

• KM416C156BJ/BLJ/BLLJ • KM416C156BT/BLT/BLLT • KM416C156BTR/BLTR/BLLTR 

Vee 10 40 Vss Vee 10 40 Vss Vss 40 Vee 

001 2 39 0016 001 2 39 0016 0016 39 2 001 

002 3 38 001s 002 3 38 001s 001s 38 0 3 002 

003 4 37 0014 003 4 37 0014 0014 37 4 003 

004 0013 
004 5 36 0013 0013 36 5 004 

5 36 
6 35 Vee 6 35 Vss Vss 35 6 Vee 

Vee Vss 
00s 7 34 0012 0012 34 7 OOs 

00s 7 34 0012 006 8 33 0011 0011 33 8 006 
006 8 33 0011 007 9 32 0010 0010 32 007 
007 9 32 0010 OOe 10 31 009 009 31 10 OOe 
OOa 10 31 009 

N.C. 11 30 N.C. 

LW 12 29 N.C. N.C. 11 30 N.C. N.C. 30 11 N.C. 

uw 13 28 eAS [W 12 29 N.C. N.C. 29 12 LW 

RAS· 14 27 Qt ow 13 28 CAS eAS 28 13 uw 
AAS 14 27 OE OE 27 14 RAS 

N.C. 15 26 As 
Ae Ae 26 N.C. N.C. 15 26 15 

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 18 23 As A2 18 23 As As 23 0 18 A2 
A3 19 0 22 A4 A3 19 22 A4 A4 22 19 A3 

Vee 20 21 Vss Vee 20 21 Vss Vss 21 20 Vee 

Pin Name Pin Function 

Ao-As Address Inputs 

D01-16 Data lh/Out 

Vss Ground 

RAS Row Address Strobe 

CAS Column Address Strobe 

uw Read Upper Byte Write Input 

LW Read Lower Byte Write Input 

OE Data Output Enable 

Vee Power(+5V) 

N.C. No Connection 

t1Mfi:W" ELECTRONICS 
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KM416C1568/BL/BLL CMOS DRAM 

ABSOLUTE MAXIMUM RATINGS 
Parameter Symbol Rating Units 

Voltage on any pin relative to Vss VIN, 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 (Voltage referenced to Vss, TA=O to 70°C) 

Parameter Symbol Min Typ Max Unit 

Supply Voltage Vee 4.5 5.0 5.5 v 
Ground Vss 0 0 0 v 
Input High Voltage VIH 2.4 - Vee+1 v 
Input Low Voltage VIL -1.0 - 0.8 v 

DC AND OPERATING CHARACTERISTICS (Recommended operating conditio~s unless otherwise noted) 

Parameter Symbol Min Max Units 

KM416C156B/BUBLL-5 110 mA 
Operating Current* KM416C156B/BUBLL-6 

lec1 
90 mA 

(RAS and CAS Cycling @tRC=min.) KM416C156B/BUBLL-7 - 80 mA 
KM416C156B/BUBLL-8 75 mA 

Standby Current 
lcc2 - 2 mA 

(RAS=CAS=UW=LW=VIH) 

KM416C156B/BUBLL-5 110 mA 
RAS-Only Refresh Current* KM416C156B/BUBLL"6 ICC3 

90 mA 
(CAS=VIH, RAS Cycling @tRC=min.) KM416C156B/BUBLL-7 

-
80 mA 

KM416C156B/BUBLL-8 75 mA 

KM416C156B/BUBLL-5 70 mA 
Fast Page Mode Current* KM416C156B/BUBLL-6 

ICC4 
60 mA 

(RAS=VIL, CAS, Address Cycling @tPC=min.) KM416C156B/BUBLL-7 
-

55 mA 
KM416C156B/BUBLL-8 50 mA 

Standby Current 
KM416C156B 1 mA 

(RAS=CAS=UW=LW=Vcc-0.2V) 
KM416C156BL Ices - 200 mA 
KM416C156BLL 150 µA 

KM416C156B/BUBLL-5 110 mA 
GAS-Before-RAS Refresh Current* KM416C156B/BUBLL-6 

Ices 
90 mA 

(RAS and CAS Cycling @tRC=min.) KM416C156B/BUBLL-7 
-

80 mA 
KM416C156B/BUBLL-8 75 mA 

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 KM416C156BL ICC? - 300 µA 
CAS=0.2V OIN=Don't Care, TRC=125µS(L-ver.), 
TRAS= TRAS min.-300ns 

ttMfiliil» 
ELECTRONICS 
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KM416C1568/BL/BLL CMOS DRAM 

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

Parameter Symbol Min Max Units 

Self Refresh Current 
RAS=CAS=0.2V KM416C156BLL Ices 200 µA 
xW=0E=Ao-Aa=Vcc-0.2V or 0.2V 

Input Leakage Current 
h(L) -10 10 µA 

(Any input OsV1N sVcc+0.5V, all other pins not under test=O volts.) 

Output Leakage Current 
IO(L) -10 10 µA 

(Data out is disabled, OVsVoursVcc) 

Output High Voltage Level (IO(H)=-5mA) VoH 2.4 - v 
Output Low Voltage Level (IO(L)=4.2mA) VOL - 0.4 v 

*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 and lcc3, address can be changed maximum 
two times while RAS=V1L. In lcc4, address can be changed maximum once within one fast page cycle. 

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

Parameter Symbol Min Max Unit 

Input Capacitance (Ao-Aa) CIN1 - 5 pF 

Input Capacitance (RAS, CAS, LW, UW, OE) CIN2 - 7 pF 

Input Capacitance (DQ1 -DQ16) Coo - 7 pF 

AC CHARACTERISTICS (0°C~ks;?0°C, Vcc=5V±10%, See notes 1,2) 

-5(*) -6 -7 -8 
Parameter Symbol Units Notes 

Min Max Min Max Min Max Min Max 

Random read or write cycle time tRC 90 110 130 150 ns 

Read-modify-write cycle time tRWC 135 155 185 205 ns 

Access time from RAS tRAC 50 60 70 80 · ns 3,4,11 

Access time from CAS tCAC 15 15 20 20 ns 3,4,5 

Access time from column address tAA 25 30 35 40 ns 3,11 

CAS fo output in Low-Z tcu 0 0 0 0 ns 3 

Output buffer turn-off delay tOFF 0 15 0 15 0 15 0 15 ns 7 

Transition time· (rise and fall) tr 3 50 3 50 3 50 3 50 ns 2 

RAS precharge time tRP 30 40 50 60 ns 

RAS pulse width tRAS 50 10,000 60 10,000 70 10,000 80 10,000 ns 

RAS hold time tRSH 15 15 20 20 ns 

CAS hold time tCSH 50 60 70 80 ns 

CAS pulse width tCAS 15 10,000 15 10,000 20 10,000 20 10,000 ns 

RAS to CAS delay time tRCD 20 35 20 45 20 50 20 60 ns 4 

RAS to column address delay time tRAD 15 25 15 30 15 35 15 40 ns 11 

CAS to RAS precharge time tCRP 5 5 5 5 ns 

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

(*) 50ns Product:Vcc=5V ± 5%, Cout=50pF 

dfofi'Jil• 
ELECTRONICS 

412 



KM416C1568/BL/BLL CMOS DRAM 

AC CHARACTERISTICS (Continued) 

-5(*) -6 -7 -8 
Parameter Symbol Units Notes 

Min Max Min Max Min Max Min Max 

Row address hold time tRAH 10 10 10 10 ns 

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

Column address hold time tCAH 10 10 15 15 ns 

Column address hold time referenced to RAS tAR 40 45 55 60 ns 6 

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

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

Read command hold time referenced to CAS tRCH 0 0 0 0 ns 9 

Read command hold time referenced to RAS tRRH 0 0 0 0 ns 9 

Write command hold time tWCH 10 10 10 10 ns 

Write command hold time referenced to RAS tWCR 40 45 50 55 ris 6 

Write command pulse width twp 10 10 10 10 ns 

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

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

Data set-up time tos 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 6 

Refresh period (Normal) tREF 8 8 8 8 ms 

Refresh period (L-Version) tREF 64 64 64 64 ms 

Refresh period (LL-Version) tREF 128 128 128 128 ms 

Write command set-up time twcs 0 0 0 0 ns 8 

CAS to LW, UW delay time tcwo 40 40 50 50 ns 8 

RAS to LW, UW delay time tRWD 75 85 95 105 ns 8 

Column address to LW, UW delay time tAWD 50 55 60 65 ns 8 

CAS precharge to W delay time tCPWD 55 60 65 70 ns 

CAS set-up time (GAS-before-RAS refresh) tCSR 10 10 10 10 ns 

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

RAS to CAS precharge time tRPC 5 5 5 5 ns 

CAS precharge time (C-8-R counter test cycle) tCPT 20 20 25 30 ns 

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

Fast Page mode cycle time tPC 35 40 45 50 ns 

Fast Page mode read-modify-write cycle time tPRWC 80 80 95 100 ns 

CAS precharge time (Fast Page mode) tCP 10 10 10 10 ns 

RAS pulse width (Fast Page mode) tRASP 50 100K 60 100K 70 100K 80 100K ns 

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

OE access time tOEA 15 15 20 20 ns 

OE to data delay tOED 15 15 20 20 ns 

Out put buffer turn off delay time from OE tOEZ 0 15 0 15 0 20 0 20 ns 7 

(*) 50ns Product:Vcc=5V ± 5%, Cout=50pF 

411JMJ@> . 
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KM416C1568/BL/BLL CMOS DRAM 

AC CHARACTERISTICS (Continued) 

-5(*) -6 -7 -8 
Parameter Symbol Units Notes 

Min Max Min Max Min Max Min Max 

OE commend hold time tOEH 15 15 20 20 ns 

Masked write set-up time tMCS. 0 0 0 0 ns 

Masked write hold time referenced to RAS tMRH 0 0 0 0 ns 

Masked write hold time referenced to CAS tMCH 0 0 0 0 ns 

RAS pulse width (C-8-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=SV ± 5%, Cout=50pF 

KM416C156B Truth Table 

RAS CAS uw LW OE DQ1-DQa OQ9-0Q1& STATE 
H x x x x Hl-Z Hl-Z Standby 

L H x x x Hl-Z Hl-Z Refresh 

L L H H L DQ-OUT DQ-OUT Word Read 

L L L L x DQ-IN OQ-IN Word Write 

L L H L x DQ-IN - Byte Write 

L L L H x - DQ-IN Byte Write 

•1Mf foi» 
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KM416C1568/BL/BLL 

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) are 
assumed to be 5ns for all inputs. 

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

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

5. Assumes that tRCD z tRCD (max). 
6. tAR, twcR, tDHR are referenced to tRAo(max). 
7. This parameter defines the time at which the 

output achieves the open circuit condition and is 
not referenced to VoH or VoL. 

8. twcs, tRWD, tcwo and tAwD are non restrictive 
operating parameters. They are included in the 
data sheet as electric characteristics only. If twcs z 
twcs(min) the cycle is an early write cycle and the 
data output will remain high impedance for the 
duration of the cycle. If tcwoztcwo(min), tRwoz 
tRwo(min) and tAwoztAwo(min}, then the cycle is a 

dV:fiiiii> 
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read-write cycle and the data output will contain 
the data read from the selected address. If neither 
of the above conditions are satisfied, the condition 
of the data out is indeterminate. 

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

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

11. 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. 

12. 512 cycles of burst refresh must be executed 
within 8ms before and after self refresh, In order to 
meet refresh specification. 

13. tRcs, tMcs are referenced to the later W rising edge 
at early write cycle. 

14. twcs is referenced to the later W falling edge at 
early write cycle. 

15. tcwL, tRWL are referenced to the later W falling edge 
at early write cycle. 

16. twcH, twP are referenced to the earler W falling 
edge at early write cycle. 

17. tRwD, tAWD, tcwo are referenced to the earler W 
falling edge at Read-Modify-write cycle. 
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KM416C1568/BL/BLL 

TIMING DIAGRAM 
READ CYCLE 
NOTE; D1N=OPEN 

A 

uw 

LW 

OE 

DQ1-DQ8 

V1H-

V1L-

V1H

V1L-

V1H-

V1L-

V1H-

V1L-

V1H-

VIL-

V1H-

V1L-

V1H-

V1L-

V1H

DQ9-DQ16 
V1L-

WRITE CYCLE (EARLY WRITE) 
NOTE; Dour=OPEN 

RAS 
V1H-

V1L-

CMOS DRAM 

,-------+---tRsH---T--1 

V1H-
______ ...___...._~~~~~~ ....... - ,...i..~-i...~~+-~~~~ 

CAS 
V1L-

V1H-

A 
V1L-

V1H-

uw 
V1L-

V1H-
LW 

V1L-

V1H-

OE 
V1L-

V1H

DQ1 -DQ8 ViL _ 

V1H

DQ9-DQ16 
V1L-

dfofilh'IP 
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KM416C1568/BL/BLL 

UPPER BYTE WRITE CYCLE (EARLY WRITE) 
NOTE; DouT=OPEN 

--------IRAs.-------< 

CAS 

A 

uw 

LW 

OE 

V1H

V1L-

V1H-

VIL-

V1H-

V1L-

V1H-

V1L-

V1H-

VIL_;. 

V1H-

VIL-

V1H

IRSH 

ICAS 

CMOS DRAM 

DQ1-DQ8 
V1L - ""--1'--"'""""""'-"--"'--....i~:.......M....M....K......K.,~-lf--~~....ll.....K....K.....K....~~~-.¥.-¥....¥....K.....X....~~~ 

V1H

DQ9-DQ16 VIL - ...._.__.....___..__._...._ ................ _ 
LOWER BYTE WRITE CYCLE (EARLY WRITE) 
NOTE; DouT=OPEN 

---------tRAs~------i 
~~~~-.1 Ir-~~~~ 

V1H -

V1L-

CAS V1H -

VIL -

V1H -
A 

VIL -

V1H-
uw 

V1L-

V1H-

UN 
V1L-

V1H-

OE 
V1L-

V1H-
DQ1-DQ8 

VIL-

~DON'TCARE 

•1MfiihiiP 
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KM416C156B/BL/BLL 

WRITE CYCLE (OE CONTROLLED WRITE) 
NOTE; DouT=OPEN 

CAS 

A 

uw 

LW 

6E 

V1H

V1L -

V1H-

VIL -

V1H-

VIL -

V1H-

VIL -

V1H -

V1L -

V1H -

V1L -

V1H

oa1 -oaa ViL _ 

V1H -
DQ9-DQ16 

VIL -

tcAS 

UPPER BYTE WRITE CYCLE (OE CONTROLLED WRITE) 

CMOS DRAM 

IRSH 

NOTE; DouT=OPEN tRc----------

RAS 

CAS 

A 

uw 

LW 

OE 

DQ1-DQ8 

V1H

V1L -

V1H-

V1L-

V1H-

V1L-

V1H -

VIL -

V1H-

VIL -

V1H-

V1L-

V1H-

V1L-

V1H -

DQ9-DQ16 ViL _ 

~------tRAs-------l 
~~~~"""-' 1--~~--1 

tRSH 

tCAS 

00 DON'T CARE 

tJMflliW> 
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KM416C1568/BL/BLL 

LOWER BYTE WRITE CYCLE (OE CONTROLLED WRITE) 
NOTE; DouT=OPEN 

GAS 
V1H-

V1L-

V1H ..;_ 

A 
V1L-

V1H-

uw 
V1L-

V1H-
LW 

V1L-

OE 
V1H-

VIL-

001-008 
V1H-

V1L-

READ-MODIFY-WRITE CYCLE 

GAS 

A 

uw 

LW 

OE 

001-008 

OQ9-DQ16 

V1H -

V1L -

V1H -

V1L -

V1H -

V1L-

V1H -

V1L -

V1H-

V1L-

V1H-

VIL -

V1H-

V1L-

V1H-

V1L-

41Mf11W» 
ELECTRONICS 
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• 
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KM416C156B/BL/BLL CMOS DRAM 

READ-MODIFY-UPPER-BYTE-WRITE CYCLE 

V1H-

RAS 
V1L-

Ci\S" 
V1H-

V1L-

V1H-

A 
VIL-

V1H-

ow 
V1L-

V1H-

LW 
VIL -

V1H-

OE' 
V1L-

V1H-

DQ1-DQ8 
VIL-

V1H-
D09-DQ16 ~~~~~~~~~~~~-<!~XI 

V1L -

READ-MODIFY-LOWER-BYTE-WRITE CYCLE 

V1H-
RAS 

VIL-

V1H-

CAS 
V1L-

V1H-
A 

V1L-

V1H-
uw 

VIL-

V1H -
LW 

V1L-

V1H -

OE 
V1L-

V1H-

DQ1-DQ8 
V1L-

V1H-
009-0016 

VIL-

~DON'TCARE 

t1Mf11Ui» 
ELECTRONICS 
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KM416C1568/BL/BLL 

FAST PAGE MODE WORD READ CYCLE 

V1H-

RAS 
V1L-

V1H-

CAS 
Vil-

V1H-

A 
VIL-

uw V1H-

V1L-

V1H-

LW 
V1L-

V1H-

OE 
V1L-

DQ1-DQ8 
V1L-

V1H

DQ9-DQ16 
V1L-

FAST PAGE MODE WORD WRITE CYCLE (EARLY WRITE) 

V1H-

RAS 
V1L-

V1H-

CAS 
V1L-

V1H-

A 
V1L-

V1H-
uw 

V1L-

V1H-

LW 
V1L-

V1H-

OE 
V1L-

V1H-

DQ1-DQ8 
VIL-

V1H-

DQ9-DQ16 
V1L-

.1mw:m• 
ELECTRONICS 

CMOS DRAM 
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KM416C1568/BL/BLL 

FAST PAGE MODE UPPER BYTE WRITE CYCLE (EARLY WRITE) 
NOTE; Dour=OPEN 

A 

IW 

001-008 

009-0016 

V1H

V1L-

V1H-

V1L-

V1H-

V1L-

V1H

V1L-

V1H-

V1L-

V1H

V1L-

V1H

V1L -

V1H-

V1L-

FAST PAGE MODE LOWER BYTE WRITE CYCLE (EARLY WRITE) 
NOTE; Dour=OPEN 

V1H-
RAS 

V1L-

V1H-
CAS 

V1L-

V1H-

A 
V1L-

V1H-
uw 

V1L-

V1H-

LW 
V1L-

V1H-

~ 
V1L-

V1H-

001-008 
VIL-

V1H-

009-0016 
V1L-

•tMHlhl• 
ELECTRONICS 

CMOS DRAM 
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KM416C1568/BL/BLL CMOS DRAM 

FAST PAGE MODE READ-MODIFY- WRITE CYCLE 

V1H-

~ 
V1L-

V1H-

GAS 
V1L-

V1H-
A 

V1L-

V1H-uw 
VIL-

V1H-

LW 
V1L-

V1H-

OE 
V1L-

V1H-
DQ1-DQ8 

V1L-

V1H-
DQ9-DQ16 

V1L-

EZ] ~ON'T CARE 

dMfilhi» 
ELECTRONICS 
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KM416C156B/BL/BLL 

FAST PAGE MODE READ-MODIFY-LOWER-BYTE-WRITE CYCLE 

V1H-

~ 
V1L-

GAS 
V1H-

V1~ :---

V1H-
A 

V1L-

uw 
V1H-

V1L-

V1H-
LW 

V1L-

V1H-
OE 

V1L-

V1H-

DQ1-DQ8 
V1L-

V1H
DQ9-DQ16 

V1L-

•tMHlih• 
ELECTRONICS 

CMOS DRAM 
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KM416C1568/BL/BLL 

FAST PAGE MODE READ-MODIFY-UPPER-BYTE-WRITE CYCLE 

RAS 
V1H-

V1L-

GAS 
V1H-

V1L-

V1H-

A 
VIL-

V1H-

uw 
V1L-

V1H-
LW 

V1L-

V1H-

BE 
VIL-

001-008 

V1H
D09-D016 

VIL-

dJ:'&JiJiiiP 
ELECTRONICS 

lRWD tCPWD 

DATA-OUT 

CMOS DRAM 

• 

DATA-OUT 

~DON'T CARE 
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KM416C1568/BL/BLL 

RAS-ONLY REFRESH CYCLE 
NOTE; UW, LW, c.::>E', D1N=Don't Care DoUT~OPEN 

FiPS 
V1H-

V1L-

GAS V1H-

V1L -

tASR tRAH 

A 
V1H-

V1L-

CAS-before-RAS REFRESH CYCLE 

NOTE; UW, LW, OE, A=Don't Care 

CMOS DRAM 

tRc 

tRAS 

1----------tRC---------i 

~ V1H -

Vil-

----tCHR----i 

V1H -
CA'S 

Vil-

to FF 

VoH-
001-0016 i>------------OPEN------------

Vol-

CAS-before-RAS SELF REFRESH CYCLE (LL-version) 
NOTE: W, OE, A=Don't Care 

V1H-

V1L- ___ ___, 

001-0016 ~OH - l>--------OPEN------------
OL - ------'""'I 

~ OON'TCARE 

tl1IMJihl» 
ELECTRONICS 
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KM416C1568/BL/BLL 

HIDDEN REFRESH CYCLE (READ) 

V1H-
RAS 

V1L-

V1H-

CAS 
V1L-

V1H-

A 
V1L-

V1H-

uw 
V1L-

LW 
V1H-

V1L-

OE V1H-

V1L-

V1H-

DQ1-DQ8 
V1L -

V1H
DQ9-QQ16 

V1L-

HIDDEN REFRESH CYCLE (WRITE) 
NOTE; Dour=OPEN 

V1H-
RAS 

VIL -

V1H-
GAS 

V1L-

V1H-

A 
V1L-

V1H-

uw 
V1L-

V1H-
LW 

V1L-

OE 
V1H-

V1L-

V1H-
DQ1-DQ8 

V1L-

V1H-
DQ9-DQl6 

V1L-

•1m'if1@iP 
ELECTRONICS 

CMOS DRAM 
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KM416C1568/BL/BLL CIVIOS DRAM 

TIMING DIAGRAMS (Continued) 

CAS-before-RAS REFRESH COUNTER TEST CYCLE 

I IRAs---------~-i 

RAS 

CAS 

A 

READ CYCLE 

V1H-

LW,UW 
V1L-

V1H-

OE 
V1L-

DQ1-DQ1s 
VoH-

VoL-

WRITE CYCLE 

V1H-
LW,UW 

V1L-

V1H-

5E. 
V1L-

V1H-
DQ1-DQ1s 

V1L-

. V1H-

LW,UW 
V1L-

V1H-

OE 
V1L-

V110H-
DQ1-DQ1s 

V110L-

efaH'iW> 
ELECTRONICS 

OPEN 

VALID _ _j 

DATA-OUT 

~DON'T CARE 
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KM416C156B/BL/BLL 

PACKAGE DIMENSION 
40-LEAD PLASTIC SMALL OUT-LINE J-LEAD 

1.020(25.91) 

1.030(25.16) 

0 
0 

jo[ooo•<O 1l[ ~A AiiAiiAiiMMJiii 
0.016(0.41) I I 0.050(127) I_ ~ 
0.020(0.51) r--- --j TYP ------i 

40 LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE (II) 
(Forward and Reverse Type) 

.]co 0"' 
~~ 

~~~~~~~~~,.;;;;;;;~~~~~ 

I 

18.31 11 !I 
1&~ ~ 

0.80 TY: ~5 TYP 

•tMfiihi» 
ELECTRONICS 

CMOS DRAM 

Units: Inches (millimeters) 

010 "'C') 

ci ci 
oo N" 
0 ~ 
O'O 
ci ci 

----.---
0 130(3.30) 

0140(3 56) 

0.050( 1.27) 

MAX 

0.80TYP 

~ 
0.40 I I 
0.60 
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KM416C1578/BL/BLL CMOS DRAM 

256K x 16 Bit CMOS Dynamic RAM with Fast Page Mode· 

FEATURES 
• Performance range: 

tRAC tCAC tRC 

KM416C1578/8U8LL-5 50ns 15ns 90ns 

KM416C1578/8UBLL-6 60ns 15ns 110ns 

KM416C1578/8U8LL-7 70ns 20ns 130ns 
------------------+----l------1------

KM416C1578/8U8LL-8 80ns 20ns 150ns 

• Fast Page Mode operation 
· Byte Write operation(2W) 
• Word Read/Write operation 
• CAS-before-RAS refresh capability 
• RAS-only and Hidden Refresh capability 
• RAS-only and Hidden Refresh capability 
• Self Refresh operation (LL-version) 
• TTL compatible inputs and outputs 
• Early write or output enable controlled write 
•Triple +5V±10% power supply 
• Refresh cycle 

-1024 cycle/16ms (Normal} 
-1024 cycle/128ms (L & LL-Ver) 

• Power Dissipation 
-Standby: 5.5mW (Normal) 

1.1 mW (L-version) 
0.83mW (LL-version) 

-Active (50/6ono;so): 470/385/360/330mW 
• JEDEC standard pinout 
• Available in plastic SOJ and TSOP (II) 

FUNCTIONAL BLOCK DIAGRAM 

RAS 

CAS Control 
LW Clocks 

GENERAL DESCRIPTION 
The Samsung KM416C1578/8U8LL is a CMOS high 
speed 262, 144 bit x 16 Dynamic Random Access 
Memory. Its design is optimized for high performance 
applications such as minicomputers, graphics and high 
performance portable computers. 

The KM416C1578/8U8LL features Fast Page Mode 
operation which allows high speed random access of 
memory cells within the same row. GAS-before-RAS 
refresh capability provides on-chip auto refresh as an 
alternative to RAS-only refresh. All inputs and outputs 
are fully TTL compatible. 

The KM416C1578/8L/8LL is fabricated using 
Samsung's advanced CMOS process. 

Lower 
Data in 

uw VBB Generator 
~~:: 

Buffer DQ1 
to 

DQs 
Lower 

Refresh Control Row Decoder Data out 
Buffer 

Q 
Refresh Counter ~ Upper 

Memory Array <J) 

Cl. Data in 
262,144x16 E 

Buffer 
Cells 

<t: 
Q) 

Row Address Buffer 
<J) 

Ao-Ag - c 
Q) 

DQg 

(/) Upper DQ16 
Data out 

Ao-A1 Col. Address Buffer Column Decoder Buffer 

t11ti'i Qi iii" 
ELECTRONICS 
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KM416C1578/BL/BLL CMOS DRAM 

PIN CONFIGURATION (Top Views) 

• KM416C157BJ/BLJ/BLLJ • KM416C157BT/BLT/BLLT • KM416C157BTR/BLTR/BLLTR 

Vee 10 40 Vss Vee 10 40 Vss Vss 40 Vee 

001 2 39 0016 001 2 39 0016 0016 39 2 001 

002 3 38 001s 002 3 38 001s 001s 38 0 ·3 002 

003 4 37 0014 003 4 37 0014 OQ14 37 4 003 

004 0013 
004 5 36 0013 0013 36 5 004 

5 36 
6 35 Vee 6 35 Vss Vss 35 6 Vee 

Vee Vss 
00s 7 34 0012 0012 34 7 OOs 

OOs 7 34 0012 OOs 8 33 0011 0011 33 8 OOs 
00s 8 33 0011 001 9 32 0010 0010 32 9 007 
007 9 32 0010 00s rn 31 009 009 31 rn OOs 
OOs rn 31 009 

N.C. 11 30 N.C. 

LW 12 29 N.C. N.C. 11 30 N.C. N.C. 30 11 N.C. 

uw 13 28 CA'S LW 12 29 N.C. N.C. 29 12 LW 

RAS 14 27 OE uw 13 28 CAS CAS 28 13 uw 
RAS 14 27 OE OE 27 14 RAS 

A9 15 26 As 
16 A9 15 26 As As 26 15 A9 

Ao 25 A1 
Ao 16 25 A1 A1 25 16 Ao 

A1 17 24 As A1 17 24 As As 24 17 A1 
A2 18 23 As A2 18 23 As As 23 0 18 A2 
A3 19 0 22 A4 A3 19 22 A4 A4 22 19 A3 

Vee 20 21 Vss Vee 20 21 Vss Vss 21 20 Vee 

Pin Name Pin Function 

Ao-Ag Address Inputs 

001-16 Data In/Out 

Vss Ground 

RAS Row Address Strobe 

CAS Column Address Strobe 

uw Read/Upper Byte Write Input 

LW Read/Lower Byte Write Input 

OE Data Output Enable 

Vee Power(+5V) 

N.C. No Connection 

•1Mfi''iii' ELECTRONICS 
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KM416C1578/BL/BLL CMOS DRAM 

ABSOLUTE MAXIMUM RATINGS 
Parameter Symbol Rating Units 

Voltage on any pin relative to Vss V1N, VouT -1to+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 (Voltage referenced to Vss, TA=O to 70°C) 

Parameter ·Symbol Min Typ Max Unit 

Supply Voltage Vee 4.5 5.0 5.5 v 
Ground Vss 0 0 0 v 
Input High Voltage VIH 2.4 - Vec+1 v 
Input Low Voltage VIL -1.0 - 0.8 v 

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

Parameter Symbol Min .. Max Units 

KM416C157B/BUBLL-5 85 mA 
Operating Current* KM416C157B/BUBLL-6 

lcc1 
70 mA 

(RAS and CAS Cycling @tRC=min.) KM416C157B/BUBLL-7 -
65 mA 

KM416C157B/BUBLL-8 60 mA 

Standby Current 
lcc2 · - 2 mA 

(RAS=CAS=UW=LW=VIH) 

KM416C157B/BUBLL-5 85 mA 
RAS-Only Refresh Current* KM416C157B/BUBLL-6 

ICC3 70 mA 
(CAS=VIH, RAS Cycling @tRC=min.) KM416C157B/BUBLL-7 -

65 mA 
KM416C157B/BUBLL-8 60 mA 

KM416C157B/BUBLL-5 65 mA 
Fast Page Mode Current* KM416C157B/BUBLL-6 

ICC4 55 mA 
(RAS=VIL, CAS, Address Cycling @tPC=min.) KM416C157B/BUBLL-7 

-
50 mA 

KM416C157B/BUBLL-8 45 mA 

Standby Current 
KM416C157B 1 mA 

(RAS=CAS=UW=LW=Vcc-0.2V) 
KM416C157BL Ices - 200 µA 
KM416C157BLL 150 µA 

KM416C157B/BUBLL-5 85 mA 
GAS-Before-RAS Refresh Current* KM416C157B/BUBLL-6 

ICC6 70 mA 
(RAS and CAS Cycling @tRc=min.) KM416C157B/BUBLL-7 

-
65 mA 

KM416C157B/BUBLL-8 60 mA 

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 KM416C157BL ICC? - 300 µA 
CAS=0.2V DIN=Don't Care, TRC=125µS(L-ver.), 
TRAS= TRAS min.-300ns 

tJ:fofiij}i» 
ELECTRONICS 
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KM416C1578/BL/BLL CMOS DRAM 

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

·Parameter Symbol Min Max Units 

Self Refresh Current 
I KM416C157BLL RAS=CAS=0.2V Ices 200 µA 

xW=fil=Ao-A9=Vcc-0.2V or 0.2V 
--

Input Leakage Current ]t(L) -10 10 µA 
(Any input O<::V1N <::Vcc+0.5V, all other pins not under test=O volts.) 

Output Leakage Current IO(L) -10 10 µA 
-(Data out is disabled, OV<'.'.Vour<::Vcc) 

Output High Voltage Level (IOH=-5mA) VoH 2.4 - v 
Output Low Voltage Level (loL=4.2mA) VOL - 0.4 v 

*NOTE: lcc1, ICC3, lcc4 and ICC6 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 and lcc3; address can be changed maximum 
two times while RAS=VtL. In lcc4, address can be changed maximum once within one fast page cycle. 

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

Parameter Symbol Min Max Unit 

Input Capacitance (Ao-Ag) CtN1 - 5 pF 

Input Capacitance (RAS, CAS, LW, UW, OE) CtN2 - 7 pF 

Input Capacitance (DQ1 -0016) Coo - 7 pF 

AC CHARACTERISTICS (OUC.:::k;;?0°C, Vcc=5V±10%, See notes 1,2) 

-5(*) -6 .7 -8 
Parameter Symbol Units Notes 

Min Max Min Max Min Max Min Max 

Random read or write cycle time tRC 90 110 130 150 ns 

Read-modify-write cycle time tRWC 135 155 185 205 ns 

Access time from RAS tRAC 50 60 70 80 ns 3,4,11 

Access time from CAS tCAC 15 15 20 20 ns 3,4,5 

Access time from column address tAA 25 30 35 40 ns 3,11 

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

Output buffer turn-off delay tOFF 0 15 0 15 0 15 0 15 ns 7 

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 10,000 60 10,000 70 10,000 80 10,000 ns 

RAS hold time tRSH 15 15 20 20 ns 

CAS hold time tCSH 50 60 70 80 ns 

CAS pulse width tCAS 15 10,000 15 10,000 20 10,000 20 10,000 ns 

RAS to CAS delay time tRCD 20 35 20 45 20 50 20 60 ns 4 

RAS to column address delay time tRAD 15 25 15 30 15 35 15 40 ns 11 

CAS to RAS precharge time tCRP 5 5 5 5 ns 

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

* 50ns Product: Vcc=5V±5%, Cout=50pF 

t11J@jij}iiP 
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KM416C1578/BL/BLL CMOS DRAM 

AC CHARACTERISTICS (Continued) 

-5(*) -6 -7 -8 
Parameter Symbol Units Notes 

Min Max Min Max Min Max Min Max 

Row address hold time tRAH 10 10 10 10 ns 

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

Column address hold time tCAH 10 10 15 15 ns 

Column address hold time referenced to RAS tAR 40 45 55 60 ns 6 

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

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

Read command hold time referenced to GAS tRCH 0 0 0 0 ns 9 

Read command hold time referenced to RAS tRRH 0 0 0 0 ns 9 

Write command hold time tWCH 10 10 10 10 ns 

Write command hold time referenced to RAS twCR 40 45 50 55 ns 6 

Write command pulse width twP 10 10 10 10' ns 

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

Write command to GAS ·1ead time tCWL 15 15 15 20 ns 

Data set-up time tos 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 6 

Refresh period (Normal) tREF 16 16 16 16 ms 

Refresh period (L,LL-Version) tREF 128 128 128 128 ms 

Write command set-up time twcs 0 0 0 0 ns 8 

CAS to LW, UW delay time tcwo 40 40 50 50 ns 8 

RAS to LW, UW delay time tRWD 75 85 95 105 ns 8 

Column address to LW, UW delay time tAwo 50 55 60 65 ns 8 

GAS precharge to W delay time tCPWD 55 60 65 70 ns 

GAS set-up time (GAS-before-RAS refresh) tCSR 10 10 10 10 ns 

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

RAS to GAS precharge time tRPC 5 5 5 5 ns 

GAS precharge time (C-B-R counter test cycle) tCPT 20 20 25 30 ns 

Access time from GAS 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 80 80 95 100 ns 

CAS precharge time (Fast Page mode) tCP 10 10 10 10 ns 

RAS pulse width (Fast Page mode) tRASP 50 100K 60 100K 70 100K 80 100K ns 

RAS hold time from GAS precharge tRHCP 30 35 40 45 ns 

OE access time tOEA 15 15 20 20 ns 

OE to data delay to ED 15 15 20 20 ns 

Out put buffer turn off delay time from OE tOEZ 0 15 0 15 0 20 0 20 ns 7 

OE cor:nmend hold time tOEH 15 15 20 20 ns 

*50ns Product: Vcq=5V±5%, Cout=50pF 

dfafiihi» 
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KM416C1578/BL/BLL CMOS DRAM 

AC CHARACTERISTICS (Continued) 

-5(*) -6 -7 -8 
Parameter Symbol Units Notes 

Min Max Min Max Min Max Min Max 

Masked write set-up time tMCS 0 0 0 0 ns 

Masked write hold time referenced to RAS tMRH 0 0 0 0 ns 

Masked write hold time referenced to CAS tMCH 0 0 0 0 ns 

RAS pulse width (0-B-R self refresh) tRASS 100 100 100 100 µs 

RAS precharge time (C-B-R self refresh) tRPS 90 110 130 150 ns 12 

CAS hold time (C-B-R self refresh) tCHS -50 -50 -50 -50 ns 12 

* 50ns Product: Vcc=5V±5%, Cout=50pF 

KM416C1578 Truth Table 

RAS CAS uw LW OE DQ1-DQs DQ9-DQ1s STATE 

H x x x x I Hl-Z Hl-Z Standby 

L H x x x Hl-Z Hl-Z Refresh 

L L H H L DQ-OUT DQ-OUT Word Read 

L L L L x DQ-IN DQ-IN Word Write 

L L H L x DQ-IN - Byte Write 

L L L H x - DQ-IN Byte Write 

t1Mt11iii" ELECTRONICS 
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KM416C1578/BL/BLL 

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) are 
assumed to be Sns for all inputs. 

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

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

5. Assumes that tRCD2tRco (max). 
6. tAR, twcR, toHR are referenced to tRAo(max). 
7. This parameter defines the time at which the 

output achieves the open circuit condition and is 
not referenced to VoH or VOL. 

8. twcs, tRwo, tcwo and tAwo are non restrictive 
operating parameters. They are included in the 
data sheet as electric characteristics only. If twcs:::::: 
twcs(min) the cycle is an early write cycle and the 
data output will remain high impedance for the 
duration of the cycle. If tcwo:::=::tcwo(min), tRwo:::::: 
tRwo(min) and tAwoztAwo(min), then the cycle is a 
read-write cycle and the data output will contain 
the data read from the selected address. If neither 
of the above conditions are satisfied, the condition 

tJ:!:f:fJilil$ 
ELECTRONICS 

CMOS DRAM 

of the data out is indeterminate. 
9. Either tRCH or tRRH must be satisfied for a read 

cycle. 
10. These parameters are referenced to the CAS 

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

11. Operation within the tRAo(max) limit insures that 
tRAc(max) can be met. tRAo(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. 

12. 1024 cycles of burst refresh must be executed 
within 16ms before and after self refresh, in order 
to meet refresh specification 

13. tRcs, tMcs are referenced to the later W rising edge 
at early write cycle. 

14. twcs is referenced to the later W falling edge at 
early write cycle. 

15. tcwL, tRWL are referenced to the later W falling edge 
at early write cycle. 

16. twcH, twp are referenced to the earler W falling 
edge at early write cycle. 

17. tRwo, tAwo, tcwo are referenced to the earler W 
falling edge at Read-Modify-write cycle. 
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KM416C157B/BUBLL 

TIMING DIAGRAM 
READ CYCLE 
NOTE; D1N=OPEN 

V1H-

V1L-

V1H-

V1L-

V1H-

A 
V1L-

V1H-

uw 
V1L-

V1H-

LW 
VIL-

V1H-
OE 

V1L-

V1H-

DQ1-DQ8 
V1L-

V1H

DQ9-'DQ16 
V1L-

WRITE CYCLE (EARLY WRITE) 
NOTE; Dour=OPEN 

,__---------tMs~-------

CMOS DRAM 

~~~~-i 1~~~~~1 

RAS 
V1H-

V1L-

V1H-
CAS 

V1L-

V1H-

A 
V1L-

V1H-

uw 
V1L-

V1H-
LW 

V1L-

V1H-

OE 
V1L-

V1H

DQ1 -DQ8 ViL _ 

V1H

DQ9-DQ16 
V1L-

-------t---1RSH----+--
-......-............ --+-+-~~~~~~ ....... - ,.....&..~ ...... ~~-+-~~~~ 

DON'T CARE 

. •1Mfi@iP 
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KM416C1578/BL/BLL CMOS DRAM 

UPPER BYTE WRITE CYCLE (EARLY WRITE) 
NOTE; Dour=OPEN 

--------tRAS------__.j ----......i i----'1 
V1H-

V1L-

tRSH 

V1H- ICAS 

CAS 
V1L-

V1H-

A 
V1L-

V1H-
uw 

V1L-

V1H-

LW 
VIL-

V1H-

OE 
VIL-

V1H

DQ1-DQ8 
V1L - "'--1""-ll:~....K.....K....lol-.K.--ic......:~~-..¥~-lfo~-¥..~~~~~-..¥~~~.¥...L.~~~'-l;~ 

LOWER BYTE WRITE CYCLE (EARLY WRITE) 
NOTE; Dour=OPEN 

i---------IRAs-------i ------..1 i--~~~~ 
V1H-

V1L-

CAS V1H-

V1L-

V1H -
A 

V1L -

V1H-
uw 

V1L.-

V1H-

IW 
V1L-

V1H-

OE 
V1L-

V1H-
DQ1-DQ8 

V1L-

~DON'TCARE 

•tMHihi• 
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KM416C1578/BL/BLL 

WRITE CYCLE (OE CONTROLLED WRITE) 
NOTE; DouT=OPEN 

CAS 

A 

uw 

LW 

OE 

V1H

V1L -

V1H -

VIL -

V1H-

VIL-

V1H -

VIL -

V1H -

VIL -

V1H -

V1L-

V1H -
DQ1-DQ8 ViL _ 

V1H -
DQ9-DQ16 

VIL -

ICAS 

UPPER BYTE WRITE CYCLE (OE CONTROLLED WRITE) 

CMOS DRAM 

IRSH 

NOTE; DouT=OPEN tRc---------

RAS 

CAS 

A 

uw 

LW 

OE 

DQ1-DQ8 

V1H

V1L -

V1H-

V1L-

V1H-

V1L -

V1H -

VIL -

V1H-

V1L -

V1H-

V1L-

V1H-

V1L-

V1H -

DQ9-DQ16 ViL _ 

i---------IRAs-------l -----i 1---~1 

!ASH 

ICAS 

/ 

00 DON'T CARE 

•li'!WiiUI» 
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KM416C1578/BL/BLL 

LOWER BYTE WRITE CYCLE (OE CONTROLLED 'WRITE) 
'NOTE; DouT=OPEN 

CAS 
V1H-

V1L-

V1H -
A 

V1L-

V1H-

uw 
V1L-

V1H-
LW 

V1L-

OE 
V1H-

V1L-

V1H-
D01-DQ8 

V1L-

READ-MODIFY-WRITE CYCLE 

GAS 

A 

uw 

LW 

OE 

DQ1-DQ8 

DQ9-DQ16 

V1H -

VIL -

V1H -

V1L -

V1H -

V1L-· 

V1H -

V1L -

V1H-

V:L-

V1H-

VIL -

V1H-

V1L-

V1H-

VIL -

ttMfi@» 
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KM416C157B/BUBLL CMOS DRAM 

READ-MODIFY-UPPER-BYTE-WRITE CYCLE 

V1H-

RAS 
V1L-

GAS 
V1H-

V1L -

V1H-

A 
V1L-

V1H -

uw 
VIL -

V1H-

LW 
VIL-

V1H-

OE 
VIL -

V1H-

001-008 
VIL-

V1H-

OQ9-0016 ~~~~~~~~~~~~-<t~XI 

V1L -

READ-MODIFY-LOWER-BYTE-WRITE CYCLE 

V1H-
RAS 

VIL-

V1H-

GAS 
V1L-

V1H-

A 
V1L-

V1H-

uw 
V1L-

V1H -

LW 
V1L-

V1H -

OE 
V1L-

V1H-

001-008 
V1L-

V1H-
009-0016 

VIL-

~OON'TCARE 

.1mw1:m• 
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KM416C1578/BL/BLL 

FAST PAGE MODE WORD READ CYCLE 

V1H-

RAS 
VIL-

V1H-

CAS 
V1L-

V1H-

A 
V1L-

uw V1H-

V1L-

V1H-

LW 
V1L-

V1H-

OE 
V1L-

001-008 
V1L-

V1H

D09-D016 
V1L-

FAST PAGE MODE WORD WRITE CYCLE (EARLY WRITE) 

CAS 
V1L-

V1H-

A 
V1L-

V1H-
uw 

V1L-

V1H-

LW 
V1L-

V1H-

OE 
V1L-

V1H-

001-008 
V1L-

V1H-

009-0016 
V1L-

tMUiihi» 
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KM416C1578/BL/BLL 

FAST PAGE MODE UPPER BYTE WRITE CYCLE (EARLY WRITE) 
NOTE; DolfT=OPEN 

A 

DQ1-DQ8 

DQ9-DQ16 

V1H

V1L-

V1H-

V1L-

V1H-

V1L-

V1H

V1L-

V1H-

V1L-

V1H

V1L-

V1H-

V1L-

V1H-

V1L-

FAST PAGE MODE LOWER BYTE WRITE CYCLE (EARLY WRITE) 
NOTE; DouT=OPEN 

V1H-
RAS 

V1L-

V1H-
GAS 

V1L-

V1H-

A 
VtL-

V1H-
uw 

V1L-

V1H-
LW 

VIL-

V1H-

V1L-

V1H-

DQ1-DQ8 
VIL-

DQ9-DQ16 

•tmMim• 
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KM416C1578/BL/BLL CMOS DRAM 

FAST PAGE MODE READ-MODIFY- WRITE CYCLE 

V1H-

~ 
V11.-

V1H-

CAS 
V1L-

V1H-
A 

V1L-

V1H-
uw 

V1L-

V1H-

LW 
V1L-

V1H-

OE 
V1L-

V1H-
DQ1-DQ8 

V1L-

DQ9-DQ16 
·V1L-

DATA-OUT DATA-OUT DATA•IN 

~ DON'TCARE 

ttMHllH• 
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KM416C1578/BL/BLL 

FAST PAGE MODE READ-MODIFY-LOWER-BYTE-WRITE CYCLE 

V1H-

RAS 
V1L-

GAS 
V1H-

V1L-

V1H-
A 

V1L-

V1H-uw 
V1L-

V1H-
LW 

V1L-

V1H-

BE 
V1L-

V1H·-

DQ1-DQ8 
V1L-

V1H
DQ9-DQ16 

V1L-

tMnfiliiiiP 
ELECTRONICS 

DATA-OUT DATA-IN 

CMOS DRAM 

DATA-OUT 

~ DON'TCARE 
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KM416C1578/BL/BLL 

FAST PAGE MODE READ-MODIFY-UPPER-BYTE-WRITE CYCLE 

RAS 
V1H-

VIL-

V1H-
GAS 

VIL-

V1H-

A 
V1L-

V1H-

uw 
V1L-

V1H-
LW 

V1L-

V1H-

OE 
VIL-

DQ1-D08 

V1H

D09-DQ16 
V1L-

ttMHlhl" 
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!RWD 

DATA-OUT 

CMOS DRAM 

~ DON'TCARE 
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KM416C1578/BL/BLL CMOS DRAM 

RAS-ONLY REFRESH CYCLE 
NOTE; UW, LW, OE, D1N=Don't Care DouT=OPEN 

t-----~-----tRc------------i 

V1H-
RAS 

V1L-

GAS 
V1H-

V1L-

tASR tRAH 

A 
V1H-

V1L -

CAS-before-RAS REFRESH CYCLE 

NOTE; UW, LW, OE, A=Don't Care 

1-----------tRC------------i 

RAS V1H -

V1L-

----lCHR----

V1H -
GAS 

V1L -

to FF 

VoH-
DQ1-DQ16 

VoL-

CAS-before-RAS SELF REFRESH CYCLE (LL-version) 
NOTE: W, OE, A=Don't Care 

V1H

V1L- -----' 

VoH -
DQ1-DQ16 VoL _ -------:~--------OPEN------------

~ DON'TCARE 

d'i'lfilJiliP 
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KM416C1578/BL/BLL 

HIDDEN REFRESH CYCLE (READ) 

V1H-

RAS 
V1L-

V1H-

CAS 
V1L-

V1H-

A 
V1L-

V1H-

uw 
V1L-

LW 
V1H-

V1L-

OE V1H-

V1L-

V1H-

DQ1-DQ8 
V1L-

V1H-

DQ9-0Q16 -------
V1L-

HIDDEN REFRESH CYCLE (WRITE) 
NOTE; Dour=OPEN 

RAS 
V1H-

V1L-

V1H-
GAS 

V1L-

V1H-

A 
V1L-

V1H-

uw 
V1L-

V1H-
LW 

VIL-

OE 
V1H-

V1L-

V1H-
DQ1-DQ8 

V1L-

V1H-

DQ9-DQ16 
V1L-

t1MH1iiii• 
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KM416C1578/BL/BLL CMOS DRAM 

TIMING DIAGRAMS (Continued) 

CAS-before-RAS REFRESH COUNTER TEST CYCLE 

---------IRAs------------

RAS 

CAS 

A 

READ CYCLE 

V1H-

LW,UW 
V1L-

V1H-

OE 
V1L-

DQ1-0Q15 
VoH-

VoL-

WRITE CYCLE 

V1H-
LW,UW 

V1L-

V1H-

5E 
V1L-

V1H-
DQ1-DQ1s 

V1L-

V1H-

LW,UW 
V1L-

V1H-

OE 
V1L-

V110H-
DQ1-0Q15 

V110L-

•!MfiiUI" ELECTRONICS 

VALID __; 
DATA-OUT 

~DON'T CARE 
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KM416C1578/BL/BLL 

PACKAGE DIMENSION 
40-LEAD PLASTIC SMALL OUT-LINE J-LEAD 

1.020(25.91) 

1.030(25.16) 

0 
0 

0.016(0.41) 

0.020(0.51) 

40 LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE (II) 
(Forward and Reverse Type) 

~~] 
I :::: ~ 
o~rvP~. 11 Q25 11 _[I -1 r- .~~·I o.aosrvP 

411JPtj@» 
ELECTRONICS 

CMOS DRAM 

Units: Inches (millimeters) 

0.050(1.27) 

MAX 

0.80 TYP 

010 N C'l 

ci ci 
oo N' 
0 ~ 
O'O 
ci ci 

~c;j 
N lO 

ai ai 
lO lO 
co "
(') (') 

ci ci 

0.130(3.30) 

0.140(3 56) 

~ 
0.40 I I 
0.60 
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KM418C2568/BL/BLL CMOS DRAM 

256K x 18 Bit CMOS Dynamic RAM with Fast Page. Mode 

FEATURES 
• Performance range: 

tRAC tCAC 

KM418C2568/BUBLL-6 60ns 15ns 

KM418C256B/BUBLL-7 70ns 20ns 

KM418C256B/BUBLL-8 80ns 20ns 

• Fast Page Mode operation 
• 2 CAS Byte/Word Read/Write operation 
• CAS-before-RAS refresh capability 
• RAS-only and Hidden Refresh capability 
• Self Refresh operation (LL-version) 
·• TTL compatible inputs and outputs 

tRC 

110ns 

130ns 

150ns 

GENERAL DESCRIPTION 
The Samsung KM418C256B/BUBLL is a CMOS high 
speed 262, 144 bit x 18 Dynamic Random Access 
Memory. Its design is optimized for high performance 
applications such as personal computer, graphics and 
high performance portable computers. 

The KM418C256B/BUBLL features Fast Page Mode 
operation which allows high speed random access of 
memory cells within the same row. GAS-before-RAS 
refresh capability provides on-chip auto refresh as an 
alternative to RAS-only refresh. All inputs and outputs 
are fully TTL compatible. 

• Early write or output enable controlled write 

The KM418C256B/BL/BLL is fabricated using 
Samsung's advanced CMOS process. 

• Triple +5.0V ± 10% power supply 
• Refresh Cycle 

-512 cycle/8ms (Normal) 
-512 cycle/64ms (L-version) 
-512 cycle/128ms (LL-version) 

• Power Dissipation 
-Standby: 5.5mW (Normal) 

1.1 mW (L-version) 
0.83mW (LL-version) 

-Active (60n0/80): 525/470/440mW 
• JEDEC standard pinout 
• Available in plastic SOJ and TSOP II 

FUNCTIONAL BLOCK DIAGRAM 

RAS 
LCAS Control tdfv~ UCAS Clocks 

V88 Generator 
Vss 

w 

Refresh Control Row Decoder 

Q 

Refresh Counter 
o6 
C/) 

Memory Array c. 
262, 144X18 E 

~ 
Cells Q) 

Row Address Buffer Cf) 
c 

Ao Q) 
(/) 

As Col. Address Buffer Column Decoder 

t11JMJ1iii» 
ELECTRONICS 

Lower 
Data in 
Buffer 

Lower 
Data out 
Buffer 

Upper 
Data in 
Buffer 

Upper 
Data out 
Buffer 

D010 
to 

D018 
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KM418C256B/BUBLL CMOS DRAM 

PIN CONFIGURATION (Top Views) 

• KM418C256BJ/BLJ/BLLJ • KM418C256BT/BLT/BLLT • KM418C256BTR/BLTR/BLLTR 

Vee 10 40 Vss Vee 10 40 Vss Vss 40 0 1 Vee 
DQ1 39 D01s 001 2 39 D01s DQ1s 39 2 oa1 
D02 38 0017 002 3 38 0017 DQ17 38 3 oa2 

DQ3 D01s DQ3 4 37 Da1s Da1s 37 4 DQ3 
4 37 Oa4 5 36 0015 0015 36 5 Da4 

004 5 36 Da15 Vee 6 35 Vss Vss 35 6 Vee 
Vee 35 Vss DOs 7 34 0014 0014 34 7 Das 
005 34 oa14 Das 8 33 0013 0013 33 8 Das 
DOs 33 0013 007 9 32 0012 0012 32 9 D01 
D01 32 0012 Das 10 31 D011 0011 31 10 Das 
DO a 10 31 Da11 
DQg 11 30 D010 DQg 11 30 0010 0010 30 11 Dag 
N.C 12 29 

i£AS. 
N.C. 12 29 LCAS LCAS 29 12 N.C. 

w 13 28 DCAS w 13 28 UCAS UCAS 28 13 w 
RAS 14 27 OE RAS 14 27 OE OE 27 14 ~ 
N.C 15 26 As N.C. 15 26 As As 26 15 N.C. 

Ao 16 25 A1 Ao 16 25 A1 A1 25 16 Ao 
A, 17 24 As A1 17 24 As As 24 17 A1 
A2 As A2 18 23 As As 23 18 A2 

18 23 AJ 19 22 A4 A4 22 19 AJ 
A3 19 0 22 A4 Vee 20 21 Vss Vss 21 20 Vee 

Vee 20 21 Vss 

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

Pin Name Pin Function Pin Name Pin Function 

Ao-As Address Inputs LCAS Lower Column 

D01.1s Data In/Out Address Strobe 

Vss Ground w Read/Write Input 

RAS Row Address Strobe OE Data Output Enable 

UCAS Upper Column Vee Power (+5V) 

Address Strobe N.C. No Connection 

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 ab
solute maximum rating conditions for extended periods may affect device reliability. 

ttMfriiliP 
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KM418C256B/BL/BLL CMOS DRAM 

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

Parameter Symbol Min Typ Max Unit 

Supply Voltage Vee 4.5 5.0 5.5 v 
Ground Vss 0 0 0 v 
Input High Voltage VIH 2.4 - Vee+ 1 v 
Input Low Voltage VIL -1.0 - 0.8 v 

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

Parameter Symbol Min Max Units 

Operating Current* 
KM418C2568/BUBLL-6 95 mA 
KM418C256B/BUBLL-7 lcc1 - 85 mA 

(RAS, UCAS or LCAS, Address Cycling @tRc=min.) 
KM418C2568/BUBLL-8 80 mA 

Standby Current 
lcc2 - 2 mA 

(RAS=UCAS=LCAS=W=VIH ) 

RAS-Only Refresh Current* 
KM418C256B/BUBLL-6 95 mA 
KM418C256B/BUBLL-7 ICC3 - 85 mA 

(UCAS=LCAS=VIH,RAS, Address Cycling @tRc=min.) 
KM418C256B/BUBLL-8 80 mA 

Fast Page Mode Current* 
KM418C256B/BUBLL-6 60 mA 

(RAS=VIL, UCAS or LCAS, Address Cycling @tPC=min.) 
KM418C256B/BUBLL-7 ICC4 - 55 mA 
KM418C256B/BUBLL-8 50 mA 

Standby Current 
KM418C2568 1 mA 

(RAS=UCAS=LCAS=W=Vcc-0.2V) 
KM418C256BL Ices - 200 µA 
KM418C256BLL 150 µA 

GAS-Before-RAS Refresh Current* 
KM418C256B/BUBLL-6 95 mA 

(RAS UCAS or LCAS Cycling @tRc=min.) 
KM418C256B/BUBLL-7 Ices - 85 mA 
KM418C2568/BUBLL-8 80 mA 

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 KM418C256BL ICC? - 300 µA 
DIN=Don't Care, TRC=125µS 

TRAS= TRAS min.-300ns 

Self Refresh Current 
RAS=xCAS=0.2V 

KM418C256BLL Ices 200 µA 
W=OE=Ao-As=Vcc-0.2V or 0.2V -
DQ1-DQ1s=Vcc-0.2V, 0.2V or Open 

Input Leakage Current 
h(L) -10 10 µA 

(Any input O sV1N sVcc+0.5V, all other pins not under test=O volts.) 

Output Leakage Current 
IO(L) -10 10 µA 

(Data out is disabled, OVsVoursVcc) 

Output High Voltage Level (IOH=-5mA) VoH 2.4 - v 
Output Low Voltage Level (IOL=4.2mA) VOL - 0.4 v 

*NOTE: lcc1, lcc3, 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 and lcc3, address can be changed maximum 
two times while RAS=VIL. In lcc4, address can be changed maximum once within one fast page cycle. 

dfofiijil> 
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KM418C2568/BL/BLL CMOS DRAM 

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

Parameter Symbol Min Max Unit 

Input Capacitance (Ao-As) CIN1 - 5 pF 

Input Capacitance (RAS, LCAS, UCAS, W, OE) CIN2 - 7 pF 

Input Capacitance (DQ1-DQ1s) Coo - 7 pF 

AC CHARACTERISTICS (0°C:S:TA:S:70°C, Vcc=5.0V±10%, See notes 1,2) 

-6 -7 -8 
Parameter Symbol Units Notes 

Min Max Min Max Min 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 3,4,11 

Access time from CAS tCAC 15 20 20 ns 3,4,5 

Access time from column address tAA 30 35 40 ns 3,11 

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) tr 3 50 3 50 3 50 ns 2 

RAS precharge time tRP 40 50 60 ns 

RAS pulse width tRAS 60 10,000 70 10,000 80 10,000 ns 

RAS hold time tRSH 15 20 20 ns 

CAS hold time tCSH 60 70 80 ns 

CAS pulse width tCAS 15 10,000 20 10,000 20 10,000 ns 

RAS to CAS delay time tRCD 20 45 20 50 20 60 ns 4 

RAS to column address delay time tRAD 15 30 15 35 15 40 ns 11 

CAS to RAS precharge time tCRP 5 5 5 ns 

Row address set-up time tASR 0 0 0 ns 

Row address hold time tRAH 10 10 10 ns 

Column address set-up time tAsc 0 0 0 ns 

Column address hold time tCAH 10 15 15 ns 

Column address hold time referenced to RAS tAR 45 55 60 ns 6 

Column address to RAS lead time tRAL 30 35 40 ns 

Read command set-up time tRCS 0 0 0 ns 

Read command hold time referenced to CAS tRCH 0 0 0 ns 9 

Read command hold time referenced to RAS tRRH 0 0 0 ns 9 

Write command set-up time twcs 0 0 0 ns 8 

Write command hold time tWCH 10 10 10 ns 

Write command hold time referenced to RAS twcR 45 50 55 ns 6 

Write command pulse width twp 10 10 10 ns 

Write command to RAS lead time tRWL 15 15 20 ns 

Write command to CAS lead time tCWL 15 15 20 ns 

tt:f:l:filiiliP 
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KM418C256B/BL/BLL CMOS DRAM 

AC CHARACTERISTICS (Continued) 

-6 -7 -8 
Parameter Symbol Units Notes 

Min Max Min Max Min Max 

Data set-up time tos 0 0 0 ns 10 

Data hold time tDH 10 15 15 ns 10 

Data hold time referenced to RAS tDHR 45 55 60 ns 6 

Refresh period (Normal) tREF 8 8 8 ms 

Refresh period (L-version) tREF 64 64 64 ms 

Refresh period (LL-version) tREF 128 128 128 ms 

GAS 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 ~WD 55 60 65 ns 8 

GAS precharge to W delay time tCPWD 60 65 70 ns 

GAS set-up time (GAS-before-RAS refresh) tCSR 10 10 10 ns 

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

RAS precharge to CAS hold time tRPC 5 5 5 ns 

GAS precharge time (C-8-R counter test cycle) tCPT 20 25 30 ns 

Access time from CAS precharge tCPA 35 40 45 ns 3 

Fast Page mode cycle time tPC 40 45 50 ns 

Fast Page mode read-modify-write cycle time tPRWC 85 95 100 ns 

RAS pulse width (Fast Page mode) tRASP 60 100K 70 100K 80 100K ns 

RAS hold time from GAS precharge tRHCP 35 40 45 ns 

GAS precharge time (Fast Page mode) tCP 10 10 10 ns 

Access time from OE tOEA 15 20 20 ns 

OE to data-in delay time tOED 15 20 20 ns 

Out put buffer turn off delay time from OE tOEZ 0 15 0 20 0 20 ns 
-
OE commend hold time tOEH 15 20 20 ns 

RAS pulse width (C-8-R self refresh) tRASS 100 100 100 µs 12 

RAS precharge time (C-8-R self refresh) tRPS 110 130 150 ns 12 

GAS hold time (C-8-R self refresh) tCHS -50 -50 -50 ns 12 

KM418C256B Truth Table 

w State 

H H H H H Hi-Z Hi-Z Standby 
1-----+-----+---~-------j-----·---+--------+--- ·-·-----··· ----·------ t 

L H H H H Hi-Z Hi-Z Refresh 
L --L--;-, --H __ _,__H-----cc---L----'--i- DO-OUT i--Hi-Z \ - Lower-- Byte Read-

1---~----+---:---+--- ~ : ~ ---~- _ __ ~~~~~--- ~ _ ~;:r ::::-R-ea~ ~-
====L========L========H========L=======H===:=-__ D_Q~_ln __ - _ Don't -~~re - Lower Byte __ \f\Jrite 

L H __ ____, L L H Don't Care DQ-IN Upper Byte Write 
t----L---+----L- L L H DQ-IN -1-oo-IN - l wo~d -W~ite -

L L L H H Hi-Z Hi-Z -

dfofiliiii> 
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KM418C256B/BL/BLL CMOS DRAM 

NOTES 
1 . An initial pause of 200µs is required after power-up followed by any 8 RAS-orily or GAS-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 TTL loads and 1 OOpF. 
4. Operation within the tRcD(max) limit insures that tRAC(max) can be met. tRCD(ma>Q 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. tAR, twcR, tDHR are referenced to tRAD(max)· 
7. toFF(maxJ defines the time at which the output achieves the open circuit condition and is not referenced 

to VoH or VoL. 
8. twcs. tRwD, tcwD and tAwD are non restrictive operating aprameters. They are included in the data sheet as elec

trical characteristics only. If twcs~twcs(min) the cycle is an early write cycle and the data output will remain high 
impedance for the duration of the cycle. If tcwo~tcwo(min), tRwo~tRWD(min), tAwo~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 are satisfied, the condition of the data out is indeterminate. 

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

read-write cycles. 
11 . 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· 
12. 512 cycles of burst refresh must be executed within ams before and after self refresh, In order to meet refresh 

specification. 
13. tAsc, tcAH are referenced to the earler CAS falling edge. 
14. tcP is specified from the last CAS rising edge in the previous cycle to the first CAS falling edge in the next cycle. 
15. tcwo is referenced to the later CAS falling edge at word read-modify-write cycle. 
16. tcwL is specified from W falling edge to the earlier CAS rising edge. 

LCAS 

ADD. 

w 

t-----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. 

tcsA 
tcHA 

tlMfl@iP 
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KM418C256B/BL/BLL CMOS DRAM 

19. tos, toH is independetly specified for lower byte Din(1rv9), upper byte Din(10rv18)· 

w 

TIMING DIAGRAMS 
WORD READ CYCLE 

V1H -

RAS 
V1L -

OGAS V1H -

V1L -

V1H -
LCAS 

V1L -

A 
V1H-

V1L-

w V1H -

V1L.-

OE 
V1H-

V1L -

D01-D015 
VoH-

VoL -

t1MHIUI' ELECTRONICS 
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KM418C256B/BL/BLL CMOS DRAM 

TIMING DIAGRAMS (Continued) 

LOWER BYTE READ CYCLE 
~--------!Rc------------i 

f----------!RAS-----------1 

A 
VrH -

Vrl -

w VrH -

Vrl-

OE 
VrH -

Vrl-

DQ,-DOg VoH -:------
Vol -

VoH -
D01 0-D01e ----------------

Vol -

UPPER BYTE READ CYCLE 
~--------!Re----------~ 

,__-------!RAS--------

A 
VrH-

Vrl-

w VrH-

Vrl-

OE 
VrH-

V,l-

DQ1-DQg 
VoH-

Vol-

D01o·D01e 
VoH-

OPEN 
Vol-

~ DON'TCARE 

ttMH'ih" ELECTRONICS 
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KM418C256B/BL/BLL CMOS DRAM 

TIMING DIAGRAMS (Continued) 

WORD WRITE CYCLE (EARLY WRITE) 

R'AS VtH -

V1L-

~ 
V1H-

V1L-

rnAS 
V1H-

V1L-

A 
VtH -

VtL -

w V1H-

V1L-

~ 
V1H-

VtL-

D01·D01s 
V1H-

V1L-

LOWER BYTE WRITE CYCLE (EARLY WRITE) 

--------tRAs-------

~ 
V1H-

V1L-

tAR 

~ 
VtH -

VtL - tRCo tRSH 

tcSH 

~ V1H -

VtL -

A V1H-

VtL -

w VtH -

VtL -

~ 
V1H -

VtL -

D01-DOe 
VtH -

V1L -

-

~DON'T CARE 

41MHIUI" 
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KM418C256B/BL/BLL CMOS DRAM 

TIMING DIAGRAMS (Continued) 

UPPER BYTE WRITE CYCLE (EARLY WRITE) 

A 
V1H-

V1L -

w V1H-

V1L-

6E 
V1H-

V1L -

DQ,-DOs V1H -

V1L -

V1H -
DOio-D01s 

V1L -

WORD WRITE CYCLE COE CONTROLLED WRITE) 

RAS 
V1H-

V1L -

V1H -
~ 

V1L -

rnAS 
V1H -

V1L -

V1H -
A 

V1L -

w V1H-

V1L-

V1H-

rn: 
V1L -

001-001s 
V1H -

V1L-

KQ) DON'T CARE 

ttMfiliiitP 
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KM418C256B/BL/BLL CMOS DRAM 

TIMING DIAGRAMS (Continued) 

LOWER BYTE WRITE CYCLE (OE CONTROLLED WRITE) 
!RC 

IRAS 

V1H-

R'AS 
Vil -

O'CAS 
V1H-

Vil-

V1H-

CCAS 
Vil-

A 

V1H - ~'U'l:'7'f\7~~~'j'V'""'~~'7'\?~ --w 
Vil - ~~l..J/..~~~~~~~~~~-----~~~~~~~~~~~ 

V1H - ~~V'\7~7'\7'-~~~'7'°----irr~~"\7'\~V'\7"\7\7'\?:J\'J\A,~A?\J\'J::"A'?~~A 

Vil - ...... _._ ...................... .__ ....... ..., 

UPPER BYTE WRITE CYCLE (OE CONTROLLED WRITE) 

00 DON'T CARE 

d!:i:fhii• 
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KM418C256B/BL/BLL 

TIMING DIAGRAMS (Continued) 

WORD READ-MODIFY-WRITE CYCLE 

~ 
V1H -

V1L -

V1H -

OCAS 
V1L -

~ 
V1H -

V1L -

A V1H -

V1L -

w V1H -

V1L -

V1H -

or: 
V1L -

V110H - ---------+--C.l'V' 
V110L-

LOWER-BYTE READ-MODIFY-WRITE CYCLE 

V1H -

RAS 
V1L -

~ V1H -

V1L-

~ 
V1H-

V1L -

V1H-

A 
V1L -

w V1H-

V1L-

OE V1H-

V1L -

001-DOe 
V110H -

V110L -

D010-D01s 
V110H -

V110L -

tllli'it11Jii" 
ELECTRONICS 
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KM418C256B/BL/BLL 

TIMING DIAGRAMS (Continued) 

UPPER-BYTE READ-MODIFY-WRITE CYCLE 

V1H -

RAS 
V1L-

UCAS 
V1H -

V1L -

V1H -

LCAS 
V1L -

V1H-
A 

V1L -

w V1H -

V1L -

OE 
V1H -

V1L -

V110H-
D01-009 

V110L -

D010-D01a 
V110H.,... 

V110L-

FAST PAGE MODE WORD READ CYCLE 

RAS 
V1H -

V1L -

iJCAS 
V1H -

V1L -

~ 
V1H-

V1L -

V1H -
A 

V1L -

V1H -w 
V1L -

V1H -rn: 
V1L -

tJ:!:i:fi@» 
ELECTRONICS 
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KM418C256~/BL/BLL CMOS DRAM 

TIMING DIAGRAMS (Continued) 

FAST PAGE MODE LOWER BYTE READ CYCLE 

RAS 
V1H -

Vil -

CiCAS 
V1H -

Vil -

i£AS V1H-

V1l -

V1H-

A 
Vil -

w V1H -

V1l-

C5E v,~ -
Vil -

001-009 
VoH-

Vol -

D010"D01a 
VoH -

Vol -

FAST PAGE MODE UPPER BYTE READ CYCLE 
1-------------tRASP·----------

RAS 
V1H - tAR 
Vil -

OCAS 
V1H -

V1l -

V1H -
LCAS 

Vil -

V1H -
A 

Vil -

w V1H -

Vil -

V1H -
OE 

V1l -

001-009 
VoH -

·Vol -

VoH -
D010-D01a 

Vol -

~ DON'T CARE, 

•l"i'ii'lh* ELECTRONICS 
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KM418C256B/BL/BLL CMOS DRAM 

TIMING DIAGRAMS (Continued) 

FAST PAGE MODE WORD WRITE CYCLE (EARLY WRITE) 

V1H-
RAS 

V1L -

V1H-
UCAS 

Vil-

V1H-

LCAS 
Vil-

A 
V1H-

Vil-

V1H-

w Vil-

V1H-

OE 
Vil -

V1H-
oa,-oa,a 

Vil-

FAST PAGE MODE LOWER BYTE WRITE (EARLY WRITE) 

RAS 
V1H-

Vil-

V1H-
~ 

V1L-

V1H -
~ 

V1L-

V1H -
A 

Vil-

w 
V1H -

Vil-

OE 
V1H-

Vil-

001·DQ9 
V1H-

Vil -

D01o·D01a 

tl:f:i:fjlhi> 
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· KM418C256B/BL/BLL CMOS DRAM 

TIMING DIAGRAMS (Continued) 

FAST PAGE MODE UPPER BYTE WRITE CYCLE (EARLY WRITE) 

FAST PAGE MODE WORD READ-MODIFY-WRITE CYCLE 

V1H -

RAS 
V1L -

V1H -

O'CAS 
V1L-

V1H-

~ 
V1L-

'V1H-
A 

V1L-

w V1H-

V1L-

OE 
V1H -

V1L -

D01·D01a 
V110H-

V110L-

DON'T CARE 

ttMHiiii• 
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KM418C256B/BL/BLL CMOS DRAM 

TIMING DIAGR.AMS (Continued) 

FAST PAGE MODE LOWER BYTE READ-MODIFY-WRITE CYCLE 

~ 
V1H-

V1L-

~ 
V1H-

V1L-

~ 
V1H-

V1L-

V1H-
A 

V1L-

w V1H-

V1L-

~ 
V1H-

V1L-

DQ1-DQ9 
V110H-

V110L-

V110H-
D01o·D01s 

V110L-

VALID DATA-OUT VALID DATA-IN VALID DATA-OUT VALID DATA-IN 

FAST PAGE MODE UPPER BYTE READ-MODIFY-WRITE CYCLE 

RAS 
V1H-

V1L-

V1H-
OCAS 

V1L-

~ 
V1H-

V1L-

V1H-
A 

V1L-

w V1H-

V1L-

~ 
V1H-

V1L.-

DQ1-DQ9 
V110H-

V110L-

0010-001s 
V110H -

V110L -

VALID DATA-OUT 

~ DONTCARE 

•tMfiiJh> 
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KM418C256B/BL/BLL 

TIMING DIAGRAMS (Continued) 

HIDDEN REFRESH CYCLE (READ) 

V1H-

RAS 
Vil -

~ 
V1H-

Vil -

V1H-

[CAS 
Vil -

V1H-
A 

Vil-

w V1H-

Vil -

rn= V1H-

Vil-

D01·D01a 
VoH-

Vol -

HIDDEN REFRESH CYCLE (WRITE) 

V1H-

RAS 
Vil-

V1H-

OCAS 
Vil -

V1H-
[GAS 

Vil-

A. 
V1H-

Vil-

w V1H-

Vil-

~ 
V1H-

Vil-

VoH-
oa,-D01a 

Vol -

t11JUJijhiP 
ELECTRO.NI CS 
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KM418C256B/BL/BLL CMOS DRAM 

TIMING DIAGRAMS (Continued) 

CAS- before-RAS REFRESH COUNTER TEST CYCLE 

V1H-

RAS 
Vil -

V1H-

~ 
Vil-

V1H-
[CAS 

Vil -

V1H-

A 
Vil-

READ CYCLE 

V1H-w 
Vil -

V1H-

OE 
V1L-

WRITE CYCLE 

OE 
V1H- ~~~~~7M"~~~7'1:"7~~°7rl'~~~~~~~~~~~~~~~~ 

DQ,-Da18 VoH - -------OPEN----""1 
Vol- --......... .....---"'I" 

tcwL 

READ-MODIFY-WRITE 

V1H- _______________ , 

OE V1L - ----------------+-!'-+-"' 
tcLZ 

VALID DATA-OUT 

~DON'T CARE 

•1Mfllhl" ELECTRONICS 
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KM418C256B/BL/BLL 

TIMING DIAGRAMS (Continued) 

RAS ONLY REFRESH CYCLE 
NOTE: W. OE=Don't Care 

-------t,,.,. -------

V1H -

A v,L _ 

CAS-before-RAS REFRESH CYCLE 
NOTE: W, OE, A= Don't Care 

RAS V,H -

v~ -

V1H -
UCAS 

V1L -

LCAS 
V1H -

VIL -

VoH-

----

CMOS DRAM 

oa,-ool'!i 
VoL- 1----------0PEN------------

CAS· before ·RAS SELF REFRESH CYCLE (Self refresh only) 
NOTE: W, OE, A= Don't Care 

RAS 
V1H- tRASS 

V1l-

iJCAS 
V1H-

V1l-

LCAS 
V1H-

Vil-

DQ,-D01a 
VOH -

Vol -
OPEN------------

~ DON'TCARE 

dU'+iiiii• 
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KM418C256B/BL/BLL 

PACKAGE DIMENSION 
40-LEAD PLASTIC SMALL OUT-LINE J-LEAD 

1.020(25.91) 

1.030(25.16) 

0.030(0. 76) 

CMOS DRAM 

Units: Inches (millimeters) 

~-~_,____o_. 130(3.30) 
0 140(3.56) 

0.016(0.41) 0.050 (1.27) ___ i I 0.050(1.27) 
TYP f r-, ___ M_A_X -0.020(0.51) 

40 LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE (II) 

(Forward and Reverse Type) 

~o ~] 
I ~::~ 11 

OOOTYP~1.1 ~ 11~11 ~ r-~ ~ I 0.805TYP 

1MnH:m" ELECTRONICS 

0.80 TYP 

~ 
0.40 I I 
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KM48V5128/BL/BLL CMOS DRAM 

512K xB Bit CMOS Dynamic RAM with Fast Page Mode 

FEATURES 

• Performance range: 

tRAC tCAC tRC 

KM48V512B/BUBLL-6 60ns 15ns 110ns 

KM48V512B/BUBLL-7 70ns 20ns 130ns 

KM48V512B/BUBLL-8 80ns 20ns 150ns 

• Fast Page Mode operation 
• Self Refresh operation (LL-version) 
• Byte Read/Write operation 
• CAS-before-RAS refresh capability 
• RAS-only and Hidden Refresh capability 
• TTL compatible inputs and outputs 
• Early write or output enable controlled write 
• Dual +3.3V ± 0.3V power supply 
• Refresh Cycle 

-1024 cycle/16ms (Normal) 
-1024 cycle/128ms (L-versi~n) 
-1024 cycle/128ms (LL-version) 

• Power Dissipation 
-Standby: 1.8mW (Normal) 

0.36mW (L-version) 
0.36mW (LL-version) 

-Active (60n0/80): 255/235/220mW 
• JEDEC standard pinout 
• Available in plastic SOJ and TSOP II 

FUNCTIONAL BLOCK DIAGRAM 

RAS 

GENERAL DESCRIPTION 
The Samsung KM48V512B/BUBLL is a CMOS high 
speed 524,288 bit x 8 Dynamic Random Access 
Memory. Its design is optimized for high performance 
applications such as personal computer, graphics and 
high performance portable computers. 

The KM48V512B/BUBLL features Fast Page Mode 
operation which allows high speed random access of 
memory cells within the same row. GAS-before-RAS 
refresh capability provides on-chip auto refresh as an 
alternative to RAS-only refresh. All inputs and outputs 
are fully TTL compatible. 

The KM48V512B/BL/BLL is fabricated using 
Samsung's advanced CMOS process. 

CAS 
Control & 

~Voo Clocks 

w Vss 
r 

Refresh Control Row Decoder Data in 
Buffer 

Q 

Refresh Counter oO DO, 
Memory Array (j) 

Ct to 
524,288X8 E 

DO a <( 

Cells Q) 

Row Address Buffer (j) 
c Ao-A9 Q) 

Cf) 
Data out 
Buffer 

OE Ao-As Col. Address Buffer Column Decoder 

tli't'lfi@• 
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KM48V512B/BL/BLL CMOS DRAM 

PIN CONFIGURATION (Top Views) 

• KM48V512BJ/BLJ/BLW • KM48V512BT/BLT/BLLT • KM48V512BTR/BLTR/BLLTR 

Voo 10 28 Vss Voo 1 0 28 Vss Vss 28 0 1 Voo 

DQ1 2 27 DQs DQ1 2 27 DQs DQs 27 2 DQ1 

DQ2 3 26 DQ1 DQ2 3 26 DQ1 DQ1 26 3 DQ2 

DQ3 4 25 DQs DQ3 4 25 DQs DQs 25 4 DQ3 

DQ4 5 24 DQs DQ4 5 24 DQs DQs 24 5 DQ4 

N.G. 6 23 GAS N.G. 6 23 GAS GAS 23 6 N.G. 
w 7 22 OE w 7 22 OE OE 22 7 w 

RAS 8 21 N.G. RAS 8 21 N.G. N.G. 21 8 RAS 
A.9 9 20 As A.9 9 20 As As 20 9 Ag 

Ao 10 19 A1 Ao 10 19 A1 A1 19 10 Ao 
A1 11 18 As A1 11 18 As As 18 11 A1 
A2 12 17 As A2 12 17 As As 17 12 A2 
A3 13 16 A4 A3 13 16 A4 A4 16 13 A3 

Voo 14 0 15 Vss Voo 14 15 Vss Vss 15 14 Voo 

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

Pin Name Pin Function 

Ao-As Address Inputs 

DQ1-a Data In/Out 

Vss Ground 

RAS Row Address Strobe 

CAS Column Address Strobe 

w Read/Write Input 

OE Data Output Enable 

Voo Power(+3.3V) 

N.C. No Connection 

t1Mfl'ih'P 
ELECTRONICS 
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KM48V512B/BUBLL CMOS[)RAM 

ABSOLUTE MAXIMUM RATINGS 
Parameter Symbol Rating Units 

Voltage on any pin relative to Vss V1N, Vour -0.5 to 4.6 v 
Voltage on Voo supply relative to Vss Voo -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 (Voltage referenced to Vss, TA=O to 70°C) 

Parameter Symbol Min Typ Max Unit 

Supply Voltage Voo 3.0 3.3 3.6 v 
Ground Vss 0 0 0 v 
Input High Voltage VIH 2.1 - Voo+0.3 v 
Input Low Voltage VIL -0.3 - 0.8 v 

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

Parameter Symbol Min Max Units 

Operating Current* 
KM48V512B/BUBLL-6 70 mA 

(RAS, CAS, Address Cycling @tRC=min.) 
KM48V512B/BUBLL-7 lcc1 - 65 mA 
KM48V512B/BUBLL-8 60 mA 

Standby Current 
lcc2 - 1 mA 

(RAS=CAS=W=VIH) 

RAS-Only Refresh Current* 
KM48V512B/BUBLL-6 70 mA 
KM48V512B/BUBLL-7 ICC3 - 65 mA 

(CAS=VIH, RAS, Address Cycling @tRC=min.) 
KM48V512B/BUBLL-8 60 mA 

Fast Page Mode Current* . 
KM48V512B/BUBLL-6 55 mA 
KM48V512B/BUBLL-7 ICC4 - 50 mA 

(RAS=VIL, CAS, Address Cycling @tPC=min.) 
KM48V512B/BUBLL-8 45 mA 

Standby Current 
KM48V512B 500 µA 

(RAS=CAS=W=Voo-0.2V) 
KM48V512BL Ices - 100 µA 
KM48V512BLL 100 µA 

CAS-Before-RAS Refresh Current* 
KM48V512B/BUBLL-6 70 mA 

(RAS and CAS Cycling @tRC=min.) 
KM48V512B/BUBLL-7 ICC6 - 65 mA 
KM48V512B/BUBLL-8 60 mA 

Battery Back Up Current Average Power Supply Current, 
Battery Back Up Mode, Input High Voltage(V1H)=VDD-0.2V 
Input Low Voltage(VIL)=0.2V CAS=0.2V KM48V512BL ICC? - 200 µA 
DIN=Don't Care, TRC=125µS 

TRAS= TRAS min.-300ns . 
Self Refresh Current 
RAS=CAS=0.2V 

KM48V512BLL Ices 100 µA 
W=OE=Ao-A9=Voo-0.2V or 0.2V 

-

DQ1-DQa=Voo-0.2V, 0.2Vor Open 

•11JnHllH• . ELECTRONICS 
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KM48V512B/BL/BLL CMOS DRAM 

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

Parameter Symbol Min Max Units 

Input Leakage Current 
li(L) -10 10 µA 

(Any input OsV1N sVoo+0.3V, all other pins not under test=O V) 

Output Leakage Current IO(L) -10 10 µA 
(Data out is disabled, OVsVoursVoo) 

Output High Voltage Level (loH=-2mA) VoH 2.4 - v 
Output Low Voltage Level (loL=2mA) VOL - 0.4 v 

*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 and lcc3, address can be changed maximum 
two times while RAS=V1L. In ICC4, address can be changed maximum once within one fast page cycle. · 

CAPACITANCE (TA=25°C, Voo=3.3V, f=1 MHz) 

Parameter Symbol Min Max Unit 

Input Capacitance (Ao-As) CIN1 - 5 pF 

Input Capacitance (RAS, CAS, W, OE) CIN2 - 7 pF 

Input Capacitance (DQ1-DQa) Coo - 7 pF 

AC CHARACTERISTICS (0°CsTAs70°C, Voo=3.3V±0.3V, See notes 1,2) 

-6 -7 -8 
Parameter Symbol Units Notes 

Min Max Min Max Min 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 3,4,11 

Access time from CAS tCAC 15 20 20 ns 3,4,5 

Access time from column address tAA 30 35 40 ns 3,11 

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) tr 3 50 3 50 3 50 ns 2 

RAS precharge time tRP 40 50 60 ns 

RAS pulse width tRAS 60 10,000 70 10,000 80 10,000 ns 

RAS hold time tRSH 15 20 20 ns 

CAS hold time tCSH 60 70 80 ns 

CAS pulse width tCAS 15 10,000 20 10,000 20 10,000 ns 

RAS to CAS delay time tRCD 20 45 20 50 20 60 ns 4 

RAS to column address delay time tRAD 15 30 15 35 15 40 ns 11 

CAS to RAS precharge time tCRP 5 5 5 ns 

Row address set-up time tASR 0 0 0 ns 

Row address hold time tRAH 10 10 10 ns 

Column address set-up time tAsc 0 0 0 ns 

Column address hold time tCAH 15 15 15 ns 

t]1Jnf Jliii'P 
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KM48V512B/BL/BLL CMOS DRAM 

AC CHARACTERISTICS (Continued) 

-6 -7 -8 
Parameter Symbol Units Notes 

Min Max Min Max Min Max 

Column address hold time referenced to RAS tAR 50 55 60 ns 6 

Column address to RAS lead time tRAL 30 35 40 ns 

Read command set-up time tRCS 0 0 0 ns 

Read command hold time referenced to CAS tRCH 0 0 0 ns 9 

Read command hold time referenced to RAS tRRH 0 0 0 ns 9 

Write command set-up time twcs 0 0 0 ns 8 

Write command hold time twCH 10 10 10 ns 

Write command hold time referenced to RAS twCR 45 50 55 ns 6 

Write command pulse width twp 10 10 10 ns 

Write command to RAS lead time tRWL 15 15 20 ns 

Write command to CAS lead time tCWL 15 15 20 ns 

Data set-up time tos 0 0 0 ns 10 

Data hold time tDH 15 15 15 ns 10 

Data hold time referenced to RAS tDHR 50 55 60 ns 6 

Refresh period (Normal) tREF 16 16 16 ms 

Refresh period (L-version) tREF 128 128 128 ms 

Refresh period (LL-version) tREF 128 128 128 ms 

CAS to W delay time tcwo 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 (GAS-before-RAS refresh) tCSR 10 10 10 ns 

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

RAS precharge to CAS hold time tRPC 5 5 5 ns 

CAS precharge time (C-8-R 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 

RAS pulse width (Fast Page mode) tRASP 60 100K 70 100K 80 100K ns 

RAS hold time from CAS precharge tRHCP 35 40 45 ns 

CAS precharge time (Fast Page mode) tCP 10 10 10 ns 

Access time from OE tOEA 15 20 20 ns 

OE to data-in delay time tOED 15 20 20 ns 

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

OE commend hold time tOEH 15 20 20 ns 

RAS pulse width (C-8-R self refresh) tRASS 100 100 100 µs 12 

RAS precharge time (C-8-R self refresh) tRPS 110 130 150 ns 12 

CAS hold time (C-8-R self refresh) tCHS -50 -50 -50 ns 12 

•lllf:fi@tP 
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KM48V512B/BL/BLL CMOS DRAM 

NOTES 
1 . An initial pause of 200µs is required after power-up followed by any 8 RAS-only or GAS-before-RAS refresh 

cycle 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 TIL loads and 100pF, Voh=2.0V and Vol=0.8V 
4. Operation within the tRco(max) limit insures that tRAc(max) can be met. tRco(max) is specified as a reference 

point only. If tRco is greater than the specified tRco(max) limit, then access time is controlled exclusively by tcAC-
5. Assumes that tRco~tRco(max). 
6. tAR, twcR, toHR are referenced to tRAo(max). 
7. toFF(max) defines the time at which the output achieves the open circuit condition and is not referenced to VoH 

to VOL. 
8. twcs. tRwo. tcwo and tAwo are non restrictive operating parameters. They are included in the data sheet as elec

tric characteristics only. If twcs~twcs(min) the cycle is an early write cycle and the data output will remain high 
impedance for the duration of the cycle. If tcwo~tcwo(min), tRwo~tRwo(min) and tAwo~tAwo(min), then the cy
cle is a read-write cycle and the data output will contain the data read from the selected address. If neither 
of the above conditions are satisfied, the condition of the data out is indeterminate. 

9. Either tRcH or rRRH must be satisfied for a read cycle. 
1 0. These parameters are referenced to the CAS leading edge in early write cycles and to the W leading edge in 

read-write cycles. · 
11. Operation within the tRAo(max) limit insures that tRAc(max) can be met. tRAo(max) is specified as a reference 

point ony. If tRAD is greater than the specified tRAo(max) limit, then access time is controlled by tAA· 

12. 1024 cycle of Burst Refresh must be executed within 16ms before and after self refresh, in order to meet refresh 
specification. (LL-version) 

TIMING DIAGRAMS 

READ CYCLE 

A 

w 

>-------------IRC-------------1 

>--------IRAS---------< 

VoH- -------
VoL -

~DON'TCARE 
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KM48V512B/BL/BLL CMOS DRAM 

TIMING DIAGRAMS (Continued) 

WRITE CYCLE (EARLY WRITE) 

RAS 

CAS 

A 

w 

V1H- ~~~~l_r.~~-i.~ F~~~-\Jl~~m7'Vi7VVv'V'\ryii;;7'\7';7Q'\"3\.itJO~~lJ 

V1L- i::J:.~~'U~~= ~r~~~~~~~W~Ol).~llt,~~~~'::t::J.~il:l:Jr:J::J.'iY'. 

V1H- 7'Q'<W''\IVW~~~~'t7t 

V1L - acCJ£.>t::J:.~~'x:t.~"':i:i.~~-+--+---*~M~O/ll::il:J~~~M~'lt:J.~~t::l::J~..6l.'l::i/..Y:J. 

V1H- ""'[VC.'rf'<'IV'novi:;~~':IVW~'V"Q~~~m"if'i1<i7V''IV'Wf1V'~~~7Vl~""'t7VW'~~~~~ 
V1L- l:::;C.'l:::Jl)/j[,'l::J.~~~'Al.~~~~~(:,/j(:,/jf::/:i.'::l:J_'i::J.'>/::J.~"::l::J.~~~~~':ihJ.'..J::J.'::.6}.~~~~~ 

V1H-

OQ,-DOs ViL- ---------..(] ,__ ____ """' 
WRITE CYCLE (OE CONTROLLED WRITE) 

·"RAS 

CAS 

A 

w 

DQ,-OOs 

f------------tRc----------~ 

--------- IRAS-------< 

V1H- T'l'l~nl"7"\ Ji~....i...:....~.l"ftJr.-'--J.--~~mt"~~"7i:~rk1~~~7"1!~~~~1r'7\ ' 

V1L - ~~~:if~..:::.::.:~~ \.J/~~..:!:~~~,;k1~l0£~~~~Qi/J~>i&J.~~~~~'l:::Jl'i/)/ 

V1H- '7\Jl:m'O"\.~~~~l:"m'0"\,~7m7"7'10"t7'mll\-I 

V1L- .J::J.:iia.£~~~~w::J.~l.O.i~a.al:J).~~~;.._--~~~~~~~~~l:;C.'IL:J.~~~~M 

V1H- ~il'i!'\/Q~'t'tl"0"\~'1\1\Jf\!t':J~---tt-~~~~~70"l~0'0'~~~7'\J'.O'O'~~~l'm:~ 

V1L- Q,Qt::i,f;.~~~~CJ::il:J)..J:j£~ 

V1H-

V1L- -----' 

~DON'T CARE 
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KM48V512B/BL/BLL CMOS DRAM 

TIMING DIAGRAMS (Continued) 

READ-MODIFY-WRITE CYCLE 

RAS 

A 

w 

;.--------------- tRwc-- ---------

>-------------IRAS-----------~ 

--- tcsH----------~ 

----+~-+--------tRsH---------1----l 

V1H- ~----+-----!----+--...,...---------~ 

V1L-

V1H- \,l\.~~~~~lt'?t''m~~?\1~~ 

V1L - ~~.A.1.~.Q,L~l.Q.l.),,,l.~~IJil..~~IQ.;-..j....-J 

V110H -

~-----------+----4V\AI V110L -

FAST PAGE MODE READ CYCLE 

RAS 

GAS 

A 
v1H- "!Vf~}!'l~~~.+.:::;:;'i"ii'Mi~~~m'V\ ~~~C"1~~~("r:r:'i'i'ilfii'"":1.J~~mm 
V1L-

w V1H- "''f'\1'\71\i~~tt"-t..._"t'" ____ "'i'""1:'1:77..,-----1\,r"t!'~~l""------t1-"'"'t7f:?~~~ 
V1L- ~~Ml.lr.I~~ 

V1H- ~m"~"""~'V"l:m~"""':7\ 
OE 

V1L- .l.Jl.~~~~~~~~~~-4-...t.1~~0.0.o.'jo/l/.~-.j.....C(lij:.,lQ,6,Ao41~~~~_,,j~OJ.~Al.~~~""6..l 

~DON'T CARE 
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KM48V512B/BL/BLL CMOS DRAM 

TIMING DIAGRAMS (Continued) 

FAST PAGE MODE WRITE CYCLE (EARLY WRITE) ---\-i----- tRASP---------------i 

~-tA_R_====:J ____ -+-I -----------------------4Jt.-------------'! 

tc,, f--- _ '"' I 

tc,o.s 

A 

w 

FAST PAGE MODE READ-MODIFY-WRITE CYCLE --ri=-------·· 
; --tcsH--

RAS 

IRAsp-----------~ 

J. 

A 

w 

~DON'TCARE 

ttMHllH" 
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KM48V512B/BL/BLL 

TIMING DIAGRAMS (Continued) 

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

r------------- tRc----

RAS 
".--------IRAS------1 • 

A 

CAS-before-RAS REFRESH CYCLE 
NOTE: W, OE, A=Don't Care 

CMOS DRAM 

f------------tRc------------1 

CAS 

CAS· before -RAS SELF REFRESH CYCLE 
NOTE: W, OE, A= Don't Care 

V1H -

V1L - ___ _, t----i 

V1H -

V1L- ____ _,, 

VoH -
001-008 1>--------0PEN----------------

VoL - -------"! 
~ OON'TCARE 
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KM48V512B/BL/BLL 

TIMING DIAGRAMS (Continued) 

HIDDEN REFRESH CYCLE (READ) 

CMOS DRAM 

i--------IAC -------1-------IAC:------< 

A 

w V1H- \A'T\J\.'7\ft.~'j\J.~j-'--t"-----~~~~~~~~~~"'O"i"l/!:?rn':lro~~"l\7{'~~ 

V1L- ~~~~~ 

IQFF 

VALID DATA·OUT 

HIDDEN REFRESH CYCLE (WRITE) 

A 

w 

ICHA 

V1H- '7'i~~~"7'i~~U\,~jV~7'\J~jV~7';~~~~~~~~~~~~~~~~"' 

V1L- ~~~~~~~~~~~~~~:l.L,'l~~~~.i::iJ.~~~.J::iJ.::i.a.J::iJ.~~~~~l:::i,(.~ 

V1H- f""ll""-~k 

V1L- ~'-M.~~l\;.,-------~ '\¥,;~:.i.£.:~~~~~'-M.~~:W..~~~~~~~~ 
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KM48V512B/BL/BLL CMOS DRAM 

TIMING DIAGRAMS (Continued) 

CAS· before-RAS REFRESH COUNTER TEST CYCLE 

V1H-
RAS 

V1L-

V1H-

CAS 
V1L-

V1H-
A 

V1L-

READ CYCLE 

V1H-
w 

V1L-

V1H-

OE 
V1L-

oa,-oaa VoH-

VoL-

WRITE CYCLE 
- tRWL 

tcwL· 

V1H-

w 
V1L-

V1H-

5E 
V1L-

V1H-

oa,-oaa 
V1L-

V1H-

w 
V1L-

V1H-

OE 
V1L-

oa,-oaa 
V110H-

V110L-

~DON'TCARE 
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KM48V512B/BL/BLL 

PACKAGE DIMENSION 
28-LEAD PLASTIC SMALL OUT-LINE J-LEAD 

0 

0 0.004(0.1) 

0. 720(18.29) 

0.730(18.54) 

~I 0.026(0.66) 

0.032(0.81) 

0 

CMOS DRAM 

Units: Inches (millimeters) 

0.027(0.69) 

MIN 

;::: cry-
0 0 C\J in 
C\J (') ai ai 
0 0 iO iO 
as N" CD "'" 0 0 

(') (') 

0 0 0 
0 0 

0.140(3.56) 

0. 148(3. 76) 

iO 0 
0 (') 

iO iO 
(') "" "" "" 0 0 

28-LEAD PLASTIC THIN SMALL OUT LINE PACKAGE (Forward and Reverse Type) 

0 

tt:VlfillhtP 
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0.740 (18.80) 

MAX 

0.722 ,,.,., I 

~"' 
0 0 

ct:J"' "'0 (")"' 
ci ci 

0.03 (0.80) 

TI 
~ ~1~ d ci ci 

I 
-....__--,~- ~ 
1~11----i ~-- 0.005 (0 13) 

0.008 (0.20) 
0.037 (0.95) 

0.041 (1.05) 

//---( ---y----] ~ 
0.016 (0.40) I I 
0.024 (0 60) 
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KM48V514B/BL/BLL CMOS DRAM 

512K xB Bit CMOS Dynamic RAM with Extended Data Out 

FEATURES 

• Performance range: 

tRAC tCAC tRC 

KM48V514B/BUBLL-6 60ns 17ns 110ns 

KM48V514B/BUBLL-7 70ns 20ns 130ns 

KM48V514B/BUBLL-8 80ns 20ns 150ns 

•Fast.Page Mode with Extended Data Out 
• Self Refresh operation (LL-version) 
• CAS-before-RAS refresh capability 
• RAS-only and Hidden Refresh capability 
• Byte Read/write operation 
• TTL compatible inputs and outputs 
• Early write or output enable controlled write 
• Dual +3.3V ±0.3V power supply 
• Refresh Cycle 

-1024 cycle/16ms (Normal) 
-1024 cycle/128ms (L/LL-ver) 

• Power Dissipation 
-Standby : 1.8mW (Normal) 

0.36mW (L-Version) 
0.36mW (LL-version) 

• Active (60n0/80) : 255/235/220mW 
• JEDEC standard pinout 
• Available in plastic SOJ and TSOP II 

tHPC 

24ns 

29ns 

34ns 

GENERAL DESCRIPTION 
The Samsung KM48V514B/BUBLL is a CMOS high 
speed 524,288 x 8 Dynamic Random Access Memory. 
Its design is optimized for high performance 
applications such as personal computer, graphics and 
high performance portable computers. 

The KM48V514B/BL/BLL features EDO Mode 
operation which allows high speed random access of 
memory cells within the same row. GAS-before-RAS 
refresh capability provides on-chip auto refresh as an 

· alternative to RAS-only refresh. All inputs arid outputs 
are fully TTL compatible . 

The KM48V514B/BL/BLL is fabricated using 
Samsung's advanced CMOS process. 

FUNCTIONAL BLOCK DIAGRAM 

RAS 

CAS 
Control 

~Voo Clocks Vss w 
. 

Refresh Control Row Decoder Data in 

Buffer 

Q 

Refresh Counter 
Oil DQ1 

Memory Array I/) 
a. to 

524,288x8 E 
<( DQs 

Cells Q) 

Row Address Buffer 
I/) 

Ao-A9 
c: 
Q) 
en 

Data out 

Ao-As 
Col. Address Buffer Column Decoder 

Buffer OE 

tH':fiiJU» 
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KM48V514B/BL/BLL CMOS DRAM 

PIN CONFIGURATION (Top Views) 

• KM48V514BJ/BLJ/BLLJ • KM48V514BT/BLT/BLLT • KM48V514BTR/BLTR/BLLTR 

Voo 10 28 Vss Voo 1 0 28 Vss Vss 28 0 1 Voo 

DQ1 2. 27 DQs DQ1 2 27 DQs DQs 27 2 DQ1 

DQ2 3 26 DQ1 DQ2 3 26 DQ1 DQ1 26 3 DQ2 

DQ3 4 25 DQe DQ3 4 25 DQe DQe 25 4 DQ3 

DQ4 5 24 DQ5 DQ4 5 24 DQ5 DQ5 24 5 DQ4 

N.C. 6 23 CAS N.C. 6 23 CA8 CAS 23 6 N.C. 
w 7 22 OE w 7 22 OE OE 22 7 w 

RAS 8 21 N.C. RAS 8 21 N.C. N.C. 21 8 RAS 
A9 9 20 As Ag 9 20 As As 20 9 Ag 
Ao 10 19 A1 Ao 10 19 A1 A1 19 10 Ao 
A1 11 18 Ae A1 11 18 Ae Ae 18 11 A1 
A2 12 17 A5 A2 12 17 A5 A5 17 12 A2 
A3 13 16 A4 A3 13 16 A4 A4 16 13 A3 

Voo 14 0 15 Vss Voo 14 15 Vss Vss 15 14 Voo 

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

Pin Name Pin Function 

Ao-Ag Address Inputs 

001-8 Data In/Out 

Vss Ground 

RAS Row Address Strobe 

CAS Column Address Strobe 

w Read/Write Input 

OE Data Output Enable 

Voo Power(+3.3V) 

N.C. No Connection 

tJ:!:i:filiiiiP 
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KM48V514B/BL/BLL CMOS DRAM 

ABSOLUTE MAXIMUM RATINGS 
Parameter Symbol Rating Units 

Voltage on any pin relative to Vss VIN, VOUT -0.5-4.6 v 
Voltage on Voo supply relative to Vss Voo -0.5-4.6 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 (Voltage referenced to Vss, TA=O to 70°C) 

Parameter Symbol Min Typ Max Unit 

Supply Voltage Voo 3.0 3.3 3.6 v 
Ground Vss 0 0 0 v 
Input High Voltage VIH 2.1 - Voo+0.3 v 
Input Low Voltage VIL -0.3 - 0.8 v 

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

Parameter Symbol Min Max Units 

Operating Current* 
KM48V514B/BUBLL-6 70 mA 

(RAS, CAS, Address Cycling @tRc=min.) 
KM48V514B/BUBLL-7 lcc1 - 65 mA 
KM48V514B/BUBLL-8 60 mA 

Standby Current (RAS=CAS=W=VIH ) lcc2 - 1 mA 

RAS-Only Refresh Current* KM48V514B/BUBLL-6 70 mA 
(CAS=VIH, RAS, Address Cycling @tRC=min.) KM48V514B/BUBLL-7 

ICC3 
65 mA 

KM48V514B/BUBLL-8 
-

60 mA 

EDO Mode Current* 
KM48V514B/BUBLL-6 55 mA 

(RAS=VIL, CAS, Address Cycling @tPC=min.) 
KM48V514B/BUBLL-7 

ICC4 50 mA 
KM48V514B/BUBLL.-8 - 45 mA 

Standby Current KM48V514B 500 µA 

(RAS=CAS=W=Voo-0.2V) 
KM48V514BL Ices - 100 µA 
KM48V514BLL 100 µA 

CAS-Before-RAS Refresh Current* KM48V514B/BUBLL-6 70 mA 

(RAS and CAS Cycling @tRC=min.) KM48V514B/BUBLL-7 ICC6 - 65 mA 
KM48V514B/BUBLL-8 60 mA 

Battery Back Up Current Average Power Supply Current, 
Battery Back Up Mode, Input High Voltage(V1H)=Voo-0.2V 
Input Low Voltage(V1L)=0.2V KM48V514BL ICC7 - 200 µA 
CAS=0.2V 
DIN=Don't Care, TRC=125µS TRAS= TRAS min.-300ns 

Self Refresh Current 
RAS=CAS=0.2V 

KM48V514BLL Ices 100 µA 
W=OE=Ao-A9=Voo-0.2V or Q.2V -
DQ1-DQs=Voo-o.2v, 0.2V or Open 

dfafiljhtP 
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KM48V514B/BL/BLL CMOS DRAM 

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

Parameter Symbol Min Max Units 

Input Leakage Current 
li(L) -10 10 µA 

(Any input O~VIN ~Voo+0.3V, all other pins not under test=O volts.) 

Output Leakage Current 
IO(L) -10 10 µA 

(Data out is disabled, OV~VOUT~VDD) 

Output High Voltage Level (loH=-2mA) VoH 2.4 - v 
Output Low Voltage Level (loL=2mA) VOL - 0.4 v 

*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 and lcca, address can be' changed maximum 
two times while RAS=VIL. In ICC4, address can be changed maximum once within one hyper page cycle. 

CAPACITANCE (TA=25°C, Voo=3.3V, f=1 MHz) 

Parameter Symbol Min Max Unit 

Input Capacitance (Ao-As) CIN1 - 5 pF 

Input Capacitance (RAS, CAS, W, OE) CIN2 - 7 pF 

Input Capacitance (DQ1-DQa) Coo - 7 pF 

AC CHARACTERISTICS (0°C~TA~?0°C, Voo=3.3V±0.3V, See notes 1,2) 

-6 -7 -8 
Parameter Symbol Units Notes. 

Min Max Min Max Min 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 3,4,11 

Access time from CAS tCAC 17 20 20 ns 3,4,5 

Access time from column address tAA 30 35 40 ns 3,11 

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

Turn-off delay from CAS tCEZ 3 15 3 20 3 20 ns 7,14 

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

RAS precharge time tRP 40 50 60 ns 

RAS pulse width tRAS 60 10,000 70 10,000 80 10,000 ns 

RAS hold time tRSH 17 20 20 ns 

CAS hold time tCSH 50 60 70 ns 

CAS pulse width tCAS 10 10,000 15 10,000 20 10,000 ns 12 

RAS to CAS delay time tRCD 20 45 20 50 20 60 ns 4 ' 

RAS to column address delay time tRAO 15 30 15 35 15 40 ns 11 

CAS to RAS precharge time tCRP 5 5 5 ns 

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

Row address hold time tRAH 10 10 10 ns 

Column address set-up time tAsc 0 0 0 ns 

Column address hold time tCAH 15 15 15 ns 

t11IMi%" 
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KM48V514B/BL/BLL CMOS DRAM 

AC CHARACTERISTICS (Continued} 

-6 -7 -8 
Parameter Symbol Units Notes 

Min Max Min Max Min Max 

Column address hold time referenced to RAS tAR 50 55 60 ns 6 

Column address to RAS lead time tRAL 30 35 40 ns 

Read command set-up time tRCS 0 0 0 ns 

Read command hold time referenced to CJ\S tRCH 0 0 0 ns 9 

Read command hold time referenced to RAS tRRH 0 0 0 ns 9 

Write command hold time twCH 10 10 10 ns 

Write command hold time referenced to RAS twCR 45 50 55 ns 6 

Write command pulse width twp 10 10 10 ns 

Write command to RAS lead time tRWL 15 15 20 ns 

Write command to CAS lead time tCWL 15 15 20 ns 

Data set-up time tos 0 0 0 ns 10 

Data hold time tDH 15 15 15 ns 10 

Data hold time referenced to RAS tDHR 50 55 60 ns 6 

Refresh period (NormaQ tREF 16 16 16 ms 

Refresh Period(L & LL-ver) tREF 128 128 128 ms 

Write command set-up time twcs 0 0 0 ns 8 

CAS to W delay time tcwo 42 50 50 ns 8 

RAS to W delay time tRWD 85 95 105 ns 8 

Column address to W delay time ~WO 55 60 65 ns 8 

CAS precharge to W delay time tCPWD 60 65 70 ns 

GAS set-up time (GAS-before-RAS refresh) tCSR 10 10 10 ns 

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

RAS to CAS precharge time tRPC 5 5 5 ns 

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

Access time from CAS precharge tCPA 35 40 45 ns 3 

Hyper Page mode cycle time tHPC 24 29 34 ns 12 

Hyper Page mode read-modity-write cycle time tHPRWC 76 81 91 ns 12 

CAS precharge time (Hyper Page mode) tCP 10 10 10 ns 

RAS pulse width (Hyper Page mode) tRASP 60 100K 70 100K 80 100K ns 

RAS hold time from CAS precharge tRHCP 35 40 45 ns 

OE access time tOEA 15 20 20 ns 

OE to data delay tOED 15 20 20 ns 

Output buffer turn off delay time from OE tOEZ 3 15 3 20 3 20 ns 7 

OE commend hold time tOEH 15 20 20 ns 

OE to output in Low-z tOLZ 3 3 3 ns 3 

Output data hold time tDOH 5 5 5 ns 

Output buffer turn off delay from RAS tREZ 3 15 3 20 3 20 ns 7,14 

Output buffer turn off delay from W twEZ 0 15 0 20 0 20 ns 7 

t1MH@" 
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KM48V514B/BL/BLL CMOS DRAM 

AC CHARACTERISTICS (Continued) 

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

Min Max Min Max Min Max 

W to data delay tWED 15 20 20 i ns 

OE to CAS hold time 

CAS hold time to OE 

tOCH 5 5 I 5; ns 
---·-t--~--.----~------r--~--c---+----+--~---

- j _!~~o ___ ;__ __ ~-----+-~·---+---5-+-----i~· _ns____,.l ___ _ 
OE precharge time toEP : 5 i i 5 !, 5 \ ns l I 
W Pulse width (Hyper Page Cycle) , - -~-- ---r-~~;;+- 5 t-- --+-! --5--+l-_-__ - _-_-~:-_-_-_5-++ _-_-_-_-_--+-+! ==n=s=======-~~ 

! RAS P[Jlse 'Ni~th(C-8~R self re~r~~~ _ ___ _ ___ +l_tR_As_s--t-_1_00_·+----1+--1_0_0-+------+-l _1_0_0-+-----+--µ_s--+ __ 13____. 

j RAS_p_recharge_~me ~C-8-R sel_f_re_fre_~~) ____ . ___ l+-: _tR_P_s--+-·_1_1_0-+---__ 11+--1_3_0-+-----+--1_5_0-+----~-ns--+ __ 13---< 

l CAS hold time (C-8-R self refresh) l tcHs -50 -50 -50 ns 13 

NOTES 
1. An initial pause of 200ps is required after power-up 

followed by any 8 ROA or CBR cycles before 
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) are 
assumed to be 5ns for all inputs except tHPC and 
tHPRWC. 

3. Measured with a load equivalent to 1 TIL loads 
and 1 OOpF, VohN01=2.0/0.8V. . 

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

5. Assumes that tRco? tRcD (max). 
6. tAR, twcR, tDHR are referenced to tRAD(max). 
7. This parameter defines the time at which the 

output achieves the open circuit condition and is 
not referenced to VoH or VoL. 

8. twcs, tRwo, tcwo and tAwo are non restrictive 
operating parameters. They are included in the 
data sheet as electric characteristics only. If twcs 2': 
twcs(min) the cycle is an early write cycle and the 
data output will remain high impedance for the 

t!tl:Wlliii" 
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duration of the cycle. If tcwo 2': tcwo(min), tRwo 2': 
tRwo(min) and tAWD2':tAwo(min), then the cycle is a 
read-write cycle and the data output will contain 
the data read from the selected address. If neither 
of the above conditions are satisfied, the condition 
of the data out is indeterminate. 

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

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

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

12. tAsc 2': tcPmin, Assume tT =2.0 ns 
13. 1024 cycle of burst refresh must be executed 

within 16ms before and after self refresh, in order 
to meet refresh specification (LL-ver) 

14. If RAS goes high befored CAS high going, the 
open circuit condition of the output is achieved by 
CAS high going, If CAS goes high before RAS high 
going, the open circuit condition of the output is 
achieved by RAS high going 
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KM48V514B/BL/BLL 

TIMING DIAGRAMS 
READ CYCLE 

RAS 

GAS 

A 

w 

BE 

DQ1-DQs 

V1H -
VIL -

V1H -

V1L -

V1H -

VIL -

V1H -

V1L -

V1H -
V1L -

VoH -

VOL -
------

4J:fofili}liP 
ELECTRONICS 

CMOS DRAM 

~ Don'tCare 
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KM48V514B/BUBLL 

WRITE CYCLE (EARLY CYCLE) 
NOTE : DOUT=OPEN 

AAS 
V1H -
V1L -

V1H -

GAS 
V1L -

V1H -
A 

V1L -

w V1H -
V1L -

CMOS DRAM 

OE V1H - r:;"""'""'~7"1':.7'J~A1'\~l\'?\?l:r!~~7'\J\'A'A7'\r:;"7':'"~"'A1""""'i\"?:"'A":~7'?~~A'7' 

V1L - ~-..i""'-¥.~~~..l'..ll~~~~~~l...i>'-~~~~~~~...¥...l'--¥..~~'--¥..~~~ 

---!OHR-----! 

WRITE CYCLE (OE CONTROLLED WRITE) 
NOTE : DouT=OPEN 

A 

V1H -

V1L - ~~"""""~~~"""'"-lo'-"'-~~~~~~-------4~~~~'-"'-~~"'"-ll<o---

V1H -

V1L - ......................... .-...................................... ..., 

DQ1-DQa 
V1H -

~ Don'tCar~ 

ttMfiiiii> 
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KM48V514B/BL/BLL 

READ-MODIFY-WRITE CYCLE 

V1H 

RAS 
V1L 

V1H -

~ 
V1L -

V1H -

A 
V1L -

w 
V1L -

OE V1H -

V1L -

VoH-

DQ1-DQa ~-------------~~.MI 
VoL -

HYPER PAGE READ CYCLE 

CAS 

A 

w 

VIH -

VIL -

VIH -

VIL -

VIH -

VIL -

VIH -

VIL -

VIH -

VIL - ....li~~~'--'l....l'-"~~~--+----+--J 

d!:i:flliil» 
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CMOS DRAM 

~Don'tCare 
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KM48V514B/BL/BLL CMOS DRAM 

HYPER PAGE WRITE CYCLE (EARLY WRITE) 

A 

w 

v1H - A""A?~:A"m~~m~rn*:~\?\7\':~\7'1:"A"~"'~"\/l~A'f~"'*~~~~rn"A"~~~~ 

V1L 

DQ1-DQs 

HYPER PAGE READ-MODIFY-WRITE CYCLE 

i--------------tRASP-------------~ 

1-------'---tRSH-----i 

tcsH ------t.~~~--- tHPRWC-----i,....:t.::.::..~--

A 

w 

DQ1-DQs 

tt:V:fiiiWP 
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i-----1"----tcA-·---- i------tcASt---

VALID 
DATA-IN 

~DON'TCARE 
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KM48V514B/BL/BLL CMOS DRAM 

HYPER PAGE READ AND WRITE MIXED CYCLE 

tRASP---

VIH - READ(tCAC) READ(tCPA) WRITE READ{tAA) 

RAS 
VIL -

tHPC tHPC ---i----tHPC 
tCP tCP 

CAS 
V1H -

VIL -

A 
VIH -

VIL -

w V1H -

VIL -

OE 
V1H -

VIL -

Vi/OH -
DQ1-DQs 

Vi/OL -

~ Don'tCare 

ttMfilliiiP 
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KM48V5148/BL/BLL 

RAS-ONLY REFRESH CYCLE 
NOTE : W, OE, DIN=Don't Care 
Dout=Open 

CMOS DRAM 

~---------IRc-----------t 

1-------IRAS---------t 

RAS 
V1H -

V1L -

CAS 
V1H -
V1L -

A 

CAS-BEFORE-RAS REFRESH CYCLE 
NOTE : W, OE, A=Don't Care 

IRP--------

V1L ____ _ 

V1H -

V1L- ____ _, 

VoH--9'°" DQ1-DQa ·---------OPEN---------VoL- ____ _ 

~Don't Gare 

t1MfJiiW> 
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KM48V514B/BL/BLL CMOS~AM 

HIDDEN REFRESH CYCLE (READ) 

A 

w V1H -

Vil - ~~~~~..,M-T 

V1H - """""~"""""'~"""'""~"'"'"'"""""7'1'"""""71~""*" 

Vil - ~~~.:....i.:...~~~~~~~~llo-----1-----L..~~~~~~~~~~ 

VoH
DQ1-DQa ------------+-~rn 

Vol -

HIDDEN REFRESH CYCLE (WRITE) 

A 

w V1H -

Vil - ~~'-lL.~~~~~-_.___.. ___ ;&...-_~ 

V1H -

Vil - .............................................. fo"'""'"-............................. .........,..._,,__,.__.._ ............................................................................................ "-"-.................... '-"-........... -"-"-

VoH
DQ1-DQa 

Vol - .......,......_.........., .......... ...._..........,.__, 

•1Mfi1Jii1P 
ELECTRONICS 

~ Don'tCare 
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KM48V514B/BL/BLL CMOS DRAM 

CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 

A 
V1H - """""""'"""~~"""""'1"'7l"".,....,.'1"'7'1""""'""'~7""'7'1~~""' _l.t,,,.....___.... ........ ~~ ~..,....,"""""'"""'""""""""'-rc-f'"""'"'-,t-,.~.,....,.~ 
Vil - ..................................... ____________ __ 

READ CYCLE 

w V1H -

Vil -

V1H-

OE 
Vil -

DQ1-DQe 
Vol-

WRITE CYCLE 

w V1H-

Vil -

OE V1H -

Vil -

VoH-
DQ1-DQe --------OPEN----<1 

Vol-

READ-MODIFY-WRITE 

w V1H -

Vil - "-"---.¥....¥--~....ll-........,. ........ ~ ................ _,._ ......... ,__, 

V1H -

Vil - ................................... ....._ ......... _._.._.,_.._....._. .......................................... __ "tf"----t-' 

V110H-

DQ1-DQe ------------------{I/\ 
V11ol-

t1:f:l:fJihl$ 
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VALID DAT A-OUT VALID DATA-IN 

~ Don'tCare 
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KM48V514B/BL/BLL 

PACKAGE DIMENSION 

28-LEAD PLASTIC SMALL OUT-LINE J-LEAD 

0 
0 

_ I I o 02610.66) 

------j r- 0 032(0 81) 

[OI000•10.11j~~ 
~--~ . 005011 27) · I . 

o 02010 51)-J r TYP r I 

~ 
c:i 

iD 
0 
'<!" 
0 

0 050(1 27) 

MAX 

CMOS DRAM 

Units: Inches (millimeters) 

~ cry l(j" 0 
010 N l[) 0 (') 

N (') cri cri 
0 0 iD ~ iD iD oo C\i co (') '<!" 
O·~ 

(') (') 
'<!" '<!" 

010 0 0 0 0 
010 

28-LEAD PLASTIC THIN SMALL OUT LINE PACKAGE (Forward and Reverse Type) 

0.740 (18.80) 

MAX 

0 

~ N 
0 0 

I 0.722 (18.36) r--- 0.726(18.46) i= 
I 01 0.08 MAX L H ::::::::::::::: 
~. ~. -~U-'---"--H~.--

_o_o3_7_(o_.95_l --+.1--ll- , I I o.048 (1.22) I 0.016 (0.4~ I 
I . 0.052 (1.32) I 0.020 (0.50) 

•1Mf1%1P 
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~ co co 
"' 00 

0 - -s ~ 
(!) 
(!) 
'<!" 

ci ci ci 

J_ 
~ -1 ~_o_.0_05_(0_.1_3) 

0.008 (0.20) 
0.037 (0.95) 

0.041 (1.05) 

If---( ------~ ~ 
0.016 (0.40) I I 
0.024 (0.60) 
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KM416V2568/BL/BLL CMOS DRAM 

256K x 16 Bit CMOS Dynamic RAM with Fast Page Mode 

FEATURES 
• Performance range: 

tRAC tCAC 

KM416V256B/BUBLL-6 60ns 15ns 

KM416V256B/BUBLL-7 70ns 20ns 

KM416V256B/BUBLL-8 80ns 20ns 

• Fast Page Mode operation 
• 2 CAS Byte/Word Read/Write operation 
• CAS-before-RAS refresh capability 
• RAS-only and Hidden 'Refresh capability 
• Self Refresh operation (LL-version) 
• TTL compatible inputs and outputs 

tRC 

110ns 

130ns 

150ns 

GENERAL DESCRIPTION 
The Samsung KM416V256B/BUBLL is a CMOS high 
speed 262, 144 bit' 16 Dynamic Random Access 
Memory. Its design is optimized for low power 
applications such as portable computer and hand-held 
system. 

The KM416V256B/BUBLL features Fast Page Mode 
operation which allows high speed random access of 
memory cells within the same row. CAS-before-RAS 
refresh capability provides on-chip auto refresh as an 
alternative to RAS-only refresh. All inputs and outputs 
are fully TIL compatible. 

• Early write or output enable controlled write 

The KM416V256B/BL/BLL is fabricated using 
Samsung's advanced CMOS process. 

• Triple +3.3V ± 0.3V power supply 
• Refresh Cycle 

-512 cycle/8ms (Normal) 
-512 cycle/64ms (L-version) 
-512 cycle/128ms (LL-version) 

• Power Dissipation 
-Standby: 1.8mW (Normal) 

0.36mW (L-version) 
0.36mW {LL-version) 

-Active (60/70/80): 325/290/270mW 
• JEDEC standard pinout 
• Available in plastic SOJ and TSOP II 

FUNCTIONAL BLOCK DIAGRAM 

RAS 

LCAS 

UCAS 

w 

Control 
Clocks J

- Voo 

µVss I VBB Generator 

~----_.__ ______ -------------

Refresh Control Row Decoder 

Q 

Refresh Counter o6 
Memory Array (/) 

0. 

262.144x16 E 
Cells 

<t'. 

3i Row Address Buffer c 
(j) 

(f) 

Ao-As 

Col. Address Buffer Column Decoder 

t1i!:':fiiiii» 
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Lower 
Data in 

} Buffer DO· 
to 

DOH 
Lower 

Data out 
Buffer 

Upper 
OE 

Data in 

Butter 
Do~, 

to 
Upper DQ11. 

Data out 
Buffer· 
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KM416V256B/BL/BLL CMOS DRAM 

PIN CONFIGURATION {Top Views) 

• KM416V256BJ/BLJ/BLLJ • KM416V256BT/BLT/BLLT • KM416V256BTR/BLTR/BLLTR 

Vm 10 40 Vss Voo 10 40 Vss Vss 40 Voo 

001 39 0016 DQ1 2 39 DQ15 0016 39 2 D01 

38 DQ1s D02 3 38 D01s DQ1s 38 0 3 DQ2 

DQ:i 37 DQ1.1 DQ:i 4 37 DQ14 DQ14 37 4 DQ3 

D01 
DQ.1 5 36 0013 0013 36 5 004 

36 0013 
Voo 6 35 Vss Vss 35 6 Voo 

VDD 35 Vss 
DQs 7 34 0012 0012 34 7 DOs 

DQ:, 34 D012 
006 8 33 D011 DQ11 33 8 006 

DOb 33 D011 DQ1 9 32 D010 DQ10 32 9 DQ1 
DQ, 32 0010 DOs 10 31 DQg DQg 31 10 DOs 
DOB 10 .31 DQ9 

N.C. 11 30 N.C. 

N.C. 12 29 LCAS N.C. 11 30 N.C. N.C. 30 11 N.C. 

w 13 28 UCAS N.C. 12 29 LCAS LCAS 29 12 N.C. 

RAS 14 27 OE w 13 28 UCAS UCAS 28 13 w 
RAS 14 27 OE OE 27 14 RAS 

N.C. 15 26 As 
As N.C. N.C. 15 26 As 26 15 

Ao 16 25 Ai 
Ao 16 25 A1 A1 25 16 Ao 

Al 17 24 A6 
A1 17 24 A6 A6 24 17 A1 

A:> 18 23 Ao A2 18 23 As As 23 0 18 A2 
A3 19 0 22 A.1 A3 19 22 A.1 A4 22 19 A3 

VDD 20 21 Vss VDD 20 21 Vss Vss 21 20 Voo 

Pin Name Pin Function Pin Name Pin Function 

Ao-As Address Inputs LCAS Lower Column Address Strobe 

D01-16 Data In/Out I 
-

Read/Write Input w 
-

Vss Ground OE Data Output Enable 
1---

RAS Row Address Strobe Voo Power(+3.3V) 

UCAS Upper Column Address Strobe N.C. No connection 

ABSOLUTE MAXIMUM RATINGS 
Parameter Symbol Rating Units 

Voltage on any pin relative to Vss V1N, VouT -0.5-4.6 v 
~ - - + 

Voltage on Voo supply relative to Vss Voo -0.5-4.6 
---- : 

Storage Temperature Tstg -55 to+ 150 

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. 

ttMfiiiii» 
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KM416V256B/BL/BLL CMOS DRAM 

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

Parameter Symbol Min Typ Max Unit 

Supply Voltage VDD 3.0 3.3 3.6 v 
Ground Vss 0 0 0 v 
Input High Voltage VIH 2.1 - VDD+0.3 v 
Input Low Voltage VIL -0.3 - 0.8 v 

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

Parameter Symbol Min Max Units 

Operating Current* KM416V256B/BUBLL-6 90 mA 

(RAS, UCAS or LCAS, Address Cycling @tRC=min.) KM416V256B/BUBLL-7 lcc1 - 80 mA 
KM416V256B/BUBLL-8 75 mA 

Standby Current 
lcc2 - 1 mA 

(RAS=UCAS=LCAS=W=VIH) 

RAS-Only Refresh Current* 
KM416V256B/BUBLL-6 90 mA 

(UCAS=LCAS=VIH, RAS, Address Cycling @tRC=min.) 
KM416V256B/BUBLL-7 Ices - 80 mA 
KM416V256B/BUBLL-8 75 mA 

Fast Page Mode Current* 
KM416V256B/BUBLL-6 60 mA 

(RAS=VIL, UCAS or LCAS, Address Cycling @tPC=min.) 
KM416V256B/BUBLL-7 ICC4 - 55 mA 
KM416V256B/BUBLL-8 50 mA 

Standby Current 
KM416V256B 500 µA 

(RAS=UCAS=LCAS=W=VDD-0.2V) 
KM416V256BL Ices - 100 µA 
KM416V256BLL 100 µA 

GAS-Before-RAS Refresh Current* 
KM416V256B/BUBLL-6 90 mA 

(RAS, UCAS or LCAS Cycling @t~c=min.) KM416V256B/BUBLL-7 ICC6 - 80 mA 
KM416V256B/BUBLL-8 75 mA 

Battery Back Up Current Average Power Supply Current, 
Battery Back Up Mode, Input High Voltage(VIH)=VDD-0.2V 
Input Low Voltage(V1L)=0.2V xCAS=VIL KM416V256BL ICC7 - 200 µA 
DIN=Don't Care, TRC=125µS 
TRAS= TRAS min.-300ns 

Self Refresh Current 
RAS=xCAS=0.2V 

KM416V256BLL Ices 100 µA 
W=0E.=Ao-As=VDD-0.2V or 0.2V -
DQ1-D016=VDD-0.2V, 0.2V or Open 

Input Leakage Current 
li(L) -10 10 µA 

(Any input O:::;V1N :::::Voo+0.3V, all other pins not under test=O V) 

Output Leakage Current 
IO(L) -10 10 µA 

(Data out is disabled, OV:::;Vour:::;VDD) 

Output High Voltage Level (IOH=-2mA) VoH 2.4 - v 
Output Low Voltage Level (loL=2mA) VOL - 0.4 v 

*NOTE: lcc1, Ices, lcc4 and Ice~ 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 and ICC3, address can be changed maximum 
two times while RAS=VIL. In ICC4, address can be changed maximum once within one fast page cycle. 

41:!:i:f JllWP 
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KM416V256B/BL/BLL CMOS DRAM 

CAPACITANCE (f A=25°C, Voo=3.3V, f=1 MHz) 

Parameter Symbol Min Max Unit 

Input Capacitance (Ao-Aa) CIN1 - 5 pF 

Input Capacitance (RAS, LCAS, UCAS, W, OE) CIN2 - 7 pF 

Input Capacitance (DQ1 -0016) Coo - 7 pF 

AC CHARACTERISTICS (0°C::;TA::;70°C, Voo=3.3V±0.3V, See notes 1,2) 

-6 -7 -8 
Parameter Symbol Units Notes 

Min Max Min Max Min 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 3,4,11 

Access time from CAS tCAC 15 20 20 ns 3,4,5 

Access time from column address tAA 30 35 40 ns 3,11 

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

Output buffer turn-off delay tOFF 0 1°5 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 pulse width tRAS 60 10,000 70 10,000 80 10,000 ns 

RAS hold time tRSH 15 20 20 ns 

CAS hold time tCSH 60 70 80 ns 

CAS pulse width tCAS 15 10,000 20 10,000 20 10,000 ns 

RAS to CAS delay time tRCD 20 45 20 50 20 60 ns 4 

RAS to column address delay time tRAD 15 30 15 35 15 40 ns 11 

CAS to RAS precharge time tCRP 5 5 5 ns 

Row address set-up time tASR 0 0 0 ns 

Row address hold time tRAH 10 10 10 ns 

Column address set-up time tAsc 0 0 0 ns 

Column address hold time tCAH 15 15 15 ns 

Column address hold time referenced to RAS tAR 50 55 60 ns 6 

Column address to RAS lead time tRAL 30 35 40 ns 

Read command set-up time tRCS 0 0 0 ns 

Read command hold time referenced to CAS tRCH 0 0 0 ns 9 

Read command hold time referenced to RAS tRRH 0 0 0 ns 9 

Write command set-up time twcs 0 0 0 ns 8 

Write command hold time twCH 10 10 10 ns 

Write command hold time referenced to RAS twCR 45 50 55 ns 6 

Write command pulse width twp 10 10 10 ns 

Write command to RAS lead time tRWL 15 15 20 ns 

Write command to CAS lead time tCWL 15 15 20 ns 

d!:i:fl@iP 
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KM416V256B/BL/BLL CMOS DRAM 

AC CHARACTERISTICS (Continued} 

-6 -7 
Parameter / Units Notes 

I

. Symbol -- ··] --
Min Max Min Max 

-8 

Min! Max I 

E~!~~e~~p_!!~-~--- ------~----------~ - --
Data hold time 

Data hold time referenced to RAS 

_ ~ef~e~eri.<J.~j~~rl1~.'L ________________ _ 

-~~f~~~jl_e!i~~-~-1/_el"_s_i_~nl___ _________________ _ 

Refresh period (LL-version) 
- ------------------------- ---- - ----·- --

CAS to W delay time 

RAS t.c>._~_del_c:1}'__~fT1~ 
Column address to W delay time 

- - - - ----

tos 

tDH 

tDHR 

tREF 

tREF 

tREF 

tCWD 

tRWD 

tAWD 

0 

15 

50 j 

I 

40 

85 

55 

60' 

8 

64 

128 

0 

15 

55 

1 ~: ::~;~~;:·::::~ ITTesh) tCSR -10 r 
10 j 

50 

95 

60 

65 

10 

10 

l

_CAS hol~ time (CAS-befo!e=.R.A.S refresh) 

RAS precharge to CAS hold time 

/_c~~-el".e~har~e time (C-B-R counter t~st ;ycle) 

l~_c~S!_tl_me_~om C,A.S ~re~~l"_ge_ 
I £~st ~age mo9e cycle time 

-~~~t ~a~~ r:n_od~_read-modify~write cyc!e time 

--~~~-~~~-~~!9!~-(~~st Pag~ mode} 

_R~§__hold time from CAS prechar~e 

~,A.S_p!e£h~r_g_e _ti~e i~~s_t_Pag_e _m9de) 

Access time from OE 

.Q~.!~~ata=jn_~~Y_ ~r:n_e, _ 
Out put buffer turn off delay time from OE 

5E commend hold time 

tCHR 

tRPC 

tCPT 

tCPA 

tPC 

tPRWC 

51 
20. 

1 
I 

40 I 
I 

80 j 
tRASP __ 60 i 

l tRHCP 35 I 

l 

l::~ r · 10 

l 
-·_T

1 
-;~E;_i_ t 

.- t 15 j 

35 

100K 

5 

25 

45 

95 

70 

40 i 
10 

RAS pulse width (C-B-R self refresh) 
~-~-----------·------------~----------------------·-

_ _Fi_AS pr~harge ti~~~§=~~L~~~esh) 

1 

CAS hold time (C-B-R self refresh) 

- I :::: t ,~ ! 
l tRASS _Tl_1~-0~--
i I 

20 

0 

20 

100 

130 I- tRPS -+- 210 t 

tCHS ! ··50 I I -50 

KM416V256B/BUBLL Truth Table 

RAS LCAS i UCAS i W OE 001-00a 

x 
x 
L i 

L 
·r 

--+-
L ! 

Hl-Z 

Hl-Z 

Hl-Z 

DO-OUT 

DO-IN 

DO-IN 

Hl-Z 

: I : - i : ~ -------1--------------t----- - --+ 

L 1 L +H. H 1-~-------j---·--------- -- ------- ---+ --- ---

1 L I H L ! H 

11-----f-T~-r ·+-~~1F:~ ·· :=_f<_, __ 
L H L L H : 

l---c·---t------L~-L--- ~-- L 

1------+--------7 -- -- 1 
I L ! L I L ! 

H 

H H 

t11Jf:f1ii!I» 
ELECTRONICS 

8 

64 

128 

40 

0 

15 

60 

50 

105 

65 

70 

10. 

10 I 

5 

30 ' 

50 

100 

100K 80 

20 

45 

10 

20 

20 0 

20 

! 100 

! 150 

-50 

009-0016 

-Hl-Z 

Hl-Z 

DO-OUT 

DO-OUT 

DO-IN 

DO-IN 

Hl·-z 

ns 1 

ns 

i ns 

10 

10 

6 

81 ms 

64; ms 

128 ms 

45 

100K 

20 

20 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

/LS 

ns 

ns 

STATE 

8 

8 

8 

3 

12 

12 

12 

Standby 

Refresh 

Byte Read 

Byte Read 

Word Read 

Byte Write 

Byte Write 

Word Write 
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KM416V256B/BL/BLL CMOS DRAM 

NOTES 
1. An initial pause of 200µs is required after power-up followed by any 8 RAS-only or GAS-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 TIL loads and 1 OOpF, Voh=2.0V and Vo1=0.8V 
4. Operation within the tRco(max) limit insures that tRAc(max) can be met. tRco(max) is specified as a reference point 

only. If tRco is greater than the specified tRco(max) limit, then access time is controlled exclusively by tcAc. 
5. Assumes that tRCD 2". tRco (max). 
6. tAR, twcR, toHR are referenced to tRAo(max). 
7. toFF(max) defines the time at which the output achieves the open circuit condition and is not referenced to VoH or 

VOL 
8. twcs, tRwo, tcwo and tAwo are non restrictive operating parameters. They are included in the data sheet as electric 

characteristics only. If twcs 2". twcs(min) the cycle is an early write cycle and the data output will remain high 
impedance for the duration of the cycle. If tcwo;:::o:tcwo(min), tRwo2".tRWD(min) and tAWD2".tAwo(min), then the cycle 
is a read-write cycle and the data output will contain the data read from the selected address. If neither of the 
above conditions are satisfied, the condition of the data out is indeterminate. 

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

write cycles. 
11. Operation within the tRAo(max) limit insures that tRAc(max) can be met. tRAo(max) is specified as a reference point 

only. If tRAo is greater than the specified tRAo(max) limit, then access time is controlled by tAA. 
12. 512 cycles of burst refresh must be executed within 8ms before and after self refresh, In order to meet refresh 

specification. 
13. tAsc, tcAH are referenced to the earlier CAS falling edge. 
14. tcP is specified from the last CAS rising edge in the previous cycle to the first CAS falling edge in the next cycle. 
15. tcwo is referenced to the later CAS falling edge at word read-modify-write cycle. 
16. tcwL is specified from W falling edge to the earlier CAS rising edge. 

ADD. 

w 

17. tcsR is referenced to darlier CAS falling low before RAS transition low. 
18. tCHR is referenced to the later GAS rising high after RAS transition low. 

RAS 

le HR 

•1MfiliiliP 
ELECTRONICS 
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KM416V256B/BL/BLL 

19. tos, tDH is independetly specified for lower byte Din(1-8), upper byte Din(9-16). 

DQ1-DQs 

DQ0-0Q15 

w 

TIMING DIAGRAMS 
WORD READ CYCLE 

V1H - ~"'""'"'"""""-"1-t"---"1"-'""""' 
LCAS 

A 

w V1H -

V1L-

V1H-
OE 

V1L-

t1:fof11jh» 
ELECTRONICS 

CMOS DRAM 

~ DON'TCARE 

. 506 



KM416V256B/BL/BLL CMOS DRAM 

TIMING DIAGRAMS (Continued) 

LOWER BYTE READ CYCLE 

- V1H
LJCA$ 

A 
V1H -

Vil -

w V1H -

Vil -

OE 
V1H -

Vrl-

VoH -
D01-DOa ------

Vol -

VoH -
DQ9-D01s Vol - ----------------

UPPER BYTE READ CYCLE 
----------lRc----------

--------tRAS-------

----t----+---tRsH-----t 

---+---tcAs----

A 
V1H-

V1L-

w V1H-

v,l_ 

OE 
V1H-

V,L-

DQ1 -DOa 
VoH-

Vol-

D09-DQ15 
VoH-

OPEN 
VoL-

~ DON'TCARE 

•tmWJiiiiiP 
ELECTRONICS 
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KM416V256B/BL/BLL CMOS DRAM 

TIMING DIAGRAMS (Continued) 

WORD WRITE CYCLE (EARLY WRITE) 

RAS 
V1H-

V1L-

UCAS 
V1H-

V1L-

V1H-
LCAS 

V1L-

A 
V1H-

V1L-

w V1H-

V1L-

V1H- ~~~~~-,oM ........ """""'-,oM"'"""'""""""'~,.........r.....""""'-,oM""""'"..,....,.~,....,... ........ ..,....,,...,...., ........ "'"""'"""'"""...,...,..........,....,,.., 

VIL -~~~~~~~~~~~(...::.t...~~~~~~~~...:..w.~~~~~~~~~ 

V1H

V1L- ,_..._.._._....._........,_........,,.'-"'--.......... ....., r-----'I ~"-"'-~~=..i..~"--lor..~~~....:.:...;~..i.:...:w~~~ 

LOWER BYTE WRITE CYCLE (EARLY WRITE) 

-----tRAs-----------l 

RAS 
V1H-

-!AR 

V1L-

UCAS 
V1H -

V1L - tRco- IAsH-

lcsH 

LCAS V1H -

V1L -

A 
V1H-

V1L -

w V1H -

V1L -

OE 
V1H -

V1L -

DQ1-DOa 
V1H -

V1L -

= 
~DON'T CARE 

tJMfJihl» 
ELECTRONICS 

508 



KM416V256B/BL/BLL CMOS DRAM 

TIMING. DIAGRAMS (Continued) 

UPPER BYTE WRITE CYCLE (EARLY WRITE) 
i-- !Re 

--------!RAs---------t 

RAS 
V1H -

!AR 
v,, -

UCAS 
V1H -

v,, -

V1H -
LCAS IRAL v,, -

A 
V1H -

v,, -

w V1H-

V1L-

BE 
V1H -

v,, _ 

DQ1-DQ8 
V1H -

v,, -

V1H -

DQ9 -DQ16 v,, -

WORD WRITE CYCLE COE CONTROLLED WRITE) 

V1H -
RAS v,, -

V1H -

UCAS 
V1L -

V1H -
LCAS 

V1L -

V1H -
A 

VIL -

w V1H -

V1L-

V1H-

OE 
V1L -

D01-D015 
V1H--

V,L-

~DON'T CARE 

tlilMilhl" ELECTRONICS 
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KM416V256B/BL/BLL CMOS DRAM 

TIMING DIAGRAMS (Continued) 

LOWER BYTE WRITE CYCLE (OE CONTROLLED WRITE) 
!Re 

IRAS 

V1H -

~ 
Vil-

OCAS 
V1H-

Vil -

V1H-

[GAS 
V1L-

A 
V1H-

Vil-

V1H -

w 
Vil-

V1H -

~ 
Vil-

D01-D08 
V1H-

Vil -

UPPER BYTE WRITE CYCLE (OE CONTROLLED WRITE) 

V1H -
RAS 

Vil -

UCAS 
V1H -

Vil -

V1H -
LCAS 

Vil -

A 
V1H -

Vil -

V1H -

w 
Vil -

OE 
V1H -

Vil -

DQ1-D0s V1H -

Vil -

DQ9-DQ16 
V1H -

Y1l -

~, DON'T CARE 

tJ:!:i:fiijh$ 
ELECTRONICS 
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KM416V256B/BL/BLL 

TIMING DIAGRAMS (Continued) 

WORD READ-MODIFY-WRITE CYCLE 

V1H -
RAS 

V1L -

V1H -
UCAS 

VIL -

V1H -
LCAS 

V1L -

V1H -
A 

V1L -

w V1H -

VIL -

V1H -
OE 

V1L -

V10H - ---------+--<JV\ 
V10L -

LOWER-BYTE READ-MODIFY-WRITE CYCLE 

CMOS DRAM 

i--------------!Rwc---------------i 

V1H -
RAS 

V1L -

OGAS V1H -

V1L -

LCAS 
V1H -

V1L -

V1H -

A 
V1L -

w V1H -

VIL -

OE V1H-

V1L -

DQ1-DQ8 
VI/OH~ 

V10L -

DQ9-DQ16 
VllOH -

V1;QL -

~DON'T CARE 

411mfilm" 
ELECTRONICS 
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KM416V256B/BL/BLL 

TIMING DIAGRAMS (Continued) 

UPPER-BYTE READ-MODIFY-WRITE CYCLE 

V1H -

RAS 
V1L -

UCAS 
V1H -

V1L -

V1H -

CCAS 
V1L -

V1H -
A 

V1L -

V1H -

w 
V1L -

OE 
V1H -

V1L -
V10H-

001-00a 
V10L -

009-0016 
V10H-

V10L-

FAST PAGE MODE WORD READ CYCLE 

V1H -
RAS 

V1L -

V1H -

UCAS 
V1L-

V1H-
[C7iS 

V1L -

V1H -
A 

V1L -

V1H -

w 
V1L -

V1H -

~ V1L -

•1Mfi'hi> 
ELECTRONICS 

CMOS DRAM 

~DON'T CARE 
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KM416V256B/BL/BLL CMOS DRAM 

TIMING DIAGRAMS (Continued) 

FAST PAGE MODE LOWER BYTE READ CYCLE 

RAS 
V1H -

Vil -

V1H -
UCAS 

Vil -

LCAS 
V1H -

Vil -

V1H -
A 

Vil -

w V1H -

Vil -

OE 
V1H -

Vil -

D01~DOs 
VoH-

Vol -

DQ9~DQ16 
VoH -

Vm -

FAST PAGE MODE UPPER BYTE READ CYCLE 

V1H -
UCAS 

Vil -

V1H -
LCAS 

Vil -

V1H -
A 

Vil -

w V1H -

Vil -

V1H -
OE 

Vil -

DQ1 ~DOs 
VoH -

Vol -

DQ9~DQ16 
VoH -

Vol -

~DON'T CARE 

•!Mfiifo» 
ELECTRONICS 
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Mf1q.1'6V256B/BL/BLL CMOS DRAM 

TIMING DIAGRAMS (Continued) 

FAST PAGE MODE WORD WRITE CYCLE (EARLY WRITE) 

V1H -
RAS 

V1L -

OGAS 
V1H-

V1L-

V1H-

LCAS 
V1L-

V1H-
A 

V1L-

V1H-

w 
V1L-

V1H-

BE 
V1L -

D01-D016 

V1H-

V1L-

FAST PAGE MODE LOWER BYTE WRITE (EARLY WRITE) 

RAS 
V1H -

V1L-

V1H -

OGAS 
V1L-

V1H -

CCAS 
V1L-

V1H -

A 
V1L-

V1H -

w 
V1L-

OE 
V1H-

V1L-

D01-DOa 
V1H -

V1L-

DQg-0016 

t1MHlih• 
ELECTRONICS 
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KM416V256B/BL/BLL 

TIMING DIAGRAMS (Continued) 

FAST PAGE MODE UPPER BYTE WRITE CYCLE (EARLY WRITE) 

V1H -

RAS 
V1L -

V1H-

OGAS 
V1L-

V1H -

CCAS 
V1L -

V1H -

A 
V1L -

w V1H -

V1L -

OE 
V1H-

V1L-

• DQ1-DOa 
V1H -

V1L -

DQ9 -DQ16 

V1H -

V1L-

FAST PAGE MODE WORD READ-MODIFY-WRITE CYCLE 

V1H -

RAS 
V1L -

V1H -

~ 
V1L-

V1H-

LCAS 
V1L-

V1H -
A 

V1L-

w V1H-

V1L -

OE 
V1H -

V1L -

DQ1-DQ16 
V110H-

V110L-

VALID DATA-OUT VALID DATA-IN 

00 DON'T CARE 

t1:1Milhi> 
ELECTRONICS 
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KM416V256B/BL/BLL CMOS DRAM 

TIMING DIAGRAMS (Continued) 

FAST PAGE MODE LOWER-BYTE READ-MODIFY-WRITE CYCLE 

RA'S 
Vu.,-

V1L_-

OCAS 
V1H -

V1L-

~ 
V1H-

V1L-

V1H-
A 

V1L -

w V1H-

V1L-

m: V1H-

V1L-

V110H-
DQ1-DQa 

V110L-

V110H -
VALID DATA-OUT VALID DATA-IN VALID DATA-OUT VALID DATA-IN 

DQs-DQ16 
V110L -

FAST PAGE MODE UPPER-BYTE READ-MODIFY-WRITE CYCLE 

RA'S 
V1H-

V1L -

V1H-

OCAS 
V1L-

CCAS 
V1H-

V1L-

V1H -
A 

V1L -

V1H-w 
V1L -

OE V1H -

V1L -

DQ1-DQa 
V110H -

V110L-

DQs-0016 
V110H -

V110L -

411fofi@iP 
ELECTRONICS 

VALID DATA-OUT VALID DATA-OUT VALID DATA-IN 

~ DON'TCARE 
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KM416V256B/BL/BLL 

TIMING DIAGRAMS (Continued) 

RAS ONLY REFRESH CYCLE 
NOTE W, OE=Don't Care 

1------------tH( ----

>----------- tf.·:, --------1 

v,~ -
A V1L _ 

CAS-BEFORE-RAS REFRESH CYCLE 
NOTE: W, OE, A= Don't Care 

V1L - ___ _, 

v,., -

VtH -

V1L- ____ _, 

VoH-
OQ9-0Q15 VOL- _______ 1---------0PEN 

CAS-BEFORE-RAS SELF REFRESH CYCLE 
NOTE: W, OE, A= Don't Care 

RAS V1H- 1------IRASs-----
V1L- ___ _, 

V1H-

V1L- ----..J 

V1H-

V1L- -----' 

CMOS DRAM 

001-0016 ~OH - 1~-------0PEN-------------
OL - ---------'1 

~ DON'TCARE 

ttMfilhliP 
ELECTRONICS 
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KM416V256B/BL/BLL 

TIMING DIAGRAMS (Continued) 

HIDDEN REFRESH CYCLE (READ) 

V1H -

RAS VIL -

V1H -
UCAS v,l -

V1H-

LCAS v,l -

V1H-
A 

Vn-'---

V1H -
w 

Vn -

i5E 
V1H-

v,, -

oa,-oa,,, VoH -

VOL -

HIDDEN REFRESH CYCLE (WRITE) 

V1H -
RAS v,l-

V1H-

UCAS v,l -

V1H -

LCAS V1L-

A 
V1H-

V1L -

V1H-
w v,l_ 

OE 
V1H -

VIL -

VoH-
00 1-DOrn 

VOL-

e1nf1lm;; 
ELECTRONICS 

CMOS DRAM 

~ DON'TCARE 
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KM416V2568/BL/BLL CMOS DRAM 

TIMING DIAGRAMS (Continued) 

CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 

V1H-
RAS 

V1L -

V1H-
OGAS 

V1L-

V1H-
~ 

A 

READ CYCLE 

V1H - ~~""'""",..,......,"""""".,....,.....,.....,,""""'""'.....,.....,.....,.._.......,....,....,....,..""'°",..,.._,...,. 

5E v,L - ................... ._..._ .................................................... '-"-' ................... ~ ......... ........,.....,.... ......... ~-+---__.._~ ......... ~~.i<-,.l'-...io~ • 
WRITE CYCLE 

w 

DQ DQ VoH - -------OPEN-----+-< I 
1~ 16 VoL - ~~..-----~ 

lcwL 

READ-MODIFY-WRITE 

w V1H

V1L - ~~~~~~~~~~~~'-lfl 

V1H-

6E VIL - ----------------+-fl-.,_, 

VALID DATA-OUT VALID DATA-IN 

~DON'T CARE 

t1Mfiihi» 
ELECTRONICS 
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KM416V256B/BL/BLL 

PACKAGE DIMENSION 
40-LEAD PLASTIC SMALL OUT-LINE J-LEAD 

1.020(25.91) 

1.030(25. 16) 

0 
0 

CMOS DRAM 

Units: Inches (millimeters) 

010· NC') 

6 0 
oo C\i 
o.~ 
0 0 
0 0 

0130(3 30) 

--~-0140(3.56) 

l<"looo4<01Jl~~~I 
0.016(0.41) I I 0.050(121) I L__oo50(121) 

0.020(051) t---- ---j TYP I ~- . MAX 

40 LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE (II) 
(Forward and Reverse Type) 

~~] 
·1 18.31 jl !_I 

18~ ~ 

0.80TYP 11 }>25 11 ~ I - i--- 0.35 i--- . 0.805 TYP 
' . 

tt:fafi@» 
ELECTRONICS 

0.80 TYP 

"· 0.10 --l--~~ 

~ 
0.40 I 

1 0.60 
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KM416V254B/BL/BLL CMOS DRAM 

256K x 16 Bit CMOS Dynamic RAM with Extended Data Out 

FEATURES 
• Performance range: 

tRAC tCAC tRC 

KM416V254B/BUBLL-6 60ns 17ns 110ns 

KM416V2548/BUBLL-7 70ns 20ns 130ns 

KM416V254B/BUBLL-8 80ns 20ns 150ns 

• Fast Page Mode with Extended Data out 
• Byte word Read/Write operation 
• CAS-before-RAS refresh capability 
• RAS-only and Hidden Refresh capability 
• Self Refresh operation (LL-version) 
• TTL compatible inputs and outputs 
• Early write or output enable controlled write 
·Triple 3.3V±0.3V power supply 
• Refresh Cycle 

-512 cycle/8ms (Normal) 
-512 cycle/64ms (L-version) 
-512 cycle/128ms (LL-version) 

• Power Dissipation 
-Standby : 1.8mW(Normal) 

0.36mW(L-version) 
0.36mW(LL-version) 

-Active (60/70/80 ): 255/235/220mW 
• JEDEC standard pinout 
• Available in plastic SOJ and TSOP II 

tHPC 

24ns 

29ns 

34ns 

GENERAL DESCRIPTION 
The Samsung KM416V254B/BUBLL is a CMOS high 
speed 262, 144 bit x 16 Dynamic Random Access 
Memory. Its design is optimized for high performance 
applications such as personal computer, graphics and 
high performance portable computers. 

The KM416V254B/BL/BLL features EDO Mode 
operation which allows high speed random access of 
memory cells within the same row. GAS-before-RAS 
refresh capability provides on-chip auto refresh as an 
alternative to RAS-only refresh. All inputs and outputs 
are fully TIL compatible. 

The KM416V254B/BL/BLL is fabricated using 
Samsung's advanced CMOS process. 

FUNCTIONAL BLOCK DIAGRAM 

VBB Generator i:£r: 
Refresh Control Row Decoder 

Q 
o6 

Memory Array rJ) 

c. 
Refresh Counter 

262,144x16 E 
Cells 

<( 
Q) 
rJ) 
c: Row Address Buffer 
~ 

Ao-As 

Col. Address Buffer Column Decoder 

tl"f:filUltP 
ELECTRONICS 

Lower 
Data in 
Buffer 

Lower 
Data out 

Buffer 

Upper 
Data in 
Buffer 

Upper 
Data out 

Buffer 

DQ9 

to 
DQ16 
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KM416V254B/BL/BLL CMOS DRAM 

PIN CONFIGURATION (Top Views) 

• KM416V254BJ/BLJ/BLW • KM416V254BT/BLT/BLLT • KM416V254BTR/BLTR/BLLTR 

Voo 1 0 40 Vss Voo 10 40 Vss Vss 40 Voo 

001 2 39 0016 001 2 39 001s 0016 39 2 001 

002 3 38 001s 002 3 38 001s 001s 38 0 3 002 

003 4 37 0014 003 4 37 0014 0014 37 4 003 

004 5 0013 
004 5 36 0013 0013 36 5 004 

36 
6 35 Voo 6 35 Vss Vss 35 6 Voo 

Voo Vss 
OOs 7 34 0012 0012 34 7 OOs 

OOs 7 34 0012 00s 8 33 0011 0011 33 8 00s 
DOs 8 33 0011 007 9 32 0010 0010 32 9 007 
007 9 32 0010 OOs 10 31 00s 00s 31 10 OOs 
DOs 10 31 00s 

N.C. 11 30 N.C. 

N.C. 12 29 LCAS N.C. 11 30 N.C. N.C. 30 11 N.C. 

w 13 28 UCAS N.C. 12 29 LCAS LCAS 29 12 N.C. 

RAS 14 27 OE w 13 28 UCAS UCAS 28 13 w 
N.C. RAS 14 27 OE OE 27 14 RAS 

15 26 As 
As N.C. 15 26 As 26 15 N.C. 

Ao 16 25 A1 
Ao 16 25 A1 A1 25 16 Ao 

A1 17 24 As A1 17 24 As As 24 17 A1 
A2 18 23 As A2 18 23 As As 23 0 18 A2 
A3 19 0 22 A4 A3 19 22 A4 A4 22 19 A3 

Voo 20 21 Vss Voo 20 21 Vss Vss 21 20 Voo 

Pin Name Pin Function 

Ao-As Address Inputs 

DQ1-16 Data In/Out 

Vss Ground 

RAS Row Address Strobe 

UCAS Upeer Column Address Strobe 

LCAS Lower Column Address Strobe 

w Read/Write Input 

OE Data Output Enable 

Yoo Power(+3.3V) 

N.C. No Connection 

ttmWJllW> 
ELECTRONICS 
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KM416V254B/BL/BLL CMOS DRAM 

ABSOLUTE MAXIMUM RATINGS 
Parameter Symbol Rating Units 

Voltage on any pin relative to Vss VIN, VOUT -0.5-4.6 v 
Voltage on Voo supply relative to Vss VDD -0.5-4.6 v 
Storage Temperature Tstg -55 to+ 150 oc 
Power Dissipation PD 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 (Voltage referenced to Vss, TA=O to 70°C) 

Parameter Symbol Min Typ Max Unit 

Supply Voltage VDD 3.0 3.3 3.6 v 
Ground Vss 0 0 0 v 
Input High Voltage VIH 2.1 - Voo+0.3 v 
Input Low Voltage V1L -0.3 - 0.8 v 

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

Parameter Symbol Min Max Units 

Operating Current* 
KM416V254B/BUBLL-6 70 mA 

(RAS, UCAS=LCAS, Address Cycling @tRc=min.) 
KM416V254B/BUBLL-7 lcc1 - 65 mA 
KM416V254B/BUBLL-8 60 mA 

Standby Current 
lcc2 - 1 mA 

(RAS=UCAS=LCAS=W=VIH ) 

RAS-Only Refresh Current* 
KM416V254B/BUBLL-6 70 mA 

(UCAS=LCAS=VIH, RAS, Address Cycling @tRC=min.) 
KM416V254B/BUBLL-7 ICC3 - 65 mA 
KM416V254B/BUBLL-8 60 mA 

Hyper page Mode Current* 
KM416V254B/BUBLL-6 60 mA 
KM416V254B/BUBLL-7 ICC4 - 55 mA (RAS=VtL, UCAS=LCAS, Address Cycling @tPC=min.) 
KM416V254B/BUBLL-8 50 mA 

Standby Current 
KM416V254B 500 µA 

(RAS=UCAS=LCAS=W=Voo-0.2V) 
KM416V254BL Ices - 100 µA 
KM416V254BLL 100 µA 

GAS-Before-RAS Refresh Current* 
KM416V254B/BUBLL-6 70 mA 

(RAS and UCAS=LCAS Cycling @tRC=min.) 
· KM416V254B/BUBLL-7 Ices - 65 mA 

KM416V254B/BUBLL-8 60 mA 

Battery Back Up Current Average Power Supply Current, 
Battery Back Up Mode, Input High Voltage(V1H)=Voo-0.2V 
Input Low Voltage(V1L)=0.2V KM416V254BL ICC? - 200 µA 
UCAS=LCAS=0.2V 
DtN=Don't Care, TRC=125µS TRAS= TRAS min.-300ns 

Self Refresh Current 
RAS=UCAS=LCAS=0.2V 

KM416V254BLL Ices 100 µA 
W=OE=Ao-As=Voo-0.2V or 0.2V -

DQ1-D016=VDD-0.2V, 0.2V or Open 

d!MJiiii» 
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KM416V254B/BL/BLL CMOS DRAM 

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

Parameter Symbol Min Max Units 

Input Leakage Current 
li(L) -10 10 µA 

(Any input O~V1N ~Voo+0.3\/, all other pins not under test=O volts.) 

Output Leakage Current 
IO(L) -10 10 µA 

(Data out is disabled, OV~Vour~Voo) 

Output High Voltage Level (IOH=-2mA) VoH 2.4 - v 
Output Low Voltage Level (loL=2mA) VOL - 0.4 v 

*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 and ICC3, address can be changed maximum 
two times while RAS=V1L In lcc4, address can be changed maximum once within one hyper page cycle. 

CAPACITANCE (TA=25°C, Voo=3.3V, f=1 MHz) 

Parameter Symbol Min Max Unit 

Input Capacitance (Ao-As) CIN1 - 5 pF 

Input Capacitance (RAS, UCAS, LCAS, W, OE) CIN2 - 7 pF 

Input Capacitance (DQ1-DQ16) Coo - 7 pF 

AC CHARACTERISTICS (0°C~TA~70°C, Voo=3.3V±0.3V, See notes 1,2) 

-6 -7 -8 
Parameter Symbol Units Notes 

Min Max Min Max Min 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 3,4,11 

Access time from CAS tCAC 17 20 20 ns 3,4,5 

Access time from column address tAA 30 35 40 ns 3,11 

GAS to output in Low-Z tCLZ 3 3 3 ns 3 

Turn-off delay from CAS tCEZ 3 15 3 20 3 20 ns 7,14 

Transition time (rise and fall) tr 2 50 2 50 2 50 ns 2 
-.-

RAS precharge time tRP 40 50 60 ns 

RAS pulse width tRAS 60 10,000 70 10,000 80 10,000 ns 

RAS hold time tRSH 17 20 20 ns 

CAS hold time tCSH 50 60 70 ns 

CAS pulse width tCAS 10 10,000 15 10,000 20 10,000 ns 12 

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 hS 11 

CAS to RAS precharge time tCRP 5 5 5 ns 

Row address set-up time tASR 0 0 0 ns 

Row address hold time tRAH 10 10 10 ns 

Column address set-up time tAsc 0 0 0 ns 

Column address hold time tCAH 15 15 15 ns 

t11J:':f1@$ 
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KM416V254B/BL/BLL CMOS DRAM 

AC CHARACTERISTICS (Continued) 

-6 -7 -8 
Parameter Symbol Units Notes 

Min Max Min Max Min Max 

Column address hold time referenced to RAS tAR 50 55 60 ns 6 

Column address to RAS lead time tRAL 30 35 40 ns 

Read command set-up time tRCS 0 0 0 ns 

Read command hold time referenced to GAS tRCH 0 0 0 ns 9 

Read command hold time referenced to RAS tRRH 0 0 0 ns 9 

Write command hold time twCH 10 10 10 ns 

Write command hold time referenced to RAS twCR 45 50 55 ns 6 

Write command pulse width twp 10 10 10 ns 

Write command to RAS lead time tRWL 15 15 20 ns 

Write command to CAS lead time tCWL 15 15 20 ns 

Data set-up time tDS 0 0 0 ns 10 

Data hold time tDH 15 15 15 ns 10 

Data hold time referenced to RAS tDHR 50 55 60 ns 6 

Refresh Period (Normal) tREF 8 8 8 ms 

Refresh Period (L-ver) tREF 64 64 64 ms 

Refresh Period (LL-ver) tREF 128 128 128 ms 

Write command set-up time twcs 0 0 0 ns 8 

CAS to W delay time tCWD 42 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 (GAS-before-RAS refresh) tCSR 10 10 10 ns 

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

RAS to CAS precharge time tRPC 5 5 5 ns 

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

Access time from CAS precharge tCPA 35 40 45 ns 3 

Hyper Page mode cycle time tHPC 24 29 34 ns 12 

Hyper Page mode read-modity-write cycle time tHPRWC 76 81 91 ns 12 

CAS precharge time (Hyper Page mode) tCP 10 10 10 ns 

RAS pulse width (Hyper Page mode) tRASP 60 100K 70 100K 80 100K ns 

RAS hold time from CAS precharge tRHCP 35 40 45 ns 

OE access time tOEA 15 20 20 ns 

OE to data delay tOED 15 20 20 ns 

Output buffer turn off delay time from OE tOEZ 3 15 3 20 3 20 ns 7 

OE commend hold time tOEH 15 20 20 ns 

OE to Output in Low-Z tOLZ 3 3 3 ns 3 

Output data hold time tDOH 5 5 5 ns 

Output buffer turn off delay from RAS tREZ 3 15 3 20 3 20 ns 7,14 

tlil:i:filjiiiP 
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~4f6V254B/BL/BLL CMOS DRAM 

AC CHARACTERISTICS (Continued) 

-6 -7 -8 
Parameter Symbol Units Notes 

Min Max Min Max Min Max 

Output buffer tLJrn off delay from W tWEZ 3 15 3 20 3 20 ns 7 

W to data delay tWED 15 20 20 ns 

OE to CAS hold time tOCH 5 5 5 ·ns 

CAS hold time to OE tCHO 5 5 5 ns 

OE precharge time tOEP 5 5 5 ns 

W pulse width (Hyper Page Cycle) tWPE 5 5 5 ns 

RAS pulse width(C-8-R self refresh tRASS 100 100 100 µ.s 13 

RAS precharge time (C-8-R self refresh) tRPS 110 130 150 ns 13 

GAS hold time (C-8-R self refresh) tCHS -50 -50 -50 ns 13 

KM416V254B/BL/BLL Truth Table 

RAS LCAS UCAS w OE DQ1-DQs DQ9-DQ1s STATE 

H x x x x .Hl-Z Hl-Z Standby 

L H H x x Hl-Z Hl-Z Refresh 

L L H H L DO-OUT Hl-Z Byte Read 

L H L H L Hl-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 Hl-Z Hl-Z -

tlm'1filiii" 
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KM416V254B/BL/BLL CMOS DRAM 

NOTES 

1. An initial pause of 200µs is required after power-up followed by any 8 ROR or CSR cycles before 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) are assumed to be 5ns for all inputs except tHPC and tHPRWC. 

3. Measured with a load equivalent to 1 TIL loads and 1 OOpF, Voh=2.0V and Vo1=0.8V 
4. Operation within the tRco(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 tRco(max) limit, then access time is controlled exclusively by tcAc. 
5. Assumes that tRcD::::::tRCD (max). 
6. tAR, twcR. tDHR are referenced to tRAD(max). . 
7. This parameter defines the time at which the output achieves the open circuit condition and is not referenced to 

VoH orVoL. 
8. 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 cycle 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 are satisfied, the condition of the data out is indeterminate. 

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

write cycles. 
11. 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. 
12. tAsc :::::: tcP min, Assume tT =2.0 ns 
13. 512 cycle of burst refresh must be executed within 8ms before and after self refresh in order to meet refresh 

specification (LL-Ver) 
14. If RAS goes high before GAS high going, the open circuit condition.of the output is achieved by CAS high going. If 

GAS goes high before RAS high going, the open circuit condition of the output is achieved by RAS high going. 
15. tAsc, tcAH are referenced to the earlier GAS falling edge. 
16. tcP is specified from the last CAS rising edge in the previous cycle to the first CAS falling edge in the next cycle. 
17. tcwo is referenced to the later GAS falling edge at word read-modify-write cycle. 
18. tcwL is specified from W falling edge to the earlier GAS rising edge. 

ADD. 

w 

19. tcsR is refernced to earlier GAS falling low before RAS transition low. 
20. tCHR is referenced to the later GAS rising high after RAS transition low 
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KM416V254B/BL/BLL CMOS DRAM 

!csR I 
!cHR---j 

21. tos, tDH, is independently specified for lower byte DIN(1-8), upper byte Oin(9-16). 

w 
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KM416V254B/BL/BLL 

TIMING DIAGRAM 
WORD READ CYCLE 
NOTE : DIN=OPEN 

VIH -
RAS 

VIL -

VIH -
UCAS 

VIL -

VIH -
LCAS 

VIL -

V1H -
A 

VIL -

w VIH -

VIL -

VIH -
OE 

VIL -

VIH -
DQ1-DQa 

VIL -

DQg.:_0016 
VIH -

VIL -
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KM416V254B/BL/BLL CMOS DRAM 

TIMING DIAGRAM 
LOWER BYTE READ CYCLE 
NOTE : DIN=OPEN 

"4----------tRC-----------..4 

1...-------tRAs------~ 

VIH-
~~~~~ ~~~~-..I 

RAS 
VIL -

tCRP 

V1H -
UCAS 

V1L- '--------tcsH------...i 
tCRP 

tRco------~---tRSH-+----

V1H -
LCAS 

VIL -

VIH -
A 

VIL -

w VIH 

VIL -

VIH -
OE 

VIL -

VIH -
001-DQs 

VIL -

VIH -
OQ9-DQ1s 

VIL -

00 Don'tCare 
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KM416V254B/BL/BLL 

UPPER BYTE READ CYCLE 
NOTE : DIN=OPEN 

VIH -
RAS 

VIL -

VIH -
UCAS 

VIL -

VIH -
LCAS 

VIL -

VIH -
A 

VIL -

w VIH -

VIL -

ViH -
OE 

VIL -

V1H -
DQ1-DQa 

VIL -

ViH -
DQ0-DQ1s ------VIL -
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tRC 

tRAS 

tCSH 

tRCD tRSH tCRP 

tCAS 

tRPC 

• 
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KM416V254B/BL/BLL 

WORD WRITE CYCLE JEARLY WRITE) 
NOTE : DOUT=OPEN 

RAS 

~ 

LCAS 

A 

VIH-

ViL-

V1H-

V1L-

VIH-

VIL-

V1H

V1L-

w V1H

CMOS DRAM 

V1L - ...l'.--~-..-¥-~~~--4--+----oll~~~~~....ll:....¥..~.X-~~~~~~ 

OE V1H

V1L- -~~"'-lo"'-lo'--.'l~;........M;........M;........M~i-l'-fl-~~~-K...~~~~~~;.....¥~~....¥..~..¥....K--~ 

V1H-
DQ1-DQe 

V1L- ""-ll0~------.... ~......¥.1 "'------" '--~~"'-li"-M~~~~....¥......111..~~~~ 
V1H

009-0016 
V1L-; ~~~~~~~¥..I 1\------'1 ~'"-li:--...¥.~....¥..~~~~~~"--J~~ 

~ Don'tCare 
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KM416V254B/BL/BLL 

LOWER BYTE WRITE CYCLE (EARLY WRITE) 
NOTE : Dour=OPEN 

CMOS DRAM 

---------tRC---------+i 

RAS 
VIH-

V1L-

V1H-
UCAS 

V1L-

tcsH 

tRCD tRSH 

[GAS 
VIH-

V1L-

V1H_ 
A 

V1L-

w V1H-

V1L-

V1H-
OE 

VIL-

VIH-
DQ1-DQa 

V1L-

~ Don't'Care 
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KM416V254B/BL/BLL 

UPPER BYTE WRITE CYCLE (EARLY WRITE) 
l\JOTE : DOUT=OPEN 

V1H -
RAS 

VIL -

tCSH 
tRCD 

VIH -
UCAS 

VIL -

VIH -
LCAS 

V1L -

tRAD 

VIH 
A 

VIL -

w V1H -

VIL -

OE 
VIH -

VIL -

VIH 
DQ1-DQs 

V1L-

VIH -
DQ9-DQ1s 

CMOS DRAM 

tRC 

tRAS 

tCAS 

tRAL 

VIL - ____ .....__+-"___ i-----i ~...lo'-...K.....¥-1~...K.~--.¥--ll..-ll .............. ..-..... ~ 

~ Don'tCare 
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KM416V254B/BL/BLL 

WORD WRITE CYCLE (OE CONTROLLED WRITE) 
NOTE : Dour=OPEN 

RAS 

UCAS 

A 

w 

OE 

DQ1-DQa 

OQ9-DQ1s 

V1H -

VIL -

VIH -

V1L-

VIH - """'"""""""'~M---T-t-----"""'""' 

V1L- ----

VIH -

V1L-

VIH -

VIL -

V1H -

VIL -

VIH-

VIL -

V1H -

VIL -
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KM416V254B/BL/BLL 

LOWER BYTE WRITE CYCLE (OE CONTROLLED WRITE) 
NOTE : Dour=OPEN 

CMOS DRAM 

14-----------tRC---------+I 

--------tRAS;--------i 

VIH -
RAS 

V1L-

V1H -
UCAS 

V1L-

------tCSH------

t----tRCD1------tRSH-----t--+i 

VIH -
A 

V1L-

w VIH -

V1L-

OE 
VIH-

V1L- tOEH 

tos 

VIH -
DQ1-DQs DATA-IN 

VIL-

~ Don'tCare 
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KM416V254B/BL/BLL 

UPPER BYTE WRITE CYCLE (OE CONTROLLED WRITE) 
NOTE : DouT=OPEN 

CMOS DRAM 

----------tRc---------

i-----------tRAS-------. 

V1H -
RAS 

VIL -

VIH 'tCAS 

UCAS 
VIL -

tRPC 

tCRP 

VIH -
LCAS 

VIL -
tRAL 

tRAD 
tRAH 

tAsc tCAH 

VIH -
A 

VIL -

w VIH -

VIL -

5E 
VIH -

VIL - to EH 

V1H-
DQ1-DQa 

VIL -

VIH -
DQ9-DQ1s 

VIL -

~ Don'tCare 
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KM416V254B/BL/Btl CMOS DRAM 

WORD READ-MODIFY-WRITE CYCLE 

tRWC 

tRAS 

V1H -
RAS 

V1L -

V1H-
UCAS 

VIL-

ViH-
LCAS 

V1L-

V1H-
A 

V1L-

w ViH-

V1L-

5E 
V1H-

V1L 

DQ1-DQa 

DQg-DQ16 ,ViH - ------------<IX' 
V1L-

~ Don'tCare 
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KM416V254B/BL/BLL CMOS DRAM 

LOWER-BYTE READ-MODIFY-WRITE CYCLE 

tAWC 

tRAS 
VIH -

RAS 
VIL -

tCRP 

V1H _ 
UCAS 

VIL -
tAR 

tASH 

VIH - tCAS 
LCAS 

VIL -
tRAO 

VIH -
A 

VIL -

tcwo 

w VIH 

VIL -

VIH -
OE 

VIL -

tOED 

tOEZ tos tOH 

VIH -
DQ1-DQs 

VIL-

VIH-
DQe-D01e OPEN 

V1L-

~ Don'tCare 
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KM416V254B/BL/BLL CMOS DRAM 

UPPER-BYTE READ-MODIFY-WRITE CYCLE 

tRWC 

tRAC 

AAS 
VIH -

VIL -

tRSH 

VIH - tCAS 
UCAS 

VIL -

LCAS 
VIH_ 

VIL-

tRAD 

VIH-
A 

VIL-

w VIH _ 

VIL-

VIH-
OE 

VIL -

VIH-
DQ1-DQe OPEN 

V1L-

tCLZ 

tCAC tOED tos tDH 

tAA tOEZ 

tRAC 

VIH-
OQ9-DQ1s 

V1L-

~ Don'tCare 
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KM416V254B/BL/BLL CMOS DRAM 

HYPER PAGE MODE WORD READ CYCLE 

VIH -
UCAS VIL -

VIH -

LCAS VIL -

VIH -
A VIL -

00 Don'tCare 
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KM416V254B/BL/BLL CMOS DRAM 

HYPER PAGE MODE LOWER BYTE READ CYCLE 

VIH -
RAS 

VIL -

VIH -
UCAS 

VIL -

VIH 
LCAS · 

VIL -

V1H 
A 

VIL -

w V1H -

VIL -

VIH -
OE 

VIL -

VIH -
DQ1-DQa 

VIL -

VIH -
DQ9-0Q1s 

VIL -

~ Don'tCare 
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KM416V254B/BL/BLL 

HYPER PAGE MODE UPPER BYTE READ CYCLE 

RAS 

UCAS 

A 

w 

OE 

DQ1-DQe 

DQ9-DQ1s 

V1H -

VIL -

V1H_ 

V1L-

V1H

V1L-

VIH-

V1L-

VIH_ 

V1L-

V1H-

V1L-

VIH-

V1L-

VIH-

VIL-

ttMHIUI• 
ELECTRONICS 

-tAA 

I 
tCPA 

tCAC 

tCAC 

toot-I 
tRAC 

tCLZ 

VALID 
DATA-OUT 

tCPA 

tOEZ 

CMOS DRAM 

VALID 
DATA-OUT 

tREZ 

~ Don'tCare 
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KM416V254B/BL/BLL 

HYPER PAGE MODE WORD WRITE CYCLE (EARLY WRITE) 
NOTE : DOUT=OPEN 

RAS 

UCAS 

[GAS 

A 

w 

OE 

DQ1-DQa 

DQs-DQ1e 

VIH -

VtL -

VIH -

VIL -

VIH -

VIL -

VIH -

VtL -

VIH -

VIL -

VIH 

VIL -

V1H -

VIL -

VIH - ...,.......,......,..._._..___ ir--....... -.i 

VIL - ................... __ ........... _ ----
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KM416V254B/BL/BLL 

HYPER PAGE MODE LOWER BYTE WRITE CYCLE (EARLY WRITE) 
NOTE : Dour=OPEN 

V1H 
RAS 

VIL-

V1H-
UCAS 

V1L-

VIH 
LCAS 

VIL-

V1H_ 
A 

VIL-

w V1H_ 

V1L-

V1H_ 
OE 

V1L-

VIH-
DQ1-DQa 

V1L-
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KM416V254B/BL/BLL 

HYPER PAGE MODE UPPER BYTE WRITE CYCLE (EARLY WRITE) 
NOTE : Dour=OPEN 

VIH 
RAS 

VIL -

OCAS 
VIH -

VIL -

tCRP 

CCAS 
VIH-

V1L-

V1H-
A 

V1L-

w VIH-

VIL-

V1H_ 
OE 

VIL -

V1H_ 
DQ1-DQa 

V1L-

V1H

V1L - ...... -. ................ ....._ ........ .,, i'"---"I 
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KM416V254B/BL/BLL 

HYPER PAGE MODE WORD READ-MODIFY-WRITE CYCLE 

RAS 

UCAS 

LCAS 

A 

w 

OE 

DQ1-DQs 

DQ9-DQ1s 

VIH -

V1L-

VIH-

V1L-

VIH-

VIL-

VIH-

VIL-

VIH-

V1L-

V1H-

VIL-

V1H-

V1L-

V1H

V1L-
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tAWD 

VALID VALID 
DATA-OUT DATA-IN 

CMOS DRAM 

VALID 
DATA-OUT 

tDH 

Don't Care 
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KM416V254B/BL/BLL CMOS DRAM 

HYPER PAGE MODE LOWER-BYTE-READ-MODIFY-WRITE CYCLE 

RAS 

UCAS 

LCAS 

A 

w 

6E 

DQ1-DQs 

OQ9-0Q1s 

VIH-

V1L-

VIH _;_ 

V1L-

VIH-

VtL-

VtH-

VtL-

VtH -

VtL -

VtH -

VtL'-

VtH -

V1L-

V1H

VtL -

tRWD 
tCPWD 

tDH 

VALID VALID VALID VALID 
DATA-OUT DATA-IN DATA-OUT DATA-IN 

--------------------------------------------OPEN----------------------------------------------------

~ Don'tCare 
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KM416V254B/BL/BLL CMOS DRAM 

HYPER PAGE MODE UPPER-BYTE-READ-MODIFY-WRITE CYCLE 

V1H -
RAS 

VIL -

V1H -
UCAS 

VIL -

VIH -
LCAS 

VIL -

V1H -
A 

V!L -

w VIH -

VIL -

tRWD 

VIH -
OE 

VIL -

VIH -
DQ1-DQa OPEN 

VIL -

tOED tDH tDH 
tOED 

VIH -
DQ9-DQ1s 

VIL -

VALID VALID VALID VALID 
DATA-OUT DA)A-IN DATA-OUT DATA-IN 

Don't Care 
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KM416V254B/BL/BLL CMOS DRAM 

HYPER PAGE READ AND WRITE MIXED CYCLE 

i----~~~~~~~~~~~~~tRASP-~~~~~~~~~~~~~~-.i 

UCAS 

LCAS 

A 

w 

OE 

DQ1-DQa 

DQs-DQ16 

V1H -

VIL -

V1H -

VIL -

VIH -

VIL -

VIH -

VIL -

V1H -

VIL -

V1H -

VIL 

VI/OH 

V110L 

-

VI/OH -

Vl/OL -
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KM416V254B/BL/BLL 

RAS-ONLY REFRESH CYCLE 
NOTE : W, OE, D1N=Don 't Care 

DOUT=OPEN 

CMOS DRAM 

------------tRc-----------i 

-----------tAAS---------i 
VIH-

RAS 
V1L-

tCRP 

VIH-
UCAS 

V1L-

VIH-
LCAS 

V1L-

tASR tRAH 

VIH-
A 

VIL-

CAS-BEFORE-RAS REFRESH CYCLE 
NOTE : W, OE, A=Don't Care 

VIH-
RAS 

V1L-

V1H-
UCAS 

V1L-

VIH-
LCAS 

V1L-

V1H-
DQ1-DQa 

V1L-

V1H-
DQ9-DQ1e 

V1L-

dJMJllWP 
ELECTRONICS 

tCHR 

tCHR 

OPEN 

OPEN 

KXl Don't Care 
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KM416V254B/BL/BLL 

CAS-BEFORE-RAS SELF REFRESH CYCLE (LL-Version) 
NOTE : W, OE, A=Don't Care 

i-------tRAss;-----i 

V1H -
RAS 

VIL -

VIH -
UCAS 

VIL -

VIH -
LCAS 

VIL -

V1H -
DQ1-DQa 

VIL -

VIH -
0Qg-OQ16 

V1L-

· tJMfiliii» 
ELECTRONICS 

CMOS DRAM 

KZJ Don't Care 
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KM416V254B/BL/BLL CMOS DRAM 

HIDDEN REFRESH CYCLE (READ) 

V1H-
RAS 

VIL-

VIH-
UCAS 

V1L-

VIH-
LCAS 

V1L-

VIH-
A 

VIL-

w V1H-

V1L-

V1H-
OE 

V1L-

V1H-
DQ1-DQs -----+----

V1L-

V1H-
DQ9-DQ1s --------

V1L-

00 Don't Care 

•Jm'+iiJiiiP 
ELECTRONICS 
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KM416V254B/BL/BLL 

HIDDEN REFRESH CYCLE (WRITE) 
NOTE : Dour=OPEN 

l+---~--tRAc-----i 

VIH -
RAS 

VIL -

tCRP 

VIH -
UCAS 

VIL -

V1H-
LCAS 

VIL -

V1H-
A 

V1L-

w VIH -

V1L-

V1H-
OE 

VIL -

V1H-
DQ1-DQs 

V1L-

VIH -
DQ9-DQ1s DATA-IN 

VIL -

•W1flihl" ELECTRONICS 

CMOS DRAM 

00 Don'tCare 
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KM416V254B/BL/BLL 

CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 

V1H- ---1 1.------------tRAS 

V1L-

V1H

V1L-

CMOS DRAM 

l-----tAsH1----+---+1 
1.----1 ~-!..'-l.------

lCAS ViH
V1L-

i------tCHA----' 14-----tCAS-----i 

V1H
A 

V1L- ~~-¥-.M....~~""--l~~~--.ic.- ""'-----""' '-...¥...~~~~--..~ ...... -~ 

READ CYCLE 

w V1H-

OE V1H

V1L- ~.¥...~~~~~~~~~~~~-¥-....... ~~--~fo..---1""+~~~~~ ........ ~ 

WRITE CYCLE 

w V1H

V1L- ..w~~~~.¥...~~~~'-l~~:..P...-++----""""1-¥-~.M....?'---l"-T-1~'--"'~;...,.w~ 

OE VIH -

~L- ...1-~~~~~~~~~~-¥.~~~~~.M....~¥.-l~'--li'"--M~~~------... 

VIH - -------OPEN---""-<I 
V1L-

READ-MODIFY-WRITE 

w V1H

V1L - .i-:."-6...X...M-~~~~~~~~~ 

OE V1H

V1L - -'-~~~~~~:......lij;~~~~~~~.v.,.f ...... -+' 

V1H-
DQ1-DQ1s ----------------o(JYXI 

V1L-

VALID VALID 

DATA-OUT DATA-IN ~ Don't Care 

tlifofiliil!P 
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KM41eV254B/BL/BLL 

PACKAGE DlrJIENSION 
40-LEAD PLASTIC SMALL OUT-LINE J-LEAD 

0 

-II 

1.020(25.91) 

1.030(25. 16) 

0.026(0.66) 

0.030(0. 76) 

0 

40 LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE (II) 
(Forward and Reverse Type) 

.1mw:m• 
ELECTRONICS 

CMOS DRAM 

Units: Inches (millimeters) 

0.130(3.30) 

0.140(3.56) 

0.050(1.27) 

MAX 

0.80 TYP 

~ 
0.40 I I 
0.60 
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34. KM44C4103A/A 
35. KM44C4004A/AL/. 
36. KM44C4104A/AUAL 
37. KM41V16000A/AUA 
38. KM44V4000A/AUAL 
39. KM44V4100A/A 
40~ · KM44V4004~ 
4t. KM44V4104 





KM41C16000A/ AL/ ALL/ ASL CMOS DRAM 

16M x 1 Bit CMOS Dynamic RAM with Fast Page Mode 

FEATURES 

• Performance range: 

tRAC tCAC 

KM41C16000A/ AU ALU ASL-5 50ns 13ns 

KM41 C16000A/AUALUASL-6 60ns 15ns 

KM41C16000A/ AU ALU ASL-7 70ns 20ns 

KM41C16000A/ AU ALU ASL-8 80ns 20ns 

• Fast Page Mode operation 
• CAS-before-RAS refresh' capability 
• RAS-only and Hidden Refresh capability 
• Fast parallel test mode Capability 
• TTL compatible inputs and outputs 
• Common 1/0 using Early Write 
• Single+5.0V ± 10% power supply 
• 4096 cycles/64ms refresh 
• 4096 cycles/128ms (Low Power & Self Ref.) 
• 4096 cycles/256ms (Super Low Power) 
• JEDEC standard pinout 
• Available in plastic SOJ and TSOP(ll) 

tRC 

90ns 

110ns 

130ns 

150ns 

GENERAL DESCRIPTION 
The Samsung KM41C16000A/AUALUASL is a high 
speed CMOS 16,777,216bitx1 Dynamic Random 
Access Memory. Its design is optimized for high 
performance applications such as mainframes, mini 
computers, graphics and high performance portable 
computers. 

The KM41C16000A/AUALUASL features Fast Page 
Mode operation which allows high speed random 
access of memory cells within the same row. 

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

The KM41C16000A/AUALUASL is fabricated using 
Samsung's advanced CMOS process. 

FUNCTIONAL BLOCK DIAGRAM 

RAS 

CAS 
Control 

~v~ Clocks 

w Vas Generator 
Vss 

Data in 
Refresh Timer Row Decoder 

Buffer D 

Refresh Control 
Q 
od 

Memory Array 
(/) 
a. 

Refresh Counter 16,777,216x 1 
E 
<( 

Cells 
Q) 
(/) 
c: 

Row Address Buffer 
Q) 

(/) 

Data out 
Q AO-A11 

Col. Address Buffer Column Decoder 
Buffer 

•1MfilUI" ELECTRONICS 
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KM41C16000A/ AL/ ALL/ ASL CMOS DRAM 

PIN CONFIGURATION (Top Views) 

• KM41C16000 AJ/ AW/ALW/ASLJ • KM41C16000 AT/ALT/ALLT/ASLT • KM41C16000 ATR/ALTR/ALLTR/ASLTR 
AK/ALK/ALLK/ASLK AS/ALS/ALLS/ASLS ASR/ALSR/ALLSR/ASLSR 

Vee 1 0 24 Vss Vee 10 24 Vss Vss 24 Vee 

D 2 D 23 Q Q 23 0 D 

N.C 3 22 N.C N.C 22 N.C N.C 22 N.C 

w 4 21 CAS w 21 CAS GAS 21 w 
RAS 5 20 N.C RAS 5 20 N.C N.C 20 RAS 

A11 6 19 A9 A11 19 Ag Ag 19 A11 

A10 7 18 As A10 7 18 As As 18 A10 

Ao 8 17 A1 Ao 8 17 A1 A1 17 Ao 

A1 9 16 As A1 9 16 As As 16 A1 

A2 10 15 As A2 10 15 As As 15 10 A2 

A3 11 0 Aa 11 0 14 A4 A4 14 0 11 Aa 

Vee 12 13 Vss Vee 12 13 Vss Vss 13 12 Vee 

J: 400MIL T: 400MIL(Forward) TR : 400MIL(Reverse) 
K: 300MIL S: 300MIL(Forward) SR : 300MIL(Reverse) 

Pin Name Pin Function 

Ao-A11 Address Inputs 

D Data In 

Q Data Out 

RAS Row Address Strobe 

CAS Column Address Strobe 

w Read/Write Input 

Vee Power(+5.0V) 

Vss Ground 

N.C. No connection 

t11Jnfilhl" 
ELECTRONICS 
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KM41C16000A/ AL/ ALL/ ASL 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 -1to+7.0 v 
Storage Temperature -i----2:>_tg ___ -55 to+ 150 oc 

------·-

_l _ Po Power Dissipation 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 (Voltage referenced to Vss, TA=O to 70°C) 

Parameter Symbol Min Typ Max Unit 

Supply Voltage Vee 4.5 5.0 5.5 v 
Ground Vss 0 0 0 v 
Input High Voltage VIH 2.4 - Vee+ 1 v 
Input Low Voltage VIL -1.0 - 0.8 v 

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

Parameter I Symbol Min Max Units 

KM41C16000A/AUALUASL-5 90 mA 
Operating Current* 
(RAS and CAS Cycling @tRc=min.) 

KM41C16000A/AUALUASL-6 80 mA 
KM41C16000A/AUALUASL-7 ICC1 - 70 mA 

KM41C16000A/AUALUASL-8 
1 

i 60 mA 

r----------------------+-K-M--41-C-16_0_00_A_ I : lff 2-:A 

Standby Current KM41C16000AL I I 1 mA 
1 (RAS=CAS=VV=VIH) KM41C16000ALL · lcc

2 
- 1 mA 

lf---__ · ----------------+--K_M_4_1C_16_oo_o_A~S_L ___ +- l 1 I mA 

f _ KM41C16000A/AUALUASL-5 i T 90 I mA ! 

I RAS-Only Refresh Current* KM41C16000-A/AUALUASL-6 '1 lcc3 _ j 80-_L;A_ -
(CAS=VIH, RAS Cycling @'tRc=min.) KM41C16000A/AUALUASL-7 I 70 mA 

KM41C16000A/AUALUASL-8 I . 60. mA 

r----------------------+---KM_4_1-C1-6--00-0A/-AUALUASL-5 1 --t I 80 I mA 

Fast Page Mode Current* I KM41C16000A/AUALUASL-6 ! Irr, I 70 mA 
(RAS=VIL, CAS, Address Cycling @tPc=min.) KM41C16000A/AUALUASL-7 I _lcc

4 
_ I - p60 I mA I 

r----------------~------+-K_M_41_C_16 __ 0_00_Al __ A_U_A __ LU_A_SL-!J__ __ ~-- 50 mA 

II KM41C16000A I 1 ~ 
Standby Current KM41C16000AL / 300 I -~·A- I 

(RAS=CAS=W=Vcc-0.2V) KM41C16000ALL I Ices l - 200 l µA 

GAS-Before-RAS Refresh Current* 
(RAS and CAS Cycling @tRc=min.) 

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=CAS-Before-RAS 
Cycling or 0.2V D1N=Don't Care TRc=31.5µS(L-Ver.) 
62.5µS(SL-Ver.), TRAS ~ min-300ns 

d'f:fJifoiP 
ELECTRONICS 

KM41C16000ASL -+- 200 µA 

! KM41C16000A/AUALUASL-5 ! T 90 T
1 

mA 
1 KM41C16000A/AUALUASL-6 I I 80 mA 

KM41C16000A/AUALUASL-7 I lcc
6 

I - 70 mA 

KM41C16000A/AUALUASL-8 1 t 60 mA 1--
1 

KM41C16000AL I ICC? - 450 µA II 

Ill KM41C16000ASL I I 350 µA J 
l l I 
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KM41 C16000A/ AL/ ALL/ ASL CMOS DRAM 

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

Parameter Symbol Min Max Units 

Self Refresh Current 
RAS=CAS=0.2V 

KM41C16000ALL Ices 300 µA 
W=Ao-A11=Vcc-o.2v or o.2v -
D,Q=Vcc-0.2\1, 0.2V or Open 

Input Leakage Current 
h(L} -10 10 . µA 

(Any input O~V1N ~Vcc+O.SV, all other pins not under test=O volts.) 

Output Leakage Current 
IO(L) -10 10 µA 

(Data out is disabled, OV~VouT~Vcc) 

Output High Voltage Level (IOH=-5mA) VOH 2.4 - v 

Output Low Voltage Level (loL=4.2mA) VOL - 0.4 v 

*NOTE: lcc1, lcca, lcc4 and Ices are dependent on output loading and cycle rates. Specified values are obtained with 
the output open. Ice is specifie~ as an average current. In lcc1 and lcca, Address can be changed maximum 
two times while APS=V1L. In lcc4, Address can be changed maximum once within one fast page cycle. 

CAPACITANCE (f A=25°C, Vcc=SV, f=1 MHz) 

Parameter Symbol Min Max Unit 

Input Capacitance (D) CIN1 - 7 pF 

Input Capacitance (Ao-A11) CIN2 - 5 pF 

Input Capacitance (RAS, CAS, W) CIN3 - 7 pF 

Input Capacitance (Q) Co UT - 7 pF 

AC CHARACTERISTICS (0°C~Ta~?0°C, Vcc=5.0V±0.5V, See notes 1,2) 

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

Min Max Min Max Min Max Min Max 

Random read or write cycle time tRC 90 110 130 150 ns 

Read-modify-write cycle time tRWC 133 155 185 205 ns 

Acces5 time from RAS tRAC 50 60 70 80 ns 3,4,11 

Access time from CAS tCAC 13 15 20 20 ns 3,4,5 

Access time from column address tAA 25 30 35 40 ns 3,11 

GAS to output in Low-Z tell 0 0 0 0 ns 3 

Output buffer turn-off delay tOFF 0 13 0 15 0 20 0 20 ns 7 

Transition time (rise and faJO tr 3 50 3 50 3 50 3 50 ns 2 

RAS precharge time tRP 30 40 50 60 ns 

AAS pulse width tRAS 50 10,000 60 10,000 70 10,000 80 10,000 ns 

RAS hold time tRSH 13 15 20 20 ns 

CAS hold time tCSH 50 60 70 80 ns 

CAS pulse width tCAS 13 10,000 15 10,000 20 10,000 20 10,000 ns 

AAS to GAS delay time tRCD 20 37 20 45 20 50 20 60 ns 4 

RAS to column address delay time tRAD 15 25 15 , 30 15 35 15 40 ns 11 

as to RAS precharge time tCRP 5 5 5 5 ns 

t1m'1fiihiiP 
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KM41C16000A/ AL/ ALL/ ASL CMOS DRAM 

AC CHARACTERISTICS (Continued) 

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

Min Max Min Max Min Max Min Max 

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

Row address hold time tRAH 10 10 10 10 ns 

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

Column address hold time tCAH 10 10 15 15 ns 

Column address hold time referenced to RAS tAR 40 45 55 60 ns 6 

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

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

Read command hold time referenced to CAS tRCH 0 0 0 0 ns 9 

Read command hold time referenced to RAS tRRH 0 0 0 0 ns 9 

Write command hold time twCH 10 10 15 15 ns 

Write command hold time referenced to RAS twCR 40 45 55 60 ns 6 

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 

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

Data hold time tDH 10 10 15 15 ns 10 

Data hold time referenced to AAS tDHR 40 45 55 60 ns 6 

Refresh period (Normal) tREF 64 64 64 64 ms I 
Refresh period (Low Power & Self Ref.) tREF 128 128 128 128 ms 

Refresh period (Super Low Power) tREF 256 256 256 256 ms 

Write command set-up time twcs 0 0 0 0 ns 8 

CAS to W delay time tcwo 13 15 20 20 ns 8 

RAS to W delay time tRWD 50 60 70 80 ns 8 

Column address to W delay time tAWD 25 30 35 40 ns 8 

CAS set-up time (GAS-before-RAS refresh) tCSR 10 10 10 10 ns 

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

RAS to GAS precharge time tRPC 5 5 5 5 ns 

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

Access time from CPS 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 53 60 70 75 ns 

CAS precharge time (Fast Page mode) tCP 10 10 10 10 ns 

RAS pulse width (Fast Page mode) tRASP 50 200K 60 200K 70 200K 80 200K ns 

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

Write command set-up time (Test mode in) twrs 10 10 10 10 ns 

Write command hold time (Test mode in) twTH 10 10 10 10 ns 

tJifofi@IP 
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KM41C16000A/ AL/ ALL/ ASL CMOS DRAM 

AC CHARACTERISTICS (Continued) 

.5 ·6 .7 ·8 
Parameter Symbol Units Notes 

Min Max Min Max Min Max Min Max 

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 

RAS pulse width (C-8-R refresh) tRASS 100 100 100 100 µs 15 

RAS precharge time (C-8-R refresh) tRPS 90 110 130 150 ns 15 

CAS hold time (C-8-R refresh) tCHS -50 -50 -50 -50 ns 15 

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 RAS tRAC 55 65 75 85 ns 3,4,11 

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

Access time from column address tAA 30 35 40 45 ns 3,11 

RAS pulse width tRAS 55 10,000 65 10,000 75 10,000 85 10,000 ns 

CAS pulse width tCAS 18 10,000 20 10,000 25 10,000 25 10,000 ns 

RAS hold time tRSH 18 20 25 25 ns 

CAS hold time tCSH 55 65 75 85 ns 

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

CAS to W delay time tcwo 18 20 25 25 ns 8 

RAS to W delay time tRWD 55 65 75 85 ns 8 

Column address to W delay time tAWD 30 35 40 45 ns 8 

Fast Page mode cycle time tPC 40 45 50 55 ns 

Fast Page mode read-modify-write cycle time tPRWC 58 65 75 80 ns 

RAS pulse width (Fast Page Mode} tRASP 55 200,000 65 200,000 75 200,000 85 200,000 ns 

Access time from CAS precharge tCPA 35 40 45 50 ns 3 

t1Mf JIUI> 
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KM41C16000A/ AL/ ALL/ ASL 

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 V1L(max) are 
assumed to be 5ns for all inputs. 

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

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

5. Assumes that tRCD :::O::tRCD (max). 
6. tAR, twcR, toHR are referenced to tRAD(max). 
7. This parameter defines the time at which the 

output achieves the open circuit condition and is 
not referenced to VoH or VOL. 

8. twcs, tRwo, tcwo and tAWD are non restrictive 
operating parameters. They are included in the 
data sheet as electric characteristics only. If twcs:::::: 
twcs(min) the cycle is an early write cycle and the 
data output will remain high impedance for the 
duration of the cycle. If tcwo:::=::tcwo(min), tRwo:::::: 
tRwo(min) and tAwo::::::tAwo(min), then the cycle is a 

t1m'1f1'1U» 
ELECTRONICS 

CMOS DRAM 

read-write cycle and the data output will contain 
the data read from the selected address. If neither 
of the above conditions are satisfied, the condition 
of the data out is indeterminate. 

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

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

11. Operation within the tRAD(max) limit insures that 
tRAc(max) can be met. tRAo(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. 

12. These specifications are applied in the test mode. 
13. 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. 

14. 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. 

15. 4096 cycle of burst refresh must be executed 
within 16ms before and after self refresh, in order 
to meet refresh specification. 
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KM41C16000A/ AL/ ALL/ ASL 

TIMING DIAGRAMS 
READ CYCLE 

A 

w 

a -------OPEN---+---<V 

tcLZ 

WRITE CYCLE (EARLY WRITE) 

tRAS 
V1H -R7iS tAR 

V1L -
tRCD 

tcsH 

CAS 
V1H -

V1L -

!Ase 

V1H -
A 

V1L -

w V1H -
V1L 

D 
V1H -

V1L -

loHR 

t11IMilhl» 
· ELECTRONICS 

CMOS DRAM 

VALID DATA-OUT 

tRc 

lRSH 

tcAS 

IRAL 

lwcH 

IRwL 

~DON'T CARE 
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KM41C16000A/ AL/ ALL/ ASL 

TIMING DIAGRAMS (Continued) 

READ-WRITE/READ-MODIFY-WRITE CYCLE 

A 

w 

D 

Q 

V1H - ~~ ........ ""'*~'l""'7"'1--l--+---------.J 

VIL - ..-~~..¥..,.l'-""" 

V1H - "?'r.~'7'!:"'1~~~~~~~~~~7"t"'7'1~ 1----i 
V1L - ............... ~~~~..¥.-l~ ........ ~~~~~'ll..:IU 

VoH - ---------+------JV 
VoL -

FAST PAGE MODE READ CYCLE 

CMOS DRAM 

1------------tRASP-----------l 

RAS 

CAS 

A 

w 

Q 

V1H -
lAR 

VIL -

V1H -

V1L -

V1H - A'i~7'?~7'?~H-+----1t*--+---1f-+-mi--+----...:.+.....f.~~~ 

VIL - ....... ~~..¥o..:l"--llol..I 

hz 

~DON'TCARE 

d!ti:Hlih" ELECTRONICS 
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KM41C16000A/ AU ALL/ ASL CMOS DRAM 

TIMING DIAGRAMS (Continued) 

FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 
t------------tRASp-----------

RAS 
V1H - !AR 

VrL -

v,..., -
BAS 

VrL -

A 

w 

D 
VrH -

VrL - ____ ..._.~ ......... -

FAST PAGE MODE READ-WRITE CYCLE 
--------------tRASp----------------1 

A 
V1H 

VrL 

w VrH 

VrL 

D 
VrH 

VrL 

VoH -
VALID Q 

DATA-OUT 
Vol -

• 1M Hllii" ELECTRONICS 
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KM41C16000A/ AL/ ALL/ ASL 

TIMING DIAGRAMS (Continued) 

RAS-ONLY REFRESH CYCLE 
Note: W, = Don.'t care 

.----------------tRc----

RAS 
r------- IRAS-------u 

CMOS DRAM 

------j 

V1H- ----t--+t---------------~--------

V.c- _J J' 
:::=~~~.....-------A 

CAS-BEFORE-RAS REFRESH CYCLE 
NOTE: W=V1H, A=Don't Care 

r-----------·tRc---------------1 

RAS 

f------- tcHR-----i 

CAS 
i 

D,Q 
j,_ _________ OPEN--------------

CAS-BEFORE-RAS SELF REFRESH CYCLE (LL-version) 
NOTE: W, A:::Don't Care 

RAS V1H- -----IRAss-----" 

V1L-

CAS 
V1H-

V1L-

D,Q 
VoH -

l>-------~OPEN------------~ 
VoL -

~ DON'TCARE 

•1Mfl1Jh» 
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KM41C16000A/ AL/ ALL/ ASL CMOS DRAM 

TIMING DIAGRAMS (Continued) 

HIDDEN REFRESH CYCLE (READ) 
1---------IRc-------l----

----IRAS•-------.! 

1------IAR---

lcRP IRco----tRsH 

A 

w V1H -

VIL - ......_............,'--"-~~ 

Q 
VoH-

VoL - -----------+--<IX. 

HIDDEN REFRESH CYCLE (WRITE) 

.RAS 

CAS 

A 

D 

Q 

---tRAS-------1 '---~-tRAS----

V1H - ----..i ·---..i ----
V1L -

tRCo tRSH 

V1H -
.___ __ lcHR--- ,_ ___ _ 

V1L -
tAR 

tRAL 

V1H -

VIL - ~~r:g·~---

V1H -

V1L - ~~~QQ~~~~:.....-.+-+--~~'..:1 

V1H - .~~~~~~~n~ir:------::t_~~""~~~~~~~~~~~ 

V1L -~~~~~C/Jl,.;.~";;.J 11o-----~ "'lo.¥--~~~~~~~~-~~ 
i------tOHRl---.-i 

VOH- --------------OPEN-------------
VOL -

~DON'TCARE 

ttMfilih» 
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KM41C16000A/ AU ALU ASL CMOS DRAM 

TIMING DIAGRAMS (Continued) 

CAS·BEFORE·RAS REFRESH COUNTER TEST CYCLE 

V1H -
RAS 

Vil -

V1H -
CA8 

Vil -

A 
V1H - ~~~~~~~~"7'M~"'""~""7\ 

Vil - ~~~~¥-JJ.~~~~~~~~ i----- ~~~~~Ql..:'if.¥,~0£.~~ 

READ CYCLE 

V1H -
w Vil -

Q 
VoH -

Vol -

WRITE CYCLE lcwl • V1H - lwcH 
w 

Vil -

twp 

VoH -
Q OPEN 

Vol -

los 
loH 

D 
V1H -

Vil -

V1H -w 
Vil -

VoH-
Q -------~ Vol -

D 

VALID DATA-IN 

~DON'T CARE 

dJnfiilJIS 
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KM41C16000A/ AL/ ALL/ ASL 

TIMING DIAGRAMS (Continued) 

TEST MODE IN CYCLE 
Note: D, Address: Don't Care 

CMOS DRAM. 

i------i ----lRAS------1 

VIL-----

lcp 

V1H -

VIL-------

w 

VoH -
Q VOL - _______ __,, 

TEST MODE DESCRIPTION 

The KM41C16000A/AUALUASL is the RAM organized 
16,777,216 words by 1 bit, it is internally organized 1, 
048,576 words by 16 bits. In "Test Mode", data are 
written into 16 sectors in parallel and retrieved the same 
way. Column address bit Ao, A1, A1o and A11 are not 
used. If, upon reading, 16 bits are equal (all "1 "s or "O"s) 
the Q pin indicates a "1 ". · 
If they were not equal, the Q pin would indicate a "O". In 

ttMfJiiii» 
ELECTRONICS 

~ DON'TCARE 

"Test Mode", the 16M DRAM can be tested as if it were 
a 1Mx1 DRAM. W, GAS-BEFORE-RAS Cycle (Test 
Mode in Cycle) puts the device into "Test Mode"; And 
"GAS-BEFORE-RAS REFRESH CYCLE" or "RAS-only 
Refresh Cycle" puts it back into "Normal Mode". The 
"Test Mode" function reduces test time,(1/16 in cases of 
N test pattern). 
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KM41C16000A/ AL/ ALL/ ASL 

PACKAGE DIMENSIONS 
24-LEAD PLASTIC SMALL OUT-LINE J-LEAD (300MIL) 

--~f~ . 
0 ~1;:: 

o T 

CMOS DRAM 

Units: Inches (millimeters) 

0.027 (0.69) 
MIN 

88 
NC') 

e. s. 
CO N 
8 0 
ci ci 

~ 0.670(17.02) II 

!.----:... 0.680 (17.27) I 

0.128 (3.25) 

0.145 (3.68) 

[el 0.004(01) I ~A AAAARAMAAA 
0.050(1.27) I 0.015(0.38) lJ I 0.026(0.~6) 

TYP I I 0021(0.53) -1 0.032(0.81) 
0.050(1.27) 

MAX 

24-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE(ll) (300MIL, Forward and Reverse Type) 

RR 
LO <O 

t::. t::. 
co C\J 
Ol 0 
C\J C') 

ci ci 

0.671 (17.04) 

0.679 (17.24) 

Joi 0.003 (0.00> I b g 
I o.048 (1.22) 0.012 (0.30) I ~ 0 

----j 0.052 (1.32) 0.020 (0.50) r- 0.037 (0.95) 

TYP 

dfafl@tP 
ELECTRONICS 

C\JC\J 
~ C') 

ei. ei. 
Ol ...... 
LO <O 
C') C') 

ci ci 

0.005 (0.13) 

0.008 (0.20) 

~ 
0.016 (0.40) . I I 
0.024 (0.60) 
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KM41C16000A/ AUALL/ ASL 

PACKAGE DIMENSIONS 

24-LEAD PLASTIC SMALL OUT-LINE J-LEAD (400MIL) 

0 

Q 0.004(0.1) 

24-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE 
(400MIL, Forward and Reverse 1}'pe) 

0.723 (18.36) 

0. 727 (18.46) 

lql 0.003 (0.08) I b ~ 

CMOS DRAM 

Units:. Inches (millimeters) 

0.050(1.27) 
MAX 

(i) 
..... 
ci ::::. g: 
gi I-
'<t 
ci 

0.025(0.64) 

MIN 

CD CD 
"! 'X! 
~ ~ 

O> ..... 
LO <D 
'<t ..,,. 
0 0 

0.005 (0.13) 

0.008 (0.20) 

I 0.048 (1.22) 0.012 (0.30) I ~ u 
---j 0.052 (1.32) 0.020 (0.50) r- 0.037 (0.95) ~ TYP 

O.Q16 (0.40) I I 
0.024 (0.60) 

t111no:m• 
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KM41C16002A/ AL/ ALL/ ASL CMOS DRAM 

16M x 1 Bit CMOS Dynamic RAM with Static Column Mode 

FEATURES 
• Performance range: 

tRAC 

KM41C16002N AU ALU ASL-5 50ns 

KM41C16002N AU ALU ASL-6 60ns 

KM41C16002N AU ALU ASL-7 70ns 

KM41 Cl6002N AU ALU ASL-8 80ns 

• Static Column Mode operation 
• Self Refresh Operation (LL-ver, only) 
•CS-before-RAS refresh capability 

tCAC 

13ns 

15ns 

20ns 

20ns 

• RAS-only and Hidden Refresh capability 
• Fast parallel test mode Capability 
• TTL compatible inputs and outputs 
• Early write or output enable controlled write 
• Single+5.0V ± 10% power supply 
• 4096 cycles/64ms refresh (Normal) . 

tRC 

90ns 

110ns 

130ns 

150ns 

• 4096 cycles/128ms refresh (Low power & Self Ref.) 
• 4096 cycles/256ms refresh (Super Low power) 
• JEDEC standard pinout 
• Available in plastic SOJ and TSOP(ll} 

FUNCTIONAL BLOCK DIAGRAM 

RAS 

cs Control 
Clocks 

GENERAL DESCRIPTION 
The Samsung KM41C16002A/ AU ALU ASL is a high 
speed CMOS 16, 777 ,216 bit x 1 Dynamic Random 
Access Memory. Its design is optimized for high 
performance applications such as mainframes, mini 
computers, graphics and high performance portable 
computers. 

The KM41C16002A/AL/ALL/ASL features Static 
Column Mode operation which allows high speed 
random access of memory cells within the same row. 

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

The KM41C16002A/AUALUASL is fabricated using 
Samsung's advanced CMOS process. 

w VBB Generator 
~~~~ 

Data in 
Refresh Timer Row Decoder Buffer 

D 

Refresh Control Q 
o6 

Memory Array rJl 
Cl. 

Refresh Counter 16,777,216 x 1 E 
Cells 

<t: 
ClJ 
rJl c: 

Row Address Buffer ClJ 
U) 

Data out 
Ao-A11 Buffer Q 

Col. Address Buffer Column Decoder 

tllliifi'hi' ELECTRONICS 
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KM41C16002A/ AL/ ALL/ ASL CMOS DRAM 

PIN CONFIGURATION (Top Views) 

• KM41C16002 AJ/AW/ALLJ/ASLJ • KM41C16002 AT/ALT/ALLT/ASLT • KM41C16002 ATR/ALTR/ALLTR/ASLTR 
AK/ ALK/ALLK/ASLK AS/ALS/ ALLS/ ASLS ASR/ALSR/ ALLSR/ASLSR 

Vee 1 O 

D 

N.C 

w 
RAS 

A,, 

0 

J: 400MIL 
K: 300MIL 

As 

A1 

16 Ae 

15 As 

14 A4 

13 Vss 

ttMH@• 
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I 

Vee 

D 

N.C 

w 
RAS 
A,, 

10 

24 

23 

22 

21 

20 

19 

18 

17 

16 

15 

11 0 14 

12 13 

T: 400MIL(Forward) 
S: 300MIL(Forward) 

Vss 
Q 

N.C 

cs 
N.C 

Ag 

Pin Name Pin Function 

Ao-A11 Address Inputs 

D Data In 

Q Data out 

RAS Row Address Strobe 

cs Chip Select input 

w Read/Write Input 

Vee Power(+5.0V) 

Vss Ground 

N.C No Connection 

Vss 
Q 

N.C 

cs 
N.C 

Ag 

24 

23 0 
22 

21 

20 

19 

18 

17 

16 

15 

9 

10 

14 0 11 

13 12 

TR: 400MIL(Reverse) 
SR : 300MIL(Reverse) 

Vee 

D 

N.C 

w 
RAS 
A,, 

A10 

Ao 

A3 

Vee 
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KM41C16002A/ AL/ ALU ASL 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 -1to+7.0 v 
Storage Temperature Tstg -55 to+ 150 QC 

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 (Voltage referenced to Vss, TA=O to 70°C) 

Parameter Symbol Min Typ Max Unit 

Supply Voltage Vee 4.5 5.0 5.5 v 
Ground Vss 0 0 0 v 
Input High Voltage VIH 2.4 - Vee+ 1 v 
Input Low Voltage VIL -1.0 - 0.8 v 

DC AND OPERATING CHARACTERISTICS (Recommended operating conditions unl~ss otherwise noted) 

Parameter Symbol Min Max Units 

KM41C16002A/ AU ALU ASL-5 90 mA 
Operating Current* KM41C16002A/AU ALUASL-6 

lcc1 
80 mA 

(RAS and CS Cycling @tRc=min.) KM41C16002A/ AU ALUASL-7 
-

70 mA 
KM41C16002A/ AU ALUASL-8 60 mA 

KM41C16002A 2 mA 
Standby Current KM41C16002AL 

lcc2 
1 mA 

(RAS=CS=W=VIH) KM41C16002ALL 
-

1 mA 
KM41C16002ASL 1 mA 

KM41C16002A/AUALUASL-5 90 mA 
RAS-Only Refresh Current* KM41C16002A/ AU ALUASL-6 

Ices 
80 mA 

(CS=VIH, RAS Cycling @tRC=min.) KM41C16002A/AUALUASL-7 
-

70 mA 
KM41C16002A/AU ALU ASL-8 60 mA 

KM41C16002A/AUALUASL-5 80 mA 
Fast Page Mode Current* KM41C16002A/ AU ALU ASL-6 

ICC4 
70 mA 

(RAS=VIL, CS, Address Cycling @tPC=min.) KM41C16002A/ AU ALU ASL-7 
-

60 mA 
KM41C16002A/ AU ALU ASL-8 50 mA 

KM41C16002A 1 · mA 
Standby Current KM41C16002AL 

Ices 
300 µA 

(RAS=CS=W=Vcc-0.2V) KM41C16002ALL - 200 µA 
KM41C16002ASL 200 µA 

KM41C16002A/AU ALU ASL-5 90 mA 
CS-Before-RAS Refresh Current* KM41C16002A/AUALUASL-6 

Ices 
80 mA 

(RAS and CS Cycling @tRC=min.) KM41C16002A/ AUALUASL-7 
-

70 mA 
KM41C16002A/ AUALUASL-8 60 mA 

Battery Back Up Current Average Power Supply Current, 
Battery Back Up Mode, Input High Voltage(V1H)=Vcc-0.2V 

KM41C16002AL 450 µA 
Input Low Voltage(V1L)=0.2V CS=CS-Before-RAS 

KM41C16002ASL 
ICC? -

350 µA 
Cycling or 0.2V D=Don't Care tRC=31.25µs(L-Ver.) 
62.5µs(SL-Ver.), tRAs =tRAs min-300ns 

t1m'ifiliiiiP 
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KM41C16002A/ AL/ ALL/ ASL CMOS DRAM 

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

Parameter Symbol Min Max Units 

Self Refresh Current 
RAS=CS=0.2V 

KM41C16002ALL Ices 300 µA 
W=Ao-A11=Vcc-o.2v or o.2v 

-

Vcc-0.2V, 0.2V or Open 

Input Leakage Current 
hL -10 10 µA 

(Any input Os;V1N s;Vcc+0.5V, all other pins not under test=O volts.) 

Output Leakage Current 
IOL -10 10 µA 

(Data out is disabled, OV::;;Vours;Vcc) 

Output High Voltage Level (IOH=-5mA) VOH 2.4 - v 
Output Low Voltage Level (IOL=4.2mA) VOL - 0.4 v 

*NOTE: lcc1, lcc3, 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 and lcc3, Address can be changed maximum 
two times while RAS=VJL In lcc4, Address can be changed maximum once within one Static Column cycle. 

CAPACITANCE (TA=25°C, Vcc=SV. f=1 MHz) 

Parameter Symbol Min Max Unit 

Input Capacitance (D) CJN1 - 7 pF 

Input Capacitance (Ao-A11) CIN2 - 5 pF 

Input Capacitance (RAS, CS, W) CJN3 - 7 pF 

Input Capacitance (Q) COUT - 7 pF 

AC CHARACTERISTICS (0°Cs;Tas;?0°C, Vcc=5.0V±10%, See notes 1,2) 

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

Min Max Min Max Min Max Min Max 

Random read or write cycle time tRC 90 110 130 150 ns 

Read-modify-write cycle time tRWC 115 135 I 155 175 ns 

Access time from RAS tRAC 50 60 70 80 ns 3,4,11 

Access time from CS tCAC 13 15 20 20 ns 3,4,5 

Access time from column address tAA 25 30 35 40 ns 3,11 

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

Output buffer turn-off delay tOFF 0 15 0 15 0 20 0 20 ns 7 

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 10,000 60 10,000 70 10,000 80 10,000 ns 

RAS hold time tRSH 13 15 20 20 ns 

CS hold time tCSH 50 60 70 80 ns 

CS pulse width tcs 13 10,000 15 10,000 20 10,000 20 10,000 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 11 

CS to RAS precharge time tCRP 5 5 5 5 ns 

t1Mfiiiii" 
ELECTRONICS 

578 



KM41C16002A/ AL/ ALL/ ASL CMOS DRAM 

AC CHARACTERISTICS (Continued) 

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

Min Max Min Max Min Max Min Max 

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 6 

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

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

Read command hold time referenced to CS tRCH 0 0 0 0 ns 9 

Read command hold time referenced to RAS tRRH 0 0 0 0 ns 

Write command hold time twCH 10 10 15 15 ns 

Write command hold time referenced to RAS twCR 40 45 55 60 ns 6 

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 tos 0 0 0 0 ns 10 

Data hold time tOH 10 10 15 15 ns 10 

Data hold time referenced to RAS tOHR 40 50 55 60 ns 6 

Refresh period (Normal) tREF 64 64 64 64 ms • Refresh period (Low power & Self Ref.) tREF 128 128 128 128 ms 

Refresh period (Super Low power) tREF 256 256 256 256 ms 

Write command set-up time twcs 0 0 0 0 ns 8 

CS to W delay time tcwo 15 15 20 20 ns 8 

RAS to W delay time tRWD 50 60 70 80 ns 8 

Column address to W delay time tAwo . 25 30 35 40 ns 8 

CS set-up time (CS-before-RAS refresh) tCSR 10 10 10 10 ns 

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

RAS to CS precharge time tRPC 5 5 5 5 ns 

CS precharge time (C-B-R counter test cycle) tCPT 20 20 30 30 ns 

Static column mode cycle time tsc 30 35 40 45 ns 3 

Static column mode read-write cycle time tSRWC 50 60 70 80 ns 

Access time from last write tALW 50 55 65 75 ns 3, 12 

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 

RAS pulse width (Static column mode) tRASC 50 200000 60 200000 70 200000 80 200000 ns 

CS pulse width (Static column mode) tcsc 13 200000 15 200000 20 200000 20 200000 ns 

CS precharge time (Static column mode) tCP 10 10 10 10 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 

t!Mfiiiii> 
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KM41C16002A/AL/ ALL/ ASL CMOS DRAM 

AC CHARACTERISTICS (Continued) 

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

Min Max Min Max ,Min Max Min Max 

Last write to column address hold time tAHLW 50 55 65 75 ns 

Write command inactive time twt 10 10 10 10 ns 

RAS hold time referenced to OE tROH 13 15 20 20 ns 

Write address hold time referenced to RAS tAWR 40 45 55 60 ns 6 

Write command set-up time (Test mode in) twrs 10 10 10 10 ns 

Write command hold time (Test mode in) twrH 10 10 10 10 ns 

W to RAS precharge time (C-B-R refresh) twRP 10 10 10 10 ns 

W to RAS hold time (C-8-R refresh) twRH 10 10 10 10 ns 

MS pulse width (C-B-R self refresh) tRASS 100 100 100 100 µs 15 

RAS precharge time (C-B-R self refresh) tRPS 90 110 130 150 ns 15 

CS hold time (C-B-R self refresh) tcHS -50 -50 -50 -50 ns 15 

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 140 160 190 210 ns 

Access time from RAS tRAC 55 65 75 85 ns 3,4,11 

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

Access time from column address tAA 30 35 40 45 ns 3,11 

RAS pulse width tRAS 55 10,000 65 10,000 75 10,000 85 10,000 ns 

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

RAS hold time tRSH 20 20 25 25 ns 

CS hold time tCSH 55 65 75 85 ns 

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

CS to W delay time tcwo 45 45 55 55 ns 8 

RAS to W delay time tRWD 80 90 105 115 ns 8 

Column address to W delay time tAwo 55 60 70 75 ns 8 

Static column mode cycle time tsc 35 40 45 50 ns 

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

RAS pulse width (Static column mode) tRASC 55 200,000 65 200,000 75 200,000 85 200,000 ns 

Access time from last write tALW 50 60 70 80 ns 3,12 

ttMH1iii" 
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KM41C16002A/ AL/ ALL/ ASL 

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 V1L(max) are 
assumed to be 5ns for all inputs. 

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

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

5. Assumes that tRCD 2':tRCD (max). 
6. tAR, twcR, tDHR are referenced to tRAo(max). 
7. This parameter defines the time at which the 

output achieves the open circuit condition and is 
not referenced to VoH or VoL. 

8. twcs, tRwo, tcwo and tAwo are non restrictive 
operating parameters. They are included in the 
data sheet as electric characteristics only. If twcs 2': 
twcs(min) the cycle is an early write cycle and the 
data output will remain high impedance for the 
duration of the cycle. If tcwo 2': tcwo(min), tRwo 2': 
tRwo(min) and tAWD2':tAwo(min), then the cycle is a 

t11iMJliii» 
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read-write cycle and the data output will contain 
the data read from the selected address. If neither 
of the above conditions are satisfied, the condition 
of the data output is indeterminate. 

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

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

11. Operation within the tRAD(max) limit insures that 
tRAc(max) .can be met. tRAo(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. 

12. These specifications are applied in the test mode. 
13. 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. 

14. 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. 

15. 4096 cycle of burst refresh must be executed 
within 16ms before and after self refresh, in order 
to meet refresh specification. 
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KM41 C16002A/ AL/ ALL/ ASL 

TIMING DIAGRAMS 
READ CYCLE 

RAS 
V1H -

Vil -

A 
V1H -

Vil -

cs V1H -

Vil -

w VrH -

Vrl -

a VoH-

Vol -

WRITE CYCLE (EARLY WRITE) 

VrH -
A 

Vil -

cs VrH -
Vrl -

w V1H -

Vrl -

D 
VrH -

Vrl -

a VoH-

Vol -

tJMfiliiiiP 
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toHR 

CMOS DRAM 

OPEN 

~DON'T CARE 
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KM41C16002A/ AL/ ALL/ ASL 

TIMING DIAGRAMS (Continued) 

READ-WRITE/READ-MODIFY-WRITE CYCLE 

V1H- IRAS 
RAS 

V1L -

V1H-

tRWC 

le AH 

A COLUMN ADDRESS 
V1L -

V1H - -;~4------t:\..L----_j 

V1L -

w V1H-

V1L-

D 
V1H-

V1L-

a VoH-

-------------•~ VALID DATA 
VoL-

STATIC COLUMN MODE READ CYCLE 

RAS 
V1H-

V1L -

A 
V1H-

V1L-

cs V1H -

V1L -

w V1H-

V1L -

a 

•1Mfilhi» 
ELECTRONICS 

CMOS DRAM 

• 

~DON'TCARE 

583 



'"KM41016002A/ AL/ ALL/ ASL CMOS DRAM 

TIMING DIAGRAMS (Continued) 

STATIC COLUMN MODE WRITE CYCLE (W CONTROLLED EARLY WRITE) 

RAS 
VrH·-

Vrl -

VrH -
A 

Vrl -

cs VrH -

Vrl -

w VrH -

Vrl -

D 
VrH -

Q 
VoH- OPEN 
Vol-

STATIC COLUMN MODE WRITE CYCLE (CS CONTROLLED EARLY WRITE) 

RAS VrH-

Vrl -

A VrH-

Vrl -

cs 

VrH-w 
Vrl-

VrH-
D Vrl-

Q 
VoH- OPEN 
Vol-

~DON'TCARE 

11m'1tiihi• 
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KM41C16002A/ AL/ ALL/ ASL CMOS DRAM 

TIMING DIAGRAMS (Continued) 

STATIC COLUMN MODE READ-WRITE CYCLE 

RAS 

A 

V1H - :A,~~"~~~7':?::*"''*'"-S'-;";"~~ ~ ........ ~-
D 

V1L - ~~C;J,C~~~~~-c:£.~ ---- -.. .......................... "----J ~'ii.::i/..~~~~~::ti. 

• 
a 

STATIC COLUMN MODE MIXED CYCLE 

D 
V1H -

V1L - ...__.....,._ tt-:.:..:.:..:.:.....~~~~ac_~~QC~~~>£:),,L~m~=;:,,_J ~~~~~ 

a VoH- ----------------..:1 
VoL-

~ DONT'T CARE 

tlil:f:fJiiWP 
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'KM41C16002A/ AL/ ALL/ ASL 

TIMING DIAGRAMS (Continued) 

RAS-ONLY REFRESH CYCLE 
NOTE: W, D=Don't Care 

RAS 
V1H-

Vil-

G8 
V1H-

Vil-

VrH-
A 

Vil-

CMOS DRAM 

Q 
VoH-

Vol-
-----------OPEN-------------

CS-BEFORE-RAS REFRESH CYCLE 
NOTE: Address=Don't Care 

VrH -

Vil----

VrH -

Vtl - ___ _, 

V1H -

tRPC 

Vtl - ~~.DLJl.~~CJ 

fcsR 

Q VoH - 1>----------0PEN------------
. Vol - _____ _,, 

~ DON'TCARE 

tJMHllh" ELECTRONICS 
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KM41C16002A/ AL/ ALL/ ASL 

TIMING DIAGRAMS (Continued) 

HIDDEN REFRESH CYCLE (READ) 

V1H -
A 

V1L -

w V1H -
V1L -

a 

tCLZ 

HIDDEN REFRESH CYCLE (WRITE) 
r---~--tRC-------1 

CMOS DRAM 

VALID DATA 

---tRAs--- '----tRAs----
.~---~ ~~-~ ----

RAS 
V1H -
V1L -

tRCo tRSH 

cs V1H - -----tcHR--~ ,-----

V1L -
tAR 

tRAD tRAL 

A 
V1H -

V1L - .11..K.~--- !'-------" 

V1H - """ " """" 
V1L - .¥..¥.~~~~~~~_,.-..... --~~..I 

D 
V1H -

V1L - ¥..¥.~~~~~~~ ,._ ____ ---11 __._-........_.. ....... ........_......,.,...&...1"-¥...~""'-"..M...;a"-¥...~ 

a 
----tOHR------

VoH - --------------OPEN-------------
VoL -

~DON'T CARE 

t1tl:'&JllWP 
ELECTRONICS 
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KM41C16002A/ AL/ ALL/ ASL CMOS DRAM 

TIMING DIAGRAMS (Continued) 

CS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 

RAS 
V1H-

V1L-

cs V1H-

V1L-

A 
V1H-

V1L-

READ CYCLE 

Q 
VoH-

VoL-

w V1H-

VrL-

WRITE CYCLE 

Q Vofr--------------...-....--OPEN---_.._..,_ ___ _ 
Vol-

w V1H-

V1L-

D 
V1H-

V1L-

READ-WRITE CYCLE 

Q 
VoH-

OPEN 
.Vol-

w V1H-

V1L-

D 
V1H-
V1L-

~OON'TCARE 

tlt!MJ•lll• 
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KM41C16002A/ AL/ ALL/ ASL 

TIMING DIAGRAMS (Continued) 

TEST MODE IN CYCLE 
Note: D, Address: Don't Care 

CMOS DRAM 

f-----tRAS---

tcp 

VrH -

V1L - ----......../ 

w 

Q VoL-'-- _______ _;,>---------OPEN-----------

TEST MODE DESCRIPTION 

The KM41C16002 is the RAM organized 16,777,216 
words by 1 bit, it is internally organized 1,048,576 words 
by 16 bits. In "Test mode," data are written into 16 sec
tors in parallel and retrieved the same way. Column ad
dress bit A0, A,, A10 and A11 are not used. If, upon rea
ding, 16 bits are equal (all "1" or "O"s) the Q pin indi-

cates a "1." 

d"'ifiiiii» 
ELECTRONICS 

~DON'T CARE 

If they were not equal, the Q pin would indicate a "O." 
In "Test Mode," the 16M DRAM can be tested as if it 
were a 1Mx1 DRAM. W, CS-BEFORE-RAS Cycle (Test 
Mode in Cycle) puts the device into "Test Mode." And 
"CS-BEFORE-RAS REFRESH CYCLE'' or "RAS-only 
Refresh Cycle" puts it back into "Normal Mode." The 
"Test Mode" function reduces test time (1/16 in cases 
of N test pattern). 
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KM41C16002A/ AL/ ALL/ ASL CMOS DRAM 

PACKAGE DIMENSIONS 

24-LEAD PLASTIC SMALL OUT-LINE J-LEAD Units: Inches (millimeters) 

____ J 0.025(0.64) 

I MIN 

~o ....,..........______..,...... ............... ...........-

0 1.L ~ ! mt 
t= 0.725(18.42) =J ~~'~;;'" I 

ie:LO:o:o•1011 I ~ 
0.050(1.27) _J 0.015(0.38) u I 0.026(0.~6) 

TYP I I 0.021 (0.53) --1 0.032(0.81 l 

24-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE 
(Forward and Reverse Type) 

0.723 (18.36) 

0.727 (18.46) 

Joi 0.003 (o.00i I b ~ 

en r-... 
C') '<t 
0 0 
c:i c:i 

0.050( 1 .27) 

MAX 

0.005(0.13) 

0.008 (0.20) 

I o.o48(1.22i 0.012(0.30) I~ u 
----j 0.052 (1.32) 0.020 (0.50) i-- 0.037 (0.95) ~ TYP 

0.016 (0.40) I I 
0.024 (0.60) 

·-

, ... 4, ... ,1.'¥•1•11•a··~. 
ELECTRONICS 
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KM44C4000A/ AL/ ALL/ ASL CMOS DRAM 

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

FEATURES 

• Performance range: 

tRAC tCAC tRC 

KM44C4000A/ AU ALU ASL-5 50ns 13ns 90ns 

KM44C4000A/ AU ALU ASL-6 60ns 15ns 110ns 

KM44C4000A/ AU ALU ASL-7 70ns 20ns 130ns 

KM44C4000A/ AU ALU ASL-8 80ns 20ns 150ns 

• Fast Page Mode operation 
• CAS-before-RAS refresh capability 
• RAS-only and Hidden Refresh capability 
• Fast parallel test mode Capability 
• TTL compatible inputs and outputs 
• Early write or output enable controlled write 
• Single+5.0V ± 10% power supply 
• 4096 cycles/64ms refresh (Normal) 

GENERAL DESCRIPTION 
The Samsung KM44C4000A/AUALUASL is a high 
speed CMOS 4, 194,304 bit x 4 Dynamic Random 
Access Memory. Its design is optimized for high 
performance applications such as mainframes, mini 
computers, graphics and high performance portable 
computers. 

The KM44C4000A/AUALUASL features Fast Page 
Mode operation which allows high speed random 
access of memory cells within the same row. 

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

The KM44C4000A/AUALUASL is fabricated using 
Samsung's advanced CMOS process. 

• 4096 cycles/128ms refresh (Low power & Self Ref.) 
• 4096 cycles/256ms refresh (Super Low power) 
• JEDEC standard pinout 
• Available in plastic SOJ and TSOP(ll) 

FUNCTIONAL BLOCK DIAGRAM 

RAS 

CAS 
Control &Vee Clocks 

w Vss Generator 
Vss 

Data in 
Refresh Timer Row Decoder 

Buffer 

Refresh Control 
Q 
<>el D01 

Memory Array 
(/) 

a. to 
Refresh Counter 4,194,304X4 

E 
<( D04 

Cells 
QJ 
(/) 
c 

Row Address Buffer 
QJ 

AO-A11 U) 

Data out 

Col. Address Buffer Column Decoder 
Buffer OE 

AO-A9 

•1MHihi• 
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KM44C4000A/ AL/ ALL/ ASL CMOS DRAM 

PIN CONFIGURATION (Top Views) 

• KM44C4000 AJ/AW/ALW/ASW • KM44C4000 AT/ALT/ALLT/ASLT • KM44C4000 ATR/ALTR/ALLTR/ASLTR 
AK/ALK/ALLK/ASLK AS/ALS/ALLS/ASLS ASR/ ALSR/ ALLSR/ ASLSR 

Vee 10 Vss Vee 10 24 Vss Vss 24 Vee 

DQ1 OQ4 DQ1 23 OQ4 DQ4 23 0 DQ1 
DQ3 DQ2 22 OQ3 OQ3 22 002 

w 21 GAS w 21 GAS CAS 21 w 
RAS 20 <5E RAS 20 OE ~ 20 RAS 

A,, Ag A11 19 Ag Ag 19 Ai1 

Aio 18 As A10 18 As As 18 A10 

Ao A1 Ao 17 A1 A1 17 8 Ao 

Ai 16 As Ai 16 As As 16 9 Ai 

A2 10 15 A5 A2 10 15 As A5 15 10 A2 

0 14 A4 AJ 11 0 14 A4 A4 14 0 11 AJ 

Vee 12 13 Vss Vee 12 13 Vss Vss 13 12 Vee 

J: 400MIL T: 400MIL(Forward) TR: 400MIL(Reverse) 
K: 300MIL S : 300MIL(Forward) SR : 300MIL(Reverse) 

Pin Name Pin Function 

Ao-A11 Address Inputs 

DQ1-4 Data In/Out 

Vss Ground 

RAS Row Address Strobe 

GAS Column Address Strobe 

w Read/Write Input 

OE Data Output Enable 

Vee Power(+5.0V) 

tt:!:i:tllih•· 
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KM44C4000A/ AL/ ALL/ ASL CMOS DRAM 

ABSOLUTE MAXIMUM RATINGS 
Parameter Symbol Rating Units 

Voltage on Any Pin Relative to Vss VIN, 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 (Voltage referenced to Vss, TA=O to 70°C) 

Parameter Symbol Min Typ Max Unit 

Supply Voltage Vee 4.5 5.0 5.5 v 
Ground Vss 0 0 0 v 
Input High Voltage VIH 2.4 - Vee+ 1 v 
Input Low Voltage VIL -1.0 - 0.8 v 

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

Parameter Symbol Min Max Units 

KM44C4000A/AUALU ASL-5 90 mA 
Operating Current* KM44C4000A/ AU.ALU ASL-6 

lcc1 
80 mA 

(RAS and CAS Cycling @tRc=min.) KM44C4000A/AUALU ASL-7 70 mA 
KM44C4000A/ AUALUASL-8 60 mA 

KM44C4000A 2 mA 
Standby Current KM44C4000AL 

lcc2 
1 mA 

(RAS=CAS=VV=VIH ) KM44C4000ALL 1 mA 
KM44C4000ASL 1 mA 

KM44C4000A/ AU ALU ASL-5 90 mA 
RAS-Only Refresh Current* KM44C4000A/AUALU ASL-6 

ICC3 
80 mA 

(CAS=VIH, RAS Cycling @tRc=min.) KM44C4000A/ AU ALU ASL-7 70 mA 
KM44C4000A/AUALU ASL-8 60 mA 

KM44C4000A/ AU ALU ASL-5 80 mA 
Fast Page Mode Current* KM44C4000A/ AU ALU ASL-6 

ICC4 
70 mA 

(RAS=VIL, CAS, Address Cycling @tPC=min.) KM44C4000A/ AU ALU ASL-7 60 mA 
KM44C4000A/ AU ALU ASL-8 50 mA 

KM44C4000A 1 mA 
Standby Current KM44C4000AL 

Ices 
300 µA 

1 

(RAS=CAS=W=Vcc-0.2V) KM44C4000ALL 200 µA 
KM44C4000ASL 200 µA 

KM44C4000A/AUALU ASL-5 90 mA 
GAS-Before-RAS Refresh Current* KM44C4000A/AUALU ASL-6 

Ices 
80 mA 

(RAS and CAS Cycling @tRc=min.) KM44C4000A/ AU ALU ASL-7 70 mA 
KM44C4000A/ AU ALU ASL-8 60 mA 

Battery Back Up Current Average Power Supply Current, 
Battery Back Up Mode, Input High Voltage(V1H)=Vcc-o.2v 

KM44C4000AL 450 µA 
Input Luw Voltage(V1L)=0.2V CAS=CAS-Before-RAS ICC? 
Cycling or 0.2V DIN=Don't Care TRC=31.25µS(L-Ver.) 

KM44C4000ASL 350 µA 

62.5µS(SL-Ver.), TRAs~min-300ns 

tJMfilJiltP 
ELECTRONICS 

593 

• 



KM44C4000A/ AL/ ALL/ ASL CMOS DRAM 

DC AND OPERATING CHARACTERISTICS (Continued) 
(Recomm~n.ded operating conditions unless otherwise noted) 

Parameter Symbol Min Max Units 

Self Refresh Current 
RAS=CAS=0.2V KM44C4000ALL Ices - 300 µA 
W=OE=Ao-A11=Vcc-o.2v or o.2v 
OQ1-D04=Vcc-0.2V, 0.2V or Open 

Input Leakage Current 
li(L) -10 10 µA 

(Any input 05V1N 5Vcc+0.5V, all other pins not under test=O volts.) 

Output Leakage Current IO(L) -10 10 µA 
(Data out is disabled, OV5Vour5Vcc) 

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

Output Low Voltage Level (IOL=4.2mA) VOL - 0.4 v 
*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 and ICC3, Address can be changed maximum 
two times while RAS=VIL In lcc4, Address can be changed maximum once within one fast page cycle. 

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

Parameter Symbol Min Max Unit 

Input Capacitance (Ao-A11) CIN1 - 5 pF 

Input Capacitance (RAS, GAS, W, OE) CIN2 - 7 pF 

Input Capacitance (DQ1 -DQ4) Coo - 7 pF 

AC CHARACTERISTICS (0°C5Ta~70°C, Vcc=5.0V±0.5V, See notes 1,2) 

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

Min Max Min Max Min Max Min Max 

Random read or write cycle time tRC 90 110 130 150 ns 

Read-modify-write cycle time tRWC 133 155 185 205 ns 

Access time from RAS tRAC 50 60 70 80 ns 3,4,11 

Access time from CAS tCAC 13 15 20 20 ns 3,4,5 

Access time from column address tAA 25 30 35 40 ns 3,11 

GAS 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 7 

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

RAS precharge time tRP 30 40 50 60 ns 

RAS pulse width tRAS 50 10,000 60 10,000 70 10,000 80 10,000 ns 

RAS hold time tRSH 13 15 20 20 ns 

CAS hold time tCSH 50 60 70 80 ns 

CAS pulse width tCAS 13 10,000 15 10,000 20 10,000 20 10,000 ns 

RAS to CAS delay time tRCD 20 37 20 45 20 50 20 60 ns 4 

RAS to column address delay time tRAD 15 25 15 30 15 35 15 40 ns 11 

eAS to RAS precharge time tCRP 5 5 5 5 ns 

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

t111ftfilhl» 
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KM44C4000A/ AL/ ALL/ ASL CMOS DRAM 

AC CHARACTERISTICS (Continued) 

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

Min Max Min Max Min Max Min Max 

Row address hold time tRAH 10 10 10 10 ns 

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

Column address hold time tCAH 10 10 15 15 ns 

Column address hold time referenced to RAS tAR 40 45 55 60 ns 6 

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

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

Read command hold time referenced to GAS tRCH 0 0 0 0 ns 9 

Read command hold time referenced to RAS tRRH 0 0 0 0 ns 

Write command hold time twCH 10 10 15 15 ns 

Write command hold time referenced to RAS twCR 40 45 55 60 ns 6 

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 

Data set-up time tos 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 6 

Refresh period (Normal) tREF 64 64 64 64 ms 

Refresh period (Low power & Self Ref.) tREF 128 128 128 128 ms • Refresh period (Super Low power) tREF 256 256 256 256 ms 

Write command set-up time twcs 0 0 0 0 ns 8 

CAS to W delay time tcwo 36 40 50 50 ns 8 

RAS to W delay time tRWD 73 85 100 110 ns 8 

Column address to W delay time tAwo 48 55 65 70 ns 8 

CAS set-up time (GAS-before-RAS refresh) tCSR 10 10 10 10 ns 

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

RAS to CAS precharge time tRPC 5 5 5 5 ns 

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

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

Fast Page mod!) 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 mode) tCP 10 10 10 10 ns 

RAS pulse width(Fast Page mode) tRASP 50 200000 60 200000 70 200000 80 200000 ns 

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

OE access time tOEA 13 15 20 20 ns 

OE to data delay tOEO 13 15 20 20 ns 

Output 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 

tJMflliii» 
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KM44C4000A/ AL/ ALL/ ASL CMOS DRAM 

AC CHARACTERISTICS (Continued) 

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

Min Max Min Max Min Max Min Max 

Write command set-up time (fest mode in) twrs 10 10 10 10 ns 

Write command hold time (rest mode in) twTH 10 10 10 10 ns 

W to AAS precharge time (C-B-R refresh) twRP 10 10 10 10 ns 

Wto RAS hold time (C-B-R refresh) tWRH 10 10 10 10 ns 

RAS pulse width (C-B-R self refresh) tRASS 100 100 100 100 µs 15 

RAS precharge time (C-B-R self refresh) tRPS 90 110 130 150 ns 15 

CAS hold time (C-B-R self refresh) tCHS -50 -50 -50 -50 ns 15 

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 RAS" tRAC 55 65 75 85 ns 3,4,11 

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

Access time from column address tAA 30 35 40 45 ns 3,11 

AAS pulse width tRAS 55 10,000 65 10,000 75 10,000 85 10,000 ns 

CAS pulse width tCAS 18 10,000 20 10,000 25 10,000 25 10,000 ns 

RAS hold time tRSH 18 20 25 25 ns 

CAS hold time tCSH 55 65 75 85 ns 

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

CAS to W delay time tcwo 41 45 55 55 ns 8 

RAS to W delay time tRWD 78 90 105 115 ns 8 

Column address to W delay time tAWD ,53 60 70 75 ns 8 

Fast Page mode cycle time tPC 40 45 50 55 ns 

Fast Page mode read-modify-write cycle time tPRWC 81 90 105 110 ns 

RAS pulse width (Fast Page Mode) tRASP 55 200,000 65 200,000 75 200,000 85 200,000 ns 

Access time from GAS precharge tCPA 35 40 45 50 ns 3 

OE access time to EA 18 20 25 25 ns 

OE to data delay tOED 18 20 25 25 ns 

OE command hold time tOEH 18 20 25 25 ns 

t11mH:m• 
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KM44C4000A/ AL/ ALL/ ASL 

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 V1L(max) are 
assumed to be 5ns for all inputs. 

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

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

5. Assumes that tRCD::2'.tRCD (max). 
6. tAR, twcR, tDHR are referenced to tRAo(max). 
7. This parameter defines the time at which the 

output achieves the open circuit condition and is 
not referenced to VoH or VoL. 

8. twcs, tRwo, tcwo and tAwo are non restrictive 
operating parameters. They are included in the 
data sheet as electric characteristics only. If twcs:::::: 
twcs(min) the cycle is an early write cycle and the 
data output will remain high impedance for the 
duration of the cycle. If tcwo::::::tcwo(min), tRwo;:::: 
tRwo(min) and tAwo::::::tAwo(min), then the cycle is a 

•tMfiliiltP 
ELECTRONICS 

CMOS DRAM 

read-write cycle and the data output will contain 
the data read from the selected address. If neither 
of the above conditions are satisfied, the condition 
of the data out is indeterminate. 

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

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

11. 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 tRAo(max) limit, then access time is 
controlled by tAA. 

12. These specifications are applied in the test mode. 
13. 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. 

14. toFF(max) and toEz(max) define the time at which 
the output achieves the open circuit condition and 
are not referenced fo output voltage level. 

15. 4096 cycle of burst refresh must be executed 
within 16ms before and after self refresh, in order 
to meet refresh specification. 
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KM44C4000A/ AL/ ALL/ ASL 

TIMING DIAGRAMS 
READ CYCLE 

RAS 
V1H -
V1L -

V1H -
CAS 

V1L -

V1H -
A 

V1L -

V1H -

w 
V1L -

OE 
V1H -

V1L -

D01-D04 
VoH·-

VoL-

tlMfi'IWP 
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KM44C4000A/ AL/ ALL/ ASL 

TIMING DIAGRAMS (Continued) 

WRITE CYCLE (EARLY CYCLE) 

RAS 
V1H -

V1L -

V1H -
Ci\$ 

V1L -

V1H -
A 

V1L -

w V1H -
V1L -

OE V1H -
V1L -

D01·DQ4 
V1H -

V1L -

WRITE CYCLE (OE CONTROLLED WRITE) 

CAS 
V1H -
V1L -

V1H -
A 

V1L -

V1H -w 
VIL -

V1H -
OE 

V1L -

V1H -
D01·DQ4 

V1L -

tlm':fi@tP 
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KM44C4000A/ AL/ ALL/ ASL 

TIMING DIAGRAMS (Continued) 

READ-MODIFY-WRITE CYCLE 

VrH -

~ 
V1L -

VrH -
GAS 

V1L -

V1H -
A 

V1L -

w V1H -

V1L -

OE V1H -

V1L -

VoH-
~~~~~~~~~~flA 

VoL-

FAST PAGE MODE READ CYCLE 

V1H -
A 

VrL -

w VrH -

VrL-

5E VrH -

VrL -

VoH-
DQ,-004 

VoL-

emHliii" ELECTRONICS 

CMOS DRAM 
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KM44C4000A/ AL/ ALL/ ASL 

TIMING DIAGRAMS (Continued) 

FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 

A 

w 

VrL -

VrH -

VrL -

VrH -

VrL 

VrH 

VrL 

VrH -

VrL 

FAST PAGE MODE READ-MODIFY-WRITE CYCLE 

A 

w 

VrH -

VrL 

VrH -

VrL -

VrH -

VrL - :...¥..~:....ic.,""-' 

VrH -

VrL -

•t:!:i:flihitP 
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KM44C4000A/ AU ALU ASL 

TIMING DIAGRAMS (Continued) 

RAS·ONL Y REFRESH CYCLE 
Note: W, OE= Don't care 

t------------ tRc----

RAS 
",__ _____ tRAS---------'' 

A 

CAS-BEFORE·RAS REFRESH CYCLE 
NOTE: W=V1H, OE, A=Don't Care 

CMOS DRAM 

f-----------tRc-·------------1 

V1L-

V110H -

V110L -

1------------ IRAS:-~---

!------- tcHR----1 

t---------- OPEN-------------

CAS-BEFORE-RAS SELF REFRESH CYCLE (LL-version) 
NOTE: W, OE, A=Don't Care 

RAS 
V1H:-

V1L-

CA'S 
V1H-

Vii.-

DQ1-D04 
VoH -

Vol -
~-------OPEN------------

lZZI DON'T CARE 

t1Mfiliil» 
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KM44C4000A/ AL/ ALL/ ASL 

TIMING DIAGRAMS (Continued) 

HIDDEN REFRESH CYCLE (READ) 

RAS 
V1H -

V1L -

GAS 
V1H -

V1L -

V1H -
A 

V1L -

V1H -
w 

V1L -

OE 
V1H -

V1L -

VoH -

VoL -

HIDDEN REFRESH CYCLE (WRITE) 

V1H -
RAS 

V1L -

V1H -
CAS 

V1L -

V1H -
A 

V1L -

w V1H -
V1L -

6E V1H -

V1L -

P01-D04 
VoH-

VoL -

ttMH'hl' ELECTRONICS 
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KM44C4000A/ AL/ ALL/ ASL CMOS DRAM 

TIMING DIAGRAMS (Continued) 

CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 
V1H - IRAS RAS 
V~L -

RSH 

V1H - le HR le AS 
CAS 

VIL -

IRAL 

A 
V1H-

V1L -

READ CYCLE 

w 

WRITE CYCLE 
i---;--t----lcwL----+-

i----t--t---- lRwL-----1 

w V1H-

V1L -

BE V1H -

V1L -

VoH-
001-004 ---------OPEN-----<1 

VoL- lcwL 

READ-MODIFY ·WRITE 

w 

V1H -
V1L - ...... ..-. ........................... ____________ _ 

loH 

V110H-
001-004 V110L - ----------------~llA 

~ OONTCARE 

tJMfi@tP 
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KM44C4000A/ AL/ ALL/ ASL 

TIMING DIAGRAMS (Continued) 

TEST MODE IN CYCLE 
Note: OE, Address: Don't Care 

CMOS DRAM 

V1H 
'-----!RAS------< 

-
RAS 

V1L -
lRPC 

lcp 

V1H -
CAS 

V1L -

w V1H -

V1L - ~~~~~~~~~---~~~"-¥...lC....l~~~~"-¥.~~~~ ........ ~ ........ ~ 

VoH - 1'\-----------0PEN----------

VoL - -------JI 

TEST MODE DESCRIPTION 

The KM44C4000A/AUALUASL is the RAM organized 
4, 194,304 words by 4 bit, it is internally organized 1, 
048,576 words by 16 bits. In "Test Mode", data are 
written into 16 sectors in parallel and retrieved the same 
way. Column address bit Ao and A1 are not used. If, 
upon reading, four bits on· one D/Q pin are equal (all 
"1 "s or "O"s) the D/Q pin indicates a "1 ". If they were 
not equal, the D/Q pin would indicate a "O". In "Test 

•lMHiiii• ELECTRONICS 

~ DON'TCARE 

Mode", the 4M x 4 DRAM can be tested as if it were a 
1 M x 4 DRAM. W, GAS-BEFORE-RAS Cycle (Test Mode 
in Cycle) puts the device into "Test Mode". And "CAS
BEFORE-RAS REFRESH CYCLE" or "RAS-only Refresh 
Cycle" puts it back into "Normal Mode". The "Test 
Mode" function reduces test time (1/4 in cases of N test 
pattern). 
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KM44C4000A/ AL/ ALL/ ASL 

PACKAGE DIMENSIONS 
24-LEAD PLASTIC SMALL OUT-LINE J-LEAD (300MIL) 

CMOS DRAM 

Units: Inches (millim'eters) 

0.027 (0.69) 
MIN 

SS "'C') e. e. 
co "' 0 ~ 
00 
d ci 

c ~:: ;;;~:: j -! I-~-+---~-:~~::~:::~ 
§0004(01)

1 ~ 
0.050(1.27( I 0.015(0.38( u I 0 026(0.~ 

TYP I I 0.021(0.53( --I 0032(0~ 
0.050(1.27) 

MAX 

24-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE(ll) (300MIL, Forward and Reverse Type) 

0.671 (17.04) 

0.679 (17.24) 

r::- r::
"' co 
!:::'.. !:::'.. 

re g 
ci ci 

(])"" 
C") '<!' 
0 0 
ci ci 

Joi 0.003 (0.08) I b Q 
I o.048 (1.22> 0.012 (0.30) I ~ u 

---j 0.052 (1.32) 0.020 (0.50) i-- 0.037 (0.95) 

TYP 

tJMHiiii• 
ELECTRONICS 

0.005 (0.13) 

0.008 (0.20) 

~ 
0.016 (0.40) I I 
0.024 (0.60) . 
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KM44C4000A/ AL/ ALL/ ASL 

PACKAGE DIMENSIONS 

24-LEAD PLASTIC SMALL OUT-LINE J-LEAD (400MIL) 

CMOS DRAM 

Units: Inches (millimeters) 

-1 0.025(0.64) 

MIN 

==-------y--

~~o -[:i0
_ ~· UH .. i.t 0066 g 

Q 1 0 

'.'---.JJ-~~ 

0. 725(18.42) 

I 

1-----+-o_.1_44-'..:(3~ 
MAX 

i..------

0 0.004(0.1) 

0.021 (0.53) 0.032(0.81) 

24-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE . 
(400MIL, Fo.rward and Reverse Type) 

0 

en,._ 
(') <:t 
0 0 
c) c) 

0.050(1.27) 
MAX 

en,._ 
lO <O 
<:t <:t 
c) c) 

0.005 (0.13) 

0.008 (0.20) 

c 0.003 (0.08) 

0.052 (1.32) 

0.012 (0.30) 

0.020 (0.50) ~~n~O%) ~ 
O.Q16 (0.40) I I 
0.024 (0.60) 

•t:!:i:HIUI• 
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KM44C41 OOA/ AL/ ALL/ ASL CMOS DRAM 

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

FEATURES 
• Performance range: 

tRAC tCAC tRC 

KM44C41 OOA/ AU ALU ASL-5 50ns 13ns 90ns 

KM44C41 OOA/AUALU ASL-6 60ns 15ns 110ns 

KM44C41 OOA/ AU ALU ASL-7 70ns 20ns 130ns 

KM44C41 OOA/ AU ALU ASL-8 80ns 20ns 150ns 

• Fast Page Mode operation 
• CAS-before-RAS refresh capability 
• RAS-only and Hidden Refresh capability 
• Fast parallel test mode Capability 
• TTL compatible inputs and outputs 
• Early write or output enable controlled write 
• Single+5.0V±10% power supply 
• 2048 cycles/32ms refresh (Normal) 

GENERAL DESCRIPTION 
The Samsung KM44C4100A/AUALUASL is a high 

·speed CMOS 4, 194,304 bit x 4 Dynamic Random· 
Access Memory. Its design is optimized for high 
performance applications such as mainframes, mini 
computers, graphics and high performance portable 
computers. · 

The KM44C4100A/AUALUASL features Fast Page 
Mode operation which allows high speed random 
access of memory cells within the same row. 

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

The KM44C4100A/AUALUASL is fabricated using 
Samsung's advanced CMOS process. 

• 2048 cycles/128ms refresh (Low power & Self Ref.) 
• 2048 cycles/256ms refresh (Super Low power) 
• JEDEC standard pinout 
• Available in plastic SOJ and TSOP(ll) 

FUNCTIONAL BLOCK DIAGRAM 

RAS 

CAS 
Control 

~v~ Clocks 

w Vss Generator 
Vss 

Data in 
Refresh Timer Row Decoder Buffer 

Refresh Control 
Q 
od D01 

Memory Array "' a. to 
Refresh Counter 4, 194,304 x 4 E 

<( 004 
Cells 

Q) 

"' c: 
Row Address Buffer 

Q) 
Cl) 

Data out 
AO-A10 Buffer OE Col. Address Buffer Column Decoder 

•1MfilihtP 
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KM44C41 OOA/ AL/ ALL/ ASL CMOS DRAM 

PIN CONFIGURATION (Top views) 

• KM44C4100 AJ/AW/ ALLJ/ASLJ • KM44C4100 AT/ALT/ALLT/ASLT • KM44C4100 ATR/ALTR/ALLTR/ASLTR 
AK/ALK/ALLK/ASLK AS/ ALS/ ALLS/ ASLS ASR/ ALSR/ ALLSR/ ASLSR 

Vee 10 Vss Vee 10 24 Vss Vss 24 Vee 

D01 D04 D01 23 DQ4 DQ4 23 0 D01 

D02 DQ3 D02 22 DQ3 DQ3 22 D02 

w 21 GAS w 21 GAS GAS 21 w 
RAS 20 OE RAS 20 5E 6E 20 RAS 

N.C 19 Ag N.C 19 Ag Ag 19 N.C 

A10 7 18 As A10 18 As As 18 A10 

Ao 8 A1 Ao 17 A1 A1 17 Ao 

A, 16 A5 A1 16 A5 A5 16 A1 

A2 10 15 A5 A2 10 15 A5 A5 15 10 A2 

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: 400MIL T: 400MIL(Forward) TR : 400MIL(Reverse) 

K: 300MIL S : 300MIL(Forward) SR : 300MIL(Reverse) 

• Pin Name Pin Function 

Ao~A10 Address Inputs 

DQ1-4 Data In/Out 

Vss Ground 

RAS Row Address Strobe 

GAS Column Address Strobe 

w Read/Write Input 

OE Data Output Enable 

Vee Power(+5.0V) 

N.C No Connection 

tJ"i'ifiiHllP 
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KM44C41 OOA/ AL/ ALL/ ASL 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 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 (Voltage referenced to Vss, TA=O to 70°C) 

Parameter Symbol Min Typ Max Unit 

Supply Voltage Vee 4.5 5.0 5.5 v 
-. 

Ground Vss 0 0 0 v 
Input High Voltage VIH 2.4 - Vee+ 1 v 
Input Low Voltage VIL -1.0 - 0.8 v 

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

Parameter Symbol Min Max Units 

KM44C41 OOA/AUALUASL-5 110 mA 
Operating Current* KM44C41 OOA/AUALUASL-6 

lcc1 
100 mA 

(RAS and GAS Cycling @tRc=min.) KM44C41 OOA/AUALUASL-7 -
90 mA 

KM44C41 OOA/AUALUASL-8 80 mA 

KM44C4100A 2 mA 
Standby Current KM44C41 OOAL 

lcc2 
1 mA 

(RAS=CAS=W=VIH ) KM44C41 OOALL 
-

1 mA 
KM44C41 OOASL 1 mA 

KM44C41 OOA/AUALUASL-5 110 rnA 
RAS-Only Refresh Current* KM44C41 OOA/AUALUASL-6 

ICC3 
100 mA 

(CAS=VIH, RAS Cycling @tRC=min.) KM44C41 OOA/AUALUASL-7 
-

90 mA 
KM44C41 OOA/AUALUASL-8 80 mA 

KM44C41 OOA/AUALUASL-5 90 mA 
Fast Page Mode Current* KM44C41 OOA/AUALUASL-6 

ICC4 
80 mA 

(RAS=VIL, CAS, Address Cycling @tPC=min.) KM44C41 OOA/AUALUASL-7 
-

70 mA 
KM44C41 OOA/AUALUASL-8 60 mA 

KM44C4100A . 1 mA 
Standby Current I 

KM44C41 OOAL 300 µA 
(RAS=GAS=W=Vcc-0.2V) KM44C41 OOALL 

Ices - 200 µA 
KM44C41 OOASL 200 µA 

KM44C41 OOA/AUALUASL-5 110 mA 
CAS-Before~RAS Refresh Current* KM44C41 OOA/AUALUASL-6 

Ices 
100 mA 

(RAS and CAS Cycling @tRc=min.) KM44C41 OOA/AUALUASL-7 -
90 mA 

KM44C41 OOA/AUALUASL-8 80 mA 

Battery Back Up Current Average Power Supply Current, 
Battery Back Up Mode, Input High Voltage{V1H)=Vcc-0.2V 

KM44C41 OOAL 400 µA 
Input Low Voltage(V1L)=0.2V CAS=CAS-Before-RAS 

KM44C41 OOASL 
ICC? -

300 µA 
Cycling or 0.2V DIN=Don't Care TRc=62.511S(L-Ver.) 
125µ S(SL-Ver.), TRAs ~ min-300ns 

tJ:!:i:flljiliP 
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KM44C41 OOA/ AL/ ALL/ ASL CMOS DRAM 

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

Parameter Symbol Min Max Units 

Self Refresh Current 
RAS=CAS=0.2V 

KM44C41 OOALL Ices 300 µA 
W=OE=Ao-A1o=Vcc-o.2v or 0.2V 

-

DQ1-D04=Vcc-0.2V, 0.2V or Open 

Input Leakage Current 
ll(L) -10 10 µA 

(Any input O~VIN ~Vcc+0.5V, all other pins not under test=O volts.) 

Output Leakage Current 
IO(L) -10 10 µA 

(Data out is disabled, OV s; Vour"' Vee) 

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

Output Low Voltage Level (loL=4.2mA) VOL - 0.4 v 

*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 and lcc3, Address can be changed maximum 
two times while RAS=VIL. In lcc4, Address can be changed maximum once within on!'l fast page cycle. 

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

Parameter Symbol Min Max Unit 

Input Capacitance (Ao-A10) CIN1 - 5 pF 

Input Capacitance (RAS, GAS, W, OE) C1N2 - 7 pF 

Input Capacitance (DQ1-DQ4) Coo - 7 pF 

AC CHARACTERISTICS (0°C:s:;Ta:s:;?0°C, Vcc=5.0V±10%, See notes 1,2) 

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

Min Max Min Max Min Max Min Max 

Random read or write cycle time tRC 90 110 130 150 ns 

Read-modify-write cycle time tRWC 133 155 185 205 ns 

Access time from RAS tRAC 50 60 70 80 ns 3,4,11 

Access time from CAS tCAC 13 15 20 20 ns 3,4,5 

Access time from column address tAA 25 30 35 40 ns 3,11 

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 7 

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

RAS precharge time tRP 30 40 50 60 ns 

RAS pulse width tRAS 50 10,000 60 10,000 70 10,000 80 10,000 ns 

RAS hold time tRSH 13 15 20 20 ns 

CAS hold time tCSH 50 60 70 80 ns 

CAS pulse width tCAS 13 10,000 15 10,000 20 10,000 20 10,000 ns 

RAS to CAS delay time tRCD 20 37 20 45 20 50 20 60 ns 4 

RAS to column address delay time tRAD 15 25 15 30 15 35 15 40 ns 11 

CAS to RAS precharge time tCRP 5 5 5 5 ns 

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

tl:!:i: filiiitP 
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KM44C41 OOA/ AL/ ALL/ ASL CMOS DRAM 

AC CHARACTERISTICS (Continued) 

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

Min Max Min Max Min Max Min Max 

Row address hold time tRAH 10 10 10 10 ns 

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

Column address hold time tCAH 10 10 15 15 ns 

Column address hold time referenced to RAS tAR 40 45 55 60 ns 6 

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

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

Read command hold time referenced to CAS tRCH 0 0 0 0 ns 9 

Read command hold time referenced to RAS tRRH 0 0 0 0 ns 

Write command hold time twCH 10 10 15 15 ns 

Write command hold time referenced to RAS twCR 40 45 55 60 ns 6 

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 

Data set cup time tos 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 6 

Refresh period (Normal) tREF 32 32 32 32 ms 

Refresh period (Low power & Self Ref.) tREF 128 128 128 128 ms 

Refresh period (Super Low power) tREF 256 256 256 256 ms 

Write command set-up time twcs 0 0 0 0 ns 8 

GAS to W delay time tcwo 36 40- 50 50 ns 8 

RAS to W delay time tRWD 73 85 100 110 ns 8 

Column address tci W delay time tAwo 48 55 65 70 ns 8 

GAS set-up time (GAS-before-RAS refresh) tCSR 10 10 10 10 ns-

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

RAS to GAS precharge time tRPC 5 5 5 5 ns 

GAS precharge time (C-8-R counter test cycle) tCPT 20 20 30 30 ns 

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

Fast Page mode cycle time tPC 35 40 45 50 ns 

Fast Page mode read-modify-write cycle time tPRWC 76 85 100 105 ns 

CAS precharge time (Fast Page mode) tCP 10 10 10 10 ns 

RAS pulse width(Fast Page mode) tRASP 50 200000 60 200000 70 200000 80 200000 ns 

RAS hold time from GAS precharge tRHCP 30 35 40 45 ns 

OE access time tOEA 13 15 20 20 ns 

OE to data delay tOED 13 15 20 20 ns 

Output 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 

tJMHllii'.· 
ELECTRONICS 

612 



KM44C41 OOA/ AL/ ALL/ ASL CMOS DRAM 

AC CHARACTERISTICS (Continued) 

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

Min Max Min Max Min Max Min Max 

Write command set-up time (Test mode in) twrs 10 10 10 10 ns 

Write command hold time (Test mode in) twTH 10 10 10 10 ns 

W to RAS precharge time (C-8-R refresh) twRP 10 10 10 10 ns 

W to RAS hold time (C-8-R refresh) twRH 10 10 10 10 ns 

RAS pulse width (C-8-R self refresh) tRASS 100 100 100 100 µs 15 

RAS precharge time (C-8-R self refresh) tRPS 90 110 130 150 ns 15 

CAS hold time (C-8-R self refresh) tCHS -50 -50 -50 -50 ns 15 

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 RAS tRAC 55 65 75 85 ns 3,4,11 

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

Access time from column address tAA 30 35 40 45 ns 3,11 

RAS pulse width tRAS 55 10,000 65 10,000 75 10,000 85 10,000 ns 

CAS pulse width tCAS 18 10,000 20 10,000 25 10,000 25 10,000 ns • RAS hold time tRSH 18 20 25 25 ns 

CAS hold time tcsH 55 65 75 85 ns 

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

CAS to W delay time tcwo 41 45 55 55 ns 8 

RAS to W delay time tRWD 78 90 105 115 ns 8 

Column address to W delay time tAWD 53 60 70 75 ns 8 

Fast Page mode cycle time tPC 40 45 50 55 ns 

Fast Page mode read-modify-write cycle time tPRWC 81 90 105 110 ns 

RAS pulse width (Fast Page Mode) tRASP 55 200,000 65 200,000 75 200,000 85 200,000 ns 

Access time from CAS precharge tCPA 35 40 45 50 ns' 3 

OE access time tOEA 18 20 25 25 ns 

OE to data delay tOED 18 20 25 25 ns 

OE command hold time tOEH 18 20 25 25 ns 

t111Mliiii• 
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KM44C41 OOA/ AL/ ALL/ ASL 

NOTES 
1. An initial pause of 200µs is required after power-up 

followed by any 8 CBR or ROR cycles before 
proper device operation 1s ach1E'ved. 

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) are . 
assumed to be 5ns for all inputs. 

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

4. Operation within the tRco(max) limit insures that 
tRAc(max) can be met. tRco(max) is specified as a 
reference point only. If tRco is greater than the 
specified tRco(max) limit, then access time is 
controllefl exclusively by tcAc. 

5. Assumes that tRCD ztRCD (max). 
6. tAR, twcR, tDHR are referenced to tRAD(max). 
7. This parameter defines the time at which the 

output achieves the open circuit condition and is 
not referenced to VoH or VoL. 

8. twcs, tRwo, tcwo and tAwo are non restrictive 
operating parameters. They are included in the 
data sheet as electric characteristics only. If twcsz 
twcs(min) the cycle is an early write cycle and the 
data output will remain high impedance for the 
duration of the cycle. If tcwoztcwo(min), tRWD2 
tRwo(min) and tAwoztAwo(min), then the cycle is a 

t?Mfiliii" ELECTRONICS 

CMOS DRAM 

read-write cycle and the data output will contain 
the data read from the selected address. If neither 
of the above conditions are satisfied, the condition 
of the data out is indeterminate. 

9. Either tRcH or tRRH must be satisfied for a read 
cycle. 

10. These parameters are referenced to the GAS 
leading edge in early write cycles and to the W 
leading edge in read-write cycles. 

11. 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. 

12. These specifications are applied in the test mode. 
13. 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. 

14. 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. 

15. 2048 cycle of burst refresh must be executed 
within 16ms before and after self refresh, in order 
to meet refresh specification. 
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KM44C41 OOA/ AL/ ALL/ ASL 

TIMING DIAGRAMS 
READ CYCLE 

V1H -
RAS 

V1L -

V1H -
CAS 

V1L -

V1H -

A 
V1L -

V1H -

w 
V1L -

5E 
V1H -

V1L -

D01·DQ4 
VoH-

Vol-

•tMHlih• 
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KM44C41 OOA/ AL/ ALL/ ASL 

TIMING DIAGRAMS (Continued) 

WRITE CYCLE (EARLY CYCLE) 

RAS 
V1H -

V1L -

V1H -
CAS 

V1L -

V1H -
A 

V1L -

w V1H -
V1L -

OE V1H -

VIL -

001-004 
V1H -

VIL -

WRITE CYCLE (OE CONTROLLED WRITE) 

V1H -
RAS 

V1L -

CAS 
V1H -
V1L -

V1H -
A 

V1L -

V1H -w 
V1L -

OE V1~ -

V1L -

V1H -
D01-D04 

V1L -

tl1JMJihl» · 
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KM44C41 OOA/ AL/ ALL/ ASL 

TIMING DIAGRAMS (Continued) 

REAP-MODIFY-WRITE CYCLE 

A 

w 

V1H -

V1L - ~~~~~~~~~~~i;;._-1-J 

VoH- ---------.-..n/' 
VoL -

FAST PAGE MODE READ. CYCLE 

A 

CMOS DRAM 

w 
v

1
H - A1~Ai&A"?~rt---+---:--+±1::n---+---4s---+-+t-,..l---l----....:...+__,1. ......... .__ 

V1L - '-"-.................. "'1-"-""-''llJ' 

V1H -

V1L - ~~~'r-~~~"-"'-~~Y---'Wof-~w.i..~~~--L~~·~~~.....,.j....£.~~~c..:::,f.~ 

~DON'TCARE 
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KM44C41 OOA/ AL/ ALL/ ASL CMOS DRAM 

TIMING DIAGRAMS (Continued) 

FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 

FAST PAGE MODE READ-MODIFY-WRITE CYCLE 

A 

w V1H -

V1L -----

~DON'TCARE 

tlM H111
" ELECTRONICS 
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KM44C41 OOA/ AL/ ALL/ ASL 

TIMING DIAGRAMS (Continued) 

RAS·ONL Y REFRESH CYCLE 
Note: W, OE= Don't care 

RAS 

CAS 

A 

V1H

V1L-

V1H-

V1L-

>------------tRc----

CAS-BEFORE-RAS REFRESH CYCLE 
NOTE: W=V1H, OE, A=Don't Care 

CMOS DRAM 

r----------tRc-------------i 

V1L-

f----- ICHR----l 

CAS 
V1L-

V110H -
001-004 Vl/OL _ ----

CAS-BEFORE-RAS SELF REFRESH CYCLE (LL-version) 
NOTE: W, OE, A=Don't Care 

RAS V1H-

V1L-

CAS 
V1H-

V1L-

001-004 
VoH -

VoL -

dfafilihiP 
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KM44C41 OOA/ AL/ ALL/ ASL 

TIMING DIAGRAMS (Continued) 

HIDDEN REFRESH CYCLE (READ) 

RAS 
V1H -
V1L -

GAS 
V1H -

V1L -

V1H -
A 

V1L -

V1H -w 
V1L -

OE V1H -
V1L -

HIDDEN REFRESH CYCLE (WRITE) 

V1H -
RAS 

V1L -

V1H -
CAS 

V1L -

V1H -
A 

V1L -

w V1H -

V1L -

6E V1H -
V1L -

D01-DQ4 
VoH-

Vol -

ttMH@• 
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KM44C41 OOA/ AL/ ALL/ ASL CMOS DRAM 

TIMING DIAGRAMS (Continued) 

CAS·BEFORE-RAS REFRESH COUNTER TEST CYCLE 
V1H -

IRAS RA8 
v;L -

RSH 

V1H - le HR le AS 
GAS 

V1L -

IRAL 

A 
V1H-

V1L -

READ CYCLE 

w 

WRITE CYCLE 

w V1H-

V1L -

~ V1H -

V1L -

VoH-
D01·DQ4 -----+-+----OPEN-----+<I 

VoL- lcwL 

READ-MODIFY-WRITE 

w 

V1H -

V1L - .""'-l~~"'-M:~~~.1'....M:....¥..~""""-~""-¥.--........................ -+fl'-___ ""' 
loH 

V110H-

oa,-DQ4 VuoL _-----------------""'(IA 

~DON'T CARE 

•MnfilJhiP 
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KM44C41 OOA/ AL/ ALL/ ASL 

TIMING DIAGRAMS (Continued) 

TEST MODE IN CYCLE 
Note: OE. Address: Don't Care 

~ 
VtH -
V1L -

IRPC 

V1H -
~ 

Vil -

w VtH -

CMOS DRAM 

V1L - ~~~~~~~~:.---_:;~~l..JL.~~~~~~~~~~~~~~.¥. 

Vol - -------

TEST MODE DESCRIPTION 

The KM44C4100A/AUALUASL is the RAM organized 
4, 194,304 words by 4 bit, it is internally organized 1, 
048,576 words by 16 bits. In "Test Mode", data are 
written into 16 sectors in parallel and retrieved the same 
way. Column address bit Ao and A1 are not used. If, 
upon reading, four bits on one D/Q pin are equal (all 
"1"s or "O"s) the D/Q pin indicates a •1•. If they were 
not equal, the D/Q pin would indicate a •o•. In "Test 

tl:!:i:fillh» 
ELECTRONICS 

~ DON'TCARE 

Mode", the 4M x 4 DRAM can be tested as if it were a 
1Mx4 DRAM. W, CAS-BEFORE-RAS Cycle (Test Mode 
in Cycle) puts the device into "Test Mode". And "CAS
BEFORE-RAS REFRESH CYCLE" or "RAS-only Refresh 
Cycle" puts' it back into "Normal Mode". The "Test 
Mode" function reduces test time (1/4 in cases of N test 
pattern). 
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KM44C41 OOA/ AL/ ALL/ ASL 

PACKAGE DIMENSIONS 
24-LEAD PLASTIC SMALL OUT-LINE J-LEAD (300MIL) 

0 

I '""'"" 0 680 (17.27) 

[el o.004(0.1) 1 
0.050(1.27) 

TYP I 

CMOS DRAM 

Units: Inches (millimeters) 

0.050(1.27) 
MAX 

0.027 (0.69) 
MIN 

SS 
N <'> 
e. e. 
<Xl C\I 
0 ~ 
0 0 
d ci 

0.128 (3.25) 

0.145 (3.68) 

24-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE(ll) (300MIL, Forward and Reverse Type) 

0.671 (17.04) 

0.679 (17.24) 

r::- r:::-
11) co 
t:. tS 
<Xl N 

"' 0 N M 
ci ci 

lei 0.003(0.08) I b ~ 
- I o.048 (1.22) 0.012 (0.30) I ~ u 

---j 0.052 (1.32) 0.020 (0.50) i-- 0.037 (0.95) 

TYP 

dWfiiiH> 
ELECTRONICS 

C\I 
C\I 

~Cl. 
.... >
~ l
o 

0.005 (0.13) 

0.008 (0.20) 

~ 
0.016 (0.40) I . I 
0.024 (0.60) 
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KM44C41 OOA/ AL/ ALL/ ASL 

PACKAGE DIMENSIONS 

24-LEAD PLASTIC SMALL OUT-LINE J-LEAD (400MIL) 

0.725(18.42) 

lei 0.004(0. 11 I ~BAAAARAAAAAA 
0.050( 1 '27) ' I 0. 015)0.36) Li I 0. 026(0.~ I 

TYP ---i 0.021(0.53) --1 0.03210611_

1 

24-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE 
(400MIL, Forward and Reverse Type) 

0.723 (18.36) 

0.727 (18.46) 

iol 0.003 (0.08) 1 b ~ 

~s 
~ "! 
~ ~ 

m ,.._ 
C') v 
0 0 
ci ci 

CMOS DRAM 

Units: Inches (millimeters) 

__ __J 0.025(0.64) 

0.050(1.27) 
MAX 

I MIN 

0.005 (0.13) 

0.008 (0.20) 

I o.048 (1.22) 0.012 (0.30) I ~ u 
--j 0.052 (1.32) 0.020 (0.50) r- 0.037 (0.95) ~ TYP 

O.Q16 (0.40) l I 
0.024 (0.60) 

dfafiliWP 
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KM44C401 OA/ AL/ ALL/ ASL CMOS DRAM 

4M x4 Bit CMOS Dynamic RAM with Fast Page Mode (Write Per Bit Mode) 

FEATURES 
• Performance range: 

tRAC tCAC tRC 

KM44C401 OA/ AU ALU ASL-5 50ns 13ns 90ns 

KM44C401 OA/ AU ALU ASL-6 60ns 15ns 110ns 

KM44C401 OA/ AU ALU ASL-7 70ns 20ns 130ns 

KM44C401 OA/ AU ALU ASL-8 80ns 20ns 150ns 

• Fast Page Mode operation 
• Self Refresh Operation (LL-ver. only} 
• 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 
• Single+5.0V ± 10% power supply 
• 4096 cycles/64ms refresh (Normal} 
• 4096 cycles/128ms refresh (Low power & Self Ref.} 
• 4096 cycles/256ms refresh (Super Low power} 
• JEDEC standard pinout 
• Available in plastic SOJ and TSOP(ll} 

FUNCTIONAL BLOCK DIAGRAM 

RAS 
Control 

CAS 

GENERAL DESCRIPTION 
The Samsung KM44C4010A/AL/ALL/ASL is a high 
speed CMOS 4, 194,304 bit x 4 Dynamic Random 
Access Memory. Its design is optimized for high 
performance applications such as mainframes, mini 
computers, graphics and high performance portable 
computers. 

The KM44C4010A/AL/ALL/ASL features Fast Page 
Mode operation which allows high speed random 
access of memory cells within the same row. 

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

The KM44C401 OA/AL/ALL/ASL is fabricated using 
Samsung's advanced CMOS process. 

t:G= Voe Clocks 
~enerator WBiW 

Vss 

Data in 
Refresh Timer Row Decoder 

Buffer 

Refresh Control Q 
o1S W1/DQ1 
(/) 

Memory Array a. to 
Refresh Counter 4, 194,304 " 4 

E 
<{ W4/DQ4 

Cells 
<I> 
(/) 
c: 

Row Address Buffer <I> 
AO-A11 Cl) 

Data out 

Col. Address Buffer Column Decoder 
Buffer OE 

AO-A9 

•tMfiliWP 
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KM44C401 OA/ AL/ ALL/ ASL CMOS DRAM 

PIN CONFIGURATION (Top Views) 

• KM44C4010 AJ/AW/ ALW/ASLJ • KM44C4010 AT/ALT/ALLT/ASLT • KM44C4010 ATR/ALTR/ALLTR/ASLTR 
AK/ALK/ALLK/ASLK AS/ALS/ALLS/ASLS ASR/ALSR/ALLSR/ASLSR 

Vee 1 0 24 Vss Vee 10 24 Vss Vss 24 Vee 

W1/DQ1 W4/DQ4 W1/DQ1 23 W4/DQ4 W4/DQ4 23 0 W1/DQ1 

W2/DQ2 3 W3/DQ3 W2/DQ2 22 W3/QQ3 W3/QQ3 22 W2/DQ2 

WBiW 4 21 CAS WBiW 21 CAS CAS 21 WBiW 

RAS 20 OE' "RAS 20 C5E . OE' 20 RAS 
A11 19 Ag A11 19 Ag Ag 19 A11 

A10 7 18 As A10 7 18 As As 18 A10 

Ao 8 17 A7 Ao 8 17 A7 A7 17 Ao 

Ai 16 A5 Ai 16 A5 A5 16 A1 

Az 10 15 A5 Az 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: 400MIL T: 400MIL(Forward) TR: 400MIL(Reverse) 
K: 300MIL S: 30QMIL(Forward) SR: 300MIL(Reverse) 

Pin Name Pin Function 

Ao-A11 Address Inputs 

W1/DQ1-W4/DQ4 Write Select/Data in, out 

Vss Ground 

RAS Row Address Strobe 

CAS Column Address Strobe 

WBIW Write Per Bit/Read/Write input 

OE Data Output Enable 

Vee Power(+S.OV) 

ttMfiliii" 
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KM44C401 OA/ AL/ ALLI ASL CMOS DRAM 

ABSOLUTE MAXIMUM RATINGS 
Parameter Symbol Rating Units 

Voltage on Any Pin Relative to Vss VIN, VOUT -1to+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 (Voltage referenced to Vss, TA=O to 70°C) 

Parameter Symbol Min Typ Max Unit 

Supply Voltage Vee 4.5 5.0 5.5 v 
Ground Vss 0 0 0 v 
Input High Voltage VIH 2.4 - Vee+ 1 v 
Input Low Voltage VIL -1.0 - 0.8 v 

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

Parameter Symbol Min Max Units 

KM44C401 OA/AUALUASL-5 90 mA 
Operating Current* KM44C401 OA/AUALUASL-6 

lcc1 
80 mA 

(RAS and CAS Cycling @tRC=min.) KM44C401 OA/AUALUASL-7 - 70 mA 
KM44C401 OA/AUALUASL-8 60 mA 

KM44C4010A 2 mA 
Standby Current KM44C401 OAL 

lcc2 
1 mA 

(RAS=CAS=WBfN=VIH) KM44C401 OALL 
-

1 mA 
KM44C401 OASL 1 mA 

KM44C401 OA/AUALUASL-5 90 mA 
RAS-Only Refresh Current* KM44C401 OA/AUALUASL-6 

ICC3 
80 mA 

(CAS=VIH, RAS Cycling @tRC=min.) KM44C401 OA/AUALUASL-7 - 70 mA 
KM44C401 OA/AUALUASL-8 60 mA 

KM44C401 OA/AUALUASL-5 80 mA 
Fast Page Mode Current* KM44C401 OA/AUALUASL-6 

ICC4 
70 mA 

(RAS=VIL, CAS, Address Cycling @tPC=min.) KM44C401 OA/AUALUASL-7 60 mA 
KM44C401 OA/AUALUASL-8 50 mA 

KM44C4010A 1 mA 
Standby Current KM44C401 OAL 

Ices 
300 µA 

(RAS=CAS=WBIW=Vcc-0.2V) KM44C401 OALL 200 µA 
KM44C401 OASL 200 µA 

KM44C401 OA/AUALUASL-5 90 mA 
GAS-Before-RAS Refresh Current* KM44C401 OA/AUALUASL-6 

ICC6 
80 mA 

(RAS and CAS Cycling @tRC=min.) KM44C401 OA/AUALUASL-7 70 mA 
KM44C401 OA/AUALUASL-8 60 mA 

Battery Back Up Current Average Power Supply Current, 
Battery Back Up Mode, Input High Voltage(V1H)=Vcc-0.2V 

KM44C401 DAL 450 µA 
Input Low Voltage(V1L)=0.2V CAS=CAS-Before-RAS 

KM44C401 OASL 
ICC? 

350 µA 
Cycling or 0.2V W1/DQ1-W4/D04=Don't Care 
tRC=31.25µs(L-Ver.) 62.5µs(SL-Ver.), tRAS=tRAS min-300ns 

tJMfiliiitP 
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KM44C401 OA/ AL/ ALL/ ASL CMOS DRAM 

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

Parameter Symbol Min Max Units 

Self Refresh Current 
RAS=CAS=0.2V 

KM44C401 OALL Ices 300 µA 
WBiW=OE=Ao-A11=VCc-o.2v or 0.2V 
W1/DQ1-W4/D04=Vcc-0.2V, 0.2V or Open 

Input Leakage Current 
hL -10 10 µA 

(Any input OsV1N sVcc+0.5V, all other pins not under test=O volts.) 

Output Leakage Current 
IOL -10 10 µA 

(Data out is disabled, OVsVoursVcc) 

Output High Voltage Level (IOH=-5mA) VOH 2.4 - v 

Output Low Voltage Level (IOL=4.2mA) VOL - 0.4 v 

*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 and lcc3, Address can be changed maximum 
two times while RAS=VIL. In ICC4, Address can be changed maximum once within one fast page cycle. 

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

Parameter Symbol Min Max Unit 

Input Capacitance (Ao-A11) CIN1 - 5 pF 

Input Capacitance (RAS, CAS, WB/W, OE) CIN2 - 7 pF 

Input Capacitance (W1/DQ1-W4/0Q4) Coo - 7 pF 

AC CHARACTERISTICS (0°CsTas?0°C, Vcc=5.0V±10%, See notes 1,2) 

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

Min Max Min Max Min Max Min Max 

Random read or write cycle time tRC 90 110 130 150 ns 

Read-modify-write cycle time tRWC 133 155 185 205 ns 

Access time from RAS tRAC 50 60 70 80 ns 3,4,11 

Access time from CAS tCAC 13 15 20 20 ns 3,4,5 

Access time from column address tAA 25 30 35 40 ns 3,11 

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

Output buffer turn-off delay tOFF 0 15 0 15 0 20 0 20 ns 7 

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

RAS precharge time tRP 30 40 50 60 ns 

RAS pulse width tRAS 50 10,000 60 10,000 70 10,000 80 10,000 ns 

RAS hold time tRSH 13 15 20 20 ns 

CAS hold time tcsH 50 60 70 80 ns 

CAS pulse width tCAS 13 10,000 15 10,000 20 10,000 20 10,000 ns 

RAS to CAS delay time tRCD 20 37 20 45 20 50 20 60 ns 4 

RAS to column address delay time tRAD 15 25 15 30 15 35 15 40 ns 11 

CAS to RAS precharge time tCRP 5 5 5 5 ns 

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

ttMfiihiiP 
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KM44C401 OA/ AL/ ALL/ ASL CMOS DRAM 

AC CHARACTERISTICS (Continued) 

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

Min Max Min Max Min Max Min Max 

Row address hold time tRAH 10 10 10 10 ns 

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

Column address hold time tCAH 10 10 15 15 ns 

Column address hold time referenced to RAS tAR 40 45 55 60 ns 6 

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

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

Read command hold time referenced to GAS tRCH 0 0 0 0 ns 9 

Read command hold time referenced to RAS tRRH 0 0 0 0 ns 

Write command hold time twCH 10 10 15 15 ns 

Write command hold time referenced to RAS twCR 40 45 55 60 ns 6 

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 GAS lead time tCWL 13 15 20 20 ns 

Data set-up time tos 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 6 

Refresh period (Normal) tREF 64 64 64 64 ms 

Refresh period (Low power & Self Ref.) tREF 128 128 128 128 ms • Refresh period (Super Low power) tREF 256 256 256 256 ms 

Write command set-up time twcs 0 0 0 0 ns 8 

CAS to W delay time tcwo 36 40 50 50 ns 8 

RAS to W delay time tRWD 73 85 100 110 ns 8 

Column address to W delay time tAWD 48 55 65 70 ns 8 

GAS set-up time (GAS-before-RAS refresh) tCSR 10 10 10 10 ns 

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

RAS to GAS precharge time tRPC 5 5 5 5 ns 

GAS precharge time (C-8-R counter test cycle) tCPT 20 20 30 30 ns 

Access time from GAS 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 

GAS precharge time (Fast Page mode) tCP 10 10 10 10 ns 

RAS pulse width(Fast Page mode) tRASP 50 200000 60 200000 70 200000 80 200000 ns 

RAS hold time from GAS precharge tRHCP 30 35 40 45 ns 

OE access time tOEA 13 15 20 20 ns 

OE to data delay tOED 13 15 20 20 ns 

Output 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 

tt"iWJliil• 
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KM44C401 OA/ AL/ ALL/ ASL CMOS DRAM 

AC CHARACTERISTICS (Continued) 

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

Min Max Min Max Min Max Min Max 

Write command set-up time (fest mode in) twrs 10 10 10 10 ns 

Write command hold time (rest mode in) twTH 10 10 10 10 ns 

W to RAS precharge time (C-8-R refresh) twRP 10 10 10 10 ns 

W to RAS hold time (C-B-R refresh) twRH 10 10 10 10 ns 

AAS pulse width (C-8-R self refresh) tRASS 100 100 JOO 100 µs 15 

RAS precharge time (C-8-R self refresh) tRPS 90 110 130 150 ns 15 

GAS hold time· (C-8-R self refresh) tCHS -50 -50 -50 -50 ns 15 

Write per bit set-up time twBS 0 0 0 0 ns 

Write per bit hold time twBH 10 10 10 10 ns 

Write selection set-up time twos 0 0 0 0 ns 

Write per bit selection hold time twDH 10 10 10 10 ns 

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 RAS tRAC 55 65 75 85 ns 3,4,11 

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

Access time from column address tAA 30 35 40 45 ns 3,11 

RAS pulse width tRAS 55 10,000 65 10,000 75 10,000 85 10,000 ns 

GAS pulse width tCAS 18 10,000 20 10,000 25 10,000 25 10,000 ns 

RAS hold time tRSH 18 20 25 25 ns 

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 tcwo 41 45 55 55 ns 8 

RAS to W delay time tRWD 78 90 105 115 ns 8 

Column address to W delay time tAwo 53 60 70 75 ns 8 

Fast Page mode cycle'time tPC 40 45 50 55 ns 

Fast Page mode read-modify-write cycle time tPRWC 81 90 105 110 ns 

RAS pulse width (Fast Page Mode) tRASP 55 200,000 65 200,000 75 200,000 85 200,000 ns 

Access time from GAS precharge tCPA 35 40 45 50 ns 3 

OE access time tOEA 18 20 25 25 ns 

OE to data delay tOED 18 20 25 25 ns 

OE command hold time tOEH 18 20 25 25 ns 

tJm':filOI» 
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KM44C401 OA/ AL/ ALL/ ASL 

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 V1L(max) are 
assumed to be 5ns for all inputs. 

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

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

5. Assumes that tRCD2".:tRco (max). 
6. tAR, twcR, toHR are referenced to tRAo(max). 
7. This parameter defines the time at which the 

output achieves the open circuit condition and is 
not referenced to VoH or Vol. 

8. twcs, tRWD, tcwo and tAwo are non restrictive 
operating parameters. They are included in the 
data sheet as electric characteristics only. If twcs;:::.: 
twcs(min) the cycle is an early write cycle and the 
data output will remain high impedance for the 
duration of the cycle. If tcwo;:::.:tcwo(min), tRwo;:::.: 
tRwo(min) and tAwo;:::.:tAwo(min), then the cycle is a 

411j:':f1@$ 
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CMOS DRAM 

read-write cycle and the data output will contain 
the data read from the selected address. If neither 
of the above conditions are satisfied, the condition 
of the data output is indeterminate. 

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

10. These parameters are referenced to the GAS 
leading edge in early write cycles and to the W 
leading edge in read-write cycles. 

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

12. These specifications are applied in the test mode. 
13. 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. 

14. 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. 

15. 4096 cycle of burst refresh must be executed 
within 16ms before and after self refresh, in order 
to meet refresh specification. 
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KM44C401 OA/ AL/ ALL/ ASL 

TIMING DIAGRAMS 

READ CYCLE 

A 

w 

VoH- _____ _ 

VoL-

WRITE CYCLE (EARLY WRITE) 

V1H-

CAS 
V1L -

V1H-

A V1L-

V1H-

WB/W 
V1L-

5E 
V1H-

V1L-

W1/D01 V1H-

"-'W4/0Q4 
V1L-

•tMHlhi• 
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lRc ------------! 
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KM44C401 OA/ AL/ ALL/ ASL CMOS DRAM 

TIMING DIAGRAMS (Continued) 

WRITE CYCLE (OE ·coNTROLLED WRITE) 

V1H-

RA8 V1L-

V1H-
CAS V1L-

V1H-
A 

V1L-

V1H-
WB/W 

V1L-

5E V1H-

V1L-

W1/D01 V1H-

"-'W4/0Q4 V1L-

READ-MODIFY-WRITE CYCLE • 
RAS 

V1H-

V1L-

CAS 
V1H-

V1L-

A 
V1H-

V1L-

V1H-
wsiw V1L-

5E v,H-
V1L-

V1H-

V1L-
W1/D01 

"-'W4/0Q4 
VoH-

VoL-

~DON'T CARE 
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KM44C401 OA/ AL/ ALL/ ASL 

TIMING DIAGRAMS (Continued) 

FAST PAGE MODE READ CYCLE 

RAS 

CAS 

CMOS DRAM: 

lRP 

V1H- 7'175!\-il~W\.Ri..?\:J~;;'i"riMNriDC~'V\ n~:"m':::--:l~""7\\~t11'"rV;li'hrn:i""".\.J\'?o.~"6\7fl'V1r. --
A 

V1L -

V1H- ~~~'Ol:'X"11~"t-..._t-----....,r-1~.,...1'--------tl,~11:"1~r--.-..------t-t-"f7't7'C"l7'\~~ 
w 

V1L- ~'-.Ml'6lll~IJ>I 

V1H- """7'11:"7~""'"'""7'm~ 
OE 

V1L- ~~Q.Q~li.Q,CJ,l.~~~~--~~~~6,Q,~~--+-~~~~~~[.l..~...J.~0.0~1,AOl::J.AJ.i..L6J. 

FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 

V1H----o1 "'""' ______ _, 
V1L-

A 
V1H- ""'lrlM"'• ..k~~L r1'. Je*---'--.il 

V1L- ~C:£.1~~~f~UJ~~~~-F'(~ai'::Jl1'o;...:.~;::;,:;::;_.;;f'~~!~·~~~~:!....;;f'l.~~~:::i::./I\ 

V1H-

WB/W V1L-

5E 
V1H-

V1L-

W1/D01 V1H-

"-W4/DQ4 V1L-

~ DONTtARE 

•UMJiiii» 
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KM44C401 OA/ AL/ ALL/ ASL 

TIMING DIAGRAMS (Continued) 

FAST PAGE MODE READ-MODIFY-WRITE CYCLE 

V1H-

RAS V1L-

V1H -
CAS 

V1L-

V1H-

A V1L-

VoL
W 1/DQ 1 

[ 

VoH-

rvW4/DQ4 

V1H

V1L-

IRCD 

•l:!:f:fi@> 
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!RASP 

lcsH IPf!WC 

le AS lcp 

CMOS DRAM 

• 
Im DON'T CARE 
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KM44C401 OA/ AL/ ALL/ ASL 

TIMING DIAGRAMS (Continued) 

RAS·ONL Y REFRESH CYCLE 
Note: W, OE=Don't Care 

CMOS DRAM 

1----------IRC----------. 

1-----IRAS---

RAS VrH-

VrL-

A 
VrH-

VrL-

GAS VrH-

VrL-
le RP 

VrH-
D01-DQ4 

VrL-

CAS·BEFORE·RAS REFRESH CYCLE 
NOTE: OE, Address= Don't 'care 

IRC 

VrH-
RAS 

VrL-

IRPC 

tcp tcsR 
ICHR 

VrH-
GAS 

VrL-

w 

V110H -
1~----------0PEN--------------

V110L - -------"!' 
~DON'TCARE 

ttMH1iW> 
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KM44C401 OA/ AL/ ALL/ ASL 

TIMING DIAGRAMS (Continued) 

HIDDEN REFRESH CYCLE (READ) 

CMOS DRAM 

---------- IRC ---~

f-------lRAS ----

RAS 

-ICHR--~-j 

1--------

A 

w 
V1H- \A:IV"\:~Af:..7\J.Tr"--t-------'----:'.tr,q....;..-jj'\7:71']\f.'i/\J'\7V'm'7t"\7\7':'?1?1"'';7'V~l!j'\"J~'\, 

V1L- ~~~J.&:M,~ 

VoH-__ __.. _____ _,, 
VALID DATA-OUT 

VoL-

HIDDEN REFRESH CYCLE (WRITE) 

----tRAs----

V1H - --~ ... 1----
v,L -

lcHA 

A 
V1H - ~1'7',F,~:;-=\.,r;::r.l.J='~~::7"'=\-t:"'1\1\."J'V4\!'V~'J\j':,"J'V4\A'Jrr.""'-~":7'\1~~~":7'\1'\1"""'7' r---
V1L -

V1H - ---rn"1l-r=----:::JL •no 

V1L-

V1H - ~"""''JV.'\/'\:J'\!'\.~J\:1~~7'\f\!'\)""'7'V'-\!'V"\A'f'V':.7'J~'f'\j':."J'V4.""1~""'-'1\1\."J'V4.\!'V'\1"~'f\:1\.~":7'\1\1".~ 

V1L - .:::J.:,'i/.::;l..~~~':.t.::;,/.~~'pi..~~'i:::l..~~l.::Ji.:.'.i.::::l.::£::.1.::J..:.~~~i.Y.U'::J.:::i.~~~L:J.:,U~~~~ 

V1H -
W1/D01"-'W4(DQ4 

V1L -

MASK__} 
DATA-IN 

•1Mfiliil» 
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KM44C401 OA/ AL/ ALL/ ASL CMOS DRAM 

TIMING DIAGRAMS (Continued) 

CAS·BEFORE·RAS REFRESH COUNTER TEST CYCLE 

RAS 

CAS 

A 

V1H -

V1L-

V1H -

V1L -

V1H - \J'V""'~~~"Jt7\'J'V'l.'j'\j'-V'V'""'~·-i="'-...... _-~'""'1'\A~'J'V"I,~~~~~""'~~"' 

V1L - ~~~~f.::i4.~'i.::;,L~~~'.::,/J'~-"T"".---~'~~~~'¥.:::i/..:.~':i4~~~~~~ 

READ CYCLE 

w V1H -

V1L -

O"E V1H -

V1L-

WRITE CYCLE 

WB/WE 
V1H - '\T'V~"""',._r---::\. l't"~~~~ 

V1L - ................. ~~...,....--£V.~::::J.::;J.~~~;;.._~----__;#'::L::i.~~~~::::J.::;J.~~~ 

V1H - 'V"\J~"\7'\'.7'\J'\..7'\:'l.~\7'V;:!'V'\?V~'T'\J'\..~'J'V'l,~~\7'V;:l'\]\!V\:J'\J""'1\l.'1\l.~"'J'V!,~~~~'J'C 

V1L - .::::J.:::.(.:::t.:::.~>J.::;/.'.~~~~~~.L::;;,L~';£;;,,f,.¥:;,i.::J::;i.~~~~'::J::J.~~~'::i.¥"::£:;;J."::£:;;J.~':::J.:;;;/.':J.:;J.,;.~ 

V1H - ~"7"1::'1"'\1"\.\-i:"'~~~.1"7'7'7'\."'7'i7'7"'7\..J~ ......... ----'::\.l'\m~""''?\1\'~"""7'7'-~~~~ 
W1/101"-'W4/l04 

V1L - ~r.:::t.:::.~Y~~~~·~~'>C::i..~~-li;;;,_....------f-'<.:'i.:::/..~'::£::1.~~~~'i.::;,L~~ 

V1H - .,.,. ~"'""'""""-r-------:!L""'""""'~~~~--;--------1._I 

V1L - ~'.::£:;;.[;;;,C('\;;. __ J'C:i..:'£::;;1.~r.:::£.# 

V1H

V1L - ~~~~~~~~~l(.....ll.~"-¥-~~~~__, 

w11101"'w:1104[v,H -
V1L-

VoH - ~~~\....C-""":"':":~~.~~~~"1"1~'1"'\1"\.~':7'::1'~~~.i:-~::::--~""~~~~~~~ 
rU'-.1 '-.1.U'-. /~I 

VoL - ~~1::::£.1~~.'.::,:!!:~1~i.::£.~~~C;;J.;;:.i.::£.~~::::J.::;;;J.~~,~~:::!.!.!....;t-'(~~.L::;;,L~::::J.::;;;J.~~ 

m DON'TCARE 
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KM44C401 OA/ AL/ ALL/ ASL 

TIMING DIAGRAMS (Continued> 

TEST MODE IN CYCLE 
NOTE: OE, Address=Don't Care 

CMOS DRAM 

1----------tRc---------~ 

,___ ______ IRAS------

RAS V1H-

V1L-

tcp tcsR 
ICHR 

V1H-
CAS 

V1L-

IWTH 

w V1H-

V1L-

1>----------------------~0PEN~--------------------~ 

TEST MODE DESCRIPTION 

The KM44C4010 is the RAM organized 4,194,304 
words by 4 bit, it is internally organized 1,048,576 words 
by 16 bits. In "Test Mode", data are written into 16 sec
tors in parallel and retrieved the same way. Column ad
dress bit Ao and A1 are not used. If, upon reading, four 
bits on one 110 pin are equal (all "1 "s or "O"s), the 1/0 
pin indicates a "1". If they were not equal, the 1/0 pin 

•1MfJihi» 
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would indicate a "O". In "Test Mode", the 4M x 4 
DRAM can be tested as if it were a 1 M x 4 DRAM. W, 

· CAS-Before-Ras Cycle (test Mode in Cycle) puts the 
device into "Test Mode". And "CAS-Before-RAS 
Refresh Cycle" or "RAS only Refresh Cycle" puts it 
back into "Normal Mode". The "Test Mode" function 
reduces test time (1/4 in cases of N test pattern). 
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KM44C401 OA/ AL/ ALL/ ASL 

PACKAGE DIMENSIONS 

24-LEAD PLASTIC SMALL OUT-LINE J-LEAD (300MIL) 

I 0.670 (17.02) ------1 
0.680(17.27) _I 

§I 0.004(0.1) I ~A AAAARA1AAAAA 
0.050(1.27) I 0.015(0.38) LJ I 0.026(0 ~ I 

TYP I 0.021(0.53) -I O.Q32(0~ 

CMOS DRAM 

Units: Inches (millimeters) 

0.050(1.27) 

MAX 

0.027 (0.69) 

MIN 

SS 
NM 

8. 8. 
CO N 
0 ~ 
0 0 
d ci 

0.128 (3.25) 

0.145 (3.68) 

24-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE(ll) (300MIL, Forward and Reverse Type) 

0.671 (17.04) 

0.679 (17.24) 

lol 0.003 (0.00) I b g 

RR 
LO CO 

t::. t::. 
~ ~ 
C\I C') 

c:i c:i 

0.03 (0.80) LTYP 
JJ 

TT~ 
C\I NN 

~ C') 
N e!. e!. e Q. 
'<I' >- O> r-. 
~ I-

LO CO 
C') C') 

ci ci c:i 

~~ 

~ 0.005 (0.13) 

0.008 (0.20) 

I o.048 (1.22) . 0.012 (0.30) I ~ u 
_ __, 0.052 (1.32) 0.020 (0.50) r- 0.037 (0.95) ~ TYP 

O.D16 (0.40) l I 
0.024 (0.60) 

tl1Jnfi'ihiP 
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. KM44C401 OA/ AL/ ALL/ ASL 

PACKAGE DIMENSIONS 

24-LEAD PLASTIC SMALL OUT-LINE J-LEAD (400MIL) 

24-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE 
(400MIL, Forward and Reverse Type) 

0 

E 0.723(18.36) 

0.727 (18.46) 

lol 0.003 (0.08) I. b ~ 

0 
~ C\l 
6 6 

co C\l 
en 0 
(") <t 
6 6 

en r--: 
(") <t 
0 0 
6 6 

CMOS DRAM 

Units: Inches (millimeters) 

0.050(1.27) 

MAX 

(0 (0 (0 
t--: 

~ ~ 0 
~ CL 
~ >- ~ ~ 

~ I- en I"-
Li) <O <t <t <t 6 6 6 

0.005(0.13) 

0.008 (0.20) 

I o.048 (1.22) 0.012 (0.30) I ~ u 
----j 0.052 (1.32) 0.020 (0.50) r-- 0.037 (0.95) ~ TYP 

0.016 (0.40) I I 
0.024 (0.60) . 

411tMJiiii» 
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'KM44C411 OA/ AL/ ALL/ ASL CMOS DRAM 

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

FEATURES 
• Performance range: 

tRAC tCAC tRC 

KM44C411 OA/ AU ALU ASL-5 50ns 13ns 90ns 

KM44C411 OA/ AU ALU ASL-6 60ns 15ns 110ns 

KM44C411 OA/AUALUASL-7 70ns 20ns 130ns 

KM44C411 OA/AUALUASL-8 80ns 20ns 150ns 

• Fast Page Mode operation 
• Self Refrdsh Operation (LL-ver. only} 
• 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 
• Single+5.0V±10% power supply 
• 2048 cycles/32ms refresh (Normal) 

GENERAL DESCRIPTION 
The Samsung KM44C411 QA/AL/ALL/ASL is a high 
speed CMOS 4, 194,3Q4 bit x 4 Dynamic Random 
Access Memory. Its design is optimized for high 
performance applications such as mainframes, mini 
computers, graphics and high performance portable 
computers. 

The KM44C411 QA/AL/ALL/ASL features Fast Page 
Mode operation which allows high speed random 
access of memory cells within the same row. 

GAS-before-RAS refresh capability provides on-chip 
auto refresh as an alternative to RAS-only refresh. All 
inputs and outputs are fully TIL compatible. 

The KM44C411 QA/AL/ALL/ASL is fabricated using 
Samsung's advanced CMOS process. 

• 2048 cycles/128ms refresh (Low power & Self Ref.) 
• 2048 cycles/256ms refresh (Super Low power) 
• JEDEC standard pinout 
• Available in plastic SOJ and TSOP(ll) 

FUNCTIONAL BLOCK DIAGRAM 

RAS 

CAS 
Control i:!f ~: Clocks 

WBiW VBB Generator 

Data in 
Refresh Timer Row Decoder Buffer 

Refresh Control Q 
oc:s W1/DQ1 

Memory Array rn 
c. to 

Refresh Counter 4, 194,304x4 E W4/DQ4 <( 
Cells Ql 

rn 
c: 

Row Address Buffer Ql en 
Data-out 

Ao-A10 
Col. Address Buffer Column Decoder 

Buffer OE 

tt:f:l:H@• 
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KM44C411 OA/ AL/ ALL/ ASL CMOS DRAM 

PIN CONFIGURATION (Top Views) 

• KM44C4110 AJ/ ALJ/ ALLJ/ ASW • KM44C4110 AT/ALT/ALLT/ASLT • KM44C4110 ATR/ALTR/ALLTR/ASLTR 
AKI ALK/ ALLK/ ASLK AS/ ALS/ ALLS/ ASLS ASR/ ALSR/ ALLSR/ ASLSR 

Vee 10 Vss Vee 10 24 Vss Vss 24 Vee 

W1/DQ1 W4/DQ4 W1/DQ1 23 W4/DQ4 W4/DQ4 23 0 W1/DQ1 

W2/DQ2 W3/DQ3 W2/DQ2 22 W3/DQ3 W3/DQ3 22 W2/DQ2 

WBiW 21 GAS WBiW 21 GAS GAS 21 WBiW 

RAS 20 N.C. RAS 20 N.C. N.C. 20 RAS 

N.C. Ag N.C. 19 Ag Ag 19 N.C. 

A10 7 As A10 18 As As 18 A10 

An 8 A? Ao 17 A? A? 17 8 Ao 

Ai 16 A5 A, 16 A5 A5 16 9 A, 

A2 10 15 As A2 10 15 As As 15 10 A2 

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: 400MIL T: 400MIL(Forward) TR: 400MIL(Reverse) 
K: 300MIL S: 300MIL(Forward) SR: 300MIL(Reverse) 

• 
Pin Name Pin Function 

Ao-A10 Address Inputs 

W1/DQ1 -w4/DQ4 Write Select/Data in, out 

Vss Ground 

RAS Row Address Strobe 

CAS Column Address Strobe 

WB/W Write Per Bit/Read, Write input 

OE Data Output Enable 

Vee Power( +5.0V) 

N.C No Connection 

•tMfiiiii» 
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KM44C411 OA/ AL/ ALL/ ASL CMOS DRAM 

ABSOLUTE MAXIMUM RATINGS 
Parameter Symbol Rating Units 

Voltage on Any Pin Relative to Vss VIN, 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 rnA 

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

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

Parameter Symbol Min Typ Max Unit 

Supply Voltage Vee 4.5 5.0 5.5 v 
Ground Vss 0 0 0 v 
Input High Voltage VIH 2.4 - Vee+ 1 v 
Input Low Voltage VIL -1.0 - 0.8 v 

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

Parameter Symbol Min Max Units 

KM44C411 ONAUALUASL-5 110 rnA 
Operating Current* KM44C411 ONAUALUASL-6 

lcc1 
100 rnA 

(RAS and CAS Cycling @tRc=min.) KM44C411 ONAUALUASL-7 - 90 mA 
KM44C411 ONAUALUASL-8 80 mA 

KM44C4110A 2 mA 
Standby Current KM44C411 OAL 

lcc2 
1 mA 

(RAS=CAS=WBJVil=VIH ) KM44C411 OALL 
-

1 mA 
KM44C411 OASL 1 mA 

KM44C411 ONAUALUASL-5 110 mA 
RAS-Only Refresh Current* KM44C411 ONAUALUASL-6 

ICC3 
100 mA 

(CAS=VIH, RAS Cycling @tRC=min.) KM44C411 ONAUALUASL-7 
-

90 mA 
KM44C411 ONAUALUASL-8 80 mA 

KM44C411 ONAUALUASL-5 90 mA 
Fast Page Mode Current* KM44C411 ONAUALUASL-6 

ICC4 
80 mA 

. (RAS=VIL, CAS, Address Cycling @tPC=min.) KM44C411 ONAUALUASL-7 - 70 mA 
KM44C411 ONAUALUASL-8 60 mA 

KM44C4110A 1 mA 
Standby Current KM44C411 OAL 

Ices 
300 µA 

(RAS=CAS=WBNil=Vcc-0.2V) KM44C411 OALL - 200 µA 
KM44C411 OASL 200 µA 

KM44C411 ONAUALUASL-5 110 mA 
GAS-Before-RAS Refresh Current* KM44C411 ONAUALUASL-6 

ICC6 
100 mA 

(RAS and CAS Cycling @tRC=min.) KM44C411 ONAUALUASL-7 
-

90 mA 
KM44C411 ONAUALUASL-8 80 mA 

Battery Back Up Current Average Power Supply Current, 
Battery Back Up Mode, Input High Voltage(V1H)=Vcc-0.2V 

KM44C411 OAL 400 µA 
Input Low Voltage(V1L)=0.2V CAS=CAS-Before-RAS 

KM44C411 OASL 
ICC? - 300 µA 

Cycling or 0.2V DQ1-D04=Don't Care tRc=62.5µs(L-Ver.) 
125µs(SL-Ver.), tRAS=tRAs min-300ns 

tl:!:i: flliii;; 
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KM44C411 OA/ AL/ ALL/ ASL CMOS DRAM 

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

Parameter Symbol Min Max Units 

Self Refresh Current 
RAS=CAS=0.2V 

KM44C411 DALL Ices 300 µA 
WBffl=OE=Ao-A1o=Vcc-o.2v or 0.2V 

-

W1/DQ1-W4/D04=Vcc-0.2V, 0.2V or Open 

Input Leakage Current 
l1L -10 10 µA 

(Any input 0 ::;;V1N ::;; Vcc+0.5V, all other pins not under test=O volts.) 

Output Leakage Current 
IOL -10 10 µA 

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

Output High Voltage Level (IOH=-5mA) VOH 2.4 - v 

Output Low Voltage Level (IOL=4.2mA) VOL - 0.4 v 

*1.JOTE: lcc1, ICC3, 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 and ICC3, Address can be changed maximum 
two times· while RAS=VtL. In lcc4, Address can be changed maximum once within one fast page cycle. 

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

Parameter Symbol Min Max Unit 

Input Capacitance (Ao-A10) CtN1 - 5 pF 

Input Capacitance (RAS, CAS, WBiW, OE) CtN2 - 7 pF 

Input Capacitance (W1/DQ1-W4/DQ4) Coo - 7 pF 

AC CHARACTERISTICS (0°Cs;Tas;?0°C, Vcc=5.0V±10%, See notes 1,2) 

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

Min Max Min Max Min Max Min Max 

Random read or write cycle time tRC 90 110 130 150 ns 

Read-modify-write cycle time tRWC 133 155 185 205 ns 

Access time from RAS tRAC 50 60 70 80 ns 3,4,11 

Access time from CAS tCAC 13 15 20 20 ns 3,4,5 

Access time from column address tAA 25 30 35 40 ns 3,11 

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

Output buffer turn-off delay tOFF 0 15 0 15 0 20 0 20 ns 7 

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

RAS precharge time tRP 30 40 50 60 ns 

RAS pulse width tRAS 50 10,000 60 10,000 70 10,000 80 10,000 ns 

RAS hold time tRSH 13 15 20 20 ns 

GAS hold time tcsH 50 60 70 80 ns 

CAS pulse width tCAS 13 10,000 15 10,000 20 10,000 20 10,000 ns 

RAS to GAS delay time tRCD 20 37 20 45 20 50 20 60 ns 4 

RAS to column address delay time tRAD 15 25 15 30 15 35 15 40 ns 11 

GAS to RAS precharge time tCRP 5 5 5 5 ns 

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

d!MJIM> 
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KM44C411 OA/ AL/ ALL/ ASL CMOS DRAM 

AC CHARACTERISTICS (continued) 

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

Min Max Min Max Min Max Min Max 

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 6 

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

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

Read command hold time referenced to GAS tRCH 0 0 0 0 ns 9 

Read command hold time referenced to RAS tRRH 0 0 0 0 ns 

Write command hold time twCH 10 10 15 15 ns 

Write command hold time referenced to RAS twCR 40 45 55 60 ns 6 

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 GAS lead time tCWL 13 15 20 20 ns 

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

Data hold time tDH 10 10 15 15 ns 10 

Data hold time referenced to RAS tDHR 40 50 55 60 ns 6 

Refresh period (Normal) tREF 32 32 . 32 32 ms 

Refresh period (Low power & Self Ref.) tREF 128 128 128 128 ms 

Refresh period (Super Low power) tREF 256 256 256 256 ms 

Write command set-up time twcs 0 0 0 0 ns 8 

GAS to W delay time tcwo 36 40 50 50 ns 8 

RAS to W delay time tRWD 73 85 100 110 ns 8 

Column address to W delay time tAwo 48 55 65 70 ns 8 

GAS set-up time (GAS-before-RAS refresh) tCSR 10 10 10 10 ns 

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

RAS to GAS precharge time tRPC 5 5 5 5 ns 

GAS precharge time (C-8-R counter test cycle) tCPT 20 20 30 30 ns 

Access time from GAS 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 80 85 100 105 ns 

CAS precharge time (Fast Page mode) tCP 10 10 10 10 ns 

RAS pulse width(Fast Page mode) tRASP 50 200000 60 200000 70 200000 80 200000 ns 

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

OE access time tOEA 13 15 20 20 ns 

OE to data delay tOED 13 15 20 20 ns 

Output buffer turn off delay time from OE IOEZ 0 1'3 0 15 0 20 0 20 ns 

OE command hold time IOEH 13 15 20 20 ns 

·41Mfi@IP 
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KM44C411 OA/ AL/ ALL/ ASL CMOS DRAM 

AC CHARACTERISTICS (Continued) 

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

Min Max Min Max Min Max Min Max. 

Write command set-up time (Test mode in) twrs 10 10 10 10 ns 

Write command hold time (Test mode in) twrH 10 10 10 10 ns 

W to RAS precharge time (C-B-R refresh) twRP 10 10 10 10 ns 

W to RAS hold time (C-B-R refresh) twRH 10 10 10 10 ns 

RAS pulse width (C-B-R self refresh) tRASS 100 100 100 100 µs 15 

RAS precharge time (C-B-R self refresh) tRPS 90 110 130 150 ns 15 

CAS hold time (C-B-R self refresh) tCHS -50 -50 -50 -50 ns 15 

Write per bit set-up time twss 0 0 0 0 ns 

Write per bit hold time twBH 10 10 10 10 ns 

Write selection set-up time twos 0 0 0 0 ns 

Write per bit selection hold time twDH 10 10 10 10 ns 

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 RAS tRAC 55 65 75 85 ns 3,4,11 

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

Access time from column address tAA 30 35 40 45 ns 3,11 

RAS pulse width tRAS 55 10,000 65 10,000 75 10,000 85 10,000 ns 

CAS pulse width tCAS 18 10,000 20 10,000 25 10,000 25 10,000 ns 

RAS hold time tRSH 18 20 25 25 ns 

CAS hold time tCSH 55 65 75 85 ns 

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

CAS to W delay time tcwo 41 45 55 55 ns 8 

RAS to W delay time tfiwo 78 90 105 115 ns 8 

Column address to W delay time tAWD 53 60 70 75 ns 8 

Fast Page mode cycle time tPC 40 45 50 55 ns 

Fast Page mode read-modify-write cycle time tPRWC 81 90 105 110 ns 

RAS pulse width (Fast Page Mode) tRASP 55 200,000 65 200,000 75 200,000 85 200,000 ns 

Access time from CAS precharge tCPA 35 40 45 50 ns 3 

OE access time tOEA 18 20 25 25 ns 

OE to data delay tOED 18 20 25 25 ns · 

OE command hold time tOEH 18 20 25 25 ns 
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KM44C411 OA/ AL/ ALL/ ASL 

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 V1L(max) are 
assumed to be Sns for all inputs. 

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

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

5. Assumes that tRcD2'.tRCD (max). 
6. tAR, twcR, tDHR are referenced to tRAo(max). 
7. This parameter defines the time at which the 

output achieves the open circuit condition and is 
not referenced to VoH or Vol. 

8. twcs, tRwo, tcwo and tAWD are non restrictive 
operating parameters. They are included in the 
data sheet as electric characteristics only. If twcs;:::: 
twcs(min) the cycle is an early write cycle and the 
data output will remain high impedance for the 
duration of the cycle. If tcwo;::::tcwo(min), tRWD2': 
tRwo(min) and tAwo2'.tAwo(min), then the cycle is a 

t1Mf11iiiiP 
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read-write cycle and the data output will contain 
the data read from the selected address. If neither 
of the above conditions are satisfied, the condition 
of the data output is indeterminate. 

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

10. These parameters are referenced to the GAS 
leading edge in early write cycles and to the W 
leading edge in read-write cycles. 

11. Operation within the tRAD(max) limit insures that 
tRAc(max) can be met. tRAo(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. 

12. These specifications are applied in the test mode. 
13. In test mode read cycle, the value of tRAC, tAA, tcAc 

is delayed by 2ns to Sns 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. 

14. 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. 

15. 2048 cycle of burst refresh must be executed 
within 32ms before and after self refresh, in order 
to meet refresh specification. 

648 



KM44C411 OA/ AL/ ALL/ ASL 

TIMING DIAGRAMS 

READ CYCLE 

V1H- -----t_ 
V1L- IU----

A 

VoH-------
VoL-

WRITE CYCLE (EARLY WRITE) 

V1H-

CAs 
Vil -

V1H-

A Vil-

V1H-

WB/W 
Vil-

BE 
V1H-

Vil-

W1/D01 V1H-

rvW4/0Q4 
Vil-

tJ:!:i:H:WiP 
ELECTRONICS 

CMOS DRAM 

lRC -----------! 

• 

~DON'T CARE 
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KM44C411 OA/ AL/ ALL/ ASL CMOS DRAM 

TIMING DIAGRAMS (Continued) 

WRITE CYCLE (OE CONTROLLED WRITE) 

V1H-

RAS V1L-

V1H-
CAS V1L-

V1H-
A 

V1L-

ws;w V1H-

V1L-

5E V1H-

V1L-

W1/D01 V1H-

"'W4/0Q4 V1L-

READ-MODIFY-WRITE CYCLE 

Ms 
V1H-

V1L-

CAS 
V1H-

V1L-

A 
V1H-

V1L-

V1H - Y"iTil"T\F--"...._-1-fV'#'--t----------:ij.,l-~~__J '""~:7'Tr"""'"""""""'"'7'e 

WB/W VtL - ......,,___,~_..,..,........,.--,,,,.,,,1----i-::::::.----1 

OE V1H- '"'"""'·""" 
V1L- ~>t.::i,,.~~t.::i/;.'.p/.~~~~~~'4;;......+-...J 

W~01r~=~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
"'W4/0Q4 

VoH- ------...o VOL-

~ DON'TCARE 

di:i:f11iiii> 
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KM44C411 OA/ AL/ ALL/ ASL 

TIMING DIAGRAMS (Continued) 

FAST PAGE MODE READ CYCLE 

RAS 

CAS 

V1H- m~.Jrr!mr\-A:~H~tt:At:i,..11'if'm7\ r~~~~~oov 

CMOS DRAM 

A 
V1L - UUJ(t'l.f1~~~:.:::..,;;f-\&:ii&.~~~>/j/'' 

V1H- ~~"1\J~~:t-t"""--t--------1'"'"1~~-r------ti,~~~..;..;..;.;.;;. ___ -t-t--~C7ti~~~ 
w 

V1L- ~Q.&l~~AI 

V1H- ~m°1~\7t~l7'\7~~~ 
OE 

V1L- -'Jj~~lf'M~~~::.¥:1~~-"-'~~~Q,Q.Q..Qq;-.,+....£4)oq&.~~~~~-4-.l.~~~!Wl.QCl.AJ.l..6..i:u 

FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 

A 

V1H-

WB/W V1L-

BE 
V1H-

V1L-

W1/D01 V1H-

rvW4/0Q4 V1L-

~DON'T CARE 

ttMHliii• 
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KM44C411 OA/ AL/ ALL/ ASL CMOS DRAM 

TIMING DIAGRAMS (Continued) 

FAST PAGE MODE READ-MODIFY-WRITE CYCLE 

V1H- tRASP 

RAS Vil-
tcsH tPRWC 

tcp 

V1H -
CAS 

V1L-

V1H-

A V1L-

V1H-

WB/W V1L-

6E 
VrH-

VrL-

[ 
~::= 

W1/D01 

"-'W4/0Q4 

V1H-

V1L - J~~.:.::!~'~l:::J:.'£::L';;£::;J.~'""--4"'~~"£1.~""-___,;f~~"£1.~~tt--..;f~~~C£JCJ.:::.~-I,;. 

~DON'T CARE 

t1Mfilih* 
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KM44C411 OA/ AL/ ALL/ ASL CMOS DRAM 

TIMING DIAGRAMS (Continued) 

RAS·ONL Y REFRESH CYCLE 
Note: W, OE=Don't Care 

1---------IRC--------

1-----IRAS----' 

RAS V1H-

V1L-

A 
VtH- ~"'7'<~~~"'- i----i----1 /\J~~~"*'°"'rv\jt\J\J'\'."jl~~~~ , __ _ 

VtL-

V1H-

CAS·BEFORE·RAS REFRESH CYCLE 
NOTE: OE, Address= Don't· Care 

w 

V1H

V1L-

V1H

V1L-

tcp tcsR 

ICAP 

i----------IRC---------4 

ICHR 

V110H -
t~----------OPEN----------------

V110L - --------

mDON'TCARE 

•1MH@» 
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KM44C411 OA/ AL/ ALU ASL 

TIMING DIAGRAMS (Continued) 

HIDDEN REFRESH CYCL~ (READ) 
----!RC-------'----------

RAS 

A 

CMOS DRAM 

v,H- ~"f\!\..7\t.'J\!t..'j\J.~r-r--------...... ~~--~"r!\1\,l!;?rn'\7'\m~~\K'J~~~~~ 
V1L- ~~~~':.J 

VoH- __ __.. _____ _,.I 

·VoL-

HIDDEN REFRESH CYCLE (WRITE) 

A 

WB/W 

----IRAs----' 

V1H - --~~L---

V1L -

le HR 

V1H - ~1'f'l.l..J::":~:-:-:\../:J"'.l:.J:~~:7:"=\4:'P,j'V'7'::j""'"fV'!.j'V"'-~7V\.'J'V'o\7'\:J~7V\.'J'V'o~""""/V'!.:1' r---
V1L -

V1H - ~~-.r--~,,.,.. 

V1L -

V1H - ~~'j\1~":::7'\:"J'V'o\Jd~~-:J'\!~~7'\J'\7'\:}":::7'\:"""'-:l'V"\l'\.~'j\'JO"\i"1\.7V\.7\:1.":'fV"""'1\.1V\.~'j\'J\7'\:}"'1\.7'!\ 

V1L - ~.J.:::J.~~l.::£.~~{:::£:.p[.Y..:::J.~£::£..~~l.::£.~~[;:£.'Y:::J.°:::J:::i.~[Y.'i:::[.~'°::£::i.~C:C.'i.:::£.'::J::::l.'°::£::i,~C:::,C,'£:i.. 

tJ:fafl@tP 
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KM44C411 OA/ AL/ ALL/ ASL CMOS DRAM 

TIMING DIAGRAMS (Continued) 

CAS·BEFORE·RAS REFRESH COUNTER TEST CYCLE 

V1H - ----~~1---------tRAs------------i 

A 

Vil-

!cHR 

V1H - V'V~7"'!\.~'j'V'.~'7'V~~7'7'~~-1~--i...__~ "1'\.7'V\7\'7'oV'V'i::Ai~~~~'j'V-V'V""'""' 

Vil - ~~l::::,C.£:£.':£:::1..~~~/.:::.£.':£:::1..'::£::,J.'.)'ii;;......-.,....---__;f'C,i::;£.'£::£.~~c:£:::.~~~':£:::1..~~~C;.. 

READ CYCLE 

w 

OE 

V1H -

Vil -

V1H -

Vil -

VoH -

Vol -

WRITE CYCLE 

WB/WE 
V1H -

Vil-

OE V1H -

Vil -

V1H - 0"\"j~7'V'o:\..J:""7.'~~-"1i::Ai~'f'\7'1.~,-l:---'-.._---~l."'~~'j'V-\ftv~'l'V'\.~'-:r\l'\7'J"""'1" 
W1/I01 ruW4/I04 

Vil - ............... .__~=.;..:,,:..::.:..;1-l;;;J.::.t.~~'i:::i...~-..,.;......,...,... ____ oir ........................... "-+......., .................... .__ ........................ 

WB/WE 
V1H -

V1L-

OE V1H-

Vil-

W1/101ruW4/104[ViH -
V1l-

VoH - :""'1~~:.\..J:--:-:~.,_-"7'1'V~~7"J'j"\j"'7"\:7'V'.~~~~~ .. r,;-::-;:~~~~~~~~ 

Vol - ~~~~~::.!!!3'f.~~i.::£.~~r.::£:.'i:::J..~;;;J.::.i.~>l.:;;l.;.)f.;:&.lf"~~..:::..::.=-*"u.L::L:;J.~it.:::ii..":L::J...::,t..::,~ 

m DON'TCARE 

t1Mfiihi1P 
ELECTRONICS 

655 

• 



KM44C411 OA/ AL/ ALL/ ASL 

TIMING DIAGRAMS (Continued) 

TEST MODE IN CYCLE 
NOTE: OE, Address=Don't Care 

CMOS DRAM 

i------------IRc------------1 

....-------IRAs--------i 

RAS V1H-

V1L-

tcp tcsR 
ICHR 

V:1H-
CAS 

V1L-

IWTH 

w 
V1H-

V1L-

V110H -

V110L-
J>-------------------~OPEN----------------------~ 

-----'I 

TEST MODE DESCRIPTION 

The KM44C4110 is the RAM organized 4, 194,304 words 
by 4 bit, it is internally organized 1,048,576 words by 16 
bits. In "Test Mode", data are written into 16 sectors in 
parallel and retrieved the same way. Column address bit 
AO and A1 are not used. If, upon reading, four bits on 
one 1/0 pin are equal (all ''1''s or "O"s), the 1/0 pin in
dicates a "1". If they were not equal, the 1/0 pin would 

dMfilih» 
· ELECTRONICS 

~DON'TCARE 

indicate a "O". In "Test Mode" the 4M x 4 DRAM can 
be tested as if it were a 1 M x 4 DRAM. W, CAS-Before
RAS Cycle (Test Mode in Cycle) puts the device into 
"Test Mode". And "CAS-Before-RAS Refresh Cycle" or 
"RAS only Refresh Cycle" puts it back into "Normal 
Mode". The "Test Mode" function reduces test time (1/4 
in cases of N test pattern). 
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KM44C411 OA/ AL/ ALL/ ASL CMOS DRAM 

PACKAGE DIMENSIONS 
24-LEAD PLASTIC SMALL OUT-LINE J-LEAD (300MIL) 

0 

--T-
slil) 

011~1i_ 0 0 

Units: Inches (millimeters) 

0.027 (0.69) 
MIN 

so 
N <") 

e. e. 
CXl N 
0 ~ 
0 0 
ci ci 

l
~ ......... .,..........,......._,.....,..........,....,..~0.6-70_(_17~.0~2)...,..........,....,.........~-.-.,.......,I I 
. I 0.128 (3.25) 

. 0.680 (17.27) f---~--0.1-45-(-3.6-8) 

~AMAARAMAAA l:e:I o.004{0.1) I 
0.050(1.27) 

TYP 
· 1 0.015(0.38) lJ I 0.026(0~6) l_oo: I 0.021 (0 53) ----1 0.032(0.81) 

0.050(1.27) 

MAX 

24-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE(ll) (300MIL, Forward and Reverse Type) 

0.671 (17.04) 

0.679 (17.24) 

~s 
0 C\I 

:S :S 
O> I'-
<")'<I' 
0 0 
ci ci 

iol 0.003 (o.oa) I 6 ~ 
I o.048 (1.22) 0.012 (0.30) I ~ u ---i 0.052 (1.32) 0.020 (0.50) j--- 0.037 (0.95) 

TYP 

t1m'+iiiii> 
ELECTRONICS 

"' "' ~ 0.. 
.... >-
~ l
ei 

@' @' 
~ C') 

~~ 
O> r---
1.C) <O 
C') C') 

ci ci 

0.005 (0.13) 

0.008 (0.20) 

~ 
0.016 (0.40) . · 1 I 
0.024 (0.60) 
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KM44C411 OA/ AL/ ALL/ ASL 

PACKAGE DIMENSIONS 

24-LEAD PLASTIC SMALL OUT-LINE J-LEAD (400MIL) 

0 

§ 0.004(0.1) 

24-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE 
(400MIL, Forward and Reverse 'fYpe) 

0 
,... C\I 

~~ 
00 C\I 
C) 0 
C') v 
c:i c:i 

~cs 
C! <'! 

C) "-C') g 0 
c:i c:i 

CMOS DRAM 

Units: Inches (millimeters) 

0.025(0.64) 

MIN 

_____ o_.1_44_(3~ 
MAX 

0.050(1.27) 

MAX 

~ 

<O <O <O "-
~~ c:i ,... a.. 

~;: C) "-Lt) CD v v v c:i c:i c:i 

0.005 (0.13) 

0.008 (0.20) 

0 0.003 (0.08) 

0.048 (1.22) 

0.052 (1.32) 

0.012 (0.30) 

0.020 (0.50) ~~n~O~J ~ 
O.Q16 (0.40) I I 
0.024 (0.60) 

tt:fafi@iP 
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KM44C4002A/ AL/ ALL/ ASL CMOS DRAM 

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

FEATURES 

• Performance range: 

tRAC tCAC tRC 

KM44C4002A/ AU ALU ASL-5 50ns 13ns 90ns 

KM44C4002A/ AU ALU ASL-6 60ns 15ns 110ns 

KM44C4002A/ AU ALU ASL-7 70ns 20ns 130ns 

KM44C4002A/ AU ALU ASL-8 80ns 20ns 150ns 

• Static Column Mode operation 
• Self Refresh Operation (LL-ver, only) 
• CS-before-RAS refresh capability 
• RAS-only and Hidden Refresh capability 
• Fast parallel test mode Capability 
• TIL compatible inputs and outputs 
• Early write or output enable controlled write 
• Single+5.0V ± 10% power supply 
• 4096 cycles/64ms refresh (Normal) 
• 4096 cycles/128ms refresh (Low power & Self Ref.) 
• 4096 cycles/256ms refresh (Super Low power) 
• JEDEC standard pinout 
• Available in plastic SOJ and TSOP(ll) 

FUNCTIONAL BLOCK DIAGRAM 

RAS 

cs- Control 

Clocks 

GENERAL DESCRIPTION 
The Samsung KM44C4002A/AL/ALL/ASL is a high 
speed CMOS 4, 194,304 bit x 4 Dynamic Random 
Access Memory. Its design is optimized for high 
performance applications such as mainframes, mini 
computers, graphics and high performance portable 
computers. 

The KM44C4002A/AL/ALL/ASL features Static Column 
Mode operation which allows high speed random 
access of memory cells within the same row. 

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

The KM44C4002A/AL/ALL/ASL is fabricated using 
Samsung's advanced CMOS process. 

w Vss Generator 

&Voe 
. Vss 

Data in 
Refresh Timer Row Decoder 

Buffer 

Refresh Control 
Q 
oil DQ1 

Memory Array 
CJ) 

Cl. to 
Refresh Counter 4, 194,304 ' 4 

E 
<! DQ4 

Cells 
(]) 
CJ) 
c 

Row Address Buffer (]) 

AO-A11 CJ) 

Data out 

Col. Address Buffer Column Decoder 
Buffer OE 

AO-A9 

tl:Ji':fi@> 
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KM44C4002A/ AL/ ALL/ ASL CMOS DRAM 

PIN CONFIGURATION (Top Views) 

• KM44C4002 AJ/ALJ/ALLJ/ ASLJ • KM44C4002 AT/ALT/ALLT/ASLT • KM44C4002 ATR/ALTR/ALLTR/ASLTR 
AK/ALK/ ALLK/ASLK AS/ALS/ ALLS/ASLS ASR/ALSR/ALLSR/ ASLSR 

Vee 10 24 Vss Vee 10 24 Vss Vss 24 Vee 

001 23 004 001 23 004 D04 23 0 001 

002 22 003 002 22 003 003 22 002 

w 21 cs w 21 cs cs 21 w 
RAS 20 OE RAS 20 OE OE 20 RAS 

A,, 19 Ag A11 19 Ag Ag 19 A11 

A10 7 18 As A10 18 As As 18 A10 

Ao 8 17 A? Ao 17 A? A? 17 Ao 

Ai 16 As Ai 16 As As 16 Ai 

A2 10 15 As A2 10 15 As As 15 10 A1 

0 14 A4 . A3 11 0 14 A4 A4 14 0 11 AJ 

Vee 12 13 Vss Vee 12 13 Vss Vss 13 12 Vee 

J: 400MIL T : 400MIL(Forward) TR: 400MIL(Reverse) 
K: 300MIL S : 300MIL(Forward) SR: 300MIL(Reverse) 

Pin Name Pin Function 

Ao-A11 Address Inputs 

DQ1-4 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 

ttMflliiit> 
ELECTRONICS 

660 



KM44C4002A/ AL/ ALL/ ASL CMOS DRAM 

ABSOLUTE MAXIMUM RATINGS 
Parameter Symbol Rating Units 

Voltage on Any Pin Relative to Vss VIN, 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 PD 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 (Voltage referenced to Vss, TA=D to 70°C) 

Parameter Symbol Min Typ Max Unit 

Supply Voltage Vee 4.5 5.0 5.5 v 
Ground Vss 0 0 0 v 
Input High Voltage VIH 2.4 - Vee+ 1 v 
Input Low Voltage VIL -1.0 - 0.8 v 

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

Parameter Symbol Min Max Units 

KM44C4002A/AUALUASL-5 90 mA 
Operating Current* KM44C4002A/AUALUASL-6 

lcc1 
80 mA 

(RAS and CS Cycling @tRC=min.) KM44C4002A/AUALUASL-7 
-

70 mA 
KM44C4002A/AUALUASL-8 60 mA 

KM44C4002A 2 mA 
Standby Current KM44C4002AL 

lee2 
1 mA 

(RAS=CS=W=VIH) KM44C4002ALL 
-

1 mA 
KM44C4002ASL 1 mA 

KM44C4002A/AUALU ASL-5 90 mA 
RAS-Only Refresh Current* KM44C4002A/AUALUASL-6 

lee3 
80 mA 

(CS=VIH, RAS Cycling @tRC=min.) KM44C4002A/AUALUASL-7 
-

70 mA 
KM44C4002A/AUALU ASL-8 60 mA 

KM44C4002A/AU ALUASL-5 80 mA 
Fast Page Mode Current* KM44C4002A/AUALUASL-6 

lec4 
70 mA 

(RAS=VIL, CS, Address Cycling @tPC=min.) KM44C4002A/AUALU ASL-7 
-

60 mA 
KM44C4002A/AUALU ASL-8 50 mA 

KM44C4002A 1 mA 
Standby Current KM44C4002AL 

Ices 
300 µA 

(RAS=CS=W=Vcc-0.2V) KM44C40 02ALL 
-

200 µA 
KM44C4002ASL 200 µA 

KM44C4002A/AU ALU ASL-5 90 mA 
CS-Before-RAS Refresh Current* KM44C4002A/AU ALU ASL-6 

ICC6 
80 mA 

(RAS and CS Cycling @tRc=min.) KM44C4002A/AU ALU ASL-7 
-

70 mA 
KM44C4002A/ AU ALU ASL-8 60 mA 

Battery Back Up Current Average Power Supply Current, 
Battery Back Up Mode, Input High Voltage(V1H)=Vcc-0.2V 

KM44C4002AL 450 µA 
Input Low Voltage(V1L)=0.2V CS=CS-Before-RAS 

KM44C4002ASL 
ICC7 - 350 µA 

Cycling or 0.2V DQ1-DQ4=Don't Care tRC=31.25µs(L-Ver.) 
62.5µs(SL-Ver.), tRAS =tRAs min-300ns 

dJ:':fi@$ 
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KM44C4002A/ AL/ ALL/ ASL CMOS DRAM 

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

Parameter Symbol Min Max Units 

Self Refresh Current 
AAS=CS=0.2V 

KM44C4002ALL Ices 300 µA 
W=OE=Ao-A11=Vcc-o.2v or o.2v 

-

DQ1-D04=Vcc-0.2V, 0.2V or Open 

Input Leakage Current Ill . -10 10 µA 
(Any input O:::;V1N :::;Vcc+0.5\1, all other pins not under test=O volts.) 

Output Leakage Current 
lol -10 10 µA 

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

Output High Voltage Level (IOH=-5mA) VOH 2.4 - v 

Output Low Voltage Level (IOl=4.2mA) Vol - 0.4 v 

*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 and lcca, Address can be changed maximum 
two times while RAS=VtL. In ICC4, Address can be changed maximum once within one Static Column cycle. 

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

Parameter Symbol Min Max Unit 

Input Capacitance (Ao-A11) CtN1 - 5 pF 

Input Capacitance (RAS, CS, W, OE) CtN2 - 7 pF 

Input Capacitance (DQ1-DQ4) Coo - 7 pF 

AC CHARACTERISTICS (0°C::;Ta::;?0°C, Vcc=5.0V±10%, See notes 1,2) 

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

Min Max Min Max Min Max Min Max 

Random read or write cycle time tRC 90 110 130 150 ns 

Read-modify-write cycle time tRWC 133 155 185 205 ns 

Access time from RAS tRAC 50 60 70 80 ns 3,4,11 

Access time from CS tCAC 13 15 20 20 ns 3,4,5 

Access time from column address tAA 25 30 35 40 ns 3,11 

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

Output buffer turn-off delay tOFF 0 15 0 15 0 20 0 20 ns 7 

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

AAS precharge time tRP 30 40 50 60 ns 

RAS pulse width tRAS 50 16,000 60 10,000 70 10,000 80 10,000 ns 

RAS hold time tRSH 13 15 20 20 ns. 

CS hold time tCSH 50 60 70 80 ns 

CS pulse width tcs 13 10,000 15 10,000 20 10,000 20 10,000 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 11 

CS to RAS precharge time tCRP 5 5 5 5 ns 

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

t1Mfiiiii» 
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KM44C4002A/ AL/ ALL/ ASL CMOS DRAM 

AC CHARACTERISTICS (Continued) 

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

Min Max Min Max Min Max Min Max 

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 6 

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

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

Read command hold time referenced to CS tRCH 0 0 0 0 ns 9 

Read command hold time referenced to RAS tRRH 0 0 0 0 ns 

Write command hold time twCH 10 10 15 15 ns 

Write command hold time referenced to RAS twCR 40 45 55 60 ns 6 . 

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 tos 0 0 0 0 ns 10 

Data hold time tOH 10 10 15 15 ns 10 

Data hold time referenced to RAS tOHR 40 50 55 60 ns 6 

Refresh period (Normal) tREF 64 64 64 64 ms 

Refresh period (Low power & Self Ref.) tREF 128 128 128 128 ms • Refresh period (Super Low power) tREF 256 256 256 256 ms 

Write command set-up time twcs 0 0 0 0 ns 8 

CS to W delay time tcwo 36 40 50 50 ns 8 

RAS to W delay time tRWD 73 85 100 110 ns 8 

Column address to W delay time tAwo 48 55 65 70 ns 8 

CS set-up time (CS-before-RAS refresh) tcsR 10 10 10 10 ns 

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

RAS to CS precharge time tRPC 5 5 5 5 ns 

CS precharge time (C-8-R counter test cycle) tCPT 20 20 30 30 ns 

Static column mode cycle time tsc 30 35 40 45 ns 3 

Static column mode read-write cycle time tSRWC 80 85 100 110 ns 

Access time from last write tALW 50 55 65 75 ns 3, 12 

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 

RAS pulse width (Static column mode) tRASC 50 200000 60 200000 70 200000 80 200000 ns 

CS pulse width (Static column mode) tcsc 13 200000 15 200000 20 200000 20 200000 ns 

CS precharge time (S~tic column mode) tcP 10 10 10 10 ns 

Column address hold ti!!Je 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 

•111nH:m• ELECTRONICS 
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KM44C4002A/ AL/ ALL/ ASL CMOS DRAM 

AC CHARACTERISTICS (Continued) 

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

Min Max Min Max Min Max Min Max 

Write command inactive time twl 10 10 10 10 ns 

RAS hold time referenced to OE tROH 13 15 20 20 ns 

Write address hold time referenced to RAS tAWR 40 45 55 60 ns 6 

OE access time tOEA 13 15 20 20 ns 

OE to data delay tOED 13 15 20 20 ns 

Output 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) twrs 10 10 10 10 ns 

Write command hold time (Test mode in) twrH 10 10 10 10 ns 

W to RAS precharge time (C-B-R refresh) twRP 10 10 10 10 ns 

W to RAS hold time (C-B-R refresh) twRH 10 10 10 10 ns 

RAS pulse width (C-B-R self refresh) tRASS 100· 100 100 100 µs 15 

RAS precharge time (C-B-R self refresh) tRPS 90 110 130 150 ns 15 

CS hold time (C-B-R self refresh) tCHS -50 -50 -50 -50 ns 15 

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 140 160 190 210 ns 

Access time from RAS tRAC 55 65 75 85 ns 3,4,11 

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

Access time from column address tAA 30 35 40 45 ns 3,11 

RAS pulse width tRAS 55 10,000 65 10,000 75 10,000 85 10,000 ns 

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

RAS hold time tRSH 20 20 25 25 · ns 

CS hold time tCSH 55 65 75 85 ns 

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

CS to W delay time tcwo 45 45 55 55 ns 8 

RAS to W delay time tRWD 80 90 105 115 ns 8 

Column address to W delay time tAWD 55 60 70 75 ns 8 

Static column mode cycle time tsc 35 40 45 50 ns 

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

RAS pulse width (Static column mode) tRASC 55 200,000 65 200,000 75 200,000 85 200,000 ns 

Access time from last write tALW 55 60 70 80 ns 3,12 

OE access time tOEA 18 20 25 25 ns 

OE to data delay tOED 18 20 25 25 ns 

OE command hold time tOEH 18 20 25 25 ns 

tMn°:m• ELECTRONICS 
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KM44C4002A/ AL/ ALL/ ASL 

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 V1L(max) are 
assumed to be 5ns for all inputs. 

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

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

5. Assumes that tRCD ztRCD (max). 
6. tAR, twcR, tDHR are referenced to tRAo(max). 
7. This parameter defines the time at which the 

output achieves the open circuit condition and is 
not referenced to VoH or VoL. 

8. twcs, tRwo, tcwo and tAwo are non restrictive 
operating parameters. They are included in the 
data sheet as electric characteristics only. If twcsz 
twcs(min) the cycle is an early write cycle and the 
data output will remain high impedance for the 
duration of the cycle. If tcwoztcwo(min), tRwoz 
tRwo(min) and tAwoztAwo(min), then the cycle is a 

•Mf:fiiiiiiP 
ELECTRONICS 

CMOS DRAM 

read-write cycle and the data output will contain 
the data read from the selected address. If neither 
of the above conditions are satisfied, the condition 
of the data output is indeterminate. 

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

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

11. Operation within the tRAo(max) limit insures that 
tRAc(max) can be met. tRAo(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. 

12. These specifications are applied in the test mode. 
13. 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. · 

14. 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. 

15. 4096 cycle of burst refresh must be executed 
within 16ms before and after self refresh, in order 
to meet refresh specification. 
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KM44C4002A/ AL/ ALL/ ASL 

TIMING DIAGRAMS 
READ CYCLE 

V1H-
RAS 

V1L-

V1H-
cs 

V1L-

V1H-
A V1L-

V1H-w V1L-

V1H-
OE 

V1L-

D01-D04 
VoH-

VoL-

tt:fafi@IP 
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m DON'T CARE 
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KM44C4002A/ AL/ ALL/ ASL CMOS DRAM 

TIMING DIAGRAMS (Continued) 

WRITE CYCLE (EARLY WRITE) 

RAS 

cs 

A 

w 

V1H-

V1L-

V1H- ?O"i~:full:~·,Wo~~--.1 

V1L - .._lloM.l""""'W' !'--"'!-"'I 

V1H- ~~~~~~~~ 

IAWR 

-!RC 

IRAS 

ICAP 

IRSH 

V1L- ~~~~~llo.A.~..A..LJ..--..+-l-------.:~1..1...Ll..L.l..A.AJL.L~i.A.'~.W.~~~~ 

V1H- ~7\J.il\Ji::?\:IU't;~~7'\1~~7'\1"\7°10~~7\Jo.~~7\J.~~~~~~7't1\~l/\1~~~~~"1\1i.'I\: 

V1L- ~~J:>..i.l,.A..U..1..Jµ...U..,Q,j~~~~QA~~~A,.6.L.U..l.,;U.A.J.~ta..OAl.~~~~~~O.O.~ 

WRITE .CYCLE (OE CONTROLLED WRITE) 

RAS 

cs 

A 

w 

-----------IRc-----------< 

.--------~RAS-----~--. 

--+------IRSH-----. 

V1H- ------11--++-----il-----lcs----+....-Lr-----------

V1L- ---.1 
V1H- ....,.,....,"",,_ .JL-~~-S....IT'l"""'"T"'!~. _r~~~~-S.. .Al'fl .... 1""'1" ........ _,..,.,,..,. ~------

V1L- .t;,£.~~Y:i.:1l~_..,___,, ,,.~.._.~..,, ,..._......,.._....., ...... ~~~~~~Qa.t::J/JCV -------

V1H- .,.. "ll"lf"""""',.,,,rT"P"rTT'T"l'.,,,"T1'----++-~l"""l"'IMl""l"'l'T"l~,.,,,,.......,,.,,,,"""'~~rT'IMr""'""'~ 

V1L- li///jQQj::t:i~WQCl£.l£.~:a'U 

V1H-----"' 

ViL- \---"1.JWWY'/W\........!~~~~'(JC.'t::Jl.~~~~~Qaj~~ai£l.QQ~~ 

~ DON'TCARE 

•tMHihi• ELECTRONICS 
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KM44C4002A/ AL/ ALL/ ASL CMOS DRAM 

TIMING DIAGRAMS (Continued) 

READ·WRITE/READ-MODIFY·WRITE CYCLE 

RAS 

cs 

A 

w 

QE 

"-------------tRwc--'---------------1 

>-----------~tRAS-----------__, 

~---+-----·----tcsH------------4f--~ 

---<'----------tRSH ----------
V1H- ..,.,,,..,...,...pjp--.+-+----+-- 1----------tcs----------+--i 
V1L-

V1H- ....,......,. __ ,...,.....+r..,..,,-.nl-1---1------------~I 

V1L - \/\/V\/VV\/\J'\/\/\IA .1. Al 

V1H- vtro"t'.~~m7~~~~~'1V'r::irJ'VtM,\\ 

V1L - ~~C:ilj.t::il,'il::/,'Jf::l.~~~~QC.'i:)i.~~£$;;._.l--__J 

STATIC COLUMN MODE READ CYCLE 

RAS 

A 

cs 

w 
V1H- l'\?\°l?;~~~~~?t"llt-t--~---++---~~,Ji---'T-----t1-~tzvvr:J'if't'f\J\1.. 

. V1L - Wl.Jl.t.~~~Q..C.0..:)QJ 

V1H- ~7\J\.~'7\fe,AJ,:70'IUl:'j~~"~~"" 
OE 

V1L- 6/:J.6/J,.f:J,A64,Al~~Ll.lJ.~~Ll,i~~-++--~~.AJ~~~)4_-..l.~¥:J.~'),/),J.~~.xJ:.~ 

VoH-~--.....1---------...._~~ 
VoL-

ttMfiihiiP 
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to FF 

VALID 
DATA 

~DON'T CARE 
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KM44C4002A/ AL/ ALL/ ASL CMOS DRAM 

TIMING DIAGRAMS (Continued) 

STATIC COLUMN MODE WRITE CYCLE CW controlled early write) 

A 

w 

V1H- 0'\7t71:}1\,7!;'.~~:71:?ii\.i~~~~~']\J<\X'':A,~~"'°'Vt'~~A?;7t'1~\Aj~~::UiA?~l\it1';jll\7'\?1';Ji!o'i/\J 

V1L- if::iJ.~~~~.AJ.~~~~C:ti).~.AJ.~~~Ctj~~~~.l.ll..tl.J.1.Ci..~o.&i,,.A.J~~~~~.J:.I).~~ 

V1H- ~~~~jl\'j~~~7':\-r~~~ 

V1L - .:.:LlacaO/lllll...i.li~.A.ll~V ~_.;..-.....II 

STATIC COLUMN MODE WRITE CYCLE (CS controlled early write) 

V1H- ~~:7\~~~:'::""'-\-J~~-T;:~7':';::-;::1~J:;JO"V~~~~~~Jlt't~:F°::y)j~j';j""IV'("/\J.,j\/<~~J 
A 

V1L-

V1H- -----+--------;~cL---~---""1, ~--· 
V1L-

w V1H-

V1L-

V1H-
OE 

V1L-

V1H-
D01·DQ4 

V1L-

mDON'TCARE 

dfafiihi» 
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KM44C4002A/ AL/ ALL/ ASL CMOS DRAM 

TIMING DIAGRAMS (Continued) 

STATIC COLUMN MODE READ·MODIFY·WRITE CYCLE 

RAS V1H-

V1L-

A 
V1H-

V1L-

cs V1H-

V1L-

w V1H-

V1L-

OE 
V1H-

V1L-

COLUMN ADDRESS COLUMN ADDRESS 

tcAH_........_ __ 

~---tSAWC-<-----'------ IAAL--+~---4 -------+------+.! .._ __ ....._ILWAD IAWL --+----~ 

STATIC COLUMN MODE MIXED CYCLE 
V1H-

RAS 
V11-

V1H-
cs V1L-

V1H-
A V1L-

V1H-

w V1L-

m DON'T CARE 

tl"f:filih» 
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KM44C4002A/ AL/ ALL/ ASL 

TIMING DIAGRAMS (Continued) 

RAS·ONL Y REFRESH CYCLE 

CMOS DRAM 

NOTE: W, OE= Don't Care t------------tRc:----------1 

t--------IRAS-------1 

V1H-
RAS 

V1L-

V1H-

V1L-

IASR 

V1H-
A 

V1L-

tcsR 
'"-----tCHR---~ 

to FF 

V110H-
V110L- J------------OPEN-------------___ _.. 

m DON'T CARE 

t1Mfilih> 
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KM44C4002A/ AL/ ALL/ ASL CMOS DRAM 

TIMING DIAGRAMS (Continued> 

HIDDEN REFRESH CYCLE (READ) 

i----- IRAs------< 

A 

IRAC ~--+----< 

--IRAs----

VoH- ir-~~~~~~~~~~~~~~ 

VOL-

HIDDEN REFRESH CYCLE (WRITE) 
i----------IRc-·-------*-~-----

A 

w 

tlm'&JlhP 
ELECTRONICS 
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KM44C4002A/ AL/ ALL/ ASL CMOS DRAM 

TIMING DIAGRAMS (Continued) 

CS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 

lRAS--'-------------

RAS 
V1H-

V1L-

--lRSH------

V1H- - tcs- -
cs 

V1L-

READ CYCLE lRAL---

V1H-
COLUMN ADDRESS A 

V1L-

V1H-
w - -- -lRQH 

V1L-

6E 
V1H-

V1L-

D01·DQ4 
VoH-

VoL-

WRITE CYCLE 

V1H-

• V1L-
A 

V1H-

w 
V1L-

V1H-
OE 

V1L-

V1H-

V1L-

V1H-

A V1L-

V1H-
w 

V1L-

V1H-
OE 

V1L-

V110H- -----------------c>.i\I 
V110L-

~ ~ON'TCARE 

tl:f:l:filhl' 
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KM44C4002A/ AL/ ALL/ ASL 

TIMING DIAGRAMS (Continued) 

TEST MODE IN CYCLE 
Note: OE, Address: Don't Care 

CMOS DRAM 

----IRAS---~ 

V1H -

V1L - -------' 

w 

VoH - --------! 
001-00. 

Vo, - ---------Jf 

TEST MODE DESCRIPTION 

The KM44C4002 is the RAM organized 4,194,304 
words by 4 bit, it is internally organized 1,048,576-words 
by 16 bits. In "Test Mode", data are written into 16 
sectors in parallel and retrieved the same way. 
Column address bit Ao, A11 are not used. If, upon read
ing, 16 bits are equal .(all "1" or "O"s) the Q pin indi
cates a "1". 
If they were not equal, the Q pin would indicate a "O". 

tt:!:i:fillh» 
ELECTRONICS 

~ DON'TCARE 

In "Test Mode", the 16M DRAM can be tested as if it 
were a 1Mx4 DRAM. W, CS-BEFORE-RAS Cycle (Test 
Mode in Cycle) puts the device into "Test Mode". And 
CS-BEFORE-RAS REFRESH CYCLE "or" RAS~only 
Refresh Cycle" puts it back into "Normal Mode". The 
"Test Mode" function reduces test time (1/4 in cases 
of N test pattern) .. 
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KM44C4002A/ AL/ ALL/ ASL 

PACKAGE DIMENSIONS 
24-LEAD PLASTIC SMALL OUT-LINE J-LEAD (300MIL) 

0.670 (17.02) 

0.680 (17.27) 

[:e: 0.004(0.1) 

CMOS DRAM 

Units: Inches (millimeters) 

0.050(1.27) 
MAX 

0.027 (0.69) 
MIN 

SS "'('") e. e. 
<Xl"' 0 ~ 
0 0 
0 0 

0.128 (3.25) 

0.145 (3.68) 

24-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE(ll) (300MIL, Forward and Reverse Type) 

0.671 (17.04) 

0.679 (17.24) °' "' ('")""' 
0 0 
ci ci 

iol 0.003 co.08) I 6 bl 
I 0.048 c1.22i 0.012 co.30) I ~ 0 ---i 0.052 (1.32) 0.020 (0.50) r- 0.037 (0.95) 

TYP 

•1MfiiJhiP 
ELECTRONICS 

0.005 (0.13) 

0.008 (0.20) 

~ 
O.D16 (0.40) I I 
0.024 (0.60) 
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KM44C4002A/ AL/ ALL/ ASL 

PACKAGE DIMENSIONS 

24-LEAD PLASTIC SMALL OUT-LINE J-LEAD (400MIL) 

[e: 0.004(0.1) 

24-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE 
(400MIL, Forward and Reverse Type) 

0 

CMOS DRAM 

Units: Inches (millimeters) 

0.050(1.27) 
MAX 

0.025(0.64) 

MIN 

0.005(0.13) 

0.008 (0.20) 

0 0.003 (0.08) 

0.052 (1.32) 

0.012 (0.30) 

0.020 (0.50) ~~n~95)·~ 
0,016 (0.40) I I 
0.024 (0.60) 

·4J:!:i:fJIM*' . 
ELECTRONICS 
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KM44C4102A/ AL/ ALL/ ASL CMOS DRAM 

.4M x4 Bit CMOS Dynamic RAM with Static Column Mode 

FEATURES 
• Performance range: 

tRAC tCAC 

KM44C4102A/ AU ALU ASL-5 50ns 13ns 

KM44C4102A/ AU ALU ASL-6 60ns 15ns 

KM44C4102A/ AU ALU ASL-7 70ns 20ns 

KM44C4102A/ AU ALU ASL-8 80ns 20ns 

• Self Refresh Operation (LL-ver. only) 
• 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 

tRC 

90ns 

110ns 

130ns 

150ns 

• Early write or output enable controlled write 
• Single+5.0V ± 10% power supply 
• 2048 cycles/32ms refresh (Normal) 

GENERAL DESCRIPTION 
The Samsung KM44C4102A/AUALUASL is a high 
speed CMOS 4, 194,304 bit x 4 Dynamic Random 
Access Memory. Its design is optimized for high 
performance applications such as mainframes, mini 
computers, graphics and high performance portable 
computers. 

The KM44C4102A/AUALUASL features Static Column 
Mode operation which allows high speed random 
access of memory cells within the same row. 

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

The KM44C4102A/AUALUASL is fabricated using 
Samsung's advanced CMOS process. 

• 2048 cycles/128ms refresh (Low power & Self Ref.) 
• 2048 cycles/256ms refresh (Super Low power) 
• JEDEC standard pinout 
• Available in plastic SOJ and TSOP(ll) 

FUNCTIONAL BLOCK DIAGRAM 

RAS 

cs Control 

i:1J~: Clocks 

w VBB Generator 

Data in 
Refresh Timer Row Decoder Buffer 

Refresh Control Q 
o!S DQ1 

Memory Array (/) 
to a. 

Refresh Counter 4, 194,304x4 E DQ4 
Cells 

<( 
Q) 
(/) 
c: 

Row Address Buffer Q) 
en 

Data out 
Ao-A10 

Col. Address Buffer Column Decoder 
Buffer OE 

•lMH'iW> 
ELECTRONICS 
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KM44C4102A/ AL/ ALL/ ASL CMOS DRAM 

PIN CONFIGURATION (Top Views) 

• KM44C4102 AJ/ALJ/ALW/ASLJ • KM44C4102 AT/ALT/ALLT/ASLT • KM44C4102 ATR/ALTR/ALLTR/ASLTR 
AK/ ALK/ALLK/ASLK AS/ALS/ALLS/ASLS ASR/ ALSR/ALLSR/ ASLSR 

Vee 1 O 

001 

002 

w 
RAS 
N.e. 

A10 

0 

J: 400MIL 
K: 300MIL 

18 As 

17 _A7 

16 As 

15 A5 

14 A4 

13 Vss 

ttMHlhi" ELECTRONICS 

Vee 

001 

002 

w 
RA'S 
N.e. 

10 

24 

23 

22 

21 

20 

19 

18 

17 

16 

15 

11 0 14 

12 13 

T: 400MIL(Forward) 
S: 300MIL(Forward) 

Vss 

004 

003 

cs 
N.C 

Ag 

Pin Name Pin Function 

Ao-Arn Address lnp!JtS 

D01-4 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 

Vss 

004 

003 

cs 
N.C 

Ag 

24 

23 0 
22 

21 

20 

19 

18 

17 

16 

15 10 

14 p 11 

13 12 

TR: 400MIL(Reverse) 
SR: 300MIL(RE)verse) 

Vee 

001 

002 

w 
RAS 

N.C. 
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KM44C4102A/ AL/ ALL/ ASL CMOS DRAM 

ABSOLUTE MAXIMUM RATINGS 
Parameter Symbol Rating Units 

Voltage on Any Pin Relative to Vss VIN, 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 (Voltage referenced to Vss, TA=O to 70°C) 

Parameter Symbol Min Typ Max Unit 

Supply Voltage Vee 4.5 5.0 5.5 v 
Ground Vss 0 0 0 v 
Input High Voltage VIH 2.4 - Vee+ 1 v 
Input Low Voltage VIL -1.0 - 0.8 v 

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

Parameter Symbol Min Max Units 

KM44C4102NAUALUASL-5 110 mA 
Operating Current* KM44C4102NAUALUASL-6 

ICC1 
100 mA 

(RAS and CS Cycling @tRC=min.) KM44C4102NAUALUASL-7 90 mA 
KM44C4102NAUALUASL-8 80 mA 

KM44C4102A 2 mA 
Standby Current KM44C4102AL 

lcc2 
1 mA 

(RAS=CS=W=VIH) KM44C4102ALL 1 mA 
KM44C4102ASL 1 mA 

KM44C4102NAUALUASL-5 110 mA 
RAS-Only Refresh Current* KM44C4102NAUALUASL-6 

Ices 
100 mA 

(CS=VIH, RAS Cycling @tRC=min.) KM44C4102NAUALUASL-7 
-

90 mA 
KM44C4102NAUALUASL-8 80 mA 

KM44C4102NAUALUASL-5 90 mA 
Fast Page Mode Current* KM44C4102NAUALUASL-6 

ICC4 
80 mA 

(RAS=VIL, CS, Address Cycling @tPC=min.) KM44C4102NAUALUASL-7 - 70 mA 
KM44C4102NAUALUASL-8 60 mA 

KM44C4102A 1 mA 
Standby Current KM44C4102AL 

Ices 
300 µA 

(RAS=CS=W=Vce-0.2V) KM44C4102ALL - 200 µA 

KM44C4102ASL 200 µA 

KM44C4102NAUALUASL-5 110 mA 
CS-Before-RAS Refresh Current* KM44C4102NAUALUASL-6 

Ices 
100 mA 

(RAS and CS Cycling @tRc=min.) KM44C4102NAUALUASL-7 
-

90 mA 
KM44C4102N AUALUASL-8 80 mA 

Battery Back Up Current Average Power Supply Current, 
Battery Back Up Mode, Input High Voltage(V1H)=Vcc-0.2V 

KM44C4102AL 400 µA 
Input Low Voltage(V1L)=0.2V CS=CS-Before-RAS 

KM44C4102ASL 
ICC7 -

300 µA 
Cycling or 0.2V DQ1-DQ4=Don't Care tRc=62.5µs(L-Ver.) 
125µs(SL-Ver.), tRAS=tRAs min-300ns 

d!:i:filiii» 
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KM44C4102A/ AL/ ALL/ ASL CMOS DRAM 

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

Parameter Symbol Min Max Units 

Self Refresh Current 
RAS=CS=0.2V 

KM44C4102ALL Ices 300 µA 
W=OE=Ao-A1o=Vcc-o.2v or 0.2V -
DQ1-D04=Vcc-0.2V, 0.2V or Open 

Input Leakage Current 
hL -10 10 µA 

(Any input 0 s V1N s Vcc+0.5V, all other pins not under test=O volts.) 

Output Leakage Current 
IOL -10 10 µA 

(Data out is disabled, OVsVours;5.5V) 

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

Output Low Voltage Level (loL=4.2mA) VOL - 0.4 v 

*NOTE: lcc1, lcca, lcc4 and lcc6 are dependent on output loading and cycle rates. Specified values are obtain!'ld with 
the output open. Ice is specified as an average current. In lcc1 and lcca, Address can be changed maximum 
two times while RAS=VIL In lcc4, Address can be changed maximum once within one Static Column cycle. 

CAPACITANCE (TA=25°C) 

Parameter Symbol Min Max Unit 

Input Capacitance (Ao-A10) C1N1 - 5 pF 

Input Capacitance (RAS, CS, W, OE) CIN2 - 7 pF 

Input Capacitance (DQ1-DQ4) Coo - 7 pF 

AC CHARACTERISTICS (0°CsTas70°C, Vcc=5.0V±10%, See notes 1,2) 

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

Min Max Min Max Min Max Min Max 

Random read orwrite 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 3,4,11 

Access time from CS · tCAC 13 15 20 20 ns 3,4,5 

Access time from column address tAA 25 30 35 40 ns 3,11 

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

Output buffer turn-off delay to FF 0 15 0 15 0 20 0 20 ns 7 

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

RAS precharge time tRP 30 40 50 60 nS' 

RAS pulse width tRAS 50 10,000 60 10,000 70 10,000 80 10,000 ns 

RAS hold time tRSH 13 15 20 20 ns 

CS hold time tCSH 50 60 70 80 ns 

CS pulse width tcs 13 10,000 15 10,000 20 10,000 20 10,000 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 11 

CS to RAS precharge time tCRP 5 5 5 5 ns 

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

t1it:'¥11JiliP 
ELECTRONICS 

680 



KM44C4102A/ AL/ ALL/ ASL CMOS DRAM 

AC CHARACTERISTICS (Continued) 

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

Min Max Min Max Min Max Min Max 

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 mi 
Column address hold time referenced to RAS tAR 40 50 55 60 ns 6 

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

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

Read command hold time referenced to CS tRCH 0 0 0 0 ns 9 

Read command hold time referenced to RAS tRRH. 0 0 0 0 ns 

Write command hold time twCH 10 10 15 15 ns 

Write command hold time referenced to RAS twCR 40 45 55 60 ns 6 

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 tos 0 0 0 0 ns 10 

Data hold time tDH 10 10 15 15 ns 10 

Data hold time referenced to RAS tDHR 40 50 55 60 ns 6 

Refresh period (Normal) tREF 32 32 32 32 ms 

Refresh period (Low power & Self Ref.) tREF 128 128 128 128 ms • Refresh period (Super Low power) tREF 256 256 256 256 ms 

Write command set-up time twcs 0 0 0 0 ns 8 

CS to W delay time tcwo 36 40 50 50 ns 8 

RAS to W delay time tRWD 73 85 100 110 ns 8 

Column address to W delay time tAwo 48 55 65 70 ns 8 

CS set-up time (CS-before-RAS refresh) tCSR 10 10 10 10 ns 

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

RAS to CS precharge time tRPC 5 5 5 5 ns 

CS precharge time (C-B-R counter test cycle) tCPT 20 20 30. 30 ns 

Static column mode cycle time tsc 30 35 40 45 ns 3 

Static column mode read-write cycle time tSRWC 80 85 100 110 ns 

Access time from last write tALW 50 55 65 75 ns 3, 12 

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 

RAS pulse width (Static column mode) tRASC 50 200000 60 200000 70 200000 80 200000 ns 

CS pulse width (Static column mode) tcsc 13 200000 15 200000 20 200000 20 200000 ns 

CS precharge time (Static column mode) tcp 10 10 10 10 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 

•1MfiihiiP 
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KM44C4102A/ AL/ ALL/ ASL CMOS DRAM 

AC CHARACTERISTICS (Continued) 

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

Min Max Min Max Min Max Min Max 

Write command inactive time tw1 10 10 10 10 ns 

RAS hold time referenced to OE tROH 13 15 20 20 ns 

Write address hold time referenced to RAS tAWR 40 45 55 60 ns 6 

OE access time tOEA 13 15 20 20 ns 

OE to data delay tOED 13 15 20 20 ns 

Output 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) twrs 10 10 10 10 ns 

Write command hold time (Test mode in) twTH 10 10 10 10 ns 

W to RAS precharge time (C-8-R refresh) twRP 10 10 10 10 ns 

W to RAS hold time (C-8-R refresh) twRH 10 10 10 10 ns 

RAS pulse width (C-8-R self refresh) tRASS 100 100 100 100 µs 15 

RAS precharge time (0"-8-R self refresh) tRPS 90 110 130 150 ns 15 

CS hold time (C-8-R self refresh) tCHS -50 -50 -50 -50 ns 15 

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 140 160 190 210 ns 

Access time from RAS tRAC 55 65 75 85 ns 3,4,11 

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

Access time from column address tAA 30 35 40 45 ns 3,11 

RAS pulse width tRAS 55 10,000 65 10,000 75 10,000 85 10,000 ns 

CS pulse width tcs 18 10,000 20 10,000 25 10,000 2S 10,000 ns 

RAS hold time tRSH 20 20 25 25 ns 

CS hold time tCSH 55 65 75 85 ns 

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

CS to W delay time tcwo 45 45 55 55 ns 8 

RAS to W delay time tRWD 80 90 105 115 ns 8 

Column address to W delay time tAwo 55 60 70 75 ns 8 

Static column mode cycle time tsc 35 40 45 50 ns 

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

RAS pulse width (Static column mode) tRAsc 55 200,000 65 200,000 75 200,000 85 200,000 ns 

Access time from last write tALw 55 60 70 80 ns 3,12 

OE access time tOEA 18 20 25 25 ns 

OE to data delay tOED 18 20 25 25 ns 

OE command hold time tOEH 18 20 25 25 ns 

ttMflliW> 
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KM44C4102A/AL/ ALL/ ASL 

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 V1L(max) are 
assumed to be 5ns for all inputs. 

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

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

5. Assumes that tRco 2".tRco (max). 
6. tAR, twcR, tDHR are referenced to tRAo(max). 
7. This parameter defines the time at which the 

output achieves the open circuit condition and is 
not referenced to VoH or VoL. 

8. twcs, tRwo, tcwo and tAwo are non restrictive 
operating parameters. They are included in the 
data sheet as electric characteristics only. If twcs::::: 
twcs(min) the cycle is an early write cycle and the 
data output will remain high impedance for the 
duration of the cycle. If tcwo:::::tcwo(min), tRwo::::: 
tRwo(min) and tAwo:::::tAwo(min), then the cycle is a 

•1Mflliil1P 
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read-write cycle and the data output will contain 
the data read from the selected address. If neither 
of the above conditions are satisfied, the condition 
of the data output is indeterminate. 

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

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

11. Operation within the tRAo(max) limit insures that 
tRAc(max) can be met. tRAo(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. 

12. These specifications are applied in the test mode. 
13. 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. 

14. 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. 

15. 2048 cycle of burst refresh must be executed 
within 16ms before and after self refresh, in order 
to meet refresh specification. 
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KM44C4102A/ AL/ ALL/ ASL 

TIMING DIAGRAMS 
READ CYCLE 

RAS 

cs 

A 

1.i-·------,---IRAS--------1.1 

V1H- xn~~ . .r-~~~ 

V1L- ':J:i.'i:/:i.~~~~~ 

CMOS DRAM 

V1H- ~i7m:~~~bom?.T+-r+-1------t.i.--r-~~:?t"i~7\JVVWV'JV\J\j 

V1L - ~~~l.AC~~).QAI 

V1H- ~~~~~~~J"l70'i~~~~ 
OE 

V1L - ~~.ALlic.o.t~~,/lAj~~~~QA.j~--+-~W.O..A.A.A-'J.qA~~ll.A..t..1..A.A.a.,,g,.A.A..A..AAAl.L 

VOL-

m DON'TCARE 

tJ:!:i: filiii IP 
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KM44C4102A/ AL/ ALL/ ASL CMOS DRAM 

TIMING DIAGRAMS (Continued) 

WRITE CYCLE (EARLY WRITE) 

RAS 

cs 

A 

w 

OE 

>-----------IRc------------1 

V1H- ------..1 .------IAWR---~-
V1L-

V1H- ~~~~__w,..,........_--"1_ rl"'-J..-__.,..__ ___ --.1 ~~~~~~~~{\. ,. _____ _ 

V1L - '1iil."'Ml~U 1'----" 

- V1H- ~~70"\:~~~~;Jln r-----t-+

.V1L- ~~~.t:i.JJ..o..li~LA.~~--.µ_-----~'-lQ.~..L.Ll....L.rli..6..U.~.A/.WIL~~~~ll> 

v1H- ~~"~~'?d.~rn"/rJf.7'\J'tro~~~'7\J~~~~~'?f7~~7'0'!"'1rn~~~~~~~ 

V1L - ~.ca.6.l:tJU...6..6.~~UA/J~~~IJ:J.A/J..AJ.~LA..A.J;.i..L.X.J.Jl.A.A/>..A.J.~~~~~~~~~ 

WRITE CYCLE (OE CONTROLLED WRITE) 

t------------IRc---- --------

>---------IRAs-------

RAS 

-------IRSH-----t ICAP 

ViH- ------It--++-----. ~-----lcs----+----U~---....:..-----
cs 

V1L- ----

V1H- ....,.,.....~P"'P\ Jr'~~~,,...,rrT"T"'"' . .r-~~:""!':":"~ """,.,,..P"T"..,.."""'"""7'T"'
A 

V1L - N:fJC:;lj/:)/jCJ:Jf-\.~....-...'""'I ,.~ ...... .__ ~~E.!!,!~~~~~';j:i.~~'i::Ji.":J '-------

w 

V1H------

D01·DQ4 ViL- \.---~,~~~~'l2~~~__!2~~-~~{,YJl:JC.'il;J;.'il;J;.~~~'Y:J.~~:¥l~~ 

I ~ DON'T CARE 

eMfllhi» 
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KM44C4102A/ AL/ ALL/ ASL· CMOS DRAM 

TIMING DIAGRAMS (Continued) 

READ·WRITE/READ·MODIFY·WRITE CYCLE 
i-------------~tRwc---------------1 

c-----------lRAS--------------1 

RAS 1-----------lRAt:------------1 

-·----------tcsH----------__,i---_, 

---+---------lRSH------------1 

V1H- ~. """!7t'7"""'--++----+--""\ 1-----------tcs---------+--- i-__., __ 
cs 

V1L-

A 
V1H ,_ "'"""m-r~~"""!\. 
V1L-

COLUMN ADDRESS 

f-------tcwo------
~;----tRwo---------

V1H- ~""~"'17":,.,,.,m~~r--+---t------------~ 
w 

V1L- -}i'.X~~~~~~ 

V1H- ~7Vli7'i7'il'\J~~"'1tJl!:?t~~';!V'*'V'\:rt'\\ 
OE 

V1L - ~~~~~~~~~Q,Cl{;),,£.~~Q,Cl~;,_~__) 

STATIC COLUMN MODE READ CYCLE 

RAS 

A 

cs 

w 

OE 

f------------lRASC-------------, 

V1H- ---~ ~---~ 
V1L-

V1H-

V1L-

V1H-

V1L-

1RCS 

V1H-

V1L-

V1H-

V1L-

1QFF 

VoH-----"""""---------+--e,tVII VALID 
DATA VoL-

f.m DON'T CARE 

ttmWJllWP 
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KM44C4102A/ AL/ ALL/ ASL CMOS DRAM 

TIMING DIAGRAMS (Continued) 

STATIC COLUMN MODE WRITE CYCLE r>J controlled early write) 

V1H
A 

V1L- ~':¥:/'~:;:,.:;~~t-~~Q,,Qir-'Jli;...-,.....--'ll1'01&.M.1•~---~~-• --"J"..__ __ J'~CiQ~~~:l'\ 

w 

V1H- OVll;J\;l\,l'\7'\7(~t71:7\,l\,~~;itll;"J\?o,"jrj.'V'\)\,l\j~~~ii\i'V~~~~~~~~7'0~~~~7'\7'i'7\}iJil'i7'iJ 
V1L- >t::J.~~~/:J,,AJ:.J.~~~6/:J6CJ~.,,AJ.~~f:J:JC:a~~~~~..Al,~~~.&.J~~~~At:l.A.OC:il.~ 

V1H- ~~A.t:A?l:'?':'i~ir\A~A\-T"77'::'7":*~ 

V1L - ..l.l'-lC.loQt.l"1..Q~~:l.A.Q..Q./Jl-"J;,.....;.;.;.;.;..;.~ 

STATIC COLUMN MODE WRITE CYCLE (CS controlled early write) 

RA5 
V1H-

V1L-

V1H-
A 

V1L-

cs V1H-

V1L-

w V1H-

V1L-

V1H-
OE 

V1L-

V1H-
D01·DQ4 

V1L-

mDON'TCARE 

•1Mf JliiliP 
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KM44C4102A/ AL/ALL/ ASL CMOS DRAM 

TIMING DIAGRAMS (Continued) 

STATIC COLUMN MODE READ·MODIFY·WRITE CYCLE 

RAS V1H-

V1L-

A 
V1H-

COLUMN ADDRESS COLUMN ADDRESS 
V1L-

---1--~ ..... tAsc tcAH ---++--
i-----tsRwc-1----+----- tRAL--+----1 

cs \(1H- -------+------+.! 
lRWL-+--~ 1-----1-- lLWAD 

V1L-

w V1H-

V1L-

OE 
V1H-

V1L-

STATIC COLUMN MODE MIXED CYCLE 
V1H-

RAS 
V11-

V1H-
cs V1L-

V1H-
A V1L-

V1H-

w V1L-

~DON'T CARE 

tt:!Millht> 
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KM44C4102A/ AL/ ALL/ ASL 

TIMING DIAGRAMS (Continued) 

RAS-ONLY REFRESH CYCLE 

CMOS DRAM 

NOTE: W, OE= Don't Care r-----------IRC:--------~ 

RAS 

cs 

A 

cs 

D-01·D04 

V1H-----....1 

V1L-

IASR 

f--------IRAS----~--1 

V1H- V'f.,"1\j~~~~'\-J'f/V"~'l\J\Jri:J\!~~~~'1\/\J'm71~~~T'V~ r-----
V1L- ~~~~=='J'().~Q/Jl.~DJ::)J.~~~'i/JAO/::J.~M~~yjj} ------

tcsR 
f-----ICHR----+ 

Vu-i-

V1L-

5:'o" V110H-

V110L-
,__----------OPEN--------------------

~ DON'TCARE 

t1:f:l:fiihiiP 
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KM44C4102A/ AL/ALL/ ASL 

TIMING DIAGRAMS (Continued) 

HIDDEN REFRESH CYCLE (READ) 

CMOS DRAM 

t-------tRc------+------ tRc------~ 

-IRAs---~ 

A 

to FF 

toEz 

VALID DATA-OUT 

A 

•1Mfiiii11P 
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KM44C4102A/ AL/ ALL/ ASL CMOS DRAM 

TIMING DIAGRAMS (Continued) 

CS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 

'------------lRAS----------1 

RAS 
V1H-

V1L-

~-lRSH 

V1H- tcs- --- -
cs 

V1L-

READ CYCLE lRAL 

V1H-
COLUMN ADDRESS A 

V1L-

V1H-
w 

V1L-

6E 
V1H-

V1L-

D01·DQ4 
VoH-

VoL-

WRITE CYCLE 

A 

w 

OE 

V1H- ~~~~~~~~~~~n.Jc-~7::-:":":""""_, nrJ~rn7"17tri:7"1:7'0'!:~rl:?O't'~i\,ll;~~~ 

V1L- ~~~~~~~~~~~":£::/~___;~:.:::,;:~~ \A~~~~>D,1.~~~~~~~CJ.:t. 

V1H- '""""'"'~,.....,l'ft7WTJ""""1~""""''"""~"""""'-

V1L - ~~CiJC:;t,'ll.>J::J.':L::J.~~~~~~i.:.....JJ.---.::i~~~~.t::LJD£.~~':f;J.~~~~~ 

v1H- """"~t'7"'!7"r7'f'7"""''m'l~~"'7'{'~~~"""7"'7{"~~'""'1\Tt:J~~~~~rn7n""1"';mrm7'0'!:~~~ 

V1L- OA6/::J~'tl:i.l.'LY..~~~~~~~~~~~::w:::ic::~~~~~~'"~~~~OOOODi::i.~ 

V1H- ~-'"",,.;.,"'"'~""",...,""'"',.,,.."'"'""-~-..l..L.-------~~Jrl~m~'TV''1V'i/'i1~ 
A V1L - 6LJ.c:£.~')[jl~~~~(j/Jc:J..:.~K'..1 k_ __ _::.::..:::....:.:.:..:.:.::..::.:.:=:_-_.;tu~~~~CJ:.~~~ 

w V1H- A""'"'"'""" 
V1L- ~~~~~~~~~~CiiQQa'U 

V1H- ~!'r't7''"""'""-"""'"'"'7"17"'1~""",,.,,~~rmmoa 
OE 

V1L - /:£.'l:::i£.'£:i..){;)t.:l::.~C:/::J~{:j[,){;),[,~~~~~~~_J 

r&2QI DON'T CARE 
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KM44C4102A/ AL/ ALL/ ASL 

TIMING DIAGRAMS (Continued) 

TEST MODE IN CYCLE 
Note: OE, Address: Don't Care 

CMOS DRAM 

~---lRAS---____.j 

cs V1H -

v,L -

w 

lcp 

------

VoH - --------1 
VOL - l>----------OPEN------------

--------Jf 

TEST MODE DESCRIPTION 

The KM44C4102 is the RAM organized 4,194,304 
words by 4 bit, it is internally organized 1,048,576 words 
by 16 bits. In "Test Mode", data are written into 16 
sectors in parallel and retrieved the same way. 
Column address bit Ao, A,, are not used. If, upon read· 
ing, 16 bits are equal (all "1" or "O"s) the Q pin indi· 
cates a "1". 
If they were not equal, the a pin would indicate a "O". 

tJMfilhi* . - ELECTRONICS 

~DON'T CARE 

In "Test Mode'', the 16M DRAM can be tested as if it 
were a 1M x4 DRAM. W, CS-BEFORE-RAS Cycle (Test 
Mode in Cycle) puts the device into "Test Mode". And 
CS-BEFORE-RAS REFRESH CYCLE "or" RAS-only 
Refresh Cycle" puts it back into "Normal Mode". The 
"Test Mode" function reduces test time (114 in cases 
of N test pattern). 
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KM44C4102A/ AL/ ALL/ ASL 

PACKAGE DIMENSIONS 
24-LEAD PLASTIC SMALL OUT-LINE J-LEAD (300MIL) 

0 

[e 0.004(0.1) 

o.o50(1.27l I 

TYP I 

0.670 (17.02) 

0.680 (17.27) 

CMOS DRAM 

Units: Inches (millimeters) 

0.050(1 .27) 

MAX 

0.027 (0.69) 

MIN 

SS ""(') e. e. 
co "" 0 .... 
0 0 
d ci 

0.128 (3.25) 

0.145 (3.68) 

24-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE(ll) (300MIL, Forward and Reverse Type) 

0 0.003 (0.08) 

ttMfiihiiP 
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0.012 (0.30) 

0.020 (0.50) 

0 
" " LO CO 

t:. t:. 
CO N 
()) 0 
N (') 
ci ci 

0.005 (0.13) 

0.008 (0.20) 

~~u:%) ~ 
O.D16 (0.40) I I 
0.024 (0.60) 
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KM44C4102A/ AL/ ALL/ ASL 

PACKAGE DIMENSIONS 

24-LEAD PLASTIC SMALL OUT-LINE J-LEAD (400MIL) 

CMOS DRAM 

Units: Inches (millimeters) 

--~ 0.025(0.64) 

MIN 

[

: ~ ~£g 0 

~~o 00:::..0~·- '----'l~cri cri 0 ~ N 
g-g-5~ ci 
(Y) (Y) ~ ~ ~ 
0 o. ci ci 0 

0 ci 
- L ---r 

I . 0.725(18.421 I 0.1~':'" I 

§[OiO•co 11 I ~A PlAAARAMAiij 
TYP I 0.021 (0.53) -1 0.032(0.81) 

0.050(1.27) I 0.015(0.38) u I 0.026(0.~6) 

24-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE 
(400MIL, Forward and Reverse Type) 

0.723 (18.36) 

0.727 (18.46) 

iol 0.003(0.08) I b ~ 

O> ,.._ 
(") '<t 
0 0 
ci ci 

0.050(1.27) 
MAX 

0.005 (0.13) 

0.008 (0.20) 

----j 0.052 (1.32) 0.020 (0.50) . r- 0.037 (0.95) 
I 0.048 (1.22) 0.012 (0.30) I ~ u 

~ TYP 

O.Q16 (0.40) I I 
0.024 (0.60) 

·41:fafiihitP 
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KM44C4003A/ AL/ ALL/ ASL CMOS DRAM 

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

FEATURES 
• Performance range: 

tRAC tCAC tRC 

KM44C4003A/ AU ALU ASL-5 50ns 13ns 90ns 

KM44C4003A/ AU ALU ASL-6 60ns 15ns 110ns 

KM44C4003A/ AU ALU ASL-7 70ns 20ns 130ns 

KM44C4003A/AUALUASL-8 I sons 20ns 150ns 

• Fast Page Mode operation 
• Self Refresh Operation (LL-ver. only) 
• Four separate CAS pins provide for separate 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 
• Single+5.0V±10% power supply 
• 4096 cycles/64ms refresh (Normal) 
• 4096 cycles/128ms refresh (Low power & Self Ref.) 
• 4096 cycles/256ms refresh (Super Low power) 
• JEDEC standard pinout 
• Available in plastic SOJ and TSOP(ll) 

FUNCTIONAL BLOCK DIAGRAM 

RAS 

CAS1-CAS4 
Control 

Clocks 

GENERAL DESCRIPTION 
The Samsung KM44C4003A/AUALUASL is a high 
speed CMOS 4, 194,304 bit x 4 Dynamic Random 
Access Memory. Its design is optimized for high 
performance applications such as mainframes, mini 
computers, graphics and high performance portable 
computers. 

The KM44C4003A/AUALUASL features Fast Page 
Mode operation which allows high speed random 
access of memory cells within the same row. 

GAS-before-RAS refresh capability provides on-chip 
auto refresh as an alternative to RAS-only refresh. All 
inputs and outputs are fully TTL compatible ar'ld four 
separate GAS pins provide for separate 1/0 operation 
allowing this device to operate in parity mode. 

The KM44G4003A/AUALL/ASL is fabricated using 
Samsung's advanced CMOS process. 

Vss 
w Vss Generator 

t:G= v~ 

Data in 
Refresh Timer Row Decoder 

Buffer 

Refresh Control Q 
o1l D01 

· Memory Array 
Cf) 
Q. to 

Refresh Counter 4,194,304' 4 
E 
<i:: D04 

Cells 
Q) 
Cf) 

c 
Row Address Buffer 

Q) 

AO-A11 (j) 

Data out 

AO-A9 Col. Address Buffer Column Decoder 
Buffer OE 

t1:f:I: fjl iii;; 
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KM44C4003A/ AL/ ALL/ ASL ·CMOS DRAM 

PIN CONFIGURATION (Top Views) 

• KM44C4003 AJ/AW/ALW/ASW • KM44C4003 AT/ALT/ALLT/ASLT • KM44C4003 ATR/ALTR/ALLTR/ASLTR 

Vee 1 0 Vss Vee 1 0 28 Vss Vss 28 Vee 

001 003 001 27 003 003 27 0 001 

002 004 002 26 004 004 26 002 

w 4 CASI w 25 CASI CAS4 25 4 w 
FiAS 5 OE RAS 24 OE OE 24 5 RAS 

A11 Ag A11 23 Ag Ag 23 6 A11 
CAS1 CAS3 CAS1 22 CAS3 CASs 22 7 CAS1 
CAS2 N.e. CA82 8 21 N.e. N.e. 21 8 CAS2 

A10 As A10 20 As As 20 A10 

Ao 10 A1 Ao 10 19 A1 A1 19 10 Ao 
A1 11 As A1 11 18 As As 18 11 A1 

A2 12 As A2 12 17 As As 17 12 A2 

A3 13 0 16 A4 A3 13 16 A4 A4 16 13 A3 

Vee 14 Vss Vee 14 0 15 Vss Vss 15 0 14 Vee 

J: 400MIL T: 400MIL{Forwar'd) TR : 400MIL(Reverse) 

Pin Name Pin Function 

Ao-A11 Address Inputs 

001-4 Data In/Out 

Vss Ground 

RAS Row Address Strobe 

CAS1-CAS4 Column Address Strobe 

w Read/Write Input 

OE Data Output Enable 

Vee Power(+S.OV) 

N.C. No Connection 

tt:!:i:H'IW> 
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KM44C4003A/ AL/ ALL/ ASL CMOS DRAM 

ABSOLUTE MAXIMUM RATINGS 
Parameter Symbol Rating Units 

Voltage on Any Pin Relative to Vss VIN, 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 PD 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 (Voltage referenced to Vss, TA=O to 70°C) 

Parameter Symbol Min Typ Max Unit 

Supply Voltage Vee 4.5 5.0 5.5 v 
Ground Vss 0 0 0 v 
Input High Voltage V1H 2.4 - Vee+ 1 v 
Input Low Voltage VIL -1.0 - 0.8 v 

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

Parameter Symbol Min Max Units 

KM44C4003A/AUALUASI--5 90 mA 
Operating Current* KM44C4003A/AUALUASL-6 

lee1 
80 mA 

(RAS and CAS Cycling @tRe=min.) KM44C4003A/AUALUASL-7 
-

70 mA 
KM44C4003A/AUALUASL-8 60 mA 

KM44C4003A 2 mA 
Standby Current KM44C4003AL 

lcc2 
1 mA 

(RAS=CAS=W=VIH) KM44C4003ALL 1 mA 
KM44C4003ASL 1 mA 

KM44C4003A/AUALUASL-5 90 mA 
RAS-Only Refresh Current* KM44C4003A/AUALUASL-6 

ICC3 
80 mA 

(CAS=VIH, RAS Cycling @tRe=min.) KM44C4003A/AUALUASL-7 70 mA 
KM44C4003A/AUALUASL-8 60 mA 

KM44C4003A/AUALUASL-5 80 mA 
Fast Page Mode Current* KM44C4003A/AUALUASL-6 

ICC4 
70 mA 

(RAS=VIL, CAS, Address Cycling @tPe=min.) KM44C4003A/AUALUASL-7 60 mA 
KM44C4003A/AUALUASL-8 50 mA 

KM44C4003A 1 mA 
Standby Current KM44C4003AL 

Ices 
300 µA 

(RAS=CAS=W=Vcc-0.2V) KM44C4003ALL 200 µA 
KM44C4003ASL 200 µA 

KM44C4003A/AUALUASL-5 90 mA 
GAS-Before-RAS Refresh Current* KM44C4003A/AUALUASL-6 

Ices 
80 mA 

(RAS and CAS Cycling @tRC=min.) KM44C4003A/AUALUASL-7 70 mA 
KM44C4003A/AUALUASL-8 60 mA 

Battery Back Up Current Average Power Supply Current, 
Battery Back Up Mode, Input High Voltage(V1H)=Vcc-0.2V 

KM44C4003AL 450 µA 
Input Low Voltage(V1L)=0.2V CAS=CAS-Before-RAS 

KM44C4003ASL 
ICC? 

350 µA 
Cycling or0.2V DQ1-D04=Don't Care tRc=31.25µs(L-Ver.) 
62.5µ s(SL-Ver.), tRAS=tRAS ~ min-300ns 

ttMflihiiP 
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KM44C4003A/ AL/ ALL/ ASL CMOS DRAM 

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

Parameter Symbol Min Max Units 

Self Refresh Current 
RAS=CAS=0.2V 

KM44C4003ALL Ices 300 µA 
W=OE=Ao-A11=Vcc-0.2Vor 0.2V 

-

DQ1-D04=Vcc-0.2V, 0.2V or Open 

Input Leakage Current 
ll(L) -10 10 µA 

(Any input O.SV1N .sVcc+0.5V, all other pins not under test=O volts.) 

Output Leakage Current 
IO(L) -10 10 µA 

(Data out is disabled, OV.sVouT.SVcc) 

Output High Voltage Level (IOH=-5mA) VOH 2.4 - v 
Output Low Voltage Level (IOL=4.2~A) VOL - 0.4 v 

*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 and ICC3, Address can be changed maximum 
two times while RAS=VIL. In lcc4, Address can be changed maximum once within one fast page cycle . 

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

Parameter Symbol Min Max Unit 

Input Capacitance (Ao-A11) CIN1 - 5 pF 

Input Capacitance (RAS, CAS, W, OE) CIN2 - 7 pF 

Input Capacitance (DQ1-DQ4) Coo - 7 pF 

AC CHARACTERISTICS (0°C::;Ta:S?0°C, Vcc=5.0V±0.5V, See notes 1,2) 

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

Min Max Min Max Min Max Min Max 

Random read or write cycle time tRC 90 110 130 150 ns 

Read-modify-write cycle time tRWC 133 155 185 205 ns 

Access time from RAS tRAC 50 60 70 80 ns 3,4,11 

Access time from GAS tCAC 13 15 20 20 ns 3,4,5,19 

Access time from column address tAA 25 30 35 40 ns 3,11 

CAS to output in Low-Z tCL2 0 0 0 0 ns 3,19 

Output buffer turn-off delay tOFF 0 15 0 15 0 20 0 20 ns 7,19 

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 10,000 60 10,000 70 10,000 80 10,000 ns 

RAS hold time tRSH 13 15 20 20 ns 17 

CAS hold time tCSH 50 60 70 80 ns 18 

CAS pulse width tCAS 13 10,000 15 10,000 20 10,000 20 10,000 ns 24 

RAS to CAS delay time tRCD 20 37 20 45 20 50 20 60 ns 4,17 

RAS to column address delay time tRAD 15 25 15 30 15 35 15 40 ns 11 

CAS to RAS precharge time tCRP 5 5 5 5 ns 18 

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

•1Mfiiiii» 
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KM44C4003A/ AL/ ALL/ ASL CMOS DRAM 

AC CHARACTERISTICS (Continued) 

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

Min Max Min Max Min Max Min Max 

Row address hold time tRAH 10 10 10 10 ns 

Column address set-up time tAsc 0 0 0 0 ns 17 

Column address hold time tCAH 10 10 15 15 ns 17 

Column address hold time referenced to RAS tAR 40 50 55 60 ns 6 

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

Read command set-up time tRCS 0 0 0 0 ns 17 

Read command hold time referenced to CAS tRCH 0 0 0 0 ns 9,18 

Read command hold time referenced to RAS tRRH 0 0 0 0 ns 9 

Write command hold time twCH 10 10 15 15 ns 25 

Write command hold time referenced to RAS twCR 40 45 . 55 60 ns 6 

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 18 

Data set-up time tos 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 6 

Refresh period (Normal) tREF 64 64 64 64 ms 

Refresh period (Low power & Self Ref.) tREF 128 128 128 128 ms • Refresh period (Super Low power) tREF 256 256 256 256 ms 

Write command set-up time twcs 0 0 0 0 ns 8,17 

CAS to W delay time -tcwo 36 40 50 50 ns 8,17 

RAS to W delay time tRWD 73 85 100 110 ns 8 

Column address to W delay time tAWD 48 55 65 70 ns 8 

CAS set-up time (GAS-before-RAS refresh) tCSR 10 10 10 10 ns 17 

- CAS hold time (GAS-before-RAS refresh) tCHR 10 10 15 15 ns 18 

RAS to GAS precharge time tRPC 5 5 5 5 ns 

GAS precharge time (C-8-R counter test cycle) tCPT 20 20 30 30 ns 

Access time from GAS precharge tCPA 30 35 40 45 ns 3,19 

Fast Page mode cycle time tPC 35 40 45 50 ns 20 

Fast Page mode read-modify-write cycle time tPRWC 76 85 100 105 ns 20 

GAS precharge time (Fast Page mode) tcP 10 10 10 10 ns 21 

RAS pulse width(Fast Page mode) tRASP 50 200000 60 200000 70 200000 80 200000 ns 

RAS hold time from GAS precharge tRHCP 30 35 40 45 ns 

OE access time tOEA 13 15 20 20 ns 22 

OE to data delay tOED 13 15 20 20 ns 23 

Output 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 

•lMHiiii• 
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KM44C4003A/ AL/ ALL/ ASL CMOS DRAM 

AC CHARACTERISTICS (Continued) 

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

Min Max Min Max Min Max Min Max 

Write command set-up time (Test mode in) twrs 10 10 10 10 ns 

Write command hold time (Test mode in) twTH 10 10 10 10 ns 

W to RAS precharge time (C-8-R refresh) twRP 10 10 10 10 ns 

W to RAS hold time (C-8-R refresh) twRH 10 10 10 10 ns 

RAS pulse width (C-8-R self refresh) tRASS 100 100 100 100 µs 15 

RAS precharge time (C-8-R self refresh) tRPS 90 110 130 150 ns 15 

CAS hold time (C-8-R self refresh) tCHS -50 -50 -50 -50 ns 15 

Hold time CAS low to CAS high tCLCH 5 5 5 5 ns 16 

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 RAS tRAC 55 65 75 85 ns 3,4,11,13 

Access.time from CAS tCAC 18 20 25 25 ns 3,4,5,13 

Access time from column address tAA 30 .35 40 45 ns 3,11,13 

RAS pulse width tRAS 55 10,000 65 10,000 75 10,000 85 10,000 ns 

CAS pulse width tCAS 18 . 10,000 20 10,000 25 10,000 25. 10,000 ns 

RAS hold time tRSH 18 20 25 25 ns 

CAS hold time tcsH 55 65 75 85 ns 

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

CAS to W delay time tcwo 41 45 55 55 ns 8 

RAS to W delay time tRWD 78 90 105 115 ns 8 

Column address to W delay time tAWD 53 60 70 75 ns 8 

Fast Page mode cycle time tPC 40 45 50 55 ns 

Fast Page mode read-modify-write cycle time tPRWC 81 90 105 110 ns 

RAS pulse width (Fast Page Mode) tRASP 55 200,000 65 200,000 75 200,000 85 200,000 ns 

Access time from CAS precharge tCPA 35 40 45 50 ns 3 

OE access time tOEA 18 20 25 25 ns 

OE to data delay tOED 18 20 25 25 ns 

OE command hold time tOEH 18 20 25 25 ns 

t1Mfiiiii> 
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KM44C4003A/ AL/ ALL/ ASL 

NOTES 

1. An initial pause of 200µs is required after power-up 
followed by any 8 CSR 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 V1L(max) 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. tRco(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. tAR, twcR, tDHR are referenced to tRP.o(max). 
7. This parameter defines the time at which the 

output achieves the open circuit condition and is 
not referenced to VoH or VoL. 

8. twcs, tRWD, tcwo and tAWD are non restrictive 
operating parameters. They are included in the 
data sheet as electric characteristics only. If twcs;:::: 
twcs(min) the cycle is an early write cycle and the 
data output will remain high impedance for the 
duration of the cycle. If tcwoztcwo(min), tRwoz 
tRwo(min) and tAwo ztAwo(min), then the cycle is a 
read-write cycle and the data output will contain 
the data read from the selected address. If neither 
of the above conditions are satisfied, the condition 
of the data out is indeterminate. 

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

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

•t:f:l:H'hl• 
ELECTRONICS 

CMOS DRAM 

11. Operation within the tRAD(max) limit inst:Jres 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. 

12. These specifications are applied in the test mode. 
13. 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. 

14. 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. 

15. 4096 cycle of burst refresh must be executed 
within 16ms before and after self refresh, in order 
to meet refresh specification. 

16. In order to hold the address latched by the first 
CAS going low. the parameter tcLcH must be met. 

17. The first CASx edge to transition low. 
18. The last CASx edge to transition high. 
19. Output parameter is referenced to corresponding 

CASx input. 
20. Last rising CASx edge to next cycle's last rising 

CASx edge. 
21. Last rising CASx edge to first falling CAS edge. 
22. First DQx controlled by the first CASx to go low. 
23. Last DQx controlled by the last CASx to go high. 
24. Each CASx must meet minimum pulse width. 
25. Last CASx to go low. 
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KM44C4003A/ AU ALU ASL CMOS DRAM 

TIMING DIAGRAM 
READ CYCLE 

-----------IRC---------~ 

l--------~IMs--------

V1H -
~~~~-1 ~~,...-~~~1 

RAS 

CAS1 

CAS2 

CAS3 

CAS4 

A 

w 

V1L -

V1H -

V1L -

V1H -

V1L -

V1H -

V1L -

V1H -
V1L -

V1H -

V1L -

V1H -
V1L -

V1H -

V1L -

VoH -
001-004 . 

Vol -

tl"i'ifiiJUiP 
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KM44C4003A/ AL/ ALL/ ASL 

TIMING DIAGRAM (Continued) 

WRITE CYCLE (EARLY WRITE) 

CMOS DRAM 

-----------lRc.---------~ 

-------lRAS--------' 

V1H -
RAS 

V1L -

V1H -

CAS1 
V1L -

V1H -
CAS2 

V1L -

V1H -

CAS3 
V1L -

V1H -
CAS4 

V1L -

A 

V1H -

w 
V1L -

OE 
V1H -

V1L-

V1H -
D01~DQ4 

V1L -

~Don't Care 
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KM44C4003A/ AL/ ALL/ ASL CMOS DRAM 

TIMING DIAGRAM (Continued) 

WRITE CYCLE (OE CONTROLLED WRITE) 
----------IRc-----------i 

V1H -
~ 

V1L-

IRCD IRSH 

V1H -
CAS1 

VtL-

CAS2 
V1H-:-

VtL-

CAS3 
V1H-

V1L -

~ 
V1H-

V1L-

V1H-

A 
VtL-

VtH-
w 

V1L-

O'E 
V1H-

V1L-

tos 

V1H-
001-004 

V1L-

~ Don'tCare 
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KM44C4003A/ AL/ ALL/ ASL 

TIMING DIAGRAM (Continued) 

READ-MODIFY-WRITE CYCLE 

CMOS DRAM 

i--1------------IRc------------

i---------IRAS-------'----

V1H -
ITTi:S 

VtL -

V1H 
~ VtL -

CAS2 
V1H -

V1L -

V1H -
CAS3 

VtL -

CAS4 
V1H -

VtL -

A 

YtH -w 
V1L -

M V1H -

V1L -

~ Don'tCare 
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KM44C4003A/ AL/ ALL/ ASL CMOS DRAM 

TIMING DIAGRAM (Continued) 

FAST PAGE MODE READ CYCLE 

V1H - IAR IRHCP 
RAS 

V1L -

~ 
V1H -

V1L -

~ 
V1H -

V1L -

CAS3 
V1H -

V1L -

~ 
V1H -

V1L -

V1H -
A 

VtL -

V1H -

w 
V1L -

V1H -
~ 

V1L -

VoH -
D01 

Vol -

VoH -
D02 

Vol -

VoH -

DQ3 
Vol -

VoH -
DQ4 

Vol -

~Don't Care 
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KM44C4003A/ AL/ ALL/ ASL CMOS DRAM 

TIMING DIAGRAM (Continued) 

FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 

V1H -
RAS 

V1L -

V1H -

CAS1 
V1L -

CAS2 
V1H -

V1L -

V1H -
CAS3 

V1L -

V1H -
CAS4 

V1L -

V1H -
A 

V1L -

• w V1H -

V1L -

5E 
V1H -

V1L -

V1H -
D01 

V1L -

V1H -
D02 

V1L -

V1H -
DQ3 

V1L -

V1H -

DQ4 
V1L -

~Don't Care 
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KM44C4003A/ AL/ ALL/ ASL CMOS DRAM 

TIMING DIAGRAM (Continued) 

FAST PAGE MODE READ-MODIFY-WRITE CYCLE 

~ 
V1H -
V1L -

CAS2 
V1H -
V1L -

~ 
V1H -
V1L -

CAS4 
V1H -
V1L -

V1H -
A 

V1L -

w V1H -
V1L -

tRWD 

V1H -
~ V1L -

D01-D04 
V110H -

V110L -

DATA-OUT 

00 Don't Care 

ttMfilhi> 
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KM44C4003A/ AL/ ALL/ ASL 

TIMING DIAGRAMS (Continued) 

RAS ONLY REFRESH CYCLE 
NOTE: W, OE=Don't Care 

1---------IRAS-------1 

I I 

CMOS DRAM 

V1H - ~"\""A:lr--+-+---------------~~~r----

V1L -

VoH-
D01 -DQ4 -------------OPEN------------VoL-

CAS-BEFORE-RAS REFRESH CYCLE 
NOTE: W, OE, A= Don't Care 

RAS 
V1H -

V1L -

V1H -
CASX 

V1L -

V1H-w 
V1L-

VoH- 3 D01-DQ4 
Vol-

•1Mfiiiii» 
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KM44C4003A/ AL/ ALL/ ASL 

TIMING DIAGRAMS (Continued) 

HIDDEN REFRESH CYCLE (READ) 

V1H-
RAS 

V1L-

V1H -
CA8X 

V1L -

A 
V1H-

V1L-

V1H-

w 
V1L-

ct 
V1H-

V1L-

VoH -

D01-DQ4 
VoL -

HIDDEN REFRESH CYCLE (WRITE) 

V1H-

RAS 
V1L-

CASX 
V1H-

V1L-

V1H-
A 

V1L-

w V1H-

V1L-

V1H -
OE 

V1L -

D01-DQ4 
VoL-

V1L -

tlifafjlhl• 
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KM44C4003A/ AL/ ALL/ ASL CMOS DRAM 

TIMING DIAGRAMS (Continued) 

CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 

V1H - IRAS 
RAS 

V1L -

lcsR 
IRSH 

~ 
V1H -

V1L -

lcAS 

A V1H -

V1L -

READ CYCLE 

w V1H -

V1L -

OE 
V1H -

V1L -

VoH-
D01·DQ4 

VoL.-

WRITE CYCLE I 
w V1H -

V1L -

5E V1H -

V1L -

D01·DQ4 
V1H -

V1L -

w V1H -

V1L -

OE 
V1H -

V1L -

D0r004 V1toH -

V110L-

~DON'T CARE 
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KM44C4003A/ AL/ ALL/ ASL 

TIMING DIAGRAMS (Continued) 

TEST MODE IN CYCLE 
Note: OE, Address: Don't Care 

RAS 
V1H -
V1L -

IRPC 

lcp 

V1H -
GAS 

V1L -

w V1H -

-CMOS DRAM 

V1L - --~~-~~'-f'-------'ll-"-~~~-......... "-ll(,,,,l"-"-'"-"'--........... ~--¥-1111 ...... 

D01·DQ4 VoH - 1>----------0PEN--------
VoL - ______ , 

~ DON'TCARE 
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KM44C4003A/ AL/ ALL/ ASL 

PACKAGE DIMENSION 
28-LEAD PLASTIC SMALL OUT-LINE J-LEAD 

t: 

0 

iol 0.004(0 1) I 

0.026(0.66) 

0.032(0.81) 

0 
a; 
N 

ci 
L 
l() 
0 

""'" ci 

CMOS DRAM 

Units: Inches (millimeters) 

0.027(0.69) 

MIN 

;:::- c;;-

010 N l() 

N (") cri CJ) 

ci ci ";) ";) 
oo C\J co r--
0 ~ 

C') (") 

010 ci ci 
0 0 

0.140(3.56) 

0.148(3. 76) 

iO 0 
0 (") 

";) ";) 
(") 

""'" 
""'" ""'" 0 ci 

28-LEAD PLASTIC THIN SMALL OUT LINE PACKAGE (Forward and Reverse Type) 

0.740 (18.80) 

MAX 

c;; 
g g 
CXl N 
a> 0 
(") 

""'" 0 0 

0 

0.722 (18.36) I 0.037 (0.95) 

0.726 (18.46)_r= 0.041 (1.05) 

L-lo_.l_o.o_8M_A_x---"-'I b::=......ct:.1=-~ 
_o.o_37_(_o.9_5)_--l-il- I 0.048 (1.22) I 0.016 (0.4;r-

I 0.052 (1.32) I 0.020 (0.50) 
( 

! 

0.03 (0.80) 

<D 18" ~ r--

~ 
..: 

(") 

~ 
<D 

N ~ 
""'" 0 0 0 

'I 0.005 (0.13) ---ii-----
0.008 (0.20) 

~~ 
0.016 (0.40) I I 0.024 (0.60) 
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KM44C4103A/ AL/ ALL/ ASL CMOS DRAM 

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

FEATURES 
• Performance range: 

tRAC tCAC tRC 

KM44C4103A/ AU ALU ASL-5 50ns 13ns 90ns 

KM44C4103A/ AU ALU ASL-6 60ns 15ns 110ns 

KM44C4103A/AUALU ASL-7 70ns 20ns 130ns 

KM44C4103A/AUALUASL-8 80ns 20ns 150ns 

·• Fast Page Mode operation 
• Self Refresh Operation (LL-ver, only) 
• Four separate CAS pins provide for separate 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 
• Single+5.0V ± 10% power supply 
• 2048 cycles/32ms refresh (Normal) 

GENERAL DESCRIPTION 
The Samsung KM44C4103A/AUALUASL is a high 
speed CMOS 4, 194,304 bit x 4 Dynamic Random 
Access Memory. Its design is optimized for high 
performance applications such as mainframes, mini 
computers, graphics and high performance portable 
computers. 

The KM44C4103A/AUALUASL features Fast Page 
Mode operation which allows high speed random 
access of memory cells within the same row. 

CAS-before-RAS refresh capability provides on-chip 
auto refresh as an alternative to RAS-only refresh. All 
inputs and outputs are fully TTL compatible.and four 
separate CAS pins provide for separate 1/0 operation 
allowing this device to operate in parity mode. 

The KM44C4103A/AUALUASL is fabricated using 
Samsung's advanced CMOS process. 

• 2048 cycles/128ms refresh (Low power & Self Ref.) 
• 2048 cycles/256ms refresh (Super Low power) 
• JEDEC standard pinout 
• Available in plastic SOJ and TSOP(ll) 

FUNCTIONAL BLOCK DIAGRAM 

RAS 

CAS1-CAS4 Control 

~~: Clocks 

w VBB Generator 

Data in 
Refresh Timer Row Decoder Buffer 

Refresh Control Q 
oiS DQ1 

Memory Array rn to c. 
Refresh Counter 4, 194,304x4 E DQ4 < Cells Cl> rn c: 

Row Address Buffer Cl> en 
Data out 

Ao-A10 Buffer 
Ceil. Address Buffer Column Decoder OE 

t!Mfiiiii» 
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KM44C4103A/ AL/ ALL/ ASL CMOS DRAM 

PIN CONFIGURATION (Top Views) 

• KM44C4103 AJ/AW/ALW/ASW • KM44C4103 AT/ALT/ALLT/ASLT • KM44C4103 ATR/ALTR/ALLTR/ASLTR 

Vee 1 0 Vss 

001 003 

002 004 

w CAS4 

RAS 5E 
N.C. Ag 

CAS1 CAS3 

CAS2 N.C. 

A10 Aa 

Ao 10 A1 

A, 11 As 

A2 12 As 

AJ 13 0 A4 

Vee 14 Vss 

J: 400MIL 

$]jj:':fjlhi• 
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Vee 

001 

002 

w 
RAS 

N.C. 

CAS1 

CAS2 

A10 

Ao 

A, 

A2 

AJ 

Vee 

10 

5 

6 

10 

11 

12 

13 

14 0 

28 Vss 

27 003 

26 004 

25 CAS4 

24 OE 
23 Ag 

22 CAS3 

21 N.C. 

20 Aa 

19 A1 

18 As 

17 As 

16 A4 

15 Vss 

T: 400MIL(Forward) 

Pin Name Pin Function 

Ao-A10 Address Inputs 

D01-4 Data In/Out 

Vss Ground 

RAS Row Address Strobe 

CAS1-CA$4 Column Address Strobe 

w Read/Write Input 

OE Data Output Enable 

Vee Power(+5.0V) 

N.C. No Connection 

Vss 28 Vee 

003 27 0 001 

004 26 002 

CAS4 25 w 
OE RAS 

Ag 23 N.C 

CAS3 22 CAS1 

N.C; CAS2 

Aa A10 

A1 19 10 Ao 

As 18 11 A1 

As 17 12 A2 

A4 16 13 AJ 

Vss 15 0 14 Vee 

TR : 400MIL(Reverse) 
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KM44C4103A/ AL/ ALL/ ASL 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 tp 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 (Voltage referenced to Vss, TA=O to 70°C) 

Parameter Symbol Min Typ Max Unit 

Supply Voltage Vee 4.5 5.0 5.5 v 
Ground Vss 0 0 0 v 
Input High Voltage VIH 2.4 - Vee+ 1 v 
Input-Low Voltage VIL -1.0 - 0.8 v 

DC AND OPERATING CHARACTERISTICS (Recommendedoperatingconditionsun1essotherwisenoted) 

Parameter Symbol Min Max Units 

KM44C4103Af AUALUASL-5 110 mA 
Operating Current* KM44C4103Af AUALUASL-6 

lcc1 
100 mA 

(RAS and CAS Cycling @tRC=min.) KM44C4103Af AUALUASL-7 - 90 mA 
KM44C4103Af AUALUASL-8 80 mA 

KM44C4103A 2 mA 
Standby Current KM44C4103AL 

lcc2 
1 mA 

(RAS=CAS=W=VIH) KM44C4103ALL - 1 mA 
KM44C4103ASL 1 mA 

KM44C4103Af AUALUASL-5 110 mA 
RAS-Only Refresh Current* KM44C4103Af AUALUASL-6 

lcca 
100 mA 

(CAS=VIH, RAS Cycling @tRC=min.) KM44C4103A/AUALUASL-7 - 90 mA 
KM44C4103A/AUALUASL-8 80 mA 

KM44C4103A/AUALUASL-5 90 mA 
Fast Page Mode Current* KM44C4103Af AUALUASL-6 

ICC4 
80 mA 

(RAS=VIL, CAS, Address Cycling @tPC=min.) KM44C4103Af AUALUASL-7 - 70 mA 
KM44C4103A/AUALUASL-8 60 mA 

KM44C4103A 1 mA 
Standby Current KM44C4103AL 

lec5 
300 µA 

(RAS=CAS=W=Vcc-0.2V) KM44C4103ALL - 200 µA 
KM44C4103ASL 200 µA 

KM44C4103A/AUALUASL-5 110 mA 
CAS-Before-RAS Refresh Current* KM44C4103A/AUALUASL-6 

Ices 
100 mA 

(RAS and CAS Cycling @tRc=min.) KM44C4103Af AUALUASL-7 - 90 mA 
KM44C4103Af AUALUASL-8 80 mA 

Battery Back Up Current Average Power Supply Current, 
Battery Back Up Mode, Input High Voltage{V1H)=Vcc-0.2V 

KM44C4103AL 400 µA 
Input Low Voltage(V1L)=0.2V CAS=CAS-Before-RAS 

KM44C4103ASL 
ICC? - 300 µA 

Cycling or 0.2V DQ1-D04=Don't Care tRC=62.5µs(L-Ver.) 
125µs(SL-Ver.), tRAs=tRAs;:;; min-300ns 

tJMfiliiiiP 
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KM44C4103A/ AL/ ALL/ ASL CMOS DRAM 

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

Parameter Symbol Min Max Units 

Self Refresh Current 
RAS=CAS=0.2V KM44C4103ALL Ices 300 µA 
W=OE=Ao-A1o=Vcc-o.2v or 0.2V 

-

D01-D04=Vcc-0.2V, 0.2V or Open 

Input Leakage Current li(L) -10 10 µA 
(Any input OsV1N sVcc+0.5V, all other pins not under test=O volts.) 

Output Leakage Current IO(L) -10 10 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 

*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 and lcca, Address can be changed maximum 
two times while RAS=VIL In lcc4, Address can be changed maximum once within one fast page cycle. 

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

Parameter symbol Min Max Unit 

Input Capacitance (Ao-A10) CIN1 - 5 pF 

Input Capacitance (RAS, CAS, W, OE) CIN2 - 7 pF 

Input Capacitance (DQ1-DQ4) Coo - 7 pF 

AC CHARACTERISTICS (0°CsTas70°C, Vcc=5.0V±0.5V,_See notes 1,2) 

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

Min Max Min Max Min Max Min Max 

Random read or write cycle time tRC 90 110 130 150 ns 

Read-modify-write cycle time tRWC 133 155 185 205 ns 

Access time from RAS tRAC 50 60 70 80 ns 3,4,11 

Access time from CAS tCAC 13 15 20 20 ns 3,4,5, 19 

Access time from column address tAA 25 30 35 40 ns 3,11 

CAS to output in Low-Z tCLZ 0 0 0 0 ns 3,19 

Output buffer turn-off delay tOFF 0 15 0 15 0 20 0 20 ns 7,19 

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

RAS precharge time tRP 30 40 50 60 ns 

RAS pulse width tRAS 50 10,000 60 10,000 70 10,000 80 10,000 ns 

RAS hold time tRSH 13 15 20 20 ns 17 

CAS hold time tCSH 50 60 70 80 ns 18 

CAS pulse width tCAS 13 10,000 15 10,000 20 10,000 20 10,000 ns 24 

RAS to CAS delay time tRCD 20 37 20 45 20 50 20 60 ns 4,17 

RAS to column address delay time tRAD 15 25 15 30 15 35 15 40 ns 11 

CAS to RAS precharge time tCRP 5 5 5 5 ns 18 

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

ttMflli!i» 
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KM44C4103A/ AL/ ALL/ ASL CMOS DRAM 

AC CHARACTERISTICS (Continued) 

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

Min Max Min Max Min Max Min Max 

Row address hold time tRAH 10 10 10 10 ns 

Column address set-up time tAsc 0 0 0 0 ns 17 

Column address hold time tCAH 10 10 15 15 ns 17 

Column address hold time referenced to RAS tAR 40 50 55 60 ns 6 

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

Read command set-up time tRcs 0 0 0 0 ns 17 

Read command hold time referenced to CAS tRCH 0 . 0 0 0 ns 9,18 

Read command hold time referenced to RAS tRRH 0 0 0 0 ns 9 

Write command hold time twCH 10 10 15 15 ns 25 

Write command hold time referenced to RAS twCR 40 45 55 60 ns 6 

Write command pulse width twP 10 10 15 15 ns 

Write command to RAS lead time tRwt. 15 15 20 20 ns 

Write command to CAS lead time tCWL 13 15 20 20 ns 18 

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

Data hold time toH 10 10 15 15 ns 10 

Data hold time referenced to RAS tDHR 40 45 55 60 ns 6 

Refresh period (Normal) tREF 32 32 32 64 ms 

Refresh period (Low power & Self Ref.) tREF 128 128 128 128 ms 

Refresh period (Super Low power) tREF 256 . 256 256 256 ms 

Write command set-up time twcs 0 0 0 0 ns 8,17 

GAS to W delay time tcwo 36 40 50 50 ns 8,17 

RAS to W delay time tRwo 73 85 100 110 ns 8 

Column address to W delay time tAwo 48 55 65 70 ns 8 

CAS set-up time (CAS-before-RAS refresh) tCSR 10 10 10 10 ns 17 

CAS hold time (CAS-before-RAS refresh) tCHR 10 10 15 15 ns 18 

RAS to CAS precharge time tRPC 5 5 5 5 ns 

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

Access time from CAS precharge tCPA ~o 35 40 45 ns 3,19 

Fast Page mode cycle time tPC 35 40 45 50 ns 20 

Fast Page mode read-modify-write cycle time tl>RWC 76 85 100 105 ns 20 

CAS precharge time (Fast Page mode) tCP 10 10 10 10 ns 21 

RAS pulse width(Fast Page mode) tRAsP 50 200000 60 200000 70 200000 80 200000 ns 

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

OE access time tOEA 13 15 20 20 ns 22 

OE to data delay tOED 13 15 20 20 ns 23 

Output 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 

tliJ:"fJlihiP 
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KM44C4103A/ AL/ ALL/ ASL CMOS DRAM 

AC CHARACTERISTICS (Continued) 

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

Min Max Min Max Min Max Min Max 

Write command set-up time (Test mode in) twrs 10 10 10 10 ns 

Write command hold time (Test mode in) twrH 10 10 10 10 ns 

W to RAS precharge time (C-B-R refresh) twRP 10 10 10 10 ns 

W to RAS hold time (C-B-R refresh) twRH 10 10 10 10 ns 

RAS pulse width (C-B-R self refresh) tRASS 100 100 100 100 µs 15 

RAS precharge time (C-B-R self refresh) tRPS 90 110 130 150 ns 15 

CAS hold time (C-B-R self refresh) tCHS -50 -50 -50 -50 ns 15 

Hold time CAS low to CAS high tCLCH 5 5 5 5 ns 16 

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 RAS tRAC 55 65 75 85 ns 3,4,11,13 

Access time from CAS tCAC 18 20 25 25 ns 3,4,5,13 

Access time from column address tAA 30 35 40 45 ns 3,11,13 

RAS pulse width tRAS 55 10,000 65 10,000 75 10,000 85 10,000 ns • GAS pulse width tCAS 18 10,000 20 10,000 25 10,000 25 10,000 ns 

RAS hold time tRSH 18 20 25 25 ns 

CAS hold time tCSH 55 65 75 85 ns 

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

CAS to W delay time tcwo 41 45 55 55 ns 8 

RAS to W delay time tRWD 78 90 105 115 ns 8 

Column address to W delay time tAwo 53 60 70 75 ns 8 

Fast Page mode cycle time tPC 40 45 50 55 ns 

Fast Page mode read-modify-write cycle time tPRWC 81 90 105 110 ns 

RAS pulse width (Fast Page Mode) tRASP 55 200,000 65 200,000 75 200,000 85 200,000 ns 

Access time from CAS precharge tCPA 35 40 45 50 ns 3 

OE access time tOEA 18 20 25 25 ns 

OE to data delay tOED 18 20 25 25 ns 

OE command hold time tOEH 18 20 25 25 ns 

dfafiliii» 
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KM44C4103A/ AL/ ALL/ ASL 

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 me~sured between V1H(min) and V1L(max) are 
assumed to be 5ns for all inputs. 

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

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

5. Assumes that tRcoztRco (max). 
6. tAR, twcR, toHR are referenced to tRAo(max). 
7. This parameter defines the time at which the 

output achieves the open circuit condition and is 
not referenced to VoH or VoL. 

8. twcs, tRwo, tcwo and tAWD are non restrictive 
operating parameters. They are included in the 
data sheet as electric characteristics only. If twcs z 
twcs(min) the cycle is an early write cycle and the 
data output will remain high impedance for the 
duration of the cycle. If tcwoztcwo(min), tRwoz 
tRwo(min) and tAwoztAwo(min), then the cycle is a 
read-write cycle and the data output will contain 
the data read from the selected address. If .neither 
of the above conditions are satisfied, the condition 
of the data out is indeterminate. 

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

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

4J:Jt':fiihitP 
ELECTRONICS 

CMOS DRAM 

· 11. Operation within the tRAo(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. 

12. These specifications are applied in the test mode. 
13. 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. 

14. tOFF(max) and toez(max) define the time at which 
the output achieves the open circuit condition and 
are not ref~nced to output voltage level. 

15. 2048 cycle of burst refresh must be executed 
within 32ms before and after self refresh, in order 
to meet refresh specification. 

16. In order to hold the address latched by the first 
CASx going low. The parameter tCLCH must be met. 

17. The first eASX edge to transition low. 
18. The last CASx edge to transition high. 
19. Output parameter is referenced to corresponding 

eASx input. 
20. Last rising CASx edge to next cycle's last rising 

CASxedge. 
21. Last rising CASx edge to first falling CASx edge. 
22. First DQx controlled by the first CASx to go low. 
23. Last DQx controlled by the last CASx to go high. 
24, Each ~ must meet minimum pulse width. 
25. Last CASx to go low. 
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KM44C4103A/ AL/ ALL/ ASL CMOS DRAM 

TIMING DIAGRAM 
READ CYCLE 

V1H -

RAS 
V1L -

V1H -

CAS1 
V1L -

V1H -

CA&.! 
V1L -

V1H ...,.. 
CASJ 

V1L -

V1H -
CAS4 

V1L -

V1H -
A 

V1L -

V1H -

w 
V1L -

VoH -
001-004 

VoL -

dlt'iti'ih• 
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-----------tRc------------1 

--------t~s--------

IRCD IRSH 

~ Don'tCare 
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KM44C4103A/ AL/ ALL/ ASL 

TIMING DIAGRAM (Continued) 

WRITE CYCLE (EARLY WRITE) 

CMOS DRAM 

i-------------tRc-----------

--------lRAS--------<-1 

V1H -
RAS 

V1L -

V1H -

CAS1 
V1L-

V1H -
CAS2 

V1L-

V1H -

CAS3 
V1L -

V1H -

CAS4 
V1L -

A 

V1H -

w 
V1L -

OE 
V1H -

V1L-

V1H -
001-004 

V1L -

~Don't Care 
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KM44C4103A/ AL/ ALL/ ASL CMOS DRAM 

TIMING DIAGRAM (Continued) 

WRITE CYCLE (OE CONTROLLED WRITE) 

V1H -
~ 

V1L -

V1H -
GAS; 

V1L-

CAS2 
V1H -

V1L-

CAS3 
V1H-

V1L -

CAS4 
V1H-

V1L-

V1H - • A 
V1L-

V1H-
w 

V1L-

OE 
V1H-

V1L-

tos 

V1H-
D01-D04 

V1L-

~Don't Care 
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KM44C4103A/ AL/ ALL/ ASL 

TIMING DIAGRAM (Continued) 

READ-MODIFY-WRITE CYCLE 

CMOS DRAM 

1--,___------------,--tRc------------

RAS 

CAS:; 

~ 

CAS3 

CAS4 

A 

w 

OE" 

V1H -
V1L -

V1H 

V1L -

V1H -

V1L -

V1H -

V1L -

V1H -

V1L -

V1H -

V1L -

Y1H -
V1L -
V1H -

V1L -

tJ:!:i:HljWP 
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1---------IRAs--------

~ Don'ICare 
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KM44C4103A/ AL/ ALL/ ASL CMOS DRAM 

TIMING DIAGRAM (Continued) 

FAST PAGE MODE READ CYCLE 

V1H - IAR IRHCP 
RAS 

V1L -

V1H -
CAS1 

V1L -

V1H -
CAS2 

V1L -

V1H -
CAS3 

V1L -

V1H -
CAS4 

V1L -

V1H -
A 

VJL -

• V1H -

w 
V1L -

V1H -
OE 

V1L -

VoH -
001 

VOL -

VoH -
DQ2 

VOL -

VoH -

DQ3 
VoL -

VoH -
DQ4 

VoL -

~Don't Care 
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KM44C4103A/ AL/ ALL/ ASL CMOS DRAM 

TIMING DIAGRAM (Continued} 

FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 
t-------------IRASP------------1 

A 

w 

~Don't Care 
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KM44C4103A/ AL/ ALL/ ASL CMOS DRAM 

TIMING DIAGRAM (Continued) 

FAST PAGE MODE READ·MODIFY·WRITE CYCLE 

CAS1 
V1H -
V1L -

CAS2 
V1H -
V1L -

CAS3 
V1H -
V1L -

CAS4 
V1H -
V1L -

• V1H -
A 

V1L -

w V1H -
V1L -

tRWD 

V1H -
OE 

V1L -

D01-D04 
V110H -

V110L -

DATA-OUT DATA-IN DATA-OUT 

00 Don't Care 
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KM44C4103A/ AL/ ALL/ ASL 

TIMING DIAGRAMS (Continued) 

RAS ONLY REFRESH CYCLE 
NOTE: W, OE=Don't Care 

---------IRAS------

V1H -
CASX 

V1L -

V1H -
A 

V1L _ 

VoH-

CMOS DRAM 

001 -D04 -------------OPEN------------
VoL-

CAS-BEFORE-RAS REFRESH CYCLE 
NOTE: W, OE, A= Don't Care 

RAS 
V1H -

V1L -

V1H -
CASX 

VIL -

V1H -w 
V1L-

VoH- ~ D01-D04 
Vol 

d!:i:filiil" ELECTRONICS 

OPEN 

~ DON'TCARE 
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KM44C4103A/ AL/ ALL/ ASL 

TIMING DIAGRAMS (Continued) 

HIDDEN REFRESH CYCLE (READ) 

V1H -
RAS 

VrL -

V1H -
CASX 

VrL -

V1H-
A 

VrL-

VrH-
w 

VrL-

OE 
V1H-

VrL-

VoH -
oa, -DQ4 

VoL -

HIDDEN REFRESH CYCLE (WRITE) 

VrH-
RAS 

V1L-

CASX 
V1H-

V1L-

V1H-
A 

VrL-

w V1H-

VrL-

VrH -
OE 

V1L-

DQ1-D04 
VoL-

V1L -

•111nrw1• 
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CMOS DRAM 

• 

00 DON'T CARE 
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KM44C4103A/ AL/ ALL/ ASL CMOS DRAM 

TIMING DIAGRAMS (Continued) 

CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE. 

VrH - IRAS 
RAS 

VrL -
lcsR 

!ASH 

VrH - ICAS 
CASX 

VrL -

A VrH -

VrL -

READ CYCLE 

w VrH -

VrL -

OE 
VrH -

VrL -

VoH-
D01-D04 

VoL.-

WRITE CYCLE 

w VrH -

VrL -

OE VrH -

VrL -

DQ1-DQ4 
VrH -

V1L -

w VrH -

VrL -

OE 
VrH -

VrL -

D01·DQ4 VuoH -
V110L-

~DON'TCARE 

t1Mfillii1P 
ELECTRONICS 

730 



KM44C4103A/ AL/ ALL/ ASL 

TIMING DIAGRAMS (Continued) 

TEST MODE IN CYCLE 
Note: OE, Address: Don't Care 

RAS 
V1H -

V1L -
IRPC 

!cp 

\/1H -
GAS 

V1L -

w V1H - \7'\7\'?\7\7\7\7\7~\?\ 

CMOS DRAM 

1------tRAS-------l 

V1L -~~~~~~'+---____;;j~~~~~~~~~~~~~~~ 

VoH -
l>----------OPEN--------

VoL - -------J'i 

~ DON'TCARE 
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KM44C4103A/ AL/ ALL/ ASL 

PACKAGE DIMENSION 

28-LEAD PLASTIC SMALL OUT-LINE J-LEAD 

t: 

0 

[O[ 0.004(0.1) 1 

-·~1 0 026(0.66) 

0.032(0 81) 

0 
cry (£ 
0 N 

0 0 

lO lO 
Q) 0 
(") '<t 

0 0 

CMOS DRAM 

Units: Inches (millimeters) 

~ cry Li') 0 
010 N l() 0 (") 

N (") ai ai 
ci 0 lO lO lO lO ro 0J (() I'- (") '<t 
o.~ 

(") (") 
'<t '<t 

ci I ci 0 0 ci ci 

I 0.140(3.56) 
- -----i----0~148(3-76) 

28-LEAD PLASTIC THIN SMALL OUT LINE PACKAGE (Forward and Reverse Type) 

0.740 (18.80) 

MAX 

N 
ci ci 

o::> N 
O> 0 
(") '<t 
c:i c:i 

0 

0.722 ,, .. ", I 
0.726 (18.46)~ 

/~o~J_o_.0_0 M_A_x ~J~b~t:d~~ 
0.037_(0_.95_)_--+l--+I- I 0.048 (1.22) I 0.016 (0.4;r-

I 0.052 (1.32) I 0.020 (o.5o) 

tlli:WJllW> 
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ie' ~ ~ g - -
~ 

O> co 
l{) co 

'<t '<t '<t 

ci c:i c:i 

0.037 (0.95) 

0.041 (1.05) 

~ 1 ___ 0 __ 0_05_(0_. 1_3) 

0.008 (0.20) 

),____( ~] ~ 
0.016 (0.40) I · I 
0.024 (0.60) 
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KM44C4004A/ AL/ ALL/ ASL CMOS DRAM 

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

FEATURES 
• Performance range: 

tRAC tCAC tRc 

KM44C4004A/ AU ALU ASL-5 50ns 13ns 90ns 

KM44C4004A/AUALUASL-6 60ns 15ns 110ns 

KM44C4004A/AUALUASL-7 70ns 20ns 130ns 

KM44C4004A/AUALUASL-8 80ns 20ns 150ns 

• . Fast Page Mode with Extended data out 
• Self Refresh operation (LL-ver. only) 
' CAS-before-RAS refresh capability 
• RAS-only and Hidden Refresh capability 
• Fast parallel test mode Capability 
• TTL compatible inputs and outputs 
• Early write or output enable controlled write 
• Single+5.0V ± 10% power supply 
• 4096 cycles/64ms refresh (Normal) 

tHPC 

20ns 

24ns 

29ns 

34ns 

• 4096 cycles/128ms refresh (Low power & Self Ref.) 
• 4096 cycles/256ms refresh (Super Low power) 
• JEDEC standard pinout 
• Available in plastic SOJ and TSOP(ll) 

FUNCTIONAL BLOCK DIAGRAM 

RAS 
Control 

GAS 
Clocks 

GENERAL DESCRIPTION 
The Samsung KM44C4004A/AL/ALL/ASL is a high 
speed CMOS 4, 194,304 bit x 4 Dynamic Random 
Access Memory. Its design is optimized for high 
performance applications such as mainframes, mini 
computers, graphics and high performance portable 
computers. 

The KM44C4004A/AL/ALUASL features EDO Mode 
operation which allows high speed random access of 
memory cells within the same row. 

GAS-before-RAS refresh capability provides on-chip 
auto refresh as an alternative to RAS-only refresh. All 
inputs and outputs are fully TIL compatible. 

The KM44C4004A/AUALL/ASL is fabricated using 
Samsung's advanced CMOS process. 

Vss 
w Vss Generator 

~Vco 

Data in 
Refresh Timer Row Decoder 

Buffer 

Refresh Control 
Q 
o6 D01 
CJ) 

Memory Array Cl. to 
Refresh Counter 4, 194,304 x 4 

E 
<{ D04 

Cells 
(!) 
CJ) 
c 

AO-A11 Row Address Buffer (!) 
(f) 

Data out 

Col. Address Buffer Column Decoder 
Buffer OE 

AO-A9 

•1Mfi1Jii» 
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KM44C4004A/ AL/ ALL/ ASL CMOS DRAM 

PIN CONFIGURATION (Top views) 

• KM44C4004 AJ/ALJ/ ALLJ/ ASLJ • KM44C4004 AT/ALT/ALLT/ASLT • KM44C4004 ATR/ALTR/ALLTR/ASLTR 
AK/ALK/ ALLK/ ASLK AS/ ALS/ ALLS/ ASLS ASR/ ALSR/ALLSR/ASLSR 

Vee 1 0 Vss Vee 10 24 Vss Vss 24 Vee 

001 004 001 23 004 004 23 0 001 

002 3 003 002 22 003 003 22 002 

w 21 CAS w 21 CAS CAS 21 w 
RAS 20 OE RAS 20 OE OE 20 RAS 

A11 6 19 Ag A,, 19 Ag Ag 19 Aii 

A10 As A10 7 18 As As 18 A10 

Ao A7 Ao 8 17 A7 A7 17 8 Ao 

Ai A5 Ai 16 A5 A5 16 9 Ai 

A2 10 15 As A2 10 15 As As 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: 400MIL T: 400MIL(Forward) TR: 400MIL(Reverse) 
K: 300MIL S: 300MIL(Forward) SR : 300MIL(Reverse) 

Pin Name Pin Function 

Ao-A11 Address Inputs 

D01-4 Data In/Out 

Vss Ground 

RAS Row Address Strobe 

GAS Column Address Strobe 

w Read/Write Input 

OE Data Output Enable 

Vee Power(+S.OV) 

d!ti:Hliii" 
ELECTRONICS 
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KM44C4004A/ AL/ ALL/ ASL CMOS DRAM 

ABSOLUTE MAXIMUM RATINGS 
Parameter Symbol Rating Units 

Voltage on Any Pin Relative to Vss VIN, VOUT -1to+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 (Voltage referenced to Vss, TA=O to 70°C) 

Parameter Symbol Min Typ Max Unit 

Supply Voltage Vee 4.5 5.0 5.5 v· 
Ground Vss 0 0 0 v 
Input High Voltage VIH 2.4 - Vee+ 1 v 
Input Low Voltage VIL -1.0 - 0.8 v 

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

Parameter· Symbol Min Max Units 

KM44C4004A/ AU ALU ASL-5 90 mA 
Operating Current* KM44C4004A/ AU ALU ASL-6 

lec1 
80 mA 

(RAS and CAS Cycling @tRc=min.) KM44C4004A/AU ALU ASL-7 70 mA 
KM44C4004A/AU ALU ASL-8 60 mA 

KM44C4004A 2 mA 
Standby Current KM44C4004AL 

lcc2 
1 mA 

(RAS=CAS=W=VIH) KM44C4004ALL 
-

1 mA 
KM44C4004ASL 1 mA 

KM44C4004A/ AU ALU ASL-5 90 mA 
RAS-Only Refresh Current* KM44C4004A/ AU ALU ASL-6 

ICC3 
80 mA 

(CAS=VIH, RAS Cycling @tRe=min.) KM44C4004A/AU ALU ASL-7 70 mA 
KM44C4004A/ AU ALU ASL-8 60 mA 

KM44C4004A/ AU ALU ASL-5 100 mA 
Hyper Page Mode Current* KM44C4004A/ AU ALU ASL-6 

ICC4 
90 mA 

(RAS=VIL, CAS, Address Cycling @tPc=min.) KM44C4004A/ AU ALU ASL-7 
-

80 mA 
KM44C4004A/ AU ALU ASL-8 70 mA 

KM44C4004A 1 mA 
Standby Current KM44C4004AL 

Ices 
300 µA 

(RAS=CAS=W=Vcc-0.2V) KM44C4004ALL 
-

200 µA 
KM44C4004ASL 200 µA 

KM44C4004A/ AU ALU ASL-5 90 mA 
GAS-Before-RAS Refresh Current* KM44C4004A/ AU ALU ASL-6 

lce6 
80 mA 

(RAS and CAS Cycling @tRC=min.) KM44C4004A/ AU ALU ASL-7 
-

70 mA 
KM44C4004A/ AU ALU ASL-8 60 mA 

Battery Back Up Current Average Power Supply Current, 
Battery Back Up Mode, Input High Voltage(V1H)=Vcc-0.2V 

KM44C4004AL 450 µA 
Input Low Voltage(V1L)=0.2V CAS=CAS-Before-RAS 

KM44C4004ASL 
ICC? -

350 µA 
Cycling or 0.2V DQ1-D04=Don't Care tRc=31.25µs(L-Ver.) 
62.5µs(SL-Ver.), tRAS=tRAs:;:; min-300ns 

t1Mfiiiii> 
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KM44C4004A/ AL/ ALL/ ASL CMOS DRAM 

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

Parameter Symbol Min Max Units 

Self Refresh Current 
RAS=0S=0.2V 

KM44C4004ALL Ices 300 µA 
W=OE=Ao-A11=Vcc-o.2v or o.2v 

-

DQ1-D04=Vcc-0.2V, 0.2Vor Open 

Input Leakage Current h(L) -10 10 µA 
(Any input Os;V1N s;Vcc+0.5V, all other pins not under test=O volts.) 

Output Leakage Current 
IO(L) -10 10 µA 

(Data out is disabled, OVs;Vours;Vcc) 

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

Output Low Voltage Level (loL=4.2mA) VOL - 0.4 v 

*NOTE: lcc1, lcc3, 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 and lcc3, Address can be changed maximum 
two times while RAS=V1L. In lcc4, Address can be changed maximum once within one Hyper page cycle. 

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

Parameter Symbol Min 

Input Capacitance (Ao-A11) CIN1 -

Input Capacitance (RAS, GAS, W, OE) CIN2 -
Input Capacitance (DQ1-DQ4) Coo -

AC CHARACTERISTICS (0°Cs;Tas;?0°C, Vcc=5.0V±0.5V, See notes 1,2) 

Test condition: VihNil=2.4V/0.8V, VohN01=2.0V/0.8V, Output Loading CL=1 OOpF 

-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 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 output in Low-Z tell 3 3 3 

OE to output in Low-Z toll 3 3 2 

Output buffer turn-off delay from CAS tCEZ 3 13 3 15 3 20 

Transition time (rise and fall) tr 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 

CAS hold time tCSH 38 45 50 

CAS pulse width tCAS 8 10K 10 10K 15 10K 

RAS to CAS delay time tRCD 20 37 20 45 20 50 

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

tl"i'ifi@> 
ELECTRONICS 

Max Unit 

5 pF 

7 pF 

7 pF 

-8 
Units Notes 

Min Max 

150 ns 

205 ns 

80 ns 3,4,11 

20 ns 3,4,5 

40 ns 3,11 

3 ns 3 

3 ns 3. 

3 20 ns 7,15 

2 50 ns 2 

60 ns 

80 10K ns 

20 ns 

60 ns 16 

20 10K ns 4 

20 60 ns 11 

15 40 ns 
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KM44C4004A/ AL/ ALL/ ASL CMOS DRAM 

AC CHARACTERISTICS (Continued) 

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

Min Max Min Max Min Max Min Max 

CAS to RAS precharge time !CAP 5 5 5 5 ns 

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

Row address hold time !RAH 10 10 10 10 ns 

Column address set-up time !Ase 0 0 0 0 ns 

Column address hold time !CAH 8 10 15 15 ns 

Column address hold time referenced to RAS !AR 40 45 55 60 ns 6 

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

Read command set-up time !RCS 0 0 0 0 ns 

Read command hold time referenced to CAS IRCH 0 0 0 0 ns 9 

Read command hold time referenced to RAS !RAH 0 0 0 0 ns 9 

Write command hold time !WCH 10 10 15 15 ns 

Write command hold time referenced to RAS !WCR 40 45 55 60 ns 6 

Write command pulse width twP 10 10 15 15 ns 

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

Write command to CAS lead time tCWL 8 10 15 20 ns 

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

Data hold time !DH 10 10 15 15 ns 10 

Data hold time referenced to RAS IDHR 40 45 55 60 ns 6 • Refresh period (Normal) !REF 64 64 64 64 ms 

Refresh period (L-ver) !REF 128 128 128 128 ms 

Refresh period (SL-ver) !REF 256 256 256 256 ms 

Write command set-up time twcs 0 0 0 0 ns 8 

CAS to W delay time tcwo 36 40 50 50 ns 8 

RAS to W delay time IRWD 73 85 100 110 ns 8 

Column address to W delay time 'IAWD 48 55 65 70 ns 8 

CAS oprecharge to W delay time tCPWD 53 60 70 75 ns 8 

CAS set-up time (GAS-before-RAS refresh) tcsR 10 10 10 10 ns 

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

RAS to CAS precharge time tRPC 5 5 5 5 ns 

CAS precharge time (C-8-R counter test cycle) !CPT 20 20 30 30 ns 

Access time from CAS precharge !CPA 30 35 40 45 ns 3 

Hyper Page cycle time IHPC 20 24 29 34 ns 17 

Hyper Page read-modify-write cycle time IHPRWC 62 71 86 96 ns 17 

CAS precharge time (Hyper Page Cycle) !GP 10 10 10 10 ns 

RAS pulse width (Hyper Page Cycle) !RASP 50 200K 60 200K 70 200K 80 200K ns 

RAS hold time from CAS precharge IRHCP 30 35 40 45 ns 

OE access time IOEA 13 15 20 20 ns 

OE to data delay !OED 13 . 15 20 20 ns 

'tliJnfiliil> 
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KM44C4004A/ AL/ ALL/ ASL CMOS DRAM 

AC CHARACTERISTICS (Continued) 

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

Min Max Min Max Min Max Min Max 

Output buffer turn off delay time from OE tOEZ 3 13 3 . 15 3 20 3 20 ns 7 

OE command hold time tOEH 13 15 20 20 ns 

Write command set-up time (Test mode in) twrs 10 10 10 10 ns 12 

Write command hold time (Test mode in) twrH 10 10 10 10 ns 12 

W to RAS precharge time (C-B-R refresh) twRP 10 10 10 10 ns 

W to RAS hold time (C-B-R refresh) twRH 10 10 10 10 ns 

Output data hold time tDOH 5 5 5 5 ns 

Output buffer turn off delay from RAS tREZ 3 13 3 15 3 20 3 20 ns 7,16 

Output buffer turn off delay from W twEZ 3 13 3 15 3 20 3 20 ns 7 

W to data delay twED 15 15 20 20 ns 

OE to GAS hold time tOCH 5 5 5 5 ns 

GAS hold time to OE tCHO 5 5 5 5 ns 

OE precharge time tOEP 5 5 5 5 ns 

W pulse width (Hyper Page Cycle) twPE 5 5 5 5 ns 

RAS pulse width (LL··ver) tRASS 100 100 100 100 µs 15 

RAS precharge time (LL-ver) tRPS 90 110 130 150 ns 15 

GAS hold time (LL-ver) tCHS -50 -50 -50 -50 ns 15 

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 RAS tRAC 55 65 75 85 ns 3,4,11 

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

Access time from column address tAA ·30 35 40 45 ns 3,11 

RAS pulse width tRAS 55 10,000 65 10,000 75 10,000 85 10,000 ns 

CAS pulse width tcAS 13 10,000 15 10,000 20 10,000 25 10,000 ns 

RAS hold time tRSH 18 20 25 25 ns 

CAS hold time tCSH 43 20 55 65 ns 

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

CAS to W delay time tcwo 41 45 55 55 ns 8 

RAS to W delay time tRWD 78 90 105 I 115 ns 8 

Column address to W delay time tAWD 53 60 70 75 ns 8 

Hyper Page cycle time tHPC 25 29 34 39 ns 

Hyper Page read-modify-write cycle time tHPRWC 67 76 91 101 ns 

tliJ:'+h ii> 
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KM44C4004A/ AL/ ALL/ ASL 

TEST MODE CYCLE (Continued) 

Parameter Symbol 
Min 

RAS pulse width (Hyper Page Cycle) tRASP 55 

Access time from CAS precharge tCPA 

OE access time tOEA 

OE to data delay tOED 18 

OE command hold time tOEH 18 

TEST MODE DESCRIPTION 
The KM44C4004A/ AU ALU ASL is the CMOS DRAM 
organizied 4, 194,304 words by 4 bit internally 
organized 1,048,576 words by 16 bits. In "Test Mode", 
data are written into 16 sectors in parallel and retrieved 
the same way. Column address bit AO is not used. If 
upon reading, two bits on one 1/0 pin are equal (all "1" 
or "O"s)the 1/0 pin indicates a "1 ". If they were not 
equal, the 1/0 pin would indicate a "O". In "Test Mode". 
the 4Mx4 DRAM can be tested as if it were a 1 Mx4 

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) are 
assumed to be 5ns for all inputs, without tHPC and 
tHPRWC. 

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

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

5. Assumes that tRCD 2 tRco (max). 
6. tAR, twcR, tDHR are referenced to tRAD(max). 
7. This parameter defines the time at which the 

output achieves the open circuit condition and is 
not referenced to VoH or VOL. 

8. twcs, tRwo, tcwo and tAwo are non restrictive 
operating parameters. They are included in the 
data sheet as electric characteristics only. If twcs 2 
twcs(min) the cycle is an early write cycle and the 
data output will remain high impedance for the 
duration of the cycle. If tcwo2tcwo(min), tRWD2 
tRwo(min) and tAWD2tAwo(min), then the cycle is a 
read-write cycle and the data output will contain 
the data read from the selected address. If neither 
of the above conditions are satisfied, the condition 
of the data out is indeterminate. 

•1:1:': fiiiii» 
ELECTRONICS 

CMOS DRAM 

-5 -6 -7 -8 
Units Notes 

Max Min Max Min Max Min Max 

200,000 65 200,000 75 200,000 85 200,000 ns 

35 

18 

40 45 50 ns 3 

20 25 25 ns 

20 25 25 ns 

20 25 25 ns 

DRAM. W and CAS before RAS Cycle (WCBR, Test 
Mode In Cycle) puts the device into "Test Mode", and 
"CAS before RAS Refresh Cycle" or "RAS Only Refresh 
Cycle" puts it back into "Normal Mode". In the Test 
Mode, "W and CAS before RAS Refresh Cycle" 
peforms the refresh operation with internal CBR refresh 
address counter. The "Test Mode" function reduces 
test time(1/4 in cases of N test pattern) 

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

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

11. Operation within the tRAD(max) limit insures th.at 
tRAc(max) can be met. tRAo(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. 

12. These specifications are applied in the test mode. 
13. 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. 

14. tREZ(max),tcEz(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. 

15. 4096 cycle of burst refresh must be executed 
within 16ms before and after self refresh, in order 
to meet refresh specification. 

16. 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 high going 

17. tAsc ~ tcP (min), Assumn tT=2.0ns 

739 



KM44C4004A/ AL/ ALL/ ASL 

TIMING DIAGRAMS 
READ CYCLE 

RAS 
V1H -
v,i: -

CAS 
V1H -

V1L -

V1H -

A 
V1L -

V1H -

w 
VIL -

5E 
V1H -

VIL -

VoH- ------
Vol-

11mw1im• 
ELECTRONICS 

CMOS DRAM 

le RP 

lcLZ 

~DON'TCARE 
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KM44C4004A/ AL/ ALL/ ASL 

TIMING DIAGRAMS (Continued) 

WRITE CYCLE (EARLY CYCLE) 

RAS 
V1H -

V1L -

V1H -
CA'S 

V1L -

V1H -
A 

V1L -

w V1H -

V1L -

OE V1H -
VIL -

D01·DQ4 
V1H -

VIL -

WRITE CYCLE (OE CONTROLLED WRITE) 

V1H -
RAS 

V1L -

CAS 
V1H -
V1L -

V1H -
A 

V1L -

V1H -w 
V1L -

V1H -
OE 

V1L -

V1H -
D01·DQ4 

V1L -

•li'l'AilliiiP 
ELECTRONICS 

CMOS DRAM 

• 

~DON'T CARE 
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KM44C4004A/ AL/ ALL/ ASL 

TIMING DIAGRAMS (Continued) 

READ-MODIFY-WRITE CYCLE 

V1H 

RAS 
V1L 

V1H -

GAS 
V1L .-

V1H -

A 
V1L -

w V1H -

V1L -

or V1H -

V1L -

oa,-OQ4 V110H- ------------+-~l/\ 
V110L-

HYPER PAGE READ CYCLE 

GAS 

A 

w 

VIH -

VIL -

VIH -

VIL -

VIH -

VIL -

VIH -

VIL -

VIH -

VIL - ....ll-:i~'-,.ll.....ll...,l!l;....¥.~..,_..-_.,_., __ +-..J 

ttMfi'hl• 
· ELECTRONICS 

CMOS DRAM 

~Don'tCare 
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KM44C4004A/ AL/ ALL/ ASL CMOS DRAM 

TIMING DIAGRAMS (Continued) 

HYPER PAGE WRITE CYCLE (EARLY WRITE) 

HYPER PAGE READ-MODIFY-WRITE CYCLE 

A 

w V1H -

V1L - ~~~Pl'-' 

~DON'TCARE 

t1Mfiiiii» 
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KM44C4004A/ AL/ ALL/ ASL CMOS DRAM 

HYPER PAGE READ AND WRITE MIXED CYCLE 

tRASP 

V1H - READ(tCAC) READ(tCPA) WRITE READ(IAA) 

RAS 
VIL -

tHPC tHPC tHPC 
tCP tcP 

CAS 
V1H -

VIL -

A 
VIH -

VIL -

w V1H -

VIL -

OE 
V1H -

VIL -

DQ1-DQ4 
VVOL -

~ Don'tCare 

•1Mfl'iii" ELECTRONICS 
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KM44C4004A/ AL/ ALL/ ASL 

TIMING DIAGRAMS (Continued) 

HIDDEN REFRESH CYCLE (READ) 

A 

w V1H -

V1L - . ",, "" ,,, "'"" 

V1H - '""""''ll"""J(""""""''""1't""'ll("""ll'"'*""'"""""""""""""""""lt""'JI'"""~ 

CMOS DRAM 

V1L - ~~~~~~~..¥.-lo~x...¥.~~~--+-----.-.iif--K-T-.....~..¥-l ................................ ..,_,., ...... 

VoH-

VoL -

HIDDEN REFRESH CYCLE (WRITE) 

A 

w V1H -

V1L - ~~.t.::i,,l..~(,:::.t,,.~~~;.__-1--1---~~~'.t.:::,/ 

V1H -

Vil - ....... .......,.....__._......_.+-._._.._._...._..__,,._....,_. ........ .__...._......_.......,_._......._ ......... _._......._.._.. ......... ......_ .......... _.._......_......._. .. 

V1H -

----loHR-------1 ~DON'T CARE 

t1Mfiihit> 
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KM44C4004A/ AL/ ALL/ ASL CMOS DRAM 

TIMING DIAGRAMS (Con,tinued) 

RAS-ONLY REFRESH CYCLE 
Note: W, OE=Don't Care 

---------IRc----------

t--------IRAS------
V1H - ---i i------..1 

V1L -

A 

CAS-BEFORE-RAS REFRESH CYCLE 
Note: OE, Address=Don't Care 

V1L- ___ _ 

w· 
V1H - """"""~~""'"""'~"'""'".,....,. ___ .,..,~~~"""""~~~~~"'"""'~~""'"""~"""'" 

V1L - -.-....""""'-lo""""'-~__,, 

VoH-~~~""""""~~~ \n---------
VoL - --~.¥...111.~~"'-ll-llJ'I 

~DON'TCARE 

1111nn:m, 
ELECTRONICS 
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KM44C4004A/ AL/ ALL/ ASL CMOS DRAM 

TIMING DIAGRAMS (Continued) 

CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 

RAS 
V1H - IRAS 

V1L -

ASH 

V1H - le HR le AS 
CAS 

V1L -

A 
V1H-

V1L -

READ CYCLE 

tWEZ 

V1H

V1L - ~~"-¥-~~~~:..:...i.::~~~~.ll;..¥~ic...,.;..¥....ll~~...i.;....p.--+------~~~.1'..¥..¥...~~ 

VoH-
D01·DQ4 

VoL-

lcwL 

WRITE CYCLE 
IRwL 

w V1H-

V1L-

BE V1H -

V1L -

V1H-

D01·DQ4 
V1L -

w V1H -

V1L -

OE V1H -

V1L -
loH 

V110H-

DQ1 ·D~ 
V110L-

~DON'T CARE 

tl:!:i: Hliii;; 
ELECTRONICS 
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KM44C4004A/ AL/ ALL/ ASL 

TIMING DIAGRAMS (Continued) 

TEST MODE IN CYCLE 
Note: OE, Address: Don't Care 

RAS 
V1H -
V1L -

tRPC 

tcp 

GAS 
V1H '-

V1L -

w V1H -

CMOS·DRAM 

t------tRAS---

V1L - -~--~ ........ '-f'---___,~--~~-~ ........ "'-lll(,,,,,l~--.ll...""-~-~ 

VoH -

Vm- _____ _ 

~DON'T CARE 

t!Mfiliil» 
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KM44C4004A/ AL/ ALL/ ASL 

PACKAGE DIMENSIONS 
24-LEAD PLASTIC SMALL OUT-LINE J-LEAD (300MIL) 

§I o.004(0.1 i I 
0.050(1.27) 

TYP 
0.015(0.38) 

0.021(0.53) 

0 

CMOS DRAM 

Units: Inches (millimeters) 

0.050(1.27) 
MAX 

0.027 (0.69) 
MIN 

co 
N <') 

e. e. 
CXl N 
0 ~ 
00 
c::i ci 

0.128 (3.25) 

0.145 (3.68) 

24-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE TVPE(ll) (300MIL, Forward and Reverse Type) 

c 0.003 (0.08) 

41:i:l:fi@IP 
ELECTRONICS 

0.052 (1 .32) 

0.012 (0.30) 

0.020 (0.50) 

0 

O> ..... 
C') v 
0 0 
ci ci 

0.03(0.80) LTYP 
::JJ 

,~~ 

N' 
C\IC\I 
~ C') 

N ee ~a. 
v >- O> ..... 

Pl I- ~ ~ 
ci ci ci 

...... ~ 

~ 0.005 (0.13) 

0.008 (0.20) 

~~u:~) ~ 
O.Q16 (0.40) . I . I 
0.024 (0.60) 
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KM44C4004A/ AL/ ALL/ ASL 

PACKAGE DIMENSIONS 

24-LEAD PLASTIC SMALL OUT-LINE J-LEAD (400MIL) 

0 

§ 0.004(0.1) 

24-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE 
(400MIL, Forward and Reverse Type) 

0 

CMOS DRAM 

Units: Inches (millimeters) 

0.025(0.64) 

MIN 

--~o_.1_44~(3~ 
MAX 

0.050(1.27) 
MAX 

0.005(0.13) 

0.008 (0.20) 

0 0.003 (0.08) 

0.052 (1.32) 

0.012 (0.30) 

0.020 (0.50) ~~U:··1 ~ 
O.Q16 (0.40). I I 
0.024 (0.60) 

tt:!:l:filiii» 
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KM44C4104A/ AL/ ALL/ ASL CMOS DRAM 

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

FEATURES 
• Performance range: 

tRAC tCAC tRC 

KM44C4104A/AU ALUASL-5 50ns 13ns 90ns 

KM44C4104A/AU ALUASL-6 60ns 15ns 110ns 

KM44C4104A/AU ALUASL-7 70ns 20ns 130ns 

KM44C4104A/AUALUASL-8 80ns 20ns 150ns 

• Fast Page Mode with Extended data out 
• CAS-before-RAS refresh capability 
• RAS-only ~nd Hidden Refresh capability 
• Fast parallel test mode Capability 
• TTL compatible inputs and outputs 
• Early write or output enable controlled write 
• Single+5.0V ± 10% power supply 
• 2048 cycles/32ms refresh (Normal) 

tHPC 

20ns 

24ns 

29ns 

34ns 

GENERAL DESCRIPTION 
The Samsung KM44C4104A/AL/ALL/ASL is a high 
speed CMOS 4, 194,304 bit x 4 Dynamic Random 
Access Memory. Its design is optimized for high 
performance applications such as mainframes, mini 
computers, graphics and high performance portable 
computers. 

The KM44C4104A/AL/ALL/ASL features EDO Mode 
operation which allows high speed random access of 
memory cells within the same row. 

GAS-before-RAS refresh capability provides on-chip 
auto refresh as an alternative to RAS-only refresh. All 
inputs and outputs are fully TIL compatible. 

The KM44C4104A/ AL/ ALL/ ASL is fabricated using 
Samsung's advanced CMOS process. 

• 2048 cycles/128ms refresh (Low power & Self Ref.) 
• 2048 cycles/256ms refresh (Super Low power) 
• JEDEC standard pinout 
• Available in plastic SOJ and TSOP(ll) 

FUNCTIONAL BLOCK DIAGRAM 

RAS 

GAS --
Control 

~~: Clocks 

w VBB Generator 

Data in 
Refresh Timer Row Decoder Buffer 

Refresh Control Q 
c>l:l D01 

Memory Array en to c. 
Refresh Counter 4, 194,304x4 E D04 <! 

Cells Q) 
en 
c 

Row Address Buffer Q) 
(fJ 

Data out 
Ao-A10 Buffer OE Col. Address Buffer Column Decoder 

•1:1:1: Hliii" ELECTRONICS 
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KM44C4104A/ AL/ ALL/ ASL CMOS DRAM 

PIN CONFIGURATION (Top Views) 

• KM44C4104 AJ/AW/ALLJ/ASW 
AK/ALK/ALLK/ASLK 

Vee 10 24 Vss 

001 23 004 

002 3 22 003 

w 4 21 CAS 

RAS 20 (5£ 

N.e. 6 19 Ag 

A10 7 18 As 

Ao 8 17 A7 

Ai 16 Ae 

A2 10 15 As 

A3 11 0 14 A4 

Vee 12. .13 Vss 

J: 400MIL 
K: 300MIL 

tl1M filiii ~ 
ELECTRONICS 

• KM44C4104 AT/ALT/ALLT/ASLT • KM44C4104 ATR/ALTR/ALLTR/ASLTR 
AS/ALS/ALLS/ASLS ASR/ALSR/ALLSR/ASLSR 

Vee 10 24 Vss ·Vss 24 Vee 

001 23 004 004 23 0 001 

002 22 003 003 22 002 

w 21 CAS CAS 21 w 
FiAS 5 20 ~ ~ 20 RAS 
N.e. 6 19 Ag Ag 19 N.C. 

A10 7 18 As As 18 A10 

Ao 8 17 A7 A1 17 Ao 

Ai 16 Ae Ae 16 Ai 

A2 10 15 As As 15 10 A2 

A3 11 0 14 A4 A4 14 0 11 A3 

Vee 12 13 Vss Vss 13 12 Vee 

T: 400MIL(Forward) TR : 400MIL(Reverse) 
S: 300MIL(Forward) SR : 300MIL(Reverse) 

Pin Name Pin Function 

Ao-A10 Address Inputs 

DQ1-4 Data In/Out 

Vss Ground 

RAS Row Address Strobe 

CAS Column Address Strobe 

w Read/Write Input 

OE Data Output Enable 

Vee Power(+5.0V) 

N.C No Connection 
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KM44C4104A/ AL/ ALL/ ASL 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 (Voltage referenced to Vss, TA=O to 70°C) 

Parameter Symbol Min Typ Max Unit 

Supply Voltage Vee 4.5 5.0 5.5 v 
Ground Vss 0 0 0 v 
Input High Voltage VIH 2.4 - Vee+ 1 v 
Input Low Voltage VIL -1.0 - 0.8 v 

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

Parameter Symbol Min Max Units 

KM44C4104A/AUALUASL-5 110 mA 
Operating Current* KM44C4104A/AUALUASL-6 

lee1 
100 mA 

(RAS and CAS Cycling @tRC=min.) KM44C4104A/AUALUASL-7 90 mA 
KM44C4104A/AUALUASL-8 80 mA 

KM44C4104A 2 mA 
Standby Current KM44C4104AL 

lcc2 
1 mA 

(RAS=CAS=W=VIH) KM44C4104ALL 1 mA 
KM44C4104ASL 1 mA 

KM44C4104A/AUALUASL-5 110 mA 
RAS-Only Refresh Current* KM44C4104A/AUALUASL-6 

Ices 
100 mA 

(CAS=VIH, RAS Cycling @tRC=min.) KM44C4104A/AUALUASL-7 90 mA 
KM44C4104A/AUALUASL-8 80 mA 

KM44C4104A/AUALUASL-5 110 mA 
Hyper Page Mode Current* KM44C4104A/AUALUASL-6 

ICC4 
100 mA 

(RAS=VIL, CAS, Address Cycling @tPC=min.) KM44C4104A/AUALUASL-7 90 mA 
KM44C4104A/AUALUASL-8 80 mA 

KM44C4104A 1 mA 
Standby Current KM44C4104AL 

Ices 
300 µA 

(RAS=CAS=W=Vcc-0.2V) KM44C4104ALL 200 µA 
KM44C4104ASL 200 µA 

I KM44C4104A/AUALUASL-5 110 mA 
GAS-Before-RAS Refresh Current* KM44C4104A/AUALUASL-6 

Ices 
100 mA 

(RAS and CAS Cycling @tRc=min.) KM44C4104A/AUALUASL-7 90 mA 
KM44C4104A/AUALUASL-8 80 mA 

Battery Back Up Current Average Power Supply Current, 
Battery Back Up Mode, Input High Voltage(V1H)=Vcc-o.2v 

KM44C4104AL 400 µA 
Input Low Voltage(V1L)=0.2V CAS=CAS-Before-RAS ICC7 
Cycling or 0.2V DQ1-D04=Don't Care tRC=62.5µs(L-Ver.) 

KM44C4104ASL 300 µA 

125µs(SL-Ver.), tRAS=tRAs~min-300ns 

411Jnfi1Jii» 
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KM44C4104A/AL/ ALL/ ASL CMOS DRAM 

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

Parameter Symbol Min Max Units 

Self Refresh Current 
RAS=CAS=0.2V KM44C4104ALL Ices 300 µA 
W=OE=Ao-A10=Vcc-o.2v or 0.2V -
DQ1-D04=Vcc-0.2V, 0.2V or Open 

Input Leakage Current h(L) -10 . 10 µA 
(Any input o::;V1N ::;Vcc+0.5\t, all other pins not under test=O volts.) 

Output Leakage Current 
IO(L) -10 10 µA 

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

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

Output Low Voltage Level (IOL=4.2mA) VOL - 0.4 v 

*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 and lcc3, Address can be changed maximum 
two times while RAS=VIL. In lcc4, Address can be changed maximum once within one Hyper page cycle. 

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

Parameter Symbol Min 

Input Capacitance (Ao-A10) CIN1 -

Input Capacitance (RAS, CAS, W, OE) CIN2 -

Input Capacitance (DQ1 -DQ4) Coo -

AC CHARACTERISTICS (0°C::;Ta::;?0°C, Vcc=5.0V±0.5V, See notes 1,2) 

Test condition: VihNi1=2.4V/0.8V, VohN01=2.0V/0.8V, Output Loading CL=100pF 

-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 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 output in Low-Z tCLZ 3 3 3 

OE to output in Low-Z tOLZ 3 3 2 

Output buffer turn-off delay from CAS tCEZ 3 13 3 15 3 20 

Transition time (rise and fall) tr 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 

CAS hold time tCSH 38 45 50 

CAS pulse width tCAS 8 10K 10 10K 15 10K 

RAS to CAS delay time tRCD 20 37 20 45 20 50 

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

•tmWIUI• 
· ELECTRONICS 

Max Unit 

5 pF 

7 pF 

7 pF 

-8 
Units Notes 

Min Max 

150 ns 

205 ns 

80 ns 3,4,11 

20 ns 3,4,5 

40 ns 3,11 

3 ns 3 

3 ns 3 

3 20 ns 7,15 

2 50 ns 2 

60 ns 

80 10K ns 

20 ns 

60 ns 16 

20 10K ns 4 

20 60 ns 11 

15 40 ns 
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KM44C4104A/ AL/ ALL/ ASL CMOS DRAM 

AC CHARACTERISTICS (Continued) 

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

Min Max Min Max Min Max Min Max 

CAS to RAS precharge time tcRP 5 5 5 5 ns 

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

Row address hold time tRAH 10 10 10 10 ns 

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

Column address hold time tCAH 8 10 15 15 ns 

Column address hold time referenced to RAS tAR 40 45 55 60 ns 6 

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

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

Read command hold time referenced to CAS tRCH 0 0 0 0 ns 9 

Read command hold time referenced to RAS tRRH 0 0 0 0 ns 9 

Write command hold time twCH 10 10 15 15 ns 

Write command hold time referenced to RAS twCR 40 45 55 60 ns 6 

Write command pulse width twp 10 10 15 15 ns 

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

Write command to CAS lead time tCWL 8 10 15 20 ns 

Data set-up time tos 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 6 • Refresh period (Normal) tREF 32 32 32 32 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 8 

CAS to W delay time tcwo 36 40 50 50 ns 8 

RAS to W delay time tRWD 73 85 100 110 ns 8 

Column address to W delay time tAWD 48 55 65 70 ns 8 

CAS oprecharge to W delay time tCPWD 53 60 70 75 ns 8 

CAS set-up time (GAS-before-RAS refresh) tcsR 10 10 10 10 ns 

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

RAS to CAS precharge time tRPC 5 5 5 5 ns 

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

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

Hyper Page cycle time tHPC 20 24 29 34 ns 17 

Hyper Page read-modify-write cycle time tHPRWC 62 71 86 96 ns 17 

CAS precharge time (Hyper Page Cycle) tCP 10 10 10 10 ns 

RAS pulse width (Hyper Page Cycle) tRASP 50 200K 60 200K 70 200K 80 200K ns 

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

OE access time tOEA 13 15 20 20 ns 

OE to data delay tOED 13 15 20 20 ns 

•1Mf11M» 
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KM44C4104A/ AL/ ALL/ ASL CMOS DRAM 

AC CHARACTERISTICS (Continued) 

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

Min Max Min Max Min Max Min Max 

Output buffer turn off delay time from OE tOEZ 3 13 3 15 3 20 3 20 ns 7 

OE command hold time tOEH 13 15 20 20 ns 

Write command set-up time (Test mode in) twrs 10 10 10 10 ns 12 

Write command hold time (Test mode in) twrH 10 10 10 10 ns 12 

W to RAS precharge time (C-B-R refresh) lwRP 10 10 10 10 ns 

W to RAS hold time (C-B-R refresh) lwRH 10 10 10 10 ns 

Output data hold time !DOH 5 5 5 5 ns 

Output buffer turn off delay from RAS !REZ 3 13 3 15 3 20 3 20 ns 7,15 

Output buffer turn off delay from W lwEZ 3 13 3 15 3 20 3 20 ns 7 

W to data delay lwED 15 15 20 20 ns 

OE to CAS hold time !OCH 5 5 5 5 ns 

CAS hold time to OE !CHO 5 5 5 5 ns 

OE precharge time tOEP 5 5 5 5 ns 

W pulse width (Hyper Page Cycle) lwPE 5 5 5 5 ns 

RAS pulse width (LL-ver) tRASS 100 100 100 100 µs 16 

RAS precharge time (LL-ver) !RPS 90 110 130 150 ns 16 

GAS hold time (LL-ver) !CHS -50 -50 -50 -50 ns 16 

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 !RC 95 115 135 155 ns 

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

Access time from RAS !RAC 55 65 75 85 ns 3,4,11 

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

Access time from column address tAA 30 35 40 45 ns 3,11 

RAS pulse width IRAS 55 10,000 65 10,000 75 10,000 85 10,000 ns 

CAS pulse width tCAS 13 10,000 15 10,000 20 10,000 25 10,000 ns 

RAS hold time tRSH 18 20 25 25 ns 

CAS hold time tCSH 43 20 55 65 ns 

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

CAS to W delay time tcwo 41 45 55 55 ns 8 

RAS to W delay time tRWD 78 90 105 115 ns 8 

Column address to W delay time tAWD 53 60 70 75 ns 8 

Hyper Page cycle time tHPC 25 29 34 39 ns 

Hyper Page read-modify-write cycle time tHPRWC 67 76 91 101 ns 

tt""ifiiHitP 
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KM44C4104A/ AL/ ALL/ ASL 

TEST MODE CYCLE (Continued) 

Parameter Symbol 
Min 

RAS pulse width (Hyper Page Cycle) tRASP 55 

Access time from CAS precharge tCPA 

OE access time tOEA 

OE to data delay tOED 18 

OE command hold time tOEH 18 

TEST MODE DESCRIPTION 
The KM44C4104A/AUALUASL is the CMOS DRAM 
organizied 4, 194,304 words by 4 bit internally 
organized 1,048,576 words by 16 bits. In "Test Mode", 
data are written into 16 sectors in parallel and retrieved 
the same way. Column address bit AO is not used. If 
upon reading, two bits on one 1/0 pin are equal (all "1" 
or "O"s)the 1/0 pin indicates a "1 ". If they were not 
equal, the 1/0 pin would indicate a "O". In "Test Mode". 
the 4Mx4 DRAM can be tested as if it were a 1 Mx4 

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 V1L(max) are 
assumed to be 5ns for all inputs, without tHPC and 
tHPRWC. 

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

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

5. Assumes that tRcoztRCD (max). 
6. tAR, twci=I, toHR are referenced to tRAo(max). 
7. This parameter defines the time at which the 

output achieves the open circuit condition and is 
not referenced to VoH or VoL. 

8. twcs, tRWD, tcwo and tAwo are non restrictive 
operating parameters. They are included in the 
data sheet as electric characteristics only. If twcs z 
twcs(min) the cycle is an early write cycle and the 
data output will remain high impedance for the 
duration of the cycle. If tcwoztcwo(min), tRwoz 
tRwo(min) and tAwoztAwo(min), then the cycle is a 
read-write cycle and the data output will contain 
the data read from the selected address. If neither 
of the above conditions are satisfied, the condition 
of the data out is indeterminate. 

•llli'ifiiWtP 
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Max 

200,000 

35 

18 

CMOS DRAM 

-6 -7 -8 
Units Notes 

Min Max Min Max Min Max 

65 200,000 75 200,000 85 200,000 ns 

40 45 50 ns 3 

20 25 25 ns 

20 25 25 ns 

20 25 25 ns 

DRAM.Wand CAS before RAS Cycle (WCBR, Test 
Mode In Cycle) puts the device into "Test Mode", and 
"CAS before RAS Refresh Cycle" or "RAS Only Refresh 
Cycle" puts it back into "Normal Mode". In the Test 
Mode, "W and CAS before RAS Refresh Cycle" 
peforms the refresh operation with internal CBR refresh 
address counter. The "lest Mode" function reduces 
test time(1/4 in cases of N test pattern) 

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

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

11. Operation. within the tRAo(max) limit insures that 
tRAc(max) can be met. tRAo(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. 

12. These specifications are applied in the test mode. 
13. 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. 

14. tREz(max), tcEz(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. 

15. 2048 cycle of burst refresh must be executed 
within 16ms before and after self refresh, in order 
to meet refresh specification. 

16. 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 high going 

17. tAsc ~ tcP (min), Assumn tT=2.0ns 
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KM44C4104A/ AL/ ALL/ ASL 

TIMING DIAGRAMS 
READ CYCLE 

RAS 
V1H -
V1L -

CAS 
V1H -

V1L -

V1H -

A 
V1L -

V1H -

w 
V1L. -

BE 
V1H -

V1L -

tliJ:'1fl'iW> 
ELECTRONICS 

CMOS DRAM 

le RP 
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KM44C4104A/ AL/ ALL/ ASL 

TIMING DIAGRAMS (Continued) 

WRITE CYCLE (EARLY CYCLE) 

RAS 
V1H -

V1L -

V1H -
CA8 

V1L -

A 
V1H -

V1L -

w V1H -

V1L -

OE V1H -

VIL -

D01·DQ4 
V1H -

VIL -

WRITE CYCLE (OE CONTROLLED WRITE) 

V1H -
RAS 

V1L -

CAS 
V1H -
VIL -

V1H -
A 

V1L -

V1H -w 
V1L -

V1H -
OE 

V1L -

V1H -
D01·DQ4 

V1L -

•Jm':filjh$ 
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KM44C4104A/ AL/ ALL/ ASL 

TIMING DIAGRAMS (Continued) 

READ-MODIFY-WRITE CYCLE 

V1H -
A 

V1L -

V1H -w 
V1L -

OE V1H -

V1L :...... 

D01·DQ4 _VI/OH - -----------+--l\1 
V110L-

HYPER PAGE READ CYCLE 

CAS 

A 

w 

VIH -

VIL -

VIH -

VIL -

VIH -

VIL -

VIH -
VIL -

VIH -

VIL - ...1~"""""'~--_..-....... ...._ ............. __ ,._-1 

tJMHllh• 
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KM44C4104A/ AL/ ALL/ ASL CMOS DRAM 

TIMING DIAGRAMS (Continued) 

HYPER PAGE WRITE CYCLE (EARLY WRITE) 

A 

w 

HYPER PAGE READ-MODIFY-WRITE CYCLE • 

~DON'T CARE 

eUifiliW> 
ELECTRONICS 
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KM44C4104A/ AL/ ALL/ ASL 

HYPER PAGE READ AND WRITE MIXED CYCLE 

CAS 

A 

w 

OE 

DQ1-DQ4 

VtH -

VtL -

VtH -

VtL -

VtH -

VtL -

VtH -

VtL -

VtH -

VtL -

VvoL -

tt:!:i:fJihliP 
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KM44C4104A/ AL/ ALL/ ASL 

TIMING DIAGRAMS (Continued) 

HIDDEN REFRESH CYCLE (READ) 

~ 
V1H -
V1L -

GAS V1H -

V1L -

A 
V1H -
V1L -

V1H -w 
V1L -

OE 
V1H -

V1L -

VoH-

HIDDEN REFRESH CYCLE (WRITE) 

V1H -
RAS 

V1L -

V1H -
CAS 

V1L -

V1H -
A 

V1L -

w V1H -
V1L -

BE V1H -

VIL -

001-004 
V1H -

V1L -

ttMHllii• 
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KM44C4104A/ AL/ ALL/ ASL 

TIMING DIAGRAMS (Continued) 

RAS-ONLY REFRESH CYCLE 
Note: W, OE=Don't Care 

CMOS DRAM 

---------!Rc-----------t 

-------IRAS--------i 

A 

CAS-BEFORE-RAS REFRESH CYCLE 
Note: OE, Address=Don't Care 

V1H -

V1L-----

w 

VoH- ~~"'"""""""""~~l""!l.l 
DQ,-DQ4 \n---------

VoL - ....v....;~~--~~~ 

tl:!:WWI» 
ELECTRONICS 

-----
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KM44C4104A/ AL/ ALL/ ASL CMOS DRAM 

TIMING DIAGRAMS (Continued) 

CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 

RAS 
V1H - !RAS 
V1L -

ASH 

V1H - !cHR le AS 
CAS 

V1L -

IRAL 

A 
V1H-

V1L -

READ CYCLE 

V1H

V1L - ~~~~..ll,-l~~:...i.:...~~~~..lo:....l~il'--l'o~~~~-1----~~~..¥..lj:...i.:...~~ 

VoH-
DQ1-DQ4 

VoL-

WRITE CYCLE 

w V1H-

V1L -

OE V1H -

V1L -

V1H-
DQ,-DQ4 

V1L-

w V1H -

V1L -

V1H -

i---+-+----lcwL-----+-

i-----+--+----lRwL----------l 

V1L - ..1'...lo~"""'-ll"'-llol...1'...lo""-ll.."""-lo~"""-lo~"""-lo~-"-l'-"-......... --""""+f...._-+-' 
loH 

V110H-
DQ,-DQ4 V110L - -----------------!)\ 

VALID DATA-OUT VALID DATA-IN 

~DON'T CARE 

•1MH'iiil' ELECTRONICS 
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KM44C4104A/ AL/ ALL/ ASL 

TIMING DIAGRAMS (Continued) 

TEST MODE IN CYCLE 
Note: OE, Address: Don't Care 

RAS 
V1H -
VIL -

IRPC 

tcp 

V1H -
~ 

V1L -

w V1H -

CMOS DRAM 

V1L - ~~~~~~""+------'~~~~~~~~~~~~~~~ 

VoH - 1---------0PEN--------
VoL - -------" 

~DON'T CARE 

ttMfiliiitP 
ELECTRONICS 
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KM44C4104A/ AL/ ALL/ ASL 

PACKAGE DIMENSIONS 
24-LEAD PLASTIC SMALL OUT-LINE J-LEAD (300MIL) 

CMOS DRAM 

Units: Inches (millimeters) 

--i I 

0 050(1.27) 
MAX 

0.027 (0.69) 
MIN 

00 
C\I (") 

e.. e. 
co C\I 
0 ~ 
0 0 
0 c:i 

0.128 (3.25) 

0.145 (3.68) 

24-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE(ll) (300MIL, Forward and Reverse Type) 

0.03 (0.80) 

LTYP 

JJ 

R' R' 
LO <O 

t::. t::. 
co C\I 

gi g 
c:i c:i 

n~ 
C\IC\I 

C\I ~ (') 
C\I ee <:£.a. 
.... > "',.._ 
~ I-

LO <O 
(') (') 

c:i c:i c:i 

.... ~ 

0.671 (17.04) 

0.679 (17.24) 

iol 0.003 (0.08) I b g 
I o.048 (1.22i 0.012 (0.30) I ~ u ----i 0.052 (1.32) 0.020 (0.50) r- 0.037 (0.95) 

TYP 

~ 0.005 (0.13) 

0.008 (0.20) 

~ 
O.Q16 (0.40) I I 
0.024 (0.60) 

•tMfJlhl" ELECTRONICS 
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KM44C4104A/ AL/ ALL/ ASL 

PA.CKAGE DIMENSIONS 

24-LEAD PLASTIC SMALL OUT-LINE ·J-LEAD (400MIL) 

0 

§ 0.004(0.1) 

0.021 (0.53) 0.032(0.81) 

24-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE 
(400MIL, Forward and Reverse Type) 

0 
~ C\I 

~~ 
CXl C\I 
CJ) 0 
C') v 
c:i c:i 

~S 
~ C'! 
:s :s 
CJ) ..... 
C') v 
0 0 
c:i c:i 

CMOS DRAM 

Units: Inches (millimeters) 

-___ J 0.025(0.64) 

0.050(1.27) 

MAX 

~ 

I MIN 

CE' <D CD ..... 
~ ~ c:i 

:s g: 
~ I- CJ) ..... 

LI) CD v v v c:i c:i c:i 

0.005(0.13) 

0.008 (0.20) 

0 0.003 (0.08) 

0.012 (0.30) 

0.020 (0.50) ~ _f0,~~95) ~ 
0.016 (0.40) I I 
0.024 (0.60) 

t1Mfilii" ELECTRONICS 
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KM41V16000A/ AL/ ALL/ ASL CMOS DRAM 

16M x 1 Bit CMOS Dyna.mic RAM with Fast Page Mode 

FEATURES 
• Performance range: 

tRAC tCAC 

KM41V16000A/ AU ALU ASL-6 60ns 15ns 

KM41V16000A/ AU ALU ASL-7 70ns 20ns 

KM41V16000A/ AU ALU ASL-8 80ns 20ns 

• Fast Page Mode operation 
• CAS-before-RAS refresh capability 
• RAS-only and Hidden Refresh capability 
• Fast parallel test mode Capability 
• TTL compatible inputs and outputs 
• Common 1/0 using Early Write 
• Single+3.3V±0.3V power supply 
• 4096 cycles/64ms refresh(Normal) 

tRC 

110ns 

130ns 

150ns 

GENERAL DESCRIPTION 
The Samsung KM41V16000A/AUALUASL is a high 
speed CMOS 16, 777 ,216 bit x 1 Dynamic Random 
Access Memory. Its design is optimized for high 
performance applications such as mainframes, mini 
computers, graphics and high performance portable 
computers. · 

The KM41V16000A/AUALUASL features Fast Page 
Mode operation which allows high speed random 
access of memory cells within the same row. 

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

• 4096 cycles/128ms refresh(Low power & Self Ref.} 

The KM41V16000A/AUALUASL is fabricated using 
Samsung's advanced CMOS process. 

• 4096 cycles/256ms refresh(Super Low power) 
• JEDEC standard pinout 
• Available in plastic SOJ and TSOP(ll) packages 

FUNCTIONAL BLOCK DIAGRAM 

RAS 

CAS 
Control r:ff Voo Clocks 

w Vss Generator 
Vss 

Data in 
Refresh Timer Row Decoder 

Buffer D 

Refresh Control 
Q 
o6 

Memory Array 
If) 

a. 
Refresh Counter 16,777,216x1 

E 
<l'. 

Cells 
QJ 
If) 
c 

Row Address Buffer QJ 
(/) Q 

Data out 
AO-A11 Buffer 

Col. Address Buffer Column Decoder 

dli'¥1ihi" 
. ELECTRONICS 
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KM41V16000A/ Al.J ALL/ ASL CMOS DRAM 

PIN CONFIGURATION (Top Views) 

• KM41V16000AJ/AW/ALW/ASW • KM41V16000AT/ALT/ALLT/ASLT • KM41V16000ATR/ALTR/ALLTR/ASLTR 
/AK/ALK/ALLK/ASLK /AS/ALS/ALLS/ASLS /ASR/ALSR/ALLSR/ASLSR 

Voo 1 O 

D 

N.C 

.w 
RAS 

0 

J: 400MIL 
K: 300MIL 

24 Vss 

23 Q 

22 N.C 

21 CAS 
20 N.C 

19 Ag 

18 As 

17 A1 

16 As 

15 As 

14 A4 

13 Vss 

tJ:!:i: fJii ii;; 
ELECTRONICS 

Voo 10 24 

23 

22 

21 

20 

19 

D 
N.C 

w 
RAS 

A,, 

18 

17 

16 

A2 10 15 

A3 11 Q 14 

Voo 12 13 

T: 400MIL(Forward) 
S: 300MIL(Forward) 

Vss 

Q 

N.C 

CAS 
N.C 

Ag 

Pin Name Pin Function 

Ao-A11 Address Inputs 

D Data In 

Q ·Data Out 

RAS Row Address Strobe 

CAS Column Address Strobe 

w Read/Write Input 

Vee Power(+3.3V) 

Voo Ground 

N.C. No connection 

Vss 
Q 

N.C 

CAS 
N.C 

Ag 

24 

23 0 
22 

21 

20 

19 

18 

17 

16 

8 

9 

15 10 

14 0 11 

13 12 

TR : 400MIL(Reverse) 
SR : 300MIL(Reverse) 

Voo 

D 

N.C 

w 
RAS 
A,, 
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KM41V16000A/ AL/ ALL/ ASL CMOS DRAM 

ABSOLUTE MAXIMUM RATINGS I 

·Parameter Symbol Rating Units 

Voltage on Any Pin Relative to Vss VIN, VOUT -0.5 - 4.6 v 
Voltage on Voo Supply Relative to Vss Voo -0.5 - 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 (Voltage referenced to Vss, TA=O to 70°C) 

Parameter Symbol Min Typ Max Unit 

Supply Voltage Voo 3.0 3.3 3.6 v 
Ground Vss 0 0 0 v 

-

Input High Voltage VIH 2.0 - Voo+ 0.3 v 
Input Low Voltage VIL -0.3 - 0.8 v 

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

Parameter Symbol Min Max Units 

Operating Current* 
KM41V16000A/ AU ALU ASL-6 80 mA 
KM41V16000A/ AU ALU ASL-7 lcc1 70 mA 

(RAS and CAS Cycling @tRC=min.) 
KM41V16000A/ AUALUASL-8 60 mA 

KM41V16000A 2 mA 
Standby Current KM41V16000AL 

lcc2 
1 mA 

(RAS=CAS=W=VIH ) KM41V16000ALL 1 mA 
KM41V16000ASL 1 mA 

RAS-Only Refresh Current* 
KM41V16000A/ AU ALU ASL-6 80 mA 
KM41V16000A/ AU ALU ASL-7 ICC3 70 mA 

(CAS=VIH, RAS Cycling @tRc=min.) 
KM41V16000A/AUALUASL-8 60 mA 

Fast Page Mode Current* 
KM41V16000A/ AU ALUASL-6 70 mA 
KM41V16000A/ AU ALU ASL· 7 ICC4 60 mA 

(RAS=VIL, CAS, Address Cycling @tPC=min.) 
KM41V16000A/ AU ALUASL-8 50 mA 

KM41V16000A 1 mA 
Standby Current KM41V16000AL 

Ices 
300 µA 

(RAS=CAS=W=Voo-0.2V) KM41V16000ALL 200 µA 
KM41V16000ASL 200 µA 

GAS-Before-RAS Refresh Current* 
KM41V16000A/ AU ALUASL-6 80 mA 

(RAS and CAS Cycling @tRc=min.) 
KM41V16000A/AUALUASL-7 Ices 70 mA 
KM41V16000A/ AUALUASL-8 60 mA 

Battery Back Up Current Average Power Supply Current, 
Battery Back Up Mode, Input High Voltage (V1H)=Voo-0.2V 

KM41V16000AL 450 µA 
Input Low Voltage (V1L)=0.2V CAS=CAS-Before-RAS Cycling 

KM41 V1 6000ASL 
ICC? 

350 µA 
or 0.2V DIN=Don't Care TRC=31.25µS(L-Ver.) 
62.5µS(SL-Ver.), TRAS= TRAS min.-300ns 

Self Refresh Current 
RAS=CAS=0.2V 

KM41V16000ALL Ices 250 µA 
W= Ao-A11=Voo-o.2v or 0.2V 
D, 0=Voo-0.2V, 0.2V or Open 

tJMfiiiii» 
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KM41V16000A/ AL/ ALL/ ASL CMOS DRAM 

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

Parameter Symbol Min Max Units 

Input Leakage Current 
ll(l) -10 10 µA 

(Any input 0 s VIN s Voo+0.3V, all other pins not under test=O volts.). 

Output Leakage Current 
IO(L) -10 10 µA 

(Data out is disabled, OVsVoursVoo) 

Output High Voltage Level (IOH=-2mA) VoH 2.4 - v 
Output Low Voltage Level (IOL=2mA) VOL - 0.4 v 

*NOTE: lcc1, lcc3, ICC4 and ICC6 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 and ICC3, Address can be changed maximum 
two times while RAS=VIL. In ICC4, Address can be changed maximum once within one fast page cycle. 

CAPACITANCE (TA=25°C, Voo=3.3V, f=1MHz) 

Parameter Symbol Min 

Input Capacitance (D) CIN1 -
Input Capacitance (Ao-A11) CIN2 -

Input Capacitance (RAS, CAS, W) CIN3 -

Input Capacitance (Q) Cour -

AC CHARACTERISTICS (0°CsTAs70°C, Voo=3.3V±0.3V, See notes 1,2) 
Test Condition : Viti/Vil=2.0V/0.8V, VohN01=2.0V/0.8V, Output Loading CL=1 OOpF 

-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 RAS tRAC 60 70 

Access time from CAS tCAC 15 20 

Access time from column address tAA 30 35 

CAS to output in Low-Z tCL2 0 0 

Output buffer turn-off delay tOFF 0 15 0 20 

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

RAS precharge time tRP 40 50 

RAS pulse width tRAS 60 10,000 70 10,000 

RAS hold time tRSH 15 20 

CAS hold time tCSH 60 70 

CAS pulse width tCAS 15 10,000 20 10,000 

RAS to CAS delay time tRCD 20 45 20 50 

RAS to column address delay time tRAD 15 30 15 35 

CAS to RAS precharge time tCRP 5 5 

ttMfiliiliP 
ELECTRONICS 

Max Unit 

7 pF 

5 pF 

7 pF 

7 pF 

-8 
Units Notes 

Min Max 

150 ns 

205 ns 

80 ns 3,4,11 

20 ns 3,4,5 

40 ns 3,11 

0 ns 3 

0 20 ns 7 

3 50 ns 2 

60 ns 

80 10,000 ns 

20 ns 

80 ns 

20 10,000 ns 

20 60 ns 4 

15 ·40 ns 11 

5 ns 
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KM41V16000A/ AL/ ALL/ ASL CMOS DRAM 

AC CHARACTERISTICS (Continued) 

-6 -7 -8 
Parameter Symbol Units Notes 

Min Max Min Max Min Max 

Row address set-up time tASR 0 0 0 ns 

Row address hold time tRAH 10 10 10 ns 

Column address set~up time tAsc 0 0 0 ns 

Column address hold time tCAH 10 15 15 ns 

Column address hold time referenced to RAS tAR 45 55 60 ns 6 

Column address to RAS lead time tRAL 30 35 40 ns 

Read command set-up time tRCS 0 0 0 ns 

Read command hold time referenced to GAS tRCH 0 0 0 ns 9 

Read command hold time referenced to RAS tRRH 0 0 0 ns 9 

Write command hold time twcH 10 15 15 ns 

Write command hold time referenced to RAS twcR 45 55 60 ns 6 

Write command pulse width twP 10 15 15 ns 

Write command to RAS lead time tRWL 15 20 20 ns 

Write command to GAS lead time tCWL 15 20. 20 ns 

Data set-up time tos 0 0 0 ns 10 

Data hold time tDH 10 15 15 ns 10 

Data hold time referenced to RAS tDHR 45 55 60 ns 6 

Refresh period (Normal) tREF 64 64 64 ms 

Refresh period (Low power & self Ref.) tREF 128 128 128 ms 

Refresh period (Super Low power) tREF 256 256 256 ms • Write command set-up time twcs 0 0 0 ns 8 
GAS to W delay time tcwo 15 20 20 ns 8 
RAS to W delay time tRWD 60 70 80 ns 8 

Column address to W delay time tAWD 30 35 40 ns 8 

GAS set-up time (GAS-before-RAS refresh) tCSR 10 10 10 ns 

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

RAS to GAS precharge time tRPC 5 5 5 ns 

GAS precharge time (C-8-R counter test cycle) tCPT 20 30 30 ns 

Access time from GAS 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 60 70 75 ns 

GAS precharge time (Fast Page mode) tCP 10 10 10 ns 

RAS pulse width (Fast Page mode) tRASP 60 200,000 70 200,000 80 200,000 ns 

RAS hold time from GAS precharge tRHCP 35 40 45 ns 

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

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

W to RAS precharge time (C-8-R refresh) tWRP 10 10 10 ns 

W to RAS hold time (C-8-R refresh) tWRH 10 10 10 ns 

RAS pulse width (C-8-R refresh) tRASS 100 100 100 µs 15 

RAS precharge time (C-8-R refresh) tRPS 110 130 150 ns 15 

GAS hold time (C-8-R refresh) tCHS -50 -50 -50 ns 15 

ttMfiliii» 
ELECTRONICS 
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KM41V16000A/ AL/ ALL/ ASL 

TEST MODE CYCLE 

Parameter Symbol 

Random read or write cycle time tRC 

Read-modify-write cycle time tRWC 

Access time from RAS tRAC 

Access time ·from CAS tCAC 

Access time from column address tAA 

RAS pulse width tRAS 

CAS pulse width tCAS 

RAS hold time tRSH 

CAS hold time tCSH 

Column address to RAS lead time tRAL 

CAS to W delay time tcwo 

RAS to VJ delay time tRWD 

Column address to W delay time tAwo 

Fast Page mode cycle time tPC 

Fast Page mode read-modify-write cycle time tPRWC 

RAS pulse width (Fast Page Mode) tRASP 

Access time from CAS precharge tCPA 

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) are 
assumed to be 5ns for all inputs. 

3. Measured with a load equivalent to 1 OOpF and 
Voh=2.0V(IOUT=2mA), Vol=0.8V(lour=2mA) 

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

5. Assumes that tRCD2tRCD (max). 
6. tAR, twcR. tDHR are referenced to tRAD(max). 
7. This parameter defines the time at which the 

output achieves the open circuit condition and is 
not referenced to VoH or VoL. 

8. twcs, tRwD, tcwo and tAwD are non restrictive 
operating parameters. They are included in the 
data sheet as electric characteristics only. If twcs 2 
twcs(min) the cycle is an early write cycle and the 
data output will remain high impedance for the 
duration of the cycle. If tcwo2tcwo(min), tRwo2 
tRwo(min) and tAWD2tAwD(min), then the cycle is a 

t11JMJIUI» 
ELECTRONICS 

Min 

115 

160 

65 

20 

20 

65 

35 

20 

65 

35 

45 

65 

65 

CMOS DRAM 

(Note.12) 

-6 -7 -8 
Units Notes 

Max Min Max Min Max 

135 155 ns 

190 210 ns 

65 75 85 ns 3,4, 11 

20 25 25 ns 3,4,5 

35 40 45 ns 3,11 

10,000 75 10,000 85 10,000 ns 

10,000 25 10,000 25 10,000 !1S 

25 25 ns 

75 85 ns 

40 45 ns 

25 25 ns 8 

75 85 ns 8 

40 45 ns 8 

50 55 ns 

75 80 ns 

200,000 75 200,000 85 200,000 ns 

40 45 50 ns 3 

read-write cycle and the data output will contain 
the data read from the selected address. If neither 
of the above conditions are satisfied, the condition 
of the data out is indeterminate. 

9. Either tRcH or tRRH must be satisfied for a read 
cycle. 

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

11. Operation within the tRAD(max) ·limit insures that 
tRAc(max) can be met. tRAo(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. 

12. These specifications are applied in the test mode. 
13. 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. 

14. 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. 

15. 4096 cycle of burst refresh must be executed 
within 16ms before and after self refresh, in order 
to meet refresh specification. 
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KM41V16000A/ AL/ ALL/ ASL 

TIMING DIAGRAMS 
READ CYCLE 

A 

w 

VoH -
Q OPEN----•'' 

VOL -
lcLZ 

WRITE CYCLE (EARLY WRITE) 

A 

D 

t-----toHR ___ _ 

d!ti:Hllh" ELECTRONICS 

CMOS DRAM 

VALID DATA-OUT 

• 

~DON'T CARE 

775 



KM41V16000A/ AL/ ALL/ ASL 

TIMING DIAGRAMS (Continued) 

READ-WRITE/READ-MODIFY-WRITE CYCLE 

A 

w V1H -

Vil - ""'-lo'-...lol...,;"-¥.~~ 

CMOS DRAM 

D 
V1H - ~~7'7tt~~"7'\'7\j~~~7'7'\7"\'7'7'1~ 1--;...._-i /'V'\'7'\,~j'\J~~7'\J""~7'\7 

Vil - ........................ ""-f'-"'-......... ~~ ........ ~~-"'-"'-"~~ 

Q VoH -

Vol -

FAST PAGE MODE READ CYCLE 

A 

w 

a 

----------IRAsp--------------i 

1-----IAR __ _ 

V1H - ~M--+-+----..... 

Vil -

V1H - ....,.....,.......,...""""""""""""""" ........ ~--+-----+ttoo...--+--~6'--+--Mr--i ...... -+----~ ............... -

V1l -.......,._~'-"'--~~ 

VoH -

Vol -
~-~-----'--+<~ 

lcLZ 

~DON'T CARE 

tJ:f:l:fiihi» 
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KM41V16000A/ AL/ ALL/ ASL CMOS DRAM 

TIMING DIAGRAMS (Continued) 

FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 
-----------tRAsp-----------

RAS 
V1H - tAR 

V1L -

V1"1 -
CA5 

V1L -

V1H -
A 

V1L -

w V1H 

V1L 

D 
V1H -

V1L --.-.... ....... ...llof-0 ....... .-

FAST PAGE MODE READ-WRITE CYCLE • 
A 

V1H 

V1L 

w V1H 

V1L 

D 
V1H 

V1L 

VoH-
a 

Vol -

tl:!:i:filUllP 
ELEmONICS 

777 



KM41V16000A/ AL/ ALL/ ASL 

TIMING DIAGRAMS (Continued) 

RAS·ONL Y REFRESH CYCLE 
Note: W = Don't care 

>------------IRc----

RAS 
"f-------IRAS------ I 

A 

CAS-BEFORE·RAS REFRESH CYCLE 
NOTE: W=V1H, A=Don't Care 

CMOS DRAM 

i-----------IRc-·---------------4 

>------------IRAS-------'• 

>------ ICHA----< 

Q 
V110H -

V110L - 11----------OPEN-------------

CAS-BEFORE-RAS SELF REFRESH CYCLE (LL-version) 
NOTE: W, A=Don't Care 

RA'S VtH- ------IRASS ___ ____. 

V1L-

CAS 
V1H-

V1L-

D,Q 
VoH -

Vol -

tMnfi@» 
ELECTRONICS 
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KM41V16000A/ AL/ ALL/ ASL CMOS DRAM 

TIMING DIA~RAMS (Continued) 

HIDDEN REFRESH CYCLE (READ) 
t--------!Rc--------i----

t-----IRAs-------t 

t----- !AR ------t 

le RP 

A 

V1H -

V1L - .......... ___,........_....__ 

Q 
VoH-

~~~~~~~~~--+~~~ 

VoL -

HIDDEN REFRESH CYCLE (WRITE) 

---tRAS------t ---tRAS ___ _ 

RAS VrH - ----~ ~--~ -~~-

VrL -
tRCo tRSH 

CAS VrH -
VrL -

VrH -
A 

VrL - .~~~·~:.:.;.:==-* 

VrH - "' '"" ""' '"'J''"" '", 
VrL - ..... .-..iii..&..11&..-.....,....-...r;..w..11-....,......i...,_ __ ......,.-

VrH -
D 

VrL - ~~~~~'1.:11...~l,/ l"'-----i -----------------

Q 

-----tDHR----VOH - --------------OPEN-------------
VOL -

~DON'T CARE 

•tiJ:WIW• 
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KM41V16000A/ AL/ ALL/ ASL CMOS DRAM 

TIMING DIAGRAMS (Continued) 

CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 

V1H -
RAS 

Vil -

V1H -
CAS 

Vil -

A 
V1H -

Vil - ......... '"""-~...+~~~~"-¥.~~~..;;/.J 1~---""" 

READ CYCLE 

V1H -
w Vil -

a VoH -

Vol -

WRITE CYCLE lcwl 

V1H - lwcH 
w 

v,l -

twp 

VoH -
a 

Vol-:-
OPEN 

los 
loH 

V1H -
D 

Vil -

V1H -w 
Vil -

VoH-
a ~~~~~~~~-

Vol -

V1H - ""'""""""'_..,"'""'""""""' ........ ~....,....,.....,..._..,_.,....,....,.,...,....,....,.,...,....,.....,....,.........,._,,.. __ 

D 
Vil - ........ -"'-¥..¥.~""-K-~~~-"'-~~~~~~l..:il4.~~~~~ !'--__.,---" 

VALID DATA-IN 

~DON'T CARE 

tt:!:i:fl@IP 
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KM41V16000A/ AL/ ALL/ ASL 

TIMING DIAGRAMS (Continued) 

TEST MODE IN CYCLE 
Note: D, Address: Don't Care 

lcp 

VrH -

VrL - ____ __, 

w 

Q 

Vm .:... --------11 

TEST MODE DESCRIPTION 

The KM41V16000A/ ALJ ALLJ ASL is the RAM organized 
16,777,216 words by 1 bit, it is internally organized 1, 
048,576 words by 16 bits. In "Test Mode", data are 
written into 16 sectors in parallel and retrieved the same 
way. Column address bit Ao, A1, A10 and A11 are not 
used. If, upon reading, 16 bits are equal {all "1 "s or "O"s) 
the a pin indicates a • 1 •. 
If they were not equal, the a pin would indicate a •o•. In 

t1Mfi@IP 
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~DON'T CARE 

"Test Mode", the 16M DRAM can be tested as if it were 
a 1Mx1 DRAM. W, CAS-BEFORE-RAS Cycle (Test 
Mode in Cycle) puts the device into 'Test Mode". And 
"CAS-BEFORE-RAS REFRESH CYCLE" or "RAS-only 
Refresh Cycle" puts it back into "Normal Mode". The 
"Test Mode" function reduces test time (1/16 in cases of 
N test pattern). 
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KM41V16000A/ AL/ ALL/ ASL 

PACKAGE DIMENSIONS 

24-LEAD PLASTIC SMALL OUT-LINE J-LEAD (300MIL) 

0 

0.670 (17.02) 

0.680 (17.27) 

§: 0.004(0.1) 

CMOS DRAM 

Units: Inches (millimeters) 

(j) Ln"' .., .... 
t::.. t:.. 
"'"' gi ~ 
ci ci 

0.050(1.27) 

MAX 

0.027 (0.69) 
MIN 

66 
C\I"' 

8. 8. 
00 C\I 
0 ~ 
00 
ci ci 

0.128 (3.25) 

0.145 (3.68) 

24-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE(ll) (300MIL, Forward and Reverse Type) 

0.671 (17.04) 

0.679 (17.24) 
O> ,.... 
C') '<I' 
0 0 
c:i c:i 

ioJ 0.003 (0.00) I b ~ 
I o.048 (1.22) 0.012 (0.30) I ~ u 

--j 0.052 (1.32) 0.020 (0.50) r- 0.037 (0.95) . 

TYP 

tl"t'ifi@tP 
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C\i" C\I 
~ C') 

e~ 
O> .... 

~ ~ 
c:i c:i 

' 0.005 (0.13) 

0.008 (0.20) 

~ 
O.Q16 (0.40) . I I 
0.024 (0.60) 
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KM41V16000A/ AL/ ALL/ ASL 

PACKAGE DIMENSIONS 

24-LEAD PLASTIC SMALL OUT-LINE J-LEAD (400MIL) 

§ 0.004(0.1) 

0.021 (0.53) 0.032(0.81) 

24-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE 
(400MIL, Forward and Reverse Type) 

0.723 (18.36) 

0.727 (18.46) 

iol 0.003 (0.00) I b ~ 

a> ~ 
(') '<t 
0 0 
0 0 

CMOS DRAM-

Units: Inches (millimeters) 

0.050(1.27) 

MAX 

0.025(0.64) 

MIN 

1----,-
0. 144(3.66) I 

MAX 

0.005 (0.13) 

0.008 (0.20) 

I o.o4a (1.22)· 0.012 (0.30) I ~ u 
---j 0.052 (1.32) 0.020 (0.50) r--- 0.037 (0.95) ~ TYP 

0.016 (0.40) . I I 
0.024 (0.60) 

tl"nfWI• 
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KM44V4000A/ AL/ ALL/ ASL CMOS DRAM 

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

FEATURES 
• Performance range: 

tRAC tCAC tRc 

KM44V4000A/ AU ALU ASL-6 60ns 15ns 110ns 

KM44V4000A/AVALUASL-7 70ns 20ns 130ns 

KM44V4000A/AUALUASL-8 80ns 20ns 150ns 

• Fast. Page Mode operation 
• CM-before-RAS refresh capability 
• RAS-only· and Hidden Refresh capability 
• Fast parallel test mode Capability 
• TTL compatible inputs and outputs 
• Early Write or output enabJe controlled write 
• Single+3.3V±0.3V power supply 
• 4096 cycles/64ms refresh (Normal DRAM) 
• 4096 cycles/128ms refresh (Low power & Self Ref.) 
• 4096 cycles/256ms refresh (Super Low power) 
• JEDEC standard pinout 
• Available in plastic SOJ and TSOP(ll) 

FUNCTIONAL BLOCK DIAGRAM 

RAS 

GAS 
Control 

Clocks 

GENERAL DESCRIPTION 
The Samsung KM44V4000A/AUALUASL is a high 
speed CMOS 4, 194,304 bit x 4 Dynamic Random 
Access Memory. Its design is optimized for high 
performance applications such as mainframes, mini 
computers, graphics and high performance portable 
computers. 

The KM44V4000A/AUALUASL features Fast Page 
Mode operation which allows high speed random 
access of memory cells within the same row. 

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

The KM44V4000A/AL/ALL/ASL is fabricated using 
Samsung's advanced CMOS process. 

Vss 
w Vas Generator 

t:G= Voo 

Data in 
Refresh Timer Row Decoder 

Buffer 

Refresh Control Q 
cC:S D01 

Memory Array 
CJ) 

a. to 
Refresh Counter 4,194,304><4 

E 
<( D04 

Cells 
Cl> 
CJ) 
c: 

Row Address Buffer Cl> 

AO-A11 (/) 

Data out 

AO-A9 Col. Address Buffer Column Decoder 
Buffer OE 

tl1Jntiihi• 
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KM44V4000A/ AL/ ALL/ ASL CMOS DRAM 

PIN CONFIGURATION (Top Views) 

• KM44V4000 AJ/AW/ALW/ASW • KM44V4000 AT/ALT/ALLT/ASLT • KM44V4000 ATR/ALTR/ALLTR/ASLTR 
/AK/ALK/ ALLK/ASLK I AS/ALS/ ALLS/ ASLS /ASR/ALSR/ ALLSR/ASLSR 

Voo 10 24 Vss Voo 10 24 Vss Vss 24 Voo 

001 004 001 23 004 OQ4 23 0 001 

002 OQ3 002 22 OQ3 OQ3 22 002 

w 21 CAS w 21. CAS CAS 21 w 
RAS 20 N.C RAS 20 N.C N.C 20 RAS 

A11 19 Ag A11 19 Ag Ag 19 Ai1 

A1o 18 As A10 18 As Aa 18 A10 

Ao 17 A1 Ao 17 A1 A1 17 Ao 

Ai 16 A5 Ai 16 A5 A5 16 A1 

A2 10 15 As A2 10 15 As As 15 10 A2 

A3 11 0 14 A4 A3 11 0 14 A4 A4 14 0 11 AJ 

Voo 12 13 Vss VDD 12 13 Vss Vss 13 12 VDD 

J: 400MIL T : 400MIL(Forward) TR: 400MIL(Reverse) 
K: 300MIL S: 300MIL(Forward) SR: 300MIL(Reverse) 

• Pin Name Pin Function 

Ao-A11 Address Inputs 

D01-4 Data In/Out 

Vss Ground 

RAS Row Address Strobe 

CAS Column Address Strobe 

w Read/Write Input 

OE Data Output Enable 

Voo Power(+3.3V) 

•t'lnfl@tP 
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KM44V4000A/ AL/ ALL/ ASL CMOS DRAM 

ABSOLUTE MAXIMUM RATINGS 
Parameter Symbol Rating Units 

Voltage on Any Pin Relative to Vss VIN, Vour -0.5 - 4.6 v 
Voltage on Voo Supply Relative to Vss Voo -0.5 - 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 (Voltage referenced to Vss, TA=O to 70°C) 

Parameter Symbol Min Typ Max Unit 

Supply Voltage Voo 3.0 3.3 3.6 v 
Ground Vss 0 0 0 v 
Input High Voltage VIH 2.0 - Voo+ 0.3 v 
Input Low Voltage VIL -0.3 - 0.8 v 

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

Parameter Symbol Min Max Units 

Operating Current* 
KM44V4000A/AUALUASL-6 80 mA 
KM44V4000A/ AU ALU ASL-7 lcc1 - 70 mA 

(RAS and CAS Cycling @tRc=min.) 
KM44V4000A/ AU ALU ASL-8 60 mA 

KM44V4000A 2 mA 
Standby Current KM44V4000AL 

lcc2 
1 mA 

(RAS=CAS=W=VIH ) KM44V4000ALL 
-

1 mA 
KM44V4000ASL 1 mA 

RAS-Only Refresh Current* 
KM44V4000A/ AUALUASL-6 80 mA 

(CAS=VIH, RAS Cycling @tRC=min.) 
KM44V4000A/ AUALUASL-7 ICC3 - 70 mA 
KM44V4000A/ AU ALU ASL-8 60 mA 

Fast Page Mode Current* 
KM44V4000A/ AU ALU ASL-6 70 mA 
KM44V4000A/ AUALUASL-7 ICC4 - 60 mA 

(RAS=VIL, CAS, Address Cycling @tPC=min.) 
KM44V4000A/ AU ALU ASL-8 50 mA 

KM44V4000A 1 mA 
Standby Current KM44V4000AL 

Ices 300 µA 
(RAS=CAS=W=Voo-0.2V) KM44V4000ALL 

-
200 µA 

KM44V4000ASL 200 µA 

GAS-Before-RAS Refresh Current* 
KM44V4000A/AUALUASL-6 80 mA 

(RAS and CAS Cycling @tRC=min.) 
KM44V4000A/AUALUASL-7 ICC6 - 70 mA 
KM44V4000A/AUALUASL-8 60 mA 

Battery Back Up Current Average Power Supply Current, 
Battery Back Up Mode, Input High Voltage (V1H)=Voo-0.2V 

KM44V4000AL 450 µA 
Input Low Voltage (V1L)=0.2V CAS=CAS-Before-RAS Cycling 

KM44V4000ASL 
ICC? -

350 µA 
or 0.2V DIN=Don't Care TRC=31.25µS(L-Ver.) 
62.SµS(SL-Ver.), TRAS= TRAS min.-300ns 

Self Refresh Current 
RAS=CAS=0.2V 

KM44V4000ALL Ices 250 µA 
W=OE=Ao-A11=Voo-0.2V or 0.2V 

-

DQ1 -DQ4=Voo-0.2V, 0.2V or Open 

.1mmiiii• 
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KM44V4000A/ AL/ ALL/ ASL CMOS DRAM 

DC AND OPERATING CHARACTERISTICS (Continued) 

(Recommended operating conditions unless otherwise noted) 

Parameter Symbol Min Max Units 

Input Leakage Current 
l!(L) -10 10 µA 

(Any input 0::;; V1N ::;; Voo+0.3V, all other pins not under test=O volts.) 

Output Leakage Current IO(L) -10 10 µA 
(Data out is disabled, OV::;; VouT s Voo) 

Output High Voltage Level (loH=-2mA) VOH 2.4 - v 
Output Low Voltage Level (IOL=2mA) VOL 0.4 v 

*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 and ICC3, Address can be changed maximum 
two times while RAS=VJL. In lcc4, Address can be changed maximum once within one fast page cycle. 

CAPACITANCE (TA=25°C, Voo=3.3V, f=1 MHz) 

Parameter Symbol Min 

Input Capacitance (Ao-A11) CJN1 -

Input Capacitance (RAS, GAS, W, OE) CIN2 -

Output Capacitance (DQ1-DQ4) Goa -

AC CHARACTERISTICS (0°C::;TA::;?0°C, Voo=3.3V±0.3V, See notes 1,2) 

Test Condition : VihNi1=2.0V/0.8V, VohN01=2.0V/0.8V, Output Loading CL=1 OOpF 

-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 RAS tRAC 60 70 

Access time from CAS 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 20 

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

RAS precharge time tRP 40 50 

RAS pulse width tRAS 60 10,000 70 10,000 

RAS hold time tRSH 15 20 

CAS hold time tcsH 60 70 

GAS pulse width tCAS 15 10,000 20 10,000 

RAS to CAS delay time tRCD 20 45 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 

diMJlhlt> 
ELECTRONICS· 

Max Unit 

5 pF 

7 pF 

7 pF 

-8 
Units Notes 

Min Max 

150 ns 

205 ns 

80 ns 3,4,11 

20 ns 3,4,5 

40 ns 3,11 

0 ns 3 

0 20 ns 7 

3 50 ns 2 

60 ns 

80 10,000 ns 

20 ns 

80 ns 

20 10,000 ns 

20 60 ns 4 

15 40 ns 11 

5 ns 

0 ns 
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KM44V4000A/ AL/ ALU ASL CMOS DRAM 

AC CHARACTERISTICS (Continued) 

-6 -7 -8 
Parameter Symbol Units Notes 

Min Max Min Max Min Max 

Row address hold time tRAH 10 10 10 ns 

Column address set-up time tAsc 0 0 0 ns 

Column address hold time tCAH 10 15 15 ns 

Column address hold time referenced to RAS tAR 45 55 60 ns 6 

Column address to RAS lead time tRAL 30 35 40 ns 

Read command set-up time tRCS 0 0 0 ns 

Read command hold time referenced to CAS tRCH 0 0 0 ns 9 

Read command hold time referenced to RAS tRRH 0 0 0 ns 9 

Write command hold time twCH 10 15 15 ns 

Write command hold time referenced to RAS twCR 45 55 60 ns 6 

Write command pulse width twp 10 15 15 ns 

Write command to RAS lead time tRWL 15 20 20 ns 

Write command to CAS lead time tCWL 15 20 20 ns 

Data set-up time tos 0 0 0 ns 10 

Data hold time tDH 10 15 15 ns 10 

Data hold time referenced to RAS tDHR 45 55 60 ns 6 

Refresh period (Normal DRAM only) tREF 64 64 64 ms 

Refresh period (Low power & Self Ref.) tREF 128 128 128 ms 

Refresh period (Super Low power) tREF 256 256 256 ms 

Write command set-up time twcs 0 0 0 ns 8 

CAS to W delay time tcwo 40 50 50 ns 8 

RAS to W delay time tRWD 85 100 110 ns 8 

Column address to W delay time tAWD 55 65 70 ns 8 

CAS set-up time (CAS-before-RAS refresh) tCSR 10 10 10 ns 

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

RAS to CAS precharge time tRPC 5 5 5 ns 

CAS precharge time (C-8-R counter test cycle) tCPT 20 30 30 ns 

Access time from CAS precharge tCPA 35 40 45 ns 3 

Fast Page mode cycle time tPC 40 45 50 ns 

Fast Page mode read-modify-write cycle time tPRWC 85 100 105 ns 

CAS precharge time (Fast Page mode) tCP 10 10 10 ns 

RAS pulse width (Fast Page mode) tRASP 60 200,000 70 200,000 80 200,000 ns 

RAS hold time from CAS precharge tRHCP 35 40 45 ns 

OE access time tOEA 15 20 20 ns 

OE to data delay tOED 15 20 20 ns 

Output buffer turn off delay time from OE tOEZ 0 15 0 20 0 20 ns 

OE commend hold time tOEH 15 20 20 ns 

tMntilhl» 
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KM44V4000A/ AL/ ALL/ ASL CMOS DRAM 

AC CHARACTERISTICS (Continued) 

T ' -6 -7 -8 
Parameter Symbol Units Notes 

Min Max Min Max Min Max 

Write command set-up time ('rest mode in) twrs 10 10 10 ns 

Write command hold time ('rest mode in) tWTH 10 10 10 ns 

W to RAS precharge time (C-B-R refresh) tWRP 10 10 10 ns 

W to RAS hold time (C-B-R refresh) tWRH 10 10 10 ns 

RAS pulse width (C-B-R self refresh) tRASS 100 100 100 µs 15 

RAS precharge time (C-B-R self refresh) tRPS 110 130 150 ns 15 

GAS hold time (C-B-R self refresh) tCHS -50 -50 -50 ns 15 

TEST MODE CYCLE (Note.12) 

-6 -7 -8 
Parameter Symbol' 

Min! 
, Units Notes 

Min. Max Min Max Max 

Random read or V\'rit~_cy~le time tRC 115 135 155 ns 

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

Access time from RAS tRAC 65 75 85 ns 3,4,11 

Access time from GAS tCAC 20 25 25 ns 3,4,5 

Access time from column address tAA 35 40 45 ns 3,11 

RAS pulse width tRAS 65 10,000 75 10,000 85 10,000 ns 

GAS pulse width tCAS 20 10,000 25 10,000 25 10,000 ns 
I 

RAS hold time tRSH 20 25 25 ns 

GAS hold time tCSH 65 75 85 ns 

Column address to RAS lead time tRAL 35 40 45 ns 

GAS to W delay time tcwo 45 55 55 ns 8 

RAS to W delay time tRWD 90 105 115 ns 8 

Column address to W delay time tAWD 60 70 75 ns 8 

Fast Page mode cycle time i tPC 45 50 55 ns 

Fast Page mode read-modify-write cycle time I tPRWC I 90 105 110 ns 

RAS pulse width (Fast Page Mode) : tRASP i 65 200,000 l 15 J 200,000 85 200,000 ns 

Access time from GAS precharge I tCPA ! 40 I 

I 

45 50 3 
___)_ 

ns 

OE access time I tOEA : 20 i 25 25 ns __j_ _______ T 
~- --

OE to data delay tOED 20 25 I 25 J ns 

OE command hold time tOEH 
j_ 

20 25 25 I ns 

•1Mfiliii" ELECTRONICS 
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KM44V4000A/ AL/ ALL/ ASL 

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 V1L(max) are 
assumed to be 5ns for all inputs. 

3. Measured with a load equivalent to 1 OOpF and 
Voh=2.0V(IOUT=2mA), Vol=0.8V(louT=2mA) 

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

5. Assumes that tRCD2tRCD (max). 
6. tAR, twcR, tDHR are referenced to tRAD(max). 
7. This parameter defines the time at which the 

output achieves the open circuit condition and is 
not referenced to VoH or VOL. 

8. twcs, tRWD, tcwo and tAWD are non restrictive 
operating parameters. They are included in the 
data sheet as electric characteristics only. If twcs;::::: 
twcs(min) the cycle is an early write cycle and the 
data output will remain high impedance for the 
duration of the cycle. If tcwo::=:::tcwo(min), tRwo::=::: 
tRWD(min) and tAwo::=:::tAwo(min), then the cycle is a 

tJm'ifJiiil• 
ELECTRONICS 

CMOS DRAM 

read-write cycle and the data output will contain 
the data read from the selected address. If neither 
of the above conditions are satisfied, the condition 
of the data out is indeterminate. 

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

10. These parameters are referenced to the GAS 
leading edge in early write cycles and to the W 
leading edge in read-write cycles. 

11. 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. 

12. These specifications are applied in the test mode. 
13. 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. 

14. toFF(max) anci toEz(max) define the time at which 
the output achieves the open circuit condition and 
are not referenced to output voltage level. 

15. 4096 cycle of burst refresh must be executed 
within 16ms before and after self refresh, in order 
to meet refresh specification. 

790 



KM44V4000A/ AL/ ALL/ ASL 

TIMING DIAGRAMS 
READ CYCLE 

V1H -
RAS 

V1L -

CAS 
V1H -

V1L -

V1H -

A 
V1L -

V1H -

w 
V1L -

5E 
V1H -

V1L -

D01-D04 
VoH-

VoL-

•-tMfl'iW> 
· ELECTRONICS 

CMOS DRAM 

• 
~DON'TCARE 
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KM44V4000A/ AL/ ALL/ ASL 

TIMING DIAGRAMS (Continued) 

WRITE CYCLE (EARLY CYCLE) 

~ 
V1H -

V1L -

V1H -

CA5 
V1L -

V1H -
A 

V1L -

w Vitt -
V1L -

OE V1H -

CMOS.DRAM 

V1L - ......... _ ......... _.._ ______ ..._.__..._.., _ _.._......._...__--..-......... --..--.-........ -...---...-........ .__--

V1H -
~~~~~---~~~1 

V1L -

---loHR----

WRITE CYCLJ:: (OE CONTROLLED WRITE) 

V1H -
RAS 

V1L -

CAS 
V1H -
V1L -

V1H -
A 

V1L -

V1H -w 
V1L -

V1H -
OE 

V1L -

V1H -
D01·DQ4 

V1L -

~DON'T CARE 

dUAJ@» 
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KM44V4000A/ AL/ ALL/ ASL 

TIMING DIAGRAMS (Continued) 

READ-MODIFY-WRITE CYCLE 

A 

w 

FAST PAGE MODE READ CYCLE 

A 

CMOS DRAM 

w 
V1H - A"'.:~:A';~:'A.~~T--t-----ti:bt:--t---·H--+tbi--+----....:....i---.l ........ ...,......-

V1L - .................... 11(...,1',..K...)" 

V1H - ~~~*"""t""'7{"'~~~:b. 

V1L - ~~~"r'~~~.l.L...ll...J/.~i:f-+-~'4-¥~~~~-4-~~~·~~4,.....+..~~:,.::iL~~~ 

VoH
VoL--~-------KIX. 

~DON'TCARE 
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KM44V4000A/ AL/ ALL/ ASL, 

TIMING DIAGRAMS (Continued) 

FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 

A 

w 

FAST PAGE MODE READ·MODIFY·WRITE CYCLE 

V1H -
V1L 

tPRWC 

tcsH 

V1H - le AS 

V1L 

V1H -
A 

V1L -

V1H -w 
V1L -

V1H -
V1L -

t1MfllhitP 
ELECTRONICS 

CMOS DRAM 

VALID 
DATA-OUT DATA-IN 

~DON'TCARE 

794 



'KM44V4000A/AL/ALL/ASL 

TIMING DIAGRAMS (Continued) 

RAS·ONL Y REFRESH CYCLE 
Note: W, OE= Don't care 

1-------------- tRc----

RAS 

CAS 

A 

CAS-BEFORE-RAS REFRESH CYCLE 
NOTE: W=V1H. OE, A=Don't Care 

CMOS DRAM 

l-------------tRc---------------1 

..,____ _______ IAAS---------1J 

~---- 1CHA-----< 

CAS 
I 

V110H -

V110L -
,._ _________ OPEN--------------

CAS-BEFORE-RAS SELF REFRESH CYCLE (LL-version) 
NOTE: W, OE, A=Don't Care 

RAS 
V1H- -----IRASS ------i 

V1L-

CAS 
V1H-

V1L-

DQ1-DQ4 
VoH -

~-------OPEN-------------
Vol -

~ DON'T CA-RE 

d!:i:H'h" ELECTRONICS 
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KM44V4000A/ AL/ ALL/ ASL 

TIMING DIAGRAMS (Continued) 

HIDDEN REFRESH CYCLE (READ) 

RAS 
V1H -

V1L -

~ 
V1H -

V1L -

A 
V1H -

V1L -

V1H -w 
V1L -

OE 
V1H -
V1L -

HIDDEN REFRESH CYCLE (WRITE) 

V1H -
RAS 

V1L -

V1H -
CAS 

V1L -

V1H -
A 

V1L -

w V1H -
V1L -

6E V1H -

V1L -

00 1-004 
VoH-

t1Mfi@» 
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KM44V4000A/ AL/ ALL/ ASL CMOS DRAM 

TIMING DIAGRAMS (Continued) 

CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 
V1H - IRAS RAS 
Vil -

RSH 

V1H - le HR le AS 
CAS 

Vil -

IA Al 

A 
V1H-

Vil -

READ CYCLE 

w 

V1H - ~~'""'~""~""'~~~~Ai'l:"i\~~~A'?~ 

Vil - ~~Wl:.~!-4~~~~~~"'-L~~4'-~:..+~-¥:..~-+-----'Llq~~~~~..:li:. 

Vol-

WRITE CYCLE 
• 

w V1H -

Vil -

OE V1H -

Vil -

t----+-+----lcwl----+-

---+--+----IRwl----_, 

VoH...:. 
D01·DQ4 -----+-+----OPEN-----+<I 

Vol- lcwL 

READ-MODIFY-WRITE 

w 

V1H -

Vil - ~"'-llol..-..i ............................................................... .-..i ..................................... ~~,., 
loH 

V110H
D01·DQ4 V11ol - ------------------<IA 

VALID DATA-OUT VALID DATA-IN 

~DON'T CARE 

ttm'if Jihi» 
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KM44V4000A/ AL/ ALL/ ASL 

TIMING DIAGRAMS (Continued) 

TEST MODE IN CYCLE 
Note: OE, Address: Don't Care 

CMOS DRAM 

V1H 
t-----lRAS-----t -R;6S 

V1L -
IRPC 

tcp 

V1H -
CA8 

V1L -

w V1H -

V1L - ~~~~~~~~F----....q...l~~~..¥...l"-¥...¥....l~~"-"-~"-"-......... "-"-..._........,....._........__ 

VoH - 1)-----------0PEN----------
VoL - _______ ,,, 

TEST MODE DESCRIPTION 
The KM44V4000A/AUALUASL is the RAM organized 
4, 194,304 words by 4 bit, it is internally organized 1, 
048,576 words by 16 bits. In "Test Mode", data are 
written into 16 sectors in parallel and retrieved the same 
way. Column address bit Ao and A1 are not used. If, 
upon reading, four bits on one D/Q pin are equal (all 
"1 "s or "O"s) the D/Q pin indicates a "1 ". If they were 
not equal, the D/Q pin would indicate a "O". · In "Test 

•l""itJihi!P 
ELECTRONICS 

~DON'T CARE 

Mode", the 4M x 4 DRAM can be tested as if it were a 
1Mx4 DRAM. W, GAS-BEFORE-RAS Cycle (Test Mode 
in Cycle) puts the device into "Test Mode". And "CAS
BEFORE-RAS REFRESH CYCLE" or "RAS-only Refresh 
Cycle" puts it back into "Normal Mode". The "Test 
Mode" function reduces test time (1/4 in cases of N test 
pattern). 
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KM44V4000A/ AL/ ALL/ ASL 

PACKAGE DIMENSIONS 
24-LEAD PLASTIC SMALL OUT-LINE J-LEAD (300MIL) 

0 

0.670 (17.02) 

0.680 (17.27) 

[e:: 0.004(0.1) 

CMOS DRAM 

Units: Inches (millimeters) 

0.050(1.27) 

MAX 

0.027 (0.69) 
MIN 

So 
NC') s. s. 
CO N 
0 ~ 
00 
d ci 

0.128 (3.25) 

0.145 (3.68) 

24-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE(ll) (300MIL, Forward and Reverse Type) 

0.671 (17.04) 

0.679 (17.24) 

~~ 
Ill co 
tS ~ 
co C\I 
C> 0 
C\I C') 

ci ci 

C> ,.... 
C') ... 
0 0 
ci ci 

lol 0.003 (0.08) I b .~ 
I o.048 (1.22) 0.012 (0.30) I ~ u 

----j 0.052 (1.32) 0.020 (0.50) i-- 0.037 (0.95) 

TYP 

•t:!:i:flihi» 
ELECTRONICS 

N 
N 

~ a. 
... > 
~ l
ei 

0.005 (0.13) 

0.008 (0.20) 

~ 
O.Q16 (0.40) I I 
0.024 (0.60) 
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KM44V4000A/ AL/ ALL/ ASL 

PACKAGE DIMENSIONS 

24-LEAD PLASTIC SMALL OUT-LINE J-LEAD (400MIL) 

0 

§ 0.004(0.1) 

24-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE 
(400MIL, Forward and Reverse Type) 

0 
.... C\I 

~~ 
CX) C\I 
C1> 0 
(') '<t 
c:i c:i 

- 0 

~6 
C1>,... 
(') '<t 
0 0 
c:i c:i 

CMOS DRAM 

Units: Inches (millimeters) 

0.025(0.64) 

MIN 

1------+-o_.1_4_:._4(3~ 
MAX 

0.050(1.27) 
MAX 

0.005 (0.13) 

0.008 (0.20) 

0 0.003 (0.08) 

0.052 (1.32) 

0.012 ((1.30) 

0.020 (0.50) ~~u~~ ~ 
O.D16 (0.40) 1 · I 
0.024 (0.60) 

diMJihi» 
ElECTRONICS 
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KM44V41 OOA/ AL/ ALL/ ASL CMOS DRAM 

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

FEATURES 
• Performance range: 

tRAC tCAC 

KM44V41 OOA/AUALUASL-6 60ns 15ns 

KM44V4100A/AUALUASL-7 70ns 20ns 

KM44V4100A/AUALUASL-8 80ns 20ns 

• Fast Page Mode operation 
• CAS-before-RAS refresh capability 
• RAS-only and Hidden Refresh capability 
•Fast parallel test mode Capability 
• TTL compatible inputs and outputs 

tRC 

110ns 

130ns 

150ns 

• Early Write or output enable controlled write 
• Single+3.3V ±0.3V power supply 
• 2048 cycles/32ms refresh (Normal DRAM) 

GENERAL DESCRIPTION 
The Samsung KM44V4100A/AL/ALL/ASL is a high 
speed CMOS 4, 194,304 bit x 4 Dynamic Random 
Access Memory. Its design is optimized for high 
performance applications such as mainframes, mini 
computers, graphics and high performance portable 
computers. 

The KM44V41 OOA/AL/ALL/ASL features Fast Page 
Mode operation which allows high speed random 
access of memory cells within the same row. 

GAS-before-RAS refresh capability provides on-chip 
auto refresh as an alternative to RAS-only refresh. All 
inputs and outputs are fully TIL compatible. 

• 2048 cycles/128ms refresh (Low power & Self Ref.) 

The KM44V4100A/AL/ALL/ASL is fabricated using 
Samsung's advanced CMOS process. 

• 2048 cycles/256ms refresh (Super Low power) 
• JEDEC standard pinout 
• Available in plastic SOJ and TSOP(ll) 

FUNCTIONAL BLOCK DIAGRAM 

RAS 

CAS 
Control &Voe Clocks 

w Vss Generator 
Vss 

Data in 
Refresh Timer Row Decoder 

Buffer 

Refresh Control 
Q 
c<l D01 

Memory Array 
(/) 
Q. to 

Refresh Counter 4, 194,304 )( 4 
E 
<t: D04 

Cells 
Cl> 
(/) 
c 

Row Address Buffer Cl> 
(f) 

Data out 
AO-A10 Buffer OE Col. Address Buffer Column Decoder 

ttMHIUI» 
ELECTRONICS 
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KM44V41 OOA/ AL/ ALL/ ASL CMOS DRAM 

PIN CONFIGURATION (Top Views) 

• KM44V4100 AJ/ALJ/ALLJ/ASLJ • KM44V4100 AT/ALT/ALLT/ASLT • KM44V4100 ATR/ALTR/ALLTR/ASLTR 
/AK/ALK/ALLK/ ASLK /AS/ALS/ ALLS/ASLS /ASR/ALSR/ALLSR/ ASLSR 

Voo 1 O 

001 2 

002 3 

w 
RAS 5 
N.C 6 

Aio 

Ao 

Ai 

A2 10 

A3 11 Q 

Voo 12 · 

J: 400MIL 
K: 300MIL 

18 As 

17 A1 

16 As 

15 As 

14 A4 

13 Vss 

ttmWJiiiiiP 
ELECTRONICS 

Voo 

001 
002 

w 
RAS 
N.C 

Pin Name 

Ao-A10 

DQ1-4 

Vss 

RAS 

CAS 

w 
OE 

Voo 

N.C 

10 

24 

23 

22 

21 

20 

19 

18 

17 

16 

15 

11 0 14 

12 13 

T : 400MIL(Forward) 
S: 300MIL(Forward) 

Vss 

004 
003 

CAS 
N.C 

Ag 

Pin Function 

Address Inputs 

Data In/Out 

Ground 

Row Address Strobe 

Column Address Strobe 

Read/Write Input 

Data Output Enable 

Power(+3.3V) 

No Connection 

Vss 

004 
003 

CAS 
N.C 

Ag 

24 

23 0 
22 

21 

20 

19 

18 

17 

16 

15 10 

14 0 11 

13 12 

TR : 400MIL(Reverse) 
SR : 300MIL(Reverse) 

Voo 

001 
002 

w 
RAS 
N.C 
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KM44V41 OOA/ AL/ ALL/ ASL CMOS DRAM 

ABSOLUTE MAXIMUM RATINGS 
Parameter Symbol Rating Units 

Voltage on Any Pin Relative to Vss V1N, VouT -0.5 - 4.6 v 

Voltage on Voo Supply Relative to Vss VDD -0.5 - 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 (Voltage referenced to vss, TA=O to 10°C) 

Parameter Symbol Min Typ Max Unit 

Supply Voltage VDD 3.0 3.3 3.6 v 

Ground Vss 0 0 0 v 

Input High Voltage VIH 2.0 - VDD+ 0.3 v 

Input Low Voltage VIL -0.3 - 0.8 v 

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

Parameter Symbol Min Max Units 

Operating Current* 
KM44V410DA/AUALUASL-6 100 mA 

(RAS and GAS Cycling @tRc=min.) 
KM44V41DDA/AUALUASL-7 lcc1 - 90 mA 
KM44V410DA/AUALUASL-8 80 mA 

KM44V41DDA 2 mA 
Standby Current KM44V41DDAL 

lcc2 
1 mA 

(RAS=CAS=W=VIH) KM44V41 DDALL 
-

1 mA 
KM44V41 DDASL 1 mA 

RAS-Only Refresh Current* 
KM44V41 OOA/AUALUASL-6 100 mA 

(CAS=VIH, RAS Cycling @tRC=min.) 
KM44V41 OOA/ AU ALU ASL-7 ICC3 - 90 mA 
KM44V41 OOA/AUALUASL-8 80 mA 

Fast Page Mode Current* 
KM44V41 ODA/ AUALUASL-6 80 mA 

(RAS=VIL, CAS, Address Cycling @tPc=min.) 
KM44V41 ODA/ AUALUASL-7 ICC4 - 70 mA 
KM44V41 ODA/ AUALUASL-8 60 mA 

KM44V4100A 1 mA 
Standby Current KM44V410DAL 

Ices 
300 µA 

(RAS=CAS=W=VDD-0.2V) KM44V41 ODALL 
-

200 µA 
KM44V4100ASL 200 µA 

GAS-Before-RAS Refresh Current* 
KM44V41DOA/AUALUASL-6 100 mA 

(RAS and CAS Cycling C@tRC=min.) 
KM44V41DDA/AUALUASL-7 Ices - 90 mA 
KM44V410DA/AUALUASL-8 80 mA 

Battery Back Up Current Average Power Supply Current, 
Battery Back Up Mode, Input High Voltage (V1H)=VDD-D.2V 

KM44V410DAL 400 µA 
Input Low Voltage (V1L)=D.2V CAS=CAS-Before-RAS Cycling 

KM44V41 DDASL 
ICC7 -

300 µA 
or 0.2V D1N=Don't Care TRc=62.5µS(L-Ver.) 
125µS(SL-Ver.), TRAS= TRAS min.-3DDns 

Self Refresh Current 
RAS=CAS=0.2V 

KM44V41 DDALL Ices 250 µA 
W=OE= Ao-A10 =Voo-0.2V or 0.2V 

-

DQ1-D04=VDD-0.2V, 0.2\( or Open 

t?Mfiiiii• 
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KM44V41 OOA/ AL/ ALL/ ASL CMOS DRAM 

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

Parameter Symbol Min Max Units 

Input Leakage Current 
li(L) -10 10 µA 

(Any input OsV1N sVoo+0.3V, all other pins r:iot under test=O volts.) 

Output Leakage Current 
IO(L) -10 10 µA (Data out is disabled, OVsVoursVoo) 

Output High Voltage Level (loH=-2mA) VoH 2.4 - v 
Output Low Voltage Level (loL=2mA) VOL - 0.4 v 

*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 and lcc3, Address can be changed maximum 
two times while RAS=VIL In lcc4, Address can be changed maximum once within one fast page cycle. 

CAPACITANCE (TA=25°C, Voo=3.3V, f=1 MHz) 

Parameter Symbol Min 

Input Capacitance (Ao-A10) CIN1 -

Input Capacitance (RAS, GAS, W, OE) CIN2 -

Input Capacitance (DQ1-DQ4) Coo -

AC CHARACTERISTICS (0°CsTAs70°C, Voo=3.3V±0.3V, See notes 1,2) 

Test Condition : Viti/Vi1=2.0V/0.8V, VohNol=2.0V/0.8V, Output Loading CL=1 OOpF 

-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 RAS tRAC 60 70 

Access time from CAS 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 20 

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

RAS precharge time tRP 40 50 

RAS pulse width tRAS 60 10,000 70 10,000 

RAS hold time tRSH 15 20 

GAS hold time tCSH 60 70 

CAS pulse width tCAS 15 10,000 20 10,000 

RAS to GAS delay time tRCD 20 45 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 

tlm'ifiliii• 
ELECTRONICS 

Max Unit 

5 pF 

7 pF 

7 pF 

-8 
Units Notes 

Min Max 

150 ns 

205 ns 

80 ns 3,4, 11 

20 ns 3,4,5 

40 ns 3,11 

0 ns 3 

0 20 ns 7 

3 50 ns 2 

60 ns 

80 10,000 ns 

20 ns 

80 ns 

20 10,000 ns 

20 60 ns 4 

15 40 ns 11 

5 ns 

0 ns 

804 



KM44V41 OOA/ AL/ ALL/ ASL CMOS DRAM 

AC CHARACTERISTICS (Continued) 

Parameter 
-6 j_ -7 

Symbol1--~-~- ---.- -~ Units Notes 
Min, Max Min Max Min Max I 

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 ad~ress hold time referenced to RAS tAR 45 55 60 ns 6 

Column address to RAS lead time tRAL 30 35 40 ns 

Read command set-up time tRCS 0 0 0 ns 

Read command hold time referenced to GAS tRCH 0 0 0 ns 9 

Read command hold time referenced to RAS tRRH 0 0 0 ns 9 

Write command hold time twcH 10 15 15 ns 

Write command hold time'referenced to RAS twcR 45 55 60 ns 6 

Write command pulse width tWP 10 15 15 ns 

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

Write command to GAS lead time tCWL 15 20 20 ns 

Data set-up time tos 0 0 0 ns 10 

Data hold time tOH 10 15 15 ns 10 

Data hold time referenced to RAS tOHR 45 55 60 ns 6 

Refresh period (Normal DRAM only) tREF 32 32 32 ms 

Refresh period (Low power & Self Ref.) tREF 128 128 128 ms • Refresh period (Super Low power) tREF 256 256 256 ms 

Write command set-up time twcs 0 0 0 ns 8 

GAS to W delay time tcwo 40 50 50 ns 8 

RAS to W delay time tRWD 85 100 110 ns 8 

Column address to W delay time tAwo 55 65 70 ns 8 

GAS set-up time (GAS-before-RAS refresh) tcsR 10 10 10 ns 

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

RAS to CAS precharge time· tRPC 5 5 5 ns 

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

Access time from GAS precharge tCPA 35 40 45 ns 3 

Fast Page mode cycle time tPC 40 45 50 ns · 

Fast Page mode read-modify-write cycle time tPRWC 85 100 105 ns 

CAS precharge time (Fast Page mode) tcP 10 10 10 ()S 

RAS pulse width (Fast Page mode) tRASP 60 200,000 70 200,000 80 200,000 ns 

RAS hold time from CAS precharge tRHCP 35 40 45 ns 

OE access time tOEA 15 20 20 ns 

OE to data delay torn 15 20 20 ns 

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

OE commend hold time tOEH 15 20 20 ns 

dJMJiiii" 
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KM44V41 OOA/ AL/ ALL/ ASL CMOS DRAM 

AC CHARACTERISTICS (Continued) 

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

Min Max Min Max Min Max 

Write command set-up time (Test mode in) twrs 10 10 10 ns 

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

W to RAS precharge time (C-8-R refresh) twRP 10 10 10 ns 

W to RAS hold time (C-8-R refresh) tWRH 10 10 10 nst 

RAS pulse width (C-8-R self refresh) tRASS 100 100 100 µs 15 

RAS precharge time (C-8-R self refresh) tRPS 110 130 150 ns 15 

GAS hold time (C-8-R self refresh) tCHS -50 -50 -50 ns 15 

TEST MODE ·CYCLE (Note.12) 

symbol 
-6 -7 -8 

Parameter ------ _____ , --
--~-- -·-- Units Notes 

Min 1 Max Min Max Min Max 

Random read or write cycle time tRC 115 135 155 ris 

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

Access time from RAS tRAC 65 75 85 ns 3,4,11 

Access time from GAS tCAC 20 25 25 ns 3,4,5 

Access time from column address tAA 35 40 45 ns 3,11 

RAS pulse width tRAS 65 10,000 75 10,000 85 10,000 ns 

GAS pulse width tCAS 20 10,000 25 10,000 25 10,000 ns 

RAS hold time tRSH 20 25 25 ns 

CAS hold time tcsH 65 75 85 ns 

Column address to RAS lead time tRAL 35 40 45 ns 

GAS to W delay time tcwo 45 55 55 ns 8 

RAS to W delay time tRWD 90 105 115 ns 8 

Column address to W delay time tAWD 60 70 75 ns 8 

Fast Page mode cycle time tPC 45 50 55 ns 

Fast Page mode read-modify-write cycle time tPRWC 90 105 110 ns 

RAS pulse width (Fast Page Mode) tRASP 65 200,000 75 200,000 85 200,000 ns 

Access time from GAS precharge tCPA 40 45 50 ns 3 

OE access time tOEA 20 25 25 ns 

OE to data delay tOED 20 25 25 ns 

OE command hold time tOEH 20 25 25 ns 

d!:f:f111}1$ 
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KM44V41 OOA/ AL/ ALL/ ASL 

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 V1L(max) are 
assumed to be 5ns for all inputs. 

3. Measured with a load equivalent to 1 OOpF and 
Voh=2.0V(IOUT=2mA), Vo1=0.8V(IOUT=2mA) 

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

5. Assumes that tRCD?:tRCD (max). 
6. tAR, twcR, tDHR are referenced to tRAo(max). 
7. This parameter defines the time at which the 

output achieves the open circuit condition and is 
not referenced to VoH or VOL. 

8. twcs, tRwD, tcwo and tAwD are non restrictive 
operating parameters. They are included in the 
data sheet as electric characteristics only. If twcs:::>: 
twcs(min) the cycle is an early write cycle and the 
data output will remain high impedance for the 
duration of the cycle. If tcwo :::>:tcwo(min), tRWD :::>: 
tRwo(min) and tAwo :::>:tAwo(min), then the cycle is a 

tJMfiliii" 
ELECTRONICS 

CMOS DRAM 

read-write cycle and the data output will contain 
the data read from the selected address. If neither 
of the above conditions are satisfied, the condition 
of the data out is indeterminate. 

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

10 .. These parameters are referenced to the CA'S 
leading edge in early write cycles and to the W 
leading edge in read-write cycles. 

11. Operation within the tRAD(max) limit insures that 
tRAc(max) can be met. tRAo(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. 

12. These specifications are applied in the test mode. 
13. 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. 

14. 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. 

15. 2048 cycle of burst refresh must be executed 
within 16ms before and after self refresh, in order 
to meet refresh specification. 
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KM44V4100A/ AL/ ALL/ ASL 

TIMING DIAGRAMS 
READ CYCLE 

V1H -
RAS 

V1L -

V1H -
CAS 

V1L -

V1H -

A 
V1L -

V1H -

w 
V1L -

5E 
V1H -

V1L -

VoH- ------
VoL-

ttMfiiiH> 
ELECTRONICS 

CMOS DRAM 

~DON'TCARE 
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KM44V41 OOA/ AL/ ALL/ ASL 

TIMING DIAGRAMS (Continued) 

WRITE CYCLE (EARLY CYCLE) 

RAS 
V1H -

VIL -

V1H -
CAS 

VIL -

V1H -
A 

V1L -

w V1H -

V1L -

OE v,H -

CMOS DRAM 

VIL - ......_ _ _......._._.._...,......_......._._ ......... _.,......,......-.--...-.-................. -...........,......_ ................. ...._.........,......_ ................ ,_ 

V1H -
~~~~~i--~--<I 

V1L -

---loHR----

WRITE CYCLE (OE CONTROLLED WRITE) 

V1H -
RAS 

V1L -

CAS 
V1H -
VIL -

V1H -
A 

VIL -

V1H -w 
V1L -

V1H -
OE 

V1L -

V1H -
OQ 1-0Q4 

V1L -

~DON'T CARE 

•1Mfiiiii> 
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KM44V41 OOA/ AL/ ALL/ ASL 

TIMING DIAGRAMS (Continued) 

READ-MODIFY-WRITE CYCLE 

V1H -
R,4;S 

v,L -

VrH -
GAS 

VrL -

V1H -
A 

v,L -

w V1H -

v,l -

OE VrH -

VrL -

FAST PAGE MODE READ CYCLE 

V1H -

RAS VrL -

v,l -

V1H -
A 

v,l -

w VrH -

v,l -

OE VrH -

v,l-

VoH-
~~~~~~~~~c~ 

VoL-

tJ:!:i:filiWP 
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CMOS DRAM 
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KM44V41 OOA/ AL/ ALL/ ASL 

TIMING DIAGRAMS (Continued) 

FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 

A 

w 

V1L -

V1H -

V1L -

V1H -

V1L 

V1H -

V1L 

FAST PAGE MODE READ-MODIFY-WRITE CYCLE 

lPRWC 
lcsH--

'V1H -
le AS 

CAS 
V1L -

V1H 
A 

V1L -

w V1H -
V1L -

OE 
V1H -
V1L -

•1Mfillii» 
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KM44V41 OOA/ AL/ ALL/ ASL 

TIMING DIAGRAMS (Continued) 

RAS·ONL Y REFRESH CYCLE 
Note: W, OE= Don't care 

RAS 
,.,__ _____ IRAS------

CMOS DRAM 

V1L- 1

1 

:::= Rl~~.--------A 

CAS-BEFORE-RAS REFRESH CYCLE 
NOTE: W=V1H, OE, A=Don't Care 

f-----------tRc-----------------1 

---- ---- --- --- - - - IRAS- ----------------

---- tcHR-----

CAS 

V110H -

D0,-004 Vi/OL _ 91---------- OPEN--------------

CAS-BEFORE-RAS SELF REFRESH CYCLE (LL-version) 
NOTE: W, OE, A=Don't Care 

RAS 
V1H- IRASS 

V1L-

V1H-
CAS 

V1L-

VoH -
D01-DQ4 OPEN-------------

VoL -

~ DON'TCARE 

t!Mf Jihi» 
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KM44V41 OOA/ AL/ ALL/ ASL 

TIMING DIAGRAMS (Continued) 

HIDDEN REFRESH CYCLE (READ) 

RAS 
V1H -

V1L -

GAS 
V1H -

V1L -

A 
V1H -
V1L -

V1H -w 
V1L -

5E V1H -. 

V1L -

VoL -

HIDDEN REFRESH CYCLE (WRITE) 

V1H -

RAS 
V1L -

V1H -
CAS 

V1L -

A 

w 

VoH

VoL - ......._ .......... ......_""""""~....._."-Jl.J 

•UnfiijiiiP 
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KM44V41 OOA/ AL/ ALL/ ASL CMOS DRAM 

TIMING DIAGRAMS. (Continued) 

CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 
V1H - IRAS RAS 
V~l -

RSH 

V1H - le HR le AS 
GAS 

Vil -

IRAl 

A 
V1H-

Vil -

READ CYCLE 

w 

Vol-

WRITE CYCLE 

w V1H -

Vil -

OE V1H -

Vil -

VoH-
OQ,-004 -· ----1-1-----.0PEN-----<1 

Vol- lcwl 

READ-MODIFY-WRITE 

w 

V1H -

Vil - ~'-¥.~""'-M.---........................................................................ _ ...... -+f"---1-

V110H

oa,-DQ4 V11ol - -----------------~v-. 

tll!ti:filihiP 
ELECTRONICS 

VALID DATA-OUT VALID DATA-IN 

~DON'T CARE 
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KM44V41 OOA/ AL/ ALL/ ASL 

TIMING DIAGRAMS (Continued) 

TEST MODE IN CYCLE 
Note: OE, Address: Don't Care 

CMOS DRAM 

V1H 

______ tRAS------j 

-
RAS 

V1L -
IRPC 

lcp 

V1H -
GAS 

V1L -

w V1H -

V1L - .ll:....i.~~~~~~"-"'~----~~'"""-........ ~""""'-' ......... _.._ ......................................... _._ ................................. ...,. 

VoH -
l>------------OPEN----------

VoL - _______ _,, 

TEST MODE DESCRIPTION 

The KM44V4100A/AUALUASL is the RAM organized 
4, 194,304 words by 4 bit, it is internally organized 1, 
048,576 words by 16 bits. In "Test Mode", data are 
written into 16 sectors in parallel and retrieved the same 
way. Column address bit Ao and A1 are not used. If, 
upon reading, four bits on one D/Q pin are equal (all 
"1 "s or "O"s) the D/Q pin indicates a "1 ". If they were 
not equal, the D/Q pin would indicate a "O". In "Test 

t1Mfiliii' ELECTRONICS 

~ DON'TCARE 

Mode", the 4M x 4 DRAM can be tested as if it were a 
1Mx4 DRAM. W, GAS-BEFORE-RAS Cycle (Test Mode 
in Cycle) puts the device into "Test Mode". And "CAS
BEFORE-RAS REFRESH CYCLE" or "RAS-only Refresh 
Cycle" puts it back into "Normal Mode". The "Test 
Mode" function reduces test time (1/4 in cases of N test 
pattern). 
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KM44V41 OOA/ AL/ ALL/ ASL 

PACKAGE DIMENSIONS 
24-LEAD PLASTIC SMALL OUT-LINE J-LEAD (300MIL) 

0.670 (17.02) --~ 
0.680 (17.27) _I 

[:e: 0.004(0.1) 

CMOS DRAM 

Units: Inches (millimeters) 

--11 

0.050(1.27) 

MAX 

0.027 (0.69) 

MIN 

00 
N C"l e. e. 
CX) N 
0 ~ 
00 
c:i c:i 

0.128 (3.25) 

0.145 (3.68) 

24-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE(ll) (300MIL, Forward and Reverse Type) 

Cl 0.003 (0.08) 

t1Mtiihi• 
ELECTRONICS 

0.012 (0.30) 

0.020 (0.50) 

0 
"" LO <O 

t:. t:. 
~ ~ 
C'll (') 
c::i c::i 

O> "
(')"<I' 
0 0 
c::i c::i 

@'@' 
~ (') 

ee 
O> I'-

~ ~ 
c::i c::i 

0.005 (0.13) 

0.008 (0.20) 

~~u~095) ~ 
O.D16 (0.40) l I 
0.024 (0.60) 
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KM44V41 OOA/ AL/ ALL/ ASL 

PACKAGE DIMENSIONS 

24.;LEAD PLASTIC SMALL OUT.:.LINE J-LEAD (400MIL) 

0 

24-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE 
(400MIL, Forward and Reverse Type) 

0.723 (18.36) 

0.727 (18.46) 

Joi 0.003 (0.00) I b ~ 

~ (\J 

ci ci 

co (\J 
Cl 0 
(') '<!" 
ci ci 

Cl r-... 
(') '<!" 
0 0 
ci ci 

CMOS DRAM 

Units: Inches (millimeters) 

0.050(1.27) 

MAX 

ci 
~a.. ->
~ 1--
'<I" 
ci 

0.005 (0.13) 

0.008 (0.20) 

I o.048 (1.22) 0.012 (0.30) I ~ u --l 0.052 (1.32) 0.020 (0.50) r--- 0.037 (0.95) ~ TYP 

0.016 (0.40) I I 
0.024 (0.60) 

•11ii':f JllWP 
ELECTRONICS 
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KM44V4004A/ AL/ ALL/ ASL CMOS DRAM 

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

FEATURES 
• Performance range: 

tRAC tCAC tRC tHPC 

KM44V4004A/AUALUASL-6 60ns 15ns 110ns 24ns 

KM44V4004A/AUALUASL-7 70ns 20ns 130ns 29ns 

KM44V4004A/AUALUASL-8 80ns 20ns 150ns 34ns 

• Fast Page Mode with Extended data out 
• Self Refresh Operation (LL-ver. only) 
• CAS-before-RAS refresh capability 

• RAS-only and Hidden Refresh capability 
• Fast parallel test mode Capability 
• LVTTL compatible inputs and outputs 
• Early write or output enable controlled write 
• Single+3.3V ± 0.3V power supply 
• 4096 cycles/64ms refresh (Normal) 
• 4096 cycles/128ms refresh (Low power & Self Ref.) 
• 4096 cycles/256ms refresh (Super Low power) 
• JEDEC standard pinout 
• Available in plastic SOJ and TSOP{ll) 

FUNCTIONAL BLOCK DIAGRAM 

RAS 
Control 

GAS 

GENERAL DESCRIPTION 
The Samsung KM44V4004A/AL/ALL/ASL is a high 
speed CMOS 4, 194,304 bit x 4 Dynamic Random 
Access Memory. Its design is optimized for high 
performance applications such as mainframes, mini 
computers, graphics and high performance portable 
computers. 

The KM44V4004A/AL/ALL/ASL features EDO Mode 
operation which allows high speed random access of 
memory cells within the same row. 

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

The KM44V4004A/AL/ALL/ASL is fabricated using 
Samsung's advanced CMOS process. 

t:!J=Voo Clocks 
~enerator w 

Vss 

Data in 
Refresh Timer Row Decoder 

Buffer 

Refresh Control 
Q 
o6 D01 

Memory Array 
C/l 
0.. to 

Refresh Counter 4.194,304" 4 
E 
<!'. D04 

Cells 
(j) 
Cf) 
c 

Row Address Buffer 
(j) 

AO-A11 (fJ 

Data out 

Col. Address Buffer Column Decoder 
Buffer OE 

AO-A9 

11:!:1: Hiiii• 
ELECTRONICS 
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KM_44V4004A/ AL/ ALL/ ASL CMOS DRAM 

PIN CONFIGURATION (Top Views) 

• KM44V4004 AJ/ALJ/ALLJ/ASW • KM44V4004 AT/ALT/ALLT/ASLT • KM44V4004 ATR/ALTR/ALLTR/ASLTR 
AK/ ALK/ ALLK/ ASLK AS/ ALS/ ALLS/ ASLS ASR/ ALSR/ ALLSR/ ASLSR 

Voo 1 0 Vss Voo 10 24 Vss Vss 24 voo 

001 004 D01 23 004 DQ4 23 0 001 
002 003 002 22 003 003 22 002 

w w 21 CAS CAS 21 w 
RAS BE RAS 20 6E BE· 20 RAS 

A11 Ag A11 19 Ag Ag 19 A11 

A10 As A10 18 As As 18 A10 

Ao A1 Ao 17 A1 A1 17 Ao 

Ai A5 Ai 16 A5 A5 16 Ai 

A2 10 15 As A2 10 15 As As 15 10 A2 

0 14 A4 A3 11 0 14 A4 A4 14 0 11 A3 

VDD 12 13 Vss VDD 12 13 Vss Vss 13 12 VDD 

J: 400MIL T: 400MIL{Forward) TR: 400MIL(Reverse) 
K: 300MIL S: 300MIL(Forward) SR: 300MIL(Reverse) 

• Pin Name Pin Function 

Ao-A11 Address Inputs 

DQ1-DQ4 Data In/Out 

Vss Ground 

RAS Row Address Strobe 

CAS Column Address Strobe 

w Read/Write Input 

OE Data Output Enable 

Voo Power(+3.3V) 

41'!:1: fil iii$ 
.ELECTRONICS 
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KM44V4004A/ AL/ ALL/ ASL CMOS DRAM 

ABSOLUTE MAXIMUM RATINGS 
Parameter Symbol Rating Units 

Voltage on Any Pin Relative to Vss VIN, VOUT -0.5- 4.6 v 
Voltage on Voo Supply Relative to Vss Voo -0.5- 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 (Voltage referenced to Vss, TA=O to 70°C) 

Parameter Symbol Min Typ Max Unit 

Supply Voltage Voo 3.0 3.3 3.6 v 
Ground Vss 0 0 0 v 
Input High Voltage VIH 2.0 - Voo+ 0.3 v 
Input Low Voltage VIL -0.3 - 0.8 v 

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

Parameter Symbol Min Max Units 

Operating Current* 
KM44V4004A/AUALUASL-6 80 mA 
KM44V4004AIAUALUASL-7 lcc1 - 70 mA 

(RAS and CAS Cycling @tRc=min.) 
KM44V4004AIAUALUASL-8 60 mA 

KM44V4004A 2 mA 
Standby Current KM44V4004AL 

lcc2 
1 mA 

(RAS=CAS=W=VIH) KM44V4004ALL - 1 mA 
KM44V4004ASL 1 mA 

RAS-Only Refresh Current* 
KM44V4004A/AUALUASL-6 80 mA 
KM44V4004AIAUALUASL-7 ICC3 - 70 mA 

(CAS=VIH, RAS Cycling @tRC=min.) 
KM44V4004AIAUALUASL-8 60 mA 

Hyper Page Mode Current* 
KM44V4004AIAUALUASL-6 90 mA 
KM44V4004AIAUALUASL-7 ICC4 - 80 mA 

(RAS=V1L, GAS, Address Cycling @tPc=min.) 
KM44V4004AIAUALUASL-8 70 mA 

KM44V4004A 1 mA 
Standby Current KM44V4004AL 

Ices 
300 µA 

(RAS=CAS=W=Voo-0.2V) KM44V4004ALL 
-

200 µA 
KM44V4004ASL 200 µA 

CAS-Before-RAS Refresh Current* 
KM44V4004AIAUALUASL-6 80 mA 

(RAS and CAS Cycling @tRC=min.) 
KM44V4004AIAUALUASL-7 ICC6 - 70 mA 
KM44V4004AIAUALUASL-8 60 mA 

Battery Back Up Current Average Power Supply Current, 
Battery Back Up Mode, Input High Voltage (VIH)=VDD-0.2V 

KM44V4004AL 450 µA 
Input Low Voltage (V1L)=0.2V CAS=CAS-Before-RAS Cycling 

KM44V4004ASL 
ICC7 -

350 µA 
or 0.2V · DQ1-D04=Don't Care tRc=31.25µs(L-Ver.) 
62.5µs(SL-Ver.), tRAS=tRAs min.-300ns 

Self Refresh Current 
RAS=CAS=0.2V 

KM44V4004ALL Ices 250 µA 
W=OE=Ao-A11=Voo-0.2Vor 0.2V 

-

DQ1-D04=Voo-0.2V, 0.2V or Open 

tJ:!:i:ti'ih' 
ELECTRONICS 
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KM44V4004A/ AL/ ALL/ ASL CMOS DRAM 

DC AND OPERATING CHARACTERISTICS (Continued) 

(Recommended operating conditions unless otherwise noted) 

Parameter Symbol Min Max Units 

Input Leakage Current 
hL -10 10 µA 

(Any input OsV1N sVoo+0.3V, all other pins not undertest=O volts.) 

Output Leakage Current 
IOL -10 10 µA 

(Data out is disabled, OVsVoursVoo) 

Output High Voltage Level (loH=-2mA) VOH 2.4 - v 
Output Low Voltage Level (IOL=2mA) VOL - 0.4 v 

*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 and lcc3, Address can be changed maximum 
two times while RAS=V1L. In lcc4, Address can be changed maximum once within one Hyper Page cycle. 

CAPACITANCE (TA=25°C, Voo=3.3V, f=1 MHz)) 

Parameter Symbol Min 

Input Capacitance (Ao-A11) CIN1 -

Input Capacitance (RAS, CAS, W, OE) CIN2 -

Output Capacitance (DQ1-DQ4) Coo -

AC CHARACTERISTICS (0°CsTAs70°C, Voo=3.3V±0.3V, See notes 1,2) 

Test condition: VihNil=2.0V/0.8V, VohNol=2.0V/0.8V, Output Loading CL=100pF 

-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 RAS tRAC 60 70 

Access time from CAS tCAC 15 20 

Access time from column address tAA 30 35 

CAS to output in Low-Z tCLZ 3 3 

OE to output in Low-Z , tOLZ 3 3 

Output buffer turn-off delayfrom 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 10,000 70 10,000 

RAS hold time tRSH 15 20 

CAS hold time tCSH 45 50 

CAS pulse width tCAS 10 10,000 15 10,000 

RAS to CAS delay time tRCD 20 45 20 50 

RAS to column address delay time tRAD 15 30 15 35 

CAS to RAS precharge time tCRP 5 5 

•tMfllhl" ELECTRONICS 

Max Unit 

5 pF 

7 pF 

7 pF 

-8 
Units Notes 

Min Max 

150 ns 

205 ns 

80 ns 3,4,11 

20 ns 3,4,5 

40 ns 3,11 

3 ns 3 

3 ns 3 

3 20 ns 7,14,16 

2 50 ns 2 

60 ns 

80 10,000 ns 

20 ns 

60 ns 

20 10,000 ns 

20 60 · ns 4 

15 40 ns 11 

5 ns 
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KM44V4004A/ AL/ ALL/ ASL CMOS DRAM 

AC CHARACTERISTICS (Continued) 

-6 -7 -8 
Parameter Symbol Units Notes 

Min Max Min Max Min Max 

Row address set-up time tASR 0 0 0 ns 

Row address hold time tRAH 10 10 10 ns 

Column address set-up time tAsc 0 0 0 ns 

Column address hold time tCAH 10 10 15 ns 

Column address hold time referenced to RAS tAR 45 55 60 ns 6 

Column address to RAS lead time tRAL 30 35 40 ns 

Read command set-up time tRCS 0 0 0 ns 

Read command hold time referenced to CAS tRCH 0 0 0 ns 9 

Read command hold time referenced to RAS tRRH 0 0 0 ns 9 

Write command hold time twCH 10 15 15 ns 

Write command hold time referenced to RAS twCR 45 55 60 ns 6 

Write command pulse width twp 10 15 15 ns 

Write command to RAS lead time tRWL 15 20 20 ns 

Write command to CAS lead time tCWL 10 15 20 ns 

Data set-up time tDS 0 0 0 ns 10 

Data hold time tDH 10 15 15 ns 10 

Data hold time referenced to RAS tDHR 45 55 60 ns 6 

Refresh period (Normal) tREF 64 64 64 ms 

Refresh period (Low power & Self Ref.) tREF 128 128 128 ms 

Refresh period (Super Low power) tREF 256 256 256 ms 

Write command set-up time twcs 0 0 0 ns 8 

CAS to W delay time tCWD 40 50 50 ns 8 

RAS to W delay time tRWD 85 100 110 ns 8 

Column address to W delay time tAWD 55 65 70 ns 8 

CAS precharge to W delay time tCPWD 60 70 75 ns 8 

CAS set-up time (GAS-before-RAS refresh) tCSR 10 10 10 ns 

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

RAS to CAS precharge time tRPC 5 5 5 ns 

CAS precharge time (C~B-R counter test cycle) tCPT 20 30 30 ns 

Access time from CAS precharge tCPA 35 40 45 ns 3 

Hyper Page cycle time tHPC 24 29 34 ns 17 

Hyper Page read-modify-write cycle time tHPRWC 71 86 96 ns 17 

CAS precharge time (Hyper Page cycle) tCP 10 10 10 ns 

RAS pulse width (Hyper Page cycle) tRASP 60 200,000 70 200,000 80 200,000 ns 

RAS hold time from GAS precharge tRHCP 35 40 45 ns 

OE access time tOEA 15 20 20 ns 

OE to data delay tOED 15 20 20 ns 

dfofiliiiiP 
ELECTRONICS 
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KM44V4004A/ AL/ ALL/ ASL CMOS DRAM 

AC CHARACTERISTICS (Continued) 

-6 -7 -8 
Parameter Symbol Units Notes 

Min Max Min Max Min Max 

Output buffer turn off delay time from OE tOEZ 3 15 '3 20 3 20 ns 7,14 

OE commend hold time tOEH 15 20 20 ns 

Write command set-up time (Test mode in) twrs 10 10 10 ns 

Write command hold time (Test mode in) twTH 10 10 10 ns 

W to RAS precharge time (C-B-R refresh) twRP 10 10 10 ns 

W to RAS hold time (C-B-R refresh) tWRH 10 10 10 ns 

· Output data hold time tDOH 5 5 5 ns 7,16 

OE to CAS hold time tOCH 5 5 5 ns 

CAS hold time to OE tCHO 5 5 5 ns 

OE precharge time tOEP 5 5 5 ns 

W pulse width(Hyper Page cycle) twPE 5 5 5 ns 

Output buffer turn off delay from RAS tREZ 3 15 3 20 3 20 ns 7,14,16 

Output buffer turn off delay from W tWEZ 3 15 3 20 3 20 ns 7,14 

W to data delay twED 15 20 20 ns 

RAS pulse width (LL-_Ver) tRASS 100 100 100 µs 15 

RAS precharge time (LL-Ver) tRPS 110 130 150 ns 15 

CAS hold time (LL-Ver) tCHS -50 -50 -50 ns 15 • TEST MODE CYCLE (Note.12) 

-6 -7 -8 
Parameter Symbol Units Notes 

Min Max Min Max Min Max 

Random read or write cycle time tRC 115 135 155 ns 

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

Access time from RAS tRAC 65 75 85 ns 3,4,11 

Access time from CAS tCAC 20 20 25 ns 3,4,5 

Access time from column address tAA 35 40 45 ns 3,11 

RAS pulse width tRAS 65 10,000 75 10,000 85 10,000 ns 

CAS pulse width tCAS 15 10,000 20 10,000 25 10,000 ns 

RAS hold time tRSH 20 25 25 ns 

CAS hold time tCSH 20 55 65 ns 

Column address to RAS lead time tRAL 35 40 45 ns 

CAS to W delay time tcwo 45 55 55 ns 8 

RAS to W delay time tRWD 90 105 115 ns 8 

Column address to W delay time tAWD 60 70 75 ns 8 

Hyper Page mode cycle time tHPC 29 34 39 ns 

Hyper Page mode read-modify-write cycle time tHPRWC 76 91 101 ns 

RAS pulse width (Hyper Page Mode) tRASP 65 200,000 75 200,000 85 200,000 ns 

•t:J:':H'iii" ELECTRONICS 
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KM44V4004A/ AL/ ALL/ ASL 

TEST MODE CYCLE(continued) 

Parameter Symbol 

Access time from CAS precharge tCPA 

OE access time tOEA 

OE to data delay torn 

OE command hold time to EH 

TEST MODE DESCRIPTION 
The KM44V4004A/AUALUASL is the CMOS DRAM 
organized 4, 194,304 words by 4 bit internally organized 
1 ,048,576 words by 16 bits. In "Test Mode", data are 
written into 16 sectors i.n parallel and retrieved the 
same way. Column address bit Ao is not used. If upon 
reading, two bits on one 1/0 pin are equal (all "1 " or 
"O"s) the 1/0 pin indicates a "1 ". If they were not equal, 
the 1/0 pin would indicate a "O". In "Test Mode", the 
4Mx4 DRAM can be tested as if it were a 1 Mx4 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 V1L(max) are 
assumed to be 5ns for all inputs, without tHPC and 
tHPRWC. 

3. Measured with a load equivalent to 1 OOpF and 
Voh=2.0V(IOUT=2mA), Vo1=0.8V(IOUT=2mA) 

4. Operation ·within the tRco(max) limit insures that 
tRAc(max) can be met. tRco(max) is specified as a 
reference point only. If tRcD is greater than the 
specified tRco(max) limit, then access time is 
controlled exclusively by tcAc. 

5. Assumes that tRCD 2 tRCD (max). 
6. tAR, twcR, tDHR are referenced to tRAo(max). 
7. This parameter defines the time at which the 

output achieves the open circuit .condition and is 
not referenced to VoH or VoL. 

8. twcs, tRWD, tcwo and tAwo are non restrictive 
operating parameters. They are included in the 
data sheet as electric characteristics only. If twcs 2 
twcs(min) the cycle is an early write cycle and the 
data output will remain high impedance for the 
duration of the cycle. If tcwo2tcwo(min), tRWD2 
tRwo(min) and tAWD 2tAwo(min), then the cycle is a 
read-write cycle and the data output will contain 
the data read from the selected address. If neither 
of the above conditions are satisfied, the condition 
of the data out is indeterminate. 

ttMHihi• 
ELECTRONICS 

Min 

20 

20 

CMOS DRAM 

-6 -7 -8 
Units Notes 

Max Min Max Min Max 

40 45 50 ns 

20 25 25 ns 3 

25 25 ns 

25 25 ns 

W and CAS before RAS Cycle (WCBR, Test Mode In 
Cycle) puts the device into "Test Mode", And "CAS 
before RAS Refresh Cycle" or RAS Only Refresh 
Cycle" puts it back into "Normal Mode". In the Test 
Mode, "W and RAS Refresh Cycle" peforms. the refresh 
operation with internal CBR refresh address counter. 
The "Test Mode" funcition reduces test time (1/4 in 
cases of N test pattern) 

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

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

11. Operation within the tRAD(max) limit insures that 
tRAc(max) can be met. tRAo(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. 

12. These specifications are applied in the test mode. 
13. 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. 

14. tRwz(max), tcEz(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. 

15. 4096 cycle of burst refresh must be executed 
within 16ms before and after self refresh, in order 
to meet refresh specification. 

16. 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 high going 

17. tAsc ;;:;: tcP(min), Assumn tT=2.0ns 
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KM44V4004A/ AL/ ALL/ ASL 

TIMING DIAGRAMS 
READ CYCLE 

V1H -
RAS 

V1L -

GAS 
V1H -

V1L -

V1H -
A 

V1L -

V1H -

w 
VIL -

5E 
V1H -

VIL -

D01-D04 
VoH-

VoL-

t1:f:l:f11Hi» 
ELECTRONICS 

CMOS DRAM 

le RP 

I 

~DON'TCARE 
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KM44V4004A/ AL/ ALL/ ASL 

TIMING DIAGRAMS (Continued) 

WRITE CYCLE (EARLY CYCLE) 

RAS 
V1H -

V1L -

V1H -
CA8 

V1L -

V1H -
A 

V1L -

w V1H -
V1L -

m: V1H -
V1L -

D01-D04 
V1H -

V1L -

WRITE CYCLE (OE CONTROLLED WRITE) 

V1H -
RAS 

IAR 

V1L -

CAS 
V1H -
V1L -

V1H -
A 

. V1L -

V1H -w 
V1L -

V1H -m: 
V1L -

V1H -
D01-D04 

V1L -

t1MfilUitP 
ELECfRONICS 

CMOS DRAM 

IRC 

IRAS 

IRsH 
lcsH 

le AS 

VALID DATA-IN 

~DON'T CARE 
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KM44V4004A/ AL/ ALL/ ASL CMOS DRAM 

TIMING DIAGRAMS (Continued) 

READ-MODIFY-WRITE CYCLE 

V1H 
t---------..,----~-tAAS-------------1 

RAS 
V1L 

V1H -

CA5 
. V1L .-

V1H -
A 

V1L -

V1H -w 
V1L -

BE V1H -

V1L -

HYPER PAGE READ CYCLE , 

CAS 

A 

w 

OE 

DQ1-0Q4 

VIH -

VIL -

VIH -

VIL -

VIH -

VIL -

VIH -
VIL -

VIH -

VIL -

VoH -

VoH -

tJ:!:i: f1I iii ;p 
ELECTRONICS 

---!--+-------\RsH-----------1 

i----+---·-------tcAs-----------+---

~Don'tCare 
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KM44V4004A/ AL/ ALL/ ASL 

TIMING DIAGRAMS (Continued) 

HYPER PAGE WRITE CYCLE (EARLY WRITE) 

A 

w 

HYPER PAGE READ-MODIFY-WRITE CYCLE 

VrH -
v,l 

lpRWC 
lcsH 

VrH le AS 

v,l 

VrH 
A v,l 

VrH -w 
V1L -

VrH -
v,l -

tl:fafJiiU» 
ELECTRONICS 

CMOS DRAM 

VALID 
DATA-OUT DATA-IN 

~DON'T CARE 
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KM44V4004A/ AL/ ALL/ ASL CMOS DRAM 

HYPER PAGE READ AND WRITE MIXED CYCLE 

tRASP 

V1H - READ(ICAC) READ(ICPA) WRITE READ(IAA) 

RAS 
VIL -

tHPC tHPC tHPC 
tCP tCP 

CAS 
V1H -

VIL -

A 
V1H -

VIL -

w V1H -

VIL -

OE 
V1H -

VtL - • 
DQ1-DQ4 

VVOL -

~ Don'tCare 

t1:!:': Hliii;; 
ELECTRONICS 
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KM44V4004A/ AL/ ALL/ ASL 

TIMING DIAGRAMS (Continued) 

HIDDEN REFRESH CYCLE (READ) 

RAS 
V1H -

V1L -

GAS V1H -

V1L -

A 
V1H -

V1L -

V1H -
w 

V1L -

OE 
V1H -

V1L -

VoH -

VOL. -

HIDDEN REFRESH CYCLE (WRITE) 

A 

w 

tlm':fill!llP 
ELECTRONICS 
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KM44V4004A/ AL/ ALL/ ASL 

TIMING DIAGRAMS (Continued) 

RAS-ONLY REFRESH CYCLE 
Note: W, OE=Don't Care 

CMOS DRAM 

---------IRc------------1 

-------IRAS-------! 

A 

CAS-BEFORE-RAS REFRESH CYCLE 
Note: OE, Address=Don't Care 

V1H -

V1L ------

w 

VoH-

~DON'TCARE 

•1Mfi'h1
" ELECTRONICS 
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KM44V4004A/ AL/ ALL/ ASL CMOS DRAM 

TIMING DIAGRAMS (Continued) 

CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 

RAS 
V1H- !RAS 

V1L -

RSH 

V1H - le HR le AS 
CAS 

V1L -

IRAL 

A 
V1H-

V1L -

READ CYCLE 

w 

twEZ 

V1H

V1L - ~~;..-."'-llo..¥,-1~~~~~"-l<..~-.....'"""'"""""-.ll..........i~~-fll--t----""-¥.~~..¥..Ji"-l'--.,r...¥. 

VoH-
D01·DQ4 

Vol-

!cwL 
WRITE CYCLE IRWL 

w V1H-

V1L -

5E V1H -

V1L -

V1H-
D01·DQ4 

V1L-

w V1H -

V1L -

OE V1H -

V1L .:__ 
loH 

V110H-
D01 ·DQ4 VllOL _ 

VALID DATA-OUT VALID DATA-JN 

~DON'T CARE 

41Mfilhi» 
· ELECTRONICS 
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KM44V4004A/ AL/ ALL/ ASL 

TIMING DIAGRAMS (Continued) 

TEST MODE IN CYCLE 
. Note: OE, Address: Don't Care 

RAS 
V1H ·-

V1L -
IRPC 

lcP 

V1H -
GAS 

VIL -

w V1H -

CMOS DRAM 

----IRAS------. 

V1L - ~~~...¥...lO:_...,_..~"-fl-----''l-"-.......................................... ~"'"-¥...0"--"---.............................. -.... ....... 

VoH -

Vol-------

~ DON'TCARE 

dJnfiliiliP 
ELECTRONICS 

833 

I 



KM44V4004A/ AL/ ALL/ ASL 

PACKAGE DIMENSIONS 
24-LEAD PLASTIC SMALL OUT-LINE J-LEAD (300MIL) 

0 

~ 0.670(17.02) I 
,_ 0.680 (17.27) 

~I 00041011 I ~AAAMRMAAAA 
o. 050(1. 27) I 0. 015(0. 36) u I 0.026(0.~ I 

TYP I 0.021(0.53) -1 0032(0.~ 

CMOS DRAM 

Units: Inches (millimeters) 

0.050(1.27) 

MAX 

0.027 (0.69) 

MIN 

SS 
NM e. e. 
<Xl N 
0.,.... 
oo 
00 

0.128 (3.25) 

0.145 (3.68) 

24-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE(ll) (300MIL, Forward and Reverse Type) 

0 0.003 (0,08) 

ttMfiifoiP 
ELECTRONICS 

0.052 (1.32) 

0.012 (0.30) 

0:020 (0.50) 

0 
r::::- r::::-
1.() co 
t::. t::. 
co C\I 
O> 0 
C\I (") 
ci ci 

O> I'(") v 
0 0 
ci ci 

@' @' 
.,.... (") 

~~ 
O> l'-
1.() co 
(") (") 

ci ci 

0.005(0.13) 

0.008 (0.20) 

~~n~095) ~ 
O.Q16 (0.40) I I 
0.024 (0.60) 
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KM44V4004A/ AL/ ALL/ ASL 

PACKAGE DIMENSIONS 

24-LEAD PLASTIC SMALL OUT-LINE J-LEAD {400MIL) 

CMOS DRAM 

Units: Inches (millimeters) 

----1 0.025(0.64) 

MIN 

~~~0 If;:_;;.,,.·.-~- ~1'---'ln~ . ii~~~ 
C'J C'J ~ ;; ~ 
0 0 c:i c:i 0 

Q I O 

- L 

I 

. 0.725(18.42) I I -0.-14-4(3~ 
MAX 

Elo.00•10.11L~~~ • 
TYP I I 0.021(0.53) 0.032(0.81) 

0.050(1.27) I 0.015(0.38) o.026(0.66f ~ · 

24-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE 
(400MIL, Forward and Reverse Type) 

0.723 (18.36) 

0.727 (18.46) 

iol 0.003 (0.08) I 6 g 

~ C\l 

g~ 
co C\l 
O> 0 
C'J.,,. 
c:i c:i 

O> ,.... C').,,. 
0 0 
c:i c:i 

0.050(1 27) 
MAX 

0.005 (0.13) 

0.008 (0.20) 

I o.048 (1.22) 0.012 (0.30) I ~ 0 
---j 0.052 (1.32) 0.020 (0.50) r--- 0 .. 037 (0.95) 

TYP B=b 
0.016 (0.40) I I 
0.024 (0.60) 

•!Mfillii» 
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KM44V4104A/ AL/ ALL/ ASL CMOS DRAM 

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

FEATURES 

• Performance range: 

tRAc tCAC tRc 

KM44V4104A/AUALUASL-6 60ns 15ns 110ns 

KM44V4104A/AUALUASL-7 70ns 20ns 130ns 

KM44V4104A/AUALUASL-8 80ns 20ns 150ns 

• Fast Page Mode with Extended data out 
• SeH Refresh Operation (LL-ver. only) 
• CAS-before-RAS refresh capability 
• RAS-only and Hidden Refresh capability 
• Fast parallel test mode Capability 
• LVTTL compatible inputs and outputs 
• Early write or output enable controlled write 
• Single+3.3V±0.3V power supply 
• 2048 cycles/32ms refresh (Normal) 

tHPC 

24ns 

29ns 

34ns 

GENERAL DESCRIPTION 
The Samsung KM44V4104A/AUALUASL is a high 
speed CMOS 4, 194,304 bit>< 4 Dynamic Random 
Access Memory. Its design is optimized for high 
performance applications such as mainframes, mini 
computers, graphics and high performance portable 
computers. 

The KM44V4104A/AUALUASL features EDO Mode 
operation which allows high speed random access of 
memory cells within the same row. 

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

The KM44V4104A/AUALUASL is fabricated using 
. Samsung's advanced CMOS process. 

• 2048 cycles/128ms refresh (Low power & Self Ref.) 
• 2048 cycles/256ms refresh (Super Low power) 
• JEDEC standard pinout 
• Available in plastic SOJ and TSOP(ll) 

FUNCTIONAL BLOCK DIAGRAM 

RAS 

CAS Control i:!f ~:: Clocks 

w VBB Generator 

Data in 
Refresh Timer Row Decoder Buffer 

Refresh Control Q 
cl! DQ1 

Memory Array Ul to a. 
Refresh Counter 4, 194,304x4 · E DQ4 <( 

Cells <I> 
Ul c: 

Row Address Buffer <I> en 
Data out 

Ao-Arn 
Col. Address Buffer Column Decoder 

Buffer OE 

tl1'i'¥1'iii' . 
ELECTRONICS 
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KM44V4104A/ AL/ ALL/ ASL CMOS DRAM 

PIN CONFIGURATION (Top Views) 

• KM44V4104 AJ/AW/ALW/ASW • KM44V4104 AT/ALT/ALLT/ASLT • KM44V4104 ATR/ALTR/ALLTR/ASLTR 
AK/ALK/ALLK/ASLK AS/ALS/ALLS/ASLS ASR/ALSR/ALLSR/ASLSR 

Voo 1 0 Vss Voo 10 24 Vss Vss ,24 Voo 

DQ1 2 DQ4 DQ1 23 DQ4 DQ4 23 0 DQ1 

DQ2 3 DQ3 DQ2 22 DQ3 DQ3 22 DQ2 

w 21 CAS w 21 CAS CAS 21 w 
RAS 20 5E RAS 20 OE OE 20 RAS 
N.C 19 Ag N.C 19 Ag Ag 19 N.C 

A10 18 As A10 18 As As 18 A10 

Ao 17 A1 Ao 8 17 A1 A1 17 8 Ao 

A, 16 As Ai 9 16 As As 16 9 .A1 

A2 10 15 As A2 10 15 As As 15 10 A2 

A3 11 0 14 A4 AJ 11 0 14 A4 A4 14 0 11 AJ 

Voo 13 Vss Voo 12 13 Vss· Vss 13 12 Voo 

J: 400MIL T: 400MIL(Forward) TR: 400MIL(Reverse) 
K: 300MIL S: 300MIL(Forward) SR: 300MIL(Reverse) 

• Pin Name Pin Function 

Ao-A10 Address Inputs 

D01-4 Data In/Out 

Vss Ground 

RAS Row Address Strobe 

CAS Column Address Strobe 

w Read/Write Input 

OE Data Output Enable 

VDD Power(+3.3V) 

N.C No Connectiqn 

d)1':fJIUltP 
ELECTRONICS 
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KM44V4104A/ AL/ ALL/ ASL CMOS DRAM 

ABSOLUTE MAXIMUM RATINGS 
Parameter Symbol Rating Units 

Voltage on Any Pin Relative to Vss VIN, VOUT -0.5- 4.6 v 
Voltage on Voo Supply Relative to Vss Voo -0.5- 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 
apsolute maximum rating conditions for extended periods may affect device reliability. 

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

Parameter Symbol Min Typ Max Unit 

Supply Voltage Voo 3.0 3.3 3.6 v 
Ground Vss 0 0 0 v 
Input High Voltage VIH 2.0 - Voo+ 0.3 v 
Input Low Voltage VIL -0.3 - 0.8 v 

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

Parameter Symbol Min Max Units 

Operating Current* 
KM44V4104A/AUALUASL-6 100 mA 
KM44V4104A/AU ALU ASL-7 lcc1 - 90 mA 

(RAS and CAS Cycling @tRC=min.) 
KM44V4104A/AUALUASL-8 80 mA 

KM44V4104A 2 mA 
Standby Current KM44V4104AL 

lcc2 
1 mA 

(RAS=CAS=W=VIH) KM44V4104ALL - 1 mA 
KM44V4104ASL 1 mA 

RAS-Only Refresh Current* 
KM44V4104A/AUALUASL-6 100 mA 
KM44V4104A/AUALUASL-7 ICC3 - 90 mA 

(CAS=VIH, RAS Cycling @tRC=min.) 
KM44V4104A/AUALUASL-8 80 mA 

Hyper Page Mode Current* 
KM44V4104A/ AUALUASL-6 100 mA 
KM44V4104A/AUALUASL-7 ICC4 - 90 mA 

(RAS=VIL, CAS, Address Cycling @tPC=min.) KM44V4104A/AUALUASL-8 80 mA 

KM44V4104A 1 mA 
Standby Current KM44V4104AL 

Ices 
300 µA 

(RAS=CAS=W=Voo-0.2V) KM44V4104ALL 
-

200 µA 
KM44V4104ASL 200 µA 

GAS-Before-RAS Refresh Current* 
KM44V4104A/AUALUASL-6 100 mA 
KM44V4104AlAUALUASL-7 ICC6 - 90 mA 

(RAS and CAS Cycling @tRC=min.) 
KM44V4104A/AUALUASL-8 80 mA 

Battery Back Up Current Average Power Supply Current, 
Battery Back Up Mode, Input High Voltage (V1H)=Voo-0.2V 

KM44V4104AL 400 µA 
Input Low Voltage (V1L)=0.2V CAS=CAS-Before-RAS Cycling 

KM44V4104ASL 
ICC? - 300 µA 

or 0.2V,DQ1-D04=Don't Care tRc=62.5µs(L-Ver.) 
125µs(SL-Ver.), tRAS=tRAS min.-300ns 

Self Refresh Current 
RAS=CAS=2.0V 

KM44V4104ALL Ices - 250 µA 
W=OE=Ao-A1o=Voo-0.2V or 0.2V 
DQ1-D04=VDD-0.2V, 0.2V or Open 

•1m'¥JliiiiP 
ELECTRONICS 

838 



KM44V4104A/ AL/ ALL/ ASL CMOS DRAM 

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

Parameter Symbol Min Max Units 

Input Leakage Current 
llL -10 10 µA 

(Any input 0::::; V1N ::::; Voo+0.3V, all other pins not under test=O volts.) 

Output Leakage Current 
IOL -10 10 µA 

(Data out is disabled, OV::;VouT::;Voo) 

Output High Voltage Level (IOH=-2mA) VOH 2.4 - v 
Output Low Voltage Level (IOL=2mA) VOL 0.4 v 

*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 and lcca, Address can be changed maximum 
two times while RAS=VIL. In lcc4, Address can be changed maximum once within one Hyper Page cycle. 

CAPACITANCE (TA=25°C, Voo=3.3V, f=1 MHz)) 

Parameter Symbol Min 

Input Capacitance (Ao-A10) CIN1 -

Input Capacitance (RAS, CAS, W, OE) CIN2 -

Output Capacitance (DQ1-0Q4) Coo -

AC CHARACTERISTICS (0°C::;TA::;70°C, Voo=3.3V'±0.3V, See notes 1,2) 
Test condition: Vih/Vi1=2.0V/0.8V, VohN01=2.0V/0.8V, Output Loading CL=100pF 

-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 AAS tRAC 60 70 

Access time from CAS tCAC 15 20 

Access time from column address tAA 30 35 

CAS to output in Low-Z tCLZ 3 3 

OE to output in Low-Z tOLZ 3 3 

Output buffer turn-off delay from CAS tOFF 3 15 3 50 

Transition time (rise and fall) tT 2 50 2 20 

RAS precharge time tRP 40 50 

RAS pulse width tRAS 60 10,000 . 70 10,000 

RAS hold time tRSH 15 20 

CAS hold time tCSH 45 50 

CAS pulse width tCAS 10 10,000 15 10,000 

RAS to CAS delay time tRCD 20 45 20 50 

RAS to column address delay time tRAD 15 30 15 35 

CAS to RAS precharge time tCRP 5 5 

diU11iii• 
ELECTRONICS 

Max Unit 

5 pF 

7 pF 

7 pF 

-8 
Units Notes 

Min Max 

150 ns 

205 ns 

80 ns 3,4,11 

20 ns 3,4,5 

40 ns 3,11 

3 ns 3 

3 ns 3 

3' 20 ns 7,14,16 

2 50 ns 2 

60 ns 

80 10,000 ns 

20 ns 

60 ns 

20 10,000 ns 

20 60 ns 4 

15 40 ns 11 

5 ns 
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KM44V4104A/ AL/ ALL/ ASL CMOS DRAM 

AC CHARACTERISTICS (Continued) 

-6 -7 -8 
Parameter Symbol Units Notes 

Min Max Min Max Min Max 

Row address set-up time tASR 0 0 0 ns 

Row address hold time tRAH 10 10 to ns 

Column address set-up time tAsc 0 0 0 ns 

Column address hold time tCAH 10 15 15 ns 

Column address hold time referenced to RAS tAR 45 55 60 ns 6 

Column address to RAS lead time tRAL 30 35 40 ns 

Read command set-up time tRCS 0 0 0 ns 

Read command hold time referenced to CAS tRCH 0 0 0 ns 9 

Read command hold time referenced to RAS tRRH 0 0 0 ns 9 

Write command hold time tWCH 10 15 15 ns 

Write command hold time referenced to RAS twCR 45 55 60 ns 6 

Write command pulse width twp 10 15 15 ns 

Write command to RAS lead time tRWL 15 20 20 ns 

Write command to CAS lead time tCWL 10 15 20 ns 

Data set-up time tos 0 0 0 ns 10 

Data hold time tDH 10 15 15 ns 10 

Data hold time referenced to RAS tDHR 45 55 60 ns 6 

Refresh period (Normal) tREF 32 32 32 ms 

Refresh period (Low power & Self Ref.) tREF 128 128 128 ms 

Refresh period (Super Low power) tREF 256 256 256 ms 

Write command set-up time twcs 0 0 0 ns 8 

GAS to W delay time tcwo 40 50 50 ns 8 

RAS to W delay time tRWD 85 100 110 ns 8 

Column address to W delay time tAWD 55 65 70 ns 8 

CAS precharge to W delay time tCPWD 60 70 75 ns 8 

CAS set-up time (GAS-before-RAS refresh) tCSR 10 10 10 ns 

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

RAS to CAS precharge time tRPC 5 5 5 ns 

CAS precharge time (C-8-R counter test cycle) tCPT 20 30 30 ns 

Access time from CAS precharge tCPA 35 40 45 ns 3 

Hyper Page cycle time . tHPC 24 29 34 ns 17 

Hyper Page read-modify-write cycle time tHPRWC 71 86 96 ns 17 

CAS precharge time (Hyper Page cycle) tCP 10 10 10 ns 

RAS pulse width (Hyper Page cycle) tRASP 60 200,000 70 200,000 80 200,000 ns 

RAS hold time from CAS precharge tRHCP 35 40 45 ns 

OE access time tOEA 15 20 20 ns 

OE to data delay tOED 15 20 20 ns 

ttMHIUI* 
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KM44V4104A/ AL/ ALL/ ASL CMOS DRAM 

AC CHARACTERISTICS (Continued) 

-6 -7 -8 
Parameter Symbol Units Notes 

Min Max Min Max Min Max 

Output buffer turn off delay time from OE tOEZ 3 15 3 20 3 20 ns 7,14 

OE commend hold time tOEH 15 20 20 ns 

Write command set-up time (Test mode in) twrs 10 10 10 ns 

Write command hold time (Test mode in) twrH 10 10 10 ns 

W to RAS precharge time (C-8-R refresh) twRP 10 10 10 ns 

W to RAS hold time (C-8-R refresh) twRH 10 10 10 ns 

Output data hold time tOOH 5 5 5 ns 7,16 

OE to CAS hold time tOCH 5 5 5 ns 

CAS hold time to OE tCHO 5 5 5 ns 

OE precharge time tOEP 5 5 5 ns 

W pulse width(Hyper Page cycle) twPE 5 5 5 ns 

Output buffer turn off delay from RAS tREZ 3 15 3 20 3 20 ns 7,14,16 

Output buffer turn off delay from W twEZ 3 15 3 20 3 20 ns 7,14 

W to data delay twED 15 20 20 ns 

RAS pulse width (LL-Ver) tRASS 100 100 100 µs 15 

RAS precharge time (LL-Ver) tRPS 110 130 150 ns 15 

CAS hold time (LL-Ver) tCHS -50 -50 -50 ns 15 

TEST MODE CYCLE (Note.12) 

-6 -7 -8 
Parameter Symbol Units Notes 

Min Max Min Max Min Max 

Random read or write cycle time tRC 115 135 155 ns 

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

Access time from RAS tRAC 65 75 85 ns 3,4,11 

Access time from CAS tCAC 20 20 25 ns 3,4,5 

Access time from column address tAA 35 40 45 ns 3,11 

RAS pulse width tRAS· 65 10,000 75 10,000 85 10,000 ns 

CAS pulse width tCAS 15 10,000 20 10,000 25 10,000 ns 

RAS hold time tRSH 20 25 25 ns 

CAS hold time tCSH 20 55 65 ns 

Column address to RAS lead time tRAL 35 40 45 ns 

CAS to W delay time tcwo 45 55 55 ns 8 

RAS to W delay time tRWD 90 105 115 ns 8 

Column address to W delay time tAwo 60 70 75 ns 8 

Hyper Page mode cycle time tHPC 29 34 39 ns 

Hyper Page mode read-modify-write cycle time tHPRWC 76 91 101 ns 

RAS pulse width (Hyper Page Mbde) tRASP 65 200,000 75 200,000 85 200,000 ns 

eW:fiihi» 
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KM44V4104A/ AL/ ALL/ ASL 

TEST MODE CYCLE(continued) 

Parameter Symbol 

Access time from CAS precharge tCPA 

OE access time tOEA 

OE to data delay tOED 

OE command hold time tOEH 

TEST MODE DESCRIPTION 
The KM44V4104A/AUALUASL is the CMOS DRAM 
organized 4,194,304 words by 4 bit internally organized 
1,048,576 words by 16 bits. In "Test Mode", data are 
written into 16 sectors in parallel and retrieved ttie 
same way. Column address bit Ao is not used. If upon 
reading, two bits on one 1/0 pin are equal (all "1" or 
"O"s) the 1/0 pin indicates a "1 ". If they were not equal, 
the 1/0 pin would indicate a "O". In "Test Mode", the 
4Mx4 DRAM can be tested as if it were a 1 Mx4 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) are 
assumed to be 5ns for all inputs, without tHPC and 
tHPRWC. 

3. Measured with a load equivalent to 1 OOpF and 
Voh=2.0V(IOUT=2mA), Vo1=0.8V(lour=2mA) 

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

5. Assumes that tRCD2tRCD (max). 
6. tAR, twcR, tDHR are referenced to tRAo(max). 
7. This parameter defines the time at which the 

output achieves the open circuit condition and is 
not referenced to VoH or Vol. 

8. twcs, tRwD, tcwo and tAwD are non restrictive 
operating parameters. They are included in the 
data sheet as electric characteristics only. If twcs 2 
twcs(min) the cycle is an early write cycle and the 
data output will remain high impedance for the 
duration of the cycle. If tcwo2tcwo(min), tRWD2 
tRwo(min) and tAwo 2tAwo(min), then the cycle is a 
read-write cycle and the data output will contain 
the data read from the selected address. If neither 
of the above conditions are satisfied, the condition 
of the data out is indeterminate. 

tJMHIUI• 
ELECTRONICS 

CMOS DRAM 

-6 -7 -8 
Units Notes 

Min Max Min Max Min Max 

40 45 50 ns 

20 25 25 ns 3 

20 25 25 ns 

20 25 25 ns 

W and CAS before RAS Cycle (WCBR, Test Mode In 
. Cycle) puts the device into "Test Mode", And "CAS 
before RAS Refresh Cycle" or RAS Only Refresh 
Cycle" puts it back into "Normal Mode". In the Test 
Mode, "Wand RAS Refresh Cycle" peforms the refresh 
operation with internal CBR refresh address counter. 
The "Test Mode" funcition reduces test time (1/4 in 
cases of N test pattern) 

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

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

11. 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. 

12. These specifications are applied in the test mode. 
13. 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. 

14. tREz(max), tcEz(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. 

15. 2048 cycle of burst refresh must be executed 
within 16ms before and after self refresh, in order 
to meet refresh specification. 

16. 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 high going 

17. tAsc ~ tcP(min), Assumn tr=2.0ns 
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KM44V4104A/ AL/ ALL/ ASL 

TIMING DIAGRAMS 
READ CYCLE 

V1H -
RAS 

V1L -

V1H -
CAS 

V1L -

V1H -
A 

V1L -

V1H -

w 
V1L -

6E 
V1H -

V1L -

VoH.,--
______ 

VoL-

. d!:i:filhiiP 
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KM44V4104A/ AL/ ALL/ ASL 

TIMING DIAGRAMS (Continued) 

WRITE CYCLE (EARLY CYCLE) 

RAS 
V1H -

V1L -

V1H -
GAS 

V1L -

V1H -
A 

V1L -

w V1H -
V1L -

OE V1H -
V1L -

D01-D04 
V1H -

V1L -

WRITE CYCLE (OE CONTROLLED WRITE) 

V1H -
RAS 

V1L -

CAS 
V1H -
VIL -

V1H -
A 

V1L -

V1H -w 
V1L :--

OE V1H -

V1L -

V1H -
DQ1-DQ4 

V1L -

t1Mfiihi> 
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KM44V4104A/ AL/ ALL/ ASL 

TIMING DIAGRAMS (Continued) 

READ-MODIFY-WRITE CYCLE 

VrH 

AAS 
VrL 

VrH -
CAS VrL·-

VrH -
A 

VrL -

w VrH -

VrL -

OE V1H -

VrL -

DQ,-OQ4 V110H- ----------.+-J\1 
V110L-

HYPER PAGE READ CYCLE 

OAS 

A 

w 

VIH -

VIL -

VIH -

VIL -

VIH -

VIL -

VIH -

VIL -

VIH -

VIL -

•tMfiliiltP 
ELECTRONICS 
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KM44V4104A/ AL/ ALL/ ASL CMOS DRAM 

TIMING DIAGRAMS (Continued) 

HYPER PAGE WRITE CYCLE (EARLY WRITE) 

HYPER PAGE READ-MODIFY-WRITE CYCLE 

A 

w V1H -

V1L - ....... ~""'"""'.M.J 

~DON'TCARE 

•1MfiijiitP 
ELECTRONICS 
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KM44V4104A/ AL/ ALL/ ASL 

HYPER PAGE READ AND WRITE MIXED CYCLE 

CAS 

A 

w 

OE 

DQ1-DQ4 

VIH -

VIL -

VIH -

VIL -

V1H -

VIL -

V1H -

V1L -

V1H -

V1L -

Vl/OL -

t1Mf1liii» 
ELECTRONICS 
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• 
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KM44V4104A/ AL/ ALL/ ASL 

TIMING DIAGRAMS (Continued) 

HIDDEN REFRESH CYCLE (READ) 

i1J\S 
V1H -
V1L -

CAS 
V1H -
V1L -

A 
V1H -

V1L -

V1H -w 
V1L -

OE 
V1H -
V1L -

VoH -

VoL -

HIDDEN REFRESH CYCLE (WRITE) 

V1H -
RAS 

V1L -

V1H -
CAS 

V1L -

V1H -
A 

V1L -

w V1H -
V1L -

5E V1H -

V1L -

V1H -
001-004 

V1L -

•t:!:i:Hihi• 
ELECTRONICS 
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KM44V4104A/ AL/ ALL/ ASL 

TIMING DIAGRAMS (Continued) 

RAS-ONLY REFRESH CYCLE 
Note: W, OE=Don't Care 

CMOS DRAM 

,___ ___ ----!Re------------

t------------IRAS------

A 

CAS-BEFORE-RAS REFRESH CYCLE 
Note: OE, Address=Don't Care 

V1H -

V1L- ___ _ 

w 

00 1-004 

~DON'TCARE 

tllfofriiliP 
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KM44V4104A/ AL/ ALL/ ASL CMOS DRAM 

TIMING DIAGRAMS (Continued) 

CAS-BEFORE-RAS REFRESH COUNTER. TEST CYCLE 

RAS 
V1H- ------------tRAs------------1 
Vil -

CA8 
V1H - ---tcHR----

V1L -

A 
V1H-

V1L -

READ CYCLE 

w V1H -

V1L -

twEZ 

V1H-

OE 
V1L -

VoH-
001·004 

VoL -

~~~ WRITE CYCLE 
l°t-~ 
~ V1H-w 

V1L-

OE V1H -

V1L -

V1H-
D01·D04 

V1L-:-

w V1H -

V1L -

OE V1H -

V1L -

V110H-

001·004 
V110L-

~ OONTCARE J 

•tMHIUI' ELECTRONICS 
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KM44V4104A/ AL/ ALL/ ASL 

TIMING DIAGRAMS (Continued) 

TEST MODE IN CYCLE 
Note: OE, Address: Don't Care 

R'AS 
V1H -
V1L -

IRPC 

lcp 

V1H -
C'iiS 

V1L -

w V1H -. 

CMOS.DRAM 

V1L - ~~~~~~'"+-----"'ll-¥-~~.¥..¥..~..¥-lo~~~¥..¥..ll...¥..~.¥..¥..~..K. 

VoH -
l>----------OPEN--------

VoL - ------

~DON'T CARE 

t11mfi@IP 
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KM44V4104A/ AL/ ALL/ ASL 

PACKAGE DIMENSIONS 
24-LEAD PLASTIC SMALL OUT-LINE J-LEAD (300MIL) 

0 

CMOS DRAM 

Units: Inches (millimeters) 

0.027 (0.69) 
MIN 

SS 
NC') 

e. e. 
CO N 
0 ~ 
0 0 
ci ci 

24-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE(ll) (300MIL, Forward and Reverse Type) 

0.671 (17.04) 

0.679 (17.24) 

r:::- r:::
lt) CD 

t:::. t:::. 
co C\I 
Ol 0 
C\I C') 

ci ci 

iol 0.003 (0.00) I b ~ 
I o.048 (1.22) 0.012 (0.30) I ~ u 

-~ 0.052 (1.32) 0.020 (0.50) r- 0.037 (0.95) 

TYP 

etnfilm" 
ELECTRONICS 

C\j' C\j' 
~ C') 

~~ 
Ol r-.. 
lO CD 
C') C') 

ci ci 

0.005 (0.13) 

0.008 (0.20) 

~ 
0.016 (oAoi II 
0.024 (0.60) ---t--1 
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KM44V4104A/ AL/ ALL/ ASL CMOS DRAM 

PACKAGE DIMENSIONS 

24-LEAD PLASTIC SMALL OUT-LINE J-LEAD (400MIL) Units: Inches (millimeters) 

J 0.025(0.64) 

I MIN 

~ 11 ;:I~ ())(') o 

~ (") (") ~ ~ ~ 

··--~1------ .~i~, - n.i. o• 0. 

o Lt~ 1: ~1~~~ ~. 
0 ci I olooio ~ 

C
---,_..-.......--............. ........-...,......,.......----.-,-,--.-................................... ~ I =i_j_ '~ ~ f 

0. 725(18.42) I 0. 144(3.66) i 

I MAX 

l§r-"'00_410,, 1 ~AMA-, ~-. --.' 
0.050(1.27) I 0.015(0.38) ll I 0.026(0.~~!- I · 

TYP I O.o21 (0.53) - -1 ' 0 032(0 B1) ~ 

24-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE 
(400MIL, Forward and Reverse Type) 

0. 723 (18.36) 

0.727 (18.46) 

/ol 0.003 (0.08) 1 b g 

Ol r-
C') '<!' 
0 0 
c:i c:i 

0.050(1.27) 

MAX 

CD CD 
<O co 

Ol r--
1.() <O 
'<!' '<!' 
c:i c:i 

0.005 (0.13) 

0.008 (0.20) 

I 0.048(1.22) 0.012(0.30) I~ u 
---j 0.052 (1.32) 0.020 (0.50) r-- 0.037 (0.95) ~ TYP 

0.016 (0.40) I I 
0.024 (0.60) 

•liJ:'ifillii' ELECTRONICS 
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NOTES 
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KM48C2000A/ AL/ ALL/ ASL CMOS DRAM 

2M x 8 Bit CMOS Dynamic RAM with Fast Page Mode 

FEATURES 
• Performance range: 

tRAC tCAC tRC 

KM48C2000A/ AU ALU ASL-5 sons 13ns 90ns 

KM48C2000A/ AU ALU ASL-6 60ns 15ns 110ns 

KM48C2000A/ AU ALU ASL-7 70ns 20ns 130ns 

KM48C2000A/ AU ALU ASL-8 80ns 20ns 150ns 

• Fast Page Mode operation 
• Byte Read/Write operation 
• CAS-before-RAS refresh capability 
• RAS-only and Hidden Refresh capability 
• Fast parallel test mode Capability 
• TTL compatible inputs and outputs 
• Early write or output enable controlled write 
• Single+5.0V ± 10% power supply 
• 4096 cycles/64ms refresh (Normal) 
• 4096 cycles/128ms refresh (Low power & Self Ref.) 
• 4096 cycles/256ms refresh (Super Low power) 
• JEDEC standard pinout 
• Available in plastic SOJ and TSOP(ll) packages 

FUNCTIONAL BLOCK DIAGRAM 

RAS 
Control 

CAS 
Clocks 

GENERAL DESCRIPTION 
The Samsung KM48C2000A/AL/ALUASL is a high 
speed CMOS 2,097,152 bitx8 Dynamic Random 
Access Memory. Its design is optimized for high 
performance applications such as mainframes, mini 
computers, graphics and high performance portable 
computers. 

The KM48C2000A/AL/ALL/ASL features Fast Page 
Mode operation which allows high speed random 
access of memory cells within the same row. 

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

The KM48C2000A/AL/ALL/ASL is fabricated using 
Samsung's advanced CMOS process. 

Vss 
w Vss Generator 

t:G= Vee 

Data in 
Refresh Timer Row Decoder 

Buffer 

Refresh Control Q 
o6 DQ1 

Memory Array 
(/) 

Cl. to 
Refresh Counter 2,097,152x8 

E 
~ DOB 

Cells ~ 
c 

Row Address Buffer CD 

AO-A11 (f) 

Data out 

Col. Address Buffer Column Decoder 
Buffer OE 

AO-A8 

•tMfJiiii» 
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KM48C2000A/ AL/ ALL/ ASL CMOS DRAM 

PIN CONFIGURATION (fop Views) 

• KM48C2000 AJ/AW/ALW/ASLJ • KM48C2000AT/ALT/ALLT/ASLT • KM48C2000 ATR/ALTR/ALLTR/ASLTR 

Vee Vss Vee 10 28 Vss Vss 28 Vee 

oo, OOa oo, 27 DO a DO a 27 0 oo, 
002 007 002 26 007 007 26 002 

003 005 003 25 005 005 25 003 

004 00s 004 24 OOs OOs 004 

w eAS w 23 eAS eAS 23 w 
RAS 5E RAS 22 OE OE 22 RAS 

A,, Ag ,A11 21 'Ag Ag 21 A11 

A10 Aa' A10 20 As As 20 A,o 

Ao A7 Ao 10 19 A1 A1 19 10 Ao 

A, A5 A, 11 18 'As A5 18 11 A, 

A2 As A2 12 As As 17 12 A2 

AJ 0 A4 AJ 13 16 A4 A4 16 13 A3 

Vee Vss Vee 14 0 15 Vss Vss 15 0 14 Vee 

Pin Name Pin Function 

Ao-A11 Address Inputs 

DQ1-8 Data In/Out 

Vss Ground 

RAS Row Address Strobe 

CAS Ci>JlJfil!lAddress-Stroee 

w Read/Write Input 

OE Data Output Enable 

Vee Power(+5.0V) 

eMtiihi• 
· ELECTRONICS 
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KM48C2000A/ AL/ ALL/ ASL CMOS DRAM 

ABSOLUTE MAXIMUM RATINGS 
Parameter Symbol Rating Units 

Voltage on Any Pin Relative to Vss V1N, Vour -1to+7.0 v 
Voltage on Vee Supply Relative to Vss Vee -1 to + 7.0 v 
Storage Temperature Tstg -55 to+ 150 aC 

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 (Voltage referenced to Vss, TA=O to 70°C) 

Pararneter Symbol Min Typ Max Unit 

Supply Voltage Vee 4.5 5.0 5.5 v 
Ground Vss 0 0 0 v 
Input High Voltage VIH 2.4 - Vee+ 1 v 
Input Low Voltage VIL -1.0 - 0.8 v 

DC AND OPERATING CHARACTERISTICS (Recommended operating conditions u~1ess otherwise noted) 

Parameter Symbol Min Max Units 

KM48C2000A/AUALUASL-5 90 mA 
Operating Current* KM48C2000A/AUALUASL-6 

lcc1 
80 mA 

(RAS and GAS Cycling @tRc=min.) KM48C2000A/AUALUASL-7 70 mA 
KM48C2000A/AUALUASL-8 60 mA 

KM48C2000A 2 mA 
Standby Current KM48C2000AL 

lcc2 
1 mA 

(RAS=CAS=VV=VIH) KM48C2000ALL 1 mA 
KM48C2000ASL 1 mA 

KM48C2000A/AUALUASL-5 90 mA 
RAS-Only Refresh Current* KM48C2000A/AUALUASL-6 

ICC3 
80 mA 

(CAS=VIH, RAS Cycling @tRc=min.) KM48C2000A/AUALUASL-7 70 mA 
KM48C2000A/AUALUASL-8 60 mA 

KM48C2000A/AUALUASL-5 80 mA 
Fast Page Mode Current* KM48C2000A/AUALUASL-6 

ICC4 
70 mA 

(RAS=VtL, GAS", Address Cycling @tPC=min.) KM48C2000A/AUALUASL-7 60 mA 
KM48C2000A/AUALUASL-8 50 mA 

KM48C2000A 1 mA 
Standby Current KM48C2000AL Ices 

300 µA 
(RAS=CAS=VV=Vcc-0.2V) KM48C2000ALL 200 µA 

KM48C2000ASL 200 µA 

KM48C2000A/AUALUASL-5 90 mA 
GAS-Before-RAS Refresh Current* KM48C2000A/AUALUASL-6 

Ices 
80 mA 

(RAS and GAS Cycling @tRc=min.) KM48C2000A/AUALUASL-7 70 mA 
KM48C2000A/AUALUASL-8 60 mA 

Battery Back Up Current Average Power Supply Current, 
Battery Back Up Mode, Input High Voltage(VrH)=Vcc-0.2V 

KM48C2000AL 450 µA 
Input Low Voltage(V1L)=0.2V CAS=CAS-Before-RAS 

KM48C2000ASL 
ICC? 

350 µA 
Cycling or 0.2V DtN=Don't Care TRC=31.25µS(L-Ver.) l 62.5µS(SL-Ver.), TRAs~300ns 

tlifofiiiii> 
ELECTRONICS 
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KM48C2000A/ AL/ ALL/ ASL CMOS DRAM 

DC AND OPERATING CHARACTERISTICS (Continued) 

Parameter Symbol Min Max Units 

Self Refresh Current 
RAS=CAS=0.2V 

KM48C2000ALL Ices - 300 µA 
W=OE=Ao-A11=Vcc-0.2V or 0.2V 
DQ1-D0a=Vcc-0.2V, 0.2V or Open 

Input Leakage Current · 
ll(L) -10 10 µA 

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

Output Leakage Current 
IO(L) -10 10 µA 

(Data out is disabled, OV::::;VoursVcc) 

Output High Voltage Level (IOH=-5mA) VOH 2.4 - v 
Output Low Voltage Level (loL=4.2mA) VOL - 0.4 v 

*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 and lcc3, Address can be changed maximum 
two times while RAS=V1L. In lcc4, Address can be changed maximum once within one fast page cycle. 

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

Parameter Symbol Min Max Unit 

Input Capacitance (Ao-A11) CIN1 - 5 pF 

Input Capacitance (RAS, CAS, W, OE) CIN2 - 7 pF 

Input Capacitance (DQ1 -DQa) Coa - 7 pF 

AC CHARACTERISTICS (0°CsTas70°C, Vcc=5.0V±0.5V, See notes 1,2) 

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

Min Max Min Max Min Max Min Max 

Random read or write cycle time tRC 90 110 130 150 ns 

-~ead-modify-write cycle time tRWC 133 155 185 205 ns 

Access time from RAS tRAC 50 60 70 80 ns 3,4,11 

Access time from GAS tCAC 13 15 20 20 ns 3,4,5 

Access time from column address tAA 25 30 35 40 ns 3,11 

GAS to output in Low-Z tCLZ ·o 0 0 0 ns 3 

Output buffer turn-off delay tOFF 0 13 0 15 0 20 0 20 ns 7 

Transition time (rise and fall) 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 10,000 60 10,000 70 10,000 80 10,000 ns 

RAS hold time tRSH 13 15 20 20 ns 

CAS hold time tcsH 50 60 70 80 ns 

CAS pulse width tCAS 13 10,000 15 10,000 20 10,000 20 10,000 ns 

RAS to CAS delay time . tRCD 20 37 20 45 20 50 20 60 ns 4 

RAS to column address delay time tRAD 15 25 15 30 15 35 15 40 ns 11 

GAS to RAS precharge time tCRP 5 5 5 5 ns 

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

•1itnfiiiii» 
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KM48C2000A/ AL/ ALL/ ASL CMOS DRAM 

AC CHARACTERISTICS (Continued) 

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

Min Max Min Max Min Max Min Max 

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 tAA 40 45 55 60 ns 6 

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

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

Read command hold time referenced to GAS tACH 0 0 0 0 ns 9 

Read command hold time referenced to RAS tAAH 0 0 0 0 ns 

Write command hold time twCH 10 10 15 15 ns 

Write command hold time referenced to RAS twCA 40 45 55 60 ns 6 

Write command pulse width twp 10 10 15 15 ns 

Write command to RAS lead time tAWL 15 15 20 20 ns 

Write command to GAS lead time tCWL 13 15 20 20 ns 

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

Data hold time tDH 10 10 15 15 ns 10 

Data hold time referenced to RAS tDHA 40 45 55 60 ns 6 

Refresh period (Normal) tAEF 64 64 64 64 ms 

Refresh period (Low power & Self Ref.) tREF 128 128 128 128 ms 

Refresh period (Super Low power) tAEF 256 256 256 256 ms 

Write command set-up time twcs 0 0 0 0 ns 8 

GAS to W delay time tcwo 36 40 50 50 ns 8 

RAS to W delay time tAWD 73 85 100 110 ns 8 

Column address to W delay time tAWD 48 55 65 70 ns 8 

GAS set-up time (GAS-before-RAS refresh) tCSR 10 10 10 10 ns 

GAS hold time (GAS-before-RAS refresh) tCHA 10 10 15 15 ns 

RAS to GAS precharge time tAPC 5 5 5 5 ns 

GAS precharge time (C-8-R counter test cycle) tCPT 20 20 30 30 ns 

Access time from GAS 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 tPAWC 76 85 100 105 ns 

GAS precharge time (Fast Page mode) tCP 10 10 10 10 ns 

RAS pulse width(Fast Page mode) tRASP 50 200000 60 200000 70 200000 80 200000 ns 

RAS hold time from GAS precharge tAHCP 30 35 40 45 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 time from OE tOEZ 0 13 0 15 0 20 0 20 ns 

OE command hold time tOEH 13 15 20 2CJ ns 

•1m'¥i'hi" ELECTRONICS 
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KM48C2000A/ AL/ ALL/ ASL 

AC CHARACTERISTICS (Continued) 

.5 ·6 ·7 ·8 
Parameter Symbol Units Notes 

Min Max Min Max Min Max Min Max 

Write command set-up time (Test mode in) twrs 10 10 10 10 ns 

Write command hold time (Test mode in) twrH 10 10 10 10 ns 

Wto 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 

. RAS pulse width (C-8-R self refresh) !RASS 100 100 100 100 µs 15 

RAS precharge time (C-8-R self refresh) !RPS 90 110 130 150 ns 15 

GAS hold time (C-8-R self refresh) !CHS -50 -50 -50 -50 ns 15 

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 !RC 95 115 135 155 ns 

Read-modify-write cycle time !RWC 138 160 190 210 ns 

Access time from RAS !RAC 55 65 75 85 ns 3,4,11 

Access time from GAS !CAC 18 20 25 25 ns 3,4,5 

Access time from column address tAA 30 35 40 45 ns 3,11 

RAS pulse width tRAS 55 10,000 65 10,000 75 10,000 85 10,000 ns 

CAS pulse width tCAS 18 10,000 20 10,000 25 10,000 25 10,000 ns 

RAS hold time !ASH 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 

CAS to W delay time tcwo 41 45 55 55 ns 8 

RAS to W delay time tRWD 78 90 105 115 ns 8 

Column address to W delay time tAWD 53 60 70 75 ns 8 

Fast Page mode cycle time !PC 40 45 50 55 ns 

Fast Page mode read-modify-write cycle time tPRWC 81 90 105 110 ns 

RAS pulse width (Fast Page Mode) !RASP 55 200,000 65 200,000 7~ 200,000 85 200,000 ns 

Access time from CAS precharge !CPA 35 40 45 50 ns 3 

OE access time tOEA 18 20 25 25 ns 

OE to data delay !OED 18 20 25 25 ns 

OE command hold time tOEH 18 20 25 25 ns 

•1Mfiiiii» 
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KM48C2000A/ AL/ ALL/ ASL 

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 V1L(max) are 
assumed to be 5ns for all inputs. 

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

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

5. Assumes that tRco ;:::::tRco (max). 
6. tAR, twcR, toHR are referenced to tRAD(max). 
7. This parameter defines the time at which the 

output achieves the open circuit condition and is 
not referenced to VoH or VOL 

8. twcs, tRwo, tcwo and tAwo are non restrictive 
operating parameters. They are included in the 
data sheet as electric characteristics only. If twcs;::::: 
twcs(min) the cycle is an early write cycle and the 
data output will remain high impedance for the 
duration of the cycle. If tcwo;:::::tcwo(min), tRwo;::::: 
tRwo(min) and tAwo;:::::tAwo(min), then the cycle is a 

TIMING DIAGRAMS 

READ CYCLE 

A 

w 

VoH- ~~~~~~ 
VoL-

4111MJiiii• 
ELECTRONICS 

CMOS DRAM 

read-write cycle and the data output will contain 
the data read from the selected address. If neither 
of the above conditions are satisfied, the condition 
of the data out is indeterminate. 

9. Either tRcH or tRRH must be satisfied for a read 
cycle. 

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

11. Operation within the tRAo(max) limit insures that 
tRAc(max) can be met. tRAo(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. 

12. These specifications are applied in the test mode. 
13. 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. 

14. 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. 

15. 4096 cycle of burst refresh must be executed 
within 16ms before and after self refresh, in order 
to meet refresh specification. 

~DON'TCARE 
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KM48C2000A/ AL/ ALL/ ASL CMOS DRAM 

TIMIN.G DIAGRAMS (Continued) 

WRITE CYCLE (EARL y· WRITE) 

CAS 

A 

w 

001-DOe 

) . 

V1H- ?iJ~i7t71~:1.I~~--:\ 

V1L - l:Jl..:io£:1J:j[,'i::f.Y-lC.::~~ 

V1H- "]':J'-.'IV"'VVWVQWV"JW~ I . I 
V1L- CJC.l£¥:~~~C:C.~(:::i:.~~-+--~-.....;i~l;,l.'i:::l.'i::J.~~~'::f::i.~~l::J.~~C::J.oi/:::J.~~~l::/::J. 

V1H- "/f1''i/Vf1"9~~rV'f1'9~~ti:fr/1V~~""7'i;7\f'<i1C'\~~'V"!j~~'Tf1".'3t:J~'V"\7\/'<~~~~rv'l7"'1~~~ 

V1L- ~~~~~~~~()A~'!Jl:Ji.~~{::JjC;,,f:,C:Jjl:J::iCJ::i.~O,/::i~(;jl,'J::J.~~.,{j,t,~~~~~~~~J::,,J:j 

WRITE CYCLE (OE CONTROLLED WRITE) 

CAS 

A 

w 

001-00s 

~------ tRAS----------1 

V1H- -------" 1.._. __ _ 

V1L-

V1H-7\J'~~r'\.~:::-:o..:....~_,,,~~-:::':~:::7:":'-~.CKJ~~~7'7'1l1'\J~~7't7'll1'\Jl:'m~7':7'i~!;?t"l't"7t"7\ 

V1L- ~~~::.' -"J""---...lf"'-" ~--=~~~.....Jf-~~~~~~~~OJ:i..llJ:.~~Cl!Qt:J:.~~~ 

V1H- :itl'm::~~l1'\J~~7'{'7'1~1:'m"m'.~~~m... 

V1L- ./lJ..l.Qj:lA(l,o.ll::JiJ.liQ.j:lAA./:J.t:J./.~~~.t::i.!,~~~---~~~~{ll.~~~(J£.li::Jl..~Ca.a.~~liCM~ 

V1H- 7'\?r10mrt?\"l1'\Ji:-m~7't7'l"-±""----t-r-"'*n~t7'r7m~n~~~'7'\lt7'r7~~moi:'7'\1~~ 

V1L-' ~~~~lli:.~~~Ol);CI 

V1H-

V1L- ----

IZZI DON'T CARE I' 

ttMfJllW• 
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KM48C2000A/ AL/ ALL/ ASL 

TIMING DIAGRAMS (Continued) 

READ-MODIFY-WRITE. CYCLE 

~--------
1 

RAS 

A 
V1H- -~ l~,,,.,.,.~-.i 

V1L-

w 

OE 

FAST PAGE MODE READ CYCLE 

- --------------- lRWC------

lRAS----

t - ~ tcsH---
-j---- -- - - IRSH 

I --+--- --
1 

---- tcAs -------

CMOS DRAM 

-- -------------~- IRASP--------------< 

RAS 

CAS 

V1H-
A 

V1L-

w V1H-

V1L-

V1H-
OE 

V1L-

~DON'T CARE 

tti!tWJllWP 
ELECTRONICS 
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KM48C2000A/ AL/ ALL/ ASL 

TIMING DIAGRAMS (Continued> 

FAST P~GE MODE WRITE CYCLE (EARLY WRITE) 

A 

----------tRASP· ----

1 

CMOS DRAM 

l----toHR.---------1 11 11 
I 1 to~ I toH 1 tos .· ' toH tos toH 

D01·DOe 

FAST PAGE MODE READ-MODIFY-WRITE CYCLE 
~u ---··•-••--• 

-ICSH----i 

tRAsp---

CAS 

A 

w 

D01·DOe 

~DON'TCARE 

11mn:m• 
ELECTRONICS 
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KM48C2000A/ AL/ ALL/ ASL 

TIMING DIAGRAMS (Continued) 

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

r------------tRc----

RAS 

A 

CAS-BEFORE-RAS REFRESH CYCLE 
NOTE: W=V1H. OE, A=Don't Care 

CMOS DRAM 

1------------tRc-·-----------1 

---tCHR--

CAS 
V1L-

V110H -

DO,·OOa V110L - ~ ... ---------OPEN---------~----
CAS-BEFORE-RAS SELF REFRESH CYCLE (LL-version) 
NOTE: W, OE, A=Don't Care 

RAS 
V1H- -----tRAss---~ 

V1L-

CAS 
V1H-

V1L-

oa,-oaa 
VoH - 1>--------0PEN-------------
Vol -

~ DON'TCARE 

•t:faf\ihi» 
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KM48C2000A/ AL/ ALL/ ASL 

TIMING DIAGRAMS (Continued) 

HIDDEN REFRESH CYCLE (READ) 

A 

CMOS DRAM 

V1H- "71\""''J\lo~\7'V~r-t-----...i....1~~'7\JC"°'V~~~~~~~7\}.l?\'~~~?t71:7\?~ 
V1L- ~Q/lQQ~w;;;J 

V1H- ""r7"'7m~~~~~7\ 

V1L- OC,~~~~c:.i:;.CJC~~~-~---------JJ4~~~0/J~~~~~~~~ 

DQ,-DOe VoH-

--------------~I VoL-

HIDDEN REFRESH CYCLE (WRITE) 
1--------tRc _____ __,_ ________ tRc-----

1------·--tRAS ----

V1H-
RAS 

V1L-

V1H-
CAS 

V1L-

V1H-
A 

w 

V1H-

OE 
V1L-

V1H-
001-DOe 

V1L-

ttMHiiii• 
ELECTRONICS 
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· KM48C2000A/ AL/ ALL/ ASL 

TIMING DIAGRAMS (Continued) 

CAS·BEFORE·RAS REFRESH COUNTER TEST CYCLE 

V1H-
RAS 

V1L-

V1H-

CAS 
V1L-

V1H-
A 

V1L-

READ CYCLE 

V1H-
w 

V1L-

V1H-

fil 
V1L-

D01-DOa 
VoH-

VOL-

WRITE CYCLE 

V1H-

w 
V1L-

V1H-

OE 
V1L-

V1H-

D01-DOa 
V1L-

V1H-

w 
V1L-

V1H-

6E 
V1L-

V110H-
D01·DOa 

V110L-

•1MfilhitP 
ELECTRONICS 
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VALID ~ 
DATA-OUT 
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KM48C2000A/ AL/ ALL/ ASL 

PACKAGE DIMENSION 
28·LEAD PLASTIC SMALL OUT-LINE J-LEAD 

0. 720(18.29) 

0.730(18.54) 

0 
0 

!al 0.00410.1)1 

Ci) O> 
0 Cll 

ci ci 
iO iO 
O> 0 
(¥) '<t 
ci ci 

0.050(1.27) 

MAX 

CMOS DRAM 

Units: Inches (millimeters) 

0.027(0.69) 

MIN 

-="-.-+--------.--,_..., R1 ---'-------..-
~ 

;:::- Ci) iii" 0 
0 0 Cll I() ~ ~ 
Cll (¥) oi oi .... .... 
ci ci iO iO iO iO 00 N" <D I'-

(¥) '<t 
0 0 

(¥) (¥) ...,. '<t 
0 ci ci ci ci 
ci ci 

1140(3.56) 

0.148(3. 76) 

28-LEAD PLASTIC THIN SMALL OUT LINE PACKAGE (Forward and Reverse Type) 

0.740 (18.80) 

MAX 

N g g 
co "' O> 0 
C') ..,. 
d d 

0 

I • · · :;~ :;~:: · Ii= 
~lo~l~o.o_8_M_Ax~~b~~~~ 

_o.o_3_7 _(0._95_l ----+-+-+I- I o.04811.22) I 0.016 (0.4;-r-
1 0.052 11.32) I 0.020 10.50) 

t111MJliiltP 
ELECTRONICS 

Units: Inches (millimeters) 

0.03 (0.80) 

fe" <ii iB' ~ g ...: 

C') O> <D 
Cll IO <D ..,. ..,. ..,. 
d d 0 

0.037 (0.95) 

0.041 (1.05) 

_jj i-__ o._00_5...:...(o_.13-'-l 

0.008 (0.20) 

/,___( -------h~ 
0.016 (0.40) I · I 
0.024 (0.60) 

B?O 



KM48C21 OOA/ AL/ ALL/ ASL CMOS DRAM 

2M x 8 Bit CMOS Dynamic RAM with Fast Page Mode 

FEATURES 
• Performance range: 

tRAC tCAC tRC 

KM48C21 OOA/AUALU ASL-5 50ns 13ns 90ns 

KM48C21 OOA/AUALUASL-6 60ns 15ns 110ns 

KM48C21 OOA/ AU ALU ASL-7 70ns 20ns 130ns 

KM48C21 OOA/ AU ALU ASL-8 80ns 20ns 150ns 

• Fast Page Mode operation 
• Byte Read/Write operation 
• CAS-before-RAS refresh capability 
• RAS-only and Hidden Refresh capability 
• TTL compatible inputs and outputs 
• Early write or output enable controlled write 
• Single+5.0V ± 10% power supply 
• 2048 cycles/32ms refresh (Normal) 
• 2048 cycles/128ms refresh (Low power & Self Ref.) 
• 2048 cycles/256ms refresh (Super Low power) 
• JEDEC standard pinout 
• Available in plastic SOJ and TSOP(ll) 

FUNCTIONAL BLOCK DIAGRAM 

RAS 
Control 

CAS 
Clocks 

GENERAL DESCRIPTION 
The Samsung KM48C2100A/AUALUASL is a high 
speed CMOS 2,097, 152 bit x 8 Dynamic Random 
Access Memory. Its design is optimized for high 
performance applications such as mainframes, mini 
computers, graphics and high performance portable 
computers. 

The KM48C2100A/AUALUASL features Fast Page 
Mode operation which allows high speed random 
access of memory cells within the same row. 

GAS-before-RAS refresh capability provides on-chip 
auto refresh as an alternative to RAS-only refresh. All . 
inputs and outputs are fully TIL compatible. 

The KM48C2100A/AUALUASL is fabricated using 
Samsung's advanced CMOS process. 

Vss 
w Vss Generator 

&v~ 

Data in 
Refresh Timer Row Decoder 

Buffer 

Refresh Control 
Q 
ca DQ1 

Memory Array 
Cf) 

a. to 
Refresh Counter 2,097,152x8 

E 
<( DOB 

Cells ?A 
c:: 

Row Address Buffer 
Q) 

AO-A10 
(/) 

Data out 

AO-A9 Col. Address.Buffer Column Decoder 
Buffer OE 

•11IM1'hl" ELECTRONICS 
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KM48C21 OOA/ AL/ ALL/ ASL CMOS DRAM 

PIN CONFIGURATION (Top Views) 

• KM48C2100 AJ/ ALJ/ ALW/ ASLJ • KM48C2100AT/ALT/ALLT/ASLT • KM48C2100ATR/ALTR/ALLTR/ASLTR 

Vee 1 0 Vss Vee 1 0 Vss Vss 28 Vee 

001 DO a 001 DOe · OOa 27 0 2 001 

002 007 002 OQ7 OQ7 26 3 002 

OQ3 4 DQs DQ3 DQa DQ5 25 DQ3 

DQ4 5 DQ5 DQ4 DQ5 DQ5 24 DQ4 

w CAS w Ci'iS CAS 23 w 
~ 5E .RAS BE BE 22 RAS 

N.C Ag N.C As As 21 N.C 

A10 As A10 As As 20 A10 

Ao 10 A1 Ao 10 A1 A1 19 10 Ao 

A, 11 As A, 11 18 As As 18 11 A, 

A2 12 A5 A2 12 A5 As 17 12 A2 

A3 13 0 A4 A3 13 A4 A4 16 13 A3 

Vee 14 Vss Vee 14 0 Vss Vss 15 ( 0 14 Vee 

_=i _________ _ 
Name Pin Function 
A~-o -- -Address Input;-_ -----·--

1 DOW l[)~t;:-ln/O~-------
-------------

Vss =BGround 
~- ------------------

RAS Row Address Strobe 
- ------------·-

CAS Column Address Strobe 
------ --------------

W~ead/Write Input 

OE Oat~ Output Enable . j. 
---------------

Vee P6wer(+5V) . 
--- ------------·-

dtnfJihiiP 
ELECTRONICS 
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KM48C21 OOA/ AL/ ALL/ ASL 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 (Voltage referenced to Vss, TA=O to 70°C) 

Parameter Symbol Min Typ Max Unit 

Supply Voltage Vee 4.5 5.0 5.5 v 
Ground Vss 0 0 0 v 
Input High Voltage VIH l 2.4 - Vee+ 1 v 
Input Low Voltage VIL -1.0 - 0.8 v 

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

Parameter Symbol Min Max Units 

KM48C21 ODA/AU ALUASL-5 110 mA 
Operating Current* KM48C2100A/AUALUASL-6 

lce1 
100 mA 

(RAS and CAS Cycling @tRc=min.) KM48C2100A/AUALUASL-7 90 mA 
KM48C21 OOA/AUALUASL-8 80 mA 

I---
KM48C2100A 2 mA 

Standby Current KM48C21 OOAL 
lce2 

1 mA 
(RAS=CAS=W=VIH) KM48C2100ALL 1 mA 

KM48C2100ASL 1 mA 

KM48C21 OOA/AUALU ASL-5 110 mA 
RAS-Only Refresh Current* KM48C21 OOA/AUALUASL-6 

ICC3 
100 mA 

~S=VIH, RAS 'cycling •• IRC=min.) KM48C21 OOA/AUALU ASL-7 90 in A 
KM48C21 OOA/AUALUASL-8 80 mA 

KM48C2100A/AU ALUASL-5 90 mA 

I ~ast Page Mode Current• KM48C21 DOA/AU ALU ASL-6 
lce4 

80 mA 
RAS=VIL, CAS, Address Cycling @tPe=min.) KM48C2100A/AUALUASL-7 70 mA 

KM48C2100A/AUALUASL-8 60 mA 

I 
KM48C2100A 1 mA 

I Standby Current KM48C21 OOAL 
Ices 

300 µA 
; (RAS=CAS=W=Vcc-0.2V) KM48C21 OOALL 200 µA 

KM48C2100ASL 200 µA 

KM48C2100A/AUALUASL-5 110 mA 
GAS-Before-RAS Refresh Current* KM48C21 OOA/AUALUASL-6 

Ices 
100 mA 

(RAS and CAS Cycling @tRc=min.) KM48C2100A/AU ALUASL-7 90 mA 
KM48C21 OOA/AUALUASL-8 80 mA 

Battery Back Up Current Average Power Supply.Current, 
Battery Back Up Mode, Input High Voltage(V1H)=Vcc-0.2V 

KM48C21 OOAL 400 µA 
Input Low Voltage(V1L)=0.2V CAS=CAS-Before-RAS Ice? 
Cycling or 0.2V DIN=Don't Care TRC=62.5µS(L-Ver.) 

KM48C21 OOASL 300 µA 

125µS(SL-Ver.), TRAS~300ns 

tl:!:WiliiiiP 
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KM48C21 OOA/ AL/ ALL/ ASL CMOS DRAM 

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

Parameter Symbol Min Max Units 

Self Refresh Current 
RAS=~=0.2V KM48C21 OOALL Ices - 300 µA 
W=ot.=Ao-A1o=Vcc-o.2v or o.2v 
DQ1-D0s=Vcc-0.2V, 0.2Vor Open 

Input Leakage Current h(L) -10 10 µA 
(Any input O ~ V1N ~ Vcc+O.SV, all other pins not under test=O volts.) 

Output Leakage Current 
IO(L) ·-10 10 µA 

(Data out is disabled, OV~Vour~Vcc) 

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

Output Low Voltage Level (IOL=4.2mA) VOL - 0.4 v 

*NOTE: lcc1, ICC3, 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 and lcc3, Address can be changed maximum 
two times while RAS=VIL In ICC4, Address can be changed maximum once within one fast page cycle. 

CAPACITANCE (TA=25°C, Vcc=SV, f=1 MHz) 

Parameter Symbol Min Max Unit 

Input Capacitance (Ao-A10) C1N1 - 5 pF 

Input Capacitance ('RAS, OAS, W, Qt) CIN2 - 7 pF 

Input Capacitance (001-DQa) Coo - 7 pF 

AC CHARACTERISTICS (0°C~Ta~?0°C, Vcc=5.0V±10%, See notes 1,2) 

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

Min Max Min Max Min Max Min Max 

Random read or write cycle time tRC 90 110 130 150 ns 

Read-modify-write cycle time tRWC 133 155 185 205 ns 

Access time from RAS tRAC .· 50 60 70 80 ns 3,4,11 

Access time from GAS' tCAC 13 15 20 20 ns 3,4,5 

Access time from column address tAA 25 30 35 40 ns 3,11 

GAS 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 7 

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

RAS precharge time tRP 30 40 50 60 ns 

'RAS pulse width tRAS 50 10,000 60 10,000 70 10,000 80 10,000 ns 

RAS hold time tRSH 13 15 20 20 ns 

GAS hold time tcsH 50 60 70 80 ns 

GAS pulse width tCAS 13 10,000 15 10,000 20 10,000 20 10,000 ns 

RAS to CAS delay time tRCD 20 37 20 45 20 50 20 60 ns 4 

RAS to column address delay time tRAO 15 25 15 30 15 35 15 40 ns 11 

CAS' to RAS precharge time tCRP 5 5 5 5 ns 

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

•tMH'lh• 
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KM48C21 OOA/ AL/ ALL/ ASL CMOS DRAM 

AC CHARACTERISTICS (Continued) 

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

Min Max Min Max Min Max Min Max 

Row address hold time tRAH 10 10 10 10 ns 

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

Column address hold time tCAH 10 10 15 15 ns 

Column address hold time referenced to RAS tAR 40 45 55 60 ns 6 

Column address to AAS 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 GAS tRCH 0 0 0 0 ns 9 

Read command hold time referenced to RAS tRRH 0 0 0 0 ns 

Write command hold time twCH 10 10 15 15 ns 

Write command hold time referenced to RAS twCR 40 45 55 60 ns 6 

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 

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

Data hold time tOH 10 10 15 15 ns 10 

Data hold time referenced to RAS tOHR 40 45 55 60 ns 6 

Refresh period (Normal) tREF 32 32 32 32 ms 

Refresh period (Low power & Self Ref.) tREF 128 128 128 128 ms 

Refresh period (Super Low power) tREF 256 256 256 256 ms 

Write command set-up time twcs 0 0 0 0 ns 8 

GAS to W delay time tcwo 36 40 50 50 ns 8 

AAS to W delay time tRWO 73 85 100 110 ns 8 

Column address to W delay time tAwo 48 55 65 70 ns 8 

CAS set-up time (CAS-before-RAS refresh) tCSR 10 10 10 10 ns 

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

AAS to CAS precharge time tRPC 5 5 5' 5 ns 

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

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

Fast Page mode cycle time tPC 35 40 45 50 ns 

Fast Page mode read-modify-write cycle time tPRWC 76 85 100 105 ns 

GAS precharge time (Fast Page mode) tCP 10 10 10 10 ns 

AAS pulse width(Fast Page mode) tRASP 50 200000 60 200000 70 200000 80 200000 ns 

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

OE access time tOEA 13 15 20 20 ns 

OE to data delay tOED 13 15 20 20 ns 

Output buffer tum 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 '"'-------•1Mf11W> 
ELECTRONICS 
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KM48C21 OOA/ AL/ ALL/ ASL CMOS DRAM 

AC CHARACTERISTICS (Continued) 

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

Min Max Min Max Min Max Min Max 

Write command set-up time (fest mode in) twrs 10 10 10 10 ns 

Write command hold time (fest mode in) twrH 10 10 10 10 ns 

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 

RAS pulse width (C-8-R self refresh) tRASS 100 100 100 100 µs 15 

RAS precharge time (C-8-R self refresh) tRPS 90 110 130 150 ns 15 

GAS hold time (C-8-R self refresh) tCHS -50 -50 -50 -50 ns 15 

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 RAS tRAC 55 65 75 85 ns 3,4,11 

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

Access time from column address tAA 30 35 40 45 ns 3,11 

RAS pulse width tRAS 55 10,000 65 10,000 75 10,000 85 10,000 ns 

GAS pulse width tCAS 18 10;000 20 10,000 25 10,000 25 10,000 ns 

RAS hold time tRSH 18 20 25 25 ns 

CAS hold time tCSH 55 65 75 85 ns 

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

CAS to W delay time tcwo 41 45 55 55 ns 8 

RAS to W delay time tRWD 78 90 105 115 ns 8 

Column address to W delay time tAwo 53 60 70 75 ns 8 

Fast Page mode cyc!e time tPC 40 45 50 55 ns 

Fast Page mode read-modify-write cycle time tPRWC 81 90 105 110 ns 

RAS pulse width (Fast Page Mode) tRASP 55 200,000 65 200,000 75 200,000 85 200,000 ns 

Access time from GAS precharge tCPA 35 40 45 50 ns 3 

OE access time tOEA 18 20 25 25 ns 

OE to data delay tOED 18 20 25 25 ns 

OE command hold time tOEH 18 20 25 25 ns 

______________________ , 
tMMHii> 
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KM48C21 OOA/ AL/ ALL/ ASL 

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 V1L(max) are 
assumed to be 5ns for all inputs. 

3. Measured with a load equivalent to 2 TIL 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 tRco(max) limit, then access time is 
controlled exclusively by tcAc. 

5. Assumes that tRco:::=.::tRco (max). 
6. tAR, twcR, tDHR are referenced to tRAo(max). 
7. This parameter defines the time at which the 

output achieves the open circuit condition and is 
not referenced to VoH or VoL. 

8. twcs, tRWD, tcwo and tAwo are non restrictive 
operating parameters. They are included in the 
data sheet as electric characteristics only. If twcs::::.:: 
twcs(min) the cycle is an early write cycle and the 
data output will remain high impedance for the 
duration of the cycle. If tcwo:::=.::tcwo(min), tRwo:::=.:: 
tRwo(min) and tAwo::::.:: tAwo(min), then the cycle is a 

TIMING DIAGRAMS 

READ CYCLE 

CMOS DRAM 

read-write cycle . and the data output will contain 
the data read from the selected address. If neither 
of the above conditions are satisfied, the condition 
of the data out is indeterminate. 

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

10. These parameters are referenced to the GAS 
leading edge in early write cycles and to the W 
leading edge in read-write cycles. 

11. Operation within the tRAD(max) limit insures that 
tRAc(max) can be met. tRAo(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. 

12. These specifications are applied in the test mode. 
13. 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. 

14. 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. 

15. 2048 cycle of burst refresh must be executed 
within 16ms before and after self refresh, in order 
to meet refresh specification. 

1--------------lRC------

CAS 

A 

w 

VoH- -------
VoL -

fgZI DON'T CARE 
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KM48C21 OOA/ AL/ ALL/ ASL CMOS DRAM 

TIMING DIAGRAMS (Continued) 

WRITE CYCLE (EARLY WRITE) 

CAS 

A 

V1H- ------.... 
1-~--

V1L-

V1H- "7Cl~~:'ml'l Jr=~~ 

V1L - l:£.~~'{Y~'.!;'.!:!!~ ULr~.,...:~~2..-~'ir!QiO,Q~~C::,,l.~~OOit:::J::t.~~~ot:J.':JY'. 

V1H- "Ri/VilVV'Y~"l'i1'V"9W'V\C-=:l_ 
V1L- C:J.:.'l:::Jl:.'i:'J.~':il::J,Y,;:J.~':il::J.~t...-f--+---.:.fi.~t::Jl~6/:>.f::,/jO(lt/:i,~~l:::J.~~~~.J:::l.l/::J.~'i:J. 

V1H- r:f~'rf''{YY1~r7ii~~V'iJv9~~rvii:'Vli:~rr::J1!1'~'1V''i!VVV'v4v'V":l"V'\'fV'.'J"il'<'\1\1'1VVV'V"'ilr'0':~7'\1~ 
V1L- ~~~~~~~i::J,£.'J}J.':i.t;:,J.~~~(jCj~ObJ.':::J::i.'t::J'.~':i,t;,J,.':£;,J.~~6/j.U,~)/:J.';;/::J.~~ll/J.AJ.~~ 

V1H-

D01·DOa ViL- ---------..cJ 
~----""I 

WRITE CYCLE (OE CONTROLLED WRITE) 

A 

w 

oa,-OOa 

....___ ______ tRAS-------< 

V1H- .................. Jr-....... ~Ll"I" J.r--1-------'!!t_ ~~~~~~~t't'"O'tim:~mn~~l'tX'.7\ 

V1L - ~"'W,(:if °l..:,,;:;;,:.;.::::;~1LJJ'");.._:~~~~~"lel£:~1l:J:.~:i,Q,,j~Q,Cat::J,£.'r/U..l.Q,,j~~OJJ.t::J,£.>J::U 

V1H- ':7\'Jt:m~~~7'0"l~rm~~7'm~~rm~I 

V1L - ./li.~l.Ool~Cl.(l~~~l.Ool~OJ::illi).l/ll.~~;.._--~i.ai(:),/J~'rAJ..~~~~~~~~OAOJ:JM 

V1H- 7\J.'J"\/\/'0~~1"0"\~7'\!'\J'\1~!".""'""---tt---,m!O"O"t'7t~m'l'"~O"C~'ml~~~~~~~ 

V1L- lll:J/:::;i.~~~~CJ::j~tf:j£V 

V1H-

V1L- ----

IZZI DON'T CARE 

t&iilhl• 
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. KM48C21 OOA/ Al.J ALL/ ASL CMOS DRAM 

TIMING DIAGRAMS (Continued) 

READ·MODIFY·WRITE: CYCLE 

----------------- IRWC-------·-------

1------------- IRAS-------------1 -----
RAS 

- tcsH- ---------' 
-· IRSH 

A 
V1H- ""'~~~""'.._-t""'r-""tc;'i'iA°t;;i--\Jt"9'17f\J~~'f\1C'\:i'Ot~C't'~'1\7<~0!.:~~~~~J,_ ______ _ 
V1L-

V1H- ----+---...+----~-...----------..! 

V1L-

V1H- t°?tl'm7\J~~jljl~'t7"{'7t71~m'.:ilm:7\ 

V1L - ~~~~q.a.AQ.AJ.:..0.Q,a.t:J:.~~~~-J.-~ 

V110H -

---------------..vi·~ V110L -

FAST PAGE MODE READ CYCLE 

RAS 

CAS 

A 
v1H- 79'5~~mb(.ll~H:ni'iii'Mi~i"~W\ n~m.~u~P\S'llPQ.r:~tmri::-'1..nr:llr7!l~~l7'\. 

V1L - LI_·..,---..::c_:_ - ;i:-~a~a;.;,;:;;;,;~:;;;;:,,;;t\.6,A,~iQ(\l"-""'!""11'"'--~-~~"°J"l;;._;~~~~(:,t.~~~..AJ\_ __ _ 

w V1H- ~r\7'1~~~;-r-i--t-------r":ti:77-.i.+-----jii-'tj~~~~---f-+ ....... ~~;n.i'W"7 
V1L- ~~~~OI 

V1H- "7t~'7fl"~~"7'~""'"7\. 
OE 

v1L - -'Jj~~~li.Q,j~Di{.;.~~.._-+..JJ.~~~~~i...--l-~~w~~f/J~...+J.'¥:J.~U~4l~W 

~DON'T CARE 

•1Mfilhl1P 
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KM48C21 OOA/ AL/ ALL/ ASL CMOS DRAM 

TIMING DIAGRAMS (Continued) 

FAST PAGE MODE WRITE CYCLE (EARLY WRITE) r---------- -------------IRASP-------- --------- -

RAS ~-IAR--_,I J 

,, .. ~''" I 
CAS tcAS-

A 

FAST PAGE MODE READ·MODIFY·WRITE CYCLE 
RAS ~ -------------IRAsp----~ --------

i.----tpRwc-----

CAS 

A 

/ 
~ .. 

J 
) 

~DON'T C.6.RE 

tlMfiiUI» . 
ELECTRONICS 

8.80 



KM48C21 OOA/ AL/ ALL/ ASL 

TIMING DIAGRAMS (Continued) 

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

CMOS DRAM 

RAS 

~::~ ------' ______ ,,,, too--- ,-H9 N----1 ---
i. ~ 

VtH- -----7--++-------------___;-__,j~-....------

V1L-

A 

CAS-BEFORE-RAS REFRESH CYCLE 
NOTE: W=V1H, OE, A=Don't Care 

r-----------tRc---------------1 

V1H-

V1L-

V1H-

CAS 
VtL-

V110H ~ 

oa,-DOa V110L - j .. _--------- OPEN--------------

CAS-BEFORE-RAS SELF REFRESH CYCLE (LL-version) 
NOTE: W, OE, A=Don't Care 

RAS 
VtH- ------tRASS -------1 

V1L-

GAS 
V1H-

V1L-

DQ 1-DOH 
VoH - l>---------OPEN--------------

·VoL -

~ DON'TCARE 

d!:i:friiliP 
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KM48C21 OOA/ AL/ ALL/ ASL CMOS DRAM 

TIMING DIAGRAMS <Continued) 

HIDDEN REFRESH CYCLE (READ) 

RAS 

A 

V1H- "V\"fil\."f1.,~'J'J''\F°r-r-----"-~~~7'V"-~-:J'\7'\J\J~~~7t'1~\7\'~~~~~~ 

V1L- ~~~~'M:j,J 

VoH-

~----"'--------~I VoL-

HIDDEN REFRESH CYCLE (WRITE) 
f--------tRc -------f---------tRc ----------1 

--lRAS---

A 

w 

V1H- ~~""'~~~~~*":~~"71~~~~~""""'~"'"'"'"""~"""'"""""~~"ft""'7""""""11""'111""'11'""11""'111""'11'_."'""" 

V1L- ~~~~Q,/.~~~~~~~~~~~~Cl/,.~Cl/,.~~~~C::i.f..~t:J.~~~l::J_~..6J.~ 

V1H

V1L - ~~~~'1'---------......;( "~Q,/.~C;¥;.~i::JJ,~~Q,£~AJ,~t::iJ.::i.ClC:./.~~~~ 
toHR -------i ~DON'T CARE 

t!MHihi• 
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KM48C21 OOA/ AL/ ALL/ ASL CMOS DRAM 

TIMING DIAGRAMS (Continued) 

CAS·BEFORE·RAS REFRESH COUNTER TEST CYCLE 

---------tRAS----------~ 

RAS 

CAS 

A 

READ CYCLE 

V1H-
w 

V1L-

V1H-

OE 
V1L-

DQ,-DOa 
VoH-

VoL-

WRITE CYCLE 

V1H-

w 
\ V1L-

V1H-

5E 
V1L-

V1H-

DQ,-DOa 
V1L-

V1H-

w 
V1L-

V1H-

OE 
V1L-

DQ 1-D0a 
V110H-

V110L-

•tMfilJiliP 
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---tRWL 

VALID ~ 
DATA-OUT 

~DON'TCARE 
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KM48C21 OOA/ AL/ ALL/ ASL 

PACKAGE DIMENSION 
28-LEAD PLASTIC SMALL OUT-LINE J-LEAD 

lol o.oo4(0.11J 

0.01610.411 11 

0.020(0.51)---j r-- TYP 

0.026(0.66) 

0.032(0.81) 

0 
cry- 5) 
0 N 
ci ci 
ii) ii) 
O> 0 
(') '<j" 

ci ci 

0.050(1.27) 

MAX 

CMOS DRAM 

Units: Inches (millimeters) 

0.027(0.69) 

MIN 

00 
N (') 

ci ci oo C\I 
0 ~ 
0 0 
ci ci 

0.140(3.56) 

0.148(3. 76) 

28·LEAD PLASTIC THIN SMALL OUT LINE PACKAGE (Forward and Reverse Type) 

0.740 (18.80) 

MAX 

N 

g ~ 
00 N 

f!l ~ 
0 0 

0 

I 
0.722 (18.36) I 

. o.726 (18.46)L 

l~o~!-o.o-8M_A_x~! tJt:J~ 

_o.o_3_71_0._95_) ----+-+-+!-· _ I 0.048 (1.221 I 0.01610.4~ 
I 0.052 (1.321 I 0.020 (0.50) 

t1MfilhltP 
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Units: Inches (millimeters) 

0.03 (0.80) 

le iO iO 
~ ~ 

~ - -
M Cl) co 
N in ~ '<j" 

...,. 
d d d 

~ i-I __ o_.0_05_;_(0~.1_;_3) 
0.008 (0.20) 

0.037 (0.95) 

0.041 (1.05) . 

f 
L 

0.016 (0.40) 

0.024 (0.60) 

~~ 
I I 
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KM48C2004A/ AL/ ALL/ ASL CMOS DRAM 

2M x 8 Bit CMOS Dynamic RAM with Extended Data Out 

FEATURES 
• Performance range: 

tRAC tCAC tRC tHPC 

KM48C2004A/ AU ALUASL-5 50ns 13ns 90ns 20ns 

KM48C2004A/ AU ALUASL-6 60ns 15ns 110ns 24ns 

KM48C2004A/ AU ALU ASL-7 70ns 20ns 130ns 29ns 

KM48C2004A/ AU ALUASL-8 80ns 20ns 150ns 34ns 

• Fast Page Mode with Extended data out 
• Self Refresh Operation (LL-ver. only) 

Byte Read/Write operation 
• CAS-before-RAS refresh capability 
• RAS-only and Hidden Refresh capability 
• Fast parallel test mode capability 
• TTL compatible inputs and outputs 
• Early write or output enable controlled write 
• Single +5.0V ± 10% power supply 
• 4096 cycles/64ms refresh (Normal) 
• 4096 cycles/128ms refresh (Low power & Self Ref.) 
• 4096 cycles/256ms refresh (Super Low power) 
• JEDEC standard pinout 
• Available in plastic SOJ and TSOP(ll) packages 

FUNCTIONAL BLOCK DIAGRAM 

RAS 
Control 

CAS 
Clocks 

GENERAL DESCRIPTION 
The Samsung KM48C2004A/AL/ALL/ASL is a high 
speed CMOS 2,097, 152 bit x 8 Dynamic Random 
Access Memory. Its design is optimized for high 
performance applications such as mainframes, mini 
computers, graphics and high performance portable 
computers. 

The KM48C2004A/AUALUASL features EDO Mode 
operation which allows high speed random access of 
memory cells within the same row. 

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

The KM48C2004A/AL/ALUASL is fabricated using 
Samsung's advanced CMOS process. 

Vss 
w Vss Generator 

&Vu 
Data in 

Refresh Timer Row Decoder 
Buffer 

Refresh Control Q 
o1l DQ1 en 

Memory Array Cl. to 
Refresh Counter 2,097,152x8 

E 
<l'. DQs 

Cells 
Q) 
en 
c 

Row Address Buffer 
Q) 

AO-A11 (/) 

Data out 

Col. Address Buffer. Column Decoder 
Buffer OE 

AO-A8. 

tJ:!:i:fill!iiP 
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KM48C2004A/ AL/ ALL/ ASL CMOS DRAM 

PIN CONFIGURATION (fop Views) 

• KM48C2004 AJ/ ALJ/ ALLJ/ ASLJ • KM48C2004 AT/ALT/ALLT/ASLT • KM48C2004 ATR/ALTR/ALLTR/ASLTR 

Vee 1 0 Vss Vee 10 28 Vss Vss 28 Vee 

D01 DO a D01 27 DO a DO a 27 0 D01 

D02 DQ7 D02 26 DQ7 D07 26 002 

003 OQ5 OQ3 25 OQ5 005 25 003 

004 OOs OQ4 24 OOs OOs 24 004 

w GAS w 23 CA8 eAS 23 w 
RAS OE RAS 22 BE BE 22 7 RAS 

A11 8 Ag A11 21 Ag Ag 21 8 A11 

A10 As A10 20 As As 20 A10 

Ao 10 A1 Ao 10 19 A1 A1 19 10 Ao 

Ai 11 A5· Ai 11 18 A5 A5 18 11 Ai 

A2 12 As A2 12 17 As As 17 12 A2 

A3 13 0 16 A4 A3 13 16 A4 A4 16 13 A3 

Vee 14 Vss Vee 14 0 15 Vss Vss 15 0 14 Vee 

J :400MIL T : 400MIL (Forworcl) TR : 400MIL (Reverse) 

Pin Name Pin Function 

Ao-A11 Address Inputs 

DQ1-8 Data In/Out 

Vss Ground 

RAS Row Address Strobe 

GAS Column Address Strobe 

w Read/Write Input 

OE Data Output Enable 

Vee Power(+5.0V) 

df:I: fil iii IP 
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KM48C2004A/ AL/ ALL/ ASL CMOS DRAM 

ABSOLUTE MAXIMUM RATINGS 
Parameter Symbol Rating Units 

Voltage on Any Pin Relative to Vss VIN, 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. 

RECOMMENPED OPERATING CONDITIONS (Voltage referenced to Vss, TA=O to 70°C) 

Parameter Symbol Min Typ Max Unit 

Supply Voltage Vee 4.5 5.0 5.5 v 
Ground Vss 0 0 0 v 
!nput High Voltage VIH 2.4 - Vee+ 1 v 
Input Low Voltage VIL -1.0 - 0.8 v 

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

Parameter Symbol Min Max Units 

KM48C2004A/AUALUASL-5 90 mA 
Operating Current* KM48C2004A/AUALUASL-6 

lcc1 
80 mA 

(RAS and CAS Cycling @tRC=min.) KM48C2004AIAUALUASL-7 
-

70 mA 
KM48C2004A/AUALUASL-8 60 mA 

KM48C2004A 2 mA 
Standby Current KM48C2004AL 

lcc2 
1 mA 

(RAS=CAS=W=VIH) KM48C2004ALL 
-

1 mA 
KM48C2004ASL 1 mA 

KM48C2004A/AUALUASL-5 90 mA 
RAS-Only Refresh Current* KM48C2004A/AUALUASL-6 

Ices 
80 mA 

(CAS=VrH, RAS Cycling @tRc=min.) KM48C2004A/AUALUASL-7 
-

70 mA 
KM48C2004A/AUALUASL-8 60 mA 

KM48C2004A/AUALUASL-5 100 mA 
Hyper Page Mode Current* KM48C2004A/AUALUASL-6 

ICC4 
90 mA 

(RAS=VIL, CAS, Address Cycling @tPc=min.) KM48C2004A/AUALUASL-7 - 80' mA 
KM48C2004A/AUALUASL-8 70 mA 

KM48C2004A 1 mA 
Standby Current KM48C2004AL 

Ices 
300 µA 

(RAS=CAS=W=Vcc-0.2V) KM48C2004ALL 
-

200 µA 
KM48C2004ASL 200 µA 

KM48C2004A/AUALUASL-5 90 mA 
GAS-Before-RAS Refresh Current* KM48C2004A/AUALUASL-6 

ICC6 
80 mA 

(RAS and CAS Cycling @tRC=min.) KM48C2004A/AUALUASL-7 
-

70 mA 
KM48C2004A/AUALUASL-8 60 mA 

Battery Back Up Current Average Power Supply Current, 
Battery Back Up Mode, Input High Voltage(VrH)=Vcc-0.2V 

KM48C2004AL 450 µA 
Input Low Voltage(VrL)=0.2V, CAS=CAS-Before-RAS 

KM48C2004ASL 
ICC7 - 350 µA 

Cycling cir 0.2\1, OQ1-DQs=Don't Care, tRc=31.25µs(L-Ver.) 
62.5µs(SL-Ver.), tRAS=tRAsmin-300ns 

411li'ifiiiiiiP 
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KM48C2004A/ AL/ ALL/ ASL CMOS DRAM 

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

Parameter Symbol Min Max Units 

Self Refresh Current 
RAS=GfoS=0.2V 

KM48C2004ALL Ices 300 µA 
W=OE=Ao-A11=Vcc-o.2v or 0.2V -
DQ1-DQs=Vcc-o.2v, 0.2V or Open 

Input Leakag·e Current 
h(L) -10 10 µA 

(Any input O:s;V1N :s;Vcc+0.5V, all other pins not under test=O volts.) 

Output Leakage Current 
IO(L) -10 10 µA 

(Data out is disabled, OV:s;Vour:s;Vcc) 

Output High Voltage Level (loH=-5mA) VOH 2.4 - v 

Output Low Voltage Level (IOL=4.2inA) Vol - 0.4 v 

*NOTE: lcc1, ICC3, ICC4 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 and lcc3, Address can be changed maximum 
two times while RAS=V1L. In ICC4, Address can be changed maximum once within one Hyper Page cycle. 

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

Parameter Symbol Min 

Input Capacitance (Ao-A11) CiN1 -

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

Input Capacitance (DQ1 -DQs) Coo -

AC CHARACTERISTICS (0°C:s;TA:s;?0°C, Vcc=5.0V±0.5V, See notes 1,2) 

Test condition: VihNil=2.0V/0.8V, VohN01=2.0V/0.8V, Output Loading CL=1 OOpF 

-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 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 

CAS to output in Low-Z tCLZ 3 3 3 

OE to output in Low-Z tOLZ 3 3 3 

Output buffer turn-off delay from CAS !CEZ 3 13 3 15 3 20 

Transition time (rise and fall) tr 2 50 2 50 2 50 

RAS precharge time tRP 30 40 50 

RAS pulse width IRAS 50 10K 60 10K 70 10K 

RAS hold time tRSH 13 15 20 

CASholdtime tCSH 38 45 50 

CAS pulse width !GAS 8 10K 10 10K 15 10K 

RAS to GAS delay time tRCD 20 37 20 45 20 50 

RAS to column address delay time !RAD 15 25 15 30 15 35 

. d!:i:filJ!liP 
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Max Unit 

5 pF 

7 pF 

7 pF 

-8 
Units Notes 

Min Max 

150 ns 

205 ns 

80 ns 3,4,11 

20 ns 3,4,5 

40 ns 3,11 

3 ns 3 

3 ns 3 

3 20 ns 7,14,15 

2 50 ns 2 

60 ns 

80 10K ns 

20 ns 

60 ns 

20 10K ns 16 

20 60 ns 4 

15 40 ns 11 
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KM48C2004A/ AL/ ALL/ ASL CMOS DRAM 

AC CHARACTERISTICS (Continued) 

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

Min Max Min Max Min Max Min Max 

CAS to RAS precharge time tCRP 5 5 5 5 ns 

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

Row address hold time tRAH 10 10 10 10 ns 

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

Column address hold time tCAH 8 10 15 15 ns 

Column address hold time referenced to RAS tAR 40 50 55 60 ns 6 

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

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

Read command hold time referenced to CAS tRCH 0 0 0 0 ns 9 

Read command hold time referenced to RAS tRRH 0 0 0 0 ns 9 

Write command hold time twCH 10 10 15 15 ns 

Write command hold time referenced to RAS twCR 40 45 55 60 ns 6 

Write command pulse width twp 10 10 15 15 ns 

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

Write command to CAS lead time tCWL 8 10 15 20 ns 

Data set-up time tos 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 6 

Refresh period (Normal) tREF 64 64 64 64 ms 

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

Refresh period (SL-ver) tREF 256 256 256 256 ms 

Write command set-up time twcs 0 0 0 0 ns 8 

CAS toW delay time tcwo 36 40 50 50 ns 8 

RAS to W delay time tRWD 73 85 100 110 ns 8 

Column address to W delay time tAwo 48 55 65 7a ns 8 

CAS address to W delay time tCPWD 53 60 70 75 ns 

CAS set-up time (GAS-before-RAS refresh) tcsR 10 10 10 10 ns 

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

RAS to CAS precharge time tRPC 5 5 5 5 ns 

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

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

Hyper Page cycle time tHPC 20 24 29 34 ns 17 

Hyper Page read-modify-write cycle time tHPRWC 62 71 86 96 ns 17 

CAS precharge time (Hyper Page Cycle) tCP 8 10 10 10 ns 

RAS pulse width(Hyper Page Cycle) tRASP 50 200K 60 200K 70 200K 80 200K ns 

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

OE access time tOEA 13 15 20 20 ns 

d'Wfiliii" 
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KM48C2004A/ AL/ ALL/ ASL CMOS DRAM 

AC CHARACTERISTICS (Continued) 

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

Min Max Min Max Min Max Min Max 

OE to data delay to ED 13 15 20 20 ns 

Output buffer turn off delay time from OE tOEZ 3 13 3 15 3 20 3 20 ns 7,14 

OE command hold time tOEH 13 15 20 20 ns 

Write command set-up time (Test mode in) twrs 10 10 10 10 ns 12 

Write command hold time (Test mode in) twrH 10 10 10 10 . ns 12 

W to RAS precharge time (C-B-R refresh) twRP 10 10 10 10 ns 

W to RAS hold time (C-B-R refresh) twRH 10 10 10 10 ns 

Output da~a hold time tDOH 5 5 5 5 ns 

Output buffer turn off delay from RAs tREZ 3 13 3 15 3 20 3 20 ns 7,14,15 

Output buffer turn off delay from W twEZ 3 13 3 15 3 20 3 20 ns 7,14 

W to data delay twED 15 15 20 20 ns 

OE to CAS hold time tOCH 5 5 5 5 ns 

GAS hold time to OE tCHO 5 5 5 5 ns 

OE precharge time tOEP 5 5 5 5 ns 

W pulse width (Hyper Page Cycle) twPE 5 5 5 5 ns 

AAS pulse width (LL-ver) tRASS 100 100 100 100 µs 16 

AAS precharge time (LL-ver) tRPS 90 .110 130 150 ns 16 

GAS hold time (LL-ver) tCHS -50 -50 -50 -50 ns 16 

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 AAS . tRAC 55 65 75 85 ns 3,4,11,13 

Access time from GAS tCAC 18 20 25 25 ns 3,4,5,13 

Access time from column address tAA 30 35 40 45 ns 3,11,13 

AAS pulse width tRAS 55 10,000 65 10,000 75 10,000 85 10,000 ns 

GAS pulse width tCAS 13 10,000 15 10,000 20 10,000 25 10,000 ns 

RAS hold time tRSH 18 20 25 25 ns 

GAS hold time tCSH 43 50 55 65 ns 

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

CAS to W delay time tcwo 41 45 55 55 ns 8 

RAS to W delay time tRWD 78 90 105 115 ns 8 

Column address to W delay time tAwo 53 60 70 75 ns 8 

Hyper Page cycle time tHPC 25 29 34 39 ns 17 

Hyper Page read-modify-write cycle time tHPRWC 67 76 91 101 ns 17 

•1Mf1@» 
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KM48C2004A/ AL/ ALL/ ASL 

TEST MODE CYCLE (Continued) 

Parameter Symbol 
Min 

RAS pulse width (Hyper Page Cycle) tRASP 55 

Access time from CAS precharge tCPA 

OE access time tOEA 

OE to data delay tOED 18 

OE command hold time tOEH 18 

TEST MODE DESCRIPTION 
The KM48C2004A/AUALUASL is the CMOS DRAM 
organized 2,097,152 words by 8 bit internally organized 
1,048,576 words by 16 bits. In "Test Mode", data are 
written into 16 sectors in parallel and retrieved the 
same way. Column address bit AO is not used. If upon 
reading, two bits on one 1/0 pin are equal (all "1" or 

· "O"s) the 1/0 pin indicates a "1 ". If they were not equal, 
the 1/0 pin would indicate a "O". In "Test Mode", the 
2Mx8 DRAM can be tested as if it were a 1 Mx8 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 ot input signals. Transition times 
are measured between V1H(min) and V1L(max) are 
assumed to be 5ns for all inputs, except tHPC and 
tHPRWC. 

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

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

5. Assumes that tRco?:tRco (max). 
6. tAR, twcR. tDHR are referenced to tRAo(max). 
7. This parameter defines the time at which the 

output achieves the open circuit condition and is 
not referenced to VoH or VOL 

8. twcs, tRWD, tcwo and tAWD are non restrictive 
operating parameters. They are included in the 
data sheet as electric characteristics only. If twcs?: 
twcs(min) the cycle is an early write cycle and the 
data output will remain high impedance for the 
duration of the cycle. If tcwo?:tcwo(min), tRWD?: 
tRwo(min) and tAwo?:tAwo(min), then the cycle is a 
read-write cycle and the data output will contain 
the data read from the selected address. If neither 
of the above conditions are satisfied, the condition 
of the data out is indeterminate . 

• 1mw1m• 
ELECTRONICS 
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Max 

200,000 

35 

18 

CMOS DRAM 

-6 -7 -8 
Units Notes 

Min Max Min Max Min Max 

65 200,000 75 200,000 85 200,000 ns 

40 45 50 ns 3 

20 25 25 ns 

20 25 25 ns 

20 25 25 ns 

W and CAS before RAS Cycle (WCBR, Test Mode In 
Cycle) puts the device into "Test Mode", and "CAS 
before RAS refresh Cycle" or "RAS Only Refresh 
Cycle" puts it back into "Normal Mode". In the Test 
Mode, "W and CAS before RAS Refresh Cycle" 
peforms the refresh operation with internal CBR refresh 
address counter. The "test Mode" function reduces test 
time (1/2 in cases of N test pattern). 

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

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

11. Operation within the tRAD(max) limit insures that 
tRAc(max) can be met. tRAo(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. 

12. These specifications are applied in the test mode. 
13. 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. 

14. tcEz(max), toEz(max) tREz(max) and twEz(max) 
define the time at which the output achieves the 
open circuit condition and are not. referenced to 
output voltage level. 

15. 4096 cycle of burst refresh must be executed 
within 16ms before and after self refresh, in order 
to meet refresh specification. 

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

17. tASC;;;;; tcP(min), Assumn tT=2.0ns 

891 



KM48C2004A/ AL/ ALL/ ASL 
TIMING DIAGRAM 

READ CYCLE 

V1H -
l1AS v IL 

V1H -
CAS V1L -

A V1H -
V1L -

V1H -
OE Vil. _ 

VoH -
DQ1 - DQ8 VoL _ ------ OPEN 

tl1U:f iihi" 
ELECTRONICS 

CMOS DRAM 

DATA-OUT 

~ Don't Care 
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KM48C2004A/ AL/ ALL/ ASL 

WRJTE CYCLE ( EARLY WRITE ) 
NOTE : DouT = OPEN 

V1H -

A V1L -

V1H -

w V1L -

OE V1H -

V1L 

DQ1 - 008 ViH -

V1L 

dMfiliii;; 
ELECTRONICS 

CMOS DRAM 

~ Don't Care 
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KM48C2004A/ AU ALU ASL 

WRITE CYCLE ( OE CONTROLLED WRITE ) 
NOTE : Dour = OPEN 

V1H -. CAS" 
V1L -

V1H -

A V1L -

V1H -

w V1L 

OE V1H -

V1L 

V1H -
DQ1 - OQ8 ViL _ 

tt:!:i:H@• 
ELECTRONICS 

CMOS DRAM 

~ Don't Care 
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KM48C2004A/ AL/ ALL/ ASL 

READ - MODIFY - WRITE CYCLE 

VrH -

RAS VrL -

VrH -
CAS VrL 

VrH -

A VrL -

V1H -

w V1L -

VrH -

OE V1L -

001 - 008 V1toH - ------------f:Y/.K 
V110L -

tt:!:i:Hifo» 
ELECTRONICS 

CMOS DRAM 

• 
~Don't Care 
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KM48C2004A/ AL/ ALL/ ASL 

HYPER PAGE READ CYCLE 

V1H -
RAS 

V1L -

V1H -
CAS 

V1L -

V1H -
A 

V1L -

V1H -w 
V1L -

V1H -
OE 

V1L -

t1Mf11Jii» 
· ELECTRONICS 

CMOS DRAM 

tRASP RP 

~ Don't Care 
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KM48C2004A/ AL/ ALL/ ASL 

HYPER PAGE WRITE CYCLE ( EARLY WRITE) 
NOTE : DouT = Open 

V1H -
RAS 

V1L -

V1H -
CAS 

V1L -

V1H -
A 

V1L -

w V1H -
V1L -

OE V1H -

V1L 

V1H -
DQ1 - DQ8 V 

IL 

•l1Jnfi@IJ 
ELECTRONICS 

CMOS DRAM 

~ Don't Care 
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KM48C2004A/ AL/ ALL/ ASL 

HYPER PAGE READ-MODIFY-WRITE CYCLE 

V1H -

A V1L 

V1H -

w V1L -

V1H -

O"E V1L -

001 - 008 V1toH - -------l+-4VAC 
V110L -

•t:!f:fl@• 
ELECTRONICS 

CMOS DRAM 

~ Don't Care 
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KM48C2004A/ AL/ ALL/ ASL 

HYPER PAGE READ AND WRITE MIXED CYCLE 

V1H 

RAS V1L 

CAS V1H 

V1L 

V1H 
A 

V1L 

w V1H 

V1L 

OE 
V1H 

V1L 

-

-
-

-
-

-
-

V110H -DQ1-DQ8 ~~~~~~~--<1 

V110L -

dfafiliii" 
ELECTRONICS 

CMOS DRAM 

~Don't Care 
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KM48C2004A/ AL/ ALL/ ASL 

~-ONLY REFRESH CYCLE 

NOTE : W, OE , D1N = Don't care 
DouT =Open 

CMOS DRAM 

··-tRC ------------+! 

!+------- -tRAS- ------

V1H -
RAS V1L -

---1 1-----~ 

V1H -
CAS V1L -

V1H -
A V1L -

CAS-BEFORE-R"AS REFRESH CYCLE 

NOTE : W, OE, A= Don't Care 

V1H -
RAS V1L 

V1H -
CA'S V1L -

V1H -
w V1L -

VoH -
DQ1 - DQ8 VoL _ _ __ _ 

tt:!:l.fiiiii» 
ELECTRONICS 

~ Don't Care 
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KM48C2004A/ AL/ ALL/ ASL CMOS DRAM 

HIDDEN REFRESH CYCLE ( READ ) 

~----- tRc ----------- tRc --

V1H -

A V1L -

V1H -

w V1L -

V1H -

OE V1L -

""----- tRAS ---~ 

DQ1 - DQ8 VoH - ------ OPEN 
VoL -

•11MfiliiliP 
ELECTRONICS 

DATA-OUT 

~ Don't Care 
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KM48C2004A/ AL/ ALL/ ASL 

HIDDEN REFRESH CYCLE ( WRITE ) 

NOTE : DouT = OPEN 

V1H -

RAS V1L -

V1H -

CAS" V1L -

V1H -

A V1L -

V1H -w 
V1L 

V1H -

OE V1L -

DQ1 - 008 ViH -

V1L -

.1mW1%, 
ELECTRONICS 

CMOS DRAM 

~ Don't Care 
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KM48C2004A/ AL/ ALL/ ASL CMOS DRAM 
CA"S-BEFORE-~ REFRESH COUNTER TEST CYCLE 

V1H -

RAS V1L -

V1H -

A V1L 

READ CYCLE 

V1H -

w V1L -

V1H -

DEV IL 

VoH -

001 - DQ8 VoL _ 

WRITE CYCLE 

V1H· -

w V1L -

OE V1H -

V1L -

V1H -

001 - 008 V1L -

READ-MODIFY-WRITE 

V1H -

w V1L -

_V1H -

OE V1L 

tRAS -----------+! 

lr----..1 14-----tASH ---;-~ ......... ~--

1----tcAs---

V110H -
001-008 ----------------a-:~1 

V110L -

VALID VALID Don't Care 
DATA-OUT DATA-IN 

d!:i:fiihi* 
ELECTRONICS 
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KM48C2004A/ AL/ ALL/ ASL 

TEST MODE IN CYCLE 

NOTE : OE, A = Don't Care 

V1H -

w V1L -

•tMtiiiii•· 
ELECTRONICS 

CMOS DRAM 

~ Don't Care 
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KM48C2004A/ AL/ ALL/ ASL 

PACKAGE DIMENSION 
28-LEAD PLASTIC SMALL OUT-LINE J-LEAD 

0 720(18.29) 

0.730(1854) 

0 

~I 0.026(0.66) 

0.032(0.81) 

pr 0.00410.1) I 

0016(0.41) 11 

. o 02010 51H r-- TYP 

0 

CMOS DRAM 

Units: Inches (millimeters) 

0 027(0.69) 

MIN 

;:::- cry-

010 N l() 

N (') o) o) 
0 0 lO" lO" 
oo N" co r--
0 ~ 

(') (') 

0 0 ci 0 
0 0 

0 140(3.56) 

0 148(3 76) 

iD 0 
0 (') 

lO" lO" 
(') .., .., .., 
ci ci 

28-LEAD PLASTIC THIN SMALL OUT LINE PACKAGE (Forward and Reverse Type) 

0.740 (18.80) 

MAX 

N 

g_ g_ 
~ 

N 
0 .., 

c:i c:i 

0 

0.722 ,,.,., I 

tJMflihi» 
ELECTRONICS 

0.03 (0.80) 

~ w ~ ~ g - -
(") CJ) 

~ N l() .., .., 
c:i c:i c:i 

11 0.005 (0.13) 
~--0.008 (0.20) 

0.037 (0.95) 

0.041 (1.05) 

~ 
[ 

0.016 (0.40) 

0.024 (0.60) 

hc::J 
I I 
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KM48C2104A/ AL/ ALL/ ASL CMOS DRAM 

2M x 8 Bit CMOS Dynamic RAM with Extended Data Out 

FEATURES 
• Performance range: 

tRAc tCAC tRC 

KM48C2104A/AUALUASL-5 50ns 13ns 90ns 

KM48C2104A/AUALUASL-6 60ns 15ns 110ns 

KM48C2104A/AUALUASL-7 70ns 20ns 130ns 

KM48C2104A/AUALUASL-8 80ns 20ns 150ns 

• Fast Page Mode with Extended data out 
• Self Refresh Operation (LL-ver. only) 
• Byte Read/Write operation 
• CAS-before-RAS refresh capability 
• RAS-only and Hidden Refresh capability 
• TTL compatible inputs and outputs 
• Early write or output enable controlled write 
•Single +5.0V±10% power supply 
• ~ cycles/32ms refresh (Normal) 

btPC 

20ns 

24ns 

29ns 

34ns 

• 2048-cycles/128ms refresh (Low power & Self Ref.) 
• 2048 cycles/256ms refresh (Super Low power) 
• JEDEC standard pinout 
• Available in plastic SOJ and TSOP(ll) 

FUNCTIONAL BLOCK DIAGRAM 

RAS 
Control 

CAS 
Clocks 

GENERAL DESCRIPTION 
The Samsung KM48C2104A/AUALUASL is a high 
speed CMOS 2,097, 152 bit x 8 Dynamic Random 
Access Memory. Its design is optimized for high 
performance applications such. as mainframes, mini 
computers, graphics and high performance portable 
computers. 

The KM48C2104A/AUALUASL features EDO Mode 
operation which allows high speed random access of 
memory cells within the same row. 

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

The KM48C2104A/AUALUASL is fabricated using 
Samsung's advanced CMOS process. 

Vss 
w Vss Generator 

t:G=Vcc 

Data in 
Refresh Timer Row Decoder 

Buffer 

Refresh Control Q 
ad DQ1 
rn 

Memory Array a. to 
Refresh Counter 2,097,152x8 

E DQs <!'. 

Cells 
Q) 
rn 
c 

Row Address Buffer 
Q) 

AO-A10 (/) 

Data out 

Col. Address Buffer Column Decoder 
Buffer OE 

AO-A9 

•1MH:W• 
ELECTRONICS 
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KM48C2104A/ AL/ ALL/ ASL CMOS DRAM 

PIN CONFIGURATION (Top views) 

• KM48C2104 AJ/ ALJ/ ALLJ/ ASLJ • KM48C2104 AT/ALT/ALLT/ASLT • KM48C2104ATR/ALTR/ALLTR/ASLTR 

Vee 1 0 Vss Vee 10 28 Vss Vss 28 Vee 

001 OOs 001 27 00s OOa 27 0 2 001 

002 007 002 26 007 007 26 3 002 

003 005 003 25 005 OQ5 25 003 

004 005 004 24 005 005 24 004 

w eAS w 23 eAS eAS 23 w 
RAS 5E RAS 22 BE 5E 22 7 RAS 

N.e Ag N.e 21 Ag Ag 21 8 N.e 

A10 As A10 20 As As 20 A10 

Ao 10 A1 Ao 10 19 A1 A1 19 10 Ao 

Al 11 A5 Al 11 18 A5 A5 18 11 A, 

A2 12 A5 A2 12 17 A5 A5 17 12 A2 

A3 13 0 A4 A3 13 16 A4 A4 16 13 A3 

Vee 14 Vss Vee 14 0 15 Vss Vss 15 0 14 Vee 

J: 400MIL T : 400MIL(Forward) TR : 400MIL(Reverse) 

Pin Name Pin Function 

Ao-A10 Address Inputs 

D01-8 Data In/Out 

Vss Ground 

RAS Row, Address Strobe 

CAS Column Address Strobe 

OE Data Output Enable 

Vee Power(+5.0V) 

N.C No Connection 

tt:!:i:Hlhl• 
ELECTRONICS 
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KM48C2104A/ AL/ ALL/ ASL CMOS DRAM 

ABSOLUTE MAXIMUM RATINGS 
Parameter Symbol Rating Units 

Voltage on Any Pin Relative to Vss VIN, 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 (Voltage referenced to Vss, TA=O to 70°C) 

Parameter Symbol Min Typ Max Unit 

Supply Voltage Vee 4.5 5.0 5.5 v 
Ground Vss 0 0 0 v 
Input High Voltage VIH 2.4 - Vee+ 1 v 
Input Low Voltage VIL -1.0 - 0.8 v 

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

Parameter Symbol Min Max Units 

KM48C2104A/AUALUASL-5 110 mA 
Operating Current* KM48C2104A/AUALUASL-6 

lcc1 
100 mA 

(RAS and CAS Cycling @tRc=min.) KM48C2104A/AU ALUASL-7 
-

90 mA 
KM48C2104A/AUALUASL-8 80 mA 

KM48C2104A 2 mA 
Standby Current KM48C2104AL 

lcc2 
1 mA 

(RAS=CAS=W=VIH) KM48C2104ALL 
-

1 mA 
KM48C2104ASL 1 mA 

KM48C2104A/AUALUASL-5 110 mA 
RAS-Only Refresh Current* KM48C2104A/AU ALUASL-6 

ICC3 
100 mA 

(CAS=VIH, RAS Cycling @tRC=min.) KM48C2104A/AUALUASL-7 
-

90 mA 
KM48C2104A/AUALUASL-8 80 mA 

KM48C2104A/AUALUASL-5 110 mA 
Hyper Page Mode Current* KM48C2104A/AUALUASL-6 

ICC4 
100 mA 

(RAS=VIL, CAS, Address Cycling @tPC=min.) KM48C2104A/AUALUASL-7 
-

90 mA 
KM48C2104A/AUALUASL-8 80 mA 

KM48C2104A 1 mA 
Standby Current KM48C2104AL 

Ices 
300 µA 

(RAS=CAS=W=Vcc-0.2V) KM48C2104ALL 
-

200 µA 
KM48C2104ASL 200 µA 

KM48C2104A/AUALUASL-5 110 mA 
GAS-Before-RAS Refresh Current* KM48C2104A/AUALUASL-6 

ICC6 
100 mA 

(RAS and CAS Cycling @tRC=min.) KM48C2104A/AUALUASL-7 
-

90 mA 
KM48C2104A/AUALUASL-8 80 mA 

Battery Back Up Current Average Power Supply Current, 
Battery Back Up Mode, Input High Voltage(V1H)=Vcc-0.2V 

KM48C2104AL 
400 µA 

Input Low Voltage(V1L)=0.2V, CAS=CAS-Before-RAS 
KM48C2104ASL 

ICC? - 300 µA 
Cycling or 0.2V, DQ1-DQa=Don't Care tRc=62.5µs(L-Ver.) 
125µs(SL-Ver.), tRAs=tRAs min-300ns 

•11J:Wiihi" 
ELECTRONICS 
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KM48C2104A/ AL/ ALL/ ASL CMOS DRAM 

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

Parameter Symbol Min Max Units 

Self Refresh Current 
RAS=CAS=0.2V 

KM48C2104ALL Ices 300 µA 
W=OE=Ao-A1o=Vcc-o.2v or 0.2V 
DQ1-D0s=Vcc-0.2\/, 0.2V or Open 

Input Leakage Current 
ll(L) -10 10 µA 

(Any input 0 ~VIN ~ Vcc+0.5V, all other pins not under test=O volts.) 

Output Leakage Current 
IO(L) -10 10 µA 

(Data out is disabled, OV~Vour~Vcc) 

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

Output Low Voltage Level (IOL=4.2mA) VOL - 0.4 v 

*NOTE: lcc1, lcc3, ICC4 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 and lcc3, Address can be changed maximum 
two times while RAS=VIL. In ICC4, Address can be changed maximum once within one Hyper Page cycle. 

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

Parameter Symbol Min Max Unit 

Input Capacitance (Ao-A10) CIN1 - 5 pF 

Input Capacitance (RAS, CAS, W, OE) CIN2 - 7 pF 

Input Capacitance (DQ1-DQs) Coa - 7 pF 

AC CHARACTERISTICS (0°C~TA~?0°C, Vcc=5.0V±0.5V, See notes 1,2) 

Test condition: VihNil=2.4V/0.8V, VohN01=2.0V/0.8V, Output Loading CL=100pF 

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

Min Max Min Max Min Max Min Max 

Random read or write cycle time 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, 11 

Access time from CAS ICAC 13 15 20 20 ns 3,4,5 

Access time from column address tAA 25 30 35 40 ns 3,11 

CAS to output in Low-Z tcLZ 3 3 3 3 ns 3 

OE to output in Low-Z tOLZ 3 3 3 3 ns 3 

Output buffer turn-off delay tCEZ 3 13 3 15 3 20 3 20 ns 7,14,15 

Transition time (rise and fall) IT 2 50 2 50 2 50 2 50 ns 2 

RAS precharge time tRP 30 40 50 60 ns 

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

RAS hold time tRSH 13 15 20 20 ns 

CAS hold time !CSH 38 45 50 60 ns 

CAS pulse width !GAS 8 10K 10 10K 15 10K 20 10K ns 16 

RAS to CAS delay time tRCD 20 37 20 45 20 50 20 60 ns 4 

RAS to column address delay time tRAD 15 25 15 30 15 35 15 40 ns 11 

tJm':fiiiii» 
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KM48C2104A/ AL/ ALL/ ASL CMOSD·RAM 

AC CHARACTERISTICS (Continued) 

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

Min Max Min Max Min Max Min Max 

CAS to RAS precharge time tCRP 5 5 5 5 ns 

Row address set-up time tAsR 0 0 b 0 ns 

Row address hold time tRAH 10 10 10 10 ns 

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

Column address hold time tCAH 8 10 15 15 ns 

Column address hold time referenced to RAS tAR 40 50 55 60 ns 6 

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

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

Read command hold time referenced to CAS tRCH 0 0 0 0 ns 9 

Read command hold time referenced to RAS tRRH 0 0 0 0 ns 9 

Write command hold time tWCH 10 10 15 15 ns 

Write command hold time referenced to RAS twCR 40 45 55 60 ns 6 

Write command pulse width twP 10 10 15 15 ns 

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

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

Data set-up time tos 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 6 

Refresh period (Normal) tREF 32 32 32 32 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 8 

CAS to W delay time tcwo 36 40 50 50 ns 8 

RAS to W delay time tRwD 73 85 100 110 ns 8 

Column address to W delay time tAWD 48 55 65 70 ns 8 

CAS address to W delay time tCPWD 53 60 70 75 ns 

CAS set-up time (CAS-before-RAS refresh) tcsR 10 10 10 10 ns 

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

RAS to CAS precharge time tRPC 5 5 5 5 ns 

CAS precharge time (C-8-R counter test cycle) tCPT 20 20 30 30 ns 

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

Hyper Page cycle time !HPC 20 24 29 34 ns 17 

Hyper Page read-modify-write cycle time tHPRWC 62 71 86 96 ns 17 

CAS precharge time (Hyper Page Cycle) tCP 8 10 10 10 ns 

RAS pulse width(Hyper Page Cycle) !RASP 50 200K 60 200K 70 200K 80 200K ns 

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

OE access time to EA 13 15 20 20 ns 

•tMfiiiii» 
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KM48C2104A/ AL/ ALL/ ASL CMOS DRAM 

AC CHARACTERISTICS (Continued) 

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

Min Max Min Max Min Max Min Max 

OE to data delay tOED 13 15 20 20 ns 

Output buffer turn off delay time from OE tOEZ 3 13 3 15 3 20 3 20 ns 7,14 

OE command hold time tOEH 13 15 20 20 ns 

Write command set-up time (rest mode in) twrs 10 10 10 10 ns 12 

Write command hold time (rest mode in) twrH 10 10 10 10 ns 12 

W to RAS precharge time (C-B-R refresh) twRP 10 10 10 10 ns 

W to RAS hold time (C-B-R refresh) twRH 10 10 10 10 ns 

Output data hold time tDOH 5 5 5 5 ns 

Output buffer turn off delay from RAs tREZ 3 13 .3 15 3 20 3 20 ns 7,14,15 

Output buffer turn off delay from W twEZ 3 13 3 15 3 20 3 20 ns 7,14 

W to data delay twED 15 15 20 20 ns 

OE to GAS hold time tOCH 5 5 5 5 ns 

GAS hold time to OE tCHO 5 5 5 5 ns 

OE precharge time tOEP 5 5 5 5 ns 

W pulse width (Hyper Page Cycle) twPE 5 5 5 5 ns 

RAS pulse width (LL-ver) tRASS 100 100 100 100 µs 16 

RAS precharge time (LL-ver) tRPS 90 110 130 150 ns 16 

GAS hold time (LL-ver) tCHS -50 -50 -50 -50 ns 16 

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 RAS tRAC 55 65 75 85 ns 3,4,11,13 

Access time from GAS tCAC 18 20 25 25 ns 3,4,5,13 

Access time from column address tAA 30 35 40 45 ns 3,11,13 

RAS pulse width tRAS 55 10,000 65 10,000 75 10,000 85 10,000 ns 

GAS pulse width tCAS 13 10,000 15 10,000 20 10,000 25 10,000 ns 

RAS hold time tRSH 18 20 25 25 ns 

GAS hold time tCSH 43 50 55 65 ns 

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

GAS to W delay time tcwo 41 45 55 55 ns 8 

RAS to W delay time tRWD 78 90 105 115 ns 8 

Column address to W delay time tAWD 53 60 70 75 ns 8 

Hyper Page cycle time tHPC 25 29 . 34 39 ns 17 

Hyper Page read-modify-write cycle time tHPRWC 67 76 91 101 ns 17 

•1Mfi%1P 
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KM48C2104A/ AL/ ALL/ ASL 

TEST MODE CYCLE (Continued) 

Parameter Symbol 
Min 

RAS pulse width (Hyper Page Cycle) tRASP 55 

Access time from CAS precharge tCPA 

OE access time tOEA 

~to data delay tOED 18 

OE command hold time tOEH 18 

TEST MODE DESCRIPTION 
The KM48C2104A/AUALUASL is the CMOS DRAM 
organized 2,097,152 words by 8 bit internally organized 
1,048,576 words by 16 bits. In "Test Mode", data are 
written into 16 sectors in parallel and retrieved the 
same way. Column address bit AO is not used. If upon 
reading, two bits on one 1/0 pin are equal (all "1" or 
"O"s) the 1/0 pin indicates a "1 ". If they were not equal, 
the 1/0 pin would indicate a "O". In "Test Mode", the 
2Mx8 DRAM can be tested as if it were a 1 Mx8 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 VrL(max) are reference levels for 
measuring timing of input signals. Transition times 
are measured between VrH(min) and VrL(max) are 
assumed to be 5ns for l!ll inputs, without tHPC and 
tHPRWC. 

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

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

5. Assumes that tRCD2:tRco (max). 
6. tAR, twcR, tDHR are referenced to tRAo(max). 
7. This parameter defines the time at which the 

output achieves the open circuit pondition and is 
not referenced to VoH or VoL. 

8. tWCS, tRWD, tCWD and tAWD are non restrictive 
operating parameters. They are included in the 
data sheet as electric characteristics only. If twcs2: 
twcs(min) the cycle is an early write cycle and the 
data output will remain high impedance for the 
duration of the cycle. If tcwo2:tcwo(min), tRWD2: 
tRwo(min) and tAwo2:tAwo(min), then the cycle is a 
read-write cycle and the data output will contain 
the data read from the selected ad9ress. If neither 
of the above conditions are satisfied, the condition 
of the data out is indeterminate. 

41:!:1.fJiiil» 
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Max 

200,000 

35 

18 

CMOS DRAM 

-6 -7 -8 
Units Notes 

Min Max Min Max Min Max 

65 200,000 75 200,000 85 200,000 ns 

40 45 50 ns 3 
/ 20 25 25 ns 

20 25 25 ns 

20 25 25 ns 

W and CAS before RAS Cycle (WCBR, Test Mode In 
Cycle) puts the device into "Test Mode", And "CAS 
before RAS Refresh Cycle" or "RAS Only Refresh 
Cycle" puts it back into "Normal Mode". In the Test 
Mode, "W and CAS before RAS Refresh Cycle" 
peforms the refresh operation with internal CBR refresh 
address counter. The "Test Mode" function reduces 
test time (1/2 in cases of N test pattern). 

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

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

11. Operation within the tRAo(max) limit insures that 
tRAc(max) can be met. tRAo(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. 

12. These specifications are applied in the test mode. 
13. 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. 

14. tREZ(max), tcez(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. 

15. 2048 cycle of burst refresh must be executed 
within 16ms before and after self refresh, in order 
to meet refresh specification. 

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

17. tAsc ~ tcPmin, Assumn tT=2.0ns 
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KM48C2104A/ AL/ ALL/ ASL CMOS DRAM 
TIMING DIAGRAM 

READ CYCLE 

---------tRc----------+! 

V1H -
CAS V. 

IL 

A V1H 

V1L -

V1H -

w V1L 

V1H -

OE V1L -

VoH -

-----··- faAS 

001 - 008 VoL ------ OPEN 

d!:i: fi liii" 
ELECTRONICS 

------- +--tRP 

DATA-OUT 

~ Don't Care 
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KM48C2104A/ AL/ ALL/ ASL 

WRITE CYCLE ( EARLY WRITE ) 
NOTE : DouT = OPEN 

V1H -

A V1L -

V1H -w 
V1L 

DQ1 - DQ8 ViH -

V1L -

tt:!.i:fl@IP 
ELECTRONICS 

CMOS DRAM 

~ Don't Care 
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KM48C2104A/ AL/ ALL/ ASL 

WRITE CYCLE (OE CONTROLLED WRITE ) 
NOTE : DouT = OPEN 

V1H -

A V1L -

V1H -

w V1L -

V1H -

OE V IL 

V1H -
001 - DQ8 

V1L -

411lfif Jiiil» 
ELECTRONICS 

CMOS DRAM 

~ Don't Care 
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KM48C2104A/ AL/ ALL/ ASL 

READ - MODIFY - WRITE CYCLE 

V1H -

A V1L -

V1H -

w V1L 

DQ1 - DQS V110H - ----------tl"'"/,K 
V110L -

•tmWiiii» 
ELECTRONICS 

CMOS DRAM 

~Don't Care 
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KM48C2104A/ AL/ ALL/ ASL 

HYPER PAGE READ CYCLE 

V1H -
RAS 

V1L -

V1H -
GAS 

V1L -

V1H -
A 

V1L -

V1H -w 
V1L -

V1H -

OE V1L -

DQ1 - DQ8 

41'!:1.fl@IP 
ELECTRONICS 

CMOS DRAM 

~ Don't Care 
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KM48C2104A/ AL/ ALL/ ASL 

HYPER PAGE WRITE CYCLE ( EARLY WRITE ) 
NOTE : DouT = Open 

V1H -

A VtL -

V1H -w 
V1L 

OE V1H -

V1L 

V1H -
DQ1 - DQ8 V 

IL 

41iJ:"fi'hllP 
ELECTRONICS 

CMOS DRAM 

~ Don't Care 
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KM48C2104A/ AL/ ALL/ ASL 

HYPER PAGE READ-MODIFY-WRITE CYCLE 

V1H -

RAS V1L -

V1H -

A V1L -

V1H -

w V1L -

. V1H -
OE V1L 

DQ1 - DQ8 V1toH - ------++-~Kl 
V110L -

dMfiiiii» 
ELECTRONICS 

CMOS DRAM 

VALID 

~ Don't Care 
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KM48C2104A/ AL/ ALL/ ASL CMOS DRAM 

HYPER PAGE READ AND WRITE MIXED CYCLE 

14-------------- tRAS...---------------+I 

V1H -

RAS V1L 

CAS V1H -

V1L 

V1H -

A V1L -

V1H -w 
V1L -

tRAH 

tl1l"'f i@• 
ELECTRONICS 

READ(tCAC) READ(tCPA) WRITE READ(tAA) 

iREZ 

Don't Care 
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KM48C2104A/ AL/ ALL/ ASL 

'RAS·ONLY REFRESH CYCLE 

NOTE : W, OE , D1N = Don't care 
DouT =Open 

CMOS DRAM 

· ···-tRC -----------
------ - tRAS--------~ 

V1H - ---1 1~----~ 

RAS 
V1L -

V1H -
CA'S V1L -

V1H -
A V1L -

"CAS-BEFORE-'RAS REFRESH CYCLE 

NOTE: W, OE, A= Don't Care 

V1H -
w V1L -

4J:!:l,fillU" 
ELECTRONICS 

~ Don't Care 
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KM48C2104A/ AL/ ALL/ ASL CMOS DRAM 

HIDDEN REFRESH CYCLE { READ ) 

14-------- tRC ------.w'+-----

VrH -
A VrL -

VrH -

W VrL -

i.---~ tMs ----

DQ1 - DQ8 VoH - ------ OPEN 
VoL -

t111Ufi'iil» 
ELECTRONICS 

DATA-OUT 

~ Don't Care 

922 



KM48C2104A/ AL/ ALL/ ASL 

HIDDEN REFRESH CYCLE ( WRITE ) 

NOTE : DouT = OPEN 

V1H -

CAS V1L -

V1H -

A V1L -

VrH -

W VrL 

V1H -

OE V1L -

DQ1 - DQ8 VrH -
V1L -

4t:!ti:filiWP 
ELECTRONICS 

CMOS DRAM 

DATA- IN 

~ Don't Care 
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KM48C2104A/AL/ ALL/ ASL CMOS DRAM 
CAS .. BEFORE-RAS REFRESH COUNTER TEST CYCLE 

V1H - . 

A V1L -

READ CYCLE 

V1H -

w V1L -

V1H -

OE V1L 

VoH -
DQ1 - DOB VoL _ 

WRITE CYCLE 

V1H -

w V1L 

V1H -
DQ1 - DOB ViL _ 

READ-MODIFY-WRITE 

V1H -

w V1L -

V1H -

OEV IL 

, ____ , i.-----tRSH ----;::~....._ __ _ 

1----tcAS ----+! 

V110H - _..;...._ ______________ -<l"./.KI 

DQ1 - DOB V1toL _ 

VALID VALID Don't Care 
DATA-OUT DATA-IN 

tt:!:i: fiihitP 
ELECTRONICS 
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KM48C2104A/ AL/ ALL/ ASL CMOS DRAM 

TEST MODE IN CYCLE 

NOTE : OE, A = Don't Care 

V1H -

w V1L -

VoH -
DQ1 - DQ8 VoL _ ----

e11U:filhi» 
ELECTRONICS 

--------tRC -------~ 

~Don't Care 
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KM48C2104A/ AL/ ALL/ ASL 

PACKAGE DIMENSION 

28-LEAD PLASTIC SMALL OUT-LINE J-LEAD 

pro 004(0 1) I 

---~0.720(18 29) 
0730(18 54) 

~o~-~~1-J I 
0.020(0.51) I r-

0 026(0 66) 

0.032(0 81) 

CMOS DRAM 

Units: Inches (millimeters) 

;:::::- cry- lO" 0 
010 N l!) 0 (') 

NI(') oi oi 
0 0 LO ~ LO LO ro N' <O (') <t 

810 
(') (') 

<t <t 
ci ci ci ci 

0 0 

28-LEAD PLASTIC THIN SMALL OUT LINE PACKAGE (Forward and Reverse Type) 

0.740 (18.80) 

MAX 

N 

~ g_ 
cc N 

~ ~ 
ci c:i 

0 

I 0.722 (18.36) I 0.726 (18.46) L 
l~o~j_o_.o_8M_A_x_l~b~~~~ 

_o.o_37_(o_.9_5)_--+,--ll- I 0.048 (1.22i _ I 0.015 (o.4;r-
I 0.052 (1.32) I 0.020 (o.5o) 

tl'Mfl@> 
ELECTRONICS 

~ ~ <O 
Cl=? 

g_ - -
(') C1> <O 
N l{) <O ..,. ..,. <t 
c:i c:i ci 

~ 1 ___ 0_.0_05_(0_.1_3) 

0.008 (0.20) 
0.037 (0.95) 

0.041 (1.05) 

II--( ~h::J 
. 0.016 (0.40) I I 
0.024 (0.60) 
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KM48V2000A/ AL/ ALL/ ASL CMOS DRAM 

2M x 8 Bit CMOS Dynamic RAM with Fast Page Mode 

FEATURES 
• Performance range: 

tRAC tCAC tRC 

KM48V2000A/ AU ALU ASL-6 60ns 15ns 110ns 

KM48V2000A/ AU ALU ASL-7 70ns 20ns 130ns 

KM48V2000A/ AU ALU ASL-8 80ns 20ns 150ns 

• Fast Page Mode operation 
• Byte Read/Write operation 
• CAS-before-RAS refresh capability 
• RAS-only and Hidden Refresh capability 
• TTL compatible inputs and outputs 
• Early Write or output enable controlled write 
• Single+3.3V ± 0.3V power supply 
• 4096 cycles/64ms refresh (Normal) 
• 4096 cycles/128ms refresh (Low power & Self Ref.) 
• 4096 cycles/256ms refresh (Super Low power) 
• JEDEC standard pinout 
• Available in plastic SOJ and TSOP(ll) packages 

FUNCTIONAL BLOCK DIAGRAM 

RAS 
Control 

CAS-
Clocks 

GENERAL DESCRIPTION 
The Samsung KM48V2000A/AUALUASL is a. high 
speed CMOS 2,097,152 bitxa Dynamic Random 
Access Memory. Its design is optimized for high 
performance applications such as mainframes, mini 
computers, graphics and high perfon:nance portable 
computers. 

The KM48V2000A/AUALUASL features Fast Page 
Mode operation. which allows high speed random 
access of memory cells within the same row. 

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

The KM48V2000A/AUALUASL is fabricated using 
Samsung's advanced CMOS process. 

Vss 
w Vss Generator 

~Voe 

Data in 
Refresh Timer Row Decoder 

Buffer 

Refresh Control Q 
o6 DQ1 
Cf) 

Memory Array Q. to 
Refresh Counter E 

2,097,152xS <{ DOS 
Cells 

(]) 
Cf) 
c 

Row Address Buffer 
(]) 

AO-A11 (/) 

Data out 

Col. Address Buffer Column Decoder 
Buffer OE 

AO-AS 

tliJ:':fllhitP . 
ELECTRONICS 
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KM48V2000A/ AL/ ALL/ ASL CMOS DRAM 

PIN CONFIGURATION (Top Views) 

• KM48V2000 AJ/AW/ALW/ASW • KM48V2000 AT/ALT/ALLT/ASLT • KM48V20oo ATR/ALTR/ALLTR/ASLTR 

Voo 1 0 Vss Voo 10 28 Vss Vss 28 Voo 

D01 DOs D01 27 DOs DOs 27 0 2 D01 

D02 DQ7 D02 3 26 DQ7 DQ7 26 3 D02 

DQ3 DQ5 DQ3 25 DOs DOs 25 D03 

D04 DQ5 DQ4 5 24 DQ5 D05 24 DQ4 

w GAS w 6 23 GAS CAS 23 w 
ITTiS 5E RAS 22 OE OE 22 7 RAS 

Ag N.C 21 Ag Ag 21 8 A11 

A10 As A11 20 As As 20 A10 

Ao 10 A7 Ao 10 19 A7 A7 19 10 Ao 

A1 11 As A1 11 18 As As 18 11 A1 

A2 12 A5 A2 12 17 A5 A5 17 12 A2 

AJ 0 A4 AJ 13 16 A4 A4 16 13 AJ 

Voo 14 Vss 'Voo 14 0 15 Vss Vss 15 0 14 Voo 

Pin Name Pin Function 

Ao-A11 Address Inputs 

D01-8 Data In/Out 

Vss Ground 

RAS Row Address Strobe 

CAS Column Address Strobe 

w Read/Write Input 

OE Data Output Enable 

VDD Power(+3.3V) 

d!:i:fiihi• 
ELECTRONICS 
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KM48V2000A/ AL/ ALL/ ASL CMOS DRAM 

ABSOLUTE MAXIMUM RATINGS 
Parameter Symbol Rating Units 

Voltage on Any Pin Relative to Vss VIN, VouT -0.5 - 4.6 v 
Voltage on Voo Supply Relative to Vss Voo -0.5 - 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. 

RECOMMENDEO OPERATING CONDITIONS (Voltage referenced to Vss, TA=O to 70°C) 

Parameter Symbol Min Typ Max Unit 

Supply Voltage Voo 3.0 3.3 3.6 v 
Ground Vss 0 0 0 v 
Input High Voltage VIH 2.0 - Voo + 0.3 v 
Input Low Voltage VIL -0.3 - 0.8 v 

DC AND OPERATING CHARACTERISTICS (Recommended operating condition~ unless otherwise noted) 

Parameter Symbol Min Max Units 

Operating Current* 
KM48V2000A/ AUALUASL-6· 80 mA 
KM48V2000A/ AUALUASL-7 lcc1 - 70 mA 

(RAS and GAS Cycling @tRc=min.) 
KM48V2000A/ AUALUASL-8 60 mA 

KM48V2000A 2 mA 
Standby Current KM48V2000AL 

lcc2 
1 mA 

(RAS=CAS=VV=VIH ) KM48V2000ALL 
-

1 mA 
KM48V2000ASL 1 mA 

RAS-Only Refresh Current* 
KM48V2000A/ AUALUASL-6 80 mA 
KM48V2000A/ AUALUASL-7 ICC3 - 70 mA 

(CAS=VIH, RAS Cycling @tRC=min.) 
KM48V2000A/ AU ALUASL-8 60 mA 

Fast Page Mode Current* 
KM48V2000A/ AU ALUASL-6 70 mA 
KM48V2000A/ AU ALUASL-7 ICC4 - 60 mA 

(RAS=VIL, GAS, Address Cycling @tPC=min.) 
KM48V2000A/ AU ALUASL-8 50 mA 

KM48V2000A 1 mA 
Standby Current KM48V2000AL 

Ices 
300 µA 

(RAS=CAS=W=VDD-0.2V) KM48V2000ALL 
-

200 µA 
KM48V2000ASL 200 µA 

GAS-Before-RAS Refresh Current* 
KM48V2000A/ AU ALUASL-6 80 mA 

(RAS and CAS Cycling @tRc=min.) 
KM48V2000A/ AU ALUASL-7 Ices - 70 mA 
KM48V2000A/ AUALUASL-8 60 mA 

Battery Back Up Current Average Power Supply Current, 
Battery Back Up Mode, Input High Voltage {ViH)=Voo-0.2V 

KM48V2000AL 450 µA 
Input Low Voltage (V1L)=0.2V CAS=CAS-Before-RAS Cycling 

KM48V2000ASL 
ICC7 -

350 µA 
or 0.2V DIN=Don't Care TRC=31.25µS(L-Ver.) 
62.5µS(SL-Ver.), TRAS= TRAS min.-300ms 

Self Refresh Current 
RAS=GAS=0.2V 

KM48V2000ALL Ices 250 µA 
W=OE=Ao-A11=Voo-0.2V or 0.2V 

-

DQ1-DQa=VDD-0.2V, 0.2V or Open 

•tMfiliil» 
ELECTRONICS 
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KM48V2000A/ AL/ ALL/ ASL CMOS DRAM 

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

Parameter Symbol Min Max Units 

Input Leakage Current 
ll(l) -10 10 µA 

(Any input 0 s VIN s Voo+0.3V, all other pins not under test=O volts.) 

Output Leakage Current 
IO(L) -10 10 µA 

(Data out is disabled, OV SVOUTSVDD) 

Output High Voltage Level (IOH=-2mA) VOH 2.4 - v 
Output Low Voltage Level (loL=2mA) VOL - 0.4 v 

*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 and lcc3, Address can be changed maximum 
two times while RAS=VIL In lcc4, Address can be changed maximum once within one fast page cycle. 

CAPACITANCE (TA=25°C; Voo=3.3V, f=1 MHz) 

Parameter Symbol Min 

Input Capacitance (Ao-A11) CIN1 -

Input Capacitance (RAS, CAS, W, OE) CIN2 -

Input Capacitance (DQ1-DQs) Coo -

AC CHARACTERISTICS (0°CsTAs70°C, Voo=3.3V±0.3V, See notes 1,2) 

Test Condition : VihNil=2.0V/0.8V, VohN01=2.0V/0.8V, Output Loading CL=1 OOpF 

-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 RAS tRAC 60 70 

Access time from GAS tCAC 15 20 

Access time from column address tAA 30 35 

GAS to output in Low-Z tCLZ 0 0 

Output buffer turn-off delay tOFF 0 15 0 20 

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

RAS precharge time tRP 40 50 

RAS pulse width tRAS 60 10,000 70 10,000 

RAS hold time tRSH 15 20 

GAS hold time tCSH 60 70 

GAS pulse width tCAS 15 10,000 20 10,000 

RAS to GAS delay· time tRCD 20 45 20 50 

RAS to column address delay time tRAD 15 30 15 35 

GAS to RAS precharge time tCRP 5 5 

Row address set-up time tAs~ 0 0 

tJMHiiii• 
ELECTRONICS 

Max Unit 

5 pF 

7 pF 

7 pF 

-8 
Units Notes 

Min Max 

150 ns 

205 ns 

80 ns 3,4,11 

20 ns 3,4,5 

40 ns 3,11 

0 ns 3 

0 20 ns 7 

3 50 ns 2 

60 ns 

80 10,000 ns 

20 ns 

80 ns 

20 10,000 ns 

20 60 ns 4 

15 40 ns 11 

5 ns 

0 ns 
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KM48V2000A/ AL/ ALL/ ASL CMOS DRAM 

AC CHARACTERISTICS (Continued) 

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

Min Max Min Max Min Max 

Row address hold time tRAH 10 10 10 ns 

Column address set-up time tAsc 0 0 0 ns 

Column address hold time tCAH 10 15 15 ns 

Column address hold time referenced to RAS tAR 45 55 60 ns 6 

Column address to RAS lead time tRAL 30 35 40 ns 

Read command set-up time tRCS 0 0 0 ns 

Read command hold time referenced to CAS tRCH 0 0 0 ns 9 

Read command hold time referenced to RAS tRRH 0 0 0 ns 9 

Write command hold time twcH 10 15 15 ns 

Write command hold time referenced to RAS tWCR, 45 55 60 ns 6 

Write command pulse width twp 10 15 15 ns 

Write command to RAS lead time tRWL 15 20 20 ns 

Write command to CAS lead time tCWL 15 20 20 ns 

Data set-up time tos 0 0 0 ns 10 

Data hold time tDH 10 15 15 ns 10 

Data hold time referenced to RAS tDHR 45 55 60 ns 6 

Refresh period (Normal) tREF 64 64 64 ms 

Refresh period (Low power & Self Ref.) tREF 128 128 128 ms 

Refresh period (Super Low power) tREF 256 256 256 ms 

Write command set-up time twcs 0 0 0 ns 8 

CAS to W delay time tcwo 40 50 50 ns 8 

RAS to W delay time tRWD 85 100 110 ns 8 

Column address to W delay time tAWD 55 65 70 ns 8 

CAS set-up time (GAS-before-RAS refresh) tCSR 10 10 10 ns 

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

RAS to CAS precharge time tRPC 5 5 5 ns 

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

Access time from CAS precharge tCPA 35 40 45 ns 3 

Fast Page mode cycle time tPC 40 45 50 ns 

Fast Page mode read-modify-write cycle time tPRWC 85 100 '105 ns 

CAS precharge time (Fast Page mode) tCP 10 10 10 ns 

RAS pulse width (Fast Page mode) tRASP 60 200,000 70 200,000 80 200,000 ns 

RAS hold time from GAS precharge tRHCP 35 40 45 ns 

OE access time tOEA 15 20 20 ns 

OE to data delay tOED 15 20 20 ns 

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

OE commend hold time tOEH 15 20 20 ns 

•1Mf Jiii1" ELECTRONICS 
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KM48V2000A/ AL/ ALL/ ASL CMOS DRAM 

AC CHARACTERISTICS (Continued) 

-6 -7 -8 
Parameter Symbol Units Notes 

Min Max Min Max Min Max 

Write command set-up time (Test mode in) twrs 10 10 10 ns 

Write command hold time (Test mode in) twrH 10 10 10 ns 

W to RAS precharge time (C-8-R refresh) tWRP 10 10 10 ns 

W to RAS hold time (C-8-R refresh) tWRH 10 10 10 ns 

RAS pulse width (C-8-R self refresh) tRASS 100 100 100 us 15 

RAS precharge time (C-8-R self refresh) tRPS 110 130 150 ns 15 

GAS hold time (C-8-R self refresh) tCHS -50 -50 -50 ns 15 

TEST MODE CYCLE (Note.12) 

-6 -7 -8 
Parameter Symbol Units Notes 

Min Max Min Max Min Max 

Random read or write cycle time tRC 115 135 155 ns 

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

Access time from RAS tRAC 65 75 85 ns 3,4,11 

Access time from GAS tCAC 20 25 25 ns 3,4-,5 

Access time from column address tAA 35 40 45 ns 3,11 

RAS pulse width tRAS 65 10,000 75 10,000 85 10,000 ns 

GAS pulse width tCAS 20 10,000 25 10,000 25 10,000 ns 

RAS hold time tRSH 20 25 25 ns 

GAS hold time tCSH 65 75 85 ns 

Column address to RAS lead time tRAL 35 40 45 ns 

GAS to W delay time tcwo 45 55 55 ns 8 

RAS to W delay time tRWD 90 105 115 ns 8 

Column address to W delay time tAwo 60 70 75 ns 8 

Fast Page mode cycle time tPC 45 50 55 ns 

Fast Page mode read-modify-write cycle time tPRWC 90 105 110 ns 

RAS pulse width (Fast Page Mode) tRASP 65 200,000 75 200,000 85 200,000 ns 

Access time from GAS precharge tCPA 40 45 50 ns 3 

OE access time tOEA 20 25 25 ns 

OE to data delay tOED 20 25 25 ns 

OE command hold time tOEH 20 25 25 ns 

tl"Milhl• 
ELECTRONICS 
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KM48V2000A/ AL/ ALL/ ASL 

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) are 
assumed to be 5ns for all inputs. 

3. Measured with a load equivalent to 1 OOpF and 
Voh=2.0V(loUT=2mA), Vo1=0.8V(IOUT=2mA) 

4. Operation within the tRco(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 tRco(max) limit, then access time is 
controlled exclusively by tcAc. 

5. Assumes that tRCD?:tRCD (max). 
6. tAR, twcR, tDHR are referenced to tRAo(max). 
7. This parameter defines the time at which the 

output achieves the open circuit condition ·and is 
not referenced to VoH or VoL. 

8. twcs, tRwo, tcwo and tAWD are non restrictive 
operating parameters. They are included in the 
data sheet as electric characteristics only. If twcs 2 
twcs(min) the cycle is an early write cycle and the 
data output will remain high impedance for the 
duration of the cycle. If tcwo?:tcwo(min), tRwo?: 
tRwo(min) and tAWD2:tAwo(min), then the cycle is a 

TIMING DIAGRAMS 

READ CYCLE 

RAS 

CAS 

A 

OQ,-DOs VoH- ~~~~~~-
VoL -

•l"i'ifillii" ELECTRONICS 

CMOS DRAM 

read-write cycle and the data output will contain 
the data read from the selected address. If neither 
of the above conditions are satisfied, the condition 
of the data out is indeterminate. 

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

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

11. 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. 

12. These specifications are applied in the test mode. 
13. 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. 

14. 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. 

15. 4096 cycle of burst refresh must be executed 
within 16ms before and after self refresh, in order 
to meet refresh specification. 

~DON'TCARE 
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KM48V2000A/ AL/ ALL/ ASL CMOS DRAM 

TIMING DIAGRAMS (Continued) 

WRITE CYCLE (EARLY WRITE) 

CAS 

A 

w 

v1H- jlCll;~~~ m>W"'-vnr~~=-\Jil'V'ii'V"ii~~rrrv'V"ii"i"i:rv"\~ltl'\i'\!Jrn..jQl;lu 
V1L - o/j£~i;)t.~(\:~~~ 

V1H- ~~m7~~~~~n 

V1L- C;£.'i:::J£.~~~Y::J.~Y::J.~1;.......j._-4---~~C:L:J~~6f:lt:O~~C:,Al::tt.-,l:J.~~~~.l::Jl.~'i::J. 

v1H- '"'-7Vl-'TV°''IV'nV«;;m'1V"~V'\Jvti~~r'V"tr'V"tmt\/\}~'/V'"""f/IV'o"o~"V":'fV'.~~\IVW'"l7"0~~"~ 

V1L- D/:.~~~~QCi~~~~~~~AC;:.W,C/::i.'::J:i.':C/..':J:::J.~':J:::J.~~~tAJ.'!JbJ.~~~~/:J:.J:;,,/.:iAJ~ 

WRITE CYCLE (OE CONTROLLED WRITE) 

CAS 

A 

w 

V1H- .,...,.......,.......,... Jr--......, ...... """' .,........_....._ __ .._ ~~7\/'\7t?\~"i/d~m~7\7':"~~~~7\ 

V1L - ~~0£)/ "ll'---..Jr Uf-lo.~~~~....Jf-\£¥::iY::Ji.~~~o.¢D,A~~~~~~~~ 

V1H- ':7\Jm:lim'.7m°~~t"m'\7't':~7mm'l~~m71\

V1L - Jj/,,~~~~l::J:,l/j,J.~~~CJ:Ji::J:.l/::Ji.~~;.._--~~ll/J.J::J.l.li::JJ..~~Q,Q,l:J,lji::JL.~~~~aQl:it/l 

V1H-7\Jrtr:1~im'.7m'motm'l~m7't7:i!".""""---t1"-~1:7l~"""7'0"l~~r7"~~'7't'7l~r"7~~"""7'7"C~ 

V1L- Q,Q~l£.l.C,~~:li£.l.I~~~ 

V1H-

V1L- ----

IZZI DON'T CARE 

•t:f:l:fi@iP 
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KM48V2000A/ AL/ ALL/ ASL CMOS DRAM 

TIMING DIAGRAMS (Continued) 

READ-MODIFY-WRITE. CYCLE 

f--------------- IRWC-- ------ ---- -

i-------------IRAS-------------1 
---....11 

RAS IAR-----' 

-tcsH-------------' 
----+--+------· IRSH 

A 

w V1H- ~----+-----t---...j.-....----~--------.1 
V1L-

V1H- \X~rn-;~"7~ill:?l:?t'7~~~om"7\ 

V1L- ¥),,j~.J:J.J.~/¥,l.O.l~l:..t.~~IJJ,l.l.Q,j~~-.j___J 

001-DOe 

FAST PAGE MODE READ CYCLE 

RAS 

CAS 

v1H- 7'11!\)ir"m'i~~~:7\."rr~;;;:;;~rt."'O't'W\ n~;;.:;;:::"""u~~~m.r~+.:-r.":"'"~•~"""~~"' ~--
A 

v1L- IY'l,.,-···--

w V1H- \:°'i~~~~t""t""'-t------t-i:1:77""'t'-----fS'rti'7':1~~.::;::;:,---+-+~bt~~~ 
V1L-~~~~U 

V IH- ""~r7n""""""'"""'7t:l""''7\ 
OE 

V1L- ~liQ,l~~l::J,,&.~~~~-+-~~~~~~~~~M,&41~~~-l--6~~~~~ll,,ll 

D01·DOe 

l8l1 DON'T CARE 

dJMillh• 
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KM48V2000A/ AL/ ALL/ ASL 

A 

w 

DO,-DOs 

FAST PAGE MODE READ-MODIFY-WRITE CYCLE 

CMOS DRAM 

.-~--tt==i 
,._____}! \_ 

i=---- - ------- IRAsp-------------·----

RAS 

J 
1
""- I 1 I 

ICRP__j 

CAS 

A 

w 

~DON'TCARE 

d't'ifiliiiiP 
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KM48V2000A/ AL/ ALL/ ASL 

TIMING DIAGRAMS (Continued) 

RAS·ONL Y REFRESH CYCLE 
Note: W, OE= Don't care 

.,__----------tAc----

RAS 
"i-------tAAS-------1.41 

CAS 

A 

CAS-BEFORE-RAS REFRESH CYCLE 
NOTE: W=V1H, OE, A=Don't Care 

CMOS DRAM 

f------------tAc-------------i 

.-------- lcHA-----1 

CAS 

V110H -

D01·00a VuoL - ~--------OPEN--------------

----1 

CAS-BEFORE-RAS SELF REFRESH CYCLE (LL-version) 
NOTE: W, OE, A=Don't care 

RAS 
V1H- t------IAASS-------' 

V1L-

CAS 
V1H-

V1L-

D01·DOa 
VoH -

1~-------0PEN~-----------~ 

VoL -

~ DON'TCARE 

tJMfi@» 
ELECTRONICS 
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KM48V2000A/ AL/ ALL/ ASL 

TIMING DIAGRAMS (Continued) 

HIDDEN REFRESH CYCLE (READ) 

A 
V1L-

CMOS DRAM 

w V1H- ~"J\1..'7\J<~~~~--1------'--1;;irnm~~~~m'i'?!:?l~\7\~'?!:?l~,~~m'i~""K"J~ 

V1L- ~~~~~ 

IOFF 

DQ,-Dae VALID DATA-OUT 

HIDDEN REFRESH CYCLE (WRITE) 

A 

w 

VtH- ~"'"71~"' l~--.__...i....----1 
D01·Dae 

V1L- ~~~~r-fi;.--------4-"°~(,,jf,.~J,:Jii.~~~~~~,/JJ.~~~~~~~~~ 

t1Mfi'ih' ELECTRONICS 
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KM48V2000A/ AL/ ALL/ ASL CMOS DRAM 

TIMING DIAGRAMS (Continued) 

CAS·B·EFORE·RAS REFRESH COUNTER TEST CYCLE 

RAS 

CAS 

V1H-
A 

V1L-

READ CYCLE 

V1H-
w 

V1L-

V1H-

OE 
V1L-

001-008 

VoH-

VoL-
OPEN 

WRITE CYCLE --- tflwL------+-~ 

V\.7\1\,~m~~rt\J~mrn'O\'md -----+--+--- tcwL·~--r:'.-7':-7':~~-:-7':-;17\!i.m;;m~~""\l\1 V1H-

w 
V1L-

V1H-

5E 
V1L-

V1H-
001-008 V1L-

V1H-
w 

V1L-

V1H-

OE 
V1L-

oa,-DOe 
V110H-

V110L-

~DON'T CARE 

tt:f:l:flij}llP 
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KM48V2000A/ AL/ ALL/ ASL 

PACKAGE DIMENSION 
28-LEAD PLASTIC SMALL OUT-LINE J-LEAD 

Joi 0.004(0.1) 1 

0.720(18.29) 

0. 730(18.54) 

~I 0.026(0.66) 

0.032(0.81) 

0 

0.050(1.27) 

MAX 

,.-

i'-

f;} 
Cl 

i--

CMOS DRAM 

Units: Inches (millimeters) 

0.027(0.69) 

MIN 

;:::: (t) lO" 0 
00 C\I"' C! ~ 
C\I C') oi oi ~ ~ 

ci ci LO LO LO LO ro C\i <O I'- C') ..,,. 
0 0 ~ ~ ..,,. ..,,. 
0 0 0 ci ci ci ci 

0.140(3.56) 

0.148(3. 76) 

28-LEAD PLASTIC THIN SMALL OUT LINE PACKAGE (Forward and Reverse Type) 

0.740 (18.80) 

MAX 

c;:j 
g g 
CX> "' O> 0 
<') -.;t 

0 c:i 

0 

I 
0.722 (18.36) I 
0.726 (18.46)_L 

L_I o__.J_o.o_8 _MA_x__,__J b=L...CCJ=-RciJ:iciJ:iiiJ:iJ:iciJ:iiiiid 
_o.o_3_7 (_o._95_) _ ___._f ...... j- I 0.048 (1.22) I o.orn (0.4~ 

I 0.052 (1.32) I 0.020 (0.50) 

tMf:fi'ihtP 
ELECTRONICS 

Units: Inches (millimeters) 

1e' co co 
~ CC? g - -

<') O> c:o 
~ "' c:o 

~ ~ 
d 

0.037 (0.95) 

0.041 (1.05) 

__J 1-./ __ o._00_5....:...(o~.1....:..3) 
0.008 (0.20) 

f ~~ L 
0.016 (0.40) I I 0.024 (0.60) 
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KM48V21 OOA/ AL/ ALL/ ASL CMOS DRAM 

2M x 8 Bit CMOS Dynamic RAM with Fast Page Mode 

FEATURES 
• Performance range: 

tRAC tCAC tRC 

. KM48V21 OOA/AUALUASL-6 60ns 15ns 110ns 

KM48V2100A/AUALUASL-7 70ns 20ns 130ns 

KM48V21 OOA/AUALUASL-8 80ns 20ns 150ns 

• Fast Page Mode operation 
• Byte Read/Write operation 
• CAS-before-RAS refresh capability 
• RAS-only and Hidden Refresh capability 
• TTL compatible inputs and outputs 
• Early Write or output enable controlled write 
• Single+3.3V±0.3V power supply 
• 2048 cycles/32ms refresh (Normal) 
• 2048 cycles/128ms refresh (Low power & Self Ref.) 
• 2048 cycles/256ms refresh (Super Low power) 
• JEDEC standard pinout 
• Available in plastic SOJ and TSOP(ll) packages 

FUNCTIONAL BLOCK DIAGRAM 

RAS 
Control 

CAS 
Clocks 

GENERAL DESCRIPTION 
The Samsung KM48V2100A/AUALUASL is a high 
speed CMOS 2,097,152 bit x 8 Dynamic Random 
Access Memory. Its design is optimized for high 
performance applications such as mainframes, mini 
computers, graphics and high performance portable 
computers. · 

The KM48V2100A/AUALUASL features Fast Page 
Mode operation which allows high speed random 
access of memory cells within the same row. 

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

The KM48V21 OOA/AUALUASL is fabricated using 
Samsung's advanced CMOS process. 

Vss 
w Vss Generator 

t:1J=Voo 

Data in 
Refresh Timer Row Decoder 

Buffer 

Refresh Control 
Q 
o6 DQ1 

Memory Array 
Cf) 

a. to 
Refresh Counter 2,097,152x8 

E 
<( DOB 

Cells 
Q) 
Cf) 

c 
Row Address Buffer Q) 

AO-A10 Cf) 

Data out 

Col. Address Buffer Column Decoder 
Buffer OE 

AO-A9 

•lm'ifiliiiiP 
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KM48V21 OOA/ AL/ ALL/ ASL CMOS DRAM 

PIN CONFIGURATION (Top Views) 

• KM48V2100 AJ/AW/ALW/ASW • KM48V2100 AT/ALT/ALLT/ASLT • KM48V2100 ATR/ALTR/ALLTR/ASLTR 

Voo Vss Voo 1 0 28 Vss Vss 28 Voo 

D01 Das Da1 27 Das Das 27 0 Da1 

D02 Da7 Da2 26 Da1 Da1 26 Da2 

003 Das Da3 25 Das Das 25 Da3 

004 Das Da4 24 Das Das 24 Da4 

w ~ w 23 CA8 GAS 23 w 
RAS OE RAS 22 BE BE 22 7 RAS 

N.C 21 Ag N.C 21 Ag Ag 21 8 N.C 

A10 As A10 20 As As 20 A10 

Ao A1 Ao 10 19 A1 A1 19 10 Ao 

A1 As A1 11 18 A5 As 18 11 A1 

A2 17 As A2 12 17 As As 17 12 A2 

A3 0 16 A4 A3 13 16 A4 A4 16 13 A3 

Voo 15 Vss Voo 14 0 15 Vss Vss 15 0 14 Voo 

Pin Name Pin Function 

Ao-A10 Address Inputs 

DQ1-11 Data In/Out 

Vss Ground 

RAS Row Address Strobe 

GAS Column Address Strobe 

w Read/Write Input 

OE Data Output Enable 

Voo Power(+3.3V) 

•t:!:i:filhl* ELECTRONICS 
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KM48V21 OOA/ AL/ ALL/ ASL CMOS DRAM 

ABSOLUTE MAXIMUM RATINGS 
Parameter Symbol Rating Units 

Voltage on Any Pin Relative to Vss VIN, VOUT -0.5 - 4.6 v 
Voltage on Voo Supply Relative to Vss Voo -0.5 - 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 (Voltage referenced to vss, TA=O to 10°c> 

Parameter Symbol Min Typ Max Unit 

Supply Voltage Voo 3.0 3.3 3.6 v 

Ground Vss 0 0 0 v 

Input High Voltage VIH 2.0 - Voo + 0.3 v 
Input Low Voltage VIL -0.3 - 0.8 v 

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

Parameter Symbol Min Max Units 

Operating Current* 
KM48V21 OOA/AUALUASL-6 100 mA 
KM48V21 OOA/ AUALUASL-7 lcc1 - 90 mA 

(RAS and CAS Cycling @tRc=min.) 
KM48V21 OOA/ AUALUASL-8 80 mA 

KM48V2100A 2 mA 
Standby Current KM48V2100AL 

lcc2 
1 mA 

(RAS=CAS=W=VIH ) KM48V21 OOALL - 1 mA 
KM48V21 OOASL 1 mA 

RAS-Only Refresh Current* 
KM48V2100A/AUALUASL-6 100 mA 
KM48V21 OOA/ AUALUASL-7 ICC3 - 90 mA 

(CAS=VIH, RAS Cycling @tRC=min.) 
KM48V21 OOA/ AUALUASL-8 80 mA 

Fast Page Mode Current* 
KM48V21 OOA/ AUALUASL-6 80 mA 
KM48V21 OOA/ AUALUASL-7 ICC4 - 70 mA 

(RAS=VIL, CAS, Address Cycling @tPC=min.) 
KM48V21 OOA/ AUALUASL-8 60 mA 

KM48V2100A 1 in A 
Standby Current KM48V21 OOAL 

Ices 
300 µA 

(RAS=CAS=W=Voo-0.2V) KM48V2100ALL - 200 µA 
KM48V2100ASL 200 µA 

GAS-Before-RAS Refresh Current* 
KM48V21 OOA/ AUALUASL-6 100 mA 

(RAS and CAS Cycling @tRc=min.) 
KM48V21 OOA/ AUALUASL-7 Ices - 90 mA 
KM48V21 OOA/ AUALUASL-8 80 mA 

Battery Back Up Current Average Power Supply Current, 
Battery Back Up Mode, Input High Voltage (V1H)=VDD-0.2V 

KM48V21 OOAL 400 µA 
Input Low Voltage (V1L)=0.2V CAS=CAS-Before-RAS Cycling 

KM48V21 OOASL 
ICC? - 300 µA 

or0.2V OIN=Don't Care TRC=62.5µS(L-Ver.) 
125µS(SL-Ver.), TRAS= TRAS min.-300ns 

Self Refresh Current 
RAS=CAS=0.2V 

KM48V21 OOALL Ices - 250 µA 
W=OE=Ao-A1o=Voo-0.2V or 0.2V 
DQ1-DQa=VDD-0.2V, 0.2V or Open 

11MH1m• 
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KM48V21 OOA/ AL/ ALL/ ASL CMOS DRAM 

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

Parameter Symbol Min Max Units 

Input Leakage Current 
li(L) -10 10 µA 

(Any input 0::; V1N ::; Voo+0.3V, all other pins not under test=O volts.) 

Output Leakage Current 
IO(L) -10 10 µA 

(Data out is disabled, OV::;VouT::;Voo) 

Output High Voltage Level (loH=-2mA) VoH 2.4 - v 
Output Low Voltage Level (IOL=2mA) VOL - 0.4 v 

*NOTE: lcc1, ICC3, ICC4 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. )n lcc1 and lcc3, Address can be changed maximum 
two times while RAS=VIL. In lcc4, Address can be changed maximum once within one fast page cycle. 

CAPACITANCE (TA=25°C, VDD=3.3V, f=1 MHz) 

Parameter Symbol Min 

Input Capacitance (Ao-A11) CIN1 -

Input Capacitance (RAS, CAS, W, OE) C1N2 -

Input Capacitance (DQ_1-DQa) Coo -

AC CHARACTERISTICS (0°C::;T;::;?0°C, Voo=3.3V±0.3V, See notes 1,2) 

Test Condition: VitJVil=2.0V/0.8V, VohN01=2.0V/0.8V, Output Loading CL=100pF 

-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 RAS tRAC 60 70 

Access time from GAS tCAC 15 20 

Access time from column address tAA 30 35 

GAS to output in Low-Z tCLZ 0 0 

Output buffer turn-off delay tOFF 0 15 0 20 

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

RAS precharge time tRP 40 50 

RAS pulse width tRAS 60 10,000 70 10,000 

RAS hold time tRSH 15 20 

GAS hold time tCSH 60 70 

GAS pulse width tCAS 15 10,000 20 10,000 

RAS to GAS delay time tRCD 20 45 20 50 

RAS to column address delay time tRAD 15 30 15 35 

GAS to RAS precharge time tCRP 5 5 

Row address set-up time tASR 0 0 

dMtJiiii» 
ELECTRONICS 

Max Unit 

5 pF 

7 pF 

7 pF 

-8 
Units Notes 

Min Max 

150 ns 

205 ns 

80 ns 3,4,11 

20 ns 3,4,5 

40 ns 3,11 

0 ns 3 

0 20 ns 7 

3 50 ns 2 

60 ns 

80 10,000 ns 

20 ns 

80 ns 

20 10,000 ns 

20 60 ns 4 

15 40 ns 11 

5 ns 

0 ns 
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KM48V21 OOA/ AU ALL/ ASL CMOS DRAM 

AC CHARACTERISTICS (Continued) 

-6 -7 -8 
Parameter Symbol f------r---- t--;i~I Max 

Units Notes 
Min Max Min Max 

Row address hold time tRAH 10 10 10 ns 

Column address set-up time tAsc 0 0 0 ns 

Column address hold time tCAH 10 15 15 ns 

Column address hold time referenced to RAS tAR . 45 55 60 ns 6 

Column address to RAS lead time tRAL 30 35 40 ns 

Read command set-up time tRCS 0 0 0 ns 

Read command hold time referenced to CAS tRCH 0 0 0 ns 9 

Read command hold time referenced to RAS tRRH 0 0 0 ns 9 

Write command hold time tWCH 10 15 15 ns 

Write command hold time referenced to RAS tWCR 45 55 60 ns 6 

Write command pulse width twp 10 15 15 ns 

Write command to RAS lead time tRWL 15 20 20 ns 

Write command to CAS lead time tcwL 15 20 20 ns 

Data set-up time tos 0 0 0 ns 10 

Data hold time tOH 10 15 15 ns 10 

Data hold time referenced to RAS tDHR 45 55 60 ns 6 

Refresh period (Normal) tREF 32 32 32 ms 

Refresh period (Low power & Self Ref.) tREF 128 128 128 ms 

Refresh period (Super Low power) tREF 256 256 256 ms 

Write command set-up time twcs 0 0 0 ns 8 

CAS to W delay time tcwo 40 
--+---

50 50 ns 8 

RAS to W delay time tRWD 85 100 110 ns 8 

Column address to W delay time tAwo 55 65 70 ns 8 

CAS set-up time (GAS-before-RAS refresh) tcsR 10 10 10 ns 

CAS hold time (GAS-before-RAS refresh) tCHR 10 15 I 15 ns 
·-t----

RAS to Q~S precharge time tRPC 5 5 5 ns 

CAS precharge time (C-B-R counter test cyde) I 
tCPT 20 30 l 30 I ns 

Access time from CAS precharge tCPA 35 
I 

40 45 3 I ns 

Fast Page mode cycle time tpc 40 451 50 ns 

, Fast Page mode read-modify-write cycle time tPRWC 85 100 105 ns 

CAS precharge time (Fast Page mode) tcP 10 10 10 ns 

RAS pulse width (Fast Page mode) tRASP 60 200,000 70 200,000 80 200,000 ns 

RAS hold time from CAS precharge tRHCP 35 40 45 ns 

OE access time tOEA 15 20 20 ns 

OE to data delay tOED 15 20 20 ns 

Out put buffer turn off delay time from OE I tOEZ 0 15 0 20 0 20 ns 

OE commend hold time I tOEH 15 20 l 20 ns 

t1"i':filiii» 
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KM48V21 OOA/ AL/ ALL/ ASL CMOS DRAM 

AC CHARACTERISTICS (Continued) 

-6 -7 -8 
Parameter Symbol Units Notes 

Min Max Min Max Min Max 

Write command set-up time (fest mode in) twrs 10 10 10 ns 

Write command hold time (fest mode in) twrH 10 10 10 ns 

W to RAS precharge time (C-B-R refresh) . twRP 10 10 10 ns 

W to RAS hold time (C-B-R refresh) twRH . 10 10 10 ns 

RAS pulse width (C-B-R self refresh) tRASS 100 100 100 µs 15 

RAS precharge time (C-B-R self refresh) tRPS 110 130 150 ns 15 

CAS hold time (C-B-R self refresh) tCHS -50 -50 -50 ns 15 

TEST MODE CYCLE (Note.12) 

-6 -7 -8 
Parameter Symbol Units Notes 

Min Max Min Max Min Max 

Random read or write cycle time tRC 115 135 155 ns 

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

Access time from RAS tRAC 65 75 85 ns 3,4,11 

Access time from CAS tCAC 20 25 25 ns 3,4,5 

Access time from column address tAA 35 40 45 ns 3,11 

RAS pulse width tRAS 65 10,000 75 10,000 85 10,000 ns 

CAS pulse width tCAS 20 10,000 25 10,000 25 10,000 ns 

RAS hold time tRSH 20 25 25 ns 

CAS hold time • tCSH 65 75 85 ns 

Column address to RAS lead time tRAL 35 40 45 ns 

CAS to W delay time tcwo 45 55 55 ns 8 

RAS to W delay time tRWD 90 105 115 ns 8 

Column address to W delay time tAWD 60 70 75 ns 8 

Fast Page mode cycle time tPC 45 50 55 ns 

Fast Page mode read-modify-write cycle time tPRWC 90 105 110 ns 

RAS pulse wid~h (Fast Page Mode) tRASP 65 200,000 75 200,000 85 200,000 ns 

Access time from CAS precharge tCPA 40 45 50 ns 3 

OE access time tOEA 20 25 25 ns 

OE to data delay tOED 20 25 25 ns 

OE command hold time tOEH 20 25 25 ns 

•tMHllH• 
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KM48V21 OOA/ AL/ ALL/ ASL 

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 V1L(max) are 
assumed to be 5ns for all inputs. 

3. Measured with a load equivalent to 1 OOpF and 
Voh=2.0V(IOUT=2mA), Vol=0.8V(louT=2mA) 

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

5. Assumes that tRco 2".tRco (max). 
6. tAR, twCR, toHR are referenced to tRAo(max). 
7. This parameter defines the time at which the 

output achieves the open circuit condition and is 
not referenced to VoH or VoL. 

8. twcs, tRwo, tcwo and tAwo are non restrictive 
operating parameters. They are included in the 
data sheet as electric characteristics only. If twcs 2 
twcs(min) the cycle is an early write cycle and the 
data output will remain high impedance for the 
duration of the cycle. If tcwo2tcwo(min), tRWD2 
tRwo(min) and tAWD2tAwo(min), then the cycle is a 

TIMING DIAGRAMS 

READ CYCLE 

CMOS DRAM 

read-write cycle and the data output will contain 
the data read from the selected address. If neither 
of the above conditions are satisfied, the condition 
of the data _out is indeterminate. 

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

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

11. Operation within the tRAD(max) limit insures that 
tRAC(max) can be met. tRAo(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. 

12. These specifications are applied in the test mode. 
13. 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. 

14. 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. 

15. 2048 cycle of burst refresh must be executed 
within 16ms before and after self refresh, in order 
to meet refresh specification. 

>---------IRAS--·-·-··--

RAS 

CAS 

A 

w 

VoH-:- -------OPEN--~----ci 
VoL-

~DON'TCARE 

tlMtiiiii• 
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KM48V21 OOA/ AL/ ALL/ ASL. CMOS DRAM 

TIMING DIAGRAMS (Continued) 

WRITE CYCLE (EARLY WRITE) 

CAS 

A 

w 

V1H- 'lV"'lV1'VV1VTI~m7V"rtVW~~~mrV'l:~Wt7V'VV''il'\1'1V~'Vl\l"V'l:rv'-~r1\J'i1'\1W~~~.,,.,~ 
V1L- t::ie.'1::¥:.~~~0.0~'.t::i.l.~~~~~~~66/.'::t:i.'i:::l.':/::J.'i/:J.':/::J.~~~.l::.f.-il:J.~~~~~U,IAl~ 

V1H-

D01-DOa ViL- ---------.(] 
l'------'I 

WRITE CYCLE (OE CONTROLLED WRITE) 

A 

!--------- iRAS-------1 

l\.~---iAR--

V1H- "ll"W'.,..,..'11"'7"\. _r..-.:..1...~_,.," J.4~-....i--~-1_ ~:im:'.~7\l\~~~~~~~~"'11:f'.l"7'{"7~~1\ 

V1L- ~~~If\..:::;::::.:::;:::~ \.U1'"-..=.!::~~:...._.;k1~¥::J.~~~~~~~~~~~~tt;,,l.~ 

V1H- 7C'}~~im:~~~m'7'm'l~~7m~~ 

V1L- .A/.~~~~~ll:J.~~~0.0.~'"'~~;..._--~l.c.OiilAA..Ai.~~~~C;,£.>A/..~~~~M 

V1H- 7\J.'il'i!\/'O~~~'lf:1'..."W~~---tt-~m'O"O~J"C7'\mi't~r1\Jm:l'mm'l~t70'~~~~7tt 

V1L- ~c.lLl~~~~~~Y,Y 

V1H-

V1L- ----

IZZI DON'T CARE 

.aww m• 
ELECTRONICS 
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KM48V21 OOA/ AL/ ALL/ ASL 

TIMING DIAGRAMS (Continued) 

READ-MODIFY-WRITE CYCLE 

RAS 

A 

w V1H- ----+--~----1-------------1 

V1L-

V1H- \'.'t~~'t"l:"/\JOl:;l!j'\'7U~'t";7\J~ro'\ 

V1L - JQw~..,Q,,,C~4'oW,jlA~~~lli!.!4~1Qi;;.._.,+..__J 

DQ,-DOs 
V110H - ___________ ....__ ..... :II\~ 

V110L -

FAST PAGE MODE READ CYCLE 

RAS 

CAS 

A 
v,H- 70'l~Jrm~~~X?1 • ..r-::::::~":':"::'~Ln~~~r~?g~~wc~~~~/ 

CMOS DRAM 

V1L- u.;...,-,;:.;.;;;,;.;~'~r-,;...;.;,;;,;;.:..;.;;~~~~Of'~~;:;:.:;;~.Jl 11tYJ~~T,;;..:.:;:;:~;:;_~~~ll,,l.~0,C(\. 

w v,H- ~"Q"i'l'V'o'V1VooH...,j,.,-+-----H::trirr----~hhd~F~---R-~~~~"' 
V1L - ,lO~l,A~~ 

V IH- 11:7'C~m7o'M:7'7'"""""'""'""'"' 
OE 

V1L- ~~/J.~~~~~~~~-+.-"'~~~~~~-~~~~~~~'1.~~~~~~~~~Ci:i 

001-DOs 

~DON'T CARE 

tM:WJihi» 
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KM48V21 OOA/ AL/ ALL/ ASL CMOS DRAM 

FAST PAGE MODE READ-MODIFY-WRITE CYCLE 
lRAsp--------,------------1 

RAS 

-tpRwc------ -lRSH--r--1 j! 
LtcRP 

-- --tcsH--·--· 

GAS 

A 

w 

~DON'TCARE 

•1Mfiiiii» 
ELECTRONICS 
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KM48V21 OOA/ AL/ ALL/ ASL 

TIMING DIAGRAMS (Continued> 

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

,___ _________ tRc----

RAS 

A 

CAS-BEFORE-RAS REFRESH CYCLE 
NOTE: W=VrH. OE, A=Don't Care 

CMOS DRAM 

~---------tRc--------------4 

...__ ____ tcHR-----' 

CAS 

V110H -
DO,·DOs V110L - 91----------OPEN--------------

CAS-BEFORE-RAS SELF REFRESH CYCLE (LL-version) 
NOTE: W, OE, A=Don't Care 

RAS 
V1H-

V1L-

CAS 
V1H-

V1L-

001-00s 
VoH -

~-------OPEN-------------
Vol -

~ DON'TCARE 

11mWJ:m• 
ELECTRONICS. 
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KM48V21 OOA/ AL/ ALL/ ASL CMOS DRAM 

TIMING DIAGRAMS (Con-tinued) 

HIDDEN REFRESH CYCLE (READ) 

------IRAS··---~ 

---ICHR ·-·---- ' 

A 

w 
V1H- \A°:ii:::7'\:~"f0,'J'\!,;t1r-t------J--:~~~~~71:7'i'J\7-.';J\'J'\7V°m'ro'\A?;?\jlli!\7'\!\'J~~~'\, 

· V1L- ~~lQt::J::M.~ 

OE 

f- toFF 

VoH-
--......i.------11 VALID DATA-OUT 

VoL-

HIDDEN REFRESH CYCLE (WRITE) 

A 

w 

f- ----------------- IRC - -- -----------1------------- - IRC--

------ IRAS-----------] --IRP- I 

I 
I 

V1H- ~"7~7'\J~~~7'\"1~~~7"'~'7M'~~~~~~~"""71:""'7""'7""7'1:""'7""'~:""!r"'""'"":""!r"''ll""ll'.._"'""'"""' 

V1L- ~~.IL.lP'°~~~~~~~~~l.:::.t.~D./.~~~~~~~~~c::.£.~/::),,,,(,.~(::£.~~~ 

V1H- \?t"'~~lt:\. 

V1L- ~,Q/.~~1\..-------~~~~~~~~~CJ:..~~~~~~~~~~~ 

tt:f:l:fJihi» 
ELECTRONICS 
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KM48V21 OOA/ AL/ ALL/ ASL CMOS DRAM 

TIMING DIAGRAMS <Continued) 

CAS·BEFORE·RAS REFRESH COUNTER TEST CYCLE 

!---~----- IRAS------------1 

RAS 

CAS 

Vn-i-
A 

V1L-

READ CYCLE 

V1H-
w 

V1L-

V1H-

OE 
V1L-

D01·DOa 
VoH:-

VoL-

WRITE CYCLE 

V1H-

w 
V1L-

V1H-

5E 
V1L-

V1H-

D01·DOa 
V1L-

V1H-
w 

V1L-

V1H-

OE 
V1L-

DQ,-DOa 
V110H-

V110L-

d!ti:fi'hl» 
ELECTRONICS 

OPEN 

VALID __/ 
DATA-OUT 

~DON'T CARE 
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KM48V21 OOA/ AL/ ALL/ ASL 

PACKAGE DIMENSION 
28-LEAD PLASTIC SMALL OUT-LINE J-LEAD 

iol 0.004(0.1) I 

0 

0.016(0.41) 11 

0.020(0.51)-j r-- TYP 

0.026(0.66) 

0.032(0.81) 

0 
cry- Ci) 
0"' 
ci ci 

LO LO 
Cl> 0 
(")'<I" 

ci ci 

0.050(1.27) 

MAX 

CMOS DRAM 

Units: Inches (millimeters) 

0.027(0.69) 

MIN 

00 
"'(") 

ci ci 
co N" 
0 ~ 
0 0 
ci ci 

0.140(3.56) 

0.148(3. 76) 

28-LEAD PLASTIC THIN SMALL OUT LINE PACKAGE (Forward and Reverse Type) 

0.740 (18.80) 

MAX -

N 

g g 
co N 

"' 0 
C') '<I" 
0 0 

0 

I 
0.722 (18.36) I 
0.726 (18.46)~ 

~lo__._l_o.o_8M_A_x~EJ=....c~=---'~ 
_o._o3_7 _(0._95_) ----i-/--1-I- I o.048 (1.22) I 0.016 (0.4;r 

I 0.052 (1.32) I 0.020 (0.50) 

tl:fafi@iP 
ELECTRONICS 

0.037 (0.95) 

0.041 (1.05) 

Units: Inches (millimeters) 

re CD CD cq 'Xl g - -
C') "' CD 
N ~ CD 
'<I" '<I" 
0 0 0 

' I 0.005 (0.13) -------i~~ 
0.008 (0.20) 

/~( ~]~ 
0.016 (0.40) I I 
0.024 (0.60) 
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KM48V2004A/ AL/ ALL/ ASL CMOS DRAM 

2M x 8 Bit CMOS Dynamic RAM with Extended Data Out 

FEATURES 
• Performance range: 

tRAC tcAC tRc tHPC 

KM48V2004A/AUALUASL-6 60ns 15ns 110ns 24ns 

KM48V2004A/AUALUASL-7 70ns 20ns 130ns 29ns 

KM48V2004A/AUALUASL-8 BOns 20ns 150ns 34ns 

• Fast Page Mode with Extended data out 
• Self Refresh Operation (LL-ver. only) 
• Byte Read/Write operation 
• CAS-before-RAS refresh capability 
• RAS-only and Hidden Refresh capability 
• LVITL compatible inputs and outputs 
• Early write or output enable controlled write 
• Single+3.3V ± 0.3V power supply 
• 4096 cycles/64ms refresh (Normal) 
• 4096 cycles/128ms refresh (Low power & Self Ref.) 
• 4096 cycles/256ms refresh (Super Low power) 
• JEDEC standard pinout 
• Available in plastic SOJ and TSOP(ll) 

FUNCTIONAL BLOCK DIAGRAM 

RAS 
Control 

CAS 
Clocks 

GENERAL DESCRIPTION 
The Samsung KM48V2004A/AUALL/ASL is a high 
speed CMOS 2,097, 152 bit x 8 Dynamic Random 
Access Memory. Its design is optimized for high 
performance applications such as mainframes, mini 
computers, graphics and high performance portable 
computers. 

The KM48V2004A/AUALL/ASL features EDO Mode 
operation which allows high speed random access of 
memory cells within the same row. 

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

The KM48V2004A/AL/ALL/ASL is fabricated using 
Samsung's advanced CMOS process. 

Vss 
w Vss Generator 

~Voo 

Data in 
Refresh Timer Row Decoder 

Buffer 

Refresh Control Q 
od DQ1 
Cf) 

Memory Array 0.. to 
Refresh Counter 2,097, 152x8 

E 
DQs <{ 

Cells 
Q) 
Cf) 
c: 

Row Address Buffer 
Q) 

AO-A11 (/) 

Data out 

Col. Address Buffer Column Decoder 
Buffer OE 

AO-AS 

•l:f:l:Hliii" ELECTRONICS 
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KM48V2004A/ AL/ ALL/ ASL CMOS DRAM 

PIN CONFIGURATION (fop Views) 

• KM48V2004 AJ/AW/ALW/ASW • KM48V2004 AT/ALT/ALLT/ASLT • KM48V2004 ATR/ALTR/ALLTR/ASLTR 

VDD 1 0 28 Vss VDD 1 0 28 Vss Vss 28 VDD 

001 27 OOs 001 27 OOs OOs 27 0 2 001 

002 26 007 002 26 007 007 26 3 002 

003 25 00s 003 25 OOs OQs 25 003 

004 24 OQ5 004 24 OOs 00s 24 004 

w 23 GAS w 6 23 GAS CAS 23 w 
RAS OE RA5 7 22 5E OE 22 7 RAS 

A11 21 Ag A11 21 Ag Ag 21 8 A11 

A10 20 As A10 20 As As 20 A10 

Ao 10 19 A7 Ao 10 19 A7 A7 19 10 Ao 

A, 11 18 As A1 11 18 Ae As 18 11 A, 

A2 12 17 As A2 12 17 As As 17 12 A2 

A3 13 0 16 A4 A3 13 16 A4 A4 16 13 A3 

VDD 14 15 Vss VDD 14 0 15 Vss Vss 15 0 14 VDD 

J :400MIL T : 400MIL (Forword) TR : 400MIL (Reverse) 

Pin Name Pin Function 

Ao-A11 Address Inputs 

D01-8 Data In/Out 

Vss Ground 

RAS Row Address Strobe 

CAS Column Address Strobe 

w Read/Write Input 

OE Data Output Enable 

Voo Power(+3.3V) 

d"'itiiiii• 
ELECTRONICS 
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KM48V2004A/ AL/ ALL/ ASL CMOS DRAM 

ABSOLUTE MAXIMUM RATINGS 
Parameter Symbol Rating Units 

Voltage on Any Pin Relative to Vss V1N, VouT -0.5- 4.6 v 
Voltage on Voo Supply Relative to Vss Voo -0.5- 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 (Voltage referenced to Vss, TA=O to 70°C) 

Parameter Symbol Min Typ Max Unit 

Supply Voltage Voo 3.0 3.3 3.6 v 
Ground Vss 0 0 0 v 
Input High Voltage VJH 2.0 - Voo+ 0.3 v 
Input Low Voltage VIL -0.3 - 0.8 v 

DC AND OPERATING CHARACTERISTICS (Recommended operating conditions unless otherwise noted} 

Parameter Symbol Min Max Units 

Operating Current* 
KM48V2004A/AUALUASL-6 80 mA 

(RAS and CAS Cycling @tRc=min.} 
KM48V2004A/AUALUASL-7 lcc1 - 70 mA 
KM48V2004A/AUALUASL-8 60 mA 

KM48V2004A 2 mA 
Standby Current KM48V2004AL 

lcc2 1 mA 
(RAS=CAS=W=VIH} KM48V2004ALL - 1 mA 

KM48V2004ASL 1 mA 

RAS-Only Refresh Current* KM48V2004A/AUALUASL-6 80 mA 

(CAS=VIH, RAS Cycling @tRC=min.} 
KM48V2004A/AUALUASL-7 ICC3 - 70 mA 
KM48V2004A/AUALUASL-8 60 mA 

Hyper Page Mode Current* 
KM48V2004A/AUALUASL-6 90 mA 
KM48V2004A/AUALUASL-7 ICC4 - 80 mA 

(RAS=VIL, CAS, Address Cycling @tPc=min.) KM48V2004A/AUALUASL-8 70 mA 

KM48V2004A 1 mA 
Standby Current KM48V2004AL 

Ices 
300 µA 

(RAS=CAS=W=Voo-0;2V} KM48V2004ALL - 200 µA 
KM48V2004ASL 200 µA 

GAS-Before-RAS Refresh Current* 
KM48V2004A/AUALUASL-6 80 mA 

(RAS and CAS Cycling @tRc=min.) KM48V2004A/AUALUASL-7 Ices - 70 mA 
KM48V2004A/AUALUASL-8 60 mA 

Battery Back Up Current Average Power Supply Current, 
Battery Back Up Mode, Input High Voltage (V1H)=Voo-0.2V 

KM48V2004AL 450 µA 
Input Low Voltage (V1L}=0.2V CAS=CAS-Before-RAS Cycling 

KM48V2004ASL 
ICC7 -

350 µA 
or 0.2V DQ1-DQs=Don't Care tRC=31.25µs(L-Ver.) 
62.Sµs(SL-Ver.), tRAs=tRAS min.-300ns 

Self Refresh Current 
RAS=CAS=0.2V 

KM48V2004ALL Ices 250 µA 
W=OE=Ao-A11=Voo-0.2V or 0.2V 

-

DQ1-DQs=Voo-o.2v, 0.2V or Open 

d'i'lfiiUiiP 
ELECTRONICS 
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KM48V2004A/ AL/ ALL/ ASL CMOS DRAM 

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

Parameter Symbol Min . Max Units 

Input Leakage Current 
h(L) -10 10 µA 

(Any input 0 :-::;; V1N :-::;; Voo+0.3V, all other pins not under test=O volts.) 

Output Leakage Current IO(L) -10 10 µA 
(Data out is disabled, OV:<::;Vour:<::;Voo) 

Output High Voltage Level (IOH=-2mA) VoH 2.4 - v 
Output Low Voltage Level (IOL=2mA) VOL - 0.4 v 

*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 and lcc3, Address can be changed maximum 
two times while RAS=V1L. In lcc4, Address can be changed maximum once within one Hyper Page cycle. 

CAPACITANCE (TA=25°C, Voo=3.3V, f=1 MHz)) 

Parameter Symbol Min 

Input Capacitance (Ao-A11) CIN1 -

Input Capacitance (RAS, CAS, W, OE) CIN2 -
Output Capacitance (DQ1-DQs) Coo -

AC CHARACTERISTICS (0°C:<::;TAQ0°C, VDD=3.3V±0.3V, See notes 1,2) 

Test condition: VihNi1=2.0V/0.8V, VohNo1=2.0V/0.8V, Output Loading CL=1 OOpF 

-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 RAS tRAC 60 70 

Access time from CAS tCAC 15 20 

Access time from column address tAA 30 35 

CAS to output in Low-Z tCLZ 3 3 

OE to output in Low-Z tOLZ 3 3 

Output buffer turn-off delay from CAS 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 10,000 70 10,000 

RAS hold time tRSH 15 20 

CAS hold time tCSH 45 50 

CAS pulse width tCAS 10 10,000 15 10,000 

RAS to CAS delay time tRCD 20 45 20 50 

RAS to column address delay time tRAD 15 30 15 35 

CAS to RAS precharge time tCRP 5 5 

t1m'ifi@$ 
ELECTRONICS 

Max Unit 

5 pF 

7 pF 

7 pF 

-8 
Units Notes 

Min Max 

150 ns 

205 ns 

80 ns 3,4,11 . 
20 ns 3,4,5 

40 ns 3,11 

3 ns 3 

3 ns 3 

3 20 ns 7,14 

2 50 ns 2 

60 ns 

80 10,000 ns 

20 ns 

60 ns 

20 10,000 ns 

20 60 ns 

15 40 ns 4 

5 ns 11 
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KM48V2004A/ AL/ ALL/ ASL CMOS DRAM 

AC CHARACTERISTICS (Continued) 

-6 -7 -8 
Parameter Symbol Units Notes 

Min Max Min Max Min Max 

Row address set-up time tASR 0 0 0 ns 

Row address hold time tRAH 10 10 10 ns 

Column address set-up time tAsc 0 0 0 ns 

Column address hold time tCAH 10 15 15 ns 

Column address hold time referenced to RAS tAR 45 55 60 ns 

Column address to RAS lead time tRAL 30 35 40 ns 6 

Read command set-up time tRCS 0 0 0 ns 

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

Read command hold time referenced to RAS tRRH 0 0 0 ns 9 

Write command hold time tWCH 10 15 15 ns 9 

Write command hold time referenced to RAS tWCR 45 55 60 ns 

Write command pulse width twP 10 15 15 ns 6 

Write command to RAS lead time tRWL 15 . 20 20 ns 

Write command to CAS lead time tCWL 10 15 20 ns 

Data set-up time tos 0 0 0 ns 10 

Data hold time tDH 10 15 15 ns 10 

Data hold time referenced to RAS tDHR 45 55 60 ns 6 

Refresh period (Normal) tREF 64 64 64 ms 

Refresh period (Low power & Self Ref.) tREF 128 128 128 ms 

Refresh period (Super Low power) tREF 256 256 256 ms 

Write command set-up time twcs 0 0 0 ns 8 • CAS to W delay time tcwo 40 50 50 ns 8 

RAS to W delay time tRWD 85 100 110 ns 8 

Column address to W delay time tAWD 55 65 70 ns 8 

CAS precharge to W delay time tCPWD 60 70 75 ns 8 

CAS set-up time (GAS-before-RAS refresh) tCSR 10 10 10 ns 

CAS hold time (GAS-before-RAS refresh) tCHR 10 15 15 ns 

RAS to CAS precharge time tRPC 5 5 5 ns 

CAS precharge time (C-B-R counter test cycle) tCPT 20 30 30 ns 

Access time from CAS precharge tCPA 35 40 45 ns 3 

Hyper Page cycle time tHPC 24 29 34 ns 17 
--.-

Hyper Page read-modify-write cycle time tHPRWC 71 86 96 ns 17 

CAS precharge time (Hyper Page cycle) tCP 10 10 10 ns 

RAS pulse width (Hyper Page cycle) tRASP 60 200,000 70 200,000 80 200,000 ns 

RAS hold time from CAS precharge tRHCP 35 40 45 ns 

OE access time tOEA 15 20 20 ns 

OE to data delay tOED 15 20 20 ns 

•1Mfi'IWP 
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KM48V2004A/ AL/ ALL/ ASL CMOS DRAM 

AC CHARACTERISTICS (Continued) 

-6 -7 -8 
Parameter Symbol Units Notes 

Min Max Min Max Min Max 

Output buffer turn off delay time from OE tOEZ 3 15 3 20 3 20 ns 7,14 

OE commend hold time tOEH 15 20 20 ns 

Write command set-up time (Test mode in) twrs 10 10 10 ns 

Write command hold tinie (Test mode in) twrH 10 10 10 ns 

W to RAS precharge time (C-8-R refresh) twRP 10 10 10 ns 

W to RAS hold time (C-8-R refresh) twRH 10 10 10 ns 

Output data hold time tDOH 5 5 5 ns 7,15 

OE to GAS hold time tOCH 5 5 5 ns 

CAS hold time to OE tCHO 5 5 5 ns 

OE precharge time tOEP 5 5 5 ns 

W pulse width (Hyper Page Cycle) twPE 5 5 5 ns 

Output buffer turn off delay from RAS tREZ 3 15 3 20 3 20 ns 7,14 

Output buffer turn off delay from W twEZ 3 15 3 20 3 20 ns 7,14 

W to data delay twED 15 20 20 ns 

RAS pulse width (LL-ver) tRASS 100 100 100 µs 16 

RAS precharge time (LL-ver) tRPS 110 130 150 ns 16 

CAS hold time (LL-ver) tCHS -50 -50 -50 ns 16 

TEST MODE CYCLE (Note.12) 

-6 -7 -8 
Parameter Symbol Units Notes 

Min Max Min Max Min Max 

Random read or write cycle time tRC 115 135 155 ns 

Read-modify-write cycle time tRWC 160 190 210 ns 

Access time from RAS tRAC 65 75 85 ns 3,4,11 

Access time from CAS tCAC 20 25 25 ns 3,4,5 

Access time from column address tAA 35 40 45 ns 3,11 

RAS pulse width tRAS 65 10,000 75 10,000 85 10,000 ns 

CAS pulse width tCAS 15 10,000 20 10,000 25 10,000 ns 

RAS hold time tRSH 20 25 25 ns 

CAS hold time tcsH 50 55 65 ns 

Column address to RAS lead time tRAL 35 40 45 ns 

CAS to W delay time tcwo 45 55 55 ns 8 

RAS to W delay time tRWD 90 105 115 ns 8 

Column address to W delay time tAwo 60 70 75 ns 8 

Hyper Page cycle time tHPC 29 34 39 ns 

Hyper Page read-modify-write cycle time tHPRWC 76 91 101 ns 

RAS pulse width (Hyper Page Cycle) tRASP 65 200,000 75 200,000 85 200,000 ns 

•tMtiiiii• 
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KM48V2004A/ AL/ ALL/ ASL 

TEST MODE CYCLE {Continued) 

Parameter Symbol 

Access time from CAS precharge tCPA 

OE access time tOEA 

OE to data delay torn 

OE command hold time tOEH 

TEST MODE DESCRIPTION 
The KM48V2004A/AUALUASL is the CMOS DRAM 
organized 2,097,152 words by 8 bit internally 
organized 1,048,576 words by 16 bits. In " Test Mode", 
data are written into 16 sectors in parallel and retrieved 
the same way. Column address bit AO is not used. If 
upon reading, two bits on one 1/0 pin are equal {all "1" 
or "O"s) the 1/0 pin indicates a "1 ". If they were not 
equal, the 1/0 pin would indicate a "O". In Test Mode", 
the 2Mx8 DRAM can be tested as if it were a 1 Mx8 

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 V1L(max) are 
assumed to be 5ns for all inputs, without tHPC and 
tHPRWC. 

3. Measured with a load equivalent to 1 TTL loads and 
100pF. 

4. Operation within the tRCD(max) limit insures that 
tRAc{max) can be met. tRco{max) is specified as a 
reference point only. If tRCD is greater than the 
specified tRCD{max) limit, then access time is 
controlled exclusively by tcAc. 

5. Assumes that tRCD:2".tRCD {max). 
6. tAR, twcR, tDHR are referenced to tRAD(max). 
7. This parameter defines the. time at which the 

output achieves the open circuit condition and is 
not referenced to VoH or Vol. 

8. twcs, tRWD, tcwo and tAWD are non restrictive 
operating parameters. They are included in the 
data sheet as electric characteristics only. If twcs :2: 
twcs{min) the cycle is an early write cycle and the 
data output will remain high impedance for the 
duration of the cycle. If tcwo:2".tcwo{min), tRWD:2': 
tRwD{min) and tAWD:2".tAwo{min), then the cycle is a 
read-write cycle and the data output will contain 
the data read from the selected address. If neither 
of the above conditions are satisfied, the condition 
of the data out is indeterminate. 

•1Mf1iiii» 
ELECTRONICS 

Min 

20 

20 

CMOS DRAM 

-6 -7 -8 
Units Notes 

Max Min Max Min Max 

40 45 50 ns 3 

20 25 25 ns 

25 25 ns 

25 25 ns 

DRAM.Wand CAS before RAS Cycle {WCBR, Test 
Mode In Cycle) puts the device into "Test Mode", And 
"CAS before RAS Refresh Cycle" or "RAS Only Refresh 
Cycle" puts it back into "Normal Mode". In the Test' 
Mode, "W and CAS before RAS Refresh Cycle" 
peforms the refresh operation with internal CBR refresh 
address counter. "Test Mode" function reduces test 
time (1 /2 in cases of N test pattern). 

9. Either tRCH or tRRH must be satisfied for a read 
cycle. 

10. These parameters are referenced to the CAS 
leading edge in early write cycles and to the W 
leading edge in read-write cycles. 

11. Operation within the tRAD{max) limit insures that 
tRAc{max) can be met. tRAo(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. 

12. These specifications are applied in the test mode. 
13. 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. 

14. tREz{max}, tcEz{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. 

15. 4096 cycle of burst refresh must be executed 
within 64ms before and after self refresh, in order 
to meet refresh specification. 

16. If RAS goes high before GAS high going, the open 
circuit condition of the output is achieved by GAS 
high going. If CAS goes high before RAS high 
going, the open circuit condition of the output is 
achieved by RAS high going 

17. tAsc ~ tcP{min), Assumn tr=2.0ns 
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KM48V2004A/ AL/ ALL/ ASL CMOS DRAM 
TIMING DIAGRAM 

READ CYCLE 

---------tRc-----------+I 
------·-tRAS -------.i ____ , , _____ , 

A V1H -

V1L -

V1H -

w V1L -

V1H -

OE V1L -

VoH -
DQ1 - DQB VoL _ ------ OPEN 

•t:!:i:fil hi ;p 
ELECTRONICS 

DATA-OUT 

~ Don't Care 
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KM48V2004A/ AL/ ALL/ ASL 

WRITE CYCLE ( EARL V WRITE ) 
NOTE : DouT = OPEN 

V1H -

A V1L -

V1H -w 
V1L 

DQ1 - DQ8 ViH -

V1L -

tl'Mfiliii» 
ELECTRONICS 

CMOS DRAM 

~ Don't Care 
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KM48V2004A/ AL/ ALL/ ASL 

WRITE CYCLE ( OE CONTROLLED WRITE ) 
NOTE : DouT = OPEN 

V1H -

A V1L -

V1H -

w V1L 

V1H -

DQ1 - DQ8 ViL _ 

4lltnHiiii• 
ELECTRONICS 

CMOS DRAM 

~ Don't Care 
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KM48V2004A/ AL/ ALL/ ASL 

READ - MODIFY - WRITE CYCLE 

V1H -

RAS V1L -

V1H -

A V1L -

V1H -

w V1L 

V1H -

OE V1L -

DQ1 - DOB V110H - ----------~~ 
V110L -

t11iiW1@" 
ELECTRONICS 

CMOS DRAM 

~Don't Care 
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KM48V2004A/ AL/ ALL/ ASL 

HYPER PAGE READ CYCLE 

V1H -
RAS 

V1L -

V1H -CAS 
V1L -

V1H -
A 

V1L -

V1H -w 
V1L -

V1H -
OE 

V1L -

41:!:i:f1 liii IP 
ELECTRONICS 

CMOS DRAM 

tRASP 

~ Don't Care 
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KM48V2004A/ AL/ ALL/ ASL 

HYPER PAGE WRITE CYCLE ( EARLY WRITE ) 
NOTE : Dour = Open 

V1H -

A V1L -

V1H -w 
V1L 

D01 - DOS VVIH -
IL 

41.t.l:f i'illiP 
ELEmONICS 

---toHR 

CMOS DRAM 

~Don't Care 
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KM48V2004A/ AL/ ALL/ ASL CMOS DRAM 

HYPER PAGE READ-MODIFY-WRITE CYCLE 

V1H -
A 

V1L -

V1H -w 
V1L -

DQ1 - DQB ViioH - ------+t-tv./.llC 1 

V110L -

~ Don't Care 

41:!:1.filiiilP 
ELECTRONICS 
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KM48V2004A/ AL/ ALL/ ASL CMOS DRAM 

HYPER PAGE READ AND WRITE MIXED CYCLE 

GAS V1H -
V1L 

V1H -
A 

V1L -

w V1H -
V1L -

OE 
V1H -
V1L -

toH 

V110H -
001 - 008 

V110L -

~Don't Care 

ttMHIUI" 
ELECTRONICS 
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KM48V2004A/ AU ALU ASL 

~-ONLY REFRESH CYCLE 

NOTE : W, OE , D1N = Don't care 
DoUT= Open 

CMOS DRAM 

I+---------..... ··-"-tRC -----------

---• 14------- - tRAS--------...., 1 ___ __;..---.i 

V1H -

A V1L -

CAS'-BEFORE-RAS' REFRESH CYCLE 

NOTE : W, OE, A= Don't Care 

V1H -

w V1L -

dMfiihi> 
ELECl'RONICS 

~Don't Care 
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KM48V2004A/ AL/ ALL/ ASL CMOS DRAM 

HIDDEN REFRESH CYCLE ( READ ) 

i.-~~~~-tRc~~~~----1~~~~ 

V1H -

A V1L -

V1H -

w V1L -

i..-~~~tAAs-----~~~ 

DQ1 - DQ8 VoH - ----- OPEN 
VoL -

d!:i:filiil" 
ELECTRONICS 

DATA-OUT 

Don't Care 
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KM48V2004A/ AL/ ALL/ ASL CMOS DRAM 

HIDDEN REFRESH CYCLE { WRITE ) 

NOTE : Dour = OPEN 

------tRC -------------

V1H -

RAS V1L -

V1H -

CAS V1L -

V1H -

A V1L -

V1H -

w V1L -

V1H -

OE V1L -

DQ1 - DQ8 ViH -

V1L -

tt:!:i: fJllWP 
ELECTRONICS 

---- iRAS ----

~ Don't Care 
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KM48V2004A/ AL/ ALL/ ASL 
CAS"-BEFORE-RA"S" REFRESH COUNTER TEST CYCLE 

V1H -

RAS V1L -

CMOS DRAM 

1----..1 ~---- tRSH ---;:~........_+.----

V1H -

A V1L -

READ CYCLE 

V1H -

w V1L -

V1H -

OE V1L -

VoH -

001 - 008 VoL _ 

WRITE CYCLE 

V1H -

w V1L -

-- V1H -

OE V1L -

V1H -

001 - 008 V1L -

READ-MODIFY-WRITE 

V1H -

w V1L -

_ V1H -

OE V1L 

14---- tcHR --- 1 .. --- tcAs---

V110H - ----------------(Y/;KI 
001 - 008 V110L -

VALID VALID 
DATA-OUT DATA-IN 

t1m'ifilJiliP 
ELECTRONICS 

Don't Care 
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KM48V2004A/ AL/ ALL/ ASL 

TEST MODE IN CYCLE 

NOTE : OE, A= Don't Care 

V1H -

RAS V1L -

V1H -

w V1L -

tt:!:i:frpil» 
ELECl'RONICS 

CMOS DRAM 

~Don't Care 
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KM48V2004A/ AL/ ALL/ ASL 

PACKAGE DIMENSION 

28-LEAD PLASTIC SMALL OUT-LINE J-LEAD 

iol 0.004(0.1 i I 

0 

~I 

0.016(0.41) 11 

0020(0.51)-1 r-- TYP 

0.026(0.66) 

0.032(081) 

0 
cry a; 
0 N 
ci ci 

lO' lO' 
(j) 0 
(')'<I" 

ci ci 

0.050(1.27) 

MAX 

CMOS DRAM 

Units: Inches (millimeters) 

0 
N 
ci 

0.027(0.69) 

MIN 

~ cry 
0 N LO 
(') ai ai 
ci lO' lO' 

co C\J <O I'-
(') (') 

0 Ci 0 0 0 
ci ci 

0.140(3.56) 

0.148(3. 76) 

LO° 0 
0 (') 

lO' lO' 
(') '<I" 
'<I" '<I" 

ci ci 

28·LEAD PLASTIC THIN SMALL OUT LINE PACKAGE (Forward and Reverse Type) 

0.740 (18.80) 

MAX 

0 

0.722 , ... ,., I 
. 0.726 (18.46)_L 

~lo~J_o.o_8 M_A_x ~l_b-"--=t:I"'--'~ 
_o._o3_7 _(0._95_) --+-J-1J- I o.048 (1.22) I 0.015 (0.4;r-

I 0.052 (1.32) I 0.020 (o.5oi 

emu@• 
ELECTRONICS 

0.03 (0.80) 

0.037 (0.95) 

0.041 (1.05) 

_J .j __ o_.o_o5--'-(o_.1--'-3l 

0.008 (0.20) 

~ }~ [ 
0.016 (0.40) , I I 0.024 (0.60) 

975 



KM48V2104A/ AL/ ALL/ ASL CMOS DRAM 

2M x 8 Bit CMOS Dynamic RAM with Extended Data Out 

FEATURES 
• Performance range: 

tRAc tCAC tRc btPC 

KM48V2104A/AUALUASL-6 60ns 15ns 110ns 24ns 

KM48V2104A/AUALUASL-7 70ns 20ns 130ns 29ns 

KM48V2104A/AUALUASL-8 BOns 20ns 150ns 34ns 

• Fast Page Mode with Extended data out 
• Self Refresh operation (LL-ver. only) 
• Byte Read/Write operation 
• CAS-before-RAS refresh capability 
• RAS-only and Hidden Refresh capability 
• LVTTL compatible inputs and outputs 
• Early write or output enable controlled write 
• Single+3.3V ±0.3V power supply 
• 2048 cycles/32ms refresh (Normal) 
• 2048 cycles/128ms refresh (Low power & Self Ref.) 
• 2048 cycles/256ms refresh (Super Low power) 
• JEDEC standard pinout 
• Available in plastic SOJ and TSOP(ll) 

FUNCTIONAL BLOCK DIAGRAM 

RAS 
Control 

CAS 
Clocks 

GENERAL DESCRIPTION 
The Samsung KM48V2104A/AUALUASL is a high 
speed CMOS 2,097,152 bitxa Dynamic Random 
Access Memory. Its design is optimized for high 
performance applications such as mainframes, mini 
computers, graphics and high performance portable 
computers. 

The KM48V2104A/AUALUASL features EDO Mode 
operation which allows high speed random access of 
memory cells within the same row. 

GAS-before-RAS refresh capability provides on-chip 
auto refresh as an alternative to RAS-only refresh. All 
inputs and outputs are fully TTL compatible. 

The KM48V2104A/AUALUASL is fabricated using 
Samsung's advanced CMOS process. 

Vss 
w Vss Generator 

~vno 

Data in 
Refresh Timer Row Decoder 

Buffer 

Refresh Control Q 
ad DQ1 en 

Memory Array c. to 
Refresh Counter 2,097, 152x8 

E 
DQs <( 

Cells 
Q) 
en 
c: 

Row Address Buffer 
Q) 

AO-A10 CJ) 

Data out 

Col. Address Buffer Column Decoder 
Buffer OE 

AO-A9 

•1:!:i:filiH» 
ELECTRONICS 
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KM48V2104A/ AL/ ALL/ ASL CMOS DRAM 

PIN CONFIGURATION (Top Views) 

• KM48V2104 AJ/ ALJ/ ALLJ/ ASLJ • KM48V2104 AT/ALT/ALLT/ASLT • KM48V2104 ATR/ALTR/ALLTR/ASLTR 

VDD 1 0 Vss VDD 1 0 28 Vss Vss 28 VDD 

oa, DOs oa, 27 DOs DOs 27 0 oa, 

D02 D01 DQ2 26 DQ7 DQ7 26 D02 

DQ3 DQ5 DQ3 25 DQ5 DQ5 25 DQ3 

DQ4 DOs DQ4 5 24 DOs DOs 24 DQ4 

w CAS w 6 23 CAS CAS 23 w 
RAS 5E RAS 22 OE OE 22 RAS 

N.C Ag N:C 21 Ag Ag 21 N.C 

A10 As A10 20 As As 20 A10 

Ao 10 A1 Ao 10 19 A1 A1 19 10 Ao 

A, 11 A5 Ai 11 18 A5 A5 18 11 Ai 

A2 12 As A2 12 17 As As 17 12 A2 

A3 13 0 A4 A3 13 16 A4 A4 16 13 A3 

VDD 14 Vss VDD 14 0 15 Vss Vss 15 0 14 VDD 

J :400MIL T : 400MIL(Forward) TR : 400MIL(Reverse) 

Pin Name Pin Function 

Ao-A10 Address Inputs 

DQ1-8 Data In/Out I 
Vss Ground 

RAS Row Address Strobe 

GAS Column Address Strobe 

w Read/Write Input 

OE Data Output Enable 

Voo Power(+3.3V) 

N.C No Connection 

•t:!:l:Hiiii• 
ELECTRONICS 
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KM48V2104A/ AL/ ALL/ ASL CMOS DRAM 

ABSOLUTE MAXIMUM RATINGS 
Parameter Symbol Rating Units 

Voltage on Any Pin Relative to Vss VIN, VOUT -0.5- 4.6 v 
Voltage on Voo Supply Relative to Vss Voo -0.5- 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 (Voltage referenced to Vss, TA=O to 70°C) 

Parameter Symbol Min Typ Max Unit 

Supply Voltage VDD 3.0 3.3 3.6 v 
Ground Vss 0 0 0 v 
Input High Voltage V1H 2.0 - Voo+ 0.3 v 
Input Low Voltage VIL -0.3 - 0.8 v 

DC AND OPERATING CHARACTERISTICS (Recommended operating conditions unless otherwise noted) 

Parameter Symbol Min Max Units 

Operating Current* 
KM48V2104A/AUALUASL-6 100 mA 
KM48V2104A/AUALUASL-7 lcc1 - 90 mA 

(RAS and CAS Cycling @tRc=min.) 
KM48V2104A/AUALUASL-8 80 mA 

KM48V2104A 2 mA 
Standby Current KM48V2104AL 

lcc2 
1 mA 

(RAS=CAS=iN=VIH) KM48V2104ALL 
-

1 mA 
KM48V2104ASL 1 mA 

RAS-Only Refresh Current* 
KM48V2104A/AU ALUASL-6 100 mA 
KM48V2104A/AUALUASL-7 ICC3 - 90 mA 

(CAS=VIH, RAS Cycling @tRC=min.) 
KM48V2104A/AUALUASL-8 80 mA 

Hyper Page Mode Current* 
KM48V2104A/AUALUASL-6 100 mA 

(RAS=VIL, GAS, Address Cycling @tPc=min.) 
KM48V2104A/AUALUASL-7 ICC4 - 90 mA 
KM48V2104A/AUALUASL-8 80 mA 

KM48V2104A 1 mA 
Standby Current KM48V2104AL 

Ices 
300 µA 

(RAS=CAS=iN=Voo-0.2V) KM48V2104ALL 
-

200 µA 
KM48V2104ASL 200 µA 

GAS-Before-RAS Refresh Current* 
KM48V2104A/AUALUASL-6 100 mA 

(RAS and CAS Cycling @tRc=min.) 
KM48V2104A/AUALUASL-7 ICC6 - 90 mA 
KM48V2104A/AUALUASL-8 80 mA 

Battery Back Up Current Average Power Supply Current, 
Battery Back Up Mode, Input High Voltage {VIH)=VDD-0.2\1, 

KM48V2104AL 400 µA 
Input Low Voltage (V1L)=0.2V, CAS=CAS-Before-RAS Cycling 

KM48V2104ASL 
ICC? - 300 µA 

or 0.2\1, DQ1-DQa=Don't Care, tRc=62.5µs(L-Ver.) 
125µs(SL-Ver.), tRAs=tRAs min.-300ns 

Self Refresh Current 
RAS=CAS=0.2V 

KM48V2104ALL Ices 250 µA 
W=OE=Ao-A1o=Voo-0.2Vor 0.2V -
DQ1-DOs=Voo~o.2v, 0.2V or Open 

d!:i:filihiP 
ELECTRONICS 
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KM48V2104A/ AL/ ALL/ ASL CMOS DRAM 

DC AND OPERATING CHARACTERISTICS (Continued) 
(Recommended operating conditions unless otherwise noted) 

Parameter Symbol Min Max Units 

Input Leakage Current 
li(L) -10 10 µA 

(Any input O~V1N ~Voo+0.3V, all other pins not under test=O volts.) 

Output Leakage Current IO(L) -10 10 µA 
(Data out is disabled, OV~VOUT~VDD) 

Output High Voltage Level (loH=-2mA) VoH 2.4 - v 
Output Low Voltage Level (IOL=2mA) VOL - 0.4 v 

*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 and lcc3, Address can be changed maximum 
two times while RAS=VIL. In ICC4, Address can be changed maximum once within one Hyper Page cycle. 

CAPACITANCE (TA=25°C, VDD=3.3V, f=1 MHz)) 

Parameter Symbol Min 

Input Capacitance (Ao-A10) CIN1 -

Input Capacitance (RAS, GAS, W, OE) C1N2 -

Output Capacitance (DQ1 -DQa) Goa -

AC CHARACTERISTICS (0°C~TA~70°C, VDD=3.3V±0.3V, See notes 1,2) 

Test Condition : VihNi1.=2.0V/0.8V, VohN01=2.0V/0.8V, Output Loading CL=1 OOpF 

-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 RAS tRAC 60 70 

Access time from CAS tCAC 15 20 

Access time from column address tAA 30 35 

CAS to output in Low-Z tCLZ 3 3 

OE to output in Low-Z tOLZ 3 3 

Output buffer turn-off delay from CAS tOEZ 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 10,000 70 10,000 

RAS hold time tRSH 15 20 

CAS hold time tCSH 45 50 

CAS pulse width tCAS 10 10,000 15 10,000 

RAS to CAS delay time tRCD 20 45 20 50 

RAS to column address delay time tRAD 15 30 15 35 

CAS to RAS precharge time tCRP 5 5 

tJMfiliiiiP 
ELECTRONICS 

Max Unit 

5 pF 

7 pF 

7 pF 

-8 
Units Notes 

Min Max 

150 ns 

205 ns 

80 ns 3,4, 11 

20 ns 3,4,5 

40 ns 3,11 

3 ns 3 

3 ns 3 

3 20 ns 7,14 

2 50 ns 2 

60 ns 

80 10,000 ns 

20 ns 

60 ns 

20 10,000 ns 

20 60 ns 

15 40 ns 4 

5 ns 11 
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KM48V2104A/ AL/ ALL/ ASL CMOS DRAM 

AC CHARACTERISTICS (Continued) 

-6 -7 -8 
Parameter Symbol Units Notes 

Min Max Min Max Min Max 

Row address set-up time tAsR 0 0 0 ns 
' 

Row address hold time tRAH 10 10 10 ns 

Column address set-up time tAsc 0 0 0 ns 

Column address hold time tCAH 10 15 15 ns 

Column address hold time referenced to RAS tAR 45 55 60 ns 

Column address to RAS lead time tRAL 30 35 40 ns 6 

Read command set-up time tRCS 0 0 0 ns 

Read command hold time referenced to GAS tRCH 0 0 0 ns 

Read command hold time referenced to RAS tRRH 0 0 O' ns 9 

Write command hold time twCH 10 15 15 ns 9 

Write command hold time referenced to RAS twCR 45 55 60 ns 

Write command pulse width twp 10 15 15 ns 6 

Write command to RAS lead time tRWL 15 20 20 ns 

Write command to GAS lead time tCWL 10 15 20 ns 

Data set-up time tos 0 0 0 ns 10 

Data hold time tDH 10 15 15 ns 10 

Data hold time referenced to RAS tDHR 45 55 60 ns 6 

Refresh period (Normal) tREF 32 32 32 ms 

Refresh period (Low power & Self Ref.) tREF 128 128 128 ms 

Refresh period (Super Low power) tREF 256 256 256 ms 

Write command set-up time twcs 0 0 0 ns 8 

GAS to W delay time tcwo 40 50 50 ns 8 

RAS to W delay time tRWD 85 100 110 ns 8 

Column address to W delay time tAWD 55 65 70 ns 8 

GAS precharge to W delay time tCPWD 60 70 75 ns 8 

GAS set-up time (GAS-before-RAS refresh) tCSR 10 ~o 10 ns 

GAS hold time (GAS-before-RAS refresh) tCHR 10 15 15 ns 

RAS to GAS precharge time tRPC 5 5 5 ns 

GAS precharge time (C-B-R counter test cycle) tCPT 20 30 30 ns 

Access time from GAS precharge tCPA 35 40 45 ns 3 

Hyper Page cycle time tHPC 24 29 34 ns 17 

Hyper Page read-modify-write cycle time tHPRWC 71 86 96 ns 17 

GAS precharge time (Hyper Page cycle) tcP 10 10 10 ns 

RAS pulse width (Hyper Page cycle) tRASP 60 200,000 70 200,000 80 200,000 ns 

RAS hold time from GAS precharge tRHCP 35 40 45 ns 

OE access time tOEA 15 20 20 ns 

OE to data delay tOED 15 20 20' ns 

t1Mfilih» 
ELECTRONICS 
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KM48V2104A/ AL/ ALL/ ASL. CMOS DRAM 

AC CHARACTERISTICS (Continued) 

-6 -7 -8 
Parameter Symbol Units Notes 

Min Max Min Max Min Max 

Output buffer turn off delay time from OE tOEZ 3 15 3 20 3 20 ns 7,14 

OE commend hold time tOEH 15 20 20 ns 

Write command set-up time (fest mode in) twrs 10 10 10 ns 

Write command hold time (fest mode in) twTH 10 10 10 ns 

W to RAS precharge time (C-B-R refresh) twRP 10 10 10 ns 

W to RAS hold time (C-B-R refresh) twRH 10 10 10 ns 

Output data hold time tDOH 5 5 5 ns 7,15 

OE to CAS hold time tocH 5 5 5 ns 

CAS hold time to OE tCHO 5 5 5 ns 

OE precharge time tOEP 5 5 5 ns 

W pulse width (Hyper Page Cycle) tWPE 5 5 5 ns 

Output buffer turn off delay from RAs tREZ 3 15 3 20 3 20 ns 7,14 

Output buffer turn off delay from W twEZ 3 15 3 20 3 20 ns 7,14 

W to data delay twED 15 20 20 ns 

RAS pulse width (LL-ver) tRASS 100 100 100 µs 16 

RAS precharge time (LL-ver) tRPS 110 130 150 ns 16 

CAS hold time (LL-ver) tCHS -50 -50 -50 ns 16 

TEST MODE CYCLE (Note.12) 

-6 -7 -8 
Parameter Symbol Units Notes 

Min Max Min Max Min Max 

Random read or write cycle time tRC 115 135 155 ns 

Read-modify-write cycle time tRWC 160 190 210 ns 

Access time from RAS tRAC 65 75 85 _,,_ns 3,4,11 

Access time from CAS tCAC 20 25 25 ns 3,4,5 

Access time from column address tAA 35 40 45 ns 3,11 

RAS pulse width tRAS 65 10,000 75 10,000 85 10,000 ns 

CAS pulse width tCAS 15 10,000 20 10,000 25 10,000 ns 

RAS hold time tRSH 20 25 25 ns 

CAS hold time tcsH 50 55 65 ns 

Column address to RAS lead time tRAL 35 40 45 ns 

CAS to W delay time tcwo 45 55 55 ns 8 

RAS to W delay time tRWD 90 105 115 ns 8 

Column address to W delay time ~WD 60 70 75 ns 8 

Hyper Page cycle time tHPC 29 34 39 ns 

Hyper Page read-modify-write cycle time tHPRWC 76 91 101 ns 

RAS pulse width (Hyper Page Cycle) tRASP 65 200,000 75 200,000 85 200,000 ns 

ttMfiliH» 
ELECTRONICS 
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KM48V2104A/ AL/ ALL/ ASL 

TEST MODE CYCLE (Continued) 

Parameter Symbol 

Access time from CAS precharge tCPA 

OE access time tOEA 

OE to data delay tOED 

OE command hold time tOEH 

TEST MODE DESCRIPTION 
The KM48V2104A/AUA!.,.UASL is the CMOS DRAM 
organized 2,097,152 words by 8 bit internally 
organized 1,048,576 words by 16 bits. In " Test Mode", 
data are written into 16 sectors in parallel and retrieved 
the same way. Column address bit AO is not used. If 
upon reading, two bits on one 1/0 pin are equal (all "1" 
or "O"s) the 1/0 pin indicates a "1 ". If they were not 
equal, the 1/0 pin would indicate a "O". In Test Mode", 
the 2Mx8 DRAM can be tested. as if it were a 1 Mx8 

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 V1L(max) are 
assumed to be 5ns for all inputs, without tHPC and 
tHPRWC. 

3. Measured with a load equivalent to 1 TIL loads and 
100pF. . 

4. Operation within the tRco(max) limit insures that 
tRAc(max) can be met. tRco(max) is specified as a 
reference point only. If tRco is greater than the 
specified tRCD(max) limit, then access time is 
controlled exclusively by tcAc. 

5. Assumes that tRCD~tRCD (max). 
6. tAR, twcR, tDHR are referenced to tRAo(max). 
7. This parameter defines the time at which the 

output achieves the open circuit condition and is 
not referenced to VoH or VoL. 

8. twcs, tRwo, tcwo and tAWD are non restrictive 
operating parameters. They are included in the 
data sheet as electric characteristics only. If twcs~ 
twcs(min) the cycle is an early write cycle and the 
data output will remain high impedance for the 
duration of the cycle. If tcwo~tcwo(min), tRwo~ 
tRwo(min) and tAwo~tAwo(min), then the cycle is a 
read-write cycle and the data output will contain 
the data read from the selected address. If neither 
of the above conditions are satisfied, the condition 
of the data out is indeterminate. 

•11Uifiliii' ELECTRONICS 

Min 

20 

20 

CMOS DRAM 

-6 -7 -8 
Units Notes 

Max Min Max Min· Max 

40 45 50 ns 3 

20 25 25 ns 

25 25 ns 

25 25 ns 

DRAM.Wand CAS before RAS Cycle (WCBR, Test 
Mode In Cycle) puts the device into "Test Mode", And 
"CAS before RAS Refresh Cycle" or "RAS Only Refresh 
Cycle" puts it back into "Normal Mode". In the Test 
Mode, "W and CAS before RAS Refresh Cycle" 
peforms the refresh operation with internal CBR refresh 
address counter. "Test Mode" function reduces test 
time (1/2 in cases of N test pattern). 

9. Either tRCH or tRRH must be satisfied for a read 
cycle. 

10. These parameters are referenced to the CAS 
leading edge in early write cycles and to the W 
leading edge in read-write cyCles. 

11. Operation within the tRAD(max) · limit insures that 
tRAc(max) can be met. tRAo(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. 

12. These specifications are applied in the test mode. 
13. 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. 

14. tREZ(max), tcEz(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. 

15. 2048 cycle of burst refresh must be executed 
within 16ms before and after self refresh, in order 
to meet refresh specification. 

16. 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 high going 

17. tAsc ~ tcPmin, Assumn tT=2.0ns 
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KM48V2104A/ AL/ ALL/ ASL CMOS DRAM 
TIMING DIAGRAM 

READ CYCLE 

CA'S" VVIH -
IL 

A V1H -

V1L -

V1H -

w V1L -

V1H -

OE V1L -

---------tRc------------.i 

----·--·- tRAS -------.i +----- tRP 

VoH -
DQ1 - DQ8 VoL ------ OPEN DATA-OUT 

~ Don't Care 

411J:'ti:W• 
ELECTRONICS 
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KM48V2104A/ AL/ ALL/ ASL 

WRITE CYCLE { EARL V WRITE ) 
NOTE : Dour = OPEN 

VrH -
A VrL 

OE VrH -
VrL 

DQ1 - DQ8 VtH -
VrL -

eMfiihi» 
ELECTRONICS 

CMOS DRAM 

~ Don't Care 
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KM48V2104A/ AL/ ALL/ ASL 

WRITE CYCLE ( OE CONTROLLED WRITE ) 
NOTE : DouT = OPEN 

V1H -

l1AS V1L -

V1H -

A V1L -

V1H -
001 - DQ8 ViL _ 

tt:f:l:friil» 
ELECTRONICS 

CMOS DRAM 

~ Don't Care 
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KM48V21 '04A/ AL/ ALL/ ASL 

READ - MODIFY - WRITE CYCLE 

V1H -

RAS V1L. -

V1H -

CAS V1L -

V1H -

A V1L -

V1H -

w V1L 

001 - 008 V1toH - ----------~~ 
V110L -

•1Mfiiiii» 
ELECTRONICS 

CMOS DRAM 

~Don't Care 
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KM48V2104A/ AL/ ALL/ ASL 

HYPER PAGE READ CYCLE 

V1H -
RAS 

V1L -

V1H -
GAS" 

V1L -

V1H -
A 

V1L -

V1H -w 
V1L -

V1H -
OE 

V1L -

DQ1 - DQ8 V110H ---------1--~Y/.ll 
V110L 

•111i'¥Jljii» 
ELECTRONICS 

CMOS DRAM 

~ Don't Care 
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KM48V2104A/ AL/ ALL/ ASL 

HYPER PAGE WRITE CYCLE ( EARLY WRITE) 
NOTE : Dour = Open 

V1H -

A V1L -

V1H -
DQ1 - DQ8 ViL _ 

dUit11m• 
ELECTRONICS 

---toHR 

CMOS DRAM 

~ Don't Care 
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KM48V2104A/ AL/ ALL/ ASL 

HYPER PAGE READ-MODIFY-WRITE CYCLE 

V1H -
A 

V1L -

V1H -w 
V1L -

V1H -

OE V1L -

001 - DQ8 VitoH - ------~~Ill 
V110L -

tliJ:Wiliii' 
ELECTRONICS 

CMOS DRAM 

~ Don't Care 
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KM48V2104A/ AL/ ALL/ ASL CMOS DRAM 

HYPER PAGE READ AND WRITE MIXED CYCLE 

------------- tRAS...--------------+I 

V1H -

A V1L -

V1H -w 
V1L 

V1H -
OE 

V1L -

ttMfiliii" ELECTRONICS 

READ(tCAC) READ(tCPA) WRITE READ(tAA) 

IAA tREZ 

~Don't Care 
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KM48V2104A/ AL/ ALL/ ASL 

~-ONLY REFRESH CYCLE 

NOTE: W, ITE, D1N =Don't care 
DouT =Open 

V1H -
A V1L -

CA"S-BEFORE-~ REFRESH CYCLE 

NOTE : W, OE, A= Don't Care 

CMOS DRAM 

---------tRC ---------

V1H -
RAS V1L -

VoH - 1>----------- OPEN DQ1 - DQ8 VoL _ _ __ __._., 

t1'!f:f11UllP 
ELECTRONICS 

~ Don't Care 
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KM48V2104A/ AL/ ALL/ ASL 

HIDDEN REFRESH CYCLE ( READ ) 

V1H -

CA'S V1L -

V1H -

A V1L -

V1H -

w V1L -

V1H -

OE V1L -

CMOS DRAM 

--- tRAC ----+---.i 

DQ1 - DQS VoH - ---------------------- OPEN 
VoL -

•t:!:i:H:W• 
ELECTRONICS 

1.----------------------------------------1 
DATA-OUT 

Don't Care 
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KM48V2104A/ AL/ ALL/ ASL 

HIDDEN REFRESH CYCLE ( WRITE ) 

NOTE : DouT = OPEN 

V1H -

A V1L -

V1H -

w V1L -

DQ1 - DQB ViH -

V1L -

411Jnfi@IP 
ELECTRONICS 

CMOS DRAM 

~ Don't Care 
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KM48V2104A/ AL/ ALL/ ASL CMOS DRAM 
CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 

VtH -

RAS VtL -

VtH -

CAS VtL -

VtH -

A VtL -

READ CYCLE 

VtH -

w VtL -

VtH -
OE 

VtL 

VoH -
DQ1 - 008 VoL _ 

WRITE CYCLE 

VtH -

w VtL -

VtH -
OE 

VtL 

VtH -
001 - 008 VtL -

READ-MODIFY-WRITE 

VtH -

w VtL -

VtH -
ITE 

VtL 

1----..i ~---- tRSH ---;:~~.i---
i...---- tCAS ---.i 

V110H - -----------------<VACI 
001 - 008 Vt1oL _ 

VALID VALID Don't Care 
DATA-OUT DATA-IN 

t1:f:I: fiihi» 
ELECTRONICS 
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KM48V2104A/ AL/ ALL/ ASL 

TEST MODE IN CYCLE 

NOTE : OE, A= Don't Care 

V1H -

RAS V1L -

V1H -
w V1L -

VoH -
DQ1 - DQ8 VoL _ ----

tt:!:i:fiifolP 
ELECTRONICS 

CMOS DRAM 

~ Don't Care 
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KM48V2104A/ AL/ ALL/ ASL 

PACKAGE DIMENSION 
I 28-LEAD PLASTIC SMALL OUT-LINE J-LEAD 

t: 

0 

lo I o 004(0 1 ) I 

~I 0 026(0.66) 

0.032(0 81) 

0 

I 0_050(1 ,,, 

f-- MAX 

I 

CMOS DRAM 

Units: Inches (millimeters) 

0 027(0 69) 

MIN 

~ ~ 

010 N l!) 

N C'J oi oi 
c:i 0 iD ~ (ii C\i CD 

g ;; C'J C'J 
0 0 

c:i c:i 

lO 0 
0 C'J 

iD iD 
C'J v 
v v 
c:i c:i 

~- I 0.140(3.56) 
·~ 

0.148(3 76) 

28-LEAD PLASTIC THIN SMALL OUT LINE PACKAGE (Forward and Reverse Type) 

0.740 (18.80) 

MAX 

"' ci g 
CX) "' C1> 0 

"" 
..,. 

ci ci 

0 

0.722 '"·"' I 0.726 (18.46) i= 
L_Jo--'l_o.o_8M_A_x-"---'J b=-.ct:::i=-~ 

_o.o_37_<_o.9_5) _ __.,_~...__ I 0.048 (1.22) I 0.016 (0.4;r-

I 0.052 (1.32) I 0.020 (o.5o) 

4Jif:l:f Jihl$ 
ELECTRONICS 

0.037 (0.95) 

0.041 (1.05) 

t 
L 

0.03 (0.80) 

~ iD iD 
"? «! 

ci - -
"" ~ ~ "' ..,. ..,. 
ci ci ci 

11 0.005 (0.13) --i l-------'-------'-
0.008 (0.20) 

~~ 
0.016 (0.40) ·I I 0.024 (0.60) 
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KM416C1 OOOA/ A-LI A-F CMOS DRAM 

1 M x 16 Bit CMOS Dynamic RAM with Fast Page Mode 

FEATURES 

• Performance range: 

tRAC tCAC tRC 

KM416C1 OOOA-6/A-L6/A-F6 60ns 15ns 110ns 

KM416C1 OOOA-7/A-L7/A-F7 ?Ons 20ns 130ns 

KM416C1 OOOA-8/ A-LB/ A-F8 80ns 20ns 150ns 

• Fast Page Mode operation 
• 2 CAS Byte/Word Read/Write operation 
• CAS-before-RAS refresh capability 
• RAS-only and Hidden Refresh capability 
• TTL compatible inputs and outputs 
• Early write or output enable controlled write 
• Triple +5V ± 10% power supply 
• Refresh Cycle 

- 4096 cycle/64ms (Normal) 
- 4096 cycle/128ms (L-version) 
- 4096 cycle/128ms (F-version) 

• JEDEC standard pinout 
• Available in plastic SOJ and TSOP II packages 

FUNCTIONAL BLOCK DIAGRAM 

RAS 

LCAS Control 
UCAS Clocks 

w 

Refresh Control 

Refresh Counter 

Ao-A11 Row Address Buffer 

Ao-A1 Col. Address Buffer 

•tMfJIW» 
. ELECTRONICS 

GENERAL DESCRIPTION 
The Samsung KM416C1000NA-UA-F is a CMOS high 
speed 1,048,576 bit x · 16 Dynamic Random Access 
Memory. Its design is optimized for high performance 
applications such as personal computer, and high 
performance portable computers. 

The KM416C1000NA-UA-F features Fast Page Mode 
operation which allows high speed random access of 
memory cells within the same row. GAS-before-RAS 
refresh capability provides on-chip auto refresh as an 
alternative to RAS-only refresh. All inputs and outputs 
are fully TTL compatible. 

The KM416C1000A/A-L/A-F is fabricated using 
Samsung's advanced CMOS process. 

idf ~: Lower 
Data in 

VBB Generator Buffer DQ1 
to 

Lower 
DQa 

Row Decoder Data out 
Buffer 

Q 
~ Upper 

OE 
Memory Array CJ) 

Q. Data in 
1,048,576 x 16 E 

Cells 
<( Buffer 
Q) DQg CJ) 
c 
Q) to 

(/) Upper DQ16 
Data out 

Column Decoder Buffer 
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KM416C1 OOOA/ A-LI A-F CMOS DRAM 

PIN CONFIGURATION (Top views) 

• KM416C1000AJ • KM416C1000AT • KM416C1000AR 

Vee 1 0 42 Vss Vee 10 44 Vss Vss 44 1 Vee 
001 2 41 D01s D01 2 43 D01s D01s 43 2 D01 

DQ2 3 40 D01s 002 3 42 D01s D01s 42 3 D02 

003 4 39 D014 003 4 41 D014 D014 41 4 D03 

D04 5 D013 D04 5 40 D013 D013 40 5 D04 
38 

6 37 Vee 6 39 Vss Vss 39 6 Vee 
Vee Vss 

DOs 7 38 D012 D012 38 7 DOs 
00s 7 36 D012 DQs 8 37 D011 D011 37 8 DOs 
DQs 35 D011 D07 9 36 D010 D010 36 9 D07 
007 9 34 D010 DQa 10 35 DQg D09 35 10 DOB 
DOB 10 33 D09 N.C. 11 34 N.C. N.C. 34 11 N.C. 

N.C. 11 32 N.C. 

N.C. 12 31 LCAS 

w 13 30 UCAS N.C. 12 33 N.C. N.C. 33 12 N.C. 

RAS 14 29 OE N.C. 13 32 LCAS LCAS 32 13 N.C. 

w 14 31 'OGAS UCAS 31 14 w 
A11 15 28 A9 

RAS 15 30 OE OE 30 RAS 15 
A10 16 27 As A11 16 29 A9 29 16 A11 A9 
Ao 17 26 A1 A10 17 28 As As 28 17 A10 
A1 18 28 As Ao 18 27 A1 A1 27 18 Ao 

A2 19 24 As A1 19 26 As As 26 19 A1 

A3 20 0 23 A4 A2 20 25 As As 25 0 20 A2 

Vee 21 22 Vss A3 21 0 24 A4 A4 24 21 A3 
Vee 22 23 Vss Vss 23 22 Vee 

(SOJ) 
(TSOP(ll)-Forword) (TSOP(ll)-Reverse) 

Pin Name Pin Function 

Ao-A11 Address Inputs 

001-16 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 

t1Mflli!i> 
ELECTRONICS 
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KM416C1000A/A-L/A-F CMOS DRAM 

ABSOLUTE MAXIMUM RATINGS* 
Parameter Symbol Rating Units 

Voltage on Any Pin Relative to Vss VIN, VOUT -1 - + 7 v 
Voltage on Vee Supply Relative to Vss Vee -1 - + 7 v 
Storage Temperature Tstg -55 to+ 150 oc 
Power Dissipation Po t 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 (Voltage referenced to Vss, TA=O to 70°C) 

Parameter Symbol Min Typ Max Unit 

Supply Voltage Vee 4.5 5.0 5.5 v 
Ground Vss 0 0 0 v 
Input High Voltage VIH 2.4 _:_ Vee+ 1 v 
Input Low Voltage VIL -1.0 - 0.8 v 

DC AND OPERATING CHARACTERISTICS 
(Recommended operating conditions unless otherwise noted) 

Parameter Symbol Min Max Units 

Operating Current* 
KM416C1 OOOA-6/ A-L6/ A-F6 100 mA 

(RAS, UCAS or LCAS, Address Cycling @tRc=min.) 
KM416C1 OOOA-7 I A-L7 I A-F7 ICC1 - 90 mA 
KM416C1 OOOA-S/ A-LS/ A-FS so mA 

Standby Current KM416C1 OOOA 2 mA 

(RAS=UCAS=LCAS=W=VIH) 
KM416C1 OOOA-L ICC2 - 1 mA 
KM416C1 OOOA-F 1 mA 

RAS-Only Refresh Current* 
KM416C1 OOOA-6/ A-L6/ A-F6 100 mA 

(UCAS=LCAS=VIH, RAS, Address Cycling @tRc=min.) 
l<M416C1000A-7/A-L7/A-F7 ICC3 - 90 mA 
KM416C1 OOOA-S/ A-LS/ A-FS so mA 

Fast Page Mode Current* 
KM416C1 OOOA-6/ A-L6/ A-F6 100 mA 

(RAS=VIL, UCAS or LCAS, Address Cycling @tPc=min.) 
KM416C1000A-7/A-L7/A-F7 ICC4 - 90 mA 
KM416C1000A-S/A-LS/A-FS so mA 

Standby Current 
KM416C1000A 1 mA 

(RAS=UCAS=LCAS=W=Vcc-0.2V) 
KM416C1 OOOA-L ICC5 - 300 µA 
KM416C1 OOOA-F 200 µA 

GAS-Before-RAS Refresh Current* 
KM416C1 OOOA-6/ A-L6/ A-F6 100 mA 

(RAS, UCAS or LCAS Cycling @tRc=min.) 
KM416C1000A-7/A-L7/A-F7 Ices - 90 mA 
KM416C1 OOOA-S/ A-LS/ A-FS 80 mA 

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 KM416C1 OOOA-L ICC? - 450 µA 
UCAS, LCAS= 0.2V 
DIN=Don't Care, tRc=31.25µs (L-Version) 
tRAs=tRAs min-300ns 

•tMfili*' ELECTRONICS 
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KM416C1 OOOA/ A-LI A-F CMOS DRAM 

DC AND OPERATING CHARACTERISTICS (Continued) . 
(Recommended operating conditions unless otherwise noted) 

Parameter Symbol Min Max Units 

Self Refresh Current 
I 

RAS=lJCAS=lCAS=VIL KM416C1 OOOA-F Ices 250 µA 
W=OE=Ao-A11=Vcc-o.2v or o.2v -
DQ1-DQ1s=Vcc-o.2v or 0.2V or Open 

Input Leakage Current h(L) -10 10 µA 
(Any input 0 ~ V1N ~ Vcc+0.5V, all other pins not under test=O V) 

Output Leakage Current IO(L) -10 10 µA 
(Data out is disabled, OV~Vour~Vcc) 

Output High Voltage Level (IOH=-5mA) VOH 2.4 - v 

Output Low Voltage Level (IOL=4.2mA) VOL - 0.4 v 

*NOTE: lcc1, ICC3, 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 and lcc3, address can be changed maximum 
once while RAS=VIL. In ICC4, Address can be changed maximum once while page mode cycle time tPc. 

CAPACITANCE (TA=25°C, Vcc=SV. f=1 MHz) 

Parameter Symbol Min 

Input Capacitance (Ao-11) C1N1 -

Input Capacitance (RAS, LCAS, UCAS, W, OE) C1N2 -

Output Capacitance (D01:-D01s) Coo -

AC CHARACTERISTICS (0°C:<S;k:;;?0°C, Vcc=5.0V±10%, See notes 1,2) 
(Test condition : V1H/V1L=2.4V/0.8V, VoHf:10L=2.4V/0.4V, Output Loading CL=1 OOpF) 

-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 RAS tRAC 60 70 

Access time from CAS 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 10,000 70 10,000 

RAS hold time tRSH 15 20 

CAS hold time tCSH 60 70 

CAS pulse width tCAS 15 10,000 20 10,000 

RAS to CAS delay time tRCD 20 45 20 50 

RAS to column address delay time tRAD 15 30 15 35 

•1Mfllhl» 
ELECTRONICS 

Max Unit 

5 pF 

7 pF 

7 pF 

-8 
Units Notes 

Min Max 

150 ns 

205 ns 

80 ns 3,4,11 

20 ns 3,4,5 

40 ns 3,11 

0 ns 3 

0 15 ns 7 

3 50 ns 2 

60 ns 

80 10,000 ns 

20 ns 

80 ns 

20 10,000 ns 

20 60 ns 4 

15 40 ns 11 
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KM416C1 OOOA/ A-LI A-F CMOS DRAM 

AC CHARACTERISTICS (Continued) 

-6 -7 -8 
Parameter Symbol Units Notes 

Min Max Min Max Min Max 

CAS to RAS precharge time tCRP 5 5 5 ns 

Row address set-up time tASR 0 0 0 ns 

Row address hold time tRAH 10 10 10 ns 

Column address set-up time tAsc 0 0 0 ns 

Column address hold time tCAH 10 15 15 ns 

Column address hold time referenced to RAS tAR 45 55 60 ns 6 

Column address to RAS lead time tRAL 30 35 40 ns 

Read command set-up time tRCS 0 0 0 ns 

Read command hold time referenced to CAS tRCH 0 0 0 ns 9 

Read command hold time referenced to RAS tRRH 0 0 0 ns 9 

Write command set-up time twcs 0 0 0 ns 8 

Write command hold time twcH 10 15 15 ns 

Write command hold time referenced to RAS tWCR 45 50 55 ns 6 

Write command pulse width twP 10 15 15 ns 

Write command to RAS lead time tRWL 15 15 20 ns 

Write command to CAS lead time tCWL 15 15 20 ns 

Data-in set-up time tos 0 0 0 ns 10 

Data-in hold time tDH 10 15 15 ns 10 

Data-in hold time referenced to RAS tDHR 45 55 60 ns 6 

Refresh period (Normal) tREF 64 64 64 ms 

Refresh period (L-version) tREF 128 128 128 ms 

Refresh period (F-version) tREF 128 128 128 ms 

CAS to W delay time tcwo 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 

GAS set-up time (CAS-before-RAS refresh) tCSR 10 10 10 ns 

CAS hold time (CAS-before-RAS refresh) tCHR 10 10 10 ns 

RAS precharge to CAS hold time tRPC 5 5 5 ns 

CAS precharge time (C-B-R 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 

RAS pulse width (Fast page mode) tRASP 60 200K 70 200K 80 200K ns 

RAS hold time from CAS precharge tRHCP 35 40 45 ns 

CAS precharge time (Fast page mode) tCP 10 10 10 ns 

RAS hold time referenced to OE tROH 15 20 20 ns 

dlf:Hihi• 
ELECTRONICS 
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KM416C1 OOOA/ A-LI A-F CMOS· DRAM 

AC CHARACTERISTICS (Continued) 

-6 -7 -8 
Parameter · Symbol Units Notes 

Min Max Min Max Min Max 

OE' access time tOEA 15 20 20 ns 

OE to data delay tOED 15 20 20 ns 

Output 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 (F-ver) tRASS 100 100 100 µs 19 

~ precharge time (F-ver) tRPS 110 130 150 ns 19 

CPS hlod time (F-ver) tCHS -50 -50 -50 ns 19 

KM416C1 OOOA/ A-LI A-F Truth Table 

RAS LCAS UCAS w OE DQ1-DQe DQe-DQ1e STATE 
H x x x x Hl-Z Hl-Z Standby 

L H H x x Hl-Z Hl-Z Refresh 

L L H H L DO-OUT Hl-Z Lower Byte Read 

L H L H L Hl-Z DO-OUT Upper Byte Read 

L L L H L DO-OUT DO-OUT Word Read 

L L H L H DO-IN Don't Care Lower Byte Write 

L H L L H Don't Care DO-IN Upper Byte Write 

L L L L H DO-IN DO-IN Word Write 

L L L H H Hl-Z Hl-Z -

•tMfiiUiiP 
ELECTRONICS 
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KM416C1 OOOA/ A-LI A-F CMOS DRAM 

NOTES 
1 . An initial pause of 200µs is required after power-up followed by any 8 RAS-only or GAS-before-RAS refresh 

cycles before proper device operation is achieved. 
2. V1H(niin) 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 TIL 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. tAR. twcR. tDHR are referenced to tRAD(max)· 
7. toFF(max) defines the time at which the output achieves the open circuit condition and is not referenced 

to VoH or VoL. 
8. twcs. tRwD. tcwD and tAwD are non restrictive operating parameters. They are included in the data sheet as elec

trical characteristics only. If twcs~twcs(min) the cycle 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). 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 are satisfied, the condition of the data out is indeterminate. 

9. Either tRcH or tRRH must be satisfied for a read cycle. 
10. These parameters are referenced to the CAS leading edge rn early write cycles and to the W leading edge in 

read-write cycles. · 
11 . 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· 
1 2. 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. 

ADD. 

w 

16. tcsR is referenced to earlier CAS falling low before RAS transition low. 
1 7. tcHR is referenced to the later CAS rising high after RAS trans.ition low. 

•l'li'1f1ilhtP 
ELECTRONICS 
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KM416C1 OOOA/ A-LI A-F CMOS DRAM 

18. tos, toH is independetly specified for lower byte Dinl1 rv8), upper byte Din(9rv1 a) 

w 

19. 4096 cycle. of burst refresh must be executed within 16ms before and after self refresh, in order to meet refresh 
speciffication (F-version) 

TIMING DIAGRAMS 
WORD READ CYCLE 

V1H -

RAS 
Vil -

UCAS 
V1H -

Vil -

V1H -
LCAS 

Vil-

A 
V1H-

Vil-

w V1H -

Vil-

V1H-

OE 
Vil-

.D01·DQ15 
VoH -

Vol -

tl:f:I: H ijii IP 
ELECTRONICS 

~ DONTCARE 
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KM416C1 OOOA/ A-LI A-F CMOS DRAM 

TIMING DIAGRAMS (Continued) 

LOWER BYTE READ CYCLE 

V1H -

Vil -

CCAS v,H - ~~~-+-+---+--~ i---1--

v,l -

A 
V1H -

Vil -

w V1H -

Vil-

OE 
V1H -

Vil-

DQ1-D0s 
VoH - ------
Vol-

VoH-
DQ9-D016 ----------------

VoL -

UPPER BYTE READ CYCLE 
------------tRc----------

--------tRAS---------j 

A 
V1H-

Vil-

w V1H-

Vil-

OE 
V1H-

Vil-

DQ1-D0s 
VoH-

Vol-

DQg-0016 
VoH-

OPEN 
Vol-

~ DON'TCARE 

•1Mfilhi» 
ELECTRONICS 
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KM416C1 OOOA/ A-LI A-F CMOS DRAM 

TIMING DIAGRAMS (Continued) 

WORD WRITE CYCLE (EARLY WRITE) 

~ 
V1H-

V1L-

reAS V1H-

V1L-

[O\S 
V1H-

V1L-

A 
V1H-

V1L-

w V1H'-

V1L-

V1H-

V1L---.........,.__...._..__ __ l'-----"I ---------------------

LOWER BYTE WRITE CYCLE (EARL y· WRITE) 

--------IRAs-------

RAS 
V1H-

tAR 

V1L -

OCAS V1H -

V1L - tRCD tRSH 

tcsH 

[£A8 V1H -

V1L -

A 
V1H-

V1L -

w V1H -

V1L -

OE 
V1H -

V1L -

001-DOe 
V1H -

V1L -

= 
~DON'T CARE 

•1Mfiihi' ELECTRONICS 
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KM416C1 OOOA/ A-U A-F CMOS DRAM 

TIMING DIAGRAMS (Continued) 

UPPER BYTE WRITE CYCLE (EARLY WRITE) 

RAS 
V1H -

V1L -

UCAS 
V1H -

V1L -

V1H -
LCAS 

V1L-

A 
V1H-

V1L-

w V1H-

V1L-

6E 
V1H-

V1L-

001-00s V1H-

V1L -

V1H -
009-0015 

V1L-

WORD WRITE CYCLE COE CONTROLLED WRITE) I 
~ 

V1H-

V1L-

OCAS 
V1H -

V1L -

LCAS 
V1H -

V1L -

V1H -
A 

V1L -

w V1H-

V1L-

V1H-

m: 
V1L -

001-001s 
V1H -

V1L -

~DON'T CARE 

41:!:i:fJlhi» 
ELECTRONICS 
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KM416C1 OOOA/ A-LI A-F CMOS DRAM 

TIMING DIAGRAMS (Continued) 

LOWER BYTE WRITE CYCLE (QE CONTROLLED WRITE) 
tRc 

IRAS 

RAS 
V1H-

Vil -

OCA'S 
V1H-

Vil-

V1H-

[CAS 
Vil-

A 

V1H - J"V~7\J'~~A7'7'\7'\7'\7"""~7'\7~ t----
w 

V1l - ~~t.::.l...~~~t.:;,t.;.~~~~~~-----~:P.::~~~~~~~t.:;,t.;.~ 

V1H - "'-~7\7"""'~7\'J~A7'T----t-t-:-~i::A":~7\7"'-~A7'7\7C'A:~A?\'A?i:A?~1" 

Vil - -...-----------

DOi-DOs 

UPPER BYTE WRITE CYCLE (OE CONTROLLED WRITE) 

V1H -
RAS 

Vil -

UCAS 
V1H -

Vil -

LCAS 
V1H-

Vil -

A 
V1H -

Vil -

V1H -w 
Vil -

5E 
V1H -

Vil-

oa,-oas V1H -

Vil -

DOs·D01s 
V1H -

Vil -

~DON'T CARE 

dJnfJllWP 
ELECTRONICS 
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KM416C1 OOOA/ A-LI A-F 

TIMING DIAGRAMS (Continued) 

WORD READ-MODIFY-WRITE CYCLE 

CMOS DRAM 

-------------tRwc--------------t 

---------~--tRAs------------1 

RAS 
V1H -

V1L -

V1H -

UCAS 
V1L -

LCA8 
V1H -

V1L -

V1H -
A 

V1L -

w V1H -

V1L -

V1H -

Ci: 
V1L -

V110H - ---------+--<IV 
VIJOL-

READ-MODIFY-LOWER-BYTE-WRITE CYCLE 
-------------!Awe--------------

V1H -

RAS 
V1L -

UCAS 
V1H -

V1L-

V1H -
LCAS 

V1L -

V1H -

A 
V1L -

w V1H--: 

V1L-

or V1H-

V1L-

D01-DOa 
V110H -

V110L -

V110H -
DOs-0016 

V110L -

~DON'T CARE 

tJMfiliW> 
ELECTRONICS 
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KM416C1 OOOA/ A-LI A-F 

TIMING DIAGRAMS (Continued) 

READ-MODIFY-UPPER-BYTE-WRITE CYCLE 

V1H -
RAS 

Vil-

UCAS 
V1H-

Vil -

V1H -

LCAS 
Vil -

V1H -
A 

Vil -

w V1H -

Vil -

OE 
V1H -

Vil -

V110H-
DQ,-DOe 

V11ol -

DOs-0015 
V110H-

V11ol-

FAST PAGE MODE WORD READ CYCLE 

V1H -
RAS 

Vil -

OGAS 
V1H -

Vil-

[CAS 
V1H-

Vil -

V1H -
A 

V1L -

V1H -

w 
Vil -

V1H -
(JE 

Vil -

D01·DQ15 
VoH-

Vol -

•11Vitillh• 
ELECTRONICS 

CMOS DRAM 

~DON'T CARE 
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KM416C1 OOOA/ A-LI A-F CMOS DRAM 

TIMING DIAGRAMS (Continued) 

FAST PAGE MODE LOWER BYTE READ CYCLE 

RAS V1H -

Vil -

UCAS 
V1H -

Vil -

CCAS V1H-

Vil -

V1H-
A 

Vil -

w V1H -

Vil-

OE 
V1H -

Vil -

D01-DOa 
VoH-

Vol -

DQ9-D01s 
VoH -

~~~~~~~~~~~~~~~-OPEN~~~~~~~~~~~~~~~ 

Vol -

FAST PAGE MODE UPPER BYTE READ CYCLE 
t-------------tRASP-----------1 

RAS 
V1H -

!AR 

Vil -

OCAS 
V1H,-

Vil -

V1H -
LCAS 

v,l -

V1H -
A 

Vil -

w V1H -

Vil -

V1H -
OE 

Vil -

VoH -
D01-DOa 

Vol -

DOs-0015 
VoH -

Vol -

~DON'T CARE 

tJMH'iiii' 
ELECTRONICS 
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KM416C1 OOOA/ A-LI A-F CMOS DRAM 

TIMING DIAGRAMS (Continued) 

FAST PAGE MODE WORD WRITE CYCLE (EARLY WRITE) 

V1H-
RAS 

Vil -

V1H-
UCAS 

Vil-

V1H-

LCAS 
Vil-

A 
V1H-

Vil-

V1H-

w Vil-

V1H-

5E 
Vil-

V1H-
D01·D015 

Vil-

FAST PAGE MODE LOWER BYTE WRITE (EARLY WRITE) 

RAS 
V1H -

Vil-

V1H-

~ 
Vil-

V1H-

~ 
Vil -

V1H -
A 

Vil-

V1H -w 
Vil-

V1H-

OE 
Vil-

DOi-DOa 
V1H-

Vil -

DQ9·D01s 

•tMfi'ih» 
ELECTRONICS 
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KM416C1000A/A-L/A-F CMOS DRAM 

TIMING DIAGRAMS (Continued) 

FAST PAGE MODE UPPER BYTE WRITE CYCLE (EARLY WRITE) 

V1H-
RAS 

V1L -

V1H-
OGAS V1L -

V1H -
LCAS 

V1L -

V1H -
A 

V1L -

w V1H -

V1L -

5E 
V1H -

V1L-

D01·DOa 
V1H -

V1L -

OQ9-D01s 
V1H -

V1L -

FAST PAGE MODE WORD READ-MODIFY-WRITE CYCLE 

V1H -
RA'S V1L -

V1H -
OC7IB 

V1L-

V1H-
LCAS 

V1L-

V1H -
A 

V1L-

w V1H-

V,L-

5E 
V1H -

V1L-

D01-D01s 
V10H -

V10L-

VALID DATA-OUT VALID DATA-IN 

DON'T CARE 

dfafili!i'' 
ELECTRONICS 
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KM416C1 OOOA/ A-LI A-F CMOS DRAM 

TIMING DIAGRAMS (Continued) 

FAST PAGE MODE READ-MODIFY-LOWER-BYTE-WRITE CYCLE 

RAS 
V,i-i-

VrL-

OGAS 
V1H -

V1L-

LCAS 
V1H-

V1L-

V1H -
A 

V1L-

w V1H-

V1L-

OE 
VrH-

VrL-

DQ 1-DOa 
Vr,OH-

V110L-

·Vr,OH -
DQg-0015 

Vr·oL -

VALID DATA-OUT VALID DATA-JN VALID DATA-OUT VALID DATA-JN 

FAST PAGE MODE READ-MODIFY-UPPER-BYTE-WRITE CYCLE 

RAS 
VrH-

VrL -

VrH-
UCAS 

VrL-

LCAS 
VrH-

VrL-

V1H -
A 

VrL-

VrH-w 
VrL-

BE V1H -

VrL -

DQ,-DOa 
Vr·oH -

V110L-

DQe-0015 
Vr.oH -

VroL -

•11fnfi@tP 
ELECTRONICS 

VALID DATA-OUT VALID DATA-OUT VALID DATA-JN 

~ DON'TCARE 
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KM416C1 OOOA/ A-LI A-F 

TIMING DIAGRAMS (Continued) 

RAS ONLY REFRESH CYCLE 
NOTE: W, OE=Don't Care 

>--------IRAS--------

CMOS DRAM 

V1H - -...,.-.;,--~-----------------.1---9------

v,L -

CAS-BEFORE-RAS REFRESH CYCLE 
NOTE: W, OE, A= Don't Care 

V1H -

V1L- ___ _ 

V1H -

V1L-____ _, 

lcHA 

VoH- ------.......t_ 1i---------OPEN-----------
VOL--------

CAS·BEFORE·RAS SELF REFRESH CYCLE 
NOTE: W, OE, A= Don't Care 

RAS ViH-

V1L- ---

V1H

V1L- ----

V1H-

V1L- ____ _, 

DQ1-DQ16 ~OH - l>--------OPEN------------
OL - -------1 

~ DON'TCARE 

•1Mfriil1P 
ELECTRONICS 
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KM416C1 OOOA/ A-LI A-F 

TIMING DIAGRAMS (Continued) 

HIDDEN REFRESH CYCLE (READ) 

V1H -

RAS 
Vil-

V1H -

OGAS 
Vil-

V1H-

~ 
V1l -

V1H-
A 

Vil-

V1H-

w 
Vil-

~ 
V1H-

Vil-

DQ,-D01e 
VoH-

Vol -

HIDDEN REFRESH CYCLE (WRITE) 

V1H-

RAS 
V1l-

V1H-

O'CAS 
V1l -

V1H-

i:CAS Vil-

V1H-
A 

V1l -

V1H-

w 
Vil-

~ 
V1H -

Vil -

VoH-

DQ 1-D01e 
Vol-

111mfilmiP 
ELECTRONICS 

CMOS DRAM 

[QQ] DON'T CARE 
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KM416C1 OOOA/ A-LI A-F CMOS DRAM 

TIMING DIAGRAMS (Continued) 

CAS·BEFORE-RAS REFRESH COUNTER TEST CYCLE 

V1H- i-----------tRAS------------1 
RAS 

V1L -

----tRSH--------t 

V1H-
OCAS 

V1L-

t----------1 ll---.1 tcAS _.J.-......... __ _ 

----tRsH-----l 

V1H-
CCAS 

V1L -

Jr-----"\! ---tcAS ~......,. __ _ 

V1H-

A 
V1L-

READ CYCLE 

V1H-

w 
V1L -

V1H-

5E 
V1L -

WRITE CYCLE 

w 

D01·D01s VoH - -------OPEN-----+-<I 
VoL - .,.._.....,....,.....--......-

READ·MODIFY•WRITE 

V1H-

OE V1L - -----------------+-+-~ 

V110H -

D01·DQ15 -----------------<LX.XI 
V110L -

VALID DATA-OUT 

00 DON'T CARE 

•11fafi@IP 
ELECTRONICS 
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KM416C1 OOOA/ A-LI A-F CMOS DRAM 

PACKAGE DIMENSION 
42-LEAD PLASTIC SMALL OUT-LINE J-LEAD Units: Inches (millimeters) 

1.070 (27.18) 

1.080 (27.43) 

------l I 0.025(0.64) 

I MIN 

0 

-11 

0 0.004(0.1) 

0.0~6(0.66) 

0.030(0.76) 

0 
00 
C\I <') 

0 0 
05" N" 
0 .... 
0 0 
0 0 

0.130(3.30) 

0.140(3.56) 

44-LEAD PLASTIC THIN SMALL OUT LINE PACKAGE (Forward and Reverse Type) 

26(23) 

25(22) 

0.841(21.35)MAX _! 
0.829(21.05) ~11 ~

, ______ 0.821(20.85) ---------11 ~ 

1~~:,1 I ~ilaaaaar::,.1 ml·tlilla::,:.:aaa~7 

•t:!:i:filhl» 
· ELECTRONICS 

0.018(0.36) TYP ~I . I 
c:i 

~~ 
9. 9. 
<O """ .... C\I 
0 0 
c:i c:i 

'\},~,.___,. T--

0.004(0.10) .. 

0.010(0.25) 
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KM416C1200A/ A-L/ A-F CMOS DRAM 

1 M x 16 Bit CMOS Dynamic RAM with Fast Page Mode 

FEATURES 

• Performance range: 

tRAC tCAC 

KM416C1200A-6/ A-L6/ A-F6 60ns 15ns 

KM416C1200A-7/A-L7/A-F7 70ns 20ns 

KM416C1200A-8/ A-L8/ A-F8 80ns 20ns 

• Fast Page Mode operation 
• 2 CAS Byte/Word Read/Write operation 

, • CAS-before-RAS refresh capability 
• RAS-only and Hidden Refresh capability 
• TIL compatible inputs and outputs 

tRC 

110ns 

130ns 

150ns 

• Early write or output enable controlled write 
• Triple +5V ± 10% power supply 
• Refresh Cycle 

- 1024 cycles/16ms (Normal) 
- 1024 cycles/128ms (L-version) 
- 1024 cycles/128ms (F-version) 

• JEDEC standard pinout 
• Available in plastic SOJ and TSOP(ll) packages 

FUNCTIONAL BLOCK DIAGRAM 

RAS 

LCAS Control 
UCAS Clocks 

GENERAL DESCRIPTION 
The Samsung KM416C1200A/A-UA-F is a CMOS high 
speed 1,048,576 bit x 16 Dynamic Random Access 
Memory. Its design is optimized for high performance 
applications such as personal computer, and high 
performance portable computers, 

The KM416C1200A/A-UA-F features Fast Page Mode 
operation which allows high speed random access of 
memory cells within the same row. GAS-before-RAS 
refresh capability provides on-chip auto refresh as an 
alternative to RAS-only refresh. All inputs and outputs 
are fully TIL compatible. 

The KM416C1200A/A-L/A-F is fabricated using 
Samsung's advanced CMOS process. 

Lower 
Data in 

w VBB Generator ~~: Buffer D01 
to 

Lower 
DO a 

Refresh Control Row Decoder Data out 
Buffer 

Q 
OE o1l Upper Refresh Counter Memory Array rn 

0.. Data in 
1,048,576 x 16 E 

Buffer 
Cells 

<( 
(!) 009 

Row Address Buffer rn c: to (!) 
Cf) Upper D016 

Ao-Ag Data out 

Col. Address Buffer Column Decoder Buffer 

•t:!:i:fill!iiP 
ELECTRONICS 
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KM416C1200A/A-L/A-F CMOS DRAM 

PIN CONFIGURATION (Top Views) 

• KM416C1200AJ • KM416C1200AT • KM416C1200AR 

Vee 1 0 42 Vss Vee 10 44 Vss Vss 44 1 Vee 

001 2 41 001s 001 2 43 001s 001s 43 2 001 

002 3 40 001s 002 3 . 42 001s 001s 42 3 002 

003 4 39 0014 003 4 41 0014 0014 41 4 003 

004 5 0013 
004 5 40 0013 0013 40 5 004 

38 
6 37 Ve9 6 39 Vss Vss 39 6 Vee 

Vee Vss 
00s 7 38 0012 0012 38 7 00s 

00s 7 36 0012 OQs 8 37 0011 0011 37 8 00s 
00s 8 35 001 9 36 0010 0010 36 9 001 
007 9 34 0010 . OOa 10 35 OQg OOe 35 10 OOa 
OOa 10 33 OQg N.C. 11 34 N.C. N.C. 34 11 N.C. 

N.C. 11 . 32 N.C. 

N.C. 12 31 LCAS 

w 13 30 OGAS N.C. 12 33 N.C. N.C. 33 12 N.C. 

RAS 14 29 OE N.C. 13 32 LCAS LCAS 32 13 N.C. 

w 14 31 OGAS UCAS 31 14 w 
N.C. 15 28 Ae RAS 15 30 OE OE 30 RAS 15 
N.C. 16 27 As 16 29 Ae 29 16 N.C. N.C. Ae 

Ao 17 26 A1 N.C. 17 28 As As 28 17 N.C. 
A1 18 28 As Ao 18 27 A1 A1 27 18 Ao 

A2 19 24 As A1 19 26 As As 26 19 A1 

A3 20 0 23 A4 A2 20 25 As As 25 0 20 A2 

Vee 21 22 Vss A3 21 0 24 A4 A4 24 21 A3 
Vee 22 23 Vss Vss 23 22 Vee 

(SOJ) 
(TSOP(ll)-Forword) (TSOP(ll)-Reverse) 

Pin Name Pin Function 

Ao-As Address Inputs 

DQ1-16 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 

41Mfili*' ELECTRONICS 
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KM416C1200A/ A-LI A-F CMOS DRAM 

ABSOLUTE MAXIMUM RATINGS* 
Parameter Symbol Rating Units 

Voltage on Any Pin Relative to Vss V1N, Vour -1- + 7.0 v 
Voltage on Vee Supply Relative to Vss Vee -1- + 7.0 v 
Storage Temperature Tstg -55to + 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 (Voltage referenced to Vss, TA=O to 70°C) 

Parameter Symbol Min Typ Max Unit 

Supply Voltage Vee 4.5 5.0 5.5 v 
Ground Vss 0 0 0 v 
Input High Voltage VIH 2.4 - Vee+ 1 v 
Input Low Voltage VIL -1.0 - 0.8 v 

DC AND OPERATING CHARACTERISTICS 
(Recommended operating conditions unless otherwise noted) 

Parameter Symbol Min Max Units 

Operating Current* 
KM416C1200A-6/ A-L6/ A-F6 160 mA 

(RAS, UCAS or LCAS, Address Cycling @tRC=min.) 
KM416C1200A-7/A-L7/A-F7 lcc1 - 150 mA 
KM416C1200A-8/ A-L8/ A-F8 140 mA 

Standby Current 
KM416C1200A 2 mA 

(RAS=UCAS=LCAS=W=V1H) 
KM416C1200A-L lcc2 - 1 mA 
KM416C1200A-F 1 mA 

RAS-Only Refresh Current* 
KM416C1200A-6/ A-L6/ A-F6 160 mA 

(OCAS:C£AS=V1H, RAS, Address Cycling @tRc=min.) 
KM416C1200A-7/A-L7/A-F7 lcca - 150 mA 
KM416C1200A-8/ A-L8/ A-F8 140 mA 

Fast Page Mode Current* 
KM416C1200A-6/A-L6/A-F6 110 mA 

(RAS=VIL, UCAS or LCAS, Address Cycling @tPC=min.) 
KM416C1200A-7/A-L7/A-F7 ICC4 - 100 mA 
KM416C1200A-8/ A-L8/ A-F8 90 mA 

Standby Current 
KM416C1200A 1 mA 

(RAS=UCAS=LCAS=W=Vce-0.2V) 
KM416C1200A-L ICC5 - 300 µA 
KM416C1200A-F 200 µA 

GAS-Before-RAS Refresh Current* 
KM416C1200A-6/ A-L6/ A-F6 160 mA 

(RAS, UCAS or LCAS Cycling @tRe=min.) 
KM416C1200A-7 I A-L7 I A-F7 Ices - 150 mA 
KM416C1200A-8/A-L8/A-F8 140 mA 

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 KM416C1200A-L ICC7 - 350 µA 
UCAS, LCAS= 0.2V 
DIN=Don't Care, tRC=125µs (L-Version) 
tRAS=tRAS min-300ns 

41:f:I: filJil IP 
ELECTRONICS 
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KM416C1200A/A-L/A-F CMOS DRAM 

DC AND OPERATING CHARACTERISTICS (Continued) 
(Recommended operating conditions unless otherwise noted) 

Parameter Symbol Min Max Units 

Self Refresh Current 
RAS=0CAS=LCAS=0.2V KM416C1200A-F Ices 250 µA 
W=0E=Ao-A9=Vcc-0.2V or 0.2V 

-

DQ1-DQ1s=Vcc-o.2v, 0.2V or Open 

Input Leakage Current li(L) -10 10 µA 
(Any input 0 sV1N sVcc+0.5V, all other pins not under test=O V) 

Output Leakage Current IO(L) -10 10 µA 
(Data out is disabled, OV sVoursVcc) 

Output High Voltage Level (loH=-5mA) ' 
VoH 2.4 - v 

Output Low Voltage Level (loL=4.2mA) VOL - 0.4 v 
*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 and lcc3, address can be changed maximum 
once while RAS=VIL. In lcc4, Address can be changed maximum once while page mode cycle time tPc. 

CAPACITANCE (TA=25°C, Vcc=5V. f=1 MHz) 

Parameter Symbol Min 

Input Capacitance (Ao-A9) CIN1 -

Input Capacitance (RAS, LCAS, UCAS, W, OE) CIN2 -

Output Capacitance (DQ1-DQ1s) Coo -

- AC CHARACTERISTICS (0°C:STA:S70°C, Vcc=5.0V±10%, See notes 1,2) 
(Test condition: V1HNIL=2.4V/0.8V, VoHNOL=2.4V/0.4V, Output Loading CL=100pF) 

-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 RAS tRAC 60 70 

Access time from CAS 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 10,000 70 10,000 

RAS hold time tRSH 15 20 

CAS hold time tCSH 60 70 

CAS pulse width tCAS 15 10,000 20 10,000 

RAS to CAS delay time tRCD 20 45 20 50 

RAS to column address delay time tRAD 15 30 15 35 

4J:fofiljiiiP 
ELECTRONICS 

Max Unit 

5 pF 

7 pF 

7 pF 

-8 
Units Notes 

Min Max 

150 ns 

205 ns 

80 ns 3,4,11 

20 ns 3,4,5 

40 ns 3,11 

0 ns 3 

0 15 ns 7 

3 50 ns 2 

60 ns 

80 10,000 ns 

20 ns 

80 ns 

20' 10,000 ns 

20 60 ns 4 

15 40 ns 11 
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KM416C1200A/A-L/A-F CMOS DRAM 

AC CHARACTERISTICS (Continued) 

-6 -7 -8 
Parameter Symbol Units Notes 

Min Max Min Max Min Max 

GAS to AAS precharge time tCRP 5 5 5 ns 

Row address set-up time tASR 0 0 0 ns 

Row address hold time tRAH 10 10 10 ns 

Column address set-up time tASC 0 0 0 ns 

Column address hold time tCAH 10 15 15 ns 

Column address hold time referenced to RAS tAR 45 55 60 ns 6 

Column address to RAS lead time tRAL 30 35 40 ns 

Read command set-up time tRCS 0 0 0 ns 

Read command hold time referenced to C7i3 tRCH 0 0 0 ns 9 

Read command hold time referenced to RAS tRRH 0 0 0 ns 9 

Write command set-up time twcs 0 0 0 ns 8 

Write command hold time twcH 10 15 15 ns 

Write command hold time referenced to RAS twcR 45 50 55 ns 6 

Write command pulse width twp 10 15 15 ns 

Write command to RAS lead time tRWL 15 15 20 ns 

Write command to GAS lead time tcwL 15 15 20 ns 

Data-in set-up time tos 0 0 0 ns 10 

Data-in hold time tDH 10 15 15 ns 10 

Data-in hold time referenced to RAS tDHR 45 55 60 ns 6 

Refresh period (Normal) tREF 16 16 16 ms 

Refresh period (L-version) tREF 128 128 128 ms 

Refresh period (F-version) tREF 128 128 128 ms 

CAS to W delay time tcwo 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 

GAS set-up time (GAS-before-RAS refresh) tCSR 10 10 10 ns 

GAS hold time (GAS-before-RAS refresh) tCHR 10 10 10 ns 

RAS precharge to CAS hold time tRPC 5 5 5 ns 

GAS precharge time (C-B-R counter test cycle) tCPT 20 25 30 ns 

Access time from GAS 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 

RAS pulse width (Fast page mode) tRASP 60 200K 70 200K 80 200K ns 

RAS hold time from CAS precharge tRHCP 35 40 45 ns 

CAS precharge time (Fast page mode) tCP 10 10 10 ns 

RAS hold time referenced to OE tROH 15 . 20 20 ns 

•tt!:i:Hiiii• 
ELECTRONICS 
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KM416C1200A/ A-LI A-F CMOS DRAM 

AC CHARACTERISTICS (Continued) 

-6 -7 -8 
Parameter Symbol Units Notes 

Min Max Min Max Min Max 

OE access time tOEA 15 20 20 ns 

OE to data delay tOED 15 20 20 ns 

Output 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 (F-ver) tRASS 100 100 100 µs 19 

RAS precharge time (F-ver) tRPS 110 130 150 ns 19 

CAS hlod time (F-ver) tCHS -50 !SQ -50 ns 19 

KM416C1200A/ A-LI A-F Truth Table 

RAS LCAS UCAS w OE DQ1-DQa · DQ9-DQ1a STATE 
H x x x x Hl-Z Hl-Z Standby 

L H H x x Hl-Z Hl-Z Refresh 

L L H H L DQ-OUT Hl-Z Lower Byte Read 

L H L H L Hl-Z DQ-OUT Upper Byte Read 

L L L H L DQ-OUT DQ-OUT Word Read 

L L H L H DQ-IN Don't Care Lower Byte Write 

L H L L H Don't Care DQ-IN Upper Byte Write 

L L L L H DQ-IN DQ-IN Word Write 

L L L H H Hl-Z Hl-Z -

tl:!:i: f1 IJiliP 
ELECTRONICS 
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KM416C1200A/ A-LI A-F CMOS DRAM 

NOTES 
1 . An initial pause of 200µs is required after power-up followed by any 8 RAS-only or GAS-before-RAS refresh 

cycles before proper device operation is achieved. 
2. VrH(niin) and VrL(max) are reference levels for measuring timing of input signals. Transition times are measured 

between VrH(min) and VrL(max) and are assumed to be 5ns for all inputs. 
3. Measured with a load equivalent to 2 TIL 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 tRco?tRCD(max)· · 
6. tAR, twcR, toHR are referenced to tRAD(max). 
7. toFF(max) defines the time at which the output achieves the open circuit condition and is not referenced 

to VoH or VoL. 
8. twcs, tRwo, tcwo and tAwo are non restrictive operating aprameters. They are included in the data sheet as elec

trical characteristics only. If twcs?twcs(min) the cycle is an early write cycle and the data output will remain high 
impedance for the duration of the cycle: If tcwo?tcwo(min). tRwo?tRWD(min), tAwo?tAwD(minJ then the cycle is a 
read-write cycle and the data output will contain the data read from the selected address. If neither of the above 
conditions are satisfied, the condition of the data out is indeterminate. 

9. Either tRcH or tRRH must be satisfied for a read cycle. 
10. These parameters are referenced to the CAS leading edge in early write cycles and to the W leading edge in 

read-write cycles . 
. 11 . 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· 
1 2. tAsc, tcAH are referenced to the eailier 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. tcwo 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. 

ADD. 

w 

16. tcsR is referenced to earlier CAS falling low before RAS transition low. 
1 7. tcHR is referenced to the later CAS rising high after RAS transition low. 

t1Mfllih' 
ELECTRONICS 
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KM416C1200A/ A-LI A-F 

18. tos, toH is independetly specified for lower byte Dinl1 "-8). upper byte Din(9-v16J 

D01"-DOa 

w 

TIMING_ DIAGRAMS 
WORD READ CYCLE 

V1H -

RAS 
V1L -

UCAS 
V1H -

V1L -

V1H -
LCAS 

V1L-

A 
V1H-

V1L-

w V1H -

V1L-

V1H-
OE 

V1L -

D01·D01s 
VoH -

VoL -

•1Mfiliil» 
. ELECTRONICS 
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KM416C1200A/A-L/A-F 

TIMING DIAGRAMS (Continued) 

LOWER BYTE READ CYCLE 

[CA8 V1H - ..,....,....,........,__.,__,. ___ -+--...._ 

Vil -

A V1H -

Vil -

w V1H -

Vil-

OE 
V1H -

Vil-

VoH - ------
Vol -

VoH -
OQ9-D01s ----------------

Vol -

UPPER BYTE READ CYCLE 
tRC 

tAAS 

RAS 
V1H- tAA 

Vil -

tRSH 

UCAS 
V1H - tcAS 

Vil-

tAAl 

LCAS 
V1H-

Vil-
tcsH 

A 
V1H-

Vil-

w V1H-

Vil-

OE 
V1H-

Vil-

oa,-oaa VoH-

Vol-

OQ9-DQ16 
VoH-

OPEN 
Vol-

dfafiljiliP 
ELECTRONICS 

CMOS DRAM 
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KM416C1200A/ A-LI A-F CMOS DRAM 

TIMING DIAGRAMS (Continued) 

WORD WRITE CYCLE (EARLY WRITE) 

'RAS V1H-

V1L-

~ 
V1H-

V1L-

~ 
V1H-

V1L-

A 
V1H-

V1L-

w V1H'-

V1L-

m; 
V1H-

V1L-

001-0015 
V1H-

V1L-

LOWER BYTE WRITE CYCLE (EARLY WRITE) 

--------tRAs-------

RAfi 
V1H-

V1L -

!AR 

~ 
V1H -

V1L - IRCD tRSH 

tcsH 

[CA'S V1H -

V1L-

A 
V1H-

V1t. -

w V1H -

V1L -

OE 
V1H -

V1L -

.001"00s 
V1H -

V1L -

= 
~ OON'TCARE 

•tMfJiiii» 
ELECTRONICS 
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KM416C1200A/ A-LI A-F CMOS DRAM 

TIMING DIAGRAMS (Continued) 

UPPER BYTE WRITE CYCLE (EARLY WRITE} 

RAS 
V1H -

V1L -

UCAS 
V1H-

Vil-

V1H -
LCAS 

V1L -

A 
V1H-

V1L-

w V1H-

V1L-

5E 
V1H-

VIL-

DQ1-D0s VrH -

VrL-

VrH -
DQ9-D01s 

VrL-

WORD WRITE CYCLE (OE CONTROLLED WRITE) 

V1H-
RAS 

VrL -

~ 
VrH -

VrL -

[GAS 
V1H -

V1L -

V1H -
A 

VrL -

w V1H-

V1L-

V1H-

OE 
VrL -

DQ,-D01s 
V1H-

VrL -

~DON'T CARE 

•1MfilhitP 
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KM416C1200A/ A-LI A-F CMOS DRAM 

TIMING DIAGRAMS (Continued) 

LOWER BYTE WRITE CYCLE (OE· CONTROLLED WRITE) 
!Re 

!RAS 

RAS 
V1H-

V1L-

(JOAS 
V1H-

V1L -

V1H-

CCAS 
V1L -

A 

V1H _: ~"'7":7'7'~~~~~~~7\7~ --
w 

V1L - ~~t.::.i..~~~~~~~~~~-----~~~~~~~~~~~ 

V1H - ""~::"A"i""""~::"A"i~A?i~-----j-t-:----~""""~::"A"i~A"AA?i::"A"i""'"""""':"A?~""'" 

V1L - -----------

001-DOa 

: D09-DQ15 ·-

UPPER BYTE WRITE CYCLE (OE CONTROLLED WRITE) 

00 DON'T CARE 

t1Mfi'IWP 
ELECTRONICS 
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KM416C1200A/ A-LI A-F CMOS DRAM 

TIMING DIAGRAMS (Continued) 

WORD READ·MODIFY·WRITE CYCLE 
-------------!Rwc--------------l 

RAS 

UCAS 

LCAS 

A 

w 

OE 

V1H -

V1L -

V1H -

V1L -

V1H -

V1L-:--

V1H -
V1L -

V1H -

V1L -

V1H -

V1L -

t-------------!RAS------------t 

IAR 

----+-~-----!RsH----------1 ---------...i lcAs--------+--1 

-+---+-1---+-------!RsH-----------1 

J----+--------ICAS--------+--1 

V110H - ----------<JV' 
V110L-

READ·MODIFY-LOWER·BYTE·WRITE CYCLE 
i--------------!Rwc----------'-------4 

V1H -

RAS 
V1L -

UCAS 
V1H -

V1L -

LCAS 
V1H -

V1L -

V1H -

A 
V1L -

w V1H -

V1L-

5E V1H-

V1L-

oa,.oaa V110H -

V110L -

V110H -
DOs·D01e 

V110L -

~ .OON'T CARE 

tl:!:i: fjl iii" 
ELECTRONICS 
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KM416C1200A/ A-LI A-F 

TIMING DIAGRAMS (Continued) 

READ-MODIFY-UPPER-BYTE-WRITE CYCLE 

V1H -

RAS 
V1L -

UCAS 
V1H -

V1L -

V1H -

LCAS 
V1L -

V1H -
A 

V1L -

V1H -w 
V1L -

OE 
V1H -

V1L -
V110H-

D01·DOs 
V110L -

009-0015 
V110H-

V110L-

FAST PAGE MODE WORD READCYCLE 

t-------------!RASP _____ _ 

V1H -

UCAS 
V1L-

V1H-
LCAS 

V1L -

V1H -
A 

V1L -

V1H -w 
V1L -

V1H -

BE 
V1L -

VoH-
~~~~~~~~~l~ 

Vol -

dJ:i:fjljiiiP 
ELECTRONICS 

CMOS DRAM 
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KM416C1200A/ A-LI A-F CMOS DRAM 

TIMING DIAGRAMS (Continued) 

FAST PAGE MODE LOWER BYTE READ CYCLE 

RAS 
V1H -

V1L -

UCAS 
V1H -

V1L -

LCAS 
V1H-

V1L-

V1H-

A 
V1L -

w V1H -

V1L -

OE V1H -

V1L -

00,-008 
VoH-

VoL -

OOs-0016 
VoH -

VoL -

FAST PAGE MODE UPPER BYTE READ CYCLE 
t--------------lRASP-----------1 

RAS 
V1H -

!AR 

V1L -

V1H -
UCAS 

V1L -

V1H -
LCAS 

V1L -

V1H -
A 

V1L -

w V1H -

V1L -

V1H -

OE 
V1L -

oo,.-OOs 
VoH -

VoL -

OOs-0015 
VoH -

VoL-

~ OON'TCARE 

•1Mfiihi> 
ELECTRONICS 
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KM416C1200A/ A-LI A-F CMOS DRAM 

TIMING DIAGRAMS (Continued) 

FAST PAGE MODE WORD WRITE CYCLE (EARLY WRITE) 

V1H -
RAS 

Vil -

OCAS 
V1H-

Vil-

V1H-

CCAS 
Vil-

A 
V1H-

V1L-

V1H -

w 
Vil-

V1H-

5E 
V1L-

V1H-
D01·DOrn 

Vil-

FAST PAGE MODE LOWER BYTE WRITE (~ARLY WRITE) 

RAS 
V1H -

Vil-

V1H -

OGAS· 
Vil-

V1H -

CCAS 
Vil -

V1H -

A 
Vil-

V1H -

w 
V1L-

5E 
V1H-

V1L-

D01·DOa 
V1H -

Vil-

DOs·D016 

•11tnfiliiltP 
ELECTRONICS 
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KM416C1200A/ A-LI A-F CMOS DRAM 

TIMING DIAGRAMS (Continued) 

FAST PAGE MODE UPPER BYTE WRITE CYCLE (EARLY WRITE) 

V1H -

RAS 
V1L -

V1H-

UCAS 
V1L -

V1H -

LCAS 
V1L -

V1H -

A 
VIL -

w V1H -

V1L -

OE 
V1H -

V1L-

DQ,-DOs 
V1H -

V1L -

DQ9-D016 
V1H -

VIL -

FAST PAGE MODE WORD READ-MODIFY-WRITE CYCLE 

V1H -

RAS 
V1L -

V1H -

OGAS 
V1L-

V1H -

LCAS 
V1L-

V1H -
A 

V1L-

w V1H-

v,L -

V1H -
OE 

V1L -

DQ1-DQ16 
V10H -

V10L-

DON'T CARE 

•1MfiifotP 
ELECTRONICS 
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KM416C1200A/ A-LI A-F CMOS DRAM 

TIMING DIAGRAMS (Continued) 

FAST PAGE MODE READ-MODIFY-LOWER-BYTE-WRITE CYCLE 

R7iS 
ViH-

Vil-

~ 
VIH-

Vil-

~ 
V1H-

Vil -

V1H-
A 

Vil -

w V1H-

Vil-

OE 
V1H-

v,l-

D01-DOa 
V110H-

V11ol-

VALID DATA-OUT VALID DATA-IN VALID DATA-OUT VALID DATA-IN 
V110H -

D09·D01a ~~~~~~~~~~~~~~~~~OPEN~~~~~~~~~~~~~~-

V11ol-

FAST PAGE MODE READ-MODIFY-UPPER-BYTE-WRITE CYCLE 

RAS 
V1H-

Vil-

V1H-
OGAS 

Vil-

V1H-
LCAS 

v,l-

V1H -
A 

Vil-

V1H-
w 

Vil-

OE V1H -

v,l -

D01-DOa 
VL'OH -

V11ol-

D09·DQ15 
Vi,oH -

Viol -

•11lfifiljh» 
ELECTRONICS 

VALID DATA-OUT VALID DATA-IN VALID DATA-OUT VALID DATA-IN 
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KM416C1200A/ A-LI A-F 

TIMING DIAGRAMS (Continued) 

RAS ONLY REFRESH CYCLE 
NOTE: W, OE=Don't Care 

------IRAS-------. 

V1H -
[CAS 

Vtl -

V1H -
A 

V1L _ 

CAS-BEFORE-RAS REFRESH CYCLE 
NOT~: W=V1H, OE, A=Don't Care 

RAS 
V1H -

VL -

VtH -
UCAS 

Vtl -

VtH -

V1L-___ __, 

VoH-

CMOS DRAM 

1>---------0PEN-----------
VoL- _____ __,,, 

~ DON'TCARE 

41:!:i:fl@» 
ELECTRONICS 
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KM416C1200A/ A-L/ A-F 

TIMING DIAGRAMS (Continued) 

HIDDEN REFRESH CYCLE (READ) 

V1H-

MS 
v,l -

OGAS 
V1H -

Vil -

V1H-

[GAS 
Vil -

V1H-
A 

Vil-

w V1H-

Vil -

~ 
V1H-

Vil-

D01-D01e 
VoH-

Vol -

HIDDEN REFRESH CYCLE (WRITE) 

V1H-

RAS 
Vil-

V1H-

UCAS 
Vil -

V1H-

~ Vil-

A 
V1H-

Vil-

V1H-w 
Vil-

~ 
V1H -

Vil-

VoH-

001-0016 
Vol-

41MfiliiliP 
ELECTRONICS 
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f(M416C1200A/ A-LI A-F CMOS DRAM 

TIMING DIAGRAMS (Continued) 

CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 

V1H-

RAS 
VIL -

V1H-

OCAS 
V1L-

V1H-

~ 
V1L -

V1H-

A 
V1L-

READ CYCLE 

V1H-

w 
V1L -

V1H-

BE 
VIL -

WRITE CYCLE 

w 
V1H - ~~~~~r"?n~~~~~~~ • 

DQ,-DQ15 VoH - -------OPEN------+-<I 
VoL - r---.....,....---~ 

lcwL 

READ-MODIFY-WRITE 

V1H-

OE v,L - ---------------+fo-+-' 

VALID DATA-OUT 

~DON'T CARE 

tJMfJiiW> 
ELECTRONICS 
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KM416C1200A/ A-LI A-F CMOS DRAM 

PACKAGE DIMENSION 
42·LEAD PLASTIC SMALL OUT·LINE J·LEAD Units: Inches (millimeters) 

0 

-II 

1.070 (27.18) 

1.080 (27.43) 

0.026(0.66) 

0.030(0. 76) 

0 

-1 
,...... ~ I:'.' 

ID o 
~ ~ ...... 
iO iO 
<')"'" 

"'"""" ci ci 

:"---~ 

0.040 (1.02) 

MAX 

0.025(0.64 

MIN 

r:: Pi" So C\I IO 
C\I <') ai ai ci ci iO iO a; C\I <O ,... 
0 0 <') <') 
0 

ci ci ci ci 

J13o(3.30) 

0.140 3.56 

44·LEAD PLASTIC THIN SMALL OUT LINE PACKAGE (Forward and Reverse Type) 

26(23) 

25(22) 

0.841(21.35)MAX _l 
0.829(21.05) 11 ~

, ___ 0.821(20.85)---1 ~ 

1~,;;:1) I ·,:CCCddr::~ mlt:tTil:d::,::dddd~7 

dMtJiiiii> 
ELECTRONICS 

0.018(0.36) TYP : I I 
ci 

0.004(0.10) 

0.010(0.25) 

S' 6' 
~ <O e. e.. 
<O ~ 
... C\I 
0 0 
ci ci 
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KM416C1004A/A-L/A-F CMOS DRAM 

1 M x 16 Bit CMOS Dynamic RAM with Extended Data Out 

FEATURES 
• Performance range: 

tRAC tCAC tRC 

KM416C1004A-6/A-L6/A-F6 60ns 17ns 110ns 

KM416C1004A-7/A-L7/A-F7 ?Ons 20ns 130ns 

KM416C1004A-8/ A-LS/ A-F8 80ns 20ns 150ns 

• Extended Data Out Mode 
{Fast Page Mode with Extended Data Out) 

• 2 CAS Byte/Word Read/Write operation 
• CAS-before-RAS refresh capability 
• RAS-only and Hidden Refresh capability 
• TTL compatible inputs and outputs 
• Early write or output enable controlled write 
•Triple +5V±10% power supply 
• Refresh Cycle 

-4096 cycle/64ms (Normal) 
-4096 cycle/12Bms (L-version) 
-4096 cycle/128ms (F-version) 

• JEDEC standard pinout 

tHPC 

24ns 

29ns 

34ns 

• Available in plastic SOJ and TSOP(ll) packages 

FUNCTIONAL BLOCK DIAGRAM 

RAS 

LCAS Control 

UCAS Clocks 

GENERAL DESCRIPTION 
The Samsung KM416C1004A/A-UA-F is a CMOS high 
speed 1,048,576 bit x 16 Dynamic Random Access 
Memory. Its design is optimized for high performance 
applications such as personal computer, and high 
performance portable computers. 

The KM416C1004A/A-L/A-F features EDO Mode 
operation which allows high speed random access of 
memory cells within the same row. GAS-before-RAS 
refresh capability provides on-chip auto refresh as an 
alternative to RAS-only refresh. All inputs and outputs 
are fully TTL compatible. 

The KM416C1004A/.A-L/A-F is fabricated using 
Samsung's advanced CMOS process. 

Lower 
Data in 

w VBB Generator 
df ~: Buffer D01 

to 

Lower 
DOs 

Refresh Control Row Decoder Data out 
Buffer 

Q 
OE 

Refresh Counter ~ Upper 
Memory Array en 

0.. Data in 
1,048,576x16 E 

Cells 
<{ Buffer 
Q) D09 

Row Address Buffer en 
Ao-A11 c 

Q) to 
en Upper D016 

Data out 

Ao-A1 Col. Address Buffer Column Decoder ·Buffer 

dl1'ifi@iP 
ELECTRONICS 
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KM416C1004A/ A-LI A-F CMOS DRAM 

PIN CONFIGURATION (Top Views) 

• KM416C1004AJ · • KM416C1004AT • KM416C1004AR 

Vee 1 0 42 Vss Vee 10 44 Vss Vss 44 Vee 

001 2 41 0016 001 2 43 0016 001s 43 2 001 

002 3 40 001s 002 3 42 001s 0015 42 3 002 

003 4 39 0014 003 4 41 0014 0014 41 4 003 

004 0013 
004 5 40 0013 0013 40 5 004 

5 38 
6 37 Vee 6 39 Vss Vss 39 6 Vee 

Vee Vss 
00s 7 38 0012 0012 38 7 00s 

00s 7 36 0012 00s 8 37 0011 0011 37 8 00s 
006 8 35 0011 001 9 36 OOrn 0010 36 9 001 
007 9 34 OOrn 00s 10 35 00s 00s 35 10 00s 
OQs 10 33 OOs N.C. 11 34 N.C. N.C. 34 11 N.C; 

N.C. 11 32 N.C. 

N.C. 12 31 LCAS 

w 13 UCAS N.C. 12 33 N.C. N.C. 33 12 N.C. 
30 

RAS 14 29 OE 
N.C. 13 32 LCAS LCAS 32 13 N.C. 

w 14 31 UCAS UCAS 31 14 w 
A11 15 28 As 

RAS 15 30 OE OE 30 15 RAS 
A10 16 27 As 16 29 As 29 16 A11 A11 As 
Ao 17 26 A1 Arn 17 28 As As 28 17 Arn 
A1 18 28 As Ao 18 27 A1 A1 27 18 Ao 

A2 19 24 As A1 19 26 As As 26 19 A1 

A3 20 0 23 A4 A2 20 0 25 As As 25 0 20 A2 

Vee 21 22 Vss A3 21 24 A4 A4 24 21 A3 
Vee 22 23 Vss Vss 23 22 Vee 

(SOJ) 
(TSOP(ll)-Forword) (TSOP(ll)-Reverse) 

Pin Name Pin Function 

Ao-A11 Address Inputs 

DQ1-16 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 

t?t!MJllWP 
ELECTRONICS 
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KM416C1004A/ A-LI A-F CMOS DRAM 

ABSOLUTE MAXIMUM RATINGS* 
Parameter Symbol Rating Units 

Voltage on Any Pin Relative to Vss VIN, 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 (Voltage referenced to Vss, TA=O to 70°C) 

Parameter Symbol Min Typ Max Unit 

Supply Voltage Vee 4.5 5.0 5.5 v 
Ground Vss 0 0 0 v 
Input High Voltage VIH 2.4 - Vee+1 v 
Input Low Voltage VIL -1.0 - 0.8 v 

DC AND OPERATING CHARACTERISTICS 
(Recommended operating conditions unless otherwise noted) 

Parameter Symbol Min Max Units 

Operating Current* 
KM416C1004A-6/ A-L6/ A-F6 100 mA 

(RAS, UCAS or LCAS, Address Cycling @tRc=min.) 
KM416C1004A-7/A-L7/A-F7 lcc1 - 90 mA 
KM416C1004A-8/A-L8/A-F8 80 mA 

Standby Current 
KM416C1004A 2 mA 

(RAS=UCAS=LCAS=W=VIH) 
KM416C1004A-L lcc2 - 1 mA 
KM416C1004A-F 1 mA 

RAS-Only Refresh Current* 
KM416C1004A-6/A-L6/A-F6 100 mA 

(UCAS=LCAS=VIH, RAS, Address Cycling @tRC=min.) 
KM416C1004A-7/A-L7/A-F7 ICC3 - 90 mA 
KM416C1004A-8/ A-L8/ A-F8 80 mA 

EDO Mcide Current* 
KM416C1004A-6/ A-L6/ A-F6 120 mA 

(RAS=VIL, UCAS or LCAS, Address Cycling @tPC=min.) 
KM416C1004A-7/A-L7/A-F7 ICC4 - 110 mA 
KM416C1004A-8/A-L8/A-F8 100 mA 

Standby Current 
KM416C1004A 1 mA 

(RAS=UCAS=LCAS=W=Vcc-0.2V) 
KM416C1004A-L Ices - 300 µA 
KM416C1004A-F 200 µA 

GAS-Before-RAS· Refresh Current* 
KM416C1004A-6/ A-L6/ A-F6 100 mA 

(RAS, UCAS or LCAS Cycling @tRc=min.) 
KM416C1004A-7/A-L7/A-F7 Ices - 90 mA 
KM416C1004A-8/ A-L8/ A-F8 80 mA 

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 KM416C1004A-L ICC? - 450 µA 
UCAS, LCAS= 0.2V 
DIN=Don't Care, tRC=31.25µs (L-Ver) 
tRAS=tRAS min-300ns 

•1Mfiliii» 
ELECTRONICS 
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KM416C1004A/ A~LI A-F CMOS-DRAM 

DC AND OPERATING CHARACTERISTICS (Continued) 
(Recommended operating conditions unless otherwise noted) 

Parameter Symbol Min Max Units 

Self Refresh Current 
RAS=UCAS=LCAS=0.2V 

KM416C1004A-F Ices 250 µA 
W=OE=Ao-A11=Vcc-o.2v or 0.2V 

-

DQ1-D016=Vcc-o.2v or 0.2Vor Open 

Input Leakage Current li(L) -10 10 µA 
(Any input O::;V1N ::;Vcc+0.5V, all other pins not under test=O V) 

Output Leakage Current IO(L) -10 10 µA 
(Data out is disabled, OV::;Vour::;Vcc) 

VOH 
, 

Output High Voltage Level (loH=-5mA) 2.4 - v 
Output Low Voltage Level (loL=4.2mA) VOL - 0.4 v 

*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 and lcc3, address can be changed maximum 
once while RAS=V1L. In lcc4, Address can be changed maximum once while one Hyper page mode cycle time 
tHPC. 

CAPACITANCE (TA=25°C, Vcc=5V. f=1 MHz) 

Parameter Symbol Min 

Input Capacitance (Ao-A11) CIN1 -

Input Capacitance (RAS, LCAS, UCAS, W, OE) CIN2 -

Output Capacitance (DQ1-DQ16) Coo -

AC CHARACTERISTICS (0°C::;TA::;70°C, Vcc=5V±10%, See notes 1,2) 
(Test condition: V1HNIL=2.4V/0.8V, VoHNOL=2.0V/0.8V, Output Loading CL=100pF) 

-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 RAS tRAC 60 70 

Access time from CAS tCAC 17 20 

Access time from column address tAA 30 35 

CAS to output in Low-Z tCL.Z 3 3 

OE to output in Low-Z tOL.Z 3 3 

Output buffer turn-off delay from CAS 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 10,000 70 10,000 

RAS hold time tRSH 17 20 

CAS hold time tcsH 50 60 

CAS pulse width tCAS 10 10,000 15 10,000 

RAS to CAS delay time tRCD 20 45 20 50 

•1Mfiiiii• 
ELECTRONICS 

Max Unit 

5 pF 

7 pF 

7 pF 

I -8 
Units Notes 

Min Max 

150 ns 

205 ns 

80 ns 3,4, 11 

20 ns 3,4,5 

40 ns 3,11 

3 ns 3 

3 ns 3 

3 20 ns 7,14 

2 50 ns 2 

60 ns 

80 10,000 ns 

20 ns 

70 ns 

20 10,000 ns 

20 60 ns 4 
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KM416C1004A/ A-L/ A-F CMOS DRAM 

AC CHARACTERISTICS (Continued) 

-6 -7 -8 
Parameter Symbol Units Notes 

Min Max Min Max Min Max 

RAS to column address delay time tRAD 15 30 15 35 15 40 ns 11 

GAS to RAS precharge time tCRP 5 5 5 ns 

Row address set-up time tASR 0 0 0 ns 

Row address hold time tRAH 10 10 10 ns 

Column address set-up time tASC 0 0 0 ns 15 

Column address hold time tCAH 10 15 15 ns 15 

Column address hold time referenced to RAS tAR 45 55 60 ns 6 

Column address to RAS lead time tRAL 30 35 40 ns 

Read command set-up time tRCS 0 0 0 ns 

Read command hold time referenced to GAS tRCH 0 0 0 ns 9 

Read command hold time referenced to RAS tRRH 0 0 0 ns 9 

Write command set-up time twcs 0 0 0 ns 8 

Write command hold time tWCH 10 15 15 ns 

Write command hold time referenced to RAS tWCR 45 50 55 ns 6 

Write command pulse width tWP 10 15 15 ns 

Write command to RAS lead time tRWL 15 20 20 ns 

Write command to OAS lead time tCWL 10 15 20 ns 18 

Data-in set-up time tos 0 0 0 ns 10,21 

Data-in hold time tDH 10 15 15 ns 10,21 

Data-in hold time referenced to RAS tDHR 45 55 60 ns 6 

Refresh period (Normal) tREF 64 64 64 ms 

Refresh period (L-version) tREF 128 128 128 ms 

Refresh period (F-version) tREF 128 128 128 ms 

GAS to W delay time tcwo 40 50 50 ns 8,17 

RAS to W delay time tRWD 85 95 105 ns 8 

Column address to W delay time tAwo 55 60 65 ns 8 

GAS precharge to W delay time tCPWD 60 65 70 ns 

GAS set-up time (GAS-before-RAS refresh) tCSR 10 10 10 ns 19 

GAS hold time (GAS-before-RAS refresh) tCHR 10 10 10 ns 20 

RAS precharge to GAS hold time tRPC 5 5 5 ns 

GAS precharge time (C-8-R counter test cycle) tCPT 20 25 30 ns 

RAS hold time referenced to OE tROH 15 20 20 ns 

OE access time tOEA 15 20 20 ns 

OE to data delay tOED 15 20 20 ns 

Output buffer turn off delay time from OE tOEZ 3 15 3 20 3 20 ns 7 

OE commend hold time tOEH 15 20 20 ns 

Access time from GAS precharge tCPA 35 40 45 ns 3 

•1MfiliiiiP 
ELECTRONICS 
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KM416C1004A/ A-L/ A-F CMOS DRAM 

AC CHARACTERISTICS (Continued) 

-6 -7 -8 
Parameter Symbol Units Notes 

Min Max Min Max Min Max 

Hyper Page mode cycle time tHPC 24 29 34 ns 12 

Hyper Page mode read-modify-write cycle time tHPRWC 76 81 91 ns 12 

CAS orcgarge time (Hyper page mode) tCP 10 10 10 ns 16 

RAS pulse width (Hyper page mode) tRASP 60 200.000 70 200.000 80 200.000 ns 

RAS hold time from CAS precharge tRHCP 35 40 45 ns 

Output data hold time tDOH 5 5 5 ns 

Output buffer turn off delay from RAS tREZ 3 15 3 20 3 20 ns 7,14 

Output buffer turn off delay from W tWEZ 3 15 3 20 3 20 ns 7 

W to data delay tWED 15 20 20 ns 

OE to CAS hold time tOCH 5 5 5 ns 

CAS hold time to OE tCHO 5 5 5 ns 

OE precharge time tOEP 5 5 5 ns 

W pulse width tWPE 5 5 5 ns 

RAS pulse width (F-ver) tRASS 100 100 100 µs 13 

RAS precharge time (F-ver) tRPS 110 130 150 ns 13 

CAS hlod time (F-ver) tCHS -50 -50 -50 ns 13 

KM416C1004A/A-L/A-F Truth Table 

RAS LCAS UCAS w OE DQ1-DQa DQ9-DQ1s STATE 
H x x x x Hl-Z Hl-Z Standby 

L H H x x Hl-Z Hl-Z Refresh 

L L H H L DQ-OUT · Hl-Z Lower Byte Read 

L H L H L Hl-Z DQ-OUT Upper Byte Read 

L L L H L DO-OUT DQ-OUT Word Read 

L L H L H DQ-IN Don't Care Lower Byte Write 

L H L L H Don't Care DQ-IN Upper Byte Write 

L L L L H DQ-IN DQ-IN Word Write 

L L L H H Hl-Z Hl-Z -

•ti!:i:Hiiii• 
ELECTRONICS 
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KM416C1004A/ A-L/ A-F 

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) are 
assumed to be 5ns for all inputs. 

3. Measured with a load equivalent to 2TTL Loads 
and 100pF 

4. Operation within the tRco(max) limit insures that 
tRAc(max) can be met. tRco(max) is specified as a 
reference point only. If tRco is greater than the 
specified tRco(max) limit, then access time is 
controlled exclusively by tcAc. 

5. Assumes that tRCD 2: tRCD (max). 
6. tAR, twcR. toHR are referenced to tRAD(max). 
7. This parameter defines the time at which the 

output achieves the open circuit condition and is 
not referenced to VoH or VOL. 

8. twcs, tRWD, tcwo and tAWD are non restrictive 
operating parameters. They are included in the 
data sheet as electrical characteristics only. If twcs 
2: twcs(min) the cycle is an early write cycle and 
the data output will remain high impedance for the 
duration of the cycle. If tcwo :=:::tcwo(min), tRwo 2: 
tRwo(min) and tAWD2:tAwo(min), then the cycle is a 
read-write cycle and the data output will contain 
the data read from the selected address. If neither 
of the above conditions are satisfied, the condition 
of the data out is indeterminate. 

9. Either tRCH or tRRH must be satisfied for a read 
cycle. 

d!:i:fiiUliP 
ELECTRONICS 

PRELIMINARY 
CMOS DRAM 

10. These parameters are referenced to the CAS 
leading edge in early write cycles and to the W 
leading edge in read-write cycles. 

11. Operation within the tRAci(max) limit insures that 
tRAc(max) can be met. tRAo(max) is specified as a 
reference point only. If tRAD is greater than the 
specified tRAD(max) limit, then access time is 
controlled by tM. 

12. tAsc :=:::tcP min, Assume tT=2.0ns. 
13. 4096 cycle of burst refresh must be executed 

within 16ms before and after self refresh, in order 
to meet refresh specification (F-version) 

14. If RAS goes to high before CAS high going, the 
open circuit condition of the output is achieved by 
CAS high going. If GAS goes to high before RAS 
high going, the open circuit condition of the output 
is achieved by RAS high going. . 

15. tAsc, tcAH are referenced to the earlier CAS falling 
edge. 

16. tcP is specified from the last CAS rising edge in the 
previous cycle to the first CAS falling edge in the 
next cycle. 

17. tcwo is referenced to the later CAS falling edge at 
word read-modify-write cycle. 

18. tcwL is specified from W falling edge to the earlier 
CAS rising edge. 

19. tcsR is referenced to earlier CAS falling low before 
RAS transition low. 

20. tcHR is referenced to the later GAS rising high after 
RAS transition low. 

21. tos, toH is independetly specified for lower byte Din 

(1-8), upper byte Din(9-16) 
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KM416C1004A/ A-LI A-F 

TIMING DIAGRAM 
WORD READ CYCLE 

NOTE : 01N = OPEN 

CMOS DRAM 

14---------tRc-----------...i 

V1H -
~VIL 

V1H -
A V1L -

V1H 

w V1L -

VoH -
001-008 --------------------------+-

VoL -

009 - 0016 VoH - -----------------------------
VoL -

tt:!:i:fi@» 
ELECl'RONICS 

~ Don't Care 
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KM416C1004A/A-L/A-F 

TIMING DIAGRAM 
LOWER BYTE READ CYCLE 

NOTE : D1N = OPEN 

CMOS DRAM 

W----------tRc-------------..i 

-- V1H -
LCAS ViL _ 

V1H -
A V1L -

V1H -
w V1L -

DQ1 - 008 VoH - -----
VoL 

009 - 0016 VoH - ------------- OPEN 
VoL -

•111i'i fliiii» 
ELECTRONICS 

Don't Care 
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KM416C1004A/ A-LI A-F 

TIMING DIAGRAM 
UPPER BYTE READ CYCLE 

NOTE : D1N = OPEN 

------ tRSH---t---

V1H -
A V1L -

V1H -

w V1L -

DQ1 - DQ8 VoH - --------j--- OPEN 
VoL 

tCAS 

._ tCAC 

CMOS DRAM 

tcEZ 

14---- tRAC -----+--•:,_ ___ .;....__---.1_ 

DQ9 - 0016 VoH - ------ OPEN 
VoL -

~ Don't Care 

dJiifiiih» 
ELECTRONICS 
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KM416C1004A/ A-L/ A-F 

WORD WRITE CYCLE ( EARL V WRITE ) 
NOTE : DouT = OPEN 

V1H -

UCAS V1L -

V1H -

[CA"S V1L -

V1H -

A V1L -

- V1H -

w V1L -

OE V1H -

V1L 

DQ1 - DQ8 ViH -

V1L -

DQ9 - 0016 ViH -

V1L -

411Jr&JliiiiP 
ELECTRONICS 

CMOS DRAM 

~ Don't Care 
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KM416C1.004A/A-L/A-F 

LOWER BYTE WRITE CYCLE ( EARLY WRITE ) 
NOTE : DouT = OPEN 

V11-i -

RAS" V1L -

V1H -

A V1L -

V1H -

w V1L 

OE V1H -

V1L 

DQ1 - DQ8 ViH -

V1L -

CMOS DRAM 

DQ9-DQ16 ViH - ~· 
V1L -

~ Don't Care 

d!t'ifiliiiiP 
ELECTRONICS 
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KM416C1004A/A-L/A-F 

UPPER BYTE WRITE CYCLE ( EARLY WRITE ) 
NOTE : DouT = OPEN 

V1H -

RAS V 
IL 

------ tRSH---+--

V1H -

OCAS V1L -

V1H -

LCAS ViL _ 

V1H -

A V1L -

- V1H -

w V1L -

OE V1H -

V1L -

DQ1 - DQ8 ViH -

V1L -

DQ9 - DQ16 ViH -

V1L -

•l1UitJlih" ELECTRONICS 

fcAS 

CMOS DRAM 

fcRP 

~ Don't Care 
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KM416C1004A/A-L/A-F 

WORD WRITE CYCLE ( OE CONTROLLED WRITE ) 
NOTE : DouT = OPEN 

V1H -RAS . 
V1L -

V1H -
CA'S 

V1L -

V1H -

A V1L -

V1H -w 
V1L 

DQ1 - DQ8 ViH -

V1L -

DQ9 - DQ16 ViH -

V1L -

•l1U:f %1$ 
ELECTRONICS 

CMOS DRAM 

~ Don't Care 
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KM416C1004A/ A-LI A-F 

LOWER BYTE WRITE CYCLE ( OE CONTROLLED WRITE ) 
NOTE : DouT = OPEN 

~~~~~-tMs~~~~~~-

CMOS DRAM 

V1H -

RAS V1L -

~~~--1 1.--~~~-1 

V1H -

CAS V1L -

V1H -

CAS V1L 

V1H -

A V1L -

V1H -

w V1L 

V1H -
ITE 

V1L 

DQ1 - DQ8 ViH -

V1L -

DQ9 - DQ16 ViH -

V1L -

t1Mfiiiii» 
ELECTRONICS 

DATA- IN 

~ Don't Care 
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KM416C1004A/ A-LI A-F 

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 

001 - 008 VrH -
VrL -

009 - 0016 VrH -
VrL -

•l1IMi@" 
ELECTRONICS 

------ tRSH---i--

tCAS 

CMOS PRAM 

tCRP 

~ Don't Care 
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KM416C1204A/ A-LI A-F 

WORD READ - MODIFY - WRITE CYCLE 

V1H -

RAS V1L -

V1H -

LCAS ViL _ 

V1H -

A V1L -

- V1H -

w V1L -

V1H -

OE V1L -

001 - 008 V1toH - ----+----+---+~~O'".IAKI 
V110L -

009 - 0016 VitOH - ------------tV"hXI 
V110L -

•1"t'if Mii» ELECTRONICS 

CMOS DRAM 

~ Don't Care 
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KM416C1204A/ A-LI A-F CMOS DRAM 

LOWER-BYTE READ - MODIFY - WRITE CYCLE 

-----------tRwc------------
--------tRAS--------_.. 

VIH -

l1AS VIL -

~~-1 Ir~~~--i 

VIH -
UCAS 

VIL -

VIH -

CCAS VIL -

VIH -

A V1L -

. w VIH -

VIL 

001 - DOB V1toH - ----------~~I 
V110L 

009-0016 VoH - ------------OPEN 
VoL 

ttMHlld" ELECTRONICS 

~ Don't Care 
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KM416C1204A/ A-LI A-F CMOS DRAM 

UPPER-BYTE READ - MODIFY - WRITE CYCLE 

14----------tAAs--------.......i ---1 1-----1 

V1H -

A V1L -

V1H -w 
V1L -

V1H -

OE V1L -

DQ1 - DQ8 VoH -

VoL -

tcLZ 
tCAC 

tAA 
14---- tAAc·---1--

1---.1 

DQ9 - DQ16 VI/OH - ----------~~I 
V110L -

rtt:li'ifi@IP 
ELECTRONICS 

~ Don't Care 
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KM416C1004A/ A-LI A-F 

HYPER PAGE MODE WORD READ CYCLE 

[CAS V1H -
V1L -

V1H -
A 

V1L -

V1H -w 
V1L 

V1H -
OE 

V1L -

DQ9 - DQ16 V1toH - -------++-{10.KI 
V110L 

411Mf1iJiit> 
ELECTRONICS 

CMOS DRAM 

Don't Care 
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KM416C1004A/ A-LI A-F CMOS DRAM 

HYPER PAGE MODE LOWER BYTE READ CYCLE 

14-------------tRASP-----------+I w__.,_R..,_P__., 

LCAS 
V1H -
V1L -

V1H -
A 

V1L -

V1H -w 
V1L -

DQ1 - DQ8 V110H - ----------1--~tz.YI 
V110L -

DQ9 - 0016 VoH -
VoL 

•tiJnfiijil$ 
ELECTRONICS 

~ Don't Care 
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KM416C1004A/ A-LI A-F 

HYPER PAGE MODE UPPER BYTE READ CYCLE 

VrH -
A VrL -

VrH -w 
VrL 

VtH -
OE 

VrL 

DQ1 - DQ8 VoH -
VoL -

---4------+----+-- OPEN 

I 

DQ9 -DQ16 VV1toH ---------4---Q~I 
llOL "-----'I 

dfafi@IP 
ELECTRONICS 

CMOS DRAM 

~Don't Care 
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KM416C1004A/ A-LI A-F 

HYPER PAGE MODE WORD WRITE CYCLE ( EARLY WRITE ) 
NOTE : DouT = Open 

V1H -

A V1L -

V1H -w 
V1L 

V1H -

DQ1 - 008 V1L -

V1H -

DQ9 - 0016 V1L -

4111f:fiiiii» 
ELECTRONICS 

CMOS DRAM 

~ Don't Care 
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KM416C1004A/A-L/A-F CMOS DRAM 

HYPER PAGE MODE LOWER BYTE WRITE CYCLE (EARLY WRITE) 
NOTE : DouT = Open 

V1H -

UCAS" V1L 

V1H -

[CAS V1L 

V1H -

A V1L -

V1H -w 
V1L 

V1H -

001 - 008 ViL _ 

V1H- -DQ9 - DQ16 ViL _ 

~ Don't Care 

•t:!:i:fi11h* ELECTRONICS 
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KM416C1004A/ A-L/A-F CMOS DRAM 

HYPER PAGE MODE UPPER BYTE WRITE CYCLE ( EARLY WRITE ) 
NOTE : DouT = Open 

VtH • 

TICAS V1L • 

VtH • 

A VtL • 

- V1H • 

w V1L • 

- V1H. 

OE V1L • 

V1H • 

DQ1 - DQ8 ViL • 

V1H • 

DQ9 - 0016 ViL • 

tl1li'ifiliii» 
ELECl'RONICS 

~ Don't Care 
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KM416C1004A/A-L/A-F. 

HYPER PAGE MODE WORD READ-MODIFY-WRITE CYCLE 

V1H -
RAS 

V1L -

V1H -
OCAS 

V1L -

V1H -

lCAS V1L -

V1H -
A 

V1L -

V1H -w 
V1L -

V1H -

OE V1L 

tlm':fiiiH» 
ELECTRONICS 

CMOS DRAM 

~Don't Care 
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KM416C1004A/ A-LI A-F CMOS DRAM 

HYPER PAGE MODE LOWER-BYTE-READ-MODIFY-WRITE CYCLE 

V1H -

RA'S V1L -

V1H -

A V1L 

V1H -

w V1L -

V1H -

OE V1L -

DQ1 - DOS V110H - ------+-+<YAKI 
V1tOL 

VoH -DQ9-DQ16 -----------------------OPEN 
VoL -

•11Ji'ifiliiiiP 
ELECTRONICS 

~ Don't Care 
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KM416C1004A/A-L/A-F 

HYPER PAGE MODE UPPER-BYTE-READ-MODIFY-WRITE CYCLE 

V1H -

RAS" V1L -

V1H -
UCAS ViL _ 

V1H -

A V1L -

V1H -

w V1L -

V1H -

OE V1L -

VoH -
DQ1 - DQ8 --------~-----+- OPEN 

VoL - I · 

•tMfiliii» 
ELECTRONICS 

l+-tAA--+ 
I 

CMOS DRAM 

VALID 
DATA-IN 

~ Don't Care 
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KM416C1004A/ A-LI A-F CMOS DRAM 

HYPER PAGE READ AND WRITE MIXED CYCLE 

-------------- tRAsp--------------.i 

VtH -

UCAS VtL 

VtH -

LCAS VtL _ 

VtH -
A 

VtL -

VtH -w 
VtL -

VtH -
OE 

VtL -

DQ1 _ V110H 

DQ8 V110L 

-
-

•1Mfiliii" ELECTRONICS 

READ(tCAC) READ(tCPA) WRITE READ(tAA) 

tREZ 

~ Don't Care 
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KIYl416C1004A/ A-LI A-F 

RAS-ONLY REFRESH CYCLE 

NOTE : W, OE , D1N = Don't care 
DouT =Open 

--------tRAs--------

CMOS DRAM 

V1H -
RAS V1l -

-------1 1~-----------.1 

V1H -
A V1l -

CAS"-BEFORE-RAS" REFRESH CYCLE 

NOTE : W, OE, A = Don't Care 

VoH -
DQ1 - DQ8 Vol _ 1>--~----------------------0PEN ~---------------------------~ 

VoH -
DQ9 - DQ16 Vol _ ----------

•1MflliHIP 
ELECTRONICS 

>------------...,.------------~ OPEN ~---------------------------~ 

~ Don't Care 
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KM416C1004A/ A-LI A-F 

'CAS-BEFORE-RAS" SELF REFRESH CYCLE(LL-version) 

NOTE : W, OE, A= Don't Care 

i..-~~~~tMss·~~~~---

CMOS DRAM 

1----~1 1----------------1 

V1H -

[CA'S V1L 

DQ1 - 008 VoH -
VoL -

DQ9 - DQ16 VoH - 1\..--------- OPEN -------------VoL - ___ _ 

~ Don't Care 

ttMfiliiitP 
ELECTRONICS 
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KM416C1004A/ A-LI A-F CMOS DRAM 

HIDDEN REFRESH CYCLE { READ ) 

VrH -

"RAS" VrL -

VrH -

UCAS" VrL -

VrH -
[CAS" VrL -

VrH -

A VrL -

VrH -

W VrL -

VrH -

OE VrL -

-------tRc--------.i-t-r--------
----tRAS ----.i 

---- tRAC -----1----"t---,,_-..1...'-_-_-_-_-:.~t-o_Ez==~~.:-.::....i.--~ 
DQ1 - DQ8 VoH - ·------ OPEN 

VoL 
DATA-OUT 

------ tRAC ----+---i--'~---:_-:_-:_-:__to_EZ::::::::::::::.: 
DQ9 - DQ16 VoH - ------ OPEN 

VoL 
DATA-OUT 

~. Don't Care 

tt:!:lifiiiii» 
ELECTRONICS 
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KM416C1004A/ A-LI A-F 

HIDDEN REFRESH CYCLE (WRITE ) 

NOTE : Dour = OPEN 

VtH -

A V1L -

VtH -

w V1L 

V1H -

OE V1L -

DQ1 - DQ8 VtH -

V1L -

DQ9-DQ16 VtH -~ 
V1L - -·-----. 

•t:f:l:filiwP 
ELECTRONICS 

CMOS DRAM 

~ Don't Care 
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KM416C1004A/A-L/A-F CMOS DRAM 
CAS-BEFORE-RA"S REFRESH COUNTER TEST CYCLE 

V1H -

A V1L -

READ CYCLE 

V1H -

w V1L -

V1H -

OE V1L 

VoH -
001 - 0016 VoL _ 

WRITE CYCLE 

V1H -

w V1L 

V1H -
DQ1 - 0016 V1L 

READ-MODIFY-WRITE 

V1H -

ITE V1L -

1----1 1+---- tRSH ----;-~~-----

1---- tcAs---...i 

1..----..1 i+---- tRSH ---+--;-~~----
•---- tCAS __ ___., 

V110H - ----------------QA<I 
001 - 0016 V110L -

VALID VALID Don't Care 
DATA-OUT. DATA-IN 

•ltfafiiUI" ELECTRONICS 
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KM416C1004A/ A-LI A-F CMOS DRAM 

PACKAGE DIMENSION 
42·LEAD PLASTIC SMALL OUT-LINE J·LEAD Units: Inches (millimeters) 

0 

-II 

0 0.004(0.1) 

1.070 (27.18) 

1.080 (27.43) 

0.026(0.66) 

0.030(0.76) 

0 

-----11 0.025(0.64) 

I MIN 

l""1 NJ 
ii) 0 ;::- <? 
~ ~ 00 C\I"' ,.... ,.... C\I C') en en 
;o- ;o- 0 ci ;o- ;o-co N' co ..... 
C') 

""' 
0 0 C') C') 

""' ""' 
0 

0 0 0 ci 0 0 

I:\ 
~ ...-.. h 

o~ 130(3.30l 

0.140(3.56) 

44·LEAD PLASTIC THIN SMALL OUT LINE PACKAGE (Forward and Reverse Type) 

26(23) 

25(22) 

0.841(21.35)MAX _l~ 

0.829(21.05) 11 ~ 
0.821(20.85) ! ~ 

1.--~-,.o~.--;-:~-2~-~·1--.) , ,,a a a a a r~:34) rn,·CJ.1],:Q :,~,:: Q Q Q Q ~7' 

•11l"ifiliil• 
ELECTRONICS 

0.018(0.36) TYP ~ I I 
ci 

0 6' 
'<!; "! 
g: e.. 
<O ""' ,.... C\I 
0 0 
ci ci 

~, •.. ,-1--

0.004(0.10) .. 

0.010(0.25) 
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KM416C1204A/ A-LI A-F CMOS DRAM 

1 M x 16 Bit CMOS Dynamic RAM with Extended Data Out 

FEATURES 
• Performance range: 

tRAC tCAC tRC 

KM416C1204A-6/ A-L6/ A-F6 60ns 17ns 110ns 

KM416C1204A-7/A-L7/A-F7 70ns 20ns 130ns 

KM416C1204A-8/ A-LS/ A-F8 80ns 20ns 150ns 

• Extended Data Out Mode 
(Fast Page Mode with Extended Data Out) 

• 2 CAS Byte/Word Read/Write operation 
• CAS-before-RAS refresh capability 
• RAS-only and Hidden Refresh capability 
• TTL compatible inputs and outputs 
• Early write or output enable controlled write 
• Triple +5V ± 10% power supply 
• Refresh Cycle 

-1024 cycle/16ms (Normal) 
-1024 cycle/128ms (L-version) 
-1024 cycle/128ms (F-version) 

• JEDEC standard pinout 
• Available in plastic SOJ and TSOP(ll) 

tHPC 

24ns 

29ns 

34ns 

GENERAL DESCRIPTION 
The Samsung KM416C1204A/A-UA-F is a CMOS high 
speed 1,048,576 bit x 16 Dynamic Random Access 
Memory. Its design is optimized for high performance 
applications· such as personal computer, and high 
performance portable computers. 

The KM416C1204A/A-L/A-F features EDO Mode 
operation which allows high speed random access of 
memory cells within the samp row. GAS-before-RAS 
refresh capability provides on-chip auto refresh as an 
alternative to RAS-only refresh. All inputs and outputs 
are fully TTL compatible. 

The KM416C1204A/A-L/A-F is fabricated using 
Samsung's advanced CMOS process. 

FUNCTIONAL BLOCK DIAGRAM 

RAS 

LCAS Control 

~~: 
Lower 

UCAS Clocks Data in 

VJ VBB Generator Buffer DQ1 
to 

DQa 
Lower 

Refresh Control Row Decoder Data out 
Buffer 

Q 
OE ad Upper Refresh Counter Memory Array fJJ a. Data in 

1,048,576x16 E 

Cells 
<( Buffer 
Q) DQg 
fJJ 

Ao-As Row Address Buffer c to QJ 
(/) Upper DQ16 

Data out 

Ao-Ag Col. Address Buffer Column Decoder Buffer 

tl"iifi@iP 
ELECTRONICS 
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KM416C1204A/ A-LI A-F CMOS DRAM 

PIN CONFIGURATION (Top Views) 

• KM416C1204AJ • KM416C1204AT • KM416C1204AR 

Vee 1 0 42 Vss Vee 10 44 Vss Vss 44 Vee 

001 2 41 001s 001 2 43 0016 0016 43 2 001 

D02 3 40 OQ1s OQ2 3 42 DQ15 DQ1s 42 0 3 OQ2 

003 4 39 OQ14 003 4 41 OQ14 OQ14 41 4 OQ3 

004 5 0013 
004 5 40 OQ13 OQ13 40 5 004 

38 
6 37 Vee 6 39 Vss Vss 39 6 Vee 

Vee Vss 
OQs 7 38 0012 OQ12 38 7 OQs 

00s 7 36 0012 
OQs 8 37 OQ11 OQ11 37 8 OQs 

00s 8 35 DQ11 OQ1 9 36 OQ10 0010 36 9 OQ1 
007 9 34 OQ10 OQa 10 35 OQs OQs 35 10 OOa 
OQa 10 33 OQs N.C. 11 34 N.C. N.C. 34 11 N.C. 

N.C. 11 32 N.C. 

N.C. 12 31 LCAS 

w 13 30 UCAS N.C. 12 33 N.C. N.C. 33 12 N.C. 

RAS 14 29 OE 
N.C. 13 32 LCAS LCAS 32 13 N.C. 

w 14 31 UCAS UCAS 31 14 w 
N.C. 15 28 As 

RAS 15 OE OE 30 RAS 
16 

30 15 
N.C. 27 Aa 

N.C. 16 29 As As 29 16 N.C. 
Ao 17 26 A1 N.C. 17 28 Aa Aa 28 17 N.C. 
Ai 18 28 As Ao 18 27 A1 A1 27 18 Ao 

A2 19 24 As A1 19 26 As Ae 26 19 A1 

A3 20 0 23 A4 A2 20 25 As As 25 0 20 A2 

Vee 21 22 Vss A3 21 24 A4 A4 24 21 A3 
Vee 22 23 Vss Vss 23 22 Vee 

(SOJ) 
(TSOP(ll)-Forword) (TSOP(ll)-Reverse) 

Pin Name Pin Function 

Ao-Ag Address Inputs 

DQ1-16 Data In/Out 

Vss Ground 

RAS- Rc:iw Address Strobe 

UCAS Upper Column Address Strobe 

LCAS Lower Column Address Strobe 

w Read/Write Input 

OE Data Output Enable 

Vee Power(+SV) 

N.C. No connection 

•11Jf:filiiiiP 
ELECTRONICS 
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KM416C1204A/ A-L/ A-F CMOS DRAM 

ABSOLUTE MAXIMUM RATINGS* 
Parameter Symbol Rating Units 

Voltage on Any Pin Relative to Vss V1N, Vour -1to+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 (Voltage referenced to Vss, TA=O to 70°C) 

Parameter Symbol ·Min Typ Max Unit 

Supply Voltage Vee 4.5 .5.0 5.5 v 
Ground Vss 0 0 0 v 
Input High Voltage VIH 2.4 - Vee+1 v 
Input Low Voltage VIL -1.0 - 0.8 v 

DC AND OPERATING CHARACTERISTICS 
(Recommended operating conditions unless otherwise noted) 

Parameter Symbol Min Max Units 

Operating Current* 
KM416C1204A-6/ A-L6/ A-F6 160 mA 
KM416C1204A-7/A-L7/A-F7 lcc1 - 150 mA 

(RAS, UCAS or LCAS, Address Cycling @tRc=min.) 
KM416C1204A-8/ A-L8/ A-F8 140 mA 

Standby Current 
KM416C1204A 2 mA 
KM416C1204A-L lcc2 - 1 mA 

(RAS=UCAS=LCAS=W=VIH) 
KM416C1204A-F 1 mA 

RAS-Only Refresh Current* 
KM416C 1204A-6/ A-L6/ A-F6 160 mA 
KM416C1204A-7/A-L7/A-F7 ICC3 - 150 mA 

(UCAS=LCAS=VIH, RAS, Address Cycling @tRC=min.) 
KM416C1204A-8/ A-L8/A-F8 140 mA 

EDO Mode Current* 
KM416C1204A-6/ A-L6/ A-F6 130 mA 

(RAS=VIL, UCAS or LCAS, Address Cycling @tPc=min.) 
KM416C1204A-7 I A-L7 I A-F7 ICC4 - 120 mA 
KM416C1204A-8/ A-L8/ A-F8 110 mA 

Standby Current 
KM416C1204A 1 mA 

(RAS=UCAS=LCAS=W=Vcc-0.2V) 
KM416C1204A-L Ices - 300 µA 
KM416C1204A-F 200 µA 

GAS-Before-RAS Refresh Current* 
KM416C1204A-6/A-L6/ A-F6 160 mA 

(RAS, UCAS or LCAS Cycling @tRC=min.) 
KM416C1204A-7/A-L7/A-F7 ICC6 - 150 mA 
KM416C1204A-8/ A-L8/ ~-F8 140 mA 

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 KM416C1204A-L ICC7 - 350 µA 
UCAS, LCAS= 0.2V 
DIN=Don't Care, tRC=125µs (L-Ver) 
tRAs=tRAs min-300ns 

4t:f:l:H@IP 
ELECTRONICS 
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KM416C1204A/ A-LI A-F CMOS DRAM 

DC AND OPERATING CHARACTERISTICS (Continued) 
(Recommended operating conditions unless otherwise noted) 

Parameter Symbol Min Max Units 

Self Refresh Current 
RAS=UCAS=LCAS=0.2V KM416C1204A-F Ices 250 µA 
W=OE=Ao-A9=Vcc-0.2V or 0.2V 

-

DQ1-D016=Vcc-0.2V or 0.2V or Open 

Input Leakage Current li(L) -10 10 µA 
(Any input 0 s; V1N s; Vcc+0.5V, all other pins not under test=O V) 

Output Leakage Current IO(L) -10 10 µA 
(Data out is disabled, OVs;Vours:Vcc) 

Output High Voltage Level (loH=-5mA) VOH 2.4 - v 
Output Low Voltage Level (IOL=4.2mA) VOL - 0.4 v 

*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 and lcc3, address can be changed maximum 
once while RAS=VIL. In lcc4, Address can be changed maximum once while one Hyper page mode cycle time 
tHPC. 

CAPACITANCE (TA=25°C, Vcc=5V. f=1 MHz) 

Parameter Symbol Min 

Input Capacitance (Ao-A9) CIN1 -

Input Capacitance (RAS, LCAS, UCAS, W, OE) CIN2 -

Output Capacitance (DQ1-DQ16) Coo -

AC CHARACTERISTICS (0°Cs;TA:s:J0°C, Vcc=5V±10%, See notes 1,2) 
(Test condition: V1HNIL=2.4V/0.8V, VoHNOL=2.0V/0.8V, Output Loading CL=100pF) 

-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 RAS tRAC 60 70 

Access time from GAS tCAC 17 20 

Access time from column address tAA 30 35 

CAS 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) tr 2 50 2 50 

RAS precharge time tRP 40 50 

RAS pulse width tRAS 60 10,000 70 10,000 

RAS hold time tRSH 17 20 

GAS hold time tCSH 50 60 

CAS pulse width tCAS 10 10,000 15 10,000 

RAS to GAS delay time tRCD 20 45 20 50 

tJMfiliii" ELECTRONICS 

Max Unit 

5 pF 

7 pF 

7 pF 

-8 
Units Notes 

Min Max 

150 ns 

205 ns 

80 ns 3,4,11 

20 ns 3,4,5 

40 ns 3,11 

3 ns 3 

3 ns 3 

3 20 ns 7,14 

2 50 ns 2 

60 ns 

80 10,000 ns 

20 ns 

70 ns 

20 10,000 ns 

20 60 ns 4 
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KM416C1204A/ A-LI A-F CMOS DRAM 

AC CHAR.ACTERISTICS (Continued) 

-6 -7 -8 
Parameter Symbol Units Notes 

Min Max Min Max Min Max 

RAS to column address delay time tRAD 15 30 15 35 15 40 ns 11 

CAS to RAS precharge time tCRP 5 5 5 ns 

Row address set-up time IASR 0 0 0 ns 

Row address hold time !RAH 10 10 10 ns 

Column address set-up time !Ase 0 0 0 ns 15 

Column address hold time ICAH 10 15 15 ns 15 

Column address hold time referenced to RAS IAR 45 55 60 ns 6 

Column address to RAS lead time tRAL 30 35 40 ns 

Read command set-up time !RCS 0 0 0 ns 

Read command hold time referenced to CAS IRCH 0 0 0 ns 9 

Read command hold time referenced to RAS tRRH 0 0 0 ns 9 

Write command set-up time twcs 0 0 0 ns 8 

Write command hold time twCH 10 15 15 ns 

Write command hold time referenced to RAS twCR 45 50 55 ns 6 

Write command pulse width twP 10 15 15 ns 

Write command to RAS lead time IRWL 15 15 20 
. 

ns 

Write command to CAS lead time tCWL 10 15 20 ns 18 

Data-in set-up time tos 0 0 0 ns 10,21 

Data-in hold time !DH 10 15 15 ns 10,21 

Data-in hold time referenced to RAS IDHR 45 55 60 ns 6 

Refresh period (Normal) !REF 16 16 16 ms 

Refresh period (L-version) !REF 128 128 128 ms 

Refresh period (F-version) !REF 128 128 128 ms 

CAS to W delay time tcwo 40 50 50 ns 8,17 

RAS to W delay time IRWD 85 95 105 ns 8 

Column address to W delay time IAWD 55 60 65 ns 8 

CAS precharge to W delay time tCPWD 60 65 70 ns 

CAS set-up time (GAS-before-RAS refresh) tCSR 10 10 10 ns 19 

CAS hold time (GAS-before-RAS refresh) ICHR 10 10 10 ns 20 

RAS precharge to CAS hold time tRPC 5 5 5 ns 

CAS precharge time (C-8-R counter test cycle) tCPT 20 25 30 ns 

RAS hold time referenced to OE !ROH 15 20 20 ns 

OE access time IOEA 15 20 20 ns 

OE to data delay !OED 15 20 20 ns 

Output buffer turn off delay time from OE tOEZ 3 15 3 20 3 20 ns 7 

OE commend hold time IOEH 15 20 20 ns 

Access time from CAS precharge !CPA 35 40 45 ns 3 

d!:i:HiJii• 
ELECTRONICS 
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KM416C1204A/A-L/A-F CMOS DRAM 

AC CHARACTERISTICS (Continued) 

-6 -7 -8 
Parameter Symbol Units Notes 

Min Max Min Max Min Max 

Hyper Page mode cycle time tHPC 24 29 34 ns 12 

Hyper Page mode read-modify-write cycle time tHPRWC 76 81 91 ns 12 

GAS orcgarge time (Hyper page mode) tcP 10 10 10 ns 16 

RAS pulse width (Hyper page mode) tRASP 60 200.000 70 200.000 80 200.000 ns 

RAS hold time from CAS precharge tRHCP 35 40 45 ns 

Output data hold time tooH 5 5 5 ns 

Output buffer turn off delay from RAS tREZ 3 15 3 20 3 20 ns 7,14 

Output buffer turn off delay from W tWEZ 3 15 3 20 3 20 ns 7 

W to data delay tWED 15 20 20 ns 

OE to CAS hold time toCH 5 5 5 ns 

CAS hold time to OE tCHO 5 5 5 ns 

OE precharge time tOEP 5 5 5 ns 

W pulse width tWPE 5 5 5 ns 

RAS pulse width (F-ver) tRASS 100 100 100 ,µs 13 

RAS precharge time (F-ver) tRPS 110 130 150 ns 13 

GAS hlod time (F-ver) . tCHS -50 -50 -50 ns 13 

KM416C1204A/ A-LI A-F Truth Table 

RAS LCAS UCAS w OE DQ1-DQs DQ9-DQ1s STATE 
H x x x x Hl-Z Hl-Z Standby 

L H H x x Hl-Z Hl-Z Refresh 

L L H H L DO-OUT Hl-Z Lower Byte Read 

L H L H L Hl-Z DO-OUT Upper Byte Read 

L L L H L DO-OUT DQ-OUT Word Read 

L L H L H DQ-IN Don't Care Lower Byte Write 

L H L L H Don't Care DQ-IN Upper Byte Write 

L L L L H DO-IN DO-IN Word Write 

L L L H H Hl-Z Hl-Z -

•1:!:l:f11hiiP 
ELECTRONICS 
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KM416C1204A/ A-L/ A-F 

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 levE'lls for 
measuring timing of input signals. Transition times 
are measured between V1H(min) and V1L(max) are 
assumed to be 5ns for all inputs. 

3. Measured with a load equivalent to 2TIL Loads 
and 100pF. 

4. Operation within the tRco(max) limit insures that 
tRAc(max) can be met. tRco(max) is specified as a 
reference point only. If tRco is greater than the 
specified tRco(max) limit, then access time is 
controlled exclusively by tcAc. 

5: Assumes that tRco2".tRCD (max). 
6. tAR, twcR, toHR are referenced to tRAD(max). 
7. This parameter defines the time at which the 

output achieves the open circuit condition and is 
not referenced to VoH or VOL. 

8. twcs, tRwo, tcwo and tAWD are non restrictive 
operating parameters. They are includecj in the 
data sheet as electric characteristics only. If twcs 2 
twcs(min) the cycle is an early write cycle and the 
data output will remain high impedance for the 
duration of the cycle. If tcwo2tcwo(min), tRWD2 
tRwo(min) and tAwo2tAwo(min), then the cycle is a 
read-write cycle and the data output will contain 
the data read from the selected address. If neither 
of the above conditions are satisfied, the condition 
of the data out is indeterminate. 

9. Either tRcH or tRRH must be satisfied for a read 
cycle. 

tl1ihilih" 
ELECTRONICS 

CMOS DRAM 

10. These parameters are referenced to the GAS 
leading edge in early write cycles and to the W 
leading edge in read-write cycles, 

11. Operation within the tRAo(max) limit insures that 
tRAc(max) can be met. tRAo(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. 

12. tAsc2tcP min, Assume tr=2.0ns. 
13. 1024 cycle of burst refresh must be executed 

within 16ms before and after self refresh, in order 
to meet refresh specification (F-version) 

14. If RAS goes to high before GAS high going, the 
open circuit condition of the output is achieved by 
CAS high· going. If GAS goes to high before RAS 
high going, the open circuit condition of the output 
is achieved by RAS high going. 

15. tAsc, tCAH are referenced to the earlier CAS falling 
edge. 

16. tcP is specified from the last CAS rising edge in the 
previous cycle to the first CAS falling edge in the 
next cycle. 

17. tcwo is referenced to the later GAS falling edge at -
word read-modify-write cycle. 

18. tcwL is specified from W falling edge to the earlier 
GAS rising edge. 

19. tcsR is referenced to earlier CAS falling low before 
RAS transition low. 

20. tcHR is referenced to the later CAS rising high after 
RAS transition low. 

21. tos, toH is independetly specified for lower byte Din 

(1-8), upper byte Oin(9-16) 

1082 



KM416C1204A/ A-LI A-F 

TIMING DIAGRAM 
WORD READ CYCLE 

NOTE : D1N = OPEN 

V1H -

RAS V IL 

V1H -

UCAS" V1L -

V1H -

LCAS ViL 

V1H -

A V1L -

V1H -

w V1L -

V1H -

OE V1L 

DQ9 - DQ16 VoH - -----

VoL -

ttMHllh" 
ELECTRONICS 

CMOS DRAM 

~ Don't Care 
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KM416C1204A/ A-LI A-F 

TIMING DIAGRAM 
LOWER BYTE READ CYCLE 

NOTE : D1N = OPEN 

CMOS DRAM 

16-----------tRc----------_.. 

V1H -
RAS V 

IL 

UCAS V1H -
CA V1L 

V1H -
[CAS V1L 

V1H -

A V1L -

V1H -

w V1L -

VoH -
DQ1-DQ8 -~~~~-

VoL -

DQ9 - 0016 VoH - -------------- OPEN 
VoL -

•11Jnfi1Jii" ELECl'RONICS 

~ Don't Care 
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KM416C1204A/ A-LI A-F 

TIMING DIAGRAM 
UPPER BYTE READ CYCLE 

NOTE : DIN = OPEN 

----- tRSH---+---.i 

V1H -
[CAS" V1L 

V1H -

A V1L -

V1H -

w V1L -

V1H -

OE V1L -

DQ1 - DQ8 VoH - --------1--- OPEN 
VoL 

tCAS 

+-- tCAC 

---- !RAC -----+---+I 

CMOS DRAM 

kRP 

tRPC 

tcEZ 

1-------i 
DQ9 - DQ16 VoH - ------ OPEN 

VoL -

''""' fiiiii» ELECTRONICS 

~ Don't Care 
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KM416C1204A/A-L/A-F 

WORD WRITE CYCLE ( EARLY WRITE ) 
NOTE : Dour = OPEN 

V1H -

[CAS V1L 

V1H -

A V1L -

w V1H 

V1L 

OE V1H -

V1L 

D01 - 008 ViH -

V1L -

D09 - D016 ViH -

V1L -

411Jnfi@IP 
ELECTRONICS 

CMOS DRAM 

~ Don't Care 
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KM416C1204A/ A-LI A-F 

LOWER BYTE WRITE CYCLE ( EARLY WRITE ) 
NOTE : Dour = OPEN 

V1H -

UCAS V1L -

V1H -

[C"AS V1L -

V1H -

A V1L 

V1H -w 
V1L 

001 ,~ 008 ViH -

V1L -

009 - DQ16 ViH -

V1L -

41"i'¥1iiii" 
ELECTRONICS 

"------.1-twcR.j..__ __ _ 

CMOS DRAM 

~ Don't Care 
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KM416C1204A/ A-LI A-F 

UPPER BYTE WRITE CYCLE ( EARLY WRITE ) 
NOTE : Dour = OPEN 

------ tRSH---+---

V1H -

A V1L -

V1H -w 
V1L 

D01 - DOB ViH -

V1L -

D09 - 0016 ViH -

V1L -

•t:f:l.fiiiii> 
· ELECTRONICS 

tCAS~· --

CMOS DRAM. 

~ Don't Care 
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KM416C1204A/A-L/A-F 

WORD WRITE CYCLE ( OE CONTROLLED WRITE ) 
NOTE : Dour = OPEN 

V1H -

RAS V1L -

V1H -

CAS V1L -

V1H -

CAS V1L -

V1H -

A V1L -

- V1H -

w V1L 

- V1H -

OE V1L -

DQ1 - DQ8 VtH -

V1L -

DQ9 - DQ16 VtH -

V1L -

tt:!:l:filiiliP 
ELECTRONICS 

CMOS DRAM 

~ Don't Care . 
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KM416C1204A/ A-LI A-F 

LOWER BYTE ·WRITE CYCLE (OE CONTROLLED WRITE) 
NOTE : DouT = OPEN 

V1H -

CAS" V1L -

V1H -

CAS" V1L -

V1H -

A V1L -

V1H -

w V1L 

V1H -

ITE V1L 

DQ1 - DQ8 ViH -

V1L -

DQ9 - DQ16 ViH -

V1L -

t1Mfilih» 
ELECTRONICS 

DATA- IN 

CMOS DRAM 

~ Don't Care 
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KM416C1204A/ A-LI A-F 

UPPER BYTE WRITE CYCLE ( OE CONTROLLED WRITE ) 
NOTE : DouT = OPEN 

V1H -

A V1L -

V1H -

w V1L 

001 - DQ8 ViH -

V1L -

DQ9 - DQ16 ViH -

V1L -

.uno1m• 
ELECl'RONICS 

CMOS DRAM 

~ Don't Care 
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KM416C1204A/ A-LI A-F 

WORD READ - MODIFY - WRITE CYCLE 

V1H -

UCAS ViL _ 

V1H -

A V1L -

V1H -w 
V1L 

V1H -

OE V1L -

DQ1 - DQB Vi/OH - ----+---+--~----i~<YAKI 
V110L -

DQ9 - DQ16 Vi/OH - -----------.fVAKI 

V110L -

•1:1:1: Hliii• ELECTRONICS 

CMOS DRAM 

~ Don't Care 
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KM416C1204A/ A-LI A-F CMOS DRAM 

LOWER-BYTE READ - MODIFY - WRITE CYCLE 

i+------------tRwc-------------+1 

V1H -

RAS V1L -

V1H -
UCAS VrL _ 

V1H -
LCAS VrL _ 

V1H -

A V1L -

V1H -

w V1L -

V1H -

OE V1L -

001 - 008 Vi!oH - -----------w.;~1 
V110L 

009 - 0016 VoH - ------------ OPEN 
VoL 

d!:i:fi:W» 
ELECTRONICS 

~ Don't Care 

1093 



KM416C1204A/ A-LI A-F CMOS DRAM 

UPPER-BYTE READ - MODIFY - WRITE CYCLE 

---------tRAs--------+i _______ , 1~---------------~1 

V1H -

A V1L -

V1H -

w V1L -

V1H -

OE V1L -

DQ1 - DQ8 VoH -
VoL -

tcLZ 

--- tRAc---+-..i 
, ____ _ 

DQ9 - DQ16 V110H - -----------®~I 
V110L -

d!:i:filUllP 
ELECTRONICS 

~Don't Care 
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KM416C1204A/A-L/A-F 

HYPER PAGE MODE WORD READ CYCLE 

V1H -
RAS 

V1L -

V1H -

ITCAS" V1L -

CCA"S" 
V1H -
V1L -

V1H -
A 

V1L -

V1H -w 
V1L -

OE 
V1H -
V1L -

001 - DQ8 V110H 

V110L 

-

t1:f:I: f1 :m• 
ELECTRONICS 

kAC__. 
I 

tCPA--+ 

CMOS DRAM 

tREZ 

~ Don't Care 
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KM416C1204A/ A-LI A-F CMOS DRAM 

HYPER PAGE MODE LOWER BYTE READ CYCLE 

-------------tRASP·----------

RAS 
V1H -

V1L -

UCAS 
V1H -

V1L -

[CAS V1H -
V1L -

V1H -
A 

V1L -

V1H -w 
V1L -

V1H -
OE 

V1L -

DQ1 - DQS V110H 
V110L 

DQ9 - DQ16 VoH -
VoL 

-
-

tt:!:i:fill!llP 
ELECTRONICS 

SS 

tRHCP 

tcAc--+ 
I 

kPA--+ 

~Don't Care 
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KM416C1204A/A-L/A-F 

HYPER PAGE.MODE UPPER BYTE READ CYCLE 

V1H -
UCAS 

V1L -

LCAS 
V1H -
V1L -

V1H -
A 

V1L -

V1H -w 
V1L -

DQ1 - DQ8 VoH - -----'~------+-----+-
VoL -

4111Miliii" 
ELECTRONICS 

OPEN 

I 

CMOS DRAM 

~ Don't Care 
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KM416C1204A/ A-U A;,,.F 

HYPER PAGE MODE WORD WRITE CYCLE (EARLY WRITE) 
NOTE : DouT = Open 

VIH -
A V1L -

V1H -

DQ1 - DOB ViL _ 

V1H 

DQ9 - DQ16 ViL _ 

et:f:lifi @IP 
ELECTRONICS 

CMOS DRAM 

Don't Care 
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KM416C1204A/ A-LI A-F CMOS DRAM 

HYPER PAGE MODE LOWER BYTE WRITE CYCLE (EARLY WRITE} 
NOTE : OouT = Open 

V1H -

UCAS V1L 

V1H -

[CAS V1L 

V1H -

A V1L -

V1H -w 
V1L 

V1H -

001 - 008 V1L -

DQ9 - 0016 ~:: ~ 

41:!.l.fillii" ELECTRONICS 

~ Don't Car~ 
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KM416C1204A/ A-LI A-F CMOS DRAM 

HYPER PAGE MODE UPPER BYTE WRITE CYCLE ( EARLY WRITE ) 
NOTE : DouT = Open 

V1H -

UCAS ViL _ 

V1H -

A V1L -

- V1H -

w V1L -

'OE V1H -

V1L 

V1H -

DQ1 - DQ8 ViL _ 

V1H -

DQ9 - DQ16 ViL 

df:I: f)iiiitP 
ELECTRONICS 

~ Don't Care 
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KM416C1204A/ A-LI A-F 

HYPER PAGE MODE WORD READ-MODIFY-WRITE CYCLE 

V1H -
RAS 

V1L -

V1H -
UCAS 

V1L -

V1H -

LCAS ViL _ 

V1H 
A 

V1L -

V1H -w 
V1L -

V1H -

OE V1L -

d!fiflliiliP 
ELECTRONICS 

DATA-OUT DATA-IN 

CMOS DRAM 

DATA-IN 

~ Don't Care 
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KM416C1204A/ A-LI A-F CMOS DRAM 

HYPER PAGE MODE LOWER-BYTE-READ-MODIFY-WRITE CYCLE 

V1H -

RAS V1L -

V1H -

UCAS V1L -

V1H -
A 

V1L -

V1H -w 
V1L -

V1H -

ITE V1L -

009 - DQ16 VoH - ------------- OPEN 
VoL 

tJiJ:WiliHIP 
ELECTRONICS 

~Don't Care 
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KM416C1204A/A-L/A-F CMOS DRAM 

HYPER PAGE MODE UPPER-BYTE-READ-MODIFY-WRITE CYCLE 

V1H -

UCAS" V1L -

V1H -

A V1L -

V1H -

w V1L -

V1H -

OE V1L -

DQ1 - DQ8 VoH - --+-----+----+--+----1---+----+-+- OPEN 
VoL - I 

tt:!f: fjijiltP 
ELECFRONICS 

~tAA--+ 
I 

VALID 
DATA-OUT DATA-IN 

~ Don't Care 
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KM416C1204A/A-L/A-F CMOS DRAM 

HYPER PAGE READ AND WRITE MIXED CYCLE 

-------------- tRAsp-------------+I 

V1H -

RAS V1L -

V1H -
UCAS 

V1L 

V1H -
~ 

V1L 

V1H -
A 

V1L -

V1H -w 
V1L -

OE 
V1H -
V1L -

DQ1 _ V110H 

DOS V110L 

-
-

•lMMW> 
ELECTRONICS 

READ(tCAC) READ(tCPA) WRITE READ(tAA) 

tAA 

~ Don't Care 
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KM416C1204A/ A-LI A-F 

RAS-ONLY REFRESH CYCLE 

NOTE: W, OE, DrN =Don't care 
DouT =Open 

VrH -
A 

VrL -

CAS"-BEFORE-RAS REFRESH CYCLE 

NOTE : W, OE, A= Don't Care 

VrH -
UCAS VrL 

VrH -
[CAS VrL 

VoH -
DQ1 - DQ8 VoL 

·---tCHR---

CMOS DRAM 

VoH -
DQ9 - DQ16 VoL _ I>------------------ OPEN ---------------------~ 

~ Don't Care 

41Mf11Jii" 
· ELECTRONICS 

11 05 



· KM416C1204A/ A-LI A-F 

CAS'-BEFORE-RAS SELF REFRESH CYCLE(LL'!'version) 

NOTE : W, OE, A= Don't Care 

CMOS DRAM 

DQ1 - DQ8 VoH - 1\..--------- OPEN -----------
VoL - ------'I 

DQ9 - DQ16 VoH - 1\..--------- OPEN -----------
VoL - -----'I 

~ Don't Care 

•11BtJiiii» 
ELECTRONICS 
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KM416C1204A/A-L/A-F CMOS DRAM 

HIDDEN REFRESH CYCLE ( READ ) 

"------tRc------------

VtH -

RAS V1L -

VtH -

DCAS V1L -

V1H -
LCAS VtL _ 

V1H -

A V1L -

V1H -

w VtL -

VtH -

OE VtL -

i....._ ___ tRAS -----

i.....---- tRAC ---l----+---i,.--l..':..-:..-:..-:..~:::.-to_Ez~===~==::_ 
DQ1 - DQB VoH - -----~ OPEN 

VoL 

DQ9 - DQ16 VoH - ------ OPEN 
VOL 

•lm':fi@IP 
ELECTRONICS 

DATA-OUT 

DATA-OUT 

~ Don't Care 
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KM416C1204A/ A-LI A-F 

HIDDEN REFRESH CYCLE ( WRITE ) 

NOTE : DouT = OPEN 

V1H -

RAS" V1L -

V1H -

A V1L -

V1H. -

w V1L 

DQ1 - DQ8 ViH -

V1L -

DQ9-DQ16 ViH ~ 
V1L - -1"------'I 

411J:'¥Jiiii» 
ELECTRONICS 

CMOS DRAM 

~ Don't Care 
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KM416C1204A/ A-LI A-F CMOS DRAM 
~-BEFORE-RAS REFRESH COUNTER TEST CYCLE 

V1H -

RAS V1L -

V1H -

UCAS V1L -

V1H -

A V1L -

READ CYCLE 

V1H -

w V1L -

V1H -

OEV IL 

VoH -
DQ1 - DQ16 VoL _ 

WRITE CYCLE 

V1H -

w V1L 

V1H -

OE V1L -

DQ1 - DQ16 ViH -
V1L 

READ-MODIFY-WRITE 

V1H -

w V1L 

1~--~I 14
---- tRSH ---;::~----

---tcHR--+t 1'\l•---tcAs---

lr-+--""I 14
---- tRSH ----1--;::~----

---tCHR--+t 1.----tcAs---

tAWD 

V110H -
DQ1 - DQ16 Vl!oL _ -----------------&~! 

VALID VALID Don't Care 
DATA-OUT DATA-IN 

411Wflllii" 
ELECTRONICS 
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KM416"C1204A/A-L/A-F 

PACKAGE DIMENSION 
42·LEAD PLASTIC SMALL OUT-LINE J-LEAD 

0 

-II 

0 0.004(0.1) 

1.070 127.18) 

1.080 (27.43) 

0.026(0.66) 

0 .030(0. 76) 

CMOS DRAM 

Units: Inches (millimeters) 

--------1 I 0.025(0 .•• , 

. I MIN 

,..,... ~ 
~ 

iO 0 ;::- c;)' 
~ <':! 6' 6' N It) 

0 
,... ,... N (I) <» <» 
iO iO 

0 0 iO iO co N' <D ,... 
(I) 'It 0 0 (I) (I) 
'It 'It 0 

0 0 0 0 0 0 

~ ~ 
o~ 130(3.301 

0.140(3.56) 

· I o ·"" '' ·"' ~ 

44·LEAD PLASTIC THIN SMALL OUT LINE PACKAGE (Forward and Reverse Type) 

26(23) 

25(22) ~,~,·-f-
0.004(0.10) .. 

0.010(0.25) 

•l1l"ifiliiliP 
ELECTRONICS 
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KM416V1 OOOA/ A-LI A-F CMOS DRAM 

1 M x 16 Bit CMOS Dynamic RAM with Fast Page Mode 

FEATURES 
• Performance range: 

tRAC tCAC 

KM416V1 OOOA-6/ A-L6/ A-F6 60ns 15ns 

KM416V1 OOOA-7/A-L7/A-F7 70ns 20ns 

KM416V1 OOOA-8/ A-LB/ A-F8 80ns 20ns 

• Fast Page Mode operation 
• 2 CAS ·eyte/Word Read/Write operation 
• CAS-before-RAS refresh capability 
• RAS-only and Hidden Refresh capability 
• TTL compatible inputs and outputs 

tRC 

110ns 

130ns 

150ns 

GENERAL DESCRIPTION 
The Samsung KM416V1000A/A-UA-F is a CMOS high 
speed 1,048,576 bit x 16 Dynamic Random Access 
Memory. Its design is optimized for high performance 
applications such as personal computer, and high 
performance portable computers. 

The KM416V1000A/A-UA-F features Fast Page Mode 
operation which allows high speed random access of 
memory cells within the same row. GAS-before-RAS 
refresh capability provides on-chip auto refresh as an 
alternative to RAS-only refresh. All inputs and outputs 
'are fully TTL compatible. 

• Early write or output enable controlled write The KM416V1000A/A-L/A-F is fabricatea using 
Samsung's advanced CMOS process. • Triple +3.3V ± 0.3V power supply 

• Refresh Cycle 
- 4096 cycle/64ms (Normal) 
- 4096 cycle/128ms (L-version) 
- 4096 cycle/128ms (F-version) 

• JEDEC standard pinout 
• Available in plastic SOJ and TSOP(ll) packages 

FUNCTIONAL BLOCK DIAGRAM 

RAS 

LCAS Control 

~: 
Lower 

UCAS Clocks Data in 
w VBB Generator Buffer DQ1 

to 

Lower 
DQs 

Refresh Control Row Decoder Data out 
Buffer 

Q 
ca Upper 

OE 
Refresh Counter Memory Array Cf) 

c. Data in 
1,048,576 x 16 E 

Cells 
<( Buffer 
Ql DQg Cf) 

Ao-A11 Row Address Buffer c to Ql 
(/) Upper DQ16 

Data out 

AO-A7 Col. Address Buffer Column Decoder Buffer 

t1'Mfi@> 
ELECTRONICS 
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KM416V1 OOOA/ A-LI A-F CMOS DRAM 

PIN CONFIGURATION (Top Views) 

• KM416V1 OOOAJ • KM416V1000AT • KM416V1 OOOAR 

VDD 1 0 42 Vss VDD 10 44 Vss Vss 44 1 VDD 

001 2 41 0016 001 2 43 001s 001s 43 2 001 

002 3 40 001s 002 3 42 001s 001s 42 3 002 

003 4 39 0014 003 4 41 0014 0014 41 4 003 

004 5 0013 004 5 40 0013 0013 40 5 004 
38 

6 37 Voo 6 39 Vss Vss 39 6 VDD 
Voo Vss 

00s 7 38 0012 0012 38 7 00s 
OOs 7 36 0012 

OOs 8 37 0011 0011 37 8 OOs 
00s 8 35 0011 001 9 36 0010 0010 36 9 001 
007 9 34 8010 OOs 10 35 DOg DOg 35 10 DOs 
OQs 10 33 OOg N.C. 11 34 N.C. N.C. 34 11 N.C. 

N.C. 11 32 N.C. 

N.C. 12 31 LCAS 

w 13 30 UCAS N.C. 12 33 N.C. N.C. 33 12 N.C. 

RAS 14 29 OE N.C. 13 32 LCAS LCAS 32 13 N.C. 

w 14 31 TICAS UCAS 31 14 w 
Ai1 15 28 Ag 

RAS 15 OE OE 30 MS 
16 

30 15 
A10 27 As 

A11 16 29 Ag Ag 29 16 A11 
Ao 17 26 A1 A10 17 28 As As 28 17 A10 
A1 18 28 As Ao 18 27 A1 A1 27 18 Ao 

A2 19 24 As A1 19 26 As As 26 19 A1 

A3 20 .o 23 A4 A2 20 0 
25 As As 25 0 20 A2 

Voo 21 22 Vss A3 21 24 A4 A4 24 21 A3 

Voo 22 23 Vss Vss 23 22 VDD 

(SOJ) 
(TSOP(ll)-Forword) (TSOP(ll)-Reverse) 

Pin Name Pin Function 

Ao-A11 Address Inputs 

DQH6 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 

VDD Power(+3.3V) 

N.C. No connection 

•J:l:'iiliiJiP 
ELECTRONICS 
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KM416V1 OOOA/ A-LI A-F CMOS DRAM 

ABSOLUTE MAXIMUM RATINGS* 
Parameter Symbol Rating Units 

Voltage on Any Pin Relative to Vss VIN, Vour -0.5 to 4.6 v 
Voltage on Voo Supply Relative to Vss Voo -0.5 to 4.6 v 
Storage Temperature Tstg -55 to+150 QC 

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 fo 
absolute maximum rating conditions for extended periods may affect device reliability. 

RECOMMENDED OPERATING CONDITIONS (Voltage referenced to Vss, TA=O to 70°C) 

Parameter Symbol Min Typ Max Unit 

Supply Voltage Voo 3.0 3.3 3.6 v 
Ground Vss 0 0 0 v 
Input High Voltage VIH 2.1 - Voo+0.3 v 
Input Low Voltage VIL -0.3 - 0.8 v 

DC AND OPERATING CHARACTERISTICS 
(Recommended operating conditions unless otherwise noted) 

Parameter Symbol Min Max Units 

Operating Current* 
KM416V1 OOOA-6/ A-L6/ A-F6 90 mA 

(RAS, UCAS or LCAS, Address Cycling @tRc=min.) 
KM416V1 OOOA-7 I A-L7 I A-F7 lcc1 - 80 mA 
KM416V1 OOOA-8/ A-L8/ A-F8 70 mA 

Standby Current 
KM416V1 OOOA 2 mA 

(RAS=UCAS=LCAS=W=V1H) 
KM416V1 OOOA-L lcc2 - 1 mA 
KM416V1 OOOA-F 1 mA 

RAS-Only Refresh Current* 
KM416V1 OOOA-6/ A-L6/ A-F6 90 mA 

(UCAS=LCAS=VIH, RAS, Address Cycling @tRc=min.) 
KM416V1 OOOA-7 I A-L7 I A-F7 ICC3 - 80 mA 
KM416V1 OOOA-8/ A-L8/ A-F8 70 mA 

Fast Page Mode Current* 
KM416V1 OOOA-6/ A-L6/ A-F6 90 mA 

(RAS=VIL, UCAS or LCAS, Address Cycling @tPC=min.) 
KM416V1OOOA-7 I A-L7 I A-F7 ICC4 - 80 mA 
KM416V1 OOOA-8/ A-L8/ A-F8 70 mA 

Standby Current 
KM416V1 OOOA 1 mA 

(RAS=UCAS=LCAS=W=Voo-0.2V) 
KM416V1 OOOA-L Ices - 300 µA 
KM416V1 OOOA-F 200 µA 

GAS-Before-RAS Refresh Current* 
KM416V1 OOOA-6/ A-L6/ A-F6 90 mA 

(RAS, UCAS or LCAS Cycling @tRc=min.) 
KM416V1 OOOA-7 I A-L7 I A-Fl ICC6 - 80 mA 
KM416V1 OOOA-8/ A-L8/ A-F8 70 mA 

Battery Back-Up Current, Average Power Supply Current, 
Battery Back-Up Mode, Input High Voltage(V1H)=VDD"0.2V, 
Input Low Voltage(VIL)=0.2V KM416V1 OOOA-L ICC? - 450 µA 
UCAS, LCAS= 0.2V 
DIN=Don't Care, tRc=31.25µs (L-Version) 
tRAs=tRAs min-300ns 

•tMfilJiliP 
ELECTRONICS 
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KM416V1 OOOA/ A-LI A-F CMOS DRAM 

DC AND OPERATING CHARACTERISTICS (Continued) 
(Recommended operating conditions unless otherwise noted) 

Parameter Symbol Min Max Units 

Self Refresh Current 
RAS=UCAS=LCAS=VIL KM416V1 OOOA-F Ices 250 µA 
W=OE=Ao-A11=Voo-0.2V or 0.2V -
DQ1-DQ1s=Voo-0.2V or 0.2V or Open 

Input Leakage Current ll(L) -10 10 µA 
(Any input 0::;; VIN ::;; Voo+0.3\1, all other pins not under test=O V) 

Output Leakage Current IO(L) -10 10 µA 
(Data out is disabled, OV::;;Vour::;;Voo) 

Output High Voltage Level (IOH=-2mA) VoH 2.4 - v 
Output Low Voltage Level (loL=2mA) VOL - 0.4 v 

*NOTE: lcc1, Ices, 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 and Ices, address can be changed maximum 
once while RAS=VIL. In lcc4, Address can be changed maximum once while page mode cycle time tPc. 

CAPACITANCE (TA=25°C, Voo=3.3V. f=1MHz) 

Parameter Symbol Min 

Input Capacitance (Ao-A11) CIN1 -
Input Capacitance (RAS, LCAS, UCAS, W, OE) CIN2 -
Output Capadtance (DQ1-DQ1s) Coa -

AC CHARACTERISTICS (0°C:S:TA::::;?0°C, VDD=3.3V±0.3V, See notes 1,2) 
(Test condition: V1HNIL=2.1V/0.8V, VoHNOL=2.0V/0.8V, Output Loading CL=100pF) 

-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 RAS tRAC 60 70 

Access time from CAS 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 !OFF 0 15 0 15 

Transition time (rise and fall) tr 3 50 3 50 

RAS precharge time tRP 40 50 

RAS pulse width tRAS 60 10,000 70 10,000 

RAS hold time tRSH 15 20 

CAS hold time tCSH 60 70 

CAS pulse width tCAS 15 10,000 20 10,000 

RAS to GAS delay time tRCD 20 45 20 50 

RAS to column address delay time tRAD 15 30 15 35 

t1:f:I: filiii" ELECTRONICS 

Max Unit 

5 pF 

7 pF 

7 pF 

-8 
Units Notes 

Min Max 

150 ns 

205 ns 

80 ns 3,4,11 

20 ns 3,4,5 

40 ns 3,11 

0 ns 3 

0 15 ns 7 

3 50 ns 2 

60 ns 

80 10,000 ns 

20 ns 

80 ns 

20 10,000 ns 

20 60 ns 4 

15 40 ns 11 

1114 



KM416V1 OOOA/ A-LI A-F CMOS DRAM 

AC CHARACTERISTICS (Continued) 

-6 -7 -8 
Parameter Symbol Units Notes 

Min Max Min Max Min Max 

CAS to RAS precharge time tCRP 5 5 5 ns 

Row address set-up time tASR 0 0 0 ns 

Row address hold time tRAH 10 10 10 ns 

Column address set-up time tAsc 0 0 0 ns 

Column address hold time tCAH 10 15 15 ns 

Column address hold time referenced to RAS tAR 45 55 60 ns 6 

Column address to RAS lead time tRAL 30 35 40 ns 

Read command set-up time tRCS 0 0 0 ns 

Read command hold time referenced to CAS tRCH 0 0 0 ns 9 

Read command hold time referenced to RAS tRRH 0 0 0 ns 9 

Write command set-up time twcs 0 0 0 ns 8 

Write command hold time tWCH 10 15 15 ns 

Write command hold time referenced to RAS tWCR 45 50 55 ns 6 

Write command pulse width twP 10 15 15 ns 

Write command to RAS lead time tRWL 15 15 20 ns 

Write command to CAS lead time tCWL 15 15 20 ns 

Data-in set-up time tos 0 0 0 ns 10 

Data-in hold time tDH 10 15 15 ns 10 

Data-in hold time referenced to RAS tDHR 45 55 60 ns 6 

Refresh period (Normal) tREF 64 64 64 ms 

Refresh period (L-version) tREF 128 128 128 ms 

Refresh period (F-version) tREF 128 128 128 ms 

CAS to W delay time tcwo 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 (GAS-before-RAS refresh) tCSR 10 10 10 ns 

CAS hold time (GAS-before-RAS refresh) tCHR 10 10 10 ns 

RAS precharge to CAS hold time tRPC 5 5 5 ns 

CAS precharge time (C-B-R counter test cycle) tCPT 20 25 30 ns 

Access time f!om 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 

RAS pulse eidth (Fast page mode) tRASP 60 200K 70 200K 80 200K ns 

RAS hold time from CAS precharge tRHCP '35 40 45 ns 

CAS precharge time (Fast page mode) tCP 10 10 10 ns 

RAS hold time referenced to OE tROH 15 20 20 ns 

•1Mfiihi" ELECTRONICS 

1115 



KM416V1 OOOA/ A-LI A-F CMOS DRAM 

AC CHARACTERISTICS (Continued) 

-6 -7 -8 
Parameter Symbol Units Notes 

Min Max Min Max Min Max 

OE access time tOEA 15 20 20 ns 

OE to data delay tOED 15 20 20 ns 

Output 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 (F-ver) tRASS 100 100 100 . µs 19 

RAS precharge time (F-ver) tRPS 110 130 150 ns 19 

CAS hied time (F-ver) tCHS -50 -50 -50 ns 19 

KM416V1 OOOA/ A-LI A-F Truth Table 

RAS LCAS UCAS w OE DQ1-DQs DQ9-DQ1e STATE 

H x x x x Hl-Z Hl-Z Standby 

L H H x x Hl-Z Hl-Z Refresh 

L L H H L DQ-OUT Hl-Z Lower Byte Read 

L H L H ·L Hl-Z DQ-OUT Upper Byte Read 

L L L H L DQ-OUT DQ-OUT Word Read 

L L H L H DQ-IN Don't Care Lower Byte Write 

L H L L H Don't Care DQ-IN Upper Byte Write 

L L L L H DQ-IN DQ-IN Word Write 

L L L H H Hl-Z Hl-Z -

41iJi'ifiijiliP 
ELECTRONICS 
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KM416V1 OOOA/ A-LI A-F 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) 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. tAR, twcR, tDHR are referenced to tRAD(max). 
7. toFF(max) defines the time at which the output achieves the open circuit condition and is not referenced to VoH or 

VOL. 

8. 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 cycle 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 are satisfied, the condition of the data out is indeterminate. 

9. Either tRCH or tRRH must be satisfied for a read cycle. 
10. These parameters are referenced to the CAS leading edge in early write cycles and to the W leading edge in read

write cycles. 
11. 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. 
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. 

ADD. 

w 

16. tcsR is referenced to earlier CAS falling low before RAS transition low. 
17. tcHR is referenced to the later CAS rising high after RAS transition low. 

tcsR 
le HR 

4Jifafiij}llP 
ELECTRONICS 
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KM416V1 OOOA/ A-LI A-F CMOS DRAM 

18. tos, toH is independetly specified for lower byte Din(1-8), upper byte Din(9-16) 

19. 4096 cycle of burst refresh must be executed within 16ms before and after self refresh, in order to meet refresh 
specification (F-version). 

TIMING DIAGRAMS 
WORD READ CYCLE 

V1H -
RA.S 

Vil -

UCAS 
V1H -

Vil -

LC7iS 
V1H -

Vil-

A 
V1H-

Vil-

w V1H -

Vil-

V1H-
OE 

Vil-

D01·D01s 
Vat-. -

VOL-

ttifafiihitP 
ELECTRONICS 

~DON'T CARE 
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KM416V1000A/A-L/A-F CMOS DRAM 

TIMING DIAGRAMS (Continued) 

LOWER BYTE READ CYCLE 
f------------tRc------------4 

t---------!RAS----~----i 

A V1H -

Vil -

w V1H -

Vil-

BE 
V1H -

Vil -

VoH - ------
Vol-

VoH-
DOs-D016 ----------------

Vol-

UPPER BYTE READ CYCLE 

A 
V1H-

Vil-

w V1H-

Vil-

5E 
V1H-

Vil-

D01-DOa 
VoH-

Vol-

DQg-DQ16 
VoH-

Vol-

•11Uiti'lh• 
ELECTRONICS 

i------------tRc-----------

--------!RAS--------

OPEN 

-------t----!RsH-----f 

i----+---tcAs----

VALID DATA-OUT 

~ DON'TCARE 
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KM416V1 OOOA/ A-LI A-F CMOS DRAM 

TIMING DIAGRAMS (Continued) 

WORD WRITE CYCLE (EARLY WRITE) 

rn; V1H-

V1L -

DQ1-D01s 
V1H-

V1L-

LOWER BYTE WRITE CYCLE (EARLY WRITE) 

--------tRAs-------

RAS 
V1H-

tAR 
V1L-

OGAS V1H -

V1L- tRco- tRSH 

tcsH 

L.CAS V1H-

V1L-

A V1H-

V1L -

w V1H :.._ 

V1L -

OE 
V1H -

V1L -

D01·DOa 
V1H -

V1L -

= 
~DON'T CARE 

•tMHiiii• ELECTRONICS 
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KM416V1 OOOA/ A-LI A-F CMOS DRAM 

TIMING DIAGRAMS (Continued) 

UPPER BYTE WRITE CYCLE (EARLY WRITE) 

RAS 
V1H -

V1L -

UCAS 
V1H -

V1L-

V1H -
LCAS 

V1L -

A 
V1H-

V1L-

w V1H-

V1L-

BE 
V1H-

V1L-

DQ,-DOa V1H -

V1L -

V1H -
DQ9-D01e 

V1L -

WORD WRITE CYCLE COE CONTROLLED WRITE) 

V1H-
RAS 

V1L -

V1H -
OGAS 

V1L -

V1H -
LCAS 

V1L-

V1H -
A 

V1L-

w V1H-

V1L-

V1H-

OE 
V1L -

oa,-oa,s V1H -

V,L-

~DON'T CARE 

tJ:!:i:fllhiiP 
ELECTRONICS 
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KM416V1 OOOA/ A-LI A-F CMOS DRAM 

TIMING DIAGRAMS (Continued) 

LOWER BYTE WRITE CYCLE (OE CONTROLLED WRITE) 
tRC 

tRAS 

RAS 
V1H-

V1L -

~ 
V1H-

V1L -

V1H-

~ 
V1L -

A 

V1H - ~~7'\7'rn'":~~i"t"7'~~~-,.::""J~ --w 
V1L - ~~t.:;;;,t..~~~t,;;;;,t.;.~~~C;;,t.;.~~-----~~~~~~~~~C;:;L;;;£. 

V1H -

V1L - .x....l<-"'-"--~~'"-¥-~.;;,, 

D01·DOa 

UPPER BYTE WRITE CYCLE (OE CONTROLLED WRITE) 

00 DON'T CARE 

tlm'itilhi• 
ELECTRONICS 
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KM416V1 OOOA/ A-LI A-F 

TIMING DIAGRAMS (Continued) 

WORD READ-MODIFY-WRITE CYCLE 

RAS 
V1H -

V1L -

V1H -

~ 
V1L -

LCA8 
V1H -

V1L -

V1H -
A 

V1L -

w V1H -

V1L -

V1H -

OE 
V1L -

V110H - ---------+--<IV 
V110L-

READ-MODIFY-LOWER-BYTE-WRITE CYCLE 

CMOS DRAM 

f---------------tRwc---------------1 

V1H -

RAS 
V1L -

~ 
V1H -

V1L-

~ 
V1H -

V1L -

V1H -

A 
V1L -

w V1H -

V1L-

OE 
V1H-

V1L-

DQ,-DOa 
V1/0H -

V110L-

VI/OH -
DOs-D01s 

V110L -

~.OON'TCARE 

•tMHlhi* ELECTRONICS 
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KM416V1 OOOA/ A-LI A-F 

TIMING DIAGRAMS (Continued) 

READ-MODIFY-UPPER-BYTE-WRITE CYCLE 

V1H -

RAS 
Vil-

iJCAS 
V1H -

V1l -

V1H -

LCAS 
Vil -

V1H -
A 

Vil -

w V1H -

Vil -

OE 
V1H -

Vil -

V110H-
D01·DOa 

V11ol -

D09·D01s 
V110H-

V11ol-

FAST PAGE MODE WORD READ CYCLE 

V1H -
RAS 

Vil -

V1H -

UCAS 
Vil-

LCAS 
V1H-

Vil -

V1H -
A 

Vil -

V1H -

w 
Vil -

V1H -

OE 
Vil -

tlMHliii" ELECTRONICS 

CMOS DRAM 

00 DON'T CARE 
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KM416V1 OOOA/ A-LI A-F CMOS DRAM 

TIMING DIAGRAMS (Continued) 

FAST PAGE MODE LOWER BYTE READ CYCLE 

RAS 
V1H -

v,l -

UCAS 
V1H -

v,l -

LCAS 
V1H-

V1l -

V1H-
A 

VIL -

w V1H -

Vil-

OE V1H -

Vil -

D01·DOa 
VoH-

Vol -

DOs-0015 
VoH -

FAST PAGE MODE UPPER BYTE READ CYCLE 
1-------------lRASP'----------

RAS 
V1H - lAR 

Vil -

OGAS 
V1H -

Vil -

CCAS 
V1H -

Vil -

V1H -
A 

Vil -

V1H -w 
Vil -

V1H -
OE 

Vil -

D01·DOa 
VoH -

Vol -

DOs·D015 
VoH -

Vol-

~ DONTCARE 

ttMfi:WiP 
ELECTRONICS 
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KM416V1 OOOA/ A-LI A-F CMOS DRAM 

TIMING DIAGRAMS (Continued) 

FAST PAGE MODE WORD WRITE CYCLE (EARLY WRITE) 

V1H -
RAS 

Vil -

UCAS 
V1H-

Vil-

V1H-

LCAS 
Vil-

A 
V1H-

Vil-

V1H-

w 
Vil-

V1H-

5E 
Vil -

D01-D01s 
V1H-

Vil-

FAST PAGE MODE LOWER BYTE WRITE (EARLY WRITE) 

RAS 
V1H -

Vil-

V1H-

OGAS 
Vil-

V1H -

LCAS 
Vil -

V1H -
A 

Vil -

V1H -w 
Vil-

~ 
V1H-

Vil-

001-DOa 
V1H -

Vil -

DOs-D01s 

tJMfiliiiiP 
ELECTRONICS 
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KM416V1 OOOA/ A-LI A-F CMOS DRAM 

TIMING DIAGRAMS (Continued) 

FAST PAGE MODE UPPER BYTE WRITE CYCLE (EARLY WRITE) 

V1H -
RAS 

VIL -

V1H -
UCAS V1L -

V1H -
LCAS 

V1L -

V1H -
A V1L -

w V1H -

V1L -

OE 
V1H-

V1L-

D01-DOa 
V1H -

V1L -

DOs-D015 
V1H -

V1L -

FAST PAGE MODE WORD READ-MODIFY-WRITE CYCLE 

V1H -
RAS V1L -

V1H -
OGAS 

V1L-

V1H-
CCAS 

V1L-

V1H -
A 

V1L-

w V1H-

V,L-

V1H -
OE 

V1L -

D01-D015 
V1.QH -

V10L-

VALID DATA-OUT VALID DATA-IN 

DON'T CARE 

t1MH'lh" 
ELECTRONICS 
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KM416V1 OOOA/ A-LI A-F CMOS DRAM 

TIMING DIAGRAMS (Continued) 

FAST PAGE MODE READ-MODIFY-LOWER-BYTE-WRITE CYCLE 

RAS 
V1H-

V1L-

OGAS 
V1H -

V1L-

[CAS 
V1H-

V1L -

V1H-
A 

V1L-

w V1H-

V1L-

OE 
V1H-

V1L-

D01-DOa 
V110H-

V110L-

VALID DATA-OUT VALID DATA-IN VALID QATA-OUT VALID DATA-IN 
V110H -

DQ9-D016 ~~~~~~~~~~~~~~~~~OPEN~~~~~~~~~~~~~~-

V10L -

FAST PAGE MODE READ-MODIFY-UPPER-BYTE-WRITE CYCLE 

V1H-
RAS 

V1L -

V1H-
OGAS 

V1L-

[GAS 
V1H-

V1L-

V1H -
A 

V1L-

V1H-
w 

V1L-

BE V1H -

V1L -

D01-DOa 
V1.0H -

VvoL-

DQ9 -D015 
V1.0H -

V10L -

t1Mfilih» 
ELECTRONICS 

-tPRWC 

le AS 

VALID DATA-OUT 

!RASP 

!ASH 

le AS 

VALID DATA-OUT VALID DATA-IN 

~DON'T CARE 
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KM416V1 OOOA/ A-LI A-F 

TIMING DIAGRAMS (Continued) 

RAS ONLY REFRESH CYCLE 
NOTE W. OE=Don't Care 

CAS-BEFORE-RAS REFRESH CYCLE 
NOTE: W, OE, A= Don't Care 

v,h -
UCAS 

VrL -

LCAS 
VrH -

VrL -

VoH-

CMOS DRAM 

001-0016 11----------0PEN------------
VoL-

CAS-BEFORE·RAS SELF REFRESH CYCLE (Self restresh only) 
NOTE: W, OE, A= Don't Care 

RAS 
V1H- IRASS 

V1L-

V1H-
UCAS 

VrL-

LCAS 
V1H-

V1L-

VOH -
001-0016 

Vol -
OPEN--------------

~ DON'TCARE 

dfofilhliP 
ELECTRONICS 
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KM416V1 OOOA/ A-U A-F 

TIMING DIAGRAMS ·(continued) 

HIDDEN REFRESH CYCLE (READ) 

V1H -

AAS 
V1L -

OCAS 
V1H-

V1L-

V1H-

[CA'S 
V1L -

V1H-
A 

V1L-

w V1H-

V1L -

~ 
V1H-

V1L-

oa,-oa16 VoH-

VoL -

HIDDEN REFRESH CYCLE (WRITE) 

V1H-

RAS 
V1L-

V1H-

OCAS 
V1L -

V1H-

~ V1L-

A 
V1H-

V1L-

V1H-w 
V1L-

~ 
V1H -

V1L ~ 

VoH-
oa,-oa,s 

Vm-

tJ:!:i:fiihitP 
ELECTRONICS 

CMOS DRAM 

fQQl DON'T CARE 
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KM416V1000A/A-L/A-F CMOS DRAM 

TIMING DIAGRAMS (Continued) 

CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 

V1H-

RA'S 
V1L -

V1H-

~ 
V1L-

~ 
V1H-

V1L -

V1H-

A 
V1L-

READ CYCLE 

V1H-

w 
V1L -

V1H-

OE 
V1L -

WRITE CYCLE 

D01·DQ15 VoH - -------OPEN----......c:1 
VoL - .,.._...,.....----......,-

lcwL 

READ-MODIFY-WRITE 

w V1H

V1L - ~~~~~~~~~~Q,i.;.~~ 

V1H-

OE V1L - ---------------""""*-+--+-' 
V110H -

D01·D01e ----~------------<1.11..XI 
V110L -

VALID DAT A-OUT 

~DON'T CARE 

tt:!:i:Hllh• 
ELECTRONICS 
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KM416V1 OOOA/ A-LI A-F 

PACKAGE DIMENSION 
42·LEAD PLASTIC SMALL OUT-LINE J·LEAD 

0 

0 0.004(0. 1) 

1.070 (27.18) 

1.080 (27.43) 

0.026(0.66) 

0.030(0.76) 

0 

CMOS DRAM 

Units: Inches (millimeters) 

-i 
0.025(0.64) 

MIN 

,...., F=\1 
~ 

ii) 0 ~<? 
~ ~ 00 C\I '° ... ... C\I <") ai ai 
ii) ii) 

ci ci ii) ii) "«) (\j" 
ID ..... 

<") ..,. 0 0 <") <") ..,. ..,. 0 
ci ci ci ci ci ci 

I'----~ 
J.130(3.30) 

0.140 3.56 

44-LEAD PLASTIC THIN SMALL OUT LINE PACKAGE (Forward and Reverse Type) 

0.841(21.35) MAX 

0.821(20.85) 

0.829(21.05) 

0.036(0.925) O;Ql0(0.34) 

O.Ql 8(0.36) 

d':'&J@tP 
ELECTRONICS 

26(23) 

25(22) 

0.031(0.80) 

TYP 

~--+--
0.004(0.10) II 
0.010(0.25) 
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KM416V1200A/ A-LI A-F CMOS DRAM 

1 M x 16 Bit CMOS Dynamic RAM with Fast Page Mode 

FEATURES 
• Performance range: 

tRAC tCAC tRC 

KM416V1200A-6/ A-L6/ A-F6 60ns 15ns 110ns 

KM416V1200A-7 I A-L 7 I A-F7 70ns 20ns 130ns 

KM416V1200A-8/ A-LS/ A-F8 80ns 20ns 150ns 

• Fast Page Mode operation 
• 2 CAS Byte/Word Read/Write operation 
• CAS-before-RAS refresh capability 
• RAS-only and Hidden Refresh capability 
• TTL compatible inputs and outputs 
• Early write or output enable controlled write 
• Triple +3.3V ±0.3V power supply 
• Refresh Cycle 

-1024 cycle/16ms (Normal) 
- 1024 cycle/128ms (L-version) 
- 1024 cycle/128ms (F-version) 

• JEDEC standard pinout 
• Available in plastic SOJ and TSOP(ll) packages 

FUNCTIONAL BLOCK DIAGRAM 

RAS 

LCAS Control 
UCAS Clocks 

GENERAL DESCRIPTION 
The Samsung KM416V1200A/A-UA-F is a CMOS high 
speed 1,048,576 bit x 16 Dynamic Random Access 
Memory. Its design is optimized for high performance 
applications such as personal computer, and high 
performance portable computers. 

The KM416V1200A/A-UA-F features Fast Page Mode 
operation which allows high speed random access of 
memory cells within the same row. GAS-before-RAS 
refresh capability provides on-chip auto refresh as an 
alternative to RAS-only refresh. All inputs and outputs 
are fully TIL compatible. 

The KM416V1200A/A-L/A-F is fabricated using 
Samsung's advanced CMOS process. 

Lower 
Data in 

w VBB Generator 
id[~~ 

Buffer DQ1 
to 

DQs 
Lower 

Refresh Control Row Decoder Data out 
Buffer 

Q 
OE o6 Upper Refresh Counter Memory Array en c. Data in 

1,048,576 x 16 E 
Cells 

<{ Buffer 
w DQg 

Row Address Buffer en 
Ao-Ag c to w 

(/) Upper DQ16 
Data out 

Ao-Ag Col. Address Buffer Column Decoder Buffer 

dtnf1@iP 
ELECTRONICS 
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KM416V1200A/ A-LI A-F CMOS DRAM 

PIN CONFIGURATION (Top Views) 

• KM416V1200AJ • KM416V1200AT • KM416V1200AR 

1 0 42 Vss Voo 10 44 Vss Vss 44 1 VDD 

DQ1 2 41 DQ1s DQ1 2 43 DQ1s DQ1s 43 2 DQ1 

DQ2 3 40 DQ1s DQ2 3 42 DQ1s DQ1s 42 3 DQ2 

DQ3 4 39 DQ14 DQ3 4 41 DQ14 DQ14 41 4 DQ3 

DQ4 5 DQ13 DQ4 5 40 DQ13 DQ13 40 5 DQ4 
38 

6 37 VDD 6 39 Vss Vss 39 6 Voo 
Voo Vss 

DQs 7 38 DQ12 DQ12 38 7 DQs 
DQs 7 36 DQ12 DQs 8 37 DQ11 DQ11 37 8 ·DQs 
DQs 8 35 DQ11 DQ1 9 36 DQ10 DQ10 36 9 DQ1 
DQ1 9 34 DQ10 DQa 10 35 DQs DQs 35 10 DQa 
DQs 10 33 DQs N.C. 11 34 N.C. N.C. 34 11 N.C. 

N.C. 11 32 N.C. 

N.C. 12 31 LCAS 

w 13 30 OGAS N.C. 12 33 N.C. N.C. 33 12 N.C. 

RAS 14 29 OE N.C. 13 32 LCAS LCAS 32 13 N.C. 

w 14 31 UCAS UCAS 31 14 w 
N.C. 15 28 As 

RAS 15 30 OE Ct 30 RAS 15 
N.C. 16 27 As 16 29 As 29 16 N.C N.C As 

Ao 17 26 A1 N.C 17 28 As As 28 17 N.C 

A1 18 28 As Ao 18 27 A1 A1 27 18 Ao 

A2 19 24 As A1 19 26 As As 26 1~ A1 

A3 20 0 23 A4 A2 20 25 As As 25 0 20 A2. 

Voo 21 22 Vss A3 21 0 24 A4 A4 24 21 A3 
VDD 22 23 Vss Vss 23 22 VDD 

(SOJ) 
(TSOP(ll)-Forword) (TSOP(ll)-Reverse) 

Pin Name Pin Function 

Ao-Ag Address Inputs 

001-16 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 

Voo Power(+3.3V) 

N.C. No connection 

tJMfl@tP 
ELECTRONICS 
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KM416V1200A/ A-LI A-F CMOS DRAM 

ABSOLUTE MAXIMUM RATINGS* 
Parameter Symbol Rating Units 

Voltage on Any Pin Relative to Vss VIN, VOUT -0.5 to 4.6 v 
Voltage on Voo Supply Relative to Vss Voo -0.5 to 4.6 v 
Storage temperature Tstg -55 to+150 cc 
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 (Voltage referenced to Vss, TA=O to 10°C) 

Parameter Symbol Min Typ Max Unit 

Supply Voltage Voo 3.0 3.3 3.6 v 
Ground Vss 0 0 0 v 
Input High Voltage V1H 2.1 - Voo+0.3 v 
Input Low Voltage VIL -0.3 - 0.8 v 

DC AND OPERATING CHARACTERISTICS 
(Recommended operating conditions unless otherwise noted) 

Parameter Symbol Min Max Units 

Operating Current* 
KM416V1200A-6/ A-L6/ A-F6 150 mA 
KM416V1200A-7 I A-L7 I A-F7 lcc1 - 140 mA 

(RAS, UCAS or LCAS, Address Cycling @tRC=min.) 
KM416V1200A-S/ A-LS/ A-FS 130 mA 

Standby Current 
KM416V1200A 2 mA 

(RAS=UCAS=LCAS=W=VIH) 
KM416V1200A-L lcc2 - 1 mA 
KM416V1200A-F 1 mA 

RAS-Only Refresh Current* 
KM416V1200A-6/ A-L6/ A-F6 150 mA 
KM416V1200A-7 I A-L7 I A-F7 ICC3 - 140 mA 

(UCAS=LCAS=VIH, RAS, Address Cycling @tRc=min.) 
KM416V1200A-S/ A-LS/ A-FS 130 mA 

Fast Page Mode Current* 
KM416V1200A-6/ A-L6/ A-F6 100 mA 

(RAS=VIL, UCAS or LCAS, Address Cycling @tPC=min.) 
KM416V1200A-7 I A-L7 I A-F7 ICC4 - 90 mA 
KM416V1200A-S/ A-LS/ A-FS so mA 

Standby Current 
KM416V1200A 1 mA 

(RAS=UCAS=LCAS=W=Voo-0.2V) 
KM416V1200A-L Ices - 300 µA 
KM416V1200A-F 200 µA 

GAS-Before-RAS Refresh Current* 
KM416V1200A-6/ A-L6/ A-F6 150 mA 

(RAS, UCAS or LCAS Cycling @tRc=min.) 
KM416V1200A-7 I A-L7 I A-F7 ICC6 - 140 mA 
KM416V1200A-S/ A-LS/ A-FS 130 mA 

Battery Back-Up Current, Average Power Supply Current, 
Battery Back-Up Mode, Input High Voltage(V1H)=Voo-0.2V, 
Input Low Voltage(V1L)=0.2V KM416V1200A-L ICC7 - 350 µA 
UCAS, LCAS~ 0.2V 
DIN=Don't Care, tRC=125µs (L-Version) 
tRAS=tRAs min-300ns 

tti!:':fiiJU$ 
ELECTRONICS 
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KM416V1200A/ A-LI A-F CMOS DRAM 

DC AND OPERATING CHARACTERISTICS (Continued) 
(Recommended operating conditions unless otherwise noted) 

Parameter Symbol Min Max Units 

Self Refresh Current 
RAS=UCAS=LCAS=0.2V 

KM416V1200A-F Ices 250 µA 
W=r5E.=Ao-A9=Voo-0.2V or 0.2V 

-

DQ1-DQ16=Voo-0.2V or 0.2V or Open 

Input Leakage Current h(L) -10 10 µA 
(Any input 0 s:; VIN s:; Voo+0.3V, all other pins not under test=O V) 

Output Leakage Current IO(L) -10 10 µA 
(Data out is disabled, OVs:;Vours:;Voo) 

Output High Voltage Level (loH=-2mA) VoH 2.4 - v 
Output Low Voltage Level (IOL=2mA) VOL - 0.4 v 

*NOTE: lcc1, lcca, 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 and lcca, address can be changed maximum 
once .while RAS=V1L. In lcc4, Address can be changed maximum once while page mode cycle time tPc. 

CAPACITANCE (TA=25°C, VDD=3.3V. f=1 MHz) 

Parameter Symbol Min 

Input Capacitance (Ao-Ag) CIN1 -

Input Capacitance (RAS, LCAS, UCAS, W, OE) CiN2 -

·Output Capacitance (DQ1-DQ16) Coo -

AC CHARACTERISTICS (0°Cs:;ks;?0°C, Voo=3.3V±0.3V, See notes 1,2) 
(Test condition: VIHNIL=2.1V/0.8V, VoHNOL=2.0V/0.8V, Output Loading Ci..=100pF) 

-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 RAS tRAC 60 70 

Access time from CAS tCAC 15 20 

Access time from column address tAA 30 35 

CAS to output in Low-Z tCL2 0 0 

Output buffer turn-off delay tOFF 0 15 0 15 

Transition time (rise and fall) tr 3 50 3 50 

RAS precharge time tRP 40 50 

RAS pulse width tRAS 60 10,000 70 10,000 

RAS hold time tRSH 15 20 

CAS hold time tCSH 60 70 

CAS pulse width tCAS 15 10,000 20 10,000 

RAS to CAS delay time tRCD 20 45 20 50 

RAS to column address delay time tRAD 15 30 15 35 

tl!li'ifiliiiiP 
ELECTRONICS 

Max Unit 

5 pF 

7 pF 

7 pF 

-8 
Units Notes 

Min Max 

150 ns 

205 ns 

80 ns 3,4,11 

20 ns 3,4,5 

40 ns 3,11 

0 ns 3 

0 15 ns 7 

3 50 ns 2 

60 ns 

80 10,000 ns 

20 ns 

80 ns 

20 10,000 ns 

20 60 ns 4 

15 40 ns 11 
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KM416V1200A/ A-LI A-F CMOS DRAM 

AC CHARACTERISTICS (Continued} 

-6 -7 -8 
Parameter Symbol Units Notes 

Min Max Min Max Min Max 

CAS to RAS precharge time tCRP 5 5 5 ns 

Row address set-up time tASR 0 0 0 ns 

Row address hold time tRAH 10 10 10 ns 

Column address set-up time tASC 0 0 0 ns 

Column address hold time tCAH 10 15 15 ns 

Column address hold time referenced to RAS tAR 45 55 60 ns 6 

Column address to RAS lead time tRAL 30 35 40 ns 

Read command set-up time tRCS 0 0 0 ns 

Read command hold time referenced to CAS tRCH 0 0 0 ns 9 

Read command hold time referenced to RAS tRRH 0 0 0 ns 9 

Write command set-up time twcs 0 0 0 ns 8 

Write command hold time tWCH 10 15 15 ns 

Write command hold time referenced to RAS tWCR 45 50 55 ns 6 

Write command pulse width tWP 10 15 15 ns 

Write command to RAS lead time tRWL 15 ·15 20 ns 

Write command to CAS lead time tCWL 15 15 20 ns 

Data-in set-up time tos 0 0 0 ns 10 

Data-in hold time tDH 10 15 15 ns 10 

Data-in hold time referenced to RAS tDHR 45 55 60 ns 6 

Refresh period (Normal) tREF 16 16 16 ms 

Refresh period (L-version) tREF 128 128 128 ms 

Refresh period (F-version) tREF 128 128 128 ms 

CAS to W delay time tcwo 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 

GAS precharge to W delay time tCPWD 60 65 70 ns 

GAS set-up time (GAS-before-RAS refresh) tCSR 10 10 10 ns 

GAS hold time (GAS-before-RAS refresh) tCHR 10 10 10 ns 

RAS precharge to CAS hold time tRPC 5 5 5 ns 

GAS precharge time (C-8-R counter test cycle) tCPT 20 25 30 ns 

Access time from GAS 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 

RAS pulse eidth (Fast page mode) tRASP 60 200K 70 200K 80 200K ns 

RAS hold time from CAS precharge tRHCP 35 40 45 ns 

GAS precharge time (Fast page mode) tCP 10 10 10 ns 

RAS hold time referenced to OE tROH 15 20 20 ns 

dMtiiiii• 
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KM416V1200A/ A-LI A-F CMOS DRAM 

AC CHARACTERISTICS (Continued) 

-6 -7 -8 
Parameter Symbol Units Notes 

Min Max Min Max Min Max 

OE access time tOEA 15 20 20 ns 

OE to data delay tOED 15 20 20 ns 

Output 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 (F-ver) tRASS 100 100 100 µs 19 

RAS precharge time (F-ver) tRPS 110 130 150 ns 19 

CAS hlod time (F-ver) tCHS -50 -50 -50 ns 19 

KM416V1200A/ A-LI A-F Truth Table 

RAS LCAS UCAS w OE DQ1-DQs OQ9-0Q1s STATE 
H x x x x Hl-Z Hl-Z Standby 

L H H x x Hl-Z Hl-Z Refresh 

L L H H L DO-OUT Hl-Z Lower Byte Read 

L H L H L Hl-Z DO-OUT Upper Byte Read 

L L L H L DO-OUT DO-OUT Word Read 

L L H L H DO-IN Don't Care Lower Byte Write 

L H L L H Don't Care DO-IN Upper Byte Write 

L L L L H DO-IN DO-IN Word Write 

L L L H H Hl-Z Hl-Z -

tJ:j:WJ'hl• 
ELECTRONICS 
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KM416V1200A/ A-LI A-F CMOS DRAM 

NOTES 
1 . An initial pause of 200µs is required after power-up followed by any 8 RAS-only or GAS-before-RAS refresh 

cycles before proper device operation is achieved. 
2. V1H(rriin) 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 TIL 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 tRco is greater than the specified tRCD(max) limit, then access time is controlled exclusively by tcAc. 
5. Assumes that tRco~tRCD(max)· 
6. tAR, twcR. toHR are referenced to tRAD(max)· 
7. toFF(max) defines the time at which the output achieves the open circuit condition and is not referenced 

to VoH or VoL. 
8. twcs. tRwo. tcwo and tAwo are non restrictive operating aprameters. They are included in the data sheet as elec

trical characteristics only. If twcs~twcs(min) the cycle is an early write cycle and the data output will remain high 
impedance for the duration of the cycle. If tcwo~tcwo(min), tRwo~tRwD(min), tAwo~tAWD(rnin) then the cycle is a 
read-write cycle and the data output will contain the data read from the selected address. If neither of the above 
conditions are satisfied, the condition of the data out is indeterminate. 

9. Either tRcH or tRRH must be satisfied for a read cycle. 
1 0. These parameters are referenced to the CAS leading edge in early write cycles and to the W leading edge in 

read-write cycles. 
11 . 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· 
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. tcwo 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. 

ADD. 

w 

16. tcsR is referenced to earlier CAS falling low before RAS transition low. 
1 7. tcHR is referenced to the later CAS rising high after RAS transition low. 

41Mfi'IWP 
ELECTRONICS 

1139 



KM416V1200A/ A-LI A-F CMOS DRAM 

18. tos. toH is independetly specified for lower byte Dinl1 "-8), upper byte Din(9"-16l 

w 

TIMING DIAGRAMS 
WORD READ CYCLE 

V1H -

RA"S 
V1L -

tJCAS V1H -

V1L -

V1H -
~ 

V1L -

A 
V1H-

V1L-

w V1H -

V1L-

V1H-

OE 
V1L-

D01·D01s 
VoH -

VoL -

4J"i'+J'h'IP 
ELECTRONICS 
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KM416V1200A/ A-LI A-F CMOS DRAM 

TIMING DIAGRAMS (Continued) 

LOWER BYTE READ CYCLE 
---------!Re------------. 

- V1H
UCAS 

Vil -

t---------tRAs--------1 

- V1H - """""~'"'"""-r-;----T--~ 
LCAS 

Vil -

A 
V1H -

Vil -

w V1H -

Vil-

BE 
V1H-

Vil-

DQ1-D0a VoH - -----
Vol -

VoH-
D09·D01e ----------------

Vol-

UPPER BYTE READ CYCLE 
-----------!Rc----------

--------!RAS-------

---t---+---!RsH-----l 

--+----lcAs----

A 
V1H-

Vil-

w V1H-

Vil-

6E 
V1H-

Vil-

DQ1-D0a 
VoH-

Vol-

DQ9·D01s 
VoH-

OPEN 
VOL-

~ DON'T. CARE 

dli'i ti liii;; 
ELECTRONICS 
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KM416V1200A/ A-LI A-F CMOS DRAM 

TIMING DIAGRAMS (Continued) 

WORD WRITE CYCLE (EARLY WRITE) 

RAS V1H-

V1L-

~ 
V1H-

V1L-· 

reAS 
V1H-

V1L-

A 
V1H-

V1L-

w V1H·-

V1L-

~ 
V1H-

V1L-

D01-D01s 
V1H-

V1L-

LOWER BYTE WRITE CYCLE (EARLY WRITE) 

--------tRAs--------1 

RAS 
V1H-

fAR 
V1L-

iJC4S 
V1H-

V1L- fRCD tRSH 

tcsH 

~ V1H -

V1L -

A 
V1H-

V1L -

w V1H -

V1L -

OE 
V1H.-

V1L -

DOrDOa 
V1H -

V1L -

~DON'T CARE 

dWfiliiilP 
ELECTRONICS 

1142 



KM416V1200A/ A-U A-F CMOS DRAM 

TIMING DIAGRAMS (Continued) 

UPPER BYTE WRITE CYCLE CEARL Y WRITE) 

RAS 
V1H -

V1L -

UCAS 
V1H-

V1L-

V1H -
LCAS 

V1L-

A 
V1H-

V1L-

w V1H-

V1L-

6E 
V1H-

VIL-

D01·DOe V1H -

V1L -

V1H -
OQ9·D01s 

V1L -

WORD WRITE CYCLE COE CONTROLLED WRITE) 
t----------!Rc-----------1 

-------IRAs-------~ 

V1H-
!AR RAS 

V1L -

IRSH 

lcsH 

V1H - le AS 
UCAS 

V1L -

!RAL 

CCAS 
V1H -

V1L -

V1H -
A 

V1L -

w V1H-

V1L-

V1H-

OE 
V1L -

D01·D01e 
V1H -

V1L -

~DON'T CARE 

d!:i:fiihiiP 
ELECTRONICS 
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KM416V1200A/ A-LI A-F CMOS DRAM 

TIMING DIAGRAMS (Continued) 

LOWER BYTE WRITE CYCLE (OE CONTROLLED WRITE) 
!Re-

!RAS 

AAS 
V1H-

Vil-

~ 
V1H-

V1l-

V1H-

c:cAS 
Vil -

A 

V1H - ~"7'\7'7'~~~'7\?'~~~~~ --w 
Vil - ~~t.:;,t..~~~~~~~~~~------'!=~~~~~~~~~~· 

V1H - V"\:'"V'\7'\J\7'\::~7\J~N"'T----t-t-:-t~~7'\7\A::~~:A?\/\,~~"":-A'.'"'7\ 

V1l- ............................................... ~..__.._~ 

D01·DOa 

UPPER BYTE WRITE CYCLE (OE CONTROLLED WRITE) 

~DON'T CARE 

•tMfl'hi* ELECTRONICS 
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KM416V1200A/A-L/A-F CMOS DRAM 

TIMING DIAGRAMS (Continued) 

WORD READ-MODIFY-WRITE CYCLE 
-------------tRwc--------------i 

RAS 

UCAS 

LCAS 

A 

w 

OE 

V1H -

V1L -

V1H -

V1L -

V1H -

V1L -

V1H -
V1L -

V1H -

V1L -

V1H -

V1L -

-------------tRAs------------1 

tAA 

---;--+-------tASH---------

,,....,.....,._--+-+-----"'1 tcAs---------

--tRSH--------

..,...,,.T--+-t-----t-1 ,_--+--------tCAS--------+--t 

VrnH - -----------1v 
VrnL-

READ-MODIFY-LOWER-BYTE-WRITE CYCLE 
t--------------tAwc---------------1 

V1H -
RAS 

V1L -

UCAS 
V1H -

V1L-

LCA8 
V1H -

V1L -

V1H -
A 

V1L -

w V1H -

V1L-

OE 
V1H-

V1L-

DQ,-008 
V110H -

V110L -

VI/OH -
DQg-0015 

V110L -

~ .OON'T CARE 

t11!Mlliii" 
ELECTRONICS 
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KM416V1200A/ A-LI A-F 

TIMING DIAGRAMS (Continued) 

READ-MODIFY-UPPER-BYTE-WRITE CYCLE 

V1H -

RAS 
V1L-

DaiS 
V1H -

V1L -

V1H -

LCAS 
V1L -

V1H -
A 

V1L -

w V1H -

V1L -

OE 
V1H -

V1L -

V110H-
D01·DOa 

V110L -

D09·D01s 
V110H-

V110L -

FAST PAGE MODE WORD READ CYCLE 

V1H -
RAS 

V1L-

V1H -

OGAS 
V1L -

r:cAS 
V1H-

VIL-

V1H -
A 

V1L -

V1H -

w 
V1L -

V1H -

OE 
V1L -

t&Wilhl" 
ELECTRONICS 

CMOS DRAM 

~DON'T CARE 
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KM416V1200A/ A-LI A-F CMOS DRAM 

TIMING DIAGRAMS (Continued) 

FAST PAGE MODE LOWER BYTE READ CYCLE 

RAS 
V1H -

Vil -

UCAS 
V1H -

Vil -

LCAS 
V1H-

Vil -

V1H-
A 

Vil -

w V1H -

Vil -

OE 
V1H -

Vil -

D01·DOs 
VoH-

Vol -

DQ9-DQ15 
VoH -

Vol -

FAST PAGE MODE UPPER BYTE READ CYCLE 

RAS 
V1H - !AR 
Vil-

------------tRASp-----------

• V1H -
UCAS 

Vil -

V1H -
LCAS 

Vil -

V1H -
A 

Vil -

w V1H -

Vil -

V1H -
BE 

Vil -

D01·DOs 
VoH -

Vol -

DQ9·D01s 
VoH -

Vol-

~DON'T CARE 

tJ:mH:m• 
ELECTRONICS 
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KM416V1200A/ A-LI A-F CMOS DRAM 

TIMING DIAGRAMS (Continued) 

FAST PAGE MODE WORD WRITE CYCLE (EARLY WRITE) 

V1H -
RAS 

V1L -

UCAS 
V1H-

V1L-

V1H-

LCAS 
V1L-

A 
V1H-

V1L-

V1H -

w 
V1L-

V1H-

OE 
V1L -

D01-D01s 
V1H-

V1L-

FAST PAGE MODE LOWER BYTE WRITE (EARLY WRITE) 

AAS 
V1H -

V1L-

V1H -
OGAS 

VIL -

V1H -

CCAS 
V1L-

V1H -

A 
V1L-

w V1H -

V1L-

BE 
V1H-

V1L-

D01·DOa 
V1H -

V1L -

DQ9-D01s 

t1MfiiJUiP 
ELECTRONICS 
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KM416V1200A/ A-LI A-F CMOS DRAM 

TIMING DIAGRAMS (Continued) 

FAST PAGE MODE UPPER BYTE WRITE CYCLE (EARLY WRITE) 
-------------!RASP. 

V1H -
RAS 

V1L -

V1H-
UCAS VIL -

V1H -
LCAS 

V1L -

V!H -
A 

V1L -

w V1H -

V1L -

BE 
V1H -

V1L-

00 1-DOs 
V!H -

V1L -

DOg-0016 
V1H -

VIL -

FAST PAGE MODE WORD READ-MODIFY-WRITE CYCLE 

V1H -
RAS 

V1L -

V1H -
UCAS 

V1L-

V1H -
LCAS 

V1L-

V1H -
A 

V1L-

w V1H-

V,L -

V1H -
OE 

V1L -

DQ,-0015 
V10H -

V10L-

VALID DATA-OUT VALID DATA-IN 

DON'T CARE 

tJ"i':f JliiliP 
ELECTRONICS 
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KM416V1200A/A-L/A-F . CMOS DRAM 

TIMING DIAGRAMS (Continued) 

FAST PAGE MODE READ-MODIFY-LOWER-BYTE-WRITE CYCLE 

i"fjiS 
V1H-

V1L-

~ 
V1H -

V1L-

[GAS 
V1H -

V1L-

V1H-
A 

V1L-

w V1H-

V1L-

rn: V1H-

V1L-

DO,-DOs 
V1,0H-

V11m -

V110H -
VALID DATA-OUT VALID DATA-IN VALID DATA-OUT VALID DATA-IN 

DQ9·D01e 
V1.QL -

FAST PAGE MODE READ-MODIFY-UPPER-BYTE-WRITE CYCLE 

----1---tPRWC __ __,_ _ _, 

V1H - ............... .----- ---+--tcAs----i 

Vil -

V1H - ~~r--r-t"----;-;---i---------1.----+---------+--+-....... -

A 

w 

DQ9·D01e 

V1L -

V1H - 7V"\7'\7"~7'V~--t------~ 

V1L- ....................... ..._.., 
----+---+-

V1H -

V1L -

Vi:oH - ----+----+--+-+--+-----+-+-+
V110L -

VALID DATA-OUT VALID DATA-IN 

ttMH@iP 
ELECTRONICS 

VALID DATA-OUT VALID DATA-IN 

~DON'T CARE 
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KM416V1200A/ A-LI A-F 

TIMING DIAGRAMS (Continued) 

RAS ONLY REFRESH CYCLE 
NOTE: W, OE=Don't Care 

------lRAS-----,......-..i 

V1H -
LCAS 

V1L -

V1H -
A 

V1L -

CAS-BEFORE-RAS REFRESH CYCLE 
NOTE: W=V1H, OE, A=Don't Care 

RAS 
V1H -

Vn._ -

V1H -
UCAS 

V1L -

V1H -
V1L-___ _ 

CMOS DRAM 

VoH- ------"""" 
1>---------0PEN-----------

VoL-------'I 

~ DON'~CARE 

dftl:H'iiliP 
ELECTRONICS 

1151 



KM416V1200A/ A-LI A-F 

TIMING DIAGRAMS (Continued) 

HIDDEN REFRESH CYCLE (READ) 

VrH-

RAS Vrl-

OC7iS 
VrH -

Vrl-

VrH-
CC7iS 

Vrl -

VrH-
A 

Vrl-

w VrH-

Vrl-

OE 
VrH-

Vrl-

D01·DQ15 
VoH-

Vol -

HIDDEN REFRESH CYCLE (WRITE) 

VrH-
RAS 

Vrl-

VrH-
DCAS Vrl-

VrH-
[GAS Vrl-

A 
VrH-

Vrl-

V1H-w 
Vrl-

OE 
VrH -

Vrl-

VoH-
001·DQ15 

Vol-

•tMtJiiii> 
ELECTRONICS 

·cMOSDRAM 
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KM416V1200A/ A-LI A-F CMOS DRAM 

TIMING DIAGRAMS (Continued) 

CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 

V1H-
RAS 

V1L -

V1H-
OGAS 

V1L-

V1H-
[CAfl 

V1L-

V1H-
A 

V1L-

READ CYCLE 

V1H-
w 

V1L-

V1H-
BE 

V1L-

WRITE CYCLE 

w 

Q DQ VoH--------OPEN------1-"(I 
D ,- 16 VoL - ,..._~~--~ 

READ-MODIFY-WRITE. 

w V1H

V1L - ~.t.::.t..~~C:i.t.;.~~~~~~~".Yl 

V1H-

OE V1L - ----------------t-1"-+-"' 
tcLZ 

V110H -
Da,-Da16 ----------------<IX. 

V110L -

VALID DATA-OUT 

~DON'T CARE 

41:!:1: f Jii ii• 
ELECTRONICS 
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KM416V1200A/ A-LI A-F 

PACKAGE DIMENSION 
42·LEAD PLASTIC SMALL OUT·LINE J·LEAD 

0 

0 0.004(0.1) 

-11 0.026(0.66) 

0 .030(0. 76) 

0 

CMOS DRAM 

Units: Inches (millimeters) 

00 
C\I <') 

0 0 co N" 
0 ... 
0 0 
0 0 

0.130(3.30) 

0.140(3.56) 

44·LEAD PLASTIC THIN SMALL OUT LINE PACKAGE (Forward and Reverse Type) 

26(23) 

co. co ~ 
~ ~ ~ CL 

~~ g I= 
~~ ~ ..... "<I' 

c:i d c:i 
~~ 
,.... C\I 
0 0 
c:i c::) 

r4-25(22) 
0.004(0.10) 

0.010(0.25) 0.841(21.35) MAX 

0.821 (20.85) 

0.829(21.05) 

c 0.004(0.1) ~.iM.Jool..M..M.J.~!-t.J-U-U~---t~ol..M..M.J..u-L.1-U-U-U~ 

0.036(0.925) 

TYP 

411J:'tilhl• 
ELECTRONICS 
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KM416V1004A/ A-LI A-F CMOS DRAM 

1 M x 16 Bit CMOS Dynamic RAM with Extended Data Out 

FEATURES 
• Performance range: 

tRAC tCAC tRC 

KM416V1004A-6/ A-L6/ A-F6 60ns 17ns 110ns 

KM416V1004A-7 I A-L7 I A-F7 70ns 20ns 130ns 

KM416V1004A-8/ A-LB/ A-F8 80ns 20ns 150ns 

• Extended Data Out Mode 
(Fast Page Mode with Extended Data Out) 

• 2 CAS Byte/Word Read/Write operation 
• CAS-before-RAS refresh capability 
• RAS'.'only and Hidden Refresh capability 
• TTL compatible inputs and outputs 
• Early write or output enable controlled write 

. • Triple +3.3V ± 0.3V power supply 
• Refresh Cycle 

- 4096 cycle/64ms (Normal) 
- 4096 cycle/128ms (L-version) 
- 4096 cycle/128ms (F-version) 

• JEDEC standard pinout 

tHPC 

24ns 

29ns 

34ns 

• Available in plastic SOJ and TSOP(ll) packages 

FUNCTIONAL BLOCK DIAGRAM 

RAS 

LCAS Control 
UCAS 

GENERAL DESCRIPTION 
The Samsung KM416V1004A/A-UA-F is a CMOS high 
speed 1,048,576 bit x 16 Dynamic Random Access 
Memory. Its design is optimized for high performance 
applications such as personal computer, and high 
performance portable computers. 

The KM416V1004A/A-L/A-F features EDO Mode 
operation which allows high speed random access of 
memory cells· within the same row. GAS-before-RAS 
refresh capability provides on-chip auto refresh as an 
alternative to RAS-only refresh. All inputs and outputs 
are fully TTL compatible. 

The KM416V1004A/A-L/A-F is fabricated using 
Samsung's advanced CMOS process. 

Lower 

id[~: Clocks 

w r=vs;Generator 

Data in 
Buffer D01 

to 
DOs 

Refresh Control Row Decoder 

Refresh Counter Memory Array 
1,048,576 x 16 

Cells 

Ao-A11 Row Address Buffer 

Ao~A7 Col. Address Buffer Column Decoder 

e!:l:filiii" 
ELECTRONICS 

Q 
01l 
en 
Q. 

E 
<( 

<ll en 
c 
<ll 
(/) 

Lower 
Data out 

Buffer 

Upper 
Data in 
Buffer 

Upper 
Data out 

Buffer 

DOs 
to 

D016 
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KM416V1004A/ AL/ ALL/ ASL CMOS DRAM 

PIN CONFIGURATION (Top Views) 

• KM416V1004AJ • KM416V1004AT • KM416V1004AR 

VDD 42 Vss Voo ro 44 Vss Vss 44 Voo 

001 41 0016 001 2 43 0016 001e 43 2 OQ1 

002 40 OQ1s OQ2 3 42 001s OQ1s 42 3 OQ2 

003 39 OQ14 003 4 41 0014 OQ14 41 4 OQ3 

004 0013 
004 5 40 0013 OQ13 40 5 004 

38 
Voo 6 39 Vss Vss 39 6 Voo 

VDD 37 Vss 
38 0012 0012 38 7 OOs OOs 

00s 36 0012 OQe 37 0011 0011 37 8 OQe 
35 0011 001 9 36 0010 0010 36 9 007 

007 34 0010 OQs 10 35 OQg 009 35 10 OQe 
00s 33 OQg N.C. 11 34 N.C. N.C. 34 11 N.C. 

N.C. 32 N.C. 

N.C. 31 LCAS 
N.O. w UCAS N.C. 12 33 N.C. 33 12 N.C. 

30 
LCAS LCAS RAS 29 OE 

N.C. 13 32 32 13 N.C. 

w 14 31 UCAS UCAS 31 14 w 
A11 28 Ag 

RAS 15 30 OE OE 30 15 RAS 
A10 27 As A11 16 29 A9 A9 29 16 A11 
Ao 26 A1 A10 17 28 As As 28 17 A10 
A1 28 Ae Ao 18 27 A1 A1 27 18 Ao 

A2 24 As A1 19 26 Ae Ae 26 19 A1 

A3 0 23 A4 A2 20 
0 

25 As As 25 0 20 A2 

VDD 22 Vss A3 21 24 A4 A4 24 21 A3 

Voo 22 23 Vss Vss 23 22 Voo 

(SOJ) 
fTSOP(ll)-Forword} fTSOP(ll)-Reverse) 

Pin Name Pin Function 

Ao-A11 Address Inputs 

DQ1-16 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 

Voo Power(+3.3V) 

N.C. No connection 

•1Mf1iiilNP 
ELECTRONICS 
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KM416V1004A/A-L/A-F CMOS DRAM 

ABSOLUTE MAXIMUM RATINGS* 
Parameter Symbol Rating Units 

Voltage on Any Pin Relative to Vss VIN, VOUT -0.5 to 4.6 v 
Voltage on Voo Supply Relative to Vss Voo -0.5 to 4.6 v 
Storage Temperature Tstg -55to+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 (Voltage referenced to Vss, TA=O to 70°C) 

Parameter Symbol Min Typ Max Unit 

Supply Voltage Voo 3.0 3.3 3.6 v 
Ground Vss 0 0 0 v 
Input High Voltage VIH 2.1 - Voo+0.3 v 
Input Low Voltage VIL -0.3 - 0,8 v 

DC AND OPERATING CHARACTERISTICS 
(Recommended operating conditions unless otherwise noted) 

Parameter· Symbol Min Max Units 

Operating Current* 
KM416V1004A-6/ A-L6/ A-F6 90 mA 

(RAS, UCAS or LCAS, Address Cycling @tRc=min.) 
KM416V1004A-7 I A-L7 I A-F7 lcc1 - so mA 
KM416V1004A-S/ A-LS/ A-FS 70 mA 

Standby Current 
KM416V1004A 2 mA 

(RAS=UCAS=LCAS=W=VIH) 
KM416V1004AL lcc2 - 1 mA 
KM416V1004ALL 1 mA 

RAS-Only Refresh Current* 
KM416V1004A-6/ A-L6/ A-F6 90 mA 

(UCAS=LCAS=VIH, RAS, Address Cycling @tRc=min.) 
KM416V1004A-7 I A-L7 I A-F7 ICC3 - so mA 
KM416V1004A-S/ A-LS/ A-FS 70 mA 

EDO Mode Current* 
KM416V1004A-6/ A-L6/ A-F6 110 mA 

(RAS=VIL, UCAS or LCAS, Address Cycling @tPc=min.) 
KM416V1004A-7 I A-L7 I A-F7 ICC4 - 100 mA 
KM416V1004A-S/ A-LS/ A-FS 90 mA 

Standby Current 
KM416V1004A 1 mA 

(RAS=UCAS=LCAS=W=Voo-0.2V) 
KM416V1004AL Ices - 300 µA 
KM416V1004ALL 200 µA 

GAS-Before-RAS Refresh Current* 
KM416V1004A-6/ A-L6/ A-F6 90 mA 

(RAS, UCAS 9r LCAS Cycling @tRc=min.) 
KM416V1004A-7 I A-L7 I A-F7 ICC6 - 80 mA 
KM416V1004A-S/ A-LS/ A-FS 70 mA 

Battery Back-Up Current, Average Power Supply Current, 
Battery Back-Up Mode, Input High Voltage(V1H)=Voo-0.2\/, 
Input Low Voltage(V1L)=0.2V KM416V1004A-L ICC? - 450 µA 
UCAS, LCAS=0.2V 
DIN=Don't Care, tRc=31.25µs (L-Version) 
tRAS=tRAS min-300ns 

1tltfafiiUitP 
ELECTRONICS 
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KM416V1004A/ A-LI A-F CMOS DRAM 

DC AND OPERATING CHARACTERISTICS (Continued) 
(Recommended operating conditions unless otherwise noted) 

Parameter Symbol Min Max Units 

Self Refresh Current 
RAS=UCAS=LCAS=0.2V KM416V1004A-F Ices 250 µA 
W=OE=Ao-A11=Voo-0.2V or 0.2V -
DQ1-D016=VDD-0.2V or 0.2V or Open 

Input Leakage Current ll(L) -10 10 µA 
(Any input O:<S;V1N :<S;Voo+0.3V, all other pins not under test=O V) 

Output Leakage Current IO(L) -10 10 µA 
(Data out is disabled, OV:<S;VOUT:<S;VDD) 

Output High Voltage Level (IOH=-2mA) VoH 2.4 - v 
Output Low Voltage Level (loL=2mA) VOL - 0.4 v 

*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 and lcca, address can be changed maximum 
once while RAS=VIL. In ICC4, Address can be changed maximum once while one Hyper page mode cycle time 
tHPC. 

CAPACITANCE (TA=25°C, Voo=3.3V. f=1 MHz) 

Parameter Symbol Min 

Input Capacitance (Ao-11) C1N1 -
Input Capacitance (RAS, LCAS, UCAS, W, OE) CIN2 -
Output Capacitance (DQ1-DQ1s). Coa -

AC CHARACTERISTICS (0°C~k:;70°C, Voo=3.3V±0.3V, See notes 1,2) 
(Test condition : V1HNIL=2.1 V/0.8V, VoHNOL=2.0V/0.8V, Output Loading CL=1 OOpF) 

-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 RAS tRAC 60 70 

Access time from CAS tCAC 17 20 

Access time from column address tAA 30 35 

CAS to output in Low-Z tCLZ 3 3 

OE to output in Low-Z toiz 3 3 

Output buffer turn-off delay from CAS tCEZ 3 15 3 20 

Transition time (rise and fall) tr 2 50 2 50 

FiAS precharge time tRP 40 50 

RAS pulse width tRAS 60 10,000 70 10,000 

RAS hold time tRSH 17 20 

CAS hold time tCSH 50 60 

CAS pulse width tCAS 10 10,000 15 10,000 

RAS to CAS delay time tRCD 20 45 20 50 

•1il:i: tJll ii$ 
ELECTRONICS 

Max Unit 

5 pF 

7 pF 

7 pF 

-8 
Units Notes 

Min Max 

150 ns 

205 ns 

80 ns 3,4,11 

20 ns 3,4,5 

40 ns 3,11 

3 ns 3 

3 ns 3 

3 20 ns 7,14 

2 50 ns 2 

60 ns 

80 10,000 ns 

20 ns 

70 ns 

20 10,000 ns 

20 60 ns 4 
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KM416V1004A/A-L/A-F CMOS DRAM 

AC CHARACTERISTICS (Continued) 

-6 -7 -8 
Parameter Symbol Units Notes 

Min Max Min Max Min 'Max 

RAS to column address delay time tRAD 15 30 15 35 15 40 ns 11 

GAS to RAS precharge time tCRP 5 5 5 ns 

Row address set-up time tASR 0 0 0 ns 

Row address hold time tRAH 10 10 10 ns 

Column address set-up time tASC 0 0 0 ns 15 

Column address hold time tCAH 10 15 15 ns 15 

Column address hold time referenced to RAS tAR 45 55 60 ns 6 

Column address to RAS lead time tRAL 30 35 40 ns 

Read command set-up time tRCS 0 0 0 ns 

Read command hold time referenced to GAS tRCH 0 0 0 ns 9 

Read command hold time referenced to RAS tRRH 0 0 0 ns 9 

Write command set-up time twcs 0 0 0 ns 8 

Write command hold time tWCH 10 15 15 ns 

Write command hold time referenced to RAS tWCR 45 50 55 ns 6 

Write command pulse width twP 10 15 15 ns 

Write command to RAS lead time tRWL 15 15 20 ns 

Write command to GAS lead time tcwL 10 15 20 ns 18 

Data-in set-up time tos 0 0 0 ns 10,21 

Data-in hold time tDH 10 15 15 ns 10,21 

· Data-in hold time referenced to RAS tDHR 45 55 60 ns 6 

Refresh period (Normal) tREF 64 64 64 ms 

Refresh period (L-version) tREF 128 128 128 ms 

Refresh period (F-version) tREF 128 128 128 ms 

GAS to W delay time. tcwo 40 50 50 ns 8,17 

RAS to W delay time tRWD 85 95 105 ns 8 

Column address to W delay time tAWD 55 60 65 ns 8 

GAS precharge to W delay time tCPWD 60 65 70 ns 

GAS set-up time (GAS-before-RAS refresh) tCSR 10 10 10 ns 19 

GAS hold time (GAS-before-RAS refresh) tCHR 10 10 10 ns 20 

RAS precharge to CAS hold time tRPC 5 5 5 ns 

GAS precharge time (C-8-R counter test cycle) tCPT 20 25 30 ns 

RAS hold time referenced to OE tROH 15 20 20 ns 

OE access time tOEA 15 20 20 ns 

OE to data delay tOED 15 20 20 ns 

Output buffer turn off delay time from OE tOEZ 3 15 3 20 3 20 ns 7 

OE command hold time tOEH 15 20 20 ns 

Access time from GAS precharge tCPA 35 40 45 ns 3 

tt:!:i:Hll!i• 
ELECTRONICS 
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KM416V1004A/ A-L/ A-F CMOS DRAM 

AC CHARACTERISTICS (Continued) 

-6 -7 -8 
Parameter Symbol Units Notes 

Min Max Min Max Min Max 

Hyper Page mode cycle time tHPC 24 29 34 ns 12 

Hyper Page mode read-modify-write cycle time tHPRWC 76 81 91 ns 12 

GAS precharge time (Hyper page mode) tCP 10 10 10 ns 16 

RAS pulse width (Hyper Page mode) tRASP 60 70 80 ns 

RAS hold time from GAS precharge tRHCP 35 40 45 ns 

Output data hold time tDOH 5 5 5 ns 

Output buffer turn off delay from RAS tREZ 3 15 3 20 3 20 ns 7,14 

Output buffer turn off delay from W tWEZ 3 15 3 20 3 20 ns 7 

OE to CAS hold time tocH 5 5 5 ns 

GAS hold time to OE tCHO 5 5 5 ns 

OE precharge time tOEP 5 5 5 ns 

W pulse width tWPE 5 5 5 ns 

W to data delay !WED 15 20 20 ns 

RAS pulse width (F-ver) tRASS 100 100 100 µs 13 

RAS precharge time (F-ver) tRPS 110 130 150 ns 13 

GAS hlod time (F-ver) tCHS -50 -50 :so ns 13 

KM416V1004A/ A-L/ A-F Truth Table 

RAS LCAS UCAS w OE DQ1-DQs DQ9-DQ1s STATE 
H x x x x Hl-Z Hl-Z Standby 

L H H x x Hl-Z Hl-Z Refresh 

L L H H L . DO-OUT Hl-Z · Lower Byte Read 

L H L H L Hl-Z DO-OUT Upper Byte Read 

L L L H L DO-OUT DO-OUT Word Read 

L L H L H DO-IN Don't Care Lower Byte Write 

L H L L H Don't Care DO-IN Upper Byte Write 

L L L L H DO-IN DO-IN Word Write 

L L L H H Hl-Z Hl-Z -

411j:':fjlUI» 
ELECTRONICS 
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KM416V1004A/ A-L/ A-F 

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) are 
assumed to be 5ns for all inputs. 

3. Measured with a load equivalent to 1TTL Loads 
and 100pF. 

4. Operation within the tRco(max) limit insures that 
tRAC(max) can be met. tRco(max) is specified as a 
reference point only. If tRco is greater than the 
specified tRco(max) limit, then access time is 
controlled exclusively by tcAc. 

5. Assumes that tRCD2:tRCD (max). 
6. tAR, twcR. toHR are referenced to tRAD(max). 
7. This parameter defines the time at which the 

· output achieves the open circuit condition and is 
not referenced to VoH or VoL. 

8. twcs, tRWD, tcwo and tAwo are non restrictive 
operating parameters. They are included in the 
d,ata sheet as electrical characteristics only. If twcs 
::::,. twcs(min) the cycle is an early write cycle and 
the data output will remain high impedance for the 
duration of the cycle. If tcwo:::,.tcwo(min), tRwo2: 
tRwo(min) and tAWD2:tAwo(min), then the cycle is a 
read-write cycle and the data output will contain 
the data read from the selected address. If neither 
of the above conditions are satisfied, the condition 
of the data out is indeterminate. 

9. Either tRCH or tRRH must be satisfied fpr a read 
cycle. 

tt"i'ifiiiiiiP 
ELECTRONICS 

CMOS DRAM 

10. These parameters are referenced to the CAS 
leading edge in early write cycles and to the W 
leading edge in read-write cycles. 

11. Operation within the tRAD(max) limit insures that 
tRAC(max) can be met. tRAo(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. 

12. tAsc2:tcP min, AssumetT=2.0ns. 
13. 4096 cycle of burst refresh must be executed 

within 16ms before and after self refresh, in order 
to meet refresh specification (F-version) 

14. If RAS goes to high before GAS 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. 

15. tAsc, tCAH are referenced to the earlier GAS falling 
edge. 

16. tcP is specified from the last CAS rising edge in the 
previous cycle to the first GAS falling edge in the 
next cycle. 

17. tcwo is referenced to the later CAS falling edge at 
word read-modify-write cycle. 

18. tcwL is specified from W falling edge to the earlier 
CAS rising edge. 

19. tcsR is referenced to earlier CAS falling low before 
RAS transition low. 

20. tcHR is referenced to the later CAS rising high after 
RAS transition low. 

21. tos, toH is independetly specified for lower byte Din 

(1-8), upper byte Din(9-16) 
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KM416V1004A/ A-LI A-F 

TIMING DIAGRAM 
WORD READ CYCLE 

NOTE : D1N = OPEN 

CMOS DRAM 

---------tRc----------"'*4 

V1H -

A V1L -

V1H -

w V1L -

------tRAS 

DQ1 - DQ8 VoH - ------
VoL -

DQ9 - 0016 VoH - -----
VoL -

dt.i,iJllU:> 
ELECTRONICS 

~ Don't Care 
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KM416V1004A/ A-LI A-F 

TIMING DIAGRAM 
LOWER BYTE READ CYCLE 

NOTE : D1N = OPEN 

V1H -
[CAS" V1L 

V1H -

A V1L -

V1H -

w V1L -

009 - 0016 VoH - -------------- OPEN 
VoL -

tt:!:i:filh'» 
ELECTRONICS 

CMOS DRAM 

Don't Care 
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KM416V1004A/A-L/A-F 

TIMING DIAGRAM 
UPPER BYTE READ CYCLE 

NOTE : D1N = OPEN 

CMOS DRAM 

14----------tRc----------~ 

----- tRSH---+--

V1H -
~v IL 

V1H -

A V1L -

V1H -

w V1L -

V1H -

OE V1L -

DQ1 - DQ8 VoH - -----+---- OPEN 
VoL 

tcAS 

tRPC 

tcEZ 

--- tRAC ------!----'-_.. 1r---------.1 

009 - 0016 VoH - ------ OPEN 
VoL -

~ Don't Care 

ttMfiliil» 
· ELECTRONICS 
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KM416V1004A/ A-LI A-F 

WORD WRITE CYCLE ( EARLY WRITE ) 
NOTE : DouT = OPEN 

V1H -

RASV IL 

V1H -

OCAS V1L -

V1H -

A V1L -

V1H -w 
V1L 

DQ1 - 008 ViH -

V1L -

DQ9 - 0016 ViH -

V1L -

dfafiihi" 
ELECTRONICS 

CMOS DRAM 

~ Don't Care 
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KM416V1004A/ A-LI A-F 

LOWER BYTE WRITE CYCLE { EARLY WRITE ) 
NOTE : DouT = OPEN 

------tRAS ------....i 

CMOS.DRAM 

~~~--1 1--~~~-1 

V1H -

A V1L -

V1H -w 
V1L -

OE V1H -

V1L 

DQ1 - DQ8 ViH -

V1L -

DQ9-DQ16 v~ -. 
V1L -

.1m1¥J:m, 
ELECTRONICS 

tcRP 

. ~ Don't Care 
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KM416V1004A/ A-LI A-F 

. UPPER BYTE WRITE CYCLE ( EARLY WRITE ) 
NOTE : DouT = OPEN 

------tRSH---+--..i 

V1H -

UCAS ViL _ 

V1H -

A V1L -

V1H -w 
V1L 

OE V1H -

V1L -

DQ1 - DQ8 ViH -

V1L -

DQ9 - DQ16 ViH -

V1L -

41:!:1: fi:W» 
ELECTRONICS 

tcAS 

------+twcR+-----

CMOS DRAM 

~ Don't Care 
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KM416V1004A/A-L/A-F 

WORD WRITE CYCLE ( OE CONTROLLED WRITE ) 
NOTE : Dour :::: OPEN 

V1H -

A V1L -

V1H -

w V1L -

DQ1 - DQ8 ViH -

V1L -

DQ9 - DQ16 ViH -

V1L -

•t:Jt'iti'iil" ELECTRONICS 

CMOS DRAM 

~ Don't Care 
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KM416V1004A/A-L/A-F 

LOWER BYTE WRITE CYCLE ( OE CONTROLLED WRITE ) 
NOTE : DouT = OPEN 

~~~~~-tMS ~~~~~~~ 

CMOS DRAM 

V1H -

RAS V1L -

~~~---..1 1,..-~~~~1 

V1H -

CAS V1L -

V1H -

CAS V1L -

V1H -

A V1L -

V1H -

w V1L 

- V1H -

OE V1L 

DQ1 - DQ8 ViH -

V1L -

DQ9 - DQ16 ViH -

V1L -

411Wfiliii" 
ELECTRONICS 

~ Don't Care 
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KM416V1004A/ A-LI A-F 

UPPER BYTE WRITE CYCLE ( OE CONTROLLED WRITE ) 
NOTE : DouT = OPEN 

V1H -

CAS V1L -

V1H -

A V1L -

001 - 008 ViH -

V1L -

009 - 0016 ViH -

V1L -

df:I: fjijil» 
ELECTRONICS 

CMOS DRAM 

~ Don't Care 
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· KM416V1004A/ A-LI A-F 

WORD READ - MODIFY - WRITE CYCLE 

---------tRAs---------

V1H -
RAS V1L -

V1H -
UCAS 

V1L -

V1H -
CCAS 

V1L -

V1H -

A V1L -

V1H -w 
V1L 

V1H -

OE V1L -

tRSH 

tcAS 

tRSH 

tcAS 

---+----tAwo------.i 

-----tcwo----

DQ1 - DQ8 VitoH - ----+----+---+---if--<YAKI 

V110L -

---- tRAc----+-I 
1-----.1 

DQ9 - DQ16 VitoH - -----------~Kl 
V110L -

41'1Mi1ih" 
ELECTRONICS 

CMOS DRAM 

~ Don't Care 
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KM416V1004A/ A-LI A-F CMOS DRAM 

LOWER-BYTE READ - MODIFY - WRITE CYCLE 

-----------tRwc------------+i 

V1H -

A V1L -

V1H -

OE V1L -

DQ1 - DQ8 VI/OH - -----------&;;-:XI 
V110L 

DQ9-DQ16 VoH - ------------OPEN 
VoL 

41:!:1: Hliii IP 
ELECTRONICS 

~ Don't Care 
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KM416V1004A/ A-LI A-F 

UPPER-BYTE READ - MODIFY - WRITE CYCLE 

V1H -
LCAS ViL _ 

V1H -

A V1L -

V1H -

w V1L -

DQ1 - 008 VoH -
VoL -

14---- tRAc---l--
1----.J 

DQ9 - DQ16 V110H - -------------<:fZ.'KI 
V110L -

•liUWJlhilP 
ELECTRONICS 

CMOS DRAM 

I 

~ Don't Care 
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KM416V1004A/ A-L/ A-F CMOS DRAM 

HYPER PAGE MODE WORD READ CYCLE 

-------------- tRASP-------------+I 

[CAS V1H -
V1L -

V1H -
A 

V1L -

V1H -w 
V1L - tcAC--+ 

I 
tCPA__. 

V1H -
OE 

V1L -

DQ1 - 008 VI/OH -
V110L -

DQ9 - DQ16 VI/OH - -------++--<rhKI 
V110L -

~ Don't Care 

dl"'fi@• 
ELECTRONICS 
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KM416V1004A/A-L/A-F 

HYPER PAGE MODE LOWER BYTE READ CYCLE 

LCAS 
V1H -
V1L -

V1H -
A 

V1L -

V1H -w 
V1L -

DQ1 - DQ8 V1toH - --------+-+<VACI 
V110L -

DQ9 - DQ16 VoH -
VoL -

tt:f:I: fiihitP 
ELECTRONICS 

CMOS DRAM 

~Don't Care 
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KM416V1004A/A-L/A-F CMOS DRAM 

HYPER PAGE MODE UPPER BYTE READ CYCLE 
-------------tRASP-----------+1 

V1H -
OGAS 

V1L -

[CAS V1H -
V1L -

V1H -
A 

V1L -

V1H -w 
V1L -

DQ1 - 008 VoH -
VoL -

--~----+------- OPEN 

I 

DQ9-DQ16 VVllOH _--------+--<-lh«I 
l/OL ''"----"I 

d!:i:fi@" 
ELECTRONICS 

~Don't Care 
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KM416V1004A/ A-LI A-F 

HYPER PAGE MODE WORD WRITE CYCLE ( EARLY WRITE) 
NOTE : DouT = Open 

RAS V1H -
RA V1L 

V1H -
OCAS 

V1L -

V1H -
LCAS 

V1L -

V1H -
A 

V1L -

w V1H -
V1L -

- V1H -

OE V1L -

V1H -

001 - 008 V1L -

V1H -

009 - 0016 V1L -

•11MH1iiil• 
ELECTRONICS 

~--tDHR 

CMOS DRAM 

~ Don't Care 
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KM416V1004A/A-L/A-F CMOS DRAM 

HYPER PAGE MODE LOWER BYTE WRITE CYCLE (EARLY WRITE) 
NOTE : DouT = Open 

RAS V1H -
V1L 

VrH -
UCAS 

VrL -

VrH -
LCAS 

VrL -

VrH -
A 

VrL -

w VrH -
V1L -

V1H -

OE V IL 

V1H -

DQ1 - 008 ViL _ 

V1H -

DQ9 - DQ16 VrL _ 

•1Mfiliii1P 
ELECTRONICS 

~ Don't Care 
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KM416V1004A/ A-LI A-F CMOS DRAM 

HYPER PAGE MODE UPPER BYTE WRITE CYCLE { EARLY WRITE ) 
NOTE : DouT = Open 

V1H -

UCAS ViL _ 

V1H -

rcAS V1L -

V1H -

A V1L -

V1H -w 
V1L 

- V1H -

OE V1L -

V1H -

DQ1 - DQ8 ViL _ 

V1H -

DQ9 - DQ16 ViL _ 

tt:!:l:filiil> 
ELECTRONICS 

~ Don't Care 
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KM416V1004A/ A-LI A-F CMOS DRAM 

HYPER PAGE MODE WORD READ-MODIFY-WRITE CYCLE 

V1H -
RAS 

V1L -

V1H -
OCAS 

V1L -

V1H -
A 

V1L -

V1H -w 
V1L -

Don't Care 

rttMfilJii» 
ELECTRONICS 
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KM416V1004A/ A-LI A-F CMOS DRAM 

HYPER PAGE MODE LOWER-BYTE-READ-MODIFY-WRITE CYCLE 

V1H -
A 

V1L -

V1H -w 
V1L -

V1H -

OE V1L -

DQ1 - DQ8 V110H - ---------l-+(Y/,.K 
V110L 

VoH -DQ9-DQ16 ----------------------------------OPEN 
VoL -

dfafiljiliP 
ELECTRONICS 

~ Don't Care 
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KM416V1004A/ A-LI A-F CMOS DRAM 

HYPER PAGE MODE UPPER-BYTE-READ-MODIFY-WRITE CYCLE 

V1H -
RAS 

V1L -

V1H -
aCAS 

V1L -

V1H -
A 

V1L -

V1H -w 
V1L -

V1H -

OE V1L 

VoH -
DQ1 -DQ8 

VoL -

V110H 

009 - DQ16 V110L -

----+--------i-+---+-i------+-+- OPEN 

•1Mfiliii» 
ELECTRONICS 

~~-I 

VALID 
DATA-JN 

~ Don't Care 
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KM416V1004A/ A-LI A-F 

HYPER PAGE READ AND WRITE MIXED CYCLE 

V1H -

TICAS V1L -

V1H -

LCAS V 
IL -

V1H -
A 

V1L -

w V1H -
V1L -

OE 
V1H -
V1L -

DQ1 _ V110H 

DQB V110L 

-
-

DQ1 - V110H ----------

0016 V110L -

tt:!:i: fJii ii> 
ELECTRONICS 

CMOS DRAM 

fAA 

~ Don't Care 
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KM416V1004A/A-L/A-F 

RAS-ONLY REFRESH CYCLE 

NOTE : W, OE , D1N = Don't care 
DouT =Open 

--------tRAs--------

CMOS DRAM 

---..1 1,------1 

V1H -
ITAS V IL 

V1H -

A V1L -

CAS"-BEFORE-RAS" REFRESH CYCLE 

NOTE : W, OE, A= Don't Care 

---------tRC ---------

V1H -
TICAS V IL 

V1H -
[CAS v IL 

VoH -
DQ1 - DQ8 VoL 

VoH -
DQ9 - DQ16 VoL _ 1>----------0PEN 

------'! 

d'i'!fiiiii» 
ELECTRONICS 

~ Don't Care 
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KM416V1004A/ A-LI A-F 

'CA"S-BEFORE-RAS SELF REFRESH CYCLE(Ll-version) 

NOTE: W, OE, A= Don't Care 

V1H -
UCAS ViL _ 

DQ1 - DQ8 VoH -
VoL 

-----tRAss-----

DQ9 - DQ16 VoH - 1---------- OPEN 
VoL - ----i 

•tMfiliil» 
ELECTRONICS 

CMOS DRAM 

~ Don't Care 
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KM416V1004A/ A-LI A-F CMOS DRAM 

HIDDEN REFRESH CYCLE ( READ ) 

14-----------tRc-------------------

V1H -
A V1L -

V1H -

w V1L -

V1H -
OE V1L -

D01 - DQ8 VoH -
VoL 

DQ9 - D016 VoH -
VoL 

411Mfliiii• 
ELECTRONICS 

------ tRAS --------

tRAC toEZ 

OPEN DATA-OUT 

twez 

tRAC toEZ 

OPEN DATA-OUT 

~ Don't Care 
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KM416V1004A/A-L/A-F 

HIDDEN REFRESH CYCLE ( WRITE ) 

NOTE : DouT = OPEN 

V1H -

RAS V1L -

V1H -

[CAS V1L -

V1H -

A V1L -

V1H -

w V1L 

V1H -

ITE V1L -

DQ1 - DQ8 ViH -
V1L -

....____ _____ tRC -----___."'4-----
w....----tRAS -----

DQ9-DQ16V1H -~ 
V1L - -1'--------'I 

dMtJiiiitP 
ELECTRONICS 

CMOS DRAM 

Don't Care 

1187 



KM416V1004A/ A-LI A-F CMOS DRAM 
~-BEFORE-~ REFRESH COUNTER TEST CYCLE 

V1H -

A V1L -

READ CYCLE 

V1H -

w V1L -

OE V1H -

V1L 

VoH -
DQ1 - DQ16 VoL _ 

WRITE CYCLE 

V1H -

w V1L -

V1H -

OE V1L -

V1H -
001 - DQ16 ViL 

READ-MODIFY-WRITE 

V1H -

w V1L -

1,.----..i ~----tRSH ---:;:::~.....1.-1--

i.---- tcAS ---+I 

1----.i ~---- tRSH ---4--;:~......,.._--
1...---- tcAS ---+I 

tAWD 

V110H - ----------------'<l"hKI 
DQ1 - DQ16 V110L -

VALID VALID Don't Care 
DATA·OUT DATA-IN 

•111nn:m• ELECTRONICS 
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KM416V1004A/ A-LI A-F 

PACKAGE DIMENSION 
42·LEAD PLASTIC SMALL OUT-LINE J·LEAD 

0 

-II 

0 0.004(0.1) 

1.070127.18) 

1.080 (27.43) 

0.026(0.66) 

0.030(0. 76) 

0 
c;;- a; 
0 C\I 

ci ci 
;o- IO 
m o 
(T)..,. 

ci ci 

CMOS DRAM 

Units: Inches (millimeters) 

-----1 
0.025(0.64) 

MIN 

,.-9 
LO' 0 ;:= (<) 
~ ~ 00 C\I I() 
~ ~ C\I (T) ai ai 
;o- ;o- ci ci ;o- ;o-a> (\f <O ,... 
(T) ..,. 0 0 (T) (T) ..,. ..,. 0 

c:i c:i ci ci c:i c:i 

~ ~~ 
J.130(3.30) 

0.140(3.56) 

44-LEAD PLASTIC THIN SMALL OUT LINE PACKAGE (Forward and Reverse Type) 

26(23) 

25(22) 

0.841(21.35)MAX _j_N ~ 

0.829(21.05) jl ~ 
0.821 (20.85) 

l.-~-.o,..-~:-(:-.:-:--1)-.l l'aaaaar~:,., rr,~.:~,aaa~? 

dli':fiifoiP 
ELECTRONICS 

0.018(0.36) TYP ~ I I 
0 

~~0-8° 

66 ..,. <O 

e. e. 
<O ..,. 
~ C\I 
0 0 
0 0 

~,,-1--
0.004(0.10) .. 

0.010(0.25) 

1089 



KM416V1204A/ A-LI A-F CMOS DRAM 

1 M x 16 Bit CMOS Dynamic RAM with Extended Data Out 

FEATURES 

• Performance range: 

tRAC tCAC tRC tHPC 

KM416V1204A-6/ A-L6/ A-F6 60ns 17ns 110ns 24ns 

KM416V1204A-7/A-L7/A-F7 70ns 20ns 130ns 29ns 

KM416V1204A-8/ A-L8/ A-FB BOns 20ns 150ns 34ns 

• Extended Data Out Mode 
(Fast page Mode with Extended Data Out) 

• 2 CAS Byte/Word Read/Write operation 
• CAS-before-RAS refresh capability 
• RAS-only and Hidden Refresh capability 
• TTL compatible inputs and outputs 
• Early write or output enable controlled write 
• Triple +3.3V ± 0.3V power supply 
• Refresh Cycle 

- 1024 cycle/16ms (Normal) · 
- 1024 cycle/128ms (L-version) 
-1024 cycle/128ms (F-version) 

• JEDEC standard pinout 
• Available in plastic SOJ and TSOP(ll) packages 

FUNCTIONAL BLOCK DIAGRAM 

RAS 

LCAS Control 
UCAS Clocks· 

GENERAL DESCRIPTION 
The Samsung KM416V1204A/A-UA-F is a CMOS high 
speed 1,048,576 bit x 16 Dynamic Random Access 
Memory. Its design is optimized for high performance 
applications such as personal computer, and high 
performance portable computers. 

The KM416V1204A/A-L/A-F features EDO Mode 
operation which allows high speed random access of 
memory cells within the same row. CAS-before-RAS 
refresh capability provides on-chip auto refresh as an 
alternative to RAS-only refresh. All inputs and outputs 
are fully TTL compatible. 

The KM416V1204A/A-L/A-F is fabricated using 
Samsung's advanced CMOS process. 

Lower 
Data in 

w VBB Generator 
i:£r ~~ Buffer DQ1 

to 

Lower 
DQa 

Refresh Control Row Decoder Data out 
Buffer 

Q 
Refresh Counter ~ Upper 

OE 
Memory Array VJ a. Data in 
1,048,576x 16 E 

Cells 
~ Buffer 
Q) DQg 

Row Address Buffer VJ 
Ao-Ag c: to Q) 

U) Upper DQ1s 
Data out 

Ao-A9 Col. Address Buffer Column Decoder Buffer 

•1Mfiliil" ELECTRONICS 
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KM416V1204A/ A-LI A-F CMOS DRAM 

PIN CONFIGURATION (Top Views) 

• KM416V1204AJ • KM416V1204AT • KM416V1204AR 

Voo 1 0 42 Vss Voo 10 44 Vss Vss 44 1 VDD 

001 2 41 0016 001 2 43 001s 0016 43 2 001 

002 3 40 001s 002 3 42 001s 001s 42 3 002 

003 4 39 0014 003 4 41 0014 0014 41 4 003 

004 0013 
004 5 40 0013 0013 40 5 004 

5 38 
6 37 Voo 6 39 Vss Vss 39 6 Voo 

Voo Vss 
00s 7 38 0012 0012 38 7 00s 

00s 7 36 0012 00s 8 37 0011 0011 37 8 00s 
00s 8 35 0011 007 9 36 0010 0010 36 9 007 
007 9 34 0010 00s 10 35 OOg OOg 35 10 00s 

00s 10 33 OOg N.C. 11 34 N.C. N.C. 34 11· N.C. 

N.C. 11 32 N.C. 

N.C. 12 31 LCAS 

w 13 30 UCAS 
N.C. 12 33 N.C. N.C. 33 12 N.C. 

RAS 14 29 OE 
N.C. 13 32 LCAS LCAS 32 13 N.C. 

w 14 31 UCAS UCAS 31 14 w 
N.C 15 28 Ag 

RAS 15 30 OE OE 30 RAS 15 
N.C 16 27 As 16 29 Ag 29 16 N.C N.C Ag 
Ao 17 26 A7 N.C 17 28 As As 28 17 N.C 

A1 18 28 As Ao 18 27 A7 A7 27 18 Ao 

A2 19 24 As A1 19 26 As As 26 19 A1 

A3 20 0 23 A4 A2 20 0 
25 As As 25 0 20 A2 

Voo 21 22 Vss A3 21 24 A4 A4 24 21 A3 
Voo 22 23 Vss Vss 23 22 VDD 

(SOJ) 
(TSOP(ll)-Forword) (TSOP(ll)-Reverse) 

Pin Name Pin Function 

Ao-Ag Address Inputs 

DQHs 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 

Voo Power(+3.3V) 

N.C. No connection 

tl:f:l:filiii" 
ELECTRONICS 
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KM416V1204A/ A-LI A-F 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 Voo Supply Relative to Vss VDD -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 (Voltage referenced to Vss, TA=O to 70°C) 

Parameter Symbol Min Typ Max Unit 

Supply Voltage Voo 3.0 3.3 3.6 v 
Ground Vss 0 0 0 v 
Input High Voltage VIH 2.1 - Voo+0.3 v 
Input Low Voltage VIL -0.3 - 0.8 v 

DC AND OPERATING CHARACTERISTICS 
(Recommended operating conditions unless otherwise noted) 

Parameter Symbol Min Max Units 

Operating Current* 
KM416V1204A-6/ A-L6/ A-F6 150 mA 

(RAS, UCAS or LCAS, Address Cycling @tRc=min.) 
KM416V1204A-7 I A-L 7 I A-F7 lcc1 - 140 mA 
KM416V1204A-8/ A-L8/ A-F8 130 mA 

Standby Current 
KM416V1204A 2 mA 

(RAS=UCAS=LCAS=W=VIH) 
KM416V1204A-L lcc2 - 1 mA 
KM416V1204A-F 1 mA 

RAS-Only Refresh Current* 
KM416V1204A-6/ A-L6/ A-F6 150 mA 

(UCAS=LCAS=VIH, RAS, Address Cycling @tRc=min.) 
KM416V1204A-71 A-L7 I A-F7 ICC3 - 140 mA 
KM416V1204A-8/ A-L8/ A-F8 130 mA 

EDO Mode Current* 
KM416V1204A-6/ A-L6/ A-F6 120 mA 

(RAS=VIL, UCAS or LCAS, Address Cycling @tPc=min.) 
KM416V1204A-7 I A-L7 I A-F7 ICC4 - 110 mA 
KM416V1204A-8/ A-L8/ A-F8 100 mA 

Standby Current 
KM416V1204A 1 mA 

(RAS=UCAS=LCAS=W=Voo-0.2V) 
KM416V1204A-L Ices - 300 µA 
KM416V1204A-F 200 µA 

GAS-Before-RAS Refresh Current* 
KM416V1204A-6/ A-L6/A-F6 150 mA 

(RAS, UCAS or LCAS Cycling @tRc=min.) 
KM416V1204A-7 I A-L7 I A-F7 Ices - 140 mA 
KM416V1204A-8/ A-L8/ A-F8 130 mA 

Battery Back-Up Current, Average Power Supply Current, 
Battery Back-Up Mode, Input High Voltage(VIH)=VDD-0.2V, 
Input Low Voltage(V1L)=0.2V KM416V1204A-L ICC? - 350 µA 
UCAS, LCAS= 0.2V 
DIN=Don't Care, tRC=125µs (L-Ver) 
tRAs=tRAs min-300ns 

•llliWiliiiiP 
ELECTRONICS 
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KM416V1204A/ A-LI A-F CMOS DRAM 

DC AND OPERATING CHARACTERISTICS (Continued) 
(Recommended operating conditions unless otherwise noted) 

Parameter Symbol Min Max Units 

Self Refresh Current 
RAS=UCAS=LCAS=0.2V KM416V1204A-F Ices 250 µA 
W=0E=Ao-A9=Voo-0.2V or 0.2V 

-

DQ1-0016=Voo-0.2V or 0.2V or Open 

Input Leakage Current ll(L) -10 10 µA 
(Any input 0 s V1N s Voo+0.3V, all other pins not under test=O V) 

Output Leakage Current IO(L) -10 10 µA 
(Data out is disabled, OVsVoursVoo) 

Output High Voltage Level (loH=-2mA) VOH 2.4 - v 
Output Low Voltage Level (IOL=2mA) VOL - 0.4 v 

·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 and lcc3, address can be changed maximum 
once while RAS=VIL. In lcc4, Address can be changed maximum once while one Hyper page mode cycle time 
tHPC. 

CAPACITANCE (f A=25°C, Voo=3.3V. f=1 MHz) 

Parameter Symbol Min 

Input Capacitance (Ao-9) CIN1 -

Input Capacitance (RAS, LCAS, UCAS, W, OE) CIN2 -

Output Capacitance (DQ1-DQ16) Coo -

AC CHARACTERISTICS (0°CsTA:s;?0°C, Voo=3.3V±0.3V, See notes 1,2) 
(fest condition : V1HNIL=2.1V/0.8V, VoHNOL=2.0V/0.8V, Output Loading CL=1 OOpF) 

-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 RAS tRAC 60 70 

Access time from CAS tCAC 17 20 

Access time from column address tAA 30 35 

CAS to output in Low-Z tCLZ 3 3 

OE to output in Low-Z toLZ 3 3 

Output buffer turn-off delay from CAS tcLZ 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 10,000 70 10,000 

RAS hold time tRSH 17 20 

CAS hold time tcsH 50 60 

CAS pulse width tCAS 10 10,000 15 10,000 

RAS to CAS delay time tRCD 20 45 20 50 

tJ:):':fillW> 
ELECTRONICS 

Max Unit 

5 pF 

7 pF 

7 pF 

-8 
Units Notes 

Min Max 

150 ns 

205 ns 

80 ns 3,4, 11 

20 ns 3,4,5 

40 ns 3,11 

3 ns 3 

3 ns 3 

3 20 ns 7,14 

2 50 ns 2 

60 ns 

80 10,000 ns 

20 ns 

70 ns 

20 10,000 ns 

20 60 ns 4 
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KM416V1204A/ A-L/ A-F CMOS DRAM 

AC CHARACTERISTICS (Continued) 

-6 -7 -8 
Parameter Symbol Units Notes 

Min Max Min Max Min Max 

RAS to column address delay time tRAD 15 30 15 35 15 40 ns 11 

CAS to RAS precharge time tCRP 5 5 5 ns 

Row address set-up time tASR 0 0 0 ns 

Row address hold time tRAH 10 10 10 ns 

Column address set-up time tASC 0 0 0 ns 15 

Column address hold time tCAH 10 15 15 ns 15 

Column address hold time referenced to RAS tAR 45 55 60 ns 6 

Column address to RAS lead time tRAL 30 35 40 ns 

Read command set-up time tRCS 0 0 0 ns 

Read command hold time referenced to GAS tRCH 0 0 0 ns 9 

Read command hold time referenced to RAS tRRH 0 0 0 ns 9 

Write command set-up time twcs 0 0 0 ns 8 

Write command hold time twcH 10 15 15 ns 

Write command hold time referenced to RAS twcR 45 50 55 ns 6 

Write command pulse width twP 10 15 15 ns 

Write command to RAS lead time tRWL 15 15 20 ns 

Write command to GAS lead time tCWL 10 15 20 ns 18 

Data-in set-up time tos 0 0 0 ns 10,21 

Data-in hold time tDH 10 15 15 ns 10,21 

Data-in hold time referenced to RAS tDHR 45 55 60 ns 6 

Refresh period (Normal) tREF 16 16 16 ms 

Refresh period (L-version) tREF 128 128 128 ms 

Refresh period (F-version) tREF 128 128 128 ms 

GAS to W delay time tcwo 40 50 50 ns 8,17 

RAS to W delay time tRWD 85 95 105 ns 8 

Column address to W delay time tAwo 55 60 65 ns 8 

GAS precharge to W delay time tCPWD 60 65 70 ns 

GAS set-up time (GAS-before-RAS refresh) tCSR 10 10 10 ns 19 

GAS hold time (GAS-before-RAS refresh) tCHR 10 10 10 ns 20 

RAS precharge to GAS hold time tRPC 5 5 5 ns 

GAS precharge time (C-8-R counter test cycle) tCPT 20 25\ 30 ns 

RAS hold time referenced to OE tROH 15 20 20 ns 

OE access time tOEA 15 20 20 ns 

OE to data delay tOED 15 20 20 ns 

Output buffer turn off delay time from OE tOEZ 3 15 3 20 3 20 ns 7 

OE commend hold time tOEH 15 20 20 ns 

Access time from GAS precharge tCPA 35 40 45 ns 3 

•1"i'¥Jiiii» 
ELECTRONICS 
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KM416V1204A/ A-LI A-F CMOS DRAM 

AC CHARACTERISTICS (Continued) 

-6 -7 -8 
Parameter Symbol Units Notes 

Min Max Min Max Min Max 

Hyper Page mode cycle time tHPC 24 29 34 ns 12 

Hyper Page mode read-modify-write cycle time tHPRWC 76 81 91 ns 12 

CAS orcgarge time (Hyper page mode) tCP 10 10 10 ns 16 

RAS pulse width (Hyper page mode) tRASP 60 200.000 70 200.000 80 200.000 ns 

RAS hold time from CAS precharge tRHCP 35 40 45 ns 

Output data hold time tDOH 5 5 5 ns 

Output buffer turn off delay from RAS tREZ 3 15 3 20 3 20 ns 7,14 

Output buffer turn off delay from W twEZ 3 15 3 20 3 20 ns 7 

W to data delay twED 15 20 20 ns 

OE to CAS hold time tOCH 5 5 5 ns 

CAS hold time to OE tCHO 5 5 5 ns 

OE precharge time tOEP 5 5 5 ns 

W pulse width twPE 5 5 5 ns 

RAS pulse width (F-ver) tRASS 100 100 100 µs 13 

RAS precharge time (F-ver) tRPS 110 130 150 ns 13 

CAS hlod time (F-ver) tCHS -50 -50 -50 ns 13 

KM416V1204A/ A-LI A-F Truth Table 

RAS LCAS UCAS w OE DQ1-DQa DQe-DQ1s STATE 
H x x x x Hl-Z Hl-Z Standby 

L H H x x Hl-Z Hl-Z Refresh 

L L H H L DO-OUT Hl-Z Lower Byte Read 

L H L H L Hl-Z DO-OUT Upper Byte Read 

L L L H L DO-OUT DO-OUT Word Read 

L L H L H DO-IN Don't Care Lower Byte Write 

L H L L H Don't Care DO-IN Upper Byte Write 

L L L L H DO-IN DO-IN Word Write 

L L L H H Hl-Z Hl-Z -

t!MHiiii• 
ELECTRONICS 
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KM416V1204A/ A-LI A-F 

NOTES 
1. An initial pause of 200µs is required after power-up 

followed by any 8 ROA or GBR 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) are 
assumed to be 5ns for all inputs. 

3. Measured with a load equivalent to 1 TIL Loads 
and 100pF. 

4. Operation within the tRco(max) limit insures that 
tRAc(max) can be met. tRco(max) is specified as a 
reference point only. If tRCD is greater than the 
specified tRco(max) limit, then access time is 
controlled exclusively by tcAc. 

5. Assumes that tRCD2':tRco (max). 
6. tAR, twcR, tDHR are referenced to tRAo(max). 
7. This parameter defines the time at which the 

output achieves the open circuit condition and is 
not referenced to VoH or VOL. 

8. twcs, tRwo, tcwo and tAwo are non restrictive 
operating parameters. They are included in the 
data sheet as electric characteristics only. If twcs:::::: 
twcs(min) the cycle is an early write cycle and the 
data output will remain high impedance for the 
duration of the cycle. If tcwo::=:::tcwo(min), tRWD2': 
tRwo(min) and tAwo ::=:::tAwo(min), then the cycle is a 
read-write cycle and the data output will contain 
the data read from the selected address. If neither 
of the above conditions are satisfied, the condition 
of the data out is indeterminate. 

9. Either tRcH or tRRH must be satisfied for a read 
cycle. 

•1MfJiiiii> 
ELECTRONICS 

CMOS DRAM 

10. These parameters are referenced to the GAS 
leading edge in early write cycles and to the W 
leading edge in read-write cycles. 

11. Operation within the tRAo(max) limit insures that 
tRAc(max) can be met. tRAo(max) is specified as a 
reference point only. If tRAD is greater than the 
specified tRAo(max) limit, then access time is 
controlled by tAA. 

12. tAsc::=:::tcP min, Assume tT=2.0ns. 
13. 1024 cycle of burst refresh must be executed 

within 16ms before and after self refresh, in order 
to meet refresh specification (F-version) 

14. If RAS goes to high before GAS high going, the 
open circuit condition of the output is achieved by 
CAS high going. If GAS goes to high before RAS 
high going, the open circuit condition of the output 
is achieved by RAS high going. 

15. tAsc, tcAH are referenced to the earlier GAS falling 
edge. 

16. tcP is specified from the last GAS rising edge in the 
previous cycle to the first GAS falling edge in the 
next cycle. 

17. tcwo is referenced to the later GAS falling edge at 
word read-modify-write cycle. 

18. tcwL is specified from W falling edge to the earlier 
GAS rising edge. 

19. tcsR is referenced to earlier CAS falling low before 
RAS transition low. 

20. tcHR is referenced to the later GAS rising high after 
RAS transition low. 

21. tos, toH is independetly specified for lower byte Din 

(1-B), upper byte Din(9-16) 
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KM416V1204A/ A-LI A-F 

TIMING DIAGRAM 
WORD READ CYCLE 

NOTE : D1N = OPEN 

V1H -

[CAS V1L 

V1H -

A V1L -

V1H -

w V1L -

dtnfiihi» 
ELECTRONICS 

CMOS DRAM 

~ Don't Care 
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KM416V1204A/ A-LI A-F 

TIMING DIAGRAM 
LOWER BYTE READ CYCLE 

NOTE : D1N = OPEN 

CMOS DRAM 

~--------tRc----------...i 

V1H -
A V1L -

V1H -

w V1L -

V1H -

OE V1L -

DQ1 - OQB VoH - -----
VoL 

DQ9 - DQ16 VoH - ------------- OPEN 
VoL -

41:!:i:f%i» 
ELECTRONICS 

~ Don't Care 
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KM416V1204A/ A-LI A-F 

TIMING DIAGRAM 
UPPER BYTE READ CYCLE 

NOTE : D1N = OPEN 

CMOS DRAM 

---------tRc-----------

V1H -
[CAS V1L 

V1H -

A V1L -

V1H -

w V1L -

V1H -

OE V1L -

----- tRSH---t--
tcAS 

tmz 

DQ1 - DQB VoH - -------- OPEN 
VoL 

DQ9 - 0016 VoH - ------ OPEN 
VoL -

t!MHIUI• 
ELECTRONICS 

tRPC 

tcEZ 

~ Don't Care 
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KM416V1204A/ A-LI A-F 

WORD WRITE CYCLE ( EARLY WRITE ) 
NOTE : DouT = OPEN 

V1H -

RAS V1L -

V1H -

UCAS" V1L -

V1H -

A V1L -

V1H -

w V1L 

OE V1H -

V1L -

DQ1 - DQ8 ViH -

V1L -

DQ9 - DQ16 ViH -

V1L -

dlf:fi@IP 
. ELECTRONICS 

------+twcR+----.i 

CMOS DRAM 

tcRP 

~ Don't Care 
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KM416V1204A/ A-LI A-F 

LOWER BYTE WRITE CYCLE ( EARLY WRITE ) 
NOTE : DouT = OPEN 

V1H -

RAS V1L 

V1H -

UCAS V1L 

V1H -

LCAS VtL 

V1H -

A V1L -

V1H -w 
V1L 

V1H -
ITE 

V1L 

DQ1 - DQ8 VtH -

V1L -

DQ9 - DQ16 VtH -

V1L -

•t:!:l:fiiiii» 
ELECTRONICS 

CMOS DRAM 

~ Don't Care 
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KM416V1204A/ A-LI A-F 

UPPER BYTE WRITE CYCLE ( EARLY WRITE ) 
NOTE : Dour = OPEN 

------tRSH---+--

V1H -

CCAS V1L 

V1H -

A V1L -

V1H -w 
V1L 

DQ1 - 008 ViH -

V1L -

DQ9 - DQ16 ViH -

V1L -

tli'IWi'ih' ELECTRONICS 

tcAS 

CMOS DRAM 

~ Don't Care 
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KM416V1204A/ A-LI A-F 

WORD WRITE CYCLE ( OE CONTROLLED WRITE ) 
NOTE : Dour = OPEN 

V1H -

RAS V1L -

V1H -

CAS V 
IL 

V1H -

A V1L -

V1H -

w V1L 

V1H -

OE V IL 

DQ1 - DQ8 ViH -

V1L -

DQ9 - DQ16 ViH -

V1L -

4J:'"'f)@iP 
ELECTRONICS 

CMOS DRAM 

~ Don't Care 
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KM416V1204A/A-L/A-F 

LOWER BYTE WRITE CYCLE ( OE CONTROLLED WRITE ) 
NOTE : DouT = OPEN 

VtH -

RAS VtL -

VtH -

CA"S" VtL -

VtH -

CA"S" VtL -

V1H -

A VtL -

VtH -

w VtL 

V1H -

OE Vii_ 

DQ1 - DQ8 VtH -

VtL -

009 - DQ16 VtH -

V1L -

•1:1:1: filiiilP 
ELECTRONICS 

CMOS DRAM 

~ Don't Care 
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KM416V1204A/ A-L/ A-F 

UPPER BYTE WRITE CYCLE (OE CONTROLLED WRITE ) 
NOTE : DouT = OPEN 

VrH -
RAS VrL -

V1H -

CAS V1L -

V1H -

CAS V1L -

V1H -

A V1L -

- V1H -

w V1L -

-- V1H -

OE V1L -

DQ1 - DQ8 ViH -

V1L -

DQ9 - 0016 ViH -

V1L -

•llil':H'i** ELECTRONICS 

CMOS DRAM 

~ Don't Care 
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KM416V1204A/A-L/A-F 

WORD READ - MODIFY - WRITE CYCLE 

V1H -

A V1L -

V1H -

w V1L -

DQ1 - DQ8 V110H - ----+---+---+--+--<l~I 
V110L -

DQ9 - DQ16 V110H - -------------e~I 
V110L -

•tMfiiM» 
ELECTRONICS 

CMOS DRAM 

~ Don't Care 
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KM416V1204A/ A-LI A-F CMOS DRAM 

LOWER-BYTE READ - MODIFY - WRITE CYCLE 

---------fRAS---------+I 
VrH -

AAS VrL -

---1 1-----1 

VrH -

TICAS" VrL -

VrH -
[CAS VrL -

VrH -
A VrL -

VrH -w 
VrL 

VrH -

OE V1L -

DQ1 - DQ8 V110H - ----------~?{! 
V110L 

DQ9-DQ16 VoH - ------------OPEN 
VoL 

•lm'Mlii" ELECTRONICS 

~ Don't Care 
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KM416V1204A/ A-LI A-F CMOS DRAM 

UPPER-BYTE READ - MODIFY - WRITE CYCLE 

V1H -
UCAS V1L -

V1H -

A V1L -

V1H -

w V1L 

V1H -

OE V1L -

DQ1 - DQ8 VoH -
VoL -

1+-----------tRwc------------

---------tRAS--------+i ---1 1-----1 

tAR 
tRCD---'"'4---1----- tRSH------.i 

1o1&--1-______ tcAs----4-1-~ 

DQ9 - DQ16 V1toH - ----------~:l<I 
V1tOL -

~ Don't Care 

•t:f:l:filjil» 
ELECTRONICS 
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KM416V1204A/ A-L/ A-F 

HYPER PAGE MODE WORD READ CYCLE 

V1H -

UCAS ViL _ 

LCAS 
V1H -
V1L -

V1H -
A 

V1L -

V1H -w 
V1L -

V1H -
OE 

V1L -

DQ1 - DQ8 V110H 

V110L 

-
-

11mwJ1m> 
ELECTRONICS 

kAC____.. 
I 

kPA---+ 

CMOS DRAM 

tREZ 

I 

~ Don't Care 

1209 



KM416V1204A/ A-LI A-F 

HYPER PAGE MODE LOWER BYTE READ CYCLE 

[CAS V1H -
V1L -

V1H -
A 

V1L -

V1H -w 
V1L -

DQ9 - DQ16 VoH - ------------ OPEN 
VoL 

dl"'filiii> 
ELECTRONICS 

CMOS DRAM 

~Don't Care 
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KM416V1204A/ A-LI A-F CMOS DRAM 

HYPER PAGE MODE UPPER BYTE READ CYCLE 

-------------tAASp----------

V1H -
UCAS 

V1L -

[CAS V1H -
V1L -

V1H -
A 

V1L -

V1H -w 
V1L -

DQ1 - DQ8 VoH -
VoL -

-----+---------+------'!---- OPEN 

I 

DQ9 -DQ16 VVltOH _--------------+----'1,...ACI 

l/OL ''-----'I 

e1m'¥JifoiP 
. ELECTRONICS 

~ Don't Care 
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KIVl416V1204A/A-L/A-F 

HYPER PAGE MODE WORD WRITE CYCLE ( EARLY WRITE ) 
NOTE : DouT = Open 

V1H -RAS 
V1L -

V1H -
UCAS" 

V1L -

V1H -
l:CAS 

V1L -

V1H -
A 

V1L -

w V1H -
V1L 

V1H -
OE 

V1L 

V1H -

DQ1 - DQ8 ViL _ 

V1H -

DQ9 - 0016 VIL -

4]1f:WJlllllP 
ELECTRONICS 

CIVIOS DRAIVI 

~ Don't Care 
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KM416V1204A/ A-l./ A-F CMOS DRAM 

HYPER PAGE MODE LOWER BYTE WRITE CYCLE (EARLY WRITE) 
NOTE : DouT == Open 

RAS V1H -
V1L 

V1H -
OCAS ViL -

V1H -
LCAS 

V1L -

V1H -
A 

V1L -

V1H w -
V1L -

- V1H -

OE V1L -

V1H -

DQ1 - DQB ViL _ 

V1H -

DQ9 - 0016 V1L -

•tMfrW» 
ELECTRONICS 

tRASP tRP 

tAR tRHCP 

~ 

~ 

---toHR 

~ Don't Care 

1213 



KM416V1204A/ A-LI A-F CMos·oRAM 

HYPER PAGE MODE UPPER BYTE WRITE CYCLE ( EARLY WRITE ) 
NOTE : DouT = Open 

RAS V1H -
V1L 

V1H -
UCAS 

V1L -

V1H -
[CA'S 

V1L -

V1H -
A 

V1L -

V1H -w 
V1L 

V1H -
OE 

V1L 

V1H -

DQ1 - DQ8 Vil _ 

V1H -

DQ9 - 0016 V1L -

•!MfiiiHtP 
ELECTRONICS 

~ Don't Care 
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KM416V1204A/ A-LI A-F 

HYPER PAGE MODE WORD READ-MODIFY-WRITE CYCLE 

V1H -
RAS 

V1L -

V1H -
TICAS" 

V1L -

V1H 
A 

V1L -

V1H -w 
V1L -

V1H -

OE V1L -

•1Mfiliii» 
ELECTRONICS 

CMOS DRAM 

~Don't Care 
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KM416V1204A/ A-LI A-F CMOS DRAM 

HYPER PAGE MODE LOWER-BYTE-READ-MODIFY-WRITE CYCLE 

V1H -

[CAS V1L -

V1H -

A V1L -

V1H -

w V1L 

V1H -

OE V1L -

DQ1 - DQ8 V110H - ------+-t'O'"hK I 
V110L 

DQ9 - 0016 VoH - ------------- OPEN 
VoL 

•litnfill!llP 
ELECTRONICS 

~ Don't Care 
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KM416V1204A/A-L/A-F 

HYPER PAGE MODE UPPER-BYTE-READ-MODIFY-WRITE CYCLE 

V1H -

RAS V1L -

V1H -
A 

V1L -

V1H -w 
V1L -

VoH -001-008 -----l----+--+-1---+-+------l-+-QPEN 
VoL - I 

l+-tAA-. 
I 

•lm'1t1'iii» ELECTRONICS 

CMOS DRAM 

VALID 
DATA-IN 

~ Don't Care 
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KM416V1204A/A-L/A-F 

HYPER PAGE READ AND WRITE MIXED CYCLE 

V1H -

[CAS V1L -

V1H -
A 

V1L -

w V1H -
V1L -

OE 
V1H -
V1L -

DQ1 - V110H ----------<I 
DOB V110L -

dMfiihi» 
ELECTRONICS 

CMOS DRAM 

~Don't Care 
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KM416V1204A/ A-LI A-F 

RAS"-ONLY REFRESH CYCLE 

NOTE : W, OE , D1N = Don't care 
DouT =Open 

. RAS V1H -
V1L -

V1H -
A V1L -

CAS"-BEFORE-~ REFRESH CYCLE 

NOTE : W, OE, A= Don't Care 

V1H -
RAS V1L -

V1H -
UCAS ViL 

-- V1H -
LCAS ViL _ 

VoH -
001 - 008 VoL 

CMOS DRAM 

VoH -
DQ9 - DQ16 VoL _ 1~--------- OPEN -------------

----
~ Don't Care 

1miMJIJH» 
ELECTRONICS 
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KM416V1204A/ A-LI A-F 

CA'S-BEFORE-RAS SELF REFRESH CVCLE(LL-version) 

NOTE : W, OE, A= Don't Care 

DQ1 - DQ8 VoH -
VoL 

-----tRAss------'-* 

DQ9 - DQ16 VoH - 1>----------- OPEN 
VoL - ___ _ 

rttMHIW" 
ELECTRONICS 

CMOS DRAM 

~ Don't Care 
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KM416V1204A/A-L/A-F 

HIDDEN REFRESH CYCLE ( READ ) 

VrH -
RAS VrL -

VrH -

UCAS V1L -

VrH -
LCAS ViL _ 

V1H -

A VrL -

V1H -

W VrL -

V1H -
OE VrL -

D01 - DOB VoH - -----+- OPEN 
VoL 

DQ9 - D016 VoH - ------ OPEN 
VOL 

rt11JMJIJii1P 
ELECTRONICS 

CMOS DRAM 

DATA-OUT 

twEZ 

DATA-OUT 

~ Don't Care 

1221 



KM416V1204A/ A-LI A-F 

HIDDEN REFRESH CYCLE ( WRITE ) 

NOTE : DouT = OPEN 

VtH 

A V1L -

VtH -

w VtL -

VtH -

OE VtL -

001 - 008 VtH -

VtL -

009 - 0016 ViH -

VtL -

•tiJ:':fi ij!llP 
ELECTRONICS 

CMOS DRAM 

Don't Care 
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KM416V1204A/ A-LI A-F 

CAS"-BEFORE-~ REFRESH COUNTER TEST CYCLE 

V1H -

CCAS' V1L 

V1H -

A V1L -

READ CYCLE 

V1H -

w V1L -

VoH -

001 - 0016 VoL _ 

WRITE CYCLE 

V1H -w 
V1L 

001 - 0016 VVIH -
IL -

READ-MODIFY-WRITE. 

V1H -

w V1L 

V110H - -----------------(!~! 
001 - 0016 V110L -

t1:1411JiliP 
ELECTRONICS 

CMOS DRAM 

VALID VALID ~ Don't Care 
DATA-OUT DATA-IN ~ 
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KM416V1204A/ A-LI A-F CMOS· DRAM 

PACKAGE DIMENSION 
42-LEAD PLASTIC SMALL OUT-LINE J-~EAD Units: Inches (millimeters) 

0 

-II 

0 0.004(0.1) 

0.026(0.66) 

0.030(0. 76) 

0 
00 
N (') 
00 
co N' 
0 ..-
0 0 
0 0 

0.130(3.30) 

0.140(3.56) 

44-LEAD PLASTIC THIN SMALL OUT LINE PACKAGE (Forward and Reverse Type) 

26(23) 

25(22) ~11-1--0.004(0.10) .. 

0.010(0.25) 
0.841(21.35)MAX _j_N 

~ 
0.821 (20.85) ~ ' 

0.829(21.05) 11 
~l~-.o~~:-(:-.:-:-.1)~1.· :looooor::,., rr::,::0000~7 

0.018(0.36) TYP . . : I I 
c::i 

•1Mfiliii» 
ELECTRONICS 
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KM48V8000 
ADVANCED 

CMOS DRAM 

BM x 8 Bit CMOS Dynamic RAM with Fast Page Mode 

FEATURES 

• Performance range: 

tRAC tCAC tRC 

KM48V8000-5 50ns 13ns 90ns 

KM48V8000-6 60ns 15ns 110ns 

KM48V8000-7 70ns 20ns 130ns 

• Fast Page Mode operation 
• CAS-before-RAS refresh capability 
• RAS-only and Hidden Refresh capability 
• Fast parallel test mode capability 
• TTL compatible inputs and outputs 
• Early write or output enable controlled write 
• 3.3V ± 0.3V power supply 
• 8192 cycles/128ms refresh 
• JEDEC standard pinout 
• Available in plastic SOJ and TSOP(ll) packages. 

FUNCTIONAL BLOCK DIAGRAM 

RAS 
Control 

CAS-
Clocks 

GENERAL DESCRIPTION 
The Samsung KM48V8000 is a high speed CMOS 8, 
388,608 bit x 8 Dynamic Random Access Memory. Its 
design is optimized for high performance applications 
such as mainframes, mini computers, graphics and 
high performance portable computers. 

The KM48V8000 features Fast Page Mode operation 
which allows high speed random access of memory 
cells within the same row. 

GAS-before-RAS refresh capability provides on-chip 
auto refresh as an alternative to RAS-only refresh. All 
inputs and outputs are fully TTL compatible. 

The KM48V8000 is fabricated using Samsung's 
advanced CMOS process 

Vss 
w Vss Generator 

t:G= Voe 

Data in 
Refresh Timer Row Decoder 

Buffer 

Refresh Control 
Q 
o6 DQ1 
(/) 

Memory Array Q. to 
Refresh Counter 8,388,608 ' 8 

E 
< DQs 

Cells 
<J.) 
(/) 
c 

Row Address Buffer 
<J.) 

Ao-A12 (./) 

Data out 

Col. Address Buffer Column Decoder 
Buffer OE 

Ao-Ag 

tJ:!:i: Hliii" ELECTRONICS 
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KM48V8004 
ADVANCED 

CMOS DRAM 

BM x 8 Bit CMOS Dynamic RAM with Extended Data Out 

FEATURES 
• Performance range: 

tRAC tCAC 

KM48V8004-5 50ns 13ns 

KM48V8004-6 60ns 15ns 

KM48V8004-7 70ns 20ns 

tRC 

90ns 

110ns 

130ns 

tHPC 

20ns 

24ns 

29ns 

GENERAL DESCRIPTION 
The Samsung KM48V8004 is a high speed CMOS 8, 
388,608 bit x 8 Dynamic Random Access Memory. Its 
design is optimized for high performance applications 
such as mainframes, minicomputers, graphics and high 
performance portable computers. 

• Fast Page Mode operation with Extended data out 

The KM48V8004 features EDO Mode operation which 
allows high speed random access of memory cells 
within the same row. 

• CAS-before-RAS refresh capability 
• RAS-only and Hidden Refresh capability 
• Fast parallel test mode capability 
• TTL compatible inputs and C?,Utputs 
• Early write or output enable controlled write 
• 3.3V ± 0.3V power supply 
• 8192 cycles/128ms refresh 
• JEDEC standard pinout 
• Available in plastic SOJ and TSOP(ll) packages. 

FUNCTIONAL BLOCK DIAGRAM 

RAS 
Control 

GAS 
Clocks 

w 

Refresh Timer 

Refresh Control 

Refresh Counter 

Ao-A12 Row Address Buffer 

Ao-As Col. Address Buffer 

•ti'fifiliii' ELECTRONICS 

GAS-before-RAS refresh capability provides on-chip 
auto refresh as an alternative to RAS-only refresh. All 
inputs and outputs are fully TTL compatible. 

The KM48V8004 is fabricated using Samsung's 
advanced CMOS process. 

t:1I VbC 

Vss Generator 
Vss 

Data in 
Row Decoder 

Buffer 

Q 
o6 DQ1 

Memory Array 
C/) 
0. to 

. 8,388,608 x 8 
E 
<( DQa 

Cells 
Ql 
C/) 
c 
Ql 

Cf) 

Data out 

Column Decoder 
Buffer OE 
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KM48V8100 
ADVANCED 

CMOS DRAM 

BM x 8 Bit CMOS Dynamic RAM with Fast Page Mode 

FEATURES 

• Performance range: 

tRAC tCAC tRC 

KM48V8100-5 50ns 13ns 90ns 

KM48V8100-6 60ns 15ns 110ns 

KM48V8100-7 70ns 20ns 130ns 

• Fast Page Mode operation 
• CAS-before-RAS refresh capability 
• RAS-only and Hidden Refresh capability 
• Fast parallel test mode capability 
• TTL compatible inputs and outputs 
• Early write or output enable controlled write 
• 3.3V ± 0.3V power supply 
• 4096 cycles/64ms refresh 
• JEDEC standard pinout 
• Available in plastic SOJ and TSOP(ll) packages. 

FUNCTIONAL BLOCK DIAGRAM 

RAS 
Control 

CAS-
Clocks 

GENERAL DESCRIPTION 
The Samsung KM48V8100 is a high speed CMOS 8, 
388,608 bit x 8 Dynamic Random Access Memory. Its 
design is optimized for high performance applications 
such as mainfremes, minicomputers, graphics and high 
performance portable computers. 

The KM48V8100 features Fast Page Mode operation 
which allows high speed random access of memory 
cells within the same row. 

GAS-before-RAS refresh capability provides on-chip 
auto refresh as an alternative to RAS-only refresh. All 
inputs and outputs are fully TTL compatible. 

The KM48V8100 is fabricated using Samsung's 
advanced CMOS process. 

Vss 
w Vss Generator 

&Voo 

Data in 
Refresh Timer Row Decoder 

Buffer 

Refresh Control 
Q 
~ DQ1 

Memory Array 
(/) 
Q. to 

Refresh Counter 8,388,608 ' 8 
E 

<!'. DQs 
Cells 

Cll 
(/) 
c 

Row Address Buffer Cll 
AO-A11 (/) 

Data out 

Col. Address Buffer Column Decoder 
Buffer OE 

AO-A10 

•1MtJiiiii' ELECTRONICS 
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KM48V8104 
ADVANCED 

CMOS DRAM 

BM x 8 Bit CMOS Dynamic RAM with Extended Data Out 

FEATURES 
• Performance range: 

tRAC tCAC tRC tHPC 

KM48V8104-5 50ns 13ns 90ns 20ns 

KM48V8104-6 60ns 15ns 110ns 24ns 

KM48V8104-7 70ns 20ns 130ns 29ns 

• Fast Page Mode operation with Extended data out 
• 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 
• ~.3V ± 0.3V power supply 
• 4096 cycles/64ms refresh 
• JEDEC standard pinout 
• Available in plastic SOJ and TSOP(ll) packages. 

FUNCTIONAL BLOCK DIAGRAM 

RAS 

CAS -
Control 
Clocks 

w 

Refresh Timer 

Refresh Control 

Refresh Counter 

Ao-A11 Row Address Buffer 

Ao-A10 Col. Address Buffer 

ttMf\iili» 
ELECTRONICS 

GENERAL DESCRIPTION 
The Samsung KM48V8104 is a high speed CMOS 8, 
388,608 bit x 8 Dynamic Random Access Memory. Its 
design is optimized for high performance applications 
such as mainframes, minicomputers, graphics and high 
performance portable computers. 

i:-he KM48V8104 features EDO Mode operation which 
allows high speed random access of memory cells 
within the same row. 

GAS-before-RAS refresh capability provides on-chip 
auto refresh as an alternative to RAS-only refresh. All 
inputs and outputs are fully TTL compatible. 

The KM48V8104 is fabricated using Samsung's 
advanced CMOS process. 

VBB Generator 
~~~ 

Data in 
Row Decoder Buffer 

Q 
o6 DQ1 

Memory Array Cf) 

c. to 
8,388,608 x 8 ·E 

<{ DQs 
Cells <ll 

Cf) 
c 
<ll 
(/) 

Data out 

Column Decoder 
Buffer OE 
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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 
Suite 204 

Irvine, CA 92718 
TEL: (714) 753-7530 
FAX: (714) 753-7544 

Dallas, TX 75248-3307 
TEL: (214) 770-7970 
FAX: (214) 770-7971 

Greensboro, NC 27408 
TEL: (919) 370-1600 
FAX: (919) 370-1633 

SAMSUNG SEMICONDUCTOR REPRESENTATIVES 

ALABAMA 
SOUTHERN COMPONENT SALES 
307 Clinton Ave. East TEL: (205) 533-6500 
Suite 413 FAX: (205) 533-6578 
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 
INTELATECH, INC. 
3700 Griffith Street 
Suite 93 
St. Laurent, Quebec H4T 1A7 
INTELA TECH, INC. 
5525 Orbitor Drive 
Suite 2 
Mississauga, Ontario L4W4Y8 

•1Mfi'iiltP 
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 
3100 Arapahoe Road 
Suite 404 
Boulder, CO 80303 

FLORIDA 
BIB TECH SALES 
3900 N.W. 79th Avenue 
Suite 636 
Miami, FL33166 
DYNE-A-MARK 
500 Winderley Place 
Suite 110 
Maitland, FL 32751 
DYNE-A-MARK 
3355 N.W. 55th Street 
Fort Lauderdale, FL 33309 
DYNE-A-MARK 
742 Penguin Ave., NE 
Palm Bay, FL 32905 
DYNE-A-MARK 
7884 Tent Avenue S 
St. Petersburg, FL 33707 

GEORGIA 

TEL: (303) 443-4780 
FAX: (303) 447-0371 

TEL: (305) 477-0341 
FAX: (305) 477-0343 

TEL: (407) 660-1661 
FAX: (407) 660-9407 

TEL: (305) 485-3500 
FAX: (305) 485-6555 

TEL: (407) 725-7470 
FAX: (407) 984-2718 

TEL: (813) 345-9411 
FAX: (813) 345-3731 

SOUTH ATLANTIC COMPONENT SALES 
3300 Holcomb Bridge Road TEL: (404) 447-6154 
Suite 210 FAX: (404) 447-6714 
Norcross, GA 30092 

ILLINOIS 
DAVIX INTERNATIONAi. LTD. 
1655 N. Arlington Heights Rd. TEL: (708) 259-5300 
Suite 204East FAX: (708) 259-5428 
Arlington Heights, IL 60004 

IND/ANA 
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 
Suite315 
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 

41:!:1: filih IP 
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 

PENNSYLVANIA 

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 ASSOCIATES 
555 Republic Drive 
Suite105 
Plano,TX75074 
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 

~~;~~~-;~~~;;;U-C-TO-;-- -;;;;;N-C-HE_N_O-FF-IC_E_ ---Ml-~~O O;FIC-;;----~~NDO-;;----· 
EUROPE GmbH Cari-Zeiss-Ring 9 Viale G. Matteotti, 26 Samsung House 

BIRMINGHAM OFFICE 
Florence House St. 
Mary's Road Hinckley, 
Leicestershire LE10 
1EQ 

Am Unisyspark 1, D-85737 lsmaning bei 1-20095 Cusano 225 Hook Rise South 
65843 Sulzbach (Germany) Muenchen Milanino Surbiton 
TEL: 0049-6196-582-06 TEL: 0049-89-964838 TEL: 0039-2-66400181 Surrey 
FAX: 0049-6196-750-345 FAX: 0049-89-964873 FAX: 0039-2-6192279 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: 0044-81-97 42540 

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 

FINLAND 

TAHINIKOV 
P.O. Box 125 
SF-00241 Helsinki 

OV 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 : 0032-2-2167058 
FAX : 0032-2-2166871 

TEL : 0045-44927000 
FAX : 0045-44926020 

TEL: 0046-853189080 
FAX: 0046-853175340 

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 

•1Mfi'iil» 
ELECTRONICS 

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 
D-30539 Hannover Delete 

MSC VERTRIEBS GmbH 
lndustrie Str. 16 
D-76297 Stutensee 3 

MICRONETICS GmbH 
Dieselstrasse 12 
D-71272 Renningen 

TEL : 0049-511-87640 
FAX: 0049-551-8764160 

TEL : 0049-7249-9100 
FAX: 0047-7249-7993 

TEL: 0049-7159-92583-0 
FAX: 0049-7159-9258355 

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 
1-20090 Assago Mi 

TEL : 0039-2-824701 
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 

MALCHUS BV HANDELMIJ 
Fokkerstraat 511-513 TEL: 0031-10-4277777 
Postbus 48 FAX: 0031-10-4154867 
Nl-3125 BO Schiedam 

SPAIN 

SEMICONDUCTORS S.A. 
Ronda General Mitre 
240 Bjs 
E-08006 Barcelona 

SWEDEN 

MIKO KOMPONENTS 
Segersbyvaegen 3 
P.P. Box 2001 
S-14502 Norsborg 

TEL: 0034-3-2172340 
FAX: 0034-3-2176598 

TEL : 0046-853-189080 
FAX : 0046-853-175340 

tt:!:i:Hihi" 
ELECTRONICS 

SWITZERLAND 

ELBATEXAG 
Hard Str. 72 TEL: 0041-56275511 
CH-5430 Wettingen Schweiz FAX : 0041-56275532 

UNITED KINGDOM 

MAGNATEC 
Coventry Road 
Lutterworth 
Leicestershire 
LE17 4JB 

ICE ELECTRONICS LTD. 

TEL: 0044-455-554711 
FAX : 0044-455-552612 

31-32 Stephenson Road TEL : 0044-480-496466 
Burrel Road Industrial Estate FAX: 0044-480-496621 
St. Ives 
Cambridgeshire 
PE17 4WJ 
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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 

•tMHiW" ELECTRONICS 

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 Chome 
Chiyoda-Ku Tokyo, 100 Japan 

RIKEI 
Nichimen Bldg., 
2-2 Nakanojima 2 Chome, 
Kita-Ku, Osaka, 530 Japan 

ISECO 
26-3, Kitamagome 2 Cherne, 
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($) PTE LTD. 
203, Henderson Road TEL : 65-2769997 
#12-08 Henderson Industrial Park, FAX : 65-~769996 
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. Sathorn Thani Bldg., TEL: 662-2367642-5 
92/40·41 North Sathorn 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($) PTE LTD. 
Suite 9-2, Menara Penang TEL : 229-1670-1 
Garden 42A, Jalan Suitan FAX : 229-1678 
Ahmad Shah 10050 Penang, 
Malaysia 

VUTIPONG ELECTRONIC CO., LTD. 
51-53 Pahurat Rd, (Banmoh) TEL: 662-2266496-9 
Bankok 10200, Thailand FAX: 662-2240861 

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. 
n/113, Ladprao SOI 3, TEL: 662-512-2751 
Ladyao, Jatujak, Bangkok FAX: 662-512-5531 
10900, Thailand 

IND/A 

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 

dfaHIOI» 
ELECTRONICS 

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 

SAMTEK 
314 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)469-3511 
FAX: (02)469-7966 

TEL: (02)273-6781 
FAX: (02)275-9448 
TLX: K24950 SUKSEMT 

TEL: (02)538-4400 
FAX: (02)538-4338-9 

TEL: (02)702-1257-8 
FAX: (02)704-0997 
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