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These corrections are applicable to the Package Draw
ings, Section 16 in Volume 1 and Section 29 in Volume 
2. Devices affected are the 256K x 16/18 DRAMs listed 
below. 

µPD424170A 
190A 
260A 
263A 
280A 

µPD424170L 
190L 
260L 
263L 
280L 

µPD42S4170A 
190A 
260A 
263A 
280A 

µPD42S4170L 
190L 
260L 
263L 
280L 

44/40-Pin Plastic TSOP II {400-mil) 

Item Miii i meters Inch ea 

A 18.81 max .741 max 

8 1.00 max .039max 

c 0.8 (TP} .031 (TP} 
D 0.30 ± 0.10 .012 ± .004 

E 0.05 ±0.05 .002 ± .002 

F 1.10 max .043max 
G 0.97 .038 
H 11.76 ± 0.2 .463 ± .008 

I 10.16±0.1 .400 ± .004 

J 0.8 ±0.2 .031 ± .008 

K 0.125 :g:Jg 005 + .004 
. -.002 

L 0.5 ± 0.1 .020 ± .004 

M 0.13 .005 
N 0.1 .004 

H 

Fl~ j,.....E----
E 30±30 -11-

L 

1993 Memory Data Book 
Errata 

• Sections 16 and 29, pages 7, 8, and 12: 
In the descriptions of the affected devices, change 
"300-mil" to "400-mil". 

• Sections 16 and 29, page 52: 
Replace the 300-mil package drawing with the 
400-mil package drawing below. 
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Volume 1 

Section 1. General Information 

Upcoming Products 

Manufacturing in Roseville, California 

Device Numbering Guide 

Quick Reference Guide 

Section 2. Reliability and Quality Control 

Built-in Total Quality Control (TQC) 

Approaches to TQC 

Implementation of Quality Control 

Reliability Theory 

Failure Analysis 

Summary 

Figure 1. NEC's Quality Control System 

Figure 2. New Product Development 

Figure 3. Electrical Testing and Screening 

Figure 4. Reliability Life (Bathtub) Curve 

Appendix 1A Typical QC Flow for CMOS Fabrication 

Appendix 1B. Typical QC Flow for PLCC Assembly/Test 

Appendix 2. Typical Reliability Assurance Tests 

Appendix 3. New Product/Process Change Tests 

Appendix 4. Failure Analysis Flowchart 

Section 3. 256K DRAMS 

µ.PD Organization Features 

41256 256K x 1 Page; NMOS 

41464 64Kx 4 Page; NMOS 
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Contents NEC 
Volume 1 {cont) 

Section 4. 1 M DRAMS 

µPD Organization Features 

421000 1M x 1 Fast-page (See App Note 53.) 4a 

424256 2S6K x 4 Fast-page 4b 

Section 5. 4M DRAMS (4M x 1 and 1 M x 4) 

µPD Organization Features 

424100 4M x 1 Fast-page Sa 

424100A 4M x 1 Fast-page 

424100L 4M x 1 Fast-page; 3.3-volt 

42S4100A 4M x 1 Fast-page; self-refresh 

42S4100L 4M x 1 Fast-page; self-refresh; 3.3-volt 

424101 4M x 1 Nibble Sb 

424102 4M x 1 Static-column Sc 

424400 1M x4 Fast-page Sd 

424400A 1M x 4 Fast-page 

424400L 1M x 4 Fast-page; 3.3-volt 

42S4400A 1M x 4 Fast-page; self-refresh 

42S4400L 1M x 4 Fast-page; self-refresh; 3.3-volt 

424402 1M X4 Static-column Se 

424410 1M x 4 Fast-page; write-per-bit Sf 

424412 1M x 4 Static-column; write-per-bit 5g 

424440 1M x 4 Fast-page; 4 CAS Sh 

424440L 1M x 4 Fast-page; 4 CAS; 3.3-volt 

42S4440 1M x4 Fast-page; 4 CAS: self-refresh 

42S4440L 1M x 4 Fast-page; 4 CAS; self-refresh; 3.3-volt 
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NEC Contents 

Volume 1 (cont) 

Section 6. 4M DRAMS (512K x 8/9) 

µPD Organization Features 

424800A 512K x 8 Fast-page 6a 

424800L 512K x 8 Fast-page; 3.3-volt 

42S4800A 512K x 8 Fast-page; self-refresh 

42S4800L 512K x 8 Fast-page; self-refresh; 3.3-volt 

424810A 512K x 8 Fast-page; write-per-bit 6b 

424810L 512K x 8 Fast-page; write-per-bit; 3.3-volt 

42S4810A 512K x 8 Fast-page; write-per-bit; self-refresh 

42S4810L 512K x 8 Fast-page; write-per-bit; self-refresh; 3.3-volt 

424900A 512K x 9 Fast-page 6c 

424900L 512K x 9 Fast-page; 3.3-volt 

42S4900A 512K x 9 Fast-page; self-refresh 

42S4900L 512K x 9 Fast-page; self-refresh; 3.3-volt 

Section 7. 4M DRAMS (256K x 16/18) 

µPD Organization Features 

424170A 256K x 16 Fast-page; 2 WE; 1K refresh ?a 

424170L 256K x 16 Fast-page; 2 WE; 1 K refresh; 3.3-volt 

42S4170A 256K x 16 Fast-page; 2 WE; 1 K refresh; self-refresh 

42S4170L 256K x 16 Fast-page; 2 WE; 1 K refresh; self-refresh; 3.3-volt 

424190A 256Kx 18 Fast-page; 2 WE; 1 K refresh 7b 

424190L 256K x 18 Fast-page; 2 WE; 1 K refresh; 3.3-volt 

42S4190A 256K x 18 Fast-page; 2 WE; 1 K refresh; self-refresh 

42S4190L 256K x 18 Fast-page; 2 WE; 1 K refresh; self-refresh; 3.3-volt 

424260A 256K x 16 Fast-page; 2 CAS; 512 refresh 7c 

424260L 256K x 16 Fast-page; 2 CAS; 512 refresh; 3.3-volt 

42S4260A 256K x 16 Fast-page; 2 CAS; 512 refresh; self-refresh 

42S4260L 256K x 16 Fast-page; 2 CAS; 512 refresh; self-refresh; 3.3-volt 

424263A 256K x 16 Fast-page; 2 CAS; 512 refresh; write-per-bit 7d 

424263L 256K x 16 Fast-page; 2 CAS; 512 refresh; write-per-bit; 3.3-
volt 

42S4263A 256K x 16 Fast-page; 2 CAS; 512 refresh; write-per-bit; self-
refresh 

42S4263L 256K x 16 Fast-page; 2 CAS; 512 refresh; write-per-bit; self-
refresh; 3.3-volt 
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Contents NEC 
Volume 1 (cont) 

Section 7. 4M DRAMS (256K x 16/18) (cont) 

µPD Organization Features 

4242BOA 256K x 18 Fast-page; 2 CAS; 512 refresh 7e 

4242BOL 256K x 18 Fast-page; 2 CAS; 512 refresh; 3.3-volt 

42S4280A 256K x 18 Fast-page; 2 CAS; 512 refresh; self-refresh 

42S4280L 256K x 18 Fast-page; 2 CAS; 512 refresh; self-refresh; 3.3-volt 

Section a. 16M DRAMs 

µPD Organization Features 

4216100 16M x 1 Fast-page; 4K refresh Ba 

4217100 16M x 1 Fast-page; 2K refresh 

4216101 16M x 1 Nibble; 4K refresh 8b 

4217101 16M x 1 Nibble; 2K refresh 

4216102 16M x 1 Static-column; 4K refresh Be 

4217102 16M x 1 Static-column; 2K refresh 

4216400 4Mx4 Fast-page; 4K refresh 8d 

4217400 4Mx4 Fast-page; 2K refresh 

4216402 4Mx 4 Static-column; 4K refresh Be 
4217402 4Mx4 Static-column; 2K refresh 

4216410 4Mx 4 Fast-page; 4K refresh; write-per-bit Bf 

4217410 4Mx4 Fast-page; 2K refresh; write-per-bit 

4216412 4Mx4 Static-column; 4K refresh; write-per-bit Bg 

4217412 4Mx4 Static-column; 2K refresh; write-per-bit 

4216BOO 2Mx 8 Fast-page; 4K refresh Bh 

4216BOOL 2Mx B Fast-page; 4K refresh; 3.3-volt 

42S16800 2Mx B Fast ... page; 4K refresh; self-refresh 

42S16800L 2Mx B Fast-page; 4K refresh; self-refresh; 3.3-volt 

4217BOO 2Mx B Fast-page; 2K refresh 

4217BOOL 2Mx B Fast-page; 2K refresh; 3.3-volt 

42S17800 2Mx B Fast-page; 2K refresh; self-refresh 

42S17800L 2Mx B Fast-page; 2K refresh; self-refresh; 3.3-volt 

4216802 2Mx8 Static-column Bi 
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NEC Contents 

Volume 1 (cont) 

Section 8. 16M DRAMS (cont) 

1-tPD Organization Features 

4216900 2M x 9 Fast-page; 4K refresh 8j 

4216900L 2M x 9 Fast-page; 4K refresh; 3.3-volt 

42S16900 2M x 9 Fast-page; 4K refresh; self-refresh 

42S16900L 2M x 9 Fast-page; 4K refresh; self-refresh; 3.3-volt 

4217900 2M x 9 Fast-page; 2K refresh 

4217900L 2M x 9 Fast-page; 2K refresh; 3.3-volt 

42S17900 2Mx 9 Fast-page; 2K refresh; self-refresh 

42S17900L 2M x 9 Fast-page; 2K refresh; self-refresh; 3.3-volt 

4216902 2Mx 9 Static-column 8k 

4216160 1M x 16 Fast-page; 4K refresh 81 

4216160L 1M x 16 Fast-page; 4K refresh; 3.3-volt 

42S16160 1M x 16 Fast-page; 4K refresh; self-refresh 

42S16160L 1M x 16 Fast-page; 4K refresh; self-refresh; 3.3-volt 

4217160 1M x 16 Fast-page; 2K refresh 

4217160L 1M x 16 Fast-page; 2K refresh; 3.3-volt 

42S17160 1M x 16 Fast-page; 2K refresh; self-refresh 

42S17160L 1M x 16 Fast-page; 2K refresh; self-refresh; 3.3-volt 

4218160 1M x 16 Fast-page; 1K refresh 

4218160L 1M x 16 Fast-page; 1 K refresh; 3.3-volt 

42S18160 1M x 16 Fast-page; 1 K refresh; self-refresh 

42S18160L 1M x 16 Fast-page; 1 K refresh; self-refresh; 3.3-volt 

4216180 1M x 18 Fast-page; 4K refresh am 
4216180L 1M x 18 Fast-page; 4K refresh; 3.3-volt 

42S16180 1M x 18 Fast-page; 4K refresh; self-refresh 

42S16180L 1M x 18 Fast-page; 4K refresh; self-refresh; 3.3-volt 

4217180 1M x 18 Fast-page; 2K refresh 

4217180L 1M x 18 Fast-page; 2K refresh; 3.3-volt 

42S17180 1M x 18 Fast-page; 2K refresh; self-refresh 

42S17180L 1M x 18 Fast-page; 2K refresh; self-refresh; 3.3-volt 

4218180 1M x 18 Fast-page; 1 K refresh 

4218180L 1M x 18 Fast-page; 1 K refresh; 3.3-volt 

42S18180 1M x 18 Fast-page; 1 K refresh; self-refresh 

42S18180L 1M x 18 Fast-page; 1 K refresh; self-refresh; 3.3-volt 
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Contents NEC 
Volume 1 (cont) 

Section 9. DRAM Modules (256K/512K x n) 

MC Organization Features 

-42256AB8 256K x 8 Fast-page 9a 

-42256AB9 256K x 9 Fast-page 9b 

-42256A32 256K x 32 Fast-page 9c 

-42256A36 256K x 36 Fast-page 9d 

-42256AA40 256Kx 40 Fast-page 9e 

-42512A32 512K x 32 Fast-page 9f 

-42512A36 512K x 36 Fast-page 9g 

-42512AA40, 512K x 40 Fast-page 9h 
-42512AB40 

Section 10. DRAM Modules (1M/2M x n) 

MC Organization Features 

-421000A8 1M x 8 Fast-page 10a 

-421000A9 1M x 9 Fast-page 10b 

-421000A32 1M x 32 Fast-page 10c 

-421000A36 1M x 36 Fast-page 10d 

-421000AA40, 1M x 40 Fast-page 10e 
-421000AB40 

-422000A32 2Mx 32 Fast-page 10f 

-422000A36 2Mx 36 Fast-page 10g 

-422000AA40 2Mx 40 Fast-page 10h 
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NEC Contents 

Volume 1 (cont) 

Section 11. DRAM Modules (4M/8M x n) 

MC Organization Features 

-424000A8 4M x 8 Fast-page 11a 

-424000A9 4M x 9 Fast-page 11b 

-424000A32 4M x 32 Fast-page 11c 

-424000A36 4M x 36 Fast-page 11d 

-428000A32 8M x32 Fast-page 11e 

-428000A36 8Mx 36 Fast-page 11f 

Section 12. Video RAMs (See App Notes 89-15, 89-16, 90-01.) 

µPD Organization Features 

41264 64Kx 4 Page; NMOS 12a 

42264 64Kx4 Page; CMOS 12b 

42273 256Kx 4 12c 

42274 256Kx 4 Flash-write 12d 

42274-80 256K x 4 Flash-write; high-performance 12e 

42275 128K x 8 12f 

482234 256K x 8 Fast-page 12g 

482235 256Kx 8 Hyper-page (extended data out) 

Section 13. Synchronous DRAM 

µPD Organization Features 

42116420 4M x 4 3.3-volt 13a 

42116820 2M x 8 3.3-volt 

42116920 2M x 9 3.3-volt 

42116162 1M x 16 3.3-volt 

42116182 1M x 18 3.3-volt 

Section 14. Rambus DRAM 

µPD Organization Features 

488130 2M x 8 3.3-volt 14a 

488170 2Mx 9 3.3-volt 
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Contents NEC 
Volume 1 (cont) 

Section 15. Application Notes 

App Note 53 µPD421000/421001/421002 1-Megabit Dynamic RAMs 15a 

App Note 89-15 Computer Graphics Overview 15b 

App Note 89-16 Frame Buffer Architecture 15c 

App Note 90-01 Realism in Computer Graphics 15d 

Section 16. Package Drawings 
Device/Package Cross-Reference 

Package Drawings (in order by number of pins) 16 
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NEC 
Volume 2 

Section 17. General Information 

Upcoming Products 

Manufacturing in Roseville, California 

Device Numbering Guide 

Quick Reference Guide 

Section 18. Application Specific Devices (See App Notes 54 thru 58, 90-03, 90-06.) 

µPD Description 

42101 910 x 8-bit line buffer for NTSC 1V 

42102 1134 x 8-bit line buffer for PAL 1V 

42270 263 lines of 910 x 4 bits NTSC field buffer 

42271 Picture-in-picture generator 

42272 Picture-in-picture generator with color border 

42280 256K x 8-bit field buffer 

42505 5048 x 8-bit line buffer for communications systems 

485505 5048 x 8-bit line buffer 

485506 5048 x 16 line buffer 

42532 32K x 8 bidirectional data buffer 

42601 1 M x 1 silicon file 

42641 4M x 1 silicon file 

42644 1 M x 4 silicon file 

481440 256K x 16 graphics DRAM; hyper-page 

Contents 

3 

4 

5 

18a 

18b 

18c 

18d 

18e 

18f 

18g 

18h 

18i 

18j 

18k 

181 

18m 
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Contents NEC 
Volume 2 (cont) 

Section 19. Fast Static RAMs (64K) 

µPD Organization Features 

43618 64Kx 1 12-ns 19a 

43628 16Kx 4 12-ns 19b 

43638 16Kx 4 12-ns; Output enable 19c 

4368 8Kx 8 15-ns; Output enable, two chip enables 19d 

4369 8Kx 9 15-ns; Output enable, two chip enables 19e 

Section 20. Fast Static RAMs (256K) 

µPD Organization Features 

432518 256K x 1 15-ns 20a 

432538 64Kx4 15-ns; Output enable 20b 

432548 64Kx4 15-ns 20c 

43258A 32Kx 8 15-ns; Output enable 20d 

43259A 32Kx9 15-ns; Output enable 20e 

Section 21. Fast Static RAMs (1 M) 

µPD Organization 

431001 1M x 1 20-ns 21a 

431004 256Kx 4 20-ns 21b 

431008 128K x 8 15-ns; Output enable 21c 

431009 128K x 9 15-ns; Output enable 21d 

431016 64Kx 16 15-ns; Output enable 21e 

431018 64Kx 18 15-ns; Output enable 21f 

Section 22. Fast Static RAMs (4M) 

µPD Organization 

434001 4M x 1 20-ns 22a 

434004 1M x 4 20-ns; Output enable 22b 

434008 512K x 8 20-ns; Output enable 22c 

Section 23. Cache Data RAMs 

µPD Organization Features 

46710A 16K x 10 bit x 2 Cache data; 12-ns 23a 

46741A BK x 20 bit x 2 Cache data; 12-ns 23b 
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NEC Contents 

Volume 2 (cont) 

Section 24. Standard Static RAMs (See App Notes 50, 90-04.) 

µPD Organization 

43256A 32Kx 8 85-ns; Output enable 24a 

432568 32Kx 8 55-ns; Output enable 24b 

431000A 128K x 8 70-ns; Output enable, two chip enables 24c 

434000 512K x 8 55-ns; Output enable 24d 

MC-434000 512K x 8 Module; 85-ns; Output enable 24e 

Section 25. ECL RAMs (1 OK Interface) 

µPB Organization Features 

10422 256x 4 7-ns 25a 

10470 4Kx 1 10-ns 25b 

10474 1Kx 4 8-ns 25c 

10474A 1Kx 4 5-ns 25d 

10474E 1Kx 4 3-ns 25e 

10476LL 1Kx 4 6-ns 25f 

10480 16Kx 1 10-ns 25g 

10484 4Kx 4 10-ns 25h 

10484A 4Kx4 5-ns 25i 

10A484 4Kx 4 5-ns 25j 

µPD10500 256Kx 1 15-ns; BiCMOS 25k 

Section 26. ECL RAMs (100K Interface) 

µPB Organization Features 

100422 256x4 7-ns 26a 

100470 4Kx 1 10-ns 26b 

100474 1Kx 4 4.5-ns 26c 

100474A 1Kx 4 5-ns 26d 

100474E 1Kx 4 3-ns 26e 

100476LL 1Kx 4 6-ns 26f 

100480 16Kx 1 10-ns 26g 

100484 4Kx 4 10-ns 26h 

100484A 4Kx 4 5-ns 26i 

100A484 4Kx 4 5-ns 26j 

µPD100500 256K x 1 15-ns; BiCMOS 26k 

11 



Contents NEC 
Volume 2 (cont) 

Section 27. E EPROMs 

µPD Organization 

28C04 512x 8 27a 

28C05 512 x 8 27b 

28C64 8Kx 8 27c 

28C256 32Kx 8 27d 

Section 28. Application Notes 

App Note 90-03 Memory Systems Overview 28a 

App Note 54 µPD42505 Line Buffer for Communications Systems 28b 

App Note 55 µPD42101/42102 High-Speed Line Buffers 28c 

App Note 57 µPD42101/42102/42505 High-Speed Line Buffers 28d 

App Note 58 Interlaced to Noninterlaced Scan Conversion Using the 28e 
µPD42101 High-Speed Line Buffer 

App Note 56 µPD42601 Silicon File 28f 

App Note 90-06 Silicon File System Architecture 28g 

App Note 90-02 High-Performance Memory Systems 28h 

App Note 50 Battery Backup Circuits for SRAMs 28i 

App Note 90-04 Battery Backup Using NECs Supercaps 28j 

Section 29. Package Drawings 

Device/Package Cross-Reference 

Package Drawings (in order by number of pins) 16 
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NEC Alphanumeric Index 

Part Number Section Part Number Section 

MC-421000A32........................ ...... .. ... . . .. . .. . . . . . . . . . .. . . .. . . 10c µPD100500 .................................................................. 26k 
MC-421000A36 .......................................................... 10d µPD10500 .................................................................... 25k 
MC-421000A8 .. .. .. .. .. . .. .. ... . .. .. . .. .... . . .... .. .. ... . .. .. .. .. ... .. ... 10a 
MC-421000A9 .. .. .. .. .. . .. . .... .... .. .. ..... . ...... .. ... .. .. .... .... .. ... 10b µPD28C04 ................................................................... 27a 
MC-421000AA40 ....................................................... 10e µPD28C05 ................................................................... 27b 
MC-421000AB40 ....................................................... 10e µPD28C256 ................................................................. 27d 

µPD28C64 ................................................................... 27c 
MC-422000A32 .......................................................... 10f 
MC-422000A36 .. . . . . . .. .. . .... . .. . . . . . ..... .. .. .. . . . .... ... . .. . . ... . .. .. 10g µPD41256 ................................................................... 3a 
MC-422000AA40 . . . . .. .. . . ... ... . .. ................ ... . .. . . .. . . ... . .. .. 10h µPD41264 ................................................................... 12a 

µPD41464 .................................................................... 3b 
MC-42256A32 ............................................................ 9c 
MC-42256A36 ............................................................ 9d µPD421000 .................................................................. 4a 
MC-42256AA40 ......................................................... 9e µPD42101 ..................................................................... 18a 
MC-42256AB8 ........................................................... 9a µPD42102 .................................................................... 18b 
MC-42256AB9 ........................................................... 9b µPD42116162 .............................................................. 13a 

µPD42116182 .............................................................. 13a 
MC-424000A32 .. .... ... .. ..... .... .. .. ..... .. ...... .. ........... .... .. .. 11 c µPD42116420 .............................................................. 13a 
MC-424000A36 .......................................................... 11d µPD42116820 ............................................................. 13a 
MC-424000A8 ............................................................ 11 a µPD42116920 .............................................................. 13a 
MC-424000A9 .... .... .... ...... ...... .. ...... ...... ... .......... .... ..... 11 b 

µPD4216100 ................................................................ Ba 
MC-42512A32 ............................................................ 9f µPD4216101 ................................................................ 8b 
MC-42512A36 ............................................................ 9g µPD4216102 ................................................................ 8c 
MC-42512AA40 ......................................................... 9h µPD4216160 ................................................................ 81 
MC-425~2AB40 ......................................................... 9h µPD4216160L .............................................................. 81 

µPD4216180 ................................................................ Bm 
MC-428000A32 .. ... . . .. .. ..... . .. ... .. . .... . ...... ...... ....... ...... . .. 11 e µPD4216180L .............................................................. am 
MC-428000A36 .......................................................... 11f µPD4216400 ............................................................... 8d 
MC-434000 ................................................................ 24e µPD4216402 ............................................................... Be 

µPD4216410 ................................................................ Bf 
µPB100422 ................................................................. 26a µPD4216412 ............................................................... 89 
µPB100470 ................................................................. 26b µPD4216800 ............................................................... 8h 
µPB100474 ................................................................. 26c µPD4216800L ............................................................. 8h 
µPB100474A .............................................................. 26d µPD4216802 ............................................................... 8i 
µPB100474E .............................................................. 26e µPD4216900 ............................................................... 8j 
µPB100476LL ............................................................. 26f µPD4216900L ............................................................. 8j 
µPB100480 ................................................................. 26g µPD4216902 ............................................................... 8k 
µPB100484 ................................................................. 26h 
µPB100484A .............................................................. 26i µPD4217100 ................................................................ Ba 
µPB100A484 .............................................................. 26j µPD4217101 ................................................................ 8b 

µPD4217102 ................................................................ 8c 
µPB10422 ................................................................... 25a µPD4217160 ................................................................ 81 
µPB10470 ................................................................... 25b µPD4217160L .............................................................. 81 
µPB10474 ................................................................... 25c µPD4217180 ................................................................ Sm 
µPB10474A ................................................................ 25d µPD4217180L .............................................................. am 
µPB10474E ................................................................ 25e µPD4217400 ............................................................... 8d 
µPB10476LL ............................................................... 25f µPD4217402 ................................................ ............... Be 
µPB10480 ................................................................... 25g µPD4217410 ................................................................ Bf 
µPB10484 ................................................................... 25h 
µPB10484A ................................................................ 25i 
µPB10A484 ................................................................ 25j 
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Alphanumeric Index NEC 
Part Number Section Part Number Section 

µPD4217412 ............................................................... 89 µPD424900A ............................................................... 6c 
µPD4217800 ............................................................... 8h µPD424900L ............................................................... 6c 
µPD4217800L ............................................................. 8h µPD42SOS ................................................................... 18f 
µPD4217900 ............................................................... 8j · µPD42532 ................................................................... 18i 
µPD4217900L ............................................................. 8j µPD42601 ................................................................... 1aj 

µPD42641 ................................................................... 18k 
µPD4218160 ................................................................ 81 µPD42644 ................................................................... 181 
µPD4218160L .............................................................. 81 
µPD4218180 ................................................................ 8m µPD42S16160 .............................................................. al 
µPD421a180L .............................................................. Bm µPD42S16160L ............................................................ 81 

µPD42S161aO .............................................................. am 
µPD42264 ................................................................... 12b µPD42S161aOL ............................................................ am 
µPD42270 ................................................................... 18c µPD42S16aOO ............................................................. ah 
µPD42271 ................................................................... 18d µPD42S16aOOL ................. ~ ......................................... ah 
µPD42272 .................................................................... 18d µPD42S16900 ............................................................. aj 
µPD42273 ................................................................... 12c µPD42S16900L ........................................................... aj 
µPD4227 4 ................................................................... 12d 
µPD42274-80 .............................................................. 129 µPD42S17160 ............................................................. al 
µPD4227S ................................................................... 12f µPD42S17160L ........................................................... al 
µPD422aO ................................................................... 1a9 µPD42S171aO .............................................................. am 

µPD42S171aOL ............................................................ am 
µPD424100 .................................................................. Sa µPD42S17aOO ............................................................. ah 
µPD424100A ............................................................... Sa µPD42S17aOOL ............................................................ ah 
µPD424100L ................................................................. Sa µPD42S17900 ............................................................. 8j 
µPD424101 .................................................................. Sb µPD42S17900L ........................................................... aj 
µPD424102 .................................................................. Sc 
µPD424170A ............................................................... 7a µPD42S1a160 .............................................................. al 
µPD424170L ............................................................... 7a µPD42S1a160L ............................................................ al 
µPD4241.~0A ............................................................... 7b µPD42S1a1ao .............................................................. am 
µPD424190L ............................................................... 7b µPD42S1a180L ............................................................ am 

µPD424256 ................................................................. 4b µPD42S4100A ............................................................. Sa 
µPD424260A ............................................................... 7c µPD42S4100L ............................................................. Sa 
µPD424260L ............................................................... 7c µPD42S4170A ............................................................. 7a 
µPD424263A .................................................. .-............ 7d µPD42S4170L ............................................................. 7a 
µPD424263L ............................................................. ;. 7d µPD42S4190A ............................................................. 7b 
µPD424280A ............................................................... 79 µPD42S4190L ............................................................. 7b 
µPD424280L ............................................................... 79 

µPD42S4260A ............................................................. 7c 
µPD424400 ................................................................. Sd µPD42S4260L ............................................................. 7c 
µPD424400A ............................................................... Sd µPD42S4263A ............................................................. 7d 
µPD4244QOL ............................................................... Sd µPD42S4263L ............................................................. 7d 
µPD424402 ................................................................. S9 µPD42S42aOA ............................................................. 79 
µPD424410 .................................................................. Sf µPD42S42aOL ............................................................. 79 
µPD424412 ................................................................. S9 
µPD424440 ................................................................. Sh µPD42S4400A ............................................................. Sd 
µPD424440L ............................................................... Sh µPD42S4400L ............................................................. Sd 

µPD42S4440 ............................................................... Sh 
µPD424800A ............................................................... 6a µPD42S4440L ............................................................. Sh 
µPD424aOOL ............................................................... 6a 
µPD424a10A ............................................................... 6b 
µPD424810L ................................................................ 6b 
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NEC Alphanumeric Index 

Part Number Section Part Number Section 

µPD42S4800A ............................................................. 6a µPD4361 B ................................................................... 19a 
µPD42S4800L ............................................................. 6a µPD4362B ................................................................... 19b 
µPD42S4810A ............................................................. 6b µPD4363B ................................................................... 19c 
µPD42S4810L ............................................................. 6b µPD4368 ..................................................................... 19d 

µPD4369 ..................................................................... 19e 
µPD42S4900A ............................................................. 6c 
µPD42S4900L ............................................................. 6c µPD46710A ................................................................. 23a 

µPD46741A ................................................................. 23b 
µPD431000A ................................................................ 24c 
µPD431001 .................................................................. 21a µPD481440 .................................................................. 18m 
µPD431004 .................................................................. 21 b µPD482234 ................................................................. 12g 
µPD431008 .................................. .-............................... 21c µPD482235 ................................................................. 12g 
µPD431009 .................................................................. 21 d µPD485505 ................................................................. 18g 
µPD431016 .................................................................. 21e µPD485506 .................................................... , ............ 18h 
µPD431018 .................................................................. 21f µPD488130 ................................................................. 14a 

µPD488170 ................................................................... 14a 
µPD43251 B ................................................................. 20a 
µPD43253B ................................................................. 20b 
µPD43254B ................................................................. 20c 
µPD43256A ................................................................. 24a 
µPD43256B ................................................................. 24b 
µPD43258A ................................................................. 20d 
µPD43259A ................................................................. 20e 

µPD434000 ................................................................. 24d 
µPD434001 .................................................................. 22a 
µPD434004 ................................................................. 22b 
µPD434008 ................................................................. 22c 
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tt.'EC 
The 1993 MEMORY DATA BOOK is for your reference. 
The most complete information available at printing is 
included; however, several new devices will be avail-

Upcoming Products 

able soon. The table below gives you a preview. For 
further assistance, contact one of the sales off ices. 

Upcoming Products I 
Description Device Number Comments ----
DRAM SIMM Modules 

4M x 8 DRAM Module MC-424000A888/F8 

4M x 9 DRAM Module MC-424000A98 8/F8 

16M x 8 DRAM Module MC-4216000A88H/FA/AA 

16M x 9 DRAM Module MC-4216000A98H/FA/AA 

4M x 40 DRAM Module MC-424000AA408H/FH 

SM x 40 DRAM Module MC-428000AA408H/FH 

Video RAMs 

4M Video RAM µPD482445 

Standard SRAMs 

32Kx 8 µPD43256A-10X, 12X 

32Kx 8 µPD43256A-10Y, 12Y 

32Kx 8 µPD432568-A 12 

32Kx 8 µP D432568-812 

128K x 8 µPD431000A-70X, 85X, 100X 

128Kx 8 µPD431000A-70Y, 85Y, 100Y 

128Kx 8 µPD4310008-55L/LL, 70L/LL, 85L/LL 

128Kx 8 µPD4310008-810, 812 

128Kx 9 µPD431003 

128Kx 9 µPD431003-810, 812 

512Kx 8 µPD434000-815 

BiCMOS Fast SRAMs 

32Kx 8 µPD46258 

32Kx 9 µPD46259 

128Kx 8 µPD461008 

128Kx 9 µPD461009 

64Kx 16 µPD461016 

64K x 18 µPD461018 

Uses 16M devices 

Uses 16M devices 

Uses 16M devices 

Uses 16M devices 

Uses 16M devices 

Uses 16M devices 

256K x 16; RAM port access times to 60 ns; serial port access times to 
15 ns; 64-pin SSOP, 70-pin TSOP 

-25 to + 85°C; speeds to 100 ns 

-40 to +85°C; speeds to 100 ns 

3.0 to 5.5 V; 120-ns access time 

2.7 to 5.5 V; 120-ns access time 

-25 to + 85°C; speeds to 70 ns 

-40 to +85°C; speeds to 70 ns 

Low power; speeds to 55 ns 

2.7 to 5.5 V; speeds to 100 ns 

Low power; speeds to 55 ns; two Chip Enables 

2.7 to 5.5 V; speeds to 100 ns; two Chip Enables 

2.7 to 5.5 V; 150-ns access time; two Chip Enables 

Speeds to 6 ns; 3.3- and 5-V versions 

Speeds to 6 ns; 3.3- and 5-V versions 

Speeds to 8 ns; 3.3- and 5-V versions 

Speeds to 8 ns; 3.3- and 5-V versions 

Speeds to 8 ns; 3.3- and 5-V versions 

Speeds to 8 ns; 3.3- and 5-V versions 



Upcoming Products 

Upcoming Pf.oducts (cont) 
Description Device Number Comments 

.ECL RA'ill (IOK Interface) 
16Kx 4 µPD10494 TAA = 6, 7 ns; ~8-pin PDIP/PFP 

16K x 4 µPD10494LL Tcycle = 10, 12 ns; 32-pin PD!P/PFP 

32Kx 9 µPD10509 Toycle = 6, TDQ= 3; registered 1/0, scannl;lble; 5.2 .. pin Pl.CC 

64Kx 4 µPD10504 TAA = 8, 10 ns; 32-pin PDIP/PFP 

ECL RAM$ {101/topK lnterfac.e) 
16Kx 4 µPD101 /100494 TAA = 6, 7 ns; 28-pin PDIP/PFP 

16Kx 4 µPD101/100494LL Tcycle = 10, 12 ns; 32-pin PDIP/PFP 

32Kx 9 µP 0101 /100!;)09 Tcycle = 6, TDQ= 3; registered 1/0, scannable; 52-pin PL.CC 

64Kx 4 µPD101/100p04 T AA = 8, 10 ns; 32-pin PDIP/PFP 

2 



N'EC Roseville, CA 

Manufacturing in Roseville, California 
The planning was completed in 1981, ground was 
broken in 1982 and products were rolling off the line 
in 1984 at our semiconductor fabrication facility in 
Roseville, California. This milestone represented 
NEC's bold approach to "make products where the 
customer lives," and it was the first such venture by 
a Japanese semiconductor company in the United 
States. The fore
sight of this decision 
has paid off hand~ 
somely for NEC, its 
U.S. customers and 
for the community of 
greater Sacramento, 
the capital of Cali
fornia. The original 
facility has been 
manufacturing 256K 
DRAMS and VRAMs, 
32K x 8 SRAMs, 
CMOS ASICs and single-chip microprocessors using 
1.2-micron CMOS and NMOS technologies. 

Now another milestone has been reached. In No
vember 1991, production of the 4M DRAM began 
from a newly constructed 456,000-square-foot plant. 
Combined with the existing 220,000 square-foot fa
cility, NEC Electronics (NECEL) in Roseville is one 
of the largest merchant tab lines in the world, ac
cording to industry source DataOuest. 

In addition to the 4M DRAM, the new plant will be 
capable of producing advanced VLSI products in
cluding 16M DRAMs, 4M SRAMs as well as ASICs 
and microprocessors. The expanded facility will be 
able to produce 30,000 6-inch wafers per month us
ing 0.55-micron CMOS technology. 

The tab has been designed with the most sophisti
cated technology available, incorporating state-of
the-art environmental controls and efficiencies. A 
considerable amount of money has been invested 
for this purpose, as NEC regards environmental con
servation as one of the most important international 
issues. 

When rllnflihg at full capacity, equipment in place 
will aHow up to 60-percent of the water used for the 
DI process to be r~cycled-an important benefit for 

drought-ridden California. In addition, the new plant 
has eliminated the use of chlorofluorocarbons (CFC) 
in the m. anufac.turing process. (The existing facility I 
will eliminate all CFC usage by 1993.) 

NECEL's manufacturing presence in Roseville is of 
significant benefit to the local community as well as 

the state of Califor
nia. When running at 
full capacity, the 
plant will employ 
over 1,350 people, 
and nearly $5 million 
in tax revenue will 
be generated for the 
city, county and 
state. 

As one of the big
gest employers in 

the area, NECEL views itself as a partner with the 
local community and takes seriously its role as a 
good corporate citizen. Through numerous commu
nity relations activities, employees volunteer their 
time to support worthwhile educational and chari
table causes. The company also has a generous 
policy for contributions and donations of equipment 
and money to help maintain a high quality of life for 
the area's residents. 

In addition to the manufacturing facility in Roseville, 
NECEL has headquarter offices in Mountain View, 
California, in the heart of Silicon Valley. Sales of
fices are located throughout the United States so 
that customers have immediate access to qualified 
personnel. These natronal presences, combined with 
on-shore manufacturing capabilities, allow NEC 
Electronics to respond quickly to customer demand 
and to work closely with customers to meet their 
changing requirements. The company considers 
quality customer service to be a number one priority, 
a trademark of all NEC operations worldwide. 

The NECEL facility in Roseville is an outstanding 
example of successful cultural meshing, offering the 
best of both worlds. The results are production 
yields and quality standards that are among the 
highest obtained by any NEC semioonductor manu
facturing facility anywhere. 
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Device Type----
B = Digital bipolar 
D = Digital MOS 

- Country of Origin 

- Low-Power Indicator 
(Optional) 

L = Low power 
Year-----1 

Date Code Week _____ , 
LL = Very low power 

NEC Lot Code - - - - TSOP Pinout Identifier 

Product Class---------~ 
10 10K ECL RAM 

100 100K ECL RAM 
23(H)C CMOS ROM 

27(H)C CMOS EPROM 
28C CMOS EEPROM 
28F CMOS flash memory 

41 NMOS dynamic RAM 
42 CMOS dynamic RAM 
43 CMOS static RAM 

44 CMOS static RAM (6-T cell) 
46 BiCMOS static RAM 
48 CMOS application specific device 

DRAM Option 
S = Self-refresh and low-power devices 

(Middle letter is significant) 
J = Normal pinouts 
K = Reverse pinouts 

~---Speed Selection 
-to 100 ns or 10 ns 
-12 120 ns or 12 ns 
-15 150 ns or 15 ns 

-50 50 ns 
-60 60 ns 
-70 70 ns 

-80 80 ns 
-85 85 ns 
-XX Etc. 

~1----- DRAM Power Supply 
y z 

- 5V±10% 

Device Identifier-----------
A - 5V ±10% (with internal voltage regulator) 

A 3.0-5.5V 
B 2.7-5.5V 

Package L A 3.3V ±10% 
B or BH Ceramic flatpack L B 3.0V ±10% 

C, CR or CZ Plastic DIP (dual inline package) 
D, DH, DX or DZ Cerdip or ceramic DIP 

G (s 40 pins), GU or GW Plastic SOP (small-outline package) 
G (> 40 pins) or GF Plastic QFP (quad flatpack) 

G5, GX or GZ Plastic TSOP (thin small-outline package) 

K Ceramic LCC (leadless chip carrier) 
L PLCC (plastic leaded chip carrier) 

LA, LB or LE Plastic SOJ (small-outline J-lead package) 

R Ceramic PGA (pin grid array) 
V Plastic ZIP (zigzag inline package) 

Notes: 
(1) The marking location and format may vary among package types. 
(2) Regardless of the format, the device number does not change. 
(3) The "µP" in NEC part numbers does not appear on the package. 

83SL-7321B 



NEC Quick Reference Guide 

ORA Ms 
Package and Pins 

Organ- Row Access 
Size ization ~PD Features Time (ns) SOJ TSOP ZIP Other Sect. 

256K 256Kx 1 41256 Page 80,85, 100 16-DIP, 3a 
18-PLCC 

64Kx 4 41464 Page 80, 100, 120 16-DIP 3b 
18-PLCC I 

1M 1Mx 1 421000 FP 60, 70,80, 100 26/20 24/20 20 18-DIP 4a 

256Kx 4 424256 FP 60, 70,80, 100 26/20 24/20 20 20-DIP 4b 

4M 4M x 1 424100 FP 60, 70,80, 100 26/20 26/20 20 Sa 

4M x 1 424100A FP 50,60, 70,80 26/20 26/20 20 

4Mx 1 424100L FP; 3.3 V 70,80 26/20 26/20 20 

4Mx 1 42S4100A FP;SR 50,60, 70,80 26/20 26/20 20 

4M x 1 42S4100L FP; SR; 3.3 V 70,80 26/20 26/20 20 

4M x 1 424101 Nibble 60, 70,80, 100 26/20 26/20 20 5b 

4Mx 1 424102 SC 60, 70,80, 100 26/20 26/20 20 5c 

1M x 4 424400 FP 60, 70,80 26/20 26/20 20 5d 

1M x 4 424400A FP 50,60, 70,80 26/20 26/20 20 

1Mx4 424400L FP; 3.3 V 70,80 26/20 26/20 20 

1Mx4 42S4400A FP;SR 50,60, 70,80 26/20 26/20 20 

1M x 4 42S4400L FP; SR; 3.3 V 70,80 26/20 26/20 20 

1M x 4 424402 SC 60, 70,80, 100 26/20 26/20 20 5e 

1M x 4 424410 FP; WPB 60, 70,80, 100 26/20 26/20 20 5f 

1Mx4 424412 SC;WPB 60, 70,80, 100 26/20 26/20 20 5g 

1M x 4 424440 FP; 4 CAS 60, 70,80 26/24 5h 

1Mx4 424440L FP; 4 CAS; 3.3 V 60, 70,80 26/24 

1M x 4 42S4440 FP; 4 CAS; SR 60, 70,80 26/24 

1Mx4 42S4440L FP; 4 CAS; SR; 3.3 V 60, 70,80 26/24 

FP Fast page 
SR Self-refresh 
SC Static column 
WPB Write-per-bit 
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Quick Reference Guide NEC 
DRAMS (cont) 

Package and Pins 

Organ- Row Access 
Size ization µ.PD Features Time (ns) SOJ TSOP ZIP Sect. 

4M 512K x 8 424800A FP 60, 70,80 28 28 28 6a 
(cont) 

512Kx 8 424800L FP; 3.3V 60, 70, 80 28 28 28 

512Kx 8 42S4800A FP; SR 60, 70, 80 28 28 28 

512K x 8 42S4800L FP; SR; 3.3 V 60, 70, 80 28 28 28 

512K x 8 424810A FP; WPB 60, 70,80 28 28 28 6b 

512Kx 8 424810L FP; WPB; 3.3 V 60, 70,80 28 28 28 

512Kx 8 42S4810A FP; WPB; SR 60, 70, 80 28 28 28 

512K x 8 42S4810L FP; WPB; SR; 3.3 V 60, 70,80 28 28 28 

512Kx 9 424900A FP 60, 70, 80 28 28 28 6c 

512Kx 9 424900L FP; 3.3 V 60, 70, 80 28 28 28 

512Kx 9 42S4900A FP;SR 60, 70,80 28 28 28 

512Kx 9 42S4900L FP; SR; 3.3 V 60, 70, 80 28 28 28 

256Kx 16 424170A FP; 2 WE; 1 K ref 60, 70, 80 40 44/40 40 7a 

256Kx 16 424170L FP; 2 WE; 1 K ref; 3.3 V 60, 70,80 40 44/40 40 

256K x 16 42S4170A FP; 2 WE; 1 K ref; SR 60, 70, 80 40 44/40 40 

256K x 16 42S4170L FP; 2 WE; 1 K ref; SR; 3.3 V 60, 70,80 40 44/40 40 

256K x 18 424190A FP; 2 WE; 1 K ref 60, 70, 80 40 44/40 40 7b 

256Kx 18 424190L FP; 2 WE; 1 K ref; 3.3 V 60, 70, 80 40 44/40 40 

256Kx 18 42S4190A FP; 2 WE; 1 K ref; SR 60, 70, 80 40 44/40 40 

256Kx 18 42S4190L FP; 2 WE; 1 K ref; SR; 3.3 V 60, 70,80 40 44/40 40 

256Kx 16 424260A FP; 2 CAS; 512 ref 60, 70,80 40 44/40 40 7c 

256Kx 16 424260L FP; 2 CAS; 512 ref; 3.3 V 60, 70,80 40 44/40 40 

256K x 16 42S4260A FP; 2 CAS; 512 ref; SR 60, 70,80 40 44/40 40 

256Kx 16 42S4260L FP; 2 CAS; 512 ref; SR; 3.3 V 60, 70, 80 40 44/40 40 

256Kx 16 424263A FP; 2 CAS; 512 ref; WPB 60, 70, 80 40 44/40 40 7d 

256K x 16 424263L FP; 2 CAS; 512 ref; WPB; 3.3 V 60, 70,80 40 44/40 40 

256Kx 16 42S4263A FP; 2 CAS; 512 ref; WPB; SR 60, 70, 80 40 44/40 40 

256Kx 16 42S4263L FP; 2 CAS; 512 ref; WPB; SR; 3.3 V 60, 70, 80 40 44/40 40 

256Kx 18 424280A FP; 2 CAS; 512 ref 60, 70,80 40 44/40 40 7e 

256Kx 18 424280L FP; 2 CAS; 512 ref; 3.3 V 60, 70, 80 40 44/40 40 

256Kx 18 42S4280A FP; 2 CAS; 512 ref; SR 60, 70,80 40 44/40 40 

256Kx 18 42S4280L FP; 2 CAS; 512 ref; SR; 3.3 V 60, 70,80 40 44/40 40 

FP Fast page 
SR Self-refresh 
WPB Write-per-bit 
ref Refresh 
WE Write enable 
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NEC Quick Reference Guide 

DRAMS (cont) 
Packages and Pins 

Organ- Row Access 
Size ization µ.PD Features Time (ns) SOJ TSOP ZIP Sect. 

16M 16Mx 1 4216100 FP; 4K ref 60, 70, BO, 100 28/24 2B/24 24 Ba 

16M x 1 4217100 FP; 2K ref 60, 70, 80, 100 28/24 2B/24 24 

16M x 1 4216101 Nibble; 4K ref 60, 70, BO, 100 28/24 2B/24 24 Bb I 
16Mx 1 4217101 Nibble; 2K ref 60, 70,BO, 100 28/24 28/24 24 

16Mx 1 4216102 SC; 4K ref 60, 70,BO, 100 28/24 2B/24 24 Be 

16Mx 1 4217102 SC; 2K ref 60, 70,BO, 100 28/24 2B/24 24 

4M x 4 4216400 FP; 4K ref 60, 70,BO, 100 28/24 28/24 24 Bd 

4M x 4 4217400 FP; 2K ref 60, 70,BO, 100 28/24 28/24 24 

4M x 4 4216402 SC; 4K ref 60, 70, BO, 100 28/24 2B/24 24 Be 

4M x 4 4217402 SC; 2K ref 60, 70, BO, 100 28/24 2B/24 24 

4M x 4 4216410 FP; 4K ref; WPB 60, 70,BO, 100 28/24 2B/24 24 Bf 

4M x 4 4217410 FP; 2K ref; WPB 60, 70,BO, 100 28/24 2B/24 24 

4M x 4 4216412 SC; 4K ref; WPB 60, 70,BO, 100 28/24 2B/24 24 Bg 

4M x 4 4217412 SC.; 2K ref; WPB 60, 70,BO, 100 28/24 2B/24 24 

2Mx B 4216800 FP; 4K ref 50, 60, 70,80 28 2B Bh 

2Mx B 4216800L FP; 4K ref; 3.3 V 60, 70,BO 28 2B 

2M x B 42S16800 FP; 4K ref; SR 50, 60, 70,BO 28 28 

2M x 8 42S16800L FP; 4K ref; SR; 3.3 V 60, 70,80 28 28 

2M x 8 4217800 FP; 2K ref 50, 60, 70,80 28 28 

2M x 8 4217800L FP; 2K ref; 3.3 V 60, 70,80 28 28 

2Mx 8 42S17800 FP; 2K ref; SR 50, 60, 70, 80 28 28 

2Mx 8 42S17800L FP; 2K ref; SR; 3.3 V 60, 70,80 28 2B 

2Mx 8 4216802 SC; 4K ref 50, 60, 70,80 28 2B 8i 

FP Fast page 
SR Self-refresh 
SC Static column 
WPB Write-per-bit 
ref Refresh 
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Quick Reference Guide NEC 
DRAMS (cont) 

Packages and Pins 

Organ- Row Access 
Size lzation µ.PD Features Time (ns) SOJ TSOP ZIP Sect. 

16M 2Mx9 4216900 FP; 4K ref 50,60, 70,80 32 32 8j 
(cont) 

2Mx9 4216900L FP; 4K ref; 3.3 V 60, 70,80 32 32 

2Mx9 42S16900 FP; 4K ref; SR 50,60, 70,80 32 32 

2Mx 9 42S16900L FP; 4K ref; SR; 3.3 V 60, 70,80 32 32 

2Mx 9 4217900 FP; 2K ref 50,60, 70,80 32 32 

2Mx 9 4217900L FP; 2K ref; 3.3 V 60, 70,80 32 32 

2Mx9 42S17900 FP; 2K ref; SR 50,60, 70,80 32 32 

2Mx9 42S17900L FP; 2K ref; SR; 3.3 V 60, 70,80 32 32 

2Mx 9 4216902 SC; 4K ref 50,60, 70,80 32 32 8k 

1Mx 16 4216160 FP; 4K ref 50,60, 70,80 42 50/44 81 

1Mx 16 4216160L FP; 4K ref; 3.3 V 60, 70,80 42 50/44 

1Mx 16 42S16160 FP; 4K ref; SR 50,60, 70,80 42 50/44 

1M x 16 42S16160L FP; 4K ref; SR; 3.3 V 60, 70, 80 42 50/44 

1Mx 16 4217160 FP; 2K ref 50,60, 70,80 42 50/44 

1Mx 16 4217160L FP; 2K ref; 3.3 V 60, 70, 80 42 50/44 

1Mx 16 42S17160 FP; 2K ref; SR 50,60, 70,80 42 50/44 

1M x 16 42S17160L FP; 2K ref; SR; 3.3 V 60, 70,80 42 50/44 

1M x 16 4218160 FP; 1K ref 50,60, 70,80 42 50/44 

1M x 16 4218160L FP; 1 K ref; 3.3 V 60, 70, 80' 42 50/44 

1Mx 16 42S18160 FP; 1 K ref; SR 50,60, 70,80 42 50/44 

1M x 16 42S18160L FP; 1 K ref; SR; 3.3 V 60, 70,80 42 50/44 

1Mx 18 4216180 FP; 4K ref 50,60, 70,80 42 50/44 8m 

1Mx 18 4216180L FP; 4K ref; 3.3 V 60, 70,80 42 50/44 

1M x 18 42S16180 FP; 4K ref; SR 50,60, 70,80 42 50/44 

1M x 18 42S16180L FP; 4K ref; SR; 3.3 V 60, 70,80 42 50/44 

1M x 18 4217180 FP; 2K ref 50,60, 70,80 42 50/44 

1Mx 18 4217180L FP; 2K ref; 3.3 V 60, 70,80 42 50/44 

1M x 18 42S17180 FP; 2K ref; SR 50,60, 70,80 42 50/44 

1Mx 18 42S17180L FP; 2K ref; SR; 3.3.V 60, 70,80 42 50/44 

1Mx 18 4218180 FP; 1K ref 50,60, 70,80 42 50/44 

1M x 18 4218180L FP; 1 K ref; 3.3 V 60, 70,80 42 50/44 

1M x 18 42S18180 FP; 1 K ref; SR 50,60, 70,80 42 50/44 

1M x 18 42S18180L FP; 1 K ref; SR: 3.3 V 60, 70,80 42 50/44 

FP Fast page 
SC Static column 
ref Refresh 
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NEC Quick Reference Guide 

DRAM SIMM Modules 
Module Size (inch) DRAM Devices 

Access 
Organization Pins MC Operation Time (ns) Thickness Height Qty ,iPD Sect. 

256Kx 8 30 -42256AB8 Fast page 60, 70,80, 100 .200 .661 2 424256LA 9a 

256K x 9 30 -42256AB9 Fast page 60, 70, 80, 100 .200 .661 2 424256LA 9b 
1 42256L 

256K x 32 72 -42256A32 Fast page 70,80, 100 .200 1.000 2 424260LE 9c I 
256Kx 36 72 -42256A36 Fast page 70, 80, 100 .200 1.000 2 424280LE 9d 

256K x 40 72 -42256AA40 Fast page 60, 70, 80, 100 .200 1.000 10 424256LA 9e 

512K x 32 72 -42512A32 Fast page 70,80, 100 .354 1.000 4 424260LE 9f 

512Kx 36 72 -42512A36 Fast page 70, 80, 100 .366 1.000 4 424280LE 9g 

512Kx 40 72 -42512AA40 Fast page 60, 70,80, 100 .366 1.000 20 424256LA 9h 

-42512AB40 Fast page 70,80, 100 .200 1.000 5 424800LE 

1M x 8 30 -421000A8 Fast page 60, 70,80, 100 .200 .661 2 424400LA 10a 

1Mx9 30 -421000A9 Fast page 60, 70,80, 100 .200 .661 2 424400LA 10b 
1 421000LA 

1M x 32 72 -421000A32 Fast page 60, 70, 80, 100 .200 1.000 8 424400LA 10c 

.106 1.000 8 424400GS 

.200 1.250 8 424400LA 

1Mx36 72 -421000A36 Fast page 60, 70,80, 100 .200 1.000 8 424400LA 10d 
4 421000GX 

.106 1.000 8 424400GS 
4 421000GX 

.208 1.250 8 424400LA 
4 421000LA 

Fast page 60, 70,80 .366 1,000 8 424400LA 
4 421000LA 

1Mx 40 72 -421000AA40 Fast page 60, 70, 80, 100 .200 1.000 10 424400LA 10e 

-421000A840 Fast page 60, 70,80, 100 .354 .799 10 424800LE 

2Mx 32 72 -422000A32 Fast page 60, 70,80, 100 .354 1.000 16 424400LA 10f 

.161 1.000 16 424400GS 

.354 1.250 16 424400LA 
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DRAM SIMM Modules (cont) 

Module Size (inch) DRAM Devices 

Access 
Organization Pins MC Operation Time (ns) Thickness Height Qty µPD Sect. 

2M x 36 72 -422000A36 Fast page 60, 70,80 .366 1.000 16 424400LA 10g 
8 421000GX 

.161 1.000 16 424400GS 
8 421000GX 

.366 1.250 16 424400LA 
8 421000LA 

2M x 40 72 -422000AA40 Fast page 70,80 .354 1.000 20 424400LA 10h 

4M x 8 30 -424000A8 Fast page 60, 70, 80, 100 .208 .799 8 424100LA 11a 

4Mx 9 30 -424000A9 Fast page 60, 70,80, 100 .200 .799 9 424100LA 11b 

4M x 32 72 -424000A32 Fast page 60, 70,80 .200 1.250 8 4217400LE 11c 

.366 1.000 8 4217400LE 

4M x 36 72 -424000A36 Fast page 60, 70,80 .200 1.250 8 4217400LE 11d 
4 424100LA 

.366 1.000 8 4217400LE 
4 424100LA 

SM x 32 72 -428000A32 Fast page 60, 70,80 .366 1.250 16 4217400LE 11e 

8Mx 36 72 -428000A36 Fast page 60, 70,80 .366 1.250 16 4217400LE 11f 
8 424100LA 

Video RAMs 
Packages and Pins 

Organ- Row Access Serial Access 
Size ization µPD Time (ns) Time (ns) Mode DIP SOJ TSOP ZIP Sect. 

256K 64Kx4 41264 120, 150 40,60 24 24 12a 

64Kx 4 42264 100 25 24 24 24 12b 

1M 256Kx 4 42273 100, 120 30, 40 FP 28 28 12c 

256K x 4 42274 100, 120 30,40 FP 28 28 12d 

256K x 4 42274-80 80 25 FP 28 28 12e 

128K x 8 42275 80, 100, 120 25, 40 FP 40 12f 

2M 256Kx 8 482234 70,80 17,20 FP 40 44 40 12g 

482235 70, 80 17, 20 HP 

FP Fast page 
HP Hyper page (extended data out) 
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Synchronous DRAM 
Packages and Pins 

Organ- Clock Rate Row Access Burst Access 
Size lzation µPD (MHz) Time (ns) Time (ns) DIP SOJ TSOP ZIP Sect. 

16M 4Mx4 42116420 66 70 15 44 13a 

2Mx 8 42116820 
100 50 10 

44 

2Mx 9 42116920 44 

1M x 16 42116162 50 

1M x 18 42116182 50 

RAMBUS DRAM 
Packages and Pins 

Organ- Read Hit Access Burst Access 
Size ization µPD Time (ns) Time (ns) DIP SOJ TSOP SVP Sect. 

16M 2Mx8 488130 40 2 32 14a 

2Mx9 488170 40 2 32 

Application Specific Devices 
Packages and Pins 

Access 
Description µPD Time (ns) DIP SOJ TSOP ZIP Other Sect 

910 x 8-bit line buffer for NTSC lV 42101 27,49 24 24-SOP 18a 

1134 x 8-bit line buffer for PAL lV 42102 18,21,40 24 24-SOP 18b 

263 lines of 910 x 4 bits NTSC field buffer 42270 40 28 18c 

Picture-in-picture generator 42271 6 MHz input 64-QFP 18d 
42272 sampling 

256K x 8-bit field buffer 42280 25,30,40 28 28-SOP 18e 

5048 x 8-bit line buffer for communications 42505 40,55 24 28 18f 

5048 x 8-bit line buffer 485505 18,25 24 24-SOP 18g 

5048 x 16 line buffer 485506 18, 25 44 18h 

32K x 8 bidirectional data buffer 42532 50 40 18i 

1M x 1 silicon file 42601 600 26/20 20 18j 

4M x 1 silicon file 42641 80 26/20 26/20 18k 

1 M x 4 silicon file 42644 80 26/20 26/20 181 

256K x 16 graphics DRAM 481440 70,80 40 18m 
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Fast Static RAMs 
Packages and Pins 

Organ- Access 
Size lzatlon #'PD Time (ns) DIP SOJ SOP TSOP ZIP Other Sect 

64K 64Kx 1 43618 12, 15,20 22 24 19a 

16Kx 4 43628 12, 15,20 22 24 19b 

16Kx 4 43638 12, 15,20 24 24 19c 

8Kx 8 4368 15,20 28 28 19d 

8Kx9 4369 15,20 28 28 19e 

256K 256Kx 1 432518 15, 20, 25 24 24 20a 

64Kx 4 432538 15,20,25 28 28 20b 

64Kx 4 432548 15,20,25 24 24 20c 

32Kx 8 43258A 15, 20, 25 28 28 20d 

32Kx 9 43259A 15, 20, 25 32 32 20e 

1M 1Mx 1 431001 20,25,35 28 21a 

256Kx 4 431004 20,25,35 28 21b 

128K x 8 431008 15, 17, 20 32 21c 

128Kx 9 431009 15, 17,20 36 21d 

64Kx 16 431016 15, 17,20 44 44· 21e 

64Kx 18 431018 15, 17, 20 44 44 21f 

4M 4M x 1 434001 20,25 32 22a 

1Mx4 434004 20,25 32 22b 

512Kx 8 434008 20, 25 36 22c 

Cache Data RAMs 
. Packages and Pl.ns 

Size Organization 14PD Access Time (ns) DIP SOJ SOP TSOP PLCC Sect. 

256K 16K x 10 bit x 2 46710A 12, 15 , 52 23a 

BKx 20 bitx 2 46741A 12, 15 68 23b 

Standard Static RAMs 
Packages and Pins 

Size Organization 14PD Access Time (ns) DIP SOJ SOP TSOP ZIP Sect. 

256K 32Kx 8 43256A 85, 100, 120, 150 28 28 32 24a 

32Kx 8 432568 55, 70,85 28 28 24b 

1M 128K x 8 431000A 70, 85, 100 32 32 32 24c 

4M 512Kx 8 434000 55, 70,85, 100 32 32 32 24d 

512Kx 8 MC- 85, 100 32 24e 
434000 
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ECL RAMs (10K Interface) 
Packages and Pins 

Size Organization µPB Access Time (ns) DIP LCC Flatpack Sect. 

1K 256x 4 10422 7, 10 24 25a 

4K 4Kx 1 10470 10, 15 18 25b 

1Kx4 10474 8, 10, 15 24 25c 

1Kx 4 10474A 5,6 24 25d 

1Kx 4 10474E 3,4 24 24 25e 

1Kx 4 10476LL 6 28 28 25f 

16K 16Kx 1 10480 10, 15 20 20 25g 

4Kx 4 10484 10, 15 28 28 25h 

4Kx 4 10484A 5, 7 28 28 25i 

4Kx 4 10A484 5, 7 28 28 25j 

256K 256Kx 1 µPD10500 15, 20 24 25k 

ECL RAMs (100K Interface) 
Packages and Pins 

Size Organization µPB Access Time (ns) DIP LCC Flatpack Sect. 

1K 256x 4 100422 7, 10 24 24 26a 

4K 4Kx 1 100470 10, 15 18 26b 

1Kx 4 100474 4.5, 6, 8, 10, 15 24 24 24 26c 

1Kx4 100474A 5,6 24 24 26d 

1Kx4 100474E 3,4 24 24 26e 

1Kx 4 100476LL 6 28 28 26f 

16K 16Kx 1 100480 10, 15 20 20 26g 

4Kx 4 100484 10, 15 28 28 26h 

4Kx 4 100484A 5, 7 28 28 26i 

4Kx 4 100A484 5, 7 28 28 26j 

256K 256Kx 1 µPD100500 15,20 24 26k 

EEPROMs 
Packages and Pins 

Size Organization µPD Access Time (ns) DIP SOJ SOP TSOP ZIP Other Sect. 

4K 512x 8 28C04 200, 250 24 24 27a 

512 x 8 28C05 200,250 24 24 27b 

64K 8Kx 8 28C64 200,250 28 27c 

256K 32Kx 8 28C256 200,250 28 27d 
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NEC Electronics Inc. 

As large-scale integration (LSI) reaches a higher level 
of density, the reliability of individual devices imposes a 
more profound impact on system reliability. As a result, 
great emphasis has been placed on assuring device 
reliability. 

Conventionally, performing reliability tests and using 
feedback from the field have been the only methods of 
monitoring and measuring reliability. As LSI density 
increases, however, it has become more difficult to 
activate internal circuit elements in a device from 
external terminals and to detect their degradation. 
Testing and feedback alone cannot provide enough 
information to ensure today's demanding reliability 
requirements. 

To guarantee and improve high levels of reliability for 
large-scale integrated circuits, a new philosophy and 
methodology are needed for reliability assurance. 
Quality and reliability must not only be monitored and 
measured but, most importantly, must be built into the 
product. 

BUILT-IN TQC 

NEC has introduced the concept of total quality control 
(TQC) across its entire semiconductor product line to 
implement this philosophy. Rather than performing 
only a few simple quality inspections, quality control 
has become an integral part of each process step 
involving production, engineering, quality control 
staffs, and all management personnel. Figure 1 is a 
flowchart that shows how these activities form a com
prehensive quality control system at NEC. 

In addition to TQC, NEC has introduced a pre
screening method into the production line that elimi
nates potentially defective units. This combination of 
building in quality and screening out projected early 
failures has resulted in superior quality and reliability. 

Most large-scale integrated circuits use high-density 
MOS technology with state-of-the-art high perfor
mance due to improved fine-line generation tech
niques. When physical parameters are reduced, circuit
density and performance increase while active circuit 
power dissipation decreases. The information pre
sented here will show that this advanced technology 
combined with the practice of TQC yields products as 
reliable as those from previous technologies. 
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APPROACHES TO TQC 

TQC activities are geared toward total customer satis
faction. The success of these activities depends on 
management's commitment to enhancing employee I 

development, maintaining a customer-first attitude, ' 
and fulfilling community responsibilities. I 
TQC is implemented in the following steps. First, qual-
ity control is embedded. into each process, allowing 
early detection of possible failure mechanisms and 
immediate feedback. Second, the reliability and quality 
assurance policy is upheld through company-wide 
quality control activities. Third, emphasis is placed on 
research and development efforts to achieve even 
higher standards of device quality and reliability. 
Fourth, extensive failure analysis is performed period-
ically, and appropriate corrective actions are taken as 
preventative measures. 

Process control limits are based on statistical data 
gathered from this analysis and used to determine the 
effectiveness of the in-process quality control steps. 

New standards are continuously upgraded, and the 
iterative process continues. The goal is to maintain the 
superior product quality and reliability that has be
come synonymous with the NEC name. 

Zero Defects Program 

One of the quality control activities that involves every 
staff level is the Zero Defects (ZD) Program. The pur
pose of the ZD Program is to minimize, if not prevent, 
defects due to controllable causes. These activities are 
organized by groups of workers around these four 
premises. 

• A group must have a target or purpose to pursue. 
• Several groups can be organized to pursue a 

common target. 
• Each group must have a responsible leader: 
• Each group is well supported by management. 
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Figure 1. NEC"s Quality Control System 
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The groups target is selected from items relating to 
specifications, inspections, operation standards, etc. 
When past data is available, a Pareto diagram is cre
ated and reviewed to select an item most in need of 
quality improvement. Target defects related to this item 
are clearly defined. Records are analyzed to compute 
numerical equivalents of the defects. Then, action is 
taken to control these defects. 

Statistical Approach 

Another approach to quality control is statistical anal
ysis. NEC uses statistical analysis at each stage of LSI 
product development, trial runs, and mass production. 
Some implementations of this statistical approach are: 

• Process comparisons 
• Control charts 
• Data analysis 

- Correlation, regression, multivariance, etc. 
• Cp/Cpk studies 

- Variables and attributes data (performed 
monthly) 

Process control sheets and other QC tools are used to 
monitor important parameters such as Cp, Cpk, X, X-R, 
electrical parameters, pattern dimensions, bond 
strength, test percentage defects, etc. The results of 
these studies are monitored by the production staff, 
QC engineers, and other associated engineers. If any 
out-of-control or out-of-specification limit is observed, 
corrective procedures are quickly taken. 

IMPLEMENTATION OF QUALITY CONTROL 

Building quality into a product requires early detection 
of possible failure mechanisms and immediate feed
back to remove such problems. A fixed quality inspec
tion station often cannot provide prompt and accurate 
feedback about the process steps prior to the inspec
tion. Quality control functions have therefore been 
distributed into each process step including the con
ceptual stage. The most significant areas where quality 
control has been placed include: 

• Product development 
• Incoming material inspection 
• Wafer processing 
• Chip mounting and packaging 
• Electrical testing and infant mortality screening 
• Outgoing material inspection 
• Reliability assurance tests 
• Process/product changes 

Reliability and Quality Control 

Figure 2. New Product Development 
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Product Development 

New product development includes the product con
cept, device proposal review, physical element design 
and organization, engineering evaluation, and, finally, 
product transfer to manufacturing. Quality and reliabil
ity are considered at every ·.step. The new product 
development flow at NEC is shown in figure 2. 

Design is the first and most important step in new 
product development. NEC believes that the founda
tion of device quality is determined at the design stage. 
The four steps involved are circuit design, mask pattern 

· layout, package design, and the setting of process and 
product manufacturing conditions. Design standards 
have been established at NEC to.maximize quality and 
reliability. 

After completion of the design, a design review is 
performed to check for conformity to design standards 
and to consider other factors influencing reliability and 
quality. At this stage, modification or re-design may be 
necessary. NEC believes that design reviews are essen
tial for product modifications as well as newly de
signed products. 

Once a design successfully passes its review, a trial run 
takes place in which. the product's electrical and me
chanical characteristics, quality, and reliability are 
evaluated. 

Additional runs are performed in which process condi
tions are varied deliberately, causing characteristic 
factors to change in mass production. These samples 
are evaluated to determine the best combination of 
process conditions. Reliability tests are then con
ducted to check the new product's electrical and me
chanical stress resistance. If no problems are found at 
this stage, the product is approved for mass produc
tion. 

Mass production begins· after the product design de
partment prepares a schedule that includes reliability 
and quality control steps. The standards for produc
tion and control steps are continuously re-examined 
for possible improvement, even after mass production 
has started. 

Incoming Material Inspection 

NEC has the following programs to control incoming 
materials: 

• Vendor/material qualification system 
• Purchasing specifications for materials 
• Incoming materials inspection 
• Inspection data feedback 
• Meetings with vendors concerning quality 
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• Vendor audits 

If any parts or materials are rejected at incoming 
inspection, they are returned to the ·vendor with a 
rejection notification form specifying the failure items 
and modes. The results of these inspections are used to 
rate the vendors for future purchasing. 

In-Process Quality Inspection 

Typical in-process quality inspections performed at 
wafer fabrication, chip mounting and packaging, and 
device testing stages are listed in appendix 1A and 
appendix 1 B. 

Electrical Testing and Screening 

At the first electrical test, de parameters are tested 
according to electrical specifications on 100% of each 
lot. This is a prescreening prior to any infant mortality 
test. At the second electrical test, ac functional tests as 
well as de parameter tests are performed on 100% of 
each lot. If the percentage of defective units in a lot is 
unacceptably high in this test, the lot is subjected to an 
infant mortality rescreen. During this time, any defec
tive units undergo extensive failure analysis. The re
sults of these analyses are fed back into the process 
through corrective actions. 

Figure 3 is a flowchart of the typical infant mortality 
screening and electrical testing. 

Outgoing Inspection 

Prior to warehouse storage or shipment, lots are sub
jected to an outgoing inspection according to· the 
following sampling plan: 

• Electrical 
- De parameters, lot tolerance parts defective 

(LTPD) 3% 
-Ac functional LTPD 3% 

• Appearance 
- Major LTPD 3% 
-MinorLTPD 7% 
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Figure 3. Electrical Testing and Screening 
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Prior to shipment, representative samples from each 
process family are taken on a regular basis and sub
jected to monitoring reliability tests. This testing is 
performed to confirm that NECs products continually 
meet their field reliability targets. 

Process/Product Changes 

As mentioned previously, a design review occurs for 
product changes as well as for new products. Once a 
design is approved and processes are altered for max
imum quality, qualification testing is performed to 
check reliability. If the test results are acceptable, the 
product is internally qualified for mass production. 

The typical reliability· qualification tests performed at 
NEC are listed in appendix 3. 

RELIABILITY THl;ORY 

Reliability is defined as a characteristic of an item 
expressed by the probability that it will perform a 
required function, under specific conditions, for acer-

Reliability and Quality Control 

tain period of time. The concept of probability, the 
definition of required function, and the knowledge of 
how time affects the item of concern are therefore 
necessary tools for the study of reliability. 

Definition of a required function, by implication, treats 
the definition of a failure. Failure of a device is defined 
as the termination of a device's ability to perform its 
required function. A device has failed if it is unable to 
meet guaranteed values given in its electrical specifi
cations. 

Failures are categorized by the period of time in which 
they occur. The critical times used in the discussion of 
device reliability and failure are the periods of early, 
random, and wearout failures. Probability is used to 
quantitatively estimate reliability levels during these 
periods as well as overall reliability. The relevant theo
ries and methods of calculation will be discussed later. 

Regarding individual devices, specific failure mecha
nisms seen in life tests and in infant mortality screening 
tests are the parameters of concern in the determina
tion of overall device failure rates, thus reliability levels. 

Regarding systems, the sum of individual device failure 
rates is the expected failure rate of the system hard
ware. 

Life Distribution 

The fundamental principles of reliability engineering 
predict that the failure rate of a group of devices will 
follow the well-known bathtub curve in figure 4. 

Figure 4. Reliability Life (Bathtub) Curve 
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The curve is divided into three regions: infant mortality, 
random failures, and wearout failures. 

The infant mortality section of the curve, where the 
failure rate is declining rapidly, represents the early-life 
device failures. These failures are usually associated 
with one or more manufacturing defects. 

After a period of time, the failure rate reaches a low 
value. This random failure area of the curve represents 
the useful portion of a device's life. During this random 
failure period, a slight decline is observed due to the 
depletion of potential random failures from the general 
population. 

Wearout failures occur at the end of useful device life. 
These failures are observed in the rapidly rising failure 
rate portion of the curve; devices are wearing out both 
physically and electrically. 

Therefore, for a device that has a very long life expect
ancy compared to the system that contains it, the 
areas of concern will be the infant mortality and ran
dom failure portions of the bathtub curve. 

Failure Distribution at NEC 

To eliminate infant mortality failures, NEC subjects its 
products to production burn-in whenever necessary. 
This burn-in is performed at an elevated temperature 
on 100% of the devices involved and is designed to 
remove potentially defective units. 

After elimination of early device failures, a system will 
be left to the random failures of its components. To 
make proper projections of the failure rate of a system 
in the operating environment, random failure rates 
must be predicted for the system's components. 

To qualitatively study random failures, integrated cir
cuits returned from the field, as well as in-house life 
testing failures, undergo extensive failure analyses at 
respective NEC manufacturing divisions. Failure mech
anisms are identified and resulting data is fed back to 
appropriate production and engineering groups. Long
term failure rates are determined from this data to 
quantitatively study this random failure population. 

Infant Mortality Failure Screening 

Establishing infant mortality screening requires knowl
edge of likely failure mechanisms and their associated 
activation energies. 
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Typical problems associated with infant mortality fail
ures are manufacturing defects and process anoma
lies, which consist of contamination, cracked chips, 
wire bond shorts, or bad wire bonds. Since these 
problems can result from a number of possible failure 
mechanisms, the activation energy for infant mortality 
can vary considerably. Correspondingly, the effective
ness of an infant mortality screening condition (pref
erably at some stress level to shorten the screening 
time) varies greatly with the failure mechanism. 

For example, failures due to ionic contamination have 
an activation energy of approximately 1.0 eV. There
fore, a 15-hour stress at 125°C junction temperature 
would be the equivalent of approximately 314 days of 
operation at a junction temperature of 55°C. On the 
other hand, failures due to oxide defects have an 
activation energy of approximately 0.3 eV. A 15-hour 
stress at 125°C junction temperature in this case would 
be the equivalent of approximately 4 days of operation 
at 55°C junction temperature. The condition and dura
tion of infant mortality screening is determined by the 
economic factors involved in the screening and by the 
allowable rate of component failure. A component 
failure causes a system failure. 

Empirical data gathered at NEC indicates that any 
early failures generally occur after less than 4 hours of 
stress at 125°C ambient temperature. This fact is sup
ported by the bathtub curve created from actual life 
test results. The failure rate after 4 hours of such stress 
testing shows random distribution as opposed to the 
rapidly decreasing failure rate observed in the early life 
portion of the curve. 

Whenever necessary, NEC has adopted this infant 
mortality burn-in at 125°C as a standard production 
screening procedure. NEC believes it is imperative that 
failure modes associated with such infant mortality 
screens be understood and fixed at the manufacturing 
level. Failure analysis is performed on all infant mor
tality failures for this purpose. This in-line data coupled 
with data accumulated from the field is used to intro
duce corrective actions and quality improvement mea
sures. If the early-life failures of a device can be 
minimized or eliminated and countermeasures appro
priately monitored, then such screens can be elimi
nated. The result of such practices is that field reliabil
ity of NEC devices is an order of magnitude higher than 
NEC's long-term failure rate goals. 
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Table 1. Typical Reliability Test Results 
Name 

Micro 
(Note 1) 

Memory 
(HTOL) 

Type 

NMOS 

CMOS 

DRAM (Note 2) 

HTB 

9/23817 
(15 Fil) 

7/20361 
(6.6 FIT) 

9/13072 
(8.2 Fil) 

Reliability and Quality Control 

17H PCT T/C 

3/13625 0/5034 0/1817 

6/15155 8/16727 0/5913 

2/12796 4/8477 3/3085 

0/5414 0/2920 1 Meg DRAM (Note 3) 24/13459 0/2100 

ASIC 
(Note 6) 

Note: 

1 Meg SAAM (Note 5) 

CMOS 

ECL 

BiCMOS 

0/458 
(5.8 Fil) 

7/6146 
(43 FIT) 

0/1368 
(8 Fil) 

3/2801 
(29 Fil) 

Information in the table above has been extracted from NEC report 
numbers: 
(1) IRQ-30-22833 
(2) TRQ-89-01-0021 
(3) TRQ-89-01-0021 

(4) IRQ-20-70117 
(5) TRQ-90-11-0085 
(6) TRQ-91-02-0093 

Accelerated Reliability Testing 

NEC performs extensive reliability testing at both pre
production and post-production levels to ensure that 
all products meet NECs minimum expectations and 
those of the field. 

Assume an electronic system contains 1000 integrated 
circuits and that 1% system failures per month can be 
tolerated by this system. The allowable failure rate per 
component is then calculated as follows: 

1 % failures (0.0014) % failures 
720 hours x 1000 pieces 1000 hours 

14 FITs 

The rate of 14 FITs corresponds to one failure in 85 
devices during an operating test of approximately 
10,000 hours. To demonstrate this reliability level in a 
reasonable amount of time, a test condition is appar
ently required to accelerate the time-to-failure in a 
predictable and understandable way. 

The most common method for decreasing time-to
failure is the use of high temperature to accelerate 
physiochemical reactions that can lead to device fail-

0/550 0/550 

0/275 0/316 

1/3026 0/3838 0/1350 

2/2848 4/9159 6/5738 

0/246 

0/3505 0/4370 0/5555 

ure. Other stressful environmental conditions are volt
age, current, humidity, vibration, or some combination 
of these. Appendix 2 lists typical accelerated reliability 
assurance tests performed at NEC on molded inte
grated circuits. Table 1 shows the results of some of 
these tests for various process types. 

Reliability Assurance Tests 

NEC's life tests consist of the high-temperature 
operating/bias life (HTOLJHTB), the high-humidity stor
age life (HHSL), the high-temperature, high-humidity 
(17H = HHSL + bias), and the high-temperature storage 
life (HTSL). Additionally, NEC performs various envi
ronmental and mechanical tests. 

HTOL/HTB Test. These tests are used to accelerate 
failure mechanisms by operating devices in a dynamic 
(operating life) or static (bias) condition at an elevated 
temperature of 125°C. The data obtained is translated 
to a lower temperature to estimate device life expect
ancy using the Arrhenius relationship explained later. 

7 



Reliability and Quality Control 

HHSL and T/H Tests. Integrated circuits are extremely 
sensitive to the effects of humidity such as electrolytic 
corrosion between biased lines. The high-temperature 
and high-humidity tests are performed to detect failure 
mechanisms accelerated by temperature and humidity, 
such as leakage related problems and drifts in device 
parameters due to process instability. 

HTSL Test. Another common test is the high
temperature storage life test in which devices are 
subjected to elevated temperatures with no applied 
bias. This test is used to detect process instability and 
stress migration problems. 

Environmental Tests. Other environmental tests such 
as the pressure cooker test (PCl) or the temperature 
cycling test (17C) detect problems related to the pack
age and/or interactions between materials as well as 
the degradation of environmentally sensitive device 
characteristics. 

Failure Rate Calculation/Prediction 

To predict the device failure rate from accelerated life 
test data, the activation energies of the failure mecha
nisms involved should be considered. In some cases, 
an average activation energy is assumed to accom
plish a quick first-order approximation. NEC assumes 
an average activation energy of 0. 7 eV tor most prod
ucts (0.3 eV for high-density memory devices). This 
average value has been assessed from extensive reli
ability test results and yields a conservative failure rate. 

Since most semiconductor failures are temperature 
dependent, the Arrhenius relationship is used to nor
malize failure rate predictions at a system operation 
temperature of 55°C. It assumes that temperature de
pendence is an exponential function that defines the 
probability of failure occurrence, and that degradation 
of a performance parameter is linear with time. The 
Arrhenius model includes the effects of ,temperature 
and activation energies of the failure mechanisms in 
the following Arrhenius equation: 

A~ exp-EA(TJ1-TJ2) 
k(TJ1)(TJ2) 

Where: 
A(l) = Acceleration factor 
EA = Activation energy 
TJ1 = Junction temperature (in K) at TA1 = 55°C 
TJ2 = Junction temperature (in K) at TA2 = 125°C 
k = Boltzmann!s constant= 8.62 x 10-s eV/K 

Because the thermal resistance and power dissipation 
of a particular device type cannot be ignored, junction 
temperatures (TJ1 and TJ2) are used instead of ambient 
temperatures (TA1 and TA2). We calculate junction tern-
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NEC 
peratures using the following formula:. 
TJ = TA + (thermal resistance)(power diss. a·t TA) 

With this information, a temperature acceleration fac
tor can be calculated. 

In some cases, the effect of voltage acceleration on 
failure rate must also be considered. Voltage acceler
ation can be characterized by the following equation: 
A(V) = exp [-,8(Vd - Vs)] 

Where: 
Vd = Operating voltage (5.5 V) 
Vs = Life test stress voltage (7 V) 
{3 = Empirically determined constant (dependent on 

electric field constant and oxide thickness) 

The constant {3 has been given the value :::::: 1, which is 
a conservative figure. Therefore, the overall accelera
tion factor will be determined as the product: 
A(T,V) = A(l) * A(V) 

To estimate long-term failure rate, the acceleration 
factor must be multiplied by the actua~ time to deter
mine the simulated test time. From the high
temperature operating or bias life test results, failure 
rates can then be predicted at a 60% confidence level 
using the following equation: 

L = (X2)1Q5 
2T 

Where: 
L = Failure rate in %/1000 hours 
x2 = The tabular value of chi-squared distribution at a 

. given confidence level and calculated de.grees of 
freedom (2f + 2, where f = number of failures) 
See note below. 

T = #of equivalent device hours= (#of devices) x (# 
of test hours) x (acceleration factor) 

Note: Since the failures of concern here are the. long-term 
failures, notthe.infant mortality failures (that is, the.end 
of the downward slope and the middle constant sec
tion of the bathtub curve in figure 4), x2 is determined 
by assuming a one-sided, fixed time test. 

Another method of expressing failures is in FITs (fail
ures in time). One FIT is equal to one failure in 109 
hours. Since Lis already expressed as %/1000 hours 
(10-5 failure/hr), an easy conversion from %/1000 hours 
to FIT would be to multiply the value of L by 104. 



NEC 
To accurately determine this failure rate, a statistically 
large sample size must be accumulated. Depending on 
the accuracy needed, the following conditions should 
be imposed: 
• A minimum of 1.2 million device hours (equal to 

sample size multiplied by test period) at 12s0c 
should be accumulated to accurately predict a fail
ure rate of 0.02% per 1000 hours at 55°C, with a 60% 
confidence level. 

• A minimum of 3 million device hours at 12s0c should 
be accumulated to accurately predict a failure rate 
of 0.01 % per 1000 hours at 55°C, with a 60% confi
dence level. 

Failure Rate Calculation Example. As an example of 
how this failure rate is calculated, assume a sample of 
960 pieces was subjected to 1000 hours at 12s0c burn
in. One reject was observed. Given that the accelera
tion factor was calculated to be 34.6 using the Arrhe
nius equation, what is the failure rate normalized to 
ss0 c using a confidence level of 60%? Express the 
failure rate in FITs. 

Solution: 
For n = 2f + 2 = 2(1) + 2 = 4, x2 = 4.046 

Then L = (X
2
) 
105 (%/1000 hours) 

2T 
(X2) 105 (%/1000 hours) 

2(# devices)(# test hours)(accel. factor) 

(4.045)1Q5 = 0.0061 (%/1000 hours) 
2(960) {1000) (34.6) 

Therefore, FIT = (0.0061)(104) = 61 

Failure Rate Goals 

Reject rates at customer's incoming inspection, infant 
mortality rates, and long-term failure rates are moni
tored and checked against quality and reliability tar
gets. Long-term failure rate goals are based on mask 
and process designs. NEC's quality and reliability tar
gets are listed in table 2. 

Reliability and Quality Control 

Table2. Quality and Reliability Targets 
Memory Micro ASIC 

Year ECL RAM MOS BiCMOS ECL CMOS 

Reject Rate at Customer's 
Incoming Equipment Inspection (PPM) 

1991 30 30 70 300 80 80 

1992 30 30 50 200 50 60 

Long-Term Reliability {FIT) 

1991 30 30 30 300 30 90 

1992 30 30 20 300 30 80 

Infant Mortality 

1991 30 30 40 300 50 270 

1992 30 30 30 300 50 240 

FAILURE ANAL VSIS 

At NEC, failure analysis is performed not only on 
reliability testing and field failures, but also on prod
ucts that exhibit defects during production. This data is 
closely checked for correlation process quality infor-. 
mation: inspection results, and reliability test data' 
Information derived from these failure analyses is fed 
back into the process. 

Since many failure mechanisms can be exhibited by 
LSI devices, highly advanced analytical tools and 
methodologies are required to investigate such LSI 
failures in detail. The standard failure analysis flow
chart relating to the returned products from customers 
is shown in appendix 4. 

SUMMARY 

Building quality and reliability into products by forming 
a total quality control system is the most efficient way 
to ensure product success. 

The combination of building quality into products, 
effective prescreening of potential failures, and moni
toring of reliability through extensive testing has estab
lished a singularly high standard for NEC's large-scale 
integrated circuits, as demonstrated in the most recent 
year's production. 

The companys quality control program supports con
tinuous research and development activities, extensive 
failure analysis, and process improvements. With this 
extensive program, NEC continuously sets and main
tains higher standards of quality and reliability. 

9 
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Appendix 1A. Typical QC Flow tor CMOS Fabrication 

Wafer Fabrication Prooess QC Flow (CMOS) 

Flow 

10 

Prooess Material 

Siiicon Wafer 

Incoming 
lnspecUon 

Well 
Fonnatlon 

Oxidation 
Photo Lithography 

Ion Implantation 

Reid 
Fonnatlon 

Deposition 
Photo Lithography 

Oxidation 

Channel Stopper 
Formation 

Photo Lithography 

Ion Implantation 
Oxidation 

Gate 
Fonnatlon 

Deposition 
Doping 

Photo Lithography 

pin SD Formation 

Photo Uthography 

Ion Implantation 
Anneal 

Contact 
Hole 

Deposition 
Photo Uthography 

Metanlzatlon 

Metal Deposition 
Photo Lithography 

Alloy 

Passivation 

Deposition 
Photo Lithography 

Wafer Sort 

In-process Inspection/quality Monitor 

Resistivity (sampling by lot) 
Dimension (sampHng by lot) 
Visual (sampling by lot) 

Oxide thickness (sampling by lot) 
Alignment and etching accuracy (sampHng by lot) 

Layer resistance (sampHng by lot) 

Deposit thickness (sampling by lot) 
Alignment and etching accuracy (sampling by lot) 

Oxide thickness (sampling by lot) 

Alignment and etching accuracy (sampDng by lot) 

Layer resistance (sampling by lot) 
Oxide thickness (sampling by lot) 

Deposit thickness (sampDng by lot) . 
Layer resistance (sampling by lot) 
Alignment and etching accuracy (sampDng by lot) 
Gate electrode wldlh (sampllng by lot) 

Alignment and etching accuracy (sampnng by lot) 

Layer resistance (sampling by lot) 

Deposit thickness (sampDng by lot) 
Alignment and etching accuracy (sampling by lot) 

Metal thickness (sampling by lot) 
Allgrvnent and etching accuracy (sampling by lot) 

Parametric test (sampllng by lot) 

Deposit thickness (sampDng by lot) 
Allgrvnent and etching accuracy (sampUng by lot) 

Electrfeal test 

Contact hole and metallzatlon steps are repeated twice. 



NEC Reliability and Quality Control 

Appendix 1 B. Typical QC Flow for PLCC Assembly/Test 
Inspection of Manufacturing Conditions Inspection of Manufacturing Qualities 

Process/Materials Inspection Frequency Instrument Inspected Inspection Frequency Instrument Inspected 
Item by Item by 

1 Sorted Wafers 

2 Wafer Visual Wafer Visual 100% Naked Eye Operator 

I 
Table Speed Every Indicators P.C. Sawing Before Microscope Operator 

3 Dicing DI Water Shift Gauges Dimensions Running With Fiiter 
Blade Height Eyepiece 

Wafer Break Every Indicators P.C. Wafer Visual 100% Naked Eye Operator 
Conditions Shift Gauges 

4 Break and Expand 
Wafer Expand 

Conditions I 
Die Every Lot Microscope Operator 

5 Die Visual Inspection Visual Sampling 
(Or100%) 

6 Lead Frames Die Attached Every Indicators P.C. Die Visual Every Naked Eye Operator 
Conditions Shift Thermocouple, Epoxy Magazine 

Potentiometer Coverage 
7 Die Attached Temperature Every Shift Microscope 

Epoxy Cure Heat Every Indicators P.C. Shear Every Dynamometer Operator 

8 (Not Done for Gold Temperature Shift Gauges Strength Shift 
Die Attached product) N2 Flow 

9 RneWlre Bonding Every Indicators P.C. Visual Every Microscope Operator 
Conditions Shift Magazine 

10 Wire Bonding Temperature Every Thermocouple P.C. Wire Pull Every Tension Operator 
Week and Test Shift Gauge 

Potentiometer 

Pre-Seal Visual 
Die Every Lot Microscope Inspector 

11 Inspection Visual Sampling 
(Or100%) 

~ 
Temperature Every Thermocouple P.C. 

Molding Compound of Pellet, Shift 
Expiration Date 

13 Molding Temperature Every Shift Thermocouple, P.C. Visual 100% Naked Eye Operator 
Proflleof Potentiometer 
Die Set 

Preheat 
Temperature 

Pressure 

CUreTlme 

14 Mold Aging Temperature Every Shift Indicator P.C. 

De flashing Every Shift Indicators P.C. Visual Every Lot Naked Eye Operator 
15 Deflashlng Conditions 

Concentration Every Week Titration Tech. 

Density Every Week Density Meter Tech. 

Water Jet Every Day Gauge Tech. 
Pressure 

Plating Every Day Indicators P.C. 
16 Plating Conditions 

Concentration Every Week Titration Tech. 

83RD-75168 
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Reliability and Quality Control NEC 
Appendix 18. Typical QC Flow for PLCC Assembly/Test {cont) 

Inspection of Manufacturing Conditions Inspection of Manufacturing Qualities 
Process/Materials Inspection Frequency Instrument Inspected Inspection Frequency Instrument Inspected 

Item by Item by 

Visual Every Lot Naked Eye Technician 

17 Plating Inspection Pia ting 
Thickness Every Lot X-ray Technician 

Composition Every Lot X-ray Technician 
SolderabUlty Once!Day Naked Eye Technician 

~ Marking Ink Marking 
Conditions 

Every Shift Indicators P.C. Visual Every Lot Naked Eye Operator 

19 Marking 

Temperature Every Thermocouple P.C. Marking Twice/Shift Automatic Operator 
20 Mark Cure Shift Permanency Tester 

Dimensions Every Shift Test Jig. 
21 Lead Forming {Befora Caliper 

Operator Visual Every Lot Naked Eye Operator 

Running) 

22 Final Assembly Inspection Visual Every Lot Magnifying Operator 
Lamp 

P.M.Check Every Day PM.Jig. Operator 

23 First Electrical Sorting 
Sample Befora Test 

Operator 
Electrical 100% IC Tester Operator 

Check Testing Samples Characteristics 

24 Bum-In (When Necessary) Bum-In Every Indicator P.C. 
Conditions Batch 

Every Day PM • .ftg. Operator 

25 First Electrlcal Sorting Before Test Operator 
8ectrlcal 100% IC Tester Operator 

Testing' Samples Characteristics 

26 RellabUlty Assurance Test Every 
Month 

Every Day P.M • .ftg. Electrical 
Characteristics 

Every Lot IC Tester Inspector 

Before Test 
27 In-Warehouse lnspecUon Testing Samples Visual (Major) Every Lot NakedEye. Inspector 

and 
Microscope 

Visual (Minor) Every Lot Naked Eye Inspector 

28 Warehousing 

83RD-7618B 
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Appendix 2. Typical Reliability Assurance Tests 

Test 

High-temperature operating/bias life (Note 1) 

High-temperature storage life (Note 1) 

High-temperature/high-humidity (Note 1) 

High-humidity storage life (Note 1) 

Pressure cooker (Note 1) 

Temperature cycling (Note 1) 

Lead fatigue (Note 2) 

Solderability (Note 3) 

Soldering heat/temperature cycle/ 
thermal shock (Note 1) 

Notes: 

Symbol 

HTOL/HTB 

HTSL 

17H 

HHSL 

PCT 

TIC 

C3 

C4 

C6 

(1) Electrical test per data sheet is performed. Devices that exceed 
the data sheet limits are considered rejects. 

(2) Broken lead is considered a reject. 

Appendix 3. New Product/Process Change Tests 
Newly 

Developed 
Test Sample Size Product 

High-temperature 20 - 50 pieces; 0 
operating/bias life 1 - lots 

High-temperature 10 - 20 pieces; 0 
storage life 1 - 3 lots 

High-temperature/ 20 - 50 pieces; 0 
high-humidity bias life 1 - 3 lots 
(plastic package) 

Pressure cooker 10 - 20 pieces; 0 
(plastic package) 1-31ots 

Thermal environmental 10 - 20 pieces; 0 
1 - 3 lots 

Mechanical environmental 10 - 20 pieces; 0 
(ceramic package) 1 - 3 lots 

Lead fatigue 5 pieces; 1 - 3 x 
lots 

Solderability 5 pieces; 1 - 3 x 
lots 

ESD 20 pieces; 1 - 3 0 
lots 

Long term T/C 10 - 50 pieces; 0 
1 - 3 lots 

Notes: 

O: Performed. X: Perform if necessary. -: Not performed. 

Reliability .and Quality Control 

Ml L-STD-883C 
Method Test Conditions 

(3) 

(4) 

Shrink 
Die 

6 

0 

0 

0 

x 

x 

0 

0 

1005 

1008 

1010 

2004 

2003 

1010 
1011 

(Note 4) 

TA= 125°C; Voo specified per device type 

TA= 150°C (175° or 200°c in some cases) 

TA= 85°C; RH= 85%; Voo = 5.5 V 

TA= 85°C; RH= 85% 

TA= 125°C; P = 2.3 atm; RH= 100% 

-65°C to +150°C; 1 hour/cycle 

2 
90-degree bends; 3 bends without breaking 

230°C; 5 sec; rosin base flux 

10 sec @ 230°C; rosin base flux 
Ten 1-hour cycles@ -65°C to +150°C 
Fifteen 10-minute cycles@ 0°c to +100°C 

Less than 95% coverage is considered a reject. 

MIL-STD-750A, method 2031. 

New 
Package Wafer Assembly Test Conditions 

0 0 0 See appendix 2; 
1000H 

0 0 0 T = 150°C (plastic); 
T = 175°C (ceramic); 
1000H 

0 0 0 See appendix 2; 
1000H 

0 0 0 See appendix 2; 288H 

0 x 0 See appendix 2 

0 x 0 20G, 10 - 2000Hz; 
1500G, 0.5 ms; 
20000G, 1 min 

x x See appendix 2 

x x See appendix 2 

0 x (1) C = 200 pF, R = 0 
(2) C = 100 pF, 
R = 1.5 k 

0 0 0 See appendix 2; 
1000 cy 

13 



Reliability and Quality Control 

Appendix 4. Failure Analysis Flowchart 
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Fallure 

------ Information requested 

NEC 

Analysis of 
Information 

External 
Inspection 

Electrlcal 
Characteristic 

Yes 

Non·DestrucUve 
Analysis 

Semi-Destructive 
Analysis 

Destructive 
Analysis 

Fallure 
Report 

• Fallure situation: 
where, how, when, why 

• Dc/ac function testing 
by tester/Curvetracer 

Stress 
Test 

Fallure •Test correlation 
Report may be needed 

• Specific tests: X-ray fluoroscope, 
herrnetlcal test, dew-point test, 
curvetracer check, etc. 

• Oecapsulatlon, Internal visual 
check, electllcal measurement, 
clroult analysis 

• Etching the passlvatton, etc. 
SEM, XMA, Cross-section, etc. 

• Esttmatton of causes 
• Countermeasures 
• Corrective Action 

83RD-'161311. 
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256K DRAMs 

Section 3 
256K DRAMS 

µPD Organization Features 

41256 256K x 1 Page; NMOS 3a 

41464 64Kx4 Page; NMOS 3b 



NEC 
NEC Electronics Inc. 

Description 

The µ,PD41256 is a 262,144-word by 1-bit dynamic RAM 
designed to operate from a single + 5-volt power supply 
and fabricated with a double polylayer, N-channel, 
silicon-gate process for high density, high performance, 
and high reliability. A single-transistor storage cell and 
advanced dynamic circuitry, including 1024 sense ampli
fiers, ensure that power dissipation is minimized, while 
an on-chip circuit generates the negative-voltage sub
strate bias-automatically and transparently. 

The three-state output is controlled by CAS independent 
of RAS. After a valid read or read-modify-write cycle, data 
is held on the output by holding CAS low. The data 
output is returned to high impedance by returning CAS 
high. A hidden refresh feature allows CAS to be held low 
to maintain output data while RAS is used to execute 
refresh cycles. 

Refreshing may be accomplished by means of RAS-only 
refresh cycles, hidden refresh cycles, CAS before RAS 
refresh cycles, or by normal read or write cycles on the 
256 address combinations of Ao through A7 during a 
4-ms refresh period. 

Features 

o 262,144-word x 1-bit organization 
o High-density plastic DIP and PLCC packaging 
o Multiplexed address inputs 
o Single + 5-volt power supply 
o On-chip substrate bias generator 
o Low power dissipation of 28 mW max (standby) 
o Nonlatched, three-state outputs 
o Fully TTL-compatible inputs and outputs 
o Low input capacitance 
o 256 refresh cycles every 4 ms 
o Optional page cycle 
o RAS-only, hidden, and CAS before RAS refreshing 

60074 

Pin Configurations 

16-Pin Plastic DIP 

pPD41256 
262, 144 x 1-Bit 

Dynamic NMOS RAM 

GND 
CAS 

Dour 
Ae 
A3 

A4 

As 
A7 

83IH-5121A 

18-Pin Plastic Leaded Chip Carrier (PLCC) 

~ 00 z < 01(/) 
O<GO 

~ (.) ..... U) 

< o< < 
> 

831H-5120A 

-



pPD41256 NEC 
Ordering Information 

Row Access 
Part Number Time (max) R/W Cycle (min) Page Cycle (min) 

Power Supply 
Tolerance Package 

µPD41256C-80 80 ns 160 ns 

C-85 85 ns 165 ns 

C-10 100 ns 200 ns 

µPD41256L-80 80 ns 160 ns 

L-85 85 ns 165 ns 

L-10 100 ns 200 ns 

Pin ldentif ication 
Name Function 

Ao-Aa Address inputs 

CJ\S Column address strobe 

D1N Data input 

DouT Data output 

RAS Row address strobe 

WE Write enable 

GND Ground 

Vee +5-volt power supply 

NC No connection 

Capacitance 
TA = 25°C; f = 1 MHz 

Parameter Symbol Max Unit Pins Under Test 

Input capacitance C11 5 pF Ao-Aa. D1N 

C12 8 pF RAS, GAS, WE 

Output capacitance CouT 7 pF DouT 

DC Characteristics 
TA= o to +70°C; Vee= +5.0 V ±10% 

Parameter Symbol Min Max 

Standby supply current lee2 5.0 

Input leakage current l1(L) -10 10 

Output leakage current lo(L) -10 10 

Output voltage, low Vol 0.4 

Output voltage, high VoH 2.4 

2 

70 ns ±5% 16-pin plastic DIP 

70 ns 

100 ns ±10% 

70 ns ±5% 18-pin plastic leaded chip carrier 

70 ns 

100 ns ±10% 

Absolute Maximum Ratings 
Voltage on any pin relative to GND, VT -1.0 to +7.0 V 

Operating temperature, TA (ambient) o to +70°C 

Storage temperature, TsTG -55 to + 125°C 

Short-circuit output current, 108 50mA 

Power dissipation, Po 1.0W 

Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause permanent 
damage. The device should be operated within the limits specified 
under DC and AC Characteristics. 

Recommended Operating Conditions 
Parameter Symbol Min Typ Max Unit 

Supply voltage 'Vee 4.5 5.0 5.5 v 
Input voltage, high V1H 2.4 Vee+ 1.0 v 
Input voltage, low V1L -1.0 0.8 v 
Ambient temperature TA 0 70 oc 

Notes: 

(1) Vee = +5 V ±5% for the -80 and -85 versions. 

Unit Test Conditions 

mA RAS = V1H; DouT = high impedance 

µA V1N = 0 V to Vee; all other pins not under test = 0 V 

µA DouT disabled; VouT = o V to Vee 

v loL = 4.2 mA 

v louT = -5 mA 
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Block Diagram 

RAS 

Ao 
A1 • 
A2 • 
A3 • 
A4 • 
As • 
As • 
A1 • 
As 

AC Characteristics 
TA = Oto +70°G 

Parameter 

Supply voltage 

Operating supply current, 
average 

Operating supply current, 
RAS-only refresh cycle, 
average 

Operating supply current, 
page cycle, average 

Operating current, CAS 
before RAS refresh cycle, 
average 

Random read or write cycle 
time 

Read-write cycle time 

Page cycle time 

Access time from RAS 

Access time from GAS 

Symbol 

Vee 

lcc1 

lcc3 

lcc4 

Ices 

tRc 

tRWC 

tpc 

tRAC 

tcAC 

CASClock 
Generator 

~ 

8 
CJ) 

0 

~ 
0: 

~PD41256-80 

Min Max 

4.75 5.25 

90 

80 

70 

80 

180 

185 

70 

80 

40 

WE Clock 
Generator 

Data l/OBus 

Column Decoder 

Sense Amplifier 

Memory Array 

14PD41256-85 

Min Max 

4.75 5.25 

90 

80 

70 

80 

165 

195 

70 

85 

40 

14PD41256-10 

Min Max 

4.5 5.5 

80 

65 

60 

65 

200 

240 

100 

100 

50 

Unit 

mA 

mA 

mA 

mA 

ns 

ns 

ns 

ns 

ns 

pPD41256 

Data-In 
Buffer 

Data-out 
Buffer DQUT 

831H-6298B 

Test Conditions 

RAS, CAS cycling; 
tRc = tRc (min); 
lo = O mA (Note 5) 

RAS cycling; GAS ~ V1H; 
tRc = tRc (min); lo = 
O mA (Note 5) 

RAS ::;; V1L; GAS cycling; 
tpc = tpc (min); lo = 
0 mA (Note 5) 

GAS ::;; V1L; RAS cycling; 
tRc = tRc (min); 1/0 = 
O mA (Note 5) 

(Note 6) 

(Note 6) 

(Note 6) 

(Notes 7, 8) 

(Notes 7, 9) 

3 



pPD41256 NEC 
AC Characteristics (cont) 

p.PD41256-80 p.PD41256·85 p.PD41256·10 

Parameter Symbol Min Max Min Max Min Max Unit Test Conditions 

Output buffer turnoff delay toFF 0 20 0 20 0 25 ns (Note 10) 

Rise and fall transition time tT 3 50 3 50 3 50 ns (Note 4) 

RAS precharge time tRP 70 70 90 ns 

RAS pulse width tRAS 80 16,000 85 16,000 100 10,000 ns 

RAS hold time tRSH 40 40 50 ns 

GAS pulse width tcAS 40 10,000 40 10,000 50 10,000 ns 

GAS hold time tcSH 80 85 100 ns 

RAS to GAS delay time tRco 20 40 20 45 20 50 ns (Note 11) 

GAS to AAS precharge time tcRP 10 10 10 ns (Note 12) 

GAS precharge time, tcPN 25 25 25 ns 
nonpage cycle 

GAS precharge time, page tcp 20 20 40 ns 
cycle 

RAS precharge GAS hold tRPC 0 0 0 ns 
time 

Row address setup time tASR 0 0 0 ns 

Row address hold time tRAH 10 10 10 ns 

Column address setup time tASC 0 0 0 ns 

Column address hold time tcAH 15 20 15 ns 

Column address hold time tAR 55 65 65 ns 
referenced to RAS 

Read command setup time tRCS 0 0 0 ns 

Read command hold time tRRH 10 10 10 ns (Note 13) 
referenced to RAS 

Read command hold time 
referenced to GAS 

tRCH 0 0 0 ns (Note 13) 

Write command hold time twcH 20 20 25 ns 

Write command hold time twcR 60 65 75 ns 
referenced to RAS 

Write command pulse width twp 20 15 15 ns (Note 17) 

Write command to RPS lead tRWL 20 30 35 ns 
time 

Write command to GAS lead tcwL 20 30 35 ns 
time 

Data-in setup time tos 0 0 0 ns (Note 14) 

Data-in hold time toH 20 20 25 ns (Note 14) 

Data-in hold time referenced toHR 60 65 75 ns 
to RAS 

Refresh period tREF 4 4 4 ms Addresses Ao - A1 

WE command setup time twcs 0 0 0 ns (Note 15) 

GAS to WE delay tcwo 40 40 50 ns (Note 15) 

RAS to WE delay tRWD 80 85 100 ns (Note 15) 

GAS setup tin:ie for GAS 
before AAS refresh cycle 

tcsR 10 10 10 ns (Note 16) 

4 



NEC pPD41256 

AC Characteristics (cont) 
µPD41256-80 µPD41256-85 14PD41256-10 

Parameter Symbol Min Max Min 

GAS hold time for GAS tcHR 20 15 
before RAS refresh cycle 

Read-write cycle time tTRc N/A N/A 
(counter test cycle) 

Read-write cycle time tTRWC N/A N/A 
(counter test cycle) 

Notes: 

(1) All voltages are referenced to GND. 

(2) An initial pause of 100 p.s is required after power-up, followed by 
any eight RAS cycles, before proper device operation is 
achieved. 

(3) AC measurements assume tT = 5 ns. 

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

(5) lcc1, lcc3. lcc4• and Ices depend on output loading and cycle 
rates. Specified values are obtained with the output open. 

(6) The minimum specifications are used only to indicate the cycle 
time at which proper operation over the full temperature range 
(TA = 0 to +70"C) is assured. 

(7) Output load = 2 TTL loads and 100 pF 

(8) Assumes that tRco s tRco (max). If tRco is greater than the 
maximum recommended value shown in this table, tRAC will 
increase by the amount that tRCD exceeds the value shown. 

(9) Assumes that tRcD o:: tRco (max) 

(10) toFF (max) defines the time at which the output achieves the 
open-circuit condition and is not referenced to VoH or Vol· 

(11) Operation within the tRco (max) limit assures that tRAC (max) 
can be met. tRcD (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· 

Max Min Max Unit Test Conditions 

20 ns (Note 16) 

220 ns (Note 18) 

260 ns (Note 18) 

(12) The tcRP requirement should be applicable for RAS/CAS cycles 
preceded by any cycle. 

(13) Either tRRH or tRcH must be satisfied for a read cycle. 

(14) These parameters are referenced to the leadl!!g edge of CAS in 
early write cycles and to the leading edge of WE in delayed write .. 
or read-modify-write cycles. 

(15) twcs. tcwo. and tRwo are restrictive operating parameters in • 
read-write and read-modify-write cycles only. If twcs ;;::: twcs 
(min), the cycle is an early write cycle and the data output will 
remain open-circuit throughout the entire cycle. If tcwo ;;::: tcwo 
(min) and tRwo ;;::: tRwo (min), 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 is met, the condition of the data 
output (at access time and until CAS goes back to V1H) is 
indeterminate. 

(16) DIP products with process codes E, K, P and X do not have the 
CAS before RAS refresh feature. All other package types and 
process codes do have CAS before RAS refreshing. 

On DIP products with process codes E, K, P and X, the external 
address inputs are required in hidden refresh cycles and the 
address timing must satisfy tAsR a~AH• which are specified 
with respect to the falling edge of RAS. 

(17) twp is applicable for a delayed write cycle. If the cycle is early 
write, it should be satisfied with the specified value of twcH· 

(18) tTRC and trnwL are applicable for a CAS before RAS refresh 
counter test cycle. 
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pPD41256 

Timing Waveforms 

Read Cycle 

RAS 

tCRP 

CAS 

tASJ 
lRAH 

Address Row Address 

6 

NEC 

1~ 
I 

lRSH 
I 

tcsH 

tRCD 
I 

tcAS 

I 
tcPN 

lASC 

Column Address 



NEC 
Timing Waveforms (cont) 

&rly Write Cycle 

~------tRAs------

RAS 

IC 
I lRSH 
I 

tcsH 

tcRP 

tRcD 
I 

tcAS 

I 

pPD41256 

• 

831H-67988 
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µPD41256 

Timing Waveforms (cont) 

Hidden Refresh Cycle 

NEC 

-----Memory Cycle ----CAs Before RAS Cycle 

----'----tRc-------tRc--~--

CAS 

'Address , (/JI/ !I/JI!/! l!lll Ill 

tcAC 

V!llJlllJ//; ?/!!II II 111/(((!//I!/! 

taF~~ 
High Impedance 

Dour -----------------<1 Valid Data: 

831H-6799B 
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1\'EC µPD41256 

Timing Waveforms (cont) 

CAS Before RAS Refresh Cycle 

--{'~" 
CAS 

Note: 

(1] WE and Address = don't care. 
831H·65928 

RAS-Only Refresh Cycle 

RAS 

v 
Address 

High Impedance DouT ~~~~~~~~~~~~~~~~~.....;;._....;...~~~~~~~~~~~~~~~~~~~-
831H·6594B 
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Timing Waveforms (cont) 

Read-Write/Read-Modify-Write Cycle 

11<1111(,__------IRSH-------
-...--------...;._~tcSH------------

Address 

DouT ----------------Hl-gh_l_m_pe_d_a_nc_e ______________ --<1 Valid Data 

10 

NEC 

831H-6804B 
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Timing Waveforms (cont) 

Page Read Cycle 

-----tRAs-----

Address 

pPD41256 

83IH-68058 
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pPD41256 

Timing Waveforms (cont) 

Page Early Write Cycle 

12 

NEC 

831H-6806B 



NEC pPD41256 

Timing Waveforms (cont) 

Page Read-Write/Read-Modify-Write Cycle 
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pPD41256 

~ Before RAS Refresh Counter Test 

The µPD41256 provides a method to verify proper 
operation of the internal address counter used in CAS 
before RAS refreshing. After a CAS before RAS refresh 
cycle is initiated, CAS satisfies a hold time (tcJ:!..Bh a 
precharge time (tcp), and then returns low while RAS is 
held low to enable read, write, or read-modify-write 
operation. As shown in the appropriate timing wave
forms, a refresh counter test can be initiated at this 
point on specified row and column addresses. The row 
is selected by the internal address counter, and the 
column is defined by an external address supplied at 
the second falling edge of CAS. Test patterns can be 
generated in several ways; the following example is 
one possibility. Any pattern must be preceded by the 
normal power-up procedure containing a pause of 100 
µs and then eight RAS cycles to initialize the internal 
counter. 

14 

NEC 
(1) Write "O" into 256 memory cells with 256 CAS 

before RAS refresh counter test write cycles. Use 
the same column address in each cycle. 

(2) Use a counter test read-modify-write cycle to read 
the "O" written in the first cycle of step 1 and then 
write a "1" into that location in the same cycle. 
Perform this operation 256 times, until a "1" is 
written into each of the 256 memory cells. Con
tinue using the same column address as specified 
in step 1. 

(3) Read each "1" written in step 2 using a counter 
test read cycle. 

(4) Complement the test pattern and repeat steps 1, 
2, and 3. 



NEC µPD41256 

Timing Waveforms (cont) 

CAS Before RAS Refresh Counter Test Read Cycle 

-------- -trRC----------+1 

------tRAs-----~ 

--tRs..-- --tRpc--
tcsR tcHR ---tcAs------

-----tRAc.----1 

Dour _____ Hlg.._h_lmp_ed_an_ce _____ -c 
Valid Data Out 

83IH-68088 
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pPD41256 

Timing Waveforms (cont) 

CAS Before RAS Refresh Counter Test Write Cycle 

tcsR 

Address 

16 

---------t-rRc---------
------tRAs-----..-

tCHR 

t-ASC 

Column 
Addtess 

---tRP---+t 

--tRsu-- --tRpc--
-~-tCAs---

j: : : IRWL ~L-----
-----twcR_,_l ...._I ----

11 twp---

11 

831H-6809B 



NEC pPD41256 

Timing Waveforms (cont) 

CAS Before RAS Refresh Counter Test Read-lllodity-Write Cycle 

RAS 

CAS 

WE 

------trnwc-------+1 
-----tRAS----~c--tRP 

_,, ---tRSH--~ 

-----tCSH------

---tCAS-----'+I 

tCPN 

I _ ttDs tDHj . 

0
1N lj//// !/Ill I/JI /[///Ill//! /lfl!JJl!IL vat1dDara1n J<====== 

I l-tcAc- j 
!+---tRAC !-f- tOFF 

Dour ___ Hl.::...-gh lm_;__ped_anc_e -----<I 
Valid Data Out 

83IH-6810B 
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NEC 
NEC Electronics Inc. 

Description 

The µPD41464 is a 65,536-word by 4-bit dynamic RAM 
designed to operate from a single + 5-volt power sup
ply and fabricated with a double polylayer, N-channel 
silicon-gate process for high density, high perfor
mance, and high reliability. A single-transistor storage 
cell and advanced dynamic circuitry ensure minimum 
power dissipation, while an on-chip feature internally 
generates the negative voltage substrate bias-au
tomatical ly and transparently. 

The three-state 1/0 is controlled by CAS independent of 
RAS. After a valid read or hidden refresh cycle, data is 
held by holding CAS low. Data input and output is 
returned to high impedance by returning CAS high. 
Hidden refreshing allows CAS to be held low to main
tain output data while RAS is used to execute RAS-only 
refresh cycles. 

Refreshing may be accomplished by means of a CAS 
before RAS cycle that internally generates the refresh 
address, by means of RAS-only refresh cycles, or by 
normal read or write cycles on the 256 address combi
nations of Ao through A7 during a 4-ms refresh period. 

Features 

o 65,536-word by 4-bit organization 
o Single + 5-volt ± 100,.{, power supply 
o CAS before RAS internal refreshing 
o Multiplexed address inputs 
o On-chip substrate bias generator 
o Low power dissipation 

- 28 mA max (standby) 
-440 mW (active, tRc = tRc min) 

o Nonlatched, TTL-compatible inputs and outputs 
o Low input capacitance 
o 256 refresh cycles every 4 ms 
o Standard 18-pin plastic DIP and PLCC packaging 

Ordering Information 
Part Number Row Access Time (max) Package 

µPD41464C-80 80 ns 18-pin plastic DIP 

C-10 100 ns 

C-12 120 ns 

µPD41464L-80 80 ns 18-pin PLCC 

L-10 100 ns 

L-12 120 ns 

60072 

Pin Configurations 

18-Pin Plastic DIP 

pPD41464 
65,536 x 4-Bit 

Dynamic NMOS RAM 

831H-5256A 

18-Pin Plastic Leaded Chip Carrier (PLCC) 

831H-5117A 



pPD414&4· 

Pin Identification 
Name Function 

Ao·A7 Address Inputs 

1/01 -1/04 Data Inputs and outputs 

'OAS Column address strobe 

'OE Output ena.ble 

RAS Row address strobe 

WE Write enable 

GND Ground 

Vee +5-volt poMr supply 

NC No connection 

Capacitance 
TA = 25°C; f = 1 MHz 

Parameter Symbol 

Input capacitance C11 

C12 

Input/output capacitance Co 

Block Diagram 

GAS Before RAS 

2 

Ao 
A1 • 

A2 • 
A3 • 

A4 • 
As • 
A5 • 
A1 

Max 

5 

8 

7 

Unit 

pF 

pF 

pF 

Pina Under Teat 

Ao through A7 

RAS, 'OAS, WE, OE 

1/01 through 1/04 . 

CAS Clock 
Generator 

NEC 
Absolute Maximum Ratings 
Voltage on any pin relative to GND -1.0 to +7.0 V 

Operating temperature, ToPR Oto +70"C 

Storage temperature, TsrG -55 to + 125°C 

Short-circuit output current, los 50mA 

Power dissipation, Po 1.0W 

Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability: exceeding the ratings could cause permanent 
damage. The device should be operated within the limits specified 
under DC and AC Characteristics. 

Recommended Operating Conditions 
Parameter 

Input voltage, high 

Input voltage, low 

Supply voltage 

Ambient temperature 

WE Clock 
Generator 

OE Clock 
Generator 

Data 1/0 Bus 

Column Decoder 

Sense Amplifier 

Memory Array 

Symbol 

V1t:t 

V1L 

Vee 

TA 

Min 

2.4 

-1 

4;5 

0 

Typ 

5.0 

Data-In 
Buffer 

Data-out 
Buffer 

Max 

Vee+ 1 

0.8 

5.5 

70 

Unit 

v 
v 
v 
oc 

83IH-6300B 



NEC µPD41464 

DC Characteristics 
TA = o to + 10°C; Vee = + 5.0 V :t10% 

Parameter Symbol Min Max Unit Test Conditions 

Standby current ,lcc2 5.0 mA RAS = CAS = V1H 

Input leakage current l1(L) -10 10 µA V1N = O V to V cc; all other pins not under test = O V 

Output leakage current lo(L) -10 10 µA 110 is high-Z; Vvo = o v to Vee 

Output voltage, low Vol 0 0.4 v loL = 4.2 mA 

Output voltage, high VoH 2.4 Vee v loH = -5 mA 

AC Characteristics 
TA = o to + 10°c; Vee = + 5.0 V :t10% 

JlPD41464-80 JlPD41464-10 1'PD41464-12 

Parameter Symbol Min Max Min Max Min Max Unit Test Conditions 

Operating current, average lcc1 85 80 75 mA RAS, CAS cycling; 
tRc = tRc min (Note 5) 

Operating current, refresh cycle, lcc3 70 65 60 mA RAS cycling; CAS = V1H; -average tRc = tRc min (Note 5) 

Operating current, page cycle, average lcc4 60 55 50 mA RAS = V1L; CAS cycling; 
tpc = tpc min (Note 5) 

Operating current, CAS before RAS lees 70 70 65 mA RAS cycling; CAS ~ V1H; 
refresh cycle, average tRc = tRc min (Note 5) 

Random read or write cycle time tRe 160 200 220 ns (Note 6) 

Read-write cycle time tRWe 230 270 300 ns (Note 6) 

Page cycle time tpc 70 100 120 ns (Note6) 

Refresh period tREF 4 4 4 ms 

Access time from RAS tRAC 80 100 120 ns (Notes 7, 8) 

Access time from CAS tcAC 40 50 60 ns (Notes 7, 9) 

Ouput buffer turnoff delay toFF 0 20 0 25 0 30 ns (Note 10) 

Rise and fall transition time tr 3 50 3 50 3 50 ns (Notes 2, 3) 

RAS precharge time tRP 70 90 90 ns 

RAS pulse width tRAS 80 10000 100 10000 120 10000 ns 

RAS hold time tRSH 40 50 60 ns 

CAS pulse width tcAS 40 10000 50 10000 60 10000 ns 

CAS hold time tcsH 80 100 120 ns 

RAS to CAS delay time tRco 20 40 20 50 25 60 ns (Note 11) 

CAS to RAS precharge time tcRP 10 10 10 ns (Note 12) 

CAS precharge time for nonpage cycle tcPN 25 25 25 ns 

CAS precharge time for page cycle tcP 30 40 50 ns 

RAS precharge CAS hold time tRPC 0 0 0 ns 

Row address setup time tASR 0 0 0 ns 

Row address hold time tRAH 10 10 15 ns 

Column address setup time tAsc 0 0 0 ns 

Column address hold time tcAH 15 15 20 ns 

Column address hold time referenced to tAR 55 65 80 ns 
RAS 

3 



pPD41464 NEC 
AC Characteristics (cont) 

l'PD41464-80 f'PD41464-10 ~041464-12 

Parameter Symbol Min Max Min Max Min Max Unit Tut Condition• 

Read command hold time referenced to RAS' fnRH 10 10 10 ns (Note 13) 

Read command hold time referenced to 'OAS fnCH 0 0 0 ns (Note 13) 

Write command hold time \\!CH 20 25 30 ns 

Write command hold time referenced to RAS \\!CR 60 75 90 ns 

Write command pulse width \yp 20 15 20 ns 

Write command to RAS' lead time fnwL 30 35 40 ns 

Write command to 'OAS lead time fcWL 30 35 40 ns 

Data-In setup time tos 0 0 0 ns (Note 14) 

Data-In hold time toH 20 25 30 ns (Note 14) 

Data-In hold time referenced to RAS to HR 60 75 90 ns 

Write command setup time \\!cs 0 0 0 ns (Note 15) 

RAStoWEdelay tnwo 105 130 155 ns (Note 15) 

'OAS to WE delay tcwo 65 80 95 ns (Note 15) 

Access time from 'OE to EA 20 25 30 ns 

Data delay time toeo 20 25 30 ns 

'OE command hold time to EH 0 0 0 ns 

Output turnoff delay from 'OE toez 0 20 0 25 0 30 ns 

'OE to m Inactive setup time toes 10 10 10 ns 

Read or write cycle time for counter test cycle tTRc 185 220 245 ns (Note 16) 

Read or write cycle time for counter test cycle trRWC 245 290 325 ns (Note 16) 

~setup time for 'OAS·before m refresh fcSR 10 10 10 ns 
cycle 

'OAS hold time fo~ before m refresh fcHR 15 20 25 ns 
cycle 

4 



NEC 
Notes: 

(1) An initial pause of 100 ,us (RAS inactive) is required after 
power-up, followed by any eight RAS cycles, before proper device 
operation is achieved. 

(2) AC measurements assume tT = 5 ns. 

(3) V1H (min) and V1L (max) are reference levels for measuring the 
timing of input signals. 

(4) All voltages are referenced to GND. 

(5) lcc1. lcC3• lcc4. and Ices depend on output loading and cycle 
rates. Specified values are obtained with the output open. For lot 
code K of the ,uPD41464-15, ~c (min) must be 270 ns and lcc3 
= 60 mA. 

(6) The minimum specifications are used only to indicate the cycle 
time at which proper operation over the full temperature range 
(TA= Oto +70°C) is assured. For lot code Kofthe µPD41464-15, 
lRc (min) must be 270 ns. 

(7) Load = 2 TTL loads and 100 pF 

(8) Assumes that tRco s tRco (max). If tRco is greater than the 
maximum recommended value in this table, tRAC increases by 
the amount that tRco exceeds the value shown. For a CAS before 
RAS refresh counter test cycle, tRAC is specified as iRAC = tcHR 
+ tcP + tcAC + 2tT and is greaterthan the maximum specified 
value shown in this table. 

(9) Assumes that tRco 2: tRco (max). 

pPD41464 

(10) toFF (max) and toez (max) define the time at which the output 
achieves the open-circuit condition and are not referenced to 
VoH orVoL· 

(11) Operation within the tRco (max) limit assures that tRAC (max) 
can be met tRcD (max) is specified as a reference point only; if 
tRcD is greater than tRco (max), access time is controlled 
exclusively by tcAC· 

(12) The tcRP requirement should be applicable for RAS/CAS cycles 
preceded by any cycle. 

(13) Either tRRH or tRcH must be satisfied for a read cycle. 

(14) These parameters are referenced to the lead~ edge of CAS for 
early write cycles and to the leading edge of WE for delayed write 
or read-modify-write cycles. 

(15) twcs. tcwo. and lRwo are restrictive operating parameters in 
read-write/read-modify-write cycles only. If twcs 2: twcs (min), 
the cycle is an early write cycle and the data 1/0 pins will remain 
high impedance throughout the entire cycle. If tcwo 2: tcwo 
(min), tRwo 2: tRwo (min), the cycle is a read-write cycle and the 
data 1/0 pins will contain data read from the selected cell. If 
neither of the above conditions is met, the condition of the data 
1/0 pins (at access time and until CAS returns to V1H) is -
indeterminate. .. 

(16) tTRc and tTRWC are applicable for CAS before RAS refresh 
counter test cycles. 
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pPD41464 

Timing waveforms 

Read Cycle 

NEC 

------tRc------• 

-----tRAS----

tCRP 1~ 
I 

lRSH 
I 

tcsH 

lRP 

tRCO 
I 

tCAS 

I .. J tcPN 

tRAH tASC tCAH 

Address 

l.L _ r----toeAl I 
OE -l//;;.....,_~~71;;--71j-Wi._.....,.m.._.....,m...,....,...71;; .......... 1m &z. ............ ~3/;'P""r""'P"f!t~f;OF%F%~7!;;.....,......12"'P""P""T7l 

I. t~ ICAC :1 ~IOEZ 
vo, ____ Hlg-hlm_pect_ance ______ ,_--Rea-d - __ _ 

831H-6721B 
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NEC pPD41464 

Timing waveforms (cont) 

Early Write Cycle 

-----tRc----~ 

14------tRAs----

1· 
I lRSH 
I 

tcsH 

tcRP 

tRCD I tcAS 

I ,J 
Address 

I tcwL-~-
1 I 
I I I lRWL 

OE 7Zllil// llJ II I/JI! !II/II!!// II! II /II II! Ill II/ Ill!! !l/JJllJI !Ill 
I---' I I 
I tosj_'!: ~'o"§tz 

V01 /;..,.._/!--//!_71......,....71/;..,..._7!j--1,0( .WI~ ~ JJ!lllf If II /J/JIJ/)j//!(/)}/; 
I• toHR--~-

831H-s122s 
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pPD41464 

Timing waveforms (cont) 

OE -Controlled Write Cycle 

---------tRC-------
-----tRAs----

I 
tcRP tRCo--...,•-1·--tRSH---iM 14---tRp--..... 

--------tcsH------

1 ·~ 11 tCPN 

tcAH 
lRAH 

Address Row Address 

NEC 

L_..,.,.. 11 IWP 

OE _ _..._.! t~J,-~_..,..~m~m-ra~m~11h~11h-11JT""'J"""7"7lh~11 
I toeo tos r--toeH__.j -

-------
V01 Valid Data 

----tDHR----
831H-6723B 
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NEC 
Timing waveforms (cont) 

Rea.d-Write/Rea.d-Modlty-Wrlte Cycle 

tRWC 

tRAS 

···1 
tcRP tRCD t I 

tRSH 
I 

tcsH 

tcPN 
I 

tcAS 
11 

I .. ..J tcAH 

lRAH tASC 
I 

Address Row Address Column Address 

r----+-ttRWD 

I IRCS-1 ~ ~ICWD1--
WE 

h•AAc ·~ i •m~ ~~™ 
'OEA ~ (.- •os 

µPD41464 

831H·67248 

9 



pPD41464 tiEC 
nmlng llllveforms (cont) 

Page Read Cycle 

-----IRAS-----

I· ICRPI -· --tpe-- --tRSH--

IRCD--- -tcAs 
,_____, ___ _ 

tCAH 

Address 

WE :; @I !lZ/f I\ ~ . . ~71/jJJ}/J; 
~~ ~ . IRCH . IRCH 

r£ 1/11 //////}/} f/11& . fl/I/II.ml fll IJ /11/ !11/J// . l tOFF . 1.--tcAC !OFF 

IOEA 

V01 
High Impedance 

Read Read 

LL·~c J J tRAC tOEZ IOEZ 

831H·6725B 
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NEC 
Timing waveforms (cont) 

Page Write Cycle {Early Write) 

14--------tRAs;------

--: -tpe.-- --tRSH--

CAS -.--....ir--------~-r ICAS 

I tcp 

tCAH 

Address 

11PD41464 

83IH-67268 
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pPD41464 

Timing Waveforms (cont) 

Page Read-Wrlle/Read-llodlty-Wrlte Cycle 

RAS 

CAs 

lASR 

Address 

WE 

OE 

V01 

12 

lAR-i 
F-=i I tcsH 

I 

I 

Valid 
Data-out 

tCAs 

tCAH 

tRAs 

tPC 

tWP 

tRSH 

tCAs 

tcAH 

tcwo 

toEA 

Valid 
Data-out 

NEC 

I ICPN 

tcwL 

831H-6727B 



NEC pPD41464 

Timing waveforms (cont) 

RAB-Only RefTellh Cycle 

tCRP 

-----tRc------+1 

----tRAS----

tRP 

tRPC 

~ ~~ lRAH 

tASR 

... ~. 711 ///!!!l ~-kJ////l!//J//Jll II///! !II Ill/JI/ !II llZ 

Don't Care 

Don't Care 

V-Of _______ ......;Hlg;;_hlm.;......ped_ance ______ _ 

831H-6728B 
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pPD41464 

Timing waveforms (cont) 

CAS Belotfl RAS Refresh Cycle 

--~ICSR 
CAS l 

tCHRJ. ·---tRP 
- . IRPC~.___ 

Address Don't Care 

WE Don't Care 

Don't Care 

vo1 ~~~------------~~------~----Hl-gh_lm-p~e-da_n_ce ______ ~----------------------~ 
831H-6729B 
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NEC pPD41464 

Timing Waveforms (cont) 

Hidden Refresh Cycle 

--Memory Cyde Hidden Refresh Cycle 

----tRC tRc----

--tRAS--

RAS 

tCRP 

CAS t 11 

IASR~ 
Address 

tAR 

tRCD 

tASC 

lRP tRAS 

r tcHR 

tCAS 

7J Ill! Ill!/ II 111111!1 

WE 71// //////// l w /11/!/ff !/;_"jJ/JJ/J///j ///////Ill 

L.~~~~m ll 1Jz •m 
VOi ___ Hlg.;;.._h lm...;....ped_ance __ ---<

1 Data-out 

831H·6745B 
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pPD41464 

CA'S Before RAS Refresh Counter Test 

The µ.PD41464 provides a method to verify p~r oper
ation of the internal address counter used in CAS before 
RAS refreshing. After a CAS before RAS refresh cycle. is 
initiated, CAS satisfies a hold time (tQH.B}, a precharge 
time (tcp), and then returns low while RAS is held low to 
enable read, write, or read-modify-write operation. As 
shown in the appropriate timing waveforms, a refresh 
counter test can be initiated at this point on specified 
row and column addresses. The row is selected by the 
internal address counter, and the column is defined by 
an external address supplied at the second falling edge 
of CAS. Test patterns can be generated in several ways; 
the following example is one possibility. Any pattern 
must be preceded by the normal power-up ~cedure 
containing a pause of 100 µ.sand then eight RAS cycles 
to initialize the internal counter. 

16 

NEC 
(1) Write "O" into 256 memory cells with 256 CAS before · 

RAS refresh counter test write cycles. Use the same 
column address in each cycle. 

(2) Use a counter test read-modify-write cycle to read 
the "O" written in the first cycle of step 1 and then 
write a "1" into that location in the same cycle. 
Perform this operation 256 times, until a "1" is 
written Into each of the 256 memory cells. Continue 
using the same column address as specified in step 
1. 

(3) Read each "1" written in step 2 using a counter test 
read cycle. 

(4) Complement the test pattern and repeat steps 1, 2, 
and 3. 



NEC 
Timing Waveforms (cont) 

CAS Before RAS Refreah Counter 7at Read Cycle 

---tRsu--- ---tRP'~--IM 

tcsR 

Address 

tcHR -tcAs----'-

1 

~

1 
1+----------tcsH-------'-4---

tAsc--.j 

Column 
Address 

·~·J 

VOi ~~~~~~~H-ig_h_lm_pe_d_an_c_e~~~~~~~--<1 Valid Data Out 

toez 

µPD41464 

83SL-5387B 
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pPD41464 N'EC 
Timing Waveforms (cont) 

CAS Befol'tl RAS Refresh Counter Test Write Cycle 

----------------tTRc------
----tRAs----

CAS 

tCPN 

-· ttASC tcAHj._ 

-- 71/l/J ll!!JJ 11/liX °"""'··"'·· .. YllJ/J/IJ ll!ll! l!ll! ll!I//! Ill Ill 

LJ II lRWL I 
: 11 tcwL • 
twcRI I · 

lltwp-

11 

_E~· ~·:r_ 
'°' / /JJ ///j/J/J /j//lA____ V~idDotaio 1lJI /(///!l/ /////J//ll l/l!I//// IL 

Note: 
[1] OE= don't care. 

831H-53868 
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NEC pPD41464 

Timing Waveforms (cont) 

CAS Before RAS Refresh Counter lnt Read-llodlf)c-Wrlte Cycle 

~1•-------tRSH------~ 
14----------tCSH-----------~ 

tcsR tcHR tcp -------tcAs.-------~ 

tcPN 

~IASC ICAH~. 

---· r----=tt::~ 
I r-•RCS~ ~ICWD ICWL 

WE 

tCAC toez 

1.-toeo 

Valid 
Data Out 

j._ tos 

-------------------

8311-1-53888 
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1M DRAMS 

Section 4 
1M DRAMS 

µPD Organization 

421000 1M x 1 

424256 256K x 4 

NEC 

Features 

Fast-page (See App Note 53.) 4a 

Fast-page 4b 



NEC 
NEC Electronics Inc. 

Description 

The µPD421000 is a fast-page dynamic RAM organized 
as 1,048,576 words by 1 bit and designed to operate 
from a single +5-volt power supply. Advanced polycide 
technology using trench capacitors minimizes silicon 
area and provides high storage cell capacity, high 
performance, and high reliability. A single-transistor 
dynamic storage cell and advanced CMOS circuitry 
throughout ensure minimum power dissipation, while 
an on-chip circuit internally generates the negative
voltage substrate bias-automatically and transpar
ently. 

The three-state output is controlled by CAS indepen
dent of RAS. After a valid read or read-modify-write 
cycle, data is held on the output by holding CAS low. 
The data output is returned to high impedance by 
returning CAS high. Fast-page read and write cycles 
can be executed by cycling CAS. 

Refreshing may be accomplished by means of a CAS 
before RAS cycle that .internally generates the refresh 
address. Refreshing can also be accomplished by 
means of RAS-only refresh cycles or by normal read or 
write cycles on the 512 address combinations of Ao
Aa during an 8-ms refresh period. 

Features 

o 1,048,576-word by 1-bit organization 
o Single +5-volt power supply 
o Fast-page option 
o CAS before RAS refresh cycles 
o Multiplexed address inputs 
o On-chip substrate bias generator 
o Nonlatched, three-state outputs 
o Low input capacitance 
o TTL-compatible inputs and outputs 
o 512 refresh cycles every 8 ms 
o High-density 18-pin DIP, 26/20-pin SOJ, 

20-pin ZIP, or 24/20-pin TSOP plastic packaging 

60066-1 

Pin Configurations 

18-Pin Plastic DIP 

pPD421000 
1,048,576 x 1·Bit 

Dynamic CMOS RAM 

GND 
oouT 
~s 

Ag 
As 
A1 

As 
As 
A4 

26/20-Pin Plastic SOJ 

D1N -.-----1 
WE 

RAS 
NC 
NC 

20-Pin Plastic ZIP 

GND 
DouT 
~s 

NC 
Ag 

As 
A7 
A8 
As 
A4 

8311M1291A 



pPD421000 NEC 
Pin Configurations (cont) 

24/20-Pin Plastic TSOP (Normal Pinouts) 24/20-Pin Plastic TSOP (Reverse Pinouts) 

µPD421000 µPD421000 

Ag 24 Aa Aa 0 24 Ag 

CAS 2 23 A1 A1 2 23 CAS 

DOUT 3 22 Aa Aa 3 22 DOUT 
NC 4 21 As As 4 21 NC 

GND 5 20 A4 A4 5 20 GND 

-JJH 0 -JKH 0 

NC 8 17 Vee Vee 8 17 NC 

D1N 9 16 Aa A3 9 16 DtN 
WE 10 15 A2 A2 10 15 WE 

RAS 11 14 A1 A1 11 14 RAS 

NC 12 13 Ao Ao 12 13 NC 

Suffix -JJH In the package ldenUfter 
denotes normal plnout sequence. 

83FM-llliClM 

Sufflx-JKH In the package ldenUfter 
denotes r&verse ptnout sequence. 

~ 

Pin Identification 
Name Function 

Ao-Ag Address inputs 

CAS Column address strobe 

D1N Data input 

DouT Data output 

RAS Row address strobe 

WE Write enable 

GND Ground 

Vee + 5-volt power supply 

NC No connection 

2 



NEC µPD421000 

Ordering Information 
RAS Access R/W Cycle Fast-Page Cycle Refresh Standby 

Part Number Time (max) Time (max) (max) Period Current Package 

µPD421000C-60 60 ns 120 ns 40 ns 8 ms 1 mA 20-pin plastic DIP 

C-70 70 ns 130 ns 45 ns 

C-80 80 ns 160 ns 50 ns 

C-10 100 ns 190 ns 60 ns 

µPD421000C-60L 60 ns 120 ns 40 ns 64 ms 200µA 

C-70L 70 ns 130 ns 45 ns 

C-80L 80 ns 160 ns 50 ns 

C-10L 100 ns 190 ns 60 ns 

µPD421000LA-60 60 ns 120 ns 40 ns 8 ms 1 mA 26/20-pin plastic SOJ 

LA-70 70 ns 130 ns 45 ns 

LA-80 80 ns 160 ns 50 ns 

LA-10 100 ns 190 ns 60 ns 

µPD421000LA-60L 60 ns 120 ns 40 ns 64 ms 200µA 

LA-70L 70 ns 130 ns 45 ns 

LA-SOL 80 ns 160 ns 50 ns .. LA-10L 100 ns 190 ns 60 ns 

µPD421000V-60 60 ns 120 ns 40 ns 8 ms 1 mA 20-pin plastic ZIP 

V-70 70 ns 130 ns 45 ns 

V-80 80 ns 160 ns 50 ns 

V-10 100 ns 190 ns 60 ns 

µPD421000V-60L 60 ns 120 ns 40 ns 64 ms 200µA 

V-70L 70 ns 130 ns 45 ns 

V-80L 80 ns 160 ns 50 ns 

V-10L 100 ns 190 ns 60 ns 

µPD421 OOOGX-60 60 ns 120 ns 40 ns 8 ms 1 mA 24/20-pin plastic TSOP (normal 

GX-70 70 ns 130 ns 45 ns 
pinouts) 

GX-80 80 ns 160 ns 50 ns 

GX-10 100 ns 190 ns 60 ns 

µPD421000GX-60L 60 ns 120 ns 40 ns 64 ms 200µA 

GX-70L 70 ns 130 ns 45 ns 

GX-80L 80 ns 160 ns 50 ns 

GX-10L 100 ns 190 ns 60 ns 

µPD421000GXM-60 60 ns 120 ns 40 ns 8 ms 1 mA 24/20-pin plastic TSOP (reverse 

GXM-70 70 ns 130 ns 45 ns 
pinouts) 

GXM-80 80 ns 160 ns 50 ns 

GXM-10 100 ns 190 ns 60 ns 

µPD421000GXM-60L 60 ns 120 ns 40 ns 64 ms 200µA 

GXM-70L 70 ns 130 ns 45 ns 

GXM-80L 80 ns 160 ns 50 ns 

GXM-10L 100 ns 190 ns 60 ns 

3 



pPD421000 

Block Diagram 

RAS 

Ao 
A1 • 
A2 • 
As • 
A4 
As • 
Ae • 
A1 • 
As • 
Ag 

Absolute Maximum Ratings 
Voltage on any pin relative to GND 

Operating temperature, ToPR 

Storage temperature, TsrG 

Short-circuit output current, los 

Power dissipation, Po 

6AS'c1ock 
Generator 

-1.0 to +7.0 V 

o to +10°c 

-55 to + 125°c 

50 mA 

1.0W 

Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause perma
nent damage. The device should be. operated within the limits 
specified under DC and AC Characteristics. 

4 

Data VO Bus 

Column Decoder 

Sense Ampllfter 

Memory Array 

WE Clock 
Generator 

NEC 

Data-In 
Buffer 

Data-out 
Buffer Dour 

831H«!01B 

Recommended Operating Conditions 
Parameter Symbol Min Typ Max Unit 

Input voltage, high V1H 2.4 Vee+ 1.0 v 
Input voltage, low .VIL -1 0.8 v 
Supply voltage Vee 4.5 5.0 5.5 v 
Ambient temperature TA 0 70 oc 

Capacitance 
TA = 25°C; f = 1 MHz 

Parameter Symbol Max Unit Pins Under Test 

Input capacitance C11 5 pF Address, D1N 
~~~~~~~~~~~~~~~-

C 12 7 pF RAS, CAS, WE 

Output capacitance Co 7 pF Dour 



NEC pPD421000 

DC Characteristics 
TA= o to +70°C; Vee= +5.0 v ±10% 

Parameter Symbol Min Max Unit Test Conditions 

Standby current lee2 2.0 mA RAS = CAS = V1H 

1.0 mA RAS= CAS ::!: Vee-0.2V 

Input leakage current l1(L) -10 10 µA V1N = 0 to 5.5 V; 
all other pins not under test = 0 V 

Output leakage current lo(L) -10 10 µA DouT disabled; VouT = o to 5.5 V 

Output voltage, low Vol 0 0.4 v loL = 4.2 mA 

Output voltage, high VoH 2.4 Vee v loH = -5 mA 

AC Characteristics 
TA= o to+ 70°C; Vee= +5.0 V ±10% 

-60 -70 -80 -10 

Parameter Symbol Min Max Min Max Min Max Min Max Unit Test Conditions 

Operating current, lec1 90 80 70 60 mA RAS, CAS cycling; 
average tRc = tRc min (Note 5) 

Operating current, lec3 90 80 70 60 mA RAS cycling; CAS = V1H; 
RAS-only refresh cycle, tRe = tRe min (Note 5) 
average • Operating current, lcc4 80 70 60 50 mA RAS= V1L; CAS cycling; 
fast-page cycle, average tpc = tpc min (Note 5) 

Operating current, Ices 90 80 70 60 mA RAS cycling; CAS before 
CAS before RAS refresh RAS; tRe = tRc min 
cycle, average (Note 5) 

Access time from tAA 30 35 45 50 ns (Notes 7, 10, 13) 
column address 

Access time from CAS tACP 35 40 45 55 ns (Notes 7, 13) 
precharge (rising edge) 

Column address hold tAR N/A N/A 60 70 ns (Note 19) 
time referenced to RAS 

Column address tAsC 0 0 0 20 0 20 ns (Note 13) 
setup time 

Row address setup time tAsR 0 0 0 0 ns 

Column address to WE tAWD 30 35 45 50 ns (Note 18) 
delay time 

Access time from CAS tcAC 20 20 20 25 ns (Notes 7, 9, 10, 13) 
(falling edge) 

Column address tcAH 15 17 20 20 ns 
hold time 

CAS pulse width tcAS 20 10,000 20 10,000 20 10,000 25 10,000 ns 

CAS hold time for CAS tcHR 15 15 15 20 ns 
before RAS refresh cycle 

CAS precharge time, fast- tcp 10 10 10 20 10 25 ns (Note 13) 
page cycle 

CAS precharge time, tePN 10 10 10 10 ns 
nonpage cycle 

CAS to RAS tcRP 10 10 10 10 ns (Note 14) 
precharge time 

5 



µPD421000 

AC Characteristics (cont) 
-60 -70 -80 -10 

Parameter Symbol Min Max Min Max Min Max Min Max 

CAS hold time 

CAS setup time for CAS 
before RAS refresh cycle 

CAS to WE delay 

Write command to 
CAS lead time 

Data-in hold time 

Data-in hold time 
referenced to RAS 

Data-in setup time 

Output buffer 
turnoff delay 

Fast-page cycle time 

Access time from RAS 

RAS to column address 
delay time 

Row address hold time 

Column address lead 
time referenced to RAS 
(rising edge) 

RAS pulse width 

RAS pulse width, 
fast-page cycle 

Random read or write 
cycle time 

RAS to CAS delay time 

tcsH 

tcsR 

tcwo 

tcwL 

toH 

toHR 

tos 

toFF 

tpc 

Read command hold time tRcH 
referenced to CAS 

Read command 
setup time 

Refresh period 

RAS precharge time 

RAS precharge CAS 
hold time 

Read command hold time tRRH 
referenced to RAS 

RAS hold time 

Read-write cycle time 

RAS to WE delay 

Write command to 
RAS lead time 

Rise and fall 
transition time 

Write command 
hold time 

6 

tr 

twcH 

60 70 80 100 

10 10 10 10 

20 20 20 25 

15 15 15 20 

15 15 20 20 

N/A N/A 60 70 

0 0 0 0 

0 15 0 15 0 20 0 25 

40 45 50 60 

60 70 80 100 

15 30 15 35 17 35 17 50 

10 10 12 12 

30 35 45 50 

60 10,000 70 10,000 80 10,000 100 10,000 

60 10,000 70 100,000 80 100,000 100 100,000 

120 130 160 190 

20 40 20 50 25 60 25 75 

0 0 0 0 

0 0 0 0 

8 8 8 8 

50 50 70 80 

10 10 0 0 

10 10 10 10 

20 20 20 25 

145 155 190 225 

60 70 80 100 

20 20 25 30 

3 50 3 50 3 50 3 50 

15 15 15 20 

NEC 

Unit Test Conditions 

ns 

ns 

ns (Note 18) 

ns 

ns (Note 17) 

ns (Note 19) 

ns (Note 17) 

ns (Note 11) 

ns (Note 6) 

ns (Notes 7, 8) 

ns (Note 10) 

ns 

ns 

ns 

ns 

ns (Note 6) 

ns (Note 12) 

ns (Note 15) 

ns 

ms Addresses Ao -Aa 

ns 

ns 

ns (Note 15) 

ns 

ns (Note 6) 

ns (Note 18) 

ns 

ns (Note 4) 

ns 



NEC 
AC Characteristics (cont) 

-60 -70 

Parameter Symbol Min Max Min Max 

Write command hold twcR N/A N/A 
time referenced to RAS 

Write command twcs 0 0 
setup time 

Write command twp 15 15 
pulse width 

Notes: 

(1) All voltages are referenced to GND. 

(2) An initial pause of 100µs is required after power-up, followed by 
any eight RAS cycles, before proper device operation is 
achieved. 

(3) AC measurements assume tr = 5 ns. 

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

(5) lcc1. lcca. lcC4• and lcc5 depend on output loading and cycle 
rates. Specified values are obtained with the output open. lcca 
is measured assuming that all column address inputs are held at 
either a high level or a low level during RAS-only refresh cycles. 
lcc4 is measured assuming that all column address inputs are 
switched only once during each fast-page cycle. 

(6) The minimum specifications are used only to indicate the cycle 
time at which proper operation over the full temperature range 
(TA = 0 to + 70°C) is assured. 

(7) Load= 2 TTL (-1 mA, +4 mA) loads and 100 pF. 

(8) Assumes that tRcD :s; tRco (max) and tRAD :s; tRAD (max). If 
tRco or tRAD is greater than the maximum recommended value 
in this table, tRAC increases by the amount that tRCD or tRAD 
exceeds the value shown. 

(9) Assumes that tRco ~ tRco (max) and tRAD :s; tRAD (max).· 

(10) If tRAD ~ tRAD (max), then the access time is defined by tAA· 

(11) toFF (max) defines the time at which the output achieves the 
open-circuit condition and is not referenced to VoH or Vol· 

(12) Operation within the tRcD (max) limit assures that tRAC (max) 
can be met. tRcD (max) is specified as a reference point only; if 
tRcD is greater than tRcD (max), then access time is controlled 
exclusively by tcAC· 

µPD421000 

-80 -10 

Min Max Min Max Unit Test Conditions 

55 70 ns (Note 19) 

0 0 ns (Note 18) 

15 20 ns (Note 16) 

(13) For fast-page read operation, the definition of access time is as 
follows: 

CAS and Column Address 
Input Conditions Access Time Definition 

tcp :s; tcp (max), tAsc ~ tcp tAcP 

tcp :s; tcp (max), tAsc :s; tcp tAA 

tcp ~ tcp (max), tAsc :s; tAsc (max) tAA 

tcp ~ tcp (max), tAsc ~ tcp tcAc 

(14) The tcRP requirement should be applicable for RAS/CAS cycles -
preceded by any cycle. lliiim 

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

(16) Parameter twp is applicable for a delayed write cycle such as a 
read-write/read-modify-write cycle. For early write operation, 
both twcs and twcH must be met. 

(17) These parameters are referenced to the fal~ edge of CAS for 
early write cycles and to the falling edge of WE for delayed write 
or read-modify-write cycles. 

(18) twcs. tRwo. tcwo. and tAwo are restrictive operating parame
ters in read-write/read-modify-write cycles only. If twcs ~ twcs 
(min), the cycle is an early write cycle and the data output will 
remain open-circuit throughout the entire cycle. lftcwo ~ tcwo 
(min), tRwD ~ tRwo (min), and tAwo ~ tAwo (min), 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 is met, 
the condition of the data output pin (at access time and until 
CAS returns to V1H) is indeterminate. 

(19) This parameter is not needed for the µPD421000-60 and 
µPD421000-70. 
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µPD421000 

Low-Power Battery Backup (-L Versions Only) 

The µPD421000-L is capable of low-power battery 
backup during times of reduced system power, when 
the input buffers and all nonessential internal circuits 
are turned off. For the input buffers to be turned off and 
the amount of leakage current flowing through them 
reduced, the µPD421000-L must be in standby and all 
control lines within 0.2 V of either Vee or GND, as 
appropriate. When RAS and CAS are both within 0.2 V 
of Vee. the internal circuits are inactive and power 
requirements reduced even further: Standby current 
can drop as low as 200 µA. 

Battery Backup Current 

NEC 
CAS before RAS refresh cycles are executed at a 
minimum rate to ensure that all 512 rows are refreshed 
only once every 64 ms. The time that RAS is low (tRAs) 
and the µPD421000-L active needs to be as short as 
possible, typically less than 300 ns, to minimize power 
usage during refresh operation. The following table 
shows the conditions under which the lowest average 
standby current can be obtained. 

Symbol Max Unit eAS Before RAS Refresh Cycle Standby Conditions 

Ices 200 µA tRAS :S 300 ns RAS = eAS ~ Vee - 0.2 V; OE ~ Vee - 0.2 V; 

Ices 300 µA tRAS ~ 300 ns and :S 1 µs 
WE = Addresses ~ Vee - 0.2 V or :S 0.2 V; D1N 
~ Vee - 0.2 V or :S 0.2 V or high-Z 

tREF 64 ms 

8 



NEC 
Timing Waveforms 

Read Cycle 

CAS 

Address 

WE 

I 
1
141(-..;...I ---tRsH----~ 

~-------t-"-tCSH-------~ 

I 
----tRco--__....+--'-1--tCAs----~ 

LLIM----.i 
II( tCAc---

14--------tRAc-------:~ 

-
--------------~H~!!!.!!lmpedance:.:t:::=.:::..... __________________ ~ 

DOUT -------------
Valid Data 

pPD421000 

Ill 

831K«i89B 

I 
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µPD421000 

Timing Waveforms (cont) 

Early Write Cycle 

RAS 

lCRP 

CAS 

Address 

WE 

------tRAS-----

1--• __,l--lRSH--
-----;--tcsH-----
--tRCo-~~1 -tCAS-----

1 

twcs1 
I~ 

NEC 

DQUT----------H--..lgh-lmpedance.__, ________ _ 

8311H1&:!8B 
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NEC pPD421000 

Timing Waveforms (cont) 

Read-Write/Read-Modify-Write Cycle 

--~~~~~~~~~~-tRWc~~~~~~~~~~~---;~ 

--~~~~~~~~~tRAS~~~~~~~~~ 

IE 
I 

tRSH 
I 

tcsH 

CAS 

tRCD 
I tCAs 

I 

Address • 
WE 

Valid Data 

8311M1691B 
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JIPD421000 

Timing Waveforms (cont) 

Fast-Page Read Cycle 

Address 

.,.,,,., 
r~·D~ 

.~ 
DouT----H_lg_h_lmpedan __ ce ___ g_to_FF_, --tf ~f ... g_to_FF_. ----

12 



NEC 
Timing Waveforms (cont) 

Fast-Page Early Write Cycle 

pPD421000 

m 

831H-8638B 
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pPD421000 NEC 
Timing Waveforms (cont) 

Fast-Page Read-Write/Read-Modify-Write Cycle 
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NEC pPD421000 

Timing Waveforms (cont) 

Hidden Refresh Cycle 

Memory Cycle -~b~CAS Before RAS Cyde 

tRC 

tRAS tRP 

RAS 

IARl 
I 
tRSH 

I 

Ill 
Address 

YVE 7/1111 Ill! II VI Ill! ll!J//11/JJ ///J//l /l/J///; L ·~c J 
H~h '""""""" IRAC ~ IOFF .r 

Valid °;ta }----oouT 

831H-8639B 
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µPD421000 

Timing Waveforms (cont) 

RAS-Only Refresh Cycle 

r-tCRP 

CAS __/" 

Addl9SS 

CAS Before RAS Refresh Cycle 

NEC 

\_J 

8311+86948 

~ -{~" ·~·}---·~=\_ 

DouT~-------------------------------H-~-h_lm_pedan ___ ~----------------------------~ 
Note: 

[1) WE and Address= don't care. 
8311+861128 
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NEC 
NEC Electronics Inc. 

Description 

The µPD424256 is a fast-page dynamic RAM organized 
as 262,144 words by 4 bits and designed to operate 
from a single +5-volt power supply. Advanced polycide 
technology using trench capacitors minimizes silicon 
area and provides high storage cell capacity, high 
performance, and high reliability. A single-transistor 
dynamic storage cell and advanced CMOS circuitry 
throughout ensure minimum power dissipation, while 
an on-chip circuit generates the negative-voltage sub
strate bias automatically and transparently. 

The three-state 1/0 pins are controlled by CAS indepen
dent of RAS. After a valid read or read-modify-write 
cycle, data is held on the outputs by maintaining CAS 
low. The data outputs are returned to high impedance 
by returning CAS high. Fast-page read and write cycles 
can be executed by cycling CAS. 

Refreshing may be accomplished by means of a CAS 
before RAS cycle whereby the refresh addresses are 
internally generated. Refreshing may also be accom
plished by means of RAS-only refresh cycles or by 
normal read or write cycles on the 512 address combi
nations of Ao thro~gh As during an 8-ms refresh period 
(64 ms for -L versions). 

Features 

o 262,144-word by 4-bit organization 
o Single +5-volt power supply 
o Fast-page option 
o Low power available in -L version 
o CAS before RAS internal refreshing 
o Multiplexed address inputs 
o On-chip substrate bias generator 
o Nonlatched, three-state 1/0 
o TTL-compatible inputs and outputs 
D High-density 20-pin DIP, 26/20-pin SOJ, 20-pin ZIP, 

or 24/20-pin TSOP plastic packaging 

60069-1 

µPD424256 
262, 144 x 4-Bit 

Dynamic CMOS RAM 

Pin Configurations 

20-Pin Plastic DIP 

V01 GND 
V02 V04 

VOa 
CAS 

NC 6E 
Ao Ag 

A1 A1 
A2 

Aa 

Vee 
8311Hiii84A 

26/20-Pin Plastic SOJ 

V01 1 26 GND 
V02 2 25 V04 
WE 3 24 V03 

RAS 4 23 CAS 
NC 5 22 OE 

~ a 
0.. 

Ao 9 :!. 18 Ag 

A1 10 17 A1 
A2 11 16 A5 

Aa 12 15 As 
Vee 13 14 A4 

831tf.661!6A 

20-Pin Plastic ZIP 

OE 1~ 

~ E!;~ § 
RAS 9 n:, "' 10 A 

Ao 11 n:, ... A 9 
A 13 n:" .• , 12 1 

2 ' ... 14 A Vee 15 n:" . ., 3 
A ,..' ::: 16 A4 

5 17 ···, ::: 18 A 
A1 19 n: 6 

~~ 2l Ag 
831K6376A 

Ill 



µPD424256 NEC 
Pin Configurations (cont) Pin ldentif ication 

Name Function 
24/20-Pin Plastic TSOP (Normal Pinouts) 

Address inputs 

Data Inputs and outputs 
OE 1 24 As 

CAS 2 23 A1 
CAS Column address strobe 

V03 3 22 Ae Output enable 

V04 4 21 As Row address strobe 
GND 5 20 "4 

Write enable 
-JJH 

GND Ground 

V01 8 17 Vee 
V02 9 16 Aa 
WE 10 15 A2 

Vee + 5-volt power supply 

NC No connection 

RAS 11 14 A1 
NC 12 13 Ao Absolute Maximum Ratings 

Sufflx-JJH In the package ldenUfler Voltage on any pin relative to GND -1.0 to +7.0 V 
means normal plnout sequence. 

83fM.883M Operating temperature, ToPR o to +70°C 

Storage temperature, TsTG -55 to + 125°C 

Short-circuit output current, los 50mA 

24/20-Pin Plastic TSOP {Reverse Pinouts) Power dissipation, Po 1.0W 

Exposure to Absolute Maximum Ratings for extended periods may 
As 1 0 24 OE affect device reliability; exceeding the ratings could cause perma-
A1 2 23 CAS nent damage. The device should be operated within the limits 

Ae 3 22 V03 specified under DC and AC Characteristics. 

As 4 21 V04 

A4 5 20 GND Recommended Operating Conditions 
0 -JKH 0 Parameter Symbol Min Typ Max Unit 

Vee 8 17 V01 Input voltage, high V1H 2.4 Vee+ 1.0 v 
Aa 9 16 V02 Input voltage, low V1L -1.0 0.8 v 
A2 10 15 WE 

A1 11 14 RAS Supply voltage Vee 4.5 5.0 5.5 v 
Ao 12 13 NC Ambient temperature TA 0 70 oc 

Sufflx-JKH In the package ldenUfler 
Capacitance means 18Verse plnout sequence. 

83fM.8831A TA = 25°C; f = 1 MHz 

Parameter Symbol Max Unit Pins Under Test 

Input capacitance C11 5 pF Address 

C12 7 pF RAS, CAS, WE, OE 

Input/output capacitance Cio 7 pF 1/0 

2 



NEC pPD424256 

Ordering Information 
~Access R/W Cycle Fast-Page Refresh Standby 

Part Number Time (max) Time (max) Cycle (max) Period Current (min) Package 

µP0424256C-60 60 ns 120 ns 40 ns 8 ms 1 mA 20-pin plastic DIP 

C-70 70 ns 130 ns 45 ns 

C-80 80 ns 160 ns 50 ns 

C-10 100 ns 190 ns 60 ns 

µPD424256C-60L 60 ns 120 ns 40 ns 64 ms 200µA 

C-70L 70 ns 130 ns 45 ns 

C-80L 80 ns 160 ns 50 ns 

C-10L 100 ns 190 ns 60 ns 

µPD424256LA-60 60 ns 120 ns 40 ns 8 ms 1 mA 26/20-pin plastic SOJ 

LA-70 70 ns 130 ns 45 ns 

LA-80 80 ns 160 ns 50 ns 

LA-10 100 ns 190 ns 60 ns 

µPD424256LA-60L 60 ns 120 ns 40 ns 64ms 200µA 

LA-70L 70 ns 130 ns 45 ns 

LA-SOL 80 ns 160 ns 50 ns 

LA-10L 100 ns 190 ns 60 ns 

µPD424256V-60 60 ns 120 ns 40 ns 8ms 1 mA 20-pin plastic ZIP 

V-70 70 ns 130 ns 45 ns 111 V-80 80 ns 160 ns 50 ns 

V-10 100 ns 190 ns 60 ns 

µPD424256V-60L 60 ns 120 ns 40 ns 64 ms 200µA 

V-70L 70 ns 130 ns 45 ns 

V-80L 80 ns 160 ns 50 ns 

V-10L 100 ns 190 ns 60 ns 

µPD424256GX-60 60 ns 120 ns 40 ns 8ms 1 mA 24/20-pin plastic TSOP 

GX-70 70 ns 130 ns 45 ns 
(normal leads) 

GX-80 80 ns 160 ns 50 ns 

GX-10 100 ns 190 ns 60 ns 

µPD424256GX-60L 60 ns 120 ns 40 ns 64 ms 200µA 

GX-70L 70 ns 130 ns 45 ns 

GX-80L 80 ns 160 ns 50 ns 

GX-10L 100 ns 190 ns 60 ns 

µPD424256GXM-60 60 ns 120 ns 40 ns 8 ms 1 mA 24/20-pin plastic TSOP 

GXM-70 70 ns 130 ns 45 ns 
(reverse bent leads) 

GXM-80 80 ns 160 ns 50 ns 

GXM-10 100 ns 190 ns 60 ns 

µPD424256GXM-60L 60 ns 120 ns 40 ns 64ms 200µA 

GXM-70L 70 ns 130 ns 45 ns 

GXM-80L . 80 ns 160 ns 50 ns 

GXM-10L 100 ns 190 ns 60 ns 
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pPD424256 

Block Diagram 

·~Clock 
Generator 

Ao 
A1 • 
A2 • 
As • 
A4 • 
As • 
Ae • 
A1 • 
As 

DC Characteristics 
TA = o to + 70°C; Vee = + 5.0 V ±10% 

Parameter Symbol 

Standby current lcc2 

Input leakage current l1(L) 

Output leakage current lo(L) 

Output voltage, low VoL 

Output voltage, high VoH 

4 

· CASClock 
Generator 

Min Typ 

-10 

-10 

2.4 

Max 

2.0 

1.0 

10 

10 

0.4 

WE Clock 
Generator 

OE Clock 
Generator 

Data VO Bus 

Column Decoder 

Sense Ampllfler 

Memory Array 

Unit Test Conditions 

mA RAS = CAS = V1H 

mA RAS = CAS ;.?: V cc - 0.2 V 

NEC 

Data-In 
Buffer 

Data-out 
Buffer 

831H-8304B 

µA V1N = 0 to 5.5 V; all other· pins not under test = 0 V 

µA Dour disabled; Your = o to 5.5 v 
v loL = 4.2mA 

v loH = ;..SmA 



t\'EC pPD424256 

AC Characteristics 
TA = 0 to + 70 °C; Vee = +5.0V ±10% 

-60 -70 -80 -10 

Parameter Symbol Min Max Min Max Min Max Min Max Unit Test Conditions 

Operating current, lcc1 90 80 70 60 mA RAS and CAS cycling; 
average tRc = tRc min; (Note 5) 

Operating current, lcc3 90 80 70 60 mA RAS cycling; CAS = 
RAS-only refresh V1H; tRc = tRc min; 
cycle, average (Note 5) 

Operating current, lcc4 80 70 60 50 mA RAS= V1L; CAS 
fast-page cycle, cycling; tpc = tpc min; 
average (Note 5) 

Operating current, Ices 90 80 70 60 mA RAS cycling; CAS = 
CAS before RAS V1L; tRc = tRc min; 
refresh cycle, average (Note 5) 

Access time from tAA 30 35 45 50 ns (Notes 7, 10, 13) 
column address 

Access time from CAS tAcP 35 40 45 55 ns (Notes 7, 13) 
precharge (rising 
edge) 

Column address hold tAR N/A NIA 60 70 ns 
time referenced to 
RAS 

Column address tAsc 0 0 0 20 0 20 ns (Note 13) 
setup time -Ill Row address setup tASR 0 0 0 0 ns 
time 

Column addres~ to tAwo 50 55 70 80 ns (Note 18) 
WE delay time 

Access time from CAS tcAc 20 20 20 25 ns (Notes 7, 9, 10, 13) 
(falling edge) 

Column address hold tcAH 15 17 20 20 ns 
time 

CAS pulse width tcAs 20 10,000 20 10,000 20 10,000 25 10,000 ns 

CAS hold time for tcHR 15 15 15 20 ns 
CAS before RAS 
refresh cycle 

CAS precharge time, tcp 10 10 15 10 20 10 25 ns (Note 13) 
fast-page cycle 

CAS precharge time, tcPN 10 10 10 10 ns 
nonpage cycle 

CAS to RAS tcRP 10 10 10 10 ns (Note 14) 
precharge time 

CAS hold time tcsH 60 70 80 100 ns 

CAS setup time for tcsR 10 10 10 10 ns 
CAS before RAS 
refresh cycle 

CAS to WE delay tcwo 40 40 45 55 ns (Note 18) 

Write command to tcwL 15 15 20 20 ns 
CAS lead time 

Data-in hold time toH 15 15 20 20 ns (Note 17) 
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pPD424256 NEC 
AC Characteristics (cont) 

-60 -70 -80 -10 

Parameter Symbol Min Max Min Max Min Max Min Max Unit Test Conditions 

Data-in hold time to HR N/A N/A 60 70 ns 
referenced to RAS 

Data-in setup time tos 0 0 0 0 ns (Note 17) 

Access time from OE to EA 20 20 20 25 ns 

OE data delay time toEo 15 15 20 25 ns 

OE command hold to EH 0 0 0 0 ns 
time 

OE to RAS inactive to Es 0 0 0 0 ns 
setup time 

Output turnoff delay toEz 0 15 0 15 0 20 0 25 ns (Note 11) 
from OE 

Output buffer turnoff to FF 0 15 0 15 0 20 0 25 ns (Note 11) 
delay 

Fast-page cycle time tpc 40 45 50 60 ns (Note 6) 

Fast-page read-write tPRWC 85 90 105 125 ns 
cycle time 

Access time from RAS tRAC 60 70 80 100 ns (Notes 7, 8) 

RAS to column tRAD 15 30 15 35 17 35 17 50 ns (Note 10) 
address delay time 

Row address hold tRAH 10 10 12 12 ns 
time 

Column address lead tRAL 30 35 45 50 ns 
time referenced to 
RAS (rising edge) 

RAS pulse width tRAS 60 10,000 70 10,000 80 10,000 100 10,000 ns 

RAS pulse width, fast- tRASP 60 100,000 70 100,000 80 100,000 100 100,000 ns 
page cycle 

Random read or write tRc 120 130 160 190 ns (Note 6) 
cycle time 

RAS to CAS delay tRCD 20 40 20 50 25 60 25 75 ns (Note 12) 
time 

Read command hold tRCH 0 0 0 0 ns (Note 15) 
time referenced to 
CAS 

Read command setup tRcs 0 0 0 0 ns 
time 

Refresh period tREF 8 8 8 8 ms Addresses Ao - Aa; 
64 ms for -L versions 

RAS precharge time tRP 50 50 70 80 ns 

RAS prec harge CAS tRPC 10 10 10 10 ns 
hold time 

Read command hold tRRH 10 10 10 10 ns (Note 15) 
time referenced to 
RAS 

RAS hold time tRSH 20 20 20 25 ns 

Read-write cycle time tRWc 165 175 215 255 ns (Note 6) 

RAS to WE delay tRWo 80 90 105 130 ns (Note 18) 

6 



NEC 
AC Characteristics (cont) 

Parameter 

Write command to 
RAS lead time 

Rise and fall 
transition time 

Write command hold 
time 

Write command hold 
time referenced to 
RAS 

Write command setup 
time 

Write command pulse 
width 

Notes: 

Symbol 

tRWL 

tT 

twcH 

twcR 

twcs 

Min 

20 

3 

15 

N/A 

0 

15 

(1) All voltages are referenced to GND. 

-60 -70 

Max Min Max 

20 

50 3 50 

15 

N/A 

0 

15 

(2) An initial pause of 100 µsis required after power-up, followed by 
any eight RAS cycles, before proper device operation is 
achieved. 

(3) Ac measurements assume tT = 5 ns. 

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

V1H and V1L· 

(5) lcc1. lcc3. lcc4, and Ices depend on output loading and cycle 
rates. Specified values are obtained with the output·open. lcc3 
is measured assuming that all column address inputs are held at 
either a high level or a low level during RAS-only refresh cycles. 
lcc4 is measured assuming that all column address inputs are 
switched only once during each fast-page cycle. 

(6) The minimum specifications are used only to indicate the cycle 
time at which proper operation over the full temperature range 
(TA= 0 to + 70°C) is assured. 

(7) Load = 2 TTL (-1 mA, +4 mA) loads and 100 pF. 

(8) Assumes that tRco s tRco (max) and tRAD s tRAD (max). If 
tRcD or tRAD is greater than the maximum recommended value 
in this table, tRAC increases by the amount that tRco or tRAD 
exceeds the value shown. 

(9) Assumes that tRco <!: tRco (max) and tRAD s tRAD (max). 

(10) If tRAD <!: tRAD (max), then the access time is defined by tAA

(11) to FF (max) and toEz (max) define the time at which the outputs 
achieve the open-circuit condition and are not referenced to VoH 

orVoL· 

(12) Operation with the tRco (max) limit assures that tRAC (max) can 
be met. tRco (max) is specified as a reference point only; if tRcD 
is greaterthan tRco (max), access time is controlled exclusively 

by tcAC· 

pPD424256 

-80 -10 

Min Max Min Max Unit Test Conditions 

25 30 ns 

3 50 3 50 ns (Note 4) 

15 20 ns 

55 70 ns 

0 0 ns (Note 18) 

15 20 ns (Note 16) 

(13) For fast-page read operation, the definition of access time is as 
follows: 

CAS and Column Address Access Time 
Input Conditions Definition 

tcp s tcp (max), tAsc <!: tcp tAcP 

tcp s cP (max), tAsc s tcp tAA Ill _____ :., 
tcp <!: cP (max), tAsc s tAsc (max) tAA 

tcp <!: cP (max), tAsc <!: tAsc (max) tcAc 

(14) The tcRP requirement should be applicable for RAS/CAS cycles 
preceded by any cycle. 

(15) Either tRRH or tRcH must be satisfied for a read cycle. 

(16) Parameter twp is applicable for a delayed write cycle such as a 
read-write/read-modify-write cycle. For early write cycles, both 
twcs and twcH must be met. 

(17) These parameters are referenced to the fal.!!!!£1 edge of CAS for 
early write cycles and to the falling edge of WE for delayed write 
or read-modify-write cycles. 

(18) twcs. tRWD• tcwo. and tAwo are restrictive operating parame
ters in read-write/read-modify-write cycles only. If twcs <!: twcs 
(min), the cycle is an early write cycle and the data 1/0 pins will 
remain open-circuit throughout the entire cycle. If tcwo <!: tcwo 
(min), tRwo <!: tRwo (min), andtAwo <!: tAwo (min), thenthe cycle 
is a read-write cycle and the data 1/0 pins will contain data read 
from the selected cells. If neither of the above conditions is met, 
the condition of the data 1/0 pins (at access time and until CAS 
returns to V1H) is indeterminate. 
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pPD424256 

Low Power Battery Backup (·L Versions Only) 

The µPD424256-L is capable of low power battery 
backup during times of reduced system power, when 
the input buffers and all nonessential internal circuits 
are turned off. For the input buffers to be turned off and 
the amount of leakage current flowing through them 
reduced, the µPD424256-L must be in standby and all 
control lines within 0.2 V of either Vee or GND, as 
appropriate. When RAS and CAS are both within 0.2 V 
of Vee. the internal circuits are inactive and power 
requirements reduced even further. Standby current 
can drop as low as 200 µA. 

Battery Backup Current 

t\'EC 

CAS before RAS refresh cycles are executed at a 
minimum rate to ensure that all 512 rows are refreshed 
only once every 64 ms. The time that RAS is low (tRAS) 
and the µPD424256-L active needs to be as short as 
possible, typically less than 300 ns, to minimize power 
usage during refresh operation. The following table 
shows the conditions under which the lowest average 
standby current can be obtained. 

Symbol Max Unit 'CAS Before RAS Refresh Cycle Standby Conditions 

leee 200 µA tRAS s 300 ns RAS = eAS :2! Vee - 0.2 V; OE :2! Vee - 0.2 V; 

lce6 300 µA tRAS :2! 300 ns and s 1 µs 
WE= Addresses :2! Vee- 0.2 V ors 0.2 V; 1/0 
:2! Vee - 0.2 V or s 0.2 V or high-Z 

8 



NEC 
Timing Waveforms 

Read Cycle 

RAS 

tCRp 

CAS 

Address 

I< 
tRco 

pPD424256 

I 
tRSH 

I 
tcsH 
I 

tcAS 

I 
tRAL 

LLI t-AA .. , _JlL 
toEs j 

_.,...,...,..., ............... ~ I ~~ 
OE 

lnput/Oulput -----------------H~gh-lm_p_edanc ___ e __________________ -<
1 Read 

831H-8844B 
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pPD424256 

Timing Waveforms (cont) 

Early Write Cycle 

NEC 

----------tRc----------
--------tRAS-----~ 

RAS 

CAS 

I
• I tRSH-----

-----------:--tcsH-1 ____ ____ 
----tRCo-~~--'--1 -tCAs-----

1 

---+ME-.------tRAL:------~1 
~ r-tCAH 

Address Column Address 

twes~ r~ 
I twpl 

Nof811: 

[1] OE=V1HorV1L: 
8311M1846B 
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NEC 
Timing Waveforms (cont) 

OE-Controlled Write Cycle 

CAS 

Address 

IE'-----'---tRSH-------'11o1 

14----------''--tCSH-'----------

lnputfOutput -------------t1 

µPD424256 
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pPD424256 

Timing Waveforms (cont) 

Read-Write/Read-Modify-Write Cycle 

RAS 

tRCD 

CAS 

Address 

tRAs 

IAR~ 

IE I 
I 

tcsH 
I 

I 
tcAH 

tASc 
I 

Column Address 

lnpuVOutput ______ H_lg-.h_1m ... p,_edance ______ ___,,-(I 

12 

NEC 

tRWc 

tRSH tRP 

tCAS 

Write 

1.-tos 

8311M!847B 



NEC 
Timing Waveforms (cont) 

Fast-Page Read Cycle 

Address 

~.: 
Input/Output _______ H ..... rg.._h_rm ..... p_edanc __ e ----<r 

LJ:-_tCAC 

pPD424256 

II 

toez toez 
831tf.8662B 
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pPD424256 NEC 
Timing Waveforms (cont) 

Fast-Page Early Write Cycle 

I """'j-c---
1

--tpc----..i .. ___ _ 

CAS ....... _,,__ ___ _:_-:~--lrA---- ·---.. 1 

I , ____ ---..#, 

-----lRAL-----

Address 

Input/Output 

~toH 
Note: 

[1) OE= don't care. 
831H-lle61B 
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NEC 
Timing Waveforms (cont) 

Fast-Page Read-Write/Read-Modify-Write Cycle 

Address 

WE 

lnput!Output 

Valid 
Data-out 

Valid 
Data-out 

pPD424256 

8311+68638 
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pPD424256 

Timing Waveforms (cont) 

Hidden Refresh Cycle 

14----Memory Cycle ---.-Hidden Refresh Cycle_.. 

~--tRC tRc.-~-

tRAS 

RAS 

tCRP w..---tAR-

tRCD·-~~ 

CAS 

NEC 

Address 7111/J II l!llf//Jlll!1 
r I ~ tRCS~ 

I 

High Impedance 
lnput!Output ---~~-----" Valid Data 

831H-6660B 
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!ttf EC 
Timing Waveforms (cont) 

RAS-Only Refresh Cycle 

tcRP 

pPD424256 

~ ~r · tRAH 

tASR 

....... 7/Jlllll/l~--ku ////////$!///II!! ////lff////J/IZ 

Don't Care 

Don't care 

lnpuVOutput _______ ___...Hlg.__hlm---pedanc_e _______ _ 

8311+88488 

17 
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pPD424256 NEC 
Timing Waveforms (cont) 

CAS Before RAS Refresh Cycle 

Don't Care 

Don't Care 
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1 

4MDRAMsl 
4M x 1, 1M x 4 



4M DRAMs (4M x 1and1M x 4) NEC 
Section 5 
4M DRAMS (4M x 1and1M x 4) 

µ.PD Organization Features 

424100 4M x 1 Fast-page Sa 

424100A 4M x 1 Fast-page 

424100L 4M x 1 Fast-page; 3.3-volt 

42S4100A 4M x 1 Fast-page; self-
refresh 

42S4100L 4M x 1 Fast-page; self-
refresh; 3.3-volt 

424101 4M x 1 Nibble Sb 

424102 4M x 1 Static-column Sc 

424400 1M x4 Fast-page Sd 

424400A 1M x4 Fast-page 

424400L 1M x4 Fast-page; 3.3-volt 

42S4400A 1M x4 Fast-page; self-
refresh 

42S4400L 1M x4 Fast-page; self-
refresh; 3.3-volt 

424402 1M x4 Static-column 5e 

424410 1M x4 Fast-page; write- Sf 
per-bit 

424412 1Mx4 Static-column; Sg 
write-per-bit 

424440 1M x 4 Fast-page; 4 CAS Sh 

424440L 1M x4 Fast-page; 4 CAS; 
3.3-volt 

42$4440 1M x4 Fast-page; 4 CAS: 
self-refresh 

42S4440L 1M x4 Fast-page; 4 CAS; 
self-refresh; 3.3-volt 



NEC 
NEC Electronics Inc. 

Description 

The devices listed below are fast-page dynamic RAMs 
organized as 4,194,304 words by 1 bit and designed to 
operate from a single power supply. 

Optional features are power supply voltage ( +5 V or 
+3.3 V) and a new refresh mode called "self-refresh." 

µPD Options 
Second-generation products 
424100-xx + 5 V 
424100-xxL + 5 V; low-power 

Third-generation products 
424100A-xx +5 v 
42S4100A-xx +5 V; self-refresh, low-power 
424100L-Axx +3.3 V 
42S4100L-Axx +3.3 V; self-refresh, low-power 
-xx indicates speed grade (RAS access time). 

Advanced polycide technology minimizes silicon area 
and provides high storage cell capacity, high perfor
mance, and high reliability. A single-transistor dynamic 
storage cell and CMOS circuitry throughout ensure 
minimum power dissipation, while an on-chip circuit 
internally generates the negative-voltage substrate 
bias-automatically and transparently. 

The three-state output is controlled by CAS indepen
dent of RAS. After a valid read or read-modify-write 
cycle, data is held on the output by maintaining CAS 
low. The data output returns to high impedance when 
CAS goes high. Fast-page read and write cycles can be 
executed by cycling CAS. 

Refreshing may be accomplished by a CAS before RAS 
cycle that internally generates the refresh address. 
Refreshing may also be accomplished by RAS-only 
refresh cycles or by normal read or write cycles on the 
1024 address combinations of Ao -A9 during a 16-ms 
refresh period. 

The self-refresh mode is entered by holding RAS low for 
longer than 100 µs during a C BA cycle. Detection of this 
long RAS time starts an internal oscillator that main
tains data integrity without external clocking. The slow 
refresh reduces the data hold current to less than 200 
microamperes. Self-refresh mode is used with micro
processors that have a "sleep mode" for low-power 
applications such as notebook PCs. 

60003-2 

pPD424100, 424100A/L, 42S4100A/L 
4,194,304 x 1-Bit 

Dynamic CMOS RAM 

Features 

o 4,194,304 by 1-bit organization 
o Single +5- or +3.3-volt power supply 
o Fast-page option 
o Self-refresh option (slow internal automatic refresh) 
o Low power dissipation 
o CAS before RAS refreshing 
o Multiplexed address inputs 
o On-chip substrate bias generator 
o TTL-compatible inputs and outputs 
o Nonlatched, three-state outputs 
o Low input capacitance 
o 1024 refresh cycles every 16 ms 
o 26/20-pin SOJ, 20-pin ZIP, and 26/20-pin TSOP 

plastic packaging 

Pin Identification 
Name Function 

Ao • A1o Address inputs 

CAS Column address strobe 

DIN Data input 

DouT Data output 

RAS Row address strobe -

_w_E _______________ w_ri_te_e_n_ab_le _______________ lliiillll 
GND Ground 

Vee +5-volt power supply 

NC No connection 



µPD424100,424100A/L,42S4100A/L 

Pin Configurations 

26/20-Pin Plastic SOJ 

424100, 424100AIL, 42S4100AIL 

DIN 1 26 GND 

WE 2 25 DouT 

RAS 3 24 CAS 
NC 4 23 NC 

A1o s 22 Ag 

Ao g 1S As 

A1 10 17 A1 

A2 11 16 A5 

A5 12 1S As 
Vee 13 14 A4 

20-Pin Plastic ZIP 

2 

83CL-t06M 

83CL-8087A 

NEC 

26/20-Pin Plastic TSOP (Normal Pinouts) 

424100, 424100A/L, 42S4100A/L 

D1N 10 26 GND 

WE 2 25 DouT 
RAS 3 24 CAS 

NC 4 23 NC 

A10 s 22 Ag 

-9JD 

Ao 1S As 

A1 10 17 A1 

A2 11 16 As 

A5 12 1S As 
Vee 13 014 A4 

Sufflx-9JD In the package ldenUfler 
denotes nonnal plnout sequence. 

83fM.8068A 

26/20-Pin Plastic TSOP (Reverse Pinouts) 

424100, 424100NL, 42S4100AIL 

GND 0 0 26 DIN 

DOUT 2 25 WE 
CAS 3 24 RAS 

NC 4 23 NC 
Ag s 22 A10 

-9KD 

As g 1S Ao 

A1 10 17 A1 

As 11 16 A2 

As 12 1S A5 

A4 13 0 14 vcc 

Sufftx-9KD In the package Identifier 
denotes reverse plnout sequence. 



NEC pPD424100, 424100A/L, 42S4100A/L 

Ordering Information, µPD424100 ( + 5 V; standard version; 2nd generation product) 
RAS Access R/W Cycle Fast-Page 

Part Number Time (max) Time (max) Cycle (max) Power Option Package 

µPD424100LA-60 60 ns 120 ns 40 ns Standard 26/20-pin plastic SOJ (300-mil) 

LA-70 70 ns 140 ns 45 ns 

LA-SO SO ns 160 ns 50 ns 

LA-10 100 ns 190 ns 60 ns 

µPD424100LA-60L 60 ns 120 ns 40 ns Low-power 

LA-70L 70 ns 140 ns 45 ns 

LA-SOL SO ns 160 ns 50 ns 

LA-10L 100 ns 190 ns 60 ns 

µPD424100V-60 60 ns 120 ns 40 ns Standard 20-pin plastic ZIP 

V-70 70 ns 140 ns 45 ns 

V-SO 80 ns 160 ns 50 ns 

V-10 100 ns 190 ns 60 ns 

µPD424100V-60L 60 ns 120 ns 40 ns Low-power 

V-70L 70 ns 140 ns 45 ns 

V-SOL SO ns 160 ns 50 ns 

V-10L 100 ns 190 ns 60 ns 

µPD424100GS-60 60 ns 120 ns 40 ns Standard 26/20-pin plastic TSOP (normal pinouts) 

GS-70 70 ns 140 ns 45 ns 

GS-SO SO ns 160 ns 50 ns 

µPD424100GS-60L 60 ns 120 ns 40 ns Low-power Bii GS-70L 70 ns 140 ns 45 ns 

GS-SOL SO ns 160 ns 50 ns 

µPD424100GSM-60 60 ns 120 ns 40 ns Standard 26/20-pin plastic TSOP (reverse pinouts)) 

GSM-70 70 ns 140 ns 45 ns 

GSM-SO 80 ns 160 ns 50 ns 

µPD424100GSM-60L 60 ns 120 ns 40 ns Low-power 

GSM-70L 70 ns 140 ns 45 ns 

GSM-SOL SO ns 160 ns 50 ns 
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pPD424100, 424100A/L, 42S4100A/L NEC 
Ordering Information, µPD424100A (+ 5 V; standard version; 3rd-generation product) 

RAS Access R/W Cycle Fast-Page 
Part Number Time (max) Tlme·(max) Cycle (max) Package· 

µPD424100ALA-50 50ns 100 ns 35 ns 26/20-pin plastic SOJ (300-mil) 

LA-60 60 ns 120 ns 40 ns 

LA-70 70 ns 140 ns 45 ns 

LA-80 80 ns 160 ns 50 ns 

µPD424100AV-50 50 ns 100 ns 35 ns 20-pin plastic ZIP 

V-60 60 ns 120 ns 40 ns 

V-70 70 ns 140 ns 45 ns 

V-80 80 ns 160 ns 50 ns 

µPD424100AG$-50 50 ns 100 ns 35 ns 26/20-pin plastic TSOP (normal pinouts) 

GS-60 60 ns 120 ns 40 ns 

GS-70 70 ns 140 ns 45 ns 

GS-80 80 ns 160 ns 50 ns 

µPD424100AGSM-50 50 ns 100 ns 35 ns 26/20-pin plastic TSOP (reverse pinouts) 

GSM-60 60 ns 120 ns 40 ns 

GSM-70 70 ns 140 ns 45 ns 

GSM-80 80 ns 160 ns 50 ns 

Ordering Information, µPD42S4100A ( + 5 V; self-refresh, low-power version; 3rd-generation product) 
RAS Access R/W Cycle Fast-Page Self-Refresh 

Part Number Time (max) Time (max) Cycle (max) Current (max) Package 

µPD42S4100ALA-50 50 ns 100 ns 35 ns 200µA 26/20-pin plastic SOJ (300-mil) 

LA-60 60 ns 120 ns 40 ns 

LA-70 70 ns 140 ns 45 ns 

LA-80 80 ns 160 ns 50 ns 

µPD42S4100AV-50 50 ns 100 ns 35 ns 200µA 20-pin plastic ZIP 

V-60 60 ns 120 ns 40 ns 

V-70 70 ns 140 ns 45 ns 

V-80 80 ns 160 ns 50 ns 

µPD42S4100AGS-50 50 ns 100 ns 35 ns 200µA 26/20-pin plastic TSOP (normal pinouts) 

GS-60 60 ns 120 ns 40 ns 

GS-70 70 ns 140 ns 45 ns 

GS-80 80 ns 160 ns 50 ns 

µPD42S4100AGSM-50 50 ns 100 ns 35 ns 200µA 26/20-pin plastic TSOP (reverse pinouts) 

GSM-60 60 ns 120 ns 40 ns 

GSM-70 70 ns 140 ns 45 ns 

GSM-80 sons 160 ns 50 ns 

4 



NEC pPD424100,424100A/L,42S4100A/L 

Ordering Information, µPD424100L (+ 3.3 V; standard version; 3rd-generation product) 
RAS Access R/WCycle Fast-Page 

Part Number Time (max) Time (max) Cycle (max) Package 

µPD424100LLA-A70 70 ns 140 ns 45 ns 26/20-pin plastic SOJ (300-mil) 

LA-A80 80 ns 160 ns 50 ns 

µPD424100LV-A70 70 ns 140 ns 45 ns 20-pin plastic ZIP 

V-A80 80 ns 160 ns 50 ns 

µPD424100LGS-A70 70 ns 140 ns 45 ns 26/20-pin plastic TSOP (normal pinouts) 

GS-A80 80 ns 160 ns 50 ns 

µPD424100LGSM-A70 70 ns 140 ns 45 ns 26/20-pin plastic TSOP (reverse pinouts) 

GSM-A80 80 ns 160 ns 50 ns 

Ordering Information, µPD42S4100L ( + 3.3 V; self-refresh, low-power version; 3rd-generation product) 
RAS Access R/W Cycle Fast-Page Self-Refresh 

Part Number Time (max) Time (max) Cycle (max) Current (max) Package 

µPD42S4100LLA-A70 70 ns 140 ns 45 ns 100µA 26/20-pin plastic SOJ (300-mil) 

LA-ABO BO ns 160 ns 50 ns 

µPD42S4100LV-A70 70 ns 140 ns 45 ns 100µA 20-pin plastic ZIP 

V-ABO BO ns 160 ns 50 ns 

µPD42S4100LGS-A70 70 ns 140 ns 45 ns 100µA 26/20-pin plastic TSOP (normal pinouts) 

GS-ABO 80 ns 160 ns 50 ns 

µPD42S4100LGSM-A70 70 ns 140 ns 45 ns 100µA 26/20-pin plastic TSOP (reverse pinouts) 

GSM-ABO BO ns 160 ns 50 ns .. 
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pPD424100, 4241 OOA/L, 42S41 OOA/L 

Block Diagram 

RAS Clock 
Generator 

CAS --+------+----' 

CASClock 
Generator 

WEClock 
Generator 

we--------+--------------::M~~~~~~ 

CAS Before RAS 

Data VO Bus 

Column Decoder 

Sense Amplmer 

~ 

~ ~ 

~ 8 
'O 8 Memory Array 
'O ~ < a: 
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NEC 

Data-In DIN Buffer 

Data-out DOUT Buffer 



NEC 
Absolute Maximum Ratings 
Voltage on any pin relative to GND 

5-volt devices 
3.3-volt devices 

Operating temperature, ToPR 

Storage temperature, TsrG 

Short-circuit output current, los 
5-volt devices 
3.3-volt devices 

Power dissipation, Po 

-1.0 to +7.0 V 
-0.5 to +4.6 V 

Oto +70°C 

-55 to +125°C 

50mA 
20 mA 

1.0W 

Exposure· to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause perma
nent damage. The device should be operated within the limits 
specified .under DC and AC Characteristics. 

DC Characteristics; 5-Volt Devices 
Recommended operating conditions unless otherwise noted. 

424100,424100A 42S4100A 

pPD424100,424100A/L,42S4100A/L 

Capacitance 
TA = 25°C; f = 1 MHz 

Parameter Symbol Max Unit Pins Under Test 

Input capacitance C11 5 pF Addresses, D1N 

C12 7 pF RAS, CAS, WE 

Output Co 7 pF Dour 
capacitance 

Parameter Symbol Min Max Min Max Unit Test Conditions 

Standby current 2.0 

1.0 

Input leakage current l1(l) -10 10 

Output leakage current lo(l) -10 10 

Output voltage, low Vol 0.4 

Output voltage, high VoH 2.4 

Self-refresh current lcc1 Not applicable 

2.0 mA RAS= CAS <:: V1H (min); lo= 0 mA 

0.2 mA RAS= CAS <:: Vcc-0.2V; lo= 0 mA 

-10 10 µA V1N = O V to V cc; all other pins not under test = O V 

-10 10 µA Dour disabled; Vour = ov to Vee 

2.4 

0.4 V lol = 4.2mA 

V loH = -5mA 

200 µA lo= O mA; all input pins<:: Vee- 0.2 V ors 0.2 V or open; 
tRAS <:: 100 µs; 1024 refresh cycles must be performed 
within 16 ms before entering self-refresh and after exiting 
self-refresh 

DC Characteristics; 3.3-Volt Devices 
Recommended operating conditions unless otherwise noted. 

Parameter Symbol 

Standby current 

Input leakage current l1(l) 

Output leakage current lo(l) 

Output voltage, low Vol 

Output voltage, high VoH 

Self-refresh current lcc1 

424100L 42S4100L 

Min Max Min Max Unit Test Conditions 

2.0 

0.5 

-5 5 -5 

-5 5 -5 

0.4 

2.4 2.4 

Not applicable 

0.5 

0.1 

5 

5 

0.4 

100 

mA RAS= CAS <:: V1H (min); lo= 0 mA 

mA RAS = CAS <:: Vee - 0.2 V; lo = 0 mA 

µA V1N = 0 V to V cc; all other pins not under test = 0 V 

µA Dour disabled; Vour = o V to V cc 

V lol = 2mA 

V loH = -2 mA 

µA lo = O mA; all input pins <:: V cc - 0.2 V or s 0.2 V or open; 
tRAS <:: 100 µs; 1024 refresh cycles must be performed 
within 16 ms before entering self-refresh and after exiting 
self-refresh 
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µPD424100, 424100A/L, 42S4100A/L N'EC 
Low-Power Battery Backup (Low-Power and Self-Refresh Versions Only) 

C"AS Before RAS" Refresh 
Symbol 424100-xxL 42S4100A 42S4100L Unit tRAS Cycle Standby Conditions 

Ices (max) 500 300 150 µA s 1 µs 1024 refresh cycles (min) every RAS = CAS ::::: Vee - 0.2 V; 
128 ms; DIN• WE, Addresses ::::: Vee -

300 200 100 µA s 200 ns RAS = CAS ::::: V cc - 0.2 V or 0.2 V ors 0.2 V; DouT open 

s 0.2 V, as appropriate; DouT 
open; all other inputs <?: Vee -
0.2 V or s 0.2 V 

Recommended Operating Conditions 
5-Volt Devices 3.3-Volt Devices 

Parameter Symbol Min Typ Max Min Typ Max Unit 

Input voltage, high V1H 2.4 Vee+ 1.0 2.0 Vee +0.3 v 
Input voltage, low V1L -1.0 0.8 -0.3 0.8 v 
Supply voltage Vee 4.5 5.0 5.5 3.0 3.3 3.6 v 
Ambient temperature TA 0 +70 0 +70 oc 

AC Characteristics 
Recommended operating conditions unless otherwise noted. 

-50 -60 -70 -80 

Parameter Symbol Min Max Min Max Min Max Min Max Unit Test Conditions 

Operating current, lee1 (+5V) 100 120 100 90 mA RAS and CAS cycling; 
average 

lee1 (+3.3 V) 70 60 mA 
tRc = tRe min; 
lo = O mA (Note 5) 

Operating current, RAS- lee3 (+5 V) 100 120 100 90 mA RAS cycling; CAS <?: V1H; 
only refresh cycle, 

lee3 (+3.3 V) 70 60 mA 
tRe = tRe min; 

average lo = o mA (Note 5) 

Operating current, fast- lee4 (+5 V) 90 90 80 70 mA RAS s V1L; CAS cycling; 
page cycle, average 

lee4 (+3.3 V) 60 50 mA 
tpe = tpe min; 
lo = O mA (Note 5) 

Operating current, CAS lee5 (+5V) 100 120 100 90 mA RAS cycling; CAS before 
before RAS refresh cycle, 

lee5 (+3.3 V) 70 60 mA 
RAS; tRe = tRc min; 

average lo = O mA (Note 5) 

Access time from column tAA 25 30 35 40 ns (Notes 3, 4, 7, 8, 11) 
address 

Access time from CAS tACP 30 35 40 45 ns (Notes 3, 4, 7, 11) 
precharge (rising edge) 

Column address setup tAse 0 5 0 5 0 10 0 15 ns (Note 9) 
time 

Row address setup time tAsR 0 0 0 0 ns 

Column address to WE tAwo 25 30 35 40 ns (Note 16) 
delay time 

Access time from CAS teAe 15 15 20 20 ns (Notes 3, 4, 7, 8, 11) 
(falling edge) 

Column address hold teAH 15 15 15 15 ns 
time 

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

CAS hold time for CAS teHR 10 15 15 15 ns 
before RAS refresh cycle 
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NEC pPD424100, 4241 OOA/L, 42$41 OOA/L 

AC Characteristics (cont) 
-50 -60 -70 -80 

Parameter Symbol Min Max Min Max Min Max Min Max Unit Test Conditions 

CAS hold (CBR self- tcHS -50 -50 -50 -50 ns 
refresh) 

CAS to output in low tcLZ 0 0 0 0 ns (Note 7) 
impedance 

CAS precharge time, fast- tcp 10 10 10 10 10 15 10 20 ns (Note 9) 
page cycle 

CAS precharge time, tcPN 10 10 10 10 ns 
nonpage cycle 

CAS to RAS precharge tcRP 10 10 10 10 ns (Note 12) 
time 

CAS hold time tcsH 50 60 70 80 ns 

CAS setup time for CAS tcsR 10 10 10 10 ns 
before RAS refresh cycle 

CAS to WE delay tcwo 15 20 20 20 ns (Note 16) 

Write command to CAS tcwL 15 15 15 15 ns 
lead time 

Data-in hold time toH 10 15 15 15 ns (Note 15) 

Data-in setup time tos 0 0 0 0 ns (Note 15) 

Output buffer turnoff toFF 0 15 0 15 0 15 0 20 ns (Note 10) 
delay 

Fast-page cycle time tpc 35 40 45 50 ns (Note 6) 

Fast-page read-modify- tPRWC 55 65 70 75 ns (Note 6) -write cycle time 

Access time from RAS tRAC 50 60 70 80 ns (Notes 3, 4, 7, 8) 

RAS to column address tRAD 15 30 15 30 15 35 17 40 ns (Note 9) 
delay time 

Row address hold time tRAH 10 10 10 12 ns 

Column address lead tRAL 25 30 35 40 ns 
time referenced to RAS 
(rising edge) 

RAS pulse width tRAS 50 10,000 60 10,000 70 10,000 80 10,000 ns 

RAS pulse width, fast- tRASP 50 125,000 60 125,000 70 125,000 80 125,000 ns 
page cycle 

RAS width (CBR self- tRASS 100 100 100 100 µs 
refresh) 

Random read or write tRc 100 120 140 160 ns (Note 6) 
cycle time 

130 150 ns (Notes 6, 18) 

RAS to CAS delay time tRco 20 30 20 40 20 50 25 60 ns (Notes 8, 9) 
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pPD424100, 424100A/L, 42S4100A/L NEC 
AC Characteristics (cont) 

-50 -60 -70 -80 

Parameter Symbol Min Max Min Max Min Max Min Max Unit Test Conditions 

Read command hold time tRCH 0 0 0 0 ns (Note 13) 
referenced to CAS 

Read command setup tRCS 0 0 0 0 ns 
time 

Refresh period tREF 16 16 16 16 ms Addresses Ao - Ag 
(Note 19) 

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

RAS precharge time tRP 40 50 60 70 ns 

50 60 ns (Note 18) 

RAS precharge CAS hold tRPC 10 10 10 10 ns 
time 

RAS precharge (CBR tRPS 90 110 130 150 ns 
self-refresh) 

Read command hold time tRRH 10 10 10 10 ns (Note 13) 
referenced to RAS 

RAS hold time tRSH 15 15 20 20 ns 

Read-write cycle time tRwc 125 145 165 185 ns (Note 6) 

155 175 ns (Notes 6, 18) 

RAS to WE delay tRWo 50 60 70 80 ns (Note 16) 

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

Rise and fall transition tr 3 50 3 50 3 50 3 50 ns (Note 3) 
time 

Write command hold twcH 10 10 15 15 ns (Note 14) 
time 

Write command setup twcs 0 0 0 0 ns (Note 16) 
time 

WE hold time twHR 15 15 15 15 ns 

Write command pulse twp 10 10 15 15 ns (Note 14) 
width 

WE setup time twsR 10 10 10 10 ns 

10 



NEC 
AC Characteristics 

Notes: 

(1) All voltages are referenced to GND. 

(2) An initial pause of 100 µsis required after power-up, followed by 
any eight RAS cycles, before proper device operation is 
achieved. At the end of t~itial power-up sequence, it is 
recommended that either a RAS-only or CAS before RAS refresh 
cycle be executed while WE ~ V1H to ensure normal operation. 

(3) Ac measurements assume tT = 5 ns. 

(4) V1H (min) and V1L (max) are reference levels for measuring the 
timing of input signals. Transition times are measured between 
V1H and VIL· 

(5) lcc1. lcca. lcc4• and lcc5 depend on output loading and cycle 
rates. Specified values are obtained with the output open. lcca 
is measured assuming that all column address inputs are held at 
either a high level or a low level during RAS-only refresh cycles. 
lcc4 is measured assuming that all column address inputs are 
switched only once during each fast-page cycle. 

(6) The minimum specifications are used only to indicate the cycle 
time at which proper operation over the full temperature range 
(TA = O to + 70°C) is assured. 

(7) Load = 2 TTL (-1 mA, +4 mA) loads and 100 pF. 

(8) For random read cycles, access time is defined as follows. 

Input Conditions Access Time 

tRAD s tHAD (max), tRcos tRco (max) 

icAC 

(9) tRco (max), tRAD (max), tAsc (max), and tcP (max) are specified 
as reference points only; they are not restrictive operating 
parameters. They are used to determine which access time 
(tRAC• tAA• tcAC• ortAcP) is to be used for determing when output 
data will be available. 

(10) toFF (max) and toez (max) define the time at which the outputs 
become open-circuit and are not referenced to VoH or Vol· 

pPD424100,424100A/L,42S4100A/L 

(11) For fast-page read operation, access time is defined follows. 

~ and Column Address 
Input Conditions 

tcp s tcp (max), tAsc~ tcp 

tcp s tcp (max), tAsc s tcp 

tcp ~ tcp (max), tAsc s tAsc (max) 

tcp ~ tcp (max), tAsc ~ tAsc (max) 

Access 
Time 

(12) The tcRP requirement should be applicable for RAS/CAS cycles 
preceded by any cycle. 

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

(14) Parameter twp is applicable for a delayed write cycle such as a 
read-write/read-modify-write cycle. For early write cycles, both 
twcs and twcH must be met. 

(15) These parameters are referenced to the fal~ edge of CAS for 
early write cycles and to the falling edge of WE for delayed write 
or read-modify-write cycles. 

(16) twcs. tRWD• tcwo. and tAWD are restrictivEi operating parame" 
ters in read-write/read-modify-write cycles only. ff twcs ~ twcs 
(min), the cycle is an early write cycle and the data output will 
remain open-circuit throughout the entire cycle. If tcwo ~ tcwo 
(min), tRwD ~ tRwD (min), andtAwD ~ tAwD (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 is met, 
the condition of the data output (at access time and until CAS 
returns to V1H) is indeterminate. -

(17) A test mode may ~initiated by executing a CAS before RAS~ 
refresh cycle with WE held at VIL· This mode also may inadvert-
ently be initiated during power-up because external control of 
the signal lines is very difficult during this period. It is therefore 
recommended that while WE is held at V IH• either a RAS-only or 
CAS before RAS refresh cycle should be executed at any time 
after the end of the initial power-up sequence to ensure normal 
device operation. 

(18) Applies to µPD424100L and µPD42S4100L. 

(19) 1024 refresh cycles must be performed within 16 ms before 
entering self-refresh and after exiting self-refresh. 
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µPD424100, 424100A/L, 42S4100A/L 

Timing Waveforms 

Read Cycle 

Addl9S8 

WE 

12 

""'l<-----tRSH-----

1+-------~-tCSH--------

16 ~tRRH 

Valid Data 

NEC 

8311+66968 



NEC pPD424100, 4241 OOA/L, 42541 OOA/L 

Timing Waveforms (cont) 

Early Write Cycle 

RAS 

CAS 

Address 

r-oE --lRSH--

14---;--· tcsH------
-tRCo tCAs---

. t'~ . h•WCH 
WE I////!!// ll/IJf I twPJ}; // ll/ZIJJ //J/J/!! ll@I ij§l!llZ 

tosj. ~ ~toH=:] _ EJI 
01N ~7/2...,...,...,j/j,...,....,..1/~.,...,...,.f ~_,_..,7/~,...,.._1!L?( VeJ~ ~m ~(ij//llJ//// ((/////J/ §/Ill; 

DOUT ______ __..Hlg..._hlmpedance...__ ______ _ 

831H-6811B 

13 



µPD424100, 424100A/L, 42S4100A/L 

Timing Waveforms (cont) 

Late Write Cycle 

14 

NEC 
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NEC pPD424100,424100A/L,42S4100A/L 

Timing Waveforms (cont) 

Read-Write/Read-Modify-Write Cycle 

-------------~tRwc------------~ 

i.-----------tRAs---------~ 

1"'1111•,------tRSH-------,~ 
14--------'---tCSH---------~ 

---+i-~-----tcAS-------.i 

Address 

DOUT _____ Hl_.g,_h_lmp.._edanc __ e _______ 
1 Valid Data 

83lH-6898B 
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pPD424100,424100A/L,42S4100A/L 

Timing Waveforms (cont) 

Fast-Page Read Cycle 

16 

tt/EC 



NEC 
Timing Waveforms (cont) 

Fast-Page Early Write Cycle 

pPD424100, 4241 OOA/L, 42841 OOA/L 
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µPD424100, 4241 OOA/L, 42S41 OOA/L NEC 
Timing Waveforms (cont) 

Fast-Page Read-Write/Read-Modify-Write Cycle 

Address 

DoUT ---------<I 
831H-8814B 
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NEC pPD424100, 424100A/L, 42S4100A/L 

Timing Waveforms (cont) 

Hidden Refresh Cycle 

-~~CAS Before RAS Cycle 

-------tRC----l~--

tRAS 

RAS 

CAS 

Address :111111//11/1 // l!llJ/l 

SS w !II II //JI;; 

DOUT ___ H-..lgh_lmp--.edance __ ----<I 

IOJ~ 
831Kfil03B 
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pPD424100,424100A/L,42S4100A/L 

Timing Waveforms (cont) 

RAS-Only Refresh Cycle 

r-tCRP 

Addl8S8 

CAS Before RAS Refresh Cycle 

or_ 

~ 

~ 

-i'~ ~~·1 

tRAS 

lRC 

NEC 

v 

8311M1816B 

-" -, 

~ 

~ -j ~ 

""'- tRP_____., -
lRPC-'> W1ffit "t'CRP 

DoUT~~~-------------------------H~~h_l~mpedance.._ ____________________________ __ 

Note: 
(1) Address= don't care. 

20 



NEC 
Timing Waveforms (cont) 

CSR Self-Refresh Cycle 

µPD424100, 4241 OOA/L, 42$41 OOA/L 

, __ , . ..__t_CSR---..-.---....... s·~------'f'~· 
twsR~-1~ -i 
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NEC 
NEC Electronics Inc. 

Description 

The µPD424101 is a nibble-mode dynamic RAM orga
nized as 4,194,304 words by 1 bit and designed to 
operate from a single +5-volt power supply. Advanced 
polycide technology using trench capacitors mini
mizes silicon area and provides high storage cell ca
pacity, high performance, and high reliability. A single
transistor dynamic storage cell and advanced CMOS 
circuitry throughout ensure minimum power dissipa
tion, while an on-chip circuit internally generates the 
negative-voltage substrate bias-automatically and 
transparently. 

The three-state output is controlled by CAS indepen
dent of RAS. After a valid read or read-modify-write 
cycle, data is held on the output by holding CAS low. 
The data output is returned to high impedance by 
returning CAS high. Nibble-mode read and write cycles 
can be executed by cycling CAS. 

Refreshing may be accomplished by a CAS before RAS 
cycle that internally generates the refresh address. 
Refreshing can also be accomplished by RAS-only 
refresh cycles or by normal read or write cycles on the 
1024 address combinations of Ao -A9 during a 16-ms 
refresh period. 

Features 

o 4,194,304-word by 1-bit organization 
o Single +5-volt power supply 
o Nibble-mode option 
o Low power dissipation 
o CAS before RAS refresh cycles 
o Multiplexed address inputs 
o On-chip substrate bias generator 
o Nonlatched, three-state outputs 
o Low input capacitance 
o TTL-compatible inputs and outputs 
o 1024 refresh cycles every 16 ms 
o 26/20-pin SOJ, 20-pin ZIP, or 26/20-pin TSOP 

plastic packaging 

60095-1 

pPD424101 
4,194,304 x 1-Bit 

Dynamic CMOS RAM 

Pin ldentif ication 
Name Function 

Ao-A10 Address inputs 

CAS Chip select 

D1N Data input 

DouT Data output 

RAS Row address strobe 

WE Write enable 

GND Ground 

Vee +5-volt power supply 

NC No connection 

Pin Configurations 

26/20-Pin Plastic SOJ 

DJN 26 GND 

WE 2 25 DoUT 
RAS 3 24 CAS 
NC 4 23 NC 

A1o 5 22 Ag 

~ 
~ 
i!i 
IL. 

Ao 
::s. 

g 18 As 
A1 10 17 A1 
A2 11 16 Ae 
A3 12 15 As 

Vee 13 14 A4 

20-Pin Plastic ZIP 

Ag 1 n:. ::i 2 CAS 

D~ : ::~: ~:: : :~D 
RAS 7 :::_ ::i S A1o 

NC g n:. ::J 10 NC 

Ao 11 ::: ::i 12 A1 
A2 13 :::. ::J 14 A 

Vee 15 n: 3 
A ... :n 18 A4 

5 17 -·-. ::i 1S A 
A1 1g ::: 6 

.:n 20 As 

8311M1864A 

.. 



µPD424101 

Pin Configurations (cont) 

26/20-Pin Plastic TSOP (Normal Pinouts} 

µPD424101 

DIN 10 

WE 2 

RAS 3 
NC 4 

A1o 5 

-9JD 

Ao 9 

A1 10 

A2 11 

A3 12 

Vee 13 

Sufflx-9JD In the package Identifier 
denotes normal plnout sequence. 

Block Diagram 

RAS Clock 
Generator 

26 GND 
25 DOUT 
24 CAS 
23 NC 
22 Ag 

18 As 
17 A7 
18 Ae 
15 As 

014 A4 

CASClock 
Generator 

CAS --!--------+-~--' 

83FM-867i;.t. 

NEC 

26/20-Pin Plastic TSOP (Reverse Pinouts} 

µPD424101 

GND 1 0 
Door 2 

CA§ 3 
NO 4 

Ag 5 

-9KD 

As 9 

A7 10 

Ae 11 

As 12 
0 

A4 13 

Sufftx-9KD In the package ldenttller 
denotes raverse plnout sequence. 

WE Clock 
Generator 

026 

25 
24 

23 

22 

18 

17 

16 

15 

14 

D1N 
WE 

RAS 
NC 

A10 

Ao 

A1 

A2 

A3 

vcc 

WE -ii>--------+-----------~ ...... ~~~~~ 

f I 
DIN 

Data VO Bus 

Colurm Decoder 
Cl)i 
! Data-out DOUT Buffer 

Sense Amplifier 

! I I 
I! B Memory Array 
:g 

~ < a: 
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NEC pPD424101 

Ordering Information 
RAS Access R/WCycle Nibble Refresh Standby 

Part Number Time Time Cycle Time Period Current Package 

µPD424101 LA-60 60 ns 120 ns 40 ns 16 ms 1 mA 26/20-pin plastic SOJ (300-mil) 

LA-70 70 ns 140 ns 40 ns 

LA-80 80 ns 160 ns 40 ns 

LA-10 100 ns 190 ns 45 ns 

µPD424101 LA-60L 60 ns 120 ns 40 ns 128ms 300µA 

LA-70L 70 ns 140 ns 40 ns 

LA-SOL 80 ns 160 ns 40 ns 

LA-10L 100 ns 190 ns 45 ns 

µPD424101V-60 60 ns 120 ns 40 ns 16 ms 1 mA 20-pin plastic ZIP 

V-70 70 ns 140 ns 40 ns 

V-80 80 ns 160 ns 40 ns 

V-10 100 ns 190 ns 45 ns 

µPD424101V-60L 60 ns 120 ns 40 ns 128 ms 300µA 

V-70L 70 ns 140 ns 40 ns 

V-SOL 80 ns 160 ns 40 ns 

V-10L 100 ns 190 ns 45 ns 

µPD424101 GS-60 60 ns 120 ns 40 ns 16 ms 1 mA 26/20-pin plastic TSOP (normal 

GS-70 70 ns 140 ns 40 ns 
pin outs) 

GS-80 80 ns 160 ns 40 ns 

GS-10 100 ns 190 ns 45 ns 

µPD424101 GS-60L 60 ns 120 ns 40 ns 128 ms 300µA 

GS-70L 70 ns 140 ns 40.ns 

Ill GS-SOL 80 ns 160 ns 40 ns 

GS-10L 100 ns 190 ns 45 ns 

µPD424101 GSM-60 60 ns 120 ns 40 ns 16 ms 1 mA 26/20-pin plastic TSOP (reverse 

GSM-70 70 ns 140 ns 40 ns 
pin outs) 

GSM-80 80 ns 160 ns 40 ns 

GSM-10 100 ns 190 ns 45 ns 

µPD424101 GSM-60L 60 ns 120 ns 40 ns 128 ms 300µA 

GSM-70L 70 ns 140 ns 40 ns 

GSM-80L 80 ns 160 ns 40 ns 

GSM-10L 100 ns 190 ns 45 ns 
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pPD424101 

Absolute Maximum Ratings 
Voltage on any pin relative to GND -1.0 to +7.0 V 

Operating temperature, ToPR Oto +70°C 

Storage temperature, TsTG -55 to + 125°C 

Short-circuit output current, los 50mA 

Power dissipation, Po 1.0W 

Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause perma
nent damage. The device should be operated within the limits 
specified under DC and AC Characteristics. 

DC Characteristics 
TA = o to + 70°C; Vee = + 5.0 V ±10% 

Parameter Symbol Min Max 

Standby current lcc2 2.0 

1.0 

Input leakage current l1(L) -10 10 

Output leakage current lo(L) -10 10 

Output voltage, low Vol 0.4 

Output voltage, high VoH 2.4 

Low-Power Battery Backup (-L Versions Only) 

NEC 
Recommended Operating Conditions 
Parameter Symbol Min Typ Max Unit 

Input voltage, high V1H 2.4 Vee+ 1.0 v 
Input voltage, low V1L -1.0 0.8 v 
Supply voltage Vee 4.5 5.0 5.5 v 
Ambient temperature TA 0 70 oc 

Capacitance 
TA = 25°C; f = 1 MHz 

Parameter Symbol Max Unit Pins Under Test 

Input capacitance C11 5 pF Address, D1N 
~~~~~~~~~~~~~~~-

C 12 7 pF RAS, CAS, WE 

Output capacitance Co 7 pF DouT 

Unit Test Conditions 

mA RAS = CAS ;?; V1H (min) 

mA RAS = CAS ;?!'; Vee - 0.2 v 
µA V1N = O V to Vee; all other pins not under test= O V 

µA DouT disabled; VouT = o V to V cc 

v loL = 4.2 mA 

v loH = -5 mA 

Symbol Max Unit tRAS 'CAS Before RAS Refresh Cycle Standby Conditions 

Ices 500 µA s 1 µs 1024 refresh cycles (min) every 128 ms; RAS= RAS = CAS <!:: Vee - 0.2 V; 
CAS ;?; Vee - 0.2 V or s 0.2 V, as appropriate; DIN• WE, Addresses <!:: V cc -

300 µA s 200µs DouT open; all other inputs ;?; Vee - 0.2 V ors 0.2 V ors 0.2 V; DouT open 
0.2V 

tREF 128 ms 
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N'EC pPD424101 

AC Characteristics 
TA = o to + 70°C; Vee = + 5.0 V ±10% 

11PD424101-60 11PD424101-70 11PD424101-80 11PD424101-10 

Parameter Symbol Min Max Min Max Min Max Min Max Unit Test Conditions 

Operating current, lcc1 120 100 90 80 mA RAS and CAS cycling; 
average tRc = tRc min; 10 = 

0 mA (Note 5) 

Operating current, lcc3 120 100 90 80 mA RAS cycling; CAS <!!: 

RAS-only refresh VrH; 
cycle, average tRc = tRc min; 10 = 

o mA (Note 5) 

Operating current, lcc4 80 80 70 60 mA RAS s VrL; CAS 
nibble mode, cycling; 
average tNc = tNc min; lo= 

O mA (Note 5) 

Operating current, Ices 120 100 90 80 mA RAS cycling; CAS 
CAS before RAS before RAS; tRc = 
refresh cycle, tRc min; lo = o mA 
average (Note 5) 

Access time from tAA 30 35 40 50 ns (Notes 7, 9) 
column address 

Column address tASC 0 0 0 0 ns 
setup time 

Row address setup tASR 0 0 0 0 ns 
time 

Column address to tAWD 30 35 40 50 ns (Note 16) 
WE delay time 

Access time from tcAC 20 20 20 25 ns (Notes 7, 9) 
CAS (falling edge) 

Column address tcAH 15 15 15 20 ns 
hold time ml CAS pulse width tcAS 20 10,000 20 10,000 20 10,000 25 10,000 ns 

CAS hold time for tcHR 15 15 15 20 ns 
CAS before RAS 
refresh cycle 

CAS precharge tcPN 10 10 10 10 ns 
time, non-nibble 
cycle 

CASto RAS tcRP 10 10 10 10 ns (Note 12) 
precharge time 

CAS hold time tcsH 60 70 80 100 ns 

CAS setup time for tcsR 10 10 10 10 ns 
CAS before RAS 
refresh cycle 

CAS to WE delay tcwo 20 20 20 25 ns (Note 16) 

Write command to tcwL 15 15 15 20 ns 
CAS lead time 

Data-in hold time toH 15 15 15 20 ns (Note 15) 

Data-in setup time tos 0 0 0 0 ns (Note 15) 

Nibble mode tNAC 20 20 20 25 ns 
access time 
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pPD424101 1\'EC 
AC Characteristics (cont) 

l'PD424101·60 µPD424101·70 µPD424101·80 l'PD424101-10 

Parameter Symbol Min Max Min Max Min Max Min Max Unit Test Conditions 

CAS pulse width in tNAS 20 20 20 25 ns 
nibble mode 

Nibble mode cycle tNc 40 40 40 45 ns 
time 

CAS to WE delay tNcwo 20 20 20 25 ns 
in nibble mode 

Write command to tNCWL 15 15 20 25 ns 
CAS lead time in 
nibble mode 

CAS precharge 1NP 10 10 10 10 ns 
time in nibble 
mode 

RAS hold time for tNRRSH 20 20 20 25 ns 
nibble read cycle 

RAS hold time for tNWRSH 20 ·20 20 25 ns 
nibble write cycle 

Output buffer toFF 0 15 0 15 0 20 0 25 ns (Note 10) 
turnoff delay 

Access time from tRAC 60 70 80 100 ns (Notes 7, 8) 
RAS 

RAS to column tRAD 15 30 15 35 17 40 17 50 ns (Note 9) 
address delay time 

Row address hold tRAH 10 10 12 12 ns 
time 

Column address tRAL 30 35 40 50 ns 
lead time 
referenced to RAS 
(rising edge) 

RAS pulse width tRAS 60 10,000 70 10,000 80 10,000 100 10,000 ns 

RAS pulse width in tRASP 60 125,000 70 125,000 80 125,000 100 125,000 ns 
nibble mode 

Random read or tRc 120 140 160 190 ns (Note 6) 
write cycle time 

RAS to CAS delay tRCD 20 40 20 50 25 60 25 75 ns (Note 11) 
time 

Read command tRCH 0 0 0 0 ns (Note 13) 
hold time 
referenced to CAS 

Read command tRCS 0 0 0 0 ns 
setup time 

Refresh period tREF 16 16 16 16 ms Addresses Ao - Ag 

RAS precharge tRP 50 60 70 80 ns 
time 

RAS precharge tRPC 10 10 10 10 ns 
CAS hold time 

Read command tRRH 10 10 10 10 ns (Note 13) 
hold time 
referenced to RAS 

RAS hold time tRSH 20 20 20 25 ns 
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NEC 
AC Characteristics (cont) 

14PD424101-60 14PD424101-70 

Parameter Symbol Min Max Min Max 

Read-write cycle tRwc 145 165 
time 

RAS to WE delay tRwo 60 70 

Write command to tRWL 20 20 
RAS lead time 

Rise and fall tr 3 50 3 50 
transition time 

Write command twcH 15 15 
hold time 

Write command twcs 0 0 
setup time 

WE hold time twHR 15 15 

Write command twp 15 15 
pulse width 

WE setup time twsR 10 10 

Notes: 

(1) All voltages are referenced to GND. 

(2) An initial pause of 100 µsis required after power-up, followed by 
any eight RAS cycles, before proper device operation is 
achieved. At the end of the initial power-up sequence, it is 
recommended that either a RAS-on!Y..lefresh or a CAS before 
RAS refresh cycle be executed while WE 2: V1H to ensure normal 
operation. 

(3) Ac measurements assume tr = 5 ns. 

(4) V1H (min) and V1L (max) are reference levels for measuring the 
timing of input signals. Transition times are measured between 
V1H and VIL· 

(5) lcc1. lcc3, lcc4, and Ices depend on output loading and cycle 
rates. Specified values are obtained with the output open. lcc3 
is measured assuming that all column address inputs are held at 
either a high level or a low level during RAS-only refresh cycles. 
lcc4 is measured assuming that all column address inputs are 
switched only once during each nibble cycle. 

(6) The minimum specifications are used only to indicate the cycle 
time at which proper operation over the full temperature range 
(TA= 0 to+ 70°C) is assured. 

(7) Load= 2 TTL (-1 mA, +4 mA) loads and 100 pF. 

(8) Assumes that tRco s tRco (max) and tRAD s tRAD (max). If 
tRco or tRAD is greater than the maximum recommended value 
in this table, tRAC increases by the amount that tRcD or tRAD 
exceeds the value shown. 

(9) If tRAD 2: tRAD (max), then the access time is defined by tAA· 

(10) toFF (max) defines the time at which the output achieves the 
open-circuit condition an is not referenced to VoH or Vol· 

pPD424101 

l'PD424101-80 l'PD424101-10 

Min Max Min Max Unit Test Conditions 

185 220 ns (Note 6) 

80 100 ns (Note 16) 

20 25 ns 

3 50 3 50 ns (Note 3) 

15 20 ns 

0 0 ns (Note 16) 

15 20 ns 

15 20 ns (Note 14) 

10 10 ns 

(11) Operation within the tRcD (max) limit assures that tRAC (max) 
can be met. tRcD (max) is specified as a reference point only; if 
tRcD is greater than tRcD (max), then access time is controlled 
exclusively by tcAC· 

(12) The tcRP requirement should be applicable for RAS/CAS cycles 
preceded by any cycle. 

(13) Either tRRH or tRcH must be satisfied for a read cycle. 

(14) 

(15) 

(16) 

(17) 

Parameter twp is applicable for a delayed write cycle such as a 
read-write/read-modify-write cycle. For early write operation, 

both twcs and twcH must be met. .. 

These parameters are referenced to the fal.!!!!.9 edge of CAS for t 
early write cycles and to the falling edge of WE for delayed write 
or read-modify-write cycles. 

twcs. tRWD• tcwo. and tAwo are restrictive operating parame
ters in read-write/read-modify-write cycles only. If twcs 2: twcs 
(min), the cycle is an early write cycle and the data output will 
remain open-circuit throughout the entire cycle. lftcwo 2: tcwo 
(min), tRwo 2: tRwD (min), and tAwo 2: tAwo (min), 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 is met, 
the condition of the data output pin (at access time and until 
CAS returns to V1H) is indeterminate. 

A test mode may be initiated by executing a CAS before RAS 
refresh cycle with WE held at V1L· This mode also may inadvert
ently be initiated during power-up because external control of 
the signal lines is very difficult during this period. It is therefore 
recommended that while WE is held at VIH• either a RAS-only or 
CAS before RAS refresh cycle should be executed at any time 
after the end of the initial power-up sequence to ensure normal 
device operation. 

7 



µPD424101 

Timing Waveforms 

Read Cycle 

RAS 

CAS 

Address 

WE 

DQUT 

8 

NEC 

~------------tRC--------------

----------~tRAs---------.. 

r<,___-----tRSH-----

----------:-~tcsH---------

High Impedance 
Valid Data 

8311M18688 



t\'EC µPD424101 

Timing Waveforms (cont) 

Early Write Cycle 

RAS 

tCRP 

-----tRc-------+i 

r-'E --tRSH-

----;--tcsH----

DOUT ______ _.;.;.;.z;.:H!gh.::.:,;i;;:lmpedan;;;;;:;,;;ce;;..__ ______ 8311+8811B 
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pPD42410·1. 

Timing Waveforms (cont) 

Late Write Cycle 

10 

NEC 

831H-6847B 



NEC 
Timing Waveforms (cont) 

Read-Write/Read-Modify-Write Cycle 

IM!l('--------tRsH--------,~ 
14--------~--tcsH~-----------

CAS 

Address 

DtN 

DouT~-------------H~g_h_tm~p_edanc ___ e _____________ u 
Valid Data 

pPD424101 

8311+68578 
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pPD424101 

Timing Waveforms (cont) 

Nibble Read Cycle 

Address 

DouT ___ Hl_g ... h_1m .... p_edanc __ e ___ -<
1 

12 

NEC 

toFF 



NEC 
Timing Waveforms (cont) 

Nibble Early Write Cycle 

pPD424101 

m 
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pPD424101 NEG. 
Timing Waveforms (cont) 

Nibble Read-Write/Read-Modify-Write Cycle 

1+----tcsH---

tRCD tCAs 

Address 

DoUT ___ H1g_h_1m_pe<1an __ ce __ -<, 
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NEC 
Timing Waveforms (cont) 

Hidden Refresh Cycle 

RAS 

Address 

WE 71/// !II !llJ 

µPD424101 

-~~CAS Before RAS Cycle 

7J! llJll l!I//////!! !l 

$5 V/1//1////I! 

L. tCAc 

tRA,.._ '°"J ~ 
0

0UT ______ H~~h-lmpedance..._ ______ ---<
1 Valid ~ta 

8311M111i88 
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pPD424101 

Timing Waveforms (cont) 

RAS-Only Refresh Cycle 

r-tCRP 

CAS __} 

Address 

NEC 

tRPC1 

\J 

DoUT~----------------------~------~-gh_l_m~pedanc ___ e ______________________________ ~ 

Note: 

c11 we~viH· 

CAS Before RAS Refresh Cycle 

""'- tRC _,, 
~ 

tRAS __ .. .... -,,.. 

RAS t v l 

\ 

..._ 
tRr -"" 

-{~ ~tcHR1 
tRPC-+- ;; 1$ ~tCRP 

DoUT---------------------------------H~~-h_lm~pedan---~----------------------------~ 

Note: 
[1] Address= don't care. 

8311Hi7C2B 
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t\f EC 
NEC Electronics Inc. 

Description 

The µPD424102 is a static-column dynamic RAM orga
nized as 4,194,304 words by 1 bit and designed to 
operate from a single +5-volt power supply. Advanced 
polycide technology using trench capacitors mini
mizes silicon area and provides high storage cell ca
pacity, high performance, and high reliability. A single
transistor dynamic storage cell and advanced CMOS 
circuitry throughout ensure minimum power dissipa
tion, while an on-chip circuit internally generates the 
negative-voltage substrate bias-automatically and 
transparently. 

The three-state output is controlled by CS independent 
of RAS. After a valid read or read-modify-write cycle, 
data is held on the output by holding CS low. The data 
output is returned to high impedance by returning CS 
high. Static-column read and write cycles can be exe
cuted by cycling CS. 

Refreshing may be accomplished by means of a CS 
before RAS cycle that internally generates the refresh 
address. Refreshing can also be accomplished by 
means of RAS-only refresh cycles or by normal read or 
write cycles on the 1024 address com bi nations of Ao -
A9 during a 16-ms refresh period. 

Features 

o 4,194,304-word by 1-bit organization 
o Single +5-volt power supply 
o Static-column option 
o Low power dissipation 
o CS before RAS refresh cycles 
o Multiplexed address inputs 
o On-chip substrate bias generator 
o Nonlatched, three-state outputs 
o Low input capacitance 
o TTL-compatible inputs and outputs 
o 1024 refresh cycles every 16 ms 
D 26/20-pin SOJ, 20-pin ZIP, or 26/20-pin TSOP 

plastic packaging 

60091-1 

µPD424102 
4,194,304 x 1-Bit 

Dynamic CMOS RAM 

Pin ldentif ication 
Name Function 

Ao·A10 Address inputs 

cs Chip select 

D1N Data input 

DouT Data output 

RAS Row address strobe 

WE Write enable 

GND Ground 

Vee + 5-volt power supply 

NC No connection 

Pin Configurations 

26/20-f'in Plastic SOJ 

D1N 26 GND 
WE 2 25 DouT 

RAS 3 24 cs 
NC 4 23 NC 

A1o 5 
~ 

22 Ag 

~ 
D. 
::1. 

Ao 9 18 As 
A1 10 17 A1 
A2 11 16 A6 
A3 12 15 As 

Vee 13 14 A4 

20-Pin Plastic ZIP 

1~ Ag .:JJ 2 CS 

Do~ 
57
3 ~:~~ ~;~ : !~o 

RAS :!: 8 A1o 
NC 9 t:: :!: 10 NC 
Ao 11 n:. :JJ 12 A1 
A2 13 n:. :JJ 14 Aa 

v, 15 ,.. 
~ :::. :!: 16 A4 
A 5 17 :::. :n 18 Aa 

7 19 .::i,;;;i 20 As 

831H-61114A 



µPD424102 

Pin Configurations (cont) 

26/20~Pin Plastic TSOP (Normal Pinouts) 

µPD424102 

DIN 10 

WE 2 

RAS 3 
NC 4 

A1o s 

-9JD 

Ao 9 
A1 10 

A2 11 

As 12 

Vee 13 

SUfllx-9JD In the package ldentlfter 
denotes nonnal plnout sequence. 

Block Diagram 

RASClock 
Generator 

26 

25 
24 

23 

22 

1S 

17 

16 

1S 
014 

cs--1.._..~~~~~-1.-___. 

GND 

DOUT 
cs 
NC 
Ag 

As 

A1 

As 
As 

A4 

CsClock 
Generator 

~134 

NEC 

26/20-Pin Plastic TSOP (Reverse Pinouts) 

µPD424102 

GND 0 
DOUT 2 

cs 3 
NC 4 

Ag S· 

-tKD 

As 9 

A1 10 

A9 11 

As 12 

A4 13 0 

Sufftx-QKD In the package Identifier 
denotes revel'88 plnOut sequence. 

WEClock 
Generator 

026 

25 
24 

23 

22 

1S 

17 

16 

1S 

14 

D1N 
WE 

RAS 
NC 

A10 

Ao 

A1 

A2 

As 

vcc 

~14" 

we--~~~~~~+-~~~~~~~~~-+L~~~~...i 

Da1a-ln DIN Buffer 

Da1alf0Bua 

Column Decoder Data-out 
Butter D()lJT 

Sense Arnpllfter 

I I I Memory Array 

! ~ a: 

1131H-8818B 
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NEC pPD424102 

Ordering Information 
Static-

RAS Access R/W Cycle Column Refresh Standby 
Part Number Time Time Cycle Time Period Current Package 

µPD424102LA-60 60 ns 120 ns 35 ns 16 ms 1 mA 26/20-pin plastic SOJ (300-mil) 

LA-70 70 ns 140 ns 40 ns 

LA-80 80 ns 160 ns 50 ns 

LA-10 100 ns 190 ns 60 ns 

µPD424102LA-60L 60 ns 120 ns 35 ns 12S ms 300µA 

LA-70L 70 ns 140 ns 40 ns 

LA-SOL 80ns 160 ns 50 ns 

LA-10L 100 ns 190 ns 60 ns 

µPD424102V-60 60 ns 120 ns 35 ns 16 ms 1 mA 20-pin plastic ZIP 

V-70 70 ns 140 ns 40 ns 

V-80 80 ns 160 ns 50 ns 

V-10 100 ns 190 ns 60 ns 

µPD424102V-60L 60 ns 120 ns 35 ns 128 ms 300µA 

V-70L 70 ns 140 ns 40 ns 

V-SOL 80 ns 160 ns 50 ns 

V-10L 100 ns 190 ns 60 ns 

µPD424102GS-60 60 ns 120 ns 35 ns 16 ms 1 mA 26/20-pin plastic TSOP (normal 

GS-70 70 ns 140 ns 40 ns 
pin outs) 

GS-SO 80 ns 160 ns 50 ns • GS-10 100 ns 190 ns 60 ns 

µPD424102GS-60L 60 ns 120 ns 35 ns 12S ms 300µA 

GS-70L 70 ns 140 ns 40 ns 

GS-SOL SO ns 160 ns 50 ns 

GS-10L 100 ns 190 ns 60 ns 

µPD424102GSM-60 60 ns 120 ns 35 ns 16 ms 1 mA 26/20-pin plastic TSOP (reverse 

GSM-70 70 ns 140 ns 40 ns 
pinouts) 

GSM-80 80 ns 160 ns 50 ns 

GSM-10 100 ns 190 ns 60 ns 

µPD424102GSM-60L 60 ns 120 ns 35 ns 12S ms 300µA 

GSM-70L 70ns 140 ns 40 ns 

GSM-80L 80 ns 160 ns 50 ns 

GSM-10L 100 ns 190 ns 60 ns 
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µPD424102 

Absolute Maximum Ratings 
Voltage on any pin relative to GND -1.0 to +7.0 V 

Operating temperature, ToPR Oto +70°C 

Storage temperature, TsTG -55 to + 125°C 

Short-circuit output current, los 50mA 

Power dissipation, Po 1.0W 

Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause perma
nent damage. The device should be operated within the limits 
specified under DC and AC Characteristics. 

Low-Power Battery Backup (-L Versions Only) 

NEC 
Recommended Operating Conditions 
Parameter Symbol Min Typ Max Unit 

Input voltage, high V1H 2.4 Vee+ 1.0 v 
Input voltage, low V1L -1.0 0.8 v 
Supply voltage Vee 4.5 5.0 5.5 v 
Ambient temperature TA 0 70 oc 

Capacitance 
TA = 25°C; f = 1 MHz 

Parameter Symbol Max Unit Pins Under Test 

Input capacitance C11 5 pF Address, D1N 
~~~~~~~~~~~~~~~ 

C12 7 pF RAS, CS, WE 

Output capacitance Co 7 pF DoUT 

Symbol Max Unit tRAS CS Before RAS" Refresh Cycle Standby Conditions 

lcce 500 µA s 1 µs 1024 refresh cycles (min) every 128 ms; RAS = CS RAS= cs~ Vcc-0.2 V; D1N1 

300 µA s 200µs 
<!: Vee- 0.2 V ors 0.2 V, as appropriate; DouT WE, Addresses ~ V cc - 0.2 V 
open; all other inputs ~ V cc - 0.2 V or s 0.2 V or s 0.2 V; DouT open 

tREF 128 ms 

DC Characteristics 
TA= Oto+70°C;Vcc= +5.0V±10% 

Parameter Symbol Min Max Unit Test Conditions 

Standby current lcc2 2.0 mA RAS = CS ~ V1H (min) 

1.0 mA RAS= cs~ Vcc-0.2V 

Input leakage current l1(L) -10 10 µA V1N = 0 V to V cc; all other pins not under test = 0 V 

Output leakage current lo(L) -10 10 µA DouT disabled; VouT = o V to Vee 

Output voltage, low Vol 0.4 v loL = 4.2 mA 

Output voltage, high VoH 2.4 v loH = -5 mA 

AC Characteristics 
TA= o to+ 70°C; Vee= +5.0 V ±10% 

11PD424102·60 11PD424102·70 11PD424102·80 11PD424102·10 

Parameter 

Operating current, 
average 

Operating current, 
RAS-only refresh 
cycle, average 

Static column 
operating current, 
average 

4 

Symbol Min Max Min Max 

90 80 

90 80 

70 60 

Min Max Min 

90 

90 

70 

Max Unit Test Conditions 

80 

80 

60 

mA RAS and CS cycling; 
tRc = tRc min; 10 = 
0 mA (Note 5) 

mA RAS cycling; CS~ 
V1H; 
tRc = tRc min; lo = 
0 mA (Note 5) 

mA RAS s V1L; CS 
cycling; 
tpc = tpc min; lo = 
O mA (Note 5) 



NEC pPD424102 

AC Characteristics (cont) 
l'PD424102-60 l'PD424102-70 l'PD424102-80 l'PD424102-10 

Parameter Symbol Min Max Min Max Min Max Min Max Unit Test Conditions 

Operating current, Ices 90 80 90 80 mA RAS cycling; CS 
CS before RAS before RAS; tRc = 
refresh cycle, tRc min; lo = o mA 
average (Note 5) 

Access time from tAA 30 35 40 50 ns (Notes 7, 9) 
column address 

Column address tAH 15 15 15 15 ns 
hold time 
referenced to RAS 
(rising edge) 

Column address tAsc 0 0 0 0 ns 
setup time 

Row address setup tASR 0 0 0 0 ns 
time 

Column address to tAwo 30 35 40 50 ns (Note 15) 
WE delay time 

Access time from tcAc 20 20 20 25 ns (Notes 7, 8, 9) 
CS (falling edge) 

Column address tcAH 15 15 15 20 ns 
hold time 

CS hold time for tcHR 15 15 15 20 ns 
CS before RAS 
refresh cycle 

CS precharge time, tcp 10 10 10 10 ns 

Ill static-column 

CS precharge time, tcPN 10 10 10 10 ns 
nonpage cycle 

CS to RAS tcRP 10 10 10 10 ns (Note 11) 
precharge time 

CS pulse width tcs 20 100,000 20 100,000 20 100,000 25 100,000 ns 

CS hold time tcsH 60 70 80 100 ns 

CS setup time for tcsR 10 10 10 10 ns 
CS before RAS 
refresh cycle 

CS to WE delay tcwo 20 20 20 25 ns (Note 15) 

Write command to tcwL 15 15 15 20 ns 
CS lead time 

Data-in hold time toH 15 15 15 20 ns (Note 14) 

Data-in setup time tos 0 0 0 0 ns (Note 14) 

Output buffer to FF 0 15 0 15 0 20 0 25 ns (Note 10) 
turnoff delay 

Output hold time toH 5 5 5 5 ns 
from address 

Output enable tow 25 25 25 25 ns 
time from WE 
(rising edge) 

Access time from tpwA 60 70 90 110 ns (Note 7, 17) 
previous WE 
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pPD424102 NEC 
AC Characteristics (cont) 

JLPD424102-60 JLPD424102-70 JLPD424102-80 JLPD424102-10 

Parameter Symbol Min Max Min Max Min Max Min Max Unit Test Conditions 

Column address tpwH 60 70 90 110 ns 
hold time 
referenced to 
previous WE 

Access time from tRAC 60 70 80 100 ns (Notes 7, 8) 
RAS 

RAS to column tRAD 15 30 15 35 17 40 17 50 ns (Note 9) 
address delay time 

Row address hold tRAH 10 10 12 12 ns 
time 

Column address tRAL 30 35 40 50 ns 
lead time 
referenced to RAS 
(rising edge) 

RAS pulse width tRAS 60 10,000 70 10,000 80 10,000 100 10,000 ns 

Static-column RAS tRASC 60 100,000 70 100,000 80 100,000 100 100,000 ns 
pulse width 

Random read or tRc 120 140 160 190 ns (Note 6) 
write cycle time 

RAS to CS delay tRCD 20 40 20 50 25 60 25 75 ns (Note 8) 
time 

Read command tRCH 0 0 0 0 ns (Note 12) 
hold time 
referenced to CS 

Read command tRCS 0 0 0 0 ns 
setup time 

Refresh period tREF 16 16 16 16 ms Addresses Ao - Ag 

RAS precharge tRP 50 60 70 80 ns 
time 

RAS precharge CS tRPC 10 10 10 10 ns 
hold time 

Read command tRRH 10 10 10 10 ns (Note 12) 
hold time 
referenced to RAS 

Read cycle time tRsc 35 40 50 60 ns 

RAS hold time tRSH 20 20 20 25 ns 

RAS to second WE tRSW 75 85 95 115 ns 
delay time 

Read-write cycle tRWc 145 165 185 220 ns (Note 6) 
time 

RAS to WE delay tRWo 60 70 80 100 ns (Note 15) 

Write command to tRWL 20 20 20 25 ns 
RAS lead time 

Static-column tRwsc 65 75 95 115 ns 
read/write cycle 
time 

Rise and fall tT 3 50 3 50 3 50 3 50 ns (Note 3) 
transition time 
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NEC 
AC Characteristics (cont) 

11PD424102-60 11PD424102-70 

Parameter Symbol Min Max Min Max 

WE to column twAo 20 30 22 35 
address delay time 

Write command twcH 15 15 
hold time 

Write command twcs 0 0 
setup time 

WE hold time iwHR 15 15 

Write invalid time tw1 10 10 

Output hold time twoH 0 0 
from WE 

Write command twp 15 15 
pulse width 

Write cycle time twsc 35 40 

WE setup time twsR 10 10 

Notes: 

(1) All voltages are referenced to GND. 

(2) An initial pause of 100µs is required after power-up, followed by 
any eight RAS cycles, before proper device operation is 
achieved. At the end of the initial power-up S!9_uence, !1..l! 
recommended that either a RAS-o'1!i'._.refresh or a CS before RAS 
refresh cycle be executed while WE <!: V1H to ensure normal 
operation. 

(3) Ac measurements assume tT = 5 ns. 

(4) V1H (min) and V1L (max) are reference levels for measuring the 
timing of input signals. Transition times are measured between 
VIH and VIL· 

(5) lcc1. lcc3, lcc4, and Ices depend on output loading and cycle 
rates. Specified values are obtained with the output open. lcc3 
is measured assuming that all column address inputs are held at 
either a high level or a low level during RAS-only refresh cycles. 
lcc4 is measured assuming that all column address inputs are 
switched only once during each fast-page cycle. 

(6) The minimum specifications are used only to indicate the cycle 
time at which proper operation over the full temperature range 
(TA = O to + 70°C) is assured. 

(7) Load= 2 TTL (-1 mA, +4 mA) loads and 100 pF. 

(8) Assumes that tRcD s tRco (max) and tRAD s tRAD (max). If 
tRco or tRAD is greater than the maximum recommended value 
in this table, tRAC increases by the amount that tRcD or tRAD 
exceeds the value shown. 

(9) If tRAD <!: tRAD (max), then the access time is defined by tAA· 

(10) toFF (max) defines the time at which the output achieves the 
open-circuit condition and is not referenced to VoH or VoL· 

pPD424102 

11PD424102-80 11PD424102-10 

Min Max Min Max Unit Test Conditions 

20 45 25 55 ns (Note 17) 

15 20 ns 

0 0 ns (Note 15) 

15 20 ns 

10 10 ns 

0 0 ns 

15 20 ns (Note 13) 

50 60 ns 

10 10 ns 

(11) The tcRP requirement should be applicable for RAS/CS cycles 
preceded by any cycle. 

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

(13) Parameter twp is applicable for a delayed write cycle such as a 
read-write/read-modify-write cycle. For early write operation, 
both twcs and twcH must be met. 

(14) These parameters are referenced to the falling edge of CS for 
early write cy, cles and to the falling edge of WE for delayed write -
or read-modify-write cycles. ... 

(15) twcs. tRWD• tcwo. and tAwo are restrictive operating parame
ters In read-write/read-modify-write cycles only. If twcs <!: twcs 
(min), the cycle is an early write cycle and the data output will 
remain open-circuit throughout the entire cycle. If tcwo <!: tcwo 
(min), tRWo <!: tRWo (min), and tAwo <!: tAwo (min), 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 is m.!!r, 
the condition of the data output pin (at access time and until CS 
returns to V1H> is indeterminate. 

(16) A test mode may~ initiated by executing a CS before RAS 
refresh cycle with WE held at VIL· This mode also may inadvert
ently be initiated during power-up because external control of 
the signal lines is very difficult during this period. It is therefore 
recommended that while WE is held at VIH• either a RAS-only or 
CS before RAS refresh cycle should be executed at any time 
after the end of the Initial power-up sequence to ensure normal 
device operation. 

(17) Assumes that twAD s iwAD (max). 
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pPD424102 

Timing Waveforms 

Read Cycle 

cs 

Addrass 

WE 

8 

NEC 

rE:-------tRSH------
~-------:--tcsH--------.-

14-----tRco--~.-----tcs------

Colurm Addrass 

l.~ 
LL.AA~ 

le tCAc---... 
.._-------tRAC---------

Valid Data 

831H-89178 



tttlEC 
Timing Waveforms (cont) 

Early Write Cycle 

Address 

pPD424102 

t'WCS~ h•WCH 
WE l///J/ !11////J{ 1 •wPDJ //// !//J//j//(//11/ §jij///j///Z 

tasj_ ~ ~IDH=:l _ • 
D1N7/ ..,...,..,~......,...//j.,..._.,..~..,....,..,7//;..,....,...// ~.,...,...,.7/1?( VaDdDam ~/ /(§j//(///////// /// (///}/; 
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pPD424102 

Timing Waveforms {cont) 

Late Write Cycle 

NEC 

--~~----tRSHI----~ 

~~~--+.--;..;-~~~~----- ~~---tcs----~ r.i.....~~-i.-~~~~~-1 

cs 

Address 

WE 

8311+6919B 
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NEC 
Timing Waveforms (cont) 

Read-Write/Read-Modify-Write Cycle 

Address 

DOUT _______ Hl...:g:o..h_lmp __ edance ________ -<I 

pPD424102 

Valid Data 

11 



µPD424102 

Timing Waveforms (cont) 

Static-Column Read Cycle 

RAS 

tcsH 

cs 

Address Column Address 

DouT ____ H1 ... gh"--1m .... p_edance ____ ---<1 

12 

tcs 

tRSc 

11 

Column Address 

NEC 

tRAL 

Column Address 

Vaid 
Data-out 



NEC 
Timing Waveforms (cont) 

Static-Column Early Write Cycle 

------tRsw------)'-1 

Addrass 

Notes: 

[1] DOUT= high Impedance. 

Valid 
Data-In 

Valid 
Data-In 

Valid 
Data·ln 

pPD424102 

831H-6925B 
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pPD424102 NEC 
Timing Waveforms (cont) 

Static-Column Read-Write/Read-Modify-Write Cycle 

----

1

--tRwsc:----

tAsc tCAH 
I 

Address Column Address 

lt~w~ 
I RCS l'cwo tpwH 

WE bl A~ 
~____, 

D1N 

DoUT ____ H....:lg::...h_lm..:pedan;......;_ce.;..;_ __ -<I 

8311+692118 
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NEC 
Timing Waveforms (cont) 

Hidden Refresh Cycle 

-----Memory Cycle --~-Cs Before RAS Cycle 

pPD424102 

------tRc tRc--__.,..E----
tRAS 

RAS 

tRSH 
I 

11 cs 

~IM tRAL~ 

"""-11 I 
Add1'88S Column 

Address "" """ "' "' 

WE 71/!! llJ/!JI $$ 

\\\\\\\\ \\\ \\ 
~j~ L tCAC 

tRAc----

High Impedance 
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µPD424102 

Timing Waveforms (cont) 

RAS-Only Refresh Cycle 

r-tCRP 

cs__} 

Address 

NEC 

\_J 

DOUT--~~------------------------H-~~h-lm_pedan ___ oo ______________________________ _ 

Note: 

[1] WE;i,:VIH· 
831H-8921B 
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NEC pPD424102 

Timing Waveforms (cont) 

CS Before RAS Refresh Cycle 

.L.. tRC __,,, 

.c_ tRAS --
RAS N v ~ 

..._ tRP----+-

-{l~R+ ~~·1 tRPC-'> ;;;;!) ~ICRP 

Note: 

[1] Address= don't care. 
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NEC 
NEC Electronics Inc. 

Description 

The devices listed below are fast-page dynamic RAMs 
organized as 1,048,576 words by 4 bits and designed to 
operate from a single power supply. 

Optional features are power supply voltage ( +5 V or 
+3.3 V) and a new refresh mode called "self-refresh." 

µPD Options 
Second-generation products 
424400-xx + 5 V 
424400-xxL + 5 V; low-power 

Third-generation products 
424400A-xx +5 V 
42S4400A-xx +5 V; self-refresh, low-power 
424400L-Axx +3.3 V 
42S4400L-Axx +3.3 V; self-refresh, low-power 
-xx indicates speed grade (RAS access time). 

Advanced polycide technology minimizes silicon area 
and provides high storage cell capacity, high perfor
mance, and high reliability. A single-transistor dynamic 
storage cell and CMOS circuitry throughout ensure 
minimum power dissipation, while an on-chip circuit 
internally generates the negative-voltage substrate 
bias-automatically and transparently. 

The three-state 1/0 pins are controlled by CAS indepen
dent of RAS. After a valid read or read-modify-write 
cycle, data is held on the outputs by maintaining CAS 
low. Data outputs return to high impedance when CAS 
goes high. Fast-page read and write cycles can be 
executed by cycling CAS. 

Refreshing may be accomplished by means of a CAS 
before RAS cycle that internally generates the refresh 
address. Refreshing may also be accomplished by 
means of RAS-only refresh cycles or by normal read or 
write cycles on the 1024 address combinations of 
Ao -Ag during a 16-ms refresh period. 

The self-refresh mode is entered by holding RAS low for 
longer than 100 µs during a CAS-before-RAS refresh 
cycle. Detection of this long RAS time starts an internal 
oscillator that maintains data integrity without exter
nal clocking. The slow refresh reduces the data hold 
current to less than 200 microamperes. Self-refresh 
mode is used with microprocessors that have a "sleep 
mode" for low-power applications such as notebook 
PCs~ 

60001-2 

~PD424400,424400A/L,42S4400A/L 
1,048,576 x 4-Bit 

Dynamic CMOS RAM 

Features 

o 1,048,576 by 4-bit organization 
o Single +5-volt power supply 
o Fast-page option 
o Self-refresh option (slow internal automatic refresh) 
o Low power dissipation 
o CAS before RAS refreshing 
o Multiplexed address inputs 
o On-chip substrate bias generator 
o TTL-compatible inputs and outputs 
o Nonlatched, three-state outputs 
o Low input capacitance 
o 1024 refresh cycles every 16 ms 
o 26/20-pin SOJ, 20-pin ZIP, and 26/20-pin TSOP 

plastic packaging 

Pin ldentif ication 
Name Function 

Ao·Ag Address inputs 

Data inputs and outputs 

Column address strobe 

OE Output enable 

Row address strobe 

Write enable 

Ground .. 

+5-volt power supply I -----
GND 

Vee 



µPD424400,424400A/L,42S4400A/L 

Pin Configurations 

26/20-Pin Plastic SOJ 

424400, 424400AIL, 42S4400AIL 

V01 26 GND 

V02 2 25 V04 

WE s 24 VOs 
RAS 4 2.3 CAS 
Ag 5 22 OE 

Ao 9 1S As 
A1 10 17 A1 

A2 11 16 A5 

As 12 1S As 
Vee 13 14 A4 

20-Pin Plastic ZIP 

2 

424400, 424400AIL, 42S4400AIL 

OE 1 ~t"" ;;;::n 2 CAS 
VOs S ~.-: ::i 4 V04 

GND 5 . ._: ::i 6 V01 
V02 7 n~ ::i S WE 

~S g '.'.} ::i 10 Ag 
AO 11::::::i12 A1 

V 2 1S :::: ::i 14 As 
CC 15 ··-: ::i 16 A 
As 17 :::: ::~ 1S A 4 
A1 1g ::: 6 

~2> As 

8311+6977A 

831tf.6376A 

NEC 

26/20-Pin Plastic TSOP (Normal Pinouts) 

424400, 424400AIL, 42S4400AIL 

V01 10 26 GND 

V02 2 25 V04 
WE S 24 VOs 

RAS 4 23 CAS 

Ag s 22 OE 

-9JD 

Ao g 

A1 10 

A2 11 

As 12 

Vee 1S 

Suffix -9JD In the package Identifier 
denotes nonnal plnout sequence. 

83FM-89116A 

26/20-Pin Plastic TSOP (Reverse Pinouts) 

424400, 424400NL, 42S4400AIL 

GND 1 0 0 26 V01 

V04 2 25 V02 

VOs s 24 WE 

CAS 4 23 RAS 

OE 5 22 Ag 

-9KD 

As 9 18 Ao 

A1 10 17 A1 

Aa 11 16 A2 

As 12 15 As 

A4 1S 0 14 Vee 

Suffix -9KD In the package Identifier 
denotes reverse plnout sequence. 

83FM-88ClllA 



NEC µPD424400,424400A/L,42S4400A/L 

Ordering Information, ,iPD424400 ( + 5 V; standard version; 2nd-generation product) 
RAS Access R/W Cycle Fast-Page 

Part Number Time (max) Time (max) Cycle (max) Power Option Package 

µPD424400LA-60 60 ns 120 ns 40 ns Standard 26/20-pin plastic SOJ (300-mil) 

LA-70 70 ns 140 ns 45 ns 

LA-80 80 ns 160 ns 50 ns 

µPD424400LA-60L 60 ns 120 ns 40 ns Low-power 

LA-70L 70 ns 140 ns 45 ns 

LA-SOL 80 ns 160 ns 50 ns 

µPD424400V-60 60 ns 120 ns 40 ns Standard 20-pin plastic ZIP 

V-70 70 ns 140 ns 45 ns 

V-80 80 ns 160 ns 50 ns 

µPD424400V-60L 60 ns 120 ns 40 ns Low-power 

V-70L 70 ns 140 ns 45 ns 

V-80L 80 ns 160 ns 50 ns 

µPD424400GS-60 60 ns 120 ns 40 ns Standard 26/20-pin plastic TSOP (normal pinouts) 

GS-70 70 ns 140 ns 45 ns 

GS-80 80 ns 160 ns 50 ns 

µPD424400GS-60L 60 ns 120 ns 40 ns Low-power 

GS-70L 70 ns 140 ns 45 ns 

GS-SOL 80 ns 160 ns 50 ns 

µPD424400GSM-60 60 ns 120 ns 40 ns Standard 26/20-pin plastic TSOP (reverse pinouts)) 

GSM-70 70 ns 140 ns 45 ns 

GSM-80 80 ns 160 ns 50 ns 

µPD424400GSM-60L 60 ns 120 ns 40 ns Low-power 

Ell GSM-70L 70 ns 140 ns 45 ns 

GSM-80L 80 ns 160 ns 50 ns 

3 



µPD424400, 424400A/L, 42S4400A/L NEC 
Ordering Information, p.PD424400A ( + 5 V; standard version; 3rd-generation product) 

RAS Access R/WCycle Fast-Page 
Part Number Time (max) Time (max) Cycle (max) Package 

µPD424400ALA-50 50 ns 100 ns 35 ns 26/20-pin plastic SOJ (300-mil) 

LA-60 60 ns 120 ns 40 ns 

LA-70 70 ns 140 ns 45 ns 

LA-80 80 ns 160 ns 50 ns 

µPD424400AV-50 50 ns 100 ns 35 ns 20-pin plastic ZIP 

V-60 60 ns 120 ns 40 ns 

V-70 70 ns 140 ns 45 ns 

V-80 80 ns 160 ns 50 ns 

µPD424400AGS-50 50 ns 100 ns 35 ns 26/20-pin plastic TSOP (normal pinouts) 

GS-60 60 ns 120 ns 40 ns 

GS-70 70 ns 140 ns 45 ns 

GS-80 80 ns 160 ns 50 ns 

µPD424400AGSM-50 50 ns 100 ns 35 ns 26/20-pin plastic TSOP (reverse pinouts) 

GSM-60 60 ns 120 ns 40 ns 

GSM-70 70 ns 140 ns 45 ns 

GSM-80 80 ns 160 ns 50 ns 

Ordering Information, p.PD42S4400A ( + 5 V; self-refresh, low-power version; 3rd-generation product) 
RAS Access R/WCycle Fast-Page Self-Refresh 

Part Number Time (max) Time (max) Cycle (max) Current (max) Package 

µPD42S4400ALA-50 50 ns 100 ns 35 ns 200µA 26/20-pin plastic SOJ (300~mil) 

LA-60 60 ns 120 ns 40 ns 

LA-70 70 ns 140 ns 45 ns 

LA-80 80 ns 160 ns 50 ns 

µPD42S4400AV-50 50 ns 100 ns 35 ns 200µA 20-pin plastic ZIP 

V-60 60 ns 120 ns 40 ns 

V-70 70 ns 140 ns 45 ns 

V-80 80 ns 160 ns 50 ns 

µPD42S4400AGS-50 50 ns 100 ns 35 ns 200µA 26/20-pin plastic TSOP (normal pinouts) 

GS-60 60 ns 120 ns 40 ns 

GS-70 70 ns 140 ns 45 ns 

GS-80 80 ns 160 ns 50 ns 

µPD42S4400AGSM-50 50 ns 100 ns 35 ns 200µA 26/20-pin plastic TSOP (reverse pinouts) 

GSM-60 60 ns 120 ns 40 ns 

GSM-70 70 ns 140 ns 45 ns 

GSM-80 80 ns 160 ns 50 ns 

4 



NEC pPD424400, 424400A/L, 42S4400A/L 

Ordering Information, µPD424400L ( + 3.3 V; standard version; 3rd-generation product) 
RAS Access R/W Cycle Fast-Page 

Part Number Time (max) Time (max) Cycle (max) Package 

µPD424400LLA-A 70 70 ns 140 ns 45 ns 26/20-pin plastic SOJ (300-mil) 

LA-A80 80 ns 160 ns 50 ns 

µPD424400LV-A70 70 ns 140 ns 45 ns 20-pin plastic ZIP 

V-A80 80 ns 160 ns 50 ns 

µPD424400LGS-A70 70 ns 140 ns 45 ns 26/20-pin plastic TSOP (normal pinouts) 

GS-A80 80 ns 160 ns 50 ns 

µPD424400LGSM-A70 70 ns 140 ns 45 ns 26/20-pin plastic TSOP (reverse pinouts) 

GSM-A80 80 ns 160 ns 50 ns 

Ordering Information, µPD42S4400L ( + 3.3 V; self-refresh, low-power version; 3rd-generation product) 
RAS Access R/W Cycle Fast-Page Self-Refresh 

Part Number Time (max) Time (max) Cycle (max) Current (max) Package 

µPD42S4400LLA-A70 70 ns 140 ns 45 ns 100µA 26/20-pin plastic SOJ (300-mil) 

LA-A80 80 ns 160 ns 50 ns 

µPD42S4400LV-A70 70 ns 140 ns 45 ns 100µA 20-pin plastic ZIP 

V-A80 80 ns 160 ns 50 ns 

µPD42S4400LGS-A70 70 ns 140 ns 45 ns 100µA 26/20-pin plastic TSOP (normal pinouts) 

GS-A80 80 ns 160 ns 50 ns 

µPD42S4400LGSM-A70 70 ns 140 ns 45 ns 100µA 26/20-pin plastic TSOP (reverse pinouts) 

GSM-A80 80 ns 160 ns 50 ns 

5 



pPD424400,424400A/L,42S4400A/L 

Block Diagram 

6 

Ao
A1 • 
A2 • 
Aa • 
A4 • 
As • 
Aa • 
A1 • 
Ag • 
Ag-

CASClock 
Generator 

WE Clock 
Generator 

OE Clock 
Generator 

Data VO Bus 

Column Decoder 

Sense Amplifier 

Memory Array 

fttf EC 

Data~n 
Buffer 

Data-out 
Buffer 

8311f.61181B 



NEC 
Absolute Maximum Ratings 
Voltage on any pin relative to GND 

5-volt devices 
3.3-volt devices 

Operating temperature, ToPR 

Storage temperature, TsTG 

Short-circuit output current, los 
5-volt devices 
3.3-volt devices 

Power dissipation, Po 

-1.0 to +7.0 V 
-0.5 to +4.6 V 

Oto +70°C 

-55 to + 125°C 

50mA 
20 mA 

1.0W 

Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause perma
nent damage. The device should be operated within the limits 
specified under DC and AC Characteristics. 

DC Characteristics; 5-Volt Devices 
Recommended operating conditions unless otherwise noted. 

424400,424400A 42S4400A 

pPD424400, 424400A/L, 42S4400A/L 

Capacitance 
TA = 25°C; f = 1 MHz 

Parameter Symbol Max Unit Pins Under Test 

Input capacitance C11 5 pF Addresses 

C12 7 pF RAS, CAS, WE, OE 

Input/output Co 7 pF 1/01-1/04 
capacitance 

Parameter Symbol Min Max Min Max Unit Test Conditions 

Standby current 2.0 

1.0 

Input leakage current ll(l) -10 10 

Output leakage current lo(l) -10 10 

Output voltage, low Vol 0.4 

Output voltage, high VoH 2.4 

Self-refresh current Ice? Not applicable 

DC Characteristics; 3.3-Volt Devices 

2.0 

0.2 

-10 10 

-10 10 

0.4 

2.4 

200 

mA RAS= CAS ~ V1H (min); lo = 0 mA 

mA RAS = CAS ~ V cc - 0.2 V; lo = 0 mA 

µA V1N = 0 V to V cc: all other pins not under test = 0 V 

µA DouT disabled; VouT = o V to Vee 

V lol = 4.2mA 

v loH = -5 mA 

µA lo = 0 mA; all 1/0 and input pins ~ V cc -0.2 V or s 0.2 V 
or open; tRAS ~ 100 µs; 1024 refresh cycles must be 
performed within 16 ms before entering self-refresh and 
after exiting self-refresh tJI 

Recommended operating conditions unless otherwise noted. 

424400L 

Parameter Symbol Min Max 

Standby current 2.0 

0.5 

Input leakage current l1(l) -5 5 

Output leakage current lo(l) -5 5 

Output voltage, low Vol 0.4 

Output voltage, high VoH 2.4 

Self-refresh current Ice? Not applicable 

42S4400L 

Min Max Unit Test Conditions 

0.5 

0.1 

-5 5 

-5 5 

0.4 

2.4 

100 

mA RAS= CAS ~ V1H (min); lo= 0 mA 

mA RAS = CAS ~ Vee - 0.2 V; lo = 0 mA 

µA 

µA 

v 
v 

µA 

V1N = O V to V cc; all other pins not under test = O V 

DouT disabled; VouT = o V to V cc 

lol = 2 mA 

loH = -2 mA 

lo= 0 mA; all 1/0 and input pins~ Vee -0.2 V ors 0.2 V 
or open; tRAS ~ 100 µs; 1024 refresh cycles must be 
performed within 16 ms before entering self-refresh and 
after exiting self-refresh 

7 



pPD424400, 424400A/L, 42S4400A/L NEC 
Low-Power Battery Backup (Low-Power and·Self-Refresh Versions Only) 

CAS Before RAS Refresh 
Symbol 424400-xxL 42S4400A 42S4400L Unit tRAS Cycle Standby Conditions 

lcc6 (max) 500 300 150 µA :5 1 µs 1024 refresh cycles (min) every RAS= CAS;:::: Vee -0.2 V; 

300 200 100 µA :5 200 ns 128 ms; RAS= CAS;:::: Vee- DIN• WE, OE, Addresses <:= Vee 

0.2 V ors. 0.2 V, as appro- - 0.2 V or :5 0.2 V; 1/0 open 

priate; 1/0 open; all other inputs 
<:= V cc - 0.2 V or :5 0.2 V 

Recommended Operating Conditions 
5-Volt Devices 3.3-Volt Devices 

Parameter Symbol Min Typ Max Min Typ Max Unit 

Input voltage, high V1H 2.4 Vee+ 1.0 2.0 Vee +o.3 v 
Input voltage, low V1L -1.0 0.8 -0.3 0.8 v 
Supply voltage Vee 4.5 5.0 5.5 3.0 3.3 3.6 v 
Ambient temperature TA 0 +70 0 +70 cc 

AC Characteristics 
Recommended operating conditions unless otherwise noted. 

·50 -60 -70 -80 

Parameter Symbol Min Max Min Max Min Max Min Max Unit Test Conditions 

Operating current, lcc1 (+5 V) 100 120 100 90 mA RAS and CAS cycling; 
average 

lcc1 (+3.3 V) 70 60 mA 
tRc = tRc min; 
lo= O mA (Note 5) 

Operating current, RAS- lcc3 (+5 V) 100 120 100 90 mA RAS cycling; CAS <:= V1H; 
only refresh cycle, 

lcc3 (+3.3 V) 70 60 mA 
tRc = tRc min; 

average lo = O mA (Note 5) 

Operating ~urrent, fast- lcc4 (+5 V) 90 90 80 70 mA RAS :5 V1L; CAS cycling; 
page cycle, average 

lcc4 (+3.3 V) 60 50 mA 
tpc = tpc min; 
lo = o mA (Note 5) 

Operating current, CAS Ices (+5 V) 100 120 100 90 mA RAS cycling; CAS before 
before RAS refresh cycle, 

Ices (+3.3 V) 70 60 mA 
RAS; tRc = tRc min; 

average lo= O mA (Note 5) 

Access time from column tAA 25 30 35 40 ns (Notes 3, 4, 7, 8, 11) 
address 

Access time from CAS tACP 30 35 40 45 ns (Notes 3, 4, 7, 11) 
precharge (rising edge) 

Column address setup tASC 0 5 0 5 0 10 0 15 ns (Note 9) 
time 

Row address setup time tASR 0 0 0 0 ns 

Column address to WE tAwo 50 50 55 65 ns (Note 16) 
delay time 

Access time from CAS tcAc 15 15 20 20 ns (Notes 3, 4, 7, 8, 11) 
(falling edge) 

Column address hold tcAH 15 15 15 15 ns 
time 

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

CAS hold time for CAS tcHR 10 15 15 15 ns 
before RAS refresh cycle 

8 



NEC pPD424400,424400A/L,42S4400A/L 

AC Characteristics (cont) 
-50 -60 -70 -80 

Parameter Symbol Min Max Min Max Min Max Min Max Unit Test Conditions 

CAS hold (CBR self- fcHS -50 -50 -50 -50 ns 
refresh) 

CAS to output in low fcLZ 0 0 0 0 ns (Note 7) 
impedance 

CAS precharge time, fast- tcp 10 10 10 10 10 15 10 20 ns (Note 9) 
page cycle 

CAS precharge time, tcPN 10 10 10 10 ns 
nonpage cycle 

CAS to RAS precharge tcRP 10 10 10 10 ns (Note 12) 
time 

CAS hold time tcsH 50 60 70 80 ns 

CAS setup time for CAS tcsR 10 10 10 10 ns 
before RAS refresh cycle 

CAS to WE delay tcwo 40 40 40 45 ns (Note 16) 

Write command to CAS tcwL 15 15 15 15 ns 
lead time 

Data-in hold time toH 10 15 15 15 ns (Note 15) 

Data-in setup time tos 0 0 0 0 ns (Note 15) 

Access time from OE to EA 15 15 20 20 ns (Notes 3, 4, 7, 8, 11) 

OE delay data time toED 15 15 15 20 ns 

OE command hold time toEH 0 0 0 0 ns 

OE to inactive setup time to ES 0 0 0 0 ns 

Output turnoff delay from toEZ 0 15 0 15 0 15 0 20 ns (Note 10) 
OE 

Output buffer turnoff to FF 0 15 0 15 0 15 0 20 ns (Note 10) Bl delay 

OE to output in low-Z toLZ 0 0 0 0 ns (Notes 6, 7) 

Fast-page cycle time tpc 35 40 45 50 ns (Note 6) 

Fast-page read-modify- tPRWC 80 85 90 100 ns (Note 6) 
write cycle time 

Access time from RAS tRAC 50 60 70 80 ns (Notes 3, 4, 7, 8) 

RAS to column address tRAD 15 25 15 30 15 35 17 40 ns (Note 9) 
delay time 

Row address hold time tRAH 10 10 10 12 ns 

Column address lead tRAL 25 30 35 40 ns 
time referenced to RAS 
(rising edge) 

RAS pulse width tRAS 50 10,000 60 10,000 70 10,000 80 10,000 ns 

RAS pulse width, fast- tRASP 50 125,000 60 125,000 70 125,000 80 125,000 ns 
page cycle 

RAS width (CBR self- tRASS 100 100 100 100 µs 
refresh) 

.. 9 



pPD424400, 424400A/L, 42S4400A/L NEC 
AC Characteristics (cont) 

-50 -60 -70 -80 

Parameter Symbol Min Max Min Max Min Max Min Max Unit Test Conditions 

Random read or write tRc 100 120 140 160 ns (Note 6) 
cycle time 

130 150 ns (Notes 6, 18) 

RAS to CAS delay time tRCD 20 35 20 40 20 50 25 60 ns (Notes 8, 9) 

Read command hold time tRCH 0 0 0 0 ns (Note 13) 
referenced to CAS 

Read command setup tRCS 0 0 0 0 ns 
time 

Refresh period tREF 16 16 16 16 ms Addresses Ao - Ag 
(Note 19) 

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

RAS precharge time tRP 40 40 60 70 ns 

50 60 ns (Note 18) 

RAS precharge CAS hold tRPC 10 10 10 10 ns 
time 

RAS precharge (CBR tRPS 90 110 130 150 ns 
self-refresh) 

Read command hold time tRRH 10 10 10 10 ns (Note 13) 
referenced to RAS 

RAS hold time tRSH 15 15 20 20 ns 

Read-write cycle time tRwc 145 165 185 210 ns (Note 6) 

175 200 ns (Notes 6, 18) 

RAS to WE delay tRWD 75 80 90 105 ns (Note 16) 

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

Rise and fall transition tT 3 50 3 50 3 50 3 50 ns (Note 3) 
time 

Write command hold twcH 10 10 15 15 ns (Note 14) 
time 

Write command setup twcs 0 0 0 0 ns (Note 16) 
time 

WE hold time twHR 15 15 15 15 ns 

Write command pulse twp 10 10 15 15 ns (Note 14) 
width 

WE setup time twsR 10 10 10 10 ns 

10 



NEC 
AC Characteristics 

Notes: 

(1) All voltages are referenced to GND. 

(2) An initial pause of 100 µsis required after power-up, followed by 
any eight RAS cycles, before proper device operation is 
achieved. At the end of the initial power-up sequence, it is 
recommended that either a RAS-only or CAS before RAS refresh 
cycle be executed while WE 2: V1H to ensure normal operation. 

(3) Ac measurements assume tr= 5 ns. 

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

(5) lcc1. lcc3. lcc4• and Ices depend on output loading and cycle 
rates. Specified values are obtained with the output open. lcc3 
is measured assuming that all column address inputs are held at 
either a high level or a low level during RAS-only refresh cycles. 
lcc4 is measured assuming that all column address inputs are 
switched only once during each fast-page cycle. 

(6) The minimum specifications are used only to indicate the cycle 
time at which proper operation over the full temperature range 
(TA = 0 to + 70°C) is assured. 

(7) Load = 2 TTL (-1 mA, +4 mA) loads and 100 pF. 

(8) For random read cycles, access time is defined as follows. 

Input Conditions Access Time 

tRAD 2: tRAD (max), tAsc s tAsc (max) 

tcAC 

The above access times assume that OE has been active toEA 
(max) prior to when data is expected on the output. 

(9) tRco (max), tRAD (max), tAsc (max) and tcp (max) are specified 
as reference points only; they are not restrictive operating 
parameters. They are used to determine which access time 
(tRAC• tAA• tcAC• or tAcr) is to be used for determining when 
output data will be available. 

(10) toFF (max) and toEZ (max) define the time at which the outputs 
become open-circuit and are not referenced to VoH or Vol· 

pPD424400,424400A/L,42S4400A/L 

(11) For fast-page read operation, access time is defined follows. 

CAS and Column Address 
Input Conditions 

tcp s tcp (max), tAsc2: tcp 

tcp s tcp (max), tAsc s tcp 

tcp 2: tcp (max), tAsc stAsc (max) 

tcp 2: tcp (max), tAsc 2: tAsc (max) 

Access 
Time 

tcAC 

The above access times assume that OE has been active toEA 
(max) prior to when data is expected on the output. 

(12) The tcRP requirement should be applicable for RAS/CAS cycles 
preceded by any cycle. 

(13) Either tRRH or tRcH must be satisfied for a read cycle. 

(14) Parameter twp is applicable for a delayed write cycle such as a 
read-write/read-modify-write cycle. For early write cycles, both 
twcs and twcH must be met. 

(15) These parameters are referenced to the fal.!.!!!.9 edge of CAS for 
early write cycles and to the falling edge of WE for delayed write 
or read-modify-write cycles. 

(16) twcs. tRWD• t~wo. and tAwo are restrictive operating parame
ters in read-write/read-modify-write cycles only. If twcs 2: twcs 
(min), the cycle is an early write cycle and the data 1/0 pins will 
remain open-circuit throughout the entire cycle. If tcwo 2: tcwo 
(min), tRWD 2: tRwo (min), andtAwo 2: tAwD (min), then the cycle 
is a read-write cycle and the data 1/0 pins will contain data read 
from the selected cells. If neither of the above conditions is met, 
the condition of the data 1/0 pins (at access time and unti I CAS 
returns to V1H) is indeterminate. 

(17) A test mode may ~initiated by executing a CAS before RAS ... 
refresh cycle with WE held atV1L· This mode also may inadvert- &im 
ently be initiated during power-up because external control of 
the signal lines is very difficult during this period. It is therefore 
recommended that while WE is held at V1H• either a RAS-only or 
CAS before RAS refresh cycle should be executed at any time 
after the end of the initial power-up sequence to ensure normal 
device operation. 

(18) Applies to µPD424400L and µPD42S4400L. 

(19) 1024 refresh cycles must be performed within 16 ms before 
entering self-refresh and after exiting self-refresh. 
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pPD424400, 424400A/L, 42S4400A/L 

Timing Waveforms 

Read Cycle 

RAS 

CAS 

Address 

I ..... Ef------tRSH----

tcsH--------~ 

i+---tRco--~~----tCAs------i ... , 

NEC 

WE 71/111 !Ill!@ _J V/JI//; 
-----toES 

~~1 

I ~ tcAc 

~tAA----~ 
--------tRAr.--t-------

ce I 
Input/Output ------~.;...;;.;.;i==---__;.---+----fl 

L.='GZ 

12 

Valid Data-out 
High Impedance 

83VM779B 



NEC pPD424400, 424400A/L, 42S4400A/L 

Timing Waveforms (cont) 

Early Write Cycle 

RAS 

CAS 

Address 

~1 <----tRSH-----

--------tcsH-----~ 

i.E--tRcD-~~--tcAs----'>I 

twcs_i ~ r=-•wcH I 
WE ............ \\\ ............... \ \\ .............. \\\ .............. \\\....-.-.\\\ ............. \\\r 1 1 twp-~w mm 1111 dZIJl II UZ'. 
~1. ~ I· '°"-J===== 

lnpuVOUtput ~ Data-In 

Note: 
[1] OE= don't care. 

83YL-6978B 
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pPD424400,424400A/L,42S4400A/L 

Timing Waveforms (cont} 

Late Write Cycle 

RAS 

CAS 

Address 

WE 

OE 

Input/Output 

14 

r"<'------tRSH----

---------,--tCSH--------~ 

NEC 

83YL-6979B 



NEC µPD424400,424400A/L,42S4400A/L 

Timing Waveforms (cont) 

Read-Write/Read-Modi'fy-Write Cycle 

Address 

tRWD 

I 
1.:-tcwo 

·< I tAwo------

WE 

OE 

~'j lnpuVOutput _______ H ..... lgh_l_m .... pedance _____ --<
1 

h-tRAc:-J _J 
I ~I J~toLZ 

tcLZH 
83YL-8980B 

15 
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pPD424400,424400A/L,42S4400A/L 

Timing Waveforms (cont) 

Fast-Page Read· Cycle 

16 

NEC 

83V&6788B 



NEC 
Timing Waveforms (cont) 

Fast-Page Early Write Cycle 

Note: 

[1] OE = don't care. 

pPD424400, 424400A/L, 42S4400A/L 

83YL-eae1a 
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pPD424400,424400A/L,42S4400A/L 

Timing Waveforms {cont) 

Fast-Page Late Write Cycle 

18 

NEC 

83YL-6a82B 



NEC pPD424400, 424400A/L, 42S4400A/L 

Timing Waveforms (cont) 

Fast-Page Read-Write/Read-Modify-Write Cycle 

14-------tpRwc----~1 

·---4----tcAs-----

tcAH 

Address 

toH 

High Impedance 

83Yl-69838 

19 



µPD424400, 424400A/L, 42S4400A/L 

Timing Waveforms (cont) 

Hidden Refresh Cycle 

NEC 

----Memory Cycle--~<- CAS Before RAS Cycle ~E---CAS Befora RAS Cycle 

20 

----tRc tRc tRc-----

RAS 

CAS 

Address 

WE I!///!!/! 
I 

twHR~ I 

\\\\\\\ \\~\\\\\~ 
I 

Valld Data-out 

to FF 

toez 

High 
Im e 

83V!M17116B 



NEC 
Timing Waveforms (cont) 

RAS-Only Refresh Cycle 

RAS 

tcRP 

CAS Jl 
--~~-· 

µPD424400, 424400A/L, 42S4400A/L 

High Impedance 
lnpuVOutput ---------------------------------

Notes: 

[1] WE=OE=don'tcare. 
83VB-6783B 

CAS Before RAS Refresh Cycle 

RAS 

lCRP 

CAS 

WE 71! \\\\\\\ \\\\\\\\\\\ \\\\\ \\\\ \\\\\\\\\ \\\\\\\ \ 
lnpuVOutput ---------------H_.lg_h _lm._pedan_ce ______________ _ 

83\IB-87848 
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pPD424400, 424400A/L, 42S4400A/L 

Timing Waveforms (cont) 

CBR Seff-Refresh Cycle 

lr-------..1 ·-tcs-R ----s·-------'r~· 

NEC 

~}\\\\\ \\ \\ \\\\\\\ \\\\\\\\\ \\\\\ \\ \ 
)) High Impedance 

83CL-90828 
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NEC 
NEC Electronics Inc. 

Description 

The µPD424402 is a static-column dynamic RAM organ
ized as 1,048,576 by 4 bits and designed to operate 
from a single +5-volt power supply. Advanced polycide 
technology minimizes silicon area and provides high 
storage cell capacity, high performance, and high reli
ability. A single-transistor dynamic storage cell and 
CMOS circuitry throughout ensure minimum power 
dissipation, while an on-chip circuit internally gener
ates the negative-voltage substrate bias-automati
cally and transparently. 

The three-state 1/0 pins are controlled by CS indepen
dent of RAS. After a valid read or read-modify-write 
cycle, data is held on the outputs by maintaining CS 
low. Data outputs return to high impedance when CS 
goes high. Static column read and write cycles can be 
executed by cycling CS. 

Refreshing may be accomplished by means of a CS 
before RAS cycle that internally generates the refresh 
address. Refreshing may also be accomplished by 
means of RAS-only refresh cycles or by normal read or 
write cycles on the 1,024 address combinations of Ao 
through A9 during a 16-ms refresh period. 

Features 

o 1,048,576 by 4-bit organization 
o Single +5-volt power supply 
o Static-column option 
o Low power dissipation 
o CS before RAS refreshing 
o Multiplexed address inputs 
o On-chip substrate bias generator 
o TTL-compatible inputs and outputs 
o Nonlatched, three-state outputs 
o Low input capacitance 
o 1024 refresh cycles every 16 ms 
o 26/20-pin plastic SOJ, 26/20-pin plastic TSOP, or 

20-pin plastic ZIP packaging 

60099-2 

µPD424402 
1,048,576 x 4-Bit 

Dynamic CMOS RAM 

Pin Configurations 

26/20-Pin Plastic SOJ 

µPD424402 

V01 1 26 GND 

V02 2 25 V04 
24 V03 

RAS 4 23 cs 
Ag 5 22 ae 

Ao 1S As 

A1 10 17 A1 

A2 11 1S As 

A3 12 15 As 
Vee 13 14 A4 

20-Pin Plastic ZIP 

OE 1 ~I'."-

~~:~~::~ 
V02 7 :::. :zJ S WE 

~S g '.'.'.· :1J 10 Ag 
A 0 11 :::. :n 12 A1 

V 2 13 :::. :n 14 A3 

~ 15 
:::. :n 1S A4 

A 5 17 ::~ :1J 1S As 
7 1g .::~ 20 As 

8311+7010A 

831H-7011A 



µPD424402 

Pin Configurations (cont) 

26/20-Pin Plastic TSOP (Normal Pinouts) 

µPD424402 

V01 1.0 26 GND 

V02 2 25 V04 
WE 3 24 V03 

RAS 4 23 cs 
Ag 5 22 6E 

-9JD 

Ao g 18 Aa 

A1 10 17 A1 

A2 11 16 As 

Aa 12 15 As 
Vee 13 0 14 A4 

Sufflx-9.JD In the package ldenUfler 
denotes nonnal plnout sequence. 

83YL·7940A 

26/20-Pin Plastic TSOP (Reverse Pinouts) 

µPD424402 

GND 0 V01 

V04 2 V02 
V03 3 WE 

cs 4 RAS 

OE 5 Ag 

-9KD 

Aa 9 Ao 

A1 10 A1 

Ae 11 A2 

As 12 Aa 
A4 13 0 Vee 

Sufflx-9KD In the package Identifier 
denotes reverse plnout sequence. 

83YL·7941A 

2 

NEC 
Pin ldentif ication 
Name Function 

Ao-Ag Address inputs 

Data inputs and outputs 

Column address strobe 

Output enable 

Row address strobe 

Write enable 

GND Ground 

Vee + 5-volt power supply 

Capacitance 
TA = 25°C; f = 1 MHz 

Parameter Symbol Max Unit Pins Under Test 

Input capacitance C11 5 pF Addresses 

C12 7 pF AAS, CS, WE, OE 

Input/output Co 7 pF 1101 -1/04 
capacitance 

Absolute. Maximum Ratings 
Voltage on any pin relative to GND -1.0 to +7.0 V 

Operating temperature, ToPR o to +70°C 

Storage temperature, TsTG -55 to + 125°C 

Short-circuit output current, los 50mA 

Power dissipation, Po 1.0W 

Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause perma
nent damage. The device should be operated within the limits 
specified under DC and AC Characteristics. 

Recommended Operating Conditions 
Parameter Symbol Min Typ Max Unit 

Input voltage, high V1H 2.4 Vee+ 1.0 v 
Input voltage, low V1L -1.0 0.8 v 
Supply voltage Vee 4.5 5.0 5.5 v 
Ambient temperature TA 0 70 oc 



NEC 
Block Diagram 

RAS 

cs 

RAS Clock 
Generator 

Cs Before RAs 

CS Clock 
Generator 

OE 

lii 
'8 
~ 
0 

~ 

pPD424402 

WE Clock 
Generator 

OE Clock 
Generator 

Data-In 
Buffer 

V01 
Data VO Bus 

V04 

Column Decoder Data-out 
Buffer 

Sense Ampllfler 

Memory Array 

831H-7012B 

DC Characteristics .. 
TA= o to +70°C; Vee= +5.0 V ±10% • ----------Parameter Symbol Min Typ Max 

Standby current lcc2 2.0 

1.0 

Input leakage current l1(L) -10 10 

Output leakage current lo(L) -10 10 

Output voltage, low Vol 0.4 

Output voltage, high VoH 2.4 

Low Power Battery Backup (·L Versions Only) 
Symbol Max 

Ices 500 

300 

Unit 

µA s 1 µs 

µA s 200 ns 

-e5 Before RAS Refresh Cycle 

1024 refresh cycles (min) every 128 ms; 

RAS = CS O?: V cc - 0.2 V or s 0.2 V, 
as appropriate; 1/0 open; all other inputs 
O?: V cc - 0.2 V or s 0.2 V 

Unit 

mA 

mA 

µA 

µA 

v 
v 

Test Conditions 

RAS = cs ;?: V1H (min); lo = 0 mA 

RAS = cs ;?: Vee - 0.2 V; lo = 0 mA 

V1N = 0 V to V cc; all other pins 
not under test = 0 V 

Dour disabled; Vour = o V to Vee 

loL = 4.2 mA 

loH = -5 mA 

Standby Conditions 

RAS= CS~ Vee- 0.2 V; WE, OE, Addresses 
O?: Vee- 0.2 V ors 0.2 V; 1/0 open 

3 



pPD424402 NEC 
Ordering Information 

RAS Access R/W Cycle Static-Column 
Part Number Time (max) Time (max) Cycle (max) Power Option Package 

µPD424402LA-60 60 ns 120 ns 35 ns Standard 26/20-pin plastic SOJ (300 mil) 

LA-70 70 ns 140 ns 40 ns 

LA-SO SO ns 160 ns 50 ns 

LA-10 100 ns 190 ns 60 ns 

µPD424402LA-60L 60 ns 120 ns 35 ns Low power 

LA-70L 70 ns 140 ns 40 ns 

LA-SOL SO ns 160 ns 50 ns 

LA-10L 100 ns 190 ns 60 ns 

µPD424402LB-70 70 ns 140 ns 40 ns Standard 26/20-pin plastic SOJ (350 mil) 

LB-SO SO ns 160 ns 50 ns 

LB-10 100 ns 190 ns 60 ns 

µPD424402LB-70L 70 ns 140 ns 40 ns Low power 

LB-SOL SO ns 160 ns 50 ns 

LB-10L 100 ns 190 ns 60 ns 

µPD424402V-60 60 ns 120 ns 35 ns Standard 20-pin plastic ZIP 

V-70 70 ns 140 ns 40 ns 

V-SO 80 ns 160 ns 50 ns 

V-10 100 ns 190 ns 60 ns 

µPD424402V-60L 60 ns 120 ns 35 ns Low power 

V-70L 70 ns 140 ns 40 ns 

V-SOL SO ns 160 ns 50 ns 

V-10L 100 ns 190 ns 60 ns 

µPD424402GS-60 60 ns 120 ns 35 ns Standard 26/20-pin plastic TSOP (normal pinouts) 

GS-70 70 ns 140 ns 40 ns 

GS-80 80 ns 160 ns 50 ns 

µPD424402GS-60L 60 ns 120 ns 35 ns Low power 

GS-70L 70 ns 140 ns 40 ns 

GS-SOL 80 ns 160 ns 50 ns 

µPD424402GSM-60 60 ns 120 ns 35 ns Standard 26/20-pin plastic TSOP (reverse pinouts) 

GSM-70 70 ns 140 ns 40 ns 

GSM-SO SO ns 160 ns 50 ns 

µPD424402GSM-60L 60 ns 120 ns 35 ns Low power 

GSM-70L 70 ns 140 ns 40 ns 

GSM-80L 80 ns 160 ns 50 ns 

4 



NEC pPD424402 

AC Characteristics 
TA= o to +70°C; Vee= +5.0V ± 10% 

·60 ·70 ·80 ·10 

Parameter Symbol Min Max Min Max Min Max Min Max Unit Test Conditions 

Operating current, lee1 120 100 90 80 mA RAS, CS cycling; 
average tRe = tRc min (Note 

5) 

Operating current, lee3 120 100 90 80 mA RAS cycling; CS C!': 

RAS-only refresh VtH min; tRc = tRc 
cycle, average min (Note 5) 

Operating current, lcc4 90 80 70 60 mA RAS s V1L; CS 
static-column cycle, cycling; tRsc = tRsc 
average min or twsc = twsc 

min (Note 5) 

Operating current, CS lees 120 100 90 80 mA RAS cycling; CS s 
before RAS refreshing, Vtl max; tRc = tRc 
average min (Note 5) 

Access time from tAA 30 35 40 50 ns (Notes 3, 4, 7, 8) 
column address 

Column address hold tAH 15 15 15 15 ns 
time referenced to 
RAS (rising edge) 

Column address tASC 0 0 0 0 ns 
setup time 

Row address setup tASR 0 0 0 0 ns 
time 

Column address to tAWD 30 55 65 80 ns (Note 15) 
WE delay time .. Access time from CS tcAC 20 20 20 25 ns (Notes 3, 4, 7, 8) 
(falling edge) 

Column address hold tcAH 15 15 15 20 ns 
time 

CS hold time for CS tcHR 15 15 15 20 ns 
before RAS refreshing 

CS precharge time, tep 10 10 10 10 ns 
static-column cycle 

CS precharge time tePN 10 10 10 10 ns 

CS to RAS precharge tcRP 10 10 10 10 ns (Note 11) 
time 

CS pulse width tcs 20 100,000 20 100,000 20 100,000 25 100,000 ns 

CS hold time tcsH 60 70 80 100 ns 

CS setup time for CS tesR 10 10 10 10 ns 
before RAS refreshing 

CS to WE delay tcwo 20 40 45 55 ns (Note 15) 

Write command tcwL 15 15 15 20 ns 
referenced to CS lead 
time 

Data-in hold time toH 15 15 15 20 ns (Note 14) 

Data-in setup time tos 0 0 0 0 ns (Note 14) 

Access time from OE toEA 20 20 20 25 ns (Notes 3, 4, 7, 8) 

OE data delay time toED 15 15 20 25 ns 

5 



pPD424402 NEC 
AC Characteristics (cont) 

-60 -70 -80 -10 

Parameter Symbol Min Max Min Max Min Max Min Max Unit Test Conditions 

OE command hold toEH 0 0 0 0 ns 
time 

OE to RAS inactive toEs 0 0 0 0 ns 
setup time 

Outp~urnoff delay toEZ 0 15 0 15 0 20 0 25 ns (Note 10) 
from OE 

Output buffer turnoff to FF 0 15 0 15 0 20 0 25 ns (Note 10) 
delay 

Output hold time for toH 5 5 5 5 ns 
address 

Output enable time tow 25 25 25 30 ns 
from WE 

Access time from WE tpwA 60 70 90 110 ns (Notes 7, 16) 

Column address hold tpwH 60 70 90 110 ns 
time referenced to WE 

Access time from RAS tRAC 60 70 80 100 ns (Notes 3, 4, 7, 8) 

RAS to column tRAD 15 30 15 35 17 40 17 50 ns (Note 9) 
address delay time 

Row address hold tRAH 10 10 12 12 ns 
time 

Column address lead tRAL 30 35 40 50 ns 
time referenced to 
RAS (rising edge) 

RAS pulse w,idth tRAS 60 10,000 70 10,000 80 10,000 100 10,000 ns 

RAS pulse width, tRASC 60 100,000 70 100,000 80 100,000 100 100,000 ns 
static-column cycle 

Random read or write tRc 120 140 160 190 ns (Note 6) 
cycle time 

RAS to CS delay time tRCD 20 40 20 50 25 60 25 75 ns (Note 8) 

Read command hold tRCH 0 0 0 0 ns (Note 12) 
time referenced to CS 

Read command setup tRcs 0 0 0 0 ns 
time 

Refresh period tREF 16 16 16 16 ms Address Ao through ~ 

RAS precharge time tRP 50 60 70 80 ns 

RAS precharge CS tRPC 10 10 10 10 ns 
hold time 

Read command hold tRRH 10 10 10 10 ns (Note 12) 
time referenced to 
RAS 

Read cycle time tRsc 35 40 50 60 ns 

RAS hold time tRSH 20 20 20 25 ns 

RAS to second WE tRsw 75 85 95 115 ns 
delay time 

Read-modify-write tRWc 145 185 210 250 ns (Note 6) 
cycle time 

RAS to WE delay tRWo 60 90 105 130 ns (Note 15) 

6 



NEC 
AC Characteristics (cont) 

Parameter 

Write command 
referenced to RAS 
lead time 

Read/write cycle time 

Rise and fall 
transition time 

WE to column address 
delay time 

Write command hold 
time 

Write command setup 
time 

WE command hold 
time for CS before 
RAS refreshing 

Write invalid time 

Write command pulse 
width 

Write cycle time 

WE command setup 
time for CS before 
RAS refreshing 

Notes: 

Symbol 

tRWL 

tRwsc 

tr 

twAD 

twcH 

twcs 

twHR 

tw1 

twp 

twsc 

twsR 

Min 

20 

65 

3 

20 

15 

0 

15 

10 

15 

35 

10 

(1) All voltages are referenced to GND. 

-60 -70 

Max Min Max 

20 

95 

50 3 50 

30 22 35 

15 

0 

15 

10 

15 

40 

10 

(2) An initial pause of 100 µs is required after power-up, followed by 
any eight RAS cycles, before proper device operation is 
achieved. At the end of t~itial power up ssuence, ~ 
recommended that either a RAS-ol}!y__refresh or a CS before RAS 
refresh cycle be executed while WE ~ V1H to ensure normal 
operation. 

(3) AC measurements assume tr = 5 ns. 

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

(5) lcc1. lcc3, lcc4, and Ices depend on output loading and cycle 
rates. Specified values are obtained with the output open. lcc3 
is measured assuming that all column address inputs are held at 
either a high level or a low level during RAS-only refresh cycles. 
lcc4 is measured assuming that all column address inputs are 
switched only once during each static column cycle. 

(6) The minimum specifications are used only to indicate the cycle 
time at which proper operation over the full temperature range 
(TA= 0 to+ 70 °C) is assured. 

(7) Load = 2 TTL (-1 mA, + 4 mA) loads and 100 pF (VoH= 2.0 V 
and VoL = 0.8 V). 

(8) If tRco ::; exceeds tRAD max, then tRAC will increase by the 
amount tRcD exceeds tRco (max). 

(9) If tRAD ~ tRAD (max), then the access time is defined by tAA· 

(10) toFF (max) and toEZ (max) define the time at which the outputs 
achieve the open-circuit condition and are not referenced to VoH 
orVoL· 

pPD424402 

-80 -10 

Min Max Min Max Unit Test Conditions 

20 25 ns 

120 145 ns 

3 50 3 50 ns (Note 4) 

20 45 25 55 ns (Note 16) 

15 20 ns (Note 13) 

0 0 ns (Note 15) 

15 20 ns 

10 10 ns 

15 20 ns (Note 13) 

50 60 ns 

10 10 ns 

(11) The tcRP requirement should be applicable for RAS/CS cycles -
preceded by any cycle. 

(12) Either tRRH or tRcH must be satisfied for a read cycle. 

(13) Parameter twp is applicable for a delayed write cycle such as a 
read-write/read-modify-write cycle. For early write cycles, both 
twcs and twcH must be met. 

(14) These parameters are referenced to the falling edge of CS for 
early write cycles and to the falling edge of WE for delayed write 
or read-modify-write cycles. 

(15) 

(16) 

twcs. tRWD· tcwo. and tAwD are restrictive operating parame
ters in read-write/read-modify-write cycles only. If twcs ~ twcs 
(min), the cycle is an early write cycle and the data 1/0 pins will 
remain open-circuit throughout the entire cycle. If tcwo ~ tcwo 
(min), tRWo ~ tRWo (min), andtAwo ~ tAwo (min), thenthe cycle 
is a read-write cycle and the data 1/0 pins will contain data read 
from the selected cells. If neither of the above conditions is m~ 
the condition of the data 1/0 pins (at access time and until CS 
returns to V1H) is indeterminate. 

A test mode may be initiated by executing a CS before RAS 
refresh cycle with WE held at VIL· This mode also may inadvert
ently be initiated during power-up because external control of 
the signal lines is very difficult during this period. It is therefore 
recommended that while WE is held at VIH• either a RAS-only or 
CS before RAS refresh cycle should be executed at any time 
after the end of the initial power-up sequence to ensure normal 
device operation. 

(17) Assumes twAD s twAD (max). 
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µPD424402 

Timing Waveforms 

Read Cycle 

RAS 

cs 

Address 

..,., Er-------tRSH------'.i 
-----------tcsH-------~-

--~ ....... ----tcs-------

Column 

L 

NEC 

WE 71!////! /////2 I V/!llJI 
..----tQES~ 
~~1 

toEZ 

-------~tRAr.--------;~ 

Valid Data-out 
High Impedance 

83YL·7942B 
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NEC µPD424402 

Timing Waveforms (cont) 

Early Write Cycle 

tRC 

tRAS 

RAS 

tcRP tRSH 

tcsH 

tRCD tcs 

cs 

Address 

•wcsi ~ ~twcH } 

WE -\\\-\ \\-\ \ \-\\ \-\\ \-\\\f 1 1 twp-----wum !/;1u1111&11 
~1. ~ I< 1oH--j .. 

Input/Output~ Data-In 

Note: 

[1] OE= don't care. 
83YL-7014B 
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pPD424402 

Timing Waveforms (cont) 

Late Write Cycle 

RAS 

cs 

Address 

WE 

OE 

lnpuVOUtput 

10 

r~~~~~~-tRSH-----
--------~~-tCSH~~~~~~~~->1 

_'---___ ,J:~•cwc~ I 
1.---tAsc.----•[ ~ 

Column 

tcAH 

NEC 

tRP 

tcPN 

83Yl.·7016B 



1\'EC 
Timing Waveforms (cont) 

Read-Write/Read-Modify-Write Cycle 

RAS 

1-oE-------tRSH--------
--------------tCSH------------'~ 

cs 

Address 

WE 

OE 

Input/Output ________ Hl .... g_h_lm .... p_edanc __ e _____ -<1 

l-----tRAc----~ 

pPD424402 

83YL·7016B 
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pPD424402 

Timing Waveforms (cont) 

Static-Column Read Cycle 

RAS 

----------tcsH·--------~ 

cs 

Address Column Column 

WE 

Input/Output ____ H_.lg.._h_lm .... pedan __ ce ____ _,1 

12 

NEC 

83YL·7020B 



NEC µPD424402 

Timing Waveforms (cont) 

Static-Column Early Write Cycle 

cs 

Address 

WE 

lnput/OUtput 

Note: 

[1] OE= don't care. 
83YL·7021B 
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pPD424402 NEC 
Timing Waveforms (cont) 

Static-Column Read-Write/Read-Modify-Write Cycle 

cs 
tRWSC ~1 

IE tpwH 

Address Column Column 

toH 

Input/Output ----+-H_lg_h_lm_pedan....__ce __ --t:I High Impedance 

83YL·7022B 
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NEC 
Timing Waveforms (cont) 

RAS-Only Refresh Cycle 

pPD424402 

High Impedance lnpuVOutput -----------------....;;.........;. _______________ _ 

Notes: 

[1] WE= OE= don't care. 
83YL·70178 

CS Before RAS Refresh Cycle 

14----------tRAS!---------

RAS 

tcRP 

cs 

WE 711 \\\\\\\\ \\\\ \\\\ \\\ \\\\\\\\ \\\ \\\ \ \\\\ \\\\\\ 
High Impedance 

lnpuVOutput ----------------....;_--------------------

83YL·7018B 
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pPD424402 

Timing Waveforms {cont) 

Hidden Refresh Cycle 

----tRC---~~--

tRAS 

RAS 

cs 

Address 

Input/Output ___ ...,._._H_.lg.__h i __ mp_eda_nc_e __ -<
1 

U:~.-AA 

16 

NEC 

--~:----tRc---

....--tRAS 

Valid Data-out 

toFF 

High 
Impedance 

83YL·7019B 



NEC 
NEC Electronics Inc. 

Description 

The µPD424410 is a 1,048,576 by 4-bit dynamic RAM 
designed with a write-per-bit option to operate from a 
single +5-volt power supply. Advanced polycide tech
nology minimizes silicon area and provides high stor
age cell capacity, high performance, and high reliabil
ity. A single-transistor dynamic storage cell and CMOS 
circuitry throughout ensure minimum power dissipa
tion, while an on-chip circuit internally generates the 
negative-voltage substrate bias-automatically and 
transparently. 

The three-state 1/0 pins are controlled by CAS indepen
dent of RAS. After a valid read or read-modify-write 
cycle, data is held on the outputs by maintaining CAS 
low. Data outputs return to high impedance when CAS 
goes high. Fast-page read and write cycles can be 
executed by cycling CAS. 

Refreshing may be accomplished by means of a CAS 
before RAS cycle that internally generates the refresh 
address. Refreshing may also be accomplished by 
means of RAS-only refresh cycles or by normal read or 
write cycles on the 1,024 address combinations of Ao 
through A9 during a 16-ms refresh period. 

Features 

o 1,048,576 by 4-bit organization 
o Single +5-volt power supply 
o Write-per-bit option 
o Fast-page option 
o Low power dissipation 
o CAS before RAS internal refreshing 
o Multiplexed address inputs 
o On-chip substrate bias generator 
o TTL-compatible inputs and outputs 
o Nonlatched, three-state outputs 
o Low input capacitance 
o 1024 refresh cycles every 16 ms 
o High-density 26/20-pin plastic SOJ, 26/20-pin 

plastic TSOP, or 20-pin plastic ZIP packaging 

60090-2 

pPD424410 
1,048,576 x 4-Bit 

Dynamic CMOS RAM 

Pin ldentif ication 
Name Function 

Ao-Ag Address inputs 

Data inputs and outputs 

Column address strobe 

Output enable 

Row address strobe 

Write enable 

GND Ground 

Vee + 5-volt power supply 

NC No connection 

Pin Configurations 

26/20-Pin Plastic SOJ 

1101 1-------ti GND 
1102 1104 

WE 1/03 

RAS eAS 
Ag OE 

20-Pin Plastic ZIP 

OE 1~ 
'::: 2 eAS 

1/03 3 ::: 
GND 5 :::' ::: 4 1104 

1102 7 .. -'{ 6 1/01 

~s 1 ~ ;;L: ~o :: 
A 0 13 :::' ::: 12 A 1 

2 : ::o 14 A 
Vee 1s ::: 3 

A 17 :::' ::: 16 A4 
S : ::: 18 A 

A1 1g ::: 6 

i...!~ 20 As 

831H-6849A 

831H-5375A 

-
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Pin Configurations {cont) 

26/20-Pin Plastic TSOP (Normal Pinouts) 

µP0424410 

1101 10 

I/Ci 2 

WE 3 

RAS 4 

Ag s 

-9JD 

Ao g 

A1 10 

A2 11 

A3 12 

Vee 13 

Suffix -9.JD in the package identifier 
denotes normal pinout sequence. 

Block Diagram 

RAS 

2 

CAs Before RAs 

Ao 

A1 • 
A2 • 

A3 • 
A4 • 

As • 

As • 

A1 • 
A8 • 
Ag 

26 

2S 

24 

23 

22 

18 

17 

1S 

1S 

014 

GND 

1104 

1103 

eAS 

OE 

A8 

A1 

As 

As 

A4 

CASelock 
Generator 

83FM-7912A 

NEC 

26/20-Pin Plastic TSOP (Reverse Pinouts) 

µPD424410 

GND 0 
1104 

l/Qa 3 

eAS 4 

0E s 

-9KD 

A8 g 

A1 10 

As 11 

As 12 

A4 13 0 

Suffix -gKD in the package identifier 
de~otes reverse pinout sequence. 

WEelock 
Generator 

Oeelock 
Generator 

Data l/OBus 

Column Decoder 

Sense Amplifier 

Memory Array 

0 26 1101 

2S 110.2 
24 WE 
23 RAs 
22 Ag 

18 Ao 
17 A1 
1S A2 
1S A3 
14 Vee 

Data-In 
Buffer 

Data-out 
Buffer 

83FM-7913A 

83IH-56918 
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Ordering Information 
RAS Access R/W Cycle Fast-Page 

Part Number Time (max) Time (max) Cycle (max) Power Option Package 

µPD424410LA-60 60 ns 120 ns 40 ns Standard 26/20-pin plastic SOJ (300 mil) 

LA-70 70 ns 140 ns 45 ns 

LA-SO SO ns 160 ns 50 ns 

LA-10 100 ns 190 ns 60 ns 

µPD424410LA-60L 60 ns 120 ns 40 ns Low power 

LA-70L 70 ns 140 ns 45 ns 

LA-SOL SO ns 160 ns 50 ns 

LA-10L 100 ns 190 ns 60 ns 

µPD424410LB-70 70 ns 140 ns 45 ns Standard 26/20-pin plastic SOJ (350 mil) 

LB-SO SO ns 160 ns 50 ns 

LB-10 100 ns 190 ns 60 ns 

µPD424410LB-70L 70 ns 140 ns 45 ns Low power 

LB-SOL SO ns 160 ns 50 ns 

LB-10L 100 ns 190 ns 60 ns 

µPD424410V-60 60 ns 120 ns 40 ns Standard 20-pin plastic ZIP 

V-70 70 ns 140 ns 45 ns 

V-SO SO ns 160 ns 50 ns 

V-10 100 ns 190 ns 60 ns 

µPD424410V-60L 60 ns 120 ns 40 ns Low power 

V-70L 70 ns 140 ns 45 ns 

V-SOL sons 160 ns 50 ns 

V-10L 100 ns 190 ns 60 ns 

26/20-pin plastic TSOP (normal pinouts) .. µPD424410GS-60 60 ns 120 ns 40 ns Standard 

GS-70 70 ns 140 ns 45 ns 

GS-SO SO ns 160 ns 50 ns 

µPD424410GS-60L 60 ns 120 ns 40 ns Low power 

GS-70L 70 ns 140 ns 45 ns 

GS-SOL SO ns 160 ns 50 ns 

µPD424410GSM-60 60 ns 120 ns 40 ns Standard 26/20-pin plastic TSOP (reverse pinouts) 

GSM-70 70 ns 140 ns 45 ns 

GSM-SO SO ns 160 ns 50 ns 

µPD424410GSM-60L 60 ns 120 ns 40 ns Low power 

GSM-70L 70 ns 140 ns 45 ns 

GSM-SOL SO ns 160 ns 50 ns 
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µPD424410 NEC 
Absolute Maximum Ratings Capacitance 
Voltage on any pin relative to GND, Vr -1.0 to + 7.0 V 

TA = 25°C; f = 1 MHz 

Operating temperature, To PR o to +70°C 
Parameter Symbol Max Unit Pins Under Test 

Storage temperature, TsrG -55 to + 125°C 
Input capacitance C11 5 pF Addresses 

Short-circuit output current, los 50mA C12 7 pF RAS, CAS, WE, OE 

Power dissipation, Po 1.0W 
Input/output capacitance Co 7 pF 1/01 -1/04 

Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause perma
nent damage. The device should be operated within the limits 
specified under DC and AC Characteristics. 

Recommended Operating Conditions 
Parameter 

Input voltage, high 

Input voltage, low 

Supply voltage 

Ambient temperature 

DC Characteristics 
TA = o to + 70°C; Vee = + 5.0 ±10% 

Parameter Symbol Min Typ Max Unit 

Standby current lcc2 2.0 mA 

1.0 mA 

Input leakage current l1(L) -10 10 µA 

Output leakage current lo(L) -10 10 µA 

Output voltage, low Vol 0.4 v 
Output voltage, high VoH 2.4 v 

Low Power Battery Backup (-L Versions Only) 
Symbol Max 

lcce 500 

300 

4 

Unit 

µA 

µA 

s 1 µs 

s 200 ns 

CAS Before RAS Refresh Cycle 

1024 refresh cycles (min) every 128 ms; 

RAS= CAS ~ Vcc-0.2Vor s 0.2V, 
as appropriate; 1/0 open; all other inputs 
~ V cc - 0.2 V or s 0.2 V 

Symbol Min Typ Max Unit 

V1H 2.4 Vee+ 1.0 v 
V1L -1.0 0.8 v 
Vee 4.5 5.0 5.5 v 
TA 0 70 oc 

Test Conditions 

RAS~ V1H (min); lo= 0 mA 

RAS= CAS ~ Vcc-0.2V; lo= OmA 

V1N = 0 V to V cc; all other pins 
not under test = O V 

Dour disabled; Vour = o V to V cc 

loL = 4.2 mA 

loH = -5 mA 

Standby Conditions 

RAS = CAS ~ Vee - 0.2 V; DIN• WE, OE, 
Addresses ~ Vee - 0.2 V ors 0.2 V; 1/0 open 



NEC pPD424410 

AC Characteristics 
TA= o to +70°C; Vee= +5.0 V ± 10% 

·60 ·70 ·80 ·10 

Parameter Symbol Min Max Min Max Min Max Min Max Unit Test Conditions 

Operating current, average 

Operating current, RAS-only refresh 
cycle, average 

Operating current, fast-page cycle, 
average 

Operating current, CAS before RAS 
refresh cycle, average 

Access time from column address 

Access time from CAS precharge 
(rising edge) 

Column address setup time 

Row address setup time 

Column address to WE delay time 

Access time from CAS (falling edge) 

Column address hold time teAH 

120 

120 

90 

120 

30 

45 

0 0 

0 0 

50 55 

20 

15 15 

100 90 

100 90 

80 70 

100 90 

35 40 

55 45 

0 

0 

65 

20 20 

15 

80 

80 

60 

80 

50 

55 

0 

0 

80 

25 

20 

mA RAS, CAS cycling; 
tRe = tAe min (Note 5) 

mA RAS cycling; CAS ~ V1H 
min; tRc = tAe min (Note 5) 

mA RAS s V1L; CAS cycling; 
tpe = tpe min (Note 5) 

mA RAS cycling; CAS s V1L 
max; tRe = tRe min 
(Note 5) 

ns (Notes 3, 4, 7, 8) 

ns (Notes 3, 4, 7, 8) 

ns 

ns 

ns (Note 14) 

ns (Notes 3, 4, 7, 8) 

ns 

CAS pulse width teAS 20 10,000 25 10,000 20 10,000 25 10,000 ns 

CAS hold time for CAS before RAS 
refreshing 

CAS to outp,ut active delay time 

tcHR 

CAS precharge time, fast-page cycle tep 

CAS precharge time, nonpage cycle tePN 

15 15 15 20 ns 

0 0 0 0 ns (Notes 4, 7) 

10 10 10 10 ns 

10 10 10 10 ns 

_c_A_S_t_o_R_A_S~p_re_c_h_ar_g_e_t_im_e~~~~~t_e_A_P~~1_0~~~~-1_0~~~~-10~~~~-1-0~~~~-n-s~-(N_o_te~10_)~~~~~~~ 1111!11111111 
CAS hold time tesH 60 70 80 100 ns s.Am 
CAS setup time for CAS before RAS tesR 10 10 10 10 
refresh cycle 

CAS to WE delay 

Write command referenced to CAS 
lead time 

Data-in hold time 

Data-in setup time 

Access time from OE 

OE data delay time 

OE command hold time 

OE to RAS inactive setup time 

Output turnoff delay from OE 

Output buffer turnoff delay 

OE to output active delay time 

Fast-page read or write cycle time 

Fast page read-modify-write cycle 
time 

Access time from RAS 

tewo 40 

tewL 15 

15 

tos 0 

to EA 20 

toED 15 

to EH 0 

to Es 0 

0 15 

toFF 0 15 

toLZ 0 

tpe 40 

tpAwe 85 

40 45 55 

15 15 20 

15 15 20 

0 0 0 

20 20 25 

15 20 25 

0 0 0 

0 0 0 

0 15 0 20 0 25 

0 15 0 20 0 25 

0 0 0 

45 50 60 

90 100 120 

70 80 100 

ns 

ns (Note 14) 

ns 

ns (Note 13) 

ns (Note 13) 

ns (Notes 3, 4, 7, 8) 

ns 

ns 

ns 

ns (Note 9) 

ns (Note 9) 

ns (Notes 5, 7) 

ns (Note 6) 

ns (Note 6) 

ns (Notes 3, 4, 7, 8) 
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pPD424410 NEC 
AC Characteristics (cont) 

-60 -70 -80 -10 

Parameter Symbol Min Max Min Max Min Max Min Max Unit Test Conditions 

AAS to column address delay time tRAD 15 30 15 35 17 40 17 50 ns (Note 8) 

Row address hold time tRAH 10 10 12 12 ns 

Column address lead time referenced tRAL 30 35 40 50 ns 
to RAS (rising edge) 

RAS pulse width tRAS 60 10,000 70 10,000 80 10,000 100 10,000 ns 

AAS pulse width, fast-page cycle tRASP 60 125,000 70 125,000 80 125,000 100 125,000 ns 

Random read or write cycle time tRc 120 140 160 190 ns (Note 6) 

RAS to CAS delay time tRCD 20 40 20 50 25 60 25 75 ns (Note 8) 

Read command hold time referenced tRCH 0 0 0 0 ns (Note 11) 
to CAS 

Read command setup time tRCS 0 0 0 0 ns 

Refresh period tREF 16 16 16 16 ms Address Ao through Ag 

AAS precharge time tRP 50 60 70 80 ns 

RAS precharge CAS hold time tRPC 10 10 10 10 ns 

Read command hold time referenced tRRH 10 10 10 10 ns (Note 11) 
to RAS 

AAS hold time tRSH 20 20 20 25 ns 

Read-modify-write cycle time tRwc 165 185 210 250 ns (Note 6) 

RAS to WE delay tRWD 80 90 105 130 ns (Note 14) 

Write command referenced to RAS tRWL 20 20 20 25 ns 
lead time 

Rise and fall transition time tT 3 50 3 50 3 50 3 50 ns (Note 3) 

Write-per-bit hold time twBH 15 15 15 20 ns 

Write-per-bit setup time twas 10 10 10 10 ns 

Write command hold time twcH 15 15 15 20 ns (Note 12) 

Write command setup time twcs 0 0 0 0 ns (Note 14) 

Write-per-bit mask data hold time twH 15 15 15 20 ns 

WE command hold time for CAS twHR 15 15 15 20 ns 
before RAS refreshing 

Write command pulse width twp 15 15 15 20 ns (Note 12) 

Write-per-bit mask data setup time tws 10 10 10 10 ns 

WE command setup time for CAS twsR 10 10 10 10 ns 
before RAS refreshing 

6 



NEC 
Notes: 

(1) All voltages are referenced to GND. 

(2) An initial pause of 100 µs is required after power-up, followed by 
any eight RAS cycles, before proper device operation is 
achieved. At the end of the initial power up sequence, either a 
RAS-only or a CAS before RAS refresh cycle be executed while 
WE ~ V1H to ensure normal operation. 

(3) Ac measurements assume tT = 5 ns. 

(4) V1H (min) and V1L (max) are reference levels for measuring the 
timing of input signals. Transition times are measured between 
V1H and VIL· 

(5) lcc1. lcc3• lcc4• and Ices depend on output loading and cycle 
rates. Specified values are obtained with the output open. lcc3 
is measured assuming that all column address inputs are held at 
either a high level or a low level during RAS-only refresh cycles. 
lcc4 is measured assuming that all column address inputs are 
switched only once during each fast-page cycle. 

(6) The minimum specifications are used only to indicate the cycle 
time at which proper operation over the full temperature range 
(TA=O to +70°C) is assured. 

(7) Load = 2 TTL (-1 mA, + 4 mA) loads and 100 pF. 

(8) If tRco s tRco (max) and tRAD s tRAD (max), access time is 
defined by tRAC (max). If tRcD ~ tAco (max), access time is 
defined by tcAC (max). If tRAD ~ tRAD (max), access time is 
defined by tAA (max). 

(9) toFF (max) and toEZ (max) define the time at which the outputs 
achieve the open-circuit condition and are not referenced to VoH 
or Vol· 

pPD424410 

(10) The tcRP requirement should be applicable for RAS/CAS cycles 
preceded by any cycle. 

(11) Either tRRH or tRcH must be satisfied for a read cycle. 

(12) Parameter twp is applicable for a delayed write cycle such as a 
read-write/read-modify-write cycle. For early write cycles, both 
twcs and twcH must be met. 

(13) These parameters are referenced to the fal!!.!!s edge of CAS for 
early write cycles and to the falling edge of WE for delayed write 
or read-modify-write cycles. 

(14) twcs. tRWD• tcwo. and tAwD are restrictive operating parame
ters in read-write/read-modify-write cycles only. If twcs ~ twcs 
(min), the cycle is an early write cycle and the data 1/0 pins will 
remain open-circuit throughout the entire cycle. If tcwo ~ tcwo 
(min), tRWo ~ tRWo (min), andtAwD ~ tAwD (min), then the cycle 
is a read-write cycle and the data 1/0 pins will contain data read 
from the selected cells. If neither of the above conditions is~ 
the condition of the data 1/0 pins (at access time and until CAS 
returns to V1H) is indeterminate. 

(15) A test mode may be initiated by executing a CAS before RAS 
refresh cycle with WE held atV1L· This mode also may inadvert
ently be Initiated during power-up because external control of 
the signal lines Is very difficult during this period. It is therefore 
recommended that while WE is held at VIH• either a RAS-only or 
CAS before RAS refresh cycle should be executed at any time 
after the end of the initial power-up sequence to ensure normal 
device operation. 

(16) These parameters define a read-modify-write cycle. 

7 
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Write-Per-Bit Option 

The write-per-bit option may be used to allow a write 
cycle to change any number of bits in the 4-bit word. 
The mask is loaded from the four 1/0 lines at the falling 
edge of RAS .if WE= ViL· If the 1/0 line is high, then the 
corresponding bit will be written when the write cycle 

NEC 

executes. If an 1/0 line is low, the corresponding bit 
does not change. A mask loaded during fast-page 
operation wi 11 remain set and active for each write cycle 
that executes while RAS remains low. The mask may be 
changed at the falling edge of RAS only. 

Comparison of Write-Per-Bit Cycle Versus Standard 4-Bit Write Cycle 

8 

Write-Per-Bit 
Cycle 

Normal 4-bit 
Write Cycle 

RAS 1---~/ 
------------.. -----

CAS 

( 

WE 

l/Oi ----< Write Data 

~\\ \\\\\\\\\\\ % I 
(

WE 

1101 ---------c:('---------W-ri-te_D_ata _______ __,)1-----

110 Mask Data Write Operation 

1 (High) Write Bit 
1101 

0 (Low) Disable Bit Write 

1 (High) Write Bit 
1102 

0 (Low) Disable Bit Write 

1 (High) Write Bit 
1103 

0 (Low) Disable Bit Write 

1 (High) Write Bit 
1104 

0 (Low) Disable Bit Write 

83VB-6778B 



NEC 
Timing Waveforms 

Read Cycle 

RAS 

tcRP 

CAS 

Address Row 

I ~CE--------tRSH-----~ 
-----------tcsH---------~ 

----tRco--~~----tcAs-------· 

WE 7/J/ //JI/JI II/ 

I ~ tcAc---

~tAA----
---------tRAC-____,>-------

High Impedance I 
Input/Output ------__;.~~~-------....;....--+-----41 

L•cu1

a2 

Valid Data-out 

pPD424410 

High Impedance 

83VB-6779B 
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µPD424410 NEC 
Timing Waveforms (cont) 

Early Write Cycle 

Note: 

[1) OE = don't care. 
83VB-67808 

10 



NEC 
Timing Waveforms (cont) 

Late Write Cycle 

RAS 

lCRP 

CAS 

Address 

WE 

OE 

lnpuVOutput 

1~~>------~lRSH-------<~ 

----------...,.-~lCSH-------------

-----tRco---~~----tcAs-----____,~ 

pPD424410 

83VB-6781B 
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Timing Waveforms (cont) 

Read-Write/Read-Modit'y-Write Cycle 

Address Row 

WE 

11 

OE ,J 
twH 

Input/Output 

Write-Per-Bit High Impedance 
Mask Select 

I~ tRAc 

12 

NEC 

tRWD 

tcwo 

tAWD 

83VB-6782B 



NEC 
Timing Waveforms (cont) 

Fast-Page Read Cycle 

RAS 

CAS 

Address 

WE 

OE 

Input/Output 

pPD424410 

-
83VB·67S6B 
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pPD424410 

Timing Waveforms (cont) 

Fast-Page Early Write Cycle 

14 

Notes: 

[1] OE =don't care. 

[2] Write-per-bit enable/disable. 

[3] Write-per-bit mask select. 

NEC 

83VB-6787B 



NEC 
Timing Waveforms (cont) 

Fast-Page Late Write Cycle 

Notes: 

[1] Write-per-bit enable/disable. 

[2] Write-per-bit mask select. 

pPD424410 

El 

83VB-67888 
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Timing Waveforms (cont) 

Fast-Page Read-Write/Read-Modify-Write Cycle 

Address 

WE 

lnpuVOutput 

16 

Notes: 

[1] Write-per-bit enable/disable. 

[2] Write-per-bit mask select. 

NEC 

-------tpRwc------i-

High Impedance 

83VB·67898 
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Timing Waveforms (cont) 

Hidden Refresh Cycle 

-----Memory Cycle---~~ CAS Before RAS Cycle -----CAS Before RAS Cycle 

-------tRc tRc tRc-------

RAS 

CAS 

Address 

WE I// Ill! II 
I 

lnput'Output _______ H_ig_h_lm_p_e_da_n_ce ___ 
1 

lli_~CLZ 

twHR~ I 

\\\\ \\\\ \\\ \\\\\1 
I 

Valid Data-out 

IQFF 

toEZ 

High 
Impedance 

83VB-6785B 
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Timing Waveforms (cont) 

RAS-Only Refresh Cycle 

RAS 

tcRP 

~· Jl 
--~~--

NEC 

High Impedance 
lnpuVOutput -------------------------------------

Notes: 

[1) WE= OE= don't care. 
83VB-6783B 

CAS Before RAS Refresh Cycle 

RAS 

tcRP 

CAS 

WE 7Jll \\\\ \ \\\\\ \\ \\\ \ \ \\\ \\\\\\ \\ \\\ \\\\\\\\\\\ \ \ 
lnpuVOutput -----------------H..;.ig,_h_lm..;.pe_d_a_nce ________________ _ 

83VB-6784B 
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NEC 
NEC Electronics Inc. 

Description 

The µPD424412 is a static-column 1,048,576 by 4-bit 
dynamic RAM designed with a write-per-bit option to 
operate from a single +5-volt power supply. Advanced 
polycide technology minimizes silicon area and pro
vides high storage cell capacity, high performance, 
and high reliability. A single-transistor dynamic storage 
cell and CMOS circuitry throughout ensure minimum 
power dissipation, while an on-chip circuit internally 
generates the negative-voltage substrate bias-
automatically and transparently. 

The three-state 1/0 pins are controlled by CS indepen
dent of RAS. After a valid read or read-modify-write 
cycle, data is held on the outputs by maintaining CS 
low. Data outputs return to high impedance when CS 
goes high. Static-column read and write cycles can be 
executed by cycling CS. 

Refreshing may be accomplished by means of a CS 
before RAS cycle that internally generates the refresh 
address. Refreshing may also be accomplished by 
means of RAS-only refresh cycles or by normal read or 
write cycles on the 1024 address combinations of Ao -
A9 during a 16-ms refresh period. 

Features 

o 1,048,576 by 4-bit organization 
o Single +5-volt power supply 
o Write-per-bit option 
o Static-column option 
o Low power dissipation 
o CS before RAS internal refreshing 
o Multiplexed address inputs 
o On-chip substrate bias generator 
o TTL-compatible inputs and outputs 
o Nonlatched, three-state outputs 
o Low input capacitance 
o 1024 refresh cycles every 16 ms 
D High-density 26/20-pin SOJ, 20-pin ZIP, or 26/20-

pin TSOP plastic packaging 

60111-1 

pPD424412 
1,048,576 x 4-Bit 

Dynamic CMOS RAM 

Pin ldentif ication 
Name Function 

Ao-Ag Address inputs 

Data inputs and outputs 

Chip select 

Output enable 

RAS Row address strobe 

Write enable 

GND Ground 

Vee + 5-volt power supply 

Pin Configurations 

26/20-Pin Plastic SOJ 

V01 1-----t GND 
V02 V04 
WE V03 

RAS 4 CS 
OE 

20-Pin Plastic ZIP 

OE 1 er:. ::: 2 CS 
V03 3 :::. ::: 4 V04 

GND ~ ~:;. ::: 6 V01 
V~ .::: 8 WE 

~S 9 '.'.:. ::: 10 Ag 
A 0 11 :::. ::1 12 A1 

V 2 13 :::. :n 14 A3 

~ 15 
:::. ::1 16 A4 

A 5 17 :::. ::1 18 Ae 
7 19 ··-. :n 20 As 

83YL·721M 

831H-7011A 
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Pin Configurations (cont) 

26/20-Pin Plastic TSOP (Normal Pinouts) 

µPD424412 

V01 10 

V02 2 

WE 3 

RAS 4 

Ag 5 

-9JD 

Ao 

A1 10 

A2 11 

A3 12 

vcc 13 

Suffix -gJD In the package ldenUfler 
denotes normal plnout sequence. 

Block Diagram 

RAS 

cs 

Ao 

A1 . 
A2 . 

~ A3 . c. 
A4 . E 

::i 
As . ::!; 

As . 
A1 . 
A5 . 
Ag 

2 

26 

25 

24 

23 

22 

18 

17 

1S 

15 

014 

~ m 
ct> 

~ 
"C 
"C 
< 

GND 

V04 
V03 

cs 
OE 

A5 

A1 

As 

As 

A4 

CS Clock 
Generator 

lii 
"8 
g 
c 
~ 
a: 

83FM-7914A 

NEC 

26/20-Pin Plastic TSOP (Reverse Pinouts) 

1tPD424412 

GND 0 
V04 2 

V03 3 

cs 4 

OE 5 

-9KD 

A5 

A1 10 

As 11 

As 12 

A4 13 0 

Suffix -9KD In the package Identifier 
denotes reverse plnout sequence. 

WE Clock 
Generator 

OE Clock 
Generator 

Data VO Bus 

Column Decoder 

Sense Ampllfler 

Memory Array 

026 V01 

2S V02 
24 WE 

23 RAS 

22 Ag 

18 Ao 

17 A1 
16 A2 

1S A3 

14 vcc 

Data-In 
Buffer 

Data-out 
Buffer 

83FM-7916A 

8311-1-70128 
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Ordering Information 
RAS Access R/W Cycle Static-Column 

Part Number Time (max) Time (max) Cycle (max) Power Option Package 

µPD424412LA-60 60 ns 120 ns 35 ns Standard 26/20-pin plastic SOJ (300-mil) 

LA-70 70 ns 140 ns 40 ns 

LA-80 80 ns 160 ns 50 ns 

LA-10 100 ns 190 ns 60 ns 

µPD424412LA-60L 60 ns 120 ns 35 ns Low power 

LA-70L 70 ns 140 ns 40 ns 

LA-SOL 80 ns 160 ns 50 ns 

LA-10L 100 ns 190 ns 60 ns 

µPD424412V-60 60 ns 120 ns 35 ns Standard 20-pin plastic ZIP 

V-70 70 ns 140 ns 40 ns 

V-80 80 ns 160 ns 50 ns 

V-10 100 ns 190 ns 60 ns 

µPD424412V-60L 60 ns 120 ns 35 ns Low power 

V-70L 70 ns 140 ns 40 ns 

V-80L 80 ns 160 ns 50 ns 

V-10L 100 ns 190 ns 60 ns 

µPD424412GS-60 60 ns 120 ns 35 ns Standard 26/20-pin plastic TSOP (normal pinouts) 

GS-70 70 ns 140 ns 40 ns 

GS-80 80 ns 160 ns 50 ns 

µPD424412GS-60L 60 ns 120 ns 35 ns Low power • GS-70L 70 ns 140 ns 40 ns 

GS-SOL 80 ns 160 ns 50 ns 

µPD424412GSM-60 60 ns 120 ns 35 ns Standard 26/20-pin plastic TSOP (reverse pinouts) 

GSM-70 70 ns 140 ns 40 ns 

GSM-80 80 ns 160 ns 50 ns 

µPD424412GSM-60L 60 ns 120 ns 35 ns Low power 

GSM-70L 70 ns 140 ns 40 ns 

GSM-80L 80 ns 160 ns 50 ns 
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µPD42441~ NEC 
Absolute Maximum Ratings Recommended Operating Conditions 
Voltage on any pin relative to GND, Vr -1.0to +7.0V Parameter Symbol, Min Typ Max Unit 

Operating temperature, To PR Oto +70°C Input voltage, high V1H 2.4 Vee+ 1.0 v 
Storage temperature, TsrG -55 to + 125°C Input voltage, low V1L -1.0 0.8 v 
Short-circuit output current, los 50mA Supply voltage Vee 4.5 5.0 5.5 v 
Power dissipation, Po 1.0W Ambient temperature TA 0 70 oc 

Capacitance 
Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause perma
nent damage. The device should be operated within the limits 
specified under DC and AC Characteristics. 

TA = 25°C; f = 1 MHz 

Parameter 

Input 
capacitance 

lnpuVoutput 
capacitance 

DC Characteristics 
TA= o to +70°C; Vee= +5.0 ±10% 

Parameter Symbol Min Typ Max 

Standby current lce2 2.0 

1.0 

Input leakage current l1(L) -10 10 

Output leakage current lo(L) -10 10 

Output voltage, low Vol 0.4 

Output voltage, high VoH 2.4 

Low Power Battery Backup (-L Versions Only) 
Symbol Max 

lcc6 500 

300 

4 

Unit 

µA s 1 µs 

µA s 200 ns 

~ Before RAS Refresh Cycle 

1024 refresh cycles (min) every 128 ms; 

RAS= CS~ Vee -0.2 V ors 0.2 V, 
as appropriate; 1/0 open; all other inputs 
~ V cc - 0.2 V or s 0.2 V 

Symbol Max Unit Pins Under Test 

C11 

C12 

Co 

Unit 

mA 

mA 

µA 

µA 

v 
v 

5 pF Addresses 

7 pF RAS, CS, WE, OE 

7 pF 1101 -1/04 

Test Conditions 

RAS= CS~ V1H (min); lo= 0 mA 

RAS = cs ~ Vee - 0.2 V; lo = 0 mA 

V1N = O V to Vee: all other pins 
not under test = 0 V 

1/0 disabled; Vour = o V to Vee 

loL = 4.2 mA 

loH = -5 mA 

Standby Conditions 

RAS= CS~ Vcc-0.2 V; WE, OE, Addresses 
~ Vee - 0.2 V ors 0.2 V; 1/0 open 



NEC pPD424412 

AC Characteristics 
TA= o to+ 10°C; Vee= +5.0V ± 10% 

-60 -70 -80 -10 

Parameter Symbol Min Max Min Max Min Max Min Max Unit Test Conditions 

Operating current, average lcc1 120 100 90 80 mA RAS, CS cycling; 
tRc = tRc min 
(Note 5) 

Operating current, RAS-only lcca 120 100 90 80 mA RAS cycling; CS ~ 
refresh cycle, average V1H min; tRc = tRc 

min (Note 5) 

Operating current, static- lcc4 90 80 70 60 mA RAS s V1L; CS 
column cycle, average cycling; tRsc = 

tRsc min or 
twsc = twsc min 
(Note 5) 

Operating current, CS Ices 120 100 90 80 mA RAS cycling; CS s 
before RAS refreshing, v1L max; tRc = 
average tRc min 

(Note 5) 

Access time from column tAA 30 35 40 50 ns (Notes 3, 4, 7, 8) 
address 

Colum address hold time tAH 15 15 15 15 ns 
referenced to RAS (rising 
edge) 

Column address setup time tAsc 0 0 0 0 ns 

Row address setup time tASR 0 0 0 0 ns 

Column address to WE delay tAWD 30 55 65 80 ns (Note 15) 
time • Access time from CS (falling tcAC 20 20 20 25 ns (Notes 3, 4, 7, 8) 
edge) 

Column address hold time tcAH 15 15 15 20 ns 

CS hold time for CS before tcHR 15 15 15 20 ns 
RAS refreshing 

CS precharge time, static- tcp 10 10 10 10 ns 
column cycle 

CS precharge time tcPN 10 10 10 10 ns 

CS to RAS precharge time tcRP 10 10 10 10 ns (Note 11) 

CS pulse width tcs 20 100,000 20 100,000 20 100,000 25 100,000 ns 

CS hold time tcsH 60 70 80 100 ns 

CS setup time for CS before tcsR 10 10 10 10 ns 
RAS refreshing 

CS to WE delay tcwo 20 40 45 55 ns (Note 15) 

Write command referenced tcWL 15 15 15 20 ns 
to CS lead time 

Data-in hold time toH 15 15 15 20 ns (Note 14) 

Data-in setup time tos 0 0 0 0 ns (Note 14) 

Access time from OE to EA 20 20 20 25 ns (Notes 3, 4, 7, 8) 

OE data delay time toED 15 15 20 25 ns 

OE command hold time toEH 0 0 0 0 ns 

5 



µPD424412 

AC Characteristics (cont) 
-60 -70 -80 -10 

Parameter Symbol Min Max Min Max Min Max Min Max 

OE to RAS inactive setup 
time 

Output turnoff delay from 
OE 

Output buffer turnoff delay 

to Es 

toEz 

to FF 

Output hold time for address toH 

Output enable time from WE tow 

Access time from WE 

Column address hold time 
referenced to WE 

Access time from RAS 

RAS to column address 
delay time 

Row address hold time 

Column address lead time 
referenced to RAS (rising 
edge) 

RAS pulse width 

RAS pulse width, static
column cycle 

Random read or write cycle 
time 

RAS to CS delay time 

Read command hold time 
referenced to CS 

Read command setup time 

Refresh period 

RAS precharge time tRP 

RAS precharge CS hold time tRPC 

Read command hold time 
referenced to RAS 

Read cycle time 

RAS hold time 

RAS to second WE delay 
time 

Read-modify-write cycle time tRwc 

RAS to WE delay tRWD 

Write command referenced 
to RAS lead time 

Read/write cycle time tRwsc 

Rise and fall transition time tT 

WE to column address delay twAD 
time 

Write-per-bit hold time twsH 

6 

0 0 0 0 

0 15 0 15 0 20 0 25 

0 15 0 15 0 20 0 25 

5 5 5 5 

25 25 25 30 

60 70 90 110 

60 70 90 110 

60 70 80 100 

15 30 15 35 17 40 17 50 

10 10 12 12 

30 35 40 50 

60 10,000 70 10,000 80 10,000 100 10,000 

60 100,000 70 100,000 80 100,000 100 100,000 

120 140 160 190 

20 40 20 50 25 60 '25 75 

0 0 0 0 

0 0 0 0 

16 16 16 16 

50 60 70 80 

10 10 10 10 

10 10 10 10 

35 40 50 60 

20 20 20 25 

75 85 95 115 

145 185 210 250 

60 90 105 130 

20 20 20 25 

65 95 120 145 

3 50 3 50 3 50 3 50 

20 30 22 35 20 45 25 55 

15 15 15 20 

NEC 

Unit Test Conditions 

ns 

ns (Note 10) 

ns (Note 10) 

ns 

ns 

ns (Notes 7, 16) 

ns 

ns (Notes 3, 4, 7, 8) 

ns (Note 9) 

ns 

ns 

ns 

ns 

ns (Note 6) 

ns (Note 8) 

ns (Note 12) 

ns 

ms Addresses Ao· Ag 

ns 

ns 

ns (Note 12) 

ns 

ns 

ns 

ns (Note 6) 

ns (Note 15) 

ns 

ns 

ns (Note 4) 

ns (Note 16) 

ns 
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AC Characteristics (cont) 
-60 -70 -80 -10 

Parameter Symbol Min Max Min 

Write-per-bit setup time twss 10 10 

Write command hold time twcH 15 15 

Write command setup time twcs 0 0 

Write-per-bit mask data hold twH 15 15 
time 

WE command hold time for twHR 15 15 
CS before RAS refreshing 

Write invalid time tw1 10 10 

Write command pulse width twp 15 15 

Write-per-bit mask data tws 10 10 
setup time 

Write cycle time twsc 35 40 

WE command setup time for twsR 10 10 
CS before RAS refreshing 

Notes: 

(1) All voltages are referenced to GND. 

(2) An initial pause of 100 µsis required after power-up, followed by 
any eight RAS cycles, before proper device operation is 
achieved. At the end of t~itial power up s~uence, ~ 
recommended that either a RAS-ol.!!Y_r'efresh or a CS before RAS 
refresh cycle be executed while WE ;?: V1H to ensure normal 
operation. 

(3) Ac measurements assume tr = 5 ns. 

(4) V1H (min) and V1L (max) are reference levels for measuring the 
timing of input signals. Transition times are measured between 
V1H and VIL· 

(5) lcc1. lcca. lcc4. and Ices depend on output loading and cycle 
rates. Specified values are obtained with the output open. lcca 
is measured assuming that all column address inputs are held at 
either a high level or a low level during RAS-only refresh cycles. 
lcc4 is measured assuming that all column address inputs are 
switched only once during each static column cycle. 

(6) The minimum specifications are used only to indicate the cycle 
time at which proper operation over the full temperature range 
(TA= Oto+ 70°C) is assured. 

(7) Load = 2 TTL (-1 mA, + 4 mA) loads and 100 pF. 

(8) If tRCD :5 exceeds tRAD max, then tRAC will increase by the 
amount tRcD exceeds tRcD (max). 

(9) If tRAD ;?: tRAD (max), then the access time is defined by tAA· 

(10) toFF (max) and toEz (max) define the time at which the outputs 
achieve the open-circuit condition and are not referenced to VoH 
orVoL· 

Max Min Max Min Max Unit Test Conditions 

10 10 ns 

15 20 ns (Note 13) 

0 0 ns (Note 15) 

15 20 ns 

15 20 ns 

10 10 ns 

15 20 ns (Note 13) 

10 10 ns 

50 60 ns 

10 10 ns 

(11) The tcRP requirement shourd be applicable for RAS/CS cycles 
preceded by any cycle. 

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

(13) Parameter twp is applicable for a delayed write cycle such as a 
read-write/read-modify-write cycle. For early write cycles, both 
twcs and twcH must be met. 

(14) These parameters are referenced to the falling edge of CS for 
early write cycles and to the falling edge of WE for delayed write 
or read-modify-write cycles. 

(15) 

(16) 

twcs. tRWD• tcwo. and tAwD are restrictive operating parame
ters in read-write/read-modify-write cycles only. If twcs ~ twcs 
(min), the cycle is an early write cycle and the data 1/0 pins will 
remain open-circuit throughout the entire cycle. If tcwo ;?: tcwo 
(min), tRwo;?: tRwD (min), andtAwo;?: tAwD (min), then the cycle 
is a read-write cycle and the data 1/0 pins will contain data read 
from the selected cells. If neither of the above conditions is met, 
the condition of the data 1/0 pins (at access time and until CS 
returns to V1H) is indeterminate. 

A test mode may be initiated by executing a CS before RAS 
refresh cycle with WE held at V1L· This mode also may inadvert
ently be initiated during power-up because external control of 
the signal lines is very difficult during this period. It is therefore 
recommended that while WE is held at VIH• either a RAS-only or 
CS before RAS refresh cycle should be executed at any time 
after the end of the initial power-up sequence to ensure normal 
device operation. 

(17) Assumes twAD :5 twAD (max). 

7 
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Write-Per-Bit Option 

The write-per-bit option may be used to allow a write 
cycle to change any number of bits in the 4-bit word. 
The mask is loaded from the four 1/0 lines at the falling 
edge of RAS if WE= ViL· If the 1/0 line is high, then the 
corresponding bit will be written when the write cycle 
executes. If an 1/0 line is low, the corresponding bit 
does not change. A mask loaded during static-column 
operation will remain set and active for each write cycle 
that executes while RAS remains low. The mask may be 
changed at the falling edge of RAS only. 

Comparison of Writ~Per-Bit Cycle Versus Standard 4-Bit Write Cycle 

1.....__ _____ / 

NEC 

---------- ---
cs 

( 

WE 

Wrlte·P~~~ 

V01 ----c Write Data 

ro Mask Data Write Operation 

1 (High) WrlteBlt 
V01- V04 

(Low) 0 Disable Bit Write 

83YL·7218B 
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NEC 
Timing Waveforms 

Read Cycle 

cs 

Address Row 

WE 71/11//ll! 111/ 

OE 

11PD424412 

Valid Data-out 
High Impedance 

83YL-7138B 
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Timing Waveforms (cont) 

Early Write Cycle 

RAS 

cs 

Address 

WE 

Note: 
[1] OE = don't care. 

10 

NEC 

-------=-to_H-===j 
Data-In 

83YL·7283B 
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Timing Waveforms (cont) 

Late Write Cycle 

RAS 

tCRP ~1(---~~~~-tRsH~~~~~---

_...~~~~~~~~~tCSH~~~~~~~~--,~ 

cs 

Address 

WE 

OE 

lnpuVOutput 

83Yl·7284B 
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Timing Waveforms (cont) 

Read-Write/Read-lllodify-Write Cycle 

Address Row 

12 

NEC 

r 
tRAL 

tcAH 

Column 

83YL·7286B 
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Timing Waveforms (cont) 

Static-Column Read Cycle 

RAS 

------3~------tcs--------

cs 

Address 

WE 

OE 

lnpuVOutput ____ H .... lgh_l_m.._pedan __ ce ____ -<I Valid Data-<>Ut 

83Yl-7143B 
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Timing Waveforms (cont) 

Static-Column Early Write Cycle 

Note: 

[1] OE = don't care. 

14 
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Timing Waveforms (cont) 

Static-Column Read-Write/Read-Modil)C-Write Cycle 

cs 

tRWSC ~1 
IE tpwH 

Address Column Column 

83YL·72188 
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Timing Waveforms (cont) 

Hidden Refresh Cycle 

RAS 

cs 

Address 

WE 11!/ll!/I I J 
I toE 

I 

Input/Output ___ ....___H ..... lg-..h 1-'mp..._edanc_e __ -<1 

~-AA 

16 
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Valid Data-out 

83YL·7019B 



t\'EC 
Timing Waveforms (cont) 

RAS-Only Refresh Cycle 

pPD424412 

High Impedance 
lnput!Output ----------------------------------

Notes: 

[1] WE= OE= don't care. 
83YL·70178 

CS Before RAS Refresh Cycle 

RAS 

tcRP 

cs 

WE 7Zll \\\\\\\\ \\ \\\\\\ \ \ \\\\\\\\ \\ \ \\ \\\\\\ \\ \\\\\ 
Input/Output ________________ H_.lg_h_lm._pedan __ ce ______________ _ 

83YL·7018B 
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NEC 
NEC Electronics Inc. 

Description 

The µPD424440/L and µPD42S4440/L are fast-page dy
namic RAMs organized as 1,048,576 words by 4 bits and 
designed to operate from a single power supply. The 
four CAS controls, CAS1 - CAS4, are paired with 1/01 -

1/04 

Optional features are power supply voltage (+5 V or 
+3.3 V) and a new refresh mode called "self-refresh." 

µPD 
424440 
424440L 
42S4440 
42S4440L 

Options 
+5V 
+3.3V 
+ 5 V; self-refresh mode 
+3.3 V; self-refresh mode 

Advanced polycide technology using stacked capaci
tors minimizes silicon area and provides high storage 
cell capacity, high performance, and high reliability. A 
single-transistor dynamic storage cell and CMOS cir
cuitry throughout ensure minimum power dissipation, 
while an on-chip circuit internally generates the 
negative-voltage substrate bias-automatically. and 
transparently. 

The three-state 1/01•4 pins are controlled by CAS1 ~4 
independent of RAS. After a valid read or read-modify
write cycle, data is held on the output by maintaining 
CAS low. The output returns to high impedance when 
CAS goes high. Fast-page read and write cycles can be 

pPD424440/L, 42S4440/L 
1,048,576 x 4-Bit 

Dynamic CMOS RAM 
With Four CAS controls 

o Low power dissipation 
o Four 1/0 and CAS pairs 
o CAS before RAS refreshing 
o On-chip substrate bias generator 
o TTL-compatible inputs and outputs 
o Nonlatched, three-state outputs 
o Low input capacitance 
o 1024 refresh cycles every 16 ms 
o 26/24-pin (350-mil) plastic SOJ package 

Pin Configuration 

26/24-Pin Plastic SOJ 

µPD424440IL, 4254440/L 

V01 26 GND 

V02 2 25 V04 

WE 3 24 V03 

RAS 4 23 CAS4 

CAS1 5 22 OE 

CAS2 6 21 CAS3 

Ag 8 19 NC 

Ao 9 18 Ag 

A1 10 17 A1 
A2 11 16 Aa 

Aa 12 15 As 

Vee 13 14 A4 mn_A_ 
executed by cycling CAS. Pin Identification 
Refreshing may be accomplished by a CAS before RAS 
refresh cycle (CSR) that internally generates the re
fresh address. RAS-only refresh cycles will also refresh 
all memory locations. 

The self-refresh mode is entered by holding RAS low for 
longer than 100 µs during a C BR cycle. Detection of this 
long RAS time starts an internal oscillator that main
tains data integrity without external clocking. The slow 
refresh reduces the data hold current to less than 200 
microamperes. Self-refresh mode is used with micro
processors that have a "sleep mode" for low-power 
applications such as notebook PCs. 

Features 

o 1,048,576 by 4-bit organization 
o Single power supply (+5-volt or +3.3-volt) 
o Self-refresh option (slow internal automatic refresh) 
o Fast-page option 

60229 

Name 

Ao-Aa 

GND 

Vee 

NC 

Function 

Address inputs 

Data inputs and outputs 

Column address strobes 

Output enable 

Row address strobe 

Write enable 

Ground 

+5-volt or +3.3-volt power supply 

No connection 



pPD424440/L, 42S4440/L 

Ordering Information, Standard Devices 
RAS Access Fast-Page Cycle 

Part Number Time (max) Time (max) 

µPD424440LE-60 60 ns 40 ns 

LE-70 70 ns 45 ns 

LE-80 80 ns 50 ns 

µPD424440LLE-60 60 ns 40 ns 

LE-70 70 ns 45 ns 

LE-80 80 r;is 50 ns 

Ordering Information, Self-Refresh Devices 

Part Number 

µPD42S4440LE-60 

LE-70 

LE-80 

µPD42S4440LLE-A60 

LE-A70 

LE-A80 

Block Diagram 

2 

RAS Access 
Time (max) 

60 ns 

70 ns 

80 ns 

60 ns 

70 ns 

80 ns 

Fast-Page Cycle 
Time (max) 

40 ns 

45 ns 

50 ns 

40 ns 

45 ns 

50 ns 

CASClock 
Generator 

Power Supply 

+5V 

+3.3 v 

Power Supply 

+5V 

+3.3V 

WE Clock 
Generator 

OE Clock 
Generator 

Data VO Bus 

Column Decoder 

Sense Amplmer 

Memory Array 

CAS Access 
Time (max) 

20 ns 

'CAS Access 
Time (max) 

20 ns 

NEC 

Package 

26/24-pin plastic SOJ 

Package 

26/24-pin plastic SOJ 

Data-In 
Buffer 

Data-out 
Buffer 

83YL-8988B 



NEC 
Absolute Maximum Ratings 
Voltage on any pin relative to GND 

+ 5-volt devices 
+ 3.3-volt devices 

Operating temperature, ToPR 

Storage temperature, TsTG 

Short-circuit output current, los 
+ 5-volt devices 
+ 3.3-volt devices 

Power dissipation, Po 

-1.0 to +7.0 V 
-0.5 to + 4.6 V 

Oto +70°C 

-55 to + 125°C 

50 mA 
20 mA 

1.0W 

Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause perma
nent damage. The device should be operated within the limits 
specified under DC and AC Characteristics. 

Recommended Operating Conditions 

pPD424440/L, 42S4440/L 

Capacitance 
TA = 25°C; f = 1 MHz 

Parameter Symbol Max Unit Pins Under Test 

Input capacitance C11 5 pF Addresses 

C12 7 pF CAS1 - CAS4, WE, 
OE, RAS 

lnpuVoutput Co 7 pF 1/01-1/04 
capacitance 

+ 5-Volt Devices + 3.3-Volt Devices 

Parameter Symbol Min Typ Max Min Typ Max Unit 

Input voltage, high V1H 2.4 Vee+ 1.0 2.0 Vee +0.3 v 
Input voltage, low V1L -1.0 0.8 -0.5 0.8 v 
Supply voltage Vee 4.5 5.0 5.5 3.0 3.3 3.6 v 
Ambient temperature TA 0 +70 0 +70 oc 

Self-Refresh Current 
TA = o to + 70°C; V cc = + 5 V ± 10% (4284440) or + 3.3 V ±0.3 V (42S4440L) 

Symbol 42S4440 42S4440L Conditions 

lcc1 300 µA max 100 µA max 1/0 pins: V1H ~ Vee - 0.2 V; V1L s 0.2 V or open. 
Other input pins: V1H ~ Vcc-0.2 V; V1L S 0.2 V Bl 
or open. tRAS ~ 100 µs ----------

DC Characteristics; + 5-Volt Devices 
TA = o to + 70°C; Vee = + 5.0 V ±10% 

Parameter Symbol Min Typ Max Unit Test Conditions 

Standby current lcc2 2.0 mA RAS= CAS ~ V1H (min); lo= 0 mA 

300 µA RAS = CAS ~ Vee - 0.2 V; lo = 0 mA 

Input leakage current l1(L) -10 10 µA V1N = 0 V to V cc; all other pins not under test = 0 V 

Output leakage current lo(L) -10 10 µA Dour disabled; Vour = o V to Vee 

Output voltage, low Vol 0.4 v loL = 4.2 mA 

Output voltage, high VoH 2.4 v loH = -5 mA 

3 



pPD424440/L, 42$4440/L NEC 
DC Characteristics; + 3.3-Volt Devices 
TA= o to + 70°C; Vee= +3.3 V ±0.3 V 

Parameter Symbol Min Typ Max Unit Test Conditions 

Standby current lcc2 500 µA RAS= CAS ~ V1H (min); lo= 0 mA 

100 µA RAS= CAS ~ Vee- 0.2 V; lo= 0 mA 

Input leakage current l1(L) -5 5 µA V1N = O V to V cc; all other pins not under test = O V 

Output leakage current lo(L) -5 5 µA Dour disabled; Vour = o V to Vee 

Output voltage, low Vol 0.4 v loL =2.0 mA 

Output voltage, high VoH 2.4 v loH = -2.0 mA 

AC Characteristics 
TA= o to +70°C 
Vee= +5.0 V ±10% or +3.3 V ±0.3 V 

-60 -70 -80 

Parameter Symbol Min Max Min Max Min Max Unit Test Conditions 

Operating current, average lcc1 (+5) 90 80 70 mA RAS, CAS cycling; tRc = 

lcc1 (+3.3) 80 70 60 
tRc min (Note 3) 

Operating current, RAS-only lcc3 (+5) 90 80 70 mA RAS cycling; CAS ~ V1H 
refresh cycle, average 

lcc3 (+3.3) 80 70 60 
min; tRc = tRc min 
(Note 3) 

Operating current, fast-page lcc4 (+5) 80 70 60 mA RAS s V1L; CAS cycling; 
cycle, average 

lcc4 (+3.3) 70 60 50 
tpc = tpc min 
(Note 3) 

Operating current, CAS before lcc5 (+5) 90 80 70 mA RAS cycling; CAS s V1L 
RAS refresh cycle, average 

lcc5 (+3.3) 80 70 60 
max; tRc = tRc min 
(Note 3) 

Access time from column tAA 30 35 40 ns (Notes 4, 5, 7) 
address 

Access time from CAS tACP 35 40 45 ns (Notes 4, 5, 7) 
precharge (rising edge) 

Column address setup time tAsc 0 0 0 ns 

Row address setup time tASR 0 0 0 ns 

Column address to WE delay tAWD 50 55 65 ns 
time 

Access time from CAS (falling tcAC 15 20 20 ns (Notes 4, 5, 7) 
edge) 

Column address hold time tcAH 15 15 15 ns 

Delay time, column address to tcAL 30 35 40 ns 
CAS high 

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

CAS hold time for CAS before tcHR 15 15 15 ns 
RAS refreshing 

CAS hold time (CBR self-refresh tcHS -35 -40 -50 ns Self-refresh devices 
mode) 

Hold time, CAS low to CAS high tcLCH 5 5 5 ns 

CAS to output in low-Z tcLZ 0 0 0 ns 

Fast-page CAS precharge time tcp 10 10 12 ns 

CAS precharge time tcpN 10 10 10 ns 

4 



NEC µPD424440/L, 42S4440/L 

AC Characteristics (cont) 
-60 -70 -80 

Parameter Symbol Min Max Min Max Min Max Unit Test Conditions 

Fast-page CAS precharge to WE tcpwo 55 60 75 ns 
delay time 

CAS to RAS precharge time tcRP 10 10 10 ns 

CAS hold time tcsH 60 70 80 ns 

CAS setup time for CAS before tcsR 5 5 5 ns 
RAS refresh cycle 

CAS to WE delay tcwo 40 40 45 ns 

Write command referenced to tcwL 15 15 15 ns 
CAS lead time 

Data-in hold time toH 15 15 15 ns 

Data-in setup time tos 0 0 0 ns 

Masked write hold time tMRH 0 0 0 ns 
referenced to RAS 

Access time from OE to EA 20 20 20 ns (Notes 4, 5, 7) 

OE data delay time to ED 15 15 15 ns 

OE command hold time to EH 0 0 0 ns 

OE to RAS inactive setup time toEs 0 0 0 ns 

Output turnoff delay from OE toEZ 0 15 0 15 0 15 ns (Note 8) 

Output disable from CAS high to FF 0 15 0 15 0 20 ns (Note 8) 

OE to output in low-Z toLZ 0 0 0 ns (Note 5) 

Fast-page read or write cycle tpc 40 45 50 ns (Note 6) 
time 

Fast-page read-modify-write tPRWC 85 90 100 ns (Note 6) 
cycle time with exended data 
output 

Access time from RAS tRAC 60 70 80 ns (Notes 4, 5, 7) 

RAS to column address delay tRAD 15 30 15 35 15 40 ns (Note 7) 
time 

Row address hold time tRAH 10 10 10 ns 

Column address lead time tRAL 30 35 40 ns 
referenced to RAS (rising edge) 

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

Fast-page RAS pulse width tRASP 60 125,000 70 125,000 80 125,000 ns 

RAS pulse width (CBR self- tRASS 100 100 100 µs Self-refresh devices 
refresh mode) 

Random read or write cycle tRc 120 130 150 ns (Note 6) 
time 

RAS to CAS delay time tRCD 20 40 20 50 20 60 ns (Note 7) 

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

Read command setup time tRcs 0 0 0 ns 

Refresh period tREF 16 16 16 ms Addresses Ao - Aa 
128 128 128 ms Self-refresh devices 
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µPD424440/L, 42S4440/L 

AC Characteristics (cont) 
-60 

Parameter Symbol Min Max 

RAS hold time referenced to tRHeP 35 
CAS precharge 

RAS precharge time tRP 50 

RAS precharge CAS hold time tRPe 0 

RAS precharge time (CBR self- tRPS 120 
refresh mode) 

Read command hold time tRRH 0 
referenced to RAS 

RAS hold time tRSH 15 

Read-modify-write cycle time tRwe 165 

RAS to WE delay tRWD 80 

Write command referenced to tRWl 20 
RAS lead time 

Rise and fall times tT 3 50 

Write command hold time tweH 15 

Write command setup time twes 0 

Write command pulse width twp 15 

Notes: 

(1) All voltages are referenced to GND. 

(2) An initial pause of 100 µsis required after power-up, followed by 
any eight RAS cycles, before proper device operation is 
achieved. 

(3) lee1. lee3, lee4, and lees depend on output loading and cycle 
rates. Specified values are obtained with the output open. lee3 
is measured assuming that all column address inputs are held at 
either a high level or a low level during RAS-only refresh cycles. 
lcc4 is measured assuming that all column address inputs are 
switched only once during each fast-page cycle. 

(4) Ac measurements assume tT = 5 ns. 

(5) V1H (min) and Vil (max) are reference levels for measuring the 
timing of input signals. Transition times are measured between 
V1H and VJL· 

(6) The minimum specifications are used only to indicate the cycle 
time at which proper operation over the full temperature range 
(TA = o to + 70°C) is assured. 
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NEC 

-70 -80 

Min Max Min Max Unit Test Conditions 

40 45 ns 

50 60 ns 

0 0 ns 

130 150 ns Self-refresh devices 

0 0 ns 

20 25 ns 

175 200 ns (Note 6) 

90 105 ns 

20 20 ns 

3 50 3 50 ns 

15 15 ns 

0 0 ns 

15 15 ns 

(7) If tRcD s tRcD (max) and tRAD s tRAD (max), access time is 
defined by tRAC (max). If tReD <!!: tRcD (max), access time is 
defined by tcAC (max); if tRAD <!!: tRAD (max) access time is 
defined by tAA (max). 

(8) toFF (max) defines the time at which the outputs become 
open-circuit and are not referenced to VoH or Vol· 

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

(10) Parameter twp is applicable for late-write or read-modify-write 
cycles. In early-write cycles, tweH (min) should be satisfied. 

(11) The~arameters are referenced to the leading edge of one of 
the CAS signals in early write cycles and to the leading edge of 
WE in late write or read-modify-write cycles. 

(12) These parameters are the conditions defining read-modify-write 
cycles. 

(13) Load = 2 TTI (-1 mA, +4 mA) loads and 100 pF. For 3.3-volt 
devices, VoH = 2.0 V and Vol= 0.8 V (ac reference levels). 



NEC 
Timing Waveforms 

Read Cycle 

WE 

V01 

V02 

V03 

IE 

V04 

OE 

tCAC 

tCAC 

tRAC 

pPD424440/L, 42$4440/L 

• tCAC 

Valid Data Out 

I 
Valid Data Out 

I I 
Valid Data Out 

I 
to FF 

~1 
Valid Data Out 

toez 
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pPD424440/L, 42$4440/L 

Timing Waveforms (cont) 

Early Write Cycle 

Note: OE: Don't care 
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NEC pPD424440/L, 42$4440/L 

Timing Waveforms (cont) 

La.te Write Cycle 

i.--------------tRc------------~ 

tRco-~--~1/ 

·11t,~=:1 --.;.....,..___ __ -;-;. I 
CAS2 . 

\ __ _ 
~---Jl"'--1 ---- i.---'---

----:-tASC~ ,..,<~--
I I 

Ao-Ag 

VaDd Data In 

tosH 
I< lOEH----'~.i,'-----------

83FM-8781B 
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pPD424440/L,. 4254440/L ~EC 

Timing Waveforms (cont) 

Read-Write/Read-Modify-Write Cycle 

~-------------tRwc-----------3---

~~~~~~~~~~~~~~~~~~~-1RA-s~~~~~~~~~~~~~~~~~~~-·~.~~~~lftP 
CAS1-· -1---~----IC-AS-==1 ~tf"p t 

i....-<E~-------1 ---1 ----tcsH---------~~ I -CAS2 \ /,.--------;-;--L~I _j---;--
CAS3---1. ·c.____tc-LCH==:i_--'-'-'rr=r 

~\ __ -------=-IRS-H--------'-r-'---1_ -----lo --

1----..------., 

CAS4 
Ao-Ag 

tAWD 

tcwo 

WE 

tRWo 

lf03 
lf04 VaDdOut 
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NEC 
Timing Waveforms (cont) 

Fast-Page Read Cycle 

V02 

V03 

V04 

VaUd Data Out 

VaUd Data Out 

~ Valld Data Out 

pPD424440/L, 42$4440/L 

----tRHCP--~-

>-<X VaUd Data Out )>-------------

) 

>-<X Valld Data Out >--<>< Valid Data Out )>----
83FM-87838 
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µPD424440/L, 42S4440/L 

Timing Waveforms (cont) 

Fast-Page Early Write Cycle 

Note: OE: Don't Care 
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NEC µPD424440/L, 42S4440/L 

Timing Waveforms (cont) 

Fast-Page Read-Write/Read-Modify-Write Cycle 

A()·Ag 

83FM-87868 
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µPD424440/L, 42S4440/L 

Timing Waveforms {cont) 

Hidden Refresh Cycle 

1+----IRc-----;~---

1+----IRAs---+1 

IRSH 

Note: Any CASx may be used 

14 

NEC 

to FF 

Valid Data OUt 

83FM-87868 



NEC 
Timing Waveforms (cont) 

RAS-Only Refresh Cycle 

pPD424440/L, 42S4440/L 

~~. L \\\\\\\\\\ \\\ 
IASA IAAH 

A()-Ag Row 

Note: WE, OE: Don't care 
Any CASx may be used 

CAS Before RAS Refresh Cycle 

83FM-87878 
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Timing Waveforms (cont) 

CBR SeN-Refresh Cycle 

VOn 

16 

·-t-c-SR ______ __,,.,. _______ _._ ...... f'ara 

Hl·Z 

NEC 

83Yl-8608B 
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4M DRAMs (512K x 8/9) NEC 
Section 6 
4M DRAMS (512K x 8/9) 

µPD Organization Features 

424800A 512K x 8 Fast-page 6a 

424800L 512K x 8 Fast-page; 3.3-volt 

42S4800A 512K x 8 Fast-page; self-
refresh 

42S4800L 512K x 8 Fast-page; self-
refresh; 3.3-volt 

424810A 512K x 8 Fast-page; write- 6b 
per-bit 

424810L 512K x 8 Fast-page; write-
per-bit; 3.3-volt 

42S4810A 512K x 8 Fast-page; write-
per-bit; self-refresh 

42S4810L 512K x 8 Fast-page; write-
per-bit; self-refresh; 
3.3-volt 

424900A 512K x 9 Fast-page 6c 

424900L 512K x 9 Fast-page; 3.3-volt 

42S4900A 512K x 9 Fast-page; self-
refresh 

42S4900L 512K x 9 Fast-page; self-
refresh; 3.3-volt 



NEC 
NEC Electronics Inc. 

Description 

The µPD424800A/L and µPD42S4800A/L are fast-page 
dynamic RAMs organized as 524,288 words by 8 bits 
and designed to operate from a single power supply. 

Optional features are power supply voltage ( +5 V or 
+3.3 V) and a new refresh mode called "self-refresh." 

µPD 
424800A 
424800L 
42S4800A 
42S4800L 

Options 
+5V 
+3.3V 
+5 V; self-refresh mode 
+3.3 V; self-refresh mode 

Advanced polycide technology using stacked capaci
tors minimizes silicon area and provides high storage 
cell capacity, high performance, and high reliability. A 
single-transistor dynamic storage cell and CMOS cir
cuitry throughout ensure minimum power dissipation, 
while an on-chip circuit internally generates the 
negative-voltage substrate bias-automatically and 
transparently. 

The three-state 1/0 pins are controlled by CAS indepen
dent of RAS. After a valid read or read-modify-write 
cycle, data is held on the outputs by maintaining CAS 
low. Data outputs return to high impedance when CAS 
goes high. Fast-page read and write cycles can be 
executed by cycling CAS. 

Refreshing may be accomplished by a CAS before RAS 
refresh cycle (CBR) that internally generates the re
fresh address. RAS-only refresh cycles will also refresh 
all memory locations. 

The self-refresh mode is entered by holding RAS low for 
longer than 100 µs during a C BR cycle. Detection of this 
long RAS time starts an internal oscillator that main
tains data integrity without external clocking. The slow 
refresh reduces the data hold current to less than 200 
microamperes. Self-refresh mode is used with micro
processors that have a "sleep mode" for low-power 
applications such as notebook PCs. 

Features 

o 524,288 by 8-bit organization 
o Single power supply (+5-volt or +3.3-volt) 
o Self-refresh option (slow internal automatic refresh) 
o Fast-page option 
o Low power dissipation 
o CAS before RAS refreshing 

60127-2 

pPD424800A/L, 42S4800A/L 
524,288 x 8-Bit 

Dynamic CMOS RAM 

o On-chip substrate bias generator 
o TTL-compatible inputs and outputs 
o Nonlatched, three-state outputs 
o Lowinputcapacltance 
o Multiplexed row and column addresses 
o 1024 refresh cycles every 16 ms 
o 28-pin SOJ, ZIP, and TSOP plastic packaging 

Pin Configurations 

28-Pin Plastic SOJ 

µPD424800A/L, 42S4800A/L 

Vee 28 GND 
V01 2 27 VO a 
V02 3 26 V07 

V03 4 25 VO a 
V04 5 24 V05 

NC 6 23 CAS 

WE 7 22 OE 

RAS 8 21 NC 
Ag 9 20 AS 
Ao 10 19 A7 
A1 11 18 Ae 
A2 12 17 A5 
A3 13 16 A4 

Vee 14 15 GND 
83FM-861-!A 



pPD424800A/L, 42S4800A/L 

Pin Configurations (cont) 

28-Pin Plastic ZIP 

µPD424800A/L, 42S4800A/L 

OE 1~ 

~~~ : ::f ;: : ~: 
GND 7 t::, :n 8 Vee 
VO 1 g '::, ::J 10 V02 
V03 11 r::, ::J 12 VO 

NC 13 r:: - 4 

RAS 1S r:{ '.'.'. 14 WE 
A 17 r::" -·- 16 Ag 

O t:n 18 A1 
A2 1g t:: 

V 21 r::' :n 20 Aa 
CC ' ::J 22 GND 
A4 23 ''', ::J 24 A 
As 25 t:: S 
A 27 :i:' ::J 26 A1 

8 '::J 28 NC 
"-J,;-

28-Pin Plastic TSOP (Normal Pinouts) 

µPD424800NL, 42S4800A/L 

Vee 10 28 GND 

V01 2 27 VO a 
V02 3 26 v~ 

V03 4 2S voe 
V04 s 24 VOs 
NC 6 23 CAS 

WE 7 -7JD 22 OE 

RAS 8 21 NC 

Ag g 20 Ag 

Ao 10 1g A1 

A1 11 18 As 
A2 12 17 As 

Aa 13 16 A4 
Vee 14 01s GND 

Sufflx-7JD In the package Identifier 
denotes normal plnout sequence. 

2 

83FM-8616A 

83FM-8616A 

NEC 

28-Pin Plastic TSOP (Reverse Pinouts) 

µPD424800A/L, 42S4800A/L 

GND 0 028 Vee 
VOa 2 27 V01 

v~ 3 26 V02 
VO a 4 2S V03 

VOs s 24 V04 
CAS 6 23 NC 

OE 7 -7KD 22 WE 

NC 8 21 RAS 

As 20 Ag 

A1 10 1g Ao 
As 11 18 A1 

As 12 17 A2 

A4 13 16 Aa 
GND 14 0 1S Vee 

Suffix -7KD In the package Identifier 
denotes reverse plnout sequence. 

83FM-8617A 

Pin ldentif ication 
Name Function 

Ao-Ag Address inputs 

1/01 - I/Os Data inputs and outputs 

CAS Column address strobe 

OE Output enable 

RAS Row address strobe 

WE Write enable 

GND Ground 

Vee + 5-volt or + 3.3-volt power supply 

NC No connection 



NEC pPD424800A/L, 42S4800A/L 

Ordering Information, #LPD424800A ( + 5-volt power) 
RAS Access Fast-Page Cycle CAS Access 

Part Number Time (max) Time (max) Time (max) Package 

µPD424800ALE-60 60 ns 40 ns 20 ns 28-pin plastic SOJ 

LE-70 70 ns 45 ns 

LE-80 80 ns 50 ns 

µPD424800AV-60 60 ns 40 ns 20 ns 28-pin plastic ZIP 

V-70 70 ns 45 ns 

V-80 80 ns 50 ns 

µPD424800AG5-60 60 ns 40 ns 20 ns 28-pin plastic TSOP 

G5-70 70 ns 45 ns 
(normal pinouts) 

G5-80 80 ns 50 ns 

µPD424800AG5M-60 60 ns 40 ns 20 ns 28-pin plastic TSOP 

G5M-70 70 ns 45 ns 
(reverse pinouts) 

G5M-80 80 ns 50 ns 

Ordering Information, #LPD424800L (+ 3.3-volt power) 
RAS Access Fast-Page Cycle CAS Access 

Part Number Time (max) Time (max) Time (max) Package 

µP D424800LLE-A60 60 ns 40 ns 20 ns 28-pin plastic SOJ 

LE-A70 70 ns 45 ns 

LE-A80 80 ns 50 ns 

µPD424800LV-A60 60 ns 40 ns 20 ns 28-pin plastic ZIP 

V-A70 70 ns 45 ns 

V-A80 80 ns 50 ns 

µPD424800LG5-A60 60 ns 40 ns 20 ns 28-pin plastic TSOP 

G5-A70 70 ns 45 ns 
(normal pinouts) 

G5-A80 80 ns 50 ns DI µPD424800LG5M-A60 60 ns 40 ns 20 ns 28-pin plastic TSOP 

G5M-A70 70 ns 45 ns 
(reverse pinouts) 

G5M-A80 80 ns 50 ns 

3 



µPD424800A/L, 42S4800A/L NEC 
Ordering Information, µ.PD42S4800A ( + 5-volt power; self-refresh mode) 

RAS Access Fast-Page Cycle CAS Access Self-Refresh 
Part Number Time (max) Time (max) Time (max) Current (max) Package 

µPD42S4800ALE-60 60 ns 40 ns 20 ns 300µA 28-pin plastic SOJ 

LE-70 70 ns 45 ns 

LE-80 80 ns 50 ns 

µPD42S4800AV-60 60 ns 40 ns 20 ns 300µA 28-pin plastic ZIP 

V-70 70 ns 45 ns 

V-80 80 ns 50 ns 

µPD42S4800AG5-60 60 ns 40 ns 20 ns 300µA 28-pin plastic TSOP 

G5-70 70 ns 45 ns 
{normal pinouts) 

G5-80 80 ns 50 ns 

µPD42S4800AG5M-60 60 ns 40 ns 20 ns 300µA 28-pin plastic TSOP 

G5M-70 70 ns 45 ns 
{reverse pinouts) 

G5M-80 80 ns 50 ns 

Ordering Information, µ.PD42S4800L ( +· 3.3-volt power; self-refresh mode) 
RAS Access Fast-Page Cycle CJIB Access Self-Refresh 

Part Number Time (max) Time (max) Time (max) Current (max) Package 

µPD42S4800LLE-A60 60 ns 40 ns 20 ns 100µA 28-pin plastic SOJ 

LE-A70 70 ns 45 ns 

LE-A80 80 ns 50 ns 

µPD42S4800LV-A60 60 ns 40 ns 20 ns 100µA 28-pin plastic ZIP 

V-A70 70 ns 45 ns 

V-A80 80 ns 50 ns 

µPD42S4800LG5-A60 60 ns 40 ns 20 ns 100µA 28-pin plastic TSOP 

G5-A70 70 ns 45 ns 
{normal pinouts) 

G5-A80 80 ns 50 ns 

µPD42S4800LG5M-A60 60 ns 40 ns 20 ns 100µA 28-pin plastic TSOP 

G5M-A70 70 ns 45 ns 
{reverse pinouts) 

G5M-A80 80 ns 50 ns 

4 



NEC 
Block Diagram 

Ao 
A1 . 
A2 • ~ ~ 
As • l m 

:;:;:::;:;}:· .,, 
A4 • ~ ~ 
As • :::!: "O 

~ Aa • 
A1 • 
Ag • 
Ag 

Truth Table 
Function RAS CAS WE 

Standby H x x 
Refresh cyle L H x 
Read cycle L L H 

Write cycle L L L 

L L H 

X = don't care. 

CASClock 
Generator 

~ 
"8 
i c 
~ a: 

OE 1/01 -1/08 

x High-Z 

x High-Z 

L Data output 

H Data input 

H High-Z 

WEClock 
Generator 

OE Clock 
Generator 

Data VO Bus 

Column Decoder 

Sense Ampllfter 

Memory Array 

µPD424800A/L, 42S4800A/L 

Data-In 
Buffer 

V01 

VO a 
Data-out 
Buffer 

83YL·7281B 
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pPD424800A/L, 42S4800A/L 

Absolute Maximum Ratings 
Voltage on any pin relative to GND 

5-volt devices 
3.3-volt devices 

Operating temperature, TopR 

Storage temperature, TsrG 

Short-circuit output current, los 
5-volt devices 
3.3-volt devices 

Power dissipation, Po 

-1.0 to +7.0 V 
-0.5 to + 4.6 V 

o to +70°c 

-55 to + 125°C 

50 mA 
20 mA 

1.0W 

Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause perma
nent damage. The device should be operated within the limits 
specified under DC and AC Characteristics. 

Recommended Operating Conditions 

NEC 
Capacitance 
TA = 25°C; f = 1 MHz 

Parameter Symbol Max Unit Pins Under Test 

Input capacitance C11 5 pF Addresses 

C12 7 pF CAS, WE, 
OE, RAS 

Input/output Co 7 pF 1/01 -1/0a 
capacitance 

5-Volt Devices 3.3-Volt Devices 

Parameter Symbol Min Typ Max Min Typ Max Unit 

Input voltage, high V1H 2.4 Vee+ 1.0 2.0 Vee +o.3 v 
Input voltage, low V1L -1.0 0.8 -0.5 0.8 v 
Supply voltage Vee 4.5 5.0 5.5 3.0 3.3 3.6 v 
Ambient temperature TA 0 +70 0 +70 oc 

Self-Refresh Current 
TA= Oto+ 70°C; Vee = +5 V ±10% (42S4800A) or +3.3 V ±0.3 V (42S4800L) 

Symbol 42S4800A 42S4800L 

lcc1 300µA max 100µA max 

DC Characteristics; 5-Volt Devices 
TA = o to + 70°C; Vee = + 5.0 V ±10% 

Parameter Symbol Min Typ Max 

Standby current lcc2 2.0 

300 

Input leakage current l1(L) -10 10 

Output leakage current lo(L) -10 10 

Output voltage, low Vol 0.4 

Output voltage, high VoH 2.4 

6 

Unit 

mA 

µA 

µA 

µA 

v 
v 

Conditions 

1/0 pins: V1H ~ Vee- 0.2 V; V1L s 0.2 V or open. 
Other input pins: V1H ~ Vee - 0.2 V; V1L s 0.2 V 
or open. tRAS ~ 100 µs 

Test Conditions 

RAS= CAS ~ V1H (min); lo= 0 mA 

RAS = CAS ~ Vee - 0.2 V; lo = 0 mA 

V1N = 0 V to V cc: all other pins not under test = 0 V 

Dour disabled; Vour = o V to Vee 

loL = 4.2mA 

loH = -5 mA 



NEC pPD424800A/L, 42S4800A/L 

DC Characteristics; 3.3-Volt Devices 
TA = o to + 70°C; Vee = + 3.3 V :t0.3 V 

Parameter Symbol Min Typ Max Unit Test Conditions 

Standby current lcc2 500 µA RAS= CAS C!': V1H (min); lo= 0 mA 

100 µA RAS= CAS Ci!'; Vcc-0.2V; lo= OmA 

Input leakage current l1(L) -5 5 µA V1N = O V to V cc; all other pins not under test = o V 

Output leakage current lo(L) -5 5 µA DouT disabled; VouT = o V to V cc 

Output voltage, low Vol 0.4 v loL =2.0 mA 

Output voltage, high VoH 2.4 v loH = -2.0 mA 

AC Characteristics 
TA= Oto +70°C 
µPD424800A, 42S4800A: Vee= +5.0 v :!:10% 
µPD424800L, 42S4800L: Vee= +3.3 v :!:0.3 v 

-60 -70 -80 

Parameter Symbol Min Max Min Max Min Max Unit Test Conditions 

Operating current, lcc1 (+5) 100 90 80 mA RAS, CAS cycling; tRc = 
average 

lcc1 (+3.3) 100 80 70 
tRc min (Note 5) 

Operating current, lcc3 (+5) 100 90 80 mA RAS cycling; CAS C!': V1H 
RAS-only refresh 

lcc3 (+3.3) 100 80 70 
min; tRc = tRc min 

cycle, average (Note 5) 

Operating current, lcc4 (+5) 80 70 60 mA RAS s V1L; CAS cycling; 
fast-page cycle, 

lcc4 (+3.3) 80 70 60 
tpc = tpc min 

average (Note 5) 

Operating current, lcc5'(+5) 100 90 80 mA RAS cycling; CAS s V1L 
CAS before RAS max; tRc = tRc min 
refresh cycle, lcc5 (+3.3) 100 80 70 (Note 5) 
average 

Access time from tAA 30 35 40 ns (Notes 3, 4, 7, 8) 
column address 

Access time from tACP 35 40 45 ns (Notes 3, 4, 7, 8) • CAS precharge 
(rising edge) 

Column address tAsc 0 0 0 ns 
setup time 

Row address setup tASR 0 0 0 ns 
time 

Column address to tAWD 50 55 70 ns (Note 14) 
WE delay time 

Access time from tcAC 20 20 20 ns (Notes 3, 4, 7, 8) 
CAS (falling edge) 

Column address tcAH 15 15 15 ns 
hold time 

CAS pulse width tcAS 20 10,000 20 10,000 20 10,000 ns 

CAS hold time for tcHR 15 15 15 ns (Note 15) 
CAS before RAS 
refreshing 

CAS hold time tcHS -35 -40 -50 ns For 42S4800A/L only 
(CBR self-refresh 
mode) 

7 



µPD424800A/L, 42S4800A/L NEC 
AC Characteristics (cont) 

-60 -70 -80 

Parameter Symbol Min Max .Min Max Min Max Unit Test Conditions 

CAS to output in tcLZ 0 0 0 ns (Notes 4, 7) 
low-Z 

Fast-page CAS tcp 10 10 10 ns 
precharge time 

CAS precharge tcPN 10 10 10 ns 
time 

Fast-page CAS tcpwo 55 60 75 ns (Note 14) 
precharge to WE 
delay time 

CAS to RAS tcRP 10 10 10 ns (Note 10) 
precharge time 

CAS hold time tcsH 60 70 80 ns 

CAS setup time for tcsR 5 5 5 ns (Note 15) 
CAS before RAS 
refresh cycle 

CAS to WE delay tcwo 40 40 50 ns (Note 14) 

Write command tcwL 15 15 15 ns 
referenced to CAS 
lead time 

Data-in hold time toH 15 15 15 ns (Note 13) 

Data-in setup time tos 0 0 0 ns (Note 13) 

Access time from toeA 20 20 20 ns (Notes 3, 4, 7, 8) 
OE 

OE data delay time toeo 15 15 15 ns 

OE command hold toeH 0 0 0 ns 
time 

OE to RAS inactive toes 0 0 0 ns 
setup time 

Output turnoff toez 0 15 0 15 0 15 ns (Note 9) 
delay from OE 

Output disable toFF 0 15 0 15 0 20 ns (Note 9) 
from CAS high 

OE to output in toLZ 0 0 0 ns (Notes 5, 7) 
low-Z 

Fast-page read or tpc 40 45 50 ns (Note 6) 
write cycle time 

Fast-page read- tpRwc 85 90 100 ns (Note 6) 
modify-write cycle 
time with exended 
data output 

Access time from tRAC 60 70 80 ns (Notes 3, 4, 7, 8) 
RAS 

8 



NEC µPD424800A/L, 42S4800A/L 

AC Characteristics (cont) 
-60 -70 -80 

Parameter Symbol Min Max Min Max Min Max Unit Test Conditions 

RAS to column tRAD 15 30 15 35 15 40 ns (Note 8) 
address delay time 

Row address hold tRAH 10 10 10 ns 
time 

Column address tRAL 30 35 40 ns 
lead time 
referenced to RAS 
(rising edge) 

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

Fast-page RAS tRASP 60 125,000 70 125,000 80 125,000 ns 
pulse width 

RAS pulse width tRASS 100 100 100 µs For 42S4800A/L 
(CBR self-refresh 
mode) 

Random read or tRc 120 130 150 ns (Note 6) 
write cycle time 

RAS to CAS delay tRCD 20 40 20 50 20 60 ns (Note 8) 
time 

Read command tRCH 0 0 0 ns (Note 11) 
hold time 
referenced to CAS 

Read command tRcs 0 0 0 ns 
setup time 

Refresh period tREF 16 16 16 ms Addresses Ao -A9 

RAS hold time tRHCP 35 40 45 ns 
referenced to CAS 
precharge 

RAS precharge tRP 50 50 60 ns 
time 

RAS precharge tRPC 0 0 0 ns • CAS hold time 

RAS precharge tRPS 120 130 150 ns For 42S4800A/L 
time (CBR self-
refresh mode) 

Read command tRRH 0 0 0 ns (Note 11) 
hold time 
referenced to RAS 

RAS hold time tRSH 20 20 25 ns 

Read-modify-write tRwc 165 175 200 ns (Note 6) 
cycle time 

RAS to WE delay tRWD 80 90 105 ns (Note 14) 

Write command tRWL 20 20 20 ns 
referenced to RAS 
lead time 

Rise and fall times tr 3 50 3 50 3 50 ns (Note 4) 

Write command twcH 15 15 15 ns (Note 12) 
hold time 

Write command twcs 0 0 0 ns (Note 14) 
setup time 

9 



pPD424800A/L, 42S4800A/L 

AC Characteristics (cont) 

Parameter 

Write command 
pulse width 

Notes: 

Symbol 

(1) All voltages are referenced to GND. 

-60 

Min Max 

15 

Min 

15 

(2) An initial pause of 100 µsis required after power-up, followed by 
any eight AAS cycles, before proper device operation is 
achieved. 

(3) Ac measurements assume tT = 5 ns. 

(4) V1H (min) and V1L (max) are reference levels for measuring the 
timing of input signals. Transition times are measured between 
V1H and VIL· 

(5) lcc1. lcc3, lcc4, and lcc5 depend on output loading and cycle 
rates. Specified values are obtained with the output open. lcc3 
is measured assuming that all column address inputs are held at 
either a high level or a low level during RAS-only refresh cycles. 
lcc4 is measured assuming that all column address inputs are 
switched only once during each fast-page cycle. 

(6) The minimum specifications are used only to indicate the cycle 
time at which proper operation over the full temperature range 
(TA = O to + 70°C) is assured. 

(7) Load = 2 TTL (-1 mA, + 4 mA) loads and 100 pF. For 3.3-volt 
devices, V OH = 2.0 V and VOL = 0.8 V. 

(8) If tRcD :S tRcD (max) and tRAD :S tRAD (max), access time is 
defined by tRAC (max). 
If tRco 2 tRcD (max), access time is defined by tcAC (max). 
If tRAD 2 tRAD (max), access time is defined by tAA (max). 

(9) toFF (max) and toEz (max) define the time at which the outputs 
become open-circuit and are not referenced to VoH or Vol· 

(10) The tcRP requirement should be applicable for AAS/CAS cycles 
preceded by any cycle. 

10 
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NEC 

-80 

Max Min Max Unit Test Conditions 

15 ns (Note 12) 

(11) Either tRRH or tRcH must be satisfied for a read cycle. 

(12) Parameter twp is applicable for a delayed write cycle such as a 
read-write/read-modify-write cycle. For early write cycles, both 
twcs and twcH must be met. 

(13) These parameters are referenced to the falling edge of one of the 
CAS signals for early write cycles and to the falling edge of WE 
for delayed write or read-modify-write cycles. 

(14) twcs. tRwo. tcwo. tcpwo and tAwo are restrictive operating 
parameters in read-write/read-modify-write cycles only. If twcs 
2 twcs (min), the cycle is an early write cycle and the data 1/0 
pins will remain open-circuit throughout the entire cycle. If tcwo 
2 tcwo (min), tRwo 2 tRwo (min), and tAwo 2 tAwo (min), then 
the cycle is a read-write cycle and the data 1/0 pins will contain 
data read from the selected cells. If neither of the above 
conditions is met, the condition of the data 1/0 pins (at access 
time and until CAS returns to V1H) is indeterminate. 

(15) Holdin~S low prior to RAS going negative will initiate a CAS 
before RAS refresh cycle (tcsR and tcHR must be satisfied). 



NEC pPD424800A/L, 42S4800A/L 

Timing Waveforms 

Read Cycle 

RAS 

CAS 

Address 

"""I ~,__----tRsH----
tcsH--------~ 

WE 7/)/ !Ill/ 1111/ _J V!Jllli 
-----toes 

~1 
I k- tcAc---
~tAA-~ toez~ 

--------tRAr.--~-----

High Impedance 1 lnputlOutput ______ .;.;;a;;..;;.;.i==;....._--__.;.---+-----41 

L.c~w 
Valld Data-out 
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pPD424800A/L, 42S4800A/L 

Timing Waveforms (cont) 

Early Write Cycle 

RAS 

CAS 

Address 

--------. lRAS-----__.. 

1--il( ---tRSH----+i 
--------=--tcsH~-----+t 

NEC 

--11////1 ///Jl!JJ/J llU/; 
~1.__::-_toH-==1===== 

lnputlOUtput ~----oa-ta_-i" __ _ 

Note: 

[1) OE= don't care. 
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NEC 
Timing Waveforms (cont) 

Late Write Cycle 

RAS 

tcRP 

pPD424800A/L, 42S4800A/L 

r~'------tRSH-----.i ----------:--tCSH---------

CAS 

Address 

OE 

Input/Output 

83YL-6979B 
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µPD424800A/L, 42S4800A/L 

Timing Waveforms (cont) 

Read-Write/Read-Modif}«-Write Cycle 

Address 

Input/Output ______ ..__H..::.igh_1 .. m.:..ped_a;.;..n .. ce __ _.;.._;..,c
1 

l--tRAc·--'------'--..-
1 ~I l~toLZ 

tcLZH 

14 

NEC 
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NEC 
Timing Waveforms (cont) 

Fast-Page Read Cycle 

pPD424800A/L, 42S4800A/L 

DI 

83VB-8788B 
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µPD424800A/L, 42S4800A/L 

Timing Waveforms (cont) 

Fast-Page Early Write Cycle 

Addrass 

WE 

ii., 

_·os~ ~IOHj~~h-•oH? tos~h-·~~ 
Input/Output~ Da!a·ln ~ Data~n ~Data~n ~ 

Note: 

[1] OE = doni care. 
83YL.a1a 
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NEC 
Timing Waveforms (cont) 

Fast-Page Late Write Cycle 

pPD424800A/L, 42S4800A/L 
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µPD424800A/L, 42S4800A/L ~EC 

Timing Waveforms (cont) 

Fast-Page Read-Write/Read-Modify-Write Cycle 

-----tpRwc------:•1 
-~~--tcAS----

tcAH 

Address 

High Impedance 
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NEC 
Timing Waveforms (cont) 

Hidden Refresh Cycle 

pPD424800A/L, 42S4800A/L 

-----Memory Cycle------:~- CAS Before RAS Cycle ~~-CAS Before RAS Cycle 

~----tRc tRc tRc-------'lllol 

RAS 

CAS 

Address 

WE I/ !Ill! II 
I 

Input/Output ----.,.---H-.lgh_l_m._ped_anc_e __ -<1 

lli_~CLZ 

---tRAS 

twHR~ I 

Valid Data-out 

to FF 

toez 

High 
Im e 

83VB-6786B 
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Timing Waveforms (cont) 

RA~nly Refresh Cycle 

NEC 

lnput/OUtput _ ___._ _________ __,Hlg_hl_mpedance ____ __.... _____ _ 

Notee: 

[1) WE= OE= don't care. 

CAS Before RAS Refresh Cycle 

RAS 

tcRP 

CAS 

WE 7Jll \\\\\\\\\\\ \\\\\\\\ \ \\\\\ \\\\ \ \\\\\ \\\\ \\\ \ \ 
lnput/Output-------------H~lgh_lm~pedan--~---------------
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NEC 
Timing Waveforms (cont) 

CBR Self-Refresh Cycle 

µPD424800A/L, 42S4800A/L 

l1--~--i''-~-S-R------------i.•...----------------'~'<>tS 
If On 

Hl-Z 
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NEC 
NEC Electronics Inc. 

Description 

The µPD424810A/L and µPD42S4810A/L are fast-page 
dynamic RAMs with the write-per-bit option, organized 
as 524,288 words by 8 bits, and designed to operate 
from a single power supply. 

Optional features are power supply voltage ( +5 V or 
+3.3 V) and a new refresh mode called "self-refresh.'' 

µPD 
424810A 
424810L 
42S4810A 
42S4810L 

Options 
+5V 
+3.3V 
+5 V; self-refresh mode 
+3.3 V; self-refresh mode 

Advanced polycide technology using stacked capaci
tors minimizes silicon area and provides high storage 
cell capacity, high performance, and high reliability. A 
single-transistor dynamic storage cell and CMOS cir
cuitry throughout ensure minimum power dissipation, 
while an on-chip circuit internally generates the 
negative-voltage substrate bias-automatically and 
transparently. 

The three-state 1/0 pins are controlled by CAS indepen
dent of RAS. After a valid read or read-modify-write 
cycle, data is held on the outputs by maintaining CAS 
low. Data outputs return to high impedance when CAS 
goes high. Fast-page read and write cycles can be 
executed by cycling CAS. 

Refreshing may be accomplished by a CAS before RAS 
refresh cycle (CBR) that internally generates the re
fresh address. RAS-only refresh cycles will also refresh 
all memory locations. 

The self-refresh mode is entered by holding RAS low for 
longer than 100 µs during a C BR cycle. Detection of this 
long RAS time starts an internal oscillator that main
tains data integrity without external clocking. The slow 
refresh reduces the data hold current to less than 200 
microamperes. Self-refresh mode is used with micro
processors that have a "sleep mode" for low-power 
applications such as notebook PCs. 

Features 

o 524,288 by 8-bit organization 
o Single power supply (+5-volt or +3.3-volt) 
o Self-refresh option (slow internal automatic refresh) 
o Fast-page option 

60184-1 

pPD424810A/L, 42S4810A/L 
524,288 x 8-Bit 

Dynamic CMOS RAM 

o Write-per-bit option; independent write control on 
eight I/Os 

o Low power dissipation 
o CAS before RAS refreshing 
o On-chip substrate bias generator 
o TTL-compatible inputs and outputs 
o Nonlatched, three-state outputs 
o Low input capacitance 
o Multiplexed row and column addresses 
o 1024 refresh cycles every 16 ms 
o 28-pin SOJ, ZIP, and TSOP plastic packaging 

Pin Configurations 

28-Pin Plastic SOJ 

µPD42481 OAfL, 42S4810A/L 

Vee 28 GND 

V01 2 2:1 VO a 
V02 3 26 V07 
V03 4 25 VO a 
V04 5 24 V05 

23 CAS 
WE 7 22 OE 

AAS 8 21 NC 
Ag 9 20 As 
Ao 10 19 A7 
A1 11 18 A6 
A2 12 17 A5 
As 13 16 A4 

Vee 14 15 GND 

83FM-8972A 



pPD424810A/L, 42S4810A/L 

Pin Configurations (cont) 

28-Pin Plastic ZIP 

28-Pin Plastic TSOP (Normal Pinouts) 

µPD424810AIL, 42S4810A/L 

vcc 10 28 GND 

V01 2 2:1 VOs 
V02 3 26 vo-, 
V03 4. 25 VOs 
V04 5 24 VOs 
NC 6 23 CAS 
WE 7 -7JD 22 OE 

RAS a· 21 NC 

Ag 9 20 As 
Ao 10 19 A1 

A1 11 18 As 
A2 12 17 As 
A3 13 18 A4 

Vee 14 015 GND 

Sufflx-7JD In the package ldenttner 
denotes nonnal plnout sequence. 

83FM-8974A 
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NEC 

28-Pin Plastic TSOP (Reverse Pinouts) 

µPD42481 OAIL, 428481 OA/L 

GND 1 0 028 Vee 
· VOs 2. 2:1 V01 

VO-, 3 26 V02 
V09 4 25 V03 

V05 5 24 V04 
CAS 8 23 NC 

OE 7 -7KD 22 WE 

NC 8 21 RAS 

As 9 20 Ag 

A1 10 19 Ao 
Ae 11 18 A1 

As 12 17 A2 

A4 13 18 Aa 
GND 14 0 15 Vee 

Sufflx-7KD In the package ldenUller 
denotes reverse plnout sequence. 

Pin ldentif ication 
Name Function 

Ao-Ag Address inputs 

Data inputs and outputs 

Column address strobe 

Output enable 

Row address strobe 

Write enable 

GND Ground 

Vee + 5-volt or + 3.3-volt power s~pply 

NC No connection 



NEC µPD424810A/L, 42S481 OA/L 

Ordering Information, JLPD424810A (+ 5-volt power) 
RAS Access Fast-Page Cycle CASAccess 

Part Number Time (max) Time (max) Time (max) Package 

µPD424810ALE-60 60 ns 40 ns 20 ns 28-pin plastic SOJ 

LE-70 70 ns 45 ns 

LE-80 80 ns 50 ns 

µPD424810AV-60 60 ns 40 ns 20 ns 28-pin plastic ZIP 

V-70 70 ns 45 ns 

V-80 80 ns 50 ns 

µPD424810AG5-60 60 ns 40 ns 20 ns 28-pin plastic TSOP 

G5-70 70 ns 45 ns 
(normal pinouts) 

G5-80 80 ns 50 ns 

µPD424810AG5M-60 60 ns 40 ns 20 ns 28-pin plastic TSOP 

G5M-70 70 ns 45 ns 
(reverse pinouts) 

G5M-80 80 ns 50 ns 

Ordering Information, JLPD424810L (+ 3.3-volt power) 
RAS Access Fast-Page Cycle 'CASAccess 

Part Number Time (max) Time (max) Time (max) Package 

µPD424810LLE-A60 60 ns 40 ns 20 ns 28-pin plastic SOJ 

LE-A70 70 ns 45 ns 

LE-A80 80 ns 50 ns 

µPD424810LV-A60 60 ns 40 ns 20 ns 28-pin plastic ZIP 

V-A70 70 ns 45 ns 

V-A80 80 ns 50 ns 

µPD424810LG5-A60 60 ns 40 ns 20 ns 28-pin plastic TSOP 

G5-A70 70 ns 45 ns 
(normal pinouts) 

G5-A80 80 ns 50 ns 

µPD424810LG5M-A60 60 ns 40 ns 20 ns 28-pin plastic TSOP 

G5M-A70 70 ns 45 ns 
(reverse pinouts) 

G5M-A80 80 ns 50 ns • 

3 



pPD42481 OA/L, 42S481 OA/L NEC 
Ordering Information, µPD42S4810A ( + 5-volt power; self-refresh mode) 

RAS Access Fast-Page Cycle CA'S Access Self-Refresh 
Part Number Time (max) Time (max) Time (max) Current (max) Package 

µPD4284810ALE-60 60 ns 40 ns 20 ns 300µA 28-pin plastic SOJ 

LE-70 70 ns 45 ns 

LE-80 80 ns 50 ns 

µPD4284810AV-60 60 ns 40 ns 20 ns 300µA 28-pin plastic ZIP 

V-70 70 ns 45 ns 

V-80 80 ns 50 ns 

µPD428481 OAG5-60 60 ns 40 ns 20 ns 300µA 28-pin plastic TSOP 

G5-70 70 ns 45 ns 
(normal pinouts) 

GS-80 80 ns 50 ns 

µPD4284810AG5M·60 60 ns 40 ns 20 ns 300µA 28-pin plastic TSOP 

GSM-70 70 ns 45 ns 
(reverse pinouts) 

G5M·80 80 ns 50 ns 

Ordering Information, µPD42S4810L ( + 3.3-volt power; self-refresh mode) 
RAS Access Fast-Page Cycle 'CAS Access Self-Refresh 

Part Number Time (max) Time (max) Time (max) Current (max) Package 

µPD4284810LLE-A60 60 ns 40 ns 20 ns 100µA 28-pin plastic SOJ 

LE-A70 70 ns 45 ns 

LE-A80 80 ns 50 ns 

µPD4284810LV-A60 60 ns 40 ns 20 ns 100µA 28-pin plastic ZIP 

V-A70 70 ns 45 ns 

V-A80 80 ns 50 ns 

µPD4284810LG5-A60 60 ns 40 ns 20 ns 100µA 28-pin plastic TSOP 

G5-A70 70 ns 45 ns 
(normal pinouts) 

G5-A80 80 ns 50 ns 

µPD4284810LG5M-A60 60 ns 40 ns 20 ns 100µA 28-pin plastic TSOP 

G5M-A70 70 ns 45 ns 
(reverse pinouts) 

G5M-A80 80 ns 50 ns 

4 



NEC 
Block Diagram 

Ao 
A1 . 
A2 • Iii 
A3 • &1 a :::::::::::)· 
A4 • !E! 

::I 
As • :E 
A5 • 
A1 • 
As • 
Ag 

Truth Table 
Function RAS eAS 
Standby H x 
Refresh cyle L H 

Read cycle L L 

Write cycle L L 

L L 

X = don't care. 

~ m .,, 
~ 
'C 

~ 

WE 

x 
x 
H 

L 

H 

CASClock 
Generator 

Iii 
"8 
&l c 
~ a: 

OE 1/01 ·I/Os 

x High-Z 

x High-Z 

L Data output 

H Data input 

H High-Z 

WE Clock 
Generator 

OE Clock 
Generator 

Data VO Bus 

Column Decoder 

Sense Ampllfler 

Memory Array 

µPD424810A/L, 42S4810A/L 

Data-In 
Buffer 

Data-out 
Buffer 

83YL·7261B 
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pPD42481 OA/L, ·· 42S481 OA/L 

Write-Per-Bit Option 

The write-per-bit option may be used to allow a write 
cycle to change any number of bits in the 16-bit word. 
The mask is loaded from the 1/0 lines at the falling edge 
of RAS if WE = Vil· If the 1/0 line is high, then the 
corresponding bit will be written when the write cycle 
executes. If the 1/0 line is low, the bit does not charme. 
A mask loaded during fast-page operation will remain 
set and active for each write cycle that executes while 
RAS remains low. The mask may be changed only at 
the falling edge of RAS. 

Comparison of Write-Per-Bit Cycle Versus Standard 8-El.it Write Cycle 

r-----/ 

NEC 

---~------ --~~ 

Witte-Per-Bit ( WE 
Cyde 

VOn ----< WrtteData ---
~\\\\ \\ \\\\\\\\~ I 

110 Nlaak Data Write Operation 

1 (High) WrtteBlt 
V01-VOa 

0 (Low) Disable Bit Write 

83YL-81!26B 
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NEC 
Absolute Maximum Ratings 
Voltage on any pin relative to GND 

5-volt devices 
3.3-volt devices 

Operating temperature, TopR 

Storage temperature, TsTG 

Short-circuit output current, los 
5-volt devices 
3.3-volt devices 

Power dissipation, Po 

-1.0 to +7.0 V 
-0.5 to + 4.6 V 

Oto +70°C 

-55to+125°C 

50 mA 
20 mA 

1.0W 

Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause perma
nent damage. The device should be operated within the limits 
specified under DC and AC Characteristics. 

Recommended Operating Conditions 

pPD42481 OA/L, 42S481 OA/L 

Capacitance 
TA = 25°C; f = 1 MHz 

Parameter Symbol Max Unit Pins Under Test 

Input capacitance C11 5 pF Addresses 

C12 7 pF CAS, WE, 
OE, RAS 

Input/output Co 7 pF 1101-1/0a 
capacitance 

S-Volt Devices 3.3-Volt Devices 

Parameter Symbol Min Typ Max Min Typ Max Unit 

Input voltage, high V1H 2.4 Vee+ 1.0 2.0 Vee +0.3 v 
Input voltage, low V1L -1.0 0.8 -0.5 0.8 v 
Supply voltage Vee 4.5 5.0 5.5 3.0 3.3 3.6 v 
Ambient temperature TA 0 +70 0 +70 oc 

Self -Refresh Current 
TA= o to+ 70°C; Vee= +5 V :!:10% (42S4810A) or +3.3 V :!:0.3 V (42S4810L) 

Symbol 42S4810A 42S4810L 

300µA max 100µA max 

DC Characteristics; 5-Volt Devices 
TA= o to + 70°C; Vee = + 5.0 V :!:10% 

Parameter Symbol Min Typ Max 

Standby current lcc2 2.0 

300 

Input leakage current l1(L) -10 10 

Output leakage current lo(L) -10 10 

Output voltage, low Vol 0.4 

Output voltage, high VoH 2.4 

Unit 

mA 

µA 

µA 

µA 

v 
v 

Conditions 

1/0 pins: v1H <'!:: Vee- 0.2 V; V1L s 0.2 V or open. 
Other input pins: V1H ~ Vee - 0.2 V; V1L s 0.2 V 
or open. tRAS <'!:: 100 µs 

Test Conditions 

RAS= CAS ~ V1H (min); lo= 0 mA 

RAS = CAS ;:?!:: Vee - 0.2 V; lo = 0 mA 

V1N = 0 V to V cc; all other pins not under test = 0 V 

DouT disabled; VouT = o V to V cc 

loL = 4.2mA 

loH = -5 mA 

7 
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pPD424810A/L, 42S4810A/L NEC 
DC Characteristics; 3.3-Volt Devices 
TA= o to +70°C; Vee= +3.3 V ::t0.3 V 

Parameter Symbol Min Typ Max Unit Test Conditions 

Standby current lcc2 500 µA RAS= CAS ~ V1H (min); lo= 0 mA 

100 µA RAS = CAS ~ Vee - 0.2 V; lo = 0 mA 

Input leakage current l1(L) -5 5 µA V1N = 0 V to V cc; all other pins not under test = O V 

Output leakage current lo(L) -5 5 µA Dour disabled; VouT = o V to V cc 

Output voltage, low Vol 0.4 v loL =2.0 mA 

Output voltage, high VoH 2.4 v loH = -2.0 mA 

AC Characteristics 
TA = O to + 70°C 
µPD424810A, 42S4810A: Vee= +5.0 v :!::10% 
µPD424810L, 42S4810L: Vee= +3.3V :!::0.3 v 

·60 -70 ·80 

Parameter Symbol Min Max Min Max Min Max Unit Test Conditions 

Operating current, lee1 (+5) 100 90 80 mA RAS, CAS cycling; tRc = 
average 

lee1 (+3.3) 100 80 70 
tRe min (Note 5) 

Operating current, lce3 (+5) 100 90 80 mA RAS cycling; CAS ~ V1H 
RAS-only refresh 

lee3 (+3.3) 100 
min; tRe = tRe min 

cycle, average 80 70 (Note 5) 

Operating current, lee4 (+5) 80 70 60 mA RAS s V1L; CAS cycling; 
fast-page cycle, 

lee4 (+3.3) 80 70 60 
tpc = tpc min 

average (Note 5) 

Operating current, Ices (+5) 100 90 80 mA RAS cycling; CAS s V1L 
CAS before RAS max; tRe = tRc min 
refresh cycle, Ices (+3.3) 100 80 70 (Note 5) 
average 

Access time from tAA 30 35 40 ns (Notes 3, 4, 7, 8) 
column address 

Access time from tAeP 35 40 45 ns (Notes 3, 4, 7, 8) 
CAS precharge 
(rising edge) 

Column address tAsc 0 0 0 ns 
setup time 

Row address setup tASR 0 0 0 ns 
time 

Column address to tAwo 50 55 70 ns (Note 14) 
WE delay time 

Access time from teAe 20 20 20 ns (Notes 3, 4, 7, 8) 
CAS (falling edge) 

Column address teAH 15 15 15 ns 
hold time 

CAS pulse width teAS 20 10,000 20 10,000 20 10,000 ns 

CAS hold time for teHR 15 15 15 ns (Note 15) 
CAS before RAS 
refreshing 

CAS hold time teHs -35 -40 -50 ns For 42S4810A/L only 
(CBR self-refresh 
mode) 

8 



NEC pPD42481 OA/L, 42$481 OA/L 

AC Characteristics (cont) 
-60 -70 -so 

Parameter Symbol Min Max Min Max Min Max Unit Test Conditions 

CAS to output in tcLZ 0 0 0 ns (Notes 4, 7) 
low-Z 

Fast-page CAS tcp 10 10 10 ns 
precharge time 

CAS precharge tcPN 10 10 10 ns 
time 

Fast-page CAS tcpwo 55 60 75 ns (Note 14) 
precharge to WE 
delay time 

CASto RAS tcRP 10 10 10 ns (Note 10) 
precharge time 

CAS hold time tcsH 60 70 80 ns 

CAS setup time for tcsR 5 5 5 ns (Note 15) 
CAS before RAS 
refresh cycle 

CAS to WE delay tcwo 40 40 50 ns (Note 14) 

Write command tcwL 15 15 15 ns 
referenced to CAS 
lead time 

Data-in hold time toH 15 15 15 ns (Note 13) 

Data-in setup time tos 0 0 0 ns (Note 13) 

Access time from toeA 20 20 20 ns (Notes 3, 4, 7, 8) 
OE 

OE data delay time toeo 15 15 15 ns 

OE command hold toeH 0 0 0 ns 
time 

OE to RAS inactive toes 0 0 0 ns 
setup time 

Output turnoff toez 0 15 0 15 0 15 ns (Note 9) 
delay from OE 

Output disable toFF 0 15 0 15 0 20 ns (Note 9) • from CAS high 

OE to output in toLZ 0 0 0 ns (Notes 5, 7) 
low-Z 

Fast-page read or tpc 40 45 50 ns (Note 6) 
write cycle time 

Fast-page read- tpRWc 85 90 100 ns (Note 6) 
modify-write cycle 
time with exended 
data output 

Access time from tRAC 60 70 80 ns (Notes 3, 4, 7, 8) 
RAS 

RAS to column tRAD 15 30 15 35 15 40 ns (Note 8) 
address delay time 

Row address hold tRAH 10 10 10 ns 
time 

9 



pPD42481 OA/L, 42S481 OA/L NEC 
AC Characteristics (cont) 

-60 -70 -so 
Parameter Symbol Min Max Min Max Min Max Unit Test Conditions 

Column address tRAL 30 35 40 ns 
lead time 
referenced to RAS 
(rising edge) 

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

Fast-page RAS tRASP 60 125,000 70 125,000 80 125,000 ns 
pulse width 

RAS pulse width tRASS 100 100 100 µs For 42S4810A/L 
(CBR self-refresh 
mode) 

Random read or tRc 120 130 150 ns (Note 6) 
write cycle time 

RAS to CAS delay tRCD 20 40 20 50 20 60 ns (Note 8) 
time 

Read command tRCH 0 0 0 ns (Note 11) 
hold time 
referenced to CAS 

Read command tRcs 0 0 0 ns 
setup time 

Refresh period tREF 16 16 16 ms Addresses Ao -Ag 

RAS hold time tRHCP 35 40 45 ns 
referenced to CAS 
precharge 

RAS precharge tRP 50 50 60 ns 
time 

RAS precharge tRPC 0 0 0 ns 
CAS hold time 

RAS prec harge tRPS 120 130 150 ns For 42S4810A/L 
time (CBR self-
refresh mode) 

Read command tRRH 0 0 0 ns (Note 11) 
hold time 
referenced to RAS 

RAS hold time tRSH 20 20 25 ns 

Read-modify-write tRWc 165 175 200 ns (Note 6) 
cycle time 

RAS to WE delay tRWD 80 90 105 ns (Note 14) 

Write command tRWL 20 20 20 ns 
referenced to RAS 
lead time 

Rise and fall times tT 3 50 3 50 3 50 ns (Note 4) 

Write-per-bit mode twBH 10 10 10 ns 
hold time 

Write-per-bit setup twas 0 0 0 ns 
time 

Write command twcH 15 15 15 ns (Note 12) 
hold time 

Write command twcs 0 0 0 ns (Note 14) 
setup time 

10 



NEC 
AC Characteristics (cont) 

-60 

Parameter Symbol Min Max Min 

Write-per-bit mask twH 10 10 
data hold time 

Write command twp 15 15 
pulse width 

Write-per-bit mask tws 0 0 
data setup time 

Notes: 

(1) All voltages are referenced to GND. 

(2) An initial pause of 100 µs is required after power-up, followed by 
any eight RAS cycles, before proper device operation is 
achieved. 

(3) Ac measurements assume tT = 5 ns. 

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

(5) lcc1. lcc3, lcc4, and Ices depend on output loading and cycle 
rates. Specified values are obtained with the output open. lcc3 
is measured assuming that all column address inputs are held at 
either a high level or a low level during RAS-only refresh cycles. 
lcc4 is measured assuming that all column address inputs are 
switched only once during each fast-page cycle. 

(6) The minimum specifications are used only to indicate the cycle 
time at which proper operation over the full temperature range 
(TA = O to + 70°C) is assured. 

(7) Load = 2 TTL (-1 mA, +4 mA) loads and 100 pF. For 3.3-volt 
devices, V OH = 2.0 V and VOL = 0.8 V. 

(8) If tRcD s tRcD (max) and tRAD s tRAD (max), access time is 
defined by tRAC (max). 
If tRcD <!:: tRco (max), access time is defined by tcAc (max). 
If tRAD <!:: tRAD (max), access time is defined by tAA (max). 

(9) to FF (max) and toez (max) define the time at which the outputs 
become open-circuit and are not referenced to VoH or Vol· 

(10) The tcRP requirement should be applicable for RAS/CAS cycles 
preceded by any cycle. 

-70 

pPD424810A/L, 42S4810A/L 

-80 

Max Min Max Unit Test Conditions 

10 ns 

15 ns (Note 12) 

0 ns 

(11) Either tRRH or tRcH must be satisfied for a read cycle. 

(12) Parameter twp is applicable for a delayed write cycle such as a 
read-write/read-modify-write cycle. For early write cycles, both 
twcs and twcH must be met. 

(13) These parameters are referenced to the falling edge of one of the 
CAS signals for early write cycles and to the falling edge of WE 
for delayed write or read-modify-write cycles. 

(14) twcs. tRWD• tcwo. tcpwo and tAwD are restrictive operating 
parameters in read-write/read-modify-write cycles only. If twcs 
<!:: twcs (min), the cycle is an early write cycle and the data 1/0 
pins will remain open-circuit throughout the entire cycle. If tcwo 
<!:: tcwo (min), tRWo <!:: tRwD (min), and tAwD <!:: tAwo (min), then 
the cycle is a read-write cycle and the data 1/0 pins will contain 
data read from the selected cells. If neither of the above 
conditions is met, the condition of the data 1/0 pins (at access 
time and until CAS returns to V1H) is indeterminate. 

(15) Holdin~S low prior to RAS going negative will initiate a CAS 
before RAS refresh cycle (tcsR and tcHR must be satisfied). 

11 
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pPD424810A/L, 42S4810A/L 

Timing Waveforms 

Read Cycle 

RAS 

tcRP 

CAS 

Address 

'""'loEf------tRSH----~ 

14-----------'--tcsH~--------'»1 

L 

NEC 

_J VllJ!Ji 
14------tOES 

WE 7/JI ! //Ill/la 

~~1 

I k- tcAc 

~tAA~---~ 
14-------tRA,,.._--1----~ 

ce I lnpuVOutput ------.:..::iz.:~=:.:::::....._ __ .......:,. __ -1--~ 

L.c~~ 

12 

Valld Data-out 
High Impedance 

83VB-8779B 



NEC 
Timing Waveforms (cont) 

Early Write Cycle 

RAS 

CAS 

Address 

WE 

Input/Output 

Note: 

[1] OE =don't care. 

pPD424810A/L, 42S4810A/L 

i....I Ef------tRSH-----~ 

14--------~tcsH----------

--~1+-----tcAs:------' 

Data-In 

83VIMl780B 
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µPD424810A/L, 428481 OA/L 

Timing Waveforms (cont) 

Late Write Cycle 

RAS 

tCRP 

CAS 

Address 

WE 

OE 

lnput!Output 

14 

rl(;------tRSH-----

---------'---tCSH---------

----tRco---+~----tCAs-----

NEC 

83VIMl781B 



NEC 
Timing Waveforms (cont) 

Read-Write/Read-Modify-Write Cycle 

Address 

OE 

Input/Output 
Write-per-bit 
Mask Select 

High Impedance 

IE tRAc-----

pPD424810A/L, 42S4810A/L 

83VB-8782B 
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pPD42481 OA/L, 42S481 OA/L 

Timing Waveforms (cont) 

Fast-Page Read Cycle 

16 

NEC 



NEC 
Timing Waveforms (cont) 

Fast-Page Early Write Cycle 

Notes: 

[1] OE = don't care. 
[2] Wrtte-per-blt enable/disable. 
[3] Wrtte-per-blt mask select. 

pPD424810A/L, 42S4810A/L 

83V&6787B 

17 



pPD42481 OA/L, 42S4810A/L 

Timing Waveforms (cont) 

Fast-Page Late Write Cycle 

18 

Notes: 

[1] Wr1te-per-blt enablafdlsable. 

[2) Wr1te-per-blt mask select. 
83VB-8788B 



NEC 
Timing Waveforms (cont) 

Fast-Page Read-Write/Read-Modify-Write Cycle 

Address 

tws 

Input/Output 

Notea: 
[1] Write-per-bit enable/dlsable. 
[2] Write-per-bit mask select. 

pPD424810A/L, 42S4810A/L 

High Impedance 

83VB-6789B 
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pPD42481 OA/L, 42$481 OA/L 

Timing Waveforms (cont) 

Hidden Refresh Cycle 

NEC 

---Memory Cycle---+~ CAS Before RAS Cycle ~(:---CAS Before RAS Cycle 

RAS 

CAS 

Address 

20 

----tRc tRc----

twHR~ I 

\\ \\ \\ \\\\\ \\ \\\1 
I 

Valid Data-out 

to FF 

toEZ 

High 
Im 

83VIMl7868 



NEC 
Timing Waveforms (cont} 

RAS-Only Refresh Cycle 

RAS 

tCRP 

CAS Jl 
--~--~ 

pPD424810A/L, 42S4810A/L 

High Impedance Input/Output------------------;;._...;... ________________ _ 

Notes: 

[1] WE= OE= don't care. 
83VB-6783B 

CAS Before RAS Refresh Cycle 

RAS 

tcsR tcRP 

CAS 

Input/Output _________________ H...;lg;...h_lm...;.pedan __ ce ________________ _ 

83CL-8976B 
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pPD42481 OA/L, 42S481 OA/L 

Timing Waveforms (cont) 

CBR SeN-Refresh Cycle 

i,----... 1 ·--t-cs_R ______ ..,,_ _______ __,f'~ 

VOn 
High Impedance 

22 

NEC 

83YL-8606B 



NEC 
NEC Electronics Inc. 

Description 

The µPD424900A/L and µPD42S4900A/L are fast-page 
dynamic RAMs organized as 524,288 words by 9 bits 
and designed to operate from a single power supply. 

Optional features are power supply voltage (+5 V or 
+3.3 V) and a new refresh mode called "self-refresh." 

µPD Options 
424900A +5 V 
424900L +3.3 V 
42S4900A +5 V; self-refresh mode 
42S4900L +3.3 V; self-refresh mode 

Advanced polycide technology using stacked capaci
tors minimizes silicon area and provides high storage 
cell capacity, high performance, and high reliability. A 
singlMransistor dynamic storage cell and CMOS cir
cuitry throughout ensure minimum power dissipation, 
while an on-chip circuit internally generates the 
negative-voltage substrate bias-automatically and 
transparently. 

The three-state 1/0 pins are controlled by CAS indepen
dent of RAS. After a valid read or read-modify-write 
cycle, data is held on the outputs by maintaining CAS 
low. Data outputs return to high impedance when CAS 
goes high. Fast-page read and write cycles can be 
executed by cycling CAS. 

Refreshing may be accomplished by a CAS before RAS 
refresh cycle (CBR) that internally generates the re
fresh address. RAS-only refresh cycles will also refresh 
all memory locations. 

The self-refresh mode is entered by holding RAS low for 
longer than 100 µs during a C BR cycle. Detection of this 
long RAS time starts an internal oscillator that main
tains data integrity without external clocking. The slow 
refresh reduces the data hold current to less than 200 
microamperes. Self-refresh mode is used with micro
processors that have a "sleep mode" for low-power 
applications such as notebook PCs. 

Features 

o 524,288 by 9-bit organization 
o Single power supply (+5-volt or +3.3-volt) 
o Self-refresh option (slow internal automatic refresh) 
o Fast-page option 
o Low power dissipation 
o CAS before RAS refreshing 

60167 

pPD424900A/L, 42S4900A/L 
524,288 x 9-Bit 

Dynamic CMOS RAM 

o On-chip substrate bias generator 
o TTL-compatible inputs and outputs 
o Nonlatched, three-state outputs 
o Low input capacitance 
o Multiplexed row and column addresses 
o 1024 refresh cycles every 16 ms 
o 28-pin SOJ, 28-pin ZIP, and 28-pin TSOP plastic 

packaging 

Pin Configurations 

28-Pin Plastic SOJ 

µPD424900AIL, 42S4900NL 

Vee 28 GND 

V01 2 Z'1 V09 

V02 3 26 V05 

V03 4 25 V07 

V04 5 24 VO a 
V05 6 23 CAS 
WE 7 22 OE 

RAS 8 21 NC 
Ag 9 20 AS 

Ao 10 19 A7 

A1 11 18 Ae 
A2 12 17 As 

A3 13 16 A4 

Vee 14 15 GND 

83F~ 

• 



pPD424900A/L, 42S4900A/L 

Pin Configurations {cont) 

28-Pin Plastic ZIP 

28-Pin Plastic TSOP(Normal Pinouts) 

µPD424900NL, 42S4900AIL 

vcc 10 28 GND 

V01 2 27 VOg 

V02 3 26 V05 
V03 4 25 v~ 
V04 5 24 V05 
V05 6 23 CAS 
WE 7 -7JD 22 OE 

RAS 8 21 NC 

Ag 9 20 A5 

Ao 10 19 A1 

A1 11 18 Ae 
A2 12 17 As 
Aa 13 16 ~ 

Vee 14 015 GND 

Suffix -7 JD In the package Identifier 
denotes normal plnout sequence. 

2 

83FM-Se61A 

83FM-8662A 

NEC 

28-Pin Plastic TSOP (Reverse Pinouts) 

µPD424900NL, 42S4900NL 

GND 1 0 0 28 Vee 
VOg 2 27 V01 

V05 3 26 V02 

v~ 4 25 V03 

V00 5 24 V04 
CAS 6 23 V05 
OE 7 -7KD 22 WE 

NC 8 21 RAS 

As 9 20 Ag 

A1 10 19 Ao 
Ae 11 18 A1 

As 12 17 A2 

A4 13 16 Aa 
GND 14 0 15 Vee 

Suffix -7KD In the package Identifier 
denotes reverse plnout sequence. 

83FM.-:!A 

Pin ldentif ication 
Name Function 

Ao-Ag Address inputs 

1/01-1/0g Data inputs and outputs 

CAS Column address strobe 

OE Output enable 

RAS Row address strobe 

WE Write enable 

GND Ground 

Vee + 5-volt power supply 

NC No connection 



fttf EC 
Ordering Information, µ.PD424900A ( + 5-volt power) 

RAS Access Fast-Page Cycle 
Part Number Time (max) Time (max) 

µPD424900ALE-60 60 ns 40 ns 

LE-70 70 ns 45 ns 

LE-80 80 ns 50 ns 

µPD424900AV-60 60 ns 40 ns 

V-70 70 ns 45 ns 

V-80 80 ns 50 ns 

µPD424900AG5-60 60 ns 40 ns 

G5-70 70 ns 45 ns 

G5-80 80 ns 50 ns 

µPD424900AG5M-60 60 ns 40 ns 

G5M-70 70 ns 45 ns 

G5M-80 80 ns 50 ns 

Ordering Information, µ.PD424900L ( + 3.3-volt power) 
RAS Access Fast-Page Cycle 

Part Number Time (max) Time (max) 

µPD424900LLE-A60 60 ns 40 ns 

LE-A70 70 ns 45 ns 

LE-A80 80 ns 50 ns 

µPD424900LV-A60 60 ns 40 ns 

V-A70 70 ns 45 ns 

V-A80 80 ns 50 ns 

µPD424900LG5-A60 60 ns 40 ns 

G5-A70 70 ns 45 ns 

G5-A80 80 ns 50 ns 

µPD424900LG5M-A60 60 ns 40 ns 

G5M-A70 70 ns 45 ns 

G5M-A80 80 ns 50 ns 

pPD424900A/L, 42S4900A/L 

CAS Access 
Time (max) 

20 ns 

20 ns 

20 ns 

20 ns 

CASAccess 
Time (max) 

20 ns 

20 ns 

20 ns 

20 ns 

Package 

28-pin plastic SOJ 

28-pin plastic ZIP 

28-pin plastic TSOP 
(normal pinouts) 

28-pin plastic TSOP 
(reverse pinouts) 

Package 

28-pin plastic SOJ 

28-pin plastic ZIP 

28-pin plastic TSOP 
(normal pinouts) 

28-pin plastic TSOP • 
(reverse pinouts) 

3 



µPD424900A/L, 42S4900A/L NEC 
Ordering Information, 1£PD42S4900A ( + 5-volt power; self-refresh mode) 

RAS Access Fast-Page Cycle CASAccess Self-Refresh 
Part Number Time (max) Time (max) Time (max) Current (max) Package 

µPD42S4900ALE-60 60 ns 40 ns 20 ns 300µA 28-pin plastic SOJ 

LE-70 70 ns 45 ns 

LE-80 80 ns 50 ns 

µPD42S4900AV-60 60 ns 40 ns 20 ns 300µA 28-pin plastic ZIP 

V-70 70 ns 45 ns 

V-80 80 ns 50 ns 

µPD42S4900AG5-60 60 ns 40 ns 20 ns 300µA 28-pin plastic TSOP 

G5-70 70 ns 45 ns 
(normal pinouts) 

G5-80 80 ns 50 ns 

µPD42S4900AG5M-60 60 ns 40 ns 20 ns 300µA 28-pin plastic TSOP 

G5M-70 70 ns 45 ns 
(reverse pinouts) 

G5M-80 80 ns 50 ns 

Ordering Information, 1£PD42S4900L ( + 3.3-volt power; self-refresh mode) 
RAS Access Fast-Page Cycle CAS Access Self-Refresh 

Part Number Time (max) Time (max) Time (max) Current (max) Package 

µPD42S4900LLE-A60 60 ns 40 ns 20 ns 100µA 28-pin plastic SOJ 

LE-A70 70 ns 45 ns 

LE-A80 80 ns 50 ns 

µPD42S4900LV-A60 60 ns 40 ns 20 ns 100µA 28-pin plastic ZIP 

V-A70 70 ns 45 ns 

V-A80 80 ns 50 ns 

µPD42S4900LG5-A60 60 ns 40 ns 20 ns 100µA 28-pin plastic TSOP 

G5-A70 70 ns 45 ns 
(normal pinouts) 

G5-A80 80 ns 50 ns 

µPD42S4900LG5M-A60 60 ns 40 ns 20 ns 100µA 28-pin plastic TSOP 

G5M-A70 70 ns 45 ns 
(reverse pinouts) 

G5M-A80 80 ns 50 ns 

4 



NEC 
Block Diagram 

CAs Before RAs 

Ao-
A1 . 
A2 • t Aa • 

:::::::::::::::· 
A4 • E 

:I 
As • :!! 

Aa • 
A1 • 
As • 
Ag-

Truth Table 
Function RAS CAS 

Standby H x 
Refresh cycle L H 

Read cycle L L 

Write cycle L L 

L L 

X = don't care. 

~ 
l§ 
III 

Bl 
I!! 
'C 
'C 
< 

WE 

x 
x 
H 

L 

H 

CASClock 
Generator 

~ 
'8 
0 
CD c 
~ 
er 

OE 1/01 - 1/09 

x High-Z 

x High-Z 

L Data output 

H Data input 

H High-Z 

WE Clock 
Generator 

OE Clock 
Generator 

Data VO Bus 

Column Decoder 

Sense Ampllfler 

Memory Array 

pPD424900A/L, 42S4900A/L 

Data-In 
Buffer 

Data-out 
Buffer 

V09 

83FM-79088 
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pPD424900A/L, 42S4900A/L 

Absolute Maximum Ratings 
Voltage on any pin relative to GND 

5-volt devices 
3.3-volt devices 

Operating temperature, TopR 

Storage temperature, TsTG 

Short-circuit output current, los 
5-volt devices 
3.3-volt devices 

Power dissipation, Po 

-1.0 to + 7.0 V 
-0.5 to + 4.6 V 

Oto +70°C 

-55 to + 125°C 

50 mA 
20 mA 

1.0W 

Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause perma
nent damage. The device should be operated within the limits 
specified under DC and AC Characteristics. 

Recommended Operating Conditions 

Capacitance 
TA = 25°C; f = 1 MHz 

Parameter 

Input capacitance 

Input/output 
capacitance 

NEC 

Symbol Max Unit Pins Under Test 

C11 5 pF Addresses 

C12 7 pF CAS, WE, 
OE, RAS 

Co 7 pF 1/01 -1/0g 

5-Volt Devices 3.3-Volt Devices 

Parameter Symbol Min Typ Max Min Typ Max Unit 

Input voltage, high V1H 2.4 Vee+ 1.0 2.0 Vee +o.3 v 
Input voltage, low V1L -1.0 0.8 -0.5 0.8 v 
Supply voltage Vee 4.5 5.0 5.5 3.0 3.3 3.6 v 
Ambient temperature TA 0 +70 0 +70 oc 

Self-Refresh Current 
TA= Oto +70°C; Vee= +5 V ±10% (42S4900A) or +3.3 V ±0.3 V (42S4900L) 

Symbol 42S4900A 42S4900L 

lcc1 300µA max 100µA max 

DC Characteristics; 5-Volt Devices 
TA = o to + 70°C; Vee = + 5.0 V ±10% 

Parameter Symbol Min Typ Max 

Standby current lcc2 2.0 

300 

Input leakage current l1(L) -10 10 

Output leakage current lo(L) -10 10 

Output voltage, low Vol 0.4 

Output voltage, high VoH 2.4 

6 

Unit 

mA 

µA 

µA 

µA 

v 
v 

Conditions 

1/0 pins: V1H <::: Vee- 0.2 V; V1L ~ 0.2 V or open. 
Other input pins: V1H <::: Vee - 0.2 V; V1L ~ 0.2 V 
or open. tRAS <::: 100 µs 

Test Conditions 

R~S = CAS <::: V1H (min); lo= 0 mA 

RAS = CAS <::: Vee - 0.2 V; lo = 0 mA 

V1N = 0 V to V cc; all other pins not under test = 0 V 

DouT disabled; VouT = o V to V cc 

loL = 4.2 mA 

loH = -5 mA 



NEC µPD424900A/L, 42S4900A/L 

DC Characteristics; 3.3-Volt Devices 
TA= o to + 70°C; Vee = +3.3 V ±0.3 V 

Parameter Symbol Min Typ Max Unit Test Conditions 

Standby current lcc2 500 µA RAS= CAS ~ V1H (min); lo= 0 mA 

100 µA RAS = CAS ~ Vee - 0.2 V; lo = 0 mA 

Input leakage current l1(l) -5 5 µA V1N = 0 V to V cc; all other pins not under test = 0 V 

Output leakage current fo(l) -5 5 µA DouT disabled; VouT = o V to V cc 

Output voltage, low Vol 0.4 v fol =2.0 mA 

Output voltage, high VoH 2.4 v loH = -2.0 mA 

AC Characteristics 
TA= Oto +70°C 
µPD424900A, 42S4900A: Vee= +5.0 v ±10% 
µPD424900L, 42S4900L: V cc = +3.3 V ±0.3 V 

-60 -70 -80 

Parameter Symbol Min Max Min Max Min Max Unit Test Conditions 

Operating current, lcc1 (+5) 120 110 100 mA RAS, CAS cycling; tRc = 
average 

fcc1 (+3.3) 110 100 90 
tRc min (Note 5) 

Operating current, fcc3 (+5) 120 110 100 mA RAS cycling; CAS ~ V1H 
RAS-only refresh 

fcc3 (+3.3) 110 100 90 
min; tRc = tRc min 

cycle, average (Note 5) 

Operating current, lcc4 (+5) 100 90 80 mA RAS s V1l; CAS cycling; 
fast-page cycle, 

lcc4 (+3.3) 100 90 80 
tpc = tpc min 

average (Note 5) 

Operating current, fcc5 (+5) 120 110 100 mA RAS cycling; CAS s Vil 
CAS before RAS max; tRc = tRc min 
refresh cycle, fcc5 (+3.3) 110 100 90 (Note 5) 
average 

Access time from tAA 30 35 40 ns (Notes 3, 4, 7, 8) 
column address 

Access time from tACP 35 40 45 ns (Notes 3, 4, 7, 8) 

Ill CAS precharge 
(rising edge) 

Column address tAsc 0 0 0 ns 
setup time 

Row address setup tASR 0 0 0 ns 
time 

Column address to tAWD 50 55 70 ns (Note 14) 
WE delay time 

Access time from tcAC 20 20 20 ns (Notes 3, 4, 7, 8) 
CAS (falling edge) 

Column address tcAH 15 15 15 ns 
hold time 

CAS pulse width tcAS 20 10,000 20 10,000 20 10,000 ns 

CAS hold time for tcHR 15 15 15 ns (Note 15) 
CAS before RAS 
refreshing 

7 



µPD424900A/L, 42S4900A/L NEC 
AC Characteristics (cont) 

-60 -70 -80 

Parameter Symbol Min Max Min Max Min Max Unit Test Conditions 

CAS hold time tcHS -35 -40 -50 ns For 42S4900A/L only 
(CBR self-refresh 
mode) 

CAS to output in tcLz 0 0 0 ns (Notes 4, 7) 
low-Z 

Fast-page CAS tcp 10 10 10 ns 
precharge time 

CAS precharge 1cPN 10 10 10 ns 
time 

Fast-page CAS tcpwo 55 60 75 ns (Note 14) 
precharge to WE 
delay time 

CAS to RAS tcRP 10 10 10 ns (Note 10) 
precharge time 

CAS hold time tcsH 60 70 80 ns 

CAS setup time for tcsR 5 5 5 ns (Note 15) 
CAS before RAS 
refresh cycle 

CAS to WE delay tcwo 40 40 50 ns (Note 14) 

Write command tcwL 15 15 15 ns 
referenced to CAS 
lead time 

Data-in hold time toH 15 15 15 ns (Note 13) 

Data-in setup time tos 0 0 0 ns (Note 13) 

Access time from toEA 20 20 20 ns (Notes 3, 4, 7, 8) 
OE 

OE data delay time toED 15 15 15 ns 

OE command hold toEH 0 0 0 ns 
time 

OE to RAS inactive toEs 0 0 0 ns 
setup time 

Output turnoff toEZ 0 15 0 15 0 15 ns (Note 9) 
delay from OE 

Output disable toFF 0 15 0 15 0 20 ns (Note 9) 
from CAS high 

OE to output in toLz 0 0 0 ns (Notes 5, 7) 
low-Z 

Fast-page read or tpc 40 45 50 ns (Note 6) 
write cycle time 

Fast-page read- tpRWc 85 90 100 ns (Note 6) 
modify-write cycle 
time with exended 
data output 

Access time from 1RAC 60 70 80 ns (Notes 3, 4, 7, 8) 
RAS 

8 



NEC pPD424900A/L, 42S4900A/L 

AC Characteristics (cont) 
-60 -70 -80 

Parameter Symbol Min Max Min Max Min Max Unit Test Conditions 

RAS to column tRAD 15 30 15 35 15 40 ns (Note 8) 
address delay time 

Row address hold tRAH 10 10 10 ns 
time 

Column address tRAL 30 35 40 ns 
lead time 
referenced to RAS 
(rising edge) 

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

Fast-page RAS tRASP 60 125,000 70 125,000 80 125,000 ns 
pulse width 

RAS pulse width tRASS 100 100 100 µs For 42S4900A/L 
(CBR self-refresh 
mode) 

Random read or tRc 120 130 150 ns (Note 6) 
write cycle time 

RAS to CAS delay tRCD 20 40 20 50 20 60 ns (Note 8) 
time 

Read command tRCH 0 0 0 ns (Note 11) 
hold time 
referenced to CAS 

Read command tRcs 0 0 0 ns 
setup time 

Refresh period tREF 16 16 16 ms Addresses Ao - Ag 

RAS hold time tRHCP 35 40 45 ns 
referenced to CAS 
precharge 

RAS precharge tRP 50 50 60 ns 
time 

RAS precharge tRPC 0 0 0 ns • CAS hold time 

RAS precharge tRPS 120 130 150 ns For 42S4900A/L 
time (CBR self-
refresh mode) 

Read command tRRH 0 0 0 ns (Note 11) 
hold time 
referenced to RAS 

RAS hold time tRSH 20 20 25 ns 

Read-modify-write tRwc 165 175 200 ns (Note 6) 
cycle time 

RAS to WE delay tRWo 80 90 105 ns (Note 14) 

Write command tRWL 20 20 20 ns 
referenced to RAS 
lead time 

Rise and fall times tT 3 50 3 50 3 50 ns (Note 4) 

9 



pPD424900A/L, 42S4900A/L 

AC Characteristics (cont) 
·60 

Parameter Symbol Min Max Min 

Write command twcH 15 15 
hold time 

Write command twcs 0 0 
setup time 

Write command twp 15 15 
pulse width 

Notes: 

(1) All voltages are referenced to GND. 

(2) An initial pause of 100 µsis required after power-up, followed by 
any eight RAS cycles, before proper device operation is 
achieved. 

(3) Ac measurements assume tT = 5 ns. 

(4) V1H (min) and V1L (max) are reference levels for measuring the 
timing of input signals. Transition times are measured between 
V1H and VIL· 

(5) lcc1. Icca. Icc4, and Ices depend on output loading and cycle 
rates. Specified values are obtained with the output open. lcc3 
is measured assuming that all column address inputs are held at 
either a high level or a low level during RAS-only refresh cycles. 
Icc4 is measured assuming that all column address inputs are 
switched only once during each fast-page cycle. 

(6) The minimum specifications are used only to indicate the cycle 
time at which proper operation over the full temperature range 
(TA = 0 to + 70°C) is assured. 

(7) Load = 2 TTL (-1 mA, +4 mA) loads and 100 pF. For 3.3-volt 
devices, VoH = 2.0 V and VoL = 0.8 V. 

(8) If tRco s tRcD (max) and tRAD s tRAD (max), access time is 
defined by tRAC (max). 

10 

If tRcD ~ tRcD (max), access time is defined by tcAC (max). 
If tRAD ~ tRAD (max), access time is defined by tAA (max). 

-70 

NEC 

·80 

Max Min Max Unit Test Conditions 

15 ns (Note 12) 

0 ns (Note 14) 

15 ns (Note 12) 

(9) toFF (max) and toEZ (max) define the time at which the outputs 
become open-circuit and are not referenced to VoH or Vol· 

(10) The tcRP requirement should be applicable for RAS/CAS cycles 
preceded by any cycle. 

(11) Either tRRH or tRcH must be satisfied for a read cycle. 

(12) Parameter twp is applicable for a delayed write cycle such as a 
read-write/read-modify-write cycle. For early write cycles, both 
twcs and twcH must be met. 

(13) These parameters are referenced to the fal!i!!.g edge of CAS for 
early write cycles and to the falling edge of WE for delayed write 
or read-modify-write cycles. 

(14) twcs. tRWD• tcwo. tcpwo and tAwo are restrictive operating 
parameters in read-write/read-modify-write cycles only. If twcs 
2 twcs (min), the cycle is an early write cycle and the data 1/0 
pins will remain open-circuit throughout the entire cycle. If tcwo 
2 tcwo (min), tRwo ~ tRwo (min), and tAwo ~ tAwo (min). then 
the cycle is a read-write cycle and the data 1/0 pins will contain 
data read from the selected cells. If neither of the above 
conditions is met, the condition of the data 1/0 pins (at access 
time and until CAS returns to V1H) is indeterminate. 

(15) Holdin~S low prior to RAS going negative will initiate a CAS 
before RAS refresh cycle (tcsR and tcHR must be satisfied). 



NEC 
Timing Waveforms 

Read Cycle 

RAS 

CAS 

Address 

µPD424900A/L, 42S4900A/L 

I t"llo(<------tRSH----

tcsH--------~ 

-----tRco--~++-----tCAs------1 

WE 7/Jl////l //JI/. _J VI/Im 
-----tQES 

~~1 

I ~ tCAc--~ 
~tAA--- toez~ 

---------tRA~-+-----~ 

High Impedance ca I 
Input/Output ------~;..;;;.;i==---_..;..---1-----f! 

L.=~ 
Valid Data-out 

83\18-67798 
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µPD424900A/L, 42S4900A/L 

Timing Waveforms (cont) 

Early-Write Cycle 

RAS 

CAS 

Address 

Note: 
[1] OE = don't care. 

12 

14--------tRAs-----~ 

I "-•---tRsH1

-----

.,..__ ___ ----'--tcsH-----~ 
14--tRco,-~i.----tCAs-----1 

83YL-6978B 



NEC 
Timing Waveforms (cont) 

Lat~Write Cycle 

RAS 

tcRP 

CAS 

Address 

OE 

Input/Output 

µPD424900A/L, 42S4900A/L 

r<<-------tRSH-----~ 
-----------tCSH--------~ 

~--tRco,--~*"E-----tcAs.------

83YL·6979B 
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µPD424900A/L, 42S4900A/L 

Timing Waveforms (cont) 

Read-Write/Read-Modify-Write Cycle 

Address 

WE 

OE 

Input/Output _______ H_.ig;,,..h_lm .... p_ed_an_c_e _____ <I 

l--IAAc----.i 
I ~I l+-toLZ 

tcLzH 

14 
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NEC 
Timing Waveforms (cont) 

Fast-Page Read Cycle 

pPD424900A/L, 42S4900A/L 

83FM-7909B 
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pPD424900A/L, 42S4900A/L 

Timing Waveforms (cont) 

Fast-Page Early-Write Cycle 

Note: 

[1] OE= don1 care. 

16 
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NEC 
Timing Waveforms (cont) 

Fast-Page Late-Write Cycle 

pPD424900A/L, 42S4900A/L 

83YL·6982B • 



pPD424900A/L, 42S4900A/L NEC 
Timing Waveforms (cont) 

Fast-Page Read-Write/Read-Modif¥-Write Cycle 

------tpRwc------1 

_ _..,._ __ tCAS----

lCAH 

Address 

High Impedance 

83FM·7910B 
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NEC pPD424900A/L, 42S4900A/L 

Timing Waveforms {cont) 

Hidden Refresh Cycle 

----Memory Cyde----i~- CAS Before RAS Cycle ~~-CAS Before RAS Cyde 

------tRc tRc----;~----

RAS 

CAS 

Address 

WE I/ !I/I/JI 
I 

lnput/OUtput ----.,....--H..-lgh_l_m .... ped_anc_e __ -<
1 

lli_::LZ 

twHR~ I 

Valid Data-out 

\\\\ \\\\\\\\\\\\1 
I 

toFF 

toEZ 

High 
Im e 

83VB-6786B 
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pPD424900A/L, 42S4900A/L 

Timing Waveforms (cont) 

RAS-Only Refresh Cycle 

NEC 

-------tRC-------~ 

------tRAs-----

RAS 

tcRP 

CAS Jl 
~~--· 

High Impedance 
lnpuVOutput---------------------

Notes: 

[1) WE= OE= don't care. 
83VB-6783B 

CAS Before RAS Refresh Cycle 

RAS 

CAS 

Address l//!l II! ////l//Jl ///J J//l/ II! II Ill/ !Ill !!II/Ill/I/I II II !Ill! I///; 
83FM·7911B 
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tttlEC 
Timing Waveforms 

CBR SeN-Refresh Cycle 

pPD424900A/L, 42S4900A/L 
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4M DRAMs (256K x 16/18) NEC 
Section 7 
4M DRAMS (256K x 16/18) 

µPD Organization Features µPD Organization Features 

424170A 256Kx 16 Fast-page; 2 WE; 7a 424263A 256K x 16 Fast-page; 2 CAS; 7d 
1K refresh 512 refresh; write-

424170L 256K x 16 Fast-page; 2 WE; per-bit 

1 K refresh; 3.3-volt 424263L 256K x 16 Fast-page; 2 CAS; 

42S4170A 256Kx 16 Fast-page; 2 WE; 512 refresh; write-

1 K refresh; self- per-bit; 3.3-volt 

refresh 42S4263A 256K x 16 Fast-page; 2 CAS; 

42S4170L 256Kx 16 Fast-page; 2 WE; 512 refresh; write-

1 K refresh; self- per-bit; self- refresh 

refresh; 3.3-volt 42S4263L 256K x 16 Fast-page; 2 CAS; 

424190A 256Kx 18 Fast-page; 2 WE; 7b 512 refresh; write-

1K refresh per-bit; self- refresh; 
3.3-volt 

424190L 256Kx 18 Fast-page; 2 WE; 
1 K refresh; 3.3-volt 424280A 256Kx 18 Fast-page; 2 CAS; 

512 refresh 
7e 

42S4190A 256Kx 18 Fast-page; 2 WE; 
1 K refresh; self- 424280L 256Kx 18 Fast-page; 2 CAS; 

refresh 512 refresh; 3.3-volt 

42S4190L 256Kx 18 Fast-page; 2 WE; 42S4280A 256K x 18 Fast-page; 2 CAS; 

1 K refresh; self- 512 refresh; self-

refresh; 3.3-volt refresh 

424260A 256Kx 16 Fast-page; 2 CAS; 7c 42S4280L 256K x 18 Fast-page; 2 CAS; 

512 refresh 512 refresh; self-
refresh; 3.3-volt 

424260L 256Kx 16 Fast-page; 2 CAS; 
512 refresh; 3.3-volt 

42S4260A 256Kx 16 Fast-page; 2 CAS; 
512 refresh; self-
refresh 

42S4260L 256Kx 16 Fast-page; 2 CAS; 
512 refresh; self-
refresh; 3.3-volt 



NEC 
NEC Electronics Inc. 

Description 

The µPD424170A/L and µPD42S4170A/L are fast-page 
dynamic RAMs organized as 262,144 words by 16 bits 
and designed to operate from a single power supply. 

Optional features are power supply voltage (+5 V or 
+3.3 V) and a new refresh mode called "self-refresh." 

µPD 
424170A 
424170L 
42S4170A 
42S4170L 

Options 
+5V 
+3.3V 
+5 V; self-refresh mode 
+3.3 V; self-refresh mode 

Advanced polycide technology using stacked capaci
tors minimizes silicon area and provides high storage 
cell capacity, high performance, and high reliability. A 
single-transistor dynamic storage cell and CMOS cir
cuitry throughout ensure minimum power dissipation, 
while an on-chip circuit internally generates the 
negative-voltage substrate bias-automatically and 
transparently. 

Word writing (1/01 -1/016), upper byte writing (1/09 -

1/016), and lower byte writing (1/01 -1/08) are all possi
ble using UWE and LWE. If UWE or LWE goes low during 
an early write cycle, all data outputs remain in high 
impedance. Either going low causes a byte write cycle, 
while bringing both low at the same time results in a 
word write cycle. UWE and LWE cannot be staggered 
within the same write cycle. 

Refreshing may be accomplished by a GAS before RAS 
refresh cycle (CBR) that internally generates the re
fresh address. RAS-only refresh cycles will also refresh 
all memory locations. 

The self-refresh mode is entered by holding RAS low for 
longer than 100 µs during a C BR cycle. Detection of this 
long RAS time starts an internal oscillator that main
tains data integrity without external clocking. The slow 
refresh reduces the data hold current to less than 200 
microamperes. Self-refresh mode is used with micro
processors that have a "sleep mode" for low-power 
applications such as notebook PCs. 

Features 

o 262,144 by 16-bit organization 
o Single power supply (+5-volt or +3.3-volt) 
o Self-refresh option (slow internal automatic refresh) 
o Fast-page option 

60158-1 

µPD424170A/L, 42S4170A/L 
262,144 x 16-Bit 

Dynamic CMOS RAM 

o Byte write control with UWE and LWE 
o Low power dissipation 
o GAS before RAS refreshing 
o On-chip substrate bias generator 
o TTL-compatible inputs and outputs 
o Nonlatched, three-state outputs 
o Low input capacitance 
o Multiplexed row and column addresses 
o 1024 refresh cycles every 16 ms 
o 40-pin SOJ, 40-pin ZIP, and 44/40-pin TSOP plastic 

packaging 

Pin Configurations 

40-Pin Plastic SOJ 

µPD424170A/L, 42S4170A/L 

Vee 1 40 GND 

V01 V015 

V02 V015 

V03 V014 

V04 V013 
Vee GND 

VO& V012 

voe vo11 

V010 
VOg 
NC 
NC 

OE 

As 
A1 

As 
As 
A4 

GND 



µPD424170A/L, 42S4170A/L 

Pin Configurations (cont) 

40-Pin Plastic ZIP 

µPD424170Nl, 42S4170AIL 

VOg 1~ 
·;: ::J 2 V010 

V01 1 3 n: .,, 
GND S n:r· 4 V012 
"0 7 }:n 6 V013 
V' 14 ••·r ·" 
V016 g n'. -·· 8 V01s 

Vee 11 n:t'. 10 GND 

V02 13 t::"C 12 V01 
VO 1S n:· .•• 14 V03 

4 .. ~ ::J 16 Vee 
VOs 17 ... t ::J 18 VO 
V07 1g n: .,, 6 

NC 21 t::"f;'" 20 V09 
UWE 23 t:'.t::J 22 LWE 

Ag 2S n~ ::i 24 RAS 

A 1 27 t::· '.'.'. 26 Ao 
A 3 2g n:" ::: 28 A2 

GND 31 t;;t .•• 30 Vee 
.:~ :n 32 A4 

As 33 ··· 
A7 35 n'.t:n 34 A6 

OE 37 t:~:n 36 ~ 
NC 3g t::· '.'.'. 38 CAS 

~40NC 

44/40-Pin Plastic TSOP (Normal Pinouts) 

µPD424170AIL, 42S4170NL 

vcc 10 44 GND 

V01 2 43 V016 

V02 3 42 V015 

V03 4 41 V014 

V04 s 40 V013 

Vee 6 3g GND 

VOs 7 38 V012 

V06 8 37 V011 

V07 g 36 V010 

V09 10 35 VOg 

-7JF 

NC 13 32 NC 

LWE 14 31 NC 

UWE 1S 30 CAS 

RAS 16 2g OE 

Ag 17 28 A9 

Ao 18 27 A7 

A1 1g 26 A6 

A2 20 25 As 

A3 21 24 A4 

vcc 22 0 23 GND 

Suffix -7 JF In the package ldenUfler 
denotes normal plnout sequence. 

2 

83YL-8606A 

83YL-8606A 

NEC 

44/40-Pin Plastic TSOP (Reverse Pinouts) 

µPD424170NL, 42S4170AIL 

GND 0 Vee 
V016 2 V01 

V01s 3 42 V02 

V014 4 41 V03 

V013 5 40 V04 

GND 6 3g Vee 
V012 7 38 V05 
V011 8 37 V06 

V010 g 36 V07 
VOg 10 35 VOg 

-7KF 

NC 13 32 NC 

NC 14 31 LWE 

CAS 15 30 UWE 

OE 16 29 RAS 

A9 17 28 Ag 

A7 18 27 Ao 

A6 1g 26 A1 

As 20 2S A2 

A4 21 
0 

24 As 
GND 22 23 Vee 

Suffix -7KF In the package ldenUfler 
denotes reverse plnout sequence. 

Pin Identification 
Name Function 

Ao-Ag Address inputs 

Column address strobe 

Data inputs and outputs 

Output enable 

RAS Row address strobe 

UWE and LWE Byte write enable 

GND Ground 

83YL-ll607A 

Vee + 5-volt or + 3.3-volt power supply 

NC No connection 



NEC 
Block Diagram 

Truth Table 
Function 

Standby 

Refresh cycle 

Byte write cycle 

Word read cycle 

Word write cycle 

X = don't care. 

Ao 
A1 • 
A2 • 
Aa • 
A4 • 
As • 
As • 
A1 • 
As • 
Ag 

RAS 

V1H 

V1L 

V1L 

V1L 

V1L 

V1L 

V1L 

CASClock 
Generator 

x x 
x x 

WE Clock 
Generator 

OE Clock 
Generator 

Data VO Bus 

Column Decoder 

Sense Amplifier 

Memory Array 

~ 

x 
V1H 

V1L 

V1L 

V1L 

V1L 

V1H 

µPD424170A/L, 42S4170A/L 

OE 

x 
x 

V1H 

V1H 

V1L 

V1H 

V1H 

Data-In 
Buffer 

Data-out 
Buffer 

1/01 ·I/Os 

High-Z 

High-Z 

Data input 

High-Z 

Data output 

Data input 

High-Z 

83YL·7747B 

1/09 -1/015 

High-Z 

High-Z 

High-Z 

Data input 

Data output 

Data input 

High-Z 

3 
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µPD424170A/L, 42S4170A/L NEC 
Ordering Information, µ.PD424170A (+ 5-volt power) 

RAS Access Fast-Page Cycle CAS Access 
Part Number Time (max) Time (max) Time (max) Package 

µPD424170ALE-60 60 ns 40 ns 20 ns 40-pin plastic SOJ 

LE-70 70 ns 45 ns 

LE-80 80 ns 50 ns 

µPD424170AV-60 60 ns 40ns 20 ns 40-pin plastic ZIP 

V-70 70 ns 45 ns 

V-80 80 ns 50 ns 

µPD424170AG5-60 60 ns 40 ns 20 ns 44/40-pin plastic TSOP 

G5-70 70 ns 45 ns 
(normal pinouts) 

G5-80 80 ns 50 ns 

µPD424170AG5M-60 60 ns 40 ns 20 ns 44/40-pin plastic TSOP 

G5M-70 70 ns 45 ns 
(reverse pinouts) 

G5M-80 80 ns 50 ns 

Ordering Information, p.PD424170L (+ 3.3-vqlt power) 
RAS Access Fast-Page Cycle CASAccess 

Part Number Time (max) Time (max) Time (max) Package 

µPD424170LLE·A60 60 ns 40 ns 20 ns 40-pin plastic SOJ 

LE·A70 70 ns 45 ns 

LE·A80 80 ns 50 ns 

µPD424170LV-A60 60 ns 40 ns 20 ns 40-pin plastic ZIP 

V-A70 70 ns 45 ns 

V-A80 80 ns 50ns 

µPD424170LG5-A60 60 ns 40 ns 20 ns 44/40-pin plastic TSOP 

G5-A70 70 ns 45 ns 
(normal pinouts) 

G5-A80 80 ns 50 ns 

µPD424170LG5M·A60 60 ns 40ns 20 ns 44/40-pin plastic TSOP 

G5M-A70 70 ns 45 ns 
(reverse pinouts) 

G5M-A80 80 ns 50 ns 

4 



NEC µPD424170A/L, 42S4170A/L 

Ordering Information, #LPD42S4170A (+ 5-volt power; self-refresh mode) 
RAS Access Fast-Page Cycle CAS Access Self-Refresh 

Part Number Time (max) Time (max) Time (max) Current (max) Package 

µPD42S4170ALE-60 60 ns 40 ns 20 ns 300µA 40-pin plastic SOJ 

LE-70 70 ns 45 ns 

LE-80 80 ns 50 ns 

µPD42S4170AV-60 60 ns 40 ns 20 ns 300µA 40-pin plastic ZIP 

V-70 70 ns 45 ns 

V-80 80 ns 50 ns 

µPD42S4170AG5-60 60 ns 40 ns 20 ns 300µA 44/40-pin plastic TSOP 

G5-70 70 ns 45 ns 
(normal pinouts) 

G5-80 80 ns 50 ns 

µPD42S4170AG5M-60 60 ns 40 ns 20 ns 300µA 44/40-pin plastic TSOP 

G5M-70 70 ns 45 ns 
(reverse pinouts) 

G5M-80 80 ns 50 ns 

Ordering Information, #LPD42S4170L ( + 3.3-volt power; self-refresh mode) 
RAS Access Fast-Page Cycle CAS Access Self-Refresh 

Part Number Time (max) Time (max) Time (max) Current (max) Package 

µPD42S4170LLE-A60 60 ns 40 ns 20 ns 100µA 40-pin plastic SOJ 

LE-A70 70 ns 45 ns 

LE-A80 80 ns 50 ns 

µPD42S4170LV-A60 60 ns 40 ns 20 ns 100µA 40-pin plastic ZIP 

V-A70 70 ns 45 ns 

V-A80 80 ns 50 ns 

µPD42S4170LG5-A60 60 ns 40 ns 20 ns 100µA 44/40-pin plastic TSOP 

G5-A70 70 ns 45 ns 
(normal pinouts) 

G5-A80 80 ns 50 ns 

µPD42S4170LG5M-A60 60 ns 40 ns 20 ns 100µA 44/40-pin plastic TSOP 

G5M-A70 70 ns 45 ns 
(reverse pinouts) 

G5M-A80 80 ns 50 ns 

Bl 
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pPD424170A/L, 42S4170A/L 

Absolute Maximum Ratings 
Voltage on any pin relative to GND 

+5-volt devices 
+3.3-volt devices 

Operating temperature, ToPR 

Storage temperature, TsTG 

Short-circuit output current, los 
+5-volt devices 
+3.3-volt devices 

Power dissipation, Po 

-1.0 to + 7.0 V 
-0.5 to + 4.6 V 

o to +70°C 

-55 to + 125°C 

50 mA 
20 mA 

1.0W 

Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause perma
nent damage. The device should be operated within the limits 
specified under DC and AC Characteristics. 

Recommended Operating Conditions 

NEC 
Capacitance 
TA = 25°C; f = 1 MHz 

Parameter Symbol Max Unit Pins Under Test 

Input capacitance C11 5 pF Addresses 

C12 7 pF LWE, UWE, 
OE, RAS 

Input/output Co 7 pF 1/01-1/015 
capacitance 

+ 5-Volt Devices + 3.3-Volt Devices 

Parameter Symbol Min Typ Max Min Typ Max Unit 

Input voltage, high V1H 2.4 Vee+ 1.0 2.0 Vee +o.3 v 
Input voltage, low V1L -1.0 0.8 -0.5 0.8 v 
Supply voltage Vee 4.5 5.0 5.5 3.0 3.3 3.6 v 
Ambient temperature TA 0 +70 0 +70 oc 

Self-Refresh Current 
TA= o to +70°C; Vee= +5 V ±10% (42S4170A) or +3.3 v ±0.3 v (42S4170L) 

Symbol 42S4170A 42S4170L 

lcc1 300 µA max 100µA max 

DC Characteristics; + 5-Volt Devices 
TA= o to +70°c; Vee= +5.0 v ±10% 

Parameter Symbol Min Typ Max 

Standby current lcc2 2.0 

300 

Input leakage current l1(L) -10 10 

Output leakage current lo(L) -10 10 

Output voltage, low Vol 0.4 

Output voltage, high VoH 2.4 

6 

Unit 

mA 

µA 

µA 

µA 

v 
v 

Conditions 

1/0 pins: V1H ::? Vee- 0.2 V; V1L s 0.2 V or open. 
Other input pins: V1H ::? Vee - 0.2 V; V1L s 0.2 V 
or open. tRAS ::? 100 µs 

Test Conditions 

RAS= CAS::? V1H (min); lo= 0 mA 

RAS= CAS::? Vcc-0.2V; lo= OmA 

V1N = 0 V to V cc; all other pins not under test = 0 V 

DouT disabled; VouT = o V to V cc 

loL = 4.2mA 

loH = -5 mA 



NEC pPD424170A/L, 42S4170A/L 

DC Characteristics; + 3.3-Volt Devices 
TA= o to +70°C; Vee= +3.3 V ±0.3 V 

Parameter Symbol Min Typ Max Unit Test Conditions 

Standby current lcc2 500 µA RAS= CAS <?:: V1H (min); lo= 0 mA 

100 µA RAS= CAS <?:: Vee- 0.2 V; lo= 0 mA 

Input leakage current ll(L) -5 5 µA V1N = 0 V to V cc; all other pins not under test = 0 V 

Output leakage current lo(L) -5 5 µA DouT disabled; VouT = o V to V cc 

Output voltage, low Vol 0.4 v loL =2.0 mA 

Output voltage, high VoH 2.4 v loH = -2.0 mA 

AC Characteristics 
TA= o to +70°C; Vee= +5.0 V ±10% or +3.3 V ±0.3 V 

-60 -70 -so 
Parameter Symbol Min Max Min Max Min Max Unit Test Conditions 

Operating current, lcc1 (+5) 110 100 90 mA RAS, CAS cycling; tRc = 
average 

lcc1 (+3.3) 100 90 80 
tRc min (Note 5) 

Operating current, lcc3 (+5) 110 100 90 mA RAS cycling; CAS <?:: V1H 
RAS-only refresh 

lcc3 (+3.3) 100 80 
min; tRc = tRc min 

cycle, average 90 (Note 5) 

Operating current, lcc4 (+5) 90 80 70 mA RAS s V1L; CAS cycling; 
fast-page cycle, 

lcc4 (+3.3) 90 80 70 
tpc = tpc min 

average (Note 5) 

Operating current, Ices (+5) 110 100 90 mA RAS cycling; CAS s V1L 
CAS before RAS max; tRc = tRc min 
refresh cycle, Ices (+3.3) 100 90 80 (Note 5) 
average 

Access time from tAA 30 35 40 ns (Notes 3, 4, 7, 8) 
column address 

Access time from tACP 35 40 45 ns (Notes 3, 4, 7, 8) 
CAS precharge 
(rising edge) 

Column address tAsc 0 0 0 ns 
setup time 

Row address setup tASR 0 0 0 ns 
time 

Column address to tAWD 50 55 70 ns (Note 14) 
WE delay time Bl Access time from tcAC 20 20 20 ns (Notes 3, 4, 7, 8) 
CAS (falling edge) 

Column address tcAH 15 15 15 ns 
hold time 

CAS pulse width tcAS 20 10,000 20 10,000 20 10,000 ns 

CAS hold time for tcHR 15 15 15 ns (Note 15) 
CAS before RAS 
refreshing 

CAS hold time tcHS -35 -40 -50 ns For 42S4170A/L only 
(CB R self-refresh 
mode) 

7 



pPD424170A/L, 42S4170A/L NEC 
AC Characteristics (cont) 

·60 -70 -80 

Parameter Symbol Min Ma:X .. Min Max Min Max Unit Test Conditions 

CAS to output in tcLZ 0 0 0 ns (Notes 4, 7) 
low-Z 

Fast-page CAS tcp 10 10 10 ns 
precharge time 

CAS precharge tcpN 10 10 10 ns 
time 

Fast-page CAS tcpwo 55 60 75 ns (Note 14) 
precharge to WE 
delay time 

CASto RAS tcRP 10 10 10 ns (Note 10) 
precharge time 

CAS hold time tcsH 60 70 80 ns 

CAS setup time for 
CAS before RAS 

tcsR 5 5 5 ns (Note 15) 

refresh cycle 

CAS to WE delay tcwo 40 40 50 ns (Note 14) 

Write command tcwL 15 15 15 ns 
referenced to CAS 
lead time 

Data-in hold time toH 15 15 15 ns (Notes 13, 16) 

Data-in·setup time tos 0 0 0 ns (Notes 13, 16) 

Masked write hold tMCH 0 0 0 ns 
time referenced to 
CAS 

Masked write tMcs 0 0 0 ns 
setup time 
referenced to CAS 

Masked write hold tMRH 0 0 0 ns 
time referenced to 
RAS 

Access time from toEA 20 20 20 ns (Notes 3, 4, 7, 8) 
OE 

OE data delay time torn 15 15 15 ns 

OE command hold toEH 0 0 0 ns 
time 

OE to RAS inactive toES 0 0 0 ns 
setup time 

Output turnoff toEZ 0 15 0 15 0 15 ns (Note 9) 
delay from OE 

Output disable toFF 0 15 0 15 0 20 ns (Note 9) 
from CAS high 

OE to output in toLZ 0 0 0 ns (Notes 5, 7) 
low-Z 

Fast-page read or tpc 40 45 50 ns (Note 6) 
write cycle time 

Fast-page read- tPRWC 85 90 100 ns (Note 6) 
modify-write cycle 
time with exended 
data output 

8 



NEC pPD424170A/L, 42S4170A/L 

AC Characteristics (cont) 
-60 -70 -80 

Parameter Symbol Min Max Min Max Min Max Unit Test Conditions 

Access time from tRAC 60 70 80 ns (Notes 3, 4, 7, 8) 
RAS 

RAS to column tRAD 15 30 15 35 15 40 ns (Note 8) 
address delay time 

Row address hold tRAH 10 10 10 ns 
time 

Column address tRAL 30 35 40 ns 
lead time 
referenced to RAS 
(rising edge) 

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

Fast-page RAS tRASP 60 125,000 70 125,000 80 125,000 ns 
pulse width 

RAS pulse width tRASS 100 100 100 µs For 42S4170NL 
(CSR self-refresh 
mode) 

Random read or tRc 120 130 150 ns (Note 6) 
write cycle time 

RAS to CAS delay tRco 20 40 20 50 20 60 ns (Note 8) 
time 

Read command tRCH 0 0 0 ns (Note 11) 
hold time 
referenced to CAS 

Read command tRcs 0 0 0 ns 
setup time 

Refresh period tREF 16 16 16 ms Addresses Ao - Ag 

RAS hold time tRHCP 35 40 45 ns 
referenced to CAS 
precharge 

RAS precharge tRP 50 50 60 ns 
time 

RAS precharge tRPC 0 0 0 ns 
CAS hold time 

RAS precharge tRPS 120 130 150 ns For 42S4170NL 
time (CBR self- -refresh mode) 

Read command tRRH 0 0 0 ns (Note 11) 
hold time 
referenced to RAS 

RAS hold time tRSH 20 20 25 ns 

Read-modify-write tRwc 165 175 200 ns (Note 6) 
cycle time 

RAS to WE delay tRwo 80 90 105 ns (Note 14) 

Write command tRWL 20 20 20 ns 
referenced to RAS 
lead time 

Rise and fall times tT 3 50 3 50 3 50 ns (Note 4) 

Write command twcH 15 15 15 ns (Note 12) 
hold time 

9 



pPD424170A/L, 42S4170A/L 

AC Characteristics (cont) 
-60 

Parameter Symbol Min Max Min 

Write command twcs 0 0 
setup time 

Write command twp 15 15 
pulse width 

Notes: 

(1) All voltages are referenced to GND. 

(2) An initial pause of 100 µsis required after power-up, followed by 
any eight RAS cycles, before proper device operation is 
achieved. 

(3) Ac measurements assume tT = 5 ns. 

(4) VrH (min) and Vrl (max) are reference levels for measuring the 
timing of input signals. Transition times are measured between 
VrH and Vrl· 

(5) lcc1. lcc3, lcc4, and Ices depend on output loading and cycle 
rates. Specified values are obtained with the output open. lcc3 
is measured assuming that all column address inputs are held at 
either a high level or a low level during RAS-only refresh cycles. 
lcc4 is measured assuming that all column address inputs are 
switched only once during each fast-page cycle. 

(6) The minimum specifications are used only to indicate the cycle 
time at which proper operation over the full temperature range 
(TA = 0 to + 70°C) is assured. 

(7) Load = 2 TTL (-1 mA, +4 mA) loads and 100 pF. For 3.3-volt 
devices, VoH = 2.0 V and Vol= 0.8 V (ac reference levels). 

(8) If tRcD :S tRcD (max) and tRAD :S tRAD (max), access time is 
defined by tRAC (max). 
If tRcD <:!: tRcD (max), access time is defined by tcAC (max). 
If tRAD <:!: tRAD (max), access time is defined by tAA (max). 

(9) toFF (max) and toEz (max) define the time at which the outputs 
become open-circuit and are not referenced to VoH or Vol· 

10 
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NEC 

-80 

Max Min Max Unit Test Conditions 

0 ns (Note 14) 

15 ns (Note 12) 

(10) The tcRP requirement should be applicable for RAS/CAS cycles 
preceded by any cycle. 

(11) Either tRRH or tRcH must be satisfied for a read cycle. 

(12) Parameter twp is applicable for a delayed write cycle such as a 
read-write/read-modify-write cycle. For early write cycles, both 
twcs and twcH must be met. 

(13) These parameters are referenced to the fallin~ge of CAS for 
early write cycles and to the falling edge of UWE and LWE for 
delayed write or read-modify-write cycles. 

(14) twcs. tRWD• tcwo. tcpwo and tAwo are restrictive operating 
parameters in read-write/read-modify-write cycles only. If twcs 
<:!: twcs (min), the cycle is an early write cycle and the data 1/0 
pins will remain open-circuit throughout the entire cycle. If tcwo 
<:!: tcwo (min), tRwo <:!: tRwo (min), and tAwD ~ tAwD (min), then 
the cycle is a read-write cycle and the data 1/0 pins will contain 
data read from the selected cells. If neither of the above 
conditions is met, the condition of the data 1/0 pins (at access 
time and until CAS returns to VrH) is indeterminate. 

(15) Holdin~S low prior to RAS going negative will initiate a CAS 
before RAS refresh cycle (tcsR and tcHR must be satisfied). 

(16) The first WE falling edge 'is used as a reference for the setup and 
hold requirements of tos and toH (late write cycle). 



NEC 
Timing Waveforms 

Word Read Cycle 

RAS 

UWE 

pPD424170A/L, 42S4170A/L 

-----------tRc----------~ 

14---------tRAs---------

I ~E----tRSH---~ 
-------tcsH-------_.. 

l 
LWE 7111/ I/II///// WI/Iii 

OE 

I 
-IE----16Ac----1 

oE -

1 

tAA-

-,-tRAc 

Input/Output 
OPEN I-------

~ tcLZ---
83YL·7748B 
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pPD424170A/L, 42S4170A/L 1\'EC 
Timing Waveforms (cont) 

Word Early-Write Cycle 

-----------tRC--------~ 

RAS 

Address 

UWE 

,__I <----tRsH-----. 
---------'----tcsH-----
--tRCO----J~---tcAS---__..1 

I I tRWL-----.i 
~1E~~l~~tcwL----~ 

---~--1.-twcR twcH--

LWE -i--1 -twp 

I i.--1--,l-HR---_-_-_t_Rw_L====---. 

tosj, k- -1< tDH-~ 
Input/Output __.,.l//..,...,...,J J/,_..,...J J/.,....,....,.~...,....,....f !/,....,....,..//))( Dabll'OM tlilll !//II/ (/Ill/!////; 
Note: 

[1] OE= don't care. 
83YL·7749B 

12 



NEC 
Timing Waveforms (cont) 

Byte Early-Write Cycle 

pPD424170A/L, 42S4170A/L 

-----tRc------->t 

tcRP IE tRsH 
----tcsH-----
----tRco tcAs--1 

Address 

V0
1 ·VOa 11111111 ///Jl////JlllllJl/llll!///ll//////l l!///l//////Jll !Ill 

tos E >I. l~toH 
1. •oH• I I 3e . • 

.,,. . ..,,. /11/ll!///Jll a _,,.,ut J//J/l//J//l//J////J !Ill// 12 
No tee: 
[1] OE= don't care. 

83YL·77!iOB 

13 



pPD424170A/L, 42S4170A/L NEC 
Timing Waveforms (cont) 

Word Late-Write Cycle 

----tRAs----

tcRP _____ 14---1_< -tcsH==--tRS_H-=----=---=--

-tRcD tCAs--1 

"'7!/////11/// II!{ 
~·a 

Input/Output ) 

W/ II ///JI/// II II! //II !l/Jll 

'-•I~ toH k111;Jffff!ll/ Ill 
83'1'1.-71618 

14 



t\'EC pPD424170A/L, 42S4170A/L 

Timing Waveforms (cont) 

Byte Late-Write Cycle 

----------tRc---------~ 

tcRP 

Address 

r.:----tRSH----

------'---t~H'------~ 

LWE WI/////! ///Illa 

tos~ 1-----toH--.-i 

VOg·V~a Data Input 

Vll/1111 

15 



pPD424170A/L, 42S4170A/L 

Timing Waveforms (cont) 

Word Read-Modify-Write Cycle 

---------~----tcsH------)1 
-------tRSH-------. .... 

--~._..----tCAs--------.1 

tCAH 

Address 

-----tAwo---
---tcwo---· 

tos L toH 

~t-------OPEN----
16 

NEC 

lRP 

83YL·77&3B 



NEC µPD424170A/L, 42S4170A/L 

Timing Waveforms (cont) 

Byte Read-Modify-Write Cycle 

Address 

------------I Re-----------~ 
-----------IRAs---------

1------------tcsH----
·----tRco-~~-----tRsH--------,--

-------tCAs---~ 

1 _ tRAc toEZ 
~tCLZ 

1------- OPEN DOUT 

83YL·7764B 

17 
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µPD424170A/L, 42S4170A/L 

Timing Waveforms (cont) 

Fast-Page Read Cycle 

Addmss 

OE------------[ A..._____,_ 
~11 

tCLZ 

18 

NEC 



NEC 
Timing Waveforms (cont) 

Word Fast-Page Write Cycle 

Address 

lnpuV 
Output ........................ ....,__,_~ 

pPD424170A/L, 42S4170A/L 

Bl 

Column2 Columnn 

19 



pPD424170A/L, 42S4170A/L 

Timing Waveforms (cont) 

Byte Fast-Page Write Cycle 

NEC 

~-----tRAsp-------1 

Address 

V09-

V01a ~ ............... ......., ·------1• Column2 

83YL-71578 

20 



NEC pPD424170A/L, 42S4170A/L 

Timing Waveforms (cont) 

Word Fast-Page Read-Modify-Write Cycle 

Address 

(~:= 
Input/ 

~~~=~~~~~~~~~-/ 

21 



µPD424170A/L, 42S4170A/L tt/EC 
Timing Waveforms (cont) 

Byte Fast-Page Read-Modify-Write Cycle 

Notes: 

[1] WE= LWE or UWE for lower byte write and upper byte write cycles, 18Specllvely. 

22 



NEC pPD424170A/L, 42S4170A/L 

Timing Waveforms (cont) 

Hidden Refresh Cycle (Read Cycle) 

--tRAS tRp 

tcRP 

Address Row 

UWE 71 /J/J!J /Ill/II I I I V//11(11/!JJ//J Ill/////! /JJ//I_, 
I tRcs~ tRRH ~ I 

LWE 71 II/////// II /I u V/!JJ/J///JJ/11/ IJ /////J//////j_, 

. OE I {~ IVl//11/!llJ/!!//J!IZ 
0~_;_c ltoEz toFF 

lnputf0utput -------<II Data Output Bl 
83YL·7782B 

....__ _______________ ___. 

23 



µPD424170A/L, 42S4170A/L NEC 
Timing Waveforms (cont) 

Byte Hidden-Refresh Cycle (Write) 

·--tRc tRc--1 
·--tRAs tRP~ 

tcRP 

Address Row 

UWE 7 !llJ//11 Ila . . 1. 

twcs ~twcH 

11 IWP 

I I I 
OE 71 ////////////JIJl II /1///1//J 11/////JI /Ill! I// II! //J! // !11!/J! 

V01·"°8 //!)// ;m);J/!£E ::DH~2/ !//J// II ///Jll@l!@llJ/2 
I ·· · tol'fR~=f~ 

V09·V<>1e 7! //II/// 1! ////J) //J/! II /l/l//////l! //J!ll ////!J!Jl/!J/ //Jiii! 
83YL·7783B 

24 



NEC 
Timing Waveforms (cont) 

RAS-Only Refresh Cycle 

pPD424170A/L, 42S4170A/L 

14----------tRAs-----------:~I 

_:i1~: ·~ 1<&1111111 /////J! /////J//////$$//ftl~ 
Notes: 

(1) UWE, LWE and OE= V1H or VIL· 
83YL·7780B 

CAS Before RAS Refresh Cycle 

14------~tRAs·--------I 

Address 

Notes: 

(1) DIN• UWE, LWE,OEandAddresses=V1HorV1L· ll!lm 
L_---------------------~---~~---~-------83YL-·778__.1B llllillll 

25 



pPD424170A/L, 42S4170A/L 

Timing Waveforms (cont) 

CBR Sen-Refresh Cycle 

VOn 

26 

.,__t_cs_R ______ ..1,c.---------f'~· 
High Impedance 

NEC 

83YL-$08B 



NEC 
NEC Electronics Inc. 

Description 

The µPD424190A/L and µPD42S4190A/L are fast-page 
dynamic RAMs organized as 262,144 words by 18 bits 
and designed to operate from a single power supply. 

Optional features are power supply voltage (+5 V or 
+3.3 V) and a new refresh mode called "self-refresh." 

µPD Options 
424190A +5 V 
424190L +3.3 V 
42S4190A +5 V; self-refresh mode 
42S4190L +3.3 V; self-refresh mode 

Advanced polycide technology using stacked capaci
tors minimizes silicon area and provides high storage 
cell capacity, high performance, and high reliability. A 
single-transistor dynamic storage cell and CMOS cir
cuitry throughout ensure minimum power dissipation, 
while an on-chip circuit internally generates the 
negative-voltage substrate bias-automatically and 
transparently. 

Word writing (1/01 - 1/018), upper byte writing (1/010 -
1/018), and lower byte writing (1/01 - 1/09) are all possi
ble using UWE and LWE. If UWE or LWE goes low during 
an early write cycle, all data outputs remain in high 
impedance. Either going low causes a byte write cycle, 
while bringing both low at the same time results in a 
word write cycle. UWE and LWE cannot be staggered 
within the same write cycle. 

Refreshing may be accomplished by a CAS before RAS 
refresh cycle (C BR) that internally generates the re
fresh address. RAS-only refresh cycles will also refresh 
all memory locations. 

The self-refresh mode is entered by holding RAS low for 
longer than 100µs during a CBR cycle. Detection of this 
long RAS time starts an internal oscillator that main
tains data integrity without external clocking. The slow 
refresh reduces the data hold current to less than 200 
microamperes. Self-refresh mode is used with micro
processors that have a "sleep mode" for low-power 
applications such as notebook PCs. 

Features 

o 262,144 by 18-bit organization 
o Single power supply (+5-volt or +3.3-volt) 
o Self-refresh option (slow internal automatic refresh) 
o Fast-page option 

60192 

pPD424190A/L, 42S4190A/L 
262,144 x 18-Bit 

Dynamic CMOS RAM 

o Byte write control with UWE and LWE 
o Low power dissipation 
o CAS before RAS refreshing 
o On-chip substrate bias generator 
o TTL-compatible inputs and outputs 
o Nonlatched, three-state outputs 
o Low input capacitance 
o Multiplexed row and column addresses 
o 1024 refresh cycles every 16 ms 
o 40-pin SOJ, 40-pin ZIP, and 44/40-pin TSOP plastic 

packaging 

Pin Configurations 

40-Pin Plastic SOJ 

µPD424190NL, 42S4190NL 

Vee GND 

V01 V019 

V02 V011 
V03 V01e 

V04 V015 

Vee GND 

V05 V014 

VO a V013 

V07 V012 

VO a V011 

V09 V010 
LWE NC 

UWE CAS 

RAS OE 

Ag As 

Ao A1 
A1 Ae 

A2 As 
As A4 

Vee GND 

83Vl.-8632A 

Bl 



pPD424190A/L, 42S4190A/L 

Pin Configurations (cont) 

40-Pin Plastic ZIP 

µPD424190A/L, 42S4190A/L 

V011 1 't7:°r---, 
V013 3 ::: ~n 2 V012 
GND s :::C 4 V014 
V019 7 n:~:n 6 V01s 
V01s g ::: ~=n s V017 
Vee 11 :::~:lJ 10 GND 

V02 13 ::: ~'.'. 12 V01 

V04 1S ::t:: 14 V03 

VOs 17 ::: 1i::: 16 Vee 
V07 1g :::~::: 1S VOa 

IQs 21 ::: C 20 VOs 
UWE 23 t:: C 22 LWE 

Ag 25 ::: ~:i 24 RAS 

A1 27 :::~'.'.'. 26 Ao 
A3 29 t:: ~::: 2S A2 

GND 31 :::( 30 Vee 
As 33 :::C 32 A4 
A1 35 ::: ~~:i 34 A6 

OE 37 ::: ~'.'.'. 38 ~ 
NC 3g ::t:: 38 CAS 

,~ 40 vo10 

44/40-Pin Plastic TSOP (Reverse Pinouts) 

µPD4241gONL, 42S4190A/L 

GND 0 0 44 Vee 
V01s 2 43 V01 

V017 3 42 V02 

V01a 4 41 V03 

V01s s 40 V04 

GND 6 39 Vee 
V014 7 38 VOs 

V013 s 37 VO a 

V012 g 38 V07 

V011 10 35 VOs 

-7JF 

V010 13 32 VOg 
NC 14 31 LWE 

CAS 1S 30 UWE 

OE 16 2g RAS 

As 17 2S Ag 

A1 1S 27 Ao 

Aa 19 26 A1 

As 20 25 A2 

A4 21 24 Aa 
GND 22 0 23 Vee 

Sufflx-7JF In the package ldendfler 
denotes reverse plnout sequence. 

2 

83YL-863M 

83YL-8636A 

NEC 

44/40-Pin Plastic TSOP (Normal Pinouts) 

µPD4241gOA/L, 42S4190A/L 

vcc 1 () 44 GND 

V01 2 43 V01s 

V02 3 42 V011 

V03 4 41 V019 

V04 s 40 V015 

Vee 6 3g GND 

VOs 7 38 V014 

V09 s 37 V013 

V07 g 38 V012 

VOs 10 35 V011 

-7KF 

VOg 13 32 V010 
LWE 14 31 NC 

UWE 15 30 CAS 

RAS 16 2g OE 

Ag 17 2S As 

Ao 1S 27 A1 

A1 1g 26 A9 

A2 20 25 As 

A3 21 24 A4 

Vee 22 023 GND 

Sufflx-7KF In the package Identifier 
denotes nonnal plnout sequence. 

83YL-1!634A 

Pin ldentif ication 
Name Function 

Ao-A9 Address inputs 

Column address strobe 

Data inputs and outputs 

Output enable 

Row address strobe 

UWE and LWE Byte write enable 

GND Ground 

Vee + 5-volt or + 3.3-volt power supply 

NC No connection 



NEC µPD424190A/L, 42S4190A/L 

Ordering Information, µPD424190A (+ 5-volt power) 
RAS Access Fast-Page Cycle CASAccess 

Part Number Time (max) Time (max) Time (max) Package 

µPD424190ALE-60 60 ns 40 ns 20 ns 40-pin plastic SOJ 

LE-70 70 ns 45 ns 

LE-80 80 ns 50 ns 

µPD424190AV-60 60 ns 40 ns 20 ns 40-pin plastic ZIP 

V-70 70 ns 45 ns 

V-80 80 ns 50 ns 

µPD424190AG5-60 60 ns 40 ns 20 ns 44/40-pin plastic TSOP 

G5-70 70 ns 45 ns 
(normal pinouts) 

G5-80 80 ns 50 ns 

µPD424190AG5M-60 60 ns 40 ns 20 ns 44/40-pin plastic TSOP 

G5M-70 70 ns 45 ns 
(reverse pinouts) 

G5M-80 80 ns 50 ns 

Ordering Information, µPD424190L (+ 3.3-volt power) 
RAS Access Fast-Page Cycle CASAccess 

Part Number Time (max) Time (max) Time (max) Package 

µPD424190LLE-A60 60 ns 40 ns 20 ns 40-pin plastic SOJ 

LE-A70 70 ns 45 ns 

LE-ASO 80 ns 50 ns 

µPD424190LV-A60 60 ns 40 ns 20 ns 40-pin plastic ZIP 

V-A70 70 ns 45 ns 

V-A80 80 ns 50 ns 

µPD424190LG5-A60 60 ns 40 ns 20 ns 44/40-pin plastic TSOP 

G5-A70 70 ns 45 ns 
(normal pinouts) 

G5-A80 80 ns 50 ns 

µPD424190LG5M-A60 60 ns 40 ns 20 ns 44/40-pin plastic TSOP 

G5M-A70 70 ns 45 ns 
(reverse pinouts) 

G5M-A80 80 ns 50 ns 

3 



µPD424190A/L, 42S4190A/L t\'EC 
Ordering Information, µPD42S4190A (+ 5-volt power; self-refresh mode) 

RAS"Access Fast-Page Cycle ~Access Self-Refresh 
Part Number Time (max) Time (max) Time (max) Current (max) Package 

µPD42S4190ALE-60 60 ns 40 ns 20 ns 300µA 40-pin plastic SOJ 

LE-70 70 ns 45 ns 

LE-80 80 ns 50 ns 

µPD42S4190AV-60 60 ns 40 ns 20 ns 300µA 40-pin plastic ZIP 

V-70 70 ns 45 ns 

V-80 80 ns 50 ns 

µPD42S4190AG5-60 60 ns 40 ns 20 ns 300µA 44/40-pin plastic TSOP 

G5-70 70 ns 45 ns 
(normal pinouts) 

G5-80 80 ns 50 ns 

µPD42S4190AG5M-60 60 ns 40 ns 20 ns 300µA 44/40-pin plastic TSOP 

G5M-70 70 ns 45 ns 
(reverse pinouts) 

G5M-80 80 ns 50 ns 

Ordering Information, µPD42S4190L ( + 3.3-volt power; self-refresh mode) 
RAS Access Fast-Page Cycle CASAccess Self-Refresh 

Part Number Time (max) Time (max) Time (max) Current (max) Package 

µPD42S4190LLE-A60 60 ns 40 ns 20 ns 300µA 40-pin plastic SOJ 

LE-A70 70 ns 45 ns 

LE-A80 80 ns 50 ns 

µPD42S4190LV-A60 60 ns 40 ns 20 ns 300µA 40-pin plastic ZIP 

V-A70 70 ns 45 ns 

V-A80 80 ns 50 ns 

µPD42S4190LG5-A60 60 ns 40 ns 20 ns 300µA 44/40-pin plastic TSOP 

G5-A70 70 ns 45 ns 
(normal pinouts) 

G5-A80 80 ns 50 ns 

µPD42S4190LG5M-A60 60 ns 40 ns 20 ns 300µA 44/40-pin plastic TSOP 

G5M-A70 70 ns 45 ns 
(reverse pinouts) 

G5M-A80 80 ns 50 ns 

4 



NEC 
Block Diagram 

RAS Clock 
Generator 

CAS ~.,.___ ______ ___. 

Truth Table 
Function 

Standby 

Refresh cycle 

Byte write cycle 

Word read cycle 

Word write cycle 

X = don't care. 

CAs Before RAS 

Ao 
A1 • 
A2 • 
A3 • 
A4 • 
As • 
Ae • 
A1 • 
As • 
Ag 

RAS 

V1H 

V1L 

V1L 

V1L 

V1L 

V1L 

V1L 

LWE 

x 
x 

V1L 

V1H 

V1H 

V1L 

V1L 

CASClock 
Generator 

UWE 

x 
x 

V1H 

V1L 

V1H 

V1L 

V1L 

WE Clock 
Generator 

OEClock 
Generator 

Data VO Bus 

Column Decoder 

Sense Amplffier 

Memory Array 

GAS 

x 
V1H 

V1L 

V1L 

V1L 

V1L 

V1H 

µPD424190A/L, 42S4190A/L 

OE 

x 
x 

V1H 

V1H 

V1L 

V1H 

V1H 

Data~n 
Buffer 

Data-out 
Buffer 

1/01 - 1/09 

High-Z 

High·Z 

Data input 

High-Z 

Data output 

Data input 

High-Z 

83YL-8136B 

1/010 - 1/018 

High-Z 

High-Z 

High-Z 

Data input 

Data output 

Data input 

High-Z 

5 
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µPD424190A/L, 42S4190A/L 

Absolute Maximum Ratings 
Voltage on any pin relative to GND 

5-volt devices 
3.3-volt devices 

Operating temperature, ToPR 

Storage temperature, TsTG 

Short-circuit output current, los 
5-volt devices 
3.3-volt devices 

Power dissipation, Po 

-1.0 to +7.0 V 
-0.5 to + 4.6 V 

Oto +10°c 

-55 to + 125°C 

50mA 
20mA 

1.0W 

Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause perma
nent damage. The device should be operated within the limits 
specified under DC and AC Characteristics. 

Recommended Operating Conditions 

NEC 
Capacitance 
TA = 25°C; f = 1 MHz 

Parameter Symbol Max Unit Pins Under Test 

Input capacitance C11 5 pF Addresses 

C12 7 pF LWE, UWE, 
OE, RAS 

lnpuVoutput Co 7 pF 1/01 - l/01a 
capacitance 

5-Volt Devices 3.3-Volt Devices 

Parameter Symbol Min Typ Max Min Typ Max Unit 

Input voltage, high V1H 2.4 Vee+ 1.0 2.0 Vee +0.3 v 
Input voltage, low V1L -1.0 0.8 -0.5 0.8 v 
Supply voltage Vee 4.5 5.0 5.5 3.0 3.3 3.6 v 
Ambient temperature TA 0 +70 0 +70 oc 

Self-Refresh Current 
TA= o to +70°C; Vee= +5 V ±10% (42S4190A) or +3.3 V ±0.3 V (42S4190L) 

Symbol 42S4190A 42S4190L 

lcc1 300µA max 100µA max 

DC Characteristics; 5-Volt Devices 
TA= o to +70°C; Vee= +5.0 V ±10% 

Parameter Symbol Min Typ Max 

Standby current lcc2 2.0 

300 

Input leakage current l1(L) -10 10 

Output leakage current lo(L) -10 10 

Output voltage, low Vol 0.4 

Output voltage, high VoH 2.4 

6 

Unit 

mA 

µA 

µA 

µA 

v 
v 

Conditions 

1/0 pins: V1H <!:: Vee- 0.2 V; V1L s 0.2 V or open. 
Other input pins: V1H ~ Vee - 0.2 V; V1L s 0.2 V 
or open. tRAS <!:: 100 µs 

Test Conditions 

RAS = CAS <!:: V1H (min); lo = 0 mA 

RAS== CAS <!:: Vcc-0.2V; lo= OmA 

V1N = O V to V cc; all other pins not under test = 0 V 

DouT disabled; VouT = O V to V cc 

loL = 4.2mA 

loH = -5 mA 



1\'EC pPD424190A/L, 42S4190A/L 

DC Characteristics; 3.3-Volt Devices 
TA = o to + 70°C; Vee = + 3.3 V ±0.3 V 

Parameter Symbol Min Typ Max Unit Test Conditions 

Standby current lcc2 500 µA RAS= CAS ~ V1H (min); lo= 0 mA 

100 µA RAS = CAS ~ Vee - 0.2 V; lo = 0 mA 

Input leakage current l1(L) -5 5 µA V1N = 0 V to V cc: all other pins not under test = 0 V 

Output leakage current lo(L) -5 5 µA DouT disabled; VouT = O V to V cc 

Output voltage, low Vol 0.4 v loL =-2.0 mA 

Output voltage, high VoH 2.4 v loH = -2.0 mA 

AC Characteristics 
TA = O to + 70°C 
µPD424190A, 42S4190A: Vee= +5.0 v ±10% 
µPD424190L, 42S4190L: Vee = +3.3 v ±0.3 v 

-60 -70 -80 

Parameter Symbol Min Max Min Max Min Max Unit Test Conditions 

Operating current, lcc1 (+5) 130 120 110 mA RAS, CAS cycling; tRc = 
average 

lcc1 (+3.3) 120 110 100 tRc min (Note 5) 

Operating current, lcc3 (+5) 130 120 110 mA RAS cycling; CAS ~ V1H 
RAS-only refresh 

lcc3 (+3.3) 
min; tRc = tRc min 

cycle, average 120 110 100 (Note 5) 

Operating current, lcc4 (+5) 110 100 90 mA RAS s V1L; CAS cycling; 
fast-page cycle, 

lcc4 (+3.3) 110 90 
tpc = tpc min 

average 100 (Note 5) 

Operating current, Ices (+5) 140 130 120 mA RAS cycling; CAS :S V1L 
CAS before RAS max; tRc = tRc min 
refresh cycle, Ices (+3.3) 130 120 110 (Note 5) 
average 

Access time from tAA 30 35 40 ns (Notes 3, 4, 7, 8) 
column address 

Access time from tACP 35 40 45 ns (Notes 3, 4, 7, 8) 
CAS precharge 
(rising edge) 

Column address tAsc 0 0 0 ns 
setup time 

Row address setup tASR 0 0 0 ns 
time 

Column address to tAWD 50 55 70 ns (Note 14) 
WE delay time 

Access time from tcAc 20 20 20 ns (Notes 3, 4, 7, 8) -CAS (falling edge) 

Column address tcAH 15 15 15 ns 
hold time 

CAS pulse width tcAS 20 10,000 20 10,000 20 10,000 ns 

CAS hold time for tcHR 15 15 15 ns (Note 15) 
CAS before RAS 
refreshing 

CAS hold time tcHS -35 -40 -50 ns For 42S4190A/L only 
(CB R self-refresh 
mode) 

7 



µPD424190A/L, 42S4190A/L 1\'EC 
AC Characteristics (cont) 

-60 -70 -80 

Parameter Symbol Min Max Min Max Min Max Unit Test Conditions 

CAS to output in tcLZ 0 0 0 ns (Notes 4, 7) 
low-Z 

Fast-page CAS tcp 10 10 10 ns 
precharge time 

CAS precharge tcPN 10 10 10 ns 
time 

Fast-page CAS tcpwo 55 60 75 ns (Note 14) 
precharge to WE 
delay time 

CAS to RAS tcRP 10 10 10 ns (Note 10) 
precharge time 

CAS hold time tcsH 60 70 80 ns 

CAS $etup time for tcsR 5 5 5 ns (Note 15) 
CAS before RAS 
refresh cycle 

CAS to WE delay tcwo 40 40 50 ns (Note 14) 

Write command tcwL 15 15 15 ns 
referenced to CAS 
lead time 

Data-in hold time toH 15 15 15 ns (Notes 13, 16) 

Data-in setup time tos 0 0 0 ns (Notes 13, 16) 

Masked write hold tMCH 0 0 0 ns 
time referenced to 
CAS 

Masked write tMcs 0 0 0 ns 
setup time 

Masked write hold tMRH 0 0 0 ns 
time referenced to 
RAS 

Access time from toEA 20 20 20 ns (Notes 3, 4, 7, 8) 
OE 

OE data delay time toED 15 15 15 ns 

OE command hold toEH 0 0 0 ns 
time 

OE to RAS inactive toES 0 0 0 ns 
setup time 

Output turnoff toEZ 0 15 0 15 0 15 ns (Note 9) 
delay from OE 

Output disable toFF 0 15 0 15 0 20 ns (Note 9) 
from CAS high 

OE to output in toLZ 0 0 0 ns (Notes 5, 7) 
low-Z 

Fast-page read or tpc 40 45 50 ns (Note 6) 
write cycle time 

Fast-page read- tPRWC 85 90 100 ns (Note 6) 
modify-write cycle 
time with exended 
data output 

8 



NEC µPD424190A/L, 42S4190A/L 

AC Characteristics (cont) 
-60 -70 -80 

Parameter Symbol Min Max Min Max Min Max Unit Test Conditions 

Access time from tRAC 60 70 80 ns (Notes 3, 4, 7, 8) 
RAS 

RAS to column tRAD 15 30 15 35 15 40 ns (Note 8) 
address delay time 

Row address hold tRAH 10 10 10 ns 
time 

Column address tRAL 30 35 40 ns 
lead time 
referenced to RAS 
(rising edge) 

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

Fast-page RAS tRASP 60 125,000 70 125,000 80 125,000 ns 
pulse width 

RAS pulse width tRASS 100 100 100 µs For 42S4190A/L 
(CBR self-refresh 
mode) 

Random read or tRc 120 130 150 ns (Note 6) 
write cycle time 

RAS to CAS delay tRCD 20 40 20 50 20 60 ns (Note 8) 
time 

Read command tRCH 0 0 0 ns (Note 11) 
hold time 
referenced to CAS 

Read command tRcs 0 0 0 ns 
setup time 

Refresh period tREF 16 16 16 ms Addresses Ao -Ag 

RAS hold time tRHCP 35 40 45 ns 
referenced to CAS 
precharge 

RAS precharge tRP 50 50 60 ns 
time 

RAS precharge tRPC 0 0 0 ns 
CAS hold time 

RAS precharge tRPS 120 130 150 ns For 42S4190A/L 
time (CBR self-
refresh mode) 

Read command tRRH 0 0 0 ns (Note 11) 
hold time -referenced to RAS 

RAS hold time tRSH 20 20 25 ns 

Read-modify-write tRWc 165 175 200 ns (Note 6) 
cycle time 

RAS to WE delay tRWD 80 90 105 ns (Note 14) 

Write command tRWL 20 20 20 ns 
referenced to RAS 
lead time 

Rise and fall times tr 3 50 3 50 3 50 ns (Note 4) 

Write command twcH 15 15 15 ns (Note 12) 
hold time 

9 



pPD424190A/L, 42S4190A/L 

AC Characteristics (cont) 
-60 

Parameter Symbol Min Max Min 

Write command twcs 0 0 
setup time 

Write command twp 15 15 
pulse width 

Notes: 

(1) All voltages are referenced to GND. 

(2) An initial pause of 100 µs is required after power-up, followed by 
any eight RAS cycles, before proper device operation is 
achieved. 

(3) Ac measurements assume tT = 5 ns. 

(4) V1H (min) and V1L (max) are reference levels for measuring the 
timing of input signals. Transition times are measured between 
V1H and VIL· 

(5) lcc1. lcca. lcc4, and Ices depend on output loading and cycle 
rates. Specified values are obtained with the output open. lcc3 
is measured assuming that all column address inputs are held at 
either a high level or a low level during RAS-only refresh cycles. 
lcc4 is measured assuming that all column address inputs are 
switched only once during each fast-page cycle. 

(6) The minimum specifications are used only to indicate the cycle 
time at which proper operation over the full temperature range 
(TA = 0 to + 70°C) is assured. 

(7) Load = 2 TTL (-1 mA, +4 mA) loads and 100 pF. For 3.3-volt 
devices, VoH = 2.0 V and Vol= 0.8 V (ac reference levels). 

(8) If tRcD, s tRco (max) and tRAD s tRAD (max), access time is 
defined by tRAC (max). 
If tRcD 2: tRcD (max), access time is defined by tcAC (max). 
If tRAD 2: tRAD (max), access time is defined by tAA (max). 

(9) toFF (max) and toEZ (max) define the time at which the outputs 
become open-circuit and are not referenced to VoH or Vol· 

10 

-70 

NEC 
-80 

Max Min Max Unit Test Conditions 

0 ns (Note 14) 

15 ns (Note 12) 

(10) The tcRP requirement should be applicable for RAS/CAS cycles 
preceded by any cycle. 

(11) Either tRRH or tRcH must be satisfied for a read cycle. 

(12) Parameter twp is applicable for a delayed write cycle such as a 
read-write/read-modify-write cycle. For early write cycles, both 
twcs and twcH must be met. 

(13) These parameters are referenced to the fal.!!!!.9 edge of CAS for 
early write cycles and to the falling edge of WE for delayed write 
or read-modify-write cycles. 

(14) twcs. tRWD• tcwo. tcpwo and tAwD are restrictive operating 
parameters in read-write/read-modify-write cycles only. If twcs 
2: twcs (min), the cycle is an early write cycle and the data 1/0 
pins will remain open-circuit throughout the entire. cycle. If tcwo 
2: tcwo (min), tRwo 2: tRwo (min), and tAwo 2: tAwo (min), then 
the cycle is a read-write cycle and the data 1/0 pins will contain 
data read from the selected cells. If neither of the above 
conditions is ~the condition of the data 1/0 pins (at access 
time and until CAS returns to V1H) is indeterminate. 

(15) Holdin~S low prior to RAS going negative will initiate a CAS 
before RAS refresh cycle (tcsR and tcHR must be satisfied). 

(16) The first WE falling edge is used as a reference for the setup and 
hold requirements of tos and toH (late write cycle). 



NEC pPD424190A/L, 42S4190A/L 

Timing Waveforms 

Word Read Cycle 

~---------tRc------------

RAS 

Address 

UWE 

1-E----tRSH-----+1 -------tcsH--------

Column 

l 
LWE 71/J /////J////. 

OE 

I ... ___ 1 __ <(=====1-E~-t-RA-_c--~-t-AA_-=t=CA=c=--~=-=--~=-=---==.1 
lnputfOUtput -------OPEN-----------f.f 

VI/Jiii 

Data Output 

11 
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pPD424190A/L, 42S4190A/L NEC 
Timing Waveforms (cont) 

Word Early-Write Cycle 

-----------tRC-----------

~s 

Address 

LWE 

~-----~t~s-----~ 

,_1-c----tRSH---___, 
---------'----tcsH-------:1 

---i~--~tCAS------

I I tRwL-----1 

~1<-~1 -~tcwL----~ 
---~--1.-twcR twcH--

.___I -.--I •WP 

I --I --.L-R---_-_-_t_RW_L====---. 

'osj, ~ 1-< toH-~ 
Input/Output -w,-1/j_!//__.../ /..,...,...!//,...,....,_17/.?( Data lopm tl!J /////)/ !11//J//J///j 
Note: 

[1] OE= don't care. 
83YL·IT49B 
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NEC pPD424190A/L, 42S4190A/L 

Timing Waveforms (cont) 

Byte Early-Write Cycle 

-----tRC------. 

tcRP _____ ---1_.. -tcsH==--tRs_H-=--=--=--

~tRCD tCAs--1 

Address 

t I I 
--

1 

WCRI~ 
... I I 

vo1 -vo9 J/// !//II /II//!//!/!// !I/Ill !Ill/!// II II JI/I JI Jiii/ !/ /////// Jl 
t~t ~I l~tOH=1 _ 

vo10-vo1s _.,...,.l/j;...,...,...,.1//...,...,...,.1//'"P'""P""'O"! ///;....-.-1/M oam •npm . J@....,....,../ //;,...,....,../ //;.,...,...,...lj//;..,....,...,.1/;__...1/j...,...,....,lj//;,....,....,..1//.,...,...,...1//;..,....,...,.///;~2 Bl 
Notee: 
[1] OE = don't care. 

83YL-6137B 
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pPD424190A/L, · 42S4190A/L NEC 
Timing Waveforms (cont) 

Word Late-Write Cycle 

-----tRc-----

--tRcD tCAs--1 

CAS J'J I~ .. •RAD-+ 'RAL . . I )II ' IAAH~ IASC 4 ICAH · . · · 

Addmss Row ·~lumnY///////////////////// !I/IX,____ 

~·:~,1 
1WP 11 -------- ,..,._....,.....,.....,.....,..........,.....,....,..,.......,......,...,....,... 

, LWE 

toEH1, 

OE VJ/I/ ij/ !Ill 4 
lnput!Output ) ~D "l 

Vll!IU 1//1/JIJI !I/ llf/1/1 !l 

cam..,.,,.. .· k;J/// J ///j j/// & 
83YL·7ili1B 

14 



NEC pPD424190A/L, 42S4190A/L 

Timing Waveforms (cont) 

Byte Late-Write Cycle 

-----------tRc---------~ 

---------tAAs------~ 

tcRP roe----tRSH------

--------· -t~H1--------

----tRCD-~~---tCAS:----1 

Address 

LWE l//ll/!l/ 1!1! !Im 

tos~ 11---toH--~ 
Data Input 

83YL-8138B 
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pPD424190A/L, 42S4190A/L 

Timing Waveforms (cont) 

Word Read-Modify-Write Cycle 

-------------~tcsH-------

Address 

LWE 

OE 

-~{ 
16 

~-----tRsH------~ 

--~.-----tCAs--------,•1 

tCAH 

----tAwo---
---tcwo---1 

I toEA ~~lft 

l-~ h~~ tos L.~ 
OPEN 

·=~~~ 
0iN 

OPEN 

NEC 

83YL·71638 



NEC pPD424190A/L, 42S4190A/L 

Timing Waveforms (cont) 

Byte Read-Modify-Write Cycle 

Address 

~---------1~.-------------
------------IM~--------

i-----------tcsH-----
1-----IRCD-~~-----tRsH----

~-----tCAs---~ 

I· 

I. OPEN 

r-------OPEN---

83YL-8138B 
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µPD424190A/L, 42S4190A/L 

Timing Waveforms (cont) 

Fast-Page Read Cycle 

18 
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NEC pPD424190A/L,,·42S4190A/L 

Timing Waveforms (cont) 

Word Fast-Page-Write Cycle 

~---------,..--;.'tRASP----------.1 

Address 

twcs~ 

I 1-tcwL --..I 
II tRWL~ 

rtwcH-+ 

II~"- ___ 
I I tcwL --..11 
II tRWL~ 

twcs~ 

1~twCH_.. rtwcH-+ 

1·r rp- 11~-~ 

OE 11// llJ!J !/Ill!///// Ill// llJ /1/1//// !II !Ill /I/ Jll/ 11 //II Jiii !IZ 

Input/ 
Output 

h-tDHR I I 11 11 

tos+j ~toH-.. tos~ ~toH~ 

Column2 

19 
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pPD424190A/L, 42S4190A/L 

Timing Waveforms (cont} 

Byte Fast-Page Write Cycle 

NEC 

---------·tRASp------1 

Addrass 

OE JI// llJJJ/ll!J !Ill !II! Jlll!l////JJ II! !I/JI/! Ill!! !II II/I/Jiii !l 
I I 11 11 

~~!- JI!///// II! JIJ/11! JI/ JI II !Ill// !1//1/!!l II/// Jiii// /I/// II 1/1/Z 
tos....j 1.-toH~ tos~ ~toH 

V010-

V01e ~~.___, ,....._ _ __,, 
Column2 

20 



NEC pPD424190A/L, 42S4190A/L 

Timing Waveforms (cont) 

Wont Fast-Page Read-Modif¥-Write Cycle 

Address 

r~~= 
Input/ 

~~~=~~~~~~~~--<! 
~tos 

21 



µPD424190A/L, 42S4190A/L 

Byte Fast-Page Read-Modify-Write Cycle 

Notee: 

[1] WE= LWE or UWE for lower byte write and upper byte write cydes, respectlvely. 
83YL-8141B 

22 



NEC pPD424190A/L, 42S4190A/L 

Timing Waveforms (cont) 

Hidden Refresh Cycle (Read Cycle) 

Address 

UWE VJ /))11 /J /JJJI I I I V//)j//(/11}/j !l//l/JJ//)///11/, 
I tRcs~ tRRH ~ I 

LWE 71 (////JI !Ill!! UIAA w 1////1/jj ///)///JI// ///!J/!j_, 

I . r-90EA 
~~~~~-i · IV/ff/JIUll/11/Ufll 

~J-~CAC l 10EZ l~f 
Input/Output -------<II Data Output 

83YL·77828 
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µPD424190A/L, 42S4190A/L NEC 
Timing Waveforms (cont) 

Byte Hidden-Refresh Cycle (Write) 

tcRP 

Address Row 

UWE II////// 11111 I 
twcs r.--twcH 

11~ 
I I 

vo1~vo1a 7/ 11!1///IJ ///!l/jJll/j/ !//// /////// /ll)//J///ll//////Jll/J //! 
83YL-8142B 
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NEC pPD424190A/L, 42S4190A/L 

Timing Waveforms (cont) 

RAS Refresh Cycle 

1..-------------tRc-------------.1 
----------·tRAs---------'>1 

~:it ·~· E-/1;;-v;;-m-11;;--11;;-!f;-m-m-1a-11;;-11;;-w-1 //;--1~ 
Notee: 

(1) UWE, LWE and OE= V1H or VIL· 
83YL·n80B 

CAS Before RAS Refresh Cycle 

Address 

Notee: 

(1) DIN• UWE, LWE, OE and Addresses= V1H or VIL· 
83YL·7181B 

25 
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pPD424190A/L, 42S4190A/L 

Timing Waveforms (cont) 

CBR Self-Refresh Cycle 

If On 

26 

·~t-cs-R------------~r,----------------~ICHS 
Hl-Z 
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NEC 
NEC Electronics Inc. 

Description 

The µPD424260A/L and µPD42S4260A/L are fast-page 
dynamic RAMs organized as 262,144 words by 16 bits 
and designed to operate from a single power supply: 

Optional features are power supply voltage ( +5 V or 
+3.3 V) and a new refresh mode called "self-refresh." 

µPD 
424260A 
424260L 
42S4260A 
42S4260L 

Options 
+5V 
+3.3V 
+5 V; self-refresh mode 
+3.3 V; self-refresh mode 

Advanced polycide technology using stacked capaci
tors minimizes silicon area and provides high storage 
cell capacity, high performance, and high reliability. A 
single-transistor dynamic storage cell and CMOS cir
cuitry throughout ensure minimum power dissipation, 
while an on-chip circuit internally generates the 
negative-voltage substrate bias-automatically and 
transparently. 

The three-state 1/0 pins are controlled by UCAS and 
LCAS independent of RAS. After a valid read or read
modify-write cycle, upper or lower byte data is held on 
the outputs by maintaining UCAS or LCAS low. Data 
outputs return to high impedance when either UCAS or 
LCAS goes high. Fast-page read and write cycles can 
be executed by cycling UCAS or LCAS. 

Refreshing may be accomplished by a CAS before RAS 
refresh cycle (CBR) that internally generates the re
fresh address. RAS-only refresh cycles will also refresh 
all memory locations. 

The self-refresh mode is entered by holding RAS low for 
longer than 100 µs during a C BR cycle. Deiection of this 
long RAS time starts an internal oscillator that main
tains data integrity without external clocking. The slow 
refresh reduces the data hold current to less than 200 
microamperes. Self-refresh mode is used with micro
processors that have a "sleep mode" for low-power 
applications such as notebook PCs. 

Features 

o 262,144 by 16-bit organization 
o Single power supply (+5-volt or +3.3-volt) 
o Self-refresh option (slow internal automatic refresh) 
o Fast-page option 
o Byte read/write control with UCAS and LCAS 

60149-1 

pPD424260A/L, 42S4260A/L 
262, 144 x 16-Bit 

Dynamic CMOS RAM 

o Low power dissipation 
o CAS before RAS refreshing 
o On-chip substrate bias generator 
o TTL-compatible inputs and outputs 
o Nonlatched, three-state outputs 
o Low input capacitance 
o Multiplexed row and column addresses 
o 512 refresh cycles every 8 ms 
o 40-pin SOJ, 40-pin ZIP, and 44/40-pin TSOP plastic 

packaging 

Pin Configurations 

40-Pin Plastic SOJ 

µPD424260A/L, 42S4260NL 

Vee 1 GND 

V01 V015 

V02 V015 

V03 V014 

V04 V013 

Vee GND 

V05 V012 

voe V011 

V07 V010 

VO a VOg 

NC NC 

NC LCAS 

we UCAS 

RAS OE 

NC As 

Ao A1 

A1 Ae 

A2 As 

Aa A4 

Vee GND 

83YL-8645A 

IZI 



pPD424260A/L, 42S4260A/L 

Pin Configurations (cont) 

40-Pin Plastic ZIP 

µPD424260NL, 42S4260AIL 

VO 1 .. -
9 s ::: :JJ 2 V010 

~~J 5 ;;; :JJ 4 V012 

V014 7 n: :JJ 8 V01s 
.. - :JJ 8 V015 

V01e 9 ··- :iJ 10 GND 
Vee 11 n: .,, 
V02 1S c:: ::: 12 V01 
VO 15 n: -·· 14 VOs 

4 .. - ::J 18 VCC 
V05 17 ::: :JJ 18 VOa 
V07 19 ··- :JJ 20 VO 

NC 21 ::: 8 
WE 2S n: :n 22 ~ 
NC 25 n: :JJ 24 RAS 

A1 27 c:: :JJ 26 Ao 

As 29 n: '.'.'. 28 A2 

GND S1 n: ::: 30 V CC 
As 33 n: -·· 32 A4 
A1 35 c:: :JJ 34 Ae 
OE 37 c:: :iJ 36 ~ 

LCAS S9 c:: '.'.'. 38 UCAS 
-·· 40 NC 

44/40-Pin Plastic TSOP (Normal Pinouts) 

µPD424260NL, 42S4260AIL 

vcc 10 44 GND 

V01 2 43 V01e 

V02 s 42 V01s 

VOs 4 41 V014 

V04 5 40 V01s 

Vee 6 S9 GND 

VOs 7 38 V012 

VO a 8 S7 V011 

V07 9 36 V010 

VO a 10 35 V09 

-7JF 

NC 1S 32 NC 

NC 14 S1 LCAS 

WE 1S 30 UCAS 

RAS 16 29 OE 

NC 17 28 As 

Ao 18 27 A1 

A1 19 26 Ae 

A2 20 25 As 

As 21 24 A4 

vcc 22 0 2S GND 

SUfflx-7JF In the package ldenttfler 
denotes normal plnout sequence. 

2 

83YL-8648A 

83YL-8647A 

NEC 

44/40-Pin Plastic TSOP (Reverse Pinouts) 

µPD424260AIL, 42S4260AIL 

GND 0 0 44 Vee 
V01e 2 43 V01 

V01s s 42 V02 

V014 4 41 V03 

V013 s 40 V04 
GND 6 S9 vcc 
V012 7 38 VOs 

V011 8 37 VO a 
V010 9 36 V07 
V09 10 35 VO a 

-7KF 

NC 1S 32 NC 

LCAS 14 S1 NC 

UCAS 15 30 WE 

OE 16 29 RAS 

Ag 17 28 NC 

A1 18 27 Ao 

Ae 19 26 A1 

As 20 25 A2 

A4 21 24 As 
GND 22 0 2S Vee 

Suffix -7KF In the package Identifier 
denotes reverse plnout sequence. 

Pin ldentif ication 
Name Function 

Ao-Aa Address inputs 

Data inputs and outputs 

Column address strobes 

Output enable 

Row address strobe 

Write enable 

GND Ground 

Vee + 5-volt or + 3.3-volt power supply 

NC No connection 



NEC pPD424260A/L, 42S4260A/L 

Ordering Information, µPD424260A ( + 5-volt power) 
RAS Access Fast-Page Cycle GAS Access 

Part Number Time (max) Time (max) Time (max) Package 

µPD424260ALE-60 60 ns 40 ns 20 ns 40-pin plastic SOJ 

LE-70 70 ns 45 ns 

LE-80 80 ns 50 ns 

µPD424260AV-60 60 ns 40 ns 20 ns 40-pin plastic ZIP 

V-70 70 ns 45 ns 

V-80 80 ns 50 ns 

µPD424260AG5-60 60 ns 40 ns 20 ns 44/40-pin plastic TSOP 

G5-70 70 ns 45 ns 
(normal pinouts) 

G5-80 80 ns 50 ns 

µPD424260AG5M-60 60 ns 40 ns 20 ns 44/40-pin plastic TSOP 

G5M-70 70 ns 45 ns 
(reverse pinouts) 

G5M-80 80 ns 50 ns 

Ordering Information, µPD424260L ( + 3.3-volt power) 
RAS Access Fast-Page Cycle GAS Access 

Part Number Time (max) Time (max) Time (max) Package 

µPD424260LLE-A60 60 ns 40 ns 20 ns 40-pin plastic SOJ 

LE-A70 70 ns 45 ns 

LE-A80 80 ns 50 ns 

µPD424260LV-A60 60 ns 40 ns 20 ns 40-pin plastic ZIP 

V-A70 70 ns 45 ns 

V-A80 80 ns 50 ns 

µPD424260LG5-A60 60 ns 40 ns 20 ns 44/40-pin plastic TSOP 

G5-A70 70 ns 45 ns 
(normal pinouts) 

G5-A80 80 ns 50 ns 

µPD424260LG5M-A60 60 ns 40 ns 20 ns 44/40-pin plastic TSOP 

G5M-A70 70 ns 45 ns 
(reverse pinouts) 

G5M-A80 80 ns 50 ns 

IZI 
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µPD424260A/L, 42S4260A/L N'EC 
Ordering Information, µPD42S4260A ( + 5-volt power; self-refresh mode) 

RAS' Access Fast-Page Cycle 'CA'S Access Self-Refresh 
Part Number Time (max) Time (max) Time (max) Current (max) Package 

µPD42S4260ALE-60 60 ns 40 ns 20 ns 300µA 40-pin plastic SOJ 

LE-70 70 ns 45 ns 

LE-80 80 ns 50 ns 

µPD42S4260AV-60 60 ns 40 ns 20 ns 300µA 40-pin plastic ZIP 

V-70 70 ns 45 ns 

V-80 80 ns 50 ns 

µPD42S4260AG5-60 60 ns 40 ns 20 ns 300µA 44/40-pin plastic 

G5-70 70 ns 45 ns 
TSOP 
(normal pinouts) 

G5-80 80 ns 50 ns 

µPD42S4260AG5M-60 60 ns 40 ns 20 ns 300µA 44/40-pin plastic 

G5M-70 70 ns 45 ns 
TSOP 
(reverse pinouts) 

G5M-80 80 ns 50 ns 

Ordering Information, µPD42S4260L ( + 3.3-volt power; self-refresh mode) 
RAS Access Fast-Page Cycle ~Access Self-Refresh 

Part Number Time (max) Time (max) Time (max) Current (max) Package 

µPD42S4260LLE-A60 60 ns 40 ns 20 ns 100µA 40-pin plastic SOJ 

LE-A70 70 ns 45 ns 

LE-ABO 80 ns 50 ns 

µPD42S4260LV-A60 60 ns 40 ns 20 ns 100µA 40-pin plastic ZIP 

V-A70 70 ns 45 ns 

V-A80 80 ns 50 ns 

µPD42S4260LG5-A60 60 ns 40 ns 20 ns 100µA 44/40-pin plastic 

G5-A70 70 ns 45 ns 
TSOP 
(normal pinouts) 

G5-A80 80 ns 50 ns 

µPD42S4260LG5M·A60 60 ns 40 ns 20 ns 100µA 44/40-pin plastic 

G5M·A70 70 ns 45 ns 
TSOP 
(reverse pinouts) 

G5M-A80 80 ns 50 ns 

4 



NEC µPD424260A/L, 42S4260A/L 

Block Diagram 

RAS 
RAS Clock CASClock 
Generator Generator 

WE Clock 
LCAS Generator 

UCAS 

OEClock 
Generator 

OE 
Data-In 
Buffer 

V01 
Data VO Bus 

V01e 

Column Decoder Data-out 
Buffer 

Sense Ampltner 

Ao~ 

A1 • ~ Iii 
A2 • GI '8 ~ m g 
A3 ii ::::::::;::~::· i ~ 

c Memory Array 
A4 • ::!: 'C ~ 
As • ~ a: 
Ae • 
A1 • 
As 

83YL-81488 

Truth Table 
Function RAS LCAS ~ WE OE 1/01 -1/08 1/09 -1/015 

Standby H x x x x High-Z High-Z 

Refresh cycle L H H x x High-Z High-Z 

Byte read cycle L L H H L Data output High-Z 

L H L H L High-Z Data output 

Word read cycle L L L H L Data output Data output 

Byte write cycle L L H L H Data input 

L H L L H Data input 

Word write cycle L L L L H Data input Data input 

IZI L L L H H High-Z High-Z 

X = don't care. 

5 



pPD424260A/L, 42S4260A/L 

Absolute Maximum Ratings 
Voltage on any pin relative to GND 

424260A,42S4260A 
424260L, 42S4260L 

Operating temperature, ToPR 

Storage temperature, TsTG 

Short-circuit output current, los 
424260A,42S4260A 
424260L, 42S4260L 

Power dissipation, Po 

-1.0 to +7.0 V 
-0.5 to + 4.6 V 

Oto +70°C 

-55 to + 125°C 

50 mA 
20 mA 

1.0W 

Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause perma
nent damage. The device should be operated within the limits 
specified under DC and AC Characteristics. 

Recommended Operating Conditions 

NEC 
Capacitance 
TA = 25°C; f = 1 MHz 

Parameter Symbol Max Unit Pins Under Test 

Input capacitance C11 5 pF Addresses 

C12 7 pF LCAS, UCAS, WE, 
OE, RAS 

Input/output Co 7 pF 1/01-11015 
capacitance 

424260A, 42S4260A 424260L,42S4260L 

Parameter Symbol Min Typ Max Min Typ Max Unit 

Input voltage, high V1H 2.4 Vee+ 1.0 2.0 Vee +0.3 v 
Input voltage, low V1L -1.0 0.8 -0.5 0.8 v 
Supply voltage Vee 4.5 5.0 5.5 3.0 3.3 3.6 v 
Ambient temperature TA 0 +70 0 +70 oc 

Self-Refresh Current 
TA= o to +70°C; Vee= +5 V ±10% (42S4260A) or +3.3 V ±0.3 V (42S4260L) 

Symbol 42S4260A 42S4260L 

lcc1 300µA max 100µA max 

DC Characteristics; ,iPD424260A, 42S4260A 
TA= o to +70°c; Vee= +5.0 V ±10% 

Parameter Symbol Min Typ Max 

Standby current lcc2 2.0 

300 

Input leakage current l1(L) -10 10 

Output leakage current lo(L) -10 10 

Output voltage, low Vol 0.4 

Output voltage, high VoH 2.4 

6 

Unit 

mA 

µA 

µA 

µA 

v 
v 

Conditions 

1/0 pins: V1H ~ Vee- 0.2 V; V1L s 0.2 V or open. 
Other input pins: V1H ~ Vee- 0.2 V; V1L ~ 0.2 V 
or open. tRAS ~ 100 µs 

Test Conditions 

RAS= CAS ~ V1H (min); lo= 0 mA 

RAS = CAS ~ Vee - 0.2 V; lo = 0 mA 

V1N = O V to V cc; all other pins not under test = O V 

DouT disabled; VouT = o V to V cc 

loL = 4.2mA 

loH = -5 mA 



t\'EC µPD424260A/L, 42S4260A/L 

DC Characteristics; µ.PD424260L, 42S4260L 
TA= o to +10°c; Vee= +3.3 V ±0.3 V 

Parameter Symbol Min Typ Max Unit Test Conditions 

Standby current lcc2 500 µA RAS = CAS ~ V1H (min); lo = 0 mA 

100 µA RAS = CAS ~ Vee - 0.2 V; lo = 0 mA 

Input leakage current ll(L) -5 5 µA V1N = O V to V cc; all other pins not under test = O V 

Output leakage current lo(L) -5 5 µA DouT disabled; VouT = o V to V cc 

Output voltage, low Vol 0.4 v loL =2.0 mA 

Output voltage, high VoH 2.4 v loH = -2.0 mA 

AC Characteristics 
TA= Oto +70°C 
µPD424260A, 42S4260A: Vee= +5.0 v ±10% 
µPD424260L, 42S4260L: Vee= +3.3 v ±0.3 v 

·60 -70 ·80 

Parameter Symbol Min Max Min Max Min Max Unit Test Conditions 

Operating current, lcc1 (+5) 140 130 120 mA RAS, CAS cycling; tRc = 
average 

lcc1 (+3.3) 130 120 110 
tRc min (Note 5) 

Operating current, lcc3 (+5) 140 130 120 mA RAS cycling; CAS ~ V1H 
RAS-only refresh 

lcc3 (+3.3) 120 110 
min; tRc = tRc min 

cycle, average 130 (Note 5) 

Operating current, lcc4 (+5) 90 80 70 mA RAS s V1L; CAS cycling; 
fast-page cycle, 

lcc4 (+3.3) 80 70 
tpc = tpc min 

average 90 (Note 5) 

Operating current, Ices (+5) 140 130 120 mA RAS cycling; CAS s V1L 
CAS before RAS max; tRc = tRc min 
refresh cycle, Ices (+3.3) 130 120 110 (Note 5) 
average 

Access time from tAA 30 35 40 ns (Notes 3, 4, 7, 8) 
column address 

Access time from tACP 35 40 45 ns (Notes 3, 4, 7, 8) 
CAS precharge 
(rising edge) 

Column address tAsc 0 0 0 ns 
setup time 

Row address setup tASR 0 0 0 ns 
time • Column address to tAWD 50 55 70 ns (Note 14) 
WE delay time 

Access time from tcAC 20 20 20 ns (Notes 3, 4, 7, 8) 
CAS (falling edge) 

Column address tcAH 15 15 15 ns 
hold time 

CAS pulse width tcAS 20 10,000 20 10,000 20 10,000 ns 

CAS hold time for tcHR 15 15 15 ns (Note 15) 
CAS before RAS 
refreshing 

CAS hold time tcHS -35 -40 -50 ns For 42S4260A/L only 
(CBR self-refresh 
mode) 

7 



µPD424260A/L ,. 42S4260A/L NEC 
AC Characteristics (cont} 

-60 -70 -80 

Parameter Symbol Min. Max Min Max Min Ma:X . Unit Test Conditions 

CAS to output in tcLz 0 0 0 ns (Notes 4, 7) 
low-Z 

Fast-page CAS tcp 10 10 10 ns 
precharge time 

CAS precharge tcPN 10 10 10 ns 
time 

Fast-page CAS tcpwo 55 60 75 ns (Note 14) 
precharge to WE 
delay time 

CAS to RAS tcRP 10 10 10 ns (Note 10) 
precharge time 

CAS hold time tcsH 60 70 80 ns 

CAS setup time for tcsR 5 5 5 ns (Note 15) 
CAS before RAS 
refresh cycle 

CAS to WE delay tcwo 40 40 50 ns (Note 14) 

Write command tcwL 15 15 15 ns 
referenced to CAS 
lead time 

Data-in hold time toH 15 15 15 ns (Notes 13, 16) 

Data-in setup time tos 0 0 0 ns (Notes 13, 16) 

Masked write hold tMRH 0 0 0 ns 
time referenced to 
RAS . 

Access time from to EA 20 20 20 ns (Notes 3, 4, 7, 8) 
OE 

OE data delay time toE:o 15 15 15 ns 

OE command hold toEH 0 0 0 ns 
time 

OE to RAS inactive to ES 0 0 0 ns 
setup time 

Output turnoff toEz 0 15 0 15 0 15 ns (Note 9) 
delay from OE 

Output disable toFF 0 15 0 15 0 20 ns (Note 9) 
from CAS high 

OE to output in toLz 0 0 0 ns (Notes 5, 7) 
low-Z 

Fast-page read or tpc 40 45 50 ns (Note 6) 
write cycle time 

Fast-page read- tPRWC 85 90 100 ns (Note 6) 
modify-write cycle 
time with exended 
data output 

8 



NEC pPD424260A/L, 42S4260A/L 

AC Characteristics (cont) 
-60 -70 -80 

Parameter Symbol Min Max Min Max Min Max Unit Test Conditions 

Access time from tRAC 60 70 80 ns (Notes 3, 4, 7, 8) 
RAS 

RAS to column tRAD 15 30 15 35 15 40 ns (Note 8) 
address delay time 

Row address hold tRAH 10 10 10 ns 
time 

Column address tRAL 30 35 40 ns 
lead time 
referenced to RAS 
(rising edge) 

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

Fast-page RAS tRASP 60 125,000 70 125,000 80 125,000 ns 
pulse widt.h 

RAS pulse width tRASS 100 100 100 µs For 42S4260NL 
(CBR self-refresh 
mode) 

Random read or tRc 120 130 150 ns (Note 6) 
write cycle time 

RAS to CAS delay tRcD 20 40 20 50 20 60 ns (Note 8) 
time 

Read command tRCH 0 0 0 ns (Note 11) 
hold time 
referenced to CAS 

Read command tRcs 0 0 0 ns 
setup time 

Refresh period tREF 8 8 8 ms Addresses Ao -As 
RAS hold time tRHCP 35 40 45 ns 
referenced to CAS 
precharge 

RAS precharge tRP 50 50 60 ns 
time 

RAS precharge tRPC 0 0 0 ns 
CAS hold time 

RAS precharge tRPS 120 130 150 ns For42S4260NL 
time (CBR self-
refresh mode) 

Read command tRRH 0 0 0 ns (Note 11) 
hold time 
referenced to RAS 

RAS hold time tRSH 20 20 25 ns 

Read-modify-write tRWc 165 175 200 ns (Note 6) 
cycle time 

RAS to WE delay tRWD 80 90 105 ns (Note 14) 

Write command 
referenced to RAS 

tRWL 20 20 20 ns 

lead time 

Rise and fall times tT 3 50 3 50 3 50 ns (Note 4) 

9 



pPD424260A/L, 42S4260A/L 

AC Characteristics (cont) 
-60 -70 

Parameter Symbol Min Max Min 

Write command twcH 15 15 
hold time 

Write command twcs 0 0 
setup time 

Write command twp 15 15 
pulse width 

Notes: 

(1) All voltages are referenced to GND. 

(2) An initial pause of 100 µsis required after power-up, followed by 
any eight RAS cycles, before proper device operation is 
achieved. 

(3) Ac measurements assume tT = 5 ns. 

(4) V1H (min) and V1L (max) are reference levels for measuring the 
timing of input signals. Transition times are measured between 
V1H and VIL· 

(5) lcc1. lcc3, lcc4, and Ices depend on output loading and cycle 
rates. Specified values are obtained with the output open. lcc3 
is measured assuming that all column address inputs are held at 
either a high level or a low level during RAS-only refresh cycles. 
lcc4 is measured assuming that all column address inputs are 
switched only once during each fast-page cycle. 

(6) The minimum specifications are used only to indicate the cycle 
time at which proper operation over the full temperature range 
(TA = 0 to + 70°C) is assured. 

(7) Load = 2 TTL (-1 mA, + 4 mA) loads and 100 pF. For 3.3-volt 
devices, VoH = 2.0 V, Vol= 0.8 V. 

(8) If tRcD s tRcD (max) and tRAD s tRAD (max), access time is 
defined by tRAC (max). If tRcD ::::: tRcD (max), access time is 
defined by tcAC (max); if tRAD ::::: tRAD (max) access time is 
defined by tAA (max). 

(9) toFF (max) and toez (max) define the time at which the outputs 
become open-circuit and are not referenced to VoH or Vol· 

(10) The tcRP requirement should be applicable for RAS/CAS cycles 
preceded by any cycle. 

10 

NEC 
-80 

Max Min Max Unit Test Conditions 

15 ns (Note 12) 

0 ns (Note 14) 

15 ns (Note 12) 

(11) Either tRRH or tRcH must be satisfied for a read cycle. 

(12) Parameter twp is applicable for a delayed write cycle such as a 
read-write/read-modify-write cycle. For early write cycles, both 
twcs and twcH must be met. 

(13) These parameters are referenced to the falling edge of one of the 
CAS signals for early write cycles and to the falling edge of WE 
for delayed write or read-modify-write cycles. 

(14) twcs. tRWD• tcwo. tcPWD and tAwo are restrictive operating 
parameters in read-write/read-modify-write cycles only. If twcs 
::::: twcs (min), the cycle is an early write cycle and the data 1/0 
pins will remain open-circuit throughout the entire cycle. If tcwo 
::::: tcwo (min), tRWo ::::: tRWo (min), and tAwo ?; tAwD (min), then 
the cycle is a read-write cycle and the data 1/0 pins will contain 
data read from the selected cells. If neither of the above 
conditions is ~the condition of the data 1/0 pins (at access 
time and until CAS returns to V1H) is indeterminate. 

(15) Holding LCAS or UCAS low prior to RAS going negative will 
initiate a CAS before RAS refresh cycle (tcsR and tcHR must be 
satisfied). 

(16) The first WE falling edge is used as a reference for the setup and 
hold requirements of tAsc, tcAH• tos. and toH (early write cycle). 

(17) The first CAS falling edge is used as a reference for the start of 
tAcP (CAS precharge access time). 



NEC pPD424260A/L, 42S4260A/L 

Timing Waveforms 

Word Read Cycle 

Address Row 

WE !J)//)/J/1//1/J//JJ Ill ~ \\\ \\~ 
I. 'AA=i9r--toEs 

~- toEA 

OE I 

1-- tCl\c---

-.:-------t~r-----------

High Impedance I 
V01-V01e -----------------------<1 x 

L.ru-
to FF 

toEZ 

Data Output 

83YL·7457B 
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pPD424260A/L, 42S4260A/L NEC 
Timing Waveforms (cont) 

Byte Read Cycle 

-------tcsH------..-i 
----tRco---+1 ... ---tRSH--~ 

tcRP 1---tCAS----

Address 

WE Ill II !l/J II !/Ill//! Ill 
I. 

. j \\\\\W 
r--tOES . 

I 

IAA=A1·1 
"° II"- High......,.,,.. t 1·~---i-------------,-,----------l~--tOF-F~ 

-..(------tRA,..__I ______ toEZ 

lf09· lf01e ___ ....._ ___ H..;:;..lgh_lm.:.....pedan-ce_---:-___ ----!---<I x Data Output 

Ltcu-

\ 

Note: 

[1] NonacUvaCAS=V1H. 
83YL·74688 
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NEC 
Timing Waveforms (cont) 

Word Early-Write Cycle 

UCAS 

Note: 

[1] OE= don't care. 

pPD424260A/L, 42S4260A/L 

·~·J 

83YL-7867B 
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pPD424260A/L, 42S4260A/L 

Timing Waveforms (cont) 

Byte Early-Write Cycle 

-"--
..... 

K 

""--
..... 

tCRP I::! 

lCRP 

Address Row 

tRCD 

lRC 

lRAS 

tcsH 

-
-

~r<~ 

Column 

NEC 

__,,, , 

._, ~tRP~ 

~ 
J 

j L 
_,,J , 

tRSH ~ ~ ~ tCRP 

tCAS -"' , 

v ~ 

l~tMRH 
\ __ 

I tRwL 

..-------tcwL-------,~ 

~twcH 

14 

I 'i 
I I 

V01 • VOa 

. tos~ ~t~ . 

V09-V01e atal 

Notee: 

[1] NonacUve CAS = V1H. 

[2] OE = don't care. 
83YL·7480B 



NEC pPD424260A/L, 42S4260A/L 

Timing Waveforms (cont) 

Word Late-Write Cycle 

Address 

WE 

·-------tRco-------:~l""'l:------tRSH-----

14----tCAS-----

tcsH I 
-------tRco-----~:------

IOED--:1 c•os- ~IDH=-1 ==== 
V01-V01a ~i----------L Data Input ~ 

83YL·7462B 
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pPD424260A/L, 42S4260A/L 

Timing Waveforms (cont) 

Byte Late-WTite Cycle 

b•&D 
RAH 

Row 

WE 

tRCD 

tcsH 

l~tCAH 
Column 

ttrEC 

tRSH 

tCAS 

I 

IAAL-H 
tRWL I ~I 

~I 

V01 • VOa 

V09·V01a ~i-----~-tOE_~-tos_~_·_l_•_Da_ta_l_nput_t_oH---~ 
~te: 

[1] NonacUve CAS = V1H. 
83YL·74618 
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NEC pPD424260A/L, 42S4260A/L 

Timing Waveforms (cont) 

Word Read-Modify-Write Cycle 

Address 

WE 

--~~~~~~~~~~~tRwc~~~~~~~~~~~~~~__,

~~~~~~~~~~~tRAs~~~~~~~~~~~~ 

83YL·7464B 
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pPD424260A/L, 42S4260A/L 

Timing Waveforms {cont) 

Byte Read-Modify-Write Cycle 

NEC 

1+----------tRwc·-------------+1 
----------tAAs--------~ 

~--------tcsH-------__.1 

i-.--tRco-~~-----tRsH----__;_~ 

tcRP ------t~s----~ 

Address Column 

I 
1+-----'-----'-

14
--tAwD----~ 

~·~---tcwo--~ 

I tRWo 

Note: 

[1] NonactlveCAS=V1H. 
83YL·74668 

18 



NEC 
Timing Waveforms (cont) 

Wont Fast-Page Read Cycle 

pPD424260A/L, 42S4260A/L 
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pPD424260A/L, ·42S4260A/L 

Timing Waveforms (cont) 

Byte Fast-Page Read Cycle 

Note: 

[1] Nonactive CAS = V1H. 

20 
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pPD424260A/L, 42S4260A/L 

Timing Waveforms (cont) 

Word Fast-Page Early-Write Cycle 

Note: 

[1) OE = don't care. 
83YL·7488B 
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µPD424260A/L, 42S4260A/L 

Timing Waveforms (cont) 

Byte Fast-Page Early-Write Cycle 

22 

RAS 

tcRP 

Address 

V09-V01e 

Notee: 

[1] NonacUveCAS = V1H. 

[2] OE = don't care. 

1-oc~---tpc----..i 

lRCD tcp 

NEC 

83YL·7488B 



NEC pPD424260A/L, 42S4260A/L 

Timing Waveforms (cont) 

Word Fast-Page Late-Write Cycle 

Address 

-lnputt _________ ~•x 
OUtput 

23 



µPD424260A/L, 42S4260A/L NEC 
Timing Waveforms (cont) 

Byte Fast-Page Late-Write Cycle 

CAS(1) 

CA$(2) 

Address 

to ED toH toED t.DH toED . 

VOg·V01e--------<X 

24 



NEC 
Timing Waveforms (cont) 

Byte Fast-Page Read/Write Cycle 

UCAS 

Address 

VOg

V01e 

VOH 

VOL 

I~ r-~H 
1~,tASC 

,....,..... .................................... 

-------cv 

,pPD424260A/L, 42S4260A/L 

tMRH~ 
I I 

I I 

tOFF 

83YL·7868B 
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pPD424260A/L, 42S4260A/~ 

Timing Waveforms {cont) 

Word Fast-Page Read-Afodif)c-Write Cycle 

26 

UCAS 

LCAS 

Address 

Write-per-bit 
function 

not shown 

NEC 



NEC 
Timing Waveforms (cont) 

Byte Fast-Page Read-Modify-Write Cycle 

~1 

----tpc--'-1-~ 

Address 

Write-per-bit 
funcUon 

not shown 

VQH-

~~-tCAS 

--------;..;<LX. 

VOg
V01a 

VQL-

V1H-

V1L-
~-------\A 

pPD424260A/L, 42S4260A/L 

---IRSH!--

tCAS 

27 
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JiPD424260A/L, '42S4260A/L NEC 
Timing Waveforms (cont) 

Hidden Refresh Cycle (Word Read Cycle) 

RAS 

tcRP 

UCAS 

tcRP 

LCAS 

tRAH 

Addl98S Row 

83R0-74788 
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NEC 
Timing Waveforms (cont} 

Hidden-Refresh Cycle (Word Write Cycle) 

RAS 

tcRP 

UCAS 

tcRP 

LCAS 

tRAH 

Address Row 

pPD424260A/L, 42S4260A/L 

tcHR 

L~R 

D L_ 

~~ weJ/11111111~ I ~ ~11!///11!11J///11!1111!111J/Jl. 
·~ h-10H~ 

~7/ff/J/!lllll!/ ~ cam,,... JJ/ll§!llM//J/!!11!//!lll 
83Rl>-7477B 

29 
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pPD424260A/L, 42S4260A/L 

Timing Waveforms (cont) 

Hidden-Refresh Cycle (Byte Write Cycle) 

tCRP 

UCAS 

LCAS 

Address 

30 

NEC 

Y/11/ffi 

83Rl).74788 



NEC 
Timing Waveforms (cont) 

RAS-Only Refresh Cycle 

pPD424260A/L, 42S4260A/L 

~------tRc------~ 

CAS Before RAS Refresh Cycle 

Addrass i//l//////lllfll//////ll///ll! //////J JI! I/// JI//// Ill! !II Jl/f Ill 
Note: 
(1) Heither UCAS or LCAS Input Is held 

low before RAS transitions low, the 
on-chip CBR refresh circuit Is enabled 

83RD-7471iB 

31 
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µPD424260A/L, 42S4260A/L 

Timing Waveforms (cont) 

CBR SeH-Refresh Cycle 

VOn 

32 

''-t-cs-R------------~~-----------------'~'CHs 
Hl-Z 

83YL-86088 



NEC 
NEC Electronics Inc. 

Description 

The µPD424263A/L and µPD42S4263A/L are fast-page 
dynamic RAMs with the write-per-bit option, organized 
as 262,144 words by 16 bits, and designed to operate 
from a single power supply. 

Optional features are power supply voltage ( +5 V or 
+3.3 V) and a new refresh mode called "self-refresh." 

µPD Options 
424263A +5 V 
424263L +3.3 V 
42S4263A +5 V; self-refresh mode 
42S4263L +3.3 V; self-refresh mode 

Advanced polycide technology using stacked capaci
tors minimizes silicon area and provides high storage 
cell capacity, high performance, and high reliability. A 
single-transistor dynamic storage cell and CMOS cir
cuitry throughout ensure minimum power dissipation, 
while an on-chip circuit internalty ·generates the 
negative-voltage substrate bias-automatically and 
transparently. 

The three-state 1/0 pins are controlled by UCAS and 
LCAS independent of RAS. After a valid read or read
modify-write cycle, upper or lower byte data is held on 
the outputs by maintaining UCAS or LCAS low. Data 
outputs return to high impedance when either UCAS or 
LCAS goes high, Fas_t-page read and write cycles can 
be executed by cycling UCAS or LCAS. 

Refreshing may be accomplished by a CAS before RAS 
refresh cycle (CBR) that internally generates the re
fresh address. RAS-only refresh cycles will also refresh 
all memory locations. 

The sett-refresh mode is entered by holding RAS low for 
longer than 100 µs during a C BR cycle. Detection of this 
long RAS time starts an internal oscillator that main
tains data integrity without external clocking. The slow 
refresh reduces the data hold current to less than 200 
microamperes. Self-refresh mode is used with micro
processors that have a "sleep mode" for low-power 
applications such as notebook PCs. 

Features 

o 262,144 by 16-bit organization 
o Single power supply (+5-volt or +3.3-volt) 
o Self-refresh option (slow internal automatic refresh) 
o Fast-page option 

60182 

pPD424263A/L, 42S4263A/L 
262, 144 x 16-Bit 

Dynamic CMOS RAM 

o Byte read/write control with UCAS and LCAS 
o Write-per-bit option; independent write control on 

161/0s 
o Low power dissipation 
o CAS before RAS refreshing 
o On-chip substrate bias generator 
o TTL-compatible inputs and outputs 
o Nonlatched, three-state outputs 
o Low input capacitance 
o Multiplexed row and column addresses 
o 512 refresh cycles every 8 ms 
o 40-pin SOJ, 40-pin ZIP, and 44/40-pin TSOP plastic 

packaging 

Pin Configurations 

40-Pin Plastic SOJ 

µ.P0424263A/L, 42S4263AIL 

Vee GND 
V01 V01e 
V02 V015 

V03 V014 
V04 V013 
Vee GND 
V05 V012 
VOe V011 

V"7 V010 
VO a V09 

NC NC 
NC LCAS 
WE UCAS 

RAS OE 
NC As 
Ao A7 
A1 Ae 
A2 As 
A3 A4 

Vee GND 

83YL-&M 
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pPD424263A/L, 42S4263A/L 

Pin Configurations (cont) 

40-Pin Plastic ZIP 

11PD424263A/l., 42S4263AIL 

V09 1~ 
V011 S :::~ ::i 2 V010 
GND 5 :::: ::i 4 V012 

V014 7 r::G ::i 6 V01s 
•• ~ ::i 8 V015 

V01e 9 ••. ::i 10 GND 
Vee 11 ::: . ., 
V02 1S ::::( 12 V01 
VO 15 r:: ~::· 14 VOs 

4 ... c ::i 16 Vee 
VOs 17 ••. p::i 18 VO 
V07 19 r:: P . ., 6 

NC 21 c::f" 20 VOs 
WE 23 ::~( 22 NC 
NC 25 r:: ( 24 RAS 
A1 27 :::( 26 AO 
As 29 :::( 28 A2 

GND S1 :::( 30 Vee 
As 33 r::C 32 A4 
A7 35 r::( 34 A6 
OE 37 c::f" 36 ~ 

LCAS 
39 

r:: ::i 38 UCAS 
....,;~ 40 NC 

44/40-Pin Plastic TSOP (Normal Pinouts) 

µPD424263AIL, 42S4263AIL 

vcc 10 44 GND 

V01 2 43 V01e 

V02 s 42 V015 

VOs 4 41 V014 

V04 5 40 V01s 

Vee 6 39 GND 

V05 7 38 l/012 

VO a 8 37 V011 

V07 9 38 V010 

VO a 10 35 V09 

-9JF 

NC 1S 32 NC 

NC 14 S1 LCAS 
WE 15 30 UCAS 

RAS 16 29 OE 

NC 17 28 As 

Ao 18 27 A1 

A1 19 26 Ae 

A2 20 25 As 

As 21 24 A4 
Vee 22 023 GND 

Sufflx-9JF In the package Identifier 
denotes nonnal plnout sequence. 

2 

83YW&81A 

!\'EC 

44/40-Pin Plastic TSOP (Reverse Pinouts) 

11PD424263AIL, 42S4263AIL 

GND 0 0 44 Vee 
V01e 2 43 V01 

V015 s 42 V02 

V~4 4 41 VOs 

V01s 5 40 V04 
GND 6 39 Vee 
V012 7 38 VOs 
V011 8 37 vo6 
V~o 9 38 V07 
V09 10 35 VO a 

-9KF 

NC 1S 32 NC 
LCAS 14 S1 NC 
UCAS 1S 30 WE 

OE 16 29 RAS 

As 17 NC 

A1 18 Ao 

Ae 19 A1 

As 20 25 A2 

A4 21 24 As 
GND 22 0 23 Vee 

Suffix-SKF In the package klenllfler 
denotes reverse ptnout sequence. 

83YL.e&llM 

Pin Identification 
Ao·Aa Address Inputs 

V01- V016 Data inputs and outputs 

LCAS, UCAS Column address strobes 

OE Output enable 

RAS Row address strobe 

WE Write enable 

GND Ground 

Vee +5-volt or +3.3-volt power supply 

NC No connection 



NEC pPD424263A/L, 42S4263A/L 

Ordering Information, µPD424263A ( + 5-volt power) 
RAS" Access Fast-Page Cycle 'CAS Access 

Part Number Time (max) Time (max) Time (max) Package 

µPD424263ALE-60 60 ns 40 ns 20 ns 40-pin plastic SOJ 

LE-70 70 ns 45 ns 

LE-80 80 ns 50 ns 

µPD424263AV-60 60 ns 40 ns 20 ns 40-pin plastic ZIP 

V-70 70 ns 45 ns 

V-80 80 ns 50 ns 

µPD424263AG5-60 60 ns 40 ns 20 ns 44/40-pin plastic TSOP 

G5-70 70 ns 45 ns 
(normal pinouts) 

G5-80 80 ns 50 ns 

µPD424263AG5M-60 60 ns 40 ns 20 ns 44/40-pin plastic TSOP 

G5M-70 . 70 ns 45 ns 
(reverse pinouts) 

G5M-80 80 ns 50 ns 

Ordering Information, µPD424263L ( + 3.3-volt power) 
RAS" Access Fast-Page Cycle ~Access 

Part Number Time (max) Time (max) Time (max) Package 

µPD424263LLE-A60 60 ns 40 ns 20 ns 40-pln plastic SOJ 

LE-A70 70 ns 45 ns 

LE-A80 80 ns 50 ns 

µPD424263LV-A60 60 ns 40 ns 20 ns 40-pin plastic ZIP 

V-A70 70 ns 45 ns 

V-A80 80 ns 50 ns 

µPD424263LG5-A60 60 ns 40 ns 20 ns 44/40-pin plastic TSOP 

G5-A70 70 ns 45 ns 
(normal pinouts) 

G5-A80 80 ns 50 ns 

µPD424263LG5M-A60 60 ns 40 ns 20 ns 44/40-pin plastic TSOP 

G5M·A70 70 ns 45 ns 
(reverse pinouts) 

G5M-A80 80 ns 50 ns 

m 
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µPD424263A/L, 42S4263A/L 

Ordering Information, "PD42S4263A ( + 5-volt power; self-'ref resh mode) 
RAS" Access Fast-Page Cycle 'CASAccess Self-Refresh 

Part Number Time (max) Time (max) lime (max) Curr.ent (max) Package 

µPD42S4263ALE-60 60 ns 40 ns 20 ns 300µA 40-pin plastic SOJ 

LE-70 70 ns 45 ns 

LE-80 80 ns 50 ns 

µPD42S4263AV-60 60 ns 40 ns 20 ns 300·µA 40-pin plastic ZIP 

V-70 70 ns 45 ns 

V-80 80 ns 50 ns 

µPD42S4263AG5-60 60 ns 40 ns 20 ns 300µA 44/40-pin plastic 

G5-70 70 ns 45 ns 
TSOP 
(normal pinouts) 

G5-80 80 ns 50 ns 

µPD42S4263AG5M-60 60 ns 40 ns 20 ns 300µA 44/40-pin plastic 

G5M-70 70 ns 45 ns 
TSOP 
(reverse pinouts) 

G5M-80 80 ns 50 ns 

Ordering Information, "PD42S4263L ( + 3.3-volt power; self-refresh mode) 
RAS Access Fast-Page Cycle ~Access Self-Refresh 

Part Number Time (max) Time (max) Time (max) Current (max) Package 

µPD42S4263LLE-A60 60 ns 40 ns 20 ns 100µA 40-pin plastic SOJ 

LE-A70 70 ns 45 ns 

LE-A80 80 ns 50 ns 

µPD42S4263LV-A60 60 ns 40 ns 20 ns 100µA 40-pin plastic ZIP 

V-A70 70 ns 45 ns 

V-A80 80 ns 50 ns 

µPD42S4263LG5-A60 60 ns 40 ns 20 ns 100µA 44/40-pin plastic 

G5-A70 70 ns 45 ns 
TSOP 
(normal pinouts) 

G5-A80 80 ns 50 ns 

µPD42S4263LG5M-A60 60 ns 40 ns 20 ns 100µA 44/40-pin plastic 

G5M-A70 70 ns 45 ns 
TSOP 
(reverse plnouts) 

G5M-A80 80 ns 50 ns 

4 



NEC pPD424263A/L, 42S4263A/L 

Block Diagram 

CASClock 
Generator 

WE Clock 
Generator 

OE Clock 

OE 
Generator 

Data VO Bus 
V01 

V01e 
Column Decoder 

Sense Arnpllfler 

Ao 

~ 
'8 
Ill 
Q Memory Array 
~ a: 

A1 . ~ A2 . J m 
A3 . f :::::::::::~::· i A4 • :::; ~ As . 
Ae . 
A1 . 
As 

83YL-1!649B 

Truth Table 
Function RAS ~ ~ WE OE 1/01 -1/08 1/09 -1/015 

Standby H x x x x High-Z High-Z 

Refresh cycle L H H x x High-Z High-Z 

Byte read cycle L L H H L Data output High-Z 

L H L H L High-Z Data output 

Word read cycle L L L H L Data output Data output 

Byte write cycle L L H L H Data input 

L H L L H Data input 

Word write cycle L L L L H Data input Data input 

L L L H H High-Z High-Z 

X = don't care. -
5 



pPD424263A/L, 42S4263A/L NEC 
Write-Per-Bit Option 

The write-per-bit option may be used to allow a write 
cycle to change any number of bits in the 16-bit word. 
The mask is loaded from the 1/0 lines at the falling edge 
of RAS if WE = VrL· If the 1/0 line is high, then the 
corresponding bit will be written when the write cycle 
executes. If the 1/0 line is low, the bit does not change. 
A mask loaded during fast-page operation will remain 
set and active for each write cycle that executes while 
RAS remains low. The mask may be changed only at 
the falling edge of RAS. 

Comparison of Write-Per-Bit Cycle Versus Standard 16-Bit Write Cycle 

1-----/ 
---------------------- ----------

Write-Per-Bit ( WE 
Cycle 

VOn ----< Wrlt8Data 

I 
Nonnal 1S·blt ( WE 

Write Cycle 

vo, ----------------<(~---------w-rtte_o_am ________ __,)~--------

ro Mall< Data Write Operation 

1 (High) Wrlt8Blt 
V01-V01e 

0 (Low) Dlsable Bit Write 

6 

83YL-8i838 



NEC 
Absolute Maximum Ratings 
Voltage on any pin relative to GND 

5-volt devices 
3.3-volt devices 

Operating temperature, To PR 

Storage temperature, TsrG 

Short-circuit output current, los 
5-volt devices 
3.3-volt devices 

Power dissipation, Po 

-1.0 to +7.0 V 
-0.5 to + 4.6 V 

Oto+ 70°C 

-55 to + 125°C 

50 mA 
20 mA 

1.0W 

Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause perma
nent damage. The device should be operated within the limits 
specified under DC and AC Characteristics. 

Recommended Operating Conditions 
5-Volt Devices 

Parameter Symbol Min Typ 

µPD424263A/L, 42S4263A/L 

Capacitance 
TA = 25°C; f = 1 MHz 

Parameter Symbol Max Unit Pins Under Test 

Input capacitance C11 5 pF Addresses 

C12 7 pF LCAS, UCAS, WE, 
OE, RAS 

Input/output Co 7 pF 1101 - 1/015 
capacitance 

3.3-Volt Devices 

Max Min Typ Max Unit 

Input voltage, high V1H 2.4 Vee+ 1.0 2.0 Vee +o.3 v 
Input voltage, low V1L -1.0 0.8 

Supply voltage Vee 4.5 5.0 5.5 

Ambient temperature TA 0 +70 

Self-Refresh Current 
TA= Oto +70°c; Vee= +5 V ±10% (42S4263A) or +3.3 V ±0.3 V (42S4263L) 

Symbol 42S4263A 42S4263L 

lee1 300µA max 100µA max 

-0.5 0.8 v 
3.0 3.3 3.6 v 
0 +70 cc 

Conditions 

1/0 pins: V1H ;;:o:: Vee- 0.2 V; V1L s 0.2 V or open. 
Other input pins: V1H ~ Vee - 0.2 V; V1L s 0.2 V 
or open. tRAS ~ 100 µs 

7 
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pPD424263A/L, 42S4263A/L 

DC Characteristics; 5-Volt Devices 
TA= o to+ 70°C; Vee= +5.0 V ±10% 

Parameter Symbol Min Typ 

Standby current 

Input leakage current l1(L) -10 

Output leakage current Io(L) -10 

Output voltage, low Vol 

Output voltage, high VoH 2.4 

DC Characteristics; 3.3-Volt Devices 
TA= o to +70°C; Vee= +3.3 V ±0.3 V 

Parameter Symbol Min Typ 

Standby current 

Input leakage current IJ(L) -5 

Output leakage current lo(l) -5 

Output voltage, low Vol 

Output voltage, high VoH 2.4 

AC Characteristics 
TA= Oto +70°C 
µPD424263A, 42S4263A: Vee= +5.0 v ±10% 
µPD424263L, 42S4263L: Vee= +3.3 v ±0.3 v 

-60 

Parameter Symbol Min Max 

Operating current, lcc1 (+5) 140 
average 

Icc1 (+3.3) 130 

Operating current, lcca (+5) 140 
RAS-only refresh 

lcca (+3.3) cycle, average 130 

Operating current, Icc4 (+5) 90 
fast-page cycle, 

lcc4 (+3.3) average 90 

Operating current, Ices (+5) 140 
CAS before RAS 
refresh cycle, Ices (+3.3) 130 
average 

Access time from tAA 30 
column address 

Access time from tACP 35 
CAS precharge 
(rising edge) 

Column address tAsC 0 
setup time 

Row address setup tASR 0 
time 

Column address to tAWD 50 
WE delay time 

8 

Max Unit 

2.0 mA 

300 µA 

10 µA 

10 µA 

0.4 v 

v 

Max Unit 

500 µA 

100 µA 

5 µA 

5 µA 

0.4 v 

v 

-70 

Min Max 

130 

120 

130 

120 

80 

80 

130 

120 

35 

40 

0 

0 

55 

NEC 

Test Conditions 

RAS= CAS 2 v,H (min); lo= 0 mA 

RAS= CAS 2 Vcc-0.2V; lo= OmA 

V1N = O V to V cc; all other pins not under test = 0 V 

DouT disabled; VouT = o V to Vee 

Iol = 4.2 mA 

IoH = -5 mA 

Test Conditions 

RAS= CAS 2 v,H (min); lo= 0 mA 

RAS= CAS 2 Vcc-0.2V; lo= OmA 

V1N = O V to V cc; all other pins not under test = 0 V 

DouT disabled; VouT = O V to V cc 

lol =2.0 mA 

IoH = -2.0 mA 

-80 

Min Max 

120 

110 

120 

110 

70 

70 

120 

110 

40 

45 

0 

0 

70 

Unit Test Conditions 

mA RAS, CAS cycling; tRc = 
tRc min (Note 5) 

mA RAS cycling; CAS ~ V1H 
min; tRc = tRc min 
(Note 5) 

mA RAS s V1l; CAS cycling; 
tpc = tpc min 
(Note 5) 

mA RAS cycling; CAS s V1l 
max; tRc = tRc min 
(Note 5) 

ns (Notes 3, 4, 7, 8) 

ns (Notes 3, 4, 7, 8, 16) 

ns 

ns 

ns (Note 14) 



NEC pPD424263A/L, 42S4263A/L 

AC Characteristics (cont) 
-60 -70 -80 

Parameter Symbol Min Max Min Max Min Max Unit Test Conditions 

Access time from tcAc 20 20 20 ns (Notes 3, 4, 7, 8) 
CAS (falling edge) 

Column address tcAH 15 15 15 ns 
hold time 

CAS pulse width tcAS 20 10,000 20 10,000 20 10,000 ns 

CAS hold time for tcHR 15 15 15 ns (Note 15) 
CAS before RAS 
refreshing 

CAS hold time tcHs -35 -40 -50 ns For 42S4263N1- only 
(CBR self-refresh 
mode) 

CAS to output in tcLZ 0 0 0 ns (Notes 4, 7) 
low-Z 

Fast-page CAS tcp 10 10 10 ns 
precharge time 

CAS precharge tcPN 10 10 10 ns 
time 

Fast-page CAS tcPWO 55 60 75 ns (Note 14) 
precharge to WE 
delay time 

CASto RAS tcRP 10 10 10 ns (Note 10) 
precharge time 

CAS hold time tcsH 60 70 80 ns 

CAS setup time for tcsR 5 5 5 ns (Note 15) 
CAS before RAS 
refresh cycle 

CAS to WE delay tcwo 40 40 50 ns (Note 14) 

Write command tcwL 15 15 15 ns 
referenced to CAS 
lead time 

Data-in hold time toH 15 15 15 ns (Note 13) 

Data-in setup time tos 0 0 0 ns (Note 13) 

Masked write hold tMRH 0 0 0 ns 
time referenced to 
RAS 

Access time from to EA 20 20 20 ns (Notes 3, 4, 7, 8) 
OE 

OE data delay time toEo 15 15 15 ns -OE command hold toEH 0 0 0 ns 
time 

OE to RAS inactive to Es 0 0 0 ns 
setup time 

Output turnoff toEZ 0 15 0 15 0 15 ns (Note 9) 
delay from OE 

9 



pPD424263A/L, 42S4263A/L NEC 
AC Characteristics (cont) 

~so -70 -80 

Parameter Symbol Min Max Min Max Min Max Unit Test Conditions 

Output disable to FF 0 15 0 15 0 20 ns (Note 9) 
from CAS high 

OE to output in toLZ 0 0 0 ns (Notes 5, 7) 
low-Z 

Fast-page read or tpc 40 45 50 ns (Note 6) 
write cycle time 

Fast-page read- tpRWC 85 90 100 ns (Note 6) 
modify-write cycle 
time with exended 
data output 

Access time from tRAC 60 70 80 ns (Notes 3, 4, 7, 8) 
RAS 

RAS to column tRAD 15 30 15 35 15 40 ns (Note 8) 
address delay time 

Row address hold tRAH 10 10 10 ns 
time 

Column address tRAL 30 35 40 ns 
lead time 
referenced to RAS 
(rising edge) 

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

Fast-page RAS tRASP 60 125,000 70 125,000 80 125,000 ns 
pulse width 

RAS pulse width tRASS 100 100 100 µs For 42S4263A/L 
(CBR self-refresh 
mode) 

Random read or tRc 120 130 150 ns (Note 6) 
write cycle time 

RAS to CAS delay tRCD 20 40 20 50 20 60 ns (Note 8) 
time 

Read command tRCH 0 0 0 ns (Note 11) 
hold time 
referenced to CAS 

Read command tRcs 0 0 0 ns 
setup time 

Refresh period tREF 8 8 8 ms Addresses ~ - Aa 
RAS hold time tRHCP 35 40 45 ns 
referenced to CAS 
precharge 

RAS preoharge tRP 50 50 60 ns 
time 

RAS precharge tRPC 0 0 0 ns 
CAS hold time 

RAS precharge tRPS 120 130 150 ns For 42S4263A/L 
time (CBR self-
refresh mode) 

Read command tRRH 0 0 0 ns (Note 11) 
hold time 
referenced to RAS 

10 



NEC 
AC Characteristics (cont) 

-60 

Parameter Symbol Min Max Min 

RAS hold time tRSH 20 20 

Read-modify-write tRwc 165 175 
cycle time 

RAS to WE delay tRWD 80 90 

Write command tRWL 20 20 
referenced to RAS 
lead time 

Rise and fall times tT 3 50 3 

Write-per-bit hold twsH 10 10 
time 

Write-per-bit setup twss 0 0 
time 

Write command twcH 15 15 
hold time 

Write command twcs 0 0 
setup time 

Write mask data twH 10 10 
hold time 

Write command twp 15 15 
pulse width 

Write mask data tws 0 0 
setup time 

Notes: 

(1) All voltages are referenced to GND. 

(2) An initial pause of 100 µs is required after power-up, followed by 
any eight RAS cycles, before proper device operation is 
achieved. 

(3) Ac measurements assume tT = 5 ns. 

(4) V1H (min) and V1L (max) are reference levels for measuring the 
timing of input signals. Transition times are measured between 
ViH and VIL· 

(5) lcc1. Icc3, lcc4, and Ices depend on output loading and cycle 
rates. Specified values are obtained with the output open. lcc3 
is measured assuming that all column address inputs are held at 
either a high level or a low level during RAS-only refresh cycles. 
lcc4 is measured assuming that all column address inputs are 
switched only once during each fast-page cycle. 

(6) The minimum specifications are used only to indicate the cycle 
time at which proper operation over the full temperature range 
(TA = O to + 70°C) is assured. 

(7) Load = 2 TTL (-1 mA, +4 mA) loads and 100 pF. For 3.3-volt 
devices, VoH = 2.0 volts and Vol = 0.8 volt (ac reference levels) 

(8) If tRco s tRCD (max) and tRAD s tRAD (max), access time is 
defined by tRAC (max). If tRcD ~ tRcD (max), access time is 
defined by tcAC (max); if tRAD ~ tRAD (max) access time is 
defined by tAA (max). 

(9) toFF (max) and toez (max) define the time at which the outputs 
become open-circuit and are not referenced to VoH or Vol· 

(10) The tcRP requirement should be applicable for RAS/CAS cycles 
preceded by any cycle. 

-70 

µPD424263A/L, 42S4263A/L 

-80 

Max Min Max Unit Test Conditions 

25 ns 

200 ns (Note 6) 

105 ns (Note 14) 

20 ns 

50 3 50 ns (Note 4) 

15 ns 

0 ns 

15 ns (Note 12) 

0 ns (Note 14) 

15 ns 

15 ns (Note 12) 

0 ns 

(11) Either tRRH or tRcH must be satisfied for a read cycle. 

(12) Parameter twp is applicable for a delayed write cycle such as a 
read-write/read-modify-write cycle. For early write cycles, both 
twcs and twcH must be met. 

(13) These parameters are referenced to the faffing edge of one of the 
CAS signals for early write cycles and to the falling edge of WE 
for delayed write or read-modify-write cycles. 

(14) twcs. tRwo. tcwo. tcpwo and tAwo are restrictive operating 
parameters in read-write/read-modify-write cycles only. If twcs 
~ twcs (min), the cycle is an early write cycle and the data 1/0 
pins will remain open-circuit throughout the entire cycle. If tcwo 
~ tcwo (min), tRwo ~ tRwo (min), and tAwD ~ tAwo (min), then 
the cycle is a read-write cycle and the data 1/0 pins will contain 
data read from the selected cells. If neither of the above 
conditions is met, the condition of the data 1/0 pins (at access 

(15) 

time and until CAS returns to V1H) is indeterminate. l!ll'm 
Holding LCAS or UCAS low prior to RAS going negative will m&:im 
initiate a CAS before RAS refresh cycle (tcsR and tcHR must be 
satisfied). 

(16) The first CAS faffing edge is used as a reference for the start of 
tAcP (CAS precharge access time). 

11 



µPD424263A/L, 42S4263A/L 

Timing Waveforms 

Wont Read Cycle 

NEC 

.----------tRc-----------...-. 
---------tRAs-----------

Address Row 

WE !l/!ll!llJ////!/!!ll!! I \\\\\W .l 14--__ r-1oEs4 
OE---...,..-------------tAA-~ 

I 

I· ICA~-~ 
-c -tRA~ 

High Impedance I 
V01·V01e -----------------~------:----ilX 

L.=_. 
to FF 

83YL·7467B 
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NEC pPD424263A/L, 42S4263A/L 

Timing Waveforms (cont) 

Byte Read Cycle 

-----------tRc---------~ 

--------tRAs-------~ 

tcRP 

Row 

WE //// ll!/IJ/ll!/l/f ///I 
I. 

\ 

Column 

j \\\\\\\\ 
r--tOES IAA=A 

~·-- I t 11 V01-VOa ___ l ____ ....___. ___ li(---~------,-~l---=----to_FF_ 

--iE------tRAr.---, -----~ tOEZ 

V09- V01a ______ ___..Hlg.__h lm __ pedance __ ---:--___ -o:----<I Data Output 

L.ru-
Note: 

[1] Nonactive CAS = VtH. 
83YL·7468B 
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µPD424263A/L, 42S4263A/L NEC 
Timing Waveforms (cont) 

Word Early-Write Cycle 

lnputlOUtput Data-In 

Note: 

[1] OE= doni care. 

14 



NEC 
Timing Waveforms (cont) 

Byte Early-Write Cycle 

--
i..... 

~ 
J_ ...-

.-£... 

tCRPt:: 

tCRP 

tRC 

tRAS 

tCSH 

tRCD 
__,,...,,_ 

..... 

~1 

II I I 

Noter. 

[1] Nonactive CAS = V1H. 

[2] OE = don't care. 

pPD424263A/L, 42S4263A/L 

~ 

__,,. 
~tRP-+-

~ L 
~ 

tRSH 
__,, , tCRP - -

tCAS ~ 

y ll 

l~tMRH 
\.....____ 

83YL-«i868 
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µPD424263A/L, ·42S4263A/L 

Timing Waveforms (cont) 

Word Late-Write Cycle 

l-4-------tRco-------;~""""'------tRSH---_;._,...i 

14-----tcAs·---~ 

---l-..--------tRAL:----~----

ktCAH 

Address Colunvl 

14-__ 1_c;'"RWL=W 
lWP 

Input/Output 

16 
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NEC pPD424263A/L, 42S4263A/L 

Timing Waveforms (cont) 

Byte Late-Write Cycle 

------tRco------:11------tRSH-----
------tCAS-------

LCAS 

~·- ~tCAH H 

Add1'9SS Row Column 

11 

V01-VOa. 

. twsrl··· ~.' ''"':2:_ .· ~•oED1 r-_•os-J l~_toH-==~ ~ 
V09~L'01e ~~ Datalnput ~ 

Note: 

[1] NonacUve CAS = V1H. 
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pPD424263A/L, 42S4263A/L 

Timing Waveforms (cont) 

Word Read-Modify-Write Cycle 

NEC 

--~~~~~~~~~~~-tRwc~~~~~~~~~~~~~~---'l~ 

--~~~~~~~~~~tRAs~~~~~~~~~~~~ 

Address 

WE 

OE 

High Impedance 
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NEC pPD424263A/L, 42S4263A/L 

Timing Waveforms (cont) 

Byte Read-Modify-Write Cycle 

-------------tRwc---------------
-----------tRAs------------

---tRco--+roE--------tRSH-------

tcRP -------tc.As---------'~ 

Address Column 

I 
~--..,..., ... ---tAwo------

~·~,___---tcwo-----

I tRWo 

1109-ll01e 

High Impedance 

Note: 

[1] NonacUve CAS = V1H. 
83YL.a;eea 
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µPD424263A/L, 42S4263A/L 

Timing Waveforms (cont) 

Word Fast-Page Read Cycle 

Add1'8SS 

WE 

C>E 

V01· VOta 

l-IRAC 

20 

I 

NEC 

toFF 

83YL·7488B 



NEC 
Timing Waveforms (cont) 

Byte Fast-Page Read Cycle 

Note: 

[1] Nonactive CAS = V1H. 

pPD424263A/L, 42S4263A/L 

Bl 

83'1L·74878 
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µPD424263A/L, 42S4263A/L NEC 
Timing Waveforms (cont) 

Word Fast-Page Earl)C-Write Cycle 

Note: 

[1] OE= don't care. 
[2] Write-per-bit function notshoWn 
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NEC 
Timing Waveforms (cont) 

Byte Fast-Page Early-Write Cycle 

tcRP 

Address 

V09·V<>ta 

Notee: 

[1] NonacUve CAS = V1H. 
[2) OE= don't care. 
[3] Write-per-bit function not shown 

lt'ltc:---tpc----

tRco tcp 

pPD424263A/L, 42S4263A/L 

m 
83YL-8671B 
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pPD424263A/L, 42S42&3A/L NEC 
Timing Waveforms (cont) 

Word Fast-Page Late-Write Cycle 

Address 

lnputf __________ cx 
Ou1put 

Note: 

[1] Write-per-bit funcUon not shown 
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!\'EC pPD424263A/L, 42S4263A/L 

Timing Waveforms (cont) 

Byte Fast-Page Late-Write Cycle 

Addrass 

to ED toH toED toH toED 

VOg-VOta ---------<x 

NoflMI: 

[1] Nonactive CAS = V IH. 
[2] Write-per-bit function not shown 

83YL-8673B 
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pPD424263A/L, 42S4263A/L 

Timing Waveforms (cont) 

Byte Fast-Page Read/Write Cycle 

I~ r-•CAH l+-
1
tASC 

.............................................. 

26 

Addrass 

WE 

Write-per-bit 
funcUon 

not shown 

ae 

VOt· VOL r VOa V1H 

V09· 
V01e 

V1L 

VoH 

VOL 

V1H 

V1L 

-------<v 

----------~ 

11 

NEC 

---tRSH--:111-l 

tCAs~ 

83YL-8674B 



NEC 
Timing Waveforms (cont) 

Word Fast-Page Read-Modify-Write Cycle 

UCAS 

LCAS 

Address 

Write-per-bit 
function 

not shown 

µPD424263A/L, 42S4263A/L 

m 
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pPD424263A/L,, 42S4263A/L.. 

Timing Waveforms (cont) 

Byte Fast-Page Read-Modify-Write Cycle 

~1 
I 

----tpc---~ 

28 

Address 

Write-per-bit 
function 

not shown 

~~-tCAS 

NEC 

---IRSH1--

tCAS 

toEZ 



NEC pPD424263A/L,42S4263A/L 

Timing Waveforms (cont) 

Hidden Refresh Cycle (Word Read Cycle) 

tcRP 

UCAS 

tCRP 

Address Row 

I ~I ~ I 
WE 'II Ill! !II J//J II! LJ_ t{(//! /111! Ill II J//J! //!II! II/ Iii 

OE-----:....~1 ~9 

L 1=; 
tRAc 

1 
lnputl __________ ..;...----<v 

OUtput DataOUtput 
High Impedance m 

83RD-7478B 
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µPD424263A/L, 42S4263A/L NEC 
Timing Waveforms (cont) 

Hidden Refresh Cycle (Word Write Cycle) 

~--tRc--~---tRc---1 

--tRAs-~ 

RAS 

lCRP 

UCAS 

tCRP 

LCAS 

tRAH 

Addl888 Row 

831U).74778 
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NEC pPD424263A/L, 42S4263A/L 

Timing Waveforms (cont) 

Hidden Refresh Cycle (Byte Write Cycle) 

--tRc--~--tRc----· 

tcRP 

LCAS YllJ//h 

Addl8SS 
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pPD424263A/L, 42S4263A/L NEC 
Timing Waveforms (cont) 

RAS-Only Refresh Cycle 

.------tRc------

UCAS f I I ~ 

n ~ 
tASR tRAH LCAS ;;E ~ · VlZ/ 

-- .R.W 2/1111 ////JI/// )////JI///!/// Ill! JI! //I &l<ZlZL. 
83RD-7474B 

CAS Before RAS Refresh Cycle 

Addmss i//J j/ //Ill 11/J /I JI/ J/// Jl//J/I /II JI/II!///////// 11111 J////11//Z 

32 

Note: 
(1) If either UCAS or LCAS Input Is held 

low befol8 RAS transitions low, the 
on-chip CBR refresh clra.ilt Is enabled 

83RD-747511 



NEC 
NEC Electronics Inc. 

Description 

The µPD424280A/L and µPD42S4280A/L are fast-page 
dynamic RAMs organized as 262,144 words by 18 bits 
and designed to operate from a single power supply. 

Optional features are power supply voltage (+5 V or 
+3.3 V) and a new refresh mode called "self-refresh." 

µPD Options 
424280A +5 V 
424280L +3.3 V 
42S4280A +5 V; self-refresh mode 
42S4280L +3.3 V; self-refresh mode 

Advanced polycide technology using stacked capaci
tors minimizes silicon area and provides high storage 
cell capacity, high performance, and high reliability. A 
single-transistor dynamic storage cell and CMOS cir
cuitry throughout ensure minimum power dissipation, 
while an on-chip circuit internally generates the 
negative-voltage substrate bias-automatically and 
transparently. 

The three-state 1/0 pins are controlled by UCAS and 
LCAS independent of RAS. After a valid read or read
modify-write cycle, upper or lower byte data is held on 
the outputs by maintaining UCAS or LCAS low. Data 
outputs return to high impedance when either UCAS or 
LCAS goes high. Fast-page read and write cycles can 
be executed by cycling UCAS or LCAS. 

Refreshing may .be accomplished by a CAS before RAS 
refresh cycle (CBR) that internally generates the re
fresh address. RAS-only refresh cycles will also refresh 
all memory locations. 

The self-refresh mode is entered by holding RAS low for 
longer than 100 µs during a C BR cycle. Detection of this 
long RAS time starts an internal oscillator that main
tains data integrity without external clocking. The slow 
refresh reduces the data .hold current to less than 200 
microamperes. Self-refresh mode is used with micro
processors that have a "sleep mode" for low-power 
applications such as notebook PCs. 

Features 

o 262,144 by 18-bit organization 
o Single power supply (+5-volt or +3.3-volt) 
o Self-refresh option (slow internal automatic refresh) 
o Fast-page option 
o Byte read/write control with UCAS and LCAS 

60162-1 

µPD424280A/L, 42S4280A/L 
262,144 x 18-Bit 

Dynamic CMOS RAM 

o Low power dissipation 
o CAS before RAS refreshing 
o On-chip substrate bias generator 
o TTL-compatible inputs and outputs 
o Nonlatched, three-state outputs 
o Low input capacitance 
o Multiplexed row and column addresses 
o 512 refresh cycles every 8 ms 
o 40-pin SOJ, 40-pin ZIP, and 44/40-pin TSOP plastic 

packaging 

Pin Configurations 

40-Pin Plastic SOJ 

µPD424280AIL, 42S4280A/L 

Vee 40 GND 

V01 V01a 
V02 V017 

VOa V01a 
V04 V015 

GND 

V014 
V013 
VD12 

V011 
V010 
LCAS 
UCA8 
OE 

NC Aa 
Ao A1 

A1 As 
A2 As 
A3 Ai 

Vee .._ ___ _. GND 



µPD424280A/L, 42S4280A/L 

Pin Configurations (cont) 

40-Pin Plastic ZIP 

µPD424280NL, 42S4280A/L 

1/01.1 1 
1/013 3 
GND 5 

1101a 
1101a 9 
Vee 11 
1102 13 
1/04 15 
1/05 17 
110719 
~21 
WE23 
NC 25 
A1 27 
As 29 

44/40-Pin Plastic TSOP (Normal Pinouts) 

µPD424280NL, 42S4280AIL 

Vee 10 44 GND 

1101 2 1101a 
1/02 3 1/017 
1/03 4 1101a 
1/04 5 11015 

Vee 6 GND 

1/05 7 11014 
I/Os 8 11013 

1107 9 11012 
lfOa 10 11011 

-7JF 

1/09 13 11010 
NC 14 LCAS 
WE 15 UCAS 

RAS 16 OE 

NC 17 As 
Ao 18 A1 

A1 19 As 
A2 20 As 
As 21 A4 

Vee 22 GND 

Sufllx-7JF In the package Identifier 
denotes nonnal plnout sequence. 

2 

83FM-88aiA. 

83fM.llll08A 

NEC 

44/40-Pin Plastic TSOP (Reverse Pinouts) 

µPD424280AIL, 42S4280A/L 

GND 0 0 44 Vee 
1101a 2 43 lf01 
1/017 3 42 1/02 

1101a 4 41 1(03 

11015 5 40 lf04 
GND 6 39 Vee 
lf014 7 38 1/05 

lf013 8 37 l/Oe 

lf012 9 36 1107 
1/011 10 35 I/Os 

-7KF 

11010 13 32 1/09 
LCAS 14 NC 

UCAS 15 WE 
OE 16 RAS 

As 17 NC 

A1 18 Ao 
As 19 A1 

As 20 A2 

A4 21 As 
GND 22 0 Vee 

Sufflx-7KF In the package Identifier 
denotes reverse plnout sequence. 

Pin ldentif ication 
Name Function 

Address inputs 

Data input$ and outputs 

Column address strobes 

Ou~put enable 

Row address strobe 

Write enable 

GND GrQund 

Vee + 5-volt or + 3.3-volt power supply 

NC No connection 



NEC pPD424280A/L, 42S4280A/L 

Ordering Information, µ.PD424280A ( + 5-volt power) 
RAS Access Fast-Page Cycle ~Access 

Part Number Time (max) Time (max) Time (max) Package 

µPD424280ALE-60 60 ns 40 ns 20 ns 40-pin plastic SOJ 

LE-70 70 ns 45 ns 

LE-80 80 ns 50 ns 

µPD424280AV-60 60 ns 40 ns 20 ns 40-pin plastic ZIP 

V-70 70 ns 45 ns 

V-80 80 ns 50 ns 

µPD424280AG5-60 60 ns 40 ns 20 ns 44/40-pin plastic TSOP 

G5-70 70 ns 45 ns 
(normal pinouts) 

G5-80 80 ns 50 ns 

µPD424280AG5M-60 60 ns 40 ns 20 ns 44/40-pin plastic TSOP 

G5M-70 70 ns 45 ns 
(reverse pinouts) 

G5M-80 80 ns 50 ns 

Ordering Information, µ.PD424280L ( + 3.3-volt power) 
RAS Access Fast-Page Cycle ~Access 

Part Number Time (max) Time (max) Time (max) Package 

µPD424280LLE-A60 60 ns 40 ns 20 ns 40-pln plastic SOJ 

LE-A70 70 ns 45 ns 

LE-A SO 80 ns 50 ns 

µPD424280LV-A60 60 ns 40 ns 20 ns 40-pin plastic ZIP 

V-A70 70 ns 45 ns 

V-A80 80 ns 50 ns 

µPD424280LG5-A60 60 ns 40 ns 20 ns 44/40-pin plastic TSOP 

G5-A70 70 ns 45 ns 
(normal pinouts) 

G5-A80 80 ns 50 ns 

µPD424280LG5M-A60 60 ns 40 ns 20 ns 44/40-pin plastic TSOP 

G5M-A70 70 ns 45 ns 
(reverse pinouts) 

G5M-A80 80 ns 50 ns 

3 



pPD424280A/L, · 42S4280A/l NEC 
Ordering Information, "PD42S4280A (+ 5-volt power; self-refresh mode) 

RAS Access Fast-Page Cycle ~Access Self-Refresh 
Part Number Time (max) Time (max) Time (max) Current (max) Package 

µPD42S4280ALE-60 60 ns 40 ns 20 ns 300µA 40-pln plastic SOJ 

LE-70 70 ns 45 ns 

LE-80 80 ns 50 ns 

µPD42S4280AV-60 60 ns 40 ns 20 ns 300µA 40-pin plastic ZIP 

V-70 70 ns 45 ns 

V-80 80 ns 50 ns 

µPD42S4280AG5-60 60 ns 40 ns 20 ns 300µA 44/40-pin plastic 

G5-70 70 ns 45 ns 
TSOP 
(normal pinouts) 

G5-80 80 ns 50 ns 

µPD42S4280AG5M-60 60 ns 40 ns 20 ns 300µA 44/40-pin plastic 

G5M-70 70 ns 45 ns 
TSOP 
(reverse pinouts) 

G5M-80 80 ns 50 ns 

Ordering Information, "PD42S4280L ( + 3.3-volt power; self-refresh mode) 
RAS Access Fast-Page Cycle ~Access Self-Refresh 

Part Number Time (max) Time (max) Time (max) Current (max) Package 

µPD42S4280LLE-A60 60 ns 40 ns 20 ns 100µA 40-pin plastic SOJ 

LE-A70 70 ns 45 ns 

LE-ABO 80 ns 50 ns 

µPD42S4280LV-A60 60 ns 40 ns 20 ns 100µA 40-pin plastic ZIP 

V-A70 70 ns 45 ns 

V-ASO 80 ns 50 ns 

µPD42S4280LG5-A60 60 ns 40 ns 20 ns 100µA 44/40-pin plastic 

G5-A70 70 ns 45 ns 
TSOP 
(normal pinouts) 

G5-A80 80 ns 50 ns 

µPD42S4280LG5M-A60 60 ns 40 ns 20 ns 100µA 44/40-pin plastic 

G5M-A70 70 ns 45 ns 
TSOP 
(reverse pinouts) 

G5M-A80 80 ns 50 ns 

4 



NEC µPD424280A/L, 42S4280A/L 

Block Diagram 

RAS 
RAS Clock CASClock 
Generator Generator 

WE Clock 
LCAS, Generator 

UCAS CAS Before RAS 

OE Clock 
Generator 

OE 
Data-In 
Buffer 

V01 
Data VO Bus 

V01a 

Column Decoder Data-out 
Buffer 

Sense Amplifier 

Ao 
A1 • ~ lii 
A2 • l Ill 1 Aa • 

~ 
::::::::::}:· i Q Memory Array 

A4 • 
:!E 'D ~ 

As • ~ a: 
A5 • 
A1 • 
As 

83FM-7822B 

Truth Table 
Function RAS ~ ~ WE OE 1/01 -1/0g 1/010 - l/01s 

Standby H x x x x High-Z High-Z 

Refresh cycle L H H x x High-Z High-Z 

Byte read cycle L L H H L Data output High-Z 

L H L H L High-Z Data output 

Word read cycle L L L H L Data output Data output 

Byte write cycle L L H L H Data input 

L H L L H Data input 

Word write cycle L L L L H Data input Data input • L L L H H High-Z High-Z 

X = don't care. 

5 



pPD424280A/L, 42S4280A/L 

Absolute Maximum Ratings 
Voltage on any pin relative to GND 

5-volt devices 
3.3-volt devices 

Operating temperature, ToPR 

Storage temperature, TsTG 

Short-circuit output current, los 
5-volt devices 
3.3-volt devices 

Power dissipation, Po 

-1.0 to +7.0 V 
-0.5 to + 4.6 V 

Oto +70°C 

-55 to + 125°C 

50 mA 
20 mA 

1.0W 

Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause perma
nent damage. The device should be operated within the limits 
specified under DC and AC Characteristics. 

Recommended Operating Conditions 

NEC 
Capacitance 
TA = 25°C; f = 1 MHz 

Parameter Symbol Max Unit Pins Under Test 

Input capacitance C11 5 pF Addresses 

C12 7 pF LCAS, UCAS, WE, 
OE, RAS 

Input/output Co 7 pF 1/01 • l/01a 
capacitance 

5-Volt Devices 3.3-Volt Devices 

Parameter Symbol Min Typ Max Min Typ Max Unit 

Input voltage, high V1H 2.4 Vee+ 1.0 2.0 Vee +o.3 v 
Input voltage, low V1L -1.0 0.8 -0.5 0.8 v 
Supply voltage Vee 4.5 5.0 5.5 3.0 3.3 3.6 v 
Ambient temperature TA 0 +70 0 +70 oc 

Self-Refresh Current 
TA= o to+ 70°C; Vee= +5 V ::t10% (42S4280A) or +3.3 V ::t0.3 V (42S4280L) 

Symbol 42S4280A 42S4280L 

lce1 300µA max 

DC Characteristics; 5-Volt Devices 
TA= o to+ 70°C; Vee = +5.0 V ::t10"Ai 

Parameter Symbol Min 

Standby current lcc2 

Input leakage current l1(L) -10 

Output leakage current lo(L) -10 

Output voltage, low Vol 

Output voltage, high VoH 2.4 

6 

100µA max 

Typ Max 

2.0 

300 

10 

10 

0.4 

Unit 

mA 

µA 

µA 

µA 

v 
v 

Conditions 

1/0 pins: V1H <!: Vee - 0.2 V; V1L :S 0.2 V or open. 
Other input pins: V1H <!: Vee - 0.2 V; V1L :S 0.2 V 
or open. tRAS <!: 100 µs 

Test Conditions 

RAS= CAS <!: V1H (min); lo = 0 mA 

RAS = CAS <:!:: Vee - 0.2 V; lo = 0 mA 

V1N = 0 V to V cc; all other pins not under test = O V 

DouT disabled; VouT = O V to V cc 

loL = 4.2mA 

loH = -5 mA 



NEC pPD424280A/L, 42S4280A/L 

DC Characteristics; 3.3-Volt Devices 
TA = o to + 70°C; Vee = + 3.3 V :t0.3 V 

Parameter Symbol Min Typ Max Unit Test Conditions 

Standby current lcc2 500 µA RAS= CAS ~ V1H (min); 10 = 0 mA 

100 µA RAS = CAS ~ Vee - 0.2 V; lo = 0 mA 

Input leakage current l1(L) -5 5 µA VtN = O V to V cc; all other pins not under test = 0 V 

Output leakage current lo(L) -5 5 µA Dour disabled; VouT = o V to V cc 

Output voltage, low Vol 0.4 v loL =2.0 mA 

Output voltage, high VoH 2.4 v loH = -2.0 mA 

AC Characteristics 
TA= Oto +70°C 
µPD424280A, 42S4280A: Vee= +5.0 v ±10% 
µPD424280L, 42S4280L: Vee= +3.3V :t0.3 v 

-60 -70 -80 
-----

Parameter Symbol Min Max Min Max Min Max Unit Test Conditions 

Operating current, lcc1 (+5) 160 150 140 mA RAS, CAS cycling; tRc = 
average 

lcc1 (+3.3) 150 140 130 tRc min (Note 5) 

Operating current, lcc3 (+5) 160 150 140 mA RAS cycling; CAS ~ V1H 
RAS-only refresh 

lcc3 (+3.3) 150 140 130 
min; tRc = tRc min 

cycle, average (Note 5) 

Operating current, lcc4 (+5) 110 100 90 mA RAS :S V1L; CAS cycling; 
fast-page cycle, 

lcc4 (+3.3) 110 90 
tpc = tpc min 

average 100 (Note 5) 

Operating current, Ices (+5) 160 150 140 mA RAS cycling; CAS :S V1L 
CAS before RAS max; tRc = tRc min 
refresh cycle, Ices (+3.3) 160 150 140 (Note 5) 
average 

Access time from tAA 30 35 40 ns (Notes 3, 4, 7, 8) 
column address 

Access time from tACP 35 40 45 ns (Notes 3, 4, 7, 8, 16) 
CAS precharge 
(rising edge) 

Column address tAsc 0 0 0 ns 
setup time 

Row address setup tASR 0 0 0 ns 
time • Column address to tAwo 50 55 70 ns (Note 14) 
WE delay time 

Access time from tCAc 20 20 20 ns (Notes 3, 4, 7, 8) 
CAS (falling edge) 

Column address tcAH 15 15 15 ns 
hold time 

CAS pulse width tCAs 20 10,000 20 10,000 20 10,000 ns 

CAS hold time for tcHR 15 15 15 ns (Note 15) 
CAS before RAS 
refreshing 

CAS hold time tcHS -35 -40 -50 ns For 42S4280A/L only 
(CBR self-refresh 
mode) 

7 



pPD424280A/L, 42S4280A/L NEC 
AC Characteristics (cont) 

-60 -70 -so 
Parameter Symbol Min Max Min Max Min Max Unit Test Conditions 

CAS to output in tcLZ 0 0 0 ns (Notes 4, 7) 
low-Z 

Fast-page CAS tcp 10 10 10 ns 
precharge time 

CAS precharge tcPN 10 10 10 ns 
time 

Fast-page CAS tcPWD 55 60 75 ns (Note 14) 
precharge to WE 
delay time 

CASto RAS tcRP 10 10 10 ns (Note 10) 
precharge time 

CAS hold time tcsH 60 70 80 ns 

CAS setup time for tcsR 5 5 5 ns (Note 15) 
CAS before RAS 
refresh cycle 

CAS to WE delay tcwo 40 40 50 ns (Note 14) 

Write command tcwL 15 15 15 ns 
referenced to CAS 
lead time 

Data-in hold time toH 15 15 15 ns (Note 13) 

Data-in setup time tos 0 0 0 ns (Note 13) 

Masked write hold tMRH 0 0 0 ns 
time referenced to 
RAS 

Access time from toEA 20 20 20 ns (Notes 3, 4, 7, 8) 
OE 

OE data delay time toED 15 15 15 ns 

OE command hold toEH 0 0 0 ns 
time 

OE to RAS inactive toES 0 0 0 ns 
setup time 

Output turnoff toEZ 0 15 0 15 0 15 ns (Note 9) 
delay from OE 

Output disable toFF 0 15 0 15 0 20 ns (Note 9) 
from CAS high 

OE to output in toLZ 0 0 0 ns (Notes 5, 7) 
low-Z 

Fast-page read or tpc 40 45 50 ns (Note 6) 
write cycle time 

Fast-page read- tpRWC 85 90 100 ns (Note 6) 
modify-write cycle 
time with exended 
data output 

Access time from tRAC 60 70 80 ns (Notes 3, 4, 7, 8) 
RAS 

8 



NEC µPD424280A/L, 42S4280A/L 

AC Characteristics (cont) 
-60 -70 -80 

Parameter Symbol Min Max Min Max Min Max Unit Test Conditions 

RAS to column tRAD 15 30 15 35 15 40 ns (Note 8) 
address delay time 

Row address hold tRAH 10 10 10 ns 
time 

Column address tRAL 30 35 40 ns 
lead time 
referenced to RAS 
(rising edge) 

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

Fast-page RAS tRASP 60 125,000 70 125,000 80 125,000 ns 
pulse width 

RAS pulse width tRASS 100 100 100 µs For 42S4280A/L 
(C 8 R self-refresh 
mode) 

Random read or tRc 120 130 150 ns (Note 6) 
write cycle time 

RAS to CAS delay tRCD 20 40 20 50 20 60 ns (Note 8) 
time 

Read command tRCH 0 0 0 ns (Note 11) 
hold time 
referenced to CAS 

Read command tRcs 0 0 0 ns 
setup time 

Refresh period tREF 8 8 8 ms Addresses Ao · As 

RAS hold time tRHCP 35 40 45 ns 
referenced to CAS 
precharge 

RAS precharge tRP 50 50 60 ns 
time 

RAS precharge tRPC 0 0 0 ns 
CAS hold time 

RAS precharge tRPS 120 130 150 ns For 42S4280A/L 
time (CBR self-
refresh mode) 

Read command tRRH 0 0 0 ns (Note 11) 
hold time Bl referenced to RAS 

RAS hold time tRSH 20 20 25 ns 

Read-modify-write tRWc 165 175 200 ns (Note 6) 
cycle time 

RAS to WE delay tRWo 80 90 105 ns (Note 14) 

Write command tRWL 20 20 20 ns 
referenced to RAS 
lead time 

Rise and fall times tT 3 50 3 50 3 50 ns (Note 4) 

Write command twcH 15 15 15 ns (Note 12) 
hold time 

Write command twcs 0 0 0 ns (Note 14) 
setup time 

9 



pPD424280A/L, 42S4280A/L 

AC Characteristics (cont) 

Parameter 

Write command 
pulse width 

Notes: 

Symbol 

(1) All voltages are referenced to GND. 

-60 

Min Max 

15 

Min 

15 

(2) An initial pause of 100 µsis required after power-up, followed by 
any eight RAS cycles, before proper device operation is 
achieved. 

(3) Ac measurements assume tT = 5 ns. 

(4) V1H (min) and V1L (max) are reference levels for measuring the 
timing of input signals. Transition times are measured between 
V1H and VIL· 

(5) lcc1. lcc3, lcc4, and Ices depend on output loading and cycle 
rates. Specified values are obtained with the output open. lcc3 
is measured assuming that all column address inputs are held at 
either a high level or a low level during RAS-only refresh cycles. 
lcc4 is measured assuming that all column address inputs are 
switched only once during each fast-page cycle. 

(6) The minimum specifications are used only to indicate the cycle 
time at which proper operation over the full temperature range 
(TA = Oto + 70°C) is assured. 

(7) Load = 2 TTL (-1 mA, +4 mA) loads and 100 pF. For 3.3-volt 
devices, VoH = 2.0 V and Vol= 0.8 V (ac reference levels). 

(8) If tRCD :S tRcD (max) and tRAD :S tRAD (max), access time is 
defined by tRAC (max). 
If tRco ~ tRco (max), access time is defined by tcAc (max). 
if, tRAD ~ tRAD (max), access time is defined by tAA (max). 

(9) toFF (max) and toEz (max) define the time at which the outputs 
become open-circuit and are not referenced to VoH or Vol· 

(10) The tcRP requirement should be applicable for RAS/CAS cycles 
preceded by any cycle. 

10 

-70 

NEC 
-80 

Max Min Max Unit Test Conditions 

15 ns (Note 12) 

(11) Either tRRH or tRcH must be satisfied for a read cycle. 

(12) Parameter twp is applicable for a delayed write cycle such as a 
read-write/read-modify-write cycle. For early write cycles, both 
twcs and twcH must be met. 

(13) These parameters are referenced to the falling edge of one of the 
CAS signals for early write cycles and to the falling edge of WE 
for delayed write or read-modify-write cycles. 

(14) twcs. tRWD• tcwo. tcPWD and tAwo are restrictive operating 
parameters in read-write/read-modify-write cycles only. If twcs 
~ twcs (min), the cycle is an early write cycle and the data 1/0 
pins will remain open-circuit throughout the entire cycle. If tcwo 
;;::: tcwo (min), tRWo ;;::: tRwo (min), and tAwo;;::: tAwo (min), then 
the cycle is a read-write cycle and the data 1/0 pins will contain 
data read from the selected cells. If neither of the above 
conditions is met, the condition of the data 1/0 pins (at access 
time and until CAS returns to V1H) is indeterminate. 

(15) Holding LCAS or UCAS low prior to RAS going. negative will 
initiate a CAS before RAS refresh cycle (tcsR and tcHR must be 
satisfied). 

(16) The first CAS falling edge is used as a reference for the start of 
tAcP (CAS precharge access time). 



NEC pPD424280A/L, 42S4280A/L 

Timing Waveforms 

Word Read Cycle 

UCAS 

Address 

-----tRco,-----l~---tRSH---~ 

1-----tcAs-----

Row 

WE //////////////////JI/! ~ ~\~ 
I. tAA~r--toEs 

~~ toEA 

OE I 

le: tCAc~------
~c:-------t~,.._ _______ ____ 

High Impedance I 
V01-ll01e --------~~:.....---......;....,.------:---<I 

tctz-

tOFF 

83fM.7823B 
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pPD424280A/L, 42S4280AIL NEC 
Timing Waveforms (cont) 

Byte Read Cycle 

---------t~H-----~-------tRCD tRSH------tcRP tcAs--~ 

Row Column 

j \\\\\\~ 
r--tOES 

WE ll!Jl/!l/11/lf II!//)/! 
I. 

12 

\ 
I 

IAA=AI 1 
~'~ t 

ro1-roe--~-i-----=-------=1E=====-tCA-c-=--=--=--=--=-~--l---t-o~-~ 
-E-------tMr.---1--------- ~to~ 

V01o~V01a --------H~lgh_lm_,_pedan_.... _ce _______ --<1 Data Output 

Lieu-
Note: 

[1) NonacUve CAS = V1H. 
83FIM&MB 



t-IEC 
Timing Waveforms (cont) 

Word Early-Write Cycle 

Address 

Note: 

[1] OE = don't care. 

pPD424280A/L, 42S4280A/L 

83FM-7825B 
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µPD424280A/L, 42S4280A/L 

Timing Waveforms (cont) 

Byte Early-Write Cycle 

RAS 

tCRP 

Address Row 

V01-V09 

tRCD 

NEC 

tcsH 

tRSH 

tCAS 

l~tMRH 

I I IML-H \ 
tASC~ l+tCAH 

Column 

I tRWL 

14-------tcWL-----~ 

~twcH 

I 'i 
I I 

tos~ ~t~ 
V010 - V01a ata I~ 

14 

Notee: 

[1) NonacUveCAS=V1H. 

[2) OE= doni care. 
83FM-7828B 



NEC 
Timing Waveforms (cont) 

Word Late-Write Cycle 

RAS 

UCAS 

LCAS 

Address Row 

tRCD 

tRCD 

pPD424280A/L, 42S4280A/L 

tRC 
tRAS 

tcsH 

tRSH 

tcAS 

tcsH 
I 

tCRP 

tRAL 

Column 

83FM-78278 

15 



pPD424280A/L, 42S4280A/L 

Timing Waveforms (cont) 

Byte Late-Write Cycle 

Note: 

[1] NonacUveCAS=V1H. 

16 

NEC 

83FtM828B 



NEC pPD424280A/L, 42S4280A/L 

Timing Waveforms (cont) 

Word Read-Modify-Write Cycle 

----------~--tRwc~~~~~~~-~~-~~---

~~-----~~--tRAs--~~-~~-~-~ 

Addl9SS 

-------tAwo-----'--
------tcwo-----

17 



pPD424280A/L, 42S4280A/L 

Timing Waveforms (cont) 

Byte Read-Modify-Write Cycle 

NEC 

----------tRwc-----------~ 

-----------t~s----------

tcRP 

Address Column 

I 
----,~--tAwo----~ 

-.... ---tcwo---
I tRWo 

l-c I tAA~ to EA 

oe7fll!111(1/////111111/11~ 1 II 
V01-VOg { 

I I I I I 11 

OUtput ------------

Note: 

[1] Nonactive CAS = VtH. 
83FM-7830B 
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NEC 
Timing Waveforms (cont) 

Word Fast-Page Read Cycle 

pPD424280A/L,42S4280A/L 

83FM-7831B 
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pPD424280A/L, 42S4280A/L 

Timing Waveforms (cont) 

Byte Fast-Page Read Cycle 

tcRP 

Address 

Note: 

(1) Nonactive CAS = V1H. 

20 

NEC 



NEC pPD424280A/L, 42S4280A/L 

Timing Waveforms (cont) 

Word Fast-Page Early-Write Cycle 

Note: 

[1) OE = don't care. 

21 



pPD424280A/L, 42S4280A/L 

Timing Waveforms (cont) 

Byte Fast-Page Early-Write Cycle 

22 

Address 

Notee: 

[1] NonacUveCAS=V1H. 

[2] OE= don't care. 

... I E'----tpc---~ 
tRco tcp 

NEC 

83FM-7834B 



NEC pPD424280A/L, 42S4280A/L 

Timing Waveforms (cont) 

Word Fast-Page Late-Write Cycle 

Address 

ll01 -ll01a---------~~x 

23 



pPD424280A/L, 42S4280A/L NEC 
Timing Waveforms (cont) 

Byte Fast-Page Late-Write Cycle 

Address 

lOH .toED lOH toED 

V010-V01s--------<X 

Note: 

[1] NonacUve CAS = V1H. 
83fM.7838B 
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NEC 
Timing Waveforms (cont) 

Byte Fast-Page Read/Write Cycle 

UCAS 

Address 

WE 

I 
IPRWC~ 

ICAS~ I 

Colurm A I\"'" " "", "'" " ·' "'" 
1 

~jRWD •cwci 

µPD424280A/L, 42S4280A/L 

rlRHCP 

IOEA 

• 

BSFM-78378 
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µPD424280A/L, 42S4280A/L NEC 
Timing Waveforms (cont) 

Wont Fast-Page Read-Modify-Write Cycle 

26 



NEC pPD424280A/L, 42S4280A/L 

Timing Waveforms (cont) 

Byte Fast-Page Read-Modify-Write Cycle 

,___---------tRASP-------------

RAS 

tCAS 

Address 

V1H-
--------<X 

V1L-

Note: 

[1] Nonactive CAS • V1H. 
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pPD424280A/L, .42S4280A/L 

Timing Waveforms (cont) 

Hidden-Refresh Cycle (Word Read Cycle) 

NEC 

------tRc----'--~~----"---tRc-------1 

tcRP 

tcRP 

Address 

28 



fttf EC 
Timing Waveforms (cont) 

Hidden-Refresh Cycle (Word Write Cycle) 

µPD424280A/L, 42S4280A/L 

IZI 

29 



µPD424280A/L, 42S4280A/L 

Timing Waveforms (cont) 

Hidden-Refresh Cycle (Byte Write Cycle) 

NEC 

--tRc--~--tRc---1 

tcRP 

Wiii!!/ 
tRAH 

Addmss Row 

D ~4'cH 

weJ/////////// di I IWP~ !/////11 !//// J//JJ/111 @Ill/ 
I I 

V01-V097/ll///Jl /1/1 !II //////II II /I////// JI////! !II I II/Ill// !II 11!!/J!!/ 
tos~ i.--toH=i _ 

vo10-vo1s-7///;-1!/-1//f;-1/f;-J0?C oata input ~---11/; .............. 1 //; ........... l/; ............. 1//; ............ (/;..,...,....,1/j;---1///; .......... /j;..,...,....,lj/ /; ............. 1/1 .............. i 
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NEC pPD424280A/L, 42S4280A/L 

Timing Waveforms (cont) 

RAS-Only Refresh Cycle 

14--------tRc-------

UCAS f I I ~ 

n ~ 

CAS Before RAS Refresh Cycle 

83Rl>-7474B 

--1//////////// Ill Ill!!!! //////////!!I/// !I II II !II II!!//! //II !I II! Bl 
Note: 
(1) If either UCAS or LCAS Input Is held 

low before RAS transitions low, the 
on-<;hlp CBR refresh circuit Is enabled 

83Rl>7416B 
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pPD424280A/L, 42S4280A/L 

Timing Waveforms (cont) 

CBR SeN-Refresh Cycle 

VOn 

32 

NEC 

High Impedance 

83YL-8608B 



NEC 

16MDRAMsl 



16M DRAMs NEC 
Section 8. 16M DRAMS 

µPD Org. Features µPD Org. Features 

4216100 16M x 1 FP; 4K refresh Ba 4216160 1M x 16 FP; 4K refresh 81 

4217100 16M x 1 FP; 2K refresh 4216160L 1M x 16 FP; 4K refresh; 3.3-V 

4216101 16M x 1 Nibble; 4K refresh Sb 42S16160 1M x 16 FP; 4K refresh; SR 

4217101 16M x 1 Nibble; 2K refresh 42S16160L 1M x 16 FP; 4K refresh; SR; 3.3-V 

4216102 16M x 1 Static-column; 4K refresh 8c 4217160 1M x 16 FP; 2K refresh 

4217102 16M x 1 Static-column; 2K refresh 4217160L 1M x 16 FP; 2K refresh; 3.3-V 

4216400 4Mx4 FP; 4K refresh 8d 42S17160 1M x 16 FP; 2K refresh; SR 

4217400 4Mx4 FP; 2K refresh 42S17160L 1M x 16 FP; 2K refresh; SR; 3.3-V 

4216402 4Mx4 Static-column; 4K refresh Be 4218160 1M x 16 FP; 1K refresh 

4217402 4M x4 Static-column; 2K refresh 4218160L 1M x 16 FP; 1 K refresh; 3.3-V 

4216410 4M x4 FP; 4K refresh; write-per- 8f 42S18160 1M x 16 FP; 1 K refresh; SR 
bit 42S18160L 1M x 16 FP; 1K refresh; SR; 3.3-V 

4217410 4Mx4 FP; 2K refresh; write-per- 4216180 1M x 18 FP; 4K refresh Bm 
bit 

4216412 4Mx4 Static-column; 4K refresh; 89 
4216180L 1M x 18 FP; 41< refresh; 3.3-V 

write-per-bit 42S16180 1M x 18 FP; 4K refresh; SR 

4217412 4Mx4 Static-column; 2K refresh; 42S16180L 1M x 18 FP; 4K refresh; SR; 3.3-V 

write-per-bit 4217180 1M x 18 FP; 2K refresh 

4216800 2Mx8 FP; 4K refresh Sh 4217180L 1M x 18 FP; 2K refresh; 3.3-V 

4216800L 2Mx8 FP; 4K refresh; 3.3-V 42S17180 1M x 18 FP; 2K refresh; SR 

42S16800 2Mx8 FP; 4K refresh; SR 42S17180L 1M x 18 FP; 2K refresh; SR; 3.3-V 

42S16800L 2M x 8 FP; 4K refresh; SR; 3.3-V 4218180 1M x 18 FP; 1K refresh 

4217800 2M x 8 FP; 2K refresh 4218180L 1M x 18 FP; 1K refresh; 3.3-V 

4217800L 2Mx8 FP; 2K refresh; 3.3-V 42S18180 1M x 18 FP; 1 K refresh; SR 

42S17800 2Mx8 FP; 2K refresh; SR 42S18180L 1M x 18 FP; 1 K refresh; SR; 3.3-V 

42S17800L 2Mx8 FP; 2K refresh; SR; 3.3-V FP = Fast-page 

4216802 2Mx8 Static-column Bi SR = Self-refresh 

4216900 2Mx9 FP; 4K refresh 8j 

4216900L 2M x 9 FP; 4K refresh; 3.3-V 

42S16900 2Mx9 FP; 4K refresh; SR 

42S16900L 2Mx9 FP; 4K refresh; SR; 3.3-V 

4217900 2M x9 FP; 2K refresh 

4217900L 2Mx9 FP; 2K refresh; 3.3-V 

42S17900 2Mx9 FP; 2K refresh; SR 

42S17900L 2Mx9 FP; 2K refresh; SR; 3.3-V 

4216902 2Mx9 Static-column 8k 



NEC 
NEC Electronics Inc. 

Description 

The µPD4216100 and the µPD4217100 are fast-page 
dynamic RAMs organized as 16,777,216 words by 1 bit 
and designed to operate from a single +5-volt power 
supply. Advanced polycide technology minimizes sili
con area and provides high storage cell capacity, high 
performance, and high reliability. A single-transistor 
dynamic storage cell and advanced CMOS circuitry 
throughout ensure minimum power dissipation, while 
an on-chip circuit internally generates the negative
voltage substrate bias-automatically and transpar
ently. 

The three-state output is controlled by CAS indepen
dent of RAS. After a valid read or read-modify-write 
cycle, data is held on the output by holding CAS low. 
The data output is returned to high impedance by 
returning CAS high. Fast-page read and write cycles 
can be executed by cycling CAS. 

Refreshing may be accomplished by means of a CAS 
before RAS cycle that internally generates the refresh 
address. Refreshing can also be accomplished by 
means of RAS-only refresh cycles or by normal read or 
write cycles. 

Two versions of the 16,n7,216 x 1-bit DRAM are avail
able. The µPD4216100 version uses 4096 address com
binations of Ao -A11 to refresh the memory during a 
64-ms refresh period. The µPD4217100 version uses 
2048 address combinations of Ao-A10 to refresh the 
memory during a 32-ms period. 

Both versions use row and column address combina
tions of Ao -A11 for accessing the memory during read, 
write, and read-modify-write cycles. 

Features 

o 16,777,216 by 1-bit organization 
o Single +5-volt power supply 
o Fast-page option 
o Low power dissipation 
o CAS before RAS refresh cycles 
o Multiplexed address inputs 

60160-1 

pPD4216100,4217100 
16,777,216 x 1-Bit 

Dynamic CMOS RAM 

o On-chip substrate bias generator 
o TTL-compatible inputs and outputs 
o Nonlatched, three-state outputs 
o Low input capacitance 
o 4K refresh cycles every 64 ms (4216100); 2K refresh 

cycles every 32 ms (4217100) 
o 28/24-pin plastic SOJ (400 mil), 24-pin plastic ZIP 

(475 mil), and 28/24-pin plastic TSOP packaging 

Pin Configurations 

28/24-Pin Plastic SOJ 

µPD4216100, 4217100 

Vee 1 28 GND 

D1N 2 27 Dour 

NC 3 26 NC 

WE 4 2S CAS 

RAS s 24 NC 

A11 6 23 Ag 

A10 9 20 As 
Ao 10 19 A1 

A1 11 18 As 
A2 12 17 As 

A3 13 16 A4 

Vee 14 1S GND 

24-Pin Plastic ZIP 

µPD4216100, 4217100 

A 1 ~I' 
CA~ 3 ::~ ::: 2 NC 

_: ::: 4 NC 
Dour s "~ ::: 6 GND 

Vee 7 ::: ::: 8 D1N 
NC 9 :r~ ::: 10 WE 

RAS 11 ::: 
::: 12 A11 

A10 13 ::: ::: 14 Ao 
A1 15 n: 
A3 17 ::: ::: 16 A2 

GND 19 ::: ::: 18 Vee 
As 21 ::: ::: 20 A4 

A 23 ::~ :n 22 As 7 -: ::: 24 As ......... 

83FM-7863A 

83FM-7864A 



µPD4216100,,, 4217100 t\'EC 
Pin Configurations Pin ldentif ication 

Name Function 
28/24-Pin Plastic TSOP (Normal Pinouts) 

Ao-A11 Address inputs 

µPD4216100, 4217100 CAS Column address strobe 

Vee 10 GND D1N Data input 

D1N 2 Pour 
NC 3 NC 

D~uT Data output 

WE 4 CAS RAS Row address strobe 

RAS 5 NC WE Write enable 

A11 6 Ag GND Ground 

Vee + 5-volt power supply 

A10 9 As NC . No connection 

Ao 10 A1 
A1 11 As 
A2 12 As 
A3 13 A4 

Absolute Maximum Ratings 
Voltag~ on any pin relative to GND ,-1.0t~ +7.0V 

Vee 14 GND Operating tempe.rature, ToPR 0 to +7C°C 

Suffix -7JD In the package Identifier Storage temperature, TsTG -55 to + 125°C 
denotes normal plnout sequence. 

83FM-7865A 
Sh.ort~circuit ~utput current, los 50mA 

Power dissipation, Po 1.0W 

28/24-Pin Plastic TSOP (Reverse Pinouts) Exposure to Absolute Maximum Ratings for extended periods rnaY 
affect .device reliability; exceeding the ratings could cause perma-

µPD4216100, 4217100 
nent damage. The device should be operated within the limit$ 
specified .under DC and AC Characteristics. 

GND 1 0 02S Vee 
Dour 2 27 D1N Recommended Operating Conditions 

NC 3 26 NC 
CAS 4 25 WE Parameter Symbol Min. Typ ·,Max Unit 

NC 5 24 RAS Input voltage, high V1H 2.4 Vee+ 1.0 v 
Ag 6 23 A11 

lnpu~ voltage, low V1L -1.0 0.8 v 
-7KD 

Supply voltage Vee 4 .. 5. 5.0 5.5 v 
As 9 20 A10 Ambient temperature TA 0 70 oc 
A1 10 19 Ao 
As 11 1S A1 Capacitance . 
As 12 17 A2 

~ 13 16 A3 
TA = 25°C; f = 1 MHz 

GND 14 0 15 Vee Parameter Sym *Max Unit Pins Under Test 

Suffix -7KD In the package Identifier 
Input capacitance C11 5 (7) pF Address, D1N 

denotes reverse pinout sequence. C12 
83FM-7866A 

7 (9) pF RAS, CAS, WE 

Output capacitance Co 7 (9) pF DouT 

*Values in parentheses are for the ZIP package. 
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NEC pPD4216100,4217100 

Ordering Information, µPD4216100 (4K Refresh Cycles) 
RA'S Access R/W Cycle Fast-Page 

Part Number Time (max) Time (max) Cycle (max) Package 

µPD4216100LE-60 60 ns 110 ns 40 ns 28/24-pin plastic SOJ (400 mil) 

LE-70 70 ns 130 ns 45 ns 

LE-80 80 ns 150 ns 50 ns 

LE-10 100 ns 180 ns 60 ns 

µPD4216100V-60 60 ns 110 ns 40 ns 24-pin plastic ZIP 

V-70 70 ns 130 ns 45 ns 

V-80 80 ns 150 ns 50 ns 

V-10 100 ns 180 ns 60 ns 

µPD4216100G5-60 60 ns 110 ns 40 ns 28/24-pin plastic TSOP (normal pinouts) 

G5-70 70 ns 130 ns 45 ns 

G5-80 80 ns 150 ns 50 ns 

µPD4216100G5M-60 60 ns 110 ns 40 ns 28/24-pin plastic TSOP (reverse pinouts) 

G5M-70 70 ns 130 ns 45 ns 

G5M-80 80 ns 150 ns 50 ns 

Ordering Information, µPD4217100 (2K Refresh Cycles) 
RAS Access R/W Cycle Fast-Page 

Part Number Time (max) Time (max) Cycle (max) Package 

µPD4217100LE-60 60 ns 110 ns 40 ns 28/24-pin plastic SOJ (400 mil) 

LE-70 70 ns 130 ns 45 ns 

LE-80 80 ns 150 ns 50 ns 

LE-10 100 ns 180 ns 60 ns 

µPD4217100V-60 60 ns 110 ns 40 ns 24-pin plastic ZIP 

V-70 70 ns 130 ns 45 ns 

V-80 80 ns 150 ns 50 ns 

V-10 100 ns 180 ns 60 ns 

µPD4217100G5-60 60 ns 110 ns 40 ns 28/24-pin plastic TSOP (normal pinouts) 

G5-70 70 ns 130 ns 45 ns 

G5-80 80 ns 150 ns 50 ns · 

µPD4217100G5M-60 60 ns 110 ns 40 ns 28/24-pin plastic TSOP (reverse pinouts) 

G5M-70 70 ns 130 ns 45 ns 

G5M-80 80 ns 150 ns 50 ns 

3 



pPD4216100, 4217100 

Block Diagram 

RAS Clock 
Generator 

CAS -1--<11--------1---~ 

CASClock 
Generator 

WE Clock 
Generator 

NEC 

WE ---4t---------+------------...i~~~~~~~ 

CAS Before RAS 

DC Characteristics 
TA= o to +70°C; Vee= +5.0V ±10% 

Parameter Symbol Min Typ Max 

Standby current lcc2 2.0 

1.0 

Input leakage current lt(L) -10 10 

Output leakage current lo(L) -10 10 

Output voltage, low Vol 0.4 

Output voltage, high VoH 2.4 

4 

Data l/OBus 

Column Decoder 

Sense Amplifier 

Memory Array 

Unit Test Conditions 

mA RAS = CAS <!!: V1H (min) 

mA RAS= CAS <!!: Vcc-0.2V 

Data-In 
Buffer 

Data-out 
Buffer DQUT 

83FM-7867B 

µA V1N = 0 V to V cc; all other pins not under test = 0 V 

µA DouT disabled; VouT = o V to Vee 

v loL = 4.2mA 

v loH = -5mA 



NEC pPD4216100,4217100 

AC Characteristics 
TA= Oto +70°C; Vee= +5.0 v :!:10% 

-60 -70 -80 -10 

Parameter Symbol Min Max Min Max Min Max Min Max Unit Test Conditions 

Operating current, lcc1 90 80 70 60 mA RAS and CAS cycling; 
average (4216100) tRc ~ tRc min; 

lcc1 110 100 90 80 mA 
lo= O mA (Note 5) 

(4217100) 

Operating current, RAS- lcc3 90 80 70 60 mA RAS cycling; CAS ~ V1H; 
only refresh cycle, (4216100) tRc ~ tRc min; 
average 

lcc3 110 100 90 80 mA 
lo= O mA (Note 5) 

(4217100) 

Operating current, fast- lcc4 70 60 50 40 mA RAS s V1L; CAS cycling; 
page cycle, average (4216100) tpc ~ tRc min; 

lcc4 70 60 50 40 mA 
lo= O mA (Note 5) 

(4217100) 

Operating current, CAS Ices 90 80 70 60 mA RAS cycling; CAS before 
before RAS refresh cycle, (4216100) RAS; tRc ~ tRc min; 
average 

Ices 110 100 90 80 mA 
lo= o mA (Note 5) 

(4217100) 

Access time from column tAA 30 35 40 50 ns (Notes 7, 9) 
address 

Access time from CAS tACP 35 40 45 55 ns (Notes 7, 9) 
precharge (rising edge) 

Column address setup tAsc 0 0 0 0 ns 
time 

Row address setup time tASR ,0 0 0 0 ns 

Column address to WE tAWD 30 35 40 50 ns (Note 16) 
delay time 

Access time from CAS tcAC 15 18 20 25 ns (Notes 7, 9) 
(falling edge) 

Column address hold tcAH 15 15 15 20 ns 
time 

CAS pulse width tcAS 15 10,000 18 10,000 20 10,000 25 10,000 ns 

CAS hold time for CAS tcHR 10 10 10 10 ns 
before RAS refresh cycle 

CAS to output in low tcLZ 0 0 0 0 ns (Note 7) 
impedance 

Fast-page CAS precharge tcp 10 10 10 10 ns 
time 

CAS precharge time tcPN 10 10 10 10 ns 

CAS to RAS precharge tcRP 5 5 5 5 ns (Note 12) 
time 

DI CAS hold time tcsH 60 70 80 100 ns 

CAS setup time for CAS tcsR 5 5 5 5 ns 
before RAS refresh cycle 

CAS to WE delay tcwo 15 18 20 25 ns (Note 16) 

Write command to CAS tcwL 15 15 15 20 ns 
lead time 

Data-in hold time toH 10 15 15 20 ns (Note 15) 

5 



pPD4216100,4217100 

AC Characteristics (cont) 

Parameter 

Data-in setup time 

Output buffer turnoff 
delay 

Fast-page cycle time 

Fast-page read-modify
write cycle time 

Access time from RAS 

RAS to column address 
delay time 

Row address hold time 

Column address lead 
time referenced to RAS 
(rising edge) 

RAS pulse width 

Fast-page RAS pulse 
width 

Random read or write 
cycle time 

RAS to CAS delay time 

Symbol 

tos 

toFF 

tpc 

tPRWC 

Read command hold time tRcH 
referenced to CAS 

Read command setup 
time 

Refresh period 

RAS hold time from CAS tRHCP 
precharge 

RAS precharge time tRP 

RAS precharge CAS hold tRPC 
time 

Read command hold time tRRH 
referenced to RAS 

RAS hold time 

Read-write cycle time 

RAS to WE delay 

Write command to RAS 
lead time 

Rise and fall transition 
time 

Write command hold 
time 

Write command setup 
time 

WE hold time 

Write command pulse 
width 

6 

twcH 

twcs 

twHR 

NEC 
-60 -70 ·80 -10 

Min Max Min Max Min Max Min Max Unit Test Conditions 

0 0 0 0 ns (Note 15) 

0 15 0 15 0 20 0 25 ns (Note 11) 

40 45 50 60 ns (Note 6) 

60 65 75 85 ns (Note 6) 

60 70 80 100 ns (Notes 7, 8) 

15 30 15 35 17 40 17 50 ns (Note 9) 

10 10 12 12 ns 

30 35 40 50 ns 

60 10,000 70 10,000 80 10,000 100 10,000 ns 

60 125,000 70 125,000 80 125,000 100 125,000 ns 

110 130 150 180 ns (Note 6) 

20 40 20 50 25 60 25 75 ns (Note 10) 

0 0 0 0 ns (Note 13) 

0 0 0 0 ns 

64 64 64 64 ms (Note 18) 

32 32 32 32 ms (Note 19) 

35 40 45 55 ns 

40 50 60 70 ns 

5 5 5 5 ns 

0 0 0 0 ns (Note 13) 

15 18 20 25 ns 

135 155 175 210 ns (Note 6) 

60 70 80 100 ns (Note 16) 

20 20 20 25 ns 

3 50 3 50 3 50 3 50 ns (Note 3) 

10 10 15 20 ns 

0 0 0 0 ns (Note 16) 

15 15 15 20 ns 

10 10 15 20 ns (Note 14) 



NEC 
AC Characteristics (cont) 

-60 -70 

Parameter Symbol Min Max Min Max 

WE setup time twsR 10 10 

Notes: 

(1) All voltages are referenced to GND. 

(2) An initial pause of 100 µsis required after power-up, followed by 
any eight RAS cycles, before proper device operation is 
achieved. At the end of the initial power-up sequence, it is 
recommended that either a RAS-on!YJ:efresh or a CAS before 
RAS refresh cycle be executed while WE 2 v1H to ensure normal 
operation. 

(3) Ac measurements assume tT = 5 ns. 

(4) V1H (min) and v1L (max) are reference levels for measuring the 
timing of input signals. Transition times are measured between 
V1H and VIL· 

(5) lcc1, lcc3. lcc4. and lees depend on output loading and cycle 
rates. Specified values are obtained with the output open. lcc3 
is measured assuming that all column address inputs are held at 
either a high level or a low level during RAS-only refresh cycles. 
lcc4 is measured assuming that all column address inputs are 
switched only once during each fast-page cycle. 

(6) The minimum specifications are used only to indicate the cycle 
time at which proper operation over the full temperature range 
(TA = 0 to + 70°C) is assured. 

(7) Load= 2 TTL (-1 mA, +4 mA) loads and 100 pF. 

(8) Assumes that tRco s tRcD (max) and tRAD s tRAD (max). If 
tRcD or tRAD is greater than the maximum recommended value 
in this table, tRAC increases by the amount that tRcD or tRAD 
exceeds the value shown. 

(9) If tRAD 2 tRAD (max), then the access time is def.ined by tAA· 

(10) Operation within the tRcD (max) limit assures that tRAC (max) 
can be met. tRcD (max) is specified as a reference point only; if 
tRcD is greater than tRcD (max), then access time is controlled 
exclusively by tcAC· 

(11) toFF (max) defines the time at which the output achieves the 
open-circuit condition and is not referenced to VoH or Vol· 

(12) The tcRP requirement should be applicable for RAS/CAS cycles 
preceded by any cycle. 

(13) Either tRRH or tRcH must be satisfied for a read cycle. 

(14) Parameter twp is applicable for a delayed write cycle such as a 
read-write/read-modify-write cycle. For early write operation, 
both twcs and twcH must be met. 

pPD4216100,4217100 

-80 -10 

Min Max Min Max Unit Test Conditions 

10 10 ns 

(15) These parameters are referenced to the fal!!!!.g edge of CAS for 
early write cycles and to the falling edge of WE for delayed write 
or read-modify-write cycles. 

(16) twcs. tRWD• tcwo. and tAwD are restrictive operating parame
ters in read-write/read-modify-write cycles only. If twcs 2 twcs 
(min), the cycle is an early write cycle and the data output will 
remain open-circuit throughout the entire cycle. If tcwo 2 tcwo 
(min), tRwD 2 tRwo (min), and tAwD 2 tAwD (min), 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 is met, 
the condition of the data output pin (at access time and until 
CAS returns to V1H) is indeterminate. 

(17) Assumes that the test mode has been set. A test mode may be 
initiated by executing a CAS before RAS refresh cycle with WE 
held at VIL· This mode also may be inadvertently initiated during 
power up because external control of the signal lines is very 
difficult during this period. It is therefore recommended that 
while WE is held at V1H• either a RAS-only or a CAS before RAS 
refresh cycle should be executed at any time after the end of the 
initial power up sequence to ensure normal device operation. 
Contact your NEC Electronics sales representative for more 
details. 

(18) The µPD4216100 RAS-only refre.sh (ROA) cycle uses 4096 exter
nal row address combinations of Ao -A11 to refresh the memory 
during a 64-ms refresh period (tREFl· Row and column address 
combinations of Ao -A11 are used to access the me~ during 
read, write, and read-modify-write cycles. CBR (CAS before 
RAS) and hidden CBR refresh cycles use 4096 internal row 
address combinations of Ao - A11 to refresh the memory during a 
64-ms refresh period (tREFl· 

(19) The µPD4217100 RAS-only refresh (ROR) cycle uses 2048 exter
nal row address combinations of Ao -A10 to refresh the memory 
during a 32-ms refresh period (tREFl· Row and column address 
combinations of Ao- A10 are used to access the me~ during 
read, write, and read-modify-write cycles. CBR (CAS before 
RAS) and hidden CBR refresh cycles use 2048 internal row 
address combinations of Ao -A10 to refresh the memory during a 
32-ms refresh period (tREFl· 
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pPD4216100,4217100 NEC 
Timing Waveforms 

Read Cycle 

tCRP 

CAS 

Address 

WE 

8 

--------------tRc-------------~ 

------------tRAS---------~ 

I lol~~-----tRSH-----
---------+---tCSH-----------

--~ ..... ----tcAs-----.i 

I 

I •AA----------
~tCAc·---

i-.---1( ----=-1 tRAC 

~tCLz 

Valid Data 

831H-5696B 



NEC pPD4216100, 4217100 

Timing Waveforms (cont) 

Early Write Cycle 

CAS 

Address 

..._le --tRsH-
----;---tcsH------
-1RCD ICAs---

Dour ______ _..._High__....lmped_ance ______ _ 

831H-6811B 
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pPD4216100, 4217100 

Timing Waveforms (cont) 

Late Write Cycle 

RAS 

Address 

WE 

DIN 

10 

NEC 

831H-5847B 



NEC µPD4216100,4217100 

Timing Waveforms (cont) 

Read-Write/Read-Modify-Write Cycle 

RAS 

.. I «f---------tRsH-------
~----------tcsH-------------

CAS 

Address 

WE 

~------tRAc------P! 

ICLZ -----

DouT ~~~~~-H-ig_h_lm_p_ed_a_n_ce~~~~~~~~ Valid Data 

831H-56988 
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pPD4216100, 4217100 

Timing Waveforms (cont) 

Fast-Page Read Cycle 

12 

NEC 



t\'EC 
Timing Waveforms (cont) 

Fast-Page &rly Write Cycle 

pPD4216100,4217100 

• 
13 



pPD4216100, 4217100 NEG 
Timing Waveforms (cont) 

Fast-Page Read-Write/Read-Modify-Write Cycle 

831H-68148 

14 



NEC pPD4216100, 4217100 

Timing Waveforms (cont) 

Hidden Refresh Cycle 

~--Memory Cycle ----'1~CAS Before RAS Cycle 

CAS 

Address :1m 11 l!ll ////11/J/!Z 

SS Y{// !I! //I //I 

Door~~-H~ig_hlm~pe_da_n~~~~i 

IQJ~ 
831H-57038 
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pPD4216100, 4217100 

Timing Waveforms (cont) 

RAS-Only Refresh Cycle 

r-tcRP 

CAS __J 

Address 

Note: 

[1] WE~VIH· 

CAS Before RAS Refresh Cycle 

"""--
....-

RAS 1 

-{'CSR+ ~ICHR1 

Note: 
[1] Address =don't care. 

16 

NEC 

v 

831H-68158 

tRC -"" 
-~ 

tRAS __,,, 
~ 

l!i ~ 
+ IRP--+ 

tRPC-+i ;;/;J~~p 

831H-57028 
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NEC Electronics Inc. 

Advance Information 

Description 

The µPD4216101 and the µPD4217101 are nibble-mode 
dynamic RAMs organized as 16,7n,216 words by 1 bit 
and designed to operate from a single +5-volt power 
supply. Advanced polycide technology minimizes sili
con area and provides high storage cell capacity, high 
performance, and high reliability. A single-transistor 
dynamic storage cell and advanced CMOS circuitry 
throughout ensure minimum power dissipation, while 
an on-chip circuit internally generates the negative
voltage substrate bias-automatically and transpar
ently. 

The three-state output is controlled by CAS indepen
dent of RAS. After a valid read or read-modify-write 
cycle, data is held on the output by holding CAS low. 
The data output is returned to high impedance by 
returning CAS high. Nibble-mode read and write cycles 
can be executed by cycling CAS. 

Refreshing may be accomplished by a CAS before RAS 
cycle that internally generates the refresh address. 
Refreshing can also be accomplished by RAS-only 
refresh cycles or by normal read or write cycles. 

Two versions of the 16,7n,216 by 1-bit nibble-mode 
dynamic RAM are available. The µPD4216101 version 
uses 4096 address combinations of Ao - A11 to refresh 
the memory during a 64-ms refresh period. The 
µPD4217101 version uses 2048 address combinations 
of Ao -A10 to refresh the memory during a 32-ms refresh 
period. 

Both versions use row and column address combina
tions of Ao-A11 for accessing the memory during read, 
write, and read-modify-write cycles. 

Features 

o 16,7n,216 by 1-bit organization 
o Single +5-volt power supply 
o Nibble-mode option 
o Low power dissipation 
o CAS before RAS refresh cycles 
o Multiplexed address inputs 

pPD4216101,4217101 
16,777,216 x 1-Bit 

Dynamic CMOS RAM 

o On-chip substrate bias generator 
o TTL-compatible inputs and outputs 
o Nonlatched, three-state outputs 
o Low input capacitance 
o 4K refresh cycles every 64 ms (4216101); 

2K refresh cycles every 32 ms (4217101) 
o 28/24-pin SOJ (400 mil), 24-pin ZIP (475 mil), and 

28/24-pin TSOP plastic packaging 

Pin Configurations 

28/24-Pin Plastic SOJ 

µPD4216101, 4217101 

Vee 1 28 

D1N 2 27 

NC 3 26 

WE 4 25 
RAS 5 24 

A11 6 23 

A10 9 20 

Ao 10 19 

A1 11 18 

A2 12 17 

As 13 16 

Vee 14 15 

24-Pin Plastic ZIP 

µPD4216101, 4217101 

Ag 1 ~~ 
CAS 3 n:· :n 2 NC 

GND 

DouT 
NC 

CAS 
NC 

Ag 

As 
A1 

Aa 
As 
A4 
GND 

D 
5

.):n4NC 
OUT ··-: :n 6 GND 
Vee 7 n:. :n 8 D1N 
~ 9 ::~:D 10 WE 
RAS 11 ::: 
A10 13 n:· ::J 12 A11 

A1 15 :::· :n 14 Ao 
As 17 :::t ::J 16 A2 

GND 19 n:· :n 18 Vee 
As 21 ::: ::J 20 A4 
A1 23 ) ::J 22 Aa 

~24Aa 

83FM~ 

B3FM·7884A 

Contact your NEC sales representative for complete data sheet and product availability. 
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pPD4216101, 4217101 

Pin Configurations (cont) 

28/24-Pin Plastic TSOP (Normal Pinouts) 

Vee 
D1N 
NC 
WE 

RAS 
A11 

A10 

Ao 
A1 

A2 

"3 
Vee 

SUfflx-7JD In the package Identifier 
denotes normal plnout sequence. 

Block Diagram 

RAS Clock 
Generator 

GND 
DQUT 
NC 
CAS 
NC 
Ag 

As 
A1 

Ae 
As 
A4 
GND 

CASClock 
Generator 

WE Clock 
Generator CAs-+-+-~~~~~+----' 

WE_.~~~~~~-1-~~-'-~~~~~~---'~1 ----.---.. 

Data VO Bus 

Column Decoder 

Sense Amplffier 

5 ~ 

I "§ 
"O ~ Memory Array 
"O ~ < cc 

2 

NEC 

l.1 DIN 

~! (I)! 
! DQUT 



NEC pPD4216101,4217101 

Ordering Information, µPD4216101 (4K refresh cycles) 
RAS Access R/W Cycle Nibble-Mode 

Part Number Time (max) Time (max) Cycle (max) Package 

µPD4216101 LE-60 60 ns 110 ns 40 ns 28/24-pin plastic SOJ (400 mil) 

LE-70 70 ns 130 ns 40 ns 

LE-80 80 ns 150 ns 40 ns 

LE-10 100 ns 180 ns 45 ns 

µPD4216101V-60 60 ns 110 ns 40 ns 24-pin plastic ZIP 

V-70 70 ns 130 ns 40 ns 

V-80 80 ns 150 ns 40 ns 

V-10 100 ns 180 ns 45 ns 

µPD4216101 G5-60 60 ns 110 ns 40 ns 28/24-pin plastic TSOP (normal pinouts) 

G5-70 70 ns 130 ns 40 ns 

G5-80 80 ns 150 ns 40 ns 

G5-10 100 ns 180 ns 45 ns 

µPD4216101 G5M-60 60 ns 110 ns 40 ns 28/24-pin plastic TSOP (reverse pinouts) 

G5M-70 70 ns 130 ns 40 ns 

G5M-80 80 ns 150 ns 40 ns 

G5M-10 100 ns 180 ns 45 ns 

Ordering Information, µPD4217101 (2K refresh cycles) 
RAS Access R/W Cycle Nibble-Mode 

Part Number Time (max) Time (max) Cycle (max) Package 

µPD4217101 LE-60 60 ns 110 ns 40 ns 28/24-pin plastic SOJ (400 mil) 

LE-70 70 ns 130 ns 40 ns 

LE-80 80 ns 150 ns 40 ns 

LE-10 100 ns 180 ns 45 ns 

µPD4217101V-60 60 ns 110 ns 40 ns 24-pin plastic ZIP 

V-70 70 ns 130 ns 40 ns 

V-80 80 ns 150 ns 40 ns 

V-10 100 ns 180 ns 45 ns 

µPD4217101 G5-60 60 ns 110 ns 40 ns 28/24-pin plastic TSOP (normal pinouts) 

G5-70 70 ns 130 ns 40 ns 

G5-80 80 ns 150 ns 40 ns 

G5-10 100 ns 180 ns 45 ns 

µPD4217101 G5M-60 60 ns 110 ns 40 ns 28/24-pin plastic TSOP (reverse pinouts) 

G5M-70 70 ns 130 ns 40 ns 

G5M-80 80 ns 150 ns 40 ns 

G5M-10 100 ns 180 ns 45 ns • 
3 
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NEC 
NEC Electronics Inc. 

Advance Information 

Description 

The µPD4216102 and the µPD4217102 are static-column 
dynamic RAMs organized as 16,777,216 words by 1 bit 
and designed to operate from a single +5-volt power 
supply. Advanced polycide technology minimizes sili
con area and provides high storage cell capacity, high 
performance, and high reliability. A single-transistor 
dynamic storage cell and advanced CMOS circuitry 
throughout ensure minimum power dissipation, while 
an on-chip circuit internally generates the negative
voltage substrate bias-automatically and transpar
ently. 

The three-state output is controlled by CS independent 
of RAS. After a valid read or read-modify-write cycle, 
data is held on the output by holding CS low. The data 
output is returned to high impedance by returning CS 
high. Static-column read and write cycles can be exe
cuted by cycling CS. 

Refreshing may be accomplished by a CS before RAS 
cycle that internally generates the refresh address. 
Refreshing can also be accomplished by RAS-only 
refresh cycles or by normal read or write cycles. 

Two versions of the 16,777,216 by 1-bit static-column 
dynamic RAM are available. The µPD4216102 version 
uses 4096 address combinations of Ao -A11 to refresh 
the memory during a 64-ms refresh period. The 
µPD4217102 version uses 2048 address combinations 
of Ao -A10 to refresh the memory during a 32-ms refresh 
period. 

Both versions use row and column address combina
tions of Ao -A11 to access the memory during read, 
write, and read-modify-write cycles. 

Features 

o 16,n7,216 by 1-bit organization 
o Single +5-volt power supply 
o Static-column option 
o Low power dissipation 
o CS before RAS refresh cycles 
o Multiplexed address inputs 
o On-chip substrate bias generator 

pPD4216102,4217102 
16,777,216 x 1-Bit 

Dynamic CMOS RAM 

o TTL-compatible inputs and outputs 
o Nonlatched, three-state outputs 
o Low input capacitance 
o 4K refresh cycles every 64 ms (4216102); 

2K refresh cycles every 32 ms (4217102) 
o 28/24-pin plastic SOJ (400-mil), 24-pin plastic ZIP 

(475 mil), and 28/24-pin plastic TSOP packaging 

Pin Configurations 

28/24-Pin Plastic SOJ 

µ.PD4216102, 4217102 

vcc 1 28 GND 
D1N 2 27 DouT 
NC 3 26 NC 
WE 4 25 cs 

RAS 5 24 NC 
A11 6 23 Ag 

A10 9 20 Aa 
Ao 10 19 A1 
A1 11 18 Ae 
A2 12 17 As 
As 13 16 A4 

Vee 14 15 GND 
83FM-8086.6. 

24-Pin Plastic ZIP 

Contact your NEC sales representative for a complete data sheet and product availability. 
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µPD4216102, 4217102 

Pin Configurations (cont) 

28/24-Pin Plastic TSOP (Normal Pinouts) 

µP[)4216102, 4217102 

Vee 10 28 

D1N 2 27 

NC 3 26 

WE 4 25 
RAS 5 24 

A11 6 23 

-7JD 

A10 9 20 

Ao 10 19 

A1 11 18 

A2 12 17 

Aa 13 16 

Vee 14 015 

Suffix -7 JD In the package Identifier 
denotes normal plnout sequence. 

Block Diagram 

2 

RAS Clock 
Generator 

Cs --1-------+--~ 
WE 

Cs Before RAS 

~ 

~ 
I :g 
< 

GND 

DouT 
NC 

cs 
NC 

Ag 

As 
A1 

As 
As 
~ 
GND 

CS Clock 
Ge~rator 

~ 

8 
i! 
~ a: 

83FM-8086A 

NEC 

28/24-Pin Plastic TSOP (Reverse Pinouts) 

µP04216102, 4217102 

GND 1 0 
DouT 2 

NC 3 

cs 4 

NC 5 

Ag 6 

-7KD 

As 9 

A1 10 

As 11 

As 12 

~ 13 

GND 14 0 

Suffix -7KD In the package Identifier 
denotes reverse plnout sequence. 

WE Clock 
Generator 

Data VO Bus 

Column Decoder 

Sense Amplmer 

Memory Array 

028 Vee 
27 D1N 
26 NC 

25 WE 
24 RAS 

23 A11 

20 A10 
19 Ao 
18 A1 

17 A2 

16 Aa 
15 vcc 

Data-In 
Buffer 

Data-out 
Buffer 

83FM-8087A 

DIN 

oouT 

8311W1434B 



NEC pPD4216102,4217102 

Ordering Information, µ.PD4216102 (4K refresh cycles) 
RAS Access R/W Cycle Static-Column 

Part Number Time (max) Time (max) Cycle (max) Package 

µPD4216102LE-60 60 ns 110 ns 40 ns 28/24-pin plastic SOJ (400 mil) 

LE-70 70 ns 130 ns 40 ns 

LE-80 80 ns 150 ns 50 ns 

LE-10 100 ns 180 ns 60 ns 

µPD4216102V-60 60 ns 110 ns 40 ns 24-pin plastic ZIP 

V-70 70 ns 130 ns 40 ns 

V-80 80 ns 150 ns 50 ns 

V-10 100 ns 180 ns 60 ns 

µPD4216102G5-60 60 ns 110 ns 40 ns 28/24-pin plastic TSOP (normal pinouts) 

G5-70 70 ns 130 ns 40 ns 

G5-80 80 ns 150 ns 50 ns 

G5-10 100 ns 180 ns 60 ns 

µPD4216102G5M-60 60 ns 110 ns 40 ns 28/24-pin plastic TSOP (reverse pinouts) 

G5M-70 70 ns 130 ns 40 ns 

G5M-80 80 ns 150 ns 50 ns 

G5M-10 100 ns 180 ns 60 ns 

Ordering Information, µ.PD4217102 (2K refresh cycles) 
RAS Access R/W Cycle Static-Column 

Part Number Time (max) Time (max) Cycle (max) Package 

µPD4217102LE-60 60 ns 110 ns 40 ns 28/24-pin plastic SOJ (400 mil) 

LE-70 70 ns 130 ns 40 ns 

LE-80 80 ns 150 ns 50 ns 

LE-10 100 ns 180 ns 60 ns 

µPD4217102V-60 60 ns 110 ns 40 ns 24-pin plastic ZIP 

V-70 70 ns 130 ns 40 ns 

V-80 80 ns 150 ns 50 ns 

V-10 100 ns 180 ns 60 ns 

µPD4217102G5-60 60 ns 110 ns 40 ns 28/24-pin plastic TSOP (normal pinouts) 

GS-70 70 ns 130 ns 40 ns 

G5-80 80 ns 150 ns 50 ns 

G5-10 100 ns 180 ns 60 ns 

µPD4217102G5M-60 60 ns 110 ns 40 ns 28/24-pin plastic TSOP (reverse pinouts) 

GSM-70 70 ns 130 ns 40 ns • G5M-80 80 ns 150 ns 50 ns 

G5M-10 100 ns 180 ns 60 ns 

3 
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NEC 
NEC Electronics Inc. 

Description 

The µPD4216400 and the µPD4217400 are fast-page 
dynamic RAMs organized as 4,194,304 words by 4 bits 
and designed to operate from a single +5-volt power 
supply. Advanced polycide technology minimizes sili
con area and provides high storage cell capacity, high 
performance, and high reliability. A single-transistor 
dynamic storage cell and CMOS circuitry throughout 
ensure minimum power dissipation, while an on-chip 
circuit internally generates the negative-voltage sub
strate bias-automatically and transparently. 

The three-state 1/0 pins are controlled by CAS indepen
dent of RAS. After a valid read or read-modify-write 
cycle, data is held on the outputs by maintaining CAS 
low. Data outputs return to high impedance when CAS 
goes high. Fast-page read and write cycles can be 
executed by cycling CAS. 

Refreshing may be accomplished by means of a CAS 
before RAS cycle that internally generates the refresh 
address. Refreshing may also be accomplished by 
means of RAS-only refresh cycles or by normal read or 
write cycles. 

Two versions of the 4,194,304 x 4-bit DRAM are avail
able. The µPD4216400 version uses 4096 address com
binations of Ao-A11 to refresh the memory during a 
64-ms refresh period. Row address combinations Ao
A11 and column address combinations Ao -A9 are 
used for accessing the memory during read, write, and 
read-modify-write cycles. 

The µPD4217400 version uses 2048 address combina
tions of Ao - A10 to refresh the memory during a 32-ms 
period. Row and column address combinations Ao -
A10 are used for accessing the memory during read, 

write, and read-modify-write cycles. 

Features 

o 4,194,304 by 4-bit organization 
o Single +5-volt power supply 
o Fast-page option 
o Low power dissipation 
o CAS before RAS refreshing 
o Multiplexed address inputs 
o On-chip substrate bias generator 
o TTL-compatible inputs and outputs 
o Nonlatched, three-state outputs 
o Low input capacitance 

60161-1 

pPD4216400,4217400 
4, 194,304 x 4-Bit 

Dynamic CMOS RAM 

o 4K refresh cycles every 64 ms (4216400); 2K refresh 
cycles every 32 ms (4217400) 

o 28/24-pin plastic SOJ (400 mil), 24-pin plastic ZIP, 
and 28/24-pin plastic TSOP packaging 

Pin Configurations 

28/24-Pin Plastic SOJ 

µPD4216400, 4217400 

Vee 28 GND 

1101 2 27 1104 

1102 3 26 llQa 
WE 4 25 CAS 

RAS 5 24 OE 

*A11 6 23 Ag 

A10 9 20 As 

Ao 10 19 A1 

A1 11 18 As 

A2 12 17 As 

A3 13 16 ~ 
Vee 14 15 GND 

*Pin 6 is NC for 4217400 
83FM-7858A 

24-Pin Plastic ZIP 

*Pin 12 is NC for 4217400 
83FM·7859A 



pPD4216400, · 4217 400 

Pin Configurations 

28/24-Pin Plastic TSOP (Normal Pinouts) 

µPD4216400, 4217400 

Vee 10 GND 

1/01 2 V04 
V02 s VQs 
WE 4 CAS 

RAS s OE 

*A11 6 Ag 

A10 g A5 
Ao 10 A1 

A1 11 As 
A2 12 As 
As 1S A4 

Vee 14 GND 

*Pin 6 ls NCfor4217400 

Suffix -7JD in the package identifier 
denotes normal pinout sequence. 

83FM·8446A 

28/24-Pin Plastic TSOP (Reverse Pinouts) 

µPD4216400, 4217400 

GND 1 0 028 Vee 
V04 2 27 V01 
V()s s 26 V02 
CAS 4 2S WE 
OE s 24 RAS 
Ag 6 23 A11* 

-7KD 

A5 g 20 A10 
A1 10 1g Ao 
As 11 18 A1 
As 12 17 A2 
A4 1S 

0 
16 As 

GND 14 1S Vee 
* Pin 2S is NC for 4217400 

Suffix -7KD in the package identifier 
denotes reverse pinout sequence. 

83FM-8447A 

2 

NEC 
Pin Identification 
Name Function 

Ao-A11 Address inputs (µPD4216400) 

Ao-A10 Address inputs (µPD4217400) 

Data inputs and outputs 

Column address strobe 

Output enable 

Row address strobe 

Write enable 

GND Ground 

Vee + 5-volt power supply 

Absolute .Maximum Ratings 
Voltage on any pin relative to GND -1.0 to +7.0V 

Operating temperature, To PR o to +70°C 

Storage temperature, TsrG -55 to + 125°C 

Short-circuit output current, los 50mA 

Power dissipation, Po 1.0W 

Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause perma
nent damage. The device should be operated within the limits 
specified under DC and AC Characteristics. 

Recommended Operating Conditions 
Parameter Symbol Min Typ Max Unit 

Input voltage, high V1H 2.4 Vee+ 1.0 v 
Input voltage, low V1L -1.0 0.8 v 
Supply voltage Vee 4.5 5.0' 5.5 v 
Ambient temperature TA 0 70 oc 

Capacit.ance 
TA= 25°C;f = 1 MHz 

P~rameter Sym *Max Unit Pins Under Test 

Input capacitance C11 5 (7) pF Addresses 

C12 7 (9) pF RAS, CAS, WE, OE 

Input/output Co 7 (9) pF 1/01 - 1/04 
capacitance 

*Values in parentheses are for the ZIP package. 



NEC pPD4216400,4217400 

Ordering Information, 1LPD4216400 (4K Refresh Cycles) 
RAS Access R/W Cycle Fast-Page 

Part Number Time (max) Time (max) Cycle (max) Package 

µPD4216400LE-60 60 ns 110 ns 40 ns 28/24-pin plastic SOJ (400 mil) 

LE-70 70 ns 130 ns 45 ns 

LE-80 80 ns 150 ns 50 ns 

LE-10 100 ns 180 ns 60 ns 

µPD4216400V-60 60 ns 110 ns 40 ns 24-pin plastic ZIP 

V-70 70 ns 130 ns 45 ns 

V-80 80 ns 150 ns 50 ns 

V-10 100 ns 180 ns 60 ns 

µPD4216400G5-60 60 ns 110 ns 40 ns 28/24-pin plastic TSOP (normal pinouts) 

G5-70 70 ns 130 ns 45 ns 

G5-80 80 ns 150 ns 50 ns 

µPD4216400G5M-60 60 ns 110 ns 40 ns 28/24-pin plastic TSOP (reverse pinouts) 

G5M-70 70 ns 130 ns 45 ns 

G5M-80 80 ns 180 ns 50 ns 

Ordering Information, µ.PD4217400 (2K Refresh Cycles) 
RAS Access R/WCycle Fast-Page 

Part Number Time (max) Time (max) Cycle (max) Package 

µPD4217 400LE-60 60 ns 110 ns 40 ns 28/24-pin plastic SOJ (400 mil) 

LE-70 70 ns 130 ns 45 ns 

LE-80 80 ns 150 ns 50 ns 

LE-10 100 ns 180 ns 60 ns 

µPD4217400V-60 60 ns 110 ns 40 ns 24-pin plastic ZIP 

V-70 70 ns 130 ns 45 ns 

V-80 80 ns 150 ns 50 ns 

V-10 100 ns 180 ns 60 ns 

µPD4217 400G5-60 60 ns 110 ns 40 ns 28/24-pin plastic TSOP (normal pinouts) 

G5-70 70 ns 130 ns 45 ns 

G5-80 80 ns 150 ns 50 ns 

µPD4217400G5M-60 60 ns 110 ns 40 ns 28/24-pin plastic TSOP (reverse pinouts) 

G5M-70 70 ns 130 ns 45 ns 

G5M-80 80 ns 150 ns 50 ns 

m 

3 



µPD4216400,4217400 

Block Diagram 

RAS Clock 
Generator 

GAS Before RAS 

Ao
A1 • 
A2 • 
As • 
A4 • 
As 
As • 
A7 • 

As • 
Ag • 

A10 • 
(µPD4216400) A11 -

DC Characteristics 
TA= o to +70°C; Vee= +5.0 V ±10% 

Parameter Symbol 

Standby current lee2 

Input leakage current lt(L) 

Output leakage current lo(L) 

Output voltage, low Vol 

Output voltage, high VoH 

4 

Min 

-10 

-10 

2.4 

CASClock 
Generator 

Typ Max 

2.0 

1.0 

10 

10 

0.4 

NEC 

WE Clock 
Generator 

OE Clock 
Generator 

Data 110 Bus 

Column Decoder 

Sense Amplifier 

Memory Array 

Unit Test Conditions 

Data-in 
Buffer 

Data-out 
Buffer 

mA RAS= CAS ~ V1H (min); lo= 0 mA 

mA RAS= CAS ~ Vee- 0.2 V; lo= 0 mA 

83FM-7862B 

µA V1N = O V to Vee; all other pins not under test = 0 V 

µA DouT disabled; VouT = o V to Vee 

v loL = 4.2mA 

v loH = -5 mA 



NEC pPD4216400, 4217400 

AC Characteristics 
TA = o to + 70°C; Vee = +5.0 v ±10% 

-60 -70 -80 -10 

Parameter Symbol Min Max Min Max Min Max Min Max Unit Test Conditions 

Operating current, lee1 90 80 70 60 mA RAS and CAS cycling; 
average (4216400) tRe ~ tRe min; 

lee1 110 100 90 80 mA 
lo = O mA (Note 5) 

(4217400) 

Operating current, RAS- lee3 90 80 70 60 mA RAS cycling; CAS ~ V1H; 
only refresh cycle, (4216400) tRe ~ tRe min; 
average 

lee3 110 100 90 80 mA 
lo = O mA (Note 5) 

(4217400) 

Operating current, fast- lee4 70 60 50 40 mA RAS s V1L; CAS cycling; 
page cycle, average (4216400) tpe ~ tRe min; 

lee4 70 60 50 40 mA 
lo = O mA (Note 5) 

(4217400) 

Operating current, CAS 1ee5 90 80 70 60 mA RAS cycling; CAS before 
before RAS refresh cycle, (4216400) RAS; tRe ~ tRe min; 
average 

lee5 110 100 90 80 mA lo = O mA (Note 5) 

(4217400) 

Access time from column tAA 30 35 40 50 ns (Notes 3, 4, 7, 8) 
address 

Access time from CAS tAeP 35 40 45 55 ns (Notes 3, 4, 7, 8) 
precharge (rising edge) 

Column address setup tAsc 0 0 0 0 ns 
time 

Row address setup time tASR 0 0 0 0 ns 

Column address to WE tAwo 55 60 70 85 ns (Note 14) 
delay time 

Access time from CAS teAe 15 18 20 25 ns (Notes 3, 4, 7, 8) 
(falling edge) 

Column address hold teAH 15 15 15 20 ns 
time 

CAS pulse width teAs 15 10,000 18 10,000 20 10,000 25 10,000 ns 

CAS hold time for CAS teHR 10 10 10 10 ns 
before RAS refresh cycle 

CAS to output in low teLz 0 0 0 0 ns (Notes 4, 7) 
impedance 

Fast-page CAS precharge tep 10 10 10 10 ns 
time 

CAS precharge time tepN 10 10 10 10 ns 

CAS to RAS precharge teRP 5 5 5 5 ns (Note 10) 
time 

CAS hold time tesH 60 70 80 100 ns 

CAS setup time for CAS tesR 5 5 5 5 ns 
before RAS refresh cycle • CAS to WE delay tewo 40 43 50 60 ns (Note 14) 

Write command to CAS tewL 15 15 15 20 ns 
lead time 

5 



µPD4216400, 4217 400 

AC Characteristics (cont) 

Parameter Symbol 

Data-in hold time 

Data-in setup time tos 

Access time from OE to EA 

OE delay data time toED 

OE command hold time toEH 

OE to inactive setup time toEs 

Output turnoff delay from toEZ 
OE 

Output buffer turnoff toFF 
delay 

OE to output in low-Z 

Fast-page cycle time 

Fast-page read-modify
write cycle time 

Access time from RAS 

RAS to column address 
delay time 

Row address hold time 

Column address lead 
time referenced to RAS 
(rising edge) 

RAS pulse width 

Fast-page RAS pulse 
width 

Random read or write 
cycle time 

RAS to CAS delay time 

toLZ 

tpc 

Read command hold time tRcH 
referenced to CAS 

Read command setup 
time 

Refresh period 

RAS hold time from CAS tRHCP 
precharge 

RAS precharge time tRP 

RAS precharge CAS hold tRPC 
time 

Read command hold time tRRH 
referenced to RAS 

· RAS hold time 

Read-write cycle time 

RAS to WE delay 

Write command to RAS 
lead time 

6 

tRWc 

NEC 
-60 ·70 ·80 ·10 

Min Max Min Max Min Max Min Max Unit Test Conditions 

10 15 15 20 ns (Note 13) 

0 0 0 0 ns (Note 13) 

15 18 20 25 ns (Notes 3, 4, 7, 8) 

15 15 20 25 ns 

0 0 0 0 ns 

0 0 0 0 ns 

0 15 0 15 0 20 0 25 ns (Note 9) 

0 15 0 15 0 20 0 25 ns (Note 9) 

0 0 0 0 ns (Notes 4, 6, 7) 

40 45 50 60 ns (Note 6) 

85 90 105 120 ns (Note 6) 

60 70 80 100 ns (Notes 3, 4, 7, 8) 

15 30 15 35 17 40 17 50 ns (Note 8) 

10 10 12 12 ns 

30 35 40 50 ns 

60 10,000 70 10,000 80 10,000 100 10,000 ns 

60 125,000 70 125,000 80 125,000 100 125,000 ns 

110 130 150 180 ns (Note 6) 

20 40 20 50 25 60 25 75 ns (Note 8) 

0 0 0 0 ns (Note 11) 

0 0 0 0 ns 

64 64 64 64 ms (Note 16) 

32 32 32 32 ms (Note 17) 

35 40 45 55 ns 

40 50 60 70 ns 

5 5 5 5 ns 

0 0 0 0 ns (Note 11) 

15 18 20 25 ns 

160 180 205 245 ns (Note 6) 

85 95 110 135 ns (Note 14) 

20 20 20 25 ns 



NEC 
AC Characteristics (cont) 

-60 -70 

Parameter Symbol Min Max Mir. Max 

Rise and fall transition tr 3 50 3 50 
time 

Write command hold twcH 10 10 
time 

Write command setup twcs 0 0 
time 

WE hold time twHR 15 15 

Write command pulse twp 10 10 
width 

WE setup time twsR 10 10 

Notes: 

(1) All voltages are referenced to GND. 

(2) An initial pause of 100 µs is required after power-up, followed by 
any eight RAS cycles, before proper device operation is 
achieved. At the end of the initial power-up sequence, it is 
recommended that either a RAS-only or CAS before RAS refresh 
cycle be executed while WE <!: V1H to ensure normal operation. 

(3) Ac measurements assume tr = 5 ns. 

(4) V1H (min) and V1L (max) are reference levels for measuring the 
timing of input signals. Transition times are measured between 
V1H and VIL· 

(5) lcc1. lcc3, lcc4• and Ices depend on output loading and cycle 
rates. Specified values are obtained with the output open. lcc3 
is measured assuming that all column address inputs are held at 
either a high level or a low level during RAS-only refresh cycles. 
lcc4 is measured assuming that all column address inputs are 
switched only once during each fast-page cycle. 

(6) The minimum specifications are used only to indicate the cycle 
time at which proper operation over the full temperature range 
(TA= Oto + 70°C) is assured. 

(7) Load = 2 TTL (-1 mA, + 4 mA) loads and 100 pF. 

(8) If tRco :S tRcs (max) and tRAD s tRAD (max) access time is 
defined by tRAC (max). H tRco <!: tRcD (max) access time is 
defined by tcAC (max) and if tRAD <!: tRAD (max) access time is 
defined by tAA (max). 

(9) toFF (max) and toEz (max) define the time at which the outputs 
become open-circuit and are not referenced to VoH or Vol· 

(10) The tcRP requirement should be applicable for RAS/CAS cycles 
preceded by any cycle. 

(11) Either tRRH or tRcH must be satisfied for a read cycle. 

(12) Parameter twp is applicable for a delayed write cycle such as a 
read-write/read-modify-write cycle. For early write cycles, both 
twcs and twcH must be met. 

(13) These parameters are referenced to the fal.!!!:!9 edge of CAS for 
early write cycles and to the falling edge of WE for delayed write 
or read-modify-write cycles. 

pPD4216400,4217400 

-80 -10 

Min Max Min Max Unit Test Conditions 

3 50 3 50 ns (Note 4) 

15 20 ns (Note 12) 

0 0 ns (Note 14) 

15 20 ns 

15 20 ns (Note 12) 

10 10 ns 

(14) twcs. tRWD• tcwo. and tAwD are restrictive operating parame
ters in read-write/read-modify-write cycles only. If twcs <!: twcs 
(min), the cycle is an early write cycle and the data 1/0 pins will 
remain open-circuit throughout the entire cycle. H tcwo <!: tcwo 
(min), tRWD <!: tRWo (min), andtAwD <:!:: tAwD (min), then the cycle 
is a read-write cycle and the data 1/0 pins will contain data read 
from the selected cells. If neither of the above conditions is met, 
the condition of the data 1/0 pins (at access time and until CAS 
returns to V1H) is indeterminate. 

(15) Assumes that the test mode has been set A test mode may be 
initiated by executing a CAS before RAS refresh cycle with WE 
held at VIL· This mode also may be inadvertently initiated during 
power up because external control of the signal lines is very 
difficult during this period. It is therefore recommended that 
while WE is held at V1H 1 either a RAS-only or a CAS before RAS 
refresh cycle should be executed at any time after the end of the 
initial power up sequence to ensure normal device operation. 
Contact your NEC Electronics sales representative for more 
details. 

(16) The µPD4216400 RAS-only refresh (ROA) cycle uses 4096 exter
nal row address combinations of Ao- A11 to refresh the memory 
during a64-ms refresh period (tREF)· Row address combinations 
of Ao -A11 and column address combinations of Ao-Ag are used 
to access the memory duri.!!.9..!ead, write, and read-modify-write 
cycles. CBR (CAS before RAS) and hidden CBR refresh cycles 
use 4096 internal row address combinations of Ao-A11 to 
refresh the memory during a 64-ms refresh period (tREF)· 

(17) The µPD4217400 RAS-only refresh (ROA) cycle uses 2048 exter
nal row address combinations of Ao - A1o to refresh the memory 
during a 32-ms refresh period (tREF)· Row an.d column address 
combinations of Ao - A1o are used to access the me~ during 
read, write, and read-modify-write cycles. CBR (CAS before 
RAS) and hidden CBR refresh cycles use 2048 Internal row 
address combinations of Ao -A1o to refresh the memory during a 
32-ms refresh period (tREF)· 

7 



pPD4216400, 4217400 

Timing Waveforms 

Read Cycle 

tcRP 

CAS 

Address 

NEC 

I l<ll~E-------tRSH------
tcsH---------

Column 

L 
WE 71 !II/ !Ill !lfi -•m_J VJ////; 

8 

~1 
I k- tcAc--

i.--+tAA-
-------~tRAc:--4------

High Impedance I 
lnpuVOutput --------------------------

Ltc~ ~ 

toez 

Valid Data-out 
High Impedance 

83VB-6n9B 



NEC 
Timing Waveforms (cont) 

Early Write Cycle 

pPD4216400,4217400 

---------t~--~-------
--------tRAs--------.t 

RAS 

--1-E----tRSH-----

-----·-tCSH-------

CAS 

Address 

Note: 

(1] OE= don't care. 
83YL-6978B 
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pPD4216400,4217400 

Timing Waveforms (cont) 

Late Write Cycle 

tCRP 

CAS 

Address 

OE 

10 

14--------------'-.lRAs---------.i 

I ""'"'~-----tRSH------
----------~tCSH----------

14---tRco---""-----tCAS'------'...i 

NEC 

83YL-69798 



1ttf EC 
Timing Waveforms (cont) 

Read-Write/Read-Modify-Write Cycle 

Address 

WE 

OE 

lnpuVOutput -------H-ig._h_lm_.p_ed_an_ce ____ --c.1 

~'RAC----
1 -.I 1.- toLZ 

tCLzH 

pPD4216400,4217400 

83YL-6980B 
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pPD4216400,4217400 

Timing Waveforms (cont) 

Fast-Page Read Cycle 

RAS 

CAS 

Address 

WE 

OE 

Input/Output 

12 

lCLZ 

NEC 

I -t(>----IRHCP---

~---lPC----

1-----1 High 
Impedance 

83VB-6786B 



NEC pPD4216400,4217400 

Timing Waveforms (cont) 

Fast-Page Early Write Cycle 

Note: 

[1] OE = don't care. 
83VL-6981B 
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pPD4216400,4217400 

Timing Waveforms (cont} 

Fast-Page Late Write Cycle 

14 

NEC 

83YL-6982B 



~EC µPD4216400,4217400 

Timing Waveforms (cont) 

Fast-Page Read-Write/Read-Modify-Write Cycle 

Address 

WE 

High Impedance 

83YL-6983B 

m 

15 



pPD4216400,4217400 

Timing Waveforms (cont) 

Hidden Refresh Cycle 

16 

-----Memory Cycle------:~-

------tRc-----.+-----

RAS 

CAS 

Address 

WE I/II)! Ill 
I 

High Impedance 
lnpuVOutput 

lli_~CLZ 

NEC 

~~--CAS Before RAS Cyde 

---~E-----tRc-------

----tRAs 

tWHR~ I 

\\\\\\ \\\ \\\\ \\ ~ 
I 

Valid Data-out 

toFF 

toEZ 

High 
Impedance 

83VB-6785B 



NEC 
Timing Waveforms (cont) 

RAS-Only Refresh Cycle 

RAS 

tcRP 

CAS Jl 
--~~--

pPD4216400,4217400 

High Impedance 
lnpuVOutput ------------------------------------

Notes: 

[1] WE=OE=don'tcare. 
83VB-6783B 

CAS Before RAS Refresh Cycle 

RAS 

ICAP 

CAS 

WE 7ZlT \\\\\ \\\ \\\ \\\\\\\\ \\ \\\\ \\\\\\\\\\\\\\\\\\\ 
High Impedance 

lnpuVOutput --------------------------------------

83VB-6784B 
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pPD4216400,4217400 NEC 
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NEC 
NEC Electronics Inc. 

Advance Information 

Description 

The µPD4216402 and the µPD4217402 are static
column dynamic RAMs organized as 4,194,304 words 
by 4 bits and designed to operate from a single +5-volt 
power supply. Advanced polycide technology mini
mizes silicon area and provides high storage cell ca
pacity, high performance, and high reliability. A single
transistor dynamic storage cell and advanced CMOS 
circuitry throughout ensure minimum power dissipa
tion, while an on-chip circuit internally generates the 
negative-voltage substrate bias-automatically and 
transparently. 

The three-state 1/0 pins are controlled by CS indepen
dent of RAS. After a valid read or read-modify-write 
cycle, data is held on the outputs by maintaining CS 
low. Data outputs return to high impedance when CS 
goes high. Static-column read and write cycles can be 
executed by cycling CS. 

Refreshing may be accomplished by a CS before RAS 
cycle that internally generates the refresh address. 
Refreshing can also be accomplished by RAS-only 
refresh cycles or by normal read or write cycles. 

Two versions of the 4,194,304 by 4-bit static-column 
dynamic RAM are available. The µPD4216402 version 
uses 4096 address combinations of Ao -A11 to refresh 
the memory during a 64-ms refresh period. The 
µPD4217402 version uses 2048 address combinations 
of Ao -A10 to refresh the memory during a 32-ms refresh 
period. 

To access the memory during read, write, and read
modify-write cycles, the µPD4216402 uses row address 
combinations of Ao -A11 and column address combi
nations of Ao -Ag. The µPD4217402 uses row and 
colum address combinations of Ao -A10• 

Features 

o 4,194,304 by 4-bit organization 
o Single +5-volt power supply 
o Static-column option 
o Low power dissipation 
o CS before RAS refresh cycles 
o Multiplexed address inputs 

pPD4216402, 4217402 
4, 194,304 x 4-Bit 

Dynamic CMOS RAM 

o On-chip substrate bias generator 
o TTL-compatible inputs and outputs 
o Nonlatched, three-state outputs 
o Low input capacitance 
o 4096 refresh cycles every 64 ms (4216402); 

2048 refresh cycles every 32 ms (4217402) 
o 28/24-pin SOJ (400-mil), 24-pin ZIP (475-mil), and 

28/24-pin TSOP plastic packaging 

Pin Configurations 

28/24-Pin Plastic SOJ 

µPD4216402, 4217402 

Vee 1 28 GND 

V01 2 27 V04 
V02 3 26 V03 
WE 4 25 CS 

RAS 5 24 OE 

* A11 6 23 Ag 

A10 9 20 As 
Ao 10 19 A1 

A1 11 18 Ae 
A2 12 17 As 
Aa 13 16 A4 

Vee 14 15 GND 

* Pin 6 Is NC for 4217402 
83FM-8088A 

24-Pin Plastic ZIP 

*Pin 12 ls NC for 4217402 
83FM-8436A 

Contact your NEC sales representative for a complete data sheet and product availability. 
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pPD4216402,4217402 

Pin Configurations (cont) 

28/24-Pin Plastic TSOP (Normal Pinouts) 

µPD4216402, 4217402 

Vee 10 

V01 2 

V02 3 

WE 4 

RAS 5 

*A11 6 

A10 g 

Ao 10 

A1 11 

A2 12 

Aa 13 

vcc 14 

* Pin 6 Is NC for 4217402 

Suffix -7 JD In the package ldenttfler 
denotes normal plnout sequence. 

Block Diagram 

2 

CS Before RAS 

Ao~ 
A1 • 

A2 • r I wt I 
As • 
Ag • 

A10 • 
(µPD4216402) A11 ~ 

GND 

V04 
V03 

cs 
OE 

Ag 

As 
A1 

As 
As 
~ 
GND 

CS Clock 
Generator 

83FM-8089A 

NEC 

28/24-Pin Plastic TSOP (Reverse Pinouts) 

µPD4216402, 4217402 

GND 1 0 
V04 2 

V03 3 

cs 4 

OE 5 

Ag 6 

-7KD 

As g 

A1 10 

As 11 

As 12 

~ 13 

GND 14 0 

*Pin 23 Is NC for 4217402 

Suffix -7KD In the package Identifier 
denotes reverse plnout sequence. 

WE Clock 
Generator 

OE Clock 
Generator 

Data VO Bus 

Column Decoder 

Sense Amplffler 

Memory Array 

028 Vee 
27 V01 

26 V02 
25 WE 

24 RAS 

23 A11* 

20 A10 
1g Ao 
18 A1 

17 A2 

16 Aa 
15 vcc 

Data-In 
Buffer 

Data-out 
Buffer 

83FM-8090A. 



NEC pPD4216402,4217402 

Ordering Information, "PD4216402 
RAS Access R/W Cycle Fast-Page Number of 

Part Number Time (max) Time (max) Cycle (max) Refresh Cycles Package 

µPD4216402LE-60 60 ns 110 ns 40 ns 4096 28/24-pin plastic SOJ (400 mil) 

LE-70 70 ns 130 ns 45 ns 

LE-80 80 ns 150 ns 50 ns 

LE-10 100 ns 180 ns 60 ns 

µPD4216402V-60 60 ns 110 ns 40 ns 4096 24-pin plastic ZIP 

V-70 70 ns 130 ns 45 ns 

V-80 80 ns 150 ns 50 ns 

V-10 100 ns 180 ns 60 ns 

µPD4216402G5-60 60 ns 110 ns 40 ns 4096 28/24-pin plastic TSOP (normal pinouts) 

G5-70 70 ns 130 ns 45 ns 

G5-80 80 ns 150 ns 50 ns 

µPD4216402G5M-60 60 ns 110 ns 40 ns 4096 28/24-pin plastic TSOP (reverse pinouts) 

G5M-70 70 ns 130 ns 45 ns 

G5M-80 80 ns 150 ns 50 ns 

Ordering Information, "PD4217402 
RAS Access R/W Cycle Fast-Page Number of 

Part Number Time (max) Time (max) Cycle (max) Refresh Cycles Package 

µPD4217402LE-60 60 ns 110 ns 40 ns 2048 28/24-pin plastic SOJ (400 mil) 

LE-70 70 ns 130 ns 45 ns 

LE-80 80 ns 150 ns 50 ns 

LE-10 100 ns 180 ns 60 ns 

µPD4217402V-60 60 ns 110 ns 40 ns 2048 24-pin plastic ZIP 

V-70 70 ns 130 ns 45 ns 

V-80 80 ns 150 ns 50 ns 

V-10 100 ns 180 ns 60 ns 

µPD4217402G5-60 60 ns 110 ns 40 ns 2048 28/24-pin plastic TSOP (normal pinouts) 

G5-70 70 ns 130 ns 45 ns 

G5-80 80 ns 150 ns 50 ns 

µPD4217 402G5M-60 60 ns 110 ns 40 ns 2048 28/24-pin plastic TSOP (reverse pinouts) 

G5M-70 70 ns 130 ns 45 ns 

G5M-80 80 ns 150 ns 50 ns 

• 
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NEC 
NEC Electronics Inc. 

Advance Information 

Description 

The µPD4216410 and the µPD4217410 are fast-page 
dynamic RAMs with write per-bit organized as 4,194,304 
words by 4 bits and designed to operate from a single 
+5-volt power supply. Advanced polycide technology 
minimizes silicon area and provides high storage cell 
capacity, high performance, and high reliability. A 
single-transistor dynamic storage cell and advanced 
CMOS circuitry throughout ensure minimum power 
dissipation, while an on-chip circuit internally gener
ates the negative-voltage substrate bias-automati
cally and transparently. 

The three-state output is controlled by CAS indepen
dent of RAS. After a valid read or read-modify-write 
cycle, data is held on the outputs by holding CAS low. 
The data output is returned to high impedance by 
returning CAS high. Fast-page read and write cycles 
can be executed by cycling CAS. 

Refreshing may be accomplished by a CAS before RAS 
cycle that internally generates the refresh address. 
Refreshing can also be accomplished by RAS-only 
refresh cycles or by normal read or write cycles. 

Two versions of the 4,194,304 by 4-bit fast-page dy
namic RAM with write-per-bit are available. The 
µPD4216410 version uses 4096 address combinations 
of Ao - A11 to refresh the memory during a 64-ms refresh 
period. The µPD4217410 version uses 2048 address 
combinations of Ao - A10 to refresh the memory during 
a 32-ms refresh period. 

To access the memory during read, write, and read
modify-write cycles, the µPD4216410 uses row address 
combinations of Ao-A11 and column address combi
nations of Ao-Ag. TheµPD4217410 uses row and colum 
address combinations of Ao -A10. 

Features 

o 4,194,304 by 4-bit organization 
o Single +5-volt power supply 
o Fast-page option with write-per-bit 
o Low power dissipation 
o CAS before RAS refresh cycles 

pPD4216410,4217410 
4,194,304 x 4-Bit 

Dynamic CMOS RAM 

o Multiplexed address inputs 
o On-chip substrate bias generator 
o TTL-compatible inputs and outputs 
o Nonlatched, three-state outputs 
o Low input capacitance 
o 4096 refresh cycles every 64 ms (4216410); 

2048 refresh cycles every 32 ms (4217410) 
o 28/24-pin plastic SOJ (400 mil), 24-pin plastic ZIP 

(475 mil), and 28/24-pin plastic TSOP packaging 

Pin Configurations 

28/24-Pin Plastic SOJ 

µPD4216410, 4217410 

Vee 28 GND 

V01 V04 

V~ V03 
WE CAS 

RAS OE 

Ag 

As 
A1 

A1 As 
A2 As 
Aa A4 

Vee ~..._ ___ _. GND 

*Pin 6 ls NC for 4217410 

24-Pin Plastic ZIP 

83FM-8437A 

Contact your NEC sales representative for complete data sheet and product availability. 
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pPD4216410, 4217410 

Pin Configurations (cont) 

28/24-Pin Plastic TSOP (Normal Pinouts) 

µPD4216410, 4217410 

Vee 10 

1101 2 

1102 3 

WE 4 

RAS 5 

*A11 6 

-7JD 

A10 9 

Ao 10 

A1 11 

A2 12 

A3 13 

Vee 14 

* Pin 6 ls NC for 4217410 

Suffix -7 JD In the package k:lenUfler 
denotes normal plnout sequence. 

Block Diagram 

2 

RAS 

Ao-+ 
A1 • 

A2 • 

A3 • 
A4 • 
As 
As • 
A1 • 

A5 • 
Ag • 

A10 • 
(µPD4216410) A11 -+ 

28 

27 

26 
25 

24 

23 

20 
19 

18 

17 

16 

015 

GND 

1104 

1103 

CAS 

OE 

Ag 

As 
A1 

As 
As 
A4 
GND 

CASClock 
Generator 

83FM-8092A 

NEC 

28/24-Pin Plastic TSOP (Reverse Pinouts) 

µPD4216410, 4217410 

GND 1 0 
1104 2 

1103 3 

CAS 4 

OE 5 

Ag 6 

-7KD 

As 9 

A1 10 

As 11 

As 12 

A4 13 

GND 14 0 

*Pin 23 ls NC for4217410 

Sufflx-7KD In the package ldenUfler 
denotes reverse plnout sequence. 

WE Clock 
Generator 

OE Clock 
Generator 

DatallOBus 

Column Decoder 

Sense Amplifier 

Memory Array 

028 vcc 
27 1101 

26 1102 

25 WE 

24 RAS 

23 A11* 

20 A10 

19 Ao 
18 A1 

17 A2 

16 A3 
15 vcc 

Data-In 
Buffer 

Data-out 
Buffer 

83FM-8093A 



NEC pPD4216410, 4217410 

Ordering Information, J£PD4216410 (4096 refresh cycles) 
RAS" Access R/W Cycle Fast-Page 

Part Number Time (max) Time (max) Cycle (max) Package 

µPD4216410LE-60 60 ns 110 ns 40 ns 28/24-pin plastic SOJ (400 mil) 

LE-70 70 ns 130 ns 45 ns 

LE-80 80 ns 150 ns 50 ns 

LE-10 100 ns 180 ns 60 ns 

µPD4216410V-60 60 ns 110 ns 40 ns 24-pin plastic ZIP 

V-70 70 ns 130 ns 45 ns 

V-80 80 ns 150 ns 50 ns 

V-10 100 ns 180 ns 60 ns 

µPD4216410G5-60 60 ns 110 ns 40 ns 28/24-pin plastic TSOP (normal pinouts) 

G5-70 70 ns 130 ns 45 ns 

G5-80 80 ns 150 ns 50 ns 

µPD4216410G5M-60 60 ns 110 ns 40 ns 28/24-pin plastic TSOP (reverse pinouts) 

G5M-70 70 ns 130 ns 45 ns 

G5M-80 80 ns 150 ns 50 ns 

Ordering Information, J£PD4217410 (2048 refresh cycles) 
RAS° Access R/W Cycle Fast-Page 

Part Number Time (max) Time (max) Cycle (max) Package 

µPD4217410LE-60 60 ns 110 ns 40 ns 28/24-pin plastic SOJ (400 mil) 

LE-70 70 ns 130 ns 45 ns 

LE-80 80 ns 150 ns 50 ns 

LE-10 100 ns 180 ns 60 ns 

µPD4217410V-60 60 ns 110 ns 40 ns 24-pin plastic ZIP 

V-70 70 ns 130 ns 45 ns 

V-80 80 ns 150 ns 50 ns 

V-10 100 ns 180 ns 60 ns 

µPD4217410G5-60 60 ns 110 ns 40 ns 28/24-pin plastic TSOP (normal pinouts) 

G5-70 70 ns 130 ns 45 ns 

G5-80 80 ns 150 ns 50 ns 

µPD4217410G5M-60 60 ns 110 ns 40 ns 28/24-pin plastic TSOP (reverse pinouts) 

G5M-70 70 ns 130 ns 45 ns 

G5M-80 80 ns 150 ns 50 ns 

3 
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NEC 
NEC Electronics Inc. 

Advance Information 

Description 

The µPD4216412 and the µPD4217412 are static
column dynamic RAMs with write-per-bit organized as 
4,194,304 words by 4 bits and designed to operate from 
a single +5-volt power supply. Advanced polycide tech
nology minimizes silicon area and provides high stor
age cell capacity, high performance, and high reliabil
ity. A single-transistor dynamic storage cell and 
advanced CMOS circuitry throughout ensure minimum 
power dissipation, while an on-chip circuit internally 
generates the negative-voltage substrate bias-au
tomatically and transparently. 

The three-state 1/0 pins are controlled by CS indepen
dent of RAS. After a valid read or read-modify-write 
cycle, data is held on the outputs by maintaining CS 
low. Data outputs return to high impedance when CS 
goes high. Static-column read and write cycles can be 
executed by cycling CS. 

Refreshl!!.9_ may be accomplished by means of a CS 
before RAS cycle that internally generates the refresh 
address. Refreshing can also be accomplished by 
means of RAS-only refresh cycles or by normal read or 
write cycles. 

Two versions of the 4,194,304 by 4-bit static-column 
dynamic RAM with write-per-bit are available. The 
µPD4216412 version uses 4096 address combinations 
of Ao - A11 to refresh the memory during a 64-ms refresh 
period. The µPD4217412 version uses 2048 address 
combinations of Ao -A10 to refresh the memory during 
a 32-ms refresh period. 

To access the memory during read, write, and read
modify-write cycles, the µPD4216412 uses row address 
combinations of Ao-A11 and column address combi
nations of Ao-A9. The µPD4217412 uses row and 
colum address combinations of Ao - A10• 

Features 

o 4,194,304 by 4-bit organization 
o Single +5-volt power supply 
o Static-column option with write-per-bit 
o Low power dissipation 
o CS before RAS refresh cycles 
o Multiplexed address inputs 
o On-chip substrate bias generator 
o TTL-compatible inputs and outputs 
o Nonlatched, three-state outputs 
o Low input capacitance 

pPD4216412,4217412 
4, 194,304 x 4-Bit 

Dynamic CMOS RAM 

o 4,096 refresh cycles every 64 ms (4216412}; 
2048 refresh cycles every 32 ms (4217412) 

o 28/24-pin plastic SOJ (400 mil), 24-pin plastic ZIP 
(475 mil), and 28/24-pin plastic TSOP packaging 

Pin Configurations 

28/24-Pin Plastic SOJ 

µPD4216412, 4217412 

Vee 28 GND 

V01 V04 
V02 V03 
WE 4 CS 

RAS OE 

* A11 Ag 

As 
A1 

A1 Aa 
A2 . As 
A3 A4 

Vee .._____ GND 

*Pin 8 ls NC for4217412 

24-Pin Plastic ZIP 

µPD4216412, 4217412 

Ag 1 ~~ 
CS 3 r:: :u 2 OE 

... :i: 4 V03 
V04 5 ... ~::= 8 GND 
Vee 7 r:: :u 8 VO 
V02 9 :::~-.. ~ 
RAS 11 :::C 10 WE 
A10 13 r:: :u 12 A11* 

A1 15 :::( 14 Ao 
A3 17 :::[ 18 A2 

GND 19 r:: -·· 18 Vee 
As 21 :::( 20 A4 
A1 23 :i: :i: 22 Ae 

'~ 24 As 
*Pin 1218 NC for 4217412 

Contact your NEC sales representative for a complete data sheet and product availability. 
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µPD4216412,. 4217 412 

Pin Configurations (cont) 

28/24-Pin Plastic TSOP (Normal Pinouts) 

µPD4216412, 4217412 

Vee 10 

V01 2 

V02 3 

WE 4 

RAS 5 

*A11 6 

.,.7JD 

A10 9 

Ao 10 

A1 11 

A2 12 

Aa 13 

Vee 14 

*Pin 6 ls NC for4217412 

Sufflx-7JD In the package Identifier 
denotes nonnal plnout sequence. 

Block Diagram 

2 

Ao~ 
A1 • 
A2 • 
A3 • 
~ . 
As 
As • 
A1 • 

As • 
A9 • 

~o • 
(µPD4216412) A11 ~ 

28 

27 

26 

25 

24 

23 

20 
19 

18 

17 

16 

015 

GND 

V04 
V03 

cs 
OE 

Ag 

As 
A1 

As 
As 
~ 
GND 

Cs Clock 
Generator 

83fM.8096A 

ttrEC 

28/24-Pin Plastic TSOP (Reverse Pinouts) 

µPD4216412, 4217412 

GND 0 
V04 2 

V03 3 

cs 4 

OE 5 

Ag 6 

-7KD 

As 9 

A1 10 

As 11 

As 12 

~ 13 

GND 14 0 

*Pin 23 ls NCfor4217412 

Suffix -7KD In the package ldenUfler 
denotes reverse plnout sequence. 

WE Clock 
Generator 

OEClock 
Generator 

Data VO Bus 

Column Decoder 

Sense Amplifier 

Memory Array 

028 Vee 
27 V01 

26 V02 
25 WE 

24 RAS 
23 A11* 

20 A10 
19 Ao 
18 A1 
17 A2 
16 Aa 
15 Vee 

Data-In 
Buffer 

Data-out 
Buffer 

83FIHOll8.\ 

83fM.84418 



NEC pPD4216412,4217412 

Ordering Information, µPD4216412 (4096 refresh cycles) 
RAS Access R/W Cycle Static-Column 

Part Number Time (max) Time (max) Cycle (max) Package 

µPD4216412LE-60 60 ns 110 ns 40 ns 28/24-pin plastic SOJ (400 mil) 

LE-io 70 ns 130 ns 45 ns 

LE-80 80 ns 150 ns 50 ns 

LE-10 100 ns 180 ns 60 ns 

µPD4216412V-60 60 ns 110 ns 40 ns 24-pin plastic ZIP 

V-70 70 ns 130 ns 45 ns 

V-80 80 ns 150 ns 50 ns 

V-10 100 ns 180 ns 60 ns 

µPD4216412G5-60 60 ns 110 ns 40 ns 28/24-pin plastic TSOP (normal pinouts) 

G5-70 70 ns 130 ns 45 ns 

G5-80 80 ns 150 ns 50 ns 

µPD4216412G5M-60 60 ns 110 ns 40 ns 28/24-pin plastic TSOP (reverse pinouts) 

G5M-70 70 ns 130 ns 45 ns 

G5M-80 80 ns 150 ns 50 ns 

Ordering Information, µPD4217412 (2048 refresh cycles) 
RAS Access R/W Cycle Static-Column 

Part Number Time (max) Time (max) Cycle (max) Package 

µPD4217412LE-60 60 ns 110 ns 40 ns 28/24-pin plastic SOJ (400 mil) 

LE-70 70 ns 130 ns 45 ns 

LE-80 80 ns 150 ns 50 ns 

LE-10 100 ns 180 ns 60 ns 

µPD4217412V-60 60 ns 110 ns 40 ns 24-pin plastic ZIP 

V-70 70 ns 130 ns 45 ns 

V-80 80 ns 150 ns 50 ns 

V-10 100 ns 180 ns 60 ns 

µPD4217412G5-60 60 ns 110 ns 40 ns 28/24-pin plastic TSOP (normal pinouts) 

G5-70 70 ns 130 ns 45 ns 

G5-80 80 ns 150 ns 50 ns 

µPD4217412G5M-60 60 ns 110 n& 40 ns 28/24-pin plastic TSOP (reverse pinouts) 

G5M-70 70 ns 130 ns 45 ns 

G5M-80 80 ns 150 ns 50 ns 

• 
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NEC 
NEC Electronics Inc. 

Description 

The devices listed below are fast-page dynamic RAMs 
organized as 2M words by 8 bits and designed to 
operate from a single power supply. Optional features 
are power supply voltage (+5 V or +3.3 V), a new 
refresh mode called "self-refresh," and the number of 
cycles in a refresh period. 

µPD Power Self-Refresh Refresh Cycles 

4216800 +5V 4096 in 64 ms 
800L +3.3 v 

42S16800 +5V v 4096 in 256 ms 
800L +3.3 v v 

4217800 +5V 2048 in 32 ms 
800L +3.3 v 

42S17800 +5V v 2048 in 256 ms 
800L +3.3V v 

Note: Letters L and S denote 3.3-volt and self-refresh devices, 
respectively. 

Advanced polycide technology using stacked capaci
tors minimizes silicon area and provides high storage 
cell capacity, high performance, and high reliability. A 
single-transistor dynamic storage cell and CMOS cir
cuitry throughout ensure minimum power dissipation 
while an on-chip circuit internally generates the nega
tive voltage substrate bias-automatically and trans
parently. 

The three-state 1/0 pins are controlled by CAS indepen
dent of RAS. After a valid read or read-modify-write 
cycle, data is held on the outputs by maintaining CAS 
low. Data outputs return to high impedance when CAS 
goes high. Fast-page read and write cycles can be 
executed by cycling CAS. 

Refreshing may be accomplished by a CAS before RAS 
refresh cycle (CBR) that internally generates the re
fresh addresses. 

For the 4216/42S16, RAS only refresh cycles and normal 
read or write cycles on the 4096 address combinations 
of Ao -A11 will refresh all memory locations. Bits Ao -A11 
are used for row and refresh addresses, Ao -As for 
column addresses. 

For the 4217/42S17, RAS only refresh cycles and normal 
read or write cycles on the 2048 address combinations 
of Ao -A10 will refresh all memory locations. Bits Ao -A10 
are used for row and refresh addresses, Ao -A9 for 
column addresses. 

60186 

µPD421x800/L, 42S1x800/L 
(x = 6, 7) 

2,097,152 x 8-Bit 
Dynamic CMOS RAM 

The self-refresh mode is entered by holding RAS and 
CAS low for longer than 100 µs during a CBR cycle. 
Detection of this long RAS time starts an internal 
oscillator that maintains data integrity without exter
nal clocking. The slo~ refresh reduces the data hold 
current to less than 200 µA (+5 V) or 80 µA (+3.3 V). 
Self-refresh mode is used with microprocessors that 
have a "sleep mode" for low-power applications such 
as notebook PCs. 

Battery backup current lee6 is defined as the current 
consumption when the device is in standby mode (RAS 
~ Vee - 0.2 V) and very-slow (extended) CBR cycles 
are being performed. 

Features 

o. 2,097,152 by 8-bit organization 
o Single power supply: +5-volt or +3.3 volt 
o Fast-page option 
o Low-power operation 
o CAS before RAS refreshing 
o Self-refresh option (slow internal automatic refresh) 
o On-chip substrate bias generator 
o TTL-compatible inputs and outputs 
o Nonlatched three-state outputs 
o Low input capacitance 
o Multiplexed row and column addresses 
o 28-pin 400-mil SOJ and TSOP plastic packages 



pPD421x800/L, 42S1x800/L 

Pin Configurations 

28-Pin Plastic SOJ 

µPD4218f42S16, 4217/42817 

Vee 1 2S GND 

1101 2 27 I/Os 

1102 3 26 1107 

1103 4 25 1109 
1104 5 24 1105 
WE 6 23 CAS 

RAS 7 22 OE 

*A11 s 21 1>13 

A10 9 20 As 
Ao 10 19 A1 

A1 11 1S Ae 
A2 12 17 As 
A3 13 16 A4 

Vee 14 15 GND 

*Pin S Is NC for 4217/42817 

Pin I dent if ication 
Name Function 

Ao-A11 Address inputs 

1101-1/0a Data Inputs and outputs 

CAS Column address strobe 

OE Output enable 

RAS Row address strobe 

WE Write enable 

GND Ground 

Vee + 5-volt or + 3.3-volt power supply 

NC No connection 

2 

83FM-8442A 

NEC 

28-Pin Plastic TSOP (Normal Pinouts) 

µPD421&'42S16, 4217/42817 

Vee 10 2S GND 

1101 2 27 I/Os 

1102 3 26 1107 

1/03 4 25 l/Oe 
1/04 5 24 1/05 
WE 6 23 CAS 

RAS 7 -7JD 22 OE 

*A11 s 21 Ag 
A10 9 20 As 
Ao 10 19 A1 

A1 11 1S Ae 
A2 12 17 As 
A3 13 16 A4 

Vee 14 015 GND 

*Pin S ls NC for 4217/42$17 

Sufflx-7JD In the package Identifier 
denotes normal plnout sequence. 

83FM&l44A 

28-Pin Plastic TSOP (Reverse Pi nouts) 

µPD421&'42S16, 4217/42817 

GND 1 0 02s Vee 
I/Os 2 27 1101 

1107 3 26 1102 

1/09 4 25 1/03 
1105 5 24 1/04 
CAS 6 23 WE 

OE 7 
-7KD 

22 RAS 

Ag s 21 A11* 

As 9 20 A10 
A1 10 19 Ao 
Ae 11 1S A1 

As 12 17 A2 

A4 13 16 A3 
GND 14 0 15 Vee 

*Pin 21 ls NC for 4217/42$17 

SUfflx-7KD In the package Identifier 
denotes reverse plnout sequence. 



NEC 
Block Diagram 

RAS 
RAS Clock CASClock 
Generator Generator 

CAS 

i ~ 
'8 

:! 2 c 
I!! 

~ 
A11~ ~ a: 

Note: 4216'42516: A()·A11 
4217/42~17: A()·A10 

Truth Table 
Function RAS 

Standby H 

Refresh cycle L 

Byte read cycle L 

L 

Byte write cycle L 

L 

L 

X = don't care. 

WE Clock 
Generator 

OE Clock 

OE 
Generator 

Data VO Bus 

Column Decoder 

Sense Ampllfler 

Memory Array 

'C"AS WE 

x x 
H x 
L H 

H H 

L L 

H L 

L H 

pPD421x800/L, 42S1x800/L 

OE 
x 
x 
L 

L 

H 

H 

H 

Data-In 
Buffer 

Data-out 
Buffer 

83CL-88838 

1101 - I/Os 

High-Z 

High-Z 

Data output 

High-Z 

Data input 

High-Z 
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µPD421x800/L, 42S1x800/L 

Ordering Information, µ.PD4216800 ( + 5-volt power; 4096 refresh cycles) 
RAS Access 

Part Number Time (max) 

µPD4216800LE-50 50 ns 

LE-60 60 ns 

LE-70 70 ns 

LE-80 80 ns 

µPD4216800G5-50 50 ns 

G5-60 60 ns 

G5-70 70 ns 

G5-80 80 ns 

µPD4216800G5M-50 50 ns 

G5M-60 60 ns 

G5M-70 70 ns 

G5M-80 80 ns 

Fast-Page 
Cycle (max) 

35 ns 

40 ns 

45 ns 

50 ns 

35 ns 

40 ns 

45 ns 

50 ns 

35 ns 

40 ns 

45 ns 

50 ns 

Battery Backup 
Current (max) 

350µA 

350µA 

350µA 

NEC 

Package 

28-pin plastic SOJ 

28-pin plastic TSOP (normal pinouts) 

28-pin plastic TSOP (reverse pinouts) 

Ordering Information, µ.PD4216800L ( + 3.3-volt power; 4096 refresh cycles) 
RAS Access Fast-Page Battery Backup 

Part Number Time (max) Cycle (max) Current (max) Package 

µPD4216800LLE-A60 60 ns 40 ns 140µA 28-pin plastic SOJ 

LE-A70 70 ns 45 ns 

LE-A80 80 ns 50 ns 

µPD4216800LG5-A60 60 ns 40 ns 140µA 28-pin plastic TSOP (normal pinouts) 

G5-A70 70 ns 45 ns 

G5-A80 80 ns 50 ns 

µPD4216800LG5M-A60 60 ns 40 ns 140µA 28-pin plastic TSOP (reverse pinouts) 

G5M-A70 70 ns 45 ns 

G5M-A80 80 ns 50 ns 

4 



NEC pPD421x800/L, 42S1x800/L 

Ordering Information, p.P042S16800 (+ 5-volt power; 4096 refresh cycles; self-refresh mode) 
RA'S Access 

Part Number Time (max) 

µPD42S16800LE-50 50 ns 

LE-60 60 ns 

LE-70 70 ns 

LE-80 80 ns 

µPD42S16800G5-50 50 ns 

G5-60 60 ns 

G5-70 70 ns 

G5-80 80 ns 

µPD42S16800G5M-50 50 ns 

G5M-60 60 ns 

G5M-70 70 ns 

G5M-80 80 ns 

Fast-Page 
Cycle (max) 

35 ns 

40 ns 

45 ns 

50 ns 

35 ns 

40 ns 

45 ns 

50 ns 

35 ns 

40 ns 

45 ns 

50 ns 

Battery Backup 
Current (max) 

350µA 

350µA 

350µA 

Package 

28-pin plastic SOJ 

28-pin plastic TSOP (normal pinouts) 

28-pin plastic TSOP (reverse pinouts) 

Ordering Information, p.P042S16800L ( + 3.3-volt power; 4096 refresh cycles; self-refresh mode) 
~Access Fast-Page Battery Backup 

Part Number Time (max) Cycle (max) Current (max) Package 

µPD42S16800LLE-A60 60 ns 40 ns 140µA 28-pin plastic SOJ 

LE-A70 70 ns 45 ns 

LE-A80 80 ns 50 ns 

µPD42S16800LG5-A60 60 ns 40 ns 140µA 28-pin plastic TSOP (normal pinouts) 

G5-A70 70 ns 45 ns 

G5-A80 80 ns 50 ns 

µPD42S16800LG5M-A60 60 ns 40 ns 140µA 28-pin plastic TSOP (reverse pinouts) 

G5M-A70 70 ns 45 ns 

G5M-A80 80 ns 50 ns 
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pPD421x800/L, 42S1x800/L NEC 
Ordering Information, p.PD4217800 (+ 5-volt power; 2048 refresh cycles) 

RAS Access Fast-Page Battery Backup 
Part Number Time (max) Cycle (max) Current (max) Package 

µPD4217800LE-50 50 ns 35 ns 300µA 28-pin plastic SOJ 

LE-60 60 ns 40 ns 

LE-70 70 ns 45 ns 

LE-80 80 ns 50 ns 

µPD4217800G5-50 50 ns 35 ns 300µA 28-pin plastic TSOP (normal pinouts) 

G5-60 60 ns 40 ns 

G5-70 70 ns 45 ns 

G5-80 80 ns 50 ns 

µPD4217800G5M-50 50 ns 35 ns 300µA 28-pin plastic TSOP (reverse pinouts) 

G5M-60 60 ns 40 ns 

G5M-70 70 ns 45 ns 

G5M-80 80 ns 50 ns 

Ordering Information, p.PD4217800L (+ 3.3-volt power; 2048 refresh cycles) 
RAS Access Fast-Page Battery Backup 

Part Number Time (max) Cycle (max) Current (max) Package 

µPD4217800LLE-A60 60 ns 40 ns 120µA 28-pin plastic SOJ 

LE·A70 70 ns 45 ns 

LE-A80 80 ns 50 ns 

µPD4217800LG5-A60 60 ns 40 ns 120µA 28-pin plastic TSOP (normal pinouts) 

G5-A70 70 ns 45 ns 

G5-A80 80 ns 50 ns 

µPD4217800LG5M-A60 60 ns 40 ns 120µA 28-pin plastic TSOP (reverse pinouts) 

G5M-A70 70 ns 45 ns 

G5M-A80 80 ns 50 ns 
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NEC pPD421x800/L, 42S1x800/L 

Ordering Information, JLPD42S17800 (+ 5-volt power; 2048 refresh cycles; self-refresh mode) 
RAS Access 

Part Number Time (max) 

µPD42S17800LE-50 50 ns 

LE-60 60 ns 

LE-70 70 ns 

LE-80 80 ns 

µPD42S17800G5-50 50 ns 

G5-60 60 ns 

G5-70 70 ns 

G5-80 80 ns 

µPD42S17800G5M-50 50 ns 

G5M-60 60 ns 

G5M-70 70 ns 

G5M-80 80 ns 

Fast-Page 
Cycle (max) 

35 ns 

40 ns 

45 ns 

50 ns 

35 ns 

40 ns 

45 ns 

50 ns 

35 ns 

40 ns 

45 ns 

50 ns 

Battery Backup 
Current (max) 

300µA 

300µA 

300µA 

Package 

28-pin plastic SOJ 

28-pin plastic TSOP (normal pinouts) 

28-pin plastic TSOP (reverse pinouts) 

Ordering Information, JLPD42S17800L ( + 3.3-volt power; 2048 refresh cycles; self-refresh mode) 
RAS Access Fast-Page Battery Backup 

Part Number Time (max) Cycle (max) Current (max) Package 

µPD42S17800LLE-A60 60 ns 40 ns 120µA 28-pin plastic SOJ 

LE-A70 70 ns 45 ns 

LE-ABO 80 ns 50 ns 

µPD42S17800LG5-A60 60 ns 40 ns 120µA 28-pin plastic TSOP (~ormal pinouts) 

G5-A70 70 ns 45 ns 

G5-A80 80 ns 50 ns 

µPD42S17800LG5M-A60 60 ns 40 ns 120µA 28-pin plastic TSOP (reverse pinouts) 

G5M-A70 70 ns 45 ns 

G5M-A80 80 ns 50 ns 
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pPD421x800/L, 42S1x800/L 

Absolute Maximum Ratings 
Voltage on any pin relative to GND 

5-volt devices 
3.3-volt devices 

Operating temperature, ToPR 

Storage temperature, TsrG 

Short-circuit output current, los 

Power dissipation, Po 

-1.0 to +7.0 V 
-0.5 to + 4.6 V 

Oto +70°C 

-55 to + 125°C 

50mA 

1.0W 

Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause perma
nent damage. The device should be operated within the limits 
specified under DC and AC Characteristics. 

Recommended Operating Conditions 

N'EC 
· Capacitance 
TA = 25°C; f = 1 MHz 

Parameter Symbol Max Unit Pins Under Test 

Input capacitance C11 5 pF Addresses 

C12 7 pF CAS, WE, OE, RAS 

Input/output Co 7 pF 1/01 -1/08 
capacitance 

5-Volt Devices 3.3-Volt Devices 

Parameter Symbol Min 

Input voltage, high V1H 2.4 

Input voltage, low V1L -1.0 

Supply voltage Vee 4.5 

Ambient temperature TA 0 

Self-Refresh Current; 42S1x Devices 
TA= o to +70°C; Vee= +5 V :!:10% or +3.3 V :t0.3 V 

Typ 

5.0 

Max Min Typ Max Unit 

Vee+ 1.0 2.0 Vee+ o.3 v 
0.8 -0.3 0.8 v 
5.5 3.0 3.3 3.6 v 
70 0 70 oc 

Symbol 5-Volt Devices 3.3-Volt Devices Conditions 

200µA max 

DC Characteristics; 5-Volt Devices 
TA= o to +70°C; Vee= +5.0 V :!:10% 

Parameter Symbol Min 

Standby current lce2 

Input leakage current l1(L) -10 

Output leakage current lo(L) -10 

Output voltage, low Vol 

Output voltage, high VoH 2.4 

8 

Typ 

80µA max 

Max Unit 

2.0 mA 

400 µA 

10 µA 

10 µA 

0.4 v 
v 

1/0 pins: V1H <:!:: Vee -0.2 V; V1L s 0.2 V or 
open. Other input pins: V1H <:!:: Vcc-0.2 V; V1L 
s 0.2 V or open; tRAS <:: 100 µs 

Test Conditions 

RAS= CAS <:: V1H (min); lo= 0 mA 

RAS = CAS <:!:: Vee - 0.2 V; lo = 0 mA 

V1N = O V to V cc; all other pins not under test = O V 

DouT disabled; Vour = o V to Vee 

loL = 4.2mA 

loH = -5 mA 



NEC pPD421x800/L, 42S1x800/L 

DC Characteristics; 3.3-Volt Devices 
TA = o to + 70°C; Vee = +3.3 V ±0.3 V 

Parameter Symbol Min Typ Max Unit Test Conditions 

Standby current lcc2 2.0 mA RAS= CAS :2: V1H (min); lo= 0 mA 

400 µA RAS= CAS :2: Vcc-0.2V; lo= OmA 

Input leakage current l1(L) -10 10 µA V1N = 0 V to V cc; all other pins not under test = O V 

Output leakage current lo(L) -10 10 µA Dour disabled; Vour = o V to Vee 

Output voltage, low Vol 0.4 v loL = 2.0mA 

Output voltage, high VoH 2.4 v loH = -2.0 mA 

DC Current Requirements; 5-Volt Devices 
Parameter Symbol -50 -60 -70 -80 Unit Test Conditions 

Operating current lcc1 

4216/42S16 100 90 80 70 mA RAS, CAS cycling; tRc = tRe (min); lo= O mA 

4217/42S17 120 110 100 90 mA 

Refresh current (RAS only lcc3 
refresh) 

4216/42S16 100 90 80 70 mA RAS cycling; CAS :2: V1H (min); tRc = t RC 

4217/42S17 120 110 100 90 mA 
(min); lo= O mA 

Operating current (Fast- lcc4 
page mode) 

4216/42S16 80 70 60 50 mA CAS cycling; RAS :s Vtl (max); tpe = tpe (min); 

4217/42S17 80 70 60 50 mA 
lo= o mA 

Refresh current (CAS Ices 
before RAS refresh) 

4216/42S16 100 90 80 70 mA RAS cycling; tRc = tRc (min); lo= O mA 

4217/42S17 120 110 100 90 mA 

Battery backup current lee a Standby: RAS <!: Vee- 0.2 V; 
(Standby with CAS RAS, CAS: 0 V ::s V1L ::s 0.2 V, 
before RAS refresh) Vee - 0.2 v ::s V1H ::s V1H (max); 

tRAS ::s 300 ns tRAS ::S 1 f.lS WE, OE: V1H; Address: don't care; Output: open 

42S16 350 500 µA CAS before RAS refresh: 4096 cycles, 256 ms 

42S17 300 400 µA CAS before RAS refresh: 2048 cycles, 256 ms 
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µPD421x800/L, 42S1x800/L NEC 
DC Current Requirements; 3.3-Volt Devices 
Parameter Symbol ·A60 ·A70 ·ABO Unit Test Conditions 

Operating current lcc1 

4216/42S16 80 70 60 mA RAS, CAS cycling; tRc = tRc (min); lo= O mA 

4217/42817 100 90 80 mA 

Refresh current (RAS only lcc3 
refresh) 

4216/42S16 80 70 60 mA RAS cycling; CAS ~ V1H (min); tRc = tRc (min); 

4217/42817 100 90 80 mA 
lo=OmA 

Operating current (Fast- lcc4 
page mode) 

4216/42S16 60 50 40 mA CAS cycling; RAS s V1L (max); tpc = tpc (min); 

4217/42S17 60 50 40 mA 
lo= o mA 

Refresh current (CAS Ices 
before RAS refresh) 

4216/42S16 80 70 60 mA RAS cycling; tRc = tRc (min); lo = o mA 

4217/42817 100 90 80 mA 

Battery backup current lcc6 Standby: RAS~ Vee- 0.2 V; 
(Standby with CAS RAS, CAS: 0 vs v,L s0.2 v, 
before RAS refresh) Vee- 0.2 vs V1H s V1H (max); 

tRAS s 300 ns tRAS :S 1 p.8 WE, OE: V1H; Address: don't care; Output: open 

42816 140 140 µA CAS before RAS refresh: 4096 cycles, 256 ms 

42817 120 120 µA CAS before RAS refresh: 2048 cycles, 256 ms 
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NEC pPD421x800/L, 42S1x800/L 

AC Characteristics 
TA= o to +70°C; Vee= +5.0 V ±10% (-50, -60, -70, -80) or +3.3 V ±0.3 V (-A60, -A70, -ABO) 

-50 -60, -A60 -70, -A70 -80, -A80 

Parameter Symbol Min Max Min Max Min Max Min Max Unit Test Conditions 

Access time from column tAA 25 30 35 40 ns (Notes 7, 8) 
address 

Access ti me from CAS tAcP 30 35 40 45 ns (Note 7) 
precharge (rising edge) 

Column address setup tAse 0 0 0 0 ns 
time 

Row address setup time tASR 0 0 0 0 ns 

Column address to WE tAWD 45 53 60 65 ns (Note 15) 
delay time 

Access time from CAS teAe 13 15 18 20 ns (Notes 7, 8) 
(falling edge) 

Column address hold tcAH 13 15 15 15 ns 
time 

CAS pulse width teAS 13 10,000 15 10,000 18 10,000 20 10,000 ns 

CAS hold time for CAS teHR 10 10 10 10 ns 
before RAS refresh cycle 

CAS hold time (CBR self- icHS -50 -50 -50 -50 ns (Note 16) 
refresh mode) 

CAS to output in low-Z teLZ 0 0 0 0 ns (Note 7) 

Fast-page CAS precharge tep 8 10 10 10 ns 
time 

CAS precharge time icPN 8 10 10 10 ns 

Fast-page CAS precharge icPWD 55 60 65 70 ns (Note 14) 
to WE delay time 

CAS to RAS precharge tcRP 5 5 5 5 ns (Note 10) 
time 

CAS hold time tcsH 50 60 70 l:!O ns 

CAS setup time for CAS tcsR 5 5 5 5 ns 
before RAS refresh cycle 

CAS to WE delay tcwo 33 38 43 45 ns (Note 15) 

Write command tcwL 13 15 15 15 ns 
referenced to CAS lead 
time 

Data-in hold time toH 10 10 15 15 ns (Note 13) 

Data-in setup time tos 0 0 0 0 ns (Note 13) 

Access time from OE ioEA 13 15 18 20 ns (Notes 3, 4, 7, 8) 

OE data delay time to ED 10 13 15 15 ns 

OE command hold time to EH 0 0 0 0 ns 

OE to RAS inactive setup ioES 0 0 0 0 ns 
time 

Output turnoff delay from toEZ 0 10 0 13 0 15 0 15 ns (Note 9) Ill OE 
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pPD421x800/L, 42S1x800/L NEC 
AC Characteristics (cont) 

-50 -60, -A60 -70, -A70 -80, -ABO 

Parameter Symbol Min Max Min Max Min Max Min Max Unit Test Conditions 

output disable from CAS toFF 0 10 0 13 0 15 0 15 ns (Note 9) 
high 

OE to output in low-Z toLZ 0 0 0 0 ns (Note 7) 

Fast-page read or write tpc 35 40 45 50 ns (Note 6) 
cycle time 

Fast-page read-modify- tPRWC 80 85 90 100 ns (Note 6) 
write cycle time with 
extended data output 

Access time from RAS tRAC 50 60 70 80 ns (Notes 7, 8) 

RAS to column address tRAD 13 25 15 30 15 35 17 40 ns (Note 8) 
delay time 

Row address hold time tRAH 8 10 10 12 ns 

Column address lead tRAL 25 30 35 40 ns 
time referenced to RAS 
(rising edge) 

RAS pulse width tRAS 50 10,000 60 10,000 70 10,000 80 10,000 ns 

Fast-page RAS pulse tRASP 50 125,000 60 125,000 70 125,000 80 125,000 ns 
width 

RAS pulse width (CBR tRASS 100 100 100 100 µs (Note 16) 
self-refresh mode) 

Random read or write tRc 90 110 130 150 ns (Note 6) 
cycle time 

RAS to CAS delay time tRco 18 32 20 45 20 50 25 60 ns (Note 8) 

Read command hold time tRCH 0 0 0 0 ns (Note 11) 
referenced to CAS 

Read command setup tRcs 0 0 0 0 ns 
time 

Refresh period tREF 

4216 64 64 64 64 ms 

4217 32 32 32 32 ms 

42S16 256 256 256 256 ms 

42S17 256 256 256 256 ms 

RAS hold time referenced tRHCP 30 35 40 45 ns 
to CAS precharge 

RAS precharge time tRP 30 40 50 60 ns 

RAS precharge CAS hold tRPC 5 5 5 5 ns 
time 

RAS precharge time tRPS 90 110 130 150 ns (Note 16) 
(CBA self-refresh mode) 

Read command hold time tRRH 0 0 0 0 ns (Note 11) 
referenced to RAS 

RAS hold time tRSH 13 15 18 20 ns 

Read-modify-write cycle tRwc 140 160 180 200 ns (Note 6) 
time 

RAS to WE delay tRWo 70 83 95 105 ns (Note 15) 
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!VEC 
AC Characteristics (cont) 

-50 -60, -A60 

Parameter Symbol Min Max Min Max 

Write command tRWL 18 20 
referenced to RAS lead 
time 

Rise and fall transition tr 3 50 3 
time 

Write command hold twcH 8 10 
time 

Write command setup twcs 0 0 
time 

Write command pulse twp 8 10 
width 

Notes: 

(1) All voltages are referenced to GND. 

(2) An initial pause of 100.l!tls required after power-up, followed by 
eight refresh cycles (RAS only or CBR) before proper device 
operation is achieved. · 

(3) lcc1. lcc3, lcc4• and Ices depend on output loading and cycle 
rates. Specified values are obtained with the output open. lcc3 
is measured assuming that all column address inputs are held at 
either a high level or a low level during RAS-only refresh cycles. 
lcc4 is measured assuming that all column address inputs are 
switched only once during each fast-page cycle. 

(4) Ac measurements assume tr = 5 ns. 

(5) V1H (min) and V1L (max) are reference levels for measuring the 
timirig of input signals. Transition times are measured between 
V1H and VIL· 

(6) The minimum specifications are used only to Indicate the cycle 
time at which proper operation over the full temperature range 
(TA= 0 to + 70 °C) is assured. 

(7) Load = 2 TTL (-1 mA, + 4 mA) -loads and 100 pF. 

(8) If tRcD s tRcD (max) and tRAD s tRAD (max), access time is 
defined by tRAC (max). 
If tRco <?: tRco (max), access time is defined by tcAc (max). 
If tRAD <!': tRAD (max), access time is defined by tAA (max). 

50 

pPD421x800/L, 42S1x800/L 

-70, -A70 -80, -ABO 

Min Max Min Max Unit Test Conditions 

20 20 ns 

3 50 3 50 ns 

10 15 ns (Note 12) 

0 0 ns (Note 14) 

10 15 ns (Note 12) 

(9) toFF (max) and toez (max) define the time at which the outputs 
become open-circuit and are not referenced to VoH or Vol· 

(10) The tcRP requirement should be applicable for RAS/CAS cycles 
preceded by any cycle. 

(11) Either tRRH or tRcH must be satisfied for a read cycle. 

(12) Parameter twp is applicable for a late write cycle. For early write 
cycles, twcH must be met. 

(13) These parameters are referenced to the leadi.!!S_edge of CAS in 
early write cycles and to the leading edge of WE in late write or 
read-modify-write cycles. 

(14) If twcs ?; twcs (min), the cycle is an early write cycle and the 
data 1/0 pins will remain open-circuit throughoutthe entire cycle. 

(15) If tcwo <?: tcwo (min), tRWo :::: tRWo (min), and tAwo ?; tAwo 
(min), then the cycle is a read-write cycle and the data 1/0 pins 
will contain data read from the selected cells. If neither of the 
above conditions is met, the condition of the data 1/0 pins (at 
access time and until CAS returns to V1H) is indeterminate. 

(16) Parameter is applicable only to self-refresh versions. 

(17) With burst CBR, RAS only, or external RAS/CAS, all addresses 
must be refreshed before entering self-refresh mode and after 
exiting. 
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pPD421x800/L, 42S1x800/L 

Timing Waveforms 

Read Cycle 

NEC 

----------tRC:-----------..i 

RAS 

CAS 

Address 

tcRP 

L 

riE'-----tRSH---~ tcsH------~ 

WE 7/Jl/J/! II! II~ _J V!J/Jli 
-----tOES 

~1 
I I.- tCAc 

~tAA---~ 
i.------tRA•r.--+----~ 

Input/Output -----;.;.;a.;.;.==;..._--..:...l _......__~ 1,"""' 

L.=~ 

14 

Valid Data-out 
High Impedance 



NEC 
Timing Waveforms (cont) 

Early-Write Cycle 

CAS 

Address 

Note: 

[1] OE = don't care. 

pPD421x800/L, 42S1x800/L 

---------tRAS-----~ 

j ~oe---tRsH---~ 

---------tcsH-------
--tRC0-~1-oE----tcAS;---..,...1 
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pPD421x800/L, 42S1x800/L 

Timing Waveforms (cont) 

Late-Write Cycle 

CAS 

Address 

WE 

lnputfOutput 

16 

roE~----tRSH---------------tCSH--------_,., 

----tRCD·--..--14------tCAs·-----

NEC 



NEC 
Timing Waveforms (cont) 

Read-Write/Read-Modify-Write Cycle 

CAS 

Address 

WE 

OE 

Input/Output _______ Hl...,gh_l_mp._edance _____ --<1 

~'RAC·~~~--
1 ~I 1..-toLZ 

tcLZH 

µPD421x800/L, 42S1x800/L 

83YL-6980B 

m 

17 



µPD421x800/L, 42S1x800/L 

Timing Waveforms (cont) 

Fast-Page Read Cycle 

18 
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NEC 
Timing Waveforms (cont) 

Fast-Page Early-Write Cycle 

Note: 

(1) OE= don't care. 

µPD421x800/L, 42S1x800/L 

83YL'8181B 
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pPD421x800/L, 42S1x800/L 

Timing Waveforms (cont) 

Fast-Page Late-Write Cycle 

20 
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NEC pPD421x800/L, 42S1x800/L 

Timing Waveforms (cont) 

Fast-Page Read-Write/Read-Modify-Write Cycle 

14-----tpRwc----~1 

.-~~--tCAS•----

tCAH 

Address 

WE 

High Impedance 

83YL.al838 
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pPD421X:800/L, 42S1x800/L 

Timing Waveforms (cont) 

Hidden Refresh Cycle 

NEC 

---Memory Cycle--~,__ CAS Before RAS Cycle ~~-CAS Beforv RAS Cycle 

22 

----tRc tRc----

RAS 

CAS 

Address 

WE l/!11/11! I J 
I to 

I 

twHR~ I 

\\\ \\ \\\\\ \ \\ \\~ 
I 

Valid Data-out 

to FF 

toEZ 

High 
Im e 

83VIMl786B 



NEC pPD421x800/L, 42S1x800/L 

Timing Waveforms (cont) 

RAS-Only Refresh Cycle 

14--------tRC•--------~ 

14-------tRAs·-----~ 

RAS 

tcRP 

CAS Jl 
-.., .m=IASR - lffAH 

High Impedance 
lnput!Oulput -----------------------------

Notee: 

[1] WE= OE= don't care. 
83YB-8783B 

CAS Before RAS Refresh Cycle 

---------tRc,---------+' 
14-------tRAS!-------

RAS 

tcRP 

WE 7ZlJ \\\\\\\\\ \ \\ \ \\ \ \\ \\\\ \\\\\\\\\\\\\\\\\\\ \\\ 
l~VOUtput-----------Hlg~h~lmpedan:...._ce __________ _ 

83VIHl784B 
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pPD421x800/L, 42S1x800/L 

Timing Waveforms (cont) 

CBR SeN-Refresh Cycle 

1..-~~1 • ._t_cs_R __________ __.1._.--------------~~'CHs 

VOn High Impedance 

24 
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NEC 
NEC Electronics Inc. 

Advance Information 

Description 

The devices listed below are static-column dynamic 
RAMs organized as 2M words by 8 bits and designed to 
operate from a single power supply. Optional features 
are power supply voltage (+5 V or +3.3 V), a new 
refresh mode called "self-refresh," and the number of 
cycles in a refresh period. 

µ.PD Power Self-Refresh Refresh Cycles 

4216802 +5V 4096 in 64 ms 
802L +3.3 v 

42816802 +5V v 4096 in 256 ms 
802L +3.3 v v 

4217802 +5V 2048 in 32 ms 
802L +3.3 v 

42817802 +5V v 2048 in 256 ms 
802L +3.3 v v 

Note: Letters L and 8 denote 3.3-volt and self-refresh devices, 
respectively. 

Advanced polycide technology using stacked capaci
tors minimizes silicon area and provides high storage 
cell capacity, high performance, and high reliability. A 
single-transistor dynamic storage cell and CMOS cir
cuitry throughout ensure minimum power dissipation 
while an on-chip circuit internally generates the nega
tive voltage substrate bias-automatically and trans
parently. 

The three-state 1/0 pins are controlled by CS indepen
dent of RAS. After a valid read or read-modify-write 
cycle, data is held on the outputs by maintaining CS 
low. Data outputs return to high impedance when CS 
goes high. Static-column read and write cycles can be 
executed by cycling CS. 

Refreshing may be accomplished by a CS before RAS 
refresh cycle (CBR) that internally generates the re
fresh addresses. 

pPD4216802 
2,097,152 x 8-Bit 

Dynamic CMOS RAM 

For the 4216/42S16, RAS only refresh cycles and normal 
read or write cycles on the 4096 address combinations 
of Ao -A11 wil I refresh all memory locations. Bits Ao -A11 
are used for row and refresh addresses, Ao -A8 for 
column addresses. 

For the 4217/42S17, RAS only refresh cycles and normal 
read or write cycles on the 2048 address combinations 
of Ao -A10 will refresh all memory locations. Bits Ao -A10 
are used for row and refresh addresses, Ao - A9 for 
column addresses. 

The self-refresh mode is entered by holding RAS and CS 
low for longer than 100 µs during a CBR cycle. Detec
tion of this long RAS time starts an internal oscillator 
that maintains data integrity without external clocking. 
The slow refresh reduces the data hold current to less 
than 200 µA ( +5 V) or 80 µA ( +3.3 V). Self-refresh mode 
is used with microprocessors that have a "sleep mode" 
for low-power applications such as notebook PCs. 

Battery backup current leea is defined as the current 
consumption when the device is in standby mode. (RAS 
~ Vee - 0.2 V) and very-slow (extended) CSR cycles 
are being performed. 

Features 

o 2,097,152 by 8-bit organization 
o Single power supply: +5-volt or +3.3-volt 
o Static-column option 
o Low-power~ration 
o CS before RAS refreshing 
o Self-refresh option (slow internal automatic refresh) 
o On-chip substrate bias generator 
o TTL-compatible inputs and outputs 
o Nonlatched three-state outputs 
o Low input capacitance 
o Multiplexed row and column addresses 
o 28-pin, 400-mil SOJ and TSOP plastic packages 

Contact your NEC sales representative for a complete data sheet. 

60260 
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pPD4216802 

Pin Configurations 

28-Pin Plastic SOJ 

µPD4216f42S16, 4217/42S17 

Vee GND 

V01 VO a 
V02 V07 
V03 VO a 
V04 V05 

WE CS 
RAS OE 

*A11 A9 
A10 As 
Ao A1 

A1 As 
A2 As 
A3 A4 

Vee '----"""""""' ~ GND 

*Pin 8 Is NC for 4217/42817 

28-Pin Plastic TSOP (Normal Pinouts) 

µPD4216f42S16, 4217/42S17 

Vee 10 28 GND 

V01 2 27 VO a 
V02 3 26 V07 
V03 4 25 VOa 
V04 5 24 V05 

WE 6 23 cs 
RAS 7 -7JD 22 OE 

*A11 8 21 Ag 
A10 9 20 As 
Ao 10 19 A1 

A1 11 18 As 
A2 12 17 As 
As 13 16 A4 

Vee 14 015 GND 

*Pin 8 ls NC for 4217/42S17 

Sufftx-7JD In the package Identifier 
denotes normal plnout sequence. 

2 

83FM-9092A 

83FM-9093A 

NEC 

28-Pin Plastic TSOP (Reverse Pinouts) 

µPD4216f42S16, 4217/42S17 

GND 0 
VO a 2 

v07 3 

VO a 4 

V05 5 

cs 6 

OE 7 
-7KD 

Ag 8 

As 9 

A1 10 

As 11 

As 12 

A4 13 

GND 14 0 

*Pin 21 ls NC for4217/42S17 

Sufflx -7KD In the package Identifier 
denotes reverse plnout sequence. 

Pin Identification 
Name Function 

Ao-A11 Address inputs 

028 

27 

26 

25 

24 

23 

22 

21 

20 

19 

18 

17 

16 

15 

1/01-1/0s Data inputs and outputs 

cs Column address strobe 

OE Output enable 

RAS Row address strobe 

WE Write enable 

GND Ground 

Vee 
V01 

V02 
V03 

V04 
WE 

RAS 

A11* 

A10 

Ao 
A1 

A2 

As 
Vee 

Vee +5-volt or +3.3-volt power supply 

NC No connection 

83F!H094A 



NEC 
NEC Electronics Inc. 

Description 

The devices listed below are fast-page dynamic RAMs 
organized as 2M words by 9 bits and designed to 
operate from a single power supply. Optional features 
are power supply voltage {+5 V or +3.3 V), a new 
refresh mode called "self-refresh," and the number of 
cycles in a refresh period. 

l'PD Power Self-Refresh Refresh Cycles 

4216900 +5V 4096 in 64 ms 
900L +3.3V 

42$16900 +sv v 4096 in 256 ms 
900L +3.3V v 

4217900 +sv 2048 in 32 ms 
900L +3.3V 

42$17900 +sv v 2048 in 256 ms 
900L +3.3V v 

Note: Letters L and S denote 3.3-volt and self-refresh devices, 
respectively. 

Advanced polycide technology using stacked capaci
tors minimizes silicon area and provides high storage 
cell capacity, high performance, and high reliability. A 
single-transistor dynamic storage cell and CMOS cir
cuitry throughout ensure minimum power dissipation 
while an on-chip circuit internally generates the nega
tive voltage substrate bias-automatically and trans
parently. 

The three-state 1/0 pins are controlled by CAS indepen
dent of RAS. After a valid read or read-modify-write 
cycle, data is held on the outputs by maintaining CAS 
low. Data outputs return to high impedance when CAS 
goes high. Fast-page read and write cycles can be 
executed by cycling CAS. 

Refreshing may be accomplished by a CAS before RAS 
refresh cycle (CBR) that internally generates the re
fresh addresses. 

For the 4216/42S16, RAS only refresh cycles and normal 
read or write cycles on the 4096 address combinations 
of Ao -A11 will refresh all memory locations. Bits Ao -A11 
are used for row and refresh addresses, Ao -As for 
column addresses. 

For the 4217/42S17, RAS only refresh cycles and normal 
read or write cycles on the 2048 address combinations 
of Ao -A10 will refresh all memory locations. Bits Ao -A10 
are used for row and refresh addresses, Ao -A9 for 
column addresses. 

60187 

pPD421x900/L, 42S1x900/L 
(x = 6, 7) 

2,097, 152 x 9-Bit 
Dynamic CMOS RAM 

The self-refresh mode is entered by holding RAS and 
CAS low for longer than 100 µs during a C BR cycle. 
Detection of this long RAS time starts an internal 
oscillator that maintains data integrity without exter
nal clocking. The slow refresh reduces the data hold 
current to less than 200 µA {+5 V) or 80 µA (+3.3 V). 
Self-refresh mode is used with microprocessors that 
have a "sleep mode" for low-power applications such 
as notebook PCs. 

Battery backup current Ices is defined as the current 
consumption when the device is in standby mode (RAS 
~ Vee - 0.2 V) and very-slow (extended) CBR cycles 
are being performed. 

Features 

o 2,097,152 by 9-bit organization 
o Single power supply: +5-volt or +3.3 volt 
o Fast-page option 
o Low-power operation 
o CAS before RAS refreshing 
o Self-refresh option (slow internal automatic refresh) 
o On-chip substrate bias generator 
o TTL-compatible inputs and outputs 
o Nonlatched three-state outputs 
o Low input capacitance 
o Multiplexed row and column addresses 
o 32-pin, 400-mil SOJ and TSOP plastic packages 



pPD421x900/L,, 42S1x900/L 

Pin Configurations 

32-Pin Plastic SOJ 

11PD421e/42S16, 4217/42S17 

Vee 32 G"°"D 
1101 2 31 I/Os 
1102 3 30 "~ 
1/03 4 29 l/Oe 
1/04 5 28 I/Os 
1/09 6 2:1 CAS 
WE 7 26 OE 

RAS 8 25 NC 

NC 9 24 NC 
*A11 10 23 Ag 

A10 11 22 As 
Ao 12 21 A1 
A1 13 20 As 
"2 14 19 As 
Aa 15 18 A.i 

Vee 16 17 GND 

*Pin 10 Is NCfor4217/42S17 

32-Pin Plastic TSOP (Normal Pinouts) 

11PD421e/42S18, 4217/42S17 

Vee 10 GND 

1101 2 "Os 
11<>2 3 "~ 
1/03 4 l/Oe 
1/04 5 I/Os 
1/09 8 CAS 
WE 7 OE 

RAS 8 NC 
NC 9 NC 

*A11 10 Ag 

A1o 11 As 
Ao 12 A-, 
A1 13 As 
"2 14 As 
As 15 A.i 

Vee 16 GND 

*Pin 10 Is NCfor4217/42S17 

Sufllx-7JD In the package lden11fler 
denotes normal plnout ssquence. 

2 

NEC 

32-Pin Plastic TSOP (Reverse Pinouts) 

11PD421e/42S16, 4217/42S17 

GND 1 0 032 vcc 
I/Os 2 31 1101 

"~ 3 30 1102 
1106 4 29 1/03 
1/05 5 28 1/()4 
CAS 8 2:1 l/Og 
OE 7 26 WE 
NC 8 -7KD 25 RAS 
NC 9 24 NC 
Ag 10 23 A11* 

As 11 22 A1o 
A1 12 21 Ao 
As 13 20 A1 

As 14 19 A2 

A.i 15 0 18 Aa 
GND 16 17 vcc 

* Pin 23 ls NC for 4217/42$17 
83FM-814M 

SUftlx-7KD In the package ldenUfter 
denotes raverse plnout sequence. 

83fM.81~ 

Pin ldentif ication 
Name Function 

Ao-A11 Address inputs 

V01-V09 Data inputs and outputs 

CAS Colum11 address strobe 

5E Outputenable 

RAS Row address strobe 

WE Write enable 

GND Ground 

Vee +s~volt or +3.3-volt power supply 

NC No connection 



NEC 
Block Diagram 

Ao-A10 

A11 

Note: 4216'42S16: Ao-A11 
4217/42$17: Ao-A10 

Truth Table 
Function 

Standby 

Refresh cycle 

Byte read cycle 

Byte write cycle 

X = don't care. 

~ 
lD 

I 
'C 

~ 

RAS 

H 

L 

L 

L 

L 

L 

L 

CASClock 
Generator 

Iii 

1 
Q 

~ a: 

CA5 

x 
H 

L 

H 

L 

H 

L 

WE Clock 
Generator 

OE Clock 
Generator 

Datal/OBus 

Column Decoder 

Sense Amprmer 

Memory Array 

WE 

x 
x 
H 

H 

L 

L 

H 

µPD421x900/L, 42S1x900/L 

Data-In 
Buffer 

lf01 

1(09 
Data-out 
Buffer 

83CL-88848 

OE 1/01 -1/09 

x High-Z 

x High-Z 

L Data output 

L High-Z 

H Data input 

H 

H High-Z 

3 



#PD421x900/L, 42S1x900/L NEC 
Ordering Information, µPD4216900 { + 5-volt power; 4096 refresh cycles) 

RAS Access Fast-Page Battery Backup 
Part Number Time (max) Cycle (max) Current (max) Package 

µPD4216900LE-50 50 ns 35 ns 350µA 32-pin plastic SOJ 

LE-60 60 ns 40 ns 

LE-70 70 ns 45 ns 

LE-80 80 ns 50 ns 

µPD4216900G5-50 50 ns 35 ns 350µA 32-pin plastic TSOP (normal pinouts) 

G5-60 60 ns 40 ns 

G5-70 70 ns 45 ns 

G5-80 80 ns 50 ns 

µPD4216900G5M-50 50 ns 35 ns 350µA 32-pin plastic TSOP (reverse pinouts) 

G5M-60 60 ns 40 ns 

G5M-70 70 ns 45 ns 

G5M-80 80 ns 50 ns 

Ordering Information, µPD4216900L { + 3.3-volt power; 4096 refresh cycles) 
RAS Access Fast-Page Battery Backup 

Part Number Time (max) Cycle (max) Current (max) Package 

µPD4216900LLE-A60 60 ns 40 ns 140µA 32-pin plastic SOJ 

LE-A70 70 ns 45 ns 

LE-A80 80 ns 50 ns 

µPD4216900LG5-A60 60 ns 40 ns 140µA 32-pin plastic TSOP (normal pinouts) 

G5-A70 70 ns 45 ns 

G5-A80 80 ns 50 ns 

µPD4216900LG5M-A60 60 ns 40 ns 140µA 32-pin plastic TSOP (reverse pinouts) 

G5M-A70 70 ns 45 ns 

G5M-A80 80 ns 50 ns 

4 



NEC pPD421 x900/L, 42S1x900/L 

Ordering Information, µ.PD42S16900 ( + 5-volt power; 4096 refresh cycles; self-refresh mode) 
~Access 

Part Number Time (max) 

µPD42S16900LE-50 50 ns 

LE-60 60 ns 

LE-70 70 ns 

LE-80 80 ns 

µPD42S16900G5-50 50 ns 

G5-60 60 ns 

G5-70 70 ns 

G5-80 80 ns 

µPD42S16900G5M-50 50 ns 

G5M-60 60 ns 

G5M-70 70 ns 

G5M-80 80 ns 

Fast-Page 
Cycle (max) 

35 ns 

40 ns 

45 ns 

50 ns 

35 ns 

40 ns 

45 ns 

50 ns 

35 ns 

40 ns 

45 ns 

50 ns 

Battery Backup 
Current (max) 

350µA 

350µA 

350µA 

Package 

32-pin plastic SOJ 

32-pin plastic TSOP (normal pinouts) 

32-pin plastic TSOP (reverse pinouts) 

Ordering Information, µ.PD42S16900L (+ 3.3-volt power; 4096 refresh cycles; self-refresh mode) 
RAS Access Fast-Page Battery Backup 

Part Number Time (max) Cycle (max) Current (max) Package 

µPD42S16900LLE-A60 60 ns 40 ns 140µA 32-pin plastic SOJ 

LE-A70 70 ns 45 ns 

LE-A80 80 ns 50 ns 

µPD42S16900LG5-A60 60 ns 40 ns 140µA 32-pin plastic TSOP (normal pinouts) 

G5-A70 70 ns 45 ns 

G5-A80 80 ns 50 ns 

µPD42S16900LG5M-A60 60 ns 40 ns 140µA 32-pin plastic TSOP (reverse pinouts) 

G5M-A70 70 ns 45 ns 

G5M-A80 80 ns 50 ns 

5 
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pPD421x900/L, 42S1x900/L NEC 
Ordering Information, l'PD4217900 ( + 5-volt power; 2048 refresh cycles) 

RAS Access Fast-Page Battery Backup 
Part Number Time (max) Cycle (max) Current (max) Package 

µPD4217900LE-50 50 ns 35 ns 300µA 32-pin plastic SOJ 

LE-SO SO ns 40 ns 

LE-70 70 ns 45 ns 

LE-80 80 ns 50 ns 

µPD4217900G5-50 50 ns 35 ns 300µA 32-pin plastic TSOP (normal pinouts) 

G5-SO SO ns 40 ns 

G5-70 70 ns 45 ns 

G5-80 80 ns 50 ns 

µPD4217900G5M-50 50 ns 35 ns 300µA 32-pin plastic TSOP (reverse pinouts) 

G5M-SO SO ns 40 ns 

G5M-70 70 ns 45 ns 

G5M-80 80 ns 50 ns 

Ordering Information, "PD4217900L ( + 3.3-volt power; 2048 refresh cycles) 
RAS Access Fast-Page Battery Backup 

Part Number Time (max) Cycle (max) Current (max) Package 

µPD4217900LLE-ASO SO ns 40 ns 120µA 32-pin plastic SOJ 

LE-A70 70 ns 45 ns 

LE-A80 80 ns 50 ns 

µPD4217900LG5-ASO SO ns 40 ns 120µA 32-pin plastic TSOP (normal pinouts) 

G5-A70 70 ns 45 ns 

G5-A80 80 ns 50 ns 

µPD4217900LG5M-ASO SO ns 40 ns 120µA 32-pin plastic TSOP (reverse pinouts) 

G5M-A70 70 ns 45 ns 

G5M-A80 80 ns 50 ns 

6 



t-IEC pPD421x900/L, 42S1x900/L 

Ordering Information, µ.PD42S17900 (+ 5-volt power; 2048 refresh cycles; self-refresh mode) 
RAS Access 

Part Number Time (max) 

µPD42S17900LE-50 50 ns 

LE-60 60 ns 

LE-70 70 ns 

LE-80 80 ns 

µPD42S17900G5-50 50 ns 

G5-60 60 ns 

G5-70 70 ns 

G5-80 80 ns 

µPD42S17900G5M-50 50 ns 

G5M-60 60 ns 

G5M-70 70 ns 

G5M-80 80 ns 

Fast-Page 
Cycle (max) 

35 ns 

40 ns 

45 ns 

50 ns 

35 ns 

40 ns 

45 ns 

50 ns 

35 ns 

40 ns 

45 ns 

50 ns 

Battery Backup 
Current (max) 

300µA 

300µA 

300µA 

Package 

32-pin plastic SOJ 

32-pin plastic TSOP (normal pinouts) 

32-pin plastic TSOP (reverse pinouts) 

Ordering Information, µ.PD42S17900L (+ 3.3-volt power; 2048 refresh cycles; self-refresh mode) 
RAS Access Fast-Page Battery Backup 

Part Number Time (max) Cycle (max) Current (max) Package 

µPD42S17900LLE-A60 60 ns 40 ns 120µA 32-pin plastic SOJ 

LE-A70 70 ns 45 ns 

LE-ABO 80 ns 50 ns 

µPD42S17900LG5-A60 60 ns 40 ns 120µA 32~pin plastic TSOP (normal pinouts) 

G5~A70 70 ns 45 ns 

G5-A80 80 ns 50 ns 

µPD42S17900LG5M-A60 60 ns 40 ns 120µA 32-pin plastic TSOP (reverse pinouts) 

G5M-A70 70 ns 45 ns 

G5M-A80 80 ns 50 ns 

7 



pPD421x900/L, 42S1x900/L 

Absolute Maximum Ratings 
Voltage on any pin relative to GND 

5-volt devices 
3.3-volt devices 

Operating temperature, ToPR 

Storage temperature, Tsra 

Short-circuit output current, los 

Power dissipation, Po 

-1.0to +7.0V 
-0.5 to + 4.6 V 

o to +10°c 

-55 to +125°C 

50mA 

1.ow 

Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause perma
nent damage. The device should be operated within the limits 
specified under DC and AC Characteristics. 

Recommended Operating Conditions 

NEC 
Capacitance 
TA = 25°C; f = 1 MHz 

Parameter Symbol Max Unit Pins Under Test 

Input capacitance C11 5 pF Addresses 

C12 7 pF CAS, WE, OE, RAS 

Input/output Co 7 pF 1/01-1/09 
capacitance 

5-Volt Devices 3.3-Volt Devices 

Parameter Symbol Min 

Input voltage, high V1H 2.4 

Input voltage, low V1L -1.0 

Supply voltage Vee 4.5 

Ambient temperature TA 0 

Self-Refresh Current; 42S1x Devices 
TA= o to +10°c; Vee= +5 v ±10% or +3.3 v ±0.3 v 

Typ 

5.0 

Max Min Typ Max Unit 

Vee+ 1.0 2.0 Vee+ 0.3 v 
0.8 -0.3 0.8 v 
5.5 3.0 3.3 3.6 v 
70 0 70 ·c 

Symbol 5-Volt Devices 3.3-Volt Devices Conditions 

200µA max 

DC Characteristics; 5-Volt Devices 
TA= o to +10°c; Vee= +5.0 v ±10% 

Parameter Symbol Min 

Standby current lce2 

Input leakage current l1(L) -10 

Output leakage current lo(L) -10 

Output voltage, low Vol 

Output voltage, high VoH 2.4 

8 

Typ 

SOµA max 

Max Unit 

2.0 mA 

400 µA 

10 µA 

10 µA 

0.4 v 
v 

1/0 pins: V1H ~ Vee -0.2 V; V1L s 0.2 V or 
open. Other input pins: V1H ~ Vec-0.2 V; V1L 
s 0.2 V or open; tRAS ~ 100 µs 

Test Conditions 

RAS= CAS ~ V1H (min); lo= 0 mA 

RAS = CAS ~ Vee - 0.2 V; lo = 0 mA 

V1N = 0 V to V cc: all other pins not under test = 0 V 

Dour disabled; Vour = o V to Vee 

loL = 4.2mA 

loH = -5mA 



NEC 
DC Characteristics; 3.3-Volt Devices 
TA = o to + 70°C; Vee = +3.3 V ±0.3 V 

Parameter Symbol Min Typ 

Standby current lcc2 

Input leakage current lt(L) -10 

Output leakage current lo(L) -10 

Output voltage, low Vol 

Output voltage, high VoH 2.4 

DC Current Requirements; 5-Volt Devices 
Parameter 

Operating current 

4216/42S16 

4217/42S17 

Refresh current (RAS only 
refresh) 

4216/42S16· 

4217/42S17 

Operating current (Fast
page mode) 

4216/42S16 

4217/42S17 

Refresh current (CAS 
before RAS refresh) 

4216/42S16 

4217/42S17 

Battery backup current 
(Standby with CAS 
before RAS refresh) 

42S16 

42S17 

Symbol 

lcc1 

lcc3 

lcc4 

Ices 

lcce 

-50 -60 

110 100 

130 120 

110 100 

130 120 

80 70 

80 70 

110 100 

130 120 

tRAS s 300 ns 

350 

300 

Max Unit 

2.0 mA 

400 µA 

10 µA 

10 µA 

0.4 v 
v 

-70 -80 

90 80 

110 100 

90 80 

110 100 

60 50 

60 50 

90 80 

110 100 

500 

400 

pPD421x900/L, 42S1x900/L 

Test Conditions 

RAS= CAS ~ V1H (min); lo= 0 mA 

RAS= CAS~ Vcc-0.2V;lo= OmA 

V1N = O V to V cc; all other pins not under test = O V 

DouT disabled; VouT = o V to Vee 

loL = 2.0mA 

loH = -2.0 mA 

Unit Test Conditions 

mA RAS, CAS cycling; tRc = tRc (min); lo= o mA 

mA 

mA 

mA 

mA 

mA 

mA 

mA 

µA 

µA 

RAS cycling; CAS ~ V1H (min); tRc = t RC 
(min); 10 = o mA 

CAS cycling; RAS s V1L (max); tpc = tpc (min); 
10 = o mA 

RAS cycling; tRc = tRc (min); lo= O mA 

Standby: RAS;?: Vcc-0.2 V; 
RAS, CAS: 0 Vs V1L s0.2 V, 
Vee - 0.2 v s V1H :S V1H (max); 
WE, OE: V1H; Address: don't care; Output: open 

CAS before RAS refresh: 4096 cycles, 256 ms 

CAS before RAS refresh: 2048 cycles, 256 ms 

9 



pPD421x900/L, 42S1x900/L NEC 
DC Current Requirements; 3.3-Volt Devices 
Parameter Symbol -A60 -A70 -ABO Unit Test Conditions 

Operating current. lce1 

4216/42S16 90 80 70 mA RAS, CAS cycling; tRe = tRe (min); lo= O mA 

4217/42S17 110 100 90 mA 

Refresh current (RAS only 1ec3 
refresh) 

4216/42S16 90 80 70 mA RAS cycling; CAS ~ V1H (min); tRe = tRe (min); 

4217/42S17 110 100 90 mA 
lo= OmA 

Operating current (Fast- lee4 
page mode) 

4216/42S16 60 50 40 mA CAS cycling; RAS s V1L (max); tpe = tpe (min); 

4217/42S17 60 50 40 mA 
lo= o mA 

Refresh current (CAS lees 
before RAS refresh) 

4216/42S16 90 80 70 mA RAS cycling; tRe = tRe (min); lo= O mA 

4217/42S17 110 100 90 mA 

Battery backup current lees Standby: RAS~ Vee- 0.2 V; 
(Standby with OAS RAS, CAS: 0 vs v,L s0.2 v, 
before RAS refresh) Vee- 0.2 vs V1H s V1H (max); 

tRAS s 300 ns tRAS S 1 f.1S WE, OE: V1H; Address: don't care; Output: open 

42S16 140 140 µA CAS before RAS refresh: 4096 cycles, 256 ms 

42$17 120 120 µA CAS before RAS refresh: 2048 cycles, 256 ms 
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NEC pPD421x900/L, 42S1x900/L 

AC Characteristics 
TA= o to +70°C; Vee= +5.0 V ±10% (-50, -60, -70, -80) or +3.3 V ±0.3 V (-A60, -A70, -A80) 

-50 -60, -A60 -70, ·A70 -80, ·ABO 

Parameter Symbol Min Max Min Max Min Max Min Max Unit Test Conditions 

Access time from column tAA 25 30 35 40 ns (Notes 7, 8) 
address 

Access time from CAS tAeP 30 35 40 45 ns (Note 7) 
precharge (rising edge) 

Column address setup tAse 0 0 0 0 ns 
time 

Row address setup time tASR 0 0 0 0 ns 

Column address to WE tAwo 45 53 60 65 ns (Note 15) 
delay time 

Access time from CAS teAe 13 15 18 20 ns (Notes 7, 8) 
(falling edge) 

Column address hold teAH 13 15 15 15 ns 
time 

CAS pulse width teAs 13 10,000 15 10,000 18 10,000 20 10,000 ns 

CAS hold time for CAS teHR 10 10 10 10 ns 
before RAS refresh cycle 

CAS hold time (CBR self- tcHS -50 -50 -50 -50 ns (Note 16) 
refresh mode) 

CAS to output in low-Z teLz 0 0 0 0 ns (Note 7) 

Fast-page CAS precharge tcP 8 10 10 10 ns 
time 

CAS precharge time tePN 8 10 10 10 ns 

Fast-page CAS precharge tePWo 55 60 65 70 ns (Note 14) 
to WE delay time 

CAS to RAS precharge teRP 5 5 5 5 ns (Note 10) 
time 

CAS hold time tesH 50 60 70 80 ns 

CAS setup time for CAS tcsR 5 5 5 5 ns 
before RAS refresh cycle 

CAS to WE delay tcwo 33 38 43 45 ns (Note 15) 

Write command tewL 13 15 15 15 ns 
referenced to CAS lead 
time 

Data-in hold time toH 10 10 15 15 ns (Note 13) 

Data-in setup time tos 0 0 0 0 ns (Note 13) 

Access time from OE to EA 13 15 18 20 ns (Notes 3, 4, 7, 8) 

OE data delay time toEo 10 13 15 15 ns 

OE command hold time toEH 0 0 0 0 ns 

OE to RAS inactive setup to Es 0 0 0 0 ns 
time 

Output turnoff delay from toEz 0 10 0 13 0 15 0 15 ns (Note 9) El OE 

11 



µPD421x900/L, 42S1x900/L NEC 
AC Characteristics (cont) 

-50 -60, -A60 -70, -A70 -80, -A80 

Parameter Symbol Min Max Min Max Min Max Min Max Unit Test Conditions 

Output disable from CAS toFF 0 10 0 13 0 15 0 15 ns (Note 9) 
high 

OE to output in low-Z ioLZ 0 0 0 0 ns (Note 7) 

Fast-page read or write tpc 35 40 45 50 ns (Note 6) 
cycle time 

Fast-page read-modify- tpRWc 80 85 90 100 ns (Note 6) 
write cycle time with 
extended data output 

Access time from RAS tRAC 50 60 70 80 ns (Notes 7, 8) 

RAS to column address tRAD 13 25 15 30 15 35 17 40 ns (Note 8) 
delay time 

Row address hold time tRAH 8 10 10 12 ns 

Column address lead tRAL 25 30 35 40 ns 
time referenced to RAS 
(rising edge) 

RAS pulse width tRAS 50 10,000 60 10,000 70 10,000 80 10,000 ns 

Fast-page RAS pulse tRASP 50 125,000 60 125,000 70 125,000 80 125,000 ns 
width 

RAS pulse width (CBR tRASS 100 100 100 100 µs (Note 16) 
self-refresh mode) 

Random read or write tRc 90 110 130 150 ns (Note 6) 
cycle time 

RAS to CAS delay time tRCD 18 32 20 45 20 50 25 60 ns (Note 8) 

Read command hold time tRcH 0 0 0 0 ns (Note 11) 
referenced to CAS 

Read command setup tRcS 0 0 0 0 ns 
time 

Refresh period tREF 

4216 64 64 64 64 ms 

4217 32 32 32 32 ms 

42S16 256 256 256 256 ms 

42S17 256 256 256 256 ms 

RAS hold time referenced tRHCP 30 35 40 45 ns 
to CAS precharge 

RAS precharge time tRP 30 40 50 60 ns 

RAS precharge CAS hold tRPC 5 5 5 5 ns 
time 

RAS precharge time tRPS 90 110 130 150 ns (Note 16) 
(CBR self-refresh mode) 

Read command hold time tRRH 0 0 0 0 ns (Note 11) 
referenced to RAS 

RAS hold time tRSH 13 15 18 20 ns 

Read-modify-write cycle tRWc 140 160 180 200 ns (Note 6) 
time 

RAS to WE delay tRWo 70 83 95 105 ns (Note 15) 

12 



NEC 
AC Characteristics (cont) 

-50 -60, -A60 

Parameter Symbol Min Max Min Max 

Write command tRWL 18 20 
referenced to RAS lead 
time 

Rise and fall transition tT 3 50 3 
time 

Write command hold twcH 8 10 
time 

Write command setup twcs 0 0 
time 

Write command pulse twp 8 10 
width 

Notes: 

(1) All voltages are referenced to GND. 

(2) An initial pause of 100~s required after power-up, followed by 
eight refresh cycles (RAS only or CBR) before proper device 
operation is achieved. 

(3) lcc1. lcc3, lcC4• and lcc5 depend on output loading and cycle 
rates. Specified values are obtained with the output open. lcc3 
is measured assuming that all column address inputs are held at 
either a high level or a low level during RAS-only refresh cycles. 
lcc4 is measured assumii:ig that all column address inputs are 
switched only once during each fast-page cycle. 

(4) Ac measurements assume tT = 5 ns. 

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

(6) The minimum specifications are used only to indicate the cycle 
time at which proper operation over the full temperature range 
(TA= 0 to + 70 °C) is assured. 

(7) Load = 2 TTL (-1 mA, +4 mA) loads and 100 pF. 

(8) If tRco s tRco (max) and tRAD s tRAD (max), access time is 
defined by tRAC (max). 
If tRco ~ tRco (max), access time is defined by tcAc (max). 
If tRAD ~ tRAD (max), access time is defined by tAA (max). 

50 

pPD421x900/L, 42S1x900/L 

-70, -A70 -80, -A80 

Min Max Min Max Unit Test Conditions 

20 20 ns 

3 50 3 50 ns 

10 15 ns (Note 12) 

0 0 ns (Note 14) 

10 15 ns (Note 12) 

(9) toFF (max) and toEZ (max) define the time at which the outputs 
become open-circuit and are not referenced to VoH or Vol· 

(10) The tcRP requirement should be applicable for RAS/CAS cycles 
preceded by any cycle. 

(11) Either tRRH or tRcH must be satisfied for a read cycle. 

(12) Parameter twp is applicable for a late write cycle. For early write 
cycles, twcH must be met. 

(13) These parameters are referenced to the leadi.!!9_ edge of CAS in 
early write cycles and to the leading edge of WE in late write or 
read-modify-write cycles. 

(14) If twcs ~ twcs (min), the cycle is an early write cycle and the 
data 1/0 pins will remain open-circuit throughout the entire cycle. 

(15) If tcwo ~ tcwo (min), tRWo :2:: tRWo (min), and tAwo ~ tAwo 
(min), then the cycle is a read-write cycle and the data 1/0 pins 
will contain data read from the selected cells. If neither of the 
above conditions is met; the condition of the data 1/0 pins (at 
access time and until CAS returns to V1H) is indeterminate. 

(16) Parameter is applicable only to self-refresh versions. 

(17) With burst CBR, RAS only, or external RAS/CAS, all addresses 
must be refreshed before entering self-refresh mode and after 
exiting. 
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pPD421x900/L, 42S1x900/L NEC 
Timing Waveforms 

Read Cycle 

CAS 

Address 

·-----------lRC:---------~ 

----------tAAS,--------

f.1111 ~'------tRSH---

------'---tCSH------~ 

---tRco--~---tCAs----•1 

tRP 

~tRRH_, 

r·"'"1 
14----toes _J VI/JI/; 

~~1 

I . k- tCAc 

~tAA---~ 
14------tAA,.._~---~ 

High Impedance 1nput10utpw~~~~---!~!!!!!!!~00'--~~Tl~-+-~--fiK"f'JOf 

L.c~~ 
VaDd Data-out 

83Y&8778B 
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NEC pPD421x900/L, 42S1x900/L 

Timing Waveforms (cont) 

Ear/JC-Write Cycle 

-------tRc----------

CAS 

Address 

tCRP 1--1( ---tRSH--

-----tCSH-----

----tRco--++-oE----tCAs:----.i 

twcs _i ~ ~IWCH :1 
we ........... \\\ ............. \\\ ........... \\~_.._\\\ ............ \\'\-\\'{ I I twp-~Y// !//J//JJ// j//// 11//J 
~1. ~ I· 1DH-j~ 

lnputlOUtput Data-In 

Note: 

[1] OE = don't care. 
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pPD421x900/L, 42S1x900/L 

Timing Waveforms (cont) 

Late-Write Cycle 

RAS 

tCRP 

CAS 

Address 

WE 

16 

1

141(-----tRSH-----
________ ....;.__tCSH----------

NEC 

83YL-41878B 



NEC 
Timing Waveforms (cont) 

Read-Write/Read-Modify-Write Cycle 

Address 

WE 

lnputlOUtput _______ Hl .... g._h_lm ..... pedance ______ , 

~tRAC:~~~--
1 +I l~tOLZ 

tetzH 

µPD421x900/L, 42S1x900/L 
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pPD421x900/L, 42S1x900/L 

Timing Waveforms (cont) 

Fast-Page Read Cycle 
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NEC 
Timing Waveforms (cont) 

Fast-Page Early-Write Cycle 

Note: 

[1] OE=don'tcare. 

pPD421x900/L, 42S1x900/L 

83YL-8981B 

El 
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pPD421x900/L, 42S1x900/L 

Timing Waveforms (cont) 

Fast-Page Late-Write Cycle 

20 
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NEC pPD421x900/L, 42S1x900/L 

Timing Waveforms (cont) 

Fast-Page Read-Write/Read-Modi'fy-Write Cycle 

------------tRAsp------------

-----tpRwc------· 
-~~--tcAS---i>-1 

tcAH 

Address 

Data-In 
High Impedance 

toEZ 

83FM-7910B 

El 
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µPD421x900/L, 42S1x900/L 

Timing Waveforms (cont) 

Hidden Refresh Cycle 

NEC 

----Memory Cyde------,-- CAS Before RAS Cycle ---CAs Before RAS Cycle 

~----tRc tRc tRc-----

RAS 

CAS 

Address 

I toEA 

~tcA 
I tOLz 

lnput!Output ----..,.---H .... lgh_l_m._pedanc __ e __ -<1 

lli_~CLZ 

22 

---tRAs 

twHR~ I 

\\\ \\\ \\\\ \\\\\\1 
I 

Valid Data-out 

toFF 

toEZ 

High 
Im e 



NEC µPD421x900/L, 42S1x900/L 

Timing Waveforms (cont) 

RAS-Only Refresh Cycle 

--------tRc-------~ 

--------tRAs-------. 

RAS 

High Impedance 
lnput!Output ----------____,;;,,__...;.... _________ _ 

Notes: 

[1] WE= OE= don't care. 
83VIMl7838 

CAS Before RAS Refresh Cycle 

Address 1////////// !l/!!/l! II////!! Ill //fll!!lll /// f //////!II/II //J! II/// 
83FM-111118 
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pPD421x900/L, 42S1x900/L 

Timing Waveforms (cont) 

CBR SeN-Refresh Cycle 

1---1 ·-t-cs_R ______ .... _________ f'~· 

VOn 
High Impedance 

24 
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NEC 
NEC Electronics Inc. 

Advance Information 

Description 

The devices listed below are static-column dynamic 
RAMs organized as 2M words by 9 bits and designed to 
operate from a single power supply. Optional features 
are power supply voltage (+5 V or +3.3 V), a new 
refresh mode called "self-refresh," and the number of 
cycles in a refresh period. 

µ.PD Power Self-Refresh Refresh Cycles 

4216902 +5V 4096 in 64 ms 
902L +3.3 v 

42816902 +5V ..; 4096 in 256 ms 
902L +3.3 v ..; 

4217902 +5V 2048 in 32 ms 
902L +3.3 v 

42$17902 +5V ..; 2048 in 256 ms 
902L +3.3 v ..; 

Note: Letters L and S denote 3.3-volt and self-refresh devices, 
respectively. 

Advanced polycide technology using stacked capaci
tors minimizes silicon area and provides high storage 
cell capacity, high performance, and high reliability. A 
single-transistor dynamic storage cell and CMOS cir
cuitry throughout ensure minimum power dissipation 
while an on-chip circuit internally generates the nega
tive voltage substrate bias-automatically and trans
parently. 

The three-state 1/0 pins are controlled by CS indepen
dent of RAS. After a valid read or read-modify-write 
cycle, data is held on the outputs by maintaining CS 
low. Data outputs return to high impedance when CS 
goes high. Static-column read and write cycles can be 
executed by cycling CS. 

Refreshing may be accomplished by a CS before RAS 
refresh cycle (CBR) that internally generates the re
fresh addresses. 

pPD4216902 
2,097, 152 x 9-Bit 

Dynamic CMOS RAM 

For the 4216/42S16, RAS only refresh cycles and normal 
read or write cycles on the 4096 address combinations 
of Ao- A11 will refresh all memory locations. Bits Ao -A11 
are used for row and refresh addresses, Ao -A8 for 
column addresses. 

For the 4217/42S17, RAS only refresh cycles and normal 
read or write cycles on the 2048 address combinations 
of Ao -A10 wi II refresh all memory locations. Bits Ao -A10 
are used for row and refresh addresses, Ao - A9 for 
column addresses. 

The self-refresh mode is entered by holding RAS and CS 
low for longer than 100 µs during a CBR cycle. Detec
tion of this long RAS time starts an internal oscillator 
that maintains data integrity without external clocking. 
The slow refresh reduces the data hold current to less 
than 200 µA (+5 V) or 80 µA (+3.3 V). Self-refresh mode 
is used with microprocessors that have a "sleep mode" 
for low-power applications such as notebook PCs. 

Battery backup current Ices is defined as the current 
consumption when the device is in standby mode (RAS 
~ Vee - 0.4 V) and very-slow (extended) CBR cycles 
are being performed. 

Features 

o 2,097,152 by 9-bit organization 
o Single power supply: +5-volt or +3.3-volt 
o Static-column option 
o Low-power~ration 
o CS before RAS refreshing 
o Self-refresh option (slow internal automatic refresh) 
o On-chip substrate bias generator 
o TTL-compatible inputs and outputs 
o Nonlatched three-state outputs 
o Low input capacitance 
o Multiplexed row and column addresses 
o 32-pin, 400-mil SOJ and TSOP plastic packages 

Contact your NEC sales representative for a complete data sheet. 

60261 



µPD4216902. 

Pin Configuration 

32-Pin Plastic SOJ 

µPD4216f42S16, 4217/42S17 

Vee 1 32 GND 

V01 2 31 VOg 
V02 3 30 VO, 
V03 4 29 VOa 
V04 5 28 V05 

V09 6 27 cs 
WE 7 26 OE 

RAS 8 25 NC 

NC 9 24 NC 

*A11 10 23 Ag 

A10 11 22 Aa 
Ao 12 21 A1 

A1 13 20 Aa 
A2 14 19 As 
Aa 15 18 A4 

Vee 16 17 GND 

*Pin 10 Is NC for 4217/42S17 

32-Pin Plastic TSOP (Normal Pinouts) 

µPD4216f42S16, 4217/42S17 

Vee 10 32 GND 

V01 2 31 VOg 
V02 3 30 VO, 
V03 4 29 VOe 
V04 5 28 VOi) 
V09 6 27 cs 
WE 7 26 OE 

RAS 8 
-7JD 

25 NC 

NC 9 24 NC 

*A11 10 23 Ag 

A1o 11 22 Aa 
Ao 12 21 A1 

A1 13 20 Aa 
A2 14 19 As 
Aa 15 18 A4 

Vee 16 017 GND 

* Pin 10 Is NC for 4217/42S17 

SUfflx-7JD In the package lclenUfler 
denotes normal plnout sequence. 

2 

83FM-9096A 

83FM-9096A 

NEC 

32-Pin Plastic TSOP (Reverse Pinouts) 

~lPD4216f42S16, 4217/42S17 

GND 0 
V08 2 

VO, 3 

VO a 4 

V05 5 

cs 6 

OE 7 

NC 8 
-7KD 

NC 9 

Ag 10 

Aa 11 

A1 12 

Aa 13 

As 14 

A4 15 
0 

GND 16 

* Pin 23 Is NC for 4217/42S17 

Suffix -7KD In the package Identifier 
denotes reverse plnout sequence. 

Pin Identification 
Name Function 

Ao-A11 Address inputs 

032 

31 

30 

29 

28 

27 

26 

25 

24 

23 

22 

21 

20 

19 

18 

17 

1/01-1/09 Data inputs and outputs 

cs Column address strobe 

OE Output enable 

RAS Row address strobe 

WE Write enable 

GND Ground 

Vee 
V01 

V02 
V03 

V04 
V09 

WE 
RAS 

NC 

A11* 

A1o 

Ao 
A1 

A2 

Aa 
Vee 

Vee +5-volt or +3.3-volt power supply 

NC No connection 

83FM-9097A 



NEC 
NEC Electronics Inc. 

Description 

The devices listed below are fast-page dynamic RAMs 
organized as 1 M words by 16 bits and designed to 
operate from a single power supply. Optional features 
are power supply voltage (+5 V or +3.3 V), a new 
refresh mode called "self-refresh," and the number of 
cycles in a refresh period. 

µPD Power Self-Refresh Refresh Cycles 

4216160 +5V 4096 in 64 ms 
160L +3.3V 

42516160 +5V v 4096 in 256 ms 
160L +3.3V v 

4217160 +5V 2048 in 32 ms 
160L +3.3V 

42517160 +5V v 2048 in 256 ms 
160L +3.3V v 

4218160 +5V 1024 in 16 ms 
160L +3.3V 

42518160 +5V v 1024 in 256 ms 
160L +3.3V v 

Note: Letters L and 5 denote 3.3-volt and self-refresh devices, 
respectively. 

Advanced polycide technology using stacked capaci
tors minimizes silicon area and provides high storage 
cell capacity, high performance, and high reliability. A 
single-transistor dynamic storage cell and CMOS cir
cuitry throughout ensure minimum power dissipation 
while an on-chip circuit internally generates the nega
tive voltage substrate bias-automatically and trans
parently. 

The three-state 1/0 pins are controlled by UCAS and 
LCAS independent of RAS. After a valid read or read
modify-write cycle, upper or lower byte data is held on 
the outputs by maintaining UCAS or LCAS low. Data 
outputs return to high impedance when UCAS or LCAS 
goes high. Fast-page read and write cycles can be 
executed by cycling UCAS or LCAS. 

Refreshing may be accomplished by a CAS before RAS 
refresh cycle (CBR) that internally generates the re
fresh addresses. 

For the 4216/42S16, RAS only refresh cycles and normal 
read or write cycles on the 4096 address combinations 
of Ao- A11 will refresh all memory locations. BitsAo-A11 
are used for row and refresh addresses, Ao - A7 for 
column addresses. 

60188 

pPD421x160/L, 42S1x160/L 
{x = 6, 7, 8) 

1,048,576 x 16-Bit 
Dynamic CMOS RAM 

For the 4217/42S17, RAS only refresh cycles and normal 
read or write cycles on the 2048 address combinations 
of Ao - A10 will refresh all memory locations. Bits Ao - A10 
are used for row and refresh addresses, Ao - As for 
column addresses. 

For the 4218/42S18, RAS only refresh cycles and normal 
read or write cycles on the 1024 address combinations 
of Ao -A9 will refresh all memory locations. Bits Ao - Ag 
are used for row, refresh, and column addresses. 

The self-refresh mode is entered by holding RAS and 
CAS low for longer than 100 µs during a C BR cycle. 
Detection of this long RAS time starts an internal 
oscillator that maintains data integrity without exter
nal clocking. The slow refresh reduces the data hold 
current to less than 200 µA (+5 V) or 80 µA (+3.3 V). 
Self-refresh mode is used with microprocessors that 
have a "sleep mode" for low-power applications such 
as notebook PCs. 

Battery backup current lcc6 is defined as the current 
consumption when the device is in standby mode (RAS 
;;:;:: Vee - 0.2 V) and very-slow (extended) CBR cycles 
are being performed. 

Features 

o 1,048,576 by 16-bit organization 
o Single power supply: +5-volt or +3.3-volt 
o Fast-page option 
o Low-power operation 
o Byte read/write control with UCAS and LCAS 
o CAS before RAS refreshing 
o Self-refresh option (slow internal automatic refresh) 
o On-chip substrate bias generator 
o TTL-compatible inputs and outputs 
o Nonlatched three-state outputs 
o Low input capacitance 
o Multiplexed row and column addresses 
o 42-pin SOJ and 50/44-pin TSOP plastic packages 



pPD421x160/L, 42S 1x160/L NEC 
Pin Configurations 

42-Pin Plastic SOJ Pin ldentif ication 

4216142816, 4217/42817, 4216142818 
Name Function 

Vee 42 GND Ao-A11 Address inputs 

V01 2 41 V016 1101-1/015 Data inputs and outputs 
V02 3 40 V015 

V03 4 39 V014 
LCAS,UCAS Column address strobes 

V04 5 38 V013 OE Output enable 

Vee 6 37 GND AAS Row address strobe 
V05 7 36 V012 

V06 8 35 V011 
WE Write enable 

V07 9 34 V010 GND Ground 

V08 10 33 VOg 
NC 11 32 NC 

Vee + 5-volt or + 3.3-volt power supply 

NC 12 31 LCAS NC No connection 

WE 13 30 UCAS 

RAS 14 29 OE 

*A11 15 28 Ag 

*A10 16 27 As 
Ao 17 26 A1 

A1 18 25 As 
A2 19 24 As 
Aa 20 23 A4 

vcc 21 22 GND 

*Pin 15 Is NC for 4217/42817 and 4218f42S18 
Pin 16 ls NC for 4218f42S18. 

83FM-11624A 
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NEC pPD421x160/L, 42S 1x160/L 

Pin Configurations (cont) 

50/44-Pin Plastic TSOP (Normal Pinouts) 50/44-Pin Plastic TSOP (Reverse Pinouts) 

4216(42$16, 4217/42$17, 4218142$18 4216(42$16, 4217/42$17, 4218142$18 

Vee 10 50 GND GND 1 0 050 Vee 
V01 2 49 V016 V016 2 49 V01 

v~ 3 48 V015 V015 3 48 v~ 

VOa 4 47 V014 V~4 4 47 VOa 
V04 5 48 V013 V013 5 48 V04 
Vee 6 45 GND GND 6 45 Vee 
VOs 7 44 V012 V012 7 44 VOs 
VOa 8 43 V011 V011 8 43 VOa 
v07 9 42 V010 V010 9 42 v07 
VOg 10 41 VOg VOg 10 41 VOg 
NC 11 40 NC NC 11 40 NC 

-7JF -7KF 

NC 15 36 NC NC 15 36 NC 

NC 16 35 LCAS LCAS 16 35 NC 
WE 17 34 UCAS UCAS 17 34 WE 

RAS 18 33 OE OE 18 33 RAS 

*A11 19 32 Ag Ag 19 32 A11* 

*A10 20 31 As As 20 31 A1o* 

Ao 21 30 A1 A1 21 30 Ao 
A1 22 29 As Ae 22 29 Al 

A2 23 28 As As 23 28 A2 

A3 24 27 A4 A4 24 
0 

27 Aa 
Vee 25 026 GND GND 25 26 vcc 

*Pin 19 Is NC for 4217/42517 and 4218142818 *Pin 32 Is NC for 4217/42$17 and 4218142$18 

Pin 20 Is NC for 4218142$18. Pin 31 Is NC for 4218142518. 

Sufftx-7JF In the package ldenUfler Sufftx -7KF In the package ldenUfler 
denotes normal plnout sequence. denotes reverse plnout sequence. 

83FM-8620A 83FM-8621A 

El 
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µPD421x160/L, 42S1x160/L 

Block Diagram 

Ao·A9~ 

A10 

A11--.. 

Note: 4216142816: Ao·A11 
4217/42817: Ao·A10 
4218.'42S18: Ao·J\9 

.Truth Table 
Function 

Standby 

Refresh cycle 

Byte read cycle 

Word read cycle 

Byte write cycle 

Word write cycle 

X = don't care. 

4 

l ~ 
Ill 

~ 
::::;::::::~::· i 

:e ~ 

RAS 

H 

L 

L 

L 

L 

L 

L 

L 

L 

CASClock 
Generator 

I 
I 

LeAS 
x 
H 

L 

H 

L 

L 

H 

L 

L 

~ 

x 
H 

H 

L 

L 

H 

L 

L 

L 

WE Clock 
Generator 

OE Clock 
Generator 

Data VO Bus 

Colurm Decoder 

Sense Amplifier 

Memory Array 

WE 

x 
x 
H 

H 

H 

L 

L 

L 

H 

'OE 

x 
x 
L 

L 

L 

H 

H 

H 

H 

NEC 

Data-In 
Buffer 

Data-out 
Buffer 

1/01 -1/0a 

High-Z 

High-Z 

Data output 

High-Z 

Data output 

Data input 

Data input 

High·Z 

83Cl-882811 

1/09 -1/01& 

High·Z 

High·Z 

High·Z 

Data output 

Data output 

Data input 

Data input 

High-Z 



NEC pPD421x160/L, 42S 1x160/L 

Ordering Information, ,iPD4216160 (+ 5-volt power; 4096 refresh cycles) 
RAS Access 

Part Number Time (max) 

µPD4216160LE-50 50 ns 

LE-60 60 ns 

LE-70 70 ns 

LE-80 80 ns 

µPD4216160G5-50 50 ns 

G5-60 60 ns 

G5-70 70 ns 

G5-80 80 ns 

µPD4216160G5M-50 50 ns 

G5M-60 60 ns 

G5M-70 70 ns 

G5M-80 80 ns 

Fast-Page 
Cycle (max) 

35 ns 

40 ns 

45 ns 

50 ns 

35 ns 

40 ns 

45 ns 

50 ns 

35 ns 

40 ns 

45 ns 

50 ns 

Battery Backup 
Current (max) 

350µA 

350µA 

350µA 

Package 

42-pin plastic SOJ 

50/44-pin plastic TSOP (normal pinouts) 

50/44-pin plastic TSOP (reverse pinouts) 

Ordering Information, ,iPD4216160L ( + 3.3-volt power; 4096 refresh cycles) 
IDIB Access Fast-Page Battery Backup 

Part Number Time (max) Cycle (max) Current (max) Package 

µPD4216160LLE-A60 60 ns 40 ns 140µA 42-pin plastic SOJ 

LE-A70 70 ns 45 ns 

LE-ABO 80 ns 50 ns 

µPD4216160LG5-A60 60 ns 40 ns 140µA 50/44-pin plastic TSOP (normal pinouts) 

G5-A70 70 ns 45 ns 

G5-A80 80 ns 50 ns 

µPD4216160LG5M-A60 60 ns 40 ns 140µA 50/44-pin plastic TSOP (reverse pinouts) 

G5M-A70 70 ns 45 ns 

G5M-A80 80 ns 50 ns 
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µPD421x160/L, 42S 1x160/L NEC 
Ordering Information, µ.PD42S16160 (+ 5-volt power; 4096 refresh cycles; self-refresh mode) 

RAS Access Fast-Page Battery Backup 
Part Number Time (max) Cycle (max) Current (max) Package 

µPD42S16160LE-50 50 ns 35 ns 350µA 42-pin plastic SOJ 

LE-60 60 ns 40 ns 

LE-70 70 ns 45 ns 

LE-80 80 ns 50 ns 

µPD42S16160G5-50 50 ns 35 ns 350µA 50/44-pin plastic TSOP (normal plnouts) 

G5-60 60 ns 40 ns 

G5-70 70 ns 45 ns 

G5-80 80 ns 50 ns 

µPD42S16160G5M-50 50 ns 35 ns 350µA 50/44-pin plastic TSOP (reverse pinouts) 

G5M-60 60 ns 40 ns 

G5M-70 70 ns 45 ns 

G5M-80 80 ns 50 ns 

Ordering Information, µ.PD42S16160L ( + 3.3-volt power; 4096 refresh cycles; self-refresh mode) 
RAS Access Fast-Page Battery Backup 

Part Number Time (max) Cycle (max) Current (max) Package 

µPD42S16160LLE-A60 60 ns 40 ns 140µA 42-pin plastic SOJ 

LE-A70 70 ns 45 ns 

LE-A SO 80 ns 50 ns 

µPD42S16160LG5-A60 60 ns 40 ns 140µA 50/44-pin plastic TSOP (normal pinouts) 

G5-A70 70 ns 45 ns 

G5-A80 80 ns 50 ns 

µPD42S16160LG5M-A60 60 ns 40 ns 140µA 50/44-pin plastic TSOP (reverse pinouts) 

G5M-A70 70 ns 45 ns 

G5M-A80 80 ns 50 ns 
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NEC pPD421x160/L, 42S 1 x160/L 

Ordering Information, µPD4217160 (+ 5-volt power; 2048 refresh cycles) 
'RAS Access 

Part Number Time (max) 

µPD4217160LE-50 50 ns 

LE-60 60 ns 

LE-70 70 ns 

LE-80 80 ns 

µPD4217160G5-50 50 ns 

G5-60 60 ns 

G5-70 70 ns 

G5-80 80 ns 

µPD4217160G5M-50 50 ns 

G5M-60 60 ns 

G5M-70 70 ns 

G5M-80 80 ns 

Fast-Page 
Cycle (max) 

35 ns 

40 ns 

45 ns 

50 ns 

35 ns 

40 ns 

45 ns 

50 ns 

35 ns 

40 ns 

45 ns 

50 ns 

Battery Backup 
Current (max) 

300µA 

300µA 

300µA 

Package 

42-pin plastic SOJ 

50/44-pin plastic TSOP (normal pinouts) 

50/44-pin plastic TSOP (reverse pinouts) 

Ordering Information, µPD4217160L ( + 3.3-volt power; 2048 refresh cycles) 
RAS Access Fast-Page Battery Backup 

Part Number Time (max) Cycle (max) Current (max) Package 

µPD4217160LLE-A60 60 ns 40 ns 120µA 42-pin plastic SOJ 

LE-A70 70 ns 45 ns 

LE-A80 80 ns 50 ns 

µPD4217160LG5-A60 60 ns 40 ns 120µA 50/44-pin plastic TSOP (normal pinouts) 

G5-A70 70 ns 45 ns 

G5-A80 80 ns 50 ns 

µPD4217160LG5M-A60 60 ns 40 ns 120µA ~/44-pin plastic TSOP (reverse pinouts) 

G5M-A70 70 ns 45 ns 

G5M-A80 80 ns 50 ns 
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µPD421X:160/L, 42S 1x160/L NEC 
Ordering Information, µ.PD42S17160 (+ 5-volt power; 2048 refresh cycles; self-refresh mode) 

RA'S Access 
Part Number Time (max) 

µPD42S17160LE-50 50 ns 

LE-60 60 ns 

LE-70 70 ns 

LE-80 80 ns 

µPD42S17160G5-50 50 ns 

G5-60 60 ns 

G5-70 70 ns 

G5-80 80 ns 

µPD42S17160G5M-50 50 ns 

G5M-60 60 ns 

G5M-70 70 ns 

G5M-80 80 ns 

Fast-Page 
Cycle (max) 

35 ns 

40 ns 

45 ns 

50 ns 

, 35 ns 

40 ns 

45 ns 

50 ns 

35 ns 

40 ns 

45 ns 

50 ns 

Battery Backup 
Current (max) 

300µA 

300µA 

300µA 

Package 

42-pin plastic SOJ 

50/44-pin plastic TSOP (normal pinouts) 

50/44-pin plastic TSOP (reverse plnouts) 

Ordering Information, µ.PD42S17160L (+ 3.3-volt power; 2048 refresh cycles; self-refresh mode)· 
RAS Access Fast-Page Battery Backup 

Part Number Time (max) Cycle (n'lax) Current (max) Package 

µPD42S17160LLE-A60 60 ns 40 ns 120µA 42~pin plastic SOJ 

LE-A70 70 ns 45 ns 

LE-A80 80 ns 50 ns 

µPD42S17160LG5-A60 60 ns 40 ns 120µA 50/44-pln plastic TSOP (normal pinouts) 

G5-A70 70 ns 45 ns 

G5-A80 80 ns 50 ns 

µPD42S17160LG5M-A60 60 ns 40 ns 120µA 50/44~pin plastic TSOP (reverse pinouts) · 

G5M-A70 70 ns 45 ns 

G5M-A80 80 ns 50 ns 
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NEC pPD421x160/L' 42S 1 x160/L 

Ordering Information, 1£PD4218160 ( + 5-volt power; 1024 refresh cycles) 
RAS Access 

Part Number Time (max) 

µPD4218160LE-50 50 ns 

LE-60 60 ns 

LE-70 70 ns 

LE-80 80 ns 

µPD4218160G5-50 50 ns 

G5-60 60 ns 

G5-70 70 ns 

G5-80 80 ns 

µPD4218160G5M-50 50 ns 

G5M-60 60 ns 

G5M-70 70 ns 

G5M-80 80 ns 

Fast-Page 
Cycle (max) 

35 ns 

40 ns 

45 ns 

50 ns 

35 ns 

40 ns 

45 ns 

50 ns 

35 ns 

40 ns 

45 ns 

50 ns 

Battery Backup 
Current (max) 

250µA 

250µA 

250µA 

Package 

42-pin plastic SOJ 

50/44-pin plastic TSOP (normal pinouts) 

50/44-pin plastic TSOP (reverse pinouts) 

Ordering Information, J£PD4218160L ( + 3.3-volt power; 1024 refresh cycles) 
~Access Fast-Page Battery Backup 

Part Number Time (max) Cycle (max) Current (max) Package 

µPD4218160LLE-A60 60 ns 40 ns 110µA 42-pin plastic SOJ 

LE-A70 70 ns 45 ns 

LE-A80 80 ns 50 ns 

µPD4218160LG5-A60 eons 40 ns 110µA 50/44-pin plastic TSOP (normal pinouts) 

G5-A70 70 ns 45 ns 

G5-A80 80 ns 50 ns 

µPD4218160LG5M•A60 60 ns 40 ns 110µA 50/44-pin plastic TSOP (reverse pinouts) 

G5M-A70 70 ns 45 ns 

G5M-A80 80 ns 50 ns 
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pPD421x160/L, 42S1x160/L NEC 
Ordering Information, JLPD42S18160 ( + 5-volt power; ·1024 refresh cycles; self-refresh mode) 

~Access Fast-Pag$ Battery Backup 
Part Number Time (max) Cycle (max) Current (max) Package 

µPD42S18160LE-50 50 ns 35 ns 250µA 42-pin plastic SOJ 

LE-60 60 ns 40 ns 

LE-70 70 ns 45 ns 

LE-80 80 ns 50 ns 

µPD42S18160G5-50 50 ns 35 ns 250µA 50/44-pin plastic TSOP (normal pinouts) 

G5-60 60 ns 40 ns 

G5-70 70 ns 45 ns 

G5-80 80 ns 50 ns 

µPD42S18160G5M-50 50 ns 35 ns 250µA 50/44-pin plastic TSOP (reverse pinouts) 

G5M-60 60 ns 40 ns 

G5M-70 70 ns 45 ns 

G5M-80 80 ns 50 ns 

Ordering Information, JLPD42S18160L (+ 3.3-volt power; 1024 refresh cycles; self-refresh mode) 
~Access Fast-Page Battery Backup 

Part Number Time (max) Cycle (max) Current (max) Package 

µPD42S18160LLE-A60 60 ns 40 ns 110µA 42-pin plastic SOJ 

LE-A70 70 ns 45 ns 

LE-ABO 80 ns 50 ns 

µPD42S18160LG5-A60 60 ns 40 ns 110µA 50/44-pin plastic TSOP (normal pinouts) 

G5-A70 70 ns 45 ns 

G5-A80 80 ns 50 ns 

µPD42S18160LG5M-A60 60 ns 40 ns 110µA 50/44-pin plastic TSOP (reverse pinouts) 

G5M-A70 70 ns 45 ns 

G5M-A80 80 ns 50 ns 
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NEC 
Absolute Maximum Ratings 
Voltage on any pin relative to GND 

5-volt devices 
3.3-volt devices 

Operating temperature, ToPR 

Storage temperature, TsTG 

Short-circuit output current, los 

Power dissipation, Po 

-1.0 to +7.0 V 
-0.5 to + 4.6 V 

Oto +70°C 

-55 to + 125°C 

50mA 

1.0W 

Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause perma
nent damage. The device should be operated within the limits 
specified under DC and AC Characterist!cs. 

Recommended Operating Conditions 
5-Volt Devices 

Parameter Symbol Min Typ 

pPD421x160/L, 42S1x160/L 

Capacitance 
TA = 25°C; f = 1 MHz 

Parameter Symbol Max Unit Pins Under Test 

Input capacitance C11 5 pF Addresses 

C12 7 pF LCAS, UCAS, WE, OE, RAS 

Input/output Co 7 pF 1/01 -1/015 
capacitance 

3.3-Volt Devices 

Max Min Typ Max Unit 

Input voltage, high V1H 2.4 Vee+ 1.0 2.0 Vee+ o.s v 
Input voltage, low V1L -1.0 

Supply voltage Vee 4.5 

Ambient temperature TA 0 

Self-Refresh Current; 42S1x Devices 
TA= o to +70°C; Vee= +5 V ±10% or +3.3 V ±0.3 V 

0.8 

5.0 5.5 

70 

Symbol 5-Volt Devices 3.3-Volt Devices 

200µA max 80µA max 

DC Characteristics; 5-Volt Devices 
TA= Oto +70°C;Vcc = +5.0V ±10% 

Parameter Symbol Min Typ Max Unit 

Standby current lee2 2.0 mA 

400 µA 

Input leakage current l1(L) -10 10 µA 

Output leakage current lo(L) -10 10 µA 

Output voltage, low Vol 0.4 v 
Output voltage, high VoH 2.4 v 

-0.3 0.8 v 
3.0 3.3 3.6 v 
0 70 oc 

Conditions 

1/0 pins: V1H <:?: Vee -0.2 V; V1L s 0.2 V or 
open. Other input pins: V1H <:?: Vee -0.2 V; V1L 
s 0.2 V or open; tRAS <:?: 100 µs 

Test Conditions 

RAS= CAS <:!: V1H (min); lo= 0 mA 

RAS= CAS <:?: Vec-0.2V; lo= 0 mA 

V1N = 0 V to V cc; all other pins not under test = 0 V 

Dour disabled; VouT = o V to V cc 

loL = 4.2 mA 

loH = -5mA 

11 
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pPD421xt60/L, 42S1X160/L 

DC Characteristics; 3.3-Volt Devices 
TA= o to +70°C; Vee= +3.3 V ±0.3 V 

Parameter Symbol Min Typ 

Standby current lcc2 

Input leakage current -10 

Output leakage current -10 

Output voltage, low Vol 
Output voltage, high VoH 2.4 

DC Current Requirements; 5-Volt Devices 
Parameter Symbol 

Operating current 

4216/42S16 

4217/42S17 

4218/42S18 

Refresh current (RAS only lcc3 
refresh) 

4216/42S16 

4217/42S17 

4218/42S18 

Operating current (Fast
page mode) 

4216/42S16 

4217/42S17 

4218/42S18 

Refresh current (CAS 
before RAS refresh) 

4216/42S16 

4217/42S17 

4218/42S18 

Battery backup current 
(Standby with CAS 
before RAS refresh) 

42S16 

42S17 

42S18 

12 

lees 

lees 

-50 -60 

110 100 

130 120 

170 160 

110 100 

130 120 

170 160 

100 90 

100 90 

100 90 

110 100 

130 120 

170 160 

tt.As :s 300 ns 

350 

300 

250 

Max Unit 

2.0 mA 

400 µA 

10 µA 

10 µA 

0.4 v 
v 

-70 -80 

90 80 

110 100 

150 140 

90 80 

110 100 

150 140 

80 70 

80 70 

80 70 

90 80 

110 100 

150 140 

tt.AS :S 1 J1S 

500 

400 

300 

Test Conditions 

RAS= CAS <:!: V1H (min); lo= 0 mA 

RAS= CASO!: Vcc-0.2V;lo= OmA 

V1N = 0 V to V cc; all other pins not.under test :::= 0 V 

Dour disabled; Vour = o V to Vee 

loL = 2.0mA 

Unit 

mA 

mA 

mA 

mA 

mA 

mA 

mA 

mA 

mA 

mA 

mA 

mA 

µA 

µA 

µA 

Test Conditions 

RAS, CAS cycling; tRc = tRc (min); lo= o mA 

RAS cycling; CAS <:!: V1H (min); tRc = t RC 
(min); lo = O mA 

CAS cycling; RAS$ V1L (max); tpc = tpc (min); 
lo= o mA 

RAS cycling; tRc = tRc (min); lo= o mA 

Standby: RAS::?: Vee- 0.2 V; 
RAS, CAS: 0 V :s V1L :s0.2 V, 
Vee- 0.2 vs V1H :s V1H (max); 
WE, OE: V1H; Address: don't care; .Output: open 

CAS before RAS refresh: 4096 cycles, 256 ms 

CAS before RAS refresh: 2048 cycles, 256 ms 

CAS before RAS refresh: 1024 cycles, 256 ms 



NEC pPD421x160/L, 42S 1 x160/L 

DC Current Requirements; 3.3-Volt Devices 
Parameter Symbol -A60 -A70 -ABO Unit Test Conditions 

Operating current lcc1 

4216/42S16 90 80 70 mA RAS, CAS cycling; tRc = tRc (min); lo = O mA 

4217/42S17 110 100 90 mA 

4218/42S18 150 140 130 mA 

Refresh current (RAS only lcc3 
refresh) 

4216/42S16 90 80 70 mA RAS cycling; CAS <?: V1H (min); tRc = tRc (min); 

4217/42S17 110 100 90 mA 
lo= o mA 

4218/42S18 150 140 130 mA 

Operating current (Fast- lcc4 
page mode) 

4216/42S16 80 70 60 mA CAS cycling; RAS s V1L (max); tpc = tpc (min); 

4217/42S17 80 70 60 mA 
lo= o mA 

4218/42S18 80 70 60 mA 

Refresh current (CAS Ices 
before RAS refresh) 

4216/42S16 90 80 70 mA RAS cycling; tRc = tRc (min); lo = O mA 

4217/42S17 110 100 90 mA 

4218/42S18 150 140 130 mA 

Standby: RAS<!: Vee- 0.2 V; 
Battery backup current Ices RAS, CAS: 0 Vs V1L s0.2 V, 
(Standby with CAS Vee- 0.2 vs V1H s V1H (max); 
before RAS refresh) tRAS s 300 ns tRAS S 1 JLS WE, OE: V1H; Address: don't care; Output: open 

42S16 140 140 µA CAS before RAS refresh: 4096 cycles, 256 ms 

42S17 120 120 µA CAS before RAS refresh: 2048 cycles, 256 ms 

42S18 110 110 µA CAS before RAS refresh: 1024 cycles, 256 ms 
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pPD421x160/L, 42S 1x160/L NEC 
AC Characteristics 
TA = o to + 70°C; Vee = + 5.0 V ±10% (-50, -60, -70, -80) or + 3.3 V ±0.3 V (-A60, -A70, -ABO) 

-50 -60, -A60 -70, -A70 -80, ·ABO 

Parameter Symbol Min Max Min Max Min Max Min Max Unit Test Conditions 

Access time from column tAA 25 30 35 40 ns (Notes 7, 8) 
address 

Access time from CAS tACP 30 35 40 45 ns (Note 7) 
precharge (rising edge) 

Column address setup tAsc 0 0 0 0 ns 
time 

Row address setup time tASR 0 0 0 0 ns 

Column address to WE tAWD 45 53 60 65 ns (Note 15) 
delay time 

Access time from CAS tcAC 13 15 18 20 ns (Notes 7, 8) 
(falling edge) 

Column address hold tcAH 13 15 15 15 ns 
time 

CAS pulse width tcAS 13 10,000 15 10,000 18 10,000 20 10,000 ns 

CAS hold time for CAS tcHR 10 10 10 10 ns 
before RAS refresh cycle 

CAS hold time (CBR self· tcHS -50 -50 -50 -50 ns (Note 16) 
refresh mode) 

CAS to output in low-Z tcLZ 0 0 0 0 ns (Note 7) 

Fast-page CAS precharge icP 8 10 10 10 ns 
time 

CAS precharge time icPN 8 10 10 10 ns 

Fa~age CAS precharge tcPWD 55 60 65 70 ns (Note 14) 
to WE delay time 

CAS to RAS precharge icRP 5 5 5 5 ns (Note 10) 
time 

CAS hold time tcsH 50 60 70 80 ns 

CAS setup time for CAS tcsR 5 5 5 5 ns 
before RAS refresh cycle 

CAS to WE delay tcwo 33 38 43 45 ns (Note 15) 

Write command tewL 13 15 15 15 ns 
referenced to CAS lead 
time 

Data-in hold time toH 10 10 15 15 ns (Note 13) 

Data-in setup time tos 0 0 0 0 ns (Note 13) 

Masked write hold time tMRH 0 0 0 0 ns 
referenced·to RAS 

Access time from OE to EA 13 15 18 20 ns (Notes 3, 4, 7, 8) 

OE data delay time toED 10 13 15 15 ns 

OE command hold time toEH 0 0 0 0 ns 

OE to RAS inactive setup toes 0 0 0 0 ns 
time 

Output turnoff delay from toEz 0 10 0 13 0 15 0 15 ns (Note 9) 
OE 
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NEC pPD421x160/L, 42S 1x160/L 

AC Characteristics (cont) 
-50 -60, -A60 -70, -A70 -80, -A80 

Parameter Symbol Min Max Min Max Min Max Min Max Unit Test Conditions 

Output disable from CAS to FF 0 10 0 13 0 15 0 15 ns (Note 9) 
high 

OE to output in low-Z ioLZ 0 0 0 0 ns (Note 7) 

Fast-page read or write tpc 35 40 45 50 ns (Note 6) 
cycle time 

Fast-page read-modify- tPRWC 80 85 90 100 ns (Note 6) 
write cycle time with 
extended data output 

Access time from RAS tRAC 50 60 70 80 ns (Notes 7, 8) 

RAS to column address tRAD 13 25 15 30 15 35 17 40 ns (Note 8) 
delay time 

Row address hold time tRAH 8 10 10 12 ns 

Column address lead tRAL 25 30 35 40 ns 
time referenced to RAS 
(rising edge) 

RAS pulse width tRAS 50 10,000 60 10,000 70 10,000 80 10,000 ns 

Fast-page RAS pulse tRASP 50 125,000 60 125,000 70 125,000 80 125,000 ns 
width 

RAS pulse width (CBR tRASS 100 100 100 100 µs (Note 16) 
self-refresh mode) 

Random read or write tRc 90 110 130 150 ns (Note 6) 
cycle time 

AAS to CAS delay time tRco 18 32 20 45 20 50 25 60 ns (Note 8) 

Read command hold time tRcH 0 0 0 0 ns (Note 11) 
referenced to CAS 

Read command setup tRcS 0 0 0 0 ns 
time 

Refresh period tREF 

4216 64 64 64 64 ms 

4217 32 32 32 32 ms 

4218 16 16 16 16 ms 

42S16 256 256 256 256 ms 

42S17 256 256 256 256 ms 

42S18 256 256 256 256 ms 

AAS hold time referenced tRHCP 30 35 40 45 ns 
to CAS precharge 

AAS precharge time tRp 30 40 50 60 ns 

RAS precharge CAS hold tRPC 5 5 5 5 ns 
time 

AAS precharge time tRPS 90 110 130 150 ns (Note 16) 
(CBR self-refresh mode) 

El Read command hold time tRRH 0 0 0 0 ns (Note 11) 
referenced to RAS 

RAS hold time tRsH 13 15 18 20 ns 

Read-modify-write cycle tRWc 140 160 180 200 ns (Note 6) 
time 
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pPD421x160/L, 42S 1x160/L 

AC Characteristics (cont) 
-50 -60, -A60 

Parameter Symbol Min Max Min Max 

RAS to WE delay tRWD 70 83 

Write command tRWL 18 20 
referenced to RAS lead 
time 

Rise and fall transition tT 3 50 3 
time 

Write command hold twcH 8 10 
time 

Write command setup twcs 0 0 
time 

Write command pulse twp 8 10 
width 

Notes: 

(1) All voltages are referenced to GND. 

(2) An initial pause of 100~s required after power-up, followed by 
eight refresh cycles (RAS only .or CBR) before proper device 
operation is achieved. 

(3) lcc1. lcc3. lcc4, and Ices depend on output loading and cycle 
rates. Specified values are obtained with the output open. lcc3 
is measured assuming that all column address inputs are held at 
either a high level or a low level during RAS-only refresh cycles. 
lcc4 is measured assuming that all column address inputs are 
switched only once during each fast-page cycle. 

(4) Ac measurements assume tT = 5 ns. 

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

V1H and VIL· 

(6) The minimum specifications are used only to indicate the cycle 
time at which proper operation over the full temperature range 
(TA= 0 to+ 70 °C) is assured. 

(7) Load = 2 TTL (-1 mA, +4 mA) loads and 100 pF. 

(8) If tRco s tRCD (max) and tRAD s tRAD (max), access time is 
defined by tRAC (max). 

16 

If tRco 2: tRcD (max), access time is defined by tcAC (max). 
If tRAD 2: tRAD (max), access time is defined by tAA (max). 

50 

NEC 

·70, -A70 -80, -A80 

Min Max Min Max Unit Test Conditions 

95 105 ns (Note 15) 

20 20 ns 

3 50 3 50 ns 

10 15 ns (Note 12) 

0 0 ns (Note 14) 

10 15 ns (Note 12) 

(9) toFF (max) and toEz (max) define the time at which.the outputs 
become open-circuit and are not referenced to VoH ()r Vol· 

(10) The tcRP requirement should be applicable forRAS/CAS cycles 
preceded by any cycle. 

(11) Either tRRH or tRcH must be satisfied for a read cycle. 

(12) Parameter twp is applicable for a late write cycle. For early write 
cycles, twcH must be met. 

(13) These parameters are referenced to the' leadi.!!a_ edge of CAS in 
early write cycles and to the leading edge of WE in late v,:rite or 
read-modify-write cycles. 

(14) If twcs 2: twcs (min), the cycle is an early write cycle and the 
data 1/0 pins will remain open-circuit throughoutthe entire cycle. 

(15) If tcwo 2: tcwo (min), tRWo 2: tRWo (min), and tAwo 2: tAwD 
(min), then the cycle is a read-write cycle and the data 1/0 pins 
will contain data read from the selected cells. If neither of the 
above conditions is met, the condition of the data 1/0 pins (at 
access time and until CAS returns to V1H) is indeterminate. 

(16) Parameter is applicable only to self-refresh versions. 

(17) With burst CBR, RAS only, or external RAS/CAS, all addresses 
must be refreshed before entering self-refresh mode and after 
exiting. · 



NEC pPD421x160/L, 42S1x160/L 

Timing Waveforms 

Word Read Cycle 

14------tRco---~......----tRSH.,..-· --~ 

1---tCAS:----

Row 

WE //)//JJl/J/Jl!!!J//11! ~ ~\ \\ ~ 

II( tCA·~---. tOFF 

High Impedance I 
V01·V01e ----------------------~-<Ill 

L·=- 8.1YL·7467B Ill 
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pPD421x160/L, 42S 1x160/L NEC 
Timing Waveforms (cont) 

Byte Read Cycle 

lCRP 

14--------tcsH------
---tRco,------'lM+----tRSH--~ 

•-----tCAS--~ 

Row 

J \\\\\\\' 
r--toes 

WE ///1///////1/!I! //II!! 
I. OE \ IM=n 

V01·VOa ------""'Hlgh--:.lmpedanee~-' __ t __ ,_1 ___ _ 
--1•-----tRA.r.-::1·~~~~-tCA:_-_ _;__ ---_-.:w l!OEZ ~ 

V09· V01e _______ H--.lgh_•m ....... pedance __ ~---~-<IX DataOUtput 

L.ru-
Note: 

(1) Nonacttve CAS = V1H. 
83YL·746811 
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NEC pPD421x160/L, 42S 1x160/L 

Timing Waveforms (cont) 

Word Early-Write Cycle 

UCAS 

Address 

WE 

Note: 

[1] OE= don't care. 

l4---tRC0--~4E--------tRSH--------,~ 

1-------~tCAs--------

·~·J 

83YL·78878 
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pPD421x160/L, ,42s 1x160/L 

Timing Waveforms (cont) 

Byte Early-Write Cycle 

20 

""'----
~ 

""'---
~ 

tCRPt 

tCRP UCAS·~ .. 

LCAS b 
tASR t·RAH 

Notee: 

[1] Nonactive CAS = V1H. 

[2J OE = don't care. 

Row 

tRCD 

tRAO 

NEC 

lRC -"' 
~ 

tRAS ..... ~tRP---+ 

~ f\_ 
tcsH 

_,,,, ,. 

tRSH 
_,,,, ..c.. ~ tCRP , 

- tCAS ,. 

~I\~ v ,-

l~tMRH 
\_ 

Colurm 

I tRwL 

.------tcwL-----
f..-twcH 

I 'i 
I I 

83YL·74808 



NEC pPD421x160/L, 42S 1x160/L 

Timing Waveforms (cont) 

Word Late-Write Cycle 

--~~~~~~---~-tRc-------~---------,~ 

-----------tRAS-------------

14-------tRCo----~~i.-----tRSH---

-----tCAS-----

tcsH I 
-------tRCo-----..,..~~----

Addrass 

21 
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pPD421x160/L, 42S 1x160/L 

Timing Waveforms (cont) 

Byte Late-Write Cycle 

NEC 

14-----------~tRc-----------------i~ 

22 

14-----------tRAs~----------~ 

-------tRCo----+~.------tRSH----....;.._;..i 

·------tCAS----~ 

WE 

V01-VOa 

vo9-V01e ™-----~-t-~~-tos_.~_,_ ... _oa_ta_lnput_t_oH--~------~~ 
Nole: 

[1] Nonactive CAS = V1H. 
83\'l.·74811 



NEC pPD421x160/L, 42S 1x160/L 

Timing Waveforms (cont) 

Word Read-Modify-Write Cycle 

--~~~~~~~~~~~tRwc~~~~~~~~~~~~~~--

--~~~~~~~~~-tRAs~~~~~~~~~~--

Addl988 

83YL·7484B • 
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pPD421x160/L, 42S 1x160/L 

Timing Waveforms (cont) 

Byte Read-Modify-Write Cycle 

NEC 

i..----------tRwc-----------~ 

tcRP 

Note: 

[1] Nonactive~= V1H. 

24 

~-------tAAs--------~ 

14---tRco-~~-----tRSH------

-----~t~s----~ 

Column 

I 
14--'--'-IL--tAwo----~ 

-·~---tcwo-~---

I tRWo 

83YL-748611 



ttiEC 
Timing Waveforms (cont) 

Word Fast-Page Read Cycle 

Address 

WE 

OE 

V01 • V01a 

~IRAC 

pPD421x160/L, 42S 1x160/L 

I 

I 
tOFF 

83YL·74118B 

ID 
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pPD421x160/L, 42S1x160/L 

Timing Waveforms (cont) 

Byte Fast-Page Read Cycle 

lCRP 

,., tpc 

tRco tCAS tcp 

Address 

Note: 

[1) NonacUve CAS = V1H. 
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NEC pPD421x160/L, 42S 1x160/L 

Timing Waveforms (cont) 

Word Fast-Page Early-Write Cycle 

Note: 

[1] OE= don't care. 
83YL-74888 

Ill 
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pPD421x160/L, 42S1x160/L 

Timing Waveforms (cont) 

Byte Fast-Page Early-Write Cycle 

28 

Notee: 

[1] Nonacdve CAS = V1H. 

[2] OE = don't care. 

NEC 

83YL·7488B 



NEC pPD421x160/L, 42S 1x160/L 

Timing Waveforms (cont) 

Word Fast-Page Late-Write Cycle 

Address 

lnputt __________ <X 
OUtput 

II 

29 



pPD421x160/L, 42S 1x160/L NEC 
Timing Waveforms (cont) 

Byte Fast-Page Late-Write Cycle 

CAS(1) 

CAS(2) 

toeo toH toeo toH toeo 
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NEC 
Timing Waveforms (cont) 

Byte Fast-Page Read/Write Cycle 

Address 

1f09-
lf01e 

YOH 

VOL 

I~ r-•CAH 
1~1 tASC -----

---------l<Y 

pPD421x160/L, 42S 1x160/L 

lOFF 

El 
8SYl.·7888B 
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pPD421x160/L, 42S 1x160/L 

Timing Waveforms (cont} 

Wont Fast-Page Read-Modify-Write Cycle 

32 

UCAS 

LCAS 

Addl888 

Write-per-bit 
funcUon 

not shown 

NEC 



~EC 

Timing Waveforms (cont) 

Byte Fast-Page Read-Modify-Write Cycle 

Addrass 

Write-per-bit 
function 

not shown 

VQH- -------;-;<IX 
VOL-

µPD421x160/L, 42S 1x160/L 
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pPD421x160/L, 42S1x160/L 

Timing Waveforms (cont) 

Hidden-Refresh Cycle {Word Read Cycle) 

RAS 

tCRP 

UCAS 

tcRP 

LCAS 

tRAH 

Address Row 

High Impedance 

34 
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NEC 
Timing Waveforms (cont) 

Hidden-Refresh Cycle (Word Write Cycle) 

pPD421x160/L, 42S1x160/L 

---tRc--~---tRc---1 

RAS 

tCRP 

UCAS 

tCRP 

LCAS 

tRAH 

Address Row 

83fU>.7477B 
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pPD421x160/L, 42S1x160/L NEC 
Timing Waveforms (cont) 

Hidden-Refresh Cycle (Byte Write Cycle) 

--tRc--~--tRc---1 

tcRP 

tRAH 

Addl988 Row 

D L_ .· ~~·· ... ·. 

weW/1111111~ I "'"~///J/J1/J//111J111/1/////1111i 
I I 

83RD-7478B 
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NEC 
Timing Waveforms (cont) 

RAS-Only Refresh Cycle 

pPD421x160/L, · 42S 1 x160/L 

------tRc-----~ 

CAS Before RAS Refresh Cycle 

CAS 

Addmss I/I/I /Ill !11///1!1! /Ill 111 Ill!// !II II JI Jiii// ////II !I Ill II!! Jiil/ 
Note: 
(1) If either UCAS or LCAS Input Is held 

low befo111 RAS transitions low, the 
on-chip CBR refresh clrailt Is enabled 

83RD-7471iB 
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pPD421x160/L, 42S1x160/L 

Timing Waveforms (cont) 

CBR SeN-Refresh Cycle 

VOn 

38 

·--t-cs_R _____ __.~r--------..... f'~· 
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NEC 
NEC Electronics Inc. 

Description 

The devices listed below are fast-page dynamic RAMs 
organized as 1 M words by 18 bits and designed to 
operate from a single power supply. Optional features 
are power supply voltage (+5 V or +3.3 V), a new 
refresh mode called "self-refresh," and the number of 
cycles in a refresh period. 

11PD Power Self-Refresh Refresh Cycles 

4216180 +sv 4096 in 64 ms 
180L +3.3V 

42816180 +sv v 4096 in 256 ms 
180L +3.3 v v 

4217180 +5V 2048 in 32 ms 
180L +3.3V 

42817180 +5V v 2048 in 256 ms 
180L +3.3V v 

4218180 +5V 1024 in 16 ms 
180L +3.3V 

42818180 +sv v 1024 in 256 ms 
180L +3.3V v 

Note: Letters L and S denote 3.3-volt and self-refresh devices, 
respectively. 

Advanced polycide technology using stacked capaci
tors minimizes silicon area and provides high storage 
cell capacity, high performance, and high reliability. A 
single-transistor dynamic storage cell and CMOS cir
cuitry throughout ensure minimum power dissipation 
while an on-chip circuit internally generates the nega
tive voltage substrate bias-automatically and trans
parently. 

The three-state 1/0 pins are controlled by UCAS and 
LCAS independent of RAS. After a valid read or read
modify-write cycle, upper or lower byte data is held on 
the outputs by maintaining UCAS or LCAS low. Data 
outputs return to high impedance when UCAS or LCAS 
goes high. Fast-page read and write cycles can be 
executed by cycling UCAS or LCAS. 

Refreshing may be accomplished by a CAS before RAS 
refresh cycle (CBR) that internally generates the re
fresh addresses. 

For the 4216/42S16, RAS only refresh cycles and normal 
read or write cycles on the 4096 address combinations 
of Ao - A11 wil I refresh all memory locations. Bits Ao -A11 
are used for row and refresh addresses, Ao - A7 for 
column addresses. 

60189 

pPD421 x180/L, 42S1 x180/L 
(x = 6, 7, 8) 

1,048,576 x 18-Bit 
Dynamic CMOS RAM 

For the 4217/42S17, RAS only refresh cycles and normal 
read or write cycles on the 2048 address combinations 
of Ao -A10 will refresh all memory locations. Bits Ao - A10 
are used for row and refresh addresses, Ao -A8 for 
column addresses. 

For the 4218/42S18, RAS only refresh cycles and normal 
read or write cycles on the 1024 address combinations 
of Ao -Ag will refresh all memory locations. Bits Ao -A9 
are used for row, refresh, and column addresses. 

The self-refresh mode is entered by holding RAS and 
CAS low for longer than 100 µs during a CBR cycle. 
Detection of this long RAS time starts an internal 
oscillator that maintains data integrity without exter
nal clocking. The slow refresh reduces the data hold 
current to less than 200 µA (+5 V) or 80 µA (+3.3 V). 
Self-refresh mode is used with microprocessors that 
have a "sleep mode" for low-power applications such 
as notebook PCs. 

Battery backup current lcc6 is defined as the current 
consumption when the device is in standby mode (RAS 
;:::: Vee - 0.2 V) and very-slow (extended) CBR cycles 
are being performed. 

Features 

o 1,048,576 by 18-bit organization 
o Single power supply: +5-volt or +3.3 volt 
o Fast-page option 
o Low-power operation 
o Byte read/write control with UCAS and LCAS 
o CAS before RAS refreshing 
o Self-refresh option (slow internal automatic refresh) 
o On-chip substrate bias generator 
o TTL-compatible inputs and outputs 
o Nonlatched three-state outputs 
o Low input capacitance 
o Multiplexed row and column addresses 
o 42-pin SOJ and 50/44-pin TSOP plastic packages 



pPD421x180/L, 42S1x180/L 

Pin ldentif ication 
Name Function 

Address inputs 

Data inputs and outputs 

Column address strobes 

Output enable 

Row address strobe 

Write enable 

GND Ground 

Vee + 5-volt or + 3.3-volt power supply 

NC No connection 

2 

Pin Configurations 

42-Pin Plastic SOJ 

NEC 

µPD4216f42S16, 4217/42517, 4218f42S18 

Vee 42 GND 

V01 2 41 V019 

V02 3 40 V017 

V03 4 39 V015 
V04 5 38 V015 

Vee 6 37 GND 

V05 7 38 V014 

V05 8 35 V013 

v~ 9 34 V012 

VO a 10 33 V011 

VOg 11 32 V010 
NC 12 31 LeAS 

WE 13 30 UCAS 

RAS 14 29 OE 

*A11 15 28 Ag 

*A10 16 27 As 
Ao 17 26 A1 

A1 18 25 Ae 
A2 19 24 As 
Aa 20 23 A4 

Vee 21 22 GND 

*Pin 15 ls NCfor4217/42S17, 4218f42S18 
Pin 16 ls NC for 4218f42S18. 

83FM-8164A 



NEC 
Pin Configurations (cont) 

50/44-Pin Plastic TSOP (Normal Pinouts) 

µPD4216f42S16, 4217/42517, 4218/42518 

Vee 50 

V01 4g 

v~ 48 

VOa 47 

V04 46 

Vee 45 

VOs 44 

V06 43 

V07 42 

VOa 41 

VOg 40 

-7JF 

NC 36 
NC 35 
WE 34 

RAS 33 

*A11 32 

*A10 31 

Ao 30 

A1 29 

A2 28 

Aa 27 

Vee 026 

*Pin 1g 1s NC for4217/42S17, 4218.f42S18 
Pin 20 Is NC for 4218.f42S18. 

Suffix -7 JF In the package Identifier 
denotes normal plnout sequence. 

GND 

V018 

V011 
V016 

V015 
GND 

V014 

V013 

V012 

V011 

V010 

NC 

LCAS 

UCAS 

OE 
Ag 

Aa 
A1 

Aa 
As 
A4 
GND 

83FM-8622A 

pPD421 x180/L, 42S1x180/L 

50/44-Pin Plastic TSOP (Reverse Pinouts) 

µPD4216/42S16, 4217/42517, 4218/42518 

GND 0 0 50 Vee 
V018 2 4g V01 

V017 3 48 v~ 

V01a 4 47 VOa 
V015 5 46 V04 
GND 6 45 Vee 
V014 7 44 V05 

V013 8 43 VOa 
V012 g 42 v07 
V011 10 41 VOa 
V010 11 40 VOg 

-7KF 

NC 15 36 NC 

LCAS 16 35 NC 

UCAS 17 34 WE 

OE 18 33 RAS 

Ag 19 32 A11* 

Aa 20 31 A10* 

A1 21 30 Ao 
Aa 22 2g A1 

As 23 28 A2 

A4 24 
0 

27 Aa 
GND 25 26 Vee 

*Pln32 ls NCfor4217/42S17, 4218142518 
Pin 31 Is NC for 4218.f42S18. 

Suffix -7KF In the package Identifier 
denotes reverse plnout sequence. 

83FM-8623A 

• 
3 



pPD421x180/L, 42S1x180/L NEC 
Block Diagram 

RAS 
RAS Clock CASClock 
Generator Generator 

WE Clock 
LCAS Generator 

UCAS 

OEClock 
Generator 

OE 
Data-In 
Buffer 

V01 
Data VO Bus 

V01a 

Column Decoder Data-out 
Buffer 

Sense Amplifier 

CD ~ lj;. 
'8 

A()·Ag~ ~ Ill 
Id a. :::::::::::~::· I lE! c Memory Array 

:I ~ ::t "C 
"C 

A10 < a: 

At1----+ 

Note: 4216142$16: A()·A11 
4217/42$17: Ao-A10 
4218f42S18: A()·Ag 

83CL-88648 

Truth Table 
Function RAS LCAS UCAS WE OE 1/01 -1/09 1/010 • l/01s 

Standby H x x x x High-Z High-Z 

Refresh cycle L H H x x High-Z High-Z 

Byte read cycle L L H H L Data output High-Z 

L H L H L High-Z Data output 

Word read cycle L L L H L Data output Data output 

Byte write cycle L L H L H Data input 

L H L L H Data input 

Word write cycle L L L L H Data input Data input 

L L L H H High-Z High-Z 

X = don't care. 

4 



NEC pPD421x180/L, 42S1x180/L 

Ordering Information, µ.PD4216180 ( + 5-volt power; 4096 refresh cycles} 
RAS Access 

Part Number Time (max) 

µPD4216180LE-50 50 ns 

LE-60 60 ns 

LE-70 70 ns 

LE-80 80 ns 

µPD4216180G5-50 50 ns 

G5-60 60 ns 

G5-70 70 ns 

G5-80 80 ns 

µPD4216180G5M-50 50 ns 

G5M-60 60 ns 

G5M-70 70 ns 

G5M-80 80 ns 

Fast-Page 
Cycle (max) 

35 ns 

40 ns 

45 ns 

50 ns 

35 ns 

40 ns 

45 ns 

50 ns 

35 ns 

40 ns 

45 ns 

50 ns 

Battery Backup 
Current (max) 

350µA 

350µA 

350µA 

Package 

42-pin plastic SOJ 

50/44-pin plastic TSOP (normal pinouts) 

50/44-pin plastic TSOP (reverse pinouts) 

Ordering Information, µ.PD4216180L (+ 3.3-volt power; 4096 refresh cycles} 
RAS Access Fast-Page Battery Backup 

Part Number Time (max) Cycle (max) Current (max) Package 

µPD4216180LLE-A60 60 ns 40 ns 140µA 42-pin plastic SOJ 

LE-A70 70 ns 45 ns 

LE-ABO 80 ns 50 ns 

µPD4216180LG5-A60 60 ns 40 ns 140µA 50/44-pin plastic TSOP (normal pinouts) 

G5-A70 70 ns 45 ns 

G5-A80 80 ns 50 ns 

µPD4216180LG5M-A60 60 ns 40 ns 140µA 50/44-pin plastic TSOP (reverse pinouts) 

G5M-A70 70 ns 45 ns 

G5M-A80 80 ns 50 ns 

5 
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pPD421x180/L, 42S1x180/L 1\'EC 
Ordering Information, µ.PD42S16180 (+ 5-volt power; 4096 refresh cycles; self-refresh mode) 

RAS Access 
Part Number Time (max) 

µPD42S16180LE-50 50 ns 

LE-60 60 ns 

LE-70 70 ns 

LE-80 80 ns 

µPD42S16180G5-50 50 ns 

G5-60 60 ns 

G5-70 70 ns 

G5-80 80 ns 

µPD42S16180G5M-50 50 ns 

G5M-60 60 ns 

G5M-70 70 ns 

G5M-80 80 ns 

Fast-Page 
Cycle (max) 

35 ns 

40 ns 

45 ns 

50 ns 

35 ns 

40 ns 

45 ns 

50 ns 

35 ns 

40 ns 

45 ns 

50 ns 

Battery Backup 
Current (max) 

350µA 

350µA 

350µA 

Package 

42-pin plastic SOJ 

50/44-pin plastic TSOP (normal pinouts) 

50/44-pin plastic TSOP (reverse pinouts) 

Ordering Information, µ.PD42S16180L (+ 3.3-volt power; 4096 refresh cycles; self-refresh mode) 
RAS Access Fast-Page Battery Backup 

Part Number Time (max) Cycle (max) Current (max) Package 

µPD42S16180LLE-A60 60 ns 40 ns 140µA 42-pin plastic SOJ 

LE-A70 70 ns 45 ns 

LE-A80 80 ns 50 ns 

µPD42S16180LG5-A60 60 ns 40 ns 140µA 50/44-pin plastic TSOP (normal pinouts) 

G5-A70 70 ns 45 ns 

G5-A80 80 ns 50 ns 

µPD42S16180LG5M-A60 60 ns 40 ns 140µA 50/44-pin plastic TSOP (reverse pinouts) 

G5M-A70 70 ns 45 ns 

G5M-A80 80 ns 50 ns 

6 



NEC µPD421x180/L, 42S1x180/L 

Ordering Information, µ.PD4217180 (+ 5-volt power; 2048 refresh cycles) 
RAS Access 

Part Number Time (max) 

µPD4217180LE-50 50 ns 

LE-60 60 ns 

LE-70 70 ns 

LE-80 80 ns 

µPD4217180G5-50 50 ns 

G5-60 60 ns 

G5-70 70 ns 

G5-80 80 ns 

µPD4217180G5M-50 50 ns 

G5M-60 60 ns 

G5M-70 70 ns 

G5M-80 80 ns 

Fast-Page 
Cycle (max) 

35 ns 

40 ns 

45 ns 

50 ns 

35 ns 

40 ns 

45 ns 

50 ns 

35 ns 

40 ns 

45 ns 

50 ns 

Battery Backup 
Current (max) 

300µA 

300µA 

300µA 

Package 

42-pin plastic SOJ 

50/44-pin plastic TSOP (normal pinouts) 

50/44-pin plastic TSOP (reverse pinouts) 

Ordering Information, µ.PD4217180L (+ 3.3-volt power; 2048 refresh cycles) 
RAS Access Fast-Page Battery Backup 

Part Number Time(max) Cycle (max) Current (max) Package 

µPD4217180LLE-A60 60 ns 40 ns 120µA 42-pin plastic SOJ 

LE-A70 70 ns 45 ns 

LE-A80 80 ns 50 ns 

µPD4217180LG5-A60 60 ns 40 ns 120µA 50/44-pin plastic TSOP (normal pinouts) 

G5-A70 70 ns 45 ns 

G5-A80 80 ns 50 ns 

µPD4217180LG5M-A60 60 ns 40 ns 120µA 50/44-pin plastic TSOP (reverse pinouts) 

G5M-A70 70 ns 45 ns 

G5M-A80 80 ns 50 ns 

7 



µPD421x180/L, 42S1x180/L NEC 
Ordering Information, µ.PD42S17180 (+ 5-volt power; 2048 refresh cycles; self-refresh mode) 

RAS Access 
Part Number Time (max) 

µPD42S17180LE-50 50 ns 

LE-60 60 ns 

LE-70 70 ns 

LE-80 80 ns 

µPD42S17180G5-50 50 ns 

G5-60 60 ns 

G5-70 70 ns 

G5-80 80 ns 

µPD42S17180G5M-50 50 ns 

G5M-60 60 ns 

G5M-70 70 ns 

G5M-80 80 ns 

Fast-Page 
Cycle (max) 

35 ns 

40 ns 

45 ns 

50 ns 

35 ns 

40 ns 

45 ns 

50 ns 

35 ns 

40 ns 

45 ns 

50 ns 

Battery Backup 
Current (max) 

300µA 

300µA 

300µA 

Package 

42-pin plastic SOJ 

50/44-pin plastic TSOP (normal pinouts) 

50/44-pin plastic TSOP (reverse pinouts) 

Ordering Information, µ.PD42S17180L (+ 3.3-volt power; 2048 refresh cycles; self-refresh mode) 
RAS Access Fast-Page Battery Backup 

Part Number Time (max) Cycle (max) Current (max) Package 

µPD42S17180LLE-A60 60 ns 40 ns 120µA 42-pin plastic SOJ 

LE-A70 70 ns 45 ns 

LE-A80 80 ns 50 ns 

µPD42S17180LG5-A60 60 ns 40 ns 120µA 50/44-pin plastic TSOP (normal pinouts) 

G5-A70 70 ns 45 ns 

G5-A80 80 ns 50 ns 

µPD42S17180LG5M-A60 60 ns 40 ns 120µA 50/44-pin plastic TSOP (reverse pinouts) 

G5M-A70 70 ns 45 ns 

G5M-A80 80 ns 50 ns 
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NEC pPD421x180/L, 42S1x180/L 

Ordering Information, µPD4218180 (+ 5-volt power; 1024 refresh cycles) 
RAS Access 

Part Number Time (max) 

µPD4218180LE-50 50 ns 

LE-60 60 ns 

LE-70 70 ns 

LE-80 80 ns 

µPD4218180G5-50 50 ns 

G5-60 60 ns 

G5-70 70 ns 

G5-80 80 ns 

µPD4218180G5M-50 50 ns 

G5M-60 60 ns 

G5M-70 70 ns 

G5M-80 80 ns 

Fast-Page 
Cycle (max) 

35 ns 

40 ns 

45 ns 

50 ns 

35 ns 

40 ns 

45 ns 

50 ns 

35 ns 

40 ns 

45 ns 

50 ns 

Battery Backup 
Current (max) 

250µA 

250µA 

250µA 

Package 

42-pin plastic SOJ 

50/44-pin plastic TSOP (normal pinouts) 

50/44-pin plastic TSOP (reverse pinouts) 

Ordering Information, µPD4218180L ( + 3.3-volt power; 1024 refresh cycles) 
RAS Access Fast-Page Battery Backup 

Part Number Time (max) Cycle (max) Current (max) Package 

µPD4218180LLE-A60 60 ns 40 ns 110µA 42-pin plastic SOJ 

LE-A70 70 ns 45 ns 

LE-A80 80 ns 50 ns 

µPD4218180LG5-A60 60 ns 40 ns 110µA 50/44-pin plastic TSOP (normal pinouts) 

G5-A70 70 ns 45 ns 

G5-A80 80 ns 50 ns 

µPD4218180LG5M-A60 60 ns 40 ns 110µA 50/44-pin plastic TSOP (reverse pinouts) 

G5M-A70 70 ns 45 ns 

G5M-A80 80 ns 50 ns 
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pPD421x180/L ,· 42S1X180/L NEC 
Ordering Information, µPD42S18180 (+ 5-volt power; 1024 refresh cycles; self-refresh mode) 

RAS Access 
Part Number Time (max) 

µPD42S18180LE-50 50 ns 

LE-60 60 ns 

LE-70 70 ns 

LE-80 80 ns 

µPD42S18180G5-50 50 ns 

G5-60 60 ns 

G5-70 70 ns 

G5-80 80 ns 

µPD42S18180G5M-50 50 ns 

G5M-60 60 ns 

GSM-70 70 ns 

GSM-80 80 ns 

Fast-Page 
. Cycle (max) 

35 ns 

40 ns 

45 ns 

50 ns 

35 ns 

40 ns 

45 ns 

50 ns 

35 ns 

40 ns 

45 ns 

50 ns 

Battery Backup 
Current (max) 

250µA 

250µA 

250µA 

Package 

42-pin plastic SOJ 

50/44-pin plastic TSOP (normal pinouts) 

50/44-pin plastic TSOP (reverse pinouts) 

Ordering Information, µ.PD42S18180L (+3.3-volt power; 1024 refresh cycles; self-refresh mode) 
RAS Access Fast-Page Battery Backup 

Part Number Time (max) Cycle (max) Current (max) Package 

µPD42S18180LLE-A60 60 ns 40 ns 110µA 42-pin plastic SOJ 

LE-A70 70 ns 45 ns 

LE-ABO 80 ns 50 ns 

µPD42S18180LG5-A60 60 ns 40 ns 110µA 50/44-pin plastic TSOP (normal pinouts) 

G5-A70 70 ns 45 ns 

G5-A80 80 ns 50 ns 

µPD42S18180LG5M-A60 60 ns 40 ns 110µA 50/44-pin plastic TSOP (reverse pinouts) 

G5M-A70 70 ns 45 ns 

G5M-A80 80 ns 50 ns 

10 



t\'EC 
Absolute Maximum Ratings 
Voltage on any pin relative to GND 

5-volt devices 
3.3-volt devices 

Operating temperature, TopR 

Storage temperature, TsTG 

Short-circuit output current, los 

Power dissipation, Po 

-1.0 to +7.0 V 
-0.5 to + 4.6 V 

Oto +70°C 

-55 to + 125°C 

50mA 

1.0W 

Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause perma
nent damage. The device should be operated within the limits 
specified under DC and AC Characteristics. 

Recommended Operating Conditions 
5-Volt Devices 

Parameter Symbol Min Typ 

pPD421x180/L, 42S1x180/L 

Capacitance 
TA = 25°C; f = 1 MHz 

Parameter Symbol Max Unit Pins Under Test 

Input capacitance C11 5 pF Addresses 

C12 7 pF LCAS, UCAS, WE, OE, RAS 

Input/output Co 7 pF 1/01 -1/018 
capacitance 

3.3-Volt Devices 

Max Min Typ Max Unit 

Input voltage, high V1H 2.4 Vee+ 1.0 2.0 Vee+ o.3 v 
Input voltage, low V1L -1.0 

Supply voltage Vee 4.5 

Ambient temperature TA 0 

Self-Refresh Current; 42S 1x Devices 
TA= Oto+70°C;Vee= +5V±10%or+3.3V±0.3V 

0.8 

5.0 5.5 

70 

Symbol 5-Volt Devices 3.3-Volt Devices 

lee1 200µA max 80µA max 

DC Characteristics; 5-Volt Devices 
TA= o to +10°c; Vee= +5.o v ±10"A. 

Parameter Symbol Min Typ Max Unit 

Standby current lee2 2.0 mA 

400 µA 

Input leakage current l1(L) -10 10 µA 

Output leakage current lo(L) -10 10 µA 

Output voltage, low VoL 0.4 v 
Output voltage, high VoH 2.4 v 

-0.3 0.8 v 
3.0 3.3 3.6 v 
0 70 ·c 

Conditions 

1/0 pins: V1H =::: Vee -0.2 V; V1L s 0.2 V or 
open. Other input pins: V1H ~ Vee -0.2 V; V1L 
s 0.2 V or open; tRAS =::: 100 µs 

Test Conditions 

RAS = CAS ~ V1H (min); lo = 0 mA 

RAS= CAS ~ Vee-0.2V; lo= OmA 

V1N = 0 V to Vee; all other pins not under test= 0 V 

DouT disabled; VouT = O V to Vee 

loL = 4.2 mA 

loH = -5mA 

11 



pPD421x180/L, 42S1x180/L NEC 
DC Characteristics; 3.3-Volt Devices 
TA = o to + 10°c; Vee = +3.3 V ±0.3 V 

Parameter Symbol Min Typ Max Unit Test Conditions 

Standby current lcc2 2.0 mA RAS = CAS ~ V1H (min); lo = 0 mA 

400 µA RAS= CAS ~ Vee- 0.2 V; lo= 0 mA 

Input leakage current l1(L) -10 10 µA V1N = 0 V to V cc; all other pins not under test = 0 V 

Output leakage current lo(L) -10 10 µA DouT disabled; VouT = o V to Vee 

Output voltage, low Vol 0.4 v loL = 2.0 mA 

Output voltage, high VoH 2.4 v loH = -2.0 mA 

DC Current Requirements; 5-Volt Devices 
Parameter Symbol -50 -60 -70 -80 Unit Test Conditions 

Operating current lcc1 

4216/42S16 120 110 100 90 mA RAS, CAS cycling; tRc = tRc (min); lo= O mA 

4217/42S17 140 130 120 110 mA 

4218/42S18 190 180 170 160 mA 

Refresh current (RAS only lcc3 
refresh) 

4216/42816 120 110 100 90 mA RAS cycling; CAS ~ V1H (min); tRc = t RC 

4217/42817 140 130 120 110 mA 
(min); lo= o mA 

4218/42S18 190 180 170 160 mA 

Operating current (Fast- lcc4 
page mode) 

4216/42S16 100 90 80 70 mA CAS cycling; RAS s V1L (max); tpc = tpc (min); 

4217/42817 100 90 80 70 mA 
lo= o mA 

4218/42818 100 90 80 70 mA 

Refresh current (CAS Ices 
before RAS refresh) 

4216/42816 120 110 100 90 mA RAS cycling; tRc = tRc (min); lo = O mA 

4217/42S17 140 130 120 110 mA 

4218/42818 190 180 170 160 mA 

Battery backup current Ices Standby: RAS ~ V cc - 0.2 V; 
(Standby with CAS RAS, CAS: 0 vs V1L s0.2 v, Vee- 0.2 vs 
before RAS refresh) v 1H s v 1H (max); 

tRAS s 300 ns tRAS S 1 p.s WE, OE: V1H; Address: don't care; Output: open 

42S16 350 500 µA CAS before RAS refresh: 4096 cycles, 256 ms 

42S17 300 400 µA CAS before RAS refresh: 2048 cycles, 256 ms 

42S18 250 300 µA CAS before RAS refresh: 1024 cycles, 256 ms 

12 



N'EC µPD421x180/L, 42S1x180/L 

DC Current Requirements; 3.3-Volt Devices 
Parameter Symbol -A60 -A70 ·ASO Unit Test Conditions 

Operating current lcc1 

4216/42S16 100 90 80 mA RAS, CAS cycling; tRc = tRc (min); lo= O mA 

4217/42817 120 110 100 mA 

4218/42S18 170 160 150 mA 

Refresh current (RAS only lcc3 
refresh) 

4216/42S16 100 90 80 mA RAS cycling; CAS 2: V1H (min); tRc = tRc (min); 

4217/42817 120 110 100 mA 
lo=OmA 

4218/42S18 170 160 150 mA 

Operating current (Fast- lcc4 
page mode) 

4216/42S16 80 70 60 mA CAS cycling; RAS s V1L (max); tpc = tpc (min); 

4217/42817 80 70 60 mA 
lo= o mA 

4218/42S18 80 70 60 mA 

Refresh current (CAS Ices 
before RAS refresh) 

4216/42S16 100 90 80 mA RAS cycling; tRc = tRc (min); lo= O mA 

4217/42817 120 110 100 mA 

4218/42S18 170 160 150 mA 

Battery backup current Ices Standby: RAS 2: Vee- 0.2 V; 
(Standby with CAS RAS, CAS: ov s V1L s0.2V, Vcc-0.2V s 
before RAS refresh) V1H s V1H (max); 

tRAS s 300 ns tRAS S 1 #IS WE, OE: V1H; Address: don't care; Output: open 

42S16 140 140 µA CAS before RAS refresh: 4096 cycles, 256 ms 

42S17 120 120 µA CAS before RAS refresh: 2048 cycles, 256 ms 

42S18 110 110 µA CAS before RAS refresh: 1024 cycles, 256 ms 

13 



pP:D421x180/L, 42S1x180/L NEC 
AC Characteristics 
TA= o to +70°C; Vee= +5.0 V ±10% (-50, -60, -70, -80) or +3.3 V ±0.3 V (-ASO, -A70, -A80) 

-50 -60, -A60 -70, -A70 -80, -ABO 

Parameter Symbol Min Max Min Max Min Max Min Max Unit Test Conditions 

Access time from column tAA 25 30 35 40 ns (Notes 7, 8) 
address 

Access time from CAS tAeP 30 35 40 45 ns (Note 7) 
precharge (rising edge) 

Column address setup tAse 0 0 0 0 ns 
time 

Row address setup time tASR 0 0 0 0 ns 

Column address to WE tAWD 45 53 60 65 ns (Note 15) 
delay time 

Access time from CAS teAe 13 15 18 20 ns (Notes 7, 8) 
(falling edge) 

Column address hold teAH 13 15 15 15 ns 
time 

CAS pulse width teAs 13 10,000 15 10,000 18 10,000 20 10,000 ns 

CAS hold time for CAS teHR 10 10 10 10 ns 
before RAS refresh cycle 

CAS hold time (CBR self- teHS -50 -50 -50 -50 ns (Note 16) 
refresh mode) 

CAS to output in low-Z teLZ 0 0 0 0 ns (Note 7) 

Fast-page CAS precharge tep 8 10 10 10 ns 
time 

CAS precharge time tePN 8 10 10 10 ns 

Fast-page CAS precharge tcPWO 55 60 65 70 ns (Note 14) 
to WE delay time 

CAS to RAS precharge teRP 5 5 5 5 ns (Note 10) 
time 

CAS hold time tesH 50 60 70 80 ns 

CAS setup time for CAS tesR 5 5 5 5 ns 
before RAS refresh cycle 

CAS to WE delay tewo 33 38 43 45 ns (Note 15) 

Write command tewL 13 15 15 15 ns 
referenced to CAS lead 
time 

Data-in hold time toH 10 10 15 15 ns (Note 13) 

Data-in setup time tos 0 0 0 0 ns (Note 13) 

Masked write hold time tMRH 0 0 0 0 ns 
referenced to RAS 

Access time from OE to EA 13 15 18 20 ns (Notes 3, 4, 7, 8) 

OE data delay time toED 10 13 15 15 ns 

OE command hold time toEH 0 0 0 0 ns 

OE to RAS inactive setup to Es 0 0 0 0 ns 
time 

Output turnoff delay from toEZ 0 10 0 13 0 15 0 15 ns (Note 9) 
OE 

14 



NEC µPD421 x180/L, 42S1x180/L 

AC Characteristics (cont) 
-50 -60, -A60 -70, -A70 -80, -ABO 

Parameter Symbol Min Max Min Max Min Max Min Max Unit Test Conditions 

Output disable from CAS to FF 0 10 0 13 0 15 0 15 ns (Note 9) 
high 

OE to output in low-Z toLZ 0 0 0 0 ns (Note 7) 

Fast-page read or write tpc 35 40 45 50 ns (Note 6) 
cycle time 

Fast-page read-modify- tPRWC 80 85 90 100 ns (Note 6) 
write cycle time with 
extended data output 

Access time from RAS tRAC 50 60 70 80 ns (Notes 7, 8) 

RAS to column address tRAD 13 25 15 30 15 35 17 40 ns (Note 8) 
delay time 

Row address hold time tRAH 8 10 10 12 ns 

Column address lead tRAL 25 30 35 40 ns 
time referenced to RAS 
(rising edge) 

RAS pulse width tRAS 50 10,000 60 10,000 70 10,000 80 10,000 ns 

Fast-page RAS pulse tRASP 50 125,000 60 125,000 70 125,000 80 125,000 ns 
width 

RAS pulse width (CSR tRASS 100 100 100 100 µs (Note 16) 
self-refresh mode) 

Random read or write tRc 90 110 130 150 ns (Note 6) 
cycle time 

RAS to CAS delay time tRCD 18 32 20 45 20 50 25 60 ns (Note 8) 

Read command hold time tRcH 0 0 0 0 ns (Note 11) 
referenced to CAS 

Read command setup tRCS 0 0 0 0 ns 
time 

Refresh period tREF 

4216 64 64 64 64 ms 

4217 32 32 32 32 ms 

4218 16 16 16 16 ms 

42S16 256 256 256 256 ms 

42S17 256 256 256 256 ms 

42S18 256 256 256 256 ms 

RAS hold time referenced tRHCP 30 35 40 45 ns 
to CAS precharge 

RAS precharge time tRP 30 40 50 60 ns 

RAS precharge CAS hold tRPC 5 5 5 5 ns 

Ill time 

RAS precharge time tRPS 90 110 130 150 ns (Note 16) 
(CSR self-refresh mode) 

Read command hold time tRRH 0 0 0 0 ns (Note 11) 
referenced to RAS 

RAS hold time tRsH 13 15 18 20 ns 

Read-modify-write cycle tRwc 140 160 180 200 ns (Note 6) 
time 

15 



pPD421x180/L, 42S1x180/L 

AC Characteristics (cont) 
-so -60, -A60 

Parameter Symbol Min Max Min Max 

RAS to WE delay tRWD 70 83 

Write command tRWL 18 20 
referenced to RAS lead 
time 

Rise and fall transition tr 3 50 3 
time 

Write command hold twcH 8 10 
time 

Write command setup twcs 0 0 
time 

Write command pulse twp 8 10 
width 

Notes: 

(1) All voltages are referenced to GND. 

(2) An initial pause of 100~s required after power-up, followed by 
eight refresh cycles (RAS only or CBR) before proper device 
operation is achieved. 

(3) lcc1. lcc3, lcc4, and lcc5 depend on output loading and cycle 
rates. Specified values are obtained with the output open. lcc3 
is measured assuming that all column address inputs are held at 
either a high level or a low level during RAS-only refresh cycles. 
lcc4 is measured assuming that all column address inputs are 
switched only once during each fast-page cycle. 

(4) Ac measurements assume tr = 5 ns. 

(5) V1H (min) and V1L (max) are reference levels for measuring the 
timing of input signals. Transition times are measured between 
V1H and VIL· 

(6) The minimum specifications are used only to indicate the cycle 
time at which proper operation over the full temperature range 
(TA= 0 to + 70 °C) is assured. 

(7) Load = 2 TTL (-1 mA, + 4 mA) loads and 100 pF. 

(8) If tRcD s tRco (max) and tRAD s tRAD (max), access time is 
defined by tRAC (max). 

16 

If tRco ~ tRcD (max), access time is defined by tcAc (max). 
If tRAD ~ tRAD (max), access time is defined by tAA (max). 

50 

NEC 
-70, ·A70 ·80, ·ABO 

Min Max Min Max Unit Test Conditions 

95 105 ns (Note 15) 

20 20 ns 

3 50 3 50 ns 

10 15 ns (Note 12) 

0 0 ns (Note 14) 

10 15 ns (Note 12) 

(9) toFF (max) and toEz (max) define the time at which the outputs 
become ~pen-circuit and are not referenced to VoH or Vol· 

(10) The tcRP requirement should be applicable for RAS/CAS cycles 
preceded by any cycle. 

(11) Either tRRH or tRcH must be satisfied for a read cycle. 

(12) Parameter twp is applicable for a late write cycle. For early write 
cycles, twcH must be met. 

(13) These parameters are referenced to the leadi.!!.a_ edge of CAS in 
early write cycles and to the leading edge of WE in late write or 
read-modify-write cycles. 

(14) If twcs ~ twcs (min), the cycle is an early write cycle· and the 
data 1/0 pins will remain open-circuitthroughoutthe entire cycle. 

(15) If tcwo ~ tcwo (min), tRWo ~ tRwD (min), and tAwo ~ tAwD 
(min), then the cycle is a read-write cycle and the data 1/0 pins 
will contain data read from the selected cells. If neither of the 
above conditions is met, the condition of the data 1/0 pins (at 
access time and until CAS returns to V1H) is indeterminate. 

(16) Parameter is applicable only to self-refresh versions. 

(17) With burst CSR, RAS only, or external RAS/CAS, all addresses 
must be refreshed before entering self-refresh mode and after 
exiting. 



NEC pPD421x180/L, 42S1x180/L 

Timing Waveforms 

Word Read Cycle 

RAS 

UCAS 

LCAS 

Address 

tRCD 

tRCD 

Row 

tRc 
tRAs 

tcsH 

tRSH 

tCAS 

tcRP 

tAsc-1 r-tCAH 

tRAL 

Column 

WE II !//1111!/ !//J//J//JI ~ \ill\\~ 
I. 'AA=F9r--toes 

--- toEA 

OE I 

II( tCAc:--~ 
-E------~tRAr-----------

Hlgh Impedance I 
V01-V01a ------------------i.------1 

tcLZ-

tQFF 

toez 

Data Output 

83YL.al668 
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pPD421x180/L,. 42S1x180/l 

Timing Waveforms (cont) 

Byte Read Cycle 

tCRP 

------tRco---__.1 ... ::----tRSH----

l4---tcAS'--~ 

Address Row Column 

NEC 

WE II 111/J Ill! !Ill// II !!I 
I. r--tOES J \\\\\W 

I 
'AA=AI 1 

H~hlm- t 
V01-V09 ---~1.========~=~~;.;..;.t;;_RA_C~~-1-c:~==========~..,...--....;..l_to;,_EZ __ to-FF-

V~o -V01a --------H....-lg_h lm __ pec1an_ce _______ --t1 Data Output 

L.c~~ 

\ 

Note: 

[1] NonacUveCAS=V1H. 
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NEC pPD421x180/L, 42S1x180/L 

Timing Waveforms (cont) 

Word Early-Write Cycle 

·~·J 

Note: 

[1] OE= doni care. 
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pPD421x180/L, 42S1x180/L 

Timing Waveforms (cont) 

Byte Early-Write Cycle 

.... -

~ 

[\_ 

"""' 
~ 

tCRPb 

tCRP 

Address 

WE 

V01·V09 

tRCD 

tRC 

tRAs 

tcsH 

..... ""--.... 

.... -

r\.~ 

Column 

I I 

tos~ ~toH 
V~o • V01s ata rnF 

20 

Notee: 

[1] NonacUve CAS = V1H. 

[2] OE= don't care. 

NEC 

~ 

~ ~tRP~ 

L 
__,,, ,. 

tRSH ..... ""-- __,. tCRP , 

tCAS 
__,,, .,. 

v ,.. 
.J. 

l~tMRH 
\ __ 

83YL-88888 



NEC 
Timing Waveforms (cont) 

Word Late-Write Cycle 

RAS 

UCAS 

LCAS 

Address Row 

tRco 

tRCD 

pPD421x180/L, 42S1x180/L 

tRC 

tRAS tRP 

tcsH 

tRSH 

tcAS 

tCRP 

tRAL 

Column 

IOED~c·os- ~'DH=-1 ==== 
ll01·ll01s ~---------L Datalnput ~ 

83YL.-OB 

21 



pPD421x180/L, 42S1x180/L 

Timing Waveforms (cont) 

Byte Late-Write Cycle 

V01 ·V09 

-----tRco---~~4------tRSH------

14-----tCAS----~ 

...,....,.......,...._....,....,..., .__ ____ ~_to-ED.j t tos. ~ l.E Data lnputtoH 

v~o~vo1a~- ~ 

Note: 

[1) NonacUve CAS = V1H. 

22 
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1\'EC pPD421x180/L, 42S1x180/L 

Timing Waveforms (cont) 

Word Read-Modify-Write Cycle 

--~~~~~~~~~~~-tRwc~~~~~~~~~~~~~~__,~ 

~~~~~~~~~~~tRAs~~~~~~~~~~~~ 

Address 

83YL-8871B 
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pPD421x180/L, 42S1x180/L 

Timing Waveforms (cont) 

Byte Read-Modify-Write Cycle 

NEC 

tRwc·------------+-1 
----------tAAs--------~ 

---------tcsH-------~ 

14---tRco-~~-----tRsH~-----'--

tcRP ------tCAs·-----~ 

~MRH 

WE 

Note: 

[1] NonacUve CAS = V1H. 
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NEC 
Timing Waveforms (cont) 

Word Fast-Page Read Cycle 

Address 

WE 

OE 

V01·V01a 

l-IRAC 

pPD421 x180/L, 42S1x180/L 

I 

tOFF 

83YL-8873B m 
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pPD421x180/L, 42S1x180/L 

Timing Waveforms (cont) 

Byte Fast-Page Read Cycle 

tcRP 

Address 

WE 

Note: 

[1] Nonactive CAS = V1H. 

26 
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llRHCP 

83Yl.-11874B 



NEC pPD421x180/L, 42S1x180/L 

Timing Waveforms (cont) 

Word Fast-Page Early-Write Cycle 

Note: 

[1] OE= don't care. 
83YL-8876B 
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pPD421x180/L, 42S1x180/L 

Timing Waveforms (cont) 

Byte Fast-Page &rly-Write Cycle 

28 

Notes: 

[1] NonacUveCAS=V1H. 

[2] OE= don1 care. 

NEC 

83YL-887SB 



NEC pPD421x180/L, 42S1x180/L 

Timing Waveforms (cont) 

Word Fast-Page Late-Write Cycle 

Address 

lnputt __________ -<X 
Output 
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pPD421x180/L, 42S1x180/L 1\'EC 
Timing Waveforms (cont) 

Byte Fast-Page Late-Write Cycle 

CAS(1) 

CAS(2) 

Address 

to ED toH toED toH toED 

VOio·V01a--------<X 

30 



NEC 
Timing Waveforms (cont) 

Byte Fast-Page Read/Write Cycle 

----tcsH----> 

UCAS 

I 
tpRwc-----1 

I 

pPD421x180/L, 42S1x180/L 

---tpc-------tpc--~ 

I~ r-'CAH 
1~1 tASC 

I I 

~,......,....,.....,....,..........,. ........... 
Address 

WE 

tOFF 

83YL-88788 
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pPD421x180/L, 42S1x180/L 

Timing Waveforms (cont) 

Word Fast-Page Read-Modify-Write Cycle 

32 

UCAS 

LCAS 

Address 

Write-per-bit 
funcUon 

not shown 

NEC 



NEC 
Timing Waveforms (cont) 

Byte Fast-Page Read-Modify-Write Cycle 

Address 

Write-per-bit 
function 

not shown 

VoH-

VoL-

VOio-
V01a 

V1H-

V1L-

pPD421 x180/L, 42S1x180/L 

• 
33 



pPD421x180/L, 42S1x180/L 

Timing Waveforms (cont) 

Hidden-Refresh Cycle (Word Read Cycle) 

14-----tRc---~~----tRc----~I 

RAS 

tCRP 

UCAS 

tCRP 

LCAS 

tRAH 

Address Row 

OE 

High ~mpedance 

34 
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NEC 
Timing Waveforms (cont) 

Hidden-Refresh Cycle (Word Write Cycle) 

RAS 

tcRP 

UCAS 

tCRP 

LCAS 

tRAH 

Address Row 

pPD421x180/L, 42S1x180/L 

tcHR 

l-tCHR 

83RD-7477B 
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pPD421x180/L, 42S1x180/L 

Timing Waveforms (cont) 

Hidden-Refresh Cycle (Byte Write Cycle) 

NEC 

--tRc----;~--tRc---1 

~-tRAs---

WI/Ill/ 

Address Row 

D. L_ 

I.~ 
WE 'l/$1///J' ~ I ~p _J /JI Jiii! Ill! ///I!! ///I! j' II Iii 

I I 

83CL-8881B 
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t-[}:(;~~~~~~~~~-p-P-D4_2_1x_1s_o1_L,_4_2s_1_x1_so_1L 
--:;iifg Waveforms (cont) 

RAS-Only Refresh Cycle 

I~---- -tRc--··-·······------~ 

UCAS 

14------· IA.~ -------)"- ~-·---tRp-

IRPC 
~--·-···)"-

IASR tRAH ....... wt "°" JI!//!///////// li1 ///J//7$//!ll/ ll//JJ/lMZl. 
83RD-7474B 

CAS Before RAS Refresh Cycle 

~----tRc--···-·--··------~ 

---tRAs----·--·-·· ··· 

Addrass 1/////1// !Ill //I///!/ II/// llJ /II //1!! //Jll/ll /////////Ill!/////// 
Note: 
(1) If either UCAS or LCAS Input Is held 

low before RAS transitions low, the 
on-chip CBR refresh circuit Is enabled 

83RD-7476B 
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pPD421x180/L, 42S1x180/L 

Timing Waveforms (cont) 

CBR Sell-Refresh Cycle 

38 
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DRAM Modules (256K/512K x n) NEC 
Section 9 
DRAM Modules {256K/512K x n} 

MC Organization Features 

-42256AB8 256K x 8 Fast-page 9a 

-42256AB9 256K x 9 Fast-page 9b 

-42256A32 256Kx 32 Fast-page 9c 

-42256A36 256K x 36 Fast-page 9d 

-42256AA40 256K x 40 Fast-page 9e 

-42512A32 512K x 32 Fast-page 9f 

-42512A36 512K x 36 Fast-page 9g 

-42512AA40, 512K x 40 Fast-page 9h 
-42512AB40 



NEC 
NEC Electronics Inc. 

MC·42256AB8 
262,144 x 8-Bit 

Dynamic CMOS RAM Module 

Description Pin Configurations 

The MC-42256AB8 is a 262,144-word by 8-bit DRAM 30-Pin Socket-Mountable SIMM 
module designed to operate from a single +5-volt 
power supply. The module is a 30-pin socket-mountable 
Single lnline Memory Module (SIMM™) containing two O 

30 µPD424256LA DRAMS (256K x 4). 

The MC-42256AB8 is functionally equivalent to eight 
µPD42256 standard 256K x 1 DRAMs. Refreshing is 
accomplished by RAS-only refresh cycles, hidden re
fresh cycles, CAS before RAS refresh cycles, or by 
normal read or write cycles on the 256 address combi
nations of Ao - A.a during a 4-ms period. 

Features 

o 262,144-word by 8-bit organization 
o Single +5-volt power supply 
o Standard 30-pin SIMM packaging 
o Two 256K x 4 DRAMs 
o Two power supply decoupling capacitors 
o Low power dissipation of 16.5 mW max (standby) 
o TTL-compatible inputs and outputs 
o 256 refresh cycles every 4 ms 
o Fast-page mode capability 

SIMM is a trademark of Wang Laboratories. 

Ordering Information 
Part Number Access Time (max) 

MC-42256A88BA-60 60 ns 

BA-70 70 ns 

BA-80 80 ns 

BA-10 100 ns 

MC-42256A88FA-60 60 ns 

FA-70 70 ns 

FA-80 80 ns 

FA-10 100 ns 

60235 

Package 

30-pin socket-mountable 
SIMM (solder plating) 

30-pin socket-mountable 
SIMM (gold plating) 

Height 

16.8mm 
(0.661 inch) 

29 

28 

27 

26 

25 
24 

23 

22 

21 

20 

19 

18 

17 

16 

15 

14 

13 

12 

11 

10 

9 

8 

7 

6 

5 

4 

3 

2 

1 

0 

Thickness 

5.08 mm 
(0.200 inch) 

Vee 
NC 
NC 
RAS 

NC 
VO a 
NC 
V07 
GND 
WE 

V05 
NC 
NC 
Ag 

V05 

A1 

A5 

V04 

As 

A4 

V03 
GND 
A3 

A2 

V02 

A1 

Ao 

V01 

CAS 

Vee 

83YL-8743A 

DRAMs 

Two µPD424256LA 

I 
j 



MC-42256AB8 

Connection Diagram 

01 
0- ~ , Ao-As 

- RAS 
~ CAS 
0- WE 

tlf- OE µ.PD424256 
256Kx4 DRAM 

~ V01 
0- V02 

V03 
0- V04 

02 

Ao-As 
RAS 

CAS 
.___ WE 

,H OE µ.PD424256 
256Kx4DRAM 

- V01 
0- V02 

- V03 
0- V04 

::---+--.-C-1---C-2-: } m -02 
83YL-8744A 
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NEC 
Pin I dent if ication 
Name Function 

Ao·As Address inputs 

GAS Column address strobe 

1/01-1/0s Common data inputs/outputs 

RAS Row address strobe 

WE Write enable 

GND Ground 

Vee +5-volt power supply 

NC No connection 

Absolute Maximum Ratings 
Voltage on any pin relative. to GND -1.0 to +7.0 V 

Operating temperature, ToPR o to +70°C 

Storage temperature, TsrG -55 to + 125°C 

Short-circuit output current, los 50mA 

Power dissipation, Po 2.0W 

Exposure to Absolute Maximum Ratings for extended periods may 
affect device .. reliability; exceeding the ratings could cause perma
nent. damage. The device should be operated within the limits 
specified under DC and AC Characteristics. 

Recommended Operating Conditions 
Parameter Symbol Min Typ Max Unit 

Input voltage, high VtH 2.4 Vee+ 1.0 v 
Input voltage, low V1L -1.0 0.8 v 
Supply voltage Vee 4.5 5.0 5.5 v 
Ambient temperature TA 0 70 oc 

Capacitance 
TA = 25°C; f = 1 MHz 

Parameter Symbol Max Unit Pins Under Test 

Input capacitance C11 70 pF Ao-As, RAS, 
GAS, WE 

Input/output cvo 10 pF 1101 -1108 
capacitance 



NEC MC·42256AB8 

DC Characteristics 
TA= o to +70°C; Vee= + 5.0 V ±10%; GND = OV 

Parameter Symbol Min Typ Max Unit Test Conditions 

Supply voltage Vee 4.5 5.0 5.5 v • Input voltage, high V1H 2.4 Vee+ 1.0 v 
Input voltage, low Vil -1.0 0.8 v 
Standby current lee2 4 mA RAS = .CAS ~ V1H 

2 mA RAS= CAS ~ Vee- 0.2 v 
Input leakage current l1l -20 20 µA For Ao- A8, RAS, CAS, WE: V1N = 0 to 5.5 V; 

other pins= 0 V 

Output leakage current lol -10 10 µA For 1/01 - 1/08 and Dour disabled; 
Vour = o to 5.5 V 

Output voltage, low Vol 0 0.4 v lour= 4.2 mA 

Output voltage, high VoH 2.4 Vee v lour= -5 mA 

AC Characteristics 
TA= o to +70°C; Vee= +5.0 V ±10% 

-60 -70 -80 -10 

Parameter Symbol Min Max Min Max Min Max Min Max Unit Test Conditions 

Operating current, lec1 180 160 140 120 mA RAS, CAS cycling; 
average tRc = tRe min (Note 5) 

Operating current, lcca 180 160 140 120 mA RAS cycling; CAS = V1H; 
RAS-only refresh cycle, tRe = tRc min (Note 5) 
average 

Operating current, lcc4 160 140 120 100 mA RAS= V1l; CAS cycling; 
fast-page cycle, average tpe = tpc min (Note 5) 

Operating current, Ices 180 160 140 120 mA RAS cycling; CAS before 
CAS before RAS refresh RAS; tRe = tRe min 
cycle, average (Note 5) 

Access time from tAA 30 35 45 50 ns (Notes 7, 10, 11) 
column address 

Access time from CAS tAeP 35 40 45 55 ns (Notes 7, 11) 
precharge (rising edge) 

Column address hold tAR NIA N/A 60 70 ns 
time referenced to RAS 

Column address tASC 0 0 0 20 0 20 ns (Note 11) 
setup time 

Row address setup time tASR 0 0 0 0 ns 

Column address to WE tAWD 30 35 45 50 ns (Note 18) 
delay time 

Access time from CAS tCAc 20 20 20 25 ns (Notes 7, 9, 10, 11) 
(falling edge) 

Column address tCAH 15 17 20 20 ns 
hold time 

CAS pulse width teAS 20 10,000 20 10,000 20 10,000 25 10,000 ns 

CAS hold time for CAS tcHR 15 15 15 20 ns 
before RAS refresh cycle 
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MC-42256AB8 

AC Characteristics (cont) 
-60 -70 -80 -10 

Parameter Symbol Min Max Min Max Min Max Min Max 

CAS precharge time, fast- tcp 
page cycle 

CAS precharge time, 
nonpage cycle 

CAS to RAS 
precharge time 

CAS hold time 

CAS setup time for CAS 
before RAS refresh cycle 

CAS to WE delay 

Write command to 
CAS lead time 

Data-in hold time 

Data-in hold time 
referenced to RAS 

Data-in setup time 

Output buffer 
turnoff delay 

Fast-page cycle time 

Access time from RAS 

RAS to column address 
delay time 

Row address hold time 

Column address lead 
time referenced to RAS 
(rising edge) 

RAS pulse width 

RAS pulse width, 
fast-page cycle 

Random read or write 
cycle time 

RAS to CAS delay time 

tcpN 

tcRP 

tcsH 

tcsR 

tcwo 

tcwL 

toH 

toHR 

tos 

toFF 

tpc 

Read command hold time tRcH 
referenced to CAS 

Read command 
setup time 

Refresh period 

RAS precharge time 

RAS precharge CAS 
hold time 

Read command hold time tRRH 
referenced to RAS 

RAS hold time tRSH 

Read-write cycle time tRwC 

RAS to WE delay tRwD 

4 

10 10 10 20 10 25 

10 10 10 10 

10 10 10 10 

60 70 80 100 

10 10 10 10 

20 20 20 25 

15 15 15 20 

15 15 20 20 

N/A N/A 60 70 

0 0 0 0 

0 15 0 15 0 20 0 25 

40 45 50 60 

60 70 80 100 

15 30 15 35 17 35 17 50 

10 10 12 12 

30 35 45 50 

60 10,000 70 10,000 80 10,000 100 10,000 

60 10,000 70 100,000 80 100,000 100 100,000 

120 130 160 190 

20 40 20 50 25 60 25 75 

0 0 0 0 

0 0 0 0 

4 4 4 4 

50 60 70 80 

10 10 0 0 

10 10 10 10 

20 20 20 25 

145 155 190 225 

60 70 80 100 

NEC 

Unit Test Conditions 

ns (Note 11) 

ns 

ns (Note 14) 

ns 

ns 

ns (Note 18) 

ns 

ns (Note 17) 

ns 

ns (Note 17) 

ns (Note 12) 

ns (Note 6) 

ns (Notes 7, 8) 

ns (Note 10) 

ns 

ns 

ns 

ns 

ns (Note 6) 

ns (Note 13) 

ns (Note 15) 

ns 

ms Addresses Ao - Aa 
ns 

ns 

ns (Note 15) 

ns 

ns (Note 6) 

ns (Note 18) 



NEC 
AC Characteristics (cont) 

-60 -70 

Parameter Symbol Min Max Min Max 

Write command to tRWL 20 20 
RAS lead time 

Rise and fall tr 3 50 3 50 
transition time 

Write command twcH 15 15 
hold time 

Write command hold twcR N/A N/A 
time referenced to RAS 

Write command twcs 0 0 
setup time 

Write command twp 15 15 
pulse width 

Notes: 

(1) All voltages are referenced to GND. 

(2) An initial pause of 100 µsis required after power-up, followed by 
any eight RAS cycles, before proper device operation is 
achieved. 

(3) Ac measurements assume tr = 5 ns. 

(4) V1H (min) and V1L (max) are reference levels for measuring the 
timing of input signals. Transition times are measured between 
V1H and VIL· 

(5) lcc1. lcc3, lcc4, and Ices depend on output loading and cycle 
rates. Specified values are obtained with the output open. lcc3 
is measured assuming that all column address inputs are held at 
either a high level or a low level during RAS-only refresh cycles. 
lcc4 is measured assuming that all column address inputs are 
switched only once during each fast-page cycle. 

(6) The minimum specifications are used only to indicate the cycle 
time at which proper operation over the full temperature range 
(TA = 0 to + 70°C} is assured. 

(7) Load = 2 TTL (-1 mA, + 4 mA) loads and 100 pF. 

(8) Assumes that tRco s tRcD (max) and tRAD s tRAD (max). If 
tRco or tRAD is greater than the maximum recommended value 
in this table, tRAC increases by the amount that tRco or tRAD 
exceeds the value shown. 

(9) Assumes that tRco ~ tRco (max) and tRAD s tRAD (max). 

(10} If tRAD ~ tRAD (max), then the access time is defined by tAA· 

(11) toFF (max) defines the time at which the output achieves the 
open-circuit condition and is not referenced to VoH or Vol· 

(12) Operation within the tRco (max) limit assures that tRAC (max) 
can be met. tRco (max) is specified as a reference point only; if 
tRco is greater than tRco (max), then access time is controlled 
exclusively by tcAC· 

MC-42256AB8 

-80 -10 

Min Max' Min Max Unit Test Conditions 

25 30 ns 

3 50 3 50 ns (Note 4) 

15 20 ns 

55 70 ns 

0 0 ns (Note 18) 

15 20 ns (Note 16) 

(13) For fast-page read operation, the definition of access time is as 
follows: 

CAS and Column Address 
Input Conditions Access Time Definition 

tcp s tcp (max), tAsc:::: tcp tAcP 

tcp s tcp (max), tAsc s tcp tAA 

tcp <::: tcp (max), tAsc s tAsc (max) tAA 

tcp :::: tcp (max), tAsc :::: tcp tcAc 

(14) The tcRP requirement should be applicable for RAS/CAS cycles 
preceded by any cycle. 

(15) Either tRRH or tRcH must be satisfied for a read cycle. 

(16) Parameter twp is applicable for a delayed write cycle such as a 
read-write/read-modify-write cycle. For early write operation, 
both twcs and twcH must be met. 

(17) These parameters are referenced to the fal.!.!!!9 edge of CAS for 
early write cycles and to the falling edge of WE for delayed write 
or read-modify-write cycles. 

(18) For DouT9 parameters twcs. tRwo. tcwo. and tAwo are restric
tive operating parameters in read-write/read-modify-write cy
cles only. lftwcs <::: twcs (min), the cycle is an early write cycle 
and the data output will remain open-circuit throughout the 
entire cycle. If tcwo <::: tcwo (min), tRwo ~ tRwo (min}, and 
tAwo <::: tAwo (min}, 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 is met, the condition of DouT9 (at access 
time and until CAS9 returns to V1H) is indeterminate. 
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MC-42256AB8 

Timing Waveforms 

Read Cycle 

AAS 

CAS 

Address 

i.....1..:-----tRSH-----
tcsH---------

~--tRco--~~----tCAs------,~1 

L 

NEC 

WE w //)/Jiii!/ _J V/J///; 
~---toES 

6 

to~l 

I I.- tCAc 
~tM----~ 

--------tAAr---+------'~ 

Input/Output ______ ...;.;;s;i:.;..;.;.;.;c.;;;=09~---..:.l __ -1-_--'I 

L.c~~ 
Valid Data-out 

High Impedance 

83VB-87798 



t\'EC MC-42256AB8 

Timing Waveforms (cont) 

Early Write Cycle 

i+--------tRc.-------~ 

RAS 

CAS 

Address 

tcRP 

1+-------tRAS-----

i...-1oe---tRsH--
------tcsH-----
----tRco---tE----

•wcs i ~ r-=•wcH I 
WE-\\\-\\\-\\\-\\\-\\\ ............... \\{ I I twP----"Yml///J !/lijff,@j/j 

===I.~ I• toH :1 ==== 
lnputfOUtput ~ Data-In 

Note: 

[1] OE =don't care. 
83YL-8978B 
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MC-42256AB8 

Timing Waveforms (cont) 

Fast-Page Read Cycle 

RAS 

CAS 

Address 

WE 

OE 

lnpuVOutput 
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NEC 

83\18-67888 



NEC MC-42256AB8 

Timing Waveforms (cont) 

Fast-Page Early Write Cycle 

Note: 

[1] OE = don't care. 
83YL-e981B 
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MC-42256AB8 

Timing Waveforms (cont) 

Hidden Refresh Cycle 

NEC 

-----Memory Cycle-----'~~ CAS Before RAS Cycle ~~--CAS Before RAS Cycle 

10 

------tRc tRc tRc----~ 

RAS 

CAS 

Address 

Input/Output ----~-H..-lgh_l_m._pedanc __ e __ -<1 

lli_::LZ 

----tRAS 

twHR~ I 

\\\ \\\\\\\\ \\\\\\ 
I 

Valid Data-out 

toFF 

toEZ 

High 
Im e 

83VB-6786B 



~EC 

Timing Waveforms (cont) 

RAS-Only Refresh Cycle 

tCRP 

CAS JL 
--~--· 

MC-42256AB8 

High Impedance 
Input/Output----------------------------------

Notes: 

[1] WE=OE=don'tcare. 
83VB-6783B 

CAS Before RAS Refresh Cycle 

RAS 

tcRP 

WE 7lJ \\\\\ \\\\ \\\ \\ \\ \ \\\\\\ \ \\\ \\\\\\ \\\\ \\ \\\\\ 
Input/Output ----------------H'""'lg-h 1_m.._pec1an __ ce ______________ _ 

83VB-6784B 
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MC-42256AB8 NEC 
Package Drawing 

30-Pin Socket-Mountable SIMM (MC-42256AB81 Suffix BA or FA) 

Item Mllllmetera Inches 

I. A 88.90 3.500 

B 16.SOmax .661 max A 

c 2.54 .100 E 
D 1.78 .070 

~ 
E 5.08 max .200max 

F 1.27± .08 .050± .0032 

G 10.16 .400 CJCJ H 6.35 .250 

I 82.10 3.232 

J 3.175 dla .125dla 

~~ 
D c F 

MC-42266AB8BA/FA 83YL-87458 
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NEC 
NEC Electronics Inc. 

MC-42256AB9 
262,144 x 9-Bit 

Dynamic CMOS RAM Module 

Description Pin Configurations 

The MC-42256AB9 is a 262,144-word by 9-bit DRAM 
module designed to operate from a single +5-volt 
power supply. The module is a 30-pin socket-mountable 
Single lnline Memory Module (SIMM™) containing two 
µPD424256LA DRAMS (256K x 4) and one µPD42256L 
DRAM (256K x 1). 

30-Pin Socket-Mountable SIMM 

The MC-42256AB9 is functionally equivalent to eight 
µPD42256 standard 256K x 1 DRAMs with a parity bit. 
Refreshing is accomplished by RAS-only refresh cycles, 
hidden refresh cycles, CAS before RAS refresh cycles, 
or by normal read or write cycles on the 256 address 
combinations of Ao -As during a 4-ms period. 

Features 

o 262, 144-word by 9-bit organization 
o Single +5-volt power supply 
o Standard 30-pin SIMM packaging 
o Three 256K DRAMs 
o Three power supply decoupling capacitors 
o Low power dissipation of 16.5 mW max (standby) 
o TTL-compatible inputs and outputs 
o 256 refresh cycles every 4 ms 
o Page~mode capability 

SIMM is a trademark of Wang Laboratories. 

Ordering Information 
Part Number Access Time (max) 

MC-42256AB9BA-60 60 ns 

BA-70 70 ns 

BA-80 80 ns 

BA-10 100 ns 

MC-42256AB9FA-60 60 ns 

FA-70 70 ns 

FA-80 80 ns 

FA-10 100 ns 

60213 

Package 

30-pin socket-mountable 
SIMM (solder plating) 

30-pin socket-mountable 
SIMM (gold plating) 

Height 

16.8 mm 
(0.661 inch) 

0 

0 

30 Vee 
29 DIN9 
28 CAS9 

27 RAS 

2a DouT9 
25 VOa 
24 NC 

23 V07 
22 GND 

21 WE 

20 VOa 
19 NC 

18 NC 

17 As 

16 V05 
15 A1 

14 Ae 

13 V04 
12 As 

11 A4 

10 V03 
9 GND 

8 As 

7 A2 

6 V02 
5 A1 

4 Ao 

3 V01 
2 CAS 

Vee 

Thickness 

5.08 mm 
(0.200 inch) 

ORA Ms 

Two µPD424256LA 
One µPD42256L 



MC-42256AB9 

Connection Diagram 

DIN9 

DoUT9 

0-

"-

0-

0-

"-

0-

0-

~ 

(). 

..... 

~ 

1lf-

~ 

,H 

.___ 

01 

Ao·Aa 
RAS 

CAS 

WE 
OE µPD424256 

256Kx4 DRAM 

V01 

V02 
V03 

V04 

D2 

Ao·Aa 
RAS 

CAS 

WE 
OE µPD424256 

256Kx4 DRAM 

V01 

V02 
V03 

V04 

D3 

Ao·Aa 
RAS 

CAS 

WE µPD42256 
256Kx1 DRAM 

D1N 

DouT 

::---+--C1---C3-: } 01 -03 

2 

83YL-e640A. 

NEC 
Pin I dent if ication 
Name Function 

Ao-As Address inputs 

Column address strobe 

Column address strobe for data output 9 

D1N9 Data input 9 

DouT9 Data output 9 

1/01- l/Oa Common data inputs/outputs 

Row address strobe 

Write enable 

GND Ground 

Vee + 5-volt power supply 

NC No connection 

Absolute Maximum Ratings 
Voltage on any pin relative to GND -1.0 to + 7.0 V 

Operating temperature, ToPR o to+ 70°C 

Storage temperature, TsrG -55 to + 125°C 

Short-circuit output current, los 50mA 

Power dissipation, Po 3.0W 

Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause perma
nent damage. The device should be operated within the limits 
specified under DC and AC Characteristics. 

Recommended Operating Conditions 
Parameter Symbol Min Typ Max Unit 

Input voltage, high V1H 2.4 Vee+ 1.0 v 
Input voltage, low V1L -1.0 0.8 v 
Supply voltage* Vee 4.5 5.0 5.5 v 
Ambient temperature TA 0 70 oc 

* V cc = + 5.0 V ±5% for the -80 version. 

Capacitance 
TA = 25°C; f = 1 MHz 

Parameter Symbol Max Unit Pins Under Test 

Input capacitance C11 75 pF Ao-Ag, RAS, 
CAS, WE 

C12 13 pF CAS9, D1N9 

Input/output Cvo 17 pF 1/01 • l/Oa 
capacitance 

Output capacitance Co 12 pF Dour9 



NEC MC-42256AB9 

DC Characteristics 
TA= o to +10°c; Vee= +5.0 v :t10%; GND = av 
Parameter Symbol Min Typ Max Unit Test Conditions 

Supply voltage Vee 4.5 5.0 5.5 v 
Input voltage, high V1H 2.4 Vee+ 1.0 v 
Input voltage, low V1L -1.0 0.8 v -Standby current lee2 6 mA RAS = CAS ;?: V1H 

3 mA RAS = CAS ;?: Vee - 0.2 v 
Input leakage current l1L -30 30 µA For Ao -Ag, RAS, CAS, WE: V1N = 0 to 5.5 V; 

other pins = 0 V 

Input leakage current l1L9 -10 10 µA For CASg, D1N9; V1N = 0 to 5.5 V; 
other pins = O V 

Output leakage current loL -10 10 µA For 1/01 - I/Os and DoUT9 disabled; 
VouT = o to 5.5 V 

Output voltage, low Vol 0 0.4 v louT = 4.2mA 

Output voltage, high VoH 2.4 Vee v louT:;:: -5 mA 

AC Characteristics 
TA= o to +70°C; Vee= +5.0 V ±10% 

-60 -70 -80 -10 

Parameter Symbol Min Max Min Max Min Max Min Max Unit Test Conditions 

Operating current, lec1 270 240 210 180 mA RAS, CAS cycling; 
average tRc = tRc min (Note 5) 

Operating current, lec3 270 240 210 180 mA RAS cycling; CAS = V1H; 
RAS-only refresh cycle, tRc = tRc min (Note 5) · 
average 

Operating current, lcc4 240 210 180 150 mA RAS = V1Li CAS cycling; 
fast-page cycle, average tpc = tpc min (Note 5) 

Operating current, Ices 270 240 210 180 mA RAS cycling; CAS before 
CAS before RAS refresh RAS; tRc = tRc min 
cycle, average (Note 5) 

Access time from tAA 30 35 45 50 ns (Notes 7, 10, 11) 
column address 

Access time from CAS tAeP 35 40 45 55 ns (Notes 7, 11) 
precharge (rising edge) 

Column address hold iAR N/A N/A 60 70 ns 
time referenced to RAS 

Column address tAse 0 0 0 20 0 20 ns (Note 11) 
setup time 

Row address setup time tAsR 0 0 0 0 ns 

Column address to WE tAWD 30 35 45 50 ns (Note 18) 
delay time 

Access time from CAS tcAe 20 20 20 25 ns (Notes 7, 9, 10, 11) 
(falling edge) 

Column address teAH 15 17 20 20 ns 
hold time 

CAS pulse width tCAs 20 10,000 20 10,000 20 10,000 25 10,000 ns 

CAS hold time for CAS tcHR 15 15 15 20 ns 
before RAS refresh cycle 

3 



MC-42256AB9 

AC Characteristics (cont) 

Parameter Symbol Min 

CAS precharge time, fast- tcp 
page cycle 

CAS precharge time, 
nonpage cycle 

CAS to RAS 
precharge time 

CAS hold time 

CAS setup time for CAS 
before RAS refresh cycle 

CAS to WE delay 

Write command to 
CAS lead time 

Data-in hold time 

Data-in hold time 
referenced to RAS 

Data-in setup time 

Output buffer 
turnoff delay 

Fast-page cycle time 

Access time from RAS 

RAS to column address 
delay timf!l 

Row address hold time 

Column address lead 
time referenced to RAS 
(rising edge) 

RAS pulse width 

RAS pulse width, 
fast-page cycle 

Random read or write 
cycle time 

RAS to CAS delay time 

tcRP 

tcsH 

tcsR 

tcwo 

tcwL 

tos 

toFF 

Read command hold time tRcH 
referenced to CAS 

Read command 
setup time 

Refresh period 

RAS precharge time 

RAS precharge CAS 
hold time 

Read command hold time tRRH 
referenced to RAS 

RAS hold time 

Read-write cycle time 

RAS to WE delay 

4 

10 

10 

10 

60 

10 

20 

15 

15 

N/A 

0 

0 

40 

15 

10 

30 

60 

60 

120 

20 

0 

0 

50 

10 

10 

20 

145 

60 

-60 -70 

Max Min Max 

10 

10 

10 

70 

10 

20 

15 

15 

N/A 

0 

15 0 15 

45 

60 70 

30 15 35 

10 

35 

10,000 70 10,000 

10,000 70 100,000 

130 

40 20 50 

0 

0 

4 4 

60 

10 

10 

20 

155 

70 

NEC 
-80 -10 

Min Max Min Max Unit Test Conditions 

10 20 10 25 ns (Note 11) 

10 10 ns 

10 10 ns (Note 14) 

80 100 ns 

10 10 ns 

20 25 ns (Note 18) 

15 20 ns 

20 20 ns (Note 17) 

60 70 ns 

0 0 ns (Note 17) 

0 20 0 25 ns (Note 12) 

50 60 ns (Note 6) 

80 100 ns (Notes 7, 8) 

17 35 17 50 ns (Note 10) 

12 12 ns 

45 50 ns 

80 10,000 100 10,000 ns 

80 100,000 100 100,000 ns 

160 190 ns (Note 6) 

25 60 25 75 ns (Note 13) 

0 0 ns (Note 15) 

0 0 ns 

4 4 ms Addresses Ao -As 

70 80 ns 

0 0 ns 

10 10 ns (Note 15) 

20 25 ns 

190 225 ns (Note 6) 

80 100 ns (Note 18) 



NEC 
AC Characteristics (cont) 

-60 -70 

Parameter Symbol Min Max Min Max 

Write command to tRWL 20 20 
RAS lead time 

Rise and fall tT 3 50 3 50 
transition time 

Write command twcH 15 15 
hold time 

Write command hold twcR N/A N/A 
time referenced to RAS 

Write command twcs 0 0 
setup time 

Write command twp 15 15 
pulse width 

Notes: 

(1) All voltages are referenced to GND. 

(2) An initial pause of 100µs is required after power-up, followed by 
any eight RAS cycles, before proper device operation is 
achieved. 

(3) Ac measurements assume tT = 5 ns. 

(4) V1H (min) and V1L (max) are reference levels for measuring the 
timing of input signals. Transition times are measured between 
V1H and VIL· 

(5) lcc1. lcc3, lcc4, and Ices depend on output loading and cycle 
rates. Specified values are obtained with the output open. lcc3 
is measured assuming that all column address inputs are held at 
either a high level or a low level during RAS-only refresh cycles. 
Icc4 is measured assuming that all column address inputs are 
switched only once during each fast-page cycle. 

(6) The minimum specifications are used only to indicate the cycle 
time at which proper operation over the full temperature range 
(TA = 0 to + 70°C) is assured. 

(7) Load = 2 TTL (-1 mA, +4 mA) loads and 100 pF. 

(8) Assumes that tRcD s tRco (max) and tRAD s tRAD (max). If 
tRcD or tRAD is greater than the maximum recommended value 
in this table, tRAC increases by the amount that tRcD or tRAD 
exceeds the value shown. 

(9) Assumes that tRcD <:?: tRcD (max) and tRAD s tRAD (max). 

(10) If tRAD <:?: tRAD (max), then the access time is defined by tAA· 

(11) toFF (max) defines the time at which the output achieves the 
open-circuit condition and is not referenced to VoH or Vol· 

(12) Operation within the tRcD (max) limit assures that tRAC (max) 
can be met. tRcD (max) is specified as a reference point only; if 
tRcD is greater than tRcD (max), then access time is controlled 
exclusively by tcAC· 

MC-42256AB9 

-80 -10 

Min Max Min Max Unit Test Conditions 

25 30 ns 

3 50 3 50 ns (Note 4) 

15 20 ns 

55 70 ns 

0 0 ns (Note 18) 

15 20 ns (Note 16) 

(13) For fast-page read operation, the definition of access time is as 
follows: 

CAS and Column Address 
Input Conditions Access Time Definition 

tcp s tcp (max), tAsc <:?: tcp tAcP 

tcp s tcp (max), tAsc s tcp tAA 

tcp <:?: tcp (max), tAsc s tAsc (max) tAA 

tcp <:?: tcp (max), tAsc <:?: tcp tcAc 

(14) The tcRP requirement should be applicable for RAS/CAS cycles 
preceded by any cycle. 

(15) Either tRRH or tRcH must be satisfied for a read cycle. 

(16) Parameter twp is applicable for a delayed write cycle such as a 
read-write/read-modify-write cycle. For early write operation, 
both twcs and twcH must be met. 

(17) These parameters are referenced to the fal~ edge of CAS for 
early write cycles and to the falling edge of WE for delayed write 
or read-modify-write cycles. 

(18) For DouT9 parameters twcs. tRWD• tcwo. and tAwo are restric
tive operating parameters in read-write/read-modify-write cy
cles only. If twcs <:?: twcs (min), the cycle is an early write cycle 
and the data output will remain open-circuit throughout the 
entire cycle. If tcwo ~ tcwo (min), tRWD ~ tRwD (min), and 
tAwD ~ tAwD (min), 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 is met, the condition of DouT9 (at access 
time and until CAS9 returns to V1Hl is indeterminate. 
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MC-42256AB9 

Timing Waveforms 

Read Cycle 

tCRP 

CAS 

Address 

L 

1-c:-----tRSH-----
tcsH---------

NEC 

WE 71//11!//JI/ a I VIJJ!Ji 
----toes---.! 

~~1 

I ~ tCAc 
~tM------

14-------tRAr.--+-----~ 

ca I Input/Output ------..;.;.;i;~==;;;._ ___ ..;._ _ _., __ -fl X 

L.=~~ 
HI h Impedance 

Valid Data-out 

83Y&8779B 
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!\'EC 
Timing Waveforms (cont) 

Early Write Cycle 

RAS 

tcRP 

CAS 

Address 

Note: 

(1) OE = don't care. 

1--oc---tRsH----
------tcsH-------

MC-42256AB9 

83YL-6978B 
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MC-42256AB9 

Timing Waveforms (cont) 

Read-Write/Read-Modif}c-Write Cycle (Dours only} 

NEC 

14-------------tRWc------------~ 

CAS 

Address 

WE 

8 

14----------tRAS----------

'"'l<~-1----tRSH-----
14--------+--tcsH--------
----tRco--~~_..;_1 --tCAs------

1 

tA~.o--4 
tCAH I 

1----~1 

831fi.8681B 



NEC 
Timing Waveforms (cont) 

Fast-Page Read Cycle 

MC-42256AB9 

83VIMl786B 
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MC-42256AB9 

Timing Waveforms (cont) 

Fast-Page Early Write Cycle 

Addrass 

WE 

,,....,_....,...,.._..,......,... ..... tost:lr ___ _ 

Input/Output ~-----
Nole: 

[1) OE= don't care. 

10 

NEC 

83YL-81181B 



NEC MC-42256AB9 

Timing Waveforms (cont) 

Fast-Page Read-Write/Read-Modify-Write Cycle (Dours only) 

Address 

DouT ----------1 

831H-8697B 

11 



MC-42256AB9 

Timing Waveforms (cont) 

Hidden Refresh Cycle 

NEC 

---Memory Cycle--_....l'- CAS Before RAS Cycle _....,E---CAS Before RAS Cycle 

12 

----tRc tRc----

CAS 

Address 

WE l//Jl/f I! 
I 

twHR~ I 

\\\ \\\ \\\ \\\\\\~ 
I 

Valld Data-out 

to FF 

toez 

High 
I e 



NEC MC-42256AB9 

Timing Waveforms (cont) 

RAS-Only Refresh Cycle 

---------tRC---------+i 

---------tRAs--------

High Impedance 
lnput!Output ------------------------------

Notes: 

[1) WE= OE= don't C819. 

CAS Before RAS Refresh Cycle 

---------tRC·---------+1 

--------tRAS--------

RAS 

tcRP 

WE 7lJ \\\\ \\\\\\\\\\ \ \\\\\\ \\\\ \\\\\ \\ \\\\\ \ \\ \\\\ 
lnput!Output ___________ H...-lgh_1m ...... pedan_oe __________ _ 

83VB-8784B 

13 



MC-42256AB9 tWEC 
Package Drawing 

30-Pin Socket-Mountable SIMM (MC-42256AB9BA/FA) 

~--~I ~I __ ___. Item Mllllmetera lnchea 

I. A 88.90 ' 3.500 

B 16.80 max .661 max i..----------A----------1 
c 2.54 .100 

D 1.78 .070 

E 5~08 max .200max 
F 1.27 :I: .08 .050:1: .0032 
G 10.16 .400 
H 6.35 .250 

I 82.10 3.232 

J 3.175dla .125 dla 

D c F 
MC-42256AB911A/A 83YL.e&41B 

14 



1ttf EC 
NEC Electronics Inc. 

Description 

The MC-42256A32 is a fast-page dynamic RAM module 
organized as 262,144 words by 32 bits and designed to 
operate from a single +5-volt power supply. Advanced 
CMOS circuitry ensures minimum power dissipation 
and excellent operating margins. 

The three-state output is controlled by CAS indepen
dent of RAS. After a valid read or read-modify-write 
cycle, data is held on the output by holding CAS low. 
Data output is returned to high impedance by returning 
CAS high. Fast-page read and write cycles can be 
executed by cycling CAS. Refreshing is accomplished 
by RAS-only refresh cycles, CAS before RAS refresh 
cycles, hidden refresh cycles, or by the 512 address 
combinations of Ao -As during an 8-ms period. 

The MC-42256A32 is packaged in a variety of Single 
lnline Memory Modules (SIMM™). Each SIMM contains 
eight 262,144 x 4-bit µPD424256 DRAMS and eight 
power supply decoupling capacitors for noise reduc
tion. DQ1 - D032 are common input/output pins. 

Features 

o 262,144-word by 32-bit organization 
o Single +5-volt power supply 
o Fast-page cycles 
o Low power dissipation 
o RAS-only refresh cycles 
o CAS before RAS refresh cycles 
o Hidden refresh cycles 
o 512 refresh cycles every 8 ms 
o TTL-compatible inputs and outputs 
o 72-pin SIMM packaging 

SIMM is a trademark of Wang Laboratories. 

Pin I dent if ication 
Name Function 

Ao-Aa Address inputs 

CASo- CAS3 Column address strobes 

D01 - 0032 Common data inputs/outputs 

RASo, RA~ Row address strobes 

WE Write enable 

GND Ground 

Vee +5-volt power supply 

NC No connection 

60212 

MC-42256A32 
262,144 x 32-Bit 

Dynamic CMOS RAM Module 

Pin Configuration 

72-Pin Socket-Mountable SIMM 

0 Pin Symbol 
729 

GND 

2 001 

3 0017 

4 002 

5 0015 

6 003 

7 0019 

8 004 
37= 

9 0020 
36c: 10 Vee 

11 NC 

12 Ao 
13 A1 

14 A2 

15 Aa 
16 A4 
17 As 

o~ 18 As 

Pin Symbol Pin Symbol Pin Symbol 

19 NC 37 NC 55 0012 

20 00s 38 NC 56 002a 

21 0021 39 GND 57 0013 

22 00s 40 CASo 58 0029 

23 0022 41 CAS2 59 Vee 
24 ~ 42 CAS3 60 0030 

25 0023 43 CAS1 61 0014 

26 005 44 RASo 62 0031 

27 ~ 45 NC 63 0015 

28 A1 46 NC 64 0032 

29 NC 47 WE 65 0010 

30 Vee 46 NC 66 NC 

31 As 49 Dag 67 [Note 1) 

32 NC 50 0025 68 [Note1] 

33 NC 51 0010 69 [Note 1) 

34 RAS2 52 0025 70 [Note 1) 

35 NC 53 0011 71 NC 

36 NC 54 0027 72 GND 

Notes [1]: Pi'ls 67 through 70 are deflied by access time: 

Pin &On• 70na eons 100n• 

67 GND GND GND GND 
68 NC NC NC NC 
69 NC GND NC GND 
70 NC NC GND GND 

83YL-8609A 

.. 



MC-42256A32 

Ordering Information 
Part Number Access Time (max) 

MC-42256A328-60 60 ns 

B-70 70 ns 

B-80 80 ns 

B-10 100 ns 

MC-42256A32F-60 60 ns 

F-70 70 ns 

F-80 80 ns 

F-10 100 ns 

MC-42256A32BT-60 60 ns 

BT-70 70 ns 

BT-80 80 ns 

BT-10 100 ns 

MC-42256A32FT-60 60 ns 

FT-70 70 ns 

FT-80 80 ns 

FT-10 100 ns 

2 

Package 

72-pin socket-mountable 
SIMM (solder plating) 

72-pin socket-mountable 
SIMM (gold plating) 

72-pin socket-mountable 
SIMM (solder plating) 

72-pin socket-mountable 
SIMM (gold plating) 

Height 

25.4 mm 
(1.00 inch) 

25.4 mm 
(1.00 inch) 

Thickness 

5.08mm 
(0.200 inch) 

2.68mm 
(0.106 inch) 

NEC 
DRAMs 

Eight µPD424256LA 

Eight µPD424256GX 



t\'EC MC-42256A32 

Connection Diagram 

RASo RAS2 

CASo CAS2 .. 001 V01 CAS RAS DQ17 V01 CAS RAS 

002 V02 oa1a V02 
003 V03 DO 0019 V03 01 
004 V04 0020 V04 

OE OE 

-= -= 
005 V01 CAS RAS 0021 V01 CAS RAS 

Das V02 0022 V02 
007 V03 02 0023 V03 03 
oaa V04 0024 V04 

OE Oe 
-= -= 

CAS1 CAS3 

Dag V01 CAS RAS DQ25 V01 CAS RAS 

0010 V02 DQ26 V02 
0011 V03 04 DQ27 V03 05 
0012 V04 oa2a V04 

OE OE 

-= -= 
0013 V01 CAS RAS 0029 V01 CAS RAS 

0014 V02 DQ30 V02 
0015 V03 06 0031 V03 07 
0016 V04 DQ32 V04 

OE OE 

-= -= 

Ao--Aa 
WE 

vcco :!: • } 00-07 ,,....,._ 

GNDO 
=4j: Co-C7 ;i.. 

83YL-86108 
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MC-42256A32 

Absolute Maximum Ratings 
Voltage on any pin relative to GND -1.0 to +7.0 V 

Operating temperature, ToPR Oto +70°C 

Storage temperature, TsTG -55 to + 125°C 

Short-circuit output current, los 50 mA 

Power dissipation, Po aw 

Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause perma
nent damage. The device should be operated within the limits 
specified under DC and AC Characteristics. 

DC Characteristics 
TA= o to +70°C; Vee= +5.0 V ±5% 

Parameter Symbol Min Max 

Standby current lcc2 16 

8 

Input leakage current l1(L) -80 80 

Output leakage current lo(L) -10 10 

Output voltage, low Vol 0.4 

Output voltage, high VoH 2.4 

AC Characteristics 
TA= o to +70°c; Vee= +5.0 V ±5% 

-60 -70 

Parameter Symbol Min Max Min Max 

Operating current, lcc1 720 640 
average 

Operating current, lcc3 720 640 
RAS-only refresh 
cycle, average 

Operating current, lcc4 640 560 
page cycle, average 

Operating current, Ices 720 640 
CAS before RAS 
refresh cy.cle, average 

Access time from tAA 30 35 
column address 

4 

NEC 
Recommended Operating Conditions 
Parameter Symbol Min Typ Max Unit 

Input voltage, high V1H 2.4 Vee+ 1.0 v 
Input voltage, low V1L -1.0 0.8 v 
Supply voltage Vee 4.5 5.0 5.5 v 
Ambient temperature TA 0 +70 oc 

Capacitance 
TA = 25°C; f = 1 MHz 

Parameter Symbol Max Unit Pins Under Test 

Input 
capacitance 

Input/output 
capacitance 

Unit 

mA 

mA 

µA 

µA 

v 
v 

-80 

Min Max 

560 

560 

480 

560 

40 

C11 68 pF Ao ·As 
C12 76 pF WE 

C13 43 pF RAS 

C14 29 pF CAS 

Cro/Coo 17 pF 001. 0032 

Test Conditions 

RAS = CAS <!: V1H (min) 

RAS= CAS <!: Vcc-0.2V 

v1N = o v to Vee; 
all other pins not under test = 0 V 

D01 to D032 disabled; VouT = o V to Vee 

loL = 4.2 mA 

loH = -5 mA 

-10 

Min Max Unit Test Conditions 

480 mA RAS and CAS cycling; 
tRc = tRc min; 
lo = O mA (Note 5) 

480 mA RAS cycling; CAS <!: V1H; 
tRc = tRc min; 
lo = 0 mA (Note 5) 

400 mA RAS s V1U CAS cycling; 
tpc = tpc min; 
lo = O mA (Note 5) 

480 mA RAS cycling; CAS before 
RAS; tRc = tRc min; 
lo = O mA (Note 5) 

55 ns (Notes 7, 9) 



NEC MC-42256A32 

AC Characteristics (cont) 
-60 -70 -80 -10 

Parameter Symbol Min Max Min Max Min Max Min Max Unit Test Conditions 

Column address hold tAR 60 60 60 70 ns -time referenced to 
RAS 

Access time from CAS tACP 35 40 45 55 ns (Notes 7, 9) 
precharge (rising 
edge) 

Column address tAsc 0 0 0 0 ns 
setup time 

Row address setup tASR 0 0 0 0 ns 
time 

Access time from CAS tcAc 20 20 20 25 ns (Notes 7, 9) 
(falling edge) 

Column address hold tcAH 15 17 20 20 ns 
time 

CAS pulse width tcAs 20 10,000 20 10,000 20 10,000 25 10,000 ns 

CAS hold time for tcHR .15 15 15 20 ns 
CAS before RAS 
refresh cycle 

CAS precharge time, tcp 10 10 10 10 ns 
page cycle 

CAS precharge time tcpN 10 10 10 10 ns 

CASto RAS tcRP 10 10 10 10 ns (Note 12) 
precharge time 

CAS hold time tcsH 60 70 80 100 ns 

CAS setup time for tcsR 10 10 10 10 ns 
CAS before RAS 
refresh cycle 

Data-in hold time toH 15 15 20 25 ns (Note 15) 

Data-in hold time toHR 60 60 60 70 ns 
referenced to RAS 

Data-in setup time tos 0 0 0 0 ns (Note 15) 

Output buffer turnoff to FF 0 15 0 15 0 20 0 25 ns (Note 10) 
delay 

Page cycle time tpc 40 45 50 60 ns (Note 6) 

Access time from RAS tRAC 60 70 80 100 ns (Notes 7, 8) 

RAS to column tRAD 15 30 15 35 17 40 17 45 ns (Note 9) 
address delay time 

Row address hold tRAH 10 10 12 12 ns 
time 

Column address lead tRAL 30 35 45 55 ns 
time referenced to 
RAS (rising edge) 

RAS pulse width tRAS 60 10,000 70 10,000 80 10,000 100 10,000 ns 

RAS pulse width, tRASP 60 100,000 70 100,000 80 100,000 100 100,000 ns 
page cycle 

Random read or write tRc 120 130 160 190 ns (Note 6) 
cycle time 

5 



MC-42256A32 

AC Characteristics (cont) 
-60 -70 

Parameter Symbol Min Max Min Max 

RAS to CAS delay tRco 20 40 20 50 
time 

Read command hold tRCH 0 0 
time referenced to 
CAS 

Read command setup tRcs 0 0 
time 

Refresh period tREF 8 8 

RAS precharge time tRp 50 50 

RAS precharge CAS tRPC 10 10 
hold time 

Read command hold tRRH 10 10 
time referenced to 
RAS 

RAS hold time tRSH 20 20 

Rise and fall tT 3 50 3 50 
transition time 

Write command hold twcH 15 15 
time 

Write command hold twcR 55 55 
time referenced to 
RAS 

Write command setup twcs 0 0 
time 

Write command pulse twp 15 15 
width 

Notes: 

(1) All voltages are referenced to GND. 

(2) An initial pause of 100µs is required after power-up, followed by 
any eight RAS cycles, before proper device operation is 
achieved. 

(3) Ac measurements assume tT = 5 ns. 

(4) V1H (min) and V1L (max) are reference levels for measuring the 
timing of input signals. Transition times are measured between 
V1H and VIL· 

(5) lcc1. lcca. lcc4, and Ices depend on output loading and cycle 
rates. Specified values are obtained with the output open. lcca 
is measured assuming that all column address inputs are held at 
either a high level or a low level during RAS-only refresh cycles. 
lcc4 is measured assuming that all column address inputs are 
switched only once during each fast-page cycle. 

(6) The minimum specifications are used only to indicate the cycle 
time at which proper operation over the full temperature range 
(TA = Oto + 70°C) is assured. 

(7) Load = 2 TTL (-1 mA, + 4 mA) loads and 100 pF. 

(8) Assumes that tRco s tRcD (max) and tRAD s tRAD (max). If 
tRco or tRAD is greater than the maximum recommended value 
in this table, tRAC increases by the amount that tRcD or tRAD 
exceeds the value shown. 

(9) If tRAD 2: tRAD (max), then the access time is defined by tAA· 

6 

NEC 
-80 -10 

Min Max Min Max Unit Test Conditions 

25 60 25 75 ns (Note 11) 

0 0 ns (Note 13) 

0 0 ns 

8 8 ms Addresses ~ - As 
60 80 ns 

10 10 ns 

10 10 ns (Note 13) 

20 25 ns 

3 50 3 50 ns (Note 3) 

15 20 ns 

55 70 ns 

0 0 ns (Note 16) 

15 20 ns (Note 14) 

(10) toFF (max) defines the time at which the output achieves the 
open-circuit condition and is not referenced to VoH or Vol· 

(11) Operation within the tRcD (max) limit assures that tRAC (max) 
can be met. tRcD (max) Is specified as a reference point only; if 
tRco is greater than tRco (max), then access time is controlled 
exclusively by tcAC· 

(12) The tcRP requirement should be applicable for RAS/CAS cycles 
preceded by any cycle. 

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

(14) Parameter twp is applicable for a delayed write cycle such as a 
read-write/read-modify-write cycle. For early write operation, 
both twcs and twcH must be met. 

(15) These parameters are referenced to the fal.!l.!!9 edge of CAS for 
early write cycles and to the falling edge of WE for delayed write 
or read-modify-write cycles. 

(16) twcs• tRWD• tcwo. and tAwo are restrictive operating parame
ters in read-write/read-modify-write cycles only. If twcs 2: twcs 
(min), the cycle is an early write cycle and the data output will 
remain open-circuitthroughoutthe entire cycle. lftcwo 2: tcwo 
(min), tRWo 2: tRWo (min), and tAwo 2: tAwo (min), 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 is met, 
the condition of the data output pin (at access time and until 
CAS returns to V1H) is indeterminate. 



NEC 
Timing Waveforms 

Read Cycle 

RAS 

Address 

WE 

DQUT 

MC-42256A32 

-------------~tRc~-~-----~----'>l 

------------tRAs----------

rC:'-------tRSH-----'>l 
----------;--tcsH----------

High Impedance 
Valid Data 

83CL-8971B 
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MC•42256A32 

Timing Waveforms (cont) 

Early Write Cycle 

NEC 

~----tRc-----

----tRAs-~---

RAS 

--1~ --tRSH--
------tcsH---~ 

-tRCD tCAs--

CAS 

Addniss 

DOUT --------..&...Hlgh.....--lmpedance ___________ _ 

831H-7062B 

8 



NEC 
Timing Waveforms (cont) 

Fast-Page Read Cycle 

Address 

DoUT---Hlg.-.h_1m .... pedan __ ca ____ -<
1 Valld 

Data-out 

MC-42256A32 

831H-711i3B 

9 



MC·42256A32 

Timing Waveforms (cont) 

Fast-Page Early Write Cycle 

Address 

10 

NEC 

toH=i_ 
-Vall-dData~_.....,!/j_.....,// ;;--!Z 

8311f.7064B 



NEC MC-42256A32 

Timing Waveforms (cont) 

Hidden Refresh Cycle 

--Memory Cycle-~~ CAS Before RAS Cyde 

---tRc tRc-~--

tRAS 

RAS 

tCHR 

-------tcs----~ 

·-J'RAC H'~ lt~ 
Address Column Address /Ill//)/!///// II! /112 

I I I I 
1'"'"~ 'T1 ~.__, 

WE 71//// /II Ill VI/JI// l!/l!J!l //!/I//! II ///J//; 
L ·~ J 

>lgh I_._ !RAC ; !off t 
Valid Data }----

8311i-7132B 

11 



MC-42256A32 

Timing Waveforms (cont) 

RAS-Only Refresh Cycle 

RAS 

CAS __/ 

Address 

Note: 

[1] WE"'VIH· 

CAS Before RAS Refresh Cycle 

RAS 

tcsR 

CAS 

NEC 

\J 

831H-8816B 

tcRP 

oouT~~~~~~~~--~~~----~--~H-~~h-lm-pedance~~--~------------------~----~-

Note: 
[1] Address= don't care. 

831H-7066B 

12 



t\'EC MC-42256A32 

Package Drawings 

72-Pin Socket-Mountable SIMM (MC-42256A32B/F} 

Item Ml Ill meters Inches Item Mllllmetera Inches 

A 107.95 :I: 0.2 4.250 :I: .008 M 25.4 1.00 

B 101.19 :I: 0.2 3.984 :I: .008 N 5.08 .200 

F 1.04 .041 p 1.57 rad .062 rad 

G 10.16 .400 s 3.17 dla .125 dla 

H 1.27 .050 T 1.27 .050 

6.35 .250 u 3.38 .133 

J 2.03 .080 v 44.45 1.750 

K 6.35 .250 w 6.36 .250 

L 2.54 min .100mln x 95.25 :t:0.1 3.750 :I: .004 

T~~ 

I 
A 

B 

83YL.a&118 (3192) 
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MC-42256A32 NEC 
Package Drawings (cont) 

72-Pin Socket-Mountable SIMM {MC-42256A32BT/F1} 

Item Mllllmetera lnchee Hem Miii i meters lnchee 

A 107.95 :1:0.2 4.250 :I: .008 M 25A 1.00 

B 101.19 :I: 0.2 3.984 :I: .008 N 2.68 .106 

F 1.04 .041 p 1.fil rad .062 rad 

G 10.16 .400 s 3.17 dla .125 dla 

H 1.27 .050 T 1.27 .050 

I 6.35 .250 u 3.38 .133 

J 2.03 .080 v 44.45 1.750 

K 6.35 .250 w 6.38 .250 

L 2.54mln .100 min x 95.25 :1:0.1 3.750 :I: .004 

T~~ 

I 
A 

B 

H L 
-------v·-------+W 

x·~-------------~ 
83YL-8612B (3f92) 
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NEC 
NEC Electronics Inc. 

Description 

The MC-42256A36 and the MC-424256A36 are dynamic 
RAM modules organized as 264,144 words by 36 bits 
and designed to operate from a single + 5-volt power 
supply. Advanced CMOS circuitry ensures minimum 
power dissipation and excellent operating margins. 

The three-state output is controlled by CAS indepen
dent of RAS. After a valid read or read-modify-write 
cycle, data is held on the output by holding CAS low. 
Data output is returned to high impedance by returning 
CAS high. Fast-page read and write cycles can be 
executed by cycling CAS. Refreshing is accomplished 
by RAS-only refresh cycles, CAS before RAS refresh 
cycles, hidden refresh cycles, or by the 1024 address 
combinations of Ao-Aa during a 16-ms period. 

Single lnline Memory Module (SIMM™) packaging en
hances reliability and reduces the size, weight, and 
cost of a system. Each SIMM contains 12 DRAMs and 
12 power supply decoupling capacitors. The comple~ 
ment of DRAMs (µPD424256, 41256, 42256, 421000) and 
the operating mode (fast-page, page) are summarized 
below. 

DRAMs (Qty) 
Module 256Kx 4 256Kx 1 1M x 1 

MC-42256A36 (8) (4) 
B/F (fast-page) µPD424256 µPD42256 

MC-424256A36 (8) (4) 
BH/FH (fast-page) µPD424256 µPD421000 

MC-424256A36 (8) (4) 
B/F (page) µPD424256 µPD41256 

Features 

o 262,144-word by 36-bit organization 
o Single +5-volt power supply 
o Low power dissipation 
o RAS-only refresh cycles 
o CAS before RAS refresh cycles 
o Hidden refresh cycles 
o 1024 refresh cycles every 16 ms 
o TTL-compatible inputs and outputs 
o 72-pin SIMM packaging 
o Fast-page mode operation (MC-42256A36B/F and 

MC-424256A36BH/FH) 
o Page mode operation (MC-424256A36B/F) 

SIMM is a trademark of Wang Laboratories. 

60172 

MC-42256A36, -424256A36 
262, 144 x 36-Bit 

Dynamic CMOS RAM Module 

Pin Configuration 

72-Pin Socket-Mountable SIMM 

0 
12c::j 

Pin Symbol 

1 GND 

2 OOo 
3 001a 

4 001 

5 0019 

6 002 

7 002() 

8 003 
37( 9 0021 
380 10 Vee 

11 NC 

12 Ao 
13 A1 

14 A2 

15 As 
16 "4 
17 "5 

o~ 18 Aa 

Pin Symbol Pin Symbol Pin Symbol 

19 NC 37 0017 55 0012 

20 DC4 38 OOas 56 DQso 

21 ~ 39 GND 57 0013 

22 00s 40 CASo 58 OOs1 

23 0023 41 CAS2 59 Vee 
24 Dae 42 CAS3 60 OOs2 
25 ~ 43 CAS1 61 0014 

26 Dai 44 RASo 62 0033 

27 ~ 45 NC 63 0015 

28 A1 46 NC 64 DOs4 
29 NC 47 WE 65 001a 

30 vcc 46 NC 66 NC 

31 As 49 009 67 GND 

32 NC 50 0027 68 NC 

33 NC 51 0010 69 [Note 1] 

34 RAS2 52 002a 70 [Note 1] 

35 0026 53 0011 71 NC 

38 OOa 54 0029 72 GND 

Notes: 
[1] Phs 69 and 70 are defined by accesatime: 

l Pin l 70na l IOf85n• J 100ns J 
l 69 J GND l NC l GND j 
[ 70 I NC I GND I GND j 

83fM.8344A 



MC-42256A36, -424256A36 N"EC 
Ordering Information 
Part Number Access Time (max) Package Operation Height Thickness DRAMs 

MC-42256A368-70 70 ns 72-pin socket- Fast-page 25.4 mm 5.28 mm Eight 

8-80 80 ns 
mountable SIMM (1.00 inch) (0.208 inch) µPD424256LA 
(solder plating) Four µPD42256L 

8-10 100ns 

MC-42256A36F-70 70 ns 72-pin socket-

F-80 80 ns 
mountable SIMM 
(gold plating) 

F-10 100 ns 

MC-424256A368H-70 70ns 72-pin socket- Fast-page 31.75 mm 5.28 mm Eight 

8H-80 80 ns 
mountable SIMM (1.25 inch) (0.208 inch) µPD424256LA 
(solder plating) Four µPD421000LA 

8H-10 100ns 

MC-424256A36FH-70 70 ns 72-pin socket-

FH-80 80 ns 
mountable SIMM 
(gold plating) 

FH-10 100 ns 

MC-424256A368-80 80 ns 72-pin socket- Page 25.4 mm 5.28 mm Eight 

8-85 85 ns 
mountable SIMM (1.00 inch) (0.208 inch) µPD424256LA 
(solder plating) Four µPD41256L 

8-10 100ns 

MC-424256A36F-80 sons 72-pin socket-

F-85 85 ns 
mountable SIMM 
(gold plating) 

F-10 100 ns 

Pin Identification 
Name Function 

Ao-Aa Address inputs 

CASo- CAS3 Column address strobes 

Dao- D03s Common data inputs/outputs 

RASo, RAS2 Row address st robes 

WE Write enable 

GND Ground 

Vee + 5-volt power supply 

NC No connection 

2 



NEC MC-42256A36, -424256A36 

Connection Diagram; MC-42256A36, -424256A36 

RASo RAS2 

CASo CAS2 

OOo V01 CAS RAS 001a V01 CAS RAS 

001 V02 0019 V02 
002 V03 DO 0020 V03 01 m 003 V04 0021 V04 

OE OE 

-= -= 
004 V01 CAS RAS 0022 V01 CAS RAS 

005 V02 0023 V02 
00a V03 D2 0024 V03 D3 
007 V04 0025 V04 

OE OE 

-= -= 
CAS RAS CAS RAS 

OOa 01NfDOUT 0026 01NfDOUT 

MO M1 

CAS1 

009 V01 CAS RAS 0027 V01 CAS RAS 

0010 V02 002a V02 
0011 V03 D4 0029 V03 D5 
0012 V04 0030 V04 

OE OE 

-= -= 
0013 V01 CAS RAS 0031 V01 CAS RAS 

0014 V02 0032 V02 

0015 V03 D6 0033 V03 D7 
001a V04 0034 V04 

OE OE 

-= -= 
CAS RAS CAS RAS 

0017 01NfDOUT 0035 01NfDOUT 

M2 M3 

Ao-As Deslg DRAM Used On 
WEO ·} 00·07 µ.PD424256LA All 
vcco ::!:: )I D0-07,MO-M3 MQ.M3 µ.PD421000LA MC-424256A36BH/FH 

GNOO 
~Co-C11,.. µ.PD42256LA MC-42256A36BIF 

µ.PD41256L MC-424256A36BIF 
8311+83468 
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MC-42256A36, -424256A36 t\'EC 
Absolute Maximum Ratings Capacitance 
Voltage on any pin relative to GND -1.0 to +7.0 V 

TA = 25°C; f = 1 MHz 

Operating temperature, ToPR o to +70°C 

Storage temperature, TsTG -55 to + 125°C 

Short-circuit output current, los 50 mA 

Power dissipation, Po 24W 

Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause perma
nent damage. The device should be operated within the limits 
specified under DC and AC Characteristics. 

Recommended Operating Conditions 
Parameter Symbol Min Typ Max Unit 

Input voltage, high V1H 2.4 Vee+ 1.0 v 
Input voltage, low V1L -1.0 0.8 v 
Supply voltage Vee 4.75 5.0 5.25 v 
Ambient temperature TA 0 70 oc 

Parameter 

Input 
capacitance 

Input/output 
capacitance 

DC Characteristics 1 (MC-42256A368/F, -424256A36BH/FH) 
TA= o to+ 70°C; Vee= +5.0 V ±5% 

Parameter Symbol Min Max Unit 

Standby current lcc2 24 mA 

12 mA 

Input leakage current l1(L) -120 120 µA 

Output leakage current lo(L) -10 10 µA 

Output voltage, low Vol 0.4 v 
Output voltage, high VoH 2.4 v 

AC Characteristics 1 (MC-42256A368/F, -424256A36BH/FH) 
TA= o to+ 70°C; Vee= +5.0 V ±5% 

·70 ·80 

Parameter Symbol Min Max Min Max 

Operating current, average lcc1 (Note 17) 960 840 

lcc1 (Note 18) 920 800 

Operating current, RAS-only lcc3 (Note 17) 960 840 
refresh cycle, average 

lcc3 (Note 18) 920 800 

Operating current, fast-page cycle, lcc4 (Note 17) 840 720 
average 

lcc4 (Note 18) 800 680 

Operating current, CAS before Ices (Note 17) 960 840 
RAS refresh cycle, average 

Ices (Note 18) 920 800 

Access time from column address tAA 35 45 

4 

Symbol Max Unit Pins Under Test 

C11 88 pF Ao ·Aa 
C12 104 pF WE 

C13 57 pF RAS 

C14 36 pF CAS 

C1ofCoo 17 pF DOo • 007, 009 • 
D01s· D01a • 0025. 
0027. 0034 

C12/Co2 22 pF 005, 0017, 00251 
D03s 

Test Conditions 

RAS = CAS 2: V1H (min) 

RAS = CAS 2: Vee - 0.2 v 
V1N = o v to v cc; 
all other pins not under test = 0 V 

Dao to D03s disabled; VouT = o V to Vee 

loL = 4.2 mA 

loH = -5 mA 

·10 

Min Max Unit Test Conditions 

720 mA RAS and CAS cycling; 

680 mA 
tRc = tRc min; 
lo = o mA (Note 5) 

720 mA RAS cycling; CAS 2: V1H; 

680 mA 
tRc = tRc min; 
lo = o mA (Note 5) 

600 mA RAS s V1L; CAS cycling; 

560 mA 
tpc = tpc min; 
lo = O mA (Note 5) 

720 mA RAS cycling; CAS before 

560 mA 
RAS; tRc = tRc min; 
lo = 0 mA (Note 5) 

50 ns (Notes 7, 9) 



NEC MC-42256A36, -424256A36 

AC Characteristics 1 (MC-42256A36B/F, -424256A36BH/FH) (cont) 
-70 -80 -10 

Parameter Symbol Min Max Min Max Min Max Unit Test Conditions 

Column address hold time tAR 60 60 70 ns 
referenced to RAS 

Access time from CAS precharge tACP 40 45 55 ns (Notes 7, 9) m (rising edge) 

Column address setup time tAsc 0 20 0 20 0 25 ns 

Row address setup time tASR 0 0 0 ns 

Access time from CAS (falling tcAC 20 20 25 ns (Notes 7, 9) 
edge) 

Column address hold time tcAH 17 20 20 ns 

CAS pulse width tcAS 20 10,000 20 10,000 25 10,000 ns 

CAS hold time for CAS before RAS tcHR 15 15 20 ns 
refresh cycle 

CAS precharge time, fast-page tcp 10 20 10 20 10 25 ns 
cycle 

CAS precharge time, nonpage tcPN 10 10 10 ns 
cycle 

CAS to RAS precharge time tcRP 10 10 10 ns (Note 12) 

CAS hold time tcsH 70 80 100 ns 

CAS setup time for CAS before tcsR 10 10 10 ns 
RAS refresh cycle 

Data-in hold time toH 15 20 20 ns (Note 15) 

Data-in hold time referenced to toHR 60 60 70 ns 
RAS 

Data-in setup time tos 0 0 0 ns (Note 15) 

Output buffer turnoff delay toFF 0 15 0 20 0 25 ns (Note 10) 

Fast-page cycle time tpc 45 50 60 ns (Note 6) 

Access time from RAS tRAC 70 80 100 ns (Notes 7, 8) 

RAS to column address delay time tRAD 15 35 17 35 17 45 ns (Note 9) 

Row address hold time tRAH 10 12 12 ns 

Column address lead time tRAL 35 45 55 ns 
referenced to RAS (rising edge) 

RAS pulse width tRAS 70 10,000 80 10,000 100 10,000 ns 

RAS pulse width, fast-page cycle tRASP 70 100,000 80 100,000 100 100,000 ns 

Random read or write cycle time tRc 130 160 190 ns (Note 6) 

RAS to CAS delay time tRCD 20 50 25 60 25 75 ns (Note 11) 

Read command hold time tRCH 0 0 0 ns (Note 13) 
referenced to CAS 

Read command setup time tRcs 0 0 0 ns 

Refresh period tREF 8 8 8 ms Addresses Ao - Aa 
RAS precharge time tRP 60 70 80 ns 

RAS precharge CAS hold time tRPC 10 10 10 ns 

Read command hold time tRRH 10 10 10 ns (Note 13) 
referenced to RAS 

RAS hold time tRSH 20 20 25 ns 

5 



MC-42256A36, -424256A36 NEC 
AC Characteristics 1 (MC-42256A36B/F, -424256A36BH/FH) (cont) 

-70 

Parameter Symbol Min Max 

Rise and fall transition time tT 3 50 

Write command hold time twcH 15 

Write command hold time twcR 55 
referenced to RAS 

Write command setup time twcs 0 

WE hold time twHR 15 

Write command pulse width twp 15 

Notes: 

(1) All voltages are referenced to GND. 

(2) An initial pause of 100 µsis required after power-up, followed by 
any eight RAS cycles, before proper device operation is 
achieved. At the end of the initial power-up sequence, it is 
recommended that either a RAS-on!Y_!efresh or a CAS before 
RAS refresh cycle be executed while WE<::: V1H to ensure normal 
operation. 

(3) Ac measurements assume tT = 5 ns. 

(4) V1H (min) and V1L (max) are reference levels for measuring the 
timing of input signals. Transition times are measured between 
V1H and VIL· 

(5) lee1. lcea. lee4, and lees depend on output loading and cycle 
rates. Specified values are obtained with the output open. leea 
is measured assuming that all column address inputs are held at 
either a high level or a low level during RAS-only refresh cycles. 
lee4 is measured assuming that all column address inputs are 
switched only once during each fast-page cycle. 

(6) The minimum specifications are used only to indicate the cycle 
time at which proper operation over the full temperature range 
(TA = 0 to + 70°C) is assured. 

(7) Load = 2 TTL (-1 mA, + 4 mA) loads and 100 pF. 

(8) Assumes that tRcD s tReo (max) and tRAD s tRAD (max). If 
tReD or tRAD is greater than the maximum recommended value 
in this table, tRAe increases by the amount that tReo or tRAD 
exceeds the value shown. 

(9) If tRAD <::: tRAD (max), then the access time is defined by tAA· 

(10) toFF (max). defines the time at which the output .achieves the 
open-circuit condition and is not referenced to VoH or Vol· 

DC Characteristics 2 (MC-424256A368/F) 
TA= o to +70°C; Vee= +5.0 V ±5% 

·80 ·10 

Min Max Min Max .Unit Test Conditions 

3 50 3 50 ns (Note 3) 

15 20 ns 

55 70 ns 

0 0 ns (Note 16) 

15 20 ns 

15 20 ns (Note 14) 

(11) Operation within the tRcD (max) limit assures that tRAC (max) 
can be met. tReo (max) is specified as a reference point only; if 
tRcD is greater than tReo (max), then access time is controlled 
exclusively by teAC· 

(12) The teRP requirement should be applicable for RAS/CAS cycles 
preceded by any cycle. 

(13) Either tRRH or tRCH r:nust be satisfied for a read cycle. 

(14) Parameter twp is applicable for a delayed write cycle such as a 
read-write/read-modify-write cycle. For early write operation, 
both twes and twcH must be met. 

(15) These parameters are referenced to the fal!!!!iJ edge of CAS for 
early write cycles and to the falling edge of WE for delayed write 
or read-modify-write cycles. 

(16) twcs. tRWD• tcwo. and tAwD are restrictive operating parame
ters in read-write/read-modify-write cycles only. If twes <::: twes 
(min), the cycle is an early write cycle and the data output will 
remain open-circuit throughout the entire cycle. 

If tewo c:: tewo (min), tRWo c:: tRwo (min), and tAwo c:: tAwo 
(min), 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 is m~he condition of the data output pin (at access 
time and until CAS returns to V1H) is indeterminate. 

(17) MC-424256A36BH/FH 

(18) MC-42256A368/F 

Parameter Symbol Min Max Unit Test Conditions 

Standby current lce2 36 mA RAS = CAS <::: V1H (min) 

8 mA RAS = CAS <::: Vee - 0.2 v 
Input leakage current l1(L) -120 120 µA v1N = o V to V cc; 

all other pins not under test = 0 V 

Output leakage current lo(L) -10 10 µA DOo to D03s disabled; VouT = o V to Vee 

Output voltage, low Vol 0.4 v loL = 4.2 mA 

Output voltage, high VoH 2.4 v loH = -5 mA 

6 



NEC MC-42256A36, -424256A36 

AC Characteristics 2 (MC-424256A36B/F) 
TA= o to +70°C; Vee= +5.0V ±5% 

-80 -85 ·10 

Parameter Symbol Min Max Min Max Min Max Unit Test Conditions 

Operating current, average lee1 960 808 680 mA RAS and CAS cycling; 
tRc = tRc min; 
lo = 0 mA (Note 5) -Operating current, RAS-only lee a 960 808 680 mA RAS cycling; CAS ~ V1H; 

refresh cycle, average tRc = tRc min; 
lo = 0 mA (Note 5) 

Operating current, fast-page lcc4 916 764 660 mA RAS s V1L; CAS cycling; 
cycle, average tpc = tpc min; 

lo = O mA (Note 5) 

Operating current, CAS before lcc5 960 808 680 mA RAS cycling; CAS before 
RAS refresh cycle, average RAS; tRc = tRc min; 

lo = 0 mA (Note 5) 

Column address hold time tAR 55 55 65 ns 
referenced to RAS 

Column address setup time tASC 0 20 0 20 0 25 ns 

Row address setup time tASR 0 0 0 ns 

Access time from CAS (falling tcAC 40 40 50 ns (Notes 7, 9) 
edge) 

Column address hold time tcAH 20 20 20 ns 

CAS pulse width tcAS 40 10,000 40 10,000 50 10,000 ns 

CAS hold time for CAS before tcHR 15 15 20 ns 
RAS refresh cycle 

CAS precharge time tcp 20 20 40 ns 

CAS precharge time, nonpage tcpN 25 25 25 ns 
cycle 

CAS to RAS precharge time tcRP 10 10 10 ns (Note 12) 

CAS hold time tcsH 80 85 100 ns 

CAS setup time for CAS before tcsR 10 10 10 ns 
RAS refresh cycle 

Data-in hold time toH 20 20 25 ns (Note 15) 

Data-in hold time referenced to toHR 60 65 75 ns 
RAS 

Data-in setup time tos 0 0 0 ns (Note 15) 

Output buffer turnoff delay to FF 0 20 0 20 0 25 ns (Note 10) 

Access time from RAS tRAC 80 85 100 ns (Notes 7, 8) 

Row address hold time tRAH 12 12 12 ns 

RAS pulse width tRAS 80 10,000 85 10,000 100 10,000 ns 

Random read or write cycle tRe 160 165 200 ns (Note 6) 
time 

RAS to CAS delay time tReD 20 40 20 45 20 50 ns (Note 11) 

Read command hold time tReH 0 0 0 ns (Note 13) 
referenced to CAS 

Read command setup time tRes o 0 0 ns 

Refresh period tREF 8 8 8 ms Addresses Ao • As 
RAS precharge time tRP 70 70 90 ns 

7 



MC-42256A36, -424256A36 

AC Characteristics 2 (MC-424256A36B/F) (cont) 
-80 

Parameter Symbol Min Max Min 

RAS precharge CAS hold time tRPC 0 

Read command hold time tRRH 10 
referenced to RAS 

RAS hold time tRSH 40 

Rise and fall transition time tT 3 50 

Write command hold time twcH 20 

Write command hold time twcR 60 
referenced to RAS 

Write command setup time twcs 0 

Write command pulse width twp 15 

Notes: 

(1) All voltages are referenced to GND. 

(2) An initial pause of 100 µsis required after power-up, followed by 
any eight RAS cycles, before proper device operation is 
achieved. At the end of the initial power-up sequence, it is 
recommended that either a RAS-on!1'..J:efresh or a CAS before 
RAS refresh cycle be executed while WE ~ VrH to ensure normal 
operation. 

(3) Ac measurements assume tT = 5 ns. 

(4) VrH (min) and V1L (max) are reference level.s for measuring the 
timing of input signals. Transition times are measured between 
VrH and VrL· 

(5) lcc1. lcc3, lcc4, and Ices depend on output loading and cycle 
rates. Specified values are obtained with the output open. lcc3 
is measured assuming that all column address inputs are held at 
either a high level or a low level during RAS-only refresh cycles. 
lcc4 is measured assuming that all column address inputs are 
switched only once during each fast-page cycle. 

(6) The minimum specifications are used only to indicate the cycle 
time at which proper operation over the full temperature range 
(TA = 0 to + 70°C) is assured. 

(7) Load= 2 TTL (-1 mA, +4 mA) loads and 100 pF. 

(8) Assumes that tRcD s tRco (max) and tRAD s tRAD (max). If 
tRco or tRAD is greater than the maximum recommended value 
in this table, tRAC increases by the amount that tRco or tRAD 
exceeds the value shown. 
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0 

10 

40 

3 

20 

65 

0 

15 

NEC 
-85 -10 

Max Min Max Unit Test Conditions 

0 ns 

10 ns (Note 13) 

50 ns 

50 3 50 ns (Note 3) 

25 ns 

75 ns 

0 ns (Note 16) 

15 ns (Note 14) 

(9) If tRAD ~ tRAD (max), then the access time is defined by tAA· 

(10) toFF (max) defines the time at which the output achieves the 
open-circuit condition and is not referenced to VoH or Vol· 

(11) Operation within the tRcD (max) limit assures that tRAC (max) 
can be met. tRco (max) is specified as a reference point only; if 
tRco is greater than tRcD (max), then access time is controlled 
exclusively by tcAC· 

(12) The tcRP requirement should be applicable for RAS/CAS cycles 
preceded by any cycle. 

(13) Either tRRH or tRcH must be satisfied for a read cycle. 

(14) Parameter twp is applicable for a delayed write cycle such as a 
read-write/read-modify-write cycle. For early write operation, 
both twcs and twcH must be met. 

(15) These parameters are referenced to the falJ.!!!9 edge of CAS for 
early write cycles and to the falling edge of WE for delayed write 
or read-modify-write cycles. 

(16) twcs. tRWo. tcwo. and tAwo are restrictive operating parame
ters in read-write/read-modify-write cycles only. If twcs ~ twcs 
(min), the cycle is an early write cycle and the data output will 
remain open-circuit throughout the entire cycle. 

If tcwo ~ tcwo (min), tRwo ~ tRwo (min), and tAwo ~ tAwD 
(min), 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 is met, the condition of the data output pin (at access 
time and until CAS returns to VrH) is indeterminate. 



NEC 
Timing Waveforms 

Read Cycle 

RAS 

Address 

WE 

MC-42256A36, -424256A36 

l<~-----tRSH--------------;~tcsH--------~ 

14---tRCD--~~-----'tCAs------

Valid Data 

*These parameters are not applicable to the MC-424256A36BIF. 
83YL-84268 
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MC-42256A36, -424256A36 

Timing Waveforms (cont) 

Early Write Cycle 

RAS 

CAS 

Address 

WE 

tRCD 

twcs1 
I q,p 

*These parameters are not appllcable to the MC-424256A369/F. 

10 

NEC 

IE 
I 

tRSH 
I 

tcsH 
I 

tCAS 

I 
tRAL"' 

83YL-8426B 



NEC 
Timing Waveforms (cont) 

Page/Fast-Page Read Cycle 

Address 

MC-42256A36, -424256A36 

~~~ 
DouT ____ H_1g_h_1m .... pedan __ ce ___ ff ~~ . ff ~F ff-to_F_F ____ _ 

*These parameters are notappllcable to the MC-424256A36BfF. 
83YL-8427B 

11 
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MC-42256A36, -424256A36 

Timing Waveforms (cont) 

Page/Fast-Page Early Write Cycle 

*These parameters are not appllcable to the MC-424256A36BIF. 

12 

NEC 

83YL-8428B 



NEC MC-42256A36, •424256A36 

Timing Waveforms (cont) 

Hidden Refresh Cycle 

14---- Memory Cycle --~-CAs Before RAS Cycle 

----tRc---~--tRc--~--

tRAS 

RAS 

Address 

WE 7// !//)/Ill! VI Ill! //f!llJ///JI II f!IJ/!J//I/; 
L-- 'CAC J 

High,..,,...... 'RAC ; toFF .I 
Valid Data }---oouT 

*These parameters are not appllcable to the MC-424256A36. 
83YL-84298 
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MC-42256A36, -424256A36 

Timing Waveforms (cont) 

RAS-Only Refresh Cycle 

r-tCRP 

Address 

Note: 

[1] WE;i,;VIH· 

CAS Before RAS Refresh Cycle 

RAS 

CAS 

NEC 

tRPC1 

\J 

8311+88168 

tCRP 

DouT---------------------------------H-~-h-•mpedan-----00----------------------------~ 
Note: 
[1] Address= don't care. 

831tf.70E6B 
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NEC MC-42256A36, -424256A36 

Package Drawings 

72-Pin Socket-Mountable SIMM {MC-424256A36BH!FH} 

Item Ml Ill meters lnchee Hem Mllllmeters lnchee 

A 107.95 :1:0.2 4.250 :I: .008 M 31.75 1.250 

B 101.19 :I: 0.2 3.984 :1:.008 N 5.28 max .208 max 

F 0.75 min .029 min p 1.57 rad .062 rad • G 10.16 .400 s 3.17 dla .125 dla 

H 1.27 .050 T 1.27 .050 

6.35 .250 u 3.38 .133 

2.03 .080 v 44.45 1.750 

K 6.35 .250 w 6.36 .250 

L 2.7 min .106 min x 95.25 :1:0.1 3.750 :I: .004 

T_jL 

83YL-&l308 (:ll92} 
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MC-42256A36, -424256A36 NEC 
Package Drawings (cont) 

72-Pin Socket-Mountable SIMM (MC-42256A36B/F and MC-424256A36B/F) 

Item Mllllmeters Inches Hem Mllllmeten1 Inches 

A 107.95 :1:0.2 4.250 :I: .008 M 25.4 1.000 

B 101.19 :I: 0.2 3.984 :I: .008 N 5.28 max .208 max 

F 0.75mln .029mln p 1.57 rad .062 rad 
G 10.16 .400 s 3.17 dla .125 dla 

H 1.27 .050 T 1.27 .050 

I 6.35 .250 u 3.38 .133 

J 2.03 .080 v 44.45 1.750 

K 6.35 .250 w 6.36 .250 

L 2.7 min .106 min x 95.25 :I: 0.1 3.750 :I: .004 

T_j , __ 
A 

B 

MC-4Z!68A36BIF, -42ti6A38BIF 83YL-8431B (il/92) 
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NEC 
NEC Electronics Inc. 

Description 

The MC-42256AA40 is a fast-page dynamic RAM mod
ule organized as 262,144 words by 40 bits and designed 
to operate from a single +5-volt power supply. Ad
vanced CMOS circuitry ensures minimum power dissi
pation and excellent operating margins. 

The three-state output is controlled by CAS indepen
dent of RAS. After a valid read or read-modify-write 
cycle, data is held on the output by holding CAS tow. 
Data output is returned to high impedance by returning 
CAS high. Fast-page read and write cycles can be 
executed by cycling CAS. Refreshing is accomplished 
by means of RAS-only refresh cycles, CAS before RAS 
refresh cycles, hidden refresh cycles, or by the 512 
address combinations of Ao-As during an 8-ms period. 

Single tntine Memory Module (SIMM™) packaging en
hances reliability and reduces the size, weight and cost 
of a system. Each SIMM contains ten 262,144 x 4-bit 
µPD424256 DRAMs in SOJ packages, and ten power 
supply decoupling capacitors for noise reduction. DQ0 
through DQ39 are common input/output pins. 

Features 

o 262,144-word by 40-bit organization 
o Single +5-volt power supply 
o Fast-page cycles 
o Low power dissipation (55 mW max in standby) 
o RAS-only refresh cycles 
o CAS before RAS refresh cycles 
o Hidden refresh cycles 
o 512 refresh cycles every 8 ms 
o TTL-compatible inputs and outputs 
o 72-pin SIMM packaging 

SIMM is a trademark of Wang Laboratories. 

60174 

MC-42256AA40 
262, 144 x 40-Bit 

Dynamic CMOS RAM Module 

Pin Configuration 

72-PinSIMM 

Pin ~mbol 
1 GNO 

0
12= 

2 oao 
3 0010 
4 001 
5 0017 
6 002 
7 001a 
8 003 
9 0019 

10 Vee 
11 NC 

12 Ao 
13 A1 
14 A2 
15 A3 
16 A4 
17 As 
18 

.. ~. o..J= 

Pin Pin ~mbol Pin ~mbol 

19 37 0033 55 0011 
20 36 0035 56 00'0 
21 39 GNO 57 0012 
22 40 CA~ 58 002a 
23 41 NC 59 Vee 
24 42 NC 60 0029 
25 43 NC 61 0013 
26 44 RA~ 62 0030 
'O 45 NC 63 0014 
28 46 0037 64 0031 
29 47 WE 65 0015 
30 48 GNO 66 0038 
31 49 oaa 67 NC 

32 50 0024 68 GNO 

33 NC 51 00_9_ 69 Note1 

34 NC 52 ~ 70 Note 1 
35 DQ34 53 Dato. 71 0039 
36 DQ 54 0026_ 72 GNO 

Notee: 

[1] Pins 69 and 70 are defined by access time: 

Pin 60 ne 70 ne 80 ne 100 ne 
69 NC GNO NC GNO 

70 NC NC GNO GNO 



MC•42256AA40 NEC 
Connection Diagram Pin ldentif ication 

0 

1 0 

i ..... 
] 

0 V01 CAS RAS OE 
0 V02 MO ..... V03 

Name Function 

Ao·Aa Address inputs 

CAS0 Column address strobe 

DOo- 0039 Common data inputs/outputs 

OE Output enable 
v V04 

1 '1 ::I 
AAS0 Row address strobe 

0 V01 CAS RAS OE WE Write enable 

" V02 M1 
v V03 
0 V04 

GND Ground 

Vee + 5-volt power supply 

T T T NC No connection 

V01 CAS RAS OE 
v 

v V02 M2 
v V03 
0- V04 

'I 'I I 

V01 CAS RAS OE 
v 

0- V02 M3 
0 V03 
..... V04 

T J: I 

0- V01 CAS RAS OE 
..... V02 M4 - V03 
0- V04 

-"-
T T T 

..... V01 CAS RAS OE -..... V02 - MS 
v V03 
0 V04 

I I I 

V01 CAS RAS OE 
v . 

0 V02 M6 
0 V03 ,., V04 

::I ] ::I 

0 V01 CAS RAS OE 
0 V02 M7 ,., V03 v 

v V04 
J ]" ]" 

I CAS RAS OE ,., V01 ,., V02 v M8 
v VOa 
v V04 

T I I 

V01. CAS FiAs OE 
v 

v V02 M9 
0 V03 
..... V04 

Ao-:: ::===~===: } MO-M9 
Vee 0-1-CO_-C_9_.,.,.. (11PD424256LA DRAMS) 

GND 0 T )lo 

83fM.8678A 
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NEC 
Ordering Information 
Part Number Access Time (max) 

MC-42256AA40B-60 60 ns 

B-70 70 ns 

B-80 80 ns 

B-10 100 ns 

MC-42256AA40F-60 60 ns 

F-70 70 ns 

F-80 80 ns 

F-10 100 ns 

Package 

72-pin socket-mountable 
SIMM (solder plating) 

72-pin socket-mountable 
SIMM (gold plating) 

Height 

25.4 mm 
(1.000 inch) 

MC-42256AA40 

Thickness 

5.08 mm 
(0.200 inch) 

DRAMs 

Ten µPD424256LA 

Absolute Maximum Ratings Recommended Operating Conditions 
Voltage on any pin relative to GND -1.0 to +7.0 V 

Operating temperature, ToPR o to +70°C 

Storage temperature, TsTG -55 to + 125°C 

Short-circuit output current, los 50 mA 

Power dissipation, Po 10W 

Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause perma
nent damage. The device should be operated within the limits 
specified under DC and AC Characteristics. 

Parameter Symbol Min 

Input voltage, high V1H 

Input voltage, low V1L 

Supply voltage Vee 

Ambient temperature TA 

Capacitance 
TA = 25°C; f = 1 MHz 

Parameter Symbol 

Input 
capacitance 

Input/output 
capacitance 

C12 

C13 

2.4 

-1.0 

4.5 

0 

Max 

65 

70 

60 

60 

12 

Typ Max Unit 

Vee+ 1.0 v 
0.8 v 

5.0 5.5 v 
70 oc 

Unit Pins Under Test 

pF Ao-Aa 
pF WE,OE 

pF RAS 

pF CAS 

pF OOo-0039 

3 
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MC-42256AA40 NEC 
DC Characteristics 
TA= o to +70°c; Vee= +5.0V ±10% 

Parameter Symbol Min Max Unit Test Conditions 

Standby current lee2 20 mA RAS = CAS 2: V1H (min) 

10 mA RAS= CAS 2: Vcc-0.2 v 
Input leakage current l1(L) -100 100 µA V1N = o V to V cc; 

all other pins not under test = 0 V 

Output leakage current locl) -10 10 µA DOo to 0039 disabled; Vour = O V to Vee 

Output voltage, low Vol 0.4 v loL = 4.2 mA 

Output voltage, high VoH 2.4 v loH = -5 mA 

AC Characteristics 
TA= o to +70°c; Vee= +5.0 v ±10% 

-60 -70 -80 -10 

Parameter Symbol Min Max Min Max Min Max Min Max Unit Test Conditions 

Operating current, lcc1 900 800 700 600 mA RAS and CAS cycling; 
average tRc = tRc min; (Note 5) 

Operating current, RAS- lcca 900 BOO 700 600 mA RAS cycling; CAS = 
only refresh cycle, V1H; tRc = tRc min; 
average (Note 5) 

Operating current, fast- lcc4 800 700 600 500 mA RAS = VIL; CAS 
page cycle, average cycling; tpc = tpc min; 

(Note 5) 

Operating current, CAS Ices 900 800 700 600 mA RAS cycling; CAS = 
before RAS refresh cycle, V1L; tRc = tRc min; 
average (Note 5) 

Access time from column tAA 30 35 45 50 ns (Notes 7, 10, 13) 
address 

Access time from CAS tAeP 35 40 40 55 ns (Notes 7, 13) 
precharge (rising edge) 

Column address hold tAR 50 60 60 70 ns 
time referenced to RAS 

Column address setup tAsC 0 20 0 20 0 20 0 20 ns (Note 13) 
time 

Row address setup time tAsR 0 0 0 0 ns 

Column address to WE tAWD 50 55 65 80 ns (Note 18) 
delay time 

Access time from CAS tCAc 20 20 20 I 25 ns (Notes 7, 9, 10, 13) 
(falling edge) 

Column address hold tCAH 15 16 16 20 ns 
time 

CAS pulse width tCAs 20 10,000 20 10,000 20 10,000 25 10,000 ns 

CAS hold time for CAS tcHR 15 15 15 20 ns 
before RAS refresh cycle 

CAS precharge time, fast- tcp 10 10 15 10 20 10 25 ns (Note 13) 
page cycle 

CAS precharge time, tepN 10 10 10 10 ns 
nonpage cycle 

CAS to RAS precharge tcRP 10 10 10 10 ns (Note 14) 
time 
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NEC MC-42256AA40 

AC Characteristics (cont) 
-60 -70 -80 -10 

Parameter Symbol Min Max Min Max Min Max Min Max Unit Test Conditions 

CAS hold time tcsH 60 70 80 100 ns • ---------- .. 
CAS setup time for CAS tcsR 10 10 10 10 ns 
before RAS refresh cycle 

CAS to WE delay 

Write command to CAS 
lead time 

Data-in hold time 

Data-in hold time 
referenced to RAS 

Data-in setup time 

Access time from OE 

tcwo 

tcwL 

toH 

toHR 

tos 

toEA 

OE data delay time toeo 

OE command hold time toeH 

OE to RAS inactive setup toes 
time 

Output turnoff delay from toez 
OE 

Output buffer turnoff toFF 
delay 

Fast-page cycle time 

Fast-page read-write 
cycle time 

Access time from RAS 

RAS to column addres~ 
delay time 

Row address hold time 

Column address lead 
time referenced to RAS 
(rising edge) 

RAS pulse width 

RAS pulse width, fast
page cycle 

Random read or write 
cycle time 

RAS to CAS delay time 

tpc 

Read command hold time tRcH 
referenced to CAS 

Read command setup 
time 

Refresh period 

RAS precharge time tRP 

RAS precharge CAS hold tRPC 
time 

Read command hold time tRRH 
referenced to RAS 

40 40 45 55 

15 15 20 20 

15 15 20 20 

50 60 60 70 

0 0 0 0 

20 20 20 25 

15 15 20 25 

0 0 0 0 

0 0 0 0 

0 15 0 15 0 20 0 25 

0 15 0 15 0 20 0 25 

40 45 50 60 

85 90 105 125 

60 70 80 100 

15 30 15 35 17 40 17 45 

10 10 10 12 

30 35 45 55 

60 10,000 70 10,000 80 10,000 100 10,000 

60 100,000 70 100,000 80 100,000 100 100,000 

120 130 160 190 

20 40 20 50 25 60 25 75 

0 0 0 0 

0 0 0 0 

8 8 8 8 

50 50 60 80 

10 10 10 10 

10 10 10 10 

ns (Note 18) 

ns 

ns (Note 17) 

ns 

ns (Note 17) 

ns 

ns 

ns 

ns 

ns (Note 11) 

ns (Note 11) 

ns (Note 6) 

ns 

ns (Notes 7, 8) 

ns (Note 10) 

ns 

ns 

ns 

ns 

ns (Note 6) 

ns (Note 12) 

ns (Note 15) 

ns 

ms Addresses Ao - Aa; 
64 ms for -L versions 

ns 

ns 

ns (Note 15) 
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MC-42256AA40 

AC Characteristics (cont) 
-60 -70 

Parameter Symbol Min Max Min Max 

RAS hold time tRSH 20 20 

Read-write cycle time tRwc 165 175 

RAS to WE delay tRWo 80 90 

Write command to RAS tRWL 20 20 
lead time 

Rise and fall transition tr 3 50 3 50 
time 

Write command hold twcH 15 15 
time 

Write command hold twcR 50 55 
time referenced to RAS 

Write command setup twcs 0 0 
time 

Write command pulse twp 15 15 
width 

Notes: 

(1) All voltages are referenced to GND. 

(2) An initial pause of 100 µs is required after power-up, followed by 
any eight RAS cycles, before proper device operation is 
achieved. 

(3) Ac measurements assume tr = 5 ns. 

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

(5) lcc1. lcc3, lcc4• and Ices depend on output loading and cycle 
rates. Specified values are obtained with the output open. lcc3 
is measured assuming that all column address inputs are held at 
either a high level or a low level during RAS-only refresh cycles. 
lcc4 is measured assuming that all column address inputs are 
switched only once during each fast-page cycle. 

(6) The minimum specifications are used only to indicate the cycle 
time at which proper operation over the full temperature range 
(TA= O to + 70°C) is assured. 

(7) Load = 2 TTL (-1 mA, + 4 mA) loads and 100 pF. 

(8) Assumes that tRcD s tRcD (max) and tRAD s tRAD (max). If 
tRcD or tRAD is greater than the maximum recommended value 
in this table, tRAC increases by the amount that tRcD or tRAD 
exceeds the value shown. 

(9) Assumes that tRcD ~ tRcD (max) and tRAD s tRAD (max). 

(10) If tRAD ~ tAAD (max), then the access time is defined by tAA· 

(11) to FF (max) and toEZ (max) define the time at which the outputs 
achieve the open-circuit condition and are not referenced to VoH 
or Vol· 

(12) Operation with the tRcD (max) limit assures that tRAC (max) can 
be met. tRcD (max) is specified as a reference point only; if tRcD 
is greaterthan tRcD (max), access time is controlled exclusively 
by tcAC· 
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NEC 
-80 -10 

Min Max Min Max Unit Test Conditions 

20 25 ns 

215 255 ns (Note 6) 

105 130 ns (Note 18) 

25 30 ns 

3 50 3 50 ns (Note 4) 

15 20 ns 

55 70 ns 

0 0 ns (Note 18) 

15 20 ns (Note 16) 

(13) For fast-page read operation, the definition of access time is as 
follows: 

CAS and Column Address 
Input Conditions 

tcp s tcp (max), tAsc ~ tcp 

tcp s CP (max), tAsc s tcp 

tcp ~ CP (max), tAsc s tAsc (max) 

tcp ~ cP (max), tAsc ~ tAsc (max) 

Access Time 
Definition 

tcAC 

(14) The tcRP requirement should be applicable for RAS/CAS cycles 
preceded by any cycle. 

(15) Either tRRH or tRcH must be satisfied for a read cycle. 

(16) Parameter twp is applicable for a delayed write cycle such as a 
read-write/read-modify-write cycle. For early write cycles, both 
twcs and twcH must be met. 

(17) These parameters are referenced to the fal!1.!!.9 edge of CAS for 
early write cycles and to the falling edge of WE for delayed write 
or read-modify-write cycles. 

(18) twcs. tRWD• tcwo. and tAwD are restrictive operating parame
ters in read-write/read-modify-write cycles only. H twcs ~ twcs 
(min), the cycle is an early write cycle and the data 1/0 pins will 
remain open-circuit throughout the entire cycle, If tcwo ~ tcwo 
(min), tRWo ~ tRWo (min), and tAwo ~ tAwD (min), then the cycle 
is a read-write cycle and the data 1/0 pins will contain data read 
from the selected cells. If neither of the above conditions is~ 
the condition of the data 1/0 pins (at access time and until CAS 
returns to V1H) is indeterminate. 



NEC MC-42256AA40 

Timing Waveforms 

Read Cycle 

RAS 

iCRP 

CAS 

Address 

IE 
iRCD 

I 
iRSH 

I 
tcsH 
I 

tcAS 

I 
iRAL 

_,1_Jl.L 
-------tOES I 

------~~ I ~~ 
OE 

..l.....'-L.l...l....L..1.;..L.l-1-J...1..J.....'-L..L..L..L..1.;..L.l...l..J...1...L..1.~------:-----'+J....l.-'-'1.-:'-.J...J..-'-'"""'-"-J...J....J.-'-'~~ 

I ~.:_ 
~tRAc----------

Input/Output ---------Hl.::.gh_l_mp.:...edanca-------------<1 Read 

8311+88448 
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MC-42256AA40 

Timing Waveforms (cont) 

Early Write Cycle 

Notee: 

[1] OE=V1HorV1L· 

8 

tRCD 

tRAS 

'AAI 
IE I 

tcsH I 
I 

I 

~tCAH 
Column Address 

NEC 

tRC 

tRSH tRP 

tCAs 

tRAL: ~I tcPN 

831Ho8846B 



NEC 
Timing Waveforms (cont) 

OE-Controlled Write Cycle 

RAS 

tcRP ""I ~E----..,.-- tRSH--------,~ 
----------tcsH-'-----------

--~~---'--tCAs------

CAS 

Address 

lnput{Output ------------ci 

MC-42256AA40 
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MC-42256AA40 NEC 
Timing Waveforms (cont) 

Read-Write/Read-Modify-Write Cycle 

RAS 

CAS 

~ress 

L.~ 
lnput!Output~----~~--H-g_h_lmp~.edance~-·-·----------~• Write 

i.-tos 
8311M!8478 
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NEC 
Timing Waveforms (cont) 

Fast-Page Read Cycle 

MC-42256AA40 

831H-6662B 
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MC-42256AA40 NEC 
Timing Waveforms (cont) 

Fast-Page Early Write Cycle 

Address 

lnputlOUtput 

~toH 
Note: 

[1] OE= don't care. 
831H-6861B 
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NEC 
Timing Waveforms (cont) 

Fast-Page Read-Write/Read-Modify:-Write Cycle 

Address 

WE 

lnpuVOUtput 

Vaid 
Data-out 

Valk:I 
Data-out 

MC-42256AA40 

8311f.886.18 



MC-42256AA40 t\'EC 
Timing Waveforms (cont) 

Hidden Refresh Cycle 

-----Memory Cycle Hidden Refresh Cycle 

---tRc tRc-~-

--tRAS tRP tRAS 

tCRP --tAR-

tRCD-~~ 

CAS 

Address ?/!!Ill! !1/11/J Ill/// 

High Impedance 
lnput/OUtput ----------<1 Valid Data 

831H-6860B 
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NEC 
Timing Waveforms (cont) 

RAS-Only Refresh Cycle 

RAS 

tcRP 

MC-42256AA40 

---------tRc---~~---...-

~ i~ tRAH 

tASR 

- 7/J/ 111/J IL b ....... k // llJ//!11/J 1! /////J////(//// !II!! 11Z 
Input/Output 

High Impedance 

Note: WE and OE are "Don't care.• 
8311+88848 

CAS Before RAS Refresh Cycle 

tRC 

tRAS 

RAS 

t~n] tRP 

{~R 
CAS 

Input/Output 
High Impedance 

Note: Address, WE, and OE are "Don't care." 
8311M1686B 
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MC-42256AA40 NEC 
Package Drawing 

72-Pin Socket-Mountable SIMM (MC-42256AA40B/F} 

Hem Miiiimeters Inches 

A 107.95 ± 0.2 4.250 ± .008 

B 101.19 ± 0.2 3.984 ± .008 

G 10.16 .400 
I 3.17 .125 

J 2.03 .080 

M 25.4 1.000 

N 5.08 .200 

s 3.18 dla .125 dla 

T 1.27 .050 

MC42258AA40 BIF 83FM-8677B (4'92) 
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NEC 
NEC Electronics Inc. 

Description 

The MC-42512A32 is a fast-page dynamic RAM module 
organized as 524,288 words by 32 bits and designed to 
operate from a single +5-volt power supply. Advanced 
CMOS circuitry ensures minimum power dissipation 
and excellent operating margins. 

The three-state output is controlled by CAS indepen
dent of RAS. After a valid read or read-modify-write 
cycle, data is held on the output by holding CAS low. 
Data output is returned to high impedance by returning 
CAS high. Fast-page read and write cycles can be 
executed by cycling CAS. Refreshing is accomplished 
by RAS-only refresh cycles, CAS before RAS refresh 
cycles, hidden refresh cycles, or by the 512 address 
combinations of Ao-As during an 8-ms period. 

Single lnline Memory Module (SIMM™) packaging en
hances reliability and reduces the size, weight and cost 
of a system. Each SIMM contains sixteen 262,144 x 4-bit 
µPD424256s in SOJ packages and sixteen power sup
ply decoupling capacitors for noise reduction. DQ1 
through DQ32 are common input/output pins. 

Features 

o 524,288-word by 32-bit organization 
o Single +5-volt power supply 
o Fast-page cycles 
o Low power dissipation 
o RAS-only refresh cycles 
o CAS before RAS refresh cycles 
o Hidden refresh cycles 
o 512 refresh cycles every 8 ms 
o TTL-compatible inputs and outputs 
o 72-pin SIMM packaging 

Pin ldentif ication 
Name Function 

Ao-As Address inputs 

CASo- CAS3 Column address strobes 

D01 - 0032 Common data inputs/outputs 

RASo- RAS3 Row address strobes 

WE Write enable 

GND Ground 

Vee + 5-volt power supply 

NC No connection 

60166·1 

MC-42512A32 
524,288 x 32 -Bit 

Dynamic CMOS RAM Module 

Pin Configuration 

72-PinSIMM 

0
129 

Pin 
1 
2 
3 
4 
5 
6 
7 

37c 
8 
9 

36c 10 
11 
12 
13 
14 
15 
16 
17 

0 19 18 

Pin Pin SJmbol Pin Jimbo I 
19 37 NC 55 0012 

20 38 NC 56 002s 
21 39 GND 57 0013 
22 40 ~ 58 0029 
23 41 CAS--2_ 59 Vee 
24 42 CA~ 60 0030 

25 43 CAS.i. 61 0014 

26 44 ~ 62 0031 
Z1 45 RAS_j_ 63 0015 
28 A1 46 NC 64 0032 
29 NC 47 WE 65 0015 
30 v 48 NC 66 NC 

31 A 49 DQg 67 NC 

32 NC 50 0025 68 GND 

33 RAS 51 001.Q. 69 [Note 1) 

34 RAS 52 0025 70 [Note1] 

35 NC 53 Dqn 71 NC 

36 NC 54 D02Z_ 72 GND 

Not..: 
[1] Pins 69 and 70 are defined by aocess lime: 

Pin eons 70n• 80n• 100n• 
69 NC GND NC GND 
70 NC NC GND GND 

83CL-9061A 

SIMM is a trademark of Wang Laboratories. 
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MC-42512A32 · NEC 
MC-42152A32 Connection Diagram 

RASo RAS1 
CASo. 

001 V01 CAS RAS V01 RAS CAS 
002. V02 V02 
003 V03 DO V03 01 
004 V04 V04 

OE OE 

005 V01 CAS RAS vo1 RAS CAS 
OOa V02 V02 
007 V03 03' V03 02 
005 V04 V04 

OE OE 

CAS1 

009 V01 CAS RAS V01 RAS CAS 
0010 V02 V02 
0011 V03 04 V03 05 
0012 V04 V04 

OE OE 

0013 V01 CAS 'RAS V01 RAS CAS 
0014 V02 V02 
0015 V03 07 V03 06 
001e V04 V04 

OE OE 

RAS2 RAS3 
CAS2 

0017 V01 CAS RAS V01 RAS CAS 
0015 V02 V02 
0019 V03 08 V03 09 
0020 V04 v94 

OE OE 

0021 V01 CAS RAS V01 RAS CAS 
0022 V02 V02 
0023 V03 011 V03 010 
0024 V04 V04 

OE OE 

CAS3 

0025 V01 CAS RAS V01 RAS CAS 
0026 V02 V02 
0027 V03 012 V03 013 
0025 V04 V04 

OE OE 

0029 V01 CAS RAS V01 RAS CAS 
Ao-As 

0030 V02 V02 
WE 

} 00·015 
0031 V03 015 V03 014 

Vcco i CO.C15 
) (JLPD424256) ' 

0032 V04 V04 

OE OE 
GNOO ) 

83CL-9062B 
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NEC 
Ordering Information 
Part Number Access Time (max) 

MC-42512A32B-60 60 ns 

B-70 70 ns 

B-80 80 ns 

B-10 100 ns 

MC-42512A32F-60 60 ns 

F-70 70 ns 

F-80 80 ns 

F-10 100 ns 

MC-42512A32BT-60 60 ns 

BT-70 70 ns 

BT-80 80 ns 

BT-10 100 ns 

MC-42512A32FT-60 60 ns 

FT-70 70 ns 

FT-80 80 ns 

FT-10 100 ns 

Package 

72-pin socket-mountable 
SIMM (solder plating) 

72-pin socket-mountable 
SIMM (gold plating) 

72-pin socket-mountable 
SIMM (solder plating) 

72-pin socket-mountable 
SIMM (gold plating) 

Height (typ) 

25.4 mm 
(1.000 inch) 

25.4 mm 
(1.000 inch) 

Thickness (typ) 

9.0mm 
(0.354 inch) 

4.1 mm 
(0.161 inch) 

MC-42512A32 

DRAMs 

Sixteen µPD424256LA 

Sixteen µPD424256GX 

Absolute Maximum Ratings Recommended Operating Conditions 
Voltage on any pin relative to GND -1.0 to +7.0 V 

Operating temperature, ToPR Oto +70°C 

Storage temperature, TsTG -55 to +125°C 

Short-circuit output current, los 50mA 

Power dissipation, Po 16W 

Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause perma
nent damage. The device should be operated within the limits 
specified under DC and AC Characteristics. 

Parameter Symbol 

Input voltage, high V1H 

Input voltage, low V1L 

Supply voltage Vee 

Ambient temperature TA 

Capacitance 
TA = 25°C; f = 1 MHz 

Parameter Symbol Max 

Input C11 161 
capacitance 

C12 193 

C13 62 

C14 62 

Input/output C1ofCoo 29 
capacitance 

Min Typ Max Unit 

2.4 Vee+ 1.0 v 
-1.0 0.8 v 
4.5 5.0 5.5 v 
0 70 oc 

Unit Pins Under Test 

pF Ao·Aa 

pF WE 

pF RAS 

pF CAS 

pF 001 - 0032 
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MC-42512A32 NEC 
DC Characteristics 
TA= o to +70°C; Vee= +5.0 v ±5% 

Parameter Symbol Min Max Unit Test Conditions 

Standby current lcc2 32 mA RAS = CAS ~ V1H (min) 

16 mA RAS= CAS ~ Vcc-0.2V 

Input leakage current l1(L) -160 160 µA V1N = o V to V cc; 
all other pins not under test = 0 V 

Output leakage current lo(L) -10 10 µA DQ1 to 0032 disabled; VouT = O V to V cc 

Output voltage, low Vol 0.4 v loL = 4.2 mA 

Output voltage, high VoH 2.4 v loH = -5 mA 

AC Characteristics 
TA= o to +70°C; Vee= +5.0V ±5% 

-60 -70 -80 -10 

Parameter Symbol Min Max Min Max Min Max Min Max Unit Test Conditions 

Operating current, lcc1 780 700 620 540 mA RAS and CAS cycling; 
average tRc = tRc min; 

lo = o mA (Note 5) 

Operating current, RAS- lcc3 780 700 620 540 mA RAS cycling; CAS <!:: 

only refresh cycle, V1H; 
average tRc = tRc min; 

lo = O mA (Note 5) 

Operating current, page lcc4 640 620 540 460 mA RAS s V1L; CAS 
cycle, average cycling; 

tpc = tpc min; 
lo = 0 mA (Note 5) 

Operating current, CAS Ices 780 700 620 540 mA RAS cycling; CAS 
before RAS refresh cycle, before RAS; tRc = 
average tRc min; 

lo = O mA (Note 5) 

Access time from column tAA 30 35 40 55 ns (Notes 7, 9) 
address 

Column address hold tAR 60 60 60 70 ns 
time referenced to RAS 

Access time from CAS tACP 35 40 45 55 ns (Notes 7, 9) 
precharge (rising edge) 

Column address setup tAsc 0 0 0 0 ns 
time 

Row address setup time tASR 0 0 0 0 ns 

Access time from CAS tcAC 20 20 20 25 ns (Notes 7, 9) 
(falling edge) 

Column address hold tcAH 15 17 20 20 ns 
time 

CAS pulse width tcAS 20 10,000 20 10,000 20 10,000 25 10,000 ns 

CAS hold time for CAS tcHR 15 15 15 20 ns 
before RAS refresh cycle 

CAS precharge time, fast- tcp 10 10 10 10 ns 
page cycle 
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NEC MC-42512A32 

AC Characteristics (cont) 
-60 -70 -80 -10 

Parameter Symbol Min Max Min Max Min Max Min Max Unit Test Conditions 

CAS precharge time tcpN 10 10 10 10 ns 

CAS to RAS precharge tcRP 10 10 10 10 ns (Note 12) 
time • CAS hold time tcsH 60 70 80 100 ns 

CAS setup time for CAS tcsR 10 10 10 10 ns 
before RAS refresh cycle 

Data-in hold time toH 15 15 20 25 ns (Note 15) 

Data-in hold time toHR 60 60 60 70 ns 
referenced to RAS 

Data-in setup time tos 0 0 0 0 ns (Note 15) 

Output buffer turnoff to FF 0 0 15 0 20 0 25 ns (Note 10) 
delay 

Page cycle time tpc 40 45 50 60 ns (Note 6) 

Access time from RAS tRAC 60 70 80 100 ns (Notes 7, 8) 

RAS to column address tRAD 15 35 15 35 17 40 17 45 ns (Note 9) 
delay time 

Row address hold time tRAH 10 10 12 12 ns 

Column address lead tRAL 30 35 45 55 ns 
time referenced to RAS 
(rising edge) 

RAS pulse width tRAS 60 10,000 70 10,000 80 10,000 100 10,000 ns 

RAS pulse width, page tRASP 60 100,000 70 100,000 80 100,000 100 100,000 ns 
cycle 

Random read or write tRc 120 130 160 190 ns (Note 6) 
cycle time 

RAS to CAS delay time tRcD 20 50 20 50 25 60 25 75 ns (Note 11) 

Read command hold time tRcH 0 0 0 0 ns (Note 13) 
referenced to CAS 

Read command setup tRcs 0 0 0 0 ns 
time 

Refresh period tREF 8 8 8 8 ms Addresses Ao - As 
RAS precharge time tRP 50 50 60 80 ns 

RAS precharge CAS hold tRPC 10 10 10 10 ns 
time 

Read command hold time tRRH 10 10 10 10 ns (Note 13) 
referenced to RAS 

RAS hold time tRSH 20 20 20 25 ns 

Rise and fall transition tr 3 50 3 50 3 50 3 50 ns (Note 3) 
time 

Write command hold twcH 15 15 15 20 ns 
time 

Write command hold twcR 55 55 55 70 ns 
time referenced to RAS 
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MC•42512A32 

AC Characteristics {cont) 
-60 

Parameter Symbol Min . Max 

Write command setup 
time 

Write command pulse 
width 

Notes: 

twes 

twp 

(1) All voltages are referenced to GND. 

0 

15 

-70 

Min Max 

0 

15 

(2) An initial pause of 100 µsis required after power-up, followed by 
any eight RAS cycles, before proper device operation is 
achieved. 

(3) AC measu.rements assume tr = 5 ns. 

(4) V1H (min) and V1L (max) are reference. levels for measuring the 
timing of input signals. Transition times are measured between 
V1H and VIL· 

(5) lee1. lee3, lee4, and lees depend on output loading and cycle 
rates. Specified values are obtained with the output open. lee3 
is measured assuming that all column address inputs are held at 
either a high level or a low level during RAS-only refresh cycles. 
lee4 is measured assuming that all column address inputs are 
switched only once during each fast-page cycle. 

(6) The minimum specifications are used only to indicate the cycle 
time at which proper operation over the full temperature range 
(TA = Oto + 70°C) is assured. 

(7) Load = 2 TTL (-1 mA, + 4 mA) loads and 100 pF (VoH = 2.0 V, 
Vol= 0.8 V). 

(8) Assumes that tReD s tReD (max) and tRAD s tRAD (max). If 
tReD or tRAD is greater than the maximum recommended value 
in this table, tRAe increases by the amount that tReo or tRAD 
exceeds the value shown. 

(9) If tRAD 2: tRAD (max), then the access time is defined by tAA· 
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N'EC 

-so -10 

Min Max Min Max Unit Test Conditions 

0 0 ns (Note 16) 

15 20 ns (Note 14) 

(10) toFF (max) defines the time at which the output achieves the 
open-circuit condition and is not referenced to VoH or Vol· 

(11) Operation within the tReo (max) limit assures that tRAe (max) 
can be met. tReD (max) is specified as a reference point only; if 
tRcD is greater than tRcD (max), then access time is controlled 
exclusively by teAe· 

(12) The teRP requirement should be applicable for RAS/CAS cycles 
preceded by any cycle. 

(13) Either tRRH or tReH must be satisfied for a read cycle. 

(14) Parameter twp is applicable for a delayed write cycle such as a 
read-write/read-modify-write cycle. For early write operation, 
both twes and tweH must be met. 

(15) These parameters are referenced to the fall!!:!g edge of CAS for 
early write cycles and to the falling edge of WE for delayed write 
or read-modify-write cycles. 

(16) twes. tRWD• tewo. and tAWD are restrictive operating parame
ters in read-write/read-modify-write cycles only. lftwcs 2: twcs 
(min), the cycle is an early write cycle and the data output will 
remain open-circuit throughout the entire cycle. lftcwo 2: tcwo 
(min), tRwD 2: tRwD (min), and tAwD 2: tAwo (min), 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 is met, 
the condition of the data output pin (at access time and until 
CAS returns to V1H) is indeterminate. 



NEC 
Timing Waveforms 

Read Cycle 

Address 

WE 

oouT 

MC-42512A32 

r<,__-----tRSH-----.i 

14---------;-..-tcsH--------~ 

---tRco--~~-----...:tCAs-------,~ 

L~ 
High Impedance 

Valid Data 

*These parameters are not applicable to the MC-424512A36BfF. 
831K-7061B 
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MC-42512A32 NEC 
Timing Waveforms (cont) 

Early Write Cycle 

RAS 

tcRP 

CAS 

Address 

-----tRc-----

----tRAs----

--1E --tRSH-

tcsH-----+1 

-tRcD tCAs---

00
UT ________ H1gh __ lmf)fldan_ce ______ _ 

831H-7062B 
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NEC 
Timing Waveforms (cont) 

Fast-Page Read Cycle 

Address 

WE 

DouT------H-~_h_lm~pedan ___ ce ________ -<1 Valid 
Data-out 

tOFF 

Valid 
Data-out 

Valid 
Data-out 

MC-42512A32 

831H-7063B 
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MC~42512A32 

Timing Waveforms (cont) 

Fast-Page Early Write Cycle 

10 
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NEC 
Timing Waveforms {cont) 

RAS-Only Refresh Cycle 

RAS 

Address 

MC-42512A32 

tRPC1 

\_J 

DoUT~--------------------------------H-1g_h_1m_p_edanc ___ e ________________________________ ~ 

Note: 

[1] WE:i:V1H· 
8311+68168 

CAS Before RAS Refresh Cycle 

RAS 

tcsR tCRP 

CAS 

oour~----------------------------------H~~h_l_m_pedan ___ ce ______________________________ ~ 

Note: 
[1] Address= don't care. 

831H-7066B 
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MC-42512A32 NEC 
Timing Waveforms (cont) 

Hidden Refresh Cycle 

14---Memory Cycle CAS Before RAS Cycle 

---tRc tRc-~--

tRAS 

RAS 

tCHR 

cs 

------tcs-----~ 

·-JIAAo ff) l.~ 
Address Column Address /Ill//////// II ////Jll 

WE 11/Jll //JIJJ W!lllJ!l!l!l!l! lllJ/! 1111/J/JZ 
L ·= J 

H~h.....,..,.. IRAC : IOFF .1 
Valid Data )---oouT 

8311+71328 

12 



NEC 
Package Drawing 

72-Pin Socket-Mountable SIMM {MC-42512A32BIF) 

Item Mllllmetera Inches Hem Mii ii meters 

A 107.95 ±0.2 4.250 ± .008 M 25.4 
B 101.19 ± 0.2 3.984 ± .008 N 9.0 max 
F 0.75 min .029 min p 1.57 rad 

G 10.16 .400 s 3.17 dla 

H 1.27 .050 T 1.27 

I 6.35 .250 u 3.38 

J 2.03 .080 v 44.45 

K 6.35 .250 w 6.36 

L 2.7 min .100 min x 95.25 ± 0.1 

A 

B 

MC-42512A32BIF 

Inches 

1.000 

.354 max 

.062 rad 

.125 dla 

.050 

.133 

1.750 
.250 

3.750 ± .004 

MC-42512A32 

l 
i [ 

y-
L 

83YL·7928B (8191) 
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MC-4251:2A32 NEC 
Package Drawing (cont) 

72-Pin Socket-Mountable SIMM {lllC-42512A32B TIFT) 

Item Mllllmetera Inches Hem Mllllmetera Inches 

A 107.95 :t 0.2 4.250 :t .008 M 25.4 1.000 
B 101.19 :t 0.2 3.984 :t .008 N 4.1 max .161 max 
F 0.75 min .029 min p 1.57 rad .062 rad 
G 10.16 .400 s 3.17 dla .125 dla 

H 1.27 .050 T 1.27 .050 

I 6.35 .250 u 3.38 .133 

J 2.03 .oeo v 44.45 1.750 
K 6.35 .250 w 6.36 .250 

L 2.7 min .106 min x 95.25 :t 0.1 3.750 :t .004 

T_JL 
A 

B 

--.i;--~~~~~v·~~~~~~~·+w 

x·~~~~~~~~~~~~~~~ 

83'fl·7929B (8f91) 

14 



NEC 
NEC Electronics Inc. 

Description 

The MC-42512A36 and the MC-424512A36 are dynamic 
RAM modules organized as 524,288 words by 36 bits 
and designed to operate from a single +5-volt power 
supply. Advanced CMOS circuitry ensures minimum 
power dissipation and excellent operating margins. 

The three-state output is controlled by CAS indepen
dent of RAS. After a valid read or read-modify-write 
cycle, data is held on the output by holding CAS low. 
Data output is returned to high impedance by returning 
CAS high. Page read and write cycles can be executed 
by cycling CAS. Refreshing is accomplished by means 
of RAS-only refresh cycles, CAS before RAS refresh 
cycles, hidden refresh cycles, or by the 512 address 
combinations of Ao through Aa during an 8-ms period. 

Single lnline Memory Module (SIMM™) packaging en
hances reliability and reduces the size, weight, and 
cost of a system. Each SIMM contains 24 DRAMs and 
24 power supply decoupling capacitors. The comple
ment of DRAMs (µPD424256, 41256, 42256, 421000) and 
the operating mode (fast-page, page) are summarized 
below. 

DRAMs (Qty) 

Module 256K x 4 256K x 1 

MC-42512A36 (16) (8) 
B/F (fast-page) 424256 42256 

MC-424512A36 (16) (8) 
B/F (page) 424256 41256 

MC-424512A36 (16) 
BH/FH (fast-page) 424256 

Features 

o 524,288-word by 36-bit organization 
o Single +5-volt power supply 

1M x 1 

(8) 
421000 

o Low power dissipation (252 mW max in standby) 
o RAS-only refresh cycles 
o CAS before RAS refresh cycles 
o Hidden refresh cycles 
o 512 refresh cycles every 8 ms 
o TTL-compatible inputs and outputs 
o 72-pin SIMM packaging 
o Fast-page mode operation (MC-42512A36B/F and 

MC-424512A36BH/FH) 
o Page mode operation (MC-424512A36B/F) 
SIMM is a trademark of Wang Laboratories. 

60171 

MC-42512A36, -424512A36 
524,288 x36-Bit 

Dynamic CMOS RAM Module 

Pin Configuration 

72-Pin Socket-Mountable SIMM 

0 Pin Symbol 
729 

1 GND 

2 oao 

3 0018 

4 001 

5 0019 

6 002 

7 0020 

8 003 
379 

9 0021 
369 10 Vee 

11 NC 

12 Ao 
13 A1 

14 A2 

15 As 
16 ~ 
17 As 

o~ 18 As 

Pin Symbol Pin Symbol Pin Symbol 

19 NC 37 0017 55 0012 

20 004 38 0035 56 Daso 

21 ~ 39 GND 57 0013 

22 Das 40 CASo 58 0031 

23 0023 41 CAS2 59 Vee 
24 DOa 42 CAS3 60 0032 

25 0024 43 CAS1 61 0014 

26 Dai 44 AASo 62 0033 

27 D02fi 45 AAS1 63 0015 

28 A1 46 NC 64 0034 

29 NC 47 WE 65 0015 

30 Vee 48 NC 66 NC 

31 As 49 009 67 NC 

32 NC 50 0027 66 GND 

33 RAS3 51 0010 69 [Note1] 

34 RAS2 52 0029 70 [Note1] 

35 0025 53 0011 71 NC 

36 00s 54 0029 72 GND 

Notes: 

[1] Pins 69 and 70 are defrled by access time: 

~ Pin 1 70n• J 80f85n• J 1oon• I 
69 GND I NC I GND j l 70 I NC I GND I GND 

83FM-8080A 



MC-42512A36, -424512A36 NEC 
Ordering Information 
Part Number Access Time (max) Package Operation Height Thickness DRAMs 

MC-424512A36BH-70 70ns 72-pin socket~ Fast-page 31.75 mm 9.3 mm Sixteen 

BH-80 80ns 
mountable SIMM (1.25 inch) (0.366 inch) µPD424256LA 
(solder plating) Eight 

BH-10 100 ns µPD421000LA 

MC-424512A36FH-70 70 ns 72-pin socket-

FH-80 80 ns 
mountable SIMM 
(gold plating) 

FH-10 100 ns 

MC-42512A368-70 70ns 72-pin socket- Fast-page 25.4 mm 9.3mm Sixteen 

8-80 80 ns 
mountable SIMM (1.00 inch) (0.366 inch) µPD424256LA 
(solder plating) Eight µPD42256L 

B-10 100 ns 

MC-42512A36F-70 70 ns 72-pin socket-

F-80 80 ns 
mountable SIMM 
(gold plating) 

F-10 100 ns 

MC-424512A36B-80 80 ns 72-pin socket- Page 25.4 mm 9.3mm Sixteen 

B-85 85 ns 
mountable SIMM (1.00 inch) (0.366 inch) µPD424256LA 
(solder plating) Eight µPD41256L 

B-10 100 ns 

MC-424512A36F-80 eons 72-pin socket-

F-85 85 ns 
mountable SIMM 
(gold plating) 

F-10 100 ns 

Pin Identification 
Name Function 

Ao-As Address inputs 

CASo- CAS3 Column address strobes 

DOo- 0035 Common data inputs/outputs 

RASo- RAS3 Row address strobes 

WE Write enable 

GND Ground 

Vee + 5-volt power supply 

NC No connection 

2 



NEC MC-42512A36, -424512A36 

Connection Diagram; MC-42512A36, -424512A36 

RASo RAS1 
CASo 

OOo V01 CAS RAS V01 CAS RAS -001 V02 V02 
002 V03 DO V03 01 
003 V04 V04 

OE OE 

004 V01 CAS RAS V01 CAS RAS 
005 V02 V02 
OOe V03 03 V03 02 
007 V04 V04 

OE OE 

CAS RAS CAS RAS 
OOe 01NIDOUT MO 01NIDOUT M1 

CAS1 

009 V01 CAS RAS V01 CAS RAS 
0010 V02 V02 
0011 V03 04 V03 05 
0012 V04 V04 

OE OE 

0013 V01 CAS RAS V01 CAS RAS 
0014 V02 V02 
0015 V03 07 V03 08 
001e V04 V04 

OE OE 

CAS RAS CAS RAS 
0017 OINIDOUT M2 01NIDOUT M3 

RAS2 RAS3 
CAS2 

001e V01 CAS RAS V01 CAS RAS 
0019 V02 V02 
0020 V03 08 V03 09 
0021 V04 V04 

OE OE 

0022 V01 CAS RAS V01 CAS RAS 
0023 V02 V02 
0024 V03 011 V03 010 
0025 V04 V04 

OE OE 

CAS RAS CAS RAS 
0028 OINIDOUT M4 01NIDOUT M5 

CAS3 

0027 V01 CAS RAS V01 CAS RAS 
002e V02 V02 
0029 V03 012 V03 013 
0030 V04 V04 

OE OE 

0031 V01 CAS RAS V01 CAS RAS 
0032 V02 V02 
0033 V03 015 V03 014 
0034 V04 V04 

OE OE 

CAS RAS CAS RAS 
0035 OINIDOUT M8 01NIOOUT M7 

Ao-Ae Deslg DRAM Used On 
WE 00-015 µPD424256LA All 
vcco :'l: ·} DIM>1S,...., MO-M7 µPD421000LA MC-424512A368HIFH 

GNOO 
+: Co-C23:11> µPD42256LA MC-42512A36S'F 

µPD41256L MC-424512A36S'F 
83YL-8081B 
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MC-42512A36, ·424512A36 NEC 
Absolute Maximum Ratings Capacitance 
Voltage on any pin relative to GND -1.0 to + 7.0 V 

TA = 25°C; f = 1 MHz 

Operating temperature, ToPR o to +70°C 

Storage temperature, TsrG -55 to + 125°C 

Short-circuit output current, los 50 mA 

Power dissipation, Po 24 W 

Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause perma
nent damage. The device should be operated within the limits 
specified under DC and AC Characteristics. 

Recommended Operating Conditions 
Parameter Symbol Min Typ Max Unit 

Input voltage, high V1H 2.4 Vee+ 1.0 v 
Input voltage, low V1L -1.0 0.8 v 
Supply voltage Vee 4.75 5.0 5.25 v 
Ambient temperature TA 0 70 oc 

Parameter 

Input 
capacitance 

Input/output 
capacitance 

DC Characteristics 1 (MC-42512A368/F, -424512A36BH/FH) 
TA= o to +70°C; Vee= +5.0 V ±5% 

Parameter Symbol Min Max Unit 

Standby current lce2 48 mA 

24 mA 

Input leakage current l1(L) -240 240 µA 

Output leakage current lo(L) -10 10 µA 

Output voltage, low Vol 0.4 v 
Output voltage, high VoH 2.4 v 

AC Characteristics 1 (MC-42512A368/F, -424512A36BH/FH) 
TA= o to +70°C; Vee= +5.0 V ±5% 

-70 ·80 

Parameter Symbol Min Max Min Max 

Operating current, average lcc1 (Note 17) 1040 910 

lcc1 (Note 18) 980 860 

Operating current, RAS-only lcea (Note 17) 1040 910 
refresh cycle, average 

lcc3 (Note 18) 980 860 

Operating current, fast-page cycle, lce4 (Note 17) 910 780 
average 

lce4 (Note 18) 860 740 

Operating current, CAS before Ices (Note 17) 1040 910 
RAS refresh cycle, average 

Ices (Note 18) 980 860 

Access time from column address tAA 35 45 

4 

Symbol Max Unit Pins Under Test 

C11 161 pF Ao-Ag 

C12 193 pF WE 

C13 62 pF RAS 

C14 62 pF CAS 

CJO/Coo 29 pF DOo - 007, 009 -
D015. 001s - 0025, 
D021- 0034 

C12/Co2 39 pF 005, D017, D025, 
0035 

Test Conditions 

RAS = CAS ~ V1H (min) 

RAS= CAS ~ Vcc-0.2V 

V1N = o V to Vee; 
all other pins not under test = 0 V 

OOo to 0035 disabled; Vour = o V to Vee 

loL = 4.2 mA 

loH = -5 mA 

-10 

Min Max Unit Test Conditions 

780 mA RAS and CAS cycling; 

740 mA 
tRc = tRc min; 
lo = 0 mA (Note 5) 

780 mA RAS cycling; CAS ~ V1H; 

740 mA 
tRc = tRe min; 
lo = O mA (Note 5) 

650 mA RAS s V1L; CAS cycling; 

620 mA 
tpc = tpe min; 
lo = O mA (Note 5) 

780 mA RAS cycling; CAS before 

mA 
RAS; tRc = tRc min; 

740 lo = o mA (Note 5) 

50 ns (Notes 7, 9) 



NEC MC-42512A36, -424512A36 

AC Characteristics 1 (MC-42512A36B/F, -424512A36BH/FH) (cont) 
-70 -80 -10 

Parameter Symbol Min Max Min Max Min Max Unit Test Conditions 

Column address hold time tAR 60 60 70 ns -referenced to RAS 

Access time from CAS precharge tACP 40 45 55 ns (Notes 7, 9) 
(rising edge) 

Column address setup time tAsc 0 20 0 20 0 25 ns 

Row address setup time tASR 0 0 0 ns 

Access time from CAS (falling tcAC 20 20 25 ns (Notes 7, 9) 
edge) 

Column address hold time tcAH 17 20 20 ns 

CAS pulse width tcAS 20 10,000 20 10,000 25 10,000 ns 

CAS hold time for CAS before RAS tcHR 15 15 20 ns 
refresh cycle 

CAS precharge time, fast-page tcp 10 20 10 20 10 25 ns 
cycle 

CAS precharge time tcPN 10 10 10 ns 

CAS to RAS precharge time tcRP 10 10 10 ns (Note 12) 

CAS hold time tcsH 70 80 100 ns 

CAS setup time for CAS before tcsR 10 10 10 ns 
RAS refresh cycle 

Data-in hold time toH 15 20 20 ns (Note 15) 

Data-in hold time referenced to toHR 60 60 70 ns 
RAS 

Data-in setup time tos 0 0 0 ns (Note 15) 

Output buffer turnoff delay to FF 0 15 0 20 0 25 ns (Note 10) 

Fast-page cycle time tpc 45 50 60 ns (Note 6) 

Access time from RAS tRAC 70 80 100 ns (Notes 7, 8) 

RAS to column address delay time tRAD 15 35 17 35 17 45 ns (Note 9) 

Row address hold time tRAH 10 12 12 ns 

Column address lead time tRAL 35 45 55 ns 
referenced to RAS (rising edge) 

RAS pulse width tRAS 70 10,000 80 10,000 100 10,000 ns 

RAS pulse width, fast-page cycle tRASP 70 100,000 80 100,000 100 100,000 ns 

Random read or write cycle time tRc 130 160 190 ns (Note 6) 

RAS to CAS delay time tRCD 20 50 25 60 25 75 ns (Note 11) 

Read command hold time tRCH 0 0 0 ns (Note 13) 
referenced to CAS 

Read command setup time tRcs 0 0 0 ns 

Refresh period tREF 8 8 8 ms Addresses Ao - As 
RAS precharge time tRP 60 70 80 ns 

RAS precharge CAS hold time tRPC 10 10 10 ns 

Read command hold time tRRH 10 10 10 ns (Note 13) 
referenced to RAS 

RAS hold time tRSH 20 20 25 ns 

5 



MC-42512A36, -424512A36 NEC 
AC Characteristics 1 (MC-42512A36B/F, ·424512A36BH/FH} (cont} 

-70 

Parameter Symbol Min Max 

Rise and fall transition time tr 3 50 

Write command hold time twcH 15 

Write command hold time twcR 55 
referenced to RAS 

Write command setup time twcs 0 

WE hold time twHR 15 

Write command pulse width twp 15 

Notes: 

(1) All voltages are referenced to GND. 

(2) An initial pause of 100 µs is required after power-up, followed by 
any eight RAS cycles, before proper device operation is 
achieved. At the end of the initial power-up sequence, it is 
recommended that either a RAS-on!Y....!efresh or a CAS before 
RAS refresh cycle be executed while WE ;;:: V1H to ensure normal 
operation. 

(3) Ac measurements assume tr = 5 ns. 

(4) V1H (min) and V1L (max) are reference levels for measuring the 
timing of input signals. Transition times are measured between 
V1H and VIL· 

(5) lcc1. lcc3, lcc4, and lcc5 depend on output loading and cycle 
rates. Specified values are obtained with the output open. lcc3 
is measured assuming that all column address inputs are held at 
either a high level or a low level during RAS-only refresh cycles. 
lcc4 is measured assuming that all column address inputs are 
switched only once during each fast-page cycle. 

(6) The minimum specifications are used only to indicate the cycle 
time at which proper operation over the full temperature range 
(TA = Oto + 70°C) is assured. 

(7) Load = 2 TTL (-1 mA, + 4 mA) loads and 100 pF (VoH = 2.0 V, 
Vol= 0.8 V). 

(8) Assumes that tRco s tRco (max) and tRAD s tRAD (max). If 
tRco or tRAD is greater than the maximum recommended value 
in this table, tRAC increases by the amount that tRco or tRAD 
exceeds the value shown. 

(9) If tRAD ;;:: tRAD (max), then the access time is defined by tAA· 

DC Characteristics 2 (MC-424512A36B/F} 
TA= o to+ 70°C; Vee= +5.0 V ±5% 

-80 -10 

Min Max Min Max Unit Test Conditions 

3 50 3 50 ns (Note 3) 

15 20 ns 

55 70 ns 

0 0 ns (Note 16) 

15 20 ns 

15 20 ns (Note 14) 

(10) toFF (max) defines the time at which the output achieves the 
open-circuit condition and is not referenced to VoH or Vol· 

(11) Operation within the tRco (max) limit assures that tRAC (max) 
can be met. tRco (max) is specified as a reference point only; if 
tRco is greater than tRco (max), then access time is controlled 
exclusively by tcAC· 

(12) The tcRP requirement should be applicable for RAS/CAS cycles 
preceded by any cycle. 

(13) Either tRRH or tRcH must be satisfied for a read cycle. 

(14) Parameter twp is applicable for a delayed write cycle such as a 
read-write/read-modify-write cycle. For early write operation, 
both twcs and twcH must be met. 

(15) These parameters are referenced to the fal.!l!l9 edge of CAS for 
early write cycles and to the falling edge of WE for delayed write 
or read-modify-write cycles. 

(16) twcs. tRWD• tcwo. and tAwo are restrictive operating parame
ters in read-write/read-modify-write cycles only. If twcs ;;:: twcs 
(min), the cycle is an early write cycle and the data output will 
remain open-circuit throughout the entire cycle. 

If tcwo "= tcwo (min), tRWo ~ tRwo (min), and tAwo ~ tAwo 
(min), 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 is met, the condition of the data output pin (at access 
time and until CAS returns to V1H) is indeterminate. 

(17) MC-424512A368H/FH 

(18) MC-42512A368/F 

Parameter Symbol Min Max Unit Test Conditions 

Standby current lcc2 72 mA RAS = CAS ;;:: V1H (min) 

16 mA RAS= CAS;;:: Vcc-0.2V 

Input leakage current l1(L) -240 240 µA V1N = o V to V cc; 
all other pins not under test = 0 V 

Output leakage current lo(L) -10 10 µA DOo to D035 disabled; Vour = o V to Vee 

Output voltage, low Vol 0.4 v loL = 4.2 mA 

Output voltage, high VoH 2.4 v loH = -5 mA 

6 



NEC MC-42512A36, -424512A36 

AC Characteristics 2 (MC-424512A36B/F) 
TA= o to +70°C; Vee= +5.0 V ±5% 

-80 -85 -10 

Parameter Symbol Min Max Min Max Min Max Unit Test Conditions • Operating current, average lee1 1024 872 744 mA RAS and CAS cycling; 
tRe = tRe min; 
lo= O mA (Note 5) 

Operating current, RAS-only lcc3 1024 872 744 mA RAS cycling; CAS 2: V1H; 
refresh cycle, average tRe = tRe min; 

lo = O mA (Note 5) 

Operating current, fast-page lce4 996 828 724 mA RAS s V1L; CAS cycling; 
cycle, average tpe = tpe min; 

lo = O mA (Note 5) 

Operating current, CAS before lcc5 1024 872 744 mA RAS cycling; CAS before 
RAS refresh cycle, average RAS; tRe = tRe min; 

lo = O mA (Note 5) 

Column address hold time tAR 55 55 65 ns 
referenced to RAS 

Column address setup time tAse 0 20 0 20 0 25 ns 

Row address setup time tASR 0 0 0 ns 

Access time from CAS (falling tcAC 40 40 50 ns (Notes 7, 9) 
edge) 

Column address hold time tcAH 20 20 20 ns 

CAS pulse width tcAS 40 10,000 40 10,000 50 10,000 ns 

CAS hold time for CAS before tcHR 15 15 20 ns 
RAS refresh cycle 

CAS precharge time (page tcp 20 20 40 ns 
mode) 

CAS precharge time, nonpage tcPN 25 25 25 ns 
cycle 

CAS to RAS precharge time tcRP 10 10 10 ns (Note 12) 

CAS hold time tesH 80 85 100 ns 

CAS setup time for CAS before tcsR 10 10 10 ns 
RAS refresh cycle 

Data-in hold time toH 20 20 25 ns (Note 15) 

Data-in hold time referenced to toHR 60 65 75 ns 
RAS 

Data-in setup time tos 0 0 0 ns (Note 15) 

Output buffer turnoff delay to FF 0 20 0 20 0 25 ns (Note 10) 

Fast-page cycle time tpc 70 70 100 ns (Note 6) 

Access time from RAS tRAC 80 85 100 ns (Notes 7, 8) 

Row address hold time tRAH 12 12 12 ns 

RAS pulse width tRAS 80 10,000 85 10,000 100 10,000 ns 

Random read or write cycle tRc 160 165 200 ns (Note 6) 
time 

RAS to CAS delay time tRCD 20 40 20 45 20 50 ns (Note 11) 

Read command hold time tRCH 0 0 0 ns (Note 13) 
referenced to CAS 

Read command setup time tRCS 0 0 0 ns 

7 



MC-42512A36, -424512A36 

AC Characteristics 2 (MC-424512A36B/F) (cont) 
-80 

Parameter Symbol Min Max Min 

Refresh period tREF 8 

RAS precharge time tRP 70 

RAS precharge CAS hold time tRPC 0 

Read command hold time tRRH 10 
referenced to RAS 

RAS hold time tRSH 40 

Rise and fall transition time tr 3 50 

Write command hold time twcH 20 

Write command hold time twcR 60 
referenced to RAS 

Write command setup time twcs 0 

Write command pulse width twp 15 

Notes: 

(1) All voltages are referenced to GND. 

(2) An initial pause of 100µs is required after power-up, followed by 
any eight RAS cycles, before proper device operation is 
achieved. At the end of the initial power-up sequence, it is 
recommended that either a RAS-on!Y_!efresh or a CAS before 
RAS refresh cycle be executed while WE<?: v1H to ensure normal 
operation. 

(3) Ac measurements assume tr = 5 ns. 

(4) V1H (min) and V1L (max) are reference levels for measuring the 
timing of input signals. Transition times are measured between 
V1H and VIL· 

(5) lcc1. lcc3, lcc4, and Ices depend on output loading and cycle 
rates. Specified values are obtained with the output open. lcc3 
is measured assuming that all column address inputs are held at 
either a high level or a low level during RAS-only refresh cycles. 
lcc4 is measured assuming that all column address inputs are 
switched only once during each fast-page cycle. 

(6) The minimum specifications are used only to indicate the cycle 
time at which proper operation over the full temperature range 
(TA = O to + 70°C) is assured. 

(7) Load = 2 TTL (-1 mA, + 4 mA) loads and 100 pF (VoH = 2.0 V, 
Vol= 0.8 V). 

(8) Assumes that tRcD s tRCD (max) and tRAD s tRAD (max). If 
tRco or tRAD is greater than the maximum recommended value 
in this table, tRAC increases by the amount that tRcD or tRAD 
exceeds the value shown. 

8 

70 

0 

10 

40 

3 

20 

65 

0 

15 

NEC 

-85 -10 

Max Min Max Unit Test Conditions 

8 8 ms Addresses Ao -Aa 

90 ns 

0 ns 

10 ns (Note 13) 

50 ns 

50 3 50 ns (Note 3) 

25 ns 

75 ns 

0 ns (Note 16) 

15 ns (Note 14) 

(9) If tRAD <?: tRAD (max), then the access time is defined by tAA· 

(10) toFF (max) defines the time at which the output achieves the 
open-circuit condition and is not referenced to VoH or Vol· 

(11) Operation within the tRcD (max) limit assures that tRAC (max) 
can be met. tRcD (max) is specified as a reference point only; if 
tRcD is greater than tRcD (max), then access time is controlled 
exclusively by tcAC· . 

(12) The tcRP requirement should be applicable for RAS/CAS cycles 
preceded by any cycle. 

(13) Either tRRH or tRcH must be satisfied for a read cycle. 

(14) Parameter twp is applicable for a delayed write cycle such as a 
read-write/read-modify-write cycle. For early write operation, 
both twcs and twcH must be met. 

(15) These parameters are referenced to the fal.!!!!.9 edge of CAS for 
early write cycles and to the falling edge of WE for delayed write 
or read-modify-write cycles. 

(16) twcs. tRwo. tcwo. and tAwD are restrictive operating parame
ters in read-write/read-modify-write cycles only. If twcs <?: twcs 
(min), the cycle is an early write cycle and the data output will 
remain open-circuit throughout the entire cycle. 

If tcwo <?: tcwo (min), tRwo <?: tRWo (min), and tAwD <?: tAwo 
(min), 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 is met, the condition of the data output pin (at access 
time and until CAS returns to V1H) is indeterminate. 



NEC 
Timing Waveforms 

Read Cycle 

Address 

WE 

MC-42512A36, -424512A36 

r>ll('-----tRSH-----

_..... __ ~----:--tcsH--------~ 

Valid Data 

*These parameters are not appllcable to the MC-424512A36BIF. 
831H-7061B 
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MC-42512A36, ·424512A36 

Timing Waveforms (cont) 

Early Write Cycle 

NEC 

----------tRc--------~ 

--------tRAs-------

RAS 

IE 
I 

tRSH 
I 

tcsH 

tCRP 

tRCD 
I 

tCAS 

I 
tRAL* 

DOUT ------------H..._lgh_lm..._pedance ___________ _ 

*These parameters are not appllcable to the MC-424512A368/F. 
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NEC 
Timing Waveforms (cont) 

Page/Fast-Page Read Cycle 

Address 

MC-42512A36, -424512A36 

-~~ 
DOUT----Hlg __ h_lm_..pedan __ ce ___ ff ~~ ff·~ ff-to_F_F ____ _ 
*These parameters are not appllcable to the MC-424512A36B/F. 

831tMl686B 



MC-42512A36, ·424512A36 

Timing Waveforms (cont) 

Page/Fast-Page Early Write Cycle 

*These parameters are not appllcable to the MC424512A36BIF. 

12 
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NEC MC-42512A36, -424512A36 

Timing Waveforms (cont) 

Hidden Refresh Cycle 

Memory Cycle --~-CAs Before RAS Cycle 

tRC ---~--tRc----.1..-.---

tRAs tRP tRAS 

RAS 

IARl 
I 
tRSH 

I 

CAS 

Address ;111 !I II II! ////Ill/ Ill 

WE 71 /II !Ill !II VII//// !l!lll ///I ////llll /// ///; 
L ·= J 

H~ '-""'8 IRAC ; toFF t 
Valid Data }----DOUT 

*These parameters are not applicable to the MC-424512A36. 
831IHl69Clll 
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MC-42512A36, -424512A36 

Timing Waveforms (cont) 

RAS-Only Refresh Cycle 

RAS 

r-tCRP 

CAS ___/ 

Addl8SS 

Note: 

(1) WE"'VIH· 

CAS Before RAS Refresh Cycle 

RAS 

tcsR 

CAS 

NEC 

v 

8311+88168 

tcRP 

DouT---------------------------------H-~-h_lm_pedan ___ ~----------------------------~ 
Note: 
(1] Address = don't care. 

831H-7066B 
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NEC MC-42512A36, -424512A36 

Package Drawings 

72-Pin Socket-Mountable SIMM (MC-424512A36BHIFH) 

Item Millimeters Inches Hem Miii i meters Inches 

A 107.95 ±0.2 4.250 ± .008 M 31.75 1.250 
B 101.19 ±0.2 3.984 ± .008 N 9.3 max .366 max 

F 0.75 min .029 min p 1.57 rad .062 rad 
G 10.16 .400 s 3.17 dia .125 dia 

H 1.27 .050 T 1.27 .050 

6.35 .250 u 3.38 .133 

2.03 .080 v 44.45 1.750 

K 6.35 .250 w 6.36 .250 

L 2.7 min .106 min x 95.25 ±0.1 3.750 ± .004 

T-lL 
A 

B 

L 
__,,__~~~~~v~~~~~~~w 

--~~~~~~~~~~~~~x~~~~~~~~~~~~~--

MC-424512A3eBWFH 49NIH18B (3i91) 
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MC-42512A36, -424512A36 NEC 
Package Drawings (cont) 

72-Pin Socket-Mountable SIMM (MC-42512A36B/F and MC-424512A36B/F} 

Item Millimeters Inches Item Milllmeters Inches 

A 107.95 ±0.2 4.250 ± .008 M 25.4 1.000 

B 101.19 ±0.2 3.984 ± .008 N 9.3 max .366 max 
F 0.75min .029min p 1.57 rad .062 rad 
G 10.16 .400 s 3.17 dis .125 dis 

H 1.27 .050 T 1.27 .050 

I 6.35 .250 u 3.38 .133 

2.03 .080 v 44.45 1.750 

K 6.35 .250 w 6.36 .250 

L 2.7 min .106 min x 95.25 ±0.1 3.750 ± .004 

r-l I-
A 

I 

-+i~e--~~~~~v~~~~~~•i+-W 

i+--~~~~~~~~~~~~~x~~~~~~~~~~~~~_,.1 

48NR-710B (Q'91) 
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NEC 
NEC Electronics Inc. 

Description 

MC-42512AA40, -42512AB40 
524,288 x 40-Bit 

Dynamic CMOS RAM Module 

Pin Configuration 

The MC-42512AA40 and MC-42512AB40 are fast-page 72-Pin SIMM 
dynamic RAM modules organized as 524,288 words by .----------------------., 
40 bits and designed to operate from a single +5-volt o 

720 
..... Pin 

power supply. Advanced CMOS circuitry ensures min- .... 
Symbol 

1 GNO 

2 OOo imum power dissipation and excellent operating mar
gins. 

The three-state output is controlled by CAS indepen
dent of RAS. After a valid read or read-modify-write 
cycle, data is held on the output by holding CAS low. 
Data output is returned to high impedance by returning 
CAS high. Fast-page read and write cycles can be 
executed by cycling CAS. Refreshing is accomplished 
by RAS-only refresh cycles, CAS before RAS refresh 
cycles, hidden refresh cycles, or by the 512 address 
combinations of Ao - As during an 8-ms period for the 
MC-42512AA40. The MC-42512AB40 requires 1024 ad
dress combinations of Ao - A9 during a 16-ms period. 

Single lnline Memory Module (SIMM™) packaging en
hances reliability and reduces the size, weight, and 
cost of a system. 

Two versions of this SIMM module are available. The 
MC-42512AA40 is designed with twenty 262,144 x 4-bit 
µPD424256s in SOJ packages and 20 power supply 
decoupling capacitors for noise reduction. 

The MC-41512AB40 is designed with five 524,288 x 8-bit 
µPD424800s in SOJ packages and five power supply 
decoupling capacitors for noise reduction. 

Features 

o 524,288-word by 40-bit organization 
o Single +5-volt power supply 
o Fast-page cycles 
o Low power dissipation 
o RAS-only refresh cycles 
o CAS before RAS refresh cycles 
o Hidden refresh cycles 
o 512 refresh cycles every 8 ms (MC-42512AA40); 

1024 refresh cycles every 16 ms (MC-42512AB40) 
o TTL-compatible inputs and outputs 
o 72-pin SIMM™ packaging 

SIMM is a trademark of Wang Laboratories. 

60170 

3 

4 

s 

6 

7 

8 
37<= 

36~ 
9 

10 

11 

12 

13 

14 

1S 

16 

17 

o~ 18 

Pin Symbol Pin Symbol 

19 OE 37 0033 

20 004 38 0035 

21 D~o 39 GNO 

22 OOs 40 CASo 

23 0021 41 NC 

24 005 42 NC 

2S 0022 43 Note2 

26 DO] 44 RA So 

27 0023 4S Note2 

28 A1 46 0037 

29 ~6 47 WE 

30 Vee 48 GNO 

31 As 49 OOs 

32 Note2 so 0024 

33 NC S1 D09 

34 NC S2 002s 
3S 0034 S3 0010 

36 DO~ S4 0025 

Notes: 

[1] Pins 67-70 are defined by access time: 

Pin 70ns sons 100ns 

67 NC NC NC 

68 GND GND GND 

69 GND NC GND 

70 NC GND GND 

[2] Signal assignments to pins 32, 43, and 45: 

Pin MC-42512AA40 MC-42512AB40 

32 NC Ag 
43 CAS1 NC 

45 RAS1 NC 

0015 

001 

0017 

002 

0015 

003 

0019 

Vee 
NC 

Ao 

A1 

A2 

A3 

A4 

As 

As 

Pin Symbol 
55 0011 
56 0027 
S7 0012 
58 002s 
S9 Vee 
60 0029 

61 0013 

62 0030 

63 0014 
64 0031 
6S 001s 
66 0038 

67 Note1 

68 Note1 

69 Note1 

70 Note 1 

71 0039 

72 GNO 

83FM-8118A 



MC-42512AA40, -42512AB40 NEC 
Pin Identification 
Name Function 

Ao· Ag Address inputs 

CASo- CAS1 Column address strobes 

DOo- 0039 Common data inputs/outputs 

RASo- RAS1 Row address strobes 

WE Write enable 

GND Ground 

Vee + 5-volt power supply 

NC No connection 

Ordering Information 
Part Number Access Time (max) Package Height Thickness ORA Ms 

MC-42512AA40B-70 70 ns 72-pin socket-mountable 25.4 mm (1.0 inch) 9.3 mm (0.366 inch) Twenty µPD424256LA 

B-80 80 ns 
SIMM (solder plating) 

B-10 100ns 

MC-42512AA40F-70 70 ns 72-pin socket-mountable 

F-80 80 ns 
SIMM (gold plating) 

F-10 100 ns 

MC-42512AB40B-70 70 ns 72-pin socket-mountable 25.4 mm (1.0 inch) 5.08 mm (0.2 inch) Five µPD424800LE 

B-80 80 ns 
SIMM (solder plating) 

B-10 100ns 

MC-42512AB40F-70 70 ns 72-pin socket-mountable 

F-80 80 ns 
SIMM (gold plating) 

F-10 100 ns 

2 



NEC 
MC-42512AA40 Connection Diagram 

RASo u-------, 
CASo o---~ 
OE 

Dao 1101 
CAS RAS 

Da1 1102 MO 
002 l/Qs 
Da3 1/04 

004 1101 
CAS RAS 

Da5 I/~ M1 
005 110:3 
007 1/04 

Das V01 
CAS RAS 

Dag 1102 M2 
Darn l/Qs 

Da11 1/04 

Da12 1101 
CAS RAS 

0013 1102 M3 
Da14 l/Qs 
Da15 1/04 

Da15 1101 
CAS RAS 

Da17 II~ M4 
0015 I/Os 
oa19 1/04 

Da20 1101 
CAS RAS 

0021 1102 MS 
Da22 llQs 
Da23 1/04 

Da24 1101 
CAS RAS 

0025 1102 M6 
Da25 l/Qs 
0027 1/04 

Da2s 1101 
CAS RAS 

Da29 1102 M7 
Da30 l/Qs 

0031 1/04 

Da32 1101 
CAS RAS 

D033 1102 M8 
0034 llQs 
Da35 1/04 

Da35 1101 
CAS RAS 

Da37 1102 M9 
003s 110:3 
0039 V04 

Ao-As o>----.:;91--, ----'~,....} 

v: ~-:!:-'--:- MO-M19 

-r CO-C19 .... 
GND 0 -+- ~ 

1101 
OE RAS CAS 

V02 
1/03 

M10 

1104 

V01 
OE RAS CAS 

1/02 M11 
110:3 
1/04 

V01 
OE RAS CAS 

1102 M12 
I/Os 
1/04 

1101 
OE RAS CAS 

1102 M13 
1/03 
1/04 

V01 
OE RAS CAS 

1102 
1/03 

M14 

1104 

1/01 
OE RAS CAS 

1102 M15 
1/03 
1104 

1/01 
OE RAS CAS 

1/02 M16 
1/03 
1/04 

1101 
OE RAS CAS 

1102 M17 
1/03 
1104 

1101 
OE RAS CAS 

1/02 M1S 
1103 
1/04 

1101 
OE RAS CAS 

1102 M19 
1/03 
1/04 

MO-M19 = µPD424256LA. 

RAS1 

CAS1 

83FM-8124A 

MC-42512AA40, ·42512AB40 

MC-42512AB40 Connection Diagram 

RA So 
CA So 
OE 

Dao 
001 
002 
OOa 
004 
005 
005 
007 

OOs 
009 
0010 
0011 
0012 
0013 
Da14 
0015 

0015 
0017 
0015 
0019 
0020 
0021 
0022 
0023 

D024 
0025 
D025 
0027 
002s 
0029 
0030 
0031 

0032 
Da33 
0034 
0035 
0035 
Da37 
0035 
0039 

V0
1 

CAS RAS OE 

V02 
llQs 
1104 

MO 
1105 
1105 
1107 
I/Os 

1101 
CAS RAS OE 

1102 
ves 
1104 

M1 
V05 
1/05 
V07 
I/Os 

1101 
CAS RAS OE 

I/~ 
ves 
1/04 

M2 
V05 
1105 
110] 
I/Os 

1101 
CAS RAS OE 

1102 
110:3 
V04 

M3 
1105 
1/05 
1107 
VOs 

V0
1 

CAS RAS OE 

1102 
110:3 
V04 
1/05 M4 

1105 
l/07 
I/Os 

MO-M4 = µPD424SOOLE. 

Ao-Ag 0 
10

f ~ } 
WE 0 ~ 

Vee 0>-1---•= MO-M4 
CO-C4 

GND 0 :r ~ 
83FM-8125A 
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MC-42512AA40, -42512AB40 NEC 
Recommended Operating Conditions 
Parameter Symbol Min Typ Max U~it 

Input V1H 2.4 Vee+ 1.0 v 
voltage, 
high 

Input VrL -1.0 0.8 v 
voltage, low 

Supply Vee 4.5 5.0 5.5 v 
voltage 

Supply Vee 4.75 5.0 5.25 v 
voltage 

Ambient TA 0 70 oc 
temperature 

Capacitance 
TA = 25°C; f = 1 MHz 

Parameter Symbol 

Input capacitance C11 

C12 

C13 

C14 

Input/output capacitance CrofCoo 

4 

Notes 

MC-42512AA40 

MC-42512AB40 

Absolute Maximum Ratings 
Voltage on any pin relative to GND -1.0to +7.0V 

Operating temperature, ToPR Oto +70°C 

Storage temperature, TsTG -55 to + 125°C 

Short-circuit output current, los 50mA 

Power dissipation, Po (MC-42512AA40) 20W 

Power dissipation, Po (MC-42512AB40) SW 

Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause perma~ 
nent damage. The device should be operated within the limits 
specified under DC and AC Characteristics. 

MC-42512AA40 (max) MC-42512AB40 (max) Unit Pins Under Test 

110 35 pF Ao-Ag 

130 45 pF WE,OE 

60 40 pF RAS 

60 40 pF CAS 

20 12 pF DOo- OQ39 



NEC MC-42512AA40, -42512AB40 

DC Characteristics, MC-42512AA40 
TA= o to +70°C; Vee= +5.0 v ±10% 

-70 -80 -10 

Parameter Symbol Min Max Min Max Min Max Unit Test Conditions 

Operating current, average lcc1 960 840 720 mA RAS and CAS cycling; 
tRc = tRc min; (Note 5) 

Standby current lcc2 40 40 40 mA RAS = CAS = V1H II 20 20 20 mA RAS= CAS ;-::: Vcc-0.2V 

Operating current, RAS-only lcc3 960 840 720 mA RAS cycling; CAS = V1H; 
refresh cycle, average tRc = tRc min; (Note 5) 

Operating current, fast-page lcc4 820 720 620 mA RAS= V1l; CAS cycling; 
cycle, average tpc = tpc min; (Note 5) 

Operating current, CAS before lcc5 960 840 720 mA RAS cycling; CAS = Vil; 
RAS refresh cycle, average tRc = tRc min; (Note 5) 

Input leakage current l1(l) -200 200 -200 200 -200 200 µA V1N = Oto 5.5 V; all other pins 
not under test = 0 V 

Output leakage current lo(l) -10 10 -10 10 -10 10 µA DouT disabled; 
VouT = o to 5.5 V 

Output voltage, low Vol 0.4 0.4 0.4 v lol = 4.2 mA 

Output voltage, high VoH 2.4 2.4 2.4 v loH = -5 mA 

DC Characteristics, MC-42512AB40 
TA= o to +70°C; Vee= +5.0 V ±5% 

-70 -80 -10 

Parameter Symbol Min Max Min Max Min Max Unit Test Conditions 

Operating current, average lcc1 525 475 400 mA RAS and CAS cycling; 
tRc = tRc min; (Note 5) 

Standby current lcc2 10 10 10 mA RAS = CAS = V1H 

5 5 5 mA RAS = CAS ;-::: V cc - 0.2 V 

Operating current, RAS-only lcc3 525 475 400 mA RAS cycling; CAS = V1H; 
refresh cycle, average tRc = tRc min; (Note 5) 

Operating current, fast-page lcc4 400 350 300 mA RAS= V1l; CAS cycling; 
cycle, average tpc = tpc min; (Note 5) 

Operating current, CAS before lcc5 525 475 400 mA RAS cycling; CAS = V1l; 
RAS refresh cycle, average tRc = tRc min; (Note 5) 

Input leakage current l1(l) -50 50 -50 50 -50 50 µA V1N = Oto 5.5 V; all other pins 
not under test = O V 

Output leakage current lo(l) -10 10 -10 10 -10 10 µA DouT disabled; 
VouT = o to 5.5 V 

Output voltage, low Vol 0.4 0.4 0.4 v loL = 4.2 mA 

Output voltage, high VoH 2.4 2.4 2.4 v loH = -5 mA 

5 



MC-42512AA40, -42512AB40 

AC Characteristics 
TA= o to +70°C; Vee= +5.0V ±10% (AA40) or ±5% (AB40) 

Parameter 

Access time from column address 

Access time from CAS precharge 
(rising edge) 

Column address setup time 

Row address setup time 

Column address to WE delay time 

Access time from CAS 
(falling edge) 

Column address hold time 

CAS pulse width 

CAS hold time for CAS before RAS 
refresh cycle 

CAS to output in low-Z 

CAS precharge time, fast-page cycle 

CAS precharge time, nonpage cycle 

CAS to RAS precharge time 

CAS hold time 

CAS setup time for CAS before RAS 
refresh cycle 

CAS to WE delay 

Write command to CAS lead time 

Data-in hold time 

Data-in hold time referenced to RAS 

Data-in setup time 

Access time from OE 

OE data delay time 

OE command hold time 

OE to RAS inactive setup time 

Output turnoff delay from OE 

Output buffer turnoff delay 

OE to output in low-Z 

Fast-page cycle time 

Fast-page read-write cycle time 

Access time from RAS 

RAS to column address delay time 

6 

·70 

Symbol Min Max 

35 

40 

40 

10 

teAC 20 

tcAH 16 

15 

tcAS 20 10,000 

tcHR 15 

tcLz 0 

tcp 10 15 

tcPN 10 

tcRP 10 

tesH 70 

tcsR 10 

tcwo 40 

tcwL 15 

15 

toH 15 

15 

toHR 60 

tos 0 

to EA 20 

toEo 15 

toEH 0 

toES 0 

toEz 0 15 

toFF 0 15 

toLz 0 

tpc 45 

tpRWc 90 

90 

70 

15 35 

15 35 

Min 

0 

0 

65 

16 

15 

20 

15 

0 

10 

10 

10 

80 

10 

45 

20 

15 

20 

15 

60 

0 

20 

0 

0 

0 

0 

0 

50 

105 

100 

17 

17 

NEC 

·80 -10 

Max Min Max Unit Test Conditions 

40 50 ns (Notes 7, 8, 11) 

40 55 ns (Notes 7, 11, 18) 

45 45 ns (Notes 7, 11, 19) 

15 0 20 ns (Note 9) 

0 ns 

80 ns (Note 16) 

20 25 ns (Notes 7, 8, 11) 

20 ns (Note 18) 

20 ns (Note 19) 

10,000 25 10,000 ns 

20 ns 

0 ns (Notes 4, 19) 

15 10 20 ns (Note 9) 

10 ns 

10 ns (Note 12) 

100 ns 

10 ns 

55 ns (Note 16) 

20 ns (Note 18) 

20 ns (Note 19) 

20 ns (Notes 15, 18) 

20 ns (Notes 15, 19) 

70 ns (Note 18) 

0 ns (Note 15) 

20 25 ns 

25 ns 

0 ns 

0 ns 

20 0 25 ns (Note 10) 

20 0 25 ns (Note 10) 

0 ns (Notes 4, 19) 

60 ns (Note 6) 

125 ns (Note 18) 

120 ns (Note 19) 

80 100 ns (Notes 7, 8) 

40 17 45 ns (Notes 9, 18) 

40 17 50 ns (Notes 9, 19) 



NEC MC-42512AA40, -42512AB40 

AC Characteristics (cont) 
-70 -80 -10 

Parameter Symbol Min Max Min Max Min Max Unit Test Conditions 

Row address hold time tRAH 10 10 12 ns (Note 18) 

10 12 12 ns (Note 19) 

Column address lead time referenced tRAL 35 45 55 ns (Note 18) II to RAS (rising edge) 
35 40 50 ns (Note 19) 

RAS pulse width tRAS 70 10,000 80 10,000 100 10,000 ns 

RAS pulse width, fast-page cycle tRASP 70 100,000 80 100,000 100 100,000 ns (Note 18) 

70 125,000 80 125,000 100 125,000 ns (Note 19) 

Random read or write cycle time tRe 130 160 190 ns (Notes 6, 18) 

140 160 190 ns (Notes 6, 19) 

RAS to CAS delay time tReD 20 50 25 60 25 75 ns (Note 9) 

Read command hold time referenced tReH 0 0 0 ns (Note 13) 
to CAS 

Read command setup time tRes 0 0 0 ns 

Refresh period tREF 8 8 8 ms Addresses Ao - Aa 
(Note 18) 

16 16 16 ms Addresses Ao - Ag 
(Note 19) 

RAS precharge time tRP 50 60 80 ns (Note 18) 

60 70 80 ns (Note 19) 

RAS precharge CAS hold time tRPe 10 10 10 ns 

Read command hold time referenced tRRH 0 0 10 ns (Notes 13, 18) 
to RAS 

10 10 10 (Notes 13, 19) ns 

RAS hold time tRSH 20 20 25 ns 

Read-write cycle time tRwe 175 215 255 ns (Notes 6, 18) 

185 210 250 ns (Notes 6, 19) 

RAS to WE delay tRwo 90 105 130 ns (Note 16) 

Write command to RAS lead time tRWL 20 25 30 ns (Note 18) 

20 20 25 ns (Note 19) 

Rise and fall transition time tr 3 50 3 50 3 50 ns (Note 4) 

Write command hold time tweH 15 15 20 ns 

Write command hold time referenced tweR 55 55 70 ns (Note 18) 
to RAS 

Write command setup time twes 0 0 0 ns (Note 16) 

Write command pulse width twp 15 15 20 ns (Note 14) 

Notes: 

(1) All voltages are referenced to GND. (4) V1H (min) and V1L (max) are reference levels for measuring the 

(2) An initial pause of 100 µs is required after power-up, followed by timing of input signals. Transition times are measured between 

any eight RAS cycles, before proper device operation is V1H and VIL· 

achieved. It is reco.!!!!!!.ended that when ~ng the MC- (5) lee1. lee3. lee4• and lees depend on output loading and cycle 
42512AB40, either a RAS-only refresh or a CAS before RAS rates. Specified values are obtained with the output open. lee3 
refresh cycle be executed while WE ?; V1H to ensure normal is measured assuming that all column address inputs are held at 
operation. either a high level or a low level during RAS-only refresh cycles. 

(3) Ac measurements assume tr = 5 ns. lee4 is measured assuming that all column address inputs are 
switched only once during each fast-page cycle. 

7 



MC·42512AA40, -42512AB40 

AC Characteristics (cont) 

(6) The minimum specifications are used only to indicate the cycle 
time at which proper operation over the full temperature range 
(TA= 0 to + 70°C) is assured. 

(7) Load= 2 TTL (-1 mA, +4 mA) loads and 100 pF. 

(8) For random read cycles, access time is defined as follows: 

Input Conditions 

tRAD :S tRAD (max) and tRcD :S tRcD (max) 

tRAD <!: tRAD (max) and tAsc :S tAsc (max) 

tRAD <!: tRAD (max) and tAsc <!: tAsc (max) 

Access 
Time 

tcAC 

The above access times assume that OE has been active toEA 
(min) prior to when data is expected on the output. 

(9) tAsc (max), tcP (max), tRAD (max), and tRcD (max) are specified 
as reference points for determination of access time. They are not 
restrictive operating parameters. 

(10)toFF (max) and toEz (max) define the time at which the outputs 
achieve the open-circuit condition and are not referenced to VoH 
orVoL· 

(11) For fast-page read operation, the definition of access time is as 
follows: 

8 

~and Column Address 
Input Conditions 

tcp ~ tcP (max), tAsc s tcp 

tcp <!: tcP (max), tAsc s tAsc (max) 

tcp <!: tcp (max), tAsc <!: tAsc (max) 

Access Time 
Definition 

NEC 

(12) The tcRP requirement should be applicable for RAS/CAS cycles 
preceded by any cycle. 

(13) Either tRRH or tRcH must be satisfied for a read cycle. 

(14) Parameter twp is applicable for a delayed write cycle such as a 
read-write/read-modify-write cycle. For early write cycles, both 
twcs and twcH must be met. 

(15) These parameters are referenced to the fal.!!!!g edge of CAS for 
early write cycles and to the falling edge of WE for delayed write 
or read-modify-write cycles. 

(16) twcs. tRWD• tcwo. and tAwD are restrictive operating parame
ters in read-write/read-modify-write cycles only. If twcs <!: twcs 
(min), the cycle is an early write cycle and the data 1/0 pins will 
remain open-circuit throughout the entire cycle. If tcwo <!: tcwo 
(min), tRWo <!: tRWo (min), andtAwD <!: tAwD (min), thenthe cycle 
is a read-write cycle and the data 1/0 pins will contain data read 
from the .selected cells. If neither of the above conditions is~ 
the condition of the data 1/0 pins (at access time and until CAS 
returns to V1H) is indeterminate. 

(17) A test mode may be inadvertently initiated during power-up 
because external control of signal lines is very difficult during 
this period. It is therefore recommended that while WE is held at 
VrH• either a RAS-only or CAS before RAS refresh cycle should 
be executed any time after the end of the initial power-up 
sequence to ensure normal device operation. 

(18) Applicable to the MC-42512AA40 only. 

(19) Applicable to the MC-42512AB40 only. 



NEC MC-42512AA40, -42512AB40 

Timing Waveforms 

Read Cycle 

RAS 

CAS 

Address 

""'I ~E-------tRsH-----... 
tcsH-----------

WE 1!1111/Jl!ll ~ -•oes_J Y.(/////J 

~·1 

LJ=, .. _ 
I 

--------~tRAC--+------

High Impedance I Input/Output _______ ......_....._ ________ -+--~ 
Valid Data-out 

High Impedance 

83VB-6779B 
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MC-42512AA40, -42512AB40 

Timing Waveforms (cont) 

Early Write Cycle 

RAS 

CAS 

Address 

--14---tRSH-----

14-------tcsH-------

--tRcD-__.,~--tcAS-----· 

NEC 

WE ~~\W\\\\\\\i: kmj////jj)/J//(////J 

·--~I ~ ~~ ~I~· -~~~~~ 
Note: -----toHR----~~ 
[1] OE= don't care. 

83YL-81198 
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NEC 
Timing Waveforms (cont) 

Late Write Cycle 

RAS 

tcRP 

CAS 

Address 

WE 

OE 

MC-42512AA40, -42512AB40 

""'lc~-----tRsH-----~ 

----------'---ICSH~---------

83VL-8120B 

11 

• 



MC-42512AA40, -42512AB40 NEC 
Timing Waveforms (cont) 

Read-Write/Read-Modif¥-Write Cycle 

CAS 

Address 

WE 

lnpuVOutput _______ H .... 1g-..h_1m .... p_ed_a_nc_e ____ -<1 

~!RAC~~~---,~ 
1CLZ l:1f 'oLZ 

83YL-69808 
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NEC 
Timing Waveforms (cont) 

Fast-Page Read Cycle 

RAS 

CAS 

Address 

WE 

OE 

lnpuVOutput 

MC-42512AA40, -42512AB40 

• 

83VB-6786B 

13 



MC-42512AA40, -42512AB40 NEC 
Timing Waveforms (cont) 

Fast-Page Early Write Cycle 

Note: 

(1) OE = don't care. 
83YL-6981B 
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NEC 
Timing Waveforms (cont) 

Fast-Page Late Write Cycle 

MC-42512AA40, -42512AB40 
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MC-42512AA40, -42512AB40 NEC 
Timing Waveforms (cont) 

Fast-Page Read-Write/Read-Modify-Write Cycle 

Address 

I 
toEA 

tcAC 

Input/Output Data-in 
High Impedance 

tcLZ 

83YL-6983B 
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NEC MC-42512AA40, -42512AB40 

Timing Waveforms (cont) 

Hidden Refresh Cycle 

Read Memory Cycle-~~- ~~f~e~~r~y:s 
----lRc IRc--~E-----

RAS 

CAS 

~

11 
-tcAs---'---

Address 

~ \\\\\\ \\\ \\ \\\ \\ \\\\\ \\\\\\\\\\\ ~ 

Input/Output ---~-H--igh_lm_..p_ed_an_ce_---<1 

lli_~CLZ 
Notes: 
(1] Applies only to MC-42512AA40. 
(2] Applies only to MC-42512AB40. 

IWHR~ I 

Valid Data-out 

IQFF 

toEZ 

High 
Impedance 

83VB-8123B 

17 
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MC-42512AA40, -42512AB40 

Timing Waveforms (cont) 

RAS-Only Refresh Cycle 

tcRP 

~ Jl 
--~---

NEC 

High Impedance Input/Output-------------------------------------
Notes: 

(1] WE=Oe=don'tcare. 
83VB·67838 

CAS Before RAS Refresh Cycle 

RAS 

tcRP 

CAS 

(Not~ 7ZJ \\\ \\\\\ \\\\\\\\\\\\\\\\\\\\\ \\ \\\\\\\\\ \\\\ 
High Impedance Input/Output----------------------------------------

Note: 
(1) WE is a don't care for the MC-42512AA40. 

83VB-8122B 
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NEC MC-42512AA40, -42512AB40 

Package Drawings 

72-Pin Socket-Mountable SIMM (MC-42512AA40} 

Item Millimeters Inches 

A 107.95 ±0.2 4.250 ±.008 

B 101.19 ±0.2 3.984 ± .008 

G 10.16 .400 

3.17 .125 • 2.03 .080 

M 25.4 1.000 

N 9.3 .366 
s 3.18 dia .125 dia 

T 1.27 .050 

A 

B 

MC-42512AA40 83FM-8126B (9191) 
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MC-42512AA40, ,·42512AB40 

Package Drawings (cont) 

72-Pin Socket-Mountable SIMM {MC-42512A~40) 

Item Miiiimeters Inches 

A 107.95 ±0.2 4.250 ± .008 

B 101.19 ±0.2 3.984 ±.008 

G 10.16 .400 
6.:Jp .250 

2.03 .080 

M 25;4 1.000 

N 5.08 max .200 max 

s 3.18 dia .125 dia 

T 1.27 .050 

Mc-42512AB40 83FM-8127B (9191) 

20 



NEC 

DRAM Modules I 
1M/2M x n 



DRAM Modules (1 M/2M x n) NEC 
Section 10 

. DRAM Modules (1 M/2M x n) 

MC Organization Features 

-421000A8 1M x 8 Fast-page 10a 

-421000A9 1M x 9 Fast-page 10b 

-421000A32 1M x 32 Fast-page 10c 

-421000A36 1M x 36 Fast-page 10d 

-421000AA40, 1M x 40 Fast-page 10e 
-421000AB40 

-422000A32 2M x32 Fast-page 10f 

-422000A36 2M x36 Fast-page 10g 

-422000AA40 2M x40 Fast-page 10h 



NEC 
NEC Electronics Inc. 

Description 

The MC-421000A8 is a fast-page 1,048,576-word by 
8-bit dynamic RAM module designed to operate from a 
single +5-volt power~ply. Refreshing is accom
plished by means of RAS-o!:!!Y.__refresh cycles, hidden 
refresh cycles, CAS before RAS refresh cycles, or by 
normal read or write cycles. 

The MC-421000A8 is available with eight µPD421000 
DRAMs (1M x 1) or two µPD424400 DRAMs {1M x 4) in a 
variety of 30-pin Single lnline Memory Modules 
(SIMMs™). 

Features 

o 1,048,576-word by 8-bit organization 
o Single + 5-volt power supply 
o Eight 1 M DRAMs or two 4M DRAMs in a 30-pin 

SIMM package 
o Low power dissipation 
o TTL-compatible inputs and outputs 
o Fast-page option 

Pin ldentif ication 
Symbol 'Function 

Ao-Ag Address inputs 

1/01 - I/Os Common data inputs/outputs 

RAS Row address strobe 

CAS Column address strobe 

WE Write enable 

GND Ground 

Vee +5-volt power supply 

NC No connection 

SIMM is a trademark of Wang Laboratories. 

60077-1 

MC-421000A8 
1,048,576 x 8-Bit 

Dynamic CMOS RAM Module 

Pin Configurations 

30-Pin Socket-Mountable SIMM (MC-421000A8: 
Suffix B, F, BA FA, BB, FB) 

0 

0 

30 Vee 

29 NC 

28 NC 

27 RAS 

26 NC 

25 VOs 
24 NC 

23 V07 
22 GND 

21 WE 

20 voe 
19 NC 

18 Ag 

17 As 

16 V05 

15 A1 

14 Ae 

13 V04 
12 As 

11 A4 

10 V03 
9 GND 

8 A3 

7 A2 

6 V02 

5 A1 

4 Ao 
3 V01 
2 CAS 

1 vcc 



MC-421000A8 

Ordering Information, Modules With Eight 1 M x 1 DRAMs 
Part Number Access Time (max) Package 

MC-421000A88-60 60 ns 30-pin socket-mountable 

8-70 70 ns 
SIMM (solder plating) 

8-80 80ris 

MC-421000A8F-60 60 ns 30-pin socket-mountable 

F-70 70 ns 
SIMM (gold plating) 

F-80 80 ns 

Ordering Information, Modules With Two 1 M x 4 DRAMs 
Part Number Access Time (max) Package 

MC-421000A88A-60 60 ns 30-pin socket-mountable 

8A-70 70 ns 
SIMM (solder plating) 

8A-80 80 ns 

MC-421000A8FA-60 60 ns 30-pin socket-mountable 

FA-70 70 ns 
SIMM (gold plating) 

FA-80 80 ns 

MC-421000A888-60 60 ns 30-pin socket-mountable 

88-70 70 ns 
SIMM (solder plating) 

88-80 80 ns 

MC-421000ASFB-60 60 ns 30-pin socket-mountable 

FB-70 70 ns 
SIMM (gold plating) 

FB-80 80 ns 

2 

Height 

20mm 
(0.787 inch) 

Height 

16.67 mm 
(0.656 inch) 

Thickness 

5.28 
(0.208 inch) 

Thickness 

5.28 mm 
(0.208 inch) 

NEC 
DRAMS 

Eight µPD421000LA 

DRAMs 

Two µPD424400LA 



NEC MC-421000A8 

Connection Diagram; Modules With Eight 1 M x 1 DRAMs 

Ao·Ag 0-----------------------. 
RAso-------+----------------, 
CAso------+-+------------------. 
wE~o---...--+--+-+--------------, 

~AQ-Ag 

~RAS 

e---t>---+----CAS 
e--t--+--+---t WE 

t-----1 Ao ·Ag 

~ RAS 
........,__,. _ _, CAS 

V01 o----+--+--+-+-<l~ D1N DouT n 
Vee GND 

l 

V05 o---+--+--+-+-<l...-. ~r = 0 
l 

____,Ao-Ag 

~RAS 

-r---+--1 CAS 
-

-..i--1--+----1 WE 

~Ao·Ag 

~ RAS 
.....--i-+--1CAs 

e--t--+--+---t WE 

V03 o----+--+--+-+-<1~ ~r :: 0 
l 

'------" Ao -Ag 

'-------! RAS 
'-----tCAS 

'-------1 WE 

l 
.-Ao·Ag 

p-+-----j RAS 
-r---+--t CAS 

l 
+---"Ao-Ag 

~ RAS 
-r---+--1 CAS 

,.__. _ _._----1 WE 

'------" Ao ·Ag 
..____ RAS 

'-----tCAS 
'------t WE 

oouTn 

GND ~ 

vo
4 ~0-------<1..._. ~f = n VOe -0---------1~ ~r = o 

Vcco--~~~~~J.__-+-~--~~~~~~~~-'j 
-1 e1 through C8 
I I~~~~~~~ 

GNDo----------.--+---' 
83YL·79868 
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MC-421000A8 

Connection Diagram; Modules With Two 1 M x 4 DRAMs 

4 

Ao-Ag 

RAS 
CAS 
WE 

Vee 

GND 

w 

0 

n 

0 

0 

0 

n 

~ 

0 

~ C1,e2 
~ 

NEC 

Ao-Ag 

RAS 
CAS 
WE 

V01 

V02 
V03 

V04 

vee GND 

1 1 
Ao-Ag 

RAS 
CAS 
WE 

V01 
V02 
V03 

V04 

vee GND 

T 1 
83YL·79878 



NEC 
Absolute Maximum Ratings 
Voltage on any pin relative to GND 

Operating temperature, TopR 

Storage temperature, TsrG 

Short-circuit output current, los 

Power dissipation, Po 
Modules with eight 1M x 1 DRAMs 
Modules with two 1 M x 4 DRAMs 

-1.0 to +7.0 V 

o to +70°C 

-55 to + 125°C 

50mA 

8.0W 
2.0W 

Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause perma
nent damage. The device should be operated within the limits 
specified under DC and AC Characteristics. 

Recommended Operating Conditions 
Parameter Symbol Min Typ 

Supply voltage Vee 4.5 5.0 

Input voltage, high V1H 2.4 

Input voltage, low V1L -1.0 

Ambient temperature TA 0 

Input leakage current 
Modules with eight 1 M x 1 DRAMs l1L -80 

Modules with two 1 M x 4 DRAMs l1L -20 

Output leakage current loL -10 

Output voltage, low Vol 0 

Output voltage, high VoH 2.4 

Capacitance 
TA = 25°C; f = 1 MHz 

Modules With 
Eight 1 M x 1 DRAMs 

Parameter Symbol Min Max 

Input capacitance 60 

Input/output capacitance 15 

MC-421000A8 

m 
Max Unit Test Conditions 

5.5 v 
Vee+ 1.0 v 

0.8 v 
70 oc 

80 µA For Addresses, RAS, CAS, WE: 

20 µA V1N = O V to Vee; other pins = O V 

10 µA For 1/01 - l/Oa: Dour disabled; 
Vour = o v to Vee 

0.4 v lour= 4.2mA 

Vee v lour= -5 mA 

Modules With 
Two 1M x 4 DRAMs 

Min Max Unit Pins Under Test 

24 pF Addresses, RAS, CAS, WE 

12 pF 1/01 -1/08 

5 



MC~421000A8 

DC Characteristics; Modules With Eight 1 M x 1 DRAMs 
TA= o to +70°C; Vee= +5.0V ±10% 

-60 -70 

Parameter Symbol Min Max Min Max Min 

Operating current, lcc1 720 640 
average 

Standby current lcc2 24 24 

8 8 

Refresh operating lcc3 720 640 
current, average 

Fast-page operating lcc4 640 560 
current, average 

Operating current, CAS Ices 720 640 
before RAS refreshing, 
average 

DC Characteristics; Modules With Two 1 M x 4 DRAMs 
TA= o to +10°c; Vee= +5.0V ±10% 

-60 -70 

Parameter Symbol Min Max Min Max Min 

Operating current, lcc1 240 200 
average 

Standby current lcc2 4 4 

2 2 

Refresh operating lcc3 240 200 
current, average 

Fast-page operating lcc4 180 160 
current, average 

Operating current, CAS Ices 240 200 
before RAS refreshing, 

.average 

6 

NEC 

-80 

Max Unit Test Conditions 

560 mA RAS, CAS cycling; tRc = tRc min (Note 5) 

24 mA RAS= CAS ~ V1H (min) 

8 mA RAS= CAS ~ Vcc-0.2V 

560 mA RAS cycling; CAS ·~ V1H; tRc = tRc min; 
lo = O mA (Note 5) 

480 mA RAS s V1L; CAS cycling; tpc = tpc min; 
lo = O mA (Note 5) 

560 mA tRc = tRc min; lo = o mA (Note 5) 

-80 

Max Unit Test Conditions 

180 mA RAS, CAS cycling; tRc = tRc min (Note 5) 

4 mA RAS = CAS ~ V1H (min) 

2 mA RAS= CAS ~ Vcc-0.2V 

180 mA RAS cycling; CAS ~ V1H; tRc = tRc min; 
lo = O mA (Note 5) 

140 mA RAS s V1L; CAS cycling; tpc = tpc min; 
lo = O mA (Note 5) 

180 mA tRc = tRc min; lo = o mA (Note 5) 



NEC MC-421000A8 

AC Characteristics 
TA= o to+ 70°C; Vee= +5.0 V ±10% 

-60 -70 -80 

Parameter Symbol Min Max Min Max Min Max Unit Test Conditions 

Access time from column tAA 30 35 45 ns (Notes 7, 10, 11) 
address 

Access time from CAS tAeP 35 40 45 ns (Notes 7, 11) 
precharge (rising edge) 

Column address hold time tAR N/A N/A 60 ns (Note 19) 
referenced to RAS • Column address setup time tAse 0 0 0 20 ns (Note 11) 

Row address setup time tASR 0 0 0 ns 

Column address to WE delay tAwo 30 35 45 ns (Note 18) 
time 

Access time from CAS (falling teAe 20 20 20 ns (Notes 7, 9, 10, 11) 
edge) 

Column address hold time teAlt 15 17 20 ns 

CAS pulse width tcAs 20 10,000 20 10,000 20 10,000 ns 

CAS hold time for CAS before tcHR 15 15 15 ns (Note 18) 
RAS refresh cycle 

Data setup time tcLz 0 0 0 ns 

Fast-page CAS precharge time tcp 10 20 10 20 10 20 ns (Note 11) 

CAS precharge time tcPN 10 10 10 ns 

CAS to RAS precharge time tcRP 10 10 10 ns (Note 14) 

CAS hold time tcsH 60 70 80 ns 

CAS setup time for CAS before tcsR 10 10 10 ns (Note 18) 
RAS refresh cycle 

Write command to CAS lead tcwL 15 15 15 ns (Note 19) 
time 

Data-in hold time toH 15 15 20 ns (Note 17) 

Data-in hold time referenced to toHR N/A N/A 60 ns (Note 19) 
AAs 
Data-in setup time tos 0 0 0 ns (Note 17) 

Output buffer turnoff delay to FF 0 15 0 15 0 20 ns (Note 12) 

Fast-page cycle time tpc 40 45 50 ns (Note 6) 

Access time from RAS tRAC 60 70 80 ns (Notes 7, 8) 

RAS to column address delay tRAD 15 30 15 35 17 35 ns (Note 10) 
time 

Row address hold time tRAH 10 10 12 ns 

Column address lead time tRAL 30 35 45 ns 
referenced to RAS (rising edge) 

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

Fast-page RAS pulse width tRASP 60 100,000 70 100,000 80 100,000 ns 

Random read or write cycle tfic 120 130 160 ns (Note 6) 
time 

RAS to CAS delay time tRco 20 50 20 50 25 60 ns (Note 13) 

Read command hold time tRCH 0 0 0 ns (Note 15) 
referenced to CAS 

7 



MC-421000A8 

AC Characteristics (cont) 
-60 

Parameter Symbol Min Max 

Read command setup time tRcs 0 

Refresh period 
Modules with eight tREF 8 
1M x 1 DRAMs 

Modules with two tREF 16 
1M x 4 DRAMs 

RAS precharge time tRp 50 

RAS precharge CAS hold time tRPC 10 

Read command hold time tRRH 10 
referenced to RAS 

RAS hold time tRsH 20 

Write command to RAS lead tRWL 20 
time 

Rise and fall transition time tT 3 50 

Write command hold time twcH 15 

Write command hold time twcR N/A 
referenced to RAS 

Write command setup time twcs 0 

WE hold time twHR 15 

Write command pulse width twp 15 

WE setup time twsR 10 

Notes: 

(1) All voltages are referenced to GND. 

(2) An initial pause of 100 µsis required after power-up, followed by 
any eight RAS cycles, before proper device operation is 
achieved. 

(3) Ac measurements assume tT = 5 ns. 

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

VIL· 

(5) lcc1. lcc3, lcc4, and Ices depend on output loading and cycle 
rates. Specified values are obtained with the output open. lcc3 
is measured assuming that all column address inputs are held at 
either a high level or a low level during RAS-only refresh cycles. 
lcc4 is measured assuming that all column address inputs are 
switched only once each fast-page cycle. 

(6) The minimum specifications are used only to indicate the cycle 
time at which proper operation over the full temperature range 
(TA = Oto +70°C) is assured. 

(7) Load = 2 TTL (-1 mA, + 4 mA) loads and 100 pF. 

(8) Assumes that tRcD s tRcD (max) and tRAD s tRAD (max). If 
tRcD or tRAD is greater than the maximum recommended value 
in this table, tRAC increases by the amount that tRco or tRAD 
exceeds the value shown. 

(9) Assumes that tRcD <:!: tRco (max) and tRAD s tRAD (max) 

(10) If tRAD <:!: iRAD (max), then the access time is defined by tAA· 

8 

NEC 

-70 -80 

Min Max Min Max Unit Test Conditions 

0 0 ns 

8 8 ms Addresses Ao - Aa 

16 16 ms Addresses Ao • A9 

50 70 ns 

10 10 ns 

10 10 ns (Note 15) 

20 20 ns 

20 25 ns 

3 50 3 50 ns (Note 4) 

15 15 ns 

N/A 55 ns (Note 19) 

0 0 ns 

15 15 ns 

15 15 ns 

10 10 ns 

(11) For fast-page read operation, the definition of access time Is as 
follows. 

CAS and Column Address 
Input Conditions 

tcp s tcp (max), tAsc <:!: tcP 

tcp s tcp (max), tAsc s tcp 

tcp <:!: tcp (max), tAsc s tAsc (max) 

tcp <:!: tcp (max), tAsc <:!: tAsc (max) 

Access Time 
Definition 

tcAC 

(12) toFF (max) defines the time at which the output achieves the 
open-circuit condition and is not referenced to VoH or Vol· 

(13) Operation within the tRCD (max) limit assures that tRAC (max) 
can be met. tRco (max) is specified as a reference point only; if 
tRcD is. greater than tRco (max), access time is controlled 
exclusively by tcAC· 

(14) The tcRP requirement should be applicable for RAS/CAS cycles 
preceded by any cycle. 

(15) Either tRRH or tRcH must be satisfied for a read cycle. 

(16) For early write operation, both twcs and twcH must be met. 

(17) These parameters are referenced to the falling edge of CAS for 
early write cycles. 

(18) CAS before RAS operation is specified. 

(19) This parameter is not needed for MC-421000A8-60/-70 



NEC 
Timing Waveforms 

Read Cycle 

RAS 

tCRP 

CAS 

Address 

WE 

MC-421000A8 

I< 
I 

tRSH 
I 

tcsH 

tRCD 
I 

tcAS 

I 
tRAL 

I---• _I. _1·,~-tAA-tCAc==-
Valid Data 

8311+1!6898 
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·MC·421.000A8 

Timing Waveforms (cont) 

Eady Write Cycle 

RAS 

CAS 

Address 

WE 

tRCD 

NEC 

IE 
I 

tRSH 
I 

tcsH 
I 

tCAS 

I 
tRAL* 

oouT ___________ __,Hlg_hl_..mpedan_ce ___________ _ 

*These parameters are not appllcable to the MC-424512A36BfF. 
831H-8680B 
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NEC 
Timing Waveforms (cont) 

Fast-Page Read Cycle 

MC-421000A8 

83VB-67888 
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MC-421000A8 

Timing Waveforms (cont) 

Fast-Page Early Write Cycle 

12 

CAS 

Address 

WE 

................ ~ .............. -tost:l~----
1nput10utput ~"-----

Note: 

[1) OE= don't care. 

NEC 

83YL-8881B 



NEC MC-421000A8 

Timing Waveforms (cont) 

Hidden Refresh Cycle 

------Memory Cycle----'~- CAS Before RAS Cycle ~~-CAS Before RAS Cycle 

CAS 

Address 

------tRc tRc tRc-----

twHR~ I 

\\ \\ \\\ \\\~\\\\\~ 
I 

Valid Data-out 

tOFF 

toEZ 

High 
Im ance 

83VB-8786e 



MC-421000A8 

Timing Waveforms (cont) 

RAS-Only Refresh Cycle 

NEC 

.-------------tRc--------------

RAS 

tcRP 

CAS JL 
........ ~IASA F»w IRA 

High Impedance 
lnpuVOutput ----------------------------------

Notae: 

(1) WE= OE= don't caru. 
83VIMl783B 

CAS Before RAS Refresh Cycle 

RAS 

tcRP 

WE 7ZZ! \\\ \\\\ \\\ \\\ \\\\\\\\ \\\ \\\\\\\\\\\ \\\\\\\\\ 
lnpuVOutput----------------H_lg_hl_m~peclance-----------------

83\llH784B 
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NEC MC-421000A8 

Package Drawings 

30-Pin Socket-Mountable SIMM (MC-421000AB: Suffix B 11 F) 

la llHll la llHll la la 
.1 

Item Mllllmetera Inches 

A 88.9 ± 0.5 3.500 ± .020 

B 82.14 3.234 1. 
A 

c 3.56 .140 

D 3.38 .133 

E 3.5 .138 

F 1.77 .070 

1+-~~~~~~~-----'8"--~~~~~~~---!1~- ~ 
G 10.16 .400 

H 2.54(T.P.) .100(T.P.) 

6.35 .250 

2.03 .080 

K 7.62 .300 

L 0.2 .008 

M 20.0 .787 

N 5.28max .208max 
p 3.18 dla .125dla 

t -1~ 
L 

Q 

Q 1.27 ±0.15 .050 ± .006 

MC421000A8: B. F 83Yl-7991B (6'92) 

30-Pin Socket-Mountable SIMM (MC-421000AB: Suffix BA FA BB, FB) 

Hem Mllllmetera Inches 

A 88.9 ±0.5 3.500 ± .020 

B 16.67 .656 

I. 
c 2.54 [TP] .100 [TP] 

D 1.77 -070 
E 5.28max .208 max 

I:
'.:,.'.,:.:.,: .. :::::·:·:·:·········· .. ;:;::::::::::::::::! 

. :f::tttttt:: :tilf 
.I 

A 
F 1.27 ±0.15 .050 ± .006 

G 10.16 .400 

H 6.35 .250 

I 82.14 3.234 

J 3.18dla .125 dla 

K 0.2 .008 

L 3.56 .140 

M 3.5 .138 

N 2.03 .080 
p 3.38 .133 
Q 7.62 .300 

MC-421000A8: BA. FA. BB, FB 83YL-7969B (8192) 
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16 



NEC 
NEC Electronics Inc. 

Description 

The MC-421000A9 is a fast-page 1,048,576-word by 
9-bit dynamic RAM module designed to operate from a 
single + 5-volt power supply. 

The module is functionally equivalent to nine standard 
1M DRAMs plus a parity bit. Refreshing is accom
plished by means of RAS-only refresh cycles, hidden 
refresh cycles, CAS before RAS refresh cycles, or by 
normal read or write cycles 

The MC-421000A9 consists of nine 1M x 1 DRAMs 
(µPD421000) or two 1M x 4 DRAMs (µPD424400) and 
one 1Mx1 DRAM (µPD421000). Packaging is in a variety 
of 30-pin Single lnline Memory Modules (SIMM ™). 

Features 

o 1,048,576-word by 9-bit organization 
o Single +5-volt power supply 
o Standard 30-pin Single lnline Memory Module 

(SIMM) packaging 
o Version 1: nine 1 M x 1 DRAMs 
o Version 2: two 1 M x 4 DRAMs and one 1 M x 1 

DRAM 
o Includes power supply decoupling capacitors 
o Low power dissipation 
o TTL-compatible inputs and outputs 
o Fast-page capability 

SIMM is a trademark of Wang Laboratories. 

60075-1 

MC-421000A9 
1,048,576 x 9-Bit 

Dynamic CMOS RAM Module 

Pin Configurations 

30-Pin Leaded SIMM (MC-421000A9A/AA/AB) 

30 Vee 

29 D1N 9 

28 CASg 

27 RAS 

26 DouT9 
25 VOs 

24 NC 

23 V07 
22 GND 

21 WE 

20 VOa 

19 NC 

18 Ag 

17 As 

16 1105 

15 A1 

14 As 

13 1104 

12 As 

11 A4 

10 1103 
9 GND 

8 A3 

7 A2 

6 V02 

5 A1 

4 Ao 

3 V01 

2 CAS 

1 Vee 

83FM-8169A 



MC•421000A9 

Pin Configurations (cont) 

30-Pin Socket-Mountable SIMM 
(MC-421000A9B/BA/BB/F/FA/FB) 

2 

16 1105 

15 A1 

10 1103 
g GND 

8 A3 

7 A2 

6 1102 

5 A1 

4 Ao 

3 1101 

2 CAS 

1 Vee 

83FM-8170A 

Pin ldentif ication 
Symbol 

Ao-Ag 

DoUT9 

GND 

Vee 

NC 

NEC 
Function 

Address inputs 

Column address strobe 

Column address strobe for data output 9 

Data input 9 

Data output 9 

Common data inputs/outputs 

Row address strobe 

Write enable 

Ground 

+5-volt power supply 

No connection 



NEC MC-421000A9 

Ordering Information 
Part Number Access Time (max) Package Height Thickness DRAMs 

MC-421000A9A-60 60 ns 30-pin leaded SIMM 20.0 mm 5.28 mm Nine µPD421000LA 

-70 70 ns 
(solder plating) (0.787 inch) (0.208 inch) 

-80 80 ns 

-10 100 ns 

MC-421000A9B-60 60 ns 30-pin socket-

-70 70 ns 
mountable SIMM 
(solder plating) 

-80 80 ns 

-10 100 ns 

MC-421000A9F-60 60 ns 30-pin socket-

-70 70 ns 
mountable SIMM 
(gold plating) 

-80 80 ns 

-10 100 ns 

MC-421000A9AA-60 60ns 30-pin leaded SIMM 16.8 mm 5.08 mm Two µPD424400LA 

-70 70 ns 
(solder plating) (0.661 inch) (0.200 inch) One µPD421000LA 

-80 80 ns 

-10 100 ns 

MC-421000A9BA-60 60 ns 30-pin socket-

-70 70 ns 
mountable SIMM 
(solder plating) 

-80 80 ns 

-10 100 ns 

MC-421000A9FA-60 60 ns 30-pin socket-

-70 70 ns 
mountable SIMM 
(gold plating) 

-80 80 ns 

-10 100 ns 

MC-421000A9AB-60 60 ns 30-pin leaded SIMM 16.8 mm 5.08 mm Two µPD424400LB 

-70 70 ns 
(solder plating) (0.661 inch) (0.200 inch) One µPD421000LA 

-80 80 ns 

-10 100 ns 

MC-421000A9BB-60 60 ns 30-pin socket-

-70 70 ns 
mountable SIMM 
(solder plating) 

-80 80 ns 

-10 100 ns 

MC-421000A9FB-60 60 ns 30-pin socket-

-70 70 ns 
mountable SIMM 
(gold plating) 

-80 80 ns 

-10 100 ns 
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MC-421000A9 

Connection Diagram, MC-421 OOOA9AA/BA/FA/ AB/B 8/FB 

4 

V05 

VOs 
110, 

I/Os 

CASg 

DfN9 

DoUTg 

Vee 

GND 

C> 191-
,.._ -
C> 

0-

0-

C> 
,.._ 
,.._ -

0-

0-

"' -
"' ~ 

C> 

,.._ -

,.._ 

0- ..... 
Ic1-cs 

0 

1 

_..._ 

l 

NEC 

Ao-Ag 

RAS 
CAS 
WE 

µPD424400 

D1N1 Dour1 

D1N2 Dour2 r----, 

D1N3 Dour3 1-----i 

D1N4 0oUT4~ Vee GND 

Ao-Ag 

RAS 
CAS 
WE 

µPD424400 

D1N1 Dour1 

D1N2 Dour2 r---
DfN3 DoUT3 i---

DfN4 "=·o Vee GND 

Ao-Ag 

RAS 
CAS 
WE 

µPD421000 

D1N Dour t--1 

Vee GND 

83FM-8171B 



NEC 
Connection Diagram, MC-421000A9A/B/F 

Ao-Ag 

RAS 

CAS 

WE 

1/01 

Vee 

GND 

"'-

,.. -
...-

"'-

"'-

,.. 

() 

,.._ -

() 

,.,. -

10.L 
I 

t------1 

._____., 

t-

'----

Ao-Ag 

RAS 

CAS 

WE 

D1N Dour t----i 

Vee GND 

J 
Ao-Ag 
-
RAS 

CAS 
-
WE 

D1N Dour ~ 

Vee GND 

I 
I 

Ao-Ag 

RAS 
-
CAS 

WE 

D1N Dour t--

Vee GND 

l 
l 

Ao-Ag 

RAS 

CAS 

WE 

DJN Dour ~ 

Vee GND 

f ..... 

_ic1-eg 

MC-421000A9 

Ao-Ag 

RAS 

CAS 

WE 

1/05 0 D1N Dour ~ 

Vee GND 

~ Ao-Ag 

RAS 

CAS 

WE 

1/05 - D1N Dour t--

Vee GND 

~ Ao-Ag 

RAS 

CAS 

WE 

1/07 0 D1N Dour ~ 

Vee GND 

~ Ao-Ag 

RAS 

CAS 

WE 

UOa"'" D1N Dour t--

Vee GND 

Vee GND 
.......__ 

Ao-Ag 

RAS 

CASg "'" CAS 

WE 

DJNg - D1N Dourt] 
D "'-QUTg 

83FM-8172B 
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MC~421000A9 

Absolute Maximum Ratings 
Voltage on any pin relati.ve to GND 

Operating temperature, ToPR 

Storage temperature, TsrG 

Short-circuit output current, los 

Power dissipation, Po 
MC-421 OOOA9A/8/F 

Power dissipation, Po 
MC-421000A9AA/BA/FA/AB/88/FB 

-1.0 to +7.0 V 

Oto +70°C 

-55 to + 125°C 

50mA 

9.0W 

3.0W 

Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause perma
nent damage. The device should be operated within the limits 

· specified under DC and AC Characteristics. 

Capacitance 
TA = 25°C; f = 1 MHz 

Parameter Symbol MC-421000A9A/B/F 

Input capacitance, max C11 70 

C12 7 

Input/output capacitance, m1:1x Co 15 

Output capacitance, max Co 10 

DC Characteristics 
TA= o to +70°C; Vee= + 5.0 V ±10%; GND = o V 

Parameter Symbol Min Typ Max Unit 

Supply voltage Vee 4.5 5.0 5.5 v 
Input voltage, high V1H 2.4 Vee+ 1.0 v 
Input voltage, low V1L -1.0 0.8 v 
Standby current lcc2 18 mA 
(Note 1) 

9 mA 

Standby current lcc2 6 mA 
(Note 2) 3 mA 

Input leakage current l1L -90 90 µA 
(Note 1) 

l1L9 -10 10 µA 

Input leakage <:urrent l1L -30 30 µA 
(Note 2) 

l1L9 -10 10 µA 

Output leakage cummt loL -10 10 µA 

Output voltage, low Vol 0 0.4 v 
Output voltage, high VoH 2.4 Vee v 

Notes: 

(1) Applicable to MC-421000A9AiB/F, which consists of nine 1 M x 1 
DRAMs (µPD421000). 

(2) Applicable to MC-421000A9AA/BA/FA/AB/88/FB, which consists 
of two 1 M x 4 · DRAMs (µPD424400) and one 1 M x 1 DRAM 
{uPD421000). 

6 

NEC 

MC-421000A9AA/BA/FA/AB/BB/FB Unit Pins Under Test 

31 pF Ao - Ag, RAS, CAS, WE 

17 pF CASg, D1N g 

12 pF 1/01 - I/Os 

17 pF DouTg 

Test Conditions 

RAS = CAS ~ V cc - 0.2 V 

RAS = CAS ~ V cc - 0.2 V 

For Ao-Ag, RAS, CAS, WE: V1N = 0 to 5.5 V; other pins = 0 V 

For CASg and D1N g: V1N = 0 to 5.5 V; other pins = 0 V 

For Ao- Ag, RAS, CAS, WE:V1N = 0 to 5.5 V; other pins = 0 V 

For CASg and D1N g: V1N = 0 to 5.5 V; other pins= 0 V 

For 1/0-j - I/Os and Dour 9: Dour disabled; Vour = o to 5.5 V 

lour= 4.2 mA 

lour= -5 mA 



tvEC MC-421000A9 

AC Characteristics 
TA = o to + 70°C; Vee = + 5.0 V ±10% 

-60 -70 -80 -10 

Parameter Symbol Min Max Min Max Min Max Min Max Unit Test Conditions 

Operating current, lee1 (Note 21) 810 720 630 540 mA RAS, CAS cycling; 
average 

lee1 (Note 22) 330 280 250 220 mA tRe = tRe min (Note 5) 

Operating current, lee3 (Note 21) 810 720 630 540 mA RAS cycling; CAS = V1H; 
RAS-only refresh cycle, 

le e3 (Note 22) mA 
tRe = tRe min (Note 5) 

average 330 280 250 220 

Operating current, lee4 (Note 21) 720 630 540 450 mA RAS = V1L; CAS cycling; 
fast-page cycle, average 

lee4 (Note 22) 260 230 200 170 mA tpe = tpe min (Note 5) 

Operating current, lee5 (Note 21) 810 720 630 540 mA RAS cycling; CAS before m CAS before RAS refresh RAS; tRe = tRe min 
cycle, average lee5 (Note 22) 330 280 250 220 mA (Note 5) 

Access time from tAA 30 35 40 50 ns (Notes 7, 10, 11) 
column address 

Access time from CAS tAeP 35 40 45 55 ns (Notes 7, 11) 
precharge (rising edge) 

Column address hold tAR NIA NIA 60 70 ns 
time referenced to RAS 

Column address tAse 0 0 0 0 ns (Note 11) 
setup time 

Row address setup time tASR 0 0 0 0 ns 

Column address to WE tAWD 30 35 40 50 ns (Note 18) 
delay time 

Access time from CAS teAC 20 20 20 25 ns (Notes 7, 9, 10, 11) 
(falling edge) 

Column address teAH 15 17 20 20 ns 
hold time 

CAS pulse width teAS 20 10,000 20 10,000 20 10,000 25 10,000 ns 

CAS hold time for CAS teHR 15 15 15 20 ns 
before RAS refresh cycle 

CAS to output in low-Z tcLz 0 0 0 0 ns (Note 7) 

CAS precharge time, fast- tep 10 10 10 10 ns (Note 11) 
page cycle 

CAS precharge time, tePN 10 10 10 10 ns 
nonpage cycle 

CASto RAS teRP 10 10 10 10 ns (Note 14) 
precharge time 

CAS hold time tesH 60 70 80 100 ns 

CAS setup time for CAS tcsR 10 10 10 10 ns 
before RAS refresh cycle 

CAS to WE delay tcwo 20 20 20 25 ns (Note 18) 

Write command to tcwL 15 15 15 20 ns 
CAS lead time 

Data-in hold time toH 15 15 15 20 ns (Note 17) 

7 



MC~421000A9 NEC 
AC Characteristics (cont) 

-60 -70 -80 -10 

Parameter Symbol Min Max Min Max Min Max Min Max Unit Test Conditions 

Data-in hold time toHR N/A N/A 60 70 ns 
referenced to RAS 

Data-in setup time tos 0 0 0 0 ns (Note 17) 

Output buffer toFF 0 15 0 15 0 20 0 25 ns (Note 11) 
turnoff delay 

Fast-page cycle time tpc 40 45 50 60 ns (Note 6) 

Access time from RAS tRAC 60 70 80 100 ns (Notes 7, 8) 

RAS to column address tRAD 15 30 15 35 17 40 17 50 ns (Note 10) 
delay time 

Row address hold time tRAH 10 10 12 12 ns 

Column address iead tRAL 30 35 40 50 ns 
time referenced to RAS 
(rising edge) 

RAS pulse width tRAS 60 10,000 70 10,000 80 10,000 100 10,000 ns 

RAS pulse width, tRASP 60 10,000 70 100,000 80 100,000 100 100,000 ns 
fast-page cycle 

Random read or write tRc 120 140 160 196 ns (Note 6) 
cycle time 

RAS to CAS delay time tRCD 20 40 20 50 25 60 25 75 ns (Note 12) 

Read command hold time tRCH 0 0 0 0 ns (Note 15) 
referenced to CAS 

Read command tRcs 0 0 0 0 ns 
setup time 

Refresh period tREF 8 8 8 8 ms Addresses Ao - A9 (Note 
21) 

Refresh period tREF 16 16 16 16 ms Addresses Ao -A9 (Note 
22) 

RAS precharge time tRP 50 60 70 80 ns 

RAS precharge CAS tRPC 10 10 10 10 ns 
hold time 

Read command hold time tRRH 10 10 10 10 ns (Note 15) 
referenced to RAS 

RAS hold time tRSH 20 20 20 25 ns 

Read-write cycle time tRwc 145 165 185 200 ns (Note 6) 

RAS to WE delay tRWD 60 70 80 100 ns 

Write command to tRWL 20 20 20 25 ns 
RAS lead time 

Rise and fall tT 3 50 3 50 3 50 3 50 ns (Note 4) 
transition time 

Write command twcH 15 15 15 20 ns 
hold time 

Write command hold twcR N/A N/A 55 70 ns 
time referenced to RAS 

Write command twcs 0 0 0 0 ns 
setup time 

Write command twHR 15 15 15 20 

8 



NEC 
AC Characteristics (cont) 

-60 -70 

Parameter Symbol Min Max Min Max 

Write command 
pulse width 

Write command 

Notes: 

twsR 

(1) All voltages are referenced to GND. 

15 15 

10 10 

(2) An initial pause of 100 µsis required after power-up, followed by 
any eight RAS cycles, before proper device operation is 
achieved. 

(3) Ac measurements assume tT = 5 ns. 

(4) V1H (min) and Vil (max) are reference levels for measuring the 
timing of input signals. Transition times are measured between 
V1H and Vil· 

(5) lcc1. lcca. lcc4, and Ices depend on output loading and cycle 
rates. Specified values are obtained with the output open. lcca 
is measured assuming that all column address inputs are held at 
either a high level or a low level during RAS-only refresh cycles. 
lcc4 is measured assuming that all column address inputs are 
switched only once during each fast-page cycle. 

(6) The minimum specifications are used only to indicate the cycle 
time at which proper operation over the full temperature range 
(TA = 0 to + 70°C) is assured. 

(7) Load= 2 TTL (-1 mA, +4 mA) loads and 100 pF (VoH = 2.0V, 
Vol= 0.8 V). 

(8) Assumes that tRco s tRco (max) and tRAD s tRAD (max). If 
tRco or tRAD is greater than the maximum recommended value 
in this 'table, tRAC increases by the amount that tRcD or tRAD 
exceeds the value shown. 

(9) Assumes that tRcD :?: tRcD (max) and tRAD s tRAD (max). 

(10) If tRAD :?: tRAD (max), then the access time is defined by tAA· 

(11) For fast-page read operation, the definition of access time is as 
follows: 

~ and Column Address 
Input Conditions 

tcp s tcP (max), tAsc :?: tcp 

tcp s tcp (max), tAsc s tcp 

tcp :?: tcp (max), tAsc s tAsc (max) 

tcp :?: tcp (max), tAsc :?: tcp 

Access Time Definition 

tcAC 

MC-421000A9 

-80 -10 

Min Max Min Max Unit Test Conditions 

15 20 ns (Note 16) 

10 10 

(12) toFF (max) defines the time at which the output achieves the 
open-circuit condition and is not referenced to VoH or Vol· 

(13) Operation within the tRcD (max) limit assures that tRAC (max) 
can be met. tRcD (max) is specified as a reference point only; if 
tRcD is greater than tRcD (max), then access time is controlled El 
exclusively by tcAC· I e 

(14) The tcRP requirement should be applicable for RAS/CAS cycles 
preceded by any cycle. 

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

(16) Parameter twp is applicable for a delayed write cycle such as a 
read-write/read-modify-write cycle. For early write operation, 
both twcs and twcH must be met. 

(17) These parameters are referenced to the fal!!!}g edge of CAS for 
early write cycles and to the falling edge of WE for delayed write 
or read-modify-write cycles. 

(18) For DouT9, parameters twcs• tcwo. tRWD• and tAwo are restric
tive operating parameters in read-write/read-modify-write cy
cles only. lftwcs 2: twcs (min), the cycle is an early write cycle 
and the data output will remain open-circuit throughout the 
entire cycle. If tcwo 2: tcwo (min), tRwD :?: tRwD (min), and 
tAwD :?: tAwD (min), 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 is met, the condition of DouT 9 (at access 
time and until CAS9 returns to V1H) is indeterminate. 

(19) CAS before RAS operation is specified. 

(20) Read-write/read-modify-wri~eration can be performed only 
by the SOJ controlled by CASg because of its separate data 
input and output pins. 

(21) Applicable to MC-421000A9A/B/F, which consists of nine 1Mx1 
DRAMs fjJPD421000). 

(22) Applicable to MC-421000A9AA/BA/FA/AB/BB/FB, which con
sists of two 1 M x 4 DRAMs (µPD424400) and one 1 M x 1 DRAM 
fjJP 0421000). 
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MC-421000A9 

Timing Waveforms 

Read Cycle 

RAS 

CAS 

Address 

""I E......_-----tRSH-----..w 

---~-----~~tcsH----------.-t 

L 

NEC 

UctRAH--1. 
~'~"l 

-toes_J V/////j 

~1 

Lb, .. -tc_A_c====== 
I 

I Vo tp t -
______ .:.;H;,i,i h:.:..:;.;,lmJ:.ped;;;:;=:an~ce;:,_ __ ...:....tRA...;l:...c __ ~---lll 'ii 

npu u u 

L,='a2 
Valid Data-out 

High Impedance 

83VB-6779B 
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NEC 
Timing Waveforms (cont) 

Early Write Cycle 

tcRP 

CAS 

Address 

Note: 

[1) OE = don't care. 

j--c---tRsH----

--------tcsH-------

i.--!RCD-__.!oC----tcAS-----1 

MC-421000A9 

m 

83YL-6978B 

11 



MC-421000A9 NEC 
Timing Waveforms (cont) 

Read-Write/Read-Modify-Write Cycle {DoUT9 only) 

RAS 

CAS 

Address 

WE 

12 

--------------tRwc------------~ 

------------tRAs-----------

""loEt---1 ----tRsH-----
----------;---tcsH----------
----tRco------J~--'-1 ---tcAs--------

1 

tA~D~ 
lCAH I 

1------.... 1 

--~-tOFF 
VoJidData ~ 

831H-6591B 



NEC 
Timing Waveforms (cont) 

Fast-Page Read Cycle 

RAS 

CAS 

Address 

WE 

OE 

Input/Output 

MC-421000A9 

83VB-6786B 
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MC-421000A9 NEC 
Timing Waveforms (cont) 

Fast-Page Early Write Cycle 

Note: 

[1] OE= don't care. 
83YL-6981B 
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NEC MC-421000A9 

Timing Waveforms (cont) 

Fast-Page Read-Write/Read-Modify-Write Cycle fOoUT9 only} 
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MC-421000A9 NEC 
Timing Waveforms (cont) 

Hidden Refresh Cycle 

------Memory Cycle -----'~-CAS Before RAS Cyde -----CAS Before RAS Cycle 

-------tRc tRc tRc------

RAS 

CAS 

Address 

WE 1//////// 
I 

lnpuVOutput ----~-H-ig._h_lm_p_ed_a_nc_e __ -<
1 

lli_~CLZ 

16 

IWHR~ I 

\\\\ \\\\\\ \\\\\~ 
I 

Valid Data-out 

IQFF 

toEZ 

High 
Impedance 

83VB-6785B 



NEC MC-421000A9 

Timing Waveforms (cont} 

RAS-Only Refresh Cycle 

RAS 

tcRP 

~· Jl 
~~---

High Impedance 
Input/Output------------------------------------

Notes: 

(1) WE= OE= don't care. 
83VB-6783B 

CAS Before RAS Refresh Cycle 

RAS 

tcRP 

CAS 

WE 7Zll \\\\\\\\\\\\\\\\\ \\\ \\\\\ \\\\ \\\\\\\\\\\\ \ \S 
High Impedance 

Input/Output------------------------------------

83VB-6784B 
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MC~421000A9 NEC 
Package Drawings 

30-Pin Socket-Mountable SIMM {MC-421000A9BA/FAIBBIFB) 

Item Millimeters Inches 

A 88.9 ±0.5 3.5 ±.020 

B 16.67 . 656 

c 2.54 [TP] .100 [TP] 1 . .I A 

D 1.n .070 

E 5.28 max .208max 

F 1.27 ±0.15 .050 ± .006 

G 10.16 .400 

H 6.35 .250 

82.14 3.234 

J 3.18dia .125dia B 
K 0.2 .008 G 

3.56 .140 

M 3.5 .138 

N 2.03 .080 N- I- o~I-
p 3.38 .133 a 
a 7.62 .300 

MC-421 OOOA9/8A/FA/88/FB 83FM'81739 (10191) 

30-Pin Leaded SIMM {MC-421000A9AA/AB) 

1. 
I 

Item Mllllmeters Inches 

A 80.3 ± 0.5 3.161 ~:g~6 

i 
A I I , 

B 18.27 max .719 max 

c 2.54[TP] .100 [TP] 

D 0.50 .020 
E 5.5max .208max 

F 0.25 .010 

G 3.4 ± 0.7 .134 ± .028 

H 16.67 .656 

F 

MC-421 OOOA9AAIA9AB 83FM-81759(10191) 

18 



NEC MC-421000A9 

Package Drawings (cont) 

30-Pin Socket-Mountable SIMM (MC-42tOOOA9B/F} 

Item Miiiimeters Inches 
A 88.9 ±0.5 3.500 ±.020 

8 20.0 .787 
c 2.54 [TP] .100 [TP] 

1. LI LI LI LI 9 LI LI LI LI' .I 
D 1.n .070 

E 5.28max .208 max 

F 1.27 ±0.15 .050 ± .006 
G 10.16 .400 

H 6.35 .250 

I 82.14 3.234 

3.18dia .125dia 

K 0.2 .008 DDDDDD G 

8 

L 3.56 .140 1 1 DDDDDDDDDDDDDDDODDDDDD 1 

M 3.5 .138 

N 2.03 .080 N- I- o-11- c 
p 3.38 .133 Q 
Q 7.62 .300 

MC-421 OOOA9B 83FM-8174B (10/91) 

30-Pin Leaded SIMM {MC-421000A9A} 

Item Mllllmeters Inches 
l.oEJoo~oEJLJC::I 

A 80.3 ± 0.5 3.161 ::g~ci 
B 21.6max .851 max 

c 2.54[TP] .100[TP] 

D 0.50 .020 

E 5.5 max .217 max 

F 0.25 .010 

G 3.4 ± 0.7 .134 ± .028 

H 20.0 .787 

F 

MC-421 OOOA9A 83FM-8176B (10/91) 
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NEC 
NEC Electronics Inc. 

Description 

The MC-421000A32 is a fast-page dynamic RAM mod
ule organized as 1,048,576 words by 32 bits and de
signed to operate from a single +5-volt power supply. 
Advanced CMOS circuitry ensures minimum power 
dissipation and excellent operating margins. 

The three-state output is controlled by CAS indepen
dent of RAS. After a valid read or read-modify-write 
cycle, data is held on the output by holding CAS low. 
Data output is returned to high impedance by returning 
CAS high. Fast-page read and write cycles can be 
executed by cycling CAS. Refreshing is accomplished 
by means of RAS-only refresh cycles, CAS before RAS 
refresh cycles, hidden refresh cycles, or by the 1024 
address combinations of Ao -A9 during a 16-ms period. 

Single lnline Memory Module (SIMM™) packaging en
hances reliability and reduces the size, weight, and 
cost of a system .. Each SIMM contains eight 1,048,576 
x 4-bit DRAMs (µPD424400) and eight power supply 
decoupling capacitors for noise reduction. DQ0 - DQ31 
are common input/output pins. 

Features 

o 1,048,576-word by 32-bit organization 
o Single +5-volt power supply 
o Fast-page option 
o Low power dissipation 
o RAS-only refresh cycles 
o CAS before RAS refresh cycles 
o Hidden refresh cycles 
o 1024 refresh cycles every 16 ms 
o TTL-compatible inputs and outputs 
o 72-pin SIMM packaging 
SIMM is a trademark of Wang Laboratories. 

Pin Identification 
Name Function 

Ao-Ag Address inputs 

Column address strobes 

Common data inputs/outputs 

Row address strobes 

Write enable 

GND Ground 

Vee + 5-volt power supply 

NC No connection 

60169 

MC-421000A32 
1,048,576 x 32 -Bit 

Dynamic CMOS RAM Module 

Pin Configuration 

72-Pin Socket-Mountable SIMM 

Pin 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 

o-1: 18 

Pin Pin Symbol Pin ~mbol 

19 37 NC 55 0011 
20 38 NC 56 0027 
21 39 GND 57 0012 
22 40 CA§o_ 56 002a 
23 41 CA~ 59 Vee 
24 42 CA~ 60 0029 
25 43 CAS1 61 0013 
26 44 RASQ 62 0030 
27 45 NC 63 0014 
28 A1 46 NC 64 OOa1 
29 NC 47 WE 65 0015 
30 48 NC 66 NC 
31 49 Das 67 GND 
32 50 0024 68 GND 
33 NC 51 009 69 [Note 1) 

34 FiA 52 0025 70 [Note 1) 

35 NC 53 0010 71 NC 
36 NC 54 DC!26_ 72 GND 

Notn: 

[1] Pins 69 and 70 are defined by access tine: 

Pin 80n• 70ns eons 100n• 
69 NC GND NC GND 
70 NC NC GND GND 

83Yl.al2M 



MC~.421000A32 

Ordering Information 
Part Number Access Time (max) 

MC-421000A328-60 60 ns 

8-70 70 ns 

8-80 80 ns 

MC-421000A32F-60 60 ns 

F-70 70 ns 

F-80 80 ns 

MC-421000A328T-60 60 ns 

8T-70 70 ns 

8T-80 80 ns 

MC-421000A32FT-60 60 ns 

FT-70 70 ns 

FT-80 80 ns 

2 

Package 

72;pin socket-mountable 
SIMM (solder plating) 

72-pin socket-mountable 
SIMM (gold plating) 

72-pin socket-mountable 
SIMM (solder plating) 

72-pin socket-mountable 
SIMM (gold plating) 

Height 

25.4 mm 
(1.000 inch) 

25.4.mm 
(1.000 inch) 

Thickness 

5.28mm 
(0.208 inch) 

4.1 mm 
(0.161 inch) 

NEC 
ORA Ms 

Eight µPD424400LA 

Eight µPD424400GS 



NEC MC-421000A32 

MC-421000A32 Connection Diagram 

RA So RAS2 

CA So CAS2 

oao V01 CAS RAS 001e V01 CAS RAS 

001 V02 0017 V02 
002 V03 DO 0019 V03 01 
003 V04 0019 V04 

OE OE 
-= -= • 004 V01 CAS RAS 0020 V01 CAS RAS 

005 V02 0021 V02 
oaa V03 02 0022 V03 03 
007 V04 0023 V04 

OE OE 
-= -= 

CAS1 CAS3 

oaa v~ CAS RAS 0024 V01 CAS RAS 

009 V02 0025 V02 
0010 V03 04 0020 V03 05 
0011 V04 0027 V04 

OE OE 
-= -= 

0012 V01 CAS RAS 002a V01 CAS RAS 

0013 V02 0029 V02 
0014 V03 06 0030 V03 07 
0015 V04 0031 V04 

OE OE 

-= -= 

Address 
WE 

Vee o 
} Do- 0-, (!.P0424400 1M x 4-811 DRAMs) 

i Co-C7 
)' 

GNO o ;Jo 

83Yl-86278 
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MC-421000A32 

Absolute Maximum Ratings 
Voltage on any pin relative to GND -1.0to+7.0V 

Operating temperature, ToPR Oto +70°C 

Storage temperature, TsTG -55 to + 125°C 

Short-circuit output current, los 50mA 

Power dissipation, Po aw 

Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause perma
nent damage. The device should be operated within the limits 
specified under DC and AC Characteristics. 

DC Characteristics 
TA= Oto +70°C;Vcc = +5.0V ±5% 

Parameter Symbol Min Max 

Standby current lcc2 16 

8 

Input leakage current l1(L) -80 80 

Output leakage current lo(L) -10 10 

Output voltage, low Vol 0.4 

Output voltage, high VoH 2.4 

4 

NEC 
Recommended Operating Conditions 
Parameter Symbol Min Typ Max Unit 

Input voltage, high V1H 2.4 Vee+ 1.0 v 
Input voltage, low V1L -1.0 0.8 v 
Supply voltage Vee 4.75 5.0 5.25 v 
Ambient temperature TA 0 70 oc 

Capacitance 
TA = 25°C; f = 1 MHz 

Parameter Symbol Max Unit Pins Under Test 

Input C11 68 pF Ao-Ag 
capacitance 

C12 76 pF WE 

C13 43 pF RAS 

C14 29 pF CAS 

lnpuVoutput C11/Co1 17 pF Dao- Daa1 
capacitance 

Unit Test Conditions 

mA RAS = CAS <!: V1H (min) 

mA RAS= CAS <!: Vcc-0.2V 

µA V1N = o V to V cc; 
all other pins not under test = 0 V 

µA DQo to DQ31 disabled; VouT = 0 V to Vee 

v loL = 4.2 mA 

v loH = -5 mA 



NEC MC-421000A32 

AC Characteristics 
TA= o to +70°C; Vee= +5.0 V ±5% 

-60 -70 -80 

Parameter Symbol Min Max Min Max Min Max Unit Test Conditions 

Operating current, average lee1 960 800 720 mA RAS and CAS cycling; tRe = 
tRe min; 
lo = O mA (Note 5) 

Operating current, RAS-only lee3 960 800 720 mA RAS cycling; CAS 2: V1H; 
refresh cycle, average tRe = tRe min; 

lo = O mA (Note 5) 

1111 Operating current, fast-page lec4 720 640 560 mA RAS :S V1L; CAS cycling; 
cycle, average tpc = tpc min; 

lo = O mA (Note 5) 

Operating current, CAS before Ices 960 800 720 mA RAS cycling; CAS before RAS; 
RAS refresh cycle, average tRc = tRc min; 

lo = O mA (Note 5) 

Access time from column tAA 30 35 40 ns (Notes 7, 9) 
address 

Access time from CAS tACP 35 40 45 ns (Notes 7, 9) 
precharge (rising edge) 

Column address setup time tAse 0 0 0 ns 

Row address setup time tASR 0 0 0 ns 

Access time from CAS (falling tcAC 20 20 20 ns (Notes 7, 9) 
edge) 

Column address hold time tcAH 15 17 20 ns 

CAS pulse width teAS 20 10,000 20 10,000 20 10,000 ns 

CAS hold time for CAS before tcHR 15 15 15 ns 
RAS refresh cycle 

CAS to output in low teLZ 0 0 0 ns (Note 7) 
impedance 

Fast-page CAS precharge time tep 10 10 10 ns 

CAS precharge time tepN 10 10 10 ns 

CAS to RAS precharge time tcRP 10 10 10 ns (Note 12) 

CAS hold time tesH 60 70 80 ns 

CAS setup time for CAS before tesR 10 10 10 ns 
RAS refresh cycle 

Data-in hold time toH 15 15 20 ns (Note 15) 

Data-in setup time tos 0 0 0 ns (Note 15) 

Output buffer turnoff delay toFF 0 15 0 15 0 20 ns (Note 10) 

Fast-page cycle time tpc 40 45 50 ns (Note 6) 

Access time from RAS tRAC 60 70 80 ns (Notes 7, 8) 

RAS to column address delay tRAD 15 30 15 35 17 40 ns (Note 9) 
time 

Row address hold time tRAH 10 10 12 ns 

Column address lead time tRAL 30 35 40 ns 
referenced to RAS (rising edge) 

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

Fast-page RAS pulse width tRASP 60 100,000 70 100,000 80 100,000 ns 

5 



MC-421000A32 

AC Characteristics (cont) 

Parameter Symbol Min 

Random read or write cycle 
time 

RAS to CAS delay time 

Read command hold time 
referenced to CAS 

Read command setup time 

Refresh period 

RAS precharge time 

RAS precharge CAS hold time 

Read command hold time 
referenced to RAS 

RAS hold time 

Rise and fall transition time 

Write command hold time 

Write command setup time 

WE hold time 

WE setup time 

Write command pulse width 

Notes: 

tRCD 

tRcH 

tRcs 

tREF 

tRP 

tRPC 

tRRH 

tRSH 

tr 

twcH 

twcs 

twHR 

twsR 

twp 

(1) All voltages are referenced to GND. 

120 

20 

0 

0 

50 

10 

10 

20 

3 

15 

0 

15 

10 

15 

-60 

Max Min 

140 

40 20 

0 

0 

16 

60 

10 

10 

20 

50 3 

15 

0 

15 

10 

15 

(2) An initial pause of 100 µs is required after power-up, followed by 
any eight RAS cycles, before proper device operation is 
achieved. At the end of the initial power-up sequence, it is 
recommended that either a RAS-only or CAS before RAS refresh 
cycle be executed while WE ;::: V1H to ensure normal operation. 

(3) Ac measurements assume tr = 5 ns. 

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

(5) lcc1. lcca. lcc4• and lcc5 depend on output loading and cycle 
rates. Specified values are obtained with the output open. lcca 
is measured assuming that all column address inputs are held at 
either a high level or a low level during RAS-only refresh cycles. 
lcc4 is measured assuming that all column address inputs are 
switched only once during each fast-page cycle. 

(6) The minimum specifications are used only to indicate the cycle 
time at which proper operation over the full temperature range 
(TA = O to + 70°C) is assured. 

(7) Load = 2 TTL (-1 mA, + 4 mA) loads and 100 pF. 

(8) Assumes that tRcD s tRcD (max) and tRAD s tRAD (max). If 
tRcD or tRAD is greater than the maximum recommended value 
in this table, tRAC increases by the amount that tRcD or tRAD 
exceeds the value shown. 

(9) If tRAD ;::: tRAD (max), then the access time is defined by tAA· 

(10) toFF (max) defines the time at which the output achieves the 
open-circuit condition and is not referenced to VoH or Vol· 

6 

NEC 
-70 -80 

Max Min Max Unit Test Conditions 

160 ns (Note 6) 

50 25 60 ns (Note 11) 

0 ns (Note 13) 

0 ns 

16 16 ms Addresses Ao - Ag 

70 ns 

10 ns 

10 ns (Note 13) 

20 ns 

50 3 50 ns (Note 3) 

15 ns 

0 ns (Note 16) 

15 ns 

10 ns 

15 ns (Note 14) 

(11) Operation within the tRcD (max) limit assures that tRAC (max) 
can be met. tRcD (max) is specified as a reference point only; if 
tRcD is greater than tRcD (max), then access time is controlled 
exclusively by tcAC· 

(12) The tcRP requirement should be applicable for RAS/CAS cycles 
preceded by any cycle. 

(13) Either tRRH or tRcH must be satisfied for a read cycle. 

(14) Parameter twp is applicable for a delayed write cycle such as a 
read-write/read-modify-write cycle. For early write operation, 
both twcs and twcH must be met. 

(15) These parameters are referenced to the fal~ edge of CAS for 
early write cycles and to the falling edge of WE for delayed write 
or read-modify-write cycles. 

(16) twcs. tRWD• tcwo. and tAwD are restrictive operating parame
ters in read-write/read-modify-write cycles only. lftwcs;::: twcs 
(min), the cycle is an early write cycle and the data output will 
remain open-circuitthroughout the entire cycle. lftcwo;::: tcwo 
(min), tRwo;::: tRwD (min), and tAwD;::: tAwD (min), 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 is met, 
the condition of the data output pin (at access time and until 
CAS returns to V1H) is indeterminate. 

(17) A test mode may be initiated by executing a CAS before RAS 
refresh cycle with WE held at VIL· This mode also may inadvert
ently be initiated during power-up because external control of 
the signal lines is very difficult during this period. lt~erefore 
recommended that while WE is held at VIH• either a RAS-only or 
CAS before RAS refresh cycle be executed at any time after the 
end of the initial power-up sequence to ensure normal device 
operation. 



NEC 
Timing Waveforms 

Read Cycle 

RAS 

Address 

WE 

rE,__-----tRSH-----~ ----------'---tCSH-----------

---tRco--~+E------'tc.As------

l 
~-tc.Ac----

MC-421000A32 

L~ 
~-------~I tRAc 

DouT ~~~~~~~~~H-~_h_lm_pedance~~~--:-~~~~~~--<.JX 

~·= 
Valid Data 

83YL·7243B 
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MC-421000A32 

Timing Waveforms (cont} 

Early Write Cycle 

NEC 

14-------tRc-----

----tRAs-----

lCRP --1E --tRSH--

---;-----tcsH---~ 

-tRCD tcAs-~ 

Address 

Dour ---------.:Hlg::...-hlm:.--pedanc_e ------

8 



NEC 
Timing Waveforms (cont) 

Fast-Page Read Cycle 

Address 

MC-421000A32 

Valid 
Data-out 

83YL·7246B 
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MC-421000A32 

Timing Waveforms (cont) 

Fast-Page Early Write Cycle 

Add111SS 

10 

NEC 

toH=1 _ 
-Vall-dData~ ............ 7 a...,...,....,112-1;; 

83YL·124e8 



NEC 
Timing Waveforms (cont) 

Hidden Refresh Cycle 

14----Memory Cycle ----'3~ 

RAS 

CAS 

Address 

I I I 

:RCS~ iAA1 
WE 7/11 ///JI //I 

l--IRAC 
High Impedance I oouT ___ ...__~...;..;._-.....;_-<1 

·=~ 

tcAC 

MC-421000A32 

71/111! ///!JI! II! 11 ll 

SS VII/ //!JI 112 

Valid ~ta 
~j~ 

83YL·7247B 
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MC-421000A32 

Timing Waveforms (cont) 

RAS-Only Refresh Cycle 

RAS 

r-tCRP 

Address 

NEC 

tRPC1 

\J 

oour----------------------------------H-1g_h_lm~p_eda __ nc_e ________________________________ __ 

Note: 

[1] WE;,:VIH· 
831H-6816B 

CAS Before RAS Refresh Cycle 

"""- tRC 
_,,, 

£_ tRAS -
RAS r\ 1 \ 

..... tRP~ 

--{~~ ~tCHR1 tRPC~ tp/;J~ICRP 

Dour-----------------------------------H-~~h_l_mp_eda __ n_ce ______________________________ ___ 

Note: 
[1] Address= don't care. 

831H-6702B 
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NEC MC-421000A32 

Package Drawings 

72-Pin Socket-Mountable SIMM (MC-42tOOOA32: Suffix B:1 F} 

Item Miii i meters Inches Hem Miiiimeters Inches 

A 107.95 ±0.2 4.250 ± .008 M 25.4 1.000 

8 101.19 ± 0.2 3.984 ± .008 N 5.28 .208 

F 1.04 min .041 min p 1.57 rad .062 rad 
G 10.16 .400 s 3.17 dla .125 dla 

H 1.27 .050 T 1.27 .050 

6.35 .250 u 3.38 .133 

2.03 .080 v 44.45 1.750 

K 6.35 .250 w 6.36 .250 

L 2.54mln .100 min x 95.25 ± 0.1 3.750 ± .004 

A 

8 

r 

~I 

M 

+ ill 
t 
L 

v w 
x 

MC-42100M32BIF 83YL·79388 
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MC~,4.21-000A32 NEC 
Package Drawing (cont) 

72-Pin Socket-Mountable SIMM (lllC-421000A32: Suffix 87; FT} 

Item Mllllmetera· lnchea:· Hem Mllllmetera lnchea 

A 107.95 :I: 0.2 4~250 :1: ;ooa M 25.4 1.000 

B 101.19 :I: 0.2 3.984 :I: .008 N 4'.1 .161 

F 1.04 min .041 min p 1.57 rad .062 rad 
G 10.16 .400 s 3.17 dla "125 dla 

H 1.27 .050 T 1.27 .050 

I 6.35 .250 u 3~38 .133 

J 2.03 .080 v 44.45 1.750 

K 6.35 .250 w 6.36 .250 

L 2.54 min .100 min x 95.25 :I: 0.1 3.750 :I: .004 

A 

·1 B u 

s r 
M 

+ 

*11· 
L 

v w~ 

x 
MC-421000A32Bl7FT 83YL·7938B 
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NEC 
NEC Electronics Inc. 

Description 

The MC-421000A36 is a fast-page dynamic RAM mod
ule organized as 1,048,576 words by 36 bits and de
signed to operate from a single +5-volt power supply. 
Advanced CMOS circuitry ensures minimum power 
dissipation and excellent operating margins. 

The three-state output is controlled by CAS. indepen
dent of RAS. After a valid read or read-modify-write 
cycle, data is held on the output by holding CAS low. 
Data output is returned to high impedance by returning 
CAS high. Fast-page read and write cycles can be 
executed by cycling CAS. Refreshing is accomplished 
by means of RAS-only refresh cycles, CAS before RAS 
refresh cycles, hidden refresh cycles, or by the 1024 
address combinations of Ao-A9 duringa16-ms period. 

The MC-421000A36 is packaged in a variety of 72-pin 
Single lnline Memory Modules (SIMM™). Each SIMM 
contains eight 1,048,576 x 4-bit DRAMs (µPD424400), 
four 1,048,576 x 1-bit DRAMs (µPD421000), and 12 
power supply decoupling capacitors for noise reduc
tion. 

Features 

o 1,048,576-word by 36-bit organization 
o Single +5-volt power supply 
o Fast-page option 
o Low power dissipation 
o RAS-only refresh cycles 
o CAS before RAS refresh cycles 
o Hidden refresh cycles 
o 1024 refresh cycles every 16 ms 
o TTL-compatible inputs and outputs 
o 72-pin SIMM packaging 
SIMM is a trademark of Wang Laboratories. 

Pin Identification 
Name Function 

Ao-Ag Address inputs 

CASo- CAS3 Column address strobes 

DOo- 0035 Common data inputs/outputs 

Row address strobes 

Write enable 

GND Ground 

Vee + 5-volt power supply 

NC No connection 

60122-2 

MC-421000A36 
1,048,576 x 36-Bit 

Dynamic CMOS RAM Module 

Pin Configuration 

72-PinSIMM 

0
129 

Pin 
1 
2 
3 
4 
5 
6 
7 

37( 
6 
9 

36ci 10 
11 
12 
13 
14 
15 
16 
17 

o~ 18 

Pin bol Pin .Symbol Pin Sylnbol 
19 37 0017 55 0012 
20 38 OOas 56 0030 
21 39 GND 57 0013 
22 40 CASo 56 0031 
23 41 CAS..2_ 59 Vee 
24, 42 CA~ 60 0032 
25 43 CAS1 61 0014 
26 44 RASJl 62 0033 
27 45 NC 63 0015 
28 A1 46 NC 64 0034 
29 NC 47 WE 65 0016 
30 48 NC 66 NC 
31 49 009 ~ [Note 1) 

32 50 0027 68 [Note 1) 

33 51 0010 69 [Note 1) 

34 52 002a 70 [Note 1) 

35 53 0011 71 NC 
36 54 0029._ 72 GND 

Notec 

(1] Pins 87-70 are defined by access time: 

Pin &On• 70n• 80n• 100n• 
67 GND GND GND GND 
66 GND GND GND GND 
69 NC GND NC GND 
70 NC NC GND GND 

m 



MC-421000A36 NEC 
Ordering Information 
Part Number Access Time (max) Package Height Thickness ORA Ms 

MC-421000A368-60 60 ns 72-pin socket-mountable 25.4 mm 5.28 mm Eight µPD424400LA 

8-70 70 ns 
SIMM (solder plating) (1.0 inch) (0.208 inch) Four µPD421000GX 

8-80 80 ns 

MC-421000A36F-60 60 ns 72-pin socket-mountable 

F-70 70 ns 
SIMM (gold plating) 

F-80 80 ns 

MC-421000A368D-60 60 ns 72-pin socket-mountable 25.4 mm 9.3mm Eight µPD424400L8 

80-70 70 ns 
SIMM (solder plating) (1.0 inch) (0.366 inch) Four µPD421000LA 

80-80 80 ns 

MC-421000A36FD-60 60 ns 72-pin socket-mountable 

FD-70 70 ns 
SIMM (gold plating) 

FD-80 80 ns 

MC-421000A368E-60 60 ns 72-pin socket-mountable 25.4 mm 9.3mm Eight µPD424400LA 

8E-70 70 ns 
SIMM (solder plating) (1.0 inch) (0.366 inch) Four µPD421000LA 

8E-80 80 ns 

MC-421000A36FE-60 60 ns 72-pin socket-mountable 

FE-70 70 ns 
SIMM (gold plating) 

FE-80 80 ns 

MC-421000A368H-60 60 ns 72-pin socket-mountable 31.75 mm 5.28 mm Eight µPD424400LB 

8H-70 70 ns 
SIMM (solder plating) (1.250 inch) (0.208 inch) Four µPD421000LA 

8H-80 80 ns 

MC-421000A36FH-60 60 ns 72-pin socket-mountable 

FH-70 70 ns 
SIMM (gold plating) 

FH-80 80 ns 

MC-421000A368J-60 60 ns 72-pin socket-mountable 31.75 mm 5.28 mm Eight µPD424400LA 

8J-70 70 ns 
SIMM (solder plating) (1.250 inch) (0.208 inch) Four µPD421000LA 

8J-80 80 ns 

MC-421000A36FJ-60 60 ns 72-pin socket-mountable 

FJ-70 70 ns 
SIMM (gold plating) 

FJ-80 80 ns 

MC-421000A368T-60 60 ns 72-pin socket-mountable 25.4 mm 2.68mm Eight µPD424400GS 

8T-70 70 ns 
SIMM (solder plating) (1.0 inch) (0.106 inch) Four µPD421000GX 

8T-80 80 ns 

MC-421000A36FT-60 60 ns 72-pin socket-mountable 

FT-70 70 ns 
SIMM (gold plating) 

FT-80 80 ns 

2 



NEC MC·421000A36 

MC-421000A36 Connection Diagram 

Rii.80 RAS2 

CA So CAS2 

OOo V01 CAS RAS 001a V01 CAS RAS 

001 V02 0019 V02 
002 V03 DO 0020 V03 01 
003 V04 0021 V04 

OE OE 
-= -= 

004 V01 CAS RAS 0022 V01 CAS RAS 

005 V02 0023 V02 • OOe V03 D2 0024 V03 D3 
007 V04 0025 V04 

OE OE 

-= -= 
CAS RAS CAS RAS 

OOa 01NfOouT 0020 01NfOouT 

MO M1 

CAS1 CAS30----

009 V01 CAS RAS 0027 V01 CAS RAS 

0010 V02 002a V02 
0011 V03 D4 0029 V03 D5 
0012 V04 0030 V04 

OE OE 

-= -= 
0013 V01 CAS RAS 0031 V01 CAS RAS 

0014 V02 0032 V02 
0015 V03 06 0033 V03 07 
001e V04 0034 V04 

OE C>E 

-= -= 
CAS RAS CAS RAS 

0017 01NfOouT 0035 01NfDouT 

M2 M3 

Address 

WE -} DO - 07 (µPD424400) 
Vee 0 :!: ); MO - M3 (µPD421000) 

GNDO 
~ CO-C11 ); 

83Yl·7242B 
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MC-421000A36 

Absolute Maximum Ratings 
Voltage on any pin relative to GND -1.0to +7.0V 

Operating temperature, ToPR Oto +70°C 

Storage temperature, TsTG -55 to + 125°C 

Short-circuit output current, los 50mA 

Power dissipation, Po 12W 

Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause perma
nent damage. The device should be operated within the limits 
specified under DC and AC Characteristics. 

Capacitance 
TA = 25°C; f = 1 MHz 

Parameter 

Input 
capacitance 

Input/output 
capacitance 

DC Characteristics 

Symbol 

C11 

C12 

C13 

C14 

C11/Co1 

C12/Co2 

TA = o to + 70°C; Vee = + 5.0 V :t5% 

Max 

88 

104 

57 

36 

17 

22 

NEC 
Recommended Operating Conditions 
Parameter Symbol Min Typ Max Unit 

Input voltage, high V1H 2.4 Vee+ 1.0 v 
Input voltage, low V1L -1.0 0.8 v 
Supply voltage Vee 4.75 5.0 5.25 v 
Ambient temperature TA 0 70 oc 

Unit Pins Under Test 

pF Ao-Ag 

pF WE 

pF RAS 

pF CAS 

pF DOo - D07, D09 • D015, 0018 • 0025, D027 • 0034 

pF DOa, 0017, D025, 0035 

Parameter Symbol Min Max Unit Test Conditions 

Standby current lee2· 24 mA RAS = CAS <::: V1H (min) 

12 mA RAS= CAS;::; Vee-0.2V 

Input leakage current l1(L) -120 120 µA V1N = ov to Vee; 
all other pins not under test = 0 V 

Output leakage current lo(L) -10 10 µA DOo to D035 disabled; VouT = o V to Vee 

Output voltage, low Vol 0.4 v loL = 4.2 mA 

Output voltage, high VoH 2.4 v loH = -5 mA 

4 



NEC MC-42tOOOA36 

AC Characteristics 
TA= o to+ 70°C; Vee= +5.0 V ±5% 

-60 -70 -80 

Parameter Symbol Min Max Min Max Min Max Unit Test Conditions 

Operating current, average lee1 1320 1120 1000 mA RAS and CAS cycling; 
tRe = tRc min; 
lo = O mA (Note 5) 

Operating current, RAS-only lee3 1320 1120 1000 mA RAS cycling; CAS ~ V1H; 
refresh cycle, average tRc = tRe min; 

lo= ·O mA (Note 5) 

Operating current, fast-page lee4 1040 920 800 mA RAS :S V1L; CAS .cycling; 
cycle, average tpc = tpc min; 

lo = O mA (Note 5) m Operating current, CAS before Ices 1320 1120 1000 mA RAS cycling; CAS before 
RAS refresh cycle, average RAS; tRc = tRc min; 

lo = O mA (Note 5) 

Access time from column tAA 30 35 40 ns (Notes 7, 9) 
address 

Access time from CAS tACP 35 40 45 ns (Notes 7, 9) 
precharge (rising edge) 

Column address setup time tAsc 0 0 0 ns 

Row address setup time tASR 0 0 0 ns 

Access time from CAS (falling teAC 20 20 20 ns (Notes 7, 9) 
edge) 

Column address hold time teAH 15 17 20 ns 

CAS pulse width tcAS 20 10,000 20 10,000 20 10,000 ns 

CAS hold time for CAS before teHR 15 15 15 ns 
RAS refresh cycle 

CAS to output in low tcLZ 0 0 0 ns (Note 7) 
impedance 

Fast-page CAS precharge time tcp 10 10 10 ns 

Nonpage CAS precharge time tePN 10 10 10 ns 

CAS to RAS precharge time teRP 10 10 10 ns (Note 12) 

CAS hold time tcsH 60 70 80 ns 

CAS setup time for CAS before tesR 10 10 10 ns 
RAS refresh cycle 

Data-in hold time toH 15 15 20 ns (Note 15) 

Data-in setup time tos 0 0 0 ns (Note 15) 

Output buffer turnoff delay toFF 0 15 0 15 0 20 ns (Note 10) 

Fast-page cycle time tpe 40 45 50 ns (Note 6) 

Access time from RAS tRAC 60 70 80 ns (Notes 7, 8) 

RAS to column address delay tRAD 15 30 15 35 17 40 ns (Note 9) 
time 

Row address hold time tRAH 10 10 12 ns 

Column address lead time tRAL 30 35 40 ns 
referenced to RAS (rising edge) 

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

Fast-page RAS pulse width tRASP 60 100,000 70 100,000 80 100,000 ns 

5 



MC-421000A36 

AC Characteristics (cont) 
-60 

Parameter Symbol Min Max Min 

Random read or write cycl.e tRc 120 140 
time 

RAS to CAS delay time tRCD 20 40 20 

Read command hold time tRCH 0 
referenced to CAS 

Read command setup time tRCS 0 

Refresh period tREF 16 

RAS precharge time tRP 50 

RAS precharge CAS hold time tRPC 10 

Read command hold time tRRH 10 
referenced to RAS 

RAS hold time tRSH 20 

Rise and fall transition time tr 3 50 

Write command hold time twcH 15 

Write command setup time twcs 0 

WE hold time twHR 15 

WE setup time twSR 10 

Write command pulse width twp 15 

Notes: 

(1) All voltages are referenced to GND. 

(2) An initial pause of 100 µsis required after power-up, followed by 
any eight RAS cycles, before proper device operation is 
achieved. At the end of the Initial power-up sequence, it is 
recommended that either a RAS-only or CAS before RAS refresh 
cycle be executed while WE ~ V1H to ensure normal operation. 

(3) Ac measurements assume tr = 5 ns. 

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

(5) lcc1. lcca. lcc4• and Ices depend on output loading and cycle 
rates. Specified values are obtained with the output open. lcca 
is measured assuming that all column address inputs are held at 
either a high level or a low level during RAS-only refresh cycles. 
lcc4 is measured assuming that all column address inputs are 
switched only once during each fast-page cycle. 

(6) The minimum specifications are used only to indicate the cycle 
time at which proper operation over the full temperature range 
(TA = o to + 70°C) is assured. 

(7) Load= 2 TTL (-1 mA, +4 mA) loads and 100 pF. 

(8) Assumes that tRco s tRcD (max) and tRAD s tRAD (max). If 
tRcD or tRAD is greater than the maximum recommended value 
in this table, tRAC increases by the amount that tRcD or tRAD 
exceeds the value shown. 

(9) If tRAD ~ tRAO (max), then the access time is defined by tAA· 

(10) toFF (max) defines the time at which the output achieves the 
open-circuit condition and is not referenced to VoH or Vol· 

6 

0 

0 

60 

10 

10 

20 

3 

15 

0 

15 

10 

15 

NEC 
-70 -80 

Max Min Max Unit Test Conditions 

160 ns (Note 6) 

50 25 60 ns (Note 11) 

0 ns (Note 13) 

0 ns 

16 16 ms Addresses Ao -Ag 

70 ns 

10 ns 

10 ns (Note 13) 

20 ns 

50 3 50 ns (Note 3) 

15 ns 

0 ns (Note 16) 

15 ns 

10 ns 

15 ns (Note 14) 

(11) Operation within the tRcD (max) limit assures that tRAC (max) 
can be met. tRcD (max) is specified as a reference point only; if 
tRcO is greater than tRCD (max), then access time is controlled 
exclusively by tcAC· 

(12) The tcRP requirement should be applicable for RAS/CAS cycles 
preceded by any cycle. 

(13) Either tRRH or tRcH must be satisfied for a read cycle. 

(14) Parameter twp is applicable for a delayed write cycle such as a 
read-write/read-modify-write cycle. For early write operation, 
both twcs and twcH must be met. 

(15) These parameters are referenced to the fal~ edge of CAS for 
early write cycles and to the falling edge of WE for delayed write 
or read-modify-write cycles. 

(16) twcs. tRWD• tcwo. and iAwo are restrictive operating parame
ters in read-write/read-modify-write cycles only. If twcs ~ twcs 
(min), the cycle is an early write cycle and the data output will 
remain open-circuitthroughoutthe entire cycle. lftcwo ~ tcwo 
(min), tRWo ~ tRWo (min), and tAwD ~ tAwD (min), 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 is met, 
the condition of the data output pin (at access time and until 
CAS returns to V1H) is indeterminate. 

(17) A test mode may ~initiated by executing a CAS before RAS 
refresh cycle with WE held at VIL· This mode also may inadvert
ently be initiated during power-up because external control of 
the signal lines is very difficult during this period. It is therefore 
recommended that while WE is held at V1H• either a RAS-only or 
CAS before RAS refresh cycle be executed at any time after the 
end of the initial power-up sequence to ensure normal device 
operation. 



NEC 
Timing Waveforms 

Read Cycle 

RAS 

Address 

WE 

oouT 

MC-421000A36 

r<'------tRSH------

---------~-tcsH----------

l 
1-< -~-tCAC -

I High Impedance 
Valld Data 

83YL·7243B 
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MC-421000A36 NEC 
Timing Waveforms (cont) 

Early Write Cycle 

Address 

-----tRc----~ 

----tRAs---~ 

r-• --.tRSH-

----tcsH---~ 

DoUT---------=-Hgh~lmpedanc_e ------

8 



NEC 
Timing Waveforms (cont) 

Fast-Page Read Cycle 

Address 

WE 

Valid 
Data-out 

MC-421000A36 

Valid 
Data-out 

83YL·7246B 

9 



MC-421000A36 NEC 
Timing Waveforms (cont) 

Fast-Page &rly Write Cycle 

Address 

toH=i _ 
-Vall-dData ~-71/-11 ;;-;z 

83YL·72488 
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NEC 
Timing Waveforms (cont) 

Hidden Refresh Cycle 

------Memory Cycle -~~CAS Before RAS Cycle 

~---tAc-----..--tAc--+i+---

tAAS 

RAS 

CAS 

MC-421000A36 

Address 711111111111/111 !llJZ 

WE 71/11//J/ !II 
l--tAAC 

High Impedance I oouT __ ___......__.... ___ ---<, 

·=~ 

tcAC 

Valid ~ta 

83YL·7247B 

11 
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MC-421000A36 

Timing Waveforms (cont) 

RAS-Only Refresh Cycle 

RAS 

r-tCRP 

Address 

Note: 

[1] WE;,,VIH· 

CAS Before RAS Refresh Cycle 

NEC 

\J 

831t+8816B 

DoUT--------------------------------__;,H~~~h-lm~pedance..;.;;.;; ________________________________ _ 

Note: 
[1] Address = don't care. 

831tMi702ll 
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NEC MC-421000A36 

Package Drawings 

72-Pin Socket-Mountable SIMM (MC-421000A36BIF} 

Hem Miiiimeters Inches Hem Miiiimeters Inches 
~I 

A 107.95 :I: 0.2 4.250 :I: .008 M 25.4 1.000 

B 101.19 :I: 0.2 3.984 :I: .008 N 5.28 .208 

F 0.75 min .029 min p 1.57 rad .062 rad 

G 10.16 .400 s 3.17 dla .125 dla 

H 1.27 .050 T 1.27 .050 

I 6.35 .250 u 3.38 .133 

J 2.03 .080 v 44.45 1.750 

K 6.35 .250 w 6.36 .250 

L 2.7 min .106 min x 95.25 :1:0.1 3.750 :I: .004 

T_JL 
A 

B 

1M = µPD421000GX 1M x 1 DRAM (TSOP) 

4M = µPD424400LA 1M x 4 DRAM (300-mll SOJ) 
83NR-81668 (6'92) 
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MC-421000A36 NEC 
Package Drawings (cont) 

72-Pin Socket-Mountable SIMM (MC-421000A36BDJFD~ BE/FE} 

Item Mllllmetera Inches Item Mllllmetera Inches 

A 107.95 ± 0.2 4.250 ± .008 M 25.4 1.000 

8 101.19 ± 0.2 3.984 ± .008 N 9.3 .366 
F 0.75 min .029 min p 1.57 rad .062 rad 

G 10.16 .400 s 3.17 dla .125 dla 

H 1.27 .050 T 1.27 .050 

6.35 .250 u 3.38 .133 

2.03 .080 v 44.45 1.750 

K 6.35 .250 w 6.36 .250 

L 2.7 min .106 min x 95.25 ±0.1 3.750 ± .004 

T_J k-

l 
A 

8 

L 
~~E--~~~~~-v~~~~~~-~w 

x~~~~~~~~~~~~~~.-1 

Mc-421 OOOA36 

BO 

FD 

BE 

FE 

14 

4M 

µPD424400LB, 1M x4 DRAM 
(350-mll SOJ) 

µPD424400LA, 1M x 4 DRAM 
(300-mll SOJ) 

1M 

µPD421000LA, 1M x 1 DRAM 
(300-mll SOJ) 

83NR-8177B (9f92) 



NEC 
Package Drawings (cont) 

72-Pin Socket-Mountable SIMM (MC-421000A36BH/FH) 

Item Mllllmetera lnchee Item Mllllmetera 

A 107.95 :1:0.2 4.250 :I: .008 M 31.75 
B 101.19 :I: 0.2 3.984 :I: .008 N 5.28 
F 0.75 min .029 min p 1.57 rad 

G 10.16 .400 s 3.17 dla 

H 1.27 .050 T 1.27 

I 6.35 .250 u 3.38 

J 2.03 .080 v 44.45 

K 6.35 .250 w 6.36 

L 2.7 min .106 min x 95.25 :1:0.1 

A 

B 

s 

-+1-11'--~~~~~v~~~~~~~·+W 

lnchee 

1.250 

.208 

.062 rad 

.125 dla 

.050 

.133 

1.750 
.250 

3.750 :I: .004 

MC-421000A36 

T_JL 

l 
r I -r-

L 

--~~~~~~~~~~~~~-x~~~~~~~~~~~~~--+I 

1M = 11PD421000LA 1M x 1 DRAM (300-mll SOJ) 
4M = 11PD424400LB 1M x 4 DRAM (350-mll SOJ) 

49NR·713B (1()(91) 
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MC-421000A36 

Package Drawings (cont) 

72-Pin Socket-Mountable SIMM (MC-421000A36BJ/FJ} 

Hem Mllllmetera lnchee Item Mllllmetera lnchee 

A 107.95 ± 0.2 4.250 ± .008 ·M 31.75 1.250 

B 101.19 ± 0.2 3.984 ± .008 N 5.28 .208 
F 0.75 min .029 min p 1.57 rad .062 rad 

G 10.16 .400 s 3.17 dla .125 dla 

H 1.27 .050 T 1.27 .050 

I 6.35 .250 u 3.38 .133 

J 2.03 .080 v 44.45 1.750 

K 6.35 .250 w 6.36 .250 

L 2.7 min .106 min x 95.25 ±0.1 3.750 ± .004 

s 

---..-~~~~~v~~~~~~-+w 

..-~~~~~~~~~~~~~-x·~~~~~~~~~~~~~~ 

16 

1M = µPD421000LA 1M x 1 DRAM (300-mO SOJ) 
4M = µPD424400LA 1M x 4 DRAM (300-mD SOJ) 

NEC 

~I 

83NR-8719B (MIR) 



NEC 
Package Drawings (cont) 

72-Pin Socket-Mountable SIMM (MC-421000A36BT/F1} 

s 

MC421000A36Bl7FT 

Hem Miiiimeters lnchee Hem 

A 107.95 ±0.2 4.250 ± .008 

B 101.19 ± 0.2 3.984 ±.008 

F 0.75 min .029 min 

G 10.16 .400 

H 1.27 .050 

6.35 .250 

2.03 .080 

K 6.35 .250 

2.7 min .106 min 

1M = µPD421000GX 1M x 1 DRAM (TSOP) 

4M = µPD424400GS 1M x 4 DRAM (TSOP) 

M 

N 
p 

s 
T 

u 
v 
w 
x 

Miiiimeters 

25.4 

2.68 

1.57 rad 

3.17 dla 

1.27 

3.38 

44.45 

6.36 

95.25 ± 0.1 

A 

B 

MC-421000A36 

f.1 
Inches 

1.000 

.106 

.062 rad 

.125 dla 

.050 

.133 

ID 1.750 
.250 

3.750 ± .004 

T--lL 

l 
M 

+ 

~ 
L 

48NR-8166B (1Ml1) 

17 
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NEC 
NEC Electronics Inc. 

Description 

The MC-421000M40 and MC-421000AB40 are fast
page dynamic RAM modules organized as 1,048,576 
words by 40 bits and designed to operate from a single 
+5-volt power supply. Advanced CMOS circuitry en
sures minimum power dissipation and excellent oper
ating margins. 

The three-state output is controlled by CAS indepen
dent of RAS. After a valid read or read-modify-write 
cycle, data is held on the output by holding CAS low. 
Data output is returned to high impedance by returning 
CAS high. Fast-page read and write cycles can be 
executed by cycling CAS. Refreshing is accomplished 
by means of RAS-only refresh cycles, CAS before RAS 
refresh cycles, hidden refresh cycles, or by the 1024 
address combinations of Ao - Ag during a 16-ms period. 

The MC-421000M40 is formed by ten 1 M x 4 DRAMs 
(µPD424400). The MC-421000AB40 is formed by ten 
512K x 8 DRAMs (µPD424800). Both modules have 10 
power supply decoupling capacitors for noise reduc
tion and are packaged in 72-pin Single lnline Memory 
Modules (SIMM™). 

Features 

o 1,048,576-word by 40-bit organization 
o Single +5-volt power supply 
o Fast-page option 
o Low power dissipation 
o RAS-only refresh cycles 
o CAS before RAS refresh cycles 
o Hidden refresh cycles 
o 1024 refresh cycles every 16 ms 
o TTL-compatible inputs and outputs 
o 72-pin SIMM packaging 

SIMM is a trademark of Wang Laboratories. 

60196 

MC-421000AA40, -421000AB40 
1,048,576 x 40-Bit 

Dynamic CMOS RAM Module 

Pin Configuration 

72-Pin SIMM 

Pin Symbol 
19 OE 
20 004 
21 0020 
22 005 

23 0021 
24 005 
25 0022 
26 DO, 

27 0023 
28 A1 

29 D~5 
30 Vee 
31 As 

32 Ag 

33 NC 

34 NC 

35 0034 

36 0032 

Notes: 

37c; 
36c 

0 19 

Pin 
37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

Pin 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 

Symbol 
0033 

0~5 
GNO 

CA So 
NC 

NC 

Note1 

RA So 
Note 1 

0037 

WE 
GND 

OOs 

0024 

009 

0025 

0010 

0~5 

[1] Signal assignments to pins 43 and 45. 

~mbol 
GND 
DOo 
001..§_ 
D01 
0017 
002 
DO_ta 
D~ 
0019 
Vee 
NC 

~ 
A1 
A2 
A3 
A4 
As 
A5 

Pin 
55 
56 

57 

58 

59 

60 

61 

62 

63 

64 

65 

66 

67 

68 

69 

70 

71 

72 

Pin MC-421000AA40 MC-421000AB40 

43 NC CAS1 

45 NC RAS1 

[2] Pins 69 and 70 are defined by access time. 

Pin 60na 70na aona 100118 

69 NC GND NC GND 
70 NC NC GND GND 

~mbol 
0011 

0027 

0012 

002s 

Vee 
0029 

0013 

0030 

0014 

D~1 

0015 

003s 

GND 

GND 

Note2 

Note2 

0039 

GND 

83YL·8184A 



MC-421000AA40,, -421000AB40 

Pin ldentif ication 
Name Function 

Ao-Ag Address inputs 

Column addres~ strobes 

Dao- D039 Common data inputs/outputs 

Output enable 

Row address strobes 

Write enable 

GND Ground 

Vee + 5-volt power supply 

NC No connection 

Ordering Information 
Part Number Access Time (max) Package 

MC-421000AA40B-60 

B-70 

B-80 

B-10 

MC-421000AA40F-60 

F-70 

F-80 

F-10 

MC-421000AB40B-60 

B-70 

B-80 

B-10 

MC-421000AB40F-60 

F-70 

F-80 

F-10 

2 

60 ns 

70 ns 

80 ns 

100 ns 

60 ns 

70 ns 

80 ns 

100 ns 

60 ns 

70 ns 

80 ns 

100 ns 

60 ns 

70 ns 

80.ns 

100 ns 

72-pin socket-mountable 
SIMM (solder plating) 

72-pin socket-mountable 
SIMM (gold plating) 

72-pin socket-mountable 
SIMM (solder plating) 

72-pin socket-mountable 
SIMM (gold plating) 

Height 

25.4 mm 
(1.0 inch) 

20.0 mm 
(0.787 inch) 

Thickness 

5.08 mm 
(0.2 inch) 

9.3mm 
(0.366 inch) 

NEC 

ORA Ms 

Ten µPD424400LA 

Ten µPD424800LE 



NEC 
MC-421000AA40 Connection Diagram 

RASo <>-------~ 
eASo 0-------

0E o-------+--t--
WE o-----

OOo 1101 
WE eAS RAS OE 

001 1102 MO 
002 1103 
003 1104 

004 1101 
WE eAS RAS OE 

Das 1102 M1 
005 1103 
007 1104 

OOs 1101 
WE eAS RAS OE 

Dag 1102 M2 
0010 1103 
0011 1104 

0012 1101 
WE eAS RAS OE 

0013 1102 M3 
0014 1103 
001s 1104 

0015 1101 
WE eAS RAS OE 

0017 1102 M4 
001s 1103 
0019 1104 

0020 1101 
WE eAS RAS OE 

0021 1102 MS 
0022 1103 
0023 1104 

0024 1101 
WE eAS RAS OE 

002s 1102 M6 
0025 1103 
0027 1104 

002s 1101 
WE eAS RAS OE 

0029 1102 M7 
0030 1103 

0031 1104 

0032 1101 
WE eAS RAS OE 

0033 1102 MS 
0034 1103 

003s 1104 

0035 1101 
WE eAS RAS OE 

0037 1102 M9 
Dass 1103 
003g 1104 

10, } Ao-Ago ,. 

Vee o :!:: 
/ 

:111 MO-Mg (µP0424400LA) 

-r- eo-eg ... GNO O>--_,.__ ____ ,.._ 

83YL-8185A 

MC-421000AA40, -421000AB40 

MC-421000AB40 Connection Diagram 

RAS1 
eAS1 
RA So 
eASo 

OE 
WE 

Dao 
001 
002 
003 
004 
OOs 
005 
007 

OOs 
009 
0010 
0011 
0012 
0013 
0014 
001s 

0015 
0017 
001s 
0019 
0020 
0021 
0022 
0023 

0024 
002s 
0025 
0027 
002s 
0029 
0030 
0031 

0032 
0033 
0034 
003s 
0035 
0037 
0038 
003g 

1101 
WE CAS RAS 

1102 
1103 
1104 

MO 
I/Os 
1/05 
1107 
I/Os 

1101 
WE CAS RAS 

1102 
1/03 
1104 

M1 
I/Os 
1/05 
1107 
I/Os 

1101
wE eAS RAS 

1/02 
1103 
1/04 

M2 
I/Os 
1105 
1107 
I/Os 

1101 
WE eAS RAS 

1102 
1/03 
1104 

M3 
I/Os 
1105 
1107 
I/Os 

1101 
WE eAS RAS 

1102 
1/03 
1104 

M4 
I/Os 
1105 
1107 
I/Os 

1101 
WE eAS RAS OE 

1102 
1103 
1/04 
I/Os 
1/05 
1107 
I/Os 

MS 

1101 
WE CAS RAS OE 

1102 
1/03 
1104 
I/Os 
1105 
1107 
I/Os 

M6 

1101 
WE CAS RAS OE 

1102 
1/03 
1104 
I/Os 
1/05 
1/07 
I/Os 

M7 

1101
WE eAS RAS OE 

1/02 
1/03 
1104 
I/Os 
1105 
1107 
I/Os 

MS 

1101
WE CAS RAS OE 

1102 
1103 
1/04 
I/Os 
1/05 
1/07 
I/Os 

Mg 

Vee 0 ~ I : MO-M9 (µP0424SOOLE) 

Ao-Ag o,____,_1~0 ' ----:111 } 

~CO-e9 
GNO 0 T )It 

83YL-8186A 
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MC-421000AA40, -421000AB40 t-IEC 
Absolute Maximum Ratings Recommended Operating Conditions 
Voltage on any pin relative to GND -1.0 to +7.0 V 

Operating temperature, ToPR o to +10°c 

Storage temperature, TsrG -55 to + 125°C 

Short-circuit output current, los 50 mA 

Power dissipation, Po 10W 

Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause perma
nent damage. The device should be operated within the limits 
specified under Recommended Operating Conditions. 

Capacitance 
TA = 25°C; f = 1 MHz 

Parameter Symbol 

Input voltage, high V1H 

Input voltage, low V1L 

Supply voltage Vee 

Ambient temperature TA 

Min Typ Max Unit 

2.4 Vee+ 1.0 v 
-1.0 0.8 v 
4.75 5.0 5.25 v 

0 70 oc 

Parameter Symbol MC-421000AA40 (max) MC-421000AB40 (max) Unit Pins Under Test 

Input 
capacitance 

lnpuVoutput capacitance 

DC Characteristics 

C11 

C12 

C13 

C14 

C11/Co1 

TA= o to +70°C; Vee= +5.0 V ±5% 

Parameter Symbol 

Standby current lcc2 

Input leakage current l1(L) 

Output leakage current lo(L) 

Output voltage, low Vol 

Output voltage, high VoH 

AC Characteristics 
TA= o to + 70°C; Vee = + 5.0 V ±10% 

Parameter Symbol Min 

Operating current, average lcc1 

Operating current, RAS-only lcc3 
refresh cycle, average 

Operating current, fast-page lcc4 
cycle, average 

Operating current, CAS before lees 
RAS refresh cycle, average 

4 

65 

70 

60 

60 

12 

Min Max 

20 

10 

-100 100 

-10 10 

0.4 

2.4 

-60 -70 

Max Min Max 

1250 1050 

1250 1050 

900 800 

1250 1050 

60 pF Ao-Ag 

85 pF WE, OE 

40 pF RAS 

40 pF CAS 

20 pF DOo- D039 

Unit Test Conditions 

mA RAS = CAS <?:: V1H (min) 

mA RAS= CAS <?:: Vcc-0.2V 

µA V1N = o V to V cc; 
all other pins not under test = 0 V 

µA DOo to D039 disabled; Vour = o V to Vee 

v loL = 4.2 mA 

v loH = -5 mA 

-80 -10 

Min Max Min Max Unit Test Conditions 

950 800 mA RAS and CAS cycling; 
tRc = tRc min; 
lo = o mA (Note 5) 

950 800 mA RAS cycling; CAS <?:: V1H; 
tRc = tRc min; 
lo = O mA (Note 5) 

700 600 mA RAS s V1L; CAS cycling; 
tpc = tpc min; 
lo = O mA (Note 5) 

950 800 mA RAS cycling; CAS before 
RAS; tRc = tRc min; 
lo = O mA (Note 5) 



NEC MC-421000AA40, -421000AB40 

AC Characteristics (cont) 
-60 -70 -80 -10 

Parameter Symbol Min Max Min Max Min Max Min Max Unit Test Conditions 

Access time from column address tAA 30 35 40 50 ns (Notes 3, 4, 7, 8) 

Access time from CAS precharge tAcP 35 40 45 55 ns (Notes 3, 4, 7, 8) 
(rising edge) 

Column address setup time tAsc O O 0 0 ns 

Row address setup time tAsR O O 0 0 ns 

Column address to WE delay tAWD 50 55 65 80 ns (Note 14) • 
time I • 
----------------
Access time from CAS tcAC 20 
(falling edge) 

Column address hold time tcAH 15 

CAS pulse width tcAS 20 10,000 

CAS hold time for CAS before 
RAS refresh cycle 

CAS to output in low impedance 

CAS precharge time, fast-page 
cycle 

CAS precharge time, nonpage 
cycle 

CAS to RAS precharge time 

CAS hold time 

CAS setup time for CAS before 
RAS refresh cycle 

tcHR 

tcLz 

tcp 

tcRP 

tcsH 

tcsR 

15 

0 

10 

10 

10 

60 

10 

CAS to WE delay tcwo 40 

Write command to CAS lead time tcwL 15 

Data-in hold time toH 15 

Data-in setup time tos O 

Access time from OE toEA 20 

OE delay data time 

OE command hold time 

OE to inactive setup time 

Output turnoff delay from OE 

Output buffer turnoff delay 

OE to output in low-Z 

Fast-page cycle time 

Access time from RAS 

RAS to column address delay 
time 

Row address hold time 

Column address lead time 
referenced to RAS .(rising edge) 

RAS pulse width 

RAS pulse width, fast-page cycle 

Random read or write cycle time 

toEH 

to ES 

toEz 

to FF 

toLZ 

tpc 

15 

0 

0 

0 15 

0 15 

0 

40 

60 

15 30 

10 

30 

60 10,000 

60 125,000 

120 

20 20 25 ns (Notes 3, 4, 7, 8) 

15 15 20 ns 

20 10,000 20 10,000 25 10,000 ns 

15 15 20 ns 

0 0 0 ns (Notes 4, 7) 

10 10 10 ns 

10 10 10 ns 

10 10 10 ns (Note 10) 

70 80 100 ns 

10 10 10 ns 

40 45 55 ns (Note 14) 

15 15 20 ns 

15 15 20 ns (Note 13) 

0 0 0 ns (Note 13) 

20 20 25 ns (Notes 3, 4, 7, 8) 

15 20 25 ns 

0 0 0 ns 

0 0 0 ns 

0 15 0 20 0 25 ns (Note 9) 

0 15 0 20 0 25 ns (Note 9) 

0 0 0 ns (Notes 6, 7) 

45 50 60 ns (Note 6) 

70 80 100 ns (Notes 3, 4, 7, 8) 

15 35 17 40 17 50 ns (Note 8) 

10 12 12 ns 

35 40 50 ns 

70 10,000 80 10,000 100 10,000 ns 

70 125,000 80 125,000 100125,000 ns 

140 160 190 ns (Note 6) 

5 



MC-421000AA40, -421000AB40 

AC Characteristics (cont) 
-60 -70 

Parameter Symbol Min Max Min 

RAS to CAS delay time tRCD 20 40 20 

Read command hold time tRcH 0 0 
referenced to CAS 

Read command setup time tRCS 0 0 

Refresh period tREF 16 

RAS precharge time tRP 50 60 

RAS precharge CAS hold time tRPC 10 10 

Read command hold time tRRH 10 10 
referenced to RAS 

RAS hold time tRsH 20 20 

Read-write cycle time tRWC 165 185 

RAS to WE delay tRWD 80 90 

Write command to RAS lead time tRWL 20 20 

Rise and fall transition time tr 3 50 3 

Write command hold time twcH 15 15 

Write command setup time twcs 0 0 

WE hold time twHR 15 15 

Write command pulse width twp 15 15 

WE setup time twsR 10 10 

Notes: 

(1) All voltages are referenced to GND. 

(2) An initial pause of 100 µsis required after power-up, followed by 
any eight RAS cycles, before proper device operation is 
achieved. At the end of the initial power-up sequence, it is 
recommended that either a RAS-only or CAS before RAS refresh 
cycle be executed while WE ~ V1H to ensure normal operation: 

(3) Ac measurements assume tr = 5 ns. 

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

V1H and VIL· 

(5) lcc1. lcc3• lcc4• and Ices depend on output loading and cycle 
rates. Specified values are obtained with the output open. lcc3 
is measured assuming that all column address inputs are held at 
either a high level or a low level during RAS-only refresh cycles. 
lcc4 is measured assuming that all column address inputs are 
switched only once during each fast-page cycle. 

(6) The minimum specifications are used only to indicate the cycle 
time at which proper operation over the full temperature range 
(TA= 0 to + 70 °C) is assured. 

(7) Load = 2 TTL (-:1 mA, +4 mA) loads and 100 pF (VoH= 2.0 V 
and Vol= 0.8 V). 

(8) If tRcD s tRcs (max) and. tRAD s tRAD (max) access time is 
defined by tRAC (max). If tRcD ~ tRcD (max) access time is 
defined by tcAc (max) and if tRAD ~ tRAD (max) access time is 
defined by tAA (max). 

6 

Max 

50 

16 

50 

NEC 

-80 -10 

Min Max Min Max Unit Test Conditions 

25 60 25 70 ns (Note 8) 

0 0 ns (Note 11) 

0 0 ns 

16 16 ms Addresses Ao - A9 

70 80 ns 

10 10 ns 

10 10 ns (Note 11) 

20 25 ns 

210 250 ns (Note 6) 

105 130 ns (Note 14) 

20 25 ns 

3 50 3 50 ns (Note 4) 

15 20 ns (Note 12) 

0 0 ns (Note 14) 

15 20 ns 

15 20 ns (Note 12) 

10 10 ns 

(9) toFF (max) and toEZ (max) define the time at which the outputs 
become open-circuit and are not referenced to VoH or Vol· 

(10) The tcRP requirement should be applicable for RAS/CAS cycles 
preceded by any cycle. 

(11) Either tRRH or tRcH must be satisfied for a read cycle. 

(12) Parameter twp is applicable for a delayed write cycle such as a 
read-write/read-modify-write cycle. For early write cycles, both 
twcs and twcH must be met. 

(13) These parameters are referenced to the fal!!!!g edge of CAS for 
early write cycles and to the falling edge of WE for delayed write 
or read-modify-write cycles. 

(14) twcs• tRWD• tcwo. and tAwo are restrictive operating parame
ters in read-write/read-modify-write cycles only. If twcs ~ twcs 
(min), the cycle is an early write cycle and the.data 1/0 pins will 
remain open-circuit throughout the entire cycle. If tcwo ~ tcwo 
(min), tRwD ~ tRWo (min), and tAwo ~ tAwo (min), then the cycle 
is a read-write cycle and the data 1/0 pins will contain data read 
from the selected cells. If neither of the above conditions is~ 
the condition of the data 1/0 pins (at access time and until CAS 
returns to V1H) is indeterminate. 

(15) A test mode may be initiated by executing a CAS before RAS 
refresh cycle with WE held at VIL· This mode also may inadvert
antly be initiated during power-up because external control of 
the signal lines is very difficult during this period. It is therefore 
recommended that while WE is held at V IH• either a RAS-only or 
CAS before RAS refresh cycle should be executed at any .time 
after the end of the initial power-up sequence to ensure normal 
device operation. 



NEC MC-421000AA40, -421000AB40 

Timing Waveforms 

Read Cycle 

RAS 

CAS 

Address 

i...1-c;------tRSH-----
tcsH----------

WE 7// Ill II II/ 112 --•oes_J V/l)J/J 

OE 

·~·1 
I j._ tcAc----

~tAA- toEZ 

-------~!RAC--+----~ 

High Impedance High Impedance I lnpuVOutput --------'~....._ _____ _..__--+---tt 

L.=ru 
Valid Data-out 

83VB-67798 
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MC-421000AA40, -421000AB40 

Timing Waveforms {cont) 

Early Write Cycle 

RAS 

tcRP 

CAS 

Address 

1--o(---tRSH----
-------.,---tcsH-------

NEC 

-~}111/J/////ZIZI ////Jib 
~1.-~--_toH~_-_j 

lnpuVOutput ~----0-ata--i" __ _ 

Note: 

(1) OE= don't care. 
83YL-6978B 
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NEC 
Timing Waveforms (cont) 

Late Write Cycle 

RAS 

CAS 

Address 

WE 

OE 

Input/Output 

MC-421000AA40, -421000AB40 

~1~0-------tRSH-----

---------~-tCSH-----------

----tRco--~~----tcAs-------

83VL-6979B 
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MC-421000AA40, -421000AB40 

Timing Waveforms (cont) 

Read-Write/Read-Modify-Write Cycle 

CAS 

t~.J~tRAo~tRAL 
tASC tRAH 

NEC 

~"11"""11~,..,,..,,..,,.~,..,,..IP""ll""ll"""ll~,..,,..,,..,,...,,.-ii,...,,..IP""ll""ll"""ll~,..,,..,,...,...,,.-ii....,..,_. 

Address 

OE 

Input/Output _______ H_ig._h_1m .... p_ed_a_nc_e _____ 
1 

1.-------tRAc~~~~~ 
I+! l~toLz 

tCLzH 
83YL-6980B 
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NEC 
Timing Waveforms (cont) 

Fast-Page Read Cycle 

RAS 

CAS 

Address 

WE 

OE 

lnpuVOutput 

MC-421000AA40, -421000AB40 

83YL-8272B 
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MC-421000AA40, -421000AB40 NEC 
Timing Waveforms (cont) 

Fast-Page Early Write Cycle 

Note: 

(1] OE= don't care. 
83VL-8273B 
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NEC 
Timing Waveforms (cont) 

Fast-Page Late Write Cycle 

MC-421000AA40, -421000AB40 

83VL-6982B 
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MC-421000AA40, -421000AB40 NEC 
Timing Waveforms (cont) 

Fast-Page Read-Write/Read-Modify-Write Cycle 

-~~---tcAs-----

tcAH 

Address 

WE 

High Impedance 

83YL-82748 
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NEC MC-421000AA40, -421000AB40 

Timing Waveforms (cont) 

Hidden Refresh Cycle 

-----Memory Cycle---~'--- CAS Before RAS Cycle __.~--CAS Before RAS Cycle 

------tRc tRc tRc-----

RAS 

CAS 

Address 

WE I!!/// !II 
I 

Input/Output -----'--H-ig-..h_lm_.p_e_da_nc_e __ -<
1 

lli.-~CLZ 

twHR~ I 

\\\\\\\\\\\ \\\W 
I 

Valid Data-out 

lQfF 

toEZ 

High 
Impedance 

83VB-6785B 
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MC-421000AA40, -421000AB40 

Timing Waveforms (cont) 

RAS-Only Refresh Cycle 

RAS 

tcRP 

- Jl 
~-~---

NEC 

High Impedance 
Input/Output----------------------------------

Notes: 

[1) WE=OE=don'tcare. 
83VB-6783B 

CAS Before RAS Refresh Cycle 

RAS 

1.-tRP 
-~~ -1---------------t-~-C-~-~~~~~--~-R_P_ 

r-twsR__.j !+twHR1 
WE 711 \\ \\\\\ \\\\ \\\\\\\\\ \ \\ \\\\\\\\\\\\\\\\ \\\\\ 

High Impedance 
Input/Output----------------------------------

83VB-6784B 
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NEC MC-421000AA40, -421000AB40 

Package Drawings 

72-Pin Socket-Mountable SIMM (MC-421000AA40BIF} 

Item Millimeters Inches Item Millimeters Inches 

A 107.95 ±0.2 4.250 ±.008 M 25.40 1.000 

B 101.19 ±0.2 3.984 ±.008 N 5.08 .200 

F 1.04 .041 p 1.57 rad .062 rad 

G 10.16 .400 s 3.17 dia .125 dia 

H 1.27 .050 T 1.27 .050 

6.35 .250 u 3.38 .133 

2.03 .080 v 44.45 1.750 

K 6.35 .250 w 6.36 .250 

2.54 min .100 min x 95.25 ±0.1 3.750 ± .004 

T_JL 
A 

B 

--o--~~~~~-v~~~~~~---w 

---~~~~~~~~~~~~~~x~~~~~~~~~~~~~~-

MC·421 OOOAA40BIF 83YL·8187B (11/91) 
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MC·421000AA40, -421000AB40 NEC 
Package Drawings (cont) 

72-Pin Socket-Mountable SIMM (MC-421000AB40B/FJ 

Item Millimeters Inches Item Millimeters Inches 

A 107.95 ±0.2 4.250 ±.008 M 20.00 .787 

B 101.19 ±0.2 3.984 ±.008 N 9.30 .366 

F 1.04 .041 p 1.57 rad .062 rad 

G 10.16 .400 s 3.17 dia .125 dia 

H 1.27 .050 T 1.27 .050 

6.35 .250 u 3.38 .133 

2.03 .080 v 44.45 1.750 

K 6.35 .250 w 6.36 .250 

2.54 min .100 min x 95.25 ±0.1 3.750 ±.004 

A 

B 

MC-421 OOOAB40BIF 83YL-8188B (11191) 
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NEC 
NEC Electronics Inc. 

Description 

The MC-422000A32 is a fast-page dynamic RAM mod
ule organized as 2,097,152 words by 32 bits and de
signed to operate from a single +5-volt power supply. 
Advanced CMOS circuitry ensures minimum power 
dissipation and excellent operating margins. 

The three-state output is controlled by CAS indepen
dent of RAS. After a valid read or read-modify-write 
cycle, data is held on the output by holding CAS low. 
Data output is returned to high impedance by returning 
CAS high. Fast-page read and write cycles can be 
executed by cycling CAS. Refreshing is accomplished 
by RAS-only refresh cycles, CAS before RAS refresh 
cycles, hidden refresh cycles, or by the 1024 address 
combinations of Ao-A9 during a 16-ms period. 

The MC-422000A36 is packaged in a variety of Single 
lnline Memory Modules (SIMM™). Each SIMM contains 
sixteen 1,048,576 x 4-bit µPD424400 DRAMs, and 16 
power supply decoupling capacitors for noise reduc
tion. DQ0 - DQ31 are common input/output pins. 

Features 

o 2,097,152-word by 32-bit organization 
o Single +5-volt power supply 
o Fast-page cycles 
o Low power dissipation 
o RAS-only refresh cycles 
o CAS before RAS refresh cycles 
o Hidden refresh cycles 
o 1024 refresh cycles every 16 ms 
o TTL-compatible inputs and outputs 
o 72-pin SIMM packaging 

Pin ldentif ication 
Name Function 

Ao-A9 Address inputs 

CASo- CAS3 Column address strobes 

DOo-0031 Common data inputs/outputs 

RAS0-RAS3 Row address strobes 

Write enable 

GND Ground 

Vee +5-volt power supply 

NC No connection 

SIMM is a trademark of Wang Laboratories. 

60211 

MC-422000A32 
2,097,152 x 32-Bit 

Dynamic CMOS RAM Module 

Pin Configuration 

72-Pin Socket-Mountable SIMM 

Pin ~mbol Pin ~mbol Pin Sy_mbol 
19 NC 37 NC 55 0011 

20 DC4 36 NC 56 0027 
21 0020 39 GND 57 0012 
22 005 40 CA So 58 0025 
23 ~ 41 CAS2 59 Vee 
24 00s 42 CA~ 60 0029 
25 ~ 43 CAS1 61 0013 
26 00, 44 RASo 62 0030 
27 ~ 45 RAS1 63 0014 
28 A1 46 NC 64 0031 
29 NC 47 WE 65 0015 
30 VGQ_ 48 NC 66 NC 

31 A_a 49 005 67 [Note 1) 

32 ~9- 50 0024 68 [Note 1) 

33 RA~ 51 009 69 [Note1) 

34 RAS2 52 0025 70 [Note 1) 

35 NC 53 0010 71 NC 

36 NC 54 0026 72 GND 

Notes: 

[1] Pins 87-70 are defined by access time: 

Pin &Ona 70ns sons 100ns 

67 NC NC NC NC 

68 NC NC NC NC 

89 NC GND NC GND 

70 NC NC GND GND 

83FM-8625A. 



MC-422000A32 

Ordering Information 
Part Number Access Time (max) 

MC-422000A32B-60 60 ns 

B-70 70 ns 

B-80 80 ns 

B-10 100 ns 

MC-422000A32F-60 60 ns 

F-70 70 ns 

F-80 80 ns 

F-10 100 ns 

MC-422000A32BJ-60 60 ns 

BJ-70 70 ns 

BJ-80 80 ns 

BJ-10 100 ns 

MC-422000A32FJ-60 60 ns 

FJ-70 70 ns 

FJ-80 80 ns 

FJ-10 100 ns 

2 

Package 

72-pin socket-mountable 
SIMM (solder plating) 

72-pin socket-mountable 
SIMM (gold plating) 

72-pin socket-mountable 
SIMM (solder plating) 

72-pin socket-mountable 
SIMM (gold plating) 

Height 

25.4 mm 
(1.0 inch) 

31.75mm 
(1.250 inch) 

Thickness 

9.3mm 
(0.366 inch) 

9.3mm 
(0.366 inch) 

NEC 
DRAMs 

Sixteen µPD424400LA 

Sixteen µPD424400LA 



NEC 
Connection Diagram 

RASo o-----....., ----n RAS1 
CASou-------<9---+--------+----. 

004 
005 
OOa 
ocq 

V0
1 

CAS RAS 

V02 DO 
V03 
V04 

V0
1 

CAS RAS 

V02 D3 
V03 
V04 

V0
1 

OE RAS CAS 

V02 01 
V03 
V04 

V0
1 

OE RAS CAS 

V02 02 
V03 
V04 

CAS1 u---~i.---r--------+----. 

0012 
0013 
0014 
0015 

V0
1 

eAS RAS OE 

V02 07 
V03 
V04 

V0
1 

OE RAS CAS 

V02 D5 
V03 
V04 

RAS2 u------, ___ .,, RAS3 
CAS20---~.___,_ _______ -1--~ 

0020 
0021 
0022 
0023 

V0
1 

OE RAS CAS 

V02 09 
V03 
V04 

V0
1 

OE RAS CAS 

V02 010 
V03 
V04 

CAS3 o---~i.---r--------+-~ 

V0
1 

OE RAS CAS 

V02 013 
V03 
V04 

V0
1 

OE RAS CAS 

015 V02 014 
V03 
V04 

Ao·Ag 0 )>} 
WE 0 > 

Vee o 1 > 00-015 (µPD424400) 

T eo-e23 
GNO 0 > 

83YL-lli26A 

MC-422000A32 
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MC-422000A32 

Absolute Maximum Ratings 
Voltage on any pin relative to GND -1.0 to + 7.0 V 

Operating temperature, ToPR Oto +70°C 

Storage temperature, TsTG -55 to + 125°C 

Short-circuit output current, los 50 mA 

Power dissipation, Po 16W 

Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause perma
nent damage. The device should be operated within the limits 
specified under DC and AC Characteristics. 

Recommended Operating Conditions 
Parameter Symbol Min Typ Max Unit 

Input voltage, high V1H 2.4 Vee+ 1.0 v 
Input voltage, low V1L -1.0 0.8 v 
Supply voltage Vee 4.75 5.0 5.25 v 
Ambient temperature TA 0 70 ·c 

DC Characteristics 
TA= o to +10°c; Vee= +5.0V ±5% 

Parameter Symbol Min Max 

Standby current lcc2 32 

16 

Input leakage current l1(L) -160 160 

Output leakage current lo(L) -10 10 

Output voltage, low Vol 0.4 

Output voltage, high VoH 2.4 

4 

Capacitance 
TA = 25°C; f = 1 MHz 

Parameter 

Input 
capacitance 

Input/output 
capacitance 

Unit 

mA 

mA 

µA 

µA 

v 
v 

Symbol 

C11 

C12 

C13 

C14 

C11/Co1 

NEC 

Max Unit Pins Under Test 

121 pF Ao-Ag 

137 pF WE 

48 pF RAS 

48 pF CAS 

29 pF DOo- 0031 

Test Conditions 

RAS = CAS <!:: V1H (min) 

RAS'= CAS <!:: Vee - 0.2 v 
V1N = o V to V cc; 
all other pins not under test = 0 V 

DOo to D031 disabled; VouT = o V to Vee 

loL = 4.2 mA 

loH = -5 mA 



NEC MC-422000A32 

AC Characteristics 
TA= o to +70°C; Vee= +5.0 V ±5% 

-60 -70 -80 -10 

Parameter Symbol Min Max Min Max Min Max Min Max Unit Test Conditions 

Operating current, lcc1 1020 860 780 700 mA RAS and CAS cycling; 
average tRc = tRc min; 

lo = O mA (Note 5) 

Operating current, lcc3 1020 860 780 700 mA RAS cycling; CAS <!:: V1H; 
RAS-only refresh tRc = tRc min; 
cycle, average lo = o mA (Note 5) 

Operating current, lcc4 780 700 620 540 mA RAS s V1L; CAS cycling; 
fast-page cycle, tpc = tpc min; 
average lo = O mA (Note 5) m Operating current, Ices 1020 860 780 700 mA RAS cycling; CAS before 
CAS before RAS RAS; tRc = tRc min; 
refresh cycle, lo = o mA (Note 5) 
average 

Access time from tAA 30 35 40 50 ns (Notes 7, 9) 
column address 

Access time from tACP 35 40 45 55 ns (Notes 7, 9) 
CAS precharge 
(rising edge) 

Column address tAsc 0 20 0 20 0 20 0 25 ns 
setup time 

Row address setup tASR 0 0 0 0 ns 
time 

Access time from tcAC 15 20 20 25 ns (Notes 7, 9) 
CAS 
(falling edge) 

Column address tcAH 17 17 20 20 ns 
hold time 

CAS pulse width tcAS 20 10,000 20 10,000 20 10,000 25 10,000 ns 

CAS hold time for tcHR 15 15 15 20 ns 
CAS before RAS 
refresh cycle 

Data setup time tcLZ 0 0 0 0 ns 

CAS precharge tcp 10 10 10 10 ns 
time, fast-page 
cycle 

CAS precharge tcPN 10 10 10 10 ns 
time, nonpage 
cycle 

CASto RAS tcRP 10 10 10 10 ns (Note 12) 
precharge time 

CAS hold time tcsH 60 70 80 100 ns 

CAS setup time for tcsR 10 10 10 10 ns 
CAS before RAS 
refresh cycle 

Data-in hold time toH 15 15 15 20 ns (Note 15) 

Data-in setup time tos 0 0 0 0 ns (Note 15) 

Output buffer toFF 0 15 0 15 0 20 0 25 ns (Note 10) 
turnoff delay 

5 



MC-422000A32 NEC 
AC Characteristics (cont) 

-60 -70 -80 -10 

Parameter Symbol Min Max Min Max Min Max Min Max Unit Test Conditions 

Fast-page cycle tpc 40 45 50 60 ns (Note 6) 
time 

Access time from tRAC 60 70 80 100 ns (Notes 7, 8) 
RAS 

RAS to column tRAD 15 30 15 35 17 40 17 50 ns (Note 9) 
address delay time 

Row address hold tRAH 10 10 12 12 ns 
time 

Column address tRAL 30 35 40 50 ns 
lead time 
referenced to RAS 
(rising edge) 

RAS pulse width tRAS 60 10,000 70 10,000 80 10,000 100 10,000 ns 

RAS pulse width, tRASP 60 100,000 70 100,000 80 100,000 100 100,000 ns 
fast-page cycle 

Random read or tRC 120 140 160 190 ns (Note 6) 
write cycle time 

RAS to CAS delay tRCD 20 40 20 50 25 60 25 75 ns (Note 11) 
time 

Read command tRCH 0 0 0 0 ns (Note 13) 
hold time 
referenced to CAS 

Read command tRcs 0 0 0 0 ns 
setup time 

Refresh period tREF 16 16 16 16 ms Addresses Ao - Ag 

RAS precharge tRP 50 60 70 80 ns 
time 

RAS prec harge tRPC 10 10 10 10 ns 
CAS hold time 

Read command tRRH 10 10 10 10 ns (Note 13) 
hold time 
referenced to RAS 

RAS hold time tRSH 20 20 20 25 ns 

Rise and fall tT 3 50 3 50 3 50 3 50 ns (Note 3) 
transition time 

Write command twcH 15 15 15 20 ns 
hold time 

Write command twcs 0 0 0 0 ns (Note 16) 
setup time 

WE hold time twHR 15 15 15 20 ns 

WE setup time twSR 10 10 10 10 ns 

Write command twp 15 15 15 20 ns (Note 14) 
pulse width 

6 



NEC 
AC Characteristics (cont) 

Notes: 

(1) All voltages are referenced to GND. 

(2) An initial pause of 100 µsis required after power-up, followed by 
any eight RAS cycles, before proper device operation is 
achieved. At the end of the initial power-up sequence, it is 
recommended that either a RAS-on!Y1'.efresh or a CAS before 
RAS refresh cycle be executed while WE <:!: V1H to ensure normal 
operation. 

(3) Ac measurements assume tT = 5 ns. 

(4) V1H (min) and V1L (max) are reference levels for measuring the 
timing of input signals. Transition times are measured between 
V1H and VIL· 

(5) lcc1. lcca. lcc4, and Ices depend on output loading and cycle 
rates. Specified values are obtained with the output open. lcca 
is measured assuming that all column address inputs are held at 
either a high level or a low level during RAS-only refresh cycles. 
lcc4 is measured assuming that all column address inputs are 
switched only once during each fast-page cycle. 

(6) The minimum specifications are used only to indicate the cycle 
time at which proper operation over the full temperature range 
(TA = 0 to + 70°C) is assured. 

(7) Load = 2 TTL (-1 mA, + 4 mA) loads and 100 pF. 

(8) Assumes that tRcD s tRcD (max) and tRAD s tRAD (max). If 
tRcD or tRAD is greater than the maximum recommended value 
in this table, tRAC increases by the amount that tRCD or tRAD 
exceeds the value shown. 

(9) If tRAD <!:: tRAD (max), then the access time is defined by tAA· 

(10) toFF (max) defines the time at which the output achieves the 
open-circuit condition and is not referenced to VoH or Vol· 

MC-422000A32 

(11) Operation within the tRcD (max) limit assures that tRAC (max) 
can be met. tRcD (max) is specified as a reference point only; if 
tRcD is greater than tRco (max), then access time is controlled 
exclusively by tcAC· 

(12) The tcRP requirement should be applicable for RAS/CAS cycles 
preceded by any cycle. 

(13) Either tRRH or tRcH must be satisfied for a read cycle. 

(14) Parameter twp is applicable for a delayed write cycle such as a 
read-write/read-modify-write cycle. For early write operation, 
both twcs and twcH must be met. 

(15) These parameters are referenced to the fal.!l!:!g edge of CAS for m 
early write cycles and to the falling edge of WE for delayed write I 
or read-modify-write cycles. 

(16) twcs. tRWD· tcwo. and tAwD are restrictive operating parame
ters in read-write/read-modify-write cycles only. If twcs <!:: twcs 
(min), the cycle is an early write cycle and the data output will 
remain open-circuit throughout the entire cycle. If t cwo <!:: tcwo 
(min), tRWo::::: tRWo (min), and tAwD <:!: tAwD (min), 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 is met, 
the condition of the data output pin (at access time and until 
CAS returns to V1H) is indeterminate. 

(17) A test mode may be initiated by executing a CAS before RAS 
refresh cycle with WE held at VIL· This mode also may inadvert
ently be initiated during power-up because external control of 
the signal lines is very difficult during this period. lt~erefore 
~mmended that while WE is held at VIH• either a RAS-only or 
CAS before RAS refresh cycle should be executed f;lt any time 
after the end of the initial power-up sequence to ensure normal 
device operation. 
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MC.;422000A32 

Timing Waveforms 

Read Cycle 

Address 

WE 

r<Er--------tAsH---------i~ -----~----;~tcsH---------..i 

l 
LL.AA_ 

~tCAc---.i 
---------, tRAC 

DOUT ~--~-----------H-~_h_lmpadan_,_ __ ~----~--------~--i~IA 

~·= 
Valld Data 

8 

83YL·7243B 



NEC 
Timing Waveforms (cont) 

Ea.rly Write Cycle 

MC-422000A32 

-------tRc------

~---tRAs-----

r-• --tRSH--
14----1--tCSH ___ __ 

Address 

00
UT ______ _.;.;:Hlg~htm~pedance~------

83YL·7244B 
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MC-422000A32 

Timing Waveforms (cont) 

Fast-Page Read Cycle 

10 

tt/EC 

83YL·7245B 



NEC MC-422000A32 

Timing Waveforms (cont) 

Fast-Page Early Write Cycle 

Address 

DtN 

toH=i_ 
-Vall-dDam ~/....,....,...,7/j_,...,....,J J/_,........,.IZ 

83Yl·72468 
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MC·422000A32 

Timing Waveforms (cont) 

Hidden Refresh Cycle 

-----Memory Cycle-~~ 

14------tRc---~--

RAS 

CAS 

Address 

WE 711 Ill Ill! II 
l-lRAC 

High Impedance · I 
COUT -------------1 

·=~ 

tCAc 

12 

NEC 

/llllJ llJJ //j//JIJ/11 

55 VII !llllJl/t 

·~·~r-
83YL-7247B 



NEC 
Timing Waveforms (cont) 

RAS-Only Refresh Cycle 

RAS 

r-tCRP 

CAS __f 

Address 

MC·422000A32 

\J 

oouT~------------------------------H~1g_h1_m~pedanc ___ e ______________________________ ~ 

Note: 

[1) WE;,:VIH· 
831~16B 

CAS Before RAS Refresh Cycle 

... tRC _,,,. 

""-- tRAS -"" , 

RAS ~ vf ' ...... tRP--+ 

-{'~R~ ~ICHRl tRPC~ 

~0~~· 7/;j CAS 

WE l/!l/J! \\S 
DouT---------------------------------H~~~h-lm~pedan---~----------------------------~ 

Note: 
[1] Address= don't care. 

8311+6702B 
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MC-422000A32 NEC 
Package Drawings 

72-Pin Socket Mountable SIMM (MC-422000A32B!F} 

83NR-86211B (3192) 
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NEC MC-422000A32 

Package Drawings (cont) 

72-Pin Socket Mountable SIMM {MC-422000A32/BJ/FJ) 

Item Ml Ill meters lnchee Hem Miii i meters lnchee 

A 107.95 :1:0.2 4.250 :I: .008 M 31.75 1.250 
B 101.19 :I: 0.2 3.984 :I: .008 N 9.3 .366 
F 1.04 .041 p 1.57 rad .062 rad 
G 10.16 .400 s 3.17 dla .125 dla 

H 1.27 .050 T 1.27 .050 

6.35 .250 u 3.38 .133 

2.03 .080 v 44.45 1.750 
K 6.35 .250 w 6.36 .250 

L 2.54 min .100 min x 95.25 :I: 0.1 3.750 :I: .004 

A 

B 

.-.E--~~~~~v·~~~~~~~·~w 

14-~~~~~~~~~~~~~x·~~~~~~~~~~~~~--· 

83NR-8627B (7/9'Z) 
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MC·422000A32 NEC 
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NEC 
NEC Electronics Inc. 

Description 

The MC-422000A36 is a fast-page dynamic RAM mod
ule organized as 2,097,152 words by 36 bits and de
signed to operate from a single +s-volt power supply. 
Advanced CMOS circuitry ensures minimum power 
dissipation and excellent operating margins. 

The three-state output is controlled by CAS indepen
dent of AAS. After a valid read or read-modify-write 
cycle, data is held on the output by holding CAS low. 
Data output is returned to high impedance by returning 
CAS high. Fast-page read and write cycles can be 
executed by cycling CAS. Refreshing is accomplished 
by RAS-only refresh cycles, CAS before AAS refresh 
cycles, hidden refresh cycles, or by the 1024 address 
combinations of Ao-A9 during a 16-ms period. 

The MC-422000A36 is packaged in a variety of Single 
lnline Memory Modules (SIMM™). Each SIMM contains 
sixteen 1,048,576 x 4-bit µPD424400 DAAMs, eight 
1,048,576 x 1-bit µPD421000 DRAMs, and 24 power 
supply decoupling capacitors for noise reduction. 
DQ0 - DQ35 are common input/output pins. 

Features 

o 2,097,152-word by 36-bit organization 
o Single +5-volt power supply 
o Fast-page cycles 
o Low power dissipation 
o AAS-only refresh cycles 
o CAS before RAS refresh cycles 
o Hidden refresh cycles 
o 1024 refresh cycles every 16 ms 
o TTL-compatible inputs and outputs 
o 72-pin SIMM packaging 

Pin ldentif ication 
Name Function 

AQ-Ag Address inputs 

CASo- CAS3 Column address strobes 

DOo-0035 Common data inputs/outputs 

RASo- RAS3 Row address strobes 

WE Write enable 

GND Ground 

Vee + 5-volt power supply 

NC No connection 

SIMM Is a trademark of Wang Laboratories. 

60123-1 

MC-422000A36 
2,097,152 x 36-Bit 

Dynamic CMOS RAM Module 

Pin Configuration 

72-Pin Socket-Mountable SIMM 

Pin 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 

o_!:. 18 

Pin bol Pin Symbol Pin Symbol 
19 37 0017 55 0012 
20 38. 0035 56 0030 
21 39 GND 57 0013 
22 40 CA~ 58 0031 
23 41 CAS-2_ 59 Vee 
24 42 CAS3 60 0032 
25 43 CAS1 61 0014 
26 44 RA~ 62 0033 
2:7 45 RAS1 63 0015 
28 A1 46 NC 64 0034 
29 NC 47 WE 65 0015 
30 48 NC 66 NC 
31 49 009 67 [Note 1) 

32 50 002:7 68 [Note 1) 

33 51 0010_ 69 [Note 1) 

34 52 00~ 70 [Note 1] 

35 53 0011 71 NC 

36 54 002_g_ 72 GND 

Notes: 

[1] Pins 67·70 are defined by access time: 

Pin &Ona 70n• aona 1oona 
67 NC NC NC NC 
68 NC NC NC NC 

69 NC GND NC GND 
70 NC NC GND GND 

83YL-8;16A 



MC-422000A36 t\'EC 
Ordering Information 
Part Number Access Time (max) Package Height Thickness DRAMs 

MC-422000A36B-60 60 ns 72-pin socket-mountable 25.4mm 9.3mm Sixteen µPD424400LA 

B-70 70 ns 
SIMM (solder plating) (1.000 inch) (0.366 inch) Eight µPD421000GX 

B-80 80 ns 

MC-422000A36F-60 60 ns 72-pin socket-mountable 

F-70 70 ns 
SIMM (gold plating) 

F-80 80 ns 

MC-422000A36BJ-60 60 ns 72-pin socket-mountable 31.75 mm 9.3mm Sixteen µPD424400LA 

BJ-70 70 ns 
SIMM (solder plating) (1.250 inch) (0.366 inch) Eight µPD421000LA 

BJ-80 80 ns 

MC-422000A36FJ-60 60 ns 72-pin socket-mountable 

FJ-70 70 ns 
SIMM (gold plating) 

FJ-80 80 ns 

MC-422000A368T-60 60 ns 72-pin socket-mountable 25.4 mm 9.3mm Sixteen µPD424400GS 

BT-70 70 ns 
SIMM (solder plating) (1.000 inch) (0.161 inch) Eight µPD421000GX 

BT-80 80 ns 

MC-422000A36FT-60 60 ns 72-pin socket-mountable 

FT-70 70 ns 
SIMM (gold plating) 

FT-80 80 ns 
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NEC MC-422000A36 

Connection Diagram 

RASo RAS1 
CASo 

oao V01 CAS RAS V01 RAS CAS 
DQ1 V02 V02 
OQ2 V03 DO V03 01 
DQ3 V04 V04 

OE OE 

DQ4 V01 CAS RAS V01 RAS CAS 
DQ5 V02 V02 
oaa V03 03 V03 02 
DQ7 V04 V04 ml OE OE 

CAS RAS RAS CAS 
oae 01NIDOUT MO 01NIDOUT M1 

CAS1 

DQg V01 CAS RAS V01 RAS CAS 
DQ10 V02 V02 
0011 V03 04 V03 05 
0012 V04 V04 

OE OE 

0013 V01 CAS RAS V01 RAS CAS 
DQ14 V02 V02 
DQ15 V03 07 V03 06 
0016 V04 V04 

OE OE 

CAS RAS RAS CAS 
DQ17 01NIDOUT M2 01NIDOUT M3 

RAS2 RAS3 
CAS2 

oa1e V01 CAS AAS V01 RAS CAS 
DQ19 V02 V02 
DQ20 V03 08 V03 09 
0021 V04 V04 

OE OE 

DQ22 V01 CAS RAS V01 RAS CAS 
DQ23 V02 V02 
DQ24 V03 011 V03 010 
DQ25 V04 V04 

OE OE 

CAS RAS RAS CAS 
0026 01NIDOUT M4 01NIDOUT M5 

CAS3 

DQ27 V01 CAS RAS V01 RAS CAS 
oa2e V02 V02 
DQ29 V03 012 V03 013 
DQ30 V04 V04 

OE OE 

DQ31 V01 CAS RAS V01 RAS CAS 
DQ32 V02 V02 
DQ33 V03 015 V03 014 
DQ34 V04 V04 

OE OE 

CAS RAS AAS CAS 
DQ35 01NIDOUT M6 OINIOOUT M7 

Ao-Ag 

WE 
} DO· 015 (l'PD424400) 

vcca :1: Co-c,l MO. M7 (µPD421000) 
GNO a T )I> 

83YL·72&7B 
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MC-422000A36 

Absolute Maximum Ratings 
Voltage on any pin relative to GND -1.0 to+ 7.0 V 

Operating temperature, ToPR 0 to +70"C 

Storage temperature, TsTG -55 to + 125°C 

Short-circuit output current, los 50mA 

Power dissipation, Po 24W 

Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause perma
nent damage. The device should be operated within the limits 

' specified under DC and AC Characteristics. 

Recommended Operating Conditions 
Parameter Symbol Min Typ Max Unit 

Input voltage, high V1H 2.4 Vee+ 1.0 v 
Input voltage, low V1L -1.0 0.8 v 
Supply voltage Vee 4.75 5.0 5.25 v 
Ambient temperature TA 0 70 oc 

DC Characteristics 
TA= o to +70°C; Vee= +5.0V ±5% 

Parameter Symbol Min Max 

Standby current lee2 48 

24 

Input leakage current l1(L) 240 240 

Output leakage current lo(L) -10 10 

Output voltage, low Vol 0.4 

Output voltage, high VoH 2.4 

4 

Capacitance 
TA = 25°C; f = 1 MHz 

Parameter 

Input 
capacitance 

Input/output 
capacitance 

Unit 

mA 

mA 

µA 

µA 

v 
v 

Symbol 

C11 

C12 

C13 

C14 

C11/Co1 

C12/Co2 

NEC 

Max Unit Pins Under Test 

161 pF Ao-Ag 

193 pF WE 

62 pF AAS 

62 pF CAS 

29 pF DOo - DO,, 009 -
0015, D01a - 0025, 
0027- 0034 

39 pF 005, 0017. 00261 
0035 

Test Conditions 

AAS = CAS ::!:: V1H (min) 

RAS= CAS ::!:: Vee-0.2V 

V1N = OVtoVee; 
all other pins not under test = O V 

DOo to 0035 disabled; VouT = o V to Vee 

loL = 4.2 mA 

loH = -5 mA 



NEC MC-422000A36 

AC Characteristics 
TA = o to + 70°C; Vee = +5:0 v ±5% 

-60 ·70 -80 

Parameter Symbol Min Max Min Max Min Max Unit Test Conditions 

Operating current, average lee1 1380 1180 1060 mA RAS and CAS cycling; 
tRe = tRe min; 
lo = o mA (Note 5) 

Operating current, RAS-only refresh lcc3 1380 1180 1060 mA RAS cycling; CAS O?: V1H; 
cycle, average tRe = tRc min; 

lo = O mA (Note 5) 

DI Operating current, fast-page cycle, lce4 1100 980 860 mA RAS s V1L; CAS cycling; 
average tpc = tpc min; 

lo = o mA (Note 5) 

Operating current, CAS before RAS Ices 1380 1180 1060 mA RAS cycling; CAS before 
refresh cycle, average RAS; tRe = tRc min; 

lo = O mA (Note 5) 

Access time from column address tAA 30 35 40 ns (Notes 7, 9) 

Access time from CAS precharge tAeP 35 40 45 ns (Notes 7, 9) 
(rising edge) 

Column address setup time iAse 0 20 0 0 ns 

Row address s.etup time lASR 0 0 0 ns 

Access time from CAS tcAe 20 20 20 ns (Notes 7, 9) 
(falling edge) 

Column address hold time teAH 15 17 20 ns 

CAS pulse width tCAs 20 10,000 20 10,000 20 10,000 ns 

CAS hold time for.CAS before RAS tcHR 15 15 15 ns 
refresh cycle 

Data setup time tcLz 0 0 0 ns 

CAS precharge time, fast-page cycle tep 10 20 10 10 ns 

CAS precharge time, nonpage cycle tcPN 10 10 10 ns 

CAS to RAS precharge time tcRP 10 10 10 ns (Note 12) 

CAS hold time tcsH 60 70 80 ns 

· CAS setup time for CAS before RAS tcsR 10 10 10 ns 
refresh cycle 

Data-in hold'time toH 15 15 20 ns (Note 15) 

Data-in setup time tos 0 0 0 ns (Note 15) 

Output buffer turnoff delay toFF 0 15 0 15 0 20 ns (Note 10) 

Fast-page cycle time tpc 40 45 50 ns (Note 6) 

Access time from RAS tRAC 60 70 80 ns (Notes 7, 8) 

RAS to column address delay time tRAD. 15 30 15 35 17 40 ns (Note 9) 

Row address hold time tRAH 10 10 12 ns 

Column address lead time referenced tRAL 30 35 45 ns 
to RAS (rising edge) 

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

RAS pulse width, fast-page cycle tRASP 60 100,000 70 100,000 80 100,000 ns 

Random read or write cycle time tRc 120 140 160 ns (Note6) 

RAS to CAS delay time tRco 20 40 20 60 25 60 ns (Note 11) 
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MC-422000A36 

AC Characteristics (cont) 

Parameter 

Read command hold time referenced 
to CAS 

Read command setup time 

Refresh period 

RAS precharge time 

RAS precharge CAS hold time 

Read command hold time referenced 
to RAS 

RAS hold time 

Rise and fall transition time 

Write command hold time 

Write command setup time 

WE hold time 

WE setup time 

Write command pulse width 

Notes: 

(1) All voltages are referenced to GND. 

-60 

Symbol Min Max 

0 

tRCS 0 

tREF 16 

tRP 50 

tRPC 10 

tRRH 10 

tRSH 20 

tT 3 50 

twcH 15 

twcs 0 

twHR 15 

twsR 10 

twp 15 

(2) An initial pause of 100 µsis required after power-up, followed by 
any eight RAS cycles, before proper device operation is 
achieved. At the end of the initial power-up sequence, it is 
recommended that either a RAS-on~efresh or a CAS before 
RAS refresh cycle be executed while WE t?! V1H to ensure normal 
operation. 

(3) Ac measurements assume tT = 5 ns. 

(4) V1H (min) and V1L (max) are reference levels for measuring the 
timing of input signals. Transition times are measured between 
V1H and VIL· 

(5) lcc1. lcc3, lcc4, and Ices depend on output loading and cycle 
rates. Specified values are obtained with the output open. lcc3 
is measured assuming that all column address inputs are held at 
either a high level or a low level during RAS-only refresh cycles. 
lcc4 is measured assuming that all column address inputs are 
switched only once during each fast-page cycle. 

(6) The minimum specifications are used only to indicate the cycle 
time at which proper operation over the full temperature range 
<TA = Oto + 70°C) is assured. 

(7) Load = 2 TTL (-1 mA, + 4 mA) loads and 100 pF 

(8) Assumes that tRcD s tRcD (max) and tRAD s tRAD (max). If 
tRco ortRAD is greater than the maximum recommended value 
in this table, tRAC increases by the amount that tRcD or tRAD 
exceeds the value shown. 

(9) If tRAD <!: tRAD (max), then the access time is defined by tAA· 

(10) toFF (max) defines the time at which the output achieves the 
open-circuit condition and is not referenced to VoH or Vol· 

(11) Operation within the tRcD (max) limit assures that tRAC (max) 
can be met. tRco (max) is specified as a reference point only; if 
tRcD is greater than tRco (max), then access time is controlled 
exclusively by tcAC· 
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NEC 
-70 -80 

Min Max Min Max Unit Test Conditions 

0 0 ns (Note 13) 

0 0 ns 

16 16 ms Addresses Ao - Ag 

60 70 ns 

10 10 ns 

10 10 ns (Note 13) 

20 20 ns 

3 50 3 50 ns (Note 3) 

15 15 ns 

0 0 ns (Note 16) 

15 15 ns 

10 10 ns 

15 15 ns (Note 14) 

(12) The tcRP requirement should be applicable for RAS/CAS cycles 
preceded by any cycle. 

(13) Either tRRH or tRcH must be satisfied for a read cycle. 

(14) Parameter twp Is applicable for a delayed write cycle such as a 
read-write/read-modify-write cycle. For early write operation, 
both twcs and twcH must be met. 

(15) These parameters are referenced to the fal.!!!:!il edge of CAS for 
early write cycles and to the falling edge of WE for delayed write 
or read-modify-write cycles. 

(16) twcs. tRWD• tcwo. and tAwD are restrictive operating parame
ters in read-write/read-modify-write cycles only. If twcs t?! twcs 
(min), the cycle Is an early write cycle and the data output will 
remain open-circuitthroughout the entire cycle. lftcwo t?! tcwo 
(min), tRWo t?! tRWo (min), and tAwo t?! tAwo (min), 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 is met, 
the c.onditlon of the data output pin (at access time and until 
CAS returns to V1H) is indeterminate. 

(17) A test mode may be initiated by executing a CAS before RAS 
refresh cycle with WE held at V1L· This mode also may inadvert
ently be initiated during power-up because external control of 
the signal lines is very difficult during this period. It is therefore 
~mmended that while WE Is held at VIH• either a RAS-only or 
CAS before RAS refresh cycle should be executed at any time 
after the end of the initial power-up sequence to ensure normal 
device operation. 



NEC 
Timing Waveforms 

Read Cycle 

RAS 

Address 

WE 

l 

r~-------tRSH----tcsH--------.i 

LL.AA __ 
~tCAC------'~ 

---------'-I tRAc 

DOUT ~~~~~~~~-H~~h_l_mpedan--~~~--~~~~~~~1x 

~·= 
Valld Data 

MC-422000A36 

83YL·7243B 
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MC~422000A36 

Timing Waveforms (cont) 

Early Write Cycle 

8 

Address 

r-c: ~-tRSH-

--~;--tcsH--~~ 

t•wcs, -RWCH . . . 
WE (JJ/ !!11! 11 /})f I twp J'// //! llfll!JlllJJ//!J!! /!l////lllZ 

tos~ ~ ~'o"3e ·· 
0

1N 71/llJ/lf Ill!! !l -. Valdoata = YI! l//l//J/l/////JJ /11 /JJJ/IJ 
DoUT----------Hlgh......;...lmpedance ______ _ 

83YL·7244B 



NEC 
Timing Waveforms (cont) 

Fast-Page Read Cycle 

Address 

DoUT---Hlg.._h_1m ..... pedan __ ce __ _ 

MC-422000A36 

Valld 
Data-out 

83YL·7246B 
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MC-422000A36 

Timing Waveforms (cont) 

Fast-Page Early Write Cycle 

10 

NEC 



NEC 
Timing Waveforms (cont) 

Hidden Refresh Cycle 

----Memory Cycle ----3~CAS Before RAS Cycle 

---~--tRc--+i+---

tRAS 

RAS 

CAS 

MC-422000A36 

Address 211/JIJIJ!J !l/J!Jl//l 

WE 7111 I!!/! //I 
l--tRAC 

High Impedance I 
DOUT ---"""--""----__,.,.-.-u 

·=~ 

tCAc 

Valid ~ta 

83Yl·7247B 
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MC-422000A36 

Timing Waveforms (cont} 

RAS-Only Refresh Cycle 

RAS 

r-tCRP 

CAS __J 

Address 

Note: 

[1] WE<:VIH· 

CAS Before RAS Refresh Cycle 

~ 
....._ --

RAS 1\ 

-{'CSR~ ~·~·1 

NEC 

v 

831H-88168 

tRC -"" 

tRAS __,, , 

ll ~ 

..... tRP----+ 

tRPC~ 

;;1111'1~· 

DouT~~~~--~--------~--~--~---H-~_h_im_pedan~-~--~------~------------~--~ 

Note: 
[1] Address= don't care. 
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NEC MC-422000A36 

Package Drawings 

72-Pin Socket-Mountable SIMM (MC-422000A36: Suffix 81 F) 

Item Miiiimeters Inches Hem Mllllmetera Inches 

A 107.95 ± 0.2 4.250 ± .008 M 25.4 1.000 
8 101.19 ± 0.2 3.984 ± .008 N 9.3 .366 

F 0.75 min .029 min p 1.57 rad .062 rad 
G 10.16 .400 s 3.17 dla .125 dla 

H 1.27 .050 T 1.27 .050 

6.35 .250 u 3.38 .133 

2.03 .080 v 44.45 1.750 

K 6.35 .250 w 6.36 .250 

L 2.7 min .106 min x 95.25 ±0.1 3.750 ± .004 

83YL-861BB (&1112) 
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MC-422000A36 NEC 
Package Drawings (cont) 

72-Pin Socket-Mountable SIMM {MC-422000A36: Suffix B.11' FJ) 

Item Mllllmetere lnchee Hem Mllllmetera Inches 

A 107.95 :1:0.2 4.250 :I: .008 M 31.75 1.250 
8 101.19 :I: 0.2 3.984 :I: .008 N 9.3 .366 
F 1.04 .041 p 1.57 rad .062 rad 

G 10.16 .400 s 3.17 dla .125 dla-

H 1.27 .050 T 1.27 .050 

I 6.35 .250 u 3.38 .133 

J 2.03 .080 v 44.45 1.750 

K 6.35 .250 w 6.38 .250 

L 2.54 min .100 min x 95.25 :1:0.1 3.750 :I: .004 

T_JL 
A 

8 

40NR-712B {81112) 
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NEC MC-422000A36 

Package Drawings (cont) 

72-Pin Socket-Mountable SIMM (MC-422000A36: Suffix BT, F1} 

Hem Miiiimeters Inches Item Mllllmeters Inches 

A 107.95 :1:0.2 4.250 :I: .008 M 25.4 1.000 

B 101.19 :I: 0.2 3.984 :I: .008 N 9.3 .366 
F 0.75 min .029 min p 1.57 rad .062 rad 
G 10.16 .400 s 3.17 dla .125 dla 

H 1.27 .050 T 1.27 .050 

I 6.35 .250 u 3.38 .133 

J 2.03 .080 v 44.45 1.750 

K 6.35 .250 w 6.36 .250 

L 2.7 min .106 min x 95.25 :I: 0.1 3.750 :I: .004 

T~~ 
A 

B 

I 

83YL-86178 (8192) 
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NEC 
NEC Electronics Inc. 

Description 

The MC-422000AA40 is a fast-page dynamic RAM mod
ule organized as 2,097,152 words by 40 bits and de
signed to operate from a single +5-volt power supply. 
Advanced CMOS circuitry ensures minimum power 
dissipation and excellent operating margins. 

The three-state output is controlled by CAS indepen
dent of RAS. After a valid read or read-modify-write 
cycle, data is held on the output by holding CAS low. 
Data output is returned to high impedance by returning 
CAS high. Fast-page read and write cycles can be 
executed by cycling CAS. Refreshing is accomplished 
by means of RAS-only refresh cycles, CAS before RAS 
refresh cycles, hidden refresh cycles, or by the 1024 
address combinations of Ao through A9 during a 16-ms 
period. 

Single lnline Memory Module (SIMM™) packaging en
hances reliability and reduces the size, weight and cost 
of a system. Each SIMM contains twenty 1,048,576 x 
4-bit DRAMs (µPD424400) in SOJ packages and 20 
power supply decoupling capacitors for noise reduc
tion. DQ0 through DQ39 are common input/output pins. 

Features 

o 2,097,152-word by 40-bit organization 
o Single +5-volt power supply 
o Fast-page cycles 
o Low power dissipation 
o RAS-only refresh cycles 
o CAS before RAS refresh cycles 
o Hidden refresh cycles 
o 1024 refresh cycles every 16 ms 
o TTL-compatible inputs and outputs 
o 72-pin SIMM packaging 

SIMM is a trademark of Wang Laboratories. 

60173 

MC-422000AA40 
2,097,152 x 40-Bit 

Dynamic CMOS RAM Module 

Pin Configuration 

72-PinSIMM 

0
12= 

37c:> 

36= 

o~ 

Pin 
1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

Pin Pin ~mbol 
19 37 0033 
20 38 DQas 
21 39 GND 

22 40 CAS_0_ 
23 41 NC 
24 42 NC 
25 43 CAS1 

26 44 RAS_0_ 

'Zl 45 RAS_j_ 

28 46 0037 
29 47 WE 

30 48 GND 

31 49 oaa 

32 50 0024 
33 NC 51 009 
34 NC 52 0025 
35 0034 53 0010_ 

36 00 54 0026_ 

Notes: 

(1) Pins 67-70 are defined by access lime: 

Pin 70na eons 100ns 

67 NC NC NC 
68 NC NC NC 
69 GND NC GND 
70 NC GND GND 

~mbol 
GND 

oao 

D01e 

001 

0017 

002 

D01a 

003 

0019 

Vee 
NC 

Ao 
A1 

A2 

A3 

A4 
As 

~ 

Pin ~bol 
55 0011 
56 oo'Zl 
57 0012 
58 002a 
59 Vee 
60 0029 
61 0013 
62 0030 
63 0014 
64 Daa1 
65 0015 
66 OOaa 
67 Note 1 

66 Note 1 

69 Note1 

70 Note1 

71 0Qa9 
72 GNO 

83FM-8247A 



MC-422000AA40 

MC-422000AA40 Connection Diagram 

2 

RASo n-----~ 
CASo n---~ 
OE 

OOo V0
1 

CAS RAS 

001 V02 MO 
002 V03 
003 V04 

004 V0
1 

CAS RAS 

005 V02 M1 
005 V03 
ro, V04 

ooa V0
1 

CAS RAS 

009 V02 M2 
0010 V03 
0011 V04 

0012 
V0

1 
CAS RAS 

0013 V02 M3 
0014 V03 
0015 V04 

0010 
V0

1 
CAS RAS 

0017 V02 M4 
001a V03 
0019 V04 

0020 V0
1 

CAS RAS 

0021 V02 M5 
0022 V03 
0023 V04 

0024 V0
1 

CAS RAS 

0025 v~ M6 
002e V03 
0027 V04 

002a V0
1 

CAS RAS 

0029 V02 M7 
0030 V03 
0031 V04 

0032 V0
1 

CAS RAS 

0033 V02 MS 
0034 V03 
0035 V04 

0030 V0
1 

CAS RAS 

0037 V02 M9 
0030 V03 
0039 V04 

Ao-Ag 0 '~ . } WEO ., 
Vcco 1 ., MO-M19 

GND 0 
T CO-C19., 

V0
1 

OE RAS CAS 

V02 M10 
V03 
V04 

V01 OE RAS CAS 

V02 M11 
V03 
V04 

V0
1 

OE RAS CAS 

V02 M12 
V03 
V04 

V0
1 

OE RAS CAS 

V02 M13 
V03 
V04 

V01 OE RAS CAS 

V02 M14 
V03 
V04 

V0
1 

OE RAS CAS 

V02 M15 
V03 
V04 

V0
1 

OE RAS CAS 

v~ M16 
V03 
V04 

V0
1 

OE RAS CAS 

V02 M17 
V03 
V04 

V0
1 

OE RAS CAS 

V02 M18 
V03 
V04 

V0
1 

OE RAS CAS 

V02 M19 
V03 
V04 

MO-M19 = µPD424400LA. 

RAS1 

CAS1 

83FM-8248A 

NEC 
Pin Identification 
Name Function 

Ao-Ag Address inputs 

CASo- CAS1 Column address strobes 

DOo- D03g Common data inputs/outputs 

OE Output enable 

RASo- RAS1 Row address strobes 

WE Write enable 

GND Ground 

Vee +5-volt power supply 

NC No connection 

Absolute Maximum Ratings 
Voltage on any pin relative to GND -1.0 to +7.0V 

Operating temperature, ToPR Oto +70°C 

Storage temperature, TsTG -55 to + 125°C 

Short-circuit output current, los 50mA 

Power dissipation, Po 20W 

Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause perma
nent damage. The device should be operated within the limits 
specified under DC and AC Characteristics. 

Recommended Operating Conditions 
Parameter 

Input voltage, high 

Input voltage, low 

Supply voltage 

Ambient temperature 

Capacitance 
TA = 25°C; f = 1 MHz 

Parameter 

Input 
capacitance 

Symbol 

C11 

C12 

C13 

C14 

Symbol 

V1H 

V1L 

Vee 

TA 

Max 

110 

130 

60 

60 

Input/output 
capacitance 

Cio/Coo 20 

Min Typ Max Unit 

2.4 Vee+ 1.0 v 
-1.0 0.8 v 
4.75 5.0 5.25 v 

0 70 oc 

Unit Pins Under Test 

pf Ao-Ag 

pf WE,OE 

pf RAS 

pf CAS 

pf Dao- 003g 



NEC 
Ordering Information 
Part Number Access Time (max) Height (typ) 

MC422000AA408-70 70 ns 25.4 mm 

8-80 80 ns 
(1.000 inch) 

MC422000AA40F-70 70 ns 25.4 mm 

F-80 80 ns 
(1.000 inch) 

DC Characteristics 
TA= o to+ 70°C; Vee= +5.0 V ±5% 

Parameter Symbol Min 

Standby current lcc2 

Input leakage current l1(L) -200 

Output leakage current lo(L) -20 

Output voltage, low Vol 

Output voltage, high VoH 2.4 

AC Characteristics 
TA= o to +70°C; Vee= +5.0 v ±10% 

-70 

Parameter Symbol Min 

Operating current, average lcc1 

Operating current, RAS-only lcc3 
refresh cycle, average 

Operating current, fast-page lcc4 
cycle, average 

Operating current, CAS before Ices 
RAS refresh cycle, average 

Access time from column address tAA 

Access time from CAS precharge tACP 
(rising edge) 

Column address setup time tAsc 0 

Row address setup time tASR 0 

Column address to WE delay tAWD 55 
time 

Access time from CAS tcAc 
(falling edge) 

Column address hold time tcAH 15 

CAS pulse width tcAS 20 

CAS hold time for CAS before tcHR 15 
RAS refresh cycle 

CAS to output in low impedance tcLZ 0 

Thickness (typ) 

9.3 mm 
(0.366 inch) 

9.3 mm 
(0.366 inch) 

Max Unit 

40 mA 

20 mA 

200 µA 

20 µA 

0.4 v 
v 

-80 

Max Min 

1060 

1060 

860 

1060 

35 

40 

0 

0 

65 

20 

15 

10,000 20 

15 

0 

MC-422000AA40 

Package DRAMs 

72-pin socket-mountable Twenty µPD424400LA 
SIMM (solder plating) 

72-pin socket-mountable 
SIMM (gold plating) 

Max 

960 

960 

760 

960 

40 

45 

20 

10,000 

Test Conditions 

RAS = CAS <!: V1H (min) 

RAS= CAS <!: Vcc-0.2V 

V1N = o V to V cc; 
all other pins not under test = 0 V 

DOo to D039 disabled; Your = o V to Vee 

loL = 4.2 mA 

loH = -5 mA 

Unit 

mA 

mA 

mA 

mA 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Test Conditions 

RAS and CAS cycling; 
tRc = tRc min; 
lo = O mA (Note 5) 

RAS cycling; CAS <:::: V1H; 
tRc = tRc min; 
lo = O mA (Note 5) 

RAS s V1L; CAS cycling; 
tpc = tpc min; 
lo = 0 mA (Note 5) 

RAS cycling; CAS before 
RAS; tRc = tRc min; 
lo = o mA (Note 5) 

(Notes 3, 4, 7, 8) 

(Notes 3, 4, 7, 8) 

(Note 14) 

(Notes 3, 4, 7, 8) 

(Notes 4, 7) 

3 
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MC·422000AA40 f!i/Ee 
AC Characteristics (cont) 

-70 ~eo 

Parameter Symbol Min Max Min Max Unit Test Conditions 

CAS precharge time, fast-page tcp 10 10 ns· 
cycle 

CAS precharge time, nonpage tcpN 10 10 ns 
cycle 

CAS to RAS precharge time tcRP 10 10 ns (Note 10) 

CAS hold time tcsH 70 80 IJS 

CAS setUp time for CAS before tcsR 10 10 ns 
RAS refresh cycle 

CAS to WE delay tcwo 40 45 ns (Note 14) 

Write command to CAS lead time tcwL 15 15 ns 

Data-in hold time toH 15 15 ns (Note 13) 

Data-in setup time tos 0 0 ns (Note 13) 

Access time from OE to EA 20 20 ns (Notes 3, 4, 7, 8) 

OE delay data time toED 15 20 ns 

OE command hold time toEH 0 0 ns 

OE to inactive setup time ioES 0 0 ns 

Output turnoff delay from OE ioEZ 0 15 0 20 ns (Note 9) 

Output buffer turnoff delay to FF 0 15 0 20 ns (Note 9) 

OE to output in low-Z ioLZ 0 0 ns (Notes 6, 7) 

Fast-page cycle time tpc 45 50 ns (Note6) 

Fast-page read-modify-write tpRWC 90 100 ns (Note 6) 
cycle time 

Ac~ess time from RAS tRAC 70 80 ns (Notes 3, 4, ·7, 8) 

RAS to column address delay tRAD 15 35 17 40 ns (Note 8) 
time 

Row address hold time tRAH 10 12 ns 

Column address lead time tRAL 35 40 ns 
referenced to RAS (rising edge) 

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

RAS pulse width, fast-page cycle tRASP 70 125,000 80 125,000 ns 

Random read or write cycle time tRc 140 160 ns (Note 6) 

RAS to CAS delay time tRCD 20 50 25 60 ns (Note 8) 

Read command hold time tRCH 0 0 ns (Note 11) 
referenced to CAS 

Read command setup time tRCS 0 O· ns 

Refresh period tREF 16 16 ms Addresses Ao - Ag 

RAS hold time from CAS tRHCP 40 45 ns 
precharge 

RAS precharge time tRP 60 70 ns 

RAS precharge CAS hold time tRPC 10 10 ns 

Read command hold time tRRH 10 10 ns (Note 11) 
referenced to RAS 

RAS hold time tRSH 20 20 ns 

4 



NEC 
AC Characteristics (cont) 

-70 

Parameter Symbol Min Max 

Read-write cycle time tRwc 185 

RAS to WE delay tRWD 90 

Write command to RAS lead time tRWL 20 

Rise and fall transition time tT 3 50 

Write command hold time twcH 15 

Write command setup time twcs 0 

WE hold time twHR 15 

Write command pulse width twp 15 

WE setup time twsR 10 

Notes: 

(1) All voltages are referenced to GND. 

(2) An initial pause of 100 µsis required after power-up, followed by 
any eight RAS cycles, before proper device operation is 
achieved. At the end of the init.ial power-up sequence, it is 
recommended that either a RAS-only or CAS before RAS refresh 
cycle be executed while WE ;.;::: V1H to ensure normal operation. 

(3) Ac measurements assume tr = 5 ns. 

(4) V1H (min) and V1L (max) are reference levels for measuring the 
timing of input signals. Transition times are measured between 
V1H andV1L· 

(5) lcc1• lcc3. lcc4• and Ices depend on output loading and cycle 
rates. Specified values are obtained with the output open. lcc3 
is measured assuming that all column address inputs are held at 
either a high level or a low level during RAS-only refresh cycles. 
lcc4 is measured assuming that all column address inputs are 
switched only once during each fast-page cycle. 

(6) The minimum specifications are used only to indicate the cycle 
time at which proper operation· over the full temperature range 
(TA= 0 to + 70 °C) is assured. 

(7) Load = 2 TTL (-1 mA, + 4 mA) loads and 100 pF. 

(8) If tRcD s tRcD (max) and tRAD s tRAD (max), access time is 
defined by tRAC (max). If tRcD ;.;::: tRcD (max), access time is 
defined bytcAC (max), and iftRAD;.;::: tRAD (max), access time is 
defined by tAA (max). 

(9) to FF (max) and toEZ (max) define the time at which the outputs 
become open-circuit and are not referenced to VoH or Vol· 

(10) The tcRP requirement should be applicable for RAS/CAS cycles 
preceded by any cycle. 

MC-422000AA40 

-80 

Min Max Unit Test Conditions 

210 ns (Note 6) 

105 ns (Note 14) 

20 ns 

3 50 ns (Note 4) 

15 ns (Note 12) 

0 ns (Note 14) 

15 ns 

15 ns (Note 12) 

10 ns 

(11) Either tRRH or tRcH must be satisfied for a read cycle. 

(12) Parameter twp is applicable for a delayed write cycle such as a 
read-write/read-modify-write cycle. For early write cycles, both 
twcs and twcH must be met. 

(13) These parameters are referenced to the fal!!!Jg edge of CAS for 
early write cycles and to the falling edge of WE for delayed write 
or read-modify-write cycles. 

(14) twcs. tRWD• tcwo. and tAwo are restrictive operating parame
ters in read-write/read-modify-write cycles only. If twcs ;.;::: twcs 
(min), the cycle is an early write cycle and the data 1/0 pins will 
remain open-circuit throughout the entire cycle. 

(15) 

If tcwo ;.;::: tcwo (min), tRwo ~ tRwo (min), and tAwo ~ tAwo 
(min), then the cycle is a read-write cycle and the data 1/0 pins 
will contain data read from the selected cells. If neither of the 
above conditions is met, the condition of the data 1/0 pins (at 
access time and until CAS returns to V1H) is indeterminate. 

A test mode may be initiated by executing a CAS before RAS 
refresh cycle with WE held at V1L· This mode also may inadvert
ently be initiated during power-up because external control of 
the signal lines is very difficult during this period. It is therefore 
recommended that while WE is held at VJH• either a RAS-only or 
CAS before RAS refresh cycle should be executed at any time 
after the end of the initial power-up sequence to ensure normal 
device operation. 
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MC-422000AA40 

Timing Waveforms 

Read Cycle 

RAS 

CAS 

Address 

L 

""'loEf-------tRSH-----~ 

tcsH--------~ 

NEC 

WE 711 /I/JI/ ma _J V//IJ// 
-----toes 

~~1 

I k- tCAc 
~tAA------- toez~ 

--------tRAr.--+-----~ 

High Impedance I 
Input/Output ------~i;.;.;;.;==;,;;._---..:.----+---"1.,""" ,1-

L,= ~ 
Valld Data-out 

83VB-8719B 
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NEC MC-422000AA40 

Timing Waveforms (cont) 

Early Write Cycle 

RAS 

--1-c---tRSH-----'>I 
-------tcsH------>1 

--...i1+----tCAs---~1 

CAS 

Address 

twcs :i ~ r=-•wCH I 
we_\\\_\\\ __ \\\ ............. \\\___...\\\-\\\[ I I twp-~Y//JJ!/11/J/j/j JI//!///; 

___'.'.:'._1. ~ 1. IDH-j ===== 
Input/Output~ Data-In 

Note: 

[1] OE= don't care. 
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MC-422000AA40 

Timing Waveforms (cont) 

Late Write Cycle 

RAS 

CAS 

Address 

WE 

OE 

Input/Output 

8 

NEC 

I -<------....-tRSH--------

-----------,--tcsH------~---;~ 

----tRco----i"'1"4i,------tcAs-----~ 

83YL-6979B 



NEC MC-422000AA40 

Timing Waveforms (cont) 

Read-Write/Read-Modit'y-Write Cycle 

RAS 

CAS 

Address 

WE 

OE 

... ,<,__------tRSH------~ 

1+--------'----tcsH------------,~ 

tRco--~~-----tcAs--------

Input/Output -------'--H..::.ig_h _lm.:..ped_an_c_e __ ..;...._"'-<I 

(._____1RAc--..-i 

I ~I l~toLZ 
tcLZ~ 

83YL·69808 
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MC-422000AA40 

Timing Waveforms (cont) 

Fast-Page Read Cycle 

10 

NEC 

83VB-8786B 



NEC MC-422000AA40 

Timing Waveforms (cont) 

Fast-Page Early Write Cycle 

Note: 

[1] OE= don't care. 
83YL-8181B 
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MC-422000AA40 

Timing Waveforms (cont) 

Fast-Page Late Write Cycle 

12 

NEC 
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NEC MC-422000AA40 

Timing Waveforms (cont) 

Fast-Page Read-Write/Read-Modify-Write Cycle 

RAS 

------tpRwc-----· 

-------tcAs---->l 

CAS 

tcAH 

Address 

WE 

Hgh Impedance 

83YL..eo&311 

13 



MC-422000AA40 NEC 
Timing Waveforms (cont) 

Hidden Refresh Cycle 

------ Memory Cycle---+~ CAS Before RAS Cycle~~- CAS Before RAS Cycle 

14 

-----tRc tRc tRc----.. 

CAS 

Address 

WE l//Jf/111 
I 

---tRAS 

twHR h-_, I 

\\\\\ \\\\\\\\\\~ 
I 

Valid Data-out 

to FF 

toez 

High 
Im nee 

83V&8785B 



NEC 
Timing Waveforms (cont) 

RAS-Only Refresh Cycle 

MC-422000AA40 

High Impedance 
Input/Output----------------------------------

Notes: 

[1] WE= OE= don't care. 
83VB-87838 

CAS Before RAS Refresh Cycle 

RAS 

CAS 

WE 7lJ \\\\\\ \\\ \\\\ \\\\\\\\\ \\\\ \\\\\ \\\ \\ \\\\\\\ \ 
Input/Output ----------------H--lg_h r_mpec1an ___ ce ______________ _ 

83VIMl7848 
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MC-422000AA40 NEC 
Package Drawing 

72-Pin Socket-Mountable SIMM 

Item Millimeters Inches Hem Miiiimeters Inches 

A 107.95 :1:0.2 4.250 :I: .008 M 25.4 1.000 

B 101.19 :I: 0.2 3.984 :I: .008 N 9.3 .366 
F 0.75 min .029 min p 1.57 rad .062 rad 
G 10.16 .400 s 3.18 dla .125 dla 

H 1.27 .050 T 1.27 .050 

6.35 .250 u 3.38 .133 

2.03 .080 v 44.45 1.750 

K 6.35 .250 w 6.36 .250 

L 2.7 min .106 min x 95.25 ;t 0.1 3.750 :I: .004 

A 

83FM-82498 
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DRAM Modules I 
4M/8M x n 



DRAM Modules (4M/8M x n) NEC 
Section 11 
DRAM Modules (4M/8M x n) 

MC Organization Features 

-424000A8 4M x 8 Fast-page 11a 

-424000A9 4M x 9 Fast-page 11b 

-424000A32 4M x32 Fast-page 11c 

-424000A36 4M x36 Fast-page 11d 

-428000A32 8M x32 Fast-page 11e 

-428000A36 8M x36 Fast-page 

Upcoming Products 

Description Device Number Comments 

4M x 8 DRAM Module MC-424000A8B B/FB Uses 16M devices 

4M x 9 DRAM Module MC-424000A9B B/FB Uses 16M devices 

16M x 8 DRAM Module MC-4216000A8BH/FA/AA Uses 16M devices 

16M x 9 DRAM Module MC-4216000A9BH/FA/M Uses 16M devices 

4M x 40 DRAM Module MC-424000M40BH/FH Uses 16M devices 

BM x 40 DRAM Module MC-428000M40BH/FH Uses 16M devices 



NEC 
NEC Electronics Inc. 

Description 

The MC-424000A8 is a fast-page 4,194,304-word by 
8-bit dynamic RAM module designed to operate from a 
single +5-volt power supply. Advanced CMOS cir
cuitry, including a single-transistor storage cell, multi
plexed address buffers and flexible refresh controls, 
provides good system operating margins. 

Each module is functionally equivalent to eight stan
dard 4M x 1 DRAMs. Refreshing is accomplished by 
RAS-only refresh cycles, hidden refresh cycles, CAS 
before RAS refresh cycles, or by normal read or write 
cycles on the 1024 address combinations of Ao -A9 
during a 16-ms period. 

Single lnline Memory Module (SIMM™) packaging en
hances reliability and reduces the size, weight and cost 
of a system. The SIMM includes eight µPD424100 
DRAMs in SOJ packages and eight power supply de
coupling capacitors. 

Features 

o 4,194,304-word by 8-bit organization 
o Single +5-volt power supply 
o Standard 30-pin Single lnline Memory Module 

(SIMM) packaging 
0 Eight µPD424100 4M x 1 DRAMS in high-density 

SOJ packaging 
o Eight power supply decoupling capacitors 
o Low power dissipation: 44 mW standby (max) 
o TTL-compatible inputs and outputs 
o 1024 refresh cycles every 16 ms 
o Fast-page capability 

Pin ldentif ication 
Name Function 

Ao-A10 Address inputs 

CAS Column address strobe 

V01 -1/0a Common data inputs and outputs 

RAS Row address strobe 

WE Write enable 

GND Ground 

Vee + 5-volt power supply 

NC No connection 

SIMM is a trademark of Wang Laboratories. 

60092·1 

MC-424000A8 
4,194,304 x 8-Bit 

Dynamic CMOS RAM Module 

Pin Configuration 

30-Pin Socket-Mountable SIMM 

30 Vee 
29 NC 

28 NC 

27 RAS 

26 NC 

25 VOa 

24 NC 

23 V07 
22 GND 

21 WE 

20 VOa 

19 A10 
18 Ag 

17 As 

16 V05 

15 A1 

14 As 

13 V04 

12 As 

11 A4 

10 V03 
9 GND 

8 A3 
7 A2 

6 V02 

5 A1 

4 Ao 

3 V01 
2 CAS 

1 Vee 

0 
83YL·7931A 
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MC-424000A8 

Ordering Information 
Part Number Access Time (max) 

MC-424000A8BA-60 

BA-70 

BA-80 

MC-424000A8FA-60 

FA-70 

FA-80 

Connection Diagram 

2 

Address 

RAS 
CAS 
WE 

Vee 

GND 

~ 

<> 

0-

~ 

0-

~ 

60 ns 

70 ns 

80 ns 

60 ns 

70 ns 

80 ns 

~ 

1---t-

l 
~ 

....... t---1 

1 
~ 

~ t---1 

~ 

l 
'----.____ 

1 

Package 

30-pin socket-mountable 
SIMM (solder plating) 

30-pin socket-mountable 
SIMM (gold plating) 

Address 

RAS 
CAS -WE 
D1N DoUTO VOs 

vee GND 

l 
l 

Address 

RAS 
CAS 
WE 
D1N 

DooT~ 
VOe<> 

vee GND 

I 
I 

Address 

RAS 
CAS 
WE 
D1N "=o VO-r 

Vee GND 

l 
l 

Address 

RAS 
CAS 
WE 
D1N 

DooTO 
VOa~ 

Vee GND 

1 
1 

T C1 through cs 
I I 

Height 

20.3 mm 
(0.799 inch) 

~ 

1---t-1 

l 
t--

....... t---

I 
~ 

~ 1---

~ 

l 
'----..___ 

1 

NEC 
Thickness 

5.08 mm 
(0.200 inch) 

Address 

RAS 
CAS -WE 
D1N "=o vee GND 

l 
l 

Address 

RAS 
CAS 
-WE 
D1N "=o vee GND 

l 
1 

Address 

RAS 
CAS 
WE 
D1N 

DooTO vee GND 

f 
Address 

RAS 
CAS 
WE 
D1N 

°=O vee GND 

l 
J 

DRAMs 

Eight µPD424100LA 

831tHl9888 



NEC 
Absolute Maximum Ratings 
Voltage on any pin relative to GND -1.0 to +7.0 V 

Operating temperature, To PR Oto +70°C 

Storage temperature, TsrG -55 to + 125°C 

Short-circuit output current, los 50 mA 

Power dissipation, Po 8.0W 

Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause perma
nent damage. The device should be operated within the limits 
specified under DC and AC Characteristics. 

DC Characteristics 
TA= o to + 70°C; Vee= + 5.0 V ±10% 

Parameter Symbol Min Max 

Standby current lcc2 16 

8 

Input leakage current l1(L) -80 80 

Output leakage current lo(L) -10 10 

Output voltage, low Vol 0.4 

Output voltage, high VoH 2.4 

AC Characteristics 
TA = o to + 70°C; Vee = + 5.0 V ±10% 

-60 

Parameter Symbol Min Max Min 

Operating current, lcc1 960 
average 

Operating current, lcc3 960 
RAS-only refresh cycle, 
average 

Operating current, fast- lcc4 720 
page cycle, average 

Operating current, CAS Ices 960 
before RAS refresh cycle, 
average 

Access time from column tAA 30 
address 

Access time from CAS tACP 35 
precharge (rising edge) 

Column address setup tAsc 0 0 
time 

Row address setup time tASR 0 0 

MC-424000A8 

Recommended Operating Conditions 
Parameter Symbol Min Typ Max Unit 

Input voltage, high V1H 2.4 Vee+ 1.0 v 
Input voltage, low V1L -1.0 0.8 v 
Supply voltage Vee 4.5 5.0 5.5 v 
Ambient temperature TA 0 +70 oc 

Capacitance 
TA = 25°C; f = 1 MHz 

Parameter Symbol Max Unit Pins Under Test 

Input capacitance C11 60 pF Address, RAS, CAS, WE 

Input/output C10 15 pF 1/01 through l/Oa 
capacitance 

Unit 

mA 

mA 

µA 

µA 

v 
v 

-70 

Max Min 

800 

800 

640 

800 

35 

40 

0 

0 

Test Conditions 

RAS= CAS ~ V1H (min) 

RAS= CAS ~ Vcc-0.2V 

For addresses, RAS, CAS and WE: V1N = 0 V to 
V cc; all other pins not under test = O V 

Dour disabled; Vour = o V to V cc 

loL = 4.2 mA 

loH = -5 mA 

·80 

Max Unit Test Conditions 

720 mA RAS and CAS cycling; 
tRc = tRc min; 
lo = 0 mA (Note 5) 

720 mA RAS cycling; CAS ~ V1H; 
tRc = tRc min; 
lo = O mA (Note 5) 

560 mA RAS s V1L; CAS cycling; 
tpc = tpc min; 
lo = o mA (Note 5) 

720 mA RAS cycling; CAS before 
RAS; tRc = tRc min; 
lo = 0 mA (Note 5) 

40 ns (Notes 7, 9) 

45 ns (Notes 7, 9) 

ns 

ns 

3 
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MC-424000A8 NEC 
AC Characteristics (cont) 

·60 ·70 ·80 

Parameter Symbol Min Max Min Max Min Max Unit Test Conditions 

Access time from CAS tCAc 20 20 20 ns (Notes 7, 9) 
(falling edge) 

Column address hold tcAH 15 15 15 ns 
time 

CAS pulse width tcAs 20 10,000 20 10,000 20 10,000 ns 

CAS hold time for CAS tcHR 15 15 15 ns 
before RAS refresh cycle 

CAS to output in low icLZ 0 0 0 ns (Note 7) 
impedance 

CAS precharge time, fast- tcp 10 10 10 ns 
page cycle 

CAS precharge time, tcPN 10 10 10 ns 
nonpage cycle 

CAS to RAS precharge tcRP 10 10 10 ns (Note 12) 
time 

CAS hold time tcsH 60 70 80 ns 

CAS setup time for CAS tcsR 10 10 10 ns 
before RAS refresh cycle 

Data-in hold time toH 15 15 15 ns (Note 15) 

Data-in setup time tos 0 0 0 ns (Note 15) 

Output buffer turnoff toFF 0 15 0 15 0 20 ns (Note 10) 
delay 

Fast-page cycle time tpc 40 45 50 ns (Note 6) 

Access time from RAS tRAC 60 70 80 ns (Notes 7, 8) 

RAS to column address tRAD 15 30 15 35 17 40 ns (Note 9) 
delay time 

Row address hold time tRAH 10 10 12 ns 

Column address lead tRAL 30 35 40 ns 
time referenced to RAS 
(rising edge) 

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

RAS pulse width, fast- tRASP 60 125,000 70 125,000 80 125,000 ns 
page cycle 

Random read or write tRc 120 140 160 ns (Note 6) 
cycle time 

RAS to CAS delay time tRco 20 40 20 50 25 60 ns (Note 11) 

Read command hold time tRCH 0 0 0 ns (Note 13) 
referenced to CAS 

Read command setup tRcs 0 0 0 ns 
time 

Refresh period tREF 16 16 16 ms Addresses Ao -Ag 

RAS precharge time tRP 50 60 70 ns 

RAS precharge CAS hold tRPC 10 10 10 ns 
time 

Read command hold time tRRH 10 10 10 ns (Note 13) 
referenced to RAS 

4 



t\'EC 
AC Characteristics (cont) 

Parameter 

RAS hold time 

Rise and fall transition 
time 

Write command hold 
time 

Write command setup 
time 

WE hold time 

Write command pulse 
width 

WE setup time 

Notes: 

Symbol 

tRSH 

tr 

twcH 

twcs 

twHR 

twp 

twsR 

(1) All voltages are referenced to GND. 

-60 

Min Max Min 

20 20 

3 50 3 

15 15 

0 0 

15 15 

15 15 

10 10 

(2) An initial pause of 100 µsis required after power-up, followed by 
any eight RAS cycles, before proper device operation is 
achieved. At the end of the initial power-up sequence, it is 
recommended that either a RAS-on!l..!efresh or a CAS before 
RAS refresh cycle be executed while WE C?: V1H to ensure normal 
operation. 

(3) Ac measurements assume tr = 5 ns. 

(4) V1H (min) and V1L (max) are reference levels for measuring the 
timing of input signals. Transition times are measured between 
V1H and VIL· 

(5) lcc1. lcc3, lcc4, and lees depend on output loading and cycle 
rates. Specified values are obtained with the output open. lcc3 
is measured assuming that all column address inputs are held at 
either a high level or a low level during RAS-only refresh cycles. 
lcc4 is measured assuming that all column address inputs are 
switched only once during each fast-page cycle. 

(6) The minimum specifications are used only to indicate the cycle 
time at which proper operation over the full temperature range 
<TA = O to + 70"C) is assured. 

(7) Load= 2 TTL (-1 mA, +4 mA) loads and 100 pF. 

(8) Assumes that tRco s tRcD (max) and tRAD s tRAD (max). If 
tRco or tRAD is greater than the maximum recommended value 
in this table, tRAC increases by the amount that tRcD or tRAD 
exceeds the value shown. 

(9) If tRAD C?: tRAD (max), then the access time is defined by tAA· 

(10) toFF (max) defines the time at which the output achieves the 
open-circuit condition and is not referenced to VoH or Vol· 

MC-424000A8 

-70 -80 

Max Min Max Unit Test Conditions 

20 ns 

50 3 50 ns (Note 3) 

(11) 

15 ns 

0 ns (Note 16) 

15 ns 

15 ns (Note 14) 

10 ns 

Ope.aUon within the tAcD (max) limit assu'9s that !RAC (max) 1111 
can be met. tRcD (max) is specified as a reference point only; if 
tRcD is greater than tRco (max), then access time is controlled 
exclusively by tcAC· 

(12) The tcRP requirement should be applicable for RAS/CAS cycles 
preceded by any cycle. 

(13) Either tRRH or tRcH must be satisfied for a read cycle. 

(14) Parameter twp is applicable for a delayed write cycle such as a 
read-write/read-modify-write cycle. For early write operation, 
both twcs and twcH must be met. 

(15) These parameters are 1eferenced to the fal.!!.!!9 edge of CAS for 
early write cycles and to the falling edge of WE for delayed write 
or read-modify-write cycles. 

(16) 

(17) 

twcs. tRWD• tcwo. and tAwo are restrictive operating parame
ters in read-write/read-modify-write cycles only. If twcs C?: twcs 
(min), the cycle is an early write cycle and the data output will 
remain open-circuitthroughoutthe entire cycle. lftcwo C?: tcwo 
(min), tRwD C?: tRWo (min), and tAwo C?: tAwD (min), 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 is met, 
the condition of the data output pin (at access time and until 
CAS returns to V1H) is indeterminate. 

A test mode may be initiated by executing a CAS before RAS 
refresh cycle with WE held at VIL· This mode also may inadvert
ently be initiated during power-up because external control of 
the signal lines is very difficult during this period. ltJ!.!!terefore 
recommended that while WE is held at V1H• either a RAS-only or 
CAS before RAS refresh cycle should be executed at any time 
after the end of the initial power-up sequence to ensure normal 
device operation. 

5 



MC~424000A8 

Timing Waveforms 

Read Cycle 

CAS 

Address 

WE 

NEC 

-.~~~~~~~~~~~~t Rc~~~~~~~~~~~~--

--~~~~~~~~~tRAs~~~~~~~~--

1~E;...-~~~~-tRSH~~~~---;~ 

--~~~~~~--;-~tcsH~~~~~~~~~ 

DOUT _____________ H_~~h-lm_pedan ___ oo ________________ --<I 
Valld Data. 

831H-6896B 

6 



NEC 
Timing Waveforms (cont) 

Early Write Cycle 

CAS 

Address 

I-~ --tRSH----

----;---tcsH---~ 

-tRco tCAs--

MC-424000A8 

00
UT ______ __.._Hlgh-lmpedan_ce ______ _ 

831H-6811B 

7 

1111 



MC-424000A8 

Timing Waveforms (cont) 

Fast-Page Read Cycle 

Address 

DouT---H-1g_h_1m_pedan __ ce __ <1x 

8 

NEC 

tOFF 

831H-68128 



NEC 
Timing Waveforms (cont) 

Fast-Page Early Write Cycle 

MC-424000A8 

Ill 

9 



MC-424000A8 

Timing Waveforms (cont) 

Hidden Refresh Cycle 

RAS 

CAS 

Address 

tRAS 

oouT ___ H ..... lgh_lm..._pedanc_e ___ , 

10 

tRP 

tCAC 

NEC 

CAS Before RAS Cycle CAS Before RAS Cycle 

tRC 

tRAS 

tcHR 
tCPN 

tCAS 

71II//1/////////111/l 

$$ V//11/!!ll!! 

Valid ~ta 
.J~ 

831H-6703B 



NEC 
Timing Waveforms (cont) 

RAS-Only Refresh Cycle 

RAS 

r-tCRP 

CAS __I 

Address 

Note: 

[1] WE"'VIH· 

CAS Before RAS Refresh Cycle 

Note: 
[1] Address= don't care. 

MC-424000A8 

tRPC1 

\J 

Ill 

8311+68168 

831tf.671l2B 

11 



MC-424000A8 NEC 
Package Drawings 

30-Pin Socket-Mountable SIMM (MC-424000AB: Suffix BA or FA) 

Hern Mllllmetera Inches 

A 88.9 ± 0.13 3.500 ± .005 A 

B 82.14 ±0.13 3.234 ± .005 B 

F 1.78 .070 

G 10.16 ± 0.13 .400 ± .005 

H 2.54 .100 

6.35 ± 0.13 .250 ± .005 

2.03 ± 0.13 .080 ± .005 

K 7.62 ± 0.13 .300 ± .005 

L 0.25 max .010 max 
M 20.3 .799 

N 5.08 .200 ·DDDDDDDDDOOOODDDDDDDDDDDD· 
p 1.57 rad .062 rad 
s 3.18 .125 H L 

± 0.13 dla ± .005dla 

T 1.27 :g:~ 050 +.004 
. -.003 

Mc-42400M81!A/FA 83CL-88338 (7/92) 

12 



NEC 
NEC Electronics Inc. 

Description 

The MC-424000A9 and the MC-424100A9 are fast-page 
4,194,304-word by 9-bit dynamic RAM modules de
signed to operate from a single +5-volt power supply. 
Advanced CMOS circuitry, including a single-transistor 
storage cell, multiplexed address buffers, and flexible 
refresh controls, provides good system operating mar
gins. 

The modules are functionally equivalent to eight 
µPD424100 standard 4M DRAMs plus a parity bit. Re
freshing is accomplished by RAS-only refresh cycles, 
hidden refresh cycles, CAS before RAS refresh cycles, 
or by normal read or write cycles on the 1024 address 
combinations of Ao -A9 during a 16-ms period. 

Single lnline Memory Module (SIMM™) packaging en
hances reliability and reduces the size, weight, and 
cost of a system. The SIMM includes nine µPD424100 
DRAMs in SOJ packages and nine power supply decou
pling capacitors. 

SIMM is a trademark of Wang Laboratories. 

Features 

o 4,194,304-word by 9-bit organization 
o Single +5-volt power supply 
o Standard 30-pin SIMM packaging 
o Nine 4M dynamic RAMs incorporated in high-

density SOJ packaging (µPD424100) 
o Nine power supply decoupling capacitors 
o Low power dissipation of 49.5 mW standby (max) 
o TTL-compatible inputs and outputs 
o 1024 refresh cycles every 16 ms 
o Fast-page capability 

60093-1 

MC-424000A9, -424100A9 
4,194,304 x 9-Bit 

Dynamic CMOS RAM Module 

Pin Configurations 

30-Pin Leaded SIMM 

D 
0 

D 
so vcc 
29 DJN9 

28 CASg 

27 RAS 

2e DouT9 

D 
25 VOg 

24 NC 

23 v~ 

D 
22 GND 

21 WE 

20 vo6 

D 
19 A10 

18 Ag 

17 A8 

16 V05 

D 
15 A1 

14 Aa 

13 V04 

D 
12 A5 

11, A4 

10 V03 
9 GND 

8 A3 

D 
7 A2 

6 V02 

D 
5 A1 

4 Ao 

3 V01 
2 CAS 

1 vee 

0 
831H-6928A 

1111 



MC-424000A9, -424100A9 

Pin Configurations {cont) 

30-Pin Socket-Mountable SIMM 

olJ 

2 

ao vcc 
29 DIN9 

28 CASg 

27 RAS 

2e oouT9 
25 VOs 
24 NC 
23 VO-, 
22 GND 

21 WE 

20 VOa 
19 A10 

18 Ag 

17 As 

16 V05 

15 A1 

14 Ae 

13 V04 
12 As 
11 A4 

10 V03 
9 GND 

8 Aa 

7 A2 

6 V02 
5 A1 
4 Ao 
3 V01 

2 CAS 

1 vcc 

NEC 
Pin Identification 
Symbol Function 

Ao - A1o Address inputs 

CAS Column address strobe 

CAS9 Column address strobe for data output 9 

D1N9 Data input 9 

DouT9 Data output 9 

1/01 - l/Oa Common data inputs/outputs 

RAS Row address strobe 

WE Write enable 

GND Ground 

Vee + 5-volt power supply 

NC No connection 

831H-6929A 



NEC MC-424000A9, -424100A9 

Connection Diagram 

Address o-----e----------------~ 

RAS 0--------1------'----------~ 
CAS oo-----1---1--------------~ 
WE ~o---<1>-+-+---1--------------~ 

- Address 
.--+-- RAS 

CAS -
WE 

1 
D1N OoUT~ 
vee GND 

1 
1 

t--- Address 
..___ +-- RAS 

CAS -
WE 

l 
D1N 

"°"'O vee GND 

j 
t--Address 
~ RAS 

-1--+--1 CAS 
-

.__!-4--1---1 WE 

V03 "-o--'"--+--+--+---+--<10--0 ;:c :: ~ 
1 

,___ Address 
'---- RAS 

'-------1 CAS 
WE 

.__Address 
e-+-- RAS 

,.__.___.. _ _. CAS 
-.__!-4--1----1 WE 

l 
D1N DouTn 

Vee GND ~ 

-Address 
~ RAS 

o...---11--1---1 CAS 

WE 

.___Address 
+..--+--RAS 

..__...__... _ _. CAS 
-._1--1--1---1 WE 

.__Address 

+--+---- RAS 
-1--1---1 CAS 

WE 

VOg 0"---"--_,_....._l . .__. DIN DouT n 
Vee GND ~J 

V04 0------<1~ ~r =o 
Vee 0------------1---e--------+----+-+--__. T e1 through eg 
--~~~----I--"J~~-+-~~-+-~ 

GND o-

'--- Address 
'---- RAS 

CASg 0----1-------1 CAS 

WE 

D1N9 -o---------1 D1N DouT ~ 

Vee GND 

DouT9 oo-----------~ 

831H-6930B 

3 



MC-424000A9, -424100A9 

Ordering Information 
Part Number Access Time (max) 

MC-424000A9AA-60 60 ns 

AA-70 70 ns 

AA-80 80 ns 

AA-10 100 ns 

MC-424000A98A60 60 ns 

8A-70 70 ns 

8A-80 80 ns 

8A-10 100 ns 

MC-424100A9A-60 60 ns 

A-70 70 ns 

A-80 80 ns 

A-10 100 ns 

MC-424100A98-60 60 ns 

8-70 70 ns 

8-80 80 ns 

8-10 100 ns 

Absolute Maximum Ratings 
Voltage on any pin relative to GND 

Operating temperature, ToPR 

Storage temperature, TsTG 

Short-circuit output current, los 

Power dissipation, Po 

Package 

30-pin leaded 
SIMM (solder 
plating) 

30-pin socket
mountable 
SIMM (solder 
plating) 

30-pin leaded 
SIMM (solder 
plating) 

30-pin socket
mountable 
SIMM (solder 
plating) 

-1.0 to +7.0 V 

Oto +70°C 

-55 to + 125°C 

50 mA 

9.0W 

Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause perma
nent damage. The device should be operated within the limits 
specified under DC and AC Characteristics. 

4 

Height 

20.3 mm 
(.799 inch) 

24.03 mm 
(.946 inch) 

Thickness 

5.08 mm (.200 inch) 

5.28 mm (.208 inch) 

NEC 
ORA Ms 

Nine µPD424100LA 

Nine µPD424100LB 

Recommended Operating Conditions 
Parameter Symbol Min Typ Max Unit 

Input voltage, high V1H 2.4 Vee+ 1.0 v 
Input voltage, low V1L -1.0 0.8 v 
Supply voltage Vee 4.5 5.0 5.5 v 
Ambient temperature TA 0 70 oc 

Capacitance 
TA = 25°C; f = 1 MHz 

Parameter Symbol Max Unit Pins Under Test 

Input capacitance C11 70 pf Address, D1N 

C12 7 pf CASg, D1N9 

lnpuVoutput capacitance Co 10 pf DouT9 

C10 15 pf 1/01 through I/Os 



NEC MC-424000A9, -424100A9 

DC Characteristics 
TA= o to +70°C; Vee= +5.0V ±10% 

Parameter Symbol Min Max Unit Test Conditions 

Standby current lcc2 18 mA RAS= CAS ~ V1H (min) 

9 mA RAS = CAS ~ Vee - 0.2 v 
Input leakage current l1(L) -90 90 µA For addresses, RAS, CAS and WE: V1N = 0 V to 

V cc; all other pins not under test = O V 

-10 10 µA For CASg and D1Ng: V1N = 0 to 5.5 V; 
all other pins = O V 

Output leakage current lo(L) -10 10 µA DouT disabled; VouT = o V to Vee 

Output voltage, low Vol 0.4 v loL = 4.2 mA 

Output voltage, high VoH 2.4 v loH = -5 mA 

AC Characteristics 
TA= o to+ 70°C; Vee = + 5.0 V ±10% 

-60 -70 -80 -10 

Parameter Symbol Min Max Min Max Min Max Min Max Unit Test Conditions ml Operating current, lcc1 1080 900 810 720 mA RAS and CAS cycling; 
average tRc = tRc min; 

lo = O mA (Note 5) 

Operating current, lcc3 1080 900 810 720 mA RAS cycling; CAS ~ V1H; 
RAS-only refresh cycle, tRc = tRc min; 
average lo = O mA (Note 5) 

Operating current, fast- lcc4 810 720 630 540 mA RAS s V1L; CAS cycling; 
page cycle, average tpc = tpc min; 

lo= O mA (Note 5) 

Operating current, CAS Ices 990 900 810 720 mA RAS cycling; CAS before 
before RAS refresh cycle, RAS; tRc = tRc min; 
average lo= O mA (Note 5) 

Access time from column tAA 30 35 40 50 ns (Notes 7, 9) 
address 

Access time from CAS tACP 35 40 45 55 ns (Notes 7, 9) 
precharge (rising edge) 

Column address setup tASC 0 0 0 0 ns 
time 

Row address setup time tASR 0 0 0 0 ns 

Column address to WE tAWD 30 35 40 50 ns (Notes 16, 18) 
delay time 

Access time from CAS tcAC 20 25 20 25 ns (Notes 7, 9) 
(falling edge) 

Column address hold tcAH 15 20 15 20 ns 
time 

CAS pulse width tcAS 20 10,000 25 10,000 20 10,000 25 10,000 ns 

CAS hold time for CAS tcHR 15 20 15 20 ns 
before RAS refresh cycle 

CAS to output in low tcLZ 0 0 0 0 ns (Note 7) 
impedance 

CAS precharge time, fast- tcp 10 10 10 10 ns 
page cycle 

5 



MC-424000A9, -.424100A9 

AC Characteristics (cont) 

Parameter 

CAS precharge time, 
nonpage cycle 

CAS to RAS precharge 
time 

CAS hold time 

CAS setup time for CAS 
before RAS refresh cycle 

CAS to WE delay 

Write command to CAS 
lead time 

Data-in hold time 

Data-in setup time 

Output buffer turnoff 
delay 

Fast-page cycle time 

Fast-page read-modify
write cycle time 

Access time from RAS 

RAS to column address 
delay time 

Row address hold time 

Column address lead 
time referenced to RAS 
(rising edge) 

Symbol Min 

10 

tcRP 10 

tcsH 60 

tcsR 10 

tcwo 20 

tcwL 15 

15 

tos 0 

toFF 0 

tpc 40 

80 

15 

10 

30 

-60 

Max 

15 

60 

30 

-70 -80 -10 

Min Max Min Max Min Max 

10 10 10 

10 10 10 

70 80 100 

10 10 10 

25 20 25 

20 15 20 

20 15 20 

0 0 0 

0 15 0 20 0 25 

45 50 60 

95 80 95 

70 80 100 

15 35 17 40 17 50 

10 12 12 

35 40 50 

RAS pulse.width 60 10,000 70 10,000 80 10,000 100 10,000 

RAS pulse width, fast
page cycle 

Random read or write 
cycle time 

RAS to CAS delay time 

Read command hold time tRcH 
referenced to CAS 

Read command setup 
time 

Refresh period 

RAS precharge time tRP 

RAS precharge CAS hold tRPC 
time 

Read command hold time tRRH 
referenced to RAS 

RAS hold time 

Read-write cycle time 

RAS to WE delay 

Write command to RAS 
lead time 

6 

60 125,000 70 125,000 80 125,000 100 125,000 

120 140 160 190 

20 40 20 50 25 60 25 75 

0 0 0 0 

0 0 0 0 

16 16 16 16 

50 60 70 80 

10 10 10 10 

10' 10 10 10 

20 25 20 25 

145 165 185 220 

60 70 80 100 

20 25 20 25 

NEC 

Unl.t Test Conditions 

ns 

ns (Note 12) 

ns 

ns 

ns (Notes 16, 18) 

ns (Note 18) 

ns (Note 15) 

ns (Note 15) 

ns (Note 10) 

ns (Note 6) 

ns (Notes 6, 18) 

ns (Notes 7, 8) 

ns (Note 9) 

ns 

ns 

ns 

ns 

ns (Note 6) 

ns (Note 11) 

ns (Note 13) 

ns 

ms Addresses Ao through A9 

ns 

ns 

ns (Note 13) 

ns 

ns (Notes 6, 18) 

ns (Notes 16, 18) 

ns 



NEC 
AC Characteristics (cont) 

-60 -70 

Parameter Symbol Min Max Min Max 

Rise and fall transition tT 3 50 3 50 
time 

Write command hold twcH 15 20 
time 

Write command setup twcs 0 0 
time 

WE hold time twHR 15 20 

Write command pulse twp 15 20 
width 

WE setup time twsR 10 10 

Notes: 

(1) All voltages are referenced to GND. 

(2) An initial pause of 100 µsis required after power-up, followed by 
any eight RAS cycles, before proper device operation is 
achieved. At the end of the initial power-up sequence, it is 
recommended that either a RAS-on!Y_!:efresh or a CAS before 
RAS refresh cycle be executed while WE<:: VrH to ensure normal 
operation. 

(3) AC measurements assume tT = 5 ns. 

(4) VrH (min) and Vrl (max) are reference levels for measuring the 
timing of input signals. Transition times are measured between 
VrH and Vrl· 

(5) lcc1. lcc3, lcc4• arid Ices depend on output loading and cycle 
rates. Specified values are obtained with the output open. lcc3 
is measured assuming that all column address inputs are held at 
either a high level or a low level during RAS-only refresh cycles. 
lcc4 is measured assuming that all column address inputs are 
switched only once during each fast-page cycle. 

(6) The minimum specifications are used only to indicate the cycle 
time at which proper operation over the full temperature range 
(TA = 0 to + 70°C) is assured. 

(7) Load = 2 TTL (-:-1 mA, + 4 mA) loads and 100 pF (VoH = 2.0 V, 
Vol= 0.8 V). 

(8) Assumes that tRcD :5 tRcD (max) and tRAD :5 tRAD (max). If 
tRcD or tRAD is greater than the maximum recommended value 
in this table, tRAC increases by the amount that tRcD or tRAD 
exceeds the value shown. 

(9) If tRAD <:: tRAD (max), then the access time is defined by tAA· 

(10) toFF (max) defines the time at which the output achieves the 
open-circuit condition and is not referenced to VoH or Vol· 

(11) Operation within the tRcD (max) limit assures that tRAC (max) 
can be met. tRcD (max) is specified as a reference point only; if 
tRcD is greater than tRcD (max), then access time is controlled 
exclusively by tcAC· 

MC-424000A9, .;,424100A9 

-80 -10 

Min Max Min Max Unit Test Conditions 

3 50 3 50 ns (Note 3) 

15 20 ns 

0 0 ns (Note 16) 

15 20 ns 

15 20 ns (Note 14) 

10 10 ns 

(12) The tcRP requirement should be applicable for RAS/CAS cycles 
preceded by any cycle. 

(13) Either tRRH or tRcH must be satisfied for a read cycle. 

(14) Parameter twp is applicable for a delayed write cycle such as a 
read-write/read-modify-write cycle. For early write operation, 
both twcs and twcH must be met. 

(15) These parameters are referenced to the fal.!!!l9 edge of CAS for 
early write cycles and to the falling edge of WE for delayed write 
or read-modify-write cycles. 

(16) twcs. tRWD• tcwo. and tAwD are restrictive operating parame
ters in read-write/read-modify-write cycles only. lftwcs <:: twcs 
(min), the cycle is an early write cycle and the data output will 
remain open-circuitthroughoutthe entire cycle. lftcwo <:: tcwo 
(min), tRWo <:: tRwo (min), and tAwo <:: tAwD (min), 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 is met, 
the condition of the data output pin (at access time and until 
CAS returns to VrH) is indeterminate. 

(17) A test mode may be initiated by executing a CAS before RAS 
refresh cycle with WE held at Vrl· This mode also may inadvert
ently be initiated during power-up because external control of 
the signal lines is very difficult during this period. lt~erefore 
recommended that while WE is held at VrH• either a RAS-only or 
CAS before RAS refresh cycle should be executed at any time 
after the end of the initial power-up sequence to ensure normal 
device operation. 

(18) Read-write/read-modify-write cycles can be executed only by 
CAS9, DrN9 and DouTg because of the separate data input and 
output pins. See block diagram. 

7 



MC-424000A9, -424100A9 

Timing Waveforms 

Read Cycle 

r
E'--~~~~-tRsH~~~~--i~ 

--~~~~~~~~tcsH~~~~~~~~-

CAS 

Address 

16 ~tRRH 

Valid Data 

8 

NEC 

831~B 



NEC MC-424000A9, -424100A9 

Timing Waveforms (cont) 

Early Write Cycle 

RAS 

tcRP 

-----tRc----~ 

14------tRAs------

I ~oe --tRsH--

14-----'---tcsH---~ 

-tRco tCAs·---

Dour ------~Hlgh-.:-lmped___;ance ______ _ 

831H-6811B 

9 



MC-424000A9, ·424100A9 NEC 
Timing Waveforms (cont) 

Late Write Cycle (D1N9, DoUJ9, and CAS9 Only) 

831H-6931B 

10 



NEC MC-424000A9, -424100A9 

Timing Waveforms (cont) 

Read-Write/Read-Modify-Write Cycle (01N9 , D0 urg, and CAS9 Only) 

... ,oe~------tRSH------..,111'1 

14-----------'--tCSH----------~ 

i.----tRco----+~-----tcAs·-------

CAS9 

Address 

WE 

oouT9 
Hgh Impedance 

Valid Data 

8311+69328 

11 



MC-424000A9, -424100A9 

Timing Waveforms (cont) 

Fast-Page Read Cycle 

Address 

WE 

DouT~~~H~~h_l_m~peda~"-~~---lllX 

12 

NEC 

to FF 

831H-6812B 



NEC 
Timing Waveforms (cont) 

Fast-Page Early Write Cycle 

MC-424000A9, -424100A9 

11111 

13 



MC.;.424000A9; •424100A9 NEC 
Timing Waveforms (cont) 

Fast-Page Read-Write/Read-Modify-Write Cycle fD1Ns, DoUJ9, and CAS9 Only) 

831H-8933B 

14 



t\'EC 
Timing Waveforms (cont) 

Hidden Refresh Cycle 

RAS 

CAS 

Address 

DQUT ___ Hl..._gh__.1 _edanc_e ---<I 

MC-424000A9, -424100A9 

--i~CAS Before RAS Cyde 

/11111111 !11//!! //J/1 
m 

5S V//IJllJl//I 

Valid ~ta 
IOJ~ 

8311H;7038 

15 



MC-424000A9, -424100A9 

Timing Waveforms (cont) 

RAS-Only Refresh Cycle 

RAS 

r-tCRP 

CAS __J 

Address 

NEC 

tRPC1 

\J 

DouT---------------------------------Hl~gh_l_m~ped_anc __ e ________________________________ _ 

Note: 

[1) VVE « V1H· 
831H-6816B 

CAS Before RAS Refresh Cycle 

~ tRC ~ 

""'- tRAS 
__,, 

RAS ~ vf ~ 
~ tRP~ 

-{'~A~ ~ICHR1 tRPC~ 

W;Jr~"· 
CAS 

VVE l/!ll!J ~ 
DouT----------------------------------H~lg_h_lm~p_eda_n_~--------------------------------

Note: 
[1) Address =don't care. 

8311+67028 

16 



NEC MC-424000A9, -424100A9 

Package Drawings 

30-Pin Leaded SIMM (MC-424000A9AA} 

Hern Mllllmetera Inches A 

A 88.9 ± 0.13 3.500 ± .005 

B 82.14 ± 0.13 3.234 ± .005 

F 0.5 .020 

G 10.16 ± 0.13 .400 ± .005 

H 2.54 .100 

6.35 ± 0.13 .250 ± .005 

2.03 ± 0.13 .080 ± .005 

K 7.62 ± 0.13 .300 ± .005 

M 20.3 max .799 max 

N 5.08 max .200 max 
p 1.57 rad .062 rad 
Q 26.28 max 1.035 max 
s 3.18 .125 

±0.13dla ± .005dla 

v 0.25 .010 v 
y 3.4 ± 0.7 .134 ± .028 

83YL-M23B (2/92) Dll 
30-Pin Socket-Mountable SIMM (MC-424000A9BA) 

Hern Mllllmetera Inches 

A 88.9 ± 0.13 3.500 ± .005 A 

I 
B 82.14 ± 0.13 3.234 ± .005 B 

I~ F 1.78 .070 

G 10.16 ± 0.13 .400 ± .005 

l H 2.54 .100 

6.35 ± 0.13 .250 ± .005 

2.03 ± 0.13 .080 ± .005 

7.62 ± 0.13 .300 ± .005 
M 

K 

~T~~ 
L 0.25 max .o10 max 

M 20.3 max .799 max 

N 5.08 max .200 max 
p 1.57 rad .062 rad 
s 3.18 .125 

±0.13dla ± .005dla 

T 1.27 ~g:~ .050 ~:gg; 
MC424000A9BA 83YL-8424B (2/92) 



MC-424000A9, -424100A9 NEC 
Package Drawings (cont) 

30-Pin Leaded SIMM {MC-424100A9A) 

Item Mllllmetere lnchM A 

A 88.9 ±0.13 3.500 ± .005 B 

B 82.14 :1:0.13 3.234 :I: .005 

F 0.5 .020 

G 10.16 :1:0.13 .400 :I: .005 

H 2.54 .100 

I 6.35 ±0.13 .250 :I: .005 

J 2.03 ± 0.13 .080 :I: .005 

K 7.82 ±0.13 .300 ± .005 

M 24.03 :1:0.13 .946 ± .005 

N 5.28 max .208 max 
p 1.57 rad .062 rad 
Q 26.28 max 1.035 max 
s 3.18 .125 

± 0.13 dla ± .005dla --1~ 
v 0.25 .010 v 
y 3.4 :1:0.7 .134 ± .028 

MC-4241CXWIA 83YL-8286B (1192) 

30-Pin Socket-Mountable SIMM (MC-424100A9B} 

Hem Mllllmetere Inches 

A 88.9 ± 0.13 3.500 ± .005 

B 82.14 ±0.13 3.234 ± .005 

F 1.78 ' .070 

G 10.16 ±0.13 .400 ± .005 

H 2.54 .100 

6.35 ± 0.13 .250 ± .005 

2.03 ± 0.13 .080 ± .005 

K 7.62. ± 0.13 .300 :I: .005 

L 0.25 max .010 max 

M 24.03 ±0.13 .946 ± .005 

N 5.28 max .208 max 
p 1.57 rad .062 rad 
s 3.18 .125 

A 

I I~ 
r-+------~l 

M 

·DDDDDDDDDDDDDDDDDDDDDDDDD· JI ~~~~~=~~F=-====-=-=-=-=-~~==ictu~~ 

B 

±0.13dla ± .005dla 

T 1.27 :~:~ 050 + .004 
. -.003 

MC-424100A9B 83YL-8286B (1192) 
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NEC 
NEC Electronics Inc. 

Description 

The MC-424000A32 is a fast-page dynamic RAM mod
ule organized as 4,194,304 words by 32 bits and de
signed to operate from a single +5-volt power supply. 
Advanced CMOS circuitry ensures minimum power 
dissipation and excellent operating margins. 

The three-state output is controlled by CAS indepen
dent of RAS. After a valid read or read-modify-write 
cycle, data is held on the output by holding CAS low. 
Data output is returned to high impedance by returning 
CAS high. Fast-page read and write cycles can be 
executed by cycling CAS. Refreshing is accomplished 
by RAS-only refresh cycles, CAS before RAS refresh 
cycles, hidden refresh cycles, or by the 2048 address 
combinations of Ao -A10 during a 32-ms period. 

Single lnline Memory Module (SIMM™) packaging en
hances reliability and reduces the size, weight, and 
cost of a system .. Each SIMM contains eight 4M x 4-bit 
DRAMs (µPD4217400) and eight power supply decou
pling capacitors for noise reduction. DQ0 - DQ31 are 
common input/output pins. 

Features 

o 4,194,304-word by 32-bit organization 
o Single +5-volt power supply 
o Fast-page option 
o Low power dissipation 
o RAS-only refresh cycles 
o CAS before RAS refresh cycles 
o Hidden refresh cycles 
o 2048 refresh cycles every 32 ms 
o TTL-compatible inputs and outputs 
o 72-pin SIMM packaging 
SIMM is a trademark of Wang Laboratories. 

Pin Identification 
Name Function 

Address inputs 

Column address strobes 

Common data inputs/outputs 

Row address strobes 

Write enable 

GND Ground 

Vee + 5-volt power supply 

NC No connection 

60240 

MC-424000A32 
4,194,304 x 32-Bit 

Dynamic CMOS RAM Module 

Pin Configuration 

72-Pin Socket-Mountable SIMM 

Pin _§y_mbol 
1 GND 
2 000 
3 Dqia_ 
4 001 
5 0017 
6 002 
7 Dqj_a_ 
8 ~ 
9 001.9_ 

10 '{cc__ 
11 NC 
12 ~ 
13 A1 
14 A2 
15 ~3 
16 ~ 
17 ~ 
18 ~ o-1:l 

Pin ~bol Pin ~mbol Pin Svmbol 

19 A1o 37 NC 55 0011 
20 004 38 NC 56 oav 
21 0020 39 GND 57 0012 
22 00s 40 CASo 58 0029 
23 00~ 41 CA~ 59 Vee 
24 00s 42 CA~ 60 0029 

25 ~ 43 CAS1 61 0013 
26 ca, 44 RASo 62 0030 
'Z1 0023._ 45 NC 63 0014 
28 A7 46 NC 64 0031 
29 NC 47 WE 65 0015 
30 vcc 48 NC 66 NC 
31 ~ 49 ooa 67 [Note 1) 

32 ~ 50 0024 68 [Note 1) 

33 NC 51 009 69 [Note 1) 

34 RAS2 52 0025 70 [Note 1) 

35 NC 53 0010 71 NC 
36 NC 54 ~ 72 GND 

Notes: 

[1] Pins 87 through 70 are defined l7f aa:ess tine: 

Pin &On• 70n• eons 100n• 
67 NC NC NC NC 
68 GND GND GND GND 
69 NC GND NC GND 
70 NC NC GND GND 

83CL-683M 



MC-424000A32 

Ordering Information 
Part Number Access Time (max) 

MC-424000A32BD-60 60 ns 

BD-70 70 ns 

BD-80 80 ns 

MC-424000A32FD-60 60 ns 

FD-70 70 ns 

FD-80 80 ns 

MC-424000A32BH-60 60 ns 

BH-70 70 ns 

BH-80 80 ns 

MC-424000A32FH-60 60 ns 

FH-70 70 ns 

FH-80 80 ns 
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Package 

72-pin socket-mountable 
SIMM (solder plating) 

72-pin socket-mountable 
SIMM (gold plating) 

72-pin socket-mountable 
SIMM (solder plating) 

72-pin socket-mountable 
SIMM (gold plating) 

Height 

25.4 mm 
(1.000 inch) 

31.75 mm 
(1.250 inch) 

Thickness 

9.3mm 
(0.366 inch) 

5.08 mm 
(0.200 inch) 

NEC 

DRAMs 

Eight µPD4217 400LE 

Eight µPD4217 400LE 



NEC MC-424000A32 

MC-424000A32 Connection Diagram 

RA So RAS2 

CA So CAS2 

000 V01 CAS RAS 001e V01 CAS RAS 

001 V02 0017 V02 
002 V03 DO 0019 V03 D4 
003 V04 0019 0- V04 

OE OE 
-= -= 

004 V01 CAS RAS 0020 V01 CAS RAS 

005 V02 0021 V02 
oaa V03 01 0022 V03 05 
007 V04 0023 V04 

OE OE 

-= -= 
CAS1 CAS3 

oaa V01 CAS RAS 0024 V01 CAS RAS 

009 V02 0025 V02 
0010 V03 02 0026 V03 06 
0011 V04 0027 V04 

OE OE 

-= -= 
0012 V01 CAS RAS D02a V01 CAS RAS 

0013 V02 0029 V02 
0014 V03 03 0030 V03 07 
0015 V04 0031 V04 

OE OE 

-= -= 

Ao-A10 

WE 

Vee o 
} 00-07 (Jd'D4217400 4M x 4-Btt DRAMS) 

:t )I 

GNO o 
:I: CO-C7 

)I 

83CL-8839B 
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MC-424000A32 

Absolute Maximum Ratings 
Voltage on any pin relative to GND -1.0 to + 7.0 V 

Operating temperature, ToPR Oto +70°C 

Storage temperature, TsTG -55 to + 125°C 

Short-circuit output current, los 50mA 

Power dissipation, Po SW 

Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause perma
nent damage. The device should be operated within the limits 
specified under DC and. AC Characteristics. 

DC Characteristics 
TA= o to+ 70°C; Vee= +5.0 V ±5% 

Parameter Symbol Min Max 

Standby current lcc2 16 

8 

Input leakage current l1(L) -80 80 

Output leakage current lo(L) -10 10 

Output voltage, low Vol 0.4 

Output voltage, high VoH 2.4 

4 

NEC 
Recommended Operating Conditions 
Parameter Symbol Min Typ Max Unit 

Input voltage, high V1H 2.4 Vee+ 1.0 v 
Input voltage, low V1L -1.0 0.8 v 
Supply voltage Vee 4.75 5.0 5.25 v 
Ambient temperature TA 0 70 oc 

Capacitance 
TA = 25°C; f = 1 MHz 

Parameter Symbol Max Unit Pins Under Test 

Input C11 68 pF Ao-A10 
capacitance 

C12 76 pF WE 

C13 43 pF RAS 

C14 29 pF CAS 

Input/output Cio/Coo 17 pF Dao- 0031 
capacitance 

Unit Test Conditions 

mA RAS = CAS ~ V1H (min) 

mA RAS= CAS ~ Vcc-0.2V 

µA V1N = 0 V to V cc; 
all other pins not under test = 0 V 

µA Dao to 0031 disabled; Vour = o V to V cc 

v loL = 4.2 mA 

v loH = -5 mA 



NEC MC-424000A32 

AC Characteristics 
TA= o to +70°C; Vee= +5.0 V ±5% 

-60 -70 -80 

Parameter Symbol Min Max Min Max Min Max Unit Test Conditions 

Operating current, average lcc1 880 800 720 mA RAS and CAS cycling; tRc = 
tRc min; 
10 = o mA (Note 5) 

Operating current, RAS-only refresh lccJ 880 800 720 mA RAS cycling; CAS ;?; V1H; 
cycle, average tRc = tRc min; 

10 = 0 mA (Note 5) 

Operating current, fast-page cycle, lcc4 640 560 480 mA RAS ::; V1L; CAS cycling; 
average tpc = tpc min; 

10 = o mA (Note 5) 

Operating current, CAS before RAS Ices 880 800 720 mA RAS cycling; CAS before RAS; 
refresh cycle, average tRc = tRc min; 

10 = o mA (Note 5) 

Ill Access time from column address tAA 30 35 40 ns (Notes 7, 9) 

Access time from CAS precharge tACP 35 40 45 ns (Notes 7, 9) 
(rising edge) 

Column address setup time tASC 0 0 0 ns 

Row address setup time tASR 0 0 0 ns 

Access time from CAS (falling edge) tcAC 20 20 20 ns (Notes 7, 9) 

Column address hold time tcAH 15 15 15 ns 

CAS pulse width tcAS 20 10,000 20 10,000 20 10,000 ns 

CAS hold time for CAS before RAS tcHR 15 15 15 ns 
refresh cycle 

CAS to output in low impedance tcLZ 0 b 0 ns (Note 7) 

Fast-page CAS precharge time tcp 10 10 10 ns 

CAS precharge time, nonpage cycle tcPN 10 10 10 ns 

CAS to RAS precharge time tcRP 10 10 10 ns (Note 12) 

CAS hold time tcsH 60 70 80 ns 

CAS setup t.ime for CAS before RAS tcsR 10 10 10 ns 
refresh cycle 

Data-in hold time toH 15 15 15 ns (Note 15) 

Data-in setup time tos 0 0 0 ns (Note 15) 

Output buffer turnoff delay toFF 0 15 0 15 0 20 ns (Note 10) 

Fast-page cycle time tpc 40 45 50 ns (Note 6) 

Access time from RAS tRAC 60 70 80 ns (Notes 7, 8) 

RAS to column address delay time tRAD 15 30 15 35 17 40 ns (Note 9) 

Row address hold time tRAH 10 10 12 ns 

Column address lead time referenced tRAL 30 35 40 ns 
to RAS (rising edge) 

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

Fast-page RAS pulse width tRASP 60 125,000 70 125,000 80 125,000 ns 

Random read or write cycle time tRc 120 140 160 ns (Note 6) 

RAS to CAS delay time tRCD 20 40 20 60 25 60 ns (Note 11) 

Read command hold time referenced tRCH 0 0 0 ns (Note 13) 
toCAS 
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MC-424000A32 

AC Characteristics (cont) 
-60 

Parameter Symbol Min Max 

Read command setup time tRes 0 

Refresh period tREF 32 

RAS precharge time tRp 50 

RAS hold time from CAS precharge tRHCP 35 

RAS precharge GAS hold time tRPe 10 

Read command hold time referenced tRRH 0 
to RAS 

RAS hold time tRSH 20 

Rise and fall transition time tT 3 50 

Write command hold time twcH 15 

Write command setup time twes 0 

WE hold time twHR 15 

WE setup time twsR 10 

Write command pulse width twp 15 

Notes: 

(1) All voltages are referenced to GND. 

(2) An initial pause of 100µs is required after power-up, followed by 
any eight RAS cycles, before proper device operation is 
achieved. At the end of the initial power-up sequence, it is 
recommended that either a RAS-only or GAS before RAS refresh 
cycle be executed while WE ~ V1H to ensure normal operation. 

(3) Ac measurements assume tT = 5 ns. 

(4) V1H (min) and V1L (max) are reference levels for measuring the 
timing of input signals. Transition times are measured between 
V1H and VIL· 

(5) lec1. lees. lce4, and lees depend on output loading and cycle 
rates. Specified values are obtained with the output open. lee3 
is measured assuming that all column address inputs are held at 
either a high level or a low level during RAS-only refresh cycles. 
lee4 is measured assuming that all column address inputs are 
switched only once during each fast-page cycle. 

(6) The minimum specifications are used only to indicate the cycle 
time at which proper operation over the full temperature range 
(TA = 0 to + 70°C) is assured. 

(7) Load = 2 TTL (-1 mA, + 4 mA) loads and 100 pF. 

(8) Assumes that tReD s tReD (max) and tRAD s tRAD (max). If 
tRco or tRAD is greater than the maximum recommended value 
in this table, tRAC increases by the amount that tReD or tRAD 
exceeds the value shown. 

(9) If tRAD ~ tRAD (max), then the access time is defined by tAA· 

(10) toFF (max) defines the time at which the output achieves the 
open-circuit condition and is not referenced to VoH or Vol· 

(11) Operation within the tReD (max) limit assures that tRAC (max) 
can be met. tReD (max) is specified as a reference point only; if 
tReD is greater than tRcD (max), then access time is controlled 
exclusively by teAe· 

(12) The teRP requirement should be applicable for RAS/GAS cycles 
preceded by any cycle. 
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Min 

0 

60 

40 

10 

0 

20 

3 

15 

0 

15 

10 

15 

NEC 

-70 -80 

Max Min Max Unit Test Conditions 

0 ns 

32 32 ms Addresses Ao - A10 

70 ns 

45 ns 

10 ns 

0 ns (Note 13) 

20 ns 

50 3 50 ns (Note 3) 

15 ns 

0 ns (Note 16) 

15 ns 

10 ns 

15 ns (Note 14) 

(13) Either tRRH or tReH must be satisfied for a read cycle. 

(14) Parameter twp is applicable for a delayed write cycle such as a 
read-write/read-modify-write cycle. For early write operation, 
both twcs and twcH must be met. 

(15) These parameters are referenced to the fal.!.!!!.g edge of GAS for 
early write cycles and to the falling edge of WE for delayed write 
or read-modify-write cycles. 

(16) twcs. tRWD• tewo. and tAwD are restrictive operating parame
ters in read-write/read-modify-write cycles only. If twes ~ twes 
(min), the cycle is an early write cycle and the data output will 
remain open-circuit throughout the entire cycle. lftewo ~ tewo 
(min), tRwo ~ tRwD (min), and tAwo ~ tAwD (mjn), 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 is met, 
the condition of the data output pin (at access time and until 
GAS returns to V1H) is indeterminate. 

(17) A test mode may ~initiated by executing a GAS before RAS 
refresh cycle with WE held at V1L· This mode also may inadvert
ently be initiated during power-up because external control of 
the signal lines is very difficult during this period. It is therefore 
recommended that while WE is held at VJH• either a RAS-only or 
GAS before RAS refresh cycle be executed at any time after the 
end of the initial power-up sequence to ensure normal device 
operation. 



NEC 
Timing Waveforms 

Read Cycle 

RAS 

Address 

WE 

DOUT 

MC-424000A32 

r<'-------tRSH-----~ ---------~-tcsH-----------

---tRco--_,.~------'tCAs------

l 
~-tCAc-

~-------.,.-1 tRAC 

High Impedance 
Valid Data 

83Yl·7243B 
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MC-424000A32 NEC 
Timing Waveforms (cont) 

Early Write Cycle 

RAS 

Address 

14-------tRc----~ 

rc:--tRSH-

~--.---tcsH---~ 

oour ---------Hlg..._hlmp..._edanc_e ------
83YL-7244B 
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NEC 
Timing Waveforms (cont) 

Fast-Page Read Cycle 

Address 

DoUT---H_.lg._h_lmpedance..__ ___ --<I 

MC-424000A32 

Valid 
Data-out 

9 



MC•424000A32 

Timing Waveforms (cont) 

Fast-Page Early Write Cycle 

10 

NEC 

83CL-8842B 



NEC 
Timing Waveforms (cont) 

Hidden Refresh Cycle 

-----Memory Cycle----~ 

------tRC---~--

RAS 

C'J\S 

Address 

WE 7// !/Ill !l/J 
~IRAC 

High Impedance I DouT ___ ...._....._ ____ u 

·=~ 

tCAc 

MC-424000A32 

71!@!! /Ill/JI/! II !l 

Valid ~ta 

83YL·7247B 
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M0-424000A32 

Timing Waveforms (cont) 

RAS-Only Refresh Cycle 

RAS 

r-tCRP 

Addl8SS 

Note: 

(1) WE;i,VIH· 

CAS Before RAS Refresh Cycle 

--
"""-

RAS 1\ 

CAS 

-{~~~·1 

ttiEC 

tRPC1 

\_J 

831tM!8168 

tRC -, 

tRAS 
_,,, 

v ~ 

~tRr- -, 

tRPC~ fu;;j ,-~· 

wel(/11/! ~ 
DOUT--------------------------------H-~_h_lmpedance,;,_ ______________________________ _ 

Nole: 
(1) Address =don't care. 
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NEC 
Package Drawings 

72-Pin Socket-Mountable S/lflf (lfC-424000A32, Suffix BO or FD} 

Item Mllllmetera Inches Item Millimeters Inches 

A 107.95 ± 0.2 4.250 ± .008 M 25.4 1.000 

B 101.19 ± 0.2 3.984 ± .008 N 9.3 .366 
F 1.04 .041 p 1.57 rad .062 rad 

G 10.16 .400 s 3.18 dla .125 dla 

H 1.27 .050 T 1.27 .050 

I 6.35 .250 u 3.38 .133 

J 2.03 .080 v 44.45 1.750 

K 6.35 .250 w 6.36 .250 

L 2.54 min .100 min x 95.25 ±0.1 3.750 ± .004 

A 

B 

MC-424000A32BtvFD 

MC-424000A32 

72 

I 
! i 

t 
L 

83CL-8841 B (7192) 
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MC-424000A32 NEC 
Package Drawing (cont) 

72-Pin Socket-Mountable SIMM (MC-424000A321 Suffix BH or FH) 

N 

n Item Miiiimeters Inches Item Millimeters Inches 

A 107.95 ± 02 4250 ± .008 M 31.75 1250 

B 101.19 ± 0.2 3.984 ± .008 N 5.08 .200 
F 1.04 .041 p 1.57 rad .062 rad 

G 10.16 .400 s 3.18 dla .125 dla 

H 1.27 .050 T 1.27 .050 

i 6.35 .250 u 3.38 .133 

J 2.03 .080 v 44.45 1.750 

K 6.35 .250 w 6.36 .250 

L 2.54 min .100 min x 95.25 ±0.1 3.750 ± .004 

A 

B 

l 
G Ml 

~~.ll..lLIUUUUL1Ul..ILW~"-IUUl..IUUUUUUL1Ul..ILWJLllµ...~ll.Jl..ll..l'LJUUW"-IUUl..ll..lUUUUULll.Jl..ll..l'LJUUWOljlijlUL..IUUUL..ll.lljlo'7~2~~ 
L 

~~;--~~~~~v~~~~~~~·+W 

1~~~~~~~~~~~~~~-x·~~~~~~~~~~~~~----..1 

MC-424000A32BtfFH 83CL-8840B (7192) 

14 



NEC 
NEC Electronics Inc. 

Description 

The MC-424000A36 is a fast-page dynamic RAM mod
ule organized as 4,194,304 words by 36 bits and de
signed to operate from a single +5-volt power supply. 
Advanced CMOS circuitry ensures minimum power 
dissipation and excellent operating margins. 

The three-state output is controlled by CAS indepen
dent of RAS. After a valid read or read-modify-write 
cycle, data is held on the output by holding CAS low. 
Data output is returned to high impedance by returning 
CAS high. Fast-page read and write cycles can be 
executed by cycling CAS. Refreshing is accomplished 
by RAS-only refresh cycles, CAS before RAS refresh 
cycles, hidden refresh cycles, or by the 2048 address 
combinations of Ao -A10 during a 32-ms period. 

Single lnline Memory Module (SIMM™) packaging en
hances reliability and reduces the size, weight, and 
cost of a system. Each SIMM contains eight 4M x 4-bit 
DRAMs (µPD4217400), four 4M x 1-bit DRAMs 
(µPD424100), and 12 power supply decoupling capac
itors for noise reduction. DQ0 - DQ35 are common 
input/output pins. 

Features 

o 4,194,304-word by 36-bit organization 
o Single +5-volt power supply 
o Fast-page option 
o Low power dissipation 
o RAS-only refresh cycles 
o CAS before RAS refresh cycles 
o Hidden refresh cycles 
o 2048 refresh cycles every 32 ms 
o TTL-compatible inputs and outputs 
o 72-pin SIMM packaging 

Pin ldentif ication 
Name Function 

Address inputs 

Column address strobes 

Common data inputs/outputs 

Row address strobes 

Write enable 

GND Ground 

Vee +5-volt power supply 

NC No connection 

SIMM is a trademark of Wang Laboratories. 

60239 

MC-424000A36 
4,194,304 x 36-Bit 

Dynamic CMOS RAM Module 

Pin Configuration 

72-Pin Socket-Mountable SIMM 

Pin _hmbol 
1 GND 
2 ~ 
3 Dqia_ 
4 001 
5 00:19.. 
6 002 
7 Dq2Q_ 
8 Dga 
9 ~ 

10 \Ice. 
11 NC 
12 ~ 
13 A1 
14 A2 
15 ~ 
16 ~ 
17 ~ 
18 A__a 

Pin ]imbol Pin ~mbol Pin S_y_mbol 
19 A10 37 0017 55 0012 

20 004 38 0035 56 0030 
21 0022 39 GND 57 0013 

22 005 40 CASo 58 0031 

23 ~ 41 CAS_2_ 59 Vee 
24 Dae 42 CA~ 60 0032 
25 0024 43 CAS1 61 0014 

26 ro, 44 RASo 62 0033 

27 ~ 45 NC 63 0015 
28 A1 46 NC 64 0034 

29 NC 47 WE 65 0015 

30 vcc 48 NC 66 NC 

31 _.&i 49 009 67 [Note 1] 

32 ~ 50 0027 68 [Note1] 

33 NC 51 0010 69 [Note 1] 

34 RAS2 52 D02a 70 [Note 1) 

35 0025 53 0011 71 NC 

36 OOa 54 0029 72 GND 

Notes: 

[1] Pins 67 lhrough 70 are defined by access tine: 

Pin &Ona 70ns eons 100ns 

67 NC NC NC NC 
68 GND GND GND GND 
69 NC GND NC GND 
70 NC NC GND GND 

83CL-8834A 



MC-424000A36 NEC 
MC-424000A36 Connection Diagram 

RA So RAS2 

CASo CAS2 

DQo V01 CAS RAS DQ1s V01 CAS RAS 

DQ1 V02 DQ19 V02 
DQ2 V03 Do DQ20 V03 D1 
DQ3 V04 DQ21 V04 

OE OE 

-= -= 
DQ4 V01 CAS RAS DQ22 V01 CAS RAS 

DQ5 V02 DQ23 V02 
DQe V03 D2 DQ24 V03 D3 
DQ7 V04 DQ25 V04 

OE OE 

-= -= 
CAS RAS CAS RAS 

DQs D1NfDOUT DQ28 D1NfOOUT 

Mo M1 

CAS1 CAS3 

DQg V01 CAS RAS DQ27 V01 CAS RAS 

DQ10 V02 DQ2s V02 
DQ11 V03 D4 DQ29 V03 D5 
DQ12 V04 DQ30 V04 

OE OE 

-= -= 
0013 V01 CAS RAS 0031 V01 CAS RAS 

0014 V02 0032 V02 
0015 V03 De 0033 V03 D1 
001e V04 0034 V04 

OE OE 

-= -= 
CAS RAS CAS RAS 

DQ17 D1NfDOUT 0035 D1NfOOUT 

M2 M3 

Address 

WE 
} DO • D7 !i'Pll4217400) 

Vcco i CO-C11 
ll' MO· M3 (µPD424100) 

GNDO > 
83CL.e&368 
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NEC 
Ordering Information 
Part Number Access Time (max) 

MC-424000A36BD-60 60 ns 

BD-70 70 ns 

BD-80 80 ns 

MC-424000A36FD-60 60 ns 

FD-70 70 ns 

FD-80 80 ns 

MC-424000A36BH-60 60 ns 

BH-70 70 ns 

BH-80 80 ns 

MC-424000A36FH-60 60 ns 

FH-70 70 ns 

FH-80 80 ns 

Package 

72-pin socket-mountable 
SIMM (solder plating) 

72-pin socket-mountable 
SIMM (gold plating) 

72-pin socket-mountable 
SIMM (solder plating) 

72-pin socket-mountable 
SIMM (gold plating) 

Height 

25.4mm 
(1.000 inch) 

31.75 mm 
(1.250 inch) 

MC-424000A36 

Thickness 

9.3mm 
(0.366 inch) 

5.08 mm 
(0.200 inch) 

DRAMS 

Eight µPD4217400LE 
Four µPD424100LA 

Eight µPD4217400LE 
Four µPD424100LA 
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MC·424000A36 

Absolute Maximum Ratings 
Voltage on any pin relative to GND -1.0 to +7.0 V 

Operating temperature, ToPR o to +10°c 

Storage temperature, TsTG -55 to + 125°C 

Short-circuit output current, los 50mA 

Power dissipation, Po 12W 

Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause perma
nent damage. The device should be operated within the limits 
specified under DC and AC Characteristics. 

DC Characteristics 
TA= o to +70°C; Vee= +5.0 V ±5% 

Parameter Symbol Min Max 

Standby current lcc2 24 

12 

Input leakage current ll(l) -120 120 

Output leakage current lo(L) -20 20 

Output voltage, low Vol 0.4 

Output voltage, high VoH 2.4 

4 

NEC 
Recommended Operating Conditions 
Parameter Symbol Min Typ Max Unit 

Input voltage, high V1H 2.4 Vee+ 1.0 v 
Input voltage, low V1l -1.0 0.8 v 
Supply voltage Vee 4.75 5.0 5.25 v 
Ambient temperature TA 0 70 oc 

Capacitance 
TA = 25°C; f = 1 MHz 

Parameter Symbol Max Unit Pins Under Test 

Input C11 88 pF Ao-A10 
capacitance 

C12 104 pF WE 

C13 57 pF RAS 

C14 36 pF CAS 

Input/output C11/Co1 17 pF Dao - 0035 except 
capacitance pins listed below 

C12/Co2 22 pF 005, 0017, 0025, 0035 

Unit Test Conditions 

mA RAS = CAS ~ V1H (min) 

mA RAS= CAS ~ Vcc-0.2V 

µA V1N = o V to V cc; 
all other pins not under test = 0 V 

µA DOo to DQ35 disabled; VouT = o V to Vee 

v fol= 4.2 mA 

v loH = -5 mA 



NEC MC-424000A36 

AC Characteristics 
TA = o to + 70°C; Vee = +5.0 v ±5% 

-60 -70 -80 

Parameter Symbol Min Max Min Max Min Max Unit Test Conditions 

Operating current, average lcc1 1360 1200 1080 mA RAS and CAS cycling; 
tRc = tRc min; 
lo = 0 mA (Note 5) 

Operating current, RAS-only refresh lcca 1360 1200 1080 mA RAS cycling; CAS <!:: V1H; 
cycle, average tRc = tRc min; 

lo = O mA (Note 5) 

Operating current, fast-page cycle, lcc4 1000 880 760 mA AAS s V1L; CAS cycling; 
average tpc = tpc min; 

lo = O mA (Note 5) 

Operating current, CAS before RAS Ices 1360 1200 1080 mA RAS cycling; CAS before 
refresh cycle, average AAS; tRc = tRc min; 

lo = O mA (Note 5) 

Access time from column address tAA 30 35 40 ns (Notes 7, 9) 

Access time from CAS precharge tACP 40 40 45 ns (Notes 7, 9) 
(rising edge) .. Column address setup time tASC 0 0 0 ns 

Row address setl!P time tASR 0 0 0 ns 

Access time from CAS (falling edge) tcAC 20 20 20 ns (Notes 7, 9) 

Column address hold time tcAH 15 15 15 ns 

CAS pulse width tcAS 20 10,000 20 10,000 20 10,000 ns 

CAS hold time for CAS before AAS tcHR 15 15 15 ns 
refresh cycle 

CAS to output in low impedance tcLZ 0 0 0 ns (Note 7) 

Fast-page CAS precharge time tcp 10 10 10 ns 

CAS precharge time tcPN 10 10 10 ns 

CAS to AAS precharge time tcRP 10 10 10 ns (Note 12) 

CAS hold time tcsH 60 70 80 ns 

CAS setup time for CAS before AAS tcsR 10 10 10 ns 
refresh cycle 

Data-in hold time toH 15 15 15 ns (Note 15) 

Data-in setup time tos 0 0 0 ns (Note 15) 

Output buffer turnoff delay to FF 0 15 0 15 0 20 ns (Note 10) 

Fast-page cycle time tpc 40 45 50 ns (Note 6) 

Access time from AAS tRAC 60 70 80 ns (Notes 7, 8) 

AAS to column address delay time tRAD 15 30 15 35 17 40 ns (Note 9) 

Row address hold time tRAH 10 10 12 ns 

Column address lead time referenced tRAL 30 35 40 ns 
to AAS (rising edge) 

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

Fast-page AAS pulse width tRASP 60 125,000 70 125,000 80 125,000 ns 

Random read or write cycle time tRc 120 140 160 ns (Note 6) 

RAS to CAS delay time tRCD 20 40 20 60 25 60 ns (Note 11) 

Read command hold time referenced tRCH 0 0 0 ns (Note 13) 
to CAS 
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MC .. 424000A36 

AC Characteristics (cont) 
-60 

Parameter Symbol Min Max 

Read command setup time . tRcs 0 

Refresh period tREF 32 

RAS hold time from CAS precharge tRHCP 35 

RAS precharge time tRP 50 

RAS precharge CAS hold time tRPC 10 

Read command hold time referenced tRRH 0 
to RAS 

RAS hold time tRSH 20 

Rise and fall transition time tT 3 50 

Write command hold time twcH 15 

Write command setup time twcs 0 

WE hold time twHR 15 

WE setup time twsR 10 

Write command pulse width twp 15 

Notes: 

(1) All voltages are referenced to GND. 

(2) An initial pause of 100µs is required after power-up, followed by 
any eight RAS cycles, before proper device operation is 
achieved. At the end of the initial power-up sequence, H is 
recommended that either a RAS-only or CAS before RAS refresh 
cycle be executed while WE :2:: V1H to ensure normal operation. 

(3) Ac measurements assume tT = 5 ns. 

(4) V1H (min) and VrL (max) are reference levels for measuring the 
timing of input signals. Transition times are measured between 
V1H and VIL· 

(5) lcc1• lcc3, lcc4, and Ices depend on output loading and cycle 
rates. Specified values are obtained with the output open. lcc3 
is measured assuming that all column address inputs are held at 
either a high level or a low level during RAS-only refresh cycles. 
lcc4 is measured assuming that all column address inputs are 
switched only once during each fast-page cycle. 

(6) The minimum specifications are used only to indicate the cycle 
time at which proper operation over the full temperature range 
(TA = o to + 70°C) is assured. 

(7) Load = 2 TTL (-1 mA, +4mA) loads and 100 pF. 

(8) Assumes that tRcD s tRco (max) and tRAD s tRAO (max). If 
tRcD or tRAD is greater than the maximum recommended value 
in this table, tRAC increases by the amount that tRcD or tRAD 
exceeds the value shown. 

(9) If tRAD :2:: tRAD (max), then the access time is defined by tAA· 

(10) toFF (max) defines the time at which the output achieves the 
open-circuit condition and is not referenced to VoH or Vol· 

(11) Operation within the tRco (max) limit assures that tRAC (max) 
can be met. tRcD (max) is specified as a reference point only; if 
tRcD is greater than tRcD (max), then access time is controlled 
exclusively by tcAC· 
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NEC 

-70 -80 

Min Max Min Max Unit Test Conditions 

0 0 ns 

32 32 ms Addresses Ao -A1o 

40 45 ns 

60 70 ns 

10 10 ns 

0 0 ns (Note 13) 

20 20 ns 

3 50 3 50 ns (Note 3) 

15 15 ns 

0 0 ns (Note 16) 

15 15 ns 

10 10 ns 

15 15 ns (Note 14) 

(12) The tcRP requirement should be applicable for RAS/CAS cycles 
preceded by any cycle. 

(13) Either tRRH or tRcH must be satisfied for a read cycle. 

(14) Parameter twp is applicable tor a delayed write cycle such as a 
read-write/read-modify-write · cycle. For early ·write operation, 
both twcs and twcH must be met. 

(15) These parameters are referenced to the fal.!!!!9 edge of CAS for 
early write cycles and to the falling edge of WE for delayed write 
or read-modify-write cycles. 

(16) twcs. tRWD• tcwo. and tAwD are restrictive operating parame
ters in read-write/read-modify-write cycles only. H twcs <::: twcs 
(min), the cycle is an early write cycle and the data output will 
remain open-circuitthroughoutthe entire cycle. Htcwo <::: tcwo 
(min), tRWo <::: tRWo (min), and tAwo <::: tAwo (min), 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 is met, 
the condition of the data output pin (at access time and until 
CAS returns to VrH) is indeterminate. 

(17) A test mode may be initiated by executing a CAS before RAS 
refresh cycle with WE held at VrL· This mode also may inadvert
ently be initiated during power-up because external control of 
the signal lines is very difficult during this, period, It is therefore 
~mmended that while WE is held at V1H• either a RAS-only or 
CAS before RAS refresh cycle be executed at any time after the 
end of the initial power-up sequence to ensure normal device 
operation. 



NEC 
Timing Waveforms 

Read Cycle 

RAS 

Address 

WE 

oouT 

MC-424000A36 

1

1<11<'-------tRSH------

----------'---tcsH------------

l 
LL.AA---+! 

~tCAc---~ 
----------1 tRAC 

High Impedance 
Valid Data 

83YL-7243B 
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MC-424000A36 

Timing Waveforms (cont) 

Early Write Cycle 

NEC 

.____----tRc--------

8 

RAS 

Address 

I 14-< --tRSH-

-----,--tcsH---~ 

oouT ______ ____;Hlg~hlmp:.-edanc_e ------
83YL·7244B 



NEC 
Timing Waveforms (cont) 

Fast-Page Read Cycle 

----------tRASP-----------

Address 

MC-424000A36 

.. 
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MC;.424000A36 NEC 
Timing Waveforms (cont) 

Fast-Page Early Write Cycle 

Address 

toH=i_ 
-VaD-dData ~~7/t-.-..-.7!~-,-,-,7l 

83CL-8842B 
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NEC 
Timing Waveforms (cont) 

Hidden Refresh Cycle 

MC-424000A36 

,____ __ Memory Cycle ----'!M4'--CAS Before RAS Cycle 

RAS 

CAS 

Address 

WE 7111!Ill1111 
k--IMC 

High Impedance I oouT --____;.;==;;.;;;....._....;..._-<1 

~~ 

;7// I!! !I//// 11/!J!llZ 

tCAc 

Valld ~ta 

83YL-72478 
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MC-424000A36 

Timing Waveforms (cont) 

RAS-Only Refresh Cycle 

RAS 

r-tCRP 

Address 

Note: 

[1) WE11:V1H· 

CAS Before RAS Refresh Cycle 

""---
....-

RAS ~ 

CAS 

-{~ ~~1 

NEC 

tRPC1 

\J 

8311+88168 

tRC _,,, , 

tRAS ~ 

J \ 

""- tRr 
_,,, , 

tRPC-+ 

W;;/)i'~ 

WE lj//j/j \\S 

Noa: 
[1] Address = don't care. 

831H-6702B 
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NEC MC-424000A36 

Package Drawings 

72-Pin Socket-Mountable SIMM (MC-424000A36. Suffix BO or FD) 

Item Millimeters Inches Hem Millimeters Inches 

A 107.95 ± 0.2 4.250 ± .008 M 25.4 1.000 

8 101.19 ±0.2 3.984 ± .008 N 9.3 .366 
F 1.04 .041 p 1.57 rad .062 rad 
G 10.16 .400 s 3.18dla .125 dla 

H 1.27 .050 T 1.27 .050 

I 6.35 .250 u 3.38 .133 

J 2.03 .080 v 44.45 1.750 

K 6.35 .250 w 6.36 .250 

L 2.54 min .100 min x 95.25 ± 0.1 3.750 ± .004 

µPD4217400LE µPD424100LA 
(400-mll SOJ) (300-mll SOJ) 

A 

8 

m 

L 
--0------------v------------~w 

~---------------------------x---------------------------+I 
83CL-8137B (7192) 
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MC·424000A36 NEC 
Package Drawings (cont) 

72-Pin Socket-Mountable SIM/II {lllC-424000A36~ Suffix BH or FH) 

Item Miii i meters Inch ea Hem Ml Ill meters Inches 

A 107.95 ± 0.2 4.250 ± .008 M 31.75 1.250 

8 101.19 ± 0.2 3.984 ± .008 N 5.08 .200 
F 1.04 .041 p 1.57 rad .062 rad 
G 10.16 .400 s 3.18 dla .125 dla 

H 1.27 .050 T 1.27 .050 

6.35 .250 u 3.38 .133 

J 2.03 .080 v 44.45 1.750 

K 6.35 .250 w 6.36 .250 

L 2.54 min .100 min x 95.25 ± 0.1 3.750 ± .004 

µPD4217400LE µPD424100LA 
(400-mll SOJ) (300-mll SOJ) 

L 
~~<--~~~~~v~~~~~~-~w 

1~~~~~~~~~~~~~~-x~~~~~~~~~~~~~-+1 

MC424000ll38Blt'FH 83CL-8136B (7192) 
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NEC 
NEC Electronics Inc. 

Description 

The MC-428000A32 is a fast-page dynamic RAM mod
ule organized as 8,388,608 words by 32 bits and de
signed to operate from a single +5-volt power supply. 
Advanced CMOS circuitry ensures minimum power 
dissipation and excellent operating margins. 

The three-state output is controlled by CAS indepen
dent of RAS. After a valid read or read-modify-write 
cycle, data is held on the output by holding CAS low. 
Data output is returned to high impedance by returning 
CAS high. Fast-page read and write cycles can be 
executed by cycling CAS. Refreshing is accomplished 
by RAS-only refresh cycles, CAS before RAS refresh 
cycles, hidden refresh cycles, or by the 2048 address 
combinations of Ao-A10 during a 32-ms period. 

Single lnline Memory Module (SIMM™) packaging en
hances reliability and reduces the size, weight, and 
cost of a system.. Each SIMM contains sixteeen 
4,194,304 x 4-bit DRAMs (µPD4217400) and 16 power 
supply decoupling capacitors for noise reduction. 
DQ0 - 0031 are common input/output pins. 

Features 

o 8,388,608-word by 32-bit organization 
o Single +5-volt power supply 
o Fast-page option 
o Low power dissipation 
o RAS-only refresh cycles 
o CAS before RAS refresh cycles 
o Hidden refresh cycles 
o 2048 refresh cycles every 32 ms 
o TTL-compatible inputs and outputs 
o 72-pin SIMM packaging 
SIMM is a trademark of Wang Laboratories. 

Pin ldentif ication 
Name Function 

Address inputs 

Column address strobes 

DOo- D031 Common data inputs/outputs 

Row address strobes 

Write enable 

GND Ground 

Vee +5-volt power supply 

NC No connection 

60241 

MC-428000A32 
8,388,608 x 32-Bit 

Dynamic CMOS RAM Module 

Pin Configuration 

72-Pin Socket-Mountable SIMM 

Pin 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 

Pin ~mbol Pin ~mbol Pin -~mbol 
19 A10 37 NC 55 0011 
20 004 38 NC 56 oov 
21 0020 39 GND 57 0012 
22 00s 40 CASo 58 0028 
23 ~ 41 CA~ 59 Vee 
24 00s 42 CAS__a 60 0029 

25 ~ 43 CAS1 61 0013 
26 ..!&. 44 RASo 62 DOao 
v ~ 45 RAS1 63 0014 
28 A1 46 NC 64 0031 
29 NC 47 WE 65 0015 
30 vcc_ 48 NC 66 NC 

31 ~ 49 008 ~ [Note 1) 

32 ~ 50 0024 68 [Note 1) 

33 RA~ 51 009 69 [Note 1) 

34 RAS_2_ 52 0025 70 [Note 1) 

35 NC 53 0010 71 NC 

36 NC 54 ~ 72 GND 

Notes: 

(1) Pins 67 through 70 are defined b'f access tine: 

Pin 60n• 70ns eons 100n• 
67 GND GND GND GND 
68 NC NC NC NC 
69 NC GND NC GND 
70 NC NC GND GND 



MC-428000A32 NEC 
MC-428000A32 Connection Diagram 

RASo RAS1 
CASo 

oa0 V01 CAS RAS V01 RAS CAS 
001 V02 V02 
002 V03 DO V03 08 
003 V04 V04 

OE OE 

004 V01 CAS RAS V01 RAS CAS 
005 V02 V02 
oaa V03 01 V03 09 
007 V04 V04 

OE OE 

CAS1 

oaa V01 CAS RAS V01 RAS CAS 
Dag V02 V02 

0010 V03 02 V03 010 
0011 V04 V04 

OE OE 

0012 V01 CAS RAS V01 RAS CAS 
0013 V02 V02 
0014 V03 03 V03 011 
0015 V04 V04 

OE OE 

RAS2 RAS3 
CAS2 

001e V01 CAS RAS V01 RAS CAS 
0017 V02 V02 
001a V03 D4 V03 012 
0019 V04 V04 

OE OE 

0020 V01 CAS RAS V01 RAS CAS 
0021 V02 V02 
0022 V03 05 V03 013 
0023 V04 V04 

OE OE 

CAS3 

0024 V01 CAS RAS V01 RAS CAS 
0025 V02 V02 
0026 V03 06 V03 014 
0027 V04 V04 

OE OE 

002a V01 CAS RAS V01 RAS CAS 
Ao~A10 

0029 V02 V02 
WE } oo-~• 0030 V03 D7 V03 015 

Vcco i CO-C15 
)I (µPD4217400) 

0031 V04 V04 

OE OE 
GNDO )I 

83CL-8844B 
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NEC 
Ordering Information 
Part Number Access Time (max) 

MC-428000A32BH-60 60 ns 

BH-70 70 ns 

BH-80 80 ns 

MC-428000A32FH-60 60 ns 

FH-70 70 ns 

FH-80 80 ns 

Package 

72-pin socket-mountable 
SIMM (solder plating) 

72-pin socket-mountable 
SIMM (gold plating) 

Height 

31.75mm 
(1.250 inch) 

MC-428000A32 

Thickness 

9.3mm 
(0.366 inch) 

DRAMs 

16 µPD4217400LE 

Absolute Maximum Ratings Recommended Operating Conditions 
Voltage on any pin relative to GND -1.0 to +7.0 V 

Operating temperature, TopR o to +10°c 

Storage temperature, TsTG -55 to + 125°C 

Short-circuit output current, los 50mA 

Power dissipation, Po 24W 

Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause perma
nent damage. The device should be operated within the limits 
specified under DC and AC Characteristics. 

DC Characteristics 
TA= 0 to+ 7D°C; Vee= +5.0 v ±5% 

Parameter Symbol Min Max 

Standby current lee2 32 

16 

Input leakage current l1(L) -160 160 

Output leakage current IO(L) -20 20 

Output voltage, low VoL 0.4 

Output voltage, high VoH 2.4 

Parameter Symbol Min Typ Max Unit 

Input voltage, high V1H 2.4 Vee+ 1.0 v 
Input voltage, low V1L -1.0 0.8 v 
Supply voltage Vee 4.75 5.0 5.25 v 
Ambient temperature TA 0 70 ·c 

Capacitance 
TA = 25°C; f = 1 MHz 

Parameter Symbol Max Unit Pins Under Test 

Input C11 121 pF Ao· A10 
capacitance 

C12 137 pF WE 

C13 48 pF RAS 

C14 48 pF CAS 

Input/output C11/Co1 29 pF DOo- 0031 
capacitance 

Unit Test Conditions 

mA RAS = CAS ~ V1H (min) 

mA RAS= CAS ~ Vcc-0.2V 

µA V1N = o V to V cc; 
all other pins not under test = 0 V 

µA OOo to 0031 disabled; VouT = o V to Vee 

v loL = 4.2 mA 

v loH = -5 mA 

3 
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MC-428000A32 ttlEC 
AC Characteristics 
TA= 0 to +7()"C; Vee= +5.0V ±5% 

-60 -70 -80 

Parameter Symbol Min Max Min Max Min Max Unit Test Conditions 

Operating current, average lcc1 940 860 780 mA RAS and CAS cycling; tRe = tRc min; 
lo = O mA (Note 5) 

Operating current, RAS-only lce3 940 860 780 mA RAS cycling; CAS ;::: V1H; tRe = tile min; 
refresh cycle, average lo = O mA (Note 5) 

Operating current, fast-page lcc4 700 620 540 mA RAS ::;; V1L; CAS cycling; tpc = tpe min; 
cycle, average 10 = o mA (Note 5) 

Operating current, CAS before Ices 940 860 780 mA RAS cycling; CAS before RAS; tRc = tRe min; 
RAS refresh cycle, average lo = O mA (Note 5) 

Access time from column tAA 35 35 45 ns (Notes 7, 9) 
address 

Access time from CAS tACP 40 40 45 ns (Notes 7, 9) 
precharge (rising edge) 

Column address setup time tASC 0 20 0 20 0 20 ns 

Row address setup time tASR 0 0 0 ns 

Access time from CAS (falling teAC 15 20 20 ns (Notes 7, 9) 
edge) 

Column address hold time tcAH 17 15 15 ns 

CAS pulse width tcAS 20 10,000 20 10,000 20 10,000 ns 

CAS hold time for CAS before tcHR 15 15 15 ns 
RAS refresh cycle 

CAS to output in low teLZ 0 0 0 ns 
impedance 

Fast-page CAS precharge time tcp 10 10 10 ns 

CAS precharge time, nonpage tcpN 10 10 10 ns 
cycle 

CAS to RAS precharge time tcRP 10 10 10 ns (Note 12) 

CAS hold time tcsH 60 70 80 ns 

CAS setup time for CAS before tcsR 10 10 10 ns 
RAS refresh cycle 

Data-in hold time toH 15 15 15 ns (Note 15) 

Data-in setup time tos 0 0 0 ns (Note 15) 

Output buffer turnoff delay to FF 0 15 0 15 0 20 ns (Note 10) 

Fast-page cycle time· tpc 40 45 50 ns (Note 6) 

Access time from RAS tRAC 60 70 80 ns (Notes 7, 8) 

RAS to column address delay tRAD 15 30 15 35 17 40 ns (Note 9) 
time 

Row address hold time tRAH 10 10 12 ns 

Column address lead time tRAL 30 35 40 ns 
referenced to RAS (rising edge) 

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

Fast-page RAS pulse width tRASP 60 125,000 70 125,000 80 125,000 ns 

Random read or write cycle tRc 120 130 160 ns (Note 6) 
time 

RAS to CAS delay time tRcO 20 40 20 60 25 60 ns (Note 11) 
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NEC 
AC Characteristics (cont) 

-60 

Param~ter Symbol Min Max 

Read command hold time 
referenced to CAS 

Read command setup time 

Refresh period 

RAS hold time from CAS 
precharge 

RAS precharge time tRp 

RAS precharge CAS hold time tRPC 

Read command hold time tRRH 
referenced to RAS 

RAS hold time tRsH 

Rise and fall transition time tr 

Write COl)'lmand hold time twcH 

Write command setup time twcs 

WE hold time twHR 

WE setup time twsR 

Write command pulse width twp 

Notes: 

(1) All voltages are referenced to GND. 

0 

0 

32 

35 

50 

10 

0 

20 

3 50 

15 

0 

15 

10 

15 

-70 

Min Max 

0 

0 

32 

40 

60 

10 

0 

20 

3 50 

15 

0 

15 

10 

15 

(2) An initial pause of 100µs is required after power-up, followed by 
any eight RAS cycles, before proper device operation is 
achieved. At the end of the initial power-up sequence, it is 
recommended that either a RAS-only or CAS before RAS refresh 
cycle be executed while WE~ ViH to ensure normal operation. 

(3) Ac measurements assume tr = 5 ns. 

(4) V1H (min) and V1L (max) are reference levels for measuring the 
timing of input signals. Transition times are measured between 
V1H and VIL· 

(5) lcc1• lcc3• lcc4• and Ices depend on output loading and cycle 
rates. Specified values are obtained with the output open. lcc3 
is measured assuming that all column address inputs are held at 
either a high level or a low level during RAS-only refresh cycles. 
lcc4 is measured assuming that all column address inputs are 
switched only once during each fast-page cycle. 

(6) The minimum specifications are used only to indicate the cycle 
time at which proper operation over the full temperature range 
(TA = O to + 70°C) is assured. 

(7) Load= 2 TTL (-1 mA, +4 mA) loads and 100 pF. 

(8) Assumes that tRcD s tRcD (max) and tRAD s tRAD (max). If 
tRCD or tRAD is greater than the maximum recommended value 
in this table, tRAC increases by the amount that tRco or tRAD 
exceeds the value shown. 

(9) If tRAD ~ tRAD (max), then the access time is defined by tAA· 

(10) toFF (max) defines the time at which the output achieves the 
open-circuit condition and is not referenced to VoH or Vol· 

(11) Operation within the tRCD (max) limit assures that tRAC (max) 
can be met. tRcD (max) is specified as a reference point only; if 
tRcD is greater than tRcD (max), then access time is controlled 
exclusively by tcAC· 

MC-428000A32 

-80 

Min Max Unit Test Conditions 

0 ns (Note 13) 

0 ns 

32 ms Addresses Ao - A10 

45 ns 

70 ns 

10 ns 

0 ns (Note 13) 

20 ns 

3 50 ns (Note 3) 

15 ns 

0 ns (Note 16) 

15 ns 

10 ns 

15 ns (Note 14) 

(12) The tcRP requirement should be applicable for RAS/CAS cycles 
preceded by any cycle. 

(13) Either tRRH or tRcH must be satisfied for a read cycle. 

(14) Parameter twp is applicable for a delayed write cycle such as a 
read-write/read-modify-write cycle. For early write operation, 
both twcs and twcH must be met. 

(15) These parameters are referenced to the fal.!!!:!g edge of CAS for 
early write cycles and to the falling edge of WE for delayed write 
or read-modify-write cycles. 

(16) twcs. tRWD• tcwo. and tAwD are restrictive operating parame
ters in read-write/read-modify-write cycles only. If twcs ~ twcs 
(min), the cycle is an early write cycle and the data output will 
remain open-circuit throughout the entire cycle. If t cwo ~ t cwo 
(min), tRwo ~ tRwD (min), and tAwD ~ tAwD (min), 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 is met, 
the condition of the data output pin (at access time and until 
CAS returns to V1H) is indeterminate. 

(17) A test mode may be initiated by executing a CAS before RAS 
refresh cycle with WE held at VIL· This mode also may inadvert
ently be initiated during power-up because external control of 
the signal lines is very difficult during this period. It is therefore 
recommended that while WE is held at VIH• either a RAS-only or 
CAS before RAS refresh cycle be executed at any time after the 
end of the initial power-up sequence to ensure normal device 
operation. 
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MC-428000A32 

Timing Waveforms 

Read Cycle 

RAS 

Address 

WE 

DOUT 

6 

NEC 

lo(:....------tRSH------

_.... ______ ---;~tcsH---------

----tRCD--~+E-----tCAs-----.i 

l 
LL.AA____.. 

~tCAc------;.i i.----------'-, tRAC 
High Impedance 

Valid Data 

83YL·72438 



~ ~ MC-428000A32 

~-···~~--~~~~~~-
. 1ming Waveforms (cont) 

Early Write Cycle 

-----tRc----~ 

----tRAs-----~ 

RAS 

I I+--( --lRSH··---->i 

---~tcsH--

Ill 
Address 

DOUT ______ __..;.;z;Hlgh:.=::.;lmpedanc=::::-e ------

83Yl·72448 
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MCo.;428000A32 ~ A-

~~~~~--~~ve r 
Timing Waveforms (cont) """' 

Fast-Page Read Cycle 
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NEC 
Timing Waveforms (cont) 

Fast-Page Early Write Cycle 

MC-428000A32 
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MC-428000A32 

Timing Waveforms (cont) 

Hidden Refresh Cycle 

NEC 

---Memory Cycle --~-CAS Before RAS Cycle 

~~~~~~t~~~~~~ 

CAS 

Address 7; !llJIJ/Jlll/! /////l 
L~., 

ss VIII/JI/Ila WE 71 //Jll/ll/I 
tcAC ·~·~ ~ l--tRAC 

High Impedance I couT----------1 

·=~ 
Valid ~ta 

83YL-72478 
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NEC 
Timing Waveforms (cont) 

RAS-Only Refresh Cycle 

r-tCRP 

CAS __} 

Address 

Note: 

[1) WE:.:VIH· 

CAS Before RAS Refresh Cycle 

tcsR 

CAS 

Note: 
[1] Address = don't care. 

MC-428000A32 

v 

831H-8816B 

tcRP 

831H-70li6B 
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MC-428000A32 NEC 
Package Drawings 

72-Pin Socket-Mountable SIMM (MC-42BOOOA32BH/FH) 

rn Item Miiiimeters Inches Hern Mllllmetera Inches 

A 107.95 ± 0.2 4.250 ± .008 M 31.75 1.250 
B 101.19 ± 0.2 3.984 ± .008 N . 9.3 .366 

F 1.04 .041 p 1.57 rad .062 rad 

G 10.18 .400 s 3.18 dla .125 dla 

H 1.27 .050 T 1.27 .050 

I 6.35 .250 u 3.38 .133 

J 2.03 .080 v 44.45 1.750 

K 6.35 .250 w 6.36 .250 

L 2.54 min .100 min x 95.25 ± 0.1 3.750 ± .004 

T-JI-
A 

B 

l 
G Ml 

--iiUUULIULJW<..IUUUUUUUUUUl.JUUU<.IULW.JUULW->UUUl-"1>-":-l'LIUUUl.JUUU<..IUUUUUL-"-IU<.JUL.M..IUUU<..W\WjJUUUl.JUL.IUj~7--2 i-1-
l 

MC-428000A32BWFH 83CL-8846B (7/92) 
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NEC 
NEC Electronics Inc. 

Description 

The MC-428000A36 is a fast-page dynamic RAM mod
ule organized as 8,388,608 words by 36 bits and de
signed to operate from a single +5-volt power supply. 
Advanced CMOS circuitry ensures minimum power 
dissipation and excellent operating margins. 

The three-state output is controlled by CAS indepen
dent of RAS. After a valid read or read-modify-write 
cycle, data is held on the output by holding CAS low. 
Data output is returned to high impedance by returning 
CAS high. Fast-page read and write cycles can be 
executed by cycling CAS. Refreshing is accomplished 
by RAS-only refresh cycles, CAS before RAS refresh 
cycles, hidden refresh cycles, or by the 2048 address 
combinations of Ao-A10 during a 32-ms period. 

Single lnline Memory Module (SIMM™) packaging en
hances reliability and reduces the size, weight, and 
cost of a system. Each SIMM contains sixteen 
µPD4217400 DRAMs (4M x 4-bit), eight µPD424100 
DRAMs (4M x 1-bit), and 24 power supply decoupling 
capacitors for noise reduction. DQ0 - 0035 are com
mon input/output pins. 

Features 

o 8,388,608-word by 36-bit organization 
o Single +5-volt power supply 
o Fast-page cycles 
o Low power dissipation 
o RAS-only refresh cycles 
o CAS before RAS refresh cycles 
o Hidden refresh cycles 
o 2048 refresh cycles every 32 ms 
o TTL-compatible inputs and outputs 
o 72-pin SIMM packaging 

Pin Identification 
Name Function 

Ao-A10 Address inputs 

CASo- CAS3 Column address strobes 

Dao- D035 Common data inputs/outputs 

RAS0-RAS3 Row address strobes 

WE Write enable 

GND Ground 

Vee + 5-volt power supply 

NC No connection 

60217 

MC-428000A36 
8,388,608 x 36-Bit 

Dynamic CMOS RAM Module 

Pin Configuration 

72-Pin Socket-Mountable SIMM 

Pin 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 

Pin Symbol Pin Symbol 
37 0017 55 0012 
38 '0035 56 0030 
39 GND 57 0013 
40 CASJ>_ 58 0031 
41 CAS-2._ 59 Vee 
42 CAS__a 60 0032 
43 CAS_i_ 61 0014 
44 RASJ>_ 62 0033 
45 RAS_i_ 63 0015 
48 NC 64 OOa4 
47 WE 65 0015 
48 NC 66 NC 
49 009 67 [Note 1) 

50 0027 68 [Note 1) 
51 0010 69 [Note 1) 

52 00~ 70 [Note 1) 
53 0011 71 NC 
54 00-29_ 72 GND 

Notee: 

[1] PN 87·70 .,.defined by access time: 

Pin eons 70n• eons 100ns r----
117 GND GND GND GND 

~-
1111 NC NC NC NC 
118 NC GND NC GND 
70 NC NC GND GND 

83YL-a;&1A 

SIMM is a trademark of Wang Laboratories. 
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MC-428000A36 NEC 
Connection Diagram 

RASO RAS1 
CASO 

ooo V01 CAS RAS V01 RAS CAS 
001 V02 V02 
002 V03 DO V03 01 
003 V04 V04 

OE OE 

DQ4 V01 CAS RAS V01 RAS CAS 
005 V02 V02 
00& V03 03 V03 02 
007 V04 V04 

OE OE 

CAS RAS RAS CAS 
009 D1NIDOUT MO D1NIDour M1 

CAS1 

009 V01 CAS RAS V01 RAS CAS 
0010 V02 V02 
0011 V03 04 V03 05 
0012 V04 V04 

OE OE 

0013 V01 CAS RAS V01 RAS CAS 
0014 V02 V02 
0015 V03 07 V03 06 
001e V04 V04 

OE OE 

CAS RAS RAS CAS 
0011 DINIDOUT M2 D1NIDour M3 

RAS2 RAS3 
CAS2 

0018 V01 CAS RAS V01 RAS CAS 
0019 V02 V02 
0020 V03 08 V03 09 
0021 V04 V04 

OE OE 

0022 V01 CAS RAS V01 RAS CAS 
0023 V02 V02 
0024 V03 011 V03 010 
0025 V04 V04 

OE OE 

CAS RAS RAS CAS 
0028 DINIDOUT M4 D1NIDour MS 

CAS3 

0021 V01 CAS RAS V01 RAS CAS 
0028 V02 V02 
0029 V03 012 V03 013 
0030 V04 V04 

OE OE 

0031 V01 CAS RAS V01 RAS CAS 
0032 V02 V02 
0033 V03 015 V03 014 
0034 V04 V04 

OE oe 
CAS RAS RAS CAS 

0035 Ow/Dour MB Ow/Dour M7 

AO-A10 
WE 

} DO - 015 ~04>17400) 
Vee.• ::!: CO C )I MO· M7 (µPD424100) 

GND a T - 23)1 

83YL-8i828 
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NEC 
Ordering Information 
Part Number Access Time (max) Package Height 

MC-428000A36BH-60 60 ns 

BH-70 70 ns 

72-pin socket-mountable 
SIMM (solder plating) 

31.75 mm 
(1.250 inch) 

BH-80 80 ns 

BH-10 100 ns 

MC-428000A36FH-60 

FH-70 

60 ns 

70 ns 

72-pin socket-mountable 
SIMM (gold plating) 

FH-80 80 ns 

FH-10 100 ns 

Absolute Maximum Ratings 
Voltage on any pin relative to GND -1.0to +7.0V 

Operating temperature, TopR o to +70°c 

Storage temperature, TsTG -55 to + 125°C 

Short-circuit output current, los 50mA 

Power dissipation, Po 24W 

Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause perma
nent damage. The device should be operated within the limits 
specified under DC and AC Characteristics. 

Recommended Operating Conditions 
Parameter Symbol Min Typ Max Unit 

Input voltage, high V1H 2.4 Vee+ 1.0 v 
Input voltage, low V1L -1.0 0.8 v 
Supply voltage Vee 4.75 5.0 5.25 v 
Ambient temperature TA 0 70 cc 

DC Characteristics 
TA= Oto +70°C; Vee= +5.0V ±5% 

Parameter Symbol Min Max 

Standby current lcc2 48 

24 

Input leakage current l1(L) -240 240 

Output leakage current lo(L) -20 20 

Output voltage, low Vol 0.4 

Output voltage, high VoH 2.4 

Capacitance 
TA = 25°C; f = 1 MHz 

Parameter 

Input 
capacitance 

Input/output 
capacitance 

Unit 

mA 

mA 

µA 

µA 

v 
v 

Symbol 

C11 

C12 

C13 

C14 

Cio/Coo 

C12/Co2 

MC-428000A36 

Thickness DRAMs 

9.3mm 
(0.366 inch) 

Sixteen µPD4217400LE 
Eight µPD424100LA 

Max Unit Pins Under Test 

161 pF Ao-A10 

193 pF WE 

62 pF RAS 

62 pF CAS 

29 pF DOo- 007, OQg-
0015, 001s - 0025, 
0027- 0034 

39 pF 005, 0017, 0025, 
0035 

Test Conditions 

RAS = CAS 2: V1H (min) 

RAS = CAS 2: Vee - 0.2 v 
V1N = o V to V cc; 
all other pins not under test = 0 V 

Dao to 0035 disabled; Vour = O V to V cc 

loL = 4.2 mA 

loH = -5 mA 
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MC-428000A86 NEC 
AC Characteristics 
TA= o to +70°c; Vee= +5.o v ±5% 

-60 ·70 -80 -10 

Parameter Symbol Min Max Min Max Min Max Min Max Unit Test Conditions 

Operating current, lee1 1420 1260 1140 1020 mA RAS and CAS cycling; 
average tRe = tRe min; 

lo = O mA (Note 5) 

Operating current, lee3 1420 1260 1140 1020 mA RAS cycling; CAS <!!: V1H; 
RAS-only refresh tRe = tRe min; 
cycle, average lo = O mA (Note 5) 

Operating current, lee4 1060 940 820 700 mA RAS s V1L; CAS cycling; 
fast-page cycle, tpe = tpe min; 
average lo= o mA (Note 5) 

Operating current, lees 1420 1260 1140 1020 mA RAS cycling; CAS before 
CAS before RAS RAS; tRe = tRe min; 
refresh cycle, lo = o mA (Note 5) 
average 

Access time from tAA 35 35 45 55 ns (Notes 7, 9) 
column address 

Access time from tAeP 40 40 45 55 ns (Notes 7, 9) 
CAS precharge 
(rising edge) 

Column address tAse 0 20 0 20 0 20 0 25 ns 
setup time. 

Row address setup tAsR 0 0 0 0 ns 
time 

Access time from teAe 20 20 20 25 ns (Notes 7, 9) 
CAS 
(falling edge) 

Column address teAH 15 15 15 20 ns 
hold time 

CAS pulse width teAS 20 10,000 20 10,000 20 10,000 25 10,000 ns 

CAS hold time for teHR 15 15 15 20 ns 
CAS before RAS 
refresh cycle 

Data setup time teLZ 0 0 0 0 ns 

CAS precharge tep 10 10 10 10 ns 
time, fast-page 
cycle 

CAS precharge tePN 10 10 10 10 ns 
time, nonpage 
cycle 

CASto RAS teRP 10 10 10 10 ns (Note 12) 
precharge time 

CAS hold time tesH 60 70 80 100 ns 

CAS setup time for tesR 10 10 10 10 ns 
CAS before RAS 
refresh cycle 

Data-in hold time toH 15 15 15 20 ns (Note 15) 

Data-in setup time tos 0 0 0 0 ns (Note 15) 

Output buffer toFF 0 15 0 15 0 20 0 25 ns (Note 10) 
turnoff delay 

4 



NEC MC-428000A36 

AC Characteristics (cont) 
·60 ·70 -80 ·10 

Parameter Symbol. Min Max Min Max Min Max Min Max Unit Test Conditions 

Fast-page cycle tpc 40 45 50 60 ns (Note 6) 
time 

Access time from tRAC 60 70 80 100 ns (Notes 7, 8) 
RAS 

RAS to column tRAO 15 30 15 35 17 40 17 50 ns (Note 9) 
address delay time 

Row address hold tRAH 10 10 12 12 ns 
time 

Column address tRAL 30 35 45 50 ns 
lead time 
referenced to RAS 
(rising edge) 

RAS pulse width tRAS 60 10,000 70 10,000 80 10,000 100 10,000 ns 

RAS pulse width, tRASP 60 125,000 70 125,000 80 125,000 100 125,000 ns 
fast-page cycle 

IDI Random read or tRc 120 130 160 190 ns (Note 6) 
write cycle time 

RAS to CAS delay tRCO 20 40 20 60 25 60 25 75 ns (Note 11) 
time 

Read command tRCH 0 0 0 0 ns (Note 13) 
hold time 
referenced to CAS 

Read command tRCS 0 0 0 0 ns 
setup time 

Refresh period tREF 32 32 32 32 ms Addresses Ao • A1o 

RAS hold time tRHCP 35 40 45 55 ns 
from CAS 
precharge 

RAS precharge tRP 50 60 70 80 ns 
time 

RAS precharge tRPC 10 10 10 10 ns 
CAS hold time 

Read command tRRH 0 0 0 0 ns (Note 13) 
hold time 
referenced to RAS 

RAS hold time tRSH 20 20 20 25 ns 

Rise and fall tT 3 50 3 50 3 50 3 50 ns (Note 3) 
transition time 

Write command twcH 15 15 15 20 ns 
hold time 

Write command twcs 0 0 0 0 ns (Note 16) 
setup time 

WE hold time twHR 15 15 15 20 ns 

WE setup time twsR 10 10 10 10 ns 

Write command twp 15 15 15 20 ns (Note 14) 
pulse width 

5 



MC-428000A36 

AC Characteristics (cont) 

Notes: 

(1) All voltages are referenced to GND. 

(2) An initial pause of 100 µs is required after power-up, followed by 
any eight RAS cycles, before proper device operation is 
achieved. At the end of the initial power-up sequence, it is 
recommended that either a RAS-on!Y_!efresh or a CAS before 
RAS refresh cycle be executed while WE :?: V IH to ensure normal 
operation. 

(3) Ac measurements assume tr = 5 ns. 

(4) V1H (min) and V1L (max) are reference levels for measuring the 
timing of input signals. Transition times are measured between 
VtH and Vtl· 

(5) lcc1. lcc3, lcc4, and Ices depend on output loading and cycle 
rates. Specified values are obtained with the output open. Icc3 
is measured assuming that all column address Inputs are held at 
either a high level or a low level during RAS-only refresh cycles. 
lcc4 is measured assuming that all column address inputs are 
switched only once during each fast-page cycle. 

(6) The minimum specifications are used only to indicate the cycle 
time at which proper operation over the full temperature range 
(TA = 0 to + 70°C) is assured. 

(7) Load = 2 TTL (-1 mA, + 4 mA) loads and 100 pF 

(8) Assumes that tRco s tRcD (max) and tRAD s tRAD (max). If 
tRcD or tRAD Is greater than the maximum recommended value 
in this table, tRAC increases by the amount that tRco or tRAD 
exceeds the value shown. 

(9) If tRAD <!:: tRAD (max), then the access time is defined by tAA· 

(10) toFF (max) defines the time at which the output achieves the 
open-circuit condition and is not referenced to VoH or Vol· 

6 

NEC 

(11) Operation within the tRcD (max) limit assures that tRAC (max) 
can be met. tRCD (max) is specified as a reference point only; if 
tRcD is greater than tRcD (max), then access time is controlled 
exclusively by tcAC· 

(12) The tcRP requirement should be applicable for RAS/CAS cycles 
preceded by any cycle. 

(13) Either tRRH or tRcH must be satisfied for a read cycle. 

(14) Parameter twp is applicable for a delayed write cycle such as a 
read-write/read-modify-write cycle. For early write operation, 
both twcs and twcH must be met. 

(15) These parameters are referenced to the falg edge of CAS for 
early write cycles and to the falling edge of WE for delayed write 
or read-modify-write cycles. 

(16) twcs. tRWD• tcwo. and tAwo are restrictive operating parame
ters In read-write/read-modify-write cycles only. If twcs <!:: twcs 
(min), the cycle is an early write cycle and the data output will 
remain open-circuitthroughoutthe entire cycfe. lftcwo <!:: tcwo 
(min), tRWo:?: tRWo (min), and tAwo :?: tAwD (min), 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 is met, 
the condition of the data output pin (at access time and until 
CAS returns to VtH) is indeterminate. 

(17) A test mode may be initiated by executing a CAS before RAS 
refresh cycle with WE held at Vtl· This mode also may inadvert
ently be initiated during power-up because external control of 
the signal.lines is very difficult during this peri.od. It is therefore 
recommended that while WE is held at VtH• either a RAS-only or 
CAS before RAS refresh cycle should be executed at any time 
after the end of the initial power-up sequence to ensure normal 
device operation. 



NEC 
Timing Waveforms 

Read Cycle 

RAS 

Addl8SS 

WE 

DOUT 

i..l E"-------tRSH-------'"" 

14--------'~tcsH---------

l 
I 

LJ_,AA __ 
~tCAc----~ 

~E ~ltRAC 

High Impedance 
Valld Data 

MC-428000A36 

1111 

83YL·7243B 
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MC-428000A36 

Timing Waveforms (cont) 

&rly Write Cycle 

NEC 

14-------tRc----~ 

8 

Address 

---1c --tRSH-

~------i:---tcsH---~ 

-· tRco tCAS-~ 

DoUT------~ttgh~lmp~edance.;;;.;..._ _____ _ 

113YL·7244B 



NEC 
Timing Waveforms (cont) 

Fast-Page Read Cycle 

Address 

DouT---H--lgh_rm .... pedan..___ce ___ -<, 

MC-428000A36 

Valid 
Data-out 

83YL·7246B 

9 
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MC-428000A36 NEC 
Timing Waveforms (cont) 

Fast-Page Early Write Cycle 

Address 

toH=i _ 
==VaD=dData ~_,....,....,712_.....,.7 //; ............ /l 

83YL-8S03B 
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NEC MC-428000A36 

Timing Waveforms (cont) 

Hidden Refresh Cycle 

14---- Memory Cycle ---'l--CAS Before RAS Cycle 

---~--tRc---.-..--

RAS 

CAS 

Address 71 II II !l/J! // llJIJ/!Z 

WE 111/J!ll !II I 55 

VIII/ !l/JJ It 
l--tRAC 

High Impedance I DOUT --.-:=---:.----.----.__.--<I 

'=~ 
·~j~ tcAC 

Valld ~ta 

11 
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MC~428000A36 

Timing Waveforms (cont) 

RAS-Only Refresh Cycle 

RAS 

r-tCRP 

Addl9SS 

NEC 

v 

DOUT---------------------------------H-lgh_l_m~padanc ___ e ________________________________ _ 

Note: 

[1] WE2V1H· 
831H-88158 

CAS Before RAS Refresh Cycle 

tcsR tcRP 

CAS 

DoUT----------------------------------H-~-h-lm_pedan ___ oo ______________________________ __ 

Nole: 
[1] Address= don't care. 

8311+70668 
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NEC 
Package Drawings 

72-Pin Socket-Mountable SIMM (MC-428000A36BHJFH) 

Item 

A 

B 

F 

G 

H 

K 

L 

Miiiimeters Inch ea 

107.95 :I: 0.2 4.250 :I: .008 

101.19 :I: 0.2 3.984 :I: .008 

1.04 .041 

10.16 .400 

1.27 .050 

6.35 .250 

2.03 .080 

6.35 .250 

2.54 min .100 min 

µPD4217400LE 
400-mDSOJ 

Hem Miii i meters 

M 31.75 

N 9.3 
p 1.57 rad 
s 3.17 dla 

T 1.27 

u 3.38 

v 44.45 

w 6.36 

x 95.25 :1:0.1 

~~r-~~~~~v·~~~~~~--+-w 

lnc:hea 

1.250 

.366 

.062 rad 

.125 dla 

.050 

.133 

1.750 

.250 

3.750 :I: .004 

µPD424100LA 
300-mDSOJ 

MC-428000A36 

L 

1~~~~~~~~~~~~~~-x·~~~~~~~~~~~~~---+1 

83Yl-86838 (41112) 
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Video RAMs 

Section 12 
Video RAMs 
(See App Notes 89-15, 89-16, 90-01 . ) 

µPD Organization 

41264 64Kx 4 

42264 64Kx 4 

42273 256Kx 4 

42274 256Kx 4 

42274-80 256Kx 4 

42275 128K x 8 

482234 256Kx 8 

482235 256Kx 8 

Upcoming Products 

Description 

4M Video RAM 

Features 

Page; NMOS 12a 

Page; CMOS 12b 

12c 

Flash-write 12d 

Flash-write; high-performance 12e 

12f 

Fast-page 12g 

Hyper-page (extended data out) 

Device Number 

µPD482445 

Comments 

256K x 16; RAM port access times to 60 ns; serial port 
access times to 15 ns; 64-pin SSOP, 70-pin TSOP 



NEC 
NEC Electronics Inc. 

Description 

The µPD41264 is a dual-port graphics buffer equipped 
with a 64K x 4-bit random access port and a 256 x 4-bit 
serial read port. The serial read port is connected to an 
internal 1024-bit data register through a 256 x 4-bit 
serial read output circuit. The random access port is 
used by the host CPU to read or write data addressed in 
any desired order and has a write-per-bit option that 
allows each of the four data bits to be individually 
selected or masked for a write cycle. 

The µPD41264 features fully asynchronous dual ac
cess, except when transferring stored graphics data 
from a selected row of the storage array to the data 
register. During a data transfer, the random access port 
requires a special timing cycle using a transfer clock, 
while the serial read port continues to operate nor
mally. Following the clock transition of a data transfer, 
serial read output data changes from an old line to a 
new line and the starting location on the new line is 
addressable in the data transfer cycle. 

The µPD41264 is fabricated with a double polylayer, 
N-channel, silicon gate process that provides high 
storage cell density, high performance, and high reli
ability. Refreshing is accomplished by means of RAS
only refresh cycles or by normal read or write cycles on 
the 256 address combinations of Ao through A7 during 
a 4-ms period. Automatic internal refreshing, by means 
of either hidden refreshing or the CAS before RAS 
timing and on-chip refresh circuitry, is also available. 
The transfer of a row of data from the storage array to 
the data register also refreshes that row automatically. 

All inputs and outputs, including clocks, are TTL
compatible. All address and data-in signals are latched 
on-chip to simplify system design. Data-out is un
latched to allow greater system flexibility. The 
µPD41264 is available in a 24-pin plastic DIP, or 24-pin 
plastic ZIP, and is guaranteed for operation at O to 
+70°C. 

60133 

Features 

pPD41264 
Dual-Port Graphics Buffer 

o Three functional blocks 
- 64K x 4-bit random access storage array 
-1024-bit data register 
-256 x 4-bit serial read output circuit 

o Two data ports: random access and serial read 
o Dual-port accessibility except during data transfer 
o Addressable start of serial read operation 
o Real-time data transfer 
o Single +5-volt ± 10% power supply 
o On-chip substrate bias generator 
o Random access port 

- Two main clocks: RAS and CAS 
- Multiplexed address inputs 
- Direct connection of 1/0 and address lines 

allowed by OE to simplify system design 
- Refresh interval: 256 cycles/4 ms 
- Read, early write, late write, read-write/read-

modify-write, RAS-only refresh, and page mode ~ 
capabilities lliill 

- Automatic internal refreshing by means of the 
CAS before RAS on-chip address counter 

- Hidden refreshing by means of CAS-controlled 
output 

-Write-per-bit capability 
- Write bit selection multiplexed on 100-103 

o RAS-activated data transfer 
- Same cycle time as for random access 
- Row data transferred to data register as 

specified by row address inputs 
-Starting location of following serial read 

operation specified by column address inputs 
- Transfer of 1024 bits of data on one row to the 

data register, and the starting location of the 
serial read circuit, activated by a low-to-high 
transition of DT 

- Data transfer during real-time operation or 
standby of serial port 

o Fast serial read operation by means of SC pins 
- Serial data pres~nted on S00-S03 
- Direct connection of multiple serial outputs for 

extension of data length 
o Fully TTL-compatible inputs, outputs, and clocks 
o Three-state outputs for random and serial access 
o 24-pin plastic DIP and 24-pin plastic ZIP packaging 



pPD41264 

Pin Configurations 

24-Pin Plastic DIP and SOJ 

SC 

S01 

Dr/OE 4 

WollOo 

W1ll01 

WB/WE 

RAS 

24-Pin Plastic ZIP 

2 

W2ll02 
SOE 

S03 
SC 

S01 
w01100 
WB/WE 

As 
A4 

A1 
A2 
Ao 

GND 

803 

S02 

SOE 

W3/I03 

W2tl02 

CAS 

Ao 
A1 

A2 

A3 

A1 
831H-6631A 

831H-5380A 

NEC 
Ordering Information 

Row Access Serial Access 
Part Number Time (max) Time (max) Package 

µPD41264C-12 120 ns 40 ns 24-pin 

C-15 150 ns 60 ns 
plastic DIP 

µPD41264V-12 120 ns 40 ns 24-pin 

V-15 150 ns 60 ns 
plastic ZIP 

Pin ldentif ication 
Symbol Function 

Address inputs 

Column address strobe 

Data transfer/output enable 

Row address strobe 

SC Serial control 

S00-S03 Serial read outputs 

Serial output enable 

WoflOo-Wafl03 Write-per-bit inputs/data inputs and outputs 

GND Ground 

Write-per-bit/wri.te enable 

Vee + 5-volt power supply 



NEC 
Recommended Operating Conditions 
Parameter Symbol Min 

Supply voltage Vee 4.5 

Input voltage, high V1H 2.4 

Input voltage, low V1L -1.0 

Operating temperature TA 0 

Absolute Maximum Ratings 
Voltage on any pin except V cc relative to GND, 
VR1 

Voltage on Vee relative to GND, VR2 

Operating temperature, To PR 

Storage temperature, TsTG 

Short-circuit output current, los 

Power dissipation, Po 

Typ Max Unit 

5.0 5.5 v 
5.5 v 
0.8 v 
70 oc 

-1.0 to +7.0V 

- 1.0 V to + 7.0 V 

o to +70°C 

- 55 to + 125°C 

50mA 

1.5W 

Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause perma
nent damage. The device should be operated within the limits 
specified under DC and AC Characteristics. 

pPD41264 

Capacitance 
TA= o to+ 70°C; Vee= +5.0 V ±10%; f = 1 MHz 

Parameter 

Input capacitance 

Input/output 
capacitance 

Output capacitance 

Symbol Max 

Cl(A) 5 

Ct(DT/OE) 6 

Ct(WB/WE) 8 

Ct(RAS) 8 

C1(CAS) 8 

C1(SOE) 8 

C1(SC) 8 

CIO(W/10) 7 

Co(SO) 7 

Unit Pins Under Test 

pF Ao ·A7 

pF D170E 

pF WB/WE 

pF RAS 

pF CAS 

pF SOE 

pF SC 

pF WoflOo • Wa/103 

pF SOo • S03 
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pPD41264 

Block Diagram 

Ao~ 

A1~ 

A2~ ~ 
A3~ ai 

A4~ j 
As~ ~ 

Vee---. 
GND___.. 

Start Address 

4 

Note: 

Serial Address 
Counter 

[1] T.G. =timing generator 

~-----'-+-----------~ w01100 

+-+ -1-1- I-+-+ - - - I-+-+ -I-
I I I I I I I I I I I 
I I I I I I I I I I I 
I I I I Storage Array I I I I 
I I I I 

256 
x 

1024 
I I I I 

I I I I I I I I 
I I I I I I I I I I I 
I I -1-1- r I I - - - r I I -1-

W1ll01 

W2ll02 

S02 

S01 

SOo 

NEC 

831H-6615B 



NEC 
Device Operation 

The µPD41264 has a random access port and a serial 
read port. The random access port executes standard 
read/write cycles as well as data transfer cycles, all of 
which are based on conventional RAS/CAS timing. In a 
data transfer, data in each storage cell on the selected 
row is transferred simultaneously through a transfer 
gate to the corresponding register location. The serial 
read port shows the contents of the data register in 
serial order. The random access and serial read ports 
can operate asynchronously, except when the transfer 
gate is turned on during the data transfer period. 

Addressing 

The storage array is a 256-row by 1024-column matrix. 
Each of 4 data bits in the random access port corre
sponds to 65,536 storage cells, and 16 address bits are 
required to decode one cell location. Eight row address 
bits are set up on pins Ao through A7 and latched onto 
the chip by RAS. Eight column address bits then are set 
up on pins Ao through A7 and latched onto the chip by 
CAS. All addresses must be stable, on or before the 
falling edges of RAS and CAS. 

RAS is similar to a chip enable signal; whenever it is 
activated, 1024 cells on the selected row are sensed 
simultaneously and the sense amplifiers automatically 
restore the data. CAS is a chip selection signal that 
activates the column decoder and input/output buff
ers. 

Through 1 of 256 column decoders, 4 storage cells on 
a row are .connected to 4 data buses, respectively. In a 
data transfer cycle, 8 row address bits are used to 
select 1 of the 256 possible rows involved in the transfer 
of data to the data register. Eight column address bits 
are then used to select the 1 of 256 possible serial 
decoders that corresponds to the starting location of 
the next serial read cycle. In the serial read port, when 
SC is activated, 4 data bits in the 1024-bit data register 
are transferred to 4 serial data buses and read out. 
Activating SC repeatedly causes a serial read cycle 
(starting from the location specified in the data trans
fer) to be executed within the 1024 bits in the data 
register. 

pPD41264 

Random Access Port 

An operation in the random access port begins with a 
negative transition of RAS. Both RAS and CAS have 
minimum pulse widths, as specified in the timing table, 
which must be maintained for proper device operation 
and data integrity. Once begun, a cycle must meet all 
specifications, including minimum cycle time. To re
duce the number of pins, the following functions are 
multi-plexed in the random access port: 

• DT/OE 
• WB/WE 
• W/IOi (i = 0, 1, 2, 3) 

The OE, WE and IOi functions represent standard oper
ations while DT, WB, and Wi are special inputs to be 
applied in the same way as row address inputs, with 
setup and hold times referenced to the negative tran
sition of RAS. The DT level determines whether a cycle 
is a random access operation or a data transfer oper
ation. WB affects only write cycles and determines 
whether or not the write-per-bit option is used. Wi fll!m 
defines data bits to be written with the write-per-bit lliim 
capability. In the following discussic;ms, these multi-
plexed pins are designated a$ DT(/OE), for example, 
depending on the function being described. 

To use the µPD41264 for random access, DT(/OE) must 
be high as RAS falls. Holding DT(/OE) high disconnects 
the 1024-bit data register from the corresponding 1024-
digit lines of the storage array. Conversely, to execute 
a data transfer, DT(/OE) must be low as RAS falls to 
open the 1024 data transfer gates and transfer data 
from one of the rows to the data register. 

Read Cycle. A ~ad cycle is executed ~ activating 
RAS, CAS, and OE and maintaining f'IVBf)WE high while 
CAS is active. The f'IV/)IOi data pin (i = o, 1, 2, 3) 
remains in high impedance until valid data appears at 
the output at access time. Device access time, tAcc. is 
the longest of the following three calculated intervals: 

• tRAC 
• RAS to CAS delay (tRco) + tcAC 
• RAS to OE delay + toEA 

5 
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Access times from RAS (tRAc), from CAS (tcAc), and 
from OE (to EN are device parameters. The 'RAS to CAS 
and RAS to OE delays are system-dependent timing 
parameters. 

Output becomes valid after the access time has 
elapsed and it remains valid while both CAS and OE are 
low. CAS or OE high returns the output to high imped
ance. 

Write Cycle. A write cycle is executed by bringing 
ry./B/)WE low du!J.!!9 the RAS/CAS cycle. The falling 
edge of CAS or ry./B/)WE strobes the data on ry./il')IOi 
into the on-chip data latch. To make use of the write
per-bit capability, WB(/WE) must be low as RAS falls. In 
this case, data bits targeted for write operation can be 
specified by keeping Wi(/10~ high, with setup and hold 
times referenced to the negative transition of RAS. 

For those data bits of Wi(/10~ that are kept low as RAS 
falls, write operation is inhibited on the chip. If WB(/WE) 
is high as RAS falls, the write-per-bit option is not used 
and a write cycle is executed for all four data bits. 

Early Write Cycle. An early write cycle is executed by 
bringing (WB/)WE low before CAS. Data is strobed by 
CAS, with setup and hold times referenced to this 
signal, and the output remains in high impedance for 
the entire cycle. As RAS falls, (DT/)OE must meet the 
setup and hold times of a high DT, but otherwise 
(DT/)OE does not affect any circuit operation while CAS 
is active. 

Read-Write/Read-Modify-Write Cycle. Bringing the 
ry./B/)WE signal low with RAS and CAS low executes 
this cycle. ry./il')IOi shows read data at access time. 
Afterward, in preparation for the upcoming write cycle, 
0Ni/)10i is returned to high impedance by a high (DT/) 
OE. The data to be written is strobed by ry./B/)WE, with 
setup and hold times referenced to this signal. 

Late Write Cycle. This cycle shows the timing flexibU!_!y 
of (DT/)OE, which ~n ~activated just after ~WE 
falls, even when ry./B/)WE is brought low after CAS. 

Refresh Cycle. A cycle at each of the 256 row ad
dresses (Ao through A7) will refresh all storage cells. 
Any cycle in the random access port (i.e., read, write, 
refresh, or data transfer) refreshes the 1024 bits se
lected by the RAS addresses or by the on-chip refresh 
address counter. 
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RAS-only Refresh Cycle. A cycle having only RAS 
active refreshes one row of the storage array. A hi~h 
CAS is maintained while RAS is active to keep ry./il')IOi in 
a state of high impedance. This cycle is preferred for 
refreshing, especially when the host system consists of 
multiple rows of random access devices. The data 
outputs may be OR-tied with no bus contention when 
RAS-only refresh cycles are executed. 

CAS Before RAS Refresh Cycle. This cycle executes 
internal refreshing using the on-chip control circuitry. 
Whenever CAS is low as RAS falls, this circuitry auto
matically refreshes the row addresses specified by the 
internal address counter. In this cycle, the circuit oper
ation based on CAS is maintained in a reset state. 
When internal refreshing is complete, the address 
counter automatically increments in preparation for 
the next CAS before RAS cycle. 

Hidden Refresh Cycle. This function performs hidden 
refreshing after a read cycle, without disturbing the 
read data output. Once valid, the data ou~is con
trolled by CAS and OE. After the read cycle, CAS is held 
low while RAS goes high for prechar9!!!9:_ A RAS-only 
cycle is then executed (except that CAS is held low 
instead of high) and the data output remains valid. 
Since hidden refreshing is the same as CAS before RAS 
refreshing, the data output remains valid during either 
operation. 

Fast-Page Cycle.This feature allows faster data access 
by keeping the same row address while successive 
column addresses are strobed onto the chip. By main
taining RAS low while successive CAS cycles are exe
cuted, data is transferred at a faster rate because RAS 
addresses are maintained internally and do not have to 
be reapplied. During this operation, it is also possible 
to execute read, write and read-write/read-modify-write 
cycles. Additionally, the write-per-bit control specified 
in the entry write cycle is maintained through the 
following fast-page write cycle. 
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Data Transfer Cycle. A data transfer cycle is executed 
by bringing DT(/OE) low as RAS falls. The specified 1 of 
the possible 256 rows involved in the data transfer, 
aswell as the starting location of the following serial 
read cycle in the serial read port, are defined by 
address inputs. DT(/OE) must be low for a specified 
time, measured from RAS and CAS, so that the data 
transfer condition may be satisfied . The low-to-high 
transition of DT causes two transfer operations 
through the data transfer gates: column address buffer 
outputs are transferred to the serial address counters, 
and storage cell data amplified on digit lines is trans
ferred to the data register. At least one SC cycle is 
required to hold the data in the register. Otherwise, the 
beginning of the next transfer cycle destroys the newly 
transferred data. RAS and CAS must be low during 
these operations to keep the transferred data in the 
random access port. 

Serial Read Port 

The serial read port is used only to read serially the 
contents of the data register starting from a specified 
location. The entire operation, therefore, follows a data 

DC Characteristics 
TA= o to +70°C; Vee= 5.0 V ±10% 

Parameter Symbol Min Typ 

Input leakage current l1L -10 

Output leakage current loL -10 

Random access port output voltage, high VoH(R) 2.4 

Random access port output voltage, low VoL(R) 

Serial read port output voltage, high VoH(S) 2.4 

Serial read port output voltage, low VoL(S) 

pPD41264 

transfer cycle. Data stored in the serial register remains 
valid for a minimum of 4 ms after the transfer cycle. The 
only condition under which the serial read port must 
synchronize with the random access port is when the 
positive transition of DT(/OE) must occur within a 
specified period in an SC cycle. Except for this SC 
cycle, the serial read port can operate asynchronously 
with the random access port. The output data appears 
at soi after an access time of tscA• measured from SC 
high, only when SOE is maintained low. The SC cycle 
that includes the positive transition of DT(/OE) shows 
old data in the data register; subsequent SC cycles 
show new data transferred to the data register serially 
and in a looped manner. The serial output is maintained 
until the next SC signal is activated. SOE controls the 
impedance of the serial output to allow multiplexing of 
more than one bank of µPD41264 graphics buffers into 
the same external circuitry. When SOE is low, soi is 
enabled and the proper data is read. When SOE is at a 
high logic level, SOi is disabled and in a State Of high 
impedance. Im 

Max Unit Test Conditions 

10 µA V1N = 0 to 5.5 V; all other pins not under test = 0 V 

10 µA DouT (IOj, SO~ disabled; VouT = 0 to 5.5 V 

v loH(R) = -2 mA 

0.4 v loL(R) = 4.2 mA 

v loH(S) = -2 mA 

0.4 v loL(S) = 4.2 mA 
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Power Supply Current 
TA= o to +70°c; Vee= +5.0 V ±10% 

Random Access Port Serial Read Port Symbol 

Read/write cycle Standby lee1 

Standby Standby lee2 

RAS-only refresh cycle Standby lee3 

Page cycle Standby lee4 

CAS before RAS refresh cycle Standby lees 

Data transfer Standby lee a 

Read/write cycle Active lee1 

Standby Active lee a 

RAS-only refresh cycle Active lee9 

Page cycle Active lee10 

CAS before RAS refresh cycle Active lee11 

Data transfer Active lee12 

Notes: 

(1) No load on IOi or soi. Exceptfor lee2• lee3, and lee6• real values 
depend on output loading and cycle rates. 

AC Characteristics 
TA= Oto+70°C;Vee= +5.0V±10% 

-12 -15 

Max Max 

95 85 

12 12 

75 65 

65 55 

75 65 

120 100 

155 130 

60 45 

135 110 

125 100 

135 110 

180 145 

l'PD41264-12 

Parameter Symbol Min Max 

Column address hold time after RAS low tAR 80 

Column address setup time tAse 0 

Row address setup time iASR 0 

Access time from CAS tcAe 60 

Column address hold time teAH 20 

CAS pulse width tcAS 60 10,000 

8 

Unit 

mA 

mA 

mA 

mA 

mA 

mA 

mA 

mA 

mA 

mA 

mA 

mA 

NEC 

Test Conditions 

RAS and CAS cycling; tRe = tRe min; 
10 = 0 mA; SC= SOE= V1H (Note 1) 

RAS= V1H; Dour= high impedance; 
SC= SOE= V1H 

RAS cycling; CAS = V1H; tRe = tRe min; 
SC= SOE= V1H 

RAS = V1L; CAS cycling; tpe = tpe min; 
SC = SOE = V1H (Note 1) 

CAS low as RAS falls; tRe = tRe min; 
SC= SOE= V1H (Note .1) 

OT low as RAS falls; tRe = tRe min; 
SC= SOE= V1H 

RAS and CAS cycling; tRe = tRe min; 
SOE= V1L; SC cycling; tsee = tseo min 
(Note 1) 

RAS= V1H; Dour= high impedance; 
SOE = V1L; SC cycling; tsee = tsee min 
(Note 1) 

RAS cycling; CAS = V1H; tRe = tRe min; 
SOE= V1L; sc cycling; tsee = tsee min 
(Note 1) 

RAS= V1L; CAS cycling; tpe = tpe min; 
SOE = V1L; SC cycling; tsee = tsee min 
(Note 1) 

CAS low as RAS falls; tRe = tRe min; 
SOE = V1L; SC cycling; tsee = tsee min 
(Note 1) 

OT low as RAS falls; tRe = tRe min; 
SOE = V1L; SC cycling; tsee = tsee min 
(Note 1) 

l'PD41264-15 

Min Max Unit Test Conditions 

100 ns 

0 ns 

0 ns 

75 ns (Notes 2, 5) 

25 ns 

75 10,000 ns 
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AC Characteristics (cont) 
µ.PD41264-12 µ.PD41264-15 

Parameter Symbol Min Max Min Max Unit Test Conditions 

DT low hold time after RAS low tcoH 40 55 ns (Note 12) 

CAS before RAS refresh hold time tcHR 25 30 ns 

CAS precharge time (page cycle only) tcp 50 60 ns 

CAS precharge time (nonpage cycle) tcPN 25 30 ns 

CAS high to RAS low precharge time tcRP 10 10 ns 

CAS hold time tcsH 120 150 ns 

CAS before RAS refresh setup time tcsR 10 10 ns 

CAS to WE delay tcwo 100 120 ns (Note 10) 

Write command to CAS lead time tcwL 40 45 ns 

Data-in hold time toH 35 45 ns (Note 11) 

DT high hold time toHH 20 25 ns 

Data-in hold time after RAS low toHR 95 120 ns 

DT high setup time toHs 0 0 ns 

DT low setup time to Ls 0 0 ns 

Data-in setup time tos 0 0 ns (Note 11) lfll DT high to CAS high delay tore 10 10 ns 

DT high hold time after RAS high toTH 20 25 ns 

DT high to RAS high delay torn 10 10 ns 

OE pulse width toE 35 40 ns 

Access time from OE to EA 30 40 ns (Note 2) 

OE to data-in setup delay toEo 35 40 ns 

OE hold time after WE low to EH 30 40 ns 

OE to RAS inactive setup time to ES 10 10 ns 

Output disable time from OE high toEz 0 30 0 40 ns (Note 6) 

Output disable time from CAS high to FF 0 30 0 40 ns (Note 6) 

Page cycle time tpc 120 145 ns 

Access time from RAS tRAC 120 150 nc (Notes 2, 4) 

Row address hold time tRAH 15 20 ns 

RAS pulse width tRAS 120 10,000 150 10,000 ns 

Random read or write cycle time tRc 220 270 ns 

RAS to CAS delay time tRco 25 60 30 75 ns (Note 4) 

Read command hold time after CAS high tRCH 0 0 ns (Note 9) 

Read command s.etup time tRcs 0 0 ns 

DTlow hold time after RAS low tRDH 100 130 ns 
(serial port active) 

Refresh interval tREF 4 4 ms 

RAS precharge time tRP 90 100 ns 

RAS high to CAS low precharge time tRPC 0 0 ns 

Read command hold after RAS high tRRH 20 20 ns (Note 9) 

RAS hold time tRSH 60 75 ns 
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AC Characteristics (cont) 

µ.PD41264-12 14PD41264-15 

Parameter Symbol Min 

Read-write/read-modify-write cycle time tRWC 300 

RAS to WE delay tRWD 160 

Write command to RAS lead time tRWL 40 

SC pulse width tscH 10 

Serial output access time from SC tscA 

Serial clock cycle time tscc 40 

SC precharge time tscL 10 

SC high to DT high delay tsoo 10 

SC low hold time after DT high tsoH 10 

Serial output access time from SOE tsoA 

SOE pulse width tsoE 15 

Serial output hold time after SC high tsoH 10 

SOE low to serial output setup delay tsoo 5 

SOE precharge time tsoP 15 

Serial output disable time from SOE high ts oz 0 

Rise and fall transition time tr 3 

Write-per-bit hold time iwBH 20 

Write-per-bit setup time twas 0 

Write command hold time twcH 35 

Write command hold time after RAS low twcR 95 

Write command setup time twcs 0 

Write bit selection hold time twH 20 

Write command pulse width twP 35 

Write bit selection setup time tws 0 

Notes: 

(1) See inpuVoutput timing waveforms for timing reference volt
ages. 

(2) See figures 1 and 2 for output loads. 

(3) An initial pause of 100 µsis required after power-up, followed by 
any eight RAS cycles (except GAS-before-RAS cycles), before 
proper device operation is achieved. 

(4) Operation within the tRco (max) limit ensures that tRAC (max) 
can be met. The tRcD (max) limit is specified as a reference point 
only. If tRco is greater than the specified tRCD (max) limit, access 
time is controlled exclusively by tcAC· 

(5) Assumes that tRcD ~ tRcD (max). 

(6) An output disable time defines the time at which the output 
achieves the open-circuit condition and is not referenced to 
output voltage levels. 

(7) Data in the serial output register remains valid for 4 ms (min) 
after a data transfer cycle. 

(8) V1H (min) and V1L (min) are reference levels for measuring the 
timing of input signals. Additionally, transition times are mea
sured between V IH and VIL· 
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Max Min Max Unit Test Conditions 

355 ns 

195 ns (Note 10) 

45 ns 

20 ns 

40 60 ns (Notes 2, 7) 

50,000 60 50,000 ns 

20 ns 

20 ns 

20 ns 

35 50 ns 

20 ns 

10 ns 

5 ns 

20 ns 

30 0 40 ns (Note 6) 

50 3 50 ns 

25 ns 

0 ns 

45 ns 

120 ns 

0 ns (Note 10) 

25 ns 

45 ns 

0 ns 

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

(10) twcs. tcwo. and tRwo are restrictive operating parameters in 
read-write and read-modify-write cycles only. If twcs ~ twcs 
(min), the cycle is an early write cycle and the data output will 
remain open-circuit throughout the entire cycle. If tcwo ~ tcwo 
(min) and tRWo ~tRWo (min), 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 is met, the condition of the data 
output (at access time and until CAS returns to V1H) is indeter
minate. 

(11) These parameters are referenced to the fall[!!.g_ e~ of CAS in 
early write cycles and to the falling edge of rt'JB/)WE in delayed 
write or read-modify-write cycles. 

(12) Use tRDH and tcoH when the serial port is active and tRoH1, 
tRso. tcso and tssc if it is in standby. 

(13) SOE may be tied to GND if the output enable function of the 
serial port is not needed. 
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Figure 1. Input Timing 

m-------1( 
o.sv- - - - - - - -

5ns 
8311+66168 

Figure 2. Output Timing 

2.4V- - - - - - - - -(..______ ___ )...____ 

0.4V--------- _ _ ... J 
Figure 3. Output Loading in Random Access Port 

Vee 
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Figure 4. Output Loading in Serial Read Port 
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Timing Waveforms 
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Timing Waveforms (cont) 

Early Write Cycle 

tcRP 

pPD41264 

"----tRsH---
r--tRcD----i~----tcAS---~.i 

~~~~.i-~~~~~~~~. ·-~~~~~~~~~-

11 tcPN- l'-----;....-....Jt 

II ~~-----'-11=---tcsH-----'----+I 
Address 

Wi/IOi Write Mask Valid Input Data Valid 

tWHLhd·-liE toH-
~tos~ 

toHR------
83vG·6578B 
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Timing Waveforms (cont) 

Late Write Cycle 

tcRP 

r-IRCD 

11 ~PN 
I= 

Address Row 

tASR 

f'MH 
twas 

Write Mask Select 

to HS 

w11101 Write Mask Valid 

tRSH 

tcAS 

,~M 

I 
tcsH 

tARI 

11 

Column 

~_q-·-tcAH 
1 
twcH 

tRCS twp 

Input Data Valid 

tws I+ tos~~toH 
~1.,__~~~~~~tOHR~~~~~~--'~ 

14 

1\'EC 

I 

I 

I 

I 

8~·65798 
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Timing Waveforms (cont) 

Read-Write/Read-Modify-Write Cycle 

Address 

DT/OE 

Wi/IOi 

tws 

Write Mask Valid 

~-------tRSH---------,,.., 

-~,__-------tcAs-------,__ 

·~J 

~ 
1-~...._---tRAc~~~--

pPD41264 

83vG-6601B 
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Timing Waveforms (cont) 

RAS-Only Refresh Cycle 

tcRP 

CAS 

Address 

WB/WE 

NEC 

OT/OE ____ ___,/ \ .... _________________ ......,. ________ _ 

Wi 
1101 

------------------H-ig_h_lm_p_e_da_n_ce _________________ _ 

831H-6602B 

CAS Before RAS Refresh Cycle 

---{~" 
CAS 

High Impedance 
W1/I01 ----------------------------------------

831H-6603B 
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Timing Waveforms (cont) 

Hidden Refresh Cycle 

µPD41264 

-----tRc-------- --14--tRc---

14---tRAs-- IRAS tRAs 

___ ll ___ tcAs-----

Address 

WBNVE 71/J!llJI J 711111 !l!flll!JIJ/! /11 !llJl//1/1 //l 
~ r-IDHH 

DTIOE zzzJ ~\ ___ "s {_toES ---

1:t- lQEA ~ 
~ ICAC -.J 

Wj/IOi -----1 
l-tRAC 

Data Output 

toFF 

toEZ 

83vG-6G04B 
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Timing Waveforms (cont) 

Page Read Cycle 

~---------tRAS----------

_____ tpc----- ---IRsH--

tcAS 

tcp 

tcAH 

Address Column 

Dr/OE 

Read Read 
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IOEZ 
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Timing Waveforms (cont) 

Page Early Write Cycle 

j """~r-----tPc----~ ~,.---tRsH----

tRco ---'---tcAs tcAS 

Address 

twss 

Wi/IOi 

tws 

Input Data 
Valid 

i..-tos 

14----tDHR---~ 

tcp 

Input Data 
Valid 

tcAH 

pPD41264 

83vG-6607B 
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Timing Waveforms (cont) 

Page Late Write Cycle 

Address 

ITT/OE 

Wi/101 

20 

twas 

tws 

Write Mask 
Valid 

NEC 

------tpc----~ """'---tRsH--~ 

tcAS 

tcp 

tcAH 

toEH 

83vG-6608B 
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Timing Waveforms (cont) 

Page Read-Modi'fy-Write Cycle 

pPD41264 

83\/G-66058 
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Timing Waveforms (cont) 

Data Transfer Cycle (Serial Port in Standby) 

22 

Address 

WB/WE 

OT/OE 

tcRP~ 

1 ----

14~,..-------------lRC------------,_,.~ 

14""'--,.---------lRAS---------;-'"~ 14*---lRP---~~ 

] ~ 
~1'-----------------'JI 

r-•~o -~'~.,_E-----1-R~:A-s-=--=--=--=--=--=-_..~ __ :_•om l 
II 

i v~--

f\.l'-------------'I 
14-'----ICPN ~ I 

I
,.. tcsH--~ 

x ___ _, 

o( IAt-1 ___ _,.~ I 
Row Q Column ~-----'---"'"---"--"" 

~ ~ ~IASC 
j ~tRAH~ j r=tcAH~ 

1 ... 

IOLS 

WI 
1101 

________ H_.lg_h_im .... pe_d_an_ce _______ ~----------------

SC ----====~-----~-~-~~~~t-so-H~===~'j_ __ Standby Y 

SOi High Impedance 
83vG-6609B 
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Timing Waveforms {cont) 

Data Transfer Cycle (Serial Port Active) 

....__ IRC ~ -
""- IRAS _,, ""'- IRP __,., - , 

i ~ 

\ 

lCRP-> 

r-IRCD 
.. IRSH ~ ~IOTHl 

tcAS ..... 

Address 

ll 

11 

~ v J 
""- lCPN _ .. 

I 
\: 

, 

tcsH .... 
IA~I __,., 

I K) II ) ~ ~ 

~ Row Column 
Ji 

IASR-> ~ -µ,._ 1Asc 

r-IRAH~ f+-lCAH~ 
WB!WE 

I 

I 
IRDH 

I OT/OE 

IOTCJ lDLS 1.-icoH 

Wj/IOi 
High Impedance 

•soo_j LtsoH-1 1· SOE 
VIL 

tscc 

SC 

tscL tscH tscL tscH 

tsoHj _ tsoHj _ 

SOi Yl/1!11/X-_ ------._ -_ _WJ///IJJ(.....-----'-OldData-_y@/~ 
I• tscA ~- I• tscA----~--

83vG·6610B 
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Timing Waveforms (cont) 

Serial Read Cycle 

-3 SOE 

~ •sozy,___,,_ 
----'-

1
--tscc-------.:i-----tscc-------.:i~----tscc----~ 

tscL 

I 
tscH 

·r1 
SOJ ~~~-.-~-.-~--ti/ 

83vG·6611B 
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NEC Electronics Inc. 

Description 

The µPD42264 is a dual-port graphics buffer· equipped 
with a 64K x 4-bit random access port and a 256 x 4-bit 
serial read port. The serial read port is connected to an 
internal 1024-bit data register through a 256 x 4-bit serial 
read output circuit. The random access port is used by 
the host CPU to read or write data addressed in any 
desired order and has a write-per-bit option that allows 
each of the four data bits to be individually selected or 
masked for a write cycle. 

The µPD42264 features fully asynchronous dual access, 
except when transferring stored graphics data from a 
selected row of the storage array to the data register. 
During a data transfer, the random access port requires 
a special timing cycle using a transfer clock, while the 
serial read port continues to operate normally. Following 
the clock transition of a data transfer, serial read output 
data changes from an old line to a new line and the 
starting location on the new line is addressable in the 
data transfer cycle. 

The µPD42264 is fabricated with CMOS technology that 
provides high storage cell density, high performance, 
and high reliability. Refreshing is accomplished by 
means of RAS-only refresh cycles or by normal read or 
write cycles on the 256 address combinations of Ao 
through A7 during a 4-ms period. Automatic internal 
refreshing, by means of either hidden refreshing or the 
CAS before RAS timing and on-chip internal refresh 
circuitry, is also available. The transfer of a row of data 
from the storage array to the data register also refreshes 
that row automatically. 

All inputs and outputs, including clocks, are TTL
compatible. All address and data-in signals are latched 
on-chip to simplify system design. Data-out is unlatched 
to allow greater system flexibility. The µPD42264 is 
available in a 24-pin plastic DIP, 24-pin plastic SOJ, and 
24-pin plastic ZIP, and is guaranteed for operation at o to 
+70°C. 

Ordering Information 
Row Access Serial Access 

Part Number Time (max) Time (max) Package 

µ.PD42264C-10 100 ns 25 ns 24-pin plastic DIP 

µ.PD42264LA-10 100 ns 25ns 24-pin plastic SOJ 

µ.PD42264V-10 100 ns 25ns 24-pin plastic ZIP 

60065 

Features 

µPD42264 
Dual-Port Graphics Buffer 

o Three functional blocks 
- 64K x 4-bit random access storage array 
- 1024-bit data register 
- 256 x 4-bit serial read output circuit 

o Two data ports: random access and serial read 
o Dual-port accessibility except during data transfer 
o Addressable start of serial read operation 
o Real-time data transfer 
o Single +5-volt ± 10% power supply 
o On-chip substrate bias generator 
o Random access port 

- Two main clocks: RAS and CAS 
- Multiplexed address inputs 
- Direct connection of 1/0 and address lines 

allowed by OE to simplify system design 
- Refresh interval: 256 cycles/4 ms 
- Read, early write, late write, read-write/read-

modify-write, RAS-only refresh, and page mode 
capabilities 

- Automatic internal refreshing by means of the m 
CAS before RAS on-chip address counter 

- Hidden refreshing by means of GAS-controlled 
output 

- Write-per-bit capability 
- Write bit selection multiplexed on 100-103 

o RAS-activated data transfer 
- Same cycle ti me as for random access 
- Row data transferred to data register as specified 

by row address inputs 
- Starting location of following serial read 

operation specified by column address inputs 
-Transfer of 1024 bits of data on one row to the 

data register, and the starting location of the 
serial read circuit, activated by a low-to-high 
transition of DT 

- Data transfer during real-time operation or 
standby of serial port 

o Fast serial read operation by means of SC pins 
- Serial data presented on S00-S03 
- Direct connection of multiple serial outputs for 

extension of data length 
o Fully TTL-compatible inputs, outputs, and clocks 
o Three-state outputs for random and serial access 
o 24-pin plastic DIP, 24-pin plastic SOJ, and 24-pin 

plastic ZIP packaging 



pPD42264 

Pin Configurations 

24-Pin Plastic DIP and SOJ 

SC 
SOo 

S01 

OT/OE 4 

w01100 s 
W1ll01 

WB/WE 

RAS 

As 
As 
A4 

Vee 

24-Pin Plastic ZIP 

W2/I02 

SOE 
S03 

SC 
S01 

w01100 
WB/WE 

As 
A4 
A1 
A2 
Ao 

Pin Identification 
Symbol Function 

Address inputs 

GND 

803 

S02 

SOE 
W3/I03 

W2ll02 

CAS 

Ao 
A1 

A2 
A3 
A1 

Column address strobe 

Data transfer/output enable 

Row address strobe 

SC Serial control 

SOo- SOa Serial read outputs 

Serial output enable 

831H-6631A 

83IH-5380A 

Write-per-bit inputs/data inputs and outputs 

GND Ground 

Write-per-bit/write enable 

Vee +5-volt 10% power supply 
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NEC 
Absolute Maximum Ratings 
Voltage on any pin except Vee relative to GND, 
VR1 

-1.0 to +7.0 V 

Voltage on Vee relative to GND, VR2 -1.0V to +7.0 V 

Operating temperature, ToPR Oto +70°C 

Storage temperature, TSTG - 55 to +125°C 

Short-circuit output current, los 50mA 

Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause permanent 
damage. The device should be operated within the limits specified 
under DC and AC Characteristics. 

Capacitance 
TA= o to +70°C; Vee = +5.0 V :!:10%; f = 1 MHz 

Parameter Symbol Max Unit Pins Under Test 

Input capacitance C1(A) 5 pF Ao-A7 

C1(DT/OE) 8 pF DT/OE 

C1(WB/WE) 8 pF WB/WE 

C1(RAS) 8 pF RAS 

C1(eAS) 8 pF GAS 

C1(SOE) 8 pF SOE 

C1(Se) 8 pF SC 

Input/output capacitance C10(W/IO) 7 pF WoflOo - Wafl03 

Output capacitance Co(SO) 7 pF S00-S03 

Recommended Operating Conditions 
Parameter Symbol Min Typ Max Unit 

Supply voltage Vee 4.5 5.0 5.5 v 
Input voltage, high V1H 2.4 5.5 v 
Input voltage, low V1L -1.0 0.8 v 
Operating temperature TA 0 70 oc 
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Block Diagram 

~------------~w01100 

Ao~ 

Vee_. 
GND__. 

W1ll01 

W2ll02 

A1~ + -t _,_,_I-+ -t - - - I-+ -t _,_ 
A2~ ~ <D" I I I I I I I I I I I in 

al ~ I I I I I I I I I I I A3 ___.. 

A4~ ~ 
(j; I I I I Storage Array I I I I DTIOE 
"O 256 x 1024 0 I I I I I I I I 

As~ ~ ~ I I I 

Cl I I I I I I I I I I I 
As~ ~ I I I I I I I I I I I 
A1~ a: 

255 I I -1 -1- I I I - - - I I I -1-

Start Address 

Note: 

Serial Address 
Counter 

[1] T.G. =timing generator 

DEVICE OPERATION 

The µPD42264 consists of a random access port and a 
serial read port. The random access port executes 
standard read and write cycles as well as data transfer 
cycles, all of which are based on conventional RAS/CAS 
timing. In a data transfer, data in each storage cell on the 
selected row is transferred simultaneously through a 
transfer gate to the corresponding register location. The 
serial read port shows the contents of the data register in 
serial order. The random access port and the serial read 
port can operate asynchronously, except when the 
transfer gate is turned on during the data transfer period. 

Addressing 

The storage array is arranged in a 256-row by 1024-
column matrix. Each of 4 data bits in the random access 
port corresponds to 65,536 storage cells. Therefore, 16 

SC~ 

831H-6615B 

address bits are required to decode one cell location. 
Eight row address bits are set up on pins Ao through A7 
and latched onto the chip by RAS. Eight column address 
bits then are set up on pins Ao through A7 and latched 
onto the chip by CAS. All addresses must be stable, on 
or before the falling edges of RAS and CAS. 

RAS is similar to a chip enable signal; whenever it is 
activated, 1024 cells on the selected row are sensed 
simultaneously and- the sense amplifiers automatically 
restore the data. CAS serves as a chip selection signal to 
activate the column decoder and the input and output 
buffers. 

Through 1 of 256 column decoders, 4 storage cells on 
the row are connected to 4 data buses, respectively. In 
the data transfer cycle, 8 row address bits are used to 
select 1 of the 256 possible rows involved in the transfer 
of data to the data register. Eight column address bits are 

3 
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then used to select the 1 of 256 possible serial decoders 
that corresponds to the starting location of the next 
serial read cycle. In the serial read port, when SC is 
activated, 4 data bits in the 1024-bit data register are 
transferred to 4 serial data buses and read out. Activat
ing SC repeatedly causes a serial read cycle (starting 
from the location specified in the data transfer cycle) to 
be executed within the 1024 bits in the data register: 

Random Access Port 

An operation in the random access port begins with a 
negative transition of RAS. Both RAS and CAS have 
minimum pulse widths, as specified in the timing table, 
which must be maintained for proper device operation 
and data integrity. Once begun, a cycle must meet all 
specifications, including minimum cycle time. To reduce 
the number of pins, the following functions are multi
plexed in the random access port: 

• DT/OE 
• WB/WE 
• Wi/IOi (i = 0, 1, 2, 3) 

The OE, WE and IOi functions represent standard oper
ations while DT, WB, and Wi are special inputs to be 
applied in the same way as row address inputs, with 
setup and hold times referenced to the negative transi
tion of RAS. The DT level determines whether a cycle is a 
random access operation or a data transfer operation. 
WB affects only write cycles and determines whether or 
not the write-per-bit option is used. Wi defines data bits 
to be written with the write-per-bit capability. In the 
following discussions, these multiplexed pins are desig
nated as DT(/OE), for example, depending on the func
tion being described. 

To use the µ.PD42264 for random access, DT(/OE) must 
be high as RAS falls. Holding DT(/OE) high disconnects 
the 1024-bit data register from the corresponding 1024-
digit lines of the storage array. Conversely, to execute a 
data transfer, DT(/OE) must be low as RAS falls to open 
the 1024 data transfer gates and transfer data from one of 
the rows to the data register: 

Read Cycle. A read cycle is executed by activating RAS, 
CAS, and OE and maintaining (WB/)WE high while CAS 
is active. The (Wi/)IOi data pin (i = o, 1, 2, 3) remains in 
high impedance until valid data appears at the output at 
access time. Device access time, tAcc. will be the 
longest of the following three calculated intervals: 

• tRAC 
• RAS to CAS delay (tRcD) + tcAC 
• RAS to OE delay + toEA 
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Access times from RAS (tRAd, from CAS (tcAc), and 
from OE (toEA) are device parameters. The RAS to CAS 
and RAS to OE delays are system-dependent timing 
parameters. 

Output becomes valid after the access time has elapsed 
and it remains valid while both CAS and OE are low. CAS 
or OE high returns the output to high impedance. 

Write Cycle. A write cycle is executed by bringing 
(WB/)WE low during the RAS/CAS cycle. The falling edge 
of CAS or (WB/)WE strobes the data on (Wj/)IOi into the 
on-chip data latch. To make use of the write-per-bit 
capability, WB(/WE) must be low as RAS falls. In this 
case, data bits targeted for write operation can be 
specified by keeping Wi(/IOi) high, with setup and hold 
times referenced to the negative transition of RAS. 

For those data bits of Wi(/IOi) that are kept low as RAS 
falls, write operation is inhibited on the chip. If WB(/WE) 
is high as RAS falls, the write-per-bit option is not used 
and a write cycle is executed for all four data bits. 

Early Write Cycle. An early write cycle is executed by 
bringing (WB/)WE low before CAS. Data is strobed by 
CAS, with setup and hold times referenced to this signal, 
and the output remains in high impedance for the entire 
cycle. As RAS falls, (DT/)OE must meet the setup and 
hold times of a high DT, but otherwise (DT/)OE does not 
affect any circuit operation while CAS is active. 

Read-Write/Read-Modify-Write Cycle. Bringing the 
(WB/)WE signal low with RAS and CAS low executes this 
cycle. (Wi/)IOi shows read data at access time. Afterward, 
in preparation for the upcoming write cycle, (Wi/)IOi is 
returned to high impedance by a high (DT/)OE. The data 
to be written is strobed by (WB/)WE, with setup and hold 
times referenced to this signal. 

Late Write Cycle. This cycle shows the timing flexibility 
of (DT/)OE, which can be activated just after (WB/)WE 
falls, even when (WB/)WE is brought low after CAS. 

Refresh Cycle. A cycle at each of the 256 row addresses 
(Ao through A7) will refresh all storage cells. Any cycle in 
the random access port (i.e., read.write, refresh, or data 
transfer) refreshes the 1024 bits selected by the RAS 
addresses or by the on-chip refresh address counter. 

RAS-only Refresh Cycle. A cycle having only RAS 
active refreshes one row of the storage array. A high CAS 
is maintained while RAS is active to keep (Wj/)IOi in a 
state of high impedance. This cycle is preferred for 
refreshing, especially when the host system consists of 
multiple rows of random access devices. The data out
puts may be OR-tied with no bus contention when 
RAS-only refresh cycles are executed. 
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CAS Before RAS Refresh Cycle. This cycle executes 
internal refreshing using the on-chip control circuitry. 
Whenever CAS is low as RAS falls, this circuitry auto
matically refreshes the row addresses specified by the 
internal address counter. In this cycle, the circuit opera
tion based on CAS is maintained in a reset state. When 
internal refreshing is complete, the address counter 
automatically increments in preparation for the next CAS 
before RAS cycle. 

Hidden Refresh Cycle. This function performs hidden 
refreshing after a read cycle, without disturbing the read 
data output. Once valid, the data output is controlled by 
CAS and OE. After the read cycle, CAS is held low while 
RAS goes high for precharging. A RAS-only cycle is then 
executed (except that CAS is held low instead of high) 
and the data output remains valid. Since hidden refresh~ 
ing is the same as CAS before RAS refreshing, the data 
output remains valid during either operation. 

Fast-Page Cycle.This feature allows faster data access 
by keeping . the same row address while successive 
column addresses are strobed onto the chip. By main
taining RAS low while successive CAS cycles are exe
cuted, data is transferred at a faster rate because RAS 
addresses are maintained internally and do not have to 
be reapplied. During this operation, it is also possible to 
execute read, write and read-write/read-modify-write cy
cles. Additionally, the write-per-bit control specified in 
the entry write cycle is maintained through the following 
fast-page write cycle. 

Data Transfer Cycle. A data transfer cycle is executed 
by bringing DT(/OE) low as RAS falls. The specified 1 of 
the possible 256 rows involved in the data transfer, as 
well as the starting location of the following serial read 
cycle in the serial read port, are defined by address 
inputs. DT(/OE) must be low for a specified time, mea-

DC Characteristics 
TA= o to +70°C; Vee = 5.0 V ±10% 

Parameter Symbol Min Typ 

Input leakage current l1L -10 

Output leakage current loL -10 

Random access port output voltage, high VoH(R) 2.4 

Random access port output voltage, low Vol(R) 

Serial read port output voltage, high VoH(S) 2.4 

Serial read port output voltage, low VoL(S) 

µPD42264 

sured from RAS and.i CAS, so that the data transfer 
condition may be satisfied . The low-to-high transition of 
DT causes two transfer operations through the data 
transfer gates: column address buffer outputs are trans
ferred to the serial address counters, and storage cell 
data amplified on digit lines is transferred to the data 
register. At least one SC cycle is required to hold the data 
in the register. Otherwise, the beginning of the next 
transfer cycle destroys the newly transferred data. RAS 
and CAS must be low during these operations to keep 
the transferred data in the random access port. 

Serial Read Port 

The serial read port is used only to read serially the 
contents of the data register starting from a specified 
location. The entire operation, therefore, follows a data 
transfer cycle. Data stored in the serial register remains 
valid for a minimum of 4 ms after the transfer cycle. The 
only condition under which the serial read port must 
synchronize with the random access port is when the 
positive transition of DT(/OE) must occur within a spec
ified period in an SC cycle. Except for this SC cycle, the 
serial read port can operate asynchronously with the 
random access port. The output data appears at soi 
after an access time of tscA. measured from SC high, ~ 
only when SOE is maintained low. The SC cycle that ..... 
includes the positive transition of DT(/OE) shows old 
data in the data register; subsequent SC cycles show 
new data transferred to the data register serially and in a 
looped manner. The serial output is maintained until the 
next SC signal is activated. SOE controls the impedance 
of the serial output to allow multiplexing of more than 
one bank of µ.PD42264 graphics buffers into the same 
external circuitry. When SOE is low, SOi is enabled and 
the proper data is read. When SOE is at a high logic level, 
soi is disabled and in a state of high impedance. 

Max Unit Test Conditions 

10 p.A V1N = 0 to 5.5 V; all other pins not under test = 0 V 

10 p.A DouT (IOi, SOI/ disabled; VouT = Oto 5.5 V 

v loH(R) = -2 mA 

0.4 v loL(R) = 4.2 mA 

v loH(S) = -2 mA 

0.4 v loL(S) = 4.2 mA 
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Power Supply Current 
TA= 0 to +70°C; Vee = +5.0 v :t10% 

Random Access Port Serial Read Port Symbol Max Unit Test Conditions 

Read/Write cycle Standby lcc1 70 mA RAS and ~cycling; 1ftc = 1ftc min; 10 = o mA; 
SC = SOE = V1H (Note 1) 

Standby Standby lcc2 5 mA RAS = V1H; DouT = high impedance; 
SC= SOE= V1H 

RAS-only refresh cycle Standby lcc3 60 mA RAS cycling; ~ = V1H; fRc = tRc min; 
SC= SOE= V1H 

Page cycle Standby lcc4 50 mA RAS = V1L; ~cycling; tpc = tpc min; 
SC = SOE = V1H (Note 1) 

GAS before RAS refresh cycle Standby Ices 60 mA ~ low as RAS falls; 1ftc = fRc min; 
SC = SOE = V1H (Note 1) 

Data transfer Standby Ices 75 mA OT low as RAS falls; 1ftc = tRc min; 
SC= SOE= V1H 

Read/write cycle Active lcc1 120 mA RAS and ~ cycling; 1ftc = fRc min; 10 = O mA; 
~ = V1L; SC cycling; tscc = tscc min (Note 1) 

Standby Active Ices 50 mA RAS = v,H; DouT = high Impedance; SOE = v,L; 
SC cycling; tscc = tscc min (Note 1) 

RAS-only refresh cycle Active lcce 110 mA RAS cycling; ~ = v,H; fRc = tRc min; SOE = V1L; 
SC cycling; tscc = tscc min (Note 1) 

Page cycle Active lcc10 100 mA RAS = V1L; ~cycling; tpc = tpc min; SOE = V1L; 
SC cycling; tscc = tscc min (Note 1) 

GAS before RAS refresh cycle Active lcc11 110 mA ~ low as RAS falls; tRc = tRc min; SOE = V1L; 
SC cycling; tscc = tscc min (Note 1) 

Data transfer Active lcc12 125 mA OT low as RAS falls; 1ftc = tRc min; SOE = V1L; 
SC cycling; tscc = tscc min (Note 1) 

Notes: 

(1) No load on 101 or S01• Except for lcc2. lcc3, and Ices. real values 
depend on output loading and cycle rates. 

AC Characteristics 
TA = o to +70°C; Vee = +5.0 V:t10% 

Parameter Symbol Min Typ Max Unit Test Conditions 

Column address hold time after AAS low tAR 70 ns 

Column address setup time tAse 0 ns 

Row address setup time tASR 0 ns 

Access time from GAS tcAC 50 ns (Notes 2, 5) 

Column address hold time tcAH 20 ns 

CAS pulse width tcAS 50 10,000 ns 

DT low hold time after RAS low tcDH 30 ns (Note 12) 

CAS before RAS refresh hold time tcHR 20 ns 

CAS precharge time (page cycle only) tcP 40 ns 

CAS precharge time (nonpage cycle) tcPN 20 ns 

GAS high to RAS low precharge time tcRP 10 ns 

SC delay time from GAS tcso 45 ns (Note 12) 

CAS hold time tcSH 100 ns 

CAS before RAS refresh setup time tcSR 10 ns 
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AC Characteristics (cont) 
Parameter Symbol Min Typ Max Unit Test Conditions 

CJ\$ to WE delay tcwo 85 ns (Note 10) 

Write command to 'CAS lead time fcwL 35 ns 

Data-in hold time ioH 30 ns (Note 11) 

OT high hold time ioHH 15 ns 

Data-in hold time after RAS low to HR 80 ns 

OT high setup time ioHS 0 ns 

OT low setup time to LS 0 ns 

Data-in setup time tos 0 ns (Note 11) 

OT high to CJ\$ high delay ioTC 10 ns 

OT high hold time after RAS high to TH 15 ns 

OT high to RAS high delay ioTR 10 ns 

OE pulse width toE 25 ns 

Access time from OE to EA 25 ns (Note 2) 

OE to data-in setup delay toED 25 ns 

OE hold time after WE low to EH 10 ns 

OE to AAS inactive setup time to ES 10 ns 

Output disable time from OE high toEz 0 25 ns (Note 6) 

Output disable time from GAS high toFF 0 25 ns (Note 6) 

Ill Page cycle time tpc 100 ns 

Access time from RAS tRAC 100 nc (Notes 2, 4) 

Row address hold time iRAH 15 ns 

RAS pulse width iRAS 100 10,000 ns 

Random read or write cycle time tRc 190 ns 

RAS to 'CAS delay time tRCD 25 50 ns (Note 4) 

Read command hold time after GAS high tRCH 0 ns (Note 9) 

Read command setup time iRcs 0 ns 

OT low hold time after RAS low tRDH 80 ns (Note 12) 
(serial port active) 

OT low hold time after RAS low tRDH1 15 ns (Note 12) 
(serial port in standby) 

Refresh interval iREF 4 ms 

RAS precharge time tRP 80 ns 

RAS high to 'GAS low precharge time tRPC 0 ns 

Read command hold after RAS high tRRH 10 ns (Note 9) 

SC delay from RAS iRso 95 ns (Note 12) 

AAS hold time tRSH 50 ns 

Read-write/read-modify-write cycle time tRWC 260 ns 

RAS to WE delay iRwo 135 ns (Note 10) 

Write command to RAS lead time tRWL 35 ns 

SC pulse width tsCH 10 ns 

Serial output access time from SC tscA 30 ns (Notes 2, 7) 

Serial clock cycle time tscc 30 50,000 ns 
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AC Characteristics (cont) 
Parameter Symbol 

SC precharge time tscL 

SC high to Of high delay tsoo 

SC low hold time after Of high tsoH 

Serial output access time from SOE tsOA 

SOE pulse width ts OE 

Serial output hold time after SC high tsoH 

SOE low to serial output setup delay tsoo 

SOE precharge time ts OP 

Serial output disable time from SOE high ts oz 

SC setup time to CAS tssc 

Rise and fall transition time tT 

Write-per-bit hold time twsH 

Write-per-bit setup time twas 
Write command hold time twcH 

Write command hold time after RAS' low twcR 

Write command setup time twcs 

Write bit selection hold time twH 

Write command pulse width twp 

' .. ··; Write bit selection setup time tws 

Notes: 

(1) See input/output timing waveforms for timing reference voltages. 

(2) See figures 1 and 2 for output loads. · 

(3) An Initial pause of 100 p.s is required after power-up, followed by 
any eightHAS cvcles (except CAS-before-AAS cycles), before 
proper device operation is achieved. 

(4) Operation within the tRcD (max) limit ensures that tRAC (max) 
can be met. The 1Rco (max) limit is specified as a reference point 
only. If tRco is greater than the specified 1Rco (max) limit, access 
time is controlled exclusively by tcAC· 

(5) Assumes that tRco <::: 1Rco (max). 

(6) An output disable time defines the time at which the output 
achieves the open-circuit condition and is not referenced to 
output voltage levels. 

(7) Data in the serial output register remains valid for 4 ms (min) 
after a data transfer cycle. 

(8) V1H (min) and V1L (min) are reference levels for measuring the 
timing of input signals. Additionally, transition times are mea
sured between V1H and V1L· 
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. Min Typ Max Unit Test Conditions 

10 ns 

10 

10 ns 

25 ns 

10 ns (Note 13) 

5 ns 

5 ns 

10 ns (Note 13) 

0 25 ns (Note6) 

10 ns (Note 12) 

3 50 ns 

15 ns 

0 ns 

25 ns 

75 ns 

0 ns (Note 10) 

15 ns 

15 ns 

0 ns 

(9) Either iRRH or tRcH must be satisfied for a read cycle. 

(10) twcs. tcwo. and 1Rwo are restrictive operating parameters in 
read-write and read-modify-write cycles only. If twcs <::: twcs 
(min), the cycle is an early write cycle and the data output will 
remain open-circuit throughout the entire cycle. If fcwo. I:!: tcwo 
(min) and 1Rwo o:::tRwo (min), 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 is met, the condition ofthe data 
output (at access time and until CAS returns to ViH) is indeter
minate. 

(11) These parameters are referenced to the fall!!:!a_ e~ of CAS in 
early write cycles and to the falling edge of (Jt/B/)WE in delayed 
write or read-modify-write cycles. 

(12) Use1RoH and tcoHwhen the serial port is active andtRDH1• tRSD• 
tcso and tssc if it is in standby. 

(13) SOE may be tied to GND if the output .enable function of the 
serial port is not needed. · · 
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Figure 1. Input Timing 

2.4V-.-----. ~1 
o.av- - -·- - - - -

Sns 
8311+66168 

Figure 2. Output Timing 

2.4V- - - - - - - -1.....___ ___ >. >-----

0.4V- - - - - - - - -\____ .. J 
Figure 3. Output Loading in Random Access .Port 

8311+66178 

Figure 4. Output Loading in Serial Read Port 

Vee 

101 4------------

100 pF 

I 
831H-66188 

9 



µPD42264 NEC 
Timing Waveforms 
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Timing Waveforms {cont) 

Early Write Cycle 

tcRP 

Address 

Wi/101 Write Mask Valid Input Data Valid tWHt_b:l.I -c toH

l+-tos~ 
tOHR------

pPD42264 

83vG-6578B 
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Timing Waveforms (cont) 

Late Write Cycle 

CAS I r-1 ·= r-·~ i 
- ~tcPN- l'---.,--1 _____,,, 

r-: 
------tcsH-__,___I 

.... _,__ ____ tA~ _I ----.i 
11 

Address Row Column 

twas ~:IASCICAH __f:t--•RWL 
twcH-----

tRcs twp 

toHS 

OT/OE 

w11101 write Mask va11d Input DataValld 

tws I+ tos~~toH 
... 1.,__------IDHR--------..,~ 

12 

~tE"! .. n.·· _ .. '· 

t~rJ,.'lf 

83vG-6579B 
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Timing Waveforms (cont) 

Read-Write/Read-lllodify-Write Cycle 

---------tRSH-------,~ 

--'~'---------tcAs----------

Address 

·~J 
OT/OE 

toeA 

W1/IOi 

~ ~.<AC 
~IE'-----tRAc------

pPD42264 

83vG·6601B 
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Timing Waveforms (cont) 

RAS-Only Refresh Cycle 

CAS 

Address 

WB/WE 

NEC 

OT/OE _____ / '~--------------------------
WI 

1101 
-----------------H-lg_h _lm_ped_an_c_e ________________ _ 

831H-6602B 

CAS Before RAS Refresh Cycle 

--{~" 
CAS 

High Impedance 
W1ll01 --------------------------------------

831H-6603B 
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Timing Waveforms (cont) 

Hidden Refresh Cycle 

~--tRc--~--tRc-__.,i.---tRc-~ 

~-tRAs tRAs tRAs 

Address 

tcAC 

W1tl01 --------<1 

l-IRAC 

~RRH 
7 //j!J /II//)/ l/////J////Jj})))/// ll ml 

Data Output 

toFF 

toez 

83vG-6604B 
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Timing Waveforms (cont) 

Page Read Cycle 

16 

-----tPC----- ---tRSH--

tCAS 

tcAH 

N'EC 

toez 

83vG-66068 
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Timing Waveforms (cont) 

Page Early Write Cycle 

Address 

w11101 

twas 

tws 

Write Mask 
Valid 

pPD42264 

----:ill'I ~--tRSH--
tcAS 

tcAH 

83\IG-66078 
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Timing Waveforms (cont) 

Page Late Write Cycle 

Address 

twas 

WJ/101 

18 

NEC 

141C'-----lPC---- ---lRSH--.ai 

--''M4--tCAs tcAS 

tcAH 

toeH 

83vG-66088 
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Timing Waveforms (cont) 

Page Read-Modify-Write Cycle 

pPD42264 
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Timing Waveforms (cont) 

Data Transfer Cycle (Serial Port in Standby} 

l.c 

OT/OE 

to Ls 

WI/IOI _________ H ... lgh .... l_m_ped_an_ce ________________________ _ 

SC """-------------------------------------~~~~~~~~~~-ts_D_H_-_-_-_-_-_-_-_-_-~1 ·------
- Standby _y 

SOI 
High Impedance 

83vG-6609B 
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Timing Waveforms (cont) 

Data Transfer Cycle (Serial Port Active) 

""- tRc ... ~ 

l.E- tRAs ...... tRP ... 

l 

} \ 

tcRP~ 

r·~ 
-- tRsH ~ ~IOTHl ..., 

tcAS 

I 
11 

~ _JV 
~.,.,.,. tcPN ... 

I 

I= 
tcsH ~ 

tA~I ...... 

I 11 

Address x Row ~ Column K 
tASR~ rr ~ µ_tAsC 

r-tRAH---+ r--tCAH--+ 

WB/WE 

le I 

I 
tRDH 

I OT/OE 

IDTCJ tDLS i.-tcoH 

Wj/101 
High Impedance 

•soo_j l'so"-1 1~ SOE 
VIL 

tscc 

SC 

tscL tscH tscL tscH 

·~3e 
soi Yl/111/JX 71Jll0 le le tscA 

83\/G-66108 

21 



pPD42264 

Timing Waveforms (cont) 

Serial Read Cycle 
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NEC Electronics Inc. 

Description 

The µPD42273 is a dual-port graphics buffer equipped 
with a 256K x 4-bit random access port and a 512 x 4-bit 
serial read port. The serial read port is connected to an 
internal 2048-bit data register through a 512 x 4-bit 
serial read output circuit. The random access port is 
used by the host CPU to read or write data addressed in 
any desired order. A write-per-bit capability allows 
each of the four data bits to be individually selected or 
masked for a write cycle. 

The µPD42273 features fully asynchronous dual ac
cess, except when transferring stored graphics data 
from a selected row of the storage array to the data 
register. During a data transfer, the random access port 
requires a special timing cycle using a transfer clock; 
the serial read port continues to operate normally. 
Following the clock transition of a data transfer, serial 
output data changes from an old tine to a new line and 
the starting location on the new line is addressable in 
the data transfer cycle. 

An advanced CMOS silicon-gate process using poly
cide technology and trench capacitors provides high 
storage cell density, high performance, and high reli
ability. 

Refreshing is accomplished by means of RAS-only 
refresh cycles or by normal read or write cycles on the 
512 address combinations of Ao through Aa during an 
8-ms period. Automatic internal refreshing, by means 
of either hidden refreshing or the CAS before RAS 
timing and on-chip internal refresh circuitry, is also 
available. The transfer of a row of data from the storage 
array to the data register also refreshes that row auto
matically. 

The µPD42273 is an alternative to the µPD42274 for 
applications that do not require the flash write function. 

All inputs and outputs, including clocks, are TTL
compatible. All address and data-in signals are latched 
on-chip to simplify system design. Data-out is un
latched to allow greater system flexibility. 

The µPD42273 is available in a 28-pin plastic ZIP or 
28-pin plastic SOJ and is guaranteed for operation at o 
to +10°c. 

60128 

Features 

µPD42273 
Dual-Port Graphics Buffer 

o Three functional blocks 
- 256K x 4-bit random access storage array 
- 2048-bit data register 
-512 x 4-bit serial read output circuit 

o Two data ports: random access and serial read 
o Dual-port accessibility except during data transfer 
o Addressable start of serial read operation 
o Real-time data transfer 
o Single + 5-volt ± 10% power supply 
o On-chip substrate bias generator 
o Random access port 

-Two main clocks: RAS and CAS 
- Multiplexed address inputs 
- Direct connection of 1/0 and address tines 

allowed by OE to simplify system design 
- 512 refresh cycles every 8 ms 
-Read, early write, late write, read-write/read-

modify-write, RAS-only refresh, and fast-page IPl!m 
cycles Ila:. 

-Automatic internal refreshing by means of the 
CAS before RAS on-chip address counter 

- CAS-controlled hidden refreshing 
- Write-per-bit option regarding four 1/0 bits 
- Write bit selection multiplexed on 100-103 

o RAS-activated data transfer 
- Same cycle time as for random access 
- Row data transferred to data register as 

specified by row address inputs 
-Starting location of following serial read cycle 

specified by column address inputs 
- Transfer of 2048 bits of data on one row to the 

data register, and the starting location of the 
serial read circuit, actiyated by a low-to-high 
transition of DT 

- Data transfer during real-time operation or 
standby of serial port 

o Fast serial read operation by means of SC pins 
o Serial data output on S00-S03 
o Direct connection of multiple serial outputs for 

extension of data length 
o Fully TTL-compatible inputs, outputs, and clocks 
o Three-state outputs for random and serial access 
o CMOS silicon-gate process with trench capacitors 
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Pin Configurations 

28-Pin Plastic SOJ 

SC 28 GND 

SOo 2 27 803 

S01 3 2a 802 
OT/OE 4 25 SOE 

w01100 5 24 Wa/103 
W1ll01 6 ~ 23 W2/I02 
WBIWE 7 ~ 22 NC 

NC 8 25 21 CAS c. 
RAS 9 

:I. 
20 NC 

As 10 19 Ao 

A5 11 18 A1 
As 12 17 A2 

A4 13 16 A3 
Vee 14 15 A1 

83YL-7287A 

28-Pin Plastic ZIP 

NC 
W2ll02 

W3/I03 
SOE 

802 
GND 

83YL-7288A 

Pin Identification 
Symbol Function 

Ao-As Address inputs 

Wo/IOo • Wa/103 Write-per-bit selects/data inputs and outputs 

RAS Row address strobe 

CAS Column address strobe 

WBN'/E . Write-per-bit/Write enable 

Data transfer/output enable 

SOo·S03 Serial read outputs 

SC Serial control 

Serial output enable 

GND Ground 

Vee +5-volt ±10% power supply 

NC No connection 
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Ordering Information 

Row Access Serlal Access 
Part Number Time (max) Time (max) Package 

µPD42273LE-10 100 ns 30 ns 28-pln 

LE-12 120ns 40ns 
plastic SOJ 

#JPD42273V-10 100 ns 30ns 28-pln 

V-12 120ns 40 ns 
plastic ZIP 

Absolute Maximum Ratings 
Voltage on any pin except Vee 
relative to GND, VR1 

Voltage on Vee relative to GND, VR2 

Operating temperature, ToPR 

Storage temperature, TsTG 

Short-circuit output current; los 

Power dissipation, Po 

-1.0to +7.0V 

-1.0to +7.0V 

0 to +70"C 

-55 to +125°C 

50mA 

1.5W 

Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause perma
nent damage. The de'Jice should be operated within the limits 
specified under DC and AC Characteristics. 

Recommended Operating Conditions 
Parameter 

Supply voltage 

Input voltage, high 

Input voltage, low 

Ambient temperature 

Input/output 
capacitance 

Output 
capacitance 

C1(0T/OE) 

C1(WBJWE) 

C1(RAS) 

C1(CAS> 

Cl(SOE) 

C1(Se) 

Cio(W/IO) 

Co(SO) 

Symbol 

Vee 

V1H 

V1L 

TA 

Min Typ 

4.5 5.0 

2.4 

-1.0 

0 

8 pF 

8 pF 

8 pF 

8 pF 

8 pF 

8 pF 

7 pF 

7 pf' 

Max Unit 

5.5 v 
5.5 v 
0.8 v 
70 ·c 

SC 

Wo/100 through 
Wa/103 . 

SOo through 
S03 ' 
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Block Diagram 
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Timing 
Generator 

Ao-Aa (Address Inputs). These pins are multiplexed as 
r<Jw and column address inputs. Each of four data bits 
in the random access port corresponds to 262,144 

·storage cells, which means that nine row addresses 
. and nine column addresses are required to decode one 
cell location. Nine row addresses are first used to 
select one of the 512 possible rows for a read, write, 
data transfer, or refresh cycle. Nine column addresses 
are then used to select the one of 512 possible column 
decoders for a read or write cycle or the one of 512 
possible starting locations for the next serial read 
cycle. (Cotunm addresses are not required in RAS-only 
refresh or flash write cycles.) 

Wo/100-Wa,1103 (Write-Per-Bit Inputs/Common Data 
Inputs and Outputs). Each of the four data bits can be 
individually latched by these inputs at the falling edge 
of RAS in a write cycle, and then updated at the next 
falling edge of RAS. In a read cycle, these pins serve as 
outputs for the selected storage cells. In a write cycle, 
data input on these pins is latched by the falling edge of 
CAS or WE. 

RAS (Row Address Strobe). This pin is functionally 
equivalent to a chip enable signal in that whenever it is 

Column Decoder 510 511 ~ 
.LI l.1 II 

Sense Amplifiers 

2048Cols 

1 Storage a: 
Cell Array 

j 
J_J l.I II :n 

Transfer JI J I Gates 

-111 TT If I 
Data I I I~ Register 

l.llIIIII 
Selector 510 511 

~ 
Common ~ 

VO 
~ Buffer 

~ 

~ 
Serial ~ 
Output 
~ Buffer 
~ 

J 
~Vee 

~vss 

pPD42273 

WoJIOo 

W1/I01 

W2/I02 

W3fl03 

83YL-7289B 

activated, the 2,048 storage cells of a selected row are 
sensed simultaneously and the sense amplifiers re
store all data. The nine row address bits are latched by 
this signal and must be stable on or before its falling 
edge. CAS, OT/OE and WB/WE are simultaneously 
latched to determine device operation . 

CAS (Column Address Strobe). This pin serves as a 
chip selection signal to activate the column decoder 
and the input/output buffers. The nine column address 
bits are latched at the falling edge of CAS. 

WB/WE (Write-Per-Bit Control/Write Enable). At the 
falling edge of RAS the WB/WE input must be low and 
CAS and OT/OE high to enable the write- per-bit option. 
A high WB/WE can be used at the beginning of a 
standard write or read cycle. 

OT/OE (Data Transfer/Output Enable). At the falling 
edge of RAS, CAS high and FWE and OT/OE low initiate 
a data transfer, regardless of the level of WB/WE. OT/OE 
high initiates conventional read or write cycles and 
controls the output buffer in the random access poft. 

S00-S03 (Serial Data Output). Four-bit data is read 
from these pins. Data remains valid until the next SC 
signal is activated. 
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SC (Serial Control). Repeatedly activating this signal 
causes serial read cycles (starting from the location 
specified in the data transfer cycle) to be executed 
within the 2,048 bits in the data register. The rising edge 
of SC activates serial read operation, in which four of 
the 2,048 data bits are transferred to four serial data 
buses, respectively, and read out. Whenever SC is low, 
the serial port is in standby. 

SOE (Serial Output Enable). This signal controls the 
serial data output buffer. 

OPERATION 

The µPD42273 consists of a random access port and a 
serial read port. The random access port executes 
standard read and write cycles as well as data transfer 
and flash write cycles, all of which are based on con
ventional RAS/CAS timing. 

In a data transfer, data in each storage cell on the 
selected row is transferred simultaneously through a 
transfer gate to its corresponding register location. The 
serial read port shows the contents of the data register 
in serial order. The random access and serial read ports 
can operate asynchronously, except when the transfer 
gate is.turned on during the data transfer period. 

Addresslng 

The storage array is arranged in a 512-row by 2048-
column matrix, whereby each of 4 data bits in the 
random access port corresponds to 262,144 storage 
cells and 18 address bits are required to decode one 
cell location. Nine row address bits are set up on pins 
Ao through As and latched onto the chip by RAS. Nine 
column address bits then are set up on pins Ao through 
As and latched onto the chip by CAS. All addresses 
must be stable, on or before the falling edges· of RAS 
and CAS. Whenever RAS is activated, 2048 cells on the 
selected row are sensed simultaneously and the sense 
amplifiers automatically restore the data. CAS serves 
as a chip selection signal to activate the column de
coder and the input and output buffers. 

Through 1 of 512 column decoders, 4 storage cells on 
the row are connected to 4 data buses, respectively. In 
a data transfer cycle, 9 row address bits are used to 
select 1 of the 512 possible rows involved in the transfer 
of data to the data register. Nine column address bits 
are then used to select the 1 of 512 possible serial 
decoders that corresponds to the starting location of 
the next serial read cycle. In the serial read port, when 
SC is activated, 4 data bits in the 2048-bit data register 
are transferred to 4 serial data buses and read out. 
Activating SC repeatedly causes serial read cycles 
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(starting from the location specified in the data transfer 
cycle) to be executed within the 2048 bits in the data 
register. 

Random Access Port 

An operation in the random access port begins with a 
negative transition of RAS. Both RAS and CAS have 
minimum pulse widths, as specified in the timing table, 
which must be maintained for proper device operation 
and data integrity. Once begun, a cycle must meet all 
specifications, including minimum cycle time. To re
duce the number of pins, the following are multiplexed. 

• Dl70E 
• WB/WE 
• W/IOi (i = 0, 1, 2, 3) 

OE, WE and IOi represent standard operations, while 
DT, WB, and Wi are special inputs to be applied in the 
same way as row address inputs, with setup and hold 
times referenced to the negative transition of RAS. 

The level of DT determines whether a ~e is a random 
access or data transfer operation. WB affects only 
write cycles and determines whether or not the write
per-bit capability is used. Wi defines data bits to be 
written with the write-per-bit option. In the following 
discussions, these multiplexed pins are designated as 
DT(/OE), for example, depending on the function being 
described. 

To use the µPD42273 for random access, DT(/OE) must 
be high as RAS falls to disconnect the 2048-bit register 
from the corresponding 2048-digit lines of the stor~e 
array. Convers~o execute a data transfer, DT(/OE) 
must be low as RAS falls to open the 2048 transfer gates 
and transfer data from one of the rows to the register. 

Truth Table for the Random Access Port 
CAS DT/OE WB/WE Cycle 

H H H Read or write (Note 1) 

H H L Mask write (Note 2) 

H L x Read data transfer (Note 3) 

L x x CAS before RAS refresh (Note 4) 

Notes: 

(1) Initiates a normal read or write cycle and disables the write-per
bit capability. 

(2) Enables individual bits to be selected or masked for a wr~cle. 
Four-bit masked data is latched at the falling edge of RAS and 
reset at the rising edge of RAS. 

(3) Initiates a read data transfer cycle. 

(4) Initiates a CAS before RAS refresh cycle. As RAS falls, WB/WE 
and D170E = don't care. 

(5) X = don't care. 
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Read Cycle. A read cycle is executed _EY_ activating 
RAS, CAS, and OE and by maintaining (WBf)WE while 
CAS is active. The (Wj/)IOi pin (i = 0, 1, 2, 3) remains in 
high impedance until valid data appears at the output 
at access time. Device access time, tAcc. will be the 
longest of the following four calculated intervals: 
• tRAC 
• RAS to ±CAS delay (tRcD) + tcAC 
• RAS to column address delay (tRAD) + tAA 
• RAS to OE delay + toEA 

Access times from RAS (tRAc), from CAS (tcAc), from 
the column addresses (tAA), and from OE (toEN are 
device parameters. The RAS-to-CAS, RAS-to-column 
address, and RAS-to-OE delays are system-dependent 
timing parameters. Output becomes valid after the 
access time has elapsed and it remains valid while both 
CAS and OE are low. Either CAS or OE high returns the 
output pins to high impedance. 

Write Cycle. A write cycle is executed by bringing 
0f1Bf)WE low durj_Qg the RAS/CAS cycle. The falling 
edge of CAS or (WB/)WE strobes the data on 0flj/)10i 
into the on-chip data latch. To make use of the write
per-bit option, WB(/WE) must be low as RAS falls. In this 
case, write data bits can be specified by keeping 
Wi(/10~ high, with setup and hold times referenced to 
the negative transition of RAS. 

For those data bits of Wi(/IOi) that are kept low as RAS 
falls, write operation is inhibited on the chip. If WB(/WE) 
is high as RAS falls, the write-per-bit option is not used 
and a write cycle is executed for all four data bits. 

Early Write Cycle. An early write cycle is executed by 
bringing (WBf)WE low before CAS falls. Data is strobed 
by CAS, with setup and hold times referenced to this 
signal, and the output remains~ high impedance for 
the entire cycle. As RAS falls, (DTf)OE must meet the 
setup and hold times of a high OT, but otherwise 
(DTf)OE does not affect anything while CAS is active. 

Read-Write/Read-Modify-Write Cycle. This cycle is ex
ecuted by bringing (WBf)WE low with the RAS and CAS 
signals low. (Wj/)IOi shows read data at access time. 
Afterward, in preparation for the upcoming write cycle, 
(Wif)IOi returns to high impedance when (DT/)OE goes 
high. The data to be written is strobed by (WB/)WE, with 
setup and hold times referenced to this signal. 

Late Write Cycle. This cycle shows the timing flexib~ 
of (DTf)OE, which can be activated just after (WB/)WE 
falls, even when (WB/)WE is brought low after CAS. 

Refresh Cycle. A cycle at each of the 512 row ad
dresses (Ao through Aa) wil I refresh all storage cells. Any 
read, write, refresh, or data transfer cycle executed in 

pPD42273 

the random access port refreshes the 2048 bits se
lected by the RAS addresses or by the on-chip address 
counter. 

RAS-Only Refresh Cycle. A cycle having only RAS 
active refreshes all cells in one row of the storage array. 
A high CAS is maintained while RAS is active to keep 
(Wi/)IOi in high impedance. This method is preferr~d for 
refreshing, especially when the host system consists of 
multiple rows of random access devices. The data 
outputs may be OR-tied with no bus contention when 
RAS-only refresh cycles are executed. 

CAS Before RAS Refresh Cycle. This cycle executes 
internal refreshing using the on-chip circuitry. When
ever CAS is low as RAS falls, the row addresses speci
fied by the internal counter are automatically refreshed 
and the circuit operation based on CAS is maintained 
in a reset state. When internal refreshing is complete, 
the address counter automatically increments in prep
aration for the next CAS before RAS cycle. 

Hidden Refresh Cycle. This cycle is executed after a 
read cycle, without disturbing the read data output. lf!'lm 
Once valid, the data output is controlled by CAS and llla;ll 
OE. Afterthe read cycle, CAS is held low while RAS goes 
high for precharge. A RAS-only cycle is then executed 
(except that CAS is held at a low level instead of a high 
level) and the data output remains valid. Since hidden 
refreshing is the same as CAS before RAS refreshing, 
the data output remains valid during either operation. 

Fast-Page Cycle. This feature allows faster data access 
by keeping the same row address while successive 
column addresses are strobed onto the chip. Maintain-
ing RAS low while successive CAS cycles are executed 
causes data to be transferred at a faster rate because 
row addresses are maintained internally and do not 
have to be reapplied. In fast-page operation, read, 
write and read-write/read-modify-write cycles may be 
executed. Additionally, the write-per-bit control speci-
fied in the entry write cycle is maintained throughout 
the next fast-page write cycle. 

During a fast-page read cycle, (Wj/)IOi remains in high 
impedance until valid data appears at the output pin at 
access time. Device access time in this cycle wi II be one 
of the following calculated intervals: 

Fast-Page Access Time 
Calculated Interval 

tcAC 

Conditions 

tAsc ~ tcp and tcp ::5 tcp (max) 

tAsc ::5 tAsC (max) and tcp ~ tcp (max) 

tAsc ::5 tcp and tcp ::5 tcp (max) 

tAsc ~ tAsc (max) and tcp ::5 tcp (max) 
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Data Transfer Cycle. A data transfer is executed by 
bringing DT(/OE) low as RAS falls. DT(/OE) must be low 
for a specified time, measured from RAS and GAS. The 
specified 1 of the possible 512 rows involved in the data 
transfer, as well as the starting location of the following 
serial read cycle, are defined by address inputs. The 
low-to-high transition of OT causes column address 
buffer outputs to be transferred to the serial address 
counters, and storage cell data amplified on digit lines 
to be transferred to the data register. RAS and GAS 
must be low during these operations to keep the data in 
the random access port. 

Serial Read Port 

After the data transfer cycle, the serial read port is only 
used to serially read the contents of the data register 
starting from a specified location. The only condition 

Power Supply Current 
TA= o to +70°C; Vee= +5.0 V ±10%; GND = o V 

Port Operation ,uPD42273-10 
Random Access Serial Read Parameter (max) 

Read/write cycle Standby lcc1 95 

Standby Standby lcc2 4 

RAS-only refresh cycle Standby lcc3 95 

Fast-page cycle Standby lcc4 90 

CAS before RAS Standby Ices 95 
refresh cycle 

Data transfer cycle Standby lees 135 

Read/write cycle Active lcc1 120 

Standby Active lees 30 

RAS-only refresh cycle Active lccg 120 

Fast-page cycle Active lcc10 115 

CAS before RAS Active lcc11 120 
refresh cycle 

Data transfer cycle Active lcc12 160 

Notes: 

(1) No load on IOi or soi. Except for lcc2• lcc3, Ices. and lcc14• real 
values depend on output loading in addition to cycle rates. 

(2) CAS is not clocked, but is kept at a stable high level. Column 
addresses are also assumed to be at a stable high or low level. 
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under which the serial read port must synchronize with 
the random access port is when the positive transition 
of DT(/OE) must occur within a specified period in an 
SC cycle. Otherwise, the serial read port can operate 
asynchronously. Output data appears at soi after an 
access time of tscA, measured from SC high, only when 
SOE is maintained low. The SC cycle which includes the 
positive transition of DT(/OE) shows old data in the data 
register; subsequent SC cycles show new data trans
ferred to the data register serially and in a looped 
manner. The serial output is maintained until the next 
SC signal is activated. SOE controls the impedance of 
the serial output to allow multiplexing of more than one 
bank of µPD42273 graphics buffers into the same ex
ternal circuitry. When SOE is at a low logic level, SOi is 
enabled and the proper data is read. When SOE is high, 
SOi is disabled and in a State Of high impedance. 

,uPD42273-12 
(max) Unit Test Conditions 

85 mA RAS, CAS cycling; tRc = tRc min; 
SOE = V1H; SC = V1H or V1L 

4 mA CAS = RAS= V1H; SOE= V1H; 
SC = V1H orV1L 

85 mA RAS cycling; CAS = V1H; tRc = tRc min; 
SOE= V1H; SC= V1H or V1L (Note 2) 

80 mA RAS= V1L; CAS cycling; tpc = tpc min; 
SOE = V1H; SC = V1H or V1L (Note 3) 

85 mA CAS low as RAS falls; tRc = tRc min; 
SOE = V1H; SC = V1H or V1L 

120 mA OT low as RAS falls; tRc = tRc min; 
SOE = V1H; SC = V1H or V1L 

105 mA RAS and CAS cycling; tRc = tRc min 
SOE= V1L; SC cycling; tscc = tscc min 

25 mA CAS = RAS= V1H; SOE= V1L; 
SC cycling; tscc = tscc min 

105 mA RAS cycling; CAS = V1H; tRc = tRc min; 
SOE= V1L; SC cycling; tscc = tscc min 

100 mA RAS= V1L; CAS cycling; tpc = tpc min; 
SOE = V1L; SC cycling; tscc = tscc min 
(Note 3) 

105 mA CAS low as RAS falls; tRc = tRc min; 
SOE= V1L; SC cycling; tscc = tscc min 

140 mA OT low as RAS falls; tRc = tRc min; 
SOE= v1L; SC cycling; tscc = tscc min 

(3) A change in column addresses must not occur more than once in 
a fast-page cycle. 
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DC Characteristics 
TA= Oto +70°C; Vee= +5.0 V ±10%; GND = 0 V 

Parameter Symbol Min Typ Max Unit Test Conditions 

Input leakage current l1L -10 10 µA V1N = 0 to 5.5 V; all other pins not under test= 0 V 

Output leakage current loL -10 10 µA Dour (IOj, soi) disabled; Vour = Oto 5.5 V 

Random access port output voltage, high VoH(R) 2.4 v loH(R) = -2 mA 

Random access port output voltage, low VoL(R) 0.4 v loL(R) = 4.2 mA 

Serial read port output voltage, high VoH(S) 2.4 v loH(S) = -1 mA 

Serial read port output voltage, low VoL(S) 0.4 v loL(S) = 2.1 mA 

AC Characteristics 
TA= 0 to +70°C; Vee= +5.0V ±10%; GND = OV 

11PD42273-10 11PD42273-12 

Parameter Symbol Min Max Min Max Unit Test Conditions 

Switching Characteristics 

Access time from RAS tRAe 100 120 ns (Notes 31 4 and 12) 

Access time from falling edge of CAS teAe 25 30 ns (Notes 3, 4, 13, 14 and 15) 

Access time from column address tAA 55 65 ns (Notes 3, 4, 14 and 15) 

Access time from rising edge of CAS tAeP 55 65 ns (Notes 3 and 4) Ill Access time from OE to EA 25 30 ns (Notes 3 and 4) 

Serial output access time from SC tseA 30 40 ns (Notes 3 and 18) 

Serial output access time from SOE tsoA 25 30 ns (Note 3) 

Output disable time from CAS high toFF 0 25 0 30 ns (Note 5) 

Output disable time from OE high toEZ 0 25 0 30 ns (Note 5) 

Serial output disable time from SOE high ts oz 0 15 0 20 ns (Note 5) 

SOE low to serial output setup delay tsoo 5 5 ns 

Serial output hold time after SC high tsoH 5 5 ns 

Timing Requirements 

Random read or write cycle time tRe 190 220 ns (Note 11) 

Read-write/read-modify-write cycle time tRWc 255 295 ns (Note 11) 

Fast-page cycle time tpe 60 70 ns (Note 11) 

Fast-page read-write/read-modify-write tPRWe 125 145 ns (Note 11) 
cycle time 

Rise and fall transition time tr 3 50 3 50 ns (Notes 3, 10 and 18) 

RAS precharge time tRp 80 90 ns (Note 18) 

RAS pulse width tRAS 100 10,000 120 10,000 ns 

Fast-page RAS pulse width tRASP 100 100,000 120 100,000 ns 

RAS hold time tRSH 25 30 ns 

CAS precharge time (nonpage cycle) tePN 10 15 ns 

Fast-page CAS precharge time tep 10 25 15 30 ns 

CAS pulse width teAS 25 10,000 30 10,000 ns 

CAS hold time tesH 100 120 ns 

RAS to CAS delay tReD 25 75 25 90 ns (Note 4) 

CAS high to RAS low precharge time teRP 10 10 ns (Note 16) 
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AC Characteristics (cont) 

µPD42273-10 p.PD42273-12 

Parameter Symbol Min Max Min Max Unit Test Conditions 

Timing Requirements (cont) 

Row address setup time tASR 0 0 ns 

Row address hold time tRAH 12 15 ns 

Column address setup time tAsc 0 25 0 30 ns (Note 15) 

Column address hold time tcAH 15 20 ns 

RAS to column address delay time tRAD 17 45 20 55 ns (Notes 9 and 14) 

Column address to RAS lead time tRAL 55 65 ns 

Read command setup time tRcs 0 0 ns 

Read command hold time after RAS high tRRH 10 10 ns (Note 6) 

Read command hold time after CAS high tRCH 0 0 ns (Note 6) 

Write command setup time twcs 0 0 ns (Note 7) 

Write command hold time twcH 20 30 ns 

Write command pulse width twp 20 25 ns (Note 17) 

Write command to RAS lead time tRWL 30 35 ns 

Write command to CAS lead time tcwL 30 35 ns 

Data-in setup time tos 0 0 ns (Note 8) 

Data-in hold time toH 20 25 ns (Note 8) 

Column address to WE delay tAWD 85 100 ns (Note 7) 

CAS to WE delay tcwo 55 65 ns (Note 7) 

RAS to WE delay tRWD 130 155 ns (Note 7) 

OE high to data-in setup delay to ED 30 35 ns 

OE high hold time after WE low toEH 25 30 ns 

CAS before RAS refresh setup time tcsR 0 0 ns 

CAS before RAS refresh hold time tcHR 15 20 ns 

RAS high to CAS low precharge time tRPC 0 0 ns 

Refresh interval tREF 8 8 ms Addresses Ao through As 
DT low setup time to LS 0 0 ns 

DT low hold time after RAS low tRDH 80 90 ns (Note 18) 

DT low hold time after CAS low tcoH 30 35 ns 

SC high to DT high delay tsoo 10 15 ns 

SC low hold time after DT high tsoH 10 15 ns 

Serial clock cycle time tscc 30 40 ns (Note 11) 

SC pulse width tscH 10 15 ns 

SC precharge time tscL 10 15 ns 

DT high setup time toHs 0 0 ns 

DT high hold time toHH 15 20 ns 

DT high to RAS high delay toTR 10 10 ns 

DT high to CAS high delay tore 5 5 ns 
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NEC µPD42273 

AC Characteristics (cont) 
µPD42273-10 µPD42273-12 

Parameter Symbol Min 

Timing Requirements (cont) 

OE to RAS inactive setup time to ES 10 

Write-per-bit setup time twss 0 

Write-per-bit hold time twsH 15 

Write bit selection setup time tws 0 

Write bit selection hold time twH 15 

SOE pulse width tsoE 10 

SOE precharge time tsop 10 

DT high hold time after RAS high torH 15 

Notes: 

(1) All voltages are referenced to GND. 

(2) An initial Rause of 100 µsis required after power-up, followed by 
any eight RAS cycles and four data transfer (01) cycles, before 
proper device operation is achieved. 

(3) See input/output timing waveforms for timing reference volt
ages. See figures 3 and 4 for output loads. 

(4) Operation within the tRcD (max) limit ensures that tRAC (max) 
can be met. The tRcD (max) limit is specified as a reference point 
only. If tRcD is greater than the specified tRcD (max) limit, 
access time is controlled exclusively by tcAC• toEA• or tAA· 

(5) An output disable time defines the time at which the output 
achieves the open-circuit condition and is not referenced to 
output voltage levels. 

(6) Either tRRH or tRcH must be satisfied for a read cycle. 

(7) twcs• tAWD• tcwo. and tRwD are restrictive operating parame
ters in read-write and read-modify-write cycles only. If twcs <!: 
twcs (min), the cycle is an early write cycle and the data output 
will remain open-circuit throughout the entire cycle. If tAwD <!: 
tAwo (min), tcwo <!: tcwo (min), and tRwo <!: tRwo (min), 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 is 
met, the condition of the data out (at access time and until CAS 
returns to V1H) is indeterminate. 

(8) These parameters are referenced to the falll!!g_ e~ of CAS in 
early write cycles and to the falling edge of (WB/)WE in delayed 
write or read-modify-write cycles. 

(9) Assumes that tRAD (min) = tRAH (min) + typical tr of 5 ns. 

(10) V1H (min) and V1L (max) are reference levels for measuring the 
timing of input signals. Additionally, transition times are mea
sured between V1H and V1L· 

Max Min Max Unit Test Conditions 

10 ns 

0 ns 

20 ns 

0 ns 

20 ns 

15 ns 

15 ns 

20 ns 

(11) The minimum specifications are used only to indicate the cycle 
time at which proper operation over the full temperature range 
(TA= 0 to +70°C) is assured. 

(12) Assumes that tRcD s tRcD (max) and tRAD s tRAD (max). If 
tRcD or tRAD is greater than the maximum recommended value 
in this table, tRAC increases by the amount that tRco or tRAD 
exceeds the value shown. 

(13) Assumes that tRco<!: tRcD (max) and tRAD s tRAD (max). 

(14) If tRAD <!: tRAD (max). then the access time is defined by tAA· 

(15) For fast-page read operation, the definition of access time is as 
follows. 

CAS and Column Address 
Input Conditions 

tcp s tcp (max), tAsc<!: tcp 

tcp s tcp (max), tAsc s tcp 

tcp <!: tcp (max), tAsc s tAsc (max) 

tcp <!: tcp (max), tAsc <!: tAsc (max) 

Access 
Time Definition 

tcAC 

(16) The tcRP requirement is applicable for RAS/CAS cycles pre
ceded by any cycle. 

(17) Parameter twp is applicable for a delayed write cycle such as a 
read-write/read-modify-write cycle. For early write operation, 
both twcs and twcH must be met. 

(18) Improvement in parameters tRDH• tRP and tscA are planned for 
process versions "x" and "m ''. Please contact your NEC sales 
office for details. 

(19) Ac measurements assume tr = 5 ns. 
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µPD42273. NEC 
Figure 1. Input Timing 
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Figure 2. Output Timing 
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Figure 3. Output Load in Random Access Port 

Vee 

919n 

101 4...-'-------------4 

OOpFl : 497n 

831H·6659B 

Figure 4. Output Load in Serial Read Port 
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Timing Waveforms 

Read Cycle 
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Read Data 
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Timing Waveforms (cont) 

Early Write Cycle 
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NEC pPD42273 

Timing Waveforms (cont) 

Late Write Cycle 
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Timing Waveforms (cont) 

Read-Write/Read-Modify-Write Cycle 
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Timing Waveforms (cont) 

RAS-Only Refresh Cycle 

pPD42273 

83YL-7294B 
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µPD42273 NEC 
Timing Waveforms (cont) 

CAS Before RAS Refresh Cycle 
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Timing Waveforms (cont) 

Hidden Refresh Cycle 
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Timing Waveforms (cont) 

Fast-Page Read Cycle 
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Timing Waveforms (cont) 

Fast-Page Write Cycle 
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83YL-7298B 
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Timing Waveforms (cont) 

Fast-Page Read-Modify-Write Cycle 

NEC 
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NEC pPD42273 

Timing Waveforms (cont) 

Data Transfer Cycle with Serial Port Active 
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pPD42273 NEC 
Timing Waveforms (cont) 

Data Transfer Cycle with Serial Port in Standby 
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Timing Waveforms (cont) 

Serial Read Cycle 
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NEC 
NEC Electronics Inc. 

Description 

The µPD42274 is a dual-port graphics buffer equipped 
with a 256K x 4-bit random access port and a 512 x 4-bit 
serial read port. The serial read port is connected to an 
internal 2048-bit data register through a 512 x 4-bit 
serial read output circuit. The random access port is 
used by the host CPU to read or write data addressed in 
any desired order. A write-per-bit capability allows 
each of the four data bits to be individually selected or 
masked for a write cycle. Furthermore, a flash write 
option with write-per-bit control enables data in the 
color register to be written to a selected row in the 
random access port. 

The µPD42274 features fully asynchronous dual ac
cess, except when transferring stored graphics data 
from a selected row of the storage array to the data 
register. During a data transfer, the random access port 
requires a special timing cycle using a transfer clock; 
the serial read port continues to operate normally. 
Following the clock transition of a data transfer, serial 
output data changes from an old line to a new line and 
the starting location on the new line is addressable in 
the data transfer cycle. 

An advanced CMOS silicon-gate process using poly
cide technology and trench capacitors provides high 
storage cell density, high performance, and high reli
ability. 

Refreshing is accomplished by means of RAS-only 
refresh cycles or by normal read or write cycles on the 
512 address combinations of Ao through As during an 
8-ms period. Automatic internal refreshing, by means 
of either hidden refreshing or the CAS before RAS 
timing and on-chip internal refresh circuitry, is also 
available. The transfer of a row of data from the storage 
array to the data register also refreshes that row auto
matically. 

All inputs and outputs, including clocks, are TTL
compatible. All address and data-in signals are latched 
on-chip to simplify system design. Data-out is un
latched to allow greater system flexibility. 

The µPD42274 is available in a 28-pin plastic ZIP or 
28-pin plastic SOJ and is guaranteed for operation at o 
to+ 70"C. 

60030 

Features 

pPD42274 
Dual-Port Graphics Buffer 

o Three functional blocks 
- 256K x 4-bit random access storage array 
- 2048-bit data register 
- 512 x 4-bit serial read output circuit 

o Two data ports: random access and serial read 
o Dual-port accessibility except during data transfer 
o Addressable start of serial read operation 
o Real-time data transfer 
o Single+ 5-volt ±10% power supply 
o On-chip substrate bias generator 
o Random access port 

-Two main clocks: RAS and CAS 
- Multiplexed address inputs 
- Direct connection of 1/0 and address lines 

allowed by OE to simplify system design 
-512 refresh cycles every 8 ms 
-Read, early write, late write, read-write/read-

modify-write, RAS-only refresh, and fast-page 
cycles 

-Automatic internal refreshing by means of the BJ 
CAS before RAS on-chip address counter 

- CAS-controlled hidden refreshing 
- Write-per-bit option regarding four 1/0 bits 
- Write bit selection multiplexed on 100-103 

o Flash write option with write-per-bit control 
o RAS-activated data transfer 

- Same cycle time as for random access 
- Row data transferred to data register as 

specified by row address inputs 
-Starting location of following serial read cycle 

specified by column address inputs 
- Transfer of 2048 bits of data on one row to the 

data register, and the starting location of the 
serial read circuit, activated by a low-to-high 
transition of DT 

- Data transfer during real-time operation or 
standby of serial port 

o Fast serial read operation by means of SC pins 
o Serial data output on S00-S03 
o Direct connection of multiple serial outputs for 

extension of data length 
o Fully TTL-compatible inputs, outputs, and clocks 
o Three-state outputs for random and serial access 
o CMOS silicon-gate process with trench capacitors 



µPD42274 

Ordering Information 
Row Access Serial Access 

Part Number Time (max) Time (max) Package 

µ.PD42274LE-10 100ns sons 28-pin plastic SOJ 

LE-12 120ns 40ns 

µ.PD42274V-10 100ns sons 28-pin plastic ZIP 

V-12 120ns 40ns 

Pin Identification 
Symbol Function 

Address inputs 

Write-per-bit selects/data inputs and outputs 

Row address strobe 

Column address strobe 

Write-per-bit/Write enable 

Data transfer/output enable 

FWE Flash write enable 

S00-S03 Serial read outputs 

SC Serial control 

Serial output enable 

GND Ground 

Vee +5-volt :t 10% power supply 

NC No connection 

Absolute Maximum Ratings 
Voltage on any pin except Vee 
relative to GND, VR1 

Voltage onVec relative to GND, VR2 

Operaiing temperature, ToPR 

Storage temperature, TSTG 

Short-circuit output current, los 

Power dissipation, Po 

-1.0to +7.0V 

-1.0 to +7.0 V 

Oto +10°C 

-55 to + 125°C 

50mA 

1.5W 

Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause permanent 
damage, The device should be operated within the limits specified 
under DC and AC Characteristics. 
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NEC 
Pin Configurations 

28-Pln Plastic SOJ 

SC GNO 

SOo 503 

S01 S02 

.OT/OE SOE 

WollOo Wa/103 

W1ll01 W2ll02 
WB/WE FWE 

NC CAS 

RAS NC 

As Ao 

Ae A1 

As A2 

A4 A3 
Vee A1 

28-Pln Plastic ZIP 

~j~rn~ ;· 
800 9 :::: ::: 1'0 S01 

OT/OE 11 :::: ::: 12 WollOo 
W1/I01 13 ::: -

NC 15 c::" :u 14 WB/WE 
As 17 c:: ::: 16 RAS 
A 19 c::' ::: 1S A5 

5 :::: 20 A 
Vee 21 ::: 4 

A 23 :::: ::: 22 A1 
3 t ::: 24 A2 

A1 25 ::: 
NC 27 :::: ::: 26 ~ 

: ::: 28 CAS 

831H-6654A 

831H-6655A 



NEC 
Pin Functions 

Ao-Aa (Address Inputs). These pins are multiplexed as 
row and column address inputs. Each of four data bits in 
the random access port corresponds to 262,144 storage 
cells, which means that nine row addresses and nine 
column addresses are required to decode one cell loca
tion. Nine row addresses are first used to select one of 
the 512 possible rows for a read, write, data transfer, or 
refresh cycle. Nine column addresses are then used to 
select the one of 512 possible column decoders for a 
read or write cycle or the one of 512 possible starting 
locations for the next serial read cycle. (Column ad
dresses are not required in RAS-only refresh or flash 
write cycles.) 

Wo/IOo-Wa/103 (Write-Per-Bit Inputs/Common Data 
Inputs and Outputs). Each of the four data bits can be 
individually latched by these inputs at the falling edge of 
RAS in a write or flash write cycle, and then updated at 
the next falling edge of RAS. 

In a read cycle, these pins serve as outputs for the 
selected storage cells. In a write cycle, data inpu~n 
these pins is latched by the falling edge of CAS or WE. 

RAS (Row Address Strobe). This pin is functionally 
equivalent to a chip enable signal in that whenever it is 
activated, the 2,048 storage cells of a selected row are 
sensed simultaneously and the sense amplifiers restore 
all data. The nine row address bits are latched by this 
signal and must be stable on or before its falling edge. 
CAS, OT/OE, WB/WE, and FWE are simultaneously 
latched to determine device operation. 

CAS (Column Address Strobe). This pin serves as a 
chip selection signal to activate the column decoder and 
the input/output buffers. The nine column address bits 
are latched at the falling edge of CAS. 

pPD42274 

WB/WE (Write-Per-Bit Control/Write Enable). At the 
falling edge of RAS, the WB/WE and FWE inputs must be 
low and CAS and OT/OE high to enable the write- per-bit 
option. When CAS, DT/OE and FWE are high at the falling 
edge of RAS, the level of this signal indicates either a 
color register set cycle or flash write cycle. A high 
WB/WE can be used at the beginning of a standard write 
or read cycle. 

DT/OE (Data Transfer/Output Enable).~ the falling 
edge of RAS, CAS high and FWE and DT/OE low initiate 
a data transfer, regardless of the level of WB/WE. DT/OE 
high initiates conventional read or write cycles and 
controls the output buffer in the random access port. 

FWE (Flash Write Enable). If this signal is low and CAS 
and DT/OE are high at the falling edge of RAS, a read or 
write cycle is initiated. If FWE, CAS and DT/OE are high at 
the falling edge of RAS, either a color register set cycle or 
flash write cycle is initiated, depending on the level of 
WB/WE. 

S00-S03 (Serial Data Output). Four-bit data is read 
from these pins. Data remains valid until the next SC 
signal is activated. f11!11m 
SC (Serial Control). Repeatedly activating this signal ~ 
causes serial read cycles (starting from the location 
specified in the data transfer cycle) to be executed 
within the 2,048 bits in the data register. The rising edge 
of SC activates serial read operation, in which four of the 
2,048 data bits are transferred to four serial data buses, 
respectively, and read out. Whenever SC is low, the serial 
port is in standby. 

SOE (Serial Output Enable). This signal controls the 
serial data output buffer. 

3 



µPD42274 

Block Diagram 
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The µ.PD42274 consists of a random access port and a 
serial read port. The random access port executes 
standard read and write cycles as well as data transfer 
and flash write cycles, all of which are based on conven
tional RAS/CAS timing. 

In a data transfer, data in each storage cell on the 
selected row is transferred simultaneously through a 
transfer gate to its corresponding register location (un
less the flash write option is used to write an entire row 
of data to predetermined values). The serial read port 
shows the contents of the data register in serial order: 
The random access and serial read ports can operate 
asynchronously, except when the transfer gate is turned 
on during the data transfer period. 
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The storage array is arranged in a 512-row by 2048-
column matrix, whereby each of 4 data bits in the 
random access port corresponds to 262,144 storage 
cells and 18 address bits are required to decode one cell 
location. Nine row address bits are set up on pins Ao 
through As and latched onto the chip by RAS. Nine 
column address bits then are set up on pins Ao through 
As and latched onto the chip by CAS. All addresses must 
be stable, on or before the falling edges of RAS and CAS. 
Whenever RAS is activated, 2048 cells on the selected 
row are sensed simultaneously and the sense amplifiers 
automatical !y restore the data. CAS serves as a chip 
selection signal to activate the column decoder and the 
input and output buffers. 



NEC 
Through 1 of 512 column decoders, 4 storage cells on 
the row are connected to 4 data buses, respectively. In a 
data transfer cycle, 9 row address bits are used to select 
1 of the 512 possible rows involved in the transfer of data 
to the data register: Nine column address bits are then 
used to select the 1 of 512 possible serial decoders that 
corresponds to the starting location of the next serial 
read cycle. In the serial read port, when SC is activated, 
4 data bits in the 2048-bit data register are transferred to 
4 serial data buses and read out. Activating SC repeat
edly causes serial read cycles (starting from the loca
tion specified in the data transfer cycle) to be executed 
within the 2048 bits in the data register: 

Random Access Port 

An operation in the random access port begins with a 
negative transition of RAS. Both RAS and CAS have 
minimum pulse widths, as specified in the timing table, 
which must be maintained for proper device operation 
and data integrity. Once begun, a cycle must meet all 
specifications, including minimum cycle time. To reduce 
the number of pins, the following are multiplexed. 

• DT/OE 
• WBJWE 
• W~IOi (i = 0, 1, 2, 3) 

The OE, WE and IOi functions represent standard oper
ations, while DT, WB, and Wi are special inputs to be 
applied in the same way as row address inputs, with 
setup and hold times referenced to the negative transi
tion of RAS. 

The level of DT determines whether a cycle is a random 
access operation or a data transfer operation. WB af
fects only write cycles and determines whether or not 
the write-per-bit capability is used. Wi defines data bits 
to be written with the write-per-bit option. In the follow
ing discussions, these multiplexed pins are designated 
as DT(/OE), for example, depending on the function 
being described. 

To use the µPD42274 for random access, DT(/OE) must 
be high as RAS falls. Holding DT(/OE) high disconnects 
the 2048-bit register from the corresponding 2048-digit 
lines of the storage array. Conversely, to execute a data 
transfer, DT(/OE) must be low as RAS falls to open the 
2048 transfer gates and transfer data from one of the 
rows to the register. 

pPD42274 

Truth Table for the Random Access Port 
CAS OT/OE WB/WE FWE Cycle 

H H H L Read or write (Note 1) 

H H L L Mask write (Note 2) 

H L x L Read data transfer (Note 3) 

H L H H 

L x x x CAS before RAS refresh (Note 4) 

H H H H Color register set (Note 5) 

H H L H Flash write/write-per-bit (Note 6) 

Notes: 

(1) Initiates a normal read or write cycle and disables the write-per- bit 
capability. 

(2) Enables the write-per-bit capability, where individual bits can be 
selected or masked for a write cycle. Four-bit masked data is 
latched at the falling edge of RAS and reset at the rising edge of 
RAS. 

(3) Initiates a read data transfer cycle. 

(4) Initiates a CAS before RAS refresh cycle. As RAS falls, WB/WE, 
D170E and FWE = don't care. 

(5) Defines a color register set cycle, where data in the register can 
be accessed in a read or write cycle. 

(6) Initiates a flash write cycle, where the storage cells on an entire ID 
selected row can be set with wr~er-bit C_£!!trol to the same data 1 
stored in the color register. As RAS falls, Dl70E = don't care. To 
avoid un-intended flash write operation, the FWE pin should be 
grounded. If grounding the FWE pin is not possible, use the 
non-flash write version µPD42273. 

(7) X = don't care. 

Read Cycle. A read cycle is executed by activating RAS, 
CAS, and OE and by maintaining (WB/)WE while CAS is 
active. The (W/)IOi pin (i = O, 1, 2, 3) remains in high 
impedance until valid data appears at the output at 
access time. Device access time, tAcc. will be the 
longest of the following four calculated intervals: 
• tRAC 
• RAS to ±CAS delay (tRco) + tcAC 
• RAS to column address delay (tRAD) + tAA 
• RAS to OE delay + toEA 

Access times from RAS (tRAd• from CAS (tcAc), from the 
column addresses (tAA), and from OE (toEA) are device 
parameters. The RAS-to-CAS, RAS-to-column address, 
and RAS-to-OE delays are system-dependent timing 
parameters. Output becomes valid after the access time 
has elapsed and it remains valid while both CAS and OE 
are low. Either CAS or OE high returns the output pins to 
high impedance. 
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Write Cycle. A write cycle is executed by bringing 
<Y'JB/)WE low during the RAS/CAS cycle. The falling edge 
of CAS or (WB/)WE strobes the data on (Wj/)IOi into the 
on-chip data latch. To make use of the write-per-bit 
option, WB(/WE) must be low as RAS falls. In this case, 
write data bits can be specified by keeping Wi(/IOi) high, 
with setup and hold times referenced to the negative 
transition of RAS. 

For those data bits of Wi(/IOi) that are kept low as RAS 
falls, write operation is inhibited on the chip. If WB(/WE) 
is high as RAS falls, the write~per-bit option is not used 
and a write cycle is executed for all four data bits. 

Early Write Cycle. An early write cycle is executed by 
bringing (WB/)WE low before CAS fal Is. Data is strobed 
by CAS, with setup and hold times referenced to this 
signal, and the output remains in high impedance for the 
entire cycle. As RAS falls, (DT/)OE must meet the setup 
and hold times of a high DT, but otherwise (DT/)OE does 
not affect any circuit operation while CAS is active. 

Read-Write/Read-Modify-Write Cycle. This cycle is ex
ecuted by bringing <Y'JB/)WE low with the RAS and CAS 
signals low. (Wi/)IOi shows read data at access time. 
Afterward, in preparation for the upcoming write cycle, 
CNil)IOi returns to high impedance when (DT/)OE goes 
high. The data to be written is strobed by <Y'JB/)WE, with 
setup and hold times referenced to this signal. 

Late Write Cycle. This cycle shows the timing flexibility 
of (DT/)OE, which can be activated just after (WB/)WE 
falls, even when (WB/)WE is brought low after CAS. 

Refresh Cycle. A cycle at each of the 512 row addresses 
(Ao through As) will refresh all storage cells. Any cycle 
executed in the random· access port (i.e., read, write, 
refresh, data transfer, color register set, or flash write) 
refreshes the 2048 bits selected by the RAS addresses or 
by the on-chip refresh address counter. 

RAS-Only Refresh Cycle. A cycle having only RAS 
active refreshes all cells in one row of the storage array. 
A high CAS is maintained while RAS is active to keep 
<Y'Ji/)IOi in high impedance, This method is preferred for 
refreshing, especially when the host system consists of 
multiple rows of random access devices. The data out
puts may be OR-tied with no bus contention when 
RAS-only refresh cycles are executed. 
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CAS Before RAS Refresh Cycle. This cycle executes 
internal refreshing using the on-chip control circ\Jitry. 
Whenever CAS is low as RAS falls, this circuitry auto
matically refreshes the row addresses specified by the 
internal counter. In this cycle, the circuit operation based 
on CAS is maintained in a reset state. When internal 
refreshing is complete, the address counter automati
cally increments in preparation for the next CAS before 
RAS cycle. 

Hidden Refresh Cycle. This cycle is executed after a 
read cycle, without disturbing the read data output. Once 
valid, the data output is controlled by CAS and OE. After 
the read cycle, CAS is held low while RAS goes high for 
precharge. A RAS-only cycle is then executed (except 
that CAS is held at a low level instead of a high level) and 
the data output remains valid. Since hidden refreshing is 
the same as CAS before RAS refreshing, the data output 
remains valid during either operation. 

Fast-Page Cycle. This feature allows faster data access 
by keeping the same row address while successive 
column addresses are strobed onto the chip. Maintain
ing RAS low while successive CAS cycles are executed 
causes data to be transferred at a faster rate because 
row addresses are maintained internally and do not have 
to be reapplied. In fast-page operation, read, write and 
read-write/read-modify-write cycles may be executed. 
Additionally, the write-per-bit control specified in the 
entry write cycle is maintained throughout the next 
fast-page write cycle. 

During a fast-page read cycle, the (Wi/)IOi data pin (i = O, 
1, 2, or 3) remains in a state of high impedance until valid 
data appears at the output pin at access time. Device 
access time in this cycle will be one of the following 
calculated intervals: 

Fast-Page Access Time 
Calculated Interval 

tcAC 

Conditions 

tAsc ~. tcp and tcp s tcp (max) 

tAsc s tAsc (max) and tcp :2:: tcp (max) 

tASC s tcP and tcP s tcP (max) 

tAsc ~ tAsc (max) and tcp s tcp (max) 
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Data Transfer Cycle. A data transfer is executed by 
bringing DT(/OE) and FWE low as RAS falls. The speci
fied 1 of the possible 512 rows involved in the data 
transfer, as well as the starting location of the following 
serial read cycle in the serial read port, are defined by 
address inputs. DT(/OE) must be low for a specified time, 
measured from RAS and CAS, so that the data transfer 
condition may be satisfied. The low-to-high transition of 
DT causes two operations through the data transfer 
gates: column address buffer outputs are transferred to 
the serial address counters, and storage cell data ampli
fied on digit lines is transferred to the data register. RAS 
and CAS must be low during these operations to keep 
the data in the random access port. 

Color Register Set Cycle. A color register set cycle is 
executed in the same fashion as a conventional read or 
write cycle, with the level of WE high as RAS falls. In this 
cycle, read or write operation is available to the color 
register under the control of WE. In read operation, color 
register data is read out on the common IOi pins. In write 
operation, common IOi data can be written into the color 
register. RAS-only refreshing is internally performed on 
the row selected by Ao through "As in this cycle. · 

Flash Write Cycle. A flash write cycle can clear or set 
each of the four 512~bit data sets on the one row selected 
from among the 512 possible rows according to data 
stored in the color register. Bit mask inputs are latched 
as RAS falls. This cycle is useful in graphics processing 
applications when the screen should be cleared or set to 
some uniform value as quickly as possible. 

Serial Read Port 

The serial read port is only used to serially read the 
contents of the data register starting from a specified 
location. The entire operation, therefore, follows the data 
transfer cycle. The only condition under which the serial 
read port must synchronize with the random access 
port is when the positive transition of DT(/OE) must 
occur within a specified period in an SC cycle. Except for 
this cycle, the serial read port. can. operate asynchro-

pPD42274 

nously. The output data appears at soi after an access 
time of tscA. measured from SC high, only when SOE is 

· maintained low. The SC cycle which includes the posi
tive transition of DT(/OE) shows old data in the data 
register; subsequent SC cycles show new data trans
ferred to the data register serially and in a looped 
manner. The serial output is maintained until the next SC 
signal is activated. SOE controls the impedance of the 
serial output to allow multiplexing of more than one bank 
of µPD42274 graphics buffers into the same external 
circuitry. When SOE is at a low logic level, SOi is enabled 
and the proper data is read. When SOE is at a high logic 
level, soi is disabled and in a state of high impedance. 

Recommended Operating Conditions 
Parameter Symbol Min Typ Max 

Supply voltage Vee 4.5 5.0 5.5 

Input voltage, high V1H 2.4 5.5 

Input voltage, low V1L -1.0 0.8 

Ambient temperature TA 0 70 

Capacitance 
TA= 0 to +70 °C; Vee= +5.0V ±10%; f =1 MHz; GND = OV 

Parameter 

Input 
capacitance 

Symbol 

C1(A) 

C1{DT/OE) 

C1(WB/WE) 

C1(FWE) 

C1(RAS) 

C1(eAs) 

C1(SOE) 

C1(SC) 

Limit (max) 

5 

8 

8 

8 

8 

8 

8 

8 

Unit Pins Under Test 

pF Ao through Aa 
pF OT/OE 

pF . WB/WE 

pF FWE 

pF RAS 

pF CA5 
pF SOE 
pF SC 

Unit 

v 
v 
v 
oc 

lnpuVoutput 
capacitance 

C101YV/IO) 7 pF WoflOo through W:Yf03 

Output 
capacitance 

Co(SO) 7 pF S00 through S03 
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µPD42274 NEC 
Power Supply Current 
TA= Oto+70°C:Vcc= +5.0V±10%;GND= ov 

Port Operation 

Random JLPD42274·10 JLPD42274·12 
Access Serial Read Parameter (max) (max) Unit Test Conditions 

Read/write Standby lcc1 95 85 mA RAS, CAS cycling; FWE low as RAS falls; 
cycle tRc = tRc min; SOE = V1H: SC = V1H or Vil 

Standby Standby lcc2 4 4 mA CAS = RAS = V1H: SOE = V1H: 
SC= V1H or V1l 

RAS-only Standby lcc3 95 85 mA RAS cycling; CAS = V1H: FWE low as RAS falls; 
refresh cycle tRc = tRc. min; SOE = V1H: SC = V1H or Vil 

(Note 2) 

Fast-page cycle Standby lcc4 90 80 mA RAS= Vil; CAS cycling; tpc = tpc min; SOE 
= V1H; SC= V1H or V1l (Note 3) 

CAS before Standby Ices 95 85 mA CAS low as RAS falls; tRc = tRc min; 
RAS refresh SOE= V1H; SC= V1H or V1l 
cycle 

Data transfer Standby lcca 135 120 mA DT low as RAS falls; tRc = tRc min; 
cycle SOE= V1H; SC= V1H or V1l 

Read/write Active lcc1 120 105 mA RAS and CAS cycling; FWE low as RAS falls; 
cycle tRc = tRc min SOE= Vil: SC cycling; 

tscc = tscc min 

Standby Active lcca 30 25 mA CAS = RAS= V1H; SOE= V1l; SC cycling; 
tscc = tscc min 

RAS-only Active lcc9 120 105 mA RAS cycling; CAS = V1H; FWE low as RAS falls; 
refresh cycle tRc = tRc min; SOE= V1l; SC cycling; 

tscc = tscc min 

Fast-page cycle Active lcc10 115 100 mA RAS = Vil; CAS cycling; tpc = tpc. min ; SOE 
= Vil: SC cycling; tscc = tscc min (Note 3) 

CAS before Active lcc11 120 105 mA CAS low as RAS falls; tRc = tRc min; 
RAS refresh SOE= Vil; SC cycling; tscc = tscc min 
cycle 

Data transfer Active lcc12 160 140 mA DT low as RAS falls; tRc = tRc min; SOE= V1l; 
cycle SC cycling; tscc = tscc min 

Color register Standby lcc13 95 85 mA FWE and WB/WE high as RAS falls; 
set cycle tRc = tRc min; SOE = V1H; SC = V1H or Vil 

Flash write Standby lco14 95 85 mA FWE high and WB/WE low as RAS falls; 
cycle tRc = tRo min; SOE = V1H; SC = V1H or V1l 

Color register Active lco1s 120 105 mA FWE and WB/WE high as RAS falls; tRo = tRc 
set cycle min; SOE= V1l: SC cycling; tscc = tscc min 

Flash write Active lco1a 120 105 mA FWE high and WB/WE low as RAS falls; 
cycle tRc = tRc min; SOE= V1L; SC cycling; 

tscc = tscc min 

Notes: 

(1) No load on 101 or so,. Except for lco2. lcc3, lcca. and 10014, real 
values depend on output loading in addition to cycle rates. 

(2) CAS is not clocked, but is kept at a stable high level. The column 
addresses are also assumed to be kept stable, at either a high or 
low level. 

(3) A change in column addresses must not occur more than once in 
a fast-page cycle. 
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NEC pPD42274 

DC Characteristics 
TA= Oto +70°C; Vee= +5.0V ±10%; GND = OV 

Parameter Symbol Min Typ Max Unit Test Conditions 

Input leakage current l1L -10 10 µA V1N =Oto 5.5 V; all other pins not under test= 0 V 

Output leakage current loL -10 10 µA Dour (IOj, SO~ disabled; Vour = 0 to 5.5 V 

Random access port output voltage, high VoH(R) 2.4 v loH(R) = -2 mA 

Random access port output voltage, low VoL(R) 0.4 v loL(R) = 4.2 mA 

Serial read port output voltage, high VoH(S) 2.4 v loH(S) = -1 mA 

Serial read port output voltage, low VoL(S) 0.4 v loL(S) = 2.1 mA 

AC Characteristics 
TA= Oto +70°C; Vee= +5.0V ±10%; GND = OV 

11PD42274-10 11PD42274-12 

Parameter Symbol Min Max Min Max Unit Test Conditions 

Switching Characteristics 

Access time from RAS tRAe 100 120 ns (Notes 3, 4 and 12) 

Access time from falling edge of CAS teAe 25 30 ns (Notes 3, 4, 13, 14 and 15) 

Access time from column address tAA 55 65 ns (Notes 3, 4, 14 and 15) 

Access time from rising edge of CAS tAeP 55 65 ns (Notes 3 and 4) 

Access time from OE toEA 25 30 ns (Notes 3 and 4) 

Serial output access time from SC tseA 30 40 ns (Notes 3 and 18) Bl Serial output access time from SOE tsoA 25 30 ns (Note 3) 

Output disable time from CAS high toFF 0 25 0 30 ns (Note 5), 

Output disable time from OE high toEZ 0 25 0 30 ns (Note 5) 

Serial output disable time from SOE high ts oz 0 15 0 20 ns (Note 5) 

SOE low to serial output setup delay tsoo 5 5 ns 

Serial output hold time after SC high tsoH 5 5 ns 

Timing Requirements 

Random read or write cycle time tRe 190 220 ns (Note 11) 

Read-write/read-modify-write cycle time tRwe 255 295 ns (Note 11) 

Fast-page cycle time tpe 60 70 ns (Note 11) 

Fast-page read-write/read-modify-write cycle tpRWe 125 145 ns (Note 11) 
time 

Rise and fall transition time tr 3 50 3 50 ns (Notes 3, 10 and 18) 

RAS precharge time tRP 80 90 ns (Note 18) 

RAS pulse width tRAS 100 10,000 120 10,000 ns 

Fast-page RAS pulse width tRASP 100 100,000 120 100,000 ns 

RAS hold time tRSH 25 30 ns 

CAS precharge time (nonpage cycle) tcPN 10 15 ns 

Fast-page CAS precharge time tcp 10 25 15 30 ns 

CAS pulse width tcAS 25 10,000 30 10,000 ns 

CAS hold time tcsH 100 120 ns 

RAS to CAS delay tReo 25 75 25 90 ns (Note 4) 

CAS high to RAS low precharge time tcRP 10 10 ns (Note 16) 
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pPD42274 NEC 
AC Characteristics (cont) 

14PD42274-10 l'PD42274-12 

Parameter Symbol Min Max Min Max Unit Test Conditions 

Timing Reqi.Jirements (cont) 

Row address setup time tASR () 0 ns 

Row address hold time tRAH 12 15 ns 

Column address setup time tASC 0 25 0 30 ns (Note 15) 

Column address hold time tcAH 15 20 ns 

RAS to column address delay time tRAD 17 45 20 55 ns (Notes 9 and 14) 

Column address to RAS lead time tRAL 55 65 ns 

Read command setup time tRCS 0 0 ns 

Read command hold time after RAS high tRRH 10 10 ns (Note 6) 

Read command hold .time after 'OAS high tRCH 0 0 ns (Note 6) 

Write command setup time twcs 0 0 ns (Note 7) 

Write command hold time twcH 20 30 ns 

Write command pulse width twp 20 25 ns (Note 17) 

Write command to RAS lead time tRWL 30 35 ns 

Write command to 'CAS lead time tcwL 30 35 ns 

Data-in setup time tos 0 0 ns (Note 8) 

Data-in hold time toH 20 25 ns (Note 8) 

Column address to WE delay tAwo 85 100 ns (Note 7) 

GAS to WE delay tcwo 55 65 ns (Note 7) 

RAS to WE delay tRWD 130 155 ns (Note7) 

OE high to data-in setup delay toeo 30 35 ns 

OE high hold time after WE low toeH 25 30 ns 

GAS before RAS refresh setup time tcsR 0 0 ns 

GAS before RAS refresh hold time tcHR 15 20 ns 

RAS high to CAS low precharge time tRPC 0 0 ns 

Refresh interval tREF 8 8 ms Addresses Ao through As 
OT low setup time to LS 0 0 ns 

OT low hold time after RAS low tRDH 80 90 ns (Note 18) 

DT low hold time after GAS low tcoH 30 35 ns 

SC high to OT high delay tsoo 10 15 ns 

SC low hold time after OT high tsoH 10 15 ns 

Serial clock cycle time tscc · 30 40 ns (Note 11) 

SC pulse width tscH 10 15 ns 

SC precharge time tscL 10 15 ns 

OT high setup time toHS 0 0 ns 

DT high hold time toHH 15 20 ns 

DT high to RAS high delay toTR 10 10 ns 

DT high to "CAS high delay toTC 5 5 ns 

OE to RAS inactive setup time toes 10 10 ns 

Write-per-bit setup time twas 0 0 ns 
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NEC pPD42274 

AC Characteristics (cont) 
p.PD42274·10 µPD42274-12 

Parameter Symbol Min 

Timing Requirements (cont) 

Write-per-bit hold time twsH 15 

Flash write enable setup time tFWs 0 

Flash write enable hold time tFWH 15 

Write bit selection setup time tws 0 

Write bit selection hold time twH 15 

SOE pulse width tsoE 10 

SOE precharge time tsoP 10 

DT high hold time after RAS high torH 15 

Notes: 

(1) All voltages are referenced to GND. 

(2) An initial pause of 100 µs is required after power-up, followed by 
any eight RAS cycles and four data transfer (DT) cycles, before 
proper device operation is achieved. 

(3) See input/output timing waveforms for timing reference voltages. 
See figures 3 and 4 for output loads. 

(4) Operation within the tRcD (max) limit ensures that tRAC (max) 
can be met. ThetRco (max) limit is specified as a reference point 
only. lftRco is greaterthan the specified tRco (max) limit, access 
time is controlled exclusively by tcAC• toEA• or tAA-

(5) An output disable time defines the time at which the output 
achieves the open-circuit condition and is not referenced to 
output voltage levels. 

(6) Either tRRH or tRcH must be satisfied for a read cycle. 

(7) twcs. tAWD• tcwo. and tRwo are restrictive operating parameter 
in read-write and read-modify-write cycles only. If twcs ~ twcs 
(min), the cycle is an early write cycle and the data output will 
remain open-circuit throughout the entire cycle. If tAwD ~ tAwo 
(min), tcwo ~ tcwo (min), and tRwo ~ tRwo (min), the cycle is 
a read-write cycle and the data output wi II contain data read from 
the selected cell. If neither of the above conditions is met, the 
condition of the data out (at access time and until CAS returns to 
V1H) is indeterminate. 

(8) These parameters are referenced to the f allUlg_ e~ of CAS in 
early write cycles and to the failing edge of 0f'/B/)WE in delayed 
write or read-modify-write cycles. 

(9) Assumes that tRAD (min) = tRAH (min) + typical tr of 5 ns. 

(10) V1H (min) and V1L (max) are reference levels for measuring the 
timing of input signals. Additionally, transition times are mea
sured between V1H and V1L· 

Max Min Max Unit Test Conditions 

20 ns 

0 ns 

20 ns 

0 ns 

20 ns 

15 ns 

15 ns 

20 ns 

(11) The minimum specifications are used only to indicate the cycle 
time at which proper operation over the full temperature range 
(TA = 0 to +70°C) is assured. 

(12) Assumes that tRcD :5 tRcD (max) and tRAD :5 tRAD (max). If 
tRco or tRAD is greater than the maximum recommended value 
in this table, tRAC increases by the amount that tRcD or tRAD 
exceeds the value shown. 

(13) Assumes that tRco~ tRcD (max) and tRAD :5 tRAD (max). 

(14) If tRAD ~ tRAD (max), then the access time is defined by tAA· ll!llJll 
(15) For fast-page read operation, the definition of access time is as ~ 

follows. 

CAS and Column Address 
Input Conditions Access Time Definition 

tcp s tcp (max), tAsc~ tcp tAcP 

tcp ~ tcp (max), tAsc =:;tAsc (max) tAA 

tcp ~ tcp (max), tAsc 2 tAsc (max) tcAc 

(16) The tcRP requirement is applicable for RAS/CAS cycles pre
ceded by any cycle. 

(17) Parameter twp is applicable for a delayed write cycle such as a 
read-write/read-modify-write cycle. For early write operation, 
both twcs and twcH must be met. 

(18) Improvement in parameters tRDH• tRP and tscA are planned for 
process versions "x" and "m". Please contact your NEC sales 
office for details. 

(19) Ac measurements assume tr = 5 ns. 
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pPD42274 NEC 
Figure 1. Input Timing 
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Figure 2. Output Timing 
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Figure 3. Output Load in Random Access Port 
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Figure 4. Output Load in Serial Read Port 
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NEC pPD42274 

Timing Waveforms 

Read Cycle 

tcRP 

Address 

f I __ ---tcAc 

WolK>o r "ghlmp""""' 1.r-----------..I 

OT/OE 

w,=~ 
83vG·6661B 
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pPD42274 1\'EC 
Timing Waveforms (cont) 

Early Write Cycle 

-----tRcD---~f.------tRsH-----
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NEC pPD42274 

Timing Waveforms (cont) 

Late Write Cycle 

-----tRco---~E------tRsH-------

tcRP 

~I 
°''"' 2@Y 11 

~~~IWH 
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pPD42274 NEC 
Timing Waveforms (cont) 

Read-Write/Read-lfodify-Write Cycle 

LL_, 
I"' tcwo ------~ 

i.-~~~~~~~~~~tRwo-l~~~~~~~~~----

1 

OT/OE 

83vG·6664B 
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Timing Waveforms (cont) 

RAS-Only Refresh Cycle 

pPD42274 
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pPD42274 NEC 
Timing Waveforms (cont) 

CAS Before RAS Refresh Cycle 

-ml'~" CAS 

Address 

OT/OE 

w01100 -----------------H-lg,_h_lm .... pe_d_a_nce ________________ _ 
W3/I03 

FWE 

83\IG-66668 
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Timing Waveforms (cont) 

Hidden Refresh Cycle 

IRCD -' --~-IRSH 
I 

CAS 

----------ICAS----------

11 

Address Column 

I r-tRAo : : 

lL~ml 
IQEA~ 

WB/WE~ 

-ir-~ 
IDHH 

Dr/OE I 

toEZ 

Wo/IOo -------------------<! 
W3/I03 I 

~ICAC 

Read Data 

FWE 

83vG-6667B 
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pPD42274 NEC 
Timing Waveforms (cont) 

Fast-Page Read Cycle 

Address 

Dr/OE 

w 01100 High Impedance 

W3=~ 
83vG·6668B 
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Timing Waveforms (cont) 

Fast-Page Write Cycle 

tRco ---;:.~j"""'l(r---tCAs--=-1 
~1'1(~1----~tPC-.,.-----

~------tcsH--------

Address 
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Timing Waveforms (cont) 

Fast-Page Read-Modify-Write Cycle 

--~~~~~~~~~~~~~~tRwc~~~~~~~~~~~~~~--

--~~~~~~~~~~~~tRAsP~~~~~~~~~~~~ 

Address 

831H-6670B 
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NEC pPD42274 

Timing Waveforms {cont) 

Color Register Set Cycle 

tcRP 

~--'RC0----3)1l>M1•111:-----IRSH------

------------tcsH----------~ 

------ICPN------ --------ICAS--------

-------IWP----~-

~ ~ l~l~H-

FWE~ 
83vG-6671B 
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pPD42274 NEC 
Timing Waveforms (cont) 

Rash Write Cycle 

83vG-6672B 
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NEC pPD42274 

Timing Waveforms (cont) 

Data Transfer Cycle with Serial Port Active 

-----lRCD ---~E-----lRSH ------:l~ 

ICRP 

II •cPN-1---1 

~IMH 
Address 

ITT/OE 

FWE 

II 
w

0
110

0 
___________________ H_ig-.h_l_m.;...pe_d_an_c_e _________________ _ 

VIL 

W3/I03 11 

SOE --------------------------.----------------------------
i.----t scc ----~tsDD -..J I+ tsDH 

SC 

SOQ-S03 Old Data 
n-2 

Old Data 
n-1 

Old Data New Data 

83vG-6673B 
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pPD422'74· NEC 
Timing Waveforms (cont) 

Data Transfer Cycle with Serial Port in Standby 

-----IRCD---~f------IRSH------

FWE 

w
0

110
0 
__________________ Hl"""gh_l_m-.pe_da_n_ce ________________ _ 

W3/I03 

83vG·6674B 
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Timing Waveforms (cont) 

Serial Read Cycle 

SC 

tsoH 

Read Data 

pPD42274 

Read Data Read Data 
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NEC 
NEC Electronics Inc. 

Description 

The µPD42274-80 is a dual-port graphics buffer 
equipped with a 256K x 4-bit random access port and a 
512 x 4-bit serial read port. The serial read port is 
connected to an internal 2048-bit data register through 
a 512 x 4-bit serial read output circuit. The random 
access port is used by the host CPU to read or write 
data addressed in any desired order. A write-per-bit 
capability allows each of the four data bits to be 
individually selected or masked for a write cycle. Fur
thermore, a flash write option with write-per-bit control 
enables data in the color register to be written to a 
selected row in the random access port. 

The µPD42274-80 features fully asynchronous dual ac
cess, except when transferring stored graphics data 
from a selected row of the storage array to the data 
register. During a data transfer, the random access port 
requires a special timing cycle using a transfer clock; 
the serial read port continues to operate normally. 
Following the clock transition of a data transfer, serial 
output data changes from an old line to a new line and 
the starting location on the new line is addressable in 
the data transfer cycle. 

An advanced CMOS silicon-gate process using poly
cide technology and trench capacitors provides high 
storage cell density, high performance, and high reli
ability. 

Refreshing is accomplished by means of RAS-only 
refresh cycles or by normal read or write cycles on the 
512 address combinations of Ao through As during an 
8-ms period. Automatic refreshing, by means of either 
hidden refreshing or the CAS before RAS timing and 
on-chip internal refresh circuitry, is also available. The 
transfer of a row of data from the storage array to the 
data register also refreshes that row automatically. 

All inputs and outputs, including clocks, are TTL
compatible. All address and data input signals are 
latched on-chip to simplify system design. Data output 
is unlatched to allow greater system flexibility. 

The µPD42274-80 is available in a 28-pin plastic ZIP or 
28-pin plastic SOJ and is guaranteed for operation at O 
to+ 70°C. 

60148 

Features 

pPD4227 4·80 
Dual-Port Graphics Buffer 

o Three functional blocks 
- 256K x 4-bit random access storage array 
- 2048-bit data register 
-512 x 4-bit serial read output circuit 

o Two data ports: random access and serial read 
o Dual-port accessibility except during data transfer 
o Addressable start of serial read operation 
o Real-time data transfer 
o Single+ 5-volt power supply 
o On-chip substrate bias generator 
o Random access port 

- Two main clocks: RAS and CAS 
- Multiplexed address inputs 
-Direct connection of 1/0 and address lines 

allowed by OE to simplify system design 
-512 refresh cycles every 8 ms 
-Read, early write, late write, read-write/read-

modify-write, RAS-only refresh, and fast-page ~ 
cycles -

-Automatic internal refreshing by means of the 
CAS before RAS on-chip address counter 

-GAS-controlled hidden refreshing 
-Write-per-bit option regarding four 1/0 bits 
- Write bit selection multiplexed on 100-103 

o Flash write option with write-per-bit control 
o RAS-activated data transfer 

- Same cycle time as for random access 
- Row data transferred to data register as 

specified by row address inputs 
-Starting location of following serial read cycle 

specified by column address inputs 
- Transfer of 2048 bits of data on one row to the 

data register, and the starting location of the 
serial read circuit, activated by a low-to-high 
transition of DT 

-Data transfer during real-time operation or 
standby of serial port 

o Fast serial read operation by means of SC pins 
o Serial data output on S00-S03 
o Direct connection of multiple serial outputs for 

extension of data length 
o Fully TTL-compatible inputs, outputs, and clocks 
o Three-state outputs for random and serial access 
o CMOS silicon-gate process with trench capacitors 
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Pin Configurations 

28-Pin Plastic SOJ 

SC GND 
1-------t 

SOo S03 

S01 S02 

OT/OE SOE 

WollOo W3/I03 

W1/I01 W2/I02 
WB/WE FWE 

NC CAS 
RAS NC 
As Ao 
A5 A1 

As A2 
A4 A3 

VCC A1 

28-Pin Plastic ZIP 

Ordering Information 
Row Access Serial Access 

Part Number Time (max) Time (max) Package 

831H-6654A 

83IH-6655A 

µPD42274LE-80 80 ns 25ns 28-pin plastic SOJ 

µPD42274V-80 80 ns 25 ns 28-pin plastic ZIP 

Recommended Operating Conditions 
Parameter Symbol Min Typ Max Unit 

Supply voltage Vee 4.5 5.0 5.5 v 
Input voltage, high V1H 2.4 5.5 v 
Input voltage, low V1L -1.0 0.8 v 
Ambient temperature TA 0 70 oc 
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Pin ldentif ication 
Symbol Function 

Address inputs 

Write-per-bit selects/data inputs and outputs 

Row address strobe 

Column address strobe 

Write-per-bit/write enable 

Data transfer/output enable 

FWE Flash write enable 

Serial read outputs 

SC Serial control 

Serial output enable 

GND Ground 

Vee +5-volt power supply 

NC No connection 

Absolute Maximum Ratings 
Voltage all pins relative to GND, VR -1.0 to +7.0 V 

Operating temperature, ToPR Oto +70°C 

Storage temperature, TsrG -55 to + 125°C 

Short-circuit output current, los SOmA 

Power dissipation, Po 1.5W 

Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause perma
nent damage. The device should be operated within the limits 
specified under DC and AC Characteristics. 

Capacitance 
TA= 0 to +70°C; Vee = + 5.0 v ±10%; f = 1 MHz; GND = 0 v 

Parameter 

Input 
capacitance 

Input/output 
capacitance 

Output 
capacitance 

Symbol 

Cl(A) 

C1(DT/OE) 

C1(WB/WE) 

Cl(FWE) 

C1(RAS) 

C1(eAs) 

C1(SOE) 

C1(Se) 

CIO(W/IO) 

Co(SO) 

Limit 
(max) 

5 

8 

8 

8 

8 

8 

·8 

8 

7 

7 

Unit Pins Under Test 

pF Ao through As 
pF i5f/OE 

pF WB/WE 

pF FWE 

pF RAS 

pF CAS 

pF SOE 

pF SC 

pF WoflOo through Wafl03 

pF SOo through S03 
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Block Diagram 
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Pin Descriptions 

SC 

-
SOE 

'RAs 
eAS 

0r16E 
WBfiiE 

FWE 

__,, 
~ ~:::~ J:':::;::: 

Timing 
Generator 
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Ao-As (Address Inputs). These pins are multiplexed as 
row and column address inputs. Each of four data bits 
in the random access port corresponds to 262,144 
storage cells, which means that nine row addresses 
and nine column addresses are required to decode one 
cell location. Nine row addresses are first used to 
select one of the 512 possible rows for a read, write, 
data transfer, or refresh cycle. Nine column addresses 
are then used to select the one of 512 possible column 
decoders for a read or write cycle or the one of 512 
possible starting locations for the next serial read 
cycle. (Column addresses are not required in RAS-only 
refresh or flash write cycles.) 

W0/100-Wafl03 (Write-Per-Bit Inputs/Common Data 
Inputs and Outputs). Each of the four data bits can be 
individually latched by these inputs at the falling edge 
of RAS in a write or flash write cycle, and then updated 
at the next falling edge of RAS. In a read cycle, these 
pins serve as outputs for the selected storage cells. In 
a write cycle, data input on these pins is latched by the 
falling edge of CAS or WE. 

RAS (Row Address Strobe). This pin is functionally 
equivalent to a chip enable signal in that whenever it is 

1 

510 511 

.li I LI ill 
Sense Ampl~ierss 

1 
248eols 

Storage a: 
Cell Array 

J 
.li .li .li ll 

Transfer 
Gates 

11 ll ll ll 
Data l H Register I I 

.li ll l.l .Ll 
Seledor 510 511 J 

Common ~ 
VO 
~ Bulfer 

~ 

1 
Color 

Register 

r--+ 
Serial r--+ 
Output I-+ Bulfer 

r--+ 

J 
~vee 

~Vss 

83IH-6656B 

activated, the 2,048 storage cells of a selected row are 
sensed simultaneously and the sense amplifiers re
store all data. The nine row address bits are latched by 
this signal and must be stable on or before its falling 
edge. CAS, OT/OE WB/WE, and FWE are simulta
neously latched to determine device operation. 

CAS (Column Address Strobe). This pin serves as a 
chip selection signal to activate the column decoder 
and the input/output buffers. The nine column address 
bits are latched at the falling edge of CAS. 

WB/WE (Write-Per-Bit Control/Write Enable). At the 
falling edge of RAS, the WB/WE and FWE inputs must 
be low and CAS and OT/OE, hJ.9!! to enable the write~ 
per-bit option. When CAS, DT/OE, and FWE are high at 
the falling edge of RAS, the level ofthis signal indicates 
either a color register set cycle or flash write cycle. A 
high WB/WE can be used at the beginning of a stan
dard write or read cycle. 

OT/OE (Data Transfer/Output Enable). At the falling 
edge of RAS, CAS high and FWE and OT/OE low initiate 
a data transfer, regardless of the level of WB/WE. Ol70E 
high initiates conventional read or write cycles and 
controls the output buffer in the random access port. 
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FWE (Flash Write Enable). If this signal is low and CAS 
and D170E are high at the falling edge of RAS, a read or 
write cycle is initiated. If FWE, CAS and D170E are high 
at the falling edge of RAS, either a color register set 
cycle or flash write cycle is initiated, depending on the 
level of WB/WE. 

S00-S03 (Serial Data Output). Four-bit data is read 
from these pins. Data remains valid until the next SC 
signal is activated. 

SC (Serial Control). Repeatedly activating this signal 
causes serial read cycles (starting from the location 
specified in the data transfer cycle) to be executed 
within the 2,048 bits in the data register. The rising edge 
of SC activates serial read operation, in which four of 
the 2,048 data bits are transferred to four serial data 
buses, respectively, and read out. Whenever SC is low, 
the serial port is in standby. 

SOE (Serial Output Enable). This signal controls the 
serial data output buffer. 

OPERATION 

The µPD42274-80 consists of a random access port and 
a serial read port. The random access port executes 
standard read and write cycles as well as data transfer 
and flash write cycles, all of which are based on con
ventional RAS/CAS timing. 

In a data transfer, data in each storage cell on the 
selected row is transferred simultaneously through a 
transfer gate to its corresponding register location 
(unless the flash write option is used to write an entire 
row of data to predetermined values). The serial read 
port shows the contents of the data register in serial 
order. The random access and serial read ports can 
operate asynchronously, except when the transfer gate 
is turned on during the data transfer period. 

Addressing 

The storage array is arranged in a 512-row by 2048-
column matrix, whereby each of 4 data bits in the 
random access port corresponds to 262,144 storage 
cells and 18 address bits are required to decode one 
cell location. Nine row address bits are set up on pins 
Ao through Aa and latched onto the chip by RAS. Nine 
column address bits then are set up on pins Ao through 
As and latched onto the chip by CAS. All addresses 
must be stable, on or before the falling edges of RAS 
and CAS. Whenever RAS is activated, 2048 cells on the 
selected row are sensed simultaneously and the sense 
amplifiers automatically restore the data. CAS serves 
as a chip selection signal to activate the column de
coder and the input and output buffers. 
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Through 1 of 512 column decoders, 4 storage cells on 
the row are connected to 4 data buses, respectively. In 
a data transfer, 9 row address bits are used to select 1 
of the 512 possible rows involved in the transfer of data 
to the data register. Nine column address bits are then 
used to select the 1 of 512 possible serial decoders that 
corresponds to the starting location of the next serial 
read cycle. In the serial read port, when SC is activated, 
4 data bits in the 2048-bit data register are transferred 
to 4 serial data buses and read out. Activating SC 
repeatedly causes serial read cycles (starting from the 
location specified in the data transfer) to be executed 
within the 2048 bits in the data register. 

Random Access Port 

An operation in the random access port begins with a 
negative transition of RAS. Both RAS and CAS have 
minimum pulse widths, as specified in the timing table, 
that must be maintained for proper device operation 
and data integrity. Once begun, a cycle must meet all 
specifications, including minimum cycle time. 

Truth Table for the Random Access Port 
CA5 Dl70E we/WE FWE Cycle 

H H H L Read or write (Note 1) 

H H L L Mask write (Note 2) 

H L x L Read data transfer 

H L H H 

L x x x CAS before RAS refresh (Note 3) 

H H H H Color register set (Note 4) 

H H L H Flash write/write-per-bit (Note 5) 

Notes: 

(1) Initiates a normal read or write cycle and disables the write-per
bit capability. 

(2) Enables the write-per-bit capability, where individual bits can be 
selected or masked for a write cycle. Four-bit masked data is 
latched at the falling edge of RAS and reset at its rising edge. 

(3) Initiates a CAS before RAS refresh cycle. As RAS falls, WB/WE 
and D170E and FWE = don't care. 

(4) Defines a color register set cycle, where data in the register can 
be accessed in a read or write cycle. 

(5) Initiates a flash write cycle, where the storage cells on an entire 
selected row can be set with writ~r-bit control to the same 
data stored in the color register. As RAS falls, D170E = don't care. 
To avoid unintended flash write operation, the FWE pin should be 
grounded. If grounding the FWE pin Is not possible, use the 
non-flash write version of this part, the µPD42273. 

(6) X = don't care. 
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To miminize the number of pins, some are multiplexed. 

• DT/OE 
• WB/WE 
• WJIOi (i = 0, 1, 2, 3) 

OE, WE and IOi affect standard operations, while DT, 
WB, and Wi are special inputs to be applied in the same 
way as row address inputs, with setup and hold times 
referenced to the negative transition of RAS. 

The level of DT determines whether a cycle is a random 
access operation or data transfer operation. WB af
fects only write cycles and determines whether or not 
the write-per-bit capability is used. Wi defines data bits 
to be written with the write-per-bit option. In the follow
ing discussions, these multiplexed pins are designated 
as DT(/OE), for example, depending on the function 
being described. 

To use the µPD42274-80 for random access, DT(/OE) 
must be high as RAS falls. Holding DT(/OE) high dis
connects the 2048-bit register from the corresponding 
2048-digit lines of the storage array. Conversely, to 
execute a data transfer, DT(/OE) must be low as RAS 
falls to open the 2048 transfer gates and transfer data 
from one of the rows to the register. 

Read Cycle. A read cycle is executed~ activating 
RAS, CAS, and OE and by maintaining (WB/)WE while 
CAS is active. The (Wv')IOi pin (i = o, 1, 2, 3) remains in 
high impedance until valid data appears at the output 
at access time. Device access time, tAcc. will be the 
longest of the following four calculated intervals: 
e tRAC 
• RAS to ±CAS delay (tRco) + tcAc 
•RAS to column address delay (tRAD) + tAA 
• RAS to OE delay + toEA 

Access times from RAS (tRAd, from CAS (tcAc). from 
the column addresses (tAA), and from OE (toEN are 
device parameters. The RAS-to-CAS, RAS-to-column 
address, and RAS-to-OE delays are system-dependent 
timing parameters. Output becomes valid after the 
access time has elapsed and it remains valid while both 
CAS and OE are low. Either CAS or OE high returns the 
output pins to high impedance. 

Write Cycle. A write cycle is executed by bringing 
(WB/)WE low during the RAS/CAS cycle. The falling 
edge of CAS or (WB/)WE strobes the data on (Wv')IOi 
into the on-chip data latch. To make use of the write
per-bit option, WB(/WE) must be low as RAS falls. In this 
case, write data bits can be specified by keeping 
Wi(/10~ high, with setup and hold times referenced to 
the negative transition of RAS. 

µPD4227 4-80 

For those data bits of Wi(/IOi) that are kept low as RAS 
falls, write operation is inhibited on the chip. If WB(/WE) 
is high as RAS falls, the write-per-bit option is not used 
and a write cycle is executed for all four data bits. 

Early Write Cycle. An early write cycle is executed by 
bringing (WB/)WE low before CAS falls. Data is strobed 
by CAS, with setup and hold times referenced to this 
signal, and the output remains in high impedance for 
the entire cycle. As RAS falls, (DT/)OE must meet the 
setup and hold times of OT high, but otherwise (DT/)OE 
does not affect any circuit operation while CAS is 
active. 

Read-Write/Read-Modify-Write Cycle. This cycle is ex
ecuted by bringing (WB/)WE low with the RAS and CAS 
signals low. (Wv')IOi shows read data at access time. 
Afterward, in preparation for the upcoming write cycle, 
(Wj/)IOi returns to high impedance when (DT/)OE goes 
high. The data to be written is strobed by (WB/)WE, 
with setup and hold times referenced to this signal. 

Late Write Cycle. This cycle shows the timing flexibility 

111 of (DT/)OE, which can be activated just after (WB/)WE • 
falls, even when (WB/)WE is brought low after CAS. 

Refresh Cycle. A cycle at each of the 512 row ad
dresses (Ao through As) will refresh all storage cells. 
Any cycle executed in the random access port (i.e., 
read, write, refresh, data transfer, color register set, or 
flash write) refreshes the 2048 bits selected by the RAS 
addresses or by the on-chip refresh address counter. 

RAS-Only Refresh Cycle. A cycle having only RAS 
active refreshes all eel' ~none row of the storage array. 
A high CAS is maintained while RAS is active to keep 
(Wj/)IOi in high impedance. This method is preferred for 
refreshing, especially Nh~ 1 the host system consists of 
multiple rows of ranuon, access devices. The data 
outputs may be OR-tied with no bus contention when 
RAS-only refresh cycles are executed. 

CAS Before RAS Refresh Cycle. This cycle executes 
internal refreshing using the on-chip control circuitry. 
Whenever CAS is low as RAS falls, this circuitry auto
matically refreshes the row addresses specified by the 
internal counter. In this cycle, the circuit operation 
based on CAS is maintained in a reset state. When 
internal refreshing is complete, the address counter 
automatically increments in preparation for the next 
CAS before RAS cycle. 

Hidden Refresh Cycle. This cycle is executed after a 
read cycle, without disturbing the read data output. 
Once valid, the data output is controlled by CAS and 
OE. After the read cycle, CAS is held low while RAS goes 
high for precharge. A RAS-only cycle is then executed 
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(except that GAS is held at a.low level instead of a high 
level) and the data output remains valid. Since hidden 
refreshing is the same as CAS before RAS refreshing, 
the data output remains vali.d during either operation. 

Fast-Page Cycle. This feature allows faster data access 
by keeping the same row address while successive 
column addresses are strobed onto the chip. Maintain
ing RAS low while successive CAS cycles are executed 
causes data to be transferred at a faster rate because 
row addresses are maintained internally and do not 
have to be reapplied. In fast-page operation, read, 
write and read-write/read-modify-write cycles may be 
executed. Additionally, the write-per-bit control speci
fied in the entry write cycle is maintained throughout 
the next fast-page write cycle. 

During a fast-page read cycle, the (Wj/)IOi data pin (i = 
o, 1, 2, or~) remains in a state of high impedance until 
valid data appears at the output pin at access time. 
Device access time in this cycle will be one of the 
following calculated intervals: 

Fast-Page Access Time 
Calculated Interval 

tcAC 

Conditions 

tAsc <!:: tcp and tcp s tcp (max) 

tAsc s tAsc (max) and tcp <!:: tcp (max) 

tAsc s tcp and tcp s tcP (max) 

tAsc <!:: tAsc (max) and tcp s tcp (max) 

Data Transfer.Cycle. A data transfer is executed by 
bringing DT(/OE) and FWE low as RAS falls. The spec
ified 1 of the possible 512 rows involved in the data 
transfer, as wel I as the starting location of the fol lowing 
serial read cycle in the serial read port, are defined by 
address· inputs. DT(/OE) must be low for a specified 
time, measured from RAS and CAS, so that the data 
transfer condition may be satisfi.ed. The low-to-high 
transition of DT causes two operations through the 
data transfer gates: column address buffer outputs are 
transferred to the serial address counters, and storage 
cell data amplified on digit lines is transferred to the 
data register. RAS and CAS must be low during these 
operations to keep the data in the random access port. 
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Color Register Set Cycle. A color register set cycle is 
executed in the same fashion as a conventional read or 
write cycle, with the level of WE high as RAS falls. In this 
cycle, read or write operation is available to the color
register under the control of WE. In read operati011, 
color re.gister data is reac;t out on the common IOi pins. 
In write operation, common IOi data can be written into 
the . color register. RAS-only refreshing is . internal!y 
performed on the row selected by Ao through As in thi$ 
cycle. 

Flash Write Cycle. A flash write cycle can clear or set 
each of the four 512-bit data sets on the one row 
selected from among the 512 possible rows according 
to data stored in the color register. Bit mask inputs are 
latched as RAS falls. This cycle is useful in graphics 
processing applications when the screen should be 
cleared or set to some uniform value as quickly as 
possible. · 

Serial Read Port 

The serial read port is only used to serially read the 
contents of the data register starting from a speC'ified 
location. The entire operation, therefore, follows the 
data transfer cycle; The only condition under which the 
serial read port must synchronize with the random 
access port is when the positive transition of DT(/OE) 
must occur within a specified period in an SC cycle. 
Except for this cycle, the serial read port can operate 
asynchronously .. The output data appears at soi after 
an access time of tscA. rneasured from SC high, only 
when SOE is rnaintained low. The SC cycle which 
includes the positive transition of DT(/OE) shows old 
data in the data register; subsequent SC cycles show 
new data transf~rred to the data register serially and 'n 
a looped manner. The serial output is maintained until 
the next SC signal is activated. SOE controls the 
impedance of the serial output to allow multiplexing of 
more than one bank of µPD42274-80 graphics buffers 
into the same external circuitry. When SOE is at a low 
logic level, soi is enabled and the proper data is read. 
When SOE is athigh logic level, SOi is dis.abled and in 
a state qf high impedance. 
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DC Characteristics 
TA= o to +70°C; Vee= +5.0V ±10%; GND = OV 

Parameter Symbol Min Typ 

Input leakage current l1L -10 

Output leakage current loL -10 

Random access port output voltage, high VoH(R) 2.4 

Random access port output voltage, low VoL(R) 

Serial read port output voltage, high VoH(S) 2.4 

Serial read port output voltage, low VoL(S) 

Power Supply Current 
TA= o to +70°C; Vee= +5.0 V ±10%; GND = o V 

Port Operation 

Random Access Serial Read Parameter Max 

Read/write cycle Standby lcc1 100 

Standby Standby lcc2 4 

RAS-only refresh cycle Standby lcc3 100 

Fast-page cycle Standby lcc4 75 

CAS before RAS Standby lcc5 100 
refresh cycle 

Data transfer cycle Standby Ices 125 

Read/write cycle Active lcc1 135 

Standby Active Ices 35 

RAS-only refresh cycle Active lccg 135 

Fast-page cycle Active lcc10 110 

CAS before RAS Active lcc11 135 
refresh cycle 

Data transfer cycle Active lcc12 160 

Color register set cycle Standby lcc13 80 

Flash write cycle Standby lcc14 80 

Color register set cycle Active lcc15 115 

Flash write cycle Active lcc1s 115 

Notes: 

(1) No load on IOi or soi. Except for lcc2, lcc3, Ices. and lcc14, real 
values depend on output loading in addition to cycle rates. 

(2) CAS is not clocked, b.ut is kept at a stable high level. Column 
addresses are also assumed to be at a stable high or low level. 

pPD42274-80 

Max Unit Test Conditions 

10 µA V1N = O V to V cc; all other pins not under test = O V 

10 µA Dour (IOj, soo disabled; Vour = o V to Vee 

v loH(R) = -2 mA 

0.4 v loL(R) = 4.2 mA 

v loH(S) = -1 mA 

0.4 v loL(S) = 2.1 mA 

Unit Test Conditions 

mA RAS, CAS cycling; FWE low as RAS falls; 
tRc = tRc min; SOE = V1H; SC = V1H or V1L 

mA CAS = RAS = V1H; SOE = V1H; SC = V1H or V1L 

mA RAS cycling; CAS = V1H; FWE low as RAS falls; 
tRc = tRc min; SOE = V1H; SC = V1H or V1L (Note 2) 

mA RAS= V1L; GAS cycling; tpc = tpc min; SOE= V1H; 
SC= VlH or V1L (Note 3) 

mA CAS low as RAS falls; tRc = tRc min; SOE = V1H; 
SC= V1H orV1L 

mA DT low as RAS falls; tRc = tRc min; SOE = V1H; 
SC= V1H orV1L 

mA RAS and GAS cycling; FWE low as RAS falls; tRc = 
tRc min; SOE= V1L; SC cycling; tscc = tscc min 

mA GAS= RAS= V1H; SOE= V1L; SC cycling; 
tscc = tscc min 

mA RAS cycling; CAS = V1H; FWE low as RAS falls; tRc = 
tRc min; SOE = v1L; SC cycling; tscc = tscc min 

mA RAS = V1L; GAS cycling; tpc = tpc min; SOE = V1L; 
SC cycling; tscc = tscc min (Note 3) 

mA GAS low as RAS falls; tRc = tRc min; 
SOE = V1L; SC cycling; tscc = tscc min 

mA DT low as RAS falls; tRc = tRc min; 
SOE= V1L; SC cycling; tscc = tscc min 

mA FWE and WB/WE high as RAS falls; tRc = tRc min; 
SOE= V1H; SC= V1H or V1L 

mA FWE high and WB/WE low as RAS falls; tRc = tRc 
min; SOE = V1H; SC= V1H or V1L 

mA FWE and WB/WE high as RAS falls; tRc = tRc min; 
SOE = v1L; SC cycling; tscc = tscc min 

mA FWE high and WB/WE low as RAS falls; tRc = tRc 
min; SOE = v1L; SC cycling; tscc = tscc min 

(3) A change in column addresses must not occur more than once in 
a fast-page cycle. 
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AC Characteristics 
TA= 0 to +70°C; Vee= +5.0V ±10%; GND = ov 
Parameter Symbol Min Max Unit Test Conditions 

Switching Characteristics 

Access time from RAS tRAe 80 ns (Notes 3, 4 and 12) 

Access time from falling edge of CAS teAe 20 ns (Notes 3, 4, 13, 14 and 15) 

Access time from column address tAA 45 ns (Notes 3, 4, 14 and 15) 

Access time from rising edge of CAS tAeP 45 ns (Notes 3 and 4) 

Access time from OE toEA 20 ns (Notes 3 and 4) 

Serial output access time from SC tseA 25 ns (Note 3) 

Serial output access time from SOE tsoA 20 ns (Note 3) 

Output disable time from CAS high toFF 0 20 ns (Note 5) 

Output disable time from OE high toEZ 0 20 ns (Note 5) 

Serial output disable time from SOE high ts oz 0 10 ns (Note 5) 

SOE low to serial output setup delay tsoo 5 ns 

Serial output hold time after SC high tsoH 5 ns 

Timing Requirements 

Random read or write cycle time tRe 160 ns (Note 11) 

Read-write/read-modify-write cycle time tRWC 215 ns (Note 11) 

Fast-page cycle time tpc 50 ns (Note 11) 

Fast-page read-write/read-modify-write tPRWC 105 l')S (Note 11) 
cycle time 

Rise and fall transition time tT 3 50 ns (Notes 3 and 10) 

RAS precharge time tRp 70 ns 

RAS pulse width tRAS 80 10,000 ns 

Fast-page RAS pulse width tRASP 80 100,000 ns 

RAS hold time tRsH 20 ns 

CAS precharge time (nonpage cycle) tepN 10 ns 

Fast-page CAS precharge time tcp 10 20 ns 

CAS pulse width tcAS 20 10,000 ns 

CAS hold time tcsH 80 ns 

RAS to CAS delay tRCD 22 60 ns (Note 4) 

CAS high to RAS low precharge time teRP 10 ns (Note 16) 

Row address setup time tASR 0 ns 

Row address hold time tRAH 12 ns 

Column address setup time tAsc 0 20 ns (Note 15) 

Column address hold time tcAH 15 ns 

RAS to column address delay time tRAD 15 35 ns (Notes 9 and 14) 

Column address to RAS lead time tRAL 45 ns 

Read command setup time tRCS 0 ns 

Read command hold time after RAS high tRRH 10 ns (Note 6) 

Read command hold time after CAS high tRcH 0 ns (Note 6) 

Write command setup time twcs 0 ns (Note 7) 

8 



t\'EC pPD4227 4-80 

AC Characteristics (cont) 
Parameter Symbol Min Max Unit Test Conditions 

Timing Requirements (cont) 

Write command hold time twcH 15 ns 

Write command pulse width twp 15 ns (Note 17) 

Write command to RAS lead time tRWL 25 ns 

Write command to CAS lead time tcwL 25 ns 

Data-in setup time tos 0 ns (Note 8) 

Data-in hold time toH 15 ns (Note 8) 

Column address to WE delay tAwo 70 ns (Note 7) 

CAS to WE delay tcwo 45 ns (Note 7) 

RAS to WE delay tRWo 105 ns (Note 7) 

OE high to data-in setup delay toeo 25 ns 

OE high hold time after WE low toEH 20 ns 

CAS before RAS refresh setup time tcsR 0 ns 

CAS before RAS refresh hold time tcHR 12 ns 

RAS high to CAS low precharge time tRPC 0 ns 

Refresh interval tREF 8 ms Addresses Ao through As IFll OT low setup time to LS 0 ns 

OT low hold time after RAS low (serial port in tRDH 70 ns 
standby) 

OT hold time after RAS low (serial port active) tRDHS 25 ns 

OT low hold time after CAS low tcoH 25 ns 

SC high to OT high delay tsoo 7 ns 

tsooR 12 ns 

SC low hold time after DT high tsoH 7 ns 

tsoHR 12 ns 

SC high to CAS low delay tssc 10 ns 

Serial clock cycle time tscc 25 ns (Note 11) 

SC pulse width tscH 7 ns 

SC precharge time tscL 7 ns 

OT high setup time toHS 0 ns 

OT high hold time toHH 12 ns 

OT high to RAS high delay toTR 0 ns 

OT high pulse width toTP 10 ns 

OE to RAS inactive setup time toes 10 ns 

Write-per-bit setup time twas 0 ns 

Write-per-bit hold time twaH 12 ns 

Flash write enable setup time tFWs 0 ns 

Flash write enable hold time tFWH 12 ns 

Write bit selection setup time tws 0 ns 

Write bit selection hold time twH 12 ns 

SOE pulse width tsoe 7 ns 
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AC Characteristics (cont) 
Parameter Symbol 

Timing Requirements (cont) 

SOE precharge time ts op 

CAS low to SC high delay tcso 

RAS low to SC high delay 

Notes: 

(1) All voltages are referenced to GND. 

(2) An initial ~ause of 100 µs is required after power-up, followed by 
any eight RAS cycles and four data transfer (Dl) cycles, before 
proper device operation is achieved. 

(3) See input/output timing waveforms for timing reference volt
ages. See figures 3 and 4 for output loads. 

(4) Operation within the tRcD (max) limit ensures that tRAC (max) 
can be met. The tRcD (max) limit is specified as a reference point 
only. If tRcD is greater than th1:1 specified tRcD (max) limit, 
access time is controlled exclusively by tcAC• toEA• or tAA· 

(5) An output disable time defines the time at which the output 
achieves the open-circuit condition and is not referenced to 
output voltage levels. 

(6) Either tRRH or tRcH must be satisfied for a read cycle. 

(7) twcs. tAWD• tcwo. and tRwD are restrictive operating parame
ters in read-write and read-modify-wr.ite cycles only. If twcs ~ 
twcs (min), the cycle is an early write cycle and the data output 
will remain open-circuit throughout the entire cycle. If tAwD ~ 
tAwo (min), tcwo <::: tcwo (min), and tRwo ~ tRwo (min), 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 is 
met, the condition of the data out (at access time and until CAS 
returns to V1H) is indeterminate. 

(8) These parameters are referenced to the fall!rul e~ of CAS in 
early write cycles and to the falling edge of rtJB/)WE in delayed 
write or read-modify-write cycles. 

(9) Assumes that tRAD (min) = tRAH (min) + typical tT of 5 ns. 

(10) V1H (min) and V1L (max) are reference levels for measuring the 
timing of input signals. Additionally, transition times are mea
sured between V1H and VIL· 
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Min Max Unit Test Conditions 

7 

35 

80 

ns 

ns 

ns 

(11) The minimum specifications are used only to indicate the cycle 
time at which proper operation· over the full temperature range 
(TA = 0 to + 70°C) is assured. 

(12) Assumes that tRCD :S tRCD (max) and tRAD :S tRAD (max). If 
tRcD or tRAD is greater than the maximum recommended value 
in this table, tRAC increases by the amount that tRco or tRAD 
exceeds the value shown. 

(13) Assumes that tRco<::: tRcD (max) and tRAD s tRAD (max). 

(14) If tRAD ;::: tRAD (max), then the access time is defined by tAA· 

(15) For fast-page read operation, the definition of access time is as 
follows. 

CAS and Column Address 
Input Conditions 

tcp s tcp (max), tAsc;::: tcP 

tcp s tcp (max), tAsc s tcp 

tcp;::: tcp (max), tAsc stAsc (max) 

tcp ~ tcp (max), tAsC ;::: tAsc (max) 

Access 
Time Definition 

tcAC 

(16) The tcRP requirement is applicable for RAS/CAS cycles pre
ceded by any cycle. 

(17) Parameter twp is applicable for a delayed write cycle such as a 
read-write/read-modify-write cycle. For early write operation, 
both twcs and twcH must be met. 

(18) Ac measurements assume tT = 5 ns. 
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Figure 1. Input Timing 

2AV-------i 
0.8V- - - - - - - -

Sns 
831H-66578 

Figure 2. Output Timing 

2.ov--------1 )--

a.av---------\ 
--~~~~~~~~~~~~--

Figure 3. Output Load in Random Access Port 

919'2 

101 4"'-,-----50-p_F_i-:-------. ~ 497 n 

-=-

Figure 4. Output Load in Serial Read Port 

Vee 

J 1838'2 

• 993'2 

831H-6659B 

831H-66608 
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Timing Waveforms 

Read Cycle 

tcRP 

Address 

12 

I
L tcsH 

ltCAH 

NEC 

83\IG-66618 
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Timing Waveforms (cont) 

Early Write Cycle 

tcRP 

Address 

w0 1100 
W3/I03 "''"''""-,.._ __ _,, 

pPD4227 4-80 

83vG-66628 
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Timing Waveforms (cont) 

Late Write Cycle 

tcRP 

Address 

14 
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Timing Waveforms (cont) 

Read-Write/Read-Modify-Write Cycle 

14----tRco~---4~-------

r--tRcs 

· 1 r-tcAH 

Address Column 

µPD4227 4-80 

--~-E---'--------tRAL-----------

~--:----tAWD--------

OT/OE 

LL___, 
rl(l'-------tcwo -------;~ 

14-----------=---,-tRwo~I-----------;~ 
I 
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Timing Waveforms (cont) 

RAS-Only Refresh Cycle 

~-----------tRc-------------'~ 

tcRP 

WB/WE 

11 
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Timing Waveforms (cont) 

CAS Before RAS Refresh Cycle 

-wr" CAS 
~"]---

Address 

ITT/OE 

w01100 -----------------H-lg_h_lm_pe_d_a_nce ________________ _ 
W3/I03 

FWE 

83vG-66668 
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Timing Waveforms (cont) 

Hidden Refresh Cycle 

--II 'CAS-~ 

Address 

~~ ll~ 
IOHH . IQEA4RRH 

~-~RAC _...________, 

I 
w01100 _______ H...;lg;...h_lm..;.pe_d_a_nce ______ --ll 

W3/I03 I 
~tcAC 

Read Data 

FWE 

83vG-6667B 
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Timing Waveforms (cont) 

Fast-Page Read Cycle 

pPD42274-80 
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Timing Waveforms (cont) 

Fast-Page Write Cycle 

tRCD ----:ll'~l"'(:----tCAs--==-1 
~1~~, -~-~-tPC-.;__-~-~ 

----~~~-tcsH-~--~---

Address 

Wo/IOo 
W3/I03 "''""I" ,_ ____ __, 

831/G-66698 

20 



NEC 
Timing Waveforms (cont) 

Fast-Page Read-Modify-Write Cycle 

pPD42274-80 

--~~~~~~~~~~~~~~tRwc~~~~~~~~~~~~~~--

--~~~~~~~~~~~~tRAsp ~~~~~~~~~~~~ 

Address 

OT/OE 

831H-6670B 
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Timing Waveforms (cont) 

Color Register Set Cycle 

tcRP 

14----tRCD--~ll+1~~----tRSH------
14-_______ _.:.... __ tcsH------..,.------~ 
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Timing Waveforms (cont) 

Flash Write Cycle 

FWE ~ 
83vG-66728 
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Timing Waveforms (cont) 

Data Transfer Cycle with Serial Port Active (tom ~ tom) 

Address 

DT/OE 

FWE 

I 11 11 High Impedance 
Wj-101 ~~~~~~~~~~~~~~~~~~~-1~1~--.--.~~~~--~~----~~~~~~ 

I
# 111--tcso--
-·~,__~~~~~~~~-tRso-l_I~~~~~~~~~---..,~ 

II VtL 
tssc~ 

tscL tsoo -·IL1soH-

SC 

S00-S03 Old Datan-1 ·~ Old Datan 

83YL·7688B 
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Timing Waveforms (cont) 

Data Transfer Cycle with Serial Port Active (tom :s tom) 

-------------tRc-----------il't 
..---------tRAs----------

11 •CPN- , ____ ________,, 

~'MH 
Address 

FWE 

I 11 High Impedance 11 Wj-101 ______________ ..;...;.. ___ ....::........; ________ I I ___________ _ 

I# I-le -_-_tcsD_ll ~>I 
""'·"""F-----------tRsD 11 

V1L -----------------------------------

----tssc~ I l 
14---------tsDDR--------P-t~ tsDHR tscL 

SC 

~~~--·-~·----------------~ 
SOo - S03 Old Data n -1 ~ Old Data n 
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Timing Waveforms (cont) 

Data Transfer Cycle with Serial Port in Standby 

Address Row Column 

~Ed-~ 

r- ~tcoH toTR~ 
toLS 

lROH toTP-----; .... ,,_ ____________________ ,.._......,_........., ....... _...._._.. ...... 

FWE 

~z~fws.1~ . . . 
High Impedance 11 W1-I01 _ __..___ ____________ 

11 

~--------

SOE 

VJL --------------------------------------------------------------------------------~ 
-----tscc------tsoo-.I ~tsoH 

SC 

S00-S03 Old Datan-2 Old Datan-1 .Old Datan New Data 

83YL·7690B 
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Timing Waveforms (cont) 

Serial Read Cycle 

pPD4227 4-80 
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NEC Electronics Inc. 

Description 

The µPD42275 is a dual-port graphics buffer equipped 
with a random access port and a serial read port. The 
serial read port is connected to an internal 2048-bit 
data register through a 256 x 8-bit serial read output 
circuit. The 128K x 8-bit random access port is used by 
the host CPU to read or write data addressed in any 
desired order. 

A write-per-bit capability allows each of the eight data 
bits to be individually selected or masked for a write 
cycle. Block write cycles can also be used to write the 
eight data bits to four consecutive column addresses. 
Selection and masking of the eight data bits and four 
column addresses is provided. A flash write option with 
write-per-bit control enables data in the color register 
to be written to a selected row in the random access 
port. 

The µPD42275 features fully asynchronous dual ac
cess, except when transferring graphics data from a 
selected row of the storage array to the data register. 
During a data transfer, the random access port requires 
a special cycle using a transfer clock; the serial port 
continues to operate normally. Following the clock 
transition of a data transfer, serial output data changes 
from an old line to a new line and the starting location 
on the new line is addressable in the data transfer 
cycle. 

An advanced CMOS silicon-gate process using poly
cide technology and trench capacitors provides high 
storage cell density, high performance, and high reli
ability. Refreshing is accomplished by means of RAS
only refresh cycles or by normal read or write cycles on 
the 512 address combinations of Ao through As during 
an 8-ms period. Automatic internal refreshing, by 
means of either hidden refreshing or the CAS before 
RAS timing and on-chip internal refresh circuitry, is also 
available. The transfer of a row of data from the storage 
array to the data register also refreshes that row auto
matically. 

All inputs and outputs, including clocks, are TTL
compatible. All address and data-in signals are latched 
on-chip to simplify system design. Data-out is un
latched to allow greater system flexibility. The 
µPD42275 is available in a 400-mil, 40-pin plastic SOJ 
and is guaranteed for operation at Oto + 70°C. 

60094-1 

Features 

o Three functional blocks 

pPD42275 
Video RAM 

-128K x 8-bit random access storage array 
- 2048-bit data register 
- 256 x 8-bit serial read output circuit 

o Two data ports: random access and serial read 
o Dual-port accessibility except during data transfer 
o Addressable start of serial read operation 
o Real-time data transfer 
o On-chip substrate bias generator 
o Random access port 

-Two main clocks: RAS and CAS 
- Multiplexed address inputs 
-Direct connection of 1/0 and address lines 

allowed by OE to simplify system design 
-512 refresh cycles every 8 ms 
-Read, early write, late write, read-write/read-

modify-write, RAS-only refresh, and fast-page 
cycles 

-Automatic internal refreshing by means of the 
CAS before RAS on-chip address counter Bl 

- GAS-controlled hidden refreshing 
- Persistent and nonpersistent write-per-bit option 

regarding eight 1/0 bits 
- Write bit selection multiplexed on 100 - 107 

o Block write option with write-per-bit control and 
column mask function 

o Flash write option with write-per-bit control 
o Split serial data register to allow shifting from 

lower half while simultaneously loading upper half 
o RAS-activated data transfer 

-Same cycle time as for random access 
- Row data transferred to data register as 

specified by row address inputs 
-Starting location of following serial read cycle 

specified by column address inputs 
- Transfer of 2048 bits of data on one row to the 

data register, and the starting location of the 
serial read circuit, activated by a low-to-high 
transition of DT 

- Data transfer during real-time operation or 
standby of serial port 

o Fast serial read operation by means of SC pins 
o Serial data output on S00 - S07 
o Direct connection of multiple serial outputs for 

extension of data length 
o Fully TTL-compatible inputs, outputs, and clocks 
o Three-state outputs for random and serial access 
o CMOS silicon-gate process with trench capacitors 
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Block Diagram 

RAS 

CAS 

Dr/OE 
WBIWE 

DSF1 
DSF2 

Timing 
Generator 

Column Decoder 

sense Amps 

Storage 
Cell 

Array 

Transfer Gates 

Data Register 

127 128 
Selector 
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~ 
a: 
C\I 
u:; 
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rr Common 
110 

Buffer 

W7110., 

8 

Color 
Register 

Mask 
Register 

SOo 
so, 
S02 

Serial 
s~ Output 

Buffer S04 
S05 
S05 
S07 

QSF 

.--vcc1,2 

.--vss1,2 

831H-6866B 

Pin ldentif ication Order,ing Information 
Symbol Function Row Access Serial Access 

Ao-Aa Address inputs 
Part Number Time (max) Time (max) Package 

µPD42275LE-80 80 ns 25 ns 40-pin plastic 

LE-10 100 ns 25 ns 
SOJ 

RAS 

Write-per-bit selects/data inputs and outputs 

Row address strobe 

Column address strobe 
LE-12 120 ns 40 ns 

Write-per-bit/write enable 

bata transfer/output enable 

Special function enable 

Serial read outputs 

SC Serial control 

Serial output enable 

QSF Special function output 

Vss 1 and Vss2 Ground 

Vcc1 and Vcc2 +5-volt ±10% power supply 

NC No connection 
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Pin Configuration 

40-Pin Plastic SOJ 

SC Vss1 
SOo 807 
S01 805 
S02 805 
S03 804 

OT/OE SOE 

Wo/IOo W7110, 

W1/I01 W5110a 

W2/I02 W5/t05 
W3/I03 W4/I04 

Vcc1 Vss2 
WB/WE DSF1 

NC NC 

RAS CAS 
DSF2 QSF 

As Ao 
A5 A1 
As A2 
A4 Aa 

Vcc2 A1 

831H-6865A 

Pin Functions 

Ao-As (Address Inputs). These pins are multiplexed as 
row and column address inputs. Each of eight data bits 
in the random access port corresponds to 131,072 
storage cells, which means that nine row addresses 
and eight column addresses are required to decode 
one cell location. Nine row addresses are first used to 
select one of the 512 possible rows for a read; write, 
data transfer, or refresh cycle. Eight column addresses 
are then used to select the one of 256 possible column 
decoders for a read or write cycle or the one of 256 
possible starting locations for the next serial read 
cycle. (Column addresses are not required in RAS-only 
refresh cycles.) 

Wofl00-W7/107 (Write-Per-Bit Inputs/Common Data 
Inputs and Outputs). Each of the eight data bits can 
be individually latched by these inputs at the falling 
edge of RAS in any write cycle, and then updated at the 
next falling edge of RAS. In a read cycle, these pins 
serve as outputs for the selected storage cells. In a 
write cycle, data input~ these pins is latched by the 
falling edge of CAS or WE. 

RAS (Row Address Strobe). This pin is functionally 
equivalent to a chip enable signal in that whenever it is 
activated, the 2048 storage cells of a selected row are 

pPD42275 

sensed simultaneously and the sense amplifiers re
store all data. The nine row address bits are latched by 
this signal and mus_!_E_e stable on or before its falling 
edge. CAS, Ol70E, WB/WE, OSF1 and OSF2 are simul
taneously latched to determine device operation. 

CAS (Column Address Strobe). This pin serves as a 
chip selection signal to activate the column decoder 
andthe input/output buffers. The eight column address 
bits are latched at the falling edge of CAS. 

QSF (Special Function Output). This pin indicates 
which side of the split register is active. QSF high shows 
that the upper half (addresses 128 through 255) is 
active, while QSF low indicates the lower half (ad
dresses O through 127). 

DSF1 and DSF2 (Special Function Control). At the 
leading edge of RAS and CAS, the high or low level of 
these pins is latched to initiate one of the operations 
shown in the Truth Tabl~. Holding both pins low causes 
the device to operate without any special functions. 

WB/WE (Write-Per-Bit Control/Write Enable). At the 
falling edge of RAS, the WBNJE and OSF1 inputs must 
be low and CAS and Ol70E t}!ah to enable the write-
per-bit option. When CAS, OT/OE, and OSF1 are high at 1!1!f11 
the falling edge of RAS, the level of this signal indicates mlllll 
either a color register set cycle or flash write cycle. A 
high WBNJE can be used at the beginning of a stan-
dard write or read cycle. · 

OT/OE (Data Transfer/Output Enable). At the RAS 
falling edge, CAS and WB/VVE high and Ol70E low 
initiate a data transfer: OT/OE high initiates conven-
tional read or write cycles and controls the output 
buffer in the random access port. The level of OSF1 
determines whether this is a read or split read data 
transfer: 

S00-S07 (Serial Data Outputs). Eight-bit data is read 
from these pins and remains valid until the next SC 
signal is activated. 

SC (Serial Control). Repeatedly activating this signal 
causes serial read cycles (starting from the location 
specified in the data transfer cycle) to be executed 
within the 2048 bits in the data register: The rising edge 
of SC activates serial read operation, in which 8 of the 
2048 data bits are transferred to eight serial data 
buses, respectively, and read out. Whenever SC is low, 
the serial port is in standby. 

SOE (Serial Output Enable). This signal controls the 
serial data output buffer: 

3 
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OPERATION 

The µPD42275 consists of a random access port and a 
serial read port. The random access port executes 
standard read and write cycles, as well as data transfer, 
block write and flash write~les, all of which are 
based on conventional RAS/CAS timing. 

In a data transfer, data in each storage cell on the 
selected row is transferred simultaneously through a 
transfer gate to its corresponding register location. The 
serial read port shows the contents of the data register 
in serial order. The random access and serial read ports 
can operate asynchronously, except when the transfer 
gate is turned on during the data transfer period. 

Addressing 

The storage array is arranged in a 512-row by 2048-
column matrix, whereby each of 8 data bits in the 
random access port corresponds to 131,072 storage 
cells and 17 address bits are required to decode one 
cell location. Nine row address bits are set ~n pins 
Ao through As and latched onto the chip by RAS. Eight 
column address bits then are set up on pins Ao through 
A7 and latched onto the chip by CAS. All addresses 
must be stable, on or before the falling edges of RAS 
and CAS. Whenever RAS is activated, 2048 cells on the 
selected row are sensed simultaneously and the sense 
amplifiers automatically restore the data CAS serves 
as a chip selection signal to activate the column de
coder and the input and output buffers. 

Through one of 256 column decoders, eight storage 
cells on the row are connected to eight data buses, 
respectively. In a data transfer cycle, 9 row address bits 
are used to select one of the 512 possible rows involved 
in the transfer of data to the data register. Eight column 
address bits are then used to select the one of 256 
possible serial decoders that corresponds to the start
ing location of the next sari.al read cycle. In the serial 
read port, when SC is activated, 8 data bits in the 
2048-bit data register are transferred to eight serial 
data buses and read out. Activating SC repeatedly 
causes serial read cycles (starting from the location 
specified in the data transfer cycle) to be executed 
within the 2048 bits in the data register. 

Random Access Port 

An operation in the random access port begins with a 
negative transition of RAS. Both RAS and CAS have 
minimum pulse widths, as specified in the timing table, 
which must be maintained for proper device operation 
and data integrity. Once begun, a cycle must meet 
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all specifications, including minimum cycle time. To 
reduce the number of pins, the following are multi
plexed. 

• Dl70E 
• WB/WE 
• W/IOi (i = 0, 1, 2, 3, 4, 5, 6, 7) 

The OE, WE, and IOi functions represent standard 
operations, while DT, WB, and Wi are special inputs to 
be applied in the same way as row address inputs with 
setup and hold times referenced to the negative tran
sition of RAS. 

The level of DT determines whether a cycle is a random 
access operation or a data transfer operation. WB 
affects only write cycles and determines whether or not 
the write-per-bit capability is used. Wi defines data bits 
to be written with the write-per-bit option. In the follow
ing discussions, these multiplexed pins are designated 
as DT{/OE), for example, depending on the function 
being described. 

To use the µPD42275 for random access, DT{/OE) must 
be high as RAS falls. Holding DT{/OE) high disconnects 
the 2048-bit register from the corresponding 2048-digit 
lines of the storage array. Conversely, to execute a 
data transfer, DT(/OE) must be low as RAS falls to open 
the 2048 transfer gates and transfer data from one of 
the rows to the register. 

Glossary of Special Functions 

Masked Write Cycle with New Mask. When the write
per-bit function is enabled as shown in the following 
table, mask data on the W/IOi pins is latched by RAS 
and loaded directly into the write mask register. A 
masked write cycle is then executed using CAS or 
WB/WE to strobe the W/IOi data into the on-chip data 
latch. 

Write-Per-Bit Function 
Mask Register Data Action 

Write 

0 Do not write 

Write Mask Register Set Cycle. In this cycle, data on 
Wi/IOi is written to an 8-bit write mask register, where it 
is retained and used by subsequent masked write and 
masked block write cycles. 

Masked Write Cycle with Old Mask. This write-per-bit 
cycle, commonly referred to as a persistent mask write 
cycle, uses the mask data previously set by the last 
write mask register set cycle. 
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Truth Table for Random Access Port 
Must Be Valid at Falling Edge of RAS Must be Valid at Falling Edge of CAS 

Cycle CAS DT/OE WB/WE DSF1 

Read/write cycle H H H L 

Block write cycle H H H L 

Write mask register set cycle H H H H 

Color register set cycle H H H H 

Write cycle with new mask H H L L 

Block write cycle with new mask H H L L 

Write cycle with old mask H H L H 

Block write cycle with old mask H H L H 

Read data transfer cycle H L H L 

Split read data transfer cycle H L H H 

CAS before RAS refresh cycle L x H x 
Flash write cycle with new mask H H L H 

Notes: 

(1) X = don't care. 

(2) Combinations not shown are used for refresh operation. 

Block Write Addresses 
Column Select 
By 1/0 Data Result Corresponding Column Address 

1103 = 1 Write A, = 1, Ao= 1 

1103 = 0 No write 

1102 = 1 Write A1 = 1, Ao= 0 

1102 = 0 No Write 

110, = 1 Write A1 = 0, Ao= 1 

1101 = 0 No write 

llOo = 1 Write A1 = 0, Ao= 0 

llOo = 0 No write 

Notes: 

(1) Data on 1/0-, - 1/04 are don't care at the falling edge of CAS. 

Color Register Set Cycle. This cycle is executed in the 
same fashion as a conventional read or write cycle, with 
a read or write cycle available to the color register 
under the control of WE. In read operation, color 
register data is read on the common WJIOi pins. In write 
operation, common WJIOi data can be written into the 
color register. RAS-only refreshing is internally per
formed on the row selected by Ao through Ae,. This 
setup cycle precedes the first flash write or block write 
cycle supplying the 8 write data bits. 

Block Write Cycle. In a block write cycle, A1 and Ao are 
ignored. 1/00 - 1/03 are used to select one or a combi
nation of four column addresses for writing in an early 

DSF2 DSF1 Mnemonic Code 

x L AW 

x H BW 

x L LWR 

x H LCR 

x L RWNM 

x H BWNM 

L L RWOM 

L H BWOM 

x x RT 

x x SAT 

x x CBR 

H x FWT 

write, late write, page early write, or page late write 
cycle. Block write data is previously stored in the color l'l!m 
register using a set color register cycle. Column select mliilm 
data is latched by the W/IOi pins at the falling edge of 
CAS or WE. Block write cycles are useful for clearing 
windows and for accelerating polygon fill operations. 

Masked Block Write Cycle with New Mask. This cycle 
allows for W/1/00 - W/1/07 masking during a block write 
cycle. The masking function is identical to a standard 
masked write cycle with new mask, except that four 
consecutive columns are written. 

Masked Block Write Cycle with Old Mask. This cycle 
uses the masked data previously set by the last write 
mask register set cycle to write four consecutive col
umns. 

Flash Write Cycle. A flash write cycle can clear or set 
each of the eight 256-bit data sets on the selected one 
of 512 possible rows according to data stored in the 
previously set color register. Bit mask inputs are 
latched as RAS. This cycle is useful in graphics pro
cessing applications when the screen should be 
cleared or set to some uniform value as quickly as 
possible. 

Read Data Transfer Cycle. In a full row read data 
transfer cycle, one of the possible 512 rows, as well as 
the starting location of the following serial read cycle, 
is defined by address inputs. The low-to-high transition 
of DT/(OE) causes the 2048 bits of cell data to be 
transferred to the serial data register. 
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Split Read Transfer Cycle. This cycle is a half-row data 
transfer in which one of the 512 rows, the starting 
location of the following serial read cycle, and either of 
the split registers are specified by the address inputs. 
On-chip control circuitry causes the previously speci
fied half row to be transferred to the selected upper or 
lower split register. 

Read Cycle. A read cycle is executed by activating 
RAS, CAS, and OE and by maintaining (WB/)WE while 
CAS is active. The (Wj/)IOi pin (i = o through 7) remains 
in high impedance until valid data appears at the 
output at access time. Device access time, tAcc. will be 
the longest of the following four calculated intervals: 

• tRAC 
• RAS to CAS delay (tRco) + tcAc 
• RAS to column address delay (tRAD) + tAA 
• RAS to OE delay + toEA 

Access times from RAS (tRAd• from CAS (tcAd• from 
the column addresses (tAA), and from OE (toeA) are 
device parameters. The RAS-to-CAS, RAS-to-column 
address, and RAS-to-OE delays are system-dependent 
timing parameters. Output becomes va.lid after the 
access time has elapsed and it remains valid while both 
CAS and OE are low. Either CAS or OE high returns the 
output pins to high impedance. 

Write Cycle. A write cycle is executed by bringing 
(WB/)WE low durjD_g the RAS/CAS cycle. The falling 
edge of CAS or (WB/)WE strobes the data on (Wj/)IOi 
into the on-chi~a~atch. To make use of the write
per-bit option, WB(/WE) must be low as RAS falls. In this 
case, write data bits can be specified by keeping 
Wi(/10~ high, with setup and hold times referenced to 
the negative transition of RAS. 

Write-Per-Bit Cycle. The falling edge of RAS latches 
the write-per-bit mask data input on W0 through W7. If 
DSF1 is low at the falling edge of RAS, mask data must 
be reloaded every write-per-bit mask cycle:.J!!>SF1 is 
high and DSF2 is low at the falling edge of RAS, mask 
data is not reloaded from W0 through W7 but is retained 
from the previous write mask set cycle. The latter is 
called a persistent write-per-bit cycle. 

Early Write Cycle. An early write cycle is executed by 
bringing (WB/)WE low before CAS falls. Data is strobed 
by CAS, with setup and hold times referenced to this 
signal, and the output remains in high impedance for 
the entire cycle. As RAS falls, (DT/)OE must meet the 
setu2._ilnd hold times of a high DT, but otherwise 
(DT/)OE does not affect any circuit operation while CAS 
is active. 
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Read-Write/Read-Modify-Write Cycle. This cycle is ex
ecuted by bringing (WB/)WE low with the RAS and CAS 
signals low. (Wj/)IOi shows read data at access time. 
Afterward, in preparation for the upcomin~rite cycle, 
(Wj/)IOi returns to high impedance when (Q])OE goes 
high. The data to be written is strobed by (WB/)WE with 
setup and hold times referenced to this signal. 

Late Write Cycle. This cycle shows the timing flexibility 
of (DT/)OE, which can be activated just after (WB/)WE 
falls, even when (WB/)WE is brought low after CAS. 

Refresh Cycle. A cycle at each of the 512 row ad
dresses (Ao through Aa) will refresh all storage cells. 
Any cycle executed in the random access port (i.e., 
read, write, refresh, data transfer, color register set, 
flash write or block write) refreshes the 2048 bits se
lected by the RAS addresses or by the on-chip address 
counter. 

RAS-Only Refresh Cycle. A cycl~ having only RAS 
active refreshes all cells in one row of the storage array. 
A high CAS is maintained while RAS is active to keep 
(Wj/)IOi in high impedance. This method is preferred for 
refreshing, especially when the host system consists of 
multiple rows of random access devices. The data 
outputs may be OR-tied with no bus contention when 
RAS~only refresh cycles are executed. 

CAS Before RAS Refresh Cycle. This cycle executes 
internal refreshing using the on-chip control circuitry. 
Whenever CAS is low as RAS falls, this circuitry auto
matically refreshes the row addresses specified by the 
internal counter. In this cycle, the circuit operation 
based on CAS is maintained in a reset state. When 
internal refreshing is complete, the address counter 
automatically increments in preparation for the next 
CAS before RAS cycle. 

Hidden Refresh Cycle. This cycle is executed after a 
read cycle, without disturbing the read data output. 
Once valid, the. data output is controlled by CAS and 
OE. After the read cycle, CAS is held low while RAS goes 
high for precharge. A RAS-only cycle is then executed 
(except that CAS is held at a low level instead of a high 
level) and the data output remains valid. Since hidden 
refreshing is the same as CAS before RAS refreshing, 
the data output remains valid during either operation. 

Fast-Page Cycle. This feature allows faster data access 
by keeping the same row address while successive 
col~addresses are strobed onto.the chip. Maintain
ing RAS low while successive CAS cycles are executed 
causes data to be transferred at a faster rate because 
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row addresses are maintained internally and do not 
have to be reapplied. In fast-page operation, read, 
write, and read-write/read-modify-write cycles may be 
executed. Additionally, the write-per-bit control speci
fied in the entry write cycle is maintained throughout 
the next fast-page write cycle. 

During a fast-page read cycle, the (Wj/)IOi data pin (i = 
O through 7} remains in a state of high impedance until 
valid data appears at the output pin at access time. 
Device access time in this cycle will be the longest of 
the following intervals: 

• tAcP 
• tcp + tT + tcAC 

• CAS high to column address delay+ tAA 

Serial Read Port 

The serial read port is used to serially read the previ
ously loaded contents of the data register starting from 
a specified location. Other graphics buffers require 
very tight timing to synchronize this port with the 
random access port, but the µPD42275 has been de
signed with a split register to eliminate the need for 
synchronized timing between the two ports. 

Split Register Data Transfer. A review of the split 
register architecture shows that the lower register (ad
dresses o - 127) and upper register (addresses 128 -
255} are selected by the most significant bit of the 
column addresses (A7). With the serial port split in half, 
data transfers can be executed to the inactive side (no 
SC clocks) while SC clocks are input to access data 
from the active side. This sequence al lows for a longer 
time window to perform the transfer, i.e., 128 x tscc. or 
3.84 µs. Column address bits Ao through As are latched 
on-chip to provide the tap address pointer for each split 
register. 

pPD42275 

QSF Special Function Output. This pin outputs a 
signal indicating which half of the data register is active 
and is synchronized with the SC clock. 

Split Data Transfer Cycle 
Portion of Split Register QSF 

0 through 127 Low 

128 through 255 High 

Notes: 

(1) A full data transfer cycle must precede all split register opera
tions. 

(2) Column address A7 must be specified for a split data transfer 
cycle. 

Data in the data register is clocked serially by SC, 
starting from the first specified address of either reg
ister. After the last specified address has been trans
ferred, QSF changes its level at the next rising edge of 
SC, and serial data transfer switches to the other 
(formerly inactive) register. Serial data output is main
tained until the next SC clock. 

SC clocks at the transition point, i.e., the end of one half 
and the beginning of the new half of the split registers, • 
are restricted. Rising edges of the SC clock are not 
allowed for the last serial address (either 127 or 255) of 
the active register and for the first address (any address 
depending on current address pointer) of the next 
active register (figure 2). 

SOE controls impedance of the serial output to allow 
multiplexing of more than one· bank of µPD42275s on 
the same bus and has no effect on SC. When SOE is 
low, soi is disabled and in a state of high impedance. 

7 
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Figure 1. Example of Split Register Transfer 
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An Example of Data Transfer and Split Register Transfer Sequence 

CD ® ® 
Data 

Transfer 
Split Data 
Transfer 

Read/Write/Refresh Split Data 
Transfer Read/Write/Refresh 

Cycle: CD A full line data transfer is required before a sequence of split register transfers 
The column address specified during this data transfer selects the lower or upper 
side data register from which serial data will be output. 
This is called the active side serial register. 

@ @ Set the address pointer and perform a split register transfer to the inactive side register. 

Detailed Timing Diagram 

CD Data Transfer cycle @ Split Data Transfer cycle ------..... 

® 
Split Data 
Transfer 

Address -----,.(~R~<:111=-1~~.=.:.__,,>---------'\.~=-=,,._=-_J"---------~ 

0r10E 

DSF1 

SC 

SOi 

QSF 

RAS 

CAS 

Address 

0r10E 
DSF1 

SC 

SOi 

QSF 

RAS 

CAS 

Address 

Dr/OE 

DSF1 

SC 

SOi 

QSF 

'""'''" 
'% ..... ""'~--I >w...»...-...,.----

..._ ____________ __.'T> ., .. ,,,,..~ 

JlJl .i 
The numbers at SO i indicates reading column address 

~101 ./ ..-------:'f-----------------
. l l @ Split Data Transfer Cycle 

.l 
l 

l 
--------------*-----~~---------~ l' 

$ ,__ __ __.l 

@ Split Data Transfer Cycle ---------------------, .....-----~ 

~: 

831H-6868B 



NEC 
Figure 2. Restrictions on Rising Edges of SC 

SC 

SC 

QSF 

----------SC?\ Restriction-----------. 

case 1 Invalid 

Case 2 Invalid 

Note: 

[1] For split register transfers, there is a restriction on the SC docks at the transition point 
from the end of one half to the beginning of the other half split register. Rising edges of 
the SC dock are not allowed for the last serial address of the idle split register (127 or 255). 

Absolute Maximum Ratings Capacitance 

pPD42275 

\_ 

83IH-6867B 

Voltage on any pin relative to GND, VR1 -1.0to +7.0V 
TA = 0 to +70°C; Vee = + 5.0 v :t10%; f = 1 MHz; GND = 0 v 

Voltage on Vee relative to GND, VR2 -1.0to+7.0V 

Operating temperature, ToPR o to +70°C 

Storage temperature, TsTG -55to+125°C 

Short-circuit output current, los 50mA 

Power dissipation, Po 1.5W 

Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause perma
nent damage. The device should be operated within the limits 
specified under DC and AC Characteristics. 

Recommended Operating Conditions 
Parameter Symbol Min Typ Max Unit 

Supply voltage Vee 4.5 5.0 5.5 v 
Input voltage, high V1H 2.4 5.5 v 
Input voltage, low V1L -1.0 0.8 v 
Ambient temperature TA 0 70 oc 

Parameter 

Input capacitance 

Input/output 
capacitance 

Output 
capacitance 

Symtk,1 

Cl(A) 

C1(DT/OE) 

Cl(WB/WE) 

Cl(DSF) 

Cl(RAS) 

C1cCAs> 

Cl(SOE) 

C1cse) 

CIO(W/10) 

Co(SO) 

Co(QSF) 

Pins Under 
Max (pF) Test 

5 Ao-As 

8 D170E 

8 WB/WE 

8 DSF1 and DSF2 

8 RAS 

8 CAS 

8 SOE 

8 SC 

7 WoflOo - W7/I~ 

7 SOo • S07 

7 QSF 

9 
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Power Supply Current 
TA= o to +70°C; Vee= +5.0 V ±10%; GND = o V 

Port Operation 

Random Access Serial Read Parameter -80 (max) -10 (max) -12 (max) Unit Test Conditions 

Read/write cycle Standby lcc1 95 85 70 mA RAS and CAS cycling; DSF1 
and DSF2 low as RAS falls; 
tRc = tRc min; SOE = V1H; 
SC = VIH or V1L 

Standby Standby lcc2 10 10 10 mA DouT = high impedance; 
address cycling; tRc = tRc min; 
CAS = RAS = V1H; 
SOE = V1H; SC = V1H or V1L 
(Note 4) 

RAS-only refresh Standby Ice a 85 80 65 mA RAS cycling; CAS = V1H; DSF1 
cycle and DSF2 low as RAS falls; tRc 

= tRc min; SOE = V1H; 
SC = V1H or V1L (Note 2) 

Fast-page cycle Standby lcc4 85 80 65 mA RAS = V1Li CAS cycling; 
tpc = tpc min; SOE = V1H; 
SC = V1H or V1L (Note 3) 

CAS before RAS Standby Ices 85 75 60 mA CAS low as RAS falls; 
refresh cycle tRc = tRc min; SOE= V1Hi 

SC = V1H or VIL 

Data transfer cycle Standby Ices 115 100 85 mA OT low as RAS falls; 
tRc = tRc min; SOE = V1Hi 
SC = V1H or V1L 

Read/write cycle Active lcc1 125 110 90 mA RAS and CAS cycling; DSF1 
and DSF2 low as RAS falls; 
tRc = tRc min; SOE = V1Li 
SC cycling; tscc = tscc min 

Standby Active Ice a 40 35 30 mA DouT = high impedance; 
address cycling; tRc = tRc min; 
CAS = RAS = V1Hi 
SOE= V1L; SCcycling; 
tscc = tsco min (Note 4) 

RAS-only refresh Active lccg 115 105 85 mA RAS cycling; CAS = V1H; DSF1 
cycle and DSF2 low as RAS falls; 

tRc = tRc min; SOE = V1Li 
SC cycling; tscc = tscc min 

Fast-page cycle Active lcc10 105 90 75 mA RAS= V1L; CAS cycling; 
tpc = tpc min; SOE= V1Li 
SC cycling; tscc = tscc min 
(Note 3) 

CAS before RAS Active lcc11 115 100 80 mA CAS low as RAS falls; 
refresh cycle tRc = tRc min; SOE = V1Li 

SC cycling; tscc = tscc min 

Data transfer cycle Active lcc12 145 125 105 mA OT low as RAS falls; tRc = tRc 
min; SOE = V1Li SC cycling; 
tscc = tscc min 

Color register set Standby lcc1a 80 70 55 mA tRc = tRc min; SOE = V1Hi 
cycle SC= V1H orV1L 

Flash write cycle Standby lcc14 80 70 55 mA tRc = tRc min; SOE = V1Hi 
SC= V1H or V1L 

Color register set Active lcc1s 110 95 75 mA tRc = tRc min; SOE = V1Li 
cycle SC cycling; tscc = tscc min 

10 
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Power Supply Current (cont) 
Port Operation 

Random Access Serial Read Parameter -80 (max) -10 (max) -12 (max) Unit Test Conditions 

Flash write cycle Active lec1s 110 95 75 mA tRe = tRc min; SOE = V1L; 
SC cycling; tscc = tscc min 

Block write cycle Standby lcc11 95 85 75 mA tRe = tRc min; SOE = V1H; 
SC = V1H or V1L 

Block write cycle Active lcc18 125 110 95 mA tRe = tRc min; SOE = V1L; 
SC cycling; tsce = tscc min 

Notes: 

(1) No load on IOi or soi. Except for lcc2• lec3. Ices. and lcc14, real (3) A change in column addresses must not occur more than once in 
values depend on output loading in addition to cycle rates. a fast-page cycle. 

(2) CAS is not clocked, but is kept at a stable high level. The column (4) A change in row addresses must not occur more than once in a 
addresses are also assumed to be kept stable, at either a high or read or write cycle. 
low level. 

DC Characteristics 
TA = o to + 70°C; Vee = + 5.0 V :t10%; GND = o V 

Parameter Symbol Min Typ Max Unit Test Conditions 

Input leakage current l1L -10 10 µA V1N = 0 to 5.5 V; all other pins 
not under test = O V 

Output leakage current loL -10 10 µA Dour (IOi, so~ disabled; 
Vour = o to 5.5 V 

Random access port output voltage, high VoH(R) 2.4 v loH(R) = -1 mA • Random access port output voltage, low VoL(R) 0.4 v loL(R) = 2.1 mA 

Serial read port output voltage, high VoH(S) 2.4 v loH(S) = -1 mA 

Serial read port output voltage, low VoL(S) 0.4 v loL(S) = 2.1 mA 

AC Characteristics 
TA= 0 to +70°C; Vee= +5.0V :t10%; GND = ov 

p.PD42275-80 p.PD42275-10 p.PD42275-12 

Parameter Symbol Min Max Min Max Min Max Unit Test Conditions 

Access time from column address tAA 45 50 65 ns (Notes 3 and 4) 

Access time from rising edge of tACP 45 55 65 ns (Notes 3 and 4) 
CAS 

OT low hold time after address tADD 35 35 45 ns (Note 15) 

Column address setup time tASC 0 0 0 ns 

Address to SC high delay tASD 55 60 75 ns (Notes 16 and 18) 

Row address setup time tASR 0 0 0 ns 

Column address to WE delay tAWD 70 85 100 ns (Note 7) 

Access time from falling edge of tcAC1 20 25 30 ns (Notes 3 and 4 
CAS 

Access time from CAS, mask tcAC2 30 35 40 ns (Note 14) 
register read cycle 

Column address hold time tcAH 15 15 25 ns 

CAS pulse width tcAS 25 10,000 30 10,000 35 10,000 ns 

DT low hold time after CAS low tcoH 25 30 35 ns (Note 15) 

CAS before RAS refresh hold time tcHR 12 12 15 ns 

11 
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AC Characteristics (cont) 

1£PD42275-80 1£PD42275-10 1£PD42275-12 

Parameter Symbol Min Max Min Max Min Max Unit Test Conditions 

Fast-page CAS precharge time tcp 10 10 15 ns 

CAS precharge time (nonpage tcPN 10 10 15 ns 
cycle) 

CAS to QSF delay time tcao 70 70 100 ns (Notes 16 and 19) 

CAS high to RAS low precharge tcRP 10 10 10 ns (Note 12) 
time 

CAS low to SC high delay tcso 45 55 65 ns (Notes 16 and 18) 

CAS hold time tcsH 80 100 120 ns 

CAS before RAS refresh setup time tcsR 0 0 0 ns 

CAS to WE delay tcwo 45 55 65 ns (Note 7) 

Write command to CAS lead time tcwL 30 30 35 ns 

Data-in hold time toH 15 20 25 ns (Note 8) 

DT high hold time toHH 12 12 15 ns 

DT high setup time toHS 0 0 0 ns 

DT low setup time to Ls 0 0 0 ns 

Propagation delay time from D170E toao 35 35 55 ns (Note 20) 
to QSF 

Propagation delay time from RAS toaR 45 55 70 ns (Note 20) 
to QSF 

Data-in setup time tos 0 0 0 ns (Note 8) 

DT high pulse width toTP 25 30 35 ns 

DT high to RAS high delay torn 0 0 0 ns (Note 15) 

DSF1 hold time from CAS tFCH1 15 15 25 ns 

DSF1 setup time from CAS tFCS1 0 0 0 ns 

DSF1 hold time from RAS tFRH1 12 12 15 ns 

DSF2 hold time from RAS tFRH2 12 12 15 ns 

DSF1 setup time from RAS tFRS1 0 0 0 ns 

DSF2 setup time from RAS tFRS2 0 0 0 ns 

Access time from OE toEA 20 25 30 ns (Notes 3 and 4) 

OE high to data-in setup delay toED 20 25 30 ns 

OE high hold time after WE low toEH 20 20 30 ns 

OE to RAS inactive setup time to Es 10 10 10 ns 

Output disable time from OE high toEz 0 20 0 25 0 30 ns (Note 5) 

Output disable time from CAS high to FF 0 20 0 20 0 30 ns (Note 5) 

Fast-page cycle time tpc 50 60 70 ns (Note 11) 

Propagation delay time from SC to tpo 25 25 40 ns 
QSF 

Fast-page read-write/read-modify- tpRWc 105 125 145 ns (Note 11) 
write cycle time 

Access time from RAS tRAC 80 100 120 ns (Notes 3 and 4) 

RAS to column address delay time tRAD 17 17 20 ns (Note 9) 

Row address hold time tRAH 12 12 15 ns 

12 



NEC pPD42275 

AC Characteristics (cont) 
p.PD42275-80 p.PD42275-10 p.PD42275·12 

Parameter Symbol Min Max Min Max Min Max Unit Test Conditions 

Column address to RAS lead time tRAL 45 55 65 ns 

RAS pulse width tRAS 80 10,000 100 10,000 120 10,000 ns 

Fast-page RAS pulse width tRASP 80 100,000 100 100,000 120 100,000 ns 

Random read or write cycle time tRc 160 180 220 ns (Note 11) 

RAS to CAS delay time tRCD1 22 60 25 75 25 90 ns (Note 4) 

RAS to CAS delay time, mask tRCD2 22 50 25 65 25 80 ns (Note 14) 
register read cycle 

Read command hold time after tRCH 0 0 0 ns (Note 6) 
CAS high 

Read command setup time tRcs 0 0 0 ns 

DT low hold time after RAS low, tRDH 65 80 95 ns (Note 15) 
serial port active 

DT low hold time after RAS low, tRDHS 12 12 15 ns (Notes 16 and 18) 
serial port in standby, split data 
transfer 

Refresh interval tREF 8 8 8 ms Addresses Ao 
through A8 

RAS precharge time tRP 70 70 90 ns 

RAS high to CAS low precharge tRPC 0 0 0 ns 

Ill time 

RAS to QSF delay time tRQD 105 120 155 ns (Notes 16 and 19) 

Read command hold time after tRRH 0 0 0 ns (Note 6) 
RAS high 

RAS low to SC high delay tRSD 85 105 125 ns (Note 18) 

RAS hold time tRSH 20 25 30 ns 

Read-write/read-modify-write cycle tRWc 220 245 295 ns (Note 11) 
time 

RAS to WE delay tRWD 105 130 155 ns (Note 7) 

Write command to RAS lead time tRWL 30 30 35 ns 

Serial output access time from SC tscA 25 25 40 ns (Note 3) 

Serial clock cycle time tscc 25 30 40 ns (Note 11) 

SC pulse width tscH 7 10 15 ns 

SC precharge time tscL 7 10 15 ns 

SC high to DT high delay tsoo 5 5 5 ns (Note 15) 

SC low hold time after DT high tsoH 10 15 20 ns (Note 15) 

SC low hold time after RAS high tsoHR 25 30 40 ns (Note 16) 

Serial output access time from tsoA 20 25 30 ns (Note 3) 
SOE 

SOE pulse width tsoe 7 10 15 ns 

Serial output hold time after SC tsoH 5 7 7 ns 
high 

SOE low to serial output setup tsoo 5 5 5 ns 
delay 

SOE precharge time tsoP 7 10 15 ns 

13 
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AC Characteristics (cont) 
l'PD42275·80 

Parameter Symbol Min Max 

Serial output disable time from tsoz· 0 10 
SOE high 

SC high to CAS low delay tssc 10 

Rise and fall transition time tr 3 50 

Write-per-bit hold time tweH 12 

Write-per-bit setup time twas 0 

Write command hold time twcH 15 

Write command setup time twcs 0 

Write bit selection hold time twH 12 

Write command pulse width twp 15 

Write bit selection setup time tws 0 

Notes: 

(1) All voltages are referenced to GND. 

(2) An initial pa~ of 100 µs is required after power-up, followed by 
any eight RAS cycles, before proper device operation is 
achieved. 

(3) See figures 3 and 4 for reference voltages and figures 5 and 6 for 
output loads. 

(4) Operation within the tRcD (max) limit ensures that tRAC (max) 
can be met. ThetRcD (max) limit is specified as a reference point 
only. If tRcD is greater than the specified tRcD (max) limit, 
access time is controlled exclusively by tcAc or tAA· 

(5) An output disable time defines the time at which the output 
achieves the open-circuit condition and is not referenced to 
output voltage levels. 

(6) Either tRRH or tRcH must be satisfied for a read cycle. 

(7) twcs. tcwo. and tRwD are restrictive operating parameters in 
read-write and read-modify-write cycles only. If twcs <!:: twcs 
(min), the cycle is an early write cycle and the data output will 
remain open-circuitthroughout the entire cycle. lftcwo <!:: tcwo 
(min) andtRWo <!:: tRWo (min), 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 is met, the condition of the data 
output (at access time and until CAS returns to V1H) is indeter
minate. 

(8) These parameters are referenced to the falli!!g_ e~ of CAS in 
early write cycles and to the falling edge of rNB!)WE in delayed 
write or read-modify-write cycles. 
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llPD42275-10 llPD42275·12 

Min. Max Min Max Unit Test Conditions 

0 15 0 20 ns (Note 5) 

10 10 ns (Notes 16 and 18) 

3 50 3 50 ns (Notes 3 and 10) 

12 15 ns 

0 0 ns 

20 25 ns 

0 0 ns (Note 7) 

12 15 ns 

20 25 ns (Note 13) 

0 0 ns 

(9) Assumes that tRAD (min) = tRAH (min) + typical tr of 5 ns. 

(10) V1H (min) and V1L (max) are reference levels for measuring the 
timing of input signals. Additionally, transition times are mea
sured between V1H and V1L· 

(11) The minimum specifications are used only to indicate the cycle 
time at which proper operation over the full temperature range 
(TA = Oto +70°C) is assured. 

(12) The tcRP requirement is applicable for RAS/CAS cycles pre
ceded by any cycle. 

(13) Parameter twp is applicable for a delayed write cycle such as a 
read-write/read-modify-write cycle. For early write operation, 
both twcs and twcH must be met. 

(14) Only for mask register read operation during register read 
cycles. 

(15) For real-time data transfer operation (data transfer with SC 
active). 

(16) For read data transfers with serial port in standby. 

(17) Ac measurements assume tr = 5 ns. 

(18) For split data transfer cycles. 

(19) lftcoH s tcoH (min) ortRDHS s tRoH (min), then the delay time 
for the switching of QSF is determined by tRQD or tcao. 
whichever occurs later. 

(20) lftcoH <!:: tcoH (min) andtRDHS <!:: tRoH (min), then the switching 
delay time of QSF is determined by toao or toaR• whichever 
occurs first. 
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Figure 3. Input Timing 

2.4V---. ----?[ 
0.8V- - - - - - - -

Sns 
831H-6657B 

Figure 4. Output Timing 

2.0V- - - - - - - -1 ____ __,)>-----
0.8V- - - - - - - - -\ . 

Figure 5. Output Load in Random Access Port 

Vee 

18380 

993'1 

83IH-6S698 

Figure 6. Output Load in Serial Read Port 

Vee 

18380 

993'1 

831H-68708 
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Timing Waveforms 

Read Cycle 

--~ OT/OE 

DSF1 

DSF2 
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----tRCD---.+<11-----tRSH-----

,J r--•aesj 
t'OHH I ... ~ 
~\~\\\\\\\\\\\\'i I 

"--~~~~~-i-:-'tRAc---------
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Timing Waveforms (cont) 

Early Write Cycle and Early Block Write Cycle 

-----tRcD -----'~E------tRsH _ _,_ __ ___ 

lr-~CSH 
Ao-8 

DSF1 

DSF2 

83YL-6872B 
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Timing Waveforms (cont) 

Early Write Cycle and Early Block Write Cycle With Old Mask 

-----tRCD -----' .... <------tRSH ------

II •cPN-·---· 

~t~H 

83VL-68738 
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Timing Waveforms (cont) 

Late Write Cycle and Late Block Write Cycle 

-----tRcD------'~E------tRsH------

------tcwL •I 

•osd 11 

--a OT/OE 

Write Data/Column Select 

DSF2 

83YL-6874B 
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Timing Waveforms (cont) 

Read-Write/Read-Modify-Write Cycle 

%-11100-7 ---· 

DSF1 

DSF2 

20 

_____ tRCD----.~-------tRSH---------

...,__tRCS tcAS--------..,..., ... 

Column 

~ 
--+_...,E-__;~--~tRAL-----------"""'-l~ 

~--1 -1 ----tAwo-------
11 

l~tCAc 
,______tRAc __ 

11 Hl-Z 
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Timing Waveforms (cont) 

RAS-Only Refresh Cycle 

pPD42275 

DSF2 

83vG-6880B 
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Timing Waveforms (cont) 

CAS Before RAS Refresh Cycle 

22 

Address 

twas r--.1 ~ tweH 

w
11
v
01 

_________________ H...;lg;..h_lm..;.p_ed_a_nc_e _______________ _ 

DSF1 

DSF2 
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Timing Waveforms (cont) 

Hidden Refresh Cycle 

Address 

fJPD42275 

I tRP 14-~~~tcHR~~~--
tRco ...:..__i ~----'

1
-'---

1 
-tcAs---

DSF2 

83vG-68828 
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pPD42275 NEC 
Timing Waveforms (cont) 

Fast-Page Read Cycle 

.._~~~~~~~~~~~~~~~-tRc~~~~~~~~~~~~~~---i 

--~~~~~~~~~~~~~-tRASP~~~~~~~~~~~+i 

Ao.a 

DSF2 

83YL-68768 
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NEC 
Timing Waveforms (cont) 

Fast-Page Early Write Cycle and Fast-Page Early Block Write Cycle 

Address 

DSF1 

tRco __ .,. ... ""I E"----tCAs-----'Jr~1 
INE~------tpe 

-------~~CSH--------

pPD42275 

DSF2 

83vG-68nB 
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pPD42275 NEC 
Timing Waveforms {cont) 

Fast-Page Late Write Cycle and Fast-Page Late Block Write Cycle 

tRCo --•J1+o1,~E----tCAs-----;•~1 
.._ ________ 1~1~tcs-H=========t-pe __ -_------.i 

Address 

DSF1 

DSF2 

as.G-68788 
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NEC 
Timing Waveforms (cont) 

Fast-Page Read-Modify-Write Cycle 

~~~~1~E~~~~~lPRWC~~~~~-

--~~~~-,-~tcsH~~~~~~-

Address 

OT/OE 

DSF1 

pPD42275 

DSF2 

83vG-6879B 
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Timing Waveforms (cont) 

Color Register Set Cycle 

-----tRCD ---'ill">'f'll1C~-----tRSH-------'~ 

----------....,.--~tcsH--------------

tcRP 

DSF1 Register Select 

DSF2 

Notes: 

(1) Read, late write, RMW, and hidden refresh cydes are also available. 

NEC 

(2) Specifications are exactly the same as read, late write, RMW, and hidden refresh cydes except DSF1 Is high at RAS leading edge for 
register set cycles 

(3) At CAS leading edge, set DSF1 to low level for a write mask register, or set DSF1 to high level for a color register. 

28 
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Timing Waveforms (cont) 

Rash Write Cycle 

83vG-68878 
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Timing Waveforms (cont) 

Data Transfer Cycle with Serial Port Active 

Address 

DSF2 

SC 

SOo.7 

QSF 

30 

----•Rc0---4)1.i.1~·----•RsH-----.i 
-----------'--~•csH-------....;._ __ _..., 

tcAH 

~~ I I 

Old Data 
n-2 

11 

I~• -•ooo---i 

NEC 

New Data 

83vQ.6883B 



NEC 
Timing Waveforms (cont) 

Data Transfer Cycle with Serial Port in Standby 

~--tRCD--4)1"'1Clf-----tRSH----

~--------'--~tcsH-----------'~ 

ICAH 

Address Column 

twas H r----tWBH 11 I 

DrtOE 

Wjll/01 11 . High "'""M~ I 

M~d: 
DSF2 

SC 

SOo-7 

QSF 

Old Data 
n-1 

I I I 11 E tcsD : • 1 

I 
le 11 tAsD I )II 

.c 11 tDaD I :1 
I le tcaD---11--~-· Low Level 

I I 
Old Data 

pPD42275 

83VG·6884B 
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µPD42275 NEC 
Timing Waveforms (cont) 

Split Read Data Transfer Cycle 

lRC 

lRAS 

lRP 

lRCD )Jl1( lRSH 

tcsH 

tcAS 

lCAH 

WWWE~Jl -
DT~~l'RDHS 

32 

11 I 11 High Impedance W1/ll01 -----~----._:----:-::-----.;;._....;.. ___________________ _ 

~~I II I r---i II 1( 11 lASD )I 

DSF1 '!ii)" 

DSF2 

V1L 

SC 

SOo.7 

QSF 

I le: tcso >I 

1... I 
I 

tRso---------~ 

See Figure 2 for 
Explanation of Restrictions 

tscL 

83vG-6885B 



NEC pPD42275 

Timing Waveforms (cont) 

Serial Read Cycle 

SC 

tsoo 

Read Data Read Data 

QSF 

Notes: 

(1] Last location of split register (Loe: 127 or 255) 

(2] The starting location of newly activated register 

~·P01----

83vG-68888 
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NEC 
NEC· Electronics Inc. 

Description 

Each of the µPD482234 (fast-page) and µPD482235 
(hyper-page) video RAMs has a random access port 
and a serial read/write port. The serial read/write port is 
connected to an internal 4096-bit data register through 
a512x 8-bitserial read input/output circuit. The256Kx 
8-bit random access port is used by the host CPU to 
read or write data addressed in any desired order. 

A write-per-bit capability allows each of the 8 data bits 
to be individually selected or masked for a write cycle. 
Block write cycles can also be used to write the 8 data 
bits to four consecutive column addresses. Selection 
and masking of the 8 data bits and four column ad
dresses is provided. A flash write option with write-per
bit control enables data in the color register to be 
written to a selected row in the random access port. 

Both the µPD482234 and µPD482235 feature fully asyn
chronous dual access between the RAM and serial 
ports. During a data transfer, the random access port 
requires a special cycle using a transfer clock; the serial 
port continues to operate normally. Following the clock 
transition of a data transfer, serial output data changes 
from an old line to a new line, and the new starting 
location is addressable in the data transfer cycle. 

An advanced CMOS silicon-gate process using poly
cide technology and stacked capacitors provides high 
storage cell density, hig~rformance, and high reli
ability. Refreshing is by RAS-only refresh cycles or by 
normal read or write cycles on the 512 address combi
nations of Ao -As during an 8-ms period. Automatic 
internal refreshing is by hidden refreshing or CAS 
before RAS timing, which uses on-chip refresh circuitry. 
The transfer of a row of data from the storage array to 
the data register refreshes that row. Data transfer from 
register to RAM array also refreshes the row. 

All inputs and outputs, including clocks, are TTL
compatible. All address and data-in signals are latched 
on-chip to simplify system design. The µPD482234 and 
µPD482235 are available in 40-pin SOJ (400-mil), 40-pin 
shrink ZIP (475-mil), and 44/40-pin TSOP plastic pack
ages, guaranteed for operation at Oto + 7CJ>C. 

Features 

o Three functional blocks 
-256K x 8-bit random access storage array 
- 4096-bit data register 
-512 x 8-bit serial read/write output circuit 

60163-2 

µPD482234, 482235 
Video RAM 

o Random access and serial read/write data ports 
o Fast-page operation (µPD482234) 
o Hyper-page operation (µPD482235) 
o Addressable start of serial read and serial write 

operation 
o Random access port 

-Two main clocks: RAS and CAS 
-Multiplexed address inputs 
- Direct connection of 1/0 and address lines 

allowed by OE to simplify system design 
- 512 refresh cycles every 8 ms 
-Read, early write, late write, read-write/read-

modify-write, RAS-only r~fresh, and fast-page 
cycles 

-Automatic CAS before RAS refreshing 
- CAS-controlled hidden refreshing 
-Persistent and nonpersistent write-per-bit option 

regarding eight 1/0 bits 
- Write bit selection multiplexed on 100 - 107 ll!llm 

o Block write option with write-per-bit control and ~ 
column mask function 

o Flash write option with write-per-bit control 
o Split serial data register to allow shifting from the 

active half while simultaneously loading the 
inactive half 

o Boundary jump function on the serial data register 
o RAS-activated data transfer 

- Row data transferred to data register as 
specified by row address inputs 

o Either full or split data register transfer to the row 
specified by the row address inputs. Split write 
transfer is always performed from the inactive side 
of the data register 
-Starting location of following serial read cycle 

specified by column address inputs 
- Transfer of 4096 bits of data on one row to the 

data register, and the starting location of the 
serial read circuit, activated by a low-to-high 
transition of DT or RAS 

-Data transfer during real-time operation or 
standby of serial port 

o Fast serial read/write operation by means of the 
SC pin 

o Serial data input and output on SI00 - SI07 
o Direct connection of multiple serial outputs for 

extension of data length 
o Fully TTL-compatible inputs, outputs, and clocks 
o Three-state outputs for random and serial access 



µPD482234, 482235 t-IEC 
Ordering Information, p.PD482234 

RAS Access Serial Access Time Fast-Page Cycle 
Part Number Time (max) (max) (max) Package 

µPD482234LE-70 70 ns 17 ns 45 ns 40-pin plastic SOJ 

LE-80 80 ns 20 ns 50 ns 

µPD482234VF-70 70 ns 17 ns 45 ns 40-pin plastic shrink ZIP 

VF-80 80 ns 20 ns 50 ns 

µPD482234G5-70 70 ns 17 ns 45 ns 44/40-pin plastic TSOP 

G5-80 80 ns 20 ns 50 ns 
(normal pinouts) 

µPD482234G5M-70 70 ns 17 ns 45 ns 44/40-pin plastic TSOP 

G5M-80 80 ns 20 ns 50 ns 
(reverse pinouts) 

Ordering Information, µ.PD482235 
RAS Access Serial Access Time Fast-Page Cycle 

Part Number Time (max) (max) (max) Package 

µPD482235LE-70 70 ns 17 ns 35 ns 40-pin plastic SOJ 

LE-80 80 ns 20 ns 40 ns 

µP0482235VF-70 70 ns 17 ns 35 ns 40-pin plastic shrink ZIP 

VF-80 80 ns 20 ns 40 ns 

µPD482235G5·70 70 ns 17 ns 35 ns 44/40-pin plastic TSOP 

G5·80 80 ns 20 ns 40 ns 
(normal pinouts) 

µPD482235G5M-70 70 ns 17 ns 35 ns 44/40-pin plastic TSOP 

G5M-80 80 ns 20 ns 40 ns 
(reverse pinouts) 
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NEC pPD482234,482235 

~in Configurations 

40-Pin Plastic SOJ 40-Pin Plastic Shrink ZIP 

Vee 40 GND 

SC 2 39 SI07 

SIOo 3 38 SI06 

SI01 4 37 SI05 

SI02 5 36 SI04 

SI03 6 35 SE 

OT/OE 7 34 W7!10., 

w01100 8 33 W6/106 

W1!101 9 ~ 32 W5!I05 

W2fl02 10 31 W4/I04 

W3/I03 11 ~ 30 GND 

GND 12 a. 29 DSF 
:I. 

WB/WE 13 28 NC 

RAS 14 27 CAS 

As 15 26 QSF 

A1 16 25 Ao 

A6 17 24 A1 

As 18 23 A2 

A4 19 22 As 

Vee 20 21 GND 

83YL-8035A. 

Pin ldentif ication 
Symbol Function 

Address inputs 

Column address strobe 

DSF Special function enable 

Data transfer/Output enable 

QSF Special function output 

Row address strobe 

SC Serial control 

SI00-SI07 Serial data inputs and outputs 

Serial enable 

Write-per-bit selects/Data inputs and outputs 

Write-per-bit/Write enable 

GND Ground 

Vee +5-volt :t10% power supply 

NC No connection 

3 
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Pin Configurations (cont) 

44/40-Pin Plastic TSOP (Normal Pinouts) 

µPD482234, 482235 

Vee 10 44 GND 

SC 2 43 SI07 

SIOo 3 42 SI05 

SI01 4 41 SIOs 

SI02 s 40 SI04 

SI03 6 39 SE 
OT/OE 7 38 W7/I~ 

w01100 s 37 Wefl05 

W1ll01 9 36 Ws/IOs 

W21102 10 35 W4/I04 

·7JF 

W3/I03 13 32 GND 

GND 14 31 DSF 

WB/WE 1S 30 NC 

RAS 16 29 CAS 

As 17 2S QSF 

A1 1S 27 Ao 

A5 19 26 A1 

As 20 25 A2 

A4 21 24 A3 

Vee 22 0 23 GND 

Suffix -7JF In the package ldenttfler 
denotes nonnal plnout sequence. 

83YL-8036A 

Pin Functions 

Ao-A8 (Address Inputs). These pins are multiplexed as 
row and column address inputs. Each of 8 data bits in 
the random access port corresponds to 262,144 stor
age cells, which means that 9-bit row addresses and 
9-bit column addresses are required to decode one cell 
location. Row addresses are first used to select one of 
the 512 possible rows for a read, write, data transfer, or 
refresh cycle. Column addresses are then used to 
select the one of 512 possible column decoders for a 
read or write cycle or the one of 512 possible starting 
locations for the next serial read cycle. (Column ad
dresses are not required in RAS-only refresh cycles.) 

Wofl00-W7/107 (Write-Per-Bit Inputs/Common Data 
Inputs and Outputs). Each of the 8 mask bits can be 
individually latched at the falling edge of RAS in any 
write cycle and then updated at the next falling edge of 
RAS. In a read cycle, these pins serve as outputs for the 
selected storage cells. In a write cycle, data inpu~ 
these pins is latched by the falling edge of CAS or WE. 

RAS (Row Address Strobe). This pin is functionally 
equivalent to a chip enable signal in that whenever it is 
activated, the 4096 storage cells of a selected row are 

4 

NEC 

44/40-Pin Plastic TSOP (Reverse Pinouts) 

µPD482234, 482235 

GND 1 0 0 44 Vee 
SI07 2 43 SC 

SI05 3 42 SIOo 

SIOs 4 41 SI01 

SI04 s 40 SI02 

SE 6 39 SI03 

W7/I~ 7 38 OT/OE 
W5/I05 s 37 w01100 
Ws/IOs 9 36 W1/I01 
W4/I04 10 35 W2/I02 

·7KF 

GND 13 32 W3/I03 

DSF 14 31 GND 

NC 1S 30 WB/WE 

CAS 16 29 RAS 

QSF 17 2S As 

Ao 1S 27 A1 

A1 19 26 A5 

A2 20 25 As 

A3 21 
0 

A4 

GND 22 Vee 

Suffix -7KF In the package Identifier 
denotes reverse plnout sequence. 

83Yl-8037A 

sensed simultaneously and the sense amplifiers re
store all data. The 9 row address bits are latched by this 
signal and must be stable on or before its falling edge. 
CAS, Dl70E, WB/WE, and DSF are simultaneously 
latched to determine device operation. 

CAS (Column Address Strobe). This pin serves as a 
chip selection signal to activate the column decoder 
and the input/output buffers. The 9 column address 
bits are latched at the falling edge of CAS. 

QSF (Special Function Output). This pin indicates 
which side of the split register is active. QSF high shows 
that the. upper half (addresses 256 through 511) is 
active; QSF low indicates the lower half (addresses o 
through 255). 

DSF (Special Function Control). At the leading edge 
of RAS and CAS, the high or low level of DSF is latched 
to initiate one of the operations shown in table 1. 

WB/WE (Write-Per-Bit Control/Write Enable). At the 
falling edge of RAS, the WB/WE and DSF inputs must 
be low and CAS and OT/OE high to enable the write
per-bit option. When CAS, Dl70E, and DSF are high at 
the falling edge of RAS, the level of this signal indicates 
either a color register set cycle or flash write cycle. A 



tttf EC 
high WB/WE can be used at the beginning of a stan

dard write or read cycle. 

DT/OE (Data Transfer/Output Enable). At the falling 
edge of RAS, CAS and WB/WE high and DT/OE low 
initiate a data transfer. DT/OE high initiates conven
tional read or write cycles and controls the output 
buffer in the random access port. The level of DSF 
determines whether this is a read or split· read data 
transfer. 

SI00 - SI07 (Serial Data Inputs/Outputs). Eight-bit 
data can be written or read from these pins, and during 
a serial read, data remains valid until the next SC signal 
is activated. 

Block Diagram 

pPD482234,482235 

SC (Serial Control). Repeatedly activating this signal 
causes serial read/write cycles (starting from the loca
tion specified in the data transfer cycle) to be executed 
within the 4096 bits in the data register. The rising edge 
of SC activates either a serial read or write operation. In 
the serial read mode, 8 of the 4096 data bits are 
transferred to eight serial data buses, respectively, and 
read out. In the serial write operation, input data is 
latched on the rising edge of SC. Whenever SC is low, 
the serial port is in standby. 

SE (Serial Enable). This signal controls the serial 
input/output buffer. 

Column Decoder 

{T Common 
VO 

Sense Amps Buffer 
Ao 

I A1 4096Cols 
W7110., 

A2 

Aa 
Ao-As Storage ~ s 

Cell a: 
A4 Array 

(II 
Color 

As 
~ 

Register 

Ae Mask 
A1 Ao-As Register 
As 

Transfer Gates 

{T Serial 

Data Register lnfOUt 
Buffer 

255 256 
SI07 

Selector 

SE 
QSF 

RAS 

CAS 
TI ming 

+--Vee 

OT/OE Generator +--GND 

WB/WE 
DSF 

8.1YL-81648 
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pPD482234,482235 

OPERATION 

The µPD482234 and µPD482235 both incorporate a 
random access port and a serial read or write port. The 
random access port executes standard read and write 
cycles as well as data transfer; block write, and flash 
write cycles, all of which are based on conventional 
RAS/CAS timing. 

In a data transfer, data in each storage cell on the 
selected row is transferred simultaneously through a 
transfer gate to its corresponding register location. The 
serial read port shows the contents of the data register 
in serial order. The random access and serial ports can 
operate asynchronously when split read or split write 
operation is used. 

Addressing 

The storage array is arranged in a 512-row by 4096-
column matrix, whereby each of 8 data bits in the 
random access port corresponds to 262,144 storage 
cells, and 18 address bits are required to decode one 
cell location. Nine row address bits are set up on pins 
Ao -Aa and latched onto the chip by RAS. Nine column 
address bits then are set up on pins Ao -A8 and latched 
onto the chip by CAS. 

All addresses must be stable on or before the falling 
edges of RAS and CAS. Whenever RAS is activated, 
4096 cells on the selected row are sensed simulta
neously, and the sense amplifiers automatically re
store the data. CAS serves as a chip selection signal to 
activate the column decoder and the input and output 
buffers. 

Through one of 512 column decoders, eight storage 
cells on the row are connected to eight data buses, 
respectively. In a data transfer cycle, 9 row address bits 
are used to select one of the 512 possible rows involved 
in the transfer of data to the data register. Nine column 
address bits are then used to select the one of 512 
possible serial decoders that corresponds to the start
ing location of the next serial read cycle. 

In the serial read port, when SC is activated, 8 data bits 
in the 4096-bit data register are transferred to eight 
serial data buses and read out. Activating SC repeat
edly causes serial read or serial write cycles (starting 
from the location specified in the previous data trans
fer cycle) to be executed within the 4096 bits in the data 
register. 

6 

NEC 
Random Access Port 

An operation in the random access port begins with a 
negative transition of RAS. Both RAS and CAS have 
minimum pulse widths, as specified in the timing table, 
which must be maintained for proper device operation 
and data integrity. Once begun, a cycle must meet 
all specifications, including minimum cycle time. To 
reduce the number of pins, the following are multi
plexed: DT/OE, WB/WE, Wn/10n (n = 0 through 7). 

The OE, WE, and IOn functions represent standard 
operations; DT, WB, and Wn are special inputs to be 
applied in the same way as row address inputs with 
setup and hold times referenced to the negative tran
sition of RAS. 

The level of DT determines whether a cycle is a random 
access operation . or a data transfer operation. WB 
affects only write cycles and determines whether or not 
the write-per-bit capability is used. Wn defines data 
bits to be written with the write-per-bit option. In the 
following discussions, these multiplexed pins are des
ignated as DT(/OE), for example, depending on the 
function being described. 

To use the µPD482234/5 for random access, DT(/OE) 
must be high as RAS falls. Holding DT(/OE) high dis
connects the 4096-bit register from the corresponding 
4096 digit lines of the storage array. Converse!~ 
execute a data transfer, DT(/OE) must be low as RAS 
falls to open the 4096 transfer gates and transfer data 
from one of the rows to the register. 

Read Cycle. A read cycle is executed by activating 
RAS, CAS, and OE and by maintaining (WBf)WE while 
CAS is active. The CWn/)IOn pin remains in high imped
ance until valid data appears at the output at access 
time. Device access time, tAcc. will be the longest of the 
following four calculated intervals: 
• tRAc 
• RAS to CAS delay (tRco) + tcAC 
• RAS to column address delay (tRAo) + tAA 
• RAS to OE delay + toEA 

Access times from RAS (tRAc), from CAS (tcAd, from 
the column addresses (tAA), and from OE (toEN are 
device parameters. The RAS-to-CAS, RAS-to-column 
address, and RAS-to-OE delays are system-dependent 
timing parameters. Output becomes valid after the 
access time has elapsed and it remains valid while both 
CAS and OE are low. Either CAS or OE high returns the 
output pins to high impedance (µPD482234 only). See 
explanation of "Extended Data Output." 

Write Cycle. A write cycle is executed by bringing 
(WB/)WE low during the RAS/CAS cycle. The falling 
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edge of CAS or (WB/)WE strobes the data on (Wn/)10n 
into the on-chip data latch. To make use of the write
per-bit option, WB(/WE) must be low as RAS falls. In this 
case, write data bits can be specified by keeping 
Wn(/IOn) high, with setup and hold times referenced to 
the negative transition of RAS. 

Write-per-Bit-Cycle. A write-per-bit-cycle uses an 1/0 
masking function to allow the system designer the 
flexibility of writing or not writing any combinations of 
W0/100 through W7/107. Two types of masking are pos
sible: (1) new mask or the non-persistent mask that 
requires the user to provide the mask data each cycle 
and (2) old mask or the persistent mask. With the 
persistent mask option, an LMR or load mask register 
cycle is performed and the mask data is used during 
write, block write, and flash write cycles. 

Early Write Cycle. An early write cycle is executed by 
bringing (WB/)WE low before CAS falls. Data is strobed 
by CAS, with setup and hold times referenced to this 
signal, and the output remains in high impedance for 
the entire cycle. As RAS falls, ·(DT/)OE must meet the 
setup and hold times of a high DT, but otherwise 
(DT/)OE does not affect any circuit operation while CAS 
is active. 

Read-Write/Read-Modify-Write Cycle. This cycle is ex
ecuted by bringing (WB/)WE low with the RAS and CAS 
signals low. (Wn/)10n shows read data at access time. 
Afterward, in preparation for the upcoming write cycle, 
(Wn/)10n returns to high impedance when (DT/)OE goes 
high. The data to be written is strobed by (WB/)WE, 
with setup and hold times referenced to this signal. 

Late Write Cycle. This cycle shows the timing flexibility 
of (DT/)OE, which can be activated just after (WB/)WE 
falls, even when (WB/)WE is brought low after CAS. 

Refresh Cycle. A cycle at each of the 512 row ad
dresses (Ao - Aa) will refresh all storage cells. Any cycle 
executed in the random access port (i.e., read, write, 
refresh, data transfer, color register set, flash write, or 
block write) refreshes the 2048 bits selected by the RAS 
addresses or by the on-chip address counter. 

RAS-Only Refresh Cycle. A cycle having only RAS 
active refreshes all cells in one row of the storage array. 
A high CAS is maintained while RAS is active to keep 
(Wn/)10n in high impedance. This method is preferred 
for refreshing, especially when the host system con
sists of multiple rows of random access devices. The 
data outputs may be OR-tied with no bus contention 
when RAS-only refresh cycles are executed. 

CAS Before RAS Refresh Cycle (CBRN). This cycle 
executes internal refreshing using the on-chip control 

µPD482234,482235 

circuitry. Whenever CAS is low as RAS falls, this cir
cuitry automatically refreshes the row addresses spec
ified by the internal counter. In this cycle, the circuit 
operation based on CAS is maintained in a reset state. 
When internal refreshing is complete, the address 
counter automatically increments in preparation for 
the next CAS before RAS cycle. CBRS and CBR also 
performed internal refresh, stopping column control. 

Hidden Refresh Cycle. This cycle is executed after a 
read cycle without disturbing the read data output. 
Once valid, the data output is controlled by CAS and 
OE. After the read cycle, CAS is held low while RAS goes 
high for precharge. A RAS-only cycle is then executed 
(except that CAS is held at a tow level instead of a high 
level) and the data output remains valid. Since hidden 
refreshing is the same as CAS before RAS refreshing, 
the data output remains valid during either operation. 

Fast-Page Cycle. This feature allows faster data access 
by keeping the same row address while successive 
column addresses are strobed onto the chip. Maintain-
ing RAS tow while successive CAS cycles are executed 

111 causes data to be transferred at a faster rate because • 
row addresses are maintained internally and do not 
have to be reapplied. In fast-page operation, read, 
write, and read-write/read-modify-write cycles may be 
executed. Additionally, the write-per-bit control speci-
fied in the entry write cycle is maintained throughout 
the next fast-page write cycle. 

During a fast-page read cycle, the (Wn)/IOn data pin 
(n = O - 7) remains in a state of high impedance until 
valid data appears at the output pin at access time. 
Device access time in this cycle will be the longest of 
the following intervals. 

• tACP 

• tcp + tr + tcAc 

• CAS high to column address delay+ tM 

Glossary of Special Functions 

Table 1 is a truth table for implementing the functions 
described below. 

Masked Write Cycle With New Mask (RWM new 
mask). When the write-per-bit function is enabled as 
shown below, mask data on the Wn/IOn pins is latched 
by RAS and loaded directly into the write mask register. 
A masked write cycle is then executed using CAS or 
WB/WE to strobe the WnflOn data into the on-chip data 
latch. 
Mask Register Data 

1 
0 

Action 
Write 

Do not write 

7 
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Load Mask Register Cycle (LMR). In this cycle, data 
on Wn/IOn is written to an 8-bit write mask register, 
where it is retained and used by subsequent masked 
write and masked blockwrite cycles. 

NEC 
Masked Write Cycle With Old Mask (RWM old mask). 
This write-per-bit cycle, commonly referred to as a 
persistent mask write cycle, uses the mask data previ
ously set by the last load mask register cycle. 

Table 1. µPD482234/5 Function Truth Table (JEDEC Standard) for Random Access Port 
Mnemonic RAS CA8 Address DQ0 Input 
Code CAS DT/ WE DSF DSF RAS CA8 RAS 

OE 

CBRS 0 x 0 1 - STOP - x 
(Notes 1, 3) (Note 4) 

CBRN 0 x 1 1 - x - x 
(Note 1) 
CBR 0 x 1 0 - x - x 
(Note 1) 

MWT ·1 0 0 0 x Row Tap WM1 
(Note 5) 

MSWT 1 0 0 1 x Row Tap WM1 
(Note 5) 

RT 1 0 1 0 x Row T~ x 
SAT 1 0 1 1 x Row Tap x 

RWM 1 1 0 0 0 Row Col WM1 
(Note 5) 

BWM 1 1 0 0 1 Row Col WM1 
(Note 5) 

FWM 1 1 0 1 x Row x WM1 
(Note 5) 

AW 1 1 1 0 0 Row Col x 

BW 1 1 1 0 1 Row Co.I x 

LMR 1 1 1 1 0 Row x x 
(Note 2) 

LCR 1 1 1 1 1 Row x .x 

x = Don't care 

- = Not applicable 

RAS only refresh does not reset STOP or LMR functions. 

Notes: 

(1) CBAS, CBRN, and CBR all perform CAS before RAS refresh 
cycles. CBR is used to reset all options and either CBRS or 
CBRN is used to continue to refresh the RAM without clearing 
any of the options. 

(2) After LMR, RWM and BWM use old mask. (CBR resets to new 
mask. Use CBRS or CBRN to perform CAS before RAS refresh 
while using old mask.) 

(3) With CBRS, all SAM operations use STOP register. 

(4) STOP defines the column on which shift out moves to the other 
half of the SAM. 

(5) After LMR, WM1 is only changed by LMR (CBR resets). 
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CA.SI 
WE 

-

-

-

-

-

-
-

Data 

Col 

-

Data 

Col. 

WM1 

Color 

Write R~glster 
Mask 

WM Color Function 

- - - CBR refresh/STOP (no reset) 

- - - CB A refresh (no reset) 

- - - CBR refresh (option reset) 

Yes Load/ - Masked write transfer (new/old) 
Use 

Yes Load/ - Masked split write transfer (new/old) 
Use 

- - - Read transfer 
- - - Split read transfer 

Yes Load/ - Read write (new/old mask) 
Use 

Yes Load/ Use Block write (new/old mask) 
Use 

Yes Load/ Use Flash write (new/old mask) 
Use 

No - - Read write (no mask) 

No - Use Block write (no mask) 

0 Load - Load (old) mask register set cycle 

0 - Load Load color register 
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Table 2. Block Write Addresses 
Column Select 
By 10 Data Result Corresponding Column Address 

103 = 1 Write A1 = 1, Ao= 1 

103 = 0 No write 

102 = 1 Write A1 = 1, Ao= 0 

102 = 0 No write 

101 = 1 Write A1 = 0, Ao= 1 

101 = 0 No write 

IOo = 1 Write A1 = 0, Ao= O 

IOo = 0 No write 

Notes: 

(1) Data on 107 - 104 are don't care at the falling edge of CAS; 

Flash Write Cycle (FWM old mask). This flash write 
cycle is the same as the FWM new mask except that the 
bit mask inputs are supplied by the mask register set by 
the previous L MR cycle. 

Flash Write Cycle (FWM new mask). A flash write cycle 
can clear or set each of the eight 512-bit data sets on 
the selected one of 512 possible rows according to 
data stored in the previously set color register. Bit mask 
inputs are latched as RAS falls. This cycle is useful in 
graphics processing applications when the screen 
should be cleared or set to some uniform value as 
quickly as possible. 

Load Color Register Cycle (LCR). This cycle is exe
cuted in the same fashion as a conventional read or 
write cycle, with a read or write cycle available to the 
color register under the control of WE. In read opera
tion, color register data is read on the common WnflOn 
pins. In write operation, common WnflOn data can be 
written into the color register. RAS-only refreshing is 
internally performed on the row selected by Ao -Ap,. 
This setup cycle precedes the first flash write or block 
write cycle supplying the 8 write data bits. 

Block Write Cycle (BW no mask). In a block write 
cycle, A1 and Ao are ignored. 100 - 103 are used to select 
one or a combination of four column addresses for 
writing in an early write, late write, page early write, or 
page late write cycle. See table 2. 

Block write data is previously stored in the color 
register using a set color register cycle. Column select 
data is latched by the Wn/10n pins at the falling edge of 
CAS or WE. Block write cycles are useful for clearing 
windows and for accelerating polygon fill operations. 

Block Write Cycle (BWM new mask). This cycle allows 
for Wofl00 - W7/I07 masking during a block write cycle. 

pPD482234,482235 

The masking function is identical to a standard masked 
write cycle with new mask, except that four consecu
tive columns are written. 

Block Write Cycle (BWM old mask). This cycle uses 
the masked data previously set by the last L MR cycle to 
write four consecutive columns. 

Read Data Transfer Cycle (RT). In a full-row read data 
transfer cycle, one of the possible 512 rows, as well as 
the starting location of the following serial read cycle, 
is defined by row and column address inputs. The 
low-to-high transition of DT/(OE) causes the 4096 bits of 
cell data to be transferred to the serial data register. 

Split Read Transfer Cycle. This cycle is a half-row data 
transfer in which one of the 512 rows, the starting 
location of the following serial read cycle, and either of 
the split registers are specified by the address inputs. 
On-chip control circuitry causes the previously speci
fied half-row to be transferred to the selected upper or 
lower split register. 

Hyper-Page Mode With Extended Data Output. In ll!llm 
operation, hyper-page mode is the same as standard llia!m 
fast-page mode. As in fast-page mode, a faster data 
rate is possible by keeping the same row address while 
successive column addresses are strobed onto the 
chip. Maintaining RAS low while CAS cycles are exe-
cuted causes data to be transferred at a faster rate 
because row addresses are maintained internally and 
do not have to be reapplied. During hyper-page mode, 
read, write, and read-modify-write cycles may be exe-
cuted. Additionally, the write-per-bit control specified 
in the entry write cycle is maintained throughout the 
successive fast-page write cycle. 

Extended Data Output 

The introduction of the extended data output feature 
causes the output data to remain valid even after CAS 
goes high. This is made possible by the addition of a 
transparent latch to the data· amplifier circuit. Ex
tended data output eliminates the toFF parameter. The 
resulting longer data valid time allows for the speedup 
of the fast-page cycle time. Fast-page mode applica
tions that try to run at minimum cycle times find that 
timing skews and propagation delays make the data 
valid time so narrow that reliable sampling is impossi
ble. Extended data output is intended to solve this 
problem and permit faster page-mode cycle times, 
hence the term "hyper-page mode." 

Speed Grade 
-70 

Fast-Page Mode Hyper-Page Mode 
tpc = 45 ns tHPC = 35 ns 

9 
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In this operation, data pins W0/100 through W7/I07 
remain in the low-impedance state and the valid data 
appears after the device access time. Device access 
time, tpAc (page-mode access time), is the longest of 
the following intervals: 
• tAcP 
• tAA 
• tcAC 
• tAwEt 
• tAcEt 

t Page write to page read switch or continuous page 
RMW cycles. 

Serial Read Port 

The serial read port is used to serially read the previ
ously loaded contents of the data register starting from 
a specified location. Other graphics buffers require 
very tight timing to synchronize this port with the 
random access port, but the µPD482234/5 has been 
designed with a split register to eliminate the need for 
synchronized timing between the two ports. 

Read Data Transfer (RT). A data transfer is executed 
to both split registers, and the serial port direction is 
switched to the serial read mode. During this cycle, the 
row address selects the row, and the column address 
sets the start address of the next serial read sequence. 
The transfer trigger is DT/OE or RAS low-to-high transi
tion, whichever occurs first. The read data transfer 
cycle disables the boundary jump function in the serial 
port but keeps the stop register value. QSF will change 
depending on the column address specified during the 
RT cycle. 

Split Read Data Transfer (SRT). A review of the split 
register architecture shows that the lower register (ad
dresses O - 255) and upper register (addresses 256-
511) are selected by the most significant bit of the 
column addresses ('As}. Bit Aa must be specified low 

10 
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level for transfer to the lower register and high level for 
transfer to the upper register. With the serial port split 
in half, data transfers can be executed to the inactive 
side while SC clocks are input to access data from the 
active side. This sequence allows for a longer time 
window to perform the transfer, i.e., 256 x tscc· Column 
address bits Ao -A7 are latched on-chip to provide the 
tap address pointer for each split register. 

During a split read data transfer cycle, a half row of 
memory data is transferred to one of the split half serial 
registers. The row addresses select the half row to be 
transferred and the column addresses (A7 - Ao) set the 
tap or pointer for the start of the serial read operation 
and boundary jump operation. A split read transfer 
does not change the direction of the serial port 1/0. 

Data in the data register is clocked serially by SC, 
starting from the first specified address of either reg
ister. After the last specified address has been trans
ferred, QSF changes its level at the next rising edge of 
SC, and serial data transfer switches to the other 
(formerly inactive) regist_er. Serial data output is main
tained until the next SC clock. 

SC clocks at the transition point; that is, the end of one 
half and the beginning of the new half of the split 
registers are restricted. Rising edges of the SC clock 
are not allowed for the last serial address (either 255 or 
511) of the active register and for the first address (any 
address depending on current address pointer) of the 
next active register (figure 1). 

SE controls the impedance of the serial output to allow 
multiplexing of more than one bank of µPD482234/5 on 
the same bus and has no effect on SC. When SE is low, 
SOn is disabled and in a state of high impedance. 
During serial write, the SE level is latched by SC rising 
edge to control the serial input buffer. SC continues to 
increment serial addresses independent of SE. 
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Figure 1. Restrictions on Rising Edges of SC for Split Read and Split Write Data Transfer Cycles 

*tsRS 

2229( TAP Address 

SC 

SC 

QSF 

Notes: 

[1] For spilt register transfers, there ts a restriction on the SC clocks at 
the transition point from the end of one half to the beglmtng of the 
other half spilt register. Rising edges of the SC clock for the last 
serial address of the Idle spot register (255 or 511) and the first tap 
address are not aHowed. 

[2) The restrictions apply to spilt read transfers, spilt write transfers, spRt 
read transfers with stopping column control, full read data transfers 
and write data transfers. 

Serial Port Write Operation 

Serial writes can also be performed to the serial data 
register starting at the location (column address) 
specified by the previous write or split write transfer 
cycle. After writing to the serial register, the contents 
can be transferred to the specified row address in the 
DRAM array. This operation provides a fast screen clear 
function. Both a split write and full register write trans
fer are possible. Refer to figure 2. 

Masked Write Data Transfer (MWT). The MWT cycle, 
under write-per-bit control, transfers the contents of 
both halves of the serial data register to the selected 
row in the DRAM array. Row addresses are used to 
select the row to receive the data and the column 
addresses set the start location of the following serial 

\_ 

* The same restrictions for spilt write transfers except tsRS apply. 

83YL-8041B 

write operation. If the previous serial port operation 
was a serial read, then an MWT cycle is required to 
change the direction of the serial 1/0 from serial read to 
serial write. During all MWT cycles, SC clocks are not 
allowed and system timing must meet the conditions of 
tsRs and tsoHR· 

In this type of transfer, the contents of the DRAM will be 
changed unless the masking or write-per-bit function is 
employed. Keeping WE and all eight I/Os low as RAS 
falls will perform a write-per-bit mask and inhibit data 
from being transferred to the RAM array. The MWT cycle 
disables the boundary jump function of the serial port 
but does not reset the stop register value. QSF will 
change in accordance with the value set by the column 
address specified during the MWT cycle. 

11 
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Masked Split ·.Write Data Transfer. (MSWT): A data 
transfer cycle is performed from the selected split-half 
serial register to the specified half row in the DRAM 
array. Data from the serial port is always transferred 
from the inactive side (Aa is a "don't care") of the split 
register to the corresponding half row in the RAM array. 
The direction of the serial port 1/0 (serial read or write) 
remains unchanged. The same write-per-bit masking 
function is used as described in the MWT cycle. 

NEC 
QSF Special Function Output 

This pin outputs a signal synchronized with the SC 
clock and indicating which half of the serial data 
register is active. A high level of QSF indicates that an 
upper half address (256 - 511) will be read from or 
written to by the next SC clock. Read and write ad
dresses O - 255 are indicated by a low QSF level. QSF 
changes on the rising edge of the SC clock for serial 
addresses 255, 511, and BJX (boundary jump). 

Advanced Serial Write Operation 

tf the design objective is to write data into selected 
blocks without disturbing the background data, the 
sequence of operations in figure 3 should be followed. 

Figure 2. Example of Split Read and Split Write Data Transfers (Sheet 1 of 3} 

12 
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Power 8 RAS CBRS or Read Data Split Read Spllt Read Masked Write Spllt Write Split Write Read Data Split Read 
up Cycles CBR Transfer Data Xfer Data Xfer Data Transfer Data Transfers Data Transfers Transfer Data Xfer 

Notes: 

(1) A CBRS or CBR Is required to set up the serial register boundaries. 
A CBR alone ora CBRSwlthA7· Aoset to (11111111) sets the serial 
register to 255 and 511 splits. 

(2) A full One data transfer Is required before a sequence of spllt read or 
write transfers. 

(3) Rising edges of SC clocks are not allowed In this restricted wlridow for 
serial addresses 255 and 511. The restricting parameters are tssc 
and tsoHR· 

(4) No SC clocks are allowed during the period specified by tsRS and 
tsoHR· 

(5) Rising edges of SC clocks are not allowed In this restricted window for 
serial addresses 255 and 511. The restricting parameters are tsRS 
and tsDHR· 

(6) No SC clocks are allowed during the period specified by tssc and 
tsoHR· 

(7) The numbers at SIOn Indicate the serial read or write address. 
83YL-6039B(1} 



NEC pPD482234,48223S 

Figure 2. Example of Split Read and Split Write Data Transfers (Sheet 2 of 3) 

® Read Data Transfer Cycle @ Split Read Data Transfer Cycle 
.---------------. ~-------

SIOn~.___10_1 ____________ ~--~----------'------------------------~~ 
QSF 

@ Spilt Read Data 
Transfer Cyde 

RAS I I tsoHRliE 
,,., 

CAS 11; 
Address 

l 
WB/WE -~3 _ L~ Ir '<&. % 

OT/OE I x I I 
DSF 

~I I 'k ~tssc 
SC ' 

SIOn 

QSF 

I 

@ Masked Write Data 
Transfer Cycle 

WIOo-7 = Low Level ~1 

w 
111 

NoteL 

JL 
~~tSRS 

~ tsRZ 
VO Switch 

r·OOHR 
I 

I 
I 

~ 
I 
I 

rIL 
~ 

Sheets 

83YL-80398(2) 
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Figure 2. Example of Split Read and Split Write Data Transfers (Sheet 3 of 3} 

Sheet2 

Address 

OT/OE 

DSF 

SC 

SIOn 

QSF 

Address 

DSF 

SC 

SIOn 

QSF 

14 

@ Spot Write Data 
Transfer Cycle 

j WIOo-7 =High Level j 
___ ,,_I _...., tsoHR ~I 

I I 

Row3 >---

1

--------c: 

~ _NO!!_~~ LJ 
----i : I \ 

@ Split Write Data 
Transfer Cycle 

WIOo.7 =High Level 

__m----~----~n-~~~~--
... ,~tsRS 

@Read Data 
Transfer Cycle..--------------. 

I I 
® Split Read Data 

Transfer Cycle 

tsDHR --.j ,~ ...... -----------., 
I ..___ _ _. 

>---------------
' I 

Wrap 
Around 

83YL-8>398(3) 
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Figure 3. Advanced Serial Write Operation 

Step Operation 

1 The SC clock should be held inactive (low level). 

2 

3 

4 

5 

6 

7 

Perform a read data transfer (RT), copying the contents of the 
first row of data in the selected block to the data register. 

Perform a masked write transfer (MWT) to change the serial port 
to the serial write mode and set the start address for the next 
serial write operation. For this MWT, the bit mask data on all 
VOs will be set to 0, preventing the memory array data from 
being changed. 

Perform a split read transfer (SRT) to set the data and tap 
address. (The serial port remains in the serial-in mode.) 

SE goes low (active) and the SC clock starts writing data to the 
lower half of the serial register. 

First, perform a split write transfer (SWT) cycle after the serial 
address moves from the lower to the upper half-register (QSF 
toggles). 

During the previous serial write to the upper half-register, a split 
read transfer was performed to the lower half-register, setting the 
tap for serial write to the lower half-register. When the serial write 
is completed to the upper half-register, a split write transfer is 
executed to transfer the new data to the memory array. 

This process is continued until the entire new block of data is 
written to the memory array. 

pPD482234,482235 

!::=::;::::::::::j Background data ~ Serial write data 

SC SI 

Followed by 
SerlalWrttes 

AfterQSF 
toggles 

83YL-86878 
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Stopping Column Control 

On previous dual-ported memories, after setting the 
pointer control (column start address in the serial 
register), there was no way to jump to the other half 
split register without serially clocking through the mid
point 255/256) of the 512-bit serial data register. An
other way of stating this is that only a start position 
could be specified, not a stopping point. 

The µPD482234/5 includes an 8-bit stop register, which 
corresponds to a boundary location in each split half 
register. The stop register value is latched during a 
special CAS before RAS cycle (CBRS) using .address 
inputs Ao -A7. Sixteen different stop positions or . 
boundaries can be specified for each half register 
using a stop register set cycle. With this feature, a 
mid-register to mid-register jump is possible. Refer to 
figure 4. 

Application for Stopping Column Control. Since the 
page tiles are not organized for the display in scanline 
sequence, a method is needed to reassemble the seg
mented or tiled data from the memory array so that it 
flows out of the serial port in a scanline sequence. 
Stopping control provides the data transfer mecha
nism for moving pieces of data from the paged tiles 
through the serial port and out to the screen in a raster 
format. 

By using stopping column control, the serial port can 
now clock out selected pieces of data, allowing the 
transfer of data corresponding to sequential pixels on a 
scan line. This feature provides for a flexible segmenta
tion of memory and permits an efficient transfer of 
these segments from the memory to the screen. 

CAS Before RAS Refresh Cycle With Stop Register 
Set (CBRS). This special CAS before RAS cycle writes 
boundary locations to a stop register. The boundary 
value is supplied by addresses A7 -A(J and is latched at 
the falling edge of RAS. (Note: This is a real-time stop 
register set cycle; that is, the new stop register value is 
changed d~ring this CBRS cycle.) 

After power-up, initializing this register by performing a 
CBRS or a CBR (option reset CBR register) is required. 
The value in the stop register and its bit bound~ry 
location are shown in table 3. This CBRS cycle will also 
refresh the specified row in the DRAM. 
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Table 3. ·Stop Register Set 

Stop Register 
Value A1-Ao 

11111111 

0111 1111 

00111111 

00011111 

00001111 

Boundary Location 
(Jumps to tap after accessing this boundary) 

255, 511 (default) 

127, 255, 383, 511 

63, 127, 191, 255, 319, 383, 447, 511 

31, 63, 95, 127, 159, 191, 
223, 255, 287, 319, 351, 383, 
415, 447, 479, 511 

15, 31,47,63, 79, 95, 
111, 127, 143, 159, 175, 191, 
207, 223, 239, 255, 271, 287, 
303, 319, 335, 351, 367, 383, 399, 
415, 431, 447, 463, 479, 495, 511 

CAS Before RAS Refresh Cycle With Option Reset 
(CBR). After executing this option reset cycle, the 
write-per-bit mask register and the stop register will 
reset to the default condition. For example, the write
per-bit masking will be new mask and the stop register 
will be reset to 1111 1111. This CBR cycle will refresh the 
specified row in the DRAM. 

· CAS Before RAS Refresh Cycle With No Reset 
(CBRN). This CAS before RAS cycle refreshes the 
specified row without clearing or changing any of the 
options and register values. 

Recommended CBR, CBRS, and CBRN Cycles 

To ·ensure that the device has not entered unwanted 
register modes, at least one C BR (option reset) after 
power has stabilized is recommended. Eight CBR cy
cles or combination of RAS and CBR cycles satisfies 
the initialization sequence. 

AC BR after each vertical retrace is recommended. This 
fail-safe routine is for cases where a system misopera
tion c.auses entry into an unwanted mode. If the stop 
register function is used, then a C BAS would follow 
every C BR cycle. If the stop register function is not 
required and persistent write masking is employed, 
then use a CBRN. This keeps the old mask function. 
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Figure 4. Example of Split Read Transfer With Boundary Jump (Sheet 1 of 2) 

k \ 

' v 

Lower Half Split Register Upper Half Split Register 

TAP2L TAP1L 
Start 

D 

BJ1 BJ2 

TAP1U 
Jum 

Serial Ar.f,f!SS Flow From Example AbOVB 

Jump Jump 

(\ (\ 
TAP1LVVVV BJ3 TAP1UVVVV BJ2 TAP2LVVVV 

Serial Serial Serial 
Access Access Access 

G) Perform a Stop Register Set Cyde CBRS 
CBR with WE = low level and DSF = high level 
A1·Ao =00111111 

® Spllt Data Transfer Cyde 

@ SpHt Data Transfer Cyde 

@ Spllt Data Transfer Cyde 

L = 64-bit boundaries 
TAPxL = Tap position In lower half register 
TAPxU =Tap position In upper half register 
BJx = Bit boundaries 

83YL-8040B{1) 
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Figure 4. Example of Split Read Transfer With Boundary Jump (Sheet 2 of 2} 
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® Spilt Read Data 
Transfer Cycle 

@ Spit Read Data 
Transfer Cycle _____ ! 

Address------< 

WBIWE-----------=-------H-~_h_Le_~_I _______ _.... _________________ _ 

~ 

DSF 
SC 

SIOn ------------------------------- TaP1L 

QSF---------------------------------~~,/-----------------------------

RAS 

CAS 

Addl9SS 

WB/WE 

OT/OE 

DSF 
SC 

SIOn 

QSF 

@ Spilt Read Data 
Transfer Cycle 

-~/,----
As=Lowlevel / 

_J 

~/ 
HI h Level 

I 

_--_/ ___ _ 

BJ2 Tap2L 

* No tap specified. No Jump. 



NEC 
Absolute Maximum Ratings 
Voltage on any pin except Vee 
relative to GND, VR1 

Voltage on Vee relative to GND, VR2 

Operating temperature, ToPR 

Storage temperature, TsTG 

Short-circuit output current, los 

Power dissipation, Po 

-1.0 to +7.0 V 

-1.0 to +7.0V 

Oto +70°C 

-55 to + 125°C 

50mA 

1.5W 

Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause perma
nent damage. The device should be operated within the limits 
specified under DC and AC Characteristics. 

Recommended Operating Conditions 
Parameter Symbol Min Typ Max Unit 

Supply voltage Vee 4.5 5.0 5.5 v 
Input voltage, high V1H 2.4 5.5 v 
Input voltage, low V1L -1.0 0.8 v 
Ambient temp TA 0 +70 oc 

Power Supply Current 
TA= o to +70°C; Vee= +5.0 V ±10%; GND = o V 

Port Operation 

Random Access Serial Read Parameter -70 (max) 

Read/write cycle Standby lee1 130 

Standby Standby lee2 10 

1.0 

RAS-only refresh Standby lce3 115 
cycle 

Fast-page cycle Standby lee4 100 

Hyper-page cycle Standby lce4 130 

CAS before RAS Standby lees 90 
refresh cycle 

Data transfer cycle Standby lee a 140 

µPD482234,482235 

Capacitance 
TA= 0 to +70°C; Vee = + 5.0 V ±10%; f = 1 MHz; GND = 0 V 

Parameter 

Input 
capacitance 

lnpuVoutput 
capacitance 

Output 
capacitance 

-80 (max) 

130 

10 

1.0 

115 

90 

120 

90 

140 

Symbol 

Cl(A) 

C1(m7oE) 

C1(WB/WE) 

C1(DSF) 

Cl(RAS) 

C1(CA$) 

C1(SE) 

C1(Se) 

C1o(W/IO) 

Co(SIO) 

Co(QSF) 

Unit 

mA 

mA 

mA 

mA 

mA 

mA 

mA 

mA 

Limit (max) Unit Pins Under Test 

5 pF Ao-Aa 

8 pF D170E 

8 pF WBNJE 

8 pF DSF 

8 pF RAS 

8 pF CAS 

8 pF SE 

8 pF SC 

7 pF WoflOo - W7/I07 

7 pF SI00-SI07 

7 pF QSF 

Test Conditions 

RAS and CAS cycling; 
DSF low as RAS falls; 
tRe = tRe min; SE= VtH; 
SC = V1H or VtL 

Dour = high impedance; 
address cycling; tRe = tRe min; 
CAS = RAS= V1H; 
SE = V1H; SC = V1H or Vtl 
(Note 4) 

RAS, CAS, and SE~ Vee-0.2V; 
Ao - A8, WBNJE, OT/OE, DSF, SC stay 
atV1H ~ Vec-0.2V orV1L s 
GND + 0.2V 

RAS cycling; CAS = V1H; DSF low as 
RAS falls; tRe = tRe min; SE = V1H; 
SC = V1H or VtL (Note 2) 

RAS= V1L; CAS cycling; 
tpe = tpe min; SE = V1H; 
SC= V1H or VtL (Note 3) 

CAS low as RAS falls; 
tRc = tRc min; SE= VtH; 
SC = V1H or V1L 

OT low as RAS falls; 
tRc = tRe min; SE= V1H; 
SC = V1H or V1L 
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Power Supply Current (cont) 

Port Operation 

Random Access Serial Read Parameter -70 (max) -80 (max) Unit Test Conditions 

Read/write cycle Active lcc1 195 190 mA RAS and CAS cycling; 
DSF low as RAS falls; 
tRc = tRc min; SE = V1L; 
SC cycling; tscc = tscc min 

Standby Active Ice a 70 65 mA Dour = high impedance; 
address cycling; tRc = tRc min; 
CAS = RAS= V1H; 
SE = V1L; SC cycling; 
tscc = tscc min (Note 4) 

RAS-only refresh Active lccg 180 175 mA RAS cycling; CAS = V1H; 
cycle DSF low as RAS falls; 

tRc = tRc min; SE= V1L; 
SC cycling; tscc = tscc min 

Fast-page cycle Active lcc10 165 150 mA RAS = V1L; CAS cycling; 

Hyper-page cycle Active lcc10 195 180 mA 
tpc = tpc min; SE = V1L; 
SC cycling; tscc = tscc min (Note 3) 

CAS before RAS Active lcc11 155 150 mA CAS low as RAS falls; 
refresh cycle tRc = tRc min; SE= V1L; 

SC cycling; tscc = tscc min 

Data transfer cycle Active lcc12 205 200 mA DT low as RAS falls; tRc = tRc min;· 
SE= V1L; SC cycling; 
tscc = tscc min 

Color register set Standby lcc1a 120 120 mA tRc = tRc min; SE = V1H; 
cycle SC = V1H or V1L 

Color register set Active lcc14 185 180 mA tRc = tRc mi!'l; SE = V1L; 
cycle SC cycling; tscc = tscc min 

Flash write cycle Standby lcc1s 120 120 mA tRc = tRc min; SE = V1H; 
SC = V1H or V1L 

Flash write cycle Active lcc1G 185 180 mA tRc = tRc min; SE= V1L; 
SC cycling; tscc = tscc min 

Block write cycle Standby lcc11 130 130 mA tRc = tRc min; SE = V1H; 
SC= V1H or V1L 

Block write cycle Active lcc18 195 190 mA tRc = tRc min; SE = V1L; 
SC cycling; tscc = tscc min 

Block write in Standby lcc19 110 100 mA tpc = tpc min; SE= V1H; 
fast-page cycle SC= V1H or V1L 

Block write in Standby lcc19 135 125 mA 
hyper-page cycle 

Block write in Active lcc20 175 160 mA tpc = tpc min; SE= V1L; 
fast-page cycle SC cycling; tscc = tscc min 

Block write in Active lcc20 200 185 mA 
hyper-page cycle 

Notes: 

(1) No load on 10, SO, and QSF. Except for lcc21 real values depend (3) A change in column addresses must not occur more than once in 
on output loading in addition to cycle rates. a fast-page cycle. 

(2) CAS is not clocked but is kept at a stable high level. The column (4) A change in row addresses must not .occur more than once in a 
addresses are also assumed to be kept stable at either a high or read or write cycle. 
low level. 
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NEC pPD482234,482235 

DC Characteristics 
TA= o to +70°C; Vee= +5.0V ±10%; GND = OV 

Parameter Symbol Min Typ Max Unit Test Conditions 

Input leakage current l1L -10 10 µA V1N = 0 to 5.5 V; all other pins 
not under test = 0 V 

Output leakage current loL -10 10 µA DouT (10, SIO) disabled; 
VouT = o to 5.5 V 

Random access port output voltage, high VoH(R) 2.4 v loH(R) = -1 mA 

Random access port output voltage, low VoL(R) 0.4 v loL(R) = 2.1 mA 

Serial read port output voltage, high VoH(S) 2.4 v loH(S) = -1 mA 

Serial read port output voltage, low VoL(S) 0.4 v loL(S) = 2.1 mA 

AC Characteristics 
TA= 0 to +70°C; Vee= +5.0V ±10%; GND = ov 

-70 -80 

Parameter Symbol Min Max Min Max Unit Test Conditions 

Access time from column address tAA 35 40 ns (Note 4) 

Access time from previous CAS tAeE 65 75 ns (Note 14) 

Access time from CAS trailing edge tAeP 40 45 ns 

DT low hold time after address ~DD 25 30 ns (Note 9) -Column address setup time tAse 0 0 ns 

Row address setup time tASR 0 0 ns 

Column address to WE delay time tAwD 55 65 ns (Note 7) 

Access time from previous WE tAWE 60 70 ns (Note 14) 

Acces time from CAS teAe 20 25 ns (Note 4) 

Column address hold time teAH 10 12 ns 

CAS pulse width teAS 20 10,000 20 10,000 ns 

DT low hold time after CAS low teDH 20 25 ns (Note 9) 

CAS hold time for CAS before RAS refresh teHR 10 12 ns 

CAS precharge time tep 10 10 ns 

CAS precharge time (non-page mode) tePN 10 10 ns 

Propagation delay time from CAS to QSF teaD 0 65 0 75 ns 

CAS high to RAS low precharge time teRP 10 10 ns 

CAS hold time tesH 70 80 ns 

CAS setup time for CAS before RAS refresh tesR 0 0 ns 

CAS to WE delay time tewD 40 50 ns (Note 7) 

Write command to CAS lead time tewL 15 20 ns 

Data in hold time tDH 12 15 ns (Note 8) 

Output hold time from CAS tDHe 5 5 ns (Note 14) 

DT high hold time tDHH 10 12 ns 

DT high setup time tDHS 0 0 ns 

DT low setup time tDLS 0 0 ns 

Propagation delay time from DT/OE to QSF tDaD 0 30 0 35 ns 

Propagation delay time from RAS high to QSF tDaR 0 40 0 45 ns 

Data in setup time tDs 0 0 ns (Note 8) 
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pPD482234,482235 NEC 
AC Characteristics {cont) 

-70 -80 

Parameter Symbol Min Max Min Max Unit Test Conditions 

DT high pulse width torP 20 25 ns 

DT high to RAS high delay torn 0 0 ns (Note 9) 

DSF hold time from CAS tfCH 12 15 ns 

DSF setup time from CAS tFcs 0 0 ns 

DSF hold time from RAS tfRH 10 12 ns 

DSF setup time from RAS tfRS 0 0 ns 

CAS pulse width tHCAS 10 10,000 12 10,000 ns (Note 14) 

Hyper-page mode cycle time tHPC 35 40 ns (Note 14) 

Read-write/Read-modify-write cycle time tPRWC 90 105 ns 

OE hold time after CAS high tocH 10 10 ns 

Access time from OE to EA 20 25 ns 

OE high to data in setup delay torn 15 20 ns 

OE high hold time after WE low toEH 0 0 ns 

OE to RAS inactive setup time to Es 0 0 ns 

Output disable. time from OE high toEz 0 15 0 20 ns (Note 5) 

Output disable time from CAS high to Fe 0 15 0 20 ns (Note 5, 10, 14) 

Output disable time from CAS high to FF 0 15 0 20 ns (Note5, 11) 

Output disable time from RAS high torn 0 15 0 20 ns (Note 5, 10, 14) 

OE hold time after RAS high toRH 10 10 ns 

Fast-page mode cycle tpc 45 50 ns 

Propagation delay time from SC to QSF tpo 20 25 ns 

Access time from AAS tRAC 70 80 ns (Note 4) 

AAS to column address delay time tRAD 15 35 17 40 ns (Note 4) 

Row address hold time tRAH 10 12 ns 

Column address tO RAS lead time tRAL 35 40 ns 

RAS pulse width (non-page mode) tRAS 70 10,000 80 10,000 ns 

RAS pulse width in page mode/hyper-page tRASP 70 100,000 80 100,000 ns 
mode 

Random read or write cycle time tRc 140 150 ns 

AAS to CAS delay time tRco 20 50 22 55 ns (Note 4) 

Read command hold time after CAS high tRCH 0 0 ns (Note 6) 

Read command setup time tRcs 0 0 ns 

DT low hold time after RAS low tRDH 65 70 ns (Note 9) 

tRDHS 15 15 ns (Note9) 

Refresh period tREF 8 8 ms 

AAS precharge time tRP 50 60 ns 

AAS high to CAS low precharge time tRPC 10 10 ns 

Propagation delay time from RAS to QSF tRQD 95 105 ns 

Read command hold time after RAS high tRRH 0 0 ns (Note 6) 

AAS hold time tRsH 20 20 ns 
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NEC µPD482234,482235 

AC Characteristics {cont) 
-70 -80 

Parameter Symbol Min Max Min Max Unit Test Conditions 

Read-write/Read-modify-write cycle time tRwc 185 205 ns 

RAS to WE delay time tRWD 90 105 ns (Note 7) 

Write command to RAS lead time tRWL 20 20 ns 

Serial output access time from SC tscA 17 20 ns 

Serial clock cycle time tscc 22 25 ns 

SC pulse width tscH 5 7 ns 

SC precharge time tscL 5 7 ns 

SC high to DT high tsoo 0 0 ns (Note 9) 

SC low hold time after DT high tsoH 40 50 ns (Note 9) 

tsoHR 45 55 ns (Note 9) 

Serial output access time from SE ts EA 17 20 ns 

SE pulse width ts EE 5 7 ns 

SE hold time from SC tsEH 10 12 ns 

SE precharge time tsEP 5 7 ns 

SE setup time ts ES 0 0 ns ml Output disable time from SE high tsEZ 0 15 0 20 ns (Note 5) 

Serial data in hold time ts1H 10 12 ns 

Serial data in setup time ts1s 0 0 ns 

Serial input disable time from SC ts1z 0 0 ns 

Serial output hold time after SC high tsoH 5 5 ns 

SE low to serial output setup delay tsoo 5 5 ns 

SC hold time from RAS ts RH 10 10 ns (Note 12) 

SC setup time from RAS ts RS 10 10 ns (Note 12) 

Serial output disable time from RAS tsRz 0 0 ns 

SC high to CAS low tssc 10 10 ns (Note 9, 12) 

Serial input enable time from RAS tszH 20 25 ns 

Transition time (rise/fall) tT 3 35 3 35 ns 

Write-per-bit hold time twBH 10 12 ns 

Write-per-bit setup time twBS 0 0 ns 

Write command hold time twcH 12 15 ns 

Write command setup time twcs 0 0 ns (Note 7) 

Output disable time from WE low twEZ 0 15 0 20 ns (Note 5, 10) 

Write bit selection hold time twH 10 12 ns 

Write command pulse width twp 12 15 ns 

Write command pulse width twPZ 12 15 ns (Note 10) 

Write bit selection setup time tws 0 0 ns 
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pPD482234, 482235 

AC Characteristics (cont) 

Notes: 

(1) All applied voltages are referenced to GND; 

(2) An initial pause of 100 µs is ~ired after power-up <Y cc ~ 4.5 
V), followed by any eight RAS cycles, before proper device 
operation is achieved. 

(3) See figures 5 for reference voltages and output loads. 

(4) Operation within the tRcD (max) limit ensures that tRAC (max) 
can be met. The tRcD (max) limit is specified as a reference point 
only. If tRcD is greater than the specified tRco (max) limit, 
access time is controlled exclusively by tcAc or tAA-
Assumed: tRAD (min) = tRAH (min) + ty-. 

(5) An output disable time defines the time at which the output 
achieves the open-circuit condition and is not referenced to 
output voltage levels. 

(6) Either tRRH (min) or tRCH (min) must be satisfied for a read 
cycle. 

(7) twcs. tcwo. tAwo and tRwo are restrictive operating parame
ters in early-write and read-modify-write cycles only. If twcs ~ 
twcs (min), the cycle is an early write cycle and the data output 
will remain open-circuit throughout the entire cycle. 

If tcwo ~ tcwo (min), tRwo ~ tRwo (min), and tAwo ~ tAwo 
(min) the cycle is a read modify-write cycle and the data output 
will contain data read from the selected cell. If none of the above 
conditions is ~the condition of the data output (at access 
time and until CAS returns to V1H) is indeterminate. 

N'EC 

(8) These parameters are referenced to the lead!D.g_ e~ of CAS in 
early write cycles and tot.he leading edge of rtiJB/)WE in delayed 
write or read-modify-write cycles. 

(9) tRDH• tcDH• tADD• tsoo. tsDH• and torn is an alternative param
eter set of tRDHS• tssc. and tsoHR especially for real-time data 
transfer condition. 

(10) Hyper-P~Mode .Q!:!!y: IOo- 107 turn to Hi-Z state when 
• Both RAS and CAS go high; later one of toF R and toFc is 

valid. 
• WE goes low; twEZ and twpz are valid. 
• OE goes high; toEZ is valid. 

(11) Fast-Page Mode Only: CAS goes high; toFF is valid. 

(12) If the st~gister value is changed by a CBRS cycle, the CAS 
before RAS cycle must meet tsRS and tsRH to guarantee a 
following serial port boundary jump operation. Otherwise, tsRS 
and/or tsRH are "don't care" for those cycles. 

(13) In a split read data transfer cycle and split write data transfer 
cycle, tssc and tsRs are measured from the SC rising edge 
which reads/writes an address specified as boundary or tap 
location. These SC rising edges are not allowed during tssc or 
tsRs through tsoHR· 

(14) These parameters apply only for the hyper-page mode devices 
(µPD482235). 

Figure 5. Voltages and Loads tor Timing Measurements 
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Input 
Tlmlng 

Output 
Tlmlng 

ov 

Output 
Loadlng 

+5V 

CL= 50 pF (RAM Port, IO) 
= 30 pF (Ser1al Port, SIO) 

CL Includes stray capacitance 
of measuring circuit. 
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NEC µPD482234,482235 

Timing Waveforms 

Read Cycle (Hyper-Page Mode) 

83YL-8042B 

25 



pPD482234,482235 NEC 
Timing Waveforms (cont) 

Early Write Cycle and Early Block Write Cycle 

---tRco--~~----tRsH----.i 

tcRP 

Address 

.I 

Block Write Select 

83Yl-8043B 
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NEC pPD482234,482235 

Timing Waveforms (cont) 

Late Write Cycle and Late Block Write Cycle 

Address 

~----tCWL >I 2i1 H-
IOEHll~ 

tos~~toH 
11 

Wr1te DatafColumn Select 
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pPD482234, 482235 NEC 
Timing Waveforms (cont) 

Read-Write/Read-Modify-Write Cycle 

____ tRCD-------------tRSH----------'>i 

~tRcs tcAs-------~ 

tRAH I r-tCAH 

Address Column 

~ twp~ 
--H~-~l~l--~tRAL--------..,....----

14---1-1----tAWD-------

OT/OE 

DSF 

28 
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NEC pPD482234,482235 

Timing Waveforms (cont) 

Fast-Page Read Cycle 

--~~~~~~~~~~~~~~tRc~~~~~~~~~~~~~~ 

--~~~~~~~~~~~~-tRASP~~~~~~~~~~--

CAS 

Address 

crr10e 
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pPD482234,482235 

Timing Waveforms (cont) 

Hyper-Page Read Cycle 

NEC 

--~~~~~~~~~~~~~~tRc~~~~~~~~~~~~---,~ 

14--~~~~~~~~~~~~tRASP~~~~~~~~~--

tcRP 

tRco-:J 

I 
CAS 

11 tcPN 

Address Column 

WB/WE 

I I 11 toes 
I~ 1.n ~tM 

OT/OE 

83YL-8047B 
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NEC pPD482234,482235 

Timing Waveforms (cont) 

Fast-Page/Hyper-Page Early Write Cycle and Fast-Page/Hyper-Page Early Block Write Cycle 

lRC 

lRASP lRP 

RAS 

lRCD 
"'l<E 

lCAS "'I 
11CSH 

tpc 

CAS 

Address 

hlDHH 

DSF 
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pPD482234, 482235 NEC 
Timing Waveforms (cont) 

Fast-Page/Hyper-Page Late Write Cycle and Fast-Page/Hyper-Page Late Block Write Cycle 

lRCD-----;)l..i-,4-i(---lCAS---)1-1 

r<,-------tpc------i"'1 

---------~CSH------'llooi 

Address 

OT/OE 

DSF 

83YL-«>49B 
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NEC 
Timing Waveforms (cont) 

Fast-Page/Hyper-Page Read-Modify-Write Cycle 

~~~~1E~~~~~tpRwc~~~~~-

14--~~~~~tcsH~~~~~~ 

Address 

OT/OE 

DSF 

* Hyper-page mode only 

pPD482234,482235 

83YL-8060B 
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pPD482234,482235 

Timing Waveforms (cont) 

Hyper-Page Write/Read Cycle 

,~~>~,Ef--~~~~-tpRwc~~~~--'~ 

--~~~~~-'-tcsH~~~~~~ 

Address 

OT/OE 

DSF 

34 

NEC 
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NEC pPD482234,482235 

Timing Waveforms (cont) 

Register Set LMR and LCR Cycles (Early Write) 

----tRCD--~>to1l<E------tRSH------
-----------tcsH-----------;~ 

tcRP 

* High level = Color register set cycle 
Low level = Mask register set cycle 

83YL-8051B 
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pPD482234, 482235 

Timing Waveforms (cont) 

Register Set LMR and LCR Cycles (Late Write) 

----tRCD----)11""11E<-----tRSH----~ 

·f4-----------tcsH------------

tcRP 

* High level = Color register set cycle 
Low level = Mask register set cycle 

36 
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NEC pPD482234, 482235 

Timing Waveforms (cont) 

Reset Mask Register to New Mask Mode Cycle (non-JEDEC Standard) 

14----tRCD --......;)1~1<E-<----tRSH ------'.i 

14----------tcsH-----------

tcRP 

OT/OE 

L~H 
wo4100-1 ---.....,.------------------H1_-z ________________ _ .... r-J~~= 
DSF~ U_--

83Yl-8063B 
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pPD482234,482235 

Timing Waveforms (cont) 

Flash Write Cycle 

DSF ?llil!" 

38 
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NEC 
Timing Waveforms (cont) 

RAS-Only Refresh Cycle 

~iE 
~- -~F·~ 
WB/WE 

pPD482234,482235 

II Ill 
OT/OE~ 

tOHS t: 
High lmpedanee 
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pPD48223.4, · 482235 

Timing Waveforms (cont) 

CAS Before RAS Refresh Cycle With No Option Reset (CBRN) 

Address 

twesHHtweH 

OT/OE 

11 High Impedance 

OSF·~ 

40 

~,.E.~ 
L,~ :·" 

83YL-80668 



NEC µPD482234, 482235 

Timing Waveforms (cont) 

CAS Before RAS Refresh Cycle With Option Reset (CSR) 

~~·~R l~H~-------

11 
Address 

11 I 

WB/WE 

II I Bl 
OT/OE 

11 Hl·Z I 

Wo.71100.7 ~ . . I 
~lfRS t~ 

DSF~ 

JtsRs~I ~tsRH}---
sc \ - \__ 

83Yl-«l678 
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pPD482234,482235 NEC 
Timing Waveforms (cont) 

CAS Before RAS Refresh Cycle With Stop Register Set (CBRS) 

Address 222( Boundary Code 

-?QQ)r-1 
II I 

OT/OE 

11 Hl-Z I 

DSF 

J'sns~ 
SC \ 

~!SR"}----..\_ 
83YL-8D688 
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NEC 
Timing Waveforms (cont) 

Hidden Refresh Cycle 

Address 

WB/WE 

OT/OE 

µPD482234,482235 

tA' : ~1 Ill 

~J tweH 

tOEA 

83YL-8069B 
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µPD482234, 482235 NEC 
Timing Waveforms (cont) 

Data Transfer Cycle With Serial Port Active 

----tRCD--~:io+l<E------tRSH-----
.._ _________ ~tcsH ----------.-

Address 

OT/OE 

11 High Impedance 

~,.,,~, ~. .. . . . . 11 . 
iFRS . . tFRH 

DSF 

SC 

SIOo-7 

QSF 

44 

Old Data 
n-2 

11 

n New Data 

--toao--~ 

83YL-8060B 



fttf EC pPD482234,482235 

Timing Waveforms (cont) 

Data Transfer Cycle With Serial Port in Standby 

----tRCD---;)o..,.1~(----tRSH-----

i.-----------tcsH-----------

tCAH 

Address Column 

twesHHtweH II I 

WB/WE& ~ 
tRDHS +rp 

1 

OT/OE 

11 High Impedance I · 

v:~ 
SE 

I( 11 tooD I :1 
1

1,.. tcaD----1
1 

-----· 

Low Level 

SC 

==--tss-c -.,.-1 --tRaD---1.-. -tsD-H:-1--- i--1 

SIOo.7 

QSF 

Old Data 
n-1 

Old Data 
n 

I I 

83YL-8061B 
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µPD482234,482235 NEC 
Read Data Transfer Cycle (Serial Write to Read Mode Switch) 

WWWE ljjj ~ 
tRDHS +rp 

1 

OT/OE 

II H~Z I 
~~~:~ 

I I 1
1 < tcao 1

1 

>ti 
Low Level 

SC 

1.. I tRQD I ... , r--tsoHR---.--toao-1-•1 

QSF 
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NEC pPD482234,482235 

Split Read Data Transfer Cycle 

----tRco--~>+-j•t------tRSH----""' 
----------'---~tcsH~~--~-------

Address 

WWWE~~-Jl-
~~r m 

11 I H-Z I 
Wo.7/IOo-7 ---~---~--------,------------.... 1------------
r~ 

DSF~ 
I Low-Level i.--tsoHR ___, 

SC 

IN 

SIOo-7 

OUT 

QSF 

~tpei 

83YL-80838 
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µPD482234, .. 48223$ NEC 
Write Data Transfer Cycle (Serial Read to Write Mode Switch) 

--~.······. ~=·I ,'· .. ·· · .. I. ·· . 
WB/WE~ .. 

~a~tlRDHS 

~ ~~0~7 :~. 
DSF~ 

SE 1.1 I. Low-Level j..__ tsoHR --1 
tscL 

SC 

SIOo.7 

OUT 

QSF 

48 

tscH 
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NEC pPD482234, 482235 

Timing Waveforms (cont) 

Write Data Transfer Cycle 

--=H~ WMVE~ l!I 

~~~ 
Wo-,000-1 d'.: J 

OOFid 
11 I Low-Level l+--tsoHR-1 

· tscH 

SC 

SIOo.7 Write Data In Write Data In 

QSF 

83YL-8066B 
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µPD482234,482235 NEC 
Split Write Data Transfer Cycle 

tRC 

tRAS 

tRco >I< tRSH tRP 

tcsH 

tCAs 

tcAH 

Column 

~~~ 
SE tsRs ~tsoHR ~ 

Low-Level I 

SC 

IN 

SIOo-7 

OUT DataOUt 

QSF 

~IPO~ 
83YL-8068B 
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NEC 
Timing Waveforms (cont} 

Serial Read Cycle 

SC 

tsoo 

µPD482234,482235 

SIOo-7 ---------E+-<1-+--<I Read Data Read Data 

~IP0-3-----
QSF 

Notes: 

[1] Last location of split register (Loe: 12:1 or 255) and boundary address 

[2] The starting location of newly acUvated register 
83YL-8067B 
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pPD482234,482235 

Timing Waveforms (cont) 

Serial Write Cycle 

SC 

SIOo.7 

QSF 

52 

NEC 

~tp0)----
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Synchronous DRAM NEC 
Section 13 
Synchronous DRAM 

µPD Organization Features 

42116420 4M x 4 3.3-volt 13a 

42116820 2M x 8 3.3-volt 

42116920 2M x 9 3.3-volt 

42116162 1M x 16 3.3-volt 

42116182 1M x 18 3.3-volt 



NEC 
NEC Electronics Inc. 

Advance Information 

Description 

The µPD42116x is a synchronous DRAM (SDRAM) using 
a single 3.3-volt power supply and with all input signals 
synchronized to an external clock. Commands are 
given to the SDRAM by a combination of input signals 
RAS, CAS, WE, CS, CKE, and DOM. The state of these 
signals is read on the rising edge of the clock. Typical 
commands are activate, read, write, precharge, and 
refresh. 

The synchronous DRAM family has the following op
tional memory organizations: 

Part Number 
µPD42116420 
µPD42116820 
µPD42116920 
µPD42116162 
µPD42116182 

Organization 
4M x4 
2M x 8 
2M x9 
1M x 16 
1M x 18 

Refreshing may be accomplished ~ny of the follow
ing methods: (1) a CAS before RAS command that 
internally generates the refresh address; (2) self
refresh, which internally generates both the refresh 
address and the timing to automatically execute the 
cycle; (3) a precharge command followed by the acti
vate command with the row address to be refreshed; 
and (4) normal read and write cycles on the 4096 row 
address combinations of Ao -A11 during a 32-ms pe
riod. 

Features 

o Fully synchronous DRAM with all signals 
referenced to a positive clock edge 

o Automatic precharge and user-controlled 
precharge commands 

o Ping-pong operation between the two internal 
memory banks 

o 3.3-volt power supply 
o LVTTL-compatible inputs and outputs 
o Programmable burst-length (1, 2, 4, 8, full-page) 

pPD42116x 
(x = 420,820,920, 162, 182) 

16-Megabit Synchronous 
Dynamic CMOS RAM 

o Sequential or interleave programmable burst 
sequence 

o Programmable CAS latency 
o Suspend operation 
o C BR and self-refresh 
o Random column address selectable on every clock 

cycle 

Pin ldentif ication 
Symbol 

Ao-A11 

Ao-Ag 
Ao-As 
Ao-A7 
A10 
An 

DOo-003 
DOo-007 
DOo-DOa 
D00-D01s 
DOo-0017 

Function 

Address inputs 

Row address inputs 

Column address inputs 
4Mx 4 
2M x 8, 2M x 9 
1 M x 16, 1 M x 18 
Enable/disable autoprecharge 
Bank select 

Data inputs/outputs 
4M x 4 
2Mx 8 
2Mx 9 
1M x 16 
1M x 18 

CAS Column address strobe llJlm 
-C-KE~~~~~~~~C-lo_c_k-en_a_b-le~~~~~~~~ ...... 

CLK System clock input 

CS Chip select 

DOM DO mask enable 

LDOM, UDOM DO mask enable 

RAS Row address strobe 

Write enable 

Vee Supply voltage 

Veea Supply voltage for DO 

Vss Ground 

Vssa Ground for DO 

NC No connection 

Contact your NEC sales representative for a copy of the complete data sheet. 

60228 



µPD42·116x NEC 
Pin Configurations 

44-Pin TSOP {0.8-mm pitch); 411x4 SDRAM 44-Pin TSOP {0.8-mm pitch); 2M x 8/9 SDRAlf 

µPD42116820, 42116920 

vcc 10 Vss vcc 10 44 vss 
NC 2 NC 000 2 43 00, 

Vssa 3 Vssa vssa 3 42 Vssa 
OOo 4 DQ3 001 4 41 DOs 

Vcca 5 Vcca Vcca 5 40 Vcca 
NC 6 NC 002 6 39 00s 

Vssa 7 Vssa vssa 7 38 vssa 
001 8 oa2 003 8 37 004 

Vcca g Vcca vcca g 36 Vcca 
NC 10 NC OOafNC 10 ~ NC 

NC 11 34 NC 
WE 12 

-9JF 
33 DQM 

NC 11 NC 
WE 12 DQM 

CAS 13 CLK CAS 13 32 CLK 
RAS 14 CKE RAS 14 31 CKE 
cs 15 NC cs 15 30 NC 

A11 16 Ag A11 16 29 Ag 

A10 17 As A10 17 28 As 
Ao 18 A1 Ao 18 27 A1 

A1 1g Ae A1 19 26 Ae 
A2 20 As A2 20 25 As 

As 21 A4 As 21 24 A4 
vcc 22 Vss vcc 22 023 Vss 

Sufflx-9JF In the package Identifier Suffix -9JF In .the package Identifier 
denotes normal plnout sequence. denot~ normal plnout sequence. 

83FM-9075A 83FM-9078A 
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NEC pPD42116x 

Pin Configurations {cont) 

50-Pin TSOP {0.8-mm pitch); 1 M x 16 SDRAM 50-Pin TSOP {0.8-mm pitch); 1M x 18 SDRAM 

µPD42116162 µPD42116182 

Vee 10 50 Vss Vee 10 50 Vss 
oao 2 4g 0015 oao 2 4g 0017 

001 3 48 0014 001 3 48 001a 

Vssa 4 47 Vssa Vssa 4 47 Vssa 
002 5 46 0013 002 5 48 0015 

003 e 45 0012 003 e 45 0014 

Veea 7 44 Vcca veea 7 44 vcca 
004 8 43 0011 004 8 43 0013 

005 g 42 0010 005 g 42 0012 

vssa 10 41 vssa Vssa 10 41 Vssa 
oae 11 40 Dag oae 11 40 0011 

~ 12 3g OOa ~ 12 3g 0010 

Veea 13 -9JF 38 vcca oaa 13 -9JF 38 Dag 

LDQM 14 37 NC LDQM 14 37 NC 

WE 15 36 UDQM WE 15 36 UDQM 
CAS 1e 35 CLK CAS 1e 35 CLK 
RAS 17 34 CKE RAS 17 34 CKE 

cs 18 33 NC cs 18 33 NC 

A11 1g 32 Ag A11 1g 32 Ag 

A10 20 31 As A10 20 31 As 
Ao 21 30 A1 Ao 21 30 A1 
A1 22 2g Ae A1 22 2g Ae 
A2 23 28 As A2 23 28 As 
A3 24 27 A4 Aa 24 27 A4 

Vee 25 026 Vss Vee 25 02e vss 

Suffix -9JF In the package ldenUfler Suffix -9JF In the package ldenttfler Ill denotes nonnal plnout sequence. denotes nonnal plnout sequence. 
83FtMI077A 83FM-9102A 
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Signal Description 
Name Function 

A 

CKE 

CLK 

DQ 

DQM 

LDQM 

UDQM 

Address lines 

Address bit A10, when CAS is active, enables/disables 
autoprecharge. 

Address bit An selects which of the two memory 
banks is to be used. 

CAS is part of the input command to the SDRAM. See 
truth table for details. 

Clock enable disables the clock internally, thus 
allowing data to remain on the output for several clock 
cycles. Clock enable is also used as part of the input 
command to specify self-refresh. 

The positive edge of the clock input strobes the 
commands placed on the input lines. It is also used by 
the system to strobe output data from the SDRAM. 

Command select indicates that the command on the 
input lines is for this device. If command select is 
inactive, the input command will be ignored. 

Data input/output lines transfer data between the 
memory array and the system bus. 

Data output mask turns off the output buffers during 
a read. During a write, DQM active prevents a write to 
the current memory location. 

Data output mask turns off the lower byte of the 
output buffers during a read (x16 and x18 devices 
only). During a write, DQM active prevents a write to 
the lower byte of the current memory location. 

Data output mask turns off the upper byte of the 
output buffers during a read (x16 and x18 devices 
only). During a write, DQM active prevents a write to 
the upper byte of the current memory location. 

RAS is part of the input command to the SDRAM. See 
truth table for details. 

Write enable is part of the input command. See truth 
table for details 

Commands (figure 3) 

Activate. This command is very similar to activating 
RAS in a standard DRAM. The activate command se
lects a row in either memory bankA or bank B (selected 
by address bit A11 ); the data in all memory cells in that 
row is read by the sense amplifiers. This operation 
destroys the data in the memory cells. Before another 
row in the same memory bank is selected, a precharge 
command must be executed to restore the data in 
memory eel Is. 

Burst Stop. When a full-page burst length is specified, 
the synchronous DRAM will continuously output data 
on each clock. The burst stop command allows the 
data stream to be terminated. The burst will terminate 
after one additional piece of data has been output. The 
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NEC 
command for burst stop is CS and WE low; CKE, RAS, 
and CAS high. 

Precharge. This command is similar to transitioning 
RAS from an active state to an inactive state in a 
standard DRAM. Precharge causes the data in the 
sense amplifiers to be rewritten into the memory cells. 
It also initializes the sense amplifiers in preparation for 
reading another row in the memory array. See figure 4. 

Read. Transfers data from the selected sense amplifier 
to the output buffer as determined by the column 
address. During each succeeding clock, new data will 
be output without additional read commands. See 
figures 8, 9, and 10. 

Refresh. Similar to CAS before RAS refresh in a stan
dard DRAM. This command causes a row to be read in 
both memory banks as determined by the refresh row 
address counter. After being read, the row is automat
ically rewritten back into the memory cell. Before 
execution of this command, both memory banks must 
be in a precharged state. 

Register Set. This command allows setting different 
options for the SDRAM. The options include (1) burst 
length and type, (2) enable or disable autoprecharge, 
and (3) number of latency cycles between a read 
command and data availability. See figures 5, 6, and 7. 

Self-Refresh. Same as refresh except that it is used 
when the device will be in standby for a very long time, 
such as when system power is turned off. In this case, 
self-refresh will automatically generate internal refresh 
cycles to keep the data in both memory banks re
freshed. Before execution of this command, both mem
ory banks must be in a precharged state. 

Write. Transfers data from the output buffer to the 
selected sense amplifier as determined by the column 
address. During each succeeding clock, new data will 
be input without additional write commands. See fig
ure 9. 

Glossary 

Autoprecharge. At the end of a burst (either read or 
write), a precharge will be executed without the system 
having to execute a precharge command. 

Bank of Memory. One or more memory arrays within a 
chip that can be controlled independently but share 
common control, address, and data lines. NECs 
SDRAM has two banks of memory on each chip. 
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Burst Length. The amount of data that will be sequen
tially accessed for each read or write command prior to 
automatic termination of the command. The burst 
length is programmable. See figure 5. 

Burst Wrap. The order in which data will be automati
cally accessed from a single bank during a burst by the 
device. This order can be either sequential or inter
leaved. Some microprocessor cache systems are opti
mized for sequential and others are optimized for 
interleaved. See figures 1and 5 for details. 

Latency. Number of clocks after the clock that initiates 
a command before the action takes place. For example, 
a CAS latency of 2 means that on the second clock 
after the CAS signal has been clocked in, data will be 
valid on the output. 

Ping-Pong. Having two or more internal banks of mem
ory active and being able to access data from any bank 
of memory without having to wait for both a RAS and a 
CAS latency to elapse before data is available. Figure 
10 is an example of ping-ponging between the two 
memory banks. 

Figure 1. Address Sequence Example 

Burst Length (BL) 

1 (000) 

2 (001) 

4 (010) 

8 (011) 

Full page (111) 

Burst Type 

0-1 
1-0 

Sequential 
BT= 0 

No burst 

0-1-2-3 
1-2-3-0 
2-3-0-1 
3-0-1-2 

0-1-2-3-4-5-6-7 
1-2-3-4-5-6-7-0 
2-3-4-5-6-7-0-1 
3-4-5-6-7 -0-1-2 
4-5-6-7-0-1-2-3 
5-6-7-0-1-2-3-4 
6-7-0-1-2-3-4-5 
7-0-1-2-3-4-5-6 

Ys,Ys+1,Ys+2, ... 

,Yf,0,1,2, •• 

,Ys,Ys+1,Ys+2, .•• 

0-1 
1-0 

Interleave 
BT= 1 

No burst 

0-1-2-3 
1-0-3-2 
2-3-0-1 
3-2-1-0 

0-1-2-3-4-5-6-7 
1-0-3-2-5-4-7-6 
2-3-0-1-6-7-4-5 
3-2-1-0-7-6-5-4 
4-5-6-7-0-1-2-3 
5-4-7-6-1-0-3-2 
6-7-4-5-2-3-0-1 
7-6-5-4-3-2-1-0 

No support 

pPD42116x 

Figure 2. DRAM Control Timing 

(a) RAS Standby 

{b) RAS Active 

(c) CAS 

WE 

(d) CAS 

WEI 

(e) RAS ____r-
Reset 

(f) RAS 

CASI 
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SDRAM Function Truth Table 

CKE DRAM 

Operation Pre Cur cs RAS CAS WE DQM A11 A1o Ag.o Mnemonic Equiv (Fig 2) 

Mode register set H x L L L L x Opcode + mode MRS 

CBR refresh H H L L L H x x x x REFR (f) 

Entry self-refresh H L L L L H x x x x SR ENT (f) 

Single-bank H x L L H L x BS L x PRE (e) 
deactivate/precharge 

Precharge all banks H x L L H L x x H x PALL 

Bank activate H x L L H H x Row address ACTV (b) 

Write H x L H L L x BS L Col WRITE (d) 

Write and H x L H L L x BS H Col WRITEA 
autoprec harge 

Read H x L H L H x BS L Col READ (c) 

Read and H x L H L H x BS H Col READA 
au top recharge 

Reserved (Burst stop H x L H H L V(X) V(X) V(X) V(X) R*(BSl) 
in full-page) 

No operation H x L H H H x x x x NOP 

Device deselect H x H x x x x x x x DESL (a) 

Clock suspend/ L x x x x x x x x x HOLD 
Standby mode 

Data write/Output H x x x x x L x x x ENBL 
enable 

Data mask/Output H x x x x x H x x x MASK 
disable 

Legend 

BS Bank select v Valid 
Col Column address H Logic high 
Cur Current clock L Logic low 
Pre Previous clock x Don't care 

Notes: 

(1) All inputs are latched on the rising edge of CLK. 

(2) MRS and REFR commands should be issued only after both 
banks are deactivated (PRE command). 

(3) The ACTV command should be issued only after the correspond-
ing bank has been deactivated (PRE command). 

(4) WRITE and READ commands should be issued only after the 
corresponding bank has been activated (ACTV command). 

(5) The BST command is valid only in the Full Page mode. 
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Absolute Maximum Ratings 
Voltage on power supply pin relative to GND -1.0 to +4.6 V 

Voltage on input pin relative to GND -1.0to +7.0V 

Short-circuit output current, los 50mA 

Power dissipation, Po 1.0W 

Operating temperature, ToPR o to +70°C 

Storage temperature, TsTG -55 to + 125°C 

Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the rating~ could cause perma
nent damage. The device should be operated within the limits 
specified under DC and AC Characteristics. 

DC Characteristics 
Recommended operating conditions unless otherwise noted. 

Parameter Symbol Min Typ Max 

Input leakage current l1(L) -1 

Output leakage current lo(L) -1 

Output voltage, low Vol 0.4 

Output voltage, high VoH 2.4 

J.1PD4211·6x 

Capacitance 
TA = 25°C; f = 1 MHz 

Parameter Symbol Max Unit Pins Under Test 

Input capacitance C11 5 pF Addresses 

C12 5 pF CLK, CKE, CS, RAS, 
CAS, WE, LDQM, 
UDQM 

Data input/output Co 7 pF DQ0-D017 
capacitance 

Recommended Operating Conditions 
Parameter Symbol Min Typ Max Unit 

Supply voltage Vee 3.0 3.3 3.6 v 
Input voltage, high V1H 2.0 5.5 v 
Input voltage, low V1L -0.3 0.8 v 
Ambient temperature TA 0 70 oc 

Unit Test Conditions 

µA v1N = Oto 3.6 V; all other pins not under test = O V 

µA DouT disabled; VouT = o to 3.6 V 

v loL = 2 mA 

v loH = -2mA 
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µPD42116x NEC 
DC Current Requirements 
Recommended operating conditions unless otherwise noted. 

Parameter Symbol -10 -15 -20 Unit Test Conditions 

Operating current lcc1 80 70 60 mA Burst length = 1; tRAS 2!'; tRAS (min); tRP 2!'; tRP (min); 
lo = O mA (Note 1) 

Precharge standby lce2P 3 3 3 mA CKE s V1H (max); tcK = 15 ns 
current in power-down 

lce2Ps mode 2 2 2 mA CKE s V1H (max); tcK = oo 

Precharge standby lce2N 15 15 15 mA CKE 2!': V1L (min); tcK = 15 ns 
current in non-power- Input signals are changed once during 30 ns. 
down mode 

lce2Ns 6 6 6 mA CKE 2!'; V1L (min); tcK = 00 

Input signals are stable. 

Active standby current in lcc3P 4 4 4 mA CKE s V1H (max); tcK = 15 ns 
power-down mode 

lce3PS 3 3 3 mA CKE s V1H (max); tcK = 00 

Active standby current in lcc3N 16 16 16 mA CKE 2!': V1L (min); tcK = 15 ns 
non-power-down mode Input signals are changed once during 30 ns. 

lce3NS 7 7 7 mA CKE 2!'; V1L (min); tcK = 00 

Input signals are stable. 

Operating current in lcc4 120 80 60 mA tcK 2!': teK (min); lo= O mA (Note 1) 
burst mode 

Refresh current Ices 80 70 60 mA tRc 2!': tRc (min) 

Self-refresh current Ices 2 mA CKE s Vee- 0.2 V (Standard device) 

0.1 mA CKE s Vee - 0.2 V (Low-power device) 

Note: 

(1) lcc1 and lcc4 depend on output loading and cycle rates. Spec-
ified values are obtained with the output open. Address inputs 
are assumed to be switched only once during each clock cycle. 
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AC Characteristics 
Recommended operating conditions unless otherwise noted. 

-10 -15 -20 

Parameter Symbol Min Max Min Max Min Max Unit Test Conditions 

Access time (DQ) from t1AC 8 13 18 ns (Note 5) 
CLKf 

Address, BS hold time tAH 2 3 4 ns 

Address, BS setup tAs 2 2 2 ns 
time 

CLK high-level width tcH 3 4 5 ns 

Command (CS, RAS, tcH 2 3 4 ns 
CAS, WE, DQM) hold 
time 

System clock (read, tcK 10 15 20 ns 
write) cycle time 

CKE hold time tcKH 2 3 4 ns 

CKE setup time tcKS 2 2 2 ns 

CLK low-level width tcL 3 4 5 ns 

Command (CS, RAS, tcs 2 2 2 ns 
CAS, WE, DQM) setup 
time 

Data-in hold time toH 2 3 4 ns 

Data-in to Pre to PL CAS latency CAS latency CAS latency ns 
command period 

Data-in setup time tos 2 2 2 ns 

Data-out high- tHz 4 4 4 ns mll impedance time 

Data-out low- tLz 5 5 5 ns 
impedance time 

Data-out hold time toH 4 4 4 ns 

Active to Pre- tRAS 70 120,000 75 120,000 80 120,000 ns 
command period 

Ref to Ref/Active tRc 100 115 140 ns 
command period 

Refresh period tREF 32 32 32 ms 

Pre to Active tRP 30 40 60 ns 
command period 

Active (A) to Active tRRD 20 30 40 ns 
(B) command period 

Transition time tr 30 30 30 ns 

Notes: 

(1) All voltages referenced to V ss (ground) 

(2) An initial pause of 100 µs is required after power-up followed by 
eight refresh cycles before proper device operation is achieved. 

(3) Ac measurements assume tr = 1 ns. 

(4) Reference level for measuring timing of input signals is 1.50 V. 
Transition times are measured between V1H and V1L· 

(5) Access time is measured at 1.50 V and loading condition is 2TTL 
+ 100 pF (at less than 50 MHz), 2TTL + 50 pF (50 to 75 MHz), or 
2TTL + 30 pF (above 75 MHz). 
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Figure 3. Commands 

10 

Row Activate Read/Write Precharge 

CLK~ CLK~ CLK~ 

CKE CKE CKE 

cs~ 

RAS\\\\\ ~ 
CAS?ZllZ/ wz 
WE?ZllZ/ wz 
Address~ 

Refresh 

CLK~ 

CKE 

cs~ 

RAS\\\\\\~ 

CAS\\\\\\ ~ 

WE?ZllZ/ wz 
Address l!!! ///II !IJ 

A11 l/// ////l///j 

cs~ 

RAS?ZllZ/ wz 
CAS \\\\\ ~ 

Read 

WE~ 

Address~ 

Mode Register Set 

CLK~ 

CKE 

cs~ 

RAS\\\\\\ ~ 

CAS\\\\\\ ~ 
WE\\\\\\ ~ 

Address~ 

cs~ 

RAS~ ~ 
CAS?ZllZ/ wz 
WE\\\\\ ~ 
Address~ 

B:!fM-90718 
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Figure 4. Precharge Options 

Row I Xo I X1 I X2 I Xa I X4 I X5 I Xe I X7 I Xs I Xg I X10 I X11 I 

Columnl Yo l Y1 I Y2 I Ya I Y4 I Ys I Ya I Y1 I Y!J I Y9 lv10lv11 I 
'-"-

0 Disable Precharge command for all banks 

X10 

1 Enable 

0 
Bank 

Enables actlvate/prechargaf refresh commands for bank A 
X11 

1 
Bank 

B 

0 Disable Autoprecharge (end of burst) 

Y10 

1 Enable 

0 
Bank 

Enables readfwrlte commands for bank 
A 

Y11 

1 
Bank 

B 

pPD42116x 
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Figure 5. Mode Register Options 

12 

11 10 9 8 7 6 5 4 3 2 1 0 

I 0 I 0 I 0 I 0 I 0 I L lMODE I BT I BL 

Latency Mode 

LlMODE 

000 
001 
010 

011 
100 
101 

110 
111 

Burst Type 

BT 

0 

1 

Burst Length 

BL 

000 
001 
010 

011 
100 
101 

110 
111 

R=Reserved 
BL = Burst length 
BT= Burst type 

CAS Latency 

R 
1 
2 

3 
R 
R 

R 
R 

Burst Type 

Sequential 

Interleave 

BT=O BT=1 

1 R 
2 R 
4 4 

8 8 
R R 
R R 

R R 
Full page R 

L lMODE = Latency mode 

NEC 

Mode-Register Write Timing 

CLK 

CKE 

Data wrlten Into 
mode register 

Note: Ao-A11 are used as data Input lines 
when wrlUng the mode register 

83FM·9072B 
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Figure 6. Mode Register Options (Additional) 

11 10 9 8 7 6 5 4 3 2 1 0 

I 0 I 0 I 0 I 0 I 0 I L lMODE I BT I BL 
11 10 9 8 7 6 5 4 3 2 1 0 

I 1 I x I x I 0 I 0 I L lMODE I BT I BL 
11 10 9 8 7 6 5 4 3 2 1 0 

11 10 9 8 7 6 s 4 3 2 1 0 

I x I x I 1 I 0 I 0 I LlMODE I BTI BL 
11 10 9 8 7 6 5 4 3 2 1 0 

11 10 9 8 7 6 5 4 3 2 1 0 

I Standard function + 
operation code 

I Enablesall 
bank precharge 

I Burst read and 
single write 

I I I I 1 I O I I I I I I I I Furure 

11 10 9 8 7 6 5 4 3 2 1 0 

I X I X I X I 1 j 1 I X I X I X I X I X I X I X I Vendor specific 

83FM-9073A 

Figure 7. Frequency vs. Latency 
Speed Version -10 

Frequency (MHz) 100 66 50 

Clock cycle time (ns) 10 15 20 

CAS latency 3 2 2 

(tRco) 3 2 2 

RAS latency (CAS latency + (tRco)) 6 4 4 

(tRc) 10 7 6 

(tRAS) 7 5 4 

(tRp) 3 2 2 

(topL) 3 2 2 

µPD42116x 

-15 -20 

33 100 66 50 33 100 66 50 33 

30 10 15 20 30 10 15 20 30 

1 3 2 2 3 2 2 

1 2 2 1 3 2 2 

2 5 4 3 6 4 4 

4 8 6 5 10 7 5 

3 5 4 3 6 4 3 

1 3 2 2 4 3 2 

1 3 2 2 3 2 2 
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Figure 8. Random Column Read Cycle 

14 

CLK 

CKE 

DQM L 

Burst length = 4 
CAS latency= 2 

Read Command 
forBankO 

Bank=O 
Page=RAa 

NEC 
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Figure 9. Read and Write Cycle 

CLK 

CKE 

Active Command Read Command 
for Bank 0 for Bank 0 

Burst length = 4 
CAS latency= 3 

t 
Read Command 

forBankO 

µPD42116x 

TWO·<:IOck latency 
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Figure 10. Interleaved Column Read Cycle 

CLK 

CKE 

DOM L 

oo---t----~~J~~~~·~·~·~~~~·~t~~,,~,~·~~~---· 

Active Command Active Command Read Command Read Command "T ·.~·-, "":~~ "'""" ~:!~ ..... 
Burst length = 4 D CAS latency 
CAS latency= 2 tRRD 

83YL-9090B 
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Section 14 
Rambus DRAM 

,iPD Organization 

488130 2M x 8 

488170 2M x 9 

t\'EC 

Features 

3.3-volt 14a 

3.3-volt 
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NEC Electronics Inc. 

Advance Information 

Description 

The µPD488130 and µPD488170 Rambus™ DRAMs 
(RDRAM™) are extremely-high-speed dynamic CMOS 
RAMs organized as 2M words by 8 or 9 bits. Using its 
sense amplifiers as a cache, the RDRAM bursts up to 
256 bytes at a 500-megabyte/second rate. The RDRAM 
is ideal for main memory and graphics applications 
that require high performance at low cost. 

Features 

o Rambus interface 
- 500-megabits/second peak bandwidth per 

RDRAM per bus 
- Innovative, small-signal-swing interface 
- Synchronous, block-oriented protocol 
-Direct interface to Rambus ASICs, MPUs, and 

peripherals 
o 28 ns from end of read request to first byte; 2 ns/ 

byte thereafter 
o Caches in RDRAM contribute to low latency 
o Entirely self-contained-no external memory 

controller required 
o Conventional plastic surface-mount package and 

PC board technology 
o On-board registers for flexible addressing 

System Benefits 

o Can eliminate second-level caches in uniprocessor 
designs 

o Vastly improves graphics at lower cost 
o Decreases parts count; eliminates memory 

controller, buffers, address decoders, etc. 
o Same pinout as a 4.5-megabit RDRAM 
o Incremental memory granularity is 2 megabits 
o Alleviates need for expensive multichip modules at 

high system clock rates 
o Systems can be modular; faster MPUs and larger 

Rambus memories can be installed without 
changing board layout or logic design 

D Write-per-bit function available 

Rambus and RDRAM are trademarks of Rambus Inc. 
Rambus interface is used under license from Rambus Inc. 

60214-1 

pPD488130,488170 
18-Megabit Rambus DRAM 

Ordering Information 
Part Number Organization Package 

µPD488130 2M x 8 bits 32-pin SVP 

µPD488170 2M x 9 bits 

Pin Configuration 

32-Pin Surface Vertical Package 

Voo 
Gnd 

BusData8 

Gnd 4 
BusData 7 

(Support) 

Bus Enable 
Voo 

BusData6 
Gnd 

BusData5 

VooA 
RClk 

GndA 
TClk 
Voo 

BusData4 
Gnd 

BusCtrl 
Sin 

VREF 
SOUt 

BusData3 

Gnd 
BusData2 

(Support) 
BusData 1 

Gnd 

BusDataO 
NC 

Gnd 

Voo 
83FM·9036A 
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Pin Identification 
Signal 

BusData0-
BusData8 

RClk 

TClk 

BusEnable 

Voo. VooA 

Gnd,GndA 

Sin, SOut 

1/0 Description 

1/0 Bus data for request, write, and read 
protocols. These are low-swing signals 
referenced to VREF· The data lines carry the 
request packet with the address, operation 
codes, and the count of the bytes to be 
transferred. 

In Receive clock. RClk is aligned with incoming 
request and write data packets. The clock is 
completely synchronized with the request 
and data sent out on the Rambus interface. 

Out Transmit clock. TClk is aligned with the data 
being sent out on reads as well as the 
acknowledge packets. The clock is a low
swing signal referenced to VREF· 

In This is the logic threshold voltage for low
swing signals. 

In Control signal to frame packets, transmit 
opcode, and acknowledge requests. Signal 
is active low. 

In Control signal to enable the bus. The signal 
is pulsed to power up the bus. Long 
assertions of this active low signal will reset 
all devices on the bus. 

1/0 

+3-volt power supply. VooA is a separate 
supply for clock receivers. 

Circuit ground. GndA is a separate ground 
for clock receivers. 

Reset daisy chain. CMOS levels and active 
high. 

Block Diagram 

2 

RD RAM 

Refl8Sh Register 

2-KB 
Cache 

Address 
Oto 1023K 

I Mapping Registers I 

2-KB 
Cache 

Address 
1023K to 2047K 

2nd 
RD RAM 

3rd 
RD RAM 

NEC 
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Assembly Drawing 

Protocol 

The Rambus interface uses a simple, synchronous, 
block-oriented protocol. This is a transaction-based 
protocol with the data transport time determined by 
the master. RDRAMs do not arbitrate for the bus, 
eliminating the need for arbitration in single-master 
systems. 

A Rambus device must be initialized before it takes 
part in bus transactions. One device, the configuration 
master, initializes the others. The configuration master 
begins by assigning a unique device identification (ID) 
to each device. Then, the configuration master polls 
each devices type register and initializes all control 
registers as appropriate to the number and types of 
devices. 

A full initialization continues by assigning device ID 
values using the Sin and SOut pins. Sin and SOut are 
normal CMOS signals used only during configuration 
and power down. SOut of the configuration master 
connects to Sin of the first device and so on through 

pPD488130,488170 

83FM-IE61B 

each bus device in daisy chain fashion. SOut of the last~ 
device connects to Sin of the configuration master. lilim 
Transactions 

Transactions are composed of three packets: request, 
acknowledge, and data. Each packet is a sequence of 
bits presented continuously on a set of wires. Determin
ing the point in time at which each packet begins is 
referred to as framing. The framing of the acknowledge 
and data packets of a transaction is referenced to the 
end of the request packet. To initiate a bus transfer, a 
master sends out a request packet that contains an 
address and control information. 

All RDRAM devices constantly monitor the bus looking 
for requests. When a request is received, they extract 
the requested device identification, determine whether 
it matches their own device identification, and, if so, 
drive an acknowledge packet back to the master. 
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The RDRAM also drives the data back to the master in 
the case of a read request or accepts the data from the 
master in the case of a write request. Also specified in 
the request packet is the number of bytes to transfer 
(4-256 bytes), making this a block-oriented protocol. 
The length of response time from a request to either an 
acknowledgment or an operation is always known and 
is based upon the clock frequency. Figure 1 is an 
example of a 16-byte read followed by a 16-byte write. 

Figure 1. Data Transactions 

r-12ns "'I"' 28ns )ii 
Ack 

CJ D I 
Read Request Read Data 

Recommended DC Operating Conditions 
Parameter Symbol Min Max Unit 

Junction operating Tj 0 100 oc 
temperature 

.. Supply voltage Voo.VooA 4.5 5.5 v 
TTL input voltage, Vil• TTL -1.0 0.8 v 
low 

TTL input voltage, VIH• TTL 2.0 Voo + 1.0 v 
high 

TTL output voltage Vol• TTL 0.0 0.4 v 
TTL output VoH• TTL 2.4 Voo v 
voltage, high 

Termination VTERM 2.2 2.7 v 
voltage 

Reference voltage VREF 1.7 2.4 

Input voltage, high V1H VREF + 0.2 V 

Input voltage, low Vil 

Output voltage, VoH VREF +0.3 V 
high 

Output voltage; Vol VREF-0.3 V 
low 

Output current, lol -35 -10 mA 
(programmable) 

Output current, loH -10 10 µA 
high 

VREF current IREF -10 10 µA 

4 

NEC 
Electrical Characteristics 
Parameter Symbol Min Max Unit 

Receive clock frequency RClk 100 250 MHz 

Transmit clock frequency TClk 100 250 MHz 

Ack 

I CJ I I I 
Write Request Write Data 
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Figure 2. Read Hit Timing Diagram 
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Figure 3. Write Hit Timing Diagram 
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Data - - Request Packet 

16ns ,. , 
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Figure 4. Read Miss Timing Diagram Ill· .....-------------
r-4ns, 

Clk ------SS------- =-'~ 

- --< -- t----~-~-----~ -p- r~~-i .. ,._, 
Ctrl \\\ \\\\\ \\ \\ \\ \\\ \\\\ \\\,/ \\\ \\ \\\ \\ \\\\ \\\ \\\\\ \\\\\ \\\ 

(NAck) 
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Figure 5. Write Miss Timing Diagram 
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NEC 
NEC Electronics Inc. 

Description 

NEC's µPD421000, µPD421001, and µPD421002 are 
1-megabit dynamic RAMs (DRAMs) manufactured with 
the CMOS 1-µm fine-pattern process and configured 
as 1,048,576 x 1 bit. As shown in table 1, this family of 
DRAMs has been developed in a variety of speeds and 
packages. The package pin layouts appear in figure 1. 

Configurations 

TheµPD421000,µPD421001, andµPD421002 (figures 2, 
3, and 4) consist of memory cell arrays, input and 
output buffers, clock generators, refresh address 
counters, and row and column decoders. 

The basic layout of the chips is shown in figure 5. As 
can be seen from the diagram, the whole memory cell 
array is divided into 16 smaller 64-kilobit arrays that are 
accessed separately. 

Memory Cell Structure 

Dynamic RAMs generally feature one-transistor 
memory eel Is, which require only about one-fourth of the 
area used by four-transistor and six-transistor (flip
flop) memory cells in static RAMs. Although a one
transistor cell provides a big advantage in reducing 
chip size, data must be rewritten (refreshed) at regular 
intervals for proper data storage on the memory cell 
capacitor. A cross-sectional view of the trench-type, 
one-transistor memory cell used in the µPD421000-
series DRAMS is shown in figure 6. 

This trench design uses three-dimensional rather than 
planar capacitors, thereby achieving a larger capaci
tance in a smaller surface area than in conventional 
circuits. The capacitance of this type of cell is deter
mined by total trench area, the dielectric constant, and 
the thickness of the insulating film. To reduce soft 
errors caused by a-particles, an effective capacitance 
in excess of 50 femtofarads (fF) is used in the 
µPD421000, µPD421001, and µPD421002. 

Application Note 53 
µPD421000/421001/421002-
1-Megabit Dynamic RAMs 

Figure 1. Pin Layouts 
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Table 1. 1,048,576 x 1-B/t DRAM Family 

Device 

µPD421000-80 

-10 

-12 

µPD421001-80 

-10 

-12 

µPD421002-80 

-10 

-12 

Flgure2. 

RAS Access R/W Cycle 
Time (max) Time (min) 

80 ns 160 ns 

100 ns 190 ns 

120 ns 220 ns 

80 ns 160 ns 

100 ns 190 ns 

120 ns 220 ns 

80 ns 160 ns 

100 ns 190 ns 

120 ns 220 ns 

µPD421000 Block Diagram 

RAS Clock 
Generator 

Operating 
Current (maxi 

70 mA 

60mA 

50mA 

70 mA 

60mA 

50 mA 

70mA 

60 mA 

50 mA 

CAS Clock 
Generator 

CAS~+-~~~~4-~~~~~-• 
,__ _____ _. 

Data 1/0 Bus 

Column Decoder 

Sense. Ampllfler 

Memory Array 

2 

Standby 
Current (max) 

1 mA 

1 mA 

1 mA 

1 mA 

1 mA 

1 mA 

1 mA 

1 mA 

1 mA 

WE Clock 
Generator 

High-Speed 
Mode 

Fast Page 

Nibble 

NEC 

Packages 

C = 18-pin plastic DIP 
V = 20-pin plastic ZIP 
LA = 26/20-pin plastic SOJ 

Static Column 

Data-In 
Bulfer 

Data-out 
Bulfer 

DIN 

Dour 
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Flgure3. µPD421001 Block Diagram 
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Figure 4. µPD421002 Block Diagram 
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Data-In 
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Data-out 

Data-in 
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Buffer 
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Figure 5. Chip Layout of µPD421000-Serles DRAMs 

Word Line Decoders 

.---- .----.---- .----.---- .---.--- .----..-- ...----..--- ..----..-

Ill 
Ill 

! 
'O ... 

~~ 
c ::i 
EID 
::i 
0 
0 

RD 

>. 

~ 
<( 

~ 
0 
E 
GI 
:E 

iii 
~ 
"" co 

RD 

GI 
:;:: 

~ 
E 
<( 

: >. 

~ c 
GI <( 
~ ~ GI 0 'O 
0 E 
u GI 
GI :E Q 

c 
E 
::i 
0 
0 

RD RD RD 

:E 
Q. 
E 
<( 

>. : >. >. 
I!! ~ I!! c 
.c GI <( .c I/) 

~ ';:; ~ ~ 
0 GI 0 0 'O 
E 0 E E 
GI u GI GI 
:E GI :E :E Q 

c 
E 
::i 
0 
0 

RD RD RD RD 

:e :E ~ 
:;:: 

Q. Q. ~ 
E E E 
<( <( <( 

: >. >. : >. >. GI 

~ ~ ~ ~ 
Ill 

c c c 
GI <( <( GI <( <( GI 
I/) I/) I/) 
';:; ~ ~ ';:; ~ ~ ';:; 
GI 0 0 GI 0 0 GI 
'O 'O 'O 
0 E E 0 E E 0 
u GI GI u GI GI u 
GI :E :E GI :E :E GI 
Q Q Q 

c c c 
E E E 
::i ::i ::i 
0 0 0 
0 0 0 

Read/Write Circuitry 

Notes: 

[1] The memory is divided Into sixteen 64-kbit memory cell arrays. 
[2] RD= row decoder/word driver. 

Figure 6. Cross Section of 1-Transistor Memory Cell 

Aluminum --------+11,11111111111 
Word Line 

2nd Polysilicon --------
Word Line 

p- Substrate 

4 

RD RD RD RD 

:E 
Q. 
E 
<( 

>. >. : >. >. 
I!! I!! ~ ~ c .c .c GI 

<( <( I/) 

~ ~ ';:; ~ ~ 
0 0 GI 0 0 'O 
E E 0 E E 
GI GI u GI GI 
:E :E GI :E :E Q 

c 
E 
::i 
0 
0 

Trench Capacitor 

...---.---
RD RD 

~ 
:;:: 

~ 
E 
<( 

: >. >. 

~ ~ c 
GI <( <( I/) 
';:; ~ ~ GI 0 0 'O 
0 E E 
u GI GI 

~ :E :E 
c 
E 
::i 
0 
0 

.!! = Q. 
E 
<( 
GI 
Ill c 
GI 
I/) 
';:; 
GI 
'O 
0 
u 
GI 
Q 

c 
E 
::i 
0 
0 

NEC 

....--
RD 

>. 

~ 
<( 

~ 
0 
E 
GI 
:E 

I 

00 
.¥ 
u 
0 
0 
~ 
0 

83-0044096 

83-0044106 



NEC 
Read/Write Operation 

In dynamic RAMs, changes in bit line potential caused 
by the minute charging and discharging of memory 
cells are amplified by a sense amplifier to be read as 
either 1 or 0. Memory cell and sense amplifier equiva
lent circuits are shown in figure 7. 

To read the data from storage cell Cs11 , the row address 
selects word line WL1, and data from memory cells 
Cs11 , Cs21 , ... , Csn1 connected to WL1 is passed to 
bit lines BL1, BL2, ... , Bln. These data signals are 
passed to the sense amplifiers, where they first 
are compared with data from dummy cells Co11. 
Co21 , ... , Con1. connected simultaneously with the 

Application Note 53 

memory cells, and then amplified. At the same time, 
the original data is rewritten to memory cells Cs11. 
Cs21 .... , Csn1. Switch Y 1 is then selected by the 
column address, and the Cs11 data on the BL1 line is 
passed via the 1/0 bus and a data amplifier to external 
circuits. 

Write and read operations are identical, up to ampli
fication and rewriting of memory cell data selected by a 
row address. After being passed to the bit line selected 
by the column address, write data is written into a 
target memory cell (such as Cs11). Since the number of 
memory cells selected by one row address in the 
devices is 2048, 2048 memory cells are refreshed 
simultaneously in each memory or refresh cycle. 

Figure 7. Memory Cell and Sense Amplifier Equivalent Circuits 
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Y1 

l 
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Pin Functions 
RAS and CAS [or CS]. The µPD421000-series DRAMs 
include two chip activator inputs: RAS and GAS 
(or CS), row address strobe and column address 
strobe (or chip select). In addition to reading row 
addresses Ao through A9, selecting the relevant word 
line, and activating the sense amplifiers for read and 
write operation, the RAS input also refreshes the 2048 
bits selected by row addresses Ao through As. The 
GAS input latches in C()lumn addresses (on the 
µPD421000 and the µPD421001) and connects the 
chip's internal 1/0 bus to the sense amplifiers activated 
by the RAS clock, thereby executing data input or 
output operations. 

Ao through A9. Selection of an individual cell from the 
1,048,576-word x 1-bit memory cell array requires a 
20-bit address input. The three devices all feature an 
address multiplexing method in which an address is 
divided into two parts, the lower 10 bits (row address) 
and the upper 10 bits (column address). 

The row address is latched into memory at the falling 
edge of the RAS clock. After an internal timing delay, 
the column address input circuits become active. 
Flow-through latches (voltage-level activated, not 
edge-triggered) for column addresses are enabled on 
the µPD421000 or µPD421001, and the column 
addresses immediately begin propagating through the 
latches to the column decoders. A column address is 
held in the latches by the falling edge of GAS. For read 
cycles on the µPD421002, the column address input 
circuitry is not controlled by CS, and column addresses 
must be held valid until data is read out. 

Setup times (tAsR and tAsc) and hold times (tRAH and 
tcAH) for address inputs are defined in relationship to 
the falling edges of RAS and GAS (CS or WE for write 
cycles on the µPD421002). In actual operation, a row 
address is specified before the RAS input is activated; 
once the address bus switches to column addresses, 
GAS (or CS) is activated. 

WE [Write Enable]. Read and write cycles are executed 
by activating the RAS and GAS (or CS) inputs and 
controlling WE. An early write cycle is executed if WE is 
activated before the falling edge of GAS (or CS) during 
a write cycle, and a late write (read-modify-write) cycle 
is executed if the WE input is activated later. 

6 

NEC 
Read and Write Cycles 

Read cycles are executed by activating RAS and GAS 
(or CS) with the WE input at a high level (inactive). The 
RAS access ti me of tRAC is val id if the delay from RAS to 
GAS (or CS) is less than tRcD (max), and the delay from 
RAS to the column address is less than tRAD (max). The 
GAS (or CS) access time of tcAc is valid if the delay 
from RAS to GAS (or CS) is greater than tRcD (max), 
and the delay from the column address to GAS (or CS) 
is greater than tAsc (max). The address access time of 
tAA is valid if the delay from RAS to the column address 
is greater than tRAD (max), and the delay from the 
column address to GAS (or CS) is less than tAsc (max). 
Output data is held valid until GAS (or CS) becomes 
inactive again (figure 8). 

Write cycles are executed by activating the RAS, GAS 
(or CS), and WE inputs. Write data is latched by the 
falling edge of GAS (or CS) or WE, whichever occurs 
later. 

A WE input applied before the GAS (or CS) input 
initiates an early write cycle, whereby write data is 
latched by the falling edge of GAS (or CS). 

Conversely, a WE input applied after the GAS (or CS) 
input initiates a late write cycle (read-modify-write 
cycle), whereby write data is latched into the chip by 
the falling edge of WE. The status of DouT is not 
guaranteed in this case, but depends on the timing of 
WE with respect to RAS and GAS (or CS). If WE is acti
vated at least tcwo after the GAS (or CS) input, and at 
least tRwD after the RAS input, write operation is 
enabled in the same memory cycle during which the 
read data is valid. 

Refresh Cycles 

The process of rewriting data held in a memory cell, 
refreshing, is performed by a sense amplifier in the 
µPD421000-series DRAMs. The three devices are 
capable of executing the same RAS-only and GAS 
(or CS)-before-RAS refresh cycles as are executed in 
other conventional, general-purpose DRAMs. All 512 
rows of memory cells must be refreshed within any 
8-ms period. 

Since in image memory applications, row addresses 
Ao through As are read or written sequentially within 
8 ms, the accessing itself initiates refreshing and no 
additional refresh cycles are required. 
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Figure 8. Access Timing 
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[2] Timing ICAH applies to the µPD421000 and the µPD421001. 
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RAS-Only Refresh Cycle. RAS-only refreshing is 
executed simply by leaving the CAS (or CS) input 
inactive (high level) during a RAS clock cycle. This 
cycle uses the 512 lower addresses specified by row 
addresses Ao through A8 to ensure that all memory cell 
bits are refreshed. Hence, 2048 bits of memory are 
refreshed in a single cycle (figure 9). 

CAS [or CS]-Before-RAS Refresh Cycle. This type of 
refreshing is executed using the addresses generated 
by the chip's internal address counter when CAS 
(or CS) is activated (low level) in advance of the RAS 
input (figure 10). 

Figure 9. RAS-Only Refresh Cycle 

N'EC 
Even in systems without an address output from the 
microprocessor, no additional external address counter 
or refresh address selector is required. CAS (or CS)
before-RAS refreshing allows refreshing to be 
accomplished with a minimum of peripheral circuits 
(figure 11). 

High-Speed Access Cycles 

In addition to being capable of standard access, the 
µPD421000 is equipped with fast-page access, the 
µPD421001 with nibble access, and theµPD421002 with 
static-column access (table 2). 
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Ziii// 
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DouT ~----------------------------------~ Note: 
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83-0044726 

Figure 10. CAS (or CS)-Before-RAS Refresh Cycle 
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Figure 11. Address Multiplexing 
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Table2. Major Characteristics of Fast-Page, Nibble, and Static-Column Modes 

Device Access Time (max) Cycle Time (min) Internal Address Usage High-Speed Access 

µPD421000-80 45 ns 50 ns Row: Page selection Random access on one page 

-10 50 ns 60 ns Column: Individual cell access selected by Ao through Ag 
on one page 

-12 60 ns 70 ns 

µPD421001-80 20 ns 40 ns Row, Column: Ag inputs set Serial access (4 bits maximum) 

-10 25 ns 45 ns starting location for nibble-
mode access 

-12 30 ns 55 ns 

µPD421002-80 45 ns 50 ns Row: Row selection Random access on one row 

-10 50 ns 60 ns Column: Individual cell access selected by Ao through Ag 
on one row 

-12 60 ns 70 ns 
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Fast-Page Mode. Fast-page mode makes it possible to 
randomly access data in the same row address (figures 
12 and 13). The 1024 bits of memory are obtained from 
the combinations of column address inputs Ao through 
A9 within one row address in the µPD421000. Up to 

NEC 
1998 continuous accesses can be executed on the 
80-ns version before the maximum interval for tRASP 
(100 µs) is reached. 

The tpc cycle time for random fast-page read or write 
cycles is equivalent to tcAs + tcp + 2tT. 

Figure 12. Memory Cell/Sense Amplifier Block of the µPD421000 

1024-Blt Page Selected 
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Page Page Page Page 
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10 

Column Address Decoder Output 
Memory Cell Data Access 

on the Same Page [O through 1023) 

These are connected 
to the Internal 1/0 bus 

Legend: 

[:>- Sense Amplifier 

Dswitch 

Q Memory Cell 

83-0044146 



NEC Application Note 53 

Figure 13. Fast-Page Timing 
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Nibble Mode. In nibble-mode cycles, the first data 
location is specified by row and column addresses Ao 
through Ag during a read or write cycle (table 2 and 
figures 14 and 15). When the µPD421001 internally 

sequences the two highest-order addresses (Ag) dur
ing the next GAS clock cycle, read and write cycles can 
be executed in less time than in fast-page operation. 

Figure 14. Nibble-Mode Block Diagram and Example of Access Sequence 

12 

Row Address Ag------. 

Column Address Ag 

CAS 
Clock 
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Decoder 
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262,144 
Memory Cells 
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Row Address 
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Memory Cells Memory Cells 
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Column Address 

Sequence Bit Ag Ae A1 Ae A5 ~ Aa Az Ai Ao Ag Aa A1 Aa A5 ~ Aa Az Ai Ao Commenl 

RAS/CAS 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 External address 

CAS Cycling 1 0 1 0 1 0 1 0 1 1 0 1 0 1 0 1 1 

CAS Cycling 1 0 1 0 1 0 1 0 1 1 0 1 0 1 0 1 Internal address 

CAS Cycling 1 0 1 0 1 0 1 0 1 1 0 1 0 1 0 1 0 

CAS Cycling 1 0 1 0 1 0 1 0 1 1 0 1 0 1 0 1 0 1 Repealed sequence 

Notes: 
[1) Xg =Row address Ag 
[2) Yg = Column address Ag 
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Figure 15. Nibble-Mode Timing 
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For the 80-ns version, the average cycle time per bit in 
nibble mode is 70 ns, when 4 bits are accessed during a 
long tRAS cycle (figure 16). By using multipleµPD421001 

Figure 16. Average Data Rate in Nibble Access 

NEC 
devices, high-speed cache and frame buffer applica
tions are possible (figure 17). 
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Figure 17. High-Speed Data Access Using Nibble Mode 
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Static-Column Mode. Row and column addresses are 
functionally equivalent in static-column and fast-page 
access. The available number of continuous accesses 
on one row, and the cycle timing, are also similar to 
fast-page operation. 

Figure 18. Static-Column Timing 

NEC 
In a static-column device, there are no setup or hold 
timing requirements for read addresses; CS may be 
held low continuously in the ON-state. To allow this 
feature, the column addresses must be maintained as 
valid inputs for the duration of each cycle. There are 
few other restrictions on timing (figure 18). 
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Precautions 

Precautions when using the µPD421000, µPD421001, 
µPD421002, and other DRAMs should be carefully 
observed in the areas listed below: 

• Power-on and initialization 

• Supply voltage fluctuations caused by peak currents 

• Relationships between address/data inputs and 
drivers 

• RAS and GAS (or CS) generation 

Power-On and Initialization. Dynamic RAMs operate 
by the charging and discharging of gate and internal 
circuit capacitances. Therefore, dummy RAS clock 
cycles must be executed to charge internal potentials 
to the prescribed levels when power is applied. Dummy 
RAS cycles are also necessary when there has been no 
accessing (reading, writing, or refreshing) for periods 
longer than the refresh interval (figure 19). 

To control transistor threshold voltages and decrease 
internal stray capacitance, DRAMS are usually 
equipped with a substrate voltage generator circuit 
to supply the chip's interior with negative voltage. 
Approximately 100 µs is required to generate an 
adequate negative voltage level after power is applied 
and Vee 2': 4.5 V. 

When the power is switched on, a peak current 
dependent on the levels of RAS, GAS (or CS), and 
WE is reached during the rising of Vee- This peak 
current-maximum when RAS and GAS (or CS) are 
active and WE is inactive-can be minimiz~by using 
clock input pullups on RAS and GAS (or CS) so that 
their rise times correspond to the rise time of the 
power supply. 

Supply Voltage Fluctuations. Since 1 and O logic 
(storage) operations are executed by the charging and 
discharging of capacitances, including the memory 
cells, the peak current generated is dependent on 
charge and discharge timing. 

This pea~urrent is concentrated just after RAS and 
GAS (or CS) transition intervals (figure 20) with a peak 
value of about 120 mA. Since this current is a source of 
noise (voltage drop) in the memory system supply 
voltage, decoupling by multilayer ceramic capacitors 
with excellent frequency response is necessary. If the 
average of the 120-mA peak current pulse lasts about 
100 ns, the capacitance required to keep the drop in the 

Application Note 53 

supply voltage line at about 0.1 V will be calculated 
as follows: 

C = 120 (mA) x 100 (ns) 
0.1 (V) 

= 120 x 103 pf 

= 0.12µF 

Therefore, when designing the memory board, keep 
the power and ground leads as short as possible for low 
inductance. Decoupling capacitors of about 0.2 µF 
must be inserted between the power supply lines for 
each memory device. With careful board layout, the 
use of fewer but larger capacitors is possible. Capaci
tors used in one of every two memory device locations, 
with a value of perhaps 0.33 µF, can provide satisfac
tory decoupling in many cases. 

Figure 19. Dummy Cycles after Power Is Applied 

4.5 V j_ I Dummy Cycles I 
vee __;r ·1· ·1· 

I ~ I 
Pause time, longer I Any RAS cycle, 8 times I 
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Allowed 

---
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Figure 20. Operating Current Waveform 
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Address/Data Inputs and Drivers. Probably the most 
important consideration in DRAM timing is the rela
tionship between address/data inputs and the external 
drivers. In address-multiplexed DRAMs such as the 
µPD421000, µPD421001, and µPD421002 (where row 
and column addresses are supplied as two sets of 
inputs), addresses supplied externally have to be 
switched by a multiplexer. 

The sequence of this timing must be designed very 
carefully. A timing sequence starts with the setting of 
row addresses. Next, RAS falls. After the specified hold 
time for row addresses is met, the addresses are 
switched to set up column address input. Once GAS 
(or CS) falls, the specified hold time for column 
addresses must be satisfied. 

When GAS (or CS) is activated within the time specified 
for tRco (max), the setup time for column addresses is 
more difficult to guarantee than when tRco is longer 
than tRco (max), because one external address driver 
has to drive more than one address pin in an array 
of DRAMs. The address multiplexer's delay time is 
increased by load capacitances larger than the typical 
value. 

For illustration, measurements of output delay times 
for certain drive load capacitances are shown in figure 
21. 

In the design of high-density memory boards having 
a large number of memory devices, partitioning of 
drivers becomes necessary because of wiring and 
through-hole capacitances. Special care must be taken 
to ensure that the setup and hold times for addresses 
conform with the specifications. Otherwise, invalid or 
undefined addresses may be latched into the chip, and 
data may be destroyed even if nothing is written. 

iiiS and CAS [or CS] Generation. In addition to 
reading the address inputs, RAS and GAS (or CS) also 
generate the basic timing for all DRAM circuit opera
tions. The internal timing generators are connected in 
daisy.;.chain fashion, and are completely controlled by 
the basic RAS and GAS (or CS) inputs. Because of this 
control, the memory system design must prevent noise 
glitches from being generated in the RAS and GAS 
(or CS) inputs. 

RAS and GAS (or CS) timing is specified in terms of 
minimum values. High- or low-level pulses that do not 
satisfy these minimum values can result in incorrect 
output data (because there is insufficient time for 
sense amplifier operation), and can also lead to 
destruction of write data. Therefore, the prevention of 
noise glitches must be carefully considered in logic 
and circuit design. 
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Figure 21. Effect of Load Capacitance on TTL 
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tf 1.5 3.8 5.5 

Notes: 
[1) tPLH, tPHL are defined as the delay time from V1N = 1.5 V to VouT 

= 2.4 V or 0.8 V. 

[2) tR and tF are defined as the transition time between VoH [min) and 
VOL [max]. 

[3) Load capacitance CL includes the oscilloscope input capacitance. 
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V40™ MICROPROCESSOR APPLICATION 

Features 

The µPD70208 (also known as V40) is a high-perfor
mance 8-bit CMOS microprocessor featuring 16-bit 
architecture in the CPU, and including a number 
of other peripheral devices within the same chip. The 
CPU is equipped with a powerful set of instructions that 
cover bit processing and multiple-length, packed-BCD 
operations, high-speed multiplications and divisions, 
and variable-length bit and field manipulations. 

This device combines high-speed processing with 
flexibility in a variety of applications. The on-chip 
peripherals include a clock generator with a timer/ 
counter and programmable wait control, refresh con
trol, serial control, interrupt control, and DMA control 
units. In addition to allowing more compact micro
computer systems, the V40 has a simplified system 
design. 

When connected to the µPD421000-series DRAMs, the 
V40 does not require an external refresh timer or 
other peripherals, which means a big reduction in the 
number of external devices required. 

Memory Mapping 

In the V40, memories of up to 1 megaword can be 
accessed using address information (A19 through Ao) 
output from the 20-bit address bus (figure 22). 

The first 1024 bytes, 0 through 3FFH, are allocated to 
interrupt vectors (although areas that cannot be used 
by the system can be used elsewhere). Addresses 
FFFFOH through FFFFBH are used for starting and 
resetting purposes; FFFFCH through FFFFFH are 
reserved for future use and cannot be used here. The 
remaining address space, 400H through FFFEFH, is 
not allocated and may be used as desired. 

As shown in figure 23, with a data bus width of 8 bits 
in the V40, CPU connections to the memory require 
only that the 20-bit address output from the CPU be 
accepted in the 1-megabyte address space. Byte data 
is accessed in one bus cycle, and word data is accessed 
in two bus cycles. 

V40 is a trademark of NEC Corporation. 
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Because of this simple connection requirement, it is 
only necessary to allocate the system control ROM to 
addresses of at least FFFFOH and disable the ROM-area 
RAM (since 1 megabyte is already taken up by eight 
1-megabit DRAMs). The method used may involve 
either deselecting the ROM-area RAM by a decoder, or 
executing bank switching to use the entire area as RAM 
area. The example included for this application shows 
the former method because it is simpler. 

Figure 22. V40 Memory Mapping 

OH.----------. 
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Figure 23. V40 Memory Interface 
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Hardware Configuration 

Since refresh addresses and the timing control outputs 
can be supported by programming E!!_-chip circuits, 
the generation of RAS and CAS (or CS) timing is the 
only major DRAM support not provided directly by the 
V40 (figure 24). 

Memory Access Timing Generation 

Although V40 memory access timing can be generated 
from either the bus status or MWR/M RD, the µPD71088 
system bus controller is used in this application 
example to enable connections to slightly slower
speed memories. The RAS and CAS (or CS) signals are 
thus generated by decoding the bus status. 

NEC 
The RAS and CAS (or CS) generator is shown in figure 
25, and the operation timing in figure 26. To generate 
the control timing with this system controller, bus· 
status signal BS2 is sampled by the CPU clock output 
(t/JouT) at the rising edge of ·the T1 cycle, and RAS is 
generated from FF2 at the falling edge of t/JouT at the 
end of T1. The multiplex control signal (MPX) used in 
address .switching during memory cycles is generated 
by RAS. After RAS is g~nerated, it .is delayed by the 
rising edge of the external 16-MHz clock to create MPX, 
which is then passed to the data selector input. 

As can be seen from figure 26, memory access time 
is equal to 2/f(t/JouT)- (tsoK + TTLdelaytime). Even if 
an external clock of 16 MHz is used, a -12 device is 
sufficient (RAS access time in the -12 device is 120 ns). 

Figure 24. Hardware Configuration for the Use of 1M DRAMs 
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Figure 25. RAS and CAS (or CS) Timing Generator 
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Figure 26. RAS and CAS (or CS) Timing Sequence 
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Refresh Timing Generation 

Refreshing for the µPD421000, µPD421001, and 
µPD421002 is executed by selecting 512 lines in 8 ms. 
In the V40, memory refreshing can be handled easily 
by outputting the REFRQ control signal and the Ao 
through A8 refresh addresses. These signals are con
trolled by programming the refresh control register 
(RFC), allocated to 1/0 address FFF2H (figure 27). 
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Figure 2l Programming of Refresh Control Register 

MOY AW, 0000 
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Refresh Control Register [RFC] 
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This function generates the .·REFRQ control signal in 
accordance with the programmed interval. In this 
application example, REFRQ is used to disable genera
tion of the CAS (or CS) clock during refresh cycles, 
thereby initiating RAS-only refreshing. Figures 28 and 
29 show how to genera,te memory addresses and how 
to control data input and output by using control 
signals generated by the RAS and CAS (or CS) timing 
generator. Figure 30 shows the timing for V40-
generated refresh addresses. 

The programmed values for the control register appear 
in figure 27 (also refer to the µPD70208/µPD70216 
User's Manual). 

Authorization fortheµPD70208/µPD70216 refresh con
trol unit to use the memory bus can be set either to top 
priority or lowest priority, depending on the hold status 
of the refresh request. Top priority is set if seven refresh 
requests are being held, and refreshing is executed 
consecutively until the number of requests is reduced 
to three. 

Although a wait interval of maximum duration (three 
clocks) is inserted by the built-in wait control unit, if a 
reset input is applied after power is applied, no wait 
interval need be inserted in actual applications. There
fore, the wait control register has to be reset when the 
V40 is used at 8 MHz. 

Wait control registers WCY2 (FFF6H), WCY1 (FFF5H), 
and WMS (FFF4H) write program data at these 1/0 
addresses using an 1/0 write instruction (figure 31 ). 
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Figure 28. Memory Access Generation 
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Figure 30. Refresh Timing Cycle 
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Dummy Cycles 

As explained previously, dummy cycles are required to 
charge certain internal voltage potentials to proper 
operating levels in the DRAM's internal circuits after 
power has been applied. 

In the following application example, these dummy 
cycles are implemented by executing eight write 
(or read) cycles, from OOOOH to 00007H, in the 
memory. 

LOOP: 
MOV 
MOV 
INC 
CMP 
JNZ 

AL,OOOOH 
(BL),OOOOH 
AL 
AL,00007H 
LOOP 

Figure 31. Register Programming 

WCY1 [Wait Cycle Register 1] ...• 1/0 Address FFFSH 

7 6 5 4 3 2 1 0 

IOW I UMW I MMW LMW I WCY1 

IOW [1/0 Wait] 
UMW [Upper Memory Block Wait] 
MMW [Middle Memory Block Walt] 
LMW [Lower Memory Block Walt] 

IOW/UMW/MMW/LMW Number of Wait States 

00 O [No Walt] 

01 1 

10 2 

11 3 

NEC 
Composite Schematic 

Figure 32 shows the complete schematic. The V40 and 
1 M CMOS DRAMs are included, as well as circuits to 
control timing and refreshing. 

WCY2 [Wait Cycle Register 2] .••• 1/0 Address FFF6H 

7 6 5 4 3 2 1 0 

I - I - I - I - I DMAW RFW I WCY2 

DMAW [OMA Wait] 
RFW [Refresh Walt] 

DMAW/RFW Number of Walt States 

00 0 

01 1 

10 2 

11 3 

WMB [Wait Memory Boundary Register] .... 1/0 Address FFF4H 

7 6 5 4 3 2 1 0 
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LMB UMB I WMB 

LMB [Lower Memory Block] 
UMB [Upper Memory Block] 

LMB/UMB Memory Block Size 

000 32KB 

001 64KB 

010 96KB 

011 128KB 

100 192KB 

101 256KB 

110 384KB 

111 512KB 
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Figure 32. Composite Schematic 
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INTRODUCTION 

A computer graphics system is comprised of hardware 
and software, the organization of which depends upon 
the specific requirements of each application. While 
individual designs may differ fron:1 one application to 
another, the design objective essentially remains the 
same: to define a device-independent, general-purpose 
sequence of operations (or pipeline) that transforms the 
geometric model of an object into an image on a display 
screen. 

This application note provides an overview of the con
cepts and methodologies used in the design of computer 
graphics systems. The intent here is to introduce the 
basics, building the foundation for more vigorous study 
later. 

FUNDAMENTALS OF A GRAPHICS SYSTEM 

The task of a graphics system is to transform r~al-world 
information into a perceptible image for display on an 
output device. While systems in the past typically used 
software designed for particular kinds of hardware, con
temporary systems use device-independent software 
designed for compatibility with a variety of hardware. 

Figure 1. Conceptual Madel 

60014 

Notes: 

(1] 18!1 = Hardware 
[2] [ill = Software 

[3] ~ = Data Structures 

output 
Primitives 

Attribute 
Setting 

Viewing 
Specification 

Segment 
Control 

Device-Independent 

Graphics Package 
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Computer Graphics Overview 

This latter type involves a sequence of operations that 
begins with a model of the image to be rendered. As 
shown in figure 1, the program portion of the model has 
three elements-the application data structure (data 
base), the application program, and the display pro
gram. These are transmitted to the hardware compo
nent, in this case a host computer connected to a 
graphics display terminal, in terms that the computer 
can understand. At the same time, the original model 
structure is preserved. As a conceptual framework, this 
model is useful in showing how an abstract description 
of a two- or three-dimensional "world" having one or 
more objects is transformed into a view or picture of that 
world. 

The functions represented by the conceptual model 
need to be more ·than device-independent; they also 
must be sufficiently general-purpose to support a variety 
of applications. No strict definition of this requirement 
exists. At one extreme, the system may be entirely 
incorporated into a host computer, with the graphics 
reduced to a single monitor. Another system might 
incorporate all graphics functions into a standalone 
workstation. The point is thatthe implementation of VLSI 
and concurrent technologies may differ, but the basic 
sequence of functions must remain the same. 

Device-Dependent 

831H-63328 
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One of the tasks of the application program is to support 
interactive input devices that allow the user to specify 
how objects are to be constructed and modified and 
which views are to be displayed. The application pro
gram decodes user-supplied input and uses it to direct 
the system to change the viewing specification or to 
alter the model in the data structure. Once the applica
tion program has developed the data structure, the 
objects contained therein are described to the graphics 
system so that it can calculate and display the particular 
view desired. 

The application program describes in geometric terms 
that portion of the world in which the picture should 
appear. This data is presented in the form of output 
primitives such as points, lines, polygons, or character 
strings geometrically oriented in a two- or three
dimensional world. The application program also speci
fies the part of the object to be rendered, the vantage 
point to be displayed, and the part of the viewing surface 
on which the image should appear. 

Problems inherent to the design of graphics software are 
solved by a graphics package that reinforces a general
purpose, device-independent approach to graphics de
sign by providing basic subroutines or primitives that 
allow portability with the application program. 

The graphics package is a small but functionally com
plete set of application-independent facilities for creat
ing arbitrary views of two-dimensional objects and for 
supporting interaction between the application program 
and the user. The package also performs a number of 
roles crucial to supporting a range of physical devices 
controlled by a device-independent application pro
gram. These roles can include 

• Providing the characteristics and performance capa
bilities of devices that can be driven by the applica
tion software 

• Having responsibility for specifying a set of attributes 
and operations 

• Serving as an interface between the applications 
program and the graphics display unit 

• Serving as an interface between the demands of the 
graphics system and the true functionality of the real 
devices to be used by the system 

The graphics package must therefore be designed not 
only as an abstract machine capable of supporting the 
tasks required by the application program, but also as a 
real machine for implementation on real devices. The key 
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to device-independence is that only the implementation 
of the graphics package (and not the rest of the appli
cation program) is device-dependent. 

The two principal hardware components are the host 
computer and the display processing unit, or DPU. The 
two important data modules shown are both stored in 
shared memory (to simplify the diagram, the host's CPU 
and the memory shared by the CPU and D PU are not 
shown in figure 2). The first is the DPU display program 
(also called the display file or list), which is written by the 
graphics package and read by the D PU as it refreshes 
the image on the screen. The second is the application 
data structure, which contains a description of the 
objects whose images are to be displayed and is a tool to 
model the objects. 

The three major stages shown as software modules in 
figure 2 could also be implemented as hardware or 
firmware modules in other systems. Their interaction is 
characterized by two major data flows moving in oppo
site directions within the system: one is from a data 
structure description of an object to its image on the 
screen, and the other is from user-supplied input to the 
data structure and/or display program. 

The object-to-image transformation sequence begins at 
the output pipeline, a four-stage pipeline that transforms 
a description of the object into successively more 
machine-dependent representations, and finally, into an 
image on a screen. The portion of the data structure that 
models the geometry Oayout) and topology (connectiv
ity) of an object is transformed by the application pro
gram into a sequence of calls in a graphics package 
using parameters derived from the data structure. These 
cal Is describe the object in terms of its point, line, and 
text output primitives. Other calls specify how the object 
should be divided into logical units, i.e., segments, as 
well as which view of the object should be displayed. 

The next stage, the viewing specification, is used first to 
clip the object's primitives against the . user-supplied 
window boundaries and then to map the visible portion 
of the object into the current viewpoint. The D PU code 
generator transforms the device-independent specifica
tion of (clipped) primitives from normalized device co
ordinates of the D PU. The graphics package controls the 
segmentation of this DPU "machine code" and specifies 
to the DPU code generator which segments are to be 
added, made visible/invisible, translated, or deleted. The 
final stage involves the DPU itself, which transforms 
output primitives into the actual data needed for output
ting an image onto the display screen. 
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Figure 2. Functional Block Diagram 
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The input pipeline has fewer stages. The DPU records 
input device usage and either interrupts the CPU or 
transfers data on request. Input data is collected from 
the DPU by the input handler, which typically passes it to 
the application program. This data changes the flow of 
the application program, and may also cause the appli
cation program to either modify the data structure or 
change the viewing operation parameters. The input may 
also be used directly by the code generator to manipu
late segment operations. 

THE VIEWING OPERATION 

The viewing operation is a sequence of steps that trans
forms a device-independent description of an object into 
a device-dependent display program generating a par
ticular view of an image. In the viewing operation pro
cessor and D PU code generator stages, functions such 
as clipping, window-to-viewpoint mapping, and display 
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code generation in device-dependent physical screen 
coordinates are performed. The first two steps are 
usually considered part of the viewing operation, while 
the third step is part of the D PU code generation 
process. 

OUTPUT PRIMITIVES 

Coordinate Systems 

In a basic graphics system, the only graphical primitives 
needed by the application program are those to define 
points, lines, and displayed text strings. These are de
scribed in terms of positions and measurements in a 

, Cartesian coordinate system. The coordinates are inher
ently dimensionless, and thus the application program 
can define objects in terms of units that are natural to the 
application and to the user. 
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The application program is constrained by the overall 
size of display space on the output device. Display space 
can be divided into a number of rectangular regions 
called "viewports," into.which subpictures are mapped. 
Subpictures require the use of a suitable application 
coordinate system. Such a coordinate system is the 
world coordinate system, used by the application pro
gram to choose a rectangular "window." Any finite rect
angular region of this infinite space, where the sides of 
the rectangle are parallel to the x and y axes, is a window 
in the world coordinate system. Because different win
dow sizes can be used, the image is drawn in world 
coordinate space relative to a particular window and 
then clipped to that window. To be able to transform 
these windows into their allotted viewports on the 
screen, the application program must have procedures 
for specifying windows, viewports, and appropriate co
ordinate systems. 

The window is defined in terms common to the world 
coordinate system, where the edges of the rectangle are 
parallel to the x and y coordinate axes. The viewport 
procedure also takes a rectangular boundary as its 
parameter; the system in which this boundary is ex
pressed is called the device coordinate system, i.e., the 
one used for representing absolute positions on the 
display space. Since device coordinates map directly 
onto the display device, the range of coordinates will 
define display resolution. 

Often a graphics system supports many different de
vices, and the application program must provide a 
means of controlling these in as uniform a manner as 
possible. Determination of the viewport using device 
coordinates is acceptable if only one graphics device is 
used, or if all graphics devices have exactly the same 
coordinate systems to represent their display spaces. A 
better solution to device disparity requires a uniform 
method of addressing different display spaces. The stan
dard solution is to introduce an intermediate system 
called normalized device coordinates, where (O,O) is at 
the bottom left corner and (1,1) is at the top right, i.e., a 
unit square. 

Windows and Clipping 

The viewing operation, or pipeline, has been defined as a 
journey of a coordinate through the graphics system. It 
starts as a world coordinate point generated by a call to 
an output primitive procedure, continues through the 
normalized transformation stage, and finally passes 
through the device transformation stage, after which it is 
expressed· in normalized device coordinates. 

During this procedure, the graphics package must know 
what portion of the essentially unbound world coordi-
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nate space is to be displayed. This rectangular region, or 
window, is invoked by a graphics package procedure 
that maps the image of the window boundaries to 
coincide with the edges of the screen. A programmer 
can make the graphics package display only that portion 
of an object which is in view by surrounding the desired 
part with an appropriate window. 

Any part of the object not in view inside the window is 
made invisible by the graphics package through a pro
cess known as clipping, whereby any primitive lying 
entirely outside the window boundary is not mapped to. 
the screen, and any primitive lying partially inside and 
partially outside is cut off. Each output primitive defined 
by the application program is tested to see whether it is 
entirely inside the window, intersects the window, or lies 
entirely outside the window. The pieces that remain after 
testing and clipping are mapped to the screen. 

The most basic form of clipping involves output primi
tives such as points, lines, and text (figure 3). Even with 
these simple primitives, it is essential that the clipping 
operation be done efficiently since hundreds or even 
thousands of lines must be processed as quickly as 
possible to provide the next view of the object as 
smoothly as possible. 

Window-to-Viewport Mapping 

In this context, window is a rectangular area that speci
fies the part of a scene-either graphics or text-to be 
displayed and is defined by means of coordinates in the 
lower right and upper left corners. (The type of window 
commonly associated with a page of text or graphics, or 
possibly the dynamic output from a process or program, 
does not apply to this discussion.) 

A window defines what is to be displayed but not where 
it is to be displayed. Therefore, each window requires a 
corresponding viewport that defines the space into 
which the window is to be displayed. In figure 4, the 
window is clipped to its boundary in world coordinates, 
and then subsequently mapped to the viewport bound
aries in device coordinates. A few windows appear 
whole, while some are obscured by other windows. A 
viewport obscures another viewport when it has a higher 
priority than the obscured viewport. Viewports may be 
moved around the display area without affecting their 
information content, except when they are moved rela
tive to an obscuring viewport. 

The movement of a window about the scene gives the 
effect of changing the observer's view of the picture. 
Adjusting the size of the window relative to the size of 
the objects being displayed produces arbitrary scaling 
effects. Thus, moving the window and selecting smaller 
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or larger window sizes creates the cinematic effect of 
panning in or zooming out. In theory, one can zoom in on 
a single primitive until it touches the boundaries, or 
zoom out until the entire scene blurs together as a single 
port. 

If the graphics package supports only a single D PU, then 
it is most efficient to convert directly from world coordi
nates to physical coordinates. For packages that sup
port multiple display devices, it is convenient to produce 

Figure 3. Example of Two-Dimensional Clipping 
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a low-level, machine-dependent, normalized device co
ordinate representation of the image that can then be 
translated by multiple DPU code generators to the 
appropriate physical device coordinates. Therefore, 
window-to-viewport mapping is a conversion process in 
which the window, defined in world coordinates, is 
converted into device or normalized device coordinates 
for input into the next phase of the viewing pipeline 
(figure 5). 
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Figure 5. Window Boundaries Mapped to Viewport Boundaries 

(wx1,wy1) (x,wy1) 

Notes: 
[1] wx1 ,wx2, wy1, wy2 =window boundaries. 
[2) vx1, vx2, vy1, vy2 = vlewport boundaries. 

DPU Code Generation 

This stage in the viewing pipeline converts the clipped 
and mapped output primitives to normalized device 
coordinate space, unless this conversion was already 
performed in the window-to-viewport mapping phase. 
Device-independent primitives are converted into actual 
D PU commands with operation codes, functions, and 
beam displacement fields in physical device coordi
nates. 

Segmentation 

The final stage, segmentation, involves organization of 
the output primitives into logically related segments for 
selective identification and modification of the image. 
Once a picture of an object has been created and drawn, 
changes to the drawing can be made by means of 
modifications to the data structure. Producing an up
dated view of the modified object(s) by having the 
application program redescribe everything to the graph
ics package, even though only a portion has been 
changed, would be very wasteful because of the com
putations required to clip and map world coordinates 
into device-dependent coordinates. 

Segmentation, where the object's description is parti
tioned into segments that are individually displayed, 

6 

Vlawport 
(VX2, Vy2) 

(xv,yv) 

(xv, vy1) 

831H-63368 

provides the system with an extra dimension of flexibil
ity, a way of creating a high-level representation of the 
total picture. Each segment consists of attributes deter
mining the state of the segment, as well as a sequence of 
output primitives. Fast selective modification is a neces
sity of high-quality interactive graphics because it pro
vides rapid response to the user for closely coupled 
feedback. 

Geometric Transformations 

A graphics system should also provide the ability to 
scale and rotate images in two- and three-dimensional 
space. These geometric transformations should be free 
from device-dependent issues such as screen coordi
nates so that different views of a picture at different 
scales may be selected, and repeated symbols in pic
tures may be drawn at various scales and angles of 
rotation. 

The most common way to view transformations is with 4 
by 4 matrix multiplication. However, matrix multiplica
tion requires many intermediate steps, making the trans
formation of object coordinates one of the most time
consuming steps in the entire graphics output sequence. 

Arbitrary two- and three-dimensional transformations 
such as object rotations, translations, scaling, and per-
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spective and orthographic projection may precede the 
clipping function in the graphics pipeline, and may also 
include the ability to transform the image into viewport 
coordinates (figure 6). Because matrix representations 
for translating, scaling and rotating differ (scaling re
quires an additional matrix and rotation uses a multipli
cation matrix), it is more efficient to treat these functions 
in a consistent way. For example, if they are expressed in 
homogeneous coordinates, all three transformations 
could be expressed as multiplications. 

Figure 6. Transformations 
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Homogeneous coordinates were developed in geometry 
and have subsequently been applied in graphics (figure 
6). Numerous graphics subroutine packag'es and some 
display processors work with homogeneous coordinates 
and transformations. In some cases, they are used 
directly by the application program in passing parame
ters to the graphics package. In other cases, they are 
applied only within the package and are invisible to the 
programmer. 
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INTERACTIVE GRAPHICS TECHNIQUES 

One of the principal goals of interactive systems, graph
ics or otherwise, is the symbiosis between man and 
machine. When a user is able to interact with a computer, 
this interaction is said to be conversational. Working 
together on a single task merges the capabilities of the 
two partners, man and computer. 

Of all the possibilities for graphics input hardware, the 
keyboard is certainly the most familiar. Many graphics 
systems have little more. There are five basic logical 
input devices: the locator to indicate a position and/or 
orientation, the pick to select a display entity, the valu
ator to input a single value in the space of real numbers, 
the keyboard to input a character string, and a button to 
select from a set of possible alternative actions or 
choices. Logical input devices are rather like logical files 
in an operating system. A sequential input file may be 
implemented physically by means of a card reader, a 
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magnetic tape drive, a disk drive, or a terminal keyboard. 
The application program doesn't care because the oper
ating system makes them functionally alike, despite their 
physical differences. 

Many graphics systems simulate the logical functions of 
another class, although some of the simulations can be 
rather awkward. These implementations are sometimes 
part of the graphics package. For example, since a 119m 
direct-view storage tube cannot be used with a light pen, ll:ila 
the cross-hair cursor locator might be used as a pick. 

In addition to interactive devices and device simulations, 
interaction techniques are used as the basic building 
blocks from which complete interactive dialogues are 
designed. Interactive techniques are higher-level func-
tions implemented through the basic device simulations 
already discussed. These techniques, which are general 
application-independent ways of interfacing with a com-
puter, are routinely used in many graphics packages and 
include the following: 
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• Construction Techniques-where the physical ap
pearance of an object is indirectly manipulated by 
means of dragging or rubberbanding. 

• Command Techniques-where menus and pro
grammed function keyboards are used to input com
mands. 

• Picking Techniques-where a hierarchical object 
structure allows the user to pick a basic object, a 
collection of basic objects, or perhaps a collection of 
collections. 

When programming graphical input devices, a certain 
degree of device independence can be gained by provid
ing individual high-level primitive functions for each 
basic form of interaction. The following list, based on this 
approach, is adequate for most graphics applications 
and can be implemented on a surprisingly large variety of 
terminals. 

• Positioning-where the user defines a location on the 
screen. This location is passed back to the program, 
which uses it to position objects or endpoints of lines. 

• Pointing-where the user identifies an object already 
displayed on the screen. This can be used to delete 
and copy objects or to implement light buttons and 
other means. 

• Inking-which is used to specify a free-hand curve as 
a collection of screen points. 

• Character Recognition-where the user draws a 
number of inked strokes that together can be recog
nized as a text character, an editing mark, or some 
other symbol. 

• Dragging-where coordinates from a graphical input 
device are used to specify the location of some object 
on the screen. Repositioning is performed rapidly 
enough so that the user can "rag"the object around 
the screen until it is correctly positioned, at which 
time it is fixed again. 

Device independence is just as troublesome here as it is 
in graphical output. The problem is not that input devices 
have such different characteristics, but that each input 
technique demands a specific form of immediate feed
back on the screen. The popular rubberband line draw
ing technique, for example, depends on the dynamic 
display of a line with one endpoint fixed and the other 
following the coordinate input device. It is difficult to 
provide this sort of effect without modifying the graphi
cal output process. Therefore, meddling with the output 
process should be avoided in the interest of device 
independence. 
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DISPLAY HARDWARE 

Without special hardware for producing output, there 
would be little interest in computer graphics. Useful 
pictures can be produced using only a line printer or a 
normal hardcopy alphanumeric terminal, but what most 
people expect from a graphics system is something 
much more. 

Most graphics hardware has options for moving in two 
dimensions, plotting or intensifying certain points on a 
surface, displaying characters, and providing gray-level 
variation or color shading. The number of such devices is 
increasing yearly and includes vector or raster CRTs, 
hardcopy drum and flatbed plotters, impact and ink-jet 
matrix printer/plotters, color copiers, LED displays, 
plasma panels, and laser printers. In this discussion, the 
focus will be on CRT technology for vector and raster 
scanning, with emphasis on the system architectures 
needed to implement such devices in a graphics system. 

CRTs for Raster and Vector Scanning 

The D PU is a special-purpose CPU with its own set of 
commands, data formats, and an instruction counter 
that executes a sequence of instructions called the 
display file to create an image on the display device. 
Individual DPU instructions typically are used to draw a 
point, a line,' or a character string. Interactive devices 
attached to the DPU can also be used to input com
mands and other information. 

The DPU can be organized to create an image, either by 
random or raster scanning. In a random scanning sys
tem (sometimes called a vector, stroke, or calligraphic 
scanning system), parts of the drawing can be depicted 
in any order on the display. For example, the house in 
figure 6 was drawn by moving (detecting) the beam to 
the starting point, turning it on, and continuously de
flecting it between successive endpoints to trace the 
house outline. In a raster scanning (TV-type) system, all 
parts of the drawing in the first. line are reproduced in 
left-to-right order, followed by all parts of the drawing in 
the second line, arid so on. Hardcopy devices operate in 
either a random or raster scanning system. The printer, a 
simple hardcopy device, has a print head that moves 
from left to right and top to bottom. The pen plotter, 
which uses a pen that can be moved in any direction over 
a piece of paper, is a random scanning device. 

Figure 7 shows basic display techniques. Starting in the 
upper left of the screen, the intensity is modulated during 
the left-to-right sweep to create different shades of gray. 
At the right edge, the beam is blanked (turned off), 
repositioned (indicated by the dashed line) at the left 
edge one unit down from the previous scan line, and 
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unblanked. After all scan lines have been drawn, the 
beam returns to the upper-left corner: Broadcast televi
sion in the United States operates with 525 scan lines, 
but common raster graphics systems use anywhere 
from 256 to 1024 lines. The more lines used, the higher 
the picture quality. 

Display Processing Unit for Random Scanning 

Figure 8 shows a very simple DPU capable of randomly 
plotting under CPU control individual discrete points on 
a grid of 1024 by 1024 lines. This feature requires that 
10-bit x and y values be made available to the DPU. The 
computer uses input/output commands to load the x and 
y registers with coordinate values, while the analog 
(voltage) equivalents of the coordinate values go to the 
def le ct ion system. The current amplifiers for the mag
netic deflection coil produce the appropriate current. 
Once this current has stabilized, the electron beam is 

Figure 7. Display Techniques 
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Figure 8. Random Scan Display Technology 
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unblanked (turned on) for a few microseconds, and then 
blanked again to detect and draw the next point. The 
whole process can take from 5 to 20 µs per point with a 
fast deflection system, or as much as 50 µs per point 
with a slow deflection system. In a given system, the 
time between the display of successive points is usually 
nearly proportional to the distance between them. A 
refresh rate of 30 cycles per second allows 33,000 
microseconds per refresh cycle, resulting in display 
capacities from 33,000/50 = 660 to 33,000/5 = 6600 
points. 

The system in figure 8 has no facilities for concurrent 
program execution and display of screen refresh capa
bilities. Most contemporary DPUs provide the same 
functions as a general-purpose CPU, functions such as 
an instruction counter, instruction register, and control 
logic that allow the DPU to execute instructions as well 
as to refresh the display. 
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Display Processing Unit for Raster Scanning 

The D PU illustrated in figure 9 provides a number of 
features to enhance operation. The CPU loads a D PU 
program into main memory, loads the DPU with the 
starting address, and tells the DPU to start the execu
tion of the D PU program. The D PU cycle "steals" from the 
CPU's memory whenever it needs a new instruction. 
Thus, converting the display to an autonomous proces
sor relieves the CPU of the refresh task. 

Images to be displayed by a random scanning system 
are encoded as commands to draw each output primi
tive using endpoints of lines as coordinate data values. 
The encoding for raster scanning systems is much 
simpler: output primitives are separated into their con
stituent points for display. 

The major differences in simple point plotters, random 
scanners, and raster scanners occur in their organiza
tion of stored bits. In point plotting displays, the com
ponent points of each successive output primitive are 
stored sequentially and are plotted in that order, one 
picture element at a time becaise the beam may be 
moved randomly on the screen. Conversely, the refresh • 
memory in the raster display is arranged as a two
dimensional array. The entry at a particular row and 
column stores the brightness and/or color value of the 
corresponding (x,y) position on the screen in the simple 
one-to-one relationship shown in figure 9, i.e., each 
screen and memory location is referenced by an x 
coordinate (ranging from Oto m-1) and a y coordinate 
(ranging from O to n-1 ). The top row of memory corre
sponds to the top scan line, the second row of memory 
to the second scan line, and so on. Image refreshing is 
performed by means of sequential raster scanning 
through the buffer, by scan line rather than by output 
primitive as in random scanning. 

The job of the image refresh system is to cycle, row by 
row, through the refresh buffer, typically 30 to 60 times 
per second. Memory reference addresses are generated 
synchronously with the raster scanning device, and the 
contents of memory are used to control the CRT's beam 
intensity. The raster scanning generator provides deflec
tion signals that generate the raster scanned image and 
also control the x and y address registers defining the 
location of the image to be fetched so as to control the 
CRT beam. At the start, the x address is set to o and the 
y register to n-1 (the top of the scan line). As the first 
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scan line is generated, the x address increments from 
m-1. Each point is fetched and used to control the 
intensity of the CRT beam. After the first scan line, the x 
address is reset to O and the y address decrements by 1. 
The process c.ontinues until the last scan line (y = O) is 
generated. 

Display Resolution 

The number of raster lines capable of being displayed on 
a monitor depends not only on the speed at which the 
electronic beam can be moved across the screen, but 
also on the quality of th.e electronics controlling the 
beam. Similarly, the number of horizontal points that can 
be plotted depends on the speed at which the beam can 
be switched on and off. The more raster lines and 
horizontal points that can be drawn, the greater the total 
number of points that can be displayed, and hence, the 
greater the resolution of the display. 

Consider a CRT monitor with m pixels on each line and n 
raster lines. If the time required to draw one pixel is Pt 
and the time for horizontal retrace in Ht, then the total 
time to display one raster line is Lt = MPt + Ht. If the time 
for one vertical retrace is Vi. the total time to draw one 
complete image is t = N(MPt +·HJ + Vt. If there are to 
be raster frames per second, then rearranging the above 
for Pt meansthatthetimeto draw one pixel is Pt= 1/MNr 
- Vt/MN - Ht/M. This value, usually expressed as a 
frequency, represents a measure of the monitor's resolu
tion capability and defines the electronics performance 
required to achieve a particular display resolution, gen
erally known as monitor bandwidth. 

Typical bandwidth figures for refreshing of the whole 
image 60 times a second (60 Hz) are 28 MHz for a display 
of 512 by 768 pixels and 88 MHz for a display of 1024 by 
1024 pixels. 

SUMMARY 

The aim of this application note has been to provide an 
overview of a graphics system, defining some of the 
fundamental operations required to render an image 
onto a display device. By no means comprehensive, the 
discussion should at least have provided a framework for 
understanding the common techniques and terminology 
used in a number of today's very sophisticated applica
tions, whether implemented in state-of-the-art VLSI 
technology or organized into a higher performance 
parallel architecture. 
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Figure 9. Raster Scanning Display 7echnology 
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Introduction 

The growth of computer graphics is directly attributed 
to the availability of reasonably priced, high quality 
display hardware. The technology most successfully 
addressing this feature is called raster scanning, a type 
of graphics found in television applications and one 
that makes it possible for complex, flicker-free images 
to be displayed. 

Frame buffer architecture is important in determining 
the performance of the entire raster display system. For 
example, although frame buffer architecture is re
stricted by the refresh requirements of the display (i.e., 
how fast a new image can be generated in response to 
user input), architecture of the entire graphics system 
is affected as well. This application note discusses 
some of the design techniques inherent to frame buffer 
architecture. 

Raster Scanning 

A raster display system constructs an image as a series 
of horizontal lines, each composed of picture elements 
(pixels) whose intensity is controlled by a bit map 
generated on the display processing unit (DPU) in 
accordance with graphics primitives defining the unit. 
The device buffering the bit-mapped image is called 
the frame buffer, or image memory, and is usually 
designed with dynamic RAMs (figure 1). Each storage 

Figure 1. Frame Buffer Organization 
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Frame Buffer Architecture 

cell in the frame buffer corresponds to a pixel that 
maps to a point on the display screen. Data stored in 
the frame buffer is systematically read by the DPU 
(video controller) and then used to refresh the CRT 
monitor displaying the image. 

Frame buffers are usually sized in the horizontal and 
vertical directions as a power of 2, in particular 256 by 
256 (28), 512 by 512 (29), or 1024 by 1024 (210) pixels. 
Sizes based on the aspect ratio of the screen (e.g., 768 
by 512 or 1536 by 1024) are also common. These 
dimensions then become device coordinates of the 
raster scanning display system. 

The bits in the frame buffer are scanned by the DPU in 
a left-to~right, top-to-bottom sequence. They are then 
read in parallel and serialized by a scanner that out
puts the pixels to the video generator. The pixels mod
ulate the CRT beam signal in proportion to the values in 
the frame buffer. 

Refresh Requirements 

The design of frame buffers is determined in large part 
by the requirements of the application. A stable display 
is generally the foremost requirement of a graphics 
system. Therefore, the first design consideration 
should focus on how the video's refresh controller will 
supply data to the output hardware when pixel time is 
less than a buffer cycle. 

83VB-6950B 
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The frame or image buffer stores a bit map representing 
the image to be displayed. The size of the frame buffer, 
often 512 by 512or1024 by 1024, is the resolution of the 
memory, with each element being one pixel. The D PU 
must update the frame buffer with the bit-mapped 
image and periodically refresh the display. Refresh 
requirements are determined by a number of factors, 
including the D PU's refresh rate, vertical and horizontal 
retrace time, screen resolution, and access time of the 
memory used in the frame buffer. When all of these 
factors are established, the architecture of the frame 
buffer can be determined. 

Two standards developed by the Electronic Industries 
Association (EIA) define the timing of video signals. EIA 
standard RS-170-A specifies interlaced video signals at 
30 frames of 525 lines per second each for typical 
television applications, RS-343-A specifies 30 frames of 
1024 by 1024 noninterlaced images per second or 30 
frames of 512 by 512 noninterlaced images per second 
for high-resolution television applications. 

Knowing how often a new pixel must be supplied to the 
output device is crucia~ to determining how quickly 
image memory must be accessed to support the re
fresh requirement. Pixel time, the active line time di
vided by the number of visible pixels per line, can be 
derived from either the refresh rate, the vertical or 
horizontal blanking interval, the number of lines dis
played per frame, or the number of pixels displayed per 
line (figure 2). 

Figure 2. Pixel Time 

NEC 
Table 1 gives the values used to derive pixel times for 
several popular display formats. Pixel times will vary 
from system to system, depending on the number of 
visible lines and the number of pixels per scan line. 
However, these figures are typical: (1) 100 ns for 512 x 
512 at 30 Hz; (2) 45 ns for 512 x 512 at 60 Hz; (3) 25 ns 
for 1024 x 1024 at 30 Hz; and (4) 10 ns for 1024 x 1024 at 
60 Hz. 

The storage cell is the principal element in a frame 
buffer, which is why advances in frame buffer architec
tures have been paced by advances in the cost, perfor
mance and structure of these chips. Storage bandwidth 
is of primary concern in the design of frame buffers, 
and while dynamic devices have historically evolved to 
deeper and deeper organizations, the width of the 
access port (e.g., 1M x 1 or 256K x 4) has experienced 
almost no change. 

The trend toward deeper organization meets the needs 
of main buffer designs, .but doesn't provide a solution 
for potential bandwidth requirements. Furthermore, 
resolution isn't expected to grow significantly beyond 
the 1280by1024 now used in most applications, which 
means the need for higher density video buffers is 
limited (figure 3). Consequently, for a 1K x 1K display 
operating at 60 Hz, a pixel rate of 10 ns (as well as 
parallel accessing of the frame buffer) is required. 

[
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Table 1. Video Timing for Various Display Formats 
Visible Area Refresh Vertical Retrace Horizontal Retrace Total Line Pixel Time 
Pixels x Lines Rate (Hz) Interlaced Time~) Time °'s) Time~) °'s) 

512 x 485 30 Yes 1271 10.9 63.56 102.80 

640x 485 30 Yes 1271 10.9 63.56 82.30 

512 x 512 30 Yes 1203 10.9 60.40 96.70 

1024 x 768 30 Yes 1250 (1) 7.0 (1) 40.10 32.37 

1024x1024 30 Yes 1250 7.0 30.11 22.57 

1280 x 960 30 Yes 1250 7.0 32.12 19.62 

512 x 485 60 No 1250 7.0 31.79 48.41 

640x 485 60 No 1250 7.0 31.79 38.73 

512 x 512 60 No 1250 7.0 30.11 45.14 

1024x 0768 60 No 600 (2) 4.0 (2) 20.92 16.52 

1024x1024 60 No 600 4.0 15.69 11.42 

1280 x 960 60 No 600 4.0 16.74 9.95 

1280 x 1024 60 No 600 4.0 15.69 9.13 

Notes: 

(1) Nominal RS-343-A specifications. 

(2) Typical high-performance monitor specifications. 

Figure3. Color Monitor Standards 
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Table 2 shows the effect of using a device with a 4-bit 
organization, which can read and write four bits in a 
single cycle and provide four times the bandwidth of a 
1-bit chip of equal capacity. This wider organization has 
figured prominently in frame buffer design, and as 
system performance requirements increase, ever wider 
organization may be required. 

Table 2. Performance of Storage Chip 
Organization Time to Fill (ms) 

4Kx 1 1.6 

16Kx 1 6.6 

64Kx 1 26.2 

256Kx 1 105.0 

16Kx 4 6.6 

64Kx4 26.2 
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Although an 8-bit organization is practical, the evolu
tion toward 16-bit devices will be prohibitive because of 
pin configuration and package size. Therefore, in order 
to meet the required pixel rate of high performance 
graphics systems, the frame buffer must be designed 
with organizations and features that can best support 
the increasing performance requirements. Over the 
years, a number of different design solutions have been 
proposed. One is to separate the device into a double 
buffer, one for refreshing the display and the other for 
updating the image. Another approach is to incorpo
rate the functions needed to update and refresh a 
display into a VLSI DRAM architecture. Both of these 
architectures are important in determining overall per
formance, but the organization of the frame buffer also 
plays an important role in optimizing its performance in 
various applications. 

Organization 

How pixel values are mapped into the update proces
sor's address space has a substantial impact on the 
speed with which the processor can alter the memory. 
Two basic types of organization are commonly used to 
store and access pixels in display memory: pixel and 
plane organization. 

Pixel Organization. In pixel organization, the storage 
cell is arranged so that all bits in a pixel are contained 
in the same word. When pixel length is shorter than 
word length, multiple pixels can be packed into each 
word. When the graphics processor accesses a word of 
display memory, all of a pixel's bits are available simul
taneously. Therefore, in a pixel-based architecture, 
frame buffer data is handled one pixel at a time, 
providing a technique that can quickly access individ
ual pixels (figure 4). 

For multiple planes, the address to the plane buffer 
generates a data word composed of pixels at the same 
location across multiple planes. Because the pixel 
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organization addresses individual pixels, there are no 
problems regarding word alignment during Image 
transfers. This architecture is often found in image 
processing and solid modeling applications, where the 
value of each pixel is very computation-intensive be
cause of color value or shading variations. 

Plane Organization. In plane organization, the frame 
buffer may be viewed as a number of separate planes, 
where the number of planes in the frame buffer is equal 
to the number of bits in a pixel. In a two-dimensional 
display memory, each pixel consists of one bit, wh.ich 
can be either on or off, indicating the presence or 
absence of a dot Such a display memory supports a 
monochrome, single-intensity display. In a color dis
play, additional bits at each pixel add color and control 
the intensity. A four-bit pixel, for instance, can control 
the CRrs red, blue and green color guns, as well as the 
pixel's intensity. Each bit with the pixel corresponds to 
a separate plane. 

Planes can provide information other than color. For 
example, one plane can show a static picture, while 
another displays an icon that the user can drag around 
the screen with a mouse. Alternatively, it is possible to 
use a one-bit plane to mask certain regions of another 
plane. 

In plane organization, display memory is divided so 
that all the bits associated with one plane are stored in 
the same area of memory (figure 5). Each. word, there
fore, comprises bits associated with only one plane. 
The display memory data is accessed one word at a 
time. Since a word is usually 16 to32 bits, the chip must 
access at least 15 unnecessary bits to be able to 
manipulate one bit with the pixel. Furthermore, be
cause of the word boundary of 16 bits, a barrel shifter is 
required if image placement and movement accuracy 
are needed at the actual pixel level. 
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Figure 4. Pixel Access 
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Plane organization is the most popular in engineering 
and business applications, because they require less 
intensive pixel computation but more intensive data 
creation and image movement computation. This ar
chitecture costs less and brings with it higher perfor
mance when large bit maps must be manipulated. 

Pixel and Plane Organization. Some applications 
need both types of access, in which case the integrated 
organization shown in figure 6 may be implemented. 
Access to the frame buffer can be either at word width 
or pixel depth, providing the best of both types. For 
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example, when pixel information such as a dot pattern 
for one plane is written to the frame buffer, a number of 
planes can be written at the same time using plane 
access. Because individual pixels can be accessed, ll!!!lm 
word alignment when moving images is not an issue. lli:ilim 
Likewise, when the frame buffer is read, a number of 
planes can also be read in plane access and a number 
of pixels can be read simultaneously in pixel access. 
This enhances comparison functions such as color 
detection (pixel access) and pattern detection (plane 
access). 
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Figure 6. Plane and Pixel Access 
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Word Alignment 

Although plane organization is implemented in a num
ber of popular graphics systems, restrictions associ
ated with word boundary constraints have limited the 
flexibility and performance of these systems. The pixel 
and plane combination solves this problem by provid
ing the ability to first access each pixel individually and 
then switch to plane access. 

At the graphic processor level, a number of manufac
turers have provided the ability to switch between pixel 
and plane access or provide a function to align word 
boundaries. For example, NEC's µPD72120 Advanced 
Graphics Display Controller™ provides both plane and 
pixel access. National Semiconductor's graphics chip 
set uses a plane organization, but takes another ap
proach to this issue by including a BITBLT (bit-boundary 
block transfer) processing unit chip that is a slave to the 
raster graphics processor and performs all the mask
ing, word alignment, barrel shifting, data transfer, and 
Boolean logic necessary for BITBLT operations. 

Access Modes 

The plane and pixel organizations provide a means of 
organizing the frame buffer in such a way that its 
performance is optimized for a number of applications. 
Also, by providing logical and arithmetic functions that 
operate on arrays of data, the.transfer of data between 
the graphics processor and the frame buffer can be 
optimized. These logical and arithmetic functions can 
be implemented in the instruction set of the graphics 
buffer or in the architecture of the frame buffer, depend
ing on the application. 

Figure 7. BITBLT Operation 

Display Area 
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BITBLT Operation 

The BITBLT instruction, first developed on the Alto 
system, provides a powerful capability for bit opera
tion on rectangular areas having the same heights and 
widths: 

o Moves rectangular regions of pixels and is not 
restricted to contiguous linear arrays 

o Operates at any pixel boundary and is not 
restricted to byte or word boundaries 

o Is able to mix the source and destination pixels 
with a Boolean logical operation and is not 
restricted to a simple replace destination with 
source transfer 

The instruction copies a source array into a destination 
array, where the destination array is derived by apply
ing a given logical operation called the combining rule 
to pairs of bits in corresponding positions in the two 
arrays (figure 7). 

The original concept of BITBLT entails a set of 16 
specific combining rules that are· one of the 16 Boolean 
operations defined in table 3. The AND function uses 
its source as a mask to selectively clear parts of the 
destination, while the OR function selectively sets 
parts of the destination. Thus the OR can be used to 
paint shapes into the refresh buffer, perhaps under 
control of a mouse or tablet. Another use of the OR 
function is to place text characters defined by bit 
arrays into a refresh buffer without changing the back
ground pixels around those that form the character 
itself. 

Block Movement 

Clip Window 

·No Change 
•Clipping 
•Masking 
• Source and Destination 
Boolean Logic Operation 

µPD72120 Advanced Graphics Display Controller is a trademark of NEC Corporation. 
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Table 3. BITBLT Combination Rules 
Bit Pattern Boolean Expression Operation 

0000 d :;= 0 CR_O 

0001 d := s. d CR_AND 

0010 d := s. (d) CR_SND 

0011 d := s CR_S 

0100 d := cs)· d CR""'"DNS 

0101 d:= d CR_D 

0110 d := s e d CR_ XOR 

0111 d :=,s + d CR_OR 

1000 d := (s + d) CR_NOR 

1001 d:=(~) CR_NXOR 

1010 d :=Ci CR_ND 

1011 d := ((s) • d) CR_NDNS 

1100 d := s CR_NS 

1101 d := (s • (d)) CR_NSND 

1110 d := (STci) CR_NAND 

1111 d := 1 CR_t 

No~es: 
(1) s .and dare the source and destination bits. 

(2) •, -, . $, and + are Boolean AND,. NOT, XOR, OR operators, 
re~pectively. 

Some versions of BITBLT also use a 16 by 16 pixel 
halftone or pattern array that functions as an addition 
mask (figure a). The halftone array can be used·in place 
of the source or can be ANDed with the source prior to 
being combined with the destination. This same ver
sion of BITBLT also allows a clipping region to be 
associated with the destination. This can be used, for 
instance, to clip characters defined by bit arrays much 
more easily than if the clipping step where part of the 
viewing transformation process. This speed is crucial, 
especially for smooth scrolling of text by units of less 
than one character heigl]t As the name indicates, the 
BITBLT is a block transfer operation, where the desti
nation is stored as an array of bytes and where each 
byte represents eight successive bits. 

PIXBIT Operation 

The implementation of the BITBLT operation can be a 
tricky endeavor. Source and destination areas may 
overlap; therefore, the algorithm must be careful to 
operate in an order that ensures data will not be 
overwritten before it is used. The problem is further 
complicated by the arranged of the frame buffer, which 
is often arranged with 16 or 32 horizontally adjacent 
pixels in a single word. Because regions do not neces
sarily fall on word boundaries, corresponding pixels in 
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source and destination words may fall at different bit 
positions with the words. In order to operate on several 
pixels within each memory word in parallel, two source 
words rriust be available to be aligned with the data 
within the destination data word. the logical operation 
is the.n applied to .the .. aligned. words, .and the result 
written. to the destination location. This must be re
peated for each word containing a dest.ination pixel. 

The PIXBLT. operation eliminates the need to align 
operands on word boundaries, because the· PIXBLT 
operation accesses pixels and not words or bytes. The 
basic PIXBLT algorithm supports combination rules 
(similar to those found in BITBLT operation) and auto
matically aligns the source and destination arrays. 
PIXBLTs operate on multi bit pixels, which gives them a 
speed advantage over BITBLTS in· color systems be
cause they perform the operation on all planes at once. 
They can perform logical and arithmetic operations, 
transparency detection, plane masking; and color ex
pansion. ·Because PIXBLTs perform arithmetic opera
tions that require the processor to have the ability to 
handle carries between bits, a PIXBLT can only ·be 
implemented with a frame buffer that has pixel organi
zation. PIXBLTs are useful for performing the Bresen
ham anti-aliasing algorithm for line drawing primitives. 

TILE Organization 

Traditional frame buffers are designed so that sequen
tial memory locations lie along a scan line. To refresh a 
raster scan display, the . sequential pixels must be 
provided at a very high speed. In the past, display 
refreshing required a significant percentage of the 
available RAM bandwidth. Video RAMs that separate 
frame buffer update cycles from video refresh cycles 
recently became available, allowing almost all of the 
RAM bandwidth to be used for image updates. 

Unlike video refresh cyc:les, genercition of images into 
the frame buffer is not necessarily dependent on scan 
lines. In fact, many display operations manipulate 
groups of pixels having two,.dimensional locality. This 
characteristic allows frame buffer input mechanisms to 
be organized not as scan lines but as two-dimensional 
or rectangular arrays called tiles. With this organiza-, 
tion, more pixels are updated per memory cycle, thus 

· increasing the data bandwidth between the scan con
verter and the frame buffer and increasing overall 
system performance. 

The number of pixels updated per tile is also a function 
of tile organization and the type of operation being 
performed. In a pixel/plane architecture, tile organiza
tions can be readily handled because packed pixels 
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can be sequentially accessed. For randomly oriented 
vectors, a square tile organization gives the highest 
average number of pixel updates per memory cycle. For 
horizontal vectors that include polygon fill, a tile orga
nization linearly in the horizontal dimension gives the 
highest number of pixel updates per cycle. 

o A tile is the maximum, simultaneous work area for 
the graphics processor. 

o The more pixels updated per cycle, the higher the 
pixel performance. 

o The number of pixels updated per cycle is a 
function of tile size. 

o The number of pixels updated per tile is also a 
function of tile organization and the type of 
operation being performed. 

Application Note 89-16 

Figure 9 shows an example of a one-plane buffer that 
supports 4 x 4 tiles and 16x 1 tiles. The RAM has 16 data 

lines, with each of the four groups of data lines (A, B, C 
and D) able to receive a different address. The illustra
tion shows how data lines in the storage array map into 
the display. Note that for any 16 consecutive pixels in 
the horizontal direction, each comes from a different 
data line. Also, in any 4 x 4 group of pixels, each of the 
16 comes from a different data line in the array, allowing 
access of 16 pixels to originate from either a 16 x 1 or 4 
x 4 ti le, based on the addresses supplied to the different 
groups of RAM. To access a 16 x 1 tile, all groups of RAM 
receive the same address. To access a 4 x 4 tile, each 
group of RAM receives a different address, namely 
ADDA, ADDA+ M, ADDA+ 2M, and ADDA+ 3M (where M 
= consecutive memory addresses). Which group of 
RAM gets each of these addresses depends on the 
particular 4 x 4 tile being accessed. The fact that the 
four data lines within a group always have the same 
address fixes the tiles on four-bit boundaries. 

Figure B. Examples of Combination Rules 

Source Destination Result 

~ CR_OR ~ 
~ CR_AND ~ D 
lj CR_AND ~ ~ 
13 CR_)(OR ~ ~ 
lj CR_DNS ~ ~ 
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Figure 9. Tile Organization 
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a. Frame Buffer RAM Array 

FRAME BUFFER ARCHITECTURES 

Double Buffer Architecture 

One of the solutions is to divide the frame buffer into 
two separate storage arrays, where one is used to 
refresh the display and the other to update the image 
(figure 10). When the display controller decides to 
change the image on the screen, it switches the two 
buffers, substituting the new image into the refresh 
buffer and using the old refresh buffer to update a new 
image, and so forth. One of the disadvantages of this 
architecture is that it requires twice the amount of 
memory; however, it is essential to ensure a smooth 
transition between successive images. Even if the im
age can be written within one frame cycle, the display 
must be erased between frames, causing flicker: 

Double buffering can be implemented with two meth
ods: either by splitting the available memory in pixel 
depth and using two buffers with reduced color reso
lution, or by splitting the x,y resolution of the memory 
and retaining full pixel depth. When the two buffers use 
entirely separate sets of memory chips, the display 
processor and the video refresh processor have com
plete access to their respective memories. If the buffers 
must share memory chips, little or no access improve
ment results, but image transition is smoothed. 

A 512 x 512 x 32-bit frame buffer can be treated as two 
512 x 512 x 16-bit buffers. In some cases, the lost color 
resolution can be regained in the video output chain. 
The advantage of the pixel depth-splitting approach is 
that the system can be used as a single-buffer system 
for full color applications, and as a double-buffered 
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b. Frame Buffer Display 
83VB-69628 

system with reduced color resolution for applications 
that may not need full-color capability. 

In systems with at least twice as much memory resolu
tion as the desired output resolution, double buffering 
is accomplished by treating the memory as if it were 
two or more distinct buffers of the desired size. In some 
systems, x,y memory storage resolution is larger than 
the maximum displayed resolution, e.g., as in a 1024 x 
1024 storage array in which only 512 x 512 can be 
displayed at any time. 

Correctly designed addressing and window circuitry 
allow the use of different quadrants of the memory as 
multiple buffers. In a system that doesn't have a sepa
rate z buffer, an additional advantage is realized: one 
quadrant of memory that isn't displayed can be used to 
store z values for a z buffer hidden surface algorithm. 
The double-buffer architecture provides a solution to 
the display processor/frame buffer bandwidth problem, 
but at the expense of additional cost and complexity. A 
much more classical solution to this bandwidth prob
lem is found in dual-port architectures. Such an archi
tecture is provided by a dual-port graphics buffer, 
which consists of a random access port (similar to a 
typical DRAM) and a serial output port. 

Dual-Port Graphics Buffer 

The fundamental structure of a frame buffer is that of a 
dual-port memory in which one port is used to read 
memory values at high speed for displaying and the 
other port is used by an update processor to change 
the display image by changing the memory contents 
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(figure 11). To update the processor, the frame buffer 
behaves like all other memory in the system. It re
sponds to each request to read or write a byte, a word, 
or multiple words as required. The display port is 
controlled by a video generator, which reads from 
memory the pixel values that correspond to the raster 
scanning pattern used on the display. The size and 
speed of the frame buffer must be chosen to match the 
properties of the display. 

The display processor accesses the dual-port graphics 
buffer via the random access port, and it performs a 

Figure 10. Double-Buffer Architecture 
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Figure 11. Dual-Port Graphics Buffer Architecture 

Data 110 

§ 
Address 

< t: 
Eo 
00.. 

CAS 
"C 

RAS c: 
{}. 

Read/Write 

Application Note 89-16 

data transfer from the random access port to the serial 
port when the display needs to be refreshed. The serial 
port consists of a large video shift register. The address
ing of the memory is arranged so that a row of the 
memory chip contains bits that describe adjacent pix
els on a scan line. The shift register is loaded at the 
beginning of the scan line, and then shifted to obtain 
the values of subsequent pixels. Because the shift 
register can only operate at 33 MHz, several chips are 
usually operated in parallel, and a final high-speed 
video multiplexer produces values at pixel rates. 
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The shift register in a dual-port graphics buffer in
creases the bandwith av~ilable relative to a typical RAM 
chip by a factor of 6 to 8 in a way that directly benefits 
frame buffer display designs. For display refresh cycles, 
512 bits are obtained with a single row access cycle, 
and therefore almost .100% of the normal row/column 
accesses can be devoted to the update port. Only 
infrequently must the update accesses be suspended 
so that a row address can reload the shift register. 

Several system-oriented features were incorporated 
into the 64K x 4 dual-port graphics buffer architecture, 
including a mask function that provides the ability to 
alter some of the pixel values while leaving the remain
ing pixels unchanged. Current applications often re
quire updating only one bit on a pixel. Conventional x4 
memory devices must perform the same operation on 
all four bits. The system must execute a read cycle, 
update the desired data bits, and then execute a write 
cycle or provide an extended read-modify-write cycle. 

The dual-port graphics buffer provides a write-per-bit 
option that can be set as part of a write cycle without 
any increase in cycle time over a standard read or write 
cycle (the write-per-bit feature is also being imple
mented on standard DRAM products). Standard dual
port graphics buffers also are able to load the serial 
register from the random access port without stopping 
the serial cycle. This feature is called real-time data 
transfer. Information can be transferred during mid
scan or during the retrace interval. A single memory 
device can now contain multiple segments of a scan 
line. This feature, combined with the ability to define 
the starting location of the serial port (pointer control) 
greatly simplifies the control logic required for scroll
ing and hardware windows. 

Some general themes pertaining to the design of all 
frame buffers, although their implications for each 
application may differ. 

o Organize the memory to provide sufficient 
bandwidth for both the display and update ports. 
While it is tempting to skimp, it generally leads to 
poor performance because the image cannot be 
changed fast. If the bandwidth for the two ports is 
equal, then the entire image can be changed in 
one frame cycle. 
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o Organize the update port to access the pixel data 

required. For example, if an application often alters 
only a single plane of memory at a time, a pixel 
access architecture is inefficient because each 
memory access yields all bits of a pixel rather than 
just the plane needing to be changed. 

o Organize the memory so that the spatial 
organization of the update port accesses those 
pixels that often need to be changed. The 
conventional organization, which alters a 
horizontal group of pixels in one access, is 
inefficient for writing thin vertical lines in the frame 
buffer. 

o Design the update port in conjunction with the 
processor that will use it. 

Special Features of a Dual-Port Graphics Buffer 

As the dual-port graphics buffer market has matured, 
manufacturers have created products that increased 
the number of on-chip features (table 4), thereby reduc
ing display processor workload and increasing eve.rail 
system performance. This trend has continued, as 
evidenced by designs for contemporary dual-port 
graphics buffers. 

· Flash Write Feature. Flash writing uses one of the 
dual-port graphics buffer's designated special feature 
pins. In the case of NEC's 256K x 4 µPD42274, pin 22 is 
defined as FWE for flash write enable. This feature 
allows the user to erase and/or write to the display in a 
much faster time than is required using the conven
tional method, thus enhancing applications that clear/ 
write the entire display screen (figure 12). The flash 
write feature 

o Allows an entire row of scan line data to be written 
in one operation 

o Is initiated by a special function FWE pin 

o Updates screen data more quickly than in 
conventional write cycles 

In a standard dual-port graphics buffer, a unique row 
and then a unique column are decoded from the ad
dress and a single memory cell is written. In this cycle, 
all the column decoder outputs are enabled, allowing 
all the bits in the selected row to be written. 
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Table 4. Feature Comparison 
Device f'PD42273/ TC524256A/258A 
Features f'P042274 f'PD42275 TC524256 lC528128A TMX44C251 MB81C4251/3 HM534252 

Vendor NEC NEC Toshiba Toshiba Tl Fujitsu Hitachi 

Configuration x4 x8 x4 x4 x8 x4 x4 x4 

256A 258A 128A 

Fast-Page Yes Yes No Yes Yes Yes Yes Yes Yes 

Flash Write No/Yes Yes No No Yes Yes No Yes No 

Serial Buffer Single Split Single Single Split Split Split Single Single 

Serial Input No No Yes Yes Yes Yes Yes Yes Yes 

B.lock Write No Yes No No Yes Yes Yes No No 

Raster No No No No No No No No Yes 
Operation 

600-niil, 
28-pin DIP No N/A No No No No Yes No 

400-mil, Yes N/A Yes Yes N/A Yes Yes Yes 
28-pin ZIP 

400-mil, Yes N/A Yes Yes N/A Yes No Yes 
28•pin SOJ 

600-mil, N/A No N/A N/A Yes N/A N/A NIA 
40-pin DIP 

400-mil, N/A Yes N/A N/A Yes N/A N/A N/A 
40-pin SOJ 

Figure 12. Rash Write Operation 
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Bounded Flash Write Feature. Although flash writing 
provides a means for clearing/writing a screen very 
quickly, it can't be used in the window environment 
popular in today's graphics market. In conventional 
flash writing, no option exists to write to only a seg
ment of the row that will be needed in a window 

environment. The bounded flash write feature can pro
vide this function by allowing the user to specify the 
segment of the scan line to be accessed (figure 13). 
Bounded flash writing has not been implemented in 
dual-port graphics buffer architecture, but it deserves 
some consideration in today's x-window era 

13 
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Block Write Feature. Many frame buffer designs ad
dress specific performance requirements, but the prob
lem lies in optimizing the architecture of the display 
processor with the kinds of features that may be 
needed for a general-purpose dual-port graphics 
buffer architecture. R>r example, the BITBLT operation 
that many graphics processors use to implement win
dowing applications is used to transfer blocks of data 
from a source array to a destination array of equal 
height and width. Because this operation moves a 
square block of data, system bus performance can be 
enhanced if the graphics buffer was able to store data 
in a block format, rather than in four separate sequen
tial scan lines (figure 14). Unlike bounded flash writing, 
the block move feature has been implemented in sev
eral dual-port graphics buffer architectures. 

Persistent Write-Per-Bit Feature. The write-per-bit 
feature is a standard option of dual-port graphics 
buffers, but in some applications, system timing con
siderations prohibit the use of this function because of 
the additional overhead required to supply the mask 
data on each write cycle. The persistent write-per-bit 
feature solves this problem by permitting mask data to 
be written only once (figure 15). 

Figure 13. Bounded Rash Write Operation 

Normal Flash Write 
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Extended Fast-Page Cycle. The display processor-to
frame buffer bandwidth is a key issue in determining 
performance of a graphics system. The trend in dual
port graphics buffers has been to follow standard 
DRAM evolution, expanding memory capacity with 
each new generation. In many cases, organization and 
not capacity determines bandwidth of the frame buffer. 
Therefore, a wider xa organization would enhance sys
tem bandwidth and reduce the number of dual-port 
buffers needed in frame buffer design. 

Another approach is to provide high-speed access such 
as the fast-page cycle implemented on the 256K x 4-bit 
generation of dual-port graphics buffers. Bandwidth 
requirements of fast-page cycles may be inadequate in 
some applications. The popularity of RISC architec
tures has created a demand for synchronous pipeline 
operation, for which extended fast-page access is 
being proposed. This feature interlaces the internal 
accesses of the dual-port graphics buffer and latches 
the data on-chip so that it can then be accessed 
synchronously, reducing the page access time from 
60 ns to 30 ns. Extended fast-page access means that 
frame buffer designs wi II be able to increase bandwidth 
without increasing the size or cost of the device. 

Bounded Flash Write 

- -

83Vll-69668 
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Figure 14. Block Write Feature 

Block Write -4-
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Display Screen 

Figure 15. Persistent Write-Per-Bit 
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Logic and Arithmetic Functions 

The BITBLT operation has been defined as a means of 
copying an array of equal height and width from a 
source array to a destination array. Additionally, there 
are a number of combination rules that define how the 
source data is combined with the destination data to 
form the new values. There is also a third form called a 

µPD42232 is a trademark of NEC Corporation. 
HMS3462 is a trademark of Hitachi. 
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pattern array that can be combined with the source 
toproduce a replicate pattern over the destination. 
Another name for BITBLT is RASTER-OP (figure 16). This 
nomenclature is pertinent to dual-port graphics buffers 
because it has been implemented in devices such as 
the NEC µPD42232TM and the Hitachi HM53462TM (in 
which it was first introduced). 

15 
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Figure 16. RASTER-OP Functions 
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Figure 17. Example of RASTER-OP 
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The function can be implemented by inserting a logic 
unit between the input/output buffers and the internal 
input/ol'.Jtput bus amplifier (figure 17)~ The logic uriit is 

· controrted by a 4-bit code that define$ one of'the 16 
combination functions. ·NEC's µPD42232· approach to 
on-chip RASTER.:.OP involves· the addition of a third 
input to the logic unit, a pattemfunction. This approach 
is compatible with the classical implementation of 
BITBLT, but the number of combination functions has 
been increased from 16 to 256 on the NEC device.Logic 
functions provided by the RASTER-OP operation are 
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useful in two-dimensional graphics systems, but with 
th~ increasing development. of three-dimensio11a1 .sys
tems that. require hidden surface removal, three
dimensional: polygon filling, etc., there is a requirement 
for much more powerful computational,fum::tions. Sev
eral contemporary graphics processors provide a num
ber of pix et processing operations intended to address 
the requirements of three-dimensional systems. 

One example is the pixel-planes graphics engine archi
tecture, which replaces the rasterizer, frame buffer, and 
video controller of a conventional system. Its main 
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component is a "smart frame buffer'' composed of 
custom VLSI enhanced memory chips that address the 
computational problem with a highly paral lei processor 
that mimics a processor per pixel. The memory band
width bottleneck is overcome by intimately connecting 
processing circuitry and memory. Figure 18 shows a 
block diagram of the arithmetic logic unit, where logical 
operations are performed by a one-bit address with a 
multiplier on each of its three inputs. The pixel-planes 
architecture represents a trend in high-end graphics 
architectures that optimizes the graphics pipeline 
primitives by creating a smart frame buffer capable of 
performing computational functions and using con
current operations. 

Figure 18. Smart Frame Buffer 
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Word Alignment in Dual-Port Graphics Buffers 

An important issue in plane-organized graphics sys
tems is aligning word boundaries. Although alignment 
functions exist in contemporary graphics processors, 
graphics systems designed for the low-end market may 
not be able to justify the cost of a high-end processor. 
One solution is to provide a dual-port graphics buffer 
with both plane and pixel access capabilities. An alter
native solution is to include a barrel shifter function 
(figures 19 and 20). Both approaches are nonstandard 
but could be considered for an application-specific 
design that distributes some of the processor's f unc
tions to the frame buffer. 

Instructions 

Enable 
Control 

Pixel-Storage 

83vB-6971B 
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Figure 19. Chip Addressing to Cross Word Boundaries 
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Figure 20. Barrel Shifter Function 
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Special Serial Port Features 

High performance graphics applications require 
screen refresh rates in the range of 60 to 72 Hz; also 
full-resolution stereoscopic displays require twice this 
refresh rate, 120 Hz. In order to be able to accommo
date these high rates, a very fast serial access cycle is 
required. A data transfer cycle to load data from the 
dual-port graphics buffer into its serial access memory 
requires use of the random access port. For example, a 
fast-page cycle must be in progress before a data 
transfer cycle can occur, which means it would be good 
to reduce the number of times that serial access mem
ory must be loaded. 

83v8-6973B 

Alternatively, ii the data from the random access port Im 
could be loaded into an idle part of the serial access 
port, the serial access port would not be interrupted. 
This could be accomplished with the use of a split-
buffer serial port architecture, which separates the 
serial port into two equal halves, allowing concurrent 
data transfers from the random access port while the 
serial port transfers data to the display, thus increasing 
pixel bandwidth. 

Another advantage of using a split-buffer architecture 
is that tile boundaries can be crossed in real time. For 
example, a frame buffer organized into 16 x 16 tile can 
be access by two dual-port graphics buffers. The left 
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half of the split buffers of devices 1 and 2 (figure 21) is 
used to fill tile A, and the right halves are used to fill tile 
B, and so forth. Because the data transfer is done on . 
tile boundary, the unused or off-screen memory in the 
device is one linear array, allowing the system to use 
the memory of other functions such as z buffers. 

Serial Input. Serial input has been offered as a stan
dard feature in a number. of 64K x 4 and 256K x 4 
dual-port graphics buffers, and can be used in image 
processing applications as an input port to store serial 
pixel data The serial port can also be used to transfer 
data between two planes while the display is not being 
updated, bypassing the random access port buffer. 
Although it wasn't considered an essential feature in the 
past, developing applications indicate a need for serial 
input. 

When both serial input and output functions exist in a 
dual-port graphics buffer, the serial port can execute a 
pseudo-write transfer cycle, which switches the serial 
port from serial output to serial input with no actual 
data transfer taking place between the dynamic and 
static RAMs. This feature is useful in an alternating shift 
sequence where the dual-port graphics buffer is writing 
and reading data on the serial bus. 

Serial Port Organization. The number of serial input/ 
output pins has a direct relationship on the pixel band
width and number 0f dual-port graphics buffers 
needed to update the display. A typical system that 
displays an 8-bit word horizontally on the screen might 
need a final pixel rate of 120 MHz. If the serial port is 
organized with a x8 port operating at 30 MHz, NMOS 
and CMOS devices can be used together with an 8:1 
multiplexer for updating the display. The disadvantage 
of using a wider serial port is larger package size, 
higher power requirements, and increased noise. 

Figure 21. Split Buffer Configuration 
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Video Generation 

The job of the video generator is to fetch pixel values 
from the display port, convert them to analog voltages, 
and pass the results to the display monitor where they 
will control the intensity of one or more electronic 
beams. The video generator also creates syn.chroniza
tion signals used by the display monitor to coordinate 
the beam's sweep across the screen with the arrival of 
pixel data 

Video Lookup Tables. In addition to providing a digital
to-analog conversion function, the video generation 
circuit almost always provides a RAM-based lookup 
table that performs two functions: it allows greater 
precision in intensity or color values than can be 
represented in the frame buffer directly, and it allows 
certain kinds of dynamic displays because the table 
can be changed more rapidly than the contents of the 
entire frame buffer. 

A pixel's color is determined by the bits stored at the 
pixel's address in the frame buffer. The pixel's contents 
don't drive the digital-to-analog converter directly; they 
are pointers to colors in a RAM lookup table. The width 
of the lookup table in a triple digital-to-analog converter 
formation is three times the resolution of the devices. 
The first third of the lookup table entry controls the red 
digital-to-analog converter, the second controls the 
blue, and the third controls the green. The number of 
bits in memory controls the total palette size. For 
example, three 6-bit digital-to-analog converters will 
result in an 18-bit wide lookup table, allowing a total 
palette size of 262,144 colors. 

STORAGE CELL ARRAY 

..------Serial Read 
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Color resolution is determined by the number of bits 
per pixel. Eight bits per pixel gives a markedly better 
picture than four bits per pixel; however, 24 bits per 
pixel provides true color. More than 256 colors can be 
displayed on the screen at once by changing the color 
associated with each address in the lookup table. The 
colors can be changed as often as once every scan 
line. This technique is called "pseudocolor." 

Lookup tables may have separate registers for gener
ating overlays, which provide a means of generating an 
image separate from the frame buffer. The overlay 
registers are controlled by the system processor, and 
allow the system software to control the system graph
ics elements independently from the application soft
ware graphics. System software displays basic, rela
tively unchanging graphics elements such as cursors, 
screen frames, and system messages. Application soft
ware manipulates a variety of changing graphical infor
mation. By overlaying one or more separate graphics 
planes displaying system information, the time
consuming task of updating the frame buffer can be 
avoided (figure 22). 

Digital-To-Analog Converters. The digital-to-analog 
conversion portion of the video generation circuit con
verts the digital output of the lookup table into analog 

Figure 22. Overlaying of One or More Planes 
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circuits that are used to drive the display monitor. 
These converters are specified regarding their organi
zation (e.g., triple 6-bit, single 8-bit, etc.) and the speed 
at which they can operate. Figure 23 shows the rela
tionship between screen resolution and digital-to
analog converter bandwidth. A number of manufactur
ers produce both triple and single converters, up to a 
speed of 360 MHz. If greater speed is required, a dis
crete bipolar circuit needs to be designed. 
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Figure 23. Relationship Between Screen Resolution and Bandwidth of the Digital-to-Analog Converter 
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Introduction 

Computer-generated images that rival color photogra
phy in all of its nuances of color, shading, reflectance 
and translucency is in demand by a growing number of 
users. This application note will discuss the algorithms 
able to generate these effects, which have been inte
grated i.nto a variety of systems with impressive results. 

Three-Dimensional Graphics System 

In a three-dimensional system, the object rendered is 
described as a mathematical model that holds primi
tives such as lines, polylines, and polygons in a display 
list. Traversing the display list produces a sequence of 
data in world coordinates. Often this data represents 
polygon vertices, but it can also represent control 
points for parametric surfaces and other data that 
must be converted to a polygonal approximation of the 
surface. Polygons expressed in three-dimensional 
world coordinates transform geometrically into a form 
suitable for display on a two-dimensional raster device. 
Transformations include three-dimensional to two
dimensional projection, translation, scaling, rotation, 
perspective projection, and clipping. The result is a 
series of polygon vertices supplied in coordinates for a 
specific CRT. 

The polygon vertices and their associated color data 
are interpolated to determine the pixels to be illumi
nated and the color to be displayed, while depth (z 
axis) information is interpolated to determine which 
polygons are obscured from the observer's view. Color 
values are written to the frame buffer and depth values 
to the z buffer which, with its associated hardware, 
supplies hidden surface removal. Finally, each pixel 
from the frame buffer is sequenced in the line as 
required by the CRT and converted to an analog signal. 

Application Note 90-01 
Realism in Computer Graphics 

produce subtleties of color, shading, shape and trans
lucency. These functions must be able to model the 
beh~vior of light with different levels of complexity, 
provide methods for creating realistic surface textures, 
compensate for the limitations of the display technol
ogy, and provide techniques for rendering natural ef
fects such as terrain and clouds. 

Two-and Three-Dimensional Image Processing 

Three-dimensional graphics is an order of magnitude 
more complex than two-dimensional graphics, and 
while a detailed description of. its specifics is beyond 
the scope of this paper, some aspects pertain to this 
discusssion. 

The viewing pipeline in two-dimensional graphics in
volves transformations from two-dimensional coordi
nates, world coordinates, normalized device coordi
nates, and device coordinates. Moreover, the objects 
may be transformed at one of the stages by some 
combination of translation, scaling, and rotation. 

In t_hree-dimensional graphics, the pipeline is more 
complex because there is a projection stage, where the 
three-dimensional world coordinates in which the 
scene is described are projected onto a two
dimensional projection plane. Conceptually, objects in 
the three-dimensional world are clipped against the 
three-dimensional view volume and then projected. A 
view volume is specified in world coordinates, in a 
projection onto the projection plane, and in a viewport 
on the surface. The contents of the window, which is 
i~self the projection of the view volume onto the projec
tion plane, are then mapped into the viewport for 
display. Figure 1 shows this process, which is the model 
used in numerous three-dimensional graphics subrou
tine packages. As with two-dimensional viewing, a 
variety of models can be used for actual implementaAlthough a basic three-dimensional system can render 

a realistic image, special functions are required to 

Figure 1. Basic Three-Dimensional Pipeline ll!lfl r--~~~~~~~~~~~~~~--

tion of the viewing process. 
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Given the specification of a view volume and a projec
tion, there is a· need to understand how the clipping 
actually is done and how the projection is applied. It is 
possible to. clip lines against the view; volume by first 
calculating their intersection with each of the six planes 
defining the view vol.ume. Lin~s . .remaining after the 
clipping process would be projected· onto th~ view 
pl~ne by simultaneously calc~lating the inters.~ction of 
the projectors through their end points with the view 
plane. The coordinates would . then be transformed 
from three- into two-dimensional world coordinates. 

To be able to include ttlree,;dimehsional v'iewing opera
tioris ip. a· standard . gr~phics package,. two sets of 
capabi!ities must be ~dded: output primitives in three
dimensional coc)rdinat~s, 'and specifications of planar 
geometric projections. Output primitives in thrE).e
dimensional world c'oordinates are straightforward ex-

NEC 
tensions from the two-dimensional primitives. A third 
parameter, the :t coordinate, is added to the procedure 
call. The perspective projections in a graphics package 
allow viewing from a number of perspectives, includjng 
from the center of a projection, from a view plane, from 
a window on the view plane, and from a viewport on the 
view surface; . 

The . extra complexity introduced with three
dimensional viewing is caused by the fact that the 
display devices are only two-dimensional. The solution 
to the mismatch between three-dimensional objects 
and two-dimensional displays is solved by introducing 
projections.. which transform three-dimensional ob
jects onto a two-dimensional projection plane (figure 
2). the large· number of calculations required for this 
process, repeated for many lines, calls for considerable 
computing. 

Figure 2. Tbre...Oimensional Viewing Process Extended to Include Two-Dimensional 
Image Transformations · · 
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Table 1 identifies and defines the specifications for a 
thr'E)e-diniensional projection.' Figures· 3, 4 and 5 are 
corresponding examples.. ' · · 
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u Axis Direction The direction of u, v and the view plane normal when positioned to form a left-hand coordinate system 

v Axis Direction Coincident with the projection of the view up vector parallel to the view plane normal onto .. the view plane 

Center of Projection Helps define the view volume and is specified in world coordinates relative to the view reference point 

View Plane Plane on wtiich the scene is to be projected 

.View Plane Distance Dista~ce of the view reference point to the view point along the view plane normal 

View Plane Normal Is used to specify the. view plane 

View Reference Point Source of u axis and v axis in the uv coordinate system 

View Up Vector · o$ierniines the v axis direction; its projection parallel to the view plane normal is coincident with the v axis 

Bounds the. portion .of the world that will be clipped and projected, and is defined in part by the window 
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Figure 3 illustrates how the v-axis direction on the view 
plane is determined. The v-axis direction coincides with 
the projection of the view up vector parallel to the view 
plane normal. 

Figure 3. uv System in the View Plane 
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The view reference point, view up vector, and view plane 
normal are specified in the left-hand world coordinate 
system. With the uv system defined on the view plane, 
it is possible to specify the window's minimum and 
maximum u and vvalues, as shown in figure 4. Notice 
that the window need not be symmetrical about the 
view reference point. 

Figure 4. Window in uv Coordinates 
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For perspective projections, the center of projection 
also helps to define the view volume. The center of 
projection is specified in world coordinates relative to 
the view reference point. The view volume is a semi
infinite pyramid that slides through the window, with its 
apex at the center of projection. Figure 5 shows the 
perspective projection view volumes. Positions behind 
the center of projection are not included in the view 
volume and will not be projected. 

Figure 5. Semi-Infinite Pyramid View Volume 
for Perspective Projection 
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Anti-Aliasing 

No matter how sophisticated the object model, it can
not overcome the consequences of sampling a contin
uous scene with a finite number of elements. Such 
sampling is an inevitable outcome of the very raster 
graphics technology that has made shaded image 
generation possible. A raster display consists of a 
rectangular array of spots, each of which can be con
trolled in intensity by the CPU. The actual image is a 
continuous intensity function of x and yon the screen; 
the pixels are regularly spaced samples of this contin
uous function. In any sampled data system, problems 
arise if the resolution of the continuous function is the 
same as or smaller than the spacing between samples. 
This phenomenon, known as aliasing, is visible on CRT 
screens as jagged lines, or jaggies. It is particularly 
apparent on lines and curves angled close to the 
horizontal and vertical axes, and often appears in 
images displayed on screens with low to moderate 
resolution (figures 6 and 7). 

Figure 6. Vertical Aliasing 

83YL-G995A 

Figure 7. Horizontal Aliasing 

83YL-G99GA 

Generally, aliasing can be found in at least three types 
of graphics: (1) in jagged edges of straight lines and 
polygon boundaries, (2) in objects smaller than pixel 
size or in objects containing very thin lines or polygons, 
or (3) in complex scenes containing a lot of fine detail. 
Unless special measures are taken, the fine detail is 
either totally lost or distorted beyond recognition. 

3 
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The solution is to eliminate high frequency information 
before sampling the picture. Visually this means blur
ring the picture. Mathematically it means the intensity 
of a picture should be more than jusnhe point to which 
it corresponds in the continuous picture; it should be 
some weighted average of the intensities surrounding 
the point. The anti-aliasing process requires the weight
ing function at each pixel to be multiplied by the ideal 
intensity function, the results integrated, and the result 
used as the displayed intensity. Perhaps the most 
obvious anti-aliasing technique is to sample the image 
at a resolution higher than the one used for display, and 
average down to the true pixel level. Elementary statis
tical theory shows that the average values contain 
more information about the true image than if the 
sampling had been performed at display resolution 
size. 

Aliasing occurs especially when the intensities in the 
scene change sharply within a region, for it is in 
precisely such regions that the sampling rate is not 
high enough to capture the changes. The idea of filter
ing is directly based on the idea of a pixel covering a 
finite area of the scene. A filter applied to the scene 
definition has the effect of spreading, theoretically, the 
influence of the scene intensities to all pixels covering 
the scene. In this way, every part of every object makes 
some contribution to each of the pixel intensities of the 
final image. 

Visibility 

A three-dimensional scene is usually defined within a 
computer as a collection of objects, each of which may 
be described as a series of points and lines, or possibly 
as a set of polygons. Each of these by itself is easy to 
display. Using the transformation, perspective, and 
clipping algorithms described earlier, a system can plot 
these individual pieces on the display. However, in 
cases where there are a large number of objects, some 
may be positioned so as to obscure the eye point's view 
of others. This is referred to as the hidden line or hidden 
surface problem, depending on whether the eventual 
end product is a line drawing or a shaded rendering of 
the scene. 

Solutions to this problem have typically required large 
amounts of computing time. Compared to the work 
involved in computing transformation, perspective and 
clipping algorithms, the hidden surface calculation is 
usually the dominant cost in such a program. The 
former calculations depend only on an individual ob
ject, not on its relationship to the other objects in a 
scene. Thus the amount of work is roughly proportional 
to the number of objects within the scene. However, 
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hidden surface removal requires that each object be 
compared to every other object. 

The various surfaces of an object to be shown in hidden 
surface or hidden line form must be sorted to find which 
ones are visible at various places on the screen. Sur
faces may be sorted by lateral position in the picture 
(x;y), by depth (z), or by other criteria To reduce the 
amount of sorting, each hidden surface algorithm must 
use some property of coherence of the objects repre
sented. A picture is coherent not only because it 
consists of flat faces, but also because those faces 
relate to each other to form objects. A number of hidden 
surface algorithms have been developed by systemat
ically looking for additional kinds of coherence and by 
sorting orders and types. 

Hidden line or hidden surface removal algorithms have 
been separated into three categories. First, there are 
the algorithms operating in object space independent 
of the type of device used, whose different steps oper
ate directly on the vertices of the face. The object space 
of an image is the set of primitives such as lines, 
polygons and spheres that compose the scene to be 
depicted. The object space meth9ds attempt to solve 
the problem geometrically in the three-dimensional 
space of the scene definition. 

The second category of algorithm assumes that the 
number of points composing the projection plane is 
finite and generally coincides with the raster display 
resolution. Image space of a scene, i.e., the set of raster 
elements (pixels) of the display, contains a fixed num
ber of elements equaling the resolution of the display. 
Image space algorithms are specifically designed for 
modern raster graphics image generation and. are 
more popular and widely used than the object space 
algorithms. 

The last category, the so-called "list priority" algo
rithms, are generally characterized by a sorting step in 
object space and a display in image space. The sim
plest and fastest hidden surface algorithm is known as 
the z buffer algorithm. Other examples are the polygon 
scan conversion algorithm and the divide and conquer 
algorithm. 

z Buffer Algorithm and Hidden Surface Removal 

Hidden surface removal is possible with an image 
space algorithm called the z buffer algorithm. Of all the 
complex algorithms addressing hidden line and sur
face removal, none are as straightforward as this one 
because it maintains color as well as depth (z) informa
tion at each pixel. A refresh buffer stores intensity 
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values, and the z buffer array stores depth values 
corresponding to the pixels currently set. 

The z buffer must. have the same dimensions as the 
display frame buffer. All locations in the z buffer are 
initialized to the value perceived by the viewer to be the 
farthest behind the screen, while the corresponding 
display pixels are set to the required background color. 
As each polygon is rasterized, the z values for the 
resulting pixels are compared individually with the 
previously stored zvalues. The new zvalue is written to 
the z buffer, and the new associated color is written to 
the frame buffer. If the new z value is larger (i.e., farther 
away), then neither buffer is modified. 

The obvious advantage of this algorithm is that it is 
computationally simple, and its performance is inde
pendent of the complexity of the scene in terms of 
visibility. Its running time is proportional to the number 
of polygons to be processed, and not to the relation
ship between the polygons. A disadvantage of the 
method is that it requires a large amount of memory to 
maintain the z buffer. For example, for a 512 by 512 
display, the z buffer size is a megabyte of memory if the 
z value precision of 16 to 20 bits would suffice. In any 
case, the relatively low cost of memory allows the 
realistic marketing of fast access z buffer hardware 
memory boards, which is perhaps the ideal solution. 

Scan Line and Area Subdivision Algorithms 

Scan line algorithms operate in image space to create 
an image one scan line at a time. This approach is an 
extension of the polygon scan conversion algorithm 
and thus uses scan line coherence and edge coher
ence. The difference between the two methods is that 
all the polygons that define an object are involved. The 
algorithm performs a y sort, and then an x sort, and 
finally a z depth search to establish the visible face. In 
the scan line method, the dimensions are first reduced 
to two at the intersection of the plane through the scan 
line, parallel to where the z axis intersects the scene, 
and then reduced to one by considering only the line 
segments on the plane with minimum z values. A z 
buffer based on polyhedral surfaces also makes use of 
depth coherence to improve speed of computation, 
whereas the scan line method is based on edge and 
scan line coherence. 

Another method, the area subdivision or divide and 
conquer algorithm departs from strategies used in 
other algorithms in that it is based on area coherence 
and solves the general sorting problem by attempting 
to avoid it altogether. An area of the projection plane 
image is examined, and if it is easy to decide which 
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polygon or polygons are visible in the area, the appro
priate ones are displayed. Otherwise the area is subdi
vided into smaller areas and the decision logic is 
recursively applied to each of the smaller areas. As the 
areas become smaller, fewer and fewer polygons will 
overlap, and' ultimately a decision will be possible. 

This algorithm clearly takes an image space approach 
by exploiting area coherence, i.e., the tendency for at 
least the small areas of an image to be contained in a 
single polygon at most. Area coherence means that 
pixels close together are likely to correspond to the 
same object and have a similar color, which is the 
underlying assumption of the algorithm. This algorithm 
generally performs less efficiently than the scan line 
method, because it involves more work to sort things 
out when projections of polygons overlap. 

Shading 

After hidden surfaces have been removed, the next 
step in creating a realistic image is to shade the visible 
surfaces, taking into account the light source, surface 
characteristics, and positions and orientations of the 
surf aces and sources. Graphics system designers have 
been developing lighting and shading models for ren
dering graphics images at different levels of realism. 
This involves some understanding of the fundamental 
properties of the humam vision system. Unlike a pho
tograph of a real world scene, a computer-generated 
shaded picture is made from a numerical model stored 
in the computer as an objective model. The goal of the 
shading model is to provide realistic images of surfaces 
for which the illumination of a surface depends on its 
orientation. If it is normal to the incident light rays, the 
surface is brightly illuminated. The more oblique the 
surf ace is to the light rays, the less the illumination. 
This variation in illumination is a powerful cue to the 
three-dimensional structure of an object. It would be a 
waste of modern day computer graphics resources if 
color-generation techniques were not used to their full 
capacity. Shading is one of these techniques. • 

Light Models 

In 1975, Bui-Tuong Phong proposed a light model for 
specular reflection that has since been termed Phong 
shading. This model specified how light reflects from 
glossy surfaces such as billiard balls, apples, china, 
and as an extreme, mirrors. Before this model, light was 
modeled on how it reflected from a perfectly diffused 
surface, i.e., one that reflects light equally in all direc
tions (figure 8). 
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Figure 8. Basic Ughting Model tor Shading 
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When planar polygons are used to approximate curved 
surfaces, greater realism can be achieved by an inter
polation scheme introduced by Gouraud. This scheme 
is called Gouraud smooth shading, or intensity
interpolation shading. In flat shading, a single intensity 
value for shading the entire polygon face is calculated, 
a single surface-normal vector is defined for each 
represented polygon, and each polygon is shaded with 
a single color. This is a reasonable approach to shading 
flat surf aces where the intensity of the light reflected 
from the surface is held constant over the entire sur
face. 

Gouraud shading provides smooth shading through a 
linear interpolation technique in which surface-normal 
vectors are computed at the vertices or corners of each 
face of a polyhedron. First, surface normals are calcu
lated. Subsequently, vertex normals are computed by 
averaging the surface normals of all the polygon faces 
common to the vertex. Each of these vertex normals are 
used to compute a vertex shade, and then the. shade 
inside the particular polygon face is interpolated from 
the vertex shades. Each polygon is shaded along each 
edge and then between edges along each scan line. 

Phong shading is a complex algorithm that computes 
the intensity value of each pixel of a polygon face 
according to how that point is oriented to the light 
source(s). Phong's was the first shading model to 
achieve realistic highlights using interpolation of sur
face normals and an approximation of specular reflec
tion. The Phong shading model entails interpolated 
surface-normal vectors across the polygon face-as 
opposed to Gouraud shading-and using the interpo
lated surface normal to calculate the intensity values 
for each pixel on the polygon surface. The intensity 
contribution for each light is modeled as the sum of 
diffuse and specular components. Because the Phong 
technique requires extensive computer power to exe
cute the complex calculations needed to shade each 
pixel of an object's surface, it is usually performed only 
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on supercomputers or superminicomputers. Phong 
and Gouraud shading models also support the full 
range of lighting controls, including multiple, colored 
point, spot and directional light sources. The special 
advantage of these schemes is that they fit. well with 
scan line algorithms for .filling polygons. 

The Phong model yields a surface with a specific 
normal based solely on the curvature of the surface, 
which causes a shiny, plastic look. To make this surface 
appear more realistic, a textured surface must be 
mapped over the first surface. This technique is called 
procedural textured mapping and provides a means of 
defining constant, matte, metal and plastic surfaces. 

Ray Casting and Ray Tracing 

Ray tracing algorithms simulate the interaction of light 
with the environment, simply determining such optical 
effects as reflection, refraction, and shadowing. Ray 
tracing is a computer graphics technique in which the 
path of all the individual light rays contributing to the 
image are traced explicitly. These techniques are direct 
and somewhat b.rute force methods for solving the 
visibility problem. Nevertheless, ray tracing algorithms 
have produced some of the most spectacular results in 
graphics images. Many visual and lighting effects such 
as refraction and reflection, motion blur, depth-of-field, 
penumbrae, and nonuniform interradiation can be 
modeled with ray tracing. Despite its simplicity and 
robustness, ray ·tracing is seldom used in practical 
applications because of its high computational re
quirements. 

The idea of ray casting is a very simple one: for each 
pixel, trace a ray from the eye position (in image space) 
through the pixel and find the intersections with all the 
objects in the scene. The intersection having the small
est zvalue determinesthecolorofthe pixel. Ray tracing 
is more complex, because once the first intersection is 
found, the ray is reflected off the object surface and 
traced back farther-and so on recursively-until it 
passes out of the scene or is traced to one of the 
original light sources. Similarly, if the surface is trans
parent, then an additional ray is refracted through the 
surface and traced. In this way, a number of features 
that are extremely difficult to implement in other ·meth
ods can be easily introduced into the rendering. Prob
lems with visibility and transparency, as well as with 
shadows and the reflection of· objects on each other, 
can .be easily solved. 

The fundamental idea is to trace light rays and to 
determine which one ends up at the view point. Unfor
tunately, an infinite number of rays emanate from each 
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point light source, and most of them never reach the 
view point. Thus, the tracing starts at the view point and 
traces rays backward through each pixel to their origin. 
A ray of light striking the surface of an object breaks 
into three parts: diffusely reflected light, specularly 
reflected light, and transmitted light. Similarly, a ray of 
light leaving the surface of an object is in general the 
sum of contributions of the three sources. This means 
that each time a ray leaves an object, up to three new 
rays should be traced. 

Figure 9 shows the tree grown in the process of tracing 
a particular ray backward. S1 is the light ray that comes 
into surface 1 at such an angle that it is specularly 
reflected and leaves as part of the outgoing ray. Simi
larly, T1 is the light ray incident on surface 1 such that it 
is transmitted and leaves as part of the outgoing ray. 
Each node of the tree corresponds to a surface. After 
the tree is completely grown, the intensities at each leaf 
node are computed and then used to compute the 
intensity at the parent node, until the root node is 
reached. 

Figure 9. Tree Grown From Tracing a Single 
Ray to Viewer 

Viewpoint 
83YL·6996A 

An infinite number of rays could be traced backward, 
but only those rays passing through the view point and 
the corner of the pixels are actually traced. T1's permit 
anti-aliasing to be performed, because the intensities 
can be averaged to calculate the intensity of the pixel. 
If the four rays through the corners of a pixel subtend a 
volume in space that contains a lot of fine detail, the 
pixel is subdivided and additional rays are traced to 
help the anti-aliasing process. As ray tracing is devel
oped further, speed increases will undoubtedly come 
from the application of coherence or other properties 
of the objects being displayed. Ray tracing also lends 
itself to parallel processing, because rays can be 
traced independently of one another. VLSI implemen
tations may therefore be expected. 
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Surface Detail 

The shading algorithms described to this point all 
produce very smooth and uniform surfaces. In the real 
world, most surfaces have details of color and texture. 
Texture mapping is one of the most common tech
niques used to model surface patterns. The patterns 
are mapped onto the object surf ace or modeled on the 
surface patch itself. Color detail is applied to a smooth 
surface without appearing to change its geometry, 
while texture details give the appearance of roughness. 
Perturbing the surface normal will produce bumpy 
surfaces, brushed copper, and so forth. A wood grain 
or marble surface could also be achieved by applying a 
real-world image to a geometrically defined curved 
surface. 

Although this method works well with smooth surfaces, 
it does not work well with terrains, coastlines, and 
jagged mountains, which require a fractal surface 
method. Hidden surfaces are removed, and an appro
priate shading model applied. 

Procedural definitions of textures, light sources, vol
umes, and atmospheres are collectively called "shad
ers." There are predefined lighting shaders for ambient, 
distant and point light sources, as well as for spotlights. 
Atmosphere shaders include depth cue and fog. Vol
ume shaders describe volumes through which light 
passes and is refracted and attenuated. Atmosphere 
shaders are based on the principle that light is attenu
ated over distance, be it through clear or foggy air, and 
that such attenuation gives the eye a cue to spatial 
relationships. The syntax of these predefined shaders 
can be used to define custom shade rs of all kinds. 
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Dev ice/Package Cross-Reference 
Part Number Ordering Designation Package Page 

MC-434000 D 32-Pin Ceramic DIP (600-mil) 43 

E 32-Pin Plastic (FR-4) DIP (600-mil) 44 

µPB100422 B 24-Pin Ceramic Flatpack 29 

D 24-Pin Ceramic DIP (400-mil) 25 

µPB100470 D 18-Pin Cerdip (300-mil) 17 

µPB100474 B 24-Pin Ceramic Flatpack 29 

D 24-Pin Ceramic DIP (400-mil) 25 

K 24-Pin Ceramic LCC 28 

µPB100474A BH 24-Pin Ceramic Flatpack 29 

D 24-Pin Cerdip (400-mil) #2 25 

µPB100474E DH 24-Pin Cerdip (400-mil) #1 24 

BH 24-Pin Ceramic Flatpack 29 

µPB100476LL DH 28-Pin Cerdip (400-mil) #2 36 

BH 28-Pin Ceramic Flatpack 37 

µPB100480 B 20-Pin Ceramic Flatpack 20 

D 20-Pin Cerdip (300-mil) 19 

µPB100484 B 28-Pin Ceramic Flatpack 37 

D 28-Pin Cerdip (400-mil) #1 35 

µPB100484A B 28-Pin Ceramic· Flatpack 37 

D 28-Pin Cerdip (400-mil) #1 35 

µPB100A484 B 28-Pin Ceramic Flatpack 37 

D 28-Pin Cerdip (400-mil) #1 35 

µPB10422 D 24-Pin Ceramic DIP (400-mil) 25 

µPB10470 D 18-Pin Cerdip (300-mil) 17 

µPB10474 D 24-Pin Cerdip (400-mil) #2 25 

µPB10474A D 24-Pin Cerdip (400-mil) #2 25 

µPB10474E DH 24-Pin Cerdip (400-mil} #1 24 

BH 24-Pin Ceramic Flatpack 29 

µPB10476LL DH 28-Pin Cerdip (400-mil) #2 36 

BH 28-Pin Ceramic Flatpack 37 

µPB10480 B 20-Pin Ceramic Flatpack 20 

D 20-Pin Cerdip (300-mil) 19 

µPB10484 B 28-Pin Ceramic Flatpack 37 

D 28-Pin Cerdip (400-mil) #1 35 

µPB10484A B 28-Pin Ceramic Flatpack 

D 28-Pin Cerdip (400-mil) #1 

µPB10A484 BH 28-Pin Ceramic Flatpack 

D 28-Pin Cerdip (400-mil) #1 

37 

I 35 

37 

35 

µPD100500 D 24-Pin Cerdip (300-mil) 24 

µPD10500 D 24-Pin Cerdip (300-mil) 24 
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Dev ice/Package Cross-Reference (cont) 
Part Number Ordering Designation Package Page 

µPD28C04 c 24-Pin Plastic DIP (600-mil) 23 

G 24-Pin Plastic SOP (Miniflat) (450-mil) 27 

µPD28C05 c 24-Pin Plastic DIP (600-mil) 23 

G 24-Pin Plastic SOP (Miniflat) (450-mil) 27 

µPD28C256 CZ 28-Pin Plastic DIP (600-mil) 34 

µPD28C64 c 28-Pin Plastic DIP (600-mil) 34 

µPD41256 c 16-Pin Plastic DIP (300-mil) 16 

L 18-Pin Plastic Leaded Chip Carrier 18 

µPD41264 c 24-Pin Plastic DIP (400-mil) 22 

v 24-Pin Plastic ZIP (350-mil) 27 

µPD41464 c 18-Pin Plastic DIP (300-mil) #1 16 

L 18-Pin Plastic Leaded Chip Carrier 18 

µPD421000 c 18-Pin Plastic DIP (300-mil) #2 17 

GX 24/20-Pin Plastic TSOP I 26 

LA 26/20-Pin Plastic SOJ (300-mil) 30 

v 20-Pin Plastic ZIP (350-mil) 19 

µPD42101 c 24-Pin Plastic DIP (300-mil) #2 21 

G 24-Pin Plastic SOP (Miniflat) (450-mil) 27 

µPD42102 c 24-Pin Plastic DIP (300-mil) #2 21 

G 24-Pin Plastic SOP (Miniflat) (450-mil) 27 

µPD42116162 50-Pin Plastic TSOP II (400-mil) 55 

µPD42116182 50-Pin Plastic TSOP II (400-mil) 55 

µPD42116420 44-Pin Plastic TSOP II (400-mil) #2 54 

µPD42116820 44-Pin Plastic TSOP II (400-mil) #2 54 

µPD42116920 44-Pin Plastic TSOP II (400-mil) #2 54 

µPD4216100 G5 28/24-Pin Plastic TSOP II (400-mil) 39 

LE 28/24-Pin Plastic SOJ (400-mil) 38 

G5M 28/24-Pin Plastic TSOP II (400-mil) 39 

v 24-Pin Plastic ZIP (425-mil) 28 

µPD4216101 G5 28/24-Pin Plastic TSOP II (400-mil) 39 

LE 28/24-Pin Plastic SOJ (400-mil) 38 

G5M 28/24-Pin Plastic TSOP II (400-mil) 39 

v 24-Pin Plastic ZIP (425-mil) 28 

µPD4216102 v 24-Pin Plastic ZIP (425-mil) 28 

G5M 28/24-Pin Plastic TSOP II (400-mil) 39 

G5 28/24-Pin Plastic TSOP II (400-mil) 39 

LE 28/24-Pin Plastic SOJ (400-mil) 38 
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Device/Package Cross-Reference (cont) 
Part Number Ordering Designation Package Page 

µPD4216160 G5 50/44-Pin Plastic TSOP II (400-mil) 56 

G5M 50/44-Pin Plastic TSOP II (400-mil) 56 

LE 42-Pin Plastic SOJ (400-mil) S1 

µPD4216160L GSM S0/44-Pin Plastic TSOP II (400-mil) S6 

LE 42-Pin Plastic SOJ (400-mil) S1 

GS S0/44-Pin Plastic TSOP II (400-mil) S6 

µPD4216180 LE 42-Pin Plastic SOJ (400-mil) S1 

GSM S0/44-Pin Plastic TSOP II (400-mil) S6 

GS S0/44-Pin Plastic TSOP II (400-mil) S6 

µPD4216180L GS S0/44-Pin Plastic TSOP II (400-mil) S6 

GSM S0/44-Pin Plastic TSOP II (400-mil) S6 

LE 42-Pin Plastic SOJ (400-mil) S1 

µPD4216400 GSM 28/24-Pin Plastic TSOP II (400-mil) 39 

v 24-Pin Plastic ZIP (42S-mil) 28 

GS 28/24-Pin Plastic TSOP II (400-mil) 39 

LE 28/24-Pin Plastic SOJ (400-mil) 38 

µPD4216402 G5M 28/24-Pin Plastic TSOP II (400-mil) 39 

v 24-Pin Plastic ZIP (42S-mil) 28 

GS 28/24-Pin Plastic TSOP II (400-mil) 39 

LE 28/24-Pin Plastic SOJ (400-mil) 38 

µPD4216410 G5M 28/24-Pin Plastic TSOP II (400-mil) 39 

v 24-Pin Plastic ZIP (42S-mil) 28 

G5 28/24-Pin Plastic TSOP II (400-mil) 39 

LE 28/24-Pin Plastic SOJ (400-mil) 38 

µPD4216412 G5M 28/24-Pin Plastic TSOP II (400-mil) 39 

v 24-Pin Plastic ZIP (425-mil) 28 

GS 28/24-Pin Plastic TSOP II (400-mil) 39 

LE 28/24-Pin Plastic SOJ (400-mil) 38 

µPD4216800 GS 28-Pin Plastic TSOP II (400-mil) 39 

G5M 28-Pin Plastic TSOP II (400-mil) 39 

LE 28-Pin Plastic SOJ (400-mil) 38 

µPD4216800L LE 28-Pin Plastic SOJ (400-mil) 38 

G5M 28-Pin Plastic TSOP II (400-mil) 39 

G5 28-Pin Plastic TSOP II (400-mil) 39 

µPD4216802 G5 28-Pin Plastic TSOP II (400-mil) 39 

I LE 28-Pin Plastic SOJ (400-mil) 38 

G5M 28-Pin Plastic TSOP II (400-mil) 39 

µPD4216802L G5 28-Pin Plastic TSOP II (400-mil) 39 

LE 28-Pin Plastic SOJ (400-mil) 38 

G5M 28-Pin Plastic TSOP II (400-mil) 39 
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Dev ice/Package Cross-Reference (cont) 
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µPD4216900 GS 32-Pin Plastic TSOP II (400-mil) 47 

GSM 32-Pin Plastic TSOP II (400-mil) 47 

LE 32-Pin Plastic SOJ (400-mil) #2 4S 

µPD4216900L GSM 32-Pin Plastic TSOP II (400-mil) 47 

LE 32-Pin Plastic SOJ (400-mil) #2 4S 

GS 32-Pin Plastic TSOP II (400-mil) 47 

µPD4216902 GS 32-Pin Plastic TSOP II (400-mil) 47 

GSM 32-Pin Plastic TSOP II (400-mil) 47 

LE 32-Pin Plastic SOJ (400-mil) #2 4S 

µPD4216902L GS 32-Pin Plastic TSOP II (400-mil) 47 

GSM 32-Pin Plastic TSOP II (400-mil) 47 

LE 32-Pin Plastic SOJ (400-mil) #2 4S 

µPD4217100 GS 28/24-Pin Plastic TSOP II (400-mil) 39 

LE 28/24-Pin Plastic SOJ (400-mil) 38 

v 24-Pin Plastic ZIP (42S-mil) 28 

GSM 28/24-Pin Plastic TSOP II (400-mil) 39 

µPD4217101 GS 28/24-Pin Plastic TSOP II (400-mil) 39 

LE 28/24-Pin Plastic SOJ (400-mil) 38 

v 24-Pin Plastic ZIP (42S-mil) 28 

GSM 28/24-Pin Plastic TSOP II (400-mil) 39 

µPD4217102 v 24-Pin Plastic ZIP (42S-mil) 28 

GSM 28/24-Pin Plastic TSOP II (400-mil) 39 

LE 28/24-Pin Plastic SOJ (400-mil) 38 

GS 28/24-Pin Plastic TSOP II (400-mil) 39 

µPD4217160 GS S0/44-Pin Plastic TSOP II (400-mil) S6 

LE 42-Pin Plastic SOJ (400-mil) S1 

GSM S0/44-Pin Plastic TSOP II (400-mil) S6 

µPD4217160L GSM S0/44-Pin Plastic TSOP II (400-mil) S6 

LE 42-Pin Plastic SOJ (400-mil) S1 

GS S0/44-Pin Plastic TSOP II (400-mil) S6 

µPD4217180 LE 42-Pin Plastic SOJ (400-mil) S1 

GSM S0/44-Pin Plastic TSOP II (400-mil) S6 

GS S0/44-Pin Plastic TSOP II (400-mil) 56 

µPD4217180L GS S0/44-Pin Plastic TSOP II (400-mil) S6 

LE 42-Pin Plastic SOJ (400-mil) S1 

GSM 50/44-Pin Plastic TSOP II (400-mil) S6 

µPD4217400 v 24-Pin Plastic ZIP (425-mil) 28 

GSM 28/24-Pin Plastic TSOP II (400-mil) 39 

LE 28/24-Pin Plastic SOJ (400-mil) 38 

GS 28/24-Pin Plastic TSOP II (400-mil) 39 
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NEC Package Drawings 

Dev ice/Package Cross-Reference (cont) 
Part Number Ordering Designation Package Page 

µPD4217402 v 24-Pin Plastic ZIP (42S-mil) 28 

GSM 28/24-Pin Plastic TSOP II (400-mil) 39 

LE 28/24-Pin Plastic SOJ (400-mil) 38 

GS 28/24-Pin Plastic TSOP II (400-mil) 39 

µPD4217410 v 24-Pin Plastic ZIP (42S-mil) 28 

GSM 28/24-Pin Plastic TSOP II (400-mil) 39 

LE 28/24-Pin Plastic SOJ (400-mil) 38 

GS 28/24-Pin Plastic TSOP II (400-mil) 39 

µPD4217412 v 24-Pin Plastic ZIP (42S-mil) 28 

GSM 28/24-Pin Plastic TSOP II (400-mil) 39 

LE 28/24-Pin Plastic SOJ (400-mil) 38 

GS 28/24-Pin Plastic TSOP II (400-mil) 39 

µPD4217800 G5 28-Pin Plastic TSOP II (400-mil) 39 

LE 28-Pin Plastic SOJ (400-mil) 38 

G5M 28-Pin Plastic TSOP II (400-mil) 39 

µPD4217800L G5M 28-Pin Plastic TSOP II (400-mil) 39 

LE 28-Pin Plastic SOJ (400-mil) 38 

G5 28-Pin Plastic TSOP II (400-mil) 39 

µPD4217802 LE 28-Pin Plastic SOJ (400-mil) 38 

G5M 28-Pin Plastic TSOP II (400-mil) 39 

GS 28-Pin Plastic TSOP II (400-mil) 39 

µPD4217802L LE 28-Pin Plastic SOJ (400-mil) 38 

G5M 28-Pin Plastic TSOP II (400-mil) 39 

G5 28-Pin Plastic TSOP II (400-mil) 39 

µPD4217900 G5 32-Pin Plastic TSOP II (400-mil) 47 

LE 32-Pin Plastic SOJ (400-mil) #2 4S 

G5M 32-Pin Plastic TSOP II (400-mil) 47 

µPD4217900L GSM 32-Pin Plastic TSOP II (400-mil) 47 

LE 32-Pin Plastic SOJ (400-mil) #2 45 

G5 32-Pin Plastic TSOP II (400-mil) 47 

µPD4217902 G5M 32-Pin Plastic TSOP II (400-mil) 47 

LE 32-Pin Plastic SOJ (400-mil) #2 45 

G5 32-Pin Plastic TSOP II (400-mil) 47 

µPD4217902L G5M 32-Pin Plastic TSOP II (400-mil) 47 

G5 32-Pin Plastic TSOP II (400-mil) 47 

II LE 32-Pin Plastic SOJ (400-mil) #2 4S 

µPD4218160 G5 50/44-Pin Plastic TSOP II (400-mil) 56 

LE 42-Pin Plastic SOJ (400-mil) 51 

G5M 50/44-Pin Plastic TSOP II (400-mil) 56 
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Package Drawings NEC 
Device/Package Cross-Reference (cont) 
Part Number Ordering Designation Package Page 

µPD4218160L G5M 50/44-Pin Plastic TSOP II (400-mil) 56 

LE 42-Pin Plastic SOJ (400-mil) 51 

G5 50/44-Pin Plastic TSOP II (400-mil) 56 

µPD4218180 LE 42-Pin Plastic SOJ (400-mil) 51 

G5M 50/44-Pin Plastic TSOP II (400-mil) 56 

G5 50/44-Pin Plastic TSOP II (400-mil) 56 

µPD4218180L G5 50/44-Pin Plastic TSOP II (400-mil) 56 

LE 42-Pin Plastic SOJ (400-mil) 51 

G5M 50/44-Pin Plastic TSOP II (400-mil) 56 

µPD42264 c 24-Pin Plastic DIP (400-mil) 22 

v 24-Pin Plastic ZIP (350-mil) 27 

LA 24-pin Plastic SOJ (300-mil) 26 

µPD42270 c 28-Pin Plastic DIP (400-mil) 33 

µPD42271 GF 64-Pin Plastic QFP 58 

µPD42272 GF 64-Pin Plastic QFP 58 

µPD42273 LE 28-Pin Plastic SOJ (400-mil) 38 

v 28-Pin Plastic ZIP (350-mil) 41 

µPD42274 LE 28-Pin Plastic SOJ (400-mil) 38 

v 28-Pin Plastic ZIP (350-mil) 41 

µPD42274-80 v 28-Pin Plastic ZIP (350-mil) 41 

LE 28-Pin Plastic SOJ (400-mil) 38 

µPD42275 LE 40-Pin Plastic SOJ (400-mil) 49 

µPD42280 GU 28-Pin Plastic SOP (Miniflat) (450-mil) #1 40 

v 28-Pin Plastic ZIP (350-mil) 41 

µPD424100 GS 26/20-Pin Plastic TSOP II (300-mil) 32 

GSM 26/20-Pin Plastic TSOP II (300-mil) 32 

v 20-Pin Plastic ZIP (350-mil) 19 

LA 26/20-Pin Plastic SOJ (300-mil) 30 

µPD424100A LA 26/20-Pin Plastic SOJ (300-mil) 30 

GS 26/20-Pin Plastic TSOP II (300-mil) 32 

GSM 26/20-Pin Plastic TSOP II (300-mil) 32 

v 20-Pin Plastic ZIP (350-mil) 19 

µPD424100L LA 26/20-Pin Plastic SOJ (300-mil) 30 

GS 26/20-Pin Plastic TSOP II (300-mil) 32 

GSM 26/20-Pin Plastic TSOP II (300-mil) 32 

v 20-Pin Plastic ZIP (350-mil) 19 

µPD424101 GS 26/20-Pin Plastic TSOP II (300-mil) 32 

v 20-Pin Plastic ZIP (350-mil) 19 

LA 26/20-Pin Plastic SOJ (300-mil) 30 

GSM 26/20-Pin Plastic TSOP II (300-mil) 32 
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NEC Package Drawings 

Device/Package Cross-Reference (cont) 
Part Number Ordering Designation Package Page 

µPD424102 LA 26/20-Pin Plastic SOJ (300-mil) 30 

GSM 26/20-Pin Plastic TSOP II (300-mil) 32 

v 20-Pin Plastic ZIP (350-mil) 19 

GS 26/20-Pin Plastic TSOP II (300-mil) 32 

µPD424170A v 40-Pin Plastic ZIP (400-mil) 50 

G5M 44/40-Pin Plastic TSOP II (300-mil) 52 

LE 40-Pin Plastic SOJ (400-mil) 49 

G5 44/40-Pin Plastic TSOP II (300-mil) 52 

µPD424170L v 40-Pin Plastic ZIP (400-mil) 50 

G5M 44/40-Pin Plastic TSOP II (300-mil) 52 

LE 40-Pin Plastic SOJ (400-mil) 49 

G5 44/40-Pin Plastic TSOP II (300-mil) 52 

µPD424190A G5 44/40-Pin Plastic TSOP II (300-mil) 52 

LE 40-Pin Plastic SOJ (400-mil) 49 

v 40-Pin Plastic ZIP (400-mil) 50 

G5M 44/40-Pin Plastic TSOP II (300-mil) 52 

µPD424190L G5 44/40-Pin Plastic TSOP II (300-mil) 52 

LE 40-Pin Plastic SOJ (400-mil) 49 

v 40-Pin PJastic ZIP (400- ii) 50 

G5M 44/40-Pin Plastic TSOP II (300-mil) 52 

µPD424256 c 20-Pin Plastic DIP (300-mil) 18 

LA 26/20-Pin Plastic SOJ (300-mil) 30 

v 20-Pin Plastic ZIP (350-mil) 19 

GX 24/20-Pin Plastic TSOP I 26 

µPD424260A G5 44/40-Pin Plastic TSOP II (300-mil) 52 

LE 40-Pin Plastic SOJ (400-mil) 49 

v 40-Pin Plastic ZIP (400-mil) 50 

G5M 44/40-Pin Plastic TSOP II (300-mil) 52 

µPD424260L G5 44/40-Pin Plastic TSOP II (300-mil) 52 

LE 40-Pin Plastic SOJ (400-mil) 49 

v 40-Pin Plastic ZIP (400-mil) 50 

G5M 44/40-Pin Plastic TSOP II (300-mil) 52 

µPD424263A G5 44/40-Pin Plastic TSOP II (300-mil) 52 

LE 40-Pin Plastic SOJ (400-mil) 49 

v 40-Pin Plastic ZIP (400-mil) 50 

I G5M 44/40-Pin Plastic TSOP II (300-mil) 52 

G5 44/40-Pin Plastic TSOP II (300-mil) 52 

LE 40-Pin Plastic SOJ (400-mil) 49 

µPD424263L 

v 40-Pin Plastic ZIP (400-mil) 50 

G5M 44/40-Pin Plastic TSOP II (300-mil) 52 
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Package Drcawings NE~ . : . . c .· 

Device/Package Cross-Reference (cont) 
Part Number Ordering Designation Package Page 

µPD424280A v 40-Pin Plastic ZIP (400-mil) 50 

G5M 44/40-Pin Plastic TSOP II (300-mil) 52 

LE 40-Pin Plastic SOJ (400-mil) 49 

G5 44/40-Pin Plastic TSOP II (300-mil) 52 

µPD424280L v 40-Pin Plastic ZIP (400-mil) 50 

G5M 44/40-Pin Plastic TSOP II (300-mil) 52 

LE 40-Pin Plastic SOJ (400-mil) 49 

G5 44/40-Pin Plastic TSOP II (300-mil) 52 

µPD424400 GSM 26/20-Pin Plastic TSOP II (300-mil) 32 

v 20-Pin Plastic ZIP (350-mil) 19 

LA 26/20-Pin Plastic SOJ (300-mil) 30 

GS 26/20-Pin Plastic TSOP II (300-mil) 32 

µPD424400A GSM 26/20-Pin Plastic TSOP II (300-mil) 32 

GS 26/20-Pin Plastic TSOP II (300-mil) 32 

v 20-Pin Plastic ZIP (350-mil) 19 

LA 26/20-Pin Plastic SOJ (300-mil) 30 

µPD424400L GSM 26/20-Pin Plastic TSOP II (300-mil) 32 

GS 26/20-Pin Plastic TSOP II (300-mil) 32 

v 20-Pin Plastic ZIP (350-mil) 19 

LA 26/20-Pin Plastic SOJ (300-mil) 30 

µPD424402 v. 20-Pin Plastic ZIP (350-mil) 19 

LA 26/20-Pin Plastic SOJ (300-mil) 30 

GSM 26/20-Pin Plastic TSOP II (300-mil) 32 

GS 26/20-Pin Plastic TSOP II (300-mil) 32 

µPD424410 v 20-Pin Plastic ZIP (350-mil) 19 

LB 26/20-Pin Plastic SOJ (350-mil) 30 

LA 26/20-Pin Plastic SOJ (300-mil) 30 

GS 26/20-Pin Plastic TSOP II (300-mil) 32 

µPD424412 LA 26/20-Pin Plastic SOJ (300-mil) 30 

v 20-Pin Plastic ZIP (350-mil) 19 

GS 26/20-Pin Plastic TSOP II (300-mil) 32 

µPD424440 LE 26/24-Pin Plastic SOJ (350-mil) 31 

µPD424440L LE 26/24-Pin Plastic SOJ (350-mil) 31 

µPD424800A G5 28-Pin Plastic TSOP II (400-mil) 39 

LE 28-Pin Plastic SOJ (400-mil) 38 

v 28-Pin Plastic ZIP (350-mil) 41 

G5M 28-Pin Plastic TSOP II (400-mil) 39 

µPD424800L G5 28-Pin Plastic TSOP II (400-mil) 39 

LE 28-Pin Plastic SOJ (400-mil) 38 

v 28-Pin Plastic ZIP (350-mil) 41 

G5M 28-Pin Plastic TSOP II (400-mil) 39 
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NEC Package Drawings 

Device/Package Cross-Reference (cont) 
Part Number Ordering Designation Package Page 

µPD424810A LE 28-Pin Plastic SOJ (400-mil) 38 

G5 28-Pin Plastic TSOP II (400-mil) 39 

G5M 28-Pin Plastic TSOP II (400-mil) 39 

v 28-Pin Plastic ZIP (350-mil) 41 

µPD424810L LE 28-Pin Plastic SOJ (400-mil) 38 

G5 28-Pin Plastic TSOP II (400-mil) 39 

G5M 28-Pin Plastic TSOP II (400-mil) 39 

v 28-Pin Plastic ZIP (350-mil) 41 

µPD424900A G5 28-Pin Plastic TSOP II (400-mil) 39 

LE 28-Pin Plastic SOJ (400-mil) 38 

v 28-Pin Plastic ZIP (350-mil) 41 

G5M 28-Pin Plastic TSOP II (400-mil) 39 

µPD424900L G5 28-Pin Plastic TSOP II (400-mil) 39 

LE 28-Pin Plastic SOJ (400-mil) 38 

v 28-Pin Plastic ZIP (350-mil) 41 

G5M 28-Pin Plastic TSOP II (400-mil) 39 

µPD42505 c 24-Pin Plastic DIP (300-mil) #2 21 

v 28-Pin Plastic ZIP (350-mil) 41 

µPD42532 c 40-Pin Plastic DIP (600-mil) 49 

µPD42601 v 20-Pin Plastic ZIP (350-mil) 19 

LA 26/20-Pin Plastic SOJ (300-mil) 30 

µPD42641 GS 26/20-Pin Plastic TSOP II (300-mil) 32 

LA 26/20-Pin Plastic SOJ (300-mil) 30 

GSM 26/20-Pin Plastic TSOP II (300-mil) 32 

µPD42644 LA 26/20-Pin Plastic SOJ (300-mil) 30 

GSM 26/20-Pin Plastic TSOP II (300-mil) 32 

GS 26/20-Pin Plastic TSOP II (300-mil) 32 

µPD42S16160 G5 S0/44-Pin Plastic TSOP II (400-mil) 56 

G5M S0/44-Pin Plastic TSOP II (400-mil) 56 

LE 42-Pin Plastic SOJ (400-mil) S1 

µPD42S16160L LE 42-Pin Plastic SOJ (400-mil) S1 

GSM S0/44-Pin Plastic TSOP II (400-mil) 56 

GS S0/44-Pin Plastic TSOP II (400-mil) 56 

µPD42S16180 G5M S0/44-Pin Plastic TSOP II (400-mil) 56 

G5 S0/44-Pin Plastic TSOP II (400-mil) 56 

I LE 42-Pin Plastic SOJ (400-mil) S1 

µPD42S16180L GSM S0/44-Pin Plastic TSOP II (400-mil) 56 

GS S0/44-Pin Plastic TSOP II (400-mil) 56 

LE 42-Pin Plastic SOJ (400-mil) 51 
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Package .Drawings NEC 
Device/Package Cross-Reference (cont) 
Part Number Ordering Designation Package Page 

µPD42S16800 G5 28-Pin Plastic TSOP II (400-mil) 39 

G5M 28-Pin Plastic TSOP II (400-mil) 39 

LE 28-Pin Plastic SOJ (400-mil) 38 

µPD42S16800L LE 28-Pin Plastic SOJ (400-mil) 38 

G5M 28-Pin Plastic TSOP II (400-mil) 39 

G5 28-Pin Plastic TSOP II (400-mil) 39 

µPD42S16802 G5 28-Pin Plastic TSOP II (400-mil) 39 

G5M 28-Pin Plastic TSOP II (400-mil) 39 

LE 28-Pin Plastic SOJ (400-mil) 38 

µPD42S16802L G5 28-Pin Plastic TSOP II (400-mil) 39 

G5M 28-Pin Plastic TSOP II (400-mil) 39 

LE 28-Pin Plastic SOJ (400-mil) 38 

µPD42S16900 G5 32-Pin Plastic TSOP II (400-mil) 47 

G5M 32-Pin Plastic TSOP II (400-mil) 47 

LE 32-Pin Plastic SOJ (400-mil) #2 45 

µPD42S16900L LE 32-Pin Plastic SOJ (400-mil) #2 45 

G5M 32-Pin Plastic TSOP II (400-mil) 47 

G5 32-Pin Plastic TSOP II (400-mil) 47 

µPD42S16902 G5 32-Pin Plastic TSOP II (400-mil) 47 

LE 32-Pin Plastic SOJ (400-mil) #2 45 

G5M 32-Pin Plastic TSOP II (400-mil) 47 

µPD42S16902L G5 32-Pin Plastic TSOP II (400-mil) 47 

LE 32-Pin Plastic SOJ (400-mil) #2 45 

G5M 32-Pin Plastic TSOP II (400-mil) 47 

µPD42S17160 G5 50/44-Pin Plastic TSOP II (400-mil) 56 

G5M 50/44-Pin Plastic TSOP II (400-mil) 56 

LE 42-Pin Plastic SOJ (400-mil) 51 

µPD42S17160L LE 42-Pin Plastic SOJ (400-mil) 51 

G5M 50/44-Pin Plastic TSOP II (400-mil) 56 

G5 50/44-Pin Plastic TSOP II (400-mil) 56 

µPD42S17180 G5M 50/44-Pin Plastic TSOP II (400-mil) 56 

G5 50/44-Pin Plastic TSOP II (400-mil) 56 

LE 42-Pin Plastic SOJ (400-mil) 51 

µPD42S17180L G5M 50/44-Pin Plastic TSOP II (400-mil) 56 

G5 50/44-Pin Plastic TSOP II (400-mil) 56 

LE 42-Pin Plastic SOJ (400-mil) 51 

µPD42S17800 G5 28-Pin Plastic TSOP II (400-mil) 39 

G5M 28-Pin Plastic TSOP II (400-mil) 39 

LE 28-Pin Plastic SOJ (400-mil) 38 
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NEC Package Drawings 

Device/Package Cross-Reference (cont} 
Part Number Ordering Designation Package Page 

µPD42S17800L LE 28-Pin Plastic SOJ (400-mil) 38 

G5M 28-Pin Plastic TSOP II (400-rnil) 39 

G5 28-Pin Plastic TSOP II (400-rnil) 39 

µPD42S17802 G5M 28-Pin Plastic TSOP II (400-rnil) 39 

LE 28-Pin Plastic SOJ (400-mil) 38 

G5 28-Pin Plastic TSOP II (400-rnil) 39 

µPD42S17802L LE 28-Pin Plastic SOJ (400-mil) 38 

G5M 28-Pin Plastic TSOP II (400-mil) 39 

G5 28-Pin Plastic TSOP II (400-mil) 39 

µPD42S17900 G5 32-Pin Plastic TSOP II (400-mil) 47 

LE 32-Pin Plastic SOJ (400-mil) #2 45 

G5M 32-Pin Plastic TSOP II (400-rnil) 47 

µPD42S17900L LE 32-Pin Plastic SOJ (400-mil) #2 45 

G5M 32-Pin Plastic TSOP II (400-rnil) 47 

G5 32-Pin Plastic TSOP II (400-rnil) 47 

µPD42S17902 LE 32-Pin Plastic SOJ (400-mil) #2 45 

G5M 32-Pin Plastic TSOP II (400-rnil) 47 

G5 32-Pin Plastic TSOP II (400-rnil) 47 

µPD42S17902L G5M 32-Pin Plastic TSOP II (400-mil) 47 

LE 32-Pin Plastic SOJ (400-mil) #2 45 

G5 32-Pin Plastic TSOP II (400-rnil) 47 

µPD42S18160 G5 50/44-Pin Plastic TSOP II (400-mil) 56 

LE 42-Pin Plastic SOJ (400-mil) 51 

G5M 50/44-Pin Plastic TSOP II (400-mil) 56 

µPD42S18160L LE 42-Pin Plastic SOJ (400-mil) 51 

G5 50/44-Pin Plastic TSOP II (400-mil) 56 

G5M 50/44-Pin Plastic TSOP II (400-mil) 56 

µPD42S18180 G5M 50/44-Pin Plastic TSOP II (400-mil) 56 

G5 50/44-Pin Plastic TSOP II (400-mil) 56 

LE 42-Pin Plastic SOJ (400-mil) 51 

µPD42S18180L LE 42-Pin Plastic SOJ (400-mil) 51 

G5 50/44-Pin Plastic TSOP II (400-mil) 56 

G5M 50/44-Pin Plastic TSOP II (400-mil) 56 

µPD42S4100A LA 26/20-Pin Plastic SOJ (300-rnil) 30 

µPD42S4100L 

v 20-Pin Plastic ZIP (350-mil) 19 

I GS 26/20-Pin Plastic TSOP II (300-mil) 32 

GSM 26/20-Pin Plastic TSOP II (300-mil) 32 

LA 26/20-Pin Plastic SOJ (300-rnil) 30 

v 20-Pin Plastic ZIP (350-rnil) 19 

GS 26/20-Pin Plastic TSOP II (300-mil) 32 

GSM 26/20-Pin Plastic TSOP II (300-mil) 32 

11 



Package Drawings NEC 
Device/Package Cross-Reference (cont) 
Part Number Ordering Designation Package Page 

µPD42S4170A v 40-Pin Plastic ZIP (400-mil) 50 

G5 44/40-Pin Plastic TSOP II (300-mil) 52 

G5M 44/40-Pin Plastic TSOP II (300-mil) 52 

LE 40-Pin Plastic SOJ (400-mil) 49 

µPD42S4170L v 40-Pin Plastic ZIP (400-mil) 50 

G5 44/40-Pin Plastic TSOP II (300-mil) 52 

G5M 44/40-Pin Plastic TSOP II (300-mil) 52 

LE 40-Pin Plastic SOJ (400-mil) 49 

µPD42S4190A G5 44/40-Pin Plastic TSOP II (300-mil) 52 

G5M 44/40-Pin Plastic TSOP II (300-mil) 52 

LE 40-Pin Plastic SOJ (400-mll) 49 

v 40-Pin Plastic ZIP (400-mil) 50 

µPD42S4190L G5 44/40-Pin Plastic TSOP II (300-mil) 52 

G5M 44/40-Pin Plastic TSOP II (300-mil) 52 

LE 40-Pin Plastic SOJ (400-mil) 49 

v 40-Pin Plastic ZIP (400-mil) 50 

µPD42S4260A G5 44/40-Pin Plastic TSOP II (300-mil) 52 

G5M 44/40-Pin Plastic TSOP II (300-mil) 52 

LE 40-Pin Plastic SOJ (400-mil) 49 

v 40-Pin Plastic ZIP (400-mil) 50 

µPD42S4260L G5 44/40-Pin Plastic TSOP II (300-mil) 52 

G5M 44/40-Pin Plastic TSOP II (300-mil) 52 

LE 40-Pin Plastic SOJ (400-mil) 49 

v 40-Pin Plastic ZIP (400-mil) 50 

µPD42S4263A G5 44/40-Pin Plastic TSOP II (300-mil) 52 

G5M 44/40-Pin Plastic TSOP II (300-mil) 52 

LE 40-Pin Plastic SOJ (400-mil) 49 

v 40-Pin Plastic ZIP (400-mil) 50 

µPD42S4263L G5 44/40-Pin Plastic TSOP II (300-mil) 52 

G5M 44/40-Pin Plastic TSOP II (300-mil) 52 

LE 40-Pin Plastic SOJ (400-mil) 49 

v 40-Pin Plastic ZIP (400-mil) 50 

µPD42S4280A v 40-Pin Plastic ZIP (400-mil) 50 

G5 44/40-Pin Plastic TSOP II (300-mil) 52 

G5M 44/40-Pin Plastic TSOP II (300-mil) 52 

LE 40-Pin Plastic SOJ (400-mil) 49 

µPD42S4280L v 40-Pin Plastic ZIP (400-mil) 50 

G5 44/40-Pin Plastic TSOP II (300-mil) 52 

G5M 44/40-Pin Plastic TSOP II (300-mil) 52 

LE 40-Pin Plastic SOJ (400-mil) 49 
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NEC Package Drawings 

Device/Package Cross-Reference (cont) 
Part Number Ordering Designation Package Page 

µPD42S4400A GSM 26/20-Pin Plastic TSOP II (300-mil) 32 

LA 26/20-Pin Plastic SOJ (300-mil) 30 

v 20-Pin Plastic ZIP (350-mil) 19 

GS 26/20-Pin Plastic TSOP II (300-mil) 32 

µPD42S4400L GSM 26/20-Pin Plastic TSOP II (300-mil) 32 

LA 26/20-Pin Plastic SOJ (300-mil) 30-

v 20-Pin Plastic ZIP (350-mil) 19 

GS 26/20-Pin Plastic TSOP II (300-mil) 32 

µPD42S4440 LE 26/24-Pin Plastic SOJ (350-mil) 31 

µPD42S4440L LE 26/24-Pin Plastic SOJ (350-mil) 31 

µPD42S4800A G5 28-Pin Plastic TSOP II (400-mil) 39 

G5M 28-Pin Plastic TSOP II (400-mil) 39 

LE 28-Pin Plastic SOJ (400-mil) 38 

v 28-Pin Plastic ZIP (350-mil) 41 

µPD42S4800L G5 28-Pin Plastic TSOP II (400-mil) 39 

G5M 28-Pin Plastic TSOP II (400-mil) 39 

LE 28-Pin Plastic SOJ (400-mil) 38 

v 28-Pin Plastic ZIP (350-mil) 41 

µPD42S4810A LE 28-Pin Plastic SOJ (400-mil) 38 

v 28-Pin Plastic ZIP (350-mil) 41 

G5 28-Pin Plastic TSOP II (400-mil) 39 

G5M 28-Pin Plastic TSOP II (400-mil) 39 

µPD42S4810L LE 28-Pin Plastic SOJ (400-mil) 38 

v 28-Pin Plastic ZIP (350-mil) 41 

G5 28-Pin Plastic TSOP II (400-mil) 39 

G5M 28-Pin Plastic TSOP II (400-mil) 39 

µPD42S4900A G5 28-Pin Plastic TSOP II (400-mil) 39 

G5M 28-Pin Plastic TSOP II (400-mil) 39 

LE 28-Pin Plastic SOJ (400-mil) 38 

v 28-Pin Plastic ZIP (350-mil) 41 

µPD42S4900L G5 28-Pin Plastic TSOP II (400-mil) 39 

G5M -28-Pin Plastic TSOP II (400-mil) 39 

LE 28-Pin Plastic SOJ (400-mil) 38 

v 28-Pin Plastic ZIP (350-mil) 41 

GZM 32-Pin Plastic TSOP I #1 46 

I CZ 32-Pin Plastic DIP (600-mil) 43 

GW 32-Pin Plastic SOP (Miniflat) (525-mil) 47 

GZ 32-Pin Plastic TSOP I #1 46 

µPD431000A 

µPD431001 LE 28-Pin Plastic SOJ (400-mil) 38 

µPD431004 LE 28-Pin Plastic SOJ (400-mil) 38 

µPD431008 LE 32-Pin Plastic SOJ (400-mil) #1 45 
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Package Drawings NEC 
Device/Package Cross-Reference (cont) 
Part Number Ordering Designation Package Page 

µPD431009 LE 36-Pin Plastic SOJ (400-mil) 48 

µPD431016 LE 44-Pin Plastic SOJ (400-mil) 51 

G5 44-Pin Plastic TSOP II (400-mil) #3 55 

µPD431018 G5 44-Pin Plastic TSOP II (400-mil) #3 55 

LE 44-Pin Plastic SOJ (400-mil) 51 

µPD43251B LA 24-Pin Plastic SOJ (300-mil) 26 

CR 24-Pin Plastic DIP (300-mil) #1 21 

µPD432538 LA 28-Pin Plastic SOJ (300-mil) 37 

CR 28-Pin Plastic DIP (300-mil) #2 33 

µPD432548 LA 24-Pin Plastic SOJ (300-mil) 26 

CR 24-Pin Plastic DIP (300-mil) #1 21 

µPD43256A GU 28-Pin Plastic SOP (Miniflat) (450-mil) #2 40 

c 28-Pin Plastic DIP (600-mil) 34 

GXM 32-Pin Plastic TSOP I #2 46 

GX 32-Pin Plastic TSOP I #2 46 

µPD432568 GU 28-Pin Plastic SOP (Miniflat) (450-mil) #2 40 

CZ 28-Pin Plastic DIP (600-mil) 34 

µPD43258A LA 28-Pin Plastic SOJ (300-mil) 37 

CR 28-Pin Plastic DIP (300-mil) #2 33 

µPD43259A CR 32-Pin Plastic DIP (300-mil) 42 

LA 32-Pin Plastic SOJ (300-mil) 44 

µPD434000 CZ 32-Pin Plastic DIP (600-mil) 43 

GW 32-Pin Plastic SOP (Miniflat) (525-mil) 47 

G5 32-Pin Plastic TSOP II (400-mil) 47 

G5M 32-Pin Plastic TSOP II (400-mil) 47 

µPD434001 LE 32-Pin Plastic SOJ (400-mil) #1 45 

µPD434004 LE 32-Pin Plastic SOJ (400-mil) #1 45 

µPD434008 LE 36-Pin Plastic SOJ (400-mil) 48 

µPD4361B CR 22-Pin Plastic DIP (300-mil) 20 

LA 24-Pin Plastic SOJ (300-mil) 26 

µPD4362B LA 24-Pin Plastic SOJ (300-mil) 26 

CR 22-Pin Plastic DIP (300-mil) 20 

µPD4363B CR 24-Pin Plastic DIP (300-mil) #1 21 

LA 24-Pin Plastic SOJ (300-mil) 26" 

µPD4368 CR 28-Pin Plastic DIP (300-mil) #2 33 

LA 28-Pin Plastic SOJ (300-mil) 37 

µPD4369 CR 28-Pin Plastic DIP (300-mil) #1 32 

LA 28-Pin Plastic SOJ (300-mil) 37 

µPD46710A LN 52-Pin Plastic LCC 57 

µPD46741A LP 68-Pin Plastic LCC 59 

µPD481440 LE 40-Pin Plastic SOJ (400-mil) 49 
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NEC Package Drawings 

Device/Package Cross-Reference (cont) 
Part Number Ordering Designation Package Page 

µPD482234 G5M 44-Pin Plastic TSOP II (400-mil) #1 53 

VF 40-Pin Plastic Shrink ZIP (450-mil) 50 

G5 44-Pin Plastic TSOP II (400-mil) #1 53 

LE 40-Pin Plastic SOJ (400-mil) 49 

µPD482235 G5M 44-Pin Plastic TSOP II (400-mil) #1 53 

VF 40-Pin Plastic Shrink ZIP (450-mil) 50 

G5 44-Pin Plastic TSOP II (400-mil) #1 53 

LE 40-Pin Plastic SOJ (400-mil) 49 

µPD485505 GU 24-Pin Plastic SOP (Miniflat) (450-mil) 27-

v 24-Pin Plastic ZIP (350-mil) 27 

µPD485506 G5 44-Pin Plastic TSOP II (400-mil) #1 53 

µPD488130 32-Pin Surface Vertical Package (SVP) 48 

µPD488170 32-Pin Surface Vertical Package (SVP) 48 

I 
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Package Drawings 1\'EC 
16-Pin Plastic DIP {300-mil) 

Item Mllllmetera Inches 

A 20.32 max .800 max 

B 1.27 max .050 max 

c 2.54 (TP) .100 (TP) 

D 0.50 ±0.10 .020 ~= 
F 1.2 min .047 min. 

G 3.2 ±0.3 .126 ± .012 

H 0.51 min .020.mln 

4.31 max .170 max 

J 5.08 max .200 max 

K* 7.62 (TP) .300 (TP) 

L 6.7 .264 ' 

M 0.25 ~g:~ .010 ~::: 
N 0.25 .010 
p 1.0 min .039 ml.n 

* Item K to center of leads 
whe.n.formed parallel. 

.J_ 
m f$I N @I 

P1 l!C-100-300SA 48NR-874B (a'llO) 

18-Pin Plastic DIP {300-mil) #1 

nem Ml Ill meters Inches 

A 22.86 max .900 max 

B 1.z1 max .050 max 

c 2.54 (TP) .100 (TP) 

D 0.50 ±0.10 .020 ~:g:: 
F 1.2 min .047 min 

G 3.2 ±0.3 .126 ± .012 

H 0.51 min .020 min 

I 4.31 max .170 max 

J 5.08 max .200 max 

K* 7.62 (TP) .300 (TP) 
L 6.7 .264 

M 0.25 +0.10 
-0.05 .010 ~:~ 

N 0.25 .010 
p 1.0 min .039 min 

* Item K to center of leads 
when fonned paraDel. 

P181MQ0.3QOSA 48NR-6078 (2192) 
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NEC 
18-Pin Plastic DIP {300-mil) #2 

Item Ml Ill mete re Inch• 

A 22.86 max .900 max 
B 1.'Zl max .050 max 
c 2.54 (TP) .100 (TP) 

D 0.50 :1: 0.10 .020 ~ :gg: 
F 1.2 min .047 min 

G 3.2 :1: 0.3 .126 :1: .012 

H 0.51 min .020 min 

J 

L 

M 

N 

4.31 max 

5.08 max 

7.62 (TP) 

7.35 

0.25 +0.10 
-0.05 

0.25 

• Item K to center of leads 
when formed paraDel. 

.170 max 

.200 max 

.300 (TP) 

.289 

.010 +.004 
-.003 

.010 

18-Pin Cerdip {300-mil) 

Inch• 
A 22.88max .900max 
B 1:27max .050max 
c 2.54[TP] .100[TP] 

D 0.48:1: .05 .018 :~ 
F 1A2ri'l .055mln 
G 3.50:1:.30 .138:1:.012 

H 0.51 min .020mln 

I 3.95 .156 
J 5.08max .200max 
K 7.62[!P] .300[!P] 

L 8.60 .280 

M 0.25:1:.05 .010 ~:: 
N 0.89mln .035mln 
p 0.25 .010 

Package Drawings 

--ff..._ 
M 0-15° 

49NR-667B (11/81) 

I 
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Package Drawings NEC 
18-Pin Plastic Leaded Chip Carrier 

Item Mllllmetera Inches 

A 13.4 ± 0.2 .528 :::: 
A 

B 
B 12.5 .492 

c 7.4 .291 

D 8.3 ±0.2 .327 :::: 

E 3.71 ±0.15 .146 :::: 
18 c D 

1 
F 0.6 .024 G 3.5 ±0.2 .138 :::: 

H 2.4 ±0.2 094 +.009 
. -.008 

0.8 min .031 min 
2.6 .102 

~ 
K 1.27 (TP) .050 (TP) F E 

L 0.7 .028 

.016::~ GlHvb= M 0.40 ±0.10 

N 0.12 .005 t p 11.68 ± 0.20 .460 :::: I 
Q 0.15 .006 

T 0.8 rad .031 rad 
w 

u 0.20 +0.10 
-0.05 

008 +.004 
. -.002 N @I 

v 1.80 ±0.15 .071 :::: 

.260 + .008 
p 

w 6.60 ± 0.20 -.009 

PUL~ 4llNR-6758 (2(80) 

20-Pin Plastic DIP {300-mil) 

Item Mllllmetere lnchee 

A 25.4 max 1.000 max 

B 1.27 max .050 max 

c 2.54 (TP) .100 (TP) 

D 0.50 ±0.10 .020 ::~ 
F 1.2 min .047 min 

G 3.2 ±0.3 .126 ± .012 

H 0.51 min .020 min 

I 4.31 max .170 max 

J 5.08 max .200 max 
K* 7.62 (TP) .300 (TP) 

L 7.35 .289 

M 0.25 :g:Jg .010 ::gg: 
N 0.25 .010 
p 1.0 min .039 min 

* Item K to center of leads 
when formed parallel. 

P20C-1QO.OOOWA 49NR-611B (11/91) 
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NEC Package Drawings 

20-Pin Cerdip {300-mil} 

Item Miiiimeters Inch ea 
A 25.4max 1.oomax 
B 1.Vmax .050max 
c 2.54~ .100 ITP] 
D 0.40±0.05 .018± .002 
F 1.42mln .055mln 
G 3.50±0.30 .138±.012 
H 0.51 min .020mln 

3.95 .156 
J 5.08max 200max 
K 7.621TP] .300 [If] 

L 7.32 .288 

M 0.25±0.05 ,010::~ 
N 0.89mln .035mln 
p 0.25 .010 

P2001+11X).3QM 831H-8194B 

20-Pin Plastic ZIP {350-mil) 

Item Mllllmeters Inches N 

A 26.67max 1.050 max 

F 0.5 ±0.1 .020 ::g: 
G .0'0.25 .010 

H 2.54 .100 

1.27 .050 

1.27 max .050 max 

K 1.0 min .039 min 
M 8.9 max .350 max 

N 2.8 ± 0.2 .110 ::~ 
Q 10.16 max .400 max 

v 0.25 +0.10 
-0.05 

.010 + .004 
-.003 

w 2.54 .100 
y 3.3 ±0.5 .130 ± .020 

49NR-620B (11191) 

I 
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Package Drawings 

20-Pin Ceramic F/atpack 

Item Mllllmetan 

8 12.6 :g1 
c 9.8 :g1 
D 29.0 

G 0.6 

H 0.43 

J 1.27 

K 9.6 

M 0.13 
p 2.18max 

T 1.14max 

22-Pin Plastic DIP {300-mil) 

Hem Mlllmetera 

A 27.94 max 
B 1.27 max 
c 2.54 (TP) 

D 0.50 :t:0.10 

F 1.2 min 

G 3.2 :t:0.3 

H 0.51 min 

I 4.31 max 
5.08 max 

K* 7.62 (TP) 

L 735 

N 0.25 

P 0.9 min 

* ttsm KID center of leads 
when formed parallel. 

20 

Inches 

1.100 max 

.050 max 

.100 (TP) 

.020 :::: 

.047 min 

.126 :!: .012 

.020 min 

.170 max 

.200 max 

.300 (TP) 

.289 

.010 

.035 min 

NEC 

l 

3) 11
1-r 

lnchee 

.496 ::~ 

.388 + .016 
c D 

-.005 
1.142 

1 10 .024 

.169 

J 
l;r I I 

.050 I I I K 

.378 

.005 1 

.086max ~~H .045max f.-G ....... -QJ 

1~ 8 

I =c CJ CJ CJ CJ CJ CJ CJ 

B31Kmt4B (1lllll) 

W 1$1 N @1 
411Nfl.e14B (1C!l'88) 



NEC 
24-Pin Plastic DIP {300-mil) #1 

Item Mllllmeters 

A 30.48 max 

B 1.27 max 

c 2.54 (TP) 

D 0.50 ±0.10 

F 1.1 min 

G 3.2 ± 0.3 

H 0.51 min 

4.31 max 

5.08 max 

K* 7.62 (TP) 

L 7.35 

M 0.25 :g:~ 
N 0.25 
p 0.9 min 

* Item K to center of leads 
when formed parallel. 

P24C-10MOOIVA 

Inches 

1.200 max 

.060 max 

.100 (TP) 

.020 :::: 

.043 min 

.126 ±.012 

.020 min 

.170 max 

.200 max 

.300 (TP) 

.289 

.010 :::: 

.010 

.035 min 

24-Pin Plastic DIP {300-mil) #2 

Item Miii i meters Inches 

A 33.02 max 1.300 max 

B 2.54 max .100 max 

c 2.54 (TP) .100 (TP) 

D 0.50 ±0.10 020 +.004 
. -.005 

F 1.2 min .047 min 

G 3.5 ±0.3 .138 ±.012 

H 0.51 min .020 min 

4.31 max .170 max 

5.08 max .200 max 

K• 7.62 (TP) .300 (TP) 

L 6.4 .252 

M 0.25 :g:~ .010 :::: 

N 0.25 .010 

p 1.0 min .039 min 

* Item K to center of leads 
when formed parallel. B 

P24C-1DO-SOOA 

Package. Drawings 

01$l N @I 
411NR-6llOB (flll) 

01$J N @I 
48NR-8111B (11/811) 

I 
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Package Drawings 

24-Pin Plastic DIP {400-mil) 

22 

Item Millimeters Inches 

A 30.48 max 1.200 max 

B 1.27 max .050 max 

c 2.54 [TP] .100 [TP] 

D 0.50 ± 0.10 .020 ~:gg; 

F 1.2 min .047 min 
- ~-- ------- -
G 3.2 ± 0.3 .126 ± .012 

H 0.51 min .020 min 
------------~-----

1 4.31 max .170 max 
----------------

J 5.08 max .200 max 

K 

L 

____ 1_0_.16_[_T~--- __ .4_oo [!'~L__ 

8.6 .339 

M 

N 0.25 .010 

Notes: 
[1] Each lead centerline is located 

within 0.25 mm [.010 Inch] of its true 
position [TP] at maximum material 
condition. 

[2] Item "K" to center of leads when 
formed parallel. 

P24C· 100-400A1 

NEC 

24 13 

A ".I 

0 -15° 

83·0036278 



NEC Package Drawings 

24-Pin Plastic DIP {600-mil) 

Item Miiiimeters Inches 

A 33.02 max 1.300 max 24 13 
B 2.54 max .100 max 

c 2.54 (TP) .100 (TP) 

D 0.50 ±0.10 020 + .004 
. -.005 

F 1.2 min .047 min 

G 3.5 ±0.3 .138 ± .012 

H 0.51 min .020 min 

4.31 max .170 max 
J 5.72 max .226 max 

K* 15.24 (TP) .600 (TP) 

L 13.2 .520 

M 0.25 ~g:~ .010 ~::: 
N 0.25 • 010 A 

12 I 
• 

• Item K to center of leads 
when formed parallel. 

0 
L 

-11 __ 
M 0-15° 

~10CMIOO 48NR-592B (61111) 

I 
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Package Drawings 

24-Pin Cerdip {300-mil) 

24 13 

Item Miiiimeters Inches 

A 33.02 max 1.300 max 

B 2.54 max .100 max 

c 2.54 [TP] .100 [TP] 

D 0.46 ±0.05 .018 ±.002 
F 1.42mln .055 min 

G 3.5 ± 0.3 .138 ± .012 

H 0.51 min .020 min 

3.80 .150 

5.08 max .200 max 

K 7.62 [TP] .300 [TP] 

L 7.32 .288 

M 0.25±0.05 .010 ~::~ 
p 0.25 .010 

P24DH-100-300A 83-0060128 

24-Pin Cerdip {400-mil} #1 

Item Ml Ill meters lnchee 

A 33.02 max 1.300 max 
B 2.54 max .100 max 
c 2.54 (TP) .100 (TP) 

D 0.50 :t0.10 020 +.004 
. -.005 

F 1.20 min .047 min 

G 3.5 :1:0.3 .138 :I: .012 

H 0.51 min .020 min 

I 3.80 .150 

J 5.08 max .200 max 
K• 10.16 (TP) .400 (TP) [2J f$l N ~I 
L 9.70 .382 

M 0.25 :t0.05 .Q10 ~:~ 24 13 

N 0.25 .010 
p 0.89 min .035 min 

• Item K to center of leads + 
when fonned paraDel. 

• I 
12 

A 
49NR-7368 (6/90) 
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NEC 
24-Pin Cerdip {400-mil} #2 

Item Miiiimeters Inches 

A 33.02 max 1.300 max 

B 2.54 max .100 max 

c 2.54 [TP) .100 [TP) 

D 0.50 ± 0.10 .020 ~:gg; 

F 1.2mln .047 min 

G 3.5 ± 0.3 .138 ± .012 

H 0.51 min .020 min 

3.80 .150 

5.08 max .200 max 

K 10.16 [TP] .400 [TP) 

L 9.70 .382 

M 0.25 ± 0.05 .010 ~:gg~ 
N 0.89 min .035 min 
p 0.25 .010 

Notes: 
[1] Each lead centerline is located 

within 0.25 mm (.010 inch] of its 
true position [TP] at maximum 
material condition. 

[2] Item "K" to center of leads when 
formed parallel. 

P24DH-100-400A 

24-Pin Ceramic DIP (400-mil) 

Item Millimeters Inches 

A 33.02 max 1.30 max 
--------------
B 2.54 max .100 max 

c 
D 

F 

G 

H 

2.54 [TP] __ .1_00_[_T_P_] _ 

0.46 ± 0.05 .018 ± .002 

1.25 min .049 min . 

3.50 ± 0.30 .138 ± .012 

0.51 min .020 min 

2.74 .108 

4.57 max .180 max 

_K_~ __ [TP_] __ .4_0_0_[T_P_]_ 

L 10.0 .394 

M 0.25 ± 0.05 .010 ~:gg~ 

N 1.00 min .039 min 

p 0.25 .010 

Notes: 
[1) Each lead centerline is located 

within 0.25 mm ( .010 inch] of its true 
position [TP] at maximum material 
condition. 

[2] Item "K" to center of leads when 
formed parallel. 

Package Drawings 

24 13 

83-0050128 

N 

M 0-15° 

83-0035798 
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Package Drawings 

24-Pin Plastic SOJ {300-mil) 

Item Mllllmetera Inches 

8 16.13:g:: .eas::~ 
c 7.57 .298 

D 8.47:.t:0.20 333+.009 
. -.006 

E 1.08 :.t:0.15 043+.006 
. -.007 

F 0.6 .024 

G 3.5:.t: 0.20 .138:.t: .006 

H 2.4:.t:0.20 .o94::gg: 

I O.Smln .031 min 

J 2.6 .102 

K 1.27[TP] .050[TP] 

M 0.40 :.I: 0.10 .01e::~ 
N 0.12 .005 
p 6.73:.t:0.20 .265:.t: .006 

a 0.15 .006 

T R0.85 R.033 

u 0.20+0.10 
-0.05 

006+.004 
. -.002 

P24LA.alA 

24/20-Pin Plastic TSOP I 

Item Mllllmetens lnchae 

A 6.0 :.I: 0.2 .236 :.I: .006 

8 0.45 max .018 max 
c 0.5 (TP) .020 (TP) 

D 0.20 :.t:0.10 .006 :.I: .004 

G 1.02 max .041 max 

H 15.0 :.t:0.2 .591 ::~ 
14.4 :.t:0.2 .567 :.I: .006 

J o.s :.I: 0.2 .031 ::gg: 
K 0.125 :g:Jg 005 +.004 

. -.002 

L 0.5 :.t:0.1 020 +.004 
. -.005 

M 0.08 .003 

N 0.10 .004 
p 16.0 :.t:0.2 .630 :.I: .006 

a 0.05 :.t:0.05 .002 :.I: .002 

s 1.1 max .044 max 
S24GX-60JJH 

26 

0 

Enlarged detaU 
of lead end 

I· Ef=~ ,. 
a 5• :.1:5° 

c 

NEC 

D 

831H-6861B 

24 

13 



NEC Package Drawings 

24-Pin Plastic SOP (Miniflat) (450-mil) 

Hem Mii ii meters Inches 24 13 

A 16.51 max .650 max 
B 1.27 max .050 max 

c 1.27 (TP) .050 (TP) 

D 0.40 ± 0.10 .016 ::~ 
E 0.1 :g:~ 004 +.008 

. -.004 

F 2.5 max .099 max 

G 2.00 .079 

H 12.2 ± 0.3 .480 ::g1~ 
8.4 .331 

A 
12.I 

1.9 .075 

K 0.15 :g:Jg 006 +.004 
. -.002 

L 0.9 ±0.2 035 +.009 
. -.008 

M 0.12 .005 

P24G~ 49NR-613B (8191) 

24-Pin Plastic ZIP {350-mil) 

Hem Mllllmetera Inches N 

A 31.75 max 1.250 max 

F 0.5 ± 0.1 .020 ::~ 
G 0'0.25 .010 

H 2.54 .100 

1.27 .050 

1.27 max .050 max 

K 1.0 min .039 min 
M 8.9 max .350 max 

N 2.8 ±0.2 .110: :gg: 
Q 10.16 max .400 max 

v 0.25 +0.10 
-0.05 .010 ::gg: 

w 2.54 .100 
y 3.3 ±0.5 .130 ± .020 

P24V-264-400Pt. 49NR-842B (11189) 

I 
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Package Drawings 

24-Pin Plastic ZIP {425-mil) 

Item Mllllmetera Inches 

A 31.75 max 1.250 max 

F 0.5 :I: 0.1 020 +.004 
. -.005 

G .0'0.25 .0'.010 

H 2.54 .100 

1.27 .050 

1.27 max .050 max 

K 1.0 min .039 min 
M 10.8 max .425 max 

N 2.8 :1:0.2 .110~:~ 
Q 12.07 max .475 max J-+ 

v 0.25 +0.10 
-0.05 .010 ~:~ 

w 2.54 .100 
y 3.3 :1:0.5 .130 :1:.020 

24-Pin Ceramic LCC 

Item Millimeters Inches 

A 8.51 ±0.4 .335±.016 

B .89±0.2 .035 ±.008 

c 5.14 .202 

D .64±0.1 .025~:= 
E 5.08 .200 

F 1.27 .050 

G 2.0max .079max 

H 8.51 ±0.4 .335 ±.018 

I 1.4 .055 

1.02 .040 

K 0.2R .008R 
·----- ------
L 0.3R .012R 

28 

A 

--11--F 
1$1 G ®I 

c 

NEC 

N 

83NR-8180B (1C!{ll1) 

83-0035828 



NEC Package Drawings 

24-Pin Ceramic Flatpack 

A 
~ 

B 

Hem Ml Ill meters Inches • 
A 28.5± 1.0 1.122± .040 

B 9.6 .378 

c 9.6 .378 

D 28.5± 1.0 1.122± .040 

G 1.62 .064 

H 0.4±0.1 .o16::~ 18 13 • 
19 12 

J 1.27 (TP) .050(TP) 

K 9.45± 1.0 .372±.040 c D 

M 0.15~:~ 006+.004 
• -.002 

N 0.25 .010 24 7 
1 6 • p 2.6max .103max [ 

Note: 

(1) Each lead centerline Is located 
within 0.25 mm (0.010 Inch) of I I I 

Its true position (TP) at maximum 
material condition. 

, 
G__.,. i- - -w 

1· 
K 

·1 t t I p [] [] [] [] [] [] 

t 
M 

t 
X24B-127A1 83YL-64078 

I 
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Package Drawings NEC 
26/20-Pin Plastic SOJ (300-mil) 

Item Mllllmetere Inches 

B 17.4 :g:~ .685 ::~ B 

c 7.57 .298 26 14 

D 8.47 :t0.2 333 +.009 

I!~::: 1 :::::11 
. -.008 

E 1.08 :I: 0.15 043 +.006 
D . -.007 

F 0.6 .024 

G 3.5 :1:0.2 .138 :I: .008 

H 2.4 :I: 0.2 .094 ::gg: 13 

I 0.8 min .031 min 

J 2.6 .102 - F 
K 1.27 ~~ .050 ~~ §+ M 0.40 :I: 0.10 .016 ::gg: 
N 0.12 .005 

P* 6.73 :1:0.20 .265 :I: .008 
.......,_T 

Q 0.15 .006 
N ~I 

p 

T 0.85 rad .033 rad 0 
0.20 :g:Jg 008 +.004 u . -.002 

* Item P to center of leads. 
P26LA-6QA 49~1B(Ml1) 

26/20-Pin Plastic SOJ {350-mil) 

Item Mllllmetere lnchee 

B 17.4 ~g~ .685 ~:~ B 

c 8.89 .350 26 14 
D 9.78 :t0.2 .385 :I: .008 

Jo 
E 1.08 :t0.15 043 +.006 

. -.007 

F 0.6 .024 + 
G 3.6 :1:0.2 .142 +.008 

-.007 

H 2.45 :t0.2 .096 ::gg: 
I 0.8 min .031 min 13 

J 2.7 .106 

K 1.27 Q!l .050 Q!l F 

~ .016 ~:~ ffi+ M 0.40 :1:0.10 

N 0.12 .005 

P* 8.06 :1:0.20 .317 +.008 

I G 

.......,_T 
-.007 

Q 0.15 .006 Q Q p 

T 0.85 rad .033 rad 
0 u 0.20 +0.10 008 +.004 

-0.05 . -.002 

* Item P to center of leads. 

P261.IH!liOA 48NR-673B (Q'81) 
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NEC Package Drawings 

26/24-Pin Plastic SOJ {350-mil) 

Item Mllllmetera Inches 

B 17.4 :g:is .685 ::~ B 

c 8.89 .350 26 14 
D 9.78 ±0.2 .385 ± .008 

E 1.08 ±0.15 043 +.006 
. -.007 

F 0.6 .024 + 
G 3.6 ±0.2 .142::~ 
H 2.45 ±0.2 096 +.009 

. -.008 

0.8 min .031 min 13 

2.7 .106 
K 1.27 [P~ .050 [P~ 

.016::~ ffi+ M 0.40 ±0.10 

N 0.12 .005 

p• 8.06 ±0.20 .317 ::~ '-.T 
Q 0.15 .006 p 

T 0.85 rad .033 rad 
0 u 0.20 :g:~ 008 +.004 

. -.002 

• Item P 1D center of leads. 
83CL-41088B (1Ml2) 

I 
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Package·· Drawings 

26/20-Pin Plastic TSOP II {300-mil) 

Item 

Enlarged detan 
of lead end 

A 

B 

c 
D 

E 

F 

G 
H 

K 

L 

M 

N 

t Et=c+ 
E 5° ±5° 

Mllllmetera 

17.54 max 

1.18 max 
1Z/ (TP) 

0.40 ±0.10 

0.05 ±0.05 

1.13 max 
1.0 

9.22 ±0.2 

7.62 ± 0.1 

0.8 ±0.2 

0.14 :g:~ 

0.5 ± 0.1 

0.21 

0.10 

28-Pin Plastic DIP {300-mil) #1 

Item Mllllmetera lnchea 

A 35.56 max 1.400 max 

B 1.27 max .050 max 
c 2.54 (TP) .100 (TP) 

D 0.50 ±0.10 020 + .004 
. -.005 

F 1.2 min .047 min 

G 3.2 :1:0.3 .126 ± .012 

H 0.51 min .020 min 

4.31 max .170 max 
5.08 max .200 max 

K* 7.62 (TP) .300 (TP) 

L 6.7 .264 J 
M 0.25 ~g:~ .010 ~ := 
N 0.25 .010 

P 1.0 min .039 min 

* Item K to center of leads B 
when fonned parallel. 

Inches 

.691 max 

.047 m8x 

.050.(TP) 

.016 ::~ 

.002 ± .002 

.. 045 max 
.039 

.363 ± .008 

.300 ± .004 

.031 + .009 
-.008 

006 +.004 
·.. -.003 

.020 :~gg: 
.. 009 

.004 

[I] f$I N @I 

32 

26 14 

0 

A 

13 I 

M @lo--ll-

83NR-74968 (Q'81) 

48NR-821B (11188) 



NEC Package Drawings 

28-Pin Plastic DIP (300-mil} #2 

Item Mllllmeteni Inches 

A 35.56 max 1.400 max 
B 12.7 max .060 max 

c 2.54 (TP) .100 (TP) 

D 0.50 ±0.10 

F 12. min .047 min 

G 32. ±0.3 .126 :i: .012 

H 0.51 min .020 min 

4.31 max .170 max 

5.08 max .2.00 max 
K * 7.62 (TP) .300 (TP) 

L 72.5 .286 

+0.10 + 004j M 02.5 -0.05 .010 -:003 

N 02.5 .010 

P 1.0 min .039 min 

* Item K to center of leads e 
when formed paraftel. M 0-15° 

m l$l N ®' 
83NFHS!1B (1Z'80) 

28-Pin Plastic DIP (400-mil} 

Item Mllllmeteni Inches 
28 

A 35.56 max 1.400 max 
B 12.7 max .060 max 
c 2.54 (TP) .100 (TP) 

D 0.50 :t0.10 020 +.004 
. -.005 

F 1.1 min .043 min 
G 3.5 :t0.3 .138 :I: .012 

H 0.51 min .020 min 
I 4.31 max .170 max 
J 5.72 max .226 max M o-1s 0 

K* 10.16 (TP} .400 (TP) 

L 8.6 .339 

: :: ~g},g :::: ~:=J 
P 0.9 min .035 min 

* Item K to center of leads 

8 
when fonned paralel. -

m l$l N @1 
f'28C.10CMOO 
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Package Drawings NEC 
28-Pin Plastic DIP {600-mil) 

Hem Ml Ill meters Inches 

A 38.10 max 1.500 max 
8 2.54 max .100 max 
c 2.54 (TP) .100 (TP) 

D 0.50 ± 0.10 .020 ~:~ 
F 1.2 min .047 min 

G 3.6 ±0.3 .142 ± .012 

H 0.51 min .020 min 

4.31 max .170 max 
J 5.72 max .226 max 

K* 15.24 (TP) .600 (TP) 

L 13.2 .520 

M 0.25 +0.10 ,010 ~:g: I. -0.05 
N 0.25 .010 A 

14 .I 
* Item K to center of leads 

when fonned parallel. 

0 
L 

0-15° 

49NR'614B (8191) 
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NEC Package Drawings 

28-Pin Cerdip {400-mil) #1 

Item Millimeters Inches 

A 38.10 max 1.50 max 

B 2.54 max .100 max 

c 2.54 [TP] .100 [TP] 

D 0.50 ± 0.10 .020 ~:gg~ 
F 1.20 min .047 min 

G 3.50 ± 0.30 .138 ± .012 

H 0.51 min .020 min 

4.00 .157 

5.08 max .200 max 

K 10.16 [TP] .400 [TP] 

L 9.65 .380 

M 0.25 ± 0.05 .010 ~:gg~ 
p 0.89min .035 min 

a 0.25 .010 

Notes: 

[1] Each lead centerline is located 
within 0.25 mm [.010 inch] of its true 
position [TP] at maximum material 
condition. 

[2] Item "K" to center of leads when 
formed parallel. 

P28DH-100·400A 83-0050158 

II 
35 



Package Drawings NEC 
28-Pin Cerdip {400-mil} #2 

Item Mllllmetera lnchea 

A 38.10 max 1.500 max 
B 2.54 max .100 max 
c 2.54 (TP) .100 (TP) 

D 0.50 :I: 0.10 .020 ~:~ 
F 1.20 min .047 min 

G 3.5 :t0.3 .138 :I: .012 

H 0.51 min .020 min 

4.00 .157 

5.08 max .200 max 
K" 10.16 (TP) .400 (TP) 

L 9.65 .380 

M 0.25 :t0.05 .010 ~:~ 
N 0.25 .010 
p 0.89 min .035 min 

• Item K to center of leads 
when fonned parallel. 

ru l$l N ®' 
28 15 

--l~---------+------------1-

A 

14 • I 

8.'ICL-8118311 (71112) 
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NEC 
28-Pin Ceramic Flatpack 

Hern Miiiimeters 

B 17.5 

c 9.84 

D 29.0 

G 0.50 H 0.43 

J 1.27[TP] 

K 9.58 

M 0.15 
p 2.18 max 

T 1.14 max 

X289-100A. 

28-Pin Plastic SOJ {300-miQ 

Hern Mill I meters lnc:hea 

B 18.67 :g~ .735 ::~ 
c 7.57 .298 

D 8.47 :t0.2 333 +.009 
. -.008 

E 1.08 :t0.15 043 + .006 
. -.007 

F 0.74 .029 

G 3.5 :t0.2 .138 :t .008 

H 2.4 ±0.2 .094 ::gg: 
I 0.8 min .031 min 

J 2.55 .100 

K 1.27 {!P} .050 {!P} 

M 0.40 :t0.10 .016 ::~ 
N 0.12 .005 
p• 6.73 :t 0.20 .265 :t .008 
Q 0.1 .004 

T 0.85 rad .033 rad 

u 0.20 ~g:Jg 008 +.004 
. -.002 

• Item P to center of leads. 
P281.A-300A. 

Inches 

.689 

.387 

1.142 

.020 

.017 

.050 [TP] 

:J77 

.006 

.086max 

.045max 

Package Drawings 

1-.,.--
28 15 

c 

1 14 
rl 

I I 
·~ i--

K 
I I 

H_.,r- -. t-w -- ~G .... -II 
B 

M T 
~ ... 

1 

=_Cl_Cl_Cl_Cl_Cl_CI_. Cl_Cl_Cl_Cl_Cl_Cl___,CI 

1 

r 
~ 

B 

14 

• 

D 

8311i4i10Blli/B9l 

--1 
37 



Package Drawings NEC 
28-Pin Plastic SOJ {400-mil) 

Item Mllllmetera Inches 

18.67 :g: .735 ::~ 
B 

B 

c 10.16 .400 
28 15 

D 11.18 :I: 0.20 .440 ::~ 

E 1.08 :I: 0.15 043 +.006 
. -.007 

+ c D 
F 0.6 .024 

G 3.5 :1:0.2 138 +.006 
. -.007 0 
.094 ::~ H 2.4 :1:0.2 

14 
0.8 min .031 min 

J 2.6 .102 
K 1.27 (TP) .050 (TP) 

M 0.40 :1:0.10 .016 +.004 ffi+ -.005 
N 0.12 .005 

p• 9.40 :1:0.20 .370 ::~ 
~1--M 

'-...T 

Q 0.15 .ooe p 
f$J N @I T 0.85 rad .033 rad 

u 0.20 +0.10 008 +.004 0 
-0.05 . -.002 

• Item P to center of leads. 
P281.A-400A·1 49NR-8IOB(1192) 

28/24-Pin Plastic SOJ {400-mil} 

Item Mllllmetera Inches 

18.67 :g: .735 ::~ 
B 

B 

c 10.16 .400 28 15 

D 11.18 :I: 0.20 .440 ::~ 
E 1.08 :I: 0.15 043 +.006 

. -.007 c D 
F 0.7 .028 

G 3.5 :1:0.2 .138 ::~ 
094 +.006 

0 
H 2.4 :1:0.2 . -.007 

14 
I 0.8 min .031 min 

J 2.6 .102 
K 1.27 (TP) .050 (TP) 

~ 
M 0.40 :I: 0.10 .016 ~:gg: re+ N 0.12 .005 

p• 9.40 :1:0.20 .370 ::~ 
j G 

'-...T 

Q 0.15 .006 p 

T 0.85 rad .033 rad 

0 u 0.20 :g:~ 008 +.004 
. -.002 

• Item P to center of leads. 

P28LB-400A1 83NR-8168B (4192) 
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NEC 
28-Pin Plastic TSOP II (400-mil) 

Item Mllllmetera Inches 
A 18.81 max .741 max 

B 1.15 max .046 max 

c 1.27 (!:P) .050 (TP) 

D 0.40 :t:0.10 .016 :t: .004 

E 0.05 :t: 0.05 .002 :t: .002 

F 1.10max .044 max 

G 0.97 .038 

H 11.76 :t:0.2 .463 :t: .008 

10.16 :t:0.1 .400 :t: .004 

J 0.8 :t:0.2 .031 :t: .008 

K 0.14 +0.10 006 +.004 
-0.05 . -.003 

L 0.5 :t:0.1 .020 ~:~ 
M 0.21 .009 

N 0.10 .004 

S28G5-50-7JD 

28/24-Pin Plastic TSOP II {400-mil) 

Item Mllllmetera lnchea 
A 18.81 max .741 max 

B 1.15 max .045 max 

c 1.27 (TP) .050 (!:P) 
D 0.40 :t:0.10 .016 :t: .004 

E 0.05 :t:0.05 .002 :t: .002 

F 1.10max .043 max 

G 0.97 .038 

H 11.76 :t:0.2 .463 :t: .008 

10.16 :t: 0.2 .400 :t: .008 

0.8 :t:0.2 .031 :t: .008 

K 0.125 ~g:~ 005 + .004 
. -.002 

L 0.5 :t:0.1 .020 :t: .004 

M 0.21 .008 

N 0.10 .004 

S28G5-6C>-7JD1 

28 15 

-+-!~-----+------+-

28 15 

~------+------+-

Package Drawings 

Enlarged detail 
of lead end 

Fifi=~ 
t t 
E 3° :t: 3° 

Enlarged detail 
of lead end 

83RD-8340B (1/92) 

f[L~ 
t t 
E 3°±3° 

83RD-81578 (10{91) 

39 
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Package Drawings NEC 
28-Pin Plastic SOP (Miniflat) {450-mil) #1 

Hem Mllllmetera lnchee 28 

A 19.05 max .750 max 
B 1.27 max .050 max 

c 1.27 (TP) .050 (TP) 

D 0.40 :t0.10 .016 ::~ 
E 0.1 :g:~ 004 +.008 

. -.004 

F 2.5 max .099 max 
G 2.00 ,079 

H 11.8 :I: 0.3 465 + .012 
. -.013 

8.4 .331 
A 

... I 

1.7 .Ofi'l 

K 0.15 ~g:Jg 006 +.004 
. -.002 

L 0.7 :t0.2 .028 ::~ 
M 0.12 .005 

P28GM-60-460A1 49NR.e238 (1a'91) 

28-Pin Plastic SOP (Minitlat) {450-mil) #2 

Item Mllllmetere Inches 28 15 

A 19.05 max .750 max 
B 12.7 max .050 max 

c 12.7 (TP) .050 (TP) 

D 0.40 :t0.10 .016 ~::: 

E 0.1 :t0.1 004 +.005 
. -.004 

F 3.0 max .119 max 
G 2.55 .100 

H 11.8 :t0.3 465 +.012 
. -.013 

8.4 .331 

1.7 .Offl 

K 0.15 ~g:~ 006 +.004 
. -.002 

L 0.7 :t0.2 028 +.008 
. -.009 

M 0.12 .005 

P211GM-!SCM5W 49NR-«!5B (11/89) 
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NEC Package Drawings 

28-Pin Plastic ZIP {350-mi/) 

Item Ml Ill meters lnchee 

A 36.83 max 1.450 max 

F 0.5 ± 0.1 020 +.004 
. -.005 

G ~0.25 .010 

H 2.54 .100 
1.27 .050 

J 1.'Z'l max .050 max 

A 

'I 
N 

a]M Q 

r------
K 1.0 min .039 min 

M 8.9 max .350 max 

N 2.8 ±0.2 .110 ~:g: 
Q 10.16 max .400 max 

v 0.25 +0.10 .010 ~:~ -0.05 
w 2.54 .100 

=rJv 
l=t-v 0 
~ 

y 3.3 ±0.5 .130 ± .020 

P28V·264-40ClP. 48NFH02B (4192) 

I 
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Package Drawings 

32-Pin Plastic DIP {300-mil) 

Item Miii i meters 

A 40.64 max 
B 1.27 max 

c 2.54 (TP) 

D 0.50 :t0.10 

F 1.2 min 

G 3.2 :t0.3 

H 0.51 min 

4.31 max 

J 5.08 max 

K* 7.62 (TP) 

L 7.25 

M 0.25 ~g:~ 
N 0.25 
p 1.0 min 

• Item K 1D center of leads 
when fonned parallel. 

0 

Inches 

1.600 max 

.050 max 

.100 (TP) 

.020 ~:~ 

.047 min 

.126 :t.012 

.020 min 

.170 max 

.200 max 

.300 (TP) 

.285 

.010 ~:~ 

.01 

.039 min 

NEC 

~o=::::: :-: : : : : : : •.1 
A 

~ 
~F1 .J·_ 

M 0-15° 

[£] f$J N @I 
83NR·7543B (1191) 
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NEC Package Drawings 

32-Pin Plastic DIP {600-mil) 

32 17 

Hem Millimeters Inches 

A 40.64 max 1.60max 
B 1.27max .050max 

c 2.54 [TP] .100[TPJ 

D 0.50± 0.10 .020::g: 

F 1.1 min .043mln 

G 3.2±0.30 .126± .012 

H 0.51 min .020mln 

4.31 max .170max 

5.0Smax .200 max 
K 15.24 [:!!] .600[TP] 

L 13.2 .520 

M 0.25:g:~ .010::gg; 

N 0.9mln .035mln 
p 0.25 .010 

831H -68188 (!11'89) 

32-Pin Ceramic DIP {600-mil) 

Hem Ml Ill meters Inches 
A 43.053 ± .127 1.7 :t: 0.01 
8 14.99± .254 .59 :t: 0.10 
c 9.78max .385max 
D 0.254± .127 .010± .005 
E 2.54 [rP] .100[TP] 

F 0.508± .127 .02:t .005 

G 1.27 :t: .381 .05 :t: .015 
H 10.287max .405max 

1• A •1 

IIC::::J C:JI 
I 3.81 :t: .635 .15:t .025 
J 0.254± .Q76 .01 :t: .003 

K 15.37± .381 .605± .015 

83FM-89668 (8192) 

I 
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Package Drawings NEC 
32-Pin Plastic (FR-4) DIP {600-mil) 

Hem Mllllmetere lnchee 
A 53.47 :I: 0.13 2.105 :I: .005 

B 15.24 .600 
c 2.54~ .100[PJ 

D 0.47:1:0.12 .019 :I: .005 

E 1.02 .040 

F 5.84max ..230max 
G 2.54mln .100 min 

H 7.62 .300 

I 0.38mln .015 min 

J 0.28:1: 0.08 .011 :I: .003 

32-Pin Plastic SOJ {300-mil) 

Item Mllllmetere Inch• 

B 21.21 ~g::s .835 ~:~ B 

c 757 .298 32 17 

D 8A7 :1:0.2 333 +.009 

1i::::::r::::::11 
. -.008 

E 1.08 :I: 0.15 043 +.008 
• -.007 D 

F 0.74 .029 

G 3.S :1:0.2 .138 :I: .008 

094 +.009 H 2A :1:0.2 . -.008 1 18 

0.8 min .031 min 

255 .100 

K 1.27 {!P2 .050 ill2 ffi+ .018~:= M OAO :1:0.10 

N 0.12 .005 
p• 6.73 :1:0.20 .265 :I: .008 

"'-...T 

Q 0.1 .004 
p 

T 0.85 rad .033 rad N @I 
0.20 ~g::: 008 +.004 u . -.002 

• Item P to center of leads. 
P32LMIOQA 83Nff.'IM'8 (1/81) 
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t\'EC Package Drawings 

32-Pin Plastic SOJ (400-mit) #t 

B 

Hem Mllllmetera lnchee 
32 17 

B 21.01 ± 0.15 .827 ± .006 

c 10.16 ± 0.05 .400 ± .002 

D 11.18 ± 0.10 .440 ± .004 

F 0.74 ±0.10 .029 ± .004 

G 3.5 ± 0.10 .138 ± .004 
........, ______ + -------+- C D 

H 1.445 ± 0.025 .057 ± .001 

J 2.6 .102 

K 1.27 (TPl .050 [P} 

L 0.955 ± 0.025 .038 ± .001 16 

M 0.40 ±0.05 .016 ± .002 
p* 9.40 ±0.15 .370 ± .006 

T 0.85 ± 0.10 rad .033 ± .004 rad 

u 0.22 ±0.05 .009 ± .002 

* Item P to center of leads. 

83YL-8647B (6'92) 

32-Pin Plastic SOJ {400-mit) #2 

B 

Hem Miiiimeters lnchee 16 
B 21.21 +0.20 

-0.35 .835 ::~ 
c 10.16 .400 

D 11.18 ± 0.20 .440 ± .008 

E 1.08 ±0.15 .043 ± .006 + -------t-t- C D 
F 0.6 .024 

G 3.5 .138 

H 2.545 ±0.2 .100 ± .008 

I 0.8 min .031 mr. 
J 2.6 .102 

K 1.27 (TP) .050 (TP) 

M 0.40 ± 0.10 .016 ± .004 -p* 9.40 ±0.20 .370 ± .008 
Q 0.15 .006 

T 0.85 rad .033 rad 

u 0.20 +0.10 008 +.004 
-0.05 . -.002 

* Item P to center of leads. 

0 
83YL-90238 (&'92) 

I 
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Package Drawings 

32-Pin Plastic TSOP I #1 

Item 

A 
B 

c 
D 

G 

H 

J 
K 

L 
M 

N 
p 

Q 

s 

Mllllmetera 

8.0 ±0.05 

0.45 max 

0.5 ±0.08 

0.2 ±0.1 

0.97 
20 ±0.15 

18.4 ±0.05 
0.8 ±0.1 
0.125 ± 0.01 

0.5 

0.08 

0.1 
19.0 ±0.2 

0.08 ±0.08 

1.1 max 

Enlarged detail 
of lead end 

Inches 

.315 ± .002 

.018 max 

.020 ±.003 

.008 ±.004 

.038 

.787 ±,006 

.724 ±.002 

.031 ± .004 

.005 

.020 

.003 

.004 

.748 ±.008 

.003 ± .003 

.043 max 

l·Ef=~ 
Q 50 ±30 

32-pin Plastic TSOP I #2 

Item Miii i meters lnchea 

A 82 max .323 max 
B 0.45 max .018 max 
c 0.5 {!~ .020 {!P) 
D 0.20 ±0.10 .008 ±.004 

G 1.05 .041 

H 15.3 ± 0.2 602 +.009 
. -.008 

I 13.7 .539 

J 0.8 ±0.2 .031 ~:~ 
K 0.125 ~g:~ 005 +.004 

. -.001 

L 0.5 ±0.1 020 +.004 
. -.005 

M 0.08 .003 

N 0.10 .004 
p 14.3 ±0.2 .563 ±.008 
Q 0.05 ±0.05 .002 ±.002 

s 1.27 max .050 max 

S32GX-50-EJA 

46 

NEC 

32 17 

0 

4&NR-737B (11/111) 

32 17 

-t-- - --+-

0 

I! 1~1 
~· 

H 

Jlti. I 
A Enlarged detaD 

of lead end 

_J 
i FI:~ 

·i®~:~: 1. JC t t p 
Q 5° ±5° 

l$l M @I 

W Q N 

48NR-«118 (11/111) 



NEC 
32-Pin Plastic TSOP II {400-mi/) 

32 17 
Item Miiiimeters Inches 

A 21.16 max .833 max 
B 1.06 max .042 max 

c 1.27 {!P~ .050 {!P~ 
D 0.40 ± 0.10 .016 ± .004 -t-lr-------+-------+-
E 0.05 ±0.05 .002 ± .002 

F 1.10 max .043 max 

G 0.97 .038 

H 11.76 ±0.2 .463 ± .008 
I 10.16 ±0.1 .400 ± .004 

J 0.8 ±0.2 .031 ± .008 

K 0.125 ~g:Jg 005 +.004 
. -.002 

L 0.5 ± 0.1 .020 ~:~ 
N 0.10 .004 

32-Pin Plastic SOP (Minif/at) {525-mil) 

Item Miiiimeters Inches 32 17 

A 20.61 max .812max 

B 0.78max .031 max 

c 1.27 [TP] .050 [TP] 

D o.4o~:~ .016::gg; 

E 0.05±0.05 .002±.002 

F 2.85max .113max 

G 2.7 .106 

H 14.1 ±0.3 .555±.012 

I 11.3 .445 

J 1.4 .055 

K 0.20~:~ 008+.004 
. -.002 

L 0.8±0.2 ,031::~ 
M 0.12 .005 

S32GM.fi0.626A·1 

Package Drawings 

Enlarged detail 
of lead end 

H 

1· 
Wj_\ _ - ----

Jj-
------ - J_D,! i K 

J~ 
83YL-90268 (!1192) 

8311+62278 (10r'90) 

47 
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Package Drawings NEC 
32-Pin Surface Vertical Package {SVP) 

Item Mllllmetera Inches 

A 25.0 .984 
---A.---1 

B 11.0 .433 

c 0.5 .020 

D 0.32 .013 

E 24.10 .949 

F 1.25 .049 

G 3.80 .150 

H 0.52 .020 

I 0.90 .035 

J 0.75 .030 

K 0.65 .026 

83FM-81i688 

36-Pin Plastic SOJ (400-mil) 

B 

Item Mlllmetera Inches 

B 23.55 :1:0.15 .927 :I: .006 

c 10.16 :1:0.05 .400 :I: .002 

D 11.18 :1:0.10 .440 :I: .004 

F 0.74 :1:0.10 .029 :I: .004 

G 3.5 :I: 0.10 .138 :I: .004 -&--1--------+--------'- C D 

H 1.445 :I: 0.025 .057 :I: .001 

J 2.6 .102 

K 1.27 {TP) .05 {TP) 

L 0.955 :I: 0.025 .0376 :I: .001 18 

M 0.40 :1:0.05 .0157 :I: .002 
p• 9.40 :I: 0.15 .37 :I: .006 

T 0.85 :1: 0.10 rad .033 :1: .004 rad 

u 0.22 :1:0.05 .009 :I: .002 

• Item P to center of leads. 

48 



NEC Package Drawings 

40-Pin Plastic DIP (600-mil) 

Item Mllllmetere lnchff 

A 53.34 max 2.100 max 

8 15.24 [TP] .600~] 

c 13.2 .520 
D 5.72max .225 max 40 21 
E 4.31 max .170 max 

F 3.6±0.3 .142 ±.012 

G 2.54max .100max 

H 2.54[TP] .100[TP] 

I 1.2 min .047 min 

J 0.51 min .020 min 

K 0.50±0.10 .020±.004 

L 0.25 ~:: .010~:~ 
A 

M 0.25 ,010 

P41J0.1QCMIOM 

40-Pin Plastic SOJ (400-mil) 

Item Mllllmetere lnchea 
8 

B 26.29 + ·02 
-.035 1.035 ::~ 

c 1o.16 .400 
D 11.18 ± 0.2 .440 ± .008 

E 1.08 ±0.15 043 +.006 
. -.007 

F 0.7 .028 -1-1-------- + --------t- C D 

G 3.5 ±0.2 .138 ± .008 

H 2A ±0.2 094 +.WT 
. -.008 

I 0.8 min .031 min 
20 

J 2.6 .102 

K 1.27 (TP) .050 (TP) 

M 0.40 ±0.10 .016 ::g: 
N 0.12 .005 
p• 9AO ±0.20 .370 ±.008 
Q 0.15 .006 

T 0.85 rad .033 rad 

u 0.20 +0.10 008 +.004 
-0.05 . -.002 

IT] • Item P to center of leads. 
P4CJLE.40CIA. 49NR-700B (7/91) 
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Package Drawings NEC 
40-Pin Plastic ZIP {400-mil) 

Item Miiiimeters Inches 

A 5098+0.05 2007 +0.002 
. -0.35 . -0.014 

A 

I~ 
F 14.0 ±0.2 0.20 ±0.002 

G 00.25 00.010 Q 

1.27 ±0.1 0.050 ± 0.004 

K 0.9mln 0.035mln 

M 10.29 ±0.05 0.405 ± 0.002 

N 2.8 ± 0.05 0.110 ± 0.002 

Q 11.5 ±0.15 0.453 ± 0.006 

v .25 + 0.1 
0.010 ~~:: -0.05 

~v 
w 

w 2.50 ± 0.1 0.098 ± .004 
y 3.25 ± 0.15 0.128 ± .006 

83R0.77808 (5'91) 

40-Pin Plastic Shrink ZIP {450-mil) 

A N 
Hem Mllllmetera Inches 

A 36.83 max 1.450 max 

F 0.4 ±0.1 .016 ± .004 

G 0.2 .008 
H 1.n8 .o70 M Q 
I 0.889 .035 

J 1.016 .040 

K 1.0mln .039 min 28 

M 10.50 max .413 max 

N 2.2 ±0.2 .087 ± .008 

Q 11.70 max .461 max 

.010 ::~ v J 
w 1.n8 .o70 
y 3.108 .122 

SSYL-80708 (1091) 
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NEC Package Drawings 

42-Pin Plastic SOJ {400-mil) 

Hem Mii ii meters Inches 

B 27.41 ~&: 1.08~:~ 
c 10.16 .400 

D 11.18 ± 0.20 .440 ± .008 

E 1.08 ± 0.15 .043 ± .006 C D 
F 0.6 .024 

G 3.5 ± 0.20 .138 ± .008 

H 2.545 ±0.2 .100 ± .008 

0.8 min .031 min 

2.6 .102 
21 

K 1.27 (TP) .050 (TP) 

M 0.40 ± 0.10 .016 ± .004 
p• 9.40 ± 0.20 .370 ± .008 
Q 0.15 .006 

T 0.85 rad .033 rad 

u 0.20 ~g:Jg 008 +.004 
. -.002 

• Item P to center of leads. 

83YL..fl0248 (9192) 

44-Pin Plastic SOJ (400-mil) 

Item Mllllmetens Inches 

B 28.83 + 0.20 
- 0.35 1.135 : :g;>: 

c 10.16 .400 

D 11.18 ±0.2 .440 ± .008 

E 1.08 ± 0.15 .043 ± .006 

F 0.0 .024 
B 

G 3.5 ± 0.2 .138 ± .008 
H 2.4 ± 0.2 .094 ± .008 

I 0.8 min .031 min 

J 2.6 .102 

K 1.27 (TP) .050 (TP) 

M 0.40 ±0.10 .016 ± .004 -L-~-------+---------1- C D 
N 0.12 .005 
p• 9.40 ±0.20 .370 ± .008 
Q 0.15 .006 

T 0.85 rad .033 rad 22 

u 0.20 +0.10 
-0.05 

008 +.004 
. -.002 

• Item P to center of leads. +-F 

E+ '-..T 

p 

83YL-8849B (6182) 
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Package ·orawings 

44/40-Pin Plastic TSOP II {300-mil) 

52 

Ham 

A 

B 

c 
D 

E 

F 

G 
H 

I 

J 

K 

L 

M 

N 

Enlarged detail 
of lead end 

Mllllmetere Inch• 
18.81 max .741 max 

1.04max .041 max 

0.8M!. .031~. 

0.3 :t:0.1 .012 :i: .004 

0.05 :t:0.05 .002 :i: .002 

1.13 max .044 

1.0M!. .039 

9.22 :i: 0.2 .363 :i: .008 

7.62 :i: 0.2 .300 :i: .008 

0.8 :i: 0.2 .031 :i: .008 

0.14 ~g:Js 006 +.004 
• -.002 

0.5 :t:0.1 .020 :i: .004 

0.21 .008 

0.1 .004 

H 

Q N 

NEC 

44 23 

0 

:JtUUUIJUUUU i u~uuu:uuuuu) 
-l~o l$J M @I 



NEC 
44-Pin Plastic TSOP II (400-mil) #1 

Item 

A 

B 

c 
D 

E 

F 

G 

H 

K 

L 

M 

N 

Enlarged detall 
of lead end 

E 

Miii i meters Inches 

18.41 ±0.1 .725 ± .004 

1.0max .039 max 

0.8 ± 0.1 .031 ± .004 

0.35 :g:Jg .014 ::~ 

0.05 :g:Jg .002 ::~ 
1.2max .047 max 

0.97 .004 

11.76 ± 0.2 .463 ± .008 

10.16 ±0.1 .400 ± .004 

0.8 ±0.2 .031 ± .008 

0.125 :g:~ 005 +.002 
. -.001 

0.5 ± 0.1 .020 ± .004 

0.13 .005 
0.1 .004 

Package Drawings 

-1--1------+-------I-

22 

H 

1t:uuuu !jt":;"::I 
83YL-8089B (1()(91) 

I 
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Package Drawings NEC 
44-Pin Plastic TSOP II {400-mil) #2 

Item Millimeters Inches 

A 18.81 max .741 max 

B 1.00max .039max 

c 0.8 (TP} .031 (TP} 
44 23 

D 0.30 ±0.10 .012 ± .004 

E 0.05 ± 0.05 .002 ± .002 

F 1.1omax .043 

G 0.97 .038 

H 11.76 ± 0.2 .463 ± .008 ----+----
10.16 ± 0.1 .400 ± .004 

0.8 ± 0.2 .031 ± .008 

K 0.125 ~g:Jg .005 ~:gg: 0 

L 0.5 ±0.1 .020 ± .004 

M 0.13 .005 

N 0.1 .004 
1. 1 

A 

Enlarged detail 

·!~ J_' -
E 3°±3° -I I-

L 

83CL-9080B (11192) 
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NEC Package Drawings 

44-Pin Plastic TSOP II {400-mil) #3 

Hem Miiiimeters Inches 

A 18.37± 0.05 .723 ± .002 

8 o.885:g:~5 035 +.002 
. -.005 44 23 

c 0.8 (TP} .031 (TP} 
D 0.30 ±0.08 .012 ± .004 

E 0.04 ±0.04 .002 ± .002 

F 1.01 ± 0.06 .040 ± .002 

G 0.97 ± 0.05 .038 ± .002 --+ 
H 11.76 ±0.2 .463 ± .008 

10.16±0.1 .400 ± .004 

0.8 ±0.2 .031 ::~ 0 

K o.125:g:~ 005 +.004 
. -.002 

L 0.5 ±0.1 .020 ::~ 
1. 1 

M 0.13 .005 

N 0.08 .003 

·!44 J_· __ 
E 30±30 -I I-

L 

50-Pin Plastic TSOP II {400-mil) 

50 26 
Hem Millimeters Inches 

A 21.11 ± .05 .831 ± .002 

c 0.8 ±0.05 .031 ± .002 

D 0.3 ±0.08 .012 ± .003 

E 0.05 ±0.05 .002 ± .002 --L...IL-------+-------_._ 
F 1.10 max .043 max 
G 0.97 .038 

H 11.76 ± 0.2 .463 ± .008 

I 10.16 ±0.1 .400 ± .004 

J 0.8 ±0.2 .031 ± .008 

K 0.125 :g:Jg 005 +.004 
. -.002 

L 0.5 ± 0.1 .020 ::g: 

~ ~ :rr" ~ e Inn n mm OU1lll ll1i7 

c 

A 

Enlarged detall 
of lead end 

83CL-9086B (10r'92) 

~~ 
t t 
E 30 ±30 

83CL-9081 B (9192) 
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Package Drawings 

50/44-Pin Plastic TSOP II {400-mil) 

50 26 
Hem Mllllmeten1 lnchee 

A 21.45 max .844 max 
B 1.06 max .042 max 
c 0.8 (TP) .031 ITP) 
D 0.30 :I: 0.10 .012 :I: .004 ->-lt--------+----------
E 0.05 :1:0.05 .002 :1:,.002 

F 1.10 max .043 max 

G 0.97 .038 

H 11.76 :1:0.2 .463 :I: .008 

I 10.16 :I: 0.1 .400" :I: .004 

J 0.8 :1:0.2 .031 :I: .008 

K 0.125 ~g:~ 005 +.004 
. -.002 

L 0.5 :1:0.1 .020 ~:~ 
N 0.10 .004 

56 
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Enlarged detall 
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NEC Package Drawings 

52-Pin Plastic LCC 

F: 
Item Mllllmetera lnc:hee 

A 20.1 ±0.2 .791 ±.008 

B 19.12 .753 

c 19.12 .753 

D 20.1 ±0.2 .791 ±.008 

E 1.94 ±().15 .076 ±.006 

F 0.6 .024 52 
G 4.4 ±0.2 .173 ±.008 c D 
H 2.8 ±0.2 .110 ±.008 

0.9 min .035 min 

3.4 .134 

K 1.27 {IP} .050 (!!} 
M 0.40 ±0.10 .016 ±.004 

N 0.12 .005 
p 18.04 ±0.20 .710 ±.008 
Q 0.15 .006 

T 0.8 radius .031 radius 

u 0.20 +0.10 008 +.004 
-0.05 . -.002 

F 
E 

G 
H 

I 
57 



Package Drawings NEC 
64-Pin Plastic QFP 

Hem Mllllmatera lnchaa A 

A 23.6 ±0.4 .929 ± .016 B 

B 20.0 ±0.2 .795 ~:~ 
c 14.0 ± 0.2 .551 ~:~ 
D 17.6 ± 0.4 .693 ± .016 
F 1.0 .039 

G 1.0 .039 

H 0.40 ± 0.10 .016 ~:~ C D 

0.20 .008 

1.0 (TP) .039 (TP) 

K 1.8 ±0.2 .071 ~:~ 
L 0.8 ±0.2 .031 ~:~ 
M 0.15 ~g:Jg 006 +.004 

. -.003 
N 0.15 .006 
p 2.7 .106 
Q 0.1 ± 0.1 .004 ± .004 Enlarged detail of lead end 
A 0.1 ± 0.1 .004 ± .004 

s 3.0 max .119 max 

~ 
Q A 

P84GF·1Q0.388, 3BE·1 49NR-6808 (8191) 
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NEC 
68-Pin Plastic LCC 

Item Miii i meters 

A 25.2±0.2 

B 24.20 

c 24.20 

D 25.2±0.2 

E 1.94±0.15 

F 0.6 

G 4.4±0.2 

H 2.8±0.2 

0.9mln 

J 3A 
K 1.27 (TP} 

M 0.40±0.10 

N 0.12 

p 23.12±0.20 

Q 0.15 
T 0.8 radius 

u 0.20+0.10 
-0.05 

Inches 

.992±.008 

.953 

.953 

.992±.008 

.010::~ 

.024 

.173~:g: 

.110::~ 
.035mln 
.134 

.050~ 

.016~::,: 

.005 

.910::~ 

.006 

.031 radius 

008 +.004 
. -.002 

Ii· 
A 

68 

F 

Package Drawings 

(2190) 

83YL-li661B 
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Package Drawings NEC 
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Field Sales Offices 

Northern California Region 

4677 Old Ironsides Dr. 
Suite 450 
Santa Clara, CA 95054 
TEL: 408-986-1020 
FAX: 408-988-4165 

INestern Region 

One Embassy Centre 
9020 S.W. Washington 
Square Road 
Suite 400 
Tigard, OR 97223 
TEL: 503-671-0177 
FAX: 503-643-5911 

Encino Office Park Two 
6345 Balboa Blvd. 
Suite 240 
Encino, CA 91316 
TEL: 818-342-3112 
FAX: 818-342-0842 

200 E. Sandpointe 
Bldg. 8 
Suite 150 
Santa Ana, CA 92707 
TEL: 714-546-0501 
FAX: 714-432-8793 

14001 East Iliff Avenue 
Suite 411 
Aurora, CO 80014 
TEL: 303-755-6353 
FAX: 303-755-6728 

International 

EUROPE 

NEC Electronics 
European Headquarters 

Oberrather Str. 4 
4000 Dusseldolf 30 
Germany 
TEL: 211-650301 
TWX: 8589960 
FAX: 211-6503327 

NEC Electronics 
(Benelux) 

Boschdijk 187A 
NL-5612 Eindhoven 
Netherlands 
TEL: 40-455-845 
TLX: 51923 
FAX: 40-444-580 

NEC Electronics (Germany) 
GmbH 
Headquarters 

Kanzlerstr. 2. 
4000 Dusseldorf 30 Germany 
TEL: 211-650302 
T LK: 858996-0 
FAX: 211-6503490 

Central Region 

1500 West Shure Drive 
Suite 250 
Arlington Heights, IL 60004 
TEL: 708-577-9090 
FAX: 708-577-2147 

Auto Sales & Tech. Center 
Regent Court 
16800 Executive Plaza Drive 
Suite 143 
Dearborn, Ml 48126 
TEL: 313-336-5225 
FAX: 313-336-7922 

201 W. Big Beaver Road 
Suite 350 
Troy, Ml 48084 
TEL: 313-680-0506 
FAX: 313-680-1015 

7760 France Ave. South 
Suite 1015 
Minneapolis, MN 55435 
TEL: 612-844-0209 
FAX: 612-844-0509 

EUROPE (cont) 

Hannover Office 
Koenigstr. 12 
3000 Hannover 1 
Germany 
TEL: 511-316091 
TLK: 9230109 
FAX: 511-3481703 

Munich Office 
Arabellastr. 17 
8000 Munchen 81 
Germany 
TEL: 89-9210030 
TLK: 522971 
FAX: 89-92100315 

Suttgart Office 
Heibornnerstr. 314 
7000 Stuttgart 30 
Germany 
TEL: 711-890910 
T LK: 7252220 
FAX: 711-8909119 

Central Region (cont) 
1105 Schrock Road 
Suite 515 
Columbus, OH 43229 
TEL: 614-436-1778 
FAX: 614-436-1769 

30050 Chagrin Blvd. 
Suite 120 
Pepper Pike, OH 44124 
TEL: 216-831-0067 
FAX: 216-831-0758 

16475 Dallas Parkway 
Suite 380 
Dallas, TX 75248 
TEL: 214-931-0641 
FAX: 214-931-1182 

20515 SH 249 
Suite 440 
Houston, TX 77070 
TEL: 713-320-0524 
FAX: 713-320-0574 

EUROPE (cont) 

NEC Electronics 
(Scandinavia) 

Svardvagen 258 
S-182 33 Danderyd 
Sweden 
TEL: 8-753-6020 
TLX: 13839 
FAX: 8-755-3506 

NEC Electronics (UK) Ltd. 
Headquarters 
Cygnus House Sunrise 
Park Way 
Milton Keynes MK14 6NP 
United Kingdom 
TEL: 908-691133 
TLK; 826791 
FAX: 908-670290 

Dublin Office 
34/35, South William Street 
Dublin 2, Ireland 
TEL: 1-679-4200 
FAX: 1-679-4081 

Motherwell Office 
Block 3 Carifin 
Industrial Estate 
Motherwell ML 1 4UL 
Scotland 
United Kingdom 
TEL: 698-732221 
TLK: 777565 
FAX: 698-833868 

Eastern Region 

901 Lake Destiny Drive 
Suite 320 
Maitland, FL 32751 
TEL: 407-875-1145 
FAX: 407-875-0962 

The Centre at Stirling 
and Palm 
9900 Stirling Road 
Suite 206 
Cooper City, FL 33024 
TEL: 305-436-8114 
FAX: 305-436-8116 

6625 The Corners Parkway 
Suite 250 
Norcross, GA 30092 
TEL: 404-447-4409 
FAX: 404-447-8228 

One Natick Executive Park 
Natick, MA 01760 
TEL: 508-650-4100 
FAX: 508-655-1605 

2000 Regency Parkway 
Suite 455 
Cary, NC 27511 
TEL: 919-460-1890 
FAX: 919-469-5926 

EUROPE (cont) 

NEC Electronics 
(France) S.A. 
9, rue Paul Dautier-BP187 
78142 Velizy-Villacoublay 
Cedex, France 
TEL: 1-3067-5800 
TLX: 699499 
FAX: 1-3946-3663 

Madrid Office 
Juan Esplandiu 15 
28007 Madrid, Spain 
TEL: 1-504-2787 
TLX: 41316 
FAX: 1-504-2860 

NEC Electronics 
ltaliana s.r.I. 

Via Fabio Filzi 25/A 
20124 Milano, Italy 
TEL: 2-6709108 
TLX: 315355 
FAX: 2-66981329 

ASIA 

NEC Electronics 
Hong Kong Limited 

12th Floor, City Plaza 4 
12 Taikoo Wan Road, 
Hong Kong 
TEL: 866-9318 
FAX: 886-9022 

NEC 
Eastern Region (cont) 

200 Perinton Hills 
Office Park 
Fairport, NY 14450 
TEL: 716-425-4590 
FAX: 716-425-4594 

300 Westage Business Center 
Suite 280 
Fishkill, NY 12524 
TEL: 914-897-2101 
FAX: 914-897-2215 

8 Neshaminy lnterplex 
Suite 105 
Trevose, PA 19053 
TEL: 215-244-8196 
FAX: 215-244-9071 

One Windsor Plaza 
7535 Windsor Drive 
Suite B101 
Allentown, PA 18195 
TEL: 215-391-9094 
FAX: 215-391-9107 

ASIA (cont) 

Seoul Branch 
Room 501, Korea Air Terminal 
Bldg. 159-1 
Samsung-Dong, Kangnam-~ 
Seoul, the Republic of Korea 
TEL: 2-551-0450 
FAX: 2-551-0451 

NEC Electronics Taiwan Ltd. 

7F. NO. 363 Fu Shing North 
Road 
Taipei, Taiwan 
TEL: 2-719-2370 
TLX: 22372 
FAX: 2-719-5951 

NEC Electronics 
Singapore Pte. Ltd. 

101 Thomson Road 
#04-02/05 
United Square, 
Singapore 1130 
TEL: 253-8311 
FAX: 250-3583 
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NEC Electronics Inc. 
CORPORATE HEADQUARTERS 

401 Ellis Street 
P.O. Box 7241 
Mountain View, CA 94039 
TEL 415-960-6000 
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