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Section 4. 1 M DRAMS 

µ.PD Organization Features 

421000 1M x 1 Fast-page (See App Note 53.) 4a 
424256 256Kx 4 Fast-page 4b 

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

424102 4M x 1 Static-column Sc 

424400 1M x 4 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 Sg 

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

424440L 1Mx4 Fast-page; 4 CAS; 3.3-volt 

42$4440 1Mx4 Fast-page; 4 CAS: self-refresh 

42S4440L 1M x 4 Fast-page;· 4 CAS; ·self-refresh; 3.3-volt 
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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 
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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 256K x 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 256Kx 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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4217101 16M x 1 Nibble; 2K refresh 

4216102 16M x 1 Static-column; 4K refresh ac 
4217102 16M x 1 Static-column; 2K refresh 

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

4217400 4Mx 4 Fast-page; 2K refresh 

4216402 4Mx 4 Static-column; 4K refresh Se 

4217402 4Mx4 Static-column; 2K refresh 

4216410 4Mx4 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 8g 

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

4216800 2Mx 8 Fast-page; 4K refresh 8h 

4216800L 2Mx 8 Fast-page; 4K refresh; 3.3-volt 

42S16800 2Mx 8 Fast-page; 4K refresh; self-refresh 

42S16BOOL 2Mx 8 Fast-page; 4K refresh; self-refresh; 3.3-volt 

4217800 2Mx 8 Fast-page; 2K refresh 

4217800L 2Mx 8 Fast-page; 2K refresh; 3.3-volt 

42S17BOO 2Mx 8 Fast-page; 2K refresh; self-refresh 

42S17BOOL 2Mx 8 Fast-page; 2K refresh; self-refresh; 3.3-volt 

4216802 2Mx 8 Static-column Bi 
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4216900 2M x 9 Fast-page; 4K refresh 8j 

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

42816900 2M x 9 Fast-page; 4K refresh; self-refresh 

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

4217900 2Mx 9 Fast-page; 2K refresh 

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

42817900 2Mx 9 Fast-page; 2K refresh; self-refresh 

42S17900L 2Mx 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 

42816160 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 

42817160 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; 1 K refresh 

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

42818160 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 

42816180 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 

42817180 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 

42818180 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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42264 64Kx4 Page; CMOS 12b 

42273 256Kx 4 12c 

42274 256Kx 4 Flash-write 12d 

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

42275 128K x 8 12f 

482234 256Kx 8 Fast-page 12g 

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

Section 13. Synchronous DRAM 

11PD Organization Features 

42116420 4Mx4 3.3-volt 13a 

42116820 2Mx 8 3.3-volt 

42116920 2Mx9 3.3-volt 

42116162 1M x 16 3.3-volt 

42116182 1M x 18 3.3-volt 

Section 14. Rambus DRAM 

11PD Organization Features 

488130 2Mx 8 3.3-volt 14a 

488170 2Mx 9 3.3-volt 
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µPD Organization 

431001 1M x 1 20-ns 21a 

431004 256Kx4 20-ns 21b 
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432568 32Kx 8 55-ns; Output enable 24b 
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µPB Organization Features 
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10474 1Kx 4 0 ... 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 4Kx4 10-ns 25h 

10484A 4Kx4 5-ns 25i 

10A484 4Kx4 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 4Kx4 10-ns 26h 

100484A 4Kx 4 5-ns 26i 

100A484 4Kx4 5-ns 26j 

µPD100500 256K x 1 15-ns; BiCMOS 26k 
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MC-421000A32 ........................................................... 10c µPD100500 .................................................................. 26k 
MC-421000A36 . . . ... . . . .. . . . . . ... . .. . ... ... . . .. . . . . . . . .. . . ... .. .... . . . .. 10d µPD10500 .................................................................... 25k 
MC-421000AS ............................................................ 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-42256ABS ........................................................... 9a µPD42102 .................................................................... 18b 
MC-42256AB 9 ........................................................... 9b µPD42116162 .............................................................. 13a 

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

µPD4216100 ................................................................ Sa 
MC-42512A32 ............................................................ 9f µPD4216101 ................................................................ 8b 
MC-42512A36 ............................................................ 9g µPD4216102 ................................................................ Sc 
MC-42512AA40 ......................................................... 9h µPD4216160 ................................................................ 81 
MC-42512AB40 ......................................................... 9h µPD4216160L .............................................................. 81 

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

µPD4216410 ................................................................ 8f 
µPB100422 ................................................................. 26a µPD4216412 ............................................................... 89 
µPB100470 ................................................................. 26b µPD4216800 ............................................................... Sh 
µPB100474 ................................................................. 26c µPD4216800L ............................................................. Sh 
µPB100474A .............................................................. 26d µPD4216802 ............................................................... 8i 
µPB100474E .............................................................. 26e µPD4216900 ............................................................... Sj 
µPB100476LL ............................................................. 26f µPD4216900L ............................................................. 8j 
µPB1004SO ................................................................. 26g µPD4216902 ............................................................... 8k 
µPB100484 ................................................................. 26h 
µPB100484A .............................................................. 26i µPD4217100 ................................................................ Ba 
µPB100A484 ................ ,. ............................................ 26j µPD4217101 ................................................................ Sb 

µPD4217102 ................................................................ Sc 
µPB10422 ................................................................... 25a µPD4217160 ................................................................ 81 
µPB10470 ................................................................... 25b µPD4217160L .............................................................. 81 
µPB10474 ................................................................... 25c µPD4217180 ................................................................ Sm 
µPB10474A ................................................................ 25d µPD4217180L ...................................................... ; ....... Sm 
µPB10474E ................................................................ 25e µPD4217400 ............................................................... 8d 
µPB10476LL ............................................................... 25f µPD4217402 ............................................................... Se 
µPB10480 ................................................................... 25g µPD4217410 ................................................................ 8f 
µPB10484 ................................................................... 25h 
µPB10484A ................................................................ 25i 
µPB10A484 ................................................................ 25j 
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µPD4217412 ............................................................... 89 µPD424900A ............................................................... 6c 
µPD4217800 ..................................................... ; ....... ' .. Sh µPD424900L ................................................. ; ............. 6c 
µPD4217800L ....... ; ..................................................... Sh µPD42SOS ............................................................. ; ..... 18f 
µPD4217900 ............................................................. ;.8j µPD42532 ................................................................... 18i 
µPD4217900L ............................................................. 8j µPD42601 ................................................................... 18j 

µPD42641 ................................................................... 18k 
µPD4218160 ............................................................. ,; .. 81 µPD42644 ................................................................... 181 
µPD4218160L " ................................ ;,,,,;,,, .................... 81 
µPD4218180 ................................................................ am µPD42S16160 .............................................................. 81 
µPD4218180L ... , ........................................................... 8m µP042S16160L ............................................................ al 

µPD42S16180 .......................... ; ................................... am 
µPD42,264 .............................. ,,, ................................... 12b µPD42S16180L ............................................................ am 
µPD42270 .......................................................... ; ........ 18c µPD42S16800 ............................................................. ah 
µPD42271 ................................................................... 18d µPD42S16800L ........................................................... ah 
µPD42272 ...................................................... ,,, ............ '18d µPD42S16900 ............................................................. 8j 
µPD42273 ............................................. , ...................... 12c µPD42S16900L ........................................................... 8j 
µPD42274 ................................................................... 12d 
µPD42274-80 .................................................. ;,, .......... 120 µPD42S,17160 ............................................................. al 
µPD42275 ........................................................... ; ..... ; .. 12f µPD42S17160L ........................................................... 81 
µPD42280 ................................................................... 180 µPD42S17180 .............................................................. am 

µPD42S17180L ............................................................ am 
µPD424100 ........................................ , .......................... Sa µPD42S17800 ............................................................. ah 
µPD424100A ............................................................... Sa µPD42S17800L ........................................................... ah 
µPD424100L ................................................................ Sa µPD42S17900 ............................................................. 8j 
µPD424101 ................................................ , .................. Sb µPD42S17900L .......................................... ; ................ 8j 
µPD424102 ................................................................ ;.Sc 
µPD424170A ............................................................... ?a µPD42S18160 .............................................................. 81 
µPD424170L ........................................................ : ... " .. ?a µPD42S18160L ............................................................ 81 
µPD424190A ............................................................... 7b µPD42S18180 .............................................................. 8m 
µPD424190L ................................................. ; ............. 7b µPD42S18180L ............................................................ am 

µPD4242S6 ....................................................... '; ......... 4b µPD42S4100A ............................................................. Sa 
µPD424260A ................................................... ,, ..... ; ..... 7c µPD42S4100L ............................................................. Sa 
µPD424260L ............................................................... 7c µPD42S4170A ............................................................. 7a 
µPD424263A ...................................................... , ......... 7d µPD42S4170L ............................................................. 7a 
µPD424263L ............................................................... 7d µPD42S4190A ............................................................. 7b 
µPD424280A .................................. ,, ............................ 70 µPD42S4190L ............................................................. 7b 
µPD424280L ............................................................... 70 

µPD42S4260A ............................................................. 7c 
µPD424400 ......................................................... ; ....... Sd µPD42S4260L ............................................................. 7c 
µPD424400A ........ ,., ..................................................... Sd µPD42S4263A ............................................................. 7d 
µPD424400L ............................................................... Sd' µPD42S4263L ............................................................. 7d 
µPD424402 .... ,, ............................................... , ............. s0 µPD42S4280A ............................................................. 70 
µPD424410 ................................................... , ....... ; ....... Sf µPD42S4280L ............................................................. 7e 
µPD424412 ................................................................. Sg 
µPD424440 ........... , ....................................................... Sh µPD42S4400A ............................................................. Sd 
µPD424440L ....................................... ,, ....................... Sh µPD42S4400L ............................................................. Sd 

µPD42S4440 ............................................................... Sh 
µPD424800A ............................................................... 6a µPD42S4440L ............................................................. Sh 
µPD424800L ............................................................... 6a 
µPD424810A ............................................................... 6b 
µPD424810L ................................................................ 6b 
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NEC Alphanumeric Index 

Part Number Section Part Number Section 

µPD4284800A ............................................................. 6a µPD4361 B ................................................................... 19a 
µPD4284800L ............................................................. 6a µPD4362B ................................................................... 19b 
µPD4284810A ............................................................. 6b µPD4363B ................................................................... 19c 
µPD4284810L ............................................................. 6b µPD4368 ..................................................................... 19d 

µPD4369 ..................................................................... 19e 
µPD4284900A ............................................................. 6c 
µPD4284900L ............................................................. 6c µPD46710A ................................................................. 23a 

µPD46741A ................................................................. 23b 
µPD431000A ................................................................ 24c 
µPD431001 .................................................................. 21a µPD481440 .................................................................. 18m 
µPD431004 .................................................................. 21b µPD482234 ................................................................. 12g 
µPD431008 .................................................................. 21c µPD482235 ................................................................. 12g 
µPD431009 .................................................................. 21d 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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NEC 
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 SIM/II Modules 

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

4M x 9 DRAM Module MC-424000A9B B/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 

8M x 40 DRAM Module MC-428000AA408H/FH 

Video RAMs 

4M Video RAM µPD482445 

Standard SRA/lls 

32Kx 8 µPD43256A-10X, 12X 

32Kx 8 µPD43256A-10Y, 12Y 

32Kx 8 µPD432568-A12 

32Kx 8 µPD432568-812 

128Kx 8 µPD431000A-70X, 85X, 100X 

128Kx 8 µPD431000A-70Y, 85Y, 100Y 

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

128Kx 8 µPD431000B-810, 812 

128Kx 9 µPD431003 

128Kx 9 µPD431003-810, 812 

512Kx 8 µPD434000-815 

BiClllOS Fast SRA/lls 

32Kx 8 µPD46258 

32Kx 9 µPD46259 

128Kx 8 µPD461008 

128Kx 9 µPD461009 

64K x 16 µPD461016 

64Kx 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 NEC 
Upcoming Products (cont) 
Description Device Number Comments 

ECL RAMs {10K Interface) 

16Kx 4 µPD10494 TAA = 6, 7 ns; 28-pin PDIP/PFP 

16Kx 4 µPD10494LL Tcycle = 10, 12 ns; 32-pin PDIP/PFP 

32Kx 9 µPD10509 Tcycle = 6, TDQ= 3; registered 1/0, scannable; 52-pin PLCC 

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

ECL RAMs {101/100K Interface) 

16Kx 4 µP D101 /100494 TAA = 6, 7 ns; 28-pin PDIP/PFP 

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

32Kx 9 µP D101 /100509 Tcycle = 6, TDQ= 3; registered 1/0, scannable; 52-pin PLCC 

64Kx 4 µPD101/100504 T AA = 8, 10 ns; 32-pin PDIP/PFP 

2 



NEC 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 fab 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 fab 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 running at full capacity, equipment in place 
will allow up to 60-percent of the water used for the 
DI process to be recycled-an important benefit for 

drought-ridden California. In addition, the new plant 
has eliminated the use of chlorofluorocarbons (CFC) 
in the man. ufacturing process. (The axis.ting 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
f ices are located throughout the United States so 
that customers have immediate access to qualified 
personnel. These national 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 semiconductor manu
facturing facility anywhere. 

3 



Device Numbering Guide NEC 
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Device Type-----
8 = Digital bipolar 
D:: Digital MOS 

-· - Country of Origin 

- Low-Power Indicator 
(Optional) 

L = Low power 
Year-----1 

· Date Code Week _____ 1 
LL = Very low power 

NEC Lot Code - - ~ -

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

100 1 OOK 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 

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

----Speed Selection 
-10 100 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 
DRAM Option----------

s = Self-refresh and low-power devices 
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% 
8 or BH Ceramicflatpack 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 µPD Features Time (ns) SOJ TSOP ZIP Other Sect. 

256K 256Kx 1 41256 Page 80, 8S, 100 16-DIP, 3a 
18-PLCC 

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

1M 1Mx1 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 4Mx 1 424100 FP 60, 70, 80, 100 26/20 26/20 20 Sa 

4Mx 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 

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

4Mx 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 Sc 

1Mx4 424400 FP 60, 70,80 26/20 26/20 20 5d 

1M x4 424400A FP 50,60, 70,80 26/20 26/20 20 

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

1M x4 42S4400A FP;SR 50,60, 70,80 26/20 26/20 20 

1Mx4 42S4400L FP; SR; 3.3 V 70,80 26/20 26/20 20 

1M x4 424402 SC 60, 70, 80, 100 26/20 26/20 20 Se 

1M x4 424410 FP; WPB 60, 70,80, 100 26/20 26/20 20 Sf 

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

1M x4 424440 FP; 4 CAS 60, 70,80 26/24 5h 

1M x4 424440L FP; 4 CAS; 3.3 V 60, 70,80 26/24 

1Mx4 42S4440 FP; 4 CAS; SR 60, 70,80 26/24 

1M x4 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 µPD 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 

512Kx 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 

512Kx 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; 2WE; 1K 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 

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

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

256Kx 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 

256Kx 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 

256Kx 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,SO, 100 2S/24 28/24 24 Sa 

16Mx 1 4217100 FP; 2K ref 60, 70, so, 100 2S/24 28/24 24 

16Mx 1 4216101 Nibble; 4K ref 60, 70, so, 100 2S/24 28/24 24 8b 

16M x 1 4217101 Nibble; 2K ref 60, 70, so, 100 2S/24 28/24 24 
I 

16M x 1 4216102 SC; 4K ref 60, 70, so, 100 28/24 28/24 24 Sc 

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

4Mx4 4216400 FP; 4K ref 60, 70, so, 100 28/24 28/24 24 Bd 

4Mx4 4217400 FP; 2K ref 60, 70, so, 100 28/24 28/24 24 

4M x4 4216402 SC; 4K ref 60, 70, so, 100 28/24 28/24 24 Se 

4Mx4 4217402 SC; 2K ref 60, 70, so, 100 2S/24 28/24 24 

4Mx4 4216410 FP; 4K ref; WPB 60, 70, 80, 100 28/24 28/24 24 Bf 

4Mx4 4217410 FP; 2K ref; WPB 60, 70, so, 100 2S/24 28/24 24 

4Mx 4 4216412 SC; 4K ref; WPB 60, 70, so, 100 2S/24 28/24 24 89 

4Mx4 4217412 SC; 2K ref; WPB 60, 70, 80, 100 28/24 28/24 24 

2Mx8 4216800 FP; 4K ref 50, 60, 70,SO 2S 28 Sh 

2Mx8 4216800L FP; 4K ref; 3.3 V 60, 70, 80 28 28 

2Mx8 42$16800 FP; 4K ref; SR 50, 60, 70,80 28 28 

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

2Mx8 4217800 FP; 2K ref 50, 60, 70,SO 28 28 

2Mx8 4217800L FP; 2K ref; 3.3 V 60, 70, 80 28 28 

2Mx8 42$17800 FP; 2K ref; SR 50, 60, 70,80 28 28 

2Mx8 42S17800L FP; 2K ref; SR; 3.3 V 60, 70,80 28 28 

2Mx8 4216802 SC; 4K ref 50, 60, 70,80 28 28 Si 

FP Fast page 
SR Self-refresh 
SC Static column 
WPB Write-per-bit 
ref Refresh 
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Quick Reference Guide 

DRAMS (cont) 

Organ-
Size lzation '1PD Features 

16M 2Mx9 4216900 FP; 4K ref 
(cont) 

2M x9 4216900L FP; 4K ref; 3.3 V 

2Mx 9 42S16900 FP; 4K ref; SR 

2Mx9 42S16900L FP; 4K ref; SR; 3.3 V 

2M x9 4217900 FP; 2K ref 

2Mx9 4217900L FP; 2K ref; 3.3 V 

2Mx9 42$17900 FP; 2K ref; SR 

2Mx9 42S17900L FP; 2K ref; SR; 3.3 V 

2Mx9 4216902 SC; 4K ref 

1Mx 16 4216160 FP; 4K ref 

1M x 16 4216160L FP; 4K ref; 3.3· V 

1Mx 16 42S16160 FP; 4K ref; SR 

1M x 16 42S16160L FP; 4K ref; SR; 3.3 V 

1Mx 16 4217160 FP; 2K ref 

1Mx 16 4217160L FP; 2K ref; 3.3 V 

1M x 16 42S17160 FP; 2K ref; SR 

1Mx 16 42S17160L FP; 2K ref; SR; 3.3 V 

1Mx 16 4218160 FP; 1K ref 

1M x 16 4218160L FP; 1 K ref; 3.3 V 

1M x 16 42S18160 FP; 1 K ref; SR 

1Mx 16 42S18160L FP; 1 K ref; SR; 3.3 V 

1M x 18 4216180 FP; 4K ref 

1Mx 18 4216180L FP; 4K ref; 3.3 V 

1M x 18 42S16180 FP; 4K ref; SR 

1Mx 18 42S16180L FP; 4K ref; SR; 3.3 V 

1M x 18 4217180 FP; 2K ref 

1M x 18 4217180L FP; 2K ref; 3.3 V 

1M x 18 42S17180 FP; 2K ref; SR 

1Mx 18 42S17180L FP; 2K ref; SR; 3.3.V 

1M x 18 4218180 FP; 1K ref 

1Mx 18 4218180L FP; 1 K ref; 3.3 V 

1M x 18 42S18180 FP; 1 K ref; SR 

1Mx 18 42S18180L FP; 1 K ref; SR: 3.3 V 

FP Fast page 
SC Static column 
ref Refresh 
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Row Access 
Time (ns) SOJ 

50,60, 70,80 32 

60, 70,80 32 

50,60, 70,80 32 

60, 70,80 32 

50,60, 70,80 32 

60, 70,80 32 

50, 60, 70, 80 32 

60, 70,80 32 

50,60, 70,80 32 

50,60, 70,80 42 

60, 70,80 42 

50,60, 70,80 42 

60, 70,80 42 

50, 60, 70, 80 42 

60, 70,80 42 

50, 60, 70, 80 ' 42 

60, 70,80 42 

50, 60, 70, 80 42 

60, 70,80 42 

50,60, 70,80 42 

60, 70,80 42 

50,60, 70,80 42 

60, 70,80 42 

50,60, 70,80 42 

60, 70,80 42 

50,60, 70,80 42 

60, 70,80 42 

50,60, 70,80 42 

60, 70,80 42 

50,60, 70,80 42 

60, 70,80 42 

50,60, 70,80 42 

60, 70,80 42 

~tF··.'' ·:r l.,D'-t 

Packages and Pins 

TSOP ZIP Sect. 

32 8j 

32 

32 

32 

32 

32 

32 

32 

32 8k 

50/44 81 

50/44 

50/44 

50/44 

50/44 

50/44 

50/44 

50/44 

50/44 

50/44 

50/44 

50/44 

50/44 am 
50/44 

50/44 

50/44 

50/44 

50/44 

50/44 

50/44 

50/44 

50/44 

50/44 

50/44 



NEC Quick Reference Guide 

DRAM SIMM Modules 
Module Size (inch) DRAM Devices 

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

256K x 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 
256K x 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 

512Kx 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 

1Mx8 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 

1M x 36 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 

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

-421 OOOAB40 Fast page 60, 70,80, 100 .354 .799 10 424800LE 

2M x 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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Quick Reference Guide NEC 
DRAM SIMM Modules (cont) 

Module Size (inch) DRAM Devices 

Access 
Organization Pins MC Operation Time (ns) Thickness Height Qty ,u.PD 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 

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

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

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

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

.366 1.000 8 4217400LE 

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

.366 1.000 8 4217400LE 
4 424100LA 

8Mx 32 72 -428000A32 Fast page 60, 70,80 .366 1.250 16 4217400LE 11e 

SM x 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 lzation µ.PD Time (ns) Time (ns) Mode DIP SOJ TSOP ZIP Sect. 

256K 64Kx 4 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 

256Kx4 42274-80 80 25 FP 28 28 12e 

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

2M 256K x 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) 

10 
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Synchronous DRAM 
Packages and Pins 

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

16M 4M x 4 42116420 66 70 15 44 13a 

2M x 8 42116820 
100 50 10 

44 

2M x 9 42116920 44 

1M x 16 42116162 50 
I 

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 

2Mx 9 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 

1 M 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 

11 
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Fast Static RAMs 

Packages and Pins 

Organ- Access 
Size ization ,u.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 

16Kx4 43638 12, 15,20 24 24 19c 

8Kx 8 4368 15,20 28 28 19d 

8Kx 9 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 1M x 1 431001 20, 25,35 28 21a 

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

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

128K x 9 431009 15, 17,20 36 21d 

64Kx 16 431016 15, 17,20 44 44 21e 

64K x 18 431018 15, 17,20 44 44 21f 

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

1M x4 434004 20,25 32 22b 

512Kx 8 434008 20, 25 36 22c 

Cache Data RAMs 
Packages and Pins 

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

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

BK x 20 bit x 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 32Kx8 43256A 85, 100, 120, 150 28 28 32 24a 

32K x 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 

12 
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ECL RAMs (10K Interface) 
Packages and Pins 

Size Organization ,uPB Access Time (ns) DIP LCC Flat pack Sect. 

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

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

1Kx 4 10474 8, 10, 15 24 25c 

1Kx 4 10474A 5,6 24 25d I 
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 ,uPB Access Time (ns) DIP LCC Flat pack Sect. 

1K 256 x 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 

1Kx 4 100474A 5,6 24 24 26d 

1Kx 4 100474E 3,4 24 24 26e 

1Kx4 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 ,uPD Access Time (ns) DIP SOJ SOP TSOP ZIP Other Sect. 

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

512 x8 28C05 200,250 24 24 27b 

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

256K 32Kx 8 28C256 200,250 28 27d 

13 
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Application Specific Devices 

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 18a 
lV 

42102 1134 x 8-bit line buffer for PAL 18b 
lV 

42270 263 lines of 910 x 4 bits NTSC 18c 
field butter 

42271 Picture-in-picture generator 18d 

·42272 Picture-in-picture generator 
with color border 

42280 256K x 8-bit field buffer 18e 

42505 5048 x 8-bit line buffer for 18f 
communications systems 

485505 5048 x 8-bit Ii ne buffer 18g 

485506 5048 x 16 line buffer 18h 

42532 32K x 8 bidirectional data 18i 
buffer 

42601 1 M x 1 silicon file 18j 

42641 4M x 1 silicon file 18k 

42644 1 M x 4 silicon file 181 

481440 256K x 16 graphics DRAM; 18m 
hyper-page 

NEC 
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NEC Electronics Inc. 

Description 

The 14PD42101 is a 910-word by 8-bit line buffer fabri
cated with a CMOS silicon-gate process. The device 
helps to create an NTSC flicker-free television picture 
(noninterlaced scan conversion) by providing intermedi
ate storage and very high-speed read and write opera
tion. 

The 14PD42101 can also be used as a digital delay line. 
The delay length is variable from 10 bits (at maximum 
clock speed) to 910 bits. 

Features 

o 910-word x 8-bit organization 
o Line buffer for NTSC, 4fsc digital television systems 
o Asynchronous, simultaneous read/write operation 
o 1 H (910-bit) delay line capability 
o TTL-compatible inputs and outputs 
o Three-state outputs 
o Single + 5-volt power supply 
o 24-pin plastic DIP and miniflat packaging 

Ordering Information 
Read Cycle Write Cycle 

Part Number Time (min) Time (min) Package 

~PD42101 C-3 34ns 34 ns 24-pin plastic DIP 

C-2 34 ns 69 ns 

C-1 69 ns 69 ns 

~PD42101G-3 34 ns 34 ns 24-pin plastic miniflat 

G-2 34 ns 69 ns 

G-1 69 ns 69 ns 

60071 

pPD42101 
Line Buffer for NTSC TV 

Pin Configuration I 
24-Pin Plastic DIP or Miniflat .---------

DouTo D1No 

DQUT1 D1N1 

DQUT2 3 D1N2 

DQUT3 DJN3 
RE 'WE 

DOUT4 

DoUTs 

Dol)Ts 

DoUT7 

RSTW 

Vee 
WeK 
DJN4 

DJNS 

DJN6 

DJN7 

Pin I dent if ication 
Symbol Function 

D1NO" D1N7 Write data inputs 

DouTo - DouT7 Read data outputs 

Write address reset input 

Read address reset input 

Write enable input 

Read enable input 

WCK Write clock input 

RCK Read clock input 

GND Ground 

Vee +5-volt power supply 

831H-6697A 



µPD42101 

PIN FUNCTIONS 

D1No • D1N1 (Data Inputs) 

In a digital television application, the digital composite 
signal, luminance, chrominance, etc. information is writ
ten into these inputs. 

DouTo • DouT1 (Data Outputs) 

The tri-state outputs are used to access the stored 
information. In a simple digital delay line application, a 
delay of one-half write clock cycle plus a maximum of 
300 ns is required to move data from the data inputs to 
the data outputs. 

RSTW (Write Address Reset Input) 

Bringing this signal low when WE is also low resets the 
internal write address to O. If WE is at a high level when 
the RSTW input is brought low, the internal write address 
is set to 909. The state of this input is strobed by the 
rising edge of WCK. 

RSTR (Read Address Reset Input) 

This signal is strobed by the rising edge of R CK and 
resets the internal read address too if RE is also low. If 
RE is at a high level when the RSTR input is brought low, 
the internal read address is set to 909. 

WE (Write Enable Input) 

This input controls write operation. If WE is low, all write 
cycles proceed. If WE is at a high level, no data is written 
to storage cells and the write address stops increasing. 
The state of WE is strobed by the rising edge of WCK. 

RE (Read Enable Input) 

This signal is similar to WE but controls read operation. 
If RE is at a high level, the data outpus become high 
impedance and the internal read address stops increas
ing. The state of RE is strobed by the rising edge of RCK. 

WCK (Write Clock Input) 

All write cycles are executed synchronously with WCK. 
The states of both RSTW and WE are strobed by the 
rising edge of WCK at the beginning of a cycle, and the 
data inputs are strobed by the rising edge of WCK at the 
end of a cycle. The internal write address increases with 

2 

NEC 
each WCK cycle unless WE is at a high level to hold the 
write address constant. Unless inhibited by WE, the 
internal write address will automatically wrap around 
from 909 to o and begin increasing again. 

RCK (Read Clock Input) 

All read cycles are executed synchronously with RCK. 
The states of both RSTR and RE are strobed by the rising 
edge of R CK at the beginning of a cycle. This same edge 
of RCK starts internal read operation, and access time is 
referenced to this edge. The internal read address in
creases with each RCK cycle unless RE is at a high level 
to hold the read address constant. Unless inhibited by 
RE, the internal read address will automatically wrap 
around from 909 to o and begin increasing again. 

Absolute Maximum Ratings 
Supply voltage, Vee -1.5 to +7.0 V 

Voltages on any input pin, V1 - 1.5 to + 7.0 V 

Voltage on any output pin, v0 -1.5 to +7.0 V 

Short-circuit output current, los 20mA 

Operating temperature, ToPR - 20 to +70°C 

Storage temperature, TsrG - 55 to + 125°C 

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 5.5 v 
Input voltage, low VIL -1.5 0.8 v 
Operating temperature TA 0 70 oc 

Capacitance 
TA= 25°C; Vee= +5.0 V :t10%; f = 1 MHz 

Parameter Symbol Min Max Unit Pins Under Test 

Input C1 
capacitance 

Output Co 
capacitance 

5 pF WE, RE, WCK, RCK, 
RSHV, ASTA, D1No -
D1N7 

7 pF Douro - DouT7 



NEC 
Block Diagram 

8 

WE 
WCK 

RSTW 

Data 
Input 

Buffers 

DC Characteristics 

Write 
Column 

Selectors 

TA = -20 to +70°C; Vee = +5.0V ± 10% 

Parameter Symbol Min 

Input leakage current 11 -10 

Output leakage current lo -10 

Output voltage, high VoH 2.4 

Output voltage, low Vol 

AC Characteristics 
TA= -20 to +70°C; Vee = +5.0 V ± 10% 

Parameter Symbol 

Write/read cycle operating current Ice 

Write clock cycle time tweK 

WCK pulse width twew 

WCK precharge time tweP 

Read clock cycle time tRCK 

R CK pulse width tRcw 

ACK precharge time tReP 

Access time t.6.e 

Typ 

min 

34 

14 

14 

34 

14 

14 

Read 
Row Selectors 

Write 
Row Selectors 

Max Unit 

10 µ.A 

10 µ.A 

v 
0.4 v 

Max Min 

70 

1090 69 

25 

25 

1090 34 

14 

14 

27 

Read 
Column 

Selectors 

Test Conditions 

Data 
OUtput 
Buffers 

8 

pPD42101 

RE 
ReK 

RSTR 

DotJTo-DoUT7 

831H-66988 

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

DouT disabled; Vo = Oto 5.5 V 

loH = -1 mA 

loL = 2.0mA 

µ.PD42101-1 

Max Min Max Unit Test Conditions 

60 35 mA tweK = tweK 
(min); 1RcK = 1RcK 
(min) 

1090 69 1090 ns 

25 ns 

25 ns 

1090 69 1090 ns 

25 ns 

25 ns 

27 49 ns 

3 
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11PD42101. , : NEC 
AC Characteristics (cont) 

11PD42101·3 11PD42101·2 11PD42101-1 

Parameter Symbol min Max Min Max Min Max Unit Test Conditions 

Output hold time toH 5 5 5 ns 

Output active time b 5 27 5 27 5 49 ns (Note 5) 

Output disable time ttiz 5 27 5 27 5 49 ns (Note 5) 

Data-in setup time tos 14 18 18 ns 

Data-in hold time toH 5 5 5 ns 

· Reset active setup time ~s 14 14 20 ns (Note 7) 

Reset active hold time ~H 5 5 5 ns (Note 7) 

Reset inactive hold time tRN1 5 5 5 ns (Note 8) 

Reset inactive setup time ~N2 14 14 20 ns (Note 8) 

Write enable setup time 1wES 14 20 20 ns (Note 9) 

Write enable hold time twEH 5 5 5 ns (Note 9) 

Write enable high delay from iWEN1 5 5 5 ns (Note 10) 
WCK 

Write enable low delay to WCK iWEN2 14 20 20 ns (Note 10) 

Read enable setup time ~ES 14 14 20 ns (Note 9) 

Read enable hold time ~EH 5 5 5 ns (Note 9) 

Read enable high delay from tREN1 5 5 5 ns (Note 10) 
RCK 

Read enable low delay to RCK ~EN2 14 14 20 ns (Note 10) 

Write di sable pulse width twEW 0 0 0 ns (Note 6) 

Read disable pulse width tREW 0 0 0 ns (Note 6) 

Write reset time tRSlW 0 0 0 ns (Note 6) 

Read reset time tRSTR 0 0 0 ns (Note 6) 

Transition time tr 3 35 3 35 3 35 ns 

Notes: 

(1) All voltages are referenced to ground. (7) If either ~s or ~H is less than the specified value, reset 

(2) After power-up, a read reset cycle and a write reset cycle must be operations are not guaranteed. 

executed before proper device operation is achieved. (8) If eithertRN1 ortRN2 is less than the specified value, internal reset 

(3) Input pulse rise and fall times assume tT = 5 ns. Input pulse operations may extend to cycles immediately preceding or 

levels = GND to 3 V. Transition times are measured between 3 following the period of desired reset operations. 

V and O V. See figure 1. (9) If either twES or twEH (tRES or tREH) is less than the specified 

(4) Input timing reference levels = 1.f? V. Output timing reference , value, write (read) disable operations are not guaranteed. 

levels are 0.8 and 2.0 V. See figure 2. (10) If either twEN1 or iWEN2 (tREN1 or tREN2) is less than the 

(5) This delay is-measured at 200 mV from the steady-state voltage specified value, internal write (read) disable operations may 

with the load specified in figure 4. Under any conditions, tLz ~ extend to cycles immediately preceding or following the period 

1Hz· 
of desired disable operations. 

(6) twEW (max) and ~EW (max) must be satisfied by the following (11) Data is guaranteed to remain valid for a minimum of 1 ms after 

equations in 1-line cycle operation: it is written. After this time, the data stored may be discharged, 

twEW + tRSTW +910 (twcK) s 1 ms 
since this device uses a· dynamic storage element. 

~EW + ~STR + 910 (~ct<) $ 1 ms 

4 



NEC pPD42101 

Figure 1. Input Timing 

831H-6701B 

Figure 2. Output Timing Ill 

I 
2.ov--------1 ___ )-- I :. 
o.av- - - - - - - - -\ . 

....___ ___ _____.831H-6658B 

Figure 3. Output Load tor tAc and toH 

+SV 

1.9k0 

DQUT 

l~·· f 1.0kn 

~ 
831H-6702B 

Figure 4. Output Load for tLzand tHz 

+SV 

1.9k0 

DQUT 

t~ 1.0kn 

~ 
8311+67038 
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µPD42101 

Timing Waveforms 

Read Cycle 

ACK 

Notes: 

[1] RSTR = VtH· 

[2] V = valid data. 

Write Cycle 

6 

Notes: 

[1] RSTW=VtH· 

[2] V = valid data. 

NEC 

-4!.,j4.---Dlsable Cycle----.i4---e 

High Impedance 

831H-6705B 

83IH-6704B 



NEC pPD42101 

Timing Waveforms (cont) 

Read Reset Cycle 

den Reset Cycle CycleO Cycle1 

RCK 

b~~1j'M 
tRSTR 

RSTR Ill 
~·~ 

~$ 

V(O) 

Note: tQH~ 
[1) RE =VIL· 
[2) V =valid data. 

831H-6707B 

Write Reset Cycle 

clen 

~.::·=-! 
CycleO 

~··'----i 
WCK \ \ 

RSTW 

Note: 

[1) WE=VIL· 

[2) V =valid data. 
831H·6706B 
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Timing Waveforms (cont) 

Write Disable Cycle 

Note: 
(1] V =Valid Data. 

Read Disable Cycle 

RCK 

DouT 

Note: 
[1] V =Valid Data. 

8 

'NEC 

twew 

83-0037238 
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NEC 
Timing Waveforms (cont) 

Re-Read Cycle 

Note: 

[1] RE= VIL· 

(2] V =Valid Data. 

I I 

[3] The data stored in any location can be re-read as many times as desired within a period ol 1 ms 
following the writing of data into that location provided that a second write operation has not 
re-written new data into that location. 

pPD42101 

• 
I I I 

83-0036446 
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Timing Waveforms (cont) 

910-Bit Delay Une Cycle 

WE, RE V1L 

NEC 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

Note: 

[1) V =Valid Data. 

[2) 1H =the first group of 910 bits. 2H =the second group of 910 bits. 

83-0036578 
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NEC 
Timing Waveforms (cont) 

n-Bit Delay Line Cycle 

WCK 
RCK 

pPD42101 

SJ u 

WE,RE~v_IL ______________ ---!is-----------------------------------~7-----------------------
Notes: 

[1] V =valid data 

(2) 1 H =the first group of bits. 2H = the second group of n' bits. 

(3) RE=WE=V(L· 
831H·6717B 
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Timing Waveforms (cont) 

n-Bit Delay Une Timing Cycle (t) 

12 

WCK 
RCK 

Notes: 

Cycle 1 

twcP 
IRCP 

(1] REandWE=V1L· 
[2] V =valid data. 

Cycle 2 

NEC 

Cycle n-1 

831H·67098 



NEC 
Timing Waveforms (cont) 

n-Bit Delay Une Timing Cycle {2) 

WCK 
ACK 

Cycle 2 

00
ur 'llllllll/l/llWIWIWllmlm 

Notes: 

[1] WE =VIL· 

[2] V = valid data. 

µPD42101 

Cycle n-1 Cycle n + 1 Cycle n + 2 Cycle n + 3 

831H·6710B 
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Applications 

1H (910-bit} Delay Une 

Any one of the following methods may be used to 
configure a 1 H (910-bit) delay line, or to vary the number 
of delay bits from a minimum of 5 (when operating at 
4fsc) to a maximum of 910 (figure 5). 

(1) Execute a reset cycle proportionate to the desired 
delay length. 

(2) Adjust the input timing of RSTW and RSTR to the 
desired delay length (see waveform for n-bit Delay 
Line Timing 1). 

(3) Adjust the address by disabling WE or RE for a 
period proportionate to the desired delay length. 

Figure 5. Connection of a 1H {910-bit} Delay Une 

Reset 

l 
ASTW ASTA 

Data Inputs +a DtN 

14 

NEC 

ACK RE 

Dour 
_L 

8 Data Outputs 

WCK WE 

_._ 
Clock 

831H·6700B 
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Applications (cont) 

Noninterlaced Scan Conversion 

It is also possible to use either one or two µ.PD42101 s for 
noninterlaced scan conversion. If one device is used, the 
same data is read twice at 28.6 MHz (8fsc) to prepare it 
for writing at 14.3 MHz (4fsc). If two devices are used as 
shown in figure 6, data input at 14.3 MHz is read alter
nately at 28.6 MHz with RE. Actual line signals and 
complement line signals are entered as input data. Com
plement signals can also be obtained using the 
µ.PD42101 if resetting is performed for each line. A single 
signal type is assumed in this case. In actual applica
tions, noninterlaced scan conversion with brightness M 
and color difference (C) and RG B signals will require as 
many as two or three times the number of µ.PD42101 
devices shown in this example. 

Figure 6. Example of Noninterlaced Scan Conversion 

/ 
/ 

/ 
/ 

/ 

Transmitted 
Television 

Picture 

/ 
/ 

Reset 

RSTW RSTR RCK 

Actual Line 
D1N Data Inputs 

,,,-( 
/ 

/ 
WCK 

RSTW RSTR RCK 

Interpolated Line 
Data Inputs -+..,..--1 D1N 

"'" ' ' WCK 

' \ 
Interpolated Line 

RE 

DouT 

WE 

-= 

RE 

RCK 
(Sise= 2a.s MHz) 

WCK 
(4tsc = 14.3 MHz] 

µPD42101 

Noninterlaced Line 
Data Outputs 

\ 
\ 

' ' ' ' 

~ 
Displayed 
Television 

Picture 

831H·6699B 
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pPD42101 N'EC 
Timing Waveforms (cont) 

Application Timing for Noninterlaced Scan Conversion 

16 

3 4 

WCK 

RCK 

~ n n n n n n f"">\ 904 905 900 901 90s 

\~ LJ LJ LJ LJ LJ LJ \[lJl.Jl_JLfl 

~'----''-----'~ 

--~ 
~JlflflflMJlflfl I 18991 19011 19031 ~1 190; 

898 900 902 904 906 r RE ~ 
~ RSTR --u~~~~~~~~~~-~~~~~--~~~~~~~~~~~~~~ 

l tAC ------------ nH -----

DouT --"'-- ~ 1'-''--''-''--'·'--'-~ 
0 1 2 3 4 897 899 901 903 905 

898 900 902 904 906 



NEC pPD42101 

J----~lr-----~ 
(

Output data of cycles 900 to ) 
909 may be that of 1 H before. 

0 1 2 3 4 897 

L 

83-0050186 
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µPD42101 NEC 
Timing Waveforms (cont) 

Basic Timing for Noninterlaced Scan Conversion 

18 

WCK 

RCK 

DouT 

455 or910Wrlte Cycles 455 Write Cycles- - 455 Write Cycles __ __,_f-------
~ """CJOOn ~ "'"""Cyciu L_ 

Note: 

[1] WE=V1L· 
[2] V = Valid Data. 

[3] For compatibility with NTSC standards the WCK frequency is approximately 14.3 MHz. RCK 
cycles at twice this frequency, 28.6 MHz. 

83-0036558 
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NEC Electronics Inc. 

Description Pin Configuration 

pPD42102 
Line Buffer for PAL TV 

The µ.PD42102 is a 1,135-word by 8-bit line buffer fabri- 24-Pin Plastic DIP or Miniflat 
cated with a CMOS silicon-gate process. The device 
helps to create a PAL flicker-free television picture (non
interlaced scan conversion) by providing intermediate 
storage and very high-speed read and write operation. 

The µ.PD42102 can also be used as a digital delay line. 
The delay length is variable from 2 bits (at maximum 
clock speed) to 1,135 bits. 

Features 

o 1,135-word x 8-bit organization 
o Line buffer for PAL, 4fsc digital television systems 
o Asynchronous, simultaneous read/write operation 
o 1H (1,135-bit) delay line capability 
o TTL-compatible inputs and outputs 
o Three-state outputs 
o Single + 5-volt power supply 
o 24-pin plastic DIP and miniflat packaging 

Ordering Information 
Read Cycle Write Cycle 

Part Number Time (min) Time (min) Package 

,aPD42102C-5 25 ns 25 ns 24-pin plastic DIP 

C-3 34 ns 34 ns 

C-2 34ns 69 ns 

C-1 69 ns 69 ns 

,aPD42102G-5 25 ns 25 ns 24-pin plastic miniflat 

G-3 34ns 34 ns 

G-2 34ns 69 ns 

G-1 69 ns 69 ns 

60096 

DouTO 1 DtNO 

DoUT1 2 DtN1 
DoUT2 3 DtN2 
DQUT3 21 DtN3 

RE WE 

RSTW 
GND Vee 
RCK WCK 

DQUT4 DtN4 
DoUTs DtNS 
DoUTs 11 DtN6 
DQUT7 DtN7 

831H-7123A 

Pin ldentif ication 
Symbol Function 

D1NO" D1N7 Write data inputs 

DouTo - DouT7 Read data outputs 

Write address reset input 

Read address reset input 

Write enable input 

Read enable input 

WCK Write clock input 

RCK Read clock input 

GND Ground 

Vee +5-volt power supply 
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PIN FUNCTIONS 

D1No - D1N1 (Data Inputs) 

In a digital television application, the digital composite 
signal, luminance, chrominance, etc. information is writ
ten into these inputs. 

Dou10 • Dou11 (Data Outputs) 

The tri-state outputs are used to access the stored 
information. In a simple digital delay line application, a 
delay of one-half write clock cycle. plus a maximum of 
300 ns is required to move data from the data inputs to 
the data outputs. 

RSTW (Write Address Reset Input) 

Bringing this signal low when WE is also low resets the 
internal write address to O. If WE is at a high level when 
the RSTW input is brought low, the internal write address 
is set to 1,134. The state of this input is strobed by the 
rising edge of WCK. 

RSTR (Read Address Reset Input) 

This signal is strobed by the rising edge of ACK and 
resets the internal read address to O if RE is also low. If 
RE is at a high level when the RSTR input is brought low, 
the internal read address is set to 1,134. 

WE (Write Enable Input) 

This input controls write operation. If WE is low, all write 
cycles proceed. If WE is at a high level, no data is written 
to storage cells and the write. address stops increasing. 
The state of WE is strobed by the rising edge of WCK. 

RE (Read Enable Input) 

This signal is similar to WE but controls read operation. 
If RE is at a high level, the data outpus become high 
impedance and the internal read address stops increas
ing. The state of RE is strobed by the rising edge of RCK 

WCK (Write Clock Input) 

All write cycles are executed synchronously with WCK. 
The states of both RSTW and WE are strobed by the 
rising edge of WCK at the beginning of a cycle, and the 
data inputs are strobed by the rising edge of WCK at the 
end of a cycle. The internal write address increases with 
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each WCK cycle unless WE is at a 'high level to hold the 
write address constant. Unless inhibited by WE, the 
internal write address will automatically wrap around 
from 1,134 too and begin increasing again. 

RCK (Read Clock Input) 

All read cycles are executed~nchronously with RCK 
The states.of both RSTR and RE are strobed by the rising 
edge of R CK at the beginning of a cycle. This same edge 
of RCK starts internal read operation, and access time is 
referenced to this edge. The interna.1 read address in
creases with each RCK cycle unless RE is at a high level 
to hold the read address constant. Unless inhibited by 
RE, the internal read address will automatically wrap 
around from 1,134 to o and begin increasing again. 

Absolute Maximum Ratings 
Supply voltage, V cc -1.5 to +7.0 V 

Voltages on any input pin, v1 - 1.5 to + 7.0 V 

Voltage on any output pin, v0 -1.5 to +7.0 V 

Short-circuit output current, los 20mA 

Operating temperature, ToPR - 20 to +10°C 

Storage temperature, TsTG - 55 to + 125°C 

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 5.5 v 
Input voltage, low V1L -1.5 0.8 v 
Operating temperature TA -20 70 oc 

Capacitance 
TA= 25°C; Vee= +5.0 v ±10%; f = 1 MHz 

Parameter Symbol Min Max Unit Pins Under Test 

Input c, 5 pF WE, RE, WCK, RCK, 
capacitance RSTW, RSTR, 

D1No-D1N7 

Output Co 7 pF DouTo - DouT7 
capacitance 
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Block Diagram 

WE 
WCK 

RSTW 

8 Data 
Input 

Buffers 

DC Characteristics 

Write 
Column 

Selectors 

TA = -20 to +70°C; Vee = +5.0 v :t: 10% 

Parameter Symbol Min Typ 

Read 
Row Selectors 

Write 
Row Selectors 

Max Unit 

Read 
Column 

Selectors 

Test Conditions 

Data 
Output 
Buffers 
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RE 
RCK 

RSTR 

DOlJTO - DouT7 

831H-6698B 

Input leakage current -10 10 µ.A V1N = O V to V cc: all other pins not under test = O V 

Output leakage current lo -10 10 µ.A DouT disabled; Vo = Oto 5.5 V 

Output voltage, high 2.4 v loH = -1 mA 

Output voltage, low 0.4 v loL = 2.0 mA 

AC Characteristics 
TA= -20to +70°C; Vee= +5.0V :t: 10% 

l'f'D42102·5 l'PD42102·3 p.PD42102·2 µ.PD42102·1 

Parameter Symbol Min Max Min Max Min Max Min Max Unit Test Conditions 

Write/read cycle operating current Ice 80 80 70 40 mA twcK = twcK (min); 
tRCK = tRCK (min) 

Write clock cycle time twCK 25 880 28 880 56 880 56 880 ns 

WCK pulse width twcw 10 12 20 20 ns 

WCK precharge time tweP 10 12 20 20 ns 

Read clock cycle time lftCK 25 880 28 880 28 880 56 880 ns 

R CK pulse width lftcw 10 12 12 20 ns 

RCK precharge time lftcp 10 12 12 20 ns 

Access time tAC 18 21 21 40 ns 

Output hold time ioH 5 5 5 5 ns 

3 
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AC Characteristics (cont) 

J.lPD42102·5 l'PD42102-3 µ.PD42102-2 l'PD42102-1 

Parameter Symbol Min Max Min Max Min Max Min Max Unit Test Conditions 

Access time after a reset cycle tACR 18 21 21 40 ns 

Output hold time after a reset cycle to HR 5 5 5 5 ns 

Output active time tLz 5 18 5 21 5 21 5 40 ns (Note 4) 

Output disable time tHz 5 18 5 21 5 21 5 40 ns (Note 4) 

Data-in setup time tos 7 12 15 15 ns 

Data-in hold time toH 3 5 5 5 ns 

Reset active setup time iRs 7 12 12 20 ns (Note 7) 

Reset active hold time tRH 3 5 5 5 ns (Note 7) 

Reset inactive hold time tRN1 3 5 5 5 ns (Note 8) 

Reset inactive setup time tRN2 7 12 12 20 ns (Note 8) 

Write enable setup time twES 7 12 20 20 ns (Note 9) 

Write enable hold time twEH 3 5 5 5 ns (Note 9) 

Write enable high delay from WCK twEN1 3 5 5 5 ns (Note 10) 

Write enable low delay to WCK twEN2 7 12 20 20 ns (Note 10) 

Read enable setup time tRES 7 12 12 20 ns (Note 9) 

Read enable hold time tREH 3 5 5 5 ns (Note 9) 

Read enable high delay from RCK tREN1 3 5 5 5 ns (Note 10) 

Read enable low delay to RCK tREN2 7 12 12 20 ns (Note 10) 

Write di sable pulse width twet-1 0 0 0 0 ns (Note 5) 

Read disable pulse width tReN 0 0 0 0 ns (Note 5) 

Write reset time tRSTW 0 0 0 0 ns (Note 5) 

Read reset time tRSrR 0 0 0 0 ns (Note 5) 

Transition time tr 3 35 3 35 3 35 3 35 ns 

Notes: 

(1) All voltages are referenced to ground. (6) This parameter applies when tRCK ~ tACR (max). 

(2) Input pulse rise and fall times assume tr = 5 ns. Input pulse (7) If either tRs or tRH is less than the specified value, reset 
levels = GND to 3 V. Transition times are measured between 3 operations are not guaranteed. 
Vand OV. (8) If eithertRN1 ortRN2 is less than the specified value, internal reset 
For the -5 version only, tr = 3 ns; input pulse levels = 0.4 to 2.4 operations may extend to cycles immediately preceding or 
V; transition times are measured between 0.4 and 2.4 V. See following the period of desired reset operations. 
figures 1 and 2. 

(9) If either twES or twEH (tRES or ~EH) is less than the specified 
(3) Input timing reference levels = 1.5 V. Output timing reference 

levels are 0.8 and 2.0 V. See figure 3. 
value, write (read) disable operations are not guaranteed. 

(4) This delay is measured at 200 mV from the steady-state voltage 
(10) If either twEN1 or twEN2 (tREN1 or tREN2l is less than the 

specified value, internal write (read) disable operations may 
with the load specified in figure 5. Under any conditions, tLz ~ extend to cycles immediately preceding or following the period 
tHz· of desired disable operations. 

(5) tww (max) and tReN (max) must be satisfied by the following (11) Data is guaranteed to remain valid for a minimum of 1 ms after 
equations in 1-line cycle operation: it is written. After this time, the data stored may be invalid, since 
tww + tRsTW + 1, 135 (twct<) s 1 ms this device uses a dynamic storage element. 
~&/ + tRsrR + 1, 135 (lRct<) s 1 ms 

4 
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Figure 1. Input Timing 

:::- h h -.~lL 
831H-6701B 

Figure 2. Input Timing for µPCU2102-5 

831H·7124B 

Figure 3. Output Timing 

2.0V- - - - - - - -\-._____----1)>-----
0.SV- - - - - - - - - _ . 

Figure 4. Output Load for tAc tAclb toH and to HR 

+SV 

1.9k'1 

DoUT----e 

1.okn 

831H-6702B 

Figure 5. Output Load for ttzand tHz 

+SV 

1.9k'1 

DouT 

l··' ~ 1.0 kn 

-=-
831H-6703B 
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Timing Waveforms 

Read Cycle 

ACK 

RE 

Notes: 

[1] RSTR=V1H· 

[2] V = valid data. 

Write Cycle 

6 

Notes: 

[1] RSTW = V1H· 

[2] V = valid data. 

NEC. 

High Impedance 

831H·6705B 

8311i-6704B 
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Timing Waveforms (cont) 

Read Reset Cycle 

µPD42102 

~--Cycle n--_.14----ResetCycle-~~---Cycle 01--_.!4---Cycle 1----

RCK 

Note: 

[1] RE =Vtl· 
[2) V =valid data. 

831H·6707B 

Write Reset Cycle 

WCK 

DtN 

Note: 

[1] WE =VtL· 
[2) V =valid data. 

831H-6706B 

7 



µPD42102 

Timing Waveforms (cont) 

Write Disable Cycle 

Note: 

[1] V =Valid Data. 

Read Disable Cycle 

RCK 

DouT 

Note: 
[1] V =Valid Data. 
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twEw 

83-0037238 

tREW 

83-0036468 
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Timing Waveforms (cont) 

Re-Read Cycle 

WCK 
RCK 

IRS 

pPD42102 

DIN1L~-JILll.lof'-r~J~.IUl1"-~1"-ll~L~-Jlll.lf~l\ ... ~J~~'L.,-~llUl~L~....JIUl.ll~ 

"""' 

Note: 

[1]RE=V1L· 

[2] V = Valid Data. 

I 
~------------------ ------, 

I I 

[3] The data stored in any location can be re-read as many times as desired within a period of 1 ms 
following the writing of data into that location provided that a second write operation has not 
re-written new data into that location. 

I I I 

83-0036448 
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NEC Electronics Inc. 

Description 

The µPD42270 is a field buffer designed for NTSC lV 
applications and for other applications where serial 
data is needed. Equipped with four planes of 263-line by 
910-bit storage, the µPD42270 can execute serial write 
and read cycles on any of the 263 lines. Within a line, 
four planes of 910 bits each may be written or read at 
the NTSC sampling rate of 4fsc· 

Each of the four planes in the µPD42270 is equipped 
with two ports, one each for the write and read data 
registers. Each of the registers is split into two 455-bit 
segments but functions as if it were organized as one 
scan line of 910 bits. Independent control of write and 
read operation makes it possible for the device to 
operate synchronously or asynchronously at a clock 
frequency of 14.3 MHz or higher. 

The synchronous option simplifies interframe lumi
nance (Y) and chrominance (C) separation and inter
field noise reduction and makes it easy to obtain a 
one-field delay line for digital TV and VCR applications 
requiring NTSC 4fsc sampling. To obtain a very long 
delay, field length can be configured from 260 to 263 
lines and line length of the last line from 896 to 910 bits. 

The asynchronous option is useful in applications such 
as frame synchronization and time base correction, 
where line jump, line hold, line reset and pointer clear 
functions are required to support special effects in TV 
field processing. 

Regular refreshing of the device's dynamic storage cells 
is performed automatically by an internal circuit. All 
inputs and outputs, including clocks, are TTL
compatible. The µPD42270 is packaged in a 400-mil, 
28-pin plastic DIP and is guaranteed for operation at 
-20 to + 10°c. 

Ordering Information 
Access Time Cycle Time 

Part Number (max) (min) Package 

µPD42270C-60 40 ns 60 ns 28-pin plastic DIP 

60101 

pPD42270 
NTSC Field Buffer 

June 1990 

Pin Configuration 

28-Pin Plastic DIP 

w MODE 

ReK RLRST 

WeK WLR ST 

RCLR RLJ 

We LR WLJ 

LSo BS3/RLH 

LS1 BS2/WLH 

GND Vee 
TEST BS1tReO 

OE BSo/WeO 

DOUTo DINo 

DOUT1 DIN1 

DOUT2 DIN2 

DOUT3 DIN3 

831H·7086A 

Features 

o Three functional blocks 
-Four 263-line x 910-bit storage planes 
-Four 910-bit write registers, one for each plane 
-Four 910-bit read registers, one for each plane 

o Two data ports: serial write and serial read 

o Asynchronous operation 
-Dual-port accessibility 
- Carry-out feature to indicate position of scan 

line 
- Line jump, line hold, line reset, and pointer clear 

functions 

o Synchronous operation 
- Variable field length: from 260 to 263 lines 
- Variable last line length: from 896 to 910 bits 

o Automatic refreshing 

o CMOS technology 

o Fully TTL-compatible inputs, outputs, and clocks 

o Three-state outputs 

o Single + 5-volt power supply 

o On-chip substrate bias generator 

o Standard 400-mil, 28-pin plastic DIP packaging 

II 
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Pin ldentif ication 
Symbol Function 

Write data inputs 

DouTo - DouTa Read data outputs 

w Write enable 

Output enable 

WCK Write clock input 

ACK Read clock input 

Write pointer clear 

Read pointer clear 

Write line reset 

Read line reset 

WLJ Write line jump 

RLJ Read line jump 

WLH Write line hold 

RLH Read line hold 

wco Write data register carry output 

RCO Read data register carry output 

Line select inputs 

Bit select inputs 

MODE Synchronous/asynchronous control 

GND Ground 

Vee +5-volt power supply 

TEST Test pin (connect to GND in system) 

Pin Functions 

DINo - DIN3· These pins function as write data inputs, 
e.g., for 4fsc composite color or brightness signals. 

DouTo - Dour3. These pins are three-state read data 
outputs. 

W. A low level on W enables write operation. W must be 
kept low throughout the entire scan line to ensure that 
data is stored serially; if W goes high any time during 
the WCK clock sequencing for a line, write operation 
will be disabled for the half of the line (455 bits) being 
written. The write address pointer increments in syn
chronization with WCK, regardless of W. 

OE. This signal controls read data output. When OE is 
low, read data is output on DouTo-DouT3· When OE is 
high, DouTO - DouT3 are in a state of high impedance. 
The read address pointer is incremented by RCK, re
gardless of the signal level of OE. 

WCK The rising edge of WCK latches write data from 
D1No - D1N3· Each time this signal is activated, the write 
bit pointer increments sequentially and 4 bits of data 
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are sampled and loaded into thew rite register. Although 
the register functions as one scan line of 910 bits, data 
is moved into and out of it in blocks of 455 x 4 bits. While 
455 serial write cycles are being executed in one-half of 
the register, the 455 addresses previously written to the 
other half are simultaneously transferred to storage. 
Writing continues in this manner, alternating between 
the two halves of the register. Automatic refreshing and 
data transfer timing decisions are made by the internal 
arbitration circuit after each block of 455 addresses has 
been written. 

ACK. The rising edge of RCK initiates read operation. 
Each time this signal is activated, the bit pointer incre
ments by 1 and serial read cycles are executed in the 
read register. Although the register functions as one 
scan line of 910 bits, data is moved into and out of it in 
blocks of 455 x 4 bits. While 455 serial read cycles are 
being executed in one-half of the register, the 455 
addresses previously read out of the other half are 
replaced by data from the storage array. Reading con
tinues in this manner, alternating between the two 
halves of the register. Automatic refreshing and data 
transfer timing decisions are made by the arbitration 
circuit after each block of 455 addresses has been read. 
In synchronous operation, WCK controls read cycles 
and RCK is not used. 

WCLR. When WLRST is high, WCLR can be brought low 
to clear the write pointers to address O of the data 
register and scan line O of the storage array. At least 
one rising edge of WCK must occur while WCLR is held 
low for a minimum of 3 µs to ensure clearing of both 
pointers. The clear function ends when WCLR goes 
high. If WLRST is still high, the next rising edge of WCK 
writes the data on DiNo - D1N3 into address O of the write 
register. 

RCLR. When RLRST is high, RCLR can be brought low 
to clear the read pointers to address o of the data 
register and scan line O of the storage array (asynchro
nous operation only). At least one rising edge of RCK 
must occur while RCLR is held low for a minimum of 
3 µs to ensure clearing of both pointers. The clear 
function ends when RCLR goes high. If RLRST is still 
high, the data from address O is read out on DouTo -
DouT3 and the next rising edge of RCK initiates data 
access f ram address 1. 

WLRST. This pin is used in synchronous or asynchro
nous operation to reset the bit pointer to address O of 
the line following the one to which the signal is applied. 
In standard write operation, the scan line pointer incre
ments by 1 whenever the bit pointer reaches the last 
address of a line. If WCLR is high, WLRST can be 
brought low for a minimum of 3 µs to force an end-of-
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line condition, whereby write cycles begin executing 
from address O of the next sequential scan line. When 
used in conjunction with WL H, WLRST resets the cur
rent scan line; when combined with WLJ, WLRST begins 
writing from address O of the line to which the scan line 
pointer is jumped. 

R LRST. This pin is valid in asynchronous operation and 
can be used to reset the bit pointer to address o of the 
read line following the one to which the signal is 
applied. In standard read operation, the scan line 
pointer increments by 1 whenever the bit pointer 
reaches the last address of a line. If RCLR is high, 
RLRST can be brought low for a minimum of 3µs to 
force an end-of-line condition, whereby read cycles 
begin executing from address o of the next sequential 
scan line. When used in conjunction with RLH, RLRST 
resets the current scan line; when combined with RLJ 
RLRST begins reading from address o of the line t~ 
which the scan line pointer is jumped. 

WLJ. Each positive pulse of this signal increments the 
write scan line pointer by one line (asynchronous 
operation only). WLJ is sampled at the rising edge of 
WCK. If WLJ is high, a single jump is executed. If WLJ 
remains high, no further jumps occur. To jump again, 
WLJ must go low for at least one rising edge of WCK 
before going high again. It takes a minimum of two WCK 
cycles to complete a line jump. The first cycle senses 
the high level of WLJ and increments the scan line 
pointer. An additional WCK cycle with WLJ low is re
quired to complete the function. If more than one line 
jump is needed, then the sequence must be repeated. A 
line jump occurs either when the current line has been 
completely filled or after WLR ST has reset the write 
address. The new scan line can be calculated by 
n+ 11+1x (where "n" is the current line and "x" equals 
the number of positive WLJ pulses). Changes in the level 
of WLJ must be made when the bit pointer is between 
locations 229 and 909 of the current line and when 
WCLR and WLRST are high and WL H is low. 

R LJ. Each positive pulse of this signal increments the 
read scan line pointer by one line (asynchronous oper
ation only). RLJ is sampled at the rising edge of RCK. If 
RLJ remains high, a single line jump is executed. To 
jump again, R LJ must go low for at least one rising edge 
of ACK before going high again. It takes a minimum of 
two RCK cycles to complete a line jump. The first cycle 
senses the high level of RLJ and increments the scan 
line pointer. An additional RCK cycle with RLJ low is 
required to complete the function.If more than one line 
jump is needed, then this sequence must be repeated. 

A line jump occurs either when the current line has been 
completely read or after R LRST has reset the read 
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address. The new scan line can be calculated by 
n+ 1 + x (where "n" is the current line and "x" equals 
the number of positive RLJ pulses). 

Changes in the level of RLJ must be made when the bit 
pointer is between locations 682 and 909 of the previ
ous line, or between O and 452 of the current line, and 
when RCLR and RLRST are high and RLH is low. 

WLH. Once this input is applied, the write scan line 
pointer will hold its position even if successive write 1111 
clocks are applied. The level of WL H is sampled at the : 
rising edge of WCK and must be applied between 
locations 229 and 909 of the line to be held. The held 
line is released after 910 addresses have been rewritten 
or after WLRST resets the write line address. WLH is 
multiplexed with 8S2 and is valid in asynchronous 
operation only. WLH (high) must be input only when 
WCLR and WLRST are high and WLJ is low. 

RLH. Once this input is applied, the read scan line 
pointer will hold its position even if successive read 
clocks are applied. The level of RLH is sampled at the 
rising edge of RCK and must be clocked between 
locations 682 and 909 of the line preceding the line to 
hold, or between locations O and 452 of the line to hold. 
The held line is released after 910 addresses have been 
read or after RLRST resets the read line address. RLH 
(high) must be input only when RCLR and RLRST are 
high and RLJ is low. RLH is multiplexed with 8S3 and is 
valid in asynchronous operation only. 

WCO. When the bit pointer reaches address 909 of the 
write data register, this signal goes high for one WCK 
cycle. WCO is multiplexed with 880 and is valid in 
asynchronous operation only. 

RCO. When the bit pointer reaches address 909 of the 
read data register, this signal goes high for one RCK 
cycle. RCO is multiplexed with 881 and is valid in 
asynchronous operation only. 

BSo - 8$3. These pins control the number of bits in the 
last line of the field. The combined signals of 8S0-8S3 
set the line length from 896 to 910 bits in one-bit steps 
(table 1). The length of the last line can change for each 
field, but all four pins should not be set low. 880, 881, 

BS2 and 8S3 are multiplexed with WCO, RCO, WLH and 
RLH, respectively, and are valid in synchronous oper
ation only. In asynchronous operation, the line length is 
fixed at 910 bits. 

LSo - LS1. These pins control the number of lines for 
one field in either synchronous or asynchronous oper
ation. The combined signals of LS0 and LS1 set the 
number of lines to 260, 261, 262, or 263 (table 2). The 
number of lines can be changed for each field. 
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MODE. This pin selects the operating mode. A low 
signal selects synchronous operation and a high signal 
selects asynchronous operation. If MODE is changed 
after power has been applied to the µPD42270, it is 
necessary to clear the address pointers by bringing 
WCLR and RCLR low. MODE can be changed at any 
time; however, data input in one mode may be unreli-
able in the other (see table 3 for valid pin functions). 

Table 1. Line Length Adjustment 
Number of Bits 

BS3 BS2 BS1 BSo In the Last Line 

L L L L Prohibited 

L L L H 896 

L L H L 897 

L L H H 898 

L H L L 899 

L H L H 900 

L H H L 901 

L H H H 902 

H L L L 903 

H L L H 904 

H L H L 905 

H L H H 906 

H H L L 907 

H H L H 908 

H H H L 909 

H H H H 910 

Notes: 

(1) LS0 - LS1 and BS0 - BS3 must be held at a stable high or low level 
to maintain the number of bits per scan line and the number of 
scan lines per field while the line pointer indicates the position 
between lines 258 and 262. 

Capacitance 
TA = 25°C; Vee = + 5.0 v ±10%; GND = 0 V; f = 1 MHz 

Parameter Symbol Min Typ Max Unit 

Input capacitance C1 5 pF 

1/0 capacitance Cvo 8 pF 

Output capacitance Co 7 pF 
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Table2. Line Number Adjustment 

LS1 LSo Number of Lines 

L L 260 

L H 261 

H L 262 

H H 263 

Notes: 

(1) LSo- LS1 and BSo - BS3 must be held at a stable high or low level 
to maintain the number of bits per scan line and the number of 
scan lines per field while the line pointer indicates a position 
between lines 258 and 262. 

Table 3. Valid Pin Functions According to Mode 
Synchronous Mode Asynchronous Mode 

Pin Name (Note 1) (Note 2) 

MODE 0 

BSofWCO BSo wco 
BS1/ACO BS1 ACO 

8~/WLH BS2 WLH 

BSafALH BS3 ALH 

ACLA Invalid Valid 

ACK Invalid Valid 

A LAST Invalid Valid 

WCLA Valid Valid 

WCK Valid Valid 

WLAST Valid Valid 

WLJ Invalid Valid 

AW Invalid Valid 

Notes: 

(1) Write and read cycles are controlled by WCLA,WCK, and WLAST 
in synchronous operation. 

(2) In asynchronous operation, write and read cycles are controlled 
independently. 

Pins Under Test 

D1No - D1N3• W, OE, WCK, ACK, WCLA, ACLA, WLAST, ALAST, 
WW; ALJ, LSo - LS1 1 BS2/WLH, BSafALH, MODE 

BSo/WCO, BS1/ACO 

Dour- Dour 
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DEVICE OPERATION 

The µPD42270 supports two operating modes to ac
commodate various NTSC TV applications. Depending 
on the logic level of the MODE pin, the device will 
execute either synchronous or asynchronous write and 
read cycles on the addresses specified by the internal 
address pointers. When selecting the mode after power
on, it is necessary to reset these pointers to starting 
address o using WCLR and RCLR. The level of MODE 
may be changed at any time. 

Synchronous Mode 

In synchronous mode, write and read cycles are exe
cuted simultaneously by WCLR, WLRST, WCK, W and 
OE to create a delay line, which means that write and 
read addresses always coincide. After all lines within a 
field have been written, they then are read out as the 
device begins overwriting new data to the same ad
dresses again. Field length may be configured from 260 
to 263 lines and last line length from 896 to 910 bits by 
means of the LS and BS pins, respectively. Synchro
nous operation is useful in applications where a very 
long delay line is required and may be selected by 
setting MODE low. 

Asynchronous Mode 

In asynchronous mode, WCLR, WLRST, WCK and W 
control write cycles, while read cycles are controlled 
independently by RCLR, RLRST, RCK and OE. Field 
length may be configured from 260 to 263 lines using 
LS0 - LS1. Line length remains fixed at 910 bits and 
BS0-BS3 are disabled to provide for the register carry 
out, line hold, and line jump functions. Asynchronous 
operation is useful for frame synchronization or time 
base correction and may be selected by setting MODE 
high. 

Address Clear. Setting WCLR and RCLR low for a 
minimum of 3 µs during successive WCK and RCK 
cycles initializes the internal pointers to starting ad
dress o of the first scan line (RCLR is disabled in 
synchronous mode). Although address clear signals 
must meet the specifications for setup and hold times 
as measured from the rising edges of WCK and RCK, 
they are not dependent on the status of W or OE. An 
address clear cycle cannot occur in conjunction with 
WLRST or RLRST line reset cycles. 

Write Operation. Write cycles are executed in synchro
nization with WCK as W is held low. Bits are input 
sequentially into one of the two halves of the data 

pPD42270 

register before being transferred to the storage. array. 
Since data is transferred into the array in blocks of 455 
x 4 bits, no data transfer occurs if W goes high to 
disable write operation before all 455 bits are written. 
Despite write operation being disabled, the internal bit 
pointer continues to increment with each successive 
write clock. 

Read Operation. Read cycles are executed in synchro-

111 nization with ACK (asynchronous operation only) or : 
WCK (synchronous operation only) as OE is held low. If 
OE goes high any time during a cycle, the outputs are in 
a state of high impedance until OE returns low. Since 
the internal bit pointer increments by 1 in spite of read 
operation being disabled, it is always important to reset 
the write and read pointers using WCLR and RCLR prior 
to beginning or resuming operation at the first address 
location in the array. 

Special Functions 

Line Reset. A line reset is similar to an address clear 
cycle, except that it only affects the bit pointers within a 
line. While WCLR and RCLR are held high, WLRST or 
RLRSTcan be brought low for a minimum of 3µs during 
successive WCK or ACK cycles to reset the bit pointer to 
address o of the scan line. At the completion of the reset 
cycle, the next sequential scan line will be selected 
unless line hold (WLH or RLH) or line jump (WLJ or 
R LJ) are also used. See WLRST and R LAST for more 
detail. 

A combination of line reset and an address clear cycle 
must be separated by at least one serial clock cycle. 
The timing relationship of WCLR, WLRST and WCK (or 
RCLR, RLRST and RCK) is shown in figure 1. 

In asynchronous operation, WLRST and RLRST inde
pendently reset the write and read bit pointers. During 
synchronous operation, WLRST resets both pointers. 

Line Jump. With the line jump function, it is possible to 
advance the current write or read line position accord 
ing to the number of positive WLJ or R LJ pulses applied 
(see descriptions for the WLJ and RLJ pins). In this 
cycle, which is valid in asynchronous mode only, the 
scan line pointer resets to address o if the number of 
positive pulses causes the resulting line number 
(n+ 11+1 x, where "n" is the current line number and "x" 
is the number of positive WLJ or R LJ pulses) to exceed 
the maximum line number (number of lines minus 1) 
specified by the LS0 and LS1 pins (table 2). 
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Line Hold. The line hold feature is available in asyn
chronous mode only and can be used to prevent the 
internal scan line pointers from incrementing to the next 
sequential address. The read and write line pointers 

Block Diagram 

6 

LSo -LS1 

BSo/WCO 
BS1/RCO 
BS21WLH 

BS3/RLH 

MODE 

WCK 

WCLR 

WLRST 

WLJ 

RCK 

OE 
RCLR 

RLRST 

RLJ 

Line 
Pointer 

Read 

Scan 
Line 

Selector 

NEC 
may be held independently; however, restrictions per
taining to when this function can be initiated, detailed in 
the descriptions for the WL H and AL H pins, should be 
carefully followed. 

263 Lines 
Per Plane 

Storage Cell Array 

Read Data Register 

Read Bit Pointer 

83VB·7087B 
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Figure 1. Separation of Clear and Reset Signals 

~c:>~ 
WCLR/RCLR 

DC Characteristics 
TA= -20to +70°C; Vee= +5.0V ±10%; GND = ov 
Parameter Symbol Min Typ Max 

Input leakage current l1L -10 10 

Output leakage current loL -10 10 

Output voltage, high VoH 2.4 

Output voltage, low Vol 0.4 

Standby current lee1 6 20 

Operating current lee2 40 80 

AC Characteristics 
TA= -20 to +70°C; Vee= +5.0 V ±10%; GND = ov 
Parameter 

Access time from RCK 

Write clock cycle time 

Write clock active pulse width 

Write clock precharge time 

Read clock cycle time 

Read clock active pulse width 

Read clock precharge time 

Output hold time 

Output low impedance delay 

Data output buffer high impedance delay 

Input data setup time 

µPD42270 

Absolute Maximum Ratings 
Supply voltage on any pin except Vee relative 
to GND, VR1 

Supply voltage on Vee relative to GND, VR2 

Operating temperature, TopR 

Storage temperature, TsTG 

Short-circuit output current, los 

Power dissipation, Po 

-1.5 to +7.0 V 

-1.5to +7.0V 

-20 to +70°C 

-55 to + 125°C 

50mA 

1.5W 

Exposure to Absolute Maximum Ratings for extended periods may lf!m 
affect device reliability; exceeding the ratings could cause perma-lili;i:I 
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 Vee v 
Input voltage, low V1L -1.5 0.8 v 
Ambient temperature TA -20 70 oc 

Unit Test Conditions 

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

µA DouT disabled; VouT = o V to Vee 

v loH = -1 mA 

v loL = 2mA 

mA WCK, RCK = V1L 

mA tweK = tweK (min); tReK = tReK (min) 

Symbol Min Max Unit Test Conditions 

tAe 40 ns 

twcK 60 ns (Note 5) 

twew 20 ns 

tweP 20 ns 

tReK 60 ns (Note 5) 

tReW 20 ns 

tReP 20 ns 

toH 5 ns 

tLz 5 40 ns (Note 6) 

tHz 5 40 ns (Note 7) 

tos 15 ns 
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AC Characteristics (cpnt) 
Parameter Symbol Min Max Unit Test Conditions 

Input data hold time toH 3 ns 

WCLA (ACLA) setup time before the rising edge of WCK (ACK) tcs 20 ns (Note 8) 

WCLA (ACLA) hold time after the rising edge of WCK (ACK) tcH 3 ns (Note 8) 

WCLA (ACLA) invalid hold time after the rising edge of WCK (ACK) tcN1 5 ns (Note 8) 

WCLA (ACLA) invalid setup time before the rising edge of WCK (ACK) tcN2 20 ns (Note 8) 

WCLR (ACLA) low level valid time tcLR 3 µs 

WLAST (ALASl) setup time before the rising edge of WCK (ACK) tLRS 20 ns (Note 8) 

WLAST (ALASl) hold time after the rising edge of WCK (ACK) tLRH 3 ns (Note 8) 

WLAST (ALASl) invalid hold time after the rising edge of WCK (ACK) tLRN 5 ns (Note 8) 

WLAST (ALASl) invalid setup time before the rising edge of WCK tLRN 20 ns (Note 8) 
(ACK) 

WLAST (ALASl) low level valid time tLRST 3 µs 

W setup time before the rising edge of WCK tws 20 ns (Note 9) 

W hold time after the rising edge of WCK twH 3 ns (Note 9) 

W valid hold time after subline (1/2) switch twN1 5 ns (Note 9) 

W valid setup time before subline (1/2) switch twN2 20 ns (Note 9) 

WLH (ALH) setup time before the rising edge of WCK (ACK) tLHS 20 ns 

WLH (ALH) hold time after the rising edge of WCK (ACK) tLHH 3 ns 

WLH invalid hold time measured from the end of write cycle 227 twHN1 5 ns 

WLH invalid setup time measured before write cycle 0 twHN2 20 ns 

ALH invalid hold time measured from the end of read cycle 681 tRHN1 5 ns 

ALH invalid setup time measured before read cycle 453 tRHN2 20 ns 

WLJ (ALJ) setup time before the rising edge of WCK (ACK) tLJS 20 ns 

WLJ (ALJ) hold time after the rising edge of WCK (ACK) tLJH 3 ns 

WLJ hold time measured from the end of write cycle 227 twJN1 5 ns 

WLJ setup time measured before write cycle O twJN2 20 ns 

ALJ hold time measured from the end of read cycle 681 tRJN1 5 ns 

ALJ setup time measured before read cycle 453 tRJN2 20 ns 

OE setup time before the rising edge of ACK (WCK) to ES 20 ns (Note 9) 

OE hold time after the rising edge of ACK (WCK) to EH 3 ns (Note 9) 

OE valid hold time after the rising edge of ACK (WCK) toEN1 5 ns (Note 9) 

OE.valid setup time before the rising edge of ACK (WCK) toEN2 20 ns (Note 9) 

LS, BS setup time before WCK (ACK), line 258 tFss 0 ns 

LS, BS hold time after WCK (ACK), line 0 iFSH 3 µs 

Write carry output high level delay twcLH 40 ns 
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AC Characteristics (cont) 
Parameter 

Write carry output low level delay 

Read carry output high level delay 

Read carry output low level delay 

Transition time 

Notes: 

(1) All voltages are referenced to GND 

(2) Ac measurements assume tr = 5 ns. 

(3) Input timing reference levels = 1.5 V; input levels are measured 
between GND and 3.0 V; output levels are measured between 0.8 
and 2.0 V. See figures 2 and 3. 

(4) Y1H (min) and V1L (max) are reference levels for measuring the 
timing of input signals. Transition times are measured between 
YtH and Ytl· 

(5) The minimum specifications are used only to indicate the cycle 
time at which proper operation over the full temperature range 
(TA = -20 to 70°C) is assured. 

(6) This delay is measured at-200 mV from the steady-state voltage 
with the load specified in figure 5. 

(7) This delay is measured at the maximum steady-state output 
high voltage -200 mV or the minimum steady-state output low 
voltage +200 mV with the load specified in figure 5. 

pPD42270 

Symbol Min Max Unit Test Conditions 

twCHL 40 ns 

40 ns 

40 ns 

tr 3 35 ns (Note4) 

(8) For proper execution of the pointer clear and line reset functions, 
specifications for tcs. tcH• tcN1, tcN2, tLRS• tLRH• tLRN1 and ll!m 
tLRN2 must be met; otherwise, these functions may not affect the -
desired cycles or may affect adjacent cycles erroneously. 

(9) If a W (or OE) pulse does not satisfy the specifications for tws. 
twH• twN1 and twN2 (or toES• toEH• toEN1 and toEN~· the write 
disable function (output high impedance) being executed may 
not affect the desired cycles or may affect adjacent cycles 
erroneously. 

(10) For the µPD42270 to read new data, read operation must be 
delayed from write operation by at least 920 cycles. In those 
cases where the delay is less than 920 cycles, read data will vary 
as shown below: 

Source of Read Data 

Old data 

Delay Between Write 
and Read Operation 

0 to 450 cycles 

Indeterminate (either old or new data) 451 to 919 cycles 

New data 920 or more cycles 
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Figure 2. Input Timing 

·~1-- 831H·6701B 

Figure 3. Output Timing 

2.0V- - - - - - - -1.____ _ ___,)>------
0.BV- - - - - - - - -\___ . 

Figure 4. Output Loading for tAc1 toH1 twcLH1 twcHL1 tRCLH1 tRcHL 

+SV 

1.:Jkn 

DouT----. 

1.0 kn 

831H·6702B 

Figure 5. Output Loading for tLz and tHz 

+SV 

1.9kQ 

DouT 

l~ ~ 1.0 kn 

~ 
831H·6703B 
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NEC 
Timing Waveforms 

Synchronous Write/Read Cycle 

WCK 

w 

D1No-D1N3 

OE 

DouTo -DouT3 

Notes: 

(1] In synchronous mode, output data is delayed by one field from the Input data. 

[2] WLRST = WCLR = VIH· MODE= VIL· LS 0and LS1 = V1H or VIL· RLRST, 

RCLR, and ACK are "don't care" inputs. 

(3] BSo- BS3 = V1H or VIL· 

(4] Data is transferred into and out of the data registers in blocks of 455 x 4 bits. 

When W goes high before all 455 words are input, write operation is disabled 

and none of the words are transferred to the storage array. 

µPD42270 

tLz~ 

High Impedance I 

83VB-7089B 
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Timing Waveforms (cont) 

Asynchronous Write and Read Cycles 

WCK 

ACK 

DouTo ·DoUT3 

12 

n-2 n-1 n+1 

Notes: 

[1] WCLR = RCLR = V1H. WLRST = RLRST = V1H· MODE= VIH· 

[2] RLJ, WLJ, WLH, and RLH = V1H or VIL· LSo and LS 1 = V1H or VIL· 

[3] Data is transferred into and out of the data registers In blocks of 455 x 4 bits. 

When W goes high before all 455 words are Input, write operation Is disabled 

and none of the words are transferred to the storage array. 

NEC 

n+2 n+3 

High Impedance 
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Timing Waveforms (cont) 

Synchronous Pointer Clear Cycle 

Notes: 

[1) W =OE= VIL· MODE= VIL· 

[2) LSo and LS1 = V1H or VIL· BSo. BS1. BS2 and BS3 = V1H orV IL: 

[3) RLRST, RCLR, and RCK =don't care. 

[4) WLRST = V1H during the clear cycle. 

µPD42270 

83VB-7091B 
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Timing Waveforms (cont) 

Asynchronous Pointer Clear Cycle 

WCK 

D1No-D IN3 n' - 1 

RCK 

DoUTo-DouT3 m'-2 

Notes: 

(1) W =OE= VIL· MODE= V1H WLRSTand RLRST = V1Hdurlng clear pulse. 

(2) LSo and LS1 = V1H or VIL· ' 

(3) WLH, RLH, WLJ and RLJ = V1L during clear pulse. 
83VB-7092B 
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Timing Waveforms (cont) 

Synchronous Line Reset Cycle 

WCK 

D1No-DIN3 

DoUTo -DoUT3 

Notes: 

[1) WCLR = VIH· W, OE and MODE= VIL· 

[2) LSo and LS1 = V1H or VIL· BSo- BS3= V1Hor VIL· 

[3) RCLR, RLRST, RCK, WLJ, RLJ =don't care. 

pPD42270 

83VB-7093B 
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Timing Waveforms (cont) 

Asynchronous Line Reset Cycle 

WCK 

D1No-D1N3 

RCK 

RLRST 

DoLJro-DoUT3 

16 

Notes: 

[1] WCLR, RCLR and MODE= V1H WLH, RLH, WLJ, and RLJ = V1L during a 

reset cycle. 

[2] LSo and LS1 =VIL· 

[3] W=OE=VIL· 

NEC 
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Timing Waveforms (cont) 

Write Line Jump Cycle 

wco J 
------------j 

MODE 

Notes: 

[1] RCLR, RLRST, RCK, RLH, RLJ, W, and OE= don't care. 

[2] K and K' = 229 to 909 of line n. 

[3] WLRST and WCLR = V1H 

[4] LSo and LS1 = V1H or VIL· 

Read Line Jump Cycle 

RCK 

RLJ 

RLH V1L 

pPD42270 

\.....___ 

83VB-7095B 

Linevtline n+3 
0 

RJN2 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

RCO 

MODE 

Notes: 

[1] WCLR, WLRST, WCK, WLH, WLJ, W, and OE= don't care. 

[2] J and J' = o to 452 of linen or 682 to 909 of linen -1. 

[3] RLRST and RCLR = V1H 

[4] LSo andLS1 =V1HorV1L· 
83VB-70968 
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Timing Waveforms (cont) 

Write Line Hold Cycle 

WCK 

WLH 

WCLR 

wco 

MODE 

Notes: 

[1) RLRST, RLJ, W, RLH, OE, RCLR, and RCK =don't care. 

[2) K = 229 to 909. 

[3] WLRST = VIH· WLJ =VIL· 

[4] LSo and LS1 = V1H or VIL· 

Read Line Hold Cycle 

ACK 

RLH 

MODE 

18 

Notes: 

[1] WLRST, WLJ, W, WLH, OE, WCLR, and WCK =don't care. 

[2] J = 682 to 909 In (n -1)th or o to 452 In nth line. 

[3] RLRST = VfH RLJ = VfL· 

[4) LSo and LS1 = V1H or VfL· 

NEC 

tWCLH tWCHL 

83VB-7097B 

tRCHL 
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Timing Waveforms (cont) 

Synchronous Field Buffer Size Adjustment 

---+i.------Lines 258-262 --------'~iE------Line 0-----

WCK 

BS0-BS3 
LSo- LS 1 '"'"·""''"'" 

Notes: 

(1] WLRSTand WCLR = VIH· 

[2] MODE= V1L. 
(3] RLRST, W, RCK, RCLR, and OE = don't care. 

2 3 

83VB-70998 

Asynchronous Field Buffer Size Adjustment 

WCK 
""'"'~ 

RCK 

Stable 

Notes: 

(1] WCLR, RCLR, WLRST, and RLRST = V1H. 

[2] MODE = V1H. WLJ and RLJ =VIL· 
(3] W, OE, WLH, and RLH =don't care. 

I Line 257 Line 258-262 Line o -
909 0 

Stable 

83VB-71008 
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Timing Waveforms (cont) 

Write Register Carry Out 

WCK 

wco 

Notes: 

[1) MODE, WCLR, RCLR, WLRST, RLRST = VJH 

[2) LSo and LS1 = VJH or VIL 

[3) OE, W, WLH, RLH, WLJ, RLJ =don't care. 

Read Register Carry Out 

RCK 

RCO 

20 

Notes: 

[1) MODE, WCLR, RCLR, WLRST, RLRST=VJH· 

[2) LS0 andLS1=V1HorV1L 

[3) OE, W, WLH, RLH, WLJ, RLJ =don't care. 

NEC 

83vB-7101B 
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APPLICATION EXAMPLES 

Delay Line 

The synchronous mode may be used to create a full
field delay line with a fixed length (figures 6 and 7). 
Useful video applications include field interpolation, 
interframe noise reduction, and separation of lumi
nance (Y) and chrominance (C) signals. In these appli
cations, field buffer size is determined by the logic 
levels applied to pins LS0 - LS1 and BS0 - BS3. The 
former allows variation of the number of lines from 260 
to 263, while the latter controls the actual line length at 
896 to 910 bits for the last line. The actual delay between 
data being written into DiN and read on DouT is con
trolled by the WCK clock period and the con figured 
size of the buffer. 

Frame Synchronization or Time Base Correction 

The µPD42270 has the capability of executing asyn 
chronous write and read cycles by independently 
clocking WCK and RCK, respectively. The feature is 

Figure 6. Example of Delay Line 

pPD42270 

useful in applications requiring frame synchronization, 
time base correction or buffering, where WCK, RCK, 
WCLR and RCLR may all have variable time periods. In 
addition, the write carry out (>NCO) and read carry out 
(RCO) options give a positive indication when the bit 
pointer reaches the end of the line. 

Vertical or Horizontal Image 
Compression and Expansion 

Vertical compression and expansion of the video im-.... 
age may be accomplished by means of the line jump or ll:i:I 
line hold functions. Compression occurs when WLJ or 
RLJ are used to jump over lines that are not to be 
displayed. Expansion occurs when the WLH or RLH 
line hold signals are used to display a line multiple 
times. 

Horizontal compression and expansion can be 
achieved by modifying the cycle time of the WCK and 
RCK clocks, and by using the WLRST and RLRST line 
reset signals. 

GND w~ ~ MODE GND 

Vee 
Vee 

Clock 

GND 

Output 

.. 

ACK 2 
WCK 3 

ACLA _~ 4 
--
WCLA~ 5 

LSo 6 

LS1_~ 7 
GND ....,. 8 

TEST 9 

OE~ 10 
DouTo 11 
DouT1 12 

Dour2 13 
Dour3 14 

27 AL AST 

26 WLAST 

25 ALJ 

24 WLJ 

23 
853/ALH 

~ 22 
BS2/WLH 

~ 21 Vee 
c c... 20 BS1 IACO 
:I. 

19 BSo!WCO 

18 DINO 

17 i...._ D1N1 

16 ~ DIN2 

15 1... DIN3 

Data{ 

..... 

Notes: 

(1) W, OE, MODE, WLJ, and ALH =VIL· 

(2) BSo- BS3,LS0 -LS1, WCLA, and WLAST = V1H· 

(3) ACK, ACLA, and RLAST = don't care. 

GND 

Vee 

} 

Data 

Input 

83VB-7103B 
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~ Figure 7. Delay Line Timing 

.+----------------One Field--------------~ 

WCK~ 

WCLR 
\ ,, ------ , 77 

'----~$-( 

Notes: 

(1] J = 91 o n + m. 

(2] n = 259, 260, 261, or 262. 

[3) m = 896 to 910. 

[4) MOOE, W, and OE= VIL· 

[5] WLRST and WCLR = V1H. 

[6) BSo - BS3 and LSo- LS 1 = V1H or V1L. 

[7J RLRST, RCK, and RCLR =don't care. 
83VB-7104B 
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Figure 8. Example of Frame Synchronizationffime Base Correction 

GND 
Read Clock 

Write Clock 

Read Clear 

Write Clear 

Vee 

GND 

l 

1 
l 

""--... 
+ 
.....-

Data{ 
Output 

Notes: 

w ...... ~ 
RCK~ 2 27 

WCK 3 26 
RCLR ...... 4 25 
WCLR 5 24 

LSo ~ 6 23 
LS1 0 

7 ,.... 
22 C\I 

GND~ 8 
C\I 

""" 21 c 
TEST 9 a.. 20 ::L -

OE 10 19 
Douro 11 18 
Dour1 12 17 
Dour2 13 16 
DoUT3 14 15 

(1) W, OE, WLJ, RLJ, WLH, and RLH =VIL· 

MODE 

RLRST 

WLR ST 

RLJ 

WLJ 
BS3/RLH 

BS2/WLH 

Vee 

BS1 /RCO 

BSo!WCO 

..,_DINO 
r- DIN1 

D1N2 

..,_ DIN3 

(2) LS0-LS1, MODE, WLRST, and RLRST = VIH· 

..... 

µPD42270 

Vee 

GND 

Vee 

Read Carry Out 

83VB-7105B 

Figure 9. Asynchronous Read/Write Timing for Frame Synchronization or Time Base Correction 

WeK 

D1No-D1N3 

RCK 

Douro -Dour3 

0 

Notes: 

[1] MODE, WLRST, and RLRST = VIH· 

[2] Wand OE = VIL. 

[3] LSo and LS1 = V1H or V1L. 

[4] WLH, RLH, RLJ, and WLJ =VIL. 

2 

B3VB-7106B 
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NEC Electronics Inc. 

Description 

The µPD4227x (42271 and 42272) is a picture-in-picture 
generator designed for use in NTSC and PAL broad
casting systems. Picture-in-picture describes the de
vice's ability to combine multiple video signals into a 
single signal for display on a television monitor, for 
input to a VCR, or for use in any manner that a single 
video signal is used. The format may be selected so 
that one primary picture is displayed over the entire 
picture area. The other subpicture(s) can then be su
perimposed onto the primary one to allow multiple 
picture sources to be viewed simultaneously. 

The picture-in-picture generator is available in two 
versions. The µPD42272 is the full-featured version that 
can display a border in one of four colors around the 
subpicture. The µPD42271 has exactly the same fea
tures except that it is not able to display a border 
around the subpicture. 

The µPD4227x has an onboard controller, field storage, 
buffer storage, two line buffers, and two oscillators. 
The controller sets the timing, performs vertical filter
ing, and stores and retrieves subpicture signal(s) for 
insertion into the primary picture signal. A line of the 
subpicture signal is placed in buffer storage before 
being written into field storage, which contains that 
portion of the signal to be displayed. The line buffers 
store a weighted average of three lines of the subpic
ture signal to provide vertical filtering, while the on
board oscillators facilitate interfacing to the µPD4227x. 

The level of integration provided by the µPD4227X 
means that picture-in-picture can be achieved more 
quickly and easily than with standard video buffers and 
control circuitry. 

Ordering Information 
Subpicture 

Part Number Frame Border Package 

µPD42271 AGF-3BE No 64-pin plastic quad flatpack 

µPD42272AGF-3BE Yes 

60085-1 

µPD42271, 42272 
Picture-in-Picture Generator 

October 1991 

Pin Configuration 

64-Pin Plastic QFP 

0 ~ C\J 8 0 ::.::: ::.::: ::.::: 
tn tn tn IC/) I~ o ::.::: ~ ~ o ~ ~ ~ 
~~~~::?~~::?::d~s=@as 

YSW DOYo (LSB) 

RSW DOY1 

BSW DOY2 

ADCK DOY3 

(LSB) Dlo DOY4 

Dl1 DOY5(MSB) 

Dl2 DORo (LSB) 
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Features 

D NTSC and PAL compatibility 
o Built-in vertical filter 
o Selectable subpicture display size 
o 134,676-bit field buffer and two line buffers 
o Built-in input and output oscillators 
o Four selectable screen positions 
o Four-color selection of subpicture frame border 

(µPD42272 only) 
o Selectable freeze-frame display 
o Automatic self-refreshing 
o 6-bit resolution of Y, R-Y and B-Y signals 
o Low power consumption of 75 mA max 
o CMOS silicon-gate fabrication process 
o Three-state outputs; TTL-compatible 1/0 
o Single+ 5-volt power supply 

• 
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Absolute Maximum Ratings 
TA= 25°C 

Pin voltage, Vr -0.1 to Voo + 0.5 V 

Supply voltage, Voo -0.1 to +7.0 V 

Output current, lo 50 mA 

Operating temperature, Topr -20 to +70°C 

Storage temperature, TsrG -55 to + 125°C 

Table 1. Description of Features 
Feature 

Field memory capacity 

Quantization 

Frame colors 

Screen positions 

Field-to-field line offset 
sampling processing 

Description 

7,568 words by 8 bits (86 x 88) 

6 bits 

White, yellow, light blue, green 
(µPD42272 only) 

Top left, bottom left, top right, 
bottom right 

Adjusts the starting location of the 
first line of a field to increase vertical 
resolution 

Line array correction Adjusts lines between even and odd 
fields 

Display ON/OFF switching Allows insertion or removal of 
subpicture 

Still picture display Freezes the subpicture display 

2 
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Table 2. Subpicture Display Area 

Full Screen 
Video Standard Display (1/9) 80% Screen Display (1/12) 

NTSC 49.3 µs x 74 lines 41.3 µs x 62 lines 

PAL 49.3 µs x 87 lines 41.3 µs x 73 lines 

Table 3. Sampling Rate 
Signal Input Output 

y 3 MHz 9MHz 

R-Y 0.75 MHz 2.25 MHz 

B-Y 0.75 MHz 2.25 MHz 

Table 4. Sampling Sequence 
C(Y)-(R-Y)-(Y)-(-)-(Y)-(B-Y)-(Y)-(-)--, 

Table 5. Average Vertical Filtering 
Line Number Coefficient 

n-1 1/4 

n 1/2 

n+ 1/4 

Notes: 

(1) n = line to be sampled. 
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Block Diagram 

Dlo-Dl5 
Serial to 
Parallel 
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svs 
STILL 

SFC 

Input Controller 
& 

Oscillator 

SFDIS----~ 
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µPD42271, 42272 
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Pin ldentif ication 
Symbol 

ADCK 

BDACK 

BLANK 

BSW 

Dl0 - Dis 

DISP 

DOBo- DOBs 

DORo- DOYs 

DOYo- DOYs 

FCo and FC1 

HPS 

MFC 

MFDIS 

MOSCI 

MOSCO 

N/P 

ACK 

RDA CK 

RSW 

SFC 

SFDIS 

SIZE 

SOSCI 

sos co 
STILL 

TEST o - TEST 2 

VPS 

YDACK 

YSW 

Voo 

GND 
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Function 

Analog/digital clock output 

Digital/analog clock for B-Y component signal 
output 

Main picture blanking output 

Dlo - Dis output enable for B-Y component 
signals 

Multiplexed B-Y, R-Y, and Y data inputs 

Subpicture on/off input 

B-Y data outputs 

R-Y data outputs 

Y data outputs 

Frame color selection input 

Field distinction data enable input 

Horizontal position input 

Main picture field correction input 

Main picture field distinction input 

Main picture horizontal synchronous input 

Main picture oscillator input 

Main picture oscillator output 

Main picture vertical synchronous input 

NTSC/PAL switching input 

Read clock output 

Digital/analog clock for R-Y component signal 
output 

Dlo - Dis output enable for R-Y component 
signals 

Subpicture field correction input 

Subpicture field distinction input 

Subpicture horizontal synchronous input 

Size selection input 

Subpicture oscillator clock input 

Subpicture oscillator clock output 

Freeze frame input 

Subpicture vertical synchronous input 

Test terminals 

Vertical position input 

DigitaVanalog clock tor Y component signal 
output 

Dlo - Dis output enable tor Y component signals 

+ S-volt power supply 

Ground 

NEC 
Pin Functions 

ADCK. Y, R-Y and B-Y component signals selected with 
the analog switch are converted from analog to digital 
data in synchronization with this 6 MHz sampling 
clock. Digitized component signals are sequentially 
input to the Dlo - Dis pins, also in synchronization with 
this clock. 

BDACK. Digitized B-Y component signals are output 
from the DOB0 - DOBs pins in synchronization with this 
2.25 MHz sampling clock. 

BLANK. When high, this output signal blanks the main 
picture, enabling the subpicture to be displayed. 

BSW. A high logic level on BSW (while RSW and YSW 
are low) enables the Dlo - Dis pins to be used for 
receiving 6-bit B-Y data from the A/D converter. 

010 through 015• These multiplexed pins are used for 
6-bit digitized subvideo input, either B-Y, R-Y or Y, 
depending on the levels of BSW, RSW and YSW 010 is 
the least significant bit and Dl5 is the most significant 
bit. 

DISP. This pin controls the BLANK signal. A high logic 
level enables BLANK, while DISP low inhibits it. The 
level of DISP has no effect on the DOB0 - DOB5, DOR0 
- DOR5, and DOY0 - DOY5 pins. 

DOB0 through 0085• These pins are used for 6-bit B-Y 
color difference output and depend on the status of 
BDACK. When no B-Y data is being output, the pins are 
in high impedance. 

DOR0 through DOR5• These pins are used for 6-bit R-Y 
color difference output and depend on the status of 
RDACK. When no R-Y data is being output, the pins are 
in high impedance. 

DOY0 through DOY5• These pins are used for 6-bit Y 
luminance output and depend on the status of YDACK. 
When no Y data is being output, the pins are in high 
impedance. 

FC0 and FC1. The combination of signals from these 
pins is used to specify subvideo frame color, as shown 
below: 

Pin White Light Blue Yellow Green 

FCo high low high low 

high high low low 
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FOE. This pin is used to select external or internal field 
distinction. FOE high enables external field distinction, 
while FOE low inhibits the MFDIS and SFDIS pins and 
causes field distinction to be executed internally. 

HPS and VPS. These horizontal and vertical input pins 
specify positioning of the subpicture. One of the four 
corners on the main picture can be selected by com
bining the input levels on HPS and VPS, as shown 
below. 

Pin Top Left Bottom Left Top Right Bottom Right 

HPS high high low low 

VPS high low high low 

MFC. Fields of the main picture are distinguished by 
the µPD4227x based on the phase relationship of the 
MHS and MVS signals. Field distinction may therefore 
be distorted if the signals are not in proper phase. In 
these cases, a high logic level on MFC can be used to 
reverse field distinction. MFC low has no effect on field 
distinction. 

MFDIS. The even and odd fields of the main picture 
signal are distinguished based on the phase relation
ship of MHS and MVS. MFDIS can be used to provide an 
external signal indicating either an odd (high) or even 
(low) field. 

MHS. This pin is used to input a horizontal synchroni
zation signal for the main picture. The internal read 
clock oscillator is synchronized to the rising edge of 
MHS and increments the field buffer's read address 
counter, which is used to determine the horizontal 
display size and position of the sub picture. 

MOSCI. This pin is used as an oscillator input for the 
main picture read clock. To use the internal oscillator, 
an external coi I and capacitor must be installed. Alter
natively, an 18 MHz external clock may be input to 
MOSCI. 

MOSCO. This pin is used as an output for the feedback 
circuit of the main picture's internal oscillator. 

MVS. This pin is used to input a vertical synchroniza
tion signal for the main picture. The falling edge of MVS 
resets the field buffer's internal read address counter, 
which is used to determine the vertical display size and 
position of the subpicture. 

N/P. A high logic level on this pin selects NTSC com
patibility and a low selects PAL. 

RCK. This pin is used as an output for the subpicture 
read clock, which is derived from MOSCI and MOSCO. 

pPD42271,42272 

RDACK. Digital R-Y component signals are output from 
the DOR0 - DOR5 pins in synchronization with this 
2.25 MHz sampling clock. 

RSW. A high logic level on RSW (while BSW and YSW 
are low) enables the Dlo - Dl5 pins to be used for 
receiving 6-bit R-Y data from the A/D converter. 

SFC. The µPD4227x distinguishes subpicture fields 
based on the phase relationship of the SHS and SVS 
signals. Field distinction of the subpicture may there
fore be distorted if the signals are not in phase. SFC 
high can be used to reverse field distinction. SFC low 
has no effect on field distinction. IP.II 
SFDIS. The even and odd fields of the subpicture sig- llii;I 
nal(s) are distinguished based on the phase relation-
ship of the SHS and SVS signals. This pin can be used 
to provide an external signal indicating either an odd 
(high) or even (low) field. 

SHS. This pin is used to input the horizontal synchro
nization for the subpicture. The rising edge of this clock 
is used to synchronize the internal write clock oscilla
tor which is then used to increment the write address 
counters for the line buffers and the field buffer. 

SIZE. This input is used to specify size of the subpic
ture display area. SIZE high sets a full screen display 
and occupies 1/9 of the main picture. SIZE low displays 
80% of the subpicture and occupies 1/12 of the main 
picture. 

SOSCI. This pin is used as an oscillator input for the 
subpicture write clock. To use the internal oscillator, an 
external coil and capacitor must be installed. Alterna
tively, an 6 MHz external clock may be input to SOSCI. 

SOS CO. This pin is used as an output for the feedback 
circuit of the subpicture's internal oscillator. 

STILL. A high logic level selects a still picture, while 
STILL low selects a moving picture. 

SVS. This pin is used to input the vertical synchroniza
tion signal for the subpicture. The falling edge of this 
signal resets the internal write address counters for the 
line buffers and the field buffer. 

TEST 0 - TEST 2• These are test pins and must be open. 

YDACK. Digital Y component signals are output from 
the DOY0 - DOY5 pins in synchronization with this 
9 MHz sampling clock. 

YSW. A high logic level on YSW (while BSW and RSW are 
low) enables the Die - 015 pins to be used for receiving 
6-bit Y data from the A/D converter. 

5 
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Application 

The following block diagram illustrates one applica
tion for the µPD4227x in an NTSC television system. 

The video signals for the subpicture are separated into 
Y, B-Y, and R-Y component signals and horizontal and 
vertical synchronization signals by the µPC1402 de
coder. The Y, B-Y, and R-Y component signals are input 
in parallel to the µPC661 AID converter, after which 
they are switched to the sequence Y, R-Y, Y, -, Y, B-Y, Y, -
using time-division multiplexing and converted to dig
ital signals. In this instance, timing for the Y, R-Y, and 
B-Y conversion process is regulated by the µPD4227x. 

Application Example 

C\I 
0 
Q) 

]::! 

> 
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After the µPD4227x receives the 6-bit digital data output 
by the µPC661, it compresses the subpicture data and 
stores one field. The output signals are sent by the 
µPD4227x to the µPC662, which contains three DIA 
converters assigned respectively to the Y, R-Y, and B-Y 
signals. If the analog component signals output by the 
DIA converters are to be used by the TV, they then are 
converted to an RGB signal by the µPC1364 matrix 
circuit. If they are to be used by the VCR, they are 
combined with the main picture signal after being 
converted into composite signals in the encoder cir
cuit. 

s s 5 
.9- a. .s-
o 8 8 
a: C!l CD 

Video 
Switch 

Primary Video Signal TV Signal 
Processing Circuit 

Mixer 
µPC1417 

RGB 
Driver 
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Recommended Operating Conditions 
Parameter Symbol Min Typ Max Unit Conditions 

Supply voltage Voo 4.5 5.0 5.5 v 
Input voltage, high V1H 2.4 v00 + o.5 v 
Input voltage, low V1L -1.0 0.8 v 
Input oscillation frequency fosc IN 6 MHz 

Output oscilllation frequency foscouT 18 MHz 

Horizontal synchronizing pulse width fHSYNC 4.8 µs SHS and MHS pins 

Ambient temperature TA -20 70 oc 

DC Characteristics DD TA = -20 to + 70°C; Voo = +5.0V ±10% 

Parameter Symbol Min Typ Max Unit Conditions 

Supply current loo 75 mA fosc IN = 6 MHz; fosc OUT = 18 MHz 

Input leakage current -10 10 µA V1N = 0 V to Voo; all other pins not under test = 0 V 

Output leakage current lo -10 10 µA Outputs disabled; VouT = o V to Voo 

Output voltage, high VoH 2.4 v loH = -1 mA 

Output voltage, low Vol 0.4 v loL = 2 mA 

Capacitance 
TA = 25°C; f = 1 MHz 

Parameter Symbol Min Typ Max Unit Pins Under Test 

Input capacitance C1 5 pF All inputs except SOSCI and MOSCI 

Output capacitance Co 7 pF All outputs except SOSCO and MOSCO 

Oscillator input capacitance Csosc1 8 pF SOSCI 

CMOSCI 10 pF MOSCI 

Csosco 8 pF sos co 
CMosco 10 pF MOSCO 

AC Characteristics 
TA = -20 to + 70°C; Voo = +5.0 v ±10% 

Parameter Symbol Min Typ Max Unit Conditions 

ADCK pulse width, low tADL 70 ns 

ADCK pulse width, high tADH 70 ns 

YDACK pulse width, low tvOAL 50 ns 

YDACK pulse width, high tvDAH 50 ns 

ADACK pulse width, low tRDAL 200 ns (Note 7) 

ADACK pulse width, high tROAH 200 ns (Note 7) 

BDACK pulse width, low tao AL 200 ns (Note 7) 

BDACK pulse width, high tao AH 200 ns (Note 7) 

ACK pulse width, low tRCKL 25 ns 

ACK pulse width, high tRCKH 25 ns 

Data input setup time tos 25 ns 

Data input hold time toH 30 ns 
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AC Characteristics (cont) 
Parameter 

Y data access time 

Y data hold time 

R-Y data access time 

R-Y data hold time 

8-Y data access time 

8-Y data hold time 

Output low impedance time 

Output high impedance time 

YSW, RSW, BSW low hold time from ADCK 

YSW, RSW, BSW high hold time from ADCK 

Rise and fall transition time 

Notes: 

(1) All voltages are referenced to ground. 

(2) Ac measurements assume tr = 5 ns. 

Symbol Min 

tAcY 

to HY 20 

tACR 

to HR 20 

tACB 

toHB 20 

tLz 5 

tHz 5 

tsw1 5 

tsw2 5 

tr 3 

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

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

Figure 1. Input Timing 

2.4 v 

0.8V 

83YL-7781A 

Figure 2. Output Timing 

83YL-7782A 
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Typ Max Unit Conditions 

5 ns 

ns 

?(ACK)+ 25 ns 

ns 

?(ACK)+ 25 ns 

ns 

100 ns (Note 4) 

100 ns (Note 4) 

30 ns 

30 ns 

35 ns 

(5) The input/output signal reference level is 1.5 V. 

(6) fosc IN equals 6 MHz; fosc our is 18 MHz. 

(7) The frame border output period is either 0.5 or 1.5 times as large 
as the standard value. 

(8) tLz ~ tHz· 

Figure 3. Output Load 
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Figure 4. Output Load (tLz and tH7J 
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Description 

Serial/Parallel Converter (S-+ P). Converts the seri
ally input 6-bit Y, R-Y, and B-Y subpicture signals into 
18-bit parallel Y • R-Y • YorY • B-Y • Y signals, andthen 
outputs them. 

Vertical Filter. Executes averaging cycles and con
sists of two sets of line memory and an arithmetic 
circuit. If any one of the three lines is extracted to 
compress the screen vertically, the lines may become 
distorted on the screen. By averaging the data of the 
appropriate line with the preceding and succeeding 
lines, the filter prevents distortion. 

Buffer Memory. Stores subpicture signals input during 
read operation and has a one-line capacity of 86 words 
by 18 bits. 

Field Memory. Stores one 7,568-word by 18-bit field of 
a subpicture. Data is written into field memory when no 
subpicture is being displayed. 

Buffer Memory Write Address Counter. Supplies write 
addresses to the buffer memory. 

Buffer Memory Read Address Counter. Supplies read 
addresses to buffer memory in synchronization with 
the field memory write address counter and remains in 
standby during a field memory read cycle. 

Buffer Memory Address Selector. Alternately outputs 
write and read addresses to buffer memory. 

Field Memory Write Address Counter. Supplies write 
addresses to field memory and consists of horizontal 
and vertical address counters, the former of which is 
synchronized with the buffer memory read address 
counter. The counter remains in standby during a 
memory read cycle. When the address reaches its 
maximum value, the counter stops counting. 

Field Memory Read Address Counter. Supplies read 
addresses to field memory and consists of horizontal 
and vertical address counters. Data read from field 
memory always takes priority over data written to it. 
Thus, the counter never enters standby in normal 
operation. When the address reaches its m_aximum 
value, the counter stops counting. 

Refresh Address Counter. Supplies refresh addresses 
to field memory. When write/read operation to field 
memory terminates, this counter refreshes the memory 
location corresponding to its current value. The 6 MHz 
input clock is frequency-divided and supplied to the 
counter. It remains in standby while data is being read 
from or written into field memory. When the address 
reaches its maximum value, this counter stops count
ing and the address returns to the initial address. 

p·PD42271, 42272 

Field Memory Address Selector. Alternately supplies 
the write, read, and refresh addresses. 

Output Data Selector. Switches the subpicture signal 
read from field memory with the frame color signal 
selected by FC0 .and FC1 . and outputs the signal. This 
selector also concurrently executes parallel/serial con
version (12 bits - 6 bits) of the Y subpicture signal. 

Input Controller and Oscillator. Controls the subpic
ture signal until it is written into field memory. This 
circuit oscillates the 6 MHz input clock synchronously 
with SHS. Using this clock as the reference, the circuit 
controls vertical filtering, i.e., buffer memory write/read 11!11 
operation, and field memory write operation. This ~ 
circuit also generates the ADCK, YSW, RSW, and BSW 
control signals transmitted to the 6-bit A/D converte.r. 

Output Controller and Oscillator. Controls the sub-
picture signal during the time in which the signal is read 
and then output from field memory. This circuit oscil-
lates the 18 MHz output clock synchronously with MHS. 
Using this clock as the reference, the circuit controls 
field memory read operation and the data selector, and 
also generates the YDACK, RDACK and BDACK control 
signals transmitted to the 6-bit DIA converter. The 
BLANK and RCK signals are also generated by this 
circuit. 

OPERATION 

Writing the Subpicture Signals 

Subpicture signals are converted by the 6-bit µPC661 
AID converter into digital data, and then input from DI. 

· At this time, the subpicture signals are sequentially 
switched with the YSW, RSW, and SSW data switching 
signals and serially sampled as shown in table 4. 

The (-) data is ·not actually transferred. Subpicture 
signals are converted by the serial/parallel converter 
into 18-bit Y • R-Y • Y or Y • B-Y • Y data. They are then 
averaged by the vertical filter, whose configuration is 
shown in figure 5. 

After being averaged by the vertical filter, the subpic
ture signals are extracted line by line from the three 
lines. They are then writ.ten into buffer memory. Once 
field· memory read operation terminates, the subpic
ture signals are subsequently read from buffer memory 
and written into field memory at a rate of 1.5 MHz. 

Two types of subpicture write areas, one for NTSC 
applications and the other for PAL, are shown in figures 
6 and 7. The odd and even fields deviate by one line in 
the vertical write area to enable field-to-field line offset 
sampling and improve vertical resolution. 

9 
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Figure 5. Vertical Filler Configuration 

Subpicture Signals 

Figure 6. NTSCSubpicture Write Area 

57.3µ.s 

(Y = 172 dots, R-Y "'43 dots, B-Y = 43 dots) 

262.5 H 222H 

L_ Even Field 
.._ ___ Odd Field 

Reading the Subpicture Signals 

After being written into field memory, subpicture sig
nals are read synchronously with the signals from MHS 
and MVS. Reading of subpicture signals is executed for 
all data written (the 4.5 MHz reading rate is three times 
as high as the writing rate). Subpicture signals then 
pass the selector and are output through DOY, DOR, 
and DOB. In addition to switching and outputting the 
subpicture and frame signals, the selector executes 12 
to 6 bit, parallel to serial conversion of the y signal. 

10 
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The playback area is determined by the blanking signal 
and not by the write area The display position is 
controlled by changing the timing of the read address 
counter according to the state of the HPS and VPS 
input pins. The playback area and display position vary 
with the NTSC/PAL method and screen size (full versus 
80% fulO as shown in figures 8 through 15. Any value in 
the display position includes the frame signal, which 
has a 220 ns (horizontaO x 1 line (verticaO area 
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Figure 7. PAL Subpicture Write Area 
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Figure 8. Subpicture Playback Area in NTSC Applications with Full Screen Display 
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Figure 9. Subpicture Playback Area in NTSC Applications with 80% Screen Display 
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Figure 10. Subpicture Playback Area in PAL Applications with Full Screen Display 

I Mµs I 

49.3 µs ... , ... , , .. 
(39H) 

(Y = 148 dots, R- Y = 37 dots, B-Y = 37 dots) 

~~~~~~~~~~~~~~~-

312.5 H 261 H 

12 

NEC 

83VL·74038 

83VL·7404B 



NEC pPD42271, 42272 

Figure 11. Subpicture Playback Area in PAL Applications with 80% Screen Display 
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Figure 12. Subpicture Display Position in NTSC Applications with Full Screen Display 
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Figure 13. Subpicture Display Position in NTSC Applications with 80% Screen Display 
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Figure 14. Subpicture Display Position in PAL Applications with Full Screen Display 
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Figure 15. Subpicture Display Position with 80% Screen Display 

MHS IOI( 

64µs 

·1 
lJ Lr 

MVS I ~0.8 µ; 14.2 µs 12.Sµs 14.2µs 

56H 

75H D D 
73H • D D 75H 

Line Array Correction 

Subpicture processing executes screen compression, 
in which the output data rate of the field memory is 
three times as high as the input data rate. A read cycle 
will catch up to, and then pass, a write cycle about 
midway on the screen. Afterward, old fields are read, 
and afield seam is produced where the two fields meet. 

This problem is corrected during an old field read cycle 
by advancing the vertical address counter to its regular 
value and then incrementing it by one. The correction 
cycle varies depending on whether a main picture or 
subpicture field (odd versus even) field is involved 
(tables 6 and 7). 

Table 6. Outrunning When the Main Picture and 
Subpicture Have the Same Fields 

Subpicture 

Main Picture Odd Even 

Odd 
(before outrunning) (after outrunning) 

Even +1 
(after outrunning) (before outrunning) 

Notes: 

(1) + = address counter is incremented to its normal value plus 1. 

(2) - = no operation. 

83YL·74098 

Table 7. Outrunning When the Main Picture and 
Subpicture Have Different Fields 

Subpicture 

Main Picture Odd Even 

Odd +1 
(after outrunning) (before outrunning) 

Even +1 + 1* 
(before outrunning) (after outrunning) 

Notes: 

(1) + = address counter is incremented to its normal value plus 1. 

(2) - = no operation. 

(3) * indicates that the address counter holds its status and is not 
incremented. 

Field Distinction 

The µPD4227x executes line offset sampling and line 
array correction. The former offsets write lines be
tween the even and odd fields by one line. The latter 
advances the vertical read address counter to its nor
mal value plus one by combining the main picture and 
subpicture fields. This prevents a seam line from ap
pearing on the subpicture when part of it is displaying 
one field and the rest is displaying the other field. 

In both cases, the µPD4227x executes field distinction· 
to learn the status (odd or even) of the main picture and 
subpicture signals. The result is determined by the 
phase differences between MHS/SHS and MVS/SVS 
and by the state of MFC and SFC (figure 16). 
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Figure 16. Field Distinction 

27.5 µs 

MHS 

MVS 

MVS 

27.2 µs 

SHS 

svs 

svs 

Frame Signal Generation 

The µPD42272 contains the data for four colors: white, 
yellow, light blue, and green. These colors are used for 
frame signals and are selected by the FC0 and FC1 
frame color selection input signals. The data selector 

Table 8. Frame Signal Generation 

y 

Color 005 D04 003 002 001 000 005 004 

White 1 0 1 0 1 1 1 0 

Yellow .1 0 0 1 1 0 1 0 

Light blue ·O,: 1 1 1 1 0 0 0 

Green 0 1 1 0 1 0 0 1 

The µPD4227x writes the Y, R-Y, B-Y subpicture signals 
serially using the µPC661, a six~bit A/D converter with 
analog switching. For read operation, the R-Y and B-Y 
signal sampling phases are reversed. For the output 
signals, there is a 1800 phase difference between the 
R-Y and B-Y signals. Frame signals containing phase 

16 
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MFC = VfL: Even 

MFC=V1H: Odd 

MFC = Vfl: Odd 

MFC = V1H: Even 

SFC = Vfl : Even 

SFC = V1H: Odd 

SFC=V1L: Odd 

SFC = V1H: Even 

83YL-7410B 

switches the subpicture to the frame signal and then 
outputs it. The vertical width of the frame signal is one 
line; the horizontal width of 220 ns is determined by the 
YDACK, RDACK, and BDACK DIA clocks and the blank
ing signal (fi~ure 17). 

Signal 

R-Y B-Y 

003 002 001 000 005 004 003 002 001 000 

0 0 0 0 1 0 0 0 0 0 

0 0 1 1 0 0 1 1 0 1 

1 1 0 1 1 0 0 1 1 1 

0 0 0 0 0 1 0 0 1 1 

differences that are similarly output cause gradation 
because the frame signals deviate at the edges. To 
prevent this deviation, the µPD42272 aligns the edges 
of the frame signal by adjusting RDACK and BDACK 
during the frame signal output period (figure 18). 
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Figure 17. Frame Signal 

1 Line 

220ns ~ Subpicture ~ 220ns 

t 
1Line 

Data Output 

Subpicture signals are compressed to the scale of 1 :9 
(horizontal = 1 :3 and vertical = 1 :3) and then output 
through the DOY, DOR, and DOB output pins. The 
output period is about one-ninth of one field period of 
the main picture, or 16.7 ms. DOY, DOR, and DOB are in 
high impedance for the remaining eight-ninths of the 
period and no data is output (figure 19). 

The signal level of the. high impedance period must 
meet the pedestal level, i.e., the level of the initial input 
signal. The signal level is determined by resistors that 
pull up or down the DOY, DOR, and DOB pins. In the 
µPD4227x, the D/A converter clocks are output cycli
cally (every 2.25 MHz) during the no signal period. The 
µPD6901 six-bit D/A converter converts into analog 
data the data determined by pull-up or pull-down 
resistors, enabling the signal to be at a constant level. 

The input signal pedestal level is determined at clamp 
levels of the µPC661 six-bit AID converter. For the 
µPD661, the Y signal clamp output is the R-Y and B-Y 
output. All Y outputs are thus pulled down. For R-Y and 
8-Y output, only DOR5 and DOB5 are pulled up, re
spectively, and the other outputs are pulled down 
(figures 20 and 21). 

Outside Control 

Specified Frame Color. The µPD42272 can generate 
one of four frame colors (white, yellow, light blue, and 
green) depending on the levels of FC0 and FC1 (table 9). 

83YL·7411B 

Table 9. Frame Color Input Levels 
Pin White Light Blue ~llow Green 

FCO H L H L 

FC1 H H L L 

Specified Subpicture Size. The µPD4227x can select 
one of two subpicture sizes using the SIZE subpicture 
selection input. When its input level is high, the display 
area is set to one-ninth of the main picture (full screen 
display). A low level sets the display area to one-twelfth, 
or 80%, of the main picture. 

Specified Subpicture Position. The µPD4227x can se
lect one of four subpicture display positions (one of the 
four corners on the main picture) using a combination 
of signals from the VPS and HPS position selection 
input pins (table 10). 

Table 10. VPS and HPS Input Levels 
Pin Top Left Bottom Left Top Right Bottom Right 

VPS H L H L 

HPS H H L L 

Specified Still Picture. The µPD4227x can display a 
still subpicture using the still picture request input. 
When the level of STILL is high, a freeze frame picture is 
displayed. When the input level is low, the moving 
picture is selected. 

17 
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Figure 18. Frame Signal Alignment 
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Figure 19. Subpicture Data Output 
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Figure 20. Data Output Signal Adjustment 
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Figure 21. R-Y and B-Y Output Signal Adjustment 
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Timing Waveforms 

Input Timing 
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Timing Waveforms (cont) 
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Timing Waveforms (cont) 

Output Timing 2 

YD ACK 

RD ACK 

BDACK 

DOY 

DOR x 

oosX 

BLANK 

22 

Subpicture Video Signal 
OUtput Period 

tsDAH tsDAL 

x 

x x 

x 

NEC 

Frame Signal 
Output Period 

Frame Data 

Frame Data 

Frame Data 

}-

}-

L 
83VL-7418B 



NEC 
Timing Waveforms (cont) 

Output Timing 3 
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NEC 
NEC Electronics Inc. 

Description 

The µPD42280 is a 262,224-word by 8-bit dual-port field 
buffer fabricated with a silicon-gate CMOS process. 
The device can execute synchronous and asynchro
nous serial write and serial read operation at a 33.3-
MHz clock frequency. In asynchronous mode, the de
vice can be used as a data storage (communication) 
buffer, a time axis converter, and a digital delay line of 
up to 262,224 bits (200 bits minimum at any frequency). 
In synchronous mode, the minimum delay is 3 bits at 
any frequency when used as a fixed-length delay line. 

Applications include NTSC/PAL TV NCR systems, video 
processing, digital plain paper copiers, and systems 
requiring serial data streams like printers, optical scan
ners, and local area networks. 

The serial write and read function simplifies interframe 
luminance (Y) and chrominance (C) separation, inter
field noise reduction, frame synchronization, and time 
base correction. Refreshing is performed automati
cally by an internal circuit, so the device operates like 
a static RAM. 

All inputs and outputs, including clocks, are TTL com
patible. The plastic package is a 28-pin SOP (450-mil) 
or ZIP (400-mil), and operation is guaranteed in an 
ambient temperature range of -20 to + 70°C. 

Features 

o 262,224-word x 8-bit organization 
o Dual-port operation 
o Asynchronous, simultaneous reading/writing 
o Output enable function 
o Variable field length 

- 200 to 262,224 bits as an elastic (asynchronous) 
delay line 

- 3 to 262,224 bits as a fixed-length (full 
synchronous) delay line 

o One-cycle address pointer reset and immediate 
write/read access function 

o Automatic refreshing (full static interface) 
o Direct connection with NEC line buffers (µPD42101/ 

42102/42505) 
o 4M-bit DRAM COMS technology 
o Full TTL-compatible inputs, outputs, and clocks 
o Three-state outputs 

60218 

pPD42280 
NTSC and PAL Field Buffer 

o Single +5-volt power supply 
o On-chip substrate bias generator 
o 28-pin SOP (450-mil) and ZIP (400-mil) plastic 

packaging 

Ordering Information 
Access 

Part Number Time (max) 

µPD42280GU-30 25 ns 

GU-40 30 ns 

GU-60 40 ns 

µPD42280V-30 25 ns 

V-40 30 ns 

V-60 40 ns 

Pin Configurations 

28-Pin Plastic SOP 

Cycle 
Time (min) 

30 ns 

40 ns 

60 ns 

30 ns 

40 ns 

60 ns 

µPD42280 

GND 

TEST 

WAST 

WCK 9 

Voo 
014 

015 

Die 

017 

OOo 

001 
002 
003 
RE 
GND 

OE 
RAST 

RCK 

Voo 
004 
005 
00e 
~ 

Package • 

28-pin plastic SOP 

28-pin plastic ZIP 
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Pin Configurations 

28-Pin Plastic ZIP 

µPD42280 

~ ;~:~: E: 
DI 9 :::: ::J 8 Dlo 

1 : ::J 10 Dl2 
01311 :::. .•• -

GND 13 :::" -·· 12 WE 
-- : :ll 14 TEST 
WAST 15 :::: ::i 18 WCK 

Yoo 17 :::: :ll 18 o14 
015 19 :::: ::i 20 01 .. 
017 21 ::: "O 

005 23 :::t ::J 22 004 
007 25 :::: ::J 24 DOe 

RAST Z1 :::: ::J 28 RCK 
: :IJ 28 Yoo 

Pin ldentif ication 
Symbol Function 

Write data inputs 

DOo- DO, Read data outputs 

Output enable Input 

ACK Read clock input 

Read enable input 

Read address reset Input 

WCK Write clock input 

Write enable Input 

Write address reset input 

TEST Test pin (connect to GND in system) 

GND Ground 

Voo + 5-volt power supply 
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PIN FUNCTIONS 

Dia - Dl1 (Data Inputs) 

These pins function as write data inputs; for example, 
for 4f sc composite color or brightness signals. 

DOo - D01 (Data Outputs) 

These pins are three-state read outputs. 

OE (Output Enable Input) 

This signal controls read data output. When OE is low, 
read data is output on D00 - 007. When OE is high, 
D00 - 007 are in a state of high impedance. The read 
address pointer is incremented by RCK, regardless of 
the signal level of OE. The state of OE is strobed by the 
rising edge of ACK. 

RCK (Read Clock Input) 

All read cycles are executed synchronously with RCK. 
The states of both RRST and RE are strobed by the 
rising edge of RCK at the beginning of a cycle. This 
same edge of ACK starts internal read operation, and 
access time is referenced to this edge. The internal read 
address increases with each RCK cycle unless RE is at 
a high level to hold the read address constant. Unless 
inhibited by RE, the internal read address will automat
ically wrap around from 262,223 to o and begin i ncreas
ing again. 

RE (Read Enable Input) 

This signal is similar to WE but controls read operation. 
If RE is at a high level, the internal read address stops 
increasing. The state of RE is strobed by the rising 
edge of RCK. 

RRST (Read Address Reset Input) 

This signal is strobed by the rising edge of ACK and 
resets the internal read address too. 

WCK (Write Clock Input) 

All write cycles are executed synchronously with WCK. 
The states of both WRST and WE are strobed by the 
rising edge of WCK at the beginning of a cycle, and the 
data inputs are strobed by the rising edge of WCK at 
the end of a cycle. The internal write address increases 
with each WCK cycle unless WE is at a high level to hold 
the write address constant. Unless inhibited by WE, the 
internal write address will automatically wrap around 
from 262,223 too and begin increasing again. 

pPD42280 

WE (Write Enable Input) 

This input controls write operation. If WE is low, all 
write cycles proceed. If WE is at a high level, no data is 
written to the register and the write address stops 
increasing. The state of WE is strobed by the rising 
edge of WCK. 

WRST (Write Address Reset Input) 

Bringing this signal low resets the internal write ad-IP.II 
dress to 0. The state of this input is strobed by the lliil 
rising edge of WCK. 

OPERATION 

Reset 

The µP042280 requires initialization of internal circuits 
using the WAST/RAST reset signals before starting 
operation (after power on). A reset cycle can be exe
cuted at any time and does not depend on the state of 
WE, RE, and OE. However, WAST and RAST must 
satisfy required setup and hold times as measured from 
the rising edges of WCK and RCK. 

After the reset cycle, write and read operation can be 
started immediately. 

Write 

Write cycles are executed in synchronization with WCK 
as WE is held low. In the write cycle operation, the 
internal write address pointer is automatically incre
mented. When WE is high at the rising edge of WCK, 
write operation is disabled and the internal write ad
dress pointer does not increment with successive write 
clocks. 

Write data must satisfy setup and hold times as spec
ified from the rising edge of WCK. 

After the reset operation, bits are input sequentially 
into an 80 x 8-bit SRAM buffer. Then, new bits are input 
sequentially into one of the two halves of the 128x 8-bit 
data register before being transfered to the storage 
array. The register data is transferred into the array in 
blocks of 64 x 8 bits. 

Read 

Read ~les are executed in synchronization with RCK 
while RE and OE are held low. 

In the read cycle operation, the internal read address 
pointer is automatically incremented as RE is held low. 
When RE is high at the rising edge of ACK, the internal 
read address pointer does not increment with succes
sive read clocks. 

3 
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The OE inp~ontrols the output state of 000 - 007 
pins. When. OE is low at the rising edge of RCK, the 
DOo -007 pins are low-impedance state. When OE is 

'high at the rising edge of RCK, the D00 - D07 pins ar13 
high-impedance state with successive read clocks. 

The access time of a read cycle is measured from the 
rising edge of RCK by tAc for an access of any internal 
read address. Stored data is read nondestructively; 
data can be read repeatedly at any time (cell data hold 
time is endless). 

New data written to a particular internal address is 
available for reading after 200 write cycles maximum. 
This value depends on write cycle time and the write/ 
read operation control method. 

"PD42280 Block Diagram 

Refresh 
TI mer 

NEC 
DIGITAL DELAY LINE 

The µPD42280 can be easily used as a digital delay line 
of 262,224 bits or less. The two operating modes are 
elastic (asynchronous) and fixed-length (full
synchronous). 

Elastic (Asynchronous) Delay Line 

Delay length of the elastic delay line is from 200 bits 
minimum (at any frequency) to 262,224 bits maximum. 
The minimum delay length does not depend on clock 
frequency. 

Figures 1 and 2 show control timings for the elastic 
delay line. Write and read cycles are synchronized to 

Write Address Pointer Write Address Pointer 
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their respective WCK/RCK inputs and executed individ
ually. The difference (n) between the internal write 
address pointer and the internal read address pointer 
must fal I between 199 and 262,223. 

Fixed-Length (Full-Synchronous) Delay Line 

The length of the delay line is specified as 3 to 262,224 
bits. It does not depend on clock frequency 

Figure 3 shows control timing for the fixed-length delay 
line. The same signal is used for WCK and RCK so that 
WRST and RRST are controlled together. The data, 
written after a reset signal, is read out after the next 
reset signal in the order it was written. This interval 
determines the delay length. For example, if the reset 
signal is input every 239,330 (263 x 910) cycles, the 
delay length is 239,330 cycles. 

Figure 1. Elastic Delay Line No. 1 

WCK 

DI 

ACK 

n = 199 - 262,223 
[n means (Write Address No) - (Read Address No).] 

pPD42280 

II 

w 
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Figure 2. Elastic Delay Line No. 2 
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Figure 3. Fixed-Length Delay Line 
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n (n') = 199 - 262,223 
[n (n') means Write/Read Address No) 

SPECIFICATIONS 

Absolute Maximum Ratings 
Supply voltage, V DD - 1.0 to + 7.0 V 

Voltage on any input pin, V1 -1.0 to VDD + 
0.5 V (+ 7.0 V max) 

Voltage on any output pin, Vo -1.0 to VoD + 
0.5 V (+ 7.0 V max) 

Short-circuit output current, los 20mA 

Operating temperature, TopR -20 to +70°C 

Storage temperature, TsTG -55to+125°C 

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. 

83FM-86868 

Recommended Operating Conditions 
Parameter Symbol Min Typ Max Unit 

Supply voltage VDo 4.5 5.0 5.5 v 
Recommended Operating Conditions 

Parameter Symbol Min Typ Max Unit 

Input voltage, V1H 2.4 VDD +o.5 v 
high 

Input voltage, V1L -1.0 0.8 v 
low 

Ambient TA -20 +70 oc 
temperature 

Capacitance 
TA= 2s0 c; VDD = +5.0 V ±10%; f = 1 MHz 

Parameter t Symbol Min Max Unit Pins Under Test 

Input C1 
capacitance 

Output Co 
capacitance 

5 

7 

pF WE, RE, OE WCK, 
RCK, WRST, RAST, 
Dlo- 017 

pF DOo - 007 

t Capacitance is sampled and not 100% tested. 
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DC Characteristics 
TA= -20 to+ 70°C; Voo = +5.0V ±10% 

Parameter Symbol Min Typ Max Unit Test Conditions 

Operating current lcc1 50 90 mA. twcK• tRcK = 30 ns 

Standby current Ices 4 10 mA WCK,: ACK= V1L 

Input leakage current -10 10 µA V1 = 0 to V oo; all other pins not under test = 0 V 

Output leakage current lo -10 10 µA Do disabled; v0 = o to v00 

Output voltage, high VoH 2.4 v loH = -1 mA 

Output voltage, low Vol 0.4 v loL = 2.0 mA 

*Voltages are referenced to GND. 

AC Characteristics 
TA = -20 to + 70°C; V cc = +5.0V ± 10% 

p.PD42280·30 µPD42280-40 p.PD42280-60 

Parameter Symbol Min Max Min Max Min Max Unit Test Conditions 

Access time tAc 25 30 40 ns 

Data-in hold time toH 3 3 3 ns 

Data-in setup time tos 7 10 12 ns 

Output disable time tHz 5 25 5 30 5 40 ns (Note 4) 

Output active time tLz 5 25 5 30 5 40 ns (Note 4) 

Output enable hold time toEH 3 3 3 ns (Note 9) 

Output enable high delay from ACK toEN1 3 3 3 ns (Note 10) 

Output enable low delay from ACK toEN2 7 10 12 ns (Note 10) 

Output enable setup time toES 7 10 12 ns (Note 9) 

Output hold time toH 5 5 5 ns 

Read clock cycle time tRCK 30 40 60 ns 

ACK precharge time tRCP 12 14 20 ns 

ACK pulse width tRcw 12 14 20 ns 

Read enable hold time tREH 3 3 3 ns (Note 7) 

Read enable hi~h delay from ACK tREN1 3 3 3 ns (Note 8) 

Read enable low delay to ACK tREN2 7 10 12 ns (Note 8) 

Read enable setup time tRES 7 10 12 ns (Note 7) 

Read disable pulse width tREW 0 0 0 ns 

Reset active hold time tRH 3 3 3 ns (Note 5) 

Reset inactive setup time tRN1 3 3 3 ns (Note 6) 

Reset inactive. hold time tRN2 7 10 12 ns (Note6) · 

Read reset time tRRST 0 0 0 ns 

Reset active setup time tRs 7 10 12 ns (Note 5) 

Transition time tr 3 35 3 35 3 35 ns 

Write clock cycle time twcK 30 40 60 ns 

WCK precharge time twcP 12 14 20 ns 

WCK pulse width twcw 12 14 20 ns 

Write enable hold time twEH 3 3 3 ns (Note 7) 
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AC Characteristics (cont) 

1lPD42280-30 

Parameter Symbol Min Max 

Write enable high delay from WCK twEN1 3 

Write enable low delay to WCK twEN2 7 

Write enable setup time twES 7 

Write disable pulse width twEW 0 

Write reset time twRST 0 

Notes: 

(1) All voltages are referenced to ground. 

(2) Input pulse rise and fall times assume tr = 5 ns. Input pulse 
levels = 0.4 to 2.4 V. Transition times are measured between 2.4 
and 0.4 V. See figure 4. 

(3) Input timing reference levels = 1.5 V. Output timing reference 
levels are 0.8 and 2.0 V. See figure 4. 

(4) This delay is measured at 200 mV from the steady-state voltage 
with the load specified in figure 4. Under any conditions, tLz C!: 

tHz· 

(5) If either tRs or tRH is less than the specified value, reset 
operations are not guaranteed. 

(6) If either tRN1 or tRN2 is less than the specified value, internal 
reset operations may extend to cycles immediately preceding or 
following the period of desired reset operations. 

(7) If either twES or twEH (tRES or tREH) is less than the specified 
value, write (read) disable operations are not guaranteed. 

(8) .If either twEN1 or twEN2 (tREN1 or tREN2) is less than the 
specified value, internal write (read) disable operations may 
extend to cycles immediately preceding or following the period 
of desired disable operations. 

(9) If either toES or toEH is less than the specified value, output 
disable operations are not guaranteed. 

(10) If either toEN1 ortoEN2 is less than the specified value, internal 
output disable operations may extend to cycles immediately 
preceding or following the period of desired disable operations. 

(11) To read new data just written, the write address must precede 
the read address by at least 200 addresses. 

(12) During a reset operation, the levels of WE and RE are "dont care." 

(13) Addresses 0-79 (80words x8 bits) are stored in an SAAM buffer. 
Addresses 80-262,223 are stored in dynamic cells and trans
ferred in 64 x 8-bit increments. The "143" in the equation below 
comes from 79 + 64 = 143. 

When WAST goes low (active) at address n, the write data from 
address n to address m is not guaranteed because partial data 
stored in the write registers (< 64 bits) will not be transferred to 
the DRAM array. 

pPD42280 

1lPD42280-40 1lPD42280-60 

Min Max Min Max Unit 

3 3 ns 

10 12 ns 

10 12 ns 

0 0 ns 

0 0 ns 

(13 cont) 
n-80 

m = 143 + x 64 
64 

n-80 
means the nearest whole number 

64 

Test Conditions 

(Note.8) 

(Note 8) 

(Note 7) 

n-80 
For example, if n = 280, then -- = 3.125 = 3 

m = 143 + (3 x 64) 
= 143 + 192 
= 335 

64 

So, data transfer from address 280 to address 335 is not 
guaranteed. 

Figure 4. AC Test Conditions 

Input 

Output =o = = = = = ~ J------o.a v ____ __, 

Loads +5V 

1800'2 

Dour o-----e 

1100'2 

~ Parameter 

5 pF tQLz, toHz 
30 pF tAC, toH 
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Timing Waveforms 

Write Cycle 

Notea: 

[1] WAST= High. 

[2] V = valid data. 

Read Cycle (RE Control) 

ACK 

RE 

Dour 

10 

Notee: 

[1] RAST= High. 

[2] V = v~ data. 

[3] OE= Low. 

NEC 
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Timing Waveforms (cont) 

Read Cycle (OE Control) 

RCK 

Nolee: 
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Write Reset Cycle 
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[1] WE•Low. 
[2) v .. valld data. 

pPD42280 

L 
toew 

tHZ L.~ 
High Impedance 

1311M11182B 

11 
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Timing Waveforms (cont) 

Read Reset Cycle 

ic,-~~Cycle n----lf---Reset Cycfe.,.--~-----Cycle o--~~--Cycle 1--+1 

ACK 

12 

Notes: 

[1] RE, OE= Low. 

(2) V = valid data. 

toH~·· 

8311H1661B 



NEC 
NEC Electronics Inc. 

Description 

The µPD42505 is a 5048-word by 8-bit dual-port line 
buffer fabricated with a silicon-gate CMOS process. The 
device is capable of asynchronous read and write 
operation at high speed, and can be used as a time axis 
converter or a digital delay line of up to 5048 bits (10 bits 
minimum at maximum frequency). 

Applications include image processing in facsimile ma
chines, plain paper copiers, video systems, and other 
optical scanners; time base correction in video play
back systems; and data communication buffering in 
multiprocessor systems and local area networks. 

Features 

o 5048-word x 8-bit organization 
o Dual-port operation 
o Image processing and data communications 

applications 
o Asynchronous and simultaneous reading/writing 
o 1 H (5048-bit) delay line capability 
o TTL-compatible inputs and outputs 
o Three-state outputs 
o Single+ 5-volt power supply 
o 24-pin plastic DIP and 28-pin plastic ZIP packaging 

Pin ldentif ication 
Symbol Function 

Write data inputs 

DouTO - DouT? Read data outputs 

ACK Read clock input 

Read enable input 

Read address reset input 

Write address reset input 

WCK Write clock input 

Write enable input 

GND Ground 

Vee +5~volt power supply 

60100 

pPD42505 
Line Buffer for 

Communications Systems 

Pin Configurations 

24-Pin Plastic DIP 

Douro 
DouT1 

DouT2 3 
DouT3 

R"E 
ASTA 

GND 

00lJT4 

DouTS 

DOlJT6 

DouT? 

28-Pin Plastic ZIP 

D1NO 

D1N1 

D1N2 

D1N3 
WE 

ASTW 

Vee 
WCK 

DIN4 

DINS 

D1N6 

DIN7 
83YL·7174A 

83YL·7175A 
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Block Diagram 

NEC 

RE 
ACK 

ASTA 

Read 
Row Selectors 

8 Data 
Input 

Buffers 

Write 
Column 

Selectors 

Read 
Column 

Selectors 

Data 
output 
Buffers 

8 
DouTo - Doun 

Write 
Row Selectors 

WCK 

831H·6698B 

Ordering Information 
Device Cycle Time (min) Read Access Time (max) Hold Time (min) Package 

µPD42505C-50 50ns 40ns 

C-75 75 ns 55 ns 

C-50H 50 ns 40 ns 

C-75H 75 ns 55 ns 

µPD42505V-50 50 ns 40 ns 

V-75 75 ns 55 ns 

V-50H 50 ns 40ns 

V-75H 75 ns 55 ns 

Pin Functions 

D1No through D1N7 (Data Inputs). New data is entered 
on these pins. 

Douro through DouT7 (Data Outputs). These tri-state 
outputs are used to access stored information. In a 
simple digital delay line application, a minimum delay of 
10 clock cycles is required to move data from the input 
pins to the output pins. 

RCK (Read Clock Input). All read cycle are executed 
synchronously with RCK. The states of both RSTR and 
RE are strobed by the rising edge of RCK at the 

2 

5 ms 24-pin plastic DIP 

20 ms 

5 ms 28-pin plastic ZIP 

20 ms 

beginning of a cycle. This same edge of ACK starts 
internal read operation, and access time is referenced 
to this edge. The internal read address increments with 
each RCK cycle, unless RE is high to hold the read 
address constant. Unless inhibited by RE, the internal 
read address will automatically wrap around from 5047 
to O and begin incrementing again. 

RE (Read Enable Input). This signal controls read 
operation. If RE is low, all read cycles proceed. If RE is at 
a high level, the data outputs become high impedance 
and the internal read address stops incrementing. The 
state of RE is strobed by the rising edge of RCK. 
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RSTR (Read Address Reset Input). This signal is 
strobed by the rising edge of RCK and resets the 
internal read address to o. 
RSTW (Write Address Reset Input). Bringing this sig
nal low resets the internal write address to o. The state 
of this input is strobed by the rising edge of WCK. 

WCK (Write Clock Input). All write cycles are executed 
synchronously with WCK. The states of both RSTW and 
WE are strobed by the rising edge of WCK at the 
beginning of a cycle, and the data inputs are strobed by 
the rising edge of WCK at the end of a cycle. The internal 
write address increments with each WCK cycle, unless 
WE is at a high level to hold the write address constant. 
Unless inhibited by WE, the internal write address will 
automatically wrap around from 5047 to O and begin 
incrementing again. 

WE (Write Enable lnput).This input is similar to RE but 
controls write operation. If WE is at a high level, no data 
is written to storage eel Is and the write address does 
not increment. The state of WE is strobed by the rising 
edgeofWCK. 

Operation 

Reset Cycle. The µPD42505 requires the initialization of 
internal circuits using the RSTW/RSTR reset signals 
before starting operation as a time axis converter or a 
digital delay line. 

A reset cycle can be executed at any time and does not 
depend on the state of RE or WE. However, RSTW and 
RSTR must satisfy required setup and hold times as 
measured from the rising edges of WCK and RCK. 

Write/Read Cycles. Write and read cycles are synchro
nized to their respective WCK/RCK inputs and executed 
individually when WCK or RCK is high and WE or RE is 
low. Write data must satisfy setup and hold times as 
specified from the rising edge of WCK. New data written 
to a particular address is available for reading after 1/2 
write cycle + 500 ns (maximum). 

The access time of a read cycle is measured from the 
rising edge of RCK, either by tAcR for an access during 
the first cycle directly after a reset begins, or by tAc for 
an access under other conditions. Stored data is read 
nondestructively; data can be read repeatedly within a 
prescribed time of 5 ms maximum (20 ms maximum for 
-H versions). 

Time Axis Conversion. To use the µPD42505 as a time 
axis converter, write and read cycles must be controlled 
independently. Write and read ports must be initialized 

µPD42505 

separately using the reset signals. Write cycles can then 
be executed in synchronization with WCK and write 
data can be stored sequentially from address o of this 
device. Afterward, when a read cycle is executed in 
synchronization with RCK, stored data can be read 
sequentially from address o. 
Since write and read cycles can be executed indepen
dently, data loaded at one arbitrary drive frequency can 
be read at another arbitrary drive frequency. In this 
sense, the µPD42505 functions as a time axis converter. 

Digital Delay Line. The 11PD42505 can be easily used 
as a digital delay line of 5,048 bits or less. After the ..... 
internal circuits are initialized using simultaneous ..a. 
RSlW/RSTR signals, write/read cycles also may be 
executed simultaneously by supplying the same pulse 
to the write (WCK) and read (RCK) clocks. Write data is 
always read after the full 5,048-bit delay if neither write 
nor read operation has been inhibited. This is the 
essential delay line function. 

If either WE or RE is set at a nonselected (high) level for 
several cycles while the other is maintained in a se
lected (low) level, the delay line length can differ from 
5,048 bits. 

For example, if only WE is a set to a high level (write 
disable) for a small number of cycles, read cycles are 
executed continuously and the delay line length·is large 
(see the waveform for _]?048-m)-Bit Delay Line No. 2"). 
Alternatively, if only RE is set to a high level (read 
disable) for a small number of cycles, write cycles are 
executed continuously and the delay line length is 
small. Note that the minimum delay line length is 10 bits 
(for maximum frequency operation) and the maximum 
is 5,048 bits. 

A data delay of 5,048 bits or less can also be obtained by 
applying the RSTW and RSTR signals at different times. 
For example, data loaded for "m" cycles after RSlW can 
then be read after supplying RSTR. In this case, since 
write data can be read from the beginning after a delay 
of "m" cycles, the device can be used as an "m-bit" 
digital delay line. 

The RSlW/RSTR reset signals can also be simulta
neously loaded at every 1 H (horizontal line) period. In 
this case, write data loaded in the previous line cycle is 
read out from the beginning as read data after the reset. 
Therefore, a delay line length ranging from 10 to 5,048 
bits can be obtained according to the length of the reset 
signals supplied. Refer to the timing waveform for an 
"n-Bit Delay Line." 
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Absolute Maximum Ratings 
Supply voltage, Vee -1;5to +7.0V 

Voltage on any input pin, V1 -1.5to +7.0V 

Voltage on any output pin, Vo -1.5 to +7.0 V 

Short-circuit output current, los 20mA 

Operating temperature, ToPR -20to +70°C 

Storage temperature, TsTG -55 to +125 °c 

Exposure to Absolute Maximum Ratings for exten.ded 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. 

DC Characteristics 
TA = -20 to +70°C; Vee = + 5.0 V ±10% 

Parameter Symbol Min Typ 

Write/read cycle operating current Ice 

Input leakage current -10 

Output leakage current lo -10 

Output voltage, high VoH 2.4 

Output voltage, low Vol 

AC Characteristics 
TA= -20 to +70°C; Vee= +5.0V ±10% 

NEC 
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 v 
Input voltage, low V1l -1.5 0.8 v 
Ambient tern perature TA -20 70 oc 

Capacitance 
TA= 25°C; Vee= +5.0V ±10%; f = 1 MHz 

Parameter Symbol Max Unit Test Conditions 

Input 
capacitance 

5 pF WE, RE, WCI<, ACK, 
RSTw, ASTA, D1NO • D1N7 

Output Co 7 pF DouTO • DouT7 
capacitance 

Notes: 

(1) These parameters are s~mpled and not 100% tested; 

Max Unit Test Conditions 

60 mA 

10 µA v, = O V to Vee: all other pins not under test F O V 

10 µA DouT disabled; Vo = o to 5.5 V 

v loH = -1 mA 

0.4 v fol= 2 mA 

f.'PD42505·50 "PD42505·75 "PD42505·50H "PD42505·75H 

Parameter 

Write clock cycle time 

WCK pulse width 

WCK precharge time 

Read clock cycle time 

ACK pulse width 

ACK precharge time 

Access time 

Access time after a reset 
cycle 

Output hold time 

Output hold time after a 
reset cycle 

Output active time 

Output disable time 

Data-in setup time 

4 

Symbol 

twcK 

twew 

twep 

tROK. 

tRew 

tReP 

tAe 

tAeR 

to HR 

tos 

Min Max Min 

50 990 75 

20 30 

20 30 

50 990 75 

20 30 

20 30 

40 

40 

5 5 

5 5 

5 40 5 

5 40 5 

15 20 

Max Min Max Min Max Unit Test Conditions 

990 50 3960 75 3960 ns 

20 30 ns 

20 30 ns 

990 50 3960 75 3960 ns 

20 30 ns 

20 30 ns 

55 40 55 ns 

55 40 55 ns 

5 5 ns 

5 5 ns (Note 7) 

55 5 40 5 55 ns (Note 4) 

55 5 40 5 55 ns (Note 4) 

15 20 ns 
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AC Characteristics 
TA= -20to +70°C; Vee= +5.0V ::t10% 

Parameter Symbol Min Max Min 

Data-in hold time 5 5 

Reset active setup time 15 20 

Reset active hold time 5 5 

Reset inactive hold time 5 5 

Reset inactive setup time 15 20 

Write enable setup time twEs 15 20 

Write enable hold time twEH 5 5 

Write enable high delay from twEN1 5 5 
WCK 

Write enable low delay to twEN2 15 20 
WCK 

Read enable setup time tRES 15 20 

Read enable hold time tREH 5 5 

Read enable high delay from tREN1 5 5 
ACK 

Read enable low delay to tREN2 15 20 
ACK 

Write disable pulse width twEW 0 0 

Read disable pulse width tREW 0 0 

Write reset time tRsTW 0 0 

Read reset time tRSTR 0 0 

Transition time 3 35 3 

Notes: 

(1) All voltages are referenced to ground. 

(2) Input pulse rise and fall times assume tT = 5 ns. 

(3) Input pulse levels= GND to 3 V. Transition times are measured 
between 3 V and 0 V. 

(4) This delay is measured at ::!:200 mv from the steady-state voltage 
with the load specified in figure 2. Under any conditions, tLz ;?: 

tHz· 

(5) Input timing reference levels = 1.5 V. 

(6) twEW (max) and tREW (max) must be satisfied by the next 
equations in pne line cycle operation: 
twEW + tRsTW + 5048tweK s 5 ms (20 ms for -H versions) 
tREW + tRsTR + 5048tRcK s 5 ms (20 ms for -H versions) 

pPD42505 

Max Min Max Min Max Unit Test Conditions 

35 

5 5 ns 

15 20 ns (Note 8) 

5 5 ns (Note8) 

5 5 ns (Note 9) 

15 20 ns (Note 9) 

15 20 ns (Note 10) 

5 5 ns (Note 10) 

5 5 ns (Note 11) 

15 20 ns (Note 11) 

15 20 ns (Note 10) 

5 5 ns (Note 10) 

5 5 ns (Note 11) 

15 20 ns (Note 11) 

0 0 ms (Note 6) 

0 0 ms (Note6) 

0 0 ms (Note6) 

0 0 ms (Note 6) 

3 35 3 35 ns 

(7) This parameter applies when tRcK ;?: 1AeR (max) 

(8) If either tRs or tRH is less than the specified value, reset 
operations are not guaranteed. 

(9) If either tRN1 or tRN2 is less than the specified value, Internal 
reset operations may extend to cycles immediately preceding or 
following the period of desired reset operations. 

(10) If either twEs or twEH (tRES or tAEW is less than the specified 
value, write (read) disable operations are not guaranteed. 

(11) If either twEN1 or twEN2 (tREN1 or tREN2) is less than the 
specified value, Internal write (read) disable operations may 
extend to cycles immediately preceding or following the period 
of desired disable operations. 

5 
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Figure 1. Output Load for tAc, IACR, toH, and toHR 

+5V 

1.9kn 

DOlJT ___ _. 

1.okn 

831H-6702B 

Figure 2. Output Load for tizand IHz 

+5V 

1.9kn 

DOlJT 

l~ ~ 1.0 kn 

~ 
831H-6703B 

Figure 3. Input Timing 

831H-6701B 

Figure 4. Output Timing 

20V-- - - -- - --1 _______ )>------
0.SV- - - - - - - - -\ . 
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Timing Waveforms 

Write Cycle 

Notes: 

[1] RSTW = VIH· 
[2] V =valid data. 

Read Cycle 

RCK 

RE 

Notes: 

[1] RSTR = V1H· 
[2] V = valid data. 

pPD42505 

831H-6704B 

High Impedance 

831H-67050 
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Timing Waveforms (cont) 

Write Reset Cycle 

Notes: 

[1] WE=VIL· 
[2] V =valid data. 

Read Reset Cycle 

NEC 

831H-6706B 

----< ... vde n--_.+E---Reset Cyde----l~---Cyde 0--~._--Cyde 1-----

Notes: 

[1] AE=V1L· 
[2] V = valid data. 

831H-6707B 
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Timing Waveforms (cont) 

Time Axis Conversion Cycle 

ACK 

DQUT 

Notes: 

[1] WE= RE=V1L 
[2] V = valid data. 

[3] Read cycles commence from the rising edge of ACK. For the first cycle 
In a group of reset cycles, the read access time is defined as t ACR . 
In all other cycles, tAc defines the read access time. 

[4] Write data is strobed into the device on the rising edge of WCK at the 
end of a cycle. 

µPD42505 

83vG-7177B 
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Timing Waveforms (cont) 

5048-Bit Delay Une Cycle 

Notes: 

(1) V =valid data. 

(2) 1 H = the first group of 5048 bits. 

2H = the second group of 5048 bits. 
83vG·7178B 
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Timing Waveforms {cont) 

n-Bit Delay Une Cycle 

WCK 
RCK 

µPD42505 

S:S u 
V(1 

~ tAc ._ - - - - - - - - - - - - - - - - - 1 

--------------1 I 
I I 

vJ:EJEIE 
-------1H Data I i:=2H-

WE, RE~V~1L=--~~~~~~~,s-~~~~~~~~~~~~~~~~~,r-~~~~~~~~~~~ 

Notes: 

[1] v =valid data 

[2] 1 H = the first group of bits. 2H = the second group of n' bits. 

[3] RE =WE= VJL· 
831H-6717B 
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Timing Waveforms {cont) 

Re-Read Cycle 

WCK 
ACK 

Notes: 

(1] RE=V1L 
(2) V .. valid data. 

I 

I I 

[3] The data stored In any location can be re-read as many times as desired, 
within a period of 5 ms following the writing of data Into that locatlon, provided 
that a second write cycle has not rewritten new data Into that locatlon. 

12 
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Timing Waveforms (cont) 

Write Disable Cycle 

WCK 

Notes: 

[1] V =valid data. 

Read Disable Cycle 

RCK 

Notes: 

[1] V =valid data. 

pPD42505 

twew J 
llloableCydos ~----------------------

• 
~G-71818 

tREW J 
Dloab~Cyd .. ~---------------

High Impedance 

83vG-71828 
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Timing Waveforms (cont) 

{5048-m)-Bit Delay Une No. 1 

14 

WCK 
RCK 

RSTR 

RSTW 

Dour 

Dour 

v 
[0-5048) 

Notes: 

[1) RE=VIL· 
[2) V = valid data. 

v 
[1-5048) 

v 
[m-1-5048) 

v 
[m-5048) 

v 
[m+1-5048) 

v 
[m+2-5048) 

NEC 

83vG·7179B 
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Timing Waveforms (cont) 

{5048-m}-Bit Delay Une No. 2 

WCK 
RCK 

pPD42505 

I -.-E --m~•~~ 
\'---------

DOlJT 

DOlJT 

Notes: 

[1) RE=V1L: 

(2) V = valid data. 

v 
(0-5048) 

v 
(1-5048) 

v 
[m-1-5048) 

v 
[m-5048) 

v 
[m+1-5048) 

v 
[m+2-5048) 

83vG·7180B 
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NEC Electronics Inc. 

Description 

pPD485505 
Line Buffer for 

Communications Systems 

Pin Configurations 

The µPD485505 is a 5048-word by 8-bit dual-port line 24-Pin Plastic SOP 
buffer fabricated with a silicon-gate CMOS process. ~---------------------. 

The device is capable of asynchronous read and write 
operation at high speed and can be used as a time axis 
converter or a digital delay line of up to 5048 bits (21 
bits minimum at maximum frequency). 

Applications include image processing in facsimile 
machines, plain paper copiers, video systems, and 
other optical scanners; time base correction in video 
playback systems; and data communication buffering 
in multiprocessor systems and local area networks. 

Features 

o 5048-word x 8-bit organization 
o Fully static operation 
o Dual-port operation 
o Image processing and data communications 

applications 
o Asynchronous and simultaneous reading/writing 
o 1H (5048-bit) delay line capability 
o TTL-compatible inputs and outputs 
o Three-state outputs 
o Single +5-volt power supply 
o 24-pin plastic SOP and 24-pin plastic ZIP 

packaging 

Ordering Information 
Cycle Time Read Access 

Part No. (min) Time (max) Package 

µPD485505GU-25 25 ns 18 ns 24-P.in plastic 

GU-35 35 ns 25 ns 
SOP 

µPD485505V-25 25 ns 18 ns 24-pin plastic 

V-35 35 ns 25 ns 
ZIP 

60203 

µPD485505 

Dou TO D1NO 
DouT1 D1N1 
DouT2 D1N2 
oouT3 D1N3 

RE WE 

ASTA RSTW 
GND vcc 
ACK WCK 

DOUT4 DIN4 

oouTs D1N5 

DouTe D1N6 
DouT7 D1N7 

24-Pin Plastic ZIP 

µPD485505 

RSTW1~ -
::: 2 WE 

Vee 3 :::t:::r: 4 WCK 
DINO 5 ::=!:_,, 6 D 
D1N1 7 :::Ji::: a DIN2 

DoUTo 9 n=IC 10 IN3 
DouT1 11 :::f" DoUT2 

ACK 13 :::fn 12 0oUT3 
ASTA 15 ::::~::: 14 ~D 

::: 16 RE 
DoUT7 17 n: ~.. 18 n... 
DOUT6 19 n: -·· ""VUT5 

D1N7 21 ::: ~:: 20 0oUT4. 
D1N6 23 ::: ~:: 22 D1N5 

...._i,;;;. 24 D1N4 

Pin ldentif ication 
Symbol Function 

Write data inputs 

Dourn - DouT1 Read data outputs 

ACK Read clock input 

Read enable input 

Read address reset input 

Write address reset input 

WCK Write clock input 

Write enable input 

GND Ground 

Vee +5-volt power supply 
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Block Diagram 

!\'EC 

RE 
ACK 

RSTR 

Read 
Row Selectors 

Data 
Input 

Buffers 

Write 
Column 

Selectors 

Read 
Column 

Selectors 

Data 
Output 
Buffers 

8 
Douro - Dou17 

Write 
Row Selectors 

WE 
WCK 

RSTW 

Pin Functions 

D1No - D1N1 (Data Inputs). New data is entered on these 
pins. 

Douro - DouT7 (Data Outputs). These three-state out
puts are used to access stored information. In a simple 
digital delay line application, a minimum delay of 21 
clock cycles is required to move data from the input 
pins to the output pins. 

RCK (Read Clock Input). All read cycle are executed 
synchronously with RCK. The states of both RSTR and 
RE are latched by the rising edge of RCK at the 
beginning of a cycle. This same edge of RCK starts 
internal read operation, and access time is referenced 
to this edge. 

The internal read address increments with each RCK 
cycle unless RE is high to hold the read address con
stant. Unless inhibited by RE, the internal read address 
will automatically wrap around from 5047 to O and 
begin incrementing again. 

RE (Read Enable Input). This signal controls read 
operation. If RE is low, all read cycles proceed. If RE is 
at a high level, the data outputs remain valid for that 

2 
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address and the internal read address stops increment
ing. The state of RE is strobed by the rising edge of 
RCK. 

RSTR (Read Address Reset Input). This signal is 
strobed by the rising edge of RCK and resets the 
internal read address too. 

RSTW (Write Address Reset Input). Bringing this sig
nal low resets the internal write address too. The state 
of this input is strobed by the rising edge of WCK. 

WCK (Write Clock Input). All write cycles are executed 
synchronously with WCK. The states of both RSTW and 
WE are strobed by the rising edge of WCK at the 
beginning of a cycle, and the data inputs are strobed 
by the rising edge of WCK at the end of a cycle. 

The internal write address increments with each WCK 
cycle unless WE is at a high level to hold the write 
address constant. Unless inhibited by WE, the internal 
write address will automatically wrap around from 
5047 to o and begin incrementing again. 

WE (Write Enable lnput).This input is similar to RE but 
controls write operation. If WE is at a high level, no data 
is written to storage cells and the write address does 
not increment. The state of WE is strobed by the rising 
edge of WCK. 
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Operation 

Reset Cycle. The µPD485505 requires the initialization 
of internal circuits using the RSTW/RSTR reset signals 
before starting operation as a time axis converter or a 
digital delay line. 

A reset cycle can be executed at any time and does not 
depend on the state of RE or WE. However, RSlW and 
RSTR must satisfy required setup and hold times as 
measured from the rising edges of WCK and RCK. 

Write/Read Cycles. Write and read cycles are synchro
nized to their respective WCK/RCK inputs and exe
cuted individually when WCK or RCK is high and WE or 
RE is low. Write data must satisfy setup and hold times 
as specified from the rising edge of WCK. New data 
written to a particular address is available for reading 
after one-half write cycle plus 500 ns (maximum). 

The access time of a read cycle is measured from the 
rising edge of RCK by tAc· Stored data is read nonde
structively; data can be read repeatedly because data 
hold time is infinite. 

Time Axis Conversion. To use the µPD485505 as a time 
axis converter, write and read cycles must be con
trolled independently. Write and read ports must be 
initialized separately using the reset signals. Write 
cycles can then be executed in synchronization with 
WCK and write data can be stored sequentially from 
address o of this device. Afterward, when a read cycle is 
executed in synchronization with ACK, stored data 
can be read sequentially from address o. 
Since write and read cycles can be executed indepen
dently, data loaded at one arbitrary drive frequency 
can be read at another arbitrary drive frequency. In this 
sense, the µPD485505 functions as a time axis con
verter. 

pPD485505 

Digital Delay Line. TheµPD485505 can be easily used 
as a digital delay line of 5048 bits or less. After the 
internal circuits are initialized using simultaneous 
RSTW/RSTR signals, write/read cycles also may be 
executed simultaneously by supplying the same pulse 
to the write (WCK) and read (RCK) clocks. Write data is 
always read after the full 5048-bit delay if neither write 
nor read operation has been inhibited. This is the 
essential delay line function. 

If either WE or RE is set at a nonselected (high) level for II 
several cycles while the other is maintained in a se- : t 
lected (low) level, the delay line length can differ from 
5048 bits. 

For example, if only WE is a set to a high level (write 
disable) for a small number of cycles, read cycles are 
executed continuously and the delay line length is 
large. Alternatively, if only RE is set to a high level (read 
disable) for a small number of cycles, write cycles are 
executed continuously and the delay line length is 
small. Note that the minimum delay line length is 21 bits 
(for maximum frequency operation) and the maximum 
is 5048 bits. 

A data delay of 5048 bits or less can also be obtained 
by applying the RSlW and RSTR signals at different 
times. For example, data loaded for "m" cycles after 
RSlW can then be read after supplying RSTR. In this 
case, since write data can be read from the beginning 
after a delay of "m" cycles, the device can be used as 
an m-bit digital delay line. 

The RSlW/RSTR reset signals can also be simulta
neously loaded at every 1H (horizontal line) period. In 
this case, write data loaded in the previous line cycle is 
read out from the beginning as read data after the reset. 
Therefore, a delay line length ranging from 21 to 5048 
bits (depending on cycle time) can be obtained accord
ing to the length of the reset signals supplied. Refer to 
the timing waveform for an "n-Bit Delay Line." 
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Absolute Maximum Ratings 
Supply voltage, Vee -o.5'to +1.0 V 

Voltage on any input pin, V1 -0.5 to Vee+ 0.5 V 

Voltage on any output pin, Vo ;...0.5 to Vee + 0.5 V 

Short-circuit output current, los 20mA 

Operating temperature, ToPR Oto +70°C 

Storage temperature, TsTG -55 to +125°C 

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 l.imits 
specified under DC and AC Characteristics. 

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

Parameter Symbol Min Typ 

Write/read cycle operating current ice 

Input leakage current -10 

Output leakage current lo -10 

Output voltage, high 2.4 

Output voltage, low 

4 

NEC 
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+ 0.5 v 
Input voltage, low V1L -0.3 0.8 v 
Ambient.temperature TA 0 70 oc 

Capacitance 
TA = 25°C; Vee = + 5.0 v ±10%; f = 1 MHz 

Parameter * Symbol Max Unit Pins Under Test 

Input c, 5 pF WE, RE, WCK, ACK, 
capacitance RSWJ, ASTA, D1No • D1N1 

Output Co 7 pF DouTO - DouT? 
capacitance 

* These parameters are sampled and not 100% tested. 

Max Unit Test Conditions 

aq mA 

10 µA V1 = o V to Vee; all other pins not und~r test= O V 

10 µA DouT disabled; Vo= o to 5.5 V 

v · loH = .;...1 mA 

0.4 v loL = 2mA 
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AC Characteristics 
TA= o to +70°C; Vee= +5.0 V ±10% 

µ.PD485505-25 µ.PD485505-35 

Parameter Symbol Min Max Min Max Unit Test Conditions 

Access time tAe 18 25 ns 

Data-in hold time toH 3 3 ns 

Data-in setup time tos 7 10 ns 

Output disable time tHz 5 18 5 25 ns (Note 4) 

Output active time tLz 5 18 5 25 ns (Note 4) Bl Output hold time toH 5 5 ns 

Read clock cycle time tReK 25 35 ns 

ACK precharge time tReP 9 12 ns 

ACK pulse width tRew 9 12 ns 

Read enable hold time tREH 3 3 ns (Note 8) 

Read enable high delay from RCK tREN1 3 3 ns (Note 9) 

Read enable low delay to ACK tREN2 7 10 ns (Note 9) 

Read enable setup time tRES 7 10 ns (Note 8) 

Read disable pulse width tREW 0 0 ns 

Reset active hold time tRH 3 3 ns (Note 6) 

Reset inactive hold time tRN1 3 3 ns (Note 7) 

Reset inactive setup time tRN2 7 10 ns (Note 7) 

Reset active setup time tRs 7 10 ns (Note 6) 

Read reset time tRSTR 0 0 ns 

Write reset time tRSTW 0 0 ns 

Transition time tT 3 35 3 35 ns 

Write clock cycle time tweK 25 35 ns 

WCK precharge time twep 9 12 ns 

WCK pulse width twew 9 12 ns 

Write enable hold time twEH 3 3 ns (Note 8) 

Write enable high delay from WCK twEN1 3 3 ns (Note 9) 

Write enable low delay to WCK twEN2 7 10 ns (Note 9) 

Write enable setup time twEs 7 10 ns (Note 8) 

Write disable pulse width twEW 0 0 ns 

Notes: 

(1) All voltages are referenced to ground. (7) If either tRN1 or tRN2 is less than the specified value, internal 

(2) Input pulse rise and fall times assume tT = 5 ns. reset operations may extend to cycles immediately preceding or 
following the period of desired reset operations. 

(3) Input pulse levels= GND to 3 V. Transition times are measured 
(8) If either twEs or twEH (tRES or tREH) is less than the specified between 3 V and 0 V. 

value, write (read) output disable operations are not guaranteed. 
(4) This delay is measured at ±200 mV from the steady-state voltage 

(9) If either twEN1 or twEN2 (tREN1 or tREN2) is less than the with the load specified in figure 1. Under any conditions, tLz ;::: 
tHz· 

specified value, internal write (read) output disable operations 
may extend to cycles immediately preceding or following the 

(5) Input timing reference levels = 1.5 V. period of desired disable operations. 

(6) If either tRs or tRH is less than the specified value, reset 
operations are not guaranteed. 
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Figure 1. Output Loads for Timing 
Measurements 

+5V 

1800 '2 
oouT ,,__ __ _ 

1100 '2 

_9:.. Parameter 

5pF ti.z, tHZ 
30 pF tAC• tAR• toH• toR 

Figure 2. Voltage Thresholds for 
Timing Measurements 

Input 

83RD-8362A 

Output =o = = = = = ~ )>------o.a v ,__ ___ _, 
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Timing Waveforms 

Write Cycle 

Notea: 

[1] RSTW=V1H· 
[2] V = valid data. 

Read Cycle 

ACK 

Notea: 

[1] RSTR = V1H· 

[2) V = valid data. 

pPD485505 

83llWl704B 

High Impedance 

83llHl106B 
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Timing Waveforms (cont) 

Write Reset Cycle 

N'EC 

WCK 
Cyd-en-=1~-~d'--. ..,.:-E--_-_--\_••_~ --_~-----\'=1--

Notee: 

[1] WE=V1L· 

[2] v = valld data. 

llead Reset Cycle 

Notee: 

[1] RE=V1L· 

[2] V = valid data. 
83tMl707B 
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Timing Waveforms (cont) 

5048-Bit Delay Une Cycle 

Notee: 

(1) V =valid data. 

[2] 1 H =the first group of 5048 bits. 
2H =the second group of 5048 bits. 

B:ttG-71788 
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Timing Waveforms (cont) 

n-Bit Delay Une Cycle 3 

10 

WCK 
RCK 

twcK 
+-tRCK__.. 

..-eyc1eo-. 

twcw 

RSTR lREH 

__ I ___ _,,_ _______ ..,..., __ ~ '"EN2 

RE I -

DouT 

Notes: 
(1)WE=V1L· 
(2) V = valid data. 

¥:~: 

NEC 



NEC 
Timing Waveforms (cont) 

n-Bit Delay Line Cycle 2 

WCK 
ACK 

twcw 

µPD485505 

--'--1 ~.,,_____::11 t----;--_ 
RSlR I ·~ ill 

DouT 

Notes: 
(1) RE= WE= VIL· 
(2) V = valld data. 

~tos 

83RD-83868 
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Timing Waveforms (cont) 

n-Bit Delay Line Cycle 1 

WCK 
RCK 

twcw 

::=t_y--_t~~lw ____________ __ 

= I r-·C»i \lJ 

Do UT 

Notes: 
(1). RE= WE= VIL· 
(2) V = vaBd data. 
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Timing Waveforms (cont) 

Time Axis Conversion Cycle 

WCK 

ACK 

Notes: 
(1) WE= RE= V1L· 
(2) V = Vaid data. 

.... Ir
tos ~ 

(3) Write data Is strobed Into the device 
on the rising edge of WCK at the end 
of a cycle. 

pPD485505 

83Rl>8387B 
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NEC Electronics Inc. 

Description 

The µPD485506 is a 5048-word by 16-bit dual-port line 
buffer fabricated with a silicon-gate CMOS process. 
The device is capable of asynchronous read and write 
operation at high speed, and can be used as a time axis 
converter or a digital delay line of up to 5048 bits (21 
bits minimum at maximum frequency). 

Applications include image processing in facsimile 
machines, plain paper copiers, video systems, and 
other optical scanners; time base correction in video 
playback systems; and data communication buffering 
in multiprocessor systems and local area networks. 

Features 

o 5048-word x 16-bit or 10,096-word x 8-bit 
organization 

o Fully static operation; data hold time = infinity 
o Dual-port operation 
o Image processing and data communications 

applications 
o Asynchronous and simultaneous reading/writing 
o 1 H (5048-bit) delay line capability for 5048 x 16-bit 

mode 
o 1 H (10,096-bit) delay line capability for 10,096 x 8-

bit mode 
o TTL-compatible inputs and outputs 
o Three-state outputs 
o Single +5-volt power supply 
o 44-pin plastic TSOP (400-mil) 

Ordering Information 
Part No. Cycle Time Read Access Package 

(min) Time (max) 

µPD485506G5-25 25 ns 18 ns 44-pin plastic 

G5-35 35 ns 25 ns 
TSOP 

60204 

pPD485506 
Line Buffer for 

Communications Systems 

Pin Configurations 

44-Pin Plastic TSOP 

µPD485506 

Dou To 1o 44 DINO 

DQUT1 2 43 D1N1 

DouT2 3 42 D1N2 

DoUT3 4 41 DIN3 

DOUT4 5 40 D1N4 

oouT5 6 39 DIN5 

DQUT6 7 38 D1N6 

DOUT7 8 37 D1N7 
OE 9 36 WE 

RE 10 35 MD 

GND 11 34 GND 

ASTA 12 33 RSTW 

ACK 13 32 WCK 

Vee 14 31 Vee 
DouT8 15 30 D1N8 

DouT9 16 29 DIN9 

oouT10 17 28 D1N10 

DOUT11 18 27 D1N11 

DQUT12 19 26 DIN12 

DoUT13 20 25 D1N13 

DQUT14 21 24 D1N14 

DQUT15 22 23 D1N15 
83RD-836M 

Pin ldentif ication 
Symbol Function 

Write data inputs 

DouTo - DouT1s Read data outputs 

MD Mode set input 

Output enable 

ACK Read clock input 

Read enable input 

Read address reset input 

Write address reset input 

WCK Write clock input 

Write enable input 

GND Ground 

Vee +5-volt power supply 

El 
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Block Diagram 

t\'EC 

RE 
RCK 

RSTR 
OE 

Read 
Row Selectors 

D1No-D1N7 
8 

D1Na-DIN15 
8 

Data 
Input 

Buffers 

8 
Data 

Output 
Buffers 8 

DouTO - DoUT7 

DouTa - DouT1s 

Write 
Row Selectors 

WE 
WCK 

Pin Functions 

D1No - D1N1s (Data Inputs). New data is entered on 
these pins. 

DouTo - Douns (Data Outputs). These three-state out
puts are used to access stored information. In a simple 
digital delay line application, a minimum delay of 21 
clock cycles is required to move data from the input 
pins to the output pins. 

MD (Mode Set Input). The level of this signal gives the 
operation mode. A low level enables 5048-word by 
16-bit memory configuration with D1No - D1N1s and 
DoUTo - Doun5. On the other hand, a high level enables 
10,096-word by 8-bit memory configuration with D1No -
D1N1 and DouTo - DouT7· This signal is latched by the 
rising edge of WCK (RCK) when RSTW (RSTR) is low 
level. Mode setting can be done Write/Read separately. 

OE (Output Enable Input). This signal controls output 
operation. The state of OE is latched by the rising edge 
of RCK. If OE is at a high level, the data outputs become 
high impedance. 

RCK (Read Clock Input). All read cycle are executed 
synchronously with RCK. The states of RSTR, RE, and 
OE are latched by the rising edge of RCK at the 

2 
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beginning of a cycle. This same edge of RCK starts 
internal read operation, and access time is referenced 
to this edge. 

The internal read address increments with each RCK 
cycle unless RE is high to hold the read address con
stant. Unless inhibited by RE, the internal read address 
will automatically wrap around from 5047 to O or 10,095 
to O and begin incrementing again. 

RE (Read Enable Input). This signal controls read 
operation. If RE is low, all read cycles proceed. If RE is 
at a high level, the data outputs remain valid for that 
address and the internal read address stops increment
ing. The state of RE is strobed by the rising edge of 
RCK. 

RSTR (Read Address Reset Input). This signal is 
latched by the rising edge of RCK and resets the 
internal read address too. 

RSTW (Write Address Reset Input). Bringing this sig
nal low resets the internal write address too. The state 
of this input is latched by the rising edge of WCK. 

WCK (Write Clock Input). All write cycles are executed 
synchronously with WCK. The states of both RSTW and 
WE are latched by the rising edge of WCK at the 
beginning of a cycle, andthe data inputs are latched by 
the rising edge of WCK at the end of a cycle. 
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The internal write address increments with each WCK 
cycle unless WE is at a high level to hold the write 
address constant. Unless inhibited by WE, the internal 
write address will automatically wrap around from 
5047 to O (5048-word by 16-bit mode) or 10,095 to O 
(10,096-word by 8-bit mode) and begin incrementing 
again. 

WE (Write Enable Input). This signal controls write 
operation. If WE is at a high level, no data is written to 
storage cells and the write address does not incre
ment. The state of WE is latched by the rising edge of 
WCK. 

Operation 

Reset Cycle. The µPD485506 requires the initialization 
of internal circuits using the RSlW/RSTR reset signals 
before starting operation as a time axis converter or a 
digital delay line. 

A reset cycle can be executed at any time and does not 
depend on the state of OE, RE, or WE. However, RSlW 
and RSTR must satisfy required setup and hold times 
as measured from the rising edges of WCK and RCK. 

Write/Read Cycles. Write and read cycles are synchro
nized to their respective WCK/RCK inputs when WE or 
RE is low. Write data must satisfy setup and hold times 
as specified from the rising edge of WCK. New data 
written to a particular address is available for reading 
synchronously with the RCK clock after one-half write 
cycle plus 500 ns (maximum). 

The access time of a read cycle is measured from the 
rising edge of RCK by tAc· Stored data is read nonde
structively; data can be read repeatedly because data 
hold time is infinite. 

Time Axis Conversion. To use the µPD485506 as a time 
axis converter, write and read cycles must be con
trolled independently. Write and read ports must be 
initialized separately using the reset signals. Write 
cycles can then be executed in synchronization with 
WCK and write data can be stored sequentially from 
address o of this device. Afterward, when a read cycle is 
executed. in synchronization with RCK, stored data 
can be read sequentially from address 0. 

Since write and read cycles can be executed indepen
dently, data loaded at one arbitrary drive frequency 
can be read at another arbitrary drive frequency. In this 
sense, the µPD485506 functions as a time axis con
verter. 

Digital Delay Line. The µPD485506 can be easily used 
as a digital delay line of 5048 bits in the case of 
5048-word by 16-bit mode or 10,096 bits in the case of 

pPD485506 

10,096-word by 8-bit mode. After the internal circuits 
are initialized using simultaneous RSlW/RSTR signals, 
write/read cycles also may be executed simulta
neously by supplying the same pulse to the write 
(WCK) and read (RCK) clocks. Write data is always read 
after the full 5048-bit or 10,096-bit delay if neither write 
nor read operation has been inhibited. This is the 
essential delay line function. 

If either WE or RE is set at a disabled (high) level for 
several cycles while the other is maintained in a se
lected (low) level, the delay line length can differ from 
5048 bits or 10,096 bits. For example, if only WE is set to 
a high level (write disable) for a small number of cycles, ll!ftll 
read cycles are executed continuously and the delay lliill 
line length is large . Alternatively, if only RE is set to a 
high level (read disable) for a small number of cycles, 
write cycles are executed continuously and the delay 
line length is small. Note that the minimum delay line 
length is 21 bits (for maximum frequency operation) 
and the maximum is 5048 bits or 10,096 bits. 

A data delay of 5048 bits or less or 10,096 bits or less 
can also be obtained by applying the RSlW and RSTR 
signals at different times. For example, data loaded for 
"m" cycles after RSlW can then be read after supplying 
RSTR. In this case, since write data can be read from 
the beginning after a delay of "m" cycles, the device 
can be used as an m-bit digital delay line. 

The RSTW/RSTR reset signals can also be simulta
neously loaded at every 1 H (horizontal line) period. In 
this case, write data loaded in the previous line cycle is 
read out from the beginning as read data after the reset. 
Therefore, a delay line length ranging from 21 to 5048 
bits (or 10,096 bits) in the case of 25-ns cycle time and 
from 15 to 5048 bits (or 10,096 bits) in the case of 35-ns 
cycle time can be obtained according to the length of 
the reset signals supplied. Refer to the timing waveform 
for an "n-Bit Delay Line." 

Mode Set Cycle. The µPD485506 has a capability of 
changing the memory configuration by judging the MD 
level latched ~he rising edge of RCK/WCK at the 
Reset cycle (RSTR/RSTW is low). If MD level is low, the 
memory is set to the 5048-word by 16-bit configuration, 
and if MD level is high, it is set to the 10,096-word by 
8-bit configuration. The write mode set and read mode 
set can be done separately. 
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Absolute Maximum Ratings 
Supply voltage, Vee -0.5 to +7.0 V 

Voltage on any input pin, V1 -0.5 to Vee+ 0.5 v 
Voltage on any output pin, V0 -0.5 to Vee+ o.5 V 

Short-circuit output current, los 20mA 

Operating temperature, ToPR 0 to +70°C 

Storage temperature, TsrG -55 to + 125°C 

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 lim.its 
specified under DC and AC Characteristics. 

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

Parameter Symbol Min Typ 

Write/read cycle operating current Ice 

Input leakage current -10 

Output leakage current lo -10 

Output voltage, high 2.4 

Output voltage, low 

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

NEC 
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 +0.5 v 
Input voltage, low VIL -0.3 0.8 v 
Ambient temperature TA 0 70 oc 

Capacitance 
TA= 25°C; Vee= + 5.0 V ±10%; f = 1 MHz 

Parameter* Symbol Max Unit Pins Under Test 

Input c, 7 pF WE, RE, WCK, ACK, MD 
capacitance RSTW, ASTA, D1No -

D1N15· OE 

Output Co 7 pF Douro - Dour1s 
capacitance 

* These parameters are sampled and not 100% tested. 

Max Unit Test Conditions 

140 mA 

10 µA V1 = 0 V to Vee: all other pins not under test = O V 

10 µA Dour disabled; Vo = O to 5.5 V 

v IQH =-1 mA 

0.4 v loL = 2mA 

JLPD485506-25 JLPD485506-35 

Parameter 

Access time 

Data-in hold time 

Data-in setup time 

Output disable time 

Output disable time at the mode 
change 

Output active time 

Output active time at the mode 
change 

Mode set time 

Mode set hold time 

Mode set setup time 

Output enable hold time 

Output enable high delay from 
RCD 
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Symbol Min 

tAc 

toH 3 

tos 7 

tHz 5 

tHzM 5 

1Lz 5 

tLZM 5 

tMo 0 

tMH 10 

tMs 20 

toEH 3 

toEN1 3 

Max Min Max Unit Test Conditions 

18 25 ns 

3 ns 

10 ns 

18 5 25 ns (Note 4) 

18 5 25 ns (Note 4) 

18 5 25 ns (Note 4) 

18 5 25 ns (Note 4) 

0 ns (Note 10) 

10 ns (Note 10) 

20 ns (Note 10) 

3 ns (Note 8) 

3 ns (Note 9) 
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AC Characteristics (cont) 
~PD485506-25 ~PD485506-35 

Parameter Symbol Min Max Min Max Unit Test Conditions 

Output enable low delay to RCK toEN2 7 10 ns (Note 9) 

Output enable setup time toEs 7 10 ns (Note 8) 

Output disable pulse width toEW 0 0 ns 

Output hold time toH 5 5 ns 

Read clock cycle time tRCK 25 35 ns 

RCK precharge time tRCP 9 12 ns 

RCK pulse width tRcW 9 12 ns 

Read enable hold time tREH 3 3 ns (Note 8) ma Read enable high delay from ACK tREN1 3 3 ns (Note 9) 

Read enable low delay to RCK tREN2 7 10 ns (Note 9) 

Read enable setup time tRES 7 10 ns (Note 8) 

Read disable pulse width tREW 0 0 ns 

Reset active hold time tRH 3 3 ns (Note 6) 

Reset inactive hold time tRN1 3 3 ns (Note 7) 

Reset inactive setup time tRN2 7 10 ns (Note 7) 

Reset active setup time tRs 7 10 ns (Note6) 

Read reset time tRSTR 0 0 ns 

Write reset time tRSTW 0 0 ns 

Transition time tT 3 35 3 35 ns 

Write clock cycle time twcK 25 35 ns 

WCK precharge time twcp 9 12 ns 

WCK pulse width twcw 9 12 ns 

Write enable hold time twEH 3 3 ns (Note 8) 

Write enable high delay from WCK twEN1 3 3 ns (Note 9) 

Write enable low delay to WCK twEN2 7 10 ns (Note 9) 

Write enable setup time twEs 7 10 ns (Note 8) 

Write disable pulse width twEW 0 0 ns 

Notes: 

(1) All voltages are referenced to ground. (8) If either twES• twEH• toEs or toEH (tRES or tREW is less than the 

(2) Input pulse rise and fall times assume tT = 5 ns. specified value, write (read) output disable operations are not 
guaranteed. 

(3) Input pulse levels = GND to 3 V. Transition times are measured 
(9) If either twEN1 or twEN2 (tREN1 or tREN2, toEN1 or toEN2' is less between 3 V and 0 V. 

(4) This delay is measured at ±200 mV from the steady-state 
than the specified value, internal write (read) output disable 
operations may extend to cycles immediately preceding or 

voltage with the load specified in figure 1. Under any conditions, following the period of desired disable operations. 
tLz ~ tHz and tLzM ~ tHZM· 

(10) Mode Set signal (MD) must be input synchronously with Write 
(5) Input timing reference levels = 1.5 V. Reset signal (tRsTW period) or Read Reset signal (tRSTR period). 

(6) If either tRs or tRH is less than the specified value, reset 
operations are not guaranteed. 

(7) If either tRN1 or tRN2 is less than the specified value, internal 
reset operations may extend to cycles immediately preceding or 
following the period of desired reset operations. 
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Figure 1. Output Loads for Timing 
Measurements 

+5V 

1800 Q 

DouT o-----

1100 Q 

_9:_ Parameter 

5 pF lLZ, lHZ• lLZM, tHZM 
30 pF lAC• lAfl, toH• toR 

Timing Waveforms 

Mode Set Cycle (Write) 1 

·< •·< I 
Cycle" I 

WCK 

Notes: 
(1) WE=VIL 
(2) V = Valid data 

6 

Reset Cycle 

NEC 
Figure 2. Voltage Thresholds for Timing 

Measurements 

Input 

Output =o = = = = = \ />------
o.a v ----

CycleO Cycle 1 

lDH 

V(O) V(1) 

Wt11m1111111@M!11&1!Z'. 
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Timing Waveforms (cont) 

Mode Set Cycle (Write) 2 

Cycle n 

MD 

---------

WCK 

pPD485506 

Reset Cycle )lo( Cyc1eo )lo( eyc1e1 >I 

W/!J/$11/U§/!//!/j/;) 
~tMS~~-t_MD~~~ I I 

V(n) V(O) V(1) 

tos I toH 

~~01•1•7/ft// @//ij/J!lff§ll$ /4W!JllJll;;l .v(: - V(1) 
Notes: 
(1) WE=VIL 
(2) V = valid data 

83RD-8371B 
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Timing Waveforms (cont) 

Mode Set Cycle (Read) 3 

8 

Notea: 
(1) RE=OE=VtL 
(2) V = valid data 

NEC 

83RD-83728 
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Timing Waveforms (cont) 

Mode Set Cycle (Read) 4 

pPD485506 

1 

Cycle n Reset Cycle Cycle O Cycle 1 

MDwi1111111;1 T J" !//ll}i;;;;/////;);J//Jll!~ 
I i:~-tMs>J• _tMo~,,.1~• •MH :r I I 

ASTA 

ACK 

Notes: 
(1) AE=OE=VIL 
(2) V = vallcl data 

tRN1 

83RIHl3738 

9 



pPD485506 

Timing Waveforms (cont) 

Write Cycle 

Notes:·. 

[1] RSTW=V1H· 

[2] V = vaDd data. 

Read Cycle (Output Operation Control) 

10 

RCK 

RE 

Notes: 

[1] RSTR = V IH· 
[2] V = vaDd data. 

[3] RE=V1L· 

NEC 

831tf.6704B 

__,.-14-___ Dlsable Cycle. __ ---',.,...,.'---
(l cycles) 

High Impedance 

831IMl601B 
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Timing Waveforms (cont) 

Write Reset Cycle 

µPD485506 

WCK 
----Cyclen-t-RS~~~-~d-----.'~•0_~--~~--~---.,1~--

Notee: 

[1] WE=V1L· 
[2] V = valk:I data. 

831tf.8708B 

Read Reset Cycle 

----

1Cycle n----iE--ResetCyde-~~--Cycle~-~E----Cycle 1---

ACK 

Notee: 

[1] AE=V1L· 
[2] v = valk:I data. 

831tMl707B 
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Timing Waveforms (cont) 

Time Axis Conversion Cycle 

12 

WCK 

toH I r-
tos ~ 

ACK 

Do UT 

Notes: 
(1) WE =RE=OE=V1L· 
(2) V = valld data. 
(3) Write data Is strobed Into the device 

on the rising edge of WCK at the end 
of a cycle. 

NEC 
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Timing Waveforms (cont) 

1H Delay Line Cycle 

WCK 
ACK 

DOUT 

No tea: 

twcK 
~tRCK~ 

+Cycle O+- +Cycle 1 

~ twcP 
tRCP 

(1) WE= AE=OE=V1L· 
(2) V = valld data. 
(3) H = 5048 bits (5048-word by 16-blt mode) or 

10,096 bits (10,096-word by 8-blt mode) 

pPD485506 

83R[).83768 
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Timing Waveforms (cont) 

n-Bit Delay Line Cycle 1 

14 

WCK 
ACK 

twcw 

::~ r:T 
=~~ u~---;------'S~.,.__s ~\l) . 

1.-toH 
tos 

Notee: 
(1) WE= RE= OE= V1L· 
(2) V =Vaid data. 
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Timing Waveforms (cont) 

n-Bit Delay Line Cycle 2 

WCK 
RCK 

twcK 
~tRCK~ 

twcw 

pPD485506 

~I ~~.,..___::11 t-:...____ 
RSTI< I •oH w 

oouT 

Notea: 
(1) WE =RE= OE= VtL· 
(2) V = vaDd data. 

~tos 

83RIHl377B 
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NEC Electronics Inc. 

Description 

The µPD42532 bidirectional data buffer features 
32,768-word by 8-bit organization and CMOS dynamic 
circuitry that provides for high-speed, asynchronous, 
simultaneous write and read operation at a minimum 
cycle time of 100 ns. Two sets of write and read 
registers between the 1/0 pins and the storage cells 
enable all data to be parallel-transmitted as a single 
register group when the registers are either full or 
empty. The device's main application is data trans
mission between devices having different processing 
speeds, such as between a central processor and a disk. 

r'lutomatic refreshing by means of an internal capa
bility is performed regularly for the µPD42532-without 
any influence on write and read operation. A built-in 
arbitration circuit performs each required read, write, 
or refresh operation sequentially (even if transparent 
refreshing overlaps with the transmission of data) to 
simplify the device's external timing requirements. 

The µPD42532 operates from a single +5-volt power 
supply and is packaged in a 600-mil, 40-pin plastic DIP. 
Four FLAG pins, plus FULL and EMPTY pins, are 
provided to monitor the amount of data accumulated in 
storage. 

TheµPD42532 is capable of bidirectional input/output 
by means of a port select function. Input and output 
pins are also supplied for cascade connection. Cas
cade connection allows any number of µPD42532s to 
be linked together so as to expand word width and 
length without limit. 

Features 

D 32,768-word by 8-bit organization 
D CMOS technology 
D Single +5-volt power supply 
D Independent, asynchronous write/read operation 
D Bidirectional transmission of input and output data 

(exchange of port functions) 
D Automatic, regular refreshing 
D Internal addressing 
D Flag pin monitoring of accumulated data 
D Unlimited expansion of word width and depth 

(cascade connection) 
D Retransmit (re-read) function 
D High-speed operation 

- Access time: 50 ns maximum 
- Cycle time: 100 ns minimum 

D 600-mil, 40-pin plastic DIP packaging 

µPD42532 
32,768 x 8-Bit 

Bidirectional Data Buffer 

Pin Configuration 

40-Pin Plastic DIP 

NC 

DBoA 

DB1A 

DB2A 

DB3A 

GND 

DB4A 

DBsA 

DBsA 

DB7A 

READY A 

REQUEST A 

FLAG1 

FLAG2 

Vee 
FLAG3 

FLAG4 

EMPTY 

FULL 

TEST 

Ordering Information 

Part Number 

µPD42532C-10 

Access Time 
(max) 

50 ns 

NC 

DBoB 

DB1B 

DB2B 

DB3B 

Vee 
DB4B 

DBsB 

DBsB 

DB7B 

READYB 

REQUESTS 

PS 

IR 

GND 

RESET 

FL/RT 

CouT 

C1N 

TEST 

Cycle Time 
(min) Package 

83-004544A 

100 ns 40-pin plastic DIP 

• 



Pin Identification 
Symbol Function 

Port A input/output data buses 

DB0B-DB7B Port B input/output data buses 

RESET Reset input 

REQUEST A/REQUEST B Port A/Port B request input 

READY A/READY B Port A/Port B ready output 

EMPTY Empty output 

Flag outputs 

FULL Full output 

PS Write/read port select input 

IA Interrupt read request input 

FL/RT First load/retransmit input 

Cascade connection input 

Cour Cascade connection output 

TEST Test pin (connect to GND in system) 

GND Ground 

Vee +5-volt power supply 

NC No connection 

Pin Functions 

DB0A-D87A/DB0B-DB7B. These pins function as 8-
bit data buses for write input or read output depending 
on the status of the PS pin. The output drivers are 
three-state outputs. 

RESET. This pin initializes the internal counters and 
pointers. 

REQUEST A/REQUEST B. Depending on the status of 
PS, one pin corresponds to the read port and the other 
t~ the write port. To initiate a write or read cycle, the 
signal goes low for the respective port (if READY A or 
READY Bis low, the corresponding REQUEST input is 
ignored internally). These pins can be connected to the 
WR and RD pins of a CPU. 

READY A/READY B. Depending on the status of PS 
one pin corresponds to the read port and the other t~ 
the write port. When a write or read cycle is possible, 
the READY signal is high for the respective port. These 
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pins can be connected to the READY pins of a CPU or 
OMA controller. 

EMPTY. The signal from this pin is low whenever the 
amount of data accumulated is exactly O bytes, and 
high in all other cases. 

FLAG1-FLAG4. These pins reflect the amount of data 
accumulated in the storage array. By combining the 
output signals, it is possible to monitor (in 2K byte 
steps) data quantities of up to 32K bytes. 

FULL. The signal from this pin is low when the storage 
cells are full of accumulated data, and high in all other 
cases. 

PS. This pin is used to specify the direction of data 
transfer. When PS is high, Port A serves as the write 
port and Port B as the read port. When PS is low the 
functions of the two ports are reversed. ' 

IR. If the data accumulated in storage is less than 64 
bytes (i.e., one register's capacity), the READY signal 
for the read port goes low to inhibit reading. However, 
forcing IR high makes it possible to read all stored data. 

Read cycles are normally executed so as to maintain 
the stored data volume at levels above 2K bytes. If the 
data volume drops below 2K bytes for devices with 
process code K, all remaining data must be read using 
the interrupt read option. 

FL/RT. This pin designates the lead device when 
multiple devices are cascade connected. It is high only 
for that device and low for all others. If the device is not 
cascaded, a low FL/RT controls the retransmit (re
rea~ function; other than during retransmission, 
FL/RT must be high. 

CtN· This pin is used to expand word depth and is 
connected to the CouT pin of the device preceding it in 
cas~ade connections. If word depth is not expanded, 
C1N 1s connected to CouT of the same device. 

CouT· This pin is used to expand word depth and is 
connected to the C1N pin of the device following itin 
casca~e connections. If word depth is not expanded, 
CouT 1s connected to C1N of the same device. 
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Block Diagram 

Port A { REQUEST A 
READY A 

Port 8 { REQUEST 8 
READY 8 

C1N 

cour 
RESET 

FLIRT 

PS 

IR 

Operation 

Reset Cycle 

Controller 

Timing 

Write 
Address 
Counter 

Read 
Address 
Counter 

Generator ---~-----~ 

Refresh 
Address 
Counter 

After power is applied to the µPD42532, it is necessary 
to clear the internal counters and initialize the write 
and read address pointers by executing a reset cycle. A 
reset cycle can be executed at any time by setting the 
RESET pin to a high logic level. However, once this 
cycle is initiated, RESET, REQUEST, and FL/RT must 
be kept high for a minimum time of tsw before the 
RESET signal goes low again (see waveform for "Reset 
Cycle"). The RESET, REQUEST, and FLIRT signals are 
all high at the start of a reset, except in cascade 
connections, in which case a high FL/RT is required 
only in the first stage. 

After a reset, the READY signal for the write port, 
READY (W), is driven high to prepare for a write cycle. 
Subsequently, the REQUEST signal for the write port, 
REQUEST (W), can be set low to commence writing. 

µPD42532 

Status 
Counter 

Flag 
Decoder 

EMPTY 
FULL 

a..... __ _.-,--~ FLAG1 to FLAG4 

32K Word x 8·8it 
Storage Cell Array 

64 Word x 8-8it 
Data Register x 4 

D80A-D87A 
(Port A) 

D808-D878 
(Port 8) 

83-0048026 

A standard read cycle can be executed once data 
written to one of the 64-byte registers has filled that 
register and been transferred to the storage cells. The 
READY signal for the read port, READY (R), goes high 
to prepare for the cycle. Subsequently, the REQUEST 
signal for the read port, REQUEST (R), can be set low 
to commence reading. 

Write Cycle 

In a write cycle, data is written to one of two 64-byte 
write registers before being transferred to the storage 
cells. Whenever 64 bytes have been written into one 
register, write operation automatically shifts to the 
other and the contents of the first are transferred to 
storage. High-speed write cycles are thus executed 
continuously by alternating registers repeatedly. Write 
data must satisfy the requirements for setup and hold 
times as measured against the rising edge of REQUEST 
(W) [see waveform for "Write Cycle"]. 
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A write cycle can be initiated any time READY (W) is 
high by setting REQUEST (W) low. To allow a write 
cycle to be executed in one port even while the other 
port may be executing a read cycle, READY (W) is 
always high after a reset, except in the following cases: 

• Whenever the storage cells are full of accumulated 
data 

• While the device is executing a forced read cycle 
(see Interrupt Read Cycle) 

• When a retransmit operation is being performed 
(see Retransmit Cycle) 

While READY (W) is off, the REQUEST (W) signal is 
ignored internally and no write cycle is executed. 

Figure 1. Write Register Operation 

Storage Cells 
32 K x 8 

Write Data 
Register 

110 Buffer 

64 )( 8 )( 2 

Figure 2. Read Register Operation 
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Storage Cells 
32 K x 8 

Read Data 
Register 

1/0 Buffer 

64 )( 8 )( 2 

83-004809A 

83-004810A 
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Read Cycle 

In a read cycle, data is not read directly from the 
storage cells but rather from one of two 64-byte read 
registers. After 64 bytes of data have been read from 
one register, read operation automatically shifts to the 
other and the contents of the first are subsequently 
replaced by data from the storage cells. High-speed 
read cycles are thus executed continuously 'by alter
nating registers repeatedly. 

Data is output after a maximum access time of tAc. 
measured from the falling edge of REQUEST (R). 
When REQUEST (R) is high or READY (R) is low, the 
outputs are in a state of high impedance (see waveform 
for "Read Cycle"). 

A standard read cycle can be initiated any time READY 
(R) is high by setting REQUEST (R) low. To allow a read 
cycle to be executed in one port even while the other 
port may be executing a write cycle, the READY (R) 
signal is always high, except in the following cases: 

• Whenever the data accumulated is less than 64 bytes 
• While a retransmit operation is being performed (see 

Retransmit Cycle). 

While READY (R) is low, REQUEST (R) is ignored 
internally and no read cycle is executed. 

Flags 

The µPD42532 supplies signals from the EMPTY pin, 
the FULL pin, and the four FLAG pins to indicate the 
amount of stored data in units of approximately 2K 
bytes. Accumulated data is reflected as the difference 
between the write address counter and the read 
address counter. Thus, if a total of 16K bytes have been 
read while 32K bytes have been written since the most 
recent reset, the amount of data in storage is 16K bytes. 

The FULL and EMPTY pins are used to prevent 
overwriting and overreading. To control write .opera
tion on data units of register length (64 bytes), the 
FULL pin outputs a low signal when stored data 
reaches the .32, 705- to 32, 768-byte range. Whenever 
write cycles are executed continuously and the storage 
cells become full, REQUEST (W) is ignored and the 
signals of FULL and READY (W) are driven low to 
inhibit writing. Meanwhile if read cycles are executed 
and the data decreases to 32,704 bytes or less, READY 
(W) goes high again to enable write operation. 
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The EMPTY pin goes low whenever stored data is 
exactly O bytes. Since standard read cycles cannot be 
executed if the quantity of data drops below 64 bytes, 
READY (R) goes low to inhibit read operation. When
ever write cycles are executed and stored data 
increases to 64 bytes or more, READY (R) goes high 
again to enable read operation. 

The status of the FLAG pins depends on the internal 
status of the write and read address counters. These 
counters are incremented as data is transferred to or 
from the storage array. Since the logic levels of the 
FLAG pins reflect movement of blocks of data on a 
64-byte-register basis rather than on a single-byte 
basis, the status indicated by these pins can be in error 
by a maximum of 255 bytes with respect to the actual 
amount of data accumulated [i.e., the sum of the write 
register (63 bytes), the read registers (128 bytes), and 
the 64 bytes currently being transferred]. This discrep
ancy means that two adjacent ranges of stored data, as 
indicated by the FLAGs, can overlap by up to 191 bytes. 

The following table shows the combination of signals 
output from these pins. 

Table 1. Stored Data as Indicated by Flag Pins 

Amount of Stored FLAG 

Data (bytes) FULL EMPTY 2 3 4 

32705 to 32768 0 

30721 to 32767 1 

28673 to 30911 0 

26625 to 28863 1 0 

24577 to 26815 0 0 

22529 to 24767 1 0 

20481 to 22719 0 1 0 

18433 to 20671 1 0 0 

16385 to 18623 0 0 0 

14337 to 16575 1 0 

12289 to 14527 0 1 0 

10241 to 12479 0 0 

8193 to 10431 0 0 1 0 

6145 to 8383 1 1 0 0 

4097 to 6335 0 0 0 

2049 to 4287 1 0 0 0 

1to2239 1 0 0 0 0 

0 0 0 0 0 0 

Notes: 

(1) 1 = high level 

(2) 0 = low level 

µPD42532 

Interrupt Read Cycle 

Whenever the amount of stored data drops below 64 
bytes (i.e., one register's capacity), or 2K bytes for 
devices with process code K, READY (R) is driven low 
to inhibit reading. Any data remaining in a write 
register can only be read by means of an interrupt (or 
forced) read cycle. 

An interrupt read cycle can be executed by forcing the 
IR pin high. At this point, data is transferred from the 
write register to one of the read registers via the. 
storage array, and write operation is disabled until all • 
stored data has been read. If this cycle is initiated after 
READY (R) goes low, read operation will be delayed 
until all data has been transferred to one of the read 
registers. 

Once the device completes reading of its last address, 
the EMPTY and READY (R) signals are driven low and 
READY (W) goes high to enable write operation again 
(unless a retransmit cycle has been requested). Read 
cycles wi 11 be executed only after 64 bytes or more have 
been written and transferred to storage. 

Retransmit Cycle 

The µPD42532 will execute a retransmit cycle when
ever a low-level pulse is applied to RT. A retransmit 
cycle initializes the read address counter to starting 
address 0. Although retransmission can be executed at 
any time, REQUEST (W) and REQUEST (R) must be 
high before and after the low RT signal is applied. 

During this cycle, the READY signals are pulsed low to 
temporarily inhibit writing and reading, and the FLAG 
and EMPTY signals vary in accordance with the 
amount of data in storage. After READY (W) goes high 
again, the retransmit preparation cycle is complete. 
Write operation can resume after an extra delay to 
ensure stability of the FLAG and EMPTY pins. If an 
interrupt read signal is applied during retransmission, 
the interrupt read cycle is executed after termination of 
the retransmit cycle. 

The retransmit function is only useful in systems where 
less than 32K bytes of data are written between resets. 
If a retransmit cycle is executed after more than 32K 
bytes are written, old data cannot be retransmitted. 

Since the RT pin is multiplexed as the first load (FL) pin 
in cascade connections, cascaded devices cannot be 
used for retransmission. In single-device configura
tion, this pin is always high except during a retransmit 
cycle. 
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Port Select Function 

The µPD42532·is able to change the direction of data 
transfer according to the logical level of the signal 
applied to the PS pin. When a high-level input is 
applied to PS, Port A becomes the write port and Port B 
the read port. When PS is low, the functions of the two 
ports are reversed. While port functions are being 
assigned, the REQUEST signals must be kept high. 

Since register and storage cell data are preserved 
during port selection, data written to a particular port 
can also be read from that same port. 

Cascade Connection 

The µPD42532 can be used in a single-device, 32K by 
8-bit configuration or it can be cascade connected by 
means of the.C1N and CouT pins to allow unlimited 
expansion of word width and length~ 

Single-Device Configuration. When using the 
µPD42532 as a single 32K by 8-bit data buffer, connec't 
CouT to C1N and set the. FL pin to a high logic ·level 
(see figure 3). 

Expanded Word Width. When using multiple devices 
to expand word width, connect RESET, REQUEST, PS, 
and IR to the corresponding pins of each µP[)42532 in 
parallel and apply common control signals. Each CouT 
pin should be connected to its own C1N pin (as in the 
single-device configuration) and a high-level input 
applied to each FL. The flag pins of a single µPD42532 
can be used to represent the entire system (see 
figure 4). 

Expanded Word Length. When using multiple devices 
to expand word length, set a high-level input to FL of 
theJead µPD42532 and a low-level input to FL of all the 
others. Each CouT pin should be connected to C1N of 
the device following it; CouT on the last device should 
be connected tp C1N of the lead device. Connect 
RESET, REQUEST, PS, and IR to the corresponding 
pins of each µPD42532 in parallel· and apply common 
control signals. 

The EMPTY, FULL, and READY pins of each device, 
respectively, can be ORed together by external logic. 
'OR' outputs are composite EMPTY, FULL, and READY 
signals for all data buffers (see figure 5). 

Operation. To enable operation of µPD42532s in cas
cad.e connection, setthe RESETsignal(s) high to clear 
the internal counters and initialize the write and read 
address pointers. When the reset is complete, start 

6 

NEC 
writing to the lead device. While data is being written to 
the first, all other devices output low READY signals 
and ignore the REQUEST signals. When write opera
tion in the firstµP042532 (n) reaches the last address, 
its CouTPin outputs a high-level signal and forces CtN 
of the next device high. Write operation shifts to the 
next device in succession (n.+ 1). The READY (W) 
signal of the first device (n) is driven low, .and the 
READY (W) signal of the succeeding .device (n + 1) 
goes high. · 

If only write cycles are being executed, each data 
buffer outputs a low FULL signal as writing is com
pleted for that device. At the point where the last device 
finishes writing to its last address, all µPD42532s 
output low-level FULL and READY (W) signals. The 
ORed composite of these signals should be used to 
inhibit write operation. 

If write and read cycles are being executed simultane
ously, and the storage cells in the lead device are not 
full of accumulated data when the last device com
pletes writing to its last address, write operation shifts 
to the lead µPD42532 again. Writing continues in this 
manner until every data buffer is full. 

Read cycles also begin with the lead device (n) and 
shift to the next (n + 1) once the last address has been 
read. When all devices have been completely emptied 
of data, the ORed composite of the EMPTY signals is 
low. If the expanded word length configuration has less 
than 64 bytes of data in a write register, EMPTY will not 
be at a low level; READY (R) will be low to indicate that 
standard read operation may not proceed. Forced read 
or dummy write cycles will be required to continue 
reading any accumulated data of less than 64 bytes. 

Figure 3. Single-Device Configuration Block 
Diagram 

C1N cour Vee 
Reset RESET FL 

Systom A I REQA REQB 

) Systom B 
ROYA RDY8 

D8oA 0808 
to to 
D87A 0878 

Port Select PS FULL 
IR EMPTY 

Flags 
Interrupt Read 

FLAG1to4 

83-004811A 
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Figure 4. Expanded Word Width Block Diagram 

C1N Cour Vee 
Reset RESET FL 

SystomA { 

REQA REQ8 

} Syotom B 
ROYA ROY8 

08oA 0808 
16 to to 

087A 0878 

Port Select PS FULL 
EMPTY Flags 

Interrupt Read IR FLAG1to4 

C1N cour Vee 
RESET FL 

Ready A REQA REQ8 Ready 8 
ROYA ROY8 

08oA 0808 
to to 
087A 0878 

PS 

IR 

83-0048128 
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Figure 5. Expanded Word Length Block Diagram 
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Absolute Maximum Ratings 
Terminal voltage, Vr -1.5 to +7.0 V 

Operating temperature, ToPR Oto +70°C 

Storage temperature, Tsrn -55 to + 125 °c 
Output current, lo 50 mA 

Power supply voltage, Vee -1.5 to +7.0 V 

Comment: 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 DC Operating Conditions 
TA= o to +70°C; Vee= +5.0 v ±10% 

Parameter Symbol Min Typ Max Unit 

Input voltage, high 2.4 Vee v 
Input voltage, low -1.0 0.8 v 

DC Characteristics 
TA= o to +10°c; Vee= +5.0 v ±10% 

Limits 

Parameter Symbol Min Typ Max Unit Test Conditions 

Standby supply lee1 20 mA REQUEST A, B 
current =V1H 

Write/read cycle lee2 80 mA twe = 100 ns; 
supply current tRe = 100 ns 

Write cycle lee3 60 mA twe = 100 ns; 
supply current REQUEST (R) = V1H 

Read cycle lee4 60 mA tRe = 100 ns; 
supply current REQUEST (W) = V1H 

Input leakage -10 10 µA V1 = o to Vee; 
current other inputs = 0 V 

Output leakage lo -10 10 µA Vo =Oto Vee; 
current output disabled 

Output voltage, VoH 2.4 v loH =-1 mA 
high 

Output voltage, Vol 0.4 v loL =4 mA 
low 

Capacitance 
TA= o to +70°C; Vee= +5.0 v ±10% 

Limits 

Parameter Symbol Min Typ 

Input capacitance C1 

Output capacitance Co 

Input/ output 
capacitance 

Max 

10 

10 

10 

µPD42532 

Unit Pins Under Test 

pF REQUEST, RESET, 
PS, C1N. IR, FL/ITT 

pF READY, FLAG1-
FLAG4, Cour. 
FULL, EMPTY 

pF DBo-087 • 
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AC Characteristics 
TA= o to +10°c; Vee= +s.o v ±~0% 

Limits 

Parameter Symbol Min Max Unit Test Conditions 

Read cycle time tRc 100 ns 

REQUEST (R) pulse width tRQW 50 10000 ns (Note 5) 

REQUEST (R) precharge time tRQP 30 ns 

REQUEST (R) low hold time after READY (R) high tRQN 50 10000 ns (Note 6) 

READY (R) low output time tRRF 30 ns (Note 14) 

Access time tAc 50 ns 

Access time after READY (R) high tACR 50 ns 

Output data hold time toH 10 ns 

Output data off time to FF 40 ns 

Low-impedance output delay tu 5 ns 

Low-impedance output delay after READY (R) high tLzR 0 ns 

READY (R) low time when empty ts RR 4800+64twc ns (Note 8) 

READY (R) low time when almost empty tEMR 0 4800 + 63 twc ns (Note 8) 

Write cycle time twc 100 ns 

REQUEST (W) pulse width twaw 50 10000 ns (Note 5) 

REQUEST (W) precharge time twaP 30 ns 

REQUEST (W) low hold time after READY (W) high twaN 50 10000 ns (Note 6) 

READY (W) low output time twRF 30 ns 

Write data setup time tow 30 ns 

Write data hold time toH 10 ns 

REQUEST high setup time taRP tr+30 ns (Note 6) 

READY (W) low time when full tFLW 0 3200 +64 tRc ns 

FLAG1-FLAG4 output times tFLO 4800 ns 

EMPTY and FULL output valid times tEFO 40 ns 

EMPTY and FULL output hold times tEFH 0 ns 

FULL output off time tFOF 3200 ns (Note 9) 

Cour output off time when read request is executed tcoR 40 ns 

Cour output on time when write request is executed tcow 40 ns 

C1N setup time for REQUEST (R) tclR 10 ns 

C1N setup time for REQUEST (W) tc1w 10 ns 

Reset pulse width tsw 100 ns 

READY, FULL, and EMPTY output times after reset tswR 80 ns 

FLAG1-FLAG4 output times after reset tssF 100 ns 

REQUEST precharge hold time after reset tswa 30 ns 

RT disable hold time after reset ts RT 800 ns 

10 
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AC Characteristics (cont} 

Parameter Symbol 

CouT output low time after reset tswc 
READY (R) on time after interrupt read is executed tFRR 

READY (W) off time after interrupt read is executed tfWR 

READY (W) on time after interrupt read t1RW 
REQUEST (W) hold time after IR input tFQA 

REQUEST (W) setup time before IR input tfQB 
IR pulse width tFw 

REQUEST hold time after PS input tpAQ 

REQUEST setup time before PS input tpsa 

READY output time after port selection tpsR 

RT pulse width tRTW 
REQUEST setup time before RT input ts RT 

REQUEST hold time after RT input tRTQ 

READY (R) on time after retransmit is executed tRTR 

READY (W) on time after retransmit is executed twRT 

READY off time after retransmit is executed tRRT 

EMPTY and FULL output hold times after retransmit tfSRT 
is executed 

EMPTY reset time after retransmit is executed tRTE 

FLAG1-FLAG4 output valid times after retransmit tRTF 
is executed 

Input transition time tT 

Notes: 

(1) All voltages are referenced to GND. 

(2) All ac measurements assume input pulse rise and fall times of 
5 ns. 

(3) The input voltage reference levels for timing ratings are V1H (min) 
and V1L (max). Transition time tT is defined between V1H and V1L· 

(4) IR and RT inputs cannot be applied simultaneously. A timing 
delay of at least 100 ns is required. See figures 6 and 7 for 
acceptable input methods. 

(5) The maximum pulse width of 10,000 ns applies only when the 
READY signal is on. 

(6) REQUEST cannot be raised to a high level during the taRP + 
tRQN (or twaN) interval. 

Figure 6. Input Timing for IR and RT: Method 1 

100 ns 

IR 

µPD42532 

Limits 

Min Max Unit Test Conditions 

100 ns 

0 6400 ns (Note 7) 

50 ns (Note 7) 

100 ns (Note 11) 

60 ns (Note 13) 

60 ns • 50 2000 ns (Notes 4, 12, 13) 

100 ns 

100 ns 

50 ns 

50 2000 ns (Note 4) 

60 ns (Note 10) 

60 ns 

6400 ns (Note 7) 

4800 ns (Note 7) 

50 ns 

0 ns 

3200 ns 

8000 ns 

5 50 ns 

(7) If an RT (IR) pulse is applied during IR (RT) operation, the RT 
(IR) operation is delayed until IR (RT) operation is released. 

(8) "Empty" is defined as the state where the amount of stored data 
is zero, and "almost empty" is defined as the state where the 
amount of data is 1 to 63 bytes. 

(9) tFoF is defined from the rising edge of the REQUEST (R) 
signal when the amount of stored data reaches the prescribed 
value (that is, the value at which the FULL signal changes from a 
low level to a high level as defined in Table 1). 

(10) tsRT = 4800 ns minimum for the devices with process code K. 

Figure 7. Input timing for IR and RT: Method 2 

100 ns 

IR 

83-004804A 
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µPD42532 

AC Characteristics (cont) 

Notes [cont]: 

(11) After all data has been read in an IR cycle for devices. with 
process code K, always input a RESET signal to initialize the 
internal circuitry before proceeding to the next operation. See 
figure 8. 

(12) The IR signal is invalid whenever the EMPTY signal is low on 
devices with process code K. 

(13) If an IR input signal is applied in a cascade connection for 
devices with process code K, the REQUEST (W) signal must 
stay at a high level until all data has been read. 

(14) Read cycles are normally executed so as to maintain the stored 
data volume at levels above 2K bytes. If the data volume drops 
below 2K bytes for devices with process code K, read all of the 
remaining data using the interrupt read option. 

Figure 8. Reset Pulse After IR Operation 

+Final Read During IR Operation 

REQUEST (R) 

RESET 

12 

Figure 9. Input Timing 

2.4 v 

I 
I 

5ns-l 

Figure 10. Output Timing 

Figure 11. Output Loads 

Output Terminal 

NEC 

83-004807A 

Vee 

1.0 kn 

o.s1 kn I 30 pF 

83-005011A 



NEC µPD42532 

Timing Waveforms 

Reset Cycle 

tsw 

RESET 

!.-----ISRT-----i 

FLIRT :1zzzzzzzzzzz 111 
READY(W) 1 tswa 

REQUEST(W) 

...__-------~tsRR----------i 

READY(R) 

tQRP IRON 

REQUEST(R) 

Cour 

Notes: 

(1) IR= low 

(2) PS = high or low 
83-0048148 
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µPD42532 NEC 
Timing Waveforms (cont) 

Write Cycle 

REQUEST(W) 

,__~-tFLw---

READY(W) 

tow 

toH 

tEFO 

tEFH 

FULL___..,~llFL . ,~~ -----=-,______.. _1 -
FLAG1 to 

FLAG4 
-------~ 

14 

Notes: 

(1) IR =low 

(2) FURT = high 

(3) PS = high or low 

(4) RESET = low 
83-0048156 



NEC 
Timing Waveforms (cont} 

Read Cycle 

REQUEST(R) 

READY(R) 

FLAG1 to 
FLAG4 

Notes: 
(1) IR= low 

~~~~~~~--1.--~~~~--

(2) FURT = high 

(3) PS = high or low 

(4) RESET = low 

tLz 

µPD42532 

tRQW 

tRRF tQRP 14-<1--+--- tRQN 

---tEMR--- • 
tAC 

tACR 

tLZR 

83-0048186 
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µPD42532 

Timing Waveforms {cont) 

Interrupt Read Cycle 

16 

IR 

REQUEST(W) 

READY(W) 

REQUEST(R) 

READY(R) 

Notes: 
(1) PS = high or low 

(2) FL/RT = high 

(3) RESET = low 

NEC 

····3 tRRF ~ .... Jr-
tEFO 

, __ _,~ 
tEFH 

83-0048188 



NEC 
Timing Waveforms {cont) 

Retransmit Cycle 

FLIRT 
flMWJ 

~~~~~---~~ 

READY(W) 

READY(R) 

REQUEST(R) 

FLAG1 to 
FLAG4 

Notes: 

VoH 

(1) PS = high or low 

(2) IR= low 

(3) RESET = low 

tBRT 

tFSRT 

µPD42532 

El 

83-0048198 
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µPD42532 NEC 
Timing Waveforms (cont) 

Port Select Cycle 

PS 

REQUEST(A)------'tf IPBOJ ~IPA01' __ _ 

REOUm(B) ;= =\ 
---tPSR 

READY(A) 

READY(B) 

83-0048208 
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t-IEC 
Timing Waveforms (cont) 

Cascade Cycle 

REQUEST(W) 

REQUEST(R) 

cour 
(n) 

READY(W) 
(n) 

READY(R) 
(n) 

C1N 
(n+1) 

(n+1) 

~~~~~~~--

~~~~~~~--

~~~~~~~~~~~--

µPD42532 

IWRF 1···· 

READY(W) J 
RE ADY ( R) _____ --

(n+1) . 

Notes: 

(1) IR = low 

(2) FLIRT = high or low 

(3) PS = high or low 

(4) RESET = low 
83-0048178 
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NEC 
NEC Electronics Inc. 

Description 

The µPD42601 silicon file is an economical mass 
storage device specifically designed to replace mag
netic disk drives in silicon disk, solid-state recording, 
and system backup applications in a variety of com
puter systems. Organized as 1,048,576 words by 1 bit, 
the µPD42601 provides a battery backup feature for 
enhanced system performance and a substantial sav
ings in power consumption. 

The device is capable of executing standard access or 
page-mode write and read cycles. Refreshing is 
accomplished by means of CAS before RAS refresh 
cycles, RAS-only refresh cycles, self-refresh cycles, or 
by normal read or write cycles on the 512 address 
combinations of Ao through A8 during a 32-ms period. 

The µPD42601 is uniquely suitable for battery backup 
systems because it requires a very low power supply 
current for extended periods of self-refresh operation. 
If ambient temperature is limited to 50 °C (max), as little 
as 30 µA (max) is required to maintain all data. 

TheµPD42601 is available in high-density 20-pinplastic 
ZIPor 26/20-pin plastic SOJ packaging. 

Features 

D 1,048,576-word by 1-bit organization 
D Single +5-volt ±10% power supply 
D CMOS technology 
D Low operating power: 12 mA maximum 
D 30 µA maximum self-refresh current at 0 to 50°C 
D Read or write cycle time: 1000 ns minimum 
D Page-mode cycle time: 200 ns minimum 
D CAS before RAS refreshing 
D 512 refresh cycles during 32-ms period 
D Automatic self-refreshing by RAS input cycling 

Ordering Information 
Self-Refresh 

Page-Mode Current 
Part Number Cycle (min) (max, 50°CJ Package 

µPD42601 LA-60 200 ns 120µA 26/20-pin plastic SOJ 

LA-60L 200 ns 30µA 

µPD42601V-60 200 ns 120µA 20-pin plastic ZIP 

V-60L 200 ns 30µA 

60080 (NECEL-1069) 

Pin Configurations 

26120-Pin Plastic SOJ 

DIN 

WE 

RAS 

RFSH 

NC 

Ao 

A1 

A2 

A3 

Vee 

20-Pin Plastic ZIP 

Ag 1 

DouT 3 

DINS 

RAS 7 

RFSH g 

Ao 11 

A2 13 

Vee 1s 

As 17 

A7 1g 

2 eAS 

4 GND 

6 WE 

S NC 

10 NC 

12 A1 

14 A3 

16 A4 

1S As 

20 As 

µPD42601 
Silicon File 

GND 

DouT 

CAS 

NC 

Ag 

As 

A7 

As 

As 

A4 

83-004632A 

83-004634A 



µPD4260.1 

Pin Identification 
N1m1 

Ao-Ag 

D1N 

Dour 
RAS 

CAS 

WE 

RFSH 

GND 

Vee 
NC 

Block Diagram 

2 

Function 

Address inputs 

Data input 

Data output 

Row address strobe 

Column address strobe 

Write enable 

Self-refresh control 

Ground 

+5-volt power supply 

No connection 

Decoder 

Timing 
Generator 

0 

RFSH 

Refresh Address 
Counter 

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

Operating temperature, T OPR o to +70°C 

Storage temperature, T STG 

Short-circuit output current, los 50mA · 

Power dissipation, Po 1.0W 

Supply voltage, Vee -1.0 to +7.0 V 

Comment: 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. 

Ao Ag 

Multiplexer 

Row Address 
Decoder 

Storage 
Cell 

Matrix 

Data-Out 
Buffer 

0 

Dour 

Column Address 
Latch 

Column Address 
Buffer 

DIN 

83-0049456 



NEC 
Operation 

Write and Read Operation 

The µPD42601 is capable of standard write and read 
operation as well as page-mode operation. The ten row 
address bits are set up on pins Ao through A9 and 
latched onto the chip by RAS. Subsequently, ten 
column address bits are set up on pins Ao through Ag 
and latched onto the chip by CAS. An appropriate write 
or read cycle is executed according to the logical level 
of WE: a high WE initiates a read cycle and low WE 
initiates a write cycle. 

Page-mode operation may be executed by pulsing 
CAS repeatedly while maintaining a low RAS. The first 
word is accessed in the same manner as in standard 
write and read operation, with row addresses latched 
onto the chip by RAS and column addresses latched by 
CAS. Subsequent column addresses are accessed for 
each CAS cycle, repeated during a period up to the 
maximum RAS pulse width. 

Refresh Operation 

CAS before RAS Refreshing. This cycle may be 
initiated by bringing CAS low before RAS and holding 
it low after RAS falls. A built-in address counter makes 
external addressing unnecessary. 

RAS-Only Refreshing. RAS-only refreshing is exe
cuted by holding CAS high as the row addresses are 
latched onto the chip by RAS. Using this cycle, all 
storage cells are refreshed by the 512 address com
binations of Ao through A8 during a 32-ms period. 

µPD42601 

Self-Refreshing. A self-refresh cycle is initiated for the 
addresses generated by the internal counter whenever 
RFSH is active low and the RAS input is cycling (see 
figure 1). Since the minimum required RAS cycling 
frequency depends on ambient temperature, power 
consumption will also vary with temperature as shown 
in the AC and DC Characteristics. For extended 
periods of self-refresh operation, a low supply current 
is required; e.g., if ambient temperature is limited to 
50°C (max), as little as 30 µA (max) is required to .... 
maintain all data. mlilm 
Recommended DC Operating Conditions 
TA= 0 to +70°C; GND = 0 v 

Limits 

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 

Capacitance 
TA= 25°C; t = 1 MHz 

Parameter Symbol Max Unit Pins Under Test 

Input capacitance C11 5 pF Address, D1N 

C12 8 pF RAS, CAS, WE, 
RFSH 

Output capacitance Co 7 pF Dour 

3 



µPD42601 

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

Limits 

Parameter Symbol Min Typ Max Unit Test Conditions 

Operating current, lcc1 
average 

Standby current 

.Q.e!rating current, 
RAS-only refresh, 
average 

~ating current, 
GAS before RAS 
refresh, average 

lcc2 

lcc3 

Operating current, Ices 
self-refresh mode, 
average 

Operating current, lcc6 
page mode, 
average 

Input leakage l1L 
current 

Output leakage loL 
current 

Output voltage, Vol 
low 

Output voltage, 
high 

Notes: 

VoH 

-1 

-1 

2.4 

12 mA RAS, GAS cycling; 
lo=O mA; 
tRc = tRc (min) 

2.0 mA RAS = GAS = RFSH 
=V1H 

0.5 mA RAS = GAS = RFSH 
;::::: Vee - 0.4; A0-A9, 
D1N and WE ;::::: Vee 
- 0.4 or :5 0.4 V 

10 mA tRc = tRc (min); 

10 

lo=O mA 

mA tRc = tRc (min); 
lo=O mA 

30 µA RAS cycling at 50 
kHz (Notes 1, 2, 3, 4) 

60 µA RAS cycling at 100 
kHz (Notes 1, 2, 3, 4) 

120 µA RAS cycling at 200 
kHz (Notes 1, 2, 3) 

12 mA tpc = tpc (min); 
lo=O mA 

µA v1N = o to Vee; all 
other pins not under 
test= O V 

µA DouT disabled; 
VouT = o to Vee 

0.4 V lo = 4.2 mA 

v 10 =-5 mA 

(1) When tFAS :5 2.5 ms, Ices does not depend on the RAS clock; 
Ices (max)=500µA. WhentFAs;:::2.5ms, Ices (max)=500µAin 
the first 2.5 ms after RFSH falls (it does not depend on the RAS 
clock). Subsequently, Ices is 120 µA for the µPD42601 or is as 
shown in the following table for the µPD42601-L. 

4 

Operating 
Temperature [T Al 

Oto 50°C 

Oto 60°C 

o to 70°C 

Clock 
Frequency [min] 

50 kHz 

100 kHz 

200 kHz 

Self-Refresh 
Current [max] 

30 µA at 50 kHz 

60 µA at 100 kHz 

120 µA at 200 kHz 

NEC 
(2) tRcF depends on operating temperature as reflected in the table 

below (see figures 2 and 3). 

tRcF [max] Operating 
Temperature [T Al µPD42601·L µPD42601 

o to 50°C 20µs 5µs 

o to 60°C 10µs 5µs 

o to 70°C 5µs 5µs 

(3) Average power supply current required for self refreshing is 
measured according to the following conditions: RAS is cycling 
at50, 1ooor200 kH~H;:::vec-0.4 V; v 1L:50.4 V;tr:550ns;Ao 
to Ag, DIN• WE and CAS=VcctoGND; RFSH=V1L· When RFSH 
= v1L (:50.4 V), the RAS input must be cycled at or exceeding the 
minimum frequency requirements. 

(4) This specification applies to theµPD42601-L only. For the non-L 
version, Ices is 120 µA, maximum, at all TA. 

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

Parameter Symbol 

Random read or write tRc 
cycle time 

Page-mode cycle time tpc 

Access time from RAS tRAC 

Access time from GAS tcAc 
(falling edge) 

Output buffer turnoff toFF 
delay 

Transition time (rise tT 
and fall) 

RAS precharge time tRP 

RAS pulse width tRAS 

RAS hold time tRsH 

GAS pulse width tcAs 

GAS hold time tcsH 

RAS to GAS delay time tRCD 

GAS to RAS precharge tcRP 
time 

GAS precharge time tcPN 
(non-page cycle) 

GAS precharge time 
(page cycle) 

RAS precharge GAS 
hold time 

tcp 

Limits 

Min Max Unit Test Conditions 

1000 ns (Note 5) 

200 ns (Notes 5, 15) 

600 ns (Notes 6, 7) 

100 ns (Notes 6, 8) 

O 100 ns (Note 9) 

3 50 ns (Notes 3, 4) 

390 ns 

600 100000 ns 

100 ns 

100 10000 ns 

600 ns 

150 500 ns (Note 10) 

30 ns (Note 11) 

90 ns 

90 ns (Note 15) 

0 ns 



NEC µPD42601 

AC Characteristics (cont) 
TA= o to +10°c; Vee= +5.0 v ±10% 

Limits Limits 

Parameter Symbol Min Max Unit Test Conditions Parameter Symbol Min Max Unit Test Conditions 

Row address setup tASR 0 ns Self-Refresh Cycle (cont) 
time 

RAS pulse width in tRSF 600 ns 
Row address hold time tRAH 90 ns self-refresh mode 

Column address setup tAsc ns RFSH to RAS delay tFRo 100 ns 
time time 

Column address hold tcAH 90 ns RAS hold time in self- tFRH 200 ns 
time refresh mode 

Column address hold tAR 590 ns Notes: ml time referenced to RAS 
(1) All voltages are referenced to GND. 

Read command setup tRcs ns 
(2) An initial pause of 100 µs is required after power-up (Vee = time 

+5.0 V ±10%), followed by any eight RAS cycles, before proper 
Read command hold tRRH 75 ns (Note 12) device operation is achieved. RAS, CAS, and RFSH must equal 
time referenced to RAS V1H during the initial pause. 

Read command hold tRCH 0 ns (Note 12) (3) Ac measurements assume tr= 5 ns. 
time referenced to GAS (4) V1H (min) and V1L (max) are reference levels for measuring 

Write command hold twcH 90 ns timing of input signals. Transition times are measured between 

time V1H and VIL· 

Write command hold twcR 590 ns (5) The minimum specifications are used only to indicate the cycle 

time referenced to RAS time at which proper operation over the full temperature range 

Write command pulse twp 90 
(TA= 0 to +70°C) is assured. 

ns 
width (6) Load= 2 TTL loads and 100 pF (VoH = 2.4 V, Vol= 0.4 V). 

Data-in setup time tos 0 ns (Note 14) (7) Assumes that tRco::::: tRco (max). If tRco is greater than the 
maximum recommended value in this table, tRAC increases by 

Data-in hold time toH 90 ns (Note 14) the amount that tRco exceeds the value shown. 

Data-in hold time toHR 590 ns (8) Assumes that tRco 2: tRco (max). 
referenced to RAS (9) toFF (max) defines the time at which the output achieves the 

Write command setup twcs ns open-circuit condition and is not referenced to VoH or Vol· 

time (10) Operation within the tRcD (max) limit assures that tRAC (max) 

GAS setup time for tcsR 30 ns can be met. tRco (max) is specified as a reference point only; if 

GAS before RAS refresh tRco is greater than tRco (max), access time is controlled 

GAS hold time for GAS tcHR 105 
exclusively by tcAC· 

ns 
(11) The tcRP requirement should be applicable for RAS/CAS cycles before RAS refresh 

preceded by any cycle. 
Refresh period tREF 32 ms Addresses 

(12) Either tRRH or tRcH must be satisfied for a read cycle. 
Ao-Aa 

Self-Refresh Cycle (13) When tFAS::::: 2.5 ms, Ices does not depend on the RAS clock; 
Ices (max) =500µA. When tFAs2::2.5 ms, Ices (max) =500µA 

RFSH pulse width tFAS 810 ns (Note 13) tor the first 2.5 ms after RFSH falls (it does not depend on the 

RAS to RFSH delay tRFD 100 ns 
RAS clock). Subsequently, Ices is 120 µA for the µPD42601 or is 

time 
as shown in the following table for the µP042601-L. 

RAS setup time tFRS 200 ns Operating Clock Self-Refresh 
to RFSH Temperature [T Al Frequency [min] Current [max] 
RAS cycle time in self- tRCF 1000 ns (Note 16) o to 50°C 50 kHz 30 µA at 50 kHz 
refresh mode 

RAS precharge time in 390 
o to 60°C 100 kHz 60 µA at 100 kHz 

tRPF ns 
self-refresh mode o to 70°C 200 kHz 120 µA at 200 kHz 

5 



µPD42601 

Notes (cont]: 

(14) These parameters are referenced to the falling edge of CAS for 
early write cycles. 

(15) This parameter is applicable to page-mode operation. 

(16) tRcF depends on operating temperature as reflected in the table 
be.low (see figures 2 and 3). 

Operating 
Temperature [TAI 

o to 50°C 

0 to 60°C 

o to 70°C 

IRcF [max) 

µPD42601-L µPD42601 

20µs 5µs 

10µs 5µs 

5µs 5µs 

Figure 1. Internal Address Generation In Self-Refresh Operation 

NEC 

______ 19 RAS Clocks __________ 19 RAS Clocks---------- 19 RAS Clocks 
(Note 1) 2 19 2 

6 

Notes: 
(1) One Internal address is refreshed every 19 RAS pulses. 
(2) The self·refresh mode is intended primarily for long 

periods of refresh-only operation. 

----.i Address (n) Refresh 

n+1 

___ .....,..ll-

n+2 

----e--
----.i Address (n + 1) 

Refresh 

83-0045038 



NEC µPD42601 

Figure 2. Special Requirement for tRcF Near Periods of Limited Standard Refresh Cycles 

i.-----Self-Refresh Operation---- i+-------------...i 
Normal Read and Write Operation 

Self-Refresh Operation 

tFRD 

Notes: 
[1] ThevaluefortRCF [min] is specified in AC Characteristics. The 

value for tRCF [max] is dependent upon temperature and shown 
in the table below. 

tRCF [max] 

TA µPD42601-L µPD42601 

50°c 
60°c 
10°c 

20µs 
10µs 
5µs 

5µs 
5µs 
5µs 

[2] When exiting self-refresh to a period of read and write operation 
which includes CBR refresh cycles, tRCF is the delay between 
the last self-refresh pulse and the first CBR cycle. When 
entering self-refresh operation, tRCF is the delay between the 
last CBR cycle and the first self-refresh pulse. 

[3] In this period of normal read/write operation, there are no CBR 
refresh cycles or less than 512 RAS-only refresh cycles. 

(Note 3) 

L .... 
[4] The time delay between the last self-refresh pulse in one self

refresh cycle, and the first self-refresh pulse in the next cycle, is 
defined by tRCF [max] when the intervening period of read and 
write operation meets the conditions in Note 3. 

[5] The built-in counter generates the refresh address in self
refresh and CBR refresh cycles. Since this address increments 
sequentially from the last cycle in either self-refresh or CBR 
operation to the first cycle in the alternate refresh mode, CBR 
refreshing should be used during normal read and write 
operation to refresh one address location every 62 µs or less. If 
some other means of refreshing is used, it is necessary to do a 
burst refresh of all storage cells just before changing to and just 
after exiting self-refresh operation. 

83-0045026 

Figure 3. Timing Restrictions for Entering and Exiting Self-Refresh Operation 

Self-Refresh 
Operation 

Normal Read/Write Operation Self-Refresh 
Operation 

Notes: 

Last 
Self-Refresh 

Pulse 

First CBR 
Cycle 

[1] The value for tRCF [min] is specified in AC Characteristics. The 
value for tRCF [max] is dependent upon temperature and shown 
in the table below. 

tRCF [max] 

TA µPD42601-L µPD42601 

50°c 
60°c 
10°c 

20µs 
10µs 
5µs 

5µs 
5µs 
5µs 

[2] When exiting self-refresh to a period of read and write operation 
which includes CBR refresh cycles, tRCF is the delay between 
the last self-refresh pulse and the first CBR cycle. When 
entering self-refresh operation, tRCF is the delay between the 
last CBR cycle and the first self-refresh pulse. 

Last CBR 
Cycle 

First 
Self-Refresh 

Pulse 

[3] The built-in counter generates the refresh address in self
refresh and CBR refresh cycles. Since this address increments 
sequentially from the last cycle in either self-refresh or CBR 
operation to the first cycle in the alternate refresh mode, CBR 
refreshing should be used during normal read and write 
operation to refresh one address location every 62 µs or less. If 
some other means of refreshing is used, it is necessary to do a 
burst refresh of all storage cells just before changing to and just 
after exiting self-refresh operation. 

83-0045016 
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µPD42801 

Timing Waveforms 

Read Cycle 

Address 

i.--------tRAS---------.1 

14---------tCSH-'--------i 

tRCD------'---'---tRSH---.:.........i 

...._---'---tCAs---__, 

tRAH 

tAsc 

I~ 

tCAH 

WE /////////// 

I ~··c~ 

I 
tCAC tRRH . tRAC tOFF 1---i 

Dour 
High Impedance _] -i 

"'\ Valid Data 
J 

Note: 
(1) RFSH = V1H. 

8 

NEC 

High Impedance 
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NEC µPD42601 

Timing Waveforms (cont) 

Write Cycle (Early Write) 

i-._-------tRAS--------+1 

'-------~tcsH---------·1 

tRco--------tRsH---

...__...:___tcAs---+1 

Address 

~~~ ~ ... }z 
DIN 1 ..,..._11_,.......,1---11..._zz~zz--m •·11• •••• -zz..,.__,.zz__,,_1-zz...,._zz--z--11-1,.....,..11..,.....,11--,..-1 

I• tOHR _____ _, 
High Impedance Dour ~~~~~~~~~~~~~~~~~~...;;..~.;._~~~~~~~~~~~~~~~ 

Note: 
(1) RFSH = V1H. 

83-0049478 
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Timing Waveforms (cont) 

Page-Mode Read Cycle 

1+-----------tRAS-----------

tCPN 

----tcsH---~·1 

L.p· 1 • --;--------tpc---~ 
i--tRCD--'---- tcp tcAS 

tRP 

tRSH 

Address 

tOFF 

High Impedance High Impedance 
Dour -------------ct 

Note: 
(1) RFSH = VIH· 

83-0049488 
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NEC µPD42601 

Timing Waveforms (cont) 

Page-Mode Write Cycle (Early Write) 

Note: 
(1) RFSH = V1H. 

83-0049498 
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µPD42601 

Timing Waveforms (cont) 

RAS-Only Refresh Cycle 

\ 
rtCRP-

tRC 

tRAS 

NEC 

r- tRP 

{ ~ 

14'-tRPCl 

~: ;z~;i};:lz-zz..,..._,.zz...,.....,z-zz.,......,...zz--zz.....,....z.,.....,...zz..,......,.zz.....,....z.,.....,...';;..,......,.zz.....,....z,,_.,....z1 
High Impedance Dour ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~-

Notes: 
(1) RFSH = VIH· 
(2) WE and DIN = don't care. 

83-0049516 

CAS Before RAS Refresh Cycle Self-Refresh Cycle 

i.-------tRc------- tRPF tRCF tRPF 

tRP i----tRAS---... 

tcsR tcHR 

-----tFAs-----.i 

High Impedance 
Dour ~~~~~~~~~~~~~~~~~---

Note: 
(1) CAS, WE, D1N, Address = don't care. 

Notes: 83-004952A 

(1) RFSH = VIH· 
(2) WE, D1N, Addresses = don't care. 

83-004950A 
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t\'EC 
NEC Electronics Inc. 

Description 

The µPD42641 is a fast-page, low-power dynamic RAM 
organized as 4,194,304 words by 1 bit and designed 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 advanced CMOS circuitry throughout ensure 
minimum power dissipation, while an on-chip circuit 
internally generates the negative-voltage substrate bi
as-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. 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 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. 

In automatic self-refresh mode, the µPD42641 retains 
data for extended time periods with very-low power 
consumption (30 µA at 50°C). This feature is most 
useful in battery backup applications. 

Features 

o 4,194,304-word by 1-bit organization 
o Single +5-volt power supply 
o Fast-page option 
o Low power dissipation 

-Active: 90 mA 
-Standby: 1.0 mA (CMOS interface) 
- Self-refresh: 30 µA (tRcE = 3.2 µs, TA = 50°C) 

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 Automatic self-refreshing by RAS input cycling 
o 1024 refresh cycles every 16 ms 
o 26/20-pin SOJ and TSOP plastic packages (300-

mil) 

60230 

µPD42641 
4,194,304 x 1-Bit 

Si I icon Fi le 

Pin Identification 
Name Function 

Ao-A10 Address inputs 

CAS Column address strobe 

D1N Data input 

DouT Data output 

RAS Row address strobe _____ II 
WE Write enable 

GND Ground 

Vee + 5-volt power supply 

NC No connection 

Pin Configurations 

26/20-Pin Plastic SOJ 

µPD42641 

D1N 1 26 GND 
WE 2 25 Do UT 

RAS 3 24 CAS 
NC 4 23 NC 

A10 5 22 Ag 

Ao 9 18 As 
A1 10 17 A1 
A2 11 16 A5 
A3 12 15 As 

Vee 13 14 A4 



pPD42641 

Pin Configurations (cont) 

26/20-Pin Plastic TSOP (Normal Pinouts) 26/20-Pin Plastic TSOP (Reverse Pinouts) 

µPD42641 

D1N 10 26 

WE 2 25 

RAS 3 24 

NC 4 23 

A10 5 22 

-9JD 

Ao g 

A1 10 

A2 11 

A3 12 

vcc ·~1_3 ________ __ 

Sufflx-9JD In the package Identifier 
denotes normal plnout sequence. 

GND 

DoUT 

CAS 
NC 

Ag 

µPD42641 

GND 1 0 
DouT 2 

CAS 3 

NG 

Ag 5 

-9KD 

As g 

A1 10 

Ae 11 

As 12 
0 A4 13 

Suffix -9KD In the package Identifier 

83CL-888M 
denotes reverse plnout sequence. 

Block Diagram 

2 

RAS Clock 
Generator 

CASClock 
Generator 

WE Clock 
Generator CAS ___,~------+---' 

wE-<1..__------+----------~~--------~ 

CAS Before RAS 

Data VO Bus 

Column Decoder 

Sense Arnpllfler 

Memory Array 

0 26 D1N 
25 WE 
24 RAS 

23 NC 

22 A10 

18 Ao 

17 A1 

16 A2 

15 A3 

14 vcc 

Data-In 
Buffer 

De.ta-out 
Buffer 

83CL-8887A 

.DIN 

DouT 

831tM;6s&B 



NEC 
Ordering Information 

Part Number 

µPD42641 LA-SOL 

µPD42641 GS-SOL 

µPD42641 GSM-SOL 

RAS Access 
Time (max) 

SO ns 

SO ns 

SO 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 

R/WCycle 
Time (max) 

160 ns 

160 ns 

160 ns 

-1.0to +7.0V 

0 to +7<:f'C 

-55to +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. 

DC Characteristics 
TA= 0 to+ 7C°C; Vee= +5.0 v :t10% 

Parameter Symbol Min Max 

Standby current lec2 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 

pPD42641 

Fast-Page 
Cycle (max) Package 

50 ns 26/20-pin plastic SOJ 

50 ns 26/20-pin plastic TSOP (normal pinouts) 

50 ns 26/20-pin plastic TSOP (reverse pinouts) 

Recommended Operating Conditions 
Parameter Symbol Min Typ Max U~lt. 
Input voltage, high V1H 2.4 Vee+ 1.0 

Input voltage, low V1L -1.0 o.s 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 
~~~~~~~~~~~~~~~-

C 12 s pF RAS, CAS, WE, D1N 

Output capacitance Co 7 pF DouT 

Unit Test Conditions 

mA RAS = CAS ~ V1H (min) 

mA RAS = CAS ~ Vee - 0.2 V; Address, DtN• WE 
~ Vee -0.2 V or :S 0.2 V 

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

µA DouT disabled; VouT = o V to Vee 

v loL = 4.2 mA 

v loH = -5 mA 

3 



pPD42641 NEC 
AC Characteristics 
TA= Oto +70°C; Vee= +5.0V ±10% 

1'PD42641·80 

Parameter Symbol Min Max Unit Test Conditions 

Operating current, average lee1 90 mA RAS and CAS cycling; tRe = tRc min; 10 = o 
mA (Note 5) 

Operating current, RAS-only refresh cycle, lce3 90 mA RAS cycling; CAS ;;:: V1H; tRe = tRe min; lo = 
average 0 mA (Note 5) 

Operating current, CAS before RAS refresh lee4 90 mA RAS cycling; CAS before RAS; tRe = tRe min; 
cycle, aver~ge lo = O mA (Note 5) 

Operating current, fast-page cycle, average lee a 90 mA RAS s V1L; CAS cycling; tpe = tpe min; lo= 
0 mA (Note 5) 

Access time from column address tAA 40 ns (Notes 7, 9) 

Access time from CAS precharge (rising edge) tAeP 45 ns (Notes 7, 9) 

Column address setup time tAse 0 ns 

Row address setup time tASR 0 ns 

Column address to WE delay time tAWD 40 ns (Note 16) 

Access time from CAS teAe 20 ns (Notes 7, 9) 
(falling edge) 

Column address hold time teAH 15 ns 

CAS pulse width teAS 20 10,000 ns 

CAS hold time for CAS before RAS refresh. cycle tcHR 15 ns 

CAS to output in low impedance icLZ 0 ns (Note 7) 

CAS precharge time, fast-page cycle tep 10 ns 

CAS precharge time, nonpage cycle tePN 10 ns 

CAS to RAS precharge time, read-write mode teRP1 10 ns (Note 12) 

CAS hold time tesH 80 ns 

CAS setup time for CAS before RAS refresh tesR 10 ns 
cycle 

CAS to WE delay tewo 20 ns (Note 16) 

Write command to CAS lead time tewL 15 ns 

Data-in hold time toH 15 ns (Note 15) 

Data-in setup time tos 0 ns (Note 15) 

Output buffer turnoff delay to FF 0 20 ns (Note 10) 

Fast-page cycle time tpe 50 ns (Note 6) 

Fast-page read-modify-write cycle time tpRWc 80 ns (Note 6) 

Access time from RAS tRAe 80 ns (Notes 7, 8) 

RAS to column address delay time tAAD 17 40 ns (Note 9) 

Row address hold time tRAH 12 ns 

Column address lead time referenced to RAS tAAL 40 ns 
(rising edge) 

RAS pulse width tRAS 80 10,000 ns 

RAS pulse width, fast-page cycle tRASP 80 125,000 ns 

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

RAS to CAS delay time tReD 25 60 ns (Note 11) 

Read command hold time referenced to CAS tReH 0 n$ (Note 13) 

4 



NEC pPD42641 

AC Characteristics (cont) 
1£PD42641-80 

Parameter Symbol Min 

Read command setup time tRcs 0 

Refresh period tREF 

RAS hold time from CAS precharge tRHCP 45 

RAS precharge time tRP 70 

RAS precharge CAS hold time tRPC 10 

Read command hold time referenced to RAS tRRH 10 

RAS hold time tRSH 20 

Read-write cycle time tRwc 185 

RAS to WE delay tRWD 80 

Write command to RAS lead time tRWL 20 

Rise and fall transition time tT 3 

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 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) lcc1. lcc3, lcc4, and lcca 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 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) 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· 

Max Unit Test Conditions 

ns 

32 ms Addresses Ao · A9 

ns 

ns 

ns 

ns 

ns 

ns (Note 6) 

ns (Note 16) 

ns 

50 ns (Note 3) 

ns 

ns (Note 16) 

ns 

ns (Note 14) 

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) 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.!!!!.s 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 t cwo ~ t cwo 
(min), tRWo ~ tRWD (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) 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.J!.!tlerefore 
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. 
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pPD42641 

Self-Refresh Cycle 
TA= o to +70°C; Vee= +5.0 V ±10% 

Parameter . Symbol 

Operating current, self-refresh mode (average) Ices 

CAS precharge time in CBR refresh mode tcpc1 

CAS precharge time from self-refresh mode to tcpc2 
read-write mode 

CAS to RAS precharge time from self-refresh icRP2 
mode to normal read-write mode 

CAS to RAS precharge time in CBR refresh icRP3 
mode 

GAS pulse width in self-refresh mode tcsF 

RAS cycle time in self-refresh mode tRCF 

CAS to RAS precharge time from self-refresh to tRPC2 
normal read-write mode 

RAS precharge time in self-refresh mode tRPF 

RAS pulse width in self-refresh mode tRSF 

Notes: 

(1) With RAS cycling at 32 kHz, when tcsF s 35 ms, Ices = 1.0 mA. 
When tcsF <:?: 35 ms, Ices = 1.0 mA during the first 35 ms after 
the self-refresh mode set cycle is applied. Subsequently, the 
maximum value is as follows. 

TA Clock (min) Ices (tcsF) Ices (tcsF) 

O to 50°C 32 kHz 
O to 60°C 64 kHz 
o fo 70°C 128 kHz 

1.5 mA (<35 ms) 
2mA(<18 ms) 
4 mA (<9 ms) 

30 µA (> 35 ms) 
60 µA (> 18 ms) 
120 µA(> 9 ms) 

(2) The value of tRCF depends on operating temperature (TA). 
TA tRCF (maX) 

Oto 50°C 
Oto 60°0 
o to 70°C 

32µs 
16µs 
Sµs 

(3) Average power supply current for self-refresh is measured ac-

6 

co~to the following conditions. 
RAS cycling at 32, 64, or 128 kHz; 
CAS s 0.2 V; WE;;?: Vee- 0.2 V; 
V1H > Vee- 0.2 V; V1L < 0.2 V; 
tr s 50 ns; Ao~ A1o and D1N = ~ to GND 

Duri~gself-refresh operation, the RAS input must be cycled at or 
exceeding the minimum frequency' req~irement. 

Min Max Unit Test Conditions 

30, 60, or 90 µA RAS cycling (Note 1, 2, 3) 

20 ns 

100 ns 

200 ns 

40 ns 

360 ns (Note 1) 

360 ns (Note 2) 

100 ns 

200 ns 

150 ns 

(4) When exiting self-refresh to a. period of read and write operation 
that inlcudes CBR refresh cycles, tRcF is the delay between the 
last self-refresh cycle pulse and the first CBR cycle. When 
entering the self-refresh operation, tRcF is the delay between the 
last CBR cycle and the first self-refresh pulse. 

(5) In this period of normal read/write operation, there are no CBR 
refresh cycles less than 1024 RAS-only refresh cycles. 

(6) The time delay between the last self-refresh pulse in one self
refresh .cycle and the first self-refresh pulse in the next cycle is 
defined by tRcF (max) when the intervening period of read and 
write operation meets the conditions in note 4. 

(7) The built-in counter generates the refresh address in self-refresh 
and CBR refresh cycles. Since this address increments sequen
tially from the last cycle in either self-refresh or CBR operation to 
the· first cycle in the alternate refresh mode, CBR refreshing 
should be used during normal read and write operation to refresh 
one address location every 32 µs or less. If some other means of 
refreshing is used, a burst refresh of all storage cells is necessary 
just before changing to and just after exiting self~refresh opera
tion. 



NEC 
Timing Waveforms 

Read Cycle 

RAS 

tcRP1 

CAS 

Address 

WE 

DOUT 

pPD42641 

141 E'-------tRSH------
_________ ..,.__tCSH--------~ 

tRP 

~--tRco--~~----tCAs------,il"t 

l.~ 1··~ 
I IAA L~ I. ~tCAc 
IEtRAc 

tCLZ 

High Impedance 
Valid Data 

83CL-!888B 
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pPD42641 

Timing Waveforms (cont) 

Early Write Cycle 

RAS 

lCRP1 r-E --tRSH--
------'--tCSH ___ ___ 

-tRCD tCAs--

CAS 

Address 

NEC 

oour ------~Hlgh-"'-lmpedan_ce ______ _ 

83CL-8889B 
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NEC 
Timing Waveforms (cont) 

Late Write Cycle 

pPD42641 
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µPD42641 

Timing Waveforms (cont) 

Read-Write/Read-Modify-Write Cycle 

l""'oE'--------tRSH------il"I 
------------tcsH------------

10 

CAS 

Address 

WE 

------~tRAc------:~ 

tCLZ 14-----
Dour~~~--~-H-'gh~'m-pedance~----~---------<1 Vaid Data 

NEC 

83CL.-11 



NEC 
Timing Waveforms (cont) 

Fast-Page Read Cycle 

pPD42641 
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pPD42641 

Timing Waveforms (cont) 

Fast-Page Early Write Cycle 

12 
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NEC pPD42641 

Timing Waveforms (cont) 

Fast-Page Read-Write/Read-Modify-Write Cycle 

83CL-8894B 

13 



pPD42641 

Timing Waveforms (cont) 

Hidden Refresh Cycle 

RAS 

CAS 

Address 

Dour ___ H_.lg.._h 1m ..... pedanc __ e ----< 

14 

ttiEC 

'.Ill/JI/!//// fll //IJ !l 

SS Vll!!Jl/1112 

·~J ~ 
tCAC 

Valld~ta 



t\'EC 
Timing Waveforms (cont) 

RAS-Only Refresh Cycle 

RAS 

r-tcRP1 

Addrass 

pPD42641 

\J 

DOUT-------------------------------H~gh_lm~p~edance---------------------------------
Note: 

[1] WE;i,,VIH· 
83CL-88968 

CAS Before RAS Refresh Cycle 

""'-- tRC __,,, - , 

~ lRAS 
_ ... ,,.. 

RAS 1\ v ~ 
""- tRP~ -

-{'~·+~~·1 tRPC_,.; £rr!dr· .. 

DoUT--------------------------------H~~-hl_m~pedan---~-----------------------------
Note: 
[1] Address = don't care. 

83CL-8896B 
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µPD42641 

Timing Waveforms (cont) 

SeN-Refresh Cycle 

RAS Vcc-0.2V -
o.2v-

Normal Refresh/SeN-Refresh Timing 

16 

- Vcc-0.2V -
RAS 0.2V -

V1H-
0.2V-

Last CSR cycle 

NEC 

83CL-88988 

83CL-8899B 



t\'EC 
Timing Waveforms (cont) 

SeU-Refresh Mode Set Cycle 

RAS Vcc-0.2V -
0.2V -

V1H -
0.2V -

pPD42641 

~:~ = -..,....--~-~> -'--) ,,____.) ):....-.C.)--""-)--""-)--'--) __ ) _.__) ...__) ,___.) )--...C.)--"'"-) 
IE >IE >IE 

CBR Refresh CBR Refresh Self-Refresh 
83CL-8900B 
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pPD42641 

Timing Waveforms (cont) 

SeN-Refresh Mode Reset Cycle 

RAS Vcc-0.2V -
o.2v-

V1H -
o.2v-

~~~~~~~~~~~~~~~~~~~~~~J1 

NEC 

~:~ =__...._\ _\~· ___ \ ---.1\_\~\ _\.a.,._--.a...\ ____.\.._· \_. ~X __ _ 
I 

~:~ = ::X=.:::X :::::X:=::::X.=-_X---_----x_·-· _x..._· .::::-X...::::-:X~ ____ x __ _ 
~IE 

Self·Refresh ReadfWrlte 
83CL-8901B 

18 



NEC 
NEC Electronics Inc. 

Description Pin Configurations 

pPD42644 
1,048,576 x 4-Bit 

Si I icon Fi le 

The µPD42644 is a fast-page, low-power dynamic RAM 26/20-Pin Plastic SOJ 
organized as 1,048,576 words by 4 bits and designed 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-au
tomatical ly 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 riormal read or 
write cycles on the 1,024 address combinations of lltQ
A.g during a 16-ms refresh period. 

A low-power self-refresh cycle allows the µPD42644 to 
retain data tor extended periods of time with very low 
power consuption (30 µA at 50°C). This feature allows 
the µPD42644 to be used in battery backup applica
tions with greater savings in power consumption. 

Features 

o 1,048,576 by 4-bit organization 
o Single +5-volt power supply 
o Fast-page option 
o Low power dissipation 

- 90 mA active 
-1.0 mA standby (CMSO interface) 
- 30 µA self-refresh (tRcF = 32 µs, TA = 500C) 

o CAS before RAS refreshing 
o Multiplexed address inputs 
o On-chip substrate bias generator 
o TTL-compatible inputs and outputs 
o Automatic self-refreshing by RAS input cycling 
o Nonlatched, three-state outputs 
o Low input capacitance 
o 1024 refresh cycles every 16 ms 
o 26/20-pin plastic SOJ (300 mil), 20-pin plastic ZIP, 

and 26/20-pin plastic TSOP packaging 

60231 

µPD42644 

V01 1 26 GND 

V02 2 25 V04 
WE 3 24 V03 

RAS 4 23 CAS 
Ag 5 22 OE 

Ao 9 18 As 
A1 10 17 A1 

A2 11 16 A5 

Aa 12 15 As 
Vee 13 14 A4 

26/20-Pin Plastic TSOP (Normal Pinouts) 

Ag 

SUfllx-9JD In the package Identifier 
denotes nonnal plnout sequence. 

GND 

V04 
V03 

CAS 

OE 

83YL-9037A 

83YL·71i07A 



pPD42644 

Pin Configurations (cont) 

26/20-Pin Plastic TSOP (Reverse Pinouts) 

GND 1 0 0 26 V01 

V04 2 25 V02 
V03 3 24 WE 

eAS 4 23 RAS 

OE 5 22 Ag 

-9KD 

As 9 18 Ao 
A1 10 17 A1 
Aa 11 16 A2 
As 12 15 Aa 
A4 13 0 14 Vee 

Suffix -9KD In the package Identifier 
denotes reverse plnout sequence. 

83YL·7608A 

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 

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

Parameter Symbol Min Typ Max 

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 

2 

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

Operating temperature, ToPR o to +10°c 

Storage temperature, TsTG -55 to +125°C 

Short-circuit output curren~ 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 

Capacitance 
TA = 25°C; f = 1 MHz 

Parameter Symbol Max Unit Pins Under Test 

Input capacitance C11 5 pF Addresses 

C12 8 pF RAS, CAS, WE, OE 

Input/output Co 7 pF 1/01 - 1/04 
capacitance 

Unit Test Conditions 

mA RAS = CAS <!: V1H (mih); lo = 0 mA 

mA RAS= CAS <!: Vcc-0.2 V; Ao-Ag, 1/0 and WE<!: Vee-
0.2 ors 0.2 V; lvo = o mA 

µA V1N = O V to V cc; all other pins not under test = O V 

µA DouT disabled; VouT = o V to Vee 

v loL = 4.2mA 

v loH = -5mA 



t-IEC 
Block Diagram 

RASClock 
Generator 

CAS _..~~~~~~r--~ 
CAS Before RAS 

Ao 
A1 • 
A2 • 
Aa • 
A4 • 
As • 
As • 
A1 • 
As • 
Ag 

CASClock 
Generator 

WE Clock 
Generator 

OE Clock 
Generator 

Data VO Bus 

Column Decoder 

Sense Arnpllfler 

Memory Array 

Data-In 
Buffer 

Data-out 
Buffer 

pPD42644 

• 
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Ordering Information 
~Access R/W Cycle Fast-Page 

.Part Number Time (max) Time (max) Cycle (max) Power Option Package. 

µPD42644LA·80L 80 ns 160 ns 50 ns Standard 26/2<>-pin plastic SOJ (300 mil) 

µPD42644GS-80L 80 ns 160 ns 50 ns Standard 26/20-pln plastic TSOP (normal plnouts) 

µPD42644GSM-80L 80 ns 160 ns 50 ns Standard 26/20-pin plastic TSOP (reverse pinouts) 

AC Characteristics 
TA= o to +10°C; Vee= +5.0V :!:10% 

-80 -10 

Parameter Symbol Min Max Min Max Unit Test Conditions 

Operating current, average lcc1 90 80 mA RAS and CAS cycling; tRc = tRc min; 
lo = O mA (Note 5) 

Operating current, RAS-only lcc3 90 80 mA RAS cycling; CAS ;;:: V1H; tRc = tRc min; lo 
refresh cycle, average = 0 mA (No~e 5) 

Operating current, CAS before lcc4 90 80 rnA RAS cycling; CAS before RAS; tRc = tRc 
RAS refresh cycle, average min; lo= O mA (Note 5) 

Operating current, self-refresh Ices 30 30 µA RAS cycling at 32 kHz (Notes 16, 17, 18) 
mode, average 

60 60 µA RAS cycling at 64 kHz (Notes 16, 17, 18) 

120 120 µA RAS cycling at 128 kHz (Notes 16, 17, 18) 

Operating current, fast-page lcce 90 60 mA RAS s V1L; CAS cycling; tpc = tpc min; lo 
cycle, average = o mA (Note 5) 

Access time from column address tAA 40 50 ns (Notes 3, 4, 7, 8) 

Access time from CAS precharge tACP 45 55 ns (Notes 3, 4, 7, 8) 
(rising edge) 

Column address setup time tAsc 0 0 ns 

Row address setup time tASR 0 0 ns 

Column address to WE delay tAWD 65 80 ns (Note 14) 
time 

Access time from CAS tcAC 20 25 ns (Notes 3, 4, 7, 8) 
(falling edge) 

Column address hold time tcAH 15 20 ns 

CAS pulse width tcAS 20 10,000 25 10,000 ns 

CAS hold time for CAS before tcHR 15 20 ns 
RAS refresh cycle 

CAS to output in low impedance tcLZ 0 0 ns (Notes 4, 7) 

CAS precharge time, fast-page tcp 10 15 ns 
cycle 

CAS precharge time, nonpage tcPN 10 10 ns 
cycle 

CAS to RAS precharge time tcRP1 10 10 ns (Note 10) 

CAS hold time tcsH 80 100 ns 

CAS setup time for CAS before tcsR 10 10 ns 
RAS refresh cycle 

CAS to WE delay tcwo 45 55 ns (Note 14) 
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AC Characteristics (cont} 
-80 -10 

Parameter Symbol Min Max Min Max Unit Test Conditions 

Write command to CAS lead time tcwL 15 20 ns 

Data-in hold time toH 15 20 ns (Note 13) 

Data-in setup time tos 0 0 ns (Note 13) 

Access time from OE to EA 20 25 ns (Notes 3, 4, 7, 8) 

OE delay data time toED 20 25 ns 

OE command hold time toEH 0 0 ns 

OE to inactive setup time to ES 0 0 ns 

Output turnoff delay from OE toEZ 0 20 0 25 ns (Note 9) El Output buffer turnoff delay to FF 0 20 0 25 ns (Note 9) 

OE to output in low-Z toLZ 0 0 ns (Notes 6, 7) 

Fast-page cycle time tpc 50 60 ns (Note 6) 

Fast-page read-modify-write tPRWC 100 120 ns (Note 6) 
cycle time 

Access time from RAS tRAC 80 100 ns (Notes 3, 4, 7, 8) 

RAS to column address delay tRAD 17 40 17 50 ns (Note 8) 
time 

Row address hold time tRAH 12 12 ns 

Column address lead time tRAL 40 50 ns 
referenced to RAS (rising edge) 

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

RAS pulse width, fast-page cycle tRASP 80 125,000 100 125,000 ns 

Random read or write cycle time tRc 160 190 ns (Note 6) 

RAS to CAS delay time tRCD 25 60 25 70 ns (Note 8) 

Read command hold time tRCH 0 0 ns (Note 11) 
referenced to CAS 

Read command setup time tRcs 0 0 ns 

Refresh period tREF 32 16 ms Addresses Ao -Ag 

RAS precharge time tRP 70 80 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 25 ns 

Read-write cycle time tRwc 210 250 ns (Note 6) 

RAS to WE delay tRWD 105 130 ns (Note 14) 

Write command to RAS lead time tRWL 20 25 ns 

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

Write command hold time twcH 15 20 ns (Note 12) 

Write command setup time twcs 0 0 ns (Note 14) 

WE hold time twHR 15 20 ns 
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AC Characteristics (cont) 
-80 

Parameter Symbol Min Max 

Write command pulse width 15 

WE setup time twsR 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 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 (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 <?: tRco (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. 

(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 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 

6 

Min 

20 

10 

-10 

NEC 

Max Unit Test Conditions 

ns (Note 12) 

ns 

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 .!!!!!i 
the condition of the data 1/0 pins (at access time and until CAS 
returns to V1H) is indeterminate. 

(15) A test mode may ~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 V1H1 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) When tcsF s 35 ms, lcc5 depends on the RAS clock; lcc5 (typ) 
= 1.5 mA. When tcsF <?: 35 ms, lcc5 (typ) = 1.5 mA in the first 
35 ms after a self-refresh set cycle is applied (depending on the 
status of RAS). Subsequently, lcc5 is 120 µA or as shown in the 
following table for the -L version. 

Operating Clock Frequency Self-Refresh 
Temperature (TA) (min) Current (max) 

o to 50°C 32kHz 30 µA at 32 kHz 

0 to 60°C 64 kHz 60 µA at 64 kHz 

o to 10°c 128 kHz 120 µA at 128 kHz 

(17) tRcF depends on operating temperature as reflected in the table 
below: 

(18) 

Operating Temperature (TA) lffcF (max) 

o to 50°C 32µs 

0 to 60°C 16µs 

o to 10°c 8µs 

Average power supply current required for self-refreshing is 
measured accordin~he followl.!:!g_ conditions: RAS is cycling 
at32, 64or128 kHz; CAS :S 0.2V; WE<?: Vcc-0.2V; V1H >Vee 
-0.2V; V1L < 0.2V; tr s 50 ns; "'sL_Ag and 1/0 =Vee to GND. 
During self-refresh operation, the RAS input must be cycled at or 
exceeding the minimum frequency requirements. 



NEC 
Self-Refresh Cycle 
TA= o to +70°C; Vee= +5.0 V ±10% 

Parameter 

CAS pulse width in self-refresh operation 

RAS cycle time in self-refresh operation 

RAS precharge time in self-refresh operation 

RAS pulse width in self-refresh operation 

CAS to RAS precharge time from self-refresh 
operation to normal read/write operation 

CAS setup time for self-refresh operation 

CAS to RAS precharge time CAS before RAS 
refresh operation 

CAS precharge time in CAS before RAS refresh 
operation 

CAS to RAS precharge time from self-refresh 
operation to normal read/write operation 

Notes: 

Symbol 

tcsF 

tcRP2 

tcsR2 

tcRP3 

tcpc 

(1) When tcsF s 35 ms, Ices depends on the RAS clock; Ices (typ) 
= 1.5 mA. When tcsF ~ 35 ms, Ices (typ) = 1.5 mA in the first 
35 ms aft~ self-refresh set cycle is applied (depending on the 
status of RAS). Subsequently, Ices is 120 µA or as shown in the 
following table for the -L version. 

Operating Clock Frequency Self-Refresh 
Temperature (TA) (min) Current (max) 

0 to 50°C 32 kHz 30 µA at 32 kHz 

0 to 60°C 64 kHz 60 µA at 64 kHz 

Oto 70°C 128 kHz 120 µA at 128 kHz 

(2) The value for tRcF (min) is specified in AC Characteristics. The 
value for tRcF (max) is dependent upon temperature as shown in 
the table below: 

Operating Temperature (TA) tRCF (max) 

0 to 50°C 32µs 

0 to 60°C 16µs 

o to 70°C Bµs 

pPD42644 

Min Max Unit Test Conditions 

360 ns (Note 1) 

360 (Note 2) ns 

200 ns 

150 1000 ns 

200 ns 

10 ns 

40 ns 

20 ns 

100 ns 

(3) When exiting self-refresh to~eriod of read and write operation 
that includes CAS before RAS refresh cycles, tRcR~elayed 
between the last self-refresh cycle pulse and the first CAS before 
RAS cycle. When entering self-refresh operation, tRcF is the delay 
between the last CAS before RAS cycle and the first self-refresh 
pulse. 

(4) In this r:>eriod of normal read/write operation, there are no CAS 
before RAS refresh cycles or less than 1024 RAS-only refresh 
cycles. 

(5) The time delay beetween the last self-refresh pulse in one self
refresh cycle and the first self-refresh pulse in the next cycle is 
defined by tRcF (max) when the intervening period of read and 
write operation meets the conditions in note 3. 

(6) The bu lit-in count~enerates the refresh address in self-refresh 
and CAS before RAS refresh cycles. Since this address incre
ments s~entialy from the last cycle in either self-refresh or CAS 
before RAS operation to the first cycle in the alternate refresh 
mode, CAS before RAS refreshing should be used during normal 
read and write operation to refresh one address location every 32 
µs or less. If some other means of refreshing is used, it is 
necessary to execute a burst refresh of all storage cells just 
before changing to and just after exiting self-refresh operation. 
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Timing Waveforms 

Read Cycle 

RAS 

CAS 

Address 

NEC 

14----------tRC----------+t 
---------tRAs-------+t 

'""loE'----tRSH----
tcsH------~ 

---tRcD--~---tCAs------1 

WE 7// 1111! 11///2 _J V!IJ/11 

8 

-----toes 

~~1 

I k- tCAc 

h--+tAA------
-------tRA,r---1----~ 

1nput10utput ____ __;._.!:!!11!!.!!!!E!!2!!!.!:08!.----.!'---J--MN'l" 

L.=~ 
Valld Data-out 

High Im edance 



NEC 
Timing Waveforms (cont) 

Early Write Cycle 

pPD42644 

-------tRC-------

RAS 

--1E ---tRSH---

-----'--tCSH------

---tRco-~--tCAs---1 

CAS 

Address 

Note: 

[1] OE =don't care. 
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Timing Waveforms (cont) 

Late Write Cycle 

CAS 

Address 

WE 

10 
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rlf'------tRSH-------'.i 

---------:--tCSH--------~ 
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Timing Waveforms (cont) 

Read-Write/Read-Modify-Write Cycle 

CAS 

Address 

WE 

OE 

Input/Output _______ Hl_,g._h_lm_.,p_edance _____ ---<1 

~!RAC----~ 
I +I l~toLZ 

tCLZ~ 

µPD42644 

• 

83YL-t041B 
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Timing Waveforms (cont) 

Fast-Page Read Cycle 
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Timing Waveforms (cont) 

Fast-Page Early Write Cycle 

Note: 

[1] OE= don't care. 

pPD42644 
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Timing Waveforms (cont) 

Fast-Page Late Write Cycle 
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Timing Waveforms (cont) 

Fast-Page Read-Write/Read-Modi'fy-Write Cycle 

Address 

-------tpRwc-----1 
-~~--tcAS 

tcAH 

r--n~Rwo-
1 rr·~r-tcwo 

toEH 
I 

pPD42644 

• 

toH 

High Impedance 

83YL-80468 
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Timing Waveforms (cont) 

Hidden Refresh Cycle 

N'EC 

~---Memory Cycle----+~ CAS Before RAS Cycle ~-+---CAS Before RAS Cycle 

16 

14------tRc tRc--~~----

---tRAs . tRAS 

RAS 

Address 

WE ll!JJ//11 
I 

twHR~ I 

\\\\\\ \ \\\ \\\ \\ \\( 
I 

Valid Data-out 

83YL-90488 
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Timing Waveforms (cont) 

RAS-Only Refresh Cycle 

----------tRC---------. 
---------tRAs-------... 

tCRP1 

Notee: 

[1] WE= OE= don't care. 

CAS Before RAS Refresh Cycle 

~-------tRc--------~ 

---------tRAS-------

WE ZIJ \\\ \\ \\\ \\\ \\\\\\ \\\ \\\\\\\\\\\\\ \\\\ \\\\ \\\ 
llm.-t0478 
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Timing Waveforms (cont) 

SeH-Refresh Cycle Followed by Read/WriteCycle 

Notee: 

1. WE = high and OE, 110; and Adress = doni care 
after four tRcF cycles. 

SeH-Refresh Cycle with RAS Cycling 

RAS Vcc-0.2V -
0.2V -

18 
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Timing Waveforms (cont) 

CAS Before RAS Followed by SeH-Refresh Cycle 

_ Vee-o.2v -
RAS 0.2V -

V1H-
0.2V-

Last eBR cyde 

SeH-Retresh Set Cycle 

RAS Vee -o.2 v -
0.2V -

V1H-
0.2V -

pPD42644 

~:~ = ____________ ; ""'--) ....__.) )---..C.)---'-)__._) __,__) ___ ) _,___) _,__) '"---I) >~>---'--> 
IE ~IE >IE 

eBR Refresh CBR Refresh Self-Refresh 
83CL-8800B 
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Timing Waveforms (cont) 

SeN-Refresh Set Cycle 

RAS Vee -0.2V -
0.2V -

V1H-
0.2V -

~~~~~~~~~~~~~~~~~~~~~_,, 

NEC 

~:~ =_\ _\____.._\ _\...___\ _\...___\ _\,a.__..a.....\ _\-.........--X ---

1 

~:~ = ~X=:::X =*=· ::::-X.=-__ X._. .:::x~· .:::-X~X..:::-.:::-X_.:_X __ _ 
~I~ 

Self-Refresh ReadlWrlte 
83CL-88018 
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NEC Electronics Inc. 

Description 

The µPD481440 is a fast-page memory with optional 
extended data output, organized as 262,144 words by 
16 bits and designed to operate from a single +5~volt 
power supply. This graphics memory also incorporates 
powerful functions useful in video sytems, including 
write-per-bit, flash write, and block write. Advanced 
polycide technology using stacked capacitors mini
mizes silicon area and provides high storage cell ca
pacity, 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 transpar
ently. 

The three-state 1/0 pins are controlled by RAS, CAS, 
and OE. After a valid read, data is latched on the rising 
edge of CAS and remains valid until the next falling 
edge of CAS. Data out will transition to the high
impedance state when both RAS and CAS or OE are 
inactive. 

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 andLWE. If either UWE or LWE goes low 
during an early write cycle, all data outputs remain in 
high impedance. UWE or LWE going low causes a byte 
write cycle, while bringing both UWE and LWE low at 
the same time will result 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 
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 
512 address combinations of Ao - As during an 8-ms 
refresh period. 

Features 

o 262,144 by 16-bit organization 
o Single +5-volt power supply 
o Fast-page option with extended data output 
o Byte write control with UWE and LWE 
o Persistent and nonpersistent write-per-bit option, 

which provides 1/0 masking for 161/0s 
o Block write option with write-per-bit control and 

column mask function 
o Flash write option with byte masking control 
o Low power dissipation 

60210 

pPD481440 
262,144 x 16-Bit 

Graphics Memory 

o CAS before RAS refreshing 
o TTL-compatible inputs and outputs 
o Low input capacitance 
o 512 refresh cycles every 8 ms 
o 40-pin plastic SOJ package 

Pin Configurations 

40-Pin Plastic SOJ 

Vee 
V01 

V02 

V03 

V04 
Vee 
V05 

VO a 
V07 
VO a 
NC 

LWE 

UWE 

RAS 
NC 
Ao 

A1 

A2 

A3 

Vee 

Pin Identification 
Name 

DSF 

GND 

Vee 
NC 

µPD481440 

GND 
vo16 
V015 

V014 

V013 
GND 
V012 

V011 

V010 
VOg 

NC 
DSF 
CAS 
OE 

As 

A1 

Ae 

As 
A4 
GND 

Function 

Address inputs 

Column address strobe 

Special function pin 

Data inputs and outputs 

Byte write enables 

Output enable 

Row address strobe 

Ground 

+5-volt power supply 

No connection 

m 



µPD481440 NEC 
Ordering Information 

RAS Access R/W Cycle Time Fast-Page Cycle 
Part Number Time (max) (max) (max) Package 

µPD481440LE-70 70 ns 130 ns 45 ns 40-pin plastic SOJ 
~~~~~~~~~~~~~~~~~~~~~~~~~-

LE -80 80 ns 150 ns 50 ns 

Pin Functions 

Ao - Aa (Address Inputs). These pins are multiplexed 
as row and column address inputs. Each of 16 data bits 
in the random access port corresponds to 262,144 
storage 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, or refresh 
cycle. 

1/01 -1/016 (Common Data Inputs and Outputs). 
Each of the 16 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 input on these pins is 
latched by the falling edge of CAS, LWE, or UWE. 

RAS (Row Address Strobe). This pin is functionally 
equivalent to a chip enable signal in that whenever it is 
activated, the 8192 storage cells of a selected row are 
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, LWE/ UWE, 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. 

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. 

LWE/UWE (Write-Per-Bit or Masked Write Control). At 
the falling edge of RAS, the LWE/UWE and DSF inputs 
must be low and CAS high to enable the write-per-bit 
option. 

Either LWE or UWE must be low to initiate the lower or 
upper byte mask function. If both are low, then a word 
masking operation is performed. 

OE (Output Enable). At the RAS falling edge, CAS and 
LWE/UWE high and OE low initiate a data transfer. OE 
high initiates conventional read or write cycles and 
ontrols the output buffer in the random access port. 

2 

Addressing 

The storage array is arranged in a 512-row by 512-
column by 161/0 matrix whereby each of 16 data bits in 
the random access port corresponds to 262,144 stor
age cells, and 18 address bits are required to decode 
one cell location. Nine row address bits are set up on 
pins Ao-A8 and latched onto the chip by RAS. Nine 
column address bits then are set up on pins Ao -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, 
8192 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. 

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: LWE, UWE, I/On (n = 1through16). 

Read Cycle. A read cycle is executed by activating 
RAS, CAS, and OE and by maintaining LWE/UWE high 
(inactive) while CAS is active. The I/On pin 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 (tRAo) + tAA 

• RAS to OE delay + toEA 



NEC 
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. See explanation of 
"Extended Data Output." 

Write Cycle. A write cycle is executed by bringing 
LWE/UWE low during the RAS/CAS cycle. The falling 
edge of CAS or LWE/UWE strobes the data on I/On into 
the on-chip data latch. To make use of the write-per-bit 
option, LWE/UWE must be low as RAS falls. In this case, 
write data bits can be specified by keeping I/On 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 
1/01 -1/016• Two types of masking are possible: (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 LWE/UWE low before CAS falls. Data is 
strobed by CAS, with setup and hold times referenced 
to this signal, and the output remains in high imped
ance for the entire cycle. 

Read-Write/Read-Modify-Write Cycle. This cycle is ex
ecuted by bringing LWE/UWE low with the RAS and 
CAS signals low. I/On shows read data at access time. 
Afterward, in preparation for the upcoming write cycle, 
I/On returns to high impedance when OE goes high. The 
data to be written is strobed by LWE/UWE, with setup 
and hold times referenced to this signal. 

Late Write Cycle. This cycle shows the timing flexibility 
of OE, which can be activated just after LWE/UWE falls, 
even when LWE/UWE is brought low after CAS. 

pPD481440 

Refresh Cycle. A cycle at each of the 512 row ad
dresses (Ao - As) will refresh all storage cells. Any cycle 
executed in the random access port (i.e., read, write, 
refresh, color register set, flash write, or block write) 
refreshes the 8192 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 
I/On in high impedance. This method is preferred for !1!11!1 
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 (CBRN). This cycle 
executes internal refreshing using the on-chip control 
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 automatical!YJ!lcrements in preparation for 
the next CAS before RAS cycle. This CBR cycle has no 
effect on the mask mode. 

CAS Before RAS Cycle (CBR). CBR has the same 
function as CBRN except the write-per-bit mask mode 
is changed to new mask mode. 

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. 

3 



µPD481440 

Glossary of Special Functions 

Table 1 is a truth table for implementing the functions 
described below. 

Load Mask Register Cycle (LMR). In this cycle, data 
on I/On is written to a 16-bit write mask register, where 
it is retained and used by subsequent masked write 
and masked block write cycles. 

Masked Write Cycle With New Mask (RWM new 
mask). When the write-per-bit function is enabled as 
shown below, mask data on the I/On pins is latched by 
RAS and loaded directly into the write mask register. A 
masked write cycle is then executed using CAS or 
LWE/UWE to strobe the I/On data into the on-chip data 
latch. 

Mask Register Data 
1 
0 

Action 
Write 

Do not write 

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. µPD481440 Function Truth Table 

RAS (Notes 1, 2) 

Mnemonic Code CA5 UWE LWE 

RW H H H 
BW H H H 

FW H L L 
FW H L H 
FW H H L: 

LCR H H H 
LMR H H H 

RWM H L L 
RWM H L H 
RWM H H L 

BWM H L L 
BWM H L H 
BWM H H L 

CBR L H H 
CBRN L H H 

Notes: 

(1) An operation is started by the falling edge of RAS. The level of 
CAS, l.NVE/LWE, and DSF at this negative transition defines the 
memory operation according to this table. 

(2) The UWE and LWE pins have the OR function. That is if either 
upper or lower write enable goes low, then depending on CAS 
and DSF, a byte-controlled FW, AW, or BWwill be performed. The 
inactive write enable has no other function. 
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NEC 
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 LWE/UWE. In read 
operation, color register data is read on the common 
I/On pins. In write operation, common I/On data can be 
written into the color register. RAS-only refreshing is 
internally performed on the row selected by Ao -As. 
This setup cycle precedes the first flash write or block 
write cycle supplying the 16 write data bits. 

Block Write Cycle (BW no mask). In a block write 
cycle, A1 and Ao are ignored. 1/01 - 1/04 are used to 
select one or a combination of four column addresses 
for writing in an early lower-byte write, late lower-byte 
write, page early lower-byte write or page late lower
byte write cycle. 1/09 -1/012 are used for column selec
tion on the upper-byte write cycles. 

Block write data is previously stored in the color 
register using a set color register cycle. Column select 
data is latched by the I/On pins at the falling edge of 
CAS or LWE/UWE. Block write cycles are useful for 
clearing windows and for accelerating polygon fill 
operations. 

'CAS 
DSF DSF Available Function 

L L Read/write cycle 
L H Read/block write cycle 

H x Flash write cycle 
H x Flash write cycle (upper byte) 
H x Flash write cycle (lower byte) 

H H Color register set cycle 
H L Load old mask register cycle 

L L Read/masked write cycle 
L L Read/masked write cycle (upper byte) 
L L Read/masked write cycle (lovver byte) 

L H Read/masked block write cycle 
L H Read/masked block write cycle (upper byte) 
L H Read/masked block write cycle (lower byte) 

L x CBR refresh with reset to new mask 
H x CBR refresh with no reset 

(3) X = Don't care. 



NEC 
Block Write Cycle (BWM new mask). This cycle allows 
for 1/01 - 1/016 masking during a block write cycle. The 
masking function is identical to a standard masked 
write cycle with new mask. The column mask data on 
the I/On pins is latched by CAS. See table 2. 

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. See table 2 for column 
masking description. 

Table 2. Block Write Addresses 

Byte 

Lower 
(I/Os - 1/05 are 
Don't Care) 

Upper 
( 1/015 - 1/013 
are Don't 
Care) 

Column 
Select 

1/04 1 
0 

1/03 1 
0 

1/02 
0 

1/01 1 
0 

1/012 1 
0 

1/011 1 
0 

1/010 1 
0 

1/09 1 
0 

Column Address 
A1 Ao 

1 1 
1 1 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

Write 

Yes 
No 

Yes 
No 

Yes 
No 

Yes 
No 

Yes 
No 

Yes 
No 

Yes 
No 

Yes 
No 

Flash Write Cycle (FW.) A flash write cycle can clear or 
set each of the sixteen 512-bit data sets on the selected 
one of 512 possible rows according to data stored in 
the previously set color register. Only the byte masking 
function is provided. This cycle is useful in graphics 
processing applications when the screen should be 
cleared or set to some uniform value as quickly as 
possible. 

Fast-Page Mode With Extended Data Output. In oper
ation, this mode is the same as standard 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 executed causes data to be transferred 
at a faster rate because row addresses are maintained 
internally and do not have to be reapplied. During 
fast-page mode, read, write, and read-modify-write 
cycles may be executed. Additionally, the write-per-bit 
control specified in the entry write cycle is maintained 
throughout the succeeding fast-page write cycle. 

pPD481440 

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 fr.111!!11 
valid time so narrow that reliable sampling is impossi- llalll 
ble. Extended data output is intended to solve this 
problem and permit faster page-mode cycle times. 

In this operation, data pins 1/01 -1/016 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 these intervais: tAA, 
tACP• tcAC· 

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 

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. 

Capacitance 
TA= 25°C; f = 1 MHz 

Parameter Symbol 

Input C11 
capacitance 

C12 

Input/output Co 
capacitance 

Max 

5 

7 

7 

Unit Pins Under Test 

pF Addresses 

pF RAS, UWE, LWE, 
OE, DSF 

pF 1/01 -1/015 

5 



pPD481440 NEC 
DC Characteristics 
TA= o to +10°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 

1.0 mA 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 V cc 

Output voltage, low Vol 0.4 v loL = 2.1 mA 

Output voltage, high VoH 2.4 v loH = -2.5mA 

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

-70 -80 

Parameter Symbol Min Max Min Max Unit Test Conditions 

Operating current, average lcc1 170 155 mA RAS, CAS cycling; tRc = tRc min (Notes 3, 4) 

Operating current, RAS-only lcc3 170 155 mA RAS cycling; CAS ~ V1H min; tRc = tRc min 
refresh cycle, average (Notes 3, 4) 

Operating current, fast-page lcc4 170 155 mA RAS s V1L; CAS cycling; tpc = tpc min 
cycle, average (Notes 3, 4) 

Operating current, CAS before Ices 170 155 mA RAS cycling; CAS s V1L max; tRc = tRc min 
RAS refresh cycle, average (Notes 3, 4) 

Operating current (register set lcca 170 155 ns RAS, CAS cycling; tRc = tRc min 
mode) (Notes 3, 4) 

Operating current (flash write lcc1 170 155 ns RAS cycling; tRc = tRc min 
mode) (Notes 3, 4) 

Operating current (block write Ices 185 170 ns RAS, CAS cycling; tRc = tRc min 
mode) (Notes 3, 4) 

Operating current (fast page lcc9 170 155 ns RAS s V1L; CAS cycling; tpc = tpc min; 
block write mode) (Notes 3, 4) 

Access time from column tAA 35 40 ns (Notes 9, 15) 
address 

Access time from CAS tACP 40 45 ns (Note 9) 
precharge (rising edge} 

Column address setup time tAsc 0 0 ns 

Row address setup time tAsR 0 0 ns 

Column address to UWE delay tAwo 55 65 ns (Note 13) 
time 

Access time from CAS (falling tCAc 20 20 ns (Notes 9, 14) 
edge) 

Column address hold time tcAH 15 15 ns 

CAS pulse width tCAs 20 10,000 20 10,000 ns 

CAS hold time for CAS before tcHR 15 15 ns (Note 15) 
RAS refreshing 
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NEC pPD481440 

AC Characteristics (cont) 
-70 -80 

Parameter Symbol Min Max Min Max Unit Test Conditions 

CAS to output in low-Z tcLz 0 0 ns (Note 9) 

Fast-page CAS precharge time tcp 10 10 ns 

CAS precharge time tcPN 10 10 ns 

Fast-page CAS precharge to tcPWD 60 70 ns (Note 13) 
UWE delay time 

CAS to RAS precharge time tcRP 10 10 ns (Note 10) m CAS hold time tcsH 70 80 ns 

CAS setup time for CAS before tcsR 10 10 ns (Note 15) 
RAS refresh cycle 

CAS to UWE delay tcwo 40 45 ns (Note 13) 

Write command referenced to tcwL 15 20 ns 
CAS lead time 

Data-in hold time toH 15 15 ns (Note 12) 

Output hold time from CAS toHC 5 5 ns 

Data-in setup time tos 0 0 ns (Note 12) 

DSF setup time from CAS tFcs 0 0 ns 

DSF hold timefrom CAS tFCH 12 15 ns 

DSF hold time from RAS tFRH 10 12 ns 

DSF setup time from RAS tFRS 0 0 ns 

Mask write hold time referenced tMcH 0 0 ns 
to CAS precharge 

Mask write setup time tMcs 0 0 ns 

Masked byte hold time tMRH 0 0 ns 
referenced to RAS 

Access time from OE toEA 20 20 ns (Notes 3, 4, 7, 8) 

OE data delay time toED 15 20 ns 

OE command hold time toEH 0 0 ns 

OE to RAS inactive setup time toES 0 0 ns 

Output turnoff delay from OE toEz 0 15 0 20 ns (Note 10) 

Output disable time from CAS toFC 0 15 0 20 ns (Note 17) 
high 

Output disable time from RAS to FR 0 15 0 20 ns (Note 17) 
high 

OE to output in low-Z toLZ 0 0 ns 

Fast-page read or write cycle tpc 35 40 ns 
time 

Fast-page read-modify-write tPRWC 95 105 ns 
cycle time 

Access time from RAS tRAC 70 80 ns (Notes 9, 14, 15) 

RAS to column address delay tRAD 15 35 15 40 ns (Note 15) 
time 

Row address hold time tRAH 10 10 ns 
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pPD481440. tvEC 
AC Characteristics (cont) 

-70 -80 

Parameter Symbol Min Max Min Max Unit Test Conditions 

Column address lead time tRAL 35, 40 ns 
referenced to RAS (rising edge) 

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

Fast-page RAS pulse width tRASP 70 125,000 80 125,000 ns 

Random read or write cycle tRc 130 150 ns 
time 

RAS to CAS delay time tRco 20 50 20 60 ns (Note·14) 

Read command hold time -tRcH 0 0 ns (Note 11) 
referenced to CAS 

Read command setup time tRcs 0 0 ns 

Refresh period tREF 8 8 ms Addresses Ao - As 
RAS hold time referenced to tRHCP 40 45 ns 
CAS precharge 

RAS precharge time tRp 50 60 ns 

RAS precharge CAS hold time tRPC 5 5 ns 

Read command hold time tRRH 0 0 ns 
referenced to RAS 

Access time from DSF tRSA 25 30 ns (Note 9) 

RAS hold time tRSH 20 20 ns 

Read-modify-write cycle time tRWc 175 200 ns 

RAS to UWE delay tRWD 90 105 ns (Note 13) 

Write command referenced to tRWL 20 25 ns 
RAS lead time 

Rise and fall transition time tT 3 50 3 50 ns (Note 8) 

Write-per-bit hold time twBH 10 12 ns 

Write-per-bit setup time twss 0 0 ns 

Write command hold time twcH 15 15 ns 

Write command setup time twcs 0 0 ns (Note 13) 

Output disable time from WE twEz 0 15 0 20 ns (Note 17) 
low 

Write bit selection hold time twH 10 12 ns 

Write command pulse width twp 15 15 ns (Note 16) 

Write command pulse width twpz 15 15 ns (Note 18) 

Write bit selection set-up time tws 0 0 ns 
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1\'EC 
AC Characteristics (cont) 

Notes: 

(1) Stresses greater than those listed under ''.11.bsolute Maximum 
Ratings" may cause permanent damage to the device. 

(2) All voltages are referenced to GND. 

(3) lcc1. lcc3, lcc4, ' lcc5, lcce. lcc7, lcca. and lccg depend on 
cycle rate 

(4) lcc1. lcc4, lcca. lcca. and lccg depend on output loading. 
Specified values are obtained with outputs open. 

(5) Column Address can be changed once while RAS= V1L and CAS 
= V1H 

(6) An initJ&Eause of 200 µs is required after power-up followed by 
any 8 RAS cycles before proper device operation is achieved. 

(7) Ac measurements assume tT = 5 ns. 

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

(9) Measured with a load equivalent to TTL load and 100 pF. 

(10) toFF (max) and toez (max) define the time at which the outputs 
achieve the open circuit condition and are not referenced to 
output voltage levels. 

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

(12) These parameters are referenced to CAS leading edge in early 
wirte cyles and to LWE/UWE leading edge in late write cycles and 
in read-modify-write cycles. 

pPD481440 

(13) twcs. tRWD• tcwo. tcpwo. and tAwo are restrictive operating 
parameters. They are included in the data sheet as electrical 
characteristics only. If twcs 2!: twcs (min), the cycle is an early 
write cycle and the data 1/0 pins will remain open-circuit (high 
impedance) through the entire cycle. lftRwD 2!: tRwD (min), tcwo 
2!: tcwo (min), tAwo 2!: tAwo (min), and tcpwo 2!: tcpwo (min). 
the cycle is a read-modify-write cycle and the data out will 
contain data read from the selected cell. If neither set of 
conditions is satisfied, the condition of the data out (at access fl!ll!I 
time) is indeterminate. lliiilll 

(14) Operation within the tRcD (max) limit insures tRAC (max) can be 
met. Delay time tRcD (max) is specified as a reference point only. 
If tRcD is greater than the specified tRcD (max) limit, then access 
time is controlled by tcAC· 

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

(16) twp is applicable for late write cycle or read-modify-write cycle. 
In early write cycle, twcH (min) should be satisfied. 

(17) twez, toFC• and toFR define the time at which the outputs 
achieve the open circuit condition and output control depen
dence on OE becomes invalid. The effective time is "the earlier 
of twez and the later of to Fe and toF R·" In addition, to make twez 
effective, twpz must be satisfied. 
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µPD481440 NEC 
Timing Waveforms 

Read Cycle (With exended output) 

14----------tRAC-'-1~ ____ ---'------

-----..-------- H·Z ____ _.l _____ ...._ __ <1 

L,: __ __... 
Data Output 

DSF 

r.zJ Hor L ~nput); lnvaDd data (output) 

83YL-8473B 
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NEC pPD481440 

Timing Waveforms (cont) 

Early-Write Cycle; Word and Word Block 

Ao-As 

l72J H or L Qnput); Invalid data (output) 
83FM-8480B 

11 



pPD481440 NEC 
Timing Waveforms (cont) 

Early-Write Cycle; Upper-Byte and Upper-Byte Block 

1------tRc-----~ 

1--·tRco----'3--tRsH-~ 

--·tcAs----. 

~tASC~ 

OE II /II Jiii/i //////// Jiii/ii/Ji //////Ill///// II JI/! ////////11 JI ffi 
11 I I 

V01-VOa !II !I///////// Ill! JI /I ///////////JI!/////////// II// ll///////I ffi 
tos~ ~toH 
Write Data/Column Select 

83FIMl481B 
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NEC pPD481440 

Timing Waveforms (cont) 

Late-Write Cycle; Word and Word Block 

11 ~H 
I l_J 1~11///1111!///IJ!I& 
I t°f . ~tDH 

Wrtte DatalColumn Select 

~ H or L Qnput); lnvaDd data (output) 
83FM-8483B 
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pPD481440 tvEC 
Timing Waveforms (cont) 

Late-Write Cycle; Upper-Byte and Upper-Byte Block 

i---------·tRc-------.-i 

1---tRco--~--·tRsH-

,__tCAS--. 

,-'!lo-l.....----;---.;----tRAL--------:~ 

.....-tAsc-1 1~tcAH 
Column 

II ~UH 
OE 71/)// f J/111114 211)///11//!I// 111/ffi 

V~·VOa !/11///J /II JI !Ill /Ill! Ill /11/!l/J! I/// Ill !l//11111! !II!////// ffi 
~toeo : t~~ ~tDH 

Write DatafColumn Select 

t72J H or L ~nput); lnvaDd data (output) 
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NEC 
Timing Waveforms (cont) 

Read-Modi'fy-Write Cycle; Word and Word Block 

1~----------tcsH-----------

~tCRP 
I 

Hl·Z 

!LZI Hor L Qnput); Invalid data (output) 

·14-----------tRsH------'--+I 

1-----------tcAs---~~, 

'1tRAcr' I tcAC 

I 

I tmz 

ltcLZ 

µPD481440 

83FM-8496B 
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Read-Modify-Write Cycle; Upper-Byte and Upper-Byte Block 

16 

VOg· 
V01e 

1---------tRAs--------~1 

1--------tcsH--------
l--tRco,--}o.l~-----tRsH-------'-_,._I 

1-----tcAs·----__,._, 

tws twH 

NEC 

83FM-8497B 



NEC 
Timing Waveforms (cont) 

Fast-Page, Earl}'-Write Cycle; Word and Word Block 

Ao-Aa 

V01 ·V016 
Input 

DSF 

rn H or L Qnput); Invalid data (output) 

pPD481440 

83YL-8474B 
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pPD481440 NEC 
Timing Waveforms (cont) 

Fast-Page, Early-Write Cycle; Upper-Byte and Upper-Byte Block 

14-----------tRAsp-------~ 

OE l/IJllJI !/II/// II //JI !II 11/ll!l////JIJI !!//I! ///I/ I! ////JIJJ/11 
11 I I 11 11 

V01-voa7/1 /////Ill/// //j/////j/ !// 1//1/J/ 111/// /11/11////J !l/J/// !/II/ 
tws +I twH 11 tos 

1,.-----..1 

DSF 

[l1 Hor L Onput); Invalid data (output) 
83Yl-84768 
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NEC pPD481440 

Timing Waveforms {cont) 

Fast-Page:J Late-Write Cycle; Word and Word Block 

m 

t7] H or L (Input); Invalid data (output) 

83YL-8476B 
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pPD481440 NEC 
Timing Waveforms (cont) 

Fast-Page, Late-Write Cycle; Upper-Byte and Upper-Byte Block 

rl] H or L (Input); Invalid data (output) 
83YL-8477B 
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NEC pPD481440 

Timing Waveforms (cont) 

Fast-Page~ Read-Modify-Write Cycle (With exended output); Upper-Byte and Upper-Byte Block 
(Sheet 1 of 2) 

lZ,J Hor L (Input); Invalid data (output) 

The wavefonns above are repeated on sheet 2 but without the timing parameters. 
83Yl-847881 
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pPD481440 NEC 
. Timing Waveforms (cont) 

Fast-Page, Read-Modify-Write Cycle (With exended output); Upper-Byte and Upper-Byte Block 
{Sheet 2 of 2) 

[ZJ H or L (Input); Invalid data (output) 

22 
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NEC µPD481440 

Timing Waveforms (cont) 

Fast-Page,, Read Cycle {With extended output); Word 

rzJ H or L Qnput); Invalid data (output) 
83YL-8479B 
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pPD481440 NEC 
Timing Waveforms (cont) 

Load Old Mask Register Cycle (Early-write) 

i-----tRc-----

1----tcsH----
1--tRco--1 ... F----tRsH-_,_I 

+- tcRP 
I 

~-·tcAs--1 

CAS ~'RAHj - I 

-~ -~ 
--::;;--.j· L _: 

1

1 tcwLrl 
~twcs~ ~twcH 

twpl I ~~~ 
UWE 

I I I 
--,-,-tRWL I 
---------..,-tcwL .,. 

twcs-4 rtwcH 

'wi I 
I I 

~ H or L Onput); Invalid data (output) 
83FM-8486B 
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NEC µPD481440 

Timing Waveforms (cont) 

Load Old Mask Register Cycle (Read with extended output) 

14--------·tRc------~ 

,___-----tRAs------

1-----tcsH-----

1---·tRco--__,._--tRsH-~ 

~tCRP 
I 

,_-tcAs--

j IE tCAc-
1

-

--tRAc I I tcLZ--'--

toLZ 

ll01-ll01e Open 

~ ~~ ~ ~ Da~t 

DSFW 'f\111/ !II L Jmll////////111$#/$4 
122] H or L (Input); Invalid data (output) 

83FM-8484B 
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µPD481440 t-IEC 
Timing Waveforms {cont) 

Load Old Mask Register Cycle (Upper-byte1 early-write) 

1-----tRc-----

----tRAs---~ 

---·tcsH---~ 

1--tRco-~~-tRsH--

~ ~ tcRP tCAs--- ~tcRP 

I ~--

CAs ~tRAHj - 11 

~~ ~ 
~- l- _: L•cwL 

twcS--"1 ltWCH 

'wi I 

I I 

OE 11 II !l//l//////!1111// Ill !1111// !I l//////ll /II /l///////I! /11//l 
11 I I 

~ H or L Qnput); Invalid data (output) 
83FM-8486B 
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NEC pPD481440 

Timing Waveforms (cont) 

Load Old Mask Register Cycle (Late-write) 

11 ~EH 

~ Hor L Qnput); Invalid data (output) 

DouT=open 
83FM-8487B 
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pPD481440 NEC 
Timing Waveforms {cont) 

Load Old Mask Register Cycle (Upper-byte:J late-write) 

1----tcsH----

1--tRco-----i~-tRsH-~1 

+-- tcRP 
I 

~-tcAs,-~ 

CAS ~1RAHj - I 

Ao·Aa ~----A-ow )W///!/////////Jf/////////////////////J/Jzx= 
-::-~· L 'RWL .1 ·1 

+----tcwL 

~twp 

_:..,..........,,_.,....,....,....,......_.... 

~ Hor L Qnput); Invalid data (output) 

83FM-8488B 
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NEC pPD481440 

Timing Waveforms (cont) 

Color Register Set Cycle (Read with extended output) 

"" tRC 

~ tRAs ~ k--tRP~ 

l\ 14'_ vr-,... l\_ 
..L tcsH 'I ~ 

"" tRCD tRSH ~ 

~1 ~tCRP tcAS ~tCRP~ 
I 

, 

t\ JI / 
~tRAH-'> 

11 

UWE 

I 1--tCAC--'-I -
i------tRAc--'---------'---~ 

tcLZ i 
toLZ -i 

Open 

~ H or L Qnput); Invalid data (output) 

83FM-8489B 
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µPD481440 NEC 
Timing Waveforms (cont) 

Color Register Set Cycle (Early-write) 

1----tcsH-----
1--tRCD tRsH---=-1 

1--tcAs-~ 

~tRAH~I - I 

~~ ~ 
-:::-~· j_ I I tcwLfl 

~twcs4 1~twcH 
twas twsH twp I 

~· I -------~~----~ 
I I I 

1------'-I ~1-tRWL I 
1---'----'--tcwL > 

twcs4 ~twcH 

'wi I 
I I 

DSF 7ZZl Y/11/ JI/ Ill YI// Ill JI Ill Jlfl////////114 
'7J Hor L Qnput); Invalid data (output) 

83FM-8490B 
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NEC pPD481440 

Timing Waveforms (cont) 

Color Register Set Cycle (Upper-byte~ early-write) 

..L lRC ~ 

""" tRAs ~ !+--tRP~ 

1\_ Jt L 
~ tcsH ~1 
~ tRCD 

__,, 
tRSH , ~ 

~1 ~tCRP ~ tcAS ~ ~tCRP~ 
I 

t\\ y I 
~tRAH 

11 

I I tRwL---

tMcs~ I 1~ 

OE !Ill II Jiii/// /////I /////llll//////////llllJ /111/ll !//!Ill /I/I If 
11 I I 

DSF 7ZZI W////!///I WIJ!/////l//////ll/ll//// 4 
l2Z! Hor L (Input); Invalid data (output) 

83FM-8491B 
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pPD481440 NEC 
Timing Waveforms {cont) 

Color Register Set Cycle (Late-write) 

----tRAs----

1----tcsH-. ---~ 
1--tRcD tRsH-~ 

-E- tcRP tcAs~~ 

I 

~tRAH~I - I 
~~ ~ 

~~1· l- tRwM=ti 
~tcwL 

twas twsH 
~ +--twp 

,...,_..,_,. ............... ,....,...,........,.....,...,. 

II~ 

DSF lZ! V////J/ll!! Vll!Jl/Jl//// II//////// Jll /h 
tLZJ H or L Qnput); Invalid data (output) 

DouT=open 

32 
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NEC pPD481440 

Timing Waveforms (cont) 

Color Register Set Cycle (Upper-byte, late-write) 

1----tcsH----...i 

1--tRco---.. E----tRsH-~ 

~tCRP 
I 

--tcAs-~ 

CAS ~·-j - I 

Ao·As 7lli?t------.., A-aw )0'J// m ff§ f;l J#il ij ff 11$ !II /If /I JIL)C 
--:::--__.i· ~ tRWL I 

-------------..............--------· 
~tcwL~ 

~twp 

DSF ~II/Ill ///I V/lijff ///lllll&//////I/// 
~ H or L Qnput); Invalid data (output) 

83FM-8493B 
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pPD481440 NEC 
Timing Waveforms {cont) 

Flash-Write Cycle 

1-~ ----tRc-------}1 

tRAs----"'7"'1 CAP~ 

RAS ~1~~~~~~~~~~1 ~ 
f+---tCHR1 

CAS _J i:= VI!! II !Ill!///// 11///I! JI/ Ill Ill !II /////II! I//;_ 

Ao-As~ t -iw11 l/ll//l/////////;/l//ll//l////l/I// ~ 
twas twsH 

OE 11 //Ill II JI/////// Ill///// l//////l/////////// II ll//////////f lffi 
II 

V<>1-V01a I/I///////////////////// J!ll///// JI// Jll/11////////// JI /1///1//J 
~~ 

DSF 7ZZI v//1111111111111111// JI /II 1111111/111111!111111/ m 
~ H or L Qnput); Invalid data (output) 

DoUT=Open 
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NEC pPD481440 

Timing Waveforms (cont) 

Flash-Write Cycle (Upper-byte11 flash-write) 

LWE 7ZZ/ V//I/////// Jiii/i/i/iii JI/////// !II/Ill !I/I/I ///II/ 

OE !II////////// !II////// !Ill/ II !Ill/!! !Ill/II If !1/////1/llJI// JI// 
II 

DSF 7ZZ/ Vll/////////////l!I//// J/l!l///l!l////lll/l//l//!I/ 
~ H or L (Input); Invalid data (output) 

Note: The lower-byte color register data Is not written even 
tf CAS and LWE go active later In the cycle. 

83FM-8496B 
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µPD481440 t\'EC 
Timing Waveforms (cont) 

Hidden Refresh Cycle (With exended output} 

1-----tRc----~--

Hl·Z 

""1·1/0.. I . Data-Out 

'FM~ 
CSFZ?f . ~l////Jl/$,ij/////$1$/ffffi07!01Mffi 

17.z! H or L Onput); Invalid data (output) 
83FM-8498B 
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NEC µPD481440 

Timing Waveforms (cont) 

RAS-Only Refresh Cycle 

~----tRc------

CAS Before RAS Refresh Cycle 

----tRc----

83FM-8499B 

UW~LWE I///! /////Ill! j l 11/!! lll!!!//I //JI /////!II I//// JI////// 
- ttFRS tFRHj -

osF~//lj...,....,...,///;,...,....,..1 //;~1/~pUonresetlno reset J</;_,....,...1//;~//;..,...,....,1//;.....,...,...///;~!/;...,...,.....,1/};,...,....,..1/};..,...........~...,....,...,l//;,...,....,..lj//;..,.........../Z...,....,...,1//;~/l~/l 
~ H or L Qnput); Invalid data (output) 

83FM-8600B 
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Fast Static RAMs I 
(64K) 



Fast Static RAMs {64K) ftiEC 
Section 19 
Fast Static RAMs (64K) 

µ.PD Org Features 

4361B 64Kx 1 12-ns 19a 

4362B 16Kx 4 12-ns 19b 

4363B 16Kx 4 12-ns; Output enable 19c 

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

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



t\'EC 
NEC Electronics Inc. 

Description 

The µPD4361 B is a 65,536-word by 1-bit static RAM 
fabricated with advanced si I icon-gate technology. 
CMOS peripheral circuits and N-channel memory cells 
with polysilicon resistors make the µPD4361B a high
speed device that requires very low power and no clock 
or refreshing. 

The device is packaged in a 22-pin plastic DIP and 
24-pin plastic SOJ and has two types of access times, 
address and chip select. 

Features 

o 65, 536 x 1-bit organization 
o Single+ 5-volt power supply 
o Fully static operation-no clock or refreshing 
o TTL-compatible inputs and outputs 
o Separated data input and output 
o Three-state outputs 
o Standard 22-pin plastic DIP and 24-pin plastic SOJ 

Ordering Information 
Part Number Access Time (max) Package 

µPD4361 BCR-12 12 ns 22-pin plastic DIP 

CR-15 15 ns 

CR-20 20 ns 

µPD4361 BLA-12 12 ns 24-pin plastic SOJ 

LA-15 15 ns 

LA-20 20ns 

60140 

Pin Configurations 

22-Pin Plastic DIP 

Ao 
A1 
A2 
A3 
A4 
As 
As 
A7 

DoUT 
WE 

GND 

24-Pin Plastic SOJ 

Ao 
A1 

A3 
A4 
As 

NC 
As 

A1 
DouT 

WE 

GND 

Pin ldentif ication 
Symbol 

Ao-A15 

D1N 

DouT 

cs 
WE 

GND 

Vee 

2 

4 
s 
s 

7 
8 

9 

pPD4361B 
65,536 x 1-bit 

Static CMOS RAM 

24 Vee 
23 A1S 
22 A14 
21 A13 

al 20 A12 
u; 19 NC ('t) 
v 

18 A11 0 
ll. 
::I. 17 A10 

1S Ag 

10 1S Aa 
11 14 D1N 
12 13 cs 

83AD·7540A 

Function 

Address inputs 

Data input 

Data output 

Chip select 

Write enable 

Ground 

+ 5-volt power supply 



µPD4361B 

Absolute Maximum Ratings 
Supply voltage, V cc -0.5to +7.0V 

Input voltage output voltage, V1N (Note 1) -0.5 to Vee+ 0.5 V 

Operating temperature, ToPR o to +70°C 

Storage temperature, TsTG - 55 to + 125°C 

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. 

Notes: 

(1) V1N = -3.0V minimum for 10 ns maximum pulse. 

Truth Table 
Function cs 
Not selected H 

Read L 

Write L 

Block Diagram 

Ao 
A1 
A2 
A3 

A12 
A13 
A14 
A15 

2 

WE 

x 
H 

L 

D1N 

Input/Output 

High-Z 

High-Z 

Address 8 
Buffer 

Row 
Decoder 

Input 
Data 

Control 

•cc 
Standby 

Active 

Active 

NEC 
Recommended Operating Conditions 
Parameter Symbol Min Typ Max Unit 

Supply voltage Vee 4.5 5.0 5.5 v 
Input voltage, high V1H 2.2 Vee+ o.3 v 
Input voltage, low V1L -0.5 0.8 

Operating temperature TA 0 70 

Notes: 

(1) V1L = -3.0V minimum for 10 ns maximum pulse. 

Capacitance 
TA= 25°C; f = 1 MHz; V1N and VouT = O V (Note 1) 

Parameter Symbol Min Typ Max 

Input capacitance 

Output capacitance CoouT 

Notes: 

(1) This parameter is sampled and not 100% tested. 

Memory Cell 
Array 

256 Rows 
x 256 Columns 

Column 
Decoder 

Address Buffer 

output 
Data 

Control 

6 

8 

v 
oc 

Unit 

pF 

pF 

831H·6251B 



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

Parameter Symbol Min Typ 

Input leakage current lu -2 

Output leakage current ILo -2 

Standby supply current lse 

lse1 

Output voltage, low Vol 

Output voltage, high VoH 2.4 

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

11PD4361B-12 

Parameter Symbol Min Max 

Read Operation 

Operating supply current Ice 130 

Read cycle time tRc 12 

Address access time tAA 12 

Chip select access time tAcs 12 

Output hold from address change toH 2 

Chip select to output in low-Z tLz 2 

Chip deselect to output in high-Z tHz 0 7 

Chip select to power-up time tpu 0 

Chip deselect to power-down time tpo 0 7 

Write Operation 

Write cycle time twc 12 

Chip select to end of write tew 11 

Address valid to end of write tAw 11 

Address setup time tAs 0 

Write pulse width twp 10 

Write recovery time twR 0 

Data valid to end of write tow 7 

Data hold time toH 0 

Write enable to output in high-Z twz 0 7 

Output active from end of write tow 0 

Notes: 

(1) Input pulse levels= GND to 3.0 V; input pulse rise and fall times 
= 5 ns; timing reference levels = 1.5 V; see figures 1 and 2 for 
output load. 

(2) All read cycle timings are referenced from the last valid address to 
the first transitioning address. 

pPD4361B 

Max Unit Test Conditions 

2 µA v1N = ov to Vee 

2 µA Your= ov to Vee; cs= V1H 

20 mA CS= V1H 

2 mA CS<!:: Vce-0.2V;V1N s 0.2Vor<!:: Vce-0.2V 

0.4 v loL = 8.0mA 

v loH = -4.0 mA 

11PD4361 B-15 11PD4361 B-20 

Min Max Min Max Unit Test Conditions 

15 

3 

3 

0 

0 

0 

15 

13 

13 

0 

12 

0 

7 

0 

0 

0 

120 110 mA cs = V1L; loour = o mA 

20 ns (Note 2) 

15 20 ns 

15 20 ns 

3 ns 

3 ns (Note 3) 

7 0 8 ns (Note 4) 

0 ns 

8 0 15 ns 

20 ns (Note 2) 

15 ns 

15 ns 

0 ns 

14 ns 

0 ns 

8 ns 

0 ns 

7 0 8 ns (Note 4) 

0 ns (Note 3) 

(3) Transition is measured at ±200 mV from steady-state voltage 
with the loading shown in figure 2. 

(4) Transition is measured at Vol+ 200 mV and VoH-200 mV with 
the loading shown in figure 2. 

3 
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pPD4361B NEC 
Figure 1. Output Load 

sv 

~ 4800 

Do UT 

~ 2550 :!: 30 pF· 

"::t=-
•1nc1uding Scope and Jig 

831H-5n3B 

Figure 2. Output Load for tHz, ttz, twz, and tow 

sv 

~ 4800 

DouT 

~ 2550 :;: spF· 

-= 
•including Scope and Jig 

831H-5774B 

4 



NEC pPD4361B 

Timing Waveforms 

Address Access Cycle 

Address \V Address Valid \ V 
~~~~--l~'--~~~~~~~~~~~~~~~~-1~--~~~~~~~~ 

--~ _toH_____,~=' ~~H~ 
Dour p,..,;ou,omav•• ~ 0a1av•• ~ 

Notes: 

[1] WE is held high for a read cycle. 

[2] The device is continually selected, where Cs= VtL· ... 

'------------------------------------------------8-~H_-5_77_5_,B ~ 

Chip Select Access Cycle 

cs 

Dour _______ H_ig_h_l_m_p_ed_a_nc_e_______ Data Valid High 

l-.. "1-----'~-tp-D-='T~-
Vee 

Supply 
Current 

Notes: 

[1] WE is held high for a read cycle. 

[2] Address is valid prior to or coincident with the low transition of CS. 
831H-6252B 
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pPD4361B 

Timing Waveforms (cont) 

WE-Controlled Write Cycle 

Address 

----------~tAw·~----------

------~--~tcw'~--~---~-~ 

Cs 

NEC 

[Note 2] ....... _._'-'-..J-J.~J..J.~'-------------------"-+'-'-'--'-..t.....'-:-'-J...J.~.1....L-'-'--'-..L...l:....L...J....L-

1 ... ~,__--tAs------

Data-In Valid 

~tow~ 
High lmpedance~,...,....,..~"?'"'T'"">'"// ;;...,_,......7!~....,....,....12 

Notes: 

(1) Cs or WE must be high during address transition. 
(2) If Cs and WE go high simultaneously, the outputs remain In high Impedance. 

831H-6261B 

6 



NEC pPD4361B 

Timing Waveforms (cont) 

CS-Controlled Write Cycle 

Address __ f===~~~~tA-W-twc~~------~----twR~J---
'E1AS icw---------

Data-In Valid 

~twz_=j 
DouT !//////Ill/ /ZoH+H+71! ///lllZZm--H-!ghlm_pedan_ce __ 

Notes: 

[1] Cs or WE must be high during address transition. 
831H·6262B 
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NEC 
NEC Electronics Inc. 

Description 

The µPD4362B is a 16,384-word by 4-bit static RAM 
fabricated with advanced silicon-gate technology. A 
unique design using CMOS peripheral circuits and 
N-channel memory cells with polysilicon resistors 
makes the µPD4362B a high-speed device that requires 
very low power and no clock or refreshing. 

The µPD4362B is packaged in a standard 22-pin plastic 
DIP and 24-pin plastic SOJ. 

Features 

o Single+ 5-volt power supply 
o Fully static operation-no clock or refreshing 
o TTL-compatible inputs and outputs 
o Common 1/0 capability 
o Standard 300-mil, 22-pin plastic DIP and 24-pin 

plastic SOJ packaging 

Ordering Information 
Part Number Access Time (max) Package 

µPD4362BCR-12 12 ns 22-pin plastic DIP 

CR-15 15 ns 

CR-20 20ns 

µPD4362BLA-12 12 ns 24-pin plastic SOJ 

LA-15 15 ns 

LA-20 20 ns 

60139 

Pin Configuration 

22-Pin Plastic DIP 

pPD4362B 
16,384 x 4-Bit 

Static CMOS RAM 

83YL-7440A 

~--------.· 24-Pin Plastic SOJ 

Ao 1 24 Vee 
A1 2 23 A13 

A2 3 22 A12 

A3 4 21 A11 

A4 5 ID 20 A10 
(\j 

As 6 ~ Ag 

As 7 """ 18 NC c 
0... 

A1 8 :::1. 17 1/04 

As 9 16 1/03 

cs 10 15 V02 

NC 11 1/01 
GND 12 WE 

83R0-7542A 

Pin ldentif ication 
Symbol Function 

Address inputs 

Data inputs and outputs 

Chip select 

Write enable 

GND Ground 

Vee + 5-volt power supply 

NC No connection 



µPD4362B 

Absolute Maximum Ratings 
Supply voltage, V cc -0.5 to +7.0V 

Input and output voltages, V1N (Note 1) -0.5 to Vee+ 0.5 V 

Operating temperature, ToPR o to +10°c 

Storage temperature, TsTG -55to+125°C 

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. 

Notes: 

(1) V1N = -3.0 V for 10 ns pulse. 

Truth Table 
Function CE WE Input/Output Ice 

Not selected H x High-Z Standby 

Read L H DouT Active 

Write L L D1N Active 

Notes: 

(1) X = don't care. 

Block Diagram 

Ag-

A10 ----1 
A11 ----1 

A12- Address I-¥-A13- Buffer 

Ao-

A1-

A2 ----1 

V01 

V02 
V03 

V04 
...---

~~ 

~ ...... WE 

2 

NEC 
Capacitance 
TA = 25°C; f = 1 MHz (Note 1); V1N and VooUT = 0 V 

Parameter Symbol Min Typ Max Unit 

Input capacitance 6 pF 

Output capacitance CoouT 8 pF 

Notes: 

(1) This parameter is sampled and not 100% tested. 

Recommended Operating Conditions 
Parameter Symbol Min Typ Max Unit 

Supply voltage Vee 4.5 5.0 5.5 v 
Input voltage, high V1H 2.2 Vee+ o.3 v 
Input voltage, low V1L -0.5 0.8 v 
Operating temperature TA 0 70 oc 

Notes: 

(1) VIL = -3.0 V for 10 ns pulse. 

Row Memory Cell Array 

Decoder 1--- 256 Rows 
64 x 4 Columns 

"*- Sense/Switch 

Input 
Data 

Control Column Decoder 

t 
Output 
Data I--' 

Control 

Address 
Buffer 

I I I 1 1 I 
A3 A4 As As A1 Aa 

831H·6254B 



NEC 
DC Characteristics 
TA= o to +70°c; Vee= +5.0V :!::10% 

Parameter Symbol Min Typ 

Input leakage current lu -2 

Output leakage current llo -2 

Standby supply current lss 

ls01 

Output voltage, low Vol 

Output voltage, high VoH 2.4 

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

11PD4362B·12 

Parameter Symbol Min Max 

Read Operation 

Operating supply current Ice 130 

Read cycle time tRe 12 

Address access time tAA 12 

Chip selection access time tAcs 12 

Output hold from address change toH 2 

Chip selection to output to low-Z tlz 2 

Chip deselection to output to high-Z tHz 0 7 

Chip selection to power-up time tpu 0 

Chip deselection to power-down time tpo 0 7 

Write Operation 

Write cycle time twe 12 

Chip selection to end of write tew 11 

Address valid to end of write tAw 11 

Address setup time tAs 0 

Write pulse width twp 10 

Write recovery time twR 0 

Data valid to end of write tow 7 

Data hold time toH 0 

Write enable to output in high-Z twz 0 7 

Output active from end of write tow 0 

Notes: 

(1) Input pulse levels= GND to 3.0 V; input pulse rise and fall times 
= 5 ns; timing reference levels = 1.5 V; see figures 1 and 2 for 
output load. 

(2) All read cycle timings are referenced from the last valid address to 
the first transitioning address. 

pPD4362B 

Max Unit Test Conditions 

2 µA V1N =av to Vee; Vee= max 

2 µA VouT = ov to Vee; cs= V1H; Vee= max 

20 mA CS= V1H 

2 mA CS~ Vee-0.2V;V1Ns 0.2Vor~ Vee-0.2V 

0.4 v lol = 8.0 mA 

v loH = -4.0 mA 

11PD4362B·15 11PD4362B-20 

Min Max Min Max Unit Test Conditions 

120 110 mA cs = Vil; loouT = o mA 

15 20 ns (Note 2) 

15 20 ns 

15 20 ns 

3 3 ns 

3 3 ns (Note 3) 

0 7 0 8 ns (Note 4) 

0 0 ns 

0 15 0 20 ns 

15 20 ns (Note 2) 

13 15 ns 

13 15 ns 

0 0 ns 

12 14 ns 

0 0 ns 

7 8 ns 

0 0 ns 

0 7 0 8 ns (Note 4) 

0 0 ns (Note 3) 

(3) Transition is measured at ±200 mV from steady-state voltage 
with the loading shown in figure 2. 

(4) Transition is measured at Vol + 200 mV and VoH - 200 mV with 
the loading shown in figure 2. 

3 
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µPD4362B 

Figure 1. Output Load 

sv 

4800 

DoUT---...... ----. 

:~sopF• 

0 lncluding Scope and Jig 

Figure 2. Output Load tor IHz, ftz, lwz, and tow 

4 

sv 

~4800 

DoUT ---------

=~ spF• 

•tnctuding Scope and Jig 

NEC 

831H-4832A 

831H-4831A 



NEC pPD4362B 

Timing Waveforms 

Address Access Cycle 

Address \I Address Valid \I/ 
~~~~--)~--~~~~~~~~~~~~~~~~-)~--~~~~~~~~ 

DOUT

------------..,_-: _______ 'o_H_-_-_-_-_-_-..:~_1 j+-------DataValld'IOH~ ~ 
Previous Data Valid ~ ~ 

Notes: 

[1) WE is held high for a read cycle. 

[2) The device Is continually selected, where Cs = VIL· 
831H-5775B 

Chip Select Access Cycle ~ ..-----------------.-. 
~~~~~~~~~~~tRe~~~~~~~~~~~ 

DcxJT _______ H_lg_h_l_m_p_ed_an_c_e ______ -< Data Valid High 

~'•"J-----'·-tp_o-=tml 
Vee 

Supply 
Current 

Notes: 

[1) WE is held high for a read cycle. 

[2) Address is valid prior to or coincident with the low transition of CS. 
83IH-62528 
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pPD4362B 

Timing Waveforms (cont) 

WE-Controlled Write Cycle 

Address 

---------tAW---------

---------tcw--------.i 

Cs 

NEC 

[Note 1] _._....._......_ ................. .......,.__ _______________ -"-II'--'-....... _,_... ......... _._._._ ................ _,_... ......... ~ 

Data-In Valid 

~tow-+j 
High impedance ~....,.._/U,,...,......7/ ............ m-;z 

Notes: 

[1] Cs or WE must be high during address transition. 
831H-6268B 
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NEC 
Timing Waveforms (cont) 

CS-Controlled Write Cycle 

pPD4362B 

~tw=1 
DouT ?/!/Ill !il!JZ+H+,+7111/!l//ZZM--H...:;;__igh lm~pedan_ce __ 

Notes: 

[1] Cs or WE must be high during address transition. 
831H·6262B 
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NEC 
NEC Electronics Inc. 

Description 

The µPD4363B is a 16,384-word by 4-bit static RAM 
fabricated with advanced silicon-gate technology. A 
unique design using CMOS peripheral circuits and 
N-channel memory cells with polysilicon resistors 
makes the µPD4363B a high-speed device that requires 
very low power and no clock or refreshing. 

The . µPD4363B is packaged in a standard 300-mil, 
24-pin plastic DIP and 24-pin plastic SOJ. 

Features 

o Single+ 5-volt power supply 
o Fully static operation-no clock or refreshing 
o TTL-compatible inputs and outputs 
o Common 1/0 capability 
o OE eliminates the need for external bus buffers 
o Three-state outputs 
o Low power dissipation 

-130 mA max (active) 
- 2 mA max (standby) 

o Standard 300-mil, 24-pin plastic DIP and 24-pin 
plastic SOJ packaging 

Ordering Information 
Part Number Access Time (max) Package 

µPD4363BCR-12 12ns 24-pin plastic DIP 

CR-15 15 ns 

CR-20 20ns 

µPD4363BLA-12 12 ns 24-pin plastic SOJ 

LA-15 15 ns 

LA-20 20ns 

60138 

Pin Configuration 

pPD4363B 
16,384 x 4-Bit 

Static CMOS RAM 

24-Pin Plastic DIP or SOJ 

83SL·7630A 

Pin ldentif ication 
Symbol Function 

Address inputs 

Data inputs and outputs 

Chip select 

Output enable 

Write enable 

GND Ground 

Vee + 5-volt power supply 

NC No connection 

• 



µPD4363B 

Absolute Maximum Ratings 
Supply voltage, V cc - 0.5 to + 7.0 V 

Input and output voltages, V1N (Note 1) -0.5 to Vee+ 0.5 V 

Operating temperature, ToPR Oto +70°C 

Storage temperature, TsTG -55to+125°C 

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. 

Notes: 

(1) V1N (min) = -3.0 V for 10 ns pulse. 

Capacitance 
TA = 25°C; f = 1 MHz; V1N and VouT = O V (Note 1) 

Parameter Symbol Min Typ Max Unit 

Input capacitance 6 pF 

Output capacitance CoouT 8 pF 

Notes: 

(1) This parameter is sampled and not 100% tested. 

Block Diagram 

Ag-

A1o-
A11-

A12 - Address 
A13 --1 Buffer 1--

Ao-
A1 ____, 
A2__, 

V01 
V02 

V03 
V04 

.--

--"\_ 

~ 
_,.I 1 

2 

NEC 
Recommended Operating Conditions 
Parameter Symbol Min Typ Max Unit 

Supply voltage Vee 4.5 5.0 5.5 v 
Input voltage, high V1H 2.2 Vee+ o.3 v 
Input voltage, low V1L -0.5 0.8 v 
Operating temperature TA 0 70 oc 

Notes: 

(2) V1L = -3.0 V for 10 ns pulse. 

Truth Table 
Function cs WE OE Input/Output Ice 

Not selected H x x High-Z Standby 

Read L H L DouT Active 

DouT disabled L H H High-Z Active 

Write L L x D1N Active 

Row Memory Cell Array 

Decoder 1---i 256 Rows 
64 x 4 Columns 

Input 
~ Sense/Switch 

Data 
Column Decoder Control 

)4 

Output 
Data I-

Control 

Address 
Buffer 

T T T T T T 
Aa A4 As A5 A1 As 

83IH-6256B 



fttf EC 
DC Characteristics 
TA= o to +70°c; Vee= +5.0 v ±10% 

Parameter Symbol Min Typ 

Input leakage current lu -2 

Output leakage current ILo -2 

Standby supply current Isa 

lss1 

Output voltage, low Vol 

Output voltage, high VoH 2.4 

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

µPD4363B-12 

Parameter Symbol Min Max 

Read Operation 

Operating supply current Ice 130 

Read cycle time tRc 12 

Address access time tAA 12 

Chip select access time tAcS 12 

Output hold from address change toH 2 

Chip select to output in low-Z tLz 2 

Chip deselect to output in high-Z tHz 0 7 

Output enable access time toE 8 

Output enable to output in low-Z toLZ 0 

Output disable to output in high-Z to HZ 0 7 

Chip select to power-up time tpu 0 

Chip deselect to power-down time tpo 0 7 

Write Operation 

Write cycle time twc 12 

Chip select to end of write tcw 11 

Address valid to end of write tAW 11 

Address setup time tAs 0 

Write pulse width twp 10 

Write recovery time twR 

Data valid to end of write tow 7 

Data hold time toH 0 

Write enable to output in high-Z twz 0 7 

Output active from end of write tow 0 

Notes: 

(1) Input pulse levels= GND to 3.0 V; input pulse rise and fall times 
= 5 ns; timing reference levels = 1.5 V; see figures 1 and 2 for 
output load. 

(2) All read and write cycle timings are referenced from the last valid 
address to the first transitioning address. 

pPD4363B 

Max Unit Test Conditions 

2 µA VrN = ov to Vee; Vee= max 

2 µA VouT = 0 V to V cc; CS or OE= V1H; Vee = max 

20 mA CS= VrH 

2 mA cs= Vcc-0.2V;V1N s 0.2Vor;?: Vcc-0.2V 

0.4 v loL = s.o mA 

v loH = -4.0 mA 

J1.PD4363B-15 Ji.PD4363B-20 

Min Max Min Max Unit Test Conditions 

15 

3 

3 

0 

0 

0 

0 

0 

15 

13 

13 

0 

12 

7 

0 

0 

0 

120 110 mA cs= v1L; loouT = o mA 

20 ns (Note 2) 

15 20 ns 

15 20 ns 

3 ns 

3 ns (Note 3) 

7 0 8 ns (Note 4) 

9 10 ns 

0 ns (Note 3) 

7 0 8 ns (Note 4) 

0 ns 

10 0 12 ns 

20 ns (Note 2) 

15 ns 

15 ns 

0 ns 

14 ns 

ns 

8 ns 

0 ns 

7 0 8 ns (Note 4) 

0 ns (Note 3) 

(3) Transition is measured at ±200 mV from steady-state voltage 
with the loading shown in figure 2. 

(4) Transition is measured at Vol + 200 mV and VoH - 200 mV with 
the loading shown in figure 2. 

3 

Bl 



pPD4363B NEC 
Figure 1. Output Load 

sv 

; 4800 

Do UT 

~ 2550 *30pF* 

~ 
•1nc1uding Sccpe and Jig 

8311+4832A 

Figure 2. Output Load tor tHz, tLz, toHz, toi..z, twz, and tow 

sv 

~ 4800 

DoUT ___ _,._ ___ --1 

::;: SpF* 

•1nc1uding Sccpe and Jig 
831H-4831A 
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NEC pPD4363B 

Timing Waveforms (cont) 

Address Access Cycle 

Address ---~i.-~----_-_-_-_-_-_ -A..-ddr-:~Val_l-d ~~~~~~--~*...__ ____ _ 
DouT ______ Pr-e-vl-~-~t~_D~a~ra=V=a=lld==~-t-QH--------------~----------------0-ara __ V_a_lld--------~ 

Notes: 

(1] WE is held high for a read cycle. 

(2] The device is continually selected, where Cs= OE= VIL· 11!'1!1 
l-~~~~~~~~~~~-'-~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~-8-~-~-~-~__.B ~ 

Chip Select Access Cycle 

--~~~~~~~~~-tRC~~~~~~~~~~---

cs 

tHZ 

DouT __ H_ig_h_l_m_pe_d_a_nc_e________________ Dara Valid High 

~'P"1-------__:_-'"'---tp_o'-----.-'ml 

Vee 
Supply 

Current 

Notes: 

[1] WE Is held high for a read cyde. 

(2) Address valid prior to or coincident with the low transition of CS. 
(3) OE =VIL· 

8~H·6270B 

5 



µPD4363B 

Timing Waveforms (cont) 

OE-Controlled Access Cycle 

NEC 

Address _______ t
14

:==================-A-d=d-~-ss---Val==ld==================i-"' ------------

~~-1---------tAA---------. 

tQLZ 

High 

Impedance 

Notes: 
(1] WE Is held high for a read cyde. 

(2) The device Is continually selected, where CS= VIL· 
831H-6271B 

WE-Cont1olled Write Cycle 

6 

Address ==tw-c---~.._____ 
----------~tcw----------- 'I' --------cs 

[Nooo1] ..................... ..._~..,,... ....... _._~~~~~~~~~~~~~~~~-~~~-+ ....... _._""""'......,..._._._..._. ........ ..._......__._ ....... _._"-Jo 

DIN 

Dour 

-----tDw---...... -~IDH 

Notes: 

(1] Cs or WE must be high during address transition. 

[2] If OE Is high, the 110 pins remain in high impedance. 

1--twz 

(3] During this period, the 110 pins may be active (OE low). Therefore, data 
input signals of opposite polarity to the outputs must not be applied. 

Data-in Valid 

I--tow 
High Impedance 

831H-6272B 



ft/EC 
Timing Waveforms (cont) 

CS-Controlled Write Cycle 

Address 

DIN 

~ •we 

-----'1 .... 1--tA-s---------tAwt-c-w---_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-...,:~ 
-------twp-------i 

Notes: 

[1] CS or WE must be high during address transition. 

[2] If OE is high, the 110 pins remain In high Impedance. 

[3] During this period, the 110 pins may be active (OE low). Therefore, data 
input signals of opposite polarity to the outputs must not be applied. 

µPD4363B 

83IH-6273B 
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NEC 
NEC Electronics Inc. 

Description 

The µPD4368 is a high-speed 8,192-word by 8-bit static 
RAM designed with CMOS peripheral circuits and 
N-channel memory cells with polysilicon resistors. Two 
chip enable pins are provided for battery backup appli
cation, and an output enable pin is provided for easy 
interface. 

The µPD4368 is packaged in 28-pin plastic DIP and 
28-pin plastic SOJ packaging. 

Features 

o 8,192 by 8-bit organization 
o Single+ 5-volt power supply 
o Fully static operation-no clock or refreshing 
o TTL-compatible inputs and outputs 
o Common 1/0 using three-state outputs 
o One OE and two CE pins for easy application 
o Standard 28-pin plastic DIP, 28-pin plastic SOJ 

packaging 

Ordering Information 
Part Number Access Time (max) Package 

µPD4368_c_R-_1s _____ 1s_n_s __ _ 28-pin plastic DIP 

CR-20 20 ns 

µPD4368LA-15 15 ns 28-pin plastic SOJ 
~---------~ 
LA-20 20 ns 

60137 

µPD4368 
8,192 x 8-Bit 

Static CMOS RAM 

Pin Configuration 

28-Pin Plastic DIP or SOJ 

83YL·7446A 

Pin Identification 
Symbol Function 

Ao-A12 Address inputs 

1101 - I/Os Data inputs/outputs 

CE1 Chip enable (active low) 

CE2 Chip enable (active high) 

OE Output enable 

WE Write enable 

GND Ground 

Vee +5-volt power supply 

NC No connection 



µPD4368 

Block Diagram 

2 

Address 
Buffer 

Row 
Deex>der 

Input 
Data 

Control 

Memory Cell 
Array 

256 Rows 
32 x 8 Columns 

Sense/Switch 

Column 
Decoder 

Address 
Buffer 

OUtput 
Data 

Control 

NEC 

831H-8565B 



t\'EC 
Absolute Maximum Ratings 
Supply voltage, V cc (Note 1) -0.5 to +7.0 V 

Input voltage, V1N (Note 1) -o.5 v to Vee+ 0.3 v 
Output voltage, VouT (Note 1) -0.5 V to Vee+ 0.3 V 

Operating temperature, ToPR o to +70°c 

Storage temperature, TsTG - 55 to + 12s0c 

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. 

Notes: 

(1) -3.0 V min for 10 ns maximum pulse. 

Capacitance 
TA = 25°C; f = 1 MHz; V1N and VoUT = 0 v 
Parameter Symbol Min Typ Max Unit 

Input capacitance C1N 6 pF 

Input/output capacitance Cvo B pF 

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

Parameter Symbol Min Typ 

Input leaka~e current lu -2 

Output leakage current ILo -2 

Operating supply current Ice 

Standby supply current lss 

lss1 

Output voltage, low Vol 

Output voltage, high VoH 2.4 

pPD4368 

Truth Table 
Function CE1 CE2 OE WE 1/0 Ice 
Not selected H x x x High-Z Standby 

Not selected x L x x High-Z Standby 

DouT disabled L H H H High-Z Active 

Read L H L H DouT Active 

Write L H x L D1N Active 

Recommended Operating Conditions 
Parameter Symbol Min Typ Max Unit 

Supply voltage Vee 4.5 5.0 5.5 v 
Input voltage, high V1H 2.2 Vee+ 0.3 v 
Input voltage, low V1L -0.5 0.8 v 
Operating TA 0 70 ·c 
temperature 

Notes: 

(1) V1L = -3.0 V min for 10 ns maximum pulse. 

Max Unit Test Conditions 

2 µA V1N = 0 V to V cc 

2 µA Vvo = 0 v to v cc: CE1 = V1H or CE2 = V1L 
or OE = V1H or WE = V1L 

120 mA CE1 = V1L; CE2 = V1H; lvo = 0 mA (min cycle) 

20 mA CE1 <!:: V1H or CE2 = V1L 

2 mA CE1 <!:: Vee - 0.2 V; CE2 <!:: Vee - 0.2 v 
0.4 v loL = BmA 

v loH = -4.0mA 

3 



µPD4368 NEC 
AC Characteristics 
TA = o to + 70°C; V cc = + 5.0V ± 100,{, 

1iPD4368·15 µ.PP4368·20 

. Parameter Symbol Min 

Reap Operation 

Read cycle time tRc 15 

Adc;lress access time tAA · 

CE1 access time tco1 

CE2 access time tco2 

Output enable to output valid toE 

Output hold from address change toH 3 

CE1 to output in low-Z tLz1 3 

CE2 to output in low-Z tLZ2 3 

OE to output in low-Z toLz 0 

CE1 to output in high-Z tHz1 

CE2 to output in high-Z tHz2 

OE to output in high-Z toHZ 

Write Operation 

Write cycle time twc 15 

Chip enable (CE1) to end of write tcw1 12 

Chip enable (CE2) to end of write tcW2 12 

Address valid to end of write tAw 12 

Address setup time tAs 0 

Write pulse width twp 11 

Writ~ re,covery time twR 2 

Data valid to end of write tow 9 

Data hold time t DH 0 

Write enable to output in high-Z twHZ 

Output active from end of write tcm 0 

Notes: 

(1) Input pulse levels = 0.8 to 2.4 V; input pulse rise and fall times= 
5 ns; timing reference level= 1.5 V; see figures 1 and 2 for output 
load. 

Figure 1. Output Load 
ftRc, tAA, tco1, tc02, toE, toH) 

+SV 

4800 

30 pF 

83VL·7651A 

4 

Max Min Max Unit Test Conditions 

20 ns 

15 20 ns 

15 20 ns 

15 20 ns 

9 10 ns 

3 ns 

3 ns 

3 ns 

0 ns 

8 9 ns 

8 9 ns 

7 8 ns 

20 ns 

13 ns 

13 ns 

13 ns 

0 ns 

12 ns 

2 ns 

10 ns 

0 ns 

7 8 ns 

0 ns 

Figure 2. Output Load ftHz1, tHz2, toHz, twHz, 
ILZ1, tLz2, toLz, tow) 

+SV 

4800 
DQUT ___ .____ 

2550 5pF 

83YL·7652A 



N'EC pPD4368 

Timing Waveforms 

Address Access Cycle 

f
-------tRc-------1 

Address ---- ·-------Ad-dre_ss_v_alld _____ ___,*....__ ______ _ 

Dour 

-----~=~---------t_oH_-_-_-__ -~----------
Prevlous Data Valid ~ Data Valid 

Notes: 

(1) WE is high for a read cycle. 

(2) The device is continually selected, where CE1 =OE= V1L and CE2= V1H· 

831H-5753B 

Chip Enable Access Cycle IP.II ..----------------.-

Address Address Valid {
--------tRc--------i 

CE
1 

-S\ \\-\\ \-\\\\~~----\\-~-==--tAA====,,-1 -t--;J)?fqz 
~ ~,~==11 I I 

Do UT 

7!1!1 /11////i •ca-= I ...... 

\\\\\\\ \\ \\\\% \\ \\\\\= ·1 
...... toE I -

tQLZ---+ 

High Impedance /_LL 

Notes: 

[1) WE Is high for a read cycle. 

(2) Address valid prior to or coincident with the latter of the low transition of CE 1 
or the high transition of CE2. 

ill 

~\\\\\ 
~~n 

~J/J//lllZ 
toHZ I ~ 

Data Valid ~ 
jjj 

831H-5745B 
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µPD4368 

Timing Waveforms (cont) 

WE-Controlled Write Cycle 

6 

Address 

------~---tAw-----------

----------tcw1---------

Data-In Valid 

-I• -tWHz-1 
Dour ~~~~~~~~-D-a_ta_U_n_d_e-fin-ed~~~~~~~~~--.~ 

Notes: 

[1) A write cycle occurs during the overlap of a low Ce1 and WE and a high CE2. 

[2) Ce 1 or WE must be high or CE2 must be low during address transition. 

[3) If OE Is high, the VO pins remain In high Impedance. 

NEC 

831H-6566B 



NEC pPD4368 

Timing Waveforms (cont) 

CE1-Contralled Write Cycle 

Address --~14----t-As-=--==---==~·:-W-1~~=~~=~-------~---

Data-In Valid 

Dour _________________________________ H_1g_h_1_m_pe_d_an_ce ________________________________________ _ 

Notes: 

[1) A write cycle occurs during the overlap of a low CE 1 and WE and a high CE2. 

[2) CE1 or WE must be high or CE2 must be low during address transition. 
8311+65688 
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pPD4368 

Timing Waveforms (cont) 

CE2 -Controlled Write Cycle 

NEC 

High Impedance 

Dour----------------------------------------------------~-------------------------

8 

Notes: 

[1] A write cycle occurs during the overlap of a low CE1 and WE and a high CE2. 

[2) CE 1 or WE must be high or CE2 must be low during address transition. 
83IH-6569B 



NEC 
NEC Electronics Inc. 

Description 

The µPD4369 is a high-speed 8,192-word by 9-bit static 
RAM fabricated with CMOS peripheral circuits and 
N-channel memory cells with polysilicon resistors. Two 
chip enable pins are provided for battery backup appli
cation, and an output enable pin is provided for easy 
interface. 

The µPD4369 is packaged in standard 28-pin plastic 
DIP and 28-pin plastic SOJ packaging. 

Features 

o 8,192 by 9-bit organization 
o Single +5-volt power supply 
o Fully static operation-no clock or refreshing 
o TTL-compatible inputs and outputs 
o Common 1/0 using three-state outputs 
o One OE and two CE pins for easy application 
o Standard 28-pin plastic DIP and 28-pin plastic SOJ 

packaging 

Ordering Information 
Part Number Access Time (max) Package 

µPD4369CR-15 15 ns 28-pin plastic DIP 

CR-20 20 ns 

µPD4369LA-15 15 ns 28-pin plastic SOJ 

LA-20 20ns 

60136 

pPD4369 
8, 192 x 9-Bit 

Static CMOS RAM 

Pin Configuration 

28-Pin Plastic DIP or SOJ 

83YL·7444A 

Pin ldentif ication 
Symbol Function 

Ao·A12 Address inputs 

1/01-1/09 Data inputs/outputs 

CE1 Chip enable (active low) 

CE2 Chip enable (active high) 

OE Output enable 

WE Write enable 

GND Ground 

Vee +5-volt power supply 

NC No connection 



pPD4369 

Block Diagram 

2 

Address 
Buffer 

Row 
Decoder 

Input 
Data 

Control 

Memory Cell 
Array 

256 Rows 
32 x 8 Columns 

Sensa.fSWltch 

Column 
Decoder 

Address 
Buffer 

OUtput 
Data 

Control 

NEC 

83YL·7446B 



NEC 
Absolute Maximum Ratings 
Supply voltage, V cc (Note 1) - 0.5 to + 7.0 V 

Input voltage, V1N (Note 1) -0.5 V to Vee+ 0.3 V 

Output voltage, VouT (Note 1) - 0.5 V to Vee + 0.3 V 

Operating temperature, To PR o to +70°C 

Storage temperature, TsTG -55 to +125°C 

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. 

Notes: 

(1) -3.0 V min for 10 ns maximum pulse. 

Capacitance 
TA = 25°C; f = 1 MHz; V1N and VouT = o V 

Parameter Symbol Min Typ Max Unit 

Input capacitance C1N 6 pF 

Input/output capacitance Cvo 8 pF 

DC Characteristics 
TA= Oto+ 70°C; V cc= +5.0 V ±10% 

Parameter Symbol Min Typ 

Input leakage current lu -2 

Output leakage current I Lo -2 

Operating supply current lccA 

Standby supply current lss 

lss1 

Output voltage, low Vol 

Output voltage, high VoH 2.4 

µPD4369 

Truth Table 
Function CE1 CE2 OE WE 1/0 Ice 

Not selected H x x x High-Z Standby 

Not selected x L x x High-Z Standby 

DouT disabled L H H H High-Z Active 

Read L H L H DouT Active 

Write L H x L DrN Active 

Recommended Operating Conditions 
Parameter Symbol Min Typ Max Unit 

Supply voltage Vee 4.5 5.0 5.5 v 
Input voltage, high V1H 2.2 Vee+ 0.3 v 
Input voltage, low VIL -0.5 0.8 v 

ml Operating temperature TA 0 70 oc 

Notes: 

(1) V1L = -3.0 V min for 10 ns maximum pulse. 

Max Unit Test Conditions 

2 µA V1N = OV to Vee 

2 µA Vvo = OV to Vee; CE1 = V1H or CE2 = V1L 
or OE = V1H or WE = V1L 

120 mA CE1 = V1L; CE2 = V1H; 1110 = 0 mA (min cycle) 

20 mA CE1 ~ v,H or CE2 = v,L 

2 mA CE1 ~ Vee - 0.2 V; CE2 ~ Vee - 0.2 v 
0.4 v loL = 8 mA 

v loH = -4.0mA 

3 



µPD4369 NEC 
AC Characteristics 
TA= Oto + 70°C; V cc= +5.0 V ±10% 

µPD4369-15 µPD4369-20 

Parameter Symbol Min 

Read Operation 

Read cycle time tRc 15 

Address access time tAA 

CE1 access time tco1 

CE2 access time tco2 

Output enable to output valid toE 

Output hold from address change toH 3 

CE1 to output in low-Z tLZ1 3 

CE2 to output in low-Z tLz2 3 

OE to output in low-Z toLZ 0 

CE1 to output in high-Z tHz1 

CE2 to output in high-Z tHZ2 

OE to output in high-Z toHZ 

Write Operation 

Write cycle time twc 15 

Chip enable (CE1) to end of write tcW1 12 

Chip enable (CE2) to end of write tcw2 12 

Address valid to end of write tAw 12 

Address setup time tAs 0 

Write pulse width twp 11 

Write recovery time twR 2 

Data valid to end of write tow 9 

Data hold time toH 0 

Write enable to output in high-Z twHZ 

Output active from end of write tow 0 

Notes: 

(1) Input pulse levels= 0.8 to 2.4 V; input pulse rise and fall times= 
5 ns; see figures 1 and 2 for output load circuit. 

Figure 1. Output Load 
(tRc IAA, tc01, IC02, IOE, toH) 

iOV 

480Q 

30 pF 

83Yl·7651A 

4 

Max Min Max Unit Test Conditions 

20 ns 

15 20 ns 

15 20 ns 

15 20 ns 

9 10 ns 

3 ns 

3 ns 

3 ns 

0 ns 

8 9 ns 

8 9 ns 

7 8 ns 

20 ns 

13 ns 

13 ns 

13 ns 

0 ns 

12 ns 

2 ns 

10 ns 

0 ns 

7 8 ns 

0 ns 

Figure2. Output Load {IHz1, IHz2, toHz, twHz, tLzt, 
ltz2, fotz, tow) 

iOV 

480Q 

Dour..,___,____ 

255Q 5pF 

83Yl·7652A 



NEC 
Timing Waveforms 

Address Access Cycle 

Notes: 

(1) WE Is high for a raad cycle. 

(2) The device Is continually selected, where CE1 =OE = V1L and CE2 = V IH. 

Chip Enable Access Cycle 

-----!AA ____ __, 

---ILZ~1===il 
CE2 711/// !Ill/II~--:~ I ~ 

OE\\\\\\\\\\\\\\\\\\\\\\\\!=== I 
-----IQE I _,,, 

IQLZ~ 

DouT _____ Hlg;;._.h 1--'-mpeda_nce ______ f_ll_
1 \_\'\ 

Notes: 

[1] WE Is high for a raad cycle. 

[2] Address valid prior to or coincident with the latter of the low transition of CE 1 
or the high transition of CE2. 

pPD4369 

.... 
831H-6753B --

tllll///JI I/Ill 
i:==toHZ~ 

Data Valid 

831H-6745B 
~--------------------------
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pPD4369 

Timing Waveforms (cont) 

WE-Controlled Write Cycle 

Address 

WE 

D1N 

~~~~~~~~tAw~~~~~~~~~-

--~~~~~~~ tcw1~~~~~~~--

Data-In Valid 

NEC 

~tow-i. 
High Impedance--{================= 

6 

Notes: 

[1] A write cycle occurs during the overlap of a low CE1 and WE and a high CE2. 
[2) CE 1 or WE must be high or CE2 must be low during address transition. 
[3] If OE Is high, the VO pins remain In high Impedance. 

83lH-6666B 



NEC pPD4369 

Timing Waveforms (cont) 

CE1 -Controlled Write Cycle 

Address -~-tAs~~~-=·:~-c .-===-1---

DouT ~-------------------------------------------H~~~h-lm_pedan ___ ce ______________________________________ ~ 

Notes: 

[1) A write cycle occurs during the overlap of a low CE1 and WE and a high CE2. 

[2) CE1 or WE must be h~h or CE2 must be low during address transition. 

7 



pPD'4369 

Timing Waveforms (cont) 

CE2 -Controlled Write Cycle 

8 

Notes: 

[1] A write cycle occurs during the overlap of a low CE1 and WE and a high CE2. 

[2] CE1 or WE must be high or CE2 must be low during address transition. 

NEC 

831H-6669B 
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Fast Static RAMs I 
(256K) 



Fast Static RAMs (256K) NEC 
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 32Kx 9 15-ns; Output enable 20e 

Upcoming Products 

Description Device Number Comments 

32Kx 8 µPD46258 Speeds to 6 ns; 3.3- and 5-V versions 

32Kx 9 µPD46259 Speeds to 6 ns; 3.3- and 5-V versions 



1\'EC 
NEC Electronics Inc. 

Description 

The µPD43251 B is a 262,144-word by 1-bit static RAM 
fabricated with advanced silicon-gate technology. A 
unique design that uses CMOS peripheral circuits and 
N-channel memory cells with polysilicon resistors 
makes the µPD43251 B a high-speed device that re
quires no clock or refreshing. 

The µPD43251B is available in 24-pin plastic DIP or 
24-pin plastic SOJ packaging. 

Features 

o 262,144-word x 1-bit organization 
o Single+ 5-volt power supply 
o Fully static operation-no clock or refreshing 
o TTL-compatible inputs and outputs 
o Separated data input and output 
o Three-state outputs 
o Power dissipation 

-120 mA max (active) 
- 2 mA max (standby) 

o Standard 300-mil, 24-pin plastic DIP or 24-pin 
plastic SOJ packaging 

Ordering Information 
Access 

Part Number Time (max) Package 

µPD43251 BCR-15 15 ns 24-pin plastic DIP 

CR-20 20 ns 

CR-25 25 ns 

µPD43251 BLA-15 15 ns 24-pin plastic SOJ 

LA-20 20 ns 

LA-25 25 ns 

60144 

Pin Configuration 

pPD43251B 
262,144 x 1-Bit 

Static CMOS RAM 

24-Pin Plastic DIP or SOJ 

Vee 
A1 A17 
A2 A16 

A15 
A14 
A13 

As A12 
A7 A11 
A8 A10 

DOOT Ag 
WE DIN 

GND Cs 
83YL·7438A 

Pin Identification 
Symbol Function 

Ao· A17 Address inputs 

D1N Data input 

DouT Data output 

cs Chip select 

WE Write enable 

GND Ground 

Vee + 5-volt power supply 



pPD43251B 

Absolute Maximum Ratings 
Power supply voltage, Vee -0.5 to + 7.0 V 

Input voltage, V1N (Note 1) -9.s to +Vee +. o.3 

Output voltage, VouT -0.5 to +Vee+ o.3 

Operating temperature, ToPR Oto +70°C 

Storage temperature, TsTG -55 to + 125°C 

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

Notes: 

(1) V1N = - 3.0 V min for 10 ns maximum pulse. 

Truth Table 
Function CS 

Not selected H 

Read L 

Write L 

Block Diagram 

WE 

x 
H 

L 

Address 
Buffer 

DouT 
High-Z 

Output data 

High-:Z 

Row 
Decoder 

DIN ----+------" 
Input 
Data 

Control 

Ice 
Standby 

Active 

Active 

NEC 
Capacitance 
TA= +25°C; f = 1 MHz (Note 1); V1N and VouT = OV 

Parameter Symbol Min Typ Max 

Input capacitance 6 

Output capacitance Co 8 

Notes: 

(1) This parameter is sampled and not 100% testec;t. 

Recommended Operating Conditions 
Parameter Symbol Min Typ 

Supply voltage Vee 4.5 5.0 

Input voltage, low V1L -0.5 
(Note 1) 

Input voltage, high V1H 2.2 

Ambient temperature TA 0 

Notes: 

(1) V1L = - 3.0 V min for 10 ns maximum pulse. 

Memory Cell Array 
256 Rows 

1024 Columns 

Sense Switch 

Column 
Decoder 

Address 
Buffer 

-+--Vee 

-+--GND 

Output 
Data 

Control 

Max 

5.5 

0.8 

Vee+ o.3 

70 

DOUT 

Unit 

pF 

pF 

Unit 

v 
v 

v 
oc 

As• •Ag A10• • • • A15 

831H-5772B 
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t\'EC pPD43251B 

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

Parameter Symbol Min Typ Max Unit Test Conditions 

Input leakage current lu -2 2 µA v1N = o V to Vee 

Output leakage current ILO -2 2 µA VouT = o V to Vee; cs = V1H 

Standby supply current lss 30 mA CS = V1H; V1N = V1H or V1L 

lss1 2 mA cs ~ Vee - 0.2 V; V1N :S 0.2 V or ~ Vee - 0.2 V 

Output voltage, low Vol 0.4 v loL = 8.0 mA 

Output voltage, high VoH 2.4 v loH = -4.0mA 

AC Characteristics 
TA= Oto +70°C; Vee= +5.0V ±10% 

µPD43251 B-15 µPD43251 B-20 µPD43251 B-25 

Parameter Symbol Min Max Min Max Min Max Unit Test Conditions (Note 1) 

Read Operation 

Operating supply current Ice 120 100 100 mA CS= V1L (min cycle); louT = O mA 

Read cycle time tRc 15 20 25 ns (Note 2) 

Read access time tAA 15 20 25 ns 

Chip select access time tACS 15 20 25 ns mll Output hold from address change toH 3 3 3 ns 

Chip select to output in low-Z tcLZ 3 3 3 ns (Note 3) 

Chip deselect to output in high-Z tcHZ 0 6 0 8 0 10 ns (Note 4) 

Write Operation 

Write cycle time twc 15 20 25 ns (Note 2) 

Chip select to end of write tcw 13 15 20 ns 

Address valid to end of write tAW 13 15 20 ns 

Address setup time tAs 0 0 0 ns 

Write pulse width twp 12 14 18 ns 

Write recovery time twR 0 0 0 ns 

Data valid to end of write tow 10 12 14 ns 

Data hold time toH 0 0 0 ns 

Write enable to output in high-Z twHZ 0 6 0 8 0 10 ns (Note 4) 

Output active from end of write tow 0 0 0 ns (Note 3) 

Notes: 

(1) Input pulse levels= GNDto3.0V; input pulse, rise and fall time= 
5 ns; timing reference levels = 1.5 V; see figures 1 and 2 for the 
output load. 

(2) All read and write cycle timings are referenced from the last valid 
address to the first transitioning address. 

(3) The transition is measured ±200 mV from steady-state voltage 
with the loading shown in figure 2. 

(4) The transition is measured at Vol + 200 mV and VoH - 200 mV 
with the loading shown in figure 2. 
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pPD43251B NEC 
Figure 1. Output Load 

sv 

480n 

DoUT 

255n *30pF· 

-::::-
•tncluding Scope and Jig 

83IH-Sn38 

Figure 2. Output Load tor ICffz, feta to• and lwHz 

SV 

480n 

DoUT 

~ 255n *spF· 

~ 
•1nctuding Scope and Jig 

831H-5n4B 
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t\'EC pPD43251B 

Timing Waveforms 

Address Access Cycle 

...,_ 
tRc _,. 

Address '',/ Address Valid 
\',/ 

Ji\ _J~ 

~ !AA 1-+-toH 
...,_ 

toH 

DoUT _________ P_ra_v-lo-us_D_a_m_V_a_lld---------~~--------D-a_m_V-~-ld--~ 
Notes: 

[1] WE Is held high for a read cycle. 

[2] The device Is continually selected, where Cs"" VIL· 
831H-5n5B 

Chip Select Access Cycle 

cs-------

DQUT -------------H-lg_h_lm_ped ___ an_ce ____ ---c 
Dam Valid 

Notes: 

[1] WE Is held high for a read cycle. 

[2] Address valid prior to or coincident with the low transition of Cs. 
831H·5776B 
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fiPD432518 

Timing Waveforms (cont) 

WE-Controlled Write Cycle 

Address 

DIN 

NEC 

Address Valid 

Data-In Valid 

Dour ------k--t-WHz31---~-to_w=k--Hlgh Impedance '--------Data Undefined - . 

Notes: 

(1] CS or WE must be high during address transition. 
(2] A write cycle occiJrs during the overlap of a low Cs and a low WE. 
(3] twR Is measured between CS or WE, whichever rising edge occurs first, and the end of twc. 

831H-5n7B 
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NEC 
Timing Waveforms (cont) 

CS-Controlled Write Cycle 

pPD43251B 

Md<eM f ~.~:=-----1 
-----''Ei..r--tA-S---------tAwt-c-w------------l~ twR ..__ _______ _ 

cs -------~ 

DIN Data-In Valid 

DOUT ----------------t--?~----------Data Undefined J- High Impedance 

Notes: 

(1) Cs or WE must be high during address transition. 
(2) A write cycle occurs during the overlap of a low Cs and a low WE. 
(3) twR Is measured between Cs or WE, whichever rising edge occurs first, and the end of twc. 

831H-snaa 
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NEC 
NEC Electronics Inc. 

Description 

The µPD43253B is a 65,536-word by 4-bit static RAM 
fabricated with advanced silicon-gate technology. 
CMOS peripheral circuits and N-channel memory cells 
with polysilicon resistors make the µPD43253B a high
speed device that requires very low power and no clock 
or refreshing. 

The µPD43253B is available in standard 28-pin plastic 
DIP and SOJ packaging. 

Features 

o 65,536-word x 4-bit organization 
o Single +5-volt power supply 
o Fully static operation-no clock or refreshing 
o TTL-compatible inputs and outputs 
o Common 1/0 capability 
o Output enable (OE) control 
o Low power dissipation 

-140 mA max (active) 
- 2 mA max (standby) 

o Standard 28-pin, 300-mil plastic DIP and SOJ 
packages 

Ordering Information 
Part Number Access Time (max) Package 

µPD43253BCR-15 15 ns 28-pin plastic DIP 

CR-20 20 ns 

CR-25 25ns 

µPD43253BLA-15 15 ns 28-pin plastic SOJ 

LA-20 20ns 

LA-25 25ns 

60222 

Pin Configurations 

28-Pin Plastic DIP 

NC 
A15 

As 

As 

A4 
Aa 
A2 

A1 

Ao 
cs 
OE 

GNO 

28-Pin Plastic SOJ 

NC 
A15 

As 
A1 

As 
As 
A4 
Aa 
A2 

A1 

Ao 
cs 
OE 

GNO 

Pin Identification 
Symbol 

GND 

Vee 

µPD43253B 
65,536 x 4-Bit 

Static CMOS RAM 

Vee 
A14 

A13 
Ag 

A10 

A11 

A12 
NC 
NC 
V04 
V03 

v~ 

V01 
WE 

83fM.8787A 

µP043253B 

28 Vee 
2 ZT A14 
3 26 A13 
4 25 Ag 

5 24 A10 
8 23 A11 
7 22 A12 
8 21 NC 
g 20 NC 
10 19 V04 
11 18 V03 
12 17 V02 
13 18 V01 
14 15 WE 

Function 

Address inputs 

Data inputs and outputs 

Chip select 

Output enable 

Write enable 

Ground 

+5-volt power supply 

• 



pPD4~253B 

Absolute Maximum Ratings 
Supply voltage, V cc -0.5to+7.0V 

Input and output voltages, V1N (Note 1) - 0.5 to V cc + 0.3 V 

Operating temperature, ToPR o to +70°C 

Storage temperature, TsrG -$5to+125°C 

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 lill)its 
specified under DC and AC Characteristics. ' 

Notes: 

(1) V1N (min) = -3.0 V for 10-ns pulse. 

Capacitance 
TA= 25°C; V1N and VoouT = 0 V; f = 1 MHz 

Parameter Symbol Min Max 

Input capacitance 6 

Output capacitance Co our 8 

Capacitance is sampled and not 100% tested. 

Block Diagram 

Address 8 
Buffer 

Unit 

pF 

pF 

Row 
Decoder 

V01 ---~~---!-~-1~~1 

V02 
V03 ---~1--1---1 

V04 

2 

ll)ptlt 
Data 

Control 

Output 
Data 

Control 

NEC 
Recommended Operating Conditions 
Parameter Symbol Min 

Supply voltage Vee 4.5 

Input voltage, high V1H 2.2 

Input voltage, low V1L -0.5 

Operating temperature TA 0 

Notes: 

(1) V1L = -3.0 V for 20-ns pulse. 

Truth Table 
cs WE OE 

H x x 
L H H 

L L x 
L H L 

X = don't care. 

MernoryCen 
Array 

256 Rows 
256 x 4 Columns 

SensafSwltch 

Column 
Decoder 

8 

Address 
Buffer 

Mode 

Not selected 

Output disable 

Write 

Read 

Typ Max Unit 

5.0 5.5 v 
Vee+ o.3 v 

0.8 v 
70 oc 

Output •cc 
High-Z ·Standby 

Active 

D1N Active 

Dour 



NEC 
DC Characteristics 
TA = O to + 70°C; V cc = +5.0V ±10% 

Parameter Symbol Min Typ 

Input leakage current lu -2 

Output leakage current llo -2 

Standby supply current Isa 

lss1 

Output voltage, low Vol 

Output voltage, high VoH 2.4 

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

#'PD43253B·15 

Parameter Symbol Min Max 

Read Operation 

Operating supply current Ice 140 

Address access time tAA 15 

Chip select access time tAcs 15 

Chip deselect ion to output in high-Z tcHZ 0 6 

Chip selection to output in low-Z tclZ 3 

Output enable access time toE 8 

Output hold from address change toH 3 

Output enable to output in high-Z to Hz 6 

Output enable to output in low-Z tolZ 0 

Read cycle time tRe 15 

Write Operation 

Address setup time tAs 0 

Address valid to end of write tAw 13 

Chip select to end of write tcw 13 

Data hold time toH 0 

Data valid to end of write tow 10 

Output active from end of write tow 0 

Write cycle time twe 15 

Write enable to output in high-Z twHZ 0 6 

Write pulse width twp 12 

Write recovery time twR 0 

Notes: 

(1) lni: ... c pulse levels= GND to 3.0 V; input pulse rise and fall times 
= 3 ns; timing reference levels = 1.5 V; see figure 1 for output 
load. 

(2) All read cycle timings are referenced from the last valid address to 
the first transitioning address. 

pPD43253B 

Max Unit Test Conditions 

2 µA v1N = OV to Vee 

2 µA Vour = o v to V cc; cs = V1H 

30 mA CS= V1H 

2 mA cs<:!: Vcc-0.2V;V1N s 0.2Vor <:!: Vce-0.2V 

0.4 v lol = 8.0 mA 

v loH = -4.0 mA 

J'P043253B·20 µPD43253B·25 

Min Max Min Max Unit Test Conditions 

120 120 mA cs = V1L; loouT = o mA 

20 25 ns 

20 25 ns 

0 8 0 10 ns (Note 4) 

3 3 ns (Note 3) 

10 12 ns 

3 3 ns 

8 10 ns 

0 0 ns 

20 25 ns (Note 2) 

0 0 ns 

15 20 ns 

15 20 ns 

0 0 ns 

12 14 ns 

0 0 ns (Note 3) 

20 25 ns 

0 8 0 10 ns (Note 4) 

14 18 ns 

0 0 ns 

(3) Transition is measured at ±200 mV from steady-state voltage 
with the load shown in figure 1. 

(4) Transition is measured at Vol + 200 mV and VoH - 200 mV with 
the load shown in figure 1. 

3 
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µPD43253B NEC 
Figure 1. Output Loads 

480'2 

255'2 

CL= 30 pF Qncludlng scope and test pg) 
CL= 5 pF for tcHz. tci.z, toHz. toLz. tow. and twHZ 

83FM-8842A 
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NEC 
Timing Waveforms 

Address Access Cycle 

µPD43253B 

Address \I/ Address Valid \I 
~~~~~~}~~~~~~~~~~~~~~~~~~__,)\.__~~~~~~~~ 

DouT _____ P_re_vl_ou_s::=-ta---V=al-ld------to_H_-_-_ -----.... _,~ =~OHJmx 
Notes: 

[1] WE Is held high for a read cycle. 
[2] The device Is continually selected, where CS= VIL· 

Chip Select Access Cycle 

\ 
I\ 1 '-"---------------------' 

..... -

1--toHz-

00
UT ________ H .... lgh_l_m.._padan __ ca ____ _ 

DataVaDd 

Notes: 

[1] WE Is held high for a read cycle. 

[2] Device Is conUnuously selected: CS= OE = Low 

[3] Address valid prior to or coincident with the low translUon of CS. 

831H-6775B 

Hlgh-Z 

831H-8789B 
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µPD43253B 

Timing Waveforms (cont) 

WE-Controlled Write Cycle 

Address 

----------tAW-----------

----------tcw-----------

cs 

NEC 

[Note1] _.......,_.._ .............................. __________________ ._ ................................................................................... _,__.__ 

WE 

6 

-----tow---~t-'-o_Hil">i 

Notes: 

(1) CS or WE must be high dµrlng address translUon. 
(2) A write cycle occurs during the overlap of a low Cs and a low WE. 
(3) twR Is measured between the rising edge of either Cs or WE, 

whichever occurs first, and the end of twc. 

Data~n Valld 

~tow-J. 
High Impedance ~ ............. /v, ............ // ........... m--7;; 

831H-6773B 



NEC 
Timing Waveforms (cont) 

CS-Controlled Write Cycle 

DtN 

pPD43253B. 

Data-In Valid 

i.---twHz=i 
DoUT !/)// !1//11/Z~' ~+W/11//J////!M~----"Hlg--...h lmpedanc_e __ 

Notee: 

[1] CS or WE must be high during address transition. 
(2) A write cycle occurs during the overlap of a low CS and a low WE. 
(3) twR Is measul8d between the rising edge of either CS or WE, 

whichever occurs first, and the end oft WC· 
831H-8774B 
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NEC 
NEC Electronics Inc. 

Description 

The µPD43254B is a 65,536-word by 4-bit static RAM 
fabricated with advanced silicon-gate technology. 
CMOS peripheral circuits and N-channel memory cells 
with polysilicon resistors make the µPD43254B a high
speed device that requires very low power and no clock 
or refreshing. 

The µPD43254B is available in standard 24-pin plastic 
DIP and SOJ packaging. 

Features 

o 65,536-word x 4-bit organization 
o Single+ 5-volt power supply 
o Fully static operation-no clock or refreshing 
o TTL-compatible inputs and outputs 
o Common 1/0 capability 
o Low power dissipation 

-140 mA max (active) 
- 2 mA max (standby) 

o Standard 24-pin plastic DIP and SOJ packaging 

Ordering Information 
Pillrt Number Access Time (max) Package 

µPD43254BCR-15 15 ns 24-pin plastic DIP 

CR-20 20 ns 

CR-25 25ns 

µPD43254BLA-15 15 ns 24-pin plastic SOJ 

LA-20 20 ns 

LA-25 25 ns 

60143 

Pin Configurations 

24-Pin Plastic DIP 

24-Pin Plastic SOJ 

Ao 

A1 

A2 

A3 

A4 

As 

As 

A1 

As 

Ag 
cs 

GND 

Pin ldentif ication 
Symbol 

GND 

Vee 

2 

3 

4 

5 

6 

7 

8 

9 

pPD43254B 
65,536 x 4-Bit 

Static CMOS RAM 

83VL-7442A 

24 Vee 
23 A15 
22 A14 
21 A13 

CD 20 A12 ~ 
~ 

19 A11 
0 18 A10 a. 
::1. 17 V04 

16 V03 

10 15 V02 
11 14 V01 

12 13 WE 

83VL-7443A 

Function 

Address inputs 

Data inputs and outputs 

Chip select 

Write enable 

Ground 

+ 5-volt power supply 



µPD43254B 

Absolute Maximum Ratings 
Supply voltage, V cc -0.5 to +7.0V 

Input and output voltages, V1N (Note 1) 70.5 to Vee+ 0.3 V 

Operating temperature, ToPR Oto +70°C 

Storage temperature, TsTG · -55to+125°C 

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. , 

Notes: 

(1) V1N (min) = -3.0 V for 10 ns pulse. 

Capacitance 
TA= 25°C; V1N and VoouT = O V; f = 1 MHz (Note 1) 

Parameter Symbol Min Max Unit 

Input capacitance 6 

Output capacitance CoouT 8 

Notes: 

(1) This parameter is sampled and not 100% tested. 

Block Diagram 

Address 8 
Buller 

pF 

pF 

Row 
Decoder 

V01 ---~4--...r---, 

2 

V02 ----+--+----t 

V03 ----41~-+--+----t 

V04 -t--ii-+-+-+----f 

Input 
Data 

Control 

Output 
Data 

Control 

NEC 
Recommended Operating Conditions 
Parameter Symbol 

Supply voltage Vee 

Input voltage, high V1H 

Input voltage, low Val 

Operating temperature TA 

Notes: 

(1) V1L = '-3.t> V for 20 ns pulse. 

Truth Table 
Function 

Not selected 

Read 

Write 

Notes: 

(1) X = don't care. 

Memory Cell 
Array 

cs 
H 

L 

L 

256 Rows 
256 x 4 Columns 

4 Sense/Switch 

Column 
Decoder 

8 

Address 
Buffer 

WE 

x 
H 

L 

Min Typ Max Unit 

4.5 5.0 5.5 v 
2.2 Vee+ o.3 v 

-0.5 0.8 v 
0 70 oc 

Input/Output •cc 
High-Z Standby 

Dour Active 

D1N Active 

831H-4824B 



NEC 
DC Characteristics 
TA= o to +10°c; Vee= +5.0V ±10% 

Parameter Symbol Min Typ 

Input leakage current lu -2 

Output leakage current llo -2 

Standby supply current lse 

lse1 

Output voltage, low Vol 

Output voltage, high VoH 2.4 

AC Characteristics 
TA= o to +70°c; Vee= +5.0V ±10% 

11PD43254B·15 

Parameter Symbol Min Max 

Read Operation 

Operating supply current Ice 140 

Read cycle time tRe 15 

Address access time tAA 15 

Chip select access time tAes 15 

Output hold from address change toH 3 

Chip selection to output in low-Z iclZ 3 

Chip deselection to output in high-Z teHZ 0 6 

Write Operation 

Write cycle time twe 15 

Chip select to end of write tew 13 

Address valid to end of write tAW 13 

Address setup time tAs 0 

Write pulse width twp 12 

Write recovery time twR 0 

Data valid to end of write tow 10 

Data hold time toH 0 

Write enable to output in high-Z twHZ 0 6 

Output active from end of write tow 0 

Notes: 

(1) Input pulse levels = GND to 3.0 V; input pulse rise and fall times 
= 3 ns; timing reference levels = 1.5 V; see figures 1 and 2 for 
output load. 

(2) All read cycle timings are referenced from the last valid address to 
the first transitioning address. 

pPD43254B 

Max Unit Test Conditions 

2 µA V1N = av to Vee 

2 µA Vour = o v to Vee; cs= V1H 

30 mA CS= V1H 

2 mA CS ;o:; Vee- 0.2V; v1N s 0.2 V or ;o:; Vee - 0.2 V 

0.4 v lol = 8.0mA 

v loH = -4.0 mA 

11PD43254B·20 11PD43254B·25 

Min Max Min Max Unit Test Conditions 

120 120 mA cs = Vil; loour = o mA 

20 25 ns (Note 2) 

20 25 ns 

20 25 ns 

3 3 ns 

3 3 ns (Note 3) 

0 8 0 10 ns (Note 4) 

20 25 ns (Note 2) 

15 20 ns 

15 20 ns 

0 0 ns 

14 18 ns 

0 0 ns 

12 14 ns 

0 0 ns 

0 8 0 10 ns (Note 4) 

0 0 ns (Note 3) 

(3) Transition is measured at ±200 mV from steady-state voltage 
with the load shown in figure 2. 

(4) Transition is measured at Vol + 200 mV and VoH - 200 mV with 
the load shown in figure 2. 

3 
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pPD43254B NEC 
Figure 1. Output Load 

sv 

f 4800 

·1nc1uding Scope and Jig 
83IH-4832A 

Figure 2. Output Load for lcHz, lcLz, lwHz, and tow 

sv 

~ 4800 

DoUT--------

*spF• 

•1nc1uding Scope and Jig 
831H-4831A 
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NEC 
Timing Waveforms 

Address Access Cycle 

Address 

...... 

v 
}\_ 

pPD43254B 

tRc ....... 

Address Valid 
\/ 
j\ 

...... tAA ~toH 

...... toH 

DouT ----------P-r-ev-lo_u_s_D_a_m_V_al_ld------------..... ~---------D-am--V-al-id~~ 
Notes: 

[1] WE is held high for a read cycle. 

[2] The device is continually selected, where CS= VIL· 
831H-5775B 

Chip Select Access Cycle 

cs 

Impedance 

High DoUT _____________ Hi_g_h_lm_p_e_da_n_ce ______________ 
4 Dam Valid 

Notes: 

[1] WE Is held high for a read cyde. 

[2] Address valid prior to or coincident with the low transition of CS. 
831H-6772B 
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µPD43254B 

Timing Waveforms (cont) 

WE-Controlled Write Cycle 

Address 

cs 

t-4-----------tAW'~-----------1~ 

-----------tcw-----------

NEC 

[Nme1] _._ ........................... ~ .............. ~~~~~~~~~~~~~~~~~~~~.&..t'-.... ........................... .J-"-'-'-.......,,...._.......,,-..., ...... ._ 

""' 4----tAs------1~ 

6 

Notes: 

[1] Cs or WE must be high during address transition. 
[2] A write cycle occurs during the overlap of a low Cs and a low WE. 
[3] twR Is measured between the rising edge of either Cs or WE, 

whichever occurs first, and the end of t we. 

Data-In Valid 

l--iow--j 
High Impedance ~,....,....,...//j.,......_V..,.........,.f 11 ............. IZ 

831H·6773B 



N'EC 
Timing Waveforms (cont) 

CS-Controlled Write Cycle 

pPD43254B 

Address t--twc--1 

-------tAw-----++4--IWR1---

tAS-.il4-~~~~~~~-tcw~~~~~~~~--

Data-In Valid 

~t~z=-1 
DOUT !//1///Jl//j/oH+H+!!JJl//Jl/JM~-H....._1gh lm....__pedan_ce __ 

Notes: 

[1] CS or WE must be high during address transition. 
[2] A write cycle occurs during the overlap of a low CS and a low WE. 
[3] twR Is measured between the rising edge of either CS or WE, 

whichever occurs first, and the end of twc. 
831H-6n4B 
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NEC 
NEC Electronics Inc. 

Description 

The µPD43258A is a 32,768-word by 8-bit static RAM 
fabricated with advanced silicon-gate technology. Its 
unique design uses CMOS peripheral circuits and N
channel memory cells with polysilicon resistors to 
make the µPD43258A a high-speed device that requires 
very low power and no clock or refreshing. 

Minimum standby power is drawn when CS is high, 
independent of the other inputs' levels. The µPD43258A 
is available in standard 28-pin plastic DIP or SOJ 
packaging. 

Features 

o Single + 5-volt power supply 
o Fully static operation-no clock or refreshing 
o TTL-compatible inputs and outputs 
o Common 1/0 using three-state outputs 
o One CS pin and one OE pin for easy application 
o Standard 28-pin plastic DIP and SOJ packaging 
o Fast access time of 15 ns (max) 

Ordering Information 
Part Number Access Time (max) Package 

µPD43258ACR-15 15 ns 28-pin plastic DIP 

CR-20 20 ns 

CR-25 25 ns 

µPD43258ALA-15 15 ns 28-pin plastic SOJ 

LA-20 20 ns 

LA-25 25 ns 

60142 

pPD43258A 
32,768 x 8-Bit 

Static CMOS RAM 

Pin Configurations 

28-Pin Plastic DIP or SOJ 

A14 Vee 
A12 WE 
A1 A13 
As As 
As Ag 

A11 

OE 
A2 A1o 
A1 Cs 
Ao vos 

V01 V07 
V02 voa 
V03 V05 

GND V04 

83YL·743M 

Pin Identification 

------- .. Symbol Function Bl 
Ao • A14 Address inputs 

1/01 • I/Os Data inputs and outputs 

CS Chip select 

OE Output enable 

WE Write enable 

GND Ground 

Vee +5-volt power supply 



µPD43258A 

Block Diagram 

As 

Address 
IMfer 

V01 ----+-----1 

VOa 

Truth Table 
Function cs OE WE 1/0 

Not selected H x x High-Z 

Outputs disabled L H H High-Z 

Read L L H DouT 

Write L x L 

Notes: 

(1) X = don't care. 

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

Parameter Symbol Min 

Input leakage current lu -2 

1/0 leakage current I Lo -2 

Standby supply current lss 

lss1 

Output voltage, low Vol 

Output voltage, high VoH 2.4 

2 

How· 
, Decoder· 

Input 
Data 

Control 

Ice 
Standby 

Active 

Active 

Active 

Typ Max 

2 

2 

30 

2 

0.4 

NEC 

Memory.Cell 
· .. Array 
512 Rows 

64 x a· Columns 

Sense/Switch 

Column 
Decoder 

Address 
Buffer 

Output 
Data 

Control 

831H-6435B 

Recommended Operating Conditions 
Parameter Symbol Min Typ Max Unit 

Supply voltage Vee 4.5 5.0 5.5 v 
Input voltage, low (Note 1) V1L -0.5 0.8 v 
Input voltage; high V1H 2;2 Vee+ 0.3 v 
Ambient temperature TA 0 70 oc 

Notes: 

(1) -3.0V minimum (pulse width= 10ns). 

Unit Test Conditions 

µA V1N = ov to Vee 

µA Vvo = ov to Vee: cs C?: V1H or OE C?: V1H or WE~ V1L 

ma CS C?: V1H: V1N = V1H or V1L 

mA cs c::: Vee - 0.2 V; v1N ~ 0.2 V or c::: V cc - 0.2 V 

v loL = 8mA 

v loH = -4.0mA 



NEC 
Absolute Maximum Ratings 
Supply voltage, Vee (Note 1) -0.5 to + 7.0 V 

Input voltage, V1N (Note 1) -0.5 to Vee + 0.5 V 

Output voltage, V110 (Note 1) -0.5 to Vee+ 0.5 V 

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 ratings could cause perma
nent damage. The device should be operated within the limits 
specified under DC and AC Characteristics. 

Notes: 

(1) - 3.0 V minimum (pulse width = 10 ns). 

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

µPD43258A 

Capacitance 
TA= +25°C; f = 1 MHz; V1N and Vour = o V 

Parameter Symbol Min Max Unit 

Input capacitance 6 pF 

lnpuVoutput capacitance 8 pF 

Notes: 

(1) This parameter is sampled and not 100% tested. 

l'PD43258A-15 11PD43258A-20 14PD43258A-25 

Parameter Symbol Min Max Min Max Min Max Unit Test Conditions 

Read Operation 

Operating supply current Ice 150 140 130 mA CS=:; v1L (min cycle); lvo = 0 mA 

Read cycle time tRe 15 20 25 ns (Note2) 

Address access time tAA 15 20 25 ns (Note 2) 

Chip select access time tAeS 15 20 25 ns (Note2) 

Output enable to output valid toE 9 10 12 ns (Note 2) 

Output hold from address change toH 3 3 3 ns (Note 2) 

Chip select to output in low-Z teLZ 3 3 3 ns (Note3) 

Output enable to output in low-Z toLZ 0 0 0 ns (Note3) 

Chip select to output in high-Z teHZ 10 10 10 ns (Note 3) 

Output enable to output in high-Z to HZ 8 8 10 ns (Note3) 

Write Operation 

Write cycle time twe 15 20 25 ns 

Chip select to end of write tcw 12 13 15 ns 

Address valid to end of write tAW 12 13 15 ns 

Address setup time tAs 0 0 0 ns 

Write pulse width twp 12 13 15 ns 

Write recovery time twR 0 0 0 ns 

Data valid to end of write tow 9 10 12 ns 

Data hold time toH 0 0 0 ns 

Write enable to output in high-Z twHZ 8 8 10 ns (Note 3) 

Output active from end of write tow 0 0 0 ns (Note 3) 

Notes: 

(1) Input pulse levels = 0 to 3 V; input pulse rise and fall times = 
5 ns; timing reference levels = 1.5 V. 

(2) See figure 1 for output load. 

(3) See figure 2 for output load. 
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pPD43258A NEC 
Figure 1. Output Load 
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Figure 2. Output Load for tcLz, toLz, tCHz, toHz, twHz, and tow 
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NEC pPD43258A 

Timing Waveforms 

Address Access Cycle 

Address Address Valid 

---tQH----:1~~..----IOH1 == 
Door P,~l°'mDataV~ld ~ DalaV~~ ~ 

Notes: 

[1] WE is held high for a read cycle. 

[2] The device is continually selected, where CS= OE = VIL· 
831H-6436B 

Chip Select Access Cycle 

,...._,__ __________ 1Rc-------------+ 

Address \V Address Valid \/ 

~~~~~-)~'--~~~~~~~~~~~~~~~~~~~~~_,)\'--~~~~~ 

I 

~~9 r1 
\\\\\ \\\ \\\\\\ \\\{ toLZ 

~{ll/11! //JZ 
toE 

I _,. 

t:~-> 
High Impedance VIL Data Valid ~~' High 

~ _j I.lJ Impedance 

Notes: 

[1] WE is high for a read cycle. 

[2] Address valid prior to or coincident with the low transition of CS. 
831H·64378 
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pPD43258A NEC 
Timing Waveforms (cont) 

WE-Controlled .Write Cycle 

Address Address Valid 

1:-----tAW-~twR-.j ~--1'---~~-tAs~~~--i~f--~~~~twp~~~~~--- j 

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

6 

WE ~ 
DIN 

-------------------,I""' ::==~~~~-t-Dw_·-_-_-_-_-_-_~ ... ""'_Of-_-_t_D_H ==================~ )K Data-In Valid _ _ 

Dour 

!+--twHz ~tow 

Data Undefined (Note 4] 

Notes: 

[1] A write cycle occurs during the overlap of a low CS and a low WE. 

(2] Cs or WE must be high during address transition. 

[3] If OE is high, the VO pins remain in a state of high impedance. 

(4] During this period; the VO pins may be in the output state. 
Therefore, input signals of opposite phase must not be applied. 

High Impedance 
[Note4] 

831H·6438B 



NEC 
Timing Waveforms (cont) 

CS-Controlled Write Cycle 

pPD43258A 

DIN

---------r.-.-----_tow~~--.+_:-_t_°"?-----
)K Data-In Valid _A 
High Impedance 

DouT~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~-

Notes: 

[1] A write cycle occurs during the overlap of a low CS and a low WE. 

(2] CS or WE must be high during address transition. 

(3] If OE is high, the VO pins remain in a state of high impedance. 

831H-6439B 
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NEC 
NEC Electronics Inc. 

Description 

The µPD43259A is a 32,768-word by 9-bit static RAM 
fabricated with advanced silicon-gate technology. Its 
unique design uses CMOS peripheral circuits and N
channel memory cells with polysilicon resistors to 
make the µPD43259A a high-speed device that requires 
very low power and no clock or refreshing. 

Minimum standby power is drawn when CS is high, 
independent of the other inputs' levels. The µPD43259A 
is available in standard 32-pin plastic DIP or SOJ 
packaging. 

Features 

o Single + 5-volt power supply 
o Fully static operation-no clock or refreshing 
o TTL-compatible inputs and outputs 
o Common 1/0 using three-state outputs 
o One CS pin and one OE pin for easy application 
o Standard 32-pin plastic DIP and SOJ packaging 
o s='lst access time of 15 ns (max) 

Ordering Information 
Part Number Access Time (max) Package 

µPD43259ACR-15 15 ns 32-pin plastic DIP 

CR-20 20 ns 

CR-25 25 ns 

µPD43259ALA-15 15 ns 32-pin plastic SOJ 

LA-20 20 ns 

LA-25 25 ns 

60141 

Pin Configuration 

pPD43259A 
32, 768 x 9-Bit 

Static CMOS RAM 

32-Pin Plastic DIP or SOJ 

NC Vee 
NC A14 

A12 NC 

A7 WE 

As A13 
As As 
A4 Ag 

A11 
OE 

A1 A10 
Ao Cs 

V01 V09 

V02 l!Oa 

1/03 V07 

V04 voe 
GND V05 

Pin Identification 
Symbol Function 

Address inputs 

1/01 -1/09 Data inputs and outputs 

Chip select 

Output enable 

Write enable 

GND Ground 

Vee + 5-volt power supply 

NC No connection 



µPD.43259A 

Block Diagram 

Address 
Buffer 

1101 ----1--------1 

1109 

Truth Table 
Function cs OE WE 1/0 

Not selected H x x High-Z 

Outputs disabled L H H High-Z 

Read L L H DouT 
Write L x L 

Notes: 

(1) X = don't care. 

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

Parameter Symbol Min Typ 

Input leakage current lu -2 

1/0 leakage current I Lo -2 

Standby supply current lss 

lsB1 

Output voltage, low Vol 

Output voltage, high VoH 2.4 

2 

Row 
Decoder 

Input 
Data 

Control 

Ice 

Standby 

Active 

Active 

Active 

Max 

2 

2 

30 

2 

0.4 

Memory Cell 
Array 

512 Rows 
64 x 8 Columns 

Sense/Switch 

Column 
Decoder 

Address 
Buffer 

Output 
Data 

Control 

NEC 

83YL·7535B 

Recommended Operating Conditions 
Parameter Symbol Min Typ Max Unit 

Supply voltage Vee 4.5 5.0 5.5 v 
Input voltage, low (Note 1) V1L -0.5 0.8 v 
Input voltage, high V1H 2.2 Vee+ 0.3 v 
Ambient temperature TA 0 70 oc 

Notes: 

(1) - 3.0 V minimum (pulse width = 10 ns). 

Unit Test Conditions 

µA v1N = o V to Vee 

µA Vvo = 0 v to Vee; cs ~ V1H or OE ~ V1H or WE :S V1L 

ma CS ~ V1H; V1N = V1H or V1L 

mA cs~ Vee-0.2 V; V1N s 0.2 V or:::: Yee- 0.2 V 

v loL = 8mA 

v loH = -4.0mA 



NEC 
Absolute Maximum Ratings 
Supply voltage, Vee (Note 1) -0.5 to + 7.0 V 

Input voltage, V1N (Note 1) -0.5 to Vee + o.s V 

Output voltage, v110 (Note 1) -0.5 to Vee + 0.5 V 

Operating temperature, ToPR Oto +70°C 

Storage temperature, TsrG -55 to +125°C 

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. 

Notes: 

(1) - 3.0 V minimum (pulse width = 10 ns). 

AC Characteristics 
TA = o to+ ?0°C; Vee = +5.0 V ±10% 

pPD43259A 

Capacitance 
TA= +25°C; f = 1 MHz; V1N and Vour = ov 
Parameter Symbol Min Max Unit 

Input capacitance 6 pF 

lnpuVoutput capacitance 8 pF 

Notes: 

(1) This parameter is sampled and not 100% tested. 

#'PD43259A-15 #'PD43259A-20 #'PD43259A-25 

Parameter Symbol Min Max 

Read Operation 

Operating supply current Ice 

Read cycle time 15 

Address access time 

Chip select access time 

Output enable to output valic! toE 

Output hold from address change 3 

Chip select to output in low-Z tcLZ 3 

Output enable to output in low-Z toLZ 0 

Chip select to output in high-Z tcHZ 

Output enable to output in high-Z to HZ 

Write Operation 

Write cycle time twc 15 

Chip select to end of write tcw 12 

Address valid to end of write 12 

Address setup time 0 

Write pulse width 12 

Write recovery time twR 0 

Data valid to end of write tow 9 

Data hold time 0 

Write enable to output in high-Z twHZ 

Output active from end of write tow 0 

Notes: 

(1) Input pulse levels = 0 to 3 V; input pulse rise and fall 
times = 5 ns; timing reference levels = 1.5 V. 

(2) See figure 1 for output load. 

(3) See figure 2 for output load. 

150 

15 

15 

9 

10 

8 

8 

Min Max Min Max Unit Test Conditions 

140 130 mA cs s V1L (min cycle); lvo = O mA 

20 25 ns (Note 2) 

20 25 ns (Note 2) 

20 25 ns (Note 2) 

10 12 ns (Note 2) 

3 3 ns (Note 2) 

3 3 ns (Note 3) 

0 0 ns (Note 3) 

10 10 ns (Note 3) 

8 10 ns (Note 3) 

20 25 ns 

13 15 ns 

13 15 ns 

0 0 ns 

13 15 ns 

0 0 ns 

10 12 ns 

0 0 ns 

8 10 ns (Note 3) 

0 0 ns (Note 3) 
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µPD43259A NEC 
Figure 1. Output Load 
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4800 

vo----

] 2550 -l 30pF * 

I 
* Including scope and jig 

83YL·7198B 

Figure 2. Output Load tor lctz, totz, tcHz, toHz, twHz, and tow 
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NEC pPD43259A 

Timing Waveforms 

Address Access Cycle 

t
;----------tRc~---------'~ 

Address_..______ 

"""-'-----tQH----l 

Previous Data Valid Data Valid 

Notes: 

(1] WE is held high for a read cycle. 

(2] The device Is continually selected, where CS= OE =VIL· 
831H·64368 

Chip Select Access Cycle 

Address \V Address Valid "\ / 
~~~~~-)~'--~~~~~~~~~~~~~~~~~~~--}\ __ ~~~~-

~II!!! II!!! 
I 

~'9 r1 ;\\\\ \\\\\ \\\ ~i toLZ 

f{q~111a 
toE 

I 
+ 

IQHH 

DQUT 
High Impedance rzz Data Valid -iTI\ High 

:US: -ill_J Impedance 

Notes: 

(1] WE Is high for a read cycle. 

(2] Address valid prior to or coincident with the low transition of CS. 
831H-6437B 

5 



pPD43259A NEC 
Timing Waveforms (cont) 

WE-Controlled Write Cycle 

Address Address Valid 

~<--~~-tow~~~~~ 

DIN ~~~~~~-~-~~-~----~--~------o_a_ra_-1_n_v_w_1d ____ _ 

~tWHZ----+-

DOlJT Dara Undefined (Note 4] ,>-____ H_.lg_h_lm_,p_e_d_an_ce ___ -«./ (Note 4] 

~~~~~~~~~~~~~~~~~~~-J ~--~~~~~-

6 

Notes: 

(1] Awrite cycle occurs during the overlap of a low CS and a low WE. 

(2] Cs or WE n\ust be high during address transition. 

(3] If OE Is high, the VO pins remain In a srate of high Impedance. 

(4] During this period, the VO pins may be In the output state. 
Therefore, input slgnws of opposite phase must not be applied. 

831H-6438B 



NEC 
Timing Waveforms (cont) 

CS-Controlled Write Cycle 

Address Address Valid 

--~~~~~~~~~-tAw~~~~~~~~~--i~ 

tAs_.,~~~~~~~~-tcw~~~~~~~~--

pPD43259A 

DIN

-------- r.-----~-t-Dw====-t_""j,,___ __ _ 

)K Data-in Valid _)K 
High Impedance Dour ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

Notes: 

[1] A write cycle occurs during the overlap of a low Cs and a low WE. 

[2] CS or WE must be high during address transition. 

[3) If OE Is high, the VO pins remain In a state of high Impedance. 

831H-6439B 
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Fast Static RAMs (1M) NEC 
Section 21 
Fast Static RAMs (1 M) 

µPD Organization Features 

431001 1M x 1 20-ns 21a 

431004 256K x 4 20-ns 21b 

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

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

431016 64K x 16 15-ns; Output enable 21e 

431018 64K x 18 15-ns; Output enable 21f 

Upcoming Products 

Description Device Number Comments 

128K x 8 µPD461008 Speeds to 8 ns; 3.3- and 5-V versions 

128K x 9 µPD461009 Speeds to 8 ns; 3.3- and 5-V versions 

64K x 16 µPD461016 Speeds to 8 ns; 3.3- and 5-V versions 

64K x 18 µPD461018 Speeds to 8 ns; 3.3- and 5-V versions 



NEC 
NEC Electronics Inc. 

Description 

The µPD431001 is a 1,048,576-word by 1-bit static RAM 
fabricated with advanced silicon-gate technology. A 
unique design that uses CMOS peripheral circuits and 
N-channel memory cells with polysilicon resistors 
makes the µPD431001 a high-speed device that requires 
no clock or refreshing. The µPD431001 is available in 
28-pin plastic SOJ packaging. 

Features 

o 1,048,576-word x 1-bit organization 
o Single+ 5-volt power supply 
o Fully static operation--no clock or refreshing 
o TTL-compatible inputs and outputs 
o Separated data input and output 
o Three-state outputs 
o Power dissipation 

-140 mA max (active) 
- 2 mA max (standby) 

o Standard 400-mil, 28-pin plastic SOJ packaging 

Ordering Information 

Part Number 
Access 

Time (max) 

µPD431001 LE-20 20 ns 
~~~~~~~~~ 

LE-25 25 ns 

LE-35 35 ns 

60084 

Package 

28-pin plastic SOJ 

Pin Configuration 

28-Pin Plastic SOJ 

Ao 

A1 2 

A2 3 

A3 4 

A4 5 

As 6 

NC 7 

A5 8 

A1 9 

As 10 

Ag 11 
DOUT 12 

WE 13 
GND 14 

Pin ldentif ication 
Symbol Function 

pPD431001 
1,048,576 x 1-Bit 

Static CMOS RAM 

28 Vee 
27 A19 
26 A15 
25 A11 
24 A15 

0 23 A15 
0 

c;:; 22 A14 
'<!" 

21 NC Cl a. 
::1. 20 A13 

19 A12 

18 A11 

17 A10 

16 DIN 

15 cs 
83Sl·6802A 

Ao-A19 Address inputs 

D1N Data input 

DouT Data output 

cs Chip select 

WE Write enable 

GND Ground 

Vee + 5-volt power supply 

NC No connection 

Ill 



pPD431001 

Absolute Maximum Ratings 
Power supply voltage, Vee -0.5 to + 7.0 V 

Input voltage, V1N (Note 1) -0.5 to Vee+ 0.3 V 

Output voltage, VouT -0.5 to Vee+ 0.3 V 

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 ratings could cause perma
nent damage. The device should be operated within the limits 
specified under DC and AC Characteristics. 

Notes: 

(1) V1N = -3.0 V minimum for 10 ns maximum pulse. 

Truth Table 
cs WE 

H x 
L H 

L L 

Note: 

(1) X = don't care 

Block Diagram 

Ao -Aa 

Function 

Not selected 

Read 

Write 

Address 
Buffer 

DIN ---------1 

2 

DouT 
High-Z 

Output data 

High-Z 

Row 
Decoder 

Input 
Data 

Control 

•cc 
Standby 

Active 

Active 

NEC 
Capacitance 
°TA= +25°C; f = 1 MHz (Note 1); V1N and VouT = 0 V 

Parameter Symbol Min Typ Max Unit 

Input capacitance c1 6 pF 

Output capacitance Co 10 pF 

Notes: 

(1) This parameter is sampled and not 100% tested. 

Recommended Operating Conditions 
Parameter Symbol Min Typ Max Unit 

Supply voltage Vee 4.5 5.0 5.5 v 
Input voltage, low V1L -0.5 0.8 v 
Input voltage, high V1H 2.2 Vee+ o.3 v 
Ambient temperature TA 0 70 

Note: 

(1) V1L = - 3.0 V minimum for 10 ns maximum pulse. 

Memory Cell Array 

Sense Switch 

Column 
Decoder 

Address 
Buffer 

-+--Vee 

-+--GND 

Output 
Data 

Control 
DOUT 

oc 

83SL-6803B 



NEC pPD431001 

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

Parameter Symbol Min Typ Max Unit Test Conditions 

Input leakage current lu -2 2 µA V1N = o V to Vee 

Output leakage current llo -2 2 µA VouT = ov to Vee; cs= V1H or WE= Vil 

Standby supply current lss 30 mA CS= V1H; V1N = V1H or V1l 

lss1 2 mA CS;;: Vee-0.2V;V1N s 0.2Vor;;;: Vee-0.2V 

Output voltage, low Vol 0.4 v lol = 8.0 mA 

Output voltage, high VoH 2.4 v loH = -4.0 mA 

AC Characteristics 
TA= Oto +70°C; Vee= +5.0V ±10% 

14PD431001-20 14PD431001-25 14PD431001-35 

Parameter Symbol Min Max 

Read Operation 

Operating supply current lee 140 

Read cycle time tRe 20 

Read access time tAA 20 

Chip select access time tAes 20 

Output hold from address change toH 5 

Chip select to output in low-Z telz 5 

Chip deselect to output in high-Z teHZ 0 8 

Write Operation 

Write cycle time twe 20 

Chip select to end of write tew 15 

Address valid to end of write tAW 15 

Address setup time tAs 0 

Write pulse width twp 15 

Write recovery time twR 3 

Data valid to end of write tow 12 

Data hold time toH 0 

Write enable to output in high-Z twHZ 8 

Output active from end of write tow 0 

Notes: 

(1) Input pulse levels = GN D to 3.0 V; input pulse rise and fall time = 
3 ns; timing reference levels = 1.5 V; see figures 1 and 2 for the 
output load. 

(2) All read and write cycle timings are referenced from the last valid 
address to the first transitioning address. 

Min 

25 

5 

5 

0 

25 

20 

20 

0 

15 

3 

15 

0 

0 

0 

Max Min Max Unit Test Conditions 

120 100 mA cs= Vil; tRe = tRe (min); 
louT = o mA 

35 ns (Note 2) 

25 35 ns 

25 35 ns 

5 ns 

5 ns (~ote 3) 

10 0 15 ns (Note 4) 

35 ns (Note 2) 

30 ns 

30 ns 

0 ns 

25 ns 

3 ns 

20 ns 

0 ns 

10 0 10 ns (Note 4) 

0 ns (Note 3) 

(3) The transition is measured ±200 mV from steady-state voltage 
with the load shown in figure 2. 

(4) The transition is measured at Vol + 200 mV and VoH - 200 mV 
with the load shown in figure 2. 
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pPD431001 NEC 
Figure 1. Output Load 
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Figure 2. Output Load tor tCH;r, tcL;r, to• and twHz 
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NEC 
Timing Waveforms 

Address Access Cycle 

Address 

~ 

'' j~ 

pPD431001 

tRc _,,, 

Address Valid 'If 
_}~ 

.... tAA ~toH 

~ toH DouT----------P-rev--lo-us_D_a_m_V_a_lld------------~~.--------0-a_m_V_a_lld---~ 
Notes: 

[1] WE Is held high for a read cycle. 

[2] The device Is continually selected, where Cs= VIL· 
831H·5775B 

Chip Select Access Cycle 

Cs -------------.. 

DoUT ----------------H-lg_h_lm_ped __ a_n_ce ________ ~[A Dam Valid 

Notes: 

(1] WE Is held high for a read cycle. 

[2] Address valid prior to or coincident with the low transition of Cs. 
831H-5776B 
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µPD431001 

Timing Waveforms (cont) 

WE-Controlled Write Cycle 

DIN 

NEC 

Data-In Valid 

DolJT ------~-tWHz3---~-to_w~....---Hlgh Impedance ._ ______ _ Data Undefined - . 

Notes: 

[1] CS or WE must be high during address transition. 
(2] A write cyde occurs during the overlap of a low Cs and a low WE. 
(3] twR Is measured between Cs or WE, whichever rising edge occurs first, and the end of twc. 

83IH-5mB 
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NEC 
Timing Waveforms (cont) 

CS-Controlled Write Cycle 

pPD431001 

DQUT 
~~~~~~~-t~-'~~~~~~~~~-

Data Undefined J High Impedance 

Not as: 

(1] CS or WE must be high during address transition. 

[2] A write cycle occurs during the overlap of a low CS and a low WE. 
[3] twR Is measured between Cs or WE, whichever rising edge occurs first, and the end of twc. 

831H-5n8B 

7 



pPD431001 NEC 

8 



!\'EC 
NEC Electronics Inc. 

Description 

The µPD431004 is a 262,144-word by 4-bit static RAM 
fabricated with advanced silicon-gate technology. 
CMOS peripheral circuits and N-channel memory cells 
with polysilicon resistors make the µPD431004 a high
speed device that requires very low power and no clock 
or refreshing. 

The µPD431004 is available in standard 28-pin plastic 
SOJ packaging. 

Features 

o 262,144-word x 4-bit organization 
o Single+ 5-volt power supply 
o Fully static operation-no clock or refreshing 
o TTL-compatible inputs and outputs 
o Common 1/0 capability 
o Low power dissipation 

- 150 mA max (active) 
- 2 mA max (standby) 

o Standard 28-pin plastic SOJ packaging 

Ordering Information 
Part Number Access Time (max) Package 

µPD431004LE-20 20 ns 28-pin plastic SOJ 
~~~~~~~~~~ 

LE-25 25 ns 

LE-35 35 ns 

60083 

pPD431004 
262, 144 x 4-Bit 

Static CMOS RAM 

Pin Configuration 

28-Pin Plastic SOJ 

Ao a.-----" vcc 
A1 A17 

A2 3 A16 

Aa A1s 

A4 A14 
As 6 A13 

A5 7 A12 

A1 A11 
As NC 

A 9 V01 
A1o V02 

CS V03 

OE V04 
GND WE 

Pin ldentif ication 
Symbol Function 

Ao -A17 Address inputs 

1/01 - 1/04 Data inputs and outputs 

CS Chip select 

WE Write enable 

83SL·6800A 

GND Ground 1!f1m 
-Vee --+5-v-oltpow-ersup-ply -lllllil 
NC No connection 



µPD431004 

Absolute Maximum Ratings 
Supply voltage, V cc -0.5 to +7.0V 

Input and output voltages, V1N (Note 1) -0.5 to Vee+ 0.3 

Operating temperature, ToPR o to +70°C 

Storage temperature, TsrG - 55 to + 125°C 

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. 

Notes: 

(1) V1N = -3.0 V minimum for 10 ns pulse. 

Capacitance 
TA= 25°C; v1N and Voour = o V; f = 1 MHz (Note 1) 

Parameter Symbol Min Max Unit 

Input capacitance 6 pF 

Output capacitance Co our 10 pF 

Notes: 

(1) This parameter is sampled and not 100% tested. 

Block Diagram 

Ao-

A1-
A2-

A3-

A4- Address Row 
Buffer H'- Decoder 

As----'-

A5-

A1-

Aa-

V01 

V02 Input 
V03 Data 

V04 Control 

....----1 

Output 
Data t---

Control 

?? 
! 3 ) 

2 

NEC 
Truth Table 
Function cs WE OE Input/Output Ice 

Not selected H x x High-Z Standby 

Output disable L H H High-Z Active 

Read L H L Dour Active 

Write L L x D1N Active 

Notes: 

(1) X = don't care. 

Recommended Operating Conditions 
Parameter Symbol Min Typ Max Unit 

Supply voltage Vee 4.5 5.0 5.5 v 
Input voltage, high V1H 2.2 Vee+ 0.3 v 
Input voltage, low V1L -0.5 0.8 v 
Operating temperature TA 0 70 oc 

Notes: 

(1) V1L = -3.0 V minimum for 10 ns pulse. 

Memory Cell 
Array 

41 Sense/Switch , 
Column 
Decoder 

~ / 

Address 
Buffer 

r T T T T T T T T 
Ag A10 A11 A12 A13 A14 A15 A16 A17 

83SL·6801B 



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

Parameter Symbol Min Typ Max 

Input leakage current lu -2 2 

Output leakage current llo -2 2 

Standby supply current Isa 30 

ls01 2 

Output voltage, low Vol 0.4 

Output voltage, high VoH 2.4 

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

l'PD431004-20 

Parameter Symbol Min Max 

Read Operation 

Operating supply current Ice 150 

Read cycle time tRc 20 

Address access time tAA 20 

Chip select access time tAcs 20 

Output hold from address change toH 5 

Output enable access time toE 10 

Output enable to output in low-Z tolz 0 

Output disable to output in high-Z to HZ 0 8 

Chip selection to output in low-Z tclz 5 

Chip selection to output in high-Z tcHZ 0 8 

Write Operation 

Write cycle time twc 20 

Chip select to end of write tcw 15 

Address valid to end of write tAw 15 

Address setup time tAs 0 

Write pulse width twp 15 

Write recovery time twR 3 

Data valid to end of write tow 12 

Data hold time toH 0 

Write enable to output in high-Z twHZ 0 8 

Output active from end of write tow 0 

Notes: 

(1) Input pulse levels= GND to 3.0 V; input pulse rise and fall times 
= 3 ns; timing reference levels = 1.5 V; see figures 1 and 2 for 
output load. 

(2) All read cycle timings are referenced from the last valid address to 
the first transitioning address. 

pPD431004 

Unit Test Conditions 

µA v1N = ov to Vee 

µA VouT = ov to Vee; cs= V1H or WE= V1l or OE= V1H 

mA CS= V1H 

mA cs ;;::: Vee - 0.2 V; v1N s 0.2 V or ;;::: Vee - 0.2 V 

v lol = 8.0mA 

v loH = -4.0 mA 

11PD431004-25 l'PD431004-35 

Min 

25 

5 

0 

0 

5 

0 

25 

20 

20 

0 

20 

3 

12 

0 

0 

0 

Max Min Max Unit Test Conditions 

140 120 mA cs= V1l; tRc = tRc (min); 
loouT = o mA 

35 ns (Note 2) 

25 35 ns 

25 35 ns 

5 ns 

10 15 ns 

0 ns (Note 3) 

10 0 15 ns (Note 4) 

5 ns (Note 3) 

10 0 15 ns (Note 4) 

35 ns (Note 2) 

30 ns 

30 ns 

0 ns 

30 ns 

3 ns 

20 ns 

0 ns 

8 0 10 ns (Note 4) 

0 ns (Note 3) 

(3) Transition is measured at ±200 mV from steady-state voltage 
with the load shown in figure 2. 

(4) Transition is measured at Vol + 200 mV and VoH - 200 mV with 
the load shown in figure 2. 

3 
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µPD431004 NEC 
Figure 1. Output Load 

sv 

4800 

DoUT 

~ 2550 ::;: 30 pF· 

-=-
•1nc1uding Scope and Jig 

83IH-4832A 

Figure 2. Output Load for tCHz, tcLz, toHz, toLz, twHz, and tow 

SV 

4800 

DoUT 

~ 2550 ::;: spF· 

~ 
•including Scope and Jig 

831H-41!31A 
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NEC pPD431004 

Timing Waveforms 

Address Access Cycle 

Address ___ t __________ --------Add-=~Val-ld--------~~~-*-----
DOUT

. ---l~=~~~-t~----_ -~1~ .--~~--~~-
Previous Data Valid ~ Data Valid 

Notes: 

[1) WE Is held high for a read cycle. 

(2] The device Is continually selected, where CS= OE= VtL· 
83IH-6269B 

Chip Select Access Cycle 

------tLZ------1~ lHZ 

DouT __ H_1g_h_1m_ped_a_nc_e____________ Data Valid High 

~·~1-----'4-tp_o-_-'ml 
Vee 

Supply 
Current 

Notes: 

(1 J WE Is held high for a read cyde. 

(2) Address valid prior to or coincident with the low transition of CS. 
(3) OE=VIL· 

831H·6270B 
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µPD431004 

Timing Waveforms (cont) 

Output Enable Access Cycle 

NEC 

------toe ----1~ 
-----toHZ-----1~ 

tQLZ 

Impedance 

DouT _______ Hi_gh __ lm_p_ed_a_n_ce ______________________ _.,.. High 
Data Valid 

Notes: 

[1] WE Is held high for a read cyde. 

[2] The device Is continually selected, where CS= VIL· 

831H·6271B 

WE-Controlled Write Cycle 

Address 

-----------tcw---------~ 

Cs 
[No~1] _.._.__._.._._......, ..... _._ ________________________________________ ""'+.._._._.....,....., ...... ~._....._....._....._....._. ....... _._~ 

DIN 

Dour 

6 

-----~twp-----~ 

-----tDw---"'"'"'-~IDH 

Notes: 

(1] Cs or WE must be high during address transition. 

[2] If OE Is high, the VO pins remain In high Impedance. 

1--twz 

(3] During this period, the VO pins may be active (OE low). Therefore, data 
Input signals of opposite polarity to the outputs must not be applied. 

Data-In Valid 

I--tow 

High Impedance 

83IH-6272B 



NEC 
Timing Waveforms (cont) 

CS-Controlled Write Cycle 

Address 

DIN 

Notes: 

(1) CS or WE must be high during address transition. 

(2) If OE Is high, the 1/0 plns remain In high lmpedanoe. 

(3) During this period, the 1/0 pins may be active (OE low). Therefore, data 
Input signals of opposite polarity to the outputs must not be applied. 

pPD431004 

·~J-

831H-6273B 
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NEC 
NEC Electronics Inc. 

Description 

The µPD431008 is a 131,072-word by 8-bit static RAM 
fabricated with advanced silicon-gate technology. Its 
unique design uses CMOS peripheral circuits and N
channel memory cells to make the µPD431008 a high
speed device that requires no clock or refreshing. The 
µPD431008 is available in a standard 32-pin plastic SOJ. 

Features 

o Single +5-volt power supply 
o Fully static operation-no clock or refreshing 
o TTL-compatible inputs and outputs 
o Common 1/0 using three-state outputs 
o One CS pin and one OE pin for easy application 
o Standard 32-pin plastic SOJ packaging 

Ordering Information 
Access 

Part Number Time (max) Package 

µPD431008LE-15 15 ns 32-pin plastic SOJ 

LE-17 17 ns 

LE-20 20 ns 

Pin ldentif ication 
Symbol Function 

Address inputs 

1/01 - l/Oa Data inputs and outputs 

Chip select 

Output enable 

Write enable 

GND Ground 

Vee +5-volt power supply 

NC No connection 

60249 

Pin Configuration 

32-Pin Plastic SOJ 

As 
A2 

A1 

Ao 
cs 

V01 

V02 

Vee 
Vss 
V03 

V04 
WE 

A16 

A15 
A14 

A13 

pPD431008 
131,072 x 8-Bit 

Static CMOS RAM 

µPD431008 

32 A4 
2 31 As 
3 30 Ae 
4 29 A1 

5 28 OE 

6 27 VOa 
7 26 V07 
8 25 Vss 
9 24 Vee 
10 23 V05 
11 22 V05 
12 21 As 
13 20 Ag 
14 19 A10 
15 18 A11 
16 17 A12 

83FM-9064A 



µPD431008 NEC 
Block Diagram 

9l Address Row 
Memory Cell Array 

0 I )I 
Buffers Decoder 

512Rows 
256 Columns x a VOs 

-w 
cs 

1 1 
81 

Input OUtput 
u -, -, Data Sense Switches 1-- Data t-

Control Control 

' ~ Column Decoder 
'I' 

I 0 al )I Address 
I Buffers 

r-t> cs 

~ --J ) ~ ~ 

l --
==v 0 

83FM-9006B 
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NEC 
Absolute Maximum Ratings 
Supply voltage, Vee (Note 1) -0.5 to + 7.0 V 

Input voltage, V1N (Note 1) -0.5 to Vee + 0.5 V 

Output voltage, V110 (Note 1) -0.5 to Vee+ 0.5 V 

Operating temperature, ToPR o to +70°C 

Storage temperature, TsrG -55 to +125°C 

Power dissipation, Po 1.0 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. 

Note: 

(1) - 3.0 V minimum (pulse width = 10 ns). 

Capacitance 
TA= +25°C; f = 1 MHz; V1N and Vour = ov 

Parameter Symbol Min Max Unit 

Input capacitance 6 pF 

Input/output capacitance 8 pF 

Note: 

(1) This parameter is sampled and not 100% tested. 

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

Parameter Symbol Min Typ 

Input leakage current lu -2 

1/0 leakage current ILO -2 

Operating supply current lcc1 (tRc = twc) = 15 ns) 

lcc2 (tRe = twc) = 17 ns) 

lec3 (tRc = twc) = 20 ns) 

Standby supply current lss 

lss1 

Output voltage, low Vol 

Output voltage, high VoH 2.4 

pPD431008 

Truth Table 
cs OE WE Function 1/0 Ice 

H x x Not selected High-Z Standby 

L H H Outputs disabled High-Z Active 

L L H Read Dour Active 

L x L Write D1N Active 

Note: 

(1) X = don't care. 

Recommended Operating Conditions 
Parameter Symbol Min Typ Max Unit 

Supply voltage Vee 4.5 5.0 5.5 v 

Input voltage, low V1L -0.5 0.8 v 
(Note 1) 

Input voltage, high V1H 2.2 Vee+ o.5 v 

Ambient temperature TA 0 70 oc 

Note: 

(1) - 3.0 V minimum (pulse width = 10 ns). 

Max Unit Test Conditions 

2 µA v1N = o V to Vee 

2 µA V110 = 0 V to V cc 

160 mA CS = V1L; 1110 = 0 mA 

150 mA cs = V1L; 1110 = o mA 

140 mA cs = V1L; 1110 = o mA 

30 mA CS~ V1H; V1N = V1H or V1L 

10 mA cs ~ Vee - 0.2 V; V1N s 0.2 V or ~ Vee - 0.2 V 

0.4 v loL = BmA 

v loH = -4.0 mA 

3 



µPD431008 NEC 
AC Characteristics 
TA= o to +70°c; Vee= +5.0V ± 10% 

p.P0431008·15 p.PD431008·17 p.PD431008·20 

Parameter Symbol Min Max Min Max Min Max Unit Test Conditions 

Read Operation 

Read cycle time tRc 15 17 20 ns 

Address access time tAA 15 17 20 ns 

Chip select access time tAcS 15 17 20 ns 

Output enable to output valid toe 8 9 10 ns 

Output hold from t\ddress change toH 5 5 5 ns 

Chip select to output in low-Z . teLZ 5 5 5 ns 

Output enable to output in low-Z toLZ ns 

Chip select to output in high-Z tcHZ 7 7 7 ns 

Output enable to output in high-Z to HZ 7 7 7 ns 

Write Operation 

Write cycle time twe 15 17 20 ns 

Chip select to end of write tcw 10 11 12 ns 

Address valid to end of write tAw 9 11 12 ns 

Address setup time tAs 0 0 0 ns 

Write pulse width twp 9 10 10 ns 

Write recovery ·time twR 0 0 0 ns 

Data valid to end of write tow 8 9 10 ns 

Data hold time toi-i 0 0 0 ris 

Write enable to output in high-Z twHZ 7 7 7 ns 

Output active from end of write t(No/ 3 3 3 ns 

Figure 1.0utput Loads · 

+SV 

voo------

CL= 30 pF ~nclUdlng scope and test pg) 
CL= s pF for tcHZo tci.z, toHz. toi.z, tow. and twHZ 

4 



NEC pPD431008 

Timing Waveforms 

Address Access Cycle 

~.._------tRc------~--

Address 'If Address Valid 'I/ 
------11~--~~~~~~~~~~~~_,J~--~~~-~~ 

DoUT ___ P_re_vtou_.=_Da-taV_aD_d _to_H-=--===~ :~~~ 
Notea: 
(1) WE Is held high for a read cycle. 

(2) The device Is continually selected, where CS= OE = V 11.. 
831tf.&138B 

Chip Select Access Cycle 

""- tRc --" .....- , 

Address \/ Address Valid 'f 
_/\ J\ 

..c... tAA 

tACS 

cs\\\\\\\\\\\\\\{ ~/////////! 
I 

~9 r1 ~\\\ \\\\ ~'\\\ \~ 
toLZ 

e!l!JJ//IZ 
toE 

I ...... to HZ~ 

toH·~ 
Hgh Impedance I/Tl DataVaDd 

_,~, High 

~ .,ll_J Impedance 

Nolea: 

(1) WE Is high for a read cycle. 
(2) Address valid prior to or coincident with the tow trenstuon of CS. 

831H-8437B 
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pPD431008 NEC 
Timing Waveforms (cont) 

WE-Controlled Write Cycle 

6 

Address Address Valid 

--~~~~~~~~~-tAw~~~~~~~~~+1-E-tWR__.j 
--~~~tAs~~~-. ...... ~~~~twp~~~~--'~ I ,_ ___________ _ 

WE ~ 
DIN 

-------------------J"""=~~~-----t_o_w~~~~-----i_~_ .. _-_tD-H ... -_--------------------------~---
~ Data-In Valid - . 

0''""J ~~1._ 
DOUT _______ D_a_ia_u_00e_n_ned _________ _J _ __. . High Impedance_ -{ ______ _ 

Notes: 
[1] A write cycle occurs during the overlap of a low Cs and a low WE. 

[2) Cs or WE must be high during address translUon. 

[3] During this period, the. VO pins may be In the output state. 
Therefore, Input signals of opposite phase must not be applied. 

83CL..fl067B 



NEC pPD431008 

Timing Waveforms (cont) 

CS-Controlled Write Cycle 

Address 

cs _______ ""' 

Address Valid 

DIN 

_________ r.--_-_-_tow_-_-_~_~_t_o"j ___ _ 
)K Data-In Valid --* 
High Impedance 

DouT~-----------------;._....;... __________________ ~ 

Notes: 

(1] A write cycle occurs during the overlap of a low Cs and a low WE. 

(2] Cs or WE must be high during address transition. 
83CL-9068B 
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t\'EC 
NEC Electronics Inc. 

Description 

The µPD431009 is a 131,072-word by 9-bit static RAM 
fabricated with advanced silicon-gate technology. Its 
unique design uses CMOS peripheral circuits and N
channel memory cells to make the µPD431009 a high
speed device that requires no clock or refreshing. The 
µPD431009 is available in a standard 36-pin plastic 
SOJ. 

Features 

o Single +5-volt power supply 
o Fully static operation-no clock or refreshing 
o TTL-compatible inputs and outputs 
o Common 1/0 using three-state outputs 
o One CS pin and one OE pin for easy application 
o Standard 36-pin, 400-mil plastic SOJ packaging 

Ordering Information 

Part Number 
Access 

Time (max) Package 

µPD431009LE-15 15 ns 36-pin plastic SOJ 
~~~~~~~~ 

LE-17 17 ns 

LE-20 20 ns 

Pin ldentif ication 
Symbol Function 

Address inputs 

Data inputs and outputs 

Chip select 

Output enable 

Write enable 

GND Ground 

Vee +5-volt power supply 

NC No connection 

60248 

Pin Configuration 

36-Pin Plastic SOJ 

NC 
Aa 
A2 

A1 

Ao 
cs 

V01 

V02 

Vee 
GNO 
V03 
V04 . 
WE 

A16 

A15 

A14 

A13 
NC 

µPD431009 
131,072 x 9-Bit 

Static CMOS RAM 

µPD431009 

36 A.i 
2 35 As 
3 34 Ae 
4 33 A1 

5 32 OE 

6 31 VOg 

7 30 V08 
8 29 V07 
9 28 GND 
10 27 Vee 
11 26 VO a 
12 25 V05 
13 24 Aa 
14 23 Ag 
15 22 A10 
16 21 A11 
17 20 A12 
18 19 NC 



pPD431009 NEC 
Block Diagram 

9£ Address Row Memory CeU Array 
0 I )lo 

Buffers Decoder 
512Rows 

256 Columns x 9 VOs 

cs 

1 1 
9, 

Input OU1put 
v 7 ~ Data Sense Switches 1-- Data 1---

Control Control 

'I' 
~ 

Column Decoder 

"' 
8£ Address 1 j, 

0 I ); 
Buffers 

r-t> cs 

~ --J ) ~ -
I --
~ 0-

83FltM006B 
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NEC 
Absolute Maximum Ratings 
Supply voltage, Vee (Note 1) -0.5 to + 7.0 V 

Input voltage, V1N (Note 1) -0.5 to Vee + 0.5 V 

Output voltage, V110 (Note 1) -0.5 to Vee + 0.5 V 

Operating temperature, ToPR Oto +70°C 

Storage temperature, TsrG -55 to + 125°C 

Power dissipation, Po 1.0 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. 

Note: 

(1) - 3.0 V minimum (pulse width = 10 ns). 

Capacitance 
TA = + 25°C; f = 1 MHz; V1N and Vour = o V 

Parameter Symbol Min Max Unit 

Input capacitance 6 pF 

Input/output capacitance Cvo 8 pF 

Note: 

(1) This parameter is sampled and not 100% tested. 

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

Parameter Symbol Min Typ 

Input leakage current lu -2 

1/0 leakage current ILO -2 

Operating supply current lee1 (tRe = twe = 15 ns) 

lee2 (tRe = twe = 17 ns) 

le e3 (tRe = twe = 20 ns) 

Standby supply current lss 

lss1 

Output voltage, low Vol 

Output voltage, high VoH 2.4 

µPD431009 

Truth Table 
cs OE WE Function 1/0 Ice 

H x x Not selected High-Z Standby 

L H H Outputs disabled High-Z Active 

L L H Read Dour Active 

L x L Write D1N Active 

Note: 

(1) X = don't care. 

Recommended Operating Conditions 
Parameter Symbol Min Typ Max Unit 

Supply voltage Vee 4.5 5.0 5.5 v 

Input voltage, low V1L -0.5 0.8 v 
(Note 1) 

Input voltage, high VtH 2.2 Vee+ o.5 v 

Ambient temperature TA 0 70 oc 

Note: 

(1) - 3.0 V minimum (pulse width = 10 ns). 

Max Unit Test Conditions 

2 µA v1N = o v to Vee 

2 µA Vvo = ov to Vee m 160 mA cs = v,L; lvo = o mA 

150 mA cs= v,L; 1110 = OmA 

140 mA CS = V1L; 1110 = 0 mA 

30 mA cs~ v1H; v 1N = v1H or v,L 

10 mA cs~ Vee-0.2V;V1N :s;; 0.2Vor;;::: Vec-0.2V 

0.4 v loL = 8 mA 

v loH = -4.0 mA 
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pP-0431009 NEC 
AC Characteristics 
TA"'.' o to +70°C; Vee= +5.0V ± 10% 

µPD431009-15 µPD431009-17 µPD431009·20 

Parameter Symbol Min Max Min Max Min Max Unit Test Conditions 

Read Operation 

Read cycle time tRc 15 17 20 ns 

Address access time tAA 1·5 17 20 ns 

Chip select access time tAcs 15 17 20 ns 

Output enable to output valid toE 8 9 10 ns 

Output hold from address change toH 5 5 5 ns 

Chip select tO output in low-Z tcLZ 5 5 5 ns 

Output enable to output in low-Z toLZ ns 

Chip select to output in high-Z tcHZ 7 7 7 ns 

Output enable to output in high-Z to Hz 7 7 7 ns 

Write Operation 

Write cycle time twe 15 17 20 ns 

Chip select to end of write tew 10 11 12 ns 

Address valid to end of write tAw 9 11 12 ns 

Address setup time tAs 0 0 0 ns 

Write pulse width twp 9 10 10 ns 

Write recovery time twR 0 0 0 ns 

Data valid to end of write tow 8 9 10 ns 

Data hold time toH 0 0 b ns 

Write enable to output in high-Z twHZ 7 7 7 ns 

Output active from end of write tcm 3 3 3 ns 

Figure 1. Output Loads 

~v 

255'2 

VO 

CL 480'2 

CL= 30 pF ~ncludng scope and test Jg) 
CL= s pF for tcHz. tcLz. tQHz, toLz. tow. and twHZ 
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NEC 
Timing Waveforms 

Address Access Cycle 

Address 

-
-v 
)\ 

pPD431009 

lffc _,,, 

Address Valld 'If 
Ji\ 

..,_ 
tAA ~tOH -

~ toH 

DouT ___ P_re_vlou_s_oa-taV_aD_d -----,~ -·~ ~ 
Notes: 

[1] WE Is held high for a read cycle. 
[2) The device Is continually selected, where CS= OE = VIL· 

831fi.8436B 

Chip Select Access Cycle 

~ tRc -" -,. 

Address v Address Valid 
,, 

j\ j\_ 

..c... lAA 

lACS 

U//111( ///////// 
i:===to~ 

toH 

D()U'r ------Hl-gh_lmp.._edance ______ -+--+--+-<I Data VaDd High 
......._......._ __________ _........,_ Impedance 

No'9e: 

[1] WE Is high for a reed cycle. 

[2) Address vaDd prior to or coincident with the low transition of CS. 
831H-8437B 
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pPD431009 NEC 
Timing Waveforms (cont) 

WE-Controlled Write Cycle 

6 

Address Address Valid 

l~:---tAs----;---tA_w~~~~~t-w-P=========:~•WRl 
---------------.. ,..-.----------~ 

WE 3 
DIN
-----------------,[ too·---+-~IOH ._-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-

~ Data-In Valid - . 

~. t.WHZ3 ~~1.,..-----
DOUT _______ oa_ta_unc1e_n_ned _________ _J __ . High Impedance_ ---K..__ _____ _ 

Notes: 

[1) A write cycle occurs during the overlap of a low Cs and a low WE. 

[2] Cs or WE must be high during address transition. 

[3] During this period, the VO pins may be In the output state. 
Therefore, Input signals of opposite phase must not be applied. 

83CL~B 



NEC 
Timing Waveforms (cont) 

CS-Controlled Write Cycle 

Address Address V alld 

Ji....f----tow--~~ 

D1N -----------------i----Da-ta---ln-Val_l_d ___ _ 

µPD431009 

High Impedance DouT--------------------------------------
Notes: 

[1] A write cycle ocairs during the overlap of a low Cs and a low WE. 

[2] Cs or WE must be high during address transition. 
83CL-9068& 
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NEC 
NEC Electronics Inc. 

Description 

The µPD431016 is a 65,536-word by 16-bit static RAM 
fabricated with advanced silicon-gate technology, 
unique CMOS peripheral circuits, and N-channel mem
ory cells. It is suitable for cache memory and buffer 
memory applications where high speed, high density, 
and wide 1/0 SRAMs are required. 

The µPD431016 operates with low power from a single 
+5-volt supply. No clock or refreshing is required. The 
plastic package is a standard 44-pin SOJ or TSOP. 

Features 

o 65,536-word x 16-bit organization 
o Single +5-volt power supply 
o Fully static operation-no clock or refreshing 
o TTL-compatible inputs and outputs 
o Common 1/0 capability 
o Output buffer control: OE 
o Data byte control: LB, UB 
o Low power dissipation 

- 240 mA max (active) 
-10 mA max (standby) 

o Standard 44-pin, 400-mil plastic SOJ or TSOP 
package 

Ordering Information 
Part Number Access Time (max) Package 

µPD431016LE-15 15 ns 44-pin plastic SOJ 

LE-17 17 ns 

LE-20 20ns 

µPD431016G5-15 15 ns 44-pin plastic TSOP 

G5-17 17 ns 

G5-20 20ns 

60219 

Pin Configurations 

44-Pin Plastic SOJ 

A4 
Aa 
A2 

A1 

Ao 
cs 

V01 

V02 
V03 

V04 
Vee 
GND 
V05 

VOa 
V<J, 
VO a 
WE 

A15 

A14 

A13 

A12 
NC 

pPD431016 
65,536 x 16-Bit 

Static CMOS RAM 

µPD431016 

1 44 As 
2 43 Aa 
3 42 A1 
4 41 OE 

5 40 UB 
6 39 Iii 
7 38 V01a 
8 37 V015 

9 36 V014 
10 35 V013 
11 34 GND 
12 33 Vee 
13 32 V012 
14 31 V011 

15 30 V010 
16 29 VOg 

17 28 NC 
18 27 As 
19 26 Ag 

20 25 A1o 
21 24 A11 
22 23 NC 

&YM~-



pPD431016 NEC 
Pin Configurations (cont) Pin Identification 

44-Pin Plastic TSOP 
Symbol Function 

Address inputs 

µPD431016 Data inputs and outputs 

A4 10 As 
Aa 2 Ae 
A2 3 A1 

cs Chip select 

LB Lower byte select (1/01 • I/Os) 

A1 4 OE Output enable 
Ao 5 Us 
cs 6 LEi UB Upper byte select (l/Og • 1/015) 

V01 7 V01.e Write enable 

v~ 8 V015 GND Ground 
V03 9 V014 

V04 10 V013 Vee +5-volt power supply 

Vee 11 GND NC ·No connection 
GND 12 Vee 
V05 13 V012 

VO a 14 V011 

V07 15 V010 
VO a 16 V09 
WE 17 NC 
A15 18 Aa 
A14 19 Ag 

A13 20 A1o 

A12 21 A11 
NC 22 NC 

83FM-8198A 

Truth Table 
cs OE WE LB UB Mode 1/01 ·I/Os l/Og • l/01s Power 

H x x x x Not selected Hi-Z Hi-Z Standby 

L L H L L Read DouT DouT Active 

L H Read DouT Hi-Z 

H L Read Hi-Z Dour 

L x L L L Write !JiN D1N 

L H Write D1N Hi-Z 

H L Write Hi-Z D1N 

L H H x x Hi-Z Hi-Z 

L x x H H Hi-Z Hi-Z 

X = Don't care. 
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NEC pPD431016 

Block Diagram 

~ 
Memory Matrix 

- ~ Row 
~ 

256Rows 
Decoder 256 x 16 Columns 

(1,048,576 Bits) 

' 

IC> 0- ~ -t>- Column VO 
Input i-

SJ' {>-- Data cs 
v 7 ,.. Column Decoder 

Q 
~ 

7-L v 7 

0- - ·- cs 

- n--.., -
v n--............. 

__I_ 

~ ) - ~ ..,. 
I 

~ "\ 
J ~ 

"'1" 

3 



pPD431016 

Absolute Maximum Ratings 
Supply voltage, V cc -0.5 to +7.0V 

Input and output voltages, Vvo (Note 1) -o.5toVcc + o.5V 

Operating temperature, ToPR Oto +70°C 

. Storage temperature, TsTG -55to+125°C. 

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. 

Note: 

(1) V1N (min) = -3.0 V for 10-ns pulse. 

Capacitance 
TA= 25°C; V1N and VoouT = 0 V; f = 1 MHz 

Parameter Symbol Min Max Unit 

Input capacitance 6 pF 

Output capacitance Coo UT 8 pF 

Capacitance is sampled and not 100% tested. 

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

NEC 
Recommended Operating Conditions 
Parameter Symbol Min Typ Max Unit 

Supply voltage Vee 4.5 5.0 5.5 v 
Input voltage, high V1H 2.2 Vee+ o.3 v 
Input voltage, low V1l -0.5 0.8 v 
Operating temperature TA 0 70 oc 

Note: 

(1) Vil = -3.0 V for 10-ns pulse. 

Parameter Symbol Min Typ Max Unit Test Conditions 

Input leakage current Ill -2 2 µA v1N = ov to Vee 

Output leakage current llo -2 2 µA VouT = 0 V to V cc; CS, OE, LB, or UB = V1H or 
WE= Vil . 

Standby supply current lss 30 mA CS= V1H 
~~-~--~~---~-----~~---~---------~~~---

Is e 1 10 mA cs C!:: Vee - 0.2 V; V1N s 0.2 V or C!:: Vee - 0.2 V 

Output voltage, low Vol 0.4 v lol = 8.0mA 

Output voltage, high VoH 2.4 v loH = -4.0mA 

Figure 1. Output Loads 

480g 

DoUT o------

CL= 30 pF (Including scope and test pg) 
CL= s pF for teHZo teiz, tcHL tciz, to~ toi.z, tow and twHZ 

~ 

4 



N'EC pPD431016 

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

14PD431016-15 11PD431016-17 14PD431016-20 

Parameter Symbol Min Max Min Max Min Max Unit Test Conditions 

Read Operation 

Operating supply current Ice 240 230 220 mA cs = V1L; loouT = 
O mA (Note 5) 

Address access time tAA 15 17 20 ns 

Chip select access time tAcs 15 17 20 ns 

Data byte select access time tADB 8 9 10 ns 

Data byte select to output in high-Z ts Hz 7 7 7 ns 

Data byte select to output in low-Z tsLZ ns 

Chip deselection to output in high-Z tcHZ 0 7 0 7 0 7 ns (Note 4) 

Chip selection to output in low-Z tcLZ 5 5 5 ns (Note 3) 

Output enable access time toE 8 9 10 ns 

Output hold from address change toH 5 5 5 ns 

Output enable to output in high-Z to HZ 7 7 7 ns 

Output enable to output in low-Z toLZ ns 

Read cycle ti me tRc 15 17 20 ns (Note 2) 

Write Operation 

Address setup time tAs 0 0 0 ns 

Address valid to end of write tAw 9 11 12 ns 

Data byte select to end of write tsw 9 11 12 ns 

Ill Chip select to end of write tcw 10 11 12 ns 

Data hold time toH 0 0 0 ns 

Data valid to end of write tow 8 9 10 ns 

Output active from end of write tow 3 3 3 ns (Note 3) 

Write enable to output in high-Z twHZ 0 7 0 7 0 7 ns (Note 4) 

Write cycle time twc 15 17 20 ns (Note 2) 

Write pulse width twp 9 10 10 ns 

Write recovery time twR 0 0 0 ns 

Notes: 

(1) Input pulse levels= GND to 3.0 V; input pulse rise and fall times 
= 3 ns; timing reference levels= 1.5 V; see figure 1 for output 
loads. 

(2) All read cycle timings are referenced from the last valid address to 
the first transitioning address. 

(3) Transition is measured at ±200 mV from steady-state voltage 
with the load shown in figure 1. 

(4) Transition is measured at Vol + 200 mV and VoH - 200 mV with 
the load shown in figure 1. 

(5) lee = 180 mA max at tAA = 50 ns. 

5 



µPD431016 

Timing Waveforms 

Address Access Cycle 

NEC 

Address \V Address Valid '/ 
~~~~---)~--~~~~~~~~~~~~~~~---)\--~~~~~~~-

DouT -----P-re-vto_u_s .... :_D;-a:ta:V:al_k:l--~-=-t_o_H====::k;;;J =~~"=1@ 
Notes: 

[1] WE Is held high for a read cycle. 

[2] The device Is continually selected, where CS = VIL· 
831fi.6Tl5B 

Chip Select Access Cycle 

--
I 

....- ICHZI 
{ ICHZ-1 
{ 

teHZ 

DouT-------H~l-h~~------------l Data Valid 
Hlgh·Z 

Notes: 

[1] WE Is high for a read cycle. 
[2] Device Is oonUnuously selected: 

CS=OE= LB =Low 

[3] Address valid prior to or coincident with CS transition low. 
8311+86718 

6 



NEC 
Timing Waveforms (cont) 

WE-Controlled Write Cycle 

Address 

...-~~~~~~~~-tAw~~~~~~~~~---;~ 

--~~~~~~~~tcw~~~~~~~~---;~ 

Data-In Valid 

µPD431016 

~tow_, 
High Impedance ~-/!/.......,_IZ_,.....,.!!/...,....,._7Z 

Notes: 
[1] A write occurs during the overlap of CS low, WE low, and LB low. 
[2] A write occurs during the overlap of CS low, WE low, and Us low. 
[3] CS or WE must be high during address translUon. 
[4] During this period, VO pins are In the output state; therefore, Input 

signals of opposite phase to the output must not be applied. 
8311+86728 

7 



µPD431016 

Timing Waveforms (cont) 

CS-Controlled Write Cycle 

NEC 

Address_f=--tAw-twc-___ -,_J.._____ 
'E..s-+1+---tcw--

8 

NotM: 
[1) A write occurs during the overlap of CS low, WE low, and LB low. 
[2] A write occurs during the overlap of CS low, WE low, and UB low. 
[3] CS or WE must be high during address translUon. 
[4] During this period, VO pins are In the output state; thel8fol8, Input 

slgnals of opposite phase to the output must not be appled. 

Data-In Vaid 



NEC 
Timing Waveforms (cont) 

LB/ UB-Controlled Write Cycle 

Address 

~~~~~~~~~tAw~~~~~~~~--;~ 

14-~~~~~~~-tcw~~~~~~~--~ 

Notes: 
[1] A wrtte occurs during the overlap of CS low, WE low, and LB low. 
[2] A wrtte occurs during the overlap of CS low, WE low, and Ue low. 
[3] CS or WE must be high during address transition. 

[4] During this period, VO pins are In the output state; therefore, Input 

signals of opposite phase to the output must not be applied. 

Data~n Valid 

pPD431016 

High Impedance 

831H-8874B 
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NEC 
NEC Electronics Inc. 

Description 

The µPD431018 is a 65,536-word by 18-bit static RAM 
fabricated with advanced silicon-gate technology, 
unique CMOS peripheral circuits, and N-channel mem
ory cells. It is suitable for cache memory and buffer 
memory applications where high speed, high density, 
and wide 1/0 SRAMs are required. 

The µPD431018 operates with low power from a single 
+5-volt supply. No clock or refreshing is required. The 
plastic package is a standard 44-pin SOJ or TSOP. 

Features 

o 65,536-word x 18-bit organization 
o Single +5-volt power supply 
o Fully static operation-no clock or refreshing 
o TTL-compatible inputs and outputs 
o Common 1/0 capability 
o Output buffer control: OE 
o Data byte control: LB, UB 
o Low power dissipation 

- 260 mA max (active) 
- 10 mA max (standby) 

o Standard 44-pin, 400-mil SOJ or TSOP plastic 
package 

Ordering Information 
Part Number Access Time (max) Package 

µPD431018LE-15 15 ns 44-pin plastic SOJ 

LE-17 17 ns 

LE-20 20 ns 

µPD431018G5-15 15 ns 44-pin plastic TSOP 

G5-17 17 ns 

G5-20 20ns 

60220 

Pin Configurations 

44-Pin Plastic SOJ 

A4 
A3 

A2 

A1 

Ao 
cs 

V01 

V02 

V03 

V04 

Vee 
GND 
V05 

VOe 

v07 
VO a 
V09 
WE 

A15 

A14 

A13 

pPD431018 
65,536 x 18-Bit 

Static CMOS RAM 

As 
Ae 
A1 
OE 

UB 
[8 

V01s 

V017 

V01e 

V015 
GND 
Vee 
V014 

V013 

V012 

V011 

V010 
NC 

As 
Ag 

A10 
A12 .. .._ ___ _, .. A11 

83FM-887!ilt. 

44-Pin Plastic TSOP 

µPD431018 

A4 10 44 As 
Aa 2 43 Ae 
A2 3 42 A1 

A1 4 41 OE 

Ao 5 40 U8 
cs 6 39 [8 

V01 7 38 V019 

V02 8 37 V017 

V03 9 36 V01e 

V04 10 35 V015 

Vee 11 34 GND 
GND 12 33 Vee 
V05 13 32 V014 

VOe 14 31 V013 

v07 15 30 V012 

VOa 16 29 V011 

V09 17 28 V010 
WE 18 27 NC 
A15 19 26 As 

A14 20 25 Ag 

A13 21 24 A10 

A12 22 023 A11 
83FM-1!897A 

Ill 



µP:D4310·18 · 

Pin ldentif ication 
Symbol Function 

Address Inputs 

Data inputs and outputs 

Chip select 

Lo.wer byte select (1/01 - l/Og) 

Output enable .. 

Upper byte select (1/010 - l/01a) 

Write enable 

GND Ground 

Vee · + 5-volt power supply 

NC No connection 

Truth Table 
cs LB UB Mode 1/01 • l/Og l/010 - l/01a Power 

H x .x x x Not selected Hi~Z Hi-Z Standby 

L L H L L Read Dour Dour Active 

L H Read Dour Hi-Z 

H L Read Hi-Z Dour 

L x L L L Write OJN D1N 

L H Write DiN Hi-Z 

H L Write Hi-Z D1N 

L H H x x Hi-Z Hi-Z 

L x x H H Hi-Z Hi-Z 

X = Don't care. 

2 



NEC pPD431018 

Block Diagram 

~ 
Memory Matrix 

9, Row 
~ 

256 Rows 
v 7 Decoder 256 x 18 Columns 

(1,179,648 Bits) 

~ 

rl> - 9, t>- Column VO V' 7 
Input i-

~ 
Data cs - 9, 

.. ~ Column Decoder -, ~ 

- 7, , 
cs 

v 

~ 
..,. 
..,. -

~J---"' --
.L 

::;J" "'\ 
:::I J 0- ~ -:::i 
'T 

_J_ 
;;r "\ 
~ J ::L 1111 ,,,.. 
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pPD431018 

Absolute Maximum Ratings 
Supply voltage, V cc - 0.5 to + 7.0 V 

Input and output voltages, 'V110 (Note 1) -0.5 to Vee+ 0.5 V 

Operating temperature, ToPR o to +70°C 

Storage temperature, TsrG -55 to + 125°C 

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. 

Note: 

(1) V1N (min) = -3.0 V for 10-ns pulse. 

Capacitance 
TA= 25°C; V1N and Voour = O V; f = 1 MHz 

Parameter Symbol Min Max Unit 

Input capacitance 6 pF 

Output capacitance Co our 8 pF 

Capacitance is sampled and not 100% tested. 

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

Parameter Symbol Min Typ 

Input leakage current lu -2 

Output leakage current I Lo -2 

Standby supply current lss 

lss1 

Output voltage, low Vol 

Output voltage, high VoH 2.4 

Figure 1. Output Loads 

-16 v 

480'2 

Dour e>------
255'2 

CL= 30 pF ~ncludlng scope and test Jig) 
CL= 5 pF for tsHZ• tBLZ· tcHZ. tcLz. toHZi toLZi tow. and t VVHZ 

83FM-8870A. 

4 

NEC 
Recommended Operating Conditions 
Parameter Symbol Min Typ Max Unit 

Supply voltage Vee 4.5 5.0 5.5 v 
Input voltage, high V1H 2.2 Vee+ 0.5 v 
Input voltage, low V1L -0.5 0.8 v 
Operating temperature TA 0 70 oc 

Note: 

(1) V1L = -3.0 V for 10-ns pulse. 

Max Unit Test Conditions 

2 µA V1N = ov to Vee 

2 µA Your = o V to V cc; cs, OE, LB, or UB = V1H or 
WE= V1L 

30 mA CS= V1H 

10 mA cs <?= Vee - 0.2 V; V1N s 0.2 V or <?= Vee - 0.2 V 

0.4 v loL = 8.0 mA 

v loH = -4.0 mA 



t\'EC pPD431018 

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

µ.PD431018-15 µ.PD431018-17 #'PD431018-20 

Parameter Symbol Min Max Min Max Min Max Unit Test Conditions 

Read Operation 

Operating supply current Ice 260 220 200 mA cs = V1L; loouT = 
0 mA (Note 5) 

Address access time tAA 15 17 20 ns 

Chip select access time tACS 15 17 20 ns 

Data byte select access time tADB 8 9 10 ns 

Data byte select to output in high-Z ta HZ 7 7 7 ns 

Data byte select to output in low-Z taLz ns 

Chip deselection to output in high-Z tcHZ 0 7 0 7 0 7 ns (Note 4) 

Chip selection to output in low-Z teLz 5 5 5 ns (Note 3) 

Output enable access time toE 8 8 10 ns 

Output hold from address change toH 5 5 5 ns 

Output enable to output in high-Z to Hz 7 7 7 ns 

Output enable to output in low-Z toLZ ns 

Read cycle time tRc 15 17 20 ns (Note 2) 

Write Operation 

Address setup time tAs 0 0 0 ns 

Address valid to end of write tAw 9 11 12 ns 

Data byte select to end of write taw 9 11 12 ns 

Chip select to end of write tcw 10 11 12 ns 

Data hold time toH 0 0 0 ns .. Data valid to end of write tow 8 9 10 ns 

Output active from end of write tow 3 3 3 ns (Note 3) 

Write enable to output in high-Z twHz 0 7 0 7 0 7 ns (Note 4) 

Write cycle time twc 15 17 20 ns (Note 2) 

Write pulse width twp 9 10 10 ns 

Write recovery time twR 0 0 0 ns 

Notes: 

(1) Input pulse levels = GND to 3.0 V; input pulse rise and fall times 
= 3 ns; timing reference levels = 1.5 V; see figure 1 for output 
loads. 

(2) All read cycle timings are referenced from the last valid address to 
the first transitioning address. 

(3) Transition is measured at ±200 mV from steady-state voltage 
with the load shown in figure 1. 

(4) Transition is measured at Vol + 200 mV and VoH - 200 mV with 
the load shown in figure 1. 

(5) Ice= 140 ma max at tAA = 50 ns. 
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pPD431018 

Timing Waveforms 

Address Access Cycle 

,·',' 

Address 

""-,, 
)\ 

NEC 

tf\c 
_,,, 

Address Valid 
-w 
J~ 

tAA i.--toH .... 
~ toH 

DouT-----P-re-vto_u_s_Da_ta_V_al_ld_· ______ ~ .· ~-v~ ~ 
No tee: 
[1] WE Is held high for a read cycle. 
[2] The device ~ oontlnually selected, where CS =VIL· 

Chip Select Access Cycle 

\ 
----------------------------~ : ~-r-~ OE-1 ~~. toel 

LB,UB 1 . . I 
. 

,..,,.\ ______ _ 
"""'-'-----teLZ----

DouT---------~H--~·Z..._ _________ --l 

Notee: 

[1] WE Is high for a read cycle. 
[2) Device Is continuously selected: 

CS=OE= LB= Low 

[3] Address valid prior to or coincident with CS transition low. 

6 



NEC 
Timing Waveforms (cont) 

WE-Controlled Write Cycle 

Address 

14---------tAW'----------'~ 

14-------~tcw·~--------

"""loE'----tAS·---~ 

Data-In Valid 

pPD431018 

~tow_, 

High Impedance ~-11;;-12-71/----/! 
Notea: 
[1] A write occurs during the overlap of CS low, WE low, and LB low. 
[2] A write occurs during the overlap of CS low, WE low, and Us low. 
[3] CS or WE must be high during address transition. 
[4] During this period, VO pins are In the output state; therefore, Input 

signals of opposite phase to the output must not be applled. 
831H-8878B 

7 
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µPD431018 

Timing Waveforms (cont) 

CS-Controlled Write Cycle 

NEC 

~ 
•we ::.t 

Address ---- ... .-----------tAw---------~~•WR1--------
tAs~~-------tcw----------;~ 

8 

D1N 

Notes: 
[1) A write occurs during the overlap of CS low, WE low, and LB low. 
[2] A write occurs during the overlap of CS low, WE low, and Ue low. 
[3] CS or WE must be high during address transition. 
[4] During this period, VO pins are In the output state; therefore, Input 

signals of opposite phase to the output must not be appDed. 

Data-In Valid 

831tMl8798 



NEC 
Timing Waveforms (cont) 

LB! UB-Controlled Write Cycle 

Address 

--~~~~~~~~~tAw~~~~~~~~~----,~ 

--~~~~~~~~tcw~~~~~~~~~~ 

DouT~~~~~---H-1g_h_1m_p_edance~--------~~ 

Notes: 
[1) A write occurs during the over1ap of CS low, WE low, and i1i low. 

[2) A write occurs during the over1ap of CS low, WE low, and Us low. 

[3] CS or WE must be high during address transition. 

[4] During this period, VO pins are In the output state; therefore, Input 

signals of opposite phase to the output must not be applled. 

Data-In Valid 

pPD431018 

High Impedance 

Ill 
831tf.88808 
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Fast Static RAMs I 
(4M) 



Fast Static RAMs ( 4M) NEC 
Section 22 
Fast Static RAMs (4M) 

µPD Organization Features 

434001 4M x 1 20-ns 22a 

434004 1M x4 20-ns; Output enable 22b 

434008 512Kx 8 20-ns; 0 utput enable 22c 



NEC 
NEC Electronics Inc. 

Description 

The µPD434001 is a 4,194,304-word by 1-bit static RAM 
fabricated with advanced silicon-gate technology. A 
unique design with CMOS peripheral circuits and 
N-channel memory cells, the µPD434001 is a high
speed device that requires no clock or refreshing. 

Features 

o 4,194,304-word x 1-bit organization 
o Single +5-volt power supply 
o Fully static operation-no clock or refreshing 
o TTL-compatible inputs and outputs 
o Separated data input and output 
o Three-state outputs 
o Power dissipation 

-140 mA max (active) 
-10 mA max (standby) 

o Standard 400-mil, 32-pin plastic SOJ package 

Ordering Information 

Part Number 

µPD434001 LE-20 

Access 
Time (max) 

20 ns 
~~~~~~~~-

LE-25 25 ns 

60206 

Package 

32-pin plastic SOJ 

pPD434001 
4,194,304 x 1-Bit 

Static CMOS RAM 

Pin Configuration 

32-Pin Plastic SOJ 

Pin ldentif ication 
Symbol Function 

Ao· A21 Address inputs 

cs Chip select input 

D1N Data input 

DouT Data output 

A21 

A20 

A19 

A18 

A17 

A16 
OE 
GND 

Vee 
DOUT 

A15 

A14 

A13 

A12 

A11 
TE 

83YL·7977A 

OE Output enable input 

TE Test mode enable input 

WE Write enable input -----Bl 
GND Ground 

Vee + 5-volt power supply 



pPD434001 

Absolute Maximum Ratings 
Power supply voltage, Vee -0.5 to + 7.0 V 

Input voltage, V1N (Note 1) -0.5 to Vee+ 0.3 V 

Output voltage, VouT -0.5 to Vee+ 0.3 V 

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 ratings could cause perma
nent damage. The device should be operated within the limits 
specified under DC and AC Characteristics. 

Note: 

(1) V1N = -3.0 V minimum for 10-ns maximum pulse. 

Truth Table 
cs WE OE Function 1/0 Ice 

H x x Not selected High-Z Standby 

L H L Read Output data Active 

L L x Write Data in Active 

L H H Output disable High-Z Active 

X = don't care 

Block Diagram 

10t Address Row 
0 I ); 

Buffers Decoder 

Input 
0 ~ Data 

Control 

It< 

0 12£ ); 
Address 

I Buffers 

0 --1 J ""'\. 
~ 

1 1 -__/ 
~ 

0 ::;;i___.1 

2 

NEC 
Capacitance 
1A = + 25°C; f = 1 MHz; v IN and v OUT = 0 v 
Parameter Symbol Min Typ Max Unit 

Input capacitance c1 6 pF 

Output capacitance Co 10 pF 

*Capacitance is sampled and not 100% tested. 

Recommended Operating Conditions 
Parameter Symbol Min Typ Max Unit 

Supply voltage Vee 4.5 5.0 5.5 v 
Input voltage, low V1L -0.5 0.8 v 
Input voltage, high V1H 2.2 Vee+ o.3 v 
Ambienttemperature TA 0 70 oc 

V1L = - 2.0 V minimum for 10-ns maximum pulse. 

Memory Cell Array 
1024 x4096 

(4,194,304 Bits) 

l 
Output 

DoUT Sense Switches I-- Data t--o 
Control 

Column Decoder 
It< 

1 

83FM-8841B 



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

Parameter Symbol Min Typ Max 

Input leakage current lu -2 2 

Output leakage current ILO -2 2 

Standby supply current 186 (-20) 60 

186 (-25) 50 

lss1 -25 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% 

µPD434001-20 

Parameter Symbol Min Max 

Operating supply current Ice 140 

Read Operation 

Read access time tAA 20 

Chip select access time tAcs 20 

Chip deselect to output in high-Z tcHZ 0 8 

Chip select to output in low-Z tclZ 3 

Output enable access time toE 10 

Output hold from address change toH 3 

Output enable to output in high-Z to Hz 8 

Output enable to output in low-Z tolZ 0 

Read cycle time tRc 20 

Write Operation 

Address setup time tAs 0 

Address valid to end of write tAW 14 

Chip select to end of write tcw 14 

Data hold time toH 0 

Data valid to end of write tow 10 

Output active from end of write tow 0 

Write cycle time twc 20 

Write enable to output in high-Z twHz 0 8 

Write pulse width twp 12 

Write recovery time twR 3 

Notes: 

(1) Input pulse levels= GND to 3.0 V; input pulse rise and fall time= 
5 ns; timing reference levels = 1.5 V; see figure 1 for the output 
load. 

(2) All read and write cycle timings are referenced from the last valid 
address to the first transitioning address. 

pPD434001 

Unit Test Conditions 

µA v1N = o v to Vee 

µA VouT = o V to Vee; cs = V1H or WE = Vrl 

mA cs = v1H; v,N = v1H or Vrl 

mA 

mA cs ~ Vee - 0.2 V; VrN :::; 0.2 v or ~ Vee - 0.2 v 

v lol = 8.0 mA 

v loH = -4.0mA 

µPD434001-25 

Min Max Unit Test Conditions 

130 mA cs= v,l; tRc = tRc (min); louT = o mA 

25 ns 

25 ns 

0 10 ns (Note 4) 

3 ns (Note3) 

12 ns 

3 ns 

10 ns 

0 ns 

25 ns (Note 2) 

0 ns 

17 ns 

17 ns 

0 ns 

12 ns 

0 ns (Note 3) 

25 ns (Note 2) 

0 10 ns (Note 4) 

15 ns 

3 ns 

(3) The transition is measured ±200 mV from steady-state voltage 
with the load shown in figure 1. 

(4) The transition is measured at Vol + 200 mV and VoH - 200 mV 
with the load shown in figure 1. 

3 
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pPD434001 

Figure 1. Output Loads 

+5V 

480'2 

DouT o-------
255'2 

CL= 30 pF Qncludlng scope and test Jig) 
CL= 5 pF for tcHZ· tctz. toHZ• totz. tow. and twHz 

Figure 2. Test Mode 

4 

Test Mode Set Cycle 

TE-{J 
Test Mode Reset Cycle TE 

Notes: 

(1) In test mode, the apparent lntemal memory 
organization Is 512K words by 8 bits. 

30 ns minimum 

(2) Write the same data (1 or O) on all 8 bits through 
pin DIN• addressing plnsAo-A1& PlnsA1g-A21 
are "Don't Care.• 

(3) Read data through pin DoUT· Data output Is 1 
If correct, 0 If Incorrect. 

NEC 

83FM-8842A 

83FM-8843A 



NEC µPD434001 

Timing Waveforms 

Address Access Cycle 

Address 'V Address Valid 'V 
~~~~-l~'--~~~~~~~~~~~~~~--1~--~~~~~~~ 

DouT -----Pr-evl_o_u_,~_Da_ta_V_al_ld __ to_H_-_-_ -------~ :~H~ 
Notes: 

[1] WE Is held high for a read cycle. 

[2] The device Is continually selected, whera Cs = VIL· 
8311+57758 

Chip Select Access Cycle 

1 -----------------------

1--toHz-

DouT--------H-~~h_l_m~pedan __ ce ____ --< 
Data Valid 

Hlgh-Z 

Notee: 

[1] WE Is held high for a read cycle. 

[2] Device Is continuously selected: CS = OE = Low 

[3] Address valid prior to or coincident with the low transition of CS. 
8311+88448 
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pPD434001 

Timing Waveforms (cont) 

WE-Controlled Write Cycle 

Aclclress 

I_: , .. _ 

DIN 

DOUT Data Undefined 

Notes: 

[1] Cs or WE must be high during aclclress transition. 

Aclclress Valid 

Data-In Valid 

~towl. 
High Impedance --K ..... ,... _-_-_-_-_----~--~~~~ 

[2] A write cycle occurs during the overlap of a low Cs and a low WE. 
[3] twR Is measured between Cs or WE, whichever rlSlng edge oecurs first, and the end of twc. 

8311+67778 

6 



NEC 
Timing Waveforms (cont) 

CS-Controlled Write Cycle 

pPD434001 

- f : __ :::--~ 
____ ..... ,E .... ,__tA-s--------tAwtcw---------'.i twR ..._ _______ _ 

cs -------~ 

DIN Data-In Valid 

__ '-? 
DOUT Data Undefined _J>-· ________ H_lg....,h_lm_p,_edanc __ e _____ _ 

Notes: 

[1] CS or WE must be high during address transition. 

[2) A write cycle occurs during the overlap of a low CS and a low WE. 
[3] twR Is measured between Cs or WE, whichever rising edge occurs first, and the end of twc. 

831H-6778B 
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NEC 
NEC Electronics Inc. 

Description 

The µPD434004 is a 1,048,576-word by 4-bit static RAM 
fabricated with advanced silicon-gate technology. A 
unique design with CMOS peripheral circuits and 
N-channel memory cells, the µPD434004 is a high
speed device that requires no clock or refreshing. 

Features 

o 1,048,576-word x 4-bit organization 
o Single +5-volt power supply 
o Fully static operation-no clock or refreshing 
o TTL-compatible inputs and outputs 
o OE signal for output control 
o Common 1/0 with three-state outputs 
o Power dissipation 

-150 mA max (active) 
-10 mA max (standby) 

o Standard 400-mil, 32-pin plastic SOJ package 

Ordering Information 

Part Number 
Access 

Time (max) 

µPD434004LE-20 20 ns 
~~~~~~~~-

LE-25 25 ns 

60207 

Package 

32-pin plastic SOJ 

pPD434004 
1,048,576 x 4-Bit 

Static CMOS RAM 

Pin Configuration 

32-Pin Plastic SOJ 

A4 
cs 

V01 

Vee 
GND 9 

V02 
WE 

As 
As 
A1 
As 
Ag 

Pin ldentif ication 
Symbol Function 

Ao· A19 Address inputs 

cs Chip select input 

1/01"1/04 Data input/output 

OE Output enable input 

TE Test mode enable input 

WE Write enable input 

GND Ground 

83YL·797M. 

Vee + 5-volt power supply -----Fiii 



pPD434004 

Absolute Maximum Ratings 
Power supply voltage, Vee -0.5 to + 7.0 V 

Input voltage, V1N -0.5 to Vee+ 0.3 V 

Output voltage, VouT -0.5 to Vee+ 0.3 V 

Operating temperature, ToPR o to +10°c 
Storage temperature, TsTG -55 to + 125°C 

V1N = - 2.0 V minimum for .10-ns maximum pulse. 

.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. 

Truth Table 
cs WE OE Function 1/0 Ice 

H x x Not selected High-Z Standby 

L H L Read Output data Active 

L L x Write Data in Active 

L H H Output disable High-Z Active 

X = don't care 

Block Diagram 

10£ Addniss Row 
0 I )> 

Buffers Decoder 

4j'_ 
Input 
Data ~ 7 -, 

Control 

"' "' 
10£ Addniss 

0 I )> 
Buffers 

-~ ~ 

I J ../ ~ 

l l --
~ 

0 ~--' 

2 

Capacitance 
lA = +25°C; f = 1 MHz; V1N and VouT = OV 

Parameter* Symbol Min Typ Max Unit 

Input capacitance 6 pf 

Output capacitance Co 10 pF 

* Capacitance is sampled., ~nd not 100% tested. 

Recommended Operating Conditions 
Parameter Symbol Min Typ Max Unit 

Supply voltage Vee 4.5 5.0 5.5 v 
Input voltage, low V1L -0.5 0.8 v 
Input voltage, high V1H 2.2 Vee+ 0.3 v 
Ambient temperature TA 0 +70 ·c 
V1L = -2.0V minimum for 10-ns maximum pulse. 

Memory Cell Array 
1024x1024 x4 
(4,194,304 Bits) 

1 
Output 

1--4-1 Sense Switches I-- Data 
Control 

Column Decoder + 
j w 



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

Parameter Symbol Min Typ Max 

Input leakage current lu -2 2 

Output leakage current llo -2 2 

Standby supply current lss (-20) 60 

lss (-25) 50 

lss1 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% 

µPD434004-20 

Parameter Symbol Min Max 

Operating supply current Ice 150 

Read Operation 

Read access time tAA 20 

Chip select access time tAcs 20 

Chip deselect to output in high-Z tcHz 0 8 

Chip select to output in low-Z tclZ 3 

Output enable access time toE 10 

Output hold from address change toH 3 

Output enable to output in high-Z to Hz 8 

Output enable to output in low-Z tolZ 0 

Read cycle time tRc 20 

Write Operation 

Address setup time tAs 0 

Address valid to end of write tAw 14 

Chip select to end of write tcw 14 

Data hold time toH 0 

Data valid to end of write tow 10 

Output active from end of write tow 0 

Write cycle time twc 20 

Write enable to output in high-Z twHz 0 8 

Write pulse width twp 12 

Write recovery time twR 3 

Notes: 

(1) Input pulse levels= GND to 3.0 V; input pulse rise and fall time= 
5 ns; timing reference levels = 1.5 V; see figure 1 for the output 
load. 

(2) All read and write cycle timings are referenced from the last valid 
address to the first transitioning address. 

µPD434004 

Unit Test Conditions 

µA v1N = o V to Vee 

µA VouT = OV to Vee; CS= V1H or WE= V1l 

mA CS = V1H; V1N = V1H or Vil 

mA 

mA cs ;?: Vee - 0.2 V; V1N ~ 0.2 V or ;?: Vee - 0.2 V 

v lol = 8.0 mA 

v loH = -4.0 mA 

µPD434004-25 

Min Max Unit Test Conditions 

140 mA CS= V1l; tRc = tRc (min); lour= 0 mA 

25 ns 

25 ns 

0 10 ns (Note 4) 

3 ns (Note 3) 

12 ns 

3 ns 

10 ns 

0 ns 

25 ns (Note 2) 

0 ns 

17 ns 

17 ns 

0 ns 

12 ns 

0 ns (Note 3) 

25 ns (Note 2) 

0 10 ns (Note 4) 

15 ns 

3 ns 

(3) The transition is measured ±200 mV from steady-state voltage 
with the load shown in figure 1. 

(4) The transition is measured at Vol + 200 mV and VoH - 200 mV 
with the load shown in figure 1. 

3 
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pPD434004 

Figure 1. Output Loads 

+5V 

480'1 

Douro-------

255'1 

CL= 30 pF Qncludlng scope and test Jig) 
CL= 5 pF for tcHz, tcLz. toHz. toLz. tow. and twHz 

Figure 2. Test lllode 

4 

Teat Mode Set Cycle 

Teat Mode Reset Cycle 

TE 

Notes: 

(1) In test mode, the apparent Internal memory 
organization Is 512K words by 8 bits. 

(2) Write the same data (1 or 0) on al 8 bits through 
pins V01·V04, wrlUng 2 bits on each VO and 
addressing pins A()-A1& Pin A19 ls "Don't Care.• 

(3) Read data through pins V01-V04' Data output Is 1 
If 2 bits are correct, 0 If Incorrect. 

NEC 

83FM-8842A 



NEC 
Timing Waveforms 

Address Access Cycle 

~ tRC 

Address 
\I 

Address Valid 
}\ 

..... tAA 

""-- toH -

Notes: 

[1] WE Is held high for a read cycle. 

[2] The device Is continually selected, where Cs= VIL· 

Chip Select Access Cycle 

DouT~~~~~~~-H-~_h_1_m_pedan~-ce~~~~--1. 

Notes: 

[1] WE Is held high for a read cycle. 

[2] Device Is continuously selected: CS= OE = Low 

[3] Address valld prior to or coincident with the low transition of Cs. 

~ 

\I 
j\ 

~toH 

lf 
l 

pPD434004 

831H-6Tl5B 

1--toHz-

Data Valld 
Hlgh·Z 

8311+86448 
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pPD434004 

Timing Waveforms (cont) 

WE-Controlled Write Cycle 

Address 

1_: -tAs-

DIN 

NEC 

Address Valld 

Data-In Valld 

oour _______________ o_ata __ unc1e __ n_ned ____________ ~ __ ._t_w_H_z_~__,1--------H~~-h_1:---~peda---n~-o-w-~-----«.-~_-_-_-_-_-_-_-_-_~~~~ 

6 

Notes: 

[1] Cs or WE must be h~h during address transltlo!!:_ _ 
[2] A write cycle occurs during the overlap of a low CS and a low WE. 
[3] twR Is measured between Cs or WE, whichever rising ectga occurs first, and the end of twc· 

831H-6mB 



NEC 
Timing Waveforms (cont) 

CS-Controlled Write Cycle 

DIN 

pPD434004 

Data-lnValld 

__ •w~J 
DQUT Data Undefined ~»----------Hl..;g:;...h_lm....:p-edanc __ e _____ _ 

Notes: 

(1) Cs or WE must be high during address transition. 

(2) A write cyde occurs during the overlap of a low Cs and a low WE. 
(3) twR Is measured between CS or WE, whichever rising edge occurs first, and the end of twc. 

831H-6778B 
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NEC 
NEC Electronics Inc. 

Description 

The µPD434008 is a 524,288-word by 8-bit static RAM 
fabricated with advanced silicon-gate technology. A 
unique design with CMOS peripheral circuits and 
N-channel memory cells, the µPD434008 is a high
speed device that requires no clock or refreshing. The 
device is available in a 36-pin plastic SOJ package. 

Features 

o 524,288-word x 8-bit organization 
o Single +5-volt power supply 
o Fully static operation-no clock or refreshing 
o TTL-compatible inputs and outputs 
o Chip select and output enable for easy application 
o Common 1/0 with three-state outputs 
o Power dissipation 

-190 mA max (active) 
-10 mA max (standby) 

o Standard 400-mil, 36-pin plastic SOJ package 

Ordering Information 

Part Number 
Access 

Time (max) 

µPD434008LE-20 20 ns 
~~~~~~~~-

LE-25 25 ns 

60208 

Package 

36-pin plastic SOJ 

pPD434008 
524,288 x 8-Bit 

Static CMOS RAM 

Pin Identification 
Symbol Function 

Ao -A18 Address inputs 

cs Chip select input 

1101 -1/08 Data input/output 

OE Output enable input 

WE Write enable input 

GND Ground 

Vee + 5-volt power supply 

NC No connection 

Pin Configuration 

36-Pin Plastic SOJ 

µPD434008 

Ao NC 

A1 A18 
A2 A17 
Aa A16 

A4 A15 
CS 6 OE 

V01 

V02 

vcc 9 
GND 

V03 

V04 
WE 

As 
Ae 
A1 

As 
Ag 

VO a 
V07 
GND 

Vee 
voe 
V05 

A14 
A13 
A12 
A11 

A10 
NC 

83YL·79B1A 



pPD434008 

Absolute Maximum Ratings 
Power supply voltage, Vee -0.5 to + 7.0 V 

Input voltage, V1N (Note 1) -0.5 to Vee + 0.3 V 

Output voltage, Vour -:-0.5 to Vee+ 0.3 v 
Operating temperature, ToPR o to +70°c 

Storage temperature, TsrG -55 to + 125°C 

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. 

Note: 

(1) V1N = - 2.0 V minimum for 10-ns maximum pulse. 

Truth Table 
cs WE OE Function 1/0 Ice 
H x x Not selected High-Z Standby 

L H L Read Output data Active 

L L x Write Data in Active 

L H H Output disable High-Z Active 

X = don't care 

Block Diagram 

0 1~, Addrass Row 
)lo 

Buffers Deooder 

lk 
Input 

" --"' Data --, 
Control 

+ + 

e, Addrass 
0 I )lo 

Buffers 

" j--"}-
~ 

1 
] 

l --
--~ ) .., 

2 

NEC 
Capacitance 
lA = +25°C; f = 1 MHz; V1N andVour = av 
Parameter Symbol Min Typ Max Unit 

Input capacitance 6 pF 

Output capacitance Co 10 pF 

Note: 

(1) This parameter is sampled and not 100% tested. 

Recommended Opera~ing Conditions 
Parameter .Symbol Min Typ Max Unit 

Supply voltage Vee 4.5 5.0 5.5 v 
Input voltage, low V1L -0.5 0.8 v 
Input voltage, high V1H 2.2 Vee+ o.3 v 
Ambient temperature TA 0 70 ·c 

Note: 

(1) V1L = -2.0 V minimum for 10-ns maximum pulse. 

Memory Cea Array 
1024 x512 x8 

(4,194,304 Bits) 

l 
OUtput 

Sense Switches t-- Data I-!¥-Control 

Column Decoder 

1 
II' 

' 



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

Parameter Symbol 

Input leakage current lu 

Output leakage current 

Operating supply current Ice (Note 1) 

Standby supply current lsB (Note 2) 

lsB1 

Output voltage, low 

Output voltage, high VoH 

Notes: 

(1) Ice= 170 mA (max) for the µPD434008-25. 

(2) lsB = 50 mA (max) for the µPD434008-25. 

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

Min Typ 

-2 

-2 

2.4 

pPD434008 

Max Unit Test Conditions 

2 µA v1N = ov to Vee 

2 µA VouT = 0 v to Vee; cs = V1H or WE = V1L 

190 mA cs= V1L; tRe = tRc (min); louT = o mA 

60 mA CS = V1H; V1N = V1H or V1L 

10 mA cs~ Vee-0.2V; V1N :S 0.2Vor ~ Vee-0.2V 

0.4 v loL = 8.0 mA 

v loH = -4.0mA 

l'PD434008-20 11PD434008-25 

Parameter Symbol Min 

Read Operation 

Read access time tAA 

Chip select access time tAeS 

Chip deselect to output in high-Z teHZ 0 

Chip select to output in low-Z tcLZ 3 

Output enable access time toE 

Output hold from address change toH 3 

Output enable to output in high-Z to Hz 

Output enable to output in low-Z toLZ 

Read cycle time tRc 20 

Write Operation 

Address setup time tAs 0 

Address valid to end of write tAw 14 

Chip select to end of write tew 14 

Data hold time toH 0 

Data valid to end of write tow 10 

Output active from end of write tow 0 

Write cycle time twc 20 

Write enable to output in high-Z twHZ 0 

Write pulse width twp 12 

Write recovery time twR 3 

Notes: 

(1) Input pulse levels= GNDto 3.0 V; input pulse rise and fall time= 
3 ns; timing reference levels = 1.5 V; see figure 1 for the output 
load. 

(2) All read and write cycle timings are referenced from the last valid 
address to the first transitioning address. 

Max Min Max Unit Test Conditions 

20 25 ns 

20 25 ns 

8 0 10 ns (Note 4) 

3 ns (Note 3) 

10 12 ns 

3 ns 

8 10 ns 

0 0 ns 

25 ns (Note 2) 

0 ns 

15 ns 

15 ns 

0 ns 

12 ns 

0 ns (Note 3) 

25 ns (Note 2) 

8 0 10 ns (Note 4) 

15 ns 

3 ns 

(3) The transition is measured ±200 mV from steady-state voltage 
with the load shown in figure 1. 

(4) The transition is measured at Vol + 200 mV and VoH - 200 mV 
with the load shown in figure 1. 

3 



µPD434008 NEC 
Figure 1. Output Loads 

+5V 

oouT o----..----. 

CL = 30 pF Qncludlng scope and test Jig) 
CL= 5 pF for tCHZ. tcLz. toHZ• toLz. tow. and twHz 

83FM-8842A 
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NEC µPD434008 

Timing Waveforms 

Address Access Cycle 

Address 'V Address Valid '\V 
~~~~~}~--~~~~~~~~~~~~~~--)~--~~~~~~~ 

DouT _____ P_re_vt-ou_s .... _~~a-ta_-_V=al=ld==--to_H_-_-_ -----...... -i~ :OHJmxx 
Notes: 

[1] WE Is held high for a read cycle. 

[2] The device Is conUnually selected, whera Cs = VIL· 

Chip Select Access Cycle 

----------tAcs------~·1 

1-----~LZ---~ 

14----tCLZ----'~ 

DouT--------H-~h_l_m_pedan __ ce ____ __ 

Notes: 

[1] WE Is held h~h for a read cycle. 

[2] Device Is oonttnuously selected: CS= OE = Low 

[3] Address valid prior to or coincident with the low transltton of CS. 

831tf.6775B 

14----tCHZ'----');~1 

Data Valid 

83JH-8844B 
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µPD434008 

Timing Waveforms (cont) 

WE-Controlled Write Cycle 

...,_-----------twc--~---~------

Address Address Valid 

DtN Data-In Valid 

~towl. 
High Impedance --K ... """ _-_-_-_-_-_-_-_-_-_-_-_-DOUT Data Undefined 

Nolee: 

[1] Cs or WE must be high during address transition. 
[2J A write cycle occurs during the overlllp of a low Cs and a low WE. 
[3] twR Is measured between CS or WE, whichever rising edge occurs first, and the end of twc. 

8311i6777B 
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NEC 
Timing Waveforms (cont) 

CS-Controlled Write Cycle 

DIN 

pPD434008 

Data-In Valid 

__ '-=1 
DOUT Data Undefined _JJl.o---------H-.gh_l_m.._pedanc __ e _____ _ 

Notes: 

[1) CS or WE must be high during address transition. 
[2) A write cycle occurs durtng the overlap of a low CS and a low WE. 
[3) twR Is measured between CS or WE, whichever rising edge occurs first, and the end of twc. 

8311f.6778B 

7 



pPD434008 NEC 

8 



NEC 

Cache Data RAMs I 



Cache Data RAMs 

Section 23 
Cache Data RAMs 

µPD Organization Features 

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

46741A 8K x 20 bit x 2 Cache data; 12-ns 23b 

NEC 



N'EC 
NEC Electronics Inc. 

Description 

The µPD46710A is a high-performance static BiCMOS 
RAM organized as 16,384 x 10 bits x 2 and designed for 
use as a high-speed cache memory. The µPD46710A 
integrates two 16,384 x 10-bit SAAM cores with associ
ated address latches and control signals that can be 
used to implement an instruction/data cache for 25-
and 33-MHz VR3000™ RISC systems. 

Features 

o Fast access time: 12 or 15 ns 
o 16,384 x 10-bit x 2 organization 
o On-chip address latches 
o On-chip instruction/data caches 
o Fully static read/write operation 
o TTL-compatible inputs and outputs 
o 52-pin PLCC package 

Ordering Information 
Output 

Part Number Access Time Enable Time Package 

µPD46710ALN-12 12 ns 4.5 ns 52-pin PLCC 

LN-15 15 ns 7 ns 

VR3000 is a trademark of NEC Corporation. 

60243 

µPD46710A 
16,384 x 10-Bit x 2 

Static BiCMOS RAM 

Pin Configuration 

52-PinPLCC 

& 0 C/)UJ 0 

~~~~~;J. ?~;J. ~~~< 

i-.COIO'<l'C')t\1..-t\l..-OCllCOi-. 
II) II) II) '<I' '<I' '<I' 

A1 8 46 A11 

Ao 9 45 A12 

Vee 10 44 A13 

Vss 11 43 Vss 
Do 12 42 09 

Vssa 13 41 Vssa 
Vcca 14 µPD46710A 40 Vcca 

D1 15 39 Da 
02 16 38 0,. 

Vcca 17 37 Vcca 
Vssa 18 36 Vssa 

03 19 35 06 

04 20 34 05 
N~~li1i~re~~HlS~~~ 

83RD-7318A. 

Pin Identification 
Symbol Function 

Ao - A13 Addresses 

ALEo and ALE1 Address latch enable inputs 

Do - Dg Data inputs/outputs 

LCE and LCE Latch chip enable inputs 

OEo and OE1 Output enable inputs 

WE0 and WE1 Write enable inputs 

Vee and Veea +5-volt power supply 

Vss and Vssa Ground l!'lf!lm 
_N_C~~~~~~~~~~N_o_c_on_n_e_ct_io_n~~~~~-~ 



pPD46710A 

Block Diagram 

2 

LCE LCE 

16,384x 10 
Arrayo 

Do·Dg 

16,384X10 
Array 1 

NEC 

83Rl>-73178 



fttf EC 
Figure 1. 64K-Byte Cache System 

Addresso - Address13 

Tag12 • Tag31 

Tag Po - P2, Tag V, Datao • Data15 t--

Data1e - Data31 , Data Po - P3 t---

VR3000 

Functional Operation 

The µPD46710A integrates two 16K x 10 SAAM cores 
with associated address latches and control logic to be 
used as an instruction/data cache in a high-speed 
VR3000 RISC processor. In this system, the CPU ini
tiates a µPD46710A memory cycle by outputting an 
address to one of the two memory arrays. The signals 
on address lines Ao -A13 are latched onto the address 
latch of array Oat the rising edge of ALE0 while ALE1 is 
inactive low. The CPU executes a read cycle on array o 
and initiates the next memory operation. Memory 
array 1 is then accessed by latching the CPU address at 
the rising edge of ALE1 with ALE0 inactive low. 

To read data from memory array O, OE0 is driven active 
low while WE0, WE1, and OE2 remain inactive high. Data 
in memory array 1 is read by driving OE1 low with OE0, 

WE0, and WE1 inactive high. 

The WE0 and WE1 signals control write cycles into each 
of the two memory arrays. Data is written into memory 

pPD46710A 

Ao·A13 

Do-Dg 
µPD46710A 

GND- LCE 

Vee- LCE 

Ao-A13 
Do-Dg 

GND- LCE 
µPD46710A 

Vee- LCE 

Ao·A13 
Do-Dg 

µPD46710A 
GND- LCE 

Vee --1 LCE 

Ao·A13 

D0-09 
µPD46710A 

GND--1 LCE 

Vee- LCE 

Ao·A13 
Do-Dg 

µPD46710A 
GND- LCE 

Vee--1 LCE 

Ao·A13 
DQ-Dg 

µPD46710A 
GND--1 LCE 

Vee- LCE 

83Yl-7641B 

array o by driving write data on data lines Do - D9 with 
WE0 active low. In a similar manner, the WE1 signal 
controls write cycles into memory array 1. 

The LCE and LCE latch chip enable signals provide a 
decoding function that can be used to increase the size 
of the VR3000 cache memory. A 64K-byte cache (figure l!f!lm 
1) can be implemented using six µPD46710As with LCE ~ 
and LCE connected to Vee and GND, respectively. 

Cache size can be increased to 128K bytes (figure 2) 
using two banks of six µPD46710As. In this case, ad-
dress signal A14 is used to decode the two 64K-byte 
memory banks. LCE of the first bank is connected to 
address A14 and LCE is connected to Vee· LCE of the 
second bank is connected to A14 with LCE grounded. 

3 



pPD46710A NEC 
Figure 2. 128K-Byte Cache System 

Addresso • Address13 Ao·A13 Ao·A13 
Tag12 • Tag31 Do·Dg 

µPD46710A 
Do·Dg 

µPD46710A 
A14 LeE 11 GND- LeE 

Tag Po • P2 , Tag v, Datao • Data15 f---- Vee- LeE LeE 

Data1e • Datas1 , Data Po • P3 t--

VR3000 Ao·A13 Ao·A13 

Do·D9 
µPD46710A 

Do·D9 
µPD46710A 

LeE n GND ----1 LeE 

Vee- LeE LeE 

Ao·A13 Ao·A13 
Do·Dg 

µPD46710A 
Do·Dg 

µPD46710A 
LeE n GND ----1 LeE 

Vee- LeE LeE 

Ao·A13 Ao·A13 

00-09 
µPD46710A 

DO·D9 
µPD46710A 

LeE n GND----1 LeE 

vec----1 LCE LCE 

Ao·A13 Ao·A13 

Do·Dg 
µPD46710A 

Do·Dg 
µPD46710A 

LCE n GND- LeE 

vee- LeE LeE 

Ao·A13 Ao·A13 

DO·D9 
µPD46710A 

Do·D9 
µPD46710A 

LeE n GND- LeE 

Vee- LeE LeE 

83YL·7842B 

Truth Table 
Function LCE LCE WEo WE1 OEo OE1 Output 

Not selected L L x x x x Hlgh-Z 

Not selected L H x x x x Hlgh-Z 

Not selected H H x x x x Hlgh-Z 

Read RAM array 0 data H L H H L H Read data 

Read RAM array 1 data H L H H H L Read data 

Output high·Z H L H H H H Hlgh-Z 

(Note 1) H L H H L L Hlgh-Z 

Write data into RAM array 0 H L L H x x Write data 

Write data into RAM array 1 H L H L x x Write data 

Write same data into both RAM arrays. (Note 2) H L L L x x Write data 

Notes: 

(1) Not recommended for use because of multiselection in the (3) X = don't care. 
multiplexer circuit. 

(2) Not recommended for use because of increasing ac power during 
write operation. 

4 



tYEC 
Absolute Maximum Ratings 
Supply voltage, V cc -0.5 to + 7.0 V 

Input voltage, V1N -0.5 to+ 7.0 V 

Output voltage, Vour -0.5 to+ 7.0 V 

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 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= +5.0V ±10% 

Parameter Symbol Min Typ 

Input leakage current lu -2 

Output leakage current ILO -2 

Operating supply current* lccA 

Output voltage, low Vol 

Output voltage, high VoH 2.4 

* Applicable to two SAAM cores operating at maximum frequency. 

AC Characteristics 
TA= Oto +70°C; Vee= +5.0V ±10% 

pPD46710A 

Recommended Operating Conditions 
Parameter Symbol Min Typ Max Unit 

Supply voltage Vee 4.5 5.0 5.5 v 
Input voltage, high V1H 2.2 Vee+ o.3 v 
Input voltage, low V1L -0.5 * 0.8 v 
Ambient TA 0 +70 oc 
temperature 

* V1L = -2.0 V min for 20-ns maximum pulse. 

Capacitance 
TA = 25°C; f = 1 MHz; V1N and Vour = O V 

Parameter* Symbol Min Typ Max Unit 

Input capacitance C1N 6 pF 
Input/output capacitance C110 8 pF 

*These parameters are sampled and not 100% tested. 

Max Unit Test Conditions 

2 µA V1N = 0 V to V cc 

2 µA Vo= OV to Vee 

300 mA Vo= open; Vee= max; f = 2/tRc 

0.4 v loL = 8 mA; Vee= min 

v loH = -4.0 mA; Vee= min 

µPD46710A-12 µPD46710A-15 

Parameter Symbol Min Max Min Max Unit Test Conditions 

Read Operation 

Address access time tAA 12 15 ns 

Address hold time for ALEo and ALE1 tAHLL 2 2 ns (Note 3) 

Latched chip enable access time tALCE 12 15 ns 

ALE access time tALEA 14 17 ns 

Address latch enable pulse width tAP 6 8 ns 

Address setup time for ALE0 and ALE1 tASLL 4 4 ns (Note 4) 

Latched chip enable to output in high-Z teHz 6 2 7 ns (Note 1) 

Latched chip enable to output in low-Z tcLz 2 ns (Note 1) 

Output enable to output valid toE 4.5 6 ns (Note 5) 

Output hold from address change toH 3 3 ns 

OE to output in high-Z to Hz 0 4 0 6 ns (Note 1) 

OE to output in low-Z toLz 0 0 ns 

Output enable overlap time too ns 

Read cycle time tRe 15 20 ns 

5 
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pPD46710A 

AC Characteristics (cont) 
µPD46710A-12 µPD46710A-15 

Parameter Symbol Min 

Write Operation 

Address hold time for ALEo and ALE1 2 

ALE setup time prior to end of write 2 

ALE setup time to end of write 17 

Address latch enable pulse width 6 

Address setup time 2 

Address setup time for ALEo and ALE1 4 

Address valid to end of write 12 

Address latch enable hold time after write 0 

Latched chip enable to end of write tew 12 

Data hold time toH 0 

Data valid to end of write tow 5 

Output enable to end of write toEW 0 

Output disable to write enable to ow 2 

Write cycle time twe 12 

Write pulse width twp 7 

Write recovery time 2 

Notes: 

(1) This transition is measured ±200 mV from steady-state with the 
output load in figure 3. 

(2) Input pulse levels = 0.8 to 2.4 V; input pulse rise and fall times 
s 3 ns; see figure 3. 

(3) tAHLL = 1.5 ns for Vee= +5 V ±5%, TA= o to 50°C. 

(4) tAsLL= 3nsforVcc= +5V±5%,TA= Oto50°C. 

(5) toE = 4 ns for Vee= +5 V ±5%, TA= o to 50°C. 

(6) OEn, WEm (n = 0 or 1, m = 0 or 1) 
toEW = O ns min at n ;o1o m 

= 2 ns min at n = m 

(7) tow= 4 ns for Vee= +5 V ±5%, TA= o to 50°C. 

(8) toH = 0.5 ns for Vee= + 5 V ±5%, TA= Oto 50°C. 

6 

Max Min Max Unit 

2 ns 

2 ns 

17 ns 

8 ns 

2 ns 

4 ns 

15 ns 

0 ns 

15 ns 

0 ns 

7 ns 

0 ns 

2 ns 

15 ns 

10 ns 

3 ns 

Figure 3. AC Test Conditions 

Vss 
CL= 30 pF (Including soope and test Jig) 
CL= 5 pF for tcL.Zt toL.Zt toHZ. twHZ. and tow 

NEC 

Test Conditions 

(Note 3) 

(Note 4) 

(Note 8) 

(Note 7) 

(Note 6) 



NEC 
Timing Waveforms 

Read Cycle (LCE High) 

pPD46710A 

*Ao-A13-H 0 f t~ f IR: f ...____ 
LCE L I I I 
~E----------------------------------------------· 

r--tASLL lAHLL~ 
ALEO 

* Do-Dg Valid 1 

* 0 and 1 refer to memory arrays 0 and 1. 

t WEo and WE1 are High. 
83YL·7847B 
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pPD46710A 

Timing Waveforms (cont) 

Read Cycle (LCE =Address) 

~ 

0 
w 
_)I\ 

lAC 

1 

__,,, --- tAC ~ 

-w 
0 'v 

)I\ JI\ 

--------, v ) r- - - - - - - - - - - - -, v 

NEC 

1 

LCE J '--------------' ~ J '---------

8 

~tASLL 

ALEO \ 

*Do·D9--~--~~~~.;...,...---------------r, 

1

1---tcLZ --~ 
f<ll<f--------tALCE'------~ 

* 0 and 1 refer to memory arrays 0 and 1. 

t WEo and WE1 are High. 

tAHLL ~""' ~ tcHz 

83CL-8908B 



NEC µPD46710A 

Timing Waveforms (cont) 

Write Cycle (LCE = Address) 

\V 'V \V * Ao-A13 0 0 _____ lr\ ________ f\....._ ______ -JJ~-----

- H 
LCE --------\V \ r-------------w~ 

LCE L j '------------_Jf\ ), '---------

ALEO 

I ,._---------tALEW--------~ tAWH 

OEo-1. i i IM£s i ·1 1.....___-
0E1i I ! ••w~cwlH1 too~ l:===tAs--------,J WEo I 

Do-Dg 

* 0 and 1 refer to memory arrays 0 and 1. 
83CL-8909B 
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NEC 
NEC Electronics Inc. 

pPD46741A 
8192 x 20-Bit x 2 

Static BiCMOS RAM 

Description Ordering Information 
Output Enable The µPD46741A is a high-performance BiCMOS static 

RAM organized as a 8192 x 20 bits x 2 and designed to 
be used as a high-speed cache memory. The 
µPD46741A integrates two 8192 x 20-bit SRAM cores 
with associated address latches and control signals 
that can be used to implement an instruction/data 
cache for 25- and 33-MHz VR3000™ RISC systems. 

Part Number Access Time Access Time Package 

µPD46741ALP-12 12 ns 4.5 ns 68-pin PLCC 

LP-15 15 ns 7 ns 

Pin Identification 
Symbol Function 

Features Addresses 

o Fast access time: 12 or 15 ns ALEo and ALE1 Address latch enable inputs 

o 8192 x 20-bit x 2 organization Data inputs/outputs 
o On-chip address latches 
o On-chip instruction/data caches 
o Fully static read/write operation 

LCE and LCE Latch chip enable inputs 

Output enable inputs 

o TTL-compatible inputs and outputs Write enable inputs 

o 68-pin PLCC package 

VR3000 is a trademark of NEC Corporation. 

Pin Configuration 

68-PinPLCC 

60244 

Vee 
Vss 

Do 

01 

D2 

Vssa 
vcca 

03 

04 

Vssa 
D5 

06 

Vcca 
Vssa 
~ 
Dg 

09 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

Vee and Veea 

Vss and Vssa 

NC 

&ocnw o..-C'll 

~<~~~~~~~~~~~~<<< 

OICO,.._CDll)"i'C')C'll..-CO,.._CDIO"i'C':>C'll..-
CD CD CD CD CD CD CD CD 

µPD46741A 

~rereg~~~~~~~~g~~~~ 

ocnooo&&rnow-w-1wwoo mo -? ~ z z z I:: Io ~ -?Io I:: g g z z ~ -? 

+ 5-volt power supply 

Ground 

No connection 

60 Vee 
59 Vss 
58 019 
57 018 
56 017 

55 Vssa 
54 veea 
53 D16 
52 015 
51 Vssa 
50 D14 
49 013 
48 Veea 
47 Vssa 
46 D12 
45 D11 
44 010 

83R0.7316B 

fm 



pPD46741A-

Block Diagram 

LCE LCE 
Address 
Ao·A12 

ALEo -----.i ..__,......,...... ____ ...,.... __ ~ 

8192 x20 
ArrayO 

Read/ 
t-----~ ... Write 

WEo -~L--_, Control 
Sense 

Ampllflers 

NEC 

14-----ALE1 ..__ _________ .,......,....... 

8192 x20 
Array1 

Sense 
Ampllflers 

Multiplexer _10-------- OE1 

83RC>-7316B 
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NEC 
Functional Operation 

The µPD46741A integrates two BK x 20 SRAM cores with 
associated address latches and control logic to be 
used as an instruction/data cache in a high-speed 
VR3000 RISC processor. In this system, the CPU ini
tiates a µPD46741A memory cycle by outputting an 
address to one of the two memory arrays. The signals 
on address lines Ao - A12 are latched into the address 
latch of array Oat the rising edge of ALE0 while ALE1 is 
inactive low. The CPU executes a read cycle on array O 
and initiates the next memory operation. Memory 
array 1 is then accessed by latching the CPU address at 
the rising edge of ALE1 with ALE0 inactive low. 

To read data from memory array o, OE0 is driven active 
low while WE0, WE1, and OE2 remain inactive high. Data 
in memory array 1 is read by driving OE1 low with OE0, 

WE0, and WE1 inactive high. 

The WE0 and WE1 signals control write cycles into each 
of the two memory arrays. Data is written into memory 
array Oby driving write data on data lines Do - D19 with 
WE0 active low. In a similar manner, the WE1 signal 
controls write cycles into memory array 1. 

Figure 1. 32K-Byte Cache System 

Addresso • Address12 

Ta1112-Tag31 

Tag Po -P2 , Tag v, Datao • Data15 1--

Data1a - Dataa1 , Data Po - Pa 1----i 

VR3000 

pPD46741A 

The LCE and LCE latch chip enable signals provide a 
decoding function that can be used to increase the size 
of the VR3000 cache memory. A 32K-byte cache (figure 
1) can be implemented using three µPD46741As with 
LCE and LCE connected to Vee and GND, respectively. 

Cache size can be increased to 64K bytes (figure 2) 
using two banks of three µPD46741As. In this case, 
address signal A13 is used to decode the two 32K-byte 
memory banks. LCE of the first bank is connected to 
address A13 and LCE is connected to Vee. LCE of the 
second bank is connected to A13 with LCE grounded. 

Ao·A12 

Do·D19 
µPD46741A 

GND ---1 LCE 

Vee- LCE 

Ao·A12 

Do·D19 
GND- LCE 

µPD46741A 

Vee- LCE 

Ao·A12 

Do·D19 
µPD46741A 

GND- LCE 

Vee- LCE 

83Yl·78438 
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µPD46741A NEC 
Figure 2. 64K-Byte Cache System 

Addresso • Address12 Ao·A12 

Ta1112 ·Tag31 Do·D19 µ.PD46741A 
A13 LCE 

Tag Po • P2 • Tag V, Datao. Data15 I--- Vee- LCE 

Data1e • Dataa1 , Data Po • P3 1---

VR3000 Ao·A12 

Do·D19 µ.PD46741A 
LCE 

Vee- LCE 

Ao·A12 

Do·D19 µ.PD46741A 
LCE 

Vee- LCE 

Ao·A12 

DO·D19 µ.PD46741A 
GND ----1 LCE 

LCE 

Ao·A12 

Do·D19 µ.PD46741A 
GND ----1 LCE 

LCE 

Ao·A12 

DO·D19 µ.PD46741A 
GND---1 LCE 

LCE 

83YL·7644B 

Truth Table 
Function LCE LCE WE0 WE1 OEo OE1 Output 

Not selected L L x x x x Hlgh-Z 

Not selected L H x x x x Hlgh-Z 

Not selected H H x x x x Hlgh-Z 

Read RAM array 0 data H L H H L H Read data 

Read RAM array 1 data H L H H H L Read data 

Output high-Z H L H H H H Hlgh-Z 

(Note 1) H L H H L L Hlgh-Z 

Write data into RAM array 0 H L L H x x Write data 

Write data into RAM array 1 H L H L x x Write data 

Write same data into both RAM arrays. (Note 2) H L L L x x Write data 

Notes: 

(1) Not recommended for use because of multiselection in the (3) X = don't care. 
multiplexer circuit. 

(2) Not recommended for use because of increasing ac power during 
write operation. 
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NEC 
Absolute Maximum Ratings 
Supply voltage, V cc -0.5 to + 7.0 V 

Input voltage, V1N -0.5 to + 7.0 V 

Output voltage, Vour -0.5 to + 7.0 V 

Operating temperature, ToPR o to +70°C 

Storage temperature, TsrG -55 to + 125°C 

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= +5.0V ±10% 

Parameter Symbol Min Typ 

Input leakage current lu -2 

Output leakage current ILO -2 

Operating supply current* lccA 

Output voltage, low Vol 

Output voltage, high VoH 2.4 

* Applicable to two SAAM cores operating at maximum frequency. 

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

pPD46741A 

Recommended Operating Conditions 
Parameter Symbol Min Typ Max Unit 

Supply voltage Vee 4.5 5.0 5.5 v 
Input voltage, high V1H 2.2 Vee+ 0.3 v 
Input voltage, low V1L -0.5 * 0.8 v 
Ambient TA 0 +70 oc 
temperature 

* V1L = -2.0 V min for 20-ns maximum pulse. 

Capacitance 
TA = 25°C; f = 1 MHz; V1N and Vour = O V 

Parameter* Symbol Min Typ Max Unit 

Input capacitance C1N 6 pF 

Input/output capacitance C110 8 pF 

* These parameters are sampled and not 100% tested. 

Max Unit Test Conditions 

2 µA V1N = 0 V to V cc 

2 µA v0 = ov to Vee 

300 mA v0 = open; Vee= max; f = 2/tRc 

0.4 v loL = 8 mA; Vee= min 

v loH = -4.0 mA; Vee =.min 

"PD46741A-12 "PD46741A-15 

Parameter Symbol Min Max Min Max Unit Test Conditions 

Read Operation 

Address access time tAA 12 15 ns 

Address hold time for ALE0 and ALE1 tAHLL 2 2 ns (Note 3) 

Latched chip enable access time tALCE 12 15 ns 

ALE access time tALEA 14 17 ns 

Address latch enable pulse width tAP 6 8 ns 

Address setup time for ALE0 and ALE1 tASLL 4 4 ns (Note 4) 

Latched chip enable to output in high-Z tcHZ 6 2 7 ns (Note 1) 

Latched chip enable to output in low-Z tcLZ 2 ns (Note 1) 

Output enable to output valid toE 4.5 6 ns (Note 5) 

Output hold from address change toH 3 3 ns 

OE to output in high-Z to Hz 0 4 0 6 ns (Note 1) 

OE to output in low-Z toLZ 0 0 ns 

Output enable overlap time too ns 
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pPD46741A 

AC Characteristics (cont) 
µPD46741A·12 µPD46741A-15 

Parameter Symbol Min 

Read cycle time 15 

Write Operation 

Address hold time for ALE0 and ALE1 2 

ALE setup time prior to end of write 2 

ALE setup time to end of write 17 

Address latch enable pulse width 6 

Address setup time 2 

Address setup time for ALEo and ALE1 4 

Address valid to end of write 12 

Address latch enable hold time after write 0 

Latched chip enable to end of write tew 15 

Data hold time 0 

Data valid to end of write tow 5 

Output enable to end of write 0 

Output drsable to write enable to ow 2 

Write cycle time twe 12 

Write pulse width 7 

Write recovery time twR 2 

Notes: 

(1) This transition is measured ±200 mV from steady-state with the 
output load in figure 3. 

(2) Input pulse levels = 0.8 to 2.4 V; input pulse rise and fall times 
s 3 ns; see figure 3. 

(3) tAHLL= 1.5nsforVce= +5V±5%,TA= Oto50°C. 

(4) tAsLL = 3 ns for Vee= +5 V ±5%, TA= Oto 50°C. 

(5) toE = 4 ns for Vee= +5 V ±5%, TA= Oto 50°C. 

(6) OEn, WEm (n = 0 or 1, m = 0 or 1) 
toEW = 0 ns min at n ¢ m 

= 2 ns min at n = m 

(7) tow= 4 ns for Vee= +5 V ±5%, TA= o to 50°C. 

(8) toH = 0.5 ns for Vee = +5 V ±5%, TA= Oto 50°C. 
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Max Min Max Unit 

20 ns 

2 ns 

2 ns 

17 ns 

8 ns 

2 ns 

4 ns 

15 ns 

0 ns 

15 ns 

0 ns 

7 ns 

0 ns 

2 ns 

15 ns 

10 ns 

3 ns 

Figure 3. AC Test Conditions 

Vss 
CL= 30 pF Qncludlng scope and test Jig) 
cL = s pF for tcl.ZI tol.ZI toHz. twHz. anc1 tow 

NEC 

Test Conditions 

(Note 8) 

(Note 7) 

(Note 6) 
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NEC pPD46741A 

Timing Waveforms 

Read Cycle (LCE High} 

tl4------tRc-----lt~+..-----tRc-------'~.i 

*Ao ·A12 ____ o ___ 1~.___---------~1\.___ _____ o ____ /

1

\.__ ____ _ 

H 

~E I I I 
~·-~---------------------~::----~~:_:::_:i---------· 

ALEO 

OEo 

*Do· Djg Valid 1 

* O and 1 refer to memory arrays 0 and 1. 

t WEo and WE1 are High. l!l!lm 
L_ ____________________________________________________________________________ 83C_L-8869B____,~ 
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pPD46741A 

Timing Waveforms (cont) 

Read Cycle (LCE = Address) 

.------tRc----~i...~----tRc-----

8 

ALEo\ 

*Do·D19~~~~~~~~~~~~~~~-<J 

~: tcLZ--

i..--E--------tALCE'------~ 

* 0 and 1 refer to memory arrays 0 and 1. 

t WEo and WE1 are High. 

0 

NEC 
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NEC pPD46741A 

Timing Waveforms (cont) 

Write Cycle (LCE = Address) 

0 \V 
Jr\ 

...,__ -
H 

1 

twc 

\/ 
0 \V 1 

j\ )~ 

,,. -- twc ~ 

--------,v \ 1------------,v-
LCE 

L 
/I'\_ ___________ _/ 

r\ )~'---------
!+-tASLL tAHLL~ 

ALEO 

ALE1 

I ----------tALEW _______ ,.,..,__,_, tAWH 

I. i I ·~· i ·1 r-
OE

1

-( I ! 'AwOcwlHI 
too_. l==tAs------ll 

WEo I 

* 0 and 1 refer to memory arrays 0 and 1. 
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NEC 

Standard Static RAMs I 



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

µPD Org. Features 

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

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

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

434000 512Kx 8 55-ns; Output 24d 
enable 

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

Upcoming Products 

Description Device Number Comments 

32Kx 8 µPD43256A-10X, 12X -25 to + 85°C; speeds to 100 ns 

32Kx 8 µPD43256A-10Y, 12Y -40 to + 85°C; speeds to 100 ns 

32Kx 8 µPD43256B-A12 3.0 to 5.5 V; 120-ns access time 

32Kx 8 µPD43256B-B 12 2.7 to 5.5 V; 120-ns access time 

128Kx 8 µPD431000A-70X, 85X, 100X -25 to + 85°C; speeds to 70 ns 

128Kx 8 µPD431000A-70Y, 85'{, 100Y -40 to + 85°C; speeds to 70 ns 

128Kx 8 µPD431000B-55L/LL, 70L/LL, 85L/LL Low power; speeds to 55 ns 

128Kx 8 µPD431000B-B10, B12 2.7 to 5.5 V; speeds to 100 ns 

128Kx 9 µPD431003 Low power; speeds to 55 ns; two Chip Enables 

128Kx 9 µPD431003-B10, B12 2. 7 to 5.5 V; speeds to 100 ns; two Chip Enables 

512Kx 8 µPD434000-B 15 2. 7 to 5.5 V; 150-ns access time; two Chip Enables 



NEC 
NEC Electronics Inc. 

Description 

The µPD43256A is a 32,768-word by 8-bit static RAM 
fabricated with advanced silicon-gate technology. Its 
unique design uses CMOS peripheral circuits and N
channel memory cells with polysilicon resistors to make 
the µPD43256A a high-speed device that requires very 
low power and no clock or refreshing. 

Minimum standby power is drawn when CS is high, 
independent of the other inputs' levels. Data retention is 
guaranteed at a power supply voltage as low as 2 V. The 
µPD43256A is available in standard 28-pin plastic DIP, 
28-pin plastic miniflat, or 32-pin plastic TSOP 
packaging. 

Features 

o Single + 5-volt power supply 
o Fully static operation-no clock or refreshing 

required 
CJ TTL-compatible inputs and outputs 
CJ Common 1/0 using three-state outputs 
CJ One CS pin and one OE pin for easy application 
CJ Data retention of 2 V minimum 
CJ Standard 28-pin plastic DIP and miniflat packaging 
CJ Standard 32-pin plastic TSOP packaging 

(with either normal or reverse bent leads) 

60054-1 

Pin Configurations 

pPD43256A 
32, 768 x 8-Bit 

Static CMOS RAM 

28-Pin Plastic DIP or Miniflat 

A14 Vee 
A12 WE 

A7 A13 

A5 As 

As Ag 

A4 A11 

A3 OE 

A2 A10 

A1 cs 
Ao I/Os 

I/~ 1107 

11°'2 1/05 

l!OJ 1/05 

GND 1104 

83IH-625BA 

Pin I dent if ication 
Symbol Function 

Address Inputs 

1101 - I/Os Data inputs and outputs 

Chip select 

Output enable 

Write enable 

GND Ground 

Vee +5-volt power supply 

NC No connection 



µPD43256A NEC 
Pin Configurations (cont} 

32-Pin Plastic TSOP (Normal Pinouts) 32-Pin Plastic TSOP (Reserve Pinouts) 

µPD43256A µPD43256A 

OE 32 A10 A10 0 32 OE 

An 2 31 cs cs 2 31 An 
NC 3 30 NC NC 3 30 NC 
Ag 4 29 VOa VOa 4 29 Ag 
As 5 28 VO, VO, 5 28 Aa 

A13 6 'Zl V05 V05 6 'Zl A13 
WE 7 26 V05 V05 7 26 WE 

Vee 8 
-EJA 25 V04 V04 8 0 -EKA 025 Vee 

A14 24 GND GND 9 24 A14 

A12 10 23 V03 V03 10 23 A12 

A1 11 22 v~ V02 11 22 A1 

As 12 21 V01 V01 12 21 Aa 
As 13 20 Ao Ao 13 20 As 
NC 14 19 NC NC 14 19 NC 
A4 15 18 A1 A1 15 18 ~ 
As 16 17 A2 A2 16 17 As 

Sufflx-EJA In the package Identifier Suffix -EKA In the package Identifier 
denotes nonnal plnout sequence. denotes reverse plnout sequence. 

83FM-9106A. 83FM-9106A 
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NEC 
Ordering Information 

Catalog Part Number Access Time (max) 

µPD43256AC-85L 85 ns 
~~~~~~~~~~~~~~~ 

C-10L 100 ns 

C-12L 120 ns 

C-15L 150 ns 

µPD43256AC-85LL 85 ns 
~~~~~~~~~~~~~~~ 

C-10LL 100 ns 

C-12LL 120 ns 

C-15LL 150 ns 

µPD43256AGU-85L 85 ns 
~~~~~~~~~~~~~~~ 

GU-10L 100 ns 

GU-12L 120 ns 

GU-15L 150 ns 

µPD43256AGU-85LL 85 ns 
~~~~~~~~~~~~~~~ 

GU-10LL 100 ns 

GU-12LL 120 ns 

GU-15LL 150 ns 

µPD43256AGX-10L 100 ns 
~~~~~~~~~~~~~~~ 

GX-12L 1200 ns 

µPD43256AGX-10LL 100 ns 
~~~~~~~~~~~~~~~ 

GX-12LL 120 ns 

µPD43256AGXM-10L 100 ns 
~~~~~~~~~~~~~~~ 

GXM-12L 1200 ns 

µPD43256AGXM-10LL 100 ns 
~~~~~~~~~~~~~~~ 

GXM-12LL 120 ns 

Data Retention Current (max) 
TA = 0 to 70°C(max) 

50µA 

20µA 

50µA 

20µA 

50µA 

20µA 

50µA 

20µA 

µPD43256A 

Package 

28-pin plastic DIP(600 mil) 

28-pin plastic DIP(600 mil) 

28-pin plastic miniflat 

28-pin plastic miniflat 

32-pin plastic TSOP (normal pinouts) 

32-pin plastic TSOP (reverse pinouts) 
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pPD43256A 

Block Diagram 

4 

As 

Address 
Buffer 

VOa -----+----+--! 

Row 
Decoder 

Input 
Data 

Control 

Memory Cell 
Array 

512 Rows 
64 x 8 Columns 

Sense/Switch 

Column 
Decoder 

Address 
Buffer 

Output 
Data 

Control 

NEC 
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NEC 
Absolute Maximum Ratings 
Supply voltage, Vee (Note 1) -0.5 to + 7.0 V 

Input voltage, ViN (Note 1) -0.5 to Vee + 0.5 v 
Output voltage, V110 (Note 1) -0.5 to Vee + 0.5 V 

Operating temperature, ToPR Oto +70"C 

Storage temperature, TsrG -55to +125"C 

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. 

Notes: 

(1) - 3.0 V minimum (pulse width = 50 ns). 

Capacitance 
TA= +25°C; f = 1 MHz; V1N and VouT = OV 

Parameter Symbol Min Max Unit 

Input capacitance Ci 5 pF 

Input/output capacitance C110 8 pF 

Notes: 

(1) This parameter is sampled and not 100% tested. 

DC Characteristics 
TA = 0 to + 7C°C; Vee = +5.0 v ± 10% 

Parameter SJ111bol Min Typ 

Input leakage current Ill -1 

1/0 leakage current llo -1 

Operating supply current lceA1 

leeA2 

leeAa 

Standby supply current Isa 

lse1 0.002 

Output voltage, low Vol 

Output voltage, high VoH1 2.4 

VoH2 Vec-0.5 

Notes: 

(1) µPD43256A-10L/-10LL/-12L/-12LL = 40 mA (max). 
µPD43256A-15L/-15LL = 35 mA (max). 

(2) µPD43256AGX-10LL/-12LL = 50 p.A (max). 

pPD43256A 

Truth Table 
cs OE WE Function 1/0 Ice 
H x x Not selected High-Z Standby 

L H H Not selected High-Z Active 

L L H Read DouT Active 

L x L Write D1N Active 

Notes: 

(1) X == don't care. 

Recommended Operating Conditions 
Parameter Symbol Min Typ Max Unit 

Supply voltage Vee 4.5 5.0 5.5 v 
Input voltage, low \'il -0.3 0.8 v 
(Note 1) 

Input voltage, high \'iH 2.2 Vee+ 0.5 v 
Ambient temperature TA 0 70 oc 
Notes: 

(1) -3.0V minimum (pulse width = 50 ns). 

Max Unit Test Conditions 

p.A ViN = o V to Vee 

p.A V110 = 0 v to Vee: O'S ii!: V1H or 'OE ii!: V1H 
orWi: s V1l 

45 mA O'S s V1l (min cycle); 1110 = 0 V (Note 1) 

10 mA O'S = Vil; 1110 = 0 V 

10 mA O'S s 0.2 V; f = 1 MHz; lvo = 0 V; V1l s 0.2 V; 
V1H ii!: Vee-0.2V 

3 ma O'S ii!: V1H 

0.1 mA O'S ii!: Vee - 0.2 V (Note 2) 

0.4 v lol = 2.1 mA 

v loH = -1.0 mA 

v loH = -0.1 mA 

DI 

5 



µPD43256A NEC 
AC Characteristics (for Land LL Versions) 
TA= Oto +70"C:Vcc = +5.0V :I: 10% . 

1'PD43256A-85 l'PD43256A-10 1LPD43256A·12 1LPD43256A·15 Teat 
Parameter Symbol Min Max Min Max Min Max Min Max Unit Condition a 

Read Operation 

Read cycle time tRC ' 85 100 120 150 ns 

Address access tAA 85 100 120 150 ns (Note 2) 
time 

. Chip select tACs 85 100 120 150 ns (Note 2) 
access time 

Output enable toE 40 50 60 70 ns (Note 2) 
to output valid 

Output hold toH 10 10 10 10 ns 
from address 
change 

Chip select to fcLZ 10 10 10 10 ns (Note 3) 
output in low-Z 

Output enable toLz 5 5. 5 5 ns (Note 3) 
to output in 
low-Z 

Chip select to fcHZ 30 35 40 50 ns (Note 3) 
output in high-Z 

Output enable to Hz 30 35 40 50 ns (Note 3) 
to output in 
high-Z 

Write Operation 

Write cycle time twc 85 100 120 150 ns 

Chip select to few 70 80 85 100 ns 
end of write 

Address valid to tAw 70 80 85 100 ns 
end of write 

Address setup tAs 0 0 0 0 ns 
time 

Write pulse twp 65 70 70 90 ns 
width 

Write recovery twR 5 5 5 5 ns 
time 

Data valid to tow 35 40 50 60 ns 
end of write 

Data hold time toH 0 0 0 0 ns 

Write enable to twHZ 30 35 40 50 ns (Note 3) 
output in high-Z 

Output active tow 10 10 10 10 ns (Note 3) 
from end of 
write 

Notes: 

(1) Input pulse levels = a.a to 2.2 V; input pulse rise and fall times = (2) See figure 1 for output load. 
5 ns; timing reference levels = 1.5 V. (3) See figure 2 for output load. 
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NEC 
Low Vee Data Retention Characteristics 
TA= Oto 70°C 

Parameter Symbol Min 

Data retention supply voltage VeeoR 2.0 

Data retention supply current leeoR 

Chip deselection to data retention tcoR 0 

Operation recovery time iR tRe 

Notes: 

Typ 

(1) For µ.PD43256A-LL, leeoR = 20 µ.A (max) at TA = Oto 70°C and 
3 µ.A (max) at TA = o to 40°C. 

(2) For µ.PD43256A-L, leeoR = 15 µ.A (max) at TA = o to 40°C. 

Data Retention Timing 

Data Retention 

Vee 

VeeDR - - -

cs~ vee-0.2 v 

CS VJL 

pPD43256A 

Max Unit Teat Conditions 

5.5 v CS' ~ Vee - 0.2 v 
50 Vee = 3.0 V; ~ ~ Vee - 0.2 V (Notes 1, 2) 

ns 

ns 

GND- - - - - - - - - - - - - - - - - - - - ______________ _ 

Note: 
[1] The other inputs (Addresses, OE, WE, VOs) can be in a state of high impedance. 

831H-64408 
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µPD43256A NEC 
Figure 1. Output Load 

sv 

1800'1 

vo----11 

~990n, 

•1ncludlng scope and jig 

831H·6!l06A 

Figure 2. Output Load for tcLz, toLz, tCHz, toHz, twHz, and tow 

sv 

1800'1 

vo---_. 

990'1 

•including scope and jig 
831H·6307A 
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NEC 
Timing Waveforms 

Address Access Cycle 

Address 

Dour Previous Data Valid 

Notes: 
(1) WE is held high for a read cycle. 

Address Valid 

(2) The device is continually selected, where CS= OE= V1L. 

Chip Select Access Cycle 

""- IRC -
Address 

,, 
Address Valid 

J~ 

- IM 

IACS 

cs\\\\\\\\\\\\\\{ 
~LZ9 

;\\\_\\\\\ \\\\\\\mi 
toLZ 

!OE 
I _,. 

Dour High Impedance lfll 
~ 

Notes: 
[1] WE is high for a read cycle. 

[2] Address valid prior to or coincident with the low transition of CS. 

pPD43256A 

toH 

Data Valid 

831H-6436B 

_,. 

'If 
j~ 

~/////////;j 
I 

r1 
f{!-f!IJ/J/J/Z 

toHz--. 

10HH 
Data Valid ~TI' High 

... J_j_j Impedance 

831H-6437B 
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11PD43256A NEC 
Timing waveforms (cont) 

WE-Controlled Write Cycle 

10 

Address Address Valid 

-~~~-.i~-t-A-W~~~~~~~~~~~~~~l-tWR-..1 ~~~~tAs twp~~~~~-- I 

DIN 

--------------~ ,,_------------~ 

__ J:-_tDw-==---•J_ 

jj\ Da<a-lo V•ld j 
~tWHZ~ ~tow-Jo-

Dour Data Undefined [Note 4] , _____ H_.lg_h_lm_p_e_da_n_ce ____ lf (Note 4] 

~~~~~~~~~~~~~~~~~__,j ~--~~~~~ 

Notes: 

(1] A write cycle occurs during the overlap of a low Cs and a low WE. 

[2] Cs or WE must be high during address transition. 

[3] If OE Is high, the 110 pins remain In a state of high Impedance. 

[4] During this period, the 1/0 pins may be In the output state. 
Therefore, Input signals of opposite phase must not be applied. 

83IH-6438B 



NEC 
Timing Waveforms (cont) 

CS-Controlled Write Cycle 

pPD43256A 

DIN 

________ r.-...-----tDw~~--'>1-_:-_t_o"j ___ _ 

)K_ Data-In Valid _l 
High Impedance 

DouT~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

Notes: 

[1] A write cycle occurs during the overlap of a low Cs and a low WE. 

[2] Cs or WE must be high during address transition. 

[3] If OE is high, the 110 pins remain In a state of high impedance. 

831H-6439B 
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NEC 
NEC Electronics Inc. 

Description 

The µPD43256B is a 32,768-word by 8-bit static RAM 
fabricated with advanced silicon-gate technology. Its 
unique design uses CMOS peripheral circuits and N
channel memory cells with polysilicon resistors to 
make the µPD43256B a high-speed device that requires 
very low power and no clock or refreshing. 

Minimum standby power is drawn when CS is high, 
independent of the other inputs' levels. Data retention 
is guaranteed at a power supply voltage as low as 2 V. 
The µPD43256B is available in standard 28-pin plastic 
DIP and 28-pin plastic miniflat. 

Features 

o Single +5-volt power supply 
o Fully static operation-no clock or refreshing 
o TTL-compatible inputs and outputs 
o Common 1/0 using three-state outputs 
o One CS pin and one OE pin for easy application 
o Data retention of 2 V minimum 
o Standard 28-pin plastic DIP and miniflat packaging 
o Fast access time of 55 ns 

Ordering Information 
Access 

Part Number Time (max) Package 

µPD43256BCZ-55L 55 ns 28-pin plastic DIP 

CZ-70L 70 ns 

CZ-SSL 85 ns 

µPD43256BCZ-55LL 55 ns 

CZ-70LL 70 ns 

CZ-85LL 85 ns 

µPD43256BGU-55L 55 ns 28-pin plastic miniflat 

GU-70L 70 ns 

GU-85L 85 ns 

µPD43256BGU-55LL 55 ns 

GU-70LL 70 ns 

GU-85LL 85 ns 

60117-1 

µPD43256B 
32,768 x 8-Bit 

Static CMOS RAM 

Pin Configuration 

28-Pin Plastic DIP or Minif/at 

µPD43256B 

A14 vcc 
A12 WE 

A1 A13 

As 
As Ag 
A4 An 

As OE 
A2 A10 

A1 CS 
Ao voa 

V01 V07 

vo2 voe 
V03 

GND 

V05 

V04 

Pin I dent if ication 
Symbol Function 

Address inputs 

Data inputs and outputs 

Chip select 

Pin Identification 

Symbol Function 

Output enable 

Write enable 

GND Ground 

Vee +5-volt power supply 

NC No connection 

83Yl-7194A 



pPD43256B 

Block Diagram 

VO a 

2 

Address 
Buffer 

Row 
Decoder 

Input 
Data 

Control 

Memory Cell 
Array 

512 Row.s 
64 x 8 Columns 

Sense/Switch 

Column 
Decoder 

Address 
Buffer 

Ao••• A4 A10 

Output 
Data 

Control 

NEC 

8311+64368 



NEC 
Absolute Maximum Ratings 
Supply voltage, Vee (Note 1) -0.5 to+ 7.0 V 

Input voltage, V1N (Note 1) -0.5 to Vee+ o.5 V 

Output voltage, V110 (Note 1) -0.5 to Vee + 0.5 V 

Operating temperature, ToPR Oto+ 70°C 

Storage temperature, TsTG -55 to + 125°C 

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. 

Notes: 

(1) - 3.0 V minimum (pulse width = 50 ns). 

Capacitance 
TA = + 25°C; f = 1 MHz; V1N and Vour = O V 

Parameter Symbol Min Max Unit 

Input capacitance 5 pF 

lnpuVoutput capacitance 8 pF 

Notes: 

(1) This parameter is sampled and not 100% tested. 

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

Parameter Symbol Min Typ 

Input leakage current lu -1 

1/0 leakage current ILO -1 

Operating supply current leeA1 

leeA2 

leeA3 

Standby supply current lss 

lss1 0.002 

Output voltage, low Vol 

Output voltage, high VoH1 2.4 

VoH2 Vee- o.5 

Notes: 

(1) -70 and -85 = 45 mA (max). 

(2) -LL= 0.001 (typ) and 0.05 (max). 

pPD43256B 

Truth Table 
cs OE WE Function 1/0 Ice 

H x x Not selected High-Z Standby 

L H H Outputs disabled High-Z Active 

L L H Read Dour Active 

L x L Write D1N Active 

Notes: 

(1) X = don't care. 

Recommended Operating Conditions 
Parameter Symbol Min Typ Max Unit 

Supply voltage Vee 4.5 5.0 5.5 v 
Input voltage, low V1L -0.3 0.8 v 
(Note 1) 

Input voltage, high V1H 2.2 Vee+ o.5 v 

Ambient temperature TA 0 70 cc 

Notes: 

(1) - 3.0 V minimum (pulse width = 50 ns). 

Max Unit Test Conditions 

µA VIN = o v to Vee 

µA V110 = ov to Vee; cs;?: V1H or OE;?: V1H 
or WE s Vil 

50 mA CS s V1L (min cycle); 1110 = O V (Note 1) 

10 mA CS= V1L; 1110 = OV 

10 mA CS s 0.2 V; f = 1 MHz; 1110 = 0 V; 
V1L $ 0.2 V; V1H ;?: Vee - 0.2 v 

3 mA CS;?: V1H 

0.1 µA CS ;?: Vee - 0.2 V (Note 2) 

0.4 v loL = 2.1 mA 

v loH = -1.0 mA 

v loH = -0.1 mA 

3 



pPD43256B NEC 
AC Characteristics 
TA= o to +70°C; Vee= +5.0 V ± 10% 

µPD43256 B-55 11PD43256B-70 11PD43256B-85 

Parameter Symbol Min Max Min Max Min Max Unit Test Conditions 

Read Operation 

Read cycle time tRe 55 70 85 ns 

Address access time tAA 55 70 85 ns 

Chip select access time tAes 55 70 85 ns 

Output enable to output valid toE 30 35 40 ns 

Output hold from address change toH 10 10 10 ns 

Chip select to output in low-Z teLZ 10 10 10 ns 

Output enable to output in low-Z toLZ 5 5 5 ns 

Chip select to output in high-Z teHZ 30 30 30 ns 

Output enable to output in high-Z to Hz 30 30 30 ns 

Write Operation 

Write cycle time twe 55 70 85 ns 

Chip select to end of write tew 50 60 70 ns 

Address valid to end of write tAw 50 60 70 ns 

Address setup time tAs 0 0 0 ns 

Write pulse width twp 45 55 65 ns 

Write recovery time twR 5 5 5 ns 

Data valid to end of write tow 30 30 35 ns 

Data hold time toH 0 0 0 ns 

Write enable to output in high-Z twHZ 30 30 30 ns 

Output active from end of write tow 10 10 10 ns 

Notes: 

(1) Input pulse levels = 0.8 to 2.2 V; input pulse rise and fall times = 
5 ns; timing reference levels = 1.5 V. 

(2) Output loads: 

+5V 

1800 Q 

VO 

CL 990Q 

CL= 100 pF (Including scope and test Jig) 
CL= 5 pF for tCHZ. tcLz. tOHZ, toLz. tow. and twHz 

83FM-9053A 
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NEC 
Low Vee Data Retention Characteristics 
TA= Oto 70°C 

Parameter Symbol Min Typ 

Data retention supply voltage VeeoR 2.0 

Data retention supply current leeoR 

Chip deselection to data retention teoR 0 

Operation recovery time tR tRe 

Notes: 

(1) At Oto 40°C, the maximum for leeoR is 15 µA for the -L version 
and 3µ A for the -LL version. 

Data Retention Timing 

5V----i-----

4.5V -
Vee 

VeeoR - - -

cs .. vcc-o.2v 

CS V1L 

µPD43256B 

Max Unit Test Conditions 

5.5 v cs~ Vee-0.2V 

50 µA Vee= 3.0 V; cs ~ Vee - 0.2 V (Note 1) 

ns 

ns 

~-----------------------------------

Note: 
[1] The other Inputs (Addresses, OE, WE, VOs) can be In a state of high Impedance. 

8311+6440B 
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pPD43256B NEC 
Timing Waveforms 

Address Access Cycle 

i....i:~'----------tRc---------

Address \f Address Valid 'f _____ _,)l\_....._ _________________ J\'----------

DouT -----Pr-ev-lo-,~-:-ata-Val_l_d_t_o_H======~ ~=OH~ 
Notes: 

[1] WE Is held high for a read cycle. 
[2] The device Is continually selected, where CS= OE = VIL: 

8311+64368 

Chip Select Access Cycle 

"""~'------------tRc-----------+i··~ 

Address \I Address Valid \f _______ _,J\.__ _______________________ _,J~'-------

I 

~~9 r1 
@\\\\\ \\\\\ \\\ \1 toLZ 

~//1(///12 
toE 

I 
~ tQHZ~ 

toH~ 
DoUT 

High Impedance lj_j_ 
Data Valid 

-1il\ High 

\.D. :iJj_}_j Impedance 

Notes: 

[1) WE Is high for a read cycle. 

[2] Address valid prior to or coincident with the low transition of CS. 
8311+64378 
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NEC 
Timing Waveforms (cont) 

WE-Controlled Write Cycle 

Address 

Cs 

WE 

DIN 

tAW 

tAS 

~ 
~tWHZ 

DOUT Data Undefined [Note 4) 

Notes: 

[1] A write cycle occurs during the overlap of a low CS and a low WE. 

[2) Cs or WE must be high during address transition. 

[3] If OE Is high, the VO pins remain In a state of high Impedance. 

[4] During this period, the VO pins may be In the output state. 
Therefore, Input signals of opposite phase must not be applied. 

pPD43256B 

twp 
IWRl 

IDH4 tow 

Data-In Valid 

~tow 
High Impedance 

[Note4] 

8311H1438B 
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pPD43256B 

Timing Waveforms (cont) 

CS-Controlled Write Cycle 

Address 

cs _______ ....,. 

WE 

J""'~--tow--~--
D1N -----------------l...----D-ata---ln-Val_l_d ___ _ 

NEC 

High Impedance 
DouT--------------------------------------~ 

8 

Notes: 

[1] A write cycle occurs during the overlap of a low CS and a low WE. 

[2) Cs or WE must.be high during address transition. 

[3) If OE Is high, the VO pins remain In a state of high Impedance. 
8311+64398 



NEC 
NEC Electronics Inc. 

Description 

The µPD431000A is a 131,072-word by 8-bit static RAM 
fabricated with advanced silicon-gate technology. 
CMOS peripheral circuits and N-channel memory cells 
with polysi licon resistors make the µPD431000A a high
speed device that requires very low power and no clock 
or refreshing. 

Minimum standby power is drawn when CE2 is low, 
independent of the other inputs' levels. Data retention 
is guaranteed at a power supply voltage as low as 2 
volts. The µPD431000A is available in standard 32-pin 
plastic DIP, 32-pin plastic miniflat, and 32-pin plastic 
TSOP packaging. 

Features 

o 131,072-word by 8-bit organization 
o Single + 5-volt power supply 
o Fully static operation-no clock or refreshing 
o TTL-compatible inputs and outputs 
o Common 1/0 using three-state outputs 
o Two CE pins and one OE pin for easy application 
o Data retention current of 0.5 µA typical 
o Data retention voltage of 2 V minimum 
o Standard 32-pin plastic DIP, miniflat, and TSOP 

packaging 

Pin ldentif ication 
Symbol Function 

Address inputs 

l/Oo -1107 Data inputs/outputs 

Chip enables 1 and 2 

Output enable 

Write enable 

GND Ground 

Vee + 5-volt power supply 

NC No connection 

60129-2 

Pin Configurations 

µPD431000A 
131,072 x 8-Bit 

Static CMOS RAM 

32-Pin Plastic DIP or Miniflat 

Vee 

A15 

eE2 

WE 

A13 

Aa 

Ag 

A11 

OE 

A10 

CE1 

l/Oa 

1/07 

1106 

1/05 

1/04 

83VL-7234A 



pPD431 OOOA NEC 
Pin Configurations (cont) 

32-Pin Plastic TSOP (Normal Pinouts) 32-Pin Plastic TSOP (Reverse Pinouts) 

µPD431000A µPD431000A 

A11 S2 OE OE 0 S2 A11 
Ag 2 S1 A10 A10 2 S1 Ag 

As s 30 CE1 CE1 3 so As 
A13 4 29 VOa VOa 4 29 A13 
WE 5 28 VO., VO., 5 28 WE 

CE2 6 27 V05 VOa 6 27 CE2 

A15 7 26 V05 V05 7 26 A15 

Vee 8 -KJH 25 V04 V04 8 0 -KKH 0 25 Vee 
NC g 24 GND GND g 24 NC 

A16 10 2S V03 V03 10 2S A15 

A14 11 22 V02 V02 11 22 A14 
A12 12 21 V01 V01 12 21 A12 

A1 13 20 Ao Ao 1S 20 A1 

As 14 1g A1 A1 14 19 As 
As 15 18 A2 A2 15 18 As 
A4 16 17 As As 16 17 A4 

Sufflx-KJH In the package Identifier Suffix -KKH In the package Identifier 
denotes normal plnout sequence. denotes reverse plnout sequence. 

83FM-9107A 83FM-9108A 
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NEC 
Block Diagram 

Ao 

Row 
Address 
Buffer 

Row 
Decoder 

I/Os ----1----+---t 

Input 
Data 
Buffer 

CSE1 
CE2 

6E -------. 

Absolute Maximum Ratings 
Supply voltage, Vee (Note 1) 

Input voltage, V1N (Note 1) 

Output voltage, V110 (Note 1) 

Operating temperature, ToPR 

Storage temperature, TsTG 

Power dissipation, Po 

-0.5 to + 7.0 V 

-0.5 to Vee + 0.5 V 

-0.5 to Vee + 0.5 V 

Oto +70°C 

-55to+125°C 

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. 

Notes: 

(1) - 3.0 V minimum (pulse width = 50 ns). 

Capacitance 
TA = + 25°C; f = 1 MHz; V1N and VouT = 0 v 
Parameter Symbol Min Typ Max Unit 

Input capacitance 6 pF 

Input/output capacitance 10 pF 

Notes: 

(1) This parameter is sampled and not 100% tested. 

Memory Cell 
Array 

512 Rows 
256 XS 

Columns 

Column 
Decoder 

Column 
Address 
Buffer 

Output 
Data 
Buffer 

µPD431000A 

831H-5742B 

Recommended Operating Conditions 
Parameter Symbol Min Typ Max Unit 

Supply voltage Vee 4.5 5.0 5.5 v 
Input voltage, low V1L -0.3 0.8 v 
Input voltage, high V1H 2.2 Vee+ 0.5 v 
Ambient temperature TA 0 70 oc 

Notes: 

(1) - 3.0 V minimum (pulse width = 50 ns). 

Truth Table 
Function CE1 CE2 OE WE 1/0 Ice 

Not selected H x x x High-Z Standby 

Not selected x L x x High-Z Standby 

Selected L H H H High-Z Active 

Read L H L H DouT Active 

Write L H x L D1N Active 

Notes: 

(1) x = don't care. 
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pPD431000A 

Ordering Information 
Catalog Part Number Access Time (max) 

µPD431000ACZ-70L 70 ns 
~~~~~~~~~~~~~~~~~~~~~~~ 

CZ-85L 85 ns 

CZ-10L 100 ns 

µPD431000ACZ-70LL 70 ns 
~~~~~~~~~~~~~~~~~~~~~~~ 

CZ-85LL 85 ns 

CZ-10LL 100 ns 

µPD431000AGW-70L 70 ns 
~~~~~~~~~~~~~~~~~~~~~~~ 

GW-85L 85 ns 

GW-10L 100 ns 

µPD431000AGW-70LL 70 ns 
~~~~~~~~~~~~~~~~~~~~~~~ 

GW-85LL 85 ns 

GW-10LL 100 ns 

µPD431000AGZ-70L 70 ns 
~~~~~~~~~~~~~~~~~~~~~~~ 

GZ-85L 85 ns 

GZ-10L 100 ns 

µPD431000AGZ-70LL 70 ns 
~~~~~~~~~~~~~~~~~~~~~~~ 

GZ-85LL 85 ns 

GZ-10LL 100 ns 

µPD431000AGZM-70L 70 ns 
~~~~~~~~~~~~~~~~~~~~~~~ 

GZM-85L 85 ns 

GZM-10L 100 ns 

µPD431000AGZM-70LL 70 ns 
~~~~~~~~~~~~~~~~~~~~~~~ 

GZM-85LL 85 ns 

GZM-10LL 100 ns 

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

-L Version -LL Version 

Parameter Symbol Min Typ Max Min Typ Max 

Input leakage current lu -1 -1 

1/0 leakage current !Lo -1 -1 

Operating supply current leeA1 40 70 40 70 

leeA2 15 15 

lceA3 10 10 

Standby supply current lss 3 3 

lss1 0.002 0.1 0.001 0.05 

lss2 0.002 0.1 0.001 0.05 

Output voltage, low Vol 0.4 0.4 

Output voltage, high VoH 2.4 2.4 

4 

NEC 
1581 (max) Package 

Unit 

µA 

µA 

mA 

mA 

mA 

mA 

mA 

mA 

v 

v 

0.1 mA 

0.05 mA 

0.1 mA 

0.05 mA 

0.1 mA 

0.05 mA 

0.1 mA 

0.05 mA 

Test Conditions 

V1N = OV to Vee 

32-pin plastic DIP 

32-pin plastic miniflat 

32-pin plastic TSOP 
{normal pinouts) 

32-pin plastic TSOP 
{reverse pinouts) 

V110 = 0 v to Vee; CE1 = V1H. or CE2 = VIL· 
or OE = v,H, or WE = V1L 

CE1 = v,L; CE2 = V1H; tRc = tRe {min); 
1110 = 0 mA 

CE1 = v,L; CE2 = v,H; '110 = 0 mA 

VeE1 ::;; 0.2 V; VeE2 ;:: Vee - 0.2 V; tRe or twe 
= 1 MHz; V1N $ 0.2 v or V1N 2: Vee - 0.2 v 

CE1 = v,H or CE2 = V1L (Note 1) 

CE1 and CE2 ;:: Vee - 0.2 V (Note 2) 

CE2::;; 0.2 V (Note 2) 

loL = 2.1 mA 

loH = -1.0 mA 



NEC µPD431 OOOA 

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

µ.PD431000A-70 µ.PD431000A-85 µ.PD431000A-10 

Parameter Symbol Min Max Min Max Min Max Unit Test Conditions 

Read Operation 

Read cycle time tRe 70 85 100 ns 

Address access time tAA 70 85 100 ns (Note 2) 

CE1 access time teo1 70 85 100 ns (Note 2) 

CE2 access time teo2 70 85 100 ns (Note 2) 

Output enable to output valid toE 35 45 50 ns (Note 2) 

Output hold from address change toH 10 10 10 ns 

CE1 to output in low-Z tLZ1 10 10 10 ns (Note 3) 

CE2 to output in low-Z tLZ2 10 10 10 ns (Note 3) 

Output enable to output in low-Z toLZ 5 5 5 ns (Note 3) 

CE1 to output in high-Z tHZ1 25 30 35 ns (Note 3) 

CE2 to output in high-Z tHZ2 25 30 35 ns (Note 3) 

Output enable to output in high-Z toHZ 25 30 35 ns (Note 3) 

Write Operation 

Write cycle time twe 70 85 100 ns 

CE1 to end of write tew1 55 70 85 ns 

CE2 to end of write tcw2 55 70 85 ns 

Address valid to end of write tAW 55 70 85 ns 

Address setup time tAs 0 0 0 ns 

Write pulse width twp 50 60 70 ns 

Write recovery time twR 5 5 5 ns 

Data valid to end of write tow 35 35 40 ns 

Data hold time toH 0 0 0 ns 

Write enable to output in high-Z twHZ 25 30 35 ns (Note 3) 

Output active from end of write tow 5 5 5 ns (Note 3) 

Notes: 

(1) Input pulse levels= 0.8 to 2.2 V; input rise and fall times= 5 ns; (2) See figure 1 for output loading. 
timing reference levels = 1.5 V. (3) See figure 2 for output loading. 
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µPD431000A NEC 
Figure 1. Output Loading 

sv 

~ 18000. 

110 ____ ,__ ___ _ 

r~ 
•including scope and jig 

831H·5743B 

Figure 2. Output Loading for tHz1, tHz2, ttz1, ttz2, totz, to Hz, tow, and twHz 

sv 

18000. 

1/0 ____ ,__ ___ _ 

9900. 

•including sccpe and jig 

Low Vee Data Retention Characteristics 
TA= Oto +70°C 

-L Version 

Parameter Symbol Min Typ Max 

Data retention supply voltage YeeOR1 2 5.5 

YeeDR2 2 5.5 

Data retention supply current leeoR1 50 

leeoR2 50 

Chip deselection to data retention teoR 0 

Operation recovery time tR 5 

Notes: 

(1) At Oto 40°C, the maximum for leeoR1 and leeoR2 is 15 µA for the 
-L version and 3 µA for the -LL version. 

6 

-LL Version 

Min Typ Max 

2 5.5 

2 5.5 

0.5 20 

0.5 20 

0 

5 

831H·5744B 

Unit Test Conditions 

v CE1 ~ Vee - 0.2 V; CE2 ~ Vee - 0.2 v 
or CE2 s 0.2V 

v CE2 s 0.2V 

µA Vee= 3.0V; CE1 ~ Yee-0.2V; 
CE2 ~ Vee - 0.2 V or CE2 s 0.2 V (Note 1) 

µA Vee= 3.0 V; CE2 s 0.2 V (Note 1) 

ns 

ms 



1\'EC pPD431000A 

Figure 3. CE1-Controlled Data Retention Timing 

Data Retention 

5 v ----+----.. 
4.SV 

Vee 

V6E1 ~Vee - 0.2V 

Note: 
[1] eE2 must be equal to or higher than vec-0.2 V, or equal to or lower than 0.2 V. 

The other Inputs (Addresses, OE, WE, I/Os) can be In high Impedance. 
83IH-5749B 

Figure 4. CE2 -Contro/led Data Retention Timing 

~ Data Rote,tloo 1 
Vee·:,:- ----,:~- -------------~-- ---~ ---------

CE2VCC:~~--~ --- - - - - - - -V~2~ ~;- - - - - - - - - - - - -~ - - -

G~--------------------------------------

Note: 
[1] The other inputs (Addresses, CE1, OE, WE, I/Os) can be In high Impedance. 

831H-5750B 
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pPD431000A NEC 
Timing Waveforms 

Read Cycle 

---tAA---

--U~1====11 '""tl 

8 

CE2 711//11 ff //)Ii 1LZ21Co2 I -

OE\\\\\\\\\\ \\\\\\%\\\\t •1 
--toE I ~ 

tOLz--> 

Dour ___ ____..High__.lmp_edan_ce ----+-1117'-+-<71 
~\\ 

Notes: 

[1] WE is high for a read cycle. 

[2] Address valid prior to or coincident with the latter of the low transition of CE 1 
or the high transition of CE2. 

toHz~ 

Data Valid 

831H-5745B 



NEC 
Timing Waveforms (cont) 

WE-Controlled Write Cycle 

pPD431000A 

Address 

==--twc-_-i.....____ 
~~~~~~~~~-tcw1~~~~~~~~-- /I 

oouT 

...................... ._ ...... -.-....... 

~tWHz 

Data Undefined (Note 4) 

Notes: 

[1) A write cycle occurs during the overlap of a low CE1 and WE and a high CE2. 

[2) CE 1 or WE must be high or CE2 must be low during address transition. 

[3] If OE Is high, the 110 pins remain In high Impedance. 

[4] During this period, the 110 pins may be In the output state; therefore, Input signals of 
opposite phase to the output must not be applied. 

toH 

~tow 
High Impedance 

831H·5746B 
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pPD431000A 

Timing Waveforms (cont) 

CE,-Controlled Write Cycle 

NEC 

~~r:--~~~~~~~~~-twc~~~~~~~~~~~~~~~ 

Address _____ _,l=-tA-S-----==========~-t-c_w_1==========~----T-----------

Dour 

10 

Data-In Valid 

High Impedance 

Notes: 

(1) A write cycle occurs during the overlap of a low CE1 and WE and a high CE2. 

(2) CE1 or WE must be high or CE2 must be low during address transition. 

[3) If OE Is high, the 110 pins remain In high Impedance. 
831H-5747B 



NEC 
Timing Waveforms (cont) 

CE2 -Controlled Write Cycle 

pPD431000A 

Address 
==--twc-_-i ___ 

~~~~~~~-tcw1~~~~~~---'J~ 'I' 
..................................... ....-....... ....-....... ~ 

~~~~~~~~~~~~tAw~~~~~~~ 

--~~~~~~~-twp~~~~~~~-i+-

Data-In Valid 

Notes: 

[1] A write cycle occurs during the overlap of a low CE 1 and WE and a high CE2. 

[2] CE1 or WE must be high or CE2 must be low during address transition. 

(3] If OE is high, the 110 pins remain In high Impedance. 

831H·5748B 
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NEC 
NEC Electronics Inc. 

Description 

The µPD434000 is a 524,288-word by 8-bit static RAM 
fabricated with advanced silicon-gate technology. 
CMOS peripheral circuits and N-channel memory cells 
with thin-film transistor (TFl) loads make the 
µPD434000 a high-speed device that requires very low 
power and no clock or refreshing. 

Minimum standby power is drawn when CS is high, 
independent of OE and WE. Data retention is guaran
teed at a power supply voltage as low as 2 volts. 

TheµPD434000 is available in standard 32-pin DIP, SOP, 
and TSOP plastic packaging. 

Features 

o 524,288-word by 8-bit organization 
o Single +5-volt power supply 
o Fully static operation-no clock or refreshing 
o TTL-compatible inputs and outputs 
o Common 1/0 using three-state outputs 
o Chip select (CS) and output enable (OE) inputs for 

easy application 
o Data retention current of 0.5 µA typical 
o Data retention voltage of 2 V minimum 
o Packages: 32-pin plastic DIP, SOP, and TSOP 

60165 

Pin ldentif ication 
Symbol 

Ao - A18 

GND 

Vee 
NC 

pPD434000 
524,288 x 8-Bit 

Static CMOS RAM 

Function 

Address inputs 

Data inputs/outputs 

Chip select 

Output enable 

Write enable 

Ground 

+ 5-volt power supply 

No connection 

Pin Configurations 

32-Pin Plastic DIP or SOP 

vcc 
A15 

A17 

WE 

A13 
Ag 

Ag 

A11 

6E 
A10 

cs 
voa 
V01 

voe 
V05 
V04 

83FM-7916A 



pPD434000 NEC 
Pin Configurations (cont) 

32-Pin Plastic TSOP (Normal Pinouts) 32-Pin Plastic TSOP (Reverse Pinouts) 

µPD434000 µPD434000 

A1S 10 32 Vee Vee 0 0 32 A1S 

A16 2 31 A1S A1s 2 31 A16 

A14 3 30 A17 A17 3 30 A14 

A12 4 2g WE WE 4 2g A12 

A1 s 2S A13 A13 5 2S A1 

Ae 6 27 As As 6 27 Ae 
As 7 26 Ag Ag 7 26 As 

A4 s 2S A11 A11 s 2S ~ 
-7JD OE g -7KD 24 A3 A3 g 24 OE 

A2 10 23 A10 
A10 10 23 A2 

A1 11 22 cs cs 11 22 A1 

Ao 12 21 vos VOg 12 21 Ao 
V01 13 20 V07 

v~ 13 20 V01 

V02 14 1g voe 
VOa 14 1g V02 

V03 1S 1S VOs 
VOs 1S 1S V03 

V04 16 0 17 GND GND 16 017 V04 

Sufflx-7JD In the package Identifier Suffix -7KD In the package Identifier 
denotes normal plnout sequence. denotes normal plnout sequence. 

83FM-8819A 83FM-8818A 

Block Diagram 

sl 
I )a i--- i---

Row 
Row Memory Cell 

Address 
Buffer 

Decoder Array 

-, r-- 1--

~ I I 
1--

Sense Switch r--
1-- 1--

Input OUtput 

~ Data Data t--
Buffer 

Column 
Buffer 

Decoder 

'I' 
~ _l I ~ 

S_L __,, 
Column ... ( , 
Address 

S_L 
-)a Buffer 

T 

j 

l tD--J 
l o;; 

_I 
83FM-8620B 
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NEC pPD434000 

Ordering Information 
Part Number Access Time (max) Standby Supply Current Package 

µPD434000CZ-55 55 ns 2mA 32-pin plastic DIP 

CZ-70 70 ns 

CZ-85 85 ns 

CZ-10 100 ns 

µPD434000CZ-55L 55 ns 0.1 mA 

CZ-70L 70 ns 

CZ-85L 85 ns 

CZ-10L 100 ns 

µPD434000CZ-55LL 55 ns 0.05 mA 

CZ-70LL 70 ns 

CZ-85LL 85 ns 

CZ-10LL 100 ns 

µPD434000GW-55 55 ns 2mA 32-pin plastic SOP 

GW-70 70 ns 

GW-85 85 ns 

GW-10 100 ns 

µPD434000GW-55L 55 ns 0.1 mA 

GW-70L 70 ns 

GW-85L 85ns 

GW-10L 100 ns 

µPD434000GW-55LL 55 ns 0.05 mA 

GW-70LL 70 ns 

GW-85LL 85 ns 

GW-10LL 100 ns 

3 



pPD434000 

Ordering Information (cont) 
Part Number 

µPD434000G5-55 

G5-70 

G5-85 

G5-10 
I 

µPD434000G5-55L \ 
G5-70L 

G5-85L 

G5-10L 

µPD434000G5-55LL 

G5-70LL 

G5-85LL 

G5-10LL 

µPD434000G5M-55 

G5M-70 

G5M-85 

G5M-10 

µPD434000G5M-55L 

G5M-70L 

G5M-85L 

G5M-10L 

µPD434000G5M-55LL 

G5M-70LL 

G5M-85LL 

G5M-10LL 

4 

Access Time (max) 

55 ns 

70 ns 

85 ns 

100 ns 

55 ns 

70 ns 

85 ns 

100ns 

55 ns 

70 ns 

85 ns 

100 ns 

55 ns 

70 ns 

85 ns 

100 ns 

55 ns 

70 ns 

85 ns 

100 ns 

55 ns 

70 ns 

85 ns 

100 ns 

Standby Supply Current 

2mA 

0.1 mA 

0.05mA 

2mA 

0.1 mA 

0.05mA 

NEC 
Package 

32-pin plastic TSOP 
(normal pinouts) 

32-pin plastic TSOP 
(reverse pinouts) 



NEC 
Absolute Maximum Ratings 
Supply voltage, Vee (Note 1) -a.5 to + 7.a V 

Input voltage, V1N (Note 1) -a.5 to Vee + 0.5 V 

Output voltage, V1;0 (Note 1) -a.5 to Vee + a.5 v 
Operating temperature, ToPR a to +7a0 c 
Storage temperature, TsrG -55 to + 125°C 

Power dissipation, Po 1.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. 

Note: 

(1) - 3.0 V minimum (pulse width = 30 ns). 

Capacitance 
TA = + 25°C; f = 1 MHz; V1N and Vour = o V 

Parameter t Symbol Min Typ Max Unit 

Input capacitance 6 pF 

Input/output capacitance 10 pF 

t Parameter is sampled and not 1aa% tested. 

DC Characteristics 
TA= a to+ 7a°C; Vee= +5.0 V ±1a% 

14PD434000 

µPD434000 

Recommended Operating Conditions 
Parameter Symbol Min Typ Max Unit 

Supply voltage Vee 4.5 5.a 5.5 v 
Input voltage, low V1L -a.3 a.a v 
Input voltage, high V1H 2.2 Vee+ a.3 v 
Ambient temperature TA a 7a 

Note: 

(1) - 3.a V minimum (pulse width = 3a ns). 

Truth Table 
Function cs OE WE 1/0 Ice 

Not selected H x x High-Z Standby 

Dour disabled L H H High-Z Active 

Read L L H Dour Active 

Write L x L D1N Active 

X = don't care. 

,iPD434000-LL 

Parameter Symbol Min Typ Max Min Typ Max Min Typ Max Unit Test Conditions 

Input leakage lu -1 -1 
current 

1/0 leakage current ILO -1 -1 

Operating supply leeA2 15 
current 

leeA3 15 

Standby supply lss 5 
current 

lss1 a.a2 2 

Output voltage, Vol a.4 
low 

Output voltage, VoH1 2.4 2.4 
high 

VoH2 Vee- Vee-
a.5 a.5 

-1 

-1 

15 

15 

3 

a.aa2 a.1 a.aa1 

a.4 

2.4 

Vee-
0.5 

µA V1N = av to Vee 

µA V110 = av to Vee: OE= 
V1H or WE = V1L or CS = 
V1H 

15 mA 1110 = a mA; cs = V1L 

15 mA CS :S 0.2 V; tRe = 1 µs; 
V1L :S 0.2 V; 

3 mA 

a.a5 mA 

a.4 v 

v 

v 

V1H <?: Vee - a.2 V; 
1110 = 0 mA 

CS= V1H 

cs <?: v cc - a.2 v 
loL = 2.1 mA 

loH = -1.a mA 

loH = -a.1 mA 

5 



µPD434000 NEC 
AC Characteristics 
TA= o to +70°C; Vee= + 5.0 V ±10%; see figure 1 for ac test conditions. 

-55 -70 -85 -10 

Parameter Symbol Min Max Min Max Min Max Min Max Unit Test Conditions 

Operating supply current leeA1 70 65 60 55 mA cs= V1L; tRe = tRe 
(min); lvo = o mA 

Address access time tAA 55 70 85 100 ns 

CS access time tAes 55 70 85 100 ns 

Address setup time tAs 0 0 0 0 ns 

Address valid to end of tAw 50 60 70 80 ns 
write 

CS to output in high-Z teHZ 25 30 30 35 ns 

CS to output in low-Z teLZ 10 10 10 10 ns 

CS to end of write tew 50 60 70 80 ns 

Data hold time toH 0 0 0 0 ns 

Data valid to end of write tow 30 35 35 40 ns 

Output enable to output toE 30 35 45 50 ns 
valid 

Output hold from address toH 10 10 10 10 ns 
change 

Output enable to output toHZ 25 30 30 35 ns 
in high-Z 

Output enable to output toLZ 5 5 5 5 ns 
in low-Z 

Output active from end tow 5 5 5 5 ns 
of write 

Read cycle time tRe 55 70 85 100 ns 

Write cycle time twe 55 70 85 100 ns 

Write enable to output in twHZ 25 30 30 35 ns 
high-Z 

Write pulse width twp 45 55 65 70 ns 

Write recovery time twR 5 5 5 5 ns 

6 



NEC 
Low Vee Data Retention Characteristics 
TA = 0 to + 70°C; see figure 2 for timing diagram. 

-L Version 

Parameter Symbol Min Typ Max 

Data retention supply voltage VccDR1 2 

Data retention supply current t lccoR1 

Chip deselection to data retention tcoR 0 

Operation recovery time tR 5 

t At Oto 40°C, the maximum for lccDR1 is 15 µA for the -L version and 
3 µA for the -LL version. 

Figure 1. AC Test Conditions 

Input Pulse 
(Rise and fall times= 5 ns) 

2.2V 
1.5 V Reference levels 1.5 V 

o.av 

Output Load 

+5V 

1800!J 

DouT o-------
990!J 

CL= 100 pF (Including scope and test Jig) 
CL= 5 pF for tcHZ. tci.z, toHz. toL.z. tow. and twHZ 

Figure 2. Data Retention Timing 

5V -----+----.. 
4.5V - - -

vcc 

V1H - - -

VCCDR - - -

83FM-8622A 

5.5 

50 

cs .. vcc-o.2v 

cs 

V1L 

GND - -

µPD434000 

-LL Version 

Min Typ Max Unit Test Conditions 

2 5.5 v cs~ Vcc-o.2v 

0.5 20 µA Vee= 3.0V; cs~ Vcc-o.2v 

0 ns 

5 ms 

83FM-7920B 
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pPD434000 

Timing Waveforms 

Read Cycle 

Notes: 

[1] WE Is high for a read cycle. 

8 

NEC 

83FM-8821B 



NEC 
Timing Waveforms (cont) 

WE-Controlled Write Cycle 

Address 

cs 

WE 

o0UT Data Undefined (Note 2) 

Notee: 

[1] If OE Is high, the VO pins remain In high Impedance. 

[2] During this period, the VO pins may be In the output state; therefore, Input slgnals of 

opposite phase to the output must not be appllect. 

pPD434000 

83FM·79228 

9 



µPD43400·o 

Timing Waveforms (cont) 

CS-Controlled Write Cycle 

Notes: 

[1] If OE Is high, the VO pins remain In high Impedance. 

10 

NEC 
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NEC 
NEC Electronics Inc. 

Advance Information 

Description 

The MC-434000 is a high-density 4M static RAM module 
with four 128K x 8-bit SRAMs and one decoder circuit. 
The module is compatible with the future 4M monolithic 
SAAM-with TTL-compatible inputs and outputs and 
fully asynchronous circuitry that requires no clocks or 
refreshing and provides equal access and cycle times 
for ease of use. 

The MC-434000 operates from a +5-volt power supply 
and is available in a standard 600-mil, 32-pin ceramic 
DIP or a JEDEC-type 32-pin plastic (FR-4} DIP. 

Features 

o 524,288-word by 8-bit organization 
o Single +5-volt power supply 
o Fully static operation-no clocks or refreshing 
o TTL-compatible inputs and outputs 
o Common 1/0 using three-state outputs 
o One CS pin and one OE pin for easy application 
o 32-pin ceramic and plastic (FR-4) DIP packaging 

Pin Identification 
Symbol Function 

Address inputs 

Data inputs/outputs 

Chip select 

Output enable 

Write enable 

GND Ground 

Vee +5-volt power supply 

60245-1 

MC-434000 
524,288 x 8-Bit 

Static CMOS RAM Module 

Pin Cont iguration 

32-Pin Ceramic or Plastic (F R-4) DIP 

Ordering Information 

vcc 
A15 

A17 

WE 

A13 

As 
Ag 
An 
OE 

A10 

cs 
voa 
V07 

voa 
VOs 
V04 

Catalog Part Number Access Time (max) 

MC-434000D-85 85 ns 

D-10 100 ns 

MC-434000E-85 85 ns 

E-10 100 ns 

83FM-896!1A 

Package 

32-pin ceramic DIP 

32-pin plastic 
(FR-4) DIP 



MC-434000 

Block Diagram 

17 f.L 
~ / 

Decoder 

0--- Ao 
0--- A1 

~ 
A2 

E1 

E2 

Vee- Es 

~ 

~ 

0 

0 > Vee 
GND 
~ 

2 

01 

02 

03 

04 

05 

Os 
0, 
Os 

t---1 

'---I 

NEC 

RAM1 RAM2 

Ao-A16 11--1 Ao-A1a 

CS1 CS1 

CS2 CS2 

V01-VOa V01-VOa 

WE WE 

OE OE 

RAM3 RAM4 

A()-A1a '--I Ao-A1a 

CS1 es1 

CS2 eS2 

V01-VOa V01-VOa 

WE WE 

OE OE 

83FM-8907B 



NEC MC-434000 

Absolute Maximum Ratings Recommended Operating Conditions 
Supply voltage, Vee (Note 1) -0.5 to + 7.0 V Parameter Symbol Min Typ Max Unit 

Input voltage, VrN (Note 1) -0.5 to Vee + o.5 v Supply voltage Vee 4.5 5.0 5.5 v 

Output voltage, V110 (Note 1) -0.5 to Vee+ 0.5 V Input voltage, low V1L -0.3 0.8 v 

Operating temperature, To PR Oto +70°C Input voltage, high V1H 2.2 Vee+ 0.5 v 

Storage temperature, TsrG -55 to + 12s0 c Ambient temperature TA 0 70 oc 

Power dissipation, Po 1.0W Note: - 3.0 V minimum (pulse width = 30 ns). 

Exposure to Absolute Maximum Ratings for extended periods may Truth Table affect device reliability; exceeding the ratings could cause perma-
nent damage. The device should be operated within the limits Function cs OE WE 1/0 Ice 
specified under DC and AC Characteristics. Not selected H x x High-Z Standby 
Note: 

Selected L H H High-Z Active 
(1) - 3.0 V minimum (pulse width= 30 ns). 

Read L L H Dour Active 

Capacitance Write L x L D1N Active 

TA= +25°C; f = 1 MHz; VrN and Vour = o V X = don't care. 
Parameter Symbol Max Unit Pins 

Input CrN 45 pF Ao -A18, WE, OE, CS 
capacitance 

lnpuVoutput C110 50 pF 1/01 -1/08 
capacitance 

Note: Capacitance is sampled and not 100% tested. 

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

Parameter Symbol Min Typ Max Uri it Test Conditions 

Input leakage current lu 2 µA v1N = o v to Vee 

1/0 leakage current ILo 2 µA YJJg = O V to Vee; CS1 = VrH or OE = VrH or 
WE= V1L 

Operating supply current IeeA1 48 89 mA cs1 = v1L; tRe = tRe (min); 
1110 = 0 mA 

leeA2 19 46 mA CS1 = v,L; 1110 = 0 mA 

leeA3 36 mA cs s 0.2 V; tRe or twe = 1 MHz; V1N s 0.2 V 
or VrN =:: Vee - 0.2 V 

Standby supply current lss 4 12 mA CS1 = V1H (Note 1) 

lss1 8 400 µA CS =:: Vee - 0.2 V (Note 2) 

Output voltage, low Vol 0.4 v loL = 2.1 mA 

Output voltage, high 2.4 v loH = -1.0 mA 

3 



MC-434000 

AC Characteristics 
TA= Oto +10°C; Vee= +5.0V ± 10% 

MC-434000-85 

Parameter Symbol Min Max 

Read Operation 

Read cycle time 

Address access time 

CS access time teo 

Output enable to output valid toE 

Output hold from address change toH 

CS to output in low-Z 

Output enable to output in low-Z toLZ 

CS to output in high-Z 

Output enable to output in high-Z to Hz 

Write Operation 

Write cycle time twe 

CS to end of write tew 

Address valid to end of write 

Address setup time 

Write pulse width twp 

Write recovery time 

Data valid to end of write tow 

Data hold time 

Write enable to output in high-Z twHZ 

Output active from end of write tow 

Notes: 

(1) Input pulse levels = 0.8 to 2.2 V; input rise and fall times = 5 ns; 
timing reference levels = 1.5 V. 

(2) See figure 1 for output load. 

4 

85 

85 

85 

35 

10 

10 

5 

25 

20 

85 

75 

75 

0 

65 

5 

35 

0 

30 

5 

NEC 

MC-434000-10 

Min Max Unit 

100 ns 

100 ns 

100 ns 

45 ns 

10 ns 

10 ns 

5 ns 

30 ns 

30 ns 

100 ns 

90 ns 

90 ns 

0 ns 

75 ns 

5 ns 

40 ns 

0 ns 

35 ns 

5 ns 



N'EC 
Figure 1. Output Load 

-K>V 

1800Q 

oouT o-------<....---. 

CL= 100 pF (lncludlng scope and test jig) 
CL= 5 pF for toHz. toLZ tow. and twHz 

990Q 

Low-Vee Data Retention Characteristics 
TA = o to + 70°C 

Parameter Symbol 

Data retention supply voltage VccDR 

Data retention supply current lccoR 

Chip deselection to data retention tcoR 

Operation recovery time tR 

83FM-8980A 

Min Typ 

2 

4 

0 

5 

Figure 2. CS-Controlled Data Retention Timing 

5 v -----+----.. 
4.5V - - -

vcc 

V1H - - -

VccDR - - -

V1L 

GND - - - - - - - -

cs:.vcc - o.2v 

MC .. 434000 

Max Unit Test Conditions 

5.5 v CS1 <?:: Vcc-0.2V 

200 µA Vee= 3.0V; cs<?:: Vcc-o.2v 

ns 

ms 

83CL-8961B 
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MC-434000 NEC 
Timing Waveforms · 

Read Cycle 

No tea: 
[1] WE Is high for a read cycle. 

[2] Address valld prior to or coincident with the latter of the low transition of CS. 
83CL-8962B 
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NEC 
Timing Waveforms (cont) 

WE-Controlled Write Cycle 

Address 

--~~~~~~~~-tAw~~~~~~~~~~-

--~~~~~~~~tcw~~~~~~~~--'~ 

Data~nValk:I 

MC-434000 

k-tow-1. 
High Impedance ~ .............. !/J; ............ 7t-.......//2-7/ 

Notes: 

[1] A write oocurs during the pverlap of low CS and low WE. 
[2] If OE Is high, the VO pins remain In high Impedance. 
[3] CS or WE must be high during address transition. 
[4] During this period, VO pins are In the output state; therefore, Input 

signals of opposite phase to the output must not be applied. 
83CL-89638 
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MC-434000 

Timing Waveforms (cont) 

CS-Controlled Write Cycle 

NEC 

Address-~tM-+ -twc-tcw~----1---
~~~~~---~~~--............... 

cs 

8 

1-1( -=-~~~-t-Aw=-twp-=---=-----_-~_. ~tw.J 

Notes: 

[1] A write cycle occurs during the overlap of a low CS and low WE. 

[2] CS or WE must be high during address transition. 
[3] If OE Is high, the VO pins remain In high Impedance. 

Data~n Valid 

83CL-8964B 



NEC MC-434000 

Package Drawings 

32-Pin Ceramic DIP 

Hem Miii i meters Inches A 

A 43.053 ± .127 1.7 ± 0.01 

IIC::::J [::::::::]I 
8 14.99± .254 .59 ± 0.10 

c 9.78max .385max 

D 0.254± .127 .010± .005 
E 2.54[fP] .100 [TP] 

F 0.508 ± .127 .02± .005 

G 1.27± .381 .05± .015 
H 10.287max .405max 

I 3.81 ± .635 .15± .025 J 0.254± .076 .01 ± .003 

K 15.37± .381 .605± .015 

:] CI:f-~==1~ r: 

Jl~ K ~I 
83FM-8966B (8192) 

32-Pin Plastic (FR-4) DIP 

Hem Mllllmeters Inches 

A 53.47 ± 0.13 2.105 ± .005 A 
8 15.24 .600 
c 2.54[fP] .100[fP] 

D 0.47±0.12 .019± .005 
E 1.02 .040 

F 5.84max .230max 

G 2.54mln .100mln 
H 7.62 .300 

I 0.38mln .015mln 

J 0.28±0.08 .011 ± .003 

83FM-89668 (8192) 
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ECL RAMs {10K Interface) f'if EC 
Section 25 
ECL RAMs (10K Interface) 

l'PB Organization Features 

10422 256 x 4 7-ns 25a 

10470 4Kx 1 10-ns 25b 

10474 1Kx4 8-ns 25c 

10474A 1Kx 4 5-ns 25d 

10474E 1Kx 4 3-ns 25e 

10476LL 1Kx 4 6-ns 25f 

10480 16K x 1 10-ns 25g 

10484 4Kx4 10-ns 25h 

10484A 4Kx4 5-ns 25i 

10A484 4Kx4 5-ns 25j 

µPD10500 256K x 1 15-ns; BiCMOS 25k 

Upcoming Products 

Description Device Number Comments 

16Kx 4 µPD10494 TAA = 6, 7 ns; 28-pin PDIP/PFP 

16Kx 4 µPD10494LL Tcycle = 10, 12 ns; 32-pin PDIP/PFP 

32Kx 9 µPD10509 Tcycle = 6, TDQ= 3; registered 1/0, scannable; 52-pin PLCC 

64Kx4 µPD10504 TAA = 8, 10 ns; 32-pin PDIP/PFP 



NEC 
NEC Electronics Inc. 

Description 

The µPB10422 is a very high~speed 10K interface ECL 
RAM organized as 256 words by 4 bits and designed with 
noninverted, open-emitter outputs and low power con
sumption. Two versions with fast access times of 7 and 
10 ns maximum are available in 24-pin ceramic DIP 
packaging. 

Features 

o 256-word x 4-bit organization 
o 10K ECL interface 
o Noninverted, open-emitter outputs 
o Fast access times 
o Low power consumption 
o 24-pin ceramic DIP packaging 

Ordering Information 
Access Supply 

Part Number Time (max) Current (min) Package 

~PB10422D-7 7 ns -220 mA 24-pln ceramic DIP ------
D-10 10 ns 

80035 

Pin Configurations 

24-Pin Ceramic DIP 

VccA 
D01 

iIB1 
D02 

iIB2 
Dl1 

Dlz 
WE 

As 9 
A5 

A1 
VEE 

Pin Identification 
Symbol Function 

Address inputs 

Data inputs 

Data outputs 

BS1 - BS4 Block select inputs 

WE Write enable 

l'PB10422 
256 x 4-Bit 

10K ECL RAM 

831H·6174A 

Vee Power supply (current switches and bias driver) 

VccA Power supply (output devices) 

Power supply 



1£PB10422 

Absolute Maximum Ratings 
Supply voltage, VEE to Vee -7.0 to +0.5 V 

Input voltage, V1N VEeto +o.sv 

Output current, louT -30 to +0.1 mA 

Storage temperature, TsTG -65 to + 150°C 

Storage temperature under bias, TsTG (bias) -55 to + 125°C 

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 
Parameter Symbol Min Max Unit 

Input capacitance 4 pF 

Output capacitance CouT 5 pF 

Block Diagram 

As 

Ao 

A1 -~ 
0 

A2 
.., 
Cl> ::::::::::::::: 

8 
A3 ~ x 
A4 

NEC 
Truth Table 
ii§ WE DI DO Function 

H x x L Not selected 

L L L L Write o 

L L H L Write 1 

L H x Data Valid Read 

Notes: 

(1) The Block Select input for each of the four memory blocks is used 
Independently as shown In the block diagram. 

As 

Y -Decoder/Driver 

Memory Cell Array 
(256 Words x 4 Bits) 

Block 1 Block 2 Block3 Block 4 

831H-5953B 

2 



NEC 11PB10422 

DC Characteristics 
TA = o to +75°C; VEE = -5.2 V; output load = 50 a to -2.0 v 

Parameter Symbol Min Max Unit Test Conditions 

Output voltage, high VoH -1000 -840 mV V1N = V1H max or V1L min; TA = o•c • 

-960 -810 mV V1N = v1H max or V1L min; TA = 25°C • 

-900 -720 mV V1N = V1H max or V1L min; TA "' 75°C 

Output voltage, low Vol -1870 -1665 mV V1N = V1H max or v1L min; TA = o·c 

-1850 -1650 mV V1N = v1H max or v1L min; TA = 25°C 

-1830 -1625 mV V1N = V1H max or V1L min; TA = 75°C 

Output threshold voltage, high VoHC -1020 mV V1N "" v1H min or V1L max; TA = 0°C 

-980 mV V1N = V1H min or V1L max; TA = 25°C 

-920 mV V1N = V1H min or V1L max; TA "" 75°C 

Output threshold voltage, low Vo LC -1645 mV V1N = v1H min or V1L max; TA = 0°c 

-1630 mV V1N = V1H min or v1L max; TA = 25°C 

-1605 mV V1N = V1H min or V1L max; TA = 75°C 

Input voltage, high V1H -1145 -840 mV For all inputs: TA = 0°C 

-1105 -810 mV For all inputs: TA = 25°C 

-1045 -720 mV For all inputs: TA = 75°C 

Input voltage, low V1L -1870 -1490 mV For all inputs: TA = o·c 

-1850 -1475 mV For all inputs: TA = 25°C 

-1830 -1450 mV For all inputs: TA = 75°C 

Input current, high l1H 220 p.A V1N = V1H max 

Input current, low l1L 0.5 170 p.A BS"1 • BS"4; V1N = V1L min 

-50 p.A For all others: V1N = V1L min 

Supply current IEE -220 mA For all inputs and outputs open 

Notes: 

(1) The device under test is mounted in a test socket and measured 
at a thermal equilibrium established with a transverse air flow 
maintained at greater than 2.0 rn/s. 

3 



1tPB10422 

AC Characteristics 
TA = o to +75°C; VEE = -5.2 V :t 5%; output load = 50 Oto -2.0 V 

J.LPB10422·7 

Parameter Symbol Min Typ 

Read Operation 
Block select access time tABS 

Block select recovery time tRBS 

Address. access time tAA 

Write Operation 

Write pulse width tw 5 

Data setup time twso 

Data hold time twHD 

Address setup time twsA 

Address hold time twHA 

Block select setup time twsss 

Block select hold time twHBS 

Write disable time tws 

Write recovery time twR 

Output Rise and Fall Times 

Output rise time tR 2 

Output fall time tF 2 

Notes: 

(1) The device under test is mounted in a test socket and measured 
at a thermal equilibrium established with a transverse air flow 
maintained at greater than 2.0 m/s. 

4 

NEC 

J.LPB10422•10 

Max Min Typ Max Unit Test Conditions 

5 

5 

7 

5 

6 

5 ns 

5 ns 

10 ns 

6 ns 

2 ns 

2 ns 

2 ns 

2 ns 

2 ns 

2 ns 

5 ns 

9 ns 

2 ns 

2 ns 

(2) All timing measurements are referenced to 50% Input levels. 

(3) See figures 1 and 2. 



t\'EC 
Figure 1. Loading Conditions Test Circuit 

Notes: 

[1] RL =500. 

[2] CL =30pF. 

Figure 2. Input Pulse 

-1.7V 

Note: 

(1) tR=tF =2.5 ns (typ). 

Vee (GND) 

i 

0.01 µFI 
r 

Device Under 
Test 

6 

VEE 

VccA (GND) 

1 

-0.9V 

c 

-2.0V 

11PB10422 

DO 

831H-5947B 

80°Vo 

20% 
~~~~~~~~~ 

1--tF 

831H-5948B 
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l-'PB10422 1\'EC 
Timing Waveforms 

Chip Select Access Cycle 

DO 

Note: 

(1) Address is valid more than 2 ns prior to the low transition of BS. 
831H·5972B 

Address Access Cycle 

Address 

DO 

Note: 

[1) BS= V1L 
831H·6203B 

Write Cycle 

r----1 
Address --r r,.---

t DI 

... tw ..... 

twsD- l---1WHD 

Lb:s• \ 1 ,::dJ 
DO 

--I• -twR-1 
831H·5955B 

6 



NEC 
NEC Electronics Inc. 

Description 

The µ.PB10470 is a very high-speed 10K interface ECL 
RAM organized as 4K words by 1 bit and designed with 
an open emitter output (noninverted) for low power 
consumption. Two fast access time versions are avail
able: 10 ns maximum and 15 ns maximum. The 
µ.PB10470 is available in a hermetic, 300-mil, 18-pin 
cerdip. 

Features 

o 4096-word x 1-bit organization 
o 10K ECL interface 
o Open emitter output (noninverted) 
o Fast access times 
o Low power consumption 
o 300-mil, 18-pin cerdip packaging 

Ordering Information 
Access 

Part Number Time (max) Package 

,uPB104700-10 10 ns 18-pin cerdip 
~~~~~~~~~~ 

D-15 15 ns 

60026 

Pin Configuration 

18-Pin Cerdip 

Dour 
Ao 
A1 

A2 
A3 

A4 
As 
A5 

VEE 

Pin Identification 
Symbol 

Ao·A11 

D1N 

Dour 

cs 
WE 

Vee 

Vee 

µ.PB10470 
4,096 x 1-BIT 

10K ECL RAM 

Vee 
D1N 
Cs 
WE 

A10 

A11 
Ag 

As 
.__ ___ .--A7 

831H·-6060A 

Function 

Address inputs 

Data input 

Data output 

Chip select 

Write enable 

Ground 

-5.2-volt power supply 



µ,PB10470 

Absolute Maximum Ratings Truth Table 
Supply voltage, VeE to Vee -7.0 to +0.5 V ~ WE 

Input voltage, V1N VeE.to +0.5 V H x 
Output current, lour -30 to +0.1 mA L L 

Storage temperature, TsrG -65 to + 1so0c L L 

Storage temperature under bias, Tsrn (bias) -55 to + 125°C L H 

Notes: 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. 

(1) X = don't care. 

Capacitance 
Parameter 

Input capacitance 

Output capacitance 

Block Diagram 

2 

Symbol 

C1N 

Cour 

X-Address 
Decoder 

Min Typ 

4 

5 

Word 
Driver 

Max Unit 

pF 

pF 

64X64 
Memory Cell 

Array 

Sense Amplifiers and 
Write Drivers 

Y-Address Decoder 

NEC 
Function Output 

x Not selected L 

L WriteO L 

H Write 1 L 

x Read Dour 

Dour 

831H-4916B 



NEC JiPB10470 

DC Characteristics 
TA = 0 to + 75°C; VEE = -5.2 V; output load = 50 0 to -2.0 V 

Parameter Symbol TA (°C) Min Max Unit Test Conditions 

Output voltage, high VoH 0 -1000 -840 mV V1N = V1H (max) or V1L (min) 

+25 -960 -810 mV 

+75 -900 -720 mV 

f2ll Output voltage, low Vol 0 -1870 -1665 mV V1N = V1H (max) or V1L (min) 

+25 -1850 -1650 mV 

+75 -1830 -1625 mV 

Output threshold voltage, high VoHC 0 -1020 mV V1N = V1H (min) or V1L (max) 

+25 -980 mV 

+75 -920 mV 

Output threshold voltage, low VoLC 0 -1645 mV V1N = V1H (min) or V1L (max) 

+25 -1630 mV 

+75 -1605 mV 

Input voltage, high V1H 0 -1145 -840 mV Guaranteed input voltage high for all inputs 

+25 -1105 -810 mV 

+75 -1045 -720 mV 

Input voltage, low V1L 0 -1870 -1490 mV Guaranteed input voltage low for all inputs 

+25 -1850 -1475 mV 

+75 -1830 -1450 mV 

Input current, high l1H o to +75 220 p.A V1N = V1H (max) 

Input current, low l1L 0 to +75 0.5 170 p.A For 'C'S': V1N = V1L (min) 

Oto +75 -50 p.A For all others: V1N = V1L (min) 

Supply current IEE 0 to +75 -220 mA All inputs and outputs open 

Notes: 

(1) The device under test (OUT) is mounted in a test socket and is 
measured at a thermal equilibrium established with a transverse 
air flow maintained at greater than 2.0 m/s. 

3 



µPB10470 NEC 
AC Characteristics 
TA= 0 to +75°C; Vee= -5.2 V ± 5% 

µ.PB10470·10 µ.PB10470·15 

Parameter Symbol Min Typ Max Min Typ Max Unit Test Conditions 

Read Opel'ation 

Address access time tAA 10 15 ns 

Chip select access time tACs 6 8 ns 

Chip select recovery time tRCS 6 8 ns 

W..ite Opel'ation 

Write pulse width tw 10 15 ns 

Data setup time twso 2 2 ns 

Data hold time twHD 2 2 ns 

Address setup time twsA 3 3 ns 

Address hold time twHA 2 2 ns 

Chip select setup time twscs 2 2 ns 

Chip select hold time twHCS 2 2 ns 

Write di sable time tws 6 8 ns 

Write recovery time twR 10 10 ns 

Output Rise and Fall Ti1111111 

Rise time tR 2 2 ns 

Fall time tF 2 2 ns 

Notes: 

(1) The device under test (OUT) is mounted in a test socket and is 
measured at a thermal equilibrium established with a transverse 
air flow maintained at greater than 2.0 m/s. 

4 



1\'EC 1£PB10470 

Figure 1. Loading Conditions Test Circuit 

Vee (GND) 

1 
Device Under Do UT 

Test 1 
RL: r CL 

c 

0.01 µF 1 -2.0V 

Notes: r [1] RL=500. ~ 

[2) CL = 30 pF. Vee 
831H-60368 

Figure 2. Input Pulse 

-0.9V 

80% 80% 

20% 20% 

-1.7V -------- --------
tR tF 

Note: 

[1] tR = tF = 2 ns (typ). 
831H·5948B 
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#£PB10470 

Timing Waveforms 

Chip Select Access Cycle 

DouT 

L .. CSJ 
831H-59728 

Address Access Cycle 

Address -----------t=-tAA-==1-------------

Do~ -------------------~----' ~so_%---------~ 
831H-6144B 

wtiteCycle 

Cs r 1 
Address 

f 
D1N j t lvv 

twso- f4--twH 

Lh~WSA \ ! ·=dJ -
DouT 

---I• -IWR1~1 
831H·S9738 



t\'EC 
NEC Electronics Inc. 

Description 

The µPB10474 is a very high-speed 10K interface ECL 
RAM organized as 1,024 words by 4 bits and designed 
with noninverted, open-emitter outputs and low power 
consumption. Three versions with access times of 8 ns, 
10 ns and 15 ns maximum are available in hermetic, 
400-mil, 24-pin cerdip packaging. 

Features 

o 1,024-word x 4-bit organization 
o 10K ECL interface 
o Noninverted, open-emitter outputs 
o Fast access times 
o Low power consumption 
o 400-mil, 24-pin cerdip packaging 

Ordering Information 
Part Number Access Time (max) Package 

11PB10474_D-_s ______ s_n_s ___ _ 24-pln cerdlp 

0-10 10 ns 

D-15 15 ns 

Pin Configuration 

24-Pln Cerdlp 

Vee A 
DQ:l 

004 
Ao 
A1 

A2 6 

A3 

A4 

As 9 
NC 

As 

VEE 

Pin Identification 
Symbol Function 

Ao-Ag Address Inputs 

011 - 014 Data Inputs 

D01·004 Data outputs 

WE Write enable 

~ Chip select 

µPB10474 
1,024 x 4-Bit 

10K ECL RAM 

831H·6176A 

Vee Power supply (current switches and bias driver) 

VccA Power supply (output devices) 

Vee Power supply 

NC No connection 



1£PB10474 

Absolute Maximum Ratings Truth Table 
Supply voltage, Vee to Vee -7.0 to +0.5 V 'C'S WE 
Input voltage, V1N Vee to +0.5V H x 
Output current, louT -30 to +0.1 mA L L 

Storage temperature, TsTG -65 to + 1so0c L L 

Storage temperature under bias, TSTG (bias) -55 to + 125°c L H 

Notes: 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. 

(1) X = don't care. 

Capacitance 
f = 1 MHz 

Parameter 

Input capacitance 

Output capacitance 

Block Diagram 

2 

Symbol Min 

CouT 

Typ Max 

4 

5 

X-Decoder/ 
Driver 

Input 
Data 

Control 
Circuit 

Unit 

pF 

pF 

Memory Cell Array 
64X16X4 

Sense/Switch 

Y-Decoder/Driver 

D1N 

x 
L 

H 

x 

Output 
Data 

Control 
Circuit 

NEC 
Output Mode 

L Not selected 

L WriteO 

L Write 1 

DouT Read 

831H·5958B 



NEC 11PB10474 

DC Characteristics 
TA= o to +75°C; VEE = -5.2 V; output load = 50 a to -2.0 v 

Parameter Symbol Min Typ Max Unit Test Conditions 

Output voltage, high VoH -1000 -840 mV V1N = v1H max or v1L min; TA = o•c Bii -960 -810 mV V1N = V1H max or V1L min; TA = 25°C 

-900 -720 mV V1N = V1H max or V1L min; TA = 75°C 

Output voltage, low Vol -1870 -1665 mV V1N = V1H max or V1L min; TA = 0°c 

-1850 -1650 mV V1N = V1H max or V1L min; TA = 25°C 

-1830 -1625 mV V1N = V1H max or V1L min; TA = 75°C 

Output threshold voltage, high VoHC -1020 mV V1N ... v1H min or v1L max; TA = 0°C 

-980 mV V1N = V1H min or V1L max; TA = 25°C 

-920 mV V1N = V1H min or V1L max; TA = 75°C 

Output threshold voltage, low Vo LC -1645 mV V1N = V1H min or V1L max; TA = 0°C 

-1630 mV V1N = V1H min or V1L max; TA = 25°C 

-1605 mV V1N = V1H min or V1L max; TA = 75°C 

Input voltage, high V1H -1145 -840 mV For all inputs: TA = 0°C 

-1105 -810 mV For all Inputs: TA = 25°C 

-1045 -720 mV For all inputs: TA = 75°C 

Input voltage, low V1L -1870 -1490 mV For all inputs: TA = o·c 

-1850 -1475 mV For all Inputs: TA = 25°C 

-1830 -1450 mV For all inputs: TA = 75°C 

Input current, high l1H 220 p.A V1N = V1H max 

Input current, low l1L 0.5 170 p.A For 'C'S: V1N = V1L min 

-50 p.A For all others: V1N "" V1L min 

Supply current IEE -220 mA All Inputs and outputs open 

Notes: 

(1) The device under test is mounted in a test socket and measured 
at a thermal equilibrium established with a transverse air flow 
maintained at greater than 2.0 m/s. 
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1£PB10474 NEC 
AC Characteristics 
TA = 0 to +75°C; Vee = -5.2 V :1: 5%; output load • 50 0 to -2.0 V 

14PB10474-8 llPB10474-10 JlPB10474-15 

Parameter Symbol Min Typ Max Min Typ Max Min Typ . Max Unit Test Conditions 

Read Operation 

Chip select access time tACs 5 

Chip select recovery time tRCS 5 

Address access time tAA 8 

Write Operation 

Write pulse width tw 6 10 

Data setup time twso 2 

Data hold time · twHD 2 

Address setup time twsA 3 

Address hold time twHA 2 

Chip select setup time twscs 2 

Chip select hold time twHCS 2 

Write di sable time tws 5 

Write recovery time twR 8 

Output RI• and Fall Times 

Output rl se time tR 2 

Output fall time tF 2 

Notes: 

(1) The device under test Is mounted in a test socket and measured 
at a thermal equilibrium established with a transverse air flow 
maintained at greater than 2.0 rn/s. 

4 

6 8 ns 

6 8 ns 

10 15 ns 

15 ns 

2 ns 

2 ns 

3 ns 

2 ns 

2 ns 

2 ns 

6 8 ns 

10 10 ns 

2 2 ns 

2 2 ns 

(2) See figures 1 and 2 for loading conditions and Input pulse timing. 
Input pulse levels • -1.7 to -0.9V; Input rise and fall times 
(measured between 20% and 80% or 80% and 20%) = 2 ns; input 
and output timing reference levels = 50%. 



N'EC 
Figure 1. Loading Conditions Test Circuit 

Notes: 

[1) RL =50n. 

[2) CL =30pF. 

Figure 2. Input Pulse 

-1.7V 

Note: 

[1) IR=lF=2ns(typ). 

Vee (GND) 

0.01 µF 

r 

Devic.e Under 
Test 

VccA (GND) 

-0.9V 

-2.0V 

,iPB10474 

DO 

831H-5947B 

80°Yo 

20% 
~~~~~~~~ 

IF 

831H-61nB 
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,iPB10474 NEC 
Timing waveforms 

Chip S.lect Ac:c:._ Cycle 

DO 
Note: 

(1) Address is valid more than 2 ns prior to the low transition of Cs. 
831H-6164B 

Actctre.. Acee. Cycle 

Address ___________ :(50%=--------------
· l= ... ==1. 

DO --------------~=50~%~~~~~~~~~~---------------~-
Note: 

(1) Cs•VIL· 
831H·6144B 

lfi"lfeCyde 

1 
Address 

E DI 

•w 
•wso--+I b---IWHD 

~- \ J .::dJ ~ -
DO 

L.~ I--· -•wR-1 
831H·5960B 
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NEC 
NEC Electronics Inc. 

Description 

The 1£PB10474A is a very high-speed 10K interface ECL 
RAM organized as 1,024 words by 4 bits and designed 
with noninverted, open-emitter outputs and low power 
consumption. Two versions with access times of 5 and 
6 ns maximum are available in hermetic, 400-mil, 24-pin 
cerdip packaging. 

Features 

o 1,024-word x 4-bit organization 
CJ 10K ECL interface 
CJ Noninverted, open-emitter outputs 
CJ Fast access times 
CJ Low power consumption 
CJ 400-mil, 24-pin cerdip packaging 

Ordering Information 
Part Number Acce11 Time (max) 

#'PB10474AD-5 5 ns 
~-------------------0-6 6ns 

60031 

Package 

24-pln cerdlp 

pPB10474A 
1,024 x 4-Blt 

10K ECL RAM 

Pin Configurations 

24-Pin Cerdlp 

Vee A 
DQa 
D04 

Ao 
A1 
A2 6 

A3 7 

A4 

As 
NC 

A5 

VEE 

Vee 
D02 
D01 

Dl4 

D'3 

Dl2 

Dl1 

cs 
WE 

Ag 
As 
A1 

831H·6175A 

Pin Identification 
Symbol Function 

Ao -Ag Address Inputs 

Dl1·014 Data Inputs 

001. 004 Data outputs 

~ Write enable (active low) 

~ Chip select (active low) 

Vee Power supply (current switches and bias driver) 

VccA Power supply (output devices) 

VEE -5.2-volt power supply 

NC No connection 



pPB10474A 

Absolute Maximum Ratings 
Vee• VcCA • ov 

Truth Table 
Cs WE 

Supply voltage, Vee to Vee -7.0 to +0.5 V H x 
Input voltage, V1N VEEto +0.5V L L 
Output current, loUT -30 to +0.1 mA L L 
Storage temperature, TSTG -65 to + 150"C L H 

-55 to + 125°C Storage temperature under blu, TSTG. (bias) 
Note a: 

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

(1) X • don't care. 

Capacitance 
f = 1 MHz 

Parameter Symbol Min Typ Max Unit 

Input capacitance C1N 4 pF 

Output capacitance CouT · 5 pF 

Block Diagram 

Ao 

A1 

A2 X-Decoder/ Memory Cell Array 

A3 Driver 64x16x4 

A4 

As 

Dl1 
Input Sense/Switch 

Dl2 Data 
Dl3. Control Y-Decoder/Driver 

Dl4 
Circuit 

As A1 As Ag 

2 

N'EC 

D1N Output Function 

x L Not selected 

L L Write O 

H L Write 1 

x DoUT Read 

D01 
Output 
Data D02 

Control 
Circuit 

D03 

D04 

831H-5958B 



NEC pPB10474A 

DC Characteristics 
TA • o to +75°C; VEE = -5.2 V: output load • 50 O to -2.0 V: Vee • VeeA • o V 

Parameter Symbol Min Typ Max Unit Teat Condition• 

Output voltage, high VOH -1000 -840 mV V1N - V1H max or V1L min: TA - C°C 

-960 -810 mV V1N • V1H max or V1L min; TA• 25°C 

-900 -720 mv V1N • V1H max or V1L min: TA • 75°C 

ml Output voltage, low Vol -1870 -1665 mv VIN - V1H max or v,L min; TA - C°C 

-1850 -1650 mV VIN • V1H max or V1L min; TA • 25°C 

-1830 -1625 mV V1N • V1H max or V1L min; TA == 75°C 

Output threshold voltage, high VoHe -1020 mV v,N • V1H min or v,L max; TA • C°C 

-980 mV VIN • V1H min or V1L max: TA • 25°C 

-920 mV V1N • V1H min or V1L max: TA • 75°C 

Output threshold voltage, low Vole -1645 mv V1N - V1H min or V1L max: TA - C°C 

-1630 mv V1N • V1H min or V1L max; TA • 25°C 

-1605 mV V1N • V1H min or V1L max; TA • 75°C 

Input voltage, high V1H :...1145 -840 mV For all Inputs: TA • C°C 

-1105 -810 mV For all Inputs: TA • 25°0 

-1045 -720 mv For all Inputs: TA • 75°C 

Input voltage, low V1L -1870 -1490 mV For all Inputs: TA • 0°C 

-1850 -1475 mV For all Inputs: TA • 25°C 

-1830 -1450 mV For all Inputs: TA • 75°C 

Input current, high l1H 220 µA V1N • V1Hmax 

Input current, low l1L 0.5 170 µA For~: V1N • V1L min 

-50 µA For all others: V1N • V1L min 

Supply current leE -250 mA All Inputs and outputs open 

Notes: 

(1) The device under test Is mounted In a test socket and measured 
at a thermal equlllbrlum established with a transverse air flow 
maintained at greater than 2.0 m/s. 
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pPB10474A NEC 
AC Characteristics 
TA • 0 to +75°C; Vee = -5.2 V :!:: 5%; output load • 50 Q to -2.0 V; Vee • VccA • 0 V 

11PB10474A·5 "PB10474A·8 

Parameter Symbol Min Typ Max Min Typ Max Unit Test Conditions 

Read Operation 

Address access time tAA 

Chip select recovery time tRCS 

Chip select access time tACs 

Write Operation 

Write pulse width tw 5 

Data setup time twso 

Data hold time twHD 

Address setup time twsA 

Address hold time twHA 

Chip select setup time twscs 

Chip select hold time twHCS 

Write disable time tws 

Write recovery time twR 

Output Rise and Fall Times 

Output rise time 2 

Output fall time 2 

Notes: 

(1) The device under test Is mounted In a test socket and measured 
at a thermal equlllbrlum established with a transverse air flow 
maintained at greater than 2.0 m/s. 

4 

5 

3 

3 

3 

6 

6 ns 

4 ns 

4 ns 

6 ns 

ns 

ns 

ns 

ns 

ns 

ns 

4 ns 

7 ns 

2 ns 

2 ns 

(2) See figures 1 and 2 for loading conditions and Input pulse timing. 
Input pulse levels • -1.7 to -0.9 V; Input rise and fall times 
(measured between 20% and 80% or 80% and 20%) • 2 ns; Input 
and output timing reference levels • 50%. 



NEC 
Figure 1. Loading Conditions Test Circuit 

Notes: 

[1] RL =50n. 

[2] CL =30pF. 

Figure 2. Input Pulse 

-1.7V 

Note: 

[1] IR=IF=2ns(typ). 

Vee (GND) 

1 

0.01 µFI 
r 

VccA (GND) 

Device Under 
Test 

-0.9V 

1 

) 

-2.0V 

pPB10474A 

DO 

831H-5947B 

80°Vo 

20% 
~~~~~~~~ 

tF 

831H-61nB 

5 



µPB104'74A NEC 
Timing waveforms 

Chip Select Accea Cycle 

DO 

Note: 

[1] Address Is valid more than 2 ns prior to the low transition of CS. 
83IH-6164B 

Address Access Cycle 

Address ___________ ...... X50%=---------------
-~'M=l 

DO ---------------J=so=%==================== 
Note: 

[1] Cs=VJL. 
831H-6144B 

Write Cycle 

r"-------1 
Address ---

1 

f r== 
E DI 

-- tw 
twsD- i---twH 

lh~:s· 
\ I .::dJ -~ 

~ 
-. 

DO 

---I· -twR-1 
831H-59GOB 
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NEC 
NEC Electronics Inc. 

Description 

The µPB10474E is a very-high-speed 10K interface ECL 
RAM organized as 1024 words by 4 bits and designed 
with noninverted, open-emitter outputs and low power 
consumption. 

Features 

o 1024-word x 4-bit organization 
o 10K ECL interface 
o Noninverted, open-emitter outputs 
o Fast access times 
o Low power consumption: 1.6 W max 
o 24-pin ceramic package, DIP or flat pack 

Ordering Information 
Part Number Access Time (max) Package 

µPB10474EDH-3 3 ns 24-pin cerdip 

DH-4 4 ns 

µPB10474EBH-3 3 ns 24-pin ceramic flatpack 

BH-4 4 ns 

Pin Identification 
Symbol 

Ao-Ag 

Vee 

VeeA 

NC 

60224 

Function 

Address inputs 

Data inputs 

Data outputs 

Write enable input 

Chip select input 

Power supply ground (current switches and bias 
driver) 

Power supply ground (output devices) 

Power supply (-5.2 volts) 

No connection 

Pin Configurations 

24-Pin Cerdip 

µPB10474E 

Dl2 1 

Dl3 

014 

001 
002 

Vee 
vccA 

003 
004 

Ao 
A1 

A2 

24-Pin Ceramic Flatpack 

,..., ,..., n r 

ri...j ~ 
L 1 
[ 

[ 
µPB10474E 

L 
[ 6 

,.... 

.......... 

C» 

pPB10474E 
1024 x 4-Bit 

10K ECL RAM 

83FM-8846A 

1a J 
J 
J 

J 
13 J 
~ 

08°138~ oo~ooo 
> 

83CL-8847A 



pPB10474E 

Absolute Maximum Ratings Capacitance 
Supply voltage, VEE to V cc -7.0 to +0.5 V 

f = 1 MHz 

Input voltage, V1N VEE to +0.5 V 
Parameter 

Output current, lour -30 to +0.1 mA 
Input capacitance 

Storage temperature, TsrG -65 to + 150°C 
Output capacitance 

Storage temperature under bias, TsrG (bias) -55 to + 125°C Truth Table 
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. 

H 

L 

L 

L 

x 
L 

L 

H 

X = don't care. 

Block Diagram 

2 

Ao o-----1 

A 1 a-------1 

A2 o-----1 

A3 o------1 

A4 o-----1 

As o-----1 

Dl1 0-----1 

Dl2 0------1 

Dl3 0-----1 

Dl4 0-----1 

X·Decoder/ 
Driver 

Input 
Data 

Control 
Circuit 

Memory Cell Array 
64x 16x4 

Sense Switch 

Y-Decoder/Drlver 

Ae A1 As Ag 

OUtput 
Data 

Control 
Circuit 

NEC 

Symbol Min Typ 

C1N 4 

Cour 5 

Output 

x L 

L L 

H L 

x Dour 

1-----<J 001 

1------0 002 

003 
1------0 004 

Max Unit 

pF 

pF 

Mode 

Not selected 

Write O 

Write 1 

Read 

83YL-7258B 



NEC µPB10474E 

DC Characteristics 
TA= Oto +75°C; VEE= -5.2 V; output load = 50 Oto -2.0 V 

Parameter Symbol Min Typ Max Unit Test Conditions 

Output voltage, high VoH -1000 -840 mV V1N = V1H max or V1L min; TA= 0°C • -960 -810 mV V1N = V1H max or VIL min; TA = 25°C 

-900 -720 mV V1N = V1H max or V1L min; TA = 75°C 

Output voltage, low Vol -1870 -1665 mV V1N = V1H max or V1L min; TA= 0°C 

-1850 -1650 mV V1N = V1H max or V1L min; TA= 25°C 

-1830 -1625 mV V1N = V1H max or V1L min; TA = 75°C 

Output threshold voltage, high VoHC -1020 mV V1N = V1H min or V1L max; TA= 0°C 

-980 mV V1N = V1H min or V1L max; TA= 25°C 

-920 mV V1N = V1H min or V1L max; TA = 75°C 

Output threshold voltage, low Vo LC -1645 mV V1N = V1H min or V1L max; TA = 0°C 

-1630 mV VIN = V1H min or V1L max; TA = 25°C 

-1605 mV V1N = V1H min or V1L max; TA = 75°C 

Input voltage, high V1H -1145 -840 mV For all inputs: TA = 0°C 

-1105 -810 mV For all inputs: TA = 25°C 

-1045 -720 mV For all inputs: TA = 75°C 

Input voltage, low V1L -1870 -1490 mV For all inputs: TA = 0°C 

-1850 -1475 mV For all inputs: TA = 25°C 

-1830 -1450 mV For all inputs: TA = 75°C 

Input current, high l1H 220 µA V1N = V1H max 

Input current, low l1L 0.5 170 µA For CS: V1N = V1L min 

-50 µA For all others: VJN = VJL min 

Supply current IEE -330 mA All inputs and outputs open 

Notes: 

(1) The device under test is mounted in a test socket and measured 
at a thermal equilibrium established with a transverse air flow 
maintained at greater than 2.0 m/s. 
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pPB10474E 

AC Characteristics 
TA= Oto +75°C; VEE= -5.2 V ± 5%; output load= 50 Oto -2.0 V 

µPB10474E-3 

Parameter Symbol Min Typ 

Read Operation 

Address access time tAA 

Chip select access time tAcs 

Chip select recovery time tRcs 

Write Operation 

Write pulse width tw 5 

Address hold time twHA 0.5 

Chip select hold time twHCS 0.5 

Data hold time twHD 0.5 

Write recovery time twR 

Write disable time tws 

Address setup time twsA 0.5 

Chip select setup time twscs 0.5 

Data setup time twso 0.5 

Output Rise and Fall Times 

Output rise time tR 2 

Output fall time tF 2 

Notes: 

(1) The device under test is mounted in a test socket and measured 
at a thermal equilibrium established with a transverse air flow 

Figure 1. Test Circuit 

4 

vee VccA 
~N~ ~N~ 

Device 00 
Under 1----i11-~ 

Test CL 

I10pF 

-2.0V 

Input Pulse 

83FM-8848A 

NEC 

µPB10474E~4 

Max Miri Typ Max Unit Test Conditions 

3 4 ns 

2 3 ns 

2 3 ns 

6 ns 

0.5 ns 

0.5 ns 

0.5 ns 

4 5 ns 

2 3 ns 

0.5 ns 

0.5 ns 

0.5 ns 

2 ns 

2 ns 

maintained at greater than 2.0 m/s. 

(2) See figure 1 for loading conditions and input pulse shape. 



NEC 
Timing Waveforms 

Chip Select Access Cycle 

DO 

Note: 

[1] Address Is valid more than 2 ns prior to the low transition of CS. 

[2) WE=Y1H. 

Address Access Cycle 

Address 

DO 

Note: 

[1] CS=VIL· 

[2} WE=VIH· 

pPB10474E 

831H-6164B 

831H-6144B 
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µPB10474E NEC 
Timing Waveforms (cont) 

Write Cycle 

~r----1 
Address 

1f f I 
E DI 

1yy-

twso--- i--1WHD 

Lh:SA \ v ,;;;dJ j 

~ ~ 

DO L.J 1. 1WR 

6 

831H-5960B 



NEC 
NEC Electronics Inc. 

Preliminary Information 

Description 

The µPB 10476LL is a very-high-speed 10K interface ECL 
RAM organized as 1024 words by 4 bits and designed 
with noninverted, open-emitter outputs and low power 
consumption. 

The device integrates input latches, high-speed ECL 
RAM, output latches, and a write pulse generator. The 
synchronous design allows precise cycle control by 
use of an internal clock. 

Features 

o 1024-word x 4-bit organization 
o 10K ECL interface 
o High-speed clock cycle: 6 ns 
o Latched 1/0 
o Self-timed write 
o 28-pin ceramic package, DIP or flatpack 

Ordering Information 
Part Number Access Time (max) Package 

µPB10476LLDH-6 6 ns 28-pin cerdip 

BH-6 6 ns 28-pin ceramic flatpack 

Pin ldentif ication 
Symbol 

Ao-Ag 

CLK,CLK 

Vss 
Vee 

VccA 

NC 

60226 

Function 

Address inputs 

Data inputs 

Data outputs 

Clock inputs 

Chip select input 

Write enable input 

Reference voltage output 

Power supply ground (current switches and bias 
driver) 

Power supply ground (output devices) 

Power supply (-5.2 volts) 

No connection 

pPB10476LL 
1024 x 4-Bit 

10K ECL Synchronous RAM 

Pin Configuration 

28-Pin Cerdip 

28-Pin Ceramic Flatpack 

µP810476LL 
L '-I 1 28 

2 27 

3 26 

[ 4 25 

5 24 

6 23 

7 22 

[ 8 21 

g 20 

L 10 1g 

[ 11 18 

[ 12 17 

13 16 

[ 14 15 

cs 
WE 
CLK 
CLK 
Vss 
NC 
NC 
VEE 
Ag 

As 
A1 

As 
As 

~ 

J 

J 

J 

J 

J 

J 

J 

83FM-8861A 

cs 
WE 
CLK 
CLK 

Vss 
NC 
NC 

VEE 
Ag 

As 

A1 

As 
As 
~ 

83f'M.8852A 



pPB10476LL 

Block Diagram 

Y-Decoder 

Memory Cell Array 

Address a--...:..10,,,.__---1 

64x 16 x4 

Read/Write Sense 

Write Pulse Generator 

CLK 
CLKn-<~.....,~~~~~~~~~~~~~~~~~--~~~~~~~~~~~~~ 

Reference Voltage 
Generator 

Absolute Maximum Ratings 
Supply voltage, VEE to Vee 

Input voltage, V1N 

Output current, louT 

Storage temperature, TsTG 

Storage temperature under bias, TsrG (bias) 

-7.0 to +0.5 V 

VEE to +0.5 V 

-30 to +0.1 mA 

-65 to + 150°C 

-55 to + 125°C 

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. 

2 

Capacitance 
f = 1 MHz 

Parameter Symbol 

Input capacitance C1N 

Output capacitance CouT 

Truth Table 
"CS WE DiN 
H x x 
L L L 

L L H 

L H x 
X = don't care. 

NEC 

DoUT 

83FM-88638 

Min Typ Max Unit 

4 pF 

5 pF 

Output Mode 

L Not selected 

L WriteO 

H Write 1 

Dour Read 



NEC 
DC Characteristics 
TA = 0 to +75°C; V cc = V CCA = 0 V; VEE = -5.2 V; output load = 50 Q to -2.0 V 

Parameter Symbol Min Typ Max 

Output voltage, high VoH -1000 -840 

-960 -810 

-900 -720 

Output voltage, low Vol -1870 -1665 

-1850 -1650 

-1830 -1625 

Output threshold voltage, high VoHC -1020 

-980 

-920 

Output threshold voltage, low Vole -1645 

-1630 

-1605 

Input voltage, high V1H -1145 -840 

-1105 -810 

-1045 -720 

Input voltage, low V1l -1870 -1490 

-1850 -1475 

-1830 -1450 

Input current, high l1H 220 

Input current, low Ill 0.5 170 

-50 

Supply current IEE -350 

Unit 

mV 

mV 

mV 

mV 

mV 

mV 

pPB10476LL 

Test Conditions 

mV V1N = V1H min or V1l max; TA= 0°C 

mV V1N = V1H min or Vil max; TA= 25°C 

mV V1N = V1H min or V1l max; TA= 75°C 

mV 

mV 

mV 

mV For all inputs: TA = 0°C 

mV For all inputs: TA = 25°C 

mV For all inputs: TA = 75°C 

mV For all inputs: TA = 0°C 

mV For all inputs: TA = 25°C 

mV For all inputs: TA = 75°C 

µA 

µA For CS: V1N = V1l min 

µA For all others: V1N = Vil min 

mA All inputs and outputs open 

Reference voltage Vss -1820 -1250 mV 

Notes: 

(1) The device under test is mounted in a test socket and measured 
at a thermal equilibrium established with a transverse air flow 
maintained at greater than 2.0 m/s. 
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pPB10476LL 

AC Characteristics 
TA= 0 to +75°C; VEE= -5.2 V ± 5%; output load= 50 Oto -2.0 V 

~PB10476LL·6 

Parameter Symbol Min Typ 

Address access time tA(Add) 

Clock access time tA(Clk) 

CS access time tA(CS) 

Data access time tA(DO 

Write access time tA('N) 

Clock cycle time tcvc 6 

Data release time toR 0.3 

Address hold time tHA 

CS hold time tHc 

Data hold time tHo 

WE hold time tHW 

Address setup time ts A 0.5 

CS setup time tsc 0.5 

Data setup time tso 0.5 

WE setup time tSN 0.5 

Clock high-pulse width twH(Clk) 4.5 

Clock low-pulse width twL(Clk) 1.5 

Notes: 

(1) The device under test is mounted in a test socket and measured 
at a thermal equilibrium established with a transverse air flow 
maintained at greater than 2.0 m/s. 

(2) See figure 1 for loading conditions and input pulse shape. 

Figure 1. Test Circuit 

Vee 
(GND) 

Device 
Under 
Test 

VccA 
(GND) 

DO 

CL 

~ l5pF 
-2.0V 

Input Pulse 

4 

83FM-891M 

NEC 

Max Unit Test Conditions 

2.5 ns tsA = 0.5 ns 

3.3 ns twL(Clk) = 1.5 ns 

2.3 ns tsc = 0.5 ns 

2.3 ns tso = 0.5 ns 

2.3 ns tSN = 0.5 ns 

ns 

1.8 ns twL(Clk) > tA(Clk) max, tsA > tA(Add) max, 
tsc > tA(CS) max, tso > tA(DO max 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Figure 2. Clock Input Modes 

Dlfferentlat Mode 

___/ 
\__ 

CLK Mode 

CLKMode 

10476LL 

=:i~~: 
~Vee 

'---------' 
10476LL 

CLK 

CLK 

Vee 

10476LL 

CLK 

CLK 

Vee 

83FM-8864A 



NEC pPB10476LL 

Timing Waveforms 

Address Access1 Read Mode 

CLK 

Address 

DouT Qn+1 

83FM-88668 
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pPB10476LL NEC 
Timing Waveforms (cont) 

Chip Select Access1 Read Mode 

------,>i1~-----tcvc------'~ 

CLK 

An+1 ~2 

Dour 

83FM-88668 
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t\'EC µPB10476LL 

Timing Waveforms (cont) 

Clock Access, Read Mode 

-----~E------tcvc-----

-~'---twH (Clk)-~~-·twL (Clk) 

CLK 

11/!llh 

\\\\\\\ 

DouT an Qn+1 

I toR(Mln) 

~tA(Clk)----
83FM-ll857B 
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pPB10476LL NEC 
Timing Waveforms (cont) 

Write Made 

~--tcvc--~E-----tcvc---

CLK 

~®\~ t j;/;j;;/////A 
tSA ~tHA 

Address 

Dour On Dn+1 

83FM-88688 
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NEC 
NEC Electronics Inc. 

Description 

The µPB10480 is a very high-speed 10K interface ECL 
RAM organized as 16,384 words by 1 bit and designed 
with noninverted, open-emitter outputs and low power 
consumption. Two versions with fast access times of 
10 ns and 15 ns maximum are available in hermetic, 
300-mil, 20-pin cerdip or 20-pin ceramic flatpack pack
aging. 

Features 

o 16,384-word x 1-bit organization 
o 10K ECL interface 
o Noninverted, open-emitter outputs 
o Fast access times 
o Low power consumption 
o 300-mil, 20-pin cerdip or 20-pin ceramic flatpack 

packaging 

Ordering Information 
Power 

Access Consumption 
Part Number Time (max) (max) Package 

µPB10480D-10 10 ns 1.4W 20-pin cerdip 

D-15 15 ns 1.3W 

µPB104808-10 10 ns 1.4W 20-pin ceramic 

8-15 15 ns 1.3W 
flat pack 

60034 

Pin Configurations 

20-Pin Cerdip 

Ao 
A1 

A2 

A3 

A4 6 

As 
A5 

A1 9 

VEE 

20-Pin Ceramic Flatpack 

1 -
2 

[ 3 

4 0 
co v 

5 0 

co 6 0. 
::L 

7 

8 

[ 9 

10 

20 

19 

18 

17 

16 

15 

14 

13 

12 

11 

pPB10480 
16,384 x 1-Bit 
10K ECL RAM 

Vee 
DI 

Cs 
WE 

A13 

A12 

A11 

A10 

Ag 

As 

] 

] 

J 

J 

83\H--6190A 

Vee 
DI 

83\H-6192A 



µPB10480 

Pin Identification 
Symbol 

DI 

DO 

Vee 

Vee 

Capacitance 
f = 1 MHz 

Parameter 

Input capacitance 

Output capacitance 

Block Diagram 

2 

Function 

Address Inputs 

Data Input 

Data output 

Chip select 

Write enable 

Ground 

-5.2-volt power supply 

Symbol 

CouT 

X-Address 
Decoder 

Min 

Word 
Driver 

Typ 

4 

6 

Max Unit 

pF 

pF 

Memory Cell 
Array 128 x 128 

Sense Amp. and 
Write Drivers 

1ttlEC 
Absolute Maximum Ratings 
Supply voltage, Vee -7.0 to +0.5 V 

Input voltage, V1N Veeto +0.5V 

Output current, louT -30 to +0.1 mA 

Storage temperature, Tsra -65 to + 150°C 

Storage temperature .under bias, Tsrn (bias) -55 to + 125°C 

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

Truth Table 
cs WE D1N Output Mode 

H x x L Not selected 

L L L L Write o 
L L H L . Write 1 

L H x DouT Read 

Notes: 

(1) X = don't care. 

DO 

Y-Address Decoder 
DI 

831H·4992B 



1ttf EC µPB10480 

DC Characteristics 
TA= 0 to +75°C; Vee = -5.2 V; output load = 50 0 to -2.0 V 

Parameter Symbol Min Typ Max Unit Test Conditions 

Output voltage, high VoH -1000 -840 mV V1N = V1H max or V1L min; TA = 0°c 

Ell -960 -810 mV V1N = V1H max or V1L min; TA = 25°C 

-900 -720 mV V1N = V1H max or V1L min; TA = 75°C 

Output voltage, low VoL -1870 -1665 mV V1N = V1H max or V1L min; TA = 0°C 

-1850 -1650 mV V1N = V1H max or V1L min; TA = 25°C 

-1830 -1625 mV V1N = V1H max or V1L min; TA = 75°C 

Output threshold voltage, high VoHC -1020 mV V1N = V1H min or V1L max; TA = 0°c 

-980 mV V1N = V1H min or V1L max; TA = 25°C 

-920 mV V1N = V1H min or V1L max; TA = 75°C 

Output threshold voltage, low Vo LC -1645 mV V1N = V1H min or V1L max; TA = 0°C 

-1630 mV V1N = ViH. min or V1L max; TA = 25°C 

-1605 mV V1N = V1H min or V1L max; TA = 75°C 

Input voltage, high V1H -1145 -840 mV For all inputs: TA = 0°C 

-1105 -810 mV For all inputs: TA = 25°C 

-1045 -720 mV For all inputs: TA= 75°C 

Input voltage, low V1L -1870 -1490 mV For all inputs: TA= 0°C 

-1850 -1475 mV For all inputs: TA = 25°C 

-1830 -1450 mV For all inputs: TA = 75°C 

Input current, high l1H 220 p.A V1N = V1H max 

Input current, low l1L 0.5 170 p.A For~: V1N = V1L min 

-50 p.A For all others: V1N = V1L min 

Supply current lee -260 mA For p.PB10480-10: all inputs and outputs open 

-240 mA For µPB10480·15: all inputs and outputs open 

Notes: 

(1) The device under test is mounted In a test socket and measured 
at a thermal equilibrium established with a transverse air flow 
maintained at greater than 2.0 m/s. 
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1£PB10480 NEC 
AC Characteristics 
TA • o to + 75°C: Vee = -5.2 v :t5% 

l'PB10480·10 l'PB10480·15 

Parameter Symbol Min Typ Max Min Typ Max Unit Test Conditions 

Read Operation 

Address access time tAA 10 15 ns 

Chip select recovery time tRcS 5 8 ns 

Chip select access time tACs 5 8 ns 

Wl'ite Operation 

Write pulse width tw 10 15 ns 

Data setup time twso 2 3 ns 

Data hold time twHD 2 ns 

Address setup time twsA 2 3 ns 

Address hold time twHA 1 2 ns 

Chip select setup time twscs 2 3 ns 

Chip select hold time twHCS 2 ns 

Write disable time tws 5 8 ns 

Write recovery time twR 11 17 ns 

Output Riss and Fall Timn 

Output rise time tR 2 2 ns 

Output fall time tF 2 2 ns 

Notes: 

(1) The device under test Is mounted In a test socket and measured (2) Input pulse levels • -1.7 to -0.9V; Input rise and fall times 
at a thermal equlllbrlum established with a transverse air flow (measured between 20% and 80% or 80% to 20%) • 2.5 ns; Input 
maintained at greater than 2.0 m/s. and output timing reference level • 50%. 

4 



1ttlEC 
Figure 1. Loading Conditions Test Circuit 

Notes: 

(1] RL=50'1. 

[2] CL = 30 pF. 

Figure 2. Input Pulse 

-1.7V 

Note: 

(1] tR=tf=2.5ns(typ). 

0.01 µF 

r 

Vee (GNO) 

Device Under 
Test 

-0.9V 

11PB10480 

DO 

-2.0V 

831H·6036B 

80°Yo 

20% 
~~~~~~~~ 

tF 

831H·5948B 
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1tPB10480 NEC 
Timing Waveforms 

Chip Select Access Cycle 

DO 

Note: 

(1] Address is valid more than 2 ns prior to the low transition of Cs. 
831H·6164B 

Address Access Cycle 

Address ____________ ;(50%=----------------
. i..::::= .•• ==1. 

DO -----------------HHH)(=so=%====================== 
Note: 

[1] Cs =VIL· 
831H·6144B 

· Write Cycle 

r'--------1 
Address-f t..----~ 

E DI 

-. tw .... 
twsD~ ~IWHD 

Lb~:s· 
\ 1 .::dJ 

DO 

--I· -twR-1 
831H·5950B 
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NEC 
NEC Electronics Inc. 

Description 

The µPB 10484 is a very high-speed 10K interface ECL 
RAM organized as 4,096 words by 4 bits and designed 
with noninverted, open-emitter outputs and low power 
consumption. Two versions with access times of 10 
and 15 ns maximum are available. The µPB10484 is 
packaged in a hermetic, 400-mil, 28-pin cerdip or 28-pin 
ceramic flat pack. 

Features 

o 4,096-word x 4-bit organization 
o 10K ECL interface 
o Noninverted, open-emitter outputs 
o Low power consumption of 1.4 W maximum 
o Fast access times of 10 and 15 ns maximum 
o 400-mil, 28-pin cerdip or 28-pin ceramic flatpack 

packaging 

Ordering Information 
Access 

Part Number Time (max) Package 

µPB10484D-10 10 ns 28-pin cerdip 

D-15 15 ns 

µPB10484B-10 10ns 28-pin ceramic flatpack 

B-15 15ns 

60033 

Pin Configurations 

28-Pin Cerdip 

VccA 
DOJ 
004 

Ao 
A1 

A2 

As 
A4 

As 
As 
A7 

A8 
NC 

VEE 

28-Pin Ceramic Flatpack 

VccA 
00s 
004 

Ao 
A1 

A2 

As 
A4 

As 
As 
A7 

A8 
NC 

VEE 

[ 

[ 

[ 

,__, 1 

2 

3 

4 

s 
v s co v 

7 0 

ai 
8 '3_ 
9 

10 

11 

12 

13 

14 

28 

27 

2S 

2S 

24 

23 

22 

21 

20 

19 

18 

17 

1S 

15 

pPB10484 
4,096 x 4-Bit 

10K ECL RAM 

831H-6169A 

] 

] 

] 

] 

831H-6170A 



µPB10484 

Pin Identification 
Symbol Function 

Address inputs 

Data inputs 

Data outputs 

WE1. WE2 Write enable (active low) 

Chip select (active low) 

Absolute Maximum Ratings 
Vee= VeeA = OV 

Supply voltage, VEE 

Input voltage, V1N 

Output current, lour 

Storage temperature, TsrG 

Storage temperature under bias, TsrG (bias) 

NEC 

-7.0 to +0.5 V 

VEeto +0.5V 

-30 to +0.1 mA 

-65 to + 150°C 

-55 to +125°C 

Vee Power supply (current switches and bias driver) 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. 

VeeA Power supply (output devices) 

Vee -5.2-volt power supply 

NC 

Capacitance 
f = 1 MHz 

Parameter 

Input capacitance 

Output capacitance 

Block Diagram 

No connection 

Symbol 

C1N 

Cour 

WE1 

Min 

Ao 

A1 -

A2 

A3 

A4 

As 

As 

Dl1 

Dl2 

Dl3 

Dl4 

WE2 -----7 .. ~ 

2 

Typ Max 

4 

6 

X-Decoder/ 
Driver 

Input 
Data 

Control 
Circuit 

Truth Table 
cs WE D1N Output Mode 

H x x L Not selected 

Unit L L (Note 2) L L Write 0 

pF 

pF 

A1 

L L (Note 2) H L Write 1 

L H (Note 2) x Dour Read 

Notes: 

(1) X = don't care. 

(2) Both WE1 and WE2 must be low to initiate write operation. For 
read operation, either WE1 or WE2 or both must be high. 

Memory Cell Array 
128x32x4 

Sense/Switch D01 
Output 
Data D02 

Y-Decoder/Driver Control 
Circuit 

D03 

D04 

As Ag A10 A11 

831H-6013B 



NEC 11PB10484 

DC Characteristics 
TA = Oto +75°C; VEE = -5.2 V; output load = 50 Oto -2.0 V; Vee = VeeA = O V 

Parameter Symbol Min Typ Max Unit Test Conditions 

Output voltage, high VoH -1000 -840 mV V1N = V1H max or V1L min; TA = 0°c 

-960 -810 mV V1N = V1H max or V1L min; TA = 25°C 

-900 -720 mV V1N = V1H max or V1L min; TA = 75°C 

Output voltage, low Vol -1870 -1665 mV V1N = V1H max or V1L min; TA = 0°C 

-1850 -1650 mV V1N = V1H max or V1L min; TA = 25°C 

-1830 -1625 mV V1N = V1H max or V1L min; TA = 75°C 

Output threshold voltage, high VoHe -1020 mV V1N = V1H min or V1L max; TA = 0°c 

-980 mV V1N = V1H min or V1L max; TA = 25°C 

-920 mV V1N = V1H min or V1L max; TA = 75°C 

Output threshold voltage, low Vo Le -1645 mV V1N = V1H min or V1L max; TA = 0°C 

-1630 mV V1N = V1H min or V1L max; TA = 25°C 

-1605 mV V1N = V1H min or V1L max; TA = 75°C 

Input voltage, high V1H -1145 -840 mV For all inputs: TA = 0°C 

-1105 -810 mV For all inputs: TA = 25°C 

-1045 -720 mV For all inputs: TA = 75°C 

Input voltage, low V1L -1870 -1490 mV For all inputs: TA = 0°C 

-1850 -1475 mV For all inputs: TA = 25°C 

-1830 -1450 mV For all Inputs: TA = 75°C 

Input current, high l1H 220 p.A V1N = V1H max 

Input current, low l1L 0.5 170 p.A For C$": V1N = V1L min 

-50 p.A For all others: V1N = V1L min 

Supply current IEE -260 mA For p.PB10484-10: all inputs and outputs open 

-240 mA For p.PB10484-15: all inputs and outputs open 

Notes: 

(1) The device under test is mounted in a test socket and measured 
at a thermal equilibrium established with a transverse air flow 
maintained at greater than 2.0 m/s. 

3 



~tPB10484 NEC 
AC Characteristics 
TA = 0 to +75°C; VEE = -5.2 V ±5%; output load = 50 0 to -2.0 V; Vee = VceA • 0 V 

JlPB10484-10 

Parameter SymbOI Min Typ 

Read Operation 

Address access time tAA 

Chip select recovery time tRCS 

Chip select access time tACs 

Writs Operation 

Write pulse width tw 10 

Data setup time twso 2 

Data hold time twHD 

Address setup time twsA 2 

Address hold time twHA 

Chip select setup time twscs 2 

Chip select hold time twHCS 

Write di sable time tws 

Write recovery time twR 

Output Rise and Fall Timss 

Output rise time tR 2 

Output fall time tF 2 

Notes: 

(1) The device under test is mounted in a test socket and measured 
at a thermal equilibrium established with a transverse air flow 
maintained at greater than 2.0 m/s. 

4 

11PB10484·15 

Max Min Typ Max Unit Test Conditions 

10 

5 

5 

5 

11 

15 ns 

8 ns 

8 ns 

15 ns 

3 ns 

2 ns 

3 ns 

2 ns 

3 ns 

2 ns 

8 ns 

17 ns 

2 ns 

2 ns 

(2) Input pulse levels • -1.7 to -0.9 V; input rise and fall times 
(measured between 20% and 80% or 80% to 20%) = 2.5 ns; input 
and output timing reference level = 50%. 



NEC µPB10484 

Figure 1. Loading Conditions Test Circuit 

Vee (GND) VccA (GND) 

1 l 
Device Under DO 

Test 

r~ RL 

~ 

0.01µF1 

-2.0V 

Notes: r [1] RL =500. ) 

[2] CL =30pF. VEE 
831H-5947B 

Figure 2. Input Pulse 

-0.9V 

-1.7V --.:~ 
Note: 

[1] lR= IF= 2.5 ns (typ). 
831H-5948B 
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1£PB10484 NEC 
Timing Waveforms 

Chip Select Access Cycle 

DO 

Note: 

(1] Address is valid more than 2 ns prior to the low transition of CS. 
831H·6164B 

Address Access Cycle 

Note: 

[1] CS=VIL· 
831H-6144B 

Write Cycle 

1 
Address 

E DI 

tw ... 
twso- f4--tWHD 

Lb:~· \ 1 ,::dJ 
··~ 

DO 

--I• -twR-1 
831H-5950B 
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NEC 
NEC Electronics Inc. 

Description 

The µ.PB10484A is a very high-speed 10K interface ECL 
RAM. It is organized as 4,096 words by 4 bits and 
designed with noninverted, open-emitter outputs and 
low power consumption. Two versions with access times 
of 5 or 7 ns maximum are available. The 14PB10484A is 
packaged in a hermetic, 400-mil, 28-pin cerdip or 28-pin 
ceramic flatpack. 

Features 

CJ 4,096-word x 4-bit organization 
CJ 10K ECL interface 
CJ Noninverted, open-emitter outputs 
CJ Fast access times of 5 and 7 ns maximum 
CJ Low power consumption of 1.4 W maximum 
CJ 400-mil, 28-pin cerdip or ceramic flatpack packaging 

Ordering Information 

Part Number 
Access 

Time (max) 

~PB10484AD·5 5 ns 
--------------~ D·7 7ns 

~PB10484AB·5 5 ns 
--------------~ 
B-7 7 ns 

80016 

Package 

28-pin cerdip 

28-pin ceramic flatpack 

Pin Configurations 

28-Pin Cerdip 

VccA 1 
DOJ 
004 

Ao 
A1 
A2 

Ag 

28-Pin Ceramic Ratpack 

Vee A 
DOg 

004 
Ao 
A1 
A2 

Ag 
A4 

As 
A5 

A1 
As 
NC 

VEE 

[ -

[ 

[ 

[ 

[ 

[ 

1 

2 
g 

4 

5 
< 6 ..,. 
~ 7 0 

8 co a. 
9 :::!. 

10 

11 

12 
1g 

14 

28 

27 

26 

25 

24 
2g 

22 

21 

20 

19 

18 

17 

16 

15 

#'PB10484A 
4,096 x 4-BIT 

10K ECL RAM 

831H·5944A 

J 

831H·5945A 



1£PB10484A 

Pin I dent if ication 
Symbol Function 

Address inputs 

Data inputs 

Data outputs 

Write enable (active low) 

Chip select (active low) 

Absolute Maximum Ratings 
Vee"" VccA"" ov 
Supply voltage, VEE 

Input voltage, V1N 

Output current, louT 

Storage temperature, TsTG 

Storage te'mperature under bias, TsTG (bias) 

NEC 

-7.0 to +0.5 V 

VEE to +0.5V 

-30 to +0.1 mA 

-65 to + 150 °C 

-55 to + 125 °C 

Vee Power supply (current switches and bias driver) 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. 

VccA Power supply (output devices) 

NC 

Capacitance 
f = 1 MHz 

Parameter 

Input capacitance 

-5.2-volt power supply 

No connection 

Symbol Min 

C1N 

Output capacitance CouT 

Block Diagram 

2 

WE1 ----~-4 

WE2 --"""*--l 

Typ Max 

4 

6 

X-Decoder/ 
Driver 

Input 
Data 

Control 
Circuit 

Truth Table 
cs we DI Output Function 

H x x L Not selected 

Unit L L (Note 2) L L WriteO 

pF L L (Note 2) H L Write 1 

pF L H (Note 2) x DouT Read 

Notes: 

(1) X = don't care. 

(2) Both WE1 and WE2 must be low to initiate.write operation. For 
read operation, either WE1 or WE2 or both must be high. 

Memory Cell Array 
128x32x4 

Sense/Switch 

Y-Decoder/Driver 

Output 
Data 

Control 
Circuit 

831H-60138 



1\'EC µPB10484A 

DC Characteristics 
TA = 0 to +75 °C; VEE = -5.2 V; output load = 50 0 to -2.0 V; Vee = VccA = 0 V 

Parameter Symbol Min Typ Max Unit Test Conditions 

Output voltage, high VoH -1000 -840 mV V1N = V1H max or V1L min; TA = 0 °C 

-960 -810 mV V1N = V1H max or V1L min; TA = 25 °C 

-900 -720 mV V1N = V1H max or V1L min; TA = 75 °C 

Output voltage, low Vol -1870 -1665 mV V1N = V1H max or V1L min; TA = 0 °C 

-1850 -1650 mV V1N = V1H max or V1L min; TA = 25 °C 

-1830 -1625 mV V1N = V1H max or V1L min; TA = 75 °C 

Output threshold voltage, high VoHC -1020 mV V1N = V1H min or V1L max; TA = 0 °C 

-980 mV V1N = V1H min or V1L max; TA = 25 °C 

-920 mV V1N = V1H min or V1L max; TA = 75 °C 

Output threshold voltage, low Vo LC -1645 mV V1N = V1H min or V1L max; TA = 0 °C 

-1630 mV V1N = V1H min or V1L max; TA = 25 °C 

-1605 mV V1N = V1H min or V1L max; TA = 75 °C 

Input voltage, high V1H -1145 -840 mV For all inputs: TA = 0 °C 

-1105 -810 mV For all inputs: TA = 25 °C 

-1045 -720 mV For all iriputs: TA = 75 °C 

Input voltage, low V1L -1870 -1490 mV For all inputs: TA = 0 °C 

-1850 -1475 mV For all inputs: TA = 25 °C 

-1830 -1450 mV For all inputs: TA = 75 °C 

Input current, high l1H 220 p.A V1N = V1H max 

Input current, low l1L 0.5 170 p.A For 'C"S: V1N = V1L min 

-50 p.A For all others: V1N = V1L min 

Supply current IEE -260 mA For ,uPB10484A·5: all inputs and outputs open 

-240 mA For ,uPB10484A·7: all inputs and outputs open 

Notes: 

(1) The device under test is mounted in a test socket and measured 
at a thermal equilibrium established with a transverse air flow 
maintained at greater than 2.0 m/s. 
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,iPB10484A NEC 
AC Characteristics 
TA = o to +75 °C; VEE = -5.2 V :t 5%; output load = 50 o to -2.0 V; Vee = VecA = o V 

1-LPB10484A·5 

Parameter Symbol Min Typ 

Rsad Operation 

Address access time tAA 

Chip select recovery time tRCS 

Chip select access time tACs 

Write Operation 

Write pulse width tw 6 

Data setup time twso 

Data hold time twHD 2 

Address setup time twsA 

Address hold time twHA 2 

Chip select setup time twscs 

Chip select hold time twHCS 2 

Write disable time tws 

Write recovery time twR 

Output Rise and Fall Times 

Output rise time tR 2 

Output fall time tF 2 

Notes: 

(1) The device under test is mounted in a test socket and measured 
at a thermal equilibrium established with a transverse air flow 
maintained at greater than 2.0 m/s. 

4 

l'PB10484A·7 

Max Min Typ Max Unit Test Conditions 

5 

3.5 

3.5 

3.5 

7 

7 ns 

4 ns 

4 ns 

8 ns 

ns 

2 ns 

ns 

2 ns 

ns 

2 ns 

5 ns 

9 ns 

2 ns 

2 ns 

(2) Input pulse levels = -1.7 to -0.9 V; input rise and fall times 
(measured between 20% and 80% or 80% and 20%) = 2.5 ns; 
input and output timing reference level = 50%. 



NEC 
Figure 1. Loading Conditions Test Circuit 

Notes: 

[1] RL =500. 

[2] CL =30pF. 

Figure 2. Input Pulse 

-1.7V 

Note: 

[1] IR= IF= 2.5 ns (typ). 

Vee (GND) 

1 

O.D1µF1 

r 

Device Under 
Test 

( 

VEE 

VccA (GND) 

l 

-0.9V 

1tPB10484A 

0 

-2.0V 

DO 

Ji:·-~, -

831H·5947B 

831H-5948B 
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,iPB10484A NEC 
Timing Waveforms 

Chip Select Access Cycle 

DO 
Note: 

[1] Address is valid more than 2 ns prior to the low transition of Cs. 
831H-6164B 

Address Access Cycle 

~~~~~--XF=~~~~~~~~ 
·f= ... =1. 

DO ---------------=x=50=%===================== 

Address 

Note: 

[1] Cs =VIL· 
831H-6144B 

Write Cycle 

Address 

r.._____---1 
~f fr----

t DI 

tw 
twsD- i----tWHD 

Lb~:s· 
\ J .::dJ -~ 

.... ~ 

DO 
l-11 -twR-1 

831H-5950B 
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NEC 
NEC Electronics Inc. 

Description 

The µ.PB10A484 is a very high-speed 10K interface ECL 
RAM organized as 4,096 words by 4 bits with nonin
verted, open-emitter outputs. Two versions with access 
times of 5 ns and 7 ns maximum are available. The 
µ.PB10A484 is packaged in a hermetic, 400-mil, 28-pin 
cerdip or 28-pln ceramic flatpack. 

Features 

o 4,096-word x 4-bit organization 
o 10K ECL interface 
o Noninverted, open-emitter outputs 
o Fast access times of 5 and 7 ns maximum 
o 400-mil, 28-pin cerdip or ceramic flatpack packaging 
o Center power pins 

Ordering Information 
Access 

Part Number Time (max) Package 

,uPB10A484D-5 5ns 28-pin cerdip 

D-7 7ns 

,uPB10A484BH-5 5ns 28-pln ceramic flatpack 

BH-7 7ns 

80029 

Pin Configurations 

28-Pin Cerdip 

Dl1 

Dl2 

Dl3 

Dl4 

D01 

D02 

Vee 
VeeA 

D03 

D04 

Ao 
A1 

A2 

A3 

28-Pin Ceramic Flatpack 

Dl1 

Dl2 

Dl3 

Dl4 

D01 

D02 

Vee 
VccA 

D03 

D04 

Ao 
A1 

A2 

A3 

[ 

[ 

[ 

[ 

[ 

[ 

:---- 1 
2 

3 

4 

5 
v 

6 co 
v 

7 < 
0 

iii 8 c.. 
9 

:::1. 

10 

11 

12 

13 

14 

28 

27 

26 

25 

24 

23 

22 

21 

20 

19 

18 

17 

16 

15 

pPB10A484 
4,096 x 4-Bit 

10K ECL RAM 

Cs 
we 
NC 

NC 

A11 
A10 
Ag 
Vee 
NC 

As 
A1 

A5 
As 
A4 

831H-6165A 

] 

] 

] 

] 

831H-6166A 



pPB10A484 

Pin Identification 
Symbol Function 

Ao· A11 Address Inputs 

Dl1 - Dl4 Data Inputs 

D01-D04 Data outputs 

WE Write enable (active low) 

cs Chip select (active low) 

Absolute Maximum Ratings 
Vee• VeeA • ov 
Supply voltage, VEE 

Input voltage, V1N 

Output current, lour 

Storage temperature, TsrG 

Storage temperature under bias, TsrG (bias) 

NEC 

-7.0 to +0.5 V 

VEE to +0.5V 

-30to +0.1 mA 

-65 to + 150"C 

-55 to + 125°C 

Vee Power supply (current switches and bias driver) 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 llmlts specified 
under DC and AC Characteristics. 

VeeA Power supply (output devices) 

VEE -5.2-volt power supply 

NC 

Capacitance 
f • 1 MHz 

Parameter 

Input capacitance 

Output capacitance 

Block Diagram 

2 

No connection 

Symbol Min 

C1N 

Cour 

Typ Max 

4 

6 

X-Decoder/ 
Driver 

Input 
Data 

Control 
Circuit 

Truth Table 
Function 

Not selected 

Unit WrlteO 
pF Write 1 

pF Read 

Notes: 

(1) X • don't care. 

Memory Cell Array 
128X32X4 

cs 
H 

L 

L 

L 

Output 
Data 

Control 
Circuit 

WE D1N Output 

x x L 

L L L 

L H L 

H x Dour 

831H·6071B 



NEC pPB10A484 

DC Characteristics 
TA • o to +75°C; VEE = -5.2 V; output load • 50 o to -2.0 V; Vee • VceA • o V 

Parameter Symbol Min Typ Max Unit Test Conditions 

Output voltage, high VoH -1000 -840 mV v1N • v1H max or v1L min; TA • o•c 
-960 -810 mV V1N - V1H max or V1L min; TA - 25°C 

-900 -720 mV V1N - V1H max or V1L min; TA - 75°C 

Ill Output voltage, low Vol -1870 -1665 mV V1N • V1H max or V1L min; TA • o•c 
-1850 -1650 mV V1N - V1H max or V1L min; TA - 25°0 

-1830 -1625 mV V1N • V1H max or V1L min; TA = 75°C 

Output threshold voltage, high VoHe -1020 mV V1N - V1H min or V1L max; TA - D°C 

-980 mV V1N • V1H min or v1L max; TA • 25°C 

-920 mv V1N - V1H min or V1L max; TA - 75°C 

Output threshold voltage, low Vo Le -1645 mV V1N • V1H min or V1L max; TA • D°C 

-1630 mV V1N - V1H min or V1L max; TA - 25°C 

-1605 mV V1N - V1H min or V1L max; TA - 75°C 

Input voltage, high V1H -1145 -840 mV For all Inputs: TA • o·c 
-1105 -810 mV For all inputs: TA • 25°0 

-1045 -720 mV For all inputs: TA • 75°0 

Input voltage, low V1L -1870 -1490 mV For all Inputs: TA • 0°0 

-1850 -1475 mV For all Inputs: TA • 25°C 

-1830 -1450 mV For all Inputs: TA • 75°0 

Input current, high l1H 220 p.A V1N - V1H max 

Input current, low l1L 0.5 170 p.A For~: V1N • V1L min 

-50 p.A For all others: V1N • V1L min 

Supply current IEE 320 mA All inputs and outputs open 

Notes: 

(1) The device under test is mounted in a test socket and measured 
at a thermal equilibrium established with a transverse air flow 
maintained at greater than 2.0 m/s. 
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pPB10A484. NEC 
AC Characteristics 
TA • 0 to + 75°C; VEE = -5.2 V :t 5%; output load • 50 0 to -2.0 V; Vee • VeeA • 0 V 

l'PB10A484-5 

Parameter Symbol Min Typ 

Read Operation 

Address access time tAA 

Chip select recovery time tReS 

Chip select access time tACs 

Writs Operation 

Write pulse width tw 6 

Data setup time twso 1 

Data hold time twHD 2 

Address setup time twsA 

Address hold time twHA 2 

Chip select setup time twses 1 

Chip select hold time twHeS 2 

Write disable time tws 

Write recovery time twR 

Output Riss and Fall Times 

Output rise time tR 2 

Output fall time tF 2 

Notes: 

(1) The device under test Is mounted In a test socket and measured 
at a thermal equlllbrlum established with a transverse air flow 
maintained at greater than 2.0 m/s. 
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l'PB10A484-7 

Max Min Typ Max Unit Teat Conditions 

5 

3.5 

3.5 

3.5 

7 

7 ns 

4 ns 

4 ns 

8 ns 

ns 

2 ns 

1 ns 

2 ns 

1 ns 

2 ns 

5 ns 

9 ns 

2 ns 

2 ns 

(2) Input pulse levels = -1.7 to -0.9 V; Input rise and fall times 
(measured between 20% and 80% or 80% and 20%) • 2.5 ns; 
input and output timing reference level • 50%. 



t\'EC 
Figure 1. Loading Conditions Test Circuit 

Notes: 

[1] RL=50'1. 

[2] CL =30 pF. 

Figure 2. Input Pulse 

Vee (GND) 

1 

0.01 µFl 
r 

80% 

20% 

-1.7V ~~~~~~~~ 

IR 

Note: 

[1] IR= If= 2.5 ns (typ). 

VccA (GND) 

Device Under 
Test 

-0.9V 

i 

RL ~ 

6 

-2.0V 

pPB10A484 

DO 

1 q_ r • 
83IH-5947B 

80°Vo 

20% 
~~~~~~~~-

t F 

831H-5948B 
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µPB10A484 NEC 
Timing Waveforms 

Chip Select Access Cycle 

DO 
Note: 
(1] Address Is valid more than 2 ns prior to the low transition of CS. 

831H·6164B 

Address Access Cycle 

~~~~~~xF=~~~~~~~~ 
-~ ... =1. 

DO ---------------~=50=%===================== 

Address 

Note: 

[1] Cs=VIL· 
831H·6144B 

Write Cycle 

cs r 1 
Address 

f f 
t DI 

-. lw --
twso~ 1---IWHD 

lk:s' 
\ V" 

.::dJ ~ j 

~ 

DO 
L.~J , __ ,. -twR-1 

831H·5950B 
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NEC 
NEC Electronics Inc. 

Description 

The µPD10500 is a very high-speed BiCMOS RAM with a 
10K EGL interface. Its unique design uses blended 
CMOS and bipolar peripheral circuits and N-channel 
MOS memory cells. The device is organized as 262,144 
words by 1 bit and is designed with an open-emitter 
output (noninverted) and low power consumption. Two 
versions with fast access times of 15 and 20 ns maxi
mum are available in hermetic, 300-mil, 24-pin cerdip 
packaging. 

Features 

o BiCMOS technology 
o 262,144-word x 1-bit organization 
o 10K EGL interface 
o Open-emitter output (noninverted) 
o Fast access times 
o Low power consumption 
o 300-mil, 24-pin cerdip packaging 

Ordering Information 

Part Number 
Access 

Time (max) 

µPD10500D-15 15 ns -------
D-20 20ns 

60015 

Power 
Consumption 

(max) Package 

832 mW 24-pin cerdip 

Pin Configuration 

24-Pin Cerdip 

Pin I dent if ication 
Symbol 

DI 

DO 

pPD10500 
262,144 x 1-Bit 

10K BiCMOS ECL RAM 

Vee 
DI 

Cs 
WE 

A11 

A16 
A15 
A14 
A13 
A12 
A11 
A10 

631H-5970A 

Function 

Address inputs 

Data input 

Data output 

Chip select 

Write enable 

Ground 

-5.2-volt power supply 



11PD10500 

Absolute Maximum Ratings Truth Table 
Supply voltage, Vee -7.0 to +0.5 V cs WE 

Input voltage, V1N Vee to +0.5V H x 
Output current, lour -30 to +0.1 mA L L 

Storage temperature, Tsra -65 to + 1so0c L L 

Storage temperature under bias, Tsra (bias) -55 to + 125•c L H 

Notes: 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. 

(1) X • don't care. 

Capacitance 
f = 1 MHz 

Parameter 

Input capacitance 

Output capacitance 

Block Diagram 

2 

X-Address 
Decoder 

Symbol 

Cour 

Min 

Word 
Driver 

Typ 

4 

6 

Max Unit 

pF 

pF 

512 x 512 
Memory Cell Array 

Sense Amplifier and 
Write Drivers 

Y-Address Decoder 

NEC 
DI Function Output 

x Not selected L 

L Write 0 L 

H Write 1 L 

x Read Dour 

DO 

DI 

831H-5971B 



t\'EC pPD10500 

DC Characteristics 
TA = o to +75°C; VEE = -5.2 V :t5%; output load • 50 a to -2.0 V; Vee = VeeA = o V 

Parameter Symbol Min Typ Max Unit Test Conditions 

Output voltage, high VoH -1000 -840 mV V1N = V1H max or V1L min; TA == C°C mm 
-960 -810 mV V1N = V1H max or V1L min; TA ... 25°C 

-900 -720 mV V1N = V1H max or V1L min; TA • 75°C 

Output voltage, low Vol -1870 -1665 mV V1N = V1H max or V1L min; TA ... 0°C 

-1850 -1650 mV V1N • V1H max or V1L min; TA = 25°C 

-1830 -1625 mV V1N • V1H max or V1L min; TA = 75°C 

Output threshold voltage, high VoHe -1020 mV V1N - V1H min or V1L max; TA • C°C 

-980 mV V1N • V1H min or V1L max; TA • 25°C 

-920 mV V1N = V1H min or V1L max; TA • 75°C 

Output threshold voltage, low Vole -1645 mV V1N - V1H min or V1L max; TA .. C°C 

-1630 mV V1N • V1H min or V1L max; TA • 25°C 

-1605 mV V1N • V1H min or V1L max; TA • 75°C 

Input voltage, high V1H -1145 -840 mV For all Inputs: TA • C°C 

-1105 -810 mV For all inputs: TA • 25°C 

-1045 -720 mV For all Inputs: TA • 75°C 

Input voltage, low V1L -1870 -1490 mV For all Inputs: TA • C°C 

-1850 -1475 mV For all inputs: TA • 25°C 

-1830 -1450 mV For all Inputs: TA = 75°C 

Input current, high l1H 220 llA V1N ... V1H max 

Input current, low l1L 0.5 170 llA For CS: V1N = V1L min 

-50 llA For all others: V1N = V1L min 

Supply current IEE -160 mA All inputs and outputs open 

Notes: 

(1) The device under test is mounted in a test socket and measured 
at a thermal equilibrium established with a transverse air flow 
maintained at greater than 2.0 m/s. 
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,iPD10500 NEC 
AC Characteristics 
TA= 0 to +75 •c; VEE= -5.2V :!: 5% 

l'PD10500·15 l'PD10500·20 

Parameter Symbol Min Typ Max Min Typ Max Unit Test Conditions 

Read Operation 

Address access time tAA 15 20 ns 

Chip select access time t>.es 10 15 ns 

Chip select recovery time tRCS 10 15 ns 

Write Operation 

Write pulse width tw 10 15 ns 

Data setup time twso 2 2 ns 

Data hold time twHD 3 3 ns 

Address setup time twsA 2 2 ns 

Address hold time twHA 3 3 ns 

Chip select setup time twscs 2 2 ns 

Chip select hold time twHCS 3 3 ns 

Write disable time tws 10 15 ns 

Write recovery time twR 18 23 ns 

Output Rise and Fall Times 

Rise time tR 2 2 ns 

Fail time tF 2 2 ns 

Notes: 

(1) The device under test (OUT) is mounted in a test socket and is (2) Input pulse levels = -1.7 to -0.9V; input rise and fail times 
measured at a thermal equilibrium established with a transverse (measured between 20% and 80% or 80% and 20%) = 2.5 ns; 
air flow maintained at greater than 2.0 m/s. input and output timing reference levels = 50%. 

4 



NEC 
Figure 1. Loading Conditions Test Circuit 

Notes: 

[1] RL=50'1. 

[2] Cl= 30 pF. 

Figure 2. Input Pulse 

Vee (GND) 

1 

O.Q1 µFI 
r 

80% 

20% 

-1.7V ~~~~~~~~ 

tR 

Note: 

[1] IR=IF=2.5ns(typ). 

VccA (GND) 

Device Under 
Test 

-0.9V 

l 

R > 
l 

0 

-2.0V 

µPD10500 

DO 

831H-5947B 

83IH-5948B 
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11PD10500 NEC 
Timing Waveforms 

Chip Select Access Cycle 

DO 

Note: 

[1] Address Is valid more than 2 ns prior to the low transition of Cs. 
831H-6164B 

Address Access Cycle 

Address 

DO 

Note: 

[1] CS=VIL 
831H-6144B 

Write Cycle 

cs r 1 
Address f f 

E DI 

I I 
1vv 

twsD- f-4-IWHD 

Lb~:·· 
\ v 

.=.dJ l\ j 

_., ... 
... 

~ 

DO 

1-.. -twR-1 
831H-5973B 
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NEC 

ECLRAMsl 
1 OOK Interface • 



ECL RAMs (100K Interface) NEC 
Section 26 
ECL RAMs {100K Interface) 

µPB Organization Features 

100422 256x 4 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 16K x 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 

Upcoming Products (101/100K Interface) 

Description Device Number Comments 

16Kx 4 µPD101 /100494 TM= 6, 7 ns; 28-pin PDIP/PFP 

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

32Kx 9 µPD101 /100509 Tcycle = 6, TDQ= 3; registered 1/0, scannable; 52-pin PLCC 

64Kx4 µPD101 /100504 T AA = 8, 10 ns; 32-pin PDIP/PFP 



NEC 
NEC Electronics Inc. 

Description 

The µ.PB100422 is a very high-speed 100K interface ECL 
RAM organized as 256 words by 4 bits and designed with 
noninverted, open-emitter outputs and low power con
sumption. Two versions with fast access times of 7 or 
10 ns maximum are available in 24-pin ceramic DIP or 
ceramic flatpack packaging. 

Features 

o 256-word x 4-bit organization 
o 100K ECL interface 
o Noninverted, open-emitter outputs 
o Fast access times 
o Low power consumption 
o 400-mil, 24-pin ceramic DIP or 24-pin ceramic 

flatpack packaging 

Ordering Information 
Access Supply 

Part Number Time (max) Current (min) Package 

µ.PB100422D-7 7 ns -220 mA 24-pln ceramic DIP 

0-10 10 ns 

µ.PB100422B-7 7 ns -220 mA 24-pln ceramic 

B-10 10 ns 
flatpack 

60023 

Pin Configurations 

24-Pln Ceramic DIP 

014 

8Ss 
00:3 
BS4 
004 

Vee s 
VccA 

001 

8S1 
002 

8S2 11 

011 

24-Pln Ceramic Ratpack 

n n 

24 
'-11 

µPB100422 

6 
7 

w 

l'PB100422 
256 x 4-Bit 

100K ECL RAM 

831H·5951A 

19 
18 

13 J 
12 

w 

831H-5952A 



1£PB100422 

Pin I dent if ication 
Symbol Function 

Addresses 

Block select Inputs 

Data inputs 

Data outputs 

Write enable 

Vee Power supply (current switches and bias driver) 

VeeA Power supply (output devices) 

Power supply 

Capacitance 
Parameter Symbol Min Typ Max Unit 

Input capacitance C1N 4 pF 

Output capacitance CouT 5 pF 

Block Diagram 

As 

Ao 

A1 Q; 
> 
i5 

A2 1::: 
::::::::::t: Q) 

-0 

8 
A3 

Q) 

0 x 
A4 

NEC 
Absolute Maximum Ratings 
Suppiy voltage, Ve~'to Vee. -7.0 to +0.5 V 

Input voltage, V1N Vee to +0.5 V 

Output current, louT -30 to +0.1 mA 

Storage temperature, TsTG -65 to + 150°C 

Stor"'ge temperature, under bias, TsTG .(bias) - 55 to + 125°C 

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

Truth Table 
BS WE DI DO Function 

H x x L Not Selected 

L L L L Write "O" 

L L H L Write "1" 

L H x Data Valid Read 

Notes: 

(1) The Block Select input for each of the four memory blocks Is used 
Independently as shown in the block diagram. 

V-Dec0der/Driver 

Memory Cell Array 
(256 Words x 4 Bits) 

Block 1 Block 2 Block 3 Block 4 

SJIH-59538 

2 



NEC 
DC Characteristics 
TA = 0 to +85 °C; VEE = -4.5 V; output load = 50 IJ to -2.0 V 

Parameter Symbol Min 

Output voltage, high VoH -1025 

Output voltage, low Vol -1810 

Output threshold voltage, high VoHC -1035 

Output threshold voltage, low Vo LC 

Input voltage, high V1H -1165 

Input voltage, low V1L -1810 

Input current, high l1H 

Input current, low l1L 0.5 

-50 

Supply current IEE -220 

Notes: 

(1) Device under test is mounted in a test socket and measured at a 
thermal equilibrium established with a transverse air flow main-
tained at greater than 2.0 m/s. 

AC Characteristics 
TA= Oto +85°C; VEE= -4.5V ::!: 5% 

p.PB100422·7 

Parameter Symbol Min Typ 

Read Operation 

Block select access time tABS 

Block select recovery time tRBS 

Address access time tAA 

Write Operation 
Write pulse width tw 5 

Data setup time twso 

Data hold time twHD 

Address setup time twsA 

Address hold time twHA 

Block select setup time twsss 

Block select hold time twHBS 

Write di sable time tws 

Write recovery time twR 

Output Rise and Fall Times 

Output rise time tR 2 

Output fall time tF 2 

Notes: 

(1) Device under test is mounted in a test socket and measured at a 
thermal equilibrium established with a transverse air flow main
tained at greater than 2.0 m/s. 

(2) All timing measurements are referenced to 50% input levels. 

µPB100422 

Typ Max Unit Test Conditions 

-880 mV V1N = V1H max or V1L min 

-1620 mV V1N = V1H max or V1L min 

mV V1N = V1H min or V1L max 

-1610 mV V1N = V1H min or V1L max 

-880 mV For all inputs 

-1475 mV For all inputs ml 220 p.A V1N = V1H max 

170 p.A For BS1·BS4: V1N = V1L min 

p.A For all others: V1N = V1L min 

mA All inputs and outputs open 

p.PB100422·10 

Max Min Typ Max Unit Test Conditions 

5 5 ns 

5 5 ns 

7 10 ns 

6 ns 

2 ns 

2 ns 

2 ns 

2 ns 

2 ns 

2 ns 

5 5 ns 

6 9 ns 

2 ns 

2 ns 

(3) The output load is shown in figure 1. 

(4) Input transition times are shown in figure 2. 

3 



11PB100422 NEC 
Figure 1. Loading Conditions Test Circuit 

Vee (GND) VccA (GND) 

1 1 
Device Under DO 

Test t c, RL 

6 

0.01 µFI -2.0V 

Notes: r (1) RL =50'2. ~ 

(2) CL = 30 pF. VEE 
831H·5947B 

Figure 2. Input Pulse 

-0.9V 

80°Yo 

20% 

-1.7V ~~~~~~~~ 

tF 

Note: 

[1) IR= IF= 2.5 ns (typ). 
831H·5948B 
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NEC 
Timing Waveforms 

Chip Select Access 

DO 

Note: 

[1) Address is valid more than 2 ns prior to the low transition of BS. 

Address Access Cycle 

Note: 

[1) BS= V1L 

Write Cycle 

µ.PB100422 

831H·5972B 

831H-6203B 

Address 

DI 

1----1 ------..r-----r
~E 3---... tw ... 

twsD- i----twHD 

~~:s· \ I ,::dJ ... 
~ 

DO 

I-~ -twR-1 
831H-5955B 

5 
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NEC 
NEC Electronics Inc. 

Description 

The µPB100470 is a very high-speed 100K interface ECL 
RAM with full voltage and temperature compensation. 
The device is organized as 4K words by 1 bit, and is 
designed with an open emitter output (noninverted) for 
low power consumption. Two fast access time versions 
are available: 10 ns maximum and 15 ns maximum. The 
µPB100470 is available in a hermetic, 300-mil, 18-pin 
cerdip. 

Features 

o 4,096-word x 1-bit organization 
o 100K ECL interface with full voltage and temperature 

compensation 
o Open emitter output (noninverted) 
o Fast access times 
o Low power consumption 
o 300-mil, 18-pin cerdip packaging 

Ordering Information 

Part Number 
Access 

Time (max) 

,u.PB100470D-10 10 ns 
~~~~~~~~~ 

D-15 15 ns 

60025 

Package 

18-pin cerdip 

Pin Configuration 

18-Pin Cerdip 

DoUT 
Ao 
A1 

A2 

A3 

A4 

As 
As 

VEE 

Pin I dent if ication 
Symbol 

DouT 

Yee 

µ.PB100470 
4,096 x 1-BIT 

100K ECL RAM 

831H·-6061A 

Function 

Address inputs 

Data input 

Data output 

Chip select 

Write enable 

Ground 

-4.5-volt power supply 



11PB100470 

Absolute Maximum Ratings Truth Table 
Supply voltage, VEE to Vee -7.0 to +0.5 V cs WE 

Input voltage, V1N Vee to +0.5 V H x 
Output current, louT -30 to +0.1 mA L L 

Storage temperature, TsTG -65 to + 150°C L L 

Storage temperature under bias, TsTG (bias) -55 to + 125°C L H 

Notes: 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. 

(1) X = don't care. 

Capacitance 
Parameter 

Input capacitance 

Output capacitance 

Block Diagram 

2 

Symbol 

C1N 

CouT 

X-Address 
Decoder 

Min Typ 

4 

5 

Word 
Driver 

Max Unit 

pF 

pF 

64 X64 
Memory Cell 

Array 

Sense Amplifiers and 
Write Drivers 

Y-Address Decoder 

NEC 
D1N Function Output 

x Not selected L 

L WriteO L 

H Write 1 L 

x Read DouT 

DouT 

831H-4916B 



NEC 
DC Characteristics 
TA =Oto +85°C; VEE = -4.5 V; output load = 50 Oto -2.0 V 

Parameter Symbol Min 

Output voltage, high VoH -1025 

Output voltage, low Vol -1810 

Output threshold voltage, high VoHC -1035 

Output threshold voltage, low Vo LC 

Input voltage, high V1H -1165 

Input voltage, low V1L -1810 

Input current, high l1H 

Input current, low l1L 0.5 

-50 

Supply current IEE -220 

Notes: 

(1) The device under test (DUT) is mounted in a test socket and is 
measured at a thermal equilibrium established with a transverse 
air flow maintained at greater than 2.0 m/s. 

AC Characteristics 
TA = o to +85°C; VEE = -4.5 V ± 5% 

µPB 100470·10 

Parameter Symbol Min Typ 

Read Operation 

Address access time tAA 

Chip select access time tACs 

Chip select recovery time tRCS 

Write Operation 

Write pulse width tw 10 

Data setup time twso 2 

Data hold time twHD 2 

Address setup time twsA 3 

Address hold time twHA 2 

Chip select setup time twscs 2 

Chip select hold time twHCS 2 

Write disable time tws 

Write recovery time twR 

Output Rise and Fall Times 

Rise time tR 2 

Fall time tF 2 

Notes: 

(1) The device under test (DUT) is mounted in a test socket and is 
measured at a thermal equilibrium established with a transverse 
air flow maintained at greater than 2.0 m/s. 

1LPB100470 

Max Unit Test Conditions 

-880 mV V1N = V1H (max) or V1L (min) 

-1620 mV 

mV V1N = V1H (min) or V1L (max) 

-1610 mV 

-880 mV Guaranteed input voltage high for all inputs 

-1475 mV Guaranteed input voltage low for all inputs 

220 µA V1N = V1H (max) 

170 µA For CS: v,N = v,L (min) • µA For all others: V1N = V1L (min) 

mA All inputs and outputs open 

µPB100470·15 

Max Min Typ Max Unit Test Conditions 

10 15 ns 

6 8 ns 

6 8 ns 

15 ns 

2 ns 

2 ns 

3 ns 

2 ns 

2 ns 

2 ns 

6 8 ns 

10 10 ns 

2 ns 

2 ns 

3 



#'PB100470 NEC 
Figure 1. Loading Conditions Test Circuit 

Vee (GND) 

1 
Device Under Dour 

Test 1 
RL / r CL 

6 

0.01 µF 1 -2.0V 

Notes: I [1] RL=SO.n. ~ 

[2] CL=30pF. VEE 
831H-6036B 

Figure 2. Input Pulse 

-0.9V 

80% 

20% 
~~~~~~~~ 

tR k
80'lYo 

20% 
~~~~~~~~ 

IF 

-1.7V 

Note: 

[1] 1R= 1F = 2 ns (typ). 
831H·S948B 
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NEC µPB100470 

Timing Waveforms 

Chip Select Access Cycle 

DouT 

831H·S972B 

Address Access Cycle ~ 
.------------~~ 

Address ___________ X50%=---------------
-~ ... =1. 

DouT ---------------~..._-s_o-%==================== 
831H·6144B 

Write Cycle 

Address 

r--------1 
~r r-

E•mo~i...---tw•---~---~,WHD3 
I. ~~~ \ __________ ~ ·~:~ .I 

DouT 

--1 ~ -IWRl---.!f 
831H-5973B 
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NEC 
NEC Electronics Inc. 

Description 

NEC's µPB100474 is a very high-speed 100K interface 
ECL RAM organized as 1,024 words by 4 bits and 
designed with open-emitter, noninverted outputs. It is 
available in a 24-pin cerdip, 24-pin ceramic LCC, or 
24-pin ceramic flatpack package. 

Features 

o 1024-word by 4-bit organization 
o 100K interface ECL 
o Full voltage and temperature compensation 
o Noni nverted, open emitter outputs 
o Fast access times 
o 24-pin cerdip, ceramic LCC, and ceramic flatpack 

packaging 

Ordering Information 
Access Supply 

Part Number Time (max) Current (min) Package 

µPB100474B-6 6 ns -450 mA 24-pin ceramic 

B-8 8 ns 
---------_-

22
-
0
-m-A-- flatpack 

B-10 

B-15 

µPB100474D-8 

D-10 

D-15 

µPB100474K-4.5 

K-6 

60104 

10 ns 

15 ns 

8 ns 

10 ns 

15 ns 

4.5 ns 

6 ns 

-220 mA 

-450 mA 

24-pin cerdip 

24-pin ceramic 
LCC 

Pin Cont igurations 

24-Pin Cerdip 

24-Pin Ceramic Flatpack 

n 24 
1 

µPB100474 

WE 
cs 
Dl1 

Dl2 
Dl3 
Dl4 67 

L..J 

24-Pin Ceramic LCC 

Ag Aa A1 Vee As 

-' L-J ,_, ,_, 
16 15 14 13 12 

WE J 17 

cs J 18 

011 J 19 µPB100474 

012 J20 
013 J 21 1 

n 

22,2..:i, 24 II 2 .., ,-, r' ~ ,-, 

µPB100474 
1,024 x 4-Bit 

100K ECL RAM 

83-003561A 

,..., 

19 
18 

J 

13 
12 

831H-5405A 

NC As 

\:/10 '-
9[ A4 

e[ A3 

7 [ A2 

6 [ A1 

5 [ Ao 

3 4 ,-, r 

014 001 002 Vee VecA 003 
004 

83-003562A 



pPB100474 

Block Diagram 

Ao o----~ 

A1 o------< 

A2 o----~ X-Decoder/ 
A3 Driver 

A4 o----~ 

As o----~ 

Dl1 o----~ 

Dl2 <>------< 

Dl3 o----~ 

Dl4 <>------< 

Pin ldentif ication 
Symbol Function 

Ao-Ag Addresses 

Data inputs 

Data outputs 

Write enable 

Chip select 

Input 
Data 

Control 
Circuit 

Memory Cell Array 
64X16X4 

Sense Switch 

Y-Decoder/Drlver 

As A7 As Ag 

Output 
Data 

Control 
Circuit 

Absolute Maximum Ratings 
Supply voltage, VEE to Vee 

Input voltage, V1N 

Output current, louT 

Storage temperature, TsTG 

D01 

D02 

003 

D04 

Storage temperature under bias, TsTG (Bias) 

NEC 

83YL-7258B 

-7.0 V to +0.5 

+0.5 V to VEE 

-30 mA to +0.1 

-65 to +150 °C 

-55 to +125 °c 

Vee Power supply (current switches and bias driver) 

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. Power supply (output devices) 

Power supply 

NC No connection Truth Table 
cs WE D1N Output Function 

Capacitance H x x L Not selected 

Parameter Symbol Min Typ Max Unit L L L L Write O 

Input capacitance C1N 4 .PF L L H L Write 1 

Output capacitance CouT 5 pF L H x DouT Read 

Notes: 

(1) X = don't care. 

2 



NEC 
DC Characteristics 
TA= Oto +85°C; VEE= -4.5 V; output load= 50 Oto -2.0 V 

Parameter Symbol Min Typ Max 

Output voltage, high VoH -1025 -880 

Output voltage, low Vol -1810 -1620 

Output threshold voltage, high VoHC -1035 

Output threshold voltage, low Vole -1610 

Input voltage, high V1H -1165 -880 

Input voltage, low V1l -1810 -1475 

Input current, high l1H 220 

Input current, low l1l 0.5 170 

-50 

Supply current IEE -220 

-450 

Notes: 

(1) The device under test is mounted in a test socket and is measured 
at a thermal equilibrium established with a transverse air flow 
maintained at greater than 2.0 ms. 

Figure 1. Loading Conditions Test Circuit 

Vcc[GND) VccA[GND] 

Figure 2. Input Pulse 

Device 
Under Test 

J 0.01 µF 

Note: 

REE 

pPB100474 

Unit Test Conditions 

mV V1N = V1H max or Vil min 

mV V1N = V1H max or Vil min 

mV V1N = V1H min or Vil max 

mV V1N = V1H min or Vil max 

mV Guaranteed input voltage high for all inputs 

mV Guaranteed input voltage low for all inputs 

µA V1N = V1H max 

µA For CS: V1N = V1l min 

µA For all others: V1N = V1l min 

mA tAA = 8/10/15 ns; all inputs and outputs open 

mA tAA = 4.5/6 ns; all inputs and outputs open (Note 2) 

(2) For the µPB100474-4.5/-6, take measures to reduce the thermal 
resistance and to keep the junction temperature less than 90 °C. 
Forced air and appropriate fins on the substrate on which the 
package is mounted, or on the package itself, are recommended. 
The thermal resistance of the junction to the case (bottom side) of 
an LCC or flatpack package is less than 10°C/W. 

DO 

-2.0V 

83YL·7305B 

-0.9V 

-1.7V 

Note: • 

tR = tF = 2.0 ns 
83YL-7306B 

3 
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pPB100474 NEC 
AC Characteristics 
TA = o to +85°C; VEE = -4.5 V :!:5% 

l'PB100474·4.5 J'PB100474-6 l'PB100474-8 l'PB100474·10 l'PB100474·15 

Parameter Symbol Min Max Min Max Min Max Min Max Min Max Unit 

Read Operation 

Chip select access time tAcs 4 4 5 6 8 ns 

Chip select recovery time tRcs 4 4 5 6 8 ns 

Address access time tAA 4.5 6 8 10 15 ns 

Write Operation 

Write pulse width tw 4.5 6 6 10 15 ns 

Data setup time twso 2 2 ns 

Data hold time twHD 2 2 ns 

Address setup time twsA 3 3 ns 

Address hold time twHA 2 2 2 2 ns 

Chip select setup time twscs 2 2 ns 

Chip select hold time twHCS 2 2 ns 

Write disable time tws 4 4 5 6 8 ns 

Write recovery time twR 4.5 6 8 10 10 ns 

Notes: 

(1) The device under test is mounted in a test socket and is measured (3) See figures 1 and 2 for loading conditions and input pulse timing. 

at a thermal equilibrium established with a transverse air flow FortheµPB100474-4.5/-6, CL= 5 pF. FortheµPB100474-8/10/15, 

maintained at greater than 2.0 m/sec. CL= 30pF. 

(2) For the µPB100474-4.5/-6, take measures to reduce the thermal (4) Output rise and fall times = 2 ns (typ). 

resistance and to keep the junction temperature less than 90"C. 
Forced air and appropriate fins on the substrate on which the 
package is mounted, or on the package itself, are recommended. 
The thermal resistance of the junction to the case (bottom side) of 
an LCC or flatpack package is less than 10°C/W. 
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NEC 
Timing Waveforms 

Chip Select Access Cycle 

DO 

Note: 

[1] Address is valid more than 2 ns prior to the low transition of CS. 

[2] WE=VJH. 

Address Access Cycle 

Address 

DO 

Note: 

[1] CS=VJL· 

[2} WE=VJH· 

pPB100474 

831H-6164B 

831H-6144B 
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pPB100474 

Timing Waveforms (cont) 

Write Cycle 

Address 

DI E 1vv 

1wso-

Lb~ 
\ 

r\. 

DO 

L.~ 

6 

NEC 

1 

l---1WHD 

l/ 
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NEC 
NEC Electronics Inc. 

Description 

The ~PB100474A is a very high-speed 100K interface 
ECL RAM organized as 1,024 words by 4 bits and 
designed with noninverted, open emitter outputs and full 
voltage and temperature compensation. The device is 
packaged in a 24-pin cerdip or ceramic flatpack. 

Features 

o 1,024 word by 4-bit organization 
o 100K ECL interface 
o Full voltage and temperature compensation 
o Open emitter outputs (noninverted) 
o Fast access times 
o 24-pin cerdip and flatpack packaging 

Ordering Information 
Access Supply 

Part Number Time (max) Current (min) Package 

~PB100474AD-5 5ns -250mA 24-pin cerdip 

AD-6 6 ns 

~PB100474ABH·5 5ns -250mA 24-pin ceramic 

ABH-6 6ns 
flatpack 

60020 

Pin Configurations 

24-Pin Cerdip 

012 

013 

014 

001 

002 

Vee a 
VeeA 7 

003 

004 

Ao 
A1 

A2 

pPB100474A 
1,024 x 4-Bit 

100K ECL RAM 

831H-5956A 

24-Pin Ceramic Ratpack 

r .--- r-

24 19 
,___ 1 18 :::J 

L 
µPB100474A 

[ 

6 13 
7 12 

~ u u 

831H-5957A 



µPB100474A NEC 
Pin I dent if icatlon Absolute Maximum Ratings 
Symbol Function Supply voltage, Vee to Vee -7.0 to +0.5 V 

Address Inputs Input voltage, V1N Vee to +0.5V 

Data inputs Output current, louT -30 to +0.1 mA 

Data outputs Storage temperature, TsTG -65 to + 150°C 

Write enable Storage temperature under bias, TsTG (Bias) -55 to + 125°C 

Chip select 

Vee Power supply (current switches and bias driver) 
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. VeeA Power supply (output devices) 

Vee -4.5-volt power supply 

NC No connection 

Capacitance 
TA = 25°C; f = 1 MHz 

Parameter Symbol Min 

Input capacitance C1 

Output capacitance Co 

Block Diagram 

2 

Typ Max 

4 

6 

X-Decoder/ 
Driver 

Input 
Data 

Control 
Circuit 

Truth Table 
Function 

Not selected 

Write o 
Unit Write 1 
pF 

pF 
Read 

Notes: 

(1) X = don't care. 

Memory Cell Array 
64X16X4 

Sense/Switch 

Y-Decoder/Driver 

A5 A1 As Ag 

cs 
H 

L 

L 

L 

Output 
Data 

Control 
Circuit 

WE DIN Output 

x x L 

L L L 

L H L 

H x DouT 

D01 

D02 

D03 

D04 

831H-5958B 



NEC 
DC Characteristics 
TA = O to +85°C; VEE = -4.5 V; output load = 50 O to -2.0 V; Vee = VeeA = o V 

Parameter Symbol Min Typ 

Output voltage, high VoH -1025 

Output voltage, low Vol -1810 

Output threshold voltage, high VoHe -1035 

Output threshold voltage, low Vole 

Input voltage, high V1H -1165 

Input voltage, low V1L -1810 

Input current, high l1H 

Input current, low l1L 0.5 

-50 

Supply current IEE -250 

Notes: 

(1) The device under test (DUT) is mounted in a test socket and is 
measured at a thermal equilibrium established with a transverse 
air flow maintained at greater than 2.0 m/sec. 

AC Characteristics 

Max 

-880 

-1620 

-1610 

-880 

-1475 

220 

170 

TA = Oto +85°C; VEE = -4.5 V ±5%; output load = 50 O to -2.0 V; Vee = VeeA = O V 

Unit 

mV 

mV 

mV 

mV 

mV 

mV 

µA 

µA 

µA 

mA 

"PB100474A·5 "PB100474A·6 

Parameter Symbol Min Typ Max Min Typ Max 

Read Operation 

Address access time tAA 5 6 

Chip select access time tACs 3 4 

Chip select recovery time tRes 3 4 

Write Operation 

Write pulse width tw 5 6 

Data setup time twso 

Data hold time twHD 

Address setup time twsA 

Address hold time twHA 

Chip select setup time twses 

Chip select hold time twHeS 

Write disable time tws 3 4 

Write recovery time twR 6 7 

Rise and Fall Times 

Output rise time tR 2 2 

Output fall time tF 2 2 

Notes: 

pPB100474A 

Test Conditions 

V1N = V1H (max) or V1L (min) 

V1N = V1H (max) or V1L (min) 

V1N = V1H (min) or V1L (max) 

V1N = V1H (min) or V1L (max) 

V1N = V1H (max) 

For~: V1N = V1L (min) 

For all others: V1N = V1L (min) 

All inputs and outputs open 

Unit Test Conditions 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

(1) The device under test (OUT) is mounted In a test socket and Is 
measured at a thermal equilibrium established with a transverse 
air flow maintained at greater than 2.0 m/sec. 

(2) See figures 1 and 2 for loading conditions and input pulse timing. 
Input pulse levels = -1.7 to -0.9V; Input rise and fall times 
(measured between 20% and 80% or 80% and 20%) = 2 ns; input 
and output timing reference levels = 50%. 

3 
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pPB100474A 

Figure 1. Loading Conditions Test Circuit 

Notes: 

[1] RL =50'1. 

[2] CL =30pF. 

Figure 2. Input Pulse 

-1.7V 

Note: 

[1] lR=lF =2.Sns(typ). 

4 

Vee (GND) 

l 

0.01 µFI 
r 

VccA (GND) 

Device Under 
Test 

-0.9V 

1 

c 
-2.0V 

NEC 

DO 

831H-5947B 

80°Yo 

20% 
~~~~~~~~ 

tF 

831H·5948B 



NEC µPB100474A 

Timing Waveforms 

Chip Select Access Cycle 

DO 

Note: 

[1] Address is valid more than 2 ns prior to the low transition of Cs. 

Address Access Cycle 

~~~~~~~xF=~~~~~~~~~ 
-~ ... ==!. 

DO ----------------=x'-.... 5-0_o/c_o-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-

Address 

Note: 

[1] Cs=VIL-
831H-6144B 

Write Cycle 

tw 
twsD- i'"4--IWHD 

Lb~:s• \ It 

.::dJ j 

~. 

~ 

DO 

L.~J --1~ -IWR'-1 
831H-5960B 
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NEC 
NEC Electronics Inc. 

Description 

The µPB100474E is a very-high-speed 100K interface 
ECL RAM organized as 1024 words by 4 bits and 
designed with noninverted, open-emitter outputs and 
low power consumption. 

Features 

o 1024-word x 4-bit organization 
o 100K ECL interface 
o Noninverted, open-emitter outputs 
o Fast access times 
o Full voltage and temperature compensation 
o 24-pin ceramic package, DIP or flatpack 

Ordering Information 
Part Number Access Time (max) Package 

µP8100474EDH-3 3 ns 24-pin cerdip 
~~~~~~~~~ 

DH-4 4 ns 

µPB100474EBH-3 3 ns 24-pin ceramic flatpack 
~~~~~~~~~ 

BH-4 4 ns 

Pin ldentif ication 
Symbol 

Ao-Ag 

Vee 

VeeA 

NC 

60225 

Function 

Address inputs 

Data inputs 

Data outputs 

Write enable input 

Chip select input 

Power supply ground (current switches and bias 
driver) 

Power supply ground (output devices) 

Power supply (-5.2 volts) 

No connection 

µPB100474E 
1024 x 4-Bit 

100K ECL RAM 

Pin Configurations 

24-Pin Cerdip 

µP8100474E 

Dl2 1 Dl1 

Dl3 CS 
Dl4 WE 

D01 Ag 

D02 As 
Vee A1 

VccA VEE 
D03 As 
D04 NC 

Ao As 
A1 A4 

A2 A3 

24-Pin Ceramic Flatpack 

" 
,..., ,..., l""1 

"II' ~ '- C\I 
1 18 

L 
L 
[ 

µP8100474E 

[ 

L 6 13 
,.... ~ 

L...J L...J '-

83FM-8849A 

J 
J 
J 

J 

83CL-8850A. 



µPB 100474E NEC 
Absolute Maximum Ratings Capacitance 
Supply voltage, VEE to V cc -7.0 to +0.5 V 

f = 1 MHz 

Input voltage, V1N VEE to +0.5 V 
Parameter Symbol Min Typ Max Unit 

Output current, louT -30 to +0.1 mA 
Input capacitance C1N 4 pF 

Storage temperature, TsTG -65 to + 150°C 
Output capacitance CouT 5 pF 

Storage temperature under bias, TsTG (bias) -55 to +125°C Truth Table 
Exposure to Absolute Maximum Ratings for extended periods may cs WE D1N Output Mode 
affect device reliability; exceeding the ratings could cause perma-

H x x L Not selected 
nent damage. The device should be operated within the limits 
specified under DC and AC Characteristics. L L L L Write O 

L L H L Write1 

L H x DouT Read 

X = don't care. 

Block Diagram 

Ao 

A1 

A2 X-Decoder/ Memory Cell Array 
A3 Driver 64x 16x4 

A4 

As 

Dl1 001 Input Sense Switch Output 
Dl2 Data Data 002 

Dl3 Control Y ·Decoder/Driver Control 003 Circuit Circuit 
Dl4 004 

As A1 As Ag 

83YL·7258B 

2 



NEC 
DC Characteristics 
TA= Oto +85°C; Vee= VeeA = o V; VEE= -4.5 V; output load= 50 Oto -2.0 V 

Parameter Symbol Min Typ 

Output voltage, high VoH -1025 

Output voltage, low Vol -1810 

Output threshold voltage, high VoHe -1035 

Output threshold voltage, low Vole 

Input voltage, high V1H -1165 

Input voltage, low Vil -1810 

Input current, high l1H 

Input current, low l1l 0.5 

-50 

Supply current IEE -330 

Notes: 

(1) The device under test is mounted in a test socket and measured 
at a thermal equilibrium established with a transverse air flow 
maintained at greater than 2.0 m/s. 

AC Characteristics 
TA= Oto +85°C; VEE= -4.5 V ± 5%; output load= 50 Oto -2.0 V 

µPB100474E-3 

Parameter Symbol Min Typ 

Read Operation 

Address access time tAA 

Chip select access time tAes 

Chip select recovery time tRes 

Write Operation 

Write pulse width tw 5 

Address hold time twHA 0.5 

Chip select hold time twHCS 0.5 

Data hold time twHD 0.5 

Write recovery time twR 

Write disable time tws 

Address setup time twsA 0.5 

Chip select setup time twscs 0.5 

Data setup time twso 0.5 

Notes: 

(1) The device under test is mounted in a test socket and measured 
at a thermal equilibrium established with a transverse air flow 
maintained at greater than 2.0 m/s. 

(2) See figure 1 for loading conditions and input pulse shape. 

Max 

3 

2 

2 

4 

2 

Min 

6 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

pPB100474E 

Max Unit Test Conditions 

-880 mV V1N = V1H max or V1l min; 

-1620 mV V1N = V1H max or Vil min; 

mV V1N = V1H min or Vil max; 

-1610 mV V1N = V1H min or Vil max; 

-880 mV For all inputs: TA = 0°C 

-1475 mV For all inputs: TA = 0°C Bl 220 µA V1N = V1H max 

170 µA For CS: V1N = V1l min 

µA For all others: V1N =Vil min 

mA All inputs and outputs open 

µ.PB100474E-4 

Typ Max Unit Test Conditions 

4 ns 

3 ns 

3 ns 

ns 

ns 

ns 

ns 

5 ns 

3 ns 

ns 

ns 

ns 

3 



pPB 10047 4E 

Figure 1. Test Circuit 
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Vee 
(GND) 

Device 
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Test 

VccA 
(GND) 

DO 

Input Pulse 

--0 9V 

CL 

I10pF 

0 

-1.7V 
0 

t F 
2ns 2ns 

NEC 
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NEC 
Timing Waveforms 

Chip Select Access Cycle 

DO 

Note: 

[1] Address Is valid more than 2 ns prior to the low transition of CS. 

[2) WE=V1H. 

Address Access Cycle 

Address 

DO 

Note: 

[1] CS=YIL· 

[2} WE=VIH· 

µPB100474E 

831H-6164B 

831H-6144B 
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pPB100474E NEC 
Timing Waveforms (cont) 

Write Cycle 

Address 

DI E ~ 1yy ~ 

twso----1 i-1WHD 

lb::SA \ v 

.::dJ J 

... .._ 

DO 

1. 
831H-6960B 
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NEC 
NEC Electronics Inc. 

Preliminary Information 

Description 

The µPB100476LL is a very-high-speed 100K interface 
ECL RAM organized as 1024 words by 4 bits and 
designed with noninverted, open-emitter outputs and 
low power consumption. 

The device integrates input latches, high-speed ECL 
RAM, output latches, and a write pulse generator: The 
synchronous design allows precise cycle control by 
use of an internal clock. 

Features 

o 1024-word x 4-bit organization 
o 100K ECL interface 
o High-speed clock cycle: 6 ns 
o Latched 1/0 
o Self-timed write 
o 28-pin ceramic package, DIP or flatpack 

Ordering Information 
Part Number Access Time (max) Package 

µPB100476LLDH-6 6 ns 28-pin cerdip 
~~~~~~~~~~~~~~~~-

8H-6 6 ns 28-pin ceramic flatpack 

Pin ldentif ication 
Symbol 

Ao-A9 

CLK, CLK 

Vss 
Vee 

VeeA 

NC 

60227 

Function 

Address inputs 

Data inputs 

Data outputs 

Clock inputs 

Chip select input 

Write enable input 

Reference voltage output 

Power supply ground (current switches and bias 
driver) 

Power supply ground (output devices) 

Power supply (-5.2 volts) 

No connection 

pPB100476LL 
1024 x 4-Bit 

100K ECL Synchronous RAM 

Pin Configurations 

28-Pin Cerdip 

µPa100476LL 

Dl1 cs 
Dl2 WE 

Dl3 CLK 

Dl4 CLK 

D01 Vas 

D02 NC 

Vee NC 

Vee VEE 

D03 Ag 

D04 As 
Ao A7 

A1 As 
A2 As 
As A4 

83FM-8967A 

28-Pin Ceramic Flatpack 

µPS100476LL 

L 1 28 J cs 
'"1 

2 27 WE 

[ 3 26 CLK 

[ 4 25 J CLK 

5 24 Vas 

[ 6 23 NC 

[ 7 22 J NC 

8 21 J VEE 

[ g 20 Ag 

[ 10 1g J As 
11 18 A7 

L 12 17 As 
[ 13 16 J As 

14 15 J A4 
83FM-8008A 



pPB100476LL 

Block Diagram 

Y-Decocler 

Memory Cell Array 

Address o---'1_,,,o,,___--1 

64x16x4 

Read/Write Sense 

WE 0----+---1 

cs o----+---1 
Write Pulse Generator 

CLK 

CLK(}-(>V"'o----------~-------.---------------' 

V990-
Reference Voltage 
Generator 

Absolute Maximum Ratings 
Supply voltage, VEE to V cc 
Input voltage, V1N 

Output current, lour 

Storage temperature, TsrG 

Storage temperature under bias, TsrG (bias) 

-7.0 to +0.5 V 

VEE to +0.5 V 

-30 to +0.1 mA 

-65 to + 150°C 

-55 to + 125°C 

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. 

2 

Capacitance 
f = 1 MHz 

Parameter Symbol 

Input capacitance C1N 

Output capacitan~d Cour 

Truth Table 
cs WE DIN 

H x x 
L L L 

L L H 

L H x 
X = don't care. 

NEC 

DoUT 

83FM-88538 

Min Typ Max Unit 

4 pF 

5 pF 

Output Mode 

L Not selected 

L Write O 

L Write 1 

Dour Read 



NEC 
DC Characteristics 
TA= o to +85°C; Vee= VeeA = o V; VEE= -4.5 V; output load= 50 Oto -2.0 V 

Parameter Symbol Min Typ Max 

Output voltage, high VoH -1025 

Output voltage, low Vol -1810 

Output threshold voltage, high Vo He -1035 

Output threshold voltage, low Vole 

Input voltage, high V1H -1165 

Input voltage, low V1l -1810 

Input current, high ltH 

Input current, low ltl 0.5 

-50 

Supply current IEE -350 

Reference voltage Vas -1390 

Notes: 

(1) The device under test is mounted in a test socket and measured 
at a thermal equilibrium established with a transverse air flow 
maintained at greater than 2.0 m/s. 

-880 

-1620 

-1610 

-880 

-1475 

220 

170 

-1250 

µPB100476LL 

Unit Test Conditions 

mV V1N = V1H max or V1l min 

mV V1N = V1H max or Vil min 

mV V1N = V1H min or Vil max 

mV V1N = V1H min or v1l max 

mV Guaranteed input voltage high for all inputs 

mV Guaranteed input voltage low for all inputs 

µA V1N = V1H max 

µA For CS: VtN = Vtl min ml µA For all others: VtN = Vtl min 

mA All inputs and outputs open 

mV 

3 



µPB100476LL 

AC Characteristics 
TA= 0 to +85°C; VEE= -4.5 V ±5%; output load= 50 Oto -2.0 V 

µ.PB 100476LL-6 

Parameter Symbol Min Typ 

Address access time tA(Add) 

Clock access time tA(Clk) 

CS access time tA(CS) 

Data access time tA(DQ 

Write access time tAfY'/) 

Clock cycle time tcvc 6 

Data release time toR 0.3 

Address hold time tHA 

CS hold time tHc 

Data hold time tHo 

WE hold time tHw 

Address setup time ts A 0.5 

CS setup time tsc 0.5 

Data setup time tso 0.5 

WE setup time tw 0.5 

Clock high-pulse width twH(Clk) 4.5 

Clock low-pulse width twL(Clk) 1.5 

Notes: 

(1) The device under test is mounted in a test socket and measured 
at a thermal equilibrium established with a transverse air flow 
maintained at greater than 2.0 m/s. 

(2) See figure 1 for loading conditions and input pulse shape. 

Figure 1. Test Circuit 

4 

Vee 
(GND) 
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Test 

VccA 
(GND) 

DO 

CL 
~ I5pF 

-2.0V 

Input Pulse 

n
9V 

~JV o 

t F 
2M 2M 

83FM-891QA 

fttf EC 

Max Unit Test Conditions 

2.5 ns tsA = 0.5 ns 

3.3 ns twL(Clk) = 1.5 ns 

2.3 ns tsc = 0.5 ns 

2.3 ns tso = 0.5 ns 

2.3 ns tw = 0.5 ns 

ns 

1.8 ns twL(Clk) > tA(Clk) max, tsA > tA(Add) max, 
tsc > tA(CS) max, tso > tA(DQ max 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Figure 2. Clock Input Modes 
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NEC µPB100476LL 

Timing Waveforms 

Address Access1 Read Mode 

DouT On Qn+1 

83FM-88568 
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pPB100476LL NEC 
Timing Waveforms (cont) 

Chip Select Access, Read Mode 

An+1 

Dour On 

83FM-88568 
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NEC 
Timing Waveforms {cont) 

Clock Accesss Read Mode 
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twH (Clk) 
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Timing Waveforms (cont) 
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NEC 
NEC Electronics Inc. 

Description 

The µPB100480 is a very high-speed 100K interface EGL 
RAM with full voltage and temperature compensation. 
The device is organized as 16,384 words by 1 bit and 
designed with noninverted, open-emitter outputs and 
low power consumption. Two versions with fast access 
times of 10 ns and 15 ns maximum are available. The 
µPB100480 is packaged in a hermetic, 300-mil, 20-pin 
cerdip or 20-pin ceramic f latpack. 

Features 

o 16,384-word x 1-bit organization 
o 100K EGL interface with full voltage and 

temperature compensation 
o Noninverted, open-emitter outputs 
o Fast access times of 10 and 15 ns maximum 
o Low power consumption 
o 300-mil, 20-pin cerdip or 20-pin ceramic flatpack 

packaging 

Ordering Information 
Power 

Access Consumption 
Part Number Time (max) (max) Package 

µPB100480D-10 10 ns 1.2W 20-pin cerdip 

D-15 15 ns 1.1W 

µPB1004808-10 10 ns 1.2W 20-pin ceramic 

B-15 15 ns 1.1 w flatpack 

60036 

Pin Configurations 

20-Pin Cerdip 

DO 
Ao 
A1 
A2 
As 
A4 6 

As 
A5 

A1 9 

VEE 

20-Pin Ceramic Flatpack 

1 
~~ 

2 

3 

4 0 
co 

5 
'<;!" 
0 
0 

[ 6 CiJ 
c.. 

7 ::1. 

[ 8 

9 

[ 10 

20 

19 

18 

17 

16 

15 

14 

13 

12 

11 

pPB100480 
16,384 x 1-Bit 

100K ECL RAM 

Vee 
DI 

831H·-6171A 

J Vee 
J DI 

Cs 
J WE 

A13 
A12 
A11 
A10 

J Ag 
As 

831H·6191A 



1tPB100480 

Pin Identification 
Symbol Function 

Address Inputs 

DI Data input 

DO Data output 

Chip select 

Write enable 

Vee Ground 

-4.5-volt power supply 

NEC 
Absolute Maximum Ratings 
Supply voltage, VEE -7.0 to +0.5 V 

Input voltage, V1N VEE to +0.5V 

Output current, louT -30 to +0.1 mA 

Storage temperature, TsTG -65 to + 150°C 

Storage temperature under bias, TsTG (bias) -55 to + 125°C 

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 Truth Table 
TA= 25°C;f = 1 MHz -----------------------cs WE D1N Output Mode 
Parameter Symbol 

Input capacitance C1N 

Output capacitance CouT 

Block Diagram 

2 

X-Address 
Decoder 

Min 

Word 
Driver 

Typ 

4 

6 

Max Unit 

pF 

pF 

Memory Cell 
Array 128 x 128 

Sense Amp. and 
Write Drivers 

H x 
L L 

L L 

L H 

Notes: 

(1) X = don't care. 

Y-Address Decoder 

x L Not selected 

L L WriteO 

H L Write 1 

x DouT Read 

DO 

DI 

831H·4992B 



NEC µPB100480 

DC Characteristics 
TA = 0 to +85°C; VEE = -4.5 V; output load = 50 0 to -2.0 V; Vee = 0 V 

Parameter Symbol Min Typ Max Unit Test Conditions 

Output voltage, high VoH -1025 

Output voltage, low VoL -1810 

Output threshold voltage, high VoHC -1035 

Output threshold voltage, low Vo LC 

Input voltage, high V1H -1165 

Input voltage, low V1L -1810 

Input current, high l1H 

Input current, low l1L 0.5 

-50 

Supply current IEE -260 

-240 

Notes: 

(1) The device under test is mounted in a test socket and measured 
at a thermal equilibrium established with a transverse air flow 
maintained at greater than 2.0 m/s. 

AC Characteristics 
TA = o to +85°C; VEE = -4.5 V ±5% 

l'PB100480·10 

Parameter Symbol Min Typ 

Read Operation 

Address access time tAA 

Chip select recovery time tRes 

Chip select access time tACs 

Write Operation 

Write pulse width tw 10 

Data setup time twso 2 

Data hold time twHD 1 

Address setup time twsA 2 

Address hold time twHA 

Chip select setup time twscs 2 

Chip select hold time twHCS 

Write disable time tws 

Write recovery time twR 

Output Rillfl and Fall Times 

Output rise time tR 2 

Output fall time tF 2 

Notes: 

(1) The device under test Is mounted In a test socket and measured 
at a thermal equilibrium established with a transverse air flow 
maintained at greater than 2.0 m/s. 

-880 mV V1N = V1H max or V1L min 

-1620 mV V1N = V1H max or V1L min 

mV V1N = V1H min or V1L max 

-1610 mV V1N = V1H min or V1L max 

-880 mV Guaranteed input voltage high for all Inputs 

-1475 mV Guaranteed Input voltage low for all inputs 

220 p.A V1N = V1H max 

170 p.A For 'CS': V1N = V1L min 

p.A For all others: V1N = V1L min 

mA For p.PB100480-10: all Inputs and outputs open 

mA For p.PB100480-15: all Inputs and outputs open 

l'PB100480·15 

Max Min Typ Max Unit Test Conditions 

10 15 ns 

5 8 ns 

5 8 ns 

15 ns 

3 ns 

2 ns 

3 ns 

2 ns 

3 ns 

2 ns 

5 8 ns 

11 17 ns 

2 ns 

2 ns 

(2) Input pulse levels = -1.7 to -0.9V; Input rise and fall times 
(measured between 20% and 80% or 80% to 20%) = 2.5 ns; Input 
and output timing reference level = 50%. 

3 
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1tPB100480 NEC 
Figure 1. Loading Conditions Test Circuit 

Vee (GND) 

1 
Device Under DO 

Test 1 
RL 

;.. 
> r CL 

; 

0.01 µFI 

-2.0V 

Notes: I [1] RL=500. ( 

[2] CL = 30 pF. VEE 
831H·G036B 

Figure 2. Input Pulse 

-0.9V 

80% . 

20% 

-1.7V ~~~~~~~~ 

IR 

Note: 

[1] lR= IF= 2.5 ns (typ). 
831H·5948B 
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NEC 1tPB100480 

Timing Waveforms 

Chip Select Access Cycle 

DO 

Note: 

[1] Address is valid more than 2 ns prior to the low transition of Cs. 
831H·6164B 

Address Access Cycle 

Address 

DO 

Note: 

[1] Cs= VIL 
831H·5954B 

Write Cycle 

r--------"1 
Address==r--------1,..----

J~ E DI 

~ tw 
twsD~ 1----tWHD 

Lb~:s· 
\ J ,::dJ 
~ 

DO 

I-~ -twR-1 
831H·5950B 
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1\'EC 
NEC Electronics Inc. 

Description 

The ~PB 100484 is a very high-speed 100K interface ECL 
RAM organized as 4,096 words by 4 bits with open
emitter outputs (noninverted). It is available in 28-pin 
cerdip or flatpack packages. 

Features 

o 4,096-word x 4-bit organization 
o 100K ECL interface 
o Full voltage and temperature compensation 
o Open-emitter outputs (noninverted) 
o Fast access times and low power consumption 
o 28-pin cerdip and 28-pin flatpack packaging 

Ordering Information 
Access Supply Current 

Part Number Time (max) (min) Package 

µP8100484D-10 10 ns -260mA 28-pin cerdip 

D-15 15ns -240 mA 

_µP8100484B-10 10 ns -260mA 28-pin ceramic 

B-15 15 ns -240 mA 
flatpack 

60037 

Pin Configurations 

28-Pin Cerdip 

VccA 
DOJ 
D04 

Ao 
A1 

A2 

A3 

A4 

As 
A6 

A1 

As 
NC 

VEE 

28-Pin Ceramic Ratpack 

VccA 
D03 
D04 

Ao 
A1 

A2 

A3 

A4 

As 
A6 

A1 

As 
NC 

VEE 

[ 

[ 

[ 

~1 
2 

3 

4 

s 
6 

7 

8 

9 

10 

11 

12 

13 

14 

v 
CXl 
v 
0 
0 

Qj 
a. 
::I. 

28 

27 

26 

25 

24 

23 

22 

21 

20 

19 

18 

17 

16 

15 

1tPB100484 
4,096 x 4-Bi t 

100K ECL RAM 

831H·6172A 

] 

] 

] 

] 

] 

831H·6173A 



J£PB100484 

Pin ldentif ication 
Symbol Function 

Address inputs 

Data inputs 

Data outputs 

Write enable (active low) 

Chip select (active low) 

Absolute Maximum Ratings 
Vee= VccA = OV 

Supply voltage, VEE 

Input voltage, V1N 

Output current, louT 

Storage temperature, TsTG 

Storage temperature under bias, TsrG (bias) 

NEC 

-7.0 to +0.5 V 

VEE to +0.5 V 

-30 to +0.1 mA 

-65 to + 150°C 

-55 to + 125°C 

Vee Power supply (current switches and bias driver) 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. 

VccA Power supply (output devices) 

NC 

Capacitance 
f = 1 MHz 

Parameter 

Input capacitance 

-4.5-volt power supply 

No connection 

Symbol Min 

C1N 

Output capacitance Cour 

Block Diagram 

2 

WE1 

WE2-----:1 

Typ Max 

4 

6 

X-Decoder/ 
Driver 

Input 
Data 

Control 
Circuit 

Truth Table 
cs WE D1N Output Mode 

H x x L Not selected 

Unit L L (Note 2) L L WriteO 

pF L L (Note 2) H L Write 1 

pF L H (Note 2) x DouT Read 

Notes: 

(1) X =don't care. 

(2) Both WE1 and WE2 must be low to initiate write operation. For 
read operation, either WE1 or WE2 or both must be high. 

Memory Cell Array 
128 x 32 x4 

Sense/Switch 

Y-Decoder/Driver 

Output 
Data 

Control 
Circuit 

831H-6013B 



NEC 
DC Characteristics 
TA = o to +85°C; VEE = -4.5 V; output load = 50 n to -2.0 V; Vee = VecA = o V 

Parameter Symbol Min Typ Max 

Output voltage, high VoH -1025 

Output voltage, low Vol -1810 

Output threshold voltage, high VoHe -1035 

Output threshold voltage, low Vole 

Input voltage, high V1H -1165 

Input voltage, low V1L -1810 

Input current, high l1H 

Input current, low l1L 0.5 

-50 

Supply current IEE -260 

-240 

Notes: 

(1) The device under test is mounted in a test socket and measured 
at a thermal equilibrium established with a transverse air flow 
maintained at greater than 2.0 m/s. 

...,.aao 
-1620 

-1610 

-880 

-1475 

220 

170 

µ.PB100484 

Unit Test Conditions 

mV V1N = V1H max or V1L min 

mV V1N = V1H max or V1L min 

mV V1N = V1H min or V1L max 

mV V1N = V1H min or V1L max 

mV 

mV 

p.A V1N = V1H max 

p.A For~: V1N = V1L min .. p.A For all others: V1N = V1L min 

mA For µPB100484-10: all inputs and outputs open 

mA For µPB100484-15: all inputs and outputs open 

3 



µ.PB100484 NEC 
AC Characteristics 
TA = 0 to +85°C; VEE = -4.5 V :t5%; output load = 50 0 to -2.0 V; Vee = VccA = O V 

p.PB100484·10 

Parameter Symbol Min Typ 

Read Operation 

Address access time tAA 

Chip select recovery time tRCS 

Chip select access time tACs 

Write Operation 

Write pulse width tw 10 

Data setup time twso 2 

Data hold time twHD 

Address setup time twsA 2 

Address hold time twHA 

Chip select setup time twscs 2 

Chip select hold time twHCS 

Write disable time tws 

Write recovery time twR 

Output Rise and Fall Times 

Output rise time tR 2 

Output fall time tF 2 

Notes: 

(1) The device under test Is mounted in a test socket and measured 
at a thermal equilibrium established with a transverse air flow 
maintained at greater than 2.0 m/s. 

4 

11PB100484·15 

Max Min Typ Max Unit Test Conditions 

10 15 ns 

5 8 ns 

5 8 ns 

15 ns 

3 ns 

2 ns 

3 ns 

2 ns 

3 ns 

2 ns 

5 8 ns 

11 17 ns 

2 ns 

2 ns 

(2) See figure 1 and 2 for loading conditions and input pulse timing. 
Input pulse levels = -1.7 to -0.9 V; input rise and fall times = 
2.5 ns; input and output timing reference levels = 50%. 



NEC 
Figure 1. Loading Conditions Test Circuit 

Notes: 

[1] RL =500. 

[2] CL =30pF 

Figure 2. Input Pulse 

-1.7V 

Note: 

[1] tR= tF =2.5 ns (typ). 

Vee (GND) 

I 

0.01 µFI 
r 

VccA (GND) 

Device Under 
Test 

-0.9V 

i 

~ 

-2.0V 

DO 

20% 

µPB100484 

83/H-59476 

k
80% 

~~~~~~~~ 

tF 

83/H-59486 
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~PB100484 ~EC 
Timing Waveforms 

Chip Select Access Cycle 

DO 

Note: 

[1] Address is valid more than 2 ns prior to the low transition of Cs. 
831H-6164B 

Address Access Cycle 

Address ------------)(50%=----------------
. f=---,AA==l . 

DO ----------------~~~s_o-~_o-_-_-_-_-_-_-_-_-:_-_-_-_-_-_-_-_-_-_-_-_-_-

Note: 

[1] Cs= V1L. 
831H-6144B 

Write Cycle 

1 
Address 

E DI 

tw 

twsD- i.-----twHD 

Lh~:sA \ y 
,:;~ 

DO 

i---I • -tWR'-----..i1 
831H-5950B 
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NEC 
NEC Electronics Inc. 

Description 

The µPB100484A is a very high-speed 100K interface 
ECL RAM. It is organized as 4,096 words by 4 bits with 
noninverted, open-emitter outputs and low power con
sumption. Two access time versions are available: 5 ns 
and 7 ns maximum. The µPB100484A is available in a 
hermetic, 400-mil, 28-pin cerdip or 28-pin ceramic flat
pack. 

Features 

o 4,096-word x 4-bit organization 
o 1 OOK ECL interface 
o Full voltage and temperature compensation 
o Noninverted, open-emitter outputs 
o Fast access times: 5 and 7 ns maximum 
o Low power consumption 
o 400-mil, 28-pin cerdip or 28-pin ceramic flatpack 

packaging 

Ordering Information 
Access Supply current 

Part Number Time (max) (min) Package 

,uPB100484AB-5 5ns -260 mA 28-pin ceramic 

B-7 7ns -240mA 
flatpack 

,uPB100484AD-5 5ns -260mA 28-pin cerdip 

D-7 7ns -240mA 

60018 

Pin Configurations 

28-Pin Cerdip 

VccA 
D0:3 
D04 

Ao 
A1 

A2 

A3 

A4 

As 
As 
A1 

As 
NC 

VEE 

28-Pin Ceramic Flatpack 

1-tPB100484A 
4,096 x 4-BIT 

100K ECL RAM 

831H·6014A 

VccA 
D03 

D04 

Ao 
A1 

A2 

A3 

A4 

As 
As 
A1 

As 
NC 

~ ] ......., 
2 27 ] 

3 26 
[ 4 25 

s 24 
~ [ s 23 co 
'<!" 

7 0 22 ] 
0 

8 m 21 
a. 

9 :::1. 20 J 
[ 10 19 

11 18 J 
[ 12 17 

13 16 J 
VEE [ 14 15 J 

831H·6015A 



µP8100484A 

Pin Identification 
Symbol Function 

Address inputs 

Data inputs 

Data outputs 

Write enable (active low) 

Chip select (active low) 

Vee Power supply (current switches and bias driver) 

VeeA Power supply (output devices) 

- 4.5-volt power supply 

NC No connection 

Absolute Maximum Ratings 
Vee= VecA = ov 

Supply voltage, VEE - 7.0 to +0.5 V 

Capacitance 
Parameter Symbol 

Input C1N 
capacitance 

Output CouT 
capacitance 

Truth Table 
cs WE 

H x 
L L (Note 2) 

L L (Note 2) 

L H (Note 2) 

Notes: 

(1) X = don't care. 

NEC 
Min Typ Max Unit Test Conditions 

4 pF 

6 pF 

DIN Output Function 

x L Not selected 

L L Write o 
H L Write 1 

x DouT Read 

Input voltage, V1N 

Output current, louT 

VEE to +0.5V 

-30 to +0.1 mA 

(2) Both WE1 and WE2 must be low to initiate write operation. For 
read operation, either WE1 or WE2 or both must be high. 

Storage temperature, TsTG 
Under bias, T STG (bias) 

-65 to +150 °c 
-55to +125°C 

Comment: 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. 

Block Diagram 

X-Decoder/ 
Driver 

Memory Cell Array 
128X32X4 

WE1 
WE2 ---*--1 

2 

Input 
Data 

Control 
Circuit 

Sense/Switch 

Y-Decoder/Driver 

Output 
Data 

Control 
Circuit 

831H-6013B 



NEC 
DC Characteristics 
TA = o to +85°C; Vee = - 4.5 V; output load = 50 O to - 2.0 V; Vee = VeeA = o V 

Parameter Symbol Min Typ Max Unit 

Output voltage, high VoH -1025 

Output voltage, low Vol -1810 

Output threshold voltage, high VoHC -1035 

Output threshold voltage, low Vo LC 

Input voltage, high V1H -1165 

Input voltage, low V1L -1810 

Input current, high l1H 

Input current, low l1L 0.5 

-50 

Supply current lee -260 

-240 

Notes: 

(1) The device under test is mounted in a test socket and measured 
at a thermal equilibrium established with a transverse air flow 
maintained at greater than 2.0 m/s. 

Figure 1. Loading Conditions Test Circuit 

Vee (GND) 

1 

-880 mV 

-1620 mV 

mV 

-1610 mV 

-880 mV 

-1475 mV 

220 µA 

170 µ.A 

µ.A 

mA 

mA 

VccA (GND) 

1 
Device Under 

Test 

0.01 µFI 
Notes: r [1] RL =50'1. c 

[2] CL = 30 pF. VEE 

µPB100484A 

Test Conditions 

For CS: v,N = v,L min 

For all others: v,N = v,L min 

For µ.PB100484A-5: All inputs and outputs open 

For µ.PB100484A-7: All inputs and outputs open 

DO 

ll > 
RL ~ 

6 
-2.0V 

831H-5947B 
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µ,PB100484A NEC 
AC Characteristics 
TA = 0 to + 85°C; VEE = - 4.5 V ± 5%; output load = 50 0 to - 2.0 V; Vee = VeeA = 0 V 

11PB100484A·5 

Parameter Symbol Min Typ 

Read Operation 

Address access time tAA 

Chip select recovery time tReS 

Chip select access time tACs 

Write Operation 

Write pulse width tw 6 

Data setup time twso 

Data hold time twHD 2 

Address setup time twsA 

Address hold time twHA 2 

Chip select setup time twses 

Chip select hold time twHeS 2 

Write disable time tws 

Write recovery time twR 

Output Rise and Fall Times 

Output rise time tR 2 

Output fall time tF 2 

Notes: 

(1) The device under test is mounted in a test socket and measured 
at a thermal equilibrium established with a transverse air flow 
maintained at greater than 2.0 m/s. 

Figure 2. Input Pulse 

1
80% 

20% 

~~~~~~~~~ 

tR 

-1.7V 

Note: 
[1] tR = tF = 2.5 ns (typ). 

4 

Max 

5 

3.5 

3.5 

3.5 

7 

11PB100484A·7 

Min Typ Max Unit Test Conditions 

7 ns 

4 ns 

4 ns 

8 ns 

ns 

2 ns 

ns 

2 ns 

ns 

2 ns 

5 ns 

9 ns 

2 ns 

2 ns 

(2) See figures 1 and 2 for loading conditions and input pulse timing. 
Input pulse levels = -1.7 to - 0.9 V; input rise and fall times = 
2.5 ns; input and output timing reference levels = 50%. 

-0.9V 

k
BO'lVo 

20% 
~~~~~~~~~ 

tF 

831H·5948B 



NEC 1-tPB100484A 

Timing Waveforms 

Read Cycle 

Cs 

~IACS-i L1RCS={ 
DO m 

Address @= 'AA=i DO = :50% 
831H·S949B 

Write Cycle 

Cs r 1 
Address f f 

E DI 

-- lw ~ 

twsD---1 f---twHD 

lh~;s' \ J .::dJ --

DO 

1. 
831H·5950B 
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NEC 
NEC Electronics Inc. 

Description 

The µ.PB100A484 is a very high-speed 100K interface 
ECL RAM organized as 4K words by 4 bits and designed 
with open emitter outputs (noninverted). It is available in 
28-pin cerdip or flatpack packages. 

Features 

o 4096 word x 4-bit organization 
o 100K ECL interface 
o Full voltage and temperature compensation 
o Open emitter outputs (noninverted) 
o Fast access times and low power consumption 
o 28-pin cerdip and flatpack packaging 
o Center power pins 

Ordering Information 
Access Time Supply Current 

Part Number (max) (min) Package 

µ.PB100A484B-5 5ns TBD 28-pin ceramic 

B-7 7ns TBD 
flat pack 

µ.PB100A484D-5 5ns TBD 28-pin cerdip 

D-7 7ns TBD 

60024 

Pin Configurations 

28-Pin Cerdip 

Dl1 

Dl2 2 

Dl3 3 

Dl4 

001 

002 6 

Vee 
VeeA 

D03 

004 

Ao 
A1 

A2 

A3 

28-Pin Ceramic Ratpack 

J£PB100A484 
4,096 x 4-Bit 

100K ECL RAM 

831H·6069A 

Dl1 

Dl2 

Dl3 

Dl4 

~ 

001 

D02 

Vee 
VccA 

003 

004 

Ao 
A1 

A2 

A3 

. '-1 

[ 

[ 

[ 

l 

[ 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

27 

26 

25 

v 24 
co 
v 23 ] 
<3 
0 22 
co 21 0. 
::I. 

20 ] 

19 ] 

18 

17 ] 

16 

15 

831H·6070A 



11PB100A484 NEC 
Pin I dent if ication Truth Table 
Symbol Function C"S WE D1N Output Function 

Address inputs H x x L Not selected 

Data inputs L L L L WriteO 

Data outputs L L H L Write 1 

Write enable Input (active low) L H x DouT Read 

Chip select (active low) Notes: 

Vee Power supply (current switches and bias driver) (1) X = don't care. 

Power supply (output devices) 

-4.5-volt power supply 

NC No connection 

Capacitance 
Parameter Symbol Min 

Input capacitance 

Output capacitance CouT 

Block Diagram 

2 

Typ Max 

4 

6 

X-Decoder/ 
Driver 

Input 
Data 

Control 
Circuit 

Unit 

pF 

pF 

Absolute Maximum Ratings 
Vee= VeeA = ov 
Supply voltage, Vee 

Input voltage, V1N 

Output current, louT 

Storage temperature, TsTG 

Storage temperature under bias, TsTG (Bias) 

-7.0 to +0.5 V 

Vee to'+0.5 V 

-30 to +0.1 mA 

-65 to + 1so0c 

-55 to + 125°C 

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. 

Memory Cell Array 
12Bx32x4 

Output 
Data 

Control 
Circuit 

831H-60718 



NEC 1tPB100A484 

DC Characteristics 
TA = Oto +85°C; VEE = -4.5 V; output load = 50 Oto -2.0 V; Vee = VeeA = o V 

Parameter Symbol Min Typ Max Unit Test Conditions 

Output voltage, high VoH -1025 -880 mV V1N = V1H (max) or V1L (min) 

Output voltage, low VoL -1810 -1620 mV V1N = V1H (max) or V1L (min) 

Output threshold voltage, high VoHe -1035 mV V1N = V1H (min) or V1L (max) 

Output threshold voltage, low Vo Le -1610 mV V1N = V1H (min) or V1L (max) 

Input voltage, high V1H -1165 -880 mv 

Input voltage, low V1L -1810 -1475 mV 

Input current, high l1H 220 p.A 

Input current, low l1L 0.5 170 p.A 

-50 p.A 

Supply current IEE TBD mA p.PB100A484·5: all inputs and outputs open 

TBD mA p.PB100A484·7: all inputs and outputs open 

Notes: 

(1) The device under test is mounted in a test socket and measured 
at a thermal equilibrium established with a transverse air flow 
maintained at greater than 2.0 m/sec. 

AC Characteristics 
TA = o to +85°C; VEE = -4.5 V ±5%; output load = 50 n to -2.0 V; Vee = VeeA = o V 

p.PB100A484·5 

Parameter Symbol Min Typ 

Read Operation 

Address access time tAA 

Chip select recovery time tReS 

Chip select access time tACs 

Write Operation 

Write pulse width tw 6 

Data setup time twso 

Data hold time twHD 2 

Address setup time twsA 

Address hold time twHA 2 

Chip select setup time twses 

Chip select hold time twHeS 2 

Write disable time tws 

Write recovery time twR 

Output Riss and Fall Times 

Output rise time tR 2 

Output fall time tF 2 

Notes: 

(1) The device under test is mounted in a test socket and measured 
at a thermal equilibrium established with a transverse air flow 
maintained at greater than 2.0 m/s. 

11PB100A484·7 

Max Min Typ Max Unit Test Conditions 

5 7 ns 

3.5 4 ns 

3.5 4 ns 

8 ns 

ns 

2 ns 

ns 

2 ns 

ns 

2 ns 

3.5 5 ns 

7 9 ns 

2 ns 

2 ns 

(2) See figures 1 and 2 for loading conditions and input pulse timing. 
Input pulse levels = -1.7 to -0.9 V; input rise and fall times = 
2.5 ns; input and output timing reference levels = 50%. 

3 



1tPB100A484 NEC 
Figure 1. Loading Conditions Test Circuit 

Vee (GND) VccA (GND) 

1 1 
Device Under DO 

Test ! c, RL ~ 

6 

0.01µF1 

-2.0V 

Notes: r [1] RL =50'2. ) 

[2] CL = 30 pF. VEE 
831H·5947B 

Figure 2. Input Pulse 

-0.9V 

80% 

20% 

-1.7V ~~~~~~~~-

t F 

Note: 

[1) lR=tF=2ns(typ). 
831H·5948B 
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NEC 1tPB100A484 

Timing Waveforms 

Chip Select Access Cycle 

DO 

831H-6164B 

Address Access Cycle -
.---------------.~ Address ____________ X50% _______________ _ 

·~ ... =1. 
D0---------------~~-50~%~~~~~------~----_-_-_-_-:_-_-_-_-_ 

831H-5949B 

Write Cycle 

f"-------1 Address==r---f-
j~ DI E -. tw ..... 

twsD- ~IWHD 

' JI( .::dJ f\ Lb·~· ..... • 
twscs 

DO 

831H-5950B 
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NEC 
NEC Electronics Inc. 

Description 

The µPD100500 is a very high-speed BiCMOS RAM with 
full voltage and temperature compensation for a 100K 
ECL interface. Its unique design uses blended CMOS 
and bipolar peripheral circuits and N-channel MOS 
memory cells. The device is organized as 262,144 words 
by 1 bit and designed with an open-emitter output 
(noninverted) for low power consumption. Two ver
sions with fast access times of 15 and 20 ns maximum 
are available in hermetic, 300-mil, 24-pin cerdip pack
aging. 

Features 

o BiCMOS technology 

o 262,144-word x 1-bit organization 

o 100K interface ECL with full voltage and 
temperature compensation 

o Noninverted, open-emitter output 

o Fast access times of 15 and 20 ns maximum 

o Low power consumption 

o 300-mil, 24-pin cerdip packaging 

Ordering Information 

Part Number 

µPD100500D-15 

Access 
Time (max) 

15 ns 
-------
D-20 20 ns 

60017 

Power 
Consumption 

(max) 

720mW 

Package 

24-pin cerdip 

pPD100500 
262,144 x 1-Bit 

100K BiCMOS ECL RAM 

Pin Configuration 

24-Pin Cerdip 

Dour 
Ao 
A1 

A2 
A3 

A4 

As 
As 
A1 

As 
Ag 

VEE 

Pin Identification 
Symbol 

DouT 

Vee 

831H-6031A 

Function 

Address inputs 

Data input 

Data output 

Chip select 

Write enable 

Ground 

-4.5-volt power supply 



,iPD100500 

Absolute Maximum Ratings Truth Table 
Supply voltage, VEE -7.0 to +0.5 V cs WE 

Input voltage, V1N VEE to +0.5V H x 
Output current, louT -30 to +0.1 mA L L 

Storage temperature, TsTG -65 to +150"C L L 

Storage temperature under bias, Tsrn (bias) -55 to +125°C L H 

Notes: 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. 

(1) X = don't care. 

Capacitance 
TA = 25°C; f = 1 MHz 

Parameter 

Input capacitance 

Output capacitance 

Block Diagram 

2 

X-Address 
Decoder 

Symbol 

C1N 

CouT 

Min 

Word 
Driver 

Typ 

4 

6 

Max Unit 

pF 

pF 

512 x 512 
Memory Cell Array 

Sense Amplifiers and 
Write Drivers 

Y-Address Decoder 

NEC 
Output Mode 

x L Not selected 

L L WriteO 

H L Write 1 

x DouT Read 

DoUT 

831H-5971B 



NEC 
DC Characteristics 
TA = 0 to +85°C; VEE = -4.5 V; output load = 50 0 to -2.0 V; Vee = 0 V 

Parameter Symbol Min Max 

Output voltage, high VoH -1025 

Output voltage, low Vol -1810 

Output threshold voltage, high VoHe -1035 

Output threshold voltage, low Vole 

Input voltage, high V1H -1165 

Input voltage, low V1L -1810 

Input current, high l1H 

Input current, low l1L 0.5 

-50 

Supply current IEE -160 

Notes: 

(1) The device under test is mounted in a test socket and is measured 
at a thermal equilibrium established with a transverse air flow 
maintained at greater than 2.0 m/s. 

AC Characteristics 
TA= 0 to +85°C; VEE= -4.5V ± 5% 

p.PD100500-15 

Parameter Symbol Min Typ 

Read Operation 

Address access time tAA 

Chip select access time tACs 

Chip select recovery time tReS 

Write Operation 
Write pulse width tw 10 

Data setup time twso 2 

Data hold time twHD 3 

Address setup time twsA 2 

Address hold time twHA 3 

Chip select setup time twses 2 

Chip select hold time lwHCS 3 

Write disable time tws 

Write recovery time twR 

Output Rise and Fall Times 

Rise time tR 2 

Fall time tF 2 

Notes: 

(1) The device under test is mounted in a test socket and is measured 
at a thermal equilibrium established with a transverse air flow 
maintained at greater than 2.0 m/s. 

-880 

-1620 

-1610 

-880 

-1475 

220 

170 

Max 

15 

10 

10 

10 

18 

(2) 

µ.PD100500 

Unit Test Conditions 

mV V1N = V1H max or V1L min 

mV V1N = V1H max or V1L min 

mV V1N = V1H min or V1L max 

mV V1N = V1H min or V1L max 

mV Guaranteed input voltage high for all inputs 

mV Guaranteed input voltage low for all inputs • p.A V1N = V1H max 

p.A For~: V1N = V1L min 

p.A For all others: V1N = V1L min 

mA All inputs and outputs open 

,iPD100500·20 

Min Typ Max Unit Test Conditions 

20 ns 

15 ns 

15 ns 

15 ns 

3 ns 

3 ns 

2 ns 

3 ns 

2 ns 

3 ns 

15 ns 

23 ns 

2 ns 

2 ns 

Input pulse levels = -1.7 to -0.9V; input rise and fall times 
(measured between 20% and 80% or 80% and 20%) = 2.5 ns; 
input and output timing reference levels = 50%. 

3 



11PD100500 

Figure 1. Loading Conditions Test Circuit 

Notes: 

[1] RL=500. 

[2] CL = 30 pF. 

O.Q1 µF 

r 
Figure 2. Input Pulse 

4 

-1.7V 

Note: 

___ "'."";{ 
1R~l 

[1] IR=tF =2.Sns(typ). 

Vee (GND) 

Device Under 
Test 

-0.9V 

NEC 

Dour 

-2.0V 

831H·6036B 

SO'lYo 

20% 
~~~~~~~~ 

tF 

831H-5948B 



t\'EC 11PD100500 

Timing Waveforms 

Chip Select Access Cycle 

Address Access Cycle 

Address -----------~-tAA-==1-------------

Dour ---------------~--_so_% _________ _ 
831H-6144B 

Write Cycle 

r-----1 
Address ------

1 

f r== 
t DJN 

lyy 

twsD- f.--twH 

lb;" \ l 
.... ... ·~dJ -- IWHCS 

Dour 

I-· -twR-1 
831H·5973B 
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EEPROMs NEC 
Section 27 
EEPROMs 

11PD Organization 

28C04 512x 8 27a 

28C05 512x 8 27b 

28C64 8Kx 8 27c 

28C256 32Kx 8 27d 



NEC 
NEC Electronics Inc. 

Description 

The µPD28C04 is a 4,096-bit electrically erasable and 
programmable read-only memory (EEPROM) orga
nized as 512 x 8 bits and fabricated with an advanced 
CMOS process for high performance and low power 
consumption. 

The device operates from a single+ 5-volt power sup
ply and provides a DATA polling function to indicate the 
precise end of write cycles. Additional features include 
chip erase, auto erase and programming cycles. The 
µPD28C04 is available in standard 24-pin plastic DIP or 
miniflat packaging. 

Features 

o Fast access times of 200 and 250 ns maximum 
o Single+ 5-volt power supply 
o Chip erase feature 
o Auto erase and programming at 10 ms maximum 
o DATA polling verification 
o Low power dissipation 

- 50 mA max (active) 
-100 µA max (standby) 

o Endurance: 100,000 erase/write cycles per byte 
o TTL-compatible inputs and outputs 
o Three-state outputs 
o Advanced CMOS technology 
o 24-pin plastic DIP or miniflat packaging 

Ordering Information 
Part Number Access Time (max) Package 

µPD28C04C-20 200 ns 24-pin plastic DIP 

C-25 250 ns 

µPD28C04G-20 200 ns 24-pin plastic miniflat 

G-25 250 ns 

60052-1 

pPD28C04 
512 x 8-Bit 

CMOS EEPROM 

Pin Configuration 

24-Pin Plastic DIP or Miniflat 

vcc 
A5 As 

AS NC 

A4 WE 

A3 OE 

A2 NC 

A1 CE 
V07 

1105 

1101 1105 

1102 11 1104 

GND 1103 

Pin Identification 
Symbol Function 

Ao - As Address inputs 

l/Oo - 110] Data inputs/outputs 

CE Chip enable 

OE Output enable 

WE Write enable 

GND Gro~d 

Vee +5-volt power supply 

NC No connection 

831H-6280A 



pPD28C04 

Absolute Maximum Ratings 
Supply voltage, V cc - 0.6 to + 7.0 V 

Input voltage, V11 -0.6 to +7.0V 

Input voltage, V13 (OE) - 0.6 to + 16.5 V 

Output voltage, Vo -0.6 to +7.0V 

Operating temperature, ToPT -10 to +85°C 

Storage temperature, TsTG - 65 to + 125°C 

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 

Supply voltage 

Input voltage, high 

Input voltage, low 

Ambient temperature 

Block Diagram 

2 

Symbol Min 

Vee 4.5 

V1H 2.0 

V1L -0.3 

TA 0 

vcc
GND-

Typ 

5.0 

Max 

5.5 

Vee+ 0.3 

0.8 

70 

Control Logic 
and 

Timing Circuits 

Unit 

v 
v 
v 
cc 

5 Y-Decoder 

X-Decoder 

NEC 
Capacitance 
TA= 25°C; f = 1 MHz; V1N and VouT = O V 

4 

Parameter Symbol 

Input capacitance c, 
Output capacitance Co 

Truth Table 
Function C'E OE 

Read V1L V1L 

Standby and V1H x 
write inhibit 

Write V1L V1H 

Chip erase V1L V1HH 

Write inhibit x V1L 

x x 
Notes: 

(1) X can be either V1L or V1H· 

(2) V1HH = + 15 ±0.5 V. 

l/OBuffers 
Data Latch 

Y-Gating 

4,096-Bit 
Memory Cell Array 

Min Typ Max Unit 

7 12 pF 

10 pF 

WE 1/0 Ice 

V1H DouT Active 

x High-Z Standby 

V1L D1N Active 

V1L D1N = V1H Active 

x 
V1H 

831H·-6281B 



NEC pPD28C04 

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

Parameter Symbol Min Typ Max Unit Test Conditions 

Output voltage, high VoH1 2.4 v loH = -400µA 

VoH2 Vee - 0.7 v loH = -100µA 

Output voltage, low Vol 0.45 v loL = 2.1 mA 

Output leakage current I Lo 10 µA VouT= OtoVcc 

Input leakage current lu 10 µA v1N = o to Vee 

V cc current (active) lccA1 20 mA CE= v,L; v,N = v,H 

lccA2 50 mA f = 5 MHz; louT = o mA 

V cc current (standby) lccs1 mA CE= V1H 

lccs2 100 µA CE= Vee: V1N = ov to Vee 

AC Characteristics 
TA = O to + 70°C; V cc = + 5.0 V :t 10% 

,uPD28C04-20 ,uPD28C04-25 

Parameter Symbol Min Max Min Max Unit Test Conditions 

Read Operation 

Address to output delay tAcc 200 250 ns CE = OE = V1L; WE = V1H 

CE to output delay tcE 200 250 ns OE = V1L; WE = V1H 

CE high to output float toFC 0 60 0 80 ns OE = v,L; WE = v,H 

OE high to output float toFo 0 60 0 80 ns CE = V1L; WE = V1H 

OE to output delay toE 10 75 10 100 ns CE = v,L; WE = v,H 

Output hold time from to HA 0 0 ns CE= OE= V1L; 
address change WE = V1H (Note 2) 

Output hold time from rising to He 0 0 ns OE = V1L; WE = V1H (Note 2) 
edge of CE 

Output hold time from rising to Ho 0 0 ns CE = v,L; WE = v,H 
edge of OE 

WE hold time from rising twHO 10 10 ns OE= V1H 
edge of OE 

WE setup time to CE twsc 10 10 ns CE= V1H 

WE setup time to OE twso 10 10 ns OE= V1H 

Write Operation 

Address hold time tAH 200 200 ns 

Address setup time tAs 10 10 ns 

CE high after CE-controlled tcEH 9.9 9.9 ms 
write cycle 

Write hold time tcH 0 0 ns 

Write setup time tcs 0 0 ns 

3 



µPD28C04 

AC Characteristics (cont) 
p.PD28C04-20 

Parameter Symbol Min Max 

Write Operation (cont) 

CE pulse width tcw 150 

Data hold time toH 20 

Data setup time tos 100 

Data valid time tov 300 

OE high hold time to EH 10 

OE high setup time to ES 10 

Write cycle time twc 10 

WE high after WE-controlled twEH 9.9 
write cycle 

.WE pulse width twp 150 

WE high hold time twPH 50 

Chip Erase Operation 

CE hold time tECH 5 

CE setup time tEcs 500 

Data hold time tEDH 100 

Data setup time tEDs 500 

OE hold time tEOEH tECH + 3 

OE setup time tEOES 500 

WE pulse width tEWP 10 

Notes: 

(1) See figure 1 for the output load. Input rise and fall time :S 20 ns; 
input pulse levels = 0.45 and 2.4 V; timing measurement refer
ence levels = 0.8 and 2.0 V for both inputs and outputs. 

Figure 1. Output Load 

NEC 

p.PD28C04-25 

Min Max Unit Test Conditions 

150 ns 

20 ns 

100 ns 

300 ns 

10 ns 

10 ns 

10 ms 

9.9 ms 

150 ns 

50 ns 

5 µs 

500 ns 

100 ns 

500 ns 

tECH + 3 µs 

500 ns 

10 ms 

(2) Output hold time is specified from address, OE or CE, whichever 
goes invalid first. 

1.3V 

DQUT <>o-------f-3_._3_kn-----tio OUT f Ct_=100pf r 
831H·6066B 
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NEC 
Timing Waveforms 

Read Cycle 

Notes: 

[1) Use t DFC if CE transitions to V IH before OE transitions to V IH 

[2] Use t DFO if OE transitions to V IH before CE transitions to V IH 

[3) OE may be delayed for read operation up to tAcc - toe after 

the falling edge of CE without Impacting IACC· 

µPD28C04 

High Impedance 

831H-6306B 

5 



µPD28C04 

Timing Waveforms (cont) 

WE-Controlled Write Cycle 

NEC 

------twp---___,~ ~1--~~~~~-tWEH~~~~~~-

6 

[Note3] 

----tos 

Data Input Valid 

Notes: 

[1) The address inputs are latched at the falling edge of CE or WE, 
whichever occurs later. 

(2) The data inputs are latched at the rising edge of CE or WE, 
whichever occurs earlier. 

(3) Write operation requires both CE and WE to be at VIL· 
Parameter twp is defined only for the period when both 
CE and WE are at V1L . 

tDH 

831H·6223B 



NEC 
Timing Waveforms (cont) 

CE-Controlled Write Cycle 

pPD28C04 

--~~~~tcw~~~~--i.-~~~~~~~-tCEH~~~~~~--

[Note3] 

High Impedance 

Notes: 

[1] The address inputs are latched at the falling edge of CE or WE, 
whichever occurs later. 

[2] The data inputs are latched at the rising edge of CE or WE, 
whichever occurs earlier. 

[3) Write operation requires both CE and WE to be at VIL· 
Parameter tcwis defined only for the period when both 
CE and WE are at V1L . 

831H-6224B 
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µPD28C04 

Timing Waveforms {cont) 

Chip Erase Cycle 

OE -------"llE~S IE~}------
---IEWP---

1/0 ---------

_____________ !_·~~---------
831H-6023B 
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NEC 
Read Cycle 

Both CE and OE must be at V1L in order to read stored 
data. While the device is executing read cycles, bring
ing either of these inputs to V1H will place the outputs in 
a state of high impedance. This two-line output control 
allows bus contention to be eliminated in the system 
application. 

Byte Write Cycle 

Low levels on CE and WE and a high level on OE place 
the µPD28C04 in write operation. The write address 
inputs are latched by the falling edge of either CE or 
WE, whichever occurs later. The data inputs are latched 
by the rising edge of either CE or WE, whichever occurs 
earlier. Once byte write cycles begin executing, inter
nal circuits assume all timing control and the byte 
being addressed is automatically erased and then 
programmed. The operation is completed within a 
write cycle time (twc) of 10 ms. 

Chip Erase Cycle 

All bytes of the µPD28C04 can be erased simulta
neously by making CE and WE fall to V1L after OE has 
been increased to ViHH (15±0.5 V). The address inputs 
are "don't care," but the data inputs must all be driven 
to V1H before the chip erase cycle begins. 

pPD28C04 

DATA Polling Feature 

This feature supports system software by indicating 
the precise end of byte write cycles. DATA polling can 
be used to reduce the total programming time of the 
µPD28C04 to a minimum value, which varies with the 
system environment. 

While internal automatic write cycles are in progress, 
any attempt to read data at the last externally supplied 
address location will result in inverted data on pin 1/07 
(for example, if write data= 1xxx xxxx, then read data 
= Oxxx xxxx). Once the write cycle is complete, a read 
cycle will result in true data being output on 1/07. 

Write Protection Features 

The µPD28C04 provides three features to prevent in
valid write cycles: 

- Noise immunity, where write operation is inhibited 
when the WE pulse width is 20 ns or less. 

-Supply voltage-level detection, where write oper
ation is inhibited when Vee is 2.5 volts or less. 

-Write protection logic, where write operation is 
inhibited if OE is held low or CE or WE is held high 
during power-on or-off of the Vee supply voltage. 

9 
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NEC 
NEC Electronics Inc. 

Description 

The µPD28C05 is an electrically erasable and program
mable read-only memory (EEPROM) organized as 512 
words by 8 bits. The device operates from a + 5-volt 
power supply and is fabricated with an advanced 
CMOS process for high performance and low power 
consumption. 

The device offers an ALE pin to control the latching of 
addresses and a DATA polling function to indicate the 
precise end of write cycles. Additional features include 
chip erase, auto erase and programming. The 
µPD28C05 is available in standard 24-pin plastic DIP or 
miniflat packaging. 

Features 

o 512-word by 8-bit organization 
o Single+ 5-volt power supply 
o Fast access times of 200 and 250 ns maximum 
o Chip erase feature 
o Auto erase and programming: 10 ms maximum 
o DATA polling feature 
o Address latching by means of ALE pin 
o Low power dissipation 

- 50 mA max (active) 
-100 µA max (standby) 

o Endurance: 100,000 erase/write cycles per byte 
o TTL-compatible inputs and outputs 
o Three-state outputs 
o Advanced CMOS technology 
o 24-pin plastic DIP or miniflat packaging 

Ordering Information 
Part Number Access Time (max) Package 

µPD28C05C-20 200 ns 24-pin plastic DIP 

C-25 250 ns 

µPD28C05G-20 200 ns 24-pin plastic miniflat 

G-25 250 ns 

60006-1 

pPD28C05 
512 x 8-BIT 

CMOS EEPROM 

Pin Configuration 

24-Pin Plastic DIP or Minif/at 

vcc 
AS 

NC 

A4 WE 

A3 OE 

ALE 

Ce 
Ao V07 

VOo V05 

V01 1105 

1102 1104 
GND 1/03 

831H-6016A &I 
Pin Identification 
Symbol Function 

~ - Aa Address inputs 

1/00 - I/~ Data inputs and outputs 

CE Chip enable 

OE Output enable 

WE Write enable 

ALE Address latch enable 

GND Ground 

Vee +5°volt power supply 

NC No connection 



Absolute Maximum Ratings Capacitance 
Supply voltage, V cc - 0.6 to + 7.0 V 

TA= 25°C;f = 1 MHz 

Input voltage, V11 -0.6 to +7.0 V 
Parameter Symbol Min 

Input voltage, V12 (OE) - 0.6 to + 16.5 V 
Input capacitance c, 

Output voltage, VouT -·0.6 tO + 7~0 v. Output capacitance Co 

Operating temperature, ToPT -10 to +85°C 

Storage temperature, TsTG - 65 to + 125°C Truth Table 
Function CE 

Read VrL 
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. 

Standby and VrH x x x 

Recommended Operating Conditions 
Parameter Symbol Min 

Supply voltage V cc 
Input voltage, 
high 

Input voltage, 
low 

Operating 
temperature 

V1L 

TA 

Block Diagram 

2 

4.5 

2.0 

-0.3 

0 

vcc___.. 
GND ___.. 

Typ Max Unit 

5.0 5.5 

Vee+ o.3 

Column 
Addresses 

0.8 

70 

Control Logic 
and 

Timing Circuits 

5 

~ 
::I 
ID 
"'C 

:a .,, 
Cl> 

~ 
Row Addresses 

~ 

v 
v 

v 

oc 

write inhibit 

Write V1L VrH V1L 

Chip erase V1L V1HH V1L 

Write 'Inhibit x VIL x 
x x V1H 

Notes: 

(1) X can be either V1L or V1H· 

(2) 

Y-Decoder 

X-Decoder 

VIHH = + 15 :t0.5 V. 

4 

l/OBuffers 
Data Latch 

Y-Gating 

4,096-Bit 
Memory Cell Array 

V1H 

V1H 

x 
x 

NEC 

Max Unit 

12 pF 

10 pF 

1/0 •cc 
DouT Active 

High-Z Standby 

D1N Active 

·D1N = V1H Active 

831H-6017B 



NEC pPD28C05 

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

Parameter Symbol Min Typ Max Unit Test Conditions 

Output voltage, high VoH1 2.4 v loH = -400µA 

VoH2 Vee - 0.7 v loH = -100µA 

Output voltage, low Vol 0.45 v loL = 2.1 mA 

Output leakage current ILO 10 µA Your = o V to V cc (max) 

Input leakage current lu 10 µA V1N = o V to Vee (max) 

V cc current (active) lccA1 20 mA CE = V1L; V1N = V1H 

lccA2 50 mA f = 5 MHz; lour = o mA 

V cc current (standby) lccs1 mA CE= V1H 

lccs2 100 µA CE= Vee; V1N = ov to Vee 

AC Characteristics 
TA = o to + 70°C; V cc = + 5.0 V :!: 10% 

1&PD28C05-20 1&PD28C05-25 .. Parameter Symbol Min Max Min Max Unit Test Conditions 

Read Cycle 

Address to output delay tAcc 200 250 ns CE= OE= V1L; 
ALE= WE= V1H 

Address hold time from ALE tAHL 20 30 ns WE= V1H 

ALE to output delay tALE 200 250 ns CE = OE = V1L; WE = V1H 

Address setup time to ALE tASL 15 20 ns WE= V1H 

CE to output delay tee 200 250 ns OE = V1L; WE = V1H 

CE setup time to ALE tcsL 20 20 ns WE= V1H 

CE high to output float toFc 0 60 0 80 ns OE = V1L; WE = V1H 

OE high to output float toFo 0 60 0 80 ns CE = V1L; WE = V1H 

ALE high-level pulse width tll 40 40 ns WE= V1H 

OE to output delay toe 10 75 10 100 ns CE = V1L; WE = V1H 

Output hold time from toHA 0 0 ns CE= OE= V1L; 
address change ALE = WE = V1H (Note 2) 

Output hold time from rising toHC 0 0 ns OE= V1L; WE= V1H (Note 2) 
edge of CE 

Output hold time from rising toHL 0 0 ns CE = OE = V1L; WE = V1H 
edge of ALE (Note 2) 

Output hold time from rising toHo 0 0 ns CE = V1L; WE = V1H 
edge of OE 

WE hold time from rising twHo 10 10 ns OE= V1H 
edge of OE 

WE setup time to CE twsc 10 10 ns CE= V1H 

WE setup time to OE twso 10 10 ns OE= V1H 

3 



pPD28C05 

AC Characteristics (cont) 
14PD28C05-20 

Parameter Symbol Min Max 

Write Cycle 

Address hold time from WE tAH 200 

Address setup time to WE tAs 10 

CE high after CE-controlled tcEH 9.9 
write cycle 

CE hold time from WE high tcH 0 

CE setup time to WE tcs 0 

CE pulse width tcw 150 

Data hold time toH 20 

Data setup time tos 100 

·oE high hold time toEH 10 

OE high setup time toES 10 

Write cycle time twc 10 

WE high after WE-controlled twEH 9.9 
write cycle 

WE pulse width twp 150 

Chip Erase Cycle 

CE hold time tECH 5 

CE setup time tEcs 500 

Data hold time tEDH 100 

Data setup time tEDS 500 

OE hold time tEOEH tECH + 3 

OE setup time tEOES 500 

WE pulse width tEWP 10 

Notes: 

(1) Input rise and fall time s 20 ns; input pulse levels = 0.45 and 
2.4 V; timing measurement reference levels = 0.8 and 2.0 V for 
both inputs and outputs. See figure 1 for output load. 

Figure 1. Output Load 

NEC 
14PD28C05-25 

Min Max Unit Test Conditions 

200 ns 

10 ns 

9.9 ms 

0 ns 

0 ns 

150 ns 

20 ns 

100 ns 

10 ns 

10 ns 

10 ms 

9.9 ms 

150 ns 

5 µs 

500 ns 

100 ns 

500 ns 

tECH + 3 µs 

500 ns 

10 ms 

(2) Output hold time is specified either from the address, or from the 
ALE, OE or CE pins, whichever goes invalid first. 

1.3V 

Dour oo-------t_3

_.

3

_k_n ____ -oo OUT f c,.100 pF r 
831H-60666 
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NEC 
Read Cycles 

CE and OE must both be at V1L for read cycles to be 
executed. If either of these inputs rise to V1H while the 
device is reading stored data, the outputs will be placed 
in a state of high impedance. This two-line output control 
eliminates bus contention in the system application. 

Byte Write Cycles 

Low logic levels on CE and WE and high logic levels on 
OE and ALE place the µPD28C05 in write operation. The 
write address inputs are latched by the falling edge of 
either CE or WE, whichever occurs later. The data inputs 
are latched by the rising edge of either CE or WE, 
whichever occurs earlier. Once byte write operation has 
begun, the internal circuitry assumes all timing control 
and the byte being addressed in automatically erased 
and then programmed. The operation completes within 
the write cycle time (twc) of 10 ms. 

Chip Erase Cycles 

All bytes of the µPD28C05 can be erased simultaneously 
by making CE and WE fall to V1L and ALE rise to V1H after 
OE has been increased to VrHH (+ 15 ± 0.5 V). The 
address inputs are "don't care," but the data inputs must 
all be driven to V1H before the chip erase cycle begins. 

Truth Table 
Function CE OE We 
Read VrL V1L VrH 

Standby and write inhibit VrH x x 
Write VrL V1H VrL 

Chip erase VrL VrHH VrL 

Write inhibit x V1L x 
x x VrH 

Notes: 

(1) X can be either VrL or VrH· 

(2) VrHH = + 15 ± 0.5 V. 

µ,PD28C05 

DATA Polling Feature 

This feature supports system software by indicating the 
precise end of byte write cycles and can be used to 
reduce the total programming ti me of the µPD28C05 to a 
minimum value, which varies with the system environ
ment. 

While internal automatic write cycles are being exe
cuted, any attempt to read data at the last externally 
supplied address location will result in inverted data on 
pin 1/07. For example, if write data = 1xxx xxxx, then 
read data = Oxxx xxxx. Once write cycles have finished 
executing, the execution of a subsequent read cycle will 
result in true data being output on 1/07. 

Write Protection Features 

Three features protect against invalid write cycles: 

- Noise immunity, where write operation is inhibited i!!m, 
when the WE pulse width is 20 ns or less; ~ 

-Supply voltage-level detection, where write opera-
tion is inhibited when Vee is 2.5 volts or less; and 

- Write protection logic, where write operation is 
inhibited if OE is held low or CE or WE is held high 
during power-on or off of the Vee supply voltage. 

ALE 1/00 -1/07 Ice 

x Dour Active 

x High-Z Standby 

V1H D1N Active 

V1H DrN = v,H Active 

x 
x 
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pPD28COS NEC 
Timing Waveforms 

Synchronous Read Cycle {ALE-Controlled) 

6 

ALE 7///J/!//J/1fl= . . f M//$1/IZ 

CE \\\\\\\\1r~ · . . if(J/!//1/1/!!ll!/Z 

OE ~\\\\\ \\ \\\\ "\. \\\\~~ ~jl/J/ /Ill! $/$$4 
t=t~sc_µ I -~ - _I I I -vzzF: 1

1""°1 II I 'w"" ~ 

WE lh.~~·~ U.DFC 
I 

!4--------~tACC toFO 
I 

LJL toHL 

toHC 

toHo 

High Impedance 

83TB-6019B 



NEC 
Timing waveforms (cont) 

AsynchrollOIM Read Cycle 

Note: 

[1) ALE"' V1H· 
[2) Use I DFC if CE transitions to V1H before OE transitions to V1H· 
[3) Use toFO if OE transitions lo V1H before Ce transitions to V1H· 

µPD28C05 

High Impedance 

LJL toHA 

t~~ 

83TIU020B 
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µ.PD28C05 

Timing Waveforms (cont) 

WE-Controlled Write Cycle 

NEC 

~~~~-twp~~~__,~ ~...__~~~~~~tWEH~~---~~~--.i 

8 

[Note3) 

tos 

Data Input Valid 

Notes: 

(1) The address inputs are latched at the falling edge of CE or WE, 
whichever occurs later. 

(2) The data inputs are latched at the rising edge of CE or WE, 
whichever occurs earlier. 

(3) Write operation requires both CE and WE to be at VIL· 
Parameter twp is defined only for the period when both 
CE and WE are at V1L . 

tOH 

831H·6223B 



NEC 
Timing Waveforms (cont) 

CE-Controlled Wi'ite Cycle 

Add<eu ~ Add"" V.nd 

tAS 

p,PD28C05 

..._~~~~tcw~~~~--..._~~~~~~~-tcEH~~~~~~...-i 

(Note3] 

Notes: 

(1] The address inputs are latched at the falling edge of CE or WE, 
whichever occurs later. 

[2] The data inputs are latched at the rising edge of CE or WE, 
whichever occurs earlier. 

(3] Write operation requires both CE and WE to be at VIL· 
Parameter tcwis defined only for the period when both 
CE and WE are at V1L. 

831H-6224B 
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1£PD28C05 NEC 
Timing waveforms (cont) 

Chip Era• Cyt:/e 

C'E 

·~~ ~~ 
oe (teoes- ~IEOEHJ 

- tewP 

WE 
-~ ~ 

t l 

r~oo- '4-teoHj 

110 \ 
831H-6023B 
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NEC 
NEC Electronics Inc. 

Description 

The µPD28C64 is a 65,536-bit electrically erasable and 
programmable read-only memory (EEPROM) orga
nized as 8,192 x 8 bits and fabricated with an advanced 
CMOS process for high performance and low power 
consumption. 

Operating from a single + 5-volt power. supply, the 
µPD28C64 provides DATA polling function to indicate 
the precise end of write cycles. Additional features 
include chip erase, auto erase and programming, and 
32-byte page write cycles. 

The µPD28C64 is available in standard 28-pin plastic 
DIP. 

Features 

o 8,192 x 8-bit organization 
o Single+ 5-volt power supply 
o Chip erase cycles 
o Auto erase and programming at 10 ms max 
o 32-byte page programming cycles 
o DATA polling verification 
o Low power dissipation 

- 50 mA max (active) · 
-100 µA max (standby) 

o Endurance: 100,000 erase/write cycles per byte 
o Silicon signature 
o TTL-compatible inputs and outputs 
o Three-state outputs 
o Advanced CMOS technology 
o 28-pin plastic DIP packaging 

Ordering Information 
Part Number Access Time (max) Package 

µPD28C64C-20 200 ns 28-pin plastic DIP 
~~~~~~~~~~ 

C-25 250 ns 

60053-1 

pPD28C64 
8192 x 8-Bit 

CMOS EEPROM 

Pin Configuration 

28-Pin Plastic DIP 

Pin I dent if ication 
Symbol Function 

Ao - A12 Address inputs 

Vee 
WE 

NC 

As 

Ag 

An 

OE 

A10 

CE 
1107 

1105 

1105 

1104 

1103 

l/Oo - I/~ Data inputs and outputs 

CE Chip enable 

OE Output enable 

WE Write enable 

GND Gmu~ 

Vee + 5-volt power supply 

NC No connection 

831H-6462A 



pPD28C64 

Absolute Maximum Ratings 
Supply voltage, V cc - 0.6 to + 7.0 V 

Input voltage, V1N - 0.6 to + 7.0 V 

Input voltage, Ag - 0.6to+13.5 V 
===--~~~~~~~~~~~~~~~~-

0 E - 0.6 to + 16.5 V 

Output voltage, Vour - 0.6 to + 7.0 V 

Operating temperature, ToPR -10 to +85°C 

Storage temperature, TsrG - 65 to + 125°C 

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 

Supply voltage 

Input voltage, high 

Input voltage, low 

Operating temperature 

Block Diagram 

2 

Symbol Min 

Vee 4.5 

V1H 2.0 

V1L -0.3 

TA 0 

Vee____. 
GND ____. 

Typ 

5.0 

Max 

5.5 

Vee+ 0.3 

0.8 

70 

Control Logic 
and 

Timing Circuits 

Unit 

v 
v 
v 
oc 

Y-Decoder 

X-Decoder 

NEC 
Capacitance 
TA = 25°C; f = 1 MHz; V1N and Vour = O V 

Parameter Symbol Min Typ Max 

Input capacitance 12 

Output capacitance Co 10 

Truth Table 
Function CE OE WE Input/Output 

Read V1L V1L 

Standby and V1H x 
write inhibit 

Write V1L V1H 

Chip erase V1L V1HH 

Write Inhibit x V1L 

x x 

Notes: 

(1) X can be either V1L or V1H· 

(2) V1HH = + 15 V ±0.5. 

VO Buffers 
Data latch 

Y-Gating 

65,536-Blt 
Memory Cell Array 

V1H Dour 

x High-Z 

V1L D1N 

V1L D1N = V1H 

x 
V1H 

Unit 

pF 

pF 

Ice 

Active 

Standby 

Active 

Active 

831H-6463B 



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

Parameter Symbol 

Output voltage, high Vott1 

Vott2 

Output voltage, low Vol 

Output leakage current I Lo 

Input leakage current lu 

V cc current (active) lccA1 

lccA2 

V cc current (standby) lccs1 

lccs2 

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

Parameter Symbol 

Read Operation 

Address to output delay 

CE to output delay 

OE or CE high to output float 

OE to output delay 

Output hold from address, 
OE or CE, whichever 
transition occurs first 

AC Characteristics (cont) 
TA = O to + 70°C; V cc = + 5.0 V ± 10% 

Parameter Symbol 

Write Operation 

Address hold time tAtt 

Address setup time tAs 

Write hold time tctt 

Write setup time tcs 

CE pulse width tcw 

OE high hold time toEtt 

OE high setup time to ES 

Write cycle time twc 

WE pulse width twp 

WE high hold time twPtt 

Min 

2.4 

Vee- 0.1 

µPD28C64-20 

Min Max 

200 

200 

0 60 

10 75 

0 

Min 

200 

10 

0 

0 

150 

10 

10 

10 

150 

50 

pPD28C64 

Typ Max Unit Test Conditions 

v Iott= -400µA 

v Iott= -100µA 

0.45 v loL = 2.1 mA 

10 µA VouT = ov to Vee; 
CE or OE= Vitt 

10 µA v1N = ov to Vee 

20 mA CE = V1L; OE = Vitt 

50 mA f = 5 MHz; louT = o mA 

mA CE= Vitt 

100 µA CE = v cc; V1N = 0 v to v cc 

ml 
µPD28C64-25 

Min Max Unit Test Conditions 

250 ns CE= OE= V1L 

250 ns OE= V1L 

0 80 ns CE = V1L or OE = V1L 

10 100 ns CE= V1L 

0 ns CE= OE= V1L 

Typ Max Unit Test Conditions 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ms 

ns 

ns 

3 



µPD28C64 

AC Characteristics (cont) 
Parameter Symbol Min 

Write Operation 

Byte load cycle time ts LC 3 

Data hold time toH 20 

Data setup time tos 100 

Data va:id time tCJ.I 

Chip Erase Operation 

OE hold time tcEH tcH + 3 

CE hold time tcH 5 

CE setup time tcs 500 

Data hold time toH 100 

Data setup time tos 500 

OE setup time toes 500 

WE pulse width twp 10 

Notes: 

(1) See figure 1 for the output load. Input rise and fall times s 20 ns; 
input pulse levels = 0.45 and 2.4 V; timing measurement refer
ence levels = 0.8 and 2.0 V for both inputs and outputs. 

Figure t. Output Load 

Typ Max 

100 

300 

1.3V 

DQUT o.o-------41~t--3·-3-kn-----oo OUT f "1.-100pF r 

4 

1'tf EC 

Unit Test Conditions 

µs 

ns 

ns 

ns 

µs 

µs 

ns 

ns 

ns 

ns 

ms 

831H-6006B 



NEC 
Read Cycles 

Both CE and OE must both be at V1L in order to read 
stored data. While the device is executing read cycles, 
bringing either of these inputs to V1H will place the 
outputs in a state of high impedance. This two-line 
output control allows bus contention to be eliminated 
in the system application. 

Byte Write Cycles 

Low levels on CE and WE and a high level on OE place 
the µPD28C64 in write operation. Write address inputs 
are latched by the falling edge of either CE or WE, 
whichever occurs later. The data inputs are latched by 
the rising edge of either CE or WE, whichever occurs 
earlier. Once byte write operation has begun, the inter
nal circuits assume all timing control. The byte being 
addressed is automatically erased and then pro
grammed. The operation completes within the write 
cycle time (twc) of 10 ms. 

Page Write Cycle 

This option allows the µPD28C64 to be completely 
programmed in a much shorter time than is required 
using byte write cycles. The loading of up to 32 bytes of 
data before internal write cycles program all of these 
bytes simultaneously allows the µPD28C64 to be com
pletely written in a maximum of 2.6 seconds. The page 
address is specified by the inputs A5 through A12; once 
set, this address cannot be changed during a page 
write cycle. Within the page, address inputs Ao through 
~ can be used sequentially or in random order to 
specify individual bytes. 

The beginning of a page write cycle is the same as a 
WE-controlled byte write cycle. If the next falling edge 
of WE occurs within a byte load cycle time of 100 µs, the 
internal byte load register will be loaded with another 
byte of input data. This cycle can be repeated to load a 

pPD28C64 

maximum of 32 bytes of data. At any point in the 
sequence, if WE does not have a new falling edge 
within the byte load cycle time of 100 µs, byte load 
operation will terminate and automatic erasing and 
programming operations will begin. 

Chip Erase Cycles 

All bytes of the µPD28C64 can be erased simulta
neously by making CE and WE fall to V1L after OE has 
been increased to V1HH (15 V ±0.5). The address inputs 
are "don't care," but the data inputs must all be driven 
to V1H before the chip erase cycle begins. 

DATA Polling Feature 

This feature supports system software by indicating. 
the precise end of byte write and page write cycles. 
DATA polling can be used to reduce total programming 
time of the µPD28C64 to a minimum value, which varies 
with the system environment. 

While internal automatic write operation is in progress, 
any attempt to read data at the last externally supplied 
address location will result in inverted data on pin 1/07 
(for example, if write data = 1xxx xxxx, then read data 
= Oxxx xxxx). Once the write cycle is complete, a read 
cycle will result in true data being output on 1/07. 

Write Protection Features 

The µPD28C64 provides three features to prevent in
valid write cycles. 

• Noise immunity, where write operation is inhibited 
when the WE pulse width is 20 ns or less. 

• Supply voltage level detection, where write opera
tion is inhibited when Vee is 2.5 V or less. 

• Write protection logic, where write ..2.E_eration is in
hibited if OE is held low or CE or WE is held high 
during power on or off of the V cc supply voltage. 

5 



pPD28C64 

Timing Waveforms 

Read Cycle 

Address 

CE 

NEC 

Address Valid 

WE -----------------------------------------------------------------------------------
,...1 <..----t AcC----~ 

6 

[Note1] 

Data Valid 

Notes: 

(1] OE may!! delayed for read operation up to tAcc-toe, after the falling 
edge of CE, without Impact on tAcc· 

[2] toF Is specified from OE or CE, whichever occurs first. 

High Impedance 

83IH-6464B 



NEC 
Timing Waveforms (cont) 

WE-Controlled Write Cycle 

pPD28C64 

5E I/! !!Ill \\\\\\\\\~\\\ \\\)>' 

tos toH 

1/0 --------< 
D1N 

Data Input Valid '"'"""""'~ 
110 WM.J.MNM High Impedance 

DouT ~------------------------------""'~----------

Notes: 

[1) The address inputs are latched at the falling edge of CE or WE, 
whichever occurs later. 

[2) The data Inputs are latched at the rising edge of CE or WE, 
whichever occurs earlier. 

[3) Write operation requires both CE and WE to be at VIL· 
Parameters twp and tcw is defined only for the period when both 
CE and WE are at VIL. 

831H·6465B 
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µPD28C64 

Timing Waveforms (cont) 

CE-Controlled Write Cycle 

8 

--------tcw-----
[Note 3J 

High Impedance 

Notes: 

(1) The address Inputs are latched at the falling edge of CE or WE, 
whichever occurs later. 

(2) The data Inputs are latched at the rising edge of CE or WE, 
whichever occurs earlier. 

(3) Write operation requires both CE and WE to be at VIL· 
Parameters twp and ~CW Is defined only for the period when both 
CE and WE are at V1L. 

(4) OE may be delayed up to (tAcc - tOE) without Impacting tACC· 

NEC 

831H-64668 



NEC 
Timing Waveforms (cont) 

Page Write Cycle 

!Ill/ 

Address 

l/O [Byte O) [Byte 1) 
Valid 

[Last Byte) 

pPD28C64 

~ Valid x Valid x x: 
- . . '---· -- -- ·So-----' 

Notes: 

[1) The address inputs are latched at the falling edge of CE or WE, 
whichever occurs later. 

(2) The data Inputs are latched at the rising edge of CE or WE, 
whichever occurs earlier. 

(3) Write operation requires both CE and WE to be at VIL· 
~rameters twp and tcware defined only for the period when both 
CE and WE are at V1L. 

[4] The page cannot be changed In the middle of a page 
write cycle. Address Inputs As-A 12 must be supplied for 
every byte load cyde and must remain the same throughout 
the page write cycle to prevent writing to an unknown 
address location. Address Inputs A 0-A 4are altered for each 
byte load cyde and determine the Individual byte to be 
written within the page. 

[5] A maximum of 32 bytes may be loaded In a single page 
write cycle. 

831H-6467B 
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Timing Waveforms (cont) 

Chip Erase Cycle 

110 

10 

NEC 



NEC 
NEC Electronics Inc. 

Description 

The µPD28C256 is a 262,144-bit electrically erasable 
and programmable read-only memory (EEPROM) orga
nized as 32,768 x 8 bits and fabricated with an ad
vanced CMOS process for high performance and low 
power consumption. 

Operating from a single + 5-volt power supply, the 
µPD28C256 provides DATA polling and toggle bit func
tions to indicate the precise end of write cycles. Addi
tional features include software data protection, soft
ware chip erase, auto erase and programming, and 
64-byte page write operation using automatic write 
timing and internal address and data latches. 

The µPD28C256 is available in standard 28-pin plastic 
DIP packaging. 

Features 

o Single + 5-volt power supply 
o Fast access time of 200 ns (max) 
o Software chip erase cycles 
o Auto erase and programming at 10 ms (max) 
o 64-byte page programming cycles 
o End of write detection 

-DATA polling 
-Toggle bit 

o Software data protection 
o Low power dissipation 

- 50 mA max (active) 
-100 µA max (standby) 

o 10,000 erase/write cycles per byte 
o Silicon signature included 
o Advanced CMOS technology 
o 28-pin plastic DIP packaging 

Ordering Information 
Part Number Access Time (max) 

µPD28C256CZ-20 200ns 
~~~~~~~~~~ 

CZ-25 250 ns 

60073 

Package 

28-pin plastic DIP 

Pin Configuration 

28-Pin Plastic DIP 

Pin ldentif ication 
Symbol 

l/Oo-110, 

GND 

Vee 

pPD28C256 
32,768 x 8-Bit 

CMOS EEPROM 

831H·6891A 

Function 

Address inputs 

Data inputs and outputs 

Chip enable 

Output enable 

Write enable 

Ground 

+ 5-volt power supply 



pPD28C256 

Absolute Maximum Ratings 
Supply voltage, V cc -0.6 to + 7.0 V 

Input voltage, v1N -0.6 to Vee+ 0.3 V 

Input voltage (A9) -0.6to+13.5 V 

Output voltage, VouT -0.6 to + 7.0 V 

Operating temperature, ToPR -10 to +85°C 

Storage temperature, TsTG -65to+125°C 

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 

Supply voltage Vee 4.5 

Input voltage, high V1H 2.0 

Input voltage, low V1L -0.3 

Operating temperature TA 0 

Block Diagram 

2 

Typ 

5.0 

Max 

5.5 

Vee+ o.3 

0.8 

70 

Control Logic 
and 

Timing Circuits 

Unit 

v 
v 
v 
oc 

Y-Decoder 

X-Decoder 

NEC 
Capacitance 
TA = 25°C; f = 1 MHz; V1N and VouT = O V 

Parameter Symbol Min 

Input capacitance c1 

Output capacitance Co 

Truth Table 
Function CE OE 

Read V1L V1L 

Standby and V1H x 
write inhibit 

Write V1L V1H 

Write Inhibit x V1L 

x x 

Notes: 

(1) X can be either V1L or V1H· 

VO Buffers/ 
Data Latch 

Y-Gating 

262, 144-Blt 
Memory Cell Array 

WE 

V1H 

x 

V1L 

x 
V1H 

Typ Max Unit 

12 pF 

10 pF 

Input/Output Ice 

DouT Active 

High-Z Standby 

D1N Active 

831H-6892B 



NEC pPD2'8C256 

DC Characteristics 
TA = O to + 70°C; V cc = + 5.0 V :t 10% 

Parameter Symbol Min Typ Max Unit Test Conditions 

Output voltage, high VoH1 2.4 v l()ii = -400 µA 

VoH2 Vce-0.7 v loH = -100µA 

Output voltage, low Vol 0.45 v loL = 2.1 mA 

Output leakage current I Lo -10 10 µA Vour = ov to Vee: 
CE or OE= V1H 

Input leakage current lu -10 10 µA V1N = OV to Vee 

V cc current (active) lceA1 20 mA CE = V1L; V1N = V1H 

lceA2 50 mA f = 5 MHz; lour = o mA 

V cc current (standby) lces1 mA CE= V1H 

lces2 100 µA CE= Vee; V1N = ov to Vee 

AC Characteristics 
TA= o to +70°C; Vee= +5.0V :t 10% m l'PD28C256·20 l'PD28C256-25 

Parameter Symbol Min Max Min Max Unit Test Conditions 

Read Operation 

Address to output delay tAee 200 250 ns CE= OE= V1L 

CE to output delay tcE 200 250 ns OE= V1L 

OE to output delay toE 10 75 10 100 ns CE= V1L 

OE or CE high to output float toF 0 60 0 80 ns CE = V1L or OE = V1L 

Output hold from address, toH 0 0 ns CE= OE= V1L 
OE or CE, whichever 
transition occurs first 

Write Operation 

Write cycle time twe 10 10 ms 

Address setup time tAs 10 10 ns 

Address hold time tAH 200 200 ns 

Write setup time tes 0 0 ns 

Write hold time tcH 0 0 ns 

CE pulse width tcw 150 150 ns 

OE high setup time toES 10 10 ns 

OE high hold time toEH 50 50 ns 

WE pulse width twp 150 150 ns 

WE high pulse width twPH 2 2 µs 

WE high hold time twEH 9.9 9.9 ms 

CE high hold time tceH 9.9 9.9 ms 

Data setup time tos 100 100 ns 

Data hold time toH 50 50 ns 

Byte load cycle time teLe 3 100 3 100 µs 

3 



µPD28C256 

AC Characteristics (cont) 
JLPD28C256·20 

Parameter Symbol Min Max 

Software Chip Erase Operation 

CE setup time 500 

WE pulse width tEWP 10 

CE hold time 20 

Notes: 

(1) See figure 1 for the output load. Input rise and fall times :S 20 ns; 
input pulse levels = 0.45 and 2.4 V; timing measurement refer
ence levels = 0.8 and 2.0 V for both Inputs and outputs. 

Figure 1. Output Load 

1.3V 

JLPD28C256·25 

Min Max 

500 

10 

20 

DQUT 0oo------f_3

_·

3

_kn ____ -oo OUT f C,.•100pf r 

4 

NEC 

Unit Test Conditions 

ns 

ms 

µs 

831H-6066B 



ttiEC 
Read Cycles 

Both CE and OE must be at V1L to enable stored data to 
be read. While the device is executing read cycles, 
bringing either of these inputs to V1H will place the 
outputs in high impedance. This two-line output con
trol allows bus contention to be eliminated in the 
system application. 

Byte Write Cycles 

Low levels on CE and WE and a high level on OE place 
the µPD28C256 in write operation. Write address inputs 
are latched by the falling edge of either CE or WE, 
whichever occurs later. Data in~s are latched by the 
rising edge of either CE or WE, whichever occurs 
earlier. Once byte write operation has begun, the inter
nal circuits assume all timing control and the byte 
being addressed is automatically erased and then 
programmed within the write cycle time (twc) of 10 ms. 

Page Write Cycles 

This option allows the µPD28C256 to be completely 
programmed in a much shorter time than is required by 
byte write cycles. Page write cycles can program up to 
64 bytes simultaneously, enabling the µPD28C256 to be 
completely written within a maximum of 5.2 seconds. 
The page address is specified by the inputs Aa through 
A14; once set, this address cannot be changed. Within 
the page, address inputs Ao through As can be used 
sequentially or in random order to specify individual 
bytes. 

The beginning of a page write cycle is the same as a 
WE-controlled byte write cycle. If the next falling edge 
of WE occurs within a byte load cycle time of 100 µs, the 
internal byte register will be loaded with another byte of 
input data. This cycle can be repeated to load a maxi
mum of 64 bytes of data At any point in the sequence, 
if WE does not have a new falling edge within the cycle 
time of 100 µs, byte loading will terminate and auto
matic erasing and programming operations will begin. 

pPD28C256 

DATA Polling Feature 

This feature supports system software by indicating the 
precise end of byte write and page write cycles. DATA 
polling can be used to reduce total programming time 
of the µPD28C256 to a minimum value, which varies 
with the system environment. 

While internal automatic write operation is in progress, 
any attempt to read data at the last externally supplied 
address location will result in inverted data on pin 1/07 
(for example, if write data= 1xxx xxxx, then read data 
= Oxxx xxxx). Once the write cycle is complete, a read 
cycle will result in true data being output on 1/07. 

Toggle Bit Feature 

The feature provides another method for indicating the 
end of write cycles. During the internal automatic write 
operation, 1/06 will toggle from o to 1 and back on 
successive attempts to read data When the write cycle 1!!!1!'1 
is complete, the toggling stops; a read cycle results in -
true data being output on 1/06 (figure 2). 

Hardware Data Protection 

The µPD28C256 provides three features to prevent 
invalid write cycles: 

• Noise immunity, where write operation is inhibited 
when the WE pulse width is 20 ns or less. 

• Supply voltage level detection, where write opera
tion is inhibited when V cc is 2.5 V or less. 

• Write protection logic, where write _2E_eration is in
hibited if OE is held low or CE or WE is held high 
during power on or off of the V cc supply voltage. 

5 



JiP.D28C256 

Figure 2. Data Polling and Toggle Bit.Operation 

6 

· La9t External 
·write 
Cycle 

: . 
WE _/ 

1105 

Address 

H \_ ·L ·· L L L . L .·. L. 
(Input) -~-~-~-~~-~-~-

L L ~ L . _;;;:;,,s JYl L 
(Input)(-~~.· (Output).-~- (O~~"""'. (Output) -~-

n rl 

Notes: 

[1 J The dashed portions of the output waveforms Indicate hfgh Impedance. 

{2) Address n Is the address supplied in !he last external write cycle. 

Internal Write 
Operation 
Complete 

83vG·6752B 



NEC 
Software Data Protection 

Additional protection of data is available using soft
ware control. Standard, unprotected write cycles are 
illustrated in the timing waveforms. Additional 
software-controlled protection is enabled or reset with 
two special sequences of write cycles. To enable soft
ware data protection, or to execute additional write 
cycles after the µPD28C256 is in a protected state, use 
the address and data sequence shown in table 1. All 
three byte write cycles must be issued in sequence and 
must meet the timing illustrated ih figure 3. 

pPD28C256 

Table 1. Sequence to Enable Software Data 
Protection 

Address Input (Hex) Write Data (Hex) 

5555H AAH 

2AAAH 55H 

5555H AOH 

Under software protection, no write cycles will be 
executed unless preceded by the above sequence. The 
protection circuit is nonvolatile and continues to pro
tect the data during power-down and power-up. 

Figure 3. Sequence to Initiate or Continue Software Data Protection 

VO ___ AA_H __ _,X SSH 

Address ~ SSSSH X 
Notes: 

~~ 

{} 
x AOH x Val~a~rite x~---1X..___x::x::x 
555SH x v:~~':° X~X x'----<:x:~ 

, ... E-------Page Write Cycles-------)! I--. 
Software 
Protection 

[1) The software sequence Is complete at the end of the first t we following 
all of the page write data Inputs (from one to 64 bytes). 

Enabled 

[2] OE is held at a high level. 
83vG-6753B 
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µPD28C256 

To disable software protection for ease in testing or 
reprogramming of the µPD28C256, the byte reset se
quence shown in table 2 must be issued. The timing is 
illustrated in figure 4. 

Table 2. Sequence to Disable Software Data 
Protection 

Address Input (Hex) Write Data (Hex) 

5555H MH 

2AAAH 55H 

5555H 80H 

5555H MH 

2AAAH 55H 

5555H 20H 

NEC 
At the end of this sequence, and after a minimum delay 
of twc to reset the nonvolatile protection circuit, the 
µPD28C256 is in an unprotected state. Any standard 
write cycle can be executed as desired. In this state, 
the hardware features provide all data protection. 

Figure 4. Reset Sequence for Software Data Protection 

~ '----1 

i} 
xr:x:;c 
~:x::x 

IE ~I ~ 
Page Write Software 

Cycles Protection 

VO AAH x SSH x 80H x AAH x SSH x 20H 

Address X x x SS SSH 2AAAH SSSSH x SSSSH x 2AAAH x SS SSH x 
Notes: 

(1) The software sequence Is complete at the end of the first twc following Inactive 

all of the page write data Inputs (from one to 64 bytes). 

[2) OE Is held at a high level. 
83vG-G754B 
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NEC pPD28C256 

Software Chip Erase Feature 

All bytes of the µPD28C256 can be erased simulta
neously by making CE and then WE.fall to V1L using the 
address and data sequence shown in table 3. The 
required timing is illustrated in figure 5. 

Figure 5. Sequence for Software Chip Erase 

Table 3. Sequence to Set Up Software Chip 
Erase 

Address Input (Hex) Write Data (Hex) 

5555H AAH 

2AAAH 55H 

5 5 5 5 H 80H 

5555H AAH 

2AAAH 55H 

5555H 10H 

VO ____ AA_H __ x SSH x 80H x AAH x SSH x 10H ~ 

Address ::x SSSSH x 2AAAH x SSSSH x SSSSH x 2AAAH x SSSSH ~ 

Notes: 

(1 J The software sequence Is complete at the end of tEcH foll~ the 
special address and data sequence and the erase pulse on WE. 

(2] OE must be held at a high level. 

83YL·7314B 
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pPD28C256 

Timing Waveforms 

Read Cycle 

Address 

CE 

Address Valid 

6E___,__L------..tcE1_1 _1 

tAcc-----

10 

[Note11 

Data Valid 

Notes: 

[1] OE may~delayed for read operation up to tAcc-toE• after the falling 
edge of CE, without Impact on IACC· 

[2] toF Is specified from OE or CE, whichever occurs first. 

[3]WE =VIH· 

!\'EC 

High Impedance 

831H·6464B 
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Timing Waveforms (cont) 

WE-Controlled Write Cycle 

pPD28C256 

-----tWP-----'l~ 1"11<--------tWEH--------,~ 
[Note3) 

tos 
toH 

VO --------c 
D1N """" "" :?lllltl#!llr--
VO~ High Impedance 

DouT /'/'/YYVY'/V'/'------------_;.----------!ii.--------~~ 

Notes: 

[1) The address Inputs are latched at the falling edge of Ce or WE, 
whichever occurs later. 

[2) The data Inputs are latched at the rising edge of CE or WE, 
whichever occurs earlier. 

[3] Write operation requires both Ce and WE to be at VIL· 
f!rameters twp and tcw are defined only for the period when both 
CE and WE are at V1L. 

831H·6893B 
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Timing Waveforms (cont) 

CE-Controlled Write Cycle 

NEC 

--~~~~tcw~~~~-- --~~~~~~~-tcEH~~~~~~-:ii~ 

12 

[Note3] 

High Impedance 

Notes: 

[1] The address Inputs are latched at the falling edge of Ce or WE, 
whichever occurs later. 

[2] The data Inputs are latched at the rising edge of CE or WE, 
whichever occurs earlier. 

[3) Write operation requires both Ce and WE to be at VIL· 
~rameters twp and tcware defined only for the period when both 
CE and WE are at V1L. 

831H·6894B 
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Timing Waveforms (cont) 

Page Write Cycle 

!I/II 

Address 

1/0~ Valid 
[Byte OJ 

Notes: 

[1] The address Inputs are latched at the falling edge of CE or WE, 
whichever occurs later. 

[2] The data Inputs are latched at the rising edge of CE or WE, 
whichever occurs earlier. 

[3] Write operation requires both CE and WE to be at VIL· 
~rameters twp and tcware defined only for the period when both 
CE and WE are atVtL· 

pPD28C256 

Valid 
[Last Byte] 

[4] The page cannot be changed in the middle of a page 
write cycle. Address Inputs A5-A14must be supplied for 
every byte load cycle and must remain the same throughout 
the page write cycle to prevent writing to an unknown 
address location. Address inputs Ao - As are altered for each 
byte load cycle and determine the individual byte to be 
written within the page. 

[5] A maximum of 64 bytes may be loaded in a single page 
write cycle. 

83IH··G895B 
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Introduction 

The objective of a memory system is to match the 
operating speed of a processor with the rate of infor
mation transfer. A CPU is usually about a thousand 
times faster than the average access time of a memory 
system, and the high cost of implementing a system 
with enough speed to accommodate this performance 
gap would be out of reach. To be able to meet cost and 
performance goals, a multilevel or hierarchical system 
encompassing a mix of memory devices must be im
plemented. 

In most of these systems, the top level will have the 
highest performance and lowest level the slowest. 
Alternatively, the highest level is usually the most ex
pensive and has the smallest density and the lowest 
level is the least expensive and has the highest density. 
Hierarchies are typically structured so that devices at 
level i are higher than those at level i + 1. If Ci, Ti, and 
Si, respectively, are the cost per byte, the average 
access time, and the total memory size at level i, then 
the fallowing relationships normally would hold be
tween level i and i + 1: 

Ci > Ci -t- 1, Ti < Ti + 1, and Si < Si + 1 for i ;::: 1 

Memory hierarchy can be classified into primary and 
secondary devices, depending on access times. In a 
typical hierarchy, the top level may consist of fast static 
RAMs with access times of less than 35 ns. These 
devices have been produced in x1, x4 and x8 organiza
tions, and in some cases need a very low current to 
retain data during power failures. The next level is 
classified as main memory and consists of dynamic 
RAMs with access times between 80 and 120 ns. Sec
ondary memory may consist of several levels of rotat
ing drum or fixed-head magnetic disks with average 
times taken from the sum of rotational latency and 
transfer time, most likely a few milliseconds for blocks 
or sectors of between 1 and 4 Kbytes. Their capacity is 
in the Mbyte range and reflect a price equaling a few 
hundredths of a cent per bit. These devices are usually 
connected to the primary memory on a shared bus. 
Finally, the lowest level consists of removable magnetic 
tape for offline storage in a data archive. 

A performance gap traditionally has existed between 
primary and secondary memories. The magnetic bub
bles and charge-coupled devices developed to fill this 
gap did not find wide acceptance in most memory 
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Memory Systems Overview 

system applications, and contemporary designs are 
now using low-power, solid-state devices such as 
NEC's µPD42601 silicon file. 

The goal of a system designer is to optimize the 
memory hierarchy so that system performance ap
proaches that of the highest level of memory and cost 
approaches the cost of the cheapest memory. Perfor
mance depends on a number of interrelated factors, 
including program behavior with respect to memory 
references, access time and memory size of each level, 
granularity of information transfer (size of the data field 
or block), and management policies. One other impor
tant factor is the design of the processor-memory 
interconnection network. 

Hierarchical performance can be measured by f!ffec
tive access time from the processor to the lowest level 
of the hierarchy, i.e., the sum of individual average 
access times of each of the memory levels. Effective l!f!lm 
access time generally includes the wait time caused by liiiiiim 
memory conflicts at a particular level, as well as delays 
in the switching network between one level and the 
next. The degree of conflict is usually a function of the 
number of processors, the number of memory mod-
ules, and the interconnection network between the 
processors and memory modules. 

Connections between hierarchical levels are character
ized by their transfer rates, or bandwidth, i.e., the 
number of bits per second that can be accessed. For 
example, if a memory system has a cycle time of 500 ns 
and is able to access 32 bits (4 bytes) per cycle, its 
bandwidth is 64 Mbits (8 Mbytes). To increase band
width, a designer might choose to reduce the cycle 
time, increase word size of the memory, or access the 
memory modules in parallel. Each would have a differ
ent impact on system architecture and cost. 

Although the best possible design depends on work
load and the available technology, there is no one 
formula for creating an optimal generic design. When 
considering a traditional von Neumann architecture, a 
single memory module of conventional design can 
access no more than one word during each clock cycle. 
With this fundamental constraint, the designer must 
rely on technological advances to be able to improve 
computer system performance. 
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HIERARCHICAL CLASSIFICATIONS 

High-Speed Static RAMs at Level 1 

Although the highest hierarchical level contains mem
ory capable of matching the cycle time of the CPU, 
capacity of these devices typically will be determined 
by the cost and performance goals of the system. 
Static RAM traditionally has been used in . this level 
because of its performance. capabilities and ease of 
use. An SRAM is basically a stable de flip-flop requiring 
no. clocks or refreshing, which means its storage ele
ment retains data as power is applied. Fast access 
times, a parallel address structure, and the absence of 
strict timing requirements have. made these devices 
very attractive in cache.and small system designs. 

SRAMs have been developed with technologies such as 
Bipolar, CMOS and BiCMOS, resulting in a number of 
products with different access times and organiza
tions. Some of the most common configurations are 
32K x 8, 64K x 4 and 256K x 1, 1 M x 1 and 256K x 4, as 
reflected in NEC's µPD43256A, µPD43254, µPD46251, 

· µPD431001 and µPD431004 devices, respectively. In the 
small system market, where low cost rather than high 
performance is the primary objective, byte-wide SRAMs 
with access times similar to DRAMs or. EPROMs are 
required. Alternatively, c~che memory design requires 
very fast access time, high density, and x1 or x4 orga
nizations with high performance and advanced SRAM 
technology. 

Some SRAMs have the ability to retain data when 
system power has failed or is shut down .. ln this case, 
the SAAM is usually designated as a low-power device 
(-LL version) whose data retention current can be as 
low as 10 µA and whose backup power is supplied by a 
battery backup circuit. This feature is attractive in small 
laptop systems and in instrumentation applications 
where low power is a primary.concern. 

The byte-wide SRAM such as NEC's 32K x 8-bit 
µPD43256A has access times. in the. range of 85 to 
150 ns, 28'.'pin DIP packaging (600 mil wide), and access 
time compatibility with EPROMs (figure 1). However, a 
600-mil device requires a substantial amount of board 
space (figure.1), and thus the part is also offered in a 
28-pin plastic miniflat package for higher density, 
surface-mounted printed circuit board. applications 
(figure 2). 

A x1 SRAM is often used for large, high-speed memory 
circuits where fast access time and high-density chip 
layouts are required. Having only one data bit per 
SRAM chip reduces the pin count and allows use of an 
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Figure 1. 28-Pin Plastic DIP {600 mil} 

A14 Vee 
A12 WE 

A1 A13 
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110:3 II Os 

GND 1104 
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Figure 2. 28-Pin Plastic Miniflat {450 mil) 
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Ao 10 19 I/Os 

II~ 11 1S 1107 

II<>.! 12 17 I/Os 

llOJ 13 1S I/Os 

GND 14 1S 1104 
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18- or 22-pin package that significantly reduces board 
space. High-speed static RAMs are available in x1, x4, 
and xB configurations with access times ranging from 
15 to 80 ns. A typical application for these devices is as 
data and address tag memories in cache subsystems 
whose access times must equal processor access 
times. 

One advantage of using an SAAM is its ability to 
interface to· a memory bus. The µPD43256A, for exam
ple, has 15 address lines, a.common input/output sig
nals, an output enable (OE) pin, a write enable (WE) pin, 
and power and ground pins (figure 3). A chip select 
(CS) pin controls operation of the device.When CS is 
high, the device is in standby and power consumption 
is greatly reduced. A designer can minimize total power 
supply current by enabling only the accessed devices 
in standby. 
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Figure 3. Block Diagram of µPD43256A 
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The OE pin controls the three-state output drivers 
during a read cycle and can only be active when CS is 
asserted. Write cycles are controlled by WE. When CS 
and WE are asserted low, data on the common 1/0 pins 
is written into the memory cells and the output data 
drivers are disabled to prevent a possible bus fight. 

The separation of the chip select function into two 
components, OE and CE, has several timing implica
tions. The access times from chip select (tAcs) and 
address valid (tAA) are the same in the µPD43256A, 
85 ns, but typically an SAAM design requires that the 
address be decoded before the chip can be selected. 
This decoding function requires an additional delay, 
making the effective address time the sum of the worst 
case propagation delay of the address decoder 
(74LS138) and the chip select address access time 
(tAcs). Alternatively, since the output enable time (toE) 
of 40 ns is less than the access time, the effective 
access time can be optimized by concurrently access
ing the SAAM with a valid address and controlling the 
OE pin with a read signal and the output of the address 
decoder. The disadvantage of this scheme is that the 
CS pin is always asserted, causing the SAAM to always 
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be active. For circuits with only a few SAAM devices, the 
power considerations are not important. In cases 
where a lot of SRAMs are being used, power require
ments may necessitate that CS be asserted to control 
the active and standby current. 

Dynamic RAMs at Level 2 

Data in an SAAM cell will remain valid as long as power 
is applied to the chip, because data is stored as a 1 or 
o in a flip-flop circuit consisting of four or six transis
tors. This approach allows for simplified operation, 
although the relatively large memory cell requires a 
large die. A dynamic RAM, on the other hand, stores 
data in the charge on a capacitor rather than in a 
flip-flop, thereby reducing the area required for each 
cell. And since die size has a direct bearing on the cost 
of a chip, a denser DRAM circuit will have a lower cost 
per bit. 

Using a capacitor to store memory data means that 
more complex circuitry is required, as well as sophisti
cated techniques to sense the charge on the storage 
capacitor. Because of leakage current, a method of 
periodically refreshing the charge on the capacitor is 
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also required. Since DRAMs are traditionally used in 
large systems where tens or hundreds of memory chips 
are needed, the more complex interface circuitry can 
be absorbed into the cost of the memory circuit. 

In a hierarchy, DRAMs are used in the larger, slower 
main level. It is this level that degrades effective access 
time and system performance. When the smaller cache 
does not have the data requested by the processor, the 
cache executes a replacement cycle to read the data 
from main memory and fetch it for the processor. 
Because the access time of main memory is in the 
range of 80 to 120 ns, the CPU must go into a wait state 
while the data is being read. In fact, high performance 
20 to 33 MHz microprocessors require at least one wait 
state to access a DRAM circuit, requiring in the top level 
of the hierarchy a high performance cache able to 
match CPU cycle time. 

Figure 4. Fast-Page Early Write Cycle 

NEC 
DRAM performance can be enhanced with a number of 
circuit design techniques, as well as with a number of 
on-chip operating features that help to optimize band
width. Most contemporary 1 M DRAMs are manufac
tured with extended features such as fast-page cycles 
that allow several locations within a row of memory to 
be accessed without repeating the row address, 
thereby reducing cycle time (figure 4). DRAMs designed 
with a nibble mode are able to read four successive bits 
by simply pulsing the CAS control signal, because 
column addresses are incremented internally (figure 5). 
Static-column DRAMs use static circuitry to decode 
the column addresses, reducing cycle time by allowing 
column accesses to be executed the same as in static 
RAMs (figure 6). 

-----------!RASP------------

Address 

831H-6596B 
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Figure 5. Nibble Mode Read Cycle 

831H-70578 
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Figure 6. Static-Column Read Cycle 

----------tcsH----------
-~E------tcs-------'~ 

cs 

Address 

Dour ~----------H~igh_l_m~pe_d_an_ce ______ --< Valid Data 

The architecture of the interface between the CPU and 
main memory is another important factor in determin
ing system performance. Pipelined and interleaved 
architectures that can access the device in parallel 
operations can also enhance bandwidth, but require 
another level of complexity and cost in the CPU
memory interface. 

In main memory design, the most efficient DRAM con
figuration is the x1 DRAM because its organization 
minimizes the number of pins on the chip (figure 7). 
Main memory circuits may have hundreds of memory 
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Column Address 

toFF 

Valid Data Valid Data 

chips on a printed circuit board, and since the address, 
data and control signals are connected to every chip, 
the memory section of the board is layed out in a very 
dense array. In fact, one of the most important parts of 
the DRAM design is the printed circuit layout. This array 
requires a memory chip with minimal pins and package 
size, making the x1 the most efficient. Also, with the 
high number of memory chips for each circuit, t~e cost 
of the circuit is high compared to other system boards 
and requires a higher system reliability standard. 



r.IEC 
Figure 7. Block Diagram of 1 Meg DRAM 
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An error correction and detection technique is typically 
used to enhance reliability. Most ERCC algorithms can 
detect two-bit errors and correct single-bit errors, al
lowing a single memory chip to fail without causing the 
system to malfunction. If the circuit uses a x4 organi
zation and a single chip failure occurred, the ERCC 
circuit could not correct the multibit failure, reducing 
system reliability. Also, a x4 DRAM has more pins, a 
larger package size, and higher costs, increasing the 
size and cost of the memory array. 

The wider organization does have one advantage for 
systems that require the number of memory chips to be 
limited because of layout area or cost. One x4 chip can 
replace four x1 devices in applications where density is 
not a factor. A typical application for the x4 organiza
tion.· is in computer graphics where memory size is 
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constrained by screen resolution and the 4:1 increase 
in bandwidth is required to refresh the screen. 

Some disadvantages of using DRAMs involve their com
plex interface circuitry and dynamic nature. DRAMs 
are arranged in a rectangular array, in which the cells 
are connected in a matrix of rows and columns. To be 
able to reduce the number of address pins, the address 
field is multiplexed into a row address field and a 
column address field (figure 8). A row address is first 
presented to the memory and the row address strobe 
(RAS) control signal is asserted, beginning the memory 
cycle and latching the row address. The row address 
decoding circuit selects the appropriate row of cells 
(512 cells inthe case of a 1M DRAM) and the column 
address is multiplexed onto the address pins. 

7 



Application Note 90-03 

Figure 8. RAS /CAS Address lllultiplexer Circuit 
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Figure 9. RAS !CAS Address Timing 

Address 

The column address strobe (CAS) is then asserted to 
latch the column address and enable the output driv
ers. The column address decoder selects one of the 
memory cells in the selected row and the data is read 
and sent to the output circuits. Once the data has been 
accessed, the RAS and CAS signals are de-asserted 
and remain inactive for a specified precharge time so 
that the circuits can recover from the previous access. 
Thus, the increase in cycle time over access time equals 
the precharge time. 

DRAMs with an access time of 80 ns typically have a 
cycle time of 160 ns. Although multiplexing provides 
some substantial system benefits in terms of minimiz
ing the number of pins and reducing package size, the 
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address timing is complicated and requires more inter
face circuitry (figure 9). Row and column addresses are 
both multiplexed, presenting a rather tight window 
during which the individual events must occur. Row and 
column addresses both have setup and hold times with 
respect to RAS and CAS, and if these specifications 
aren't met, the read or write cycle could fail. Therefore, 
the designer must consider the complex requirements 
very carefully, eliminating any timing skews, control or 
address line noise, and power supply noise.The dy
namic nature of a DRAM means that data is stored in 
the charge of a capacitor, causing the charge to leak 
over time and the data to be lost. To prevent data loss, 
the DRAM must be periodically accessed to guarantee 
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that the charge wi II remain in memory. This operation is 
called a refresh cycle and for a 1 M DRAM, all 512 rows 
have to be refreshed every 8 ms. ·This requires the 
DRAM interface circuit to access each row in the mem
ory by means of either a read, write, or refresh cycle 
every 15.6 µs. Failure to execute a refresh cycle in the 
specified interval will cause the cell to leak off the 
charge, resulting in data errors. A refresh cycle consists 
of using a row address to access the appropriate row 
and executing a RAS cycle to refresh all the cells in that 
row. No CAS or column address is required. 

DRAMs specify several refresh cycles: RAS-only re
freshing in which an external counter drives the ad
dress on the address pins; CAS before RAS refreshing 
in which an internal address counter is used; and 
hidden refreshing which is executed during a normal 
refresh cycle. For all refresh cycles, an external timer is 
required to signal the control circuit to initiate the 
cycle. Memory control circuitry must also have to 
arbitrate between an active refresh request and active 
memory cycle, ensuring that the refresh interval is not 
exceeded. 

An important system design consideration is the stan
dardization of pinouts and package size so that the 
circuit can. be upgraded with the next generation of 
higher density chips (figures 10, 11, 12, 13). It is also 
advantageous to design a circuit with options that 
allow the density of the memory board to be upgraded, 
saving the expense of developing a new board with 
each new generation. For example, in the past, a mem
-ory board could be designed to easily accommodate 
both 64K x 1 and 256K x 1 DRAMs, both of which were 
packaged in a 16-pin plastic DIP. The only difference 
was that most 64K memory chips had one pin desig
nated as a no connection. To accommodate the 256K x 
1 device, the extra address line As was added to the 
circuit to allow operation with both devices. 
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Figure 10. Typical256Kx 1 DRAM 
Pin Configuration 
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Figure 11. Typical 64K!t 4 DRAM 
Pin Cont.iguration . 
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Figure 12. Typical 1 Meg x 1 DRAM 
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Figure 13. Typical 256K x 4 DRAM 
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Designing the system to use either memory size also 
affects the multiplexing and address decoding logic. 
Compatibility between 256K and 1M DRAMs is more 
difficult because the number of pins increases from 16 
to 18 pins to accommodate the additional Ag address. 
The current 1 M and future 4M DRAMs have the same 
number of pins, with the additional A10 address line 
designated for pin 4 on the DIP package, pin 5 on the 
SOJ, and pin 10 on the ZIP. The trend in DRAM packag
ing is evolving from predominantly DIP packages in the 
256K era to surface-mounted SOJs and high-density 
ZIPs in the 1M and 4M eras. 
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The size of the package is another concern the de
signer must address when choosing 1 M and 4M 
DRAMs. The transition from 256K to 1 M DRAMs saw a 
change from the 16-pin packages to 18-pin packages. 
The 1M to 4M evolution represents a crossover gener
ation in SOJ package width-from . 300 to 350 mils. 
NEC's SOJ-packaged 1 M µPD421000 has a specified 
width of 300 mils, but because of the larger die needed 
to implement the 4M DRAM, a width with an additional 
50 mils is required for the initial 4M SOJ package. The 
1M and 4M ZIP packages remain the same size, while 
the 4M DIP is 100 mils larger than the 300-mil DIP for the 
1 M DRAM. Because the surface-mounted SOJ package 
is projected to be the dominant package type in the 
future, some manufacturers may market· compatible 
300-mil packages for the 1M and 4M devices, but the 
trend will be toward even larger package sizes. For 
example, packages .for the 16M DRAMs are likely to be 
400-mil SOJs and 475-mil ZIPs, while the DIP package 
eventually will be phased out. 

The typical development cycle of a DRAM includes a !llm 
second generation of 4M DRAMs, scaled in size to llliiiil 
optimize access time and die size. This scaled or shrink 
version will allow the die of a 4M DRAM to be mounted 
in a 300-mil SOJ package that is compatible with the 
SOJ package of a 1 M DRAM. Also, the shrink version of 
the 4M DRAM will provide a very fast access time of 
sons. 
The trend in DRAM technology has seen a quadrupling 
in capacity about every two to four years, a result of 
fewer features and estimates that the 64M DRAM could 
use 0.35 µm technology. One major concern with very 
high density memory chips is test time. The widely 
used GALPAT standard has a test complexity of 4n2 + 
4n for an n-bit RAM and needs about 162 days to test a 
4M RAM chip with a cycle time of 200 ns, which is 
unacceptable in today's manufacturing environment. 

To reduce this test time, NEC has built into its 
µPD421000 1 M DRAM a test function that reorganizes 
the 1M x 1-bit part into a 256K x 4-bit configuration 
(figure 14). The 1 M test mode is enabled by applying a 
super voltage Nee + 3 volts) to pin 4 on the 1M DIP 
package (figure 15). While this super voltage is being 
applied, the internal configuration is changed to a 4-bit 
width intended to be used in a testing environment 
rather than in a circuit environment. Pin 4 should be 
regarded as a no connection, and as long as standard 
TTL voltage levels are connected to this pin, the 1 M 
DRAM will remain in its normal operating state. 

11 
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Figure 14. Internal Test Circuit Block Diagram 
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Figure 15. Timing of 1 Meg DRAM Internal Test Circuit 

V1H I 
TF--------' I 

V1L 
~ tTEs=Ons 

Notes: 

[1] V1H = 9.5 V + Vcc/2. 

[2] V1L = 1 V min and 7 V max. 

[3] Maximum voltage= 12.5 V. 

~---
--.., r- tTEHC = 0 ns 

I( ) • tTEHR = 0 ns 

[4] When a test cycle Is executed, access times, device power, and the level 
of Vee are higher than normal. Therefore, a test cycle should only be 
executed for verifying functional operation of the device. 

[5] Data output is high impedance during a write cycle in read-modify-write 
test operation. 

[6] Data output is high Impedance after RAS goes high in a hidden refresh cycle. 

[7] Four bits in a test cycle are treated the same as four bits in nibble mode. 

The same test strategy is implemented for the 4M 
DRAM, except that pin 4 on the DIP package becomes 
the new A10 address line and the test mode is initialized 
with logic functions rather than a super voltage. The 4M 
test mode will be initialized when the WE and CAS 
signals are active before the RAS signal is asserted, 
similar to a CAS before RAS refresh cycle, except that 
WE is asserted at the same time as the CAS signal 
(figure 16). The memory designer must ensure that the 
memory control logic does not execute WE and the 
CAS before RAS cycle during normal operation, which 
would cause the device to be configured into a 4-bit 
organization and errors to occur. The test issue is a 
major concern for future DRAM products. The 16M 
DRAM may have a built-in test circuit that can execute 
simple test programs and detect on-chip failure, but at 
this time no standard 16M test procedure has been 
defined. 

83IH·7070B 

Pseudostatic RAMs 

The advantage of using a static RAM is its simple 
interface circuit and its static nature, which means it 
doesn't have to be periodically refreshed to retain data 
Alternatively, a dynamic RAM provides greater density 
and a lower cost per bit. One approach that tries to 
provide the best attributes of both devices is the 
pseudostatic RAM, a chip that uses dynamic storage 
cells but contains all refresh logic on-chip so that it is 
able to function similarly to a static RAM. NEC's 
µPD428128 is a 128K x 8-bit pseudostatic RAM that 
offers a system designer a byte-wide RAM with the 
density and simple interface of a 1M DRAM (figure 17). 

13 
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Figure 16. Timing of 4 Meg DRAM Internal Test Circuit 

RAS 

14 

Notes: 

[1] RAS-only refresh or CAS before RAS refresh may be executed to transistion 
from a test cycle. 

[2] For x 1 parts Dour is high if all 8 bits are equal, and low if all 8 bits are not equal. 

[3] For x 4 parts, all 1/0 pins are enabled and Dour Is high if all 2 bits are equal, 
and low If all 2 bits are not equal. 

[4] Address compression control bits are defined below. 

Data Bus Width (bits) Control Address Bits (Don't care address) 

8 A10R, A10C, AOC (for x 1 bit) 

2 AOC (for x4 bit) 
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Pseudostatic RAM are nearly, but not quite, as easy to 
use as fully static RAMs. Because pseudostatic RAMs 
must execute internal refresh cycles periodically, there 
is a potential for a conflict between an external access 
request and an internal cycle. The µPD428128 uses two 
types of refresh cycles, pulse and self-refresh, each of 
which requires an extra RFSH function pin. In pulse 
refresh operation, the RFSH signal is asserted during a 
read or write cycle, allowing refreshing to occur during 
a valid memory cycle. NEC's other pseudostatic RAM, 
the 32K x 8-bit µPD42832 (now obsolete), was packaged 
in a 28-pin plastic DIP and did not have a separate 
RFSH pin. As a result, external pulse and self-refresh 
operations were controlled by the CE and OE/RFSH 
signals. 

The µPD428128, on the other hand, is packaged in a 
32-pin package and has separate RFSH (pin 1), CE (pin 
22), OE (pin 24}, and CS (pin 30) signals. Similar to its 
counterpart in the 32K x 8-bit µPD42832, the CE pin can 
control external or CE-controlled refresh cycles, but 
only the separate RFSH signal can control pulse re
freshing. Also, self-refresh cycles are generated by the 
RFSH signal and feature a very low 200 µA self-refresh 
current. Therefore, the pseudostatic RAM, with its lower 
cost per bit, simplified interface circuit, and low self
refresh current fills a cost and performance niche 
between the higher priced SRAM and the more complex 
DRAM. 

NONVOLATILE MEMORIES 

Unlike SRAMs and DRAMs, which lose data as soon as 
power is removed from the device, nonvolatile memo
ries have the capability to store data indefinitely, even 
when power has been removed. Although these devices 
have slower access times and are not usually part of 
the high performance memory hierarchy, they are able 
to store data for functions involving communications, 
CRTs, keyboards, and other peripheral circuits. In to
day's system development environment, the designer 
can choose from erasable programmable read-only 
memories or one-time programmable EPROMs, electri
cally programmable ROMs (EEPROMs), and mask-
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programmable ROMs, each of which has a different 
effect on product development and manufacturing in 
terms of functionality, compatibility and cost. 

EPROMs 

EPROMs offer the system designer a nonvolatile mem
ory source and also the ability to erase and program. 
EPROMs are programmed by an instrument called a 
PROM programmer and then inserted into an applica
tions system. EPROMs retain their data for years with
out power, and can be erased by shining an ultraviolet 
light into the window in the top of the IC package. The 
EPROM can then be reprogrammed any number of 
times. Programming requires a special programming 
voltage (Vpp) which is typically 12 to 25 volts, depend
ing on the type of device. The programmer interfaces to 
the EPROM, supplying the control signals, address, 
data and Vpp for each address and follows an algorithm 
that programs and verifies the data being written into 
the device. Early EPROM designs required a 25 volt 
programming voltage, which was reduced in succeed
ing generations to 21 volts and then to 12.5 volts. 

EPROMs are used to storing a local program for system 
initiation, baud rate and data formats for CRtterminals 
and character translation for keyboards. Such applica
tions require the EPROM to interface directly to the 
CPU's local bus, which may be 8, 16 or 32 bits. For this 
reason, most EPROMs are configured as a byte-wide 
(8-bit) device, requiring a relatively large, 600-mil pack
age and pinout. EPROMs are primarily intended to be 
used in the circuit development phase and replaced 
with less costly one-time programmable devices such 
as OTP EPROMs and mask-programmable ROMs in the 
production phase. This requires compatible package 
sizes and pin assignments across the family of nonvol
atile devices. To accommodate this compatibility issue, 
nonvolatile devices use a standard byte-wide format 
for package size and pin assignments (figure 18). If the 
designer designs a circuit to upgrade from an EPROM 
of one size to an EPROM of the next size, the required 
jumper options need to be implemented to reconfigure 
the circuit to the next highest density. 
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Figure 18. EPROM/ROM Pinout Compatibility 
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EEPROMs 

One disadvantage of the EPROM is that it cannot be 
programmed while it is in a circuit. The EEPROM solves 
that problem by providing a write function that can be 
used while the EEPROM is still in the circuit. The 
microprocessor can write to the EEPROM just as if it 
were a RAM and continue with other operations during 
the long write cycle time. NEC's 8K x 8-bit µPD28C64 
EEPROM includes a feature called DATA polling to 
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indicate when a write cycle is complete (figure 19). If the 
EEPROM is read while an internal write cycle is in 
progress, the EEPROM returns the complement of the 
last data written. Thus, the system software can deter
mine when the write cycle is complete by reading the 
location last written and comparing it to the data being 
written. The EEPROM can accomplish this because it 
includes on-chip latches and an automatic "erase be
fore write" function. 
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Figure 19. DATA Polling Flow Chart 
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The microprocessor can execute other instructions 
and periodically poll the EEPROM to determine if the 
write cycle is complete. The µ028064 also includes 
protection against accidental write cycles at power 
down (figure 20). For a write cycle to occur, WE and CE 
must be asserted low and OE must be high. It is unlikely 
that this combination would occur during power tran
sitions. Additional write protection is provided by a 
noise immunity filter that inhibits write operation when 
the WE pulse i~ 20 ns or less, .and when the power 
supply voltage level is detected to be 2.5 volts or less. 

Figure 20. Error Write Protection 

The µPD28C64 optimizes the write cycle with a feature 
that speeds effective access time when writing a series 
of 32 bytes simultaneously (figure 20). The 8K x 8-bit 
device is compatible with the byte-wide pin assignment 
standard and is pin-compatible with ·the 8K x 8-bit 
EPROM and SRAM. While the 8K x 8-bit device is 
targeted at the larger capacity EEPROM applications, 
several small devices provide a low-cost solution for 
low-end systems. The µPD28C04 is such a device and is 
orgnanized as 256 x 8 bits and provides the same write 
and protection features as the µPD28C64. 
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Figure 21. µPD28C64 Page Write Cycle 
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Notes: 

(1] The address inputs are latched at the fall Ing edge of CE or WE, 
whichever occurs later. 

(2] The data inputs are latched at the rising edge of CE or WE, 
whichever occurs earlier. 

(3] Write operation requires both CE and WE to be at VIL· 

[4) The page cannot be changed in the middle of a page 

~ameters twp and tcware defined only for the period when both 
CE and WE are at VIL· 

write cycle. Address Inputs A 5- A 12 must be supplied for 
every byte load cycle and must remain the same throughout 
the page write cycle to prevent writing to an unknown 
address location. Address inputs Ao- A 4are altered for each 
byte load cycle and determine the individual byte to be 
written within the page. 

(5) A maximum of 32 bytes may be loaded in a single page 
write cycle. 

Mask-Programmable ROMs 

The ability to erase an EPROM is an important feature, 
especially during the product development phase 
when the EPROM code is frequently changed. When the 
product enters its manufacturing stage and the pro
gram code becomes fixed, the extra cost due to the 
special package with a transparent lid is difficult to 
justify. Mask-programmable ROMs, which are pro
grammed during the manufacture of the chip itself, are 
less expensive. NEC produces mask-programmable 
ROMs and will also manufacture the custom mask 
required for the device. There is a charge and lead time 
required for producing the mask, but for high-volume 
applications, the mask can be amortized with a cost 
savings compared to the standard EPROM. Typically, 
the mask-programmable ROM is compatible with the 
byte-wide standard used in EPROM devices for feature 
and package compatibility. 

One of the disadvantages of the mask-programmable 
ROM is that if a bug is found in the code, the mask has 
to be replaced at a large cost. A one-time programma-

831H··6467B 

ble (OTP) EPROM fills the gap between the standard 
EPROM in cost and functionality because this product 
can be programmed like a standard EPROM, but can
not be erased. Since it doesn't have the special EPROM 
package with transparent lid, the cost is less than an 
EPROM but higher than a mask-programmable ROM. 
The mask charge and lead time is eliminated and the 
parts can be inventoried in their unprogrammed state 
and programmed just prior to final assembly. Waste 
caused by program ·changes is thus minimized, and 
only one part type is purchased for any number of 
different programs. 

Silicon File 

In the past, there has existed a technology gap between 
the faster primary and the slower secondary memories 
(figure 22). Average access time of secondary devices, 
most often magnetic disks and drums, is 1000 to 10,000 
times slower than that of primary devices. Electronic 
disks such as charge-coupled devices and magnetic 
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bubble memories have not proved cost-effective in 
closing the technology gap and thus have had little 
impact on system design. 

Standard semiconductor memory in the secondary 
level is able to bridge this gap, and of the various 
alternatives, battery backed-up static RAM and 
EPROM/EEPROM technologies historically have been 
used in solid-state nonvolatile systems. Typically they 
have been restricted to low-capacity applications, 
since the high cost of static RAMs prohibits using them 
either as replacements for magnetic media or in appli
cations where the operating environment makes rotat
ing media too unreliable. 

NEC's µPD42601 silicon file, a device with higher per
formance, higher capacity, and lower power require
ments is also able to bridge this performance gap. The 
silicon file is based on DRAM technology and provides 
the capacity and reliability of a standard DRAM, but 
also features a way to retain data by means of batteries 
when power is shut off. Although reliability and rugged
ness are important attributes of solid-state memories, 
the silicon file also offers advantages such as lighter 
weight, higher 1/0 bandwidth, and simpler interfacing. 

The silicon file is an economical mass storage device 
specifically designed to replace magnetic media in 
silicon disk, solid-state recording, and system backup 
applications. It is based on the trench cell technology 
of NEC's 1 M DRAMs and implements the same read and 
write cycles (figure 23), but optimizes system band
width with a page cycle that repeatedly pulses CAS 
while maintaining RAS low (figure 24). The siliconfile 
must also periodically execute standard RAS-only and 
CAS before RAS refresh cycles to refresh its cells within 
a specified interval of 32 ms, which is four times s.lower 
than a 1 M DRAM. 

An important feature of the silicon file is its ability to 
retain data while being powered by a backup battery. 
This is accomplished by means of a self-refresh cycle 
that can be used in applications requiring a low data 
retention or self-refresh current. The RFSH control sig
nal goes low while the RAS signal is clocked at a 
relatively slow rate (tRcF). Since data loss is caused by 
leakage, and leakage current is a function of tempera
ture, tRcF is specified at three temperature ratings: 50° 
C, 600C, and 700C. Each rating has a corresponding 
refresh current (directly proportional to the refresh 
rate) which is required to maintain data (table 2). 

20 
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Table 2. SeH-Refresh Current Versus Clock 

Frequency and Temperature 
Type Temperature RAS Clock Maximum Current 

µPD42601-60L o to 50°C 50 KHz 30µA 

Oto 60°C 100 KHz 60µA 

o to 70°C 200 KHz 120µA 

µPD42601-60 o to 70°C 200 KHz 120µA 

Self-refresh cycles are intended to be used when power 
to the silicon file's memory array is shut down for an 
extended amount of time. In this case, the system 
backup circuit is required to provide to the memory 
array a backup supply voltage between 4.5 and 5.5 
volts while pulsing RAS at the given tRcF frequency and 
driving RFSH low. As long as the circuit can maintain 
these operating conditions, the silicon file will retain 
data. 

Figure 22. Memory Hierarchy 

83YL·7076A 
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Figure 23. Silicon File Read Cycle 
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Figure 24. Silicon File Page Read Cycle 
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Introduction 

The current trend in storage devices is toward larger, 
faster, better-performing products. There is a comple
mentary trend toward the development of storage 
devices designed for specific purposes. The video 
buffer is an example of a dedicated device. Line 
buffers, field (frame) buffers for TV and broadcast 
equipment, and graphics buffers for computers are 
examples of video storage devices. Table 1 shows some 
of NEC's dedicated video buffers. 

18ble 1. Video Bu"ers 

Function 

Line buffers 

Field buffer 

Dual-port graphics 
buffers 

Product 

µPD42505 

µPD41101/ µPD42101 

µPD41102/ µPD42102 

µPD42270 

µPD41264 

µPD42274 I µPD42273 

Storage Configuration 

5048 x 8 

910 x 8 

1135 x 8 

263 x 910 x 4 

64K x 4/256 x 4 

256K x 4/512 x 4 

Application Note 54 
pPD42505 Line Buffer 

For Communications Systems 

Serial Cycle Time Application in Video/Optical Systems 

50 or 75 ns Line storage in facsimile machines, 
copiers, and scanners 

34 or 69 ns Double-speed scan conversion for 
NTSC TV, luma/chroma separation 

28 or 56 ns Double-speed scan conversion for 
PAL TV, luma/chroma separation 

60 ns Image field storage 

40 or 60 ns High-speed drawing device 

30 or 40 ns 

Triple-port graphics 
buffer 

µPD42232 32K x 8/256K x 1 /128 x 8 40 or 60 ns High-speed drawing/image 

Bidirectional data 
buffer 

µPD42532 32K x 8 

This application note introduces theµPD42505, a high
speed serial access device with the same general 
interface specifications as those of the µPD41101. The 
µPD42505 was developed specifically for office auto
mation equipment that handles a large amount of data 
in each horizontal line, equipment such as G3 and G4 
digital facsimile machines, high-performance copiers, 
andimagescannera 

There has been a great deal of technical progress 
toward higher quality and performance in the devel
opment of this image-processing equipment. For 
example, there are already advances in image quality 
using two-dimensional filtering, image contraction 
and expansion, and high-speed video signal transfer. 
The µPD42505 achieves optimal processing with a 
storage array of 5048 x 8 bits, and by use of an internal 
algorithm to read out data in the order in which it was 
input. The fast cycle time of 50 ns allows theµPD42505 
to perform various types of image processing. 

processing device 

100 ns Data transfer rate conversion 

Figure 1 shows a typical application for the µPD42505 
using a digital copier as an example. 

A digital copier mainly consists of a reader and a 
printer section. The image refl.ected from the original 
document placed in the scanner section is input to an 
image sensor (e.g., a CCD or contact-type image 
sensor) and photoelectrically converted to a digital 
signal. The digital signal is then input to the image 
processing section for image quality improvement and 
processing. The electronic image signal processed in 
the reader block is sent to the printer block, converted 
to light in the laser modulation section, developed, 
fixed, and printed out. If a communication facility is 
added to this copier, it can function as a facsimile 
machine. 

Digital copiers and facsimile machines configured in 
this way can use dedicated video buffers in the image 
processing or transmission section. 

Im 
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Figure 1. Configuration and Data Flow In a Digital Copier 
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The following discussion describes the types of 
applications for which the µPD42505 was developed: 
frequency (speed) conversion, a data delay line for one 
horizontal scanning line, and buffering for data trans
fer operations in a simple configuration with simple 
control. 

Consider the need for a device that asynchronously 
converts the read and write speed for frequency 
conversi<;m, e.g., a serial access device used for image 
contraction or expansion, with a word length of one to 
two horizontal lines. The buffer must be written to and 
read from asynchronously and at different rates. High 
speed is also a requirement. Figure 2 illustrates a 
frequency conversion application. 
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Another application might require a data delay line 
with a delay length of one to two lines. This type of 
buffer could be used for image quality improvement in 
two-dimensional filtering, especially for filtering in the 
vertical direction, because it could be written to and 
read from simultaneously in synchronization with a 
single clock signal. Figure 3 illustrates two-dimen
sional filtering. 

A third application is a buffer for data transfer 
operations. This application requires a device large 
enough to store the amount of data handled, with the 
capability to read and write asynchronously, simul
taneously, and at different speeds. An output such as a 
flag to indicate the amount of data in the storage array 
might also be required. Figure4 illustrates buffering for 
data transfer. 

Figure 3. Two-Dimensional Filtering 
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Figure 4. Data Transfer Buffering 
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These applications typically require a double-buffer 
configuration using high-speed SRAMs for data stor
age in bits, as shown in figure 5. 

In the first phase, data is written to the first SRAM while 
data in the second SRAM is read simultaneously, 
alternating operations between the two SRAMs. How
ever, this operation requires components such as read 
and write address counters, a multiplexer to switch 
address signals according to the read and write state of 
each device, a multiplexer to switch write data input 
and read data output, and a sophisticated controller to 
control the SRAMs and the other components. The 
µPD42505, by performing some of these functions 
itself, considerably simplifies these applications. 
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Figure 5. Typical System Using High-Speed SRAMs 
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The µPD42505 is a 5048-word x 8-bit high-speed serial 
access device that uses 1.5-µm CMOS processing and 
dual-port storage cell circuits allowing simultaneous, 
asynchronous read and write cycles at different 
speeds. An internal algorithm makes an external 
address signal unnecessary. 

Read and write operations are fully and independently 
controlled by their own set of control signals. The 
storage array length of 5048 words meets the size 
required to sample one line of JIS A3-size paper on the 
shorter side (297 mm) with a sampling rate of 16 
dots/mm (400 dots/in). On the longer side (418 mm), 
the sampling rate is 12 dots/mm (300 dots/in). The 
µPD42505 can easily process document data for each 
line. The configuration of 8 bits to 1 word corresponds 
to the number of bits for one sampling point, which 
allows the device to process natural-looking images. 

The µPD42505 can be used in video applications that 
require high-speed processing because of its minimum 
simultaneous write/read cycle time of 50 ns and 
maximum access time of 40 ns. For example, the cycle 
time of 50 ns is fast enough to digitally process an 
NTSC or PAL composite video signal at a sampling rate 
of four times the color subcarrier frequency (4fsc). 

The µPD42505 is particularly suitable for use as a 
digital delay line with a delay length of up to 5048 
cycles in one-cycle steps. The device is mounted in a 
300-mil, 24-pin plastic slim DIP. The 300-mil width 
allows high-density mounting. 
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µPD42505 Pinout 

Pins 1through12 control read operation (DouTO-DouT?. 
RSTR, RE, and ACK) and the GND pin. Pins 13 through 
24 control write operation (DiNo-D1N7• RSTW, WE, and 
WCK) and the power supply (Vee). 

RSTW and RSTR are control signal inputs that reset 
the internal read and write address pointers to starting 
address 0. These pins are useful for initializing the chip 
after power-on or f.or returning the address to 0. 

Figure 6. µPD42SOS Pin Configuration 
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WE and RE are control signals that enable (low) or 
disable (high) write and read operation.When WE is 
high, write operation is disabled and the write address 
stops at the current value. When RE is high,· read 
operation is disabled, the read address stops at the 
current value, and the output goes to high impedance. 
WE and RE may be input at any time, but they are 
latched in each cycle at the rising edge of WCK or RCK, 
respectively. 

WCK and RCK are the write and read system clock 
inputs. One write or read cycle is executed in syn
chronization with each WCK or RCK input when WE or 
RE is low. The write or read address is incremented 
internally in single steps and wraps around auto
matically from 5047 to 0. 

D1No-D1N1 are the write· data input pins. Write data is 
clocked into the chip at the rising edge at the end of the 
WCK cycle. DouTO-DouT7 are the read data output 
pins. Read data is output when the access time has 
elapsed from the rising edge at the beginning of the 
RCK cycle. 
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Read and Write Timing 

Input a low-level signal to RSTW (for writing) or RSTR 
(for reading) to satisfy the setup and hold times measured 
from the rising edge at the beginning of the WCK or 
RCK cycle. This returns the cycle to starting address 0. 
Figure 7 shows read and write timing fortheµPD42505. 

As the figure shows; the RSTW or RSTR signal can end 
in one write or read cycle or can be repeated for 
successive write or read cycles. Repeating the reset 
cycle holds the address at 0. The address is incre
mented to address 1 only in a cycle when RSTW or 
RSTR is set high at the rising edge of the WCK (RCK) 
cycle. For write reset, the write data clocked in the last 
reset cycle is written to address 0. For read reset, the 
data in address 0 is output continuously. After the 
reset, write or read operation continues as the address 
is incremented by 1 for each cycle in synchronization 
with its appropriate clock. When the internal address 
reaches 5,047 (i.e., when write or read cycles are 
executed 5,048 times), the address returns to address 0 
and the write or read operation starts over at that point. 

Speed Conversion. Independently controlling the read 
and write operations of the µPD42505 allows you to 
perform speed conversion. For example, when the read 
and write addresses are initialized by RSTW and RSTR, 

Figure 7. Read and Write Timing 

Notes: 

[1] WE= RE= VIL· 
(2] V =Valid data. 
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data is written in synchronization with WCK and the 
write data is written to the chip from device address 0. 
Data written can be read out from address 0. In this 
case, the reset signal input timing and the clock signal 
speed (cycle time) can be independently controlled for 
read and write operation. The µPD42505 can be used 
for speed (frequency or time axis) conversion by 
outputting the data previously input with an arbitrary 
drive frequency and time at a different drive frequency 
and time. 

Digital Delay Line. To use the µP042505 as a digital 
delay line, input the same clock to WCK and RCK and 
reset the read and write cycles in parallel. Written data 
is read out after 5,048 cycles to provide a 5,048-cycle 
digital delay line. 

There are three ways to control the delay length: 

• By controlling the WE and RE signals 

• By inputting RSTW and RSTR at different times (the 
delay length is determined by the offset between the 
signals) 

• By changing the reset signal interval when RSTW ~ 
and RSTR are concurrently controlled (the delay ~ 
length is determined by the reset signal input 
interval) 

83-0049586 
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The delay le.!!.9!_h can be changee!J.!!. one-cycle steps by 
controlling WE and RE. When WE and RE are high, 
write and read operation is disabled. The write and 
read addresses remain where they were when the 
operations were disabled, regardless of WCK and RCK. 

When RSTW and RSTR are used to control the delay 
length, the data written at address 0 when RSTW is 
input is read out from address 0 when RSTR is next 
input. The offset between RSTW and RSTR determines 
the delay length. 

NEC 
In the third method, changing the reset signal input 
interval, the same signal is used for WCK and RCK so 
that RSTW and RSTR are controlled together. The 
data, written after a reset signal, is read out after the 
next reset signal in the order it was written. This 
interval determines the delay length. For example, if 
the reset signal is input every 4,800 cycles, the delay 
length is 4,800 cycles. Figure 8 shows the timing for 
this method. 

Figure 8. Controlling Delay Length with the Reset Interval 

WE,RE V1L 
~~~~~~~--(,....__~~~~~~~~~~~~~~~~~~~~~~~-

Note: 

[1] V =Valid Data. 
[2] 1H =the first group of n bits. 2H =the second group of n'bits. 

83-0036438 
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Functional Blocks 

The write data input from pins DiNo-DiN? goes through 
the D1N buffer and is serially written to either a static 
cell in an 8-byte configuration, or a dynamic cell in a 
5,040-byte configuration, one byte (8 bits} at a time, in 
synchronization with WCK. The data read out from 

Figure 9. µPD42505 Block Diagram 
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these cells is serially output from the DouT pins 
through the sense amplifier and the DouT buffer, one 
byte at a time, in synchronization with RCK. The read 
and write control circuits control these operations. 
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Storage Cells 

The µPD42505 uses dual-port storage cells to allow 
read and write cycles to be executed asynchronously 
and at different speeds. Figure 10 shows a circuit 
diagram of a static dual-port storage cell, and figure 11 
shows a dynamic dual-port storage cell. 

In the static cell, read and write data are input as a 
differential signal so that it can operate at a higher 
speed. The circuit size is larger because it requires 
more components. 

Figure 10. Static Dual-Port Storage Cell 

WW [Word Line for Write Operation] 

WO 

I I 
RD 

RW [Word Line for Read Operation] 
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Figure 11. Dynamic Dual-Port Storage Cell 
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The dynamic cell has only one bit line for read 
operation and one for write operation. It requires a 
longer data sense phase, reducing the speed. However, 
it can be configured with fewer components. 

Both types of cells are used in the µPD42505 to exploit 
the advantages of each. Other than initializing the 
internal address pointer to the starting address with the 
reset signal, the µPD42505 is configured so that the 
internal address is incremented one bit at a time and 
data is serially accessed. After a reset operation 
(immediately changing the addressing sequence), a 
static dual-port storage cell that can operate at higher 
speed is accessed. Simultaneously or subsequently, a 
dynamic cell is used as a pipeline, allowing both types 
of cells to be accessed at high speed. 

Pipeline operation refers to an instance where the word 
line (row) to be selected next is set to the selected level 
in advance, so that it can be written or read at. high 
speed in the time required to select a column in 
dynamic static-column mode. 

Shift registers are used as read and write column and 
row selectors to enable the sequential selection of 
write or read addresses in pipeline processing. 

Applications 

Signal processing technology aims toward higher 
quality in the development of digital copiers and 
facsimile machines. As examples, consider image 
quality improvement processing such as the adaptive 
bi level control technique, which produces a stable and 
accurate binarization regardless of the original docu
ment type, and the two-dimensional equalizing filter, 
which corrects fading in photoelectric signal conver
sion. The µPD42505 fits easily into these processes. It 
can also reduce system size and cost. 

Two-Dimensional Filter 

In handling an image with half-tones, e.g., a photo
graph, there is some deterioration in the image quality, 
such as thin lines and small characters fading out; 
fading is usually caused by the lens or photoelectric 
signal conversion system in a CCD sensor. A two
dimensional filter is very effective in enhancing 
contours where contrast changes sharply and in 
reducing the fading problems. Figure 12 shows a 
contour enhancement circuit. 
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Figure 12. Contour Enhancement Circuit 
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In this example, the video input is handled as a 4-bit 
signal so that a circuit with a delay length equal to two 
scanning lines can be configured with a single 
µPD42505. Adding adders or subtractors and multi
pliers to the µPD42505 completes the contour 
enhancement configuration. 

The video signal of the n+1th line (delayed by one 
scanning line) is input to D1No-D1N3 and output from 
DouTo-DouT3 as the nth line. Applying this output 
directly to DiN4-DiN? delays the video signal another 
scanning line before it is output from DouT4-DouT? as 
the n-1th line. There is a delay of one scanning line 
between the signal input to D1No-D1N3 and the signal 
output from DouTo-DouT3. and a delay of another 
scanning line between the signal input to D1N4-D1N1 
and the signal output from DouT4-Doun Processing 
these signals in the adders and multipliers provides 

e nth Line 

~n+1thline 

Vertical 

y 
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contour enhancement in the vertical direction. You can 
control the delay length by controlling the reset signals 
(RSTW and RSTR) and the clock signals (WCK and 
ACK) in common, and by controlling the reset signal 
input interval. 

The delay length of one scanning line is used in various 
applications for two-dimensional data processing. The 
µPD42505 can also be used in applications such as 
VTR jitter compensation (time axis variation) caused 
by the variance in head drum rotation rate or the expansion 
or shrinkage of the tape, applications requiring 
variable-length delay lines to contract or expand a 
video image in the horizontal direction, applications 
involving the synchronization of two or more digital 
signal inputs, and as a line buffer in data transfer 
operations between devices using different data trans
fer rates. 

9 
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Figure 13. µPD42505 5048 x 8 Line Buffer 
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NEC Electronics Inc. 

Introduction 

The µPD41101 and µPD41102 are high-speed serial 
access line buffers organized as 910 words x 8 bits and 
as 1135 words x 8 bits, respectively. An algorithm that 
enables data to be read out in the order in which it was 
input makes these devices suitable for use as data 
delay lines or for converting data transfer rates, e.g., as 
buffer storage used for data transfer between devices 
with different data processing rates. 

The µPD41101 can process an NTSC composite video 
signal (the TV system used in Japan and North 
America) that has been previously digitized. The fast 
access times of the device allow a sampling frequency 
of four times the color signal subcarrier frequency 
(where fsc = 3.58 MHz and 4fsc = 14.32 MHz) for 
each scanning line to be used. This means that 910 
addresses are required for each scanning line when 
sampling at 4fsc-

The µPD41102 can process a PAL composite video 
signal (the TV system used in European countries 
other than France) that has been previously digitized. 
This device also uses a sampling frequency of four 
times the color signal subcarrier frequency (where fsc 
= 4.43 MHz and 4fsc = 17.72 MHz) for each scanning 
line, which means that 1135 addresses are required for 
each scanning line when sampling at 4fsc-

Figure 1 shows the pin configuration for these devices. 
The D1No-D1N7• RSTW, WE, and WCK pins control write 
operation, while DouTo-DouT?. RSTR, RE, and RCK 
control read operation. The pins are organized to 
operate asynchronously and at different speeds simul
taneously. A built-in serial address generator auto
matically generates read and write addresses so that 
an address need not be supplied externally. 

High-Speed Operation 

Write and Read Operation 

Write and read cycles are executed identically. One 
address of data (8 bits) is written or read in one cycle 
in synchronization with WCK or RCK when WE or RE 
is low. The write or read address is incremented by 1 
at the falling edge of each write or read clock. Write 
data must satisfy setup and hold times as measured 
from the rising edge of WCK. 

Application Note 55 
µPD42101/42102 

High-Speed Line Buffers 

Figure 1. Pin Configuration 

DQUT3 4 

RE 
RSTR 

GND 

RCK 

DINO 

D1N1 

D1N2 

21 D1N3 

WE 
RS'fW 

83-005222A 

The RSTW and RSTR reset signals initialize the write 
and read address pointers to 0. A reset signal must be 
input to satisfy the setup and hold times as measured 
from the rising edge of WCK or ACK. Once the address 
is initialized, a write or read cycle is executed in 1!!111 
synchronization with its respective clock and the laiiill 
pointer is incremented by 1. In the µPD41101, the 
pointer returns to 0 after address 909. In theµPD41102, 
the pointer returns to O after address 1134. 

When WE is high, write operation is disabled and the 
line address is held regardless of the status of WCK. 
When RE is high, read operation is disabled, the output 
goes to high impedance, and the line address is held 
regardless of the status of RCK. 

Functional Blocks 

The write data from D1No-D1N7 goes through an input 
buffer and is serially written to either a static cell in an 
8-byte configuration, or a dynamic cell in an 1136-byte 
configuration, one byte (8 bits) at a time, in synchroni
zation with WCK. The data read from these cells is 
serially output from the Dour pins through a sense 
amplifier and the output buffer, one byte at a time, in 
synchronization with ACK. The read and write circuits 
control these operations. 

WCK, WE, and RSTW are input to the write control 
circuit. ACK, RE, and RSTR are input to the read 
control circuit. These segments are composed of simple 
gate circuits (figure 2). 

The µPD42101 and µPD42102 exactly replace the µPD41101 and µPD41102. 
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Figure 2. Block Diagram of the µPD41101 and µPD41102 
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Storage Cells 

The µPD41101 and µPD41102 use dual-port storage 
cells to execute read and write cycles asynchronously 
and at different speeds (figures 3 and 4). 

Static Cell Organization. In the static cell, two pairs of 
transfer gates (one pair each for read and write 
operation) are connected to the flip-flop in the middle. 
The other end is connected to a pair of bit Ii nes for read 
operation (RD, RD), and another pair for write opera
tion (WO, WO). One word line each for RWand WW are 
connected to the transfer gate pins. 

When the word line for a write cycle (WW) goes to the 
selected level, and write data is applied to the pair of bit 
lines (WO, WO) of the selected column, a write cycle is 
executed on the cell where the row (word line) and 
column (bit line) intersect. 

A read cycle is executed independently. When the 
word line goes to the selected level (RW), data is trans
ferred to the bit line pair (RD, RD) through a transfer 
gate. Data is selected by the column signal and read 
externally. Data in the storage cell at the intersection of 
the selected row and column is also read. 

Read and write data are input as a differential signal so 
that the static dual-port cell can operate at a higher 
speed. The circuit size is larger because it requires 
more components. 

Dynamic Cell Organization. Each dynamic array in 
the µPD41101 and µPD41102 consists of two subarrays 
with 71 rows apiece. Each row of the subarray consists 
of 8 (number of bits) x 8 addresses (bytes). Each row of 
each subarray therefore has 8 subword lines. Figure 5 
shows the organization of a dynamic array. 

Application Note 55 

Figure 3. Dual-Port Static Storage Cell 

WO 
I [Worn Lloo to•~• O~•II 

RD I.D 
RW [Word Line for Read Operation] 

83-004960A 

Figure 4. Dual-Port Dynamic Storage Cell 
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The µPD42101 and µPD42102 exactly replace the µPD41101 and µPD41102. 3 
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Figure 5. Organization of Dynamic Storage Array 
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The dynamic cell has only one bit line for each read 
(RD) and write (WO) operation, one word line for each 
read (RW) and write (WW) operation, three transistors, 
and one capacitor. Although the longer data sense 
phase reduces its speed, a dynamic cell can be con
figured with fewer components and used for high
density integration. 

In a write cycle, write data input through the bit line 
(WO) is guided through a transfer gate made conduc
tive by the word line (WW). The gate charges or 
discharges the storage capacitor. 

In a read cycle, the transistor with the gate connected 
to one end of the storage capacitor is turned on or off 
depending on whether or not the capacitor is charged. 
Data is transferred to the bit line (RD) through the 
transfer gate, made conductive by the word line (RW), 
and then read externally. Word and bit lines for each 
operation are independent of each other so that read 
and write cycles can be executed asynchronously. 

83-0049268 

Data Transfer 

TheµPD41101 andµPD41102 are configured so thatthe 
internal address is incremented one bit at a time and 
data is accessed serially. After a reset signal initializes 
the device, a static cell that can operate at higher speed 
is accessed. Simultaneously or later, a dynamic cell is 
used as a pipeline, allowing access to both types of 
cells at high speed. 

Stored information is defined by the state of the 
storage capacitor. When the word line for the write 
cycle goes to a selected level, the write transfer gate of 
each storage cell connected to the word line becomes 
conductive, and the data (electrical level) given to the 
bit line is rewritten to the capacitor connected to the 
end of the transfer gate. The precharge level of the 
write bit line (typically a high level) is rewritten to the 
storage cells on the selected word line, other than the 
one to which the column signal applies data, thereby 
destroying data stored there. 

4 The µPD42101 and µPD42102 exactly replace the µPD41101 and µPD41102. 
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The µPD41101 and µPD41102 prevent this destruction 
of data by using a main word line and a subword line. 
The subword line is driven by the ANDed signals of the 
main word line and the write column. The transfer gate 
of each cell corresponding to each address is con
nected to a subword line. Therefore, the write word line 
of the storage cells at the selected row and column 
address is the only one which goes to a high level, 
preventing the destruction of data in other cells on the 
same write line. 

Address Selection 

A dynamic storage array consists of subarrays 1and2, 
each of which is 568 (71 x 8) bytes. A column selector 
and a row selector circuit are provided for independent 
read and write operation for each subarray. 

The first step of address selection involves the access
ing of an 8-byte static cell immediately after a reset 
cycle. The address selector moves to the first row of the 
subarray, and subarray 1 is accessed from left to right, 
one byte at a time. When 8 bytes of subarray 1 have 
been accessed, the address selector moves to the first 
row of subarray 2, also accessed from left to right, one 
byte at a time. When 8 bytes of subarray 2 have been 
accessed, the address selector alternately selects 
8 bytes from addresses in both subarrays, so that rows 
are selected from the higher row to the lower row. 

When the number of access cycles to the static cell 
array (8 addresses) and the dynamic cell array reaches 
910 (for the µPD41101) or 1135 (for the µPD41102), the 
pointer moves to address O of the static array. 

This method of sequential address selection increases 
the access speed of the dynamic cell by selecting row 
addresses in the pipeline method. Pipeline operation 
occurs when the word line (row) to be selected next is 
set to the selected level in advance so that it can be 
written or read at high speed, i.e., in the time required 
to select one column in static-column mode. 

After a reset cycle, when 8 bytes of the static cell are 
being accessed, the first row of subarray 1, which is 
accessed next, is set to the selected level in advance. 
When the selected address moves to the first row of 
subarray 1 (after8 bytes of static storage are accessed), 
a read or write cycle can be executed at high speed for 
that row. The first row of subarray 1 can be accessed at 
high speed even after the static array is selected. This 
process continues with the first row of subarray 2, the 
second row of subarray 1, and so on. 

While the static cell is being accessed immediately 
after a reset cycle, the address on the dynamic cell is 
held on the first column and row of subarray 1. The 
dynamic array is not accessed at this time. Pipeline 
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operation is performed independently for write and 
read cycles by the row and column selectors for each 
subarray. 

Shift registers are used as read and write column and 
row selectors for the sequential selection of write or 
read addresses and pipeline processing. Shift registers 
are provided for each column and row, and each node 
level is set in advance so that when reset, each shift 
register outputs a high signal for the first column or 
row and a low signal for other columns or rows. 

The column selector (shift register) is driven by WCK 
or RCK and the address is incremented by 1 for each 
clock cycle, i.e., the node that outputs a high signal 
changes in synchronization with the clock, and the 
column selector changes with it. 

The row selector (shift register) is related to pipeline 
control and is driven by the pulse generated when the 
column address selector moves from subarray 1 to 
subarray 2 or vice versa. The row selector is incre
mented by one row address after the change from one 
subarray to another. ~ 

Each shift register used as a column or row selector is iraa. 
configured as a ring counter so that when the last 
column or row is reached, it automatically returns to 
the first column or row. 

Applications 

For the most part, the applications described below 
pertain to noninterlaced digital TV. The descriptions 
apply to NTSC systems, unless otherwise specified. 

Comb Filter 

A composite TV signal (output of a TV tuner) is the sum 
of the luminance (Y) and chrominance (R-Y, 8-Y) color 
signals. The Y, R-Y, and B-Y signals must be separated, 
and the R, G, and B signals input to the picture tube 
generated from them. 

A comb filter with line buffers derives the color or 
luminance signal by cancelling it from the composite 
signal, using the correlation between neighboring 
lines. This filtering fully separates the color and 
luminance signals, especially when there is a strong 
correlation between lines, to produce a clear picture. 

If the signals are not well separated, the color signal 
may interfere with the luminance signal and cause dot 
crawl. The luminance signal may also interfere with the 
color signal and cause cross-color. This interference 
degrades the picture quality, especially where color or 
luminance changes sharply. Figure 6 shows a typical 
comb filter using line correlation. 

The µPD42101 and µPD42102 exactly replace the µPD41101 and µPD41102. 5 
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This example compares target line B with neighboring 
lines A and C. TwoµPD41101s are used as 910-bit delay 
lines. The color signal (C = R-Y, B-Y) is separated by 
subtracting the data of the upper and lower lines (A+ C) 
from the target line data (B) and filtering the separated 
signal through the 3.58-MHz bandpass filter. The 
luminance signal is the result of subtracting the 
separate color signal from the original data (B). See the 
description of the "Variable-Length Delay Line" appli
cation for information on controlling a delay line of 
910 bits or less. 

Double-Speed Scan Conversion 

The current NTSC and PAL TV systems use interlaced 
scanning to eliminate the flickering caused by field 
transition. Scanning is performed every two lines, 

Figure 6. Interline YIC Separation with a Comb Filter 
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reducing the pixel density and doubling the field 
frequency (number of fields-per-second), as illustrated 
in figure 7. 

In interlaced scanning in the NTSC system, a complete 
frame consists of two fields of 262.5 scanning lines 
each. The field frequency is 60 Hz, i.e., the sum of 30 
first fields-per-second and 30 second fields-per
second. In the PAL system, a complete frame is 
comprised of two fields of 312.5 scanning lines each. 
The field frequency is 50 Hz, the sum of 25 first 
fields-per-second and 25 second fields-per-second. In 
both cases, interlaced scanning reduces the flicker in 
motion scenes caused by field transition. The pixel 
density in the vertical direction is also reduced, 
diminishing the level of detail. 

Color 
Signal 
(C = R - Y, B - Y) 

- Luminance 
----+----+-----+-0- Signal 

(Y) 

{~ n-1th Line 
Scanning Lines --..,..,. B 

· """-- nth Line 

~ n+1thline 

Figure 7. Relationship of Field to Frame in NTSC Systems 

I-

..._ 

6 

262.5 Scanning Lines 

I 
I 
I 
I 

30 First 
Flelds/Second 

--1 

__, 
___, 
--1 + 

262.5 Scanning Lines 

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

30 Second 
Fields/Second 

525 Scanning Lines 

t-· - -
t-- - ---

c:::> 1:-.cc-------------=~-==-==~j 

30 
Frames/Second 

1 First Field + 1 Second Field = 1 Frame 

The µPD42101 and µPD42102 exactly replace the µPD41101 and µPD41102. 

83-0049278 

83-0049288 



NEC 
The µPD41101 or µPD41102 can be used to convert 
interlaced scanning to noninterlaced scanning. Doub
ling the pixel density (number of scanning lines) in the 
vertical direction without changing the field frequency 
produces clear and precise images (figure 8). In inter
laced scanning, the first field of solid lines and the 
second field of broken lines are scanned alternately at 
30 fields-per-second (25 fields-per-second in PAL). In 
noninterlaced scanning, the number of scanning lines 
per field is doubled, and 60 fields-per-second are 
scanned (50 fields-per-second in PAL). 

In non interlaced scanning, the data of the skipped line 
is created using the buffer. It is read at twice the 
sampling frequency of interlaced scanning (8 fsc if the 
interlaced sampling rate is 4 fsc). Non interlaced scan
ning scans two lines in the time that one line is scanned 
in interlaced scanning. The horizontal frequency of the 
CRT must also be doubled for non interlaced scanning. 

Figure 8. Interlaced and Noninterlaced Scanning 
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Figure 9. Using the Previous Line as Interpolated Data 
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The data of the skipped line can be created 

• Using the data of the previous line (reading out the 
same data twice) 

• Using the average value of the lines before and after 
the skipped line 

• Using data that is one-field-old (the data for 262 lines 
before for NTSC, or 312 lines before for PAL) 

In the first option, one µPD41101 (or one µPD41102 
for PAL) is used for one input signal. The data is written 
at 4 fsc and read out at 8 fsc· Reading starts when data 
is written to half of the line (455 bytes). The same data 
is read twice (910 bytes x 2) at 8 fsc· Data read in the 
latter half is used as interpolated data (figure 9). 

In the second method, oneµPD41101 delays the data of 
one line, and two µPD41101s convert the current data 
and the interpolated data for double-speed scanning. 

I--t--
I-- -I-- -I-- -t--- -----1-- --I -

I 
I- I 
t--
t--
I-- -

Noninterlaced Scanning 
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The two µPD41101s used for scan conversion are 
written at 4 fsc and read at 8 fsc- The RE signal is con
trolled to first read the µPD41101 to which the current 
line data is written, and then read the µPD41101 to 
which the interpolated data is written (figure 10). 

In the last option, as in the previous one, one buffer 
delays the data for one field and two other µPD41101 s 
perform scan conversion. The control sequence is the 
same as described in the second method. Using data 
from a line of the previous field produces a clear image, 
especially in a still scene (figure 11). 

Figure 10. Using the Average of the Previous and Following Lines 
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Figure 11. Using a Line from the Previous Field 
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Dropout Compensation 

Dropout compensation cancels the noise in a VTR 
picture reproduction. If a line contains noise, the por
tion of the previous line in the same position as the 
noise is reproduced instead, eliminating the noise 
from the reproduced image (figure 12). 

Figure 12. Example of Dropout Compensation 

II Data Output to 
nth Line --~-~-- TV System 

n +1th ~ Data with Noise 
Line L..--.J 

83-004932A 

Video data from a tape normally is written to the 
µPD41101, delayed for one scanning line (910 bits), and 
then used as image data to a TV system. The noise
detection circuit senses noise in the video signal. 
When data containing noise is input to the µPD41101, 
the input is switched to the data already in the buffer so 
that the previous data line is written again. Data 
containing the noise is not output to the TV system 
(figure 13). 

Figure 13. Dropout Compensation Circuit 
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The µPD41101 can also be used as a 910-bit (one 
scanning line) delay. If the write data fed back by 
switching is delayed, the delay length must be reduced 
to compensate for it. For example, if switching causes 
two bits of delay, the delay length must be adjusted to 
908 bits. 

Jitter Compensation [Time Base Correction] 

In a VTR, variation in head drum rotation speed or tape 
contraction or expansion can cause jitter in the repro
duced image. The image can be reproduced clearly 
when jitter is adjusted and the image is reproduced 
with accurate clocks (figure 14). 

Application Note 55 

Figure 14. Basic Jitter Compensation Circuit 
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The video signal input from the tape is written to the 
µPD41101 with a clock that can be accurately slaved to 
the time axis variation of the input video signal. Video 
data with the same time axis is reproduced by reading 
data using the synchronized read clock as a reference. ~ 
If a jitter com_pensation ci~cuit _is configured so ~hat_t~e ~ 
device to which the data 1s written, or from which 1t 1s 
read, is selected from among two or more devices by 
the RE or WE signal, the circuit can have a delay length 
of two or more lines. 

Variable-Length Delay Line 

The µPD41101, driven at 8 fsc. can be used as a 
variable-length delay line with a delay length of 10 to 
910 bits (12 to 1135 bits for the µPD41102). Driven at 
4 fsc, it can produce a delay of 5 to 910 bits (6 to 1135 
bits for the µPD41102). If an analog-to-digital (A/D) 
and a digital-to-analog (D/A) converter are connected 
to the input and output sides, respectively, it can also 
be used as an analog signal delay line (figure 15). 

Figure 15. Analog Signal Delay Line 
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When reading data at a certain address, the µPD41101 
requires 300 ns + 0.5 write cycles (maximum) to read 
data once the write cycle is complete. For example, 
when the µPD41101 operates on a 34-ns clock, the 
minimum delay length is (300 + 34/2)/34 = 9.3, or 10 
cycles. When the µPD41102 operates on a 28-ns clock, 
the minimum delay length is (300 + 28/2)/28 = 11.2, or 
12 cycles. The maximum delay length of the µPD41101 
is 910 cycles and 1135 cycles for the µPD41102. 

Delay length can be controlled by 

• Controlling the reset input interval 

• Inputting the write and read reset signals at different 
times (the delay length is determined by the offset 
between the inputs) 

• Controlling the WE and RE signals 

NEC 
In the first method, the same signal is used for WCK 
and RCK. RSTW and RSTR are controlled together. 
Data written after a reset signal is read after the next 
reset interval. If the reset signal is input every 900 
cycles, the delay length is 900 bits. This option pro
duces a delay length determined by the reset in.terval 
to control the delay length (figure 16). 

In the second method, using the write and read reset 
signals, data written from address 0 by the RSTW 
signal is read out from address 0 when the next RSTR 
signal is input. The delay length is determined by the 
offset between the write reset signal and the next read 
reset signal input (figure 17). 

Figure 16. Controlling Delay Length with the Reset Interval 

WE.RE V1L 
~~~~~~~--1;1--~~~~~~~~~~~~~~~~~~~~~~~-

Notes: 

[1] V = valid data. 
[2] 1H =the first group of "n" bits. 
[3] 2H = the second group of "n" bits. 

83-0036436 
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Figure 17. Controlling Delay Length with RSTW and RSTR 
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In the third method, using the WE and RE signals, write 
or read operation is disabled when WE or RE is high; 
the interval pointer remains at the address where 
operation is disabled, regardless of the status of WCK 
or ACK. The delay length can be controlled in one
cycle units by controlling WE and RE. After the reset 
interval, read data is delayed by 910 cycles (1135 cycles 
for the µPD41102) from the write data (figure 18). 

NEC 
Time Axis Conversion 

You can use the µPD41101 for time axis conversion by 
changing the write clock frequency (WCK) and the 
read clock frequency (ACK). One application for time 
axis conversion involves image contraction or expan
sion in the horizontal direction. The image contracts if 
the read clock frequency is higher than the write clock 
frequency, and it expands if WCK is higher than ACK 
(figure 19). 

Figure 18. Controlling Delay Length with WE and RE in the µPD41101 

v 

DouT 

Notes: 

[1] RE= V1L. 

[2] V = valid data. 
83-0049386 

Figure 19. Time Access Conversion Application 
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Digital Signal Input Synchronization 

When performing timeshared data processing in an 
electronic telephone exchanger or in a star-configured 
local area network, the phase between input streams 
may be offset because of differences between the 
terminal and the central line exchange module. The 
µPD41101 can be used to correct the phase offset 
(figure 20). 

Inputs 1 ton are serial data input streams. However, the 
frame heads (flags indicating the beginning of the 
data) of each input stream are not synchronized. 

Figure 20. Digital Signal Input Synchronization 
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The solution requires controlling write operation for 
each stream. When a frame head is detected, the write 
address is reset to 0. A clock extracted from each input 
can be used as the clock for that write cycle. When data 
is written to allµPD41101 s, the read address is reset to O 
by inputting RSTR with appropriate timing. All data 
streams then can be read out in the same phase by 
reading allµPD41101ssimultaneously, even if the input 
streams are not synchronized. 

The serial-to-parallel and parallel-to-serial conversion 
circuits shown in figure 20 may be used only when 
serial data is handled at each input and output. 

8·Bit 
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Conversion 

8-Bit 
P/S 

Conversion 

8·Bit 
P/S 

Conversion 

Output 1 

Output 2 

Output n 
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General Application 

The µPD41101 and µPD41102 are suitable for use as 
buffer storage in data transfer operations between 
devices of different speeds. Because they use dynamic 
circuits, the maximum hold time for storage cell data is 
1 ms. To hold data longer than 1 ms, you must rewrite it 
to the same address within 1 ms {figure 21). 

The read and write addresses must coincide when 
rewriting data. If the feedback data is not delayed by a 
multiplexer, input the RSTW and RSTR signals simul
taneously so that the output data of address n is fed 

Figure 21. Static Hold Circuit for Storage Cell Data 

MPX 

Notes: 

RCK 

RCK 

DIN 

WCK 

WCK 

NEC 
back to the input as it is, and then written again to 
address n. 

If the feedback data is delayed, adjust the input timing 
of RSTW and RSTR, depending on the delay {number 
of cycles) of the feedback data. RSTR must be 
advanced according to the feedback data delay. 

In either case, WCK and RCK must be the same. To read 
the data written to an address after the write cycle for 
that address is complete, 300 ns +one-half write cycle 
is required. 

RSTW 
(Note 2) 

µPD41101 Dour 

[1) A D·type flip.flop must be provided when the data Is 
delayed. 

14 

[2] RSTW must be input at least once whiile Data Hold Is at 
a true (high) logic level. 

The µPD42101 and µPD42102 'exactly replace the µPD41101 and µPD41102. 
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Figure 22. µPD41101/µPD41102 High-Speed Line Buffer 

The µPD42101 and µPD42102 exactly replace the µPD41101 and µPD41102. 15 
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NEC Electronics Inc. 

Introduction 

The need for storage devices to provide delay and 
speed conversion in a variety of computer, telecom
munication, and consumer applications has led to 
NEC's development of several new high-speed line 
buffers. The synchronous or asynchronous operation 
of these devices allows them to be used as elastic 
storage to synchronize data flow between two asyn
chronous parts of a system, e.g., between communica
tion and microcomputer chips. 

In graphics systems, line storage devices can act as 
high-speed source and destination registers during 
raster operations. In television and VCR products, the 
1 K x 8 buffers provide the raster line storage required 

Application Note 57 
µPD42101/ 42102/42505 

High-Speed Line Buffers 

for luminance and chrominance separation and non
interlaced scan conversion. The larger SK x 8 devices 
are perfectly suited for facsimile and printer applica
tions because they can store a line of information or a 
page of text at high speed. 

This application note describes NEC's µPD41101, 
µPD41102 and µPD42505, three functionally equivalent 
buffers with different capacities and speeds. Each 
device has independent, 1-byte write and read ports 
with separate write and read clocks. High-speed per
formance is achieved by means of unique circuitry 
rather than a submicron process. Fast access times 

Figure 1. Die Photograph of the µPD41101 and µPD41102 

The µPD42101 and µPD42102 exactly replace the µPD41101 and µPD41102. 
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and low cost are possible because of specialized 
dynamic circuit designs using the best of MOS tech
nology (figures 1 and 2). 

Features 
The µPD41101, µPD41102, and µPD42505 are identical 
except in organization and cycle times (table 1 ). The 
following discussion applies to the three devices 
collectively, unless noted otherwise. 

Serial Addressing. Addresses are generated automat
ically by an internal address counter and need not be 
supplied externally. The clocks provided by the WCK 
and RCK signals increment the respective write and 
read address counters, enabling data to be read out in 
the order in which it was input. 

Wraparound Addresses. The internal address pointers 
are implemented as ring counters; they return to 
address 0 afterthe last byte in a line has been accessed. 

Asynchronous Operation. Separate write and read 
clocks, coupled with their respective enable inputs, 
allow for independent write and read operation. 

Reset Function. The RSTW and RSTR pins reset the 
internal pointers to address 0. Resetting of the read 
pointer can be initiated after "n" write cycles to provide 
an adjustable delay line of "n" cycles. 

High-Speed Address Selection. By interleaving the 
internal storage arrays and using a novel pipelining 
technique for high-speed address selection, the devices 
achieve very fast access times. The µPD41102-3, for 
example, has a specified minimum cycle time of 28 ns. 

Large Capacity. All devices are 1-byte wide. Their line 
lengths vary as shown in table 1. TheµPD42505 is con
figured as 5048 by 8 bits to store a page of information. 

Figure 2. Die Photograph of the µPD42505 

NEC 
Table 1. Configurations and Cycle Times 

Part Number Organization Cycle Times 

µPD41101 910 x 8 bits 34 or 69 ns 

µPD41102 1135 x 8 bits 28, 34, or 56 ns 

µPD42505 5048 x 8 bits 50 or 75 ns 

Functional Description 

Historically, line buffers were designed with shift 
registers that suffered from fall-through delay as data 
tumbled down the stack. With NEC's new generation of 
buffers, which provide independent write and read 
clocks for asynchronous writing and reading, the write 
data requires a delay of at least 10 or 11 cycles before 
appearing at the output. The minimum line delay 
(specified in the individual data sheets for each device) 
is not a problem in most applications because the 
required delay is usually longer than the specified 
minimum delay. 

In synchronous operation, where write and read cycles 
are controlled together (and write and read addresses 
coincide), the internal logic causes a write cycle to be 
delayed by one-half cycle from the read cycle. Read 
data is output from the previous line, while new input 
data is written just one-half cycle later. 

Storage Arrays 

Unlike other devices based solely on static cells, NEC's 
Ii ne buffers have two types of storage elements: a static 
cell for high-speed operation and a dynamic cell for 
achieving large capacity in a small die area. To operate 
at high speed, the fast static cell is used as a prefetch 
buffer. While the first 8 bytes of data are being accessed 
from the static cell, the first row of the dynamic cell is 
preselected for subsequent access (see Addressing). 

2 The µPD42101 and µPD42102 exactly replace the µPD41101 and µPD41102. 
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Figure 3. Dual-Port Static Storage Cell Array 
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Figure 4. Dual-Port Dynamic Storage Cell Array 
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The static storage cell has separate word lines for 
write and read cycles (RW and WW), as well as differen
tial data inputs (RD/RD and WD/WD) for high-speed 
operation (figure 3). The three-transistor, one-capacitor 
dynamic storage cell contains separate write and read 
data and word lines, two access transistors, and a third 
transistor for cell signal pre-amplification (figure 4). 
Pre-amplification is required since there are only eight 
data amplifiers, one each for the eight input/output 
ports. 

Application Note 57 

Unlike the static cell, the dynamic cell uses only one 
write and read data line and cannot take advantage of 
differential sensing. Although the speed is slower, its 
fewer components make this cell more suitable for 
compact layout and high device integration. The suc
cess of these high-speed buffers lies in the matching of 
the static and dynamic cells to achieve high perfor
mance at a low cost (figure 5). 

Addressing 

On a cold start, initial writing and reading to the device 
requires fast access times from the six-transistor static 
cell. While the first eight bytes are being accessed from 
the static cell, the first row of the dynamic cell is 
preselected. To achieve relatively fast dynamic access, 
the dynamic array is split into two segments and 
storage interleaving is employed. 

From a functional point of view, the line buffer is a long, 
eight-bit-wide shift register. Its layout is compacted to 
produce a small die size. The chip has two arrays, each 
representing one-half of the line length. For the 1135 x 8 
device, each subarray is organized as 568 bytes 
(71 x 8 bytes). 

The serial addresses are generated automatically using 1!111!'1 
column and row selectors for both write and read ~ 
operation. The following steps summarize the inter-
leaving sequence. 

• In a reset cycle, data is read from the 8-byte static 
cell, and the first row of subarray 2 is preselected. 

• Row 1 of dynamic subarray 2 is accessed, and the 
address pointer moves to subarray 1 for preselection. 

• Row 1 of subarray 1 is read, and row 2 of subarray 2 is 
preselected. 

• Interleaving continues between the subarrays until 
the last address is accessed, at which time the 
internal pointer automatically resets to address 0. 

The address pointers are shift registers wired as ring 
counters and clocked in a wraparound fashion to 
control writing and reading of data at specific locations. 
The shift registers are incremented by one address for 
each WCK or RCK clock. Separate write and read 
address pointers are required to execute write and read 
cycles independently and at different speeds. 

The µPD42101 and µPD42102 exactly replace the µPD41101 and µPD41102. 3 
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Figure 5. Block Diagram 
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Write and Read Timing 

The µPD41101, µPD41102, and µPD42505 are equipped 
with the following pins: DiNo through D1N7, RSTW, WE, 
and WCK for write operation and DouTO through 
Doun. RSTR, RE, and RCK for read operation (figures 
6 and 7). Serial addresses are automatically generated 
by an internal address counter. When WE is low, one 
byte is written to each address in synchronization with 
the WCK write clock (refer to the individual data sheets 
for timing diagrams); the internal write address pointer 
increments by 1 with each falling edge of WCK. Write 
data must meet the specified setup and hold times as 
measured from the rising edge of WCK. 

Figure 6. Configuration of 24-Pin Plastic DIP (and 
Miniflat for µPD41101, µPD41102 only) 
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Figure 7. Configuration of 28-Pin Plastic ZIP 
(µPD42505 only) 
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The signal on RSTW, which is used to reset the write 
address pointer to 0, also has setup and hold require
ments with respect to the write clock. 

When the signal on the read enable (RE) pin is low, one 
byte of data is read out of the device for each RCK clock 
cycle, and the read address pointer increments by 1. 
The read address pointer is totally independent of the 
write address pointer. 

The control functions of WE and RE are shown in 
figure 8. Bringing these two signals high (inactive) 
stops the internal address pointers; activating them 
again causes the internal pointers to increment to the 
next sequential address. 

Synchronous Operation 

Figure 8 shows the internal timing sequences, including 
those for address transitions and write cycles, during 
synchronous operation of these devices. With a com
mon write and read clock, the internal write period is 
delayed from the write address. This delay, required 
when the write and read addresses are identical, allows 
a read cycle and then a write cycle to be executed to the ~ 
same cell location. Read data is taken from the pre-~ 
viously written line. 

Designing with NEC's Line Buffers 

Initialization 

After power has been applied, the write and read 
address pointers are undefined and therefore need to 
be set to address 0. Proper timing for a RSTR or RSTW 
reset cycle is described in the individual data sheet for 
each device. 

Refreshing 

Refreshing of the dynamic storage cells must be 
performed at regular intervals. Data remains valid for 
1 or 5 ms, depending on the line length of the device 
(1 ms for the µPD41101 or µPD41102 and 5 ms for the 
µPD42505). Since NEC's line buffers contain only data 
amplifiers and no sense amplifiers, a standard read 
cycle does not refresh the storage cell. If longer hold 
times are required, the original data must be rewritten 
to the same address. 

The µPD42101 and µPD42102 exactly replace the µPD41101 and µPD41102. 5 
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Figure 8. Internal Timing for Synchronous Operation 
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Minimum Delay Length 

Unlike register-based line buffers, which use a data 
flow-through cycle, NEC's line storage elements are 
not capable of reading data immediately after it has 
been written. Each device requires a minimum delay, as 
calculated by the equations shown in table 2. 

Table 2. Calculating Minimum Delay 

Part Number Equation 

µPD41101 1/2 write cycle+ 300 ns 
(34 ns/2 + 300 ns)/34 = 9.3or10 cycles 

µPD41102 1/2 write cycle+ 300 ns 
(28 ns/2 + 300 ns)/28 = 11.2 or 12 cycles 

µPD42505 1/2 write cycle+ 500 ns 
(50 ns/2 + 500 ns)/50 = 10.5 or 11 cycles 

Delay length, as measured by the number of cycles, is 
dependent on the speed of the clock, i.e., at 14.3 MHz, 
the minimum delayfortheµPD41101 would be5 cycles. 

Storage Contention 

In asynchronous operation, when write and read cycles 
contend for the same line, the last "n" bytes (where "n" 
may be 5-12 bytes) of line output are taken from the 
previous line. This type of contention occurs most fre
quently when executing continuous write and read 
cycles at different rates, such as when converting video 
images from interlaced to noninterlaced scanning. In 
this case, the read clock operates at twice the speed of 
the write clock. Near the end of the line, the read cycle 
catches up and contends with the write cycle. 

Setting Delay Length 

Varying the Reset Interval in Synchronous Operation. 
Depending on the application, some schemes for 
implementing delay length suit system timing better 
than others (see individual data sheets for timing). 
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In synchronous operation, the delay is set simply 
by varying the interval between the reset pulses. 
In this case, the reset clocks are tied together. Since 
write and read clocks are common, line delay is deter
mined by the offset between resets. 

Varying the Reset Interval in Asynchronous Operation. 
In asynchronous operation, the reset interval can be 
varied using independent clocks and reset signals. 
Delay length is calculated as the timing difference 
between the write and read reset pulses. 

Controlling the RE Pin. In the third option, the read 
enable pin (RE) can be used to control read operation 
and the read address counter. When RE is high 
(disabled), the read address counter does not incre
ment and no data is output. After the desired delay, RE 
can be brought low to begin executing read cycles. For 
delays exceeding one line length, care must be taken 
to ensure that new data is not written into an address 
before the old data is read. 

µPD42505 Large-Capacity Line Buffer 

The µPD42505 was designed for applications where a 
large amount of data is handled per line, e.g., in high
performance digital copiers and G3 or G4 facsimile 
machines requiring buffer storage for image compres
sion, expansion, data transmission, and in some cases, 
image enhancement using filtering techniques for 
digital signal processing. The SK x 8 line length has 
also been used in some designs to hold the data tokens 
in digital filtering arrays. 

Although line buffering can be achieved using fast 
static RAMs as shown in figure 9, the need for two 
devices and other complicated peripheral circuits 
necessarily increases the cost of a system and makes it 
more difficult to implement. The µPD42505 eliminates 
the complexity and high cost by providing the same 
functions and more advantages in one package. 

The µPD42101 and µPD42102 exactly replace the µPD41101 and µPD41102. 7 
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Figure 9. System Design Using Static RAMs Versus High-Speed Line Buffer 
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Figure 10. Line Buffering In Local Area Networks 
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Figure 11. Elastic Storage for Digital Signal Processing Appl/cations 
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Figure 12. Image Enhancement Techniques in High-Performance Dig/la/ Copiers 
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Figure 13. Doubling the Line Rate in Scan Conversion 
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NEC Electronics Inc. 

Introduction 

Interlaced scanning is used in television, videotape, 
and videocassette recording applications to reduce 
bandwidth and maintain an acceptable amount of 
screen flicker in video signals. The procedure involves 
lowering the vertical resolution and doubling the 
number of fields so that one complete frame is formed 
from the first and second fields. When a video signal 
subsequently is decoded and ready for display on a 
monitor or TV, bandwidth generally is no longer 
a problem and the higher vertical resolution of 
a noninterlaced signal may be used to produce a 
sharper image on the screen. 

In NTSC TV systems, there are 262.5 scan lines per 
field, 2 fields per frame, and 30 frames per second 
(figure 1 ). With the resolution per field in the vertical 

Application Note 58 
Interlaced To Noninterlaced 

Video Scanning Using The 
pPD42101 High-Speed Line Buffer 

direction lowered by interlaced scanning, the lines 
become rougher and the gap between scanned lines 
more visible. This drawback becomes all the more 
conspicuous in larger-screenTVs. 

Vertical resolution problems caused by interlaced 
scanning can be resolved by first repeating the signal 
of each scan line. The number of scan lines per field 
then can be doubled by doubling the horizontal 
frequency and keeping the vertical frequency intact. 
Subsequently, an interlaced signal can be converted to 
a non interlaced signal to increase the resolution of the 
picture in the vertical direction (figure 2). 

The conversion from interlaced to non interlaced scan
ning can be achieved by temporarily storing each 
line in a buffer and then displaying it twice to double 
the number of lines per field (figure 3). 

Figure 1. Relationship of Field to Frame in Interlaced Scanning 
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Figure 3. Doubling the Line Rate 
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The µPD41101 High-Speed Line Buffer 

The type of scan conversion described in this applica
tion note requires buffer storage for each line. Required 
storage is calculated by dividing the scanning period 
per line by the sampling period to determine the 
number of samples per line. Required storage for 
NTSC systems is computed as shown in the following 
sequence. 

(1} Scanning period per line: 
1 

-------- = 63.5 µs 
(525 lines x 30 frames} 

frame second 

(2) Minimum sampling frequency: 

3.58 MHz x 4 = 14.32 MHz= 69.83 ns 

(3) Samples per line: 

Application Note 58 

executed independently and asynchronously. Since an 
internal address pointer eliminates the need for exter
nal address generation, the only external controls 
required are those for the WCK and ACK write and read 
clocks and the RSTW and RSTR write and read reset 
signals (see figure 5 for pin assignments}. As shown in 
table 1, three versions of the µPD41101 are available. 

Table 1. Access and Cycle Times of the µPD41101 

Access Time Write Cycle Read Cycle 
Part Number (max) Time (min) Time (min) 

µPD41101-3 27 ns 34 ns 34 ns 

µPD41101-2 27 ns 69 ns 34 ns 

µPD41101-1 49 ns 69 ns 69 ns 

63.5 µs/69.8 ns = 909. 7 samples Figure 5. µPD41101 Pin Configuration 

83-003653A 

The µPD42101 exactly replaces the µPD41101. 3 
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Operation 

Write and Read Reset Cycles. After power is applied to 
the µPD41101, its internal address-pointers are unde
fined and must be initialized to address 0. As shown in 
figure 6, the inputs on RSTWand RSTR have required 
setup and hold times as measured from the rising 
edges of WCK and RCK, respectively. 

Write Cycles. Write cycles are executed in synchroni
zation with the WCK clock (figure 7). When WE is low, 
8 bits of data are sampled from D1N0-D1N7 at the rising 
edge of WCK and the internal write pointer increments 
to the next sequential address. When the pointer 
reaches the last address, it wraps around to address O 
again. When high, WE disables write operation and 
inhibits the write address pointer. Write data must 
satisfy required setup and hold times as specified from 
the rising edge of WCK. 

Figure 6. Write or Read Reset Cycle 

RCK 
WCK 

Note: 

(1] WE= RE= VIL· 
(2] V = Valid Data. 

toH to HR 

NEC 
Read Cycles. When RE is low, read cycles are executed 
in synchronization with the RCK clock (figure 7). Read 
data is output from DouTo-DouT? •after a specified 
access time as measured from the rising edge of RCK. 
The internal read pointer functions identically to the 
write pointer, except that the read address increments 
sequentially with each RCK clock. 

Example of System Configuration 

The block diagram in figure 8 shows a hardware 
system designed to convert a standard NTSC inter
laced video signal to a noninterlaced signal. In this 
configuration, described on the following pages, the 
input signals derive either from an NTSC composite 
signal (video input), from a TV/VTR/VCR, or from the 
R-G-8 signal output of a personal computer. 

toH toH 

(3] Read operations commence from the rising edge of RCK at the beginning of a cycle. For the 
first cycle In a group of reset cycles, the read access time is defined as tACR· In all other cycles, 
tAc defines the read access time. 

14] H = 910 cycles. 
(S] Write data is strobed into the device on the rising edge of WCK at the end of a cycle. 

83-0036456 

4 The µPD42101 exactly replaces the µPD41101. 
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Figure 7. Write or Read Cycle 

WCK 

IRS 

RSTW 
RSTR 

D1N 

RCK 

DouT 

455 or 91 O Write Cycles 

RE 

Note: 

[1] WE=V1L· 
[2] V =Valid Data. 

[3) For compatibility with NTSC standards the WCK frequency Is approximately 14.3 MHz. RCK 
cycles at twice this frequency, 28.6 MHz. 

Application Note 58 
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"'""'c,a .. ~ 

83-0036558 

The µPD42101 exactly replaces the µPD41101. 5 



Application Note 58 

Figure 8. Scan Converter Block Diagram 
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Video Signal Processor 

The video signal is decoded from the R-G-8 inputs by 
NEC's µPC1401, a device specifically designed to 
process the color, video, and synchronizing signals 

Figure 9. µPD1401 Block Diagram 

PCAI 

CNT 

PGND 

HBLK 

HFBP 

SSI 

Figure 10. 

I 

VccM PCAO 

Video & 
Chroma 
Amplifier 

"CONTRAST" 

Timing 
Pulse 

Generator 

Synchronous 
Signal 

Separator 

Video Signal Processor 
"BRIGHTNESS" 
"SHARPNESS" 
Pedestal Clamp 

L--®--
vccH HAKF 

HAKO 

µPD1401 Pin Configuration 

Picture Ground PGND 

Chroma Input CIN 

ACC Capacitor CACC 

"SHARPNESS" SHP 

"COLOR SATURATION" CLR 

Chroma Ground CGND 

Color Killer Filter CKF 

B-Y Output B-Y 

G-Y Output G-Y 

R-Y Output R-Y 

Master Power Supply VccM 

Subcarrier Phase Shifter SCPS 

Chroma APC Filter CAF 

Chroma VCO Filter 1 COF1 

Chroma VCO Filter 2 COF2 

"TINT" TINT 

Subcarrier Resonator sex 
Vertical DC Feedback VDFB 

Vertical AC Feedback VAFB 

Vertical Predrive Output VPD 

Deflection Ground DGND 

Application Note 58 

used in NTSC color TV systems (figures 9 and 10). By 
separating the signals, theµPC1401 can independently 
control them and thereby reduce the number of 
peripheral devices usually required in this phase. 
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R-G-B Signal Processor 

The level of. the R-G-8 output signals from the personal 
computer are adjusted by a µPC1387 (figures 11 and 
12). An interface between the digital R-G-8 signals and 
the TV color signal output, the µPC1387 provides 
high-speed switching by means of a built-in R-G-8 
signal converter and sophisticated circuitry that blanks 
the signal levels. The horizontal (H) and vertical (V) 
synchronizing signals from the personal computer are 
combined into a composite synchronizing signal. 
When the selector switches to the R-G-8 input position, 
the composite signal is applied to the µPC1401 in place 
of a TV signal. 

Figure 11. µPD1387 Block Diagram 
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Analog-to-Digital Converter Figure 13. µPD6950 Pin Configuration 

The input selector chooses one of the two R-G-B 
signals from the µPC1401 and µPC1387 and passes it to 
the µPD6950, where it first is sampled at a clock 
frequency equal to 4fsc (14.3 MHz} and then written to 
the µPD41101 line buffer. The CMOS-fabricated 
µPD6950 is an analog-to-digital (A/D} converter whose 
high speed and low power consumption are particularly 
suited to video applications (figures 13 and 14). 

Figure 14. µPD6950 Block Diagram 
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Line Buffer 

This configuration uses a total of three µPD41101 line 
buffers, one each for the R-G-8 inputs. Independent 
control of write and read operation by the µPD41101 
allows the inputs to be written at a 4fsc sampling rate 
and subsequently read at twice that frequency (8fsd· 
Reading the scanned image twice doubles the number 
of lines sent to the TV monitor, fills the gaps between 
lines of an interlaced signal, and increases the vertical 
resolution. 

Digital-to-Analog Converter 

After being read at a frequency of 8fsc (28.6 MHz), the 
digital signal from the µPD41101 is converted to an 
analog signal by the µPC6902 (figures 15 and 16). The 
CMOS-fabricated µPC6902 DIA converter is designed 
to handle 50 million samples per second. 

Timing Generator 

The 8fsc and 4fsc clocks and RSTW and RSTR signals 
are output by the timing generator. The horizontal (H) 
signal from theµPC1401 passes to a phase-locked loop 

Figure 16. µPD6902 Block Diagram 
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circuit, where it is compared and locked with a hori
zontal signal obtained by dividing the 8fsc clock. After 
the horizontal frequency has been multiplied by 2 (2H), 
this signal is combined with the vertical drive signal (V) 
from theµPC1401 for use as the composite synchroniz
ing signal in non interlaced scanning. Together with the 
R-G-B output signals, it is then passed to the TV 
monitor. 

Figure 15. µPD6902 Pin Configuration 
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Operation 

A circuit diagram for the scan converter is shown in 
figure 17. The operation in each block is described 
below. 

Video Signal Input Stage 

Switch SW1 selects the NTSC video signal and applies 
it to the µPC1401, which decodes the composite signal 
and outputs R-G-8 horizontal and vertical synchroniz
ing signals. The µPC1401 integrated circuit separates 
color types (Y, R-Y, 8-Y, G-Y) to form a matrix using 
three external transistors (Tr3-Tr5) to produce the 
R-G-8 signal. 

A 45288C one-shot multivibrator sets the horizontal 
synchronizing signal to a suitable pulse width. One of 
the pulse signals is applied to pins 34 and 35 of the 
µPC1401 as the burst gate and blanking pulses; the 
other signal is applied to the MC4044 phase comparator 
for clock generation comparison purposes. 

R-G-B Signal Input Stage 

The R-G-8 input signal passes to a 74LS08 two-input 
positive AND gate and then to the µPC1387 which, 
together with Tr6 and the 74LS08, ensures that no 
signal is applied during the horizontal retracing period. 

The R-G-8 signal applied to theµPC1387 is adjusted to 
a suitable level prior to being output from that device. 
Conversely, the vertical and horizontal synchronizing 
signals are combined in the 74LS08 to form the com
posite synchronizing signal passed to the µPC1401 by 
selection switch SW1. 

A/D Conversion Stage 

The R-G-8 signal selected by SW1 is passed to the 
µPC6950 through a 7-MHz low-pass filter to cut fre
quencies in excess of one-half the sampling frequency 
of 14.3 MHz (figure 18). This analog signal is converted 
by the 14.3-MHz clock and then passed to theµPC1401 
as an 8-bit digital signal. 

Line Buffer Stage 

The 8-bit digital input is written at 14.3 MHz before 
being passed to the µPC6902 for DIA conversion at 
28.6 MHz. The WCK, RCK, RSTW, and RSTR controls 
for the line buffer are supplied from the timing 
generator (figure 19). 

Application Note 58 

D/A Conversion Stage 

The digital input from the µPD41101 is converted to an 
analog signal by the 28.6-MHz clock to reproduce an 
R-G-8 signal of twice the horizontal line frequency. 

Timing Generation Stage 

An LC oscillator circuit uses a 74F04 inverter to 
generate the 28.6-MHz signals required for driving the 
line buffer and DIA converter clocks, as well as the 
14.3-MHz signals required for driving the line buffer 
and AID converter clocks. 

The horizontal signal from the µPC1401 is passed to the 
MC4044 phase frequency detector for phase compari
son with the horizontal signal obtained by dividing the 
clock from the clock generator. The resultant signal is 
then transferred through a low-pass filter to the 1 SV164 
varactor diode of a voltage-controlled oscillator to 
adjust the oscillating frequency (figure 20). 

Three 74LS163 synchronous 4-bit counters divide the 
14.3-MHz clock by a factor of 455. The resultant 
31.5-kHz clock (2fH) is timed by the 28.6-MHz clock~ 
and passed to the line buffer as the RSTR signal. raa. 
The vertical synchronizing signal from the µPC1401 is 
adjusted to a suitable pulse width by a 74LS123 
retriggerable monostable multivibrator. The signal 
timed by this 2fH clock is then combined with the 2fH 
clock to obtain the composite synchronizing signal for 
noninterlaced scanning purposes. The 2fH clock is 
subsequently divided in half and timed by the 14.3-MHz 
clock to become the RSTW signal passed to the line 
buffer and MC4044 (figures 21 and 22). 

R-G-B Output Stage 

The noninterlaced R-G-8 signal and the composite 
synchronizing signal output to the TV monitor are 
adjusted to levels of 0.7 and 0.3 Vpp, respectively, by 
a 75-ohm terminating resistor. Switch SW2 is used to 
select external or internal display. When on, the switch 
allows a noninterlaced picture to be displayed exter
nally on a TV monitor. 

In this application, the TV monitor must be capable 
of operating at a horizontal scanning frequency of 
31.5 kHz. Suitable monitors include the PC-TV451 and 
PC-TV471 from NEC Home Electronics. 

The µPD42101 exactly replaces the µPD41101. 11 



Application Note 58 

Figure 17. µPD41101 Composite Schematic 
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Figure 18. Characteristics of LT15LP7.0M01-32 Low-Pass Fiiter 
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Figure 20. Characteristic Curve of 1SV164 
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Introduction 

In the field of computer-aided design and manufactur
ing (CAD/CAM), running software with many utility 
programs results in time-consuming disk accesses. 
Workstations operating in a local area network (LAN) 
also are performance-limited by the heavy burden on 
magnetic disks serving multiple users. These systems 
receive a performance boost when the magnetic disk is 
replaced with a solid-state disk. 

NEC developed the µPD42601 silicon file, a 1,048,576 x 
1-bit semiconductor disk, precisely for such applica
tions. The CMOS-fabricated µPD42601 operates much 
faster than hard disks, with simplified circuitry and 
fewer sense amplifiers than standard DRAMs. Although 
access times from RAS (tRAc) and GAS (tcAc) of 600 ns 
and 100 ns, respectively, make this device slower than 
standard DRAMs such as NEC'sµPD421000, the use of 
word-width system architecture and page-cycle 
accesses achieves very high data transfer rates and 
can therefore improve system efficiency. 

Applications 

Because the device's high capacity, battery-support
able nonvolatility, and environmental hazard resistance 
are expected to challenge the niche previously defined 
by bubble devices, the µPD42601 should find its major 
market in large solid-state disk applications. However, 
as shown in table 1, other potential markets exist. For 
example, the µPD42601 's very low data retention cur
rent, which reduces heat buildup and simplifies 
thermal design, means that a cool die operating in a 
300-mil SOJ offers greater flexibility in packaging and 
stimulates new ideas for other product applications 
(see figure 1 for packaging options and pin assign
ments of the µPD42601 ). 

Table 1. Potential Markets for µPD42601 Silicon File 

Market Requirements Applications 

Solid-state disks High capacity High-end engineering 
Reliabilitv workstation (100 
Battery backup Mbytes to 1 Gbyte) 

Portable handheld Light weight Personal computers 
products Low power Retail point-of-sale 

Small size terminals 

Industrial Immunity to a Process control 
hazardous environ- Robotics 
ment: vapors, dust, 
vibration 
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Figure 1. Pin Configurations 
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Power and Speed Enhancements 

All access cycles and timing specifications for the 
µPD42601 are similar to those of generic DRAMs. 
However, the µPD42601 requires only 25% of the 
operating power and 5% of the standby power of a 
standard DRAM, and therefore provides a better silicon 
solution for the aforementioned applications. The 
silicon file has a specified access time from RAS (tRAc) 
of 600 ns. A quick page access time from CAS (tcAc) of 
100 ns is also available. Heavy system use of page 
cycles makes the best choice for two reasons: the first 
is speed enhancement over standard RAS/CAS cycles 
and the second is disk sector size, which closely 
matches the number of bits accessible in page cycles. 

In target applications for the µPD42601, low power is 
required. Both operating and standby power are impor
tant: low operating power results in cooler device 
temperatures and higher reliability, while standby 
currents in the microampere range allow for battery 
backup and small packaging options. 

Self-Refreshing 

The µPD42601 has a self-refresh feature similar to the 
one found in pseudostatic DRAMs. Bringing the RFSH 
pin low and clocking RAS permits the silicon file to 
retain data while using only 30 µA of power. In large 
solid-state systems, the solid-state disk would use 
byte-wide or word-wide banks of silicon file storage, 
with only one bank of devices active at a time, and all 
others in a state of self-refreshing. In this low-power 
operation, total power consumption of the system 

NEC 
would be very low, making battery backup possible 
with compact batteries. 

During self-refresh cycles, a relatively slow RAS clock 
can be appli,ed and data integrity still be maintained. To 
enter this power-down quiescent state, the user can 
pull RFSH low and start the RAS clock.at a slow cycle 
time (tRcF). Since data loss is caused by leakage, and 
leakage current increases with temperature, NEC has 
specified the tRcF rating at50°C, 60°C and 70°C. Each 
temperature rating has a corresponding refresh current 
(directly proportional to the refresh rate) which is 
required to maintain data, with faster rates required for 
higher temperatures (table 2). 

Table2. Self-Refresh Conditions 

TA IRcF (maxi Self-Refresh Current (maxi 

50°C 20µs 30µA 

60°C 10µS 60µA 

70°C 5µS 120µA 

It is important to make a distinction between self
refresh cycles and the more familiar CAS before RAS 
refresh cycles. When low, the RFSH pin enables self
refreshing and disables most of the internal circuits. 
Only those circuits required for self-refresh operation 
are active. Because of the rate of tR...QL!'equired for 
substrate bias generation, nineteen RAS clocks are 
used in the µPD42601 to refresh one row (figure 2). 

Figure 2. Internal Address Generation in Self-Refresh Operation 
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Figure 3 shows a simplified block diagram of the 
µPD42601 during self-refresh operation. The low level 
of RFSH disables the ring oscillator and initializes the 
RAS buffer and 19-bit counter. The external RAS clock 
is reduced in frequency by the 19-bit counter. The 
outputs of the counter and the timing generator are 
then used to generate the slow-speed timing, decod
ing, and sensing operations, while the substrate bias 
generator functions at a reduced frequency to keep the 
substrate stabilized but minimize power consumption. 

Figure 4 shows the transition and delay times for 1001 , 

1002. 1003, and loos· When RFSH goes low, a 2.5-ms 
delay occurs before the device enters true self-refresh
ing. The timing shown in figure 4 depends on internal 
temperature-compensated delay circuits and is 
required to allow the die to stabilize at a lower 
temperature. During this 2.5-ms period, the standby 
current is specified as 1003, or 500 µA. After the die 
cools, the substrate bias generator operates at a lower 
frequency and power consumption is composed of five 
components: the RAS buffer, the 19-bit counter, the 
decoder, the substrate bias generator, and the sense 
amplifiers. All other peripheral circuits are disabled. 
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Figure 4. Transition and Delay Timing 
in Self-Refresh Operation 
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CAS Before RAS Refreshing 

The µPD42601 does not incorporate its own automatic 
refresh circuits on-chip, but requires pulsing RAS in 
the self-refresh state to hold data. Another more 
descriptive term for this function is "pulse refreshing." 
In most pulse-refreshed devices, the method of enter
ing and exiting self-refresh operation is crucial; 
however, the 1M x 1 silicon file makes transitioning 
between operating and self-refresh modes simpler 
than previous-generation pseudostatic devices. 

In the case shown in figure 5, no GAS before RAS 
cycles are executed during a period of normal write 
and read cycles. Re-entering self-refresh operation 
after short write/read bursts limits the number of bits 
that could have been accessed in the relatively short 
time specified for tRcF (i.e., the maximum cycle time 
for RAS in self-refresh operation). 

If system timing remains in normal write or read 
operation longer than tRcF (max), then refresh logic is 
needed to control GAS before RAS refreshing. Every 
32 ms, 512 refresh cycles are needed to refresh the 512 

NEC 
row addresses, an average rate of one every 62 µs. 
Because of the reduced operating current and the 
resultant lower die temperature, the refresh period can 
be extended to four times the 8-ms value specified for 
most 1 M x 1 DRAMS. 

In GAS before RAS cycles, addresses need not be 
supplied because an internal counter supplies them to 
the decoders. Since the clocks for both GAS before 
RAS refresh cycles and self-refresh cycles increment 
the same internal address counter, there are orderly 
and sequential transitions from self-refreshing to GAS 
before RAS refreshing and back to self-refreshing. 
Ensuring that the row addresses are refreshed in a 
timely fashion is the function of the refresh counter, 
which is clocked by GAS before RAS during normal 
cycles and at the rate of 1/(19 x tRcF) during self-refresh 
cycles. The µPD42601 runs cooler than other self
refreshing devices and does not require a burst of 
extra GAS before RAS cycles before self-refreshing to 
ensure data integrity. 

Figure 5. Special Requirements for tRcF Near Periods of Limited Standard Refresh Cycles 

4 

----Self-Refresh Operation---+i .------------~ 
Normal Read and Write Operation 

Self-Refresh Operation 

(Note 3) 

tFRD L .... 
tRcF--------------tRCF----------..i 

Notes: 
[1] The value for tRCF [min] is specified in AC Characteristics. The 

value for tRCF [max] is dependent upon temperature and shown 
in the table below. 

50°c 
so 0 c 
10°c 

tRCF [max] 

µPD42601-L µPD42601 

20µs 
10µs 
5µs 

5µs 
5µs 
5µs 

[2] When exiting self-refresh to a period of read and write operation 
which includes CBR refresh cycles, tRCF is the delay between 
the last self-refresh pulse and the first CBR cycle. When 
entering self-refresh operation, tRCF is the delay between the 
last CBR cycle and the first self-refresh pulse. 

[3] In this period of normal read/write operation, there are no CBR 
refresh cycles or less than 512 RAS-only refresh cycles. 

[4) The time delay between the last self-refresh pulse in one self
refresh cycle, and the first self-refresh pulse in the next cycle, is 
defined by tRCF [max] when the intervening period of read and 
write operation meets the conditions in Note 3. 

[5] The built-in counter generates the refresh address in self
refresh and CBR refresh cycles. Since this address increments 
sequentially from the last cycle in either self-refresh or CBR 
operation to the first cycle in the alternate refresh mode, CBR 
refreshing should be used during normal read and write 
operation to refresh one address location every 62 µs or less. If 
some other means of refreshing is used, it is necessary to do a 
burst refresh of all storage cells just before changing to and just 
after exiting self-refresh operation. 
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As discussed earlier, a lower die temperature permits 
both a relaxed refresh rate and simplified transition 
timing between self-refresh and normal write and read 
cycles. The die temperature is a function of the ambient 
temperature, operating power, and the junction-to
ambient thermal resistance (OJA). The calculations 
showing the increase of junction temperature (T J) over 
ambient temperature (TA) at maximum power con
sumption (Po max) are shown in the sequence below. 

(1) TJ = (8JA x Po)+ TA 

(2) TJ = [95°C/W x (5.5 V x 12 mA)] + 55°C 

(3) TJ = 61.27°C 

In a solid-state disk system where the air temperature 
stabilizes at 55°C, the silicon file chip temperature 
would not exceed 61.27°C, comparing favorably with 
the die temperature of 81 °C or more for a standard 
DRAM encapsulated in a plastic SOJ and operating in 
similar conditions. 

Figure 6 shows the maximum specification for tRcF. the 
critical parameter when transitioning between GAS 
before RAS and self-refresh cycles. When exiting self
refresh operation, tRcF (max) is measured between the 
falling edges of RAS, from the last self-refresh cycle to 
the first GAS before RAS refresh cycle. After transition
ing from self-refresh operation to a period of normal 
write or read cycles, writing and reading can proceed 
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for only 5µs (at 70°C) before a GAS before RAS refresh 
cycle is required. When transitioning from write and 
read operation to self-refresh operation, the process is 
simply reversed, with tRcF (max) referenced between 
the last GAS before RAS refresh cycle and the first 
self-refresh cycle. 

RAS-only refreshing does not increment the refresh 
counter, complicating the procedure for moving be
tween refresh modes. In refresh methods other than 
GAS before RAS, a burst of 512 refresh cycles is 
required before entering and also after exiting self
refresh operation. Complete refreshing of all rows is 
needed since, in refresh modes other than GAS before 
RAS, the status of the refresh counter is unknown and 
the maximum specification for tRcF may be exceeded. 
When the self-refresh capability is used, then GAS 
before RAS refreshing is recommended. 

Soft Error Performance 

Like the 1 M x 1 DRAM, the µPD42601 uses the trench 
cell for a small die size and excellent immunity to alpha 
particles. Accelerated soft error results are less than 
1000 FITs (Failures In Time, or errors in 109 device-
hours) . With low manufacturing cost as an objective, 1!!1111 
the device includes no error correction circuit (ECG), -
parity, or data checking functions on-chip. Most 
customers prefer to implement these functions off-chip. 

Figure 6. Timing Restrictions Entering and Exiting Self-Refresh Operation 

Self-Refresh 
Operation 

Normal Read/Write Operation Self-Refresh 
Operation 

Notes: 

Last 
Self-Refresh 

Pulse 
----tRCF----

First CBR 
Cycle 

[1 J The value for tRCF [min] is specified in AC Characteristics. The 
value for tRCF [max] is dependent upon temperature and shown 
In the table below. 

tRCF [max] 

TA µPD42601-L µPD42601 

50°C 
60°C 
70°C 

20µs 
10µs 
Sµs 

Sµs 
Sµs 
Sµs 

[2) When exiting self-refresh to a period of read and write operation 
which includes CBR refresh cycles, tRCF is the delay between 
the last self-refresh pulse and the first CBR cycle. When 
entering self-refresh operation, tRCF is the delay between the 
last CBR cycle and the first self-refresh pulse. 

Last CBR 
Cycle 

First 
Self-Refresh 

Pulse 
----tRCF---

[3) The built-in counter generates the refresh address in self
refresh and CBR refresh cycles. Since this address increments 
sequentially from the last cycle in either self-refresh or CBR 
operation to the first cycle in the alternate refresh mode, CBR 
refreshing should be used during normal read and write 
operation to refresh one address location every 62 µs or less. If 
some other means of refreshing is used, it is necessary to do a 
burst refresh of all storage cells just before changing to and just 
after exiting self-refresh operation. 
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Silicon File-Based Solid-State Disk System 

To assist our customers in the design-in of the 
µPD42601, NEC undertook a 20-Mbyte solid-state disk 
hardware project, a block diagram of which appears in 
figure 7 and a photograph in figure 8 (the hardware 
enclosure was designed for expansion to 40 Mbytes). 
Contained within the same package form factor as a 
5.25-inch Winchester, the solid-state disk system 
includes batteries, a power supply, and the necessary 
power fail logic to provide complete nonvolatility for up 
to one month. The error correction device is a gate 
array developed at NEC and is not commercially 
available. A specification summary of this application 
project is shown in table 3. 

Table 3. Specification Summary 

Parameter Specification 

Capacity 20 Mbytes 

Interface SCSI (host) 

Data transfer rate 1.5 Mbytes/sec (max) 

Access time 0.1 ms (max) 

Error correction 1-bit correction and 2-bit detection 

Sector size 256 or 512 bytes 

Power supply 5 volts, 2 amps 

Package size 5.25-inch disk 

Battery voltage 4.8 volts 

Battery backup One month 

Operating temperature 5 to 50°C 

Description of the Block Diagram 

For the purpose of explanation, the block diagram in 
figure 7 and the following system description are 
detailed according to the format shown in table 4. 

Table 4. 

Major Functional Blocks Major Components 

Power source/switch Battery, power control circuits 

Silicon file and ECC µPD42601 LA, ECC gate array 

Timing generator circuits RAS, CAS, WE logic 

Data/ address control V40T", WD33C93™, RAM, ROM 

Power Supply and Power Fail Circuits 

The upper left corner of the block diagram consists of 
the battery, power switch, voltage detector, and power 
fail circuits. Included in the power switch is a 5-volt 

V40 is a trademark of NEC Corporation. 
WD33C93 is a trademark of Western Digital. 
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switching regulator and the power conversion circuits. 
When the detector senses the falling power supply 
voltage, the power switch supplies the battery voltage 
to the components shown within the shaded block 
(battery backup). At the same time, the power fai I logic 
sends a nonmaskable interrupt (NMI) to the V40, which 
initiates an internal subroutine and places the micro
processor in the low-current HALT mode. 

When system power is restored, the rising voltage is 
detected. After a delay, the power switch disconnects 
the battery source and allows the 5-volt supply to 
power the system. Once the V40 receives the second 
NMI and resets the processor, RFSH goes inactive and 
normal timing resumes. 

To ensure nonvolatility and reduced battery current 
drain, the silicon file devices must be placed in self
refresh operation when system power fails. In figure 7, 
the power fail logic has two outputs: one called self
refresh, which pulls RFSH low on all the storage chips, 
and a second output connected to the control pins of 
the V40 and the timing generator block. This output is 
actually two lines: one for the V40 NMI input initializing 
HALT mode and the second for initializing the timing 
generator circuits. When this output signal is active, 
the power fail logic switches the timing for RAS from 
normal read/write/refresh timing to the self-refresh 
oscillator. For this application, the self-refresh fre
quency is set at 50 kHz because this system is specified 
to operate at 50°C (maximum). 

Storage Organization with ECC 

The solid-state disk is organized as five banks of 39 
devices, a 32-bit internal data word and an additional 7 
bits for the ECC check bits. The ECC device is capable 
of 2-bit detection and 1-bit correction. 

A 32-bit data bus is acceptable for the ECC chip, but 
the V40 and the SCSI interface controller require a 
byte-wide bus. The lower right corner of figure 7 shows 
a four-section register to accomplish this 32- to 8-bit 
conversion. This register is composed of eight octal 
bus transceivers with eight enable lines generated in 
the timing generator block. Four of these transceivers 
are used for the input side and four are used for 
the output side. The four octal bus transceivers 
(4 x 8 bits) comprise the 32-bit-wide data bus. The 
enable signals select one of the four transceivers 
receiving and sending each byte to or from the 8-bit 
data bus. 
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Figure 7. Block Diagram of Silicon File Disk 
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Figure 8. Photograph of Silicon File Disk 

Timing Generation and Decoding 

The timing generator block consists of a delay line, 
several PALs®, and glue logic. Its purpose is to control 
write and read operation and CAS before RAS timing. 
One of the PALs is used for decoding the eight enable 
signals used in the 32- to 8-bit multiplexing and 
demultiplexing operation discussed in the preceding 
section. Selecting one of five of the storage banks is 
accomplished by decoding RAS, CAS and WE. This 
function, together with the selection of the self-refresh 
oscillator, is contained in the logic blocks shown to the 
left of the storage array. The self-refresh oscillator is 
contained in the power fail logic block. 

Data Transfer Control [V40 and SCSI Controller] 

In this system, the SCSI controller is the target and the 
host computer connected to the SCSI controller is the 
initiator. Although a solid-state device is not a disk in 
that it has no cylinders, heads, or sectors, the V40 has 
been designed to handle all the control, data transfer, 
and address translation functions. Used as a micro
controller, the V40 makes the silicon disk look like 
a magnetic disk to the WD33C93. 

PAL is a registe~ed trademark of Advanced Micro Devices, Inc. 
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Read Operation 

Upon receiving the input/output command from the 
host system, the host adapter arbitrates and wins bus 
control. The target, the SCSI controller in this case, is 
selected and receives the read instruction and starting 
address from the host adapter. This information is 
stored as part of the command data block in the SCSI 
controller's internal register. At this point, the host 
disconnects. The V40 first recognizes the read com
mand and the address and then sets the proper bits in 
the WD33C93 address register. Under V40 control, data 
is accessed from the correct logical address in the 
silicon file and moved to the µPD43256A buffer RAM. 

Once the silicon file has started filling the RAM, the 
SCSI adapter can reconnect to the host. During this 
phase, the target arbitrates for the bus and wins control 
of it. The host is selected and the target sends the 
message that it is reconnecting. Under control of the 
V40, data is moved from the RAM to the SCSI controller 
and is received by the host adapter completing the 
operation. With this fast semiconductor disk, the data 
transfer rate depends more on arbitration time than on 
device access time. 
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Introduction 

The objective in designing a hierarchical memory sys
tem is to match the processor's speed either with the 
rate of information transfer or with the bandwidth of the 
memory at the lowest level, at a reasonable cost. No 
one type of device meets all criteria, i.e., inexpensive, 
reliable, fast and nonvolatile. In fact, the hierarchy in 
most computers is often organized so that the highest 
level has the fastest speed and the lowest level has the 
lowest speed, e.g., a cache typically resides in the 
highest level and contains the fastest and most expen
sive memory, the next level contains random access 
devices that are 5 to 10 times slower than the cache, 
and the lowest level has the slowest and cheapest 
devices. 

In the past, there has existed a technology gap between 
the faster primary and the slower secondary memories 
(figure 1). Average access time of secondary devices, 
most often magnetic disks and drums, is 1000 to 10,000 
times slower than that of primary devices. Electronic 
disks such as charge-coupled devices and magnetic 
bubble memories have not proved cost-effective in 
closing the gap and thus have had little impact on 
system design. 

Figure 1. Memory Hierarchy 
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Silicon File System Architecture 

Standard semiconductor memory in the secondary 
level is able to bridge this gap, and of the various 
alternatives, battery backed-up static RAM and 
EPROM/EEPROM technologies historically have been 
used in solid-state nonvolatile systems. Typically they 
have been restricted to low-capacity applications, 
since the high cost of static RAMs prohibits using them 
in place of magnetic media or in applications where the 
operating environment makes rotating media unreli
able. 

NEC's µPD42601 silicon file, a device with higher per
formance, higher capacity, and lower power require
ments is also able to bridge this performance gap. 
Based on DRAM technology, the µPD42601 provides the 
capacity and reliability of a standard DRAM, but also 
features a way to retain data by means of batteries 
when power is shut off. It also offers the reliability and 
ruggedness of solid-state memories, as well as lighter 
weight, higher 1/0 bandwidth, and simpler interfacing. 

Functional Overview 

Standard Operation. The silicon file is specifically de
signed to replace magnetic media in silicon disk, solid
state recording, and system backup applications. It is 
based on the trench cell technology of NEC's 1 M 
DRAMs and implements the same read and write cycles 
(figure 2), but optimizes system bandwidth with a page 
cycle that repeatedly pulses CAS while maintaining 
RAS low (figure 3). The silicon file also periodically 
executes standard RAS-only and CAS before RAS 
refresh cycles to refresh its cells within a specified 
interval of 32 ms, which is four times slower than a 1 M 
DRAM. 

Low-Power Operation. An important feature of the sil
icon file is its ability to retain data while being powered 
by a backup battery. This is accomplished by means of 
a self-refresh cycle that can be used in applications 
requiring a low data retention or self-refresh current. 
The RFSH control signal goes low while the RAS signal 
is clocked at a relatively slow rate (tRcF)· Since data 
loss is caused by leakage, and leakage current is a 
function of temperature, tRcF is specified at three 
temperature ratings: so°C, 6D°C, and 7D°C. Each rating 
has a corresponding refresh current (directly propor
tional to the refresh rate) which is required to maintain 
data (table 1). 
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Figure 2. Read Cycle 
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Table 1. Self-Refresh Current Versus Clock 
Frequency and Temperature 

Type Temperature RAS" Clock Maximum Current 

µPD42601-60L Oto 50°C 50 KHz 30µA 

Oto 60°C 100 KHz 60µA 

o to 10°c 200 KHz 120µA 

µPD42601-60 o to 10°c 200 KHz 120µA 

Self-refresh cycles are intended to be used when power 
to the silicon file's memory array is shut down for an 
extended amount of time. In this case, the system 
backup circuit is required to provide to the memory 
array a backup supply voltage of between 4.5 and 5.5 
volts while pulsing RAS at the given tRcF frequency and 
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driving RFSH low. As long as the circuit can maintain 
these operating conditions, the silicon file will retain 
data (figure 4). 

Special consideration must be given to the require
ments for tRcF near periods of limited standard refresh 
cycles, and to the time restriction when entering and 
exiting self-refresh operation (refer to the data sheet for 
the µPD42601 as well as Application Note 56). 

Comparison with 1 M DRAMs 

Table 2 compares the functions of the µPD421000 
DRAM with the µPD42601 silicon file. Both have a 
similar 1 M x 1 organization and interface circuit, and 
both are available in the same high-density 26/20-pin 
plastic SOJ and 20-pin plastic ZIP packages. 
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Figure 3. Page Read Cycle 
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Table 2. Comparison of Silicon File to Standard DRAM 

Part Number Organization Pinout Package Access Times Active Power Refresh Operation 

µPD421000 1M x 1 Standard 26-pin plastic SOJ Fast-Page 40 mA max CAS before RAS refreshing 

RAS-only refreshing 20-pin plastic ZIP tRAC =120ns 

18-pin plastic DIP tcAc = 30 ns 

tpc = 70 ns Refresh current= 50 mA max 

Standard 

tRAC = 600 ns -tcAc = 100 ns 

Standby refresh current 

RAS cycle at 64 KHz = 1. 7 mA 

tpc = 200 ns 

µPD42601 Standard plus RFSH pin 26-pin plastic SOJ Page - CAS before RAS refreshing 

20-pin plastic ZIP tRAC = 600 ns RAS-only refreshing 

1Mx 1 

Figure 4. Block Diagram of Backup Circuit for 
Seu-Refreshing 
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Access Time and Power Comparison 

The 1 M DRAM is designed for high performance at low 
cost. Its optimized technology, also used in the silicon 
file and based on NEC's CMOS process and trench 
memory cell, is proven to provide high reliability, excel-

4 

tcAc = 100 ns 

tpc = 200 ns Refresh current= 10 mA max 

Seit-refresh current 

(RAS cycle) 50 KHz= 30 µA 

100 KHz== 60 µA 

200 KHz= 120 µA 

lent immunity to alpha particles, and accelerated soft 
error rates of less than 1000 FITs (Failures in Time or 
errors in device-hours). 

Figure s shows a comparison of the die layouts for the 
silicon file and 1M DRAM. The 1M DRAM is segmented 
into 16 memory cell arrays with appropriate column 
decoders and sense amplifiers separating each pair of 
arrays. This highly segmented approach is used to 
reduce the length of the bit line, which in turn reduces 
bit line capacitance and results in a faster access time. 

Conversely, the eight memory cell segments and eight 
sense amplifiers in the simplified layout of the silicon 
file optimize power consumption rather than access 
time. The silicon file has a slower access time and lower 
active current, and although active current can be 
reduced in any DRAM if cycle time is also reduced, 
active current in the silicon file is still much lower than 
active current in a DRAM when both are operating at a 
1 µs cycle rate. 

When a standard DRAM and the silicon file are not 
being accessed by the system, they operate in standby 
and dissipate a current much lower than their active 
current. Standby is used by both devices to reduce 
system power requirements during normal system op
eration. The silicon file also has a unique self-refresh 
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cycle that isn't implemented on a standard DRAM and 
can operate at very low currents, as low as 30 µA, and 
still retain data via a battery powered backup system. 
Furthermore, the silicon file uses an additional RFSH 
pin (pin 4 on the 20/26-pin SOJ and pin 9 on the 20-pin 
plastic ZIP). 

System Design 

When considering a system design using the silicon 
file, the system designer will recognize a number of 
similarities with the 1 M DRAM. Both devices use the 
same x1 organization, as well as RAS, CAS, WE and Ao 

Application Note 90-06 

through A9, and both are available in the same SOJ and 
ZIP package types. Typically, a silicon file system 
design will be functionally similar to a standard DRAM 
system, making it very easy for the designer to use 
traditional DRAM system design techniques. 

Figure 6 shows an interface between the silicon file and 
a host interface. It is very similar to a DRAM system, 
except for the power monitor and backup circuit used 
to implement self-refreshing. The interface circuit is 
application-dependent, and can be an interface to a 
variety of standard 1/0 or memory interfaces. 

Figure 5. Die Comparison of 1M DRAM and Silicon File 
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Figure 6. Block Diagram of 20 Mbyte Solid-State Disk.System 

6 

12V 

-=
~Battery 

J 

5V 

Power 
Switch 

RAS, CAs, WE CAS 
Generator t------. 

WD33C93 
SCSI 

Protocol 
Controller 

WE 

Address 
Multiplex 

Address Bus 

W'E1 
... 
~ 3 
u 4 
g ..--1-----'5;...._+,:,;; 

A1a ·A 19 

Error 
Detection/ 
Correction 

Circuit 

NEC 

32-Blt Data Bus 
+7 ECC Bits 

83YL·5404B 



NEC 
The control circuit supervises interaction between the 
host interface and the storage array of the silicon file, 
translating signals from the host interface into silicon 
file access cycles and controlling the transfer of data 
on the host interface bus. The power monitor and 
backup circuit track power supply voltage for power 
failures or shutdowns, and maintain memory data by 
generating control signals for self-refresh cycles and 
battery backup voltage. To increase system reliability, 
an error correction and detection circuit, such as a 
parity bit or ERCC, may be implemented. One common 
design characteristic is that the silicon file control and 
memory array circuits will remain application
independent, while the system interface circuit will be 
application-dependent. 

Control Circuitry 

This section focuses on the circuitry of a silicon file 
system, and in particular on the application
independent control circuits and various system inter
faces. 

The similarity between the silicon file and a 1 M DRAM 
extends to the organization of their memory cells in a 
matrix of rows and columns, with each individual cell 
accessed by first addressing a row and then a column 
(figure 7). The external address is presented to the 
silicon file in two parts, as shown in the waveform in 
figure 2. The row address first is driven on the address 
input pins and RAS goes low to clock the row address 
into an internal row address latch. The row address 
must be stable for the specified setup time of tAsR 
before RAS is asserted, and also for the specified hold 
time of tRAH after RAS is asserted. 

The address inputs are then changed to column ad
dresses and CAS is asserted. CAS also serves as the 
output enable signal, in that the three-state driver is 
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enabled whenever CAS is asserted. The time when CAS 
can be asserted is determined by the minimum require
ments for a RAS to CAS delay, as specified by tRcD· 
Additionally, setup and hold times for CAS must be 
met. Presenting the address in two parts has the advan
tage of reducing by 50% the number of address pins 
and the package size. The silicon file is typically used in 
large memory systems where chip size is an important 
consideration. 

Data is available after the access times from both RAS 
(tRAc) and CAS (tcAd have been satisfied. The limit of 
performance is determined by the access time from 
RAS. If the assertion of CAS is delayed longer than 
required, then maximum performance will not be ob
tained and access time from CAS will determine the 
overall access time. 

Another specification of importance is the tRP pre. 
charge time for RAS, which is required for the memory 
circuit to recover from the previous access. Because a 
read cycle destroys the data in an addressed memory 
cell, a precharge cycle must be executed to restore the ml 
data and equalize signal levels on the bit lines. Thus, • t 
the cycle ti me for a silicon file isgreaterthan the access • 
time. The difference between access time and cycle 
time is equal to the precharge time, e.g., a silicon file 
with an access time of 600 ns will have a cycle time of 
1 µs. 

Figure 8 shows the timing for an early write cycle. The 
addressing sequence is the same; the only difference is 
that WE is asserted, and data is supplied by the CPU on 
the D1N pin. There are two types of write cycles, depend
ing upon the timing relationship between WE and CAS. 
Figure 8 shows the WE signal being asserted before 
CAS. In this case, setup and hold times are referenced 
to the falling edge of CAS. In a late write cycle, WE is 
asserted after CAS. 

7 
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Figure 7. Silicon File Block Diagram 
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Figure 8. Early Write Cycle 
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Refreshing of Dynamic Cells 

The silicon file, as well as all DRAMs, uses a memory 
cell structure that stores a dynamic charge on a capac., 
itor, which means that the charge can decrease in time 
because of leakage. As a result, all devices using DRAM 
cell technology must be periodically restored or re
freshed. Whenever a row is selected in a silicon file, all 
the cells in that row are accessed and the charge in that 
cell refreshed. The maximum interval in which a row 
address must be refreshed is called the refresh period 
(tReF) and is specifieq as 32 ms for the silicon file. If 
each row address is not accessed every 32 ms, data in 
that row cannot be guaranteed. 

83YL-7081B 

Two refresh cycles can be used to refresh a silicon file. 
RAS-only refresh cycles are executed when the refresh 
address is driven onto the address pins by an external 
circuit when RAS is low. CAS is left inactive during this 
cycle since no data is being read or written. 

To simplify the circuitry needed to initiate refresh cy
cles, the silicon file has an on-chip counter that gener
ates every refresh address and is activated by assert
ing CAS before the RAS signal. Internal control logic 
detects this state and uses the address generated by 
the internal refresh address counter to execute a CAS 
before RAS refresh cycle, which is standard in most 
DRAMs. Its advantage is that no. external counter is 
required and the refresh address sequence is main-

9 
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tained when switching between CAS before RAS and 
self-refresh operation during operation of the silicon 
file. In fact, the use of RAS-only refresh cycles with the 
silicon file is discouraged because of the difficulty in 
synchronizing RAS-only operation (external refresh 
counter) with self-refresh operation (internal refresh 
counter). 

Page Mode 

The silicon file provides a page mode to increase 
effective bandwidth of the memory hierarchy. Page 
mode takes advantage of the matrix organization of the 
silicon file by continuously accessing data in a single 
row in the memory array. The silicon file is organized 
with 512 columns per each of the 512 rows, allowing a 
page cycle to access a maximum of 512 bits of informa
tion. The first word is accessed in the same manner as 
in a standard read and write operation, with row ad
dresses latched onto the chip by RAS and column 
addresses latched by CAS. Subsequent column ad
dresses are accessed for each CAS cycle, repeated for 
a period equal to the maximum specification for the 
RAS pulse width. System performance is enhanced 
because the 100 ns page cycle access time (tpc) is 
much faster than the 600 ns standard access time from 
RAS. In solid-state disk applications, a 512-byte sector 
can use a page cycle to reduce read or write access 
times for the sector. However, the logic required to 
implement a page cycle is more complex than for 
conventional read or write operation, requiring extra 
system control logic or a controller chip that supports 
page mode. 

Control and Interface Circuit Design 

A silicon file requires a number of functions to be 
performed to execute a read or write operation. A 
control circuit must determine that a valid silicon file 
cycle is being executed and translate the read and 
write control signals from the host CPU into RAS, CAS 
and WE signals compatible with silicon file timing. The 
address must be latched and multiplexed into the row 
and column address, conforming to the timing specifi
cations. Finally, the silicon file must be refreshed peri
odically to guarantee data retention. 

The first task requires the control circuit to monitor the 
system interface and determine if a valid silicon file 
cycle is being executed by the host. When a valid 
access cycle is active, the control circuit must interface 
with the host through asynchronous or asynchronous 
acknowledgement signals that determine when silicon 
file data will be valid on the system bus. The control 
circuit must also generate control and timing signals to 
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the silicon file memory array that executes a read or 
write cycle. Once the cycle is complete, the control 
circuit releases the system interface for the next oper
ation. 

A control circuit can be implemented with discrete 
logic or integrated controller circuits that include a 
number of on-chip interface functions. The discrete 
design requires a PAL-based, status machine control 
circuit to perform the following functions: 

o Determine valid silicon file access cycles 

o Input and translate the system interface control 
signals into silicon file control signals, i.e., RAS, 
CAS, WE 

o Acknowledge to the host when valid data is 
available 

o Execute refresh cycles 

The controller must also determine when a refresh 
cycle is required and provide the circuitry for control
ling the silicon file data and address path control and 
timing circuits. 

The PAL-based controller must provide internal syn
chronous feedback of system access information and 
synchronize timing of the silicon file access cycle with 
timing of the host's access cycle. The valid signal 
indicates to the control circuit that an· access to the 
silicon file is being requested by the host. The control 
circuit must determine if the system access is a read or 
write cycle, determine whether a refresh cycle is also 
being requested at the same time, signal the host to 
wait for valid data, generate the RAS enable signal to 
initiate the control and addressing timing circuits of the 
silicon file. 

Once the control circuit has determined that a valid 
access cycle is being executed and arbitrated any 
refresh and access cycle conflicts, it must generate the 
RAS enable signal to initiate the control and address 
timing circuit. This circuit generates the RAS and CAS 
signals and controls the address multiplexer that mul
tiplexes the row and column addresses. Since most 
silicon file devices are organized into banks of data, the 
control circuit must also determine what bank is being 
accessed. The bank decoder circuit decodes the ap
propriate address bits and selects the RAS signal for 
the selected bank allowing the read or write cycle to 
start. 

The address multiplexer, a two-input device controlled 
by the select signal (mux_ se/ect) generated by the 
control circuit, selects either the lower or upper ad
dress bits to generate the row and column address 
(figure 9). In applications using RAS-only refresh cy-
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cles, the refresh address must also be multiplexed onto 
the address lines during a refresh cycle. This can be 
done with an additional multiplexer or by using three
state drivers to drive the address onto one of the 
multiplexer inputs. Since the silicon file uses the inter
nal CAS before RAS address counter for self-refresh 
operation, it is recommended that the CAS before RAS 
refresh method be used to eliminate the need for 
synchronization of the external RAS-only refresh with 
the internal self-refresh address. An additional signal 
from the PAL-based control circuit is required to enable 
the CAS signal before the RAS signal. 

Figure 9. Address Multiplexer and Driver Circuits 
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µPD42601 read or write cycles follow this sequence: 

o The address multiplexer is selected for the row 
address bits and the row address is driven onto the 
address pins for a specified setup time. 
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o The control circuit generates RAS, and the bank 
select decoder selects the RAS signal 
corresponding to the selected bank. 

o The row address is maintained for a specified hold 
time. 

o The multiplexer is switched to select a column 
address. 

o The column address is maintained for a specified 
setup time and for the minimum specification for a 
RAS to CAS delay. 

o The CAS signal is asserted. 

The timing for this cycle must be precise to be able to 
maintain the address setup .and hold times and RAS to 
CAS delay specifications. This timing is usually imple
mented in DRAM applications with a delay line of ± 1 or 
2 ns (figure 10), but since the silicon file's specification 
are not as critical as a DRAM's, the timing can be 
derived from a high-speed clock using synchronous 
flip-flop circuits (although consideration for timing 
skews between different devices should be considered 
and minimized by using flip-flops circuits from the 
same package). A gate array controller could also 
easily generate the address timing signals for a silicon 
file application. 

Figure 10. Memory Control Circuit and RAS!CAS Timing Circuit 
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Since the silicon file cannot be read or written while a 
refresh cycle is executing, the host cannot always have 
access to memory. The simplest way to override this is 
to halt the host every 32 ms and execute a burst of 512 
refresh cycles, also known as burst refreshing. It must 
be pointed out that burst refresh cycles can degrade 
the performance of the system. The percentage of time 
that the microprocessor is halted for refreshing isn't 
large, but the length of the burst refresh period in
creases the system's latency time in responding to an 
asynchronous event. 

Another approach is called distributed refreshing, in 
which a single refresh cycle is executed every 62.5 µs. 
In this method, if a refresh cycle and an access cycle are 
active at the same time, the silicon file control circuit 
must arbitrate control between the two cycles, i.e., the 
control circuit must delay the host until the refresh 
cycle is completed by causing the host to execute a 
wait state. The refresh cycle must take precedent over 
the active access cycle to ensure that the maximum 
refresh period is not exceeded. Both refresh methods 
require a refresh interval counter to signal the control 
circuit when a refresh cycle is to be executed. This 
circuit consists of synchronous counters, clocked by 
the system clock and reset after each refresh cycle. 

Data Input 

Data to be written into a selected cell is latched by an 
on-chip register with the combination of the WE and 
CAS signals while RAS is active. There are two types of 
write cycles, both of which depend on when the write 
data is available. If write data is valid before CAS goes 
low, an early write cycle can be executed. In an early 
write cycle, WE signal is asserted before CAS, and 
setup and hold times for the write pulse and the data 
are referenced to the falling edge of CAS. The other 
type is called a late write, and is executed when WE 
and CAS are both low. Since CAS controls the output 
drivers, the output buffer is briefly enabled from the 
time CAS is active until the assertion of the WE signal. 
In a late write cycle, setup and hold times are refer
enced from the falling edge of WE. 

The timing specification for the host's write data will 
determine which write cycle is to be implemented in 
each design. If data is valid before the assertion of CAS, 
the control circuit must assert a write pulse before CAS 
while maintaining the specified twcs write command 

12 

NEC 
setup, twcH hold, and twp pulse width times. Since the 
WE signal is connected in parallel to all of the silicon file 
chips, propagation delays caused by capacitive load
ing should also be taken into account. 

The circuit may also require write data to be latched in 
a transparent latch if the host isn't capable of maintain
ing write data long enough to meet the setup and hold 
times, or if a refresh arbitration cycle has to remain 
active during a number of wait cycles. A write data latch 
is controlled by a data strobe from the host that is 
connected to the latch· enable input of the latch. The 
strobe should be high while write data is valid. The host 
system bus and the falling edge of the data strobe latch 
the write data at the end of the host's data cycle. The 
need for a write data latch is dependent upon the host's 
requirement for write data timing and should be con
sidered when designing a silicon file circuit. 

Memory Design Considerations 

The silicon file memory array is organized into banks of 
chips, and the size of each bank is determined by the 
size of the system bus, as well as by the additional 
chips required for parity or error detection and correc
tion (ERCC). For example, a 20 MByte solid-state disk 
with ERCC will have 5 banks of silicon file chips, each 
bank consisting of 32 devices to store the memory 
word and 7 devices to store the ERCC syndrome bits. 
The bank organization allows active system power to 
be minimized because only a part of the total array is 
accessed during each cycle. 

The bank organization requires that the address and 
control lines be wired in parallel, which presents a large 
capacitive load to the driver circuits. The compact 
design presents inductive and capacitive loads to the 
address and control line drivers, which can cause 
ringing and large under- and overshoots during signal 
transitions, subsequent violation of addres$ setup and 
hold times, or glitching on the control lines that will 
result in memory failures. The undershoot and ringing 
can be minimized with proper printed circuit board 
design techniques that reduce not only the length of the 
etch run between the driver and input pin but also the 
impedance of the signal etch. This is accomplished by 
means of damping resistors between the address and 
control line drivers and the silicon file inputs (figure 11). 
The value of these damping resistors is typically 15 to 
33 ohms and should be empirically chosen. 
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Figure 11. Bank Decoding and Memory Driver Circuits 
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Power Distribution and Decoupling 

As in all high-speed memory designs, controlling large 
current transients and protecting high frequency com
ponents from fast switching speeds is an important 
consideration. In order to control these current tran
sients and prevent them from generating voltage spikes 
that can cause loss of data and soft errors, every effort 
must be made to minimize impedance in the decou
pling path of the device. 

The decoupling path is the trace distance from a power 
pin through a decoupling capacitor and to package 
ground. The impedance of this path is determined by 
the line inductance and series impedance of the decou
pling capacitor. The line inductance can be minimized 
either by providing a power plane or by girding the 
power. To increase the effectiveness of the girded 
power, decoupling capacitors should be placed be
tween the power and ground pins of every chip. The 
decoupling capacitors used for a typical silicon file 
design would be a high frequency (100 MHz) 0.2 µF 
ceramic capacitor. Since most memory designs have 
some low frequency DC currents, large bulk electrolyte 
27 µF capacitors should be located judiciously around 
the periphery of the printed circuit board. 
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Introduction 

Today's RISC microprocessor architectures offer a 
promise of high performance systems able to execute 
an instruction in one system clock cycle, which means 
the challenge for a system designer is to design a 
memory system that can support high CPU throughput 
requirements. Common elements of these VLSI designs 
include on-chip subsystems such as floating point units 
and/or cache memory. 

Although the size of an on-chip cache is typically small 
(4 to 8 Kb) to minimize chip size and optimize cost, the 
system may also require an external, second-level 
cache that is much larger (256 Kb to 1 Mb) and can 
interface to a high performance system bus. If the CPU 
executes an instruction that isn't stored in the cache, 
the cache must access main memory and fetch an 
instruction for the processor. Even though a cache is 
designed to sustain a high hit rate, a percentage of the 
CPU's read cycles and all writes cycles must access 
main memory, making it essential that data transfer 
cycles be executed so that latency of the system bus is 
minimized. System bus latency may increase dramati
cally in a multiprocessor system and can be the critical 
issue in determining system performance. 

This application note will discuss quantitative mea
sures of memory performance, as well as a number of 
design techniques for optimizing performance in to
day's system environment. 

Hierarchical Systems 

Bottlenecks in most Von Neumann architectures have 
traditionally occurred because a processor could only 
read a single word from memory during each access 
cycle, and to be able to match processor cycle time, a 
system would have to use very high-speed devices that 
in most cases could not be justified in terms of cost. 
The classical solution has been to configure a hierar
chical or multilevel structure containing several types 
of memory devices with various cost and performance 
characteristics. 

Performance can be affected by such interrelated f ac
tors as program behavior with respect to memory 
references, access times and sizes of each level, gran
ularity of information transfer, memory management 
policies, and the processor-to-memory interconnec
tion network. One measure of performance is called 
effective access time, which is the sum of average 
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access times at each level of the hierarchy. Another 
quantitative measure is bandwidth, which refers to the 
number of bits that can be accessed per second. To 
increase bandwidth, a system designer may choose to 
reduce cycle time, increase word size by accessing 
more bits per cycle, or replicate the memory banks and 
access two or more concurrently. 

Properties of Program Locality 

The majority of computer systems developed today are 
based on properties of program locality that reveal a 
strong tendency for accesses to be clustered in small 
regions of memory during any short period of time. 
Program locality has two aspects, temporal and spa
tial. The first, locality of time, means that information 
that will be in use in the near future is likely to be in use 
already. This type of behavior can be expected from 
program loops in which both the data and instructions 
are reused. The second property, locality of space, 
means that portions of the address space which are In 
use generally consist of a fairly small number of indi- l!P.ftll •• 
vidual contiguous segments of that address space. lliiAll 
Locality of space means that the program's loci of 
reference in the near future are likely to be near the 
current loci of reference. This theory is based on com-
mon patterns of behavior: related data items (e.g., 
variable arrays) are usually stored together and in
structions are mostly executed sequentially. 

The characteristics of temporal locality have shown a 
strong tendency for program references to be grouped 
in time, and in fact were responsible for the invention of 
virtual memory and the subsequent design of high
speed caches, both of which exploit the properties of 
locality by storing a copy of the program in a temporary 
segment of memory. Virtual memory increases the size 
of the system by segmenting the program into pages 
that are individually loaded from magnetic secondary 
memory into main memory. A cache optimizes CPU 
throughput by also storing a segment of the program in 
a buffer that matches the speed of the processor. 

Optimizing the Hierarchy 

Once program behavior is understood, main memory 
can be structured to optimize processor performance. 
As discussed earlier, effective access time is the sum of 
the average access time in each of the levels of the 
hierarchy, defined as 

tEFF = ;r tK 
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where tEFF is effective access time from the processor 
to the ith level of the hierarchy, and tK is the individual 
average access time at each level, where K = 1 to i. 
Generally, tK includes not only the wait time caused by 
memory conflicts at level K, but also the delay in the 
switching network between levels K - 1 and K. The 
degree of conflicts is usually a function of the number 
of processors, the number of memory modules, and the 
interconnection network between the processors and 
modules. 

In modeling the performance of a hierarchy, it is often 
assumed that the probability of finding requested infor
mation in the memory of a given level is characterized 
by a success function or hit ratio h. In general, h 
depends on the granularity of information transfer, the 
capacity of memory at that level, the management 
strategy, and other factors. However, for some class of 
management policies, it has been found that his most 
sensitive to memory size. Because copies of informa
tion at the highest hierarchical level are assumed to 
exist in levels below that level, the probability of finding 
the data at the higher levels is f = 1 - h, where f is the 
miss ratio. Therefore in a two-level system, effective 
access time would be equal to 

teFF = htK1 + (1 -h) tK2 

where tK1 = tAcc at level 1 and tK2 = tAcc at ·level 2. If 
the hierarchy consists of one level of infinite size (an 
expensive option for most applications), the probabil
ity of accessing this data at level one is 100% (hit ratio 
= 1). Memory size greatly impacts the probability of 
finding data at a given level; which is why the probabil
ities at each level are expressed in terms of hit and miss 
ratios. For example, effective access time for a two-level 
hierarchy would be expressed as follows: 

teFF = htK1 + (1- h) tK2 

If the hit ratio at level one is 0.99, then the probability of 
finding the data at level two, or the miss ratio at level 
two, would be 1 - 0.99 = 0.01. Effective access time 
then would be 

te FF = (0.99) tK1 + (0.01) ttQ 

Hit ratio is crucial to system performance. For example, 
if the memory at level two is ten times slower than the 
memory at level one, the hit ratio decreases from 0.99 
to 0.98(roughly1% fewer hits) and results in an increase 
in teFF of roughly 10%. Small changes in hit ratio affect 
effective cycle time of the overall system, making teFF 
very sensitive to hit ratio. A decrease of 10% in hit ratio 
(from 0.99 to 0.89) almost doubles the effective cycle 
time and divides net performance in half when the cycle 
time ratio is 10. If the cycle time ratio is 20, that same 
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10% decrease increases effective cycle time by almost a 
factor of 4. Hit ratio should be as high as possible; in 
many cases, techniques resulting in marginal 1 % to 2% 
improvements may yield substantial performance im
provements. 

A very large structure in only one level is too expensive 
for most systems, and a multilevel structure is the only 
configuration that makes sense in terms of cost and 
performance objectives.Therefore, the goal is to struc
ture the hierarchy so that the highest performance is 
available for the least cost. Because hit ratio is a 
function of the memory size at each level, the implica
tion is that the larger the memory at a given level, the 
higher the hit rate at that level. 

Optimizing the Cache 

The other variable in the teFF equation is average 
access time (tK) at each level. The hierarchical level 
closest to the proc.essor should have access times 
equal to the processor's cycle time, as well as capacity 
large enough to maintain a high hit rate. The classical 
solution has been to design this level as a cache, which 
is a high-speed buffer typically located between the 
processor and main memory that provides data to the 
processor without any wait intervals. Success of the 
cache is attributed to the properties of program local
ity and is measured by cache hit ratio, as well as by 
placement algorithm (degree of associativity), block 
size, ability to perform during a miss, write cycles, and 
data consistency in multiprocessor or multicache sys
tems. 

A cache operation starts when the processor executes 
a read cycle and outputs a physical · address to the 
memory system. The physical address is separated 
into two fields, the address tag field and the set select 
field. The cache latches the address, and the set field in 
the physical address selects a set in the cache directory 
or address tag memory. The address tag from the cache 
directory is comp.ared to the physical address tag from 
the CPU. If they're the same, a hit occurs and the data is 
read from the selected block. If the address tags are not 
the same, a miss occurs and the data has to be fetched 
from main memory, which means the CPU must wait 
until the data is read. New data with a new address tag 
is stored in the cache. 

Cache performance is determined by hit ratio, a func
tion of the design that includes the size of the cache, the 
degree of associativity used to search the cache direc
tory (placement algorithm), the size of its data block, 
and the replacement algorithm used in·· a miss cycle. 
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Although a larger cache can be effective in sustaining a 
high hit rate, its benefits are diminished by higher 
costs. 

The same relationship regarding effective access for a 
two-level hierarchy is valid for a two-level system with a 
cache in the first level. The cache's hit rate can be 
optimized not only by increasing the size of the cache, 
but also by optimizing its placement algorithm, block 
size, and replacement algorithm. With an optimized 
architecture, the hit rate should be above 90%. 

Effective access time in a two-level hierarchy, with the 
cache in the first level and main memory in the second 
level, is calculated as the sum ofthe hit rate and cache 
access time in the first level and the miss rate multiplied 
by the access time of main memory in the second level. 
For a cache with a read cycle time of 60 ns and a hit ratio 
of 95%, and a main memory read cycle time of 250 ns 
and a miss rate of 5%, effective access would be 
determined as followed: 

tEFF = (hcACHE) (tcACH8 + (1 - hcAcHE) (tMAIN MEM
ORY) 
tEFF = (0.95) (60) + (0.05) (250) = 59 + 12.5 = 71.5 ns 

Effective access time must also include the effect of a 
write cycle on system performance. To determ.ine this 
effect, the ratio of read and Write cycles must be 
determined by analyzing the program address charac
teristics. The ratio between read and write cycles is 
typically 85% to 15% in general-purpose computer 
environments, but it may change to 50%-50% in scien
tific and other computation-based environments. The 
equation would have to be expanded as follows: 

tEFF = R [(hcAcHE> (tcAcHE) + (1 - hcAcHE> (tMA1N 
MEMORY)] + w (twcvc) 
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where R is the fraction of cycles that are read cycles, W 
is the fraction of cycles that are write cycles, and twcvc 
equals write cycle time. If R = 0.85, W = 0.15, and 
twcvc = 250 ns, total effective access time would be 
equal to 

tEFF = 0.85 ((0.95) (60) + (0.05) (250)) + 0.15 (250) = 
96.57 ns 

The span of a write cycle does not reflect hit rate. A 
larger percentage of write cycles will increase tEFF· For 
example, if Rand Wwere equal at 50%, then tEFF would 
increase as follows: 

tEFF = 0.50 ((0.95) (60) + (0.05) (250)) + 0.50 (250) = 
159.75 ns 

Most program workloads generally have a higher ratio 
of read cycles to write cycles, allowing the cache to 
optimize read operation as well as system perter- · 
mance. The main concern with write cycles is that the 
CPU has to wait for the entire transfer cycle between 
cache and main memory (> 250 ns) before proceeding 
to the next instruction. If the cache were able to buffer 
write data, write cycle time could be reduced to the 
write access time and the processor wouldn't have to l!!WI 
wait for access into main memory and could proceed to ~ 
the next instruction. Meanwhile the cache could con
currently execute a write cycle into main memory 
(figure 1). In this case, twcvc would equal the 60 ns 
access time of the cache and not the 250 ns access time 
of main memory. The equation for tEFF in a buffered 
write cycle is calculated as follows: 

tEFF = 0.85 [(0.95) (60)) + 0.15 (60) = 57.45 ns 

Figure 1. Write, Fetch Bypass, and Wraparound Load Buffers 
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The disadvantage of a buffered write cycle is that the 
circuitry required to control the concurrent CPU and 
main memory write cycles would have to be more 
complex. 

Optimizing the Miss Cycle 

The block size of a cache is the parameter, together 
with the overall size of the cache itself, that most 
strongly affects cache performance and also overall 
system performance. When the data the processor is 
addressing is not in the cache, the cache executes a 
miss cycle to access main memory and fetch the 
missed data to the cache and the CPU. Enlarging block 
size can decrease the miss ratio and thereby increase 
the storage delay component of an average instruc
tion, but the longer transfer time required may cause 
problems in multiprocessor systems because of higher 
levels of traffic. 

A number of design tradeoffs influence block size. R>r 
example, architecture of the bus between a cache and 
main memory plays an important role. A bus protocol 
that requires an address with each data transfer may 
force the block size to be one word, because multiple 
word transfers would be very inefficient. Conversely, if 
one address can fetch several words of data, then a 
larger block size would be advantageous. Devices with 
the ability to transfer bursts of data are becoming 
popular in a number of microprocessor systems and, 
together with nibble mode DRAMs, can be imple
mented to increase memory bus bandwidth. Increasing 
the width of the bus is another technique that. can 
increase system bandwidth. 

In large mainframe systems, block size can reflect the 
wider bus size and also take advantage of the degree of 
memory interleaving. Interleaving increases memory 
bandwidth by enabling data to be accessed from a 
number of memory banks concurrently, eliminating the 
delay required while individual banks are accessed 
separately. In multiprocessor systems, a large block 
size will increase the cache miss data transfer time, 
increasing the system bus 1/0 latency and decreasing 
the system bus bandwidth. 

A larger block size generally increases cache perfor
mance, but doesn't necessarily improve system perfor
mance. Cache features such as burst data transfers, 
prefetching, fetch bypass and wraparound load cycles 
can be added as necessary. 

During a miss cycle, the cache accesses main memory 
and reads the missed block. If the missed word is 
loaded directly into the cache before the CPU can fetch 

V80 is a trademark of NEC Corporation 
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the data, access time of the miss cycle will equal the 
sum of the access time from main memory and the 
delay required for the missed word to be written and 
read from the cache. The fetch bypass and wraparound 
load functions minimize this time by initially bypassing 
the cache and allowing the CPU to directly fetch the 
missed word from the fetch bypass buffer, which is 
loaded with the missed word as soon as it is fetched 
from main memory (figure 1). The CPU can fetch and 
execute the missed word from the fetch bypass buffer 
and then proceed to the next address without having to 
wait for the cache to be updated. The missed data 
block is concurrently loaded into the wraparound load 
buffer; after the entire block is fetched from main 
memory, the cache is updated. If the CPU attempts to 
fetch the next word in the block before the block is 
loaded into memory, the CPU may be required to wait 
for the memory to be updated or, if an additional 
function exists in the block load buffer, to directly 
access the next word from the block load buffer. 

The effective access time of the miss cycle can be 
minimized by reducing the amount of data required to 
execute a cache miss cycle. This can be accomplished 
by employing a data transfer mode, called burst data 
transfer, that requires a single address for each 16 
bytes of data rather than separate addresses for each 4 
bytes of data Burst data transfers are implem.ented in 
high performance microprocessors such as Intel's 
80486, Motorola's 68040, and NEC's V80™. Burst mode 
allows a 16-byte cache block to be transferred during a 
cache miss, minimizing the cache miss data transfer 
time and increasing system bus bandwidth. 

Optimizing the Transfer Cycle 

As discussed above, during a miss cycle, the missed 
data is fetched from main memory. The cache block is 
the data element used to transfer the data between 
main memory and the cache. The size of the cache data 
block can be one word, but typically it is more than one 
word (figure 2). It has been determined that the cache 
hit rate increases as a function of cache block size and 
is generally dependent on the properties of program 
locality, which are enhanced by fetching a large number 
of consecutive instructions. However, a very large 
block size increases the time required to transfer the 
data over the system bus, decreasing the system bus 
bandwidth and increasing bus latency. Therefore, the 
choice of block size is a tradeoff between maintaining 
the cache hit rate and maximizing the system ·bus 
bandwidth. 
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Figure 2. Block Transfers tor a Direct Mapped Cache 
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can be accessed in a single cycle. In a standard DRAM 
read cycle, each cycle requires a address that must 
satisfy the specifications for RAS access (tRAS) and 
precharging (tRp), calculated as follows: 

TOTAL CYCLE TIME= (tRAS1 + tRP1) + (tRAs2 + tRp2) 
+ (tRAS3 + tRp3) + (tRAS4 + tRP4) 

The separate address and precharge time represents a 
significant amount of overhead to complete the mem
ory access. 

Nibble mode DRAMs provide additional on-chip cir
cuitry that minimizes total cycle time by eliminating the 
requirement for precharge between consecutive mem
ory accesses. The nibble mode cycle time is given as 
follows: 

TOTAL NIBBLE MODE CYCLE TIME= tRAS 1 + tRAS2 + 
tRAS3 + tRAS4 + tRPN 
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Four consecutive data bits are accessed by a single 
address and loaded into an on-chip shift register that is 
clocked by CAS. The precharge cycle is delayed until 
after the bits are valid to prevent the timing skew that 
usually occurs between each memory cycle (figure 3). 

Burst mode data transfers are intended to be imple
mented with nibble mode DRAMs in main memory. 
Although nibble mode DRAMs provide the simplest 
interface for burst mode data transfers, other DRAM 
operating modes such as fast-page and static-column 
modes can be used. These DRAM operating modes 
also reduce DRAM effective access time and require 
additional external circuitry for implementation. 

Fast-page and static-column DRAMs differ from nibble 
mode DRAMs in that they require a new column address 
and can access a total of 512 data bits in a single cycle. 
Most often they are required in computer graphics 
applications or in direct memory access (DMA) 1/0 
cycles. 

Future Enhancements. Among the features proposed 
for future generations of DRAMs is a feature called 
gated RAS precharge, which minimizes DRAM access 
time by eliminating one of the RAS transition times. In a 
standard DRAM cycle, cycle time is defined as follows: 

tRc = tT1 + tRAs + tT2 + tRP 

where tT1 and tT2 are RAS transition times, tRAS is RAS 
cycle time, and tRP is RAS precharge time. Minimum 
cycle time cannot be achieved in a system because of 
a mininum and maximum skew in the logic generating 
the edges of the RAS signal (figure 4). The gated RAS 
precharge feature removes both tT2 and the timing 
skew from the minimum cycle time, as follows: 

Figure 3. Types of Data Transfer Cycles 
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tRc = tn + tRAs + tRP 

Unlike a standard DRAM, this feature allows RAS to go 
inactive anytime after CAS is asserted. For a minimum 
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satisfied. Using an extended data output feature, data 
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RAS is also active. Data output can then be sampled by 
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inactive again, the data output changes from the previ
ous data to that of the currently accessed location. If 
the previous and current data are the same, there will 
be no discharging or precharging of the memory bus. 
The outputs wi II be three-state when both RAS and CAS 
are inactive (figure 5). The elimination of the additional 
timing skew will improve effective cycle time and sim
plify the complexity of the control logic.Both of these 
proposed enhancements offer solutions that minimize 
the effective memory cycle by eliminating timing skews 
inherent to standard DRAM designs. Unfortunately, the 
precharge time remains an inherent disadvantage, be
cause consecutive accesses to the memory module 
will always have a timing skew (tRp). 
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Figure 4. Gated Precharge 
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In a two-level hierarchy, memory bandwidth in the first 
level can be optimized by means of a cache that 
matches the CPU's read cycle time. For cache misses 
and write cycles, the cache-to-main memory band
width can be maximized by means of burst mode data 
transfers and standard DRAMs with special operating 
modes. 

Interleaving optimizes effective access when more than 
one row of data needs to be accessed at the same time. 
Fast-page cycles are a means of reducing access time 
for bits located in the same row of the memory array, 
but they are inefficient for handling the consecutive 
access of data residing in different row addresses. To 
fetch diagonal elements in the matrix, the system 
needs to concurrently access row 1 and column 1, row 
2 and column 2, etc. Page cycles can't be used in this 
scheme because a new row must be accessed for each 
data element. 

A memory system organized to distribute the address 
to several banks simultaneously is said to be inter
leaved. The interleaving of addresses among M mod
ules is called M-way interleaving and allows consecu
tive access to M memory banks. In high-order 
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interleaving, the addresses are distributed so that the 
memory modules contain consecutive addresses. 
High-order bits are used to select the module while the 
low-order bits are used to select the address within the 
module. A second method, called low-order interleav
ing, distributes the address so that consecutive ad
dresses are located within consecutive modules. The 
low-order bits of the address select the module, while 
the remaining bits select the address within the module. 

In a low-order interleaved system, the memory is orga
nized into banks with each bank providing data bits 
equal to the width of the CPU memory bus. An address 
is latched by the memory circuit and the low-order bits 
are decoded to determine the number of banks to be 
accessed (figure 6). If four banks are accessed, they are 
said to be four-way interleaved. 

A memory controller circuit initially generates the 
control signals for the accessing of bank 1. The data for 
access 1 will be valid after the specified time for tRAs 
has elapsed, after which the accessed bank will be 
precharged. Control signals are simultaneously being 
generated for bank 2, and they may be skewed by a 
system clock to accommodate data access for the 
second fetch from the CPU. Data from bank 2 becomes 
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valid immediately after the data from bank 1 becomes 
valid, and no timing skew exists for precharging in the 
data stream. A precharge cycle for bank 2 is executed 
while the access to bank 3 is initiated. Data is read from 
bank 3 immediately after the data from bank 2 is read. 
Bank 3 executes the precharge while bank 4 accesses 
data for the cycle immediately following the bank 3 
access. Finally, bank 4 executes the precharge cycle to 
end the interleaving. This scheme eliminates the pre
charge timing skew and maximizes memory bus band
width, but at the cost of a more complex control circuit. 

Another scheme uses low-order interleaving and ap
plies the high-order bits of the address to all memory 
modules simultaneously in one access (figure 7). The 
single access returns M consecutive words of informa
tion from the M memory modules and accesses infor
mation from a particular module using the low-order 
bits. A data latch is associated with each module, the 
information from each module is gated into a latch in a 

Figure 5. Extended Data Output 
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fetch cycle, whereupon a multiplexer can be used to 
direct the desired data to the data bus. Figure 7 illus
trates timing for a multiword read access using this 
method, which is ideal for accessing a vector of data 
elements or for prefetching sequential instructions in a 
pipeline processor. It can also be used to access a block 
of information for a pipeline processor with a cache. 
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Figure 6. Low-Order Interleaving with Concurrent Access 
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Figure 7. LoMl-Order Interleaving with Simultaneous Access 
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Introduction 

The evolution of low-power, high-capacity, high-speed 
memory technologies has led the system designer to 
novel and highly portable computer designs. As tech
nology has advanced to low-power devices, it has 
become possible to make an entire system nonvolatile 
for the life of the product. 

To provide this nonvolatile function, secondary power 
sources are mounted on a printed circuit board con
trolled by a backup circuit that switches from the 
primary power to secondary power during power 
failures. The backup issue is considered as part of the 
overall system design, and the choice of a secondary 
power source and backup circuit are based on the 
unique characteristics of each application. 

This application note deals with the issues of providing 
a nonvolatile memory system. A review of the evolution 
of static RAMs (SRAMs) with regard to state-of-the-art, 
low-power SAAM technology is followed by an example 
of secondary power sources, as well as several sample 
backup circuit designs. 

SAAM Technology 

The SAAM historically has been used by system 
designers to provide a high-speed, low-power data 
storage function for a variety of computer architec
tures. The higher cost-per-bit compared to dynamic 
memories is offset by a simpler circuit design that 
features a nonmultiplexed address structure, simple 
timing signals, and no refresh requirement. 

Six-Transistor Cell 

The development of the SAAM memory cell has 
followed the trail of bipolar, NMOS, and CMOS tech
nologies in that large-capacity memory devices require 
minimal cell size, not only to reduce power require
ments, but also to be able to fit the die into the package. 

Application Note 50 
Battery Backup 

Circuits For SRAMs 

The static memory cell is basically a cross-coupled 
flip-flop circuit requiring no clocks or refreshing. Early 
six-transistor NMOS static memory cell designs 
employed the use of enhancement or depletion mode 
FETs as load devices. Figure 1 shows an example using 
depletion loads. Q3 and 04 are depletion-type devices 
fabricated such that they are always conductive when 
their respective gate and source nodes are shorted 
together. If the gate of enhancement device 02 is 
written to a low level using 05 and the data line, 02 
turns off. This allows load device Q4 to pull its source 
node high and turn on Q1; the write operation using 
Q6 also helps this action. The cell is designed so that 
Q1 has much lower "on" resistance than its load Q3. 
After the write operation ends, and Q5 and Q6 are off, 
Q1 keeps its drain node at a low level to maintain 02 in 
the off state, while the drain node of 02 is maintained 
high by Q4. The stored voltages are stable. 

Figure 1. Six-Transistor Ce/I-Depletion 
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Four-li'ansistor Cell 

As NMOS technology evolved, the active device for 
the load was replaced with polysilicon resistors (see 
figure 2). With the polysilicon load resistor, current 
levels of less than 1 nA are achievable. Because of 
these low-current levels, the cell can be used in 
advanced SRAMs with very high memory density and 
low standby current. NEC uses this technology in its 
low-power family of SRAMs to facilitate their use in 
battery backup applications. This type of core cell is 
used in both NMOS and CMOS SRAMs from NEC. 

CMOS Cell 

CMOS technology, with its high-speed, low-power 
characteristics, makes an attractive choice for memory 
backup systems. 

In figure 3, Q1-Q3 and Q2-Q4 form two CMOS inverters 
that are cross-coupled to form the conventional flip
flop of the SRAM cell. Unlike the enhancement or poly
silicon resistor cells, the CMOS cell does not have a 
de current path (other than leakage) in either of its 
quiescent logic states. While the potentially lower
leakage and wider-voltage operating range makes the 
six-transistor CMOS cell very desirable for battery 
backup operation, the large die area required makes it 
less competitive in cost and memory density. 
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Figure 2. Four-Transistor Cell-Polyslllcon Resistor 
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Figure 3. CMOS Cell 
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Battery Backup Concept 

The goal of a memory backup system design is to 
guarantee memory data retention for days, months, or 
years. In the past, these memory backup circuits were 
implemented as part of the computer's power supply 
circuit. Today, the memory backup function is designed 
as part of the individual memory circuit, where each 
provides a constant secondary (backup) power source 
and the necessary circuitry to detect power failures 
and isolate the main power supply from the backup 
power source (battery). The battery backup circuit 
must be an integral part of printed circuit board layout. 
Furthermore, SRAM technology must be able to guar
antee the requirements of the memory battery backup 
function. The following sections discuss in detail the 
aspects of memory battery backup circuit design using 
NEC's low-power SRAM technology. 

Figure 4. Battery Backup System Block Diagram 
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A typical functional block diagram for a memory battery 
backup system is illustrated in figure 4. The power 
supply converts ac voltage into a regulated de voltage, 
which powers all of the system components (Vee). The 
power supply monitor circuit detects a power failwe 
and generates an interrupt to the CPU. This circuit also 
signals the memory circuit to deselect the memory 
array, thus protecting the memory from false CPU 
commands. The power supply monitor circuit may be 
centralized to the power supply or decentralized to 
each memory circuit. 

On the memory circuit, power failure is sensed by a 
voltage-detector circuit, which isolates the system 
power from the memory power, allowing the backup 
battery to become active. 

System Power [Vee] 

Memory PCB 

Voltage Detector Memory Power [VeeM] 
and 
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Backup Battery Selection 

Battery 'JYpe 

Nickel-cadmium batteries and lithium batteries were 
compared for use in a memory battery backup appli
cation. Although nickel-cadmium batteries have been a 
popular choice for this application, recent years have 
seen the development of lithium batteries. Some 
characteristics of these two types of batteries are 
contrasted in table 1. For additional comparison, the 
characteristics of current drain versus operating time 
for nickel-cadmium and lithium batteries are shown in 
figures 5 and 6, respectively. 

Since lithium batteries provide a constant current for 
up to 10 years in this type of low-power application, 
they were chosen over nickel-cadmium for this design 
example. A single 3-volt lithium battery is adequate for 
most CMOS SAAM applications. If higher voltage is 
required, batteries may be connected in series. 

Physical characteristics of a battery are determined 
by the manufacturer according to common system 
requirements. The designer must select a battery of the 
proper size and shape to meet the requirements of 
printed circuit board technology. Such requirements 
may include terminal connections and solderability. 

Table 1. Lithium Versus Nickel-Cadmium Battery 
Characteristics 

Characteristic Lithium Nickel-Cadmium 

Shelf life 10 years 6 months 

Rechargeable no yes 

Energy density 5000 mAh* 4000 mAh* 

Cost moderate moderate 

PCB-compatible yes yes 

*milliampere hours 
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Figure 5. Current Drain Versus Operating Time

Nickel Cadmium Battery 

1 
800 

- 600 c 
Cll 
:: 400 
:I 

<..> 

&200 
la .c 
~ 

!_0 100 
E 
;a 60 

20 

:el- 40 

10~--------------~ 
10 20 40 1 1.5 2 4 6 10 
f---Minutes-....... o------Hours ----

Operating Time 
83-004847A 

Figure 6. Current Drain Versus Operating Time
Lithium Battery 

1000 

500 

300 

200 

100 

~ 
c 50 
"! 
c 30 c 
~ 20 :I 

<..> 

10 

2 

4 5 6 7 10 
Operating Time [years] 

83-004848A 



NEC 
Battery Capacity 

Battery capacity defines the current drive of the battery 
over a period of time, measured in milliampere hours 
(mAh). Required capacity of the battery selected for 
the memory backup circuit can be determined from the 
following formula: 

Current required (mA) x time in backup mode (hours/day) x 365 
days/year x number of years 

Figure 7. Lithium Discharge Characteristics
= 20 µA Load 
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Battery capacity is affected by temperature, humidity, 
and load conditions. The designer must ensure that 
these conditions do not degrade the operating life 
(discharge characteristics) of the battery. Figures 7 
and 8 show the effects of temperature and load current 
variations on lithium battery discharge characteristics. 

Figure 8. Lithium Discharge Characteristics
= 8.5 mA Load 

3.0 
60°C 

2.5 

~ -20°c 

t 2.0 
-40°C 

~ 
1.5 

1.0 

0.5 
50 100 150 200 Hours 

83-004846A 

5 

-



.Application ;Note·· .~·o 

Design~xample 
This section presents and documents a detailed battefy 
.backup design example. The discussion encompasses 
SAAM memory array· design, current and voltage 
requirements, voltage-detector and isolation circuitry, 
and memory protection design considerations; 

SRAM Memory Array 

For the batte~y backup design .exam.pie, .NEC's 
µPD43256A:'.15LL (a.'CMOS::-fabricated, 150-ns SAAM 
memory device) is used to implement the memory 
array, configured as 32K by 32 bits using four 
32K x 8-bit memory devices (figure 9). The memory 
array's interface of common address lines, common 
1/0 lines, and control signals are asserted by control 
logic common to all devices. However, the power 
supply connection to the memory array requires 
special consideration. The power plane of the memory 
array must be isola~ed from the system power supply 
to ensure that the backup battery drives only the 
memory array (see "Voltage-Level Detector and 
Isolation Circuit Design"). 

Current and Voltage Requirements 

The first task for the designer is to.define the required 
battery capacity. Table 2 shows data retention charac
teristics for the µPD43256A SAAM. The tnaximu m data 
retention current for this device is 20 µA at Oto 70°C. 
For a circuit with four memory devices, total memory 
array current is 4 x 20 µA = 80 µA. 

Figure 9. SRAM Memory Array 

NEC 
The battery's operating period is assumed to be 10 
years at .12 hours-per-day.· Using the formula shown 
under "Battery Capacity," the required capacity of the 
battery can be derived from' this calculation. 

80 µA x 12 hours/day x 365 days/year x 10 years = 3504 mAh 

Requirements for the data retention voltage of the 
µPD43256A SAAM are defined in table 2, while figure 
10 shows timing requirements.'for data retention with 
respect to the CS chip select signal. 

Table 2. µPD43256A SRAM Data Retention 
Characteristics 

Parameter 

Data retention 
supply voltage 

Data retention 
supply current 

Symbol 

VeeoR 

leeoR 

Chip deselection teoR 
to data retention 

Operation tR 
recovery time 

Notes: 

Limits 

Min Typ Max 

2.0 5.5 

50 

0 

Unit Test Conditions 

v cs ;::: Vee - 0.2 v 

µA ~e=3.0V; 

ns 

ns 

cs ;::: Vee - 0.2 v 
(Notes 1, 2) 

(1) µPD43256A-LL: lccoR = 20 µA (max) for TA= o to 70°C and 
3 µA (max) for TA= o to 40°C. 

(2) µPD43256A-L: lccoR = 15 µA (max) for TA= o to 40°C. 

µPD43256A-15LL µPD43256A-15LL µPD43256A-15LL µPD43256A-15LL 
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Figure 10. Data Retention Timing Waveforms 
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Battery Protection. Figure 11 shows the battery por
tion of the memory battery backup circuit. This portion 
of the circuit must be designed to provide the required 
data retention voltage and energy capacity for the 
memory backup function, yet protect the battery' from 
reverse (charging) current. The diode and resistor 
shown in figure 11 were selected to protect the battery 
according to UL standards. 

Since lithium batteries are not rechargeable, current
limiting protection must be provided to control the 
amount of current from the main power supply. For this 
purpose, the designer must select a diode that protects 
against charging current, yet provides sufficient volt
age for memory battery backup. 

The UL-allowable charging current for a lithium battery 
is specified as 1% of the battery capacity, calculated 
as follows: 

1% x capacity of battery (mAh) + (amount of time charging may 
occur (hours/day) x 365 days/year x number of years) 

In this design example, a minimum capacity of 
3504 mAh is required. The closest standard-size lithium 
battery has a capacity of 5000 mAh. The allowed 
charging current of this battery for a 10-year period is 
calculated in this way: 

1% x 5000 mAh + (12 hours/day x 365 days/year x 10 years)= 1.1 µA 

Application Note 50 

Therefore, the diode selected to protect the battery 
must have a maximum reverse leakage current rating 
of 1.1 µA. To maintain the required data retention 
voltage at the memory device, a diode with a small 
forward-voltage drop must be selected. A Schottky 
diode, with a forward-voltage drop of 0.2 volt, provides 
a 2.7-volt battery backup voltage and also meets the 
reverse leakage current specification for this circuit. 

According to UL standards, the battery must also be 
protected against charging current in case the protec
tion diode is damaged. The designer must select a 
current-limiting resistor for this purpose. Resistor value 
is determined according to this formula: 

(Vee - Vsattery) + maximum charging current 

UL standards specify a maximum charging current of 
5 mA. Therefore, for the circuit in this design example, 
the minimum resistor value is specified as follows: 

(5.5 - 3 V) + 5 mA = 500 n 

Selecting the aforementioned Schottky diode and a 
standard 10% resistor value of 560 n would guarantee 
minimum data retention voltage for the battery backup ~ 
circuit. Total voltage drop across the protection diode .... 
and current-limiting resistor is equal to 0.245 volt, 
which provides a memory backup voltage of 2.755 
volts-well above the minimum data retention voltage 
of 2 volts. 

Figure 11. Backup Energy Source Circuit 
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Voltage-Level Detector and Isolation 
Circuit Design 

The designer must also determine the best method 
for detecting power failures and isolating the main 
power supply from the backup battery. The circuit 
designed for these functions must fulfill two require
ments: 1) sustain maximum operating current for the 
memory array, and 2) provide isolation protection 
during battery backup operation. Several design alter
natives for voltage-level detector and isolation circuits 
are discussed in this section. The standards of com
parison between these circuits are relative simplicity of 
design and voltage drop of the isolation element. 

Note: In applications that are subjected to brownouts or 
extreme temperatures, these voltage-level detector 
and isolation circuits will minimize unnecessary 
cycling of the backup batter)'. However, considera
tions must be made to protect the memory devices 
from unstable circuit conditions, especially during 
power failure. For a discussion of memory protection 
under these.circumstances, refer to "System Power 
Failure Design Considerations," following this section. 

The designer must first determine maximum operating 
current of the memory array. Since maximum operating 
current for the µPD43256A SRAM is specified as 35 mA, 
total operating current is calculated as 4 x 35 mA = 
140 mA for the memory array in this design example. 

Diode Isolation Circuit. The diode isolation circuit in 
figure 12 provides a simple approach to memory 
battery backup. The isolation diode (01) must be able 
to sustain the maximum memory operating current, 
yet minimize voltage skew between Vee and VccM by 
limiting forward-voltage drop. A large voltage skew 
could cause illegal conditions to occur in normal 
system operations. A typical silicon diode with a 
forward-voltage drop of 0.7 Vat a 140-mA load current 
would provide a large voltage skew between Vee and 
VccM· Since SAAM Vee is 0.7 V less than the level of a 
logic signal from a device not in the backup system, 
Vee would have to be adjusted to a nonstandard level 
of 5.7 V to maintain Vee at 5 V. 

In contrast, a Schottky diode typically provides a 
forward-voltage drop of 0.2 Vat a 3-A load current. This 
low voltage drop minimizes voltage skew and maintains 
logic input levels to within 0.2 V of Vee. which makes 
the Schottky diode an ideal choice for the diode isola
tion circuit. 
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Voltage-Level Detector Circuit. The diode isolation 
circuit provides a simple means of battery backup, but 
some applications may require a circuit that minimizes 
voltage skew and has a more defined threshold level. 
The voltage-level detector circuit shown in figure 13 
would allow the designer to fulfill these system 
requirements. 

The voltage-level detector circuit isolates the supply 
voltage from the memory voltage when the voltage 
level falls below Vee minimum. Threshold voltage is 
specified by using a zener diode in the voltage-divider 
circuit of figure 13. Care must be taken to ensure that 
marginal Vee levels do not cause unnecessary cycling 
of the backup battery. 

Flgµre 12. Diode Isolation Circuit 
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Figure 13. Voltage-Level Detector Circuit 
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The voltage-level detector circuit consists of zener 
diode Z1, switching transistor 01, and the R1 and R2 
voltage-divider network. The collector of 01 is con
nected to the base of PNP isolation transistor 02, 
isolating Vee from VeeM when the Vee voltage level 
falls below threshold. Threshold voltage (VTH) is 
determined by VTH = Vz + VsE1, where Vz is zener 
voltage and VsE1 is the base-to-emitter voltage drop of 
01. The threshold voltage in figure 13 is 3.9 + 0.6 V = 
4.5 V, which is the specification for minimum Vee. 
When Vee drops below minimum specification, the 
zener diode operates in its forward-voltage region, and 
no base current flows into 01. 01 is then forced into 
cutoff. With 01 in cutoff, no base current flows into 02, 
consequently forcing 02 into cutoff and isolating Vee 
from VeeM· 

Isolation transistor 02 must be capable of supplying a 
maximum memory operating current of 140 mA and 
also must provide a minimum VsAT to reduce voltage 
skew. The PNP 2N2907 medium-power transistor 
chosen for this application can drive up to 150 mA with 
a de gain range of 100 to 300. The maximum base 
current needed to turn on 02 is calculated as follows: 

lso2 = lco2-:- hte = 140 mA-:- 100 = 1.4 mA 

Since the base of 02 is connected to the collector of 
01, and lso2 = leo1, 01 must be capable of driving a 
collector current of 1.4 mA or greater. The choice for 
01 is an NPN 2N3904, a general-purpose transistor 
with an le maximum of 10 mA and an hte of 100. The 
base current needed to turn on 01 is calculated at 
3 mA -;- 100 = 30 µA, which is much less than the 
maximum lso1 provided by the R1-R2 network. The 
voltage divider R1-R2 must also forward-bias the 
base-emitter junction of 01 to allow the transistor to 
operate in its active region. The voltage at the 01 base 

Application Note 50 

node is 4.1 volts, which keeps 01 turned on until 
threshold voltage is reached. 

The circuit in figure 13 was characterized, and the 
relationship between the input and output voltage for 
two output loads is shown in figure 14. At an input 
voltage level of 4.5 V, the output voltage maintains a 
voltage level higher than the minimum data retention 
voltage of 2 V. 

Schmitt Trigger Voltage-Level Detector. The voltage
level detector circuit is an improvement over the diode 
isolation circuit. However, the threshold point is sensi
tive to variations in 01 gain, and could cause oscilla
tions around the trigger point, draining the backup 
battery. The circuit shown in figure 15 reduces thres
hold sensitivity by adding an operational amplifier, 
thereby improving threshold margin by introducing 
hysteresis into the threshold region. This comparator 
circuit is commonly referred to as a Schmitt trigger. 

Figure 14. Voltage-Level Detector/Transfer Function 
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Figure 15. Schmitt Trigger Voltage-Level Detector Circuit 
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The non inverting input of the µPC3S8 is connected to 
a reference-voltage network consisting of R4 and RS. 
This reference voltage, when compared to the input 
voltage on the inverting input, determines when the 
output of the operational amplifier will transition. 
If a loop gain in excess of unity is chosen, the output 
waveform continues to be virtually discontinuous at 
the comparison voltage. However, at this point, the 
circuit would exhibit a phenomenom called hysteresis. 
Hysteresis voltage is determined by the resistor net
work of R4 and RS. 

Figure 16 illustrates the response of the Schmitt trigger 
voltage-level detector circuit to the input signals 
connected to the noninverting input of the µPC3S8. 
When the input voltage reaches the value V1, the 
output goes high, and when the input is at V2, the 
output transitions to the low state. The difference 
between the input signals (V1 - V2) is called the 
hysteresis voltage (VH). Therefore, the threshold volt
age is dependent upon two input values, increasing the 
threshold sensitivity by the difference between the two 
voltages. For the circuit in figure 1S, VH is equal to 
0.34 V. This circuit provides the best response of the 
three backup circuits, but at a cost of increased device 
count. 

The circuit in figure 1S was characterized, and the 
relationship between input voltage and output voltage 
for a 100-kO output load is shown in figure 17. When the 
input voltage reaches 4.S V (V1 ), the output voltage is 
set at a level higher than the minimum data retention 
voltage. Output voltage does not change until input 
voltage reaches a value of 4.1 V (V2). 

System Power Failure Design Considerations 

As shown in figure 18, Vee decays slowly after power 
failure, providing time for an orderly system shutdown. 
Even during an orderly shutdown, the system may 
generate spurious memory commands, causing viable 
data to be overwritten. The designer can use the status 
signal generated by the system's power supply monitor 
circuit to protect the memory from false CPU com
mands after power failure. (The power supply monitor 
circuit is shown as part of the memory battery backup 
system in figure 4.) 
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Figure 16. Response of the Schmitt Trigger 

to an Arbitrary Signal 
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Figure 17. Schmitt Trigger Detector/Transfer Function 
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Figure 18. Power Failure Vee Profile 
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The power supply status signal (Power OK) remains 
inactive during the entire time Vee is off to force the 
output of the NANO gate to remain inactive (high). This 
status signal also is sent to the NANO gate of the 
memory circuit ("Power OK" in figure 19). The memory 
circuit "ands" this status signal with the other control 
signals and deselects the memory array bet ore any 
false commands are generated. 

Once the backup circuit has taken over and the mem
ory array has been deselected, CS must be maintained 
at Vee - 0.2 V. The 10-kQ resistor ensures that the 
requirement for CS ~ VccM - 0.2 Vis met. 

If a power supply monitor circuit is not provided, the 
designer may design one. The circuit shown in figure 20 
uses a voltage-level detector design to detect when V cc 
falls below 4.S V. This circuit is similar to the voltage
level detector circuit used in the battery backup design 
example. Rather than control an isolation transistor, 
this power supply monitor circuit generates a power 
supply status signal (Power OK) to the memory select 
logic. 

The circuit shown in figure 20 is subject to oscillations 
due to variations in 01 gain and limited threshold 
margins. The addition of a Schmitt trigger to the power 
supply monitor circuit (figure 21) increases threshold 
margins by introducing hysteresis into the threshold 
region. The amount of hysteresis is determined by the 
values of R4 and RS. When input voltage falls below 
4.S V, the circuit generates a low signal (Power OK) to 
the memory select logic, and the memory array is 
deselected. Power OK remains low because RS pulls it 
down as long as V cc is off. 

Application. Note 50 

Figure 19. Memory Array Deselect Circuit 
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Figure 20. Power Supply Monitor Circuit 
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Figure 21. Power Supply Monitor Circuit With 
Schmitt Trigger 
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NEC Electronics Inc. 

Application Note 90-04 
Battery Backup Using NEC's Supercaps™ 

Introduction 

Supercaps are an innovative type of capacitor provid
ing a volumetric efficiency (i.e., capacitance per unit 
volume for a given voltage) of 10 to so times that of 
conventional aluminum electrolytic capacitors. High 
capacitance (2.2 million µF) and low leakage current 
make the supercap an efficient, reliable and cost
effective energy storage device. 

In 1879, the theory of electric double-layer capacitance 
was introduced by Helmholtz, but the first electric 
double-layer capacitor using solid electrolyte wasn't 
developed until 90 years later, a gap caused in part by 
a lack of proper materials. In 1979, NEC introduced its 
electric double-layer supercapacitor, nicknamed super
cap, and with it a new manufacturing technology and 
newly developed construction materials. 

Today NEC manufactures an extensive line of super
caps to meet a variety of demands. For example, large 
current backup is provided by our FA- and FE-series, 
small current backup by our FY-series, moderate cur
rent backup by the FS-series, and wide operating mar
gins by the FR-series. 

Figure 1. Basic Model of a Supercap 

Theory of Operation 

At each interface (figure 1), an array of charged parti
cles and induced charges is thought to exist. This array 
is known as an electric double layer. The large capaci
tance of an electric double-layer capacitor arises from 
the charge stored at the interface as the electric field 
changes across two available phases. In a supercap, 
one phase consists of activated carbon particles and 
the other of sulfuric acid solution as an ionically con
ducting electrolyte. In general, the relationship of the 
charge per unit area (TJ) and the double-layer potential 
(</>) is reflected by the following equation: 

17 = [d I (4n6)] x </> 

where d is the dielectric constant of the interface 
media and o is the mean distance between the solid 
surface (polarizable electrode) and the ionic center: 
The value of o is a few angstroms. In the Helmholtz 
model, the potential gradient exists only in the area of 
the electric double layer. As a result, the potential curve 
is as shown in figure 1. 

--> 
(±) 
e 

e @ 
Electric Double Layer 

~ ., .. , 
<l>ol l<l>o 

-~ /-~ 
Potential at Zero Voltage 

~1 
Potential with Voltage Applied 
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If <Po represents </> when no external bias is applied, 
then the calculation is expressed this way: 

T]o = [d I (4n6)] x <Po 

Conversely, some charges are accumulated at the 
interface·if an external electric field is applied to the 
system shown in figure 1. In this case, the potential 
rises to ¢ 1 and the charge of 171 can be accumulated as 
shown by this equation: 

771 = [d I (4n6)] x (2</>1 - c/Jo) 

The charge equivalent to 771 can be accumulated by 
changing the external electric field, as follows: 

7]1 ~ 2TJo (c/J1 I c/Jo), where (</>1 ~ </>o) 

The experimental result, using mercury as a polarizable 
electrode, shows a 20 to 40 µF/cm2 value. Therefore, if 
the activated carbon behavior is the same as that of 
mercury, the capacitance for a capacitor consisting of 
activated carbon with a 1,000 m2/g surface area is 
calcl,llated to be 200 to 400 F/g, a very large value. In this 
way, a device with large capacitance and small size can 
be easily manufactured. 

Structure 

The cross section of a unit cell is shown in figure 2. The 
activated carbon particles moisturized (semi-liquid 
state) by diluted sulfuric acid electrolyte are segre
gated by a porous, ion-permeable separator. The unit 
cell is sealed by the electroconductive polymer and a 
nonconductive rubber gasket, which are vulcanized 
simultaneously. No adhesive glue is used for the seal. 

Figure 2. Unit Cell 

/Electroconductive Rubber 

83SL·7042A 

2 

NEC 
The breakdown voltage of the unit cell can be as low as 
1.2 volts (thermodynamically), which is the decompo
sition voltage of aqueous electrolyte solution. There
fore, several unit cells are stacked in series to get the 
required rated voltage (figure 3). 

Performance 

Supercaps have no standard specifications from 
groups such as the EIA and, accordingly, are specified 
by individual manufacturers. For example, NEC has 
specifications to cover the following: 

• Operating temperature 
• Maximum working voltage 
• Capacitance 
• Capacitance tolerance 
• Equivalent series resistance1 (ESR) 
• Charging (leakage) current at 30 minutes 
• Voltage holding characteristics 
• Temperature characteristics 
• Lead terminal strength 
• Vibration 
• Solderability 
• Resistance to soldering heat 
• Temperature cycling 
• Humidity 
• Load life 

Detailed information can be found in the data sheets for 
each series. 

Note: 
[1] Due to relatively high ESR, supercaps may be unsuitable for 

filtering applications. ESR involves different resistance factors in 
the electrolyte, the activated carbon particles, the carbon to 
electroconductive polymer contacts, and the contacts between 
cell units, among others. 

Calculating Required Supercap Size 

When the required backup current is on the order of 
mi Ii amps or more, size is determined as shown in figure 
4. When backup current is on the order of microamps or 
less, figure 5 applies. Keep in mind that the curves in 
figure 5 are approximations and actual backup time 
may vary. 
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Figure 3. Cross Section 
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Figure4. Relationship Between Voltage and Time 
While the Supercap is Charging and 
Discharging 

VOLTAGE 

I 

Voltage drop (caused by 
Equivalent Serles 
Resistance) = ESR x I 

t 

L----------------+Time 

~I~ CAP = I x t Backup 
AV-Vdrop(V) 

Notes: 

(1) I = Backup current (A) 
(2) E o = Charging voltage (V) 

~~~~Ing I ~~~:rglng I 
I (Backup) I 
~t-Backup__. 

I I 

(3) V min = Minimum working voltage for loads (V) 
(4) AV =Ea -Vm1n 
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Figure 5. Minimum Backup for CMOS RAiis 
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Applications 

Supercaps typically are used as 

too large, supercaps are an · excellent alternative to 
traditional backup technologies. 

• Backup power during primary outages Figure 6. Basic Backup Circuit Using a Supercap 

• Backup power during voltage drops caused by 
heavy loads 

• Backup sources to primary batteries 

As battery backup sources for the microcomputer and 
memory devices found in VCRs, AM-FM tuners, cam
eras and hand-held computers, their primary function 
is to prevent errors in operation during power outages 
(figure 6). Until recently, batteries or electrolytic capac
itors have been used, but because batteries have to be 
replaced or recharged and aluminum capacitors are 

Table 1. Comparison of Features 

Features Supercaps NI-Cd Batteries 

Operating temperature -40 to 85°C -20 to 65°C 

Working voltage 5.5 V and 11 V 1.2V 

Capacitance 210 

Charging time Several seconds Several hours 

Charging current limitations None Limited 

Charge/discharge cycles Infinite (more than 1()5 times) 300 to 500 times 

Reflow soldering Applicable Not applicable 

Materials safety No noxious materials Cadmium 

Notes: 

(1) Capacitance is shown as a ratio to the supercap's electric charge 
per unit volume. 

Power 
Source 

Re 

Lithium Batteries 

-20 to 60°C 

3V 

360 

Not applicable 

No noxious materials 

Table 2. Advantages and Disadvantages of Alternate Sources to Supercaps 
Backup Sourca Advantages Disadvantages 

Ni-Cd Battery Rechargeable Noxious materials 

For Protection of 
Power Source 
(Not Supercap) 

c 
Load 

83SL·7046A 

Aluminum Electrolytic 
Capacitors 

-4010 85°C 

Over6.3 V 

0.01 

Several seconds 

None 

Infinite (more than 105 times) 

Applicable 

No noxious materials 

Large capacity Must be replaced every 6 months to 2 years because of limited charge/ 
discharge cycles 

Needs protEtction against rapid charging 

May be broken by shorting terminals after. charging 

Lithium Battery Large capacity Unsuitable for high current applications 

No reflow soldering 

Not rechargeable 

Aluminum Electrolytic Capacitor Easy to use Small capacitance 
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Figure 7. Memory Backup Circuit Block Diagram 
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NEC Package Drawings 

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 

D 28-Pin Cerdip (400-mil) #1 

µPB10422 D 24-Pin Ceramic DIP (400-mil) 

µPB10470 D 18-Pin Cerdip (300-mil) 

37 

I 35 

25 

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 8 28-Pin Ceramic Flat pack 37 

D 28-Pin Cerdip (400-mil) #1 35 

µPB10A484 BH 28-Pin Ceramic Flatpack 37 

D 28-Pin Cerdip (400-mil) #1 35 

µPD100500 D 24-Pin Cerdip (300-mil) 24 

µPD10500 D 24-Pin Cerdip (300-mil) 24 



Package·orawings NEC 
Device/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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NEC Package Drawings 

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 Plas~ic TSOP II (400-mil) 56 

LE 42-Pin Plastic SOJ (400-mil) 51 

µPD4216160L 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 

µPD4216180 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) 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) 51 

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 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 

µPD4216410 GSM 28/24-Pin Plastic TSOP II (400-mil) 39 

I 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 

µPD4216412 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 

µPD4216800 GS 28-Pin Plastic TSOP II (400-mil) 39 

GSM 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 

GSM 28-Pin Plastic TSOP II (400-mil) 39 

GS 28-Pin Plastic TSOP II (400-mil) 39 

µPD4216802 GS 28-Pin Plastic TSOP II (400-mil) 39 

LE 28-Pin Plastic SOJ (400-mil) 38 

GSM 28-Pin Plastic TSOP II (400-mil) 39 

µPD4216802L GS 28-Pin Plastic TSOP II (400-mil) 39 

LE 28-Pin Plastic SOJ (400-mil) 38 

GSM 28-Pin Plastic TSOP II (400-mil) 39 
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Package Drawings NEC 
Device/Package Cross-Reference (cont) 
Part Number Ordering Designation Package Page 

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 

G5 32-Pin Plastic TSOP II (400-mil) 47 

µPD4216902 GS 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 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 G5 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 G5 28/24-Pin Plastic TSOP II (400-mil) 39 

LE 28/24-Pin Plastic SOJ (400-mil) 38 

v 24-Pin Plastic ZIP (425-mil) 28 

G5M 28/24-Pin Plastic TSOP II (400-mil) 39 

µPD4217102 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 

µPD4217160 G5 50/44-Pin Plastic TSOP II (400-mil) S6 

LE 42-Pin Plastic SOJ (400-mil) S1 

G5M 50/44-Pin Plastic TSOP II (400-mil) 56 

µPD4217160L 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 

µPD4217180 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) S6 

µPD4217180L G5 50/44-Pin Plastic TSOP II (400-mil) 56 

LE 42-Pin Plastic SOJ (400·mil) 51 

G5M S0/44-Pin Plastic TSOP II (400-mil) 56 

µPD4217400 v 24-Pin Plastic ZIP (425-mil) 28 

G5M 28/24-Pin Plastic TSOP II (400-mil) 39 

LE 28/24-Pin Plastic SOJ (400-mil) 38 

G5 28/24-Pin Plastic TSOP II (400-mil) 39 
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Device/Package Cross-Reference (cont) 
Part Number Ordering Designation Package Page 

µPD4217402 v 24-Pin Plastic ZIP (425-mil) 28 

G5M 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 (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 

µPD4217412 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 

µPD4217800 GS 28-Pin Plastic TSOP II (400-mil) 39 

LE 28-Pin Plastic SOJ (400-mil) 38 

GSM 28-Pin Plastic TSOP II (400-mil) 39 

µPD4217800L GSM 28-Pin Plastic TSOP II (400-mil) 39 

LE 28-Pin Plastic SOJ (400-mil) 38 

GS 28-Pin Plastic TSOP II (400-mil) 39 

µPD4217802 LE 28-Pin Plastic SOJ (400-mil) 38 

GSM 28-Pin Plastic TSOP II (400-mil) 39 

GS 28-Pin Plastic TSOP II (400-mil) 39 

I µPD4217802L LE 28-Pin Plastic SOJ (400-mil) 38 

GSM 28-Pin Plastic TSOP II (400-mil) 39 

GS 28-Pin Plastic TSOP 11 (400-mil) 39 

µPD4217900 GS 32-Pin Plastic TSOP II (400-mil) 47 

LE 32-Pin Plastic SOJ (400-mil) #2 4S 

GSM 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 

GS 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 

GS 32-Pin Plastic TSOP II (400-mil) 47 

µPD4217902L GSM 32-Pin Plastic TSOP II (400-mil) 47 

GS 32-Pin Plastic TSOP II (400-mil) 47 

LE 32-Pin Plastic SOJ (400-mil) #2 45 

µPD4218160 GS S0/44-Pin Plastic TSOP II (400-mil) 56 

LE 42-Pin Plastic SOJ (400-mil) 51 

GSM S0/44-Pin Plastic TSOP II (400-mil) 56 
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Package Drawings NEC 
Dev ice/Package Cross-Reference (cont) 
Pa.rt Number Ordering Designation Package :page 

µPD4218160L GSM S0/44-Pin Plastic TSOP II (400-mil) 56 

LE 42-Pin Plastic SOJ (400-mil) S1 

GS S0/44-Pin Plastic TSOP II (400-mil) S6 

µPD4218180 LE 42-Pin Plastic SOJ (400-mil) S1 

GSM S0/44-Pin Plastic TSOP II (400-mil) S6 

GS 50/44-Pin Plastic TSOP II (400-mil) S6 

µPD4218180L 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) 56 

µPD42264 c 24-Pin Plastic DIP (400-mil) 22 

v 24-Pin Plastic ZIP (3SO-mil) 27 

LA 24-pin Plastic SOJ (300-mil) 26 

µPD42270 c 28-Pin Plastic DIP (400-mil) 33 

µP042271 GF 64-Pin Plastic QFP S8 

µPD42272 GF 64-Pin Plastic QFP 58 

µPD42273 LE 28-Pin Plastic SOJ (400-mil) 38 

v 28-Pin Plastic ZIP (3SO-mil) 41 

µPD42274 LE 28-Pin Plastic SOJ (400-mil) 38 

v 28-Pin Plastic ZIP (3SO-mil) 41 

µPD42274-80 v 28-Pin Plastic ZIP (3SO-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) (4SO-mil).#1 40 

v 28-Pin Plastic ZIP (3SO-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 (3SO-mil) 19 

LA 26/20-Pin Plastic SOJ (300-mil) 30 

µPD42~100A 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 (3SO-mil) 19 

GS 26/20-Pin Plastic TSOP II (300-mil) 32 

µPD424170A v 40-Pin Plastic ZIP (400-mil) so 
GSM 44/40-Pin Plastic TSOP II (300-mil) S2 

LE 40-Pin Plastic SOJ (400-mil) 49 

GS 44/40-Pin Plastic TSOP II (300-mil) S2 

µPD424170L v 40-Pin Plastic ZIP (400-mil) so 
GSM 44/40-Pin Plastic TSOP II (300-mil) S2 

LE 40-Pin Plastic SOJ (400-mil) 49 

GS 44/40-Pin Plastic TSOP II (300-mil) S2 

µPD424190A GS 44/40-Pin Plastic TSOP II (300-mil) S2 

LE 40-Pin Plastic SOJ (400-mil) 49 

v 40-Pin Plastic ZIP (400-mil) so 
GSM 44/40-Pin Plastic TSOP II (300-mil) S2 

µPD424190L GS 44/40-Pin Plastic TSOP II (300-mil) S2 

LE 40-Pin Plastic SOJ (400-mil) 49 

v 40-Pin Plastic ZIP (400- ii) so 

GSM 44/40-Pin Plastic TSOP II (300-mil) S2 

c 20-Pin Plastic DIP (300-mil) 18 

I LA 26/20-Pin Plastic SOJ (300-mil) 30 

v 20-Pin Plastic ZIP (3SO-mil) 19 

GX 24/20-Pin Plastic TSOP I 26 

µPD424256 

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 

G5M 44/40-Pin Plastic TSOP II (300-mil) 52 

µPD424263L 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 
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Package Drawings NEC 
Dev ice/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 

GS 44/40-Pin Plastic TSOP II (300-mil) S2 

µPD424280L v 40-Pin Plastic ZIP (400-mil) 50 

GSM 44/40-Pin Plastic TSOP II (300-mil) 52 

LE 40-Pin Plastic SOJ (400-mil) 49 

GS 44/40-Pin Plastic TSOP II (300-mil) S2 

µPD424400 GSM 26/20-Pin Plastic TSOP II (300-mil) 32 

v 20-Pin Plastic ZIP (3SO-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 (3SO-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 (3SO-mil) 19 

LA 26/20-Pin Plastic SOJ (300-mil) 30 

µPD424402 v 20-Pin Plastic ZIP (3SO-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 (3SO-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 (3SO-mil) 31 

µPD424440L LE 26/24-Pin Plastic SOJ (3SO-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 (3SO-mil) 41 

GSM 28-Pin Plastic TSOP II (400-mil) 39 

µPD424800L GS 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 

GS 28-Pin Plastic TSOP II (400-mil) 39 

GSM 28-Pin Plastic TSOP II (400-mil) 39 

v 28-Pin Plastic ZIP (3SO-mil) 41 

µPD424810L LE 28-Pin Plastic SOJ (400-mil) 38 

GS 28-Pin Plastic TSOP II (400-mil) 39 

GSM 28-Pin Plastic TSOP II (400-mil) 39 

v 28-Pin Plastic ZIP (3SO-mil) 41 

µPD424900A GS 28-Pin Plastic TSOP II (400-mil) 39 

LE 28-Pin Plastic SOJ (400-mil) 38 

v 28-Pin Plastic ZIP (3SO-mil) 41 

GSM 28-Pin Plastic TSOP 11 (400-mil) 39 

µPD424900L GS 28-Pin Plastic TSOP II (400-mil) 39 

LE 28-Pin Plastic SOJ (400-mil) 38 

v 28-Pin Plastic ZIP (3SO-mil) 41 

GSM 28-Pin Plastic TSOP II (400-mil) 39 

µPD42SOS c 24-Pin Plastic DIP (300-mil) #2 21 

v 28-Pin Plastic ZIP (3SO-mil) 41 

µPD42S32 c 40-Pin Plastic DIP (600-mil) 49 

µPD42601 v 20-Pin Plastic ZIP (3SO-mil) 19 

LA 26/20-Pin Plastic SOJ (300-mil) 30 

I 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 GS S0/44-Pin Plastic TSOP II (400-mil) S6 

GSM 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 50/44-Pin Plastic TSOP II (400-mil) 56 

µPD42S16180 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) S1 

µPD42S16180L GSM S0/44-Pin Plastic TSOP If (400-mil) 56 

GS S0/44-Pin Plastic TSOP If (400-mil) 56 

LE 42-Pin Plastic SOJ (400-mil) S1 
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Package Drawi:ngs NEC 
Device/Package Cross-Reference (cont) 
Part Number Ordering Designation Package Page 

µPD42S16800 GS 28-Pin Plastic TSOP II (400-mil) 39 

GSM 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 

GSM 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 

GSM 59f44-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 

GS 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 

GSM 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 

µPD42S 17800L LE 28-Pin Plastic SOJ (400-mil) 38 

GSM 28-Pin Plastic TSOP II (400-mil) 39 

GS 28-Pin Plastic TSOP II (400-mil) 39 

µPD42S17802 GSM 28-Pin Plastic TSOP II (400-mil) 39 

LE 28-Pin Plastic SOJ (400-mil) 38 

GS 28-Pin Plastic TSOP II (400-mil) 39 

µPD42S17802L LE 28-Pin Plastic SOJ (400-mil) 38 

GSM 28-Pin Plastic TSOP II (400-mil) 39 

GS 28-Pin Plastic TSOP II (400-mil) 39 

µPD42S17900 GS 32-Pin Plastic TSOP II (400-mil) 47 

LE 32-Pin Plastic SOJ (400-mil) #2 4S 

GSM 32-Pin Plastic TSOP II (400-mil) 47 

µPD42S17900L LE 32-Pin Plastic SOJ (400-mil) #2 45 

GSM 32-Pin Plastic TSOP II (400-mil) 47 

G5 32-Pin Plastic TSOP II (400-mil) 47 

µPD42S17902 LE 32-Pin Plastic SOJ (400-mil) #2 45 

GSM 32-Pin Plastic TSOP II (400-mil) 47 

GS 32-Pin Plastic TSOP II (400-mil) 47 

µPD42S17902L GSM 32-Pin Plastic TSOP II (400-mil) 47 

LE 32-Pin Plastic SOJ (400-mil) #2 4S 

G5 32-Pin Plastic TSOP II (400-mil) 47 

I GS S0/44-Pin Plastic TSOP II (400-mil) S6 

LE 42-Pin Plastic SOJ (400-mil) S1 

G5M 50/44-Pin Plastic TSOP II (400-mil) 56 

µPD42S18160 

µPD42S18160L LE 42-Pin Plastic SOJ (400-mil) S1 

G5 S0/44-Pin Plastic TSOP II (400-mil) S6 

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 

GSM 50/44-Pin Plastic TSOP II (400-mil) 56 

µPD42S4100A 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 

GSM 26/20-Pin Plastic TSOP II (300-mil) 32 

µPD42S4100L LA 26/20-Pin Plastic SOJ (300-mil) 30 

v 20-Pin Plastic ZIP (3SO-mil) 19 

GS 26/20-Pin Plastic TSOP II (300-mil) 32 

GSM 26/20-Pin Plastic TSOP II (300-mil) 32 
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Package Drawings NEC 
Device/Package Cross-Reference (cont) 
Part Number Ordering Designation Package Page 

µPD42S4170A v 40-Pin Plastic ZIP (400-mil) so 
GS 44/40-Pin Plastic TSOP II (300-mil) S2 

GSM 44/40-Pin Plastic TSOP II (300-mil) S2 

LE 40-Pin Plastic SOJ (400-mil) 49 

µPD42S4170L v 40-Pin Plastic ZIP (400-mil) so 
GS 44/40-Pin Plastic TSOP II (300-mil) S2 

GSM 44/40-Pin Plastic TSOP II (300-mil) S2 

LE 40-Pin Plastic SOJ (400-mil) 49 

µPD42S4190A GS 44/40-Pin Plastic TSOP II (300-mil) S2 

GSM 44/40-Pin Plastic TSOP II (300-mil) S2 

LE 40-Pin Plastic SOJ (400-mil) 49 

v 40-Pin Plastic ZIP (400-mil) so 
µPD42S4190L GS 44/40-Pin Plastic TSOP II (300-mil) S2 

GSM 44/40-Pin Plastic TSOP II (300-mil) S2 

LE 40-Pin Plastic SOJ (400-mil) 49 

v 40-Pin Plastic ZIP (400-mil) so 
µPD42S4260A GS 44/40-Pin Plastic TSOP II (300-mil) S2 

GSM 44/40-Pin Plastic TSOP II (300-mil) S2 

LE 40-Pin Plastic SOJ (400-mil) 49 

v 40-Pin Plastic ZIP (400-mil) so 
µPD42S4260L GS 44/40-Pin Plastic TSOP II (300-mil) S2 

GSM 44/40-Pin Plastic TSOP II (300-mil) S2 

LE 40-Pin Plastic SOJ (400-mil) 49 

v 40-Pin Plastic ZIP (400-mil) so 
µPD42S4263A GS 44/40-Pin Plastic TSOP II (300-mil) S2 

GSM 44/40-Pin Plastic TSOP II (300-mil) S2 

LE 40-Pin Plastic SOJ (400-mil) 49 

v 40-Pin Plastic ZIP (400-mil) so 
µPD42S4263L GS 44/40-Pin Plastic TSOP II (300-mil) S2 

GSM 44/40-Pin Plastic TSOP II (300-mil) S2 

LE 40-Pin Plastic SOJ (400-mil) 49 

v 40-Pin Plastic ZIP (400-mil) 50 

µPD42S4280A v 40-Pin Plastic ZIP (400-mil) so 
GS 44/4.0-Pin Plastic TSOP II (300-mil) S2 

GSM 44/40-Pin Plastic TSOP II (300-mil) S2 

LE 40-Pin Plastic SOJ (400-mil) 49 

µPD42S4280L v 40-Pin Plastic ZIP (400-mil) so 
GS 44/40-Pin Plastic TSOP II (300-mil) S2 

GSM 44/40-Pin Plastic TSOP II (300-mil) S2 

LE 40-Pin Plastic SOJ (400-mil) 49 
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NEC Package Drawings 

Dev ice/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 

I 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 

µPD42S4810L 

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 

µPD431000A GZM 32-Pin Plastic TSOP I #1 46 

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 

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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Pa.ckage 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 

µPD43253B LA 28-Pin Plastic SOJ (300-mil) 37 

CR 28-Pin Plastic DIP (300-mil) #2 33 

µPD43254B 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 

µPD43256B 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 

µPD43618 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 

µPD43638 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 

µP046710A 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 GSM 44-Pin Plastic TSOP II (400-mil) #1 53 

VF 40-Pin Plastic Shrink ZIP (4SO-mil) so 
GS 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 

GS 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 (3SO-mil) 27 

µPD485506 GS 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 

16-Pin Plastic DIP {300-mil} 

Item Miiiimeters 

A 20.32 max 

B 1.27 max 

c 2.54 (TP) 

D 0.50 ± 0.10 

F 1.2 min 

G 3.2 ±0.3 

H 0.51 min 

4.31 max 

5.08 max 

K* 7.62 (TP) 

L 6.7 

M 0.25 ~g:~ 
N 0.25 
p 1.0 min 

• Item K to center of leads 
when formed parallel. 

P1 llC-10Q.300SA 

Inches 

.800 max 

.050 max 

.100 (TP) 

.020 ~:= 

.047 min 

.126 ± .012 

.020 min 

.170 max 

200 max 

.300 (TP) 

264 

.010 ~::: 

.o10 

.039 min 

18-Pin Plastic DIP {300-mil) #1 

Hem Mllllmetera Inches 

A 22.86 max .900 max 
B 127 max .050 max 
c 2.54 (TP) .100 (TP) 

D 0.50 ::t:0.10 020 +.004 
. -.005 

F 1.2 min .047 min 

G 3.2 ±0.3 .126 ± .012 

H 0.51 min .020 min 

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 min 

• Item K to center of leads 
when fonnecl paraDel. 

P18CMQ0.300SA 
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t\'EC Package Drawings 

18-Pin Plastic DIP {300-mil) #2 

Hem Miii i meters lnchee 

A 22.86 max .900 max 

8 1.27 max .050 max 

c 2.54 (TP) .100 (TP) 

D 0.50 :I: 0.10 020 +.004 
. -.005 

F 1.2 min .047 min 

G 3.2 ±0.3 .126 :I: .012 

H 0.51 min .020 min 

~ : : : ~ : : : :.1 
A 

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:~ .010 ::gg; 
N 0.25 .010 

* Item K to center of leads 
when formed parallel. 

--#.__ 
M 0-15 ° 

P18C-1D0-300WA 49NR.fl67B (11/91) 

18-Pin Cerdip {300-mil) 

Item Miiiimeters lnchee 

A 22.86rnax .900max 
B 127max .050max 
c 2.54[TP] .100[TP] 

D 0.46±.05 .018 ::~ 
F 1.42mln .055mln I 
G 3.50:1:.30 .138:1:.012 

H 0.51 min .020mln 

3.95 .156 

5.08max 200max 
K 7.62l!~ .300 [TP] 

L 6.60 .260 

M 0.25:1:.05 .010 ::~ 
N 0.89mln .035mln 
p 0.25 .010 

P18D~1Q0.3ClOA ~(&'119) 
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Package Drawings NEC 
18-Pin Plastic Leaded Chip Carrier 

Item Miiiimeters Inches 

A 13.4 :1:0.2 .528 ~::: A 

B 12.5 .492 

c 7.4 .291 

D 8.3 :1:0.2 327 +.008 
. -.009 

E 3.71 :1:0.15 .146~:~ C D 

F 0.6 .024 G 3.5 :1:0.2 .138 ~::: 
H 2.4 :1:0.2 094 +.009 

. -.008 

0.8 min .031 min 
J 2.6 .102 
K 12.7 (TP) .050 (TP) 

L 0.7 .028 G!Hirr M 0.40 :1:0.10 .016 ~:g: 
N 0.12 .005 

p 11.68 :1:020 460 +.008 t 
. -.009 

Q 0.15 .006 

T 0.8 rad .031 rad 

F E fi1fv 
T ~ w 

u 020 +0.10 
-0.05 

008 +.004 
. -.002 N @I 

v 1.80 :I: 0.15 .071 ~:~ 

w 6.60 :1:0.20 260 +.008 
-.009 

p 

Piii.~ 48NR..mi8 Ca'80I 

20-Pin Plastic DIP {300-mil) 

Item Miiiimeters lnchee 

A 25.4 max 1.000 max 

B 12.7 max .050 max 

c 2.54 (TP) .100 (TP) 

D 0.50 :1:0.10 020 +.004 
• -.005 

F 1.2 min .047 min 

G 3.2 :I: 0.3 .126 :I: .012 

H 0.51 min .020 nm 
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 fonned paralel. 

P20C·1Q0.300WA 49NR-611B (11191) 
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NEC Package Drawings 

20-Pin Cerdip {300-mil} 

20 11 

Hem Mllllmetera Inches 

A 25.4 max 1.00max 
B 1.27 max .050max 
c 2.54~ .1001TPJ 
D 0.46±0.05 .018± .002 
F 1.42mln .055mln 
G 3.50±0.30 .138±.012 
H 0.51 min .020mln 

r; ; ; ; ~ ; ; ; : I 
I: '·.I A 

I 3.95 .156 

J 5.08max 200max 
K 7.62~ .300rre.J 
L 7.32 288 

M 025±0.()5 .010+.002 
-.003 

N 0.89mln .035mln 
p 0.25 .010 

P20Dt+1()().30QA 8311+61948 

20-Pin Plastic ZIP {350-mil) 

Item Mllllmetera Inches 

A 26.67max 1.050 max 

F 0.5 ± 0.1 .020 +.004 
-.005 

G ~025 .010 

H 2.54 .100 

127 .050 

J 1.2:1 max .050 max 
K 1.0 min .039 min 
M 8.9 max .350 max 

N 2.8 ±02 .110 ~:~ 
a 10.16 max .400 max 

v 0.25 ~g:Jg .010 + ·004 
-.003 

w 2.54 .100 

r,.-------A 

·1 
N 

JM a I 20 

IIY 
0 l=f-v 

G 
y 3.3 ±0.5 .130 ± .020 

P20V·264-40Gll.·1 49NR-620B (9{91) 
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Package Drawings 

20-Pin Ceramic Flatpack 

Hem Mllllmetere 

B 

c 
D 29.0 

G 0.6 

H 0.43 

J 1.27 

K 9.6 

M 0.13 
p 2.18max 

T 1.14max 

X208-100A 

22-Pin Plastic DIP {300-mil) 

Item Miiiimeters 

A 27.94 max 

B 1.27 max 
C 2.54 (TP) 

D 0.50 ±0.10 

F 1.2 min 

G 3.2 ± 0.3 

H 0.51 min 

4.31 max 

5.08 max 

K* 7.62. (TP) 

L 7.35 

M 

N 0.25 
p 0.9 min 

* Item K lo center of leads 
when formed parallel. 

20 

lnche8 

1.100 max 

.050 max 

.100 (TP) 

.020 ~:gg: 

.047 min 

.126 ± .012 

.020 min 

.170 max 

.200 max 

.300 (TP) 

.289 

.010 ~:g: 

.o10 

.035 min 

20 
Inches 

.496 ::~ 

.388 ::~ 
1.142 

.024 

J
l;J 

1--G 

.169 

.050 

.378 

.005 

.086max 

.045max 

11 1
--.-

10 

I I 
I I 

I 

c 

K 

~~H __. ~w 

NEC 

D 

i----1 ~ ---=-
8
-· I , I 

Im a a a a a a a alhJ• 
M T 

831~48 (7/89) 

~=========~1 I 1 11 I 
A 

M 0-15° 

[£] 1$! N @I 
49NR-8148 (1()/89) 



NEC Package Drawings 

24-Pin Plastic DIP {300-mil) #1 

m f$l N @I 
P24C-1oo-30171VA 48NR-690B (11180) 

24-Pin Plastic DIP {300-mil) #2 

Item Mllllmeters Inches 

A 33.02 max 1.300 max 

B 2.54 max .100 max 

c 2.54 (TP) .100 (TP) 

D 0.50 :1:0.10 .020 ~:~ 
F 1.2 min .047 min 

G 3.5 :1:0.3 .138 :I: .012 

H 0.51 min .020 min 

4.31 max .170 max 

J 5.08 max 200 max 

K* 7.62. (TP) .300 (TP) 

L 6.4 .252 

M 0.25 ~g:~ .Q10 ~:= 
N 0.25 .010 
p 1.0 min .039 min 

* Item K ID center of leads 
when fonned parallel. B 

m f$l N @1 
P24C-1 Q0.300A 48NR-81 SB 11189) 

21 



Package Drawings 
.E.::;.'C'''··· ,.,. 

!.•:; 

' 

24-Pin Plastic DIP {400-mil) 

24 13 
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 1.2min .047 min 

G 3.2 ± 0.3 .126 ± .012 

H 0.51 min .020 min 

4.31 max .170 max 
-

5.08 max .200 max 

K 10.16 [TP] .400 [TP] 

L 8.6 .339 

M .25 +0.10 
.010 ~:gg~ -0.05 

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 83-0036278 

22 



NEC Package Drawings 

24-Pin Plastic DIP {600-mil} 

Item Mllllmeters 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 +0.10 .010~:= -0.05 

N 0.25 .010 A 

12 I 
J 

• Item K to center of leads 
when formed parallel. 

CR] 
L 

--!/..._ '*-M 0-150 

23 



Package Drawings NEC 
24-Pin Cerdip (300-mil) 

24 13 

Item Millimeters 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 1.42min .055mln 

G 3.5±0.3 .138 ± .012 I. 1 

H 0.51 min .020 min 

3.80 .150 

5.08 max .200max 

K 7.62 [TP] .300 [TP] 

L 7.32 .288 

M 0.25 ± 0.05 .010 :!:::~ 
p 0.25 .010 

P240H-100-300A 63-0060128 

24-Pin Cerdip (400-mil) #1 

Item Mllllmetera 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 ~:g: 
F 1.20 min .047 min 

G 3.5 ±0.3 .138 ± .012 

H 0.51 min .020 min 

I 3.80 .150 

J 5.08 max .200 max 
K• 10.16 (TP) .400 (TP) 
L 9.70 .382 

M 0.25 ±0.05 .010 ~:~ 
N 0.25 .010 
p 0.89 min .035 min 

• Item K to center of leads 
when formed parallel. 

P240H-100-400A 

24 



NEC 
24-Pin Cerdip (400-mil} #2 

Item Millimeters Inches 

A 33.02 max 1.300 max 

B 2.54max .100 max 

C 2.54 [TP] .100 [TP] 

D 

F 

G 

H 

L 

M 

0.50 ± 0.10 

1.2mln 

3.5 ± 0.3 

0.51 min 

3.80 

5.08 max 

9.70 

0.25 ± 0.05 

.047 min 

.138 ± .012 

.020 min 

.150 

.200 max 

.382 

.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 2.54 [TP] .100 [TP] 

D 0.46 ± 0.05 .018 ± .002 

F 1.25 min .049 min 

G 3.50 ± 0.30 .138 ± .012 

H 0.51 min .020 min 

2.74 .108 

4.57 max .180 max 

K 10.16 [TP] .400 [TP] 
------------

L 10.0 .394 

M 0.25 ± 0.05 .010 :'.::gg~ 

N 1.00 min .039min 

p 0.25 .010 

Notes: 

(1] Each lead centerline is located 
within 0.25 mm [ .010 inch] of its true 
position (TPJ at maximum material 
condition. 

(2] Item "K" to center of leads when 
formed parallel. 

Package Drawings 

24 13 

I. 1 
A 

B 

83-0050126 

I 
N 

L 

I 

1 
\ 

-..J 'v 
0-15° 

83..()()35796 
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Package Drawi·ngs NEC 
24-Pin Plastic SOJ {300-mil) 

Item Miii i meters Inches 

B 16.13:g: .635::~ 
c 7.57 .298 

D 8.47:1:0.20 333+ .009 
. -.008 c D 

E 1.08:1:0.15 043+.006 
. -.007 

F 0.6 .024 0 
G 3.5:1: 0.20 .138:1: .008 

H 2.4:1:0.20 .094::~ --1-1---e---12--~ I 
0.8mln .031 min 

J 2.6 .102 

K 1.27[!PJ .050[TP] 

M 0.40:1:0.10 .016::gg: 

N 0.12 .005 
p 6.73:1:0.20 .265:1: .008 

a 0.15 .006 
T R0.85 R.033 

u o.20:g:~ ooa+.004 
. -.002 

P24LA.mt. 8311Hi861B 

24/20-Pin Plastic TSOP I 

Hem Miiiimeters Inches 

A 6.0 :1:0.2 .236 :!: .008 24 

B 0.45 max .018 max 
c 0.5 (TP) .020 (TP) 

D 0.20 :1:0.10 .008 :!: .004 
G 1.02 max .041 max 

H 15.0 :1:0.2 .591 ~:~ 
14.4 :1:0.2 .567 :!: .008 

Enlarged detal 

l·Ef:~ 12 13 

J 0.8 :1:0.2 .031 ~:gg: 
a 5• :1:5° 

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

L 0.5 :1:0.1 .020 ::gg: 

M 0.08 .003 
N 0.10 .004 
p 16.0 :1:0.2 .630 :!: .008 

a 0.05 :1:0.05 .002 :!: .002 

s 1.1 max .044 max 

824GX-50JJH 83NR-71i86B (&'92) 
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NEC Package Drawings 

24-Pin Plastic SOP (Miniflat) {450-mil) 

Hem Millimeters Inches 24 13 

A 16.51 max .650 max 
B 121 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 122 ±0.3 .480 ::g~~ 
I 8.4 .331 

A 
12.I 

J 1.9 .075 

K 0.15 :g~ 006 +.004 
. -.002 

L 0.9 ±0.2 035 +.009 
. -.008 

M 0.12 .005 

P24GM-60-460A 49NR-613B {&'91) 

24-Pin Plastic ZIP {350-miQ 

Hem Miiiimeters Inches N 

A 31.75 max 1.250 max 

F 0.5 ± 0.1 .020 ::~ 
G .0'0.25 .010 

H 2.54 .100 

I 1.27 .050 

J 127 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 :g:~ .010 ::~ 
w 2.54 .100 
y 3.3 ±0.5 ;130 ± .020 

P24V·254400A 49NR-84211 (11189) 
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Package Drawings 

24-Pin Plastic ZIP {425-mil} 

Item Miiiimeters Inches 

A 31.75 max 1.250 max 

F 0.5 ±0.1 .020 ~:~ 
G .0'0.25 .0.010 

H 2.54 .100 

1.27 .050 

J 1.27 max .050 max 

K 1.0 min .039 min 

M 10.8 max .425 max 

N 2.8 ±0.2 .110 ~:g: 
a 12.07 max .475 max 

v 025 +0.10 
-0.05 .010~:~ 

w 2.54 .100 
y 3.3 ±0.5 .130 ±.020 

P24V· 100475A 

24-Pin Ceramic LCC 

28 

Item Miiiimeters Inches 

A 8.51 ±0.4 .335 ±.016 

B .89±0.2 .035 ±.008 
---~~-·----·-- -------~--------

c 5.14 .202 

D 

r: 
G 

H 

J 

K 

.64 ±0.1 

5.08 

1.27 

2.0 max 

8.51 ±0.4 

1.4 

.025 ~:~~: 

.200 

.050 

.079max 

.335 ±.016 

.055 

1.02 .040 

0.2R .008R 

0.3R .012R 

A 

--ll--F 
1$1 G @I 

~ DMMDD h 
I• A •I 

c 

NEC 

N 

83NR-816(1! (H:V91) 

83-0035828 



t-IEC Package Drawings 

24-Pin Ceramic Flatpack 

A 

8 

Hem Miii i meters Inches ~ 

A 28.5± 1.0 1.122 ± .040 

8 9.6 .378 

c 9.6 .378 

D 28.5± 1.0 1.122 ± .040 

G 1.62 .064 

H 0.4± 0.1 .016~:~ 18 13 A 

19 12 
J 1.27 {IP) .050(TP) 

K 9.45± 1.0 .372±.040 c D 

M 0.15~:~ 006+.004 
. -.002 

N 025 .Q10 24 7 
1 6 • p 2.6max .103max [ 

Note: 

(1) Each lead centertlne Is located 
within 0.25 mm (0.010 Inch) of I I I 

Its true poslUon (f P) at maximum 
material condition. 

G- ~--IL -c:LJ 

H 

14 
K . , 

+ 
+ I I p CJ[][] CJ CJ CJ =M 

t t 
X24B-127A1 83YL-5407B 
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Package Drawings NEC 
26/20-Pin Plastic SOJ {300-mil) 

Item Mi Ill meters Inches 

B 17.4 :g:~5 .685 ::~g 
c 7.57 .298 

D 8.47 ±0.2 333 +.009 
. -.008 

E 1.08 ± 0.15 043 + .006 
. -.007 

F 0.6 .024 

G 3.5 ±0.2 .138 ± .008 

H 2.4 ±0.2 .094 ::~ 13 

0.8 min .031 min 

2.6 .102 

K 1.27 (TP} .050 (TP} 

M 0.40 ± 0.10 .016::~ 
N 0.12 .005 
p• 6.73 ± 0.20 .265 ± .008 

a 0.15 .006 

T 0.85 rad .033 rad 

u 0.20 :g:Jg 008 +.004 
. -.002 

• Item P to center of leads. 
P26lA-50A 49NR-Q61B (11191) 

26/20-Pin Plastic SOJ (350-mil) 

Item Miiiimeters Inches 

8 17.4 !g:~ .685 ::~ 8 

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 ::~ 
I 0.8 min .031 min 13 

J 2.7 .106 

K 1.27 ~} .050 (TP} 

M 0.40 ± 0.10 .016 ::~ 
N 0.12 .005 

p• 8.06 ±0.20 .317 ::~ 
Q 0.15 .006 

T 0.85 rad .033 rad 

u 0.20 +0.10 008 +.004 
-0.05 . -.002 

~ ffi+ I G 
'-.T 

N @1 Q Q p 

ITJ 
• Item P to center of leads. 

P26LB-360A 49NR.fl73B (11191) 
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1\'EC Package Drawings 

26/24-Pin Plastic SOJ {350-mil) 

Item Miiiimeters Inches 

B 17.4 :g:;, .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 

J 2.7 .106 

K 1.27 (!:P} .050 (!:P} 

.016 :::: ffi+ M 0.40 ±0.10 

N 0.12 .om 
p• 8.06 ±0.20 .317 :::; 'T 
Q 0.15 .006 p 

T 0.85 rad .033 rad 
IT] 

u 0.20 +0.10 008 +.004 
-0.05 . -.002 

• Item P ID center of leads. 
NCl. .... (10'92) 

II 
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Package Drawings 

26/20-Pin Plastic TSOP 11 {300-mil} 

Hem 

Enlarged detail 
of lead end 

A 

B 

c 
D 

E 

F 

G 

H 

I 

J 

K 

L 

M 

N 

~~ t 
E 5° ±5° 

S26GS-60-9JD 

Millimeters 

17.54 max 
1.18 max 
1.Zl (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 

28 

Inches 

.691 max 

.047 max 

.050 (TP) 26 

.016 ~~ 

.002 ± .002 

.045 max 

.039 

.363 ± .008 

.300 ± .004 

.031 ~:~ 0 

006 +.004 
. -.003 

.020 ~:~ 

.009 

.004 

15 Item Miiiimeters Inches 

A 35.56 max 1.400 max 

F : : : : : :-: : : : : : ;.1 
B 12.7 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 ±0.3 .126 ±.012 
A H 0.51 min .020 min 

4.31 max .170 max 
J 5.08 max .200 max 

K• 7.62 (TP) .300 (TP) 

L 6.7 2.64 J 
M 02.5 ~ g:~ .010 ~ ::: 
N 0.25 .010 

P 1.0 min .039 min 

• Item K to center of leads B 
when formed parallel. 

[£] l$l N @I 
P28C-1~ 

32 

NEC 

14 

M @lo-I~ 

83NR-7496B (W91) 

48NR'6218 (11188) 



NEC 
28-Pin Plastic DIP (300-mil) #2 

28 15 
Ml Ill meters Item Inches 

~o= : : : : ~-=::::: ;,! 
A 35.56 max 1.400 max 

B 1.27 max .050 max 
c 2.54 (TP) .100 (TP) 

D 0.50 :t:0.10 .020 ~:gg: 
F 1.2 min .047 min 
G 3.2 :t: 0.3 .126 :t:.012 
H 0.51 min .020 min A 

I 4.31 max .170 max 
5.08 max .200 max 

K• 7.62 (TP) .300 (TP) 

M 0.25 ~g:~ .010 ~ ::: 
N 0.25 .010 

P 1.0 min .039 min 

L 7.25 .286 j 
• Item K to center of leads B -

when fonned paraUel. 

IT] 1$1 N ®I 
P28C-1IJ0.300\'VA 

28-Pin Plastic DIP (400-mil) 

Item Mllllmetera Inches 

A 35.56 max 1.400 max 
B 1.27 max .050 max 
c 2.54 (TP) .100 (TP) 

D 0.50 :t:0.10 

F 1.1 min .043 min 
G 3.5 :t:0.3 .138 :t: .012 
H 0.51 min .020 min 

4.31 max .170 max 
5.72 max .226 max 

K• 10.16 (TP) .400 (TP) 

L 8.6 .339 
+0.10 + 004 

: ::: -o.os ::~: -:ooaj 
P 0.9 min .035 min 

• Item K to center of leads 
when fonned paraUel. 

P28C-10CMOO 

B 

28 

W 1$1 N @I 

15 

A 

Package Drawings 

M 0-15° 

83Nfl.7521B (12/90) 

0 

~ I 
M 0-15° 

48NR.fl228 (11188) 

33 



Package Drawings 

28-Pin Plastic DIP {600-mil} 

Item Mllllmetera lnclM!e 
A 38.10 max 1.500 max 28 15 
B 2.54 max .100 max 
c 2.54 (TP) .100 (TP) 

D 0.50 :1:0.10 020 +.004 
. -.005 

F 1.2 min .047 min 

G 3.8 :1:0.3 .142 :t: .012 
H 0.51 min .020 min 

l 4.31 max .170 max 
J 5.72 max .228 max 

K• 15.24 (TP) .800 (TP) 

L 13.2 .520 

M 0.25 +0.10 .010 +.004 
-0.05 -.003 

N 0.25 .010 I. 
• Item K to center of leads 

when formed parallel. 

ITJ 
L 

~ 
0-15° 

41NMl1411 (1111) 
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NEC 
28-Pin Cerdip {400-mil) #1 

Item Millimeters 

A 38.10 max 

B 2.54 max 

~--~'.54 [TP] 

D 0.50 ± 0.10 
~·--~-

F 1.20 min 

G 3.50 ±0.30 

Inches 

1.50 max 

.100 max 

.100 [TP] 

.02o~:gg; 

.047 min 

.138 ± .012 

H 0.51 min .020 min 
-------~~-------

1 4.00 .157 

5.08 max .200 max 

K 10.16 [T __ P_) __ .4_0_0 _[T_P_] 

L 9.65 

M 

p 

a 
Notes: 

0.25 ± 0.05 

0.89 min 

0.25 

.380 

.035 min 

.010 

[1) Each lead centerline is located 
within 0.25 mm [ .010 inch] of its true 
position [TPJ at maximum material 
condition. 

[2) Item "K" to center of leads when 
formed parallel. 

P28DH-100-400A 

Package Drawings 

83-0050158 

I 
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Package Drawings ~EC 
28-Pin Cerdip {400-mil} #2 

Item Miiiimeters Inches 

A 38.10 max 1.500 max 
B 2.54 max .100 max 
c 2.54 (TP) .100 (TP) 

D 0.50 ± 0.10 .020 ~:~ 
1.20 min .047 min 

G 3.5 ±0.3 .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 ::~ 
N 0.25 .010 
p 0.89 min .035 min 

• Item K to center of leads 
when formed parallel. 

IT] f$I N @I 

28 15 

I. 
A 

14 ~I 

P28DH-1Q0.40M 83CL-88638 {71112) 
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NEC 
28-Pin Ceramic Flatpack 

Item Mllllmetera 

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;18max 

T 1.14max 

X28B-100A 

28-Pin Plastic SOJ {300-mil) 

Item Mllllmetera lnc:hea 

B 18.67 :g:i, .735 ::~ 
c 7.57 .298 

D 8.47 ±0.2 333 +.009 
. -.008 

E 1.08 ±0.15 043 + .006 
. -.007 

F 0.74 .029 

G 3.5 ±0.2 .138 ± .008 

H 2.4 ±0.2 .094 ::gg: 
0.8 min .031 min 

2.55 .100 

K 1.27 [P} .050 [P} 

M 0.40 ± 0.10 .016 ::g: 
N 0.12 .005 

P* 6.73 ±0.20 .265 ± .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. 
P281A-300A 

Inch ea 

.689 

.387 

1.142 

.020 -

.017 

.050 [TP] 

.sn 

.006 -

.086max 

.045max_ 

F 

Package Drawings 

• 

C D 

~1-~~~--...-. ....... .--..................................... 1 ...... 4 -4--

1 I K 
I I 

B 
M T 

~ -

1
~-Cl_Cl_Cl_Cl_Cl_C_CI _Cl_Cl_CI _Cl_Cl_C 

1 
r 
-.-

B 

14 

fu j?G 

8311+4610Bt!il891 

83NR·7520B (12f90) 
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Package Drawings NEC 
28-Pin Plastic SOJ {400-mil) 

Item Miiiimeters Inches 

18.67 :g:~ .735 ::~ 
B 

B 

c 10.16 .400 

D 11.18 ± 0.20 .440 ::~ 
E 1.08 ± 0.15 043 +.006 

. -.007 
+ c D 

F 0.6 .024 

G 3.5 ±0.2 .138 ::~ 
H 2.4 ±0.2 .094 ::~ 

14 
I 0.8 min .031 min 

J 2.6 .102 
K 1.27 (TP) .050 (TP) - F 

M 0.40 ± 0.10 .016 ::~ §+ N 0.12 .005 

p• 9.40 ±0.20 .370 ::~ """-T 

a 0.15 .006 p 

T 0.85 rad .033 rad 

u 0.20 :g:~ 008 + .004 0 
. -.002 

• Item P to center of leads. 
P281.A-400A-1 49NR-e908 (1/92) 

28/24-Pin Plastic SOJ {400-mil) 

Item Ml Ill meters Inches 

18.67 :g:~ .735 ::~ 
B 

B 

c 10.16 .400 28 15 

D 11.18 ± 0.20 .440 ::~ 

E 1.08 ±0.15 043 +.006 
. -.007 

F 0.7 .028 

G 3.5 ±0.2 .138 ::~ 
H 2.4 ±0.2 .094 ::~ 

14 
I 0.8 min .031 min 

J 2.6 .102 
K 1.27 (TP) .050 (TP) 

M 0.40 ±0.10 .016 ::~ §+ N 0.12 .005 

p• 9.40 ±0.20 .370 ::~ 'T 

a 0.15 .006 p 

T 0.85 rad .033 rad 

0 u 0.20 :g:~ 008 +.004 
. -.002 

• Item P to center of leads. 

P281.B-400A1 83NR-8159B (4192) 
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NEC 
28-Pin Plastic TSOP II (400-mil) 

nem Mllllmelera lnchu 

A 18.81 max .741 max 

B 1.15 max .046 max 
c 1.27 (TP} .050 (TP} 

D 0.40 :t0.10 .016 :t .004 
E 0.05 :t0.06 .002 :t .002 

F 1.10max .044 max 

G 0.97 .038 
H 11.76 :t0.2 .463 :t .008 

10.16 :t 0.1 .400 :t .004 

0.8 :t0.2 .031 :t .008 

K 0.14 +0.10 006 +.004 
-0.06 . -.003 

L 0.5 :t0.1 020 +.004 
. -.005 

M 0.21 .009 

N 0.10 .004 

S28GH0-7JD 

28/24-Pin Plastic TSOP II {400-mil) 

Item Mllllmelera lnchu 
A 18.81 max .741 max 

B 1.15 max .045 max 

c 1.27 (TP} .050 (TP) 

D 0.40 :t 0.10 .016 :t .004 
E 0.05 :t0.06 .002 :t .002 

F 1.10max .043 max 

G 0.97 .038 
H 11.76 :t0.2 .463 :t .008 

10.16 :t0.2 .400 :t .008 

0.8 :t0.2 .031 :t .008 

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

L 0.5 :t0.1 .020 :t .004 
M 0.21 .008 
N 0.10 .004 

8211GHo.7JD1 

28 15 

-+-Ii-------+------.... 

28 15 

-+-11-------+------t-

Package Drawings 

Enlarged detail 
of lead end 

HL~ f 
E 3°:t3° 

83Ro.&140B (11112) 

Enlarged detail 
of lead end 

HL~.-t 
E 3°:t3° 
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Package Drawings NEC 
28-Pin Plastic SOP (llliniflat) (450-mil) #1 

Hem Mllllmetera lnchee 28 15 

A 19.05 max .750 max 
B 1.27 max .050 max 
c 1.27 (TP) .050 (TP) 

D 0.40 :t:0.10 .016 :::: 

E 0.1 :g:~ 004 +.008 
. -.004 

F 2.5 max .099 max 
G 2.00 .079 

H 11.8 :t:0.3 465 +.012 
. -.013 

I 8.4 .331 
A 

·~I 
J 1.7 .067 

K 0.15 :g:Jg 006 +.004 
. -.002 

L 0.7 :t:0.2 .028 ::~ 
M 0.12 .005 

j~G!f 
B --ll-o t 

I- ~ E 

w 
P28GM-60-460A1 40NR-6238 (1a'91) 

28-Pin Plastic SOP (llliniflat) {450-mil) #2 

Item Mllllmetera Inches 28 15 

A 19.05 max .750 max 
B 1.27 max .050 max 
c 12.7 (TP) .050 (TP) 

D 0.40 :t:0.10 .016 :::: 

E 0.1 :1:0.1 004 +.005 
. -.004 

F 3.0 max .119 max 
G 2.55 .100 

H 11.8 :1:0.3 4e5 +.012 
. -.013 

8.4 .331 

J 1.7 .Off'! 

K 0.15 :g:~ 006 +.004 
. -.002 

L 0.7 :t:0.2 028 +.008 
. -.009 

M 0.12 .005 
.~i» 

w 1$1 M ®I 
P28GM-504iM2 41NR-«!5B (111119) 

40 



NEC Package Drawings 

28-Pin Plastic ZIP {350-mil) 

Item Miiiimeters Inches A 

A 36.83 max 1.450 max 

F 0.5 ± 0.1 .020 ::gg: 
G .00.25 .010 

H 2.54 .100 

1.27 .050 

J 1.27 max .050 max 
K 1.0 min .039 min 

,J M 8.9 max .350 max 

N 2.8 ±0.2 .110 ::gg: 
Q 10.16 max .400 max 

~ v 0.25 :g:Jg .010 ::~ 
w 2.54 .100 [!] 
y 3.3 ±0.5 .130 ± .020 

49NR·702B (4192) 

I 

41 



Package Drawings 

32-Pin Plastic DIP {300-mil) 

Item Ml Ill meters 
A 40.64 max 
B 1.2.7 max 
c 2.54 (TP) 

D 0.50 :t0.10 

1.2. min 

G 3.2. :1:0.3 

H 051 min 

4.31 max 
5.08 max 

K* 7.62 (TP) 

7.2.5 

M 0.2.5 ~g:~ 
N 0.2.5 
p 1.0 min 

• Item Kb center of leads 
when formed pmalel. 

0 

Inches 

1.600 max 
.050 max 
.100 (TP) 

020 +.004 
. -.005 

.047 min 

.126 :I: .012 

.020 min 

.170 max 

.200 max 

.300 (TP) 

.285 

.010 ~:= 

.01 

.039 min 

NEC 

~o=::::: ~-=:::::: ;,1 
A 

~ 
~~ .J·_ 

M o-1s 0 

m 1$1 N @1 
83NR-'IS4S (1181) 

42 



NEC Package Drawings 

32-Pin Plastic DIP {600-mil) 

32 17 

Item Millimeters Inches 

A 40.64 max 1.60max 

8 1.27max .050max 

c 2.54 [}fl .100 [TP] 

D 0.50±0.10 .02o::gg: 

F 1.1 min .043mln 

G 3.2± 0.30 .126± .012 

H 0.51 min .020min 

4.31 max .170max 

5.08max .200max 

K 15.24~) .600[TP] 

13.2 .520 

M 0.25:g:~ .010::~ 
N 0.9mln .035mln 
p 0.25 .010 

831H -58188 (!1189) 

32-Pin Ceramic DIP {600-mil) 

Item Miiiimeters Inches A 

A 43.053 ± .127 1.7 ± 0.01 
8 14.99± .254 .59±0.10 
c 9.78max .385max 

D 0.254± .127 .010± .005 
E 2.54 [TP] .100 [TP] 

F 0.508 ± .127 .02± .005 
G 1.27± .381 .05 ± .015 
H 10.287 max .405max 

II[::::: :J [::::::JI I 
I 3.81 ± .635 .15 ± .025 

J 0.254± .076 .01 ± .003 

K 15.37± .381 .605± .015 

83FM-89668 (8192) 
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Package Drawings NEC 
32-Pin Plastic (FR-4) DIP {600-mil) 

Item Mllllmetera Inch ea 
A 53.47 ± 0.13 2.105 ± .005 A 
B 15.24 .600 
c 2.54 [TP] .100 [TP] 

D 0.47 ± 0.12 .019± .005 
E 1.02 .040 

F 5.84max .230max 
G 2.54mln .100mln 
H 7.62 .300 

0.38mln .015mln 
0.28±0.08 .011 ± .003 

83FM-89668 (&'92) 

32-Pin Plastic SOJ {300-mil) 

Item Mllllmetera Inches 

B 21.21 ~g:i, .835 ~:~ 
c 7.57 .298 

D 8.47 ±0.2 333 +.009 
. -.008 

E 1.08 ±0.15 043 + .006 
. -.007 

F 0.74 .029 

G 3.5 ±0.2 .138 ± .008 

H 2.4 :t:0.2 094 +.009 
• -.008 

0.8 min .031 min 
J 2.55 .100 

K 1.27 (TP) .050 (TP2 

M 0.40 :t:0.10 .016~:~ 
N 0.12 .005 
p• 6.73 ±0.20 .265 :t: .008 
Q 0.1 .004 

T 0.85 rad .033 rad 

u 020 ~g:~ 008 + .004 
. -.002 

N @I 

• Item P to center of leads. 
1'33.MlOOA 83NR-75448 (1191) 
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NEC Package Drawings 

32-Pin Plastic SOJ {400-mil) #1 

Hem Millimeters Inches 

8 21.01 ± 0.15 .827 ± .006 

c 10.16 ± 0.05 .400 ± .002 0 
D 11.18 ± 0.10 .440 ± .004 

F 0.74 ± 0.10 .029 ± .004 

G 3.5 ± 0.10 .138 ± .004 

H 1.445 ± 0.025 .057 ± .001 

J 2.6 .102 

K 1.27 (TP) .050 (TP) 

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-86478 {6'92) 

32-Pin Plastic SOJ {400-mil) #2 

8 

Hem Miiiimeters Inches 

8 21.21 ~g:~ .835 ~:~ 
c 10.16 .400 

D 11.18 ±0.20 .440 ± .008 

E 1.08 ± 0.15 .043 ± .006 

F 0.6 .024 I C D 

16 

_,_ ______ + -------+-+-

G 3.5 .138 

H 2.545 ± 0.2 .100 ± .008 

I 0.8 min .031 min 

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. - -
83YL-9023B {W92} 
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Package Drawings 

32-Pin Plastic TSOP I #1 

Item 

A 

B 

c 
D 

G 

H 

K 

L 
M 

N 
p 

Q 

s 

Mii ii meters 

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 

VEL~ 
t -===t-~ 
Q 50 ±30 

32-pin Plastic TSOP I #2 

Item Mllllmeters Inches 

A 8.2 max .323 max 
B 0.45 max .018 max 
c 0.5 (TP) .020 [P) 
D 0.20 ±0.10 .008 ± .004 

G 1.05 .041 

H 15.3 ± 0.2 .602 ~::: 
13.7 .539 

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-60.EJA 

46 

32 17 

0 

32 17 

-r-- --t-

0 

A 

_j 

8 jliZ.~~Lu=uuu=~:=~~~: 
JL f$1 M @I 

['QJ 0 N 

NEC 

49NR-7378 (11191) 

Enlarged detan 
of lead end 

49NR..ec>1B (11191) 



t\'EC 
32-Pin Plastic TSOP II {400-mil) 

32 
Hem Miii i mete re lnchea 

A 21.16 max .833 max 

8 1.06 max .042 max 

c 1.27 (!P) .050 (!P) 
D 0.40 :t:0.10 .016 :I: .004 

E 0.05 :t:0.05 .002 :I: .002 

F 1.10 max .043 max 
G 0.97 .038 

H 11.76 :t:0.2 .463 :I: .008 

I 10.16 :I: 0.1 .400 :I: .004 

J 0.8 :I: 0.2 .031 :I: .008 

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

L 0.5 :t:0.1 .020 ~:~ 
N 0.10 .004 

32-Pin Plastic SOP (IAiniflat) {525-mil) 

Item Miiiimeters lnchea 32 

A 20.61 max .812max 

8 0.78max .031 max 

c 1.27 [TP] .050 [TP] 

D 040+0.10 
. -0.05 

.016+.004 
-.003 

E 0.05:1:0.05 .002:1:.002 

F 2.85max .113max 

G 2.7 .106 

H 14.1 :t:0.3 .555:1:.012 

I 11.3 .445 

J 1.4 .055 

K 0.20+0.10 
-0.05 

008+.004 
. -.002 

L 0.8:1:0.2 .031~:= 
M 0.12 .005 

832GIHIMiZA·1 

17 

17 

Package Drawings 

Enlarged detall 
of lead end 

83YL-90268 (W92) 

831H-62278 (1MIO) 
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Package Drawings 1ttf EC 
32-Pin Surface Vertical Package {SVP} 

---A·---1 

1• E •r 

Enlarged detal ~ 

36-Pin Plastic SOJ (400-mil} 

8 
Item Mlllmetenl lnchee 

B 23.55 :t 0.15 .927 :t .008 

c 10.16 :t 0.05 AOO :t .002 

D 11.18 :t 0.10 .440 :t .004 

F 0.74 :t 0.10 .029 :t .004 

G 3.5 :t0.10 .138 :t .004 -1-f------ + -------1- C D 

H 1.445 :t 0.025 .057 :t.001 

J 2.6 .102 

K 1.27 (TP} .OS~} 

L 0.955 :t 0.025 .0376 :I: .001 

M 0.40 :t0.05 .0157 :t .002 

p* 9.40 :t 0.15 ZT :t.008 

T 0.85 :t 0.10 rad .033 :I: .004 rad 

u 0.22 :t0.05 .009 :I: .002 

* Item P to center of leads. 
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NEC Package Drawings 

40-Pin Plastic DIP {600-mil) 

Item Miiiimeters Inches 

A 53.34 max 2.100max 

B 15.24 [TP] .600 [TP] 

c 13.2 .520 

D 5.72max .225 max 
40 21 

E 4.31 max .170max 

F 3.6:1:0.3 .142:1:.012 

G 2.54max .100max 

H 2.54[TPJ .100 [PJ 
I 1.2mln .047 min 

J 0.51 min .020 min 

K 0.50:1:0.10 .020:1:.004 

L 0.25 +0.10 .010::~ -0.05 A 
M 0.25 .010 

ff\ :r=P ---: _ ... --' r- L 
P40C-1oo-80M 83v0-8140B (&'89) 

40-Pin Plastic SOJ {400-mil) 

Item Mllllmetera Inches 

B 26.29 + .02 1.035 ::~ -.035 
I 

c 10.16 .400 

D 11.18 :1:0.2 .440 :!: .008 

E 1.08 :1:0.15 043 +.006 
. -.007 

F 0.7 .028 

G 3.5 :1:0.2 .138 :!: .008 

H 2.4 :1:0.2 094 +.007 
. -.008 

0.8 min .031 min 
20 

J 2.6 .102 

K 1.27 (TP) .050 (TP) 

M 0.40 :1:0.10 .016 ::gg: 
N 0.12 .005 
p• 9.40 :1:0.20 .370 :!: .008 
Q 0.15 .006 

T 0.85 rad .033 rad 

u 0.20 ~g:~ 008 +.004 
. -.002 

0 * Item P to center of leads. 
P40l.E-400A 49NR-700B (7/91) 
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Package Drawings 

40-Pin Plastic ZIP (400-mil) 

Item Mllllmetera lnchee A 

A 5098+0.05 2007 +0.002 
. -0.35 . -0.014 

F 14.0 :t:0.2 0.20 :t:0.002 

G f00.25 00.010 

I 1.27 :t: 0.1 0.050 :t: 0.004 

K 0.9mln 0.035mln 

M '10.29 :t: 0.05 0.405 :t: 0.002 

N 2.8 :t:0.05 0.110 :t: 0.002 

Q 11.5 :t: 0.15 0.453 :t: 0.008 

v .25 +0.1 
-0.05 

0.010 +o.004 
-0.002 F 1$1 ®@I W 

w 2.50 :t:0.1 0.098 :t:.004 
y 3.25 :t:0.15 0.128 :t:.006 

40-Pin Plastic Shrink ZIP (450-mil) 

50 

llem llllllmetera 

A 38.83 max 1.450 max 

F OA :t: 0.1 .018 :t: .004 

G 0.2 .008 
H 1.778 

I 0.889 

J 1.018 

K 

M 

N 

Q 

v 

w 
y 

1.0mln 
10.50 max 

2.2 :t: 0.2 

11.10 max 

0.25 +0.10 
-0.05 

1.778 

3.108 

.ffTO 

.035 

.040 

.039 min 

.413 max 

.0'11 :t: .008 

.481 max 

.010 ~:~ 

.'110 

.122 

A 

28 

J 

NEC 

I~ 

Q 

hf-v 
w 

N 

M Q 

83Ylol0108 (1Cll'I) 



NEC Package Drawings 

42-Pin Plastic SOJ {400-mil} 

B 

Hem Millimeters lnchea 42 22 
B 27.41 +0.20 

-0.35 1.08 ::~ 
c 10.16 .400 

D 11.18 ±0.20 .440 ± .008 

E 1.08 ±0.15 .043 ± .006 -'---------+---------11-f- 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 

K 1.27 (TP) .050 (TP) 

M 0.40 ±0.10 .016 ± .004 F 
p* 9.40 ±0.20 .370 ± .008 
Q 0.15 .006 

T 0.85 rad .033 rad 

u 020 +0.10 
. -0.05 

008 +.004 
. -.002 

• Item P to center of leads. 

0 
83Yl-90248 (91'92) 

44-Pin Plastic SOJ {40041il} 

Hem Ml Ill meters Inches 

I 
B 28.83: g~ 1.135 ::~ 
c 10.16 .400 

D 11.18 ± 0.2 .440 ± .008 

E 1.08 ± 0.15 .043 ± .006 

F 0.6 .024 

G 3.5 ±0.2 .138 ± .008 
H 2.4 ±0.2 .094 ± .008 

0.8 min .031 min 

J 2.6 .102 
K 1.27 (TP) .050 (TP) 

M 0.40 ±0.10 .016 ± .004 

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 :g:~ 008 +.004 
. -.002 

• Item P to center of leads. 

Ej+ 'T 
p 

83Yl-1!649B(6192) 
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Package Drawings NEC 
44/40-Pin Plastic TSOP II {300-mil) 

Item Mllllmetera Inches 
A 18.81 max .741 max 

B 1.04max .041 max 

c 0.8~. .031 ~~-
44 23 

D 0.3 ± 0.1 .012 ± .004 

E 0.05 ±0.05 .002 ± .002 
F 1.13 max .044 

G 1.0~. .039 

H 9.22 ±0.2 .363 ± .008 

I 7.62 ±0.2 .300 ± .008 

J 0.8 ±0.2 .031 ± .008 

K 0.14 :g:Js 006 +.004 
. -.002 

0 

L 0.5 ± 0.1 .020 ± .004 

M 0.21 .008 

N 0.1 .004 

22 ~I 
A 

H 
Enlarged detail 

ofleadend I I 1 
FIG! l ~ ~ i_;K 

E ~ ~r Cliiiii -{µtm~~ i ~f~~~UMU~~) 
[£] 

83YL-7e97B (2192) 
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NEC 
44-Pin Plastic TSOP II {400-mil) #1 

Item 

A 

B 

c 
D 

E 

F 

G 

H 

I 

J 

K 

L 

M 

N 

Enlarged detail 
of lead end 

E 

Miii i meters Inches 

18.41 ± 0.1 .725 ± .004 

1.0max .039max 

0.8 ±0.1 .031 ± .004 

0.35 :g:Jg .014 ::= 
0.05 :g:Jg .002 ::= 
1.2max .047max 

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 

22 

H 

I 
-!jl~;uuuu i~tu_u:;:u::I 

83YL-8069B (1()(91) 
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Package, Drawings" NEC 
44-Pin Plastic TSOP II {400-miQ #2 

Item Miiiimeters Inches 

A 18.81 max .741 max 

8 1.00max .039max 

c 0.8 (TP} .031 (TP} 
44 23 

D 0.30 :I: 0.10 .012 :I: .004 

E 0.05 :1:0.05 .002 :I: .002 

F 1.10 max .043 

G 0.97 .038 

H 11.76 :I: 0.2 .463 :I: .008 ---+---
I 10.16:1:0.1 .400 :I: .004 

J 0.8 :1:0.2 .031 :I: .008 

K o.12s:g:Jg 005 +.004 
. -.002 

0 

L 0.5 :1:0.1 .020 :I: .004 
M 0.13 .005 

N 0.1 .004 A 
22 I . 

83CL·9080B (!V92) 
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NEC 
44-Pin Plastic TSOP II {400-mil) #3 

Item Mllllmet .. lnchee 

A 18.37:1:0.05 .723 :I: .002 

B 0885+0.05 
. -0.125 

035 +.002 
. -.005 

c 0.8 ClP) .031 (TP) 
D 0.30 :1:0.08 .012 :I: .004 

E 0.04 :1:0.04 .002 :I: .002 

F 1.01 :I: 0.06 .040 :I: .002 

G 0.97 :1:0.05 .038 :I: .002 

H 11.76 :I: 0.2 .463 :I: .008 

I 10.16:1:0.1 .400 :I: .004 

J 0.8 :1:0.2 .031 ~::: 0 

K 0.125~g:~ 005 +.004 

1. 1 
. -.002 

L o.s :1:0.1 020 +.004 
. -.005 

M 0.13 .005 

N 0.08 .003 

50-Pin Plastic TSOP II {400-mil) 

50 26 
Item Mllllmeters lnchee 

A 21.11 :I: .05 .831 :I: .002 

c 0.8 :1:0.05 .031 :I: .002 

D 0.3 :1:0.08 .012 :I: .003 

E 0.05 :1:0.05 .002 :I: .002 ~>-------+--------
F 1.10max .043 max 
G 0.97 .038 

H 11.76 :I: 0.2 .463 :I: .008 

I 10.18 :1:0.1 .400 :1:.004 

J 0.8 :1:0.2 .031 :I: .008 

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

L o.s :1:0.1 020 +.004 
. -.005 

~~ :UJro__n.r e $D ana u U1J u mlf1 
c 

Package Drawings 

Enlarged detal 
of lead end 

83CL-llOl1B (ftl!) 
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Package Drawings 

50/44-Pin Plastic TSOP II {400-mil) 

50 26 
Item Mi Ill meters Inches 

A 21.45 max .844 max 
B 1.06 max .042 max 
c 0.8 (TP} .031 {!P} 

D 0.30 ± 0.10 .012 ± .004 ~~------+-------+-
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:~ 005 +.004 
. -.002 

L 0.5 ±0.1 .020 ::~ 
N 0.10 .004 
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t\'EC Package Drawings 

52-Pin Plastic LCC 

F: 
Item Mllllmetera lnchee 

A 20.1 :t0.2 .791 :1:.008 

B 19.12 .753 

c 19.12 .753 

D 20.1 :t0.2 .791 :1:.008 

E 1.94 :t0.15 .078 :1:.006 

F 0.6 .024 52 
G 4.4 :1:0.2 .173 :1:.008 1 c D 
H 2.8 :1:0.2 .110 :1:.008 

I 0.9 min .035 min 

J 3.4 .134 

K 1.27 (TP) .050~ 

M 0.40 :t0.10 .016 :1:.004 

N 0.12 .005 
p 18.04 :1:0.20 .710 :1:.008 

Q 0.15 .006 

T 0.8 radius .031 radus 

u 0.20 ..0.10 008 +.()04 
-0.05 . -.002 

F 

~-I L-----------------------------------------------------------------------------------------~ 
P52L-60A1 

T 
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Package Drawings· 

64-Pin Plastic QFP 

Hem Mllllmetera lnchH 

A 23.6 :t:0.4 .929 :t: .016 

B 20.0 :t: 0.2 .795~:~ 
c 14.0 :t: 0.2 .551 ~:~ 
D 17.6 :t: 0.4 .693 :t: .016 

F 1.0 .039 

G 1.0 .039 

H 0.40 :t: 0.10 .016 ~::: C D 

0.20 .008 

J 1.0 (TP) .039 (TP) 

K 1.8 :t: 0.2 .071 ~:~ 
L 0.8 :t:0.2 . .031 ~:~ 
M 0.15 ~g:Jg 006 +.004 

. -.003 

N 0.15 .006 
p 2.7 .106 
Q 0.1 :t:0.1 .004 :t: .004 

R 0.1 :t:0.1 .004 :t: .004 

s 3.0 max .119 max 

K 

.ArlllIU u u uuu~ u LIU LIU u u u u>Cl_lM 
~ Ljl-t 

Enlarged detan of lead end 

~ 
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NEC 
68-Pin Plastic LCC 

Item Millimeters 

A 25.2±02 

B 24.20 

c 24.20 

D 25.2±02 

E 1.94±0.15 

F 0.6 

G 4.4±02 

H 2.8±02 

0.9mn 

3.4 

K 127~} 

M 0.40±0.10 

N 0.12 

p 23.12±0.20 

Q 0.15 

T 0.8radlus 

u 0.20~:~ 

P68L-6MM 

Inches 

.992 ±.008 

.953 

.953 

.992±.008 

.076~:~ 

.024 

.173~:m 68 

.11o~:m 

.035mln 

.134 

.050 (TP} 

.016~:gg: 

.005 

.91o~:m 
;006 

.031 radius 

oos+.004 
. -.002 

G 
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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 

Western 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 
TLK: 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, MI 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 
Suite206 
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 Oautier-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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401 Ellis Street 
P.O. Box 7241 
Mountain View, CA 94039 
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