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QUICK REFERENCE GUIDE TO HITACHI MEMORIES 

•MOS RAM 
Access Cycle 

Mode Total Type No. Process Organization Time Time Supply Power Package Maintenance Page 

(word x bit) (ns) (ns) Voltage Dissipation Only 

Max Max (V) (W) Pin No DG DP FP CP TFP 

HM6268-25 25 25 • 36 

HM6268-35 35 35 0.1m/0.25 • 36 

HM6268-45 4K x 4 45 45 • 36 

HM6268L-25 25 25 • 36 

HM6268L-35 35 35 5>tl0.25 • 36 

HM6268L-45 45 45 • 36 

16Kb HM6267-35 CMOS 35 35 20 • 43 

HM6267-45 45 45 0.1m/0.2 • 43 

HM6267-55 16K x 1 55 55 • 43 

HM6267L-35 35 35 • 43 

HM6267L-45 45 45 5>t/0.2 • 43 

HM6267L-55 55 55 • 43 

HM6264A-10 100 100 • • 50 

HM6264A-12 120 120 0.1m/15m • • 50 

HM6264A-15 150 150 • • 50 

H M6264AL-1 0 100 100 • • 50 

HM6264AL-12 BK x 8 120 120 10µ/15m 28 • • 50 

H M6264AL-15 CMOS 150 150 • • 50 

HM6264AL-10L 100 100 • • 50 

H M6264AL-12L 120 120 10,1/15m • • 50 

HM6264AL-15L 150 150 • • 50 

HM6288-25 25 25 • • 59 

HM6288-35 35 35 22 • • 59 

HM6288L-25 25 25 0.1m/0.3 24 • • 59 

Static HM6288L-35 35 35 +5 (SOJ) • • 59 

HM6788-25 16K x 4 25 25 • • 67 

HM6788-30 30 30 10m/0.23 • • 67 

HM6788H-15 Bi-CMOS 15 15 22 • • 71 

HM6788H-20 20 20 0.28 • • 71 

HM6788HA-12 12 12 • 75 

HM6788HA-15 15 15 0.3 • 75 

HM6788HA-20 20 20 • 75 

HM6289-25 25 25 • 80 

HM6289-35 35 35 • 80 

HM6289L-25 CMOS 25 25 0.1m/0.3 • 80 

HM6289L-35 35 35 • 80 

64Kb HM6789-25 25 25 • • • 91 

HM6789-30 16K x 4 30 30 0.23 24 • • • 91 

HM6789H-15 (with OE\) 15 15 • • • 98 

HM6789H-20 Bi-CMOS 20 20 0.28 • • • 98 

HM6789HA-12 12 12 • • 105 

HM6789HA-15 15 15 0.3 • • 105 

HM6789HA-20 20 20 • • 105 

HM6287-45 45 45 • • 113 

HM6287-55 55 55 0.1m/0.3 • • 113 

HM6287-70 70 70 • • 113 

HM6287L-45 45 45 22 • • 113 

HM6287L-55 55 55 10µ/0.3 • • 113 

HM6287L-70 CMOS 70 70 • • 113 

HM6287H-25 25 25 • • 120 

HM6287H-35 35 35 0.1m/0.3 22 • • 120 

HM6287HL-25 64K x 1 25 25 24 • • 120 

HM6287HL-35 35 35 10µ/0.3 (SOJ) • • 120 

HM6787-25 25 25 • • 129 

HM6787-30 30 30 0.18 22 • • 129 

HM6787H-15 15 15 • • • 134 

HM6787H-20 Bi-CMOS 20 20 0.21 22 • • • 134 

HM6787HA-12 12 12 24 • • 139 

HM6787HA-15 15 15 0.3 (SOJ) • • 139 

HM6787HA-20 20 20 • • 139 
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QUICK REFERENCE GUIDE-----------------------

·MOS RAM 
Access Cycle 

Mode Total Type No. Process Organization Time Time Supply Power Package Maintenance Page 
(word x bit) (ns) (ns) Voltage Dissipation Only 

Max Max (V) (W) Pin No DG DP FP CP TFP 

HM62256-8 85 85 • • 144 
HM62256-10 100 100 • • 144 
HM62256-12 120 120 0.2m/40m • • 144 

HM62256-15 150 150 • • 144 
HM62226L-8 85 85 • • 144 
HM62256L-10 100 100 • • 144 

HM62256L-12 120 120 10µ/40m • • 144 
HM62256L-15 150 150 • • 144 
HM62256L-10SL 32Kx 8 100 100 • • 144 
HM62256L-12SL 120 120 10µ/40m • • 144 
HM62256L-15SL CMOS 150 150 • • 144 

HM62256A-8 85 85 • • 152 

HM62256A-10 100 100 • • 152 
HM62256A-12 120 120 0.2m/40m • • 152 
HM62256A-15 150 150 • • 152 
HM62226AL-8 85 85 • • • 152 

HM62256AL-10 100 100 • • • 152 
HM62256AL-12 120 120 10µ/40m 28 • • • 152 
HM62256AL-15 150 150 • • • 152 

HM62256AL-8SL 85 85 • • • 152 

HM62256AL-10SL 100 100 • • • 152 
HM62256AL-12SL 120 120 30µ/0.3 • • • 152 
HM62256AL-15SL 150 150 • • • 152 
HM62832H-25 25 25 • • 160 
HM62832H-35 35 35 0.1m/0.3 • • 160 
HM62832UH-15 15 15 • • 166 

256Kb HM62832UH-20 20 20 15µ/0.55 • • 166 

HM62832UHL-15 15 15 • • 166 
HM62832UHL-20 20 20 15µ/0.4 • • 166 
HM67832SH-10 10 10 • 173 

Static HM67832SH-12 Bi-CMOS 12 12 +5 0.4 • 173 

HM6208H-25 25 25 • • 181 
HM6208H-35 35 35 0.1m/0.3 • • 181 

HM6208HL-25 CMOS 25 25 • • 181 

HM6208HL-35 35 35 30µ/0.3 • • 181 
HM6708A-15 15 15 • • 188 
HM6708A-20 20 20 0.45 • • 188 
HM6708A-25 25 25 • • 188 

HM6708SH-10 10 10 • 193 
HM6708SH-12 64Kx4 12 12 0.4 • 193 
HM6709A-15 Bi-CMOS 15 15 28 • • 202 
HM6709A-20 20 20 0.45 • • 202 
HM6709A-25 25 25 • • 202 
HM6709SH-10 10 10 • 209 
HM6709SH-12 12 12 0.4 • 209 
HM6207H-25 25 25 • • 217 

HM6207H-35 35 35 0.1m/0.3 • • 217 

HM6207HL-25 CMOS 25 25 • • 217 
HM6207HL-35 256K x 1 35 35 20µ/0.3 24 • • 217 
HM6707A-15 15 15 • • 224 
HM6707A-20 Bi-CMOS 20 20 0.45 • • 224 

HM6707A-25 25 25 • • 224 

HM62932-15 15 15 • 229 
HM62932-20 20 20 • 229 

HM62932L-15 15 15 • 229 

288Kb HM62932L-20 CMOS 32Kx 9 20 20 15µ/0.35 32 • 229 
HM62D932-15 15 15 • 237 
HM62D932-20 20 20 • 237 

HM620932L-15 15 15 • 237 
HM620932L-20 20 20 • 237 
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•MOSRAM 
Access Cycle 

Mode Total Type No. Process Organization Time Time Supply Power Package Maintenance Page 

(word x bit) (ns) (ns) Voltage Dissipation Only 

Max Max (V) (W) Pin No DG DP FP CP TFP 

HM628128-7 70 70 • • • 245 

HM628128-8 85 85 • • • 245 

HM628128-10 100 100 0.1m/75m • • • 245 

HM628128-12 128K x 8 120 120 32 • • • 245 

HM628128L-7 70 70 • • • 245 

HM628128L-8 85 85 • • • 245 

HM628128L-10 100 100 10µ/75m • • • 245 

HM628128L-12 120 120 • • • 245 

HM624256A-20 20 20 • • 257 

HM624256A-25 25 25 • • 257 

HM624256A-35 35 35 • • 257 

HM624256AL-20 20 20 28 • • 257 

1Mb HM624256AL-25 256K x 4 25 25 • • 257 

HM624256AL-35 35 35 • • 257 

HM624257-35 35 35 • 267 

HM624257-45 45 45 0.1m/0.35 • 267 

HM624257L-35 35 35 32 • 267 

HM624257L-45 45 45 • 267 

HM621100A-20 20 20 • • 275 

HM6211 OOA-25 25 25 • • 275 

HM6211 OOA-35 1Mx 1 35 35 28 • • 275 

HM6211 OOAL-20 20 20 • • 275 

H M6211 OOAL-25 25 25 • • 275 

HM621100AL-35 35 35 • • 275 

HM628512-5 55 55 • • 281 

HM628512-7 70 70 • • 281 

HM628512-8 85 85 • • 281 

Static HM628512-10 CMOS 100 100 +5 • • 281 

HM628512L-5 55 55 • • 281 

HM628512L-7 70 70 • • 281 

4Mb HM628512L-8 512K x 8 85 85 10µ/75m • • 281 

HM628512L-10 100 100 • • 281 

HM628512L-5L 55 55 • • 281 

HM628512L-7L 70 70 • • 281 

HM628512L-8L 85 85 • • 281 

HM628512L-10L 100 100 • • 281 

HM624100-25 25 25 • • 295 

HM624100-30 30 30 0.0510.75 32 • • 295 

HM624100-35 35 35 • • 295 

HM624100-45 1M x4 45 45 • • 295 

HM6241 OOL-30 30 30 • • 295 

HM624100L-35 35 35 0.5m/0.7 • • 295 

HM624100L-45 45 45 • • 295 

HM621400-25 25 25 • • 302 

HM621400-30 30 30 0.0510.75 • • 302 

HM621400-35 35 35 • • 302 

HM621400-45 4M x 1 45 45 • • 302 

HM621400L-30 30 30 • • 302 

HM621400L-35 35 35 0.5m/0.7 • • 302 

HM621400L-45 45 45 • • 302 

Static HM66205L-85 85 85 • 288 

RAM 4Mb HM66205L-10 512K x 8 100 100 40µ/80m 32 • 288 

Module HM66205L-12 120 120 • 288 
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QUICK REFERENCE GUIDE-----------------------

• Cache Static RAM and Fast SRAM Modules 
Access Cycle 

Mode Total Type No. Process Organization Time Time Supply Power Package Maintenance Page 

(word x bit) (ns) (ns) Voltage Dissipation Only 

Max Max (V) (W) Pin No DG DP FP CP TFP 

HM62A168-25 25 25 • 311 

HM62A168-30 8Kx 16 30 30 • 311 

120Kb HM62A 168-35 (2way) 35 35 • 311 

HM62A 1688-25 25 25 • 311 

HM62A 1688-35 35 35 • 311 

HM62A 188-25 25 25 1.1 (max) 52 • 311 

HM62A188-30 8Kx 18 30 30 • 311 

128Kb HM62A188-35 (2way) 35 35 • 311 

HM62A1888-25 25 25 • 311 

HM62A 1888-35 35 35 • 311 

HM62A932-14 14 20 • 323 

Cache 288Kb HM62A932-19 32Kx 9 19 25 T8D 44 • 323 

Static HM62A932-24 24 30 • 323 

RAMs HM62A932-34 34 40 • 323 

HM62A2016-17 CMOS 17 17 +5 • 333 

328Kb HM62A2016-20 8Kx20 20 20 • 333 

HM62A2016-25 (2way) 25 25 1.1 (max) 52 • 333 

HM62A2016-30 30 30 • 333 

1Mb HM62A8128-20 128K x 8 30 20 • 346 

1.2Mb HM62A9128-20 128K x 9 30 20 25m/0.75 32 • 346 

H86681616A-25 16Kx 16 25 25 355 
Fast 256Kb H86681616A-35 (module) 35 35 0.4m/1.2 36 355 

SRAM H866A2568A-25 256K x 8 25 25 365 

Module 2Mb H866A2568A-35 (module) 35 35 0.8m/2.4 60 365 

• MOS Pseudo Static RAM 
Access Cycle 

Mode Total Type No. Process Organization Time Time Supply Power Package Maintenance Page 

(word x bit) (ns) (ns) Voltage Dissipation Only 

Max Max (V) (W) Pin No DG DP FP CP TFP 

HM652568-10 100 160 • • 375 

HM652568-12 120 190 • • 375 

HM652568-15 150 235 • • 375 

256Kb HM65256B-20 32Kx 8 200 310 2m/0.175 28 • • 375 
Pseudo HM652568L-10 100 160 • • 375 
Static HM65256BL-12 120 190 • • 375 

HM65256BL-15 150 235 • • 375 

HM652568L-20 200 310 • • 375 

HM658128A-8 80 130 • • • 383 
HM658128A-10 100 160 • • • 383 

HM658128A-12 120 190 • • • 383 

HM658128AL-8 80 130 • • • 383 
1Mb HM658128AL-10 CMOS 128K x 8 100 160 +5 0.35m/0.25 • • • 383 

HM658128AL-12 120 190 • • • 383 

HM658128AL-8L 80 130 • • • 383 

HM658128AL-10L 100 160 • • • 383 

HM658128AL-12L 120 190 32 • • • 383 
HM658512-8 80 130 • • 395 
HM658512-10 100 160 • • 395 
HM658512-12 120 190 • • 395 

HM658512L-8 80 130 • • 395 

4Mb HM658512L-10 512K x 8 100 160 0.2m/0.25 • • 395 
HM658512L-12 120 190 • • 395 
HM658512L-8L 80 130 • • 395 
HM658512L-10L 100 160 • • 395 

HM658512L-12L 120 190 • • 395 
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-----------------------QUICK REFERENCE GUIDE 

• ECL RAM 

Access Cycle 

Mode Total Type No. Process Organization Time Time Supply Power Package Maintenance Page 

(word x bit) (ns) (ns) Voltage Dissipation Only 

Max Max (V) (W) Pin No DG FG CG 

HM10494-10 10 10 • • 404 

HM10494-12 16K x 4 12 12 0.8 28 • • 404 

ECL 64Kb HM10490-10 10 10 -5.2 • 408 

10K HM10490-12 64K x 1 12 12 0.57 22 • 408 

256Kb HM10500-15 256K x 1 15 15 0.52 24 • 412 

HM100494-10 10 10 • • 417 

64Kb HM100494-12 16K x4 12 12 0.65 28 • • 417 

ECL HM100504-10 10 10 • 421 

100K 256Kb HM100504-12 Bi-CMOS 64Kx4 12 12 -4.5 0.5 • 421 

HM100500-18 256K x 1 18 18 0.5 24 • • 425 
HM100514-15 256K x 4 15 15 0.8 32 • 430 

1Mb HM100510-15 1Mx 1 15 15 0.7 28 • 434 

HM101494-10 10 10 • • 438 

HM101494-12 16Kx 4 12 12 0.75 28 • • 438 

64Kb HM101490-10 10 10 • 442 

HM101490-12 64Kx 1 12 12 0.57 22 • 442 

ECL HM101504-10 10 10 -5.2 • 446 

101K 256Kb HM101504-12 64Kx 4 12 12 0.5 28 • 446 

HM101500-15 256K x 1 15 15 0.5 24 • • 450 

HM101514-15 256K x 4 15 15 0.8 32 • 454 

1Mb HM101510-15 1Mx 1 15 15 0.7 28 • 458 

• FIFO Memory 
Access Cycle 

Mode Total Type No. Process Organization Time Time Supply Power Package Maintenance Page 

(word x bit) (ns) (ns) Voltage Dissipation Only 

Max Max (V) (W) Pin No DG DP FP CP TFP 

HM63921-20 20 20 • 465 

18Kb HM63921-25 2K x 9 25 25 • 465 

HM63921-35 CMOS 35 35 0.6 • 465 

FIFO HM63941-20 20 20 +5 (max) 28 • 477 

36Kb HM63941-25 4K x 9 25 25 • 477 

HM63941-35 35 35 • 477 

The package codes apply to the material as follows: 
DP Dual In-line Package-Plastic 
DG Dual In-line Package-Ceramic 
FP Flat Package/SOP (Dual= 2-sided; Quad.= 4-sided)-Plastic 
FG Flat Package-Ceramic 
TFP Thin SOP-Plastic 
CG Chip Carrier (4-sided)-Ceramic 
CP J-lead Package (SOJ = 2-sided; PLCC = 4-sided)-Plastic 

~HITACHI 
Hitachi America, Ltd. • Hitachi Plaza• 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 ix 





Package Information 

@HITACHI® 



• PACKAGE INFORMATION 

• Dual-in-line Plastic 

• DP-20N 

• DP-22NB 

27 .tomax.( I .098mu.) 

~II :Lii!j 
0.48± 0.1 2.54± 0.25 

(0.019±0.004) (0.100±0.010) 

• DP-28 

Unit: mm (inch) Scale 111 

• DP-22N 

27 .08( I .066) 

~fl JL -!j ~· 
o.n±o.1 2.54±0.25 : 2 ""~ 

(0.019± 0.004) (0.100 ± 0.0 I 0) 

• DP-24NC 

ZUl(l.176) 
30.41max.( I .200max.) 

13 

1.14(0.045) 

• DP-28C 
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-------------------------PACKAGE INFORMATION 

• Dual-in-line Plastic Unit: mm (inch) Scale 1/1 

• DP-28N 

36 0(1417) 

• DP-32 

Applicable ICs 

DP-20N HM6268P Series, HM6268LP Series, HM6267P Series, HM6267LP Series 

DP-22N HM6287P Series, HM6287LP Series 

DP-22NB HM6288P Series, HM6288LP Series, HM6788P Series, HM6788HP Series, HM6788HAP Series, 
HM6287HP Series, HM6287HLP Series, HM6787P Series, HM6787HP Series, HM6787HAP Series, 
HM6787HAJP Series 

DP-24NC HM6789P Series, HM6789HP Series, HM6789HAP Series, HM6208HP Series, HM6208HLP Series, 
HM6708AP Series, HM6207HP Series, HM6207HLP Series, HM6707 AP Series 

DP-28 HM6264AP Series, HM6264ALP Series, HM6264ALP-L Series, HM62256P Series, HM62256LP Series, 
HM62256LP-L Series, HM65256BP Series, HM65256BLP Series, HM62256AP Series, HM62256ALP Series, 
HM62256ALP-SL Series 

DP-28C HM624256P Series, HM624256LP Series, HM624256AP Series, HM624256ALP Series, HM621100AP Series, 
HM621100ALP Series 

DP-28N HM6264ASP Series, HM6264ALSP Series, HM6264ALSP-L Series, HM6709AP Series 

DP-28NA HM62832HP Series, HM62832UHP Series, HM67832SHP Series, HM63921P Series, HM63941P Series, 
HM62256ASP Series, HM62256ALSP Series, HM62256ALSP-SL Series 

DP-32 HM658128ALP Series, HM658128ALP-L Series, HM658128ADP Series, HM658128DP Series, 
HM658128LP Series, HM658512LP Series, HM658512P Series, HM628128P Series, HM628128LP Series, 
HM628128LP-SL Series, HM628512P Series, HM628512LP Series, HM628512LP-L Series 
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PACKAGE INFORMATION------------------------

• CERDIP Unit: mm (inch) Scale 1 /1 

• DG-22N • DG-24V 

22 

~"1'!"'<..._.._......_,..........,.Mllr...,J.-...1. 

1.01(0.04~, 7.62(0.300) 

r--------~-;l 

~4i u~ u u u _1L!1j"J~~ 
0.48 ± 0.1 2.54± 0.25 

(0.019±0.004) (0.100±0.010) 

• DG-28N 

I0.16{UOO) 

~iW 
0.48t0.I 2.5H0.25 !! 

(0.019 ± 0.004) (0.100 ± 0.0 I Oi 

Applicable ICs 

DG-22N HM10490 Series, HM101490 Series 

DG-24V HM 10500 Series, HM 100500 Series 

DG-28N HM10494 Series, HM100494 Series, HM101494 Series 
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------------------------------Package Information 

• Flat Package 

• FP-280 
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Unit: mm (inch) Scale 1 % 
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Package Information-----------------------------­

• Flat Package 

• FP-320 

1.0max 
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• FG-24A 

20.45(0.805) 
20.95max(0.825max) 
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Unit: mm (inch) Scale 1 % 
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-------------------------------Package Information 

• Flat Package Unit: mm (inch) Scale 1 % 

• FG-280 
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Package Information------------------------------

• Flat Package Unit: mm (inch) Scale 1 % 

• FG-28DA 
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-------------------------------Package Information 

• Flat Package Unit: mm (inch) Scale 11h 

• FG-320 

__ 1'-=6=.5:.;;:9...:.;ma=x _ _..., ~ ·~ 
16.13 min co 11> 

17 

a)(') 

cO cO 

(') 

~ ~~ ~ 
f:! ~ gi 
~r,.-----....-~o~·c....:..:~~· 

o.sJT 
Reference point 

Applicable ICs 

FP-28D HM6264AFP Series, HM6264ALFP Series, HM6264ALFP-L Series 

FP-28DA HM6264AFP Series, HM6264ALFP Series, HM6264ALFP-L Series, HM62256FP-T Series, 
HM62256LFP-T Series, HM62256LFP-SLT Series, HM65256BFP-T Series, HM65256BLFP-T Series, 
HM62256AFP-T Series, HM62256ALFP-T Series, HM62256ALFP-SLT Series 

FP-32D HM628128FP Series, HM628128LFP Series, HM658128DFP Series, HM658128LFP Series, 
HM658512LFP Series, HM658512DFP Series, HM65256BFP-T Series, HM65256BLFP-T Series, 
HM62256AFP-T Series, HM62256ALFP-T Series, HM62256ALFP-SLT Series, HM628128LFP-SL Series, 
HM628512FP Series, HM628512LFP Series, HM628512LFP-SL Series, HM658128ALFP Series, 
HM658128ALFP-L Series, HM658128ADFP Series 

FG-24A HM 100500F Series, HM 101500F Series 

FG-28D HM10494F Series, HM100494F Series, HM101494F Series 

TFP-32DA HM628128T Series, HM628128LT Series, HM62256A Series, HM62256AL Series 

FG-28DA HM 101510F Series, HM 100510F Series 

FPG-28DB HM 100504F Series 

FG-32D HM100514F Series, HM101514F Series 
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• TSOP Packages 

• TFP-320 

-~-+!=~~~~~=! 0-5' :g ~ c: 
.; g ·ii o.so:o.10 
~ ~ 0 (0.020!0.004) 
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e 
Applicable ICs 

8.0(0.3ll> 

32 17 
• TFP-320A 

0.50!0.10 
(0.020!0.004) 

14.0!0.2 
(Q. 551!0. 008) 

Unit: mm (Inch) Scale 1 % 

TFP-32D HM628128LT Series, HM628128LR Series 

TFP-32DA HM62256ALT Series, HM62256ALT-SL Series, HM658128ALT-L Series, HM658128ALT Series, 
HM658128ADT Series 

• Leadless Chip Carrier 

• CG-288 

• Flat Package (J-bend Leads) 
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~HITACHI 

Applicable ICs 

CG-28B 
HMI00500CG Series, 
HM 101500CG Series 

Unit: mm (inch) Scale 1 % 
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------------------------PACKAGE INFORMATION 

• Flat Package (J-bend Leads) 

• CP-28DN 
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I
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Du 
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Applicable ICs 

• 

Unit: mm (inch) Scale 1 % 

CP-24D HM6288JP Series, HM6288LJP Sseries, HM6289JP Series, HM6289LJP Series, HM6789JP Series, 
HM6789HJP Series, HM6789HAJP Series, HM6287HJP Series, HM6287HLJP Series, 
HM6787HJP Series, HM6287HAJP Series, HM6208HJP Series, HM6208HLJP Series, 
HM6708AJP Series, HM6207HJP Series, HM6207HLJP Series, HM6207 AJP Series 

CP-28D HM624256JP Series, HM624256LJP Series, HM624256AJP Series, HM624256ALJP Series, 
HM621100AJP Series, HM621100ALJP Series 

CP-28DN HM62832HJP Series, HM62832UHJP Series, HM62832SHJP Series, HM6709AJP Series 
CP-32D HM624257JP Series, HM624257LJP Series, HM101504JP Series, HM62A8128JP Series, HM62A9128JP Series 

HM624100JP Series, HM624100JLP Series, HM621400JP Series, HM621400JLP Series 
CP-32DN HM62932JP Series, HM62932LJP Series, HM62D932JP Series, HM62D932LJP Series 
CP-44 HM62A932CP Series 
CP-52 HM62Al68CP Series, HM62Al88CP Series, HM62A2016CP Series 
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• RELIABILITY OF HITACHI IC MEMORIES 

RELIABILITY CHARACTERISTICS FOR 
SEMICONDUCTOR DEVICES 
Hitachi semiconductor devices are designed, 
manufactured and inspected so as to achieve a 
high level of reliability. Accordingly, system relia­
bility can be improved by combining highly reli­
able components along with proper environmen­
tal conditions. It is important to examine 
semiconductor device characteristics in light of 
their reli~bility. 
• Semiconductor devices are essentially struc­

ture sensitive as seen in surface phenomenon. 
Fabricating the device requires precise control 
of a large number of process steps. 

• Device reliability is partly governed by elec­
trode materials and package materials, as well 
as by the coordination of these materials with 
the device materials. 

• Devices employ thin-film and fine-processing 
techniques for metallization and bonding. Fine 
materials and thin film surfaces sometimes ex­
hibit physically different characteristics from 
the bulks. 

• Semiconductor device technology advances 
drastically: Many new devices have been de­
veloped using new processes over a short per­
iod of time. Thus, conventional device reliabil­
ity data cannot be used in some cases. 

• Semiconductor devices are characterized by 
volume production. Therefore, variations 
should be an important consideration. 

• Initial and accidental failures are only consid­
ered to be semiconductor device failures 
based on the fact that semiconductor devices 
are essentially operable semipermanently. 
However, wear failures caused by worn materi­
als and migration should also be reviewed 
when electrode and package materials are not 
suited for particular environmental conditions. 

• Component reliability may depend on device 
mounting, conditions for use, and environ­
ment. Device reliability is affected by such fac­
tors as voltage, electric field strength, current 
density, temperature, humidity, gas, dust, 
mechanical stress, vibration, mechanical 
shock, and radiation magnetic field strength. 

W earout flilure rqion 
: Rising failure rates ( m > 1 ) 

~-....... --Useful longevity--~----

Time (t) 

Figure 1 Typical failure rate curve 

Device reliability is generally represented by the 
failure rate. 'Failure' means that a device loses its 
function, including intermittent degradation as 
well as complete destruction. 
Generally, the failure rate of electric components 
and equipment is represented by the bathtub 
curve shown in Figure 1. For semiconductor de­
vices, the configuration parameter of the Weibull 
distribution is smaller than 1, which means an 
initial failure type. Such devices ensure a long 
lifetime unless extreme environmental stress is 
applied. Therefore, initial and accidental failures 
can become a problem for semiconductor de­
vices. Semiconductor device reliability can be 
physically represented as well as statistically. 
Both aspects of failures have been thoroughly an­
alyzed to establish a high level of reliability. 

SEMICONDUCTOR FAILURE TYPES AND 
THEIR MECHANISM 
Semiconductor device failures are categorized as 
disconnection, short-circuit, deterioration and 
miscellaneous failures. These are summarized in 
Table 1. Typical failure mechanisms are: 

Surface Deterioration 
The pn junction has a charge density of 1014_ 
1Q20/cm3. If charges exceeding the above den­
sity are accumulated on the pn junction surface, 
particularly adjacent to a depletion layer, electric 
characteristics of the junction tend to be easily 
varied. Although the surface of such devices as 
planar transistors is generally covered with a 
Si02 film and is in an inactive state, the possibility 
of deterioration caused by surface channels still 
exists. Surface deterioration depends heavily on 
applied temperature and voltage and is often han­
dled by the reaction model. 
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-------------------------Reliability of Hitachi IC Memories 

Table 1 Failure Modes, Mechanisms and Related Causes 

Failure modes Failure mechanisms Failure related causes 

Withstanding voltage Pin hole, Crack, Uneven Passivation Surface oxide film, 
reduced, Short, Leak thickness, Contamination, Insulating film between 
current increased, hpE Surface inversion, Hot wires 
degraded, Threshold carrier injected 
voltage variation, Noise 

Open, Short, Resistance Flaw, Void, Mechanical Metallization Interconnection, 
increased damage, Contact, Through hole 

Break due to uneven 
surface, Non-ohmic 
contact, Insufficient 
adhesion strength, 
Improver thickness, 
Electromigration, 
Corrosion 

Open, Short Bonding runout, Connection Wire bonding, 
Resistance increased Compounds between Ball bonding 

metals, Bonding position 
mismatch, Bonding 
damaged 

Open, Short Disconnection, Wire lead Internal connection 
Sagging, Short 

Withstanding voltage Crystal defect, Diffusion, Junction diffusion, 
reduced, Short Crystallized impurity, Junction Isolation 

Photo resist mismatching 

Open, Short, Unstable Peeling, chip, Crack Die bonding Connection between die 
operation, Thermal and package 
resistance increased 

Short, Leak current Integrity, Package sealing Packaging, Hermetic 
Increased, Open, moisture ingress, Seal, Lead plating, 
Corrosion disconnection, Impurity gas, High Hermetic package & 
Soldering failure temperature, Surface plastic package, Filler 

contamination, Lead rust, gas 
Lead bend, break 

Short, Leak current Dirt, Conducting foreign Foreign matter Foreign matter in 
increased matter, Organic carbide package 

Short, Open, Fusing Electron destroyed Input/output pin Electrostatistics, 
Excessive Voltage, 
Surge 

Soft error Electron hole generated Disturbance a particle 

Leak current increased Surface inversion High electric field 
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Reliability of Hitachi IC Memories-------------------------

One example is surface deterioration caused by 
hot carriers. Hot carriers are generated when 
such devices as MOS dynamic RAMs are oper­
ated at a voltage near the minimum breakdown 
voltage (BVos) by raising fnternal voltage and 
when a strong electric field is established near the 
MOS device's drain resulting from reduced de­
vice geometry from 2 µm to 0 .8 µm. Generated hot 
carriers may affect surface boundary characteris­
tics on a part of the gate oxide film, resulting in 
degradation of threshold voltage (VTH) and 
counter conductance (gm). Hitachi devices em­
ploy improved design and process techniques to 
prevent these problems. However, as processes 
becomes finer, surface deterioration may possi­
bly become a serious problem. 

Electrode-Related Failures 
Electrode-related failures have become increas­
ingly important as multi-layer wiring has become 
more complicated. Noticeable failures include 
electromigration and Al wiring corrosion in plastic 
sealed packages. 

ELECTROMIGRATION 
This is a phenomenon in which metal atoms are 
moved by a large current of about 106 A/cm2 sup­
plied to the metal. When ionized atoms collide 
with the current of scattering electrons, an 'elec­
tron wind' is produced. This wind moves the metal 
atoms in the opposite direction from the current 
flow, which generates voids at a negative elec­
trode, and hillock and whiskers at an opposite 
one. The generated voids increase wiring resist­
ance and cause excessive currents to flow in 
some areas, leading to disconnection. The gener­
ated whiskers may cause shortcircuits in multi­
metal line. 

MULTI-METAL LINE RELATED FAILURES 
Major failures associated with multi-metal line in­
clude increased leak currents, shortcircuits 
caused by a failed dielectric interlayer, and in­
creased contact metal resistance and disconnec­
tion between metal wirings. 

AL LINE CORROSION AND DISCONNECTION 
When plastic encapsulated devices are sub­
jected to high-temperatures, high-humidity or a 
bias-applied condition, Al electrodes in devices 
can cause corrosion or disconnection (Figure 2). 
Under high-temperature and high-humidity, cor­
rosion is randomly generated over the element 
surface. However, after an extended period of 

Pit Corrosions 

Moiture Resistance Test 

High Temp and 
High Himidity 
and Bias 

Pit Corrosions lntergranular 
Corrosions 

Figure 2 Categorized Al corrosion mode 

to an initial failure associated with manufacturing. 
It is also verified that this type of failure can be 
generated when the adhesion surface between 
an element and resin is separated or when foreign 
materials are attached to the element with human 
saliva. Under a bias-applied, high-temperature, 
high-humidity condition, corrosion is generated in 
higher potential areas while in lower potential 
areas, grain corrosion occurs. Once this failure 
occurs in part of a device, the device can become 
worn out in a relatively short time. This failure 
proves to depend on the hydroscopic volume re­
sistivity of sealed resin. The Al line corrosion 
mechanism described above is summarized in 
Figure 3. 

time, the Corrosion has not Significantly in- Figure 3 Plastic package cross section and Al corrosion 

creased. Accordingly, this failure is possibly due mechanism 
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------------------------Reliability of Hitachi IC Memories 

Bonding Related Failures 
DEGRADATION CAUSED BY INTERMETALLIC 
FORMATION 
Bonding strength degradation and contact resist­
ance increase are caused by compounds formed 
in connections between Au wire and Al film. This 
is the most serious problem in terms of reliability. 
The compounds are formed rapidly during bond­
ing and are increased through thermal treatment. 
Consequently, Hitachi products are subjected to 
a lower-temperature, shorter-period bonding 
whenever possible. 

WIRE CREEP 
Wire creep is wire neck destruction in an Au ball 
along an intergranular system occurring when a 
plastic sealed device is subjected to a long-term 
thermal cycling test. This failure results from in­
creased crystal grains due to heat application 
when forming a ball at the top of an Au wire, or 
from an impurity introducing to the intergranular 
system. Bonding under usual conditions with no 
loop configuration failures does not cause this 
failure unless a severe long-term thermal cycling 
test is applied. Accordingly, wire creep is not a 
problem in actual usage. 

CHIP CRACK 
With the increase in chip size associated with the 
increased number of incorporated functions, 
more problems can occur during assembly, such 
as chip cracks during bonding. Bonding methods 
include Au-silicon eutectic, soldering and Ag­
paste. Soldering and Ag-paste exhibit few chip 
crack problems. For Au-silicon eutectic, in con­
trast, large stress is applied to a pellet due to its 
strength and high temperature resistance for at­
tachment, which may result in critical chip de­
fects. Today, the chip destruction limit can be de­
termined by finite-element analysis and by 
distortion measurement using a fine accuracy 
gauge. Ideally, Au-silicon eutectic should be 
evenly applied over the entire surface. However, 
this is difficult due to the existence of a silicon 
oxide film on the silicon back surface. Therefore, 
specifications for Au-silicon eutectic have been 
established based on stress analysis and thermal 
cycling test results. 

REDUCED MAXIMUM POWER DISSIPATIONS 
Heat fatigue due to thermal expansion coefficient 
mismatch among different materials deteriorates 
thermal resistance, resulting in decreased maxi­
mum power dissipations. 

Sealing Related Failures 
Hermetically sealed packages, including metal, 
glass, ceramic, and all other types, have the pos­
sibility of the following failures. 
1. Al line corrosion on the chip surface due to 

slight moisture and reaction between the dif­
ferent ionized materials. 

2. Intermittent moving foreign metals short. 
3. Al line corrosion due to extraneous H20 

caused by hermetic failure. 
Moving foreign matter, even if it is a non-active 
solid, can be charged up within a cavity during 
movement, thereby inducing parastic effects and 
metal shorts. The foreign matter detection 
method is specified by MIL-STD-883C, PINO 
(Particle Impact Noise Detection) Test. The PINO 
test consists of filtering a particle impact wave­
form (ultrasonic waveform), detecting it with a mi­
crophone and then amplifying it. 

Disturbance 
ELECTROSTATIC DISCHARGE 
DESTRUCTION 
Destruction caused by electrostastic discharge is 
a problem common to semiconductor devices. A 
recent report introduced three modes of this fail­
ure; the human body model, charged device 
model and field induced model. 
The human body is easily charged. A person just 
walking across a carpet can be charged up to 
15000 V. This voltage is high enough to destroy a 
device. An equivalent circuit of the human body 
model is shown in Fig. 4. The human body's ca­
pacitance Cb and resistance Rb are 100 to 200 pF 
and 1000 to 20000, respectively. Assuming a 
body is charged with 2000V, the dissipated en­
ergy is obtained as follows: With a time constant 
of 10-7 sec, the dissipated energy is 2 KW, which 
is enough to destroy a small area of a chip. 

r~~ 
C6 - Human Body Capacity 
Rb - Human Body Resistance 
Rd - Device Resistance 
& - Resistance Between Device and Ground 

1 
E"' 2 CbV2 = 0.2 x 10'"' J 

Figure 4 Equivalent circuit of human body model 

@HITACHI 
Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 1 5 



Reliability of Hitachi IC Memories-----------------------­

In the charged device model, charges are accumu­
lated in a device, not a human body, and dis­
charged through contact resistance during a short 
time. The equivalent circuit of this model is shown 
in Fig. 5. Device size and device position relative to 
GND are important parameters in this model since 
the model depends on device capacity. 

In the field induced model, a device is left under a 
strong electric field or is affected by neighboring 
high voltage material. Since the capacitor of de­
vice or lead of device acts like an antenna, the 
following cases will possibly cause destruction: 
1) a device is incorporated into a high electric field 
such as a CRT, 2) a device is left under a high­
frequency electric field and 3) a device is moved 
with a container charged at high voltage, such as 
a tube. 

Figure 5 Equivalent circuit of charging model 

LATCH-UP 
Latch-up is a problem unique to CMOS devices. 
This problem is a thyristor phenomenon caused 
by a parasitic PNP or NPN transistor formed in the 
CMOS configuration. Latch-up can occur when: 
1) an accidental surge voltage exceeds the maxi­
mum rating, 2) there is a power supply ripple, 3) 
an unregulated power supply and noise is applied 
or 4) a device is operated from two sources having 
different set-up voltages. These cases can cause 
input or output current to flow in the opposite di­
rection from usual flow, which triggers parasitic 
thyristors. This results iii excessive current flow­
ing between a power supply and ground. This 
phenomenon continues until the power is turned 
off or the flowing current reduced to a certain 
level. Once latch-up occurs in an operating de­
vice, the device will be destroyed. 

Much effort should be made in designing circuits 
to prevent latch-up. Latch-up triggering input or 
output currents start to flow under the following 
conditions: 

V <in Vee or Vin< GND for input level 
V>outVcc or V0 ut< GND for input level 

Therefore, circuits should be designed so that no 
forward current flows through the input protection 
diodes or output parasitic diodes. 

Soft errors 
When a particles are generated from uranium or 
thorium in a package the silicon surface of an LSI 
chip, electron-hole pairs are formed which act as 
noise to data lines and other floating modes, 
causing temporary soft errors. This phenomenon 
is shown in Fig. 6. Only electrons from among the 
electron-hole pairs are only collected to a memory 
cell. As a result, the cell changes from a state of 
1 to 0, which is a soft error. 

Hitachi devices have been subjected to simula­
tion and irradiation tests to prevent soft errors. In 
some cases, organic material, PIQ, is applied to 
the surface of the device. 

a 

Figure 6 Soft error caused by a particles in dynamic memory 

@HITACHI 
16 Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 



--------------------------Reliability of Hitachi IC Memories 

FINE GEOMETRY RELATED PROBLEMS 
In response to higher integration requirements for 
memories and microcomputers, LSI geometry 
has been reduced in the way of 3 µm -+ 2 µm -+ 

1.3 µm -+ 0.8 µm. 

Table 2 Finer geometry related problems 

Item Problems 

The problems associated with finer geometry are 
shown in Table 2. 

Countermeasure 

5V single supply • Breakdown voltage of gate oxide films Oxide film formation process 
voltage • Si02 defects improved 

• Cleaning 
• Gettering 
• ScreeniJ!g_ 

Horizontal dimension • Soft errors by a particles Surface passivation film improved 
reduction • Al reliability reduced • Metallization improved 

• CMOS latch up • Design/layout improved 
• Mask alignment margin reduced • Process improved 
• Hot carriers 

Vertical & horizontal • Higher breakdown voltage not permitted Use of low voltage examined 
dimension reduction • Electrostatic discharge resistance reduced • Configuration improved 

RELIABILITY TEST DATA ON 
Hi-BiCMOS MEMORY 
Hi-BiCMOS memory is newly designed based on 
the latest fine machining technologies which fea­
tures the low electric consumption/high integrity 
of CMOS and the high speed/high drivability 

• Protection circuits enhanced 

of bipolar. These devices can attain the high 
speed of ECL and the low electric consumption of 
CMOS. Input and output level supports both ECL 
and TTL. Reliability test data with the HM100490-
15 (64k-words x 1-bit) and the HM6788P-25 (16k­
words x 4-bits) are listed in Tables 3 and 4. 

Table 3 Results of Hi-BiCMOS Memory Reliability Tests 
HM100490-15 (Cerdip) HM6788P-25 (Plastic) 

Test item Test Total test Failure Test item Test Test test Failure Remarks 
Samples Failures Samples Failures 

conditon time rate condition time rate 

High 

High-
tempera- *1 
tu re Ta= 125°C C.H. 1*1 1/h 

tempera-
pulse Ycc=5.0V 

420 
4.2x105 4.8X 10-6 foreign 

tu re Ta=125°C C.H. 1.g matter 
pulse VEE=-4.SV 

380 
3.8x105 0 2.4X 10-6 

opera-
ti on 

opera-
Moisture ti on 85°C 85%RH 

210 2.1x105 4.8x10-6 endur- 5V 0 
ance 

High-
3.3X 105 3.0x 10·6 Pressure 

0.16X 105 6.3x10-5 temp. Ta=200°C 330 0 
cooker 

121°CIOO%RH 80 0 
storage 

Table 4 Results of Hi-BiCMOS Memory Environmental Tests 

Test item Test condition 
HM100490-15 (Cerd!E) HM6788P-25 (Plastic) 

San!£!es Failure Samples Failure 

Temperature <:rcling -55 °C - -150°C 100 <:rles 180 0 180 0 

Soldering heat 250°C 10 seconds 22 0 22 0 

Thermal shock 0°C - 100°C 10 <:rcles 50 0 50 0 

Mechanical shock 1500G, 0.5ms Three times each 22 0 - -
for X, Y and Z 

Variable frequency 100 - 200Hz, 20G Three times each 22 0 - -
for X, Y and Z 

Constant acceleration 20000G, 1 minute, each 22 0 - -
for X, Y and Z 
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RELIABILITY TEST DATA ON MOS MEMORIES 
The reliability test data on the HM62256 (32k-word x 8-bit) and the HM628128 (128K-word x 8-bit) are 
listed in Tables 5 and 6. 

Table 5 Results of MOS Memory Reliability Tests 

HM62256FP (SOP) HM628128FP (SOP) 

Test item Test condition Sam- Total Fail- Failure Sam- Total Fail- Failure Remarks 

pies test time ures rate* pies total time ures rate* 
(I/hr.) (I/hr.) 

High- 125°C/5.5V 3088 3.11x106 0 8.88X 10*7 1038 1.04X 106 0 8.86x 10*7 

temperature 125°C/7V 455 4.55X 105 0 2.02X 10*6 951 5.33x1os I *I 3.79X 10*6 
pulse operation 1.00x 105 I *I 2.02X 10*5 1.60X 105 5.75x10*6 

*I 
150°C/7V 103 80 0 Foreignx2 

Moisture 85°C/85% 680 6.80x 105 p 1.35x10*6 127 2.54X 105 0 3.62X 10*6 
endurance RH7V *2 Leakx I 

Pressure 121°C/!OO% 320 6.40x 1()4 I *2 3.16X 10*5 90 2.70x 1()4 0 3.41x10*5 
cooker RH 

*Confidence level 60% 

Table 6 Results of MOS Memory Environmental Tests 

Test item Test condition 
HM62256FP (SOP) HM628128FP (SOP) 

Samples Failure Samples Failure 

Temperature cycling -55°C to 150°C 500 cycles 482 0 105 0 

Soldering heat 260°C 10 seconds 22 0 22 0 

Thermal shock -65°C to 150°C 15 cycles 76 0 77 0 

Mechanical shock 1500G. 0.5ms - - - -

Variable frequency 100 to 2000 Hz, 20G - - - -
Constant acceleration 6000G - - - -

Figure 7 Time change in access time for Hi-BiCMOS memory 

Example Example of time change in access time for Hi-BI CMOS memory 

Device name HM100490 

Test condition Ta= 125°C, VEE=-4.5V 
all bit scanning 

Failure criteria tAA =15ns 
T111Coldiliol 

Failure mechanism Surface degradation 20 Vu=-4.SV 
Ta=25"C ~ ~rnmum 

Results: .~\tr1(1:e 

Access time is stabilized. 
~hrch1ng Prntrn ~tinimum 

15 
-;; 
5 

~ J 
101-

5 

t I I I ~~ .J. 
0 500 1,000 2,000 

Time ihri 
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Figure 8 Time change in Vee min and tAA for Hi-BiCMOS memory 

Example Example of time change in V cc min and tAA for Hi-Bi CMOS memory 

Device name HM6788P-25 
5 

Test condition Ta= 125°C, Vcc=-5.0V 
all bit scanning ~ 

4 

~ Failure criteria Vcc=4.5V, tAA =25ns c 3 
·e 

Failure mechanism Surface degradation u 2 Test Condition u 
> Maximum 

Results: 1 Vcc_= 5v 2 Average 
Both of V cc (min) and tAA are stabilized. Ta- 25 t Minimum 

0 Marching Pattern 

0 500 1,000 " 2,000 

Time (hr) 

·30 
Test Condition 
Same as above 

25 
"' .5 

~ .. 
: 20t-

151-

* ..I. 
0 500 1,000 2,000 

Time (hr) 

Figure 9 Time change in v00 min and tRAe for MOS memory 

Example Example of time change in VDD min and tRAC for MOS 

Device name HM511000P 

Test condition Ta=125°C, Vcc=-7V 5 
all bit scanning 

Failure criteria VDD=4.5V, 41-

6 VDD=l.OV e 3 2- ~ ~ 2 
Failure mechanism Surface degradation ·I 
Results: J 2 Test Coi;tdition I Maximum 
Access time (tAA) is stabilized and is within the Marching pattern A er ge 
failure criteria. l Ta=25'C ~ a 

N=200pcs Minimum 

Of-
..I. ..I. ~ 

0 500 1,000 --.- 2,000 

Time (hr) 

110 Test Condition 
Same as above 

100 

Note: Test accuracy is 0.2V, 2 ns. ! 90 

j 80 t I. I I 70 

60 
..I. __n_ ..L 

0 500 1,000 -..- 2,000 

Time (hr) 
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• QUALITY ASSURANCE OF IC MEMORY 

1. VIEWS ON QUALITY AND 
RELIABILITY 

Hitachi basic views on quality are to meet individual 
users' purpose and their required quality level and 
also to maintain the satisfied level for general ap­
plication. Hitachi has made efforts to assure the 
standardized reliability of our IC memories in actual 
usage. To meet users' requests and to cover expand­
ing application, Hitachi performs the followings; 
(1) Establish the reliability in design at the stage of 

new product development. 
(2) Establish the quality at all steps in manufactur­

ing process. 

(3) Intensify the inspection and the assurance of re­
liability of products. 

(4) Improve the product quality based on market-
ing data. 

Furthermore, to get higher quality and reliability, 
we cooperate with our research laboratories. 
With the views and methods mentioned above, 

Hitachi makes the best efforts to meet the users' re­
quirements. 

2. RELIABILITY DESIGN OF 
SEMICONDUCTOR DEVICES 

2.1 Reliability Target 
Establishment of reliability target is important in 
manufacturing and marketing as well as function 

and price. It is not practical to determine the re­
liability target based on the failure rate under single 

common test condition. So, the reliability target is 
determined based on many factors such as each 
characteristics of equipment, reliability target of 
system, derating applied in design, operating condi­

tion and maintenance. 

2.2 Reliability Design 

Timely study and execution are essential to achieve 

the reliability based on reliability targets. The main 
items are the design standardization, device design 
including process and structural design, design 

review and reliability test. 
(1) Design Standardization 

Design standardization needs establishing design 
rules and standardizing parts, material, and 
process. When design rules are established on 
circuit, cell, and layout design, critical items 

about quality and reliability should be ex­

amined. Therefore, in using standardized 

process or material, even newly developed prod­
ucts would have high reliability, with the excep­

tion of special requirement on function. 
(2) Device Design 

It is important for device design to consider 
total balance of process design, structure 
design, circuit and layout design. Especially in 
case of applying new process or new material, 

we study the technology prior to development 

of the device in detail. 
(3) Reliability Test by Test Site 

Test site is sometimes called Test Pattern. It is 
useful method for evaluating reliability of 
designing and processing ICs with complicated 

functions. 
1. Purposes of Test Site are as foilows; 

• Making clear about fundamental failure mode; 
• Analysis of relation between failure mode and 

manufacturing process condition. 
• Analysis of failure mechanism. 

• Establishment of QC point in manufacturing. 

2. Effects of evaluation by Test Site are as follows; 

• Common fundamental failure mode and 
failure mechanism in devices can be evaluated. 

• Factors dominating failure mode can be 
picked up, and compared with the process 

having been experienced in field. 
• Able to analyze relation between failure 

causes and manufacturing factors. 

• Easy to run tests. 

2.3 Design Review 
Design review is a method to confirm systematically 

whether or not design satisfies the performance 
required including by users, follows the specified 
ways, and whether or not the technical items 
accumulated in test data and application data are 

effectively applied. 

In addition, from the standpoint of competition 
with other products, the major purpose of design 
review is to insure quality and reliability of the 
product. In Hitachi, design review is performed 
in designing new products and also in changing 
products. 
The followings are the items to consider at design 
review. 
(1) Describe the products based on specified design 

documents. 

(2) Considering the documents from the standpoint 

of each participant, plan and execute the sub­

program such as calculation, experiments and 
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investigation if unclear matter is found. 
(3) Determine the contents and methods of reliabil­

ity test based on design document and drawing. 

(4) Check process ability of manufacturing line to 
achieve design goal. 

3. QUALITY ASSURANCE SYSTEM OF 
SEMICONDUCTOR DEVICES 

3.1 Activity of Quality Assurance 

(5) Arrange the preparation for production. 
The following items are the general views of overall 
quality assurance in Hitachi; 

(6) Plan and execute the sub-programs of design 
ch~nges proposed by individual specialists, for 
tests, experiments and calculation to confirm the 
design change. 

( 1) Problems is solved in each process so that even 
the potential failure factors will be removed at 
final stage of production. 

(7) Refer to the past failure experiences with 
similar devices, confirm the prevention against 
them, and plan and execute the test program 
for confirmation of them. 

(2) Feedback of information is made to insure 
satisfied level of process ability. 

As the result, we assure the reliability. 

In Hitachi, these study and decision at design review 
are made using the individual check lists according 
to its objects. 

Step Contents 

[Targ~t l J Design Review Spec1f1ca11onJ 1 

r l>e>iKn 

H 
Material,, Parts l}- Characteristics of Material and 

Trial Approval Parts 
f'ruduc11on Appearance 

Dimension 
Heat Res 1 stance 
Mechanical 
Electrical 
O•.hcrs 

f I Characteristics Approval [}---
Electrical 

Chararterist ics 
Fune! ion 
Vultage 
Current 
Temperature 
Others 

Appea ranee, Di mens ion 

r1 
Quality Approval (I) ~ Reliability Test 

Life Test 
Thermal Stress 
Moisture Resistance 
Mechanical Stress 
Others 

fl I~ Quality Approval (2) Reliability Test 

Process Check same as 

Quality Approval (I) 

[Mass J 
Product ion 

Fi ure 1 Flow Chart of Qualification g 
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Purpose 

Confirmation of 
Characteristics and 
Reliability of Materials 
and Parts 

Confirmation of Target 
Spec. Mainly about 
Electrical 
Characteristics 

Confirmation of Quality 

and Reliability in Design 

Confirmation of Quality 

and Reliability in Mass 

Production 
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Quality Assurance of IC Memory·------

3.2 Qualification customers. 

To assure the quality and reliability, the qualifica­
tion tests are done at each stage of trial production 
and mass production based on the reliability design 
described in section 2. 

(3) Qualify every change in design and work. 
(4) Qualify intensively on parts and materials and 

process. 

The followings are the views on qualification in 

Hitachi: 

(5) Considering the process ability and factor of 
manufacturing fluctuation, establish the control 
points in mass production. 

(1) From the standpoint of customers, qualify the 
products objectively by a third party. 

Considering the views mentioned above, qualifica­
tion shown in Fig. 1 is done. 

(2) Consider the failure experiences and data from 

Material, 
Parts 

Process 

Material, Parts 

,--- ---1 
1 

I 
I 
I 
I 
I 
I 
I 
I 

Ma nu fac tu ring 

Screening 

100°~ Inspection 

'--
1 

I 
I 
I 
I 
I 
I 

I 
1--

___ J 

Receiving 

Shipment 

Customer 

Quality Control 

Inspection on Material and 

Parts for Semiconductor 

Devices 

Manufacturing Eqi; ipment, 

Environment, Sub-material, 

Worker Control 

Inner Process 

Quality Control 

100% Inspection on 

Appearance and Electrical 

Characteristics 

Sampling Inspection on 

Appearance and Electrical 

Characteristics 

Reliability Test 

r-----------, 
I Quality Information. I 
I Claim I 
I Field Experience 

General Quality 
I Information 
I 
L-----------...J 

---

- --

- - -1 

- --

---

---

Figure 2 Flow Chart of Quality Control in Manufacturing Process 
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Method 

Lot Sa mp I ing, 
Confirmation of 

Quality Level 

Confirmation of 

Quality Level 

Lot Sampling, 

Confirmation of 

Quality Level 

Testing, 

Inspection 

Lot Sampling 

Confirmation of 

Quality Level. Lot 

Sampling 

Feedback of 

Information 
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3.3 Quality and Reliability Control in Mass Produc-
tion 

To assure quality in mass production, quality is 
controlled functionally by each department, mainly 
by manufacturing department and quality assurance 
department. The total function flow is shown in 
Fig. 2. 

3.3.1 Quality Control on Parts and Materials 
With the tendency toward higher performance and 
higher reliability of devices, quality control of parts 
and materials becomes more important. The items 
such as crystal, lead frame, fine wire for wire bond­
ing, package and materials required in manufactur­
ing process like mask pattern and chemicals, are all 
subject to inspection and control. 

Besides qualification of parts and materials stated in 
3.2, quality control of parts and materials is defined 
in incoming inspection. Incoming inspection is per­
formed based on its purchase specification, drawing 
and mainly sampling test based on MI L-STD-1050. 
The other activities for quality assurance are as 
follows. 

• Table 1. Quality Control Check Points of Parts 
and Material (example) 

-

Material. 
Parts 

Wafer 

Mask 

Fine 
Wire for 
Wire 
Bonding 

Frame 

Ceramic 
Package 

Important 
Control Items 
Appearance 

Dimension 
Sheet Resistance 
Defect Density 
Crystal Axis 
Appearance 
Dimension 
Resistoration 
Gradation 
Appearance 

Dimension 
Purity 
Elongation Ratio 
Appearance 
Dimension 
l'rocessing 

Accuracy 
Plating 
Mounting 

Characteristics 
Appearance 
Dimension 
Leak Resistance 
Plating 
Mounting 

Characteristics 
Electrical 

Characteristics 

Point for Check 

Damage and Contamina· 
tion on Surface 

Flatness 
Resistance 
Defect Numher~ 

Defect Numbers. Scratch 
Dimension Level 

Uniformity of Gradation 
Contamination. Scratl·h, 

Bend, Twist 

Purity Level 
Mechanical Strength 
Contamination, Scratch 
Dimension Levd 

Bondabilit y, Solderability 
Heat Resistanl·e 

Contamination, Scrat('h 
Dimension Level 
Airtightness 
Bundabilit y. Solderability 
Heat Resistance 

Mechanical Mechanical Strength 
-------+-~S~tr~ 

Composition----t-c.:haracteristics of 
Plastic Material 

Plastic 

Electrkal 
Characteristics 

Thermal 
Char ac terist ics 

Molding Molding l'erformance 
Performance 

Mounting Mounting Characteristics 
Characteristics 

(1) Technology Meeting with Vendors 
(2) Approval and Guidance of Vendors 
(3) Analysis and tests of physical chemistry. 
The typical check points of parts and materials are 
shown in Table 1. 

3.3.2 Inner Process Quality Control 
To control inner process quality is very significant 
for quality assurance of devices. The quality 
control of products in every stage of production is 
explained below. Fig. 3 shows inner process quality 
control. 
( 1) Quality Control of Products in Every Stage of 

Production 
Potential failure factors of devices should be re­
moved in manufacturing process. Therefore, check 
points are set up in each process so as not to move 
the products with failure factors to the next 
process. Especially, for high reliability devices, 
manufacturing lines are rigidly selected in order to 
control the quality in process. Additionally we per­
form rigid check per process or per lot, 100% 
inspection in proper processes so as to remove 
failure factors caused by manufacturing fluctuation, 
and screenings depending on high temperature aging 
or temperature cycling. Contents of controlling 
quality under processing are as follows: 
• Control of conditions of equipment and workers 

and sampling test of uncompleted produsts. 
• Proposal and execution of working improvement. 
• Education of workers 
• Maintenance and improvement of yield 
• Picking up of quality problems and execution of 

countermeasures toward them. 
• Communication of quality information. 
(2) Quality Control of Manufacturing Facilities and 

Measuring Equipment 
Manufacturing facilities have been developed with 
the need of higher devices in performance and the 
automated production. It is also important to de­
termine quality and reliability. 
In Hitachi, automated manufacturing is promoted 
to avoid manufacturing fluctuation, and the opera­
tion of high performance equipment is controlled to 
function properly. 
As for maintenance inspection for quality control, 
daily and periodically inspections are performed 
based on specification on every check point. 
As for adjustment and maintenance of measuring 
equipment, the past data and specifications are 
clearly checked to keep and improve quality. 
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(3) Quality Control of Manufacturing Circumst­
ances and Sub-material. 

Dust control is essential to realize higher in­
tegration and higher reliability of devices. To 
maintain and improve the clearness of manufac­
turing site, we take care buildings, facilities, air­
conditioning system, materials, clothes and 
works. Moreover, we periodically check on 
floating dust in the air, fallen dust or dirtiness 

on floor. 

Quality and reliability of devices are affected 
especially by manufacturing process. There­
fore, we thoroughly control the manufacturing 
circumstances such as temperature, humidity, 
dust, and the sub-materials like gas or pure 
water used in manufacturing process. 

Frame 

Package 

Process Control Point 

Purchase of Material 

Surface Oxidation 
Inspection on Surface 
Oxidation 
Photo Resist 

Inspection on Photo Ruist 
0 PQC Leve I Check 

Diffusion 

Inspection on Diffusion 
0 PQC Leve I Check 

Evaporation 

Inspection on Evaporation 
OPQC Level Check 

Wafer 

Oxidation 

Photo 
Resist 

Diffusion 

Evapo­
ration 

Wafer Inspection Wafer 

Inspection on Chip Chip 
Electrical Characteristics 
Chip Scribe 
Inspection on Chip 
Appearance 

0 PQC Lot Judgement 

Assembling Assembling 

O PQC Leve I Check 

Inspection after 
Assembling 

0 PQC Lot Judgement 

Sealing Sealing 

O PQC Leve I Check Marking 
Final Electrical Inspection 

Characteristics, Appearance 

Appearance, Thickness of 
Oxide Film 

Dimension, Appearance 

Diffusion Depth, Sheet 
Resistance 
Gate Width 
Characteristics of Oxide Film 
Breakdown Voltage 

Thickness of Vapor Film, 
Scratch, Contamination 

Thickness, VTH Characteris­
tics 
Electrical Characteristics 

Appearance of Chip 

Appearance after Chip 
Bo!lding 
Appearance after Wire 
Bonding 
Pull Strength, Compresion 
Width, Shear Strength 
Appearance after Assembling 

Appearance after Sealing 
Outline, Dimension 
Marking Strength 

Purpose of Control 

Scratch, Removal of Crystal 
Defect Wafer 
Assurance of Resistance 
Pinhole, Scratch 

Dimension Level 
Check of Photo Resist 
Diffusion Status 

Control of Basic Parameters 
( VTH, etc) Cleaness of surf ace, 
Prior Check of VrH 
Breakdown Voltage Check 
Assurance of Standard 
Thickness 

Prevention of Crack, 
Quality Assurance of Scribe 

Quality Check of Chip 
Bonding 
Quality Check of Wire 
Bonding 
Prevention of Open and 
Short 

Guarantee of Appearance 
and Dimension 

OFailure Analysis Analysis of Failures, Failure Feedback of Analysis lnfor-

Appearance Inspection 
Sampling Inspection on 
Products 
Receiving 

Shipment 

Mode, Mechanism mation 

Figure 3 Example of Inner Process Quality Control 
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3.3.3 Final Tests and Reliability Assurance 
(1) Final Tests 

The inspection is executed not only to confirm 
that the products meet users' requirement, but 
to consider potential factors. Our lot inspec­
tion is based on MI L-STD-1050. 

Lot inspection is done by quality assurance 
department for the product passed in 100% test 
in final manufacturing process. Though 100% 
of passed products is expected, sampling inspec­
tion is subjected to prevent mixture of failed 
products by mistake. 

Customer 

Claim 

(2) Reliability Assurance Tests 
To assure reliability, the reliability tests are per­
formed periodically, and performed on each 
manufacturing lot if user requires. 

(Failures, Information) 

Sales Dept. 
Sales Engineering Dept. 

,------------ - - - - - - - -- --- - ---- - - --, 

I 
I 
I 

...--~~~--~~~-- I 
Quality Assurance Dept. Failure Analysis I 

Manufacturing Dept. Design Dept. 

Report 

Quality Assurance Dept. 

Countermeasure 
Execution of 
Countermeasure 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Follow-up and Confirmation I 
of Countermeasure Execution I 

I 
Report I 

L------------ --------------------~ 

Sales Engineering Dept. 

Reply 

Customer 

Figure 4 Process Flow Chart of Coping with Failure to a Customer 
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• OUTLINE OF TESTING METHOD 

1. INSPECTION METHOD 

Compared to conventional core memories, IC 
memories contain all peripheral circuits, such as the 
decoder circuit, write circuit and read circuit. As a 
result, assembly and electrical inspection of ICs are 
all performed by IC manufacturers. Consequently, 
as the electrical inspection of IC memories are 
becoming more systematic, conventional IC inspec­
tion facilities are becoming useless. This has led to 
the development and introduction of a memory 
tester with pattern generator to generate the inspec­
tion pattern of the memory IC at high speed. A 
function test for such as TTL gates can be per­
formed even by a simple DC parameter facility. 
However, when the address input becomes multi­
plexed as in 16K, 64K and 256K memory, even the 
generation of the function test pattern becomes a 
serious problem. 
In the memory IC inspection, its quality cannot be 
judged by DC test on external pins only, because the 

number of the element such as transistor which can 
be judged in the DC test is only 1/1000 of all ele­
ments. The followings are the address patterns pro- . 
posed to inspect whether the internal circuits are 

functioning correctly. 
(1) All "low", All "High" 
(2) Checker Flag 
(3) Stripe Pattern 
(4) Marching Pattern 
(5) Galloping 
(6) Waling 
(7) Ping-Pong 

Those are not all, but only representative ones. 
There are the pattern to check the mutual inter­
ference of bits and the pattern for the maximum 
power dissipation. Among the above mentioned 
patterns, those of (1) to (4) are called N pattern, 
which can check one sequence of N bit IC memory 
with the several times of N patterns at most. Those 
of (5) to (7) are called N3 pattern, which need 
several times of N2 patterns to check one sequence 
of N bit IC memory. Serious problem arises in using 
N2 pattern in a large-capacity memory. For ex­
ample, inspection of 16K memory with galloping 
pattern takes a lot of time - about 30 minutes. (1 ), 
(2) and (3) are rather simple and good methods, 
however, they are not perfect to find any failure in 

decoder circuits. Marching is the most simple and 
necessary pattern to check the function of IC 
memories. 

2. MARCHING PATTERN 

The marching pattern, as its name indicates, is a pat­
tern in which ''1''s march into all bits of "O"s. For 
example, a simple addressing of 16 bit memory is 
described below. 
(1) Clear all bits ............. See Fig. 1 (a) 
(2) Read "O" from 0th address and check that the 

read data is "O". Hereafter, "Read" means 
"checking and judging data" 

(3) Write "1" on 0th address ....... See Fig. 1 (b) 
(4) Read "O" from 1st address. 
(5) Write "1" on 1st address. 
(6) Read "O" from nth address. 
(7) Write "1" on nth address ...... See Fig. 1 (c) 
(8) Repeat (6) to (7) to the last address. Finally, 

all data will be "1". 
(9) After all data become "1", repeat from (2) to 

(8) replacing "O" and "1". 

In this method, SN address patterns are necessary 
for the N-bit memory. 

b c 

Figure 1 Addressing method of for 16 bit memory in the 
Marching pattern 
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•APPLICATION 

1. Static RAM 

1.1. Static RAM Memory Cell 
The static RAM memory cell consists of flip-flops 
organized as 4 NMOS transistors and 2 load resistors 
as shown in figure 1-1. The data in the cell can be 
retained as long as power is supplied, and read out 
without being destroyed. 

Word Line 

Vee Vee 

Oat.a 

Line 

(0) 

Figure 1-1. Static RAM Memory Cell 

1.2. Data Retention Mode and Battery Back-up 
System 

The data in RAM is destroyed at power off. How­
ever, CMOS static RAM has a data retention mode. 
In this mode, power consumption at standby is ex­
tremely low and supply voltage can be reduced to 
2 V. So, it enables a battery back-up system to 
retain data during power failure. 
Data Retention Mode: The important point in 
designing a battery back-up system is the timing 
relation between the memory power supply during 
the change (ordinal source -+ battery) and the chip 
select signal. If the timing for the change is missed, 
the data in memory might be destroyed. 
Figure 1-2. shows the timing for switching the 
power supply. The following explains the technical 
terms related to the data retention mode. 

Fi.,'91-2. Timing for Bettery B•ck-up Appli~tion 

Data retention mode: The period that the power 
supply voltage is lower than the specified operation 
voltage. During this period, memory must be kept in 
non-select condition (e.g. CS= VoR - 0.2V). 

tco R (time for chip select to data retention): The 
minimum time needed to change from operating 
mode to data retention mode. Normally 0 ns. 
tR (Operation recovery time): The minimum time 
needed to change from data retention mode to 
operating mode. Normally, it is the same as the 
cycle time of the memory. 
VoR (data retention voltage): The voltage applied in 
data retention mode. Normally, the minimum 
supply voltage needed to retain memory data is 2 V. 
I ccoR (data retention current): The current con­
sumption in data retention mode. It depends on 
memory power supply voltage and ambient tem­
perature. It is specified at supply voltage WoR) = 
3.0 v. 
Battery Back-up System: battery back-up sequence 
is described in the following: 
1. External circuit detects failure of system power 

supply. 
2. External circuit changes RAM to standby mode. 
3. External circuit separates RAM from system 

power supply. 
4. External circuit switches to Back-up power 

supply. 

0--Sr_•te_m_V_ec-.----t .J .,; i-------M-em_ory_Ve--e 

lg 

Memory 
t---+--------- control pin 

Fi.,re 1-3. Eqmple of Bettery B•ck-up System 

The control circuit detects the power failure and 
cuts off the power after switching memories to 
standby mode. On recovery, it confirms power 
supply and after some delay, returns memories to 
operating mode. The memory control signals 
depend on the types of memories used in the 
system. 
* Using memory with only one CS. NANO signal 

between the control signal and chip select signal 
should be connected to CS. As the level of CS in 
data retention mode must be higher than V DR -

0.2V, the power supply for this NANO gate must 
either be shared with the memory power supply, 
or be pulled up to the memory power supply. 

* Using memory with two CS. Basically, the 
signals are the same as mentioned above. In 
general use, two pins should be used for the 
control signal and the chip select signal respec-
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tively. CS, which can intercept current path of 
other pins in the input buffers, is for control 
signal input of data retention mode. 

• Using memory with e!' and CS. As CS selects 
the chips at high level, it is better to use CS than 
CS as control signal input for data retention 
mode. As soon as power down is detected, 
signals should be brought to low level. So a pull· 

up to the memory power supply level is not 
needed and circuit organization is simplified. 

Figure 1-4 shows an example of a battery back-up 
system circuit. Hitachi recommends using CMOS 
logic for gate G1 in control circuit and memory 
V CC· The low V CE transistor 0 1 is required to 
switch regulating circuit from system power supply 
to back-up power supply. 

Fl11.1re 1-4. Exemple of Blttwv Beclc-up System Circuit 
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-----------------------------------Appllcetlon 

2. Pseudo-Static RAM 
2.1 Pseudo-Static RAM Features 
A new type of memory, pseudo-static RAM has been 
developed to provide the advantages of dynamic 
RAM (low cost, high density) and static RAM (easy 
usage). IC memory consists of memory cells for data 
storage, and input/output circuits for interfacing to the 
external circuits. PSRAM provides the memory cell 
and peripheral circuits of DRAM and the external con­
trol circuits, which includes a part of the refresh con­
trol circuits not provided by dynamic RAM, and inter­
face circuits similar to that of static RAM, on a chip, as 
shown in table 2-1. Address input is not multiplexed 
and data input/output is byte-wide like standard static 
RAM. With PSRAM x 8 organization, medium den­
sity memory system can be designed easily. PSRAM 
provides address refresh, automatic refresh and self 
refresh. 
Figure 2-1 shows examples of system design using 
PSRAM and DRAM. Using PSRAM, the circuits 

Table 2-1. PSRAM Featur• 

----- SRAM PS RAM DRAM 

Memory Cell 4 Tr+ 2 R 1Tr+1 C 

Organization xl,x4,x8 x8 xl,x4 

Address Single Address Multiplexed 
Address 

Refresh Nor Necessary Necessary 

External Circuits Simple<: :>Complex 

interfacing CPU to DRAM can be drastically 
reduced. 
Figure 2-2 shows block diagram of pseudo static 
RAM. 

2.2. 1 Mbit Pseudo-Static RAM Function 
Read/Write Cycle: Figure 2-3 and figure 2-4 show 
the timing chart for the read/write cycle of 1 Mbit 
pseudo-static RAM HM658128. The HM658128 

C 1===A=dd='"='=~r-~ 
p 

r-- Data _,.r-
f'I' Address _;, c 

p ,1 y ~ 

Status I! 

u r Timer & } :i 
Busy 1 Control 

L- '--
(PSRAMJ 

Figu,. 2-1. Svstem Organization 

Data 

Column Address 

Figure 2-2. Block Dlegrem (PSRAM) 

can perform 2 types of access in a read cycle, CE 
access (Figure 2-3 (a)) and OE access figure 2-3 (b)). 
It writes the data at the rising edge of WE (figure 
2-4 (a)) or at the rising edge of CE (figure 2-4 (b)). 
The CS"" pin should be brought high when the ad­
dress is latched at the falling edge of ?!I: in the read/ 
write cycle. The HM658128 has no O"E" specifica­
tion at the falling edge of CE as it provides both OE' 
pin and M"S'H pin. 

(a) CE access (b) OE access 

Figu,. 2-3. R88d Cycle 
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Application-----------------------------------

CS Standby Mode: The HM65S12S enters CS 
standby mode for one cycle if CS turns to low 
at the falling edge of CE (figure 2-5). 

Address 

cs 

Data 

Standby 

Fiture 2-6. CS Sundby Mode 

(a) Write at the risina edae of WE ( b ) Write at the rising edge of CE 

Figure 2-4. Writ• Cycle 

Address Refresh: Address refresh mode performs 
refresh by access to row address (AO - AS) O - 511 
sequentially within 8 ms, as shown in figure 2-6 (in 

lSµs 

Refresh R/W 

distributed mode). In this mode, CS should be high 
at falling edge of CE. 

8m1 

FituN 2-6. Add,_ Reft111h 

Automatic Refresh: The HM658128 goes to auto­
matic refresh mode if RFSH falls while CE is high 
and it is kept low for more than 1 SO ns. 
It is not required to input the refresh address from 

CE 

RFSH 

180ns:;;;Refresh<8µs 

address pins AO - AS, as it is generated internally. 
Figure 2-7 shows the timing chart for distributed 
refresh. In automatic refresh mode, the timing for 
only CE and RFSH are specified. 

FiguN 2-7. AutOINtlc Refrelh 

Self Refresh: Self refresh mode performs refresh at 
the internally determined interval. The HM65S12S 
enters the mode when the internal refresh timer is 

enabled by keeping CE high and RFSH low for 
more than 8 µs (figure 2-8). 
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Figure 2-8. Self Refresh 

Considerations on Using HM658128: The following 
should be considered when using the HM658128. 
• Data retention. The HM658128 can retain the 

data with a battery (but not for long time). The 
HM658128L, low power version, offers typical 
self-refresh or standby current of 100µA. 
A 1-Mbyte system (using eight HM658128Ls) 
can retain the data for about 1.5 months with 
battery of 100 mAh current. Vee = 5 V ± 10% 
must be maintained for data retention. 

• Power on. Start HM658128 operation by 
executing more than eight initial cycles (dummy 
cycles) more than 100 µs after power voltage 
reaches 4.5 V - 5.5 V after power on. 

• Bypass capacitor. Hitachi recommends inserting 
1 bypass capacitor per RAM. 

2.3 Pseudo-Static RAM Data Retention 
PSRAM with self refresh retains data CE and OE 
are fixed for more than defined period. The follow­
ing explains considerations for PSRAM data reten­
tion. 
First, PSRAM cannot retain the data at low supply 
voltage. 
They employ 1 MOS type memory cell as shown in 
figure 2-9. The charge is stored on the capacitor C 
as memory data. The data 1, written at low supply 

Word Line 

Figure 2-9. Memory Cell of PSRAM 

voltage, cannot be read as 1 at high supply voltage. 
Figure 2-10 indicates the operation voltage for self 
refresh and subsequent read of PSRAM. If the data 
is read out at more than 5 V of Vee, for example, 
after self refresh is performed at Vee = 3.7 V, it is 
destroyed. 
PSRAM must be used at supply voltage from 4.5V 
to 5.5V. 

Second self refresh current increases at low supply 
voltage. 

i 
> 

J 

)(1 
b!:Y 

Fail 

Self Refresh Voltqe 

Figure 2·10. PSRAM Operating Volta91 

PSRAM provides the voltage level detector circuit 
to reduce self refresh current. However, it should 
be noted that the circuit increases the current with 
low supply voltage in self refresh (figure 2-11 ). Self 
refresh current also increases at low temperature 
(figure 2-12). 

Power Supply Voltqe 

Figure 2-11. Self Refreeh Current vs. Vott.ge 

Spee 
o·c 
r"»'»""" "'1 
~ 

Temperature 

flture 2·12. Seff-Refreeh Current VI Tempenture 

Please use PSRAM within the recommended opera­
tion range (Vee more than 4.5 V, temperature more 
than 0°C) for data retention, especially using a 
battery. 
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3. INSTRUCTIONS FOR USING MEMORY 
DEVICES 

3.1 Prevention of Electrostatic Discharge 
As semiconductor memory designs are based on a 
very fine pattern, they can be subject to malfunc­
tion or defects caused by static electricity. Though 
the built-in protection circuits assure unaffected re­
liability in normal use, devices should be handled 
according to the following instructions: 
1. In transporting and storing memory devices, put 

them in conductive magazine or put all pins of 
each device into a conductive mat so that they 
are kept at the same potential. Manufacturers 
should give enough consideration to packing 
when shipping their products. 

2. When devices touch a human body in mounting 
or inspection, the handler must be grounded. Do 
not forget to insert a resistor ( 1 MO approx. is 
desirable) in series to protect the handles from 
electrical shock. 

3. Keep the relative ambient humidity at about 
50% in process. 

4. For working clothes, cotton is preferrable to syn­
thetic fabrics. 

5. Use a soldering iron operating at low voltage (12 
V or 24 V, if possible) with its tip grounded. 

6. In transporting the board with memory devices 
mounted on it, cover it with conductive sheets. 

7. Use conductive sheets of high resistance (about 
100 ohm/O) to protect devices from electrostatic 
discharge. For, if dropped onto conductive mate­
rials like a metal sheet, devices may deteriorate 
or even breakdown owing to sudden discharg 
of the charge stored on the surface. 

8. Never set the system to which memory devi1 

are applied near anything that generates h1£,. 1 

voltage (e.g. CRT Anode electrode, etc.). 

3.2 Using CMOS Memories 
As shown in figure 3-1, the input of a CMOS mem­
ory is connected to the gate of an inverter consist­
ing of PMOS and NMOS transistor. Figure 3-2 
shows the relationship between the input voltage 
and current in this inverter. The top and bottom 
transistors turn ON and make current flown when 
the input voltage becomes intermediate level. 
Therefore, it is necessary to keep the input voltage 
below 0.2 V or above Vee - 0.2 Vin order to mini­
mize power consumption. The data sheet specifies 
the stand-by current for both the cases of input 
level with minimum V1H and maximum V1L and that 
with 0.2V or Vee - 0.2 V, and the difference in 
value is remarkably great. Some memory devices 
are designed to cut off such current flow in standby 
mode by the control of input signals, but it depends 

on device type. This should be confirmed in data 
sheet for each device type. 

Vee 

t 
·~r 

Figure 3-1. CMOS Inverter 

_ 

511cc=5.0V ~ 4 

.i 3 

~ 2 

I 1 
u 

0 123456 

Input Voltace 

Figure 3-2. Relationship between Input Voltage & 
Current In CMOS Inverter 

Another problem particular to CMOS devices is 
latch-up. Figure 3-3 shows the cross section of a 
CMOS inverter and the structure of a parasitic bipo­
lar transistor. The equivalent circuit of the parasitic 
thyristor is shown in figure 3-4. When positive DC 
current or pulse noise is applied (figure 3-4 (a)), TR3 
is turned on owing to the bias voltage generated 
between base and emitter. And trigger current 
flows into GND through Rp. the base resistance of 
TR2. As a result, TR2 becomes conductive and cur­
rent flows from power supply (V eel through the 
base resistance of TR1 (RN), which puts TR1 into 
conduction, too. Then, as the base of TR2 is re­
biased by collector current from TR 1, the closed 
loop consisting of TR 1 and TR2 reacts. Thus cur­
rent flows constantly between power supply (Veel 
and GND even without trigger current caused by 
outside noise. 
Latch-up can be caused by a negative pulse, too 
(figure 3-4 (bb)). Most of semiconductor memory 
manufacturers are trying to improve latch-up immu­
nity of their products. Hitachi provides enough 
guard band by applying diffusion layer around in­
puts and outputs, taking care not to connect input 
top + diffusion layer. Input voltage for 64 kbit static 
RAM HM6264A, for example, is soecified as follows: 
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V1H max 6.0 V (not depending on Veel 
V1L min 3.0 V (pulse width = 50 ns) 

-0.3 V (DC level) 

Thus almost no consideration for latch-up is re­
quired in system design. 

Pin 

Internal Input<>---+-----+-----. 

(a) (b) 

Figure 3-3. Cross Section Structure of CMOS Inverter 

Closed Loop 

Pin r---~;--1 
I 
I 

Rn: 
I 
I 
I 

'----r-+---1 T .. : 
I 
I 
I 
I 

I I : 
T., ON L ______ .J 

(a) Thyristor Effect by 
Positive Voltage 

Vee 
Pin 

( b I Thyristor Effect by 
Negative Voltage 

Figure 3-4. Equivalent Circuit of Parasitic Thyristor 

3.3 Noise Prevention 3.3.2 Power Supply Notice 
Noise in semiconductor memories is roughly classi­
fied into input signal noise and power supply noise. 

3.3.1 Input Signal Noise 
Input signal noise is caused by overshoot and un­
dershoot. If either of them is out of recommended 
DC operating conditions, normal operation is hin­
dered, and voltage over absolute maximum rating 
will break the device. In operating high speed sys­
tem, special care is required to prevent input signal 
noise. 
The noise can be prevented by inserting a serial re­
sistance of less than 50 ohm into each input or a 
terminating resistance into the input line. Actually, 
however, input signal noise can be simply reduced 
by a stable power supply line, because it is often 
caused by unstable reference voltage (GND level). 

The power source noise can be classed as low­
frequency noise and high-frequency noise as 
shown in figure 3-5. To assure stable memory oper­
ation, the peak-to-peak power supply voltage in the 
presence of low-or high-frequency noise should be 
held below 10 percent of its standard level. 

Ha,h-freq..ency Noise 
No1M .... lhlnlO%olSt...tord 
Po•tt Supply Vo-. 

~-- .. ""-~L 
-r--~:~,-

Low-frequency NoiM 
Not Mott than 10% of S~ Power 
Supply Voliaat 
ToJ.ol of Low-ond Hi,i.-....,_J 
Not More than + 10% of Swwlard Power 
Supply Vol&ap. 

Figure 3-5. Power Source Noise 
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Devices like dynamic RAMs, which operate from 
clock signals, or high speed CMOS static RAMs, 
through which current flows during transition of 
signals, consume high peak current. When a power 
supply does not have enough capacity for the peak 
current, voltage drops. And if the recovery rate of 
the power supply synchronizes with its time con­
stant, it may start oscillating. To reduce the influ­
ence of the peak current, a bypass capacitor of 0.1 
- 0.01 µ.F should be inserted near the device. The 
following points must be considered in designing 
pattern of the board: 
•For bypass capacitors, use titanium ceramic, or 

tantalum capacitors which have better high­
f requency characteristics. 

(
-

cs -
Sipal -

Preferred 

Vee Vss Vee Vss Vee Vss 
'--~ 

Da11 l/O 

*Bypass capacitors must be applied as near to the 
power supply pin of memory devices as possible, 
and inductance in the path from V cc pin to V ss 
pin through the bypass capacitor must be as little 
as possible. 

*The line connected to the power supply on the 
board should be as wide as possible. 

* It is preferrable for the power supply line to be at 
right angles to devices selected at the same time, 
less too much peak current should flow through 
one power supply line at a time 

Non-preferred 

~"f'"""""'::"-1~--1 -Faults-
!. Bypath Lines are too 

Long. 
2. Devices Selected at 

a Time are on the 
Same Mother Line. 

~ 
Data 1/0 

Figure 3-6. Examples of Power Supply Board Pattern 

3.4 Address Input Waveform of Hi-BICMOS 
Memory 

Data stored in memory might be destructed in case 
that Address Input of the HM6716, HM6719, 
HM6787, HM6788 and HM6789 series becomes 
floating and sticks at and around threshold voltage. 
(e.g. CPU does Address Bus to off state in Figure 1.) 

Consequently, the following three methods are rec­
ommended so as to preserve malfunction of mem­
ory device. 

A: Insert latch as shown in Figure 3-7 lest Ad­
dress Input should become floating. 

B: Put CS into High while Address Input becomes 
floating. 
(Dotted line in Figure 3.8) 

C: Insert Pull-up Resistor (R) to hold time con­
stant of Rising Edge wave form of Address In­
put pin (tr = R x Cl below 150 ns. 

Stable operation can be assured if you have already 
adopted the above three method (A, B, C), while if 
you have any problem, please contact our sales 
offices. 

CPU 

Address 
Bus 

cs 
Control 

I 

Pull-up 
Resistor 

Memory 
Input 

L __ - - - - - - - --- ---- _ _J 

Figure 3-7 

-~: \'-Address 
Input 

,------, 
I \ 

/ ' 
Write Floating Read 

Figure 3·8 
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Section 2 
MOS Static RAM 
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HM6268 Series 

4096-word x 4-bit High Speed CMOS Static RAM 

•FEATURES 
• Single 5V Supply and High Density 20 Pin Package. 
• High Speed: Fast Access Time 25/35/45ns (max.) 
• Low Power Standby: 100µW typ, 5µW typ (L-version) 

Active: 250mW typ. 
• Completely Static Memory: No Clock or Timing 

Strobe Required 
• Equal Access and Cycle Times 
• Directly TTL Compatible - All Inputs and Outputs 
• Capability of Battery Back Up Operation ( L-version) 

•ORDERING INFORMATION 

Type No. Access Time Package 

HM6268P-25 25ns 
HM6268P-35 35ns 
HM6268P-45 45ns 300mil 20pin 

HM6268LP-25 25ns Plastic DIP 
HM6268LP-35 35ns 
HM6268LP-45 45ns 

•BLOCK DIAGRAM 

:\10 

Memory Array 
64 Rows 

..--- \'ss 

How [M·odt>r 
2S6 Cnlumns 

•ABSOLUTE MAXIMUM RATINGS 

Item Symbol Ratinii Unit 

Voltagt on Any Pin Relative to Vss Vr -o.s• 1 to +7.0 v 

Power Dissipation Pr 1.0 w 
Operating Temperature r ... 0 to +70 ·c 
Storage Temperature r ... -55 to +125 ·c 
Temperature under Bias r .... -10 to +85 ·c 
Note)• I. -3.SV for pulse width;i!Ons. 

~HITACHI 

I 
I 

1.-~~~~~-(o_r_.zo_N_>~~---__J 
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(Top View) 
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-----------------------------------HM6268 Series 

•TRUTH TABLE 

cs WE Mode Vee Current 1/0 Pin Ref. Cycle 

H x Not Selected /sB, fSBI High Z -

L H Read Ice Dout Read Cycle 

L L Write Ice Din Write Cycle 

•RECOMMENDED OPERATING CONDITIONS ( Ta= 0 to + 70°C ) 

Parameter Symbol min typ max Unit 

Vee 4.5 5.0 5.5 v 
Supply Voltage 

Vss 0 0 0 v 
Input High (logic 1) Voltage VIH 2.2 - 6.0 v 
Input Low (logic 0) Voltage VIL -0.5• 1 - 0.8 v 

Note) *I. -3.0V for pulse width~ lOns. 

• DC AND OPERATING CHARACTERISTICS (Yee= 5V ± 10%, Yss = OV, Ta= 0 to +70°C 

Parameter Symbol Test Condition 

Input Leakage Current / Iu I Vee= 5.5V. Vin= V55 to Vee 

Output Leakage Current /!LO/ CS= V1H, V110 = V55 to Vee 

Operating Power Supply Current Ice CS = VIL· 1110 = OmA, min. cycle 

Standby Power Supply Current lsB CS = V1H, min. cycle 

CS ~ V cc -0.2V. 
Standby Power Supply Current ( 1 J lsBJ OV :::; V1N :::; 0.2V or Vee - 0.2V :S V1N 

Output Low Voltage VOL IoL = 8mA 

Output High Voltage VoH IoH = -0.4mA 

Notes) *I. Typical limits are at Vee= 5.0V, Ta= + 25"C and specified loading. 
* 2. ·1 his characteristics is guaranteed only for L·version. 
* 3. 40mA typ. for 45ns version. 

•CAPACITANCE ( Ta=25°C, f= l.OMHz) 

Parameter Symbol Test Conditions 

Input Capacitance CIN ViN=OV 

Input/Output Capacitance C1/o Vi!o=OV 

Note: This parameter is sampled and not 100% tested. 

Min. Typ.*' 

- -

- -

- 50*3 

- 15 

- 0.02 

- 1'''2 

- -

2.4 -

min 

-

-

•AC CHARACTERISTICS ( Vcc=5V±IO%, Ta=O to +70°C, unless otherwise noted.) 

Max. 

2.0 

2.0 

90 

25 

2.0 

50*2 

0.4 

-

max 

6 

9 

Unit 

µA 

µA 

mA 

mA 

mA 

µA 

v 
v 

Unit 

pF 

pF 

• AC Test Conditions Input and Output timing reference levels: 1.5V 
Input pulse levels: Vss to 3.0V Output load: See Figure 
Input rise and fall times: 5ns 

Output Load (B) 
Output Load (A) (for tuz. tLz. twz & :ow> 

sv sv 

Dout Dout 

255Q 30pF* 255Q 5pF* 

*Including scope and jig. 
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•READ CYCLE 

HM6268-25 HM6268-35 HM6268-45 
Parameter Symbol Unit 

min max min max min max 

Read Cycle Time fRc 25 - 35 - 45 - ns 

Address Access Time fAA - 25 - 35 - 45 ns 

Chip Select Access Time fACS - 25 - 35 - 45 ns 

Output Hold from Address Change fJJH 5 - 5 - 5 - ns 

Chip Selection to Output in Low Z fLz•I 10 - 10 - 10 - ns 

Chip Deselection to Output in High Z t.Hz"' 0 15 0 20 0 20 ns 

Chip Selection to Power Up Time lPu 0 - 0 - 0 - ns 

Chip Deselection to Power Down Time lPo - 25 - 25 - 30 ns 

Note) • !. Transition is measured ± 200m V from stead>• state voltage with Load <Bl. 
This parameter is sampled and not 100% tested. 

• Timing Waveform of Read Cycle No. 1<1 1.<2> 

IRC 

Address 

ION ION 

Dnut Data Valid 

• Timing Waveform of Read Cycle No. 2<1 >.<3> 

cs tac 

IHZ 

tu 

Dout High Impedance Data Valid 

IPV 

Vee Suppiy -1;;- -- - -------
Current 50% 

Isa 

Notes: 1. WE is High for Read Cycle. 
2. Device is continuously selected, CS= VJL. 
3. Address Valid prior to or coincident with cs·transition Low. 

•WRITE CYCLE 

HM6268-25 HM6268-35 HM6268-45 
Parameter Symbol Unit 

min max min max min max 

Write Cycle Time /we 25 - 35 - 45 - ns 

Chip Selection to End of Write few 20 - 30 - 40 - ns 

Address Valid to End of Write fAW 20 - 30 - 40 - ns 

Address Setup Time tAs 0 - 0 - 0 - ns 

Write Pulse Width /wp 20 - 30 - 35 - ns 

Write Recovery Time fwR 0 - 0 - 0 - ns 

Data Valid to End of Write tvw 12 - 20 - 20 - ns 

Data Hold Time IDH 0 - 0 - 0 - ns 

Write Enabled to Output in High Z twz•I 0 8 0 10 0 15 ns 

Output Active from End of Write row•! 0 - 0 - 0 - ns 

Note)• 1. Transition is measured ±200mV from steady state voltage with Load (8). 
This parameter is sampled and not 100% tested. 
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• Timing Waveform of Write Cycle No. 1 (WE Controlled) 

Address 

cs 

Din 

•3 

Dout ( ( ( ( ( ( ( ( 
''"~ 

• Timing Waveform of Write Cycle No. 2 (CS Controlled) 

Notes: 1. 
2. 
3. 

4. 

5. 

6. 

,,.., 

Address 

IAW 

IAS tw1 (2) 

ICW 

Din 

Dou! High Impedance (4) 

A write occurs during the overlap of a low CS and a low WF:. (twp). 
twR is measured from the earlier of CS or WE going high to the end of write cycle. 
During this period, 1/0 pins are in the output state so that the input signals of opposite phase to the outputs 
must not be applied. 
If the CS low transition occurs simultaneously with the WE low transition or after the WE transition, the output 
buffers remain in a high impedance state. 
If CS is low during this period, 1/0 pins are in the output state. Then the data input signals of opposite phase to 
the outputs must not be applied to them. 
Dout is the same phase of write data of this write cycle, if twR is long enough. 
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•LOW Vee DATA RETENTION CHARACTERISTICS (o·c :it Ta~1o·c) 
This characteristics guaranteed only for L-version. 

Parameter Symbol 

Vee for Data Relention Vo• 

Data Retention Current lcco• 

Chip Deaelect to Data Retention Time lco• 

Operation Recovery Time 

Notes) •I. I"'• Reed Cyrle Ti111e. 

,. 
•2. V«•3.0\' 
•3. V«•2.0V 

Test Conditions 

~;;;: Vcc-0.2V 
v..o::v"-o.2v or 
ov~ v .. ~o.2v 

See retention waveform 

•LOW Vee DATA RETENTION WAVEFORM 

DATA RETENTION MODE 

-- _ X•!. - - - - - - - - - -

~-----' 

min 

2.0 

-
0 

lu •1 

typ 

-

-
-
-

ov - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
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max 

-
30 •2 

20• 3 

-
-
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Unit 

v 

l'A 

ns 

ns 



SUPPLY CURRENT VS. SUPPLY 
VOLTAGE 

1.6 

Ta=25"C 

L v 
~ 

~ _,,,,,,,,. 
..-

0.6 

o., 
•. s 4.75 5.0 5.25 5.5 

Supply V olt.ce Vee ( V ) 

ACCESS TIME VS. SUpPL Y 
VOLTAGE 

u.-------------
Ta=25"C 1.2---------------

11.1 i---___.._--i-----1-----i 

~ 

j 1.01-----+--._;:: ..... ..----+--~ 

0.1------------------' u us 5.0 5.25 

1.3 

I 1.1 
~ 

j 1.0 

j 

J 0.9 

J 0.8 

Supply Vo!t.ce Vee (V l 

ACCESS TIME VS. 
AMBIENT TEMPERATURE 

Vcc=S.OV 

v 
v----
~ 

~ 

20 'O 60 

Ambient Tempenture Ta ("C) 

5.5 

80 

SUPPL V CURRENT VS. AMBIENT 
TEMPERATURE 

u--------------
Vee=5.0V 

UI-----+----+----+---~ 

11.21-----+---+----+---t 

~ .........___ 

~ 1.0
1 

----- -;---,_ 
] 0.81----1-----+---~---4 
j 
0.61-----+----+---~---4 

0·4o ~ __ __,..,20~---',o,..---__,eo.,..__~80 

1.8 

1.6 

1 .... 
~ 

~ 
j 

~ 
I 
< 

0.8 

0.6 
0 

1. 1 

1.0 

1 0.9 

~ 

Ambient Temperatare Ta ("C) 

ACCESS TIME VS. LOAD 
CAPACITANCE 

100 200 300 

Load Capacitance c. (pF) 

SUPPLY CURRENT VS. 
FREQUENCY 

100 50 33 25 

v 

~ 
v 

/ v ~ 0.8 

] 0.7 

i 
0.6 

10 20 30 40 

Frequency I (MHz) 

400 

T (na) 

20 

50 
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INPUT LOW VOLTAGE VS. SUPPLY 
VOLTAGE 

1.3.----.....,....----.----....----

1.21-----+-----+---+-----I 

l 1.1--------­
~ 

~ 

J ! 0.9 

j 
o.si-----+-----+---+-----1 

0,7...,,_ __ _,_ __ __,_ ___ ..._ __ __, 

4.5 4.75 5.0 5.25 5.5 

~ 
j 

] 
i 

Supply Voltaae Vee (V) 

OUTPUT CURRENT VS. OUTPUT 
VOLTAGE 

To=25'C 

_\ Vcc=SV 

~ 

\ 

0.6 1 
' 

Output Voltace VoH ( V ) 

STANDBY CURRENT VS. AMBIENT 
TEMPERATURE 

10-•-------------------

10-• 

Ambient Temperature To ('C) 

Vcc=3V 
CS=2.8V 

80 

1.3 

t 1.0 

> J 0.9 

i 
:i: 0.8 

INPUT HIGH VOLTAGE VS. SUPPLY 
VOLTAGE 

To=25'C 

l----1 
-----i...---

~ 

0.7 
4.5 4.75 5.0 5.25 5.5 

1.6 

Supply Voltage V cc ( V ) 

OUTPUT CURRENT VS. OUTPUT 
VOLTAGE 

To=25'C 
Vcc=SV 

7 
lZ 

-l-
~ 1.0 

>
t 

0.8 

0.6 

0.4 

1.4 

1.2 

1 1.0 

~ 

j 0.8 

] 
0.6 

f 
Ul 0.4 

0.2 
2 

I' 

0 0.2 0.4 0.6 

Output Voltace VoL (V) 

STANDBY CURRENT VS. SUPPLY 
VOLTAGE 

Ta=25'C 
CS= Vcc-0.2V 

Supply Voltage V cc ( V ) 

0.8 
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HM6267 Series 

16384-word x 1-bit High Speed CMOS Static RAM 

• FEATURES 
• High Speed: Fast Access Time 35/45/55ns (max.) 
• Low Power Standby and Low Power Operation 

Standby: 0.1mW (typ.)/5µW (typ.) (L-version), 
Operation: 200mW (typ.) 

• Single 5V Supply and High Density 20 Pin Package 
• Completely Static Memory ...... No Clock or Timing Strobe 

Required 
• Equal Access and Cycle Time 
• Directly TTL Compatible: All Input and Output 
• Capability of Battery Back Up Operation ( L-version) 

• ORDERING INFORMATION 
Type No. Access Time Package 

HM6267P-35 3Sns 
HM6267P-45 4Sns 
HM6267P-SS SSns 300 mil 20 pin 

HM6267LP-35 3Sns Plactic DIP 

HM6267LP-45 4Sns 
HM6267LP-SS SSns 

• BLOCK DIAGRAM 

A• 

At 
-- Vee 
..__. Vss 

A1 

"' 
A11 

Din 

How 

U.C'ndtr 
Memory .\rray 

12/!X 128 

Dou1 

A11 Ato At ~. A: A• A• 

• ABSOLUTE MAXIMUM RATINGS 
Item Symbol Rating Unit 

Voltage on Any Pin•l VT -o.s•2 to +7.0 v 
Power Dissipation PT 1.0 w 
Operating Temperature T'!P 0 to +70 oc 
Storage 

T1tg -SS to +12S oc Temperature 

Storage Temperature Under Bias Tb1111 -10 to +SS oc 
Notes) •1. With respect ot Vss. 

•2. -3.SV for pulse width~ 20ns. 

~HITACHI 

(DP-20N) 

• PIN ARRANGEMENT 

(Top View) 
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• TRUTH TABLE 

cs WE Mode Vee Current Dout Pin Ref. Cycle 

H )( Not selected lu, 1111 High-Z 

L H Read Ice Dout Read Cycle 

L L Write Ice High-Z Write Cycle 

•RECOMMENDED DC OPERATING CONDITIONS (Ta= 0 to +70°C) 

Item Symbol min typ max Unit 

Vee 4.S s.o s.s v 
Supply Voltage 

Vss 0 0 0 v 
V1H 2.2 - 6.0 v 

lnpu t Voltage 
VIL -O.s•t - 0.8 v 

Note) *1. -3.0V for pulse width~ 20ns 

• DC AND OPERATING CHARACTERISTICS (Vee= SV ± 10%, Vss = OV, Ta= 0 to +70°C) 

Item Symbol Test Conditions 

Input Leakage Current llLJI Vee=s.sv. VJN=Vss to Vee 
Output Leakage Current lho' c-S=VJH, Vour=Vss to Vee 

Operating Power Supply Current Ice CS=VJL,lour=OmA,min.cycle 

lss CS= VJH, min cycle 

Stand by Power Supply Current cs~ Vee- o.2v, 

Issi OV ~ VIN~ 0.2V or 
Vce-0.2V ~ VJN 

VoL loL = SmA 
Output Voltage VoH loH=-4mA 

Notes) •t. Typical limts are at Vee= SV, Ta= 25°C and specified loading. 
•2. This characteristics is guaranteed only for L-version. 

• CAPACITANCE (T0 = 2S°C.f= lMHz) 

HM6267-3S 

min typ*l max 

- - 10 

- - 10 

- 40 100 

- 10 20 

- 0.02 2 

- 1 •2 so•2 

- - 0.4 

2.4 - -

hem Symbol typ. -· Unit Condition1 

Input Capacitance c,,. - s pF v,,.-ov 
Output Capacitance Cour - 7 pF Vour-OV 

Nole) Tllit 119ra-1er 11 Mapled a...i nol 100% IHIM. 

HM6267-4S/SS 

typ*l 
Unit 

min max 

- - 10 µ.A 

- - 10 µ.A 

- 40 80 mA 

- 10 20 mA 

- 0.02 2 mA 

- 1 •2 so•2 µ.A 

- - 0.4 v 

2.4 - - v 

• AC CHARACTERISTICS (Vee= SV ±10%, Ta= 0 to +70°C, unless otherwise noted) 
• AC TEST CONDITIONS 
Input pulse levels: Vss to 3.0V 
Input rise and fall times: 5ns 
Input and Output timing reference levels: 1.5V 
Output load: See Figure 

Output Load A 
+5V 

• Including scope and jig. 

@HITACHI 

Output Load B 
(for IHZ, lu, hrz .t lo•) 

+SV 

IOll 

Oou1 

5pF' 

• Including scope and jig. 
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---------------------------------HM8287 Serles 

• Read Cycle 

HM6267-3S 
Item Symbol 

min 

Read Cycle Time tRC 35 

Address Access Time 'AA -
Chip Select Access Time tACS -
Output Hold from Address Change toH s 
Chip Selection to Output in Low Z ILZ s 
Chip Deselectio to Output in High Z tHz 0 

Chip Selectio to Power Up Time tpu 0 

Chip Deselection to Power Down Time tpD -

•TIMING WAVEFORM OF READ CYCLE NO. 1 4 > r»> 

Address 

Data Out Previous Data 
Valid 

•TIMING WAVEFORM OF READ CYCLE NO. 2 4 > 6 > 

Data Out 

Vee Supply 

Current 

max 

3S 

3S 

-
-
30 

-
20 

HM62614S HM6267-SS 

min max min max 

4S - SS -
- 4S - SS 

- 4S - SS 

s - s -
s - s -

0 30 0 30 

0 - 0 -

- 30 - 30 

Data Valid 

Data Valid 

Notes) 1. All Read Cylce timing are referenced from last valid address to the first transitioning address. 

Unit Notes 

ns 1 

ns 

ns 

ns 

ns 2,3,7 

ns 2,3,7 

ns 

ns 

2. At any given temperature and voltage condition, 'Hz max. is less than tLz min. both for a given device and 
from device to device. 

3. Transition is measured ±SOOmV from steady state voltage with specified loading in Load B. 
4. W£ is High for READ cycle. 
S. Device is continuously selected, C'S• Vn. 
6. Addresses valid prior to or coincident with~ transition low. 
7. This parameter is sampled and not 100% tested. 

• Write Cycle 
HM6267-3S HM62674S HM6267-SS 

Item Symbol Unit Notes 
min max min max min max 

Write Cycle Time twc 35 - 4S - SS - ns 2 

Chip Selection to End of Write tcw 30 - 40 - 50 - ns 

Address Valid to End of Write tAW 30 - 40 - so - ns 

Address Setup Time tAs 0 - 0 - 0 - ns 

Write Pulse Width twp 20 - 25 - 3S - ns 

Write Recovery Time twR 0 - 0 - 0 - ns 

Data Valid to End of Write tDW 20 - 25 - 25 - ns 

Data Hold Time fDH 0 - 0 - 0 - ns 

Write Enabled to Output in High Z twz 0 20 0 2S 0 25 ns 3,4 

Output Active from End of Write tow 0 - 0 - 0 - ns 3,4 

@HITACHI 
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HM6267 Series-------------------

e TIMING WAVEFORM OF WRITE CYCLE NO. 1 (WE Controlled) 

l•c 

Ailldru1 

I w 

, .. ,., 

Dua In 0.ta In Valid 

,., 

Data 0..1 Olla UndthntJ 
Hi1h IMP•dance 

e TIMING WAVEFORM OF WRITE CYCLE NO. 2 (CS Controlled) 

i.~,__ ________ rwc~--------~~ 

Addreu =*i.~:::,_A-_-s::::::::::-,-A-W---_-_-:_-_-_-:_-_-_-:_-_-_-:_-_-....,---,-w-J''------

'vw 

Din 

Dout 

twz~ High Impedance ---------<( Data Undefined '-----.;;....._.;.._ ____ _ 

Notes) 1. lfCS goes high simultaneously with WE high, the output remains in a high impedance states. 
2. All Write Cycle timings are referenced from the last valid ·address to the rust transitions address. 
3. Transition is measured tSOOmV from steady state voltage with specified loading in Load B. 
4. This parameter is sampled and not 100% tested. 
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-----------------------------------HM6267 Series 

•Low Vee DATA RETENTION CHARACTERISTICS (O"C ~ Ta::;;;;1o·c) 
This characteristics is guaranteed only for L-version. 

Parameter Symbol 

Vee for Data Retention Voa 

Data Retention Current f ccoa 

Chip Deselect to Data Retention Time lcoa 

Operation Recovery Time 

N ates) * I. I"' - Reod Cytle Time. 

,. 
•2. v,,-3.ov 
•J. Ve<-2.0V 

Test Conditions 

C'S" Oi: Vee -0. 2V 

V..Oi: Vcc-0.2V ur ov=- V .. =-0.2V 

see retention waveform 

•LOW Vee DATA RETENTION WAVEFORM 

DATA RETENTION MODE 

cs;;:"" -021· 

CS-----

min 

2.0 

-

0 

I ac •I 

typ 

-
-

-
-

ov - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

max Unit 

- v 
30·2 

l'A 20• 3 

- ns 

- ns 

SUPPLY CURRENT VS. SUPPLY VOLTAGE SUPPLY CURRENT VS. AMBIENT TEMPERATURE 

1.6.------,..---....------.----. 1.6,.------...---~----.----. 

fo=2S°C 
Vcc=S.OV 

ur-----+---+-----1r------1 1.4 r-----+---+--------1 

.;;: 1.0 i-----+----:::: ..... ~'-----lf-----1 
j~ 
l 0.H 

~ 
c3 
-3: 0.K r-----+---+--------1 
J. 

0.6 t-----+---+-----1----l 0.6 r-----+---+-----+----1 

11.4 ---~---...._ ___ .,__ __ __. 
4.5 S.O S.5 

(J.4 ---~---._ __ __.. ___ ~ 
0 60 

Supplv Volta~ \'cc !Vl Ambient Temperature To ( 'C ) 
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ACCESS TIME VS. SUPPLY VOLTAGE 

1.:1 

Tn=2St' 

1.2 

l 
1 I.I 
7. 

~ 1.0 
" ~ 

J 
0.9 

i 

r---r---_ 
-----t----

<!'. 

O.M 

ll.7 
15 

Suwl~ \".~tall" \"rr I \"l 

ACCESS TIME VS. LOAD CAPACITANCE 

1.x..----.----.----.---~ 

1.61----1----1----1-----1 

1 
l u ~-____,f-------<f-------<f---~ 
7. 

1.21----1----1----1--......,,,........-!f-

J j 1.0"""' 

~ _J_----

0.K ~---11----1----~----1 

ll.fi ..... 0 __ ..,_..10..,_0 ___ 20.._0 ___ 30.._0 __ __.400 

INPUT LOW VOLTAGE VS. SUPPLY VOLTAGE 
1.3 

Tn=2S't 

1.2 

----L----

~ 
i..---

J ,, 
~ 1.0 

J 
! 0.9 

1 
0. 8 

0. 7 
4.5 4.75 5.0 5.25 5.5 

Supply Vnlt..., Vee (V) 

ACCESS TIME VS. AMBIENT TEMPERATURE 

Vcr=5.0V 

' 1.: 

,,,,,,,,,,,,,. 

~ 
~ 

I~ 

0.K 

0.7 
() .!ti 40 fill 

Ambient Temperaturt To ( 't I 

SUPPLY CURRENT VS. FREQUENCY 
r 111111 

ti6 
I.I 

50 ~o ·13 

ll.X 

I .J. 

/' 
v 

......-1 l/1 
~ 

v 

0.9 

ll,7 

11.6 

05 
fl IO 15 .!O 25 

Froq"""'" J tMHzl 

INPUT HIGH VOLTAGE VS. SUPPLY VOLTAGE 
1.3 

Ta=25t 

1.2 

l c I. I 

-----
~ 

i----~ 
~ 

~ 1.0 

> 
j 
:c 0.9 

! 
0. 8 

7 
4.5 4.75 "'[O" S.2S 5.5 

0. 

Supply Voh111t Vee (Vl 
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---------------------------------HM8287 Serlea 

OUTPUT CURRENT VS. OUTPUT VOLTAGE 
6 

4 

11.2 
~ 

! I. 0 

1 J 0.8 

0.6 

0.4 
I 

~ 

1 
\ 
\ 
1 

Output Voltall'? VnH (V) 

STANDBY CURRENT VS. 
AMBIENT TEMPERATURE 

Ta=25t 
Va=SV 

10··---~--~---,-----, 

J 
j 

Vrr=JV 

CS=2.RV 

10-•·L.----+-----+r----+.~---: 
0 20 40 60 

Ambient Temperatu~ Ta (t) 

OUTPUT CURRENT VS. OUTPUT VOLTAGE 

1.6 

j_ 

7 
1.4 

v 
7 To=25t 

Vcc=SV 

7 v 

j l O.R 

0.6 

0.4 
0 0.2 OA O.fi 0.11 

Output VnltaRe VnL (V) 

STANDBY CURRENT VS. SUPPLY VOLTAGE 

1.4,....----.----"""T'-----.-----. 

1 1 1.0 
!! 
~ 

~ o.~~---+----+-~---+-------f 

~ 

Ta=25t 
CS"' Vcc-0.2V 

a o.s~---+--C---+-----+-------f 
f 
ti'! 

0.2:i,,.2--~---~--~--

Supply Vnlt&Re \'cc IV l 
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HM6264A Series 
8192-word x 8-bit High Speed CMOS Static RAM 

•FEATURES 
• low Power Standby 

Low Power Operation 
• Fast access Time 
• Single +5V Supply 

Standby: 0.1 mW (typ.) 
10µW (typ.) L-/LL-version 
Operating: 15mW/MHz (typ.) 
100ns/120ns/150ns (max.) 

• Completely Static Memory ..... No clock or Timing Strobe Required 
• • Equal Access and Cycle Time 
• Common Data Input and Output, Three State Output 
• Directly TTL Compatible: All Input and Output 
• Capability of Battery Back Up Operation ( L-/LL-version) 

• ORDERING INFORMATION 

Type No. Access Time Package 

HM6264AP-10 lOOns 
HM6264AP-12 120ns 
HM6264AP-15 150ns 

HM6264ALP-10 lOOns 600 mil 28 pin 
HM6264 ALP-12 120ns 
HM6264ALP-15 150ns 

Plastic DIP 

HM6 264 ALP-1 OL lOOns 
HM6264ALP-12L 120n~ 

HM6264ALP-15L 150ns 

HM6264ASP-10 lOOns 
HM6264ASP-12 120ns 
HM6264ASP-15 150ns 

HM6264 ALSP-10 lOOns 
300 mil 28 pin 

HM6264ALSP-12 120ns 
HM6264ALSP-15 150ns 

Plastic DIP 

HM6264ALSP-10L lOOns 
HM6264ALSP-12L 120ns 
HM6264ALSP-15L 150ns 

HM6264AFP-10 lOOns 
HM6264 AFP-12 120ns 
HM6264AFP-15 150ns 

HM6264ALFP-10 lOOns 28 pin 
HM6264ALFP-12 120ns Plastic SOP 
HM6264ALFP-15 150ns (Note) 

HM6264 ALFP-1 OL lOOns 
HM6264ALFP-12L 120ns 
HM6264ALFP-15L 150ns 

Note) Tis added to the end of the type no. for a SOP of 3.00 mm (max.) 
thickness. 

@HITACHI 

HM6264AP Series 

(DP-28) 

HM6264ASP Series 

(DP-28N) 

HM6264AFP Series 

(FP-28D/DA) 

• PIN ARRANGEMENT 

(Top View) 
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---------------------------------HM8284A Serles 

•BLOCK DIAGRAM 

A,, <>----+:::cit::::f-1 
--o Vee A1 

A• 
A1 
A12 ,.., Memorv Matrix 

256 x256 
--oVss 

A, 
A, 

cs, 
~. 

<lE .,..._ ____ ___. 

•ABSOLUTE MAXIMUM RATINGS 
Item Symbol 

Terminal Voltage•• VT 

Power Dissipation PT 
Operating Temperature Topr 

Storage Temperature T1t1 

Storage Temperature (Under Bias) TbiOI 

Notes) •t. With respect to Vss· 
*2. -3.0V for pulse width~ SOns 

• TRUTH TABLE 
~ ~ cs, 0£ Mode 1/0 Pin 

x H x x Not Selected High Z 

x x L x (Power Down) HighZ 

H L H H Output Disabled High Z 

H L H L Read Dout 

L L H H Din 

L L H L 
Write 

Din 

X: Hor L 

Rating 
-0.s•2 to +7.0 

1.0 
0 to +70 

-55 to +125 
-10 to +85 

Vee Current 

IsB.lsBI 

IsaJSB1 
Ice 
Ice 
Ice 
lg_ 

Unit 
v 
w 
oc 
oc 
oc 

Note 

Read Cycle 

Write Cycle ( 1) 

Write Cycle (2) 

•RECOMMENDED DC OPERATING CONDITIONS (Ta= 0 to +70°C) 

llcm Symbol min typ max Unit 

Sur1'lY Vultaj!c 
Vee 4.5 5.0 s.s v 
Vss 0 0 0 v 
Vm 2.2 6.0 v 

Input Voltaj!C 
V11, -0.3•1 -- 0.8 v 

Note) *1. -3.0V for pulse width~ SOns 
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• DC AND OPERATING CHARACTERISTICS (Vee= SV ± 10%, Vss = OV, Ta= 0 to +70°C) 
Item Symbol Test Condition 

Input Leakage Current 11u1 Vin= Vss to Vee 

Output Leakage Current lhol CST= VrH or CS2=VrL orCffi= VrHor WE= VIL, 
V110= Vss to Vee 

Operating Power Supply Current lecDC CSI = VrL. CS2= VrH. llj_o=OmA 

lce1 
Min. cycle, duty=100%, 'C!i=VrL. CS2=VrH 
lr;o=OmA 

Average Operating Current Cycle time • lµs, duty • 100%, 1110 • OmA, 

lec2 CST~ 0.2V, CS2 ~ Vcc-0.2V 
VrH ~ Vee -0.2V, VrL ~ 0.2V 

lss CSl c VrH or CS2= VrL 

Standby Power Supply Current CS1~Vcc-0.2V, CS2~Vcc-0.2Vor 
Issi~ OV ~ OS2 ~ 0.2V, OV ~ Yin 

VoL loL=2.lmA 
Output Voltage 

VoH loH=-1.0mA 

Notes) *1. Typical limits are at Vcc=S.OV, T0 =25°C and specified loading. 
*2. V/L min=-0.3V 
*3. Thia characteriltic1 ii guaranteed only for L-venion. 
*4. Thia characteristics is guaranteed only for LL-version. 
• 5. For 120na/1 SOns version. 
•6. For lOOn1 version. 

•CAPACITANCE u·= I MHz, T0 = 25°(') 

Item Symbol Tesl Condition typ max 

Input Capacitance Cin V;n = OV - s 
Input/Output Capacitance C110 Vuo = ov -· 7 

Note) This parameter is sampled and not 100% tested. 

•AC CHARACTERISTICS (Vee= 5V±10%. Ta= 0 to +70°C) 

• AC TEST CONDITIONS 
Input Pulse Levels: 0.8V/2.4V 
Input Rise and Fall Time: 10ns 
Input Timing Reference Level: 1.5V 
Output Timing Reference Level: 0.SV/2.0V 
Output Timing Reference Level: HM6264A-10 1.5V 

HM6264A-12/15 o.av 12.ov 
Output Load: 1TTL Gate and CL (100pF) (including scope and jig) 

Unit 

pF 

pF 

@HITACHI 

min typ•t max 

- - 2 

- - 2 

- 7 15 

30 45•• -
30 55•• 

- 3 5 

- 1 3 

- 0.02 2 

- 2•• 100•• 

- 2•4 so•• 
- - 0.4 

2.4 - -
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Unit 

p.A 

p.A 

mA 

mA 

mA 

mA 

mA 

p.A 

v 
v 



--------------------------------HM6264A Seriee 

• READ CYCLE 

Item Symbol 
HM6264A-10 HM6264A-12 HM6264A-15 

Unit 
min max min max min max 

Read Cycle Time fRC 100 - 120 - 150 - ns 
Address Access Time tAA - 100 - 120 - 150 ns 

Chip Selection to Output l CST tc01 - 100 - 120 - 150 ns 

I CS2 rc02 - 100 - 120 - 150 ns 
Output Enable to Output Valid toE - 50 - 60 - 70 ns 

Chip Selection to 1 CST fLZJ 10 - 10 - 15 - ns 
Output in Low Z J CS2 fLZ2 10 - 10 - 15 - ns 
Output Enable to Output in Low Z tOLZ 5 - 5 - 5 - ns 

Chip Deselection to 1CST ruz1 0 35 0 40 0 50 ns 
Output in High Z j CS2 tuz2 0 35 0 40 0 50 ns 
Output Disable to Output in High Z touz 0 35 0 40 0 50 ns 
Output Hold from Address Change ton 10 - 10 - 10 - ns 

.. Notes) 1. tnz and fQHZ are defined as the time at which the outputs achieve the open circuit cond1t1on and are not referred 
to output voltage levels. 

2. At any given temperature and voltage condition, tnz max is less than tLz min both for a given device and from 
d device to device. 

•READ CYCLE 
t------------tRc~-----------

Address 

CS2 

lt'"------tco1------i 

r------1£ZJ----­

r--------tco2-----1--~ 

J...1...J....j~J..J...J..J....J...'-i..i..1..J...1.Jr,__-__ f LZ2---~ 

Note) 1. WE is high for Read Cycle 

@HITACHI 
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HM8284A Series---------------------------------

• WRITE CYCLE 

Item Symbol 
HM6264A-IO HM6264A-12 HM6264A-15 

Unit 
min max min max min max 

Write Cycle Time twc 100 - 120 - 150 - ns 

Chip Selection to End of Write tcw 80 - 85 - 100 - ns 
Address Setup Time tAS 0 - 0 - 0 - ns 

Address Valid to End of Write tAw 80 - 85 - 100 - ns 

Write Pulse Width twp 60 - 70 - 90 - ns 
Write Recovery Time twR 0 - 0 - 0 - ns 
Write to Output in High Z twHZ 0 35 0 40 0 50 ns 
Data to Write Time Overlap tDW 40 - 40 - 50 - ns 
Data Hold from Write Time tDH 0 - 0 - 0 - ns 
Output Enable to Output in High Z to Hz 0 35 0 40 0 50 ns 
Output Active from End of Write tow 5 - 5 - 5 - ns 

•WRITE CYCLE 111 COE clock) 

---------twc----------9'1 
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•WRITE CYCLE l21 IOE Low Fix) 

Address 

._..~~~~~~~~tAw~~~~~~~~~ 

rcw 121 
cS1 (6) 

rcw 121 

CS2 

NOTES: 1) A write occurs during the overlap of a low CSl, a high CS2 and a low WE. A write begins at the latest transi· 
tion among CS1 going low, CS2 goil!IJligh and WE going low. A write ends at the earliest transition among 
C'S1 going high, CS2 going low and WE going high, twp is measured from the beginning of write to the end 
of write. 

2) t cw is measured from the later of CS1 going low or CS2 going high to the end of write. 
3) tAs is measured from the address valid to the beginning of write. 
4) twR is measured from the earliest of C'S1 or W£ going high or CS2 going low to the end of write cycle. 
S) During this period, 1/0 pins are in the output state, therefore the input signals of opposite phase to the outputs 

must not be applied. 
6) If CST goes low simultaneously with WE going low or after WE going low, the outputs remain in high im· 

pedance state. 
7) Dout is the same phase of the latest written data in this write cycle. 
8) Dout is the read data of next address. 
9) If CSl is low and m is high during this period, 1/0 pins are in the output state. Therefore, the input signals 

of opposite phase to the outputs must not be applied to them. 
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HM8284A Serles---------------------------------

• LOW Vee DATA RETENTION CHARACTERISTICS (Ta= 0 to +70°C) 

This characteristics is guaranteed only for L/LL-version. 

Item Symbol Test Condition 

V cc for Data Retention VoR 
CS1~Vce-0.2V, CS2~ Vce-0.2V or 
CS2 ~0.2V 

Vee= 3.ov 
Data RetentionCurrent IecoR CSi ~Vee -0.2v 

CS2 ~ Vee -0.2V or OV~CS2~0.2V,OV~V1n 

Chip Deselect to Data Retention 
teDR Time 

See Retention Waveform 
Operation Recovery Time fR 

min typ max 

2.0 - -

- I*' 50* 1 

- I u 25* 3 

0 - -

tRe*3 - -

Notes) •t. V[L min= -0.3V, 20µ.A max at Ta=O to 40°C, This characteristics is guaranteed only for L-version. 
•2. V1L min= -0.3V, 10µ.A max at Ta= 0 to 40°C, This characteristics is guarnteed only for LL-version. 
• 3. tRe = Read Cycle Time 

•LOW Vee DATA RETENTION WAVEFORM 111 (CS1 Controlled) 

tcoR-+-..-----~D~a~ta~R_e~t~en~t~io~n~M-'-"-od=e'--·~----+---fR 
Vcc--+---... 1 

4.SV- - - -

C'Sl ~V cc - 0.2V 

ov - - - - - - - - - - - - - - - - - - - . - - - - - -· - - .. ·- - - - -- -- - - -- - - - - - .. -- - --

•LOW Vee DATA RETENTION WAVEFORM (2) (CS2 Controlled) 

0.4V- - -- ·- - - - -
CS2 ~ 0.2V 

ov- - -- -- - - . 

Unit 

v 

µA 

ns 

ns 

Note) In Data Retention Mode., CS2 controls the Address, WE, CST, OE and Din buffer. lfCS2 controls data retention 
mode, Vin for these inputs can be in the high impedance state. If CSI controls the data retention mode, CS2 must 
satisfy either CS2 ~ V cc-0.2V or CS2 ::;; 0.2V. The other input levels (address, WE, OE, 1/0) can be in the high 
impedance state. - -
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--------------------------------HM6264A Series 

SUPPLY CURRENT VS. 
SUPPLY VOLTAGE 

1.1-------------
l.!t-----t----+---+----t 

SUPPLY CURRENT VS. 
FREQUENCY 

11
11 ,,_ _ __.. __ ..___......._ _ _.... _ __,Iii 

ACCESS TIME VS. 
SUPPLY VOLTAGE 

1.:1-------------
!.~.-----+---+---+---~ 

11.~.-----+----+---+----I 

11.:...._ _ __. __ __.. __ __._ __ ...J 

t.~1 i.;:. ~1.5 

SUPPLY CURRENT VS. 
AMBIENT TEMPERATURE 

l.•ir------r----...---.----. 
\"rr=S.O\' 

i.lt---~---+----+---~ 

II.tit---~---+---+---~ 

ll.l,'-1 __ _._~-I --~lll---.,,~I __ _,!10 

\mhit'fll Tt>mJ•Pratun- J~, t 

ACCESS TIME VS. 
LOAD CAPACITANCE 

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

11.~t-----11-----t----+----4 

tl.<i'-----'"---.....1--~----' 
llMI ~~Ml :till ltll 

Load CapaC'lfanC't" ( ·1. pF t 

ACCESS TIME VS. 
AMBIENT TEMPERATURE 

I .. I 

I.~ 

I 

I.• I 

II.~ 

O.!I 

o.~ 
0 

lir=5.0V 

v /_ 
v 

L 
Ii" 

/ 

20 lO 60 

.-\mhiorn Tempora1u~ Tu 1 t' I 

80 
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HM6264A Serles--------------------------------

INPUT LOW VOLTAGE VS. 
SUPPLY VOLTAGE 

1.3----------.-----. 

J.2.__ _ ___,1---------+----1 

1.11------1~----4---+----1 

1.0 ~ 

l.----
0.91----1----+---+----1 

o.~1------<1-----4----+----t 

OUTPUT CURRENT VS. 
OUTPUT VOLTAGE 

O..tput Volta1e Vo• (V) 

STANDBY CURRENT VS. 
AMBIENT TEMPERATURE 

!Or---....-----------

0.1 ___ ..._ __ ..._ __ ~ __ _. 

20 l~I KO 

INPUT HIGH VOLTAGE VS. 
SUPPLY VOLTAGE 

u.--------.----.------. 

I.! 1----.f----+----1-----1 

I. l l----.f----+----1-----1 

OUTPUT CURRENT VS. 
OUTPUT VOLTAGE 

\.I 

I i ; 

1i 
t ·~ j_ J;i - ~;)'(' 

o.t 

I 

l"i1 

L v 
Ill 

( lutpul \ nhal(t• \11; \ 

STANDBY CURRENT VS. 
SUPPLY VOLTAGE 

~)\ 

~. Hl"PACHI Supph\'ul1a~"\" 1\'1 :\mhiffit TemµeraluN> fo t t· l .. I...._ 
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HM6288 Series 
16384-word X 4-bit High Speed CMOS Static RAM 

The Hitachi HM6288 is a high speed 64k static 
RAM organized as 16-kword x 4-bit. It realizes 
high speed access time (25/35/45 ns) and low 
power consumption, employing CMOS process 
technology. 
It is most advantageous for the field where high 
speed and high density memory is required, such 
as the cache memory for main frame or 32-bit 
MPU. 
The HM6288, packaged in a 300 mil plastic DIP 
and SOJ, is available for high density mounting. 
Low power version retains the data with battery 
back up. 

•FEATURES 

• Single 5V Supply and High Density Plastic Package. 
• High Speed: Fast Access Time 25/35/45 ns (max.) 
• Low Power dissipation 

Active mode 300mW (typ.) 
Standby mode 100µ.W (typ.) 

• Completely Static Memory 
No Clock or Timing Strobe Required. 

• Equal Access and Cycle Times. 
• Directly TTL Compatible - All Inputs and Outputs. 

• ORDERING INFORMATION 

Type No. Access Time 

HM6288P-25 25ns 
HM6288P-35 35ns 

HM6288LP-25 25ns 
HM6288LP-35 35ns 

HM6288JP-25 25ns 
HM6288JP-35 35ns 

HM6288UP-25 25ns 
HM6288UP-35 35ns 

•BLOCK DIAGRAM 
Ao 

Control 

Package 

300 mil 
22-pin 
Plastic DIP 
(DP-22NB) 

300mil 
24-pin 
SOJ (CP-240) 

Memory 

:\rray 

l'.!X HnlA'S 

;,12 Columns 

...,_.,.("( 

@HITACHI 

(DP-22NB) 

(CP-240) 

•PIN ARRANGEMENT 

• HM6288P Series 

(Top View) 

• HM6288JP Series 

AO 
Al 
A2 
A3 
A4 
AS 
A6 
A7 
AS 
~ 
NC 

Vu 

Vee 
A13 
A12 
All 
AlO 
A9 
NC 
1/01 
1/02 
1/03 
~4 

(Top View) 

•Pin Description 
Pin Name Function 

AO-Al3 Address 

1/01-1/04 Input/Output 

cs Chip Select 

WE Write Enable 

Vee Power Supply 

Vss Ground 
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•ABSOLUTE MAXIMUM RATINGS 

Item Symbol Ratin1 Unit 

Volta1e on Any Pin Relative to Vss Vr -o.s• 1to +7.0 v 
Power Dissipation Pr 1.0 w 
Operatins Temperature T.,. 0 lo +70 ·c 
Stora1e Temperature r •• , -55 to + 125 ·c 
Temperature under Bias r .... -10 lo +85 "C 

!l:ote: • l. Vr min.= -2.0V for pulse width:5il0ns 

•TRUTH TABLE 

cs WE Mode Vee Current I/OPin Ref. Cycle 

H x Standby lss, Issi HighZ 

L H Read Ice Dout Read'Cycle 1, 2 

L L Write Ice Din Write Cycle 1, 2 

•RECOMMENDED DC OPERATING CONDITIONS ( Ta=O to +70°C) 

Parameter Symbol min typ max Unit 

Vee 4.5 5.0 5.5 v 
Supply Voltage 

Vss 0 0 0 v 
Input High (logic 1) Voltage YiH 2.2 - 6.0 v 
Input Low (logic 0) Voltage ViL -0.5* 1 - 0.8 v 

Note: • l. V1L min.= -2.0V for pulse width:5il0ns 

•DCANDOPERATINGCHARACTERISTICS (Ta=Oto +70°C, Vcc=5V±10%, Vss=OV) 

Parameter Symbol Test Condition min typ•l max Unit 

Input Leakage Current lhtl Vcc=MAX. VtN=Vss to Vee - - 2.0 µA 

Output Leakage Current I ho I CS= VtH, V110= Vss to Vee - - 2.0 µA 

Operating Power Supply Current Ice CS= VtL, /tlo=OmA, min. cycle - 60 120 mA 

Standby Vee Current lss CS= VtH, min. cycle - 15 30 mA 

lss1*2 CS~ Vcc-0.2V - 0.02 2.0 mA 
Standby Vee Current 1 

lss1• 3 OV:ii VtN;:!;0.2V or Vcc-o.2v;;;; VJN - 0.02 0.1 mA 

Output Low Voltage VoL loL=BmA - - 0.4 v 
Output High Voltage VoH loH=-4.0mA 2.4 - - v 

.. Notes: * 1. Typical hm1ts are at Vcc'"5.0V, Ta= +25C and spec1f1ed loading . 
• 2. P version 
• 3. LP version 

•CAPACITANCE ( Ta=25°C,/=l.OMHz) 

Parameter Symbol Test Conditions min max Unit 

Input Capacitance c. Vi.=OV - 6 pF 

Input/Output Capacitance Ctlo Vt!o=OV -- 8 pF 

Note: This parameter is sampled and not 100% tested 
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•Ac CHARACTERISTICS 

• AC Test Conditions 
Input pulse levels: OV to 3.0V 
Input rise and fall times: 6ns 

Input and Output timing reference levels: 1.6V 
Output load: See Figure 

sv 

Dout 

255'2 

Output Load (A) 

•Including scope & jig. 

• READ CYCLE 

Parameter Symbol 

Read Cycle Time 

Address Access Time 

Chip Select Access Time 

Output Hold from Address Change 

Chip Selection to Output in Low Z 

Chip Deselection to Output in High Z 

Chip Selection to Power Up Time 

Chip Seselection to Power Down Time 

• Transition is measured ± 200m V from steady state voltage with Load (8). 

This parameter is sampled and not 100•0 tested. 

•Timing Waveform of Read Cycle No.1 [1 l [2] 

Acldreu 

D1111t 
Provious 
Data Valid 

IAA 

•Timing Waveform of Read Cycle No.2 £11 [3] 
cs 

tu 

Dout 
Hilb Impedance 

~'re 1uppl7 

50% 

current 

1 •• 

fRC 

tAA. 

fACS 

toH 

fLZ"' 

1Hz• 

tpu 

tpn 

lac 

he 

Notes: I. WE is lfi11h for Read Crcle. 

Dout 

255Q 

HM6288-25 

min max 

25 -
- 25 

- 25 

3 -
5 -
0 12 

0 -
- 25 

2. Device is continuously selected, CS= V1 L . 

SY 

HM6288-35 

min max 

35 -
- 35 

- 35 

5 -
5 -
0 20 

0 -

- 30 

Data Valid 

Data Valid 

3. Address Valid prior to or coincident with CS transition Low. 

@HITACHI 

Output Load (B) 
(for tffz, tLz, twz &. tow> 

Unit 

ns 

ns 
ns 
ns 
ns 
ns 

ns 
ns 

t11z 

tro 

50% 
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HM8288 Serles----------------------------------

• WRITE CYCLE 

Parameter 
HM6288-25 HM6288-35 

Unit Symbol 
min max min max 

Write Cycle Time twc 25 - 35 - ns 

Chip Selection to End of Write tcw 20 - 30 - ns 

Address Valid to End of Write tAw 20 - 30 - ns 

Address Setup Time tAs 0 - 0 - ns 

Write Pulse Width twp 20 - 30 - ns 

Write Recovery Time twR 0 - 0 - ns 

Date Valid to End of Write tnw 12 - 20 - ns 

Data Hold Time tDH 0 - 0 - ns 

Write Enabled to Output in High Z twz* 0 8 0 10 ns 

Output Active from End of Write tow• 5 - 5 - ns 

• Transition is measured ± 200mV from steady state voltage with Load (B). 

This parameter is sampled and not IOO"o tested. 

•Timing Waveform of Write Cycle No.1 (WE Controlled) 

lwc 

Address 

lcw 

Din 

low•5 

Dout 
High Impedance 
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---------------------------------HM6288 Series 

•Timing Waveform of Write Cycle No.2 (CS Controlled) 

lwc 

Address 

1,., 

lcw 

lw,• 1 

low 1 •• 

Din Data in Valid 

Dou! High Impedance • 4 

Notes) I. A write occurs during the overlap of a low CS and a low WE. (l•·p) 

2. lwR is measured from the earlier of CS or WE going high to the end of write cycle. 
3. During this period, l/O pins are in the output state so that the input signals of opposite phase to the 

outputs must not be applied. 
4. lf the CS low transition occurs simultaneously with the WE low transition or after the WE 

transition, the output buffers remain in a high impedance state. 
5. If CS is low during this period, 1/0 pins are in the output state after tow. Then the data input signals 

of opposite phase to the outputs must not be applied to them. 
6. Dout is the same phase of write data of this write cycle, if lw• is long enough. 

•Low Vee Data Retention Characteristics ( Ta=O to + 70°C) 

(This Characteristics is guaranteed only for L-version.) 

Parameter Symbol Min Typ Max Unit Test Conditions 

Vee for data retention VoR 2.0 - - v CS6 Vee-0.2V 

Vi. 6 Vee - 0.2V or 

Data retention current /ecoR - -
502) 

µA 
353

> ov~ v;.~o.2v 

Chip deselect to data 
tcoR 0 - - ns 

retention time 
See retention waveform 

Operation recovery time fR fRC]) - - ns 

NOTE : I. I Re= Read cycle time 
2. Vcc=3.0V 
3. Vcc=2.0V 

Low Vee Data Retention Waveform 

Data Retention Mode 

CS<tVcc-0.2V 

cs-----
W---------------------------------------------
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HM8288 Series--------------------------------

SUPPLY CURRENT VS. SUPPLY VOLTAGE 

i.5.---~--"""T"-----.-----. 

Ta=25't 

] 1.4 

-0§ t----t---+----+-----,,..-l 1.2 I __..-

~ ~ 
.:i ___.- I 

]1.0~ 
.., o.8...-::==---+----+---~--~ 
l 

0.61----+----+-----+-----l 

4.75 5.0 5.25 5.5 

Supply Voltage Vee (V) 

ACCESS TIME VS. SUPPLY VOLTAGE 

1.3 .----..,.----.-----T----. 
Ta=25't 

1.21----+----+----4------l 

1.11-----+----+-----+----1 

r----+--_ 
1.01-----+---=-......,,..~--+-r----------I 

0.91-----+----+-----+----1 

0.81-----+----+-----+--~ 

4.75 5.0 5.25 5.5 

Supply Voltage Vee (V) 

ACCESS TIME VS. AMBIENT TEMPERATURE 

1.3 .----~---.....----..-----. 

Vcc=5.0V ] 
'i 1.21----+----+-----+----1 

~ z 
1.1 t----t----+----t-.,,.,.....-i:::-i 

j V--1 i __.,.,. 
~ 
f: 

1.ol----1..,. 

~ 0.9t----+----+----+----t 

~ 
0.81-----1----+----+----1 

20 40 60 80 

Ambient Temperature Ta ('C) 

SUPPLY CURRENT VS. AMBIENT TEMPERATURE 

1.6 
Vcc=5.0V 

] 
1.4 

] 1.2 
0 

~ 
u t---...J .:i 1.0 

~ 
8 0.8 >. 

]: 
Jl 

0.6 

0.40~ ----:-120,,.----4..1...0 __ --160----..J80 

Ambient Temperature Ta ('Cl 

ACCESS TIME VS. LOAD CAPACITANCE 

1.8r----,-----...-----..,...-----. 

] 1.61-----+----+-----1~---1 

l 
~ 1.4r------r----+----lr--~ 

~ 
1.2 t---_.......,--tv---+-..... ~:::.....--1----l 

1.0~ 

0.8 t-----+----+------1~---1 

0·6 .,,..0--~5-0 ___ 1 ..... 00 __ ___.151....0--.....1200 

Load Capacitance CL ( pF) 

SUPPLY CURRENT VS. FREQUENCY 

1.1 ..----1...,..00"---::..;50"--..:.33~--=2.;..5 _~20 T (ns) 

1.01-------<f-----4Vi--"""JL.~---1 

0.9 r---t---+--7'_...-1<-+---+----j y 
0.8 / 

0.717' 

0.61----+---+----I~--+-----" 

10 20 30 40 50 

Frequency f (MHz) 
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----------------------------------HM6288 Series 

LOW LEVEL INPUT VOLTAGE VS. 
SUPPLY VOLTAGE 

1.3.-----.-----.----.----~ 

Ta=25'C 

] 1.2 1-----t-----1---+-----I 

1 z 1.1 f------+-----1---+------1 

> ___.J----1 
~ 1.0 t----+--===~i"""'::;__--+-----1 
~ ~ 
1 0.91----+-----ll----+------I 

] 
j 

] 
1 z 
] 

I 
u 
g_ 

8 
] 

0.8 t-----+-----11----+----I 

0.7 4.5 4.75 5.0 5.25 5.5 

Supply Voltage Vee (V) 

OUTPUT CURRENT VS. OUTPUT VOLTAGE ( 1 ) 

1.6 

i Ta=25'C 
Vcc=5V 

1.4 

' 
I\ ; 

1.2 

1.0 

0.8 

~ 0.6 \ 
High Level Output Voltage VuH (V) 

STANDBY CURRENT VS. AMBIENT TEMPERATURE 

] 

J 
u 
u 

I 
u 

f 
VJ 

10.-------~----.-----

1.0 

0.1 
0 20 40 60 

Ambient Temperature Ta ('C) 

Vee =3V 
CS=2.8V 

80 

1.3 

] 
"' 1.2 
~ 
~ 1.1 
> 
t 
J!! 
0 1.0 
> 

HIGH LEVEL INPUT VOLTAGE VS. 
SUPPLY VOLTAGE 

Ta=25"C 

L--------j 
0.9 
i----i---

] 
~ 0.8 

0.7 
4.5 4.75 5.0 5.25 5.5 

Supply Voltage Vee (V) 

OUTPUT CURRENT VS. OUTPUT VOLTAGE(2) 

1.6 

1.2 

1' Ta=25"C 

t 
Vcc=5V 

L 
f r 

1.4 

1.0 

0.8 

0.6 

0.2 0.4 0.6 0.8 

Low Level Output Voltage VuL (V) 

STANDBY CURRENT VS. SUPPLY VOLTAGE 

1.4 r-----.------.---.....-1-.--~ 

_ 1.2 r----+-----1---+v-+-----I ] 
"'iii 
~ 1.0 r-----+-----+---+------1 

~ I 
~ 0.81----t----+--z--,~-----l 

! o.6 r-----j-----j___,,,__+----j 

~ o.4 r----+----,.LL.4v---+------l "' v Ta=25"C 
VJ __..-: CS=Vcc-0.2V 

0.2 ,_p--...::::..-+---+---+:------J 

0~2---'-----'-----'------..J 

Supply Voltage Vee (V) 
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HM8288 Series------------------------------

STANDBY CURRENT VS. INPUT VOLTAGE 

10 
Ta=2S't 
Vcc=S.OV 

1 CS=4.8V 

1 
~ 6 .. 
"' 

] 
f 
~ 2 

I/~ 
IT 

l 
1 ' 

~ 
6 

Input Voltage V1. (V) 
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HM6788 Series ----------Maintenance Only 

16384-word x 4-bit High Speed Hi-BiCMOS Static RAM 

•FEATURES 
• Super Fast Access Time : 25/30ns (max.) 
• Low power Operation 

Operating: 230mW (typ), Standby: lOmW (typ) 
• +5V Single Supply 
• Completely Static Memory -

No Clock or Timing Strobe required 
• Balanced Read and Write Cycle Time 
• Fully TTL compatible Input and Output 

• ORDERING INFORMATION 
--

Type No. Access Time Package 

HM6788P-25 25ns 

HM6788P-30 30ns 

•BLOCK DIAGRAM 

•ABSOLUTE MAXIMUM RATINGS 

Item Symbol 

Terminal Voltage to Vss pin Vr 

Power Dissipation Pr 

Operating Temperature T.,, 

Storage Temperature (with bias) T,,,(bias) 

Storage Temperature T.,, 

300 mil 22 pin 
Plastic DIP 

Memory Matrix 
128 x 512 

Rating 

-0.5 to + 7.0 

1.0 

0 to +70 

-10 to +85 

-55to+125 

---0\'cr 

---OVss 

Unit 

v 
w 
·c 
·c 
·c 

@HITACHI 

Refer to HM6788HA Series 

(DP·22NB) 

•PIN ARRANGEMENT 

(Top View) 
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•TRUTH TABLE 

cs WE Mode Vee Current Output Pin Ref. Cycle 

H x Not selected lss, Issi HighZ -
L H Read lcc, lcc1 Dout Read Cycle (1) (2) 

L L Write Ice, lcc1 Din Write Cycle (1) (2) 

X: Hor L 

•RECOMMENDED DC OPERATING CONDITIONS ( o·c:;; Ta;;;; 7o·c) 

Item Symbol min typ max Unit 

Vee 4.5 5.0 5.5 v 
Supply Voltage 

Vss 0 0 0 v 
Input High Voltage V1H 2.2 - 6.0 v 
Input Low Voltage Vn -0.5• 1 - 0.8 v 

Note)• I. -3.0V with 20ns pulse width. 

•oc AND OPERATING CHARACTERISTICS ( Vcc=SV ± 10%, Ta=o·c to +70"C) 

Item Symbol Test Conditions min typ max 

Input Leakage Current I lu I Vcc=5.5V, ViN= Vss to Vee - - 2 

Output Leakage Current lhol CS= ViH, Vi/o= Vss to Vee - - 2 

Opearating Power Supply Current Ice CS= Vn, /i /o=OmA - - 80 

Average Operating Current lcct Min. Cycle, Duty: 100% - - 120 

lss CS= ViH - - 30 
Standby Power Supply Current 

Issi CS~ Vrr-0.2V, fo~0.2Vor V1.,·;s; Vrr-0.2V - - 10 

Output Low Voltage Voi lo1.=8mA - - 0.5 

Output High Voltage VoH loH=-4mA 2.4 - -

•AC CHARACTERISTICS (Vee= 5V ±10%, Ta= 0 to +70°C, unless otherwise noted) 

• AC Test Conditions 
Input pulse levels: Vss to 3.0V 
Input rise and fall time: 4ns 

+SV 

25SQ 

Output Load A 

Input and Output reference levels: 1.5V 
Output Load: See Figure 

Dout 

@HITACHI 

+5V 

255'2 
5pF' 

• lndudinc - and ;;,. 

Output Load B 
<tcnz. rwnz. tCLZ. row> 
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mA 
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-----------------------------------HM6788 Series 

•READ CYCLE 

HM6788-25 HM6788-30 
Item Symbol 

min max min max 

Read Cycle Time fR( 25 30 

Address Access Time IAA ·- 25 -· 30 

Chip Select Access Time IACS - 25 30 

Chip Selection to Output in Low Z lc1.z• 2 0 0 

Chip Deselection to Output in High Z ICH7.* 2 0 10 0 12 

Output Hold from Address Change foH 5 5 -

Chip Selection to Power Up Time• 1 ff'l' 0 - 0 -

Chip Deselection to Power Down Time* 1 fl'D - 20 - 30 

Input Voltage Rise/Fall Time* 3 h· 150 150 

Notes)* I. This parameter is sampled and not 100°•0 tested 
* 2. Transition is measured :+ :WOm\' form steady state voltage with Load (8) Thi~ paranwter is samµkd and not JOO', te~ted 

* 1 If t1 becomes more thao l'ilh1'. then• is possibility of func!ion fail 
pka'.'>L' 1.:ont1.1ct your m:arl' . ..,I Hitachi Sale" DL'pt. rq!arding ~pL'cilic<.itinn 

• Timing waveform of Read Cycle No. 1 •
1

••
2 

IN< 

lllH 

Previous data Valid Data Valid 

• Timing waveform of Read Cycle No. 2• 1: 3 
h« 

14--~~~~~~~~~~~~~~~~~-..i 

l>rn11 

fl l 

High Impedance 

Note) *1. WE= VJH 

Data Valid 

*2. CS= VJL 
*3. Address valid prior to or coincident with CS transition Low. 

e WRITE CYCLE 

HM6788-25 
Item Symbol 

min max min 

Write Cycle Time twc 25 - 30 

Chip Selection to End of Write few 20 - 25 

Address Setup Time f AS 0 - 0 

Address Valid to End of Write IAW 20 - 25 

Write Pulse Width twp 20 25 

Write Recovery Time fWR 0 - 0 

Write to Output in High Z lwHz* 1 0 10 0 

Data Valid to End of Write tnw 15 -·- 15 

Data Hold Time IDH 5 -- 5 

Output Active from End of Write tow • 1 0 - 0 
" *I. I rans1t1on 1s measured ' 2(Jllm\ from steady state voltage with Lood(B). 
This parameter is sampled and not JOO",, tested. 

~HITACHI 

HM6788-30 

max 

--

-

12 

--

-

-

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

n~ 

ns 
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HM8788 Serlea-------------------------------

• Timing waveform of Write Cycle No. 1 (WE Controlled) 
l•-c 

Address 

ttl·p •I 

toH 

/QM' 

Dout 

tow IOH 

Din 
High Impedance 

High Impedance 
Data Valid 

• Timing waveform of Write Cycle No. 2 (CS Controlled) 
/WC 

Address 

IAS 

tAW 

twp 

Dout 
High Impedance High Impedance 

low tOH 

Din Data Valid 

Notes) * 1. A write occurs during the overlap (twp) of a low CS and a low WI:. 
*2. During this period, 1/0 pins are in the output state so that the input signals of 

opposite phase to the outputs must not be applied. 
*3. Dout is the same phase of write data of this-write cycle. 
*4. If the CS low transition occurs after the WE low transition, output remain in a 

high impedance state. 
*S. If CS is low during this period, 1/0 pins are in the output state. Then, the data 

input signals of opposite phase to the outputs must not be applied to them. 
*6. twR is measured from the earlier of ES or WE going high to the end of write cycle. 

•CAPACITANCE ( Ta=25°C,/=l.OMHz) 

Item Symbol min typ max Conditions 

Input Capacitance CtN - - 6.0 V1.o;=OV 

Input/Output Capacitance C1/n - - 8.0 VotT=OV 
Note I This parameter is ~mpled and not 100°0 tested. 

~HITACHI 
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HM6788H Series ---------Maintenance Only 

16384-word x 4-bit High Speed Hi-BiCMOS Static RAM 

Features 
• Super Fast Access Time: 15/20ns (max.) 
• Low power Operation 

Operating: 280mW (typ) 
• +5V Single Supply 
• Completely Static Memory -

No Clock or Timing Strobe required 
• Equal Access and Cycle Times 
• Fully TTL compatible Input and Output 

Ordering Information 

Type No. Access Time Package 

HM6788HP-15 

HM6788HP-20 

Block Diagram 

A, 
A,~~--''<-. 
A,~ __ _,..,...., 

A, 
A, o----ci::-J 

A, 
Az 

U01 

1/02 0---tt't-i >-i 

1/03 

uo. 

Absolute Maximum Ratings 

Item 

Terminal Voltage to Vss pin 

Power Dissipation 

Operating Temperature 

Storage Temperature (with bias) 

Storage Temperature 

15ns 

20ns 

300 mil 22 pin 
Plastic DIP 

Vee 
---0 

---0 

Memory Matrix Vss 

128X512 

Column 1/0 

Symbol Rating 

Vr -0.5 to+ 7.0 

Pr 1.0 

T.,, 0 to +70 

r ... (bias) -IO to +85 

T,,, -55 to + 125 

Unit 

v 

'W 

·c 
·c 
·c 

Note) The specifications of this device are subject to change without notice. 
Please contact Hitachi's Sales Dept. regarding specifications. 

~HITACHI 

Refer to HM6788HA Series 

(DP·22NB) 

Pin Arrangement 

(Top View) 
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Truth Table 

cs 
H 

Mode 

x Not selected 

Vee Current 1/0 Pin Ref. Cycle 

Isa, Issi High Z 

L H Read Ice, lce1 Data Out Read Cycle (1), (2) 

L L Write Ice, /ee1 Data In Write Cycle (1), (2) 

x: Hor L 

Recommendad DC Operating Conditions ( o·c:;; Ta:;; 1o·c l 
Item Symbol min typ max Unit 

Vee 4.5 5.0 5.5 v 
Supply Voltage 

Vss v 
Input High Voltage ViH 2.2 6.0 v 
Input Low Voltage V11. -o.s•• 0.8 v 

Note) * 1. -3.0V with lOns pulse width. 

DC and Operating Characteristics ( Vcc=5V ± 10%, Ta=o·c to +1o·c) 
Item Symbol Test Conditions min typ max 

Input Leakage Current I flt I Vee=5.5V, VtN= Vss to Vee 

Output Leakage Current I lw I CS= ViH, Vt/o= Vss to Vee 10 

Opearating Power Supply Current Ice CS= Vn, !t/o=OmA 100 

Average Operating Current feet Min. Cycle, Duty: 100% /J/O = OmA 120 

Isa CS= ViH 30 
Standby Power Supply Current 

Issi CS;: Vcc-0.2V, fo:it0.2V or V 1.\;: Vcc-0.2V 10 

Output Low Voltage Vol /ni.=8mA 0.4 

Output High Voltage VnH lnH=-4mA 2.4 

AC Characteristics (Vee= 5V ±10%, T, = 0 to +70°C, unless otherwise noted) 

• AC Test Conditions 
Input pulse levels: Vss to 3.0V 
Input rise and fall time~ 4ns 

Input and Output reference levels: 1.5V 
Output Load: See Figure 

+SV 

Output 

Output 

Output Load A 

@HITACHI 

25511 

+SV 

• lncludl111 1COP1 and jl .. 

Output Load B 
<tHz. tLz. twz, tow> 
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Unit 

µA 

µA 

mA 

mA 

mA 

mA 

v 
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-------------------------------HM6788H Series 

Read Cycle 

Item Symbol 
HM6788H-15 HM6788H-20 

Unit 
min max min max 

Read Cycle Time 15 20 ns 

Address Access Time 15 20 ns 

Chip Select Access Time 15 20 ns 

Chip Selection to Output in Low Z ns 

Chip Deselection to Output in High Z 0 6 0 8 ns 

Output Hold from Address Change toH 3 ns 

Note) •1. This parameter is sampled and not 100% tested. 
•2. Transition is measured ±200mV from steady state voltage with specified loading in Load B. 

• Timing waveform of Read Cycle No. 1*1 '* 2 

Address 

toH 

Data Out Data Valid 

• Timing waveform of Read Cycle No. 2* 1 •* 3 

----. ... ...._.. ______ fRc------- r-----

Data Out Data Valid 
High Impedance 

Note) *1. WE= V1u 
*2. CS= VJL 
*3. Address valid prior to or coincident with C'S transition Low. 

Write Cycle 

Item Symbol 
HM6788H-1S HM6788H-20 

min max min max 

Write Cycle Time twc 15 20 

Chip Selection to End of Write tcw 10 15 

Address Setup Time 0 0 

Address Valid to End of Write 10 15 

Write Pulse Width 10 15 

Write Recovery Time 

Write Enable to Ou.tput in High Z twz 0 6 0 8 

Data Valid to End ox' Write tnw 9 10 

Data Hold Time 0 0 

Output Active from End of Write tow 0 0 

Note) 1. If-es goes high simultaneously with WE high, the output remains in a high impedance state. 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

2. All Write Cycle timings are referenced from the last valid address to the first transitioning address. 
3. Transition is measured ±200mV from steady state voltage with specified loading in Load B. 
4. This parameter is sampled and not 100% tested. 

@HITACHI 

Note 

1, 2 

l, 2 

Note 

2 

3,4 

3,4 
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• Timing waveform of Write Cycle No. 1 (We Controlled) 

Address 

Data In 

Data Out High Impedance 

• Timing waveform of Write Cycle No. 2 (CS Controlled) 

High Impedance 

tott*6 

Data In 
M\I;- tow -+~I~ 

\XXXXXXXXXXXM Data Valid M-Xx...--xx--xx 
Data Out 

High Impedance *4 

Note)*l. A write occurs during the overlap of a low CS and a low WE. (twp) 

•2. twR is measured from the earlier of es or WE going high to the end of write cycle. 

*3. During this period, 1/0 pins are in the output state so that the input signals of opposite 
phase to the outputs must not be applied. 

*4. If the CS low transition occurs simultaneously with the WE low transition or after the 
WE transition, the output buffers remain in a high impedance state. 

•s. If CS is low during this period, 1/0 pins are in the output state. Then the data input 
signals of opposite phase to the outputs must not be applied to them. 

*6. Data Out is the same phase of write data of this write cycle. 

Capacitance ( Ta=25'C,/=1.0MHzl 

Item Symbol min typ max Conditions 

Input Capacitance 6.0 

Input/Output Capacitance Clio 10 v11o=OV 

Note) Thia parameter is sampled and not 100•,. tested. 

~HITACHI 
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HM6788HA Series ---------------Preliminary 

16384-Word x 4-Blt High Speed Static RAM 

•FEATURES 

•Super Fast 
Access Time ......................... 12/15/20ns (max.) 

• + SV Single Supply 
• Low Power Dissipation 

(DC) Operating .......................... 300mW (typ.) 
• Completely Static Memory 

No Clock or Timing Strobe Required 
• Fully TIL Compatible-All Inputs and Outputs 

• ORDERING INFORMATION 

Type No. 

HM6788HAP-12 
HM6788HAP-15 
HM6788HAP-20 

• BLOCK DIAGRAM 

~0-----l 
A10--~ 
~0-----l 
Aso----1 
~0-----l 
A3o----l 
A20-----1 

l/01 e>----
1/020---~ 

l'°3e>---~ 

l/04e>--~~ 

Access Time 

12ns 
15ns 
20ns 

Memory Matrix 
128 x 512 

Package 

300 mil 22 pin 
Plastic DIP 
(DP-22NB) 

-oVcc 
-OVss 

~ o-.+----e--(r-'\ 

WEo--it::===::=!==:::b:!.::+-~-------?:=<= 

@HITACHI 

(DP-22NB) 

• PIN ARRANGEMENT 

Ao 1 22 Vee 
A1 2 21 A13 

A2 3 20 A12 

Aa 4 19 A11 

A4 5 18 A10 

As 6 17 Ae 
As 7 16 1101 

A1 8 15 1/02 

As 9 14 1/03 

cs 13 1/04 

Vss 12 WE 

(Top View) 
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HM6788HA Series------------------------------

• ABSOLUTE MAXIMUM RATINGS 

Item Symbol Rating Unit 

Voltage on Any Pin Relative to V ss VT -0.5 to +7.0 v 
Power Dissipation PT 1.0 w 
Operating Temperature T~ 0 to +70 oc 
Storage Temperature Ts.!£.. -55to+125 oc 
Temperature Under Bias Tbias -10 to +85 oc 

• RECOMMENDED DC OPERATING CONDITIONS (0°C s Ta s 70°C) 

Item Symbol Min. Typ. Max. Unit 

Vee 4.5 5.0 5.5 
Supply Voltage 

Vss 0.0 0.0 0.0 

Input High (Logic 1) Voltage V1H 2.2 - 6.0 

Input Low (Logic 0) Voltage V1L -3.0* - 0.8 

*Pulse width :S !Ons, DC: -0.5V 

• TRUTH TABLE 

cs WE Mode Vee Current 1/0 Pin Ref. Cycle 

H x Not Selected lss. Issi High Z -
L H Read Ice. Icc1 Data Out Read Cycle (1), (2) 

L L Write Ice. Icc1 Data In Write Cycle (1), (2) 

• DC AND OPERATING CHARACTERISTICS (V cc = 5V ± 10%, Ta = 0°C to 70°C, V ss = OV) 

Item Symbol 

Input Leakage Current 

Output Leakage Current 

Operating Power Supply Current 

Average Operating Current 

Standby Power Supply Current 

Standby Power Supply Current ( 1) 

Output Low Voltage 

Output High Voltage 

• AC TEST CONDITIONS 

•Input Pulse Levels: Vss to 3.0V 
•Input Timing Reference Levels: l.5V 
•Output Load: See Figure 

IIul 

IIwl 

Ice 

Icc1 

lss 

Issi 

VoL 

VoH 

Dout 

+5V 

4800 

2550 

Output l.oad A 

*Including scope and jig capacitance. 

Test Condition Min. Typ. 

Vee= 5.5V, V1N = Vss to Vee -

CS = Vm, Vvo = Vss to Vee -

CS =VIL• 1110. = OmA -

Min. Cycle Duty: 100% 1110 = OmA -

CS= Vm -
CS ~Vee - 0.2V -
V1N s 0.2V or V1N ~Vee - 0.2V 

loL = 8mA -

IoH = -4mA 2.4 

• Input Rise and Fall Times: 4ns 
• Output Reference Levels: l.5V 

Dout 

2550 

+5V 

4800 

5 pF * 

Output Load B 

-

-
-

-
-

-

-

-

(for tHz, tLz• twz• & low) 

~HITACHI 

Max. 

2 

10 

100 

120 

30 

10 

0.4 

-

v 
v 
v 
v 

Unit 

µA 
µA 
mA 

mA 

mA 

mA 

v 
v 
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----------------------------- HM6788HA Series 

•CAPACITANCE (Ta= 25°C, f = l.OMHz) 

Item Symbol Max. Unit 

Input Capacitance C1N 6.0 pF 

Input/Output Capacitance C110 10.0 pF 

NOTE: This parameter is sampled and not 100% tested. 

• AC CHARACTERISTICS (Vee = 5V ± 10%, Ta= 0°C to 70°C, unless otherwise noted.) 

•Read Cycle 

Symbol 
HM6788HA-12 HM6788HA-15 HM6788HA-20 

Item 
Min. Max. Min. Max. Min. Max. 

Read Cycle Time tRe 12 - 15 - 20 -
Address Access Time tAA - 12 - 15 - 20 
Chip Select Access Time tAes - 12 - 15 - 20 
Output Hold from Address Change toH 4 - 4 - 4 -
Chip Selection to Output in Low Z tLz 3 - 5 - 5 -
Chip Deselection to Output in High Z tHz 0 6 0 6 0 8 

NOTES: 1. This parameter is sampled and not 100% tested. 

2. Transition is measured :l::200mV from steady state voltage with specified loading in Load B. 

• Write Cycle 

Symbol 
HM6788HA-12 HM6788HA-15 HM6788HA-20 

Item 
Min. Max. Min. Max. Min. Max. 

Write Cycle Time twe 12 - 15 - 20 -
Chip Selection to End of Write tcw 8 - 10 - 15 -
Address Valid to End of Write tAw 8 - 10 - 15 -
Address Setup Time tAS 0 - 0 - 0 -
Write Pulse Width twp 8 - 10 - 15 -
Write Recovery Time twR 0 - 0 - 0 -
Data Valid to End of Write tow 6 - 7 - 10 -

Data Hold Time toH 0 - 0 - 0 -
Write Enable to Output in High Z twz 0 6 0 6 0 8 
Output Active from End of Write tow 3 - 3 - 3 -

NOTES: I. If CS goes high simultaneously with WE high, the output remains in a high impedance state. 

2. All write cycle timings are referenced from the last valid address to the first transitioning address. 

3. Transition is measured :l::200mV from steady state voltage with specified loading in Load B. 

4. This parameter is sampled and not 100% tested. 

@HITACHI 

Conditions 

VIN= OV 

V110 = OV 

Unit Notes 

ns -
ns -
ns -
ns -
ns 1, 2 

ns 1, 2 

Unit Notes 

ns 2 

ns -

ns -
ns -
ns -
ns -
ns -
ns -
ns 3,4 

ns 3, 4 
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HM6788HA Serles-------------------------------

• TIMING WAVEFORM 

• Read Cycle (1) (1) (2) 

Address 

Data Out Previous Data Valid 

• Read Cycle (2) (1) (3) 

cs 

Data Out 
High lmpedence 

NOTES: I. WE is High for READ cycle. 

2. Device is continuously selected, CS = V1L 

3. Address valid prior to or coincident with CS transition low. 

@HITACHI 

Data Valid 

Data Valid 

toH 

High 
Impede nee 
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----------------------- -------------- HM6788HA Series 

• Write Cycle (1) (WE Controlled) 

twc 

Address 

tcw 

cs 

twp(1) 
WE 

tow 

High Impedance 
Data In 

High Impedance 
Data Out 

• Write Cycle (2) (CS Controlled) 

twc 

Address 
tAw twR(2) 

tAs 

tcw 
cs 

twp(1) 

WE 
tow 

Data In Data Valid 

Data Out 
High Impedance (4) 

NOTES: 1. A write occurs during the overlap of a low CS and a low WE (twp). 

2. twR is measured from the earlier of CS or WE going high to the end of write cycle. 

3. During this period, 1/0 pins are in the output state so that the input signals of opposite phase to the outputs must not 
be applied. 

4. If the CS low transition occurs simultaneously with the WE low transition or after the WE transition, the output 
buffers remain in a high impedance state. 

5. If CS is low during this period, 110 pins are in the output state. Then the data input signals of opposite phase to the 
outputs must not be applied to them. 

6. Dout is the same phase of write data of this write cycle. 

@HITACHI 
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HM6289 Series----------
16384-Word x 4-Blt High Speed CMOS Static RAM (with OE) 

The Hitachi HM6289 is a high speed 64k static RAM organized 
as 16-kword x 4-bit. It realizes high speed access time (25/35/45 ns) 
and low power consumption, employing CMOS process technology. 

It is most advantageous for the field where high speed and high 
density memory is required, such as the cache memory for main 
frame or 32-bit MPU. 

The HM6289, packaged in a 300-mil SOJ, is available for high 
density mounting. Low power version retains the data with battery 
back up. 

Features 
High speed 

Access time: 25135 ns (max) 
High density 24-pin SOJ package 
Low power 

Active mode: 
Standby mode: 

300 mW (typ) 
100 µW (typ) 

Single 5 V supply 
Completely static memory 

No clock or timing strobe required 
Equal access and cycle times 
Directly TTL compatible: All inputs and outputs 

Ordering Information 
Type No. 

HM6289JP-25 
HM6289JP-35 

HM6289LJP-25 
HM6289UP-35 

Block Diagram 

A20----I 

A3n----' 

A4n-----'~ 

A50----t 

A60----t 

A?n-----'" 

AIO--~~ 

Access Time 
25 ns 
35ns 
25ns 

35 ns 

Row 

Decoder 

Input 
Data 

Ccintrol 

ao+-----+-..--a..~ 
U!o+---~~..a""""'\ 

Package 
300-mil 
24-pin 

SOI 
(CP-240) 

MemOl'7 Matri1 

128X512 

--0 Vee 

--OVu 

~HITACHI 

HM6289 Series 

(CP-24D) 

Pin Arrangement 

(Top View) 

Pin Description 

Pin Name Function 

AO-Al3 Address 

1/01-1/04 Input/output 

cs Chip select 
Output enable 

WE Write enable 

Vee Power supply 

Vss Ground 
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------------------------------ HM6289 Serles 

Function Table 
cs OE WE Mode Vee Current I/Opin Ref. Cycle 
H x x Not selected lsB, Ise1 High-Z 
L L H Read Ice Dout Read cycle (1 )-(3) 
L H L Write Ice Din Write cycle (1)-(2) 
L L L Write Ice Din Write cycle (3)-(6) 

Note: x; HorL 

Absolute Maximum Ratings 
Item Symbol Value Unit 

Voltage on any pin relative to Vss -0.5• 1 to +7.0 v 
Power dissipation 1.0 w 
Operating temperature range Topr 0 to +70 oc 
Storage temperature range -55 to +125 oc 
Storage temperature range under bias -10 to +85 oc 

Note: *1. Vin min= -2.0 V for pulse width :s; 10 ns. 

Recommended DC Operating Conditions (Ta= o to+ 70°C) 

Item Symbol Min Typ Max Unit 
Supply voltage Vee 4.5 5.0 5.5 v 

Vss 0 0 0 v 
Input high (logic 1) voltage VIH 2.2 6.0 v 
Input low (logic 0) voltage Vn.. -OSI 0.8 v 

Note: * l. Vn.. min = -2.0 V for pulse width :s; 10 ns. 

DC Characteristics (Ta= o to+ 70°C, Vee= 5 v ± 10%, vss = o V) 

Item Symbol Min Typ•1 Max Unit Test Conditions 
Input leakage current 111..11 2.0 µA Vee= Max 

Vin= OV to Vee 
Output leakage current llLOI 2.0 µA CS=Vll-I 

V110 = 0 V to Vee 
Operating V cc current Ice 60 120 mA CS= Vn.., 11/0 = 0 mA, 

Min. cycle 
Standby Vee current Ise 15 30 mA CS = Vn-1, Min. cycle 
Standby Vee current (1) Ise1•2 0.02 2.0 mA CS;;:: Vce-0.2 V 

!SB! •3 0,02 0.1 rnA OV :S Vin :s; 0.2 V or 
Vce-0.2 V :S Vin 

Output low voltage VOL 0.4 v loL = 8 mA 
Output high voltage VoH 2.4 v loH=-4.0mA 

Notes: *l. Typical limits are at Vee= 5.0 V, Ta= +25°e and specified loading. 
*2. P-version 
*3. LP-version 

Capacitance (Ta= 25°C, f = lMHz) 

Item Symbol Min Typ Max Unit Test Conditions 
Input capacitance Cin 6 pF Vin =0 V 
Input/output capacitance CllO 8 pF Vl/O=OV 

Note: This parameter is sampled and not 100% tested. 

~HITACHI 
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HM6289 Serles------------------------------

AC Characteristics (Ta= Oto + 70°C, Vee= 5 V ± 10%, unless otherwise noted.) 
Test Conditions 

Input pulse levels: 
Input rise and fall times: 
Input and output timing reference l~vels: 
Output load: 

Output Load (A) 

Vss to 3.0 V 
5 ns 
1.5 v 
See figures 

Output Load (B) 
(for lCllZ, lClZ, lOHZ, lOLZ, lWllZ & tow) 

+5V 

4800 

• 30pF 

:8:: 
Dout 

2 SpF• 

~------------------------------------·-------~ 

Note: • Including scope & jig. 

Read Cycle 

Item Symbol 
HM6289-25 HM6289-35 

Unit 
Min Max Min Max 

Read cycle time tRc 25 35 ns 

Address access time tAA 25 35 ns 

Chip select access time tACS 25 35 ns 

Chip selection to output in low-Z tcLz01 5 5 ns 

Output enable to output valid tOE 12 15 ns 

Output enable to output in low-Z t0Lz01 0 0 ns 

Chip deselection to output in high-Z tcHZ*I 0 12 0 20 ns 

Chis disable to output in high-Z toHZ*I 0 10 0 10 ns 

Output hold from address change tOH 3 5 ns 

Chi:e selection to ~wer up time lPU 0 0 ns 

Chip deselection to power down time lPD 25 30 ns 

Note: *l. Output transition is measured ±200 mV from steady state voltage with Load (B). This parameter is sampled and not 100% 
tested. 
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·--- HM6289 Serles 

Read Timing Waveform_(1_)_., __ . 
he 

Addr•n 

Dout 

Read Timing Waveform (2) ., : 2: 4 
·~~~~~~--~~~--~~-~~~·~~~~~~~~~~~~~~~ 

'•' 

Address 

Read Timing Waveform (3) ·v3 • •4 

lcu 

Dou I 
Hich lmP<danct 

Notes: *I. WE is high for read cycle. 
*2. Device is continuously selected, CS = VIL. 
*3. Address valid prior to or coincident with CS transition low. 
*4. OE= Vn... 

Write Cycle 

HM6289-25 
Item Symbol Min Max 

Write cycle time twc 25 
Chip selection to end of write tcw 20 
Address valid to end of write tAW 20 
Address setup time tAS 0 

Write pulse width twp 20 
Write recovery time twR 0 
Output disable to output in high-z• 1 lOHZ 0 10 

Write to output in high-?• 1_ twHZ 0 8 
Data to write time overlap IDW 12 

Data hold from write time IDH 0 
Output active from end of write• 1 tow 5 

Dall Valid 

HM6289-35 
Min Max Unit 

35 ns 

30 ns 
30 ns 
0 ns 

30 ns 
0 ns 

0 10 ns 
0 10 ns 

20 ns 
0 ns 

5 ns 

Note: *I. Output transition is measured± 200 mV from steady state voltage with Load (B). This parameter is sampled and not 100% 
tested. 
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HM6289 Serles----------------------------

Write Timing Waveform (1) (OE = High, WE = Controlled) 

Acldreta 

1 ... •1 

'•• '•• 

Din D11a Velld 

Hilh hnpeduice 
Dout 

Write Timing Waveform (2) (OE = High, CS = Controlled) 

llf(! 

Acldreta 

Dout 
Hilh lmpeduce 

~HITACHI 
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-----------------------------HM6289 Serles 

Write Timing Waveform (3) (OE = Clocked, WE = Controlled) 

, .. 

Din 

Write Timing Waveform (4) (OE = Clocked, CS = Controlled) 

'•• 

'•• 

Din D•I& Volid 

Dout· 

~HITACHI 
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HM6289 Serles----------------------------

Write Timing Waveform (5) (OE= Low, WE= Controlled) 

Add .. 11 

Dout 

lo• 1011 

Din Doi. Volid 

Write Timing Waveform (6) (OE= Low, CS= Controlled) 

,. 

Dout 
Histi lm.,.don« 

Din Doi. Volicl 

Notes: •t A write occurs during the overlap of a low CS and a low WE. (tWP) 
•2. tWR is measured from the earlier of CS or WE going high to the end of write cycle. 
•3. During this period, I/O pins are in the output state so that the input signals of opposite phase to the outputs must not be applied. 
•4. If the CS low transition occurs simultaneously with the WE low transition or after the WE transition, the output buffers remain 

in a high impedance state. 
•5. If CS is low during this period, I/0 pins are in the output state after tow. Then the data input signals of opposite phase to the 

outputs must not be applied to them. 
•6. Dout is the same phase of write data of this write cycle, if tWR is long enough. 
•1. If CS low transition occurs simultaneously with the OE high transition or after the OE transition, output remain in high 

impedance state. 
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-------------------------------HM6289 Serles 

Low Vee Data Retention Characteristics (Ta = o to + 70°C) 

This characteristics is guaranteed only for L-version. 

Item 
V cc for data retention 
Data retention current 

Chip deselect to data retention time 
Operation recovery time 

Note: *I. tRe = Read cycle time 
•2. Vee= 3.0 V 
*3. Vee= 2.0 V 

Low Vee Data Retention Waveform 

Ci----

Symbol Min Typ 
VoR 2 

lcCDR 

tCDR 0 
tR tRe01 

Data Retention Mode 

CS<t Vee -o.2v 

Max Unit Test Conditions 
v CS~ Vee-0.2 V, 

50·2 µA Vin~ Vee- 0.2 Vor 
35•3 0 V s Vin s 0.2 V 

ns See retention wavefonn 
ns 

~---------------------------------------------
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HM6289 Serles-----------------------------

88 

Supply Current va. Supply Voltage 

1.5.---...----.....---.......-----. 

- h=~~ ~ 1.4t---_____ ---I 

! 1.2t-----+----+--~-+-~-""'"""' 
§ __.,-

1.01----+-1-~-~~--+---1 

~ 0.8""""~;;..__-+~---+---+--~ 
b 
~ 0.61---1-----1-----1-----1 

C:I) 

4. 7S s.o S.2S s.s 
Supply Voltage Vee (V) 

Access Time vs. Supply Voltage 

1.J...------------
- h=~~ 
] 1.21----i----+----+------I 

j c 1.1 i----+----+----+-------4 

~ f----t-__ 
~ 1.0 

u 0.9 i----+----+----"'-------4 

~ 
] 0.8 

0.7 4.S 4.7S s.o S.2S s.s 
Supply Voltage Vee (V) 

AcceH Time va. Ambient Temperature 

1.3 

] 
- 1.2 

i t 1.1 

g 
~ 1.0 

Vcc=S.OV 

-
~ 

i--
___.... 

~ 
u 0.9 

~ 
j 0.8 

0.7 0 20 40 60 80 

Supply Current vs. Ambient Temperature 

1.6 

] 1.4 

• 

Vcc=S.OV 

e 
t 1.2 

§ 
1.0 1----
~ ~ 0.81----+---+---+---I 

b 
~ 0.6 i----+---1-----+--~ 

fl) 

0.401.... ---,2~0---4.i...0 ___ 6..1.0 __ _;BO 

Ambient Temperature Ta {°C) 

AcceH Time va. Load Capacitance 

1.8 .----...----..----.......... ---. 

l 1.61----+---+---+----1 

s 
~ 1.41------l'----+---+-~;oool 

~ ~ 
~1.2 ~ 

~ ! 1.0r.::::7 

j 0.8 

0·6 ._o __ __,,_so ___ 1 ...... oo---1..J..s-o _ ___.200 

1.1 

] 1.0 

l 0.9 

0.8 

Load Capacitance CL (pF) 

Supply Current va. Frequency 

100 so 33 2S 

1L v 
[7 

/ 

~ 0.7 

I7 
L 

17 

b i 0.6 

o.s 0 10 20 30 40 

20 T (ns) 

so 
Ambient Temperature Ta ("C) 

~HITACHI 
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------------------------------- HM6289 Serles 

Low Level Input Voltage va. Supply Voltage 

] 
0 1.3 

.. Ta=25t ! 1.2 

~ 1.1 --i---& 
! 1.0 

~ l 0.9 

~ i---

] 0.8 

4.75 5.0 5.25 5.5 

Supply Voltage Vee {V) 

Output Current va. Output Voltage (1) 

] 1.6 
:.::I 

i ~ 1.4 

j 1.2 

~ 1.0 

I 0.8 

] 0.6 

i 0.41 

T Ta=25t i 
Vcc=5V 

' 
~ 

_i 
\ 

h. 

\ 
High Level Output Voltage VoH {V) 

Standby Current va. Ambient Temperature 

10 

1 
:.::I .. 
! 
~ 1.0 

I 0.5 

d 

f 
Cl) 

0.1 
0 20 40 60 

Vcc=3V 
CS=2.8V 

Ambient Temperatuni Ta {°C} 

80 

High Level Input Voltage va. Supply Voltage 

1 1.3 r-----,-----.-----,----, 

:.::I Ta=25t l 1.2t----+----+----+----t 

~ 1.1 t----+----+----+-----1 

u ----[__----r 1.0 t----+---::::;oo-l"""'----+----1 

~ v-T J 0.9 

] 0.81---+----+----t-----l 

i 0·1 4 ..... 5 ___ 4 ...... 75 ___ 5 ...... 0 ___ 5 ....... 2_5 __ __,5.5 

Supply Voltage Vee {V) 

Output Current va. Output Voltage (2) 

:;- 1.6 

~ l 1.4 

~ 1.2 

~ 1.0 

l 0.8 

] 0.6 

.9 0.4 0 

v Ta=25t 
_j_ Vcc=5V 

I 
-1-v 

I 

0.2 0.4 0.6 0.8 

Low Level Output Voltage VOL {V) 

Standby Current va. Supply Voltage 

1.4 

] 1.2 
:.::I .. e 1.0 

~ 
; 0.8 
~ 

! 0.6 

a o.4 

f 02 

0 
2 

j 
17 

L 
L v L v Ta=25'C 

---- CS=Vcc-0.2V 
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HM6289 Serles-----------------------------

Standby Current va. Input Voltage 

10 
Ta=25t 
Vcc=S.OV 
CS=4.8V 

~1~ 
J l 

7 ~ 

e 
a 

f 
6 

Input Voltage V1n (V) 
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HM6789 Series ----------Maintenance Only 

Refer to HM6789HA Series j 

16384-word x 4-bit High Speed Hi-BiCMOS Static RAM (with OE) 

Features 
• Super Fast Access Time: ............... 25/30 ns (max) 
• Low Power Dissipation (DC) Operating . . . . . 230 mW (typ.) 
• +5V Single Supply 
• Completely Static Memory 

No Clock or Timing Strobe Required 
• Balanced Read and Write Cycle Time 
• Fully TTL Compatible Input and Output 

Ordering Information 
Type No. 

HM6789P-25 
HM6789P-30 

HM6789JP-25 
HM6789JP-30 

Access Time 

2Sns 
30ns 

25ns 
30ns 

Package 

300 mil 24 pin 
plastic DIP 

300 mil 24 pin 
Plastic SOJ 

A2 0----f 

A3 0----f 

A40----f 

ASo----t 

A&o----t 

A7o----t 

A8o----t 

---<>Vee 

Row 

Decoder 

Input 
Data 

Control 

iilo-+-----+-1-<JL..J 
tn:o-+-~--+-t-::Clll 

Absolute Maximum Ratings 

Item 

Terminal Voltage to V SS Pin 

Power Dissipation 

Operating Temperature Range 

Storage Temperature Range under bias 

Storage Temperature Range 

---<> Vss 

Memory Matrix 

128X512 

Symbol Rating Unit 

Vr -0.S to +7.0 v 
Pr 1.0 w 

Topr 0 to +70 oc 
T.rtgCbias) -10 to +8S oc 

T,~ -SS to +12S oc 

@HITACHI 

HM6789P Series 

(DP-24NC) 

HM6789JP Series 

(CP-240) 

Pin Arrangement 

(Top View) 
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HM8789 Serles 

Recommended DC Operating Conditions (Ta = 0 to +70°C) 

Item Symbol min typ max Unit 

Vee 4.5 5.0 5.5 v 
Supply Voltage 

Vss 0.0 0.0 0.0 v 
Input High Voltage V1H 2.2 6.0 v 
Input Low Voltage V1L -0.5•• 0.8 v 

Note) * 1. -3.0V for pulse width~ 20ns. 

Function Table 

cs OE \VF: Mode Vee Current 1/0 Pin Ref. Cycle 

H Hor L Hor L Not selected Ise. Ise1 

L H H Output Disabled Ice. Icc1 

L L H Read Ice. Icc1 

L H L Ice. •cc1 
Write 

L L L Ice. Icc1 

DC and Operating Characteristics(Vcc=SV±10%, T8 =0 to +70°C) 

Item Symbol min typ max 

Input Leakage Current llL1I 2 

Output Leakage Current II Loi 2 

Operating Power Supply Current Ice 100 

Average Operating Curren! Icc1 120 

•se 30 
Standby Power Supply Current 

Ise1 10 

Output Low Voltage VoL 0.4 

Output High Voltage VoH 2.4 

AC Test Conditions 

• Input pulse levels . . . . . . . . . . . . . . . . . . . . V ss to 3.0V 
• Input and Output reference levels . . . . . . . . . . . . . . 1.5 V 
• Input rise and fall time . . . . . . . . . . . . . . . . . . . . . . 4 ns 
• Output Load: See Figure 

+5V 

Dout Dout 

255'2 255£2 

Output Load A 

~HITACHI 

HighZ 

HighZ 

Dout Read Cycle (1) (2) (3) 

Unit 

µ.A 

µ.A 

mA 

mA 

mA 

mA 

v 
v 

Din Write Cycle (1) (2) (3) (4) 

Din Write Cycle (5) (6) 

Test Conditions 

Vee= 5.5V, V1N = Vss to Vee 

CS= V IH or OE= V1H or WE"' V1L 
v11o = Vss to Vee 

CS= VIL• 1110 = OmA 

Min.Cyclc,Duty: lOO%,l11o=OmA 

CS=Vrn 

cs~ v cc - o.2v 
V1N ~ 0.2V or V1N !1:; Vee - 0.2V 

loL = 8mA 

loH = -4mA 

+5V 

• includinc 
scope and iii 

Output Load B 
(lcHz. '""•· loHz 
lcu, low. lou) 
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-----------------------------------HM8789 Series 

Capacitance (T0 = 25°C, f = l .OMHz) 
Item Symbol min typ max Unit 

lmput Capacitance 6 pF 

Input/Output Capacitance 8 pF 

Note) This parameter is sampled and not I 00% tested. 

AC Characteristics (V cc=5V±10%, Ta=O to +70°C, unless otherwise noted.) 

Read Cycle 
---------------------------

HM6789-25 HM6789-30 
Item Symbol 

min max min max 

Read Cycle Time !Re 25 30 

Address Access Time tAA 25 30 

Chip Select Access Time tAcs 25 30 

Chip Selection to Output in Low Z tcLz*I 0 0 

Output Enable to Output Valid toE 0 15 0 15 

Output Enable to Output in Low Z t0Lz*1 0 0 

Chip Deselection to Output in High Z tcttz*• 0 10 0 12 

Output Hold from Address Change toH 5 5 

Input Voltage Rise/Fall Time tT"', 150 150 

Write Cycle 

HM6789-25 HM6789-30 
Item Symbol 

min max min max 

Write Cycle Time twc 25 30 

Chip Selection to End of Write tcw 20 25 

Address Setup Time tAs 0 0 

Address Valid to End of Write tAw 20 25 

Write Pulse Width twp 20 25 
------

Write Recovery Time twR 0 0 

Write to Output in High Z twttz*l 0 10 0 12 

Data Valid to End of Write tow 15 20 

Data Hold Time toH 5 5 

Output Disable to Output in Hihg Z tottz•1 0 10 0 10 

Output Active from End of Write tow•1 0 0 

Notes)* I. Transition is measured ±200mV from steady state voltage with Load (B). 
This parameter is sampled and not 100% tested. 

*2. lftT becomes more than 150ns, there is possibility of function fail. 
Please contact your nearest Hitachi Sales Dept. regarding specification. 

@HITACHI 

Test Conditions 

VIN= OV 

Vr/O = OV 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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Timing Waveform 

RNd Cycle (1) 01 

Address 

Dout 

Reed Cycle (2) 
01 

• 
02

• •3 

Address 

Dou I 

Reed Cycle (3) "1 • •3 , •4 

Dout 

lcu 

Hich Impedance 

lac 

loH 

Previovs Data Valid 

ha 

lcu 

Hich Impedance 

Notes) * 1. WE = V IH 
*2. CS= V1L 
*3. <m• V1L _ 

Data Valid 

Data Valid 

*4. Address valid prior to or coincident with CS transition Low. 

$HITACHI 

loH 

lcHI 
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----------------------------------HM6789 Serles 

Write Cyde (1) (OE= H, WE Controlled) 

lwc 

Address 

lcw 

low loN 

Din Data Valid 

High Impedance 
Dout 

Write Cyde (2) (OE• H, Ci Controlled) 

lwc 

Addre11 

lu lcw 

'•• 

low 

Din Data Valid 

Dout 
High Impedance 

@HITACHI 
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Write Cycle (3) (01 • Clocked,WE Controlled) 

le• 

1 .. 

lou•2 

Dout 
Hiah Impedance 

lo• loH 

Din 
High Impedance 

Data Valid 
High Impedance 

Write Cycle (4) (OI • Clocked, CS Controlled) 

l•e 

Addre11 

le• 

1 ... 

lo• loH 

Din Data Valid 

Dout. 
Hiah Impedance 

~HITACHI 
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---------------------------------HM8789 SeriH 

Write Cycle (6) (OE • L, WE Controlled) 

lwc 

Addre11 

lcw 

low 

Hieb Impedance 
Dout 

low loH 

* 5 High Impedance High Impedance 
Data Valid Din 

Writ• Cycle (8) (OE= L, CS Controlled) 

lwc 

Address 

Notes)*l. 
•2. 

*3. 
*4. 
•s. 

*6. 

1 •• lcw 

Cs 

1 • ., 

1,,,.•1 

WE 

Dout 
Hieb Impedance 

lorr loH 

High Impedance 
Din 

A write occurs during the overlap (twp) of a low CS and a low WE. 
During this period, I/O pins are in the output state so that the input signals of opposite phase to the outputs 
must not be applied. 
Dout is the same phase of write data of this write cycle. 
If the CS is low transition occurs after the WE low transition, output remain in a high impedance state. 
If CS is low during this period, I/O pins are in the output state. Then, the data input signals of opposite phase to 
the outputs must not be applied to them. 
If CS low transition occurs simultaneously with the OE high transition or after the OE transition, output remain 
in high impedance state. 
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HM6789H Series --------Maintenance Only 

Refer to HM6789HA Series I 

16384-word x 4-bit High Speed Hi-BiCMOS Static RAM (with OE) 

Features 
• Super Fast Access Time: ............... 15/20 ns (max) 
• Low Power Dissipation (DC) Operating ..... 280 mW (typ.) 
• +5V Single Supply 
• Completely Static Memory 

No Clock or Timing Strobe Required 
• Balanced Read and Write Cycle Time 
• Fully TTL Compatible Input and Output 

Ordering Information 
Type No. 

HM6789HP-15 
HM6789HP-20 

HM6789HJP-15 
HM6789HJP-20 

Block Diagram 

Access Time 

15ns 
20ns 

15ns 
20ns 

Package 

300 mil 24 pin 
plastic DIP 

300 mil 

14 pin plastic SOJ 

ABa-----1 

A7a-----1 

A6o-----; 

A&o-----1 

A4o-----t 

Aao-----1 

A2o-----1 

---0 Vee 

Row 

Decoder 

Input 
0111 

Control 

~o-t-----t-1-0L-..o' 
0°£04----+-f-<ll"\ 

Absolute Maximum Ratings 
Item 

Terminal Voltage to Vss Pin 

Power Dissipation 

Operating Temperature Range 

Storage Temperature Range under bias 

Storage Temperature Range 

---0 Vss 

Memory M11rix 

128X 512 

Symbol Rating Unit 

VT -0.S to +7.0 v 
PT 1.0 w 

Topr 0 to +70 oc 
T.rrg(bias) -10 to +8S oc 

T.rtg -SS to +12S oc 

Note) The specifications of this device are subject to change without notice. 
Please contact Hitachi's Sales Dept. regarding specifications. 

~HITACHI 

HM6789HP Series 

(DP-24NC) 

HM6789HJP Series 

(CP-240) 

Pin Arrangement 

(Top View) 
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Recommended DC Operating Conditions (Ta= 0 to +70°C} 

Item Symbol min typ max Unit 

Vee 4.5 5.0 5.5 v 
Supply Voltage 

Vss 0.0 0.0 0.0 v 
Input High Voltage VIH 2.2 6.0 v 
Input Low Voltage V1L -o.5• 1 0.8 v 

Note) •1. -3.0V for pulse width~ lOns. 

Function Table 

cs OE wr Mode Vee Current 1/0 Pin Ref. Cycle 

H Hor L Hor L Not selected Ise. Ise1 High Z 

L H H Output Disabled Ice. Icc1 High Z 

L L H Read Ice. Icc1 Data Out Read Cycle (1) (2) (3) 

L H L 
Write 

Ice. Icc1 Data In Write Cycle (1) (2) (3) (4) 

L L L Ice. Icc1 Data Out Write Cycle (S) (6) 

DC and Operating Characteristics (V cc=SV±l0%, T8 =0 to +70°C) 

Item Symbol min typ max Unit Test Conditions 

Input Leakage Current llLII 2 µA Vee= s.sv, v1N = Vss to Vee 

Output Leakage Current II Loi 10 µA 
CS= VIH or OE= V1H or WE= VIL• 
V110 = Vss to Yee 

Operating Power Supply Current le€ 100 mA CS= VJL, 1110 = OmA 

Average Operating Current Icc1 120 mA Min.Cycle,Duty: 100%,111o=OmA 

Ise 30 mA CS= VIH 

Standby Power Supply Current 
•se1 10 mA 

cs~ v cc - o.2v 
V1N ~ 0.2V or V1N ~Vee - 0.2V 

Output Low Voltage VoL 0.4 v loL = 8mA 

Output High Voltage VoH 2.4 v IoH = -4mA 

AC Test Conditions 
• Input pulse levels .................... Vss to 3.0V 
• Input and Output reference levels . . . . . . . . . . . . . . 1.5 V 
• Input rise and fall time . . . . . . . . . . . . . . . . . . . . . . 4 ns 
• Output Load; See Figure 

+SV +SV 

4800 480Q 

Output Output 

30pF' 255Q SpF' 
' includina 

ICOpe and iii 

Output Load A Output Load B 

( :~::: :::~;~;:f 
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HM6789H Series 

Capacitance (T0 = 25°C,f= l.OMHz) 

Item Symbol min typ max Unit Test Conditions 

lmput Capacitance C1N 6 pF V1N = OV 

Input/Output Capacitance C110 10 pF V110= OV 

Note) This parameter ls sampled and not 100% tested. 

AC Characteristics (V cc=SV±l0%, Ta=O to +70°C, unless otherwise noted.) 
Read Cycle 

HM6789H·15 HM6789H·20 
Item Symbol Unit 

min max min max 

Read Cycle Time tRc 15 20 ns 

Address Access Time tAA 15 20 ns 

Chip Select Access Time tAcS 15 20 ns 

Chip Selection to Output In Low Z tcLZ•t 3 3 ns 

Output Enable to Output Valid toE 0 12 0 12 ns 

Output Enable to Output In Low Z toLz•t 3 3 ns 

Chip Deselection to Output in High Z tcHz•t 0 6 0 8 ns 

Output Hold from Address Change toH 3 3 ns 

Write Cycle 

HM6789H-15 HM6789H-20 
Unit Item Symbol 

min max min max 

Write Cycle Time twc 15 20 ns 

Chip Selection to End of Write tcw 10 15 ns 

Address Setup Time tAs 0 0 ns 

Address Valid to End of Write tAw 10 15 ns 

Write Pulse Width twp 10 15 ns 

Write Recovery Time twR I l ns 

Write to Output in High Z twHz•t 0 6 0 8 ns 

Data Valid to•End of Write tow 9 10 ns 

Data Hold Time toH 0 0 ns 

Output Disable to Output in High Z t0Hz•1 0 6 0 8 ns 

Output Active from End of Write tow•1 0 0 ns 

Note) * 1. Transition is measured :t200mV from steady state voltage with Load (B). 
This parameter is sampled and not 100% tested. 

$HITACHI 
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Timing Waveform 

R11d Cyde (1) ' 1 

Address 

OE 

Data Out 

Address 

fcu 

Hi1h Impedance 

loH 

Data Out Previous Data Valid 

lcu 

Data Out Hilh Impedance 

Notes) *l. WE'= V1H 
*2. CS= V1L 
*3. OE= V1L 

loc 

lo 

'•c 

Data Valid 

IHC 

Data Valid 

*4. Address valid prior to or coincident with CS transition Low. 

@HITACHI 

loM 

lcMZ 
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Write Cycle ( 1) (OE = H, WE Controlled) 

l•c 

Address 

le• 

WE 

.... . .. 
Data In Data Valid 

Data Out 

Write Cycle (2) (Of• H, CS Controlled) 

hw: 

Address 

,.., le• 

WE 

,..., 

Data In Data Valid 

Data Out 
Hilh Jmpecluce 

~HITACHI 
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Write Cycle (3) (OE • Clocked, WE Controlled) 

lwc 

Address 

OE 

lcw 

cs 

1 ... 

Data Out 
Hish Impedance 

low lo" 

Data In 
High Impedance High Impedance 

Data Valid 

Write Cvcl• (4) (lS! • Clocked, Ci Controlled) 

lwc 

Address 

lcw 

1 ... 

low 1011 

Data In Data Valid 

Data Out 
Hilh Impedance 

~HITACHI 
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Write Cyde (&> (OE • L, WE Controlled> 

lwc 

Address 

lcw 

lwr* l 

low 

Data Out 
Hilh lmpeduce 

low IOH 

High Impedance * 5 High Impedance 
Data In Data Valid 

Write Cycle (8> (Of• L, Cf Controlled> 

Address 

WE 

Data Out 
Hilh lmpeduce 

lorr IOH 

High Impedance 
Data In Data Valid 

A write occurs during the overlap (twp) of a low CS and a low WE. Notes)*l. 
•2. During this period, 1/0 pins are in the output state so that the input signals of opposite phase to the outputs 

must not be applied. 
*3. Data Out is the same phase of write data of this write cycle. 
*4. If the CS is low transition occurs after the WE low transition, output remain in a high impedance state. 
•s. If CS is low during this period, 1/0 pins are in the output state. Then, the data input signals of opposite phase to 

the outputs must not be applied to them. 
*6. If CS low transition occurs simultaneously with the OE high transition or after the OE transition, output remain 

in high impedance state. 
@HITACHI 
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HM6789HA Series---------
16384-Word x 4-Blt High Speed Static RAM (with OE) 

•FEATURES 

•Super Fast 
Access Time .................... Add. 12/15/20ns (max.) 

OE 6/7/8ns (max.) 
• Low Power Dissipation 

(DC) Operating .......................... 300mW (typ.) 
• + SV Single Supply 
• Completely Static Memory 

No Clock or Timing Strobe Required 
• Fully TTL Compatible Input and Output 

• ORDERING INFORMATION 

Type No. 

HM6789HAP-12 
HM6789HAP-15 
HM6789HAP-20 

HM6789HAJP-12 
HM6789HAJP-15 
HM6789HAJP-20 

• BLOCK DIAGRAM 

Aa u------i ..L..J 

A10----1 

Ae 0----1.2-1 Row 
As Decoder 
A4 0----1.2-1 

A30----1 

A2 u----i.cH. __ .J 

110, o---...-4 ~ 

l/020--~ 

l/030-_......,. 

l/04 0--~~I ~ 

Input 
Data 

Control 

Access Time 

12ns 
15ns 
20ns 

12ns 
15ns 
20ns 

Memory Matrix 
128 x 512 

Package 

300 mil 24 pin 
Plastic DIP 
(OP-24NC) 

300 mil 24 pin 
Plastic SOJ 
(CP-240) 

-oVcc 
-OVss 

~HITACHI 

(OP-24NC) 

, 
(CP-240) 

• PIN ARRAt4GEMENT 

Ao 1 24 Vee 
At 2 23 A13 

A2 3 22 A12 

A3 4 21 A11 

A.i 5 20 A10 

As 6 19 Ag 

Ae 7 18 NC 

A7 8 17 1101 

As 9 16 1/02 

cs 10 15 1/03 
OE 11 14 1/04 

Vss 12 13 WE 

(Top View) 
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HM6789HA Series------------------------------

• ABSOLUTE MAXIMUM RATINGS 

Item Symbol Rating Unit 

Voltage on Any Pin Relative to V ss VT -0.5 to +7.0 v 
Power Dissipation PT 1.0 w 
Operating Temperature Range T~ 0 to +70 oc 
Storage Temperature Range (with bias) Ts!&{!>ia~ -10 to +85 oc 
Storage Temperature Range Ts!&_ -55 to + 125 oc 

• RECOMMENDED DC OPERATING CONDITIONS (0°C s Ta s 70°C) 

Item Symbol Min. Typ. Max. Unit 

Vee 4.5 5.0 5.5 v 
Supply Voltage 

Vss 0.0 0.0 0.0 v 
Input High Voltage V1H 2.2 - 6.0 v 
Input Low Voltage V1L* -3.0 - 0.8 v 

*Pulse width ::5 tons, DC: -0.5V 

• TRUTH TABLE 

cs OE WE Mode Vee Current 1/0 Pin Ref. Cycle 

H H orL HorL Not Selected Isa. Issi HighZ -
L H H Output Disabled Ice. Icc1 HighZ -
L L H Read Ice. Icc1 Data Out Read Cycle (1) (2) (3) 

L H L 
Write 

Ice. Icc1 Data In Write Cycle (1) (2) (3) (4) 

L L L Ice. Icc1 Data In Write Cycle (5) (6) 

•DC AND OPERATING CHARACTERISTICS (Vee= 5V ± 10%, Ta= 0°C to 70°C, Vss = OV) 

Item 

Input Leakage Current 

Output Leakage Current 

Operating Power Supply Current 

Average Operating Current 

Standby Power Supply Current 

Output Low Voltage 

Output High Voltage 

• AC TEST CONDITIONS 
•Input Pulse Levels: Vss to 3.0V 

Symbol 

IIul 

IIwl 

Ice 

Icc1 

Isa 

Issi 

VoL 

VoH 

• Input and Output Reference Levels: l.5V 

Test Condition Min. Typ. Max. 

Vee= 5.5V, V1N = Vss to Vee - - 2 

CS= V1H or OE= Vm, WE= V1L - - 10 
V110 = Vss to Vee 

CS= V1L, 1110, = OmA - - 100 

Min. Cycle, Duty: 100%, I110 = OmA - - 120 

CS= Vm - - 30 

CS ~Vee -0.2V 10 
V1N S 0.2V or VIN ~ V cc - 0.2V 

- -

IoL = 8mA - - 0.4 

Iott= -4mA 2.4 - -

• Input Rise and Fall Time: 4ns 
• Output Load: See Figure 

± 200mV from steady level (Output Load B) 

+5V 

Dou~ 4800 

2550 L--j30 pF ' 

Output Load A 

*Including scope and jig capacitance. 

~HITACHI 

+5V 

Dou~ 4800 

2550 L--j 5 pF • 

Output Load B 

(for lcHZ• lcLZ• toHZ, toLZ• twz & tow) 
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----------------------------- HM6789HA Serles 

• TIMING WAVEFORM 

• Read Cycle (1) (1 > 

Address 

OE 

cs 

Data Out 
High Impedance 

• Read Cycle (2) (1 > (2) (3) 

Address 

toH 

Data Out Previous Data Valid 

• Read Cycle (3) (1) (3) (4) 

cs 

tcLZ 

Data Out High Impedance 

NOTES: I. WE= Vm 

2. CS= V1L 

3. OE= V1L 

4. Address valid prior to or coincident with CS transition low. 

~HITACHI 

toH 

Data Valid· 

tcHZ 

Data Valid 
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HM6789HA Serles-----------------------------

• CAPACITANCE (Ta = 25°C, f = l.OMHz) 

Item Symbol Test Conditions Min. Typ. Max. 

Input Capacitance C1N V1N = OV - - 6 

Input/Output Capacitance C110 V110 = OV - - 10 

NOTE: This parameter is sampled and not 100% tested. 

•AC CHARACTERISTICS (Vee= 5V ± 10%, Ta= 0°C to 70°C, unless otherwise noted.) 

•Read Cycle 

Symbol 
HM6789HA-12 HM6789HA-15 

Item 
Min. Min. Max. Max. 

Read Cycle Time tRe 12 - 15 -

Address Access Time tAA - 12 - 15 

Chip Select Access Time tAes - 12 - 15 

Chip Selection to Output in Low Z tcLz 3 - 5 -
Output Enable to Output Valid toE 0 6 0 7 

Output Enable to Output in Low Z loLZ 2 - 2 -

Chip Deselection to Output in High Z le HZ 0 6 0 6 

Output Hold from Address Change toH 4 - 4 -

• Write Cycle 

Item Symbol 
HM6789HA-12 HM6789HA-15 

Min. Max. Min. Max. 

Write Cycle Time twe 12 - 15 -
Chip Selection to End of Write tcw 8 - 10 -

Address Setup Time tAs 0 - 0 -
Address Valid to End of Write tAw 8 - 10 -

Write Pulse Width twp 8 - 10 -
Write Recovery Time twR 0 - 0 -

Write to Output in High Z twHZ 0 6 0 6 

Data Valid to End of Write tow 6 - 7 -
Data Hold Time toH 0 - 0 -
Output Disable to Output in High Z to HZ 1 6 l 6 

Output Active from End of Write tow 3 - 3 -
NOTES: I. Transition is measured ::200mV from steady state voltage with Load B. 

2. This parameter is sampled and not 100% tested. 

~HITACHI 

HM6789HA-20 

Min. Max. 

20 -

- 20 

- 20 

5 -
0 8 

2 -
0 8 

4 -

HM6789HA-20 

Min. Max. 

20 -
15 -

0 -
15 -

15 -

0 -
0 8 

10 -

0 -
1 8 

3 -

Unit 

pF 

pF 

Unit Notes 

ns -

ns -
ns -

ns 1, 2 

ns 1 

ns 1, 2 

ns 1, 2 

ns -

Unit Notes 

ns -
ns -
ns -
ns -

ns -

ns -
ns 1, 2 

ns -

ns -
ns 1, 2 

ns 1, 2 
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--------------------------- HM6789HA Serles 

•Write Cycle (1) (OE= H, WE Controlled) 

twc 

Address 
tcw 

cs 

twp(1) 
WE 

tow 

Data In Data Valid 

High Impedance 
Data Out 

• Write Cycle (2) (OE = H, CS Controlled) 

twc 

Address 
tcw 

cs 

WE 

Data In 

High Impedance 
Data Out 

@HITACHI 
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HM6789HA Serles--------------------------­

• Write Cycle (3) (OE = Clocked, WE Controlled) 

twc 

Address 

OE 
tcw 

cs 

twp(1) 
WE 

Data Out 
High Impedance 

tow toH 

Data In 
High Impedance 

•Write Cycle (4) (OE = Clocked, CS Controlled) 

twc 

Address 

OE 
tcw 

cs 

twp(1) 

WE 

Data In 
High Impedance 

Data Out 

~HITACHI 
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---------------------------- HM6789HA Series 

• Write Cycle (5) (OE = L, WE Controlled) 

Address 

cs 

twp (1) 
WE 

(2) tQH 

Data Out 
High Impedance i--..=.:...:'-.-1 ---

(3) 

tow 

Data In 
High Impedance 

Data Valid 
(S) High Impedance 

~HITACHI 
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HM6789HA Serles---------------------------­

• Write Cycle (6) (~ = L, ~ Controlled) 

Address 

cs 

WE 

Data Out 
tow 

Data In 
High Impedance 

Data Valid 

NOTES: I. A write occurs during the overlap (twp) of a low CS and a low WE. 

2. During this period, 110 pins are in the output state so that the input signals of opposite phase to the outputs must not 
be applied. 

3. Dou1 is the same phase of write data of this write cycle. 

4. If the CS low transition occurs after the WE low transition, output remain in a high impedance state. 

5. If CS is low during this period, 1/0 pins are in the output state. Then, the data input signals of opposite phase to the 
outputs must not be applied to them. 

6. If CS low transition occurs simultaneously with the OE high transition or after the OE transition, output remain in 
high impedance state. 

~HITACHI 
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HM6287 Serles 
65536-word x 1-bit High Speed CMOS Static RAM 

• FEATURES 
• High Speed: Fast Access Time 45/55/70ns (max.) 
• Single 5V Supply and High Density 22 Pin Package 
• Low Power Standby and Low Power Operation 

Standby: lOOµW (typ.)/lOµW (typ.) (L-version) 
Operation: 300mW (typ.) 

• Completely Static Memory 
No Clock or Timing Strobe Required 

• Equal Access and Cycle Times 
• Directly TTL Compatible: All Inputs and Output 
• Capability of Battery Back Up Operation (L-version) 

• ORDERING INFORMATION 
Type No. Access Time Package 

HM6287P45 45ns 
HM6287P-55 55ns 
HM6287P·70 70ns 300 mil 22 pin 
HM6287LP45 45ns Plastic DIP 
HM6287LP-55 SSns 
HM6287LP-70 70ns 

• BLOCK DIAGRAM 

Ao 

A, -Vee 

A,, -v .. 
A,, 

A,, IU•m 

A,. 

A" 

$HITACHI 

Maintenance Only 

Refer to HM6287H Series I 

(DP·22N) 

• PIN ARRANGEMENT 

(Top View) 
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HM8287 Serles---------------------------------

• TRUTH TABLE 

cs WE Mode Vee Current Dout Pin Ref. Cycle 

H x Not Selected lss.lsa1 High Z -
L H Read Ice Dout Read Cycle 

L L Write Ice High z Write Cycle 

• ABSOLUTE MAXIMUM RATINGS 

Item Symbol Rating Unit 

Voltage on Any Pin Relative to Vss VT -o.5*1 to +7.0 v 
Power Dissipation PT 1.0 w 
Operating Temperature Topr 0 to +70 oc 
Storage Temperature r,,, -55 to +125 oc 
Temperature Under Bias r,,,,,, -10 to +85 oc 

Note) *l. -3.5V for pulse width~ 20ns 

• RECOMMENDED DC OPERATING CONDITIONS (Ta= o to +70°C) 

Item Symbol min typ max Unit 

Vee 4.5 5.0 5.5 v 
Supply Voltage 

Vss 0 0 0 v 
VJH 2.2 - 6.0 v 

Input Voltage 
V1L -o.5*1 0.8 v -

Note) * l. -3.0V for pulse width~ 20ns 

• DC AND OPERATING CHARACTERISTICS (Vee= SV ± 10%, Vss = OV, Ta= 0 to +70°C) 

Item Symbol Test Conditions 

Input Leakage Current 11u1 Vee= 5.5V, Vin= Vssto Vee 

Output Leakage Current lhol CS= V1H. V0 ut= Vssto Vee 

Operating Power Supply Current Ice CS= VJL, lout= OmA, min. cycle 

lsB CS= VJH• min. cycle 

Standby Power Supply Current 
ISBl 

CS~ V cc-0.2V, 
OV ~ Vtn ~ 0.2V or V cc - 0.2V ~ Vtn 

VoL loL = 8mA 
Output Voltage 

VoH loH= -4.0mA 

Notes) •i. Typical limits are at Vee= s.ov, Ta= 25°C and specified loading. 
•2. This characteristics is suaranteed only for L-version. 

• CAPACITANCE(/= lMHz, Ta =25°C) 

Item Symbol Test Conditions min 

Input Capacitance C1n V1n =OV -
Output Capacitance Cout Vout = OV -

Note) This parameter is sampled and not 100% tested. 

@HITACHI 

typ 

-
-

min typ*l max Unit 

- - 2.0 µA 

- - 2.0 µA 

- 60 100 mA 

- 10 30 mA 

- 0.02 2.0 mA 

- 2•2 100·2 µA 

- - 0.4 v 
2.4 - - v 

max Unit 

5 pF 

7.5 pF 
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----------------------------------HM6287 Serles 

• AC CHARACTERISTICS (Vee= SV ±10%, Ta= 0 to +70°C, unless otherwise noted) 
• AC TEST CONDITIONS 

Input Pulse Levels: Vss to 3.0V 
Input Rise and Fall Times: 5ns 
Input and Output Timing Reference Levels: 1.5V 
Output Load: See Figure 

Output Load A 
SV 

Output Load B 

SV 

480.Q 

. 
30pF 

Dout :q480.Q 

SpF• 

• lncludin1 scope & jig capaci lance $ lncludin1 scope & jig capacitance 

• READ CYCLE 

Item Symbol 
HM6287-45 HM6287-55 HM6287·70 

min min min 
Unit 

max max max 
Read Cycle Time tRe 4S - SS - 70 - ns 

Address Access Time tAA - 45 - SS - 70 ns 
Chip Select Access Time tAes - 4S - SS - 70 ns 

Output Hold from Address Change ton 5 - s - s - ns 
Chip Selection to Output in Low Z fLZ 5 - s - s - ns 

Chip Deselection to Output in High Z tnz 0 30 0 30 0 30 ns 
Chip Selection to Power Up Time tpu 0 - 0 - 0 - ns 

Chip Deselection to Power Down Time tPD - 40 - 40 - 40 ns 

• Timing Waveform of Read Cycle No. 1 < 4 >< 5 > 

Address 

F ...,._ ________ IHc--------... }-

=t-,,.., --L-,,111 
Dout 

Data Valid 

• Timing Waveform of Read Cycle No. 2< 4 >< 6 > 

r---------IHc-------
1 r------

Dout 

Vee supply ~ c_c.·_ - - - - -
1

~''-1-· --,-, ------------
current _ 50 ,, 

ls11 
Notes: l. All Read Cycle timings are referenced from last valid address to the first transitioning address. 

Notes 

1 

2, 3, 7 

2,3, 7 

7 

7 

2. At any given temperature and voltage condition, tnz max. is less than tLz min. both for a given device 
and from device to device. 

3. Transition is measured :1:500 mV from steady state voltage with specified loading in Load B. 
4. WE is high for READ Cycle. 
S. Device is continuously selected, while CS= V/£. 
6. Address valid prior to or coin.cident with rs transition low. 
7. This parameter is sampled and not 100% tested. 

$HITACHI 
Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 11 5 



HM8287 Serlea---------------------------------

• WRITE CYCLE 

Item Symbol 
HM62814S HM6281·SS HM6287-70 

Unit Notes 
min max min max min max 

Write Cycle Time twc 4S - SS - 70 - ns 2 

Chip Selection to End of Write tcw 40 - so - SS - ns 

Address Valid to End of Write tAW 40 - so - SS - ns 

Address Setup Time tAS 0 - 0 - 0 - ns 

Write Pulse Width twp 2S - 3S - 40 - ns 

Write Recovery Time tWR 0 - 0 - 0 - ns 

Data Valid to End of Write tDW 2S - 2S - 30 - ns 
Data Hold Time tDH 0 - 0 - 0 - ns 

Write Enabled to Output in High Z twz 0 2S 0 2S 0 30 ns 3,4 

Output Active from End of Write tow 0 - 0 - 0 - ns 3,4 

• Timing Waveform of Write Cycle No. 1 (WE Controlled) 

-------llH ------

Address 

Din 

Dout 

• Timing Waveform of Write Cycle No. 1 (CS Controlled) 

Notes) 1. If e'S goes high Simultaneously with WE high, the output remains in a high impedance state. 
2. All Write Cycle timings afe referenced from the last valid address to the first transitioning address. 
3. Transition is measured tSOOmV from steady state voltage with specified loading in Load B. 
4. This parameter is sampled and not 100% tested. 
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----------------------------------HM6287 Serlea 

• LOW Vee DATA RETENTION CHARACTERISTICS (Ta= 0 to +70°C) 
This characteristics is guaranteed only for L-version. 

Parameter 

V CC for Data Retention 

Data Retention Current 

Chip Deselect to Data Retention Time 

Operation Recovery Time 

Note) * 1. tRc =Read Cycle Time 
*2. Vcc=3.0V 

Symbol 

VDR 

ICCDR 

tCDR 

tR 

• LOW Vee DATA RETENTION WAVEFORM 

cs----

Test Condition min. typ. 

CS?. VftC-~iJV· 2.0 -v{P "2: cc- . or 
1 0 :::-Vin ::;; 0.2V -

See retention wave- 0 -
form IRC•t -

Data Retention Mode 

CS~Vcc -o.ZV 

ov ___ --- __ -- -- - - - -- - --- --- --- - --- - -- --- --------

max. Unit 

- v 
50~ µA 

- ns 

- ns 

SUPPLY CURRENTv1.SUPPLY VOLTAGE SUPPLY CURRENT vs. AMBIENT TEMPERATURE 

l.6r----....---....... ---..----. 1.6.----....-----.--------

Ta=25'C Vcc=5.0V 

1.4 t-----t------t----t------t l.4t-----t------t-----t----1 

11.2 t-----+---t----+--"""""" 

~ ~ 
~1.0~ 
j 0.81-..l"""...-.'---4---+---~--~ 

1 
Vo 0,6t-----t------t----t------t 

J 0.8 

~ .;, 0.6t-----t------t-----t----1 

0,4.__ __ .....__ __ _.._ _____ .___ _ ___, 

4.5 4.75 5.0 5.25 5.5 
0·4.,_o __ _,.._20,__ __ 4...,.o __ _,.._so,...--~so· 

Supply Voltage V cc ( V) Ambient Temperature Ta ('C) 

@HITACHI 
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ACCESS TIME v1. SUPPLY VOLTAGE ACCESS TIME VI. AMBIENT TEMPERATURE 

1 
~ 

~ 
j 

! 
B 
< 

1 
~ 

j 

J 
j 

1.3 

Ta=2s·c 

1.2 

1.1 

~ r---.J 1.0 

0.9 

0.8 

0.7 
4.5 

1.4 

1.2 

1.0 

0.8 

0.6 

0.4 

0.2 
2 

1.1 

0.6 

---i----

4.75 5.0 5.25 s.s 
Supply Voltage Vee (V) 

STANDBY CURRENT v1. 
SUPPLY VOLTAGE 

Supply Voltase Vee (V) 

SUPPLY CURRENT•· 
FREQUENCY 

T(na) 

200 100 66 50 _jO 

L 

~ 
v 

~ 
L 

/ 

10 15 20 25 
Frequency I (MHz) 

1.3 

Vcc=5.0V 

L v 
~ 

v 11.1 
~ 

~ 1.0 

j ~ 
~ 0.9 

J 0.8 

1 
~ 

j 

J 
i 

] 
i 

0.7 
0 

10 

10-• 

20-1 

0 

10 

20 40 60 

Ambient Temperature Ta (°C) 

STANDBY CURRENT VI. 
AMBIENT TEMPERATURE 

!'.£c=3V 
CS=UV 

20 40 60 

Ambient Temperature Ta ("C) 

STANDBY CURRENT vs. 
INPUT VOLTAGE 

Tal2s"C 
Vcc=S.OV 
~=UV 

~ 
~ 

\ 
I"' ~ .l_ 

Input Vohlp VIN(V) 
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---------------------------------HM8287 Serles 

1.3 

1.0 

INPUT LOW VOLTAGE vs. 
SUPPLY VOLTAGE 

Ta=25'C 

~ ----1 

1 i---i----
j 0.9 

J 
0.8 

0.7 
4.5 

3.0 

2.5 

1 ~ 2.0 

J 
J u 

I 1.0 

J 0.5 

0 
1 

4.75 5.0 5.25 

Supply Voltqe Vee (V) 

OUTPUT HIGH CURRENT VI. 
OUTPUT HIGH VOLTAGE 

Ta=25'C 

.1. 
Vee=5V 

_l 
~ 
~l 
~ 

SJ 
Output Hilh Voltqe VoH (V) 

5.5 

INPUT HIGH VOLT AGE VI. 
SUPPLY VOLTAGE 

1.3...----..----......----r---"'I 

Ta=25'C 

l.2i----+-----+----+-----t 

11.1-----+-----t 
~ ~ 
,1.0~ 
I o.9 

! 0.81----+-----+----+-----t 

0,7....__ _______ ...__ _____ _ 

4.5 4.75 5.0 5.25 5.5 

1.6 

l 1.0 

j 0.8 

J 
0.6 

0.4 
0 

Supply Volllle Vee (V) 

OUTPUT LOW CURRENT VI. 
OUTPUT LOW VOLTAGE 

j_ 

L v z Ta=25'C 
Vcc=5V 

L v 
0.2 0.4 0.6 

Output Low Voltqe Vo, (V) 

0.8 
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HM6287H Series 
65536-Word x 1·Blt High Speed CMOS Static RAM 

The Hitachi HM6287H is a high speed 64K static RAM organized 
as 64-kword x 1-bit. It realizes high speed access time (25/35 ns) and 
low power consumption, employing CMOS process technology and 
high speed circuit designing technology. It is most advantageous for 
the field where high speed and high density memory is required, 
such as the cache memory for main frame or 32-bit MPU. The 
HM6287H packaged in a 300-mil plastic DIP and SOJ, is available 
for high density mounting. 

Low power version retains the data with battery back up. 

Features 
• Single 5 V supply and high density 22-pin DIP and 24-pin SOJ 
• High speed: Fast access time 25/35 ns (max) 
• Low power 

Operation: 300 mW (typ) 
Standby: 1 00 µ W (typ) 

• Completely static memory 
No clock or timing strobe required 

• Equal access and cycle times 
• Directly TIL compatible: All inputs and outputs 

Pin Arrangement 
HM6287HP Series 

(fop View) 

Ordering Information 

Type No. 
HM6287HP-25 
HM6287HP-35 
HM6287HLP-25 
HM6287HLP-35 
HM6287HJP-25 
HM6287HJP-35 
HM6287HUP-25 
HM6287HLJP-35 

HM6287HJP Series 

AO Vee 
Al A15 
A2 A14 
A3 A13 
A4 A12 
AS NC 
NC A11 
A6 A10 
A7 A9 

Dout AS 
WE Din 
Vss .....__ __ _. CS 

(fop View) 

Access Time Package 
25ns 300-mil 
35ns 22-pin 
25 ns plastic DIP 
35ns (DP-22NB) 
25 ns 
35 ns 300-mil 

25ns 24-pin SOJ 

35ns (CP-240) 

~HITACHI 

HM6287HP Series 

(DP-22NB) 

HM6287HJP Series 

(CP-240) 

Pin Description 
Pin Name Function 
AO-A15 Address 
Din Input 
Dout Output 
cs Chip select 
WE Write enable 
Vee Power supply 
Vss Ground 
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------------------------------HM6287H Serles 

Block diagram 

AO 

Al -Vee 

A2 -Vss 

AJ 
Memory Array 

128 X512 
A4 

AS 

A6 

Din Column 1/0 Dout 

Column Decoder 

WE 

Function Table 
cs WE Mode Vee Current DoutPin Ref. Cycle 

H x Standby Iss, Issi High-Z 

L H Read Ice Dout Read cycle 1, 2 
L L Write Ice High-Z Write cycle 1, 2 

Note: x: H orL 

Absolute Maximum Ratings 
Item Symbol Value Unit 

Voltage on any pin relative to Vss VT -0.5"1 to +7.0 v 
Power dissipation Pr 1.0 w 
Operating temperature Topr 0 to +70 oc 

Storage temperature Tstg -55 to +125 oc 

Storage temperature under bias Tbias -10 to +85 oc 

Note: • t. VT min = -2.0 V for pulse width S 10 ns 

Recommended DC Operating Conditions (Ta = o to + 70°C) 
Item Symbol Min Typ Max Unit 

Supply voltage 
Vee 4.5 5.0 5.5 v 
Vss 0 0 0 v 

Input high (logic 1) voltage Vm 2.2 6.0 v 
Input low (logic 0) voltage Vn.. -OSI 0.8 v 

Note: • 1. Vn.. min = -2.0 V for pulse width S 10 ns 

~HITACHI 
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HM6287H Serles 

DC Characteristics (Ta= o to+ 70°C, Vee= 5 v ± 10%, vss = O v) 
Item Symbol Min Typ•t Max Unit 

Input leakage current I lu I 2.0 µA 

Output leakage current llLO I 2.0 µA 

Operating V cc current Ice 60 120 mA 

Standby Vee current lsB 15 30 mA 
0.02 2.0 mA 

Standby Vee current (1) lsBl 
0.02·2 0.1· 2 mA 

Output low voltage VoL 0.4 v 
Output high voltage VoH 2.4 v 

Notes: •t. Typical limits are at Vee= 5.0 V, Ta= 25°C and specified loading. 
•2. This characteristics is guaranteed only for L-verston. 

Capacitance (Ta= 25°C, f = 1.0 MHz )"1 

~~~-Ire_m~~~~~S~y~m_bo~l~~~-M_i_n_~~~Tye~~~~M_a_x Unit 
Input capacitance Cin 6 pF 
Output capacitance Cout 8 pF 

Note: • t. This parameter is sampled and not 100% tested. 

AC Characteristics ( Ta = O to + 70°C, V cc = 5 V ± 10%, unless otherwise noted. ) 
Test Conditions 

Test Conditions 
Vcc=Max 
Vin= Vss to Vee 
CS=Vm 
Vl/O = Vss to Vee 
CS=Vn.. 
lout= 0 mA, min cycle 
CS = Vnr, min cycle 
CS;;:: Vee - 0.2 V 
0 V '.$; Vin '.$; 0.2V or 
Vcc-0.2 V '.$;Vin 
Im.= 8 mA 
Jo11 = -4.0 mA 

Test Conditions 
Vin= 0 V 

Vout = 0 V 

• Input pulse levels: Vss to 3.0V • Input and Output timing reference levels: 1.5 V 
• Input rise and fall times: 5 ns • Output load: See figures 

Output Load (A) Output Load (B) (for n1z, tLz, twz & tow) 

• S\' 

Note: Including scope & jig 

~HITACHI 
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Read Cycle 

Item 

Read cycle time 
Address access time 
Chip select access time 

Output hold from address change 
Chip selection to output in low-Z 

Chip deselection to output in high-Z 
Chip selection to power up time 
Chip deselection to power down time 

Read Timing Waveform (1) •2• •3• •s 

Adclreu 

Dout Previous 
0.11 Valid 

Read Timing Waveform (2) •i. •4 

Symbol 

tRc 

lAA 

lACS 

loH 
lLZ•t 

IHZ•t 

b>U 

lPD 

IAC! 

ILl 

HM6287H Serles 

HM6287H-25 HM6287H-35 

Min Max Min Max 
Unit 

25 35 ns 
25 35 ns 
25 35 ns 

3 5 ns 
5 5 ns 
0 12 0 20 ns 
0 0 ns 

25 30 ns 

ION 

Oaia Valid 

,., 

l•l 

Notes: *I. Transition is measured ±200 m V from steady state voltage with Load (B). This parameter is sampled and not 100 % tested. 
*2. WE is high for read cycle. 
*3. Device is continuously selected, CS = Vn... 
*4. Address valid prior to or coincident with CS transition low. 
*S. All read cycle timing are referenced from last valid address to the first transitioning address. 
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HM6287H Serles 

Write Cycle 

Item 
HM6287H-25 

Symbol 
Min Max 

HM6287H-35 
Min Max 

Unit 

Write cycle time twc 25 35 ns 
Chip selection to end of write tcw 20 30 ns 
Address valid to end of write lAW 20 30 ns 
Address setup time lAS 0 0 ns 
Write pulse width twp 20 30 ns 
Write recovery time twR 0 0 ns 
Data valid to end of write tow 15 20 ns 
Data hold time tDH 0 0 ns 
Write enabled to output in high-Z twz"1 0 8 0 10 ns 
Output active from end of write tow" 1 5 5 ns 

Write Timing Waveform (1) (WE controlled) 

twc 

Address 

Din 

Dout 

@HITACHI 
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----------------------------- HM6287H Serles 

Write Timing Waveform (2) (CS Controlled) 

Address 

Din 

twc 

tcw 

t •2 ., 

Dout 
High Impedance•• 

t •I 
Wit 

Notes: •t. Transitioo is measured ±200 mV from steady state voltage with Load (B). This parameter is sampled and not 100% tested. 
*2. A write occurs during the overlap of a low CS and a low WE. (twr) 
*3. twR is .!!!_Casured from the earlier of CS or WE going h~to the end of write cyde. _ 
*4. If the CS low transition occurs simultaneously with the WE low transition or after the WE transition, the output buffers remain 

in a high impedance state. 
•s. Dout is the same phase of write data of this write cycle, if tWR is long enough. 

Low Vee Data Retention Characteristics ( Ta= o to + 70°C) 
(This specification is guaranteed only for L-version.) 

Item Symbol Min Typ 
Vee for data retention VoR 2.0 

Data retention current lcCDR 

Chip deselect to data retention time tcoR 0 

Operation recovery time tR tRe•t 

Notes: • t. tac = Read cycle time 
*2. Vee= 3.0 V 
*3. Vee = 2.0 V 

Low Vee Data Retention Timing Waveform 

Data Retention Mode 
Vee 

4.SV - - - - - - - -

tco11 

Max 

50" 2 

35•3 

Unit Test Condition 
v 'CS'~ Vee- 0.2 V 

µA Vin~ Vee-0.2 Vor 
0 V S Vin S 0.2 V 

ns 
See retention waveform 

ns 

~-----------------------------------
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HM6287H Serles------------------------------

Supply Current vs. Supply Voltage 

1.6 ....---....----....---.......------. 

Ta=25"C 
j 1.4 t----+-----+----+-----i 

~ 

! 12 ----r 
~ 1.0 t----+~--~'""'-----1f-------i 

! 0.8~ 
u 

0.4 .__ __ ....__ __ ....__ __ __,_ __ __, 
4.5 4.75 5.0 5.25 5.5 

Supply Voltage Vee (V) 

AcceH Time vs. Supply Voltage 

1.3~---.-----.------.-------, 

Ta=25"C ] 
:-; 1.2 

! l,l l-----+-----1-----+----t 

~ 1.01----t--

i 
~ 0.9 

~ 
~ 0.8 ----+-----+-----+---'! 

] 
0.7 .__ __ ....__ ______________ ~ 

4.5 4.75 5.0 5.25 5.5 

Supply Voltage Vee (V) 

AcceH Time vs. Ambient Temperature 

1.3 ..----..,-----....,.---.....,----, 

::0- Vcc=5.0V 
.~ 1.21----+---+----+---""1 
'ii 

! 1.1 ~-
~ ~ 
- 1.01 _--r 
i ~ I e o.9 

E= 
~ 0.81----+----t-----r----i 

] 
o. 7 0 20 40 60 80 

Ambient Temperature Ta (0 C) 

Supply Current vs. Ambient Temperature 

1.6 .----.....----....---......------. 

s Vcc=5.0V 

~ 1.41----+----+----+----I 
:.; 
E 1.2 ,____--+-____ ___, __ __. 

~ 
~ 1.0r---

u~ :l 0.8 t----+-----+-----+-----l 

;;... 

~ 0.6 1-----1-----+----+-----i 

V) 

20 40 60 80 

Ambient Temperature Ta (0 C) 

Access Time vs. Load Capacitance 

1.8 ..-----...----....----.----· -] 
'ii 1.6f-----+---+----+-----I 

e 
~ 1.4 t----+----+----t----:::;ool 

g ~ i 1.2 t----+v----+v-:7'~---+-----t 

e 1.0r-~.......-1 
E= ~ 

ell 

~ 0.8 1----+-----+----+----1 

~ 
0.6 ....__ __ ....__ __ ....__ _______ ~ 

1.1 

s 
.~ 1.0 
'ii 

~ 0.9 

~ 
~ 0.8 

~ 
:l 0.7 
u 
;;... 

l 0.6 
V) 

0 50 100 150 200 

Load Capacitance CL (pF) 

Supply Current vs. Frequency 
100 50 33 25 20 T (ns) 

IL 

Y1 
~ 

v 
L_ 

v 

10 20 30 40 50 
Frequency f (MHz) 
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-------------·----------------- HM6287H Serles 

Input Low Voltage vs. Supply Voltage 

1 .3 ..----~---.----,.----, 

Ta=25'C ] 
(;j 1.2 

l 1.1 t-----T---~---r------i 
= > 
~1.0~ 

~ 0.91-----r-----;-----;----, 

~ .s - 0.81------+----+----+----i 

t 
0· 7 4L...5 ___ 4 ....... 7-5 __ 5 ..... 0 ___ 5=-'.2:-::5---=-s.5 

Supply Voltage Vee (V) 

Output Current vs. Output Voltage (1) 

~ 
1.6 

~ 1.4 

Ta=25'C 
Vcc=5V 

§ 

~ 1.2 

~ 
\ 

\ 
\ 
~ 

! 1.0 

u 0.8 
]> 
::c: 
:; 0.6 

g 
0.4 1 

2 3 4 

Output High Voltage VoH (V) 

Standby Current vs. Ambient Temperature 

10 

:a- Vcc=3V 

.~ CS=2.8V 

-; 
§ 
~ 

~ 1.0 -
~ o.s 

i8' 
! 
fl) 

0.1 
0 20 40 60 80 

Ambient Temperature Ta (0C) 

Input High Voltage vs. Supply Voltage 

,,...., 1.3 

~ Ta=25'C 

~ 1 .21-----t----+----t-----j 

§ 
~ 1. 11-----+----+----+------, 

~ ~ 
GJ 1.01----t----:::;...-""---+-----1 

~I~ o i--- I > 0.91----+----+----+----i 
~ 
:c 
... 0.81----+----+----+-----1 
8. ..s 

0.7 '------'-----'-----'-----' 
4.5 4. 75 5.0 5.25 5.5 

Supply Voltage Vee (V) 

Output Current vs. Output Voltage (2) 

,,...., 1.6 

] 
~ 1.4 

0 

~ 1.2 

.£ 
E i.o 

~ 
u 
~ 0.8 

..9 
~ 0.6 

Ta=25'C 

1 
v Vcc=5V 

~ 

t v 
::l 
0 

0.4 0 
0.2 0.4 0.6 0.8 

Output Low Voltage VoL (V) 

Standby Current vs. Supply Voltage 

] 
:-; 
e 
~ 
~ 
~ 
~ 
::l u 
>. 

;f3 
B 
ti) 

1.4 

? 
}_ 

L 
L 
v 

__..... v 
Ta=25'C .-
cs=lcc-o.2v 

1.2 

1.0 

0.8 

0.6 

0.4 

0.2 

3 4 5 6 

Supply Voltage V cc (V) 
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Standby Current va. Input Voltage 

10 
Ta=T25'C 
Vcc=S.OV 
CS=4.8V -

1\ 
~ L\ 

7 ~ 
0 2 3 4 5 

Input Voltage Vin (V) 
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HM6787 Series 

65536-word x 1-bit High Speed Hi-BiCMOS Static RAM 

• FEATURES 
• Super Fast Access Time: 25ns/30ns (max.) 
• Low Power Dissipation (DC): 

Operating 180mW (typ) 
• High Driving Capability: loL 16mA 
• +5V Single Supply 
• Completely Static Memory 

No Clock or Timing Strobe Required 
• Balanced Read and Write Cycle Time 
• Fully TTL Compatible Input and Output 

• Skinny 22·pin Plastic Dip (300 mil) and 22-pin Chip Carrier 

• ORDERING INFORMATION 
Type No. 

HM6787P-25 
HM6787P-30 

• BLOCK DIAGRAM 

A12o-­

A13<>----

AlO<>----

Access Time 

2Sns 
30ns 

Memory Matrix 
128X512 

Package 

300 mil 22 pin 
Plastic DIP 

---o Vee 

---o Vss 

Dout 

A6 A 7 AB A2 A3 A4 AS AO A 1 

•ABSOLUTE MAXIMUM RATINGS 

Item Symbol Rating 

Terminal Voltage to Vss Pin VT -0.S to +7.0 

Power Dissipation PT 1.0 

Operating Temperature Range Topr 0 to +70 

Storage Temperature Range Tstg -SS to +12S 

~HITACHI 

Unit 

v 
w 
oc 

oc 

Maintenance Only 
Refer to HM6787HA Series I 

HM6787P Series 

(DP-22NB) 

• PIN ARRANGEMENT 
• HM6787P Series 

(Top View) 
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HM6787 Serles---------------------------------

• TRUTH TABLE 

cs WE Mode Vee Current Output Pin 

H x Not Selected Iss.Iss1 HighZ 

L H Read lee Dout 

L L Write Ice High Z 

• RECOMMENDED DC OPERATING CONDITIONS (0°C ~Ta~ 70°C) 

Item Symbol min. typ. max. Unit 

Vee 4.S s.o s.s v 
Supply Voltage 

Vss 0 0 0 v 
Input High Voltage VrH 2.2 - 6.0 v 
Input Low Voltage Vn -0.s•1 - 0.8 v 

Note) * l. -3.0V for pulse width~ 20ns. 

• DC AND OPERATING CHARACTERISTICS (Vcc=5V±l0%, T0 =0°C to+70°C) 

Item Symbol 

Input Leakage Current lhrl 
Output Leakage Current lhol 
Operating Power Supply Current lee 

lss 
Standby Power Supply Current 

Issi 

Output Low Voltage VoL 

Output High Voltage VoH 

• AC TEST CONDITIONS 
Input pulse levels: Vss to 3.0V 
Input rise and fall times: 4ns 
Input timing reference levels: 1.5V 
Output reference levels: 1.5V 
Output load: See Figure 

Test Conditions 

Vcc=S.SV, VIN=Vssto Vee 

CS= VrH• VouT= Vssto Vee 

CS= V1L, lou-r-OmA 

CS•V..rH 
CS~ Vee -0.2V 

VIN~0.2V or VIN~v cc-0.2V 

IoL = 16mA 

loH=-4mA 

Out put Load A 

+SV 

480 Q 

30pF• 

• Including scope and jig. 

~HITACHI 

min. typ. max. Unit 

- - 2 µA 

- - 2 µA 

- - 100 mA 

- - 40 mA 

- - 20 mA 

- - o.s v 
2.4 - - v 

Output Load B 

(for IHZ, ILZ, twz & tow) 

+sv 
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----------------------------------HM6787 Series 

• CAPACITANCE (Ta= 25°C,f= l.OMHz) 

Item Symbol max Unit Conditions 

Input Capacitance CIN 5.0 pf Vm= OV 

Output Capacitance CouT 7.0 pf VouT=OV 

Note) This parameter is sampled and not 100% tested. 

• AC CHARACTERISTICS (V cc= SV± 10%, Ta = 0°C to 70°C, unless otherwise noted.) 

• READ CYCLE 
---------------.-----~-------..------------..------r----~ 

HM6787-30 
Item Symbol 

HM6787-25 
Notes 

min max min max 
Unit 

Read Cycle Time fRC 25 - ·-+--30 _ _, ___ -· __ .-4-__ ns __ _,,__ ____ _ 
Address Access Time t.AA---+--:::: 25 - 30 ns 
Chip Select Access Time tACS ---+---i-5- -------r---30-- ns 

Output Hold from Addr~ss Chang;--~io~ 5 - 5 - ns 
-----------------·--------+---------·-+-· -- --.,..-+----+-----!---:--~---
-Chip Se!ection to_<?_u~.P..~-~--~- !:-~-~-~---- r-1-kZ...._ -~- -. ___ _._ __ 5 __ -+------+-·-n_s --+--!-'-, _2 __ _ 

Chip Dese_!:~tion~~-~~E_ut in High_~~ 0 !~ ·--·-0-+-_I 5_-+-__ ns_--;_1_, _2 __ _ 

~~~:~ect~on ~o Power ~E._!~!_1:l_:___--+--tpu ~ --+-- ~ --t-·-~-----+--3--0--+-__ n_s_-+-_2 ___ _ 
Chip Deselection to Power Down Time tpD ·:.--:-- --------t-·_

15
_

0 
__ -+-__ n_s_-+-_2 ____ _ 

Input Voltage Rise/Fall Time tr - 150 ns 3 

Notes) 1. Transition is measured ±200mV from steady state voltage with specified loading in Load B. 
2. This parameter is sampled and not 100% tested. 
3. If tT becomes more than 150ns, there is possibility of function fail. 

Please contact your nearest Hitachi's Sale Dept. regarding specification. 

• WRITE CYCLE 

Item Symbol 
HM6787-25 HM6787-30 

Unit Notes 
min. max. min. max. 

Write Cycle Time rwc 25 - 30 - ns 2 

Chip Selection to End of Write rcw 20 - 25 - ns 

Address Valid to End of Write fAW 20 - 25 - ns 

Address Setup Time IAS 0 - 0 - ns 

Write Pulse Width twp 20 - 25 - ns 

Write Recovery Time fWR 5 - 5 - ns 

Data Valid to End of Write IDW 20 - 25 - ns 

Data Hold Time IDH 0 - 0 - ns 

Write Enable to Output In High Z rwz 0 15 0 15 ns 3,4 

Output Active from End of Write row 0 - 0 - ns 3,4 

Note: 1. lf'C! goes high simultaneously with W£ high, the output remains in a high Impedance state. 
2. All Write Cycle timings are referenced from the last valid address to the first transitioning address. 
3. Transition is measured ±200mV from steady state voltage with specified loading In Load B. 
4. This parameter is sampled and not 100% tested. 
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• TIMING WAVEFORM OF READ CYCLE N0.1 1>· 2> 

IRC 

Addre11 

IAA 

IOH 

Data Out Previou1 Data Valid Data Valid 

• TIMING WAVEFORM OF READ CYCLE NO. 21>• 3> 

IRC 

IACS 

IHZ 

ILZ 

Data Out 
High Impedance 

Data Valid 
High Impedance 

ll'U 

Vee Supply 

Current 

Note: 1. WE is high and CS is low for READ cycle. 
2. Addresses valid prior to or coincident with CS transition low. 
3. Transition is measured ±200mV from steady state voltage with specified loading in Load B. 
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----------------------------------HM8787 Series 

• TIMING WAVEFORM OF WRITE CYCLE NO. 1 (WE CONTROLLED) 

IWC 

Address 

Data In 

Data Out Data Undefined 
High Impedance 

Note: 1. Transition is measured ±200mV from steady state voltage with specified loading in Load 8. 

• TIMING WAVEFORM OF WRITE CYCLE NO. 2 (CS CONTROLLED) 

twc 

Address 

IAS 
tcw 

IAW 

IWP 

IDW 

Data In Data In Valid 

IWZ 

Data Out Data Undefined 
High Impedance 

Note: 1. Transition is measured ±200mV from steady state voltage with specified loading in Load B. 

~HITACHI 
Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 133 



HM6787H Series ---------Maintenance Only 

Refer to HM6787HA Series 
66636-word x 1-bit High Speed Hi·BiCMOS Static RAM 

Features 
• Super Fast Access Time: 15ns/20ns (max.) 
• Low Power Dissipation (DC): 

Operating 210mW (typ) 
• +5V Single Supply 
• Completely Static Memory 

No Clock or Timing Strobe Required 
• Balanced Read and Write Cycle Time 
• Fully TTL Compatible Input and Output 

Ordering Information 

Type No. 

HM6787HP-15 
HM6787HP-20 

HM6787HJP-15 
HM6787HJP-20 

Block Diagram 

Din 

_QSo-----lf""'"'\ 
WE 

Pin Arrangement 

HM6787HP Series 

(Top View) 

Access Time 

15ns 
20ns 

15ns 
20ns 

Package 

300 mil 22 pin 
Plastic DIP 

300 mil 24 pin 
Plastic SOJ 

Vee 
--0 

--0 

Memory Matrix Vss 

128X512 

HM6787HJP Series 

AO 

A1 

A2 

A3 

A4 

AS 

NC 
A6 

A7 

Dout 

WE: 
Vss 

Vee 

A15 

A14 

A13 

A12 

NC 
A11 

A10 

A9 

AS 

Din 

Cs 

@HITACHI 

HM6787HP Series 

(DP-22NB) 

HM6787HJP Series 

(CP-240) 

Note) The specifications of this device 
are subject to change without 
notice. 
Please contact Hitachi's Sales 
Dept. regarding specifications. 
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Absolute Maximum Ratings 

Item Symbol Rating Unit 
Terminal Voltage to Vss Pin Vr -0.S to +7.0 v 
Power Dissipation Pr 1.0 w 
Operating Temperature Range Topr 0 to +70 oc 
Storage Temperature Range Tstg -SS to +l 2S sc 
Temperature under Bias Tbtae -10 to +8S oc 

Function Table 

cs WE Mode Vee Current Output Pin 

H x Not Selected Iss.Iss1 Hiah Z 

L H Read lcc.Icc1 Dout 

L L Write lcc.Icc1 High Z 

Recommended DC Operating Conditions ( 0°C ~Ta ~ 70°C) 

Item Symbol min. typ. max. Unit 

Vee 4.S s.o s.s v 
Supply Voltage 

Vss 0 0 0 v 
Input High Voltage VrH 2.2 6.0 v 
Input Low Voltage VrL -o.s•• 0.8 v 

Note) * l. -3.0V for pulse width~ lOns. 

DC and Operating Characteristics (V cc= SV± I 0%, T0 = Q°C to +70°C) 

Item Symbol min. typ. max. Unit Test Conditions 

Input Leakage Current I/Lii 2 ~A Vee• s.sv, VIN• Vss to Vee 

Output Leakage Current lhol 10 ~A C!• VrH• VouT• Vss to Vee 
Operating Power Supply Current lee 100 mA C!. VIL• IouT•OmA 

Average Operating Current lcc1 120 mA Min. Cycle, Duty: 100% lour•OmA 

Iss 30 mA C!•VrH 
Standby Power Supply Current 

lss1 
Cl~ Vee -0.2V 

10 mA 
VJN~0.2Vor V1N'~Vcc-0.2V 

Output Low Voltage VoL 0.4 v loL• 8mA 

Output High Voltage VoH 2.4 v loH•-4mA 
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AC Test Conditions 
Out put Load A 

+5V 
Output Load B 

Input pulse levels: Vss to 3.0V 
Input rise and fall times: 4ns 

(for tHt, tLZ, twz & tow) 

+SV 
Input timing reference levels: 1.5V 
Output reference levels: 1.5V 
Output load: See Figure 

Capacitance (Ta= 25°C,f= l.OMHz) 

Item Symbol 

Input Capacitance CIN 
Output Capacitance CouT 

Note) This parameter is sampled and not 100% tested. 

480 g 

30pF• 

• Including ecope and jig. 

max. Unit 

6.0 pF 

10.0 pF 

AC Characteristics (V cc= SV± 10%, Ta= 0°C to 70°C, unless otherwise noted.) 

Read Cycle 
HM6787H-15 HM6787H-20 

Item Symbol 
min. max. min. max. 

Read Cycle Time fRC 15 20 

Address Access Time fAA 15 20 

Chip Select Access Time IACS 15 20 

Output Hold from Address Change ton 3 3 

Chip Selection to Output in Low Z tLz 3 3 

Chip Deselection to Output in High Z tnz 0 6 0 8 

Note: 1. This parameter is sampled and 100% tested. 
2. Transition is measured ±200mV from steady state voltage with specified loading in Load B. 

Write Cycle 

Item Symbol 
HM6787H-15 HM6787H-20 

min. max. min. max, 

Write Cycle Time twc 15 20 

Chip Selection to End of Write tcw 10 15 
Address Valid to End~fWrite tAW 10 15 
Address Setup Time tAS 0 0 
Write Pulse Width twp 10 15 
Write Recovery Time twR 3 3 
Data Valid to End of Write tow 12 15 
Data Hold Time tDH 0 0 
Write Enable to Output in High Z twz 0 6 0 8 
Output Active from End of Write tow 0 0 

Note: 1. ICC! goes high simultaneously with WE high, the output remains In a high Impedance state. 

Conditions 

V1N• OV 

VouT•OV 

Unit Notes 

ns 

ns 

ns 

ns 

ns l, 2 
ns 1, 2 

Unit Notes 

ns 2 
ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 3,4 
ns 3,4 

2. All Write Cycle timings are referenced from the last valid address to the first transitioning address. 
3. Transition is measured ±200mV from steady state voltage with specified loading in Load B. 
4. This parameter is sampled and not 100% tested. 
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---------------------------------HM6787H Series 

Timing Waveform of Read Cycle No. 11 >· 2 > 

tRC 

Addre11 

tAA 

IOH 

Data Out Prnious Data Valid Data Valid 

Timing Waveform of Read Cycle No. 21>· 3> 

-------------------------------------------. 

IRC 

IACS 

tHZ 

ILZ 

Data Out 
Hi1h Impedance 

Data Valid 
Hirh Impedance 

Note: 1. WE ii hiah and~ ia low for READ cycle. 
2. Addreues valid prior to or coincident with Cl transition low. 
3. Transition la measured t200mV from steady state voltage with specified loading in Load B. 
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Timing Waveform of Write Cycle No. 1 (WE Controlled) 

IWC 

Address 

Data In 

Data Out Data Undefined 
High Impedance 

Note: 1. Transition is measured ±200mV from steady state voltage with specified loading in Load B. 

Timing Waveform of Write Cycle No. 2 (CS Controlled) 

lwc 

Addreas 

IAS 
ICW 

IAW 

IWP 

tow 

Data In Data In Valid 

twz 

Data Out Data Undefined 
High Impedance 

Note: 1. Transition is measured ±200mV from steady state voltage with specified loading in Load B. 
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HM6787HA Series----------
65,536-Word x 1-Bit High Speed Static Random Access Memory 

•FEATURES • PACKAGE OUTLINE 

• 65,536-Words x 1 bit organization 
• 1.3 µm Hi-BiCMOS process 
• Superfast 

Access time 12/15/20 ns (max.) 
• Low power dissipation 

(DC) operating: 300mW (typ) 
• +5V single supply 
• Completely static memory 

No clock or timing strobe required 
• Fully TTL compatible input and output 

• ORDERING INFORMATION 

Type No. Cycle Time Package 

HM6787HAP-12 12 ns 300-mil, 22 pin 
HM6787HAP-l 5 15 ns Plastic DIP 
HM6787HAP-20 20 ns (DP-22NB) 

HM6787HAJP- I 2 12 ns 300-mil, 24 pin 
HM6787HAJP-15 15 ns Plastic SOJ 
HM6787HAJP-20 20 ns (CP-24D) 

• PIN DESCRIPTION 

Pin Name Function 

Ao--A15 Address Input 

Din Data Input 

Dout Data Output 

WE Write Enable 

cs Chip Select 

Vss Ground 

Vee Supply Voltage 

, 
(CP-24D) 

• PIN ARRANGEMENT 

HM6787HAP Series 

Ao 22 

A1 2 21 

A2 3 20 

A3 4 19 

A4 5 18 

As 6 17 

As 7 16 

Ay 8 15 

Dout 9 14 

WE 10 13 

Vss 11 12 

(Top View) 

HM6787HAJP Series 

Ao 1 24 

A1 2 23 

A2 3 22 

A3 4 21 

A4 5 20 

As 6 19 

NC 7 18 

As 8 17 

A7 9 16 

Dout 10 15 

WE 11 14 

Vss 12 13 

(Top View) 

~HITACHI 

Vee 
A1s 
A14 
A13 
A12 
A11 
A10 
Ag 
Aa 
Din 
cs 

Vee 
A15 

A14 

A13 

A12 

NC 
An 

Alo 
Ag 

Ae 

D1n 

cs 
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HM6787HA Series 

• BLOCK DIAGRAM 

Din 

cs 
WE 

• TRUTH TABLE 

Input 

cs 
H 

L 

L 

WE 

x 
H 

L 

•ABSOLUTE MAXIMUM RATING 

Item 

Terminal Voltage to Vss Pin 

Power Dissipation 

Operating Temperature Range 

Storage Temperature Range (with bias) 

Storage Temperature Range 

Row 
Decoder 

Output 

HighZ 

Dout 

HighZ 

Symbol 

VT 

PT 
Topr 

Tstg (bias) 

Tstg 

Memory Matrix 
128 x 512 

Column 1/0 

Column Decoder 

A12 A11 A10 Ag A14 A15 A1 Ao A13 

Mode 

Not Selected 

Read 

Write 

Rating 

-0.5 to +7.0 

1.0 

0 to +70 

-10 to +85 

-55 to +125 

• RECOMMENDED DC OPERATING CONDITIONS (0°C ~Ta ~ 70°C) 

Item Symbol Min Typ 

Supply Voltage Vee 4.5 5.0 
Vss 0.0 0.0 

II!I>_ut High Volta_ge VIH 2.2 -
II!I>_ut Low Volt~e VIL -3.0l -

Notes I. Pulse width 10 ns, DC: -0.5V 

@HITACHI 

---oVcc 

---OVss 

Dout 

Vee Current 

Iss,ISBI 

Ice.Ice1 

Icc,Ice1 

Unit 

v 
w 
oc 
oc 
oc 

Max Unit 

5.5 v 
0.0 v 
6.0 v 
0.8 v 
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------------------------------HM6787HA Series 

•DC AND OPERATING CHARACTERISTICS (Vee= 5.0V ± 10%, Vss = OV, Ta= Oto +70°C) 

Item Symbol Test Conditions 

Input Leakage Current I IL! I Vee= 5.5V, VIN= ov to Vee 

Output Leakage Current IILOI cs = vrn, VouT= ov to v cc 

Operating Power Supply Current Ice CS = VIL IOUT= 0 mA 

Average Operating Current ICC! 
Min. Cycle Duty: 100%, 

IOUT=OmA 

ISB CS = Vrn, VIN= Vrn or VIL 
Standby Power Supply Current 

ISBI 
cs~ Vcc-0.2V, VIN s; 0.2V or 

VIN ~ V CC --0.2V 

Output Low Voltage VOL IOL= 8mA 

Output High Voltage YOH IOH =-4mA 

•AC CHARACTERISTICS (Vee= 5V ± 10%, Ta= 0°C to +70°C) 

•Read Cycle 

Item Symbol 
HM6787HA- l 2 

Min Max 

Read Cycle Time tRC 12 -

Address Access Time tAA - 12 

Chip Select Access Time tACS - 12 

Output Hold from Address Change tOH 4 -

Chip Selection to Output in Low Z tLzl,2 3 -
Chip Deselection to Output in High Z tHzl. 2 0 6 

Notes I.This parameter is sampled and not 100% tested. 

Min Typ 

- -
- -
- -

- -

- -

- -

- -
2.4 -

HM6787HA-15 

Min Max 

15 -

- 15 

- 15 

4 -

5 -

0 6 

2. Transition is measured ±200mV from steady state voltage with specified loading in Load (B). 

• Write Cycle 

Item Symbol 
HM6787HA-12 HM6787HA-15 

Min Max Min Max 

Write Cycle Time twcI 12 - 15 -

Chip Selection to End of Write tcw 8 - 10 -

Address Valid to End of Write tAW 8 - 10 -
Address Setup Time tAS 0 - 0 -

Write Pulse Width tWP 8 - 10 -

Write Recovery Time (WE) tWR 0.5 - 0.5 -

Write Recovery Time (CS) tWRI I - I -

Data Valid to End of Write tow 7 - 8 -
Data Hold Time tDH 0 - 0 -

Write Enable to Output in High Z twz2.3 0 6 0 6 

Output Active from End of Write tow2,3 3 - 3 -

Notes I. All Write Cycle timings are referenced from the last valid address to the first transitioning address 
2. This parameter is sampled and not I 00% tested. 
3. Transition is measured ±200mV from steady state voltage with specified loading in Load (B). 
4. If CS goes high simultaneously with WE high, the output remains in a high impedance state. 

• Capacitance (Ta = 25°C, f = 1 MHz) 
Item Symbol Max Unit 

Input Capacitance Cin 1 6 pF 

Output Capacitance CouT1 10 pF 

Notes 1. This parameter is sampled and not 100% tested. 

~HITACHI 

Max 

2 

10 

100 

120 

30 

IO 

0.4 

-

HM6787HA-20 

Min Max 

20 -
- 20 

- 20 

4 -
5 -
0 8 

HM6787HA-20 

Min Max 

20 -

13 -

13 -

0 -

13 -

0.5 -
I -

10 -

0 -

0 8 

3 -

Test Condition 

VIN =OV 

VOUT= OV 

Unit 

µA 

µA 

mA 

mA 

mA 

mA 

v 

v 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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HM6787HA Series 

•AC TEST CONDITIONS 

• Input pulse levels: Vss to 3.0V 
• Input timing reference levels: 1.SV 
• Output load: See figure 
• Input rise and fall times: 4ns 
• Output reference levels: 1.SV 

Dout 

2550 

+5V 

4800 

Output Load A 

•TIMING WAVEFORMS 
• Read Cycle -11, 2 

Address 

toH 

Data Out Previous Data Valid 

Notes 1. WE is high and CS is low for read cycle. 

tnc 

2. Addresses valid prior to or coincident with CS transition low. 

• Read Cycle -21. 2, 3 

cs 

Data Out 
High Impedance 

Notes 1. WE is high and CS is low for read cycle. 
2. Address valid prior to or coincident with CS transition low. 

Dout 

2550 

+5V 

4800 

5 pF * 

Output Load B (for tHz, ILz. twz & tow) 
*including scope and jig capacitance 

Data Valid 

Data Valid 

High 
Impede nee 

3. Transition is measured± 200 mV from steady state voltage with specified loading in Load (B). 
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------------------------------HM6787HA Series 

•TIMING WAVEFORMS 
• Write Cycle -11 (WE Controlled) 

twc 

Address 

tcw 

cs 

WE 

Data In 

Data Out Data Undefined 
High Impedance 

NOTE: I. Transition is measured ±200mV from steady state voltage with specified loading in Load B. 

• Write Cycle -21 (CS Controlled) 

twc 

Address 

tcw 
cs 

twp 

WE 
tow 

Data In Data In Valid 

Data Out 

twz 

Data Undefined .. ~ ----------------J High Impedance 

NOTE: I. Transition is measured ±200mV from steady state voltage with specified loading in Load B. 

~HITACHI 
Hitachi America, Ltd. • Hitachi Plaza• 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 143 



HM62256 Series-------
32768-word x 8-bit High Speed CMOS Static RAM 

• FEATURES 
• High Speed: Fast Access Time 85/100/120/150ns (max.) 
• Low Power Standby and Low Power Operation; 

Standby: 200µW (typ)/10µW (typ) (L·version), 
Operation: 40mW (typ.) (f= 1MHz) 

• Single 5V Supply 
• Completely Static RAM: No clock or Timing Strobe Re· 

quired 
• Equal Access and Cycle Time 
• Common Data Input and Output, Three·state Output 
• Directly TTL Compatible: All Input and Output 
• Capability of Battery Back Up Operation (L·/L·SL version) 

• ORDERING INFORMATION 
Type No. Access Time Package 

HM62256P·8 8Sns 
HM62256P·10 lOOns 
HM62256P·12 120ns 
HM62256P·15 lSOns 

HM62256LP·8 8Sns 
HM62256LP-10 lOOns 600 mil 28 pin 
HM62256LP-12 120ns Plastic DIP 
HM62256LP-15 lSOns 

HM62256LP-10SL lOOns 
HM62256LP-12SL 120ns 
HM62256LP-1SSL lSOns 

HM62256FP-8T 8Sns 
HM62256FP-10T lOOns 
HM62256FP-12T 120ns 
HM62256FP-1ST lSOns 

HM62256LFP-8T 8Sns 
HM62256LFP-1 OT lOOns 28 pin 
HM62256LFP-12T 120ns 
HM62256LFP-1 ST lSOns 

Plastic SOP 

HM62256LFP-10SLT lOOns 
HM62256LFP-12SLT 120ns 
HM62256LFP-15SLT lSOns 

•ABSOLUTE MAXIMUM RATINGS 
Item Symbol Rating Unit 

Voltage on any pin with relative to Yss Vr -0.5 •t to +7 .0 v 
Power Dissipation Pr 1.0 w 
Operating Temperature Topr 0 to +70 oc 
Storage Temperature T1t1 -55 to +125 oc 
Temperature Under Bias Tbia• -10 to +85 oc 

Note) *1. -3.0V for pulse width~ SOns 

~HITACHI 

HM62256P Series 

(DP-28) 

HM622S6FP Series 

(FP-28DA) 

•PIN ARRANGEMENT 

(Top View) 
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------------------------------ HM62256 Series 

• BLOCK DIAGRAM 

•TRUTH TABLE 

cs OE WE 

H x x 
L L H 

L H L 

L L L 

X means Hor L 

Al2 
All 

~~:I 1 X 
A~ • Address • 

~!, 1 1 Buffer 
A6 
A; 

1/00-----t 

1/07-----1 

W£-----..J 

'O'E------

Mode 

Not Selected 

Read 

Write 

Write 

Memory Array 

512 "512 

AO Al A2 AJOAJA~ 

Vee Current 1/0 Pin 

lssJss1 High Z 

Ice Dout 

Ice Din 

lee Din 

•RECOMMENDED DC OPERATING CONDITIONS (Ta= 0 to +70°C) 

Reference Cycle 

-
Read Cycle No. I - 3 

Write Cycle No. l 

Write Cycle No. 2 

Item Symbol min. typ. max. Unit 

Vee 4.5 5.0 5.5 v 
Supply Voltage 

Vss 0 0 0 v 
Vm 2.2 - 6.0 v 

Input Voltage 
VIL -o.s•1 0.8 v -

Note) *1. -3.0V for pulse width~ 50ns 

• DC AND OPERATING CHARACTERISTICS (Vee= SY± 10%, Vss = OV, Ta= 0 to +70°C) 

Item Symbol Test Condition 

Input Leakage Current 1Iu1 VJN= Vss to Vee 

Output Leakage Current 'hot CS= VIH or OE= VfHor WE=V1L. V1;0= Vss to Vee 

Operating Power Supply Current Ice CS= V1L. I11o=OmA 

HM62256-8 
Average 

HM62256-10 Operating 
Min. Cycle, duty=100%, CS=VIL• l/;o=OmA Icc1 

Power HM62256-12 
Supply 

HM62256-15 
Current 

Icc2 CS=V/L, V11t=Vcc. V1L=OV,I1;o=OmA/=lMHZ 

Ise 'CS=VIH 

Standby Power Supply Current 

Issi cs ~ v cc-o.2v, ov ~ Vm 

VoL IoL=2.ImA 
Output Voltage VoH IoH=-1.0mA 

Notes) *1. Typical values are at Vcc=S.OV, T0 = 25°C and specified loading. 
*2. This characteristics is guaranteed only for L-version. 
*3. This characteristics is guaranteed only for L-SL version. 

~HITACHI 

min typ*l max 

- - 2 

- - 2 

- 8 15 

- 50 70 

- 40 70 

- 35 70 

- 33 70 

- 8 15 

- 0.5 3 

- 0.04 2 

- 2*2 100•2 

- 2•3 so•3 
- - 0.4 

2.4 - -

Unit 

µA 

µA 

mA 

mA 

mA 

mA 

mA 

µA 

v 
v 
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HM62256 Series-----------------------------

•CAPACITANCE (T0 =25°C,f= lMHz) 
Item Symbol Test Condition typ. max. Unit 

Input Capacitance C;,. V;,.=OV - 6 pF 

Input/Output Capacitance Cuo Vuo=OV - 8 pF 

Note) This parameter is sampled and not 100% tested. 

•AC CHARACTERISTICS (Vcc=SV± 10%, Ta =Oto +70°C unless otherwise noted) 
• AC Test Conditions 

o Input pulse levels: O.BV to 2.4V o Input and Output timing reference levels: 1.5V 
o Input rise and fall times: 5ns 

• Read Cycle 

o Output load: 1TTL Gate and CL (100pf) 
(Including scope and jig) 

ltem Symbol HM622S6·8 HM622S6·10 HM622S6·12 HM622S6·1S 
min. max. min. max. min. max. min. max. --

Read Cycle Time IRC 85 - 100 - 120 - lSO -
Address Access Time IAA - 8S - 100 - 120 - ISO 
Chip Select Access Time tACS - 8S - 100 - 120 - lSO 
Output ~n!~!e to O_~t.P.ut Valid IOE - 4S - so - 60 - 70 
Output Hold from Address Change IOH 5 - 10 - 10 - 10 -
Chip Selection to Output in Low Z ICLZ 10 - 10 - 10 - 10 -
Output Enable to Output in Low Z IOLZ s - s - s - s -
Chip Deselection to Output in High Z ICHZ 0 30 0 35 0 40 0 so 
Output Disable to Output in High Z IOHZ 0 30 0 35 0 40 0 50 

• Timing Waveform of Read Cycle No. 1Cll 

IRC 

Address 

Dout 

• Timing Waveform of Read Cycle No. 2ClJ c21 C4J 

IRC 

Address 

IAA foH 

IOH 

Dout 
Data Valid 
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------------------------------ HM62256 Series 

• Timing Waveform of Read Cycle No. 3C1J c31 £41 

---1,-C_L_Z--IAC S----- ICHZ 

Dout 
Data Valid 

Notes) 1. wt'. is High for Read Cycle. 
2. Device is continuously selected, C'.;S = VIL. 
3. Address Valid prior to or coincident with C'.;S transition Low. 
4. M= Vn. 

• Write Cycle 

Item Symbol 
HM62256-8 HM62256-10 HM62256-12 HM62256-1S 

Unit 
min. max. min. max. min. max. min. max. 

Write Cycle Time rwc 85 - 100 - 120 - 150 - ns 

Chip Selection to End of Write rcw 7S - 80 - 85 - 100 - ns 

Address Valid to End of Write tAW 75 - 80 - 85 - 100 - ns 

Address Set Up Time tAS 0 - 0 - 0 - 0 - ns 

Write Pulse Width rwp 60 - 60 - 70 - 90 - ns 

Write Recovery Time tWR 10 - 0 - 0 - 0 - ns 

Write to Output in High Z fWHZ 0 30 0 3S 0 40 0 so ns 

Data to Write Time Overlap tDW 40 - 40 - so - 60 - ns 

Data Hold from Write Time tDH 0 - 0 - 0 - 0 - ns 

Output Disable to Output in High Z tOHZ 0 30 0 3S 0 40 0 so ns 
Output Active from End of Write row 5 - 5 - 5 - 5 - ns 

• Timing Waveform of Write Cycle No. 1 (OE Clock) 

twc 

Address 

tcw 

twp (1) 

Dout 
low IDH 

Din 
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HM62256 Serles-----------------------------

• Timing Waveform of Write Cycle No. 2C&l (OE Low Fixed) 
lwc 

Address 

tcw 

1.41\' 

/up (I) 

tow 

Dout 

llJw lou 

Din 

Notes: I. A write occurs during the overlap (t ~)of a low LS and a low WE'.. 
2. t WR is measured from the earlier of CS or Wt. going high to the end of write cycle. 
3. During this period, 1/0 pins are in the output state. The l'!Put signals out of phase must not be applied 
4. If the LS low transition occurs simultaneously with the WE low transition or after the~ low transition. 

outputs remain in a high impedance state. 
5. C5r is continuously low. (O! = Vn) 
6. Dout is in the same phase of written data of this write cycle. 
7. Dout is the read data of next address. 
8. If LS is low during this period, 1/0 pins are in the output state. The input signals out of phase must not be 

applied to 1/0 Pins. 

• LOW Vee DATA RETENTION CHARACTERISTICS (Ta= 0 to +70°C) 
(This characteristics is guaranteed only for L-and L-SL version) 

Item Symbol Test Conditions 

V cc for Date Retention VnR cs~ Vce-0.2v 

Vee .. 3.0V, cs~ 2.8V 
Data Retention Current Ice DR OV ~Vin 

Chip Deselect to Data Retention Time tcnR 
See Retention Waveform 

Operation Recovery Time tR 

Note) * 1. IRC = Read Cycle Time 
•2. This characteristic is guaranteed only for L-version, 20µA max. at Ta = 0 to 40°C. 
*3. This characteristic is guaranteed only for L-SL version, 311tA max. at Ta= 0 to 40°C. 

• Low V cc Data Retention Waveform 

Vee DAT A RETENTION MODE 

min. typ. max. 

2.0 - -
- - so•2 

- - 10•• 

0 - -
IRC•I - -

Unit 

v 

11tA 

ns 

ns 

----------- 4. sv 

IR 

VoR~2.0V 
VDR 

CS~ Vee-0.2V 
cs--

ov------------------------------------------------------------
Note) In Data Retention Mode, 'CS" controls the Address, WE, OE, and Din Buffers. Vin for these inputs can be in 

high impedance state in data retention mode. 
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------------------------------ HM62256 Series 

SUPPLY CURRENT VI.SUPPLY VOLTAGE (1) 

1.6 ........ ---.....---.....---........ ----.. 

Ta=25'C 

1.41----~---+-----+----t 

1 / 
11.2~--+--~/-+-P'~ 
~ 

Ji 
1.0 I/ 

] y 
... 0.81"'7' 

l v 
0.61----~---+-----+-----l 

0.44.50 4.75 5.00 5.25 5.50 

Supply Voltage V cc ( V ) 

SUPPLY CURRENT VI. SUPPLY VOLTAGE (2) 

1.6 

Ta=25'C 

~ul----+---+----1-----1 
] 

~ 121------<1------4--------+r:::::---------i 

~ 1.ol----+--.....,,.~:::---1-----1 

! ~ 1 0.8 

rJ) 

0.6L----l-----+----1-----., 

0.4 4.50 4.75 5.00 5.25 5.50 

Supply V olta11e V cc ( V ) 

SUPPLY CURRENT VI. SUPPLY VOLTAGE (3) 

1.6 ........ ----.----.....----..,----. 

Ta=25'C 

1.4'------4----....i.---___."--__ -i 

1 
.l! _,,,.._ 

Z~ 1.2 l'::7 

J1.o ~ 
] ~~ 

O.BV 

j 
0.61------+----+----1------1 

L I 
0.4 4.50 4.75 5.00 5.25 5.50 

Supply Voltall' V cc ( V ) 

SUPPLY CURRENT vs. AMBIENT TEMPERATURE (1) 

1.6-------.......... -----.---...... 
Vcc=5.0V 

1.41-----1-----+-----l----1 
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HM62256 Series------------------------------

ACCESS TIME v1. SUPPLY VOLTAGE 
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-------------------------------HM62256 Series 

] 

INPUT LOW VOLTAGE vs.SUPPLY VOLTAGE 
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HM62256A Series----------Preliminary 
32, 768-Word x 8-Bit High Speed CMOS Static RAM 

• DESCRIPTION 
The Hitachi HM62256A is a CMOS static RAM 

organized 32k-word x 8-bit. It realizes higher perfor­
mance and low power consumption by employing 
0.8 µm HI-CMOS process technology. The device, 
packaged in a 8 x 14 mm TSOP with thickness of 
1.2 mm, 450-mil SOP (foot print pitch width), 600-
mil plastic DIP, or 300-mil plastic DIP, is available 
for high density mounting. TSOP package is suitable 
for cards, and reverse type TSOP is also provided. It 
offers power standby power dissipation; therefore, it 
is suitable for battery back up system. 

•FEATURES 
• High speed: 

Fast access time 85/100/120/150 ns (max.) 
• Low power 

Standby: 10 µW (typ.) (UL-SL version) 
Operation: 40 mW (typ.) (f = 1 MHz) 

• Single 5V supply 
• Completely static memory 

No clock or timing strobe required 
• Equal access and cycle times 
• Common data input and output: Three state output 
• Directly TTL compatible: All inputs and outputs 
• Capability of battery back up operation 

•ORDERING INFORMATION 

Type No. Access Time Package 

HM62256AP-8 85 ns 
HM62256AP-10 JOO ns 
HM62256AP-12 120 ns 
HM62256AP- I 5 150 ns 
HM62256ALP-8 85 ns 600-mil 
HM62256ALP- I 0 JOO ns 28-Pin 
HM62256ALP- I 2 120 ns Plastic DIP 
HM62256ALP- I 5 150 ns (DP-26) 
HM62256ALP-8SL 85 ns 
HM62256ALP- I OSL JOO ns 
HM62256ALP- I 2SL 120 ns 
HM62256ALP-15SL 150 ns 
HM62256ASP-8 85 ns 
HM62256ASP- I 0 JOO ns 
HM62256ASP- I 2 120 ns 
HM62256ASP-15 150 ns 
HM62256ALSP-8 85 ns 300-mil 
HM62256ALSP-10 JOO ns 28-Pin 
HM62256ALSP-12 120 ns Plastic DIP 
HM62256ALSP- I 5 150 ns (DP-28NA) 
HM62256ALSP-8SL 85 ns 
HM62256ALSP- I OSL JOO ns 
HM62256ALSP- I 2SL 120 ns 
HM62256ALSP-15SL 150 ns 
HM62256AFP-8T 85 ns 
HM62256AFP- I OT 100 ns 
HM62256AFP-12T 120 ns 
HM62256AFP-15T 150 ns 
HM62256ALFP-8T 85 ns 450-mil 
HM62256ALFP-1 OT 100 ns 28-Pin 
HM62256ALFP-12T 120 ns Plastic SOP 
HM62256ALFP-15T 150 ns (FP-28DA) 
HM62256ALFP-8SL T 85 ns 
HM62256ALFP-1 OSL T 100 ns 
HM62256ALFP-12SL T 120 ns 
HM62256ALFP-15SL T 150 ns 

• TSOP SERIES 

Type No. 

HM62256ALT-8 
HM62256AL T-10 
HM62256AL T-12 
HM62256AL T-15 
HM62256AL T-8SL 
HM62256AL T-1 OSL 
HM62256AL T-12SL 
HM62256AL T- I 5SL 
HM62256ALR-8 
HM62256ALR-10 
HM62256ALR-12 
HM62256ALR-15 
HM62256ALR-8SL 
HM62256ALR- I OSL 
HM62256ALR-12SL 
HM62256ALR-15SL 

~HITACHI 

(FP-28DA) 

(TFP-32DA) 

Access Time Package 

85 ns 
100 ns 
120 ns 8mmx 14mm 
150 ns 32-PinTSOP 
85 ns (Normal Type) 

100 ns (TFP-32DA) 
120 ns 
150 ns 
85 ns 

100 ns 
120 ns 8mmx 14mm 
150 ns 32-PinTSOP 
85 ns (Reverse Type) 

100 ns (TFP-32DAR) 
120 ns 
150 ns 
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-------------------------------HM62256A Series 

• PIN ARRANGEMENT 

HM62256AP/AFP/ASP Series HM62256AR Series 

A14 28 Vee 
A12 2 27 WE 

A3 16 17 A2 
A7 3 26 A13 

As 4 25 As 

~ 15 18 A, 
NC 14 19 NC 
A5 13 20 Ao 

As 5 24 Ag As 12 21 l/Oo 
A7 11 22 1/01 

A4 6 23 A11 A12 10 23 1/02 
A14 9 24 Vss 

A3 7 22 OE 

A2 8 21 A10 

~ 8 25 1/03 
WE 7 26 1/04 
A13 6 27 1/05 

A1 9 20 cs As 5 28 1/05 
Ag 4 29 1/07 

Ao 10 19 1/07 NC 3 30 NC 
A11 2 31 cs 

1/0o 11 18 1/05 OE 1 32 A10 

1/01 12 17 1/05 

1/02 13 16 1/02 (Top View) 

Vss 14 15 Vss 
(Top View) • PIN DESCRIPTION 

Symbol Function 

Ao-A14 Address 

HM62256AT Series l/Oo-1/07 Input/Output 

cs Chip Select 

WE Write Enable 

BE 1 32 A10 OE Output Enable 
A11 2 31 cs 
NC 3 30 NC NC No Connection 

Ag 4 29 1107 
As 5 28 1/05 

Vee Power Supply 

A13 6 27 1/05 Vss Ground 
WE 7 26 1/04 
Vee 8 25 1/03 
A14 9 24 Vss 
A12 10 23 1/02 
A7 11 22 1/01 
As 12 21 l/Oo 
A5 13 20 Ao 
NC 14 19 NC 
A4 15 18 A, 
A3 16 17 A2 

(Top View) 
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HM62256A Series----------------------------

• BLOCK DIAGRAM 

As 
A4 
A3 

A11 
Ag 
Aa 

A12 
A7 
A6 

1/00 

1/07 

cs 
WE 

OE 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

~ 
I 
I 
I 
I 
I 
I 
I 
I 
I w 

----ovcc 

----o Vss 

Row Memory Matrix 
Decoder 512x512 

Column 1/0 

Input 
Column Decoder Data 

Control 

I!'!l!~~ £'_u1~~ 9_e_n_e!~!o!_ 1-------------­
Read/Write Control 
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-------------------------------HM62256A Series 

• FUNCTION TABLE 

WE cs OE Mode Vee Current l/OPin Ref. Cycle 

x H x Not Selected Iss, Issi High-Z -

H L H Output Disable Ice High-Z -
H L L Read Ice Dout Read Cycle 

L L H Write Ice Din Write Cycle (I) 

L L L Write Ice Din Write Cycle (2) 

Note: X: H or L 

•ABSOLUTE MAXIMUM RATINGS 

Item Symbol Value Unit 

Voltage on any pin relative to Vss VT --0.5* I to + 7 .0 v 
Power Dissipation PT 1.0 w 
Operating Temperature Tl¥ Oto +70 oc 

Storage Temperature Ts!g_ -55to+l25 oc 

Storage Temperature Under Bias Tbias -10 to +85 oc 

Note: I. VT min = -3.0 V for pulse half-width $ 50 ns 

• RECOMMENDED DC OPERATION CONDITIONS (Ta= 0 to + 70°C) 

Item Symbol Min. Typ Max. Unit 

Vee 4.5 5.0 5.5 v 
Supply Voltage 

Vss 0 0 0 v 
Input High (Logic I) Voltage YJtt 2.2 - 5.0 v 
Input Low (Logic 0) Voltage YJL --0.5*1 - 0.8 v 
Note: I. YJL min= -3.0 V for pulse half-width $ 50 ns 

• DC CHARACTERISTICS (Ta = O to + 70°C, V cc = 5V ± I 0%, V ss = OV) 

Item Symbol Min. Typ' Max. Unit Test Conditions 

Input Leakage Current I Iu I - - I µA Yin= Vss to Vee 

Output Leakage Current liwl - - I µA 
CS= Vss or OE= VIH or 

WE= YJL, VlfO = Vss to Vee 

Ice - 8 15 mA CS= YJL, Others= Vrn/VJL, lout= 0 mA 

Icc1 - 40 70 mA 
Min Cycle, Duty= 100%, lt/0 = 0 mA, 

Operating V cc Current CS= YJL, Others= VJHIVIL 

Icc2 - 8 15 mA 
Cycle Time= lµs, llfO = 0 mA, 
cs= YJL, Yttt =Vee, V1L = 0 

Iss - 0.5 3 mA CS =VIH 

Standby Vee Current 
- 0.02 2 mA 

Issi - 1*2 100*2 µA Yin;::: OV, cs;::: Vcc--0.2V 

- I *3 50*3 µA 

Output Low Voltage VoL - - 0.4 v IoL=2.I mA 

Output High Voltage Yott 2.4 - - v Iott =-1.0 mA 

Notes: 1. Typical values are at V cc = 3.0V, Ta = +25°C and specified loading. 
2. This characteristics is guaranteed only for L-version. 
3. This characteristics is guaranteed only for L-SL version. 
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HM62256A Series------------------------------

•CAPACITANCE (Ta= 25°C, f= I MHz.)*I 

Item Symbol Min Typ Max Unit Test Conditions 

Input Capacitance Cin - - 6 pF 

Input/Output Capacitance Ct/O - - 8 pF 

Note: I. This parameter is sampled and not I 00% tested. 

•AC CHARACTERISTICS (Ta= 0 to +70°C, Vee= SY± 10%, unless otherwise noted.) 

Test Conditions 
• Input pulse levels: 0.8V to 2.4V 
• Input rise and fall times: 5 ns 
• Input and output timing reference levels: 1.5V 
• Output load: 1 TTL Gate + CL (100 pF) (including scope & jig) 

•READCYCLE 

Yin =OV 

Vuo=OV 

Item Symbol 
HM62256A-8 HM62256A-IO HM62256A-12 HM62256A-15 

Unit 
Min Max Min Max Min Max Min 

Read cycle time tRC 85 - JOO - 120 - 150 

Address access time tAA - 85 - 100 - 120 -
Chip select access time tACS - 85 - 100 - 120 -

Output enable to output valid toE - 45 - 50 - 60 -
Chi£_ selection to output in low-Z tcLZ 10 - 10 - 10 - 10 

Output enable to output in low-Z tOLZ 5 - 5 - 5 - 5 

Chip deselection to output in high-Z tcHZ 0 30 0 35 0 40 0 

Ou.!E_ut disable to output in high-Z lo HZ 0 30 0 35 0 40 0 

Output hold from address change trn 5 - 10 - 10 - 10 

•READ TIMING WAVEFORM-3 

Address 

tAA 

tAcs 

cs 
tcLZ 

toE 
tmz 

OE 

Dout 

Notes: I. tCHZ and tQHZ are defined as the time at which the outputs achieve the open circuit conditions 

and are not referenced to output voltage levels. 

2. This parameter is sampled and not 100% tested. 

3. WE is high for read cycle. 
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Max 

- ns 

150 ns 

150 ns 

70 ns 

- ns 

- ns 

50 ns 

50 ns 

- ns 
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-------------------------------HM62256A Series 

•WRITE CYCLE 

Parameter Symbol 
HM62256A-8 HM62256A- IO HM62256A-12 HM62256A-15 
Min Max Min Max Min Max Min Max 

Unit Note 

Write cycle time twc 85 - IOO - 120 - 150 - ns 

Chip selection to end of write tcw 75 - 80 - 85 - IOO - ns 

Address setup time tAS 0 - 0 - 0 - 0 - ns 

Address valid to end of write tAW 75 - 80 - 85 - 100 - ns 

Write pulse width twp 55 - 60 - 70 - 90 - ns 

Write recovery time twR 0 - 0 - 0 - 0 - ns 

WE to output in high-Z twHZ 0 30 0 35 0 40 0 50 ns 10 

Data to write time overlap tow 40 - 40 - 50 - 60 - ns 

Data hold from write time toH 0 - 0 - 0 - 0 - ns 

Output active from end of write tow 5 - 5 - 5 - 5 - ns lO 

•WRITE TIMING WAVEFORM (1) (OE Clock) 

twc 

Address 

OE 
tcw·2 

cs 
*6 

Dout 
tow toH 

--d==== .... =--kxxx Din 
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HM62256A Series------------------------------

•WRITE TIMING WAVEFORM (2) (OE Low Fixed) 

twc 

Address 

tcw·2 

cs 
*6 

tAw 

WE 
twp*1 

twHZ *S tow 
....: 

Dout 

Din 

Notes: I. A write occurs during the overlap (twp) of a low CS and a WE. A write begins at the later transition of CS going low 

or WE going low. A write ends at the earlier transition of CS going high or WE going high. twp is measured from the 

beginning of write to the end of write. 

2. tcw is measured from CS going low to the end of write. 

3. tAs is measured from the address valid to the beginning of write. 

4. twR is measured from the earlier of WE or CS going high to the end of write cycle. 

5. During this period, 1/0 pins are in the output state so that the input signals of the opposite phase to the outputs must not 

be applied. 

6. If the CS low transition occurs simultaneously with the WE low transition or after the WE transition, the output remain 

in a high impedance state. 

7. Dout is the same phase of the write data of this write cycle. 

8. Dout is the read data of next address. 

9. If CS is low during this period, 1/0 pins are in the output state. Therefore, the input signals of the opposite phase to the 

outputs must not be applied to them. 

I 0. This parameter is sampled and not I 00% tested. 
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-------------------------------HM62256A Series 

• LOW Vee DATA RETENTION CHARACTERISTICS (Ta= O to + 70 °C) 

This characteristics is guaranteed only for UL-SL version. 

Item Symbol Min Typ 

V cc for Data Retention VoR 2 -

Data Retention Current IeeoR 
- 0.5 

- 0.5 

Chip Deselect to Data Retention Time teoR 0 -

Operation Recovery Time tR 5 -

• LOW Vee DATA RETENTION TIMING WAVEFORM 

Vee 

4.5V 

2.2V 

VoR 

Data retention mode 

CS2Vcc - 0.2V 

Max 

-

10*2 

10*2 

-

-

Unit Test Conditions 

v cs 2 Vec-0.2V, Yin 2 ov 
µA Vee= 3.0V, Yin 2 OV, 

µA CS 2 V CC -0.2V 

ns 
See Retention Waveform 

ms 

cs ov-----------------------------------------

Notes: I. 20 µA max at Ta= 0 to +40°C. (only for L-version) 
2. 3 µA max at Ta= 0 to +40°C. (only for L-SL version). 
3. CS controls address buffer, WE buffer, OE buffer, and Din buffer. If CS controls data retention mode, Yin levels 

(address, WE, OE, 1/0) can be in the high impedance state. 
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HM62832H Series 

32768-WORD x 8-BIT HIGH SPEED CMOS STATIC RAM 

•FEATURES 

• High speed: Fast Access time 25/35 ns (max.) 

HM62832H-Low power 
Standby: 300 mW (typical) 
Active: 30 µ.W (typical) (L-version) 

• Single 5V supply 

• Completely static memory 
No clock or timing strobe required 

• Equal access and cycle times 

• Common data input and output-Three stage output 

• Directly TTL compatible-All inputs and outputs 

• ORDERING INFORMATION 

P-art No. Access P-ackage 

""' (DP-28NA) 

, 
(CP-28DN) 

HM62832HP-25 25 ns 300 mil 28-pin PIN ARRANGEMENT 
HM62832HP-35 35 ns Plastic DIP 

(DP-28NA) Top View 

HM62832HJP-25 25 ns 300 mil 28-pin A14 1 28 Vee 
HM62832HJP-35 35 ns Plastic SOJ A12 2 27 WE 

(CP-28DN) A1 3 26 A13 

As 4 25 As 
As 5 24 Ag 

A4 6 23 An 
A3 7 22 OE 

A2 8 21 A10 
A1 9 20 cs 
Ao 10 19 1107 

llOo 11 1B 1106 

1101 12 17 1105 
1102 13 16 1104 

Vss 14 15 1103 

• PIN DESCRIPTION 

Pin Name Function 

Ao-A14 Address 

1/00-1/07 Input/Output 

cs Chip Select 

WE Write Enable 

OE Output Enable 

Vee Power Supply 

Vss Ground 
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-------------------------- HM62832H Serles 

• BLOCK DIAGRAM 

A12 
A14 
M 
A13 X 
A9 Address 
A11 1 Buffer 
A5 
M 
A7 

1/00 _____ ..,. 

1/07 

WE 

OE 

cs 

Row 
Decoder 

VO 
Buffer 

~HITACHI 

Memory Array 

512X512 

Column VO 

Column Decoder 

Y Address Buffer 

AO A1 A2 A3 A10 A3 A4 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 161 



HM62832H Series-----------------------------

• ABSOLUTE MAXIMUM RATINGS 

Item Symbol Value Unit 

Voltage on any Pin Relative to V ss Vr -0.5*1 to + 7.0 v 
Power Dissipation Pr 1.0 w 
Operating Temperature Topr 0 to +70 ·c 
Storage Temperature Tstg -55to+125 •c 

Storage Temperature Under Bias Tbias -10 to +85 •c 

NOTE: I. -2.5 V for pulse width :s 10 ns 

• FUNCTION TABLE 

cs OE WE Mode Vee Current l/OPin Ref. Cycle 

H x x •Not Selected lse. lse1 HighZ 

L L H Read Ice Dout Read Cycle<O to <3> 

L H L Ice Din Write Cycle(!> 
Write 

Write Cycfe<2> L L L Ice Din 

NOTE: I. X : H or L 
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-----------------------------HM62832H Series 

•DC CHARACTERISTICS for HM62832H (TA= 0 to +70°C, Vee= 5V :t: 10%, Vss = OV) 

Parameter Symbol Min. Typ."I Max. Unit Test Conditions Note 

Input Leakage Current llul - - 2 µ.A Vin= Yss to Vee 

cs = v IH or OE = v IH 
Output Leakage Current llLol - - 2 µ.A or WE= VIL• 

V110 = Yss to Vee 

Min. cycle, duty = 100%, 
Operating Power Supply Current Ice - 60 120 mA CS= VIL• 

1110 = OmA 

Standby Power Supply Current lse - 15 30 mA CS= V1H 

- 0.02 2 mA CS c: Vee - 0.2V, 
Standby Power Supply Current lse1 0 V !S Vin :s: 0.2 V, 

- 0.006 0.1 mA or Vin• ii!: Yee - 0.2 V L-version 

VoL - - 0.4 v loL = 8mA 
Output Voltage 

VoK 2.4 v loH = -4mA - -
NOTE: I. Typical values are ac Vee• S.O V, TA• +2S°C and specified loading. 

•CAPACITANCE (Ta= 25°C, f = lMHz) 

Parameter Symbol Min. Typ. Max. Unit Test Conditions 

Input Capacitance Cin - - 6 pF Vin= 0 V 

Input/Output Capacitance C110 - - 10 pF Y110 = OV 

NOTE: I. This paramecer is sampled and noc 100% cesced. 

•AC CHARACTERISTICS (Ta= 0 to +70°C, Vee= 5 V :t: 10%, unless otherwise noted.) 

Test Conditions 

• Input pulse levels: 0.0 V to 3.0 V • Input and output timing reference levels: 1.5 V 
• Input rise and fall times: 5 ns • Output load: See Figures 

Output Load (A) Output Load (8) 

(for lcLZ• loLZ• lcHZ• loHZ• twHz & !cw) 

NOTE: *Including scope & jig. 
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HM62832H Series-----------------------------

•Read Cycle 

HM62832H-25 HM62832H-35 
Parameter Symbol Unit 

Min. Max. Min. Max. 

Read Cycle Time tRc 25 - 35 - ns 

Address Access Time tAA - 25 - 35 ns 

Chip Select Access Time tAcs - 25 - 35 ns 

Output Enable to Output Valid toE - 12 - 15 ns 

Output Hold From Address Change toH 5 - 5 - ns 

Chip Selection to Output in l..ow-Z tcLZ 5 - 5 - ns 

Output Enable to Output in Low-Z toLZ 0 - 0 - ns 

Chip Deselection to Output in High-Z tcHZ 0 12 0 15 ns 

Output Disable to Output in High-Z to Hz 0 12 0 15 ns 

Read Cycle Timing (2) •1, •2, *4 

Read Cycle Timing (1) ·1 

AddrHI 
~--'I'---.:-:-------' Read Cycle Timing (3) ·1, ·3, ·4 

Cs ----) { 

~t ~~------:~~~~-o--.-,.:v.~11c1~:-!ctg-:.-=.:-i 
Daut NOTES: • 1. WE is high for read cycle. 

•2. Device is concinuously selected, CS = VIL· 

*3. Address should be valid prior to or coincident with CS transition low. 

*4. OE= VIL· 

• Write Cycle 

HM62832H-25 HM62832H-35 
Parameter Symbol Unit 

Min. Max. Min. Max. 

Write Cycle Time twc 25 - 35 - ns 

Chip Selection to End of Write tcw 20 - 30 - ns 

Address Valid to End of Write tAw 20 - 30 - ns 

Address Setup Time tAs 0 - 0 - ns 

Write Pulse Width twp 15 - 20 - ns 

Write Recovery Time twR 0 - 0 - ns 

Write to Output in High-Z twHZ 0 15 0 15 ns 

Data to Write Time Overlap tnw 12 - 15 - ns 

Data Hold from Write Time tnH 0 - 0 - ns 

Output Disable to Output in High-Z to Hz 0 12 0 15 ns 

Output Active From End of Write tow 5 - 5 - ns 
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-----------------------------HM62832H Series 

Write Cycle Timing (1) (OE Clock) 

Address 

Oout 

Din 

Write Cycle Timing (2) (OE Low Fixed) 

Address 

Oout 

Din 

NOTES: *I. A write occurs during the O\lerlap (twp) of a low CS and a low WE. 

*2. tWR is measured from the earlier of CS or WE going high to the end of write cycle. 

*3. During this period, 1/0 pins are in the output state. The input signals out of phase must not be applied. 

*4. If the CS low transition occurs simultaneously with the WE low transition or after the WE low transition, outputs remain in a high impedance state. 

•S. OE is continuously low. (OE= V1L). 

*6. Dou1 is in the same phase of written data of this write cycle. 

•7. Dou1 is the read data of next address. 

•8. If CS is low during this period, 110 pins are in the output state. The input signals out of phase must not be applied to 1/0 pins. 

*9. WE must be high during all address transitions except when device is deselected with CS. 

• Low Vee Data Retention Characteristics (TA= o to +70°C) 
This characteristics is guaranteed only for L-version 

Parameter 

V cc for Data Retention 

Data Retention Current 

Chip Deselect to Data Retention Time 

Operation Recovery Time 

NOTES: *I . tRe = read cycle time. 
•2. Vee = 3.0 v. 

Symbol 

VoR 

IccoR 

lcDR 

tRc 

Low V cc Data Retention Timing Waveform 

Min. 

2.0 

-
0 

t *I RC 

Typ. 

-

I 

-
-

Data retention mode 

Vee --------.. 

Max. Unit 

- v 
50•2 µA 

- ns 

- ns 

Test Conditions 

CS ;?; V cc - 0.2 V, 
Vin ;?; V cc - 0.2 V or 
0 V :s Vin :s 0.2 V 

4.sv-------- --------------------- ----------

- ~: ::::: :~::_ -::::~~v~~-=:,:v::::-_::~~\:::::: 
CS OV -----------------------------------------
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HM62832UH Series---------
32, 768-Word x 8-Bit High Speed CMOS Static RAM 

•FEATURES 

• High speed 
Access time 15/20 ns (max.) 

• Low power 
Standby: 15 µW (typ.) (L-version) 
Operation: 550/400 mW (typ.) 

• Single 5V supply 
• Completely static memory 

No clock or timing strobe required 
• Equal access and cycle times 
• Common data input and output-Three state 

output 
• Directly TTL compatible-All inputs and outputs 

• ORDERING INFORMATION 

Access Time 

(CP-28DN) 

Type No. Package 

HM62832UHP- I 5 15 ns 
• PIN ARRANGEMENT 

300-mil, 28 pin HM62832UHP-20 20 ns Plastic DIP 
HM62832UHLP- I 5 15 ns (DP-28NA) 
HM62832UHLP-20 20 ns 
HM62832UHJP- I 5 15 ns 300-mil, 28 pin HM62832UHJP-20 20 ns Plastic SOJ 
HM62832UHLJP- I 5 15 ns (CP-28DN) 
HM62832UHLJP-20 20 ns 

HM62832UH Series 

A14 28 

A,2 2 27 

A1 3 26 

As 4 25 

As 5 24 

• PIN DESCRIPTION A4 6 23 

A3 22 

Pin Name Function A2 21 

A(}-AJ4 Address A, 9 20 

l/0(}---1/07 Data Input/Output 
Ao 10 19 

1/00 11 18 

cs Chip Select 1101 12 17 

WE Write Enable 1/02 13 16 

Vss 14 15 
OE Output Enable 

Vee Power Supply 
(Top View) 

Vss Ground 

$HITACHI 

Vee 
WE 

A13 

As 
Ag 

A11 
6E 
A10 
cs 
1/07 
1/05 
1/05 
1/04 
1/03 
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------------------------------HM62832UH Series 

• BLOCK DIAGRAM 

A14 

A13 

A12 

As Address 
Buffer 

A7 

As 
As 

A4 

A3 

l/Oo 

L 
1/07 

WE 

BE 

cs 

• FUNCTION TABLE 

cs OE WE 

H x x 
L L H 

L H L 

L L L 

Note: X: Hor L 

•ABSOLUTE MAXIMUM RATINGS 

Item 

Supply Voltage* I 

Row 
Decoder 

Mode 

Standby 

Read 

Write 

Write 

Symbol 

Vee 

Memory Array 
512 x 512 

Column 1/0 

Column Decoder 

Column Address Buffer 

Vee Current 

IsB. ISBI 

Ice 

Ice 

Ice 

Value 

-0.5*2 to +7.0 

---Vee 
---Vss 

I/OPin 

High-Z 

Dout 

Din 

Din 

Voltage on any Pin Relative to Vss*I VT -0.5*2 to Vee +0.5 

Power Dissipation PT 1.0 

Operating Temperature Topr 0 to +70 

Storage Temperature Tstg -55 to +125 

Storage Temperature Under Bias Tbias -10 to +85 

Notes I. With respect to Vss 
2. Vee and VT min= -2.5V for pulse width~ 10 ns 

• RECOMMENDED DC OPERATING CONDITIONS (Ta= Oto+ 70°C) 

Item Symbol Min Typ Max 

Supply Voltage Vee 4.5 5.0 5.5 
Vss 0 0 0 

In.£!!! H!g_h (L~c I) Volt~e VIH 2.2 - Vee +0.5 
Inj>ut Low (Logic 0) Volt~ VIL -0.5*1 - 0.8 

Note *I. VJL min = -2.0V for pulse width ~ I 0 ns 

@HITACHI 

Ref. Cycle 

-

Read Cycle I, 2, 3 

Write Cycle I 

Write Cycle 2 

Unit 

v 
v 
w 
oc 
oc 
oc 

Unit 

v 
v 
v 
v 
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HM62832UH Series----------------------------

• DC CHARACTERISTICS (Ta= 0 to +70°C, Vee= 5V ± 10%, Vss = OV) 

Item Symbol Test Conditions Min Typ*l Max Unit 

Input Leakage Current I Iu I Vee= 5.5V, V1N = Vss to Vee - - 2.0 µA 

Output Leakage Current IIwl cs= VIH, V110= Vss to Vee - - 2.0 µA 
Icc1 (-15)*3 Min. Cycle - 135 170 mA 

Operating V CC Current 
Icc2 (-15) 2 x Min. Cycle*2 - 100 120 mA 

ICCI (-20) Min. Cycle - 120 150 mA 

Icc2 (-20) 2 x Min. Cycle - 90 110 mA 

Isa (-15) CS = VJH, Min. Cycle - 40 60 mA 
Standby Vee Current 

Isa (-20) CS = VJH, Min. Cycle 30 50 mA -

cs~ Vcc-0.2V, ov :S Yin :S 0.2V - 0.02 2.0 mA 
Standby Vee Current (I) Isa 1 (L-version) or Vee -0.2V :S Yin 0.003 0.1 mA -

Output Low Voltage VOL IQL=8 mA - - 0.4 v 
Output High Voltage YOH IOH =-4.0mA 2.4 - - v 

•CAPACITANCE (Ta= 25°C, f = 1.0 MHz)*! 

Item Symbol Min Typ Max Unit Test Conditions 

Input Capacitance Cin - - 6 pF VIN =OV 

Output Capacitance COUT - - 10 pF VI/O=OV 

Note * 1. This parameter is sampled and not 100% tested. 

•AC CHARACTERISTICS (Ta= 0 to +70°C, Vee 5V ± 10%, unless otherwise noted.) 

• Input pulse levels: Vss to 3.0V 
• Input rise and fall times: 4ns 
• Input and Output timing reference levels: 1.SV 
• Output load: See figures 

Output load (A) 

Dout 

255Q 

•READ CYCLE 

Item 

Read Cycle Time 

Address Access Time 

Chip Select Access Time 

Chip Selection to Output in Low-Z 

Output Enable to Output Valid 

Output Enable to Output in Low-Z 

Chip Deselection to Output in High-Z 

Chip Disable to Output in High-Z 

Output Hold from Address Change 

Chip Selection to Power Up Time 

Chip Deselection to Power Down Time 

+SV 

480Q 

Output Load (B) 
(for tcHz, twHz & tow) 

Dout 

30pF* 255Q 

Note: * Including scope & jig. 

Symbol 
HM62832UH-15 

Min Max 

tRC 15 -

IAA - 15 

!ACS - 15 

tCLz*l 3 -

IOE - 8 

tOLz*l 0 -

tcHz* 1 0 7 

IOHz*l 0 7 

IOH 3 -

IPU 0 -

IPD - 15 

~HITACHI 

+SV 

480Q 

SpF* 

HM62832UH-20 
Unit 

Min Max 
20 - ns 

- 20 ns 
- 20 ns 

3 - ns 
- 10 ns 

0 - ns 

0 10 ns 

0 10 ns 

3 - ns 

0 - ns 

- 20 ns 
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------------------------------HM62832UH Series 

•READ TIMING WAVEFORM (1) *1, *2 

Address 

OE 
toE 

cs 

tcLZ 

Dout 

1 
tRc 

% Address toHtg toH 

*= Dout 

cs 
,. tcHz ., 

Dout Data Valid 

Notes: I. Transition is measured± 200 m V from steady state voltage with Load (8 ). This parameter is sampled and not I 00% tested. 
2. WE is high for read cycle. 

3. Device is continuously selected. CS= VIL. 
4. Address valid prior to or coincident with CS transition low 

5. OE=YJL. 
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HM62832UH Series----------------------------

• WRITE CYCLE 

Symbol 
HM62832UH-15 HM62832UH-20 

Unit Item 
Min Max Min Max 

Write Cycle Time tWC 15 - 20 - ns 
Chip Selection to End of Write tcw 10 - 12 - ns 

Address Valid to End of Write tAW 13 - 15 - ns 
Address Setup Time tAS 0 - 0 - ns 
Write Pulse Width tWP 10 - 12 - ns 
Write Recovery Time tWR 0 - 0 - ns 
Output Disable to Output in High-Z* I tOHZ 0 7 0 10 ns 
Write to Output in High-Z* I tWHZ 0 7 0 10 ns 
Data to Write Time Overlap tDW 8 - 10 - ns 
Data Hold from Write Time lDH 0 - 0 - ns 
Output Active from End of Write* I tow 3 - 3 - ns 

•WRITE TIMING WAVEFORM (1) 

twc 

Address 

OE 
tcw 

cs 

WE 

Dout 

tow 

Din 
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------------------------------HM62832UH Series 

• WRITE TIMING WAVEFORM (2) *6 

Address 

tcw 

cs 

WE 

*7 *8 

Dout 

Din ----k ___ hxxxx 
Notes: 1. Transition is measured± 200 mV from high impedance voltage with Load (8). This paramter is sampled and not 

100% tested. 

2. A write occurs during the overlap (twp) of a low CS and a low WE. 
3. tWR is mea~ured from the earlier of CS or WE going high to the end of write cycle. 
4. During this period, I/O pins are in the output state so that the input signals of the opposite phase to the outputs must 

not be applied. 
5. If the CS low transition occurs simultaneously with the WE low transitions or after the WE transition, output remain in a 

high impedance state. 

6. OE is continuously low. (OE= VIL). 
7. Dout is the same phase of write data of this write cycle. 
8. Dout is the read data of next address. 
9. If CS is low during this period, 1/0 pins are in the output state. Then the data input signals of opposite phase to the outputs 

must not be applied to them. 
10. WE must be high during all address transition except when device is disable with CS. 
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HM62832UH Series----------------------------

• LOW Vee DATA RETENTION CHARACTERISTICS (Ta= 0 to+ 70°C,) 

This characteristics is guaranteed only for L-version 

Item Symbol Min Typ 

V cc for Data Retention VDR 2 -

Data Retention Current lCCDR - 2 

Chip Deselect to Data Retention Time tCDR 0 -
Operation Recovery Time tR 5 -

Note *I. Vee= 3.0V . 

• LOW Vee DATA RETENTION TIMING WAVEFORM 

Vee 

2.2V 

VoR 

Data retention mode 

Max Unit Test Condition 

- v 

so*t µA cs~ Vcc-o.2v. 
Yin~ Vcc-0.2V 

- ns or OV s; Yins; 0.2V 
- ms 

ov -------------~~~~~~---------------------
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HM67832SH Series --------------Preliminary 

32, 768-Words x 8-Bit High Speed Static Random Access Memory 

• FEATURES • PACKAGE OUTLINE 

• 32, 768-words x 8 bit organization 
~~~~~~~~~~~~~~~~~----. 

• Directly TTL compatible input and output 
• 0.8µm Hi-BiCMOS process 
• +SV Single supply 
• Completely static memory 
• No clock or timing strobe required 
• Low power dissipation (DC) operating: 

400mW(typ) 
• Super fast access time: 10/12 ns (max) 

• ORDERING INFORMATION 

Type No. Organization Access Time Package 

HM67832SHJP- I 0 10 ns 300 mil 28 pin 
32K x 8 Plastic SOJ 

HM67832SHJP- I 2 12 ns (CP-28DN) 

• PIN DESCRIPTION 

Pin Name Function 

Ao-A14 Address Input 

1/01-I/08 Data Input/Output 

WE Write Enable 

cs Chip Select 

OE Output Enable 

Vss Ground 

Vee Power Supply 

, 
(CP-28DN) 

• PIN ARRANGEMENT 

HM67832SH Series 

A,4 28 

A12 2 27 

A7 3 26 

As 4 25 

As 5 24 

A4 6 23 

A3 7 22 

A2 8 21 

A1 9 20 

Ao 10 19 

1/00 11 18 

1/01 12 17 

1102 13 16 

Vss 14 15 

(Top View) 
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Vee 
WE 

A13 
As 
Ag 

A11 
6E 
A1o 
cs 
I/Os 

1/07 

I/Os 

1/05 

1/04 
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HM67832SH Series----------------------------

• BLOCK DIAGRAM 

-~ 

~ 

~ 
--o Vee 
--o Vss ~ 

Row Memory Matrix 
~ ..__ Decoder 256 x 1024 
~ ..__ 
~ ..__ 
~ 

....... 
~ 

,..-----., 
- ~ F==; .... Column 1/0 

.:! I- I== 
a Input 

~ ::1" Data 
Column Decoder .... Control 

~ 
~ ::1" ~KB .... 

~ i;:-AJJ~~A1 - ~-
r--' 

t---: 
t-:: 
t---: 

1l t---: 

~ .... t-:: 
~ 
~ ..!:::::fi_.2::::1 t---'. 

L 

• TRUTH TABLE 

Input 
Output Mode Vee Current Ref. Cycle 

cs WE OE 
H x x HighZ Not Selected ISB, ISBI -
L H H HighZ Output Disable Iee,Iee1 -
L H L Data Out Read Iee,Iee1 Read Cycle ( 1,2,3) 

L L H Data In Write Iee.Iee1 Write Cycle (l,2,3,4) 

L L L Data In Write Iee,Iee1 Write Cycle (5,6) 

• ABSOLUTE MAXIMUM RATINGS 

Item Symbol Rating Unit 
Supply Voltage"' I Vee -0.5 to +7.0 v 
Voltage on any Pin Relative to Vss"'I VT -0.5 to Vee +0.5 v 
Power Dissipation PT 1.0 w 
Operating Temperature Range TOJll' 0 to +70 cc 
Storage Temperature Range (with bias) Ts!IDbias) -10 to +85 cc 
Storage Temperature Range Ts!&_ -55 to +125 cc 
Notes I. With respect to Vss 

Under the DC and AC specifications shown in the Tables, this device is tested under the minimum transverse air flow exceeding 500 
linear feet per minute. 

• RECOMMENDED DC OPERATING CONDITIONS (0°C::;; Ta::;; 70°C) 

Item Symbol Min Typ Max Unit 

Supply Voltage Vee 4.5 5.0 5.5 v 
Vss 0 0.0 0.0 v 

ll!Q!.lt H!g_h Volt~ VIH 2.2 - Vee +0.5 v 
ll!Q!.lt Low Volt!!&_e VIL -3.0I - 0.8 v 
Note I. Pulse width I 0 ns, DC: -0.5V 
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------------------------------HM67832SH Series 

•DC AND OPERATING CHARACTERISTICS (Vee= 5.0V ± 10%, Vss = OV, Ta= Oto +70°C) 

HM67832-IO HM67832-12 
Item Symbol Test Conditions 

Min Max 

Input Leakage Current I Iu I Vee= 5.5V, VIN= ov to Vee - 2 

Output Leakage Current liwl CS= VIH or OE=, VIH, WE= VIL 
- 10 VI/O OV to Vee 

Operating Power Supply Current Ice CS = VJL 11/0 = 0 mA - 200 

Average Operating Current ICC! 15 ns Cycle, II/0 = 0 mA - 150 

Iss CS = VIH, YJN = VIH or VIL - 40 
Standby Power Supply Current 

ISBI 
cs~ Vcc-0.2V, VIN :s; 0.2V or 

30 VIN ~ V CC -0.2V -

Output Low Voltage VOL IOL=8 mA - 0.4 

Output High Voltage YOH IOH =-4 mA 2.4 -

•AC CHARACTERISTICS (Vee= 5V ± 10%, Ta= 0°C to 70°C unless otherwise noted.) 

• Read Cycle 

Min 

-

-

-

-

-

-

-

2.4 

Item Symbol 
HM67832UH-10 HM67832UH-12 

Min Max Min Max 
Read Cycle Time tRC 10 - 12 -

Address Access Time !AA - 10 - 12 

Chip Select Access Time tACS - 10 - 12 

Chip Selection to Output in Low Z tLZ 1•2 3 - 4 -

Output Enable to Output Valid tOE - 5 - 6 

Output Enable to Output in Low Z tOLZ 1· 2 0 - 0 -

Chip Deselection to Output in High Z tHzl,2 0 5 0 5 

Output Hold from Address Change tOH 3 - 4 -

Notes I. This parameter is sampled and not 100% tested. 
2. Transition is measured± 200 mV from steady state voltage with specified loading in Load (B). 

• Write Cycle 

Item Symbol 
HM67832UH-10 HM67832UH-l 2 

Min Max Min 
Write Cycle Time twc 1 II - 12 

Chip Selection to End of Write tCW 8 - 9 

Address Valid to End of Write IAW 10 - II 

Address Setup Time tAS 0 - 0 

Write Pulse Width IWP 8 - 9 

Write Recovery Time !WR 0 - 0 

Data Valid to End of Write tow 6 - 6 

Data Hold Time tOH 0 - 0 

Write Enable to Output in High Z iwz2.3 0 5 0 

Output Disable to Output in High Z tOHZ2·3 0 6 0 

Output Active from End of Write 1ow2,3 4 - 4 

Notes 1. All Write Cycle timings are referenced from the last valid address to the first transitioning address. 
2. This parameter is sampled and not I 00% tested. 
3 Transition is measured± 200 mV from steady state voltage with specified loading in Load (B). 
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Max 
-

-

-

-

-

-

-

-

6 

6 

-

Unit 
Max 

2 µA 

10 µA 

195 mA 

140 mA 

40 mA 

30 mA 

0.4 v 
- v 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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HM67832SH Series----------------------------

• CAPACITANCE (Ta= 25°C, f= I MHz.) 

Item Symbol Max Unit Test Condition 

Input Capacitance Cin 1 6 pF Yin =OV 

Input/Output Capacitance cuo 1 IO pF VJ/O=OV 

Note: I. This parameter is sampled and not I 00% tested. 

•AC TEST CONDITIONS 

• Input pulse levels: Vss to 3.0V 
• Input timing reference levels: 1.5V 
• Output load: See figure 
• Input rise and fall times: 4ns 
• Output !reference levels: 1.5V 

+5V +5V 

4800 4800 

Output o-------- Output 0---...---... 

2550 30pF* 2550 5pF* 

Output Load (8) 
Output Load (A) (for tHz, tLZ, toHz, toLZ, twz, & tow) 

*includes scope and jig capacitance 
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------------------------------ HM67832SH Series 

•TIMING WAVEFORMS 
• Read Cycle -11 

Address 

Data Out 
High Impedance 

Notes I. WE= VJH. 

• Read Cycle -21, 2, 3 

Address 

Data Out Previous Data Valid 

Notes I. WE= VJH. 
2. CS= VIL. 
3. OE= VIL 

• Read Cycle -31, 2, 3 

1RC 

Data Valid 

~ 
tRc ~y 

1A~s ......_____/!- 1
"
2;I 

- ·GC:I. --------------(KX>K Data Valid ) 
High Impedance 

Data Out 

Notes I. WE= VJH. 
2. OE=VIL. 
3. Address valid prior to or coincident with CS transition low. 
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•TIMING WAVEFORMS 
• Write Cycle -11 (OE = H, WE Controlled) 

twc 

Address 

tcw 

tow 

Data Out 

Data In 
High Impedance 

Note I. A write occurs during the overlap of a low CS and a low WE t(WP). 

• Write Cycle -21 (OE = H, CS Controlled) 

Address 

Data In 

Data Out 
High Impedance 

Note I. A write occurs during the overlap of a low CS and a low WE (tWP). 
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------------------------------HM67832SH Series 

• TIMING WAVEFORMS 
• Write Cycle -31, 2 (OE = Clocked, WE Controlled} 

twc 

Address 

tcw 

twp [1] 

Data Out 
High Impedance 

tow 

High Impedance High Impedance 
Data Valid Data In 

Notes 1. A write occurs during the overlap of a low CS and a low WE t(WP). 
2. During this period, 1/0 pins are in the output state so that the input signals of opposite phase to the outputs must not 

be applied. 

• Write Cycle -41, 2 (OE = Clocked, CS Controlled} 

Address 

Data In 

Data Out 

Notes I. 
2. 

twc 

tcw 

High Impedance 

A write occurs during the overlap of a low CS and a low WE (tWP)· 
If CS low transition occurs simultaneously with the OE high transition or after the OE transition, output remain in a high 
impedance state. 
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•TIMING WAVEFORMS 
• Write Cycle -51, 2, 3, 4 (OE = L, WE Controlled) 

twc 

Address 

tcw 

twp [1] 

.__ ___ I [2] 

Data Out 
High Impedance 

Data In 

Notes 1. A write occurs during the overlap of a low CS and a low WE t(WP). 
2. During this period, 1/0 pins are output state so that the input signals of opposite phase to the outputs must not 

be applied. 
3. Output data is the same phase of write data of this write cycle. 
4. If CS is low during this period, 1/0 pins are in the output state. Then, the data input signals of opposite phase to the outputs 

must not be applied to them. 

• Write Cycle -61, 2 (OE = L, CS Controlled) 

twc 

Address 

tcw 

twp [1] 

twz 
High Impedance 

Data Out 

~~~~~~~~-H......;.ig_h_lm~pe_d_a_n_c_e~--c(~ Data In 

tow toH ~I 

Data Valid * X X X X X X 

Notes 1. A write occurs during the overlap of a low CS and a low WE (tWP). 
2. If the CS low transition occurs after the WE low transition, output remain in a high impedance state. 
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HM6208H Series 

65536-Word x 4-Blt High Speed CMOS Static RAM 

The Hitachi HM6208H is a high speed 256k static RAM organized 
as 64k-word x 4 bit. It realizes high speed access time (25/35) and 
low power consumption, employing CMOS process technology and 
high speed circuit designing technology. It is most advantageous 
wherever high speed and high density memory is required, such as 
the cache memory for main frame or 32-bit MPU. 

The HM6208H is packaged in the industry standard 300-mil, 24 
pin, plastic DIP. The HM6208H is also available in a 300-mil, 24 pin, 
plastic SOJ package for high density mounting. The low power ver­
sions are ideal for battery backed systems. 

Features 
• Single 5 V supply and high density 24-pin package 
• High speed: Access time 25/35 ns (max.) 
• Low power 

Active: 
Standby: 

300 mW (typ.) 
100 µW (typ.) 
30 µW (typ.) (L-version) 

• Completely static operation requires 
No clock or timing strobe 

• Access and cycle times are equivalent 
• All inputs and outputs TTL compatible 
• Capability of battery back up operation (L-version) 

Ordering Information 

Type No. Access Time 

HM6208HP-25 25 ns 
HM6208HP-35 35 ns 

HM6208HLP-25 25 ns 
HM6208HLP-35 35 ns 

HM6208HJP-25 25 ns 
HM6208HJP-35 35 ns 

HM6208HJLP-25 25 ns 
HM6208HJLP-35 35 ns 

Pin Description 

Pin Name Function 

~~~ Addr~~------
1/01 -1/04 Input/Output 
CS ----Chip sclc~t--­

-\VE--------w;~~-le--

Vee Power supply 
Vss Ground 

Package 

300-mil 
24-pin 
plastic DIP 
(DP-24NC) 

300-mil 
24-pin 
plastic SOJ 
(CP-24D) 

(DP-24NCJ 

(CP-240) 

Pin Arrangement 

(fop View) 
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HM6208H Series----------------------------

Block Diagram 

WE 

Function Table 
cs 'WP: 
H x 
L H 
L L 

Note: x means don't care. 

A 14 0--Ult:==:::i 

AlS O-i::::it---i 

AO 0-i::::it---i 

Al o--ut::~ 

A2 C>-i::::it---i 

A3 0-i:::lr--i 

Row 
Decoder 

A4 C>-i::::it---i 

A5o--~=t __ _j 

Mode 

Not selected 

Read 

Write 

Absolute Maximum Ratings 

-Vee 

-v .. 

Memory Array 

256X 1,024 

Vee Current 1/0 Pin 

Ise, lso1 High-Z 

Ice Dout 

Ice Din 

Item Symbol Value 

Voltage on any pin relative to Vss Vin -OS 1 to +7.0 
Power dissipation Pr 1.0 
Operating temperature range Topr 0 to +70 
Storage temperature range Tstg -55 to +125 
Storage temperature range under bias Tbias -10 to +85 

Note: *l. Vin min= -2.5 V for pulse width S 10 ns. 

$HITACHI 

Ref. Cycle 

Read cycle 

Write cycle 

Unit 

v 
w 
oc 
oc 
oc 
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------------------------------ HM6208H Series 

Recommended DC Operating Conditions (Ta= o to+ 70°C) 
Item Symbol Min Typ 

Vee 4.5 5.0 
Supply voltage 

Vss 0 0 
Input high (logic 1) voltage VIH 2.2 
Input low (logic 0) voltage Vn. -O.s·1 

Note: *I. Vn, min = -2.0 V for pulse width ~ 10 ns. 

• DC Characteristics (Ta = o to + 70°C. v cc = 5 v ± 10%. v ss = o V) 

Item Symbol Min. Typ.*I Max. 

Input Leakage Current lu 2.0 

Output Leakage Current 10.0 

Max 
5.5 

0 

6.0 
0.8 

Unit 

µA 

µA 

Unit 
v 
v 
v 
v 

Test Conditions 

Yee= Max. 

V'" = Yss to Yee 

CS= V1H 

Y110 = Vss to Yee 

Operating Power Supply Current Ice 60 100 mA 
CS = V 11_. 11;0 = 0 mA. 
Min. Cycle. Duty = 100% 

15 30 mA Standby Power Supply Current Iss 
CS = Y1H· Min. Cycle 

Standby Power Supply Current .. H .. Version Iss 40 mA 

2000 µA 

20 

20 Standby Power Supply Current 
·~~~~--~~+-~~~~~~~l--~~_..~~~--1-~~~~ 

Standby Power Supply Current L-Vcrsion Issi 100 µA 

Output Low Voltage VoL 0.4 v 

Output High Voltage 2.4 v 

Note: *I. Typical limits arc at V cc = 5 .0 V. T0 = + 25 °C and specified loading. 

Capacitance (Ta = 25°C, f = I MHz)"' 

CS ~ Vee - 0.2 V 
0 V :S Vin :S 0.2 V or 
V;0 ~ Vee - 0.2V 

Im= 8 mA 

IoH = -4.0 mA 

Item Symbol Min Max Unit Test Conditions 
~-In-p_u_t_c-ap_a_c-it-an~ce~~~~~~C·in·~~~~~~~~~~6--~~~~p~F,,_-~~~~V~in~=-O-v·~~~~~~ 

Input/output capacitance Cvo 10 pF Vvo = 0 V 

Note: *!. This parameter is sampled and not IOOo/o tested. 

AC Characteristics (Ta= 0 to+ 70°C, Vee= 5 V ± 10%, unless otherwise noted.) 

Test Conditions 
• Input pulse levels: Vss to 3.0 V 
• Input rise and fall times: 5 ns 

Output Load (A) 

Note: • Including scope & jig. 

Input and output timing reference levels : 1.5 V 
Output load: See Figures 

~HITACHI 

Output Load (B) 

(for tH7.., tLZ, twz & tow) 
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HM6208H Series------------------------------

•Read Cycle 

Symbol 
HM6208H-25 HM6208H-35 

Unit Item 
Min. Max. Min. Max. 

Read Cycle Time !Re. 25 - 35 - ns 

Address Access Time !AA - 25 - 35 ns 

Chip Select Access Time tAcs - 25 - 35 ns 

Output Hold From Address Change toH 5 - 5 - ns 

Chip Selection to Output in Low-Z tLz*l 5 - 5 - ns 

Chip Deselection to Output in High-Z !Hz_*! 0 12 0 20 ns 

Chip Selection to Power Up Time tr_u 0 - 0 - ns 

Chip Selection to Power Down Time tpo - 15 - 25 ns 

Note: *l Transition is measured ::1:200 mV from steady state voltage with Load (B). This parameter is sampled and not 100% tested. 

Read Timing Waveform (1) •1• •2 

lac 

Addreu 

loN loH 

Dout Data Invalid D111 V1licl 

Read Timing Waveform (2) •1• •3 

'•• 
tu 

Dout Data Invalid Dall Valid 

Hi1h lmpt'danc• 

\'er supply 

1,. 

Notes: •t. WE is high for read cycle. 
•2. Device is continuously selected, CS= Vo... 
•3. Address valid prior to or coincident with CS transition low. 
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------------------------------HM6208H Series 

• Write Cycle 

Item Symbol 
HM6208H-25 HM6208H-35 

Unit 
Min. Max. Min. Max. 

Write Cycle Time tw__c_ 25 - 35 - ns 

Chip Selection to End of Write tcw 20 - 30 - ns 

Address Valid to End of Write tAW 20 - 30 - ns 

Address Setup Time tAS 0 - 0 - ns 

Write Pulse Width 1 20 
30 

twp - - ns 
l "H" Version 25 

Write Recovery Time twR 3 - 3 - ns 

Data Valid to End of Write !ow 15 - 20 - ns 

Data Hold Time !Im. 0 - 0 - ns 

Write Enabled to Output in High-Z twz*I 0 8 0 10 ns 

Output Active From End of Write tow* 1 0 -- 0 - ns 

Note: *l Transition is measured ±200 mV from high impedance voltage with Load (B). This parameter is ampled and not 100% tested. 

Write Timing Waveform (1) (WE Controlled) 

toe 

Address 

lcw 

twp •1 

Din 

Dout 
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HM6208H Serles-----------------------------

Write Timing Waveform (2) (CS Controlled) 

lwc 

Add~11 

1., 

lcw 

Din 

Dout Hilh lmpod1nt• • 4 

Low Vee Data Retention Characteristics (Ta= o to +70°C) 
These characteristics are guaranteed only for L-version. 

Item Symbol Min Typ 
Vee for data retention VoR 2.0 
Data retention current lccoR 
Chip deselect to data retention time teoR 0 
Operation recovery time tR 1Re· 1 

Notes: • t. lite= read cycle time. 
•2. Vee= 3.0 V. 

Low Vee Data Retention Timing Waveform 

Data retention mode 

cs----

low loH 

Data Valid 

Max Unit Test Conditions 
v 

CS~ Vee-0.2 V, 
50•2 µA 

Vin ~Vee - 0.2 V or 
ns 

0 VS Vin S 0.2 V 
ns 

~---------------------------------------------
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HM6708 Series 
65536-word x 4-bit High Speed Hi-BiCMOS Static RAM 

The HM6708 Series has been converted to the HM6708A Series. The new A Series is com­
pletely compatible with the non-A Series. 

Please refer to the specification comparison below to assist in your conversion. 

HM6708 HM6708A 

20 25 15 20 25 

min. max. min. max. min. max. min. max. min. max. Unit 

DC IL1 2 2 2 2 2 µA 
I Lo 10 10 10 10 10 µA 

Ice 100 100 100 100 100 mA 

Iccl 120 120 120 120 120 mA 

lsb 30 30 30 30 30 mA 

lsbl 10 10 10 10 10 mA 

Vol 0.4 0.4 0.4 0.4 0.4 v 
Yoh 2.4 2.4 2.4 2.4 2.4 v 

Read tRc 2.0 25 15 20 25 ns 

tAA 20 25 15 20 25 ns 

tAcs 20 25 15 20 25 ns 

toH 5 5 4 5 5 ns 

tLz 510 510 4 *5 *5 ns 

tHz 0 8 0 15110 0 6 0 8 0 *10 ns 

Write twc 20 25 15 20 25 ns 

tcw 15 20 10 15 20 ns 

tAW 15 20 10 15 20 ns 

tA..s_ 0 0 0 0 0 ns 

twr 15 20 10 15 20 ns 

twR 1.5 3 0 *o *o ns 

tow 15/20 20/15 8 *10 * 12 ns 

tDH 0 0 0 0 0 ns 

twz 0 15/8 0 15/10 0 6 0 8 0 10 ns 

tow 0 0 0 0 0 ns 

*Modified specifications 
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HM6708A Series ---------------Preliminary 

65536-Word x 4·Blt High Speed Static RAM 

•FEATURES 

• 65536-words x 4 bit organization 
• Fully TTL compatible input and output 
• 1.0µ. Hi-BiCMOS process 
• + 5V single supply 
• Completely static memory 

No clock or timing strobe required 
• Low power dissipation 

Operating: 450mW (typ.) 
• Super fast 

Access time: 15/20/25 ns (max.) 

• ORDERING INFORMATION 

Type No. 

HM6708AP-15 
HM6708AP-20 
HM6708AP-25 

HM6708AJP- l 5 
HM6708AJP-20 
HM6708AJP-25 

• BLOCK DIAGRAM 

A20-----1 

A30-----1 

A4o--~ 

Access Time 

15ns 
20ns 
25ns 

15ns 
20ns 
25ns 

Package 

300 mil 24 pin 
Plastic DIP 
(DP-24NC) 

300 mil 24 pin 
Plastic SOJ 
(CP-240) 

--OVcc 
--OVss 

A1 o------1 Row 
Decoder As 0------1 

Ago----t~_J 

A&o--___. 

Aeo---La-.L._ _ __J 

Memory Matrix 
256 x 1024 

1101 o----f "'.>-I 

1/020---........... 
l/030---......... 

1/040--_.... ......... 

Input 
Data 

Control 

~HITACHI 

(DP-24NC) 

, 
(CP-240) 

• PIN ARRANGEMENT 

Ao 1 24 Vee 
At 2 23 Ats 

A2 3 22 At4 

A3 4 21 At3 

A4 5 20 At2 

As 6 19 A11 

As 7 18 Ato 

A7 8 17 l/Ot 

As 9 16 1/02 

Ag 10 15 1/03 

cs 11 14 1/04 

Vss 12 13 WE 

(Top View) 

• PIN DESCRIPTION 

Pin Name Function 

A11-A15 Address Input 

I/Oi-I/04 Data Input/Output 

WE Write Enable 

cs Chip Select 

Vss Ground 

Vrr Power Supply 

188 Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 



------------------------------- HM6708A Series 

• ABSOLUTE MAXIMUM RATINGS 

Item Symbol Rating Unit 

Terminal Voltage to V ss Pin VT -0.5 to +7.0 v 
Power Dissipation PT 1.0 w 
Operating Temperature Range T~ 0 to +70 oc 
Storage Temperature Range (with bias) Ts!gfbia& -10 to +85 oc 
Storage Temperature Range Ts!g_ -55to+125 oc 

•RECOMMENDED DC OPERATING CONDITIONS (0°C :S; Ta :S; 70°C) 

Item Symbol Min. Typ. Max. Unit 

Yee 4.5 5.0 5.5 v 
Supply Voltage 

Yss 0.0 0.0 0.0 v 
Input High (Logic 1) Voltage Yrn 2.2 - Yee+ 0.5 v 
Input Low (Logic 0) Voltage V1L -3.0* - 0.8 v 

*Pulse width 20ns, DC: -0.5V 

• FUNCTION TABLE 

cs WE Mode Yee Current 1/0 Pin Ref. Cycle 

H x Not Selected lss. Issi HighZ -

L H Read Ice. Icc1 Data Out Read Cycle (1) (2) 

L L Write Ice. Icc1 Data In Write Cycle (1) (2) 

•DC AND OPERATING CHARACTERISTICS (Vcc=5.0V±10%, Ta=O to +70°C) 

Item Symbol Test Conditions 
HM6708A-15 HM6708A-20/25 

Min. Typ. Max. 

Input Leakage Current IIul Yc..c_=5.5 V, VIN=O v to Yee - - 2 

Output Leakage Current IIwl 
-
CS=Vrn, Y11o=O v to Vee - - 10 

Operating Power Supply Current Ice CS=V1L• I11o=O mA - - 100 

Average Operating Current leer 
min. cycle, Duty: 100% - - 140 
I11o=O mA 

Iss CS=Vrn, V1N=Vrn or VIL - - 30 
Standby Power Supply Current Issi CS~Vcc-0.2 v 10 - -

VIN:S;0.2 VorVIN~Vcc-0.2V 

Output Low Voltage VoL IoL=8 mA - - 0.4 

Output High Voltage Yott Iott=-4 mA 2.4 - -

• AC CHARACTERISTICS (Vcc=5V±10%, Ta=O to +70°C, unless otherwise noted.) 

•Read Cycle 

Min. Typ. jMax. 

- - 2 

- - 10 

- - 100 

- - 120 

- - 30 

- - 10 

- - 0.4 

2.4 - -

Unit 

µA 

µA 

mA 

mA 

mA 

mA 

v 
v 

HM6708A-15 HM6708A-20 HM6708A-25 
Unit Item Symbol 

Min. Max. Min. Max. Min. Max. 

Read Cycle Time tRc 15 - 20 - 25 - ns 

Address Access Time tAA - 15 - 20 - 25 ns 

Chip Select Access Time tACS_ - 15 - 20 - 25 ns 

Output Hold from Address Change toH 4 - 5 - 5 - ns 

Chip Selection to Output in Low Z tLzl), 2) 4 - 5 - 5 - ns 

Chip Deselection to Output in High Z tttzl), 2) 0 6 0 8 5 10 ns 

NOTES: I. This parameter is sampled and not 100% tested. 
2. Transition is measured ±200 mV from steady state voltage with specified loading in Load(B). 
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HM6708A Series-----------------------------

• Write Cycle 

Item Symbol 
HM6708A-15 HM6708A-20 HM6708A-25 

Min. Max. Min. Max. Min. Max. 

Write Cycle Time twcl) 15 - 20 - 25 -

Chip Selection to End of Write _!c_w 10 - 15 - 20 -

Address Valid to End of Write 1-Aw 10 - 15 - 20 -

Address Setup Time tAs 0 - 0 - 0 -

Write Pulse Width twp 10 - 15 - 20 -

Write Recovery Time twR 0 - 0 - 0 -

Data Valid to End of Write tow 8 - 10 - 12 -

Data Hold Time toH 0 - 0 - 0 -

Write Enable to Output in High Z twz2), 3) 0 6 0 8 0 10 

Output Active from End of Write tow2), 3) 0 - 0 - 0 -

NOTES: 1. All write cycle timings are referenced from the last valid address to the first transitioning address. 

2. This parameter is sampled and not 100% tested. 

3. Transition is measured ±200 mV from steady state voltage with specified loading in Load(B). 

• CAPACITANCE (Ta=25°C, f=lMHz) 

Item Symbol 

Input Capacitance CINl) 

Output Capacitance C1101) 

NOTES: 1. This parameter is sampled and not 100% tested. 

• AC TEST CONDITIONS 

• Input pulse levels: V ss to 3.0 V 
• Input timing reference levels: 1.5 V 
• Output Load: See figure 

Dout 

2550 

+5V 

4800 

Output Load A 

*Including scope and jig capacitance. 

Max. 

6 

10 

Unit Test Condition 

pF V...l.N=O V 

pF V11o=O V 

• Input rise and fall times: 4ns 
• Output reference levels: 1.5 V 

Dout 

2550 

+5V 

4800 

5 pF * 

Output Load B 
(for tHz. tLz• twz & tow) 
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-------------------------------HM6708A Series 

• TIMING WAVEFORM 

• Read Cycle (1) (1) (2) 

Address 

Data Out Previous Data Valid 

• Read Cycle (2) (1) (3) 

cs 

Data Out High Impedance 

NOTES: 1. WE is High for READ cycle. 

toH 

2. Device is continuously selected, CS = VIL· 

3. Address valid prior to or coincident with CS transition low. 

@HITACHI 

Data Valid 

Data Valid 

toH 

High 
Impedance 
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HM6708A Series------------------------------

• Write Cycle (1) (WE Controlled) 

twc 

Address 

cs 

WE 

Din 

Dout 
High Impedance 

• Write Cycle (2) (CS Controlled) 

twc 

Address 

tcw 

cs 

WE 

Data In 

High Impedance (2) 
Dout 

NOTES: l. A write occurs during the overlap of a low CS and a low WE (twp). 

2. twR is measured from the earlier of CS or WE going high to the end of write cycle. 

3. During this period, 1/0 pins are in the output state so that the input signals of opposite phase to the outputs must not 
be applied. 

4. If the CS low transition occurs simultaneously with the WE low transition or after the WE transition, the output 
buffers remain in a high impedance state. 

5. If CS is low during this period, 1/0 pins are in the output state. Then the data input signals of opposite phase to the 
outputs must not be applied to them. 

6. Output data is the same phase of write data of this write cycle. 
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HM6708SH Series----------Preliminary 
65,536-words x 4-Bit High Speed Static Random Access Memory 

•FEATURES 

• 65,536-words x 4 bit organization 
• Directly TIL compatible input and output 
• 0.8 µm Hi-BiCMOS process 
• +5V single supply 

, 
• Completely static memory 
• No clock or timing strobe required 
• Low power dissipation (DC) operating: 400mW typ 
• Super fast access time: 10/12ns (max) 

• ORDERING INFORMATION 

Type No. Organ-
ization 

HM6708SHJP- l 0 
HM6708SHJP- I 2 64k x4 

• PIN DESCRIPTION 

Pin Name 

Ao-A15 

I/OJ-l/04 

WE 

cs 
vss 
Vee 

NC 

Access Time Package 

10 ns 300 mil 24 pin 
12 ns Plastic SOJ 

(CP-240) 

Function 

Address Input 

Data Input/Output 

Write Enable 

Chip Select 

Ground 

Power Supply 

Not Connect 

Ae o------1 

As o------1 
A? ,,..._ _ ___, 
As,,..._ _ ___, 

As , >---___, 
A4 u---__, 
A3 o------1 
A2 ' ,__ _ ___, 

1/01 0----e---j 

1/02 0-------<1>++-1 

1/03 l ,___-++-< 

1/04 ()--...-+-1-+-H 

cs n-+-----Cl> 

WE 

(CP-240) 

• PIN ARRANGEMENT 

HM6708SH Series 

Ao 

A1 
A2 

A3 

A4 

As 

As 

A7 

As 
Ag 

cs 
Vss 

Memory Matrix 
256 x 1024 

24 
23 
22 
21 
20 
19 

18 

17 

16 

15 

14 
13 

(Top View) 

--0 Vee 
--0 Vss 

@HITACHI 

Vee 

A1s 
A14 
A13 

A12 

A11 

A10 
1/01 

1/02 

1/03 

1/04 
WE 
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HM6708SH Series------------------------------

• TRUTH TABLE 

Input 
Output Mode Vee Current 

cs WE 

H x HighZ Not Selected ISB, ISBI 

L H Dout Write "O" 1cc,Icc1 

L L HighZ Write"!" Icc,Icc1 

•ABSOLUTE MAXIMUM RATINGS 

Item Symbol Rating 

Supply Voltage I Vee -0.5 to +7.0 

Voltage on any Pin Relative to Vss Vt -0.5 to Vee +0.5 

Power Dissipation Pt 1.0 

Operating Temperature Range Tppr 0 to +70 

Storage Temperature Range (with bias) Tstg (bias) -10 to +85 

Storage Temperature Range Tstg -55 to +125 

Note: I. With respect to Vss. 

Under the de and ac specifications shown ing the Tables, this device is tested under the minimum trasverse 
air flow exceeding 500 linear feet per minute. 

• RECOMMENDED DC OPERATING CONDITIONS (0°C ~Ta~ 70°C) 

Item Symbol Min. Typ 

Vee 4.5 5.0 
Supply Voltage 

Vss 0.0 0.0 

Input High Voltage VIH 2.2 -

Input Low Voltage YJL -3.0l -

Note: I. Pulse width 10 ns, DC: -0.5V 

Ref. Cycle 

-
Read Cycle (2), (3) 

Write Cycle (I), (2) 

Unit 

v 

v 

w 
oc 
oc 
oc 

Max. Unit 

5.5 v 

0.0 v 

Vee+ o.5 v 

0.8 v 

•DC AND OPERATING CHARACTERISTICS (Vee= 5.0V ± 10%, Vss = OV, Ta= Oto +70°C) 

10 12 
Item Symbol Test Conditions Unit 

Min. Typ. Max. Min. Typ. Max. 

Input Leakage I Iu I Vee= 5.5V, VIN=OV to Vee - - 2 - - 2 µA 

Output Leakage [ILO[ CS= VIH or OE= VIH, WE= VIL 10 - 10 µA 
Current V10 = ov to Vee 

- - -

Operating Power Ice CS = VIL. 1110 = OmA - 60 
Supply Current 

100 - 60 100 mA 

Average Operating ICC! 
Current 

15ns cycle, 1110 = OmA - 130 180 - 120 175 mA 

ISB CS= VIH, YIN =VIH or VIL - - 40 - - 40 mA 
Standby Power 
Supply Current ISBI cs~ Vee= o.2v - - 30 - - 30 mA 

VIN$ 0.2Vor VIN;::; Vee - 0.2V 

Output Low Voltage VOL IOL= 8mA - - 0.4 - - 0.4 v 

Output High Voltage YOH IOH = .4mA 2.4 - - 2.4 - - v 
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------------------------------HM6708SH Series 

•AC CHARACTERISTICS (Vee= 5V ± 10%, TA= 0°C to +70°C, unless otherwise noted.) 

•Read Cycle 
-10 -12 

Item Symbol Unit 
Min. Max. Min. Max. 

Read Cycle Time tRC 10 - 12 ns 

Address Access Time tAA - 10 - 12 ns 

Chip Select Access Time tACS - 10 - 12 ns 

Chip Selction to Output in Low Z tLzl,2 3 - 4 - ns 

Chip Deselection to Output in High Z tHzl,2 0 5 0 5 ns 

Output Hold from Address Change tOH 3 - 4 - ns 

Notes: I. This parameter is sampled and not 100% tested. 
2. Transition is measured ± 200 m V from steady state voltage with specified loading in Load (B ). 

• Write Cycle 
-10 -12 

Item Symbol Unit 
Min. Max. Min. Max. 

Write Cycle Time twc1 II - 12 - ns 

Chip Selection to End of Write tCW 8 - 9 - ns 

Address Valid to End of Write tAW 10 - II - ns 

Address Setup Time tAS 0 - 0 - ns 

Write Pulse Width tWP 8 - 9 - ns 

Write Recovery Time tWR 0 - 0 - ns 

Data Valid to End of Write tow 6 - 6 - ns 

Data Hold Time tDH 0 - 0 - ns 

Write Enable to Output in High Z twz2.3 0 5 0 6 ns 

Output Active from End of Write tQH2,3 4 - 4 - ns 

Notes: I. All Write Cycle timings are referenced from the last valid address to the first transitioning address. 

2. This parameter is sampled and not 100% tested. 

3. Transition is measured in± 200 mV from steady state voltage with specified loading in Load (B). 
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• Capacitance (Ta= 25°C, f = I MHz) 

Parameter Symbol Max. Unit Test Conditions 

Input Capacitance CINI 6 pF VrN=OV 

Input/Output Capacitance C1101 10 pF Vr1o=OV 

Notes I. This parameter is sampled and not I 00% tested. 

•AC TEST CONDITIONS 

• Input pulse levels: Vss to 3.0V • Input rise and fall times: 4ns 
• Input timing reference levels: 1.5V • Output reference levels: 1.5V 
• Output Load: See figure 

Output load (A) 
Output Load (8) 

(for tHz, tLZ, toHz, toLZ, twz. & tow) 

+5V +5V 

480Q 480Q 

Output o--------
255Q 30pF* 5pF* 

Note: * Including scope and jig capacitance 
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-------------------------------HM6708SH Series 

• TIMING WAVEFORMS 

Read Cycle No. - 11 

Address 

cs 

Data Out 
High Impedance 

Notes: I. WE= VIH 

Read Cycle-21, 2, 3 

Address 

Data Out 

Notes: I. WE= YIH 
2. CS= VIL 

Previous Data Valid 

Read Cycle -3 1, 2, 3 

Data Valid 

_t=-tLZ tA-~~-tRlc ·~=--{ ~ 
Data Out ~ Data Valid ~ 

High Impedance 
Notes: I. WE= YIH 

2. Address valid prior to or coincident with CS transition low. 
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HM6708SH Series------------------------------

Write Cycle-11 

twc 

Address 

tcw 

cs 

[1] 

WE 

Data In xxxxxxxxxxxxxxxx>k..---~ 
High Impedance 

Data Out 

Note: I. A write occurs during the overlap of a low CS and a low WE (tWP). 

Write Cycle -2 1 

twc 

Address 

tcw 

cs 

[1] 

WE 

Data In xxxxxxxxxxxxxxxx>k~~~ 
High Impedance 

Data Out 

Note: I. A write occurs during the overlap of a low CS and a low WE (twp). 
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------------------------------HM6708SH Series 

Write Cycle - 3 1, 2 

Address 

cs 

WE 

Data Out 

Data In 
High Impedance 

[2] 

twc 

tcw 

(1] 
twp 

High Impedance 

tow 

Data Valid 

Notes: I. A write occurs during the overlap of a low CS and a low WE (!WP). 
2. During this period, 1/0 pins are in the output state so that the input state of 

opposite phase to the outputs must not be applied. 

Write Cycle - 4 1, 2 (OE= Clocked CS Controlled) 

Address 

cs 

WE [2] 

Data Out 

Data In 
High Impedance 

twc 

tcw 

[1] 
twp 

High Impedance 

tow 

Data Valid 

Note: I. A write occurs during the overlap of a low CS and a low WE (twp). 
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HM6708SH Series------------------------------

Write Cycle - 5 1, 2, 3, 4 

twc 

Address 

twp [1J 

WE 

[2] 

Data Out 
High Impedance 

tow 

Data In 
High Impedance 

Notes: I. A write occurs during the overlap of a low CS and a low WE (!WP). 
2. During this period, I/0 pins are output state so that the input signals of opposite phase to the outputs must not be applied. 
3. Output data is the same phase of write data of this write cycle. 
4. If CS is low during this period, 1/0 pins are in the output state. Then, the data input signals of opposite phase to the outputs must 

not be applied to them. 

Write Cycle - 6 1, 2, 6 

twc 

Address 

cs 

twp [1J 

WE 

Data Out 
High Impedance 

Data In ~-H_i~gh~lm~p_e_d_an_c_e~~~~~~~(i 
tow toH 

Data Vali:-kxxxxxxxxx 
Notes: I. A write occurs during the overlap of a low CS and a low WE (tWP). 

2. If the CS low transition occurs after the WE low transition, output remain in a high impedance state. 
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HM6709 Series-----------
65536-word x 4-bit High Speed Hi-BiCMOS Static RAM 

The HM6709 Series has been converted to the HM6709A Series. The new A Series is com­
pletely compatible with the non-A Series. 

Please refer to the specification comparison below to assist in your conversion. 

HM6709 HM6709A 

20 25 15 20 25 

min. max. min. max. min. max. min. max. min. max. Unit 

DC IL1 2 2 2 2 2 µ.A 

I Lo 10 10 10 10 10 µ.A 

Ice 100 100 100 100 100 mA 

k_l 120 120 140 120 120 mA 

!sh 30 30 30 30 30 mA 

!s_bl 10 10 10 10 10 mA 

Vol 0.4 0.4 0.4 0.4 0.4 v 
~h 2.4 2.4 2.4 2.4 2.4 v 

Read tRr 20 25 15 20 25 ns 

tAA 20 25 15 20 25 ns 

tACS 20 25 15 20 25 ns 

toH 5 5 4 5 5 ns 

ti.z 0 0 4 *4 *4 ns 

tHz 0 8 0 10 0 6 0 8 0 10 ns 

toE 0 10 0 10 0 7 0 10 0 10 ns 

loLZ 0 0 0 0 0 ns 

Write twc 20 25 15 20 25 ns 

L!c.w 15 20 10 15 20 ns 

tAW 15 20 10 15 20 ns 

tAs 0 0 0 0 0 ns 

tw~ 15 20 10 15 20 ns 

!wR 1.5 1.5 0 *o *o ns 

!ow 12 15 8 * 10 *12 ns 

tnH 0 0 0 0 0 ns 

.!wz 0 8 0 10 0 6 0 8 0 10 ns 

to Hz 0 8 0 10 0 6 0 8 0 10 ns 

.!Qw 0 0 0 0 0 ns 

* Modified specifications 
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HM6709A Series ---------------Preliminary 

65536-Word x 4-Bit High Speed Static RAM 

•FEATURES 

• 65536-words x 4 bit organization 
• Fully TTL compatible input and output 
• 1.0µm Hi-BiCMOS process 
• + 5V single supply 
• Completely static memory 

No clock or timing strobe required 
• Low power dissipation 

Operating: 450mW (typ.) 
• Super fast 

Access time: 15/20/25 ns (max.) 
OE access time: 7/10/10ns (max.) 

• ORDERING INFORMATION 

Type No. 

HM6709AP-15 
HM6709AP-20 
HM6709AP-25 

HM6709AJP-15 
HM6709AJP-20 
HM6709AJP-25 

• BLOCK DIAGRAM 

A20--~ 

A3 u-----1 

A4 0----i 

Access Time 

15ns 
20ns 
25ns 

15ns 
20ns 
25ns 

Package 

300 mil 28 pin 
Plastic DIP 
(DP-28N) 

300 mil 28 pin 
Plastic SOJ 
(CP-28DN) 

-oVcc 
-OVss 

A1 u------1 Row 
As o----t ~.J Decoder 

Memory Matrix 
256 x 1024 

As o----1 
As 0----1 

As o----1 

11010---~ 

l/02u---+-4 
l/030--~~ 

1/04 O--..t-+++-4 

Input 
Data 

Control 

@HITACHI 

(DP-28N) 

, 
(CP-28DN) 

• PIN ARRANGEMENT 

NC 1 28 Vee 
Ao 2 27 A1s 

A1 3 26 A14 

A2 4 25 A13 

A3 5 24 A12 

A4 6 23 A11 

As 7 22 A10 

As 8 21 NC 

A1 9 20 NC 

As 10 19 1101 
Ag 11 18 1102 

cs 12 17 1/03 

OE 13 16 1/04 

Vss 14 15 WE 

(Top View) 

• PIN DESCRIPTION 

Pin Name Function 

Ao-A15 Address Input 

l/Oi-1104 Data Input/Output 

WE Write Enable 

cs Chip Select 

OE Output Enable 

V_&& Ground 

Vee Power Supply 
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------------------------------ HM6709A Series 

• ABSOLUTE MAXIMUM RATINGS 

Item Symbol Rating Unit 

Terminal Voltage to V ss Pin VT -0.5 to +7.0 v 
Power Dissipation PT 1.0 w 
Operating Temperature Range Topr 0 to +70 oc 
Storage Temperature Range (with bias) Tstg(bias) -10 to +85 oc 
Storage Temperature Range Tstg -55 to + 125 oc 

• RECOMMENDED DC OPERATING CONDITIONS (0°C :s; Ta :s; 70°C) 

Item Symbol Min. Typ. Max. Unit 

Supply Voltage 
Vee 4.5 5.0 5.5 v 
Vss 0.0 0.0 0.0 v 

Input High Voltage V1H 2.2 - 6.0 v 
Input Low Voltage V1L* -3.0 - 0.8 v 

*Pulse width: 15ns, DC: -0.5V 

• FUNCTION TABLE 

cs OE WE Mode Vee Current 1/0 Pin Ref. Cycle 

H H orL H orL Not Selected Isa, Isa1 High z -

L H H Output Disabled Ice, Icc1 High Z -
L L H Read Ice, Icc1 Data Out Read Cycle (l) (2) (3) 

L H L Ice, Icc1 Data In Write Cycle (l) (2) (3) (4) 
Write 

L L L Ice, Icc1 Data In Write Cycle (5) (6) 

•DC AND OPERATING CHARACTERISTICS (Vcc=5.0V±10%, Ta=O to +70°C) 

Item Symbol Test Conditions 
HM6709A-15 HM6709A-20/25 

Unit 
Min. Typ. Max. Min. Typ. Max. 

Input Leakage Current IIul Vcc=5.5 V, VIN=O v to Vee - - 2 - - 2 µA 

Output Leakage Current IIwl 
CS=Vm or OE=Vrn, 
WE=V1L - - 10 - - 10 µA 

V110=0 v to Vee 

Operating Power Supply Current Ice CS=V1L• 1110=0 mA - - 100 - - 100 mA 

Average Operating Current Icc1 
min. cycle, Duty: 100% - - 140 - - 120 mA 
Ivo=O mA 

!£B CS=Vm, VIN=Vm or V1L - - 30 - - 30 mA 

Standby Power Supply Current IsBI CS~Vcc-0.2 v - - 10 - - 10 mA 

V__IN :S0.2 V or V__IN ~ V ec_-0.2V 

Output Low Voltage VoL 101 =8 mA - - 0.4 - - 0.4 v 
Output High Voltage VoH IoH=-.4 mA 2.4 - - 2.4 - - v 

•CAPACITANCE (Ta=25°C, f=lMHz) 

Item Symbol Max. Unit Test Condition 

Input Capacitance C1Nl) 6 pF VIN=OV 

Output Capacitance C11ol) 10 pF Y11o=O V 

NOTES: 1. This parameter is sampled and not 100% tested. 
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HM6709A Series-----------------------------

•AC CHARACTERISTICS (Vcc=5V±10%, Ta=O to +70°C, unless otherwise noted.) 

•Read Cycle 

Item Symbol 
HM6709A-15 HM6709A-20 HM6709A-25 

Min. Max. Min. Max. Min. Max. 

Read Cycle Time tRc 15 - 20 - 25 -
Address Access Time tAA - 15 - 20 - 25 

Chip Select Access Time tAcs - 15 - 20 - 25 

Chip Selection to Output in Low Z !Lz_l), 2) 4 - 4 - 4 -
Output Enable to Output Valid toE 0 7 0 10 0 10 

Output Enable to Output in Low Z toLzl), 2) 0 - 0 - 0 -
Chip Deselection to Output in High Z tHzl), 2) 0 6 0 8 0 10 

Output Hold from Address Change toH 4 - 5 - 5 -
NOTES: 1. This parameter is sampled and not 100% tested. 

2. Transition is measured ±200 mV from steady state voltage with specified loading in Load(B). 

• Write Cycle 

Item Symbol 
HM6709A-15 HM6709A-20 HM6709A-25 

Min. Max. Min. Max. Min. Max. 

Write Cycle Time tw_et) 15 - 20 - 25 -
Chip Selection to End of Write ~ 10 - 15 - 20 -

Address Valid to End of Write 1-Aw 10 - 15 - 20 -

Address Setup Time tAs 0 - 0 - 0 -
Write Pulse Width ~ 10 - 15 - 20 -

Write Recovery Time tw..R 0 - 0 - 0 -
Data Valid to End of Write tow 8 - 10 - 12 -

Data Hold Time toH 0 - 0 - 0 -
Write Enable to Output in High Z twz2), 3) 0 6 0 8 0 10 

Output Disable to Output in High Z toHzZ), 3) 0 6 0 8 0 10 

Output Active from End of Write tow2), 3) 0 - 0 - 0 -

NOTES: 1. All write cycle timings are referenced from the last valid address to the first transitioning address. 
2. This parameter is sampled and not 100% tested. 
3. Transition is measured ±200 mV from steady state voltage with specified loading in Load(B). 

• AC TEST CONDITIONS 

• Input pulse levels: V ss to 3.0 V 
• Input timing reference levels: 1.5 V 
• Output Load: See figure 

+SV 

Dou~4800 
2550 Lj30 pf. 

Output Load A 

*Including scope and jig capacitance. 

@HITACHI 

• Input rise and fall times: 4ns 
• Output reference levels: 2.5 V 

+SV 

Do~ 4800 

2550LjSpF' 

Output Load B 
(for tHZ• tLz• loHZ• loLZ• lwz & low) 
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ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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ns 
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------------------------------ HM6709A Series 

• TIMING WAVEFORM 

• Read Cycle (1) (1) 

Address 

cs 

Data Out 
High Impedance 

• Read Cycle (2) (1) (2) (3) 

Address 

toH 

Data Out Previous Data Valid 

• Read Cycle (3) (1) (3) (4) 

cs 

tLz 

Data Out High Impedance 

NOTES: 1. WE= Vrn 

2. CS= VIL· 

3. OE= VIL· 

tRc 

tRc 

4. Address valid prior to or coincident with CS transition low. 
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Data Valid 

tQH 

Data Valid 

lHz 

Data Valid 
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HM6709A Series---------------------------­

• Write Cycle (1) (OE = H, WE Controlled) 

Address 

cs 

WE 

Data In Data Valid 

High Impedance 
Data Out 

•Write Cycle (2) (OE = H, CS Controlled) 

twc 

Address 
tcw 

cs 

WE 

Data In 

High Impedance 
Data Out 
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---------------------------- HM6709A Series 

• Write Cycle (3) (OE = Clocked, WE Controlled) 

twc 

Address 

OE 
tcw 

cs 

twp(1l 
WE 

Data Out 
High Impedance 

tow toH 

Data In 
High Impedance 

• Write Cycle (4) (OE = Clocked, CS Controlled) 

twc 

Address 

OE 

cs 

WE 

Data In 
High Impedance 

Data Out 
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HM6709A Series----------------------------­

• Write Cycle (5) (OE = L, WE Controlled) 

Address 

cs 

twp (1) 

WE 

(2) 

Data Out 
High Impedance 

tow 

Data In 
High Impedance 

Data Valid 
(5) High Impedance 

• Write Cycle (6) (Qt = L, CS Controlled) 

Address 

cs 

twp (1) 

WE 

Data Out 
High Impedance 

tow 

Data In 
High Impedance 

Data Valid 

NOTES: l. A write occurs during the overlap (twp) of a low CS and a low WE. 

2. During this period, 1/0 pins are in the output state so that the input signals of opposite phase to the outputs must not 
be applied. 

3. Output data is the same phase of write data of this write cycle. 

4. If the CS is low transition occurs after the WE low transition, output remain in a high impedance state. 

5. If CS is low during this period, 110 pins are in the output state. Then, the data input signals of opposite phase to the 
outputs must not be applied to them. 

6. If CS low transition occurs simultaneously with the OE high transition or after the OE transition, output remain in 
high impedance state. 
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HM6709SH Series----------Preliminary 

65,536-words x 4-Bit High Speed Static Random Access Memory 

•FEATURES 

• 65,536-words x 4 bit organization 
• Directly TTL compatible input and output 
• 0.8 µm Hi-BiCMOS process 
• +5V single supply 
• Completely static memory 
• No clock or timing strobe 
• Low power dissipation (DC) operating: 400mW typ 
• Super fast access time: 10/12ns (max) 

• ORDERING INFORMATION 

Type No. Organ-
ization 

HM6709SH-10 
HM6709SH-12 64kx4 

with OE 

• PIN DESCRIPTION 

Pin Name 

Ao-A15 

I/OJ-l/04 

WE 

cs 
OE 

Vss 
NC 

• BLOCK DIAGRAM 

Access Time Package 

10 ns 300 mil 28 pin 
12 ns Plastic SOJ 

(CP-28DN) 

Function 

Address Input 

Data Input/Output 

Write Enable 

Chip Select 

Output Enable 

Ground 

Not Connect 

A 9 r>-----< 

As er----< 

A7 c r----< 

As n-----< 

As <>-----< 

A4 <>-----< 

A3 c r----< 

A2 <>-----< 

1/01 ( ,___.....__, 

1/02 (}----tH-+-1 

1/03<>----e-t-t-+-1 

1/04 ,,__........_._.._...., 

Row 
Decoder 

Input 
Data 

Control 

csn--+-------d"""""' 
WE U---t-----r-.--a..__, 
5E 

HM6709SH Series 

NC 

Ao 

A1 

A2 

A3 

A4 

As 

Aa 
A? 

As 
Ag 

cs 
OE 

Vss 

Memory Matrix 
256 x 1024 
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1 
2 
3 
4 
5 

6 
7 
8 
9 
10 
11 
12 
13 
14 

(CP-28DN) 

28 Vee 
27 A1s 
26 A14 
25 A13 
24 A12 
23 A11 
22 A10 
21 NC 

20 NC 

19 1/01 

18 1/02 

17 1/03 
16 1/04 
15 WE 

(Top View) 

-OVcc 
-o Vss 
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HM6709SH Series------------------------------

•TRUTH TABLE 

Input 
Output Mode Vee Current Ref. Cycle 

cs WE OE 

H x x HighZ Not Selected ISB, ISBI -
L H H HighZ Output Disable Icc,Icc1 -
L H L Data In Read Icc,1cc1 Read CEie (I), (2), (3) 

L L H Data In Write Icc.Icc1 Write Cycle (I}, (2), (3), (4) 

L L L Data In Write Icc.Icc1 Write Cycle (5), (6) 

•ABSOLUTE MAXIMUM RATING 

Item Symbol Rating Unit 

Supply Voltage I Vee -0.5 to +7.0 v 
Voltage on any pin relative to Vss Vt -0.5 to Vee +0.5 v 
Power Dissipation Pt 1.0 w 
Operating Temperature Range T~ 0 to +70 oc 

Storage Temperature Range (with bias) Ts_!g_ (bias) -10 to +85 oc 

Storage Temperature Range Ts~ -55 to +125 oc 

Note: I. With respect to Vss. 

• RECOMMENDED DC OPERATING CONDITIONS (0°C s Ta s 70°C) 

Item Symbol Min. Typ Max. Unit 

Vee 4.5 5.0 5.5 v 
Supply Voltage 

Vss 0.0 0.0 0.0 v 
Vm 2.2 - Vee+ o.5 v 

Input High Voltage 
VIL -3.0I - 0.8 v 

Note: 1. Pulse width 10 ns, DC: -0.5V 

•DC AND OPERATING CHARACTERISTICS (Vee= 5.0V ±IO%, Vss = OV, Ta= 0°C to +70°C) 

-10 -12 
Item Symbol Test Conditions Unit 

Min. Typ. Max. Min. Typ. Max. 

Input Leakage IILII Vee= 5.5V, VIN=OV to Vee - - 2 - - 2 µA 

Output Leakage IILOl CS = VJH or OE= VJH, WE = VIL 
- - 10 - - 10 µA 

Current VIo = ov to Vee 

Operating Power Ice 
Supply Current 

CS = VIL, lr/O = OmA - 60 100 - 60 JOO mA 

Average Operating ICC! 
Current 

15ns cycle, IJ/0 = OmA - 130 180 - 120 175 mA 

Standby Power Iss cs= Vm, VIN =VIH or VIL - - 40 - - 40 mA 

Supply Current 
cs~ Vee= o.2v ISBI 

VIN~ 0.2Vor VIN~ Vee= 0.2V 
- - 30 - - 30 mA 

Output Low Voltage VOL IQL=8mA - - 0.4 - - 0.4 v 

Output High Voltage VQH IOH = .4mA 2.4 - - 2.4 - - v 
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-------------------------------HM6709SH Series 

•AC CHARACTERISTICS (Vee= 5V ± 10%, TA= 0°C to +70°C, unless otherwise noted.) 

•Read Cycle 
-10 -12 

Item Symbol Unit 
Min. Max. Min. Max. 

Read Cycle Time tRC 10 - 12 - ns 

Address Access Time tAA - 10 - 12 ns 

Chip Select Access Time tACS - 10 - 12 ns 

Chip Selection to Output in Low Z tLzl, 2 3 - 4 - ns 

Output Enable to Output Valid tOE - 5 - 6 ns 

Output Enable to Output in Low Z tQLZ 1·2 0 - 0 - ns 

Chip Deselection to Output in High Z tttz1,2 0 5 0 5 ns 

Output Hold from Address Change tQH 3 - 4 - ns 

Notes: I. This parameter is sampled and not I 00% tested. 

2. Transition is measured± 200 mV from steady state voltage with specified loading in Load (B). 

• Write Cycle 
-10 -12 

Item Symbol Unit 
Min. Max. Min. Max. 

Write Cycle Time twc 1 II - 12 - ns 

Chip Selection to End of Write tCW 8 - 9 - ns 

Address Valid to End of Write tAW 10 - II - ns 

Address Setup Time tAS 0 - 0 - ns 

Write Pulse Width tWP 8 - 9 - ns 

Write Recovery Time tWR 0 - 0 - ns 

Data Valid to End of Write tow 6 - 6 - ns 

Data Hold Time tDH 0 - 0 - ns 

Write Enable to Output in High Z twz2,3 0 5 0 6 ns 

Output Disable to Output in High Z tOHZ2·3 0 6 0 6 ns 

Output Active from End of Write tow2,3 4 - 4 - ns 

Notes: I. All Write Cycle timings are referenced from the last valid address to the first transitioning address. 

2. This parameter is sampled and not l 00% tested. 

3. Transition is measured in± 200 mV from steady state voltage with specified loading in load (B). 
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HM6709SH Series--------------------------------

• Capacitance 

Item Symbol Max. Unit 

Input Capacitance Cin 1 6 pF 

Input/Output Capacitance cvo1 IO pF 

•AC CHARACTERISTICS (Vee= 5V ± 10%, Ta= to 70°C) 

Test Conditions 
• Input pulse levels: Vss to 3.0V • Input rise and fall times: 4ns 
• Input timing reference levels: 1.5V • Output reference levels: 1 .5V 
• Output Load: See figure 

Output Load (B) 

Test Condition 

VIN =OV 

VIJO=OV 

Output load (A) 
(for tHz, tLZ, toHz, toLZ, twz, & tow) 

+5V +5V 

4Bon 480il 

Outputo-----..... 

255il 30pF* 5pF* 

Note: • Including scope and jig capacitance 
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------------------------------ HM6709SH Series 

•READ CYCLE (1)1 

Address 

OE 

cs 

Data Out 
High Impedance 

Notes: I. WE= Vm 

•READ CYCLE (2)1,2,3 

Address 

Data Out 

-1------toH tAA·-1 ,-1--toH ix 
Previous Data valid J'.XXX>k------D-at_a_v_a_1_id ____ ......... %i-...-_ ..... 

Notes: I. WE= VIH 
2.CS=VIL 
3. OE=VJL 

•READ CYCLE (3)1,2,3 

--------{--~~~t~LZ~~t-A~C--l:_kZZ>k ____ tR-C--==========--------~{ ____ t)@_HZ Data Out i: - - _'----------'-=-_______, 

Data Valid 
High Impedance 

cs 

Notes: 1. WE= Vm 
2.0E=VJL 
3. Address valid prior to or coincident with CS transition low. 
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HM6709SH Series-----------------------------

•WRITE CYCLE (1)1 (OE= H, WE Controlled) 

Address 

cs 

WE 

Data In 

Data Out 
High Impedance 

Notes: I. A write occurs during the overlap of a low CS and a low WE (twp). 

•WRITE CYCLE (2)1 (OE= H, CS Controlled) 

twc 

Address 

tcw 

cs 

WE 

Data In 

High Impedance 
Data Out 

Notes: I. A write occurs during the overlap of a low CS and a low WE (twp). 
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-----------------------------HM6709SH Series 

•WRITE CYCLE (3)1,2 (OE= Clocked, WE Controlled) 

Address 

OE 

cs 

WE 

twc 

tcw 

[1] 
twp 

Data Out 
High Impedance 

tow 

Data In 
High Impedance 

Data Valid 

Notes: 1. A write occurs during the overlap of a low CS and a low WE (twp). 
2. During this period, I/0 pins are in the output state so that the input state of 

opposite phase to the outputs must not be applied. 

• WRITE TIMING WAVEFORM (4)1,2 (OE= Clocked CS Controlled) 

twc 

Address 

[2] 

tcw 

Data In 

Data Out 
High Impedance 

Notes: 1. A write occurs during the overlap of a low CS and a low WE (twp). 
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HM6709SH Series------------------------------

•WRITE CYCLE (5)1,2,3,4 (OE= L, WE Controlled) 

twc 

Address 

twp [1J 

WE 

[2] 

Data Out 
High Impedance ,_____ _ ____, --.,,..---... 

Data In 
High Impedance 

Notes: I. A write occurs during the overlap of a low CS and a low WE (twp). 
2. During this period, 1/0 pins are output state so that the input signals of 

opposite phase to the outputs must not be applied. 
3. Output data is the same phase of write data of this write cycle. 

tow 

4. If CS is low during this period, 1/0 pins are in the output state. Then, the data 
input signals of opposite phase to the outputs must not be applied to them. 

•WRITE CYCLE (6)1,2,3,4 (OE= L, CS Controlled) 

twc 

Address 

cs 

twp [1J 

WE 

Data Out 
High Impedance 

Data In 
High Impedance 

Data Valid 

Notes: I. A write occurs during the overlap of a low CS and a low WE (twp). 
2. If the CS low transition occurs after the WE low transition, output remain in a high impedance state. 
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HM6207H Series 
262144-Word x 1·Blt High Speed CMOS Static RAM 

The Hitachi HM6207H is a high speed 256k static RAM orga­
nized as 256k-word x 1 bit. It realizes high speed access time (25/ 
35 ns) and low power consumption, employing CMOS process 
technology and high speed circuit designing technology. It is most 
advantageous wherever high speed and high density memory is 
required. 

The HM6207H is packaged in the industry standard 300-mil, 24-
pin, plastic DIP. The HM6207H is also available in a 300-mil, 24-pin 
plastic SOJ package for high density mounting. The low power 
versions are ideal for battery backed systems. 

Features 
• Single 5 V supply and high density 24-pin package 
• High speed 

Access time: 25/35 ns (max.) 

• Low power 
Active: 
Standby: 

300 mW (typ.) 
100 µW (typ.) 
30 µW (typ.) (L-version) 

• Completely static memory requires 
No clock or timing strobe requires 

• Equal access and cycle time 
• All inputs and outputs TTL compatible 
• Capability of battery back up operation (L-version) 

Ordering Information 

Type No. Access Time 

HM6207HP-25 25 ns 
HM6207HP-35 35 ns 

HM6207HLP-25 25 ns 
HM6207HLP-35 35 ns 

HM6207HJP-25 25 ns 
HM6207HJP-35 35 ns 

HM6207HJLP-25 25 ns 
HM6207HJLP-35 35 ns 

Pin Description 

Pin Name Function 
-------------~--------

AO - A 17 Address 

Vss Ground 

Package 

300-mil 
24-pin 
plastic DIP 
(DP-24NC) 

300-mil 
24-pin 
plastic SOJ 
(CP-24D) 

~HITACHI 

<DP-24NCi 

1CP-24Di 

Pin Arrangement 
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HM6207H Series-------------------------------

Block Diagram 

Function Table 
TI WE 
H x 
L H 

L L 

AIS 

A!6 

A17 

AO 

Al 

A2 

A3 

A4 

Note: x means don't care. 

Mode 

Not selected 

Read 

Write 

Absolute Maximum Ratings 
Item 

Voltage on any pin relative to Vss 

Power dissipation 

Operating temperature range 

Storage temperature range 

Storage temperature range under bias 

Note: *1. Vin min= -2.5 V for pulse width:=> 10 ns. 

Memory Arr1y 
256 x 1,024 

Vee Current 

Ise, Ise1 

Ice 

Ice 

Symbol 

Vin 
PT 
Topr 

Tstg 

Tbias 

@HITACHI 

~Vee 

-v .. 

Dout 

1/0 Pin Ref. Cycle 

High-Z 

Dout Read cycle 

High-Z Write cycle 

Value Unit 

-OS 1 to +7.0 v 
1.0 w 

0 to +70 oc 
-55 to +125 oc 
-10 to +85 oc 
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------------------------------ HM6207H Series 

Recommended DC Operating Conditions (Ta = o to + 70°C) 
Item Symbol Min Typ Max Unit 

Supply voltage 
Vee 4.5 5.0 
Vss 0 0 

5.5 v 
0 v 

Input high (logic 1) voltage Vn1 2.2 6.0 v 
Input low (logic 0) voltage Vo.. -0.s·t 0.8 v 

Note: * l. Vu. min = -2.0 V for pulse width S I 0 ns. 

• DC Characteristics (Ta= o to +70°c. Vee= 5 v :1: 103. Vss = o V) 

Item Symbol Min. Typ:1 Max. Unit Test Conditions 

Input Leakage Current llul - - 2.0 µA Vee= Max. 
V;n = Vss to Vee 

Output Leakage Current llwl - - 10.0 µA CS= V1H 
V110 = Vss to Vee 

Operating Power Supply Current Ice - 60 JOO mA 
CS = VIL• 1110 = 0 mA, 
Min. Cycle. Duty = 1003 

Standby Power Supply Current lss - 15 30 mA 

l "H" Version 
cs = VIH· Min. Cycle 

Standby Power Supply Current lss - 20 40 mA 

Standby Power Supply Current (I) Issi - 20 2000 µA CS<!:: Vcc-0.2 v 

l L-Version 
0 V :S V;n :S 0.2 V or 

Standby Power Supply Current (I) Issi - 6 100 µA V;n <!:: Vee - 0.2V 

Output Low Voltage Ym. - - 0.4 v Im= 8 mA 

Output High Voltage VoH 2.4 - - v Iott= -4.0 mA 

Note: *I. Typical limits arc at Yee= 5.0 V. Ta= +25°C and specified loading. 

Capacitance (Ta= 25°C, f = t MHz)"1 

Item Symbol Min Max Unit Test Conditions 

Input capacitance Cin 6 pF 
Output capacitance Cout 10 pF 

Note: • t. This parameter is sampled and not I 00% tested. 

AC Characteristics (Ta= 0 to +70°C, Vee= 5 V ± 10%, unless otherwise noted.) 
Test Conditions 

Vin =0 V 
Vout=OV 

• Input pulse levels: Vss to 3.0 V 
• Input rise and fall times: 5 ns 

Input and output timing reference levels : 1.5 V 
Output load: See Figures 

Output Load (A) 

Note: • Including scope &. jig. 

@HITACHI 

Output Load (B) 

(for tHZ, tLZ, twz & tow) 
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HM6207H Series------------------------------

Read Cycle 

Item Symbol 
HM6207H-25 HM6207H-35 

Unit 
Min. Max. Min. Max. 

Read Cycle Time !ru:_ 25 - 35 - ns 

Address Access Time tAA - 25 - 35 ns 

Chip Select Access Time tACS - 25 - 35 ns 

Output Hold From Address Change _!frH 5 - 5 - ns 

Chip Selection to Output in Low-Z tLz*I 5 - 5 - ns 

Chip Deselection to Output in High-Z t *I HZ 0 12 0 20 ns 

Chip Selection to Power Up Time ~u 0 - 0 - ns 

Chip Selection to Power Down Time tpo - 15 - 25 ns 

Note: *l Transition is measured ±200 mV from steady state voltage with Load (B). This parameter is sampled and not 100% tested. 

Read Timing Waveform (1) •
1
••

2 ------------------·----------~ 

Addrus 

loH 

Dout Data Invalid Dat.1 Valid 

--·-------------------

Read Timing Waveform (2) ·1. •3 

-----------------------------·-------------, 

cs -------- - ------~e_________ -------J ,___ __ _ 

1---~-

Dout Data Invalid Data Valid 

Vee supply t
lm~·:~ce 

·- lpo 

''" ~/ 
- lee- - -- - - -- - - -A~5-0'-,,,---------------- 500-0 

Notes: *I. WE is high for read cycle. 
*2. Device is continuously selected, CS = Vn,. 
*3. Address valid prior to or coincident with CS transition low. 
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------------------------------ HM6207H Series 

• Write Cycle 

Item Symbol 
HM6207H-25 HM6207H-35 

Unit 
Min. Max. Min. Max. 

Write Cycle Time twc 25 - 35 - ns 

Chip Selection to End of Write tcw 20 - 30 - ns 

Address Valid to End of Write tAW 20 - 30 - ns 

Address Setup Time tAS 0 - 0 - ns 

Write Pulse Width l 20 
30 

twp - - ns 
"H" Version 25 

Write Recovery Time twR 3 - 3 - ns 

Data Valid to End of Write tnw 15 - 20 - ns 

Data Hold Time tnH 0 - 0 - ns 

Write Enabled to Output in High-Z twz* 1 0 8 0 10 ns 

Output Active From End of Write tow*' 0 - 0 - ns 

Note: *l Transition is measured ±200 mV from high impedance voltage with Load (B). This parameter is ampled and not 1003 tested. 

Write Timing Waveform (1) (WE Controlled) 

______________ lw_c _________ _ 

Address 

cs 

----~--
lwp 

-----~-------o-1----"-'/oe_::__H-.J 

Din Data Valid 

lwz 

Dout 
High Impedance 
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HM6207H Series------------------------------

Write Timing Waveform (2) (CS Controlled) 

--·-- -- ---- -·--------·--- ------------·----~£_------~------·-

Addr .. s 

- -- --- _!_~!_ __ -- -----

WE 

Data Valid 

Dout -< 
1.,~ 

Data llndtlintd >--------------------
. H11h I mpedanct 

Notes: •t. A write occurs during the overlap of a low CS and a low WE. 
•2. tWR is measured from the earlier of CS or WE going high to the end of write cycle. 
•3. If the CS low transition occurs simultaneously with the WE low transition or after the WE transition, the output buffers remain 

in a high impedance state. 
•4. Dout is the same phase of write data of this write cycle, if tWR is long enough. 

Low V cc Data Retention Characteristics (Ta = o to + 70°C) 
These characteristics are guaranteed only for L-version. 

Item Symbol Min Typ 

Vee for data retention VoR 2.0 
Data retention current 
Chip deselect to data retention time 
Operation recovery time 

Notes: • 1. Ille= read cycle time. 
•2. Vee= 3.0 V. 

JccoR 
tCDR 0 
lR tRc•1 

Low Vee Data Retention Timing Waveform 

Data retention mode 

CsocVcc-0.2V 

Cs------

Max Unit 
v 

50·2 µA 
ns 
ns 

Test Conditions 

CS~ Vee - 0.2 V, 
Vin~ Vee-0.2 Vor 
0 V $Vin$ 0.2 V 

w-----------------------------------------
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HM6707 Series 
262144-word x 1-bit High Speed Hi-BiCMOS Static RAM 

The HM6707 Series has been converted to the HM6707A Series. The new A Series is completely 
compatible with the non-A Series. 

Please refer to the specification comparison below to assist in your conversion. 

HM6707 HM6707A 

20 25 15 20 25 

min. max. min. max. min. max. min. max. min. max. Unit 

DC IL1 2 2 2 2 2 µA 
IL__o_ 10 10 10 10 10 µA 

Ice 100 100 100 100 100 mA 

Iccl 120 120 140 120 120 mA 

lsb 30 30 30 30 30 mA 

!fill 10 10 10 10 10 mA 

Vol 0.4 0.4 0.4 0.4 0.4 v 
Yoh 2.4 2.4 2.4 2.4 2.4 v 

Read tR_r: 20 25 15 20 25 ns 

tAA 20 25 15 20 25 ns 

tAcs 20 25 15 20 25 ns 

loH 5 5 4 5 5 ns 

tLZ 510 510 4 •5 •5 ns 

tHz 0 8 0 15/10 0 6 0 8 0 •10 ns 

Write twc 20 25 15 20 25 ns 

tcw 15 20 10 15 20 ns 

tAw 15 20 10 15 20 ns 

!As_ 0 0 0 0 0 ns 

twp 15 20 10 15 20 ns 

twR 1.5 3 0 *O *O ns 

tow 15/12 20/15 8 •10 •12 ns 

toH 0 0 0 0 0 ns 

twz 0 15/8 0 15/10 0 6 0 8 0 10 ns 

lo HZ 0 0 0 0 0 ns 

*Modified specifications 
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HM6707 A Series 
262144-Word x 1-Bit High Speed Static RAM 

•FEATURES 

• 262144-words x 1 bit organization 
• Fully TTL compatible input and output 
• 1.0µ Hi-BiCMOS process 
• + SV single supply 
• Completely static memory 

No clock or timing strobe required 
• Low power dissipation 

Operating: 450mW typ. 
• Super fast 

Access time: 15/20/25ns (max.) 

• ORDERING INFORMATION 

HM6707AP-15 15ns 
HM6707 AP-20 20ns 
HM6707 AP-25 25ns 

HM6707AJP-15 15ns 
HM6707 AJP-20 20ns 
HM6707 AJP-25 25ns 

• BLOCK DIAGRAM 

A2 

AJ 

A4 

A1 
Row Memory Matrix 

As 
Decoder 

Ag 

As 

As 

Din 

cs o--------0 
wtu------it-.-<J._.) 

• FUNCTION TABLE 

cs WE Mode 

H x Not Selected 

L H Read 

L L Write 

256x1024 

Output 

HighZ 

DQY.t 
HighZ 

300 mil 24 pin 
Plastic DIP 
(DP-24NC) 

300 mil 24 pin 
Plastic SOJ 
(CP-24D) 

--o Vee 
--0 Vss 

Vee Current 

!s_s, !s_s1 

Ic.J:: Icc1 

Ice. Icc1 

@HITACHI 

(DP-24NC) 

(CP-24D) 

• PIN ARRANGEMENT 

Ao 1 24 Vee 
A1 2 23 A17 

A2 3 22 A16 

A3 4 21 A15 

A4 5 20 A14 

As 6 19 A13 

Ae 7 18 A12 

A7 8 17 An 
As 9 16 A10 

Dout 10 15 Ag 

WE 11 14 Din 

Vss 12 13 cs 

(Top View) 

• PIN DESCRIPTION 

Pin Name Function 

Ao-A17 Address Input 

Din Data Input 

Dout Data Output 

WE Write Enable 

cs Chip Select 

V__s_s Ground 

Vee Power Supply 
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----------------------------- HM6707A Series 

• ABSOLUTE MAXIMUM RATINGS 

Item Symbol Rating Unit 

Terminal Voltage to V ss Pin VT -0.5 to +7.0 v 
Power Dissipation PT 1.0 w 
Operating Temperature Range T<m.r 0 to +70 oc 
Storage Temperature Range (with bias) Tstg(bias) -10 to +85 oc 
Storage Temperature Range Tstg -55to+125 oc 

• RECOMMENDED DC OPERATING CONDITIONS (Ta=O to + 70°C) 

Item Symbol Min. Typ. Max. Unit 

Vee 4.5 5.0 5.5 v 
Supply Voltage 

Vss 0.0 0.0 0.0 v 
Input High Voltage VIH 2.2 - Vee+ 0.5 v 
Input Low Voltage V1L -3.0* - 0.8 v 

NOTE: Pulse width 20ns, DC: -0.5 V 

•DC AND OPERATING CHARACTERISTICS (Vcc=5.0V±10%, Ta=O to 70°C) 

Item Symbol Test Conditions 
HM6707A-15 HM6707 A-20/25 

Unit 
Min. Typ. Max. Min. Typ. Max. 

Input Leakage Current IIul Vcc=5.5 V, ViN=O v to Vee - - 2 - - 2 µA 

Output Leakage Current IIr.ol CS=VIH, VouT=O v to Vee - - IO - - 10 µA 
Operating Power Supply Current Ice CS=V11. louT=O mA - - 100 - - 100 mA 

Average Operating Current Icc1 
min. cycle, Duty: 100%, - - 140 - - 120 mA 
Iou_r=OmA 

Isa CS=VIH, VIN=VIH or Vrr - - 30 - - 30 mA 
Standby Power Supply Current Is BI CS~Vcc-0.2 v 10 10 mA 

V_m_ s0.2 V or V.JN ~ V cc-0.2 V 
- - - -

Output Low Voltage V01 lot =8 mA - - 0.4 - - 0.4 v 
Output High Voltage VoH I IoH=-4 mA 2.4 - - 2.4 - - v 

•AC CHARACTERISTICS (Vcc=5V±10%, Ta=0°C to 70°C, unless otherwise noted.) 

•Read Cycle 

Item Symbol 
HM6707A-15 HM6707A-20 HM6707A-25 

Unit 
Min. Max. Min. Max. Min. Max. 

Read Cycle Time tRc 15 - 20 - 25 - ns 

Address Access Time tAA - 15 - 20 - 25 ns 

Chip Select Access Time tACS - 15 - 20 - 25 ns 

Output Hold from Address Change toH 4 - 5 - 5 - ns 

Chip Selection to Output in Low Z tLZO' 2) 4 - 5 - 5 - ns 

Chip Deselection to Output in High Z tHzl), 2) 0 6 0 8 0 10 ns 

NOTES: 1. This parameter is sampled and not 100% tested. 

2. Transition is measured ::1:200 mV from steady state voltage with specified loading in Load(B). 
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HM6707A Series------------------------------

• Write Cycle 

Item Symbol 
HM6707A-15 HM6707A-20 HM6707A-25 

Unit 
Min. Max. Min. Max. Min. Max. 

Write Cycle Time tw_ct) 15 - 20 - 25 - ns 

Chip Selection to End of Write tcw 10 - 15 - 20 - ns 

Address Valid to End of Write tAw 10 - 15 - 20 - ns 

Address Setup Time tA_B_ 0 - 0 - 0 - ns 

Write Pulse Width twp 12 - 15 - 20 - ns 

Write Recovery Time !wR 0 - 0 - 0 - ns 

Data Valid to End of Write !n_w 10 - 10 - 12 - ns 

Data Hold Time toH 0 - 0 - 0 - ns 

Write Enable to Output in High Z twz2), 3) 0 6 0 8 0 10 ns 

Output Active from End of Write tow2), 3) 0 - 0 - 0 - ns 

NOTES: 1. All write cycle timings are referenced from the last valid address to the first transitioning address. 

2. This parameter is sampled and not 100% tested. 

3. Transition is measured ±200 mV from steady state voltage with specified loading in Load(B). 

• CAPACITANCE (Ta=25°C, f= lMHz) 

Item Symbol Max. Unit Test Condition 

Input Capacitance CINI) 

Output Capacitance CouTO 
NOTES: 1. This parameter is sampled and not 100% tested. 

• AC TEST CONDITIONS 

•Input pulse levels: Vss to 3.0 V 
• Input timing reference levels: 1.5 V 
•Output Load: See figure 

Dout 

2550 

+5V 

4800 

Output Load A 

*Including scope and jig capacitance. 

6 pF V_lN=O V 

10 pF VoJ.LT=O V 

• Input rise and fall times: 4ns 
• Output reference levels: 1.5 V 

Dout 

2550 

+5V 

4800 

5 pF * 

Output Load B 
(for tHZ• tLZ• twz & low) 
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----------------------------- HM6707A Series 

• TIMING WAVEFORM 

• Read Cycle (1) (1) 

Address 

toH 

Data Out Previous Data Valid 

• Read Cycle (2) (2) 

cs 

tLz (3) 

Data Out 
High Impedance 

NOTES: 1. WE is high and CS is low for READ cycle. 

2. Addresses valid prior to or coincident with CS transition low. 

Data Valid 

Data Valid 

3. Transition is measured ±200mV from steady state voltage with specified loading in Load B. 
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tHz (3) 

High 
Impede nee 
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HM6707A Series-----------------------------

•Write Cycle (1) (WE Controlled) 

Address 

cs 

WE 

Data In 

Data Out Data Undefined 

NOTES: 1. Transition is measured : 200mV from steady state voltage with specified loading in Load B. 

2. IfCS goes high simultaneously with WE high, the output remains in a high impedance state. 

• Write Cycle (2) (CS Controlled) 

twc 

Address 

tcw 
cs 

twp 

WE 
tow 

Data In Data In Valid 

Data Out 

twz ~ 

Data Undefined )l»-----------------------------,__J High Impedance 

NOTES: I. Transition is measured :200mV from steady state voltage with specified loading in Load B. 
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HM62932 Series -----------------Preliminary 

32, 768-Word x 9-Bit High Speed CMOS Static Ram 

•FEATURES 

• High speed: fast access time 15/20 ns (max) 
• Low Power 

Standby: 15µW (typ.) (L-version) 
Operation: 350mW (typ.) 

• Single 5V supply ~ 
• Completely static memory 

No clock or timing strobe required 
• Equal access and cycle times 
• Common data input and output-Three 

state output 
• Directly TTL compatible-All inputs and outputs 

• ORDERING INFORMATION 

Type No. Access Package 

HM62932JP-15 15 ns 
HM62932JP-20 20ns 300 mil 32 pin 
HM62932LJP- l 5 15 ns Plastic SOJ 
HM62932LJP-20 20 ns (CP-32DN) 

(CP-32DN) 

• PIN ARRANGEMENT 

HM62932 Series 

NC 32 

NC 31 

As 30 

Ay 29 

~ 28 

As 27 

A4 26 

As 25 

A2 9 24 

A1 10 23 

Ao 11 22 

1/01 12 21 

1/02 13 20 

1/03 14 19 

1/04 15 18 

Vss 16 17 

(Top View) 

• PIN DESCRIPTION 

Pin Name 

Ao--A14 

l/01-I/09 

CS1 

CS2 

WE 

OE 

Vee 
Vss 

~HITACHI 

Vee 

A14 

CS2 

WE 

A13 

Ag 

A10 

A11 

5E 
A12 

CS1 

1/09 

I/Os 

1/07 

1/05 

1/05 

Function 

Address 

Data Input/Output 

Chip Select 1 

Chip Select 2 

Write Enable 

Output Enable 

Power Supply 

Ground 
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HM62932 Series------------------------------

•BLOCK DIAGRAM 

1/01 

1/09 

WE 

CS1 

CS2 

Row 
Address 
Buffers 

• FUNCTION TABLE 

CS1 CS2 OE 

H x x 
L L x 
L H H 

L H L 

L H H 

L H L 

Note: X: H or L 

Row 
Decoder 

1/0 
Buffer 

j 

WE 

x 
x 

1--1 

._____ 

Mode 

Standby 

Standby 

H Output Disable 

H Read 

L Write 

L Write 

J 

Memory Array 
32Kx 9 

Column 1/0 

Column Decoder 

Column Address Buffer 

I I T I T I 

Vee Current l/OPin 

ISB, ISBI High-Z 

Ice High-Z 

Ice High-Z 

Ice Dout 

Ice Din 

Ice Din 

~HITACHI 

-•---------Vee 

.... -c1----- Vss 

Ref. Cycle 

-

-

-

Read Cycle 1,2,3 

Write Cycle I 

Write Cycle 2 
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--------------------------------HM62932 Series 

•ABSOLUTE MAXIMUM RATINGS 

Item Symbol 

Supply Voltage I Vee 

Voltage on any pin relative to VssI VT 

Power Dissipation PT 

Operating Temperature Range Topr 

Storage Temperature Tstg 

Storage Temperature Under Bias Tbias 

Note: I. With respect to Vss 
2. V CC and VT min = -2.5V for pulse width 1 Ons 

• RECOMMENDED DC OPERATING CONDITIONS (Ta= 0 to+ 70°C) 

Item Symbol Min. 

Vee 4.5 
Supply Voltage 

Vss 0 

Input High (Logic I) Vobige VIH 2.2 

Input Low (Logic 0) Voltage VIL -0.51 

Note: I .VIL min= -2.0V for pulse width lOns. 

• DC CHARACTERISTICS (Ta =Oto + 70°C, V cc = 5V ± I 0%, V cc = OV) 

Item Symbol Min. Typl Max. 

Input Leakage Current I Iu I - - 2.0 

Output Leakage Current IILol - - 2.0 

Operating V CC Current Ice - 70 TBD 

Standby Vee Current ISB - 30 TBD 

ISBI - O.D2 2.0 
Standby Vee Current (I) (L-version) - 0.003 0.1 

Output Low Voltage VOL - - 0.4 

Output High Voltage VQH 2.4 - -

Note: I. Typical limits are at Vee= 5.0 V, Ta= 25°C and specified loading. 
2. CSJ Vcc-0.2V, ov Yin 0.2V or Vcc-0.2V Yin 

• CAPACITANCE (Ta= 25°C, f = 1.0 MHz) I 

Unit 

µA 

µA 

mA 

mA 

mA 

v 
v 

Value Unit 

-0.52 + 7.0 v 

-0.5 2 to Vee+ 0.5 v 

1.0 w 
0 to +70 oc 

-55to+125 oc 
-10 to +85 oc 

Typ Max. Unit 

5.0 5.5 v 

0 0 v 

- Vee+ 0.5 v 

- 0.8 v 

Test Conditions 

Vee =5.5V., Yin= Vss to Vee 

Output Disable 
V1;0 = Vss to Vee 

CSJ =VIL 
lout= 0 mA, min. cycle 

CS I = Vrn, min cycle 

*2 

IOL=8mA 

lOH=-4.0mA 

Item Symbol Min Typ. Max. Unit Test Conditions 

Input Capacitance Cin - - 6 pF Yin= OV 

Output Capacitance Cout - - 10 pF vvo=OV 

Note: I. This parameter is sampled and not 100% tested.5 
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HM62932Series ------------------------------

•AC CHARACTERISTICS (Ta= 0 to +70°C, Vee 5V ± 10%, unless otherwise noted.) 

Test Conditions 

• Input pulse levels: Vss to 3.0V 
• Input rise and fall times: 4ns 
• Input and Output timing reference levels: 1.SV 
• Output load: See figures 

+5V +5V 

480il 

Dout <>---+---t 

255il 30pF* 

4Bon 

5pF* 

Output Load (A) Output Load (8) 

(for tcHZ• tcLZ, twHz & tow) 
* Including scope & jig. 

•READCYCLE 

Item Symbol 
HM62932-15 HM62932-20 

Min Max Min Max 
Read Cycle Time tRC 15 - 20 -
Address Access Time tAA - 15 - 20 

Chip Select Access Time tCOI - 15 - 20 

tC02 - 7 - 10 

Chip Selection to Output in Low-Z tCLZI 1 3 - 3 -

tCLz21 0 - 0 -

Output Enable to Output Valid tOE - 7 - 10 
Output Enable to Output in Low-Z tOLZ 1 0 - 0 -

Chip deselection to Output in High-Z tCHZI. tCHzz*l 0 7 0 10 
Chip Disable to Output in High-Z tOHZ 1 0 7 0 10 
Output Hold from Address Change tOH 3 - 3 -

~HITACHI 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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-------------------------------HM62932 Series 

•READ TIMING WAVEFORM (1)1, 2 

Address Address Valid 

tcLZ1 

tcLZ2 

OE 

toE 

toLZ 

High Impedance 
Dout 

•READ TIMING WAVEFORM (2)*2,*3,*5 

Address Address Valid 

Dout Data Valid 

•READ TIMING WAVEFORM (3)*1, *2, *4, *5 

CS1 

tcHZ1 

CS2 

tcHZ2 

Dout High Impedance 
Data Valid 

Notes: I. Transition is measured± 200 mV from steady state voltage with Load (B). This parameter is sampled and not 100% tested. 
2. WE is high for read cycle. 
3. Device is continuously selected, CS I =VIL and CS2 = VJH. 
4. Address valid prior to or coincident with CS I transition low and CS2 transition high. 
5.0E=VrL. 

~HITACHI 
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• WRITE CYCLE 

Parameter Symbol 
HM62932-15 HM62932-20 

Unit 
Min Max Min Max 

Write Cycle Time twc 15 - 20 - ns 

Chip Selection to End of Write tcw IO - 12 - ns 

Address Valid to End of Write tAW 13 - 15 - ns 

Address Setup Time tAS 0 - 0 - ns 

Write Pulse Width twp 10 - 12 - ns 

Write Recove_ry_ Time tWR 0 - 0 - ns 

Output Disable to Output in High-Z tOHZ1 0 7 0 IO ns 

Write to Output in High-Z lWHZ1 0 7 0 IO ns 

Data to Write Time Over!~ tow 8 - IO - ns 

Data Hold From Write Time toH1 0 - 0 - ns 

Output Active from End of Write tow1 3 - 3 - ns 

•WRITE TIMING WAVEFORM (1) 

twc 

Address Address Valid 

tcw 

CS1 
*5 

CS2 
*5 

twp*2 

WE 

Dout 
High Impedance 

Din 

tow toH 

------<Dk Data ~Ii: lxxxxx 
~HITACHI 

234 Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 



--------------------------------HM62932 Series 

•WRITE TIMING WAVEFORM (2)*6 

twc 

Address Address Valid 

tcw 

CS1 

CS2 

twp*2 

WE 

Dout 

Din 

tow toH*9 

o:a~alid l~xxxxx High Impedance 

Notes: 1. Transition is measured± 200 m V from high impedance voltage with Load (B ). This parameter is sampled and not I 00% tested. 

2. A write occurs during the overlap (tWP) of a low CS J, a high CS2, and a low WE. 

3. tWR is measured from the earlier of CS I or WE going high or CS2 going low to the end of write cycle. 

4. During this period, l/0 pins are in the output state so that the input signals of the opposite phase to outputs must not be applied. 

5. If the CS I low or CS2 high transition occurs simultaneously with the WE low transitions or after the WE transition, output 
remain in a high impedance state. 

6. OE is continuously low, (OE= VIL) 

7. Dout is the same phase of write data of this write cycle. 

8. Dout is read data of next address. 

9. If CS I is low and CS2 high during this period, l/O pins are in the output state. Then the data input signals of opposite phase to 
the outputs must not be applied to them. 

I 0. WE or CS I must be high during all address transitions except when device is disable with CS I or CS2. 
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Hitachi America, Ltd. • Hitachi Plaza• 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 235 



HM62932 Series------------------------------

• LOW Vee DATA RETENTION CHARACTERISTICS (Ta = 0 to + 70°C) 

This characteristic is guaranteed only for L version. 

Item ~mbol Min T..YQ_ 

V CC for Data Retention VDR - -
Data Retention Current ICCDR - 2 

Chip Deselect to 
tCDR 0 Data Retention Time -

Operation Recovery Time tR 5 -
Note: I. Vee= 3.0V 

• LOW Vee DATA RETENTION TIMING WAVEFORM 

Vee 

2.2V 

VoR 

Data retention mode 

Max 
-

sot 

-

-

Unit Test Conditions 

v 
µA CSt Vcc-0.2V, 

ns Yin Vcc-0.2V or 
OV Yin 0.2V 

ms 

ov -------------~~~~~~~--------------------
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HM62D932 Series ---------------Preliminary 

32,768-Word x 9-Bit High Speed CMOS Static Ram with Address Latch 

•FEATURES 

• High speed: fast access time 15/20 ns (max.) 
• Low Power 

Standby: 15µW (typ.) (L-version) 
Operation: 350mW (typ.) 

• Single 5V supply 
• Address Latch 
• Common data input and output-Three 

state output 
• Directly TIL compatible-All inputs and outputs 

• ORDERING INFORMATION 

Type No. Access Package 

HM62D932JP-15 15 ns 
HM62D932JP-20 20 ns 300 mil 32 pin 
HM62D932LJP- I 5 15 ns Plastic SOJ 
HM62D932LJP-20 20 ns (CP-32DN) 

(CP-32DN) 

• PIN ARRANGEMENT 

HM62D932 Series 

ALE 

NC 

As 

A1 

(Top View) 

• PIN DESCRIPTION 

Pin Name 

Ao-A14 

A12 

CS1 

1/0g 

I/Os 

1/07 

1/06 

1/05 

Function 

Address 

ALE Address Latch Enable 

l/OJ-1/09 Data Input/Output 

CS1 Chip Select I 

CS2 Chip Select 2 

WE Write Enable 

OE Output Enable 

Vee Power Supply 

Vss Ground 

~HITACHI 
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HM62D932 Series------------------------------

• BLOCK DIAGRAM 

A14 

A13 
Row 

A12 Address 

As 
Buffers 
with 

A1 Address 
Latch 

As 

As 

A4 

A3 

1/01 

1/09 

WE 

OE 

ALE 

CS1 

CS2 

• FUNCTION TABLE 

CS1 CS2 OE 

H x x 
L L x 
L H H 

L H L 

L H H 

L H L 

Note: X: H or L 

Row 
Decoder 

110 
Buffer 

WE Mode 

x Standby 

x Standby 

H Output Disable 

H Read 

L Write 

L Write 

Memory Array 
32Kx 9 

Column 1/0 

Column Decoder 

Column Address Buffer 
with Address Latch 

Vee Current I/0 Pin 

ISB, ISBI High-Z 

Ice High-Z 

Ice High-Z 

Ice Dout 

Ice Din 

Ice Din 

~HITACHI 

• Vee 

• Vss 

Ref. Cycle 

-

-

-

Read Cycle 1,2,3 

Write Cycle I 

Write Cycle 2 
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------------------------------HM62D932 Series 

•ABSOLUTE MAXIMUM RATINGS 

Item Symbol 

Supply Voltage I Vee 

Voltage on Any Pin 
VT 

Relative to Vss I 

Power Dissipation PT 
Operating Temperature Range Topr 

Storage Temperature Tstg 

Storage Temperature Under Bias Tbias 

Notes: I. With respect to Vss 
2. V CC and VT min = -2.5V for pulse width I Ons 

• RECOMMENDED DC OPERATING CONDITIONS (Ta= 0 to+ 70°C) 

Item Symbol Min. 

Vee 4.5 
Supply Voltage 

Vss 0 

Input High (Logic 1) Voltage VIH 2.2 

Input Low (Logic 0) Voltage VIL -0.51 

Note: *I.VIL min =-2.0V for pulse width IOns. 

• DC CHARACTERISTICS (Ta= O to+ 70°C, V cc = 5V ± l 0%, V ss= OV) 

Item Symbol Min. Typl Max. 

Input Leakage Current I Iu I - - 2.0 

Output Leakage Current l1wl - - 2.0 

Operating V CC Current Ice - 70 TBD 

Standby V CC Current Iss - 30 TBD 

Standby V CC Current (I) lSBI - 0.02 2.0 
(L-version) - 0.003 0.1 

Output Low Voltage VOL - - 0.4 

Output High Voltage YOH 2.4 - -

Not I. Typical limits are at Vee= 5.0V, Ta= 25°C and specified loading. 
2. CS1 Vcc-0.2V, ov Yin 0.2V or Vcc-0.2V Yin. 

•CAPACITANCE (Ta= 25°C, f = 1.0 MHz) I 

Unit 

µA 

µA 

mA 

mA 

mA 

v 
v 

Value Unit 

-0.52 + 7.0 v 

-0.52 to Vee+ 0.5 v 

1.0 w 
0 to +70 oc 

-55 to +125 oc 
-10 to +85 oc 

Typ Max. Unit 

5.0 5.5 v 
0 0 v 

- Vee+ o.5 v 
- 0.8 v 

Test Conditions 

Vee= 5.5V, Yin= Vss to Vee 

Output Disable 
V1;0 = Vss to Vee 

CSt =VIL 
lout= OmA, min. cycle 

CS t = VIH, min. cycle 

2 

IQL= 8mA 

IOH=-4.0mA 

Item Symbol Min Typ. Max. Unit Test Conditions 

Input Capacitance Cin - - 6 pF Yin =OV 

Output Capacitance Cout - - 10 pF Vuo=OV 

Note: I. This parameter is sampled and not I 00% tested. 
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HM62D932 Series------------------------------

•AC CHARACTERISTICS (Ta= 0 to +70°C, Vee 5V ± 10%, unless otherwise noted.) 

Test Conditions 

• Input pulse levels: Vss to 3.0V 
• Input rise and fall times: 4ns 
• Input and Output timing reference levels: 1.SV 
• Output load: See figures 

Output Load (8) 
Output Load (A) 

(for tcHz, tcLZ, toHz. twHz. & tow) 

+5V +5V 

480Q 

Dout o-----.,__ _ __. Dout o--__, ____ ___. 

255Q 30pF* 2550 

Note: * Including scope & jig. 

•READ CYCLE 

480Q 

5pF* 

Item Symbol 
HM62D932- l 5 HM62D932-20 

Min Max Min Max 
Read Cycle Time tRC 15 - 20 -

Address Access Time tAA - 15 - 20 

Chip Select Access Time tC04 - 15 - 20 

tC02 - 7 - 10 

Chip Selection to Output in Low-Z tCLZl4 3 - 3 -

tCLzz4 0 - 0 -

Output Enable to Output Valid tOE - 7 - 10 
Output Enable to Output in Low-Z tOLZ4 0 - 0 -

Chip deselection to Output in High-Z tCHZ I, tCHZ24 0 7 0 10 
Chip Disable to Output in High-Z tOHZ4 0 7 0 10 
Output Hold from Address Change tOH 3 - 3 -

Address Latch Enable High Time tALH 5 - 6 -

Address Latch Enable Low time tALL 5 - 6 -

Address Setup to Latch Low tASL 3 - 4 -

Address Hold to Latch Low tAHL 3 - 4 -

•READ TIMING WAVEFORM (1)1, 2, 3 

RC 

-- tALH __,. tALL 

ALE 
y ~ ~ 

.. tASL tAHL - -- -~ 

Address ) K Address Valid ) K 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

tAA 

toH .. 
----->kxxxxxxxl--oa-ta-Val-id -Dout 
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• READ TIMING WAVEFORM (2)1, 2, 3 

ALE 

Dout 
IAA 1 

------->kzxxxxx>k====o=a=ta=v=a=lid==== 
•READ TIMING WAVEFORM (3)1, 2, 4, 

ALE 

Address Address Valid 

CS2 

Dout 
toLZ High Impedance 

tAA 

tcLZ1 

tco2 

tcLZ2 

Data Valid 
Notes: 1. Address inputs are latched on the falling edge of ALE. When ALE is high, the latch is transparent. 

2. WE is high for read cycle. 

3. CS I =VIL CS2 = VJH, and OE= VJL. 

4. Transition is measured± 200 mV from steady state voltage with Load (B). This parameter is sampled and not 100% tested. 

@HITACHI 
Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 241 



HM62D932 Series------------------------------

• WRITE CYCLE 

Parameter Symbol 
HM62D932-15 HM62D932-20 

Unit 
Min Max Min Max 

Write Cycle Time twc 15 - 20 - ns 

Chip Selection to End of Write tcw 10 - 12 - ns 

Address Valid to End of Write !AW 13 - 15 - ns 

Address Setup Time !AS 0 - 0 - ns 

Write Pulse Width !WP 10 - 12 - ns 

Write Recovery Time !WR 0 - 0 - ns 

Output Disable to Output in High-Z toHz4 0 7 0 IO ns 

Write to Output in High-Z IWHZ4 0 7 0 10 ns 

Data to Write Time Overlap IDW 8 - 10 - ns 

Data Hold From Write Time !DH 0 - 0 - ns 

Output Active from End of Write tow4 3 - 3 - ns 

Address Latch Enable High Time IALH 5 - 6 - ns 

Address Latch Enable Low Time !ALL 5 - 6 - ns 

Address Setup to Latch low !ASL 3 - 4 - ns 

Address Hold to Latch Low !AHL 3 - 4 - ns 

•WRITE TIMING WAVEFORM (1)1, 2, 3, 4 

ALE 

tcw 

CS1 

CS2 

OE 

WE 

Dout 
High Impedance 

Din ----------------..... 1~ ____ t_o_w ____ •_t_o_H_~-....... I__._..... ......................... <DK oa1a valid *XXXXX 
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-----------------------------HM62D932 Series 

•WRITE TIMING WAVEFORM (2)1, 2, 3, 4 

twc 

ALE 

Dout 
High Impedance 

tow 

Notes: I. Address inputs are latched on the falling edge of ALE. When ALE is high, the latch is transparent. 
2. Transition is measured± 200 mV from high impedance voltage with Load (B). This parameter is sampled not 100% tested. 
3. a write occurs during the overlap (twp) of a low CS J, a high CS2, and a low WE. 
4. If the CS I low and CS2 high transition occurs simultaneously with WE low transitions or after 

the WE transition, output remain in a high impedance state. 
5. During this period, 1/0 pins are in the output state so that the input signals of the opposite phase 

to the outputs must not be applied. 
6. If CS I is low and CS2 is high during this period, 1/0 pins are in the output state. Then the data input 

signals of opposite phase to the outputs must not be applied to them. 

@HITACHI 
Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 243 



HM62D932 Series------------------------------

• LOW Vee DATA RETENTION CHARACTERISTICS (Ta= 0 to + 70°C ) 

This characteristic is guaranteed only for L-version. 

Item 

V cc for Data Retention 

Data Retention Current 

Chip Deselect to 
Data Retention Time 

Operation Recovery Time 

Note: I. Vee= 3.0V. 

Vee 

2.2V 

VoR 

~mbol 

VDR 

ICCDR 

tCDR 

tR 

Min fu_ Max 

20 - -
- 2 so*1 

0 - -

5 - -

Data retention mode 

Unit Test Condition 

v 
µA CSt Vcc-0.2V, 

Yin Vee --0.2V or 
ns 

OV Yin 0.2V 
ms 

CS1 ov -------------~~~~~~~--------------------
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HM628128/HM6281281 Series 
131,072-Word x 8-Bit High Speed Hi-CMOS Static RAM 

• DESCRIPTION 

The Hitachi HM628128 is a CMOS static RAM organized 128k-word 
x 8-bit. It realizes higher density, higher performance and low power 
consumption by employing 0.8 µm Hi-CMOS process technology. The 
HM6281281 is available in industrial temperature range (-40 to 
+85°C). 

It offers low power standby power dissipation; therefore, it is suitable 
tor battery back-up systems. The device, packaged in a 8 x 20 mm 
TSOP with a thickness of 1.2 mm, 525 mil SOP (460-mil body SOP) or 
a 600-mil plastic DIP, is available for high density mounting. 

•FEATURES 

• High Speed: Fast access time ......... 70/85/100/120ns (max.) 
•Low Power 

Standby: ....................... 10 µW (typ.) (L-version) 
Operation: .............................. 75 mW (typ.) 

• Single 5V supply 
• Completely static memory 

No clock or timing strobe required 
• Equal access and cycle times 
• Common data input and output: Three state output 
• Directly TTL compatible: All inputs and outputs 
• Capability of battery back up operation (L & SL) 

2 chip selection for battery back up. 

Pin Description 
Pin Nrune Function 
AO-A16 Address 

1/00-1/07 Input/output 
est Chip select 1 
CS2 Chip select 2 
WE Write enable 
OE Output enable 
NC No connection 
Vee Power supply 
Vss Ground 

@HITACHI 

HM628128P Series 

(DP-32) 

HM628128FP Series 

• 
(FP-32D) 

(TFP-32DA) 
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HM628128/HM6281281 Series-------------------------

• PIN ARRANGEMENT 

(DP-32 & FP-320) 

NC 32 Vee 
Al& 31 .AIS 

A14 30 C52 

A12 29 wr. 
A7 28 All 

A& 27 AB 

AS 26 A9 

A4 ZS All 

AJ Z4 ot 
AZ 10 ZJ AID 
Al 11 22 C'Si 
AO 12 21 1/07 

1/00 13 zo 1/06 

1/01 u 19 I/OS 

I/OZ IS 18 1/04 

Vu 16 17 1/03 

(Top View) 

(TFP-32DA) 

A,, 

Ag 

As 
A,3 

/WE 

CS2 

A,s 

Vee 0 NC 

A15 
A,4 

A,2 

A7 

~ 
As 
A4 0 

(Top View) 

(TFP-32DAR) 

A4 

As 

~ 
A7 

A,2 

A,4 

A,s 
NC 

0 Vee 
A,s 

CS2 
/WE 

A,3 

As 
Ag 

A,, 0 
(Top View) 
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------------------------ HM628128/HM6281281 Series 

Block Diagram 

Al 3 o--;--;~~--1 
AlS 
A16 
A14~ 

A12 
A7 
A6 
AS 
A4 

Row 

Decoder 
Memory Matrix 

512X2,048 

1/00 

CS2 0------1 

Cs1 0-----1 
Timing Pulse Gen. 

Read/Write Control 

WE o----"'"L-----..-------~ 

OE o-----------' 

~HITACHI 
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HM628128/HM6281281 Series-------------------------

• ORDERING INFORMATION 

Part No. Access Packa_g_e Part No. Access Packl!£e 

HM628128P-7 70ns HM628128LP-7SL 70ns 
HM628128P-8 85ns HM628128LP-8SL 85ns 600mil 
HM628128P-10 lOOns 600mil HM628128LP-10SL lOOns 32 pin 
HM628128P-12 120ns 32 pin HM628128LP-12SL 120ns Plastic 
HM628128LP-7 70ns Plastic 

DIP 
HM628128LP-8 85ns DIP 

(DP-32) 
HM628128LP-10 lOOns (DP-32) 
HM628128LP-12 120ns 

HM628128FP-7 70ns HM628l28LFP-7SL 70ns 
HM628128FP-8 85ns HM628128LFP-8SL 85ns 525 mil 
HM628128FP-10 lOOns 525 mil HM628128LFP-10SL lOOns 32 pin 
HM628128FP-12 120ns 32 pin HM628128LFP-12SL 120ns Plastic 
HM628128LFP-7 70ns Plastic 

SOP 
HM628128LFP-8 85ns SOP (FP-320) 
HM628128LFP-10 lOOns (FP-320) 
HM628128LFP-12 120ns 

• TSOP SERIES • INDUSTRIAL TEMPERATURE SERIES 

Type No. Access Time Package Type No. Access Time Package 

HM628128T-7 70 ns HM628128Pl-8 85 ns 

HM628128T-8 85 ns HM628128PI-10 100 ns 600-mil 
HM628128T-10 100 ns HM628128PI-12 120 ns 32-Pin 
HM628128T-12 120 ns HM628128LPl-8 85 ns Plastic DIP 

HM628128LT-7 70 ns 8mmX20mm HM628128LPI-10 100 ns (DP-32) 

HM628128LT-8 85 ns 32-Pin TSOP HM628128LPI- l2 120 ns 

HM628128LT-10 100 ns (Normal Type) 
HM628128FPl-8 85 ns 

HM628128LT-12 120 ns (TFP-32DA) 
HM628128FPl- IO 100 ns 525-mil 

HM628128LT-7L 70 ns HM628128FPl-12 120 ns 32-Pin 
HM628128LT-8L 85 ns HM628128LFPI-8 85 ns Plastic SOP 
HM628128LT-10L 100 ns HM628128LFPI-10 100 ns (FP-32) 
HM628128LT-12L 120 ns HM628128LFPI-12 120 ns 
HM628128R-7 70 ns 
HM628128R-8 85 ns 
HM628128R-10 100 ns 
HM628128R-12 120 ns 

8mmX20mm 
HM628128LR-7 70 ns 32-Pin TSOP 
HM628128LR-8 85 ns 

(Reverse 
HM628128LR-10 100 ns Type) 
HM628128LR-12 120 ns (TFP-32DAR) 
HM628128LR-7L 70 ns 
HM628128LR-8L 85 ns 
HM628128LR-10L 100 ns 
HM628128LR-12L 120 ns 

Function Table 

WE CSl CS2 OE Mode Vee Current DoutPin Ref. Cycle 

x H x x 
Not selected 

Ise, Ise1 High-Z 

x x L x Ise, Ise1 High-Z 

H L H H Output disable Ice High-Z 

H L H L Read Ice Dout Read cycle 

L L H H Write Ice Din Write cycle (1) 

L L H L Ice Din Write cycle (2) 
Note: x:HorL 
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------------------------- HM628128/HM6281281 Series 

Absolute Maximum Ratings 

Item Symbol Value Unit 

Voltage on any pin relative to V ss VT -0.5* I to + 7.0 v 
Power dissipation PT 1.0 w 
Operating temperature (HM628128 Series) To pr 0 to +70 oc 
Operating temperature (HM628128I Series) Topr -40 to +85 oc 
Storage temperature Tstg -55 to + 125 oc 
Storage temperature under bias (HM628128 Series) Tbias -10 to +85 oc 
Storage temperature under bias (HM628128I Series) Tbias -40 to +85 oc 
Note: *l. -3.0 V for pulse half-width ::5 30 ns 

Recommended DC Operating Conditions 
(Ta=O to +70°C, for HM628128 Series, Ta=-40° to +85°C for HM628128I Series) 

Parameter Symbol Min Typ Max Unit Note 

Supply voltage 
Vee 4.5 5.0 5.5 v 
Vss 0 0 0 v 

Input high (logic 1) voltage VIH 2.2 6.0 v 
Input low (logic 0) voltage Vn.. -0.3•1 0.8 v 

Note: • t. -3.0 V for pulse half-width $ 30 ns 

DC Characteristics (Ta=O to +70°C, for HM628128 Series, Ta=-40° to +85°C for HM6281281 Series, 
Vee=5 v ± 10%, Vss=O V) 

Parameter Symbol Min. Typ.*1 Max. Unit Test Conditions 

Input leakage current l~I - - 2 µA Vin=V_ss.. to VJ:.e 

Output leakage current IIwl - -
CSl =Vrn or CS2=V1L• 

2 µA OE=Vrn or WE=V1L• 
Vw=Vss to Vee 

Operating power supply 35 CSl =VIL• CS2=Vm, 

current: DC Ice - 15 
(45) 

mA others= V rn!V IL 
I11o=O mA (HM628128I Series) 

70 Min. cycle, duty= 100%, CSl =VIL• CS2=Vm, 
Iec1 - 45 

(80) 
mA others = V m/V IL 

1110=0 mA (HM6281281 Series) 
Operating Power supply Cycle time = lµs, 
current duty = 100%, I11o=O mA 30 

Icc2 - 15 
(40) 

mA CSl :50.2V, CS2~ Vee -0.2V 
Vrn~Vcc-0.2V, V1L:50.2V 
(HM6281281 Series) 

Standby V cc current: DC IsB - 1 3 mA CSl =VJH., CS2=VJH. or CS2=VJL. 

- 0.02 2 mA Vin~ 0 V 
Standby Vee 

IsBJ - 2*2 100*2 CSl ~Vee -0.2V, CS2~ Vee -0.2V or current (1): DC 
2*3 50*3 

µA O V:::;; CS2:::;; 0.2 V -

Output low voltage Vot - - 0.4 0 lot =2.1 mA 

Output high voltage VoH 2.4 - - v IoH= -1.0 mA 

Note: 1. Typical values are at Vcc=5.0V, Ta= +25°C and specified loading. 
2. This characteristics is guaranteed only for L-version. 
3. This characteristics is guaranteed only for SL-version. 
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HM628128/HM6281281 Series------------------------

Capacitance ( Ta = 25°C, f = 1.0 MHz ) 
Item Symbol Min TYP Max Unit Test Conditions 

Input 'Capacitance Cin 8 pF Vin =0 V 
Input/output capacitance C11<> 10 pF 

Note: This parameter is sampled and not l 00% tested. 

AC Characteristics (Ta=O to +70°C, for HM628128 Series, Ta=-40 to +85°C for HM6281281 Series, 
Vcc=5 V ± 10%, unless otherwise noted) 

Test Conditions 
• Input pulse levels: 0.8 V to 2.4 V for HM628128 Series • Input and output timing reference levels: 1.5V 

0.5 V to 2.5 V for HM6281281 Series • Output load: 1 TTL Gate and CL (100pF) 
• Input rise and fall times: 5 ns (Including scope & jig) 

Read Cycle 
HM6281281-8 HM6281281-10 HM6281281-12 

Item Symbol 
HM628128-7 HM628128-8 HM628128-10 HM628128-12 

Unit Note 
Min Max Min Max Min Max Min Max 

Read cycle time tRc 70 85 100 120 ns 
Address access time tAA 70 85 100 120 ns 
Chip selection (CS 1) tcot 70 85 100 120 ns 

to output valid 

Chip selection (CS2) tco2 70 85 100 120 ns 
to output valid 

Output enable (OE) tot> 35 45 50 60 ns 
to output valid 

Chip selection (CSl) lLZ! 10 10 10 10 ns •1. •2. 

to output in low-Z 

Chip selection (CS2) lLZ2 10 10 10 10 ns •1. •2. 

to output in low-Z 
Output enable (OE) tOLZ 5 5 5 5 ns •1. •2. 

to output in low-Z 
Chip deselection (CS 1) bat 0 25 0 30 0 35 0 45 ns •1 .. 2, 

to output in high-Z 
Chip deselection (CS2) blZ2 0 25 0 30 0 35 0 45 ns •t, •2, 

to output in high-Z 
Output disable (OE) lOHZ 0 25 0 30 0 35 0 45 ns •1,•2, 

to output in high-Z 
Output hold from tOH 10 10 10 10 ns 

address change 
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------------------------ HM628128/HM6281281 Series 

Read Cycle Timing 

Address 

tco1 

CS2 

toLZ 

Dout 

Notes: • t. lHz and toKZ are defined as the time at which the outputs achieve the open circuit conditions and are not referenced to output 
voltage levels. 

•2. At any given temperature and voltage condition, t11z max is less than tu min both for a given device and from device to device. 

*3. WE is high for read cycle. 

Write Cycle 

HM6281281-8 HM6281281-10 HM628128I-12 

Parameter Symbol 
HM628128-7 HM628128-8 HM628128-10 HM628128-12 
Min Max Min Max Min Max Min Max 

Unit Note 

Write cycle time twc 70 85 100 120 ns 

Chip selection to tcw 60 75 80 85 ns 
end of write 

Address setup time tAs 0 0 0 0 ns 
Address valid to lAW 60 75 80 85 ns 

end of write 
Write pulse width twp 50 55 60 70 ns 
Write recovery time lWR 5 5 (10) 5 (10) 10 (15) ns *12 

10 10 (15) 10 (15) 15 (15) ns *11 *12 
Write to output lWHZ 0 25 0 30 0 35 0 40 ns *10 

inhigh-Z 
Data to write time tow 30 35 40 45 ns 

overlap 

Write hold from lDH 0 0 0 0 ns 
write time 

Output active from tow 5 5 5 5 ns *10 
end of write 
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HM628128/HM6281281 Series-----------------------

wrne Timing Waveform (1) (OE Clock) 

twc 

Address 

CS2 

Dout 

Din 
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------------------------- HM628128/HM6281281 Series 

Write Timing Waveform (2) (OE Low Fix) 

Address 

CS2 

Dout 

Din 

Notes: * l. A write occurs during the overlap of a low CS 1, a high CS2 and a low WE. A write begins at the latest transition among CS 1 
going low, CS2 going high and WE going low. A write ends at the earliest transition among CSI going high, CS2 going low 
and WE going high. tWP is measured from the beginning of write to the end of write. 

*2. tcw is measured from the later of CS! going low or CS2 going high to the end of write. 
*3. tAS is measured from the address valid to the beginning of write. 
*4. tWR is measured from the earliest of CS 1 or WE going high or CS2 going low to the end of write cycle. 
*5. During this period, 1/0 pins are in the output state; therefore, the input signals of the opposite phase to the outputs must not 

be applied. 

*6. H CSl goes low simultaneously with WE going low or after WE going low, the outputs remain in high impedance state. 
*1. Dout is the same phase of the latest written data in this write cycle. 
*8. Dout is the read data of next address. 
*9. H CSl is low and CS2 is high during this period, 1/0 pins are in the output state. Therefore, the input signals of the opposite 

phase to the outputs must not be applied to them. 
•to. This parameter is sampled and not 100% tested. 
* 11. This value is measured from CS2 going low to the end of write cycle. 
* 12. Parenthesis denote specification for HM6281281 Series only. 
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HM628128/HM6281281 Series------------------------

Low Vee Data Retention Characteristics (Ta=O to +70°C) for HM628128 Series, 
Ta=-40 to +85°C for HM6281281 Series. 
(This characteristics is guaranteed only for L & SL version.) 

Parameter Symbol Min. Typ. Max. Unit Test Conditions *2 

CSl ;;::: Vee -0.2 V, 
Vee for data 

VnR 2.0 - - v CS2 ;;::: Vee -0.2 v 
retention or 0 V s CS2 s 0.2 V 

Vin;;::: 0 V 

50*13 Vee=3.0 V, Vin;;::: OV 
Data retention CSl ;;::: Vee -0.2 V, 
current IeeoR 15*14 µA 

CS2 ;;::: Vee -0.2 V or 
0 V s CS2 s 2.0V 

Chip deselect to 
tenR 0 - - ns 

data retention time See Retention 

Operation recovery 5*15 
Waveform 

tR - - ms 
time 

Low Vee Data Retention Timing Waveform (1) (CST Controlled) 

-"""'tc=oR ____ Data Retention Mode------t.;.:_R -

CS1 ;;;;vcc-0.ZV 

~ -----------------------------
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------------------------- HM628128/HM6281281 Series 

Low Vee Data Retention Timing Waveform (2) (CS2 Controlled) 

Vee 

4.SV 

CS2 

0.4V 

ov 

Data Retention Mode 

cs2;;;;0.2v 

Note: 13. *l: for L-version and 20 uA max. at Ta=O to 40°C 
*2: for SL-version and 3uA max. at Ta=O to 40°C. 

14. CS2 controls address buffer, WE buffer, CSl buffer and OE buffer and Din buffer. If CS2 controls data ---
retention mode, Vin levels (address, WE, OE, CS 1, 1/0) can be in the high impedance state. If CS 1 controls 
data retention mode, CS2 must be CS2 ~ V cc -0.2V or OV :5 CS2 :5 0.2V. The other input levels (address, 
WE OE, 110) can be in the high impedance state. 

15. V cc rise time must be more than 50ms when V cc rise time is less than 50ms, tR must be 50ms or more. 
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HM66204 Series 
131072-word x 8-bit High Density CMOS Static RAM Module 

The HM66204 module was designed for pinout and signal compatibility with the HM628128 128K 
x 8 Monolithic Device. 

This device is now obsolete and no longer in manufacture. 

New designs should be based on the HM628128 Monolithic Device. 
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HM624256A Series---------Preliminary 
262, 144-Word x 4-Bit High Speed CMOS Static RAM 

• DESCRIPTION 
The Hitachi HM624256A is a high speed 1 M 

Static RAM organized as 256-kword x 4-bit. It real­
izes high speed access time (20/25/35 ns) and low 
power consumption, employing CMOS process 
technology and high speed circuit designing tech­
nology. It is most advantageous for the field where 
high speed and high density memory is required, 
such as the cache memory for main frame or 32-bit 
MPU. 

The HM624256A, packaged in a 400 mil plastic 
SOJ is available for high density mounting. 

•FEATURES 

• Single 5V supply and high density 28-pin package 
(DIP and SOJ) 

• High speed 

(DP-28C) 

(CP-28D) 

Access time: 20/25/35 ns (maximum) 
• Low power dissipation • PIN ARRANGEMENT (DIP and SOJ) 

Active mode 350 mW (typical) 
Standby mode 100 µW (typical) 

• Completely static memory 
No clock or timing strobe required 

• Equal access and cycle time 
• Directly TTL compatible 

All inputs and outputs 

• ORDERING INFORMATION 

Type No. Access Time 

HM624256AP-20 20 ns 
HM624256AP-25 25 ns 
HM624256AP-35 35 ns 
HM624256ALP-20 20 ns 
HM624256ALP-25 25 ns 
HM624256ALP-35 35 ns 
HM624256AJP-20 20 ns 
HM624256AJP-25 25 ns 
HM624256AJP-35 35 ns 
HM624256ALJP-20 20 ns 
HM624256ALJP-25 25 ns 
HM624256ALJP-35 35 ns 

• PIN DESCRIPTION 

Pin Name 

Ao-A17 

l/Oo-1/04 

cs 
OE 

WE 

Vee 

Vss 

Package 

400-mil 
28-Pin 
Plastic DIP 
(DP-28C) 

400-mil 
28-Pin 
PlasticSOJ 
(CP-280) 

Function 

Address 

Input/Output 

Chip Select 

Output Enable 

Write Enable 

Power Supply 

Ground 

~HITACHI 

Ao 1 
A1 2 
A2 3 
A3 4 
A4 5 
As 6 
A5 7 
A7 8 
As 9 
Ag 10 
A10 11 
cs 12 
OE 13 
Vss ~-1_4 _____ ~ 

(Top View) 

Vee 
A17 
Arn 
A15 
A14 
A13 
A12 
A11 
NC 
1/01 
1/02 
1/03 
1/04 
WE 
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HM624256A Series --------------------------

•BLOCK DIAGRAM 

Ao 
A1 
A2 
A3 
A4 
As 
As 
A7 
Aa 

1/01 

1/02 

1/03 

1/04 

cs 

WE u------:o:1 

OE u-----

~Vee 

Row Memory Matrix ~Vss Decoder 512 x 2048 

Input 
Column 1/0 

data 
control 
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-------------------------------HM624256A Series 

• FUNCTION TABLE 

cs OE 
---

Mode Vee Current 1/0 Pin Ref. Cycle WE 

H x x Not Selected Iss. ISBJ High-Z -

L L H Read Ice Dout Read Cycle (1-3) 

L H L Write Ice Din Write Cycle ( 1) 

L L L Write Ice Din Write Cycle (2) 

Note: X: H or L 

• ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol Value Unit 

Voltage on any pin relative to Vss Yin --0.5* 1 to +7.0 v 
Power Dissipation PT 1.0 w 
Operating Temperature Range Topr 0 to +70 oc 
Storage Temperature Range Ts!&_ -55 to +125 oc 
Storage Temperature Range Under Bias Tbias -10 to +85 oc 
Note: I. Yin min= -2.0 V for pulse width::; 10 ns. 
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HM624256A Series 

• RECOMMENDED DC OPERATION CONDITIONS (Ta= Oto+ 70°C) 

Parameter Symbol Min. Typ Max. Unit 

Vee 4.5 5.0 5.5 v 
Supply Voltage 

Vss 0 0 0 v 
Input High (Logic 1) Voltage VIH 2.2 - 6.0 v 
Input Low (Logic 0) Voltage VIL -0.5*1 - 0.8 v 
Note: 1. VIL min= -2.0 V for pulse width ~ 10 ns. 

•DC CHARACTERISTICS (Ta= Oto +70°C, Vee= 5V ± 10%, Vss = OV) 

HM624256A-20 HM624256A-25/35 
Parameter Symbol Unit Test Conditions 

Min. Typ*I Max. Min Typ*l Max 

Input Leakage Current I Iu I - - 2.0 - - 2.0 µA 
Vee= Max 

Yin= Vss to Vee 

Output Leakage Current IIwl - - 2.0 - - 2.0 µA CS= Vm 
Vl/o = Vss to Vee 

Operating Power 
Ice - - 150 - - 120 mA CS= VIL. 11/0 = 0 mA, 

Supply Current Min Cycle 

Standby Power 
ISB - - 60 - - 40 mA CS= VJH, Min Cycle 

Supply Current 

Standby Power Supply lsB1*2 - 0.02 2.0 - 0.2 2.0 mA CS~ Vcc-0.2V, OV ~Yin 
Current (1) ISB1*3 - - 100 - - 100 µA ~ 0.2V or Yin~ Vcc-0.2V 

Output Low Voltage VQL - - 0.4 - - 0.4 v IoL=8 mA 

Output High Voltage Yott 2.4 - - 2.4 - - v Iott=-4 mA 

Notes: I. Typical limits are at Vee= 5.0V, Ta= +25°C and specified loading. 
2. P and JP version. 
3. LP and LJP version. 
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------------------------------HM624256A Series 

• CAPACITANCE (Ta= 25°C, f= 1 MHz.) 

Parameter Symbol Min Max Unit 

Input Capacitance Cin - 5 pF 

Input/Output Capacitance cuo - 10 pF 

Note: I. This parameter is sampled and not I 00% tested. 

•AC CHARACTERISTICS (Ta= 0 to +70°C, Vee= 5V ± 10%, unless otherwise noted.) 

Test Conditions 
• Input pulse levels: OV to 3.0V 
• Input rise and fall times: 4 ns 
• Input timing reference levels: 1.5V 
• Output timing reference levels: 1.5V 
• Output load: See figures 

+5V 

480!1 

Dout 0----..--.... 

255!1 30pF* 

Output Load (A) 
*Including scope & jig. 

+5V 

480!1 

Dout 0----...--..... 

255!1 5pF* 

Output Load (B) 

(for tcHz, tcLZ• twHz & tow) 

@HITACHI 

Test Conditions 

Yin= OV 

Vuo=OV 
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HM624256A Series ----------------------------

•READ CYCLE 

HM624256A-20 HM624256A-25 HM624256A-35 
Parameter Symbol Unit 

Min Max Min Max Min Max 
Read Cycle Time tRC 20 - 25 - 35 - ns 

Address Access Time tAA - 20 - 25 - 35 ns 

Ch.!£_ Select Access Time tACS - 20 - 25 - 35 ns 

Chip Selection to Ou!E_ut in Low-Z tcLz* 1 5 - 5 - 5 - ns 

Ou_!E_ut Enable to Ou_!E_ut Valid tQE - 10 - 12 - 15 ns 

Ou.!P_ut Enable to Ou_!E_ut in Low-Z toLl'I 0 - 0 - 0 - ns 

Chi£. Deselection to Output in Hitlh-Z tcHz*l 0 10 0 12 0 15 ns 

Ch.!£. Disable to Output in High-Z toHz* 1 0 10 0 10 0 10 ns 

Output Hold from Address Cha~e tQH 5 - 5 - 5 - ns 

Chij)_ Deselection to Power Up Time tpu 0 - 0 - 0 - ns 

Ch.!£_ Deselection to Power Down Time tpo - 12 - 15 - 25 ns 

•READ TIMING WAVEFORM (1) *1, *2 

Address 

OE 

cs 
IACS 

lcLZ 

Dout 
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-----------------------------HM624256A Series 

• READ TIMING WAVEFORM (2) *2, *3, *5 

Address 

Dout 

• READ TIMING WAVEFORM (3) *1, *2, *4, *5 

cs 
ICHZ 

lcLZ 

Dout Data Valid 

Vee supply·· 
current Ice 

lss 

tpu t 

........ ~}s--o·;.-.-----------=L 

Notes: I. Transition is measured ±200 mV from steady state voltage with Load (B). This parameter is sampled and not 100% tested. 
2. WE is high for read cycle. 
3. Device is continuously selected, CS= VIL· 
4. Address valid prior to or coincident with CS transition low. 
5. OE=VJL. 

@HITACHI 
Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 263 



HM624256A Series 

• WRITE CYCLE 

Symbol 
HM624256A-20 HM624256A-25 HM624256A-35 

Unit Parameter 
Min Max Min Max Min Max 

Write Cycle Time twc 20 - 25 - 35 - ns 

Chip Selection to End of Write tcw 14 - 17 - 25 - ns 

Address Valid to End of Write tAW 16 - 20 - 30 - ns 

Address Setup Time tAS 0 - 0 - 0 - ns 

Write Pulse Width twp 14 - 17 - 25 - ns 

Write Recovery Time tWR 0 - 0 - 0 - ns 

Output Disable to Output in High-Z* I tOHZ 0 IO 0 10 0 10 ns 

Write to Output in High-Z* I tWHZ 0 13 0 15 0 20 ns 

Data to Write Time Overlap tow 12 - 15 - 20 - ns 

Data Hold from Write Time toH 0 - 0 - 0 - ns 

Output Active from End of Write*! tow 0 - 0 - 0 - ns 

•WRITE TIMING WAVEFORM (1) 

Address 

OE 

lcw 

cs 

WE 

Daul tow 

Din 
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------------------------------HM624256A Series 

•WRITE TIMING WAVEFORM (2)*6 

Address 

tcw 

WE 
'4 tow 

Dout 
tow toH·g 

Din 

Notes: I. Transition is measured ±200 mV from high impedance voltage with Load (B). This parameter is sampled and not 100% tested. 
2. A write occurs during the overlap (twp) of a low CS and a low WE. 
3. twR is measured from the earlier of CS or WE going high to the end of write cycle. 
4. During this period, 1/0 pins are in the output state so that the input signals of opposite phase to the outputs must not be applied. 
5. If the CS low transition occurs simultaneously with the WE low transition or after the WE transition, output remain in a high 

impedance state. 
6. OE is a continuously low (OE= V1L). 
7. Dout is the same phase of write data of this write cycle. 
8. Dout is the read data of next address. 
9. If CS is low during the period, 1/0 pins are in the output state. Then the data input signals of opposite phase to the outputs must 

not be applied to them. 
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HM624256A Series 

• LOW Vee DATA RETENTION CHARACTERISTICS (Ta= Oto+ 70 °C) 

This characteristic is guaranteed only for L-version. 

Parameter Symbol Min Typ Max 

VCC for Data Retention VoR 2.0 - -

Data Retention Current IccoR - 2 100*! 

Chip Deselect to Data Retention Time tcoR 0 - -

Operation Recovery Time tR 5 - -

Note: I. Vcc=3.0V 

• LOW Vee DATA RETENTION TIMING WAVEFORM 

Vee 

4.5V 

2.2V 

VoR 

Data retention mode 

CS~Vee - 0.2V 

Unit Test Conditions 

v 
µA cs~ VCC-0.2V, 

Vin ~ VCC -0.2V or 
ns OV s; Vin s; 0.2V 
ms 

cs ---------------------------------------------ov 
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HM624257 Series 

262144-WORD x 4-BIT HIGH SPEED CMOS STATIC RAM 

The Hitachi HM624257 is a high speed 1 M static RAM 
organized as 256-kword x 4-bit. It realizes high speed access 
time (35/45 ns) and low power consumption, employing the 
advanced CMOS process technology and high speed circuit 
designing technology. It is most advantageous for the field where 
high speed and high density memory is required, such as the 
cache memory for main frame or 32-bit MPU. 

The HM624257, packaged in a 400-mil plastic SOJ is available 
for high density mounting. 

•FEATURES 

• Single 5 V supply and high density 32-pin package (SOJ) 

• High speed: Access time 35/45 ns (max.) 

• Low power dissipation 
Active mode: 350 mW (typ.) 
Standby: 100 µW (typ.) 

• Completely static memory: 
No clock or timing strobe required 

• Equal access and cycle time 

• Directly TTL compatible: All inputs and outputs 

• ORDERING INFORMATION 

Type No. Access Time Package 

HM624257JP-35 35 ns 400mil 
HM624257JP-45 45 ns 32-pin 

HM624257UP-35 35 ns Plastic SOJ 

HM624257UP-45 45 ns (CP-32D) 

• PIN DESCRIPTION 

Pin Name Function 

Ao-A11 Address 

l1-l4 Data Input 

11-04 Data Output 

cs Chip Select 

WE Write Enable 

Vee Power Supply 

Vss Ground 

$HITACHI 

(CP-320) 

PIN ARRANGEMENT 
Top View 

NC 32 Vee 
Ao 2 31 A17 

A1 3 30 A16 

A2 4 29 A1s 

A3 5 28 A14 

A4 6 27 A13 

As 26 A12 

As 8 25 A11 

A7 9 24 NC 

As 10 23 '1 

Ag 11 22 12 

A1o 12 21 01 

14 13 20 02 

13 14 19 03 

cs 15 18 04 

Vss 16 17 WE 
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HM624257 Series------------------------·------

• BLOCK DIAGRAM 

AO 

Al 

A2 -Vee 

AJ -vss 

A4 How 
Memory Arrray 

Decoder 256X 1,024 
AS 

A6 

A7 

AS 

II 01 

Input 

Data 

Control 

14 04 

A9 AlO All Al2 Al3 Al4 Al5 Al6 Al7 
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---------------------------- HM624257 Serles 

• ABSOLUTE MAXIMUM RATINGS 

Item Symbol Value Unit 

Voltage on any Pin Relative to V ss Vin -0.5*1 to +7.0 v 

Power Dissipation PT J.0 w 

Operating Temperature Range Topr 0 to +70 oc 
Storage Temperature Range Tstg -55to+125 oc 
Storage Temperature Range Under Bias Tbias -10 to +85 oc 

NOTE: *I. V,. min. = -2.0 V for pulse width s JO ns. 

• FUNCTION TABLE 

cs WE Mode Vee Current Dout Pin Ref. Cycle 

H x Not Selected Ise• Ise1 High-Z -
L H Read Ice D°'u Read CycfeC1H2> 

L L Write Ice High-Z Write Cycte<IH2> 

NOTE: X : H or L 
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HM624257 Series-----------------------------

• RECOMMENDED DC OPERATING CONDITIONS (T8 = 0 to + 70°C) 

Item Symbol Min. Typ. Max. Unit 

Vee 4.5 5.0 5.5 v 
Supply Voltage 

Vss 0 0 0 v 
Input High (Logic 1) Voltage V1H 2.2 - 6.0 v 
Input Low (Logic 0) Voltage V1L -0.5•1 - 0.8 v 

NOTE: •1. V1L min. = -2.0 V for pulse width :S Kl ns. 

• DC CHARACTERISTICS (Ta= 0 to +70°C, Vee= 5 V :::t: 10%, Vss = 0 V) 

Item Symbol Min. Typ."I Max. Unit Test Conditions 

Input Leakage Current llul - - 2.0 µ.A Vee= max. 
Vin= Vss to Vee 

Output Leakage Current IIwl - - 10.0 µ.A CS= V1H 
V110 = Vss to Vee 

Operating Power Supply Current Ice - 70 120 mA CS = VIL• 1110 = 0 mA, 
min. cycle 

Standby Power Supply Current lse - 30 60 mA ·cs = VIH, min. cycle 

Standby Power Supply Current ( 1) lse1 - O.Q2 2.0 mA cs 2: v cc - 0.2 v 
0 V :S Vin :S 0.2 V or 
Vin 2: V cc - 0.2V 

Output Low Voltage VoL - - 0.4 v loL=SmA 

Output High Voltage VoH 2.4 - - v loH = -4.0mA 

NOTE: I. Typical limits are at Vee= S.O V, T, = +2S°C and specified loading. 

• CAPACITANCE (Ta = 25°C, f = lMHz) 

Item Symbol Min. Max. Unit Test Conditions 

Input Capacitance Cin - 6 pF Vin= OV 

Output Capacitance Cout - 11 pF VOUI = 0 v 
NOTE: I. This parameter is sampled and not 100% tested. 
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----------------------------- HM624257 Series 

•AC CHARACTERISTICS (Ta= 0 to +70°C, Vee= 5 V ::1: 10%, unless otherwise noted.) 

Test Conditions 

• Input pulse levels: V55 to 3.0 V 
• Input rise and fall times: 5 ns 

Output Load (A) 

SV 
0 

'> 4800 

Dout on------_,. 

25512 t :::;: 30pf• 

NOTE: •Including scope & jig. 

•Read Cycle 

Item 

Read Cycle Time 

Address Access Time 

Chip Select Access Time 

Output Hold From Address Change 

Chip Selection to Output in Low-Z 

Chip Deselection to Output in High-Z 

Chip Selection to Power Up Time 

Chip Deselection to Power Down Time 

Symbol 

tRc 

IAA 

IACS 

toH 

t *I LZ 

t *I HZ 

tpu 

tpo 

NOTE: I. Transilion is measured ± 200 mV from steady voltage with L<lad (8). 

This parameter is sampled and not 100% tested. 

J 

• Input and output timing reference levels: 1.5 V 
• Output load: See Figures 

Output Load (B) 

(for lcHZ• tcLZ• twHZ & tow) 
sv 
Q 

~ 4800 
< 

Doul ().n.--------."'" 

HM624257-35 

Min. Max. 

35 -
- 35 

- 35 

5 -

5 -

0 20 

0 -

-

> 
255Q ! 

HM624257-45 

Min. Max. 

45 -

- 45 

- 45 

5 -

5 -

0 20 

0 -

- 30 

$HITACHI 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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HM624257 Series------------------------------

Read Timing Waveform (1) ·1, ·2 

Address 

Dout 

Read Timing Waveform (2) ·1, •3 

cs 

Dout 

lu 

High Impedance 

Vee supply 
fpu 

'•c 

loH 

Data Valid 

'•c 

Data Valid 

High Impedance 

- - - - - - - - - - - - - -- -+,----------------------
Ice 50% 

current 
1,. 

NOTES: • 1. WE is high for read cycle. 

•2. Device is continuously selected, Cs = VJL. 

•3. Address valid prior to or coincident with Cs transition low. 

• Write Cycle 

HM624257-35 HM624257-45 
Item Symbol 

Min. Max. Min. Max. 

Write Cycle Time twc 35 - 45 -

Chip Selection to End of Write tcw 30 - 40 -

Address Valid to End of Write tAw 30 - 40 -
Address Setup Time tAs 0 - 0 -

Write Pulse Width twp 30 - 35 -

Write Recovery Time twR 3 - 3 -

Data Valid to End of Write tow 20 - -

Data Hold Time toH 3 - 3 -

Write Enabled to Output in High-Z twz·1 0 15 0 20 

Output Active From End of Write tow•) 5 - 5 -

NOTE: I. Transition is measured ± 200 mV from steady state voltage with Load (B). 

This parameter is sampled and not 1003 tested. 

~HITACHI 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

272 Hitachi America, Ltd.• Hitachi Plaza• 2000 Sierra Point Pkwy.• Brisbane, CA 94005-1819 • (415) 589-8300 



---------------------------- HM624257 Series 

Write Timing Waveform (1) (WE Controlled) 

lwc 

Addrc•• 

,,.. .. 

cs 

WE 

low Inn 

Din Data in Valid 

Dou I 
HiRh Impedance 

Write Timing Waveform (2) (CS Controlled) 

lwc 

Addre•s 

lcw 

law 

l>in 

Dout HiRh lmpodance'' 

NOTES: *I. A write occurs during the overlap of a low CS and a low WE. 

•2. twR is measured from the earlier of CS or WE going high to the end of write cycle. 

*3. If the CS low transition occurs simultaneously with the WE low transitions or after the WE transition, output buffers remain in a high impedance state. 

•4. Dour is the same phase of write data of this write cycle. 
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HM624257 Series-----------'---------------------

• Low Vee Data Retention Characteristics (T3 = o to +70°C) 

Item Symbol Min. Typ. Max. Unit Test Conditions 

V cc for Data Retention VoR 2 - - v 
Data Retention Current lccoR - 2 100•1 µ.A cs Cl:: v cc - 0.2 v, 

Chip Deselect to Data Retention Time 0 
Vin Cl:: Vcc-0.2Vor 

le OR - - ns 0 V :S Vin :S 0.2 V 
Operation Recovery Time tR 5 - - ms 

NOTE: •1. Vee = 3.0 v. 

Low Vee Data Retention Timing Waveform 
D1i. Retention Mode 

cs-----' 
~---------------------------------------------

~HITACHI 
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HM6211 OOA Series---------Preliminary 
1,048,576-Word x 1-Bit High Speed CMOS Static Ram 

• DESCRIPTION 
The HM6211 OOA is a high speed 1 M Static RAM 

organized as 1,048,576-word x 1-bit. It realizes high 
speed access time (20/25/35 ns) and low power 
consumption, employing CMOS process technology 
and high speed circuit designing technology. It is 
most advantageous for the field where high speed 
and high density memory is required, such as the 
cache memory for main frame or 32-bit MPU. 

The HM6211 OOA, packaged in a 400 mil plastic 
SOJ is available for high density mounting . 

. •FEATURES 

• Single 5V supply and 
high density 28-pin package (DIP and SOJ) 

• High speed 
Access time 20 ns/25 ns/35 ns (maximum) 

• Low power dissipation 
Active mode 350 mW (typical) 
Standby mode 1 OOµW (typical) 

• Completely static memory 
No clock or timing strobe required 

• Equal access and cycle time 
• Directly TIL compatible 

All inputs and outputs 

• ORDERING INFORMATION 

Type No. Access Time 

HM621 IOOAP-20 20ns 
HM62 I IOOAP-25 25 ns 
HM62 I IOOAP-35 35 ns 
HM621 IOOALP-20 20 ns 
HM621 IOOALP-25 25 ns 
HM62 I IOOALP-35 35 ns 
HM621 IOOAJP-20 20 ns 
HM621 IOOAJP-25 25 ns 
HM621 IOOAJP-35 35 ns 
HM621 IOOALJP-20 20 ns 
HM621 IOOALJP-25 25 ns 
HM621 IOOALJP-35 35 ns 

Package 

400-mil 
28-pin 

plastic DIP 
(DP-28C) 

400-mil 
28-pin 

plastic SOJ 
(CP-28D) 

(DP-28C) 

(CP-280) 

• PIN ARRANGEMENT 

HM62 I I OOA Series (DIP and SOJ) 

DouT 

WE 
Vss , ____ ___. 

(Top View) 

• PIN DESCRIPTION 

Pin Name 

Ao-A19 

DIN 

Dour 

cs 
WE 

Vee 

Vss 

~HITACHI 

Function 

Address 

Input 

Output 

Chip Select 

Write Enable 

Power Supply 

Ground 

Hitachi America, Ltd.• Hitachi Plaza• 2000 Sierra Point Pkwy.• Brisbane, CA 94005-1819 • (415) 589-8300 275 



HM621100A Series ----------------------------

• BLOCK DIAGRAM 

Ao 
A1 
A2 
A3 n-----1 

A4 o------t 
As 
As 
A7 u------1 

As 

Din 

.QS. 
WE 

• FUNCTION TABLE 

cs WE 

H x 
L H 

L L 

Note: I. X: Hor L 

• ABSOLUTE MAXIMUM RATINGS 

Parameter 

Row 
Decoder 

Mode 

Not Selected 

Read 

Write 

Memory Matrix 
256 x 1024 

Column 110 

Column Decoder 

Vee Current Output Pin 

Iss, ISBI High-Z 

Ice Dout 

Ice High-Z 

Symbol Value 

--OVcc 

--OVss 

Dout 

Ref. Cycle 

-

Read Cycle 

Write Cycle 

Unit 

Voltage on any pin relative to Vss Yin -0.5* 1 to +7.0 v 
Powe~· Dissipation PT 1.0 w 
Operating Temperature Range Topr 0 to +70 oc 
Storage Temperature Range Tstg -55 to +125 oc 
Storage Temperature Range Under Bias Tbias -!Oto +85 oc 
Note: I. Yin min= -2.0 V for pulse width S lO ns. 

• RECOMMENDED DC OPERATING CONDITIONS (Ta= o to+ 70°C) 

Parameter Symbol Min. Typ Max. Unit 

Vee 4.5 5.0 5.5 v 
Supply Voltage 

Vss 0 0 0 v 
Input High (Logic 1) Voltage VIH 2.2 - 6.0 v 
Input Low (Logic 0) Voltage VIL -0.5*1 - 0.8 v 
Note: 1. VIL min= -2.0V for pulse width S lO ns. 

-HITACHI 
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------------------------------HM621100A Series 

•DC CHARACTERISTICS (Ta= Oto +70°C, Vee= 5V ± 10%, Vss = OV) 

HM621 IOOA-20 HM621 IOOA-25/35 
Parameter Symbol Unit Test Conditions 

Min. Typl Max. Min. Typ.I Max. 

Input Leakage Current I Iu I - - 2.0 - - 2.0 µA Vee= Max., Vin= Vss to Vee 

Output Leakage Current IILol - - 2.0 - - 2.0 µA CS=VJH 
vvo = Vss to Vee 

Operating Power Ice - - 150 - - 120 mA CS =VIL IJ/0 = 0 mA, 
Supply Current Min. Cycle 

Standby Power Iss12 - 0.02 2.0 - 0.02 2.0 mA cs= Vec-o.2v 
OV:;:; Yin :;:; 0.2V or Supply Current (I) Iss13 - - JOO - - 100 µA 

Yin;::: Vee-0.2V 

Output Low Voltage VOL - - 0.4 - - 0.4 v IOL=8mA 

Output High Voltage YOH 2.4 - - 2.4 - - v IOH=-4mA 

Notes: I. Typical limits are at Vee= 5.0V, Ta= +25°C and specified loading. 
2. P and JP version 
3. LP and LJP version 

• CAPACITANCE (Ta = 25°C, f= I MHz) 

Parameter Symbol Min Max Unit Test Conditions 

Input Capacitance Cin - 6 pF Yin= OV 

Output Capacitance Cout - 10 pF Yout =OV 

Note: I. This parameter is sampled and not I 00% tested. 

•AC CHARACTERISTICS (Ta= 0 to +70°C, Vee= 5V ± 10%, unless otherwise noted.) 

Test Conditions 
• Input pulse levels: 
• Input rise and fall times: 
• Input timing reference levels: 
• Output timing reference levels: 
• Output load: 

+SV 

480f.! 

30pF* 

Output Load (A) 

* Including scope & jig. 

0.6 Vto 2.4 V 
4 ns 
2.2 V and 0.8 V 
2.0 V and 0.8 V 
See Figures 

~HITACHI 

+SV 

480Q 

Dout o--__.,__ _ __. 

255Q SpF* 

Output Load (8) 
(for tcHz. tcLZ. twHz & tow) 
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HM621100ASeries ----------------------------

•READCYCLE 

HM621100A HM621100A HM621100A 
Parameter Symbol -20 -25 -35 Unit 

Min Max Min Max Min Max 
Read Cycle Time tRC 20 - 25 - 35 - ns 
Address Access Time tAA - 20 - 25 - 35 ns 
Ch!E_ Select Access Time tACS - 20 - 25 - 35 ns 
Chip Selection to Ou~ut in Low-Z tLzl 5 - 5 - 5 - ns 
Ch!E_ Deselection to Output in High-Z tHzT 0 10 0 12 0 15 ns 
Ou~ut Hold from Address Cha'!&_e tOH 5 - 5 - 5 - ns 
Chip Selection to Power U_p Time tPU 0 - 0 - 0 - ns 
Chip Deselection to Power Down Time tPD - 12 - 15 - 25 ns 

• READ TIMING WAVEFORM (1) 2, 3 

Address 

~ 1Rc 

-'l~-toH tAA -,-% loH ·1_ 
--------.)k XXX i __ oa_ta_va_lid __ )k Dout 

• READ TIMING WAVEFORM (2) 2, 4 

tLZ 

Dout Data Valid 

Vee supply 

current 

Hi~h lmpedence 

• uu 1 ~·············· ~},-o.-v.---------------~ High lmpedence 

Isa 

Notes: 1. Transition is measured ±200 m V from high impedance voltage with Load (B ). This parameter is sampled and not 100% tested. 
2. WE is high for read cycle. 
3. Device is continuously selected, CS = VIL 
4. Address valid prior to or coincident with CS transition low. 

$HITACHI 
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------------------------------HM621100A Series 

•WRITE CYCLE 

HM621 IOOA HM621 IOOA HM62IIOOA 
Parameter Symbol -20 -25 -35 Unit 

Min Max Min Max Min Max 
Write Cycle Time twc 20 - 25 - 35 - ns 
Chip Selection to End of Write tCW 14 - 17 - 25 - ns 
Address Valid to End of Write tAW 16 - 20 - 30 - ns 
Address Setup Time tAS 0 - 0 - 0 - ns 
Write Pulse Width twp 14 - 17 - 25 - ns 
Write Recovery Time tWR 0 - 0 - 0 - ns 
Write to Output in High-Z twzl 0 12 0 15 0 20 ns 
Data to Write Time Overlap tDW 12 - 15 - 20 - ns 
Data Hold from Write Time tDH 0 - 0 - 0 - ns 
Output Active from End of Write tow 1 0 - 0 - 0 - ns 

•WRITE TIMING WAVEFORM (1) (WE Controlled) 

Addresses 

cs 

WE 

Din 

Dout 
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HM621100A Series-----------------------------

• WRITE TIMING WAVEFORM (2) (CS Controlled) 

twc 

Addresses 

cs tcw 

WE 

Din 

. r low ·~~ 
-xxxxxxxxx------~-------~-xx..........,~ oata 1n va1i~ fX-x-xxx-------x-

Dout 
High Impedance *4 

Notes: 1. Transition is measured ±200 m V from high impedance voltage with Load (B ). This parameter is sampled and not I 00% tested. 
2. A write occurs during the overlap·of a low CS and a low WE. · 
3. tWR is measured from the earlier of CS or WE going high to the end of write cycle. 
4. If the CS low transition occurs simultaneously with the WE low transition or after the WE transition, the output buffers remain in 

a high impedance state. 
5. Dout is the same phase of write data of this write cycle, if tWR is long enough. 

• LOW Vee DATA RETENTION CHARACTERISTICS (Ta= 0 to + 70°C) 

This characteristic is guaranteed only for L-version. 

Item S_y_mbol Min T_}'fl 

V CC for Data Retention VoR 2.0 -

Data Retention Current IccoR - 2 
Chip Deselect to 
Data Retention Time tCDR 0 -

Operation Recovery Time tR 5 -

Note: Vee= 3.0 V . 

• LOW Vee DATA RETENTION TIMING WAVEFORM 

Vee 

2.2V 

VoR 

Data retention mode 

Max 

-

1001 

-

-

Unit Test Condition 

v 
µA cs~ vcc-0.2v 

Vin~ Vcc-0.2V or 
ns OV $ Yin $ 0.2V 
ms 

cs ov -------------~~~~~~---------------------
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HM628512 Series ----------Preliminary 

524,288-Word x 8-Bit High Speed CMOS Static RAM 

• DESCRIPTION 
The Hitachi HM628512 is a 4M-bit Static RAM 

organized 512-kword x 8-bit. It realizes higher den­
sity, higher performance and low power consump­
tion by employing 0.5 µm Hi-CMOS process 
technology. The device, packaged in a 525-mil SOP 
(foot print pitch width) or 600-mil plastic DIP, is avail­
able for high density mounting. LP-version is suit­
able for battery back up system. 

•FEATURES 

• High speed 
Fast Access time 55/70/85/100 ns (max.) 

• Low power 
Standby: 10 µW (typ.) (UL-SL version) 
Operation: 75 mW/MHz (typ.) 

• Single 5V supply 
• Completely static memory 

No clock or timing strobe required 
• Equal access and cycle times 
• Common data input and output: Three state input 
• Directly TTL compatible: All inputs and outputs 
• Capacility of battery back up operation 

(UL-SL version) 

• ORDERING INFORMATION 

Type No. Access Time Package 

HM628512P-5 55 ns 
HM6285 l 2P-7 70 ns 
HM6285 l 2P-8 85 ns 
HM6285 l 2P- l 0 100 ns 
HM628512LP-5 55 ns 600-mil, 32 pin 
HM628512LP-7 70 ns Plastic DIP 
HM628512LP-8 85 ns (DP-32) 
HM6285 l 2LP- IO 100 ns 
HM6285 l 2LP-5SL 55 ns 
HM6285 l 2LP-?SL 70 ns 
HM6285 l 2LP-8SL 85 ns 
HM6285 l 2LP- I OSL 100 ns 
HM628512FP-5 55 ns 
HM6285 I 2FP-7 70 ns 
HM6285 l 2FP-8 85 ns 
HM6285 I 2FP- I 0 100 ns 
HM6285 l 2LFP-5 55 ns 525-mil, 32 pin 
HM628512LFP-7 70 ns Plastic SOP 
HM6285 l 2LFP-8 85 ns (FP-32D) 
HM6285 l 2LFP- l 0 100 ns 
HM6285 l 2LFP-5SL 55 ns 
HM6285 l 2LFP-?SL 70 ns 
HM6285 l 2LFP-8SL 85 ns 
HM628512LFP-IOSL 100 ns 

"" (DP-32) 

(FP-320) 

• PIN ARRANGEMENT 

HM628512 Series 

Arn 
A16 
A14 
A12 

A7 
A6 
As 
A4 
As 
A2 
A1 
Ao 

1/0o 
1/01 
1/02 
vss 

(Top View) 

• PIN DESCRIPTION 

Symbol 

Ao-A18 

I/Oo-I/07 

cs 
WE 

OE 

Vee 

Vss 

~HITACHI 

Vee 
A1s 
A17 
WE 
A13 
As 
Ag 
A11 
OE 
A10 
cs 
1/07 
1/06 
I/Os 
1/04 
1/03 

Function 

Address 

Input/Output 

Chip Select 

Write Enable 

Output Enable 

Power Supply 

Ground 
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HM628512 Series -----------------------------

•BLOCK DIAGRAM 

• FUNCTION TABLE 

WE cs 
x H 

H L 

H L 

L L 

L L 

Note: X: H or L 

As o--+~:C:::::::::l 

A6 

Ao 
A1 

A2 

A3 
A4 
A7 

A12 

A14 

Row 
Decoder 

Column 1/0 ---------- .... ------.. -
Column Decoder 

OE o--------' 

OE Mode 

x Not Selected 

H Output Disable 

L Read 

H Write 

L Write 

•ABSOLUTE MAXIMUM RATINGS 

Item Symbol 

Memory Matrix 
1,024 x 4,096 

Vee Current 

Iss. ISBI 

Ice 

Ice 

Ice 

Ice 

Value 

---ovcc 

---oVss 

Dout Pin 

High-Z 

High-Z 

Dout 

Din 

Din 

Voltage on any Pin Relative to Vss VT -0.5*1 to +7.0 

Power Dissipation PT 1.0 

Operating Temperature Topr Oto +70 

Storage Temperature Tstg -55 to +125 

Storage Temperature Under Bias Tbias -IO to +85 

Notes I. -3.0V for pulse half-width ~ 30 ns 

• RECOMMENDED DC OPERATING CONDITIONS (Ta= Oto+ 70°C) 

Item Symbol Min Typ Max 

Supply Voltage Vee 4.5 5.0 5.5 
Vss 0 0 0 

I'!.Q_ut Hig_h (~c I) Volt~e VIH 2.2 - 6.0 
I'!.Q_ut Low (LQg_ic 0) Volt~e VIL -0.3*1 - 0.8 

Note *I. -3.0V for pulse half-width ~ 30ns. 

~HITACHI 

Ref. Cycle 

-
-

Read Cycle 

Write Cycle (I) 

Write Cycle (2) 

Unit 

v 
w 
oc 
oc 
oc 

Unit 

v 
v 
v 
v 
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------------------------------HM628512 Series 

•DC CHARACTERISTICS (Ta= Oto +70°C, Vee= 5V ± 10%, Vss = OV) 

Item Symbol Test Conditions Min Typ*l 

Input Leakage Current I Iu I VIN= Vss to Vee - -

Output Leakage Current l1wl cs = Vrn, OE= Vrn or WE = VIL, 
- -

VI/O= Vss to Vee 

Operating Power Supply 
Ice 

CS = VIL Others = VIH/VIL, 
- 15 

Current: DC Iuo=OmA 
_Min. Cycle, Duty = I 00% 

ICC! CS= VIL, Others= VIH/VIL - 55 
Operating Power IIJO = 0 mA 
Supply Current Cycle Time = I µ~uty = I 00% 

Icc2 Il/O = 0 mA, CS::; 0.2V, - 15 
Vrn ~ Vcc-0.2V, VIL::; 0.2V 

Standby Power Supply 
Iss CS= VIH - I 

Current: DC 

Vin~ OV, cs~ Vce-0.2V - 0.02 
Standby Power Supply 

ISBI Vin~ OV, cs~ Vee-0.2V - 2*2 
Current (I): DC 

Vin~ OV, cs~ Vee-0.2V - 2*3 

Output Low Voltage VOL IOL = 2.1 mA - -

Output High Voltage VoH IoH=-1.0mA 2.4 -

Notes: I. Typical values are at Vee= 5.0V, Ta= +25°C and specified loading. 
2. This characteristics is guaranteed only for L-version. 
3. This characteristics is guaranteed only for L-SL versior. 

•CAPACITANCE (Ta= 25°C, f = 1.0 MHz)*! 

Item Symbol Typ Max Unit 

Input Capacitance Cin - 8 pF 

Output Capacitance CJ/0 - 10 pF 

Note *I. This parameter is sampled and not 100% tested. 

•AC CHARACTERISTICS (Ta= 0 to + 70°C, V cc 5V ± 10%, unless otherwise noted.) 

Test Conditions 
• Input pulse levels: 0.BV to 2.4V 
• Input rise and fall times: 5ns 
• Input and Output timing reference levels: 1.5V 
• Output load: 1 TTI gate + CL (100 pF) (including scope and jig) 

•READCYCLE 

Max Unit 

2 µA 

2 µA 

35 mA 

90 mA 

30 mA 

3 mA 

2 mA 
100*2 µA 
50*3 µA 

0.4 v 

- v 

Test Conditions 

VJN=OV 

vvo=OV 

HM628512-5 HM628512-7 HM628512-8 HM628512-10 
Item Symbol Unit Note 

Min Max Min Max Min Max Min Max 

Read Cycle Time tRe 55 - 70 - 85 - 100 - ns 

Address Access Time tAA - 55 - 70 - 85 - 100 ns 

Chip Select Access Time teo - 55 - 70 - 85 - 100 ns 

Output Enable to Output Valid tOE - 25 - 35 - 45 - 50 ns 

Chip Selection to Output in Low-Z tLZ 5 - 10 - 10 - 10 - ns 1,2,3 

Output Enable to Output in Low-Z tOLZ 5 - 5 - 5 - 5 - ns 1,2,3 

Chip Deselection to Output in High-Z tHZ 0 20 0 25 0 30 0 35 ns 1,2,3 

Output Disable to Output in High-Z tOHZ 0 20 0 25 0 30 0 35 ns 1,2,3 

Output Hold from Address Change tOH 5 - 10 - 10 - IO - ns 

~HITACHI 
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HM628512Series -----------------------------

• READ TIMING WAVEFORM*4 

Address 

tAA 

tco 

cs 
tLz 

toe 
toLZ 

OE 

Dout 

Notes: 1. tHZ and tQHZ are defined as the time at which the outputs achieve and open circuit conditions and are not referenced to 
output voltage levels. 

2. At any given temperature and voltage condition, tHZ max is less than tLZ min both for a given device and from device to 
device. 

3. This parameter is sampled and not 100% tested. 
4. WE is high for read cycle. 
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------------------------------- HM628512 Series 

• WRITE CYCLE 

HM628512-5 HM628512-7 HM628512-8 HM6285 l 2-10 
Parameter Symbol Unit Note 

Min Max Min Max Min Max Min Max 
Write Cycle Time twc 55 - 70 - 85 - 100 - ns 

Chip Selection to End of Write tcw 55 - 60 - 75 - 80 - ns 

Address setup Time tAS 0 - 0 - 0 - 0 - ns 

Address Valid to End of Write tAW 50 - 60 - 75 - 80 - ns 

Write Pulse Width twr 40 - 50 - 55 - 60 - ns 

Write Recovery Time tWR 5 - 5 - 5 - 5 - ns 

WE to Output in High-Z tWHZ 0 20 0 25 0 30 0 35 ns 10 

Data to Write Time Overlap tow 25 - 30 - 35 - 40 - ns 

Data Hold from Write Time tDH 0 - 0 - 0 - 0 - ns 

Output Active from End of Write tow 5 - 5 - 5 - 5 - ns 10 

•WRITE TIMING WAVEFORM (1) (OE Clock) 

twc 

Address 

OE 
tcw·2 

cs 
*6 

Dout 

Din 

tow toH 

---<rt==== .... ==>kzxxx 
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HM628512 Series 

• WRITE TIMING WAVEFORM (2) (OE Low Fixed) 

twc 

Address 

Dout 

Din 

Notes: 

tcw·2 

tow 

·7 ·a 

tow toH 

----d -~~© 
1. A write occurs during the overlap (tWP) of a low CS and a low WE. A write begins at the later transition of CS going low 

or WE low. A write ends at the earlier transition of CS going high or WE going high. twp is measured from the beginning 
of write to the end of write. 

2. tCW is measured from CS going low to the end of write. 

3. tAS is measured from CS going low to the end of write. 

4. twR is measured from the earlier of WE or CS going high to the end of write cycle. 
5. During this period, 1/0 pins are in the output state so that the input signals of the opposite phase to the outputs must not be 

applied. 
6. If the CS low transition occurs simultaneously with the WE low transition or after the WE transition, the output remain in a 

high impedance state. 
7. Dout is the same phase of write data of this write cycle. 
8. Dout is the read data of next address. 

9. If CS is low during this period, 1/0 pins are in the output state. Therefore, the input signals of opposite phase to the outputs 
must not be applied to them. 

10. This parameter is sampled and not 100% tested. 
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------------------------------HM628512 Series 

• LOW Vee DATA RETENTION CHARACTERISTICS (Ta = 0 to + 70°C,) 

This characteristics is guaranteed only for LIL-SL version 

Item Symbol Min Typ Max 

Vee for Data Retention VoR 2 - -

Data Retention Current ICCDR -- I so* I 
- I 15*2 

Chip Select to Data Retention Time tCDR 0 - -

Operation Recovery Time tR 5 - -

• LOW Vee DATA RETENTION TIMING WAVEFORM (CS Controlled) 

Vee 
4.5V 

2.2V 

VoR 
cs 
av 

Notes: I. 
2. 

tcoR Data retention mode 

CS:?:Vee - 0.2V 

For L-version and 20 µA max. at Ta= 0 to 40°C. 
For SL-version and 3 µA max. at Ta= 0 to 40°C. 

Unit Test Condition 

v CS<:: Vee -0.2V, Vin<:: ov 
µA Vee= 3.0V, Vin<:: ov 
µA CS <:: V CC -0.2V 

ns 
See Retention Waveform 

ms 

3. CS controls address buffer, WE buffer, OE buffer, and Din buffer. In data retention mode, Vin levels (address, WE, OE, 
1/0) can be in the high impedance state. 
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HM66205 Series 
524,288-Word x 8-Bit High Density CMOS Static RAM Module 

Description • PIN ARRANGEMENT 

The HM66205 is a high density 4M-bit static RAM module 
consisting of 4 pieces HM628128LTS products (TSOP type 1 M 
static RAM) and a HD74ACT138FP equivalent product (SOP 
type CMOS decoder logic). 

An outline of the HM66205 is the standard 600 mil width 32 
pin dual-inline package. Its pin arrangement is completely 
compatible with the forthcoming 4M-bit monolithic static RAM. 

The HM66205 offers the features of low power and high 
speed by using high speed CMOS devices. And, the HM66205 
makes high density mounting possible with no surface mount 
technology. 

These features make the HM66205 ideally suited for high 
density, compact memory system. 

Features 
• High density 32 pin DIP 

Mounting 4 pcs. of 1 M static RAM (TSOP; 
HM628128LTS) and CMOS decoder logic (SOP; 
HD74ACT138FP equivalent). 

• Pin compatible with 4M monolithic static RAM 
• High speed 

Fast access time 85/100/120ns (maximum). 
• Equal access and cycle time 
• Completely static RAM 

No clock or timing strobe required 
• Low Power standby and low power operation 

Standby: .......................... 40 µ.W (typical) 
Operation: ........................ 80 mW (typical) 

• Common data input and output, three state outputs 
• Capable of battery backup operation 
• Directly TTL compatible: All inputs and outputs 

• TYPE OF PRODUCTS 

Part No. 

HM66205L-85 
HM66205L-10 
HM66205L-12 

Access 

85 ns 
100 ns 
120 ns 

Package 

600-mil 
Module DIP 

The 66205 module was designed for pinout and signal compatibility with the 
forthcoming 512K x 8 monolithic device. 

$HITACHI 

A18 1 32 Vee 
A16 2 31 A15 

A14 3 30 A17 

A12 4 29 WE 
A7 5 28 A13 

As 6 27 Ae 
As 7 26 Ae 

A4 8 25 A11 

As 9 24 OE 
A2 10 23 A1o 

A1 11 22 ~ 

Ao 12 21 llOe 
1101 13 20 1101 

1102 14 19 llOe 
1103 15 18 1105 

Vss 16 17 1104 

(Top View) 

• PIN DESCRIPTION 

Pin Name Function 

Ao-A1s Address 

1/01-l/Os Input/Output. 

cs Chip Select 

WE Write Enable 

OE Output Enable 

Vee Power Supply 

Vss Ground 
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----------------------------- HM66205 Serles 

• BLOCK DIAGRAM 

AO-A16 

AH 

A18 

Vee 

1/01-1108 
WE 
OE 

0 
0 
0 

r--

0 ..___ 
0 

T! 
0 
0 
0 

AO 01 

A1 ~ 
~ 

A2 04 

E1 05 

E2 
Oe 

E3 
07 
Os 

·2 Decoder 

,._ 
AO-A16 

t-- CS1 
'-+-1-- CS2 

110 1-8 
WE ... OE 

'-- AO-A16 
'---- CS1 

'---- CS2 
110 1-8 
WE 
OE 

$HITACHI 

I © 
1 © 

It- AO·A16 
, ........ ~ CS1 ....... 
: *1 t-t-- CS2 ·1 

:RAM 1/01-8 RAM 

: No.1 I.,, WE No. 2 
.............. 1 

OE 
.. ........ 

....__ AO-A16 

: -.1 · ... ·: 
,___ 

CS1 , .......... 

CS2 :·1 

:RAM : 1101-8 :RAM 

: No. 3 : WE : No. 4 
• .......... 1 ............ 

OE 

·1. RAM No. 1-No.4: HM628128 LTS 
·2. CMOS Decoder: HD74ACT138FP 

Vee 

Vss 
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HM66205 Series-----------------------------

• MODE SELECTION 

Mode cs WE OE 1/0 Current Note 

Not Selected (Power Down) H x x High-Z Isa. lse1 

Read L H L Dou1 Ice Read Cycle<•>-<3> 

L L H Din Ice Write Cycle<•> 
Write 

L L L Din Ice Write Cycle<2> 

NOTE: X a Don't care (Hor L). 

• ABSOLUTE MAXIMUM RATINGS 

Item Symbol Rating Unit 

Voltllge on Any Pin Relative to V ss VT -0.5 to +7.0 v 
Power Dissipation PT 1.0 w 
Operating Temperature Range Topr 0 - +70 ·c 
Storage Temperature Range Tstg -55 to +125 •c 
Storage Temperature Range Under Bias Tbias -10 - +85 •c 

• ELECTRICAL CHARACTERISTICS 

• Recommended DC Operating Conditions (TA = o to + 70°C) 

Parameter Symbol Min. Typ. Max. Unit 

Vee 4.5 5.0 5.5 v 
Supply Voltage 

Vss 0 0 0 v 
V1H 2.2 - 6.0 v 

Input Voltage 
V1L -0.5 - 0.8 v 

•DC CHARACTERISTICS (Vee= 5V ::1:: 10%, Vss = OV, TA= 0 to +70°C) 

Parameter Symbol Min. Typ.°1 Max. Unit Test Conditions 

Input Leakage Current IIu I - - 2 µA Vin = Vss - Vee 

Output Leakage Current IIwl - - 2 µA 
CS = VIH• OE = V1H or WE = VIL• 
V110 = Vss - Vee 

Operating Power Supply Current: DC Ice - 19 46 mA cs = VIL• Others V1H/V1L• 1110 = 0 mA 

Average Operating Power 
lce1 - 48 89 mA 

Min. Cycle, Duty = 100% 
Supply Current<•> CS= VIL• 1110 = OmA, OtherVIHNIL 

Average Operating Power 
Cycle lime= lµs, Duty = 100%, 

Supply Current<2> lcC2 - 16 36 mA 1110 = 0 mA, CS s 0.2V, 
VIH =Vee- 0.2V, V1L s 0.2V 

Standby Power Supply Current: DC lse - 4 12 mA CS= VIH 

Standby Power Supply Current<•> lse1 - 8 400 µA Vin ~ OV, CS= Vee - 0.2 

Output Low Voltage VoL - - 0.4 v loL = 2.1 mA 

Output High Voltage VoH 2.4 - ·- v loH = -1.0mA 

NOTE: I. Typical values are at Vee = s.ov. TA = +2s 0e and specified loading. 
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----------------------------- HM66205 Series 

•CAPACITANCE (TA= 25°C, f = lMHz) 

Parameter Symbol Typ. Max. Unit Test Conditions 

Input Capacitance<ll Cini - 45 pF Vin= OV 

Input Capacitance (2) cin2 - 45 pF Vin= OV 

Input/Output Capacitance C110 - 50 pF V110 = OV 

NOTE: This parameter is sampled and not 100% tested. 

•AC CHARACTERISTICS (TA= 0 to +70°C, Vee= 5V ± 10%, unless otherwise noted) 

AC Teat Conditions 

Input pulse levels: 
Input rise and fall times: 
Input and output timing reference level: 
Output load: 

•Read Cycle 

Parameter 

Read Cycle Time 

Address Access Time 

Chip Select Access Time 

Output Enable to Output Valid 

Chip Selection to Output in Low-Z 

Output Enable to Output in Low-Z 

Chip Deselection to Output in High-Z 

Output Disable to Output in High-Z 

Output Hold From Address Change 

• Read Cycle Timing (1) • 1 

Address 

OE 

cs 

Dout 

0.8V to 2.4V 
5 ns 
l.5V 
1 TTL gate and CL - 100 pF (including scope and jig) 

HM66205L-85 HM66205L- l0 
Symbol 

Min. Max. Min. Max. 

tRc 85 - 100 -
tAA - 85 - 100 

tAcs - 85 - 100 

toE - 35 - 45 

lcLZ 10 - 10 -

loLZ 5 - 5 -
le Hz 0 25 0 30 

lo HZ 0 20 0 30 

toH 10 - 10 -

@HITACHI 

Notes 

Ao-A16• WE, OE 

A11-A1s. CS 

1/01-l/Os 

HM66205L-12 
Unit 

Min. Max. 

120 - ns 

- 120 ns 

- 120 ns 

- 50 ns 

10 - ns 

5 - ns 

0 35 ns 

0 35 ns 

10 - ns 
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HM66205 Series------------------------------

• Read Cycle Timing (2) •1, •2, •4 

1 
tRc 

~ 
'hxxl toH 

Valid x 

Address 

Dout 

• Read Cycle Timing (3) •1, •3, •4 

cs 

Dout Valid 

NOTES: I. WE is high for read cycle. <:ZZ> Not Valid 
2. Device is continuously selected. CS = VIL· 

3. Address should be valid prior to or coincident with CS transition low. 

4. OE= VIL· 

• Write Cycle 

HM66205L-85 HM66205L-10 HM66205L-12 
Parameter Symbol Unit 

Min. Max. Min. Max. Min. Max. 

Write Cycle Time twc 85 - 100 - 120 - ns 

Chip Selection to End of Write tcw 75 - 90 - 100 - ns 

Address Setup Time tAS 0 - 0 - 0 - ns 

Address Valid to E.nd of Write tAw 75 - 90 - 100 - ns 

Write Pulse Width twp 65 - 75 - 85 - ns 

Write Recovery twR 5 - 5 - 10 - ns 

Write to Output in High-Z twHZ 0 30 0 35 0 40 ns 

Data to Write Time Overlap tow 35 - 40 - 45 - ns 

Data Hold From Write Time toH 0 - 0 - 0 - ns 

Output Active From End of Write tow 5 - 5 - 5 - ns 
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----------------------------- HM66205 Series 

• Write Cycle Timing (1) (OE Clock) 

twc 

Address 

OE 

cs 

WE 

Dout 

Din 

• Write Cycle Timing (2) ·s (OE Low Fixed) 

Address 

tcw·2 

cs 

Dout 

tow 

Din 

NOTES: I. A write occurs during the overlap (twp of a low CS and low WE. 
2. twR is measured from the earlier of CS or WE going high to the end of write cycle. <Zz:> Not Valid 
3. During this period, 1/0 pins are in the output state. The input signals out of phase must not be applied. 

4. If the CS low transition occurs simultaneously with the WE low transition or after the WE low transition, output remain in a high impedance state. 

5. OE is continuously low. (OE = V1L). 

6. Dou1 should be held in the phase of the written data during this write cycle. 

7. 0 001 is the read data of next address. 

8. If CS is low during this period, 1/0 pins are in the output state. The input signals which are opposite to the output level should not be applied to 1/0 pins. 
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HM66205 Series ------

•Low Vee Data Retention Characteristics (TA= Oto +70°C) 

Parameter Symbol Min. Typ. Max. Unit Test Conditions 

V cc for Data Retention VoR 2.0 - - v CS ii!: VIN• A1,-A1s ii!: V1N 

Data Retention Current lccoR - 4 200 µA CS ii!: VIN• V1N = OV 

Chip Deselect to Data Retention Time lcoR 0 - - ns 
See Retention Waveform 

Operation Recovery Time tR tRc - - ns 

NOTE: I. IRC = Read Cycle nme. 

• Low Vee Data Retention Waveform 

tcoR 

CS ~Vcc-.2V 

ov ---------------------------------------------------------
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HM624100 Series ----------Preliminary 

1,048,576-Word x 4-Bit High Speed CMOS Static Ram 

•FEATURES 

• High Speed: 
Fast access time 25/30/35/45 ns(max.) (P-version) 

30/35/45 ns (max.) (LP-version) 

• Completely static memory 
No clock or timing strobe required 

• Equal access and cycle time 
(CP-320) 

• TTL compatible-All inputs and outputs 
• Thin plastic package for high density mounting • PIN ARRANGEMENT 

HM624 l 00 Series 

• ORDERING INFORMATION 
Ao 32 

T_yJ2._e No. Access Time Pack~e A1 31 

HM624100JP-25 25 ns A2 30 

HM624 I OOJP-30 30 ns 400 mil 32-pin 
HM624 l OOJP-35 35 ns SOJ 
HM624 l OOJP-40 45 ns (CP-32D) 

As 29 

Ai 28 

cs 27 

1101 26 
HM624100JLP-30 30ns 
HM624 I OOJLP-35 35ns 
HM624 l OOJLP-45 45ns 

Vee 25 

Vss 24 

1/02 23 

HM624100P-25 25ns WE 22 

HM624 l OOP-30 30ns As 21 

HM624 I OOP-35 35ns ~ 20 

HM624 IOOP-45 45ns 32-pin A7 19 

HM624 IOOLP-30 30ns TSOP (II) 

HM624 l OOLP-35 35ns 

As 18 

Ag 17 

HM624 I OOLP-45 45ns 
(Top View) 

• PIN DESCRIPTION 

Pin Name 

A~A19 

I/01-I/04 

cs 
WE 

OE 

Vee 

Vss 
NC 

~HITACHI 

A19 

A1a 
A11 

A15 

A1s 
5E 
1/04 

Vss 
Vee 
1/03 

A14 
A13 

A12 
A11 

A10 
NC 

Function 

Address Input 

Data Input/Output 

Chip Select 

Write Enable 

Output Enable 

Power Supply 

Ground 

No Connection 
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HM624100 Series ------------------------------

• BLOCK DIAGRAM 

Aoo---i~==i 

A1 o---r~:::::i 

A2 

A3 

A<i o---1~:::::i Row 
As 0---1 ~:::::i Decoder 

A6 
A7 

Aao---i~==i 

Ago---i;:::::=i 

Input 
Data 

Control 

cs o----,__-cr--., 

WE o----=7! 

OE 

• FUNCTION TABLE 

cs OE WE Mode 

H x x Deselect 

L L H Read 

L H L Write 

L L L Write 

Note: X: H or L 

• ABSOLUTE MAXIMUM RATINGS 

Item 

Voltage on any pin relative to Vss 

Power Dissipation 

Operating Temperature 

Storage Temperature 

Storage Temperature Under Bias 

Note: I. VT min = -2.0 V for pulse width:::; I 0 ns. 

Memory Matrix 
1024 x 1024 

Vee Current 

ISB, ISBI 

Ice 

Ice 

Ice 

Symbol 

VT 

PT 
Topr 

Tstg 

Tbias 

~HITACHI 

..--Vee 

.....-Vss 

I/OPin 

High-Z 

Ref. Cycle 

-

Dout Read Cycle I, 2, 3 

Din Write Cycle I 

Din Write Cycle 2 

Value Unit 

-0.5 1 to+7.0 v 
1.0 w 

0 to +70 oc 
-55to+J25 oc 
-10 to +85 oc 
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------------------------------HM624100 Series 

• RECOMMENDED DC OPERATING CONDITIONS (Ta = 0 to+ 70°C) 

Item Symbol Min. Typ Max. Unit 

vcc 4.5 5.0 5.5 v 
Supply Voltage 

Vss 0 0 0 v 

Input High Voltage VIH 2.2 - 6.0 v 

Input Low Voltage VIL -0.51 - 0.8 v 

Note: I. VIL min = -2.0 V for pulse width $ I 0 ns. 

• DC CHARACTERISTICS (Ta = O to + 70°C, V cc = SV ± I 0%, V SS = OV) 

HM624IOOP HM624IOOLP 
Item Symbol Unit Test Conditions 

Min. Typ Max. Min. Typ Max. 

Input Leakage Current I ILI I - - 2.0 - - 2.0 µA Vee= Max., Yin= Vss to Vee 

Output Leakage Current l1wl - 2.0 - - 2.0 µA 
CS= VIH - Vuo = Vss to Vee 

Operating V CC Ice - - 150 - - 140 mA CS = VIL II/0 = 0 mA, 
Current Cycle=25 ns. (P), 35 ns. (LP) 

ISB - - 60 - - 5 mA CS= VIH 
Standby VCC Cycle=25 ns. (P), 35 ns. (LP) 
Current 

cs~ vcc-0.2v 

ISBI - - IO - - 0.1 mA 0 V $Yin $ 0.2V or 
Yin~ Vcc-0.2V 

VOL - - 0.4 - - 0.4 v IOL= 8mA 
Output Low Voltage 

YOH 2.4 - - 2.4 - - v IOH=-4mA 

• CAPACITANCE (Ta= 25°C, f= I MHz) 

Item Symbol Min Max Unit Test Conditions 

Input Capacitance Cin - 5 pF Yin =0 V 

Output Capacitance cuo - IO pF VI/O=OV 

Note: I. This parameter is sampled and not I 00% tested. 

•AC CHARACTERISTICS (Ta= 0 to +70°C, Vee= SV ± 10%, unless otherwise noted.) 

Test Conditions 

• Input pulse levels: Vss to 3.0 V 
• Input rise and fall times: 4 ns 
• Input and Output timing reference levels: 1.5 V 
• Output load: See Figures 

Output Load (A) Output Load (B) 

(for tcHZ• tcLZ, twHz & tow) 

* Including scope & jig. 
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HM624100 Series 

•READ CYCLE 

HM624100-25 HM624100-30 HM624100-35 HM624 I 00-45 

Item Symbol p P/LP P/L P/LP Unit 
Min Max Min Max Min Max Min Max 

Read CJ'_cle Time tRC 25 - 30 - 35 - 45 - ns 
Address Access Time tAA - 25 - 30 - 35 - 45 ns 
Chip Select Access Time tACS - 25 - 30 - 35 - 45 ns 
Chip Selection to Output in Low-Z tCLZ 1 5 - 5 - 5 - IO - ns 
Output Enable to Output Valid tOE - IO - 13 - 15 - 20 ns 
Output Enable to Output in Low-Z tOLZ 1 0 - 0 - 0 - 0 - ns 
Chip Deselection to Output in High-Z tCHZ 1 0 IO 0 IO 0 15 0 15 ns 
Chip Disable to Output in High-Z tOHZ 1 0 IO 0 IO 0 15 0 15 ns 
Output Hold from Address Change tOH 5 - 5 - 5 - 5 - ns 
Chip Selection to Power Up Time lPU 0 - 0 - 0 - 0 - ns 
Chip Deselection to Power Down Time tPD - 20 - 20 - 30 - 20 ns 

•READ TIMING WAVEFORM (1) 1, 2 

Address 

OE 
loE 

cs 

Dout 

• READ TIMING WAVEFORM (2) 2, 3, 5 

Address 

Dout 

•READ TIMING WAVEFORM (3) 1, 2, 4, 5 

cs 

Dout 

Notes: I. Transition is measured± 200 m V from steady state voltage with Load (B). This parameter is sampled not I 00% tested. 
2. WE is high for read cycle. 
3. CS is low. 
4. Address valid prior to or coincident with CS transition low. 
5. OE= VIL. 
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------------------------------HM624100 Series 

•WRITE CYCLE 

HM624100-25 HM624100-30 HM624100-35 HM624 I 00-45 

Parameter Symbol p P/LP P/L P/LP Unit 
Min Max Min Max Min Max Min Max 

Write Cycle Time tWC 25 - 30 - 35 - 45 - ns 
Chip Selection to End of Write tCW 15 - 20 - 25 - 35 - ns 

Address Valid to End of Write tAW 15 - 20 - 25 - 35 - ns 

Address Setup Time tAS 0 - 0 - 0 - 0 - ns 

Write Pulse Width tWP 15 - 20 - 25 - 35 - ns 

Write Recovery Time tWR 0 - 0 - 0 - 0 - ns 
Output Disable to Output in High-Z tOHZ 0 10 0 10 0 15 0 IS ns 
Write to Output in High-zl tWHZ 0 10 0 10 0 15 0 IS ns 

Data to Write Time Overlap tDW 12 - 15 - 20 - 30 - ns 

Data Hold from Write Time tDH 0 - 0 - 0 - 0 - ns 

Output Active from End of Write tow 0 - 0 - 0 - 0 - ns 

•WRITE TIMING WAVEFORM (1) 

twc 

Address 

OE 
tcw 

WE 

Dout 

tow 

Din 
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HM624100 Series 

•WRITE TIMING WAVEFORM (2) 6 

Address 

tcw 

cs 

WE 

Dout 
tow 

Din 

Notes: I. Transition is measured± 200 mV from high impedance voltage with Load (B). This parameter is sampled not 100% tested. 
2. A write occurs during the overlap (tWP) of a low CS and a low WE. 
3. tWR is measured from the earlier of CS or WE going high to the end of write cycle. 
4. During this period, 1/0 pins are in the output state so that the input signals of the opposite phase 

to the outputs must not be applied. 
5. If CS low transition occurs simultaneously with the WE low transitions or after the WE transition, output remain a high 

impedance state. 
6. OE is continuously low. (OE= V1L) 
7. Dout is the same phase of write data of this write cycle. 
8. Dout is the read data of next address. 
9. If CS is low during this period, 1/0 pins are in the output state. Then the data input signals of opposite phase to the outputs must 

not be applied. 
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------------------------------ HM624100 Series 

• LOW Vee DATA RETENTION CHARACTERISTICS (Ta = O to + 70°C) 

This characteristic is guaranteed only for L-version. 

Item ~mbol Min 1jjJ_ Max 

V CC for Data Retention VoR 2.0 - -

Data Retention Current ICCDR - - 1001 

Chip Select to Data 
Retention Time tCDR 0 - -

Operation Recovery Time tR 5 - -

Note: Vee= 3.0 V . 

• LOW Vee DATA RETENTION TIMING WAVEFORM 

Data retention mode 

Vee ---------

2.2V 

cs ----.J 
CS ::'.'.VDR - 0.2V 

Unit Test Condition 

v 

µA cs ~ v cc-0.2v, 

Yin~ Vee -0.2V or 
ns OV s; Yins; 0.2V 

ms 

ov ----------------------------------------
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HM621400 Series ---------------Preliminary 

4, 194,304-Word x 1-Bit High Speed CMOS Static RAM 

•FEATURES 

• High Speed: 
Fast access time 25/30/35/45 ns(max.) (P-version) 

30/35/45 ns(max.) (LP-version) 
• Single 5V supply 
• Completely static memory 

No clock or timing strobe required 
• Equal access and cycle times 
• TTL compatible: All inputs and outputs 
• Thin plastic package for high density mounting 

• ORDERING INFORMATION 

Type No. Access Time Package 

HM621400JP-25 25 ns 
HM621400JP-30 30 ns 

400-mil, 32 pin HM621400JP-35 35 ns 
HM621400JP-45 45 ns SOJ 
HM621400JLP-30 30 ns (CP-32D) 
HM621400JLP-35 35 ns 
HM62 I 400JLP-45 45 ns 
HM621400P-25 25 ns 
HM621400P-30 30 ns 
HM621400P-35 35 ns 32-pin 
HM621400P-45 45 ns TSOP (II) 
HM621400LP-30 30 ns 
HM621400LP-35 35 ns 
HM621400LP-45 45 ns 

(CP-320) 

• PIN ARRANGEMENT 

HM621400 Series 

(Top View) 

• PIN DESCRIPTION 

Pin Name 

Ao-A21 

DIN 

DouT 

cs 
WE 

OE 

vee 
Vss 
NC 

~HITACHI 

Function 

Address Input 

Data Input 

Data Output 

Chip Select 

Write Enable 

Output Enable 

Power Supply 

Ground 

No Connection 

302 Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 



-------------------------------HM621400 Series 

• BLOCK DIAGRAM 

Ao o----l 

A1 u-------t 

A2 u-------t 

As ,,_ __ __, 

~0----l 

As o-----f 

Ao ,,__ __ __, 

A7 ,,__ __ __, 

Aa (.)----j 

Ag c.>----t 

cs 0----<:l'\l------' 

WE 0--1--"I 

6E 

• FUNCTION TABLE 

cs OE WE 

H x x 
L L H 

L H L 

L L L 

Note: X: H or L 

•ABSOLUTE MAXIMUM RATINGS 

Item 

Voltage on any Pin Relative to V SS 

Power Dissipation 

Operating Temperature 

Storage Temperature 

Storage Temperature Under Bias 

Note 1. VT min. = -2.0V for pulse width ~ 10 ns 

Mode 

Deselect 

Read 

Write 

Write 

Symbol 

VT 

PT 
Topr 

Tstg 

Tbias 

Memory Matrix 
1024 x 4096 

Vee Current 

ISB, ISBI 

Ice 

Ice 

Ice 

Value 

-0.5*1 to +7.0 

1.0 

0 to +70 

-55 to +125 

-JO to +85 

• RECOMMENDED DC OPERATING CONDITIONS (Ta = O to + 70°C) 

Item Symbol Min Typ 

Supply Voltage Vee 4.5 5.0 
Vss 0 0 

In2!Jt H\g_h Volt'!&_e Vrn 2.2 -

l'!2_ut Low Voltl!&e VIL -0.5*1 -

Note I. VIL min. = -2.0V for pulse width ~ I Ons. 

@HITACHI 

Dout Pin 

High-Z 

Dout 

Din 

Din 

Max 

5.5 
0 

6.0 
0.8 

Vee 

Vss 

Dout 

Ref. Cycle 
-

Read Cycle I, 2, 3 

Write Cycle 1 

Write Cycle 2 

Unit 

v 
w 
oc 
oc 
oc 

Unit 

v 
v 
v 
v 
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HM621400 Series -----------------------------

• DC CHARACTERISTICS (Ta= 0 to +70°C, Vee= 5V ± 10%, Vss = OV) 

HM621400P HM621400LP 
Item Symbol 

Min Typ Max Unit Test Conditions Min Typ Max 

Input Leakage Current I 1u I - - 2.0 µA Vee= Max. - - 2.0 
Yin= Vss to Vee 

Output Leakage Current l1wl - - 2.0 µA CS= VIH 
- - 2.0 

Vy_o = Vss to Vee 

Operating Vee Current Ice - - 150 mA CS= VIL. IIJO = 0 mA 
- - 140 

C_ycle = 25 ns 

ISB - - 60 mA CS= VIH, 
- - 5 

~cle = 25 ns 
Standby Vee Current cs~ Vcc--0.2v 

ISBI - - 10 mA OV :=;Yin:=; 0.2V or - - 0.1 

Yin~ Vcc--0.2V 

Output Voltage VOL - - 0.4 v IOL=8 mA - - 0.4 

YOH 2.4 - - v IOH=-4 mA 2.4 - -

• CAPACITANCE (Ta = 25°C; f = I MHz) 

Item Symbol Typ Max Unit 

Input Capacitance Cin - 5 pF 

Input/Output Capacitance C110 - 10 pF 

Note I . This parameter is sampled and not I 00% tested. 

•AC CHARACTERISTICS (Ta= 0 to+ 70°C, V cc 5V ± I 0%, unless otherwise noted.) 

Test Conditions 

• Input pulse levels: Vss to 3.0V 
• Input rise and fall times: 4ns 
• Input and Output timing reference levels: Input 1.5V 

Output 1.5V 
• Output load: See Figures 

Output load (A) 
Output Load (8) 

(for tcHz. twHz. tow. toLZ & toHzl 

+5V 

4800 

Dou! 

25 5pF' 

Note: • Including scope & jig. 

•READCYCLE 

HM621400-25P HM621400-30P/LP HM621400-35P/LP 
Item Symbol 

Min Max Min Max Min Max 
Read Cycle Time tRC 25 - 30 - 35 -
Address Access Time tAA - 25 - 30 - 35 

Ch~ Select Access Time !ACS - 25 - 30 - 35 

Chip Selection to Output in Low-Z tCLz*l 5 - 5 - 5 -

Output Enable to Ou!E_ut Valid tOE - IO - 13 - 15 

Output Enable to Ou!E_ut in Low-Z tOLz*l 0 - 0 - 0 -

Chip Deselection to Output in High-Z tCHz*l 0 10 0 10 0 15 

Chip Disable to Output in High-Z tOHz*l 0 10 0 10 0 15 

Output Hold from Address Change tOH 5 - 5 - 5 -
Chip Selection to Power U_E.. Time tPU 0 - 0 - 0 -
Chip Deselection to Power Down Time tPD - 20 - 20 - 30 

$HITACHI 

Unit Test Conditions 

µA Vee= Max. 
Yin= Vss to Vee 

µA CS= VIH 
V11_0 = Vss to Vee 

mA CS = VIL. IIJO = 0 mA 
Cyde = 30 ns 

mA CS= VJH, 
Cyde = 30 ns 

cs~ vcc--0.2v 
mA OV :=;Yin:=; 0.2V or 

Yin~ Vcc--0.2V 

v IOL= 8mA 

v IOH=-4mA 

Test Conditions 

YtN=OV 

Vt/0 = OV 

HM621400-45P/LP 
Unit 

Min Max 
45 - ns 

- 45 ns 

- 45 ns 

IO - ns 

- 20 ns 

0 - ns 

0 15 ns 

0 15 ns 

5 - ns 

0 - ns 

- 30 ns 
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------------------------------HM621400 Series 

•READ TIMING WAVEFORM (1)*1, *2 

.'\ddress 

OE 

cs 

Dout 

• READ TIMING WAVEFORM (2)*2, *3, *5 

Address 

Dout 

•READ TIMING WAVEFORM (3)*1, *2, *4, *5 

cs 

Dout 

t 1cttzi-
Notes: I. Transition is measured ±200 m V from steady state voltage with Load (B). This parameter is sampled and not I 00% tested. 

2. WE is high for read cycle. 
3. CS is low. 
4. Address valid prior to or coincident with CS transition low. 
5. OE=VJL. 

@HITACHI 
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HM621400 Series -----------------------------

• WRITE CYCLE 

HM62 I 400-25P HM621400-30P/LP HM621400-35P/LP HM62 I 400-45P/LP 
Parameter Symbol Unit Note 

Min Max Min Max Min Max Min Max 
Write Cycle Time tWC 25 - 30 - 35 - 45 - ns 

Chip Selection to End of Write tCW 15 - 20 - 25 - 35 - ns 

Address Valid to End of Write tAW 15 - 20 - 25 - 35 - ns 

Address setl!E_ Time tAS 0 - 0 - 0 - 0 - ns 

Write Pulse Width tWP 15 - 20 - 25 - 35 - ns 

Write Recovery Time tWR 0 - 0 - 5 - 0 - ns 

Ou!Eut Disable to Ou!Eut in High-Z tOHz*S 0 JO 0 JO 0 15 0 15 ns 

Write to Output in High-Z tWHz*S 0 10 0 JO 0 15 0 15 ns 

Data to Write Time Overlap tow 12 - 15 - 20 - 30 - ns 

Data Hold from Write Time tDH 0 - 0 - 0 - 0 - ns 

0l!.E_ut Active from End of Write tow 0 - 0 - 0 - 0 - ns 

•WRITE TIMING WAVEFORM (1) (WE Controlled) 

twc 

Address 

tcw 

cs 

WE 

Din Data In Valid 

High lmpedence 
Dout 

$HITACHI 
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-------------------------------HM621400 Series 

• WRITE TIMING WAVEFORM (2) (CS Controlled) 

twc 

Address 

cs 

WE 

Din 

Dout 

Notes: 

tcw 

XXXXX
=== ~ tow •~I~--__...,_._.......,,. 
~~ DatalnValid f)(XXXXX 

High lmpedence *3 

I. A write occurs during the overlap (tWP) of a low CS and a low WE. 

2. tWR is measured from the earlier of CS or WE going high to the end of write cycle. 

3. If the CS low transition occurs simultaneously with the WE low transitions or after the WE transition, output remain in a 
high impedance state. 

4. Dout is the same phase of write data of this write cycle. 
5. Transition is measured± 200 m V from high impedance voltage with Load (B ). This parameter is sampled and not 100% tested. 

~HITACHI 
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HM621400 Series ------------------------------

• LOW Vee DATA RETENTION CHARACTERISTICS (Ta = 0 to + 70°C) 

This characteristics is guaranteed only for L-version. 

Item Symbol Min Typ Max 

V CC for Data Retention VDR 2.0 - -
Data Retention Current ICCDR - - 100*! 

Chip Select to Data Retention Time tCDR 0 - -
Operation Recovery Time tR 5 - -
Note: I. Vee= 3.0V . 

• LOW Vee DATA RETENTION TIMING WAVEFORM 

Data retention mode 

2.2V 

cs-----
ov CS ~ VoR - 0.2V 

@HITACHI 

Unit Test Conditions 

v 
cs~ vcc-0.2v, 

µA 
Vin~ Vcc-0.2V or 

ns OV $ Vin $ 0.2V 
ms 
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Section 3 
Cache Static RAM and 
Fast SRAM Modules 

~HITACHI® 





HM62A168, HM62A188 Series 
Direct Mapped 8,192-Word x 16(18)-Bit/ 2-Way 4,096-Word x 16(18)-Bit Static Cache Memory 

• DESCRIPTION 
The Hitachi HM62A168/188 is a high speed 

128(144)-k Cache memory organized as 2-way set 
associative 4k x 16(18) or direct mapped 8k x 
16(18). 

By using two HM62A 168/188 can be achieved 
high performance 32-bit microprocessor system. 
The HM62A168/188, packaged in a 52-pin PLCC is 
available for high density mounting. 

•FEATURES 

• Single 5V supply and high density 52-pin PLCC 
package 

• High speed 
Access time: 25/30/35 ns (maximum) 

• Directly TIL compatible 
All inputs and outputs 

• Address latch 
• Pin programmable for 8k x 16(18) or 2-way 

4k x 16(18) 

• ORDERING INFORMATION 

Type No. Access Time Package 

HM62A l 68CP-25 25 ns 
HM62A l 68CP-25R 25 ns 
HM62A l 68CP-30 30 ns 
HM62A l 68CP-35 35 ns 
HM62Al88CP-25 25 ns 52-pin PLCC HM62A l 88CP-25R 25 ns 
HM62A l 88CP-30 30 ns 

(CP-52) 

HM62A l 88CP-35 35 ns 
HM62Al68BCP-25* 25 ns 
HM62A 168BCP-35* 35 ns 

HM62A l 88BCP-25* 25 ns 
HM62A l 88BCP-35* 35 ns 
*Please see note 6 

• (CP-52) 

• PIN ARRANGEMENT 

A1 6 5 4 3 2 1 52 51 50 49 48 47 

Ao 8 46 A12 
Vss 9 45 CE' 
Vss 10 44 Vss 
l/Oo 11 43 1/015 
1/01 12 42 1/014 
1102 13 41 1/013 
1/03 14 40 1/012 

Vss 15 39 Vss 
1104 16 38 1/011 
1/05 17 37 1/010 
I/Os 18 36 l/Og 
1/07 19 35 I/Os 

NCDPo 20 34 NCDP1 

21 22 23 24 25 26 27 28 29 30 31 32 33 

Vee cso CWEA Vss COEB MODE Vee 
Vee CWEB Vss COEA es, Vee 

(Top View) 

• PIN DESCRIPTION 

Pin Name Function 

CALEN Cache Address Latch Enable 

MODE Mode Select 

Ao-A12 Address 

CSo, CS1 Cache Chip Select 

COEA,COEB Cache Output Enable 

CWEA,CWEB Cache Write Enable 

l/Oo-1/015 Data Input/Output 

CE Cache Chip Enable 

NC No Connection 

DPo, DPJ Parity Input/Output 

~HITACHI 
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HM62A168, HM62A188 Series-----------------------

• BLOCK DIAGRAM 

• Topology Two-Way Set Associative (MODE = Logic high) 

COEA 

CWEA 

AO 

s 
A11 

GALEN 

COEB 

CWEB 

CE 

cso 
CS1 

Way A 

------1 4k x 8 

1/00-1/07 
------ (DPO) 

Latch 

1/00-1/07 
(DPO) 

4k x 8 

WayB 

4kx 8 

1/08-1/015 
(DP1) 

1/08-1/015 
(DP1) 

4kx 8 

• Topology Direct Mapped (MODE= Logic low) 

COEA 

COEB 

CWEA 

CWEB 

A12 

Ao 

) 
A11 

GALEN 

CE 

cso 

CS1 

------8kx8 8k x 8 

---+----11 /00-1/07 i/08-i/Oi 5 
(DPO) (DPO) 

Latch 

~HITACHI 

1/00 to 1/015 (DPO, DP1) 

1/00 to 1/015 (DPO, DP1) 
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--------------------------HM62A168,HM62A188Series 

Signal Description 

Signal Name 

AO-A6 
A7-All 
A12 

CALEN 

I/Oo-I/015 

MODE 

CSo, CS1 

DPoorNC 
DP1 or NC 

Vee 
Vss 

Pin Number 

8-2 
51-47 

46 

52 

11-14, 16-19, 
35-38, 40-43 

31 

23, 30 

45 

28, 29 

25, 24 

20 
34 

I, 21, 22, 32, 33 
9, IO, 15, 26, 27 

39, 44 

Signal Description 

Address inputs to the memory array. AO-Al I are latched on the falling edge of CALEN. 

A12 address input. In the two-way mode, address input A12 will be a "don't care" and 
should be externally wired to ground. 
In the direct-mapped mode. When MODE is connected to Vss, A12 selects which of 
the two 4K r. 16(18) banks is read from or written to. A12 is not latched by CALEN, as 
are the other address inputs. 

Cache Address Latch Enable input. This signal controls the internal address latches for 
inputs Ao-Al I When CALEN is high, the latch is transparent. The falling edge of 
CALEN latches the current address input levels. A 12 is static and is not controlled 
byCALEN. 

Data inputs and outputs. These are the three-state lines that provide data access to the 
memory array. 

MODE input. This signal controls whether the memory device is to be used in a direct­
mapped configuration (8K x 16(18)). When the MODE signal is high, the device is 
placed in the two-way mode. When the mode input is low, the cache is in the direct­
mapped mode. Tnis is a hard wired strap option and must not be changed dynamically. 

Cache Chip Select inputs. These active low signals selectively enable the two bytes of 
memory. CSo low enables bits I/Oo-I/07 and DPo. CS1 low enables bits I/Os-1/015 
and DP1. This applies to both the direct-mapped and two-way modes. 

Cache Chip Enable input (active low). This signal functions as a global chip enable. It 
gates the COEA, COEB, CWEA, and CWEB inputs. A chip enable controlled write 
can be done by taking CE inactive high while one of the CWEX signals is active 
(assuming all other timings for a write cycle are met). 

Cache Output Enable inputs. These active low input enable cache bank A or bank B to 
drive the data bus when in the two-way mode. In the two-way mode, bank A is enabled 
when COEA is low and bank B is enabled when COEB is low. If both banks are 
activated at the same time, then both banks become deselected. 
In the direct-mapped mode, COEA and COEB must be tied together externally. A low 
on COEA and COEB then enables the outputs of the 8K x 16(18) memory. A12 is used 
to determine which 4K x 16(18) bank is accessed. 

Cache Write Enable inputs (active low). In the two-way mode when CWEA (CWEB) 
is active, data is written into memory bank A (B). 
In the direct-mapped mode, CWEA and CWEB must be tied together externally. A low 
on CWEA and CWEB enables data to be written into the 8K x 16(18) memory. A12 is 
used to determine which 4K x 16( 18) bank is accessed. 

Parity data inputs and outputs (HM62Al88). These are three-state lines that provide 
parity data access to the memory array. 
For the HM62A 168, these two pins are not used (NC) and must not be physically tied 
to Vee, Vss, or any other device inputs. 

System Power +5V. (21, 22, 32, 33 are for outputs) 
System Ground. (10, 15, 39, 44 are for outputs) 

~HITACHI 
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HM62A168, HM62A188 Series--------------------------

• FUNCTION TABLE 

Two-Way Mode (Mode= High) 2-4K x 16(18) 

CE CSo CS1 COEA COEB CWEA CWEB l/Oo-I/07 (DPo) l/0&-1/015 (DP!) Function 

H x x x x x x High-Z High-Z Disabled 

x H H x x x x High-Z High-Z Disabled 

x x x H H x x High-Z High-Z Output High-Z 

x x x L L x x High-Z High-Z Output High-Z 

L L H L H H H Output High-Z Read Way A 

L L H H L H H Output High-Z Read Way B 

L H L L H H H High-Z Output Read Way A 

L H L H L H H High-Z Output Read Way B 

L L L L H H H Output Output Read Way A 

L L L H L H H Output Output Read Way B 

L L H x x L H Input High-Z Write Way A 

L L H x x H L Input High-Z WriteWayB 

L H L x x L H High-Z Input Write Way A 

L H L x x H L High-Z Input WriteWayB 

L L L x x L H Input Input Write Way A 

L L L x x H L Input Input WriteWayB 

L L H x x L L Input High-Z Write Way A & B 

L H L x x L L High-Z Input Write Way A & B 

L L L x x L L Input Input Write Way A & B 

Direct Mode (Mode= Low) SK x 16(18) 

CE CSo CSJ COEA COEB CWEA CWEB l/Oo-1/07 (DPo) l/Os-1/015 (DP1) Function 

H x x x x x x High-Z High-Z Disabled 

x H H x x x x High-Z High-Z Disabled 

x x x H H x x High-Z High-Z Output High-Z 

L L H L L H H Output High-Z Read 

L H L L L H H High-Z Output Read 

L L L L L H H Output Output Read 

L L H x x L L Input High-Z Write 

L H L x x L L High-Z Input Write 

L L L x x L L Input Input Write 
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-------------------------HM62A168, HM62A188 Series 

•ABSOLUTE MAXIMUM RATINGS 

Item Symbol Value Unit 

Voltage on any pin relative to Vss Vin -0.5* 1 to +7.0 v 
Power Dissipation Pr 1.4 w 
Operating Temperature Range Topr 0 to +70 oc 
Storage Temperature Range Ts~ -55 to +125 oc 
Storage Temperature Range Under Bias Tbias -IO to +85 oc 
Note: I. Vin min = -2.5 V for pulse widths; lO ns. 

• RECOMMENDED DC OPERATION CONDITIONS (Ta= O to + 70°C, exceeding minimum air flow requirement) 

Parameter Symbol Min. 

Vee 4.5*1 
Supply Voltage 

Vss 0 

Input High (Logic I) Voltage VIH 2.2 

Input Low (Logic 0) Voltage VIL -0.5*2 

Note: I. Vee min= 4.75V and Vee max.= 5.25V for HM62Al68/188-25/25R/30. 
2. VIL min = -2.0V for pulse width s; I Ons. 

Typ Max. Unit 

5.0 5.5*1 v 
0 0 v 
- 6.0 v 
- 0.8 v 

•DC CHARACTERISTICS (Ta= Oto 70°C, Vee= 5V± 10%*1, Vss =OV, exceeding minimum airflow requirement) 

Parameter Symbol Min. Typ Max. Unit 

Input Leakage Current I Iu I - - 2.0 µA 

Output Leakage Current l1wl - - 10.0 µA 

Active Operating 
Power Supply Current Ice - - 220 mA 

Output Low Voltage VOL - - 0.4 v 
Output High Voltage VQH 2.4 - - v 
Notes: I. Vee= 5V ± 5% for HM62Al68/188-25/25/25R/30, HM62Al68B/188B-25. 

2. Typical limits are at Vee= 5.0, Ta= +25°C and specified loading. 

•CAPACITANCE (Ta= 25°C, f= 1 MHz.)* I 

Parameter Symbol Min Max 

Input Capacitance Cin - 6 

Input/Output Capacitance cuo - 12 

Note: I. This parameter is sampled and not I 00% tested. 

@HITACHI 

Test Conditions 

Vee= Max., Vin= Vss to Vee 

Output Disable 
VI/O = Vss to Vee 

Vin - VssNcc. 1110 = O mA, 
2X Min. Cycle, CE, CS = VIL Max., 

CALEN = VJH Min. 

IOL=4mA 

IOH =-1.0mA 

Unit Test Conditions 

pF Vin =OV 

pF Vuo=OV 
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HM62A168, HM62A188 Series--------------------------

•AC CHARACTERISTICS (Ta= 0 to 70°C, Vee 5V ± 10%, unless otherwise noted.) 

Test Conditions 

• Input pulse levels: Vss to 3.0V 
• Input rise and fall times: 3ns 
• Input and Output timing reference levels: 1.5V 
• Output load: See figures 
• Exceeding minimum air flow equipment: See air flow requirements 

+5V 

4800 

Dout Dout 

2550 30pF* 2550 

+5V 

4800 

5pF* 

Output Load (B) Output Load (A) 
*Including scope & jig. (for tcHz, tcLZ• twHz & tow) 

Note: 1. Vee= 5V ± 5% for HM62A168/188-25/25R/30, HM62A168B/188B-25. 

•READCYCLE 

HM62Al68/B-25 HM62A I 68-25R HM62A168-30 HM62A 168/B-35 

Parameter Symbol HM62A 188/B-25 HM62Al88-25R HM62A 188-30 HM62Al88/B-35 Unit Note 

Min Max Min Max Min Max Min Max 

Read Cycle Time tRC 25 - 25 - 30 - 35 - ns 

Address Access Time tAA - 25 - 25 - 30 - 35 ns 

A12 Address Access Time tAJ2 - 17 - 17 - 20 - 25 ns 

Chip Select Access Time tCS - 20 - 20 - 20 - 25 ns 

Chip Enable Access Time tCE - 20 - 22 - 22 - 25 ns 

CALEN High to Output Valid tLA - 25 - 25 - 30 - 35 ns 1 

Output Enable to Output Valid tQE - 10 - 10 - 12 - 13 ns 

Output Hold from Address Change tQH 3 - 3 - 3 - 3 - ns 2 

Chip Select to Output Low-Z tLZ 3 - 3 - 3 - 3 - ns 3 
Chip Enable Low to Output Low-Z tLZE 5 - 5 - 5 - 5 - ns 3 

Output Enable to Output Low-Z tQLZ 2 - 2 - 2 - 2 - ns 3 

Chip Deselect to Output High-Z tHZ - 15 - 15 - 15 - 25 ns 3 

Chip Enable High to Output High-Z tHZE - 15 - 15 - 15 - 25 ns 3 

Output Disable to Ou!E._ut High-Z tQHZ - 10 - 10 - 10 - 14 ns 3 
Address Latch Enable Pulse Width tCALEN 8 - 8 - 8 - 10 - ns 

Address Setup to Latch Low tASL 4 - 4 - 4 - 6 - ns 

Address Hold to Latch Low tAHL 5 - 5 - 5 - 5 - ns 
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--------------------------HM62A168, HM62A188 Series 

• READ TIMING WAVEFORM (1) (CWE =High) 

GALEN 

Addresses 
(AO-A11) 

CE 

CSO,CS1 

COE 

Dout 

tcALEN 

A12 (Unlatched) Valid 

Notes: 1. tLA is applied to the case that address is valid before CALEN goes high. 
2. tOH is determined by the earliest of CALEN going high, valid addresses Ao-A 11 transition with CALEN high, or 

A 12 transition. 
3. Transition is measured ±200 mV from steady state voltage with Load (B). This parameter is sampled and not 100% tested. 

$HITACHI 
Hitachi America, Ltd. •Hitachi Plaza• 2000 Sierra Point Pkwy.• Brisbane, CA 94005-1819 • (415) 589-8300 317 



HM62A168, HM62A188 Series--------------------------

• WRITE CYCLE 

HM62A 168/B-25 HM62Al68-25R HM62Al68-30 HM62A 168/B-35 
Parameter Symbol HM62A 188/B-25 HM62A I 88-25R HM62Al88-30 HM62A 188/B-35 Unit Note 

Min Max Min Max Min Max Min Max 
Write Cycle Time twc 25 - 25 - 30 - 35 - ns 

Address Valid to End of Write tAW 18 - 18 - 18 - 25 - ns I 

Al2 Valid to End of Write tAI2W 18 - 18 - 18 - 25 - ns 

Chip Select to End of Write tCW 18 - 18 - 18 - 25 - ns 

Data Valid to End of Write tow 10 - 10 - 10 - 10 - ns 

Data Hold from End of Write tDH 0 - 0 - 0 - 0 - ns 

Write Enable Active to High-Z tWHZ - 15 - 15 - 15 - 15 ns 5 

Write Enable Inactive to Low-Z tWLZ 3 - 3 - 3 - 3 - ns 5 

Write Pulse Width twp 15 - 15 - 18 - 25 - ns 

CE Pulse Width During Chip Enable 
tCP 15 - 15 - 18 - 25 - ns 

Controlled Write 

Address Setup Time tAS 0 - 0 - 0 - 0 - ns 2 

Write Recovery Time tWR 0 - 0 - 0 - 0 - ns 3 

Address Latch Enable Pulse Width tCALEN 8 - 8 - 8 - 10 - ns 

Address Setup to Latch Low tASL 4 - 4 - 4 - 6 - ns 

Address Hold to Latch Low tAHL 5 - 5 - 5 - 5 - ns 

Chip Enable Low to Output Low-Z tQLZ 2 - 2 - 2 - 2 - ns 

Output Disable to Output Hig-Z tQHZ - 10 - 10 - 10 - 10 ns 
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-------------------------- HM62A168, HM62A188 Series 

•WRITE TIMING WAVEFORM (1) (WE Controlled) 

CAL EN 

Addresses 
(AO-A11) 

A12 

CE 

CSO,CS1 

CWE 

COE 

Dout 

Din 

twc 

twc 

A12 (Unlatched) Valid 

tow toH 

High-Z 
Data Valid 

@HITACHI 

toLZ 

*6 

High-Z 
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HM62A168, HM62A188 Series------------------------

• WRITE TIMING WAVEFORM (2) (COE= High, CE Controlled) 

CAL EN 

Addresses 
(AO-A11) 

A12 

CE 

WE 

Din 
High-Z 

twc 

tcALEN 

Adresses Valid 

~-----t-'-'w~c ____ • 
twR• 

A12 (Unlatched) alid 

tcw 

tow 

Data Valid 

~HITACHI 

High-Z 
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---------------------------------HM62A168, HM62A188 Series 

• WRITE TIMING WAVEFORM (3) (COE = High, CS Controlled) 

twc 

tcALEN 

CA LEN 

Addresses 
(AO-A11) 

Adresses Valid 

twc 

A12 A1 2 (Unlatched) Valid 

CE 

Din 

Notes: I. 

2. 

3. 

4. 
5. 
6. 

tA12W twR 

tcp 

tcw 

tow toH 

H_i_gh_-_z ________________________ <X>i(~o_a_ta_._va_~_id __ ~---------H_i~g_h-_Z 

tA W is measured from the later of CA LEN going high, or addresses Ao-A 11 transition with CA LEN high to the end of 
write cycle 
tAS is measured from the latest ofCALEN going high, addresses Ao-AI I transition with CALEN high, or address A12 
transition to the beginning of write cycle. 
tWR is measured from the earliest of CSo, CS 1, CE, or WE going high to the earlier of CALEN going high, or address 
A 12 transition. 

A write occurs during the overlap of a low CSo or CS 1, a low CE, and a low WE. 
Transition is measured ±200 mV from steady state voltage with Load (B). This parameter is sampled and not 100% tested. 
Dout is not the same phase of write data of this write cycle. Normal read cycle shall be used for write verify. This does not 
apply to the HM62A l 68B and HM62A l 88B. 
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HM62A168, HM62A188 Series------------------------

• AIR FLOW REQUIREMENTS 

Minimum Air Flow 
Requirement (m/s) 

6 

5 

4 

3 

2 

0 

I 
I 
I 
I 
I 
I 

Ta= 70°C: 1 : 
- - - - - - - - - -- - - - - - - - - - - - - - _ -L ___ - _ - - - - ____ 1_ - _ - - - - -- ___ _ 

I I I 
I I I 
I I I 
I I 
I I 
I I 
I I 
I I 

Memory cycle time 
for 385/386 system 

-------------t ------------~-------------~------------
! I I 
I I I 

: : 33 MHz 25 Mhz 

-----------_ j _ ---------_ J _ ---*-------_j __ t _ ---------
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 

-------------~--- ---------~---- --------~- ----------
Ta= 55°C 

25 

1 I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 

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

50 

tRcOR twc (ns) 

I 
I 

75 100 
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HM62A932 Series ---------------Preliminary 

32k x 9 Data Cache RAM 

• DESCRIPTION 
The Hitachi HM62A932 is a high speed 288-kbit 

synchronous static cache RAM optimized for use in 
secondary caches for 32-bit microprocessor 
system. This RAM has a 32-kword x 9-bit organiza­
tion for building a 32k x 32-bit cache data array, 
with byte parity by using four of these chips. The 
HM62A932 is available in a 44-pin PLCC for high 
density mounting. 

•FEATURES 

• 32-kword x 9-bit organization 
• Synchronous read and write 
• Internal burst read/write address counter 
• Self-timed write 
• Matches timing of 50 MHz 32-bit micro processor 
• Additional address strobe input for implementing 

extended burst 

• ORDERING INFORMATION 

Type No. Access Time CPU Clock Rate Package 

HM62A932CP- I 4 14ns 50MHz 
HM62A932CP- I 9 19 ns 40MHz 44-pin 
HM62A932CP-24 24ns 33MHz PLCC 
HM62A932CP-34 34ns 25MHz 

• (CP-44) 

• PIN ARRANGEMENT 

HM62A932 Series 

18 19 20 21 22 23 24 25 26 27 28 

1/03 NC Vee CE CS1 v SS 
v SS WE Vss CSo I/Os 

(Top View) 

• PIN DESCRIPTION 

Pin Name Function 

CLK Clock Input 

ADSP Address Status Input from MPU 

ADSC Address Status Input from the Cache Controller 

CSo, CS1 Complementary Chip Select Input 

Ao-A14 Base Address Input 

ADV Synchronous Address Advance Input 

WE Synchronous Write Enable Input 

OE Asynchronous Data Output Enable Input 

l/Ocr-1/07, 1/08 Input/Output Data Pin 

NC No Connection 
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HM62A932 Series----------------------------

•BLOCK DIAGRAM 

Address 
Register 

8-kword x 9-bit 
Burst 

Control 

Burst & 
RD/WRt--~+-~~-+--~ 
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------------------------------HM62A932 Series 

• FUNCTION TABLE 

Table 1. Synchronous Operation 

CSo CS1 ADSP ADSC ADV WE CLK 1/0 Pin Function 

x H x x x x ___r- High-Z Disable 

L x x x x x ___r- Hig_h-Z Disable 

H L L x x x ___r- Ou~ut Latch Base Address Read Address 

L L 
___r-

Input 
Latch Base Address Sample Write Data 

H H x L Start a Self-Timed Write 

H L H L x H ___r- Ou~ut Latch Base Address Read Access 
___r- Sample Write Data Advance Burst Count 

H L H H L L Input Start a Self-Timed Write 

H L H H L H ___r- Ou~ut Advance Burst Count Read Access 

H L H H H L ___r- If!Q_ut Start a Self-Timed Write 

H L H H H H ___r- Ou~ut Read Access 

X =Don't care, H =High, L =Low, High-Z =High Impedance 

Table 2. Asynchronous Output Control (See Notes 2 and 3 Below) 

OE 1/0 Pin 

L Output 

H Hig_h-Z 

Notes: I. Two separate address strobe inputs are provided and both will load a new base address. ADSP, from the MPU will override 
all other functions and cause a read access to the base address. ADSC, from the controller, is affected by WE if ADSP is 
inactive, and ADSC will start either a read or write cycle to the base address. 

2. The CSo and CS I inputs are sampled with the addresses when ADSP or ADSC is sampled active. Only if CSo and CS I are 
sampled active will WE or OE affect the chip. 

3. Any time WE is active when ADSP is inactive, a self-timed write will start. 
4. During data read cycles, data is always presented asynchronously with clock after OE becomes low. 
5. If the asynchrous OE signal is activated during a self-timed write cycle, 1/0 pins will be in High-Z state. 
6. OE must not be driven by any controller when setting up for a write cycle, since the data collision would corrupt the write data. 
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Pin Description 

CLK 

CS0,CS1 

Ao,A14 

l/Oo, I/Os 

Clock input signal. It samples all of the input signals except OE. 

Address status input signal from MPU. When activated, a new "base" address is latched and an internal read access is 
performed. All other synchronous inputs are ignored when it is sampled active. 

Address status input signal from the cache controller. When activated, a new "base" address is latched. Used during 
extended burst, and write-back cases when the cache controller must tell the device what addresses to access. 

Complementary chip select input signals. These are sampled along with the addresses when ADSP or ADSC is 
sampled. For any read/write or data bus activity to occur, CSo must be sampled high and CS 1 must be sampled low. 

Base address input signals. They are sampled when ADSP or ADSC is active. Ao-A 14 may change after ADSP or 
ADSC samples them. AJ and Ao are latched and modified by the internal burst counter which XORs the bits in a 
certain burst order. 

Address advance input signal. When ADV is sampled active, and ADSP and ADSC are both sampled inactive, ADV 
will increment the burst counter prior to a read or write access. If ADV and WE are sampled active, the address will 
be incremented before a self-timed write starts. If ADV is sampled active with WE inactive, the address will be 
incremented before a read access starts. 

Write enable input signal. When WE is sampled active and ADSP is sampled inactive, a self-timed write will start. 
When WE is sampled inactive, a self-timed write will start. When WE is sampled inactive, a read access will start. 
Active WE with ADSC active will cause a write to occur. 

Asynchronous data output enable signal input. When active, the 1/0 pins will be driven will be driven with the read 
data available inside chip. OE activated while an internal self-timed write is in progress will cause the 1/0 pins to 
be High-Z. OE must be activated while an internal self-timed write is in progress will cause the 1/0 pins to be 
High-Z. OE must be inactive with enough margin before a self-timed write is started to guarantee that no data bus 
contention occurs. 

Input/Output data pins. 

• FUNCTIONAL DESCRIPTION 
This cache RAM contains both data and address edge triggered latches to perform high speed synchronous accesses. These latches, 

combined with internal self-timed write logic, allow the write decision to be postponed until it is known that a write must be done. 
An internal burst address counter is provided to support burst read and burst write cycles. The counter sequences through the four 

internal bytes on the rising edge of the clock when input is sampled active. If the device reaches end of the normal burst sequence, the 
counter will wrap-around to the initial base address. 

The rules for handling the low order address bits during a burst sequence is shown here (the low order address bits): 

Initial access: 
Next burst access: 
Next burst access: 
Next burst access: 
Next burst access: 

Use base address provided with ADSC or ADSP 
Invert only base address Ao 
Invert only base address Al 
Invert only base address A1-Ao 
Wrap-around, use initial base address 
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------------------------------HM62A932 Series 

•ABSOLUTE MAXIMUM RATINGS 

Itl 
y, 
~m 

?ltage on any pin relative to Vss 

P< 

Oi: 

1wer Dissipation 

:erating Temperature Range 

St( 

St( 

>rage Temperature Range 

>rage Temperature Range Under Bias 

Note: I. VT min = -2.5 V for pulse width :::; I 0 ns. 

Symbol 

VT 

PT 
Topr 

Tstg 

Tbias 

• RECOMMENDED DC OPERATING CONDITIONS (Ta= Oto 70°C) 
--
Parameter Symbol Min. 

Vee 4.5 
Supply Voltage 

Vss 0 

~put High (Logic 1) Voltage VJH 2.2 

Input Low (Logic 0) Voltage YJL -0.5*1 

Note: 1. VIL min = -2.0V for pulse width :::: 10 ns. 

• DC CHARACTERISTICS (Ta= Oto 70°C, V cc= 5V ± I 0%, Vss = OV) 
--
Parameter Symbol Min. Typ*l Max. Unit 

~put Leakage Current I Iu I - - 2 µA 

Output Leakage Current /Iw/ - - 10 µA 
--
Active Operating Power 

Ice - - TBD mA 
Supply Current 

Output Low Voltage VOL - - 0.4 v 

Output High Voltage YOH 2.4 - - v 

Note: I. Typical limits are at V cc = 5.0V, Ta= +25°C and specified loading 

•CAPACITANCE (Ta= 25°C, f =I MHz)* I 
--
Parameter Symbol Min Max --
Input Capacitance Cin - 5 

In_put/Output Capacitance CJ/0 - 10 

Note: 1. This parameter is sampled and not 100% tested. 

@HITACHI 

Value Unit 

-0.5* 1 to +7.0 v 

1.2 w 
0 to +70 oc 

-55to+125 oc 

-IO to +85 oc 

Typ Max. Unit 

5.0 5.5 v 

0 0 v 

- 6.0 v 

- 0.8 v 

Test Conditions 

Vee= Max., Yin= Vss to Vee 

Output Disable 
vvo = Vss to Vee 

TBD 

IOL=3.2mA 

IoH=-2.0mA 

Unit Test Conditions 

pF Yin= OV 

pF Vvo=OV 

Hitachi America, Ltd. • Hitachi Plaza• 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 327 



HM62A932 Series------------------------------

• AC CHARACTERISTICS (V cc = 5V ± 10%, Ta = 0 to 70°C) 

Test Conditions 
• Input and Output timing reference levels: 1.5V 
• Input pulse levels: Vss to 3V 
• Input rise and fall times: 3ns 
• Output load: See figures 

5V 

Output Load (A) 

5V 

Output Load (B) 
* Including scope & jig. (for toLZ & toHzl 

HM62A932-14 HM62A932- l 9 
Parameter Symbol 

Min Max Min 
Read Cycle Time tCYC 20 - 25 

Clock Pulse High tCH 8 - 9.5 

Clock Pulse Low tCL 8 - 9.5 

Address Setup Time tAS 3 - 3 

ADS Setup Time tADSS 3 - 3 

Output Select Setup Time tcss 3 - 3 

Address Hold Time tAH 2 - 2 

ADS Hold Time tADSH 2 - 2 

Chip Select Hold Time tCSH 2 - 2 

Input Data Setup Time tos 3 - 3 

ADV Setup Time tADVS 3 - 3 
Write Enable Setup Time tWES 3 - 3 

Input Data Hold Time tDH 2 - 2 

ADV Hold Time tADVH 2 - 2 

Write Enable Hold Time tWEH 2 - 2 

Clock to Output Valid tco - 14 -

Output Enable Low to Output Valid tQE - 7 -

Output Enable Low to Output Low-Z tOLz*l,*2 0 - 0 

Read Data Hold After New Clock toe 3 - 3 

Output Enable High to Output High-Z toHZ*l,*2 - 7 -

System Clock Skew tSKEW - 1 -

Frequency 50 40 

Notes: I. Transition is measured± 200 mV from steady state voltage with Load (B). 

2. This parameter is sampled and not 100% tested. 
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Max 
-

-

-

-
-

-

-

-

-

-

-

-

-

-

-

19 

8 

-

-

8 

I 

HM62A932-24 

Min Max 
30 -
11 -
11 -

5 -

5 -
5 -

3 -

3 -

3 -
5 -

5 -

5 -
3 -

3 -

3 -

- 24 

- 9 

0 -

3 -

- 9 

- I 
33 

HM62A932-34 

Min Max 
40 -

14 -

14 -

5 -
5 -

5 -
3 

3 -

3 

5 -

5 -

5 -

3 -
3 -

3 -
- 34 

- 10 

0 -

3 -
- 10 

- I 
25 
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Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
MHz 



------------------------------HM62A932 Series 

•TIMING WAVEFORMS 

(1) Read Cycle Followed by Burst with Wait State Added to Data C 

CLK 

CSo 

Data Out 

tcvc 

A-Data from Base ADDR 
B-Data from Base ADDR except Ao is now Ao 

C-Data from Base ADDR except AI is now AI 

D-Data from Base ADDR except Ao and AI are now Ao and AI 

Note: I. If ADSP or ADSC goes low during a burst cycle, a new address will be loaded, and another burst cycle will be started. 
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(2) Write Cycle Followed by Burst Write with Wait State Added to Data C 

CLK 

Data in 

Data Out _t a 
A-Data to be written to Base ADDR 
B-Data to be written to Base ADDR except Ao is now Ao 

C-Data to be written to Base ADDR except A J is now AJ 

D-Data to be written to Base ADDR except Ao and AI are now Ao and AI 

E-Data to be written to new Base ADDR loaded by ADSC 

~HITACHI 
330 Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 



(3) Burst Mixed Read/Write Cycles 

CLK 

ADSC 

WE 

ADV 

OE 

Data in 

Data Out 

twEs twEH 

RA-Data from Base ADDR 
WA-Data to be written to Base ADDR 
WB-Data to be written to Base ADDR except Ao is now Ao 

WC-Data to be written to Base ADDR except A 1 is now A1 

WD-Data to be written to Base ADDR except Ao and A 1 are now Ao and A1 
WE-Data to be written to new Base ADDR 
WF-Data to be written to new Base ADDR except Ao is now Ao 
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HM62A932 Series-----------------------------

(4) Sequencial ADSP/ADSC Cycles 

I A-Data from Base ADDR I 
2A-Data from Base ADDR2 
2B-Data from Base ADDR2 except Ao is now Ao 

2C-Data from Base ADDR2 except Al is now A1 

20-Data from Base ADDR2 except Ao and Al are now Ao and A1 

(5) System Clock Skew Requirements 

CLK 

Other 
System 
Clocks 

For this synchronous memory to meet its system timing requirements, the system clock skew must not exceed the specified range. 
Larger clock skews will require smaller clock-to-access times (tco). 
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HM62A2016 Series----------Preliminary 
Dual 8,192-Word x 20-Bit Static Cache Memory 

• DESCRIPTION 
The HM62A2016 is a high speed 327,680-bit 

cache memory organized as two banks of 8, 192 
words by 20-bits. The device includes dual address 
latches, dual chip select latches, data multiplexer 
with multiple chip enables and output enables. It 
can be used in a cache memory system adopting 
Harvard architecture which requires separate 
instruction and data storages. 

•FEATURES 

• High speed: up to 33 MHz operation 
Address access time: 17 /20/25/30 ns 
Output enable access time: 7171818 ns 

• Dual 8k x 20 memory arrays with data multiplexer 
• Dual latches for address and chip select inputs 
• Expandable both in width and depth 

Two separate chip selects 
• 52-pin PLCC 

• ORDERING INFORMATION 

Type No. Access Time Package 

HM62A20 I 6CP- I 7 17 ns 52-pin 
HM62A20 I 6CP-20 20 ns PLCC 
HM62A20 I 6CP-25 25 ns (CP-52) 
HM62A2016CP-30 30 ns 

(CP-52) 

• PIN ARRANGEMENT 

HM62A2016 Series 

A1 

Ao 
VSS 

l/OQ 

1101 

1102 

VSS 

1/03 

1104 

1/05 

1106 

VSS 

1107 

A12 

vss 
1/019 

1/018 

11017 

vss 
vcc 
1/016 

1/015 

1/014 

1/013 

vss 
11012 

1/08 VCC OEA VCC WEB CS 1011 
1/09 WEA VSS OEB CS 1/010 

(Top View) 

• PIN DESCRIPTION 

Pin Name Function 

Ao-A12 Address Inputs 

ALEA,ALEB Latch Enables 

OEA,OEB Output Enables 

WEA, WEB Write Enable 

l/Oo-I/019 Data Inputs Outputs 

cs.cs Chip Selects 
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HM62A2016 Series ----------------------------

• BLOCK DIAGRAM 

Latch Enable 
Side A (ALEA) 

Chip Select (CS)---­
Chip Select (CS) 

Address Bus (Ao-A12) 

13 

Latch Enable 
Side B (ALEB) 

Latch 
A 

Latch 
B 

Decode 

Decode 

OEA----­

WEA 

Bk x 20Array 

Array A 

Bk x 20Array 

Arrays 

WEB 

MUX 

OEB -----' 
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------------------------------HM62A2016 Series 

Signal Description 

Signal Name 

AO-Al2 

ALEA,ALEB 

cs.cs 

l/Oo, 1/019 

Pin Number 

3-9 
46-51 

2, 52 

30, 31 

24, 29 

25, 28 

11-13, 15-18 
20-22, 32-34, 
36-39, 42-44 

Signal Description 

Shared address inputs to both Memory Array A and Memory Array B. Current Ao--A12 
values are latched into Latch A or Latch B by the falling edge of ALEA or ALEB. 

Latch enable inputs. When ALEA or ALEB is high, Latch A or Latch B is transparent 
to address and chip select input values. The falling edge of ALEA and ALEB latches 
current inputs at Ao--A12 and current states of CS and CS. These latched values remain 
applied to the respective memory arrays until ALEA or ALEB transition to a high state. 

Active low and active high chip select inputs. The current states of CS and CS are 
latched by the falling edge of ALEA and ALEB. When CS is low and CS is high read 
and write access to both arrays is possible. CS should be grounded and CS should be 
tied to Vee in applications where no device depth expansion takes place. See the 
Depth Expansion Section for a detailed description of the chip select function. 

Active low write enable inputs. WEA controls writing into Array A and WEB controls 
writing into Array B. Both WEA and WEB must not be both low simultaneously. 

Active low output enable inputs. OEA and OEB are used to control driving of stored 
data from Array A or Array B onto the 1/0 lines during read operations. OEA and OEB 
must not be both low simultaneously. 

Data inputs and outputs. These are three-state lines that provide data access to both 
memory arrays. 
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HM62A2016 Series 

• FUNCTION TABLE 

cs cs ALEA ALEB WEA WEB OEA OEB Operation I/0 Status 

L x *l *l x x x x Not Selected Outputs High-Z 

x H *l *l x x x x Not Selected Ou!Q_uts H\g_h-Z 

H L x x H H H H Data 1/0' s Disabled Ou!Q_uts H!g_h-Z 

H L H x H H L H 
Read from Array A 

Data Out (Current Addresses) 

H L L x H H L H 
Read from Array A 

Data Out (Latched Addresses) 

H L x H H H H L 
Read from Array B 

Data Out (Current Addresses) 

H L x L H H H L 
Read from Array B 

Data Out (Latched Addresses) 

H L x x x x L*2 L*2 
Not Allowed in 

Same Phase -

H L H x L H H H 
Write to Array A 

Data In (Current Addresses) 

H L L x L H H H 
Write to Array A 

Data In (Latched Addresses) 

H L x x L*3 H L*3 H 
Not Allowed in 

Same Phase -

H L x x L*4 H H L*4 
Not Allowed in 

Same Phase -

H L x H H L H H 
Write to Array B 

Data In (Current Addresses) 

H L x L H L H H 
Write to Array B 

Datain (Latched Addresses) 

H L x x H L*4 L*4 H 
Not Allowed in 

Same Phase -

H L x x H L*3 H L*3 
Not Allowed in 

Same Phase -

H L x x L*5 L*5 x x Not Allowed in 
Same Phase -

X = Don't care, H = High, L = Low, High-Z = High Impedance 
Notes: l. CS and CS values shown in the table must have propagated through transparent latches and meet specified chip select setup 

times before a deselect operation can occur. 
2. If data are read simultaneously from both arrays, an undefined data outputs. Specified AC and DC parameters are not 

guaranteed in this state. 
3. Simultaneous reading and writing of a single array or of both arrays is not permitted. 
4. Simultaneous reading from one array while writing to the other array is not possible. 
5. Simultaneous writing to both arrays is not permitted during normal R3000 based cache operation. 
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------------------------------HM62A2016 Series 

• FUNCTIONAL DESCRIPTION 

The HM62A2016 is a highly-integrated memory 
device with several performance-enhancing features 
which allow direct interfacing to a MIPS R3000 or 
R3000A RISC processor. Two independent address 
latches, with fast setup times, are provided on-chip to 
allow faster addressing of two 8k x 20 memory arrays, 
Array A and Array B. Address inputs and data 1/0 lines 
are shared between the two arrays. 

Two sets of OE and WE inputs, coupled with an on­
board multiplexer control read and write access to each of 
the arrays. Integrating a 2: 1 output data multiplexer on­
chip reduces the problem of data bus contention that may 
occur when using discrete SRAMs and multiplexers, and 
allows easier synchronization of output enable signals. 

OEA and OEB inputs directly control the driving of 
stored data at the outputs of the HM62A2016 during read 
operations. Fast (7 ns) output enable and disable times are 
matched and permit data to be quickly taken off the data 
bus as well as driven on. This high level of device feature 
integration demonstrated by the HM62A2016 allows con­
struction of a dual 32-kbyte cache memory subsystem by 
combining only three devices together to reach the full 
60-bit tag plus data width requirements of the MIPS 
R3000(a) processor. 

The HM62A2016 is designed to permit storage and 
retrieval of tag address and cache data information to and 
from the two memory arrays in a direct-mapped, split 
data/instruction cache format. It is functionally compatible 
to and meets all MIPS R3000(A) cache memory timing 
requirements. The HM62A2016 fully supports 
"pipelined" reads and writes, as described below. 

Valid addresses that appear at Ao--A12 inputs are rec­
ognized by on-chip Latches A or B when they are trans­
parent (i.e. when ALEA or ALEB inputs are high). 
Current address input values are latched by the falling 
edge of ALEA and ALEB. 

For an R3000(A) to HM62A2016 cache interface, 
addresses are latched during the first phase of a 2-phase 
read operation cycle, and valid data appears at outputs 
(I/Oo--1/019) during the second phase. These addresses 
will remain latched and applied to Array A or Array B as 
long as ALEA or ALEB remains low. Similarly, for a 
write operation, valid addresses are also latched during the 
first phase, while data is actually written into the 
addressed location during the second phase. 

These sequential reads occur in a pipe-lined manner, 
where data or instructions are read from one array during 
the same phase when addresses for a subsequent read 
from the other array are latched. Similarly, alternating 
consecutive writes to the two memory arrays are possible 
as long as the minimum 2-phase write operation cycle is 
met with correct timings. 

A write operation to a memory array can occur in the 
phase that immediately precedes or follows a read opera­
tion from the other array. 

It is not possible to write to or read from both arrays at 
the same time. Nor is it possible to do more than one read 
or write per phase. It is not possible to read from or write 

to the same array in consecutive phases because of the 
minimum 2-phase read/write operation cycle require­
ments. See the Function Table for a detailed listing of pro­
hibited operations, as well as legitimate read and write 
modes. 

Array A and B are interchangeable and can arbitrarily 
be designated as for data or instruction storage. 

Depth Expansion 

Overview 
Each HM62A2016 has a latched active high chip 

select input (CS) as well as an active low input (CS). 
Depth expansion is achieved by connecting address line 
(A13) into CS and CS inputs of two HM62A2016's and 
grounding or tying to V cc the other remaining chip select 
of each device, as shown in figure 1. Corresponding (A or 
B) control inputs (OE, WE, and ALE) of depth-expanded 
HM62A2016's should be tied together. 

The latched chip select function of the HM62A2016 is 
designed to permit one array to be latched "on" (active for 
read or write access) while the other corresponding array 
of a different davice is turned "off'. 

Detailed Description _ 
The current states of CS and CS are latched on-chip 

by the falling edge of ALEA or ALEB. An "array select" 
state (both CS = 1 and CS = 0), that passes through a 
single transparent Latch (A or B) and meets tCSL timing, 
will permit that particular array (A or B) to be active for 
read and write access. An array in a selected state will 
remain active as long as its ALE input remains low. If an 
array select state is recognized by both transparent latches 
(A and B), then both arrays for that HM62A2016 device 
will be active. 

A "deselect" state (either CS= 0 or CS= 1) that prop­
agates through a single transparent latch (A or B) and 
meets the minimum specified chip select setup time will 
disable both read and write access to that respective array 
(Array A or Array B). If a deselecting input state passes 
through both transparent latches A and B, then read and 
write access to both arrays is disabled. 

Example 
An example of consecutive reads from two depth­

expanded HM62A2016's is shown in Read Cycle No. 2. 
In the first phase, an instruction is read from the I-cache 
of the "low RAM". At the beginning of this phase, A13 
transitions from low to high and causes the selection of 
the D-cache array of the "high RAM" for a read operation 
in the following phase. This high A 13 state also deselects 
the D-cache array of the "low RAM" for the following 
phase. 

Consecutive operations are possible because the latch­
ing of A 13 to select or deselect an array can occur in the 
same phase as a read or write operation from another 
array of a different HM62A2016. 

As a further example, the timings for a depth­
expanded store-load sequence are shown in Write Cycle 
No.2. 
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Data Bus 

"Low RAM" "High RAM" 

HM62A2016 HM62A2016 
IWR* WEA~ ,Y20 ~WEA ICIK ALEA I-Cache ALEA 
IRD* OEA CEA 

DWR* WEB DQ0-DQ19 WEB 
DCLK ALEB lo-Cachel ~ALEB 
ORD OEB OEB 

Addr. Low Addr. Low 
(Ao-A12) CS cs (Ao-A12) CS cs 

Addresses ~ I 
(Ao-A12) 13 

L 
7 

A13 

Figure I. I 6k x 20 x 2 Cache SRAM from two SK x 20 x 2 Cache SRAMs 
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•ABSOLUTE MAXIMUM RATINGS 

Item Symbol Value Unit 

Supply Voltage relative to Vss Vee -0.5* 1 to +7.0 v 
Voltage on any pin relative to Vss Vin -0.5* 1 to Vee +0.3 v 
Power Dissipation Pr 2.0 w 
Operating Temperature Range T~ 0 to +70 oc 
Storage Temperature Range Tstg -55 to +125 oc 
Storage Temperature Range Under Bias Tbias -IO to +85 oc 
Note: I. Vin min = -2.5 V for pulse width 10 ns. 

• RECOMMENDED DC OPERATING CONDITIONS (Ta = O to + 70°C, exceeding minimum air flow requirement) 

Parameter Symbol Min. Typ Max. Unit 

Vee 4.5 5.0 5.5 v 
Supply Voltage 

Vss 0 0 0 v 
Input High (Logic I) Voltage VIH 2.2 - Vee+ 0.3 v 
Input Low (Logic 0) Voltage VIL -0.5*1 - 0.8 v 
Note: I. VIL min = -2.0V for pulse width 10 ns. 

2. The supply voltage with all Vee pins must be on the same level. 
3. The supply voltage with all Vss pins must be on the same level. 

•DC CHARACTERISTICS (Ta= 0 to 70°C, Vee= 5V ± 10%, Vss = OV, exceeding minimum air flow requirement) 

Parameter Symbol Min. Typ Max. Unit Test Conditions 

Input Leakage Current I ILI I - - 2.0 µA Vee= Max., Vin= Vss to Vee 

Output Leakage Current l1wl - - 2.0 µA 
Output Disable 

V110 = Vss to Vee 

Active Operating Vin= Vss to Vee, Outputs Open 

Power Supply Current Ice - - 220 mA Load, lout = 0 mA, tcycle = Min. Cycle, 
CS =VIL Max., CS= VIH Min. 

Output Low Voltage VOL - - 0.4 v IOL=8mA 

Output High Voltage VOH 2.4 - - v IQH=-4mA 

Note: I. Typical limits are at Vee= 5.0V, Ta= +25°C and specified loading 

• CAPACITANCE (Ta = 25°C, f= 1 MHz.)* 1 

Parameter Symbol Min Max Unit Test Conditions 

Input Capacitance Cin - 5 pF Vin=OV 

Input/Output Capacitance cuo - 10 pF VI/O=OV 

Note: 1. This parameter is sampled and not 100% tested. 
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HM62A2016 Series 

•AC CHARACTERISTICS (Vee= 5V ± 10%, Ta= to 70°C, exceeding minimum air flow requirement) 

Test Conditions 

• Input and Output timing reference levels: 1.5V 
• Input pulse levels: Vss to 3V 
• Output load: See figures 

+5V 

480Q 

1/0 

255Q 50pF* 

Vss 

Output Load (A) 

*Including scope & jig. 

•READ CYCLE 

Frequency 

Parameter Symbol 

Read Cycle Time tRC 

Address Valid to Output Valid tAA 

Chip Select Access Time tAcs* 1 

Output Enable Low to Output Valid tQE 

Ou!J>ut Enable Low to Output Low-Z tOLZ 

Ou!J>ut Enable High to Output H~-Z tOHZ 

Output Hold from Latch Enable tLOH 

Address Setl!E_ to Latch Enable Low tASL 

Address Hold from Latch Enable Low tAHL 

Chip Select Setup to Latch Enable Low tcsL* 1 

Chi...£. Select Hold from Latch Enable Low tCSH*l 

Output Enable Separation Time tOSP 

Latch High to Address Valid tLAV 

33 MHz 

HM62A2016-17 

Min Max 

17 -
- 17 

- 17 

- 7 

I -

0 7 

3 -

5 -

2 -

5 -

2 -

2 -

3 -

1/0 

25 MHz 

HM62A2016-20 

Min Max 

20 -

- 20 

- 20 

- 7 

2 -

0 7 

3 -

5 -

2 -
5 -

2 -

2 -

3 -

+5V 

4800 

255Q 5pF* 

Vss 

Output Load (B) 
(for toLZ & t0 Hz) 

20MHz 16.67 MHz 

HM62A2016-25 HM62A2016-30 

Min Max Min Max 

25 - 30 -

- 25 - 30 

- 25 - 30 

- 8 - 8 

2 - 2 -

0 8 0 8 

3 - 3 -
5 - 5 -
2 - 2 -
5 - 5 -

2 - 2 -
2 - 2 -

3 - 3 -
-

Note: I. Indicates depth expansion parameter only. These parameters apply for both CS and CS. 

~HITACHI 
340 Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 



------------------------------HM62A2016 Series 

• WRITE CYCLE 

Frequency 33MHz 25 MHz 20MHz 16.67 MHz 

Parameter 
Symbol 

HM62A2016-17 HM62A2016-20 HM62A2016-25 HM62A2016-30 

Min Max Min Max Min Max Min Max 
Write Cycle Time tWC 17 - 20 - 25 - 30 -

Address Valid to End of Write tAW 12 - 15 - 20 - 25 -
Data Valid to End of Write tDS 6 - 8 - 8 - 10 -

Data Hold from End of Write tDH 0 - 0 - 0 - 0 -

Write Pulse Width tWP 10 - 15 - 17 - 22 -

Chip Enable to End of Write tcw* 1 12 - 15 - 20 - 25 -

Address Setup Time Before Write Start tAS 0 - 0 - 0 - 0 -

Latch Enable Hold from End of Write tWHL 0 - 0 - 0 - 0 -

Address Setup to Latch Enable Low tASL 5 - 5 - 5 - 5 -

Address Hold from Latch Enable Low tAHL 2 - 2 - 2 - 2 -

Chip Select Setup to Latch Enable Low tCSL*l 5 - 5 - 5 - 5 -
Chip Select Hold from Latch Enable Low tcsH* 1 2 - 2 - 2 - 2 -

Read/Write Separation Time tRWS 2 - 2 - 2 - 2 -

Latch High to Address Valid tLAV 3 - 3 - 3 - 3 -
-Note: I. Indicates depth expansion parameter only. These parameters apply for both CS and CS. 

• TIMING WAVEFORMS 

Read Cycle No. 1 (CS =Low, CS, WEA, WEB =High) 

Addresses 
(AO-A12) 

ALEA 
(IClk) 

ALES 
(DClk) 

Data/Instruction 
Out 

OEA 
(I Rd*) 

OEB 
(DRd*) 

Phase 1 

tRc 

(Data Address 0) 

Phase 2 

tRc 

(Instruction 
Address 1 

Phase 1 

tRc 

Notes: I. All timing parameters are measured with output Load A unless otherwise noted. 

Phase 2 

tRc 

(Instruction 
Address 2 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

2. Read cycle time (tRC) refers to read operations with current addresses applied to a transparent (high) latch. Read timing 
parameters are referenced from the last valid address to the first transition address. 

3. Transition is measured ±200 mV from steady state voltage with output Load B for tOLZ and tOHZ 
These parameters are sampled and not 100% tested. 
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HM62A2016 Series -----------------------------

Read Cycle No. 2 (WEA, WEB= High) (Consecutive Reads from Two Depth-Expanded HM62A2016's) 

CS • "Low RAM* 
CS • "High RAM* 

(A13) 

Addresses 
(Ao-A12) 

ALEA 
(IClk) 

ALES 
(DClk) 

Data/Instruction 
Out 

OEA 
(I Rd*) 

OEB 
(DRd*) 

Phase 1 Phase 2 

~s~ ~SH* ~s~ 
·~·------~·~·~---------~· 

(Data Address 0) 

("Low Ram") 

tcsH* 

Instruction 
Address 1 

("High Ram") 

Phase 1 

tcsL* 
------i~ tcsH* 

(Data Address 1) 

("Low Ram") 

Phase 2 

tcsL* tcsH* 
-__;~---I~ 

(Instruction 
Address 2 

("Low Ram") 

Note: I. All other non depth-expansion parameters shown in Read Cycle No. 1 still apply, and are not shown for simplicity. 
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Write Cycle No. 1 (CS =Low, CS, WEA= High) 

Addresses 
(AO-A12) 

ALEA 
(IClk) 

ALES 
(DClk) 

Data/Instruction 

OEA 
(I Rd*) 

OEB 
(DRd*) 

WEB 
(DWr*) 

Phase 1 

twc 

Store 

(Data Address 0) 

Phase 2 

tRc 

nstruction 
Address 1 

Phase 1 

tRc 

Notes: 1. All timing parameters are measured with output Load A unless otherwise noted. 

Load 

Phase 2 

tRc 

Instruction 
Address 2 

2. Write cycle time refers to write operations with current addresses applied to a transparent (high) latch. 
3. Transition is measured± 200 mV from steady state voltage with output Load B for tOLZ and tOHZ. These parameters are 

sampled and not 100% tested. 
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HM62A2016 Series -----------------------------

Write Cycle No. 2 (WEA= High) (Store-Load Sequence of Two Depth-Expanded HM62A2016's) 

CS • "Low RAM* 
CS • "High RAM* 

(A13) 

Addresses 
(Ao-A12) 

ALEA 
(IClk) 

ALES 
(DClk) 

Data/Instruction 
Bus 

OEA 
(I Rd*) 

OEB 
(DRd*) 

WEB 
(DWr*) 

Store 

Phase 2 

tcsL· 
Phase 1 

tcsw tcsL* tcsw 

(Data Address 0) 

"Low RAM" 

Instruction 
Address 1 

"High RAM" 

Load 

Phase 1 

tcsL· tcsw 

(Data Address 1) 

"High RAM" 

Phase 2 

(Instruction 
Address 2 

"Low RAM" 

Note: I. All othernon depth-expansion parameters shown in Write Cycle No. I still apply, and are not shown for simplicity. 
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------------------------------HM62A2016 Series 

Air Flow Requirements 

6 

I I I I I 
5 - - - - - r - - - - - - - - - 1 - - - -i- - - - - - - 1 - - - - - - - r - - - - - -

I I I I I 
4 - - - - - r - - - - - - - - - 1 - - - -i- - - - - - - 1 - - - - - - - r - - - - - -

Minimum 
Air Flow 3 
Requirment 
(ms) 

2 

0 

Ta= 70°C I 

I I I I I 
- - - - - r - - - - - - - - - 1 - - - -i- - - - - - - 1 - - - - - - - r - - - - - -

I 

I I I 
- - -1- - - - - - - I - - - - - - - r - - - - - -

Ta= 70°C 

10 17 20 25 30 
tRc or twc (ns) 
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HM62A9128/8128 Series ----------Preliminary 

131,072-Word x 9(8)-Bit Synchronous Cache SRAM 

•FEATURES 

• For high speed cache memory applications 
• Pipeline access capability with on-chip address, 

strobe and 1/0 registers 
• Organization: 128 kword x 9(8) bit 
• SOJ: 32-pin 
• TTL 1/0 (CP-320) 

• MAIN CHARACTERISTICS • PIN ARRANGEMENT 

Type No. Spec. Remarks HM62A9128/8128 Series 
Clock CEie Time 20 ns (min) 

Clock to Data Valid IO ns (max) 

Power Diss!IJ!ition 788 mW (max) 50MHz 

CLK 1 
A15 2 
A7 3 
Aa 4 

• ORDERING INFORMATION As 5 
A4 6 

Type No. Clock Cycle Time Package A3 7 

HM62A9 J 28JP-20 20 ns 32-pin SOJ 400 mil. 
HM62A8 l 28JP-20 20 ns (CP-320) 

A2 8 
A1 9 
Ao 10 

l/Oo 11 
(NC) 12 
1/01 13 
1102 14 
1/03 15 
Vss 16 

(Top View) 

• PIN DESCRIPTION 

Pin Name 

Ao-A12 

I/Oo-I/08 

WE 

OE 

CE 

CLK 

Vee 

Vss 

32 vcc 
31 A14 
30 A15 
29 WE 
28 A13 
27 As 
26 A10 
25 A11 
24 OE 
23 A12 
22 cs 
21 l/Oa 
20 1/07 
19 l/Oa 
18 1/05 
17 1/04 

Function 

Address 

Input/Output 

Write Enable 

Output Enable 

Chip Enable 

Clock Input 

Power Supply 

Ground 

NC No Connection (for x 8) 
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---------------------------HM62A9128/8128 Series 

• BLOCK DIAGRAM 

~ 
_J 
(.) 

I/Os 
A15 

1/07 A1s 
A14 

1/0a A13 
A12 

I/Os A11 
A10 128 K x 9 (8) 1/04 Ag 
As SAAM 

1/03 A1 
Aa 

1/02 As 
A4 

1/01 A3 
A2 1100 A1 
Ao (NC) 

~ ci _J 
(.) w 

a: 
w 
0.. LLOE a: 

WE LWE ~ 
_J 
(.) 

• FUNCTION TABLE 

Truth Table 

CE OE WE Din CLK SRAM Mode Next C__y_cle Dout Ref. G_y_cle Note 

H x x x ,,, Not Selected Hi.g_h-Z Read C__y_cle 

L H H x ,,, Not Selected Hi_g_h-Z 

L L H x ,,, Read Read Data Read Cycle 

L H L Data ,,, Write Hi_g_h-Z Write Cycle 

L L L Data ,,, Write Hi_g_h-Z 

Registers 

CLK Mode R<:gjster Ou!Q_ut ,,, Load R~ster l'!Q_ut 

LorH Hold Not Changed 
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HM62A9128/8128 Series--------------------------

•ABSOLUTE MAXIMUM RATINGS 

Item Symbol Value Unit 

Voltage on any pin relative to Vss VT -0.5 to +7.0 v 
Operating Temperature Range T~ Oto +70 oc 
Storage Temperature Range (with Bias) Tstg (bias) -!Oto +85 oc 
Storage Temperature Tstg -55 to +125 oc 

• RECOMMENDED DC OPERATING CONDITIONS (Ta= Oto+ 70°C) 

Item Symbol Min. Typ Max. Unit Note 

Vee 4.75 5.0 5.25 v 
Supply Voltage 

Vss 0 0 0 v 
VIH 2.2 - 6.0 v 

Input Voltage 
VIL -0.5 - 0.8 v I 

Note: I. VIL min = -2.0V for pulse width$ IO ns. 

•DC CHARACTERISTICS (Ta= Oto +70°C, Vee= 5V ± 5%, Vss = OV) 

Item Symbol Min. Typ Max. Unit Test Conditions 

Input Leakage Current I Iu I - - 2 µA Vee= 5.25V, Vin= Vss to Vee 

Output Leakage Current IIwl - - IO µA Dout High-Z State VI/O = Vss to Vee 
Average Operating Min. Cycle, CE= VIL 
Current Iee1 - - 150 mA Duty: I 00%, Il/O = 0 mA 

Isa 50 mA 
Power Standby CLK $VIL, 

Standby Power - - Min. Cycle 
Supply Current Power Standby CLK $ 0.2VVIL. 

ISBI - - 5 mA Vin,$ 0.2V or Vin~ Vee-0.2V 

Output Low Voltage VOL - - 0.4 v IOL=8.0mA 

Output High Voltage VoH 2.4 - - v IOH =-4mA 

•CAPACITANCE (Ta= 25°C, f= 1.0 MHz) 

Item Symbol Min Typ Max Unit Test Conditions 

Input Capacitance Cin - - 6 pF Vin =OV 

Input/Output Capacitance cuo - - IO pF Vuo=OV 

Note: I. This parameter is sampled and not I 00% tested. 
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---------------------------HM62A9128/8128 Series 

• AC CHARACTERISTICS (Ta= Oto + 70°C, V cc = 5V ± 5%) 

Test Conditions 
• Input pulse levels: Vss to 3.0V 
• Input rise and fall times: 2ns 
• Input and output timing reference levels: 1.5V 
• Output Load: See figure 

+5V 

480Q 

+5V 

480Q 

Output o---..----_. Output o---..-----. 

255Q 30pF* 

Output Load (A) 

*Including scope & jig Capacitance 

• READ AND WRITE CYCLE 

Item Symbol 

Clock Cycle Time tee 

Clock High Pulse Width !CH 

Clock Low Pulse Width !CL 

Input Setup Time (Address, Data, Strobes) !IS 

Input Hold Time (Address, Data, Strobes) tJH 

Clock to Output Data Valid !AC 

Output Data Hold From Clock tOH 

Clock to Output in Low-Z lLZ 

Clock to Output in High-Z !HZ 

Min. 

20 

5 

5 

3 

I 

-

2 

0 

-

Notes: I. Transition is measured± 200 mV from steady state voltage with Load (B). 
2. This parameter is sampled and not I 00% tested. 

~HITACHI 

255Q 5pF* 

Output Load (B) 
(for tHz & tu) 

Max. Unit 

- ns 

- ns 

- ns 

- ns 

- ns 

IO ns 

- ns 

- ns 

IO ns 

Note 

I, 2 

I, 2 
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HM62A9128/8128 Series--------------------------

•TIMING WAVEFORMS 

Read Cycle 

CLK 

Address 

OE 

WE 

Dout Data Valid *1 High-Z 

Notes: I. Read data is valid on next cycle. 
2. High impedance state is obtained on next cycle from CE= H, OE= H, or WE = L. 
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---------------------------HM62A9128/8128 Series 

Write/Read Cycle 

tee tee tee 

teH tel teH tel teH tel 

Din 

High-Z 
Data Valid 

Dout 

Note: I. Low impedance state is obtained on next cycle from OE = L, CE= L, or WE = H. 
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HM62A9128/8128 Series---------------------------

Pipelined Read Cycle (including internal signals) 

CLK 
(50 MHz) 

ADDA 

DATA 

CE 

OE 

WE 

LAD DR 

LDATA (in) 

LCE 

LOE 

LWE High 

RAM Access 

LDATA (out) 

LLOE 
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---------------------------HM62A9128/8128 Series 

Pipelined Write Cycle (including internal signals) 

CLK 
(50 MHz) 

ADDA 

DATA 

CE 

OE 

WE 

LAD DR 

LDATA (in) 

LCE 

LOE 
High 

LWE 

RAM Access 

LDATA (out) 

Low 
LLOE 

$HITACHI 
Hitachi America, Ltd. • Hitachi Plaza• 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 353 



HM62A9128/8128 Series-------------------------

Alternate Read/Write/Read Cycle (including internal signals) 

CLK 
(50 MHz) 

ADDA 

DATA 

LAD DR 

LDATA(in) 

LCE 

LOE 

LWE 

RAM Access 

LLOE 

\___/ 

\___/ 
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HB66B1616A Series 
16,384-Word x 16-Bit High Speed Static RAM Module 

• DESCRIPTION 

The HB66B1616A is a high speed 16K x 16 Static RAM module, 
mounted 4 pieces of 64K bit SAAM (HM6289JP) sealed in SOJ pack­
age. An outline of the HB66B1616A is 36-pin dual in-line package. 
Therefore, the HB66B1616A makes high density mounting possible 
without surface mount technology. The HB66B1616A provides com­
mon data inputs and outputs. Its module board has decoupling ca­
pacitors to reduce noise. 

•FEATURES 

• Single 5V ( ± 5%) Supply 
•High Speed 

Access Time ........................... 25/35ns (max.) 
• Low Power Dissipation 

Active Mode ............................. 1200mW typ. 
Standby Mode ................... 300mW typ. (TTL level) 

0.4mW typ. (CMOS level) 
• Equal Access and Cycle Time 
• Completely Static RAM 

No Clock or Timing Strobe Required 
• Directly TTL Compatible: All Inputs and Outputs 

• ORDERING INFORMATION 

Part No. 

HB66B1616A-25 
HB66B1616A-35 

• PHYSICAL OUTLINE 

Access 

25ns 
35ns 

Package 

36-pin dual in-line 
leaded type 

.4 
.100 

Unit: ..!!!!!L 
inch 

~HITACHI 

• PIN ASSIGNMENT 

OOo 1 
001 2 
002 3 
D03 4 

Ao 5 
A1 6 
A2 7 
A3 8 
A4 9 
As 10 
As 11 
A1 12 

004 13 
OOs 14 
OOs 15 
007 16 
cs 17 

GNO 18 

36 Vee 
35 001s 
34 0014 
33 0013 
32 0012 
31 GND 
30 A13 
29 A12 
28 A11 
27 A10 
26 Ag 
25 As 
24 0011 
23 0010 
22 009 
21 OOs 
20 WE 
19 OE 

(Top View) 

• PIN DESCRIPTION 

Pin Name Function 

Ao - A13 Address Input 

DQo - DQ15 Data-in, Data-out 

cs Chip Select 

WE Write Enable 

OE Output Enable 

Vee Power Supply ( + 5V) 

GND Ground 
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HB66B1616A Series-------------------­

• BLOCK DIAGRAM 

* MO-M3 : HM6289JP 

OE 
cs 
000 
001 
002 
003 

004 
005 
006 
007 

DOS 
009 
010 
0011 

0012 
0013 
0014 
0015 

---... 
---... -... -... 

-----... -... 

------... --
--... -... -.... --

l/01 
l/02 
1/03 
l/04 

l/01 
l/02 
l/03 
l/04 

l/01 
l/02 
l/03 
l/04 

l/01 
l/02 
l/03 
l/04 

l 
cs 

MO 

l -cs 
M1 

1 
cs 

M2 

l 
-cs 

M3 

AO-A13 -•-----• MO-M3 

WE • .. MO-M3 

] 
-OE 

1 
OE 

l 
OE 

I -OE 

Vee • =r= .. MO-M3 
co-cs 

GND • =r= .. MO-M3 
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----------------------------- HB66B1616A Series 

• ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol Value Unit 

Voltage on Any Pin Relative to V ss Vin -0.50) to + 7.0 v 
Power Dissipation PT 4.0 w 
Operating Temperature Range T~ 0 to +70 oc 
Storage Temperature Range Ts!&_ -55 to + 125 oc 
Storage Temperature Range Under Bias Tbias -10 to +85 oc 

NOTE: 1. V;n min. = -2.0V for pulse width :5 lOns. 

• TRUTH TABLE 

cs OE WE Mode Vee Current 110 Pin Ref. Cycle 

H x x Not Selected lss. Issi High-Z -

L L H Read Ice Dout Read Cycle (1-3) 

L H L Write Ice Din Write Cycle ( 1) (2) 

L L L Write Ice Din Write Cycle (3-6) 

NOTE: X means don't care. 

• ELECTRICAL CHARACTERISTICS 

• Recommended DC Operating Conditions (Ta =Oto 70°C) 

Parameter Symbol Min. Typ. Max. Unit 

Vee 4.75 5.0 5.25 v 
Supply Voltage 

Vss 0.0 0.0 0.0 v 
Input High (Logic 1) Voltage VIH 2.2 - 6.0 v 
Input Low (Logic 0) Voltage V1L -0.50) - 0.8 v 

NOTE: 1. V1L min. = -2.0V for pulse width :5 lOns. 

• DC ELECTRICAL CHARACTERISTICS (Ta = Oto 70°C, V cc = 5V ± 5 % , V ss = OV) 

Parameter Symbol Test Condition Min. Typ.0) Max. Unit 

Input Leakage Current lu Vee= Max., Vin= Vss to Vee -10 - 10 µA 
Output Leakage Current Iw CS= VJH, V110 = Vss to Vee -2 - 2 µA 

Operating Power Supply Current Ice 
CS = VIL• 1110 = OmA - 240 480 mA 
Min. Cycle 

Standby Power Supply Current lss CS = VIH Min. Cycle - 60 120 mA 

CS= ~Vee -0.2V 
Standby Power Supply Current ( 1) Issi OV :s Vin :S 0.2V or - 0.08 8 mA 

Vin ~Vee -0.2V 

Output High Voltage Yott Iott= -4mA 2.4 - - v 
Output Low Voltage VoL IoL = 8mA - - 0.4 v 
NOTE: I. Typical limits are at Vee = 5.0V, Ta= +25°C and specified loading. 

•CAPACITANCE (Ta= 25°C, f = lMHz)O> 

Parameter Symbol Test Conditions Min. Max. Unit 

Input Capacitance (Address, CS, OE, WE) Cin Vin= OV - 35 pF 

Input/Output Capacitance (DQ) C110 V110 = OV - 15 pF 

NOTE: 1. This parameter is sampled and not 100% tested. 
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HB66B1616A Series----------------------------

•AC CHARACTERISTICS (Ta= Oto 70°C, Vee= 5V ± 5%, unless otherwise noted.) 

• Test Conditions 

•Input Pulse Levels: Vss to 3.0V 
• Input and Output Timing Reference Levels: l.5V 

Dout 

2550 

+SV 

4800 

Output Load A 

*Including scope and jig capacitance. 

•Read Cycle 

Parameter 

Read Cycle Time 

Address Access Time 

Chip Select Access Time 

Chip Selection to Output in Low-Z 

Output Enable to Output Valid 

Output Enable to Output in Low-Z 

Chip Deselection to Output in High-Z 

Chip Disable to Output in High-Z 

Output Hold from Address Change 

Chip Selection to Power Up Time 

Chip Deselection to Power Down Time 

Symbol 

tRe 

tAA 

tAeS 
tcLz(I) 

toE 
toLzO> 

teHz< 1) 

toHzO> 

toH 
tpu 

tpo 

• Input Rise and Fall Times: 5ns 
• Output Load: See Figures 

Dout 

2550 

+5V 

4800 

5 pF * 

Output Load B 
(for tcHZ• tcLZ• lottz. toLZ• twHz & tow) 

HB66Bl616A-25 HB66B 1616A-35 

Min. Max. Min. Max. 

25 - 35 -
- 25 - 35 

- 25 - 35 

5 - 5 -
- 12 - 15 

0 - 0 -
0 12 0 20 

0 10 0 10 

3 - 5 -
0 - 0 -

- 25 - 30 

NOTE: 1. Output transition is measured ±200mV from steady state voltage with Load (B). 
This parameter is sampled and not 100% tested. 

@HITACHI 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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----------------------------- HB66B1616A Series 

•Read Timing Waveform (1) (1) 

Address 

OE 

cs 

Dout 

• Read Timing Waveform (2) (1) (2) (4) 

Address 

Dout 

• Read Timing Waveform (3) (1) (3) (4) 

cs 

Dout 

Vee supply 
current 

tse 

NOTES: l. WE is high for read cycle. 

toH 

2. Device is continuously selected, CS = V1L. 

3. Address valid prior to or coincident with CS transition low. 

4. OE= VIL· 

~HITACHI 

toH 
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HB66B1616A Series----------------------------­

• Write Cycle 

Parameter Symbol 
HB66B 1616A-25 

Min. Max. 

HB66B 1616A-35 

Min. Max. 
Unit 

Write Cycle Time twc 25 - 35 - ns 
Chip Selection to End of Write tcw 20 - 30 - ns 
Address Valid to End of Write tAW 20 - 30 - ns 

Address Setup Time tAs 0 - 0 - ns 

Write Pulse Width twp 20 - 30 - ns 
Write Recovery Time twR 0 - 0 - ns 

Output Disable to Output in High-Z toHz(l) 0 IO 0 10 ns 
Write to Output in High-Z twHzO> 0 8 0 10 ns 
Data to Write Time Overlap tow 12 - 20 - ns 

Data Hold from Write Time toH 0 - 0 - ns 
Output Active from End of Write tow< I) 5 - 5 - ns 

NOTE: 1. Output transition is measured :1:200mV from steady state voltage with Load (B). 
This parameter is sampled and not 100% tested. 

•Write Timing Waveform (1) (OE = H, WE Controlled) 

twc 

Address 
tcw 

cs 

WE 

tow 

Data In Data Valid 

High Impedance 
Dout 
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--------------------------- HB66B1616A Series 

•Write Timing Waveform (2) (OE = H, CS Controlled) 

twc 

Address 

tcw 

cs 

WE 

Data In 

High Impedance 
Dout 

• Write Timing Waveform (3) (OE = Clocked, WE Controlled) 

twc 

Address 

OE 
tcw 

cs 
iAW 

twp·1 
WE 

Dout 
High Impedance 

tow toH 

Din Data Valid 
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HB66B1616A Series-------------------------

• Write Timing Waveform (4) (OE = Clocked, CS Controlled) 

twc 

Address 

OE 

cs 

WE 

Din 

Dout 
High Impedance 
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--------------------------- HB66B1616A Series 

• Write Timing Waveform (5) (OE = L, WE Controlled) 

Address 

cs 

twp·1 
WE 

Dout 
High Impedance 

Din 
High Impedance ·s 
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HB66B1616A Series----------------------------

• Write Timing Waveform (6) (OE = L, CS Controlled) 

NOTES: I. A write occurs during the overlap of a low CS and a low WE (twp). 

2. twR is measured from the earlier of CS or WE going high to the end of write cycle. 

3. During this period, 1/0 pins are in the output state so that the input signals of opposite phase to the output must not be 
applied. 

4. If the CS low transition occurs simultaneously with the WE low transition or after the WE transition, the output 
buffers remain in a high impedance state. 

5. If CS is low during this period, 1/0 pins are in the output state after tow. Then the data input signals of opposite phase 
to the outputs must not be applied to them. 

6. Dout is the same phase of write data of this write cycle, if twR is long enough. 

7. If the CS low transition occurs simultaneously with the OE high transition or after the OE transition, the output 
buffers remain in a high impedance state. 
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HB66A2568A Series 
262, 144-Word x 8-Bit High Speed Static RAM Module 

• DESCRIPTION 

The HB66A2568A is a high speed 256K x 8 Static RAM module, 
mounted 8 pieces of 256K bit SRAM (HM6207HJP) sealed in SOJ 
package. An outline of the HB66A2568A is 60-pin zigzag in-line 
package. Therefore, the HB66A2568A makes high density mounting 
possible without surface mount technology. The HB66A2568A pro­
vides separate data inputs and output. Its module board has decoup­
ling capacitors to reduce noise. 

•FEATURES 

• Single 5V ( ± 10%) Supply 
•High Speed 

Access Time ........................... 25/35ns (max.) 
• Low Power Dissipation 

Active Mode ............................ 2400mW typ. 
Standby Mode ................... 800mW typ. (TIL level) 

0.8mW typ. (CMOS level) 
• Equal Access and Cycle Time 
• Completely Static RAM 

No Clock or Timing Strobe Required 
• Directly TIL Compatible: All Inputs and Outputs 

• ORDERING INFORMATION 

Part No. 

HB66A2568A-25 
HB66A2568A-35 

• PHYSICAL OUTLINE 

l.81 t O.l 
.150 t .01 

1pin 

Access 

25ns 
35ns 

Package 

60-pin zigzag in-line 
leaded type 

60pin 

~HITACHI 

• PIN ASSIGNMENT 

PDO(OPEN) Vss 

NC 
PD1(GND) 

Vee 6 
5 NC 
7 01 

Do 8 
9 01 

Oo 10 11 NC 
Ao 12 

13 A1 
A2 14 

15 A3 
A4 16 

17 As 
A& 18 

19 A1 
Vss 20 

21 03 
02 22 

23 03 
02 24 

WE 26 
25 Voo 

Ag 28 27 As 

CS1 30 
29 NC 

NC 32 
31 CS2 

NC 34 
33 NC 

Vcc36 
35 NC 
37 Os 

04 38 
39 Os Q4 40 
41 Vss 

A1o 42 43 A11 
A12 44 

45 A13 
A14 46 

47 A15 
A1& 48 49 A11 NC 50 

51 07 
06 52 
0& 54 

53 07 

NC 56 
55 Voo 

NC 58 
57 NC 

Vss60 
59 NC 

(Top View) 

• PIN DESCRIPTION 

Pin Name Function 

Ao - A17 Address Input 

Do - D7 Data-in 

Qo - Q1 Data-out 

CSi. CS2 Chip Select 

WE Write Enable 

Vee Power Supply ( + 5V) 

Vss Ground 

NC Non-connection 
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HB66A2568A Series------------------------

• BLOCK DIAGRAM 

CS1 
WE 

cs2------
ADD .__ __ ___..._...____.... ________ _ 

DO 
00 

D2 
02 

D4 
04 

D6 
06 

--ADD WE CS 

MO 
--- Din 
--- Dout 

ADD WE CS 

M2 
--- Din 
--- Dout 

ADD WE CS 

M4 
--- Din 
---- Dout 

ADD WE CS 

M6 
--- Din 
--- Dout 

D1 
01 

D3 
03 

DS 
05 

D7 
07 

--ADD WE CS 

----~Din 
__ _.. Dout 

M1 

ADD WE CS 

M3 __ ___.Din 
__ __, Dout 

ADD WE CS 

MS 
---Din __ __, Dout 

ADD WE CS 

M7 __ __.Din 
__ __. Dout 

Vee --•------·1 -'-co-c1 : MO·M7 
Vss • --r== ·~ 

C=0.22µF 

* MO-M7 : HM6207HJP 
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-----------------------------HB66A2568A Series 

• ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol Value Unit 

Voltage on Any Pin Relative to V ss Vin -0.50) to + 7.0 v 
Power Dissipation PT 8.0 w 
Operating Temperature Range TQQ!" 0 to +70 oc 

Storage Temperature Range Ts!8_ -55 to + 125 oc 

Storage Temperature Range Under Bias Tbias -10 to +85 oc 

NOTE: I. Yin min. = -2.5V for pulse width :s IOns. 

• TRUTH TABLE 

CSi. CS2 WE Mode Vee Current Dout Pin Ref. Cycle 

H x Not Selected lss. Issi High-Z -
L H Read Ice Dout Read Cycle 

L L Write Ice High-Z Write Cycle 

NOTE: X means don't care. 

• ELECTRICAL CHARACTERISTICS 

• Recommended DC Operating Conditions (Ta = Oto 70°C) 

Parameter Symbol Min. Typ. Max. Unit 

Supply Voltage 
Vee 4.5 5.0 5.5 v 
Vss 0.0 0.0 0.0 v 

Input High (Logic I) Voltage Vm 2.2 - 6.0 v 
Input Low (Logic 0) Voltage V1L -0.50) - 0.8 v 

NOTE: 1. V1L mrn. = -2.0V for pulse width :s lOns. 

• DC ELECTRICAL CHARACTERISTICS (Ta = O to 70°C, V cc = 5V ± 10%, V ss = OV) 

Parameter Symbol Test Condition Min. Typ.(I) Max. Unit 

Input Leakage Current Iu Vee= Max., Vin= Vss to Vee -10 - 10 µA 
Output Leakage Current Iw CS!> CS2 =Vitt• Vvo = Vss to Vee -10 - 10 µA 

Operating Power Supply Current Ice 
CSi. CS2 = VIL• Ivo = OmA - 480 960 mA Min. Cycle, Duty = 100% 

Standby Power Supply Current Isa CS!> CS2 = Vm Min. Cycle - 160 320 mA 

cs!> CS2 = ;;;:::; v cc -0.2V 
Standby Power Supply Current ( 1) Issi OV :S Vin :S 0.2V or - 0.16 16 mA 

Vin <:::Vee -0.2V 

Output High Voltage VoH Iott= -4mA 2.4 - - v 
Output Low Voltage VoL loL = 8mA - - 0.4 v 
NOTE: 1. Typical limits are at Vee= 5.0V, Ta= +25°C and specified loading. 

•CAPACITANCE (Ta= 25°C, f = lMHz)O> 

Parameter Symbol Test Conditions Min. Max. Unit 

Input Capacitance (Address, WE) C11 Vin= OV - 70 pF 

Input Capacitance (CS) C12 Vin= OV - 45 pF 

Input Capacitance (Data in) C13 Vin= OV - 12 pF 

Output Capacitance (Data out) Co Vout = OV - 16 pF 

NOTE: I. This parameter is sampled and not 100% tested. 
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HB66A2568A Series-----------------------------

• AC CHARACTERISTICS (Ta = 0°C to 70°C, Vee = 5V ± 10%, unless otherwise noted.) 

• Test Conditions 

• Input Pulse Levels: V ss to 3.0V • Input Rise and Fall Times: 5ns 
• Input and Output Timing Reference Levels: l.5V • Output Load: See Figures 

+5V 

4800 Dout 

+5 v 
4800 

Dout 

2550 2550 5 pF * 

Output Load B 
Output Load A (for tHz• tLZ• lwz & low) 

*Including scope and jig capacitance. 

•Read Cycle 

Parameter Symbol 
HB66A2568A-25 

Min. Max. 

Read Cycle Time tRe 25 -

Address Access Time tAA - 25 

Chip Select Access Time tAes - 25 

Output Hold from Address Change loH 5 -

Chip Selection to Output in Low-Z tLz(l) 5 -

Chip Deselection to Output in High-Z tHz(I) 0 12 

Chip Selection to Power Up Time tpu 0 -

Chip Deselection to Power Down Time tpo - 15 

NOTE: l. Transition is measured ±200mV from steady state voltage with Load (B) 
This parameter is sampled and not 100% tested. 

*HITACHI 

HB66A2568A-35 

Min. Max. 

35 -

- 35 

- 35 

5 -

5 -

0 20 

0 -

- 25 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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----------------------------HB66A2568A Series 

• Timing Waveform of Read Cycle (1) (1) (2) 

Address 

tQH 

Dout 

• Timing Waveform of Read Cycle (2) (1) (3) 

cs 

Dout 

Vee supply 
current 

Isa 

NOTES: l. WE is high for read cycle. 

2. Device is continuously selected, CS = VIL· 

3. Address valid prior to or coincident with CS transition low. 

$HITACHI 

toH 

Data Valid 
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HB66A2568A Series----------------------------

• Write Cycle 

Parameter Symbol 
HB66A2568A-25 HB66A2568A-35 

Unit 
Min. Max. Min. Max. 

Write Cycle Time twc 25 - 35 - ns 
Chip Selection to End of Write tcw 20 - 30 - ns 
Address Valid to End of Write tAw 20 - 30 - ns 
Address Setup Time tAs 0 - 0 - ns 
Write Pulse Width twp 20 - 30 - ns 
Write Recovery Time twR 3 - 3 - ns 
Data Valid to End of Write tow 15 - 20 - ns 
Data Hold Time tou 0 - 0 - ns 
Write Enabled to Output in High-Z twz0> 0 8 0 10 ns 
Output Active from End of Write tow<2> 0 - 0 - ns 

NOTE: l. Transition is measured ::1:200mV from high impedance voltage with Load (B). 
This parameter is sampled and not 100% tested. 
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--------------------------- HB66A2568A Series 

• Timing Waveform of Write Cycle (1) (WE Controlled) 

twc 

Address 
tcw 

CS1,2 

twp•1 
WE 

Din 

Dout High Impedance 
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HB66A2568A Series-----------------------------

• Timing Waveform of Write Cycle (2) (CS Controlled) 

Address 

CS1,2 

WE 

Din 

Dout 

NOTES: 

twc 

tcw 

tow 

Data in valid 

High Impedance ·a 

I. A write occurs during the overlap of a low CS and a low WE. 

2. twR is measured from. the earlier of CS or WE going high to the end of write cycle. 

3. If the CS low transition occurs simultaneously with the WE low transition or after the WE transition, the output 
buffers remain in a high impedance state. 

4. Dout is the same phase of write data of this write cycle, if twR is long enough. 
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Section 4 
MOS Pseudo Static RAM 
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HM65256B Series 
32768-word X 8-bit High Speed Pseudo Static RAM 

• FEATURES 
• Single 5V (±10%) 

• High Speed 
Access Time 
CE Access Time ............... 100/120/150/200ns 

Address Access Time ............... 50/60/75/lOOns 

(in Static Column Mode) 
Cycle Time 
Random Read/Write Cycle Time .... 160/190/235/310ns 
Static Column Mode Cycle Time ...... 55/65/80/105ns 

• Low Power 
175mW typ. Active. 

• All inputs and outputs TTL compatible 
• Static Column Mode Capability 
• Non Multiplexed Address 
• 256 Refresh Cycles (4ms) 
• Refresh Functions 

Address Refresh 
Automatic Refresh 
Self Refresh 

• ORDERING INFORMATION 

Type No. Access Time 

HM65256BP-10 IOOns 
HM65256BP-12 120ns 
HM65256BP-15 150ns 
HM65256BP-20 200ns 

HM65256BLP-10 IOOns 
HM65256BLP-12 120ns 
HM65256BLP-15 150ns 
HM65256BLP-20 200ns 

HM65256BFP-10T IOOns 
HM65256BFP-12T 120ns 
HM65256BFP-15T 150ns 
HM65256BFP-20T 200ns 

HM65256BLFP-10T lOOns 
HM65256BLFP- l2T 120ns 
HM65256BLFP-15T 150ns 
HM65256BLFP-20T 200ns 

Package 

600 mil 28 pin 
Plastic DIP 

28 pin 
Plastic SOP 

~HITACHI 

HM65256BP Series 

(DP-28) 

HM65256BFP Series 

(FP-28DA) 

• PIN ARRANGEMENT 

(Top View) 
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HM65256B Series---------------------------------

• BLOCK DIAGRAM 

VO. 

a---'"" 
6t o---..... _____ _, 

• TRUTH TABLE 

CE OE WE 1/0 Pin mode 

L L H Low Z Read 

L x L High Z Write 

L H H High Z -

H L x High Z Refresh 

H H x High Z Standby 

• ABSOLUTE MAXIMUM RATINGS 

Item Symbol Rating Unit 

Terminal Voltage with Respect to V ss VT -1.0 to +7.0 v 
Power Dissipation PT 1.0 w 
Operating Temperature Topr 0 to +70 oc 
Storatre Temperature T1t1 -55 to +125 oc 
Storage Temperature Under Bias Tbias -10 to +85 oc 

• RECOMMENDED DC OPERATING CONDITIONS (Ta= 0 to +70°C) 
Item Symbol min. typ. max. unit 

Vee 4.5 5.0 5.5 v 
Supply Voltage 

Vss 0 0 0 v 
VIH 2.2 - 6.0 v 

Input Voltage 
VrL -0.5•1 - 0.8 v 

Note) *1. V1L min= -3.0V for pulse width~ lOns. 
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---------------------------------HM65256B Series 

• DC ELECTRICAL CHARACTERISTICS (Ta= 0 to +70°C, Vee= SV ±10%) 
HM65256B Series HM65256BL Series 

Parameter Symbol Test Conditions Unit 
min. typ. max. min. typ. max. 

Operating Power 
lcc1 

1110 = OmA - 35 65 35 65 mA Supply Current tcyc =min. -

Standby Power lsBJ CE = VJH, OE= VJH - 1 2 - 1 2 mA 
Supply Current lsB2 CE ?.V cc-0.2V, OE?.V cc-0.2V - - - - 0.05 0.1 mA 

Operating Power Supply lcc2 CE = VJff, OE = VJL - 1 2 - 0.6 1 mA 
Current in Self Refresh Mode Icc3 CE~ Vcc-0.2V, OE,S0.2V - - - - so 100 µ.A 

Input Leakage 
ILJ 

Vee= 5.SV 
-10 10 -10 10 µ.A Current Vin= Vss to Vee - -

Output Leakage ho OE= V1H 
-10 10 -10 10 µ.A Current V110= Vssto Vee - -

Output Voltage 
VoL loL = 2.1 mA - - 0.4 - - 0.4 v 
VoH loH= -1 mA 2.4 - - 2.4 - - v 

• CAPACITANCE 
Item Symbol Test Conditions typ. max. Unit 

Input Capacitance Cin Vin= OV - 5 pF 

Input/Output Capacitance Cl/O vi/Os OV - 7 pF 

Note) This Parameter is sampled and not 100% tested. 

• AC CHARACTERISTICS (Ta= 0 to +70°C, Vee= SV ±10%) 
• AC Test Conditions 

Input Pulse Levels .................... 2.4V, 0.4V 
Input Rise and Fall Times ................... 5ns 
Timing Measurement Level .............. 2.2V, O.BV 
Reference Level ........... V0 H =2.0V, VoL =O.BV 

Output Load .................. 1 TTL and 100pF (including scope and jig) 

HM652S6B-10 HM652S6B·l2 HM65256B-1S HM652S6B-20 
Unit Item Symbol 

min. max. min. max. min. max. min. max. 
Random Read or Write Cycle Time fRC 160 - 190 - 23S - 310 - ns 

Static Column Mode Read or Write 
fRSC SS - 65 - 80 - lOS - ns 

Cycle 

Chip Enable Access Time fCEA - 100 - 120 - lSO - 200 ns 

Address Access Time fAA - so - 60 - 7S - 100 ns 

Output Enable Access Time toEA - 40 - so - 60 - 75 ns 

Chip Disable to Output in High Z tcHZ - 25 - 25 - 30 - 35 ns 

Chip Enable to Output in Low Z fCLZ 30 - 30 - 35 - 40 - ns 

Output Enable to Output in Low Z toLZ 10 - 10 - 10 - 10 - ns 

Output Disable to Output in High Z fOHZ - 25 - 25 - 30 - 3S ns 

Chip Enable Pulse Width ICE lOOn 4m 120n 4m lSOn 4m 200n 4m s 

Chip Enable Precharge Time tp so - 60 - 7S - 100 - ns 

Address Set-up Time tAs 0 - 0 - 0 - 0 - ns 

Row Address Hold Time fRAH 20 - 20 - 25 - 30 - ns 

Column Address Hold Time fCAH 100 - 120 - lSO - 200 - ns 

Read Command Set-up Time fRCS 0 - 0 - 0 - 0 - ns 

Read Command Hold Time fRCH 0 - 0 - 0 - 0 - ns 

Output Enable Hold Time toHC 0 - 0 - 0 - 0 - ns 

Output Enable to Chip Enable Delay 
tocD 0 - 0 - 0 - 0 - ns 

Time 

Outp\lt Hold Time from Column 
Address toH s - s - s - 10 - ns 

Write Command Pulse Width twp 25 - 25 - 30 - 35 - ns 

Chip Enable to End of Write tcw 100 - 120 - lSO - 200 - ns 

Column Address Set-up Time fASW 0 - 0 - 0 - 0 - ns 

~HITACHI 
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HM65256B Series----------------------------------

HM6S2S6B-10 HM6S2S6B-l 2 HM6S2S6B-1S HM6S2S6B-20 
Item Symbol 

min. 
Unit 

max. min. max. min. max. min. max. 
Column Address Hold Time after Write IAHW 0 - 0 - 0 - 0 - ns 

Data Valid to End of Write IDW 20 - 20 - 2S - 30 - ns 

Data In Hold Time for Write IDH 0 - 0 - 0 - 0 - ns 
Output Active from End of Write tow s - s - s - s - ns 
Write to Output in High Z twHZ - 2S - 2S - 30 - 3S ns 
Transition Time (Rise and Fall) tr 3 so 3 so 3 so 3 so ns 
Refresh Command Delay Time IRFD so - 60 - 1S - 100 - ns 
Refresh Precharge Time IFP 30 - 30 - 30 - 30 - ns 
Refresh Command Pulse Width for 

IFAP 80 10000 80 10000 80 10000 80 10000 ns Automatic Refresh 
Automatic Refresh Cycle Time tFc 160 - 190 - 23S - 310 - ns 
Refresh Command Pulse Width for Self 

IFAS 10000 - 10000 - 10000 - 10000 - ns Refresh 

Refresh Reset Time for Self Refresh IFRS 160 - 190 - 23S - 310 - ns 
Refresh Period IREF - 4 - 4 - 4 - 4 ms 

Notes: 
(1) tcHZ• toHZ and twHz are defined as the time at which the output achieves the open circuit conditions. 

(2) t CLZ• t OLZ and tow are sampled under the condition of tr=5ns, and not 100% tested. 
(3) A write occurs during the overlap of a low CE and low WE. 
(4) If CE goes low simultaneously with WE going low or after WE going low, the outputs remain in high impedance state. 
(5) If input signals of opposite phase to the outputs are applied in write cycle, OE or WE must disable output buffers 

prior to applying data to the device and data inputs must be floating prior to OE or WE turning on output buffers. 
(6) V IH (min) and VIL (max) are reference levels for measuring timing of input signals. Also, transition times are meas­

ured between VIH and VrL· 
(7) An initial pause of 1 OOµs is required after power-up followed by a minimum of 8 initialization cycles. 

• TIMING WAVEFORMS 
• R•d Cycle No. 1 (CE controlled) 

CE-----.... 1 

Address 
Ao-A1 

Address 
AK-A11 ___ _ 

tc:1.r. 

IO:A 

IHC 

tu; 

Valid 
Data Out 

@HITACHI 
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---------------------------------HM65256B Series 

• Read Cycle No. 2 (OE controlled) 

fH( 

Ii' 

CE-----1 

Address 
Ao-A; _.,....__..__ ~_.. ..... _J1 ~:...lit..X....K...K....X...¥-¥....;~L.J~~:...K-Zo..K...W...X....X....K-K...;L;iio4-Ji'-1i1...M"-M...M..-....-.._ 

Address 

A~ - A14 __.0-¥.~.J ""~-+------------------------1---1 '\l...:~'-ll:....>...-

fl!HC 

• Write Cycle No. 1 (OE Clock) 

Valid 
Data Out 

@HITACHI 
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HM65256B Serles--------------------------------

• Write Cycle No. 2 (Ol low fix) 

IHC 

• Static Column Mode Read Cycle 

IRC 

CE 

Address ~~'7\irtt"-il.A701t?ii~~~~oir7'00t~'t'71:"'°~~~~~oir7'0nirr 
Ao-A7..C.~~~H---JfC\Oa/.~aJ.~a/.~D/.~aJ.~.J::il.~0J.~P£~0J.~~ 

Address ~r-11'-..J;::jf..J:=======::::j~==~t.;==::;:i 1'~~~~:10n 
A8-Al4.6lW..M'.X"l'-+-+--------....Jf"ll----~~--__,.\£.:~0£lOl::J.:la 

$HITACHI 
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---------------------------------HM65256B Series 

• Static Column Mode W~ite Cycle 

• Automatic Refresh Cycle 

• Self Refresh Cycle 
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HM658128 Series 
131,072-Word x 8-Bit High Speed Psuedo Static Ram 

The HM658128 Series has been converted to the HM658128A Series. 

~HITACHI 
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HM658128A Series---------
131,072-Word x 8-Bit High Speed Pseudo Static RAM 

•FEATURES 
• Single 5V (±10%) 
• High speed 

Access time 
CE access time: 80/100/120 ns 

Cycle time 
Random read/write cycle time: 130/160/190 ns 

• Low power 
250 mW typ. Active 
350 µW typ. Standby (L-version, LL-version) 

• All inputs and outputs TTL compatible 
• Package 

32-pin dual-in-line plastic package 
32-pin SOP package 
32-pin TSOP package 

• Non multiplexed address 
• 512 refresh cycles (8ms) 
• Refresh functions 

LP/LLP-version: Address refresh, automatic 
refresh, self refresh 

DP-version: Address refresh, automatic refresh 

• ORDERING INFORMATION 

(FP-32D) 

(TFP-32D) 

Type No. Access Time Package • PIN DESCRIPTION 
HM658 I 28ALP-8L 80 ns 
HM658 I 28ALP- l OL 100 ns Pin Name 
HM658128ALP-12L 120 ns 

600-mil 
HM658 I 28ALP-8 80 ns 32-Pin 
HM658 I 28ALP- I 0 100 ns Plastic DIP Series 
HM658128ALP-12 120 ns (OP-32) 
HM658 l 28AOP-8 80 ns 

Ao-A15 

l/Oo-1/07 
RFSH 

CE 
HM658128AOP-IO 100 ns 
HM658 I 28AOP- I 2 120 ns 
HM658 I 28ALFP-8L 80 ns 

OE 

WE 

HM658128ALFP-IOL 100 ns cs 
HM658 I 28ALFP-l 2L 120 ns 

525-mil 
HM658 I 28ALFP-8 80 ns 32-Pin 
HM658 I 28ALFP-10 100 ns Plastic SOP Series 
HM658 I 28ALFP- l 2 120 ns (FP-320) 
HM658 I 28AOFP-8 80 ns 

Vee 
Vss 

HM658 I 28AOFP- I 0 100 ns 
HM658128AOFP-12 120 ns 
HM658128ALT-8L 80 ns 
HM658128ALT-10L 100 ns 
HM658128ALT-12L 120 ns 

8mmx20mm 
HM658128ALT-8 80 ns 32-Pin 
HM658128ALT-IO 100 ns Plastic TOSP Series 
HM658128ALT-12 120 ns (TFP-320) 
HM658 I 28AOT-8 80 ns 
HM658128AOT-IO 100 ns 
HM658 I 28AOT- I 2 120 ns 
HM658128ALR-8L 80 ns 
HM658128ALR-IOL 100 ns 
HM658128ALR-12L 120 ns 

8mmx 20mm 
HM658128ALR-8 80 ns 32-Pin 
HM658128ALR-10 100 ns Plastic TSOP Series 
HM658128ALR-12 120 ns (TFP-320R) 
HM658128AOR-8 80 ns 
HM658128ADR-10 100 ns 
HM658 I 28AOR- I 2 120 ns 

@HITACHI 

Function 

Address 

I~t/Ou!Q_ut 

Refresh 
Chill_ Enable 

Ou.!£..ut Enable 
Write Enable 

Ch.!£.. Select 
Power SuJJIJ.!y_ 

Ground 
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HM658128A Series 

• PIN ARRANGEMENT 

HM658128AP/AFP Series HM658128AT Series 

Ai1 1 0 
32 5E 

RESH 1 32 vcc Ag 2 31 fuJJ 
As 3 30 CE 

A15 2 31 A15 A13 4 29 1/07 
WE 5 28 I/Os 

A14 3 30 cs cs 6 27 I/Os 

A12 4 29 WE Ais 7 26 1/04 
vcc 8 25 1/03 

A7 5 28 A13 RFSH 9 24 vss 
A16 10 23 1/02 

A5 6 27 As A14 11 22 1/01 
12 21 

A5 7 26 Ag A12 
13 20 

l/Oo 
A7 Ao 

A4 8 25 A11 As 14 19 Ai 15 18 

A3 9 24 OE 
As 16 17 A2 
A4 A3 

A2 10 23 A10 (Top View) 
A1 11 22 CE 
Ao 12 21 1/07 
l/Oo 13 20 1/05 
1/01 14 19 1/05 
1/02 15 18 1/04 
vss 16 17 1/03 

(Top View) 

HM658128AR Series 

~i ~ 0 
32 A3 
31 A2 
30 A1 

A7 4 29 Ao 
A12 5 28 l/Oo 
A14 6 27 1/01 
fu.L 7 26 1/02 
RFSH 8 25 Vss 
Vee 9 24 1/03 
A1s 10 23 1/04 
cs 11 
WE 12 

22 I/Os 
21 1/05 

Ai3 13 20 1/07 
Aa 14 19 CE 
Ag 15 
Ai1 16 

18 fuJJ 
17 OE 

(Top View) 

@HITACHI 
384 Hitachi America, Ltd.• Hitachi Plaza• 2000 Sierra Point Pkwy.• Brisbane, CA 94005-1819 • (415) 589-8300 



-----------------------------HM658128A Series 

• BLOCK DIAGRAM 

Ao 

l/Oo 

1/07 

• 
• 
• 
• 
• 
• 

Address 
Latch 

Control 

RFSH a-------. Refresh 
Control 

Row 
Deco-

der 

MEMORY MATRIX 
(512 x 256) x 8 

Column 1/0 

Column Decoder 

Address Latch Control 
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HM658128A Series 

Pin Functions 

CE: Chip Enable (Input) _ 
CE is a basic clock. RAM is active when CE 
is low, and is on standby when CE is high. 

Ao-A16: Address Inputs (Input) 
Ao-Ag is a row address and Af}-A 16 is a 
column address. The entire address Ao-At6 
i~ fetched into RAM by the falling edge of 
CE. 

WE: Write Enable (Input) _ 
RAM is in write mode when WE is low, and 
is in read mode when WE is high. 1/0 data is 
fetched into RAM by the rising edge of WE 
or CE (earlier timing) and the data is written 
into memory cells. 

OE: Output Enable (Input) 
OE controls the output condition of the 1/0 
pins. The 1/0 pins are active when OE is low, 
and are at high impedance when OE is high. 

RFSH: Refresh (Input) __ 
RAM goes into refresh mode when RFSH 
goes low in standby mode. (i.e., when CE is 
high). There are two refresh modes 
controlled by RFSH: automatic refresh and 
self refresh. 

CS: Chip Select (Input) 
RAM is active when CS is high. The CS 
signal is fetched into RAM by the falling 
edge of CE, and is held for one read/write 
cycle. 

l/Oo-l/07: Input/Output (Input and Output) 
These pins are data 1/0 pins. 

Refresh 

There are three refresh modes: address refresh, auto­
matic refresh, and self refresh. 

(1) Address refresh 

Data is refreshed by accessing all 512 row addresses 
every 8 ms. A read is one method of accessing those 
addresses. Each row address (each of the 512 addresses 
Ao-Ag) must be rea~t least once every 8 ms. In 
address refresh mode, OE can remain high. In this case, 
the 1/0 pins remain at high impedance, but the refresh is 
done within RAM. 

(2) Automatic refresh 

Instead of address refresh, automatic refresh can be 
used. RAM goes to automatic refresh mode if RFSH fall 
while CE is high and it remains low for at least tfAP· 
One automatic refresh cycle is executed by one low 
pulse of RFSH. It is not necessary to input the refresh 
address from outside since it is generated internally by 
an on-chip address counter. 512 automatic refresh cycles 
must be done every 8 ms. 

(3) Self refresh 

Self refresh mode is suitable for data retention by 
battery. In standby mode, a self refresh starts automati­
cally when RFSH stays low for more than 8 µs. Refresh 
addresses are automatically specified by the on-chip 
address counter, and the refresh period is determined by 
the on-chip timer. 

Automatic refresh and self refresh are distinguished 
from each other by the width of the RFSH low pulse in 
standby mode. If the RFSH low pulse is wider than 8 µs, 
RAM enters self refresh mode; if the RFSH low pulse is 
less than 8 µs, it is recognized as an automatic refresh 
instruction. 

Notes on Using the HM658128A 
Since pseudo static RAM consists of dynamic cir­

cuits like DRAM, it is more noise-sensitive than conven­
tional SRAM. 

( l) If a short CE pulse of a width less than tcE min is 
applied to RAM, an incomplete read occurs and stored 
data may be destroyed. Make sure that CE low pulses of 
less than tcE min are inhibited. Note that a IO ns CE low 
pulse may sometimes occur owing to the gate delay on 
the board if the CE signal is generated by the decoding 
of higher address signals on the board. Avoid these short 
pulses. 

(2) A short RFSH low pulse may cause an incomplete 
refresh that will destroy data. Make sure that RFSH low 
pulses of less than tFAP min are also inhibited. 

(3) Start the HM658128A operating by executing at least 
eight initial cycles (dummy cycles) at least 100 µs after 
the power voltage reaches 4.5V-5.5V after power-on. 
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-------------------------------HM658128ASeries 

• FUNCTION TABLE 
-

CE CS at CE going Low RFSH OE WE I/OPin Mode 

L H x L H Low-Z Read 

L H x x L High-Z Write 

L H x H H High-Z -

L L x x x High-Z CS Standby 

H x L x x High-Z Refresh 

H x H x x High-Z Standby 

Note: I. X means don't care. 

• ABSOLUTE MAXIMUM RATINGS 

Item Symbol Rating Unit 

Terminal Voltage with Respect to Vss VT -1.0to+7.0 v 
Power Dissipation PT 1.0 w 
Operating Temperature T~ 0 to +70 oc 

Storage Temperature Ts!&_ -55 to +125 oc 

Storage Temperature Under Bias Tbias -10 to +85 oc 

• RECOMMENDED DC OPERATING CONDITIONS (Ta= Oto+ 70°C) 

Item Symbol Min. Typ Max. Unit 

Vee 4.5 5.0 5.5 v 
Supply Voltage 

Vss 0 0 0 v 
VJH 2.2 - 6.0 v 

Input Voltage 
VIL ---0.5 - 0.8 v 

Note: I. VIL min= -3.0 V for pulse width 10 ns. 

• DC CHARACTERISTICS (Ta= 0°C to + 70°C, V cc= 5V ± 10%) 

Parameter Symbol Min. Typ Max. Unit Test Conditions Note 

Operating Power 
Icc1 - 50 85 mA IJ/0 = 0, tcyc = 130 ns Supply Current 

Standby Power 
IsBI - I 2 mA CE= VJH, RFSH = VJH 

Supply Current - 100 200 CE 2'. Vcc---0.2V, L-version 
IsB2 - 70 100 

µA 
RFSH 2'. V cc -0.2V LL-version 

Operating Power Ice2 I 2 mA CE= VJH, RFSH = V1L 
L-version 

-
LL-version 

Supply Current in 
CE 2'. Vcc-0.2V, Self Refresh Mode Iee3 

- 100 200 
µA 

L-version 
- 70 100 RFSH~---0.2V LL-version 

Input Leakage 
Iu -10 - 10 µA Vee= 5.5V, 

Current Yin= Vss to Vee 

Output Leakage 
ILO -10 - 10 µA 

OE= VJH, 
Current Vvo = Vss to Vee 

VOL - - 0.4 v IoL=2.l mA 
Output Voltage 

IoH=-1 mA VoH 2.4 - - v 
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HM658128ASeries -----------------------------

• CAPACITANCE 

Item Symbol Typ Max 

Input Capacitance Cin -

Input/Output Capacitance C110 -

Note: 1. This parameter is sampled and not 100% tested. 

• AC CHARACTERISTICS (Ta = O to 70°C, V cc = 5V ± 10%) 

AC Test Conditions 

8 

10 

Unit Test Conditions 
pF Yin=OV 

pF V11o=OV 

• Input pulse levels: 2.4V, a.4V • Reference level: VoH = 2.aV, VOL = a.av 
• Input rise and fall times: 5 ns • Output load: 1 TIL and 1aa pF 
• Timing measurement level: 2.2V, a.av 
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-------------------------------HM658128A Series 

Item Symbol 
HM658128A-8 HM658128A-10 HM658128A-12 

Unit Note 
Min Max Min Max Min Max 

Random Read or Write Cycle Time tRC 130 - 160 - 190 - ns 

Random Read Modify Write Cycle Time tRWC 190 - 220 - 260 - ns 

Chip Enable Access Time tCEA - 80 - 100 - 120 ns 

Output Enable Access Time tOEA - 30 - 30 - 40 ns 

Chip Disable to Output in High-Z lCHZ 0 30 0 30 0 35 ns 1, 2 

Chip Enable to Output in Low-Z tCLZ 20 - 20 - 20 - ns 2 

Output Disable to Output in High-Z to Hz - 25 - 25 - 30 ns I, 2 

Output Enable to Output in Low-Z tOLZ 0 - 0 - 0 - ns 2 

Chip Enable Pulse Width lCE 80 ns 10 µs 100 ns 10 µs 120 ns 10 µs 

Chip Enable Precharge Time tp 40 - 50 - 60 - ns 

Address Set-up Time tAS 0 - 0 - 0 - ns 

Address Hold Time IAH 30 - 30 - 35 - ns 

Read Command Set-up Time tRCS 0 - 0 - 0 - ns 

Read Command Hold Time tRCH 0 - 0 - 0 - ns 

RFSH Hold Time IRHC 15 - 15 - 15 - ns 

Chip Select Set-up Time tcss 0 - 0 - 0 - ns 

Chip Select Hold Time ICSH 30 - 30 - 35 - ns 

Write Command Pulse Width twp 30 - 30 - 35 - ns 

Chip Enable to End of Write tcw 80 - 100 - 120 - ns 

Data In to End of Write tow 25 - 25 - 30 - ns 

Data In Hold Time for Write tDH 0 - 0 - 0 - ns 

Output Active from End of Write tow 5 - 5 - 5 - ns 2 

Write to Output in High-Z tWHZ - 25 - 25 - 30 ns I, 2 

Transition Time (Rise and Fall) tT 3 50 3 50 3 50 ns 

Refresh Command Delay Time lRFD 40 - 50 - 60 - ns 

Refresh Precharge Time tpp 40 - 40 - 40 - ns 

Refresh Command Pulse Width tRP - 8 µs - 8 µs - 8 µs 

Refresh Command Pulse Width 
tFAP 80 ns 8 µs 80 ns 8 µs 80 ns 8 µs 

for Automatic Refresh 

Automatic Refresh Cycle Time IFC 130 - 160 - 190 - ns 

Refresh Command Pulse Width 
tFAS 8 - 8 - 8 - µs 

for Self Refresh 

Refresh Reset Time from Self Refresh IRFS 130 - 160 - 190 - ns 

Refresh Period 8 8 8 
512 

tREF - - - ms cycle 

Notes: I. tCHZ, tOHZ, and twHZ define the time at which the output achieves the open circuit conditions under the condition of tT = 5 ns 
and not 100% tested. 

2. tcHZ, tcLZ, to Hz, toLZ, twHz. and tow are sampled under the condition of IT= 5 ns and not I 00% tested. 
3. A write occurs during the overlap of a low CE and low WE. Write end is defined at the earlier of WE going high or CE going high. 
4. If CE goes low simultaneously with WE going low or after WE going low, the outputs remain in high impedance state. 
5. During this period, 1/0 pins are in the output state, therefore the input signals of opposite phase to the outputs must not be applied. 
6. Vrn (min) and VIL (max) are reference levels for measuring timing of input signals. Also, transition times are measured between 

Vm and VIL· 
7. An initial pause of 100 µsis required after power-up followed by a minimum of 8 initialization cycles. 
8. 512 cycles of burst refresh or distributed automatic refresh must be executed within 15 µs after self refresh, in order to meet the 

refresh specification of 8 ms and 512 cycle. 
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HM658128A Series -----------------------------

•READCYCLE 

CE 

cs 

Address 
(AO-A16) 

WE 

OE 

RFSH 

Dou! 

tcE 

to HZ 

Valid Data Out 
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-----------------------------HM658128A Series 

• WRITE CYCLE (OE Clock) 

CE 

cs 

Address 
(Ao-A16) 

WE 

OE 

RFSH 

Din 

Dout 

tcw 
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HM658128A Series ----------------------------

• WRITE CYCLE (OE Low Fix) 

CE 

cs 

Address 
(Ao-A16) 

WE 

OE 

RFSH 

Din 

Dout 
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------------------------------HM658128A Series 

• READ-MODIFY-WRITE CYCLE 

CE 

cs 

Address 
(Ao-A15) 

WE 

OE 

RFSH 

Din 

Dout 
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HM658128ASeries ---------------------------

•AUTO REFRESH CYCLE 

CE 

RFSH 

• SELF REFRESH CYCLE 

• CS STANDBY MODE 

CE 

cs 
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HM658512 Series 
524,288-Word x 8-Bit High Speed Pseudo Static RAM 

Features 
• Single 5 V ( :1: 10%) 
• High speed 

Access time 
CE access time ................... 80/100/120 ns 

Cycle time 
Random read/write cycle time ....... 130/160/190 ns 

• Low power 
Active: 250 mW (typ.) 
Standby: 200 µW (typ.) 

• All inputs and outputs TTL compatible 
• Package 

32-pin dual-in-line plastic package 
32-pin SOP package 

• Non multiplexed address 
• 2048 refresh cycles (32 ms) 
• Refresh functions 

ULULV-version ..................... Address refresh 
Automatic refresh 

Self refresh 

D-version .......................... Address refresh 
Automatic refresh 

• ORDERING INFORMATION 

Type No. Access Time Package 

HM658512LP-8 80 ns 
HM658512LP-10 100 ns 
HM658512LP-12 120 ns 

HM658512DP-8 80 ns 
HM658512DP-10 100 ns 600mil 
HM658512DP-12 120 ns 32 pin 

HM658512LP-8L 80 ns Plastic DIP 

HM658512LP-10L 100 ns (DP-32) 

HM658512LP-12L 120 ns 

HM658512LP-8LV 80 ns 
HM658512LP-IOLV 100 ns 
HM658512LP-12LV 120 hs 

HM658512LFP-8 80 ns 
HM658512LFP-10 100 ns 
HM658512LFP-12 120 ns 

HM658512DFP-8 80 ns 
HM658512DFP-10 100 ns 
HM658512DFP-12 120 ns 32 pin 

Plastic SOP 
HM658512LFP-8L 80 ns (FP-32D) 
HM658512LFP-10L 100 ns 
HM658512LFP-12L 120 ns 

HM658512LFP-8LV 80 ns 
HM658512LFP- IOLV 100 ns 
HM658512LFP-12LV 120 ns 

~HITACHI 

• (FP-320) 

• PIN ARRANGEMENT 

A18 Vee 
A16 A15 

A14 A17 

A12 WE 

A1 A13 

As As 
As Ag 

A4 An 

A3 OE/RFSH 

A2 A1o 

A1 CE 

Ao 1107 

llOo 1106 

1101 1/05 

1102 1104 

Vss 1103 

(Top View) 

• PIN DESCRIPTION 

Pin Name Function 

Ao-A1s Address 

l/Oo-1/07 Input/Output 

CE Chip Enable 

OE/RF SH Output Enable/Refresh 

WE Write Enable 

Yee Power Supply 

Yss Ground 
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HM658512 Series----------------------------­

• BLOCK DIAGRAM 

AO 

A10 

1/00 

1/07 

Pin Functions 

Cl: Chip Enable (Input) 

CE is a basic clock. RAM is active when CE is low, and is on standby 
when CE is high. 

Ao-A11: Address Inputs (Input) 

Ao-AIO is a row address and A 11 -A 18 is a column address. The entire 
address Ao-A1s is fetched into RAM by the falling edge of CE. 

WE: Write Enable (Input) 

RAM is in write mode when WE is low, and is in read mode when WE 
is high. I/O d.ata is fetched into RAM by the rising edge of WE or CE 
(earlier timing) and the data is written into memory cells. 

OE/RFSH: Output Enable/Refresh (Input) 

This pin has two functions. Basically it works as OE when CE is low, 
and as RFSH when CE is high (in stan~ mode). After a read ~te 
cycle finishes, refresh does not start if CE goes high while OE/RFSH is 
held l0w. In order to start a refresh in standby mode, OE/RFSH must go 
high to reset the refresh circuits of the RAM. After the refresh circuits 
are reset, the refresh starts when OE/RFSH goes low. 

l/Oo-11°'7: Input/Output (Inputs and Outputs) 

These pins are data 1/0 pins. 

Memory Matrix 
(2048x256)x8 

Refresh 

There are three refresh modes: address refresh, automatic refresh, and 
set f refresh. 

(1) Address refresh 
Data is refreshed by accessing all 2048 row addresses every 32 ms. A 
read is one method of accessing those addresses. Each row address 
(2048 addresses of Ao~> must be read at least once every 32 ms. In 
address refresh mode, OE/RFSH can remain high. In this case, the I/O 
pins remain at high impedance, but the refresh is done within RAM. 

(2) Automatic refresh 

Instead of address refresh, automatic refresh can be used. RAM goes to 
automatic refresh mode if OE/RFSH falls while CE is high and it 
remains low for at leas~One automatic refresh cycle is executed by 
one low pulse of OE/RFSH. It is not necessary to input the refresh 
address from outside since it is generated internally by an on-chip 
address counter. 2048 automatic refresh cycles must be done every 
32 ms. 

(3) Self refresh 
Self refresh mode is suitable for data retention by battery. In standby 
mode, a self refresh starts automatically when OE/RFSH stays low for 
more than 8 µs. Refresh addresses are automatically specified by the 
on-chip address counter, and the refresh period is determined by the 
on-chip timer. 
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------------------------------ HM658512 Series 

Automatic refresh and self refresh are distinguished from each other by 
the width of the OE/RFSH low pulse in standby mode. If the OE/RFSH 
low pulse is wider than 8 µs, RAM changes into self refresh mode; if 
the OE/RFSH low pulse is less than 8 µs, it is recognized as an 
automatic refresh instruction. 

Notes on Using the HM658512 

Since pseudo static RAM consists of dynamic circuits like DRAM, it is 
more noise-sensitive than conventional SRAM. 

(I) If a short CE pulse of a width less than tcE min. is applied to 
RAM, an inco~ete read occurs and stored data may be destroyed. 
Make sure that CE low pulses of less than tcE min. are inhibited. Note 
that a 10 ns CE low pulse may sometimes occur owing to the gate delay 

• FUNCTION TABLE 

CE OE/RFSH WE 

L L H 

L x L 

L H H 

H L x 
H H x 

NOTE: I. X means don't care. 

• ABSOLUTE MAXIMUM RATINGS 

Item Symbol 

Terminal Voltage with Respect to V ss Vr 

Power Dissipation Pr 

Operating Temperature Topr 

Storage Temperature Tstg 

Storage Temperature Under Bias Tbias 

on the board if the CE signal is generated by the decoding of higher 
address signals on the board. Avoid these short pulses. 

(2) OE/RFSH works as refresh control in standey mode. A short OE/ 
RFSH low pulse may cause an incomplete refresh that will destroy data. 
Make sure that OE/RFSH low pulses of less than tFAP min. are also 
inhibited. 

(3) toHe and loco are the timing specs which distinguish the OE 
function of OE/RFSH from the RFSH function. The toHe and loco 
specs must be strictly maintained. 

(4) Start the HM658512 operating by executing at least eight initial 
cycles (dummy cycles) at least 100 µs after the power voltage reaches 
4.5V-5.5V after power-on. 

l/OPin Mode 

Low-Z Read 

High-Z Write 

High-Z -

High-Z Refresh 

High-Z Standby 

Rating Unit 

-1.0 to +7.0 v 
1.0 w 

0 to +70 oc 
-55to+125 oc 
-10 to +85 oc 

• RECOMMENDED DC OPERATING CONDITIONS (TA = 0°C to + 70°C) 

Item Symbol Min. Typ. Max. Unit 

Vee 4.5 5.0 5.5 v 
Supply Voltage 

Vss 0 0 0 v 
V1H 2.4 - 6.0 v 

Input Voltage 
V1L -1.0•1 - 0.8 v 

NOTES: I. VrL min. = -3.0V for pulse width 30 ns. 
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HM658512 Series------------------------------

• DC CHARACTERISTICS (TA = 0°C to + 70°C, V cc = 5V ± 10%) 

Parameter Symbol Min. Typ. Max. 

Operating Power Supply Current Iee1 - - 75 

Ise1 - 1 2 

Standby Power Supply Current 
Ise2 20 

200 -
100*2 

Iee2 - 1 2 
Operating Power Supply 

70*1 200*1 
Current in Self Refresh Mode IeC3 -

40*2 100*2 

Input Leakage Current Iu -10 - JO 

Output Leakage Current lw -10 - 10 

YoL - - 0.4 
Output Voltage 

YoH 2.4 - -

NOTES: I. Only for L-Version. 
2. Only for LL/LY-Version. 

• CAPACITANCE 

Item Symbol Typ. Max. 

Input Capacitance Cin - 8 

Input/Output Capacitance Cuo - 10 

NOTE: I. This parameter is sampled and not 100% tested. 

•AC CHARACTERISTICS (TA= 0 to 70°C, Yee= 5V ± 10%) 

Test Conditions 

Input pulse levels: 
Input rise and fall times: 
Timing measurement level: 
Reference level: 
Output load: 

2.4Y, 0.4Y 
5 ns 
2.2Y, 0.8Y 
YoH = 2.0Y, YoL = 0.8V 
I TTL and 100 pF 

~HITACHI 

Unit Test Conditions 

mA lvo = 0, tcyc = min. 

mA CE= YIH, OE/RFSH = Yrn, VIN <::: OV 

µA 
CE ;::: Yee -0.2Y 
OE/RFSH;::: Yee -0.2Y VIN;::: OV 

mA CE = YIH, OE/RFSH =VIL, VIN <::: OV 

CE<:!: Yee -0.2Y 
µA 

OE/RFSH s 0.2Y Yrn, VIN <::: OV 

µA Yee = 5.5Y, Y1N = Yss to Yee 

µA OE= Y1H, Vvo = Yss to Yee 

y loL = 2.1 mA 

y loH =-I mA 

Unit Test Conditions 

pF Yin= OY 

pF Y110 = OY 
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------------------------------ HM658512 Series 

•AC CHARACTERISTICS (TA= 0 to 70°C, Yee= 5V ± 10%) 

HM658512-8 HM658512-10 HM658512-12 
Item Symbol Unit Note 

Min. Max. Min. Max. Min. Max. 

Random Read Qr Write Cycle Time !Re 130 - 160 - 190 - ns 

Chip Enable Access Time le EA - 80 - 100 - 120 ns 

Read-Modify-Write Cycle Time tRwc 180 - 220 - 260 - ns 

Output Enable Access Time lo EA - 30 - 40 - 50 ns 

Chip Disable to Output in High-Z le HZ 0 25 0 25 0 30 ns 1 

Chip Enable to Output in Low-Z lcLZ 20 - 20 - 20 - ns 2 

Output Disable to Output in High-Z lo Hz - 25 - 25 - 30 ns 1 

Output Enable to Output in Low-Z loLz 0 - 0 - 0 - ns 2 

Chip Enable Pulse Width lcE 80 ns 10 µs 100 ns 10 µs 120 ns 10 µs 

Chip Enable Pre-Charge Time tp 40 - 50 - 60 - ns 

Address Setup Time tAS 0 - 0 - 0 - ns 

Address Hold Time tAH 20 - 25 - 30 - ns 

Read Command Setup Time tRCS 0 - 0 - 0 - ns 

Read Command Hold Time tRCH 0 - 0 - 0 - ns 

Write Command Pulse Width twp 25 - 30 - 35 - ns 

Chip Enable to End of Write tcw 80 - 100 - 120 - ns 

Chip Enable to Output Enable Delay Time loco 0 - 0 - 0 - ns 

Output Enaole Hold Time loHC 15 - 15 - 15 - ns 

Data in to End of Write tow 20 - 25 - 30 - ns 

Data in Hold Time for Write toH 0 - 0 - 0 - ns 

Output Active From End of Write tow 5 - 5 - 5 - ns 2 

Write to Output in High-Z twHZ - 20 - 25 - 30 ns I 

Transition Time (Rise and Fall) tT 3 50 3 50 3 50 ns 

Refresh Command Delay Time tRFO 40 - 50 - 60 - ns 

Refresh Precharge Time tfp 40 - 40 - 40 - ns 

Refresh Command Pulse Width for Automatic Refresh lFAP 80 ns 8 µs 80 ns 8 µs 80 ns 8 µs 

Automatic Refresh Cycle Time tFc 130 - 160 - 190 - ns 

Refresh Command Pulse Width for Self Refresh tFAS 8 - 8 - 8 - µs 

Refresh Reset Time From Self Refresh tRFS 600 - 600 - 600 - ns 

Refresh Period !REF - 32 - 32 - 32 ms 2048 cycle 

NOTES: I. ICHZ. toHZ and IWHZ are defined as the time at which the output achieves the open circuit condition. 

2. ICLZ. IOLZ and tow are sampled under the condition of tT ; 5 ns and not 100% tested. 

3. A write occurs during the overlap of low CE and low WE 
4. If the CE low transition occurs simultaneously with or latter from the WE low transition, the output buffers remain in high impedance state. 

5. In write cycle, OE or WE must disable output buffers prior to applying data to the device and at the end of write cycle data inputs must be lloated prior to OE or WE 
turning on output buffers. 

6. Transition time IT is measured between VJH (min.) and V1L (max.). 

7. After power-up, pause for more than 100 µsand execute at least 8 initialization cycles, preferably as 8 refresh cycles. 

8. 2048 cycles of burst refresh or distributed automatic refresh must be executed within 15 µs after self refresh, in order to meet the refresh 

specification of 32 ms and 2048 cycle. 

@HITACHI 
Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 399 



HM658512 Series------------------------------

• TIMING WAVEFORMS 
•Read Cycle 

Address 
AO to A18 

WE 

Dout 

• Write Cycle 111 (OE High) 

tcEA 

1-------------~-----------+-----1 
------.. 1 tcE 

Address 
AO to A18 

WE 

OE/RFSH 

Din 

Dout 

• Write Cycle 121 (OE Low) 

Address 
AO to A18 

WE 

Din 

Dout 

____ t__gw ___ ___ 

tcw 

tcLZ 

<ZZ) Not Valid 
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400 Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 



------------------------------ HM658512 Series 

• Automatic Refresh Cycle 

CE 

OE/RFSH 

• Self Refresh Cycle 

CE 

OE/RFSH 

• Read-Modify-Write Cycle 

Address 
AOtoA18 

WE 

OE/RFSH 

Din 

tcw 

tou 

tcu --------' /...,...~'"""--:-~-i.... 
Dout >-----------< 

• Low Vee Data Retention Characteristics Ta=O to 70°C. This characteristic is guaranteed only for LY-version. 

Item Symbol Min. Typ. Max. Unit Test Conditions 

V cc for data retention VnR 4.0 5.5 v 
Self refresh current IccDR 50 µA Vcc=4.0 v 

CE<:=: Vee -0.2 v 
OE/RFSH s 0.2 V 

Vin<:=: OV 

100 µA Vee= 5.5 v 
CE<:=: Vee -0.2 v 
OE/RFSH s 0.2 V 

Vin<:=: OV 

Refresh setup time tps 0 ns 

Operation recovery time tFR 5 ms 
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HM658512 Series----------------------------

•Low Vee Data Retention Timing Waveform 

Vee 
4.5V 

CE 
2.4V 
a.av 

IRFO 

OORFSH ---t--J.---. 
2.4 v 
a.av 

Data retention mode 

CE ~ Vee -0.2 v 

IFAS 

OORFSH s a.2 V 

(Automatic Refresh) 

Notes: 1. tR (rise time), tp (fall time) of power supply voltage must be smaller than 0.05 V /ms. 
2. Keep CE ;:?:: Vee -0.2 V during data retention mode. 
3. Regarding tRFI> tpp, tFAS and tRFS• refer to AC characteristics. 
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HM10494 Series 
16384-word x 4·blt Fully Decoded Random Access Memory 

Description 

The HM10494 is ECL 1 OK compatible, 16384-word by 4-bits 
read/write random access memory developed for high speed systems 
such as scratch pads and control/buffer storage. 

Features 
• 16384-word x 4-bit organization 
• Fully compatible with 1 OK ECL level 
• Address access time: 10/12 ns (max) 
• Write pulse width: 6 ns (min) 
• Low power dissipation: 800 mW (typ) 
• Output obtainable by wired-OR (open emitter) 

Ordering Information 
Type No. 

HM10494-10 
HM10494-12 

HM10494F-10 
HM10494F-12 

Function Table 
Input 

CS WE 

H x 
L L 
L L 
L H 

Notes: x; Irrelevant 

Block Diagram 

AO 

Al 

A2 

A3 

A4 

AS 

A6 

Access Time Package 

Din 
x 
L 
H 
x 

10 ns 
12 ns 

10 ns 
12 ns 

400 mil 28 pin Cerdip 
(DG-28N) 

28 pin Ceramic Flat 
(FG-280) 

Output Mode 

L Not Selected 

L Write"O" 

L Write "l" 

Dout01 Read 

* l; Read Out Noninvert 

A7 AB A9 AIO All A12 A13 

Memory Cell Array 
16384words x 4bits 

Dll DOI 012 D02 013 D03 014 D04 

@HITACHI 

(FG-280) 

(DG-28N) 

Pin Arrangement 

Dll "CS 

Dl2 WE 

013 NC 

Dl4 Al3 

DOI Al2 

D02 All 

Vee AIO 

Vu 

A9 

AS 

A7 

A6 

AS 

A4 

(Top View) 
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------------------------------HM10494 Serles 

Absolute Maximum Ratings (Ta = 25°C) 
Item Symbol Rating Unit 

Supply Voltage VBB to Vee +0.5 to-7.0 v 
Input Voltage Vin +0.5 to VEE v 
Output Current lout -30 mA 
Storage Temperatme Tstg -65 to +150 oc 
Storage Temperal\U'e Tstg (Biasr1 -55 to +125 oc 

Note: *l; UnderBias 

Electrical Characteristics 
DC Characteristics (VEE= -5.2V, RL = 50!l to -2.0 V, Ta= 0 to +75°C, air flow exceeding 2 m/sec) 

Item Symbol Min (B) Typ Max (A) Unit Test Conditions 
-1000 -840 0°C 

VoH -960 -810 +25°C 

Output Voltage 
-720 

mV Vin= VIHA or Vn.s 
-1665 

-900 +75°C 
-1870 0°C 

VoL -1850 -1650 +25°C 
-1830 -1625 +75°C 
-1020 0°C 

VoHe -980 +25°C 

Output Threshold Voltage mV Vin= VIHB or Vn..A 
-1645 

-920 +75°C 
0°C 

VoLC -1630 +25°C 
-1605 +75°C 

-1145 -840 Guaranteed Input Voltage 

VIH -1105 -810 High for All Inputs +25°C 

Input Voltage 
-720 

-1490 
mV Guaranteed Input Voltage 

-1045 +75°C 
-1870 0°C 

Vn.. -1850 -1475 Low for All Inputs· +25°C 
-1830 -1450 +75°C 

IIH 220 Vin= VIHA 0 to +75°C 

Input Current 
In.. 

0.5 170 
µA cs 

Vin= Vn.B -50 
---- Oto +75°C 

Others 
-180 

Supply Current IEE mA 
All Inputs and Outputs Ta=0°C 

Ta=75°C -180 Open 

AC Characteristics (VEE= -5.2 V ± 5%, Ta= Oto +75°C, air flow exceeding 2 m/sec) 
Read Mode 

HM10494-10 HM10494-12 
Item Symbol 

Min Typ Max Min Typ Max 

Chip Select Access Time lACS 6 8 
Chip Select Recovery Time IRCS 6 8 
Address Access Time lAA 10 12 

@HITACHI 

Unit Test Conditions 

ns 
ns 
ns 
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HM10494 Serles 

Write Mode 

Item Symbol HM10494-10 HM10494-12 
Unit Test Conditions 

Min Typ Max Min Typ Max 
Write Pulse Width tw 6 8 ns twSA = twSA min 
Data Setup Time twso 2 2 ns 
Data Hold Time twHD 2 2 ns 
Address Setup Time twSA 2 2 ns tw = tw min 
Address Hold Time lWHA 2 2 ns 
Chip Select Setup Time twscs 2 2 ns 
Chip Select Hold Time lWHCS 2 2 ns 
Write Disable Time tws 6 8 ns 
Write Recovery Time lWR 12 14 ns 

Rise/Fall Time 
Item Symbol Min Typ Max Unit Test Conditions 

Output Rise Time tr 2 ns 
Output Fall Time tf 2 ns 

capacitance 

Item Symbol Min Typ Max Unit Test Conditions 
Ineut CaEacitance Cin 3 EF 
Output Capacitance Cout 5 pF 

~HITACHI 
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------------------------------HM10494 Serles 

Test Circuit and Waveforms 

Loading Condition Input Pulse 

Test Circuit 

Vcc(GND) 

Dout 
81.7V : I 

I I, I 

H M.U.T. 

Ri ;]; Ci 
t,= 11=2.0ns typ. 

Ri=500 
Ci=30pF 

O.OlµF ~ 82.0V v., (Includes probe 

and jig capacitance) 

Read Mode 

50% Address 

Dou! Dout 

Write Mode 

Address 50% 

Din 

----, r---- - ----
50%' 

' I '- ------- ---- ------1 
lwHD 

50% 
twso lwHA 

Dout 
lwscs 

lwR 
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HM10490 Series 
65536-Words x 1 ·Bit Fully Decoded Random Access Memory 

• DESCRIPTION 

The HM10490 is ECL 10K compatible, 65536-words by 1-bit read/ 
write random access memory developed for high speed systems 
such as scratch pads and control/buffer storage. 

•FEATURES 

• 65536 x 1 Bit Organization 
• Fully Compatible with 10K ECL Level 
• Address Access Time ....................... 10/12ns (max.) 
• Write Pulse Width ............................ 6/8ns (min.) 
•Low Power Dissipation ....................... 570mW (typ.) 
• Output Obtainable by Wired-OR (Open Emitter) 

• ORDERING INFORMATION 

Type No. 

HM10490-10 
HM10490-12 

• BLOCK DIAGRAM 

A4 
As 
As 
A1 
As 
Ag 
A1o 
A12 

Access Time 

lOns 
12ns 

Package 

300 mil 22 pin Cerdip 
(DG-22N) 

Memory Cell Array 
65536 words x 1 bit 

RN./ Circuit 

Din Dout 

~HITACHI 

(DG-22N) 

• PIN ARRANGEMENT 

Dout 1 22 Vee 
Ao 2 21 D1n 
A1 3 20 cs 
A2 4 19 WE 

A3 5 18 A15 

A4 6 17 A14 

As 7 16 A13 
As 8 15 A12 
A7 9 14 A11 

As 10 13 A1o 

Vee 11 12 Ag 

(Top View) 

• FUNCTION TABLE 

Input 
Output Mode 

cs WE Din 

H x x L Not Selected 

L L L L Write "O" 

L L H L Write "l" 

L H x Dout * Read 

NOTES: X = Irrelevant; 
* = Read out noninvert 
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-------------------------------- HM10490 Series 

• ABSOLUTE MAXIMUM RATINGS (Ta = 25 °C) 

Item Symbol Rating Unit 

Supply Voltage VEE to Vee +0.5 to 97.0 v 
Input Voltage Vin +0.5 to VEE v 
Output Current lout 930 mA 

Storage Temperature Tstg_ 965 to +150 oc 
Storage Temperature Ts!&{!liatl_* 955to+125 oc 

NOTE: * = Under bias. 

•DC CHARACTERISTICS (VEE= 95.2V, RL = 500 to 92.0V, Ta= 0 to +75°C, air flow exceeding 2m/sec.) 

Item Symbol Test Condition Min.(B) Typ. Max.(A) 

0°C 91000 - 9840 

VoH +25°C 9960 - 9810 

+75°C 9900 - 9720 
Output Voltage Vin = VIHA or V1LB 

0°C 91870 91665 -

VoL +25°C 91850 - 91650 

+75°C 91830 - 91625 

0°C 91020 - -

VoHe +25°C 9980 - -

+75°C 9920 - -
Output Threshold Voltage Vin= V1HB or VILA 

0°C 91645 - -

VoLe +25°C - - 91630 

+75°C - - 91605 

0°C 91145 - 9840 

Vm 
Guaranteed Input Voltage 

+25°C 91105 - 9810 
High for All Inputs 

+75°C 91045 9720 -
Input Voltage 

91490 0°C 91870 -

V1L 
Guaranteed Input Voltage 

+25°C 91850 - 91475 
Low for All Inputs 

+75°C 91830 - 91450 

Im Vin= VrnA Oto +75°C - - 220 

Input Current 

~ 
0.5 - 170 

I1L Vin= V1LB Oto +75°C 
950 s - -

Supply Current IEE All Inputs and Outputs Open 0°C, 75°C 9140 - -

•AC CHARACTERISTICS (VEE= 95.2V ± 53, Ta= Oto +75°C, air flow exceeding 2m/sec.) 

1. Read Mode 

HM10490-10 HM10490-12 
Item Symbol Test Condition 

Min. Typ. Max. Min. Typ. Max. 

Chip Select Access Time tAes - - 6 - - 8 

Chip Select Recovery Time tRes - - 6 - - 8 

Address Access Time tAA - - 10 - - 12 

@HITACHI 

Unit 

mV 

mV 

mV 

µA 

mA 

Unit 

ns 

ns 

ns 
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HM10490 Series-------------------------------

2. Write Mode 

Item Symbol 
Write Pulse Width tw 
Data Setup Time twso 
Data Hold Time twHo 
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 

3. Rise/Fall Time 

Item Symbol 
Output Rise Time tr 
Output Fall Time tr 

4. Capacitance 

Item Symbol 
Input Capacitance Cin 
Output Capacitance Cout 

• TEST CIRCUIT AND WAVEFORMS 

1. Loading Condition 

Vee (GND) 

M.U.T. 

02.0V 

Test Condition Min. Typ. Max. Min. Typ. Max. Unit 

twsA = twsA min. 6 - - 8 - - ns 
2 - - 2 - - ns 
2 - - 2 - - ns 

tw = tw min. 2 - - 2 - - ns 
2 - - 2 - - ns 
2 - - 2 - - ns 
2 - - 2 - - ns 
- - 6 - - 8 ns 

- - 12 - - 14 ns 

Test Condition Min. Typ. Max. Unit 

- 2 - ns 
- 2 - ns 

Test Condition Min. Typ. Max. Unit 

- 3 - pF 

- 5 - pF 

2. Input Pulse 

00.9V 

01.7V 

@HITACHI 
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---------------------------- HM10490 Series 

3. Read Mode 

50% 

Dout 

4. Write Mode 

Address 

Din 
----- ----- ---., 

~ ' ~---------- ---. 
50%) 

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

~ 
I\. _/ It __ twso - tWHcs 

tWSA- -- tw -- tWHcs 
~ 

- __.. -- __.. -· __.. -- ~ -- --. -- --. 

------ ------ It" 50% 
twscs _/ 

~ -- -- twR - _.. -- ·-r 

Dout 
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HM10500 Series ---------------Preliminary 

262,144 Words x 1-Blt Fully Decoded Random Access Memory 

• DESCRIPTION 
HM10500-15 is ECL 10K compatible, 262,144-words x 1-bit, read/ 

write random access memory developed for high speed systems 
such as main memories for super computers. 

•FEATURES 

• 262, 144-words x 1-bit Organization 
• Fully Compatible with 10K ECL Level 
• Address Access Time .......................... 15ns (max.) 
• Write Pulse Width ............................. 10ns (min.) 
• Low Power Dissipation ....................... 520mW (typ.) 
• Output Obtainable by Wired-OR (Open Emitter) 

• ORDERING INFORMATION 

Type No. Access Time 

HMIOS00-15 15ns 

• FUNCTION TABLE 

Input 
Output cs WE Din 

H x x L 

L L L L 

L L H L 

L H x Doui* 1 

NOTES: X = lrreicvant 

*I = Read Out Non invert 

Package 

300 mil 24 pin 
Cerdip (DG-24V) 

Mode 

Not Selected 

Write "O" 

Write "I" 

Read 

@HITACHI 

(DG-24V) 

• PIN ARRANGEMENT 

(Top View) 
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-------------------------HM10500 Series 

• BLOCK DIAGRAM 

Ao 
Aa MEMORY I 

I CELL ARRAY 
I 
I 

256X 1024 I Do 
I 

A, 

SENSE AMP cs and R/W 
CONTROL 

WE 

o, 

A, A, - - - - - Au 
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HM10500 Series-------------------------------

Absolute Maximum Ratings (Ta=25°C) 

Item Symbol Rating Unit 

Supply Voltage +0.5 to -7.0 v 
Input Voltage +0.5 to VEE v 
Output Current -30 mA 

Storage Temperature -65 to +150 oc 
Storage Temperature Tstg (Bias)• -55 to +125 oc 

•Under Bias 

Electrical Characteristics 

DC Characteristics (VEE=-5.2V, RL =son to -2.0V, Ta=O to +75°C, air flow exceeding 2m/sec) 

Item Symbol min (8) typ max (A) Unit Test Condition 

-1000 -840 

VoH -960 -810 

-900 -720 
Output Voltage mV V1n•V1HA or VILB 

-1870 -1665 

VOL -1850 -1650 

-1830 -1625 

-1020 

VOHC -980 

Output Threshold -920 
mV V1n•V1HB or VILA Voltage -1645 

VOLC -1630 

-1605 

-1145 -840 

VIH -1105 -810 Guaranteed Input Voltage 
High for All Inputs 

-1045 -720 
Input Voltage mV 

-1870 -1490 

VIL --1850 -1475 Guaranteed Input Voltage 
Low for All Inputs 

-1830 -1450 

llH 220 V1n•V1HA 

Input Current 0.5 170 cs 
llL 1J.A V1n•V1LB 

-50 Others 

-180 All Inputs and Outputs Open, Supply Current 1EE mA 
-180 Test Pin 12 

AC Characteristics (VEE=-5.2V±S%, Ta=O to +75°C, air flow exceeding 2m/sec) 

Read Mode 

Item Symbol min typ max Unit Test Condition 

Chip Select Access Time tACS 15 ns 

Chip Select Recovery Time tRCS 10 ns 

Address Access Time tAA 15 ns 

~HITACHI 

0°C 

+25°C 

+75°C 

0°C 

+25°C 

+75°C 

0°C 

+25°C 

+75°C 

0°C 

+25°C 

+75°C 

0°C 

+25°C 

+75°C 

0°C 

+25°C 

+75°C 

0 to +75°C 

0 to +75°C 

Ta•0°C 

Ta•75°C 
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HM10500 Series 

Write Mode 
Item Symbol min typ max Unit Test Condition 

Write Pulse Width tw 10 ns twsA•2ns 

Data Setup Time twso 2 ns 

Data Hold Time twHo 3 ns 

Address Setup Time twsA 2 ns tw•10ns 

Address Hold Time twHA 3 ns 

Chip Select Setup Time twscs 2 ns 

Chip Select Hold Time tWHCS 3 ns 

Write Disable Time tws 10 ns 

Write Recovery Time twR 18 ns 

Rise/Fall Time 
Item Symbol min typ max Unit Test Condition 

Output Rise Time tr 2 ns 

Output Fall Time t1 2 ns 

Capacitance 
Item Symbol min typ max Unit Test Condition 

Input Capacitance C1n 3 pF 

Output Capacitance Cout 5 pF 
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HM10500 Series------------------------------

Test Circuit and Waveforms 
Loading Condition 

Vct<GNO) 

M.U.T. 

O.OluF I 
Read Mode 

Write Mode 

Add res• 

Din 

v,, 

Doul 

-2.0V 

Input Pulse 

R,=500 
C, = 30pF 
llnclud .. probe 
:ind HR capac1tanct>I 

1,~ 1,:..:2.0n1 

I 
I I 

~ 

Addrm ,_096 _______ _ 

___/~ ,,. 

Uoul ___ ___..)E 

-s~' 5096 ,r-----1,------
' I __ ...,_ __ ....__-./ '----------------' 

~~· ----+-~~~-+-~-

WE 
lwHrs 

Dout t .. ICS 
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HM100494 Series 
16384-word x 4-blt Fully Decoded Random Access Memory 

Description 

The HM100494 is ECL 1 OOK compatible, 16384-word by 4-bits 
read/write random access memory developed for high speed systems 
such as scratch pads and control/buffer storage. 

Features 
• 16384-word x 4-bit organization 
• Fully compatible with 1 OOK ECL level 
• Address access time: 10/12 ns (max) 

Write pulse width: 6 ns (min) 
Low power dissipation: 650 mW (typ) 
Output obtainable by wired-OR (open emitter) 

Ordering Information 

Type No. 
HM 100494-10 
HM100494-12 

HM100494F-IO 
HM100494F-12 

Function Table 

cs 
Input 
WE 

H x 
L L 
L L 
L H 

Notes: x; Irrelevant 

Block Diagram 

AO 

Al 

A2 

A3 

A4 

AS 

A6 

Access Time Package 

10 ns 400 mil 28-pin Cerdip 
12 ns (DG-28N) 

10 ns 28-pin Ceramic Flat 
12 ns (FG-280) 

Din 
Output Mode 

x L Not Selected 
L L Write"O" 

H L Write"l" 

x Dout•I Read 

*I; Read Out Noninven 

A7 AS A9 AIO All Al2 Al3 

Memory Cell Array 
16384words x 4bits 

Block I Block 2 Bl~k 3 Block 4 

DI! DOI 012 D02 Dl3 D03 Dl4 D04 

@HITACHI 

(FG-280) 

(DG-28N) 

Pin Arrangement 

DI! cs 
Dl2 WE 

Dl3 NC 

D14 A13 

DOI Al2 

002 All 

Vee AIO 

Vee• V.s 

D03 A9 

004 A8 

AO A7 

Al A6 

A2 AS 

A3 A4 

(Top View) 
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HM100494 Serles------------------------------

Absolute Maximum Ratings (Ta = 25°C) 
Item Symbol Rating Unit 

Supply Voltage VEE to Vee +0.5 to -7.0 v 
Input Voltage Vin +0.5 to VEE v 
Output Current lout -30 mA 
Storage Temperature Tstg -65 to +150 oc 
Storage Temperature Tstg (Bias)1• -55 to +125 oc 

Note: • t: Under Bias 

Electrical Characteristics 
DC Characteristics (VEE= -4.5 V, RL =son to -2.0 V, Ta= 0 to +85°C, air flow exceeding 2 m/sec) 

Item Symbol Min (B) Typ Max (A) Unit Test Condition 

VoH -1025 -955 -880 mV 
Output Voltage VoL -1810 -1715 -1620 mV Vin= VrnA or V1LB 

Output Threshold Voltage 
VoHe -1035 mV 

Vin= Vme or Vn..A 
VoLC -1610 mV 

Input Voltage Vrn -1165 -880 mV Guaranteed Input Voltage 

Vn.. -1810 -1475 mV High/Low for All Inputs 

Irn 220 µA Vin= VmA 
Input Current In.. 0.5 170 µA Vin= Vn..e 

cs 
-50 Others 

Supply Current IEE -180 mA All Inputs and Outputs Open 

AC Characteristics (VEE= -4.5 V ± 5%, Ta= Oto +85°C, air flow exceeding 2 m/sec) 
Read Mode 

Item Symbol 
HM100494-10 HM100494-12 

Min Typ Max Min Typ Max Unit Test Condition 

Chip Select Access Time tAeS 6 8 ns 

Chip Select Recovery Time IRCS 6 8 ns 
Address Access Time lAA 10 12 ns 

Write Mode 

Item Symbol 
HM 100494-1 O HM100494-12 

Unit Test Condition 
Min Typ Max Min Typ Max 

Write Pulse Width tw 6 8 ns twSA = twsA min 

Data Setup Time twso 2 2 ns 

Data Hold Time lWIID 2 2 ns 

Address Setup Time twSA 2 2 ns tw = tw min 
Address Hold Time lWHA 2 2 ns 

Chip Select Setup Time twses 2 2 ns 

Chip Select Hold Time lWHC'I 2 2 ns 

Write Disable Time tws 6 8 ns 
Write Recovery Time lWR 12 14 ns 

~HITACHI 
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HM100494 Serles 

R ... /Fall Time 
Item Symbol Min Typ Max On it Test Condition 

Output Rise Time Ir 2 ns 
Output Fall Time tf 2 ns 

Capt1cltllnce 
Item S~bol Min Typ Max Uriit Test Condition 

Input Capacitance Cin 3 pF 
Output Capacitance Cout s pF 

$HITACHI 
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HM100494 Serles-----------------------------

Test Circuit and Waveforms 

Loading Condition Input Pulse 
Teat Circuit 

Vcc(GND) 

Dout 
M.U.T. 

I, = 11 = 2.0ns typ. 

O.OlµF ~ v .. (Includes probe 

and iii capacitance) 

Read Mode 

50% Address 

, .... 
Dout 

Dout 

Write Mode 

Address 50% 

Din 

-----,. 
50%' 

I,...---- - ----

I 
\ ________ ---- ------' 

lwHD 

50% 
fwHA 

1,..... lw lwHcs --- _____ .!:=:=======~~~----r-----==--r-:;===f..----
Dout 

lwscs 
50% 

@HITACHI 
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HM100504 Series ----------------Preliminary 

65,536-Words x 4-Bit Random Access Memory 

• DESCRIPTION 

The Hitachi HM100504 is ECL 1 OOk compatible, 
65,536 words by 4 bits read/write random access 
memory developed for high speed systems such as 
cache and control/buffer storage. 

•FEATURES 

• 65,536-words x 4 bit organization 
• Fully compatible with 1 OOk ECL level 
• 0.8 µm Hi-BiCMOS process 
• Address access time: 10/12 ns (max.) 
• Write pulse width: 7 /9 ns (min.) 
• Low power dissipation: 500 mW (typ.) 
• Output obtainable by wired-OR (open emitter) 

• ORDERING INFORMATION 

Type No. Access Time Package 

HM I 00504F- I 0 
HMI00504F-12 

• PIN DESCRIPTION 

Pin Name 

Ao-A15 

D10-D13 

Doo-Do3 

WE 

cs 
Vee 

VEE 

• BLOCK DIAGRAM 

10 ns 
12 ns 

28 pin Ceramic Flat 
(30 mil Lead Pitch) 

FG-28DA 

Function 

Address Input 

Data Input 

Data Output 

Write Enable 

Chip Select 

Ground 

Supply Voltage 

Memory Cell Array 
65536 words x 4 bits 

Block 1 Block 2 Block 3 Block 4 

# 
FG-28DA 

• PIN ARRANGEMENT 

HM 100504 Series 

D10 32 

D11 2 31 

D12 3 30 

013 4 29 

Doo 5 28 

Do1 6 27 

Vee 7 26 

Do2 8 25 

Do3 9 24 

Ao 10 23 

A1 11 22 

A2 12 21 

A3 13 20 

A4 14 19 

(Top View) 

$HITACHI 

cs 
WE 

A1s 

A14 

A13 

A12 

A11 

VEE 

A10 

Ag 

Aa 

A1 
A5 

As 
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HM100504 Series -------------------------------

• FUNCTION TABLE 

Input 
Output 

cs WE Din 

H xi xi L 

L L L L 

L L H L 

L H xi Dout2 

Notes: 1. Irrelevant 
2. Read Out Noninvert 

• ABSOLUTE MAXIMUM RATING (Ta= 25°C) 

Item Symbol Rating 

Supply Voltage VEE to Vee +0.5 to-7.0 

Input Voltage Vin +0.5 to VEE 

Output Current lout -30 

Storage Temperature Tstg -65 to +150 

Storage Temperature Tstg (bias)l -55 to +125 

Note: I. Under bias (VEE= 6.0V min.) 

• ELECTRICAL CHARACTERISTICS 

• DC Characteristics (VEE = ---4.SV, RL = son to -2.0V, Tc = O to +85°C) 

Item Symbol Min(B) Typ 

Output Voltage VOH -1025 -955 

VOL -1810 -1715 

Output Threshold Voltage VOHC -1035 -

VOLC - -

Input Voltage 
VIH -1165 -

VIL -1810 -

Im - -

Input Current 
IIL 

0.5 -

-50 -

Supply Current IEE -180 -

•AC CHARACTERISTICS (VEE= ---4.SV ± 5%, Tc = O to +85°C) 

•Read Mode 

Max(A) 

-880 

-1620 

-

-1610 

-880 

-1475 

220 

170 

-

-

Unit 

mV 

mV 

mV 

mV 

mV 

mV 

µA 

µA 

µA 

mA 

HM I 00504-10 HM I 00504-12 
Item Symbol 

Min Typ Max Min Typ Max 

Ch~ Select Access Time tACS - - 6 - - 7 

Chip Select Recovery Time !RCS - - 6 - - 7 

Address Access Time IAA - - 10 - - 12 

~HITACHI 

Mode 

Not Selected 

Write"O" 

Write"!" 

Read 

Unit 

v 
v 

mA 
oc 
oc 

Test Condition 

Yin= VIHA or VILB 

Yin= VIHB or VILA 

Guaranteed Input Voltage 
High/Low for All Inputs 

Yin=VJHA 

Vin = VJLB (CS) 

Yin= VJLB (Others) 

All Inputs and 
Outputs Open 

Unit Test Condition 

ns 

ns 

ns 
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------------------------------HM100504 Series 

•Write Mode 

Item Symbol 

Write Pulse Width tW 

Data Setup Time tWSD 
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 

• Rise/Fall Time 

Item Symbol 

Output Rise Time tr 
Output Fall Time tf 

• Capacitance 

Item Symbol 
Input Capacitance Cin 
Output Capacitance couT 

• TEST CIRCUIT AND WAVEFORMS 
1. Loading Condition 

Test Circiut 

Vee (GND) 

Dout 

M.U.T. 

0.01 µF ~ VEE -2.0V 

RL= son 
CL= 30pF 
(Includes probe and jig capacitance) 

HM 100504-10 HM 100504-12 

Min Typ Max Min Typ Max Unit Test Condition 

7 - - 9 - - ns tWSA = tWSA min 
1 - - I - - ns 

1 - - 1 - - ns 

1 - - 1 - - ns tw=twmin 
2 - - 2 - - ns 

1 - - 1 - - ns 

1 - - I - - ns 

- - 6 - - 6 ns 

- - 12 - - 14 ns 

Min Typ Max Unit Test Condition 
- 2 - ns 

- 2 - ns 

Min Typ Max Unit Test Condition 

3 pF 

5 pF 

2. Input Pulse 

tr= tf= 2.0ns typ 

$HITACHI 
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HM100504 Series ------------------------------

•TIMING WAVEFORM 
3. Read Mode 

Dout 

4. Write Mode 

50% 

Dout 

cs 2 ~ 50% 

Address ::;; _ •:~ f ___ ' V ~ ,- ___ 1,....._ ------_-_-_-_ ----_-_-_ 

Din 50°/~', ______________________ , !\._.......__--.----..------
twHo -

t ~ 50% y twHA ._ WSD ~ I"-..,__ ___ ____,/...,.._,____ ____ ~-

twsA tw twHcs 
Dout 

- - - - - -.... ~r-----_-_-_-==tw=s=c~s~~~~~::~:tw_ ....... ;---1, '------+---tw-R--~-1"0% 

~HITACHI 
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HM100500 Series ---------------Preliminary 

262,144-Word x 1-Blt Fully Decoded Random Access Memory 

• DESCRIPTION 
The HM100500CG-18 is ECL 100K compatibl~. 262,144-word x 

1-bit, read/write random access memory developed for high speed 
systems such as main memories for super computers. 

•FEATURES 
• 262,144-Word x 1-Bit Organization 
• Fully Compatible with 100K ECL Level 
• Address Access Time .......................... 18ns (max.) 
• Write Pulse Width ............................. 1 Ons (min.) 
•Low Power Dissipation ....................... SOOmW (typ.) 
• Output Obtainable by Wired-OR (Open Emitter) 

• ORDERING INFORMATION 

Type No. Access Time Package 

HM 100500-18 18ns 24 pin CERDIP 
(DG-24V) 

HM 1 OOSOOCG-18 18ns 28 pin LCC 
(CG-28B) 

HM 100500F-18 18ns 24 pin Ceramic Flat 
(FG-24A) 

• FUNCTION TABLE 

Input 
Output Mode 

cs WE Din 
H x x L Not Selected 

L L L L Write "O" 

L L H L Write "I" 

L H x Doui*l Read 

NOTES: X = Irrelevant 

*I = Read Out Non invert 

~HITACHI 

(FG-24A) 

(DG-24V) 

(CG-28B) 
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HM100500 Series------------------------~ 

BLOCK DIAGRAM 

Ao 
A1 

MEMORY 
CELL ARRAY 

255 x 1024 
Dout 

A1 

SENSE AMP cs and R/W 
CONTROL 

WE 

D1 

Aa Ag - - - - - A11 

~HITACHI 
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Pin Arrangement 

(FG-24A) 

A1& 1• 

~ 2 ' 3 index 
es 4 
Din 5 
\kc 6 
Dout 7 
Ao 8 
A1 9 
A2 10 
A3 11 
~ 12 

(Top View) 

Doul 

24 A1s Ao 
23 A1-4 A1 
22 A13 
21 A12 

A2 

20 A11 A3 
19 A1o 
18 Vee 
17 Ag 
16 As 
15 A1 A7 

14 Ag As 
13 As Ag 

VEE 

(CG-28B) 

1...i,.~ All INI l'n·• V.,. I',.,.. Iii.. 

13
: 11

: 11
: 121

: :
21

: :Zlil 
L.JL...lt....IL.JL...IL.J 

Al XJ r.'H cs 
Al :fJ [it Wt: 
A3 -£::: [}t A 17 

A4 ·x.--:. Di Al6 

At V,., V,11 AIU All All 

(Top View) 

~HITACHI 

Nt. 

Air. 

AU 

AIJ 

HM100500 Series 

(DG-24V) 

1 24 Vee 
2 23 Din 
3 22 cs 
4 21 WE 

5 20 A11 

6 19 A16 

7 18 A15 

8 17 A14 

9 16 A13 

10 15 A12 

11 14 A11 

12 13 A10 

(Top View) 
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HM100500 Serles---------------------------

Absolute Maximum Ratings (Ta = 25°C) 
Item Symbol Rating Unit 

Supply Voltage VBB to Vee +0.5 to-7.0 v 
Input Voltage Vin +0.5 to Vss v 
Output Current lout -30 mA 
Storage Temperature Tstg -65 to +150 oc 
Storage Temperature Tstg (Bias)" 1 -55 to +125 oc 

Note: • 1; UnderBia1 

Electrlcal Characteristics 
DC Characteristics (VBB = -4.5 V, RL = 500 to -2.0 V, Ta= Oto +85°C, air flow exceeding 2 m/sec) 

Item Symbol Min(B) Typ Max (A) Unit Test Conditions 
VoH -1025 -955 -880 mV 

Output Voltage VoL -1810 -1715 -1620 mV Vin= VrnA or Vn.e 

Output Threshold Voltage 
VoHe -1035 mV 

Vin= Vnm or Vo.A 
VoLe -1610 mV 

Input Voltage Vrn -1165 -880 mV Guaranteed Input Voltage 
Vn.. -1810 -1475 mV High/Low for All Inputs 
Im 220 µA Vin= VrnA 

Input Current In.. 0.5 170 µA Vin= Vn..B 
'CS' 

-50 Others 
Supply Current IEE -160 mA All Inputs ~nd Outputs Open 

AC Characteristics (VEE= -4.5 V ± 5%, Ta= Oto +85°C, air flow exceeding 2 m/sec) 
Read Mode 

Item Symbol Min Typ CG-18 Max F-18 Max Unit Test Conditions 
Chip Select Access Time tACS 18 15 ns 
Chip Select Recovery Time tRCS 18 10 ns 
Address Access Time tAA 18 18 ns 

Write Mode 

Item Symbol Min Typ CG-18 Max F-18 Max Unit Test Conditions 
Write Pulse Width tw 10 ns tWSA=2 ns 
Data Setup Time twso 2 
Data Hold Time tWHD 3 ns 
Address Setup Time tWSA 2 ns 1w= 10 ns 
Address Hold Time tWHA 3 ns 
Chip Select Setup Time twscs 2 ns 
Chip Select Hold Time tWHCS 3 ns 
Write Disable Time tws 15 10 ns 
Write Recovery Time tWR 21 21 ns 

$HITACHI 
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HM100500 Series 

RIM/Fall Time 
Item Symbol Min Typ Max Unit Test Conditions 

Output Rise Time tr 2 ns 
Output Fall Time tf 2 ns 

Capacitance 

Item Symbol Min Typ Max Unit Test Conditions 

lnEut C~acitance Cin 3 EF 
Output Capacitance Cout 5 pF 

Test Circuit and Waveforms 

Loading Condition Input Pulse 
Vcc(GND) 

Dout 
M.U.T. 

, ___ _ 
I I 

~ 

Ri•50CI 
O.OlµF ~ ·-2.0V Ci .. 30pf"(inchidu 

Read Mode 

Dout 

Write Mode 

Addre11 

Din 

WE 

Dout 

probe and i is 
upaciranu) 

·-~ ... °"--.,.., ... ------
_E Dout 

~HITACHI 
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HM100514 Series ----------Preliminary 

262, 144-words x 4-bit Fully Decoded Random Access Memory 

• DESCRIPTION 

The HM100514 is ECL 100k compatible, 262,144-
words by 4-bits read/write random access memory 
developed for high speed systems such as scratch 
pads and control/buffer storage. 

•FEATURES 

• 262,144 x 4-bit organization 

(FG-320) 

• Fully compatible with 1 OOk ECL level 
• Address access time: 15 ns (max.) 

• PIN ARRANGEMENT 

• Write pulse width: 9 ns (min.) HM 100514 Series 
• Low power dissipation: 800 mW (typ.) 
• Output obtainable by wired-OR (open emitter) A14 32 

A1s 2 31 

• BLOCK DIAGRAM A10 3 30 

A11 4 29 

cs 5 28 

D10 6 27 

Doo 7 26 

Vee 8 25 

VEE 9 24 

001 10 23 

D11 11 22 

WE 12 21 

Ao 13 20 

A1 14 19 

A2 15 18 

Block 1 Block 2 Block 3 Block 4 A3 16 17 

(Top View) 

• PIN DESCRIPTION 

Pin Name 

Ao-At7 

D10-D13 

Doo-003 

WE 

cs 
Vee 

VEE 

$HITACHI 

A13 

A12 

A11 

A10 

Ag 

013 

Do3 

VEE 
Vee 
Do2 

D12 

As 

A1 

~ 
As 

A4 

Function 

Address Input 

Data Input 

Data Output 

Write Enable 

Chip Select 

Ground 

Supply Voltage 
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-------------------------------HM100514 Series 

•TRUTH TABLE 

Input 
Output 

cs WE Din 

H x x L 

L L L L 

L L H L 

L H x Dout * 
Notes: X: Irrelevant 

*: Read Out Noninvert 

•ABSOLUTE MAXIMUM RATING (Ta= 25°C) 

Item Symbol Rating 

Supply Voltage VEE to Vee +0.5 to-7.0 

Input Voltage Yin +0.5 to VEE 

Output Current lout -30 

Storage Temperature Tstg -65 to +150 

Storage Temperature Tstg (bias)* -55to+l25 

Note: 1. Under bias (VEE= 6.0V min.) 

• ELECTRICAL CHARACTERISTICS 

• DC Characteristics (VEE = -4.5V, RL = 50Q to -2.0V, Tc = 0 to +85°C)2 

Item Symbol Min(B) Typ 

Output Voltage YOH -1025 -955 

VOL -18IO -1715 

Output Threshold Voltage VOHe -I035 -

YoLe - -

Input Voltage 
VIH -1165 -

VIL -18IO -

IIH - -

Input Current 
IJL 

0.5 -

-50 -

Supply Current IEE -180 -

•AC CHARACTERISTICS (VEE =-4.5V ± 5%, Tc= 0 to +85°C)2 

•Read Mode 

Item Symbol Min Typ 

Chi.Ii_ Select Access Time tAeS - -

Chip Select Recovery Time tReS - -

Address Access Time tAA - -

@HITACHI 

Max(A) 

-880 

-1620 

-

-1610 

-880 

-1475 

220 

170 

-

-

Mode 

Not Selected 

Write"O" 

Write")" 

Read 

Unit 

v 
v 

mA 
oc 
oc 

Unit Test Condition 

mV 
Yin= YlltA or V11 B 

mV 
- -··---. 

mV 
Yin= Yum or YJLA 

mV 

mY Guaranteed Input Voltage 

mV High/Low for All Inputs 

µA Yin= VIHA 

µA Yin = YJLB (CS) 

µA Yin= YILB (Others) 

mA All Outputs Open 

Max Unit Test Condition 

IO ns 

IO ns 

15 ns 
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•Write Mode 

Item Symbol Min Typ 

Write Pulse Width tW 9 -

Data Setup Time tWSD 2 -

Data Hold Time tWHD 2 -
Address Setup Time tWSA 2 -

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 - -

• Rise/Fall Time 

Item Symbol Min Typ 

Output Rise Time tr - 1 

Output Fall Time tf - 1 

• Capacitance 

Item Symbol Min Typ 

Input Capacitance Cin - 3 

Output Capacitance COUT - 5 

•TEST CIRCUIT AND WAVEFORMS 

• Loading Condition • Input Pulse 

Test Circuit 

Vee (GND) 

M.U.T. 

0.01µF b VEE 

Dout 

-2.0V RL=50Q 
CL=30pF 
(Includes probe 

and jig capacitance) 

~HITACHI 

Max Unit Test Condition 

- ns tWSA = tWSA min 

- ns 

- ns 

- ns tw=twmin 

- ns 

- ns 

- ns 

15 ns 

17 ns 

Max Unit Test Condition 

- ns 

- ns 

Max Unit Test Condition 

- pF 

- pF 

tr=tt=2.0ns typ 
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-------------------------------HM100514 Series 

• Read Mode 

50% 

Dout 
Dout 

• Write Mode 

2 1 Address;:::;_s_o~?t~ ___ , --------_____ f ___ ; ________ _ 
Din 50% ', 

' - - - - - - - - - - - - - - ---- - - - _, 
twHD 

twso twHA 

twsA tw twHCS 

Dout -------------------+--
50% twscs 

tws 

~HITACHI 
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HM100510 Series ----------Preliminary 

1,048,576-words x 1-Bit Random Access Memory 

• DESCRIPTION 
The Hitachi HM100510 is EGL 100k compatible, 
1,048,576 words by 1 bit read/write random access 
memory developed for high speed systems. 

•FEATURES 

• 1,048,576-words x 1 bit organization 
(FG-2808) 

• Fully compatible with 1 OOk EGL level • PIN ARRANGEMENT 
• 0.8 µm Hi-BiGMOS process 
• Address access time: 15 ns (max.) HM 1005 IO Series 

• Write pulse width: 9 ns (min.) 
• Low power dissipation: 700 mW (typ.) 
• Output obtainable by wired-OR (open emitter) 

A1s 28 

A16 2 27 

• ORDERING INFORMATION 
A11 3 26 

A1a 4 25 
Type No. 

28 pin Ceramic Flat 
15 ns (30 mil Lead Pitch) 

Access Time Package 

HMI00510F-15 

A19 5 24 

cs 6 23 
(FG-28DB) 

Vee 7 22 

• PIN DESCRIPTION 
VEE 8 21 

D1 9 20 
Pin Name Function WE 10 19 
Ao-A19 Address Input 

Ao 11 18 
DJ Data Input 

Do Data Output 

WE Write Enable 

cs Chip Select 

A1 12 17 

A2 13 16 

A3 14 15 

Vee Ground 

VEE Supply Voltage 
(Top View) 

• BLOCK DIAGRAM 

Memory Cell Array 

1 04856 words x 1 bits 

R/W Circuit 

Do 

~HITACHI 

A14 

A13 

A12 

A11 

A10 

Ag 

VEE 
Vee 
Do 
Aa 

A1 

A6 

As 

A4 
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-------------------------------HM100510 Series 

• FUNCTION TABLE 

Input 
Output 

cs WE Din 

H xt xi L 

L L L L 

L L H L 

L H xi Dout2 

Notes: I. Irrelevant 
2. Read Out Noninvert 

• ABSOLUTE MAXIMUM RATING (Ta = 25°C) 

Item Symbol Rating 

Supply Voltage VEE to Vee +0.5 to-7.0 

Input Voltage Vin +0.5 to VEE 

Output Current lout -30 

Storage Temperature Tstg -65 to +150 

Storage Temperature T stg (bias) I -55 to +125 

Note: 1. Under bias (VEE= -6.0V min.) 

• ELECTRICAL CHARACTERISTICS 

• DC Characteristics (VEE= -4.5V, RL = SOQ to -2.0V, Tc = 0 to +85°C) 

Item Symbol Min(B) Typ 

Output Voltage YOH -1025 -955 

VOL -1810 -1715 

Output Threshold Voltage VoHe -1035 -

VOLe - -

Input Voltage Vrn -1165 -

VIL -1810 -

IIH - -
Input Current 

IIL 
0.5 -

-50 -

Supply Current IEE -180 -

•AC CHARACTERISTICS (VEE= -4.SV ± 5%, Tc= Oto +85°C) 

•Read Mode 

Item Symbol Min Typ 

Chi!!. Select Access Time tAeS - -

Chip Select Recovery Time tReS - -

Address Access Time tAA - -

~HITACHI 

Max(A) 

-880 

-1620 

-

-1610 

-880 

-1475 

220 

170 

-

-

Max 

10 

10 

15 

Mode 

Not Selected 

Write "O" 

Write"l" 

Read 

Unit 

v 
v 

mA 
oc 
oc 

Unit Test Condition 

mV 
Yin= VJllA or V11.11 

mV 

mV 
Vin= YJHB or VJLA 

mV 

mV Guaranteed Input Voltage 

mV High/Low for All Inputs 

µA Vin= VIHA 

µA Vin= VILB (CS) 

µA Vin= YILB (Others) 

mA All Outputs Open 

Unit Test Condition 

ns 

ns 

ns 
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HM100510 Series 

•Write Mode 

Item 

Write Pulse Width 

Data Setup Time 

Data Hold 

Address Setup Time 

Address Hold Time 

Chip Select Setup Time 

Chip Select Hold Time 

Write Disable Time 

Write Recovery Time 

• Rise/Fall Time 

Item 

Output Rise Time 

Output Fall Time 

• Capacitance 

Item 

Input Capacitance 

Output Capacitance 

•AC TEST CONDITION 

Vee (GND) 

M.U.T. 

0.01µF h VEE 

Symbol Min 

tW 9 

tWSD 3 

!WHO 3 

tWSA 3 

tWHA 3 

tWSCS 3 

tWHCS 3 

tWS -

tWR -

Symbol Min 

tr -

tf -

Symbol Min 

Cin -

CouT -

Dout 

AL CL 

h RL=50Q 

CL= 30 pF 
-2.0V (includes probe and 

jig capacitance) 

Typ Max Unit 

- - ns 

- - ns 

- - ns 

- - ns 

- - ns 

- - ns 

- - ns 

- 15 ns 

- 18 ns 

Typ Max Unit 

1.5 - ns 

1.5 - ns 

Typ Max Unit 

3 - pF 

5 - pF 

• INPUT PULSE 

tr= tf = 2.0 ns typ. 

@HITACHI 

Test Condition 

tWSA = IWSA min 

tw=twmin 

Test Condition 

Test Condition 
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------------------------------HM100510 Series 

•TIMING WAVEFORM 

• Read 

Dout 

• Write 

50% 

Dout 

cs 2 ~ 50% 

Address :::::; _ 5-0~ f ___ ' V ) ,-- __ 1-_ ---_ ~-----_-_-_-_ ------. 
Din 50°/o),, ______________________ , ~'-----.,----.-----

_ twHD~ 

--
~ ~50% )' twHA ,._ twso-* 

~ 

twsA tw - twHCS 

150% twscs 
--i twR tws - --i 

Dout 

--

$HITACHI 
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HM101494 Series 
16384-Words x 4-Blt Fully Decoded Random Access Memory 

• DESCRIPTION 

The HM101494 is ECL 100K compatible, 16384-words by 4-bits 
read/write random access memory developed for high speed sys­
tems such as scratch pads and control/buffer storage. 

•FEATURES 

• 16384 x 4 Bit Organization 
• Fully Compatible with 100K ECL Level 
• Address Access Time ....................... 10/12ns (max.) 
• Write Pulse Width ............................ 6/8ns (min.) 
•Low Power Dissipation ....................... 750mW (typ.) 
• Output Obtainable by Wired-OR (Open Emitter) 

• ORDERING INFORMATION 

Type No. Access Time Package 

HM101494-10 lOns 400 mil 28 pin Cerdip 
HM101494-12 12ns (OG-28N) 

HM101494F-10 lOns 28 pin Ceramic Flat 
HM101494F-12 12ns (FG-280) 

• BLOCK DIAGRAM 

@HITACHI 

(FG-280) 

(OG-28N) 

• PIN ARRANGEMENT 

011 cs 
012 WE 

013 N/C 

014 A13 

001 A12 

002 A11 

Vee A10 

VeeA Vee 
003 Ag 

004 As 

Ao A1 

A1 As 

A2 As 

A3 A4 

(Top View) 

• FUNCTION TABLE 

Input 
Output Mode 

cs WE Din 

H x x L Not Selected 

L L L L Write "O" 

L L H L Write "I" 

L H x Dout* Read 

NOTES: X = Irrelevant; 
* = Read out noninvert 
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---------------------------- HM101494 Serles 

• ABSOLUTE MAXIMUM RATINGS (T1 • 2S°C) 

Item Symbol Rating Unit 
Supply Voltage Vss to Vee +o.s to e1.o v 
Input Voltage Vin +o.s to Vss v 
Output Current lout 930 mA 
Storage Temperature r ....... 06S to +ISO oc 
Storage Temperature TW_1u_r1> ass to +125 oc 

NOTES: 1. Under bias. 
2. Ceramic flat ... Tc, Cerdip ... T •. 

• ELECTRICAL CHARACTERISTICS 

• DC Characterlatlc• (Vee = -S.2V, RL • SOD to -2.0V<2>, T1 • Oto +8S°C, air flow exceeding 2m/sec.<2>, 
Tc • o to +8S 0 C) 

Item Symbol Test Condition Min.(B) Typ. Max.(A) 

Output Voltage VoH 
Vin • V1HA or V1LB 

9102S 99S5 0880 

VoL 01810 01715 01620 

VoHc 91035 - -Output Threshold Voltage 
VoLC 

Vin • V1HB or V1LA - - 01610 

V1H Guaranteed Input Voltage 01165 - 0880 
Input Voltage 

V1L High/Low for All Inputs 01810 - 01475 

Im V1n = V1HA - - 220 
Input Current [cs 0.5 - 170 

l1L Vin= V1LB J Others e5o - -
Supply Current lee All Inputs and Outputs Open 9180 - -

•AC Characteristics (Vee= -5.2V :t: 5%<2>, T1 =Oto +85°C, air flow exceeding 2m/sec.<2>, 
Tc = o to +85°C) 

1. Read Mode 

Symbol Test Condition 
HM 101494-10 HM 101494-12 

Item 
Min. Typ. Max. Min. Typ. Max. 

Chip Select Access Time tACS - - 6 - - 8 
Chip Select Recovery Time tRcs - - 6 - - 8 
Address Access Time tAA - - 10 - - 12 

2. Write Mode 

HM 101494-10 HM 101494-12 
Item Symbol Test Condition 

Min. Typ. Max. Min. Typ. Max. 
Write Pulse Width tw twsA = twsA min. 6 - - 8 - -
Data Setup nme twso 2 - - 2 - -
Data Hold Time twHD 2 - - 2 - -
Address Setup Time twsA tw = twmin. 2 - - 2 - -
Address Hold Time twHA 2 - - 2 - -
Chip Select Setup Time twscs 2 - - 2 - -
Chip Select Hold Time twHCS 2 - - 2 - -
Write Disable Time tws - - 6 - - 8 
Write Recovery Time twR - - 12 - - 14 

$HITACHI 

Unit 
mV 
mV 
mV 
mV 
mV 
mV 
p.A 

p.A 

mA 

Unit 

ns 
ns 
ns 

Unit 

ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
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HM101494 Series------------------------------

3. Rise/Fall Time 

Item Symbol 

Output Rise Time tr 
Output Fall Time tr 

4. Capacitance 

Item Symbol 

Input Capacitance Cin 

Output Capacitance Cout 

• TEST CIRCUIT AND WAVEFORMS 

1. Loading Condition 

Vee (GND) 

M.U.T. 

02.0V 

3. Read Mode 

Dout 

Test Condition Min. Typ. Max. Unit 

- 2 - ns 

- 2 - ns 

Test Condition Min. Typ. Max. Unit 

WE, CS, D11, D12 - 5 - pF 

Others - 3 - pF 

- 3 - pF 

2. Input Pulse 

00.9V- - - - - -,.,.--------

01.7V 

50% 

@HITACHI 
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------------------------- HM101494 Series 

4. Write Mode 

Address 

Din 
-. --- ----- ---., 

r "' 
,- . -------- ---. 

500/~ 

"" '··-------------------~ 

' I\. _/ It' tWHcs _ twso - ...... 
tWSA ~ tw - lWHCS --- -- - -- - ..... .._. ... -- . 

------ ------ ltso% 
twscs _/ --

Dout 
~ -~ 

twR - ...... - -... 

~HITACHI 
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HM101490 Series----------
65536-Words x 1-Blt Fully Decoded Random Access Memory 

• DESCRIPTION 

The HM101490 is ECL 100K compatible, 65536-words by 1-bit 
read/write random access memory developed for high speed sys­
tems such as scratch pads and control/buffer storage. 

•FEATURES 

• 65536 x 1 Bit Organization 
• Fully Compatible with 100K ECL Level 
• Address Access Time ....................... 10/12ns (max.) 
•Write Pulse Width ............................ 6/8ns (min.) 
• Low Power Dissipation ....................... 570mW (typ.) 
• Output Obtainable by Wired-OR (Open Emitter) 

• ORDERING INFORMATION 

Type No. 

HM 101490-10 
HM101490-12 

• BLOCK DIAGRAM 

As 

As 

A1 
As 
Ag 
A1o 
A11 
A13 

Access Time 

tons 
12ns 

Package 

300 mil 22 pin Cerdip 
(DG-22N) 

Memory Cell Array 
65536 words x 4 bits 

(DG-22N) 

• PIN ARRANGEMENT 

Dout 1 22 Vee 

Ao 2 21 Din 

A1 3 20 cs 
A2 4 19 WE 

As 5 18 A15 
A4 6 17 A14 
As 7 16 A13 
As 8 15 A12 
A7 9 14 A11 
As 10 13 A10 

VEE 11 12 Ag 

(Top View) 

• FUNCTION TABLE 

Input 
Output Mode 

cs WE D;n 

H x x L Not Selected 

L L L L Write "O" 

L L H L Write "I" 

L H x Dout * Read 

NOTES: X = Irrelevant; 
Din/Dout * = Read out noninvert 

@HITACHI 
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------------------------------- HM101490 Series 

• ABSOLUTE MAXIMUM RATINGS (Ta = 25°C) 

Item Symbol Rating Unit 

Supply Voltage VEE to Vee +0.5 to 97.0 v 
Input Voltage Vin +0.5 to 93.0 v 
Output Current lout 930 mA 
Storage Temperature Ts!&_ 965to+150 oc 
Storage Temperature T s~nder bias.l 955to+125 oc 

• ELECTRICAL CHARACTERISTICS 

• DC Characteristics (VEE= -5.2V, RL = 500 to -2.0V, Ta= 0 to +85°C, air flow exceeding 2m/sec.) 

Item Symbol Test Condition Min.(B) Typ. Max.(A) 

Output Voltage 
VoH 91025 9955 9880 

VoL 
Vin = V1HA or V1LB 

91810 91715 91620 

VoHe 91035 - -
Output Threshold Voltage 

VoLC 
Vin = VIHB or VILA - - 91610 

V1H Guaranteed Input Voltage 91165 - 9880 
Input Voltage 

V1L High/1..ow for All Inputs 91810 91475 -
l1H Vin= V1HA - - 220 

Input Current 1 cs 0.5 - 170 
l1L Vin= V1LB J Others 950 - -

Supply Current IEE All Inputs and Outputs Open 9140 - -

• AC Characteristics (VEE= -5.2V ± 5%, Ta= Oto +85°C, air flow exceeding 2m/sec.) 

1. Read Mode 

Item Symboi Test Condition 
HM 101490-10 HM 101490-12 

Min. Typ. Max. Min. Typ. Max. 
Chip Select Access Time tAes - - 6 - - 8 

Chip Select Recovery Time tRes - - 6 - - 8 

Address Access Time tAA - - 10 - - 12 

2. Write Mode 

Item Symbol Test Condition 
HM 101490-10 HM 101490-12 

Min. Typ. Max. Min. Typ. Max. 
Write Pulse Width tw twsA = twsA min. 6 - - 8 - -
Data Setup Time twso 2 - - 2 - -
Data Hold Time twHD 2 - - 2 - -
Address Setup Time twsA tw = twmin. 2 - - 2 - -

Address Hold Time twHA 2 - - 2 - -
Chip Select Setup Time twses 2 - - 2 - -
Chip Select Hold Time twHeS 2 - - 2 - -
Write Disable Time tws - - 6 - - 8 
Write Recovery Time twR - - 12 - - 14 

~HITACHI 

Unit 

mV 

mV 

mV 

mV 

mV 

mV 

µ.A 

µ.A 

mA 

Unit 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Hitachi America, Ltd. • Hitachi Plaza• 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 443 



HM101490 Serles----------------------------

3. Rise/Fall Time 

Item Symbol 
Output Rise Time tr 
Output Fall Time tr 

4. Capacitance 

Item Symbol 
Input Capacitance Cin 
Output Capacitance Cout 

• TEST CIRCUIT AND WAVEFORMS 

1. Loading Condition 

Vee (GNO) 

M.U.T. 

o,01 µ~ Vee 92.0V 

3. Read Mode 

Dout 

Test Condition Min. Typ. Max. Unit 

- 2 - ns 

- 2 - ns 

Test Condition Min. Typ. Max. Unit 

- 3 - pF 
- s - pF 

2. Input Pulse 

90.9V· - - • • --------

91.7V 

50% 

~HITACHI 
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--------------------------- HM101490 Series 

4. Write Mode 

Address 

Din 
----- ----- ____ , 

r ~ (--------- ---
50o/~ 

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

' ~ _/ It" twso - lWHCS 
twSA._. ...... 

tw -- lWHCS 
~ 

- - __., --- -... -- ... 
Dout ------ ------

twscs /1 ltso% 
- --...- --... 

lWR -- --

~HITACHI 
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HM101504 Series ----------Preliminary 

65,536-Words x 4-Bit Random Access Memory 

• DESCRIPTION 

The Hitachi HM101504 is ECL 1 OOk compatible, 
65,536 words by 4 bits read/write random access 
memory developed for high speed systems such as 
cache and control/buffer storage. ~ 

(CP-320) 

•FEATURES 

• 65,536-words x 4 bit organization • PIN ARRANGEMENT 

• Fully compatible with 1 OOk ECL level HM 101504 Series 
• 0.8 µm Hi-BiCMOS process 
• Address access time: 1 0/12 ns (max.) 
• Write pulse width: 7/9 ns (min.) 
• Low power dissipation: 500 mW (typ.) 
• Output obtainable by wired-OR (open emitter) 

• ORDERING INFORMATION 

Type No. 

HM101504F-10 
HM101504F-12 

• PIN DESCRIPTION 

Pin Name 

Ao-A15 

D10-D13 

Doo-D03 

WE 

cs 
Vee 

VEE 

• BLOCK DIAGRAM 

Cycle Time 

10 ns 
12 ns 

Package 

400 mil 32 pin 
Plastic SOJ (CP-320) 

Function 

Address Input 

Data Input 

Data Output 

Write Enable 

Chip Select 

Ground 

Supply Voltage 

Memory Cell Array 
65536 words x 4 bits 

NC 

D10 
D11 
D12 
D13 

Doo 
D01 
Vee 

Veeo 
Do2 
Do3 

Ao 
A1 
A2 
As 

~ 

Block 1 Block 2 Block 3 Block 4 

$HITACHI 

32 
2 31 
3 30 
4 29 
5 28 
6 27 
7 26 
8 25 
9 24 
10 23 
11 22 
12 21 
13 20 
14 19 
15 18 
16 17 

(Top View) 

cs 
WE 
NC 
NC 

A1s 
A14 
A13 
A12 
VEE 
A11 
A10 
Ag 

As 
A7 

~ 
As 
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--------------------------------HM101504 Series 

• FUNCTION TABLE 

Input 
Din 

cs WE 

H xi xi 
L L L 

L L H 

L H xi 
Notes: I. Irrelevant 

2. Read Out Noninvert 

•ABSOLUTE MAXIMUM RATING (Tj = 125°C max) 

Item Symbol 

Supply Voltage VEE to Vee 

Input Voltage Yin 

Output Current lout 

Power Dissipation PT 
Operating Temperature Topr2 

Storage Temperature Tstg 

Storage Temperature Tstg (bias) I, 2 

Note: I. Under bias (VEE= -6.0V min.) 
2. Case temperature 

• ELECTRICAL CHARACTERISTICS 

Output 

L 

L 

L 

Dout2 

Rating 

+0.5 to-7.0 

+0.5 to VEE 

-30 

1.2 

0 to +85 

-55to+l25 

-10 to +85 

• DC Characteristics (VEE= -5.2V, RL = 50Q to -2.0V, Tc= 0 to +85°C) 

Item Symbol Min(B) Typ 

Output Voltage Yott -1025 -955 

VOL -1810 -1715 

Output Threshold Voltage Votte -1035 -

VoLe - -

Input Voltage 
Vrn -1165 -

VIL -1810 -

lrH - -

Input Current 
irL 

0.5 -

-50 -

Supply Current IEE -180 -

•AC CHARACTERISTICS (VEE =-5.2V ± 5%, Tc= 0 to +85°C) 

•Read Mode 

Max(A) 

-880 

-1620 

-

-1610 

-880 

-1475 

220 

170 

-

-

Unit 

mV 

mV 

mV 

mV 

mV 

mV 

µA 

µA 

µA 

mA 

HM I 01504-10 HMI01504-12 
Item Symbol 

Min Typ Max Min Typ Max 

Chlg_ Select Access Time tACS - - 6 - - 7 

Chip Select Recovery Time tReS - - 6 - - 7 

Address Access Time tAA - - 10 - - 12 

@HITACHI 

Mode 

Not Selected 

Write"O" 

Write"!" 

Read 

Unit 

v 
v 

mA 
w 
oc 
oc 
oc 

Test Condition 

Yin= YJHA or VJLB 

Yin = YJHB or VILA 

Guaranteed Input Voltage 
High/Low for All Inputs 

Yin= VIHA 

Yin = VILB (CS) 

Yin= VILB (Others) 

All Inputs and 
Outputs Open 

Unit Test Condition 

ns 

ns 

ns 
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HM101504 Series ------------------------------

•Write Mode 

Item 

Write Pulse Width 

Data Setup Time 

Data Hold Time 

Address Setup Time 

Address Hold Time 

Chip Select Setup Time 

Chip Select Hold Time 

Write Disable Time 

Write Recovery Time 

• Rise/Fall Time 

Item Symbol 

Output Rise Time tr 

Output Fall Time tf 

• Capacitance 

Item Symbol 

Input Capacitance Cin 

Output Capacitance couT 

•AC TEST CONDITION 

Vee (GND) 

Dout 

M.U.T. 

0.01µF ,J;. VEE -2.0V 

HM 101504-10 HM101504-12 
Symbol 

Min Typ Max Min Typ Max 
Unit 

tW 7 - - 9 - - ns 

tWSD 1 - - 1 - - ns 

tWHD 1 - - 1 - - ns 

tWSA I - - 1 - - ns 

tWHA 2 - - 2 - - ns 

twscs 1 - - 1 - - ns 

tWHCS 1 - - 1 - - ns 

tWS - - 6 - - 6 ns 

tWR - - 12 - - 14 ns 

Min Typ Max Unit 

- 2 - ns 

- 2 - ns 

Min Typ Max Unit 

- 3 - pF 

- 5 - pF 

•INPUT PULSE 

RL=50W 
CL= 30 pF 
(includes probe and 
jig capacitance) 

-HITACHI 

tr = tt = 2.0 ns typ. 

Test Condition 

tWSA = tWSA min 

tw=twmin 

Test Condition 

Test Condition 

448 Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 



------------------------------- HM101504 Series 

• TIMING WAVEFORM 

• Read 

Dout 

• Write 

Add~~s_o0_~-------~ 
___./ ~ tAA 

Dou_t _______________ ~ 

2 1 
Address::::;_ s_o~ ?f.-----___ ' ---,--__ t_ __ ; ________ . 
Din 50% ', 

' - - - - - - - - - - - - - - - - - - - - - _, 

twso 50% twHA 

twsA tw twHcs 
----~~- ---.-1 ____ _.:_:_ _ ____c_i-.___-'-'-'.=---·--· 

twscs 
Dout --------------------!--

50% 

tws 

~HITACHI 
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HM101500 Series ---------------Preliminary 

262144-Words x 1-Bit Fully Decoded Random Access Memory 

• DESCRIPTION 

HM101500F-15 is ECL 100K compatible, 262144-words by 1-bit, 
read/write random access memory developed for high speed sys­
tems such as main memories for super computers. 

•·FEATURES 

• 262,144-Words x 1 Bit Organization 
• Fully Compatible with 100K ECL Level 
• Address Access Time .......................... 15ns (max.) 
• Write Pulse Width ............................. 10ns (min.) 
• Low Power Dissipation ....................... SOOmW (typ.) 
• Output Obtainable by Wired-OR (Open Emitter) 

• TRUTH TABLE 

Input 
Output Mode 

cs WE D;n 

H x x L Not Selected 

L L L L Write "O" 

L L H L Write"!" 

L H x Dout* Read 

NOTES: X = Irrelevant; 
* = Read out noninvert 

• ORDERING INFORMATION 

Type No. 

HM 101500F-15 
HM101500CG-15 

Access Time 

15 ns 
15 ns 

• BLOCK DIAGRAM 

256 x 1024 
Memory Cell 

Array 

Sense Amp. and 
Read/Write Control 

Package 

24 pin Ceramic Flat 
28 pin Ceramic LCC 

Aa At A,o A11 A,2••••••Ate A,1 

~HITACHI 

Dout 

Din 

(FG-24A) 

(CG-288) 

• PIN ARRANGEMENT 

A18 
•'index A17 

WE 
~ 
Din 
Voe 

Dout 
Ao 
A1 
A2 
A3 
A4 

(Top View) 

(Top View) 
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A15 
A14 
A13 
A12 
A11 
A1o 
Vee 
Ag 
Ae 
A1 
Ae 
As 



------------------------------ HM101500 Series 

• ABSOLUTE MAXIMUM RATINGS (Ta= 25°C) 

Item Symbol Rating 

Supply Voltage VEE to Vee +0.5 to 07.0 

Input Voltage Vin +0.5 to VEE 
Output Current lout 030 
Storage Temperature Ts1g_ 065to+150 
Storage Temperature Ts!fil_bias}_* 055to+125 

• ELECTRICAL CHARACTERISTICS 

•DC Characteristics (VEE= -5.2V, RL = 500 to -2.0V, Tc= o to +85°C) 

Item Symbol Test Condition 

You 
Output Voltage 

VoL 
Vin= V1HA or V1LB 

Vouc Output Threshold Voltage 
VoLc 

Vin= V1HB or VILA 

VIH Guaranteed Input Voltage Input Voltage 
V1L High/Low for All Inputs 

l1u Vin= V1HA 
Input Current l cs 

l1L Vin= V1LB J Others 
Supply Current IEE All Inputs and Outputs Open 

•AC Characteristics (VEE = -5.2V ± 5%, Tc =Oto +85°C) 

1. Read Mode 

Item Symbol Test Condition 

Chip Select Access Time tACS 
Chip Select Recovery Time •Res 
Address Access Time tAA 

2. Write Mode 

Item Symbol Test Condition 

Write Pulse Width tw twsA = 2ns 
Data Setup Time twso 
Data Hold Time twuo 
Address Setup Time twsA tw = lOns 
Address Hold Time twHA 
Chip Select Setup Time twscs 
Chip Select Hold Time twucs 
Write Disable Time tws 
Write Recovery Time twR 

~HITACHI 

Min.(B) 

01025 

01810 

01035 

-

01165 
01810 

-

0.5 
050 

0200 

Min. 

-
-
-

Min. 

10 

2 

3 

2 

3 

2 

3 

-

-

Unit 

v 
v 

mA 
oc 
oc 

Typ. Max.(A) Unit 

0955 8880 mV 

01715 81620 mV 
- - mV 
- 01610 mV 

- 0880 mV 
- 81475 mV 

- 220 µA 

- 170 
µA 

- -

- - mA 

Typ. Max. Unit 

- 15 ns 

- IO ns 

- 15 ns 

Typ. Max. Unit 

- - ns 

- - ns 

- - ns 

- - ns 

- - ns 

- - ns 

- - ns 

- 10 ns 

- 18 
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HM101500 Series------------------------------

3. Rise/Fall Time 

Item Symbol 

Output Rise Time tr 

Output Fall Time tf 

4. Capacitance 

Item Symbol 

Input Capacitance Cin 
Output Capacitance Cout 

• TEST CIRCUIT AND WAVEFORMS 

1. Loading Condition 

Vee (GND) 

M.U.T. 

0.01 µFT V 
/77 EE 

3. Read Mode 

Dout 

02.0V 

Test Condition Min. Typ. Max. Unit 

- 2 - ns 

- 2 - ns 

Test Condition Min. Typ. Max. Unit 

- 3 - pF 

- 5 - pF 

2. Input Pulse 

00.9V • - - - - -r-r--------

01.7V 

50% 

@HITACHI 
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---------------------------- HM101500 Series 

4. Write Mode 

Address 

Din 
----- ----- --s~o/0 r ~ ~- --------- ---

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

' I\. / ~ __ twso__.. 
~ 

twHcs __,. 

~ 

tWSA- ~ tw ___,. 
~ 

twHcs ...- ~ ...- - .. 
------ ------

twscs _/ J,( 50% - ~ 

Dout 

- twR -- -

~HITACHI 
Hitachi America, Ltd. • Hitachi Plaza• 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 453 



HM101514 Series-----------Preliminary 

262, 144-words x 4-Bit Random Access Memory 

• DESCRIPTION 
The Hitachi HM101514 is ECL 100k compatible, 
262, 144 words by 4 bits read/write random access 
memory developed for high speed systems. 

•FEATURES 

• 262, 144-words x 4 bit organization 
• Fully compatible with 100k ECL level 
• 0.8 µm Hi-BiCMOS process 
• Address access time: 15 ns (max.) 

(FG-320) 

• Write pulse width: 9 ns (min.) • PIN ARRANGEMENT 

• Low power dissipation.: 800 mW (typ.) 
• Output obtainable by wired-OR (open emitter) 

HM101514 Series 

• ORDERING INFORMATION 
A14 

A15 
Type No. Cycle Time Package A15 

32 pin Ceramic Flat 
15 ns (30 mil Lead Pitch) 

(FG-32D) 
HM101514F-15 A17 

cs 
010 

• PIN DESCRIPTION Ooo 
Vee 

Pin Name Function 

A(}-A!7 Address Input 

D1(}-D13 Data Input 

VEE 
001 

011 
Do(}-D03 Data Output 

WE 
WE Write Enable 

Ao 
cs Chip Select A1 

Vee Ground A2 
VEE Supply Voltage A3 

• BLOCK DIAGRAM 

Block 1 Block 2 Block 3 Block 4 

WE 
cs 

@HITACHI 

32 

2 31 

3 30 

4 29 

5 28 

6 27 

7 26 

8 25 

9 24 

10 23 

11 22 

12 21 

13 20 

14 19 

15 18 

16 17 

(Top View) 

A13 

A12 

A11 

A10 

Ag 

013 

003 

VEE 
Vee 
002 

012 

As 

A7 

A5 

As 

A4 
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------------------------------HM101514 Series 

• FUNCTION TABLE 

Input 
Din Output 

cs WE 

H xi xi L 

L L L L 

L L H L 

L H xi Dout2 

Notes: 1. Irrelevant 
2. Read Out Noninvert 

•ABSOLUTE MAXIMUM RATING (Ta= 25°C) 

Item Symbol Rating 

Supply Voltage VEE to Vee +0.5 to-7.0 

Input Voltage Vin +0.5 to VEE 

Output Current lout -30 

Storage Temperature Tstg -65 to +150 

Storage Temperature Tstg (bias) I -55 to +125 

Note: I. Under bias (VEE= -6.0V min.) 

• ELECTRICAL CHARACTERISTICS 

• DC Characteristics (VEE= -5.2V, RL = 50Q to -2.0V, Tc = 0 to +85°C) 

Item Symbol Min(B) Typ 

Output Voltage VoH -1025 -955 

VOL -1810 -1715 

Output Threshold Voltage VoHe -1035 -

VOLe - -

Input Voltage VJH -1165 -
VIL -1810 -
IIH - -

Input Current 
IJL 

0.5 -
-50 -

Supply Current IEE -200 -

•AC CHARACTERISTICS (VEE =-5.2V ± 5%, Tc= 0 to +85°C) 
•Read Mode 

Item Symbol Min Typ 

Ch~ Select Access Time tAeS - -

Chip Select Recovery Time tReS - -
Address Access Time tAA - -

~HITACHI 

Max(A) 

-880 

-1620 

-
-1610 

-880 

-1475 

220 

170 

-
-

Max 

10 

10 
15 

Mode 

Not Selected 

Write"O" 

Write"!" 

Read 

Unit 

v 
v 

mA 
oc 
oc 

Unit Test Condition 

mV 
Yin= VJHA or VH.B 

mV 

mV 
Yin= VIHB or VILA 

mV 

mV Guaranteed Input Voltage 

mV High/Low for All Inputs 

µA Yin= VIHA 

µA Yin= VILB (CS) 

µA Yin = VILB (Others) 

mA All Outputs Open 

Unit Test Condition 

ns 

ns 

ns 
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HM101514 Series 

•Write Mode 

Item 

Write Pulse Width 

Data Setup Time 

Data Hold 

Address Setup Time 

Address Hold Time 

Chip Select Setup Time 

Chip Select Hold Time 

Write Disable Time 

Write Recovery Time 

• Rise/Fall Time 

Item Symbol 

Output Rise Time tr 

Output Fall Time tf 

• Capacitance 

Item Symbol 

Input Capacitance Cin 

Output Capacitance couT 

•AC TEST CONDITION 

Test Circuit 
Vee (GND) 

M.U.T. 

Symbol 

tw 

tWSD 

tWHD 

tWSA 

tWHA 

twscs 

tWHCS 

tws 

tWR 

Dout 

0.01 µF b VEE -2.0V 

RL=50Q 
CL=30pF 

Min 

-
-

Min 

-
-

(Includes probe and jig capacitance 

Min 

9 

3 

3 

3 

3 

3 

3 

-

-

Typ Max Unit 

- - ns 

- - ns 

- - ns 

- - ns 

- - ns 

- - ns 

- - ns 

- 15 ns 

- 18 ns 

Typ Max Unit 

1.5 - ns 

1.5 - ns 

Typ Max Unit 

3 - pF 

5 - pF 

• INPUT PULSE 

-0.9V~-----, I 80% 
I I 

I I 

I : : 20% 
-1.7V .-.t, t,,-. 

tr = tf = 2.0ns typ 

~HITACHI 

Test Condition 

tWSA = tWSA min 

tw=twmin 

Test Condition 

Test Condition 
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----------------------------- HM101514 Series 

•TIMING WAVEFORM 

•Read 

Dout 

• Write 

Dout 

~ ~ Address~ so%)1( )/(,__ _ __..._ ___ _ 

----------~ l: _5_0~,to, 'V, -.......,.,- - - _'_!_" ..... _-_-~--.....-_ ---__ -_-_-_-_-_ 
Din I~ , _____________________ -'~"---.....------.-----

~ 

t "\ I\. 50% )! twHA ~ WSD~ .... 
twsA tw 

.... 
twHCS -- ~ --.. 

Dout ------ ------ 150% twscs 
"l twR tws ... 

$HITACHI 
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HM101510 Series----------Preliminary 

1,048,576-words x 1-Bit Random Access Memory 

• DESCRIPTION 

The Hitachi HM101510 is ECL 100k compatible, 
1,048,576 words by 1 bit read/write random access 
memory developed for high speed systems. 

•FEATURES 

• 1,048,576-words x 1 bit organization FG-2808 
• Fully compatible with 1 OOk ECL level 
• 0.8 µm Hi-BiCMOS process • PIN ARRANGEMENT 

• Address access time: 15 ns (max.) 
• Write pulse width: 9 ns (min.) 

HM IO 1510 Series 

• Low power dissipation: 700 mW (typ.) 
• Output obtainable by wired-OR (open emitter) 

A1s 

Arn 
• ORDERING INFORMATION A17 
Type No. Access Time Package A18 

32 pin Ceramic Flat 
15 ns (30 mil Lead Pitch) 

(FG-28DB) 
HMI01510F-15 

A19 

cs 
Vee 

• PIN DESCRIPTION VEE 

Pin Name Function D1 
A(}-AJ9 Address Input WE 

DJ Data Input Ao 

Do Data Output A1 
WE Write Enable A2 
cs Chip Select A3 

Vee Ground 

VEE Supply Voltage 

• BLOCK DIAGRAM 

Memory Cell Array 

104856 words x 1 bits 

R/W Circuit 

Do 

~HITACHI 

28 

2 27 

3 26 

4 25 

5 24 

6 23 

7 22 

8 21 

9 20 

10 19 

11 18 

12 17 

13 16 

14 15 

(Top View) 

A14 

A13 

A12 

A11 

A10 

Ag 

VEE 
Vee 
Do 
A8 

A1 

As 
As 

A4 
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----------------------------HM101510 Serles 

• FUNCTION TABLE 

Input 
Output 

cs WE Din 
H xi xi L 

L L L L 

L L H L 

L H Xi Dout2 

Notes: I. Irrelevant 
2. Read Out Noninvert 

•ABSOLUTE MAXIMUM RATING (Ta= 25°C) 

Item Symbol Rating 

Supply Voltage VEE to Vee +0.5 to-7.0 

Input Voltage Vin +0.5 to VEE 
Output Current lout -30 
Storage Temperature Tstg -65 to +150 

Storage Temperature Tstg (bias) I -55 to +125 

Note: I. Under bias (VEE= -6.0V min.) 

• ELECTRICAL CHARACTERISTICS 

• DC Characteristics (VEE= -5.2V, RL = 500 to -2.0V, Tc = o to +85°C) 

Item Symbol Min(B) Typ 

Output Voltage VOH -1025 -955 

VOL -1810 -1715 

Output Threshold VC'ltage VOHC -1035 -
VOLC - -

Input Voltage VIH -1165 -
VIL -1810 -

IIH - -

Input Current 
IIL 

0.5 -
-50 -

Supply Current IEE -180 -

•AC CHARACTERISTICS (VEE= -5.2V ± 5%, Tc= 0 to +85°C) 
•Read Mode 
Item Symbol Min Typ 

Ch!P_ Select Access Time !ACS - -

Chip Select Recovery Time tRCS - -

Address Access Time IAA - -

$HITACHI 

Max(A) 

-880 

-1620 

-
-1610 

-880 

-1475 

220 

170 
-

-

Max 

10 

10 
15 

Mode 

Not Selected 
Write"O" 
Write"!" 

Read 

Unit 
v 
v 

mA 
oc 
oc 

Unit Test Condition 

mV 
Vin= VIHA or VILB 

mV 

mV 
Vin= VIHB or VILA 

mV 

mV Guaranteed Input Voltage 

mV High/Low for All Inputs 

µA Vin= VIHA 

µA Vin = VILB (CS) 

µA Vin= VILB (Others) 

mA All Outputs Open 

Unit Test Condition 

ns 
ns 

ns 
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HM101510 Series ------------------------------

•Write Mode 

Item 

Write Pulse Width 

Data Setup Time 

Data Hold 

Address Setup Time 

Address Hold Time 

Chip Select Setup Time 

Chip Select Hold Time 

Write Disable Time 

Write Recovery Time 

• Rise/Fall Time 

Item 

Output Rise Time 

Output Fall Time 

• Capacitance 

Item 

Input Capacitance 

Output Capacitance 

•AC TEST CONDITION 

Vee (GND) 

M.U.T. 

0.01µF b VEE 

Symbol Min 

tw 9 

tWSD 3 

tWHD 3 

tWSA 3 

tWHA 3 

twscs 3 

tWHCS 3 

tws -

tWR -

Symbol Min 

tr -
tf -

Symbol Min 

Cin -

couT -

Dout 

RL CL 

b RL=50Q 

CL= 30 pF 
-2.0V (includes probe and 

jig capacitance) 

Typ Max Unit 

- - ns 

- - ns 

- - ns 

- - ns 

- - ns 

- - ns 

- - ns 

- 15 ns 

- 18 ns 

Typ Max Unit 

1.5 - ns 

1.5 - ns 

Typ Max Unit 

3 - pF 

5 - pF 

• INPUT PULSE 

tr = tf = 2.0 ns typ. 

~HITACHI 

Test Condition 

tWSA = tWSA min 

tw=twmin 

Test Condition 

Test Condition 
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---------------------------- HM101510 Series 

•TIMING WAVEFORM 
• Read 

Dout 

• Write 

Dout ------ ------
~ 

twsA 
~ 

twscs 

Dout 

twso ~ 1\.50% fi twHA 
tw - twHCS 

. 
---

150% 
·1 

twR tws .. 

~HITACHI 
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Section 6 
FIFO Meniory 
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HM63921 Series --------------Product Review 

2K x 9-Bit CMOS Parallel In-Out FIFO Memory 

• DESCRIPTION 

The HM63921 is a First-In, First-Out memory that utilizes a high 
performance static RAM array with internal algorithm that controls, 
monitors and declares status of the memory by empty flag, full flag 
and half-full flag, to prevent data overflow or underflow. 

Expansion logic warrants unlimited expansion capability in width 
and depth. Both read and write are independent from each other and 
their corresponding pointers are designed to select the proper loca­
tions out of the entire array serially without address information to 
load or unload data. 

Data is toggled in and out of the device through the use of the write 
enable (W) and read enable (R) pins. The device has a read/write 
cycle time of 30/35/45ns. Organization of HM63921 provides a 9-bit 
data bus. the ninth bit could be used for control or parity for error 
checking at the option of the user. The HM63941 is fabricated using 
the Hitachi CMOS 1.3micron technology. The device is available 
in DIP. 

•FEATURES 

• First-In, First-Out Dual Port Memory 
• 2k x 9 Organization 
•Low-Power CMOS 1.3micron Technology 
• Asynchronous and Simultaneous Read and Write 
• Fully Expandable in Depth and/or Width 
• Single 5V ( ± 10%) Power Supply 
• Empty and Full Warning Flags 
• Half-Full Flag 
• Access Time ................................. 20/25/35ns 
• Package ................. 300-mil 28-pin Plastic DIP Package 

• ORDERING INFORMATION 

Type Name 

HM63921P-20 
HM63921P-25 
HM63921P-35 

Access Time 

20ns 
25ns 
35ns 

Package 

300-mil 28-pin 
Plastic DIP 
(DP-28NA) 

~HITACHI 

(DP-28NA) 

• PIN ARRANGEMENT 

w 1 28 Vee 
Ds 2 27 04 
03 3 26 Ds 
D2 4 25 Ds 
D1 5 24 D7 
Do 6 23 FURT 
Xi 7 22 RS 
FF 8 21 EF 
Oo 9 20 XO/HF 
01 10 19 07 
02 11 18 Os 
03 12 17 Os 
Os 13 16 04 

Vss 14 15 A 

(Top View) 

• PIN DESCRIPTION 

Pin Name Function 

D0-D8 Data Inputs 

RS Reset 

w Write Enable 

R Read Enable 

FL First Load 

RT Retransmit 

XI Expansion-In 

XO Expansion-Out 

HF Half-Full Flag 

FF Full Flag 

EF Empty Flag 

Qo-Qs Data Outputs 
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HM83921 Serles---------------------------­

• BLOCK DIAGRAM 

w 

Read 
Control 

Write 
Pointer 

Flag 
Logic 

Expansion 
Logic 

Row 
Decoder 

00 01 02 03 04 06 06 07 08 

Memory Array 
2048X9 

Column Deooder 

00 01 02 03 04 05 06 07 08 

@HITACHI 

Row 
Decoder 

Read 
Pointer 
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------------------------------ HM63921 Serles 

• ABSOLUTE MAXIMUM RATINGS 

Item Symbol Rating 

Terminal VoltageO> VT -0.5(2) to +7.0 

Power Dissipation PT 1.0 

Operating Temperature Timr 0 to +70 

Storage Temperature Ts!!_ -55to+125 

Storage Temperature Under Bias Tbias -10 to +85 

NOTES: 1. Relative to Vss. 
2. -3.5V for pulse width :5 lOns. 

• Recommended DC Operating Conditions (Ta = O to + 70°C) 

Parameter Symbol Min. Typ. 

Vee 4.5 5.0 
Supply Voltage 

Vss 0 0 

VIH 2.2 -
Input Voltage 

V1L -0.50) -

NOTE: l. -3.0V for pulse width :5 lOns. 

•DC CHARACTERISTICS (Ta= 0°C to +70°C, Vee= 5V ± 10%) 

Parameter Symbol Test Conditions 

Input Leakage Current IIul Vee = 5.5V, Vin= OV - Vee 

Output Leakage Current IIwl R = VIH, Vout = OV - Vee 

Operating Power Supply Current Iee1 Average Operating Current 

Issi R = W =RS= FLIRT= VIH 
Standby Power Supply Current 

Iss2 All inputs 2::: Vee - 0.2V or s Vee 

Output High Voltage VoH IoH = -4mA 

Output Low Voltage VoL IoL = 8mA 

•CAPACITANCE (Ta= 25°C, f = lMHz) 

Parameter Symbol Test Conditions 

Input Capacitance Cin Vin= OV 

Output Capacitance Cout Vout = OV 

NOTE: 1. This parameter is sampled and not 100% tested. 

•AC CHARACTERISTICS (Ta= 0°C to 70°C, Vee= 5 ± 10%) 

• Test Conditions 

Min. 

-

-

-20 

-25 

-35 

-
-

2.4 

-

Typ. 

-

-

• Input Pulse Levels: V ss to 3.0V • Input Rise and Fall Times: 5ns 
• Input and Output Timing Reference Level: l.5V • Output Load: See Figure 

*Including scope and jig. 

+SV 

Dou~ 4800 

25511 Lj30 pF • 

Output Load 

~HITACHI 

Unit 

v 
w 
oc 
oc 
oc 

Max. Unit 

5.5 v 
0 v 

6.0 v 
0.8 v 

Typ. Max. Unit 

- 2 µA 

- 2 µA 

- 120 mA 

- 110 mA 

- 100 mA 

- 10 mA 

- 1 mA 

- - v 
- 0.4 v 

Max. Unit 

6 pF 

10 pF 
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HM63921 Serles-----------------------------

•Read Cycle 

Parameter Symbol 
HM6392I-20 HM6392I-25 HM6392I-35 

Unit 
Min. Max. Min. Max. Min. Max. 

Read Cycle Time tRc 30 - 35 - 45 - ns 
Access Time tA - 20 - 25 - 35 ns 
Read Recovery Time tRR IO - IO - IO - ns 
Read Pulse Width tRPW 20 - 25 - 35 - ns 
Read Low to DB Low Z tRLZ(I) 5 - 5 - 5 - ns 
Read High to DB High Z tRHz(I) - I5 - 15 - 20 ns 
Data Valid from Read High toH 3 - 3 - 3 - ns 
Read Pulse Width After Empty Flag High tRPE 20 - 25 - 35 - ns 
Write High to DB Low Z 

twLz<1> (Read Data Flow Through Mode) 3 - 3 - 3 - ns 

NOTE: I. tRLZ, tRHZ and twLz are sampled and not 100% tested. 

• Write Cycle 

Parameter Symbol 
HM63921-20 HM63921-25 HM6392I-35 

Unit 
Min. Max. Min. Max. Min. Max. 

Write Cycle Time twc 30 - 35 - 45 - ns 

Write Recovery Time twR IO - IO - IO - ns 

Write Pulse Width twpw 20 - 25 - 35 - ns 

Data Setup Time tos IO - I5 - 20 - ns 

Data Hold Time toH 0 - 0 - 5 - ns 

Effective Write Pulse Width After 
twPF 20 25 35 Full Flag High - - - ns 

• Reset Cycle 

Parameter Symbol 
HM6392I-20 HM6392I-25 HM6392I-35 

Unit 
Min. Max. Min. Max. Min. Max. 

Reset Cycle Time tRsc 30 - 35 - 45 - ns 
Reset Pulse Width tRs 25 - 25 - 35 - ns 

Reset Setup Time tRss 0 - 0 - 0 - ns 

Reset Recovery Time tRSR IO - IO - IO - ns 

• Retransmit Cycle 

Parameter Symbol 
HM6392I-20 HM6392I-25 HM63921-35 

Unit 
Min. Max. Min. Max. Min. Max. 

Retransmit Cycle Time tRTC 30 - 35 - 45 - ns 

Retransmit Pulse Width tRT 20 - 20 - 35 - ns 
Retransmit Setup Time tRTS 0 - 0 - 0 - ns 

Retransmit Recovery Time tRTR IO - 10 - IO - ns 

$HITACHI 
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------------------------------- HM63921 Series 

• Flag Timing 

HM63921-20 HM63921-25 HM63921-35 
Parameter Symbol Unit 

Min. Max. Min. Max. Min. Max. 

Reset to Empty Flag Low tEFL - 20 - 25 - 35 ns 

Reset to Full Flag High tFFH - 20 - 25 - 35 ns 

Reset to Half-Full Flag High tHFH - 30 - 35 - 45 ns 

Read Low to Empty Flag Low tREF - 20 - 25 - 35 ns 

Read High to Full Flag High tRFF - 20 - 25 - 35 ns 

Write High to Empty Flag High twEF - 20 - 25 - 35 ns 

Write Low to Full Flag Low twFF - 20 - 25 - 35 ns 

Write Low to Half-Full Flag Low twHF - 30 - 35 - 45 ns 

Read High to Half-Full Flag High tRHF - 30 - 35 - 45 ns 

• Expansion Timing 

Parameter 
HM63921-20 HM63921-25 HM63921-35 

Symbol Unit 
Min. Max. Min. Max. Min. Max. 

Expansion in Setup to Write or Read tEFL - 15 - 20 - 30 ns 

Expansion in Recovery Time tRFF - 15 - 20 - 30 ns 

Expansion in Pulse Width twHF 10 - 10 - 10 - ns 

Expansion Out High Delay From Clock tREF 10 - 10 - 10 - ns 

Expansion Out Low Delay From Clock tRFF 10 - 10 - 15 - ns 

~HITACHI 
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HM63921 Series-----------------------------­

SIGNAL DESCRIPTIONS 

Inputs 

•Reset (RS) 
The device is reset whenever RS input is taken to 
low state, for minimum reset pulse width. When 
device is reset, both read and write pointers are 
set to the first location. A reset cycl~ is required 
after power on. Both read enable (R) and write 
enable (W) inputs must be in the high state dur.!!!.g 
reset. Empty f!!9 (EF) will go low and full flag (FF) 
and half-full (HF) will go high during reset cycle. 

• Write enable (W) _ 
Write cycle is initiated at the falling edge of W, if 
the full flag (FF) is not set, provided that data set­
up and hold time requirements relative to the ris­
ing edge of (W) are met. Data is stored in the de­
vice sequentially and independently of any simul­
taneous read operation. To inhibit further write op­
erations and prevent internal data overflow full 
flag (FF) will go low. 

• Read enable (R) _ 
Read cycle is initiated at the falling edge of R, if 
the empty flag (EF) is not set. Data is accessed on 
a first-in, first-out basis independently of ~multa­
neous write operation. As read enable (R) goes 
high, all outputs will return to high impedance 
state, till next read operation. After the last data 
has been read from the FIFO, the empty flag (EF) 
will go low, preventing further read operations with 
o~ut kept in high impedance state. Empty flag 
(EF) will go high during a valid write cycle (tweF), 
thereafter a valid read can start. 

• First load/retransmit (FL/RT) 
For depth expansion mode, this pin is grounded to 
indicate that it is the first device, while this pin of 
the rest of devices should connect to Vee for cor­
rect operation. In single device mode, this pin re­
sets the read pointer to the beginning of the FIFO 
memory, therefore data can be reread from the 
beginning. Both R and W should be kept high 
while RT is taken low. 

• Expansion-in (Xi) 
For single device mode expansic~n-in (Xi) is 
grounded. For depth expansion mode, 
expansion-in Qill should be connected to 
expansion-out (XO) of previous device. 

• Data In (Do to D8) 
Data inputs for 9-bit wide data. 

Outputs 

• Full Flag (FF) 
The full flag (FF) will go low when FIFO is full, 
inhibiting further write operations until one or 
more read operations are completed or the FIFO 
is reset. 

• Empty flag (EF) 
The empty flag (EF) will go low when the FIFO 
becomes empty, inhibiting further read opera-

tions, until one or more write operations are com­
pleted, or FIFO is set to retransmit. 

• Expansion-out (XO)/Half-full flag (HF) 
This output has dual functionality depending how 
it is used. In dejfill expansion configuration 
expansion-out (XO) is connected to next 
expansion-in (Xi). The expansion-out (XO) ~the 
last FIFO is connected to the expansion-in (XI) of 
the first FIFO. In this way the first FIFO indicates 
the next FIFO that it will receive the next data. In 
like manner, any FIFO which becomes full will indi­
cate the next FIFO that it will receive the next data. 
The second function of this output is in stand 
alone and/or parallel expansion configurations to 
indicate the system user that the FIFO is almost 
full. 

• Data outputs (00 to 0 8) 
Data outputs for 9-bit wide data. These outputs 
are in high impedance state when R is in high 
state. 

VARIOUS OPERATIONS MODE 

• Single device mode _ 
If only one FIFO is used, the expansion-in (XI) pin 
should be grounded. 

• Width expansion mode 
Width expansion by 9-bit increments may be 
achieved when separately paralleling the data in­
puts and the data outputs. In this configuration 
any flags of any device may be used. To avoid 
output contention of the flags for short periods of 
time, the flag outputs should not be wired to­
gether. 

• Depth expansion mode 
Multiple of FIFOs could provide multiple of 2k x 9 
as (N) x (2k) by 9-bits wide, where N is the num­
ber of FIFOs connected in depth expansion 
mode. 

The following arrangement must be provided. 

1. First load (FL) of the first FIFO should be con­
nected to ground. 

2. All other (FL) should be connected to Vee· 

3. Connect the expansion-out (XO) of each FIFO 
to e~nsion-in (Xi) of the_!:!ext FIFO serially 
and XO of the last FIFO to XI of the first FIFO. 

4. Connect all the empty flag (EF) t_Qgether to OR 
gate and connect all the full flag (FF) together to 
OR gate to obtain two separate valid empty flag 
(EF) and full flag (FF) outputs. 

5. (RT) and (AF) will not be available in this mode. 

• Compound expansion mode 
Combination of width and depth expansion 
modes will provide larger FIFO arrays. 
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----------------------------- HM63921 Series 

• TIMING WAVEFORM 

•Read Cycle 

00-08 

• Write Cycle 

w 

00-08 

• Reset Cycle 

R,W 

EF 

FF 

NOTES: I. W = R = VIH during reset. 

2. tRSC = tRST, tRSR· 

Data out valid 
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HM63921 Series------------------------------

• Retransmit Cycle 

FL/RT 

R,W 

• Full-Flag Cycle (From Last Write to First Read) 

Last write First Read Additional reads First Read 
R 

~ 
w 

FF 

• Empty-Flag Cycle (From Last Read to First Write) 

Last Read First Read First Read 

EF 

Q0-08 
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------------------------------ HM63921 Series 

• Half-Full Flag Cycle 

Write=Read+ 1023 Write= Read+ 1024 Write=Read+ 1023 

• Read Data Flow Through Mode 

D0-08 

w 

00-08 
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HM63921 Series-------------------------------

• Write Data Flow Through Mode 

twc 

twR 

FF 

00-08 Data in valid 

00-08 

• Expansion Out Cycle 1 

Write to last 

w 
physical address ___ _ 

Read from last 
\~ysical address 

txOL 1txoH 

l J 
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---------------------------- HM83921 Serles 

• Expansion Out Cycle 2 (Read Data Flow Through Mode) 

Write to last physical address --------------------------- , ____________________ __ 

• Expansion Out Cycle 3 (Write Data Flow Through Mode) 

Read from last physical address 
------------------------- ,--------------------~ 

@HITACHI 

Write to last 
physical address 
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HM63921 Series-----------------------------­

• Expansion In Cycle 

w 

@HITACHI 

tx1s Read from first 
physical address 
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HM63941 Series ----------------Preliminary 

4K x 9·Blt CMOS Parallel In-Out FIFO Memory 

• DESCRIPTION 
The HM63941 Is a First-In, First-Out memory that utilizes a high 

performance static RAM array with Internal algorithm that controls, 
monitors and declares status of the memory by empty flag, full flag 
and almost-full flag, to prevent data overflow or underflow. 

Expansion loglc warrants unlimited expansion capability In width 
and depth. Both read and write are Independent from each other and 
their corresponding pointers are designed to select the proper loca· 
tlons out of the entire array serially without address Information to 
load or unload data. 

Data Is toggled In and out of the device through the use of the write 
enable (W) and read enable (A) pins. The device has a read/write 
cycle time of 35/45/SOns. Organization of HM63941 provides a 9-blt 
data bus. the ninth bit could be used for control or parity for error 
checking at the option of the user. The HM63941 is fabricated using 
the Hitachi CMOS 1.3mlcron technology. The device Is available 
in DIP. 

•FEATURES 
• First-In, First-Out Dual Port Memory 
• 4k x 9 Organization 
•Low-Power CMOS 1.3micron Technology 
• Asynchronous and Simultaneous Read and Write 
• Fully Expandable in Depth and/or Width 
• Single 5V ( ± 100/o) Power Supply 
• Empty and Full Warning Flags 
• Almost-Full Flag 
• Access Time ................................. 25/35/45ns 
• Package .............................. 28-pin DIP Package 

• ORDERING INFORMATION 

Type Name 

HM63941P-25 
HM63941P-35 
HM63941P-45 

Access Time 

25ns 
35ns 
45ns 

Package 

28-pin Plastic DIP 

~HITACHI 

(DP-28NA) 

• PIN ARRANGEMENT 

w 1 28 Vee 
De 2 27 04 
03 3 26 Os 
02 4 25 De 
01 5 24 07 
Do 6 23 FLIRT 

Xf 7 22 RS 
FF 8 21 EF 

Oo 9 20 XO/AF 

01 10 19 07 
02 11 18 Os 
03 12 17 Os 
Os 13 16 04 

Vss 14 15 A 

(Top View) 

• PIN DESCRIPTION 

Pin Name Function 

Do-Ds Data inputs 

RS Reset 

w Write enable 

R Read enable 

FL First load 

RT Retransmit 

XI Expansion-in 

XO Expansion-out 

AF Almost-full flag 

FF Full flag 

EF Empty flag 

Qo-Qs Data outputs 
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HM63941 Series-------------------------------

• ABSOLUTE MAXIMUM RATINGS 

Item Symbol Rating 

Terminal Voltage<•> VT -0.5(2) to +7.0 

Power Dissipation PT 1.0 

Operating Temperature T¥ 0 to +70 

Storage Temperature Ts!&_ -55to+125 

Storage Temperature Under Bias Tbias -10 to +85 

NOTES: 1. Relative to Vss. 

2. -3.5V for pulse width s lOns. 

• ELECTRICAL CHARACTERISTICS 

• Recommended DC Operating Conditions (Ta = O to + 70°C) 

Parameter Symbol Min. Typ. 

Supply Voltage 
Vee 4.5 5.0 

Vss 0 0 

VIH 2.0 -
Input Voltage 

V1L -0.50) -

NOTE: 1. -3.0V for pulse width s lOns. 

•DC CHARACTERISTICS (Ta= 0°C to +70°C, Vee= 5V ± 10%) 

Parameter Symbol Test Conditions 

Input Leakage Current IIul Vee= 5.5V, Vin= OV - Vee 

Output Leakage Current IIwl R = VIH, Vout = OV - Vee 

Icc1 Average Operating Current 
Operating Power Supply Current 

Icc2 R = W = RS = FL/RT = V1H 

Standby Power Supply Current Isa All Inputs 2:: V cc - 0.2V or s V cc 

Output High Voltage VoH loH = -4mA 

Output Low Voltage VoL loL = 8mA 

•CAPACITANCE (Ta= 25°C, f = lMHz) 

Parameter Symbol Test Conditions 

Input Capacitance Cin Vin= OV 

Output Capacitance Cout Vout = OV 

•AC CHARACTERISTICS (Ta= 0°C to 70°C, Vee= 5 ± 10%) 

• Test Conditions 

Min. 

-
-

-

-
-
2.4 

-

Typ. 

-

-

• Input Pulse Levels: Vss to 3.0V • Input Rise and Fall Times: 5ns 
• Input and Output Timing Reference Level: 1. 5V 

Dout 

2550 

*Including scope and jig. 

• Output Load: See Figure 

+5V 

4800 

Output Load 

@HITACHI 

Unit 

v 
w 
oc 
oc 
oc 

Max. Unit 

5.5 v 
0 v 

6.0 v 
0.8 v 

Typ. Max. Unit 

- 2 µA 
- 2 µA 
- 80 mA 

- 10 mA 

- 1 mA 

- - v 
- 0.4 v 

Max. Unit 

TBD pF 

TBD pF 
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-------------------------------- HM63941 Series 
•Read Cycle 

Parameter Symbol 
HM63941-25 

Min. Max. 

HM63941-35 HM63941-45 
Unit 

Min. Max. Min. Max. 

Read Cycle Time tRc 35 - 45 - 60 - ns 

Access Time tA - 25 - 35 - 45 ns 

Read Recovery Time tRR 10 - 10 - 15 - ns 

Read Pulse Width tRPW 25 - 35 - 45 - ns 

Read Low to DB Low Z tRLZ 5 - 5 - 10 - ns 

Read High to DB High Z tRHZ - 15 - 20 - 25 ns 

Data Valid from Read High toH 5 - 5 - 5 - ns 

• Write Cycle 

Symbol 
HM63941-25 HM63941-35 HM63941-45 

Unit Parameter 
Min. Max. Min. Max. Min. Max. 

Write Cycle Time twc 35 - 45 - 60 - ns 

Write Recovery Time twR 10 - 10 - 15 - ns 

Write Pulse Width twpw 20 -- 35 - 45 - ns 

Data Setup Time tns 15 - 20 - 25 - ns 

Data Hold Time tnH 0 - 0 - 5 - ns 

• Reset Cycle 

HM63941-25 HM63941-35 HM63941-45 
Parameter Symbol Unit 

Min. Max. Min. Max. Min. Max. 

Reset Cycle Time tRsc 35 - 45 - 60 - ns 

Reset Pulse Width tRs 25 - 35 - 45 - ns 

Reset Recovery Time tRSR 10 -- 10 - 15 - ns 

• Retransmit Cycle 

HM63941-25 HM63941-35 HM63941-45 
Parameter Symbol Unit 

Min. Max. Min. Max. Min. Max. 

Retransmit Cycle Time tRTC 35 - 45 - 60 - ns 

Retransmit Pulse Width tRT 20 - 35 - 45 - ns 

Retransmit Recovery Time tRTR 10 - 10 - 15 - ns 

• Flag Timing 

HM63941-25 HM63941-35 HM63941-45 
Unit Parameter Symbol 

Min. Max. Min. Max. Min. Max. 

Reset to Empty Flag Low tEFL - 30 - 45 - 60 ns 

Read Low to Empty Flag Low tREF - 25 - 35 - 45 ns 

Read High to Full Flag High tRFF - 25 - 35 - 45 ns 

Write High to Empty Flag High twEF - 25 - 35 - 45 ns 

Write Low to Full Flag Low twFF - 25 - 35 - 45 ns 

Write Low to Almost-Full Low twAF - 30 - 40 - 55 ns 

Read High to Almost-Full High tRAF - 30 - 40 - 55 ns 
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HM63941 Serles---------------------------­

SIGNAL DESCRIPTIONS 

Inputs 

• Reset (RS) 
The device is reset whenever RS input is taken to 
low state, for minimum reset pulse width. When 
device is reset, both read and write pointers are 
set to the first location. A reset cycle is required 
after po~er on. Both read enable (R) and write 
enable (W) inputs ~st be in the high state durl!J.g 
reset. Empty flagJ_EF) will go low and full flag (FF) 
and almost-full (AF) will go high during reset cycle. 

• Write enable (W) _ 
Write cycle i!J.nitiated at the falling edge of W, if 
the full flag (FF) is not set, provided that data set­
up and hold time requirements relative to the ris­
ing edge of (W) are met. Data is stored in the de­
vice sequentially and independently of any simul­
taneous read operation. To inhibit further write op­
erations and prevent internal data overflow full 
flag (FF) will go low. 

• Read enable (R) _ 
Read cycle is initiated at the falling edge of R, if 
the empty flag (EF) is not set. Data is accessed on 
a first-in, first-out basis independently of simulta­
neous write operation. As read enable (R) goes 
high, all outputs will return to high impedance 
state, till next read operation. After the last data 
has been read from the FIFO, the empty flag (EF) 
will go low, preventing further read operations with 
oJ!!put kept in high impedance state. Empty flag 
(EF) will go high during a valid write cycle (tweF), 
thereafter a valid read can start. 

• First load/retransmit (FLIRT) 
For depth expansion mode, this pin is grounded to 
indicate that it is the first device, while this pin of 
the rest of devices should connect to V cc for cor­
rect operation. In single device mode, this pin re­
sets the read pointer to the beginning of the FIFO 
memory, therefore data can be reread from the 
beginning. Both R and W should be kept high 
while RT is taken low. 

• Expansion-in (Xi) _ 
For single device mode expansion-in (XI) is 
grounded. Fo!'..._ depth expansion mode, 
expansion-in Qill should be connected to 
expansion-out (XO) of previous device. 

• Data In (Do to Da) 
Data inputs for 9-bit wide data. 

Outputs 

• Full Flag (FF) 
The full flag (FF) will go low when FIFO is full, 
inhibiting further write operations until one or 
more read operations are completed or the FIFO 
is reset. 

• Empty flag (EF) 
The empty flag (EF) will go low when the FIFO 
becomes empty, inhibiting further read opera-

tlons, until one or more write operations are com­
pleted, or FIFO is set to retransmit. 

• Expansion-out (~)/Almost-full flag (AJ!) 
This output has dual functionality depending how 
it is used. In de_2!b expansion configuration 
expansion-out (XO) is connected to next 
expansion-in (Xi). The expansion-out(~) of the 
last FIFO is connected to the expansion-in (Xi) of 
the first FIFO. In this way the first FIFO Indicates 
the next FIFO that it will receive the next data. In 
like manner, any FIFO which becomes full will indl· 
cate the next FIFO that It will receive the next data. 
The second function of this output is in stand 
alone and/or parallel expansion configurations to 
indicate the system user that the FIFO is almost 
full. 

• Data outputs (00 to Os) 
Data outputs for 9-bit wide data. These outputs 
are in high impedance state when R is in high 
state. 

VARIOUS OPERATIONS MODE 

• Single device mode 
If only one FIFO is used, the expansion-in ('5<1) pin 
should be grounded. 

• Width expansion mode 
Width expansion by 9-bit increments may be 
achieved when separately paralleling the data in­
puts and the data outputs. In this configuration 
any flags of any device may be used. To avoid 
output contention of the flags for short periods of 
time, the flag outputs should not be wired to­
gether. 

• Depth expansion mode 
Multiple of FIFOs could provide multiple of 4k x 9 
as (N) x (4k) by 9-bits wide, where N is the num­
ber of FIFOs connected in depth expansion 
mode. 

The following arrangement must be provided. 

1. First load (FL) of the first FIFO should be con­
nected to ground. 

2. All other (FL) should be connected to Vee· 
3. Connect the expansion-out (XO) of each FIFO 

to e~nsion-in (Xi) of the _!!ext FIFO serially 
and XO of the last FIFO to XI of the first FIFO. 

4. Connect all the empty flag (EF) ~ether to OR 
gate and connect all the full flag (FF) together to 
OR gate to obtain two separate valid empty flag 
(EF) and full flag (FF) outputs. 

5. (RT) and (AF) will not be available in this mode. 

• Compound expansion mode 
Combination of width and depth expansion 
modes will provide larger FIFO arrays. 
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------------------------------ HM63941 Series 

• TIMING WAVEFORM 

•Read Cycle 

00-08 

• Write Cycle 

w 

00-08 

• Reset Cycle 

w 

EF 

NOTES: 1. W = R =Vitt during reset. 

2. tRsc = tRST. lRSR· 

Data out valid 

twc 

Data in valid >-----

tRSR 
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HM63941 Serles----------------------------

• Retransmit Cycle 

FURT 

• Full-Flag Cycle (From Last Write to First Read) 

Last write First Read Additional reads 
R ~ 
w 

FF 

• Full-Flag Cycle (Effective Write Pulse Width After Fl= High) 

FF 

w 

@HITACHI 

First Read 
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------------------------------ HM63941 Series 

• Empty-Flag Cycle (From Last Write to First Read) 

Last Read 

w 
First Read First Write Additional 

~ 

EF 

Data Out 

• Empty-Flag Cycle (Effective Read Pulse Width After EF High) 

w 

EF 

• Almost-Full Flag Cycle 

Write=Read+4079 Write=Read+4080 Write=Read+4079 
w 

AF 
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