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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 [ (W) PinNojf 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 51/0.25 . 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 51/0.2 [ 43
HMB267L-55 55 55 . 43
HM6264A-10 100 100 [ [ 50
HM6264A-12 120 120 0.1m/15m [ [ 50
HM6264A-15 150 150 ) [ 50
HM6264AL-10 100 100 [ . 50
HM6264AL-12 8K x 8 120 120 10p/15m 28 [ ° 50
HM6264AL-15 CMOS 150 150 3 [ 50
HM6264AL-10L 100 100 [ ] 50
HMB264AL-12L 120 120 10p/15m [ [ 50
HMB264AL-15L 150 150 [ . 50
HM6288-25 25 25 3 [ 59
HM6288-35 35 35 22 [ [ 59
HMB288L-25 25 25 0.1m/0.3 24 ° [ 59
Static HM6288L-35 35 35 +5 (S0J) [ [ 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 03 [ 75
HM6788HA-20 20 20 [ 75
HM6289-25 25 25 [ 80
HM6283-35 35 35 [ 80
HM6289L-25 CMOS 25 25 0.1m/0.3 [ 80
HM6289L-35 35 35 o 80
64Kb |HM6789-25 25 25 [ [ [ Ell
HM8B789-30 16K x 4 30 30 0.23 24 [ [ [ 91
HM6789H-15 (with OEY) 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 [ L3 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 [ 3 113
HM6287L-55 55 55 10u/0.3 [ [ 113
HM6287L-70 CMOS 70 70 [ [ 113
HMB287H-25 25 25 [ [ 120
HM6287H-35 35 35 0.1m/0.3 22 o [ 120
HM6287HL-25 64K x 1 25 25 24 [ [ 120
HM6287HL-35 35 35 10u/0.3 | (soy) ° 3 120
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
HMEB787HA-12 12 12 24 [ [ 139
HM6787HA-15 15 15 0.3 (S0J) o [ 139
HMB787HA-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) |voitage| Dissipation Only
Max Max V) (W) PinNo) DG | DP | FP | CP | TFP
HM62256-8 85 85 [ . 144
HM62256-10 100 100 ol e 144
HM62256-12 120 120 0.2m/40m LK 144
HM62256-15 150 150 o | e 144
HM62226L-8 85 85 ol o 144
HM62256L-10 100 100 [ ] 144
HM62256L.-12 120 120 10p/40m ® | @ 144
HM62256L-15 150 150 e e 144
HM62256L-10SL 32Kx 8 100 100 o | o 144
HM62256L-12SL 120 120 10/40m o | o 144
HM62256L-15SL CMOS 150 150 [ B 144
HM62256A-8 85 85 o | e 152
HM62256A-10 100 100 ol e 152
HM62256A-12 120 120 0.2m/40m o | e 152
HM62256A-15 150 150 o | o 152
HM62226AL-8 85 85 [ BIK] [ 152
HM62256AL-10 100 100 o | o ] 152
HM62256AL-12 120 120 10p/40m 28 [ ) ] 152
HM62256AL-15 150 150 o | e ° 152
HM62256AL-8SL 85 85 o | e [ 152
HM62256AL-10SL 100 100 o | o . 152
HM62256AL-12SL 120 120 30u/0.3 e | o 3 152
HM62256AL-15SL 150 150 ol e ] 152
HM62832H-25 25 25 ] ° 160
HM62832H-35 35 35 0.1m/0.3 ] ° 160
HM62832UH-15 15 15 [ [ 166
256Kb {HM62832UH-20 20 20 151/0.55 ] [ 166
HM62832UHL-15 15 15 [ [ 166
HM62832UHL-20 20 20 15p/0.4 [ ) 166
HM§7832SH-10 10 10 ° 173
Static HM678328H-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 35 300/0.3 . ° 181
HM6708A-15 15 15 L] . 188
HM6708A-20 20 20 0.45 ° [ 188
HM6708A-25 25 25 ° ° 188
HM6708SH-10 10 10 [ 193
HM6708SH-12 64K x 4 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 20p/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 15p/0.35 32 ] 229
HM62D932-15 15 15 [ 237
HM62D932-20 20 20 [ 237
HM62D932L-15 15 15 [ 237
HM62D932L-20 20 20 [J 237
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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) |Voitage| Dissipation Only
Max Max V) (W) PinNo] DG | DP | FP | CP | TFP

HM628128-7 70 70 . [ [ 245

HM628128-8 85 85 e | o [ 245

HM628128-10 100 100 0.1m/75m [ K] ° 245

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

HM628128L-7 70 70 o [ [ 245

HM628128L-8 85 85 e | o ° 245

HM628128L-10 100 100 10p/75m [ K] . 245

HM628128L-12 120 120 [ [ [ 245

HM624256A-20 20 20 ° ° 257

HM624256A-25 25 25 o [ 257

HM624256A-35 35 35 [ (] 257

HM624256AL-20 20 20 28 [ [ 257

1Mb  |HM624256AL-25 256K x 4 25 25 [ [ 257
HMB24256AL-35 35 35 [ . 257

HM624257-35 35 35 [ 267

HM624257-45 45 45 0.1m/0.35 [ 267

HMB24257L-35 35 35 32 [ 267

HM624257L-45 45 45 [ 267

HM621100A-20 20 20 [ [ 275

HM621100A-25 25 25 [ [] 275

HM8621100A-35 Mxt 35 35 28 [ [] 275

HM621100AL-20 20 20 [ . 275

HM621100AL-25 25 25 ° ° 275

HM621100AL-35 35 35 ° [ 275

HM628512-5 55 55 e | e 281

HM628512-7 70 70 [ [ 281

HM628512-8 85 85 [ [ 281

Static HM628512-10 CMOs 100 100 +5 e | o 281
HM628512L-5 55 55 ° ° 281

HM628512L-7 70 70 LK) 281

4Mb  |HM628512L-8 512K x 8 85 85 10p/75m e |l e 281
HM628512L-10 100 100 [N 281

HM628512L-5L 55 55 ] [ 281

HM628512L-7L 70 70 el e 281

HM628512L-8L 85 85 [ K] 281

HM628512L-10L 100 100 [N 281

HM624100-25 25 25 o | e 295

HM624100-30 30 30 0.05/0.75 | 32 e | e 295

HMB24100-35 35 35 [ [ 295

{HM624100-45 1M x4 45 45 o e 295

HM624100L-30 30 30 | e 295

HM624100L-35 35 35 0.5m/0.7 o | e 295

HM624100L-45 45 45 [] L] 295

HM621400-25 25 25 o e 302

HM621400-30 30 30 0.05/0.75 [ ° 302

HM621400-35 35 35 [ [ 302

HM621400-45 4Mx 1 45 45 [ K] 302

HM621400L-30 30 30 o | o 302

HM621400L-35 35 35 0.5m/0.7 e | e 302

HM621400L-45 45 45 ° [ 302

Static HM66205L.-85 85 85 ° 288
RAM 4Mb  |HM66205L-10 512K x 8 100 100 40/80m | 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 xbit) | (ns) (ns) |vottage| Dissipation Only
Max Max V) (W) PinNo| DG | OP | FP | CP | TFP
HM62A168-25 25 25 [] 311
HMB2A168-30 8K x 16 30 30 [ 311
120Kb [HM62A168-35 (2 way) 35 35 [ 311
HM62A168B-25 25 25 [ 311
HM62A168B-35 35 35 ° 311
HME2A188-25 25 25 1.1 (max) | s2 ° 311
HM62A188-30 8Kx 18 30 30 [ 311
128Kb |HM62A188-35 {2 way) 35 35 [ 311
HM62A188B-25 25 25 [ 311
HM62A188B-35 35 35 [ 311
HM62A832-14 14 20 . 323
Cache | 288Kb |HM62A932-19 32K x 9 19 25 TBD 44 [ 323
Static HM62A932-24 24 30 [ 323
RAMs HM62A932-34 34 40 [ 323
HM62A2016-17 CMOS 17 17 +5 [ 333
328Kb |HM62A2016-20 8K x 20 20 20 [ 333
HM62A2016-25 (2 way) 25 25 1.1 (max) | s2 ° 333
HM62A2016-30 30 30 ° 333
1Mb |HM62A8128-20 128K x 8 30 20 [ 346
1.2Mb |HMB2A9128-20 128K x 9 30 20 25m/0.75 | 32 ° 346
HB66B1616A-25 16K x 16 25 25 355
Fast 256Kb |HBE6B1616A-35 (module) 35 35 0.4m/1.2 36 355
SRAM HB66A2568A-25 256K x 8 25 25 365
Module | 2Mb |HBBBA2568A-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 xbit) | (ns) (ns) [vohage| Dissipation Only
Max Max V) (W) PinNo| DG | DP { FP | CP | TFP
HM652568-10 100 160 o i e 375
HM65256B-12 120 190 o | e 375
HM65256B-15 150 235 o | e 375
256Kb {HM65256B-20 32Kx 8 200 310 2m/0.175 | 28 ol e 375
Pseudo HM65256BL-10 100 160 o | e 375
Static HM65256BL-12 120 190 | o 375
HM65256BL-15 150 235 | @ 375
HM65256BL-20 200 310 ol @ 375
HM658128A-8 80 130 o | e . 383
HM658128A-10 100 160 | e [ 383
HM658128A-12 120 190 o | o [ 383
HM658128AL-8 80 130 [ [ 383
1Mb [HM6E58128AL-10 CMOS 128K x 8 100 160 +5 | 0.35m/0.25 [ [ 383
HM658128AL-12 120 190 o 0 [ 383
HM658128AL-8L 80 130 ol o ° 383
HM658128AL-10L 100 160 [ K] [ 383
HM658128AL-12L 120 180 32 LI [ 383
HM6E58512-8 80 130 o | o 395
HM658512-10 100 160 o | o 395
HM658512-12 120 190 o | o 395
HM658512L-8 80 130 [ B 395
4Mb  |HM658512L-10 512Kx 8 100 160 0.2m/0.25 [ ° 395
HM658512L-12 120 190 [ [ 395
HME58512L-8L 80 130 o | o 395
HME58512L-10L 100 160 o | o 395
HM658512L-12L 120 190 | e 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) |vottage| Dissipation Only
Max Max | v W) PinNo| DG | FG | CG
HM10494-10 10 10 [] [ ] 404
HM10494-12 - 16K x 4 12 12 08 28| 0| e 404
ECL 64Kb |HM10490-10 10 10 -5.2 ] 408
10K HM10480-12 64K x 1 12 12 0.57 2| e 408
256Kb |HM10500-15 256K x 1 15 15 0.52 24| @ 412
HM100494-10 10 10 ol e 417
64Kb |HM100494-12 16K x 4 12 12 0.65 2sje| e 417
ECL HM100504-10 10 10 [ 421
100K | 256Kb |HM100504-12 Bi-CMOS| 64Kx 4 12 12 -45 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 1M x 1 15 15 0.7 28 [ 434
HM101494-10 10 10 [ K] 438
HM101494-12 16K x 4 12 12 0.75 2| 0] e 438
64Kb |HM101490-10 10 10 [ 442
HM101490-12 64K x 1 12 12 0.57 2| e 442
ECL HM101504-10 10 10 -5.2 [] 446
101K | 256Kb {HM101504-12 64K x 4 12 12 0.5 28 [ 446
HM101500-15 256K x 1 15 15 0.5 24 o | o 450
HM101514-15 256K x 4 15 15 0.8 32 ° 454
1Mb |HM101510-15 iMx1 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) PinNo| DG | DoP | FP | cpP | TFP
HMB3921-20 20 20 ° 465
18Kb [HM63921-25 2Kx9 25 25 o 465
HM63921-35 CMOS 35 35 0.6 ® 465
FIFO HM63941-20 20 20 +5 (max) 28 [ 477
36Kb |HMB3941-25 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
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l PACKAGE INFORMATION

¢ Dual-in-line Plastic

Unit: mm (inch) Scale 1/1
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PACKAGE INFORMATION

¢ Dual-in-line Plastic Unit: mm (inch) Scale 1/1
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Applicable ICs

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

DP-22N HMG6287P Series, HM6287LP Series

DP-22NB HMG6288P Series, HM6288LP Series, HM6788P Series, HM6788HP Series, HM6788HAP Series,
HMG6287HP Series, HM6287THLP Series, HM6787P Series, HM6787HP Series, HM6787HAP Series,
HMG6787THAIJP Series

DP-24NC HM6789P Series, HM6789HP Series, HM6789HAP Series, HM6208HP Series, HM6208HLP Series,
HMG6708AP Series, HM6207HP Series, HM620THLP Series, HM6707AP 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 HMG624256P Series, HM62425S6LP Series, HM624256AP Series, HM624256ALP Series, HM621100AP Series,
HMG621100ALP Series

DP-28N HMG6264ASP Series, HM6264ALSP Series, HM6264ALSP-L Series, HM6709AP Series

DP-28NA HMG62832HP Series, HM62832UHP Series, HM67832SHP Series, HM63921P Series, HM63941P Series,
HM62256ASP Series, HM62256ALSP Series, HM62256ALSP-SL Series

DP-32 HM658128ALP Series, HM658128ALP-L Series, HM658128 ADP Series, HM658128DP Series,
HMG658128LP 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

217.18(1.070)

rv—
7.32
(0.288)

* DG-24V

—Hee 1 54(0.061) —H 11
1.01{0.040, 7.62(0.300)
i
fe E o 0.25!%‘.“w)
H ~Is g
81w e e,
0.48:£0.1 254025 - ’ o
(6.019£0.004)  (0.100+0.010)
¢ DG-28N
34.7101.367)
10.16(0.400)
5
§§ AN
St 015’ b‘w
£7i5E o~ 150 o0
F - S
s

00195 2000 © 10020010
Applicable ICs
DG-22N HM10490 Series, HM 101490 Series
DG-24V HM 10500 Series, HM 100500 Series
DG-28N HM10494 Series, HM 100494 Series, HM 101494 Series
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Package Information

¢ Flat Package Unit: mm (inch) Scale 114
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Package Information

¢ Flat Package

Unit: mm (inch) Scale 1'%
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20.45(0.805)
20.95max(0.825max)
32 ppgnnnononnnonnnt’ %
xI%
LN ]
EE
b Nl
Cle
o S
JUTTTTITTTTUITIT o~ x% @ 144203
1. Omax EE o569 (0.55510.1012)
. i & .4
{0.039max) als %‘ffg (0.056)
~|S ‘
wannrynsyye e B S \ o
[27(0.050) | | £3 JLoi
04131 wl & [13.34{0.525)) | 10.031)
(0.0167985 5 (@10.15(0.006) @ el < ?
. -0.002 8
o FG-24A
9.170.23
.
[23¢]
501
20
H
"y—
Nm‘
»x| NC
i oo
i 41
~ O
.l w
S
el
1 pe }
- ‘ ' Nn 0e
- 00 |
0.7620.025| 66 ool &
4 4t GE>
S =
z S| ol
[ 1 L]
[y i . ;
@ HITACHI

6 Hitachi America, Ltd. e Hitachi Plaza 2000 Sierra Point Pkwy. @ Brisbane, CA 94005-1819 » (415) 589-8300



Package Information

¢ Flat Package Unit: mm (inch) Scale 1,

¢ FG-28D
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Package Information

* Flat Package Unit: mm (inch) Scale 114

* FG-28DA
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Package Information

¢ Flat Package Unit: mm (inch) Scale 11,
s FG-32D
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Applicable ICs

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

FP-28DA HMG6264AFP Series, HM6264ALFP Series, HM6264ALFP-L Series, HM62256FP-T Series,
HM62256LFP-T Series, HM62256LFP-SLT Series, HM65256BFP-T Series, HM65256BLFP-T Series,
HMG62256AFP-T Series, HM62256 ALFP-T Series, HM62256ALFP-SLT Series

FP-32D HMG628128FP Series, HM628128LFP Series, HM658128DFP Series, HM658128LFP Series,
HM658512LFP Series, HM658512DFP Series, HM65256BFP-T Series, HM65256BLFP-T Series, 4
HM62256AFP-T Series, HM62256 ALFP-T Series, HM62256ALFP-SLT Series, HM628128LFP-SL Series,
HM628512FP Series, HM628512LFP Series, HM628512LFP-SL Series, HM658128ALFP Series,
HM658128 ALFP-L Series, HM658128ADFP Series

FG-24A HM00500F Series, HM I01500F Series

FG-28D HM 10494F 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 HMI100504F Series

FG-32D HMI00514F Series, HM101514F Series
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PACKAGE INFORMATION
* TSOP Packages

Unit: mm (inch) Scale 1%
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Applicable ICs

TFP-32D HM628128LT Series, HM628128LR Series

TFP-32DA
HM658128ADT Series

HMG62256ALT Series, HM62256ALT-SL Series, HM658128ALT-L Series, HM658128ALT Series,

¢ Leadless Chip Carrier

Unit: mm (inch) Scale 11,

* CG-28B

Applicable ICs

HM100500CG Series,

* CP-24D
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PACKAGE INFORMATION

¢ Flat Package (J-bend Leads) Unit: mm (inch) Scale 114

e CP-28DN e CP-32D
o 18a7(0715)_
l‘ 18.54max{0.730max)
28 15
20.71(0.815)
g m g 21.:08max(0.830max)
R 32 17
£it
Ng “ls
1 12
_,I 0.74{0.029)
5
- £ T3 1 -~
2 3 80 JLm(o.uzs) ..,E» .
olh E SolE9 8 2 asles
Heo g€ Nl= 8 e i
le  E2 53 45 s ]
e 58 HE se 28 s
als - Sie
= 127

aje o
0.43£0.10 1.27{0.050 E&Jﬂius j
(6.017£0.004)’

0053 1.27(0.050) %0.3750.010)
[c[0.10{0.004)]
s CP-32DN 20.71
71.08max
aﬁ-\n =TT 17
o 2
e g ‘
o &
Ik
== ] __________ =
0.7

3.50+0.26

* CP-44 * CP-52 e
17.53£0.12(0.6900.005) .
16. X *
~Mc:s 6.58(00 ssaz)s i O
- EE
5%
fle
o
g H )
0.74(0.029),, < § B
P S
LRl &) \
T" i} TSEATING PLAYC) ]; L 2100080} - 3
o3 : sls
0355008 3: T ""1011!1:“:0_::0» N
L‘@.!Esio:o h s
Applicable ICs
CP-24D HM6288JP Series, HM6288LIP Sseries, HM6289JP Series, HM6289LIP Series, HM6789JP Series,

HM6789HIP Series, HM6789HAIJP Series, HM6287HIP Series, HM6287HLIP Series,
HM6787HIP Series, HM6287THAJP Series, HM6208HIP Series, HM6208HLIP Series,
HM6708AJP Series, HM6207HJP Series, HM6207THLIP Series, HM6207AJP Series

CP-28D HM624256]P Series, HM624256LIP Series, HM624256AJP Series, HM624256ALIJP Series,
HMG621I00AJP Series, HM62H00ALJP Series

CP-28DN HMG62832HJP Series, HM62832UHJP Series, HM62832SHJP Series, HM6709AJP Series

CP-32D HMG6242571P Series, HM624257LIP Series, HM101504JP Series, HM62ABI128JP Series, HM62A9128JP Series
HM624100JP Series, HM624100JLP Series, HM621400JP Series, HM621400JLP Series

CP-32DN HM62932JP Series, HM62932LIP Series, HM62D932JP Series, HM62D932LJP Series
CP-44 HMG62A932CP Series

CP-52 HM62A168CP Series, HM62A188CP Series, HM62A20i6CP Series
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l 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 reliability.

* 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.

¢ |nitial 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.

Initial failure region
* Declining failure rates (m<1)

Wearout failure region
* Rising failure rates (m>1)

Reduced failure rate
by maintenance

Speicfied failure rate

- e - -

Failure rate A

m . Weibull distribution
form parameter

Random failure region
* Constant failure rates (m=1)

Useful longevity

1
'

I

1

i

i

i

L
-
1

Tr—""""7

Time (1)

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-
1020/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
SiO5 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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Table 1 Failure Modes, Mechanisms and Related Causes

Reliability of Hitachi IC Memories

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, hpg 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,
Corrosion disconnection,
Soldering failure

moisture ingress,
Impurity gas, High
temperature, Surface
contamination, Lead rust,
Lead bend, break

Seal, Lead plating,
Hermetic package &
plastic package, Filler
gas

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 « particle
Leak current increased Surface inversion High electric field
G HITACHI
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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 (BVpg) by raising internal voltage and
when a strong electric field is established near the
MOS device’s drain resulting from reduced de-
vice geometry from 2 um to 0.8 um. Generated hot
carriers may affect surface boundary characteris-
tics on a part of the gate oxide film, resulting in
degradation of threshold voltage (V1H) 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/cm? sup-
plied to the metal. When ionized atoms collide
with the current of scattering electrons, an ‘elec-
tronwind’ 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 muiti-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
time, the corrosion has not significantly in-
creased. Accordingly, this failure is possibly due

Moiture Resistance Test

I ]

i High Temp and
High Temp and i emp
High Humidity fl"l:haifilsmlduy

I i——l__j

l Random J [ Higher Potential ’ L k?:;er Potential I

Area

[m]

s

I

Intergranular

Pi osion: h
t Corr s Corrosions

Pit 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.

Maechani
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Penetration
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[mpurity in Moisture

Chip-resin
Separated
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Water film

7
Al Electrode
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Figure 3 Plastic package cross section and Al corrosion
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. ldeally, 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 H»O
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, PIND

(Particle Impact Noise Detection) Test. The PIND

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 20009, respectively. Assuming a
body is charged with 2000V, the dissipated en-
ergy is obtained as follows: With a time constant
of 107 sec, the dissipated energy is 2 KW, which
is enough to destroy a small area of a chip.

F—wW—e

[+ Rb Rd Re

¢ — Human Body Capacity

Rb — Human Body Resistance

Rd— Device Resistance

Re — Resistance Between Device and Ground

E= %CbV' =0.2x107J

lent circuit of

Figure 4 Equi body model
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Inthe 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) adevice 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.

Vo >—AV———a e
ﬁ 17
—T

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 aparasitic 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) adevice 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 in 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<inVee or Vin < GND for input level
V> outVee or Vout < 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 « 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.

Figure 6 Soft error caused by « particles in dynamic memory
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FINE GEOMETRY RELATED PROBLEMS

In response to higher integration requirements for
memories and microcomputers, LSl geometry
has been reduced in the way of 3 yum = 2 ym —
1.3um — 0.8 um.

Table 2 Finer geometry related problems

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

Item Problems Countermeasure
5V single supply ¢ Breakdown voltage of gate oxide films Oxide film formation process
voltage ® SiO; defects improved

® Cleaning

® Gettering
® Screening

Horizontal dimension
reduction Al reliability reduced

L]
L]
¢ CMOS latch up
L]
L]

Hot carriers

Soft errors by o particles

Mask alignment margin reduced

Surface passivation film improved
® Metallization improved

* Design/layout improved

® Process improved

Vertical & horizontal
dimension reduction .

® Higher breakdown voltage not permitted
Electrostatic discharge resistance reduced

Use of low voltage examined
® Configuration improved
® Protection circuits enhanced

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

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 ite il Test ite i R ki
est item Test Samples Total test | oo e | Failure estiem Tgst_ Samples Testtest | g | Failure emarks
conditon time rate condition time rate

High
. tempera-
High- wre T,=125°C | oo | CH | 4 mof
tempera- pulse Voe=5.0V 4.2x10° 4.8x106 g
ture T,=125°C 380 C.H. s 0 Lg opera- matter
g:lesrea Vgg=-4.5V 3.8X10 24x100| o0
H Moisture
tion o,
endur- 8 C;\S,%RH 20 |21x10%| o |4.8x106
ance
High- Pressure
temp. T,=200°C | 330 | 3.3x10° 0 [3.0x10 cooker | 121°CI0%RH | 80 0.16Xx105| 0  |6.3x105
storage

Table 4 Results of Hi-BiCMOS Memory Environmental Tests

Test item Test condition HM100490-15 (Cerdip) HM6788P-25 (Plastic)
Samples Failure Samples Failure

Temperature cycling -55°C ~-150°C 100 cyles 180 0 180 0

Soldering heat 250°C 10 seconds 22 0 22 0

Thermal shock 0°C ~100°C 10 cycles 50 0 50 0

Mechanical shock 1500G, 0.5ms Three times each 2 0 _ _
for X, Yand Z

Variable frequency 100 ~200Hz, 20G Three times each 2 0 _ _
forX,Yand Z

Constant acceleration 20000G, 1 minute, each 22 0 — —
for X, Yand 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

HMG62256FP (SOP) HM628128FP (SOP)
Test item Test condition | Sam- Total Fail- Failure Sam- Total Fail- Failure Remarks
* *
ples | testtime | ures rate ples | total time | ures rate
(1/hr.) (1/hr.)
High- 125°C/5.5V_|3088 |3.1x105 [0 8.88x10*7 1038 |1.04x106 |0 8.86 %107

temperature 125°C/TV 455 14.55x105 |0 2.02x10*6 |951 [5.33x105 [1*!  [3.79x10*6

ulse operation o '
pu'se op 150°C/7V__ | 103 | 1.00x105 | 1" [2.02x10°5 80 |1.60x105 JO  [S.75XI0% | g ionsr
Moisture 85°C/85%  l6g0 |6.80x105 135%10% [127 {2.54x105 [0 |3.62x10%
endurance RH 7V *2 Leak X 1
Pressure 21°C/100% {350 |6.40x10¢ [1%2 |3.6x10°5 |90 [2.70x10% [0 |3.41x10%
cooker RH
*Confidence level 60%
Table 6 Results of MOS Memory Environmental Tests
. . HM62256FP (SOP) HM628128FP (SOP)
Test item Test condition - -
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, Vgg=-4.5V
all bit scanning
Failure criteria taa=15ns Ton Conit
Failure mechanism | Surface degradation 20F v =—45v
Ta=P5C Masimum
ResultS: Marching Pattern ':,fm"
Access time is stabilized. nn
. 15F
R
10} X
ﬂ-
5
e i i {C A
0 500 1,000 772,000
Time thr!
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Reliability of Hitachi IC Memories
Figure 8 Time change in Vg min and tpa for Hi-BiCMOS memory

Example Example of time change in V¢ min and ty 4 for Hi-Bi CMOS memory
Device name HM6788P-25 sk
Test condition Ta=125°C, Vcc=-5.0V .
all bit scanning = T & X
- - — — ~ ek ? D S ¢ é
Failure criteria Veoe=4.5V, taa=25ns £
Failure mechanism | Surface degradation 3 2F Test Condition Maximum
Results: 1+ ¥°° =z:Yc Average
. - a= Mini
Both of V¢ (min) and ty 4 are stabilized. o Marching Pattern inimum
1 d - A
0 500 1,000 72,000
Time (br)
30

Test Condition
Same as above

4

tax (ns)
o

201

15
1 A 1 A 1
0 500 1,000 2,000
Time (hr)
Figure 9 Time change in Vpp min and tgac for MOS memory
Example Example of time change in Vpp min and tg o for MOS
Device name HMS511000P
Test condition Ta=125°C, Vcc=-7V 5)
all bit scanning
Failure criteria Vpp=4.5V, ‘T
AVpp=1.0V . s . p S I 3 —3
Failure mechanism | Surface degradation 5
Results: i - o & 2 Test Condition Maximum
Access time (ta 4) is stabilized and is within the Marching pattern { Average
failure criteria. 1 ;‘::;2 cs Minimum
ok
L - e -
0 500 1,000 2,000
Time (hr)
1o} Test Condition
Same as above
100}
Note: Test accuracy is 0.2V, 2 ns. el
3}
0l
803
S S —
0 5% 1,000 2,000
Time (hr)
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Bl 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. Itis
useful method for evaluating reliability of
designing and processing ICs with complicated
functions.
1. Purposes of Test Site are as follows;
e Making clear about fundamental failure mode;
e Analysis of relation between failure mode and
manufacturing process condition.
o Analysis of failure mechanism.
e Establishment of QC point in manufacturing.
2. Effects of evaluation by Test Site are as follows;
e Common fundamental failure mode and
failure mechanism in devices can be evaluated.
e Factors dominating failure mode can be
picked up, and compared with the process
having been experienced in field.
e Able to analyze relation between failure
causes and manufacturing factors.
e 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.

(5) Arrange the preparation for production.

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

(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.

In Hitachi, these study and decision at design review

are made using the individual check lists according

Quality Assurance of IC Memory

3. QUALITY ASSURANCE SYSTEM OF.
SEMICONDUCTOR DEVICES

3.1 Activity of Quality Assurance

The following items are the general views of overall

quality assurance in Hitachi;

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

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

As the result, we assure the reliability.

to its objects.

Step

Contents

Target
Specification

P

Design Review

Design Materials, Parts
Trial Approval
Production Approv

Characteristics of Material and

Parts
Appearance
Dimension
Heat Resistance
Mechanical
Electrical
Others

Purpose

Confirmation of
Characteristics and
Reliability of Materials
and Parts

[ Characteristics Approval

Electrical
Characteristics
Function
Voltage
Current
Temperature
Others
Appearance, Dimension

Confirmation of Target
Spec. Mainly about
Electrical
Characteristics

Quality Approval (1) ]

Reliability Test
Life Test
Thermal Stress
Moisture Resistance
Mechanical Stress
Others

Confirmation of Quality
and Reliability in Design

I Quality Approval (2)

Mass
Production

Figure 1

Reliability Test
Process Check same as
Quality Approval (1)

Confirmation of Quality
and Reliability in Mass
Production

Flow Chart of Qualification
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3.2 Qualification

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.

The followings are the views on qualification in

Hitachi:

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

(2) Consider the failure experiences and data from

customers,

(3) Qualify every change in design and work.

(4) Qualify intensively on parts and materials and
process.

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

Considering the views mentioned above, qualifica-

tion shown in Fig. 1 is done.

Figure 2 Flow Chart of Quality Control in Manufacturing Process

Process Quality Controi Method
—————a-{ Material, Parts 1
Material,
Parts fropection o Inspection on Material and Lot Sampling,
ion o - — — — . .
Material and Parts ——— Parts for Semiconductor Confirmation of
Devices Quality Level
r ~] Manufacturing Equipment, . .
| | ) - —]— —{ Confirmation of
| Manufacturing —.__‘ Environment, Sub-material, Quality Level
vali eve
| { Worker Control y
! !
| Inner Process Lot Sampling,
| | S
| Screening i Quality Control onfirmation o
[ | Quality Level
I | |
| l 100% Inspection on ‘
100% Inspection _ —|— —{ Testing,
[T 7| Appearance and Electrical )
) Inspection
L _____] Characteristics
Products
Products Sampling Inspection on 1 ‘4
Inspection Appearance and Electrical Lot Sampling
Characteristics
Confirmation of
______ _{ Reliability Test ~ 7|7 7] Quality Level, Lot
Sampting
[ Receiving }
o T T T T Feedback of
| Quality Information. | ]
. Information
| Claim |
| Field Experience
General Quality |
| Information |
|
 _ 4

22

@ HITACHI

Hitachi America, Ltd. e Hitachi Plaza ® 2000 Sierra Point Pkwy. e Brisbane, CA 94005-1819 e (415) 589-8300




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 MIL-STD-105D.
The other activities for quality assurance are as
follows.

® Table 1. Quality Control Check Points of Parts
and Material (example)
Material, Important . .
Parts Control ltems Point for Check
Appearance Damage and Contamina-
. tion on Surface
Dimension latness
Wafer Sheet Resistance Resistance
Defect Density Defect Numbers
Crystal Axis =
Appearance Defect Numbers, Scratch
Mask Dimension Dimension Level
Resistoration
Gradation Uniformity of Gradation
Fine Appearance Contamination. Scratch,
Wire for . . Bend, Twist
Wire Dimension )
Bonding P_umy _ ) Purity L_evel
Elongation Ratio Mechanical Strength
Appearance Contamination, Scratch
Dimension Dimension Level
Processing
Frame Accuracy
Plating Bondability, Solderability
Mounting Heat Resistance
Characteristics
Appearance Contamination, Scratch
Dimension Dimension Level
Leak Resistance Airtightness
Plating Bondability, Solderability
Ceramic Mounting Heat Resistance
Package Characteristics
Flectrical
Characteristics
Mechanical Mechanical Strength
Strength o
Composition Characteristics of
Plastic Material
Electrical
Characteristics
; Thermal
Plastic Characteristics
Molding Molding Performance
Performance
Mounting Mounting Characteristics
Characteristics

Quality Assurance of IC Memory

(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 reliabitity 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:
e 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.,
o Communication of quality information.
(2) Quality Contro! 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.

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

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

water used in manufacturing process.

on floor.

Process

YPurcInse of Material

FWafer Wafer

Surface Oxidation Oxidation

Inspection on Surface
Oxidation

Photo Resist Photo
’ Resist
Inspection on Photo Resist

OPQCLevel Check

Diffusion Diffusion
Inspection on Diffusion

OPQC LevelCheck

Evapo-
ration

Evaporation

Inspection on Evaporation
OPQC Level Check

Wafer Inspection Wafer

Inspection on Chip Chip
Electrical Characteristics
Chip Scribe

Inspection on Chip
Appearance

OPQC Lot Judgement
fAsseminng

Frame—f
Assembling

OPQC Level Check

flnspec(ion after
Assembling

OPQC Lot Judgement
0 Sealing

LPackage .
Sealing

OPQC Level Check

Final Electrical Inspection
OFailure Analysis

Marking

Appearance Inspection

Sampling Inspection on
Products

Receiving

Shipment

Control Point

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, Vru Characteris-
tics
Electrical Characteristics

Appearance of Chip

Appearance after Chip
Bonding

Appearance after Wire
Bonding

Pull Strength, Compresion
Width, Shear Strength
Appearance after Assembling

Appearance after Sealing
Qutline, Dimension
Marking Strength

Analysis of Failures, Failure
Mode, Mechanism

Figure 3 Example of Inner Process Quality Control

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
(V7n, etc) Cleaness of surface,
Prior Check of Vin

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
hort

Guarantee of Appearance
and Dimension

Feedback of Analysis Infor-
mation
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3.3.3 Final Tests and Reliability Assurance
(1) Final Tests

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

(2)

Quality Assurance of IC Memory

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 MIL-STD-105D.

Reliability Assurance Tests

To assure reliability, the reliability tests are per-
formed periodically, and performed on each

products by mistake,

manufacturing lot if user requires.

Customer
Claim
(Failures, Information)

Sales Dept.

Sales Engineering Dept.
r— - I T 1
| A 4
| Quality Assurance Dept. Failure Analysis :
I I
| | |
I { i |
I ] Countermeasure |
| Manufacturing Dept. Design Dept. Execution of [
| Countermeasure |
I | I [
! Report |
| |
l [
I I
] .
{ Quality Assurance Dept. Follow-up and Confirmation :
| of Countermeasure Execution |
I |
| Report |
e e B -

Sales Engineering Dept.

Reply
Customer
Figure 4 Process Flow Chart of Coping with Failure to a Customer
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B 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. Asa
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 ali ele-

ments., The followings are the address patterns pro- -

posed to inspect whether the internal circuits are
functioning correctly.

(1) AH “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 N? pattern, which need
several times of N? patterns to check one sequence
of N bit IC memory. Serious problem arises in using
N? 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 “0"’s. For

example, a simple addressing of 16 bit memory is

described below.

(1) Clearallbits ............. See Fig. 1 (a)

(2) Read “0” from Oth address and check that the
read data is “0”. Hereafter, “Read” means
“‘checking and judging data”

(3) Write “1" on Oth address. . . . . .. See Fig. 1(b)

(4) Read “0” from 1st address.

(5) Write 1" on 1st address.

(6) Read “0” 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 "0’ and “1"'.

In this method, 5N address patterns are necessary

for the N-bit memory.

a b c
v 0 0 n 1 0 [ 0 1 1 1 1
0 0 a 0 0 0 0 [] 1 i 1 1
0 0 0 0 0 0 0 0 i 1 0 [
n 0 0 Q L] 0 0 [ 0 0 0 0

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

Data
Line
6

Data

(D)

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.

Data retention mode |

-]
@@ 2%

Figure 1-2. Timing for Battery Back-up Application

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 = Vpg - 0.2V).

tcpr (time for chip select to data retention): The

minimum time needed to change from operating

mode to data retention mode. Normally 0 ns,

tp (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.

Vpp (data retention voltage): The voltage applied in

data retention mode. Normally, the minimum

supply voltage needed to retain memory datais 2 V.

lccpr (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 (Vpg) =

3.0V.

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.

System Ve Memory Vec
o— -
S =z
i3 3¢
KR
Memory
control pin
Figure 1-3. Example of Battery Back-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. NAND 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 Vpg —
0.2V, the power supply for this NAND 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. (-3—8_ which can intercept current path of
other pins in the input buffers, is for control
signal input of data retention mode.

Using memory with S 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 putl-

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 G, in control circuit and memory
Vee. The low Vg transistor Qg is required to
switch regulating circuit from system power supply
to back-up power supply.

Regulating circuit

!

1

!

I
—t

T

L ommtoos

Figure 1-4, Example of Battery Back-up System Circuit
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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 interfacingtothe
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 seif
refresh.

Figure 2-1 shows examples of system design using
PSRAM and DRAM. Using PSRAM, the circuits

Table 2-1. PSRAM Features

SRAM | PSRAM | DRAM
Memory Cell 4Tr+2R 1Tr+1C
Organization x1, x4, x8 x8 x1, x4
Address Single Address X:grig;:x"d
Nor
Refresh 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

Application

M Data
e N
c Address
Address g
P Selector
v =
.
Generator
.
Control

Data

" AN
Address
o]
P > E
Status H
U Timer & =z
Busy Control
L -
(PSRAM)
Figure 2-1. System Organization
é g § Memory Array
<
zl_—_qég. : X (e ac/ce
o .2 2
1
Refresh
éééf:t:: %;f:'::" - Col:lm; /0 K=p Data
Column Decoder
& i
oF = Sone!
WE

Column Address

Figure 2-2. Block Diagram (PSRAM)

can perform 2 types of access in a read cycle, CE
access (Figure 2-3 (a)) and OF 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 C3 pin should be brought high when the ad-
dress is latched at the falling edge of CE in the read/
write cycle. The HM658128 has no OE specifica-
tion at the falling edge of CE as it provides both OE
pin and RFSH pin.

I S A
IO OXEEKERE

o= 1T\ SR

we [[/]] 17

s [I]] '\\\\\\\\\\ LI 7 WAL
(a) CE access (b) OF access

Figure 2-3. Read Cycle
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CS Standby Mode: The HM658128 enters CS
standby mode for one cycle if CS turns to low
at the falling edge of CE (figure 2-5).

Standby

— -

& ) U B

= 4 — e X\ | [TIITI777T]
WE \ e
b Figure 25, CS§ Mode

o [T UMWV ) 7 W T w tandby

Data { Din 3 ,/En- :}—

(a) Write at the rising edge of WE (b) Write at the rising edge of CE
Figure 24. Write Cycle
Address Refresh: Address refresh mode performs distributed mode). In this mode, CS should be high

refresh by access to row address (A0 — A8) 0 — 511 at falling edge of CE.
sequentially within 8 ms, as shown in figure 2-6 (in

8ms
15us
E_ [ 1 M . M
JL L b r7a
A0~A8 o X Dort D §55 s Y Dont )
. 4
A9~AL6 x Don't Dot X » x et o
cs 4 + ¥

Refresh R/W

Figure 28. Address Refresh

Automatic Refresh: The HM658128 goes to auto- address pins AO — AB, as it is generated internally.
matic refresh mode if RFSH falls while CE is high Figure 2-7 shows the timing chart for distributed
and it is kept low for more than 180 ns. refresh. In automatic refresh mode, the timing for
It is not required to input the refresh address from only-(fand RFSH are specified.

15us

®_/ R M,/ I\
LI/ S U I WY A WA/ A S A W

180ns S Refresh <8us

Figure 2-7. Automatic Refresh

Self Refresh: Self refresh mode performs refresh at enabled by keeping CE high and RFSH low for
the internally determined interval. The HM658128 more than 8 us (figure 2-8).
enters the mode when the internal refresh timer is

G HITACHI
30  Hitachi America, Ltg. ® Hitachi Plaza » 2000 Sierra Point Pkwy. e Brisbane, CA 94005-1819 o (415) 589-8300



= [ L \
RFSH
N/ ,
L4
Refresh
28us 2180ns

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 100uA.
A 1-Mbyte system (using eight HM658128Ls)
can retain the data for about 1.5 months with
battery of 100 mAh current. Vgc =5V £10%
must be maintained for data retention.

® Power on. Start HM658128 operation by
executing more than eight initial cycles (dummy
cycles) more than 100 us 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

Fe

Word Line

F]
a

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 V¢, for example,
after self refresh is performed at Voo = 3.7V, it is
destroyed.

PSRAM must be used at supply voltage from 4.5V
to 5.5V.

Application

Second self refresh current increases at low supply
voltage.

Spec

Read Voltage

Fail

Self Refresh Voitage

Figure 2-10. PSRAM Operating Voitage

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 Voltage
Figure 2-11. Self Refresh Current vs. Voitage

Figure 2-12, Seif-Refresh Current vs Temperature

Please use PSRAM within the recommended opera-
tion range (Voo 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 (1MQ 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 24V, 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
10° ohm/0J) 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 devir
are applied near anything that generates hig.
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 0.2V or above V¢ - 0.2 V in order to mini-
mize power consumption. The data sheet specifies
the stand-by current for both the cases of input
level with minimum V,,; and maximum V,, and that
with 0.2V or Vo - 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

“
P
Input Output
N
Figure 3-1. CMOS Inverter
s Vee=5.0V
—~ e =
Ea
g 3
i,
F AN
(]
0
Input Voltage

Figure 3-2. Relationship between Input Volitage &

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 aresult, TR2 becomes conductive and cur-
rent flows from power supply (Vcc) through the
base resistance of TR1 (Ry), which puts TR1 into
conduction, too. Then, as the base of TR2 is re-
biased by collector current from TR1, the closed
loop consisting of TR1 and TR2 reacts. Thus cur-
rent flows constantly between power supply (Vcc)
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 toimprove 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
to p + diffusion layer. Input voltage for 64 kbit static
RAM HM6264A, for example, is specified as follows:
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Viymax 6.0V  (not depending on V¢}
V. min 3.0V (pulse width = 50 ns)
-0.3 V (DC level)

Internal Input

Vec(+5V) Ve

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

P ln
Internal Input Pin
N
ss ¢ (0

Vss $(0V)
”r
(a)
Figure 3-3.
Closed Loop
Pin | o Ve

Positive Tz, ON 14
Voitage |

)
Tr: ON 1§

(a) Thyristor Effect by
Positive Voltage

Figure 3-4.

3.3 Noise Prevention
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

Cross Section Structure of CMOS Inverter

Negative Tp, ON
oltage

Tni ON

t
Tas ON

(b) Thyristor Effect by
Negative Voltage

Equivalent Circuit of Parasitic Thyristor

3.3.2 Power Supply Notice

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.

High- N
Nyﬁ'::m lo;“rol Standard
Power Supply Voltage.

Low-frequency Noise

gu: Mare o 103 of Sandrd Poer
hage.

o o and High-froquescy

Not More than +10% of Standard Power

Supply Voltage.

. Do Figure 3-5. Power Source Noise
by a stable power supply line, because it is often
caused by unstable reference voltage (GND level).
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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 u4F 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-
frequency characteristics.

i

(]

—H—4

]

i1
Vec Vas Voo VssVee Vs

Preferred

|
] (]
T ]

Data 1/0

Figure 3-6.

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: PutCSinto 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 C) 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.

* Bypass capacitors must be applied as near to the
power supply pin of memory devices as possible,
and inductance in the path from V¢ pin to Vgg
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

-~Faults-
1. Bypath Lines are too
Ong.
2. Devices Selected at

2 Time are on the
Same Mother Line.

Vee Vas
Data [/0

Examples of Power Supply Board Pattern

Pull-up
Resistor

CPU

Address Tstray
Bus cepacitance

|
cs on board !
Control [ ; L TS
' i

input

|
|
L—/I—' Memory
|
|
|
J

Figure 3-7

t

Address

input \

Write Floating Read

Figure 3-8

GO HITACHI
34  Hitachi America, Ltd. e Hitachi Plaza » 2000 Sierra Point Pkwy. ® Brisbane, CA 94005-1819 e (415) 589-8300



Section 2
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HM 6268 Series

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

sFEATURES

® Single 5V Supply and High Density 20 Pin Package.

@ High Speed: Fast Access Time 25/35/45ns (max.)

® Low Power Standby: 100uW typ, 5uW typ (L-version)

Active: 260mW 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)

(DP-20N)
HORDERING INFORMATION
Type No. Access Time Package BPIN ARRANGEMENT
HM6268P-25 25ns
HM6268P-35 35ns
HM6268P-45 45ns 300mil 20pin
HM6268LP-25 25ns Plastic DIP
HM6268LP-35 35ns
HM6268LP-45 45ns
MBLOCK DIAGRAM
A °_Q
-—— Ve
Y °""k=‘ Memory Array Ve
64 Rows S
o] How Deeng 256 Columns
“ ow Decoder
A o——
(Top View)
As [ ]
iy
” Column 1/0
1402 —
Input D
Vor P Column Decoder
104 # §

Ao Al Az Az An As

WE

WABSOLUTE MAXIMUM RATINGS

[tem Symbol Rating Unit
Voltage on Any Pin Relative to Vss Vr =0.5* to +7.0 \
Power Dissipation Py 1.0 w
Operating Temperature Tor 0to +70 ‘C
Storage Temperature Toe ~55to +125 T
Temperature under Bias Toes —10 to +85 ‘c

Note) ® 1. —3.5V for pulse width=10ns.
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HM6268 Series

ETRUTH TABLE
cs WE Mode Vee Current 170 Pin Ref. Cycle
H X Not Selected Iss, Isst High Z -
L H Read Icc Dout Read Cycle
L L Write lec Din Write Cycle

MRECOMMENDED OPERATING CONDITIONS ( 72=0to +70C)

Parameter Symbol min typ max Unit
Vee 4.5 5.0 55 \
Supply Voltage
Vss 0 0 0 \'
Input High (logic 1) Voltage Vin 2.2 - 6.0 \%
Input Low (logic 0) Voltage Vio —0.5*! - 0.8 \%

Note) * 1. ~3.0V for pulse widths 10ns.

B DC AND OPERATING CHARACTERISTICS (Vce = SV + 10%, Vsg = OV. Ty = 0to +70°C

Parameter Symbol Test Condition Min. | Typ.”! | Max. | Unit
Input Leakage Current Il Vee = 5.5V, V;, = Vggto Ve — — 2.0 nA
Output Leakage Current ol | CS =V Vo = Vs to Ve — — 20 | uA
Operating Power Supply Current Icc CS = V.. Iyo = OmA, min. cycle — 5073 90 mA
Standby Power Supply Current Isg CS = Viy. min. cycle — 15 25 mA
) CS = Ve -0.2V. - 1 00 20 | mA
Standby Power Suppty Current (1) Ly OV = Vi = 0.2V or Vee - 0.2V = Vyy — = S0 A
Output Low Voltage VoL Io, = 8mA - - 0.4 \%
Output High Voltage Vor Ipy = -0.4mA 2.4 — — v
Notes) # 1. Typical limits are at Vec=5.0V, Ta= +25'C and specified loading.
* 2. ‘his characteristics is guaranteed only for L-version.
* 3. 40mA typ. for 45ns version.
MCAPACITANCE ( 7a=25'C, f/=1.0MHz)
Parameter Symbol Test Conditions min | max | Unit
Input Capacitance Cin Vix=0V - 6 pF
Input/Output Capacitance Ci/o Vi/o=0V ~ 9 pF
Note: This parameter is sampled and not 100% tested.
AC CHARACTERISTICS ( Vec=5V +10%, Ta=0 to +707C, unless otherwise noted.)
® 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) (fortHz, tL2, tWZ & tOW)
5V 5V
480Q 480Q
Dout Dout
2559 3OPF. 255Q 5PF‘
* Including scope and jig.
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HMG6268 Series

O READ CYCLE
HM6268-25 HM6268-35 HM6268-45 )
Parameter Symbol - - - Unit
min max min max min max
Read Cycle Time the 25 - 35 - 45 — ns
Address Access Time taa - 25 - 35 - 45 ns
Chip Select Access Time tacs - 25 - 35 — 45 ns
Output Hold from Address Change tox 5 - 5 - 5 - ns
Chip Selection to Qutput in Low Z fhz*! 10 - 10 - 10 - ns
Chip Deselection to Output in High Z tiz*' 0 15 0 20 0 20 ns
Chip Selection to Power Up Time tru 0 - 0 - 0 — ns
Chip Deselection to Power Down Time trp - 25 - 25 - 30 ns
Note) #1. Transition is measured +200mV from steady state voltage with Load (B).
This parameter is sampled and not 100% tested.
® Timing Waveform of Read Cycle No, 112
tre J
Address }(
1aa
ton ton
Dout Data Valid
® Timing Waveform of Read Cycle No, 2!143
3 1ac
X #
tacs 774
tiz
Dout High Impedance Data Valid High
Imped-
ey tro snce
Vee Swopiy e 4
Current ______7 50% 50%
Iss
Notes: 1. WE is High for Read Cycle. __
2. Device is continuously selected, CS = Vjr .
3. Address Valid prior to or coincident with CS transition Low.
O WRITE CYCLE
HM6268-25 HM6268-35 HM6268-45
Parameter Symbol - - - Unit
min max min max min max
Write Cycle Time twe 25 - 35 - 45 — ns
Chip Selection to End of Write few 20 - 30 — 40 - ns
Address Valid to End of Write taw 20 - 30 - 40 - ns
Address Setup Time tas 0 - 0 - 0 - ns
Write Pulse Width twp 20 - 30 - 35 - ns
Write Recovery Time Wwr 0 - 0 - 0 - ns
Data Valid to End of Write tow 12 - 20 - 20 - ns
Data Hold Time on 0 = 0 - 0 - ns
Write Enabled to Qutput in High Z wz*! 0 8 0 10 0 15 ns
Output Active from End of Write tow*! 0 - 0 — 0 — ns

Note)# 1. Transition is measured +200mV from steady state voltage with Load (B).

@ HITACHI
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® Timing Waveform of Write Cycle No. 1 (WE Controlled)

Address

Din

Dout

} g

HMB8268 Series

d

X

AN

tew

(L

.
taw

). S NIID.

*1

ot PIUN et

poo— 145 —.-‘ e

RN

¥

*3

-—luz;

LW e L DH
Data in Valid

*5

*5

*6
== Lon

r-—llm

High Impedance

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

Notes:

1.
. twR is measured from the earlier of CS or WE going high to the end of write cycle.
. During this period, 1/O pins are in the output state so that the input signals of opposite phase to the outputs

wnN

Address

__X

X

145

—————eeee tew

twn_ (2}

twp.

N/

[$]

4

Low

High Impedance  (4)

LAY

CXXXXXXX

A write occurs during the overlap of a low T8 and a low WE. (typ).

must not be applied.

buffers remain in a high impedance state.

the outputs must not be applied to them.

G HITACHI
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. Dout is the same phase of write data of this write cycle, if fyg is long enough.

. If the CS low transition occurs simultaneously with the WE low transition or after the WE transition, the output

. If CS is low during this period, 1/O pins are in the output state. Then the data input signals of opposite phase to



HME268 Series

BLOW V. DATA RETENTION CHARACTERISTICS (0C<Tas70C)

This characteristics guaranteed only for L-version.

Parameter Symbol Test Conditions min typ max Unit
Vec for Data Retention Vou TS2 Vec-0.2V 2.0 - - v
Va2 Vec—0.2V or 302
Data Retention Current Iccor 0Vs V,.s0.2V - - . BA
Chip Deselect to Data Retention Time tcon . 0 . - ns
See retention waveform
Operation Recovery Time te tae *1 - - ns
Notes) # 1, tac = Resd Cycle Time. *2, Vec=3.0V
%3, Vec=2.0V

OLOW V.c DATA RETENTION WAVEFORM

DATA RETENTION MODE

14
PR AURNpIIP, WP 4 L I AN, [

————
TSavec-02v

@ HITACHI
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HMG6268 Series

SUPPLY CURRENT VS. SUPPLY SUPPLY CURRENT VS. AMBIENT
VOLTAGE TEMPERATURE
16 16
Te=25C Vee =50V
14 14
B / %
12 12
~8 0 :é 10 N\
} E T
:E o.s,/ S os
06 06
M3 475 5.0 5.5 55 0.4 26 10 60 8
Supply Voltage Vee (V) Ambient Temperatare Ta (C)
ACCESS TIME VS. SUPPLY ACCESS TIME VS, LOAD
VOLTAGE CAPACITANCE
13 1.8
Ta=25C
12 16 /4
% 11 % 14 -
g z /
2 g ]
< 10 ; 12 /
i 3
l! 09 \ é 10 /
< o < 08
07 06
3 475 5.0 5.25 55 0 100 200 300 400
Supply Volage Ve (V) Losd Capacitance C, (pF)
ACCESS TIME VS. SUPPLY CURRENT VS.
AMBIENT TEMPERATURE FREQUENCY
T (ns)
13 u 100 50 ) 25 20
Vee=5.0V
12 1.0
g 11 % 09 P
s // z / /
k 1,'-/ 8 o8
3
4! 08 § 07
< 08 06
o7% 20 © 7 £ 055 ) %0 0 %0
Ambient Temperature Ta (°C) Frequency f (MHz)

@ HITACHI
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HMG268 Series

Low Input Voltage V;, (Normalized)

Ovutput Current Iow (Normalized)

Standby Current Isp: (A)

42

INPUT LOW VOLTAGE VS. SUPPLY
VOLTAGE

1.3
Ta=25C
12
11
1.0
09
0.8
0.7
45 4.75 5.0 5.25 55

Supply Vokage Vec (V)

OUTPUT CURRENT VS. OUTPUT
VOLTAGE

1.6

Ta=25C
\ Vee=5V

TN
\

1 4

04

Output Voltage Voy (V)

STANDBY CURRENT VS. AMBIENT
TEMPERATURE

10

Vee=3V
CS=2.8V

—
&
s

e

o
S

Standby Curvent Iss: (Normalized)

Output Voltage Io. (Normalized)

INPUT HIGH VOLTAGE VS. SUPPLY
VOLTAGE

13
Ta=25C
12
% 11
z /
N
§ 1.0
2 /
'g 09
b {
T o8
0.7
45 4.75 5.0 5.25 5.5
Supply Voltage Ve (V)
OUTPUT CURRENT VS. OUTPUT
VOLTAGE
16
Ta=25'C
Vee =5V
14 /
12
1.0
08
06 4
04
0 0.2 0.4 0.6 0.8
Qutput Voltage Vo, (V)
STANDBY CURRENT VS. SUPPLY
VOLTAGE
14
1.2

10

0.8

L 06
/ Ta=25C
C§=Vec—02V
/ *
- 02
10 20 10 50 80 z 3 4 5
Ambient Temperature Ta ('C) Supply Voltage Vec (V)
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HMG6267 Series

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

m FEATURES

® High Speed: Fast Access Time 35/45/55ns (max.)

® Low Power Standby and Low Power Operation
Standby: 0.1mW (typ.})/5uW (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 (DP-20N)
® Directly TTL Compatible: All Input and Output
® Capability of Battery Back Up Operation (L-version) = PIN ARRANGEMENT
./
& ORDERING INFORMATION *\'E E Vee
Type No. Access Time Package A E 19) 4.,
HM6267P-35 35ns -
HM6267P45 45ns M iy
HM6267P-55 55ns 300 mil 20 pin A,E BA“
Plactic DIP
HM6267LP-35 3Sns A E 16]A
HMG6267LP-45 45ns ‘ A
HM6267LP-55 55ns -\sE 15 Ay
: A
» BLOCK DIAGRAM (] i
Dout E 3] A
w«—LF - . Veo LH D 12 Jbin
Al——{ s —-— s _
»—LF VssE 1)és
Row Memory Array
m—LFT Decoder 128X 128
a—L%] (Top View)
Au——-w
Ay
| 1
Din Column | O Dour
Column Decoder
An A A' A A: An As
» ABSOLUTE MAXIMUM RATINGS
Item Symbol Rating Unit
Voltage on Any Pin*1 Vr -0.5*2 t0 +7.0 A
Power Dissipation Py 1.0 w
Operating Temperature Topr 0to+70 °C
Storage
Tem;serature Totg =55 to+125 °c
Storage Temperature Under Bias Thias -10 to +85 °c
Notes) ‘l With respect ot .
2. 3.5V for pulse “;fgth < 20ns.
G HITACHI
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HM6267 Series

@ TRUTH TABLE

(13 WE Mode Vee Current Dout Pin Ref. Cycle
H x Not selected Ise, s High-Z

L H Read lec Dout Read Cycle

L L Write lec High-Z Write Cycle

® RECOMMENDED DC OPERATING CONDITIONS (72 = 0 to +70°C)

Item Symbol | min typ max Unit
Vee 4.5 s.0 5.5 v
ly V
Supply Voltage Vss 0 0 o v
Vin 2.2 - 6.0 \
Input Voltage ViL Ya - 08 v

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

® DC AND OPERATING CHARACTERISTICS (Vcc = 5V £ 10%, Vg =0V, T, = 0 to +70°C)

HM6267-35 HM626745/55 )

Item Symbol Test Conditions - < - " Unit
min {typ*l| max | min |typ*!| max

Input Leakage Current Hpyl Veoc=5.5V, Vin=Vssto Vool - - 10 [ - - 10 | uA
Output Leakage Current Iro! | C8=Vm, Vour=Vss to Vco| - - 10 | - - 10 | pA
Operating Power Supply Current | Ioc CS=Vi,loyr=0mA,min.cycle| - 40 100 | - 40 | 80 | mA
Isp TS=Vy, min cycle - 10 20 | - 10 | 20 | mA

Stand by Power Supply Current CS2vee-0.2v, - ]002] 2| - [002] 2| mA
IsBi ?’\c,cé—‘:)”;\’é éof,‘l’ N‘” — ] 1%2 {s0%2) — |12 |50*2| uA

VoL Ior = 8mA - - {04 | - - 04 'V

Output Voltage Vor | lom=-4maA 240 - 1 - J2a|l - | -V

Notes) *1. Typical limts are at Ve = 5V, Ty = 25°C and specified loading.
*2. This characteristics is guaranteed only for L-version.

8 CAPACITANCE (7T, = 25°C, f = IMHz)

Item Symbol typ. max Unit Conditions
Input Capacitance Cin — 5 pF Vix=0V
Output Capacitance Cour - 7 pF Vour=0V

Note) This parameter 15 sampled and not 100% tested.

@ AC CHARACTERISTICS (Ve = SV £10%, T, = 0 to +70°C, unless otherwise noted)
® AC TEST CONDITIONS

Input pulse levels: Vss to 3.0V Output Load A Output Load B
Input rise and fall times: 5ns +5V (for tuz, tiz, twz & tow)
Input and Output timing reference levels: 1.5V o
Output load: See Figure a80R ot
Dout Orememeg
2550 i: 305F* Dout Qg
zssaq, SeF*
« Including scope and jig. + Including scope and jig.
@ HITACHI
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HM6267 Series

® Read Cycle
HM6267-35 HM626745 HM6267-55
Item Symbol - - - Unit | Notes
min | max | min | max | min | max
Read Cycle Time trRC 35 - 45 - 55 - ns 1
Address Access Time t4A - 35 - 45 - 55 ns
Chip Select Access Time t4cs - 35 - 45 - 55 ns
Output Hold from Address Change toH s - 5 - 5 - ns
Chip Selection to Output in Low Z trz 5 - N - 5 - ns 2,3,7
Chip Deselectio to Output in High Z tHz 0 30 0 30 0 30 ns 23,7
Chip Selectio to Power Up Time tpy 0 - 0 - 0 - ns
Chip Deselection to Power Down Time tpp - 20 - 30 - 30 ns
O TIMING WAVEFORM OF READ CYCLE NO.14% 5
’RC J
Address )C
tAa !
b-lOH
Previous Data i
DataOut  revi a(x X Data Valid
O TIMING WAVEFORM OF READ CYCLE NO.2% ®
trRc
s 3 1
'z
[ Hi
Data Out Data Valid igh Impedance
'rp
Vce Supply
Current 50%
Notes) 1. All Read Cylce timing are referenced from last valid address to the first transitioning address.
2. At any given temperature and voltage condition, 1z max. is less than 1;  min. both for a given device and
from device to device.
3. Transition is measured +500mV from steady state voltage with specified loading in Load B.
4. WE is High for READ cycle.
S. Device is continuously selected, TS = V.
6. Addresses valid prior to or coincident with T3 transition low.
7. This parameter is sampled and not 100% tested.
® Write Cycle
HM6267-35 HM6267-45 HM6267-55 .
Item Symbol - Unit | Notes
min max min | max min max
Write Cycle Time twe 35 - 45 - 55 - ns 2
Chip Selection to End of Write tcw 30 - 40 - 50 - ns
Address Valid to End of Write taw 30 - 40 - 50 - ns
Address Setup Time 148 0 - 0 - 0 - ns
Wirite Pulse Width twp 20 - 25 - 35 - ns
Write Recovery Time twr 0 - 0 - 0 - ns
Data Valid to End of Write tpw 20 - 25 - 25 - ns
Data Hold Time tpH 0 - 0 - 0 - ns
Write Enabled to Output in High Z twz 0 20 0 25 0 25 ns 34
Output Active from End of Write tow 0 - 0 - 0 - ns 34
GO HITACHI
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HM6267 Series

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

X X

} icw

s “—\‘\ 1[7_ /

R ‘

S A tow E—:
Data In % Data [n Valid

ﬂ High Impedance

Deta Out Data Undefined

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

twe

Address 3(

'-—'AS—‘1 —IWR
cs tew /

CANNNNNNNN N 77/

t ]
DwW 'py
Din Data in Valid

twz

N

High Impedance

Data Undefined

Dout

Notes) 1. IfCS 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 first transitions address.
3. Transition is measured :S00mV from steady state voltage with specified loading in Load B.
4. This parameter is sampled and not 100% tested.

@ HITACHI
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HM6267 Series

BLOW V.. DATA RETENTION CHARACTERISTICS (0'C=Tas70'C)

This characteristics is guaranteed only for L-version.

Parameter Symbeol Test Conditions min typ max Unit

Vee for Data Retention Vou TSz Vec—0.2V 2.0 - - \%

Data Retention Current Iccon V& Vec—0.2V or 0Va V.,20.2V - - 38:23 MA

Chip Deselect to Data Retention Time tcon 0 - - ns

Operation Recovery Time In see retention waveform fac o1 _ _ ns
Notes) % 1. tac =Read Cycle Time. *2 Vee=3.0V
*3. Ve =2.0V

OLOW V.. DATA RETENTION WAVEFORM

DATA RETENTION MODE

TSz Ve ~02v

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

16
Tuz25c Vee=5.0V
14 14
E 3
5 3
ERT ] R
= = I~
; 10 £ \\,\
g £ —
S / S
; 04 z 08
&
d A
06 06
0.4 0.4
45 475 5.0 5.25 55 0 2 40 60 #0

Supply Volage Vee (V) Ambient Temperature Ta (C)
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HM6267 Series

ACCESS TIME VS. SUPPLY VOLTAGE ACCESS TIME VS. AMBIENT TEMPERATURE
13 13
Ta=25C Vec=5.0V
12 1.2
I z
fu \ Eon e
ke b
% 10 ~—] % 10 r/
g ne {: 04
o ‘é
08 04
o 15 175 50 5.5 55 07 ] £l [ ] [
Supply Voltage Vee (V) Ambient Temperature Ta (T )
ACCESS TIME VS. LOAD CAPACITANCE SUPPLY CURRENT VS. FREQUENCY
T tn)
s 0 2w 100 66 50 £ 3
T
16 10 .
i ; -~
§ 14 é 09 /
z z
£ |
é 1.2 E 08 //
: —" g
E w (// % o1 /
H 7
o8 06
06 (%3
0 100 200 300 400 0 5 [ is 20 %

L.oad Capacitance (1 1pFi Frequency f (MHz)

INPUT LOW VOLTAGE VS. SUPPLY VOLTAGE  INPUT HIGH VOLTAGE VS. SUPPLY VOLTAGE

13 13
Ta=25C Ta=25C

12 o
5 i
g 11 E 11
e / s /
3 s
> 10 g 10 —
Yoo E 09

ol 08

o 07|

45 475 50 5.25 5.5 45 475 0 525 55
Supply Volage Vee (V) Supply Vohage Vec (V)
@ HITACHI
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OUTPUT CURRENT VS. OUTPUT VOLTAGE

Oupix Current fow (Normalized)

Standby Current Ism (A)

;mgg 16
14 \ 14 //
12 X E 12
10 E 14
\ E / Ta=25C
Vee=5V
08 ‘; 08
\ 3 /
06 06
\ /
04 04
: 4 [ 02 0.4 06 08
Output Voltage Vow (V) Output Voltage Vor (V)
STANDBY CURRENT VS.
AMBIENT TEMPERATURE STANDBY CURRENT VS. SUPPLY VOLTAGE
04 emay 14
T3=28v
12 /
3
10-* 3 1
L~ 5
/ ;é o8 /
£
10 ,/ % 06 //
/ & (T?“;:Z\z!:-o.zv
04
/
1077 o 2 40 60 0 0z 2

Ambient Temperature Ta (T)

Supply Voltage Vec (V)
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OUTPUT CURRENT VS. OUTPUT VOLTAGE
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HMG6264A Series

8192-word x 8-bit High Speed CMOS Static RAM

® FEATURES HMG6264AP Series
® Low Power Standby Standby: 0.1mW (typ.)
10uW (typ.) L-/LL-version
Low Power Operation Operating:  15mW/MHz (typ.)
® Fast access Time 100ns/120ns/150ns {max.)
® Single +5V Supply
® 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 Qutput

® Capability of Battery Back Up Operation (L-/LL-version)

(DP-28)

HM6264 ASP Series
= ORDERING INFORMATION

Type No. Access Time Package
HM6264AP-10 100ns
HM6264AP-12 120ns
HM6264AP-15 150ns
HM6264 ALP-10 100ns e
HM6264ALP-12 120ns 3?0 t‘.““Dzlg pin
HM6264ALP-15 150ns astic
HM6264ALP-10L 100ns (DP-28N)
HM6264ALP-12L 120ns
HM6264ALP-1SL 150ns HM6264 AFP Series
HM6264ASP-10 100ns
HM6264ASP-12 120ns
HM6264ASP-15 150ns
HM6264ALSP-10 100ns g
HM6264ALSP-12 120ns ;?0 t'i':'nzlg pin
HM6264ALSP-15 150ns as
HM6264 ALSP-10L 100ns
HM6264ALSP-12L 120ns (FP-28D/DA)
HM6264 ALSP-15L 150ns

= PIN ARRANGEMENT
HM6264 AFP-10 100ns
HM6264AFP-12 120ns
HM6264AFP-15 150ns
HM6264ALFP-10 100ns 28 pin
HM6264ALFP-12 120ns Plastic SOP
HM6264 ALFP-15 150ns (Note)
HM6264 ALFP-10L 100ns
HM6264ALFP-12L 120ns
HM6264ALFP-15L 150ns
Note) T is added to the end of the type no. for a SOP of 3.00 mm (max.)
thickness.
(Top View)
@ HITACHI
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HMGB264A Series
® BLOCK DIAGRAM

!

—o Ver
Row —o Vss
Decoder

vos]

Memory Matrix
256 %256

&_

prd T T

Column 1/0

Il;""" Column Decoder
aa

i
ot B [
= -

Timing Pulse Gen.

Column Decoder

® ABSOLUTE MAXIMUM RATINGS

Item Symbol Rating Unit
Terminal Voltage®) Z —0.5*2 t0 +7.0 v
Power Dissipation Pr 1.0 w
Operating Temperature Topr 0to+70 °C
Storage Temperature Tstg —-55to +125 °C
Storage Temperature (Under Bias) | Tbias -10to +85 °C

Notes) *1. With respect to Vgg.
*2, -3.0V for pulse width S 50ns

® TRUTH TABLE

WE | CS,|Cs, |OE Mode 1/OPin |Vcc Current Note
X | H| X ] X | NotSelected HighZ | Isplsp1
x| x| L|x | (Power Down) HighZ |IgpJsB1
H| L| H | H | Output Disabled| HighZ |IcC
H| L|H]|L/Read Dout Icc Read Cycle
LIL|H|H Write Din Icc Write Cycle (1)
LiL|{H|L Din Icc Write Cycle (2)
X:HorL

» RECOMMENDED DC OPERATING CONDITIONS (77 = 0 to +70°C)

ttem Symbaol min typ max Unit
Vee 4.5 5.0 5.5 \4
Supply Voltage
upply Voltage VSS 0 0 0 v
Vin 2.2 o 6.0 v
Input Voltage 7 Yy - 08 v

Note) *1. -3.0V for pulse width S 50ns

@ HITACHI
Hitachi America, Ltd. e Hitachi Plaza » 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 e (415) 589-8300 51



HMG264A Series

a8 DC AND OPERATING CHARACTERISTICS (Ve = 5V t 10%, Vgs =0V, T, =0 to +70°C)

Item Symbol Test Condition min |typ®!| max | Unit
Input Leakage Current Uzr! Vin=Vss to Voo - - 2 | A
CS1= Vg or CS2=¥ 1, or OF=Vyor WE=V,
Output Leakage Current ro! H L _ -
P! ag Lo Vij0=Vss to Voc 2 | uA
Operating Power Supply Current | Ioope CSi=Vp, CS2=Vy, Iy0=0mA - 7 (15 [ mA
Min. cycle, duty=100%, CS1=Vy, CS2=VH 30 |45*¢ mA
Icci I1j0=0mA - 30 |55%
Average Operating Current Cycle time = 1us, duty = 100%, I7/0 = OmA,
Icc2 CS1£0.2v,C82 2 Voo 0.2V - 3| 5 |mA
Vig 2 Voo 0.2V, Vi £ 0.2V
Isp CS1 =V o1 CS2=V, - 1{ 3 |ma
Standby Power Supply Current I CS12¥c-0.2V, CS22V 0.2V or - 0':2 2 " mA
*®
SBI'? | oV <08250.2V,0V S Vjy i Kl ki A
- | 2% |50
Ve Ipor=2.1mA - - X
Output Voltage oL oL=21m 04 Vv
Vou IoH=~1.0mA 24 - - v

Notes) :l. Typical limits are at Voc=5.0V, T,=25°C and specified loading.

2. VyL min=-0.3V
*3. Thisch istics is teed o
*4. This characteristics is guaranteed o
*5. For 120ns/150ns version.
*6. For 100ns version.

8 CAPACITANCE (f = IMHz, T, = 25°C)

nly for L-version.
nly for LL-version.

Item Symbol |Test Condition | typ | max | Unit
Input Capacitance Cin Vin = 0V - 5 pF
Input/Output Capacitance Cro Viro = OV - 7 pF

Note) This parameter is sampled and not 1007 tested.

® AC CHARACTERISTICS (Vo = 5V£10%, Ta = 0 to +70°C)

o 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: 0.8V/2.0V

Output Timing Reference Level: HM6264A-10 1.6V
HM6264A-12/15 0.8V/2.0V

Output Load: 1TTL Gate and € {100pF) (including scope and jig)

52
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HM6264A Series

e READ CYCLE

HM6264A-10 HM6264A-12 HM6264A-15 .
Item Symbol ~ - - Unit
min max min max min max
Read Cycle Time RC 100 - 120 - 150 - ns
Address Access Time t44 - 100 - 120 - 150 ns
CSI - - - 150
Chip Selection to Output fcol 100 120 ns
CS2 tco2 - 100 - 120 — 150 ns
Output Enable to Output Valid tOF — 50 - 60 — 70 ns
Chip Selection to CS1 tLz1 10 - 10 - 15 - ns
Output in Low Z cs2 | 1z 10 -~ 10 - 15 - ns
Output Enable to Output in Low Z toLz 5 - 5 - 5 - ns
Chip Deselection to CST tHZ1 0 35 0 40 0 50 ns
Output in High Z Cs2 tHZ2 0 35 0 40 0 50 ns
Output Disable to Output in High Z tOHZ 0 35 0 40 0 50 ns
Output Hold from Address Change tOH 10 - 10 - 10 - ns
Notes) 1. tgz and tgpz are defined as the time at which the outputs achieve the open circuit condition and are not referred
to output voltage levels.
2. Atany given temperature and voltage condition, #f77 max is less than t7 z min both for a given device and from

d device to device.

X X
1 IV AT
s I\ \<I\\\\\\\
SRR o 2/
Dout——. | Data Valid __,OH__?@L——
GO HITACHI
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HMG6264A Series

e WRITE CYCLE

HM6264A-10 HM6264A-12 HM6264A-15 .
Item Symbol - ~ - Unit
min max min max min max
Write Cycle Time twe 100 - 120 - 150 - ns
Chip Selection to End of Write tcw 80 - 85 - 100 - ns
Address Setup Time t4S 0 - 0 - 0 - ns
Address Valid to End of Write taw 80 - 85 - 100 - ns
Write Pulse Width tywp 60 - 70 - 90 - ns
Write Recovery Time tWwR 0 - 0 - 0 - ns
Write to Output in High Z tWHZ 0 35 0 40 0 50 ns
Data to Write Time Overlap tpw 40 - 40 - 50 ns
Data Hold from Write Time tDH 0 - 0 - 0 - ns
Output Enable to Output in High Z tOHZ 0 35 0 40 0 50 ns
Output Active from End of Write tow N - 5 - S - ns
© WRITE CYCLE (1) (OE clock)
twC

54

X XC

R N

SN 77777/

S A 1 IR NS

" SN,
iy

IDW IDH

XX\
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HM6264A Series

® WRITE CYCLE (2) (OE Low Fix)

Address )( : X
SANAN AN e — VT 777,

/LN

EARNARRRRRSY

WE twp (1]
‘,__'&El\\\\ 4
(5} tWHZ tow
pout —SS S NIRRT I SN
1 777777 7777777 | tow ‘DH
Din

NOTES: 1) A write occurs during the overlap of a low CS1, a high CS2 and a low WE. A write begins at the latest transi-

tion among TS1 going low, CS2 goiqﬁghigh and WE going low. A write ends at the earliest transition among

TSI going high, CS2 going low and

of write.

going high, typ is measured from the beginning of write to the end

2) tow is measured from the later of TS1 going low or CS2 going high to the end of write.

3) tag is measured from the address valid to the beginning of write.

4) twpg is measured from the earliest of TSI or WE going high or CS2 going low to the end of write cycle.

5) During this period, /O pins are in the output state, therefore the input signals of opposite phase to the outputs

must not be applied.

6) If ST 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) 1f CS1 is low and TS2 is high during this period, I/O pins are in the output state. Therefore, the input signals
of opposite phase to the outputs must not be applied to them,

@ HITACHI
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HM6264A Series

® LOW Voc DATA RETENTION CHARACTERISTICS (T, =0 to +70°C)
This characteristics is guaranteed only for L/LL-version.

Item Symbol Test Condition min | typ | max | Unit
. CS12Vee-0.2V,CS22 Vee-0.2V or

Ve for Data Retention Vor €S2 £0.2V 2.0 - - v
Vee = 3.0V _ 1*t | 50%!

Data RetentionCurrent Iccpr | TS12Vee 0.2V o [ o5 BA
CS2 2 Voe -0.2V or OVSCS250.2VOVEYy, | — | 1

Chip Deselect to Data Retention

Time 'cDR 0 | = | — |
See Retention Waveform

Operation Recovery Time tR tRC#? - - ns

Notes) *1. Vjz min = ~0.3V, 204A max at T,=0 to 40°C, This characteristics is guaranteed only for L-version.

*2, V7L min = -0.3V, 104A max at T, = 0 to 40°C, This characteristics is guarnteed only for LL-version.
*3. tRC = Read Cycle Time

© LOW Vcc DATA RETENTION WAVEFORM (1) (CS1 Controlied)

tepr~t Data Retention Mode

CS12Vee - 0.2V
OV-- mmmmem mm e o -

® LOW Vcc DATA RETENTION WAVEFORM (2) {CS2 Controlled)

___ __Data Retention Mode

CS2 £ 0.2V
ov,__-._.....w._.___»,_ B - e e m - = e

Note) In Data Retention Mode, CS2 controls the Address, WE, CST, OE and Din buffer. If CS2 controls data retention
mode, Vin for these inputs can be in the high impedance state. If CS1 controls the data retention mode, CS2 must

satisfy either CS2 >V cc—0.2V or CS2 g 0.2V. The other input levels (address, WE, OE, 1/0) can be in the high
impedance state.
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SUPPLY CURRENT VS. SUPPLY CURRENT VS.
SUPPLY VOLTAGE AMBIENT TEMPERATURE
11 L
L 250 Vee=5.00
oo !
f N // :é e L~
=] :
h . ni -
I [ B an A " 0 0 )
Sopph Vidrgse Lo\ Ambient Temperature T T
SUPPLY CURRENT VS. ACCESS TIME VS.
FREQUENCY LOAD CAPACITANCE
b —T T T — LK
LTTN Vims |12 kns
- Lu 7 1.6
/| o )

. p e

Aevess Time taatoo Normaliand

: i / e .
R
é [N} / Lo .
i /
w? / R
"y s \ W ] ) b 0 ET I 0
L am Load Capacitance (1, 'pF !
ACCESS TIME VS. ACCESS TIME VS.
SUPPLY VOLTAGE AMBIENT TEMPERATURE
L3 L3
Tur 23 Vee=5.0¢
12 )
i H
g 1.|\ —§ L /
i ! é ! -
£ M — £
35. 0y g 0.9
. 0.8
nl 0
I 15 B0 55 35 a 2 0 8
Supply Voltage Vie Ambient Temperature Tu 1T}
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HM6264A Series

58

INPUT LOW VOLTAGE VS.
SUPPLY VOLTAGE

1.3
Ta= 257
a2 . i
3
E 1 :
_i, / —:' o
; 10 3
P .
% o0s 2 -
é E X
08 )
07 "
45 [ 30 2
Supply Voltage VeV
OUTPUT CURRENT VS.
OUTPUT VOLTAGE
L6
Tu= 250
oo =y
14
= £
5 3
R :
é 08 N :Z
X
o 3 1 5
Output Voltage Vou (V)
STANDBY CURRENT VS.
AMBIENT TEMPERATURE
n
5 L.
/

L3

d

0.5

pd

Standby Current kccom,Isa./ss2 « Normalized)

0

Stamcdby Current Jec ok fsun fsw - Normatized

k]

n

[El]

Ambient Temperature Tu 1)
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INPUT HIGH VOLTAGE VS.
SUPPLY VOLTAGE

Sapple Vol Ve

OUTPUT CURRENT VS.
OUTPUT VOLTAGE

’ /

/

0K

Tas 230

Voo 3\

L/

/

o4

Outpet Voltage Ve A

STANDBY CURRENT VS,

SUPPLY VOLTAGE

L4
Tu=253¢ /
L2
Lo
0x /
06 M/
wd /I
025

3 |

Supply Voltage Ve 1\
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HVG6288 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.

BFEATURES

® 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 100uW (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 Package
HM6288P-25 25ns 300 mil
HM6288P-35 35ns 22-pin
HM6288LP-25 25ns Plastic DIP
HM6288LP-35 35ns (DP-22NB)
HM6288JP-25 25ns 300 mil
HM6288)P-35 35ns 5 4_p2'
HM6288LJP-25 25ns SOJ (CP-24D)
HM6288LIP-35 35ns
EBLOCK DIAGRAM
Ao 03— —
e > — Memory —
Az % Row Array
oLy ecoder 12K Rows
A o—{y 512 Columns
As O g=—r
As o3
.
tone E Column 10
10: 0 Input
Data Column Decoder
Lt Control
FREEEIS

Az As As Aw A Az An

@ HITACHI

(DP-22NB)

.

(CP-24D)
PIN ARRANGEMENT

® HM6288P Series

(Top View)

® HM6288JP Series

(Top View)
HPin Description
Pin Name Function
A0 - Al13 Address
1/01-1/04 Input/Output
[ Chip Select
WE Write Enable
Vee Power Supply
Vss Ground
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B ABSOLUTE MAXIMUM RATINGS
Item Symbol Rating Unit
Voltage on Any Pin Relative to Vss Vr —05*"t0 +7.0 v
Power Dissipation Pr 1.0 w
Operating Temperature Tor 0t +70 c
Storage Temperature Ton —55 to +125 c
Temperature under Bias Toee ~10 to +85 c
Note: *1. Vr min.=~2.0V for pulse widthS10ns
IBTRUTH TABLE
=3 WE Mode Vec Current 1/0 Pin Ref. Cycle
H x Standby Iss, Isp High Z
L H Read Iec Dout Read'Cycle 1,2
L L Write Ie¢ Din Write Cycle 1, 2
BRECOMMENDED DC OPERATING CONDITIONS ( 7a=0to +70°C)
Parameter 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 Vin 2.2 - 6.0 v
Input Low (logic 0) Voltage Vie —0.5%! - 0.8 \'4
Note: #1.  Viz min.= —2.0V for pulse widths 10ns
BIDC AND OPERATING CHARACTERISTICS (Te=0to +70°C, Vec=5V£10%, Vss=0V)
Parameter Symbol Test Condition min typ*! max Unit
Input Leakage Current b Iur ) ) Vee=MAX. Vin=Vss to Vec - - 20 rA
Output Leakage Current | fro)| | CS=Vmn,Vice= Vss to Vec - - 2.0 uA
Operating Power Supply Current Icc CS= Vi, I1/o=0mA, min. cycle - 60 120 mA
Standby Vec Current Iss | CS= Vin, min. cycle - 15 30 mA
Standby Ve Carrent L Ism*? | CS2Vec—02V - 0.02 20 mA
Isgi*3 | OV Vin=0.2V or Vec —0.2VS Viv - 0.02 0.1 mA
Output Low Voltage Vor loL=8mA - - 0.4 v
Output High Voltage Vou lon=—4.0mA 2.4 - - A
Notes: :; ;ymﬁmm are at Vec=5.0V, Ta= +25'C and specified loading.
#3, LP version
MCAPACITANCE ( T2=25°C, f=1.0MHz)
Parameter Symbol Test Conditions min max Unit
Input Capacitance Cin Vin=0V - 6 pF
Input/Output Capacitance Ci/o Vi/o=0V - 8 pF
Note: This parameter is sampled and not 100% tested
@ HITACHI
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HM6288 Series

AC CHARACTERISTICS
® AC Test Conditions
{nput pulse levels: OV to 3.0V Input and Output timing reference levels: 1.5V
input rise and fall times: 5ns Output load: See Figure
5V
5V
800 4800
Dout Dout
255 o 2550 SpF*
Output Load (A)
Output Load (B)
sincluding scope & jig. (for tyz, tr.z, twz & tow)
® READ CYCLE
Parameter Symbol HM6288-25 H§i6288-35 Unit
min max min | max
Read Cycle Time trRC 25 - 35 - ns
Address Access Time taq - 25 - 35 ns
Chip Select Access Time tacs - 25 - 35 ns
Output Hold from Address Change toH 3 - 5 - ns
Chip Selection to Qutput in Low Z tLz» 5 - 5 - ns
Chip Deselection to Output in High Z tyze 0 12 0 20 ns
Chip Selection to Power Up Time tpy 0 - 0 - ns
Chip Seselection to Power Down Time tpp - 25 - 30 ns
# Transition is measured 1 200mV from steady state voltage with Load(B).
This parameter is sampled and not 100% tested.
® Timing Waveform of Read Cycle No.1 0112
tac
X X
$as |
tow ton
Do Do Valid Daua Vabd
® Timing Waveform of Read Cycle No.2 (1113]
I trc
— o
\ / tuz
Lacs ——]
tez
Dout Data Vaiid > m
High Impedance Tmpe m‘ﬂ
tro

Vee supply | tru i
Iee 50% 50%
current

Notes: 1. WE is High for Read Cycle.
2. Device is continuously selected, CS= Vi,
3. Address Valid prior to or coincident with CS transition Low.
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HM8288 Series

s WRITE CYCLE

HM6288-25 HM6288-35 .
Parameter Symbol - ~ Unit

min | max | min | max
Write Cycle Time twe 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 tpw 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» S - S - ns

* Transition is measured +200mV from steady state voltage with Load (B).
This parameter is sampled and not 1007, tested.

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

twe

o X X

[ tew

SN Y77TI77777

= Twa %2
WE - twp®1
" \\\\\& //

I tow hm*s‘
D < g * Data in Valid :m
roves ton*6

twz*3

ma {LLLLLLLLHLHL S KL
@ HITACHI
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HM6288 Series

® Timing Waveform of Write Cycle No.2 (C_s Controlled)

twe

o X

ten®2

cs \ tew /

TR L

ton

twe %1

NG

Data in Valid

High Impedance *4

Dout

Notes) 1. A write occurs during the overlap of a low CS and a low WE. (#w»)

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
tnﬂsition, the output buffers remain in a high impedance state.

5.1f CS is low during this period. I/O 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 twx is long enough.

® Low Vcc Data Retention Characteristics ( 7a=0to +70°C)
(This Characteristics is guaranteed only for L-version.)

Parameter Symbol| Min Typ | Max | Unit Test Conditions
Vec for data retention VbR 2.0 - - v | T8z Vee—02v
VinZ Vec —0.2V or
. 502
Data retention current Iccor - - 359 HA | OVS V<02V
Chip deselect to data teoR 0 _ _ ns
retention time
See retention waveform
Operation recovery time R trc - - ns

NOTE: 1. trc=Read cycle time
2. Vee=3.0V
3. Vee=20V

Low Vcc Data Retention Waveform

Data Retention Mode

€52 Vee—02V
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HM6288 Series

SUPPLY CURRENT VS. SUPPLY VOLTAGE SUPPLY CURRENT VS. AMBIENT TEMPERATURE
1.6 1.6
Ta=25C Vee =5.0V
5 14 _ 14
i 3
£ 12 z
2 / g 12
= 1.0 = 10 —}
z o8 S 08
a
3 3
0.6 0.6
3 0"
0 44.5 4.75 5.0 5.25 5.5 0 20 40 60 80
Supply Voltage Vcc (V) Ambient Temperature Ta (‘C)
ACCESS TIME VS. SUPPLY VOLTAGE ACCESS TIME VS. LOAD CAPACITANCE
1.3 1.8
= Ta=25C
LT T 16
; g
2 1 Z 14
o0 i 2 ,/
E v
% — £ //
0.9 1.0
<
0.8 08
0.7 0.6
45 4.75 5.0 §.25 55 0 50 100 150 200
Supply Voltage Vce (V) Load Capacitance CL(pF)
ACCESS TIME VS. AMBIENT TEMPERATURE SUPPLY CURRENT VS. FREQUENCY
13 ” 100 50 33 25 20 T (ns)
£ Vee=5.0V
8
5 12 10
: 3
z “ _ | 0 y
w — E 9
3 / g /
P — £ os Z
£ ; pd -
5
g 09 S 07
< 5
a
0.8 0.6
075 20 20 80 8 050 20 3 20 50
Ambient Temperature Ta ('C) Frequency f (MHz)

GO HITACHI
64  Hitachi America, Ltd. e Hitachi Plaza 2000 Sierra Point Pkwy. ® Brisbane, CA 94005-1819  (415) 589-8300



HM6288 Series

Low Level Input Voltage Vi(Normalized)

High Level Output Current Ion(Normalized)

LOW LEVEL INPUT VOLTAGE VS.
SUPPLY VOLTAGE

1.3
Ta=257C
1.2
1.1
L—
1.0
o

i
0.9
0.8
0.7

45 4.75 5.0 5.25 5.5

Supply Voltage Vee (V)

OUTPUT CURRENT VS. OUTPUT VOLTAGE(1)

Ta=25C
Vee =5V

0.8

\

0.6

0.4

N
A\

2 3 4

High Level Output Voltage Vou

(v}

STANDBY CURRENT VS. AMBIENT TEMPERATURE

Standby Current 1ccor (Normalized)

High Level Input Voltage Viu(Normalized)

OUTPUT CURRENT VS. OUTPUT VOLTAGE(2)

Low Level Output Current lor (Normalized)

09

08

0.7

Ta=25T
/
/
4.5 4.75 5.0 5.25 5.5

HIGH LEVEL INPUT VOLTAGE VS.
SUPPLY VOLTAGE

Supply Voltage Vee (V)

Ta=25C
/ Vee =5V

/

0.8

0.6

/

0.4

0.2 0.4 0.6 0.8

Low Level Output Voltage Vou (V)

STANDBY CURRENT VS. SUPPLY VOLTAGE

10 1.4
Ve =3V /
CS=2.8v
s L
5 / ] 2
£
/ £ 10
1}
z
z 08
P s Vi
£ .
05 S /
S 04
s Ta=25C
i C8=Vec—0.
0.2 CS=Vge—0.2V
0.1 0
0 20 40 60 80 2 3 4 S 6
Ambient Temperature Ta (°C) Supply Voltage Vee (V)
G HITACHI

Hitachi America, Ltd. e Hitachi Plaza e 2000 Sierra Point Pkwy. ® Brisbane, CA 94005-1819 » (415) 589-8300 65



HM6288 Series

STANDBY CURRENT VS. INPUT VOLTAGE

10 Ta=25C
_ Vcc=5.ov
3 8 TS=4.8V
§

s
£
ST
| /
& 2 N
0 3 4 5 6

Input Voltage Vis (V)
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HM6788 Series Maintenance Only

16384-word x 4-bit High Speed Hi-BiCMOS Static RAM | Refer to HM6788HA Series |

WFEATURES
® Super Fast Access Time : 25/30ns (max.)
® Low power Operation
Operating: 230mW (typ}, Standby: 10mW (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 (DP-22NB)
Type No. Access Time Package
HM6788P-25 25ns 300 mil 22 pin WPIN ARRANGEMENT
HM6788P-30 30ns Plastic DIP T g
A[F [21) Aus
BBLOCK DIAGRAM ] e
AT [is]An
A2O———] | Af5] EA..
A:O——|L__ —QVer A ’E EA’
AQ——A s ] .
AsO— Decoder T O Vss MT] [16]von
Ao— 35— Afw] [15)1/0:
ArO—— 3] M[3] M
ao——L3—] L
’ I T EEE’: El/(h
Vo'o_.?— % Column 1/0 Vss E EWE
1/02 B— Input Column Decoder (Top View)
An Az A A

Data
/030 Control % % % é % % %
/0.0 A Ao Ar

——
LD =

[

Q0

22

BABSOLUTE MAXIMUM RATINGS

Item Symbol Rating Unit
Terminal Voltage to Vss pin Vr —-05to +7.0 \
Power Dissipation Pr 1.0 w
Operating Temperature Topr 0to +70 °C
Storage Temperature (with bias) T (bias) ~10to +85 ‘C
Storage Temperature Tus —55to0 +125 °C
@ HITACHI
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HMG788 Series

ETRUTH TABLE
Cs WE Mode Ve Current Output Pin Ref. Cycle
H X Not selected Isw, Isp High Z -
L Read Icc, Icc Dout Read Cycle (1) (2)
L L Write Icc, Iccr Din Write Cycle (1) (2)
x:Horl
ERECOMMENDED DC OPERATING CONDITIONS (0°C = 72 = 70°C)
Item Symbol min typ max Unit
Ve 45 5.0 55 v
Supply Voltage Ves o ’ 5 v
Input High Voltage Vin 2.2 - 6.0 \
Input Low Voltage Vi —0.5*! - 08 \
Note) # 1. —3.0V with 20ns pulse width.
MIDC AND OPERATING CHARACTERISTICS ( Vcc =5V +10%, Ta=0"Cto +70°C)
Item Symbol Test Conditions min typ max Unit
Input Leakage Current [ e} | Vec=5.5V, Vin=Vss to Ve - - 2 uA
Output Leakage Current {fo] | CS=Vin, Vi/o= Vss to Vec - - 2 HA
Opearating Power Supply Current | Jcc CS= Vi, Ii /o=0mA - - 80 mA
Average Operating Current Iccr Min. Cycle, Duty: 100% - - 120 mA
Standby Power Supply Current fse (_:_S= Vi — — % mA
Is;y | CS2 Vec-02V, Vins02V or Vixg Vec-02V - - 10 mA
Qutput Low Voltage Vo. Ior.=8mA - - 0.5 v
Output High Voltage Vou Ton=~4mA 24 - - v

sAC CHARACTERISTICS (Vo =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

+5V

Output Load A

68

300F*

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

250 <
<

+5V

#lIncluding scope and jig.

Output Load B

(tCHZ, tWHZ, ICLZ. tOW)
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HM6788 Series

®READ CYCLE

Ltem Symbol HM6788-25 HM6788-30 Unit
min max min max
Read Cycle Time tre 25 — 30 ns
Address Access Time taa - 25 - 30 ns
Chip Select Access Time lacs — 25 - 30 ns
Chip Selection to Output in Low Z terz* ? 0 0 ns
Chip Deselection to Output in High Z tewz* ? 0 10 0 12 ns
QOutput Hold from Address Change tou 5 5 - ns
Chip Selection to Power Up Time*! trr 0 — 0 - ns
Chip Deselection to Power Down Time*! tro - 20 = 30 ns
Input Voltage Rise/Fall Time*? tr - 150 .- 150 ns

Notes) * 1. This parameter is sampled and not 100% tested.
* 2. Transition is measured * 200mV form steady state voltage with Load (B). This parameter is sampled and not 1007, tested
* 3. If tv becomes more than 150ns, there is possibility of function fait
please contact your nearest Hitachi Sales Dept. regarding specitication.
.. *1,%2
® Timing waveform of Read Cycle No. 1

8¢

S X

a4

ton ton
Dout Previous data Valid > Data Valid ><><
® Timing waveform of Read Cycle No, 2°7.°3 .

" \ /

f4Cs .74

High Impedance

Dout Data Valid
High Impedance
Note) *1. WE = Vy
*2.CS=Vp —
*3, Address valid prior to or coincident with CS transition Low.
® WRITE CYCLE
HM6788-25 HM6788-30
Item Symbol Unit
min max min max
Write Cycle Time twe 25 - 30 ns
Chip Selection to End of Write tew 20 - 25 - ns
Address Setup Time tas 0 ~ 0 = ns
Address Valid to End of Write taw 20 - 25 - ns
Write Pulse Width twp 20 - 25 - ns
Write Recovery Time twr 0 — 0 ns
Write to Output in High Z twuz*! 0 10 1] 12 ns
Data Valid to End of Write tow 15 - 15 - ns
Data Hold Time ton 5 — 5 - ns
Output Active from End of Write tow *! 0 - 0 = ns
* 1. Transition is measured * 200m\ from steady state voltage with Lood(B).
This parameter is sampled and not 1007, tested.
@ HITACHI

Hitachi America, Ltd. e Hitachi Plaza » 2000 Sierra Point Pkwy. ® Brisbane, CA 94005-1819 e (415) 589-8300 69



HME788 Series

® Timing waveform of Write Cycle No. 1 {WE Controlled)

{74

- X X

4 tow

=
=
R
S
™

taw

a
WE j .
. ANAVAVAVAVAVATAN :
[LLL LS

fow o

High Impedance "
: Data Vali 9_
- ‘0< ata Valid High Impedance

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

twe
Address > {

las 1143

B /

T 7777777

IcLz twiz
High Impedance |/ ¢ ;1 High Impedance
Dout

4 o | om
——1

Notes) *1. A write occurs during the overlap (typ) 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. 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.

*5. If CS is low during this period, 1/O pins are in the output state. Then, the data
input signals of opposite phase to the outputs must not be applied to them.

*6. tyR is measured from the earlier of CS or WE going high to the end of write cycle,

ICAPACITANCE ( 72=25C, f=1.0MHz)

o
1
N

6

k|

NG

Item Symbol min typ max Conditions
Input Capacitance Civ - - 6.0 Vix=0V
Input/Output Capacitance Ci/o - -~ 8.0 Vorr =0V

Note) This parameter is sampled and not 100“ tested.
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HM6788H Series Maintenance Only

16384-word x 4-bit High Speed Hi-BiCMOS Static RAM | Refer to HM6788HA Series |

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 (DP-22NB)

Ordering Inf: ti
raering Information Pin Arrangement

Type No. Access Time Package
HM6788HP-15 15ns 300 mil 22 pin '
HM6788HP-20 20ns Plastic DIP T T @
) :\IE E»\u
Block Diagram \:[: [20] Au
*:E EAH
Avo e Vee W] W]
:7 o___{x —e A6 EA.
A‘ 57 Row Memory Matrix Vss W7 wa
’ T Decoder 128X 512 W[ m
Ago—x]
Ay o—] M s
A, o——x] m - : ('!E El/o,
o] 1 Column /0 V’SE 12)WE
170y ,_?— [I;‘P :"t Column Decoder
1104 ata .
O0¢ : Control % % % % % % % (Top View)
A

AllAllAloA’Al 0 Ans

L
e 5

-

Absolute Maximum Ratings

Item Symbol Rating Unit
Terminal Voltage to Vss pin Vr —05to +7.0 \Y
Power Dissipation Pr 1.0 "W
Operating Temperature Topr 0to +70 °C
Storage Temperature (with bias) Tus(bias) ~10to +85 ‘C
Storage Temperature Tue —55to +125 C

Note) The specifications of this device are subject to change without notice.
Please contact Hitachi's Sales Dept. regarding specifications.
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HM6788H Series

Truth Table
cs WE Mode Vee Current /O Pin Ref. Cycle
X Not selected Iss, Ism High Z -
L H Read Icc, Icca Data Out Read Cycle (1), (2)
L Write Icc, Icch Data In Write Cycle (1), (2)
x:Horl

Recommended DC Operating Conditions (0°C s Tas 70°C)

Item Symbol min typ max Unit
Vee 45 5.0 5.5 A%
Supply Voltage Ver . 0 5 v
Input High Voltage Vin 22 - 6.0 \'
inpu( Low Voltage Vi —0.5%! - 0.8 \%

Note) *1. -3.0V with 10ns pulse width.

DC and Operating Characteristics ( Vcc=5V + 10%, Ta=0'Cto +70'C)

Item Symbol Test Conditions min typ max Unit
Input Leakage Current R Vee=5.5V, Vin=Vss to Vec - - 2 uA
Output Leakage Current [fro]  CS= Vin, Vi/o= Vss to Vec - - 10 2A
Opearating Power Supply Current Icc CS= Vi I1/o=0mA = - 100 mA
Average Operating Current Iccr Min. Cycle, Duty: 100% J1/0 =0mA - - 120 mA
Standby Power Supply Current e <_:.S= Vi — — % mA
Ism CS2 Vee-0.2V, Viss0.2V or Vix Vec~02V - - 10 mA
Output Low Voltage Vo Io.=8mA - - 04 v
Output High Voltage Vou lon=—~4mA 24 - - v

AC Characteristics (Voo = 5V £10%, T, = 0 to +70°C, unless otherwise noted)
® AC Test Conditions

Input puise levels: Vss to 3.0V Input and Output reference levels: 1.5V
Input rise and fall time: 4ns Output Load: See Figure
+sV
+5V
4800
Output
0] [0 SUR—
Output
o0— 250 3 SoF?
mi: WoF*
& Including scope and jig.
Output Load B
Output Load A (tHZ, tLZ, tWZ, tOW)
@ HITACHI

72  Hitachi America, Ltd. e Hitachi Plaza ¢ 2000 Sierra Point Pkwy.  Brisbane, CA 94005-1819 # (415) 589-8300



HM6788H Series

Read Cycle
788H-15 -
Item Symbol HMé6 HM6788H-20 Unit Note
min max min max
Read Cycle Time tre 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 tLz 3 - 3 - ns 1,2
Chip Deselection to Output in High Z tyz 0 6 0 8 ns 1,2
Output Hold from Address Change tox 3 - 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.
e Timing waveform of Read Cycle No. 1%! 2
trC
Address >< }{
IV ton
e [ OH —{
Data Out Previous Data Valid Data Valid ><><
® Timing waveform of Read Cycle No. 2*!+#3
\ /
@ N 7
tacs . IHz
t
L2 K High
Data Out Data Valid
High Impedance mpedance
Note) *1. WE = Vjy
*2. CS=Vj
*3. Address valid prior to or coincident with TS transition Low.
Write Cycle
HM6788H-15 788H-
Item Symbol § HM6788H-20 Unit Note
min max min max
Write Cycle Time twe 15 - 20 - ns 2
Chip Selection to End of Write tew 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 1 - 1 - ns
Write Enable to Qutput in High Z twz 0 6 0 8 ns 3,4
Data Valid to End of Write tow 9 - 10 - ns
Data Hold Time tDH 0 - 0 - ns
Output Active from End of Write tow 0 - 0 - ns 3,4

Note) 1. If C§ 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 :200mV from steady state voltage with specified loading in Load B.
4. This parameter is sampled and not 100% tested.
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HM6788H Series

® Timing waveform of Write Cycle No. 1 (WE Controlled)

< twe >
Address )(_ )(
< tow >
4
& \\\\k £/ /N
:TAS l w Pl twr*2 )
< twp*l ———p
e TN\K 1
tDH *S
Data In High Impedance High Impedance
. toH"6
PLLEY ow'S,
pate 0w (({ ((( QL prommmpene
® Timing waveform of Write Cycle No. 2 (CS Controlled)
,% twe ;'
Address
E— tas —> v 4+ twr*2
\ < tcw >
cs N 7(

4——— twp *1 ———]

7E (LLLLA o £/////1///,

ova s TXXXXXXEXIKIRY e vers YXXXEXD

High Impedance *4

Data Out

Note)*1. A write occurs during the overlap of a low CS and a low WE. (twp)
*2. twg 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.

*4.1f the TS low transition occurs simultaneously with the WE low transition or after the
WE transition, the output buffers remain in a high impedance state.

*5.1f 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.

*6. Data Out is the same phase of write data of this write cycle.

Capacitance ( Tz=25'C, f=1.0MHz)

Item Symbol min typ max Conditions
Input Capacitance Cin - - 6.0 Vin=0V
Input/OQutput Capacitance Ci/o - - 10 Vi/o=0V

Note) This parameter is sampled and not 100% tested.
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HM6788HA Series Preliminary

16384-Word x 4-Bit High Speed Static RAM

W FEATURES
e Super Fast
AccessTime.............coovvvininnnn 12/15/20ns (max.)
* +5V Single Supply
* L ow Power Dissipation
(DC)Operating . ........covviiinennnn, 300mW (typ.)
e Completely Static Memory
No Clock or Timing Strobe Required (DP-22NB)
e Fully TTL Compatible—All Inputs and Outputs
B ORDERING INFORMATION W PIN ARRANGEMENT
Type No. Access Time Package
HMG6788HAP-12 12ns 300 mil 22 pin Ao 1 22 j vce
HM6788HAP-15 15ns Plastic DIP A1 2 21 ] A3
HM6788HAP-20 20ns (DP-22NB) A2 3 20 [] Ar2
W BLOCK DIAGRAM Asly4 19 % An
As4 5 18 A10
As 6 17 ] Ae
:ao—-——— —Oxcc Asl] 7 16 ] U0
70 OVss A7 ] 8 15 [] o,
As O——rdl Row Memory Matrix = 5[] w0z
Ag o—— 5| Decoder 128 X 512 Al o 14 [ ] 110
Ao Cs[ w0 13 [] 1104
A; o—n vss [ 11 12| WE
A2 O’ |
104 o D = Column /0 — (Top View)
™
IlOz0 . '{,‘2{‘,‘ Column Decoder
103 0— ] Control
ool ™ | RRBRRE
Ar2A11A10 Ag A ApAgg
L
CSod _[__{ 5 ‘
—W—EO 1j/ll
L N
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HM6788HA Series

Bl ABSOLUTE MAXIMUM RATINGS

Item Symbol Rating Unit
Voltage on Any Pin Relative to Vgg Vr -0.5t0 +7.0 \%
Power Dissipation Py 1.0 w
Operating Temperature Topr Oto +70 °C
Storage Temperature Ty -55to +125 °C
Temperature Under Bias Tpias -10to +85 °C
B RECOMMENDED DC OPERATING CONDITIONS (0°C =< T, < 70°C)
Item Symbol Min. Typ. Max Unit
Supply Voltage Vee 4.5 5.0 5.5 \'J
Vss 0.0 0.0 0.0 \
Input High (Logic 1) Voltage Vg 2.2 — 6.0 \4
Input Low (Logic 0) Voltage v -3.0* - 0.8 \'
*Pulse width < 10ns, DC: -0.5V
B TRUTH TABLE
[ WE Mode Vec Current 1/0 Pin Ref. Cycle
H X Not Selected Is, Ispi High Z —
L H Read Ice, Iecy Data Out Read Cycle (1), (2)
L L Write Icc, Iccy Data In Write Cycle (1), (2)

M DC AND OPERATING CHARACTERISTICS (Ve = 5V + 10%, T, = 0°C to 70°C, Vgs = OV)

Item Symbol Test Condition Min. | Typ. | Max. | Unit
Input Leakage Current Il | Voo = 5.5V, Viy = Vgg to Ve _ — 2 A
Output Leakage Current [TLol CS = Via, Vo = Vssto Vee — — 10 A
Operating Power Supply Current Icc CS = ViL, Iyo, = OmA — — 100 | mA
Average Operating Current Icci | Min. Cycle Duty: 100% Ij,0 = OmA — — 120 | mA
Standby Power Supply Current Isg | CS=Vy — — 30 mA
Standby Power Supply Current (1) | Igp; SlSNZs\(I)CSV_ (?rZV\IIN > Ve - 0.2V — - 10 | mA
Output Low Voltage VoL | IoL = 8mA — — 0.4 v
Output High Voltage Vou |log = -4mA 24 — — \%

B AC TEST CONDITIONS

¢ Input Pulse Levels: Vgg 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
Dout 4800 Dout 4800
[- S [- S—

2 * b3 *

2550 30 pF 2550 1 5 pF

Output Load B

Output Load A (for tyz, ti7, twz, & tow)
*Including scope and jig capacitance.
@ HITACHI
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B CAPACITANCE (T, = 25°C, f = 1.0MHz)

HM6788HA Series

Item Symbol Max. Unit Conditions
Input Capacitance CiNn 6.0 pF ViN =0V
Input/Output Capacitance Cro 10.0 pF Vyo = OV
NOTE:  This parameter is sampled and not 100% tested.
B AC CHARACTERISTICS (Voc = 5V % 10%, T, = 0°C to 70°C, unless otherwise noted.)
* Read Cycle
HM6788HA-12 | HM6788HA-15 | HM6788HA-20 .
ltem Symbol - n. | Max. | Min. | Max. | Min. | Max. | o0 | NS
Read Cycle Time trc 12 — 15 — 20 — ns —
Address Access Time tAA — 12 — 15 — 20 ns —
Chip Select Access Time tacs — 12 — 15 — 20 ns —
Output Hold from Address Change toH 4 — 4 — 4 — ns —
Chip Selection to Output in Low Z tLz 3 - 5 — 5 - ns 1,2
Chip Deselection to Output in High Z thz 0 6 0 0 8 ns 1,2
NOTES: 1. This parameter is sampled and not 100% tested.
2. Transition is measured 200mV from steady state voltage with specified loading in Load B.
e Write Cycle
HMG6788HA-12 | HM6788HA-15 | HM6788HA-20 ,
ltem Symbol Min. | Max. | Min. | Max. | Min. | Max Unit | Notes
Write Cycle Time twe 12 — 15 — 20 — ns 2
Chip Selection to End of Write tow 8 — 10 — 15 — ns —
Address Valid to End of Write taw 8 — 10 — 15 — ns -
Address Setup Time tas 0 — 0 — 0 - ns —
Write Pulse Width twp 8 — 10 — 15 — ns —
Write Recovery Time twR 0 — 0 — 0 - ns —
Data Valid to End of Write tpw 6 — 7 — 10 — ns —
Data Hold Time tDH 0 — 0 - 0 - ns —
Write Enable to Output in High Z twz 0 6 0 6 0 8 ns 3,4
Output Active from End of Write tow 3 — 3 — 3 — ns 3,4

NOTES:

1. 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 +200mV from steady state voltage with specified loading in Load B.
4. This parameter is sampled and not 100% tested.

Hitachi America, Ltd. e Hitachi Plaza * 2000 Sierra Point Pkwy. ® Brisbane, CA 94005-1819 e (415) 589-8300
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HM6788HA Series

B TIMING WAVEFORM
¢ Read Cycle (1) W @

- 1R =
Address X X
taa
toH

Data Out Previous Data Valid Data Valid
* Read Cycle (2) (N 3)

» tre _

N\ 7

- tacs |

~ iz » thz o
Data Out , Data Valid —

High Impedence High

Impedence

NOTES: 1. WE is High for READ cycle.
2. Device is continuously selected, CS = Vj_
3. Address valid prior to or coincident with CS transition low.
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HM6788HA Series
 Write Cycle (1) (WE Controlled)

twe _
Address X X
l tew -
s TS 7777777777
AW ole WRE)

tas D -

e =¥
tow 1DH()

High Impedance High Impedance

Data In Data Valid

IO tow(5) toH (6)
777777777777\ Highimpedance
DataOut _ NN NN NN SNNANNANN
e Write Cycle (2) (CS Controlled)
- twe o
Address X
B taw . twr@ _
D tas _ T o
= - e tew =
RN J
- twp (1)
RN NN t X t//////////// 7
DW DH
Data In Data Valid

High Impedance (4)

Data Qut

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, [/O pins are in the output state. Then the data input signals of opposite phase to the
outputs must not be applied to them.

6. Doyt is the same phase of write data of this write cycle.
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HM6289 Series

16384-Word x 4-Bit 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: 25/35 ns (max)
« High density 24-pin SOJ package
« Low power
Active mode: 300 mW (typ)

Standby mode: 100 uW (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. Access Time Package
HM6289JP-25 25 ns 300-mil
HM6289JP-35 35ns 24-pin
HM6289LIP-25 25ns SOJ
HM6289LIP-35 35ns (CP-24D)

Block Dlagram

a2 o—— %] —
mo—{% e
38
o]
AS Row Memory Matrix
Decoder 128 %512
&
aro——5
Aso——{57 [
] T
l/ono———-tg— ™ Column 1/0 —
o020 l;ﬂ“ Column Decoder
o = %%%%%%%
/04 0 B—
All AIZ AI3 A9 Al0 A0 Al
=== o
1

@ HITACHI

HM6289 Series

(CP-24D)

Pin Arrangement

(Top View)

Pin Description

Pin Name Function
A0-A13 Address
I/01-1/04 Input/output
(& Chip select
OE Output enable
WE Write enable
Vee Power supply
Vss Ground
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HM6289 Series

Function Table
CS OE WE Mode Vce Current I/O pin Ref. Cycle
H X X Not selected Iss, IsB1 High-Z —_
L L H Read Icc Dout Read cycle (1)~(3)
L H L Write Iec Din Write cycle (1)—(2)
L L L Write j Din Write cycle (3)-(6)
Note: x; HorL
Absolute Maximum Ratings
Item Symbol Value Unit
Voltage on any pin relative to Vss Vin -0.5""to0 +7.0 \
Power dissipation Pr 1.0 w
Operating temperature range Tope 0to +70 °C
Storage temperature range Tag -55to +125 °C
Storage temperature range under bias Thias -10to +85 °C
Note:  *1. Vin min =-2.0 V for pulse width < 10 ns.
Recommended DC Operating Conditions (Ta = 0 to +70°C)
Item Symbol Min Typ Max Unit
Supply voltage Vee 45 5.0 55 v
Vss 0 0 0 v
Input high (logic 1) voltage  VmH 22 — 6.0 v
Input low (logic 0) voltage VL -0.5"! — 0.8 \Y
Note:  *1. VL min =-2.0 V for pulse width < 10 ns.
DC Characteristics (Ta =0to +70°C, Vcc =5 V £ 10%, Vss=0 V)
Item Symbol Min Typ'"' Max  Unit Test Conditions
Input leakage current 1l — — 20 HA Vee= Max
Vin =0V to Vcc
Output leakage current (Lol —_ —_ 20 RA CS=Vm
Vyo=0Vio Vec
Operating Vcc current Icc _ 60 120 mA CS = Vi, Ivo=0mA,
Min. cycle
Standby Vcc current Iss — 15 30 mA CS = Vm, Min. cycle
Standby Vcc current (1) Isp1? —_ 0.02 20 mA CS>Vec-02V
Ise1"? —_ 0.02 0.1 mA 0V<Ving02Vor
Vee-0.2V < Vin
Output low voltage VoL — — 04 \4 JoL = 8 mA
Output high voltage Vou 24 — — \ Jon = 4.0 mA
Notes: *1. Typical limits are at Vcc= 5.0 V, Ta = +25°C and specified loading.
*2. P-version
*3, LP-version
Capacitance (Ta = 25°C, f = IMHz)
Item Symbol Min Typ Max Unit Test Conditions
Input capacitance Cin — —_ 6 pF Vin=0V
Input/output capacitance Cwo — —_ 8 pF VIO=0V
Note:  This parameter is sampled and not 100% tested.
@ HITACHI
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HM6289 Serles

AC Characteristics (Ta =010 +70°C, VcC = 5 V + 10%, unless otherwise noted.)
Test Conditions

Input pulse levels: Vssto 3.0 V
Input rise and fall times: 5ns
Input and output timing reference levels: 1.5V
Output load: See figures
Output Load (A) Output Load (B)
(for ICHZ, \CLZ, tOHZ, 10LZ, {WHZ & tow)
+5V +5V
4800 4800
Dout O—— Dout
25503 3'-30pF* 5503 3'. SpF *

Note:  * Including scope & jig.

Read Cycle

HM6289-25 HM6289-35 .
ltem Symbol Min Max Min Max Unit
Read cycle time RC 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 tcrz™! 5 — 5 — ns
Output enable to output valid toE — 12 — 15 ns
Output enable to output in low-Z torz"! 0 — 0 — ns
Chip deselection to output in high-Z  tcuz"! 0 12 0 20 ns
Chis disable to output in high-Z tonz”! 0 10 0 10 ns
Output hold from address change toH 3 — 5 — ns
Chip selection to power up time wuU 0 - 0 — ns
Chip deselection to power down time  tpp — 25 — 30 ns

Note:  *1. 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 Series

Read Timing Waveform (1) "

X X
SRS 004
= N\f e NSNS

tacs

Dout Tan i - < Data Valid }<><>—

Read Timing Waveform (2) 2"
- A X

SR 775 GECTI

[ X

taca | tenr

Dot Tigh Tmpedunce Dau Valid >_

Notes: *1. WE is high for read cycle. .
*2. Device is continuously selected, CS = Vn_..__
*3. Address valid prior to or coincident with CS transition low.

*4. OE = VL.
Write Cycle
HM6289-25 HM6289-35 .
Item Symbol M Max M Max Unit

Write cycle time twe 25 — 35 — ns
Chip selection to end of write tew 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"!  tonz 0 10 0 10 ns
Write to output in high-Z"! IWHZ 0 8 0 10 ns
Data to write time overlap W 12 —_ 20 — ns
Data hold from write time DH 0 — 0 — ns
Output active from end of write"! tow 5 — 5 — ns

Note:  *1. 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 Series

Write Timing Waveform (1) (OE = High, WE = Controlled)

twe

few

= AN\N\K 1Ly

bas

— I twp &l - -
WE

- TR T

High Impedance

Write Timing Waveform (2) (OE = High, CS = Controlled)

twe

-__ K x

tas tew

— }

SNk ————777777,

RO —

High Impedance
Dout

al

Ed
(21

GO HITACHI
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HM6289 Series
Write Timing Waveform (3) (OE = Clocked, WE = Controlled)

twg

~_X X
ﬁZZLJ/ \EEEE
AN W7

al

k]
~
/
e

o
N
N

Dout High Impedance

b <><>‘< D vt }QO____

Write Timing Waveform (4) (OE = Clocked, CS = Controlled)

tec

( X
/7F PANRNN
777,

High Impedance
Dout.

NL

3l

a
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HM6289 Series

Write Timing Waveform (5) (OE = Low, WE = Controlled)

- X B

tas ten
tur®]

" RN ¥

Dout > XA \ \ L\ High Impedance 3

tow ton

Write Timing Waveform (6) (OE = Low, CS = Controlled)

- X

J

/

777777

ter %1

-
e
A
/
v
L~

NG

Dout

on (K o ><><><><>O

Notes:

86

*1

*5.

*6.
*7.

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

. tWR is measured from the earlier of CS or WE going high to the end of write cycle.
*3,
*4,

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.
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/O 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.

Dout is the same phase of write data of this write cycle, if tWR is long enough.

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 Series

Low Vcc Data Retention Characteristics (Ta = 0 to +70°C)
This characteristics is guaranteed only for L-version.

Item Symbol Min Typ Max  Unit  Test Conditions
Vcc for data retention Vbr 2 —_ —_— \" CS2Vcc-02V,
Data retention current Iccor — — 502 HA  Vin2Vcc-02Vor
35" 0V<Vin<02V
Chip deselect to data retention time tCDR 0 — — ns See retention waveform
Operation recovery time R tre"! — — ns
Note:  *1. trRC = Read cycle time
*2. Vee=3.0V
*3. Vec=20V

Low Vcc Data Retention Waveform

Data Retention Mode

€82 Ve ~0.2v

G HITACHI
Hitachi America, Ltd.  Hitachi Plaza » 2000 Sierra Point Pkwy. ® Brisbane, CA 94005-1819 e (415) 589-8300 87



HM6289 Serles
Supply Current vs. Supply Voltage

16
o Ta=25C
% 14
§ .2
(4
L 1.0
g 0.8
=
Eos
]
04,3 4.75 5.0 5.25 55
Supply Voltage Ve (V)
Access Time vs. Supply Voltage
13
o~ Ta=25C
T
[}
E
g R
O
- 1.0 \
g \
v 09
E
=
g 0.8
<
0755 4.75 5.0 5.25 5.5

Supply Voltage Vec (V)

Access Time vs. Amblent Temperature

Access Time  tAA,. tacs (Normalized)

Supply Current  Icc (Normalized)

Supply Current vs. Ambient Temperature

1.6
- Vec =5.0V
3 14
£
12
é
¥
. —~—t
. N\
g 08
=
B os
v
0.4
0 20 40 60 80
Ambient Temperature Ta (°C)
Access Time vs. Load Capacitance
1.8
16
14
) / -~
/
08
06
0 50 100 150 200
Load Capacitance  CL (pF)
Supply Current vs. Frequency
" 100 50 33 25 20 T (ns)
1.0
09 //
P
0.8
7
0.7 v
06
0.5

0 10 20 30 40 50
Frequency f (MHz)
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HM6289 Series

High Level Output Current  Io (Normalized) Low Level Input Voltage Vi (Normalized)

Standby Current  Iccor (Nommalized)

Low Level Input Voltage vs. Supply Voltage

1.3
Ta=25C

1.2

1.1

—

1.0 //

0.9

0.8

0’74.5 435 5.0 5.25 5.5

Supply Voltage Vcc (V)

Output Current vs. Output Voltage (1)

High Level Input Voltage vs. Supply Voltage

High Level Input Voltage Vi (Nomnalized)

Ta=25C
12
1.1
1.0
0.9
08
0.7
45 4.75 5.0 5.25 5.5

Supply Voltage Vcc (V)

Output Current vs. Output Voltage (2)

16 g 16
Ta=25C § / 'ca=25'c
Vee=5V = e =5V
14 s g 1.4
\ s /
12 N\ L
1.0 \ E 1.0
\ 3
0.8 g, 0.8
\ S /
0.6 T 06
\ 3 {
0.4 g 04
1 2 3 4 5 3 ™o 0.2 04 06 0.8
High Level Output Voltage VoH (V) Low Level Output Voltage VoL (V)
Standby Current vs. Amblent Temperature Standby Current vs. Supply Voltage
10 1.4
Voo =3V R /
5 CS=2.8v § 12
S !
E w0
3
pd § os
1.0 > -+ o /
05 E /
3 o4 // Ta=25C
? 0.2 / C_S=Vcc“0.2V
L
0.1 0
20 40 60 80 2 3 4 5 6
Ambient Tﬂ'npeﬂmm Ta (°C) Qunnlir Unltaas Ve (VY
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HM6289 Serles

Standby Current vs. Input Voltage

1 -
. 0 Ta=25T
g Vee=5.0V
) CS=4.8V
o 8
€
B 6
A
E 4
3 /
iy
[ B )
N

0 2 3 4 56

Input Voltage Vi (V)
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HM6789 Series Maintenance Only

r Refer to HM6789HA Series l

16384-word x 4-bit High Speed Hi-BiCMOS Static RAM (with OE)

Features ) HM6789P Series
® Super FastAccessTime:............... 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. Access Time Package (DP-24NC)

HM6789P-25 25ns 300 mil 24 pin

HM6789P-30 30ns plastic DIP HM6789JP Series
HM6789JP-25 25ns 300 mil 24 pin

HM6789JP-30 30ns Plastic SOJ
Block Diagram

A2 P—m T -0 Ve

Aso— ] ~——0 Vs

Ad [ g Kow Memory Matrix

A [ g Decoder 128 X512

A6 0———] 3

A7 o———X (CP-24D)

aso——% |

1 | .
| Pin Arrangeme
1/01 o——«—__(}— Column 1/0 m— gement
1/02 0- Input Column Decoder
Data
1/03 o j— Control
1/04 O- i ?—4
All A12 A3 A9 Al0 A0 Al
WE O T
oo =
i
Absolute Maximum Ratings
Item Symbol Rating Unit

Terminal Voltage to Vg Pin Vp ~05t0+7.0 V

Power Dissipation Py 1.0 w (Top View)
Operating Temperature Range Topr Oto +70 °C

Storage Temperature Range under bias Tseg(bias) ~10 to +85 °C

Storage Temperature Range Totg =55 to+125 °C

@ HITACH!
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HM6789 Series

Recommended DC Operating Conditions (T, = 0 to +70°C)

Item Symbol min typ max Unit
v 4.5 5.0 5.5 \'
Supply Voltage ce
Vss 0.0 00 00 \
Input High Voltage ViH 2.2 - 6.0 v
Input Low Voltage ViL ~0.5%! - 0.8 \4

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

Function Table
CS OE WE Mode Ve Current 1/0 Pin Ref. Cycle
H HorL HorL Not selected IsB, IsB) High Z -
L H H Output Disabled Icc, Icca High Z -
L L H Read Icc, Icct Dout Read Cycle (1) (2) (3)
L H L Write Icc. It Din Write Cycle (1) (2) (3) (4)
L L L Icc Iecy Din Write Cycle (5) (6)
DC and Operating Characteristics (Voc =5V+10%, T,=0 to +70°C)
Item Symbol min typ max  Unit Test Conditions
Input Leakage Current ey - - 2 A Vee=5.5V,ViN=VggtoVge
CS=VigorOE = Vyyor WE=vVp
Output Leakage Current Lol - - 2 uA \ 0= Vgs to Vee
Operating Power Supply Current Icc - - 100 mA CS=vp, Ijjo = 0mA
Average Operating Current Iccy _ _ 1200 mA Min.Cycle,Duty:100%,l;j0=0mA
Isp - - 30 mA CS=ViIH

Standby Power Supply Current

CS2 Vee - 0.2V

I — -
SB1 10 mA VIN£02VorViN 2 Ve - 0.2V
Output Low Voltage VoL - - 04 v IoL = 8mA
Output High Voltage VoH 24 - - v IoH = -4mA
AC Test Conditions
® Inputpulselevels ............. e Vgs to 3.0V
® Input and Output reference levels . ............. 15V
® Inputriseand falltime ................ . X113
® Output Load: See Figure
+5V +5V
480Q 480Q
Dout Dout
2550 309F* 2550 5pF*
* including
scope and jig
Output Load A Output Load B
(tenz, twnz, tonz
teiz tow torz)
@ HITACHI
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HME789 Series

Capacitance (T, = 25°C, f= 1.0MHz)

Item Symbol min typ max Unit Test Conditions
Imput Capacitance CiN - - 6 pF Vin =0V
lhput/Output Capacitance Cyo - - 8 pF Vijo=0V

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

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

Read Cycle
Item Symbol AHM6789-25 .HM6789-30 Unit
min max min max
Read Cycle Time trRC 25 - 30 - ns
Address Access Time tAA - 2§ - 30 ns
Chip Select Access Time tacs - 25 - 30 ns
Chip Selection to Output in Low Z tcrLz*! 0 - 0 - ns
Output Enable to Output Valid tOE 0 15 0 15 ns
Output Enable to Output in Low Z toLz*! 0 ~ 0 - ns
Chip Deselection to Output in High Z tcHz*1 0 10 0 12 ns
Output Hold from Address Change toH N - 5 - ns
Input Voltage Rise/Fall Time tp*? - 150 - 150 ns
Write Cycle
ltem Symbol : HM6789-25 .HM6789—30 Unit
min max min max

Write Cycle Time twe 25 - 30 - ns
Chip Selection to End of Write tew 20 - 25 - ns
Address Setup Time tAs 0 - 0 - ns
Address Valid to End of Write tAw 20 - 25 - ns
Write Pulse Width twp 20 - 25 - ns
Write Recovery Time tWR 0 - 0 - ns
Write to Output in High Z twHz*1 0 10 0 12 ns
Data Valid to End of Write tpw 15 - 20 - ns
Data Hold Time tpH 5 - 5 - ns
Output Disable to Output in Hihg Z tonz*1 0 10 0 10 ns
Output Active from End of Write tow*1 0 - 0 - ns

Notes) *1. Transition is measured +200mV from steady state voltage with Load (B).
This parameter is sampled and not 100% tested.
*2. If tp becomes more than 150ns, there is possibility of function fail.
Please contact your nearest Hitachi Sales Dept. regarding specification.
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HM6789 Series

Timing Waveform
Read Cycle (1)*?

- X

* T 7777
NS /777

terz

Valid —
Dout ™ Tiah I - K Data >O<>

Read Cycle (2)*1.72,°3

- K X

taa i

ton
tow I

Dout Previovs Data Valid > Data Valid W

Read Cycle (3)"1.°3.°4

3 ———\\ ) [———

tacs ol

tomr

terz

Data Valid e
Dout High Impedance )

Notes) *1. WE=ViH
*2. C8= ViL
*3, OE= Vi )
*4, Address valid prior to or coincident with CS transition Low.

»
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HM6789 Series
Write Cycle (1) (OE = H, WE Controlled)

~TX X
JANRUNN Y7777,

twr

[ tup® ]

" ROK ra

1 o

v

High Impedance

tow

Dout

Write Cycle (2) (OE = H, TS Controlied)

- X X

tas 1

= [ X\ A

- SN A7/

tow

- XXX = XXX

High Impedance

G HITACHI
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HME789 Series

Write Cycle (3) (OF = Clocked, WE Controlled)

i
r'\
>,<_1L

ﬁ7_/.i__/[ \

= AN\NAR 1/

taw

tas ™
1 twp ¥l

= ROK s
Dout = ; High Impedance

/l

N
\E
N

toz %2

tow

High 1 High Impedance
- igh Impedance <><> < Data Valid gh Impe

i

Write Cycle (4) (OE = Clocked, CS Controlled)

[ twe

-~ X X
= 77N NN

i S—

AN\ 77774,

b XXK oo —ﬂ%XX__
G HITACHI
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HMB789 Series
Write Cycle (5) (OE = L, WE Controlled)

- X
- T {77777,

" YR e

twnz® 2

- 5SS SSNIN e S VA

High Impedance *5  High Impedance
Din <>< Data Valid >

Write Cycle (6) (OE = L, CS Controlled)

- X X

5 N 4

twn

twp ¥l

ERRRNAN V777777

torz twnz

*4 High Impedance
Dout

tow tou l
High Impedance .
Din Data Valid

Notes)*1. A write occurs during the overlap (tyyp) of a low CS and a low WE,

*2. During this period, 1/O 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 is low transjtion occurs after the WE low transition, output remain in a high impedance state.

*5. If CS is low during this period, /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.
G HITACHI
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Maintenance Only

HM6789H Series

[ Refer to HM6789HA Series |

16384-word x 4-bit High Speed Hi-BiCMOS Static RAM (with B_E—)

Features

® Super Fast Access Time:. . ..........

Low Power Dissipation (DC) Operating
+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

HM6789HP Series
15/20 ns {(max)

280 mW (typ.)

Type No. Access Time

Package (DP-24NC)

HM6789HP-15 15ns 300 mil 24 pin
HM6789HP-20 20ns plastic DIP HM6789HJP Series
HM6789HIP-15 15ns 300 mil
HM6789HJP-20 20ns 24 pin plastic SOJ
Block Diagram
A8 m %" -0 Vee
AT -0 Vss
n6o——% ]
Row Memory Matrix
AB 0——-%:
Decoder 128 X512
A4 o*-%:
Aso—— 3] (CP-24D)
Azo——%"
1 1 Pin Arrangement
1/01 O——4 Column 1/0 —
vozo ? Input Column Decoder
Data
e N %% % % % % %
1/04 © ’B—
Al12 A11 A10 A9 Al A0 A13
"o = =i
!
1 N

Absolute Maximum Ratings

Item Symbol Rating Unit
Terminal Voltage to Vsg Pin Vr -05t0o+70 V
Power Dissipation Pr 1.0 w (Top View)
Operating Temperature Range Topr 0to +70 °C
Storage Temperature Range under bias T,,g(bias) ~10 to+85 °C
Storage Temperature Range Teg =55 to+125 °C

Note)

The specifications of this device are subject to change without notice.

Please contact Hitachi's Sales Dept. regarding specifications.
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HM6789H Series

Recommended DC Operating Conditions (7, = 0 to +70°C)

Item Symbol min typ max Unit
v 4.5 5.0 5.5 \%
Supply Voltage cc
Vgs 0.0 0.0 0.0 Vv
Input High Voltage ViH 2.2 - 6.0 v
Input Low Voltage ViL ~-0.5%! - 0.8 A%

Note) *1. -3.0V for pulse width < 10ns.

Function Table

CS OE WE Mode Ve Current 1/0 Pin Ref. Cycle

H HorL HorL Not selected Isp, IsB) High Z -

L H H Output Disabled Icc, Icc High Z -

L L H Read Iccs Icct Data Out Read Cycle (1) (2) 3)

L H L Write Icc: Iect Data In Write Cycle (1) (2) (3) (4)
L L L Icc, Iccy Data Out Write Cycle (5) (6)

DC and Operating Characteristics (Vcc=5V$10%, T,=0 to +70°C)

Item Symbol min typ max  Unit Test Conditions
Input Leakage Current IR - - 2 wA Vee=55V,ViN=Vggto Ve
CS=VjqorOFE=VyyorWE=Vy,
Output Leakage Current Lol - - 10 WA vyp=VggtoVee
Operating Power Supply Current Ice - - 100 mA CS=vy,Ijyo=0mA
Average Operating Current Ice - - 120 mA Min.Cycle,Duty:100%,Ij;0=0mA
Isp - - 30 mA CS=Vi
Standby Power Supply Current - v
Isp, _ _ 10 mA CSz2Vee ~-0.2
VINS0.2VorViNy 2 Vec -0.2V
Qutput Low Voltage VoL - = 0.4 \" IoL = 8mA
Output High Voltage VoH 24 - - v Iog = ~4mA
AC Test Conditions
® Inputpulsefevels .................... Vgs to 3.0V
® [nput and Output reference levels . ............ . 15V
® Inputriseand falltime ..................... . 4ns
® Output Load: See Figure
+5V +5V
4800 4800
Output Output
255Q 30pF* 2550 5pF*
* including
scope and jig
Output Load A Output Load B
tewz, Lwnz, Lon,
teez tow, fouf
GO HITACHI
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HM6789H Series

Capacitance (7, = 25°C, f = 1.0MHz)

Item Symbol min typ max Unit Test Conditions

Imput Capacitance CIN - - 6 pF VIN = 0V
Input/Output Capacitance Crjo - - 10 pF Vo= 0V
Note) This parameter is sampled and not 100% tested.

AC Characteristics (Vo c=5V10%, T,=0to +70°C, unless otherwise noted.)

Read Cycle

lem Symbol .HM6789H-15 %lM6789H-20 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 Qutput in Low Z tcrz®t 3 - 3 - ns
Output Enable to Output Valid toE 0 12 0 12 ns
Output Enable to Output in Low Z torLz*! 3 - 3 - ns
Chip Deselection to Output in High Z toHz*! 0 6 0 8 ns
Output Hold from Address Change tOH 3 - 3 - ns

Write Cycle

Item Symbol HM6789H-15 HM6789H-20 Unit
min max min max

Write Cycle Time twe 15 - 20 - ns
Chip Selection to End of Write tow 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 1 - 1 - ns
Write to Output in High Z twHz"1 0 6 0 8 ns
Data Valid to'End of Write tpw 9 - 10 - ns
Data Hold Time tpH 0 - 0 - ns
Output Disable to Output in High Z toHz*! 0 6 0 8 ns
Output Active from End of Write tow*1 0 - - ns

Note) *1. Transition is measured +200mV from steady state voltage with Load (B).
This parameter is sampled and not 100% tested.

@ HITACHI
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HM6789H Series

Timing Waveform
Read Cycle (1)"!

o X
= Tk 17777
AN AT

tez

Data OQut P ——— < Data Valid ><><>r—

Read Cycle (2)°1:°2.3

tac

Address ><
tow
Data Out Previous Data Valid > Data Valid W

Read Cycle (3)°1.°3.4

tacs !

tewz

teez

Data Valid
Data Out T —T— ata Val

Notes) *1. WE=ViH
*2. C8=ViL
*3, OE=V|L s
*4. Address valid prior to or coincident with CS transition Low.

N —
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HM6789H Series

Write Cycls (1) (OE = H, WE Controlied)

Address ><

" ROK F

tow

High Impedance

Data Out

Write Cydle (2) (OE = H, €S Controlled)

e X X

g tew

= | X ¥

taw

NN //7/[ [/

Data Out L =

@ HITACHI
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HM6789H Series
Write Cycle (3) (OE = Clocked, WE Controlled)

twe

X X
« 7717 PANRNY

| tew

= NAN\NAX 1A

twrkl y -

v NN J
Data Out == ] High Impedunce

tow ton
High Impedance High Impedance
Data In Data Valid

Writs Cycle (4) (OF = Clocked, CS Controlled)

tor®2

D S

& / / 2 \Q E E E
& __—\'\ j/

twp® 1

= SN\ 77777

s

= TR —

High I
Data Out igh Impedance
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HM6789H Series

Write Cyde (5) (OE = L, WE Controlied)

Address

A

tew

SN , SN
WE \\\\\ /
Data Out > > > > > > > High Impedance ) 3
S— ton
Data In High Tmpedance <>< - \ s High Impedance

/

Write Cycle (8) (OF = L, CS Controlled)

9

( Data Valid

Address >< }é
& _\& | }[ |
e \\\\\\% A/

RXXXX2

Notes)*1.
*2.

must not be applied.

*3,

*4,

*5.

the outputs must not be applied to them.

*6.
in high impedance state.

A write occurs during the overlap (yp) of a low CS and a low WE.
During this period, 1/O pins are in the output state so that the input signals of opposite phase to the outputs

Data Out 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

GO HITACHI
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HM6789HA Series

16384-Word x 4-Bit High Speed Static RAM (with OF)

B FEATURES

e Super Fast

AccessTime .............ceuuu. Add. 12/15/20ns (max.)

OE 6/7/8ns (max.)

* Low Power Dissipation

(DC)Operating .............ovvvinuinnnn. 300mW (typ.)
* +5V Single Supply
* Completely Static Memory

No Clock or Timing Strobe Required
e Fully TTL Compatible Input and Output

B ORDERING INFORMATION

(DP-24NC)

il

(CP-24D)

M PIN ARRANGEMENT

Type No. Access Time Package
HM6789HAP-12 12ns 300 mil 24 pin
HMG6789HAP-15 15ns Plastic DIP
HM6789HAP-20 20ns (DP-24NC)
HM6789HAJP-12 12ns 300 mil 24 pin
HM6789HAIP-15 15ns Plastic SOJ
HM6789HAJP-20 20ns (CP-24D)

B BLOCK DIAGRAM
Ag O] —0oVee
A7 O] —OVsgs
| VY, S—— Row Memory Matrix
As o——— 5] Decoder 128 X 512
[ VY, Se—
A3 o——
A2 O ]
110 o _}-‘ — Column 110 —
102 0— ] '3:;‘ Column Decoder
103 0 x Contro!
1104 O— . % %
Alz AnAmo Ag Ay AgAia

1

L
£

Rzl

"

|

GO HITACHI

A 1 24 ] vec
A [] 2 23] A3
A 3 22[ ] A2
As[] 4 21 ] An
A s 20 ] A0
As[ ] 6 19 ] A
As[] 7 18 ] NC
A7[] 8 17 ] 104
As[] 9 16 [ ] 102
€510 15[ ] 1103
OE [ n 14 | /04
VssE 12 13 [ ] WE
(Top View)
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HM6789HA Series
H ABSOLUTE MAXIMUM RATINGS

Item Symbol Rating Unit
Voltage on Any Pin Relative to Vgg Vr -0.5t0 +7.0 A\
Power Dissipation Pr 1.0 w
Operating Temperature Range Topr _ 0to +70 °C
Storage Temperature Range (with bias) Tstgbias) -10to +85 °C
Storage Temperature Range Ty -55t0 +125 °C
B RECOMMENDED DC OPERATING CONDITIONS (0°C < T, < 70°C)
Item Symbol Min. Typ. Max. Unit
Supply Voltage Vee 4.5 5.0 5.5 \
Vss 0.0 0.0 0.0 A
Input High Voltage ViH 2.2 — 6.0 \%
Input Low Voltage ViL* -3.0 — 0.8 \%
*Pulse width < 10ns, DC: -0.5V
B TRUTH TABLE
CS OE WE Mode Vcc Current 1/0 Pin Ref. Cycle
H HorL | HorL Not Selected Isg, Ispi High Z -
L H H Output Disabled Iccs Iccy High Z —
L L H Read Icc, Ieci Data Out Read Cycle (1) (2) (3)
L H L Write Iccs Icct Data In Write Cycle (1) (2) (3) 4)
L L L Icc, Iccy Data In Write Cycle (5) (6)
8 DC AND OPERATING CHARACTERISTICS (V¢ = 5V = 10%, T, = 0°C to 70°C, Vgg = OV)
Item Symbol Test Condition Min. | Typ. | Max. | Unit
Input Leakage Current Il | Vee = 5.5V, Vin = Vs to Ve - — 2 pA
Output Leakage Current Lol Sio_zv{}*s :ioo\llicg Vi, WE =V — — 10 | wA
Operating Power Supply Current Icc | CS = Vi, Iy, = OmA — — 100 | mA
Average Operating Current Icc; | Min. Cycle, Duty: 100%, Ij;o = OmA — — 120 | mA
ISB @ = VIH - - 30 mA
Standby Power Supply Current CS = -
by PPy ISB] SI]SN _SY)CE:V (())rz\/\:N = VCC -0.2V - - 10 mA
Output Low Voltage VoL | IoL = 8mA — — 0.4 \%
Output High Voltage Vou | lon = -4mA 2.4 — — \%

B AC TEST CONDITIONS

¢ Input Pulse Levels: Vgg to 3.0V
¢ Input and Output Reference Levels: 1.5V
+ 200mV from steady level (Output Load B)

¢ Input Rise and Fall Time: 4ns
® Qutput Load: See Figure

+5V
Dout 3 4800
2550 T30pF*
Output Load A

+5V
Dout 4800
2550 SpF*
Output Load B

(for tepz, teyz, tonzs torzs twz & tow)

*Including scope and jig capacitance.
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HM6789HA Series

8 TIMING WAVEFORM
* Read Cycle (1) ()

tre _
Address )( X
- taa -
CERENNNNNNNNNNNNNNE 1 A,
: 10L£OE - ~- tOH o
NN\ N AU7770727
i teiz = - > < = tCH(;HZ i
Data Out T e—— 4 Data Valid XX
¢ Read Cycle (2) ()@ ®)
- IRC ¥ o
Address K K
tAA e toH -

-
el

DataOut Previous Data Valid ) Data Valid X X
¢ Read Cycle (3) (&)
C—S- \| - the s
A 7
e tacs < CHZ
-« Tz
Data Out Data Valid )———

High Impedance

NOTES: 1. WE =V
2.C8 =V
3.0E = viL
4. Address valid prior to or coincident with CS transition low.
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HM6789HA Series

B CAPACITANCE (T, = 25°C, f = 1.0MHz)

Item Symbol Test Conditions Min. Typ. Max. Unit
Input Capacitance CiN VN = 0V — — 6 pF
Input/Output Capacitance Cyo Vyo =0V — — 10 pF
NOTE:  This parameter is sampled and not 100% tested.
B AC CHARACTERISTICS (Ve = 5V + 10%, T, = 0°C to 70°C, unless otherwise noted.)
* Read Cycle
ltem Symbol HMG6789HA-12 | HM6789HA-15 | HM6789HA-20 Unit | Notes
Min. | Max. | Min. | Max. | Min. | Max.
Read Cycle Time trC 12 — 15 — 20 — ns —
Address Access Time tAA — 12 — 15 - 20 ns —
Chip Select Access Time tacs — 12 — 15 — 20 ns —
Chip Selection to Output in Low Z tcLz 3 — 5 — 5 — ns 1,2
Output Enable to Output Valid toE 0 6 0 7 0 8 ns 1
Output Enable to Output in Low Z torLz 2 — 2 — 2 — ns 1,2
Chip Deselection to Output in High Z | tcyz 0 6 0 6 0 8 ns 1,2
Output Hold from Address Change toH 4 — 4 — 4 — ns —
¢ Write Cycle
HM6789HA-12 | HM6789HA-15 | HM6789HA-20 .
ftem Symbol ™ i, | Max. | Min. | Max. | Min. | Max. | 00 | NOS
Write Cycle Time twe 12 — 15 — 20 — ns —
Chip Selection to End of Write tew 8 — 10 — 15 — ns —
Address Setup Time tas 0 — 0 -— 0 — ns —
Address Valid to End of Write taw 8 — 10 — 15 — ns —
Write Pulse Width twp 8 — 10 — 15 — ns —
Write Recovery Time twr 0 — 0 — 0 — ns —
Write to Output in High Z twHZ 0 6 0 6 0 8 ns 1,2
Data Valid to End of Write tpw 6 — 7 — 10 — ns —
Data Hold Time tbH 0 — 0 — 0 — ns —
Output Disable to Output in High Z toHz 1 6 i 6 1 8 ns 1,2
QOutput Active from End of Write tow 3 — 3 — 3 — ns 1,2
NOTES: 1. Transition is measured +200mV from steady state voltage with Load B.
2. This parameter is sampled and not 100% tested.
@ HITACHI
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HM6789HA Serles
¢ Write Cycle (1) (OE = H, WE Controlled)

Address X X
SN N t W A
T :\\\\f twp(1) ;; _

tow tpH
e XTRXXCTRXICTXXIOK v KXEXXIRSS

High Impedance

Data Out

* Write Cycle (2) (OE = H, CS Controlled)

‘ twe

Address X X

tas tew -

cs :‘\ A

taw -

-

twr

_— - twe(1)

" IO N

patain  XXOOOOOOOOOOKXK___pata vaii m

High Impedance

Data Out

G HITACHI
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HM6789HA Series

* Write Cycle (3) (OE = Clocked, WE Controlled)

< twe

-

Address X

e X - NN -0
SN\ t Y AN,
WE — \\\Q< twp(1) ;/

10HZ @) torz2
Data Out High Impedance
Data In High Impedance (X)(: . — ; High Impedance

* Write Cycle (4) (OE = Clocked, CS Controlled)

twe

oy

Address X X
3 7////////////(@ AN

Y- tew o

N

P
-

cs ‘l\ 4
; ‘/4//////// v

< taw -t tWR
tow -

7 e, S
Data In X% patavaid %X X

High Impedance

Data Out

G HITACHI
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e Write Cycle (5) (OE = L, WE Controlled)

HM6789HA Series

Address X : K
SN\ t VA AN

—_ tas

\,

twHz | (@)

Data Out D) PP PPPPPPPPPIPDD

High Impedance

toH

High Impedance

Data In

(©)]

N (6) High Impedance

@ HITACHI
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HM6789HA Series

* Write Cycle (6) (OE = L, TS Controlled)

- twe -
Address X X
Jas
J— g o, tcw
CS \{ ;/
- taw -
twe (1) _ twr
- wp o
teLz fa—n ‘tw“l
High Impedance
Data Qut (4) 9 s
. tow ton_

B - Pt

Dataln  —ghImpedance KX Datavaid  XXXXXXXXX

NOTES: 1. A write occurs during the overlap (twp) of a low CS and a low WE.
2. During this period, I/0 pins are in the output state so that the input signals of opposite phase to the outputs must not
be applied.
3. Dow 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, /O 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 OF high transition or after the OE transition, output remain in
high impedance state.
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HVMGE6287 Series Maintenance Only

| Refer to HM6287H Series |

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: 100uW (typ.)/10uW (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 (DP-22N)
® Capability of Battery Back Up Operation (L-version)

® PIN ARRANGEMENT

B ORDERING INFORMATION aft] 22 vee
Type No. Access Time Package afz] E An
HM6287P-45 45ns 3] 0] A
HM6287P-55 55ns o \
X As 19 An
HM6287P-70 70ns 300 mil 22 pin
HM6287LP45 45ns Plastic DIP ML 18] An
HM6287LP-55 55ns a5 17] An
HM6287LP-70 70ns (7] E "
Arls] 15] Ar
s BLOCK DIAGRAM O8] L) Ry
WE {10} 13}0..
A —LF vis [11] 12)C8
»—L3 Ve :
PR —t (Top View)
A Decoder Memory Arcey
a—LF] 128 x 812
v—LF
Din Column  1/0 Dout
K'D_ Column  Decoder
e O] RRRRARARA
A A A Ay Ac A AL A AL i
@ HITACHI
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HMB287 Series

® TRUTH TABLE

cs WE Mode Ve Current Dout Pin Ref. Cycle
H X Not Selected Isp,Isp; High Z -
L H Read Icc Dout Read Cycle
L L Write Iec High Z Write Cycle
® ABSOLUTE MAXIMUM RATINGS
Item Symbol Rating Unit
Voltage on Any Pin Relative to Vgg Vr -0.5"1 10 47,0 v
Power Dissipation Pr 1.0 w
Operating Temperature Topr 0 to +70 °C
Storage Temperature Tytg —-55 to +125 °C
Temperature Under Bias Thias —10 to +85 °c
Note) *1. -3.5V for pulse width S 20ns
a RECOMMENDED DC OPERATING CONDITIONS (7 = 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
Vin 2.2 - 6.0 v
Input Voltage ViL 051 — 08 v

Note) *1. ~3.0V for pulse width S 20ns
s DC AND OPERATING CHARACTERISTICS (Voc=5V+10%, Vgs =0V, Ta=0to +70°C)

*1

Item Symbol Test Conditions min | typ '| max |Unit
Input Leakage Current Wt Vee= 55V, Vin=Vssto Vee - - | 20 |uA
Output Leakage Current 1ILo1| CS=Vig, Vour=Vssto Vec -1 =120 |uA
Operating Power Supply Current | Ioc CS = Vi1, Ioys = OmA, min, cycle - 60 | 100 |mA
Isp CS = Vy, min. cycle - | 10 | 30 [mA
Standby Power Supply Current | CS2 Vee-0.2v, - [0.02] 20 |mA
SBI | OVEVy, S02VorVoe-02VSVy, — [ 2*2]100"2] ua
= - - K v
Output Voltage ZZ,L,, fﬁ} t;—%mp. 24| - = v
Notes) *1. Typical limits are at Voc = 5.0V, Tg = 25°C and specified loading.
*2. This characteristics is guaranteed only for L-version.
® CAPACITANCE (f=1MHz, T, =25°C)
Item Symbol Test Conditions min typ max Unit
Input Capacitance Cin Vin =0V - - 5 pF
Output Capacitance Cout Vout = 0V - - 1.5 pF

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

G HITACHI
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m AC CHARACTERISTICS (Vcc = 5V £10%, T, = 0 to +70°C, unless otherwise noted)

® AC TEST CONDITIONS
Input Pulse Levels: Vgg 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

4802

Dout

2559 30pF

#Including scope & jig capacitance

® READ CYCLE

Output Load B

™
&
©
AAA
| Wy |

4802

.
SpF

# Including scope & )ig capacitance

HM6287 Series

HM628745 HM6287-55 HM6287-70
Item Symbol n - Unit Notes
min max min max min max
Read Cycle Time tRC 45 - 55 - 70 - ns 1
Address Access Time t44 - 45 - 55 ~ 70 ns
Chip Select Access Time tACS - 45 - 55 - 70 ns
Output Hold from Address Change tOH S - 5 - 5 - ns
Chip Selection to Output in Low Z 1Lz K - 5 - 5 - ns 2,3,7
Chip Deselection to Output in High Z tHZ 0 30 0 30 0 30 ns 2,3,7
Chip Selection to Power Up Time tPU 0 - 0 - 0 - ns 7
Chip Deselection to Power Down Time tpD - 40 - 40 - 40 ns 7

® Timing Waveform of Read Cycle No. 1¢4)(5)

the

Address )(

pa—— topi

Dout

Previous Data V.

Db

ton
Data Valid %

® Timing Waveform of Read Cycle No. 2(4)(6)

s N

-

ke

—

Dout

Pt

tacs |
o’ o oVoy
High Impedance Data Valid

te— thi -;_
High

Impedance

Vee supply
current ___—_i 50,

Isn
Notes:

and from device to device.

. WE is high for READ Cycle.

Y- X

Device is continuously selected, while CS = ViL.
. Address valid prior to or coincident with CS transition low.
This parameter is sampled and not 100% tested.

G HITACHI

tetrn
50" L

1. All Read Cycle timing§ are referenced from last valid address to the first transitioning address.
2. At any given temperature and voltage condition, fg7 max. is less than #7Z min. both for a given device

. Transition is measured +500 mV from steady state voltage with specified loading in Load B.
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HM6287 Series

® WRITE CYCLE

HM628745 HM6287-55 HM6287-70 .
Item Symbol - - - Unit Notes
min | max | min | max { min | max
Write Cycle Time twC 45 - 55 - 70 - ns 2
Chip Selection to End of Write tCwW 40 - 50 - 55 - ns
Address Valid to End of Write tAW 40 - 50 - 55 - ns
Address Setup Time t4S 0 - 0 - 0 - ns
Write Pulse Width twP 25 - 35 - 40 - ns
Write Recovery Time twR 0 - (] - 0 - ns
Data Valid to End of Write tDw 25 ~ 25 - 30 - ns
Data Hold Time tDH 0 - 0 - 0 - ns
Write Enabled to Output in High Z twz 0 25 0 25 0 30 ns 3,4
Output Active from End of Write tow 0 - 0 - 0 - ns 3,4
© Timing Waveform of Write Cycie No. 1 (WE Controlled)
e
Address :)( ) 4
— [ tew
cs A\ ;
o AS ——f e po— i h—e
WE \\ \ iy ){
Loy —f tox
Din gau in v..ndf
be-tuwi I" tow
Dout ;__ﬂi'_"__—l—

Data Undefined

® Timing Waveform of Write Cycle No. 1 {CS Controlled)

e

Address >(
Law

.-us—-’ [ Wk

& tow "
twp
WE A 2
tOW ~—d ton

Din ; Data in Valid ;

r—— Wz
Dout ____@ High Impedance

Notes)

. If TS goes high Simultaneously with WE high, the output remains in a_high impedance state.

. All Write Cycle timings are referenced from the last valid address to the first transitioning address.

. This parameter is sampled and not 100% tested.

@ HITACHI

1
2
3. Transition is measured +500mV from steady state voltage with specified loading in Load B.
4
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HM6287 Series

® LOW V¢c DATA RETENTION CHARACTERISTICS (7, = 0 to +70°C)

This characteristics is guaranteed only for L-version.

Parameter Symbol Test Condition min. typ. max. Unit
i > - -
Ve for Data Retention VDR [ _>V[9‘ _OONN 2.0 v
Data Retention Current IccDr 0 < Vm < 0.2V - 1 50%2 A
Chip Deselect to Data Retention Time tCDR See retention wave- 0 - - ns
Operation Recovery Time tR orm tR C‘l Z - ns
Note) *1. trc = Read Cycle Time
*2. Veco=3.0V

® LOW Voo DATA RETENTION WAVEFORM

Data Retention Mode
CSaVec -2V
SUPPLY CURRENT vs. SUPPLY VOLTAGE SUPPLY CURRENT vs. AMBIENT TEMPERATURE
16 1.6
Ta=25'C Vee=5.0V
14 14
é 12 % 1.2
5 L0 M 1.0 —
= - —
g 0.8 E 0.8
H 3
@ 06 E 06
0.4 0.4 i
45 4.75 5.0 5.25 5.5 0 20 40 60 80
Supply Voltage Vee (V) Ambient Temperature Ta (C)
G HITACHI
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HM6287 Series

ACCESS TIME vs. SUPPLY VOLTAGE

1.3
Ta=25'C

1.2
% 11
z \
g 1.0
é o9
< o8

07

45 4.75 50 5.25 55

Supply Voltage Voo (V)

STANDBY CURRENT vs.
SUPPLY VOLTAGE

12

1.0

Ve

Standby Current Iss; (Normalized)

Ta=25'C
T8 =Vee—02v

04 /

2
Supply Voltage Vec (V)

SUPPLY CURRENT vs.

FREQUENCY
T (ns)
u 200 100 g% 50 4
10 V4

, /

7

09 e

/
/]

0.7

Supply Current Icc  (Normalized)
g
N

06

05

Frequency f (MHz)

o
10 15 20 %

ACCESS TIME vs. AMBIENT TEMPERATURE

Access Time 244, tacs (Normalized)

Standby Current Isp, (Normalized)

Standby Cusrent Iss; (Normalized)

G HITACHI
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09

08

07
0

Vee=5.0V

20 40 60 80
Ambient Temperature Ta ('C)

STANDBY CURRENT vs.

AMBIENT TEMPERATURE

Vee=3V
C5=248v

107

P

L~

10t

p”

L

20 40 60

Ambient Temperature Ta ("C

STANDBY CURRENT vs.
INPUT VOLTAGE

)

10

T
Ta=25C
Vee =50V
CE=4.8V

JAR

4
Input Voltage V5 (V)




1.0

INPUT LOW VOLTAGE vs.
SUPPLY VOLTAGE

Ta=25C

o
©

Input Low Voltage V,. (Normalized)

08

07

30

25

45 4.75 5.0 5.25 55
Supply Voltage Ve (V)

OUTPUT HIGH CURRENT vs.
OUTPUT HIGH VOLTAGE

Output High Current Iox (Normalized )
&

Input High Voltage Vix (Normalized)

Veosv
\ < -
\ |
\ 2
\\ ;
o 1 4
Output High Voltage Vou (V)
G HITACHI

HM6287 Series

INPUT HIGH VOLTAGE vs.
SUPPLY VOLTAGE

Ta=25C

475 5.0 5.25 55
Supply Voltage Ve (V)

OUTPUT LOW CURRENT vs.
OUTPUT LOW VOLTAGE

1.6

/

/

Ta=25C
Vee=5V

0.6

/

04

/

0.2 04 06 0.8
Output Low Voltage Vo, (V)
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HM6287H Series

65536-Word x 1-Bit High Speed CMOS Static RAM

The Hitachi HM6287H is a high speed 64K static RAM organized HMG6287HP Series
as64-kword x 1-bit. ltrealizes 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 fisld 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.

(DP-22NB)

HM6287THIP Seri
Features 6 eries

« 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: 100 uW (typ)
» Completely static memory
No clock or timing strobe required
» Equal access and cycle times

 Directly TTL compatible: All inputs and outputs (CP-24D)

Pin Arrangement Pin Description

HMG6287HP Series HMG6287HIP Series Pin Name Function

' A0 - AlS Address
Din Input
Dout Output
CS Chip select
WE Write enable
Vee Power supply
Vss Ground
(Top View) (Top View)

Ordering Information

Type No. Access Time Package
TIM6287HP-25 25 ns 300-mil
HM6287HP-35 35ns 22-pin
HM6287HLP-25 25ns plastic DIP
HM6287HLP-35 35ns (DP-22NB)
HM6287HIP-25 25ns ]
HM6287THIP-35 35ns 300-mil
HMG6287HLIP-25 Z5ns 24-pin SOJ
HM6287HLIP-35 35ns (CP-24D)

GO HITACHI
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HM6287H Serles

Block diagram
0 —{3]
n —L 3 — Ve
A2 —.l 3] -—V
A3 Row Memory Array *
k Decoder 128 X512
v —3
s —g |
o —L3
I I
Din Column 1/0 Dout
T E Column Decoder
A7 A8 A9 A10 Al1 AT2 A13 A14 AIS
Function Table
CS WE Mode Vce Current Dou Pin Ref. Cycle
H X Standby Iss, IsB1 High-Z —_
L H Read Icc Dout Read cycle 1,2
L L Write Icc High-Z Write cycle 1, 2
Note: x:HorL
Absolute Maximum Ratings
Item Symbol Value Unit
Voltage on any pin relative to Vss Vr -0.5" to +7.0 \4
Power dissipation Pr 1.0 W
Operating temperature Topr 010 +70 °C
Storage temperature Tstg -55t0 +125 °C
Storage temperature under bias Tbias -10 to +85 °C
Note:  *1. VTmin =-2.0 V for pulse width < 10 ns
Recommended DC Operating Conditions (Ta = 0to + 70°C)
Item Symbol Min Typ Max Unit
Vec 4.5 5.0 5.5 \
Supply voltage Vss 0 0 0 v
Input high (logic 1) voltage VH 22 — 6.0 \
Input low (logic 0) voltage Vo -0.5" — 0.8 \%

Note: *1. VLmin =-2.0 V for pulse width < 10 ns
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HM6287H Series

DC Characteristics (Ta=01to +70°C, VcC=5V £ 10%,Vss=0V)

Item Symbol Min Typ"! Max Unit Test Conditions
Input leakage current 1wl — — 2.0 HA Vee = Max
Vin = Vss to Vcc
Output leakage current o | — _— 2.0 LA CS=Vm
Vo =Vssto Vec
Operating Vcc current Icc —_ 60 120 mA CS=Vu
Tout =0 mA, min cycle
Standby Ve current Iss — 15 30 mA CS = Vo1, min cycle
— 0.02 20 mA CS2>Vcc-02V
Standby Vec current (1) Iss1 0V<Vin<0.2Vor
—_ 0.02"2 0.1 mA Vec-0.2V < Vin
Output low voltage VoL — — 0.4 \4 foL =8 mA
Output high voltage Vou 24 .- — v Ton = -4.0 mA

Notes: *1. Typical limits are at Vcc = 5.0 V, Ta = 25°C and specified loading.
*2. This characteristics is guarantecd only for L-version,

Capacitance ( Ta=25°C, f=1.0 MHz )"

Item Symbol Min Typ Max Unit Test Conditions
Input capacitance Cin — — 6 pF Vin=0V
Output capacitance Cout — — 8 pF Vout=0V

Note:  *1. This parameter is sampled and not 100% tested.

AC Characteristics ( Ta = 0to0 +70°C, VcC = 5 V + 10%, unless otherwise noted. )
Test Conditions

* Input pulse levels: Vsg to 3.0V « Input and Output timing reference levels: 1.5 V
* Input rise and fall times: 5 ns « OQutput load: See figures
Output Load (A) Output Load (B)  (for niz, 1z, twz & tow)
+5V 45V
800 1o
Dout Ouweeg Dout Ot

SoF*

850 g 3; 300F zssni ;

Note: Including scope & jig
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HM6287H Serles

Read Cycle
HM6287H-25 HMé6287H-35 .
liem Symbol Min Max Min Max Unit
Read cycle time trRC 25 — 35 — ns
Address access time tAA — 25 — 35 ns
Chip select access time taCs — 25 —_ 35 ns
Output hold from address change toH 3 —_ 5 — ns
Chip selection to output in low-Z uz"! 5 —_ 5 — ns
Chip deselection to output in high-Z [ 0 12 0 20 ns
Chip selection to power up time tru 0 — 0 — ns
Chip deselection to power down time tPD — 25 — 30 ns
Read Timing Waveform (1) *2 "5
.

[
Address *
m i
| | ton
Dowt (St * X X Data Valid ——M

Read Timing Waveform (2)°>*

© tac
N /]
tacs - . S
w2 -l \
Dout High Impedance N\ X X J< Dats Valid /kl 3
ance
ke try oo
Ve Supply Current = = = = = = = - — e ——ee e - = =
£ 0% K,
Iss

Notes: *1. 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=vL.
*4, Address valid prior to or coincident with CS transition low.
*5. All read cycle timing are referenced from last valid address to the first transitioning address.
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HM6287H Series

Write Cycle
It Symbol HM6287H-25 HM6287H-35 Uni
em ym Min Max Min Max it
Write cycle time twe 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
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'! 0 8 0 10 ns
Output active from end of write tow™! 5 — 5 —_ ns
Write Timing Waveform (1) (WE controlled)
twe
Address )( *
tew
o N 1L LS
taw twn"?

tow tou
1 Data in ‘—;W
Valid

Din
twz tow ton'®
Dout (Ll Ll High Impedance
SONNNNNNNNN
G HITACHI
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HM6287H Series

Write Timing Waveform (2) (CS Controlled)

Address K )i
- tas N . 7F‘mt
"SI NNN\NNNNN S 7/

Din

ton

Notes: *1. Transition 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. (twp)
*3. twr is measured from the earlier of CS or WE going hi igh 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.

High Impedance**

Dout

Low Vcc Data Retention Characteristics ( Ta=01to +70°C)
(This specification is guaranteed only for L-version.)

Item Symbol Min Typ Max Unit Test Condition
Vec for data retention Vor 20 — — \ T32Vec-02V
Data retention current Iccor —_ — 502 HA Vin2Vcc-0.2 Vor
35" 0V<Vin<02V
Chip deselect to data retenition time  tcpr 0 — — ns .
Operation recovery time I P — - s See retention waveform
Notes: *1. tac = Read cycle time
*2. Vec=30V
*3, Vec=20V

Low Vcc Data Retention Timing Waveform

Data Retention Mode

Vor ) VR
CS2Vpa—0.2 / §
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HM6287H Series

Supply Current vs. Supply Voitage Supply Current vs. Ambient Temperature
1.6 1.6
—_ Ta=25T = Vee=5.0V
3 4 g e
5 c
E 12 E 1.2
[}
Z 3
B g o
5 —
08 X
5 g 0.8
> 2
B 06
§: ;E: 06
[ [%2]
0405 4.75 5.0 5.25 55 0.4 20 40 60 80
Supply Voltage Ve (V) Ambient Temperature Ta (°C)
Access Time vs. Supply Voltage Access Time vs. Load Capacitance
13 18
~ )
=) Ta=25T 2
2 'g 16
<
E g
Zz 14
% 1.1 <
4] 2 ]
S 10 g 1.2
3 I p
1.0
£ o=
e 2
3 0.8 g 08
<0 0.6
45 4.75 5.0 5.25 5.5 0 50 100 150 200
Supply Voltage Vcc (V) Load Capacitance Cu (pF)
Access Time vs. Ambient Temperature Supply Current vs, Frequency
100 50 33 25 20 T (ns)
13 1
) Voo =5.0V =
20 ERD) <
E s
2 / E 0.9 =
g S /
3 1 =] £ s v
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Input Low Voltage Vi (Normalized)

Output High Current Iox (Normalized)

Standby Current Iccor (Normalized)

input Low Voltage vs. Supply Voltage

1.3
Ta=25T

12
1.1

0 —
1.

]

0.9
0.8
0.7

45 475 5.0 5.25 5.5

Supply Voltage Vec (V)

Output Current vs. Output Voltage (1)

Ta=257C
Voo =5V

14

1.2 \

1.0 \

0.8 \

0.6 \

04 1 2 3 4 5

Output High Voltage Vou (V)

Standby Current vs. Amblent Temperature

10
Vee=3V
Cs=28V

5 L~

v

Output Low Current Ior (Normalized) Input High Voltage Vi (Normalized)

Standby Current Iss1 (Normalized)

Input High Voltage vs. Supply Voltage

13
Ta=25T
1.2
11
/
1.0
0.9
0.8
0.74.5 4.75 5.0 5.25 5.5
Supply Voltage Vec (V)

Output Current vs. Output Voltage (2)

Ta=25TC
/ Vee =5V

. /
!/
/

0.6
14

0.4

0 0.2 0.4 0.6 0.8
Output Low Voltage VoL (V)

Standby Current vs, Supply Voitage

1.4 /
1.2

0.8 /
0.6

10 >
05 /
0.4 //
Ta=25C
02 TS=Veo—0.2V ]
5 20 0 %0 80 03 4 S ]
Ambient Temperature Ta (°C) Supply Voltage Vcc (V)
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HM6287H Serles

Standby Current vs. Input Voltage

-
o

S
Ta=25C

Vcc =5.0V
CS=a.8v ~

Road

Standby Current Iss1 (Normalized)
F-
.\

0 1 3 4 5
Input Voltage Vin (V)
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HM6E6787 Series Maintenance Only

] Refer to HM6787HA Series I

65536-word x 1-bit High Speed Hi-BiCMOS Static RAM

8 FEATURES HM6787P Series
Super Fast Access Time: 25ns/30ns (max.)
® Low Power Dissipation (DC):
Operating 180mW (typ)
® High Driving Capability: 1o_16mA
® +5V Single Supply
® Completely Static Memory
No Clock or Timing Strobe Required
©® Balanced Read and Write Cycle Time
Fully TTL Compatible tnput and Output
® Skinny 22-pin Plastic Dip (300 mil) and 22-pin Chip Carrier

(DP-22NB)

= ORDERING INFORMATION

Type No. Access Time Package
HM6787P-25 25ns 300 mil 22 pin
HM6787P-30 30ns Plastic DIP
s PIN ARRANGEMENT
& HM6787P Series
» BLOCK DIAGRAM Wi 1w
A, E E Ais
A120—Pg ] s o Ve A
A13o-—$5 ] o Vss AzE "
40— F
29 ;F_{g: DeF::ZZer Memory Matrix As E L_Q] Az
128 X512
ry——— af5] 18] Asc
Allo—-L3 ]
ase 5] H as 6] [17]) an

Column Decoder Ar E EM
I T
Dino— > - - A
g%gi;] A6 A7 AB A2 A3 A4 A5 AD Al WE IE l__3]Dm
Ves {11 12] €S

(Top View)

(‘ Column 1/0 Dout As E E Aw
|
|
]

Fa
miwi

SABSOLUTE MAXIMUM RATINGS

Item Symbotl Rating Unit
Terminal Voltage to ¥Vgg Pin vr -0.5to +7.0 \Y%
Power Dissipation Pr 1.0 w
Operating Temperature Range Topr 0to+70 °C
Storage Temperature Range Tstg -55to +125 °C
O HITACHI
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HMGE787 Series

8 TRUTH TABLE

Cs WE Mode Ve Current Output Pin
H X Not Selected Isp.Isp; High Z
L H Read Icc Dout
L L Write Icc High Z
= RECOMMENDED DC OPERATING CONDITIONS (0°C £ Ta £ 70°C)
Item Symbol min. typ. max. Unit
Supply Voltage Vee 4.5 5.0 55 \Y
Vss 0 0 0 \'
Input High Voltage Viu 22 - 6.0 \4
Input Low Voltage ViL -0.5"1 - 0.8 \'

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

s DC AND OPERATING CHARACTERISTICS (Vcc=5V10%, T, =0°C to +70°C)

Item Symbol Test Conditions min.| typ. | max. | Unit
Input Leakage Current ! Vec=5.5V,Vin=Vssto Voo - - 2 | wA
Output Leakage Current ol CS=Vyy, Vour=Vssto Ve - = 21 kA
Operating Power Supply Current | I¢c CS=v, Ioyr=OmA - { - [100 | mA
Isa CS=vy - - 40 | mA
Standby Power Supply Current CS2 Ve -0.2V
Isp; -1 - {20 (m
V,N§0.2V or VIN gycc -0.2V
Output Low Voltage VoL lor =16mA - - 105 v
Output High Voltage Vou Iop=-4mA 24| - - A%
]
AC TEST CONDITIONS Output Load A Output Load B
Input pulse levels: Vgsgs to 3.0V +5V (for tuz, 1Lz, twz & tow)
Input rise and fall times: 4ns +5V
Input timing reference levels: 1.5V
Output reference levels: 1.5V ©0Q
Output load: See Figure 4802
. Dout
Dout
2559 30pF
255Q 5pF »
* Including scope and jig.
O HITACHI
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m CAPACITANCE (T,=25°C, f=1.0MHz)

HM6787 Series

Item Symbol max Unit Conditions
Input Capacitance Cin 5.0 pF Viy =0V
Output Capacitance Court 7.0 pF Voyr=0Vv

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

® AC CHARACTERISTICS (Voc=5V10%, T, =0°C to 70°C, unless otherwise noted.)

® READ CYCLE

Item Symbol HM6787-25 P,IM6787.30 Unit Notes
min max min max

Read Cycle Time tRC 25 - 30 - ns

Address Access Time t44 - 25 - 30 ns

Chip Select Access Time 1ACS - 25 - 30 ns

Output Hold from Address Change toH S - s - ns

Chip Selection to Output in Low Z tLz 5 - 5 - ns 1,2
Chip Deselection to Output in High Z tHZ 0 15 0 15 ns 1,2
Chip Selection to Power Up Time tpy 0 - 0 - ns 2
Chip Deselection to Power Down Time | tpp - 25 - 30 ns 2
Input Voltage Rise/Fall Time tr - 150 - 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 twe 25 - 30 - ns 2
Chip Selection to End of Write tcw 20 - 25 - ns
Address Valid to End of Write t4Aw 20 - 25 - ns
Address Setup Time 148 0 - 0 - ns
Write Pulse Width twp 20 - 25 - ns
Write Recover?-'ﬁme tWR S - 5 - ns
Data Valid to End of Write tpw 20 - 25 - ns
Data Hold Time tDH 0 - 0 - ns
“Write Enable to Output in High Z Wz 0 is 0 15 ns 3,4
Output Active from End of Write tow 0 - 0 - ns 3,4

Note: 1. 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 +200mV from steady state voltage with specified loading in Load B.
4. This parameter is sampled and not 100% tested.

G HITACHI
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HM@787 Series

¢ TIMING WAVEFORM OF READ CYCLE NO. 11 2

1RC

tAA y
LOH
Data Out Previous Data Valid * x Ax Data Valid

® TIMING WAVEFORM OF READ CYCLE NO, 21+ ¥

RC

S /

tacS |

Lz

Data Out Data Valid

High Impedance ) High Impedance
E——————

+PD.

Ve Supply = = = = = — = = == =
Icc
50%

3
X

Current

Note: 1. WE is high and CS is low for READ cycle.
2. Addresses valid prior to or coincident with C3 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)

twe

Address X

A

cw

=\ Y X

VAN

1AW

twp

twe

7

tow

/

toH

1

Data In

Data In Valid

X

wez

Data Out Data Undefined

low

High Impedance

Note: 1. Transition is measured :t200mV from steady state voltage with specified loading in Load B.

o TIMING WAVEFORM OF WRITE CYCLE NO. 2 (CS CONTROLLED)

[

twe

Address *

X

tAS

icw

= X A
LIANANANANANAN { 1/ /077
D Do 1r Vo
Dua O =

High Impedance

Note: 1. Transition is measured +200mV from steady state voltage with specified loading in Load B.
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HM6787H Series

65636-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

o Balanced Read and Write Cycle Time

o Fully TTL Compatible Input and Output

Ordering Information

Type No. Access Time Package
HM6787HP-15 15ns 300 mil 22 pin
HM6787HP-20 20ns Plastic DIP
HM6787HIP-15 15ns 300 mil 24 pin
HM6787HIP-20 20ns Plastic SOJ

Block Diagram
Ay o— H _‘;CC
A, *—%: —_0
A {5 Row Memory Matrix Vss
As R Decoder 128x512
A, °_'%:
A,
. i
I I
Column 1/0 Doyt
olumn Decoder
Din AL ALA A LA LA A A,
CS
WE

Pin Arrangement

HM6787HP Series HM678 7THJP Series
A«m ~ :IB Vee [\ ]

A 24 [ Vee
a(Z] (7] A ar]2 23[A15
m(E] %] awe a2l 3 22[IAa
a7 men A3 4 21 A13
a5 18] A1s M5 20[JA12
se] 7] an as[] 6 |9gnc
ME Ekw NCE 7 18 jA”
NG ) A As[] 8 177 A10
oo (7] I‘]M AT 9 16{ ] A9
Dout [ 10 15{] A8

WE E Ebin J— )
s WE(Q 1 14 jo_m

vas (1] ] Vss[J 12 13[7¢s

(Top View)
G HITACHI

Maintenance Only
| Refer to HMG787HA Series |

HM678 THP Series

(DP-22NB)

HM6787THIP Series

>

(CP-24D)

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

HM6787H Series

Item Symbol Rating Unit
Terminal Voltage to Vgg Pin vr ~0.5 to +7.0 v
Power Dissipation Pr 1.0 \J
Operating Temperature Range Topr 0to +70 °C
Storage Temperature Range Tstg 55 to +125 °C
Temperature under Bias Thias —-10 to +85 °C
Function Table
C§ WE Mode V¢ Current Output Pin
H X Not Selected Isp.Isp; High Z
L H Read Ioc. Icca Dout
L L Write Iec. Icca High 2
Recommended DC Operating Conditions (0°C < Tz £ 70°C)
Item Symbol min. typ. max. Unit
Supply Voltage Vee 4.5 5.0 $.5 \'
Vss 0 0 0 v
Input High Voltage Vig 22 - 6.0 v
Input Low Voltage Vi -0.5" - 0.8 A
Note) *1. =3.0V for pulse width £ 10ns,
DC and Operating Characteristics (V¢ =5V10%, T, =0°C to +70°C)
Item Symbol  min. typ. max. Unit Test Conditions
Input Leakage Current gyl - - 2 WA Voo=S5.5V,Vin=Vgsto Voo
Output Leakage Current Lo - - 10 uA 8=V, Voyr=VsstoVec
Operating Power Supply Current /o - - 100 mA &= Vir, loyr=0mA
Average Operating Current Icct - - 120 mA Min.Cycle, Duty: 100% Joup=0mA
Isp - - 30 mA (8=vj
Standby Power Supply Current 2Vec-02V
sB1 - - 10 mA
VINS0.2Vor VN 2Vec =02V
Output Low Voltage Vor - - 04 V lop=8mA
Output High Voltage Vo 24 - - V  Ioxy=-4mA
@ HITACHI
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HMB787H Series

AC Test Conditions Output Load A Output Load B
Input pulse levels: Vsg to 3.0V +5V (for tnz, Lz, twz & tow)
Input rise and fall times: 4ns +5V
Input timing reference levels: 1.6V
Output reference levels: 1.5V
Output load: See Figure #0a
Dout
Dout
255 Q
255Q SpF
* Including scope and jig.
Capacitance (T, =25°C, f=1.0MHz)
Item Symbol Unit Conditions
Input Capacitance (7% pF Vin=0v
Output Capacitance Cour pF Vour=0V
Note) This parameter is sampled and not 100% tested.
AC Characteristics (Ve =5V£10%, T, =0°C to 70°C, unless otherwise noted.)
Read Cycle
. HM6787H-20
Item Symbol ‘?MG?S‘,H 15 - 8 Unit Notes
n. max. min. max.
Read Cycle Time tRC 15 - 20 - ns
Address Access Time t4A - 15 - 20 ns
Chip Select Access Time tAcs - 15 - 20 ns
Output Hold from Address Change tOH 3 - 3 = ns
Chip Selection to Output in Low Z t1z 3 - 3 - ns 1,2
Chip Deselection to Output in High Z tHZ 0 6 0 8 ns 1,2
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
M6787H-15 HM6787H-20
Item Symbol HMé Unit Notes
min, max. min. max,
Write Cycle Time twe 15 - 20 - ns 2
Chip Selection to End of Write tcw 10 - 15 - ns
Address Valid to End of Write t4w 10 - 15 - ns
Address Setup Time 148 0 - 0 - ns
Write Pulse Width twp 10 - 15 - ns
Write Recovery Time IWR 3 - 3 - ns
Data Valid to End of Write tpw 12 - 15 - ns
Data Hold Time tDH 0 - 0 - ns
“Write Enable to Output in High Z twz 0 6 0 8 ns 3,4
Output Active from End of Write tow 0 - 0 - ns 3,4

Note: 1. 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 :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. 1! 2

the |

Address X

tAA |
ton
Data Out Previous Data Valid * X X Data Valid

Timing Waveform of Read Cycle No. 21+ 3

IRC

= ’ Vi

tACs |

tHZ

Lz

High Impedanc High Impedance
il it Data Valid >—'-——-

Data Out

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 +200mYV from steady state voltage with specified loading in Load B.
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HME6787H Series

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

twe
Address X X
| Icw
¢ \ \\ k / / / _/ / /
tAw
1AS twe
twp
WE \\\K (
1] ——— toH
Data In Data In Valid
wz tow
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)

twe

Address

X

X

tAS

tcw

N
= NN NN AN DI

tox |

Data In

Data In Valid

wz

Dats 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
M FEATURES B PACKAGE OUTLINE

* 65,536-Words x 1 bit organization
¢ 1.3 um Hi-BiCMOS process
¢ Super fast
Access time 12/15/20 ns (max.)
o Low power dissipation
(DC) operating: 300mW (typ)
¢ +5V single supply (DP-22NB)
¢ Completely static memory
No clock or timing strobe required
¢ Fully TTL compatible input and output “
B ORDERING INFORMATION
Type No. Cycle Time Package (CP-24D)
HM6787HAP-12 12 ns S?O-tmilﬁfg pin
HM6787HAP-15 15 astic
HM6787HAP-20 20ns | (DP-22NB) M PIN ARRANGEMENT
HM6787HATP-12 12 ns 370—@31, 24 pin -
HMG6787HAJP-15 15 ns Plastic SOJ HMG6787HAP Series
HMG6787HAJP-20 20 ns (CP-24D)
A 1 22 [ Vee
N PIN DESCRIPTION A, 2 21 [ Ass
Pin Name Function Az E 3 20 % Aqa
AQ-ALS Address Input As 4 1911 A3
Din Data Input A 5 18 [ Asz
Dout Data Output 25 E s :; % 211
— - 6 10
‘:\13 Wn.te Enable A, ,:1 8 15 7 Ag
CS Chip Select Dout []9 14 Ag
Vss Ground WE 10 13 Din
vee Supply Voltage Vsg []11 12 tl cS
(Top View)
HM6787THAJP Series
Ao 1 24 7] vee
A1 2 23 A5
A2 3 22 ] A
A3 4 21 ’:] A
A4 5 20 ] Ar
As[] 6 19 [T] NC
NC [T 7 18] An
As 8 177 Aw
A7 9 16 [] Ao
Dout [] 10 15 ] As
WE [ 14 ] Din
vss []12 13[7]Cs
(Top View)
G HITACHI
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HMG6787HA Series

H BLOCK DIAGRAM

As
A4
A3
A2

Ay o——L 5
Ay o——— 3
As O————{X

% Decoder

Row

Memory Matrix
128 x 512

B

Din ©

B2
OC

Column 1/0

Column Decoder

peERe

A12 A11 A10 Ag A14 A15 A1 AQ A13

¥y

—o0Vee
——OVgg

—{>—O Dout

B TRUTH TABLE
Input

— — Output Mode V¢ Current

CS WE

H X HighZ Not Selected ISB, ISB1

L H Dout Read Icc, Icci

L L HighZ Write Icc, Icct
B ABSOLUTE MAXIMUM RATING
Item Symbol Rating Unit
Terminal Voltage to VSS Pin VT -0.5t0+7.0 v
Power Dissipation PT 1.0 w
Operating Temperature Range Topr 0to +70 °C
Storage Temperature Range (with bias) Tstg (bias) —10to +85 °C
Storage Temperature Range Tstg -55to +125 °C
B RECOMMENDED DC OPERATING CONDITIONS (0°C < Ta <70°C)
Item Symbol Min Typ Max Unit

Vce 4.5 5.0 5.5 \
Supply Voltage Vss 0.0 0.0 0.0 v
Input High Voltage VIH 2.2 - 6.0 \
Input Low Voltage VIL -3.01 — 0.8 v
Notes 1. Pulse width 10 ns, DC: 0.5V
@ HITACHI
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HM6787HA Series

H DC AND OPERATING CHARACTERISTICS (Vcc = 5.0V £ 10%, VSS = 0V, Ta = 0 to +70°C)

Item Symbol Test Conditions Min Typ Max Unit
Input Leakage Current [1L1] Vce=5.5V, VIN=0V to VcC — — 2 MA
Output Leakage Current [1Lo| CS = VIH, VouT= 0V to VcC — — 10 A
Operating Power Supply Current Icc CS = VIL, IouT=0 mA — — 100 mA
Average Operating Current Icct Min. Icgfyl[? 33?;1 A{OO%’ — —_ 120 mA

ISB CS = VIH, VIN= VIH or VIL — — 30 mA
Standby Power Supply Current CS2Vee-0.2V. VIN €0.2V or

IsB! VIN 2 VCC -02V — — 10 mA
Output Low Voltage VoL IoL = 8 mA — — 04 \4
Output High Voltage VOH IOH = 4 mA 2.4 — — v

B AC CHARACTERISTICS (VcC =SV £ 10%, Ta = 0°C to +70°C)

* Read Cycle
Item Symbol HM6787HA-12 HM67 87HA-15 HM6787HA-20 Unit
Min Max Min Max Min Max

Read Cycle Time tRC 12 — 15 — 20 — ns
Address Access Time tAA — 12 — 15 — 20 ns
Chip Select Access Time tACS — 12 — 15 — 20 ns
Output Hold from Address Change tOH 4 — 4 — 4 — ns
Chip Selection to Output in Low Z 1zl ? 3 — 5 — 5 — ns
Chip Deselection to Qutput in High Z tHz!: 2 0 6 0 6 0 8 ns

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

* Write Cycle
Item Symbol HM6787HA-12 HM6787HA-15 HM6787HA-20 Unit
Min Max Min Max Min Max

~ Write Cycle Time twe! 12 — 15 — 20 — ns
Chip Selection to End of Write tCW 8 — 10 — 13 — ns
Address Valid to End of Write tAW 8 — 10 — 13 — ns
Address Setup Time tAS 0 —_— 0 —_ 0 — ns
Write Pulse Width twWp 8 — 10 — 13 — ns
Write Recovery Time (WE) tWR 0.5 — 0.5 — 0.5 — ns
Write Recovery Time (CS) tWR1 1 — 1 —_ 1 — ns
Data Valid to End of Write IDW 7 —_ 8 — 10 — ns
Data Hold Time tDH 0 — 0 — 0 — ns
Write Enable to Output in High Z twz2 3 0 6 0 6 0 8 ns
Output Active from End of Write tow? 3 3 — 3 — 3 — 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 £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 Test Condition
Input Capacitance Cin! 6 pF VIN = 0V
Output Capacitance Cour! 10 pF Vour =0V

Notes 1. This parameter is sampled and not 100% tested.
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HM6787HA Series

B AC TEST CONDITIONS

¢ Input pulse levels: Vss to 3.0V

e Input timing reference levels: 1.5V
® Qutput load: See figure

* |nput rise and fall times: 4ns

¢ Output reference levels: 1.5V

+5V +5V
Dout 4800 Dout 4800

[ S [ S—

3

2550 3’;j,30 pF * 2550 ?:_js pF*

. Output Load B (for tHz, tL7, twz & tow)
Output Load A *including scope and jig capacitance

H TIMING WAVEFORMS
¢ Read Cycle -11,2

irc

taa |

Address X
toH

Data Out Previous Data Valid Data Valid

X

Notes 1. WEis high and CS is low for read cycle.
2. Addresses valid prior to or coincident with CS transition low.

¢ Read Cycle -21:2,3

tRe

- tacs ol
_ tLz N tHz

& —— —
N\

Data Out Data Valid

>__._

High Impedence

High
Impedence

Notes 1. WE is high and CS is low for read cycle.
2. Address valid prior to or coincident with CS transition low.
3. Transition is measured + 200 mV from steady state voltage with specified loading in Load (B).
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HM6787HA Series

B TIMING WAVEFORMS
¢ Write Cycle =11 (WE Controlled)

twe

[ -l
Address )E *
tew -
S N Nk NS,
- t g
< tas - N Tl twa
WE AVNY e >
R /]
tow _ ‘tDH i,
Data In r Data In Valid ;I{
twe tow
Data Out Data Undefined
High Impedance
NOTE: 1. Transition is measured +200mV from steady state voltage with specified loading in Load B.
e Write Cycle ~21 (CS Controlled)
- twe !
Address K &(
tas_
— - tow .
Ccs \( 7/
- tAW -
< WR
twp -
NN WSS A I IS
L tow - DH>l
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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HMGE62256 Series

32768-word x 8-bit High Speed CMOS Static RAM

n FEATURES
® High Speed: Fast Access Time 86/100/120/150ns {max.) HME2256P Series
® [Low Power Standby and Low Power Operation;
Standby: 200uW (typ)/10uW (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 Qutput, Three-state Output
Directly TTL Compatible: All Input and Output (DP-28)

Capability of Battery Back Up Operation (L-/L-SL version)
HM62256FP Series

® ORDERING INFORMATION

Type No. Access Time Package
HM62256P-8 85ns
HM62256P-10 100ns
HM62256P-12 120ns
HM62256P-15 150ns
HM62256LP-8 85ns
HM62256LP-10 100ns 600 mil 28 pin
HM62256LP-12 120ns Plastic DIP (FP-28DA)
HM62256LP-15 150ns
HM62256LP-10SL 100ns 8 PIN ARRANGEMENT
HM62256LP-12SL 120ns
HM62256LP-15SL 150ns ANE \ / 7l vec
HM62256FP-8T 85ns
HM62256FP-10T 100ns Acf2] 271|WE
HM62256FP-12T 120ns
HM62256FP-15T 150ns A 3] 2] A1
HM62256LFP-8T 85ns as (4] 25) a4
HM62256LFP-10T 100ns 28 pin
HM62256LFP-12T 120ns Plastic SOP As E 24 A9
HM62256LFP-15T 150ns A E EA
4 11
HM62256LFP-10SLT 100ns
HM62256LFP-12SLT 120ns A [7] [22)oE
HM62256LFP-15SLT 150ns
A 8] [21] Aio
a 9] 20)C3
Ao {10 1911'0r
8 ABSOLUTE MAXIMUM RATINGS ' E j
Item Symbol Rating Unit I'O“E EI/Oe
Voltage on any pin with relative to ¥Vgg | Vp 05110470 V VOIE EI/Os
Power Dissipation Pr 10 w I/OZ[E El /04
Operating Temperature Topr 0to +70 °C Ves [13 El/Oa
Storage Temperature Tyg | -55t0+125| °C ‘
Temperature Under Bias Thias | —10to+85 | °C (Top View)

Note) *1, -3.0V for pulse width £ 50ns
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HM62256 Series

s BLOCK DIAGRAM
::; — b —— Memory Array
:,l(x ' :dd ' | Row !
9 . '
I vl M
:6' ' ' ' 512% 512
AT ——d r__..
/00— |, [ Colwme VO
1/07 : Buffer Column Decoder

Y Address Buffer

WE
OE A0 AT AZ ANASAL
C5——
s TRUTH TABLE
[} OE WE Mode Ve Current 1/0 Pin Reference Cycle
H X X Not Selected Isp.IsB1 High Z -
L L H Read Iee Dout Read Cycle No. 1~3
L H L Write Icc Din Write Cycle No. 1
L L L Write Icc Din Write Cycle No. 2

XmeansHor L

= RECOMMENDED DC OPERATING CONDITIONS (7,= 0 to +70°C)

Item Symbol min. typ. max. Unit
Vee 45 50 55 v
Supply Voltage
Vss 0 0 0 v
v 22 - 6.0 v
Input Voltage H ‘
Vie -0.5"1 - 0.8 \'

Note) *1. —3.0V for pulse width S 50ns
® DC AND OPERATING CHARACTERISTICS (Vcc = 5V £ 10%, Vgg = OV, T, = 0 to +70°C)

Item Symbol Test Condition min {typ*1| max | Unit
Input Leakage Current Uprt | Vin=Vssto Ve - - 2 KA
Output Leakage Current Upo! | T8=Vi or OE=Vpyor WE=Vyy, Vyj0=Vssto Voe| - | - 2 | KA
Operating Power Supply Current } Joc | C8=Vyz, Iyjo=0mA - 8 | 15 | mA
Average HM62256-8 - 50 70
S:‘evr:rtmg x:;z::g Icci | Min. Cycle, duty=100%, CS8=vyy,, Ij0=0mA : :(5) :,’g mA
Supply HM62256.15 3|
Icc2 | CS=Vp, Virr=Vce, Vip=0V,1 1/0=0mA j=1MHZ - 8 15 | mA
Isp CS= Vi — 0.5 3 | mA
Standby Power Supply Current - | 0.04 2 | mA
Isg; | CS2 Vee-0.2V,0V S iy — | 2™ |100*2
- 2*3 | 50*3 KA
VoL | lor=2.1mA - | - |04] V
Output Voltage Vor | Iog=-1.0mA 24| - - |V

Notes) *1. Typical values are at Voo=5.0V, T,= 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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HM62256 Series

8 CAPACITANCE (7,=25°C,f=1MHz)

Item Symbol Test Condition typ. | max. [ Unit
Input Capacitance Cin Vin=0V - 6 pF
Input/Output Capacitance Cr0 Vijo=0V - 8 pF

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

® AC CHARACTERISTICS (Vcc=5V2 10%, T, =0 to +70°C unless otherwise noted)

@ AC Test Conditions
O Input pulse levels: 0.8V to 24V
O Input rise and fall times: 5ns

(Including scope and jig)

O Input and Output timing reference levels: 1.5V
© Output load: 1TTL Gate and C_ (100pF)

® Read Cycle
HM62256-8 | HM62256-10 | HM62256-12 | HM62256-15
Item Symbol - - Unit
min. | max, | min. | max, | min. | max. | min. | max.
Read Cycle Time IRC 85 - 100 - 120 - 150 - ns
Address Access Time tAA - 85 - 100 - 120 - 150 ns
Chip Select Access Time tAcs | - 85 - 100 - 120 - 150 | ns
Output En_aple to Output Valid tOE - 45 - 50 - 60 - 70 ns
Output Hold from Address Change tOH 5 - 10 - 10 - 10 - ns
Chip Selection to Output in Low Z tcrz | 10 - 10 - 10 - 10 - ns
Output Enabie to Output in Low Z toLZ 5 - 5 — 5 - S - ns
Chip Deselection to Output in High Z | tcHZ 0 30 0 35 0 40 0 50 ns
Output Disable to Output in High Z tOHZ 0 30 0 35 0 40 0 50 | ns
® Timing Waveform of Read Cycle No, 1
trc |
Address >(
taA
ANNNANNRY 11777
R\ 1L
toe ton
¢ N\ forz AN SN
toHz
; tacs tCHZ
CLZ
Dout (' Data Valid

® Timing Waveform of Read Cycle No. 2111121141

trC

%

tAa

Address ><
tox

toH

Dout )

Data

Valid
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HM62256 Series

® Timing Waveform of Read Cycle No. 31814

CS [

T

tcHz

tacs {
fcLz

Dout

Data Valid

Notes) 1. WE is High for Read Cycle.
2. Device is continuously selected, TS = V.
3. Address Valid prior to or coincident with TS transition Low.
4. UE = VIL'

® Write Cycle

HM62256-8 | HM62256-10 | HM62256-12 | HM62256-15 .
Item Symbol - - - - Unit
min. | max. | min. [ max. | min. { max. | min. [ max.
Write Cycle Time twe 85 - 100 - 120 - 150 - ns
Chip Selection to End of Write tcw 75 - 80 - 85 - 100 - ns
Address Valid to End of Write tAw 75 - 80 - 85 - 100 ~ ns
Address Set Up Time 148 0 - 0 - 0 - 0 - ns
Write Pulse Width twp 60 - 60 - 70 - 90 - ns
Write Recovery Time tWR 10 - 0 - 0 - 0 ~ ns
Write to Output in High Z tWHZ 0 30 0 35 0 40 0 50 ns
Data to Write Time Overlap tpw 40 - 40 - 50 - 60 - ns
Data Hold from Write Time tDH 0 - 0 - 0 - 0 - ns
Output Disable to Output in High Z tQHZ 0 30 0 35 0 40 50 ns
Output Active from End of Write tow 5 - 5 - S - S - ns
® Timing Waveform of Write Cycle No. 1 (OE Clock)
twc
Address >< ><
b f R ()
ok [/A \
| tcw
(] \\ A \\j\?\:i\ { Z Z Z 2 Z 4
/
tas taw
e \\C\:\\\k
N\ /]
tonz(3) twe (1)
Dout NN NN NNNNN
NI IIN tow toH
< XXX
ANAVAN
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HM62256 Series

® Timing Waveform of Write Cycle No. 2[5! (OE Low Fixed)

| tuc
Address )(
| tew Iw[l;:)]“'_
NN AN 72 ssssss0/4
tan
WE tuwe (1) /
| tas \\\\ N / tos |
bz : tow (6) [ (7
Dout N NSNS NN NANNNNN
[ L L LS
tpw tou (&)
Notes: 1. A write occurs during the overlap (¢ CS and a low WE.

P Y

. twr is measured from the earlier of
. During this period, I/O pins are in the output state. Thevi?_put signals out of phase must not be applied
. If the CS low transition occurs simultaneously with the WE

%‘é) of a low

or WE going high to the end of write cycle.

outputs remain in a high impedance state.

00 ~3 O\ n

applied to I/O Pins.

. OE is continuously low. (OE = V)
. Dout is in the same phase of written data of this write cycle.
. Dout is the read data of next address.
. If TS is low during this period, I/O pins are in the output state. The input signals out of phase must not be

low transition or aft

® LOW Voo DATA RETENTION CHARACTERISTICS (7, =0 to +70°C)
(This characteristics is guaranteed only for L-and L-SL version)

er the WE low transition,

Item Symbol Test Conditions min. | typ. | max.| Unit
Ve for Date Retention VbR CS 2Vee-0.2v 20 —~ | - v
Voo =3.0V,CS 22.8V - — [50%2
Data Retention Current Iccpr | OV £ ¥y, ~ ~ I1o% HA
Chip Deselect to Data Retention Time tCDR 0 - - ns
- See Retention Waveform
Operation Recovery Time tr treet| - - ns
Note) *1. {gpc = Read Cycle Time
*2. This characteristic is guaranteed only for L-version, 20uA max. at Ty = 0 to 40°C.
*3. This characteristic is guaranteed only for L-SL version, 3uA max. at Ty = 0 to 40°C.
® Low V¢ Data Retention Waveform
Vee DATA RETENTION MODE
4.5Vemmeaen — —— 4.5V
23
Vor22.0V
\ /
CSzVec—0.2V

oV ---

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.

Note)
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SUPPLY CURRENT vs. SUPPLY VOLTAGE (1)

16

Ta=25'C

rd

Supply Current Ioc (Normalized)
5

0.6

&8/

04

4.50

4.75 5.00

Supply Voltage Ve

5.25 5.50
(V)

SUPPLY CURRENT vs. SUPPLY VOLTAGE (2)

Ta=25C

Supply Current Icc, {Normalized)

4.75

5.00

5.25 5.50

Supply Voltage Vee (V)

SUPPLY CURRENT vs. SUPPLY VOLTAGE (3)

HM62256 Series

SUPPLY CURRENT vs. AMBIENT TEMPERATURE (1)

Supply Current Jce (Normalized)

SUPPLY CURRENT vs. AMBIENT TEMPERATURE (2)

Supply Current Iccy (Normalized)

Vee =5.0V

08

0.6

04

- o
20 40 60 80
Ambient Temperature Ta (°C)

Vec=5.0V

0.9

08

07

20 40 60 80
Ambient Temperature Ta ('C)

SUPPLY CURRENT vs. AMBIENT TEMPERATURE (3)

16 13
Ta=25C Vee=5.0V
14 _ 12
3 3
J: 2
E 12 // E 11
z =
I
F o S —
2
i £ _—
LE; e 3 .
§ 08— g o0
3
h v
06 08
04450 475 5.00 5.25 5.50 079 20 m (3 30
Supply Voltage Vee (V) Ambient Temperature Ta ('C)
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HM62256 Series

ACCESS TIME vs, SUPPLY VOLTAGE

Ta=25C

0.9

Access Time 2., - Normalized

08

0.7
4.50 4.75 .00 5.25 5.50

Supply Voltage Ve (V)

STANDBY CURRENT vs. SUPPLY VOLTAGE

/

Ta=25'C

0.8

/
LS

__

2 4

Standby Current Iss, (Normalized

0.2

Supply Voltage Ve (V)

SUPPLY CURRENT vs. FREQUENCY (READ)

12 7 T
150ns 120ns 100ns 85ns
3 10
] -
Z 08 /
¢ /
< /]
Y
=< V Ta=25C
= Vee =50V
2
g
3
A 02 //
0
10 12

Frequency f (MHz)

ACCESS TIME vs. AMBIENT TEMPERATURE

Access Time 144 (Normalized)

13

Vee=5.0V

L~

=
1.0 //

09 ,/

0.8

07

20 40 60 80

Ambient Temperature Ta (*C)

STANDBY CURRENT vs. AMBIENT TEMPERATURE

Standby Current Iss, (Normalized)

Vee=5.0V

L~

P

o

0 20 40 60 80

10

Ambient Temperature Ta (‘C)

SUPPLY CURRENT vs. FREQUENCY (WRITE)

1.2

T T T
S0ns  120ns 100ns 8Sns

0.8 /
Ta :=25.-(§:V
v

04

Supply Current Icci. Icc2 (Normalized)

0.2 /

0 4 10 12
Frequency f (MHz)
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Access Time tas, tacs (Normalized)

INPUT LOW VOLTAGE vs. SUPPLY VOLTAGE

Output High Current oy {Normalized)

Ta- 25°C
3 12
Z 11
£
= Lo ///
'3; 09
S
2o
o'74‘50 4.75 5.00 5.25 5.50
Supply Voltage Vee iV
OUTPUT CURRENT vs.
OUTPUT VOLTAGE
16
14

X

1.0
Ta=25'C
Vee 5.0V
08 \
0.6 \\
4T 2 4 5

Output High Voltage Vou (V)

ACCESS TIME vs. LOAD CAPACITANCE

1.0

08

06

100 200 300 400
Load Capacitance C, (pF)

Input High Voltage V,ymin - Normalized -

Output Low Current [y, (Normalized:
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HM62256 Series

INPUT HIGH VOLTAGE vs.
SUPPLY VOLTAGE

Ta 25°C

|~

4.75 5.00 5.25 5.50
Supply Vollage Vi 'V

OUTPUT CURRENT vs.
OUTPUT VOLTAGE

14 /

12

1.0
Ta=25C
Ve = 5.0V

08

0.6 //

0.4

0.2 0.4 0.6 0.8
Output Low Voltage V,, (V)




HMG62256A Series

Preliminary
32,768-Word x 8-Bit High Speed CMOS Static RAM
B 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 um 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- DP-28
mil plastic DIP, or 300-mil plastic DIP, is available (DP-28)
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. d
N

W FEATURES
* High speed: . (FP-28DA)

Fast access time 85/100/120/150 ns (max.)
¢ Low power

Standby: 10 uW (typ.) (L/L-SL version)

Operation: 40 mW (typ.) (f = 1 MHz)
¢ Single 5V supply
e Completely static memory

No clock or timing strc?be required (DP-28NA)
¢ Equal access and cycle times
e Common data input and output: Three state output
¢ Directly TTL compatible: All inputs and outputs
* Capability of battery back up operation
H ORDERING INFORMATION
Type No. Access Time Package (TFP-32DA)
HM62256AP-8 85 ns
HM62256AP-10 100 ns
HMG62256AP-12 120 ns
HMG62256AP-15 150 ns
HMG62256ALP-8 85 ns 600-mil
HMG62256ALP-10 100 ns 28-Pin
HM62256ALP-12 120 ns Plastic DIP
HM62256ALP-15 150 ns (DP-26)
HM62256ALP-8SL 85 ns
HMG62256ALP-10SL 100 ns
HMG62256ALP-12SL 120 ns
HM62256ALP-15SL 150 ns B TSOP SERIES
HM62256ASP-8 85
HM62256ASP-10 100 22 Type No. Access Time Package
HM62256ASP-12 120 ns HM62256ALT-8 85 ns
HM62256ASP-15 150 ns HM62256ALT-10 100 ns
HM62256ALSP-8 85 ns 300-mil HM62256ALT-12 120 ns 8 mm x 14 mm
HMG62256ALSP-10 100 ns 28-Pin HM62256ALT-15 150 ns 32-Pin TSOP
HM62256ALSP-12 120 ns Plastic DIP HM62256ALT-8SL 85 ns (Normal Type)
HM62256ALSP-15 150 ns (DP-28NA) HM62256 ALT-10SL 100 ns (TFP-32DA)
HM62256ALSP-8SL 85 ns HM62256ALT-12SL 120 ns
HM62256ALSP-10SL 100 ns HM62256ALT-15SL 150 ns
HM62256ALSP-12SL 120 ns HM62256ALR-8 85 ns
HM62256ALSP-15SL 150 ns HM62256ALR-10 100 ns
HM62256AFP-8T 85 ns HM62256ALR-12 120 ns 8 mm x 14 mm
HM62256AFP-10T 100 ns HM62256ALR-15 150 ns 32-Pin TSOP
HM62256AFP-12T 120 ns HMG62256ALR-8SL 85 ns (Reverse Type)
HM62256AFP-15T 150 ns HM62256ALR-10SL 100 ns (TFP-32DAR)
HMG62256ALFP-8T 85 ns 450-mil HM62256ALR-12SL 120 ns
HM62256ALFP-10T 100 ns 28-Pin HMG62256ALR-15SL 150 ns
HM62256ALFP-12T 120 ns Plastic SOP
HM62256ALFP-15T 150 ns (FP-28DA)
HM62256 ALFP-8SLT 85 ns
HM62256ALFP-10SLT 100 ns
HM62256 ALFP-12SLT 120 ns
HMG62256ALFP-15SLT 150 ns
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HM62256A Series

B PIN ARRANGEMENT
HM62256 AP/AFP/ASP Series HM62256AR Series
A ] 1 28 [ Vee
Az ] 2 27 |1 WE a3 s 17 1 A
A; ] 3 26 |1 Aqa A, EHis 18 3 A
NC [H14 19 |1 NC
As ] 4 25 |1 Ag As Ew 20 %Ao
12 21 /O
As ] 5 24 [ 1Ag :3 E 11 22 % VO,
A 10 23 /0.
A L] 6 23 [ At A e 24 [ Vee
As ] 7 22 | ] OE vec ] 8 25 [] /O3
we (7 26 [ ] 10,
A ] 8 21 [ Aqg At E 6 27 % /Oq
AL 9 20 [1¢Cs Ml P % 1 io:
NC [} 3 30 [ ] NC
Ag [] 10 19 | ] /Oy A Oz a1 [ s
I/Og [] 11 18 | ] 1/Og OF [+ 32 [ A
1104 [] 12 17 |1 I/Os
10, [ 13 16 ] 1/Os (Top View)
Ves [] 14 15 [] Vss
(Top View) B PIN DESCRIPTION
Symbol Function
Ap-Ailg Address
HMG62256AT Series 1/00-1/07 Input/Output
CS Chip Select
WE Write Enable
OE [+ 32 Ao OE Output Enable
Ay 12 31 [JCs -
NC []3 30 |1 NC NC No Connection
C]4 29 [J 1o
:2 15 28 [ I/O; Vee Power Supply
Az e 27 [ v0s Vss Ground
WE []7 26 [ 1/0,
Vec 18 25 [ 1/03
A 9 24 [ Vgs
A 10 23 ] 110,
A, 1 22 [ vo,
Ag [12 21 [ 1o,
As 13 20 1A,
NC [C]14 19 {1 NC
A, [C]15 18 ] A
Ay []1e 17 3 A
(Top View)
G HITACHI
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HM62256A Series

B BLOCK DIAGRAM
A5 o— —oVce
A4 o— ——oVss
A3 o—] -
A11 o— i . Row . Memory Matrix
A9 o— | ° Decoder | . 512 x 512
Ag o— E )
A12 o— E .
A7 o— E .
oo
]
/00 o N
‘_'j = Column I/0
L.
i . :512;: Column Decoder
Ve Control .
[ I
R T At :
/O7 o——gt Do
B P! | col
Al At A A A Ay . 4
. : :
L_E_¢|—l:
_ |
CS e——— Timing Pulse Generator | '
WE e&————— Read/Write Control
OE ¢
@ HITACHI
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HM62256A Series

B FUNCTION TABLE
WE CS OE Mode Vcc Current 1/O Pin Ref. Cycle
X H X Not Selected Iss, Issi High-Z —_
H L H Output Disable Icc High-Z —
H L L Read Icc Dout Read Cycle
L L H Write Icc Din Write Cycle (1)
L L L Write Icc Din Write Cycle (2)
Note: X: Hor L
B ABSOLUTE MAXIMUM RATINGS
Item Symbol Value Unit
Voltage on any pin relative to Vss VT -0.5*1t0 +7.0 v
Power Dissipation Pr 1.0 w
Operating Temperature Topr 0to +70 °C
Storage Temperature Tstg —55to +125 °C
Storage Temperature Under Bias Thias ~10 to +85 °C
Note: I. VT min =-3.0 V for pulse half-width < 50 ns
H RECOMMENDED DC OPERATION CONDITIONS (T, = 0 to +70°C)
Item Symbol Min. Typ Max Unit
Supoly Vol vee 45 5.0 55 v
t
upply Voltage Vss 0 0 0 v
Input High (Logic 1) Voltage VIH 2.2 — 5.0 v
Input Low (Logic 0) Voltage ViL —0.5%1 — 0.8 v
Note: 1. VIL min =-3.0 V for pulse half-width < 50 ns
MW DC CHARACTERISTICS (T, = 0 to +70°C, Ve = 5V + 10%, Vss = 0V)
Ttem Symbol Min. Typ! Max. Unit Test Conditions
Input Leakage Current J1L1] — — 1 HA Vin=Vss to Vco
: CS = Vss or OE = Vg or
Output Leakage Current | ILo l — — 1 HA WE = VJ, VIjo = Vss to VCe
Icc — 8 15 mA CS = V|, Others = Vig/ViL, Iout = 0 mA
Min Cycle, Duty = 100%, Ijo = 0 mA,
Operating V¢ Current Icci - 40 70 mA CS = Vy, Others = Vii/VIL
Cycle Time = lps, Iyo =0 mA,
lecz — i 5 mA CS=Vi, ViH=Vce, VIL=0
Iss — 0.5 3 mA CS=ViH
Standby V¢ Current — 0.02 2 mA o
Issi — 1*2 100*2 uA Vin2 0V, CS 2 Vee -0.2V
— 1*3 50*3 UA
Output Low Voltage VoL — — 0.4 v IoL=2.1mA
Output High Voltage VOH 24 — — v IoH =-1.0 mA

Notes: 1. Typical values are at Ve = 3.0V, Ty = +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

B CAPACITANCE (T, = 25°C, f= | MHz.)*!

Item Symbol Min Typ Max Unit Test Conditions
Input Capacitance Cin — — 6 pF Vin =0V
Input/Output Capacitance Clo — — 8 pF Vijo =0V
Note: 1. This parameter is sampled and not 100% tested.
M AC CHARACTERISTICS (T, = 0 to +70°C, V¢ =5V + 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
e Qutput load: 1 TTL Gate + C|_ (100 pF) (including scope & jig)
W READ CYCLE
HM62256A-8 | HM62256A-10 |HM62256A-12 | HM62256A-15 .
Item Symbol - . . - Unit | Note
Min | Max | Min | Max | Min | Max | Min Max
Read cycle time tRC 85 — 100 — 120 — 150 — ns
Address access time tAA o 85 — 100 — 120 — 150 ns
Chip select access time tACS — 85 — 100 — 120 — 150 ns
Output enable to output valid tOE — 45 — 50 — 60 —_— 70 ns
Chip selection to output in low-Z tcLz 10 e 10 — 10 — 10 — ns 2
QOutput enable to output in low-Z tOLZ 5 — 5 — 5 — 5 — ns 2
Chip deselection to output in high-Z tCHZ 0 30 0 35 0 40 0 50 ns 1,2
Qutput disable to output in high-Z tOHZ, 0 30 0 35 0 40 0 50 ns 1,2
Qutput hold from address change tCH 5 — 10 — 10 — 10 — ns
# READ TIMING WAVEFORM-3
tre _
Address >< J<
- tan -
tacs -
— bl - Y
& AN AL
N /
- lowz 4 toHz _
- toLz -
OE \\\\\\\\\ /( / / / / / / /
A \ ya
- tomz o
Dout (  Datavalid
ton
Notes: 1. tCHz and toHz 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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HM62256A Series

B WRITE CYCLE
Parameter Symbol HM62256A-8 |HM62256A-10 | HM62256A-12 | HM62256A-15 Unit Not
Y Min | Max Min | Max | Min Max | Min Max o ote
Write cycle time twe 85 — 100 — 120 — 150 - ns
Chip selection 1o end of write tcw 75 — 80 — 85 — 100 — ns
Address setup time tAS 0 — 0 — 0 — 0 — ns
Address valid to end of write tAW 75 e 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 tbw 40 - 40 — 50 — 60 — 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
W WRITE TIMING WAVEFORM (1) (OE Clock)
twe -
Address >< )<
twr 4
taw - wR
/ NN
OE Llﬁ
tow™
\K T
= OO\
*6
tas® twe'™! .
WE
N\ 4
tonz 'S
Dot DIIPPPDD
| tow toH )
Din )‘(XXXX
@ HITACHI
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HM62256A Series

B WRITE TIMING WAVEFORM (2) (OE Low Fixed)

Address

cs

WE

Dout

Din

Notes: 1.
2
3
4
5
6
7
8
9
10

X X
NN \NNNNN Y 774 12444044
A NN S gy

A write occurs during the overlap (twp) of a lowCS 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.

. tcw is measured from CS going low to the end of write.

. tas is measured from the address valid to the beginning of write.

. twr is measured from the earlier of WE or CS going high to the end of write cycle.

. 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.

. 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.

. Dou is the same phase of the write data of this write cycle.
. Douw is the read data of next address.
. If CS is low during this period, 1/O pins are in the output state. Therefore, the input signals of the opposite phase to the

outputs must not be applied to them.

. This parameter is sampled and not 100% tested.
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B LOW Vcc DATA RETENTION CHARACTERISTICS (T, = 0 to +70 °C)

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

HM62256A Series

Item Symbol Min Typ Max Unit Test Conditions
V¢ for Data Retention VDR 2 — — v CS 2 Ve -0.2V, Vip 2 0V
. — 0.5 10%2 MA Vce =30V, Vip 20V,
Data Retention Current IcCcpr C=
o 05 10*2 HA CS= VCC 0.2V
Chip Deselect to Data Retention Time tCDR .0 — — ns See Retention Waveform
Operation Recovery Time R 5 — — ms

B LOW Vcc DATA RETENTION TIMING WAVEFORM

Data retention mode

Notes: 1. 20 uA max at T, = 0 to +40°C. (only for L-version)
2. 3 HA max at Ty = 0 to +40°C. (only for L-SL version).
3. CS controls address buffer, WE buffer, OE buffer, and Dj, buffer. If CS controls data retention mode, Vip, levels
(address, WE, OE, 1/O) can be in the high impedance state.

@ HITACHI
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HM62832H Series

32768-WORD x 8-BIT HIGH SPEED CMOS STATIC RAM

B FEATURES
o High speed: Fast Access time 25/35 ns (max.)
HM62832H~~Low power

Standby: 300 mW (typical)
Active: 30 xW (typical) (L-version)

e Single 5V supply

* Completely static memory
No clock or timing strobe required

e Equal access and cycle times
o Common data input and output—Three stage output
e Directly TTL compatible—All inputs and outputs

B ORDERING INFORMATION

Part No. Access Package
HM62832HP-25 25 ns 300 mil 28-pin
HM62832HP-35 35ns Plastic DIP

(DP-28NA)

HM62832HIP-25 25 ns 300 mil 28-pin
HM62832HIP-35 35ns Plastic SOJ
(CP-28DN)

(DP-28NA)

(CP-28DN)
PIN ARRANGEMENT
e ]
Top View
Aal] 1 28| ] Vee
A2 2 27 ] WE
Ar[] 3 26 ] A3
As[] 4 25 ] As
As(] s 24 [ ] Ag
A 6 23] ] An
Al 7 22 [7] OE
Az ] 8 21 ] A
a9 20[]CS
Ao ] 10 19 [] 107
1100 | 11 18 [] 10
10y ] 12 17 ] ¥0s
102 ] 13 16 % 1104
vss (] 14 15| ] 1103

G HITACHI
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@ PIN DESCRIPTION

Pin Name Function
Ap-Ay Address
1/0p-1/04 Input/Output
[ Chip Sefect
WE Write Enable
OE Output Enable
Vee Power Supply
Vss Ground




HM62832H Series

B BLOCK DIAGRAM

A12 = Memory Array

Row
Decoder

>
=
s
®
1
=
3
]

A6 512X512

100 Column VO
! Vo

¢ Buff
1107 o paed Column Decoder

Y Address Buffer

A A0 A1 A2 A3 A10 A3 A4

o 8 &l

GO HITACHI
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HM62832H Series

B ABSOLUTE MAXIMUM RATINGS

Item Symbol Value Unit
Voltage on any Pin Relative to Vgg Vr -0.5"to + 7.0 \'
Power Dissipation Py 1.0 w
Operating Temperature Topr Oto +70 °C
Storage Temperature Tag -55t0 +125 °C
Storage Temperature Under Bias Thias -10to +85 °C
NOTE: 1. -2.5V for pulse width < 10 ns
B FUNCTION TABLE
[« OF WE Mode Vec Current 1/0 Pin Ref. Cycle
H X X * Not Selected Isp, Isp) HighZ
L L H Read Icc Doyt Read Cycle(D )
L H L ) Iec Din Write Cycle)
L L L Wrie Iec Din Write Cycle®
NOTE: 1. X:HorL
@ HITACHI
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B DC CHARACTERISTICS for HM62832H (T5 = 0to +70°C, V¢ = 5V = 10%, Vgs = OV)

HM62832H Series

Parameter Symbol | Min. Typ."! | Max. Unit Test Conditions Note
Input Leakage Current 1yl - - 2 rA Vin = Vgs to Ve
-C—S = V[HOI‘EE = VIH
Output Leakage Current 1ol - - 2 A | or WE = vy,
Vyo = Vssto Ve
Min. cycle, duty = 100%,
Operating Power Supply Current Icc - 60 120 mA | CS=vy,
Iyo = 0 mA
Standby Power Supply Current Isp - 15 30 mA |CS=vVy
- 0.02 2 mA | CS &z Vec-02v,
Standby Power Supply Current Isg) 0V=sV,s02V,
- 0.006 0.1 mA | orVi, = V,-02V L-version
Vi - - 0.4 v IoL = 8mA
Output Voltage oL oL
Vou 24 - - v Ioy = -4 mA
NOTE: 1. Typical values are at Voc = 5.0 V, Ta = +25°C and specified loading.
B CAPACITANCE (T, = 25°C, f = IMHz)
Parameter Symbol Min. Typ. Max. Unit Test Conditions
Input Capacitance Cin - - 6 pF Vin=0V
Input/Output Capacitance Cio - - 10 pF Vio=0V

NOTE:

1. This parameter is sampled and not 100% tested.

B AC CHARACTERISTICS (T, = 0to +70°C, Vcc = 5V % 10%, unless otherwise noted.)

Test Conditions

¢ Input pulse levels: 0.0 Vto 3.0V

¢ |nput rise and fall times: 5 ns

¢ Input and output timing reference levels: 1.5V
¢ Output load: See Figures

gEme—
Output Load (A) Output Load (B)
(for terz. torzs tomzs tonz, twhz & tow)
+5V +5V
480 480
[~ —- [-o——
Dout 3 . Dout ¢
255 .jjo pF 255 *’_j SpF*
E—— S ——
NOTE:  *Including scope & jig.
O HITACHI
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HM62832H Series

B 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 {OE — 12 —_ 15 ns
Output Hold From Address Change toH 5 — 5 — ns
Chip Selection to Output in Low-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 tOHZ 0 12 0 15 ns

Read Cycle Timing (1) *t
Address )( — )-
= SOA\N\Y V.4

a8
B
N

st CX:X Data Valid m— NOTES:  *1. WE is high for read cycle.

*2. Device is continuously selected, TS = VjL.
*3. Address should be valid prior to or coincident with TS transition low.

*4, OF = VL.
B Write Cycle
HM62832H-25 HM62832H-35 5
Parameter Symbol - - Unit
Min. Max. Min. Max.
Write Cycle Time twe 25 — 35 — ns
Chip Selection to End of Write tcw 20 — 30 — ns
Address Valid to End of Write AW 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 tpw 12 —_— 15 — ns
Data Hold from Write Time tDH 0 — 0 — ns
Output Disable to Output in High-Z tOHZ 0 12 0 15 ns
Output Active From End of Write tow 5 — 5 — ns
@ HITACHI
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Write Cycle Timing (1) (OE Clock)

twg
Address :L )
IR 2
® ZZr . NANNNNY
= SSIYOM 7
law
L b ) G
la-. lowz'3 !_ Twp]
oot 353555 >,|:]
Write Cycle Timing (2) (OE Low Fixed)
g
Address D( X
low 2
taw
wE FOONNNN e y 4
wa o K
b SSISISIISISS -~ ‘;j\*blcé't
pmsasa Y
Din N P yAT

NOTES:  *1. A write occurs during the overtap (twp) of 8 low CS and a low WE.
*2. twp is measured from the earlier of CS or WE going high to the end of write cycle.

*

w

-,

S

o

OF is continuously low. (OF = V).
*

L

=~

Dou is the read data of next address.
L

Lol

Doy is in the same phase of written data of this write cycle.

. During this period, /O pins are in the output state, The input signals out of phase must not be applied.

*9. WE must be high during all address transitions except when device is deselected with CS.

B Low V¢ Data Retention Characteristics (Tp = 0 to +70°C)
This characteristics is guaranteed only for L-version

If TS is low during this period, 1/0 pins are in the output state. The input signals out of phase must not be applied to I/O pins.

HM62832H Series

. If the TS low transition occurs simultaneously with the WE low transition or after the WE low transition, outputs remain in a high impedance state.

Parameter Symbol Min. Typ. Max. Unit Test Conditions
V¢ for Data Retention Vpr 2.0 — — v
Data Retention Current 1 - 1 50°2 A CS2Vc-02V,
a tention Curre CCDR w Vi > Ve - 02 Vor
Chip Deselect to Data Retention Time tepr 0 — — ns 0V <Vps02V
Operation Recovery Time tRC tre™! . . ns

NOTES:  *I. trc = read cycle time.
*2. Vcc =3.0V.

Low V¢c Data Retention Timing Waveform

Data retention mode

G HITACHI
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HM62832UH Series

32,768-Word x 8-Bit High Speed CMOS Static RAM

B FEATURES

* High speed
Access time 15/20 ns (max.)

¢ Low power
Standby: 15 uW (typ.) (L-version)
Operation: 550/400 mW (typ.)

¢ Single 5V supply (DP-28NA)
¢ 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
y P P P (CP-28DN)
8 ORDERING INFORMATION
Type No. Access Time Package " RRANGEMENT
HM62832UHP-15 15 ns 300-mil. 28 pin SPINA
HM62832UHP-20 20 ns 7ML SO P -
- Plastic DIP HM62832UH Series
HM62832UHLP-15 15 ns (DP-28NA) -
HM62832UHLP-20 20 ns = % v
HM62832UHJP-15 15ns . . 1 i
HM62832UHIP-20 20ns 300-mil, 28 pin A 2 o7 OWE
HM62832UHLJP-15 15ns (CP-28DN) AL 8 26 [ Ar
HM62832UHLIJP-20 20 ns As ] 4 25 [1Ag
A 5 24 Ay
B PIN DESCRIPTION AL 6 2 A,
A 7 22 [ OE
Pin Name Function A ] 8 21 ] Ap
Ao-Al4 Address Ao 20 {1 C8
Ay [ 10 19 [ vo;
1/00-1/07 Data Input/Output 10 CJ 11 18 | vos
CS Chip Select 10, [ 12 17 [J vOs
— - 110, [ 13 16 [ 10,
Y Write Enabl,
_E rite Enable Vss [] 14 15 [ 1103
OE Output Enable Ton Vi
Vce Power Supply (Top View)
Vss Ground
@HITACHI
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B BLOCK DIAGRAM

HM62832UH Series

Ajg — = — -—— Ve
J-yp— ~— Vgg
A1z — .
Ag —] Address Row Memory Array
Buffer Decoder 512x 512
A, —
As — .
Ag ——
Ay —1
Ay —
° B
1/0p
. . ] Column I/O
110
. ° Buffer
. Column Decoder
/07
I i . . . . . ]
WE Column Address Buffer
OE T T
_ Ao A Az Ag Ay Ay
C8S —mmm—
8 FUNCTION TABLE
[ OE WE Mode Ve Current 1/O Pin Ref. Cycle
H X X Standby IsB, IsBI High-Z o
L L H Read Icc Dout Read Cycle ,2,3
L H L Write Icc Din Write Cycle 1
L L L Write Icc Din ‘Write Cycle 2
Note: X: Hor L
M ABSOLUTE MAXIMUM RATINGS
Item Symbol Value Unit
Supply Voltage™! vce -0.5*2t0 +7.0 v
Voltage on any Pin Relative to Vsg*! VT —-0.5*210 Ve +0.5 v
Power Dissipation Pt 1.0 W
Operating Temperature Topr 0to +70 °C
Storage Temperature Tstg 55 to0 +125 °C
Storage Temperature Under Bias Thias —10 to +85 °C
Notes |. With respect to VSS
2.Vcc and VT min = -2.5V for pulse width < 10 ns
B RECOMMENDED DC OPERATING CONDITIONS (T3 =0 to +70°C)
Item Symbol Min Typ Max Unit
vce 4.5 5.0 5.5 \
Supply Voltage Vss 0 0 o v
Input High (Logic 1) Voltage VIH 2.2 — Vce +0.5 \Y%
Input Low (Logic 0) Voltage VIL —0.5*1 — 0.8 v
Note *1. VL. min = -2.0V for pulse width < 10 ns
G HITACHI
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HM62832UH Series

B DC CHARACTERISTICS (Ta = 0 to +70°C, VCC = 5V * 10%, Vss = 0V)

Item Symbol Test Conditions Min Typ*! Max Unit
Input Leakage Current [1L1] Ve = 5.5V, VIN = Vss to Ve — — 2.0 LA
Output Leakage Current |TLo| TS = VIH, Vo= VSS 10 VCC — — 2.0 HA
Iccl (-15)"3 Min. Cycle — 135 170 mA
. Icc2 (-15) 2 x Min. Cycle*2 — 100 120 mA
Operating Ve C t
perating VCC Lurren 1ccr (-20) Min. Cycle = 120 150 A
Icc2 (-20) 2 x Min. Cycle - 90 110 mA
ISB (-15) CS = VIH, Min. Cycle — 40 60 mA
Standby Vcc C t — -
andby VCC Curren 1SB (-20) T8 = Vin, Min. Cycle — 30 50 mA
. CS2Vce-0.2V,0V £ Vin 0.2V — 0.02 2.0 mA
Standby Vcc Current (1) IsB1 (L-version) or VEC ~0.2V < Vin — 0.003 o1 vy
Output Low Voltage VoL IoL =8 mA — e 04 \
Output High Voltage VOH IoH = 4.0 mA 2.4 — — A%
B CAPACITANCE (T, = 25°C, f = 1.0 MHz)*!
Item Symbol Min Typ Max Unit Test Conditions
Input Capacitance Cin — — 6 pF VIN =0V
Output Capacitance CouT — — 10 pF Vyo =0V
Note *1. This parameter is sampled and not 100% tested.
MW AC CHARACTERISTICS (Ta = 0 t0 +70°C, VcC 5V * 10%, uniess otherwise noted.)
* Input pulse levels: Vss to 3.0V
¢ Input rise and fall times: 4ns
* Input and Qutput timing reference levels: 1.5V
¢ Output load: See figures
Output Load (B)
Output load (A
P ® (for tomz, twhz & tow)
+5V +5V
480Q 480Q
Dout Dout
255Q 30pF* 255Q 5pF*
Note: * Including scope & jig.
W READ CYCLE
’ H - HM62832UH-
ltem Symbol M62832UH 15 . 62832UH-20 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”! 3 — 3 — ns
Output Enable to Output Valid tOE — 8 — 10 ns
Output Enable to Output in Low-Z toLz"! 0 — 0 — ns
* Chip Deselection to Output in High-Z tcHzZ"! 0 7 0 10 ns
Chip Disable to Qutput in High-Z toHZ"! 0 7 0 10 ns
Qutput Hold from Address Change tOH 3 — 3 — ns
Chip Selection to Power Up Time tPU 0 — 0 _ ns
Chip Deselection to Power Down Time tPD 15 20 ns
G HITACHI
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HMB62832UH Series

B READ TIMING WAVEFORM (1) *1, *2

- tRe -
Address X X

- taa
oF NN t WA

Tz lon,

&S N N 4z

< tacs o lowz -

_ tclz - tcHz -
Dout < XO—

< tre
Address X X
- taa ol toH

toH
Dout >b<><

CS \ /

N /]

tacs < CHZ

-tz
Dout Data Valid >

‘ tpy tpp
VccSupply'”mmmmmm”m”}lfo 1
Current :CC 50% 50%

sB

Notes: 1. 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=VIL.
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HM62832UH Series

B WRITE CYCLE
HM62832UH-15 HM62832UH-20 .
Item Symbol - - 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 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*! tOHZ 0 7 0 10 ns
Write to Output in High-Z*! tWHZ 0 7 0 10 ns
Data to Write Time Overlap tDW 8 — 10 — ns
Data Hold from Write Time tDH 0 — 0 — ns
Qutput Active from End of Write*! tOW 3 — 3 — ns
H WRITE TIMING WAVEFORM (1)
le twe |
Address }\( Sk
_ / / N E } E E N\
OE .
S < tow 7

Cs taw -

t twp2 “
- AS > - WP P tWR 3
WE

AANNANN f

tonz ™ —
Dout

NN

LLLLLL L L L < tow ton

R
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B WRITE TIMING WAVEFORM (2) *6

Address

Dout

Din

Notes: 1.

twe

HM62832UH Series

;

X

|l
tew
SN\ TTTTTT77777
_ taw ‘iWRz
A twe2
O\ K b
twhz'4
NAVAVANANAN N \‘\\ /\%\/VBV
PPN INN o o

100% tested.

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

A

3. twR is measured 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.

o oo -1 N

. OE is continuously low. (OE = VIL).
. Dout is the same phase of write data of this write cycle.
. Dout is the read data of next address.
. If CS is low during this period, 1/O 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.

G HITACHI
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HM62832UH Series

B LOW Vcc DATA RETENTION CHARACTERISTICS (Ta = 0 to +70°C,)

This characteristics is guaranteed only for L-version

Item Symbol Min Typ Max Unit Test Condition
V¢ for Data Retention VDR 2 — — v .

Data Retention Current ICCDR — 2 50%1 HA \C/S i\\’/%%‘ %22\\1/
Chip Deselect to Data Retention Time tCDR 0 — — ns 0;:(1)\7 <Vin< 02V
Operation Recovery Time R 5 — — ms

Note *1. Vce = 3.0V.

B LOW Vce DATA RETENTION TIMING WAVEFORM

Data retention mode
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HM67832SH Series Preliminary

32,768-Words x 8-Bit High Speed Static Random Access Memory
B FEATURES W PACKAGE OUTLINE

* 32,768-words x 8 bit organization
e Directly TTL compatible input and output
¢ 0.8um Hi-BiCMOS process
¢ +5V Single supply
e Completely static memory
e No clock or timing strobe required
¢ Low power dissipation (DC) operating: (CP-28DN)
400mW (typ)
e Super fast access time: 10/12 ns (max) B PIN ARRANGEMENT
W ORDERING INFORMATION HMG67832SH Series
Type No. Organization | Access Time| Package Ay ] 1 28 Voo
HM67832SHIP-10 10ns  [300 mil 28 pin Ap ] 2 27 [JWE
32Kx 8 Plastic SOJ Ar ] 3 26 [1 A3
HMG67832SHIP-12 12ns (CP-28DN) A 4 25 As
A 5 24 Ag
B PIN DESCRIPTION A 6 28 1A
A ] 7 22 7] OE
Pin Name Function A [] 8 21 JAqp
Ap-Al4 Address Input A o 20 [[1CS
Ao ] 10 19 110
l/OﬂOs Data Input/Output Vo, O 11 18 Bwo,
WE Write Enable 170, [ 12 17 [ 10,
s Chip Select 70, ] 13 16 |1 1/0g
OE Output Enable Ves [ 14 15 o,
Vss Ground (Top View)
Vee Power Supply
G HITACHI
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HM67832SH Series

H BLOCK DIAGRAM
Ay omme——
At oI5 —0 Vgo
A2 o 1 " — Vss
M tri
AT = [ 2661024
A4 o5
As o5}
Ag o——f57] n
A7 L | .
/01 o
110z o 0 - Column I/O —
:; 83 © _?— Input
I/O: : _é}: Control Column Decoder
10 o -
FRRERRR
1/0g o ] A Ay Ay Ma}‘n
1
i ] l
¥ e g
OE RO —
B TRUTH TABLE
Input Out Mod Vee € Ref. Cycl
— — utput ode cc Current ef. Cycle
CS WE OE P y
H X X High Z Not Selected IsB, IsB1 —
L H H HighZ Output Disable Icc, Icci -
L H L Data Out Read Icc, Icci Read Cycle (12.3)
L L H Data In Write Icc, lecl Write Cycle (1:23.4)
L L L Data In Write Icc, Iccl Write Cycle (5:6)
B ABSOLUTE MAXIMUM RATINGS
Item Symbol Rating Unit
Supply Voltage™! vee -0.5t0 +7.0 \4
Voltage on any Pin Relative to Vss*! VT —0.5 to Ve +0.5 v
Power Dissipation PT 1.0 w
Operating Temperature Range Topr 0to+70 °C
Storage Temperature Range (with bias) Tstg(bias) -10 to +85 °C
Storage Temperature Range Tstg -5510 +125 °C

Notes 1. 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.

M RECOMMENDED DC OPERATING CONDITIONS (0°C < Ta £ 70°C)

Item Symbol Min Typ Max Unit
Vee 4.5 5.0 55 \
Supply Voltage Vss 0 00 0.0 v
Input High Voltage VIH 2.2 — Ve +0.5 \%
Input Low Voltage VIL -3.0! — 0.8 Vv
Note 1. Pulse width 10 ns, DC: -0.5V
G HITACHI
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HM67832SH Series

B DC AND OPERATING CHARACTERISTICS (Vcc = 5.0V + 10%, Vss =0V, Ta = 0 to +70°C)

. HM67832-10 | HM67832-12 .
Item Symbol Test Conditions Unit
Min Max Min [ Max
Input Leakage Current |TL1] Vce =55V, VIN=0V to Vce — 2 — 2 HA
Output Leakage Current ol | CS=VIHEORS M WE=VIL 11 0 | — | 10 | pa
Operating Power Supply Current Icc CS=VIL, /0 =0mA — 200 — 195 mA
Average Operating Current Icci 15 ns Cycle, II/0 = 0 mA — 150 — 140 mA
ISB CS = ViH, VIN = VIH or VIL — 40 — 40 mA
Standby Power Supply Current CS = Vce -0.2V, VIN< 0.2V or
Isa1 VIN > Vce -0.2V — | 30 [ — | 30 | mA
Output Low Voliage VoL IoL = 8 mA — 0.4 — 0.4 \
Output High Voltage VOH I0H =-4 mA 2.4 — 24 — v

B AC CHARACTERISTICS (Vcc =5V % 10%, Ta = 0°C to 70°C unless otherwise noted.)
e Read Cycle

HM67832UH-10 HM67832UH-12 .
Item Symbol " Unit
Min Max Min Max
Read Cycle Time tRC 10 — 12 e ns
Address Access Time tAA — 10 — 12 ns
Chip Select Access Time tACS — 10 = 12 ns
Chip Selection to OQutput in Low Z izl 2 3 — 4 — ns
Output Enable to Output Valid 1OE — 5 — 6 ns
Output Enable to Qutput in Low Z oLzl 2 0 — 0 — ns
Chip Deselection to Qutput in High Z tHz!> 2 0 5 0 5 ns
Output Hold from Address Change tOH 3 — 4 — ns
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).
e Write Cycle
HM67832UH-10 HMG67832UH-12 .
Item Symbol - Unit
Min Max Min Max
Write Cycle Time twc! 11 — 12 — ns
Chip Selection to End of Write ICW 8 — 9 — ns
Address Valid to End of Write AW 10 — 11 — 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 IDW 6 — 6 — ns
Data Hold Time tDH 0 — 0 — ns
Write Enable to Qutput in High Z twz23 0 5 0 6 ns
Qutput Disable to Qutput in High Z toHz2: 3 0 6 0 6 ns
Output Active from End of Write tow? 3 4 — 4 — 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).
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HM67832SH Series

M CAPACITANCE (T, = 25°C, f= | MHz.)

Item Symbol Max Unit Test Condition
Input Capacitance Cin! 6 pF Vin=0V
Input/Output Capacitance Cyo! 10 pF Vo =0V
Note: 1. This parameter is sampled and not 100% tested.
B 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 Ireference levels: 1.5V
+5V +5V
480Q 480Q
Output Output
255Q 30pF* 255Q S5pF*
Output Load (B)
Output Load (A) (for thz, t 2, torz, toLz, twz, & tow)

*includes scope and jig capacitance
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HM67832SH Series

H TIMING WAVEFORMS
¢ Read Cycle -11

- ‘RC E
Address X _}'L
CEAUANRRRRRRRRRNNNY /L / /L[
< OE OH_
toLé r
EEAANNNNNNNNARY — XA
- >t
S e e - <
Data Out C Data Valid m
High Impedance
Notes 1. WE = VIH.
* Read Cycle -21,2,3
- tre o
Address X ><
taa ton >
—-— > tOH
Data Out Previous Data Valid /] >< Data Valid ><
Notes 1. WE=VIH.
2. Q = VIL.
3. OE=ViL
* Read Cycle -31,2,3
. tre
Cs ™ >
. AN : /| tz
ACS | - - >
< ] 17

Data Out ( Datavaid >

High Impedance

Notes 1. WE = VIH.
2. OE=VIL. .
3. Address valid prior to or coincident with CS transition low.

G HITACHI
Hitachi America, Ltd. e Hitachi Plaza 2000 Sierra Point Pkwy. ® Brisbane, CA 94005-1819  (415) 589-8300 177



HM67832SH Series

B TIMING WAVEFORMS
* Write Cycle -11 (OE = H, WE Controlled)

Address

Data Out

Data In

X X
NN Y 71714/ /4
NS 7///// 14

XXX XX XXX XKXXXX

Data Valid 4_;t<>< XX XXX

High Impedance

Note 1. A write occurs during the overlap of a low TS and a low WE t(WP).

* Write Cycle -21 (OE = H, CS Controlled)

% - X
[ NNNANNAN NN i/é{)/////////
sonn. XXXXXXXXXXXRK 5 —~XXXXXX
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HM67832SH Series

B TIMING WAVEFORMS
« Write Cycle -31 2 (OE = Clocked, WE Controlled)

Address >E }(
o 77777777777 AAAARANN
SSNNNNNNNNNNNN N Y. 77/ A A
— e e [ =
WE - ¥ ozl

High Impedance R High Impedance
Data In 6( Data Valid ><>—————

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)

twe

-t

Address )< J:(
ok LA R e ANRNANANY

- tas 1: o ;{L I
EA\\\\\\\\NL

Data In XX K patavaia K X ———

High Impedance

Data Out

Notes 1. A write occurs during the overlap of a low CS and a low WE (twp).

2. 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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HM67832SH Series

H TIMING WAVEFORMS

¢ Write Cycle -51; 2, 3, 4 (OE = L, WE Controlled)

Address

)
»

Data Out

Data in

Notes 1. A write occurs during the overlap of a low CS and a low WE t(wp).
2. During this period, I/O 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, /O 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)

Address

3
m

Data Out

Data In

twe -
X X
tew
PARRRRARRRRN S 2L
t t
. | N twe (1] ~— -
NN 4 T N
twh | e—| [2] MRy
SN S SNSSNNNNSNNNN High Impedance
VAV AV A AV A AV A A A A
tow ‘tDH
High Impedance <> XDataVaIid /\[4] High Impedance
/

% t %

t \ {:tWPA
NN AT 777

tehimpscerce s XX XX XXX

Notes 1. A write occurs during the overlap of a low CS and a low WE (twP).
2. Ifthe CS low transition occurs after the WE low transition, output remain in a high impedance state.

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



HMG6208H Series

65536-Word x 4-Bit 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.

(DP-24NC)

Features
¢ Single 5 V supply and high density 24-pin package
* Highspeed: Access time 25/35 ns (max.)
* Low power
Active: 300 mW (typ.)
Standby: 100 uW (typ.)

30 W (typ.) (L-version) (CP-24D)
o Completely static operation requires
No clock or timing strobe Pin Arrangement
e Access and cycle times are equivalent
e Allinputs and outputs TTL compatible
s Capability of battery back up operation (L-version) Aol ~ % | Ve
Ordering Information AL B A
- A2 3 2| Al4
Type No. Access Time Package a3 [z 7] A3
HMG6208HP-25 25 ns 300-mil
HM6208HP-35 35 ns 24-pin r[E] (3] w2
HM6208HLP-25 25ns plastic DIP as s ] (5] an
HMG6208HLP-35 35 ns (DP-24NC) as[7 E A10
HMG6208HJP-25 25 ns 300-mil A7| 8 17| 1/01
HM6208HJP-35 35 ns 24-pin
HM6208HILP-25 258 plastic SOJ wle] 2 ver
HM6208HJLP-35 35ns (CP-24D) o 10] [15] 03
cs % E 1/04
Pin Description e L2 1] ¥
Pin Name Function (Top View)
A0 - A15 Address

[/01 - 1/04 Input/Output

[ Chip select
WE Write enable
Vee Power supply
Vss Ground
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HM6208H Series

Block Diagram

A14 oL -
AlS % - Ve
A0 0—-%: - Vss
Alo—{3—1 Row Memory Array
Az Oy Decoder 256X 1,024
A3 o—a—]
A4
A5
I
o1 Ei Column 1/0
1/02 o i?— Input
Data Column Decoder
1/03 © {?— Contral
S [ Cau ) ).2.) ) 22
A13 A12A11 A10 A9AB A7 A6
cs
i
Function Table
CS WE Mode Vec Current 1/0 Pin Ref. Cycle
H X Not selected Iss, Isa1 High-Z —
L H Read Icc Dout Read cycle
L L Write Icc Din Write cycle
Note: X means don't care.
Absolute Maximum Ratings
Item Symbol Value Unit
Voltage on any pin relative to Vss Vin -0.5""10 +7.0 \
Power dissipation Pr 1.0 w
Operating temperature range Topr 0to +70 °C
Storage temperature range Tstg ~5510 +125 °C
Storage temperature range under bias Tbias ~10t0 +85 °C

Note: *1.  Vin min = -2.5 V for pulsc width < 10 ns.
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HM6208H Series

Recommended DC Operating Conditions (Ta = 0 to +70°C)

Item Symbol Min Typ Max Unit
Vee 4.5 5.0 55 \
Supply voltage Ves 0 0 0 v
Input high (logic 1) voltage VH 22 — 6.0 v
Input low (logic 0) voltage Vi 05" — 0.8 v

Note:  *1. VIL min = -2.0 V for pulse width < 10 ns.

B DC Characteristics (T, = 0to +70°C, Vcc =5V + 0%, Vss = 0 V)

Item Symbol Min. Typ.*! Max. Unit Test Conditions
lane . Vee = Max.
Input Leakage Current Iy — — 2.0 HA Vi = Vs 10 Vee
akane CS =V
Output Leakage Current Iio - - 10.0 RA Vio = Ves 1o Ve
eating CS = Vi Iy = OmA.
Operating Power Supply Current Iee — 60 100 mA Min. Cycle. Duty = 100%
Standby Power Supply Current Isg — 15 30 mA —
CS = Viy. Min. Cycle
Standby Power Supply Current “H™ Version Isg - 20 40 mA
Standby Power Supply Current Is| - 20 2000 A CS 2 Vec-02V
OV=sV,=<02Vor
Standby Power Supply Current L-Version Isp) - 6 100 rA Vin = Vee - 0.2V
Output Low Voltage VoL — — 04 \% lop = 8mA
Output High Voltage Vou 24 - - v loy = -4.0mA
Note:  *1. Typical limits are at Ve = 5.0 V, T, = +25°C and specified loading.
Capacitance (Ta = 25°C, f = IMHz)"!
Ttem Symbol Min Max Unit Test Conditions
Input capacitance Cin — 6 pF Vin=0V
Input/output capacitance Cwo — 10 pF Vw=0V
Note:  *1. This parameter is samplcd and not 100% tested.
AC Characteristics (Ta =0 to +70°C, VcC = 5 V £ 10%, unless otherwise noted.)
Test Conditions
* Input pulse levels: Vssto 3.0 V + Input and output timing reference levels : 1.5 V
* |nput rise and fall times: 5 ns + Output load: See Figures
Output Load (A) Qutput Load (B)
(for iz, tLz, twz & tow)
+8V +5V
4800 4“0
Dout O——9 Dout H

2550 S WpF e 5502 SHFs

K,

Note:  * Including scope & jig.
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HM6208H Series

B Read Cycle

Item Symbol ~HM6208H-25 .HM6208H-35 Unit
Min. Max. Min. Max.

Read Cycle Time tre 25 — 35 — ns
Address Access Time tAp — 25 - 35 ns
Chip Select Access Time tACs — 25 - ~ 35 ns
Qutput Hold From Address Change toH 5 — 5 — ns
Chip Selection to Output in Low-Z t z*1 5 — 5 — ns
Chip Deselection to Output in High-Z tyz*! 0 12 0 20 ns
Chip Selection to Power Up Time tpy 0 — 0 — ns
Chip Selection to Power Down Time tppD — 15 — 25 ns

Note: *1 Transition is measured +£200 mV from steady state voltage with Load (B). This parameter is sampled and not 100% tested.

Read Timing Waveform (1) ***?

tac

e X

tar
ton ton
Dout Data Invalid Data Valid
Read Timing Waveform (2) ***
[ tac
tur
tacs .
[ %) .
Dout —V Data Invalid Data Valid —
High Imped r\ High
Impedance
teo
Vee supply tre
Iee 50% 509,
current
I

Notes: *1. WE is high for read cycle.
*2. Device is continuously sclected, CS = VL.
*3. Address valid prior to or coincident with CS transition Jow.
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HM6208H Series

B Write Cycle
Ttem Symbol HM6208H—25 HMG6208H-35 Unit
Min. Max. Min. Max.
Write Cycle Time twe 25 — 35 — ns
Chip Selection to End of Write tow 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
“H” Version 25

Write Recovery Time twr 3 — 3 - ns
Data Valid to End of Write tbw 15 — 20 — ns
Data Hold Time tpH 0 — 0 — ns
Write Enabled to Output in High-Z twz'! 0 8 0 10 ng
Output Active From End of Write tow ! 0 — 0 — ns

Note: *1 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 Controticd)

Address )< > (
BN Y7TTTI77777
= ten®2
- twr *1
" \\ \\ /ﬁ
tow 1045
D < E ; Data Vatid %-——
tow®5 ron :
twz®3
Dout < / < T High Impedance XALM
G HITACHI
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HM6208H Series

Write Timing Waveform (2) (CS Controlled)

D X
3 \ -— tee y a
NN, ATTTTTTT77

Low V¢c Data Retention Characteristics (T, = 0 to +70°C)
These characteristics are guaranteed only for L-version.

Item Symbol Min Typ Max Unit Test Conditions
Vec for data retention Vpr 2.0 —_ - \ P
- 3 CS2Vec-02V,
Data retention current Tcoor — 1 50 HA .
- — Vin2Vec-02Vor

Chip deselect to data retention time  tcor 0 _ - ns .

- - = 0V<Ving02V
Operation recovery time R RC —_ - ns

Notes:  *1. tc = read cycle time.
*2. Vec=30V.

Low Vcc Data Retention Timing Wavetorm

| Data retention mode

CS& Ve —02V
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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 IL; 2 2 2 2 2 |pA
ILp 10 10 10 10 10 | A
I.c 100 100 100 100 100 | mA
Il 120 120 120 120 120 | mA
L 30 30 30 30 30 |mA
Il 10 10 10 10 10 | mA
Vol 0.4 0.4 0.4 0.4 04|V
Voh 2.4 2.4 2.4 2.4 2.4 \%
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 5/0 5/0 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
tas 0 0 0 0 0 ns
twp 15 20 10 15 20 ns
tWR 1.5 3 0 *0 *0 ns
tDw 15/20 20/15 8 * 10 * 12 ns
{DH 0 0 0 0 0 ns
twz 0 15/8 0| 15/10 0 6 0 8 (1] 10 | ns
tow 0 0 0 0 0 ns
* Modified specifications
G HITACHI
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HM6708A Series

Preliminary

65536-Word x 4-Bit High Speed Static RAM

W FEATURES

* 65536-words x 4 bit organization

Fully TTL compatible input and output
1.0x 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.)

B ORDERING INFORMATION

Type No. Access Time Package
HM6708AP-15 15ns 300 mil 24 pin
HM6708AP-20 20ns Plastic DIP
HMG6708AP-25 25ns (DP-24NC)
HM6708AJP-15 15ns 300 mil 24 pin
HM6708AJP-20 20ns Plastic SOJ
HM6708AJP-25 25ns (CP-24D)

B BLOCK DIAGRAM
ppa—
A3 | —oVee
As o —OVgs
A7 O] Row Memory Matrix
As O—— | Decoder 256 X 1024
[Ty Smm——
As o——] | |
Ag O
104 o— ?- | - Column I/0
1020 S:,uat Column Decoder
/03 & Control

BRQRRE G

AroA1Ar2 Az Ay AsAg Ay

e L]
Se——py I—ﬁﬂ:

G HITACHI

(DP-24NC)

«

(CP-24D)

B PIN ARRANGEMENT

Ao[] 1 24 [] Vce
M 2 23 ] A5
A2 [: 3 22 :] A14
As[] 4 21 ] A3
A s 20 ] A2
As[ ]| © 19 [] An
As[] 7 18] ] Ao
A7[] 8 17 [] 101
As[] 9 16 ] 102
Ag [] 10 15[ 11103
cs [ 14 ] 104
vss [ |12 13 ] WE
(Top View)

B PIN DESCRIPTION

Pin Name Function

Ag-Ags Address Input

1/01-1/04 Data Input/Output

WE Write Enable

CS Chip Select
_Vss Ground

Ve Power Supply
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W ABSOLUTE MAXIMUM RATINGS

HM6708A Series

Item Symbol Rating Unit
Terminal Voltage to Vgg Pin Vr -0.5t0 +7.0 v
Power Dissipation Py 1.0 w
Operating Temperature Range Topr 0to +70 °C
Storage Temperature Range (with bias) Togbias) -10to +85 °C
Storage Temperature Range Ty -55to +125 °C

Ml RECOMMENDED DC OPERATING CONDITIONS (0°C < T, < 70°C)
Item Symbol Min. Typ. Max. Unit
Vee 4.5 5.0 5.5 v

Supply Volta,

Hpply Yollage Vss 0.0 0.0 0.0 v
Input High (Logic 1) Voltage Vi 2.2 — Vee + 0.5 \
Input Low (Logic 0) Voltage Vi -3.0% — 0.8 v

*Pulse width 20ns, DC: -0.5V
B FUNCTION TABLE
CS WE Mode Ve Current /O Pin Ref. Cycle
H X Not Selected Isp, Ispi High Z —
L H Read Ice lec Data Out Read Cycle (1) (2)
L L Write Icc, Icci Data In Write Cycle (1) (2)

B DC AND OPERATING CHARACTERISTICS (Vcc=5.0 V+10%, Ta=0to +70°C)

Item Symbol Test Conditions HMG708A-15 |HM6708A-20/25 Unit
Min. | Typ. |Max. |Min. | Typ. Max.
Input Leakage Current Mgl |Vec=55V,ViN=0VtoVee| — | = | 2 | — | — ]2 {pA
Output Leakage Current ol [CS=Vi, Vo=0VtoVee | — | — |10 | — | — |10 |pA
Operating Power Supply Current | Icc |CS=Vj, Io=0 mA — | — | 100 | — | — | 100 |mA
Average Operating Current Icct min. cycle, Duty: 100% — | — | 40 | — | — |120 |mA
II/O =0 mA

Isg |CS=Viy, Vin=Vimorvi | — | — |30 | — | — |30 |mA

Standby Power Supply Current Igp |CS= Vee-02V el o T el
Vin=0.2 Vor VIy= V0.2V
Output Low Voltage VoL {loL=8 mA — ] — 104 — | —|04]| V
Output High Voltage Vou |log=-4 mA 24| — | — |24 — | — |V
B AC CHARACTERISTICS (Voe=5V+10%, Ta=0to +70°C, unless otherwise noted.)
¢ Read Cycle
Jtem Symbol HMG6708A-15 HM6708A-20 HM6708A~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 tog 4 — 5 — 5 — ns
Chip Selection to Output in Low Z tp 7z 2 4 — 5 — 5 — ns
Chip Deselection to Output in High Z tgzP | 0 6 0 8 5 10 ns

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).
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HMG6708A Series

* Write Cycle

HM6708A-15 HM6708A-20 HM6708A-25 .
Item Symbol Unit
Min. Max. Min. Max. Min. Max.

Write Cycle Time twe ! 15 — 20 - 25 — ns
Chip Selection to End of Write tow 10 — 15 - 20 — ns
Address Valid to End of Write tAw 10 — 15 - 20 — ns
Address Setup Time tAS 0 — 0 — 0 — ns
Write Pulse Width twp 10 — 15 — 20 — ns
Write Recovery Time twR 0 — 0 — 0 — ns
Data Valid to End of Write tpw 8 — 10 — 12 — ns
Data Hold Time tpH 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 tow?: ) 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).
W CAPACITANCE (Ta=25°C, f=1MHz)
Item Symbol Max. Unit Test Condition
Input Capacitance CnY 6 pF ViN=0V
Output Capacitance CroV 10 pF Vyo=0V
NOTES: 1. This parameter is sampled and not 100% tested.
B AC TEST CONDITIONS
* Input pulse levels: Vgg to 3.0 V ¢ Input rise and fail times: 4ns
¢ Input timing reference levels: 1.5 V ¢ Output reference levels: 1.5 V
¢ Output Load: See figure

\
+5V ®
b 4800
Dout 4800 out
[ S—
< > *
< * % 5 P F
2550 30 pF 255Q
Output Load B
Output Load A (for tyz, ty 7, twz & tow)
*Including scope and jig capacitance.
@ HITACHI

190 Hitachi America, Ltd.  Hitachi Plaza « 2000 Sierra Point Pkwy. ® Brisbane, CA 94005-1819 e (415) 589-8300




HM6708A Series

M TIMING WAVEFORM
* Read Cycle (1) W @

L tRe -
Address X
- taa >l e 1OH
toH
Data Out Previous Data Valid Data Valid
¢ Read Cycle (2) (13
—_ . tre -
cs \| 4
AN /|
_ tacs - M2 o
-z
Data Valid
Data Out High Impedance > High
Impedance

NOTES: 1. WE is High for READ cycle.
2. Device is continuously selected, CS = ViL.

3. Address valid prior to or coincident with CS transition low,
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HM6708A Series

* Write Cycle (1) (WE Controlled)

Address

Din

Dout

twe

>

N t N
N =X Y

- taw .
< tAS WA
a < - twp(1) -/
N y
{DH (5,

Data Valid
tons

High Impedance

* Write Cycle (2) (CS Controlled)

Address

a|

Data In

Dout

NOTES:

NA t X
—x S
T, O T, TS 77777707,

tow

High Impedance (2)

1. A write occurs during the overlap of a low CS and a low WE (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, 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.

. 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

W FEATURES
* 65,536-words x 4 bit organization
¢ Directly TTL compatible input and output
¢ 0.8 um Hi-BiCMOS process 3
¢ +5V single supply
¢ Completely static memory
* No clock or timing strobe required (CP-24D)
* Low power dissipation (DC) operating: 400mW typ
¢ Super fast access time: 10/12
up ceess time: 10/12ns (max) W PIN ARRANGEMENT
B ORDERING INFORMATION HM6708SH Series
Type No. Organ- | Access Time Package A ] 1 ~ 24 MO Vee
1zation A1 E 2 23 : A15
HM6708SHJP-10 10 300 mil 24 pi
HM6708SHIP-12 | 64k x 4 123? Pla[;]ic sopJm L 22 1A
(CP-24D) A3 E 4 21 : A13
A ] 5 20 [ Asp
B PIN DESCRIPTION As ] 6 19 B An
Pin Name Function As I: 7 18 : Ao
Ao-Als Address Input A, ] 8 17 [ o,
1/01-1/04 Data Input/Output Ag ] 9 16 [ 170,
WE ‘Write Enable ‘_AE ] 10 15 ] 1/03
T Chip Select cs ] 11 14 L1 10,
Vss Ground Vss 0 12 18 [ 1WE
vce Power Supply
NC Not Connect
(Top View)

Ag oI5
s ok
,
As o—X Row Memory Matrix
As o———J 57| Decoder 256 X 1024
Ay o————-—};
As O——————; L
A o5
1 1
1101 ©- alen nout |1 Column 110 =
102 © '_2‘ Dgt: Column Decoder
/03 © ,2“ Control
N
13 AH A AMA15 Ao A1

—

9
HJ
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HM6708SH Series

B TRUTH TABLE
Input
— — Output Mode V¢ Current Ref. Cycle
CS WE
H X High Z Not Selected IsB, ISB1 —
L H Dout Write “0” Icc, Icci Read Cycle (2), (3)
L L HighZ Write *1” Icc, Icci Write Cycle (1), (2)
B ABSOLUTE MAXIMUM RATINGS
Item Symbol Rating Unit
Supply Voltage! vee 0.5t0+7.0 v
Voltage on any Pin Relative to Vss Vi -0.5to Vee +0.5 v
Power Dissipation P 1.0 W
Operating Temperature Range Tppr 0to +70 °C
Storage Temperature Range (with bias) Tstg (bias) -10to +85 °C
Storage Temperature Range Tstg ~55 to +125 °C

Note: 1. With respect to VSs.

Under the dc and ac specifications shown ing the Tables, this device is tested under the minimum trasverse
air flow exceeding 500 linear feet per minute.

B RECOMMENDED DC OPERATING CONDITIONS (0°C < T4 < 70°C)

Item Symbol Min. Typ Max. Unit
vce 4.5 5.0 5.5 v
Supply Voltage Vss 0.0 0.0 0.0 v
Input High Voltage VIH 22 — Vee+0.5 \Y
Input Low Voltage VIL -3.01 — 0.8 \'

Note: 1. Pulse width 10 ns, DC: -0.5V

B DC AND OPERATING CHARACTERISTICS (Vcc = 5.0V £ 10%, VSS =0V, Ta =0 to +70°C)

10 12
Item Symbol Test Conditions Unit
Min. | Typ. | Max. | Min. | Typ. | Max.

Input Leakage [T Vce=5.5V,ViIN=0Vto Vee | - . 2 - - 2 HA
Output Leakage I CS=Vigor OE = VI, WE= Vi
Current o] Vio =0V to Vce - - 10 - - 10 A
Operating Power icc CS = VIL, Il/0 = OmA - 60 100 - 60 100 mA
Supply Current
Average Operating Iccl 15ns cycle, IO = OmA - 130 | 180 | - | 120 | 175 mA
Current

IsB CS=VIH, VIN =ViHor VIL [ - - 40 - - 40 mA
Standby Power —
Supply Current ISB1 CS2Vvcee=0.2v - - 30 - - 30 mA

VIN<£0.2Vor VIN 2 Vec - 0.2V

Qutput Low Voltage VoL IoL = 8mA - - 0.4 - - 04 v
Output High Voltage VOH IoH = .4mA 24 - - 2.4 - - \Y
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HM6708SH Series

W AC CHARACTERISTICS (VcC =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 Qutput in Low Z wz! 2 3 - 4 - ns
Chip Deselection to Output in High Z tHz!2 0 5 0 5 ns
Output Hold from Address Change tOH 3 - 4 - ns

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

-10 -12
item Symbot Unit
Min Max Min. Max.
Write Cycle Time twc! 11 - 12 - ns
Chip Selection to End of Write tCW 8 - 9 - ns
Address Valid to End of Write tAW 10 - 11 - 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 tDW 6 - 6 - ns
Data Hold Time tDH 0 . 0 — ns
Write Enable to Output in High Z twz23 0 5 0 6 ns
Output Active from End of Write toH23 4 - 4 - ns

Notes: . 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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HM6708SH Series

¢ Capacitance (Ta = 25°C, f = 1MHz)

Parameter Symbol Max. Unit Test Conditions
Input Capacitance CIN! 6 pF VIN =0V
Input/Output Capacitance Cyo! 10 pF V0 =0V

Notes 1. This parameter is sampled and not 100% tested.

B AC TEST CONDITIONS
¢ Input pulse levels: Vss to 3.0V ¢ |nput rise and fall times: 4ns
¢ Input timing reference levels: 1.5V ¢ Output reference levels: 1.5V

¢ Qutput Load: See figure

Output Load (B)

Output load (A) (for thz, tiz, tomz, torz, twz, & tow)

+5V +5V

480Q 480Q
Output Output
255Q 30pF* 255Q S5pF*

Note: * Including scope and jig capacitance
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HM6708SH Series

H TIMING WAVEFORMS
Read Cycle No. - 11

Address >< X
- tan > toy
cs AN AL
tacs
Data Out < Data Valid KX o—

High Impedance
Notes: 1. WE = VIH

Read Cycle-21,2,3

tre
Address >< X
taa |
- ton > - ton >
Data Out Previous Data Valid Data Valid ><
Notes: 1. WE = VIH
2.CS=VIL
Read Cycle -31:2,3
tre -
CS —_—\ —_
N /|

Tacs — -tz
- TRX o
Data Valid
Data Out High Impedance

Notes: 1. WE = VIH o
2. Address valid prior to or coincident with CS transition low.
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HM6708SH Series

Write Cycle -11

[t tWC € ot

Address >( >(
tow

_ \L a
cs N N /

- taw -

. las » _ twr
VE | tWP ‘[

X y
\ tow ton

High Impedance

Data Out

Note: 1. A write occurs during the overlap of a low CS and a low WE (twp).

Write Cycle -2 1

- twe
Address >< ><
tAS | 1:CW
— s
cs 5’\ /]
- taw
twr
WE I tue /
7

tow | < tOH
Data In Data Valid m

High Impedance

Data Out

Note: 1. A write occurs during the overlap of a low CS and a low WE (twp).
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Write Cycle -3 1,2

HM6708SH Series

- twe .

Address X X
- tow .

N AUARNNR t 1L A

T tas - w - PR
e @ \\1‘;————;[ @
Data Out > High Impedance ——

- tow toH
i _ i High Impedance

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/O 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)

- twe "

Address >< >(
- tew _

cs AN AR ‘ NSNS

~ tas - A 1 1 twr .
WE l twp
" & \ Xk 7( @
Data Out > High Impedance —

< tow toH
i _ High Impedance

Data n R mpecanes <><>< Data Valid 3

Note: 1. A write occurs during the overlap of a low CS and a low WE (twp).

@ HITACHI

Hitachi America, Ltd. e Hitachi Plaza « 2000 Sierra Point Pkwy. e Brisbane, CA 94005-1819 e (415) 589-8300 199



HM6708SH Series

Write Cycle-51,2,3,4
- twe
Address >< ><
tow N
cS /
S NANRNANAY ]
- taw -
P tas |« > twp 1 WR
WE Y - -
AR 7 t
High Impedance |- >
Data Out S gh Imp €
tDW tDH
[4]
High | : High Imped
Data In igh Impedance O< Data Valid > igh Impedance

Notes: 1. A write occurs during the overlap of a low CS and a low WE (twp).
2. During this period, I/O 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. 1f CS is low during this period, [/O 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

_ twe
Address >< ><
s )= tew
cs s
\\ /]
- taw
typ 1 twr
— X E
WE N\ K i4
ty | ‘tWZ
High Impedance
Data Out 2l 9 P
tow ton

Data In High Impedance K paavaid  OOOOOONNX

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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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 Iy 2 2 2 2 2 | pA
ILg 10 10 10 10 10 | pA
Ioe 100 100 100 100 100 | mA
Il 120 120 140 120 120 [mA
Iy 30 30 30 30 30 |mA
| Lpl 10 10 10 10 10 | mA
Vol 0.4 0.4 0.4 0.4 0.4V
Voh 2.4 2.4 2.4 2.4 2.4 \%
Read |tpc 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
1z 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
oLz 0 0 0 0 0 ns
Write | twe 20 25 15 20 25 ns
tcw 15 20 10 15 20 ns
tAaw 15 20 10 15 20 ns
tas 0 0 0 0 0 ns
twp 15 20 10 15 20 ns
tWR 1.5 1.5 0 *0 *0 ns
tpw 12 15 8 * 10 * 12 ns
tDH 0 0 0 0 0 ns
twz, 0 8 0 10 0 6 0 8 0| 10 | ns
tOHZ 0 8 0 10 0 6 0 8 0 10 | ns
tow 0 0 0 0 0 ns
* Modified specifications
G HITACHI
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HM6709A Series Preliminary

65536-Word x 4-Bit High Speed Static RAM

B FEATURES
* 65536-words x 4 bit organization
* Fully TTL compatible input and output
¢ 1.0um Hi-BiCMOS process
* +5V single supply
e Completely static memory
No clock or timing strobe required
¢ Low power dissipation (DP-28N)
Operating: 450mW (typ.)
¢ Super fast
Access time: 15/20/25 ns (max.)
OE access time: 7/10/10ns (max.) w
B ORDERING INFORMATION
Type No. Access Time Package (CP-28DN)
HM6709AP-15 15ns 300 mil 28 pin
HM6709AP-20 20ns Plastic DIP W PIN ARRANGEMENT
HMG6709AP-25 25ns (DP-28N)
HMG6709AJP-15 15ns 300 mil 28 pin
HM6709AIP-20 20ns Plastic SOJ Ne L] 28 ] vee
HMG6709AJP-25 25ns (CP-28DN) Ao [] 2 27 ] Ass
Al 3 26 | A1s
B BLOCK DIAGRAM A2l ] 4 25[]Aw
As[] s 24 ] A2
Az o | As[] 8 23 ] An
A3 O] —oVee As [ 7 22 ] Ao
A4 O] —OVgg As[ | 8 21| | NC
A7 o——— Row Memory Matrix A1 9 20 NC
:8 o——— 5 Decoder 256 X 1024 As [] 10 19 [ ] 1101
9 O—— Ao [ 11 18 [ ] o2
As o = TS [ 12 17 ] 103
Ag o0———— —
T T OE []13 16 (] 1104
1104 o - | - Column 110 vss [ ] 14 15 | WE
1102 0- g Sap:; Column Decoder
1103 0 3 Control %%%%%%% (Top View)
op View
1/04 O r?—
Ao Al AgAa A As Ag Ay

L M PIN DESCRIPTION

cs I L Pin Name Function
% Eﬁ j;]_ Ag-Ags Address Input
| Ry 1/04-1/04 Data Input/Qutput
WE Write Enable
CS Chip Select
OE Output Enable
_Vss Ground

Vee Power Supply
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B ABSOLUTE MAXIMUM RATINGS

HM6709A Series

Item Symbol Rating Unit
Terminal Voltage to Vgg Pin Vr -0.5t0 +7.0 v
Power Dissipation Pr 1.0 W
Operating Temperature Range Topr 0to +70 °C
Storage Temperature Range (with bias) Tsg(bias) -10to +85 °C
Storage Temperature Range Tt -55to +125 °C
B RECOMMENDED DC OPERATING CONDITIONS (0°C =< T, < 70°C)
Item Symbol Min. Typ. Max. Unit
Vee 4.5 5.0 5.5 \%
Supply Voltage Vss 0.0 0.0 0.0 v
Input High Voltage Vi 2.2 — 6.0 v
Input Low Voltage \' -3.0 — 0.8 \
*Pulse width: 15ns, DC: -0.5V
B FUNCTION TABLE
[ OE WE Mode Vcc Current 1/0 Pin Ref. Cycle
H HorL | HorL Not Selected Isp, Ispi High Z —
L H H Output Disabled Iccs Icct High Z —
L L H Read Icc, Icct Data Out Read Cycle (1) (2) (3)
L H L Write Ice, Iecy Data In Write Cycle (1) (2) (3) @)
L L ! L Iccs Iect Data In Write Cycle (5) (6)

B DC AND OPERATING CHARACTERISTICS (Vc=5.0V£10%, Ta=0to +70°C)

- M6709A-20/25) _ .
Item Symbol Test Conditions HM6709A-15 |HM6 Unit
Min. |Typ. [Max. [Min. {Typ. |Max.
Input Leakage Current Irg | Vee=55V,Vin=0VtoVee | — | — [ 2 | — | —1 2 |pA
@=VIH or O_E=VIH,
Output Leakage Current ol |WE=vy, — | —]10] =] =110 {pA
V1/0=0V to Ve
Operating Power Supply Current | Icc |CS=Vp, Iyo=0mA — | — 100 — | — | 100 |mA
Average Operating Current Icci min. cycle, Duty: 100% — | — |40 | — | — [ 20 |mA
II/O=0 mA
Isp &=VIH, Vin=Vigor Vi — | =130 | —]—1]3 |mA
Standby Power Supply Current Isp; |CS=Vc-02V — | =10 |—=]—=110 mA
V=02 V or Viy= V0.2V
Output Low Voltage VoL |[lop=8 mA — | —[04[—[—1]04 |V
Output High Voltage Vol |[log=--4 mA 24| — | —[24]|— | — |V
B CAPACITANCE (Ta=25°C, f=1MHz)
Item Symbol Max. Unit Test Condition
Input Capacitance ) 6 pF ViN=0V
Output Capacitance Crol) 10 pF Vyo=0V
NOTES: 1. This parameter is sampled and not 100% tested.
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HM6709A Series

B AC CHARACTERISTICS (V=5 V£10%, Ta=0 to +70°C, unless otherwise noted.)
* Read Cycle

Item Symbol HM6709A-15 | HM6709A-20 | HM6709A-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
Chip Selection to Output in Low Z tp 71,2 4 — 4 — 4 — ns
Output Enable to Output Valid tOE 0 7 0 10 0 10 ns
Output Enable to Output in Low Z torz) 2| 0 - 0 — 0 - ns
Chip Deselection to Output in High Z tyz!)> 2 0 6 0 8 0 10 ns
Output Hold from Address Change toy 4 — 5 — 5 — ns
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 Unit
Min. Max. Min. Max. Min. Max.
Write Cycle Time twe! 15 — 20 — 25 — ns
Chip Selection to End of Write tow 10 - 15 ~ 20 — ns
Address Valid to End of Write taw 10 — 15 — 20 — ns
Address Setup Time tas 0 — 0 — 0 — ns
Write Pulse Width twp 10 — 15 — 20 — ns
Write Recovery Time twR 0 — 0 — 0 — ns
Data Valid to End of Write tpw 8 — 10 — 12 — ns
Data Hold Time Dy 0 — 0 — 0 — ns
Write Enable to Output in High Z twz2) 3) 0 6 0 8 0 10 ns
Output Disable to Output in High Z | togz?3 | 0 6 0 8 0 10 ns
Output Active from End of Write tow?) 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).

B AC TEST CONDITIONS

¢ Input pulse levels: Vggto 3.0V ¢ Input rise and fall times: 4ns
* Input timing reference levels: 1.5 V ¢ Output reference levels: 2.5 V
¢ Output Load: See figure
+5V +5V
Dout $ 4800 Dout $ 4800
2550 T30pF* 25501 JSPF"
/;7 V4
Output Load B
Output Load A (for tyz, t1 7, tonz toLzs twz & tow)

*Including scope and jig capacitance.
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HM6709A Series

B TIMING WAVEFORM
* Read Cycle (1) (1)

-t tRC T
Address )4 }(
d tM L
NN W A
:to% . ton
I\ L7777,
t
: Lz = - > =~ tHZOH : :
Data Out High Impedance < Data Valid )(X)—
¢ Read Cycle (2) D @)
< the o
Address X X
B tAA . __ton
e, ~—
DataOut  Previous Data Valid ) Data Valid X )(
* Read Cycle (3) () 3)(4)
- - tRc -
CS \\ g /
- tacs ol < HZ
<z - _
Data Out Data Valid o

High Impedance

NOTES: 1. WE = Vin
2.CS = Vi
3. OE = V..
4. Address valid prior to or coincident with CS transition low.
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HM6709A Series

* Write Cycle (1) (OE = H, WE Controlied)

Address W( t 3‘(
SN , 077,777,
WE _ ;\w< twp(1) ;;

oustn XRRXXRXXRRRRTRATK oKX,

High Impedance

Data Out

* Write Cycle (2) (OE = H, TS Controlied)

twe

Y

Address

IKXM
K

3l

]
Y\
)

taw

A

. twr

—_— twe(n) -

e It Z %

tow toH
owan XXTXXREEXRNK omveKEXXT,

High Impedance

N

Data Out
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HM6709A Series

* Write Cycle (3) (OE = Clocked, WE Controlled)

twe

- -l

Address )(

= TZZF AN
s SSNNN\_____zmmm
Data Out = High Impedance ‘OLZ('

High Impedanc

High impedance
Dataln gn TP <X><

* Write Cycle (4) (OE = Ciocked, CS Controlled)

twe

- P

Address >k X
oF 7//////////4/@ AN

- <18 | cw i/
7 IR 3‘4}////////4

Data In XXX Data Valid XK

High Impedance

Data Out
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HM6709A Series

* Write Cycle (5) (OE = L, WE Controlled)
- twe .
Address )l( X
B tCW -
cs N X000
- taw -
—_ tAS [t - twp (1) NS twr
" SRONNE i 4
| twhHz |2 X toH
—— . _ tow
Data Qut _DODD IS OIS OIS > RN - ®
_ tow -t DH_
Data In High Impedance <> < Data Valid (5) High Impedance
* Write Cycle (6) (OE = L, CS Controlled)
- twe -
Address X X
Jas )
cs — o s
¢ N /
< taw -
twp_ (1) 18
WE NN\ P
Wz | :WZ;
Data Out @ High Impedance
<« w1 toH
Dataln oo imeedance ¥ patavaid  XXXXXXXXX
NOTES: 1. A write occurs during the overlap (twp) of a low CS and a low WE.

2. During this period, I/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, 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.

6. If CS low transition occurs simultancously 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

B FEATURES
* 65,536-words x 4 bit organization
¢ Directly TTL compatible input and output
® (0.8 um Hi-BiCMOS process
* +5V single supply
¢ Completely static memory
¢ No clock or timing strobe
¢ Low power dissipation (DC) operating: 400mW typ (CP-28DN)
* Super fast access time: 10/12ns (max)
HMG6709SH Series
B ORDERING INFORMATION
Type No. Organ- Access Time Package
ization NC ] 1 A 28 [ 3 Vee
HM6709SH-10 10 s 300 mil 28 pin A ] 2 27 [ Ass
HMG6709SH-12 | 64kx4 12 ns Plastic SOJ A
with OE (CP-28DN) T 26 | 1Ay
A 4 25 |1 A3
W PIN DESCRIPTION As[] 5 24 [ Ay
- - A ] 6 23 [ Aq
Pin Name Function As ] 7 22 [ Ao
Ap-Als Address Input As ] 8 21 [TINC
1/01-1/04 Data Input/Output A ] 9 20 [CJ NC
WE Write Enable Ag [] 10 19 [] 110,
[ Chip Select A ] 1 18 [0,
OE Output Enable cs E: 12 17 :I I/03
v pevo— OE [] 13 16 ] 1/0,4
sS roun Ve [ 14 15 [ WE
NC Not Connect
(Top View)
H BLOCK DIAGRAM
Ag O-——
Ag O———— L —O Vee
A7 o—| O Vss
As o—_X Row Memory Matrix
As o— Decoder 256 X 1024
Ay O—r—
L —= |
A
2 o—¥ T T
1101 © _2— - Column I/0
102 © »2— I[r)1§tuat Column Decoder
o] | REREEIIST
/04 © 1
A13 Ar2 A11A1o AMA15A° A
[
e
L <
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HM6709SH Series

B TRUTH TABLE
Input
— = = Output Mode V¢ Current Ref. Cycle
CS WE OE
H X X High Z Not Selected IsB, ISB1 —~
L H H High Z Output Disable Icc, Icci -
L H L Data In Read Icc, Iccl Read Cycle (1), (2), (3)
L L H Data In Write Icc, Icci Write Cycle (1), (2), (3), (4)
L L L Data In Write Icc, Icci Write Cycle (5), (6)
H ABSOLUTE MAXIMUM RATING
Item Symbol Rating Unit
Supply Voltage! vee -0.5 to +7.0 \%
Voltage on any pin relative to VSS Vi -0.5 to Vcc +0.5 \
Power Dissipation P 1.0 W
Operating Temperature Range Tppr 010 +70 °C
Storage Temperature Range (with bias) Tstg (bias) -10to +85 °C
Storage Temperature Range Tstg —55to0 +125 °C
Note: 1. With respect to VSS.
BN RECOMMENDED DC OPERATING CONDITIONS (0°C < Ta < 70°C)
Item Symbol Min. Typ Max. Unit
Supoly Vol vce 4.5 5.0 5.5 \
t
UPPTy YoTage Vss 0.0 0.0 0.0 v
. VIH 2.2 — vce +0.5 v
Input High Voltage ViL 30! — 08 v
Note: 1. Pulse width 10 ns, DC: -0.5V
W DC AND OPERATING CHARACTERISTICS (Vcc = 5.0V £ 10%, VSS = 0V, Ta = 0°C to +70°C)
-10 -12
TItem Symbol Test Conditions Unit
Min. | Typ. | Max. | Min. | Typ. | Max
Input Leakage LB vee=5.5V, VIN=0Viwo Vce | -~ - 2 - - 2 HA
Output Leakage Lol CS=ViHorOE=VIH, WE=VIL
Current Lo VIo =0V to VCC - - 10 B N 10 A
Operating Power Icc TS = VIL, Iy0 = OmA - 60 | 100 | - | 60 | 100 mA
Supply Current
Average Operating Icci 15ns cycle, 10 = OmA - | o 10| - | 120 | 175 mA
Current
Standby Power IsB CS=VIH, VIN =VIHor ViL | - - | a0 | - N P mA
Supply Current —
PPy 1SB1 TS2Vee=02v [ U IR D N BVO N
VIN£0.2Vor VIN2 Voc = 0.2V
Output Low Voltage VoL I0L = 8mA - - 04 - - 0.4 v
Output High Voltage VOH IOH = .4mA 2.4 - - 24 - - \Y
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HM6709SH Series

Bl AC CHARACTERISTICS (Vcc =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 wz!? 3 - 4 - ns
Output Enable to Output Valid tOE - 5 - 6 ns
Output Enable to Output in Low Z worLz!1:2 0 - 0 - ns
Chip Deselection to Output in High Z tHz!2 0 5 0 5 ns
Output Hold from Address Change tOH 3 - 4 - ns

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

-10 -12
Item Symbol Unit
Min Max. Min Max
Write Cycle Time twe! 11 - 12 - ns
Chip Selection to End of Write ICW 8 - 9 - ns
Address Valid to End of Write AW 10 - 11 - 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 tDW 6 - 6 - ns
Data Hold Time tDH 0 - 0 - ns
Write Enable to Output in High Z twz23 0 5 0 6 ns
Output Disable to Qutput in High Z toHz23 0 6 0 6 ns
Output Active from End of Write tow23 4 - 4 - 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 in + 200 mV from steady state voltage with specified loading in load (B).
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HM6709SH Series

¢ Capacitance

Item Symbol Max. Unit Test Condition
Input Capacitance Cin! 6 pF VIN =0V
Input/Output Capacitance Cyo! 10 pF Vo =0V

B AC CHARACTERISTICS (Vcc = 5V £ 10%, Ta = to 70°C)

Test Conditions
* |nput pulse levels: Vss to 3.0V * Input rise and fall times: 4ns
¢ Input timing reference levels: 1.5V ¢ Qutput reference levels: 1.5V

¢ Output Load: See figure

Output Load (B)
(for tiz, tiz, torz, torz, twz, & tow)

Output load (A)
+5V +5V
480Q 480Q
Output Output

255Q 30pF~ 255Q 5pF*

Note: * Including scope and jig capacitance
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HM6709SH Series

B READ CYCLE (1)

tre o
Address >K ><
- tan -
NN X Y //
for to ]
s MO\ t p—— /7//|//f/ [/
OHz -~
- tL./: e A - I‘tHz -
Data Out T —— 4 Data Valid X o—
Notes: 1. WE = VI
W READ CYCLE (2)1,2,3
B S— tRC L
Address ><
- taa |
< tOH - ton
Data Out Previous Data Valid Data Valid
Notes: 1. WE=VIH
2.CS=ViL
3.0E=VIL
B READ CYCLE (3)123
tre -
s . -]
AN /| .

tacs -l Hz
~ i
Data Out : Data Valid
High Impedance

Notes: 1. WE = VIH
2.0E=VIL o
3. Address valid prior to or coincident with CS transition low.
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HM6709SH Series

B WRITE CYCLE (1)1 (OE = H, WE Controlled)

Address >< - X
CEEEENNNNANN AN\ - AN
. " tas . w1 T: twa

e X ¥

tow ol fOH
Data In Data Valid m

High impedance

Data Out

Notes: 1. A write occurs during the overlap of a low CS and a low WE (twp).

M WRITE CYCLE (2)1 (OE = H, CS Controlled)

twe

Address X
|

tow

)

tas == o
—C—S %

| N

taw

A

1
twp

twr

EENRRAARARRANNAR Y 77777777777

tow .

Data In Data Valid

(tDH;

High Impedance

Data Out

Notes: 1. A write occurs during the overlap of a low CS and a low WE (twp).
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B WRITE CYCLE (3)1,2 (OE = Clocked, WE Controlled)

Address

Data Out

Data In

Address

OE

=
m

DataIn

HM6709SH Series

- twe >
X X
77T . PARRARRN
AN X 1L
< s - i ™ tw .
L twp -
- toﬂfl X X‘\ / <t0sz2]
High Impedance
_ tow _oH
. -~ i High impedance
High Impedance <><> Data Valid Y
Notes: 1. A write occurs during the overlap of a low CS and a low WE (twp).
2. During this period, I/O pins are in the output state so that the input state of
opposite phase to the outputs must not be applied.
B WRITE TIMING WAVEFORM (4)1’2 (OE = Clocked CS Controlled)
< twe -
X X
LSS AN
‘tAS' < tow -
\ v
- taw ol WR
< (1] -
ASOOONNNNNNR S
DW oleDH
XXXk DataValid ¥ X X—

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

B WRITE CYCLE (5)1:2:3:4 (OE = L, WE Controlled)

twe
Address >< ><
- tow -
55 \ I
NN . i LLLLS S
< taw -
WR
- ths le—> e |
N \S /
RN / t
2
twz [2] ‘ tow OH
ANEANERN AN High Impedance = T3]
Data Out 7 7 y4
tow ton
High Impedance h — & High Impedance
Data In ¥ Data vaiid > TP
Notes: 1. A write occurs during the overlap of a low CS and a low WE (twp).
2. During this period, I/O 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.
4.1f CS is low during this period, /O pins are in the output state. Then, the data
input signals of opposite phase to the outputs must not be applied to them.
B WRITE CYCLE (6)1,2:3,4 (OE = L, CS Controlled)
twe
Address >< ><
tas e
— tow
Ccs N\ '
N /
- taw
‘ ot
twp 1) DR
—_ "~ » /
WE - AONNNNNNNINNK 4
T D L
High Impedance
Data Out el 9 P

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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HM6207H Series

262144-Word x 1-Bit 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 (DP-24NC)
* Single 5 V supply and high density 24-pin package
¢ High speed
Access time: 25/35 ns (max.)
¢ Low power
Active: 300 mW (typ.)
Standby: 100 W (typ.)
30 uW (typ.) (L-version)
* Completely static memory requires
No clock or timing strobe requires (CP-24D)
* Equal access and cycle time
¢ Allinputs and outputs TTL compatible Pin Arrangement
¢ Capability of battery back up operation (L-version)
Ordering Iinformation AI7E[—U——_‘ 2] Ve
Type No. Access Time Package ""E 23jA16
a1[3] 2] a1
HMG6207HP-25 25 ns 300-mil w[e] A
HM6207HP-35 35ns 24-pin
HM6207HLP-25 25 ns plastic DIP wifs ] 2) A
HM620THLP-35 35 ns (DP-24NC) aq[e] 119 a2
HM6207HIP-25 25 ns 300-mil as[7] 18] Anl
HMG207HJP-35 35ns 24-pin 28] Al
HMG6207HILP-25 25 ns plastic SOJ N D Te] Ao
HMG6207HJLP-35 35ns (CP-24D) bou 1] e
Pin Description v [1] 14/ Din
- vss [12 [13] &
Pin Name Function
ADZA17  Addess
Din . Datainput
_Dow  Dataouput
C§ Chip select
WE Writc enable
Ve Power supply
Vs Ground
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HM6207H Series

Block Diagram

Al —{F1

A16 —§]

Aar—3 . | -~ Ve
S v —
M—{F

—F

r—]

m—x [

T T
Din Column 1/0 Dout
= -DO Column Decoder
w0 ARARRR AR
Al4A13 AI2AIl A8 A7 A6 A5 A10 A9

Function Table
CS WE Mode Vcc Current /O Pin Ref. Cycle
H X Not selected Iss, IsB1 High-Z —
L H Read Icc Dout Read cycle
L L Write Icc High-Z Write cycle

Note: x means don't care.

Absolute Maximum Ratings

Item Symbol Value Unit
Voltage on any pin relative to Vss Vin 0510 +7.0 v
Power dissipation Pr 1.0 W
Operating temperature range Topr 010 +70 °C
Storage temperature range Tstg -55to +125 °C
Storage temperature range under bias Thbias ~10to +85 °C

Note: *1. Vin min =-2.5 V for pulse width < 10 ns.

@ HITACHI
218 Hitachi America, Ltd. ® Hitachi Plaza ¢ 2000 Sierra Point Pkwy. * Brisbane, CA 94005-1819 » (415) 589-8300



HM6207H Series
Recommended DC Operating Conditions (Ta = 0 to +70°C)

Item Symbol Min Typ Max Unit
Vec 4.5 5.0 5.5 \
Supply voltage Vs 0 0 0 v
Input high (logic 1) voltage Vi 2.2 — 6.0 \4
Input low (logic 0) voltage Vo —0.5°" — 0.8 v

Note: *1. VL min =-2.0 V for pulse width € 10 ns.

M DC Characteristics (T, = 0to +70°C, Vcc =5V % 10%, Vss =0 V)

Item Symbol Min. Typ.*! Max. Unit Test Conditions
. _ _ Vee = Max.
Input Leakage Current 1M 2.0 uA V, = Vs to Vee
Cs=vV
Output Leakage Current I - - 10.0 A In
put Leakage Current ol i Vio = Vas to Vee
. CS = V. Ijjo = OmA,
Operating Power Supply Current Ice - 60 100 mA Min. Cycle. Duty = 100%
Standby Power Supply Current Isp — 15 30 mA —
S = Viy. Min. Cycle
Standby Power Supply Current 1 *H" Version Isg - 20 40 mA
Standby Power Supply Current (1) Isg) - 20 2000 pA CSz Vec-02V
0V=V,=s02Vor
Standby Power Supply Current (1) I L-Version Isg) — 6 100 sA Vip 2 Vee - 0.2V
Output Low Voltage Vo - — 0.4 v loL = 8mA
Output High Voltage Vou 24 - - v Ioy = -4.0mA
Note:  *t. Typical limits arc at Voe = 5.0 V. T, = +25°C and specified loading.
Capacitance (Ta = 25°C, f = IMHz)"!
Item Symbol Min Max Unit Test Conditions
Input capacitance Cin — 6 pF Vin=0V
Output capacitance Cout —_ 10 pF Vou=0V
Note:  *1. This parameter is sampled and not 100% tested.
AC Characteristics (Ta=0to +70°C, VcC = 5 V £ 10%, unless otherwise noted.)
Test Conditions
 Input pulse levels: Vss t0 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 (B)
(for iz, 1Lz, twz & Low)
+5v 48V
w9 “wo
Dovt O——4¢ Dout °_1>
woS pF ¢ 850 Sh “Fe

=

‘Note:  * Including scope & jig.
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HM6207H Series

Read Cycle
ftem Symbol HM6207H-25 HM6207H-35 Unit
Min. Max. Min. Max.
Read Cycle Time tre 25 — 35 — ns
Address Access Time tAA — 25 — 35 ns
Chip Select Access Time tacs — 25 — 35 ns
Output Hold From Address Change ton 5 — 5 — ns
Chip Selection to Output in Low-Z tz*1 5 - 5 — ns
Chip Deselection to Output in High-Z tyz'! 0 12 0 20 ns
Chip Selection to Power Up Time tpy 0 - 0 — ns
Chip Selection to Power Down Time tpp — 15 — 25 ns

Note: *1 Transition is measured +200 mV from steady state voltage with Load (B). This parameter is sampled and not 100% tested.

Read Timing Waveform (1) *'-"2

X X

Dout Data Invalid Data Valid
Read Timing Waveform (2) *."
cs I t50 ——— —

s , ot

h“—.l/
Dout Data Invalid Data Valid
High Impedance \

High
Impedance

tre
Vee SUPPIY = = = m m o e e e e b b
lec 50, s0% Y
current \——

Notes: *1. WE is high for read cycle. _
*2. Device is continuously selected, CS = VIL.
*3. Address valid prior to or coincident with CS transition low.
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HM6207H Series

W Write Cycle

HM6207H-25 HM6207H-35 .
Item Symbol - - Unit
Min. Max. Min. Max.
Write Cycle Time twe 25 — 35 = ns
Chip Selection to End of Write tew 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
“H” Version 25

Write Recovery Time twR 3 — 3 — ns
Data Valid to End of Write thw 15 — 20 — ns
Data Hold Time py 0 — 0 — ns
Write Enabled to Output in High-Z twz"! 0 8 0 10 ns
Output Active From End of Write tow”! 0 — 0 — ns

Note: *1 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)

<
S

S X

SR\ 771/ £/ 4 /)
: S\
tow tow ]
Din Data Valid
Dot High Impedance
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HM6207H Series

Write Timing Waveform (2) (CS Controlled)

I _ twc
Address >< }(
bas o ~ tew i
s j{; //
= o T T e
L [P |7 B —
v NUNRRNRRRRNAN KL
e tew gl tow
Din Data Valid
s . f42.
Dout / Data Undefined
\_..._/1 High Impedance
Notes:  *1. A write occurs during the overlap of a IO\Z_E_S- and alow 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 writc cycle, if twr is long enough.

Low V¢ Data Retention Characteristics (T, = 0 to +70°C)
These characteristics are guaranteed only for L-version.

Item Symbol Min Typ Max Unit Test Conditions
i Vi 0 i v —
Vec for dal.a retention DR 2 a TS>Vee—02V,
Data retention current Iccor — 1 50°2  pA K
- P Vin 2 Vee-0.2 Vor
Chip deselect to data retention time  tcor 0 - — ns .
- - - 0V<Vins02V
Operation recovery time [ Rc*t  — — ns
Notes: *1. tre= read cycle time.
*2. Vec=3.0V.
Low Vcc Data Retention Timing Waveform
. Data retention mode
CS2Vee-02v
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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 IL; 2 2 2 2 2 [pA
ILg 10 10 10 10 10 | A
Iec 100 100 100 100 100 | mA
Il 120 120 140 120 120 | mA
Ly, 30 30 30 30 30 |[mA
Ipl 10 10 10 10 10 | mA
Vol 0.4 0.4 0.4 0.4 04|V
Voh 2.4 2.4 2.4 2.4 2.4 v
Read |tjc 20 25 15 20 25 ns
[tAA 20 25 15 20 25 | ns
tACS 20 25 15 20 25 | ns
ol 5 5 4 5 5 ns
1z 5/0 5/0 4 *5 *5 ns
tyz 0 8 0| 15/10 0 6 0 8 0 * 10 | ns
Write | twe 20 25 15 20 25 ns
tcw 15 20 10 15 20 ns
AW 15 20 10 15 20 ns
tAs 0 0 0 0 0 ns
twp 15 20 10 15 20 ns
twR L5 3 0 *0 *0 ns
tpw 15/12 20/15 8 * 10 * 12 ns
tpH 0 0 0 0 0 ns
twz 0 15/8 0] 1510 0 6 0 8 0 10 | ns
toHZ 0 0 0 0 0 ns
* Modified specifications
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HM6707A Series

262144-Word x 1-Bit High Speed Static RAM

B FEATURES

* 262144-words x 1 bit organization
Fully TTL compatible input and output

[ ]

¢ 1.0p Hi-BiCMOS process
* +5V single supply

e Completely static memory

No clock or timing strobe required

¢ Low power dissipation DP-24NC
Operating: 450mW typ. ( )
e Super fast
Access time: 15/20/25ns (max.)
B ORDERING INFORMATION
HM6707AP-15 15ns 300 mil 24 pin
HM6707AP-20 20ns Plastic DIP
HM6707AP-25 25ns (DP-24NC)
HM6707AIP-15 15ns 300 mil 24 pin (CP-24D)
HM6707AJP-20 20ns Plastic SOJ
HM6707AJP-25 25ns (CP-24D) B PIN ARRANGEMENT
B BLOCK DIAGRAM Ao} 1 241 | Vee
A 2 23 |Ar
Al 3 22 ] A
As[] 4 21 [ Ass
A2 —o Vg As [
o35 4 5 20 | ] A1a
Ay o———L5 | v
rg o5 s As[] 6 19 7] Asg
A7 Row Memory Matrix As 7 18 :] A2
Ag Decoder 256x1024 A7 8 17 j A1
Ag Ag[] 9 16 ] Ao
25 Dout [ 10 15 ] Ag
6 1 | WE [ 1 14 ] Oin
. Dout e
Din 0—— S __L\‘r__o Vss 12 13 CS
Column VO E ]
Column Decoder (Top View)
% %{% % %% % % % % B PIN DESCRIPTION
Ap Ayg Ayg Aqg Aqq Aqs Agg Ag7 Ag A
s 12 ™3 214 M0 M1 A5 M6 A7 R M Pin Name Function
we Ag-Ap Address Input
Din Data Input
Doyt Data OQutput
Hl FUNCTION TABLE WE Write Enable
CS WE Mode Output Ve Current CS Chip Select
H X Not Selected High Z Isp, Isg) Vss Ground
L H Read Dom Icc, ICCl VCC Power Supply
L L Write High Z Icc, Icct
GO HITACHI
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HM6707A Series

M ABSOLUTE MAXIMUM RATINGS

Item Symbol Rating Unit
Terminal Voltage to Vg Pin Vg -0.5t0 +7.0 \
Power Dissipation Pr 1.0 w
Operating Temperature Range Topr Oto +70 °C
Storage Temperature Range (with bias) Tatgp(bias) -10to +85 °C
Storage Temperature Range Tog -55to +125 °C
B RECOMMENDED DC OPERATING CONDITIONS (Ta=0 to +70°C)
Item Symbol Min. Typ. Max. Unit
Vce 4.5 5.0 5.5 v
Supply Voltage Vs 0.0 0.0 0.0 v
Input High Voltage Vi 2.2 — Vee + 0.5 v
Input Low Voltage Vi -3.0% — 0.8 v

NOTE: Pulse width 20ns, DC: -0.5V

Il DC AND OPERATING CHARACTERISTICS (Vcc=5.0 V+10%, Ta=0 to 70°C)

Item Symbol Test Conditions HM6707A-15 |HM6707A-20/25 Unit
Min. | Typ. [Max. |Min. [Typ. |Max.
Input Leakage Current I {Vee=55V,VIN=0VtoVee | — [ =12 | =] =12 lua
Output Leakage Current Lol |CS=Viy, Vour=0VtoVee | — | =] 10| -] 110 [pA
Operating Power Supply Current| Icc | CS=Vy, loyr=0 mA — | —]100] — ] —|100{mA
. min. cycle, Duty: 100%,
Average Operating Current lect |y LAy ty —{—|M40| — | — | 120 |{mA
ISB CS=\L[H, VIN=VIH or VIL —_ bl 30 -_ —_ 30 |mA
Standby Power Supply Current Isp; Ss 2<\:)CC‘0'2 \Y% ol ol=l-! 0 lma
INS02Vor ViN2Vee-02V
Output Low Voltage VoL, =8 mA — | =104 — ]| —104 |V
Output High Voltage Vol g =-4 mA 24| — | — 124 — | - |V
B AC CHARACTERISTICS (Vcc=5 V+10%, Ta=0°C to 70°C, unless otherwise noted.)
¢ Read Cycle
HM6707A-15 | HM6707A-20 | HM6707A-25 .
Item Symbol - - - 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 t 712 4 5 — 5 — ns
Chip Deselection to Output in High Z | tyyz1» 2 0 0 8 0 10 ns

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).
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HM6707A Series

* Write Cycle

HM6707A-15 HM6707A-20 HM6707A-25 .
Item Symbol - - - Unit
Min. Max. Min. Max. Min. Max.
Write Cycle Time twel 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 tAS 0 — 0 - 0 — ns
Write Pulse Width twp 12 — 15 — 20 — ns
Write Recovery Time twR 0 —_ 0 — 0 — ns
Data Valid to End of Write tbw 10 — 10 — 12 — ns
Data Hold Time tpH 0 — 0 — 0 - ns
Write Enable to Output in High Z | tywz2)> 3 0 6 0 8 0 10 ns
Output Active from End of Write towdP | 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 3200 mV from steady state voltage with specified loading in Load(B).
B CAPACITANCE (Ta=25°C, f=1MHz)
Item Symbol Max. Unit Test Condition

Input Capacitance Y 6 pF ViN=0V
Output Capacitance Cout! 10 pF Vour=0V

NOTES: 1. This parameter is sampled and not 100% tested.

W AC TEST CONDITIONS

* Input pulse levels: Vggt0 3.0 V * Input rise and fall times: 4ns
® Input timing reference levels: 1.5 V ¢ Qutput reference levels: 1.5 V
® Qutput Load: See figure

+5V 5V
Dout 4800 Dout 4800
[ e— Aa—
< 3 *
o550 1 T30PF* 2550 1 5pF
Output Load B
Output Load A (for tyz, 17, twz & tow)

*Including scope and jig capacitance.
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HM6707A Series

B TIMING WAVEFORM
e Read Cycle (1) (

- tRc ol
Address )F(
- 7Y -
toH
Data Out Previous Data Valid Data Valid *
* Read Cycle (2) @
tre _
cs —/\ ‘ /—————
N 7
> tacs o
Wz iz
Data Out Data Valid >————
High Impedence High

Impedence

NOTES: 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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HM6707A Series

* Write Cycle (1) (WE Controlied)

_ twe -
Address X )(
tew .
& N K HAAAHAAA Y
t
‘ tas i -;‘ twa
WE \% twp y
L tow - <t0“;|
Data In >L' Data In Valid
« W2 tow
Data Out Data Undefined (). @)

High Impedance

NOTES: 1. Transition is measured +200mV from steady state voltage with specified loading in Load B.

2. If CS goes high simultaneously with WE high, the output r

* Write Cycle (2) (CS Controlled)

in a high i e state.

Y

Address )(us X
o5 G - 1%
NNV W AAAAAIIIIIII

Datain

* Data In Valid

e

Data Out Data Undefined

High Impedance

NOTES: 1. Transition is measured +200mV from steady state voltage with specified loading in Load B.
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HM62932 Series

32,768-Word x 9-Bit High Speed CMOS Static Ram

N FEATURES

* High speed: fast access time 15/20 ns (max)
Low Power
Standby: 15uW (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

LN

B ORDERING INFORMATION

Type No. Access Package
HM62932JP-15 15 ns

HM62932JP-20 20 ns 300 mil 32 pin
HMG62932LJP-15 15 ns Plastic SOJ
HM62932LJP-20 20 ns (CP-32DN)

Preliminary
(CP-32DN)
B PIN ARRANGEMENT
HM62932 Series
NC [] 1 e e
NC E 2 31 [ Ay,
As 3 30 Cs;
A [ 4 29 WE
As[]s 28 [ A
Y 27 Ay
A7 26 [ 1A
A s 25 [ Ay
A 24 [] OE
A [0 23 [ Ay
Ao [ 1t 2 "1 5,
170y [ 12 21 [ rog
110, [ 13 20 [] vo,
V03 [] 14 19 ] vo,
10, [ 15 18 [ vos
Vss [] 16 7 1105
(Top View)

H PIN DESCRIPTION

Pin Name Function
Ap-Al4 Address

1/01-1/09 Data Input/Output
CSi Chip Select 1
CS2 Chip Select 2
WE Write Enable
OE Output Enable
vce Power Supply
Vss Ground
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HM62932 Series

W BLOCK DIAGRAM
Arqg —— — ~—— Vee
Az — — < Vss
Aqg —— —
Row Row Memory Array
Ag —— Address}— Decoder 32Kx 9
Buffers
A7  —] L
Ag — ——
A — —
Ag —— |
Az — -
1/01
. /O Column I/0O
. Buffer
: Column Decoder
1/09 ]
WE Column Address Buffer
oF .
Ao A1 A2 Ag AqgAqy
cs] —m——
cs2 ——>»
W FUNCTION TABLE
Csy CS2 OE WE Mode Ve Current 1/O Pin Ref. Cycle
H X X X Standby IsB, ISB1 High-Z —
L L X X Standby Icc High-Z —
L H H H Output Disable Icc High-Z —
L H L H Read Icc Dout Read Cycle 1,2,3
L H H L Write icc Din Write Cycle |
L H L L Write Icc Din Write Cycle 2
Note: X:HorL
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B ABSOLUTE MAXIMUM RATINGS

HM62932 Series

Item Symbol Value Unit
Supply Voltage 1 vce 0.52+7.0 \'
Voltage on any pin relative to vss! vT -0.52t0 Vce + 0.5 \%
Power Dissipation PT 1.0 \
Operating Temperature Range Topr 0to +70 °C
Storage Temperature Tstg -55to0 +125 °C
Storage Temperature Under Bias Tbias ~10to +85 °C
Note: 1. With respect to VS§
2. Ve and VT min = -2.5V for pulse width 10ns
B RECOMMENDED DC OPERATING CONDITIONS (Ta = 0 to +70°C)
Item Symbol Min. Typ Max. Unit
Vce 4.5 5.0 5.5 \
Supply Voltage Vss ) 0 0 v
Input High (Logic 1) Voltage VIH 22 — vee +0.5 \4
Input Low (Logic 0) Voltage VIL -0.5! — 0.8 A%

Note:  1.VIL min =-2.0V for pulse width 10ns.

B DC CHARACTERISTICS (Ta =0 to +70°C, Vcc = 5V + 10%, Ve = 0V)

Item Symbol Min. Typ! Max. Unit Test Conditions
Input Leakage Current [TL1] — — 2.0 HA Vce =5.5V., Vin= Vss to Vee
Output Disable

Output Leakage Current } 1Lo | _ — 2.0 HA VI/O = Vss to VCC

. CSi=ViL
Operating VCC Current Icc — 70 TBD mA Tout = 0 mA, min. cycle
Standby Vcc Current IsB — 30 TBD mA CS| = VIH, min cycle

ISBI — 0.02 2.0 A )
Standby V¢ Current (1) (L-version) — 0003 o1 m
Output Low Voltage VoL — — 0.4 \% IoL=8mA
Output High Voltage VOH 2.4 — — v IOH =40mA
Note: 1. Typical limits are at VCC = 5.0 V, Ta = 25°C and specified loading.
2.CS1Vce-0.2V, 0V Vin 0.2V or Vec -0.2V Vin
8| CAPACITANCE (T2 = 25°C, f = 1.0 MHz)!
Item Symbol Min Typ. Max Unit Test Conditions
Input Capacitance Cin — — pF Vin =0V
Output Capacitance Cout — — 10 pF Vo =0V
Note: 1. This parameter is sampled and not 100% tested.5
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HM62932 Series

M AC CHARACTERISTICS (Ta = 0to +70°C, VCC 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: 1.5V
¢ Qutput load: See figures

+5V

480Q
Dout

2550 30pF*

Output Load (A)

* Including scope & jig.

+5V

480Q
Dout

255Q 5pF*

Output Load (B)

(for topz, torz, twhz & tow)

B READ CYCLE
Item Symbol !-'IM62932-15 HM62932-20 Unit
Min Max Min Max
Read Cycle Time tRC 15 — 20 — ns
Address Access Time tAA — 15 — 20 ns
Chip Select Access Time tCol — 15 — 20 ns
tCco2 — 7 — 10 ns
1 — —
Chip Selection to Output in Low-Z tCLZ] 3 3 ns
1cLz2! 0 — 0 — ns
Qutput Enable to Qutput Valid tOE — 7 — 10 ns
Output Enable to Output in Low-Z toLz! 0 — 0 — ns
Chip deselection to Output in High-Z tCHZ1, tCHZ2*! 0 7 0 10 ns
Chip Disable to Output in High-Z toHZ! 0 7 0 10 ns
Output Hold from Address Change tOH 3 — 3 — ns
@ HITACHI
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HM62932 Series

B READ TIMING WAVEFORM (1)1, 2

tre
Address X Address Valid >
tan
Csq K Y %
_ tco1 _
teLz - tcHz1
css /. 2 3 AN
tcoz
torLze tcnze
OE N\ N V. /
toe tonz
tolz
High Impedance
Dout
M READ TIMING WAVEFORM (2)*2,*3,"5
- tRC — -
Address b Address Valid >
taa
ton ton
Dout Data Valid
W READ TIMING WAVEFORM (3)*1, *2,*4,*5
CSH1 S( Zl
- tcos .
t teHza
cLz1 -
71/ / WK_____
CS2 ;
< co2 - X
tCLZ2 e <2
High Impedance -
Dout ><><><>k Data Valid >———

Notes: 1. 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, CS1 = VIL and CS2 = VIH.
4. Address valid prior to or coincident with CS] transition low and CS3 transition high.

5.0E=VIL.
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HM62932 Series

B WRITE CYCLE
Parameter Symbol HM&%Z- 15 HM62932-20 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 tAS 0 — 0 — ns
Write Pulse Width WP 10 — 12 — ns
Write Recovery Time tWR 0 — 0 - ns
Qutput Disable to Output in High-Z toHz! 0 7 0 10 ns
Write to Qutput in High-Z twHz! 0 7 0 10 ns
Data to Write Time Overlap tDW 8 — 10 — ns
Data Hold From Write Time tDH! 0 — 0 — ns
Qutput Active from End of Write tow! 3 — 3 — ns
H WRITE TIMING WAVEFORM (1)
twe
Address b4 Address Valid ) 4
—— tAW - *
- tcw | twr s
— ) N+ /
ot MAMWOONWANN\N\\N\K S 2L
* \
cse  LLLLSLLLSF S RAONANNNN
— 9 \
oE  LLLILL/S AN
_tas twp'2 _
WE 2\ /7
DN\ (L
tonz™
< High Impedance
Dout 22777777
. bw ' ton
Din Data Valid %XXXXX
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HM62932 Series

B WRITE TIMING WAVEFORM (2)*6

twe _
Address :>\‘ Address Valid ><
- tew o wR®
_ .5
st NN\ 12N
s ITTTF ' RRANIRARNNN
<BS 1< twp'2 o
W R V
ton™
JLVHZ*“ o - tow s "8
Dout
_tow | foW®

o High Impedance Data Valid XXXXXX

. Transition is measured £ 200 mV from high impedance voltage with Load (B). This parameter is sampled and not 100% tested.

. A write occurs during the overlap (twp) of a low CS1, a high CS2, and a low WE.

. tWR is measured from the earlier of CS] or WE going high or CS2 going low to the end of write cycle.

. During this period, I/O pins are in the output state so that the input signals of the opposite phase to outputs must not be applied.

. If the CS| low or CS2 high transition occurs simultaneously with the WE low transitions or after the WE transition, output
remain in a high impedance state.

. OE is continuously low, (OE = VIL)
. Dout is the same phase of write data of this write cycle.

Notes:

I N T

. Dout is read data of next address.

. IfCS} is low and CS2 high during this period, /O 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 or CS| must be high during all address transitions except when device is disable with CS1 or CS2.

Nele-REEN B
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HM62932 Series

B LOW Vcc DATA RETENTION CHARACTERISTICS (Ta = 0 to +70°C)
This characteristic is guaranteed only for L version.

Item Symbol Min Typ Max Unit Test Conditions
Vcc for Data Retention VDR — — — \"

Data Retention Current IcCDR — 2 50! pA TS1Vec-02v,
Chip Deselect to Vin VcC -0.2V or
Data Retention Time tCDR 0 — —_ ns OV Vin 0.2V
Operation Recovery Time R 5 — — ms

Note: 1.Vcc=3.0V

W LOW Vcc DATA RETENTION TIMING WAVEFORM

Data retention mode

Vee
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Preliminary

HM62D932 Series

32,768-Word x 9-Bit High Speed CMOS Static Ram with Address Latch

B FEATURES
¢ High speed: fast access time 15/20 ns (max.)
¢ Low Power
Standby: 15uW (typ.) (L-version)
Operation: 350mW (typ.)
¢ Single 5V supply
e Address Latch (CP-32DN)
¢ Common data input and output—Three
state output , _ M PIN ARRANGEMENT
e Directly TTL compatible—All inputs and outputs
HM62D932 Series
B ORDERING INFORMATION ae (7 % Ve
Type No. Access Package NC E 2 3 [JA.
HM62D932IP-15 15 ns Asl )3 3 [cs,
HM62D932JP-20 20 ns 300 mil 32 pin A )4 29 [JWE
abarn | x| S egs  =pn
As [ 16 27 [ A
A7 26 Ao
A ] 25 E}A11
A e 24 [] CE
A [fo 23 [___l A
A [ 22 [ ] s,
110y [] 12 21 D 1/0q
10, []13 20 [ vo,
103 [T} 14 19 D 1107
110, [ 15 18 [ 1/0s
Ves (116 17 ] vos
(Top View)
W PIN DESCRIPTION
Pin Name Function
AQ-A14 Address
ALE Address Latch Enable
1/O1-1/O9 Data Input/Output
CSi Chip Select 1
CS Chip Select 2
WE Write Enable
OE Output Enable
vce Power Supply
Vss Ground
G HITACHI
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HM62D932 Series

B BLOCK DIAGRAM
Ay — — -~ Vo
Aiz — — ~——— Vgs
A Row
12 gﬁgﬁzs | Row Memory Array
Ag — with — Decoder 32K x 9
A7 —|Address | |
Latch
Ag — -
A — L
Ay — -
Az — -
1/01
/O Column I/O
Buffer
Column Decoder
1/09 ]
WE
Column Address Buffer
OE with Address Latch
ALE ——
_ ol
cst ——m Ag Ay Ap Ag Aqg Ay
cs2 ——————>
B FUNCTION TABLE
CSi CS2 OE WE Mode Ve Current 1/0 Pin Ref. Cycle
H X X X Standby ISB, ISBI High-Z —
L L X X Standby Icc High-Z —
L H H H Output Disable Icc High-Z —
L H L H Read Icc Dout Read Cycle 1,2,3
L H H L Write Icc Din Write Cycle |
L H L L Write Icc Din Write Cycle 2
Note: X:HorL
G HITACHI
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B ABSOLUTE MAXIMUM RATINGS

HM62D932 Series

Item Symbol Value Unit
Supply Voltage | vee —0.52+7.0 v
Nt on oy P v 0520 Vee +05 v
Power Dissipation PT 1.0 W
Operating Temperature Range Topr 0to +70 °C
Storage Temperature Tstg -55 to +125 °C
Storage Temperature Under Bias Thias —10to +85 °C
Notes: 1. With respect to VSS
2. Vcc and VT min = -2.5V for pulse width 10ns

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

Item Symbol Min. Typ Max Unit

Vcc 4.5 5.0 55 \

Supply Voltage Vss 0 0 0 v
Input High (Logic 1) Voltage VIH 2.2 — vee +0.5 \
Input Low (Logic 0) Voltage VIL -0.51 —_ 0.8 v

Note:  *1.VIL min =-2.0V for pulse width 10ns.

M DC CHARACTERISTICS (Ta = 0 to +70°C, VcC = 5V + 10%, Vss= 0V)

Item Symbol Min. Typ! Max. Unit Test Conditions
Input Leakage Current |1L1] — — 2.0 HA Vce=5.5V, Vin=Vss to Ve
Output Disable
Output Leakage Current ‘ ILo | — — 2.0 UA VIO = Vss to VCC
) CSi=ViL
Operating Vcc Current Icc — 70 TBD mA Tout = OmA, min. cycle
Standby Vcc Current IsB — 30 TBD mA CS) = VIH, min. cycle
Standby Vcc Current (1) IsB1 - 0.02 20 mA 2
(L-version) — 0.003 0.1
Output Low Voltage VoL — — 0.4 \Y 1oL = 8 mA
Output High Voltage VOH 2.4 — — Vv 10H = -4.0 mA
Not 1. Typical limits are at VCC = 5.0V, Ta = 25°C and specified loading.
2.CS1 Ve -0.2V, 0V Vin 0.2V or Vee -0.2V Vi,
B CAPACITANCE (Ta = 25°C, f = 1.0 MHz)!
Item Symbol Min Typ. Max. Unit Test Conditions
Input Capacitance Cin — — 6 pF Vin =0V
Output Capacitance Cout — — 10 pF Vo =0V
Note: 1. This parameter is sampled and not 100% tested.
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HM62D932 Series

B AC CHARACTERISTICS (Ty =0 to +70°C, VCC 5V * 10%, unless otherwise noted.)

Test Conditions

Input pulse levels: Vss to 3.0V
Input rise and fall times: 4ns

e o o o

Output load: See figures

Output Load (A)

Input and Output timing reference levels: 1.5V

Output Load (B)
(for tenz: toz, tonz, twhz, & tow)

+5V +5V
480Q 480Q
Dout Dout
255Q 30pF* 255Q 5pF*
Note: * Including scope & jig.
B READ CYCLE
HM62D932-15 HM62D932-20 .
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 1C04 — 15 — 20 ns
tC02 — 7 — 10 ns
4 — —
Chip Selection to Output in Low-Z ICLZ1 3 3 1s
icLzo4 0 — 0 — ns
Output Enable to Output Valid tOE — 7 — 10 ns
Output Enable to Output in Low-Z toLz4 0 — 0 — ns
Chip deselection to Output in High-Z tCHZ1, tcHZ2* 0 7 0 10 ns
Chip Disable to Output in High-Z toHZ? 0 7 0 10 ns
Output Hold from Address Change tOH 3 — 3 — ns
Address Latch Enable High Time tALH 5 - 6 — ns
Address Latch Enable Low time tALL 5 — 6 — ns
Address Setup to Latch Low tASL 3 — 4 — ns
Address Hold to Latch Low tAHL 3 — 4 — ns
B READ TIMING WAVEFORM (1)1, 2,3
_ taLH L taLL
4 N v
ALE —_ N 7
tasL tAHL |
Address > Address Valid >‘{
- taa -
ton
Dout Data Valid
G HITACHI
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HM62D932 Series

W READ TIMING WAVEFORM (2)1,2,3

D taLH taLL -
N\ /4
ALE -——————7[ N 7
tasL - tAHL

Address >< Address Valid

taa -
toH |[«——
Dout >l<><><><><>< Data Valid

W READ TIMING WAVEFORM (3)1, 2,4,

» tALE taLL -
ALE _f B /]
- tasL N tAHL -
Address X Address Valid *
g tAA S
csi NN X y/ S/
tcon |
oLz - tonz

cs2 (L SH NN
tcoz
> tolze
tcLze
OE NN X s DIV
toe | - toHz
toLz |- - - - ] toH

High Impedance
Dout 9n TP Datavalid X —

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.CS1 = VIL, CS2 = VIH, and OE = VIL.
4. Transition is measured £ 200 mV from steady state voltage with Load (B). This parameter is sampled and not 100% tested.

G HITACHI
Hitachi America, Ltd. e Hitachi Plaza 2000 Sierra Point Pkwy. ® Brisbane, CA 94005-1819  (415) 589-8300 241



HM62D932 Series

B WRITE CYCLE
Parameter Symbol H,M62D932> 15 HM62D932_20 Unit
Min Max Min Max
Write Cycle Time twC 15 — 20 — ns
Chip Selection to End of Write ICW 10 — 12 — ns
Address Valid to End of Write tAW 13 — 15 — ns
Address Setup Time tAS 0 — 0 — ns
Write Pulse Width (WP 10 — 12 — ns
Write Recovery Time tWR 0 — 0 — ns
Output Disable to Output in High-Z toHZ4 0 7 0 10 ns
Write to Output in High-Z twHz* 0 7 0 10 ns
Data to Write Time Overlap tDW 8 — 10 — ns
Data Hold From Write Time tDH 0 — 0 — ns
Output Active from End of Write tow4 3 — 3 — ns
Address Latch Enable High Time tALH 5 — 6 — ns
Address Latch Enable Low Time TALL 5 — 6 — ns
Address Setup to Latch low fASL 3 — 4 — ns
Address Hold to Latch Low tAHL 3 — 4 — ns
B WRITE TIMING WAVEFORM (1)1, 2,3, 4
twe
taLH taLL
4 N 4
ALE E— N 7]
tasL taHL |
Address >< Address Valid >‘<
taw .
tcw twr
N N 4
Cst N Z
4 N
CcS2 /| N
74
OE & N\
tas twp
WE
A N 4
\\ N Z
tonz's
High Impedance
Dout
[ tow | _IoH

Din <X>l< Data Valid ><><><><><><
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HM62D932 Series

B WRITE TIMING WAVEFORM (2)1, 2,3, 4

B twe
taLH < taLL -
Y/ N /
ALE —_ N 7
_ tasL P tAHL _
Address >< Address Valid

B tcw L twr _

ot MNONVNNNNANNK 7 [y

LN ROOANANNANN

CcSs2 taw
s L twp g
WE /
\(\\xi /
ton
twhz
- - tOW
*g - 6
High Impedance
Dout >

| ow | toH

P poag

Din Data Valid ) ¥

Notes: 1. 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 CS1, a high CS2, and a low WE.
4.1f the CS1 low and CS? 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/O pins are in the output state so that the input signals of the opposite phase
to the outputs must not be applied.
6.1f CS| is low and CS2 is high during this period, 1/O 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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HM62D932 Series

M LOW Vcc DATA RETENTION CHARACTERISTICS (Ta = 0 to +70°C)

This characteristic is guaranteed only for L-version.

Item Symbol Min Typ Max Unit Test Condition
Vcc for Data Retention VDR 20 — e v

Data Retention Current ICCDR — 2 50*1 MA CS1 Vee-0.2v,
Chip Deselect to Vin VcC -0.2V or
Data Retention Time ICDR 0 — — ns OV Vin 02V
Operation Recovery Time tR 5 — o ms

Note: 1.VcC=3.0V.

Data retention mode

cst
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HM628128/HM628128I Series

131,072-Word x 8-Bit High Speed Hi-CMOS Static RAM

N 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 um Hi-CMOS process technology. The
HM®628128! is available in industrial temperature range (40 to
+85°C).

It offers low power standby power dissipation; therefore, itis suitable
for battery back-up systems. The device, packaged in a8 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.

HM628128P Series

(DP-32)
B FEATURES HM628128FP Series
® High Speed: Fast access time ......... 70/85/100/120ns (max.)
¢ Low Power
Standby: .......... ... ..ol 10 uW (typ.) (L-version)
Operation: ............... ..., 75 mW (typ.)

¢ Single 5V supply
¢ Completely static memory
No clock or timing strobe required
* Equal access and cycle times
e Common data input and output: Three state output
¢ Directly TTL compatible: All inputs and outputs (FP-32D)
* Capability of battery back up operation (L & SL)
2 chip selection for battery back up.

Pin Description W

Pin Name Function

A0 - Al6 Address

/00 -1/07 Input/output

CSi Chip select 1

CS2 Chip select 2 (TFP-32DA)
WE Write enable

OE Output enable

NC No connection

Vee Power supply

Vss Ground
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HM628128/HM628128I Series

H PIN ARRANGEMENT

(DP-32 & FP-32D)
NC[ ] ~— 32 Vee
ae( ]2 n[Jas
Al 30[] cs2
mE ‘ 29| ] we
AaT(]s 8] a3
a6 []6 21{ ] A8
a7 26 ] A9
a8 50 ) an
A ] ot
a0 2a[Jan
an 2
a2 21101
1/00(]13 0[] 1/08
1708 [ 14 18 1/08
|/02E 15 18] 1/04
vas [ 16 17} ]1/03
(Top View)
(TFP-32DA)
An O /OE
Ay [ A
As O} g /CS,
A O] 1 10,
MWE [] [ 106
cs, [ 105
Ass ] [ /0,
Vee ] 170,
NC [] o ] Vss
A 1170,
A [ (] 1104
A ] 110
A, O] [ Ao
As O [ A
As [] | A;
A0 O 1 A
(Top View)
(TFP-32DAR)
A ] A3
As 1A,
As [ 1 A
A7 [ [ A
Arz [ ] 170,
A O ] /0,4
Ass O] [ 1 1/0,
NC [} [V,
Vee O O ) |/sos3
Ass [ 1170,
s, [ [ 105
e ] [ 1/06
Az ] 1 vo;
As [ 1cs,
As ] A
ad O 7 /0E
(Top View)
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HM628128/HM628128! Series

Block Diagram

A13 O———1
aso—oy ] — oV,
A6 O——{ | _— «
o] —oV,
::; 1 Row . Memory Matrix h
A7 o0—d ! Decoder | ¢ 512X2,048
A6 O—— | 1
A5 0—rd |
A o— o J
+
L — | 1
1/00 o { 0
/ . Column 1/0 .
I Input
I| Data Column Decoder
| Contro! il 14
I [ 5]
1/07 L , !
/01 o 0 ) b
A8 JA9 A11 A0 AQ Al A2 A3 1 '
!
: I
cs2 o———r——rj

st o————

Read/Write Control
WE O0—————]

Gt o ]
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HM628128/HM628128I Series

B ORDERING INFORMATION

Part No. Access Package Part No. Access Package
HM628128P-7 70ns HM628128LP-7SL 70ns
HM628128P-8 85ns ) HM628128LP-8SL 85ns 600 mil
HM628128P-10 100ns 600 mil HM628128LP-10SL 100ns 32 pin
HM628128P-12 120ns 32 pin HM628128LP-12SL 120ns Plastic
HM628128LP-7 70ns Plastic DIP
HM628128LP-8 85ns DIP (DP-32)
HM628128LP-10 100ns (DP-32)
HM628128LP-12 120ns
HMG628128FP-7 70ns HM628128LFP-7SL 70ns
HMG628128FP-8 85ns ) HM628128LFP-8SL 85ns 525 mil
HM628128FP-10 100ns 525 mil HM628128LFP-10SL 100ns 32 pin
HM628128FP-12 120ns 32 pin HM628128LFP-12SL 120ns Plastic
HM628128LFP-7 70ns Plastic SOP
HMG628128LFP-8 85ns SOP (FP-32D)
HM628128LFP-10 100ns (FP-32D)
HMG628128LFP-12 120ns
* TSOP SERIES ¢ INDUSTRIAL TEMPERATURE SERIES
Type No. Access Time Package Type No. Access Time Package
HM628128T-7 70 ns HM628128PI-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 HM628128LP1-8 85 ns Plastic DIP
HM628128LT7 70ns | 8mmx20mm HM628128LPI-10 100 ns (DP-32)
HM628128LT-8 85 ns 32-Pin TSOP HM628128LPI-12 120 ns
HM628128LT-10 100ns | (Normal Type) HM628128FPI-8 85 ns
HM628128LT-12 120 ns (TFP-32DA) HM628128FPL-10 100 ns 525-mil
HM628128LT-7TL 70 ns HM628128FPI-12 120 ns 32-Pin
HM628128LT-8L 85 ns HM628128LEPL-8 85 ns Plastic SOP
HM628128LT- 121 120 ns HM628128LFPI-12 | 120 ns
HM628128R-7 70 ns
HM628128R-8 85 ns
HM628128R-10 100 ns
HM628128R-12 120 ns
8mm X 20mm
HM628128LR-7 70 ns 32-Pin TSOP
HM628128LR-8 85 ns
(Reverse
HM628128LR-10 100 ns Type)
HM628128LR-12 120 ns (TFP-32DAR)
HM628128LR-7TL 70 ns
HM628128LR-8L 85 ns
HM628128LR-10L 100 ns
HMG628128LR-12L 120 ns
Function Table
WE CS1 Cs2 OE Mode Vcc Current Dout Pin Ref. Cycle
X H X X Not selected Iss, IsB1 Hfgh-Z
X X L X Iss, IsBt High-Z
H L H H Output disable Icc High-Z
H L H L Read Icc Dout Read cycle
L L H H Write Icc Din Write cycle (1)
L L H L Icc Din Write cycle (2)
Note: x:HorL
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HM628128/HM628128I Series

Absolute Maximum Ratings

Item Symbol Value Unit
Voltage on any pin relative to Vgg V1 -0.5*1to +7.0 \'
Power dissipation Py 1.0 \
Operating temperature (HM628128 Series) Topr Oto +70 °C
Operating temperature (HM628128I Series) Topr -40 to +85 °C
Storage temperature Ty -55to0 +125 °C
Storage temperature under bias (HM628128 Series) Thias -10to +85 °C
Storage temperature under bias (HM628128I Series) Thias -40 to +85 °C
Note: *1. -3.0 V for pulse half-width < 30 ns
Recommended DC Operating Conditions
(Ta=0to +70°C, for HM628128 Series, Ta=-40° to +85°C for HM628128I Series)
Parameter Symbol Min Typ Max Unit Note
Supply voltage Vee 45 5.0 5.5 v
Vss 0 0 0 v
Input high (logic 1) voltage Vi 22 — 6.0 v
Input low (logic 0) voltage Vi -03"! —_ 0.8 \i

Note:  *1.-3.0V for pulse half-width <30 ns

DC Characteristics (Ta=0 to +70°C, for HM628128 Series, Ta=-40° to +85°C for HM628128I Series,

VCC=5 V x 10%, VSS=0 V)

Parameter Symbol | Min. | Typ.*! | Max. | Unit Test Conditions
Input leakage current Iyl | = — 2 | pA | Vin=Vggto Ve
CSI =Vigor CS2=Vy,
Output leakage current Iiol | — - 2 | uA | OE=Vgor WE=Vp,
Y_y_(_) Vgsto Voo
Operating power supply 35 CS1=Vy, CS2=Vpy,
current: DC Iec - 15 (45) mA | others=Vyy/Vy
: Iyo=0 mA (HM6281281 Series)
70 Min. cycle, duty=100%, CS1=Vy , CS2=Vy,
Iec1 | — 45 | (gp) | MA | others = Viy/Vy
I;/0=0 mA (HM6281281 Series)
Operating Power supply Cycle time = 1ps,
current 30 duty = 100%, Ij/0=0 mA
Icc2 | — 15 | 4oy | ™A | CS1=0.2V, CS2= Ve -0.2V
Vigz Vee-0.2V, Vi <02V
(HM628128I Series)
Standby Vo current: DC | Igg | — 1 3 | mA | CSI=Vjy, CS2=Vpy or CS2=Vy_
— 0.02 2 mA | Vin=0V
fﬁ‘r‘gr'l’ty(}')?%c g1 | — | 22 |100%2 CS1= Voo -0.2V, CS22 Ve ~0.2V or
' — 2*3 | 50*3 #A 1 V= CS2=02V
Output low voltage VoL — — 0.4 0 | Iop=2.1mA
Output high voltage Vou | 2.4 — — V | Iog= -1.0 mA

Note: 1. Typical values are at Vo =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=0V
Input/output capacitance Cro — — 10 pF Vwo=0V

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

AC Characteristics (Ta=0 to +70°C, for HM628128 Series, Ta=-40 to +85°C for HM628128] Series,
Vee=5V + 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
0.5V to 2.5 V for HM628128| 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 HM§28128- 10 HM§28128-12 Unit  Note
Min Max Min Max Min Max Min Max
Read cycle time RC 70— 8 — 100 — 120 — ns
Address access time tAA — 70 — 85 — 100 — 120 ns
Chip selection (CS1) tcot — 70 — 85 — 100 — 120 ns
to output valid
Chip selection (CS2) tcoz —_— 70 — 85 — 100 — 120 ns
to output valid
Output enable (OE) 10E — 35 — 45 — 50 — 60 ns
to output valid
Chip selection (CS1) Lzt 10 — 10 — 10 — 10 — ns ‘L%
to output in low-Z
Chip selection (CS2) Lzz 10 — 10 — 10 — 10 — ns "2
to output in low-Z
Output enable (OE) torz 5 — 5 — 5 —_ 5 — ns ‘%%
to output in low-Z
Chip deselection (CS1) izt 0 25 0 30 0 35 0 45 ns 1°%
to output in high-Z
Chip deselection (CS2) tz2 0 25 0 30 0 35 0 45 ns L%
to output in high-Z
Output disable (OE) toHz 0 25 0 30 0 35 0 45 ns L%
to output in high-Z
Output hold from toH 10 — 10 — 10 —_ 10 — ns
address change
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HM628128/HM628128I Series

Read Cycle Timing

Address >K
LEBNNNNNNN - AN

teoz tuza

tizz &\ \

toe thze

SO . VA

tounz

cs2 4

Dout

Data Valid y —

ton

Notes: *1. iz and torz are defined as the time at which the outputs achieve the open circuit conditions and are not referenced to output
voltage levels.
*2. Atany given temperature and voltage condition, tiz max is less than ttz min both for a given device and from device to device.
*3. WE is high for read cycle.

Write Cycle
HM8287  HMOSDRS HMSRI2E10 HMGSIO8 13
Parameter Symbol Min Max Min Max Min Max Min Max Unit Note
Write cycle time twe 70 — 85 — 100 — 120 — ns
Chip selection to tcw 60 — 75 — 80 e 85 — ns
end of write
Address setup time tas 0 — 0 — 0 — 0 — ns
Address valid to taw 60 —_ 75 — 80 — 85 — ns
end of write
Write pulse width twp 50 — 55 — 60 — 70 — ns
Write recovery time tWR 5 — 50) — 5(10) — 10(15) — ns  *12
10 —_ 10 (15) — 10 (15) — 15(15) — ns *11 *12
Write to output tWHZ 0 25 0 30 0 35 0 40 ns  *10
in high-Z
Data to write time tDwW 30 — 35 — 40 — 45 — ns
overlap
Write hold from tDH 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/HM628128I Series

Write Timing Waveform (1) (OE Clock)

N twe

Address * )(

® TV TR et DANNNNN
ST ANNNNNNNNNEK AL
S LLLLYLSALA FONNNNNNNY

PN XL

Dout N\ N N N N\
L L L L L

Din @* )O(
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HM628128/HM628128I Series

Write Timing Waveform (2) (OE Low Fix)

twe
Address 9{ )é
tew'?
csi
' A ).V /
6
twn”*
cs2
LLLLLLA X N\
We twe"!
tas”? \\ N }/ ton
twnz"?| tow .7 .
. a7
tow ton
20 .
Din SSSSVA
L1777\

Notes: *1.

*2.
*3,
*4.
*5.

*6.
*7.
*8.
*9.

*10.
*11.
*12.

A write occurs during the overlap of a low CS1, a high CS2 and alow WE. A write begins at  the latest transition among Cst
going low, CS2 going high and WE going low. A write ends at the earliest transition among CS1 going high, CS2 going low
and WE going high. twe is measured from the beginning of write to the end of write.

tcw is measured from the later of CS1 going low or CS2 going high to the end of write.

tAS is measured from the address valid 1o the beginning of write.

tWR is measured from the earliest of CS1 or WE going high or CS2 going low to the end of write cycle.

During this period, /O pins are in the output state; thercfore, the input signals of the opposite phase to the outputs must not
be applied.

1f TS goes low simultancously with WE going low or after WE going low, the outputs remain in high impedance state.
Dout is the same phase of the latest written data in this write cycle.

Dout is the read data of next address.

1f CS1 is low and CS2 is high during this period, 1/O pins are in the cutput state. Therefore, the input signals of the opposite
phase to the outputs must not be applied to them.

This parameter is sampled and not 100% tested.

This value is measured from CS2 going low to the end of write cycle.

Parenthesis denote specification for HM628128!I Series only.
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HM628128/HM6281281 Series

Low V¢ Data Retention Characteristics (Ta=0to +70°C) for HM628128 Series,
Ta=-40 to +85°C for HM628128I Series.

(This characteristics is guaranteed only for L & SL version.)

Parameter Symbol Min. Typ. Max. Unit Test Conditions*2
@ = VCC -0.2V,
:;Sgl:z; data VbR 2.0 — _ v CS2 = Ve -02V
or0V<CS2=<02V
Vin = 0V
) 50*13 Vec=3.0V, Vin =z OV
Data retention I " A CSl = Ve 0.2,
current CCDR 15*1 K CS2 =z Ve -0.2Vor
0V =<CS2 =2.0V
Chip deselect to
t 0 - — ns
data retention time CDR See Retention
Operation recovery R 5*15 _ . ms Waveform
time

Low Vcc Data Retention Timing Waveform (1) (CS1 Controlled)

Data Retention Mode

TSI 2Vec—0.2V
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HM628128/HM628128! Series

Low Vcc Data Retention Timing Waveform (2) (CS2 Controlled)

Data Retention Mode ——=

_______ cseso2v

Note: 13.

*1: for L-version and 20 uA max. at Ta=0 to 40°C

*2: for SL-version and 3uA max. at Ta=0 to 40°C.

14. CS2 controls address buffer, WE buffer, CS1 buffer and OE buffer and Din buffer. If CS2 controls data
retention mode, Vin levels (address, WE, OE, CS1, I/O) can be in the high impedance state. If CS1 controls

data retention mode, CS2 must be CS2 = Vi -0.2V or OV =< CS2 =< 0.2V. The other input levels (address,
WE OE, I/O) can be in the high impedance state.

15. V¢ rise time must be more than 50ms when V¢ rise time is less than 50ms, tg 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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HMG624256A Series Preliminary

262,144-Word x 4-Bit High Speed CMOS Static RAM

B DESCRIPTION

The Hitachi HM624256A is a high speed 1M
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,
ﬁllljlgtl as the cache memory for main frame or 32-bit

The HM624256A, packaged in a 400 mil plastic
SOJ is available for high density mounting.

(DP-28C)

B FEATURES
¢ Single 5V supply and high density 28-pin package (CP-28D)
(DIP and SOJ)
¢ High speed
Access time: 20/25/35 ns (maximum)
¢ | ow power dissipation B PIN ARRANGEMENT (DIP and SOJ)
Active mode 350 mW (typical)
Standby mode 100 pW (typical) Ao O u 28 7 Vcc
e Completely static memory A1 O 2 27 O A4y
No clock or timing strobe required A2 E 3 26 1 A1e
* Equal access and cycle time ﬁ3 4 25 '215
* Directly TTL compatible Ag E g gg g Alg
All inputs and outputs ﬁe O 7 22 A ﬁ 12
8 21
W ORDERING INFORMATION A g3 2 B NS
- Ag [ 10 19 [ /01
Type No. Access Time Package Ao O 11 18 1 1/02
HM624256AP-20 20 ns CS O 12 17 [ 1/03
HM624256AP-25 25ns ggol;;nil o O 13 16 O 104
HM624256AP-35 35ns -Pin
HM624256ALP-20 20ms Plasic DIP Vss [ 14 15 [7 WE
HM624256ALP-25 25 (DP-
HMG624256ALP-35 35 ns (Top View)
HM624256AJP-20 20 ns
HM624256AJP-25 25 ns 400-mil
HM624256AJP-35 35ns 28-Pin
HM624256ALIP-20 20 ns PlasticSOJ
HM624256ALIP-25 25ns (CP-28D)
HM624256ALIP-35 35ns

B PIN DESCRIPTION

Pin Name Function
Ag-A17 Address
1/00-1/04 Input/Output
[ Chip Select
OE Output Enable
WE Write Enable
vce Power Supply
Vss Ground
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HM624256A Series

B BLOCK DIAGRAM
A0 o5
2; ° S B -—— Vg
As Row M Matr
Ag << Decod emory Matrix Ve
Ag O—— 5] ecoder 512 X 2048 -
o— 35—
A7 o—— 5 -
Ag o———f5—
N I |
vor® Z F— Column {/0
o2 o—mil> lgput —
N cora'a:?ol Column decoder
/03 © g
N
vos opHHD> %%%%%%%%%
Ag A10 A11 A2 A3 A14 A1s Ag Aq7
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HM624256A Series

B FUNCTION TABLE

CS OE WE Mode Vcc Current 1/O Pin Ref. Cycle

H X X Not Selected IsB. IsB1 High-Z

L L H Read Icc Dout Read Cycle (1-3)

L H L Write Icc Din Write Cycle (1)

L L L Write Icc Din Write Cycle (2)
Note: X: Hor L
Bl ABSOLUTE MAXIMUM RATINGS
Parameter Symbol Value Unit
Voltage on any pin relative to Vs§ Vin 0510 +7.0 \%
Power Dissipation PT 1.0 w
Operating Temperature Range Topr 0to +70 °C
Storage Temperature Range Tstg -55 to +125 °C
Storage Temperature Range Under Bias Thias —10 to +85 °C
Note: 1. Vip min =-2.0 V for pulse width < 10 ns.
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HM624256A Series

@ RECOMMENDED DC OPERATION CONDITIONS (T; = 0 to +70°C)

Parameter Symbol Min. Typ Max. Unit
Supply Vo \ee 4.5 5.0 5.5 \

upply Voltage Vss 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 \4
Note: 1. VIL min =-2.0 V for pulse width < 10 ns.
1 DC CHARACTERISTICS (T, = 0to +70°C, Ve =5V £ 10%, Vss = 0V)

HM624256A-20 HM624256A-25/35
Parameter Symbol - " Unit Test Conditions
Min. | Typ*! | Max. | Min | Typ*! | Max
. Vee = Max
Input Leakage Current | IL1 | — — 2.0 — 2.0 MHA Vin = Vss to Ve
_ | - CS=ViH

Output Leakage Current | ILo ' — — 2.0 2.0 pA V1/0 = Vss to Voo
Operating Power . CS=ViL, Iijo=0mA,
Supply Current lec - - 150 - 120 | mA Min Cycle
Standby Power IsB — |l —1le | = = | 4| ma CS = Vi, Min Cycle
Supply Current ’

Standby Power Supply Isg1*2 — | 002 20 — 0.2 2.0 mA CS2Vce-0.2V, 0V £ Vin
Current (1) Isp1*3 — — 100 | — — 100 | pA <0.2V or Vin = Vcc -0.2V
Output Low Voltage VoL — — 04 — — 0.4 v IoL=8 mA
Output High Voltage VOoH 2.4 — — 2.4 — — \ loH =4 mA
Notes: 1. Typical limits are at VO = 5.0V, Ta = +25°C and specified loading.

2. P and JP version.
3. LP and LJP version.
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HM624256A Series

B CAPACITANCE (T, = 25°C, f= 1 MHz.)

Parameter Symbol Min Max Unit Test Conditions
Input Capacitance Cin — 5 pF Vin =0V
Input/Output Capacitance Cro — 10 pF Vyo =0V

Note: 1. This parameter is sampled and not 100% tested.

B AC CHARACTERISTICS (T, = 0 to +70°C, V¢ = 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 +5V
; 4800 480Q
Dout b Dout
255Q % = 30pF* 255Q 5pF*
77
. Out.put Load (A)“ Output Load (B)
Including scope & jig. (for tcHz, torz, twiz & tow)
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HMG624256A Series

B 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
Chip Select Access Time tACS — 20 — 25 — 35 ns
Chip Selection to Output in Low-Z ez 5 — 5 — 5 — ns
Output Enable to Output Valid tOE — 10 — 12 — 15 ns
OQutput Enable to Qutput in Low-Z toLz*! 0 — 0 — 0 — ns
Chip Deselection to Qutput in High-Z | tcpz*! 0 10 0 12 0 15 ns
Chip Disable to Output in High-Z tonz*! 0 10 0 10 0 10 ns
Output Hold from Address Change tOH 5 e 5 — 5 — ns
Chip Deselection to Power Up Time tpy 0 — 0 — 0 — ns
Chip Deselection to Power Down Time | tpD 12 — 15 25 ns
B READ TIMING WAVEFORM (1) "1, *2
tac |
Address X )I(
taa
_ | Vs
OE N N
toe
loLz ton |
e m— |
— e -
cs N Z
tacs tonz
terz tenz
Dout K 3<X>_
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HM624256A Series

B READ TIMING WAVEFORM (2) "2, "3, *5

tac |

Address ><
tan

ton
ton
Dout ;L X

B READ TIMING WAVEFORM (3) "1, *2, "4, *5

cs X A/—-————
tenz
Dout Data Valid >
trp
Vce supply sw;
current

Notes: 1. Transition is measured £200 mV from steady state voltage with Load (B). This parameter is sampled and not 100% tested.
. WE is high for read cycle.

. Device is continuously selected, CS = VL.

. Address valid prior to or coincident with CS transition low.

. OE= VL.

[ RS N
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HMG624256A Series

@ HITACHI
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M WRITE CYCLE
HM624256A-20 HMG624256A-25 HM624256A-35 .
Parameter Symbol - - - Unit
Min Max Min Max Min Max
Write Cycle Time twe 20 — 25 — 35 — ns
Chip Selection to End of Write tCw 14 — 17 — 25 — ns
Address Valid to End of Write AW 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*! | tonz 0 10 0 10 0 10 ns
Write to Output in High-Z*! tWHZ. 0 13 0 15 0 20 ns
Data to Write Time Overlap IDW 12 — 15 — 20 — ns
Data Hold from Write Time tDH 0 — 0 — 0 — ns
Qutput Active from End of Write*! tOwW 0 — 0 — 0 — ns
B WRITE TIMING WAVEFORM (1)
e twe
Address >£ >
twr3
OF f }\
tew
= \ (7777
::_‘As_,' taw
we ANANANN _/
tonz ™4
: twp2
Dout /! tow ton



HM624256A Series

8 WRITE TIMING WAVEFORM (2)*6

Address ><
: twr'3
cw
cs * ‘5 // /
WE tas F \\ }/ ton 7 .
2 8
Dout

. Transition is measured 200 mV from high impedance voltage with Load (B). This parameter is sampled and not 100% tested.
. A write occurs during the overlap (twp) of a low CS and a low WE.

twe

Notes:

. During this period, 1/O 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, output remain in a high
impedance state.
6. OE is a continuously low (OE = V]L).
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/O 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

B LOW Vcc DATA RETENTION CHARACTERISTICS (T, = 0 to +70 °C)
This characteristic is guaranteed only for L-version.

Parameter Symbol Min Typ Max Unit Test Conditions
VCC for Data Retention VDR 2.0 —_ — v o
Data Retention Current ICCDR — 2 100*! HA CS 2VCC-0.2V,

Vin 2 VCC 0.2V or
Chip Deselect to Data Retention Time tCDR 0 — — ns OV <Vin<0.2V
Operation Recovery Time R 5 — — ms

Note: 1. Ve = 3.0V
B LOW Vgc DATA RETENTION TIMING WAVEFORM

Data retention mode

Vee
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HM624257 Series

262144-WORD x 4-BIT HIGH SPEED CMOS STATIC RAM

The Hitachi HM624257 is a high speed 1M 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.

B 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 xW (typ.)
* Completely static memory:
No clock or timing strobe required

* Equal access and cycle time (CP-32D)

* Directly TTL compatible: All inputs and outputs

B ORDERING INFORMATION r —
PIN ARRANGEMENT
Type No. Access Time Package Top View
HM624257JP-35 35 ns i
HM6242571P-45 45ns 4;2:.:' NC[] 1 32 vee
HM624257LIP-35 35 ns Plastic SOJ Ao [] 2 3 [JAr
HM624257LIP-45 45 ns (CP-32D) a8 30 A
A2 E 4 29 j As
B PIN DESCRIPTION Al s 28] Au
A 6 27[] A3
Pin Name Function as[] 7 26 A2
Ag-Apy Address As : 8 25 ] An
I)-I4 Data Input arl] o 28I NC
1_,:04 Data Output As [ 10 27
Si Chip Select Ag E 1 2 :] 2
WE Write Enable Ao [ 12 2o
Vee Power Supply s (] 13 207 02
Vss Ground 5[] 14 1] 0
TS5 18704
vss [] 16 [ WE
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HM624257 Series

B BLOCK DIAGRAM

A0
Al

A2
A3
A4
A5
A6
A7

A8

[T

e Vee

- VSS

Memory Arrray

|
ikl

Row

Decoder 256 x 1,024
Column [/0

Input

Data Column Decoder

Control

9t

FESIRERE

A9 Al0 All Al12 A13 Al4 Al5 Al6 Al7

o1

04

G HITACHI

268 Hitachi America, Ltd. e Hitachi Plaza 2000 Sierra Point Pkwy. e Brisbane, CA 94005-1819 e (415) 589-8300




W ABSOLUTE MAXIMUM RATINGS

HM624257 Series

Item Symbol Value Unit
Voltage on any Pin Relative to Vgg Vin ~0.5" to +7.0 v
Power Dissipation Pr 1.0 w
_Operating Temperature Range Topr Oto +70 °C
Storage Temperature Range L™ -55t0 +125 °C
Storage Temperature Range Under Bias Thias -10to +85 °C
NOTE:  *I. V, min. = 2.0V for pulse width = 10 ns.
B FUNCTION TABLE
[ WE Mode Ve Current Doy Pin Ref. Cycle
H X Not Selected Isp. Isg; High-Z -
L  H Read Ice Doy Read Cycle)-@
L L Write Icc High-Z Write Cycle(-
NOTE: X:Horl
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HM624257 Series

8 RECOMMENDED DC OPERATING CONDITIONS (T, = 0 to +70°C)

Item Symbol Min. Typ. Max Unit
Suoply Vol Vee 4.5 5.0 5.5 v
U lolta;

PPy 8¢ Vss 0 0 0 v
Input High (Logic 1) Voltage Vi 22 - 6.0 v
Input Low (Logic 0) Voltage Vi -0.5" - 0.8 v

NOTE:  *1.V, min. = -2.0V for pulse width < 10 ns.
B DC CHARACTERISTICS (T, = 0to +70°C, Vcc = 5V + 10%, Vgs = 0 V)
Item Symbol Min. Typ.”! Max. Unit Test Conditions
Input Leakage Current il - - 2.0 uA Ve = max.
Vin = Vssto Vec
Output Leakage Current |10l - - 10.0 uA CS=Vy
Vio = Vssto Vec
Operating Power Supply Current Icc - 70 120 mA CS = Vi, Iyo = 0mA,
min. cycle
Standby Power Supply Current Isp - 30 60 mA CS = Vpy, min. cycle
Standby Power Supply Current (1) Ispy - 0.02 2.0 mA CS = Vec-02V
0VsVys02Vor
Vin 2 Vec - 0.2V
Output Low Voltage VoL - - 0.4 v Iop = 8mA
Output High Voltage Vou 24 - - v Ioy = 4.0mA
NOTE: 1. Typical limits are at Ve = 5.0V, T, = +25°C and specified loading.
B CAPACITANCE (T, = 25°C, f = 1MHz)
Item Symbol Min. Max Unit Test Conditions
Input Capacitance Cin - 6 pF Vip=0V
Output Capacitance Cout - u pF Vo =0V
NOTE:  I. This parameter is sampled and not 100% tested.
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HM624257 Series

M AC CHARACTERISTICS (T, = 0to +70°C, Ve = 5V + 10%, unless otherwise noted.)

Test Conditions
* Input pulse levels: Vggt0 3.0 V * Input and output timing reference levels: 1.5 V
o input rise and fall times: 5 ns e QOutput load: See Figures
Output Load (A) Output Load (B)
(for teyz, teLz, twnz & tow)
sV v
4800
4802
Dout Dout
2550 J0pF* 2550 SpF*
NOTE:  *including scope & jig.
8 Read Cycle
HM624257-35 HM624257-45
Item Symbol Unit
Min. Max. Min. Max.
Read Cycle Time trRe 35 — 45 — ns
Address Access Time taa - 35 - 45 ns
Chip Select Access Time tacs — 35 — 45 ns
Output Hold From Address Change ton 5 — 5 - ns
Chip Selection to Output in Low-Z 7" 5 - 5 - ns
Chip Deselection to Output in High-Z tyz"! 0 20 0 20 ns
Chip Selection to Power Up Time tpy 0 - 0 — ns
Chip Deselection to Power Down Time tep - — 30 ns
NOTE: 1. Transition is measured +200 mV from steady voltage with Load (B).

This parameter is sampled and not 100% tested.
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HM624257 Series

Read Timing Waveform (1) *1, *2

o X X
tan ]
o ton
Dout Data Valid
Read Timing Waveform (2) °1, *3
o] Ire
N /|
lacs tuz
|73 [
Data Valid
Dout
High Impedance High Impedance
Ve supply —""j/ ro
Iec 50%
current ’ 50%
Isn
NOTES:  *1. WE is high for read cycle.
*2. Device is continuously selected, CS = ViL.
*3. Address valid prior to or coincident with CS transition low.
B Write Cycle
HM624257-35 HM624257-45
Item Symbol Unit
Min. Max. Min. Max.
Write Cycle Time twe 35 — 45 — ns
Chip Selection to End of Write tew 30 — 40 — ns
Address Valid to End of Write taw 30 — 40 — ns
Address Setup Time tas 0 —_ 0 - ns
Write Pulse Width twp 30 — 35 -— ns
Write Recovery Time twr 3 - 3 - ns
Data Valid to End of Write tow 20 _ — ns
Data Hold Time oy — — ns
Write Enabled to Output in High-Z twz"! 0 15 0 20 ns
Output Active From End of Write tow™! — — ns
NOTE: 1. Transition is measured +200 mV from stcady state voltage with Load (B).
This parameter is sampled and not 100% tested.
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HM624257 Series

Write Timing Waveform (1) (WE Controlled)

D ¢ X
N\ 777777

\\
\
AN
N

AN\ w—
oon lddLLLLLLLL \l High Impedance
SN SONNNANNANN S/
Write Timing Waveform (2) (CS Controlled)
Address }( ><
s N tn™?
- N lew /f
o NN NN

NOTES:

| tow ton |

Dout High Impedance*®?

*1. A write occurs during the overlap of a low TS and a low WE.
*2. twR is measured from the carlier of CS or WE going high to the end of write cycle.

*3. 1f 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. Doy is the same phase of writc data of this write cycle.
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HM624257 Series

W Low V¢ Data Retention Characteristics (T, = 0 to +70°C)

Item Symbol Min. Typ. Max Unit Test Conditions
Vcc for Data Retention Vpr 2 - - v
Data Retention Current Iccpr - 2 100°! pA CS = Vec-0.2V,
- - - Vi" 2 VCC -02Vor
Chip Deselect to Data Retention Time tcpr 0 - - ns 0Vs<V,<02V
Operation Recovery Time R - - ms
NOTE:  *1. Vge =3.0V.
Low V¢c Data Retention Timing Waveform
Data Retention Mode
€S2 Vee—02v
@ HITACHI
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HM621100A Series Preliminary

1,048,576-Word x 1-Bit High Speed CMOS Static Ram

W DESCRIPTION

The HM621100A is a high speed 1M 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 HM621100A, packaged in a 400 mil plastic
SOJ is available for high density mounting.

B 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

(CP-28D)

H PIN ARRANGEMENT

Active mode 350 mW (typical) HM621100A Series (DIP and SOJ)
Standby mode 100uW (typical)
¢ Completely static memory AClTtT Y 28 [dve
No clock or timing strobe required A 2 27 [ Ay
* Equal access and cycle time L 26 [ Arg
« Directly TTL compatible 23 E g = g :"
. 4 16
All inputs and outputs = 23 B Ay
NG [ 7 22 [ Ay
B ORDERING INFORMATION As 8 21 B ne
- A 9 20 [ Ay
Type No. Access Time Package as ] 10 19 1 Ay,
HM621100AP-20 20 ns Ag T 11 18 [ Ay
HM621100AP-25 25 ns 400-mil Dour [] 12 17 [ Aq
HM621100AP-35 35ns 28-pin WE [] 13 16 [1 bw
HM621100ALP-20 20 ns plastic DIP V. 14 15 Cs
HM621100ALP-25 25ns (DP-28C) ss =
HMG621100ALP-35 35ns (Top View)
HM621100AJP-20 20 ns
HM621100AJP-25 25 ns 400-mil
HM621100AJP-35 35ns 28-pin B PIN DESCRIPTION
HM621100ALJP-20 20 ns plastic SOJ
HM621100ALJP-25 25 ns (CP-28D) Pin Name Function
HMG621100ALJP-35 35ns
A0-A19 Address
DIN Input
Dout Qutput
[} Chip Select
WE ‘Write Enable
Vce Power Supply
Vss Ground
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HM621100A Series

B BLOCK DIAGRAM
o _—
20 SO —O0 Vee
A; o ——QVgs
Az O———— Row Memory Matrix
254 O— Decoder 256 X 1024
ﬁs o—
Ao O———
o— | —
Din O Column 1/0 >0 Dout
Column Decoder
A1g A1g A17 A1 A15A14 A13 A12 A11A10Ag
s o g
R =
=
vy

B FUNCTION TABLE

CS WE Mode Ve Current Output Pin Ref. Cycle

H X Not Selected ISB, ISB1 High-Z —

L H Read Icc Dout Read Cycle

L L Write icc High-Z Write Cycle
Note: 1. X:Hor L
B ABSOLUTE MAXIMUM RATINGS
Parameter Symbol Value Unit
Voltage on any pin relative to Vs$ Vin 0.5 10 +7.0 \
Power Dissipation PT 1.0 w
Operating Temperature Range Topr 010 +70 °C
Storage Temperature Range Tsig -55t0 +125 °C
Storage Temperature Range Under Bias Thias -10 to +85 °C
Note: 1. Vin min =-2.0 V for pulse width < 10 ns.
W RECOMMENDED DC OPERATING CONDITIONS (T2 = 0 to +70°C)
Parameter Symbol Min. Typ Max Unit
Suoply Vol vce 4.5 5.0 5.5 \

upply Voltage Vss o o 0 v
Input High (Logic 1) Voltage ViH 2.2 — 6.0 \
Input Low (Logic 0) Voltage VIL -0.5%1 — 0.8 v
Note: 1. VIL min =-2.0V for pulse width < 10 ns.
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B DC CHARACTERISTICS (Ta =0 to +70°C, VcC = 5V + 10%, VSS =0V)

HM621100A Series

HM621100A-20 HM621100A-25/35
Parameter Symbol Unit Test Conditions
Min. | Typ! | Max. | Min. | Typ.! | Max.
Input Leakage Current 1Lt — . 20 | — — 2.0 HA Ve = Max., Vin = Vss to VCC
CS=V,

Output Leakage Current [1Lol - — 20 | — — 2.0 HA VIO = Vss {OHVCC
Operating Power I o o CS=VIL,Ijj0 =0 mA,
Supply Current lcc 150 120 mA Min. Cycle
Standby Power Isei2 | — [002] 20 | — | 00220 mA G Sy
Supply Current (1) ISB1- — — 100 | — —_ 100 HA Vin 2 VeC -0.2V
Output Low Voltage VoL — | — | 04 | — — 0.4 A% IoL= 8mA
Output High Voltage VOH 24 | — — | 24 — . v I0H =-4mA
Notes: 1. Typical limits are at VCC = 5.0V, Ta = +25°C and specified loading.

2. P and JP version

3. LP and LJP version
M CAPACITANCE (T, = 25°C, f= | MHz)
Parameter Symbol Min Max Unit Test Conditions
Input Capacitance Cin — 6 pF Vin =0V
Output Capacitance Cout — 10 pF Vout =0V

Note: 1. This parameter is sampled and not 100% tested.

Bl AC CHARACTERISTICS (Ta = 0 to +70°C, VCC = 5V + 10%, unless otherwise noted.)

Test Conditions
¢ |nput pulse levels: 06Vto24V
¢ Input rise and fall times: 4ns
* |nput timing reference levels: 22Vand 08V
e Qutput timing reference levels: 20Vand 08V
¢ Output load: See Figures
+5V +5V
480Q 480Q
Dout Dout
255Q 30pF* 255Q 5pF*
Output Load (A) Output Load (B)
(for touz, torz, twiz & tow)
* Including scope & jig.
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HM621100A Series

W READ CYCLE
HM621100A HM621100A HM621100A .
Parameter Symbol 220 225 235 Unit
Min Max Min Max Min Max
Read Cycle Time tRC 20 — 25 — 35 — ns
Address Access Time tAA — 20 — 25 — 35 ns
Chip Select Access Time tACS — 20 — 25 — 35 ns
Chip Selection to Qutput in Low-Z 12! 5 — 5 — 5 — ns
Chip Deselection to Output in High-Z tHZ! 0 10 0 12 0 15 ns
Output Hold from Address Change tOH 5 — 5 — 5 — ns
Chip Selection to Power Up Time tPU 0 — 0 — 0 o ns
Chip Deselection to Power Down Time tPD — 12 — 15 — 25 ns
W READ TIMING WAVEFORM (1) 2,3
- tre -
Address X X
< tan ol . fon |
| tou
Dout ><><>< Data Valid
B READ TIMING WAVEFORM (2) 2,4
o5 = %
N
N /|
. tacs | <tz
« Wz
Dout i htlmpedence Data Valid }_—-———
’g‘ PU tep_, High Impedence
Vee supp|y .................................... .
current lco 7“ 50% 50%
Isa

Notes: 1. Transition is measured £200 mV 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.
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HM621100A Series

B WRITE CYCLE
HM621100A HM621100A HM621100A
Parameter Symbol 220 225 235 Unit
Min Max Min Max Min Max
Write Cycle Time twWC 20 — 25 — 35 — ns
Chip Selection to End of Write tCW 14 o 17 e 25 — ns
Address Valid to End of Write AW 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 Qutput in High-Z twz! 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! 0 — 0 — 0 — ns

B WRITE TIMING WAVEFORM (1) (WE Controlled)

-< twe .
Addresses >]: :§<
- tow .
CANNNIN t V7777777777,
-< AW | .
o ; i ta B b2 - twr'3
WE NN
tDW tDH
Din Data In Valid /><
;w; tow tons
7 7 7 77 7 7 77 High Impedence VAN
Dout AVANAVAVANANANANRNAN FAVAN
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HM621100A Series

B WRITE TIMING WAVEFORM (2) (CS Controlled)

< twe "
Addresses >§: _X

< taw _

tAS - —> ¢ ‘ - tWR*3
o Lo [
L th’Z o
WE AN L/
- oW :tDH>,

Din . Data In Valid
Dout High Impedence *4

Notes: 1. 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-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.

B LOW Vcc DATA RETENTION CHARACTERISTICS (Ta = 0 to +70°C)
This characteristic is guaranteed only for L-version.

Item Symbol Min Typ Max Unit Test Condition
V¢ for Data Retention VDR 2.0 — — \

Data Retention Current ICCDR — 2 100! WA €Sz vee-0.2v
Chip Deselect to Vin2Vce -0.2V or
Data Retention Time ICDR 0 — — ns 0V £ Vin 0.2V
Operation Recovery Time tR 5 — — ms

Note: Vcc=3.0V.

B LOW Vcc DATA RETENTION TIMING WAVEFORM

Data retention mode
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HM628512 Series Preliminary

524,288-Word x 8-Bit High Speed CMOS Static RAM

B 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 um 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.

(DP-32)

B FEATURES
¢ High speed
Fast Access time 55/70/85/100 ns (max.)
e Low power
Standby: 10 uW (typ.) (L/L-SL version) (FP-32D)
Operation: 75 mW/MHz (typ.)
e Single 5V supply

* Completely static memory B PIN ARRANGEMENT
No clock or timing strobe required
* Equal access and cycle times HM628512 Series
¢ Common data input and output: Three state input \UJ
¢ Directly TTL compatible: All inputs and outputs A1g 11 32 Vce
¢ Capacility of battery back up operation Ate[] 2 31 [ A1s
(L/L-SL version) A14] 3 30 [J A1z
A2l 4 29 1 WE
W ORDERING INFORMATION A7 5 28 A13
Type No. Access Time Package ﬁg 3 3; ﬁg
HM628512P-5 55 ns
HM628512P-7 70 ns AdL]8 25 % Ayt
HM628512P-8 85 ns Az o 24 1 OE
HMG628512P-10 100 ns A2 10 23 (1 A10
HM628512LP-5 S5ns | 600-mil, 32 pin A1 O] 11 22 ] CS
HM628512LP-7 70 ns Plastic DIP Aol 12 21 D /O
HM628512LP-8 85ns | (DP-32) 7
HM628512LP-10 100 ns I/00 ] 13 20 [11/Os
HM628512LP-55L 55ns 1101 14 19 1 I/Os
HM628512LP-7SL 70 ns /02 [ 15 18 (1 /04
HM628512LP-8SL 85 ns
HM628512LP-[0SL 100 ns vssL]16 17 (3 /O3
HM628512FP-5 551s
HM628512FP-7 70 ns .
HM628512FP-8 85 ns (Top View)
HM628512FP-10 100 ns
HM628512LFP-5 55ns 5125-mus, 82 pin
HM628512LFP-7 70ns | Plastic SOP
HM628512LFP-8 85ns | (FP-32D) W PIN DESCRIPTION
HM628512LFP-10 100 ns -
HM628512LFP5SL 55 ns Symbol Function
HM628512LFP-7SL 70 ns A0-A18 Address
HM628512LFP-8SL 85 ns
HM628512LFP-10SL 100 ns 00107 Input/Output
CcS Chip Select
WE Write Enable
OE Output Enable
vce Power Supply
Vss Ground
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HM628512 Series

H BLOCK DIAGRAM
As o— —0Vee
As o—] ——oVss
Ag o—
Al o—f Row | | Memory Matrix
A2 o— Decoder 1,024 x 4,096
Az o—
A4 0— ]
A7 o—
A12 o—
A14 0—
P
/00 o i
| Column 1/O
i g‘;‘: r Column Decoder r _J
) Control m
vor > '-L‘} """"""""" Z'T'::|
A nA(!LsAJw)n‘éwé é/és/és S
& .coumio )
WE Column Decoder
OE
H FUNCTION TABLE
WE CS OE Mode Vec Current Dout Pin Ref. Cycle
X H X Not Selected IsB, ISB1 High-Z —
H L H Output Disable Icc High-Z —
H L L Read Icc Dout Read Cycle
L L H Write Icc Din Write Cycle (1)
L L L Write Icc Din Write Cycle (2)
Note: X: Hor L
B ABSOLUTE MAXIMUM RATINGS
Item Symbol Value Unit
Voltage on any Pin Relative to Vss VT -0.5*1to +7.0 \
Power Dissipation PT 1.0 w
Operating Temperature Topr 0to +70 °C
Storage Temperature Tstg —-55to +125 °C
Storage Temperature Under Bias Tbias -10 to +85 °C
Notes 1. —3.0V for pulse half-width < 30 ns
B RECOMMENDED DC OPERATING CONDITIONS (Ta = 0 to +70°C)
Item Symbol Min Typ Max Unit
Ve 4.5 5.0 5.5 \Y
Supply Voltage Vss 0 0 0 v
Input High (Logic 1) Voltage VIH 2.2 — 6.0 \
Input Low (Logic 0) Voltage VIL —0.3*1 — 0.8 \
Note *1. -3.0V for pulse half-width < 30ns.
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B DC CHARACTERISTICS (Ta = 0to +70°C, VcC =5V £ 10%, Vss = 0V)

HM628512 Series

Item Symbol Test Conditions Min Typ*! Max Unit
Input Leakage Current [ TLi] VIN = Vss to VcC — — 2 UA
CS=VH,OE=VIHor WE=VIL,|  __ _
Output Leakage Current l1iLo | V0= VSS to VCC 2 nA
Operating Power Supply CS = V1L, Others = VIH/VIL, .
Current: DC Icc Iyo=0 mA 15 35 mA
_Min. Cycle, Duty = 100%
Iccl CS = VIL, Others = VIH/VIL — 55 90 mA
Operating Power Iyjo =0 mA
Supply Current Cycle Time = 1 us, Duty = 100%
Icc2 170 =0mA, CS <0.2V, — 15 30 mA
VIH 2 Vee -0.2V, VIL 0.2V
Standby Power Supply P— _
Current: DC Ise CS=VH ! 3 mA
Standby P Supol Vin 20V, CS 2 Ve -0.2V — 0.02 2 mA
andby Power Supply - = ¥ 3
Current (1): DC IsBI Vin 2 0V, CS 2 Ve 02V — 272 100 2 uA
Vin 20V, CS 2 Vcc -0.2V — 2*3 50*3 UA
Output Low Voltage VoL IoL=2.1mA — — 0.4 \4
Output High Voltage VOH IoH =-1.0 mA 2.4 — — v
Notes: 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 L-SL versior.
B CAPACITANCE (T, = 25°C, f = 1.0 MHz)*!
Item Symbol Typ Max Unit Test Conditions
Input Capacitance Cin — 8 pF VIN =0V
Output Capacitance Cyo — 10 pF Vo =0V
Note *1. This parameter is sampled and not 100% tested.
B AC CHARACTERISTICS (T, = 0to +70°C, VCC 5V * 10%, unless otherwise noted.)
Test Conditions
¢ [nput pulse levels: 0.8V to 2.4V
¢ Input rise and fall times: 5ns
¢ Input and Output timing reference levels: 1.5V
¢ Output load: 1 TT! gate + CL (100 pF) (including scope and jig)
B READ CYCLE
HM628512-5 | HM628512-7 | HM628512-8 | HM628512-10 X
Item Symbol - - - - Unit | Note
Min | Max | Min | Max | Min | Max | Min [ Max
Read Cycle Time tRC 55 — 70 — 85 — 100 — ns
Address Access Time tAA — 55 — 70 — 85 — 100 ns
Chip Select Access Time tCO — 55 — 70 — 85 — 100 ns
Output Enable to Output Valid OE — 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 — S — ns [123
Chip Deselection to Output in High-Z tHZ 0 20 0 25 0 30 0 35 ns {123
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 — 10 — ns
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HM628512 Series

M READ TIMING WAVEFORM"4

tre

Address X _ ;k
SEEANNANRNY e

% ANNANY A

toHz

P
- -

Dout < Data Elid__?l@——-—
t

OH

Y

Y

>t
>~
aN

Yz

A
Y

A

Y

Notes: 1. tHz and tOHZ are defined as the time at which the outputs achieve and open circuit conditions and are not referenced to
output voltage levels.
2. Atany given temperature and voltage condition, tHZ max is less than tL.Z min both for a given device and from device to
device.
. This parameter is sampled and not 100% tested.
. WE is high for read cycle.

W

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



HM628512 Series

B WRITE CYCLE
HM628512-5 | HM628512-7 | HM628512-8 | HM628512-10 .
Parameter Symbol - . - - Unit | Note
Min | Max | Min_ | Max | Min | Max | Min | Max
Write Cycle Time twe 55 — 70 — 85 — 100 — ns
Chip Selection to End of Write tCwW 55 — 60 — 75 — 80 — ns
Address setup Time tAS 0 — 0 — 0 — 0 - ns
Address Valid to End of Write AW 50 — 60 - 75 — 80 — ns
Write Pulse Width tWP 40 - 50 — 55 — 60 — ns
Write Recovery Time WR 5 — 5 — 5 — 5 — ns
WE to Qutput in High-Z IWHZ 0 20 0 25 30 0 35 ns 10
Data to Write Time Overlap tDW 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
B WRITE TIMING WAVEFORM (1) (OE Clock)
. twe
Address XK >§
taw = AtWR '4‘
— A\
& J/N/F ANRRRRNN
tow™
cs / YA
_ tag™® twp'?
WE -
NN i
_tchzS
Dout  DPPPPPPP
tow tbH :
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HM628512 Series

B WRITE TIMING WAVEFORM (2) (OE Low Fixed)

X X

| tow? |t
=TI 17777777777
e S VNN N g e

Notes: 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.

. tCW is measured from CS going low to the end of write.

. tAS is measured from CS going low to the end of write.

. tWR is measured from the earlier of WE or CS going high to the end of write cycle.

. During this period, /O pins are in the output state so that the input signals of the opposite phase to the outputs must not be
applied.

. If the TS 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.

. Dout is the read data of next address.

9. If CS is low during this period, I/O 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.

(=) W B LN

oo
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B LOW Vcc DATA RETENTION CHARACTERISTICS (Ta = 0 to +70°C,)
This characteristics is guaranteed only for L/L-SL version

HM628512 Series

Item

Symbol Min Typ Max Unit Test Condition
Vcc for Data Retention VDR 2 — — \ CS= Ve -0.2V, Vin 20V
Data Retention Current Iccpr — 1 50*1 HA vee =3.0V, Vin 20V
— 1 15*2 LA CS2Vce-0.2V
Chip S'elect to Data Rettemlon Time tCDR 0 — — ns See Retention Waveform
Operation Recovery Time tR 5 — e ms

W LOW Vcc DATA RETENTION TIMING WAVEFORM (CS Controlled)

toon |

-

Data retention mode

Notes: 1. For L-version and 20 uA max. at Ta = 0 to 40°C.
2. For SL-version and 3 pA max. at Ta = 0 to 40°C.

1/0) can be in the high impedance state.

@ HITACHI
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HM66205 Series

524,288-Word x 8-Bit High Density CMOS Static RAM Module

Description

The HM66205 is a high density 4M-bit static RAM module
consisting of 4 pieces HM628128LTS products (TSOP type 1M
static RAM) and a HD74ACT 138FP equivalent product (SOP
type CMOS decoder logic).

An outline of the HM66205 is the standard 600 mil width 32
pin dual-inline package. lts pin arrangement is compietely
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 1M 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 uW (typical)
Operation: .............c...oouuu 80 mW (typical)

¢ Common data input and output, three state outputs

¢ Capable of battery backup operation

¢ Directly TTL compatible: All inputs and outputs

B TYPE OF PRODUCTS

Part No. Access Package
HM66205L-85 85 ns .
HM66205L-10 100 ns M:go; mll)'IP
HM66205L-12 120 ns ule

B PIN ARRANGEMENT

© O NDC DL WN -

I (Top View)

W PIN DESCRIPTION

Pin Name Function
Ag-Ag Address
1/0,-1/0g | Input/Output_
cs Chip Select
WE Write Enable
OE Output Enable
Vee Power Supply
Vss Ground

forthcoming 512K x 8 monolithic device.

The 66205 module was designed for pinout and signal compatibility with the

@ HITACHI
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HM66205 Series

@ BLOCK DIAGRAM

——F——_

ao-a16(O)

A18 Al
O

A2 04
< N@) g, 0
Ep gr; —T—Ov
Vcc@ E, 0g cc
- .......L@
1101108 O ! 2 Decoder Ves
WE O
GE G .
p— A0-A16 o—]{A0-at6
i C—S-i ......... r-——égy ........
cs2 1 cs2 1
1/01-8 RAM ! /018 :RAM .
L 4 WE iNo.1:| {® WE ‘No.2 !
‘ 6‘E ......... 6§ eeenanal
1 A0-A16 L—{A0-A16
T ooeeeee . &5 - .
cs2 cs2 1
/01-8 iRAM ! 018 [RAM !
WE  :No.3: WE ‘No.4 :
GF oo o et

*1. RAM No. 1-No.4 : HM628128 LTS
*2. CMOS Decoder : HD74ACT138FP
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HM66205 Series

B MODE SELECTION

Mode cs WE OE 1o Current Note
Not Selected (Power Down) H X X High-Z Isg, Ism)
Read L H L Dou 1cc Read Cycle()-®)
Wirie L L H Din Icc Write Cycle(!)
L L L Din Icc Write Cycle
NOTE: X = Don'tcare (HorL).
B ABSOLUTE MAXIMUM RATINGS
Item Symbol Rating Unit
Voltage on Any Pin Relative to Vg Vr -0.5t0 +7.0 v
Power Dissipation Pr 10 w
Operating Temperature Range Topr 0~ +70 °C
Storage Temperature Range L™ -55t0 +125 °C
Storage Temperature Range Under Bias Thias -10 ~ +85 °C
B ELECTRICAL CHARACTERISTICS
* Recommended DC Operating Conditions (T, = 0to +70°C)
Parameter Symbol Min. Typ. Max Unit
v, 4.5 5.0 5.5 v
Supply Voltage o«
Vss 0 0 0 v
v 2.2 - 6.0 v
Input Voltage n
Vi -0.5 - 0.8 '
B DC CHARACTERISTICS (Ve = 5V + 10%, Vgs = OV, Tp = 0to +70°C)
Parameter Symbol | Min. Typ."! Max. Unit Test Conditions
Input Leakage Current [Tl - - 2 HA Vin = Vss ~ Vee
Output Leakage Current il - - 2 €S = Viy, OF = Viy or WE = Vy,,
Vio = Vss ~ Vec
Operating Power Supply Current: DC Iec - 19 46 mA | CS = Vy, Others Viy/Vyp, Iyp = 0mA
Average Operating Power _ Min. Cycle, Duty = 100%
Supply Current® lect 48 8 m S - ViL, Iyo = 0 mA, Other Viu/Vy
. Cycle Time = lus, Duty = 100%,
;“"’“}”Co'”“‘:'(';f Power Iecz - 16 36 mA | Iyo = 0maA, TS =02V,
upply Curren Vi = Veo - 0.2V, Vi 5 02V
Standby Power Supply Current: DC Iss - 4 2 mA | CS=vVy
Standby Power Supply Current(! Ispi - 8 400 A | Vip 2 0V, CS = Ve - 0.2
Output Low Voltage VoL - - 0.4 v IoL = 2.1 mA
Output High Voltage Vou 2.4 - — v Ioy = -1.0mA
NOTE: 1. Typical values are at Voe = 5.0V, Ta = +25°C and specified loading.
G HITACHI
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HM66205 Series

M CAPACITANCE (T, = 25°C, f = IMHz)

Parameter Symbol Typ. Max. Unit Test Conditions Notes
Input Capacitance (") Cint — 45 pF Vip = OV Ag-Ass, WE, OE
Input Capacitance @ Cin2 - 45 pF Vin =0V Ap-Ag, CS
Input/Output Capacitance Cro —_ 50 pF Vyo = 0V 1/0,-1/0g

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

W AC CHARACTERISTICS (T, = 0to +70°C, Ve = 5V + 10%, unless otherwise noted)

AC Test Conditions

Input pulse levels: 0.8Vt02.4V

Input rise and fall times: Sns

Input and output timing reference level: 1.5V

Output load: 1 TTL gate and C - 100 pF (including scope and jig)

¢ Read Cycle

HM66205L-85 HMG66205L-10 HM66205L-12
Parameter Symbol Unit
Min. Max. Min. Max. Min, Max.

Read Cycle Time tre 85 — 100 —_ 120 — ns
Address Access Time taa — 85 - 100 - 120 ns
Chip Select Access Time tacs — 85 - 100 - 120 ns
Output Enable to Output Valid toE — 35 - 45 - 50 ns
Chip Selection to Output in Low-Z terz 10 — 10 — 10 - ns
Output Enable to Output in Low-Z toLz 5 — 5 - 5 - ns
Chip Deselection to Output in High-Z tcHZ 0 25 0 30 0 35 ns
Output Disable to Output in High-Z toHz 0 20 0 30 0 35 ns
Output Hold From Address Change tox 10 - 10 — 10 - ns

* Read Cycle Timing (1) *1

tre -

X

Address

N/
N

toe

torz toH

tacs tonz
tcz tchz |

Dout 4 4 Valid‘ )()d_—
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HM66205 Series

« Read Cycle Timing (2) *1, 2, 4

tRe

%__L

Address X

taa I

ton
Dout XXX Valid X

* Read Cycle Timing (3) *1. "3, "4

N
tonz

- tacs |

towz
Dout K Valid >
NOTES: 1. WE is high for read cycle. @ Not Valid

2. Device is continuously selected, TS = Vi

3. Address should be valid prior to or coincident with CS transition low.
4.0E = viL.

¢ Write Cycle

HM66205L-85 HM66205L-10 HM66205L-12
Parameter Symbol Unit

Min. Max. Min. Max. Min. Max.
Write Cycle Time twe 85 — 100 — 120 —- ns
Chip Selection to End of Write tew 75 = 90 - 100 - ns
Address Setup Time tas 0 - 0 - 0 — ns
Address Valid to End of Write taw 75 - 90 - 100 — ns
Write Pulse Width twp 65 — 75 - 85 - ns
Write Recovery twgr 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 tpy 0 - 0 - 0 — ns
Output Active From End of Write tow 5 - 5 — 5 - ns

G HITACHI
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HM66205 Series

* Write Cycle Timing (1) (OE Clock)

Address

Dout

Din

* Write Cycle Timing (2) *5 (OE Low Fixed)

NOTES:

Address

Dout

Din

s L
_ twr4
i ‘ NN
tew™?
N K & Y
’ tas
- taw -
\\ \\ //
tonz™ twe 1
22222222202
< lOW - toH
<X>l( valid ¥XX
twe
X X
tow 2 e twr 4
N Nk Yt
taw
twe 1
\yx K A
tas3 twHz's ton
[ - - - tOW 7 g
L2
| tow ton

®X

Valid IXO—

1. A write occurs during the overlap (twp of a low TS and low WE.

2
3
4
5
6
7
8

. twR is measured from the earlier of CS or WE going high to the end of write cycle.

. During this period, 1/O pins are in the output state. The input signals out of phase must not be applied.

. OE is continuously low. (OE = VjL).

. Doyt should be held in the phase of the written data during this write cycle.

. Dout is the read data of next address.

XKD Not vaiid

. If the TS low transition occurs simultaneously with the WE low transition or after the WE low transition, output remain in a high impedance state.

. I 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.

@ HITACHI
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HM66205 Series

* Low V¢c Data Retention Characteristics (T, = 0to +70°C)

Parameter Symbol Min. Typ. Max Unit Test Conditions
Ve for Data Retention Vpr 2.0 - — v CS = Vv, Ap-Ag = Viy
Data Retention Current Iccpr - 4 200 pA | CS 2 Viy, Vin = OV
Chip Deselect to Data Retention Time Icor 0 - - ns Sec B o
m
Operation Recovery Time R tre - - ns
NOTE: 1. trc = Read Cycle Time.
B Low V¢c Data Retention Waveform
< [CDR | tr

CS = Vgg-.2V

@ HITACHI
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HM624100 Series Preliminary
1,048,576-Word x 4-Bit High Speed CMOS Static Ram
M 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
9 . eq (CP-32D)
* Equal access and cycle time .
e TTL compatible-All inputs and outputs
* Thin plastic package for high density mounting B PIN ARRANGEMENT
HM624100 Series
B ORDERING INFORMATION
'Y= K Arg
Type No. Access Time Package ALCd 2 31 [ A
HM624100JP-25 25 ns A3 30 1 Ay
HM624 100JP-30 30ns 400 mil 32-pin A O 4 2 [ A
HM624100JP-35 35ns S0J é*_; E : :‘73 g ?)1_;
HMG624100JP-40 45ns
(CP-32D) vo, ] 7 26 [ 10,
HM624100JLP-30 30ns VCC E 8 25 : VSS
HM624100JLP-35 35ns ves [ © 24 1 Vee
HMG624100JLP-45 45ns vo, . 10 23 [ 10,
HM624100P-25 25ns WE [] 11 22 [ Ay
HM624100P-30 30ns As [ 12 21 A
HM624100P-35 35ns Ag T 13 20 [ A
HM624100P-45 45ns 32-pin A; 14 19 S Avq
HM624100LP-30 30ns TSOP (II) A L] 15 18 Ao
HM624100LP-35 35ns A L] 16 17 pINe
HM624100LP-45 45ns
(Top View)
H PIN DESCRIPTION
Pin Name Function
Ap-A19 Address Input
1/01-1/04 Data Input/Output
CcS Chip Select
WE Write Enable
OE QOutput Enable
vce Power Supply
Vss Ground
NC No Connection
GO HITACHI
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HM624100 Series

B BLOCK DIAGRAM
Ag o—f 51
At o— 5
Ag o— 5] ~— Voo
Az o——{ 35— ~— Vss
A4 o—AJ 5 Memory Matrix
oo 1024 X 1024
As o— {1 Decoder
Ag o—— 55— N
A7 o—{5—
Ag o——TJ 51 _J
Ag o—{ 51 [ 1
I I
vor o—r1» = Column /0
1102 © j}‘_ Input
Dgta Column Decoder
vos o i’ Control
o opite—— PRERRERRIT
A1 A1y Asz Aqg Ag Ais Ass A7 Arg Asg
W o— =4 )—
OE
M FUNCTION TABLE
CS OE WE Mode Vcc Current 1/0 Pin Ref. Cycle
H X X Deselect 1SB, ISB1 High-Z —
L L H Read Icc Dout Read Cycle 1, 2, 3
L H L ‘Write Icc Din Write Cycle 1
L L L Write Icc Din Write Cycle 2
Note: X:HorlL
B ABSOLUTE MAXIMUM RATINGS
Irem Symbol Value Unit
Voltage on any pin relative to VSS VT 0.5 to +7.0 \
Power Dissipation PT 1.0 w
Operating Temperature Topr 0to +70 °C
Storage Temperature Tstg -551t0 +125 °C
Storage Temperature Under Bias Tbias —-10to +85 °C
Note: 1. VT min =-2.0 V for pulse width < 10 ns.
G HITACHI
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B RECOMMENDED DC OPERATING CONDITIONS (Ta = 0 to +70°C)

HM624100 Series

Item Symbol Min. Typ Max. Unit
Suply Vol vee 4.5 5.0 5.5 v
upply Voltage Vss 0 0 o v
Input High Voltage VIH 2.2 — 6.0 \
Input Low Voltage VIL -0.5! — 0.8 v
Note: 1. VILmin=-2.0V for pulse width < 10 ns.
B DC CHARACTERISTICS (Ta = 0 to +70°C, VCcC = 5V £ 10%, Vss = 0V)
HM624100P HM624100LP
ftem Symbol Unit Test Conditions
Min. | Typ | Max.| Min. | Typ | Max.
Input Leakage Current [1Lr] — | — ] 20| — — 2.0 MHA Ve =Max., Vin = Vss to VeC
CS=ViH
Output Leakage Current l1Lol - — 201 — — 2.0 HA VIO = Vss to VeC
Operating VCC 1 =0l — 1 — | 140 A CS = VIL, IJ0 = 0 mA,
Current cc m Cycle=25 ns. (P), 35 ns. (LP)
. N CS=VIH
Standby VCC IsB 60 51 ™A | Cycle=25ns. (P), 35 ns. (LP)
Current CS=Vee-0.2v
. _ . 0V<Vin<0.2Vor
ISBI 10 0.1 mA Vin 2 VEC-02V
voL — | — | 04| — — 0.4 IoL= 8mA
Output Low Voltage
VOH 24 — — | 24 — — v IOH = 4mA
B CAPACITANCE (Ta = 25°C, f= 1 MHz)
Ttem Symbol Min Max Unit Test Conditions
Input Capacitance Cin — 5 pF Vin=0V
Output Capacitance Cro —_ 10 pF Vyjo=0V

Note: 1. This parameter is sampled and not 100% tested.

B AC CHARACTERISTICS (Ta =0 to +70°C, VcC =5V % 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: 1.5V

¢ Output load: See Figures

+5V

255Q

Output Load (A)

480Q

30pF*

* Including scope & jig.

Dout o——

GO HITACHI
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HM624100 Series

B READ CYCLE

HM624100-25 | HM624100-30 | HM624100-35| HM624100-45
Item Symbol P P/LP P/L P/LP Unit
Min __Max | Min__Max | Min__Max | Min _Max
Read Cycle Time tRC 25 — 30 — 35 s 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! 5 — 5 — 5 — 10 | — ns
Output Enable to Qutput Valid tOE — 10 — 13 — 15 — 20 ns
Output Enable to Output in Low-Z toL7! 0 — 0 — 0 — 0 | — ns
Chip Deselection to Output in High-Z tCHZ! 0 10 0 10 0 15 0 15 ns
Chip Disable to Output in High-Z toHZ! 0 10 0 10 0 15 0 15 ns
Output Hold from Address Change tOH 5 — 5 — 5 — 5 — ns
Chip Selection to Power Up Time tPU 0 — 0 — 0 — 0 — ns
Chip Deselection to Power Down Time tPD - 20 —— 20 — 30 — 20 ns
W READ TIMING WAVEFORM (1) 1: 2
< tre
Address >< ><
tan
oe NN /
toe
torz toH |
— R, "
cs \
tacs tonz
tcrz tenz
Dout ( >®
B READ TIMING WAVEFORM (2) 2,3, 6
- tRe >
Address X >‘(
taa ton

Dout

B READ TIMING WAVEFORM (3) 1,2, 4,6

Ccs \

N

tacs

tewz ,

tonz

Dout

Notes:

(XXX

—
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HM624100 Series

B WRITE CYCLE
HM624100-25 | HM624100-30 | HM624100-35{ HM624100-45
Parameter Symbol P P/LP P/L P/LP Unit
Min _ Max Min  Max | Min _Max [ Min Max
Write Cycle Time twWC 25 — 30 — 35 — 45 — ns
Chip Selection to End of Write tICW 15 — 20 — 25 — 35 | — ns
Address Valid to End of Write AW 15 — 20 e 25 — 35 — ns
Address Setup Time tAS 0 — 0 — 0 — 0 — ns
Write Pulse Width tWP 15 — 20 — 25 e 35 — ns
Write Recovery Time tWR 0 — 0 S 0 — 0 — ns
Output Disable to Output in High-Z tOHZ 0 10 0 10 0 15 0 15 ns
Write to Output in High-Z! twHz | O 10 0 10 0 15 0 | 15 ns
Data to Write Time Qverlap IDW 12 — 15 - 20 — 30 — ns
Data Hold from Write Time tDH 0 — 0 — 0 - 0 — ns
Output Active from End of Write oW 0 — 0 — 0 — 0 — ns
B WRITE TIMING WAVEFORM (1)
e twe -l
Address >E J{
OE .
5 . tow ;/

0 AN LN

CS taw -

L tas o - twp2 . o

WE N N /

IR NN /
OHZ
Dout
PAVANAN AN
[LLLLL L L < tow I tow
Din
@ HITACH!
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HM624100 Series

B WRITE TIMING WAVEFORM (2) 6

Address X X

Dout

Din

Notes:

- twe

|l
B - >
NN\« " ST
twr'3
s, - twp™2 = j
Ty | ——
1WHz:‘ tow . .
NAAVAAAANAVANANAN - _
DS NNNN o o

e

1. 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/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 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 = VL)

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, I/O pins are in the output state. Then the data input signals of opposite phase to the outputs must
not be applied.

G HITACHI
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HM624100 Series

B LOW Vcc DATA RETENTION CHARACTERISTICS (Ta = 0 to +70°C)

This characteristic is guaranteed only for L-version.

Item Symbol Min Typ Max Unit Test Condition
Vo for Data Retention VDR 2.0 — — v s
Data Retention Current ICCDR — — 100! LA CS2=Vvce-0.2v,

Chip Select to Data Vin 2VeC-0.2V or
Retention Time ICDR 0 — — ns 0V<Vin<0.2V
Operation Recovery Time tR 5 — — ms
Note: Vcc=3.0V.

H LOW Vcc DATA RETENTION TIMING WAVEFORM

Data retention mode

Vee

G HITACHI
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HM621400 Series Preliminary

4,194,304-Word x 1-Bit High Speed CMOS Static RAM

B FEATURES

* High Speed:
Fast access time 25/30/35/45 ns(max.) (P-version)
30/35/45 ns(max.) (LP-version)

Single 5V supply
Compiletely static memory (CP-32D)
No clock or timing strobe required

Equal access and cycle times
TTL compatible: All inputs and outputs

* Thin plastic package for high density mounting @ PIN ARRANGEMENT
B ORDERING INFORMATION HM621400 Series
Type No. Access Time Package A ~ 32 [ Ay
A A
HM621400JP-25 25 ns N E 2 2; % ay
HM621400JP-30 30 ns . . 2 19
HM621400JP-35 35ns 400-mil, 32 pin A 4 29 [T A
HM621400JP-45 45 ns SOJ A ] s 28 [T A
HM621400JLP-30 30 ns (CP-32D) As ] 6 27 [ A
HM621400JLP-35 35ns N 2% [0 o
HM621400JLP-45 45 ns
Vec [ 8 25 |1 Vss
HM621400P-25 25 ns vee ] o 24 v
HM62 1400P-30 30ns ss ¢
HM621400P-35 35ns 32-pin bin L3 10 23 {7 Dout
HM621400P-45 45ns TSOP (1) WE [] 11 22 [ A
HM621400LP-30 30 ns A [ 12 21 [ Ay
HM621400LP-35 35ns = RE 20 [ Ag
HM621400LP-45 45 ns A O 14 19 3 A
A ] 15 18 [ Ay
A ] 16 17 NG
(Top View)
M PIN DESCRIPTION
Pin Name Function
A(0-A21 Address Input
DIN Data Input
Dout Data Output
CS Chip Select
WE Write Enable
OE Output Enable
vee Power Supply
Vss Ground
NC No Connection

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




HM621400 Series

H BLOCK DIAGRAM
oo——psd
A o5
ho o5
P =
Memory Matrix
A4 O L5 Row 1024 X 4096 <—0Veo
As 0——‘{,}:1 [0 Vss
ppremm— 2
a7 oI5
rpa—
Ay O——{ 5 —
Din —
Input Column /O Dout
Cgﬁl{?d Column Decoder 0O
A10 A11 A12 A13 A14 A5 A16 A17 A1g A9 A20 A21
cs
WE
OE
W FUNCTION TABLE
[ OE WE Mode Vcce Current Dout Pin Ref. Cycle
H X X Deselect ISB, ISB1 High-Z —
L L H Read Icc Dout Read Cycle 1,2, 3
L H L Write Icc Din Write Cycle 1
L L L Write Icc Din Write Cycle 2
Note: X: Hor L
B ABSOLUTE MAXIMUM RATINGS
Item Symbol Value Unit
Voltage on any Pin Relative to Vss VT -0.5*1t0+7.0 \4
Power Dissipation PT 1.0 \i
Operating Temperature Topr 0 to +70 °C
Storage Temperature Tstg —55t0 +125 °C
Storage Temperature Under Bias Thias -10 to +85 °C
Note 1. VT min. = -2.0V for pulse width < 10 ns
B RECOMMENDED DC OPERATING CONDITIONS (Ta = 0 to +70°C)
Irem Symbol Min Typ Max Unit
Vcc 4.5 5.0 5.5 \
Supply Voltage Vss 0 0 0 v
Input High Voltage VIH 2.2 — 6.0 \
Input Low Voltage VIL —0.5%1 — 0.8 Vv
Note 1. VIL min. = -2.0V for pulse width < 10ns.
G HITACHI
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HM621400 Series

B DC CHARACTERISTICS (Ta = 0to +70°C, VcC =5V 1 10%, Vss = 0V)

HM621400P HM621400LP
Item Symbol - - -
Min | Typ | Max | Unit Test Conditions Min | Typ | Max| Unit Test Conditions
Ve = Max. Ve = Max.
Input Leakage C t IL1 — | =120 — | —1 20
put Leakage Curren [l HA | Vin= Vss to Voo A | Vin= Vssto Voo
CS=VH CS=VH
Output Leakage Current I — —120 — | —120
P ¢ ol wA Vijo=Vssto Vce HA Vyo=Vssto Vce
. CS=VIL, Ijo=0mA CS=VL,[jo=0mA
Operat t — | — — | — | 140| mA
perating VCC Curren Icc 150 | mA Cycle = 25 ns m Cycle = 30 ns
CS=VH CS=VH
— | — 0 A ’ — | =1 5 A ’
Isp 60 | m Cycle = 25 ns m Cycle = 30 ns
Standby VCC Current CS2Vvee-02v CS2Vec-0.2v
IsBi | — | — | 10 |mA | OVSVip<s02Vor | — | — | 01| mA [ OV<Vin<0.2Vor
Vin 2 Vcc 0.2V Vin 2 Vee -0.2V
Output Voltage VoL | — | —104] V IoL =8 mA — |1 —104] V IoL=8mA
VOH 24| — | — \4 IOH = -4 mA 24 | — | — Vv I0H =4 mA
W CAPACITANCE (Ta = 25°C;f = 1 MHz)
Item Symbol Typ Max Unit Test Conditions
Input Capacitance Cin — 5 pF VIN =0V
Input/Output Capacitance Cl/o — 10 pF Vo =0V

Note 1. This parameter is sampled and not 100% tested.

B AC CHARACTERISTICS (Ta = 0to +70°C, VCC 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: input 1.5V

Output 1.5V
¢ Output load: See Figures
Output Load (B)
Outputioad (A) (for tenz, twhz, tow, toLz & ton2)
+5V +5V
480Q 480Q
Dout Dout
255Q 30pF* 255Q 5pF*

Note: * Including scope & jig.

B READ CYCLE

HM621400-25P |HM621400-30P/LP} HM621400-35P/LP | HM621400-45P/LP i
Item Symbol - N - Unit

Min | Max | Min | Max | Min | Max | Min | Max
Read Cycle Time RC 25 — 30 — 35 — 45 — ns
Address Access Time (AA — 25 — 30 — 35 — 45 ns
Chip Select Access Time tACS e 25 — 30 — 35 — 45 ns
Chip Selection to Output in Low-Z cLz*! 5 — 5 — 5 — 10 — ns
Output Enable to Output Valid tOE — 10 — 13 — 15 — 20 ns
Output Enable to OQutput in Low-Z toLZ*! 0 — 0 — 0 — 0 — ns
Chip Deselection to Output in High-Z | tcaz*! 0 10 0 10 0 15 0 15 ns
Chip Disable to Qutput in High-Z toHz*! 0 10 0 10 0 15 0 15 ns
Output Hold from Address Change tOH 5 — 5 — 5 — 5 — ns
Chip Selection to Power Up Time tPU 0 — 0 — 0 — 0 — ns
Chip Deselection to Power Down Time tPD — 20 — 20 — 30 — 30 ns
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HM621400 Series

B READ TIMING WAVEFORM (1)*1, "2

- tRc o
Address >{ )(
. taa .
oF R A
< toe
e o |
cs N /
< tacs - < toHz -~
- torz < tcHz .
C XD

N READ TIMING WAVEFORM (2)*2, "3, *5

tre

Address >< >J<

- taa | ‘

toH -

B READ TIMING WAVEFORM (3)"1, "2, *4,5

cs \r\
tacs tcHz
torz ,
Dout X >_____

. Transition is measured 200 mV from steady state voltage with Load (B). This parameter is sampled and not 100% tested.
. WE is high for read cycle.

. CSis low.

. Address valid prior to or coincident with CS transition low.

. OE = VIL.

Notes:

WA W N -
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HM621400 Series

B WRITE CYCLE
HM621400-25P | HM621400-30P/LP | HM621400-35P/LP| HM621400-45P/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 ICW 15 — 20 — 25 — 35 — ns
Address Valid to End of Write AW 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 — 5 — 0 — ns
Output Disable to Qutput in High-Z toHZ™S 0 10 0 10 0 15 0 15 ns
Write to Output in High-Z twHz*S 0 10 0 10 0 15 0 15 ns
Data to Write Time Overlap IDW 12 . 15 - 20 — 30 o ns
Data Hold from Write Time tDH 0 — 0 — 0 — 0 — ns
Ouput Active from End of Write 1OW 0 — 0 — 0 — 0 — ns
B WRITE TIMING WAVEFORM (1) (WE Controlled)
l< twe -
-
Address ,5<
- tow -
=5 SO /[y
t
- AW = twi? .
- > t AS B tWP"‘ - L
e AN
tDW -c I | tDH
Din XX XXX Data In Vaiid XX XXX
‘tWZ o - tow . ton™ -
7 7 7 7 7 7 7 7 7 7 High Impedence
Dout SN N N N N N NN
G HITACHI
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B WRITE TIMING WAVEFORM (2) (CS Controlled)

HM621400 Series

< twe -
Address X X
: tAS - o tCW
_ Ny "V
Cs - taw -l >| twr2
- twe -
WE ARRRRRRRRRS (/L[
< tow - <t PR
o XOOKXKXKKN_pata in vaig

Dout

High Impedence *3

Notes: 1. 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 mV from high impedance voltage with Load (B). This parameter is sampled and not 100% tested.

GO HITACHI

Hitachi America, Ltd. e Hitachi Plaza 2000 Sierra Point Pkwy. ® Brisbane, CA 94005-1819 e (415) 589-8300 307



HM621400 Series

B LOW Vcc DATA RETENTION CHARACTERISTICS (Ta = 0 to +70°C)

This characteristics is guaranteed only for L-version.

Item Symbol Min Typ Max Unit Test Conditions
Vcc for Data Retention VDR 2.0 — —= \ 52 Vor—0.2V
Data Retention Current ICCDR — — 100*! [N P V?:(é _0 2\; o

. N . m= ..
Chip Select to Data Retention Time tCDR 0 — — ns 0V € Vin 0.2V
Operation Recovery Time tR 5 — — ms

Note: 1. Vcc =3.0V.

W LOW Vcc DATA RETENTION TIMING WAVEFORM

Data retention mode

VbR

CS 2VpRr - 0.2V
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Section 3

Cache Static RAM and ‘
Fast SRAM Modules
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HM62A168, HM62A188 Series

Direct Mapped 8,192-Word x 16(18)-Bit/ 2-Way 4,096-Word x 16(18)-Bit Static Cache Memory

B 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 HM62A168/188 can be achieved
high performance 32-bit microprocessor system.
The HM62A168/188, packaged in a 52-pin PLCC is

available for high density mounting.

B FEATURES

¢ Single 5V supply and high density 52-pin PLCC

package
* High speed
Access time: 25/30/35 ns {(maximum)
e Directly TTL compatible
All inputs and outputs
¢ Address latch
® Pin programmable for 8k x 16{(18) or 2-way
4k x 16(18)

1105 11010
B ORDERING INFORMATION s o
- NCDPo NCDP
Type No. Access Time Package 2122 2324 252627 2829 30 31 32 33
HMG62A 168CP-25 25 ns o o GWER Ve COES MODE Ve
HMG62A [ 68CP-25R 25ns Y B s SR T8
HM62A168CP-30 30ns i
HMG62A168CP-35 35 ns (Top View)
HMG62A188CP-25 25 ns R
HM62A 188CP-25R 5ns | 4PEN LCC
HMG62A188CP-30 30 ns
HMG62A 188CP-35 35 ns B PIN DESCRIPTION
HMG62A168BCP-25* 25 ns
HMG62A 168BCP-35* 35 ns Pin Name Function
HM62A188BCP-25* 25 ns
HM62A 188BCP-35* 35 ns CALEN Cache Address Latch Enable
*Please see note 6 MODE Mode Select
A0-A12 Address
CSo, CSi Cache Chip Select
COEA, COEB Cache Output Enable
CWEA, CWEB Cache Write Enable
1/00-1/015 Data Input/Output
CE Cache Chip Enable
NC No Connection
DPo, DP| Parity Input/Output
O HiITaCH!
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B PIN ARRANGEMENT

CALEN
A1 Az A3 A As AgVoe A7 Ag AgArgAyy

Ay 6 5 4 3 2 1 5251504948 47




HM62A168, HM62A188 Series

B BLOCK DIAGRAM
* Topology Two-Way Set Associative (MODE = Logic high)

Way A
COEA —————————— 4k x 8 4k x 8
T 1/00-1/07 1/08-1/015
WEA — |
c OPO) [ OP1) [
a— —J_ l | /00 to 1/015 (DPO, DP1
— Latch to ( ’ )
IT—
CALEN |
| |
COEB H 1/00-1107 08-1/015
L (DPO) (DP1)
CWEB
o 4kx8 |4 |kxs |—
CE
cso Way B
cs1

* Topology Direct Mapped (MODE = Logic low)

COEA
COEB 8kx 8 8kx8

CWEA 1/00-1/07 1/08-1/015
EWEE (DPO) (DPO)

A12

Ao

)

A1

/00 to 1/015 (DPO, DP1)

Latch

CALEN

CE
Cso

cst
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Signal Description

HM62A168, HM62A188 Series

Signal Name Pin Number

Signal Description

A0-A6 8-2
A7-Al1 51-47
Al2 46

CALEN 52

1/O¢-1/015 11-14, 16-19,
35-38,40-43

MODE 31

CSo, CS1 23,30

COEA, COEB 28,29

CWEA, CWEB 25,24

DPg or NC 20
DP} or NC 34

Vce 1,21,22,32,33
Vss 9,10, 15, 26, 27
39,44

Address inputs to the memory array. AO-A11 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, A2 selects which of
the two 4K x 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 Ag-A11 When CALEN is high, the latch is transparent. The falling edge of
CALEN latches the current address input levels. A12 is static and is not controlled

by CALEN.

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. This 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. CS0 low enables bits [/00-1/07 and DPo. CS1 low enabies bits [/08-1/015
and DPj. 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. A2 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 (HM62A188). 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 VCC, 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)

O HITACHI
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HM62A168, HM62A188 Series

H FUNCTION TABLE
Two-Way Mode (Mode = High) 2-4K x 16(18)

CE | CSo CS1 | COEA | COEB CWEA | CWEB | 1/00-1/07 (DPo) | 1/08-1/015 (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
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 Write Way B

L H L X X L H High-Z Input Write Way A

L H L X X H L High-Z Input Write Way B

L L L X X L H Input Input Write Way A

L L L X X H L Input Input Write Way B

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) 8K x 16(18)

CE | CSo CS)| COEA COEB CWEA | CWEB 1/00-1/07 (DPo) | 1/O8-1/015 (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

GO HITACHI
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B ABSOLUTE MAXIMUM RATINGS

HM62A168, HM62A188 Series

Item Symbol Value Unit
Voltage on any pin relative to VSs Vin —0.5"110+7.0 \
Power Dissipation PT 14 w
Operating Temperature Range Topr 0to +70 °C
Storage Temperature Range Tstg —55to +125 °C
Storage Temperature Range Under Bias Tbias —10to +85 °C

Note: 1. Vin min = -2.5 V for pulse width < 10 ns.

B RECOMMENDED DC OPERATION CONDITIONS (Ta = 0 to +70°C, exceeding minimum air flow requirement)

Parameter Symbol Min. Typ Max. Unit
vee 4.5%1 5.0 5.5%1 v
Supply Voltage Vss ) ) 0 v
Input High (Logic 1) Voltage VIH 2.2 — 6.0 v
Input Low (Logic 0) Voltage VIL -0.5*2 — 0.8 \'

Note: 1.

Ve min =4.75V and VCC max. = 5.25V for HM62A168/188-25/25R/30.
2. VIL min =-2.0V for puise width < 10ns.

W DC CHARACTERISTICS (Ta = 0 to 70°C, Vcc = 5V + 10%*1, Vss = 0V, exceeding minimum air flow requirement)

Parameter Symbol Min. Typ Max. Unit Test Conditions
Input Leakage Current |11 | — — 2.0 HA Vcce = Max., Vin =Vss to Vce
Output Disable

Output Leakage Current | Lo | 10.0 HA VIO = Vss to VEC

Active Operating Vin - VSS/VCC, Ij0 = 0 mA,

Power Supply Current Icc —_ - 220 mA 2X Min. Cycle, CE, CS =.V"‘ Max.,
CALEN = VI Min.

Output Low Voltage VoL — — 04 \ 1oL =4 mA

Output High Voltage VOH 2.4 — — \ IOH=-1.0mA

Notes: 1. VCC = 5V + 5% for HM62A168/188-25/25/25R/30, HM62A 168B/188B-25.
2. Typical limits are at VCC = 5.0, Ta = +25°C and specified loading.

B CAPACITANCE (Tz = 25°C, f= | MHz.)*!

Parameter Symbol Min Max Unit Test Conditions
Input Capacitance Cin — 6 pF Vin =0V
Input/Output Capacitance Cro — 12 pF Vi/0 =0V
Note: 1. This parameter is sampled and not 100% tested.

G HITACHI
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HM62A168, HM62A188 Series

B AC CHARACTERISTICS (Ta =0 to 70°C, VcC 5V * 10%, unless otherwise noted.)

Test Conditions

Output load: See figures

Input pulse levels: Vss to 3.0V
Input rise and fall times: 3ns
Input and Output timing reference levels: 1.5V

+5V
480
Dout
255Q - 30pF*
4
Output Load (A)

*Including scope & jig.

Exceeding minimum air flow equipment: See air flow requirements

Note: 1. Ve =5V + 5% for HM62A168/188-25/25R/30, HM62A 168B/188B-25.

+5V

480Q
Dout

255Q 5pF*

Output Load (B)
(for tcHz, torz, twhz & tow)

B READ CYCLE

HM62A168/B-25 | HM62A168-25R | HM62A168-30 | HM62A168/B-35
Parameter Symbol HM62A188/B-25 | HM62A188-25R | HM62A188-30 | HM62A188/B-35 | Unit | Note

Min | Max [ Min | Max | Min | Max | Min | Max
Read Cycle Time {RC 25 — 25 — 30 — 35 — ns
Address Access Time tAA — 25 — 25 — 30 — 35 ns
A12 Address Access Time tA12 — 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 LA — 25 — 25 — 30 — 35 ns 1
Output Enable to Output Valid tOE — 10 — 10 — 12 e 13 ns
QOutput Hold from Address Change tOH 3 — 3 o 3 — 3 — ns 2
Chip Select to Output Low-Z tILZ 3 — 3 — 3 e 3 — ns 3
Chip Enable Low to Output Low-Z tLZE 5 — 5 — 5 — 5 — ns 3
Output Enable to Output Low-Z toLZ 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 Qutput High-Z tOHZ — 10 e 10 — 10 — 14 ns 3
Address Latch Enable Pulse Width tCALEN 8 — 8 — 8 — 10 e 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

B READ TIMING WAVEFORM (1) (CWE = High)

B tre
; tcALEN
CALEN _/ '\_—/'l
tast | tamL
ngfﬁ?s | )l; Adresses Valid ><
ta
I | trc
Ar2 A1z (Unlatched) Valid 3¢
tat2
_ t
& A\ K . L
tce (== — > | thize
1
s AR T
- > :LZ thz [
o X oLz
e AN\ L/
B e tonz
Dout  HghzZ < Data vald . HighZ
toe ton
<toH

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 A¢-A |1 transition with CALEN high, or
A12 transition.
3. Transition is measured +200 mV from steady state voltage with Load (B). This parameter is sampled and not 100% tested.
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HM62A168, HM62A188 Series

B WRITE CYCLE

HM62A168/B-25| HM62A168-25R [ HM62A168-30 |HM62A168/B-35
Parameter Symbol HM62A188/B-25 | HM62A188-25R | HM62A188-30 |HM62A188/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 AW 18 — 18 — 18 — 25 -~ ns 1
A12 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 tDW 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 e ns
g(l:jnl::)llslzdw\ﬁti}:eDunng Chip Enable tCp 15 _ 15 o 18 - 25 . ns
Address Setup Time tAS 0 — 0 — 0 — 0 — ns 2
Write Recovery Time IWR 0 — 0 — 0 — 0 — ns 3
Address Latch Enable Pulse Width tCALEN 8 - 8 — 8 E 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 tOLZ 2 — 2 — 2 — 2 — ns
Output Disable to Output Hig-Z tOHZ — 10 — 10 — 10 — 10 ns
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B WRITE TIMING WAVEFORM (1) (WE Controlled)

CALEN

Addresses
(A0-A11)

A2

Cso,cst

CWE

COE

Dout

Din

HM62A168, HM62A188 Series

N -

) : Ar2 (Uniatohed) Valid W
AR :/; T,
SN YT

Em\z foe

T ¥

DX v XD

@ HITACHI
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HM62A168, HM62A188 Series

B WRITE TIMING WAVEFORM (2) (COE = High, CE Controlled)

twe

tcaLEN

Y A 4

CALEN _— \‘—‘_]
tast )J_AEH
Addresses )I; Adresses Valid §<
(AQ-A11) K

twe -
taw twr

-

At X Ay (Unlatched) Valid
o taew twr

CE ; tAs\—Lg //
AS [

>

tas tcp

SEANNNNNNNN iy 22200000000,
ENNAN\NNN\N S 7200

tow ton

on R _patavais 3D e

A
N

N
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HM62A168, HM62A188 Series

B WRITE TIMING WAVEFORM (3) (COE = High, CS Controlled)

S N

-t
Addresses i Adresses Valid l
(A0-A11) >(

A12

CE

C80,C81 tas [AS,

CWE

Din

Notes: 1.

twe

tcALEN

tasL tasH

twe -
twr

taw

>< A (Unlatched) Valid

taow twr

top

ARRRRRNINANR 1T

\ /

N

tas tew
twp

ARRARRRANRY £/

High-Z
9 Data Valid

tAW is measured from the later of CALEN going high, or addresses A0-A11 transition with CALEN high to the end of
write cycle

tAS is measured from the latest of CALEN going high, addresses Ap-A1] transition with CALEN high, or address A12
transition to the beginning of write cycle.

tWR is measured from the earliest of CS0, CS1, CE, or WE going high to the earlier of CALEN going high, or address
A12 transition.

A write occurs during the overlap of a low CSo or CS1, 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 HM62A168B and HM62A188B.
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HM62A168, HM62A188 Series

M AIR FLOW REQUIREMENTS

6 T i
1 1
1 1
| 1 1
| ] 1
1] ! ]
Ta =70°C | , |
5 |~ ) ittt ol ettt Attt
i ) i
E i Memory cycle time
! ! for 385/386 system
Minimum Air Flow 4 [-==-=-----=--1 i e i
Requirement (m/s) '
]
!
3 |- r
]
|
i
2 frrmmmmmmem- r
Ta =55°C !
)
!
]
1 [~ "
Ta=40°C) |
i i
] t
0 H H
25 50 75 100
trcor twe (ns)
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HM62A932 Series

32k x 9 Data Cache RAM

B 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

Preliminary

HM62A932 is available in a 44-pin PLCC for high (CP-44)
density mounting.
B FEATURES B PIN ARRANGEMENT
¢ 32-kword x 9-bit organization HMG62A932 Series
e Synchronous read and write B ax
¢ Internal burst read/write address counter A M ADY ADSE oo A7 Ag Ay g
o Self-timed write b 6 5 4 3 2 1 4443 42 41 4039 .
¢ Matches timing of 50 MHz 32-bit micro processor A fis 380 A
¢ Additional address strobe input for implementing A %9 371} Ag
As [J10 36U Ay
extended burst oo i w50 v
Ves 12 34[] vor
B ORDERING INFORMATION voo{l13 330 o6
Type No. Access Time | CPU Clock Rate | Package I\/ZS‘ %:: : :zz
HM62A932CP-14 14 ns 50 MHz Voo 116 30 (] vos
HM62A932CP-19 19 ns 40 MHz 44-pin o2 [J17 29 [] voa
HMG62A932CP-24 24 ns 33 MHz PLCC
HM62A932CP-34 | 34ns 25 MHz BEBARRNERTA
Y03 NC Vg E CS; Vs
Vs  WE Vgs  CSp ¥Og
(Top View)
M PIN DESCRIPTION
Pin Name Function
CLK Clock Input
ADSP Address Status Input from MPU
ADSC Address Status Input from the Cache Controller
CSo, CSy Complementary Chip Select Input
AQ-A14 Base Address Input
ADV Synchronous Address Advance Input
WE Synchronous Write Enable Input
OE Asynchronous Data Output Enable Input
1/00-1/07, 1/08 Input/Qutput Data Pin
NC No Connection
@ HITACHI
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HM62A932 Series

B BLOCK DIAGRAM

OE

A4 |Address
l Register

1/00-1/08
8-kword x 9-bit

| Burst
Ao —{control

Input Data
Register

ADSC —(
ADSP —} Burst &
ADV —C RD/WR
WE — Timing
CSq — Control
CS1 —Q
CLK —
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HM62A932 Series

B FUNCTION TABLE

Table 1. Synchronous Operation

4

CSo CSi ADSP | ADSC ADV WE CLK 1/0 Pin Function
X H X X X X < High-Z Disable
L X X X X X 7 High-Z Disable
H L L X X X — Output Latch Base Address Read Address
H L H L X H - Qutput Latch Base Address Read Access
el ow [w | [ ou [T e [ Sene e B Advne Bt Con
H L H H L H < Output Advance Burst Count Read Access
H L H H H L X Input Start a Self-Timed Write
H L H H H H —~ | Output 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 High-Z

Notes: 1. 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. o
2. The CSp and CS| inputs are sampled with the addresses when ADSP or ADSC is sampled active. Only if CSg and CS1 are

sampled active will WE or OE affect the chip.

N AW

. Any time WE is active when ADSP is inactive, a self-timed write will start.

. During data read cycles, data is always presented asynchronously with clock after OE becomes low.

. If the asynchrous OE signal is activated during a self-timed write cycle, I/O pins will be in High-Z state.

. 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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HM62A932 Series

Pin Description

CLK Clock input signal. It samples all of the input signals except OE.

ADSP 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.

ADSC 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.

CSo, CS1 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| must be sampled low.

Ao, A14 Base address input signals. They are sampled when ADSP or ADSC is active. AQ—A 14 may change after ADSP or
ADSC samples them. A{ and A are latched and modified by the internal burst counter which XORs the bits in a
certain burst order.

ADV 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.

WE 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.

OE Asynchronous data output enable signal input. When active, the I/O 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 I/O 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.

1/0o, /O3 Input/Qutput data pins.

B 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: Use base address provided with ADSC or ADSP
Next burst access: Invert only base address Ag
Next burst access: Invert only base address A}
Next burst access: Invert only base address A1-Ag
Next burst access: Wrap-around, use initial base address
G HITACHI
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B ABSOLUTE MAXIMUM RATINGS

HM62A932 Series

Ttem Symbol Value Unit
Voltage on any pin relative to Vss VT —0.5%Tto +7.0 \%
Power Dissipation PT 1.2 w
Operating Temperature Range Topr 0to +70 °C
Storage Temperature Range Tstg -55 to +125 °C
Storage Temperature Range Under Bias Tbias —-10to +85 °C
Note: 1. VT min =-2.5 V for pulse width < 10 ns.
H RECOMMENDED DC OPERATING CONDITIONS (Tz = 0 to 70°C)
Parameter Symbol Min. Typ Max Unit
Vce 4.5 5.0 5.5 A%
Supply Voltage Vss 0 ) 0 v
Input High (Logic 1) Voltage VIH 22 — 6.0 v
Input Low (Logic 0) Voltage VIL -0.5%1 — 0.8 v

Note: 1. VIL min = -2.0V for pulse width < 10 ns.

B DC CHARACTERISTICS (Ta = 0to 70°C, Vcc = 5V + 10%, Vss = 0V)

Purameter Symbol Min. Typ*! Max. Unit Test Conditions
Input Leakage Current [TL1] — — 2 HA Ve =Max., Vin = Vss to Vee

Output Disable
Output Leakage Current |1Lo | — — 10 HA VIO = VS to Ve
Active Operating Power o
Supply Current Icc B TBD mA TBD
Output Low Voltage VoL — — 0.4 v IoL=3.2mA
Output High Voltage VOH 2.4 — — \4 IOH=-2.0mA
Note: 1. Typical limits are at VCC = 5.0V, Ta = +25°C and specified loading
B CAPACITANCE (Ta =25°C, f = 1 MHz)*1
Parameter Symbol Min Max Unit Test Conditions
Input Capacitance Cin o 5 pF Vin =0V
Input/Output Capacitance Cijo — 10 pF Vo =0V
Note: 1. This parameter is sampled and not 100% tested.
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HMG62A932 Series

B AC CHARACTERISTICS (Vcc =5V + 10%, Ta = 0 to 70°C)

Test Conditions

¢ Input and Output timing reference levels: 1.5V

* |nput pulse levels: Vss to 3V
* |nput rise and fall times: 3ns
¢ QOutput load: See figures

5v 5V
1180Q2 1180Q
Dout Dout
572Q 100pF* 5720 5pF*
Qutput Load (A) Output Load (B)
* Including scope & jig. (for to 7 & tomz)
HM62A932-14 | HM62A932-19 | HM62A932-24 | HM62A932-34
Parameter Symbol - - - - Unit
Min Max Min Max Min Max Min Max
Read Cycle Time tCYC 20 — 25 — 30 - 40 — ns
Clock Pulse High tICH 8 — 9.5 — 11 — 14 — ns
Clock Pulse Low tCL 8 — 9.5 — 11 — 14 — ns
Address Setup Time tAS 3 — 3 — 5 — 5 — ns
ADS Setup Time tADSS 3 e 3 — 5 o 5 — ns
Output Select Setup Time tcss 3 — 3 — 5 — 5 — ns
Address Hold Time tAH 2 — 2 — 3 — 3 ns
ADS Hold Time tADSH 2 — 2 — 3 — 3 — ns
Chip Select Hold Time tCSH 2 — 2 — 3 — 3 ns
Input Data Setup Time tDS 3 — 3 — 5 — 5 e ns
ADV Setup Time tADVS 3 — 3 — 5 — 5 — ns
Write Enable Setup Time IWES 3 — 3 — 5 — 5 — ns
Input Data Hold Time tDH 2 — 2 — 3 - 3 — ns
ADV Hold Time tADVH 2 — 2 — 3 — 3 — ns
Write Enable Hold Time tWEH 2 — 2 — 3 — 3 — ns
Clock to Output Valid ICD — i4 — 19 — 24 — 34 ns
Output Enable Low to Output Valid tOE — 7 — 8 — 9 — 10 ns
Output Enable Low to Output Low-Z | toLZ*1*2 0 — 0 — |0 — 0 — | ns
Read Data Hold After New Clock tDC 3 — 3 — 3 3 — ns
Output Enable High to Output High-Z | tonz*!*2 — 7 — 8 — 9 — 10 | ns
System Clock Skew ISKEW - 1 — 1 — 1 — 1 ns
Frequency 50 40 33 25 MHz

Notes: 1. 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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HM62A932 Series

B TIMING WAVEFORMS
(1) Read Cycle Followed by Burst with Wait State Added to Data C

teve
CLK ten teL

AVAVAVAVAVAVAVAVAR
o ./
\

tcss  fester|tosh

cs;

tanss | tabsH

S AN

As | taH
twes | twen
WE \ \ /
tADVH
tapvs
—_ e
ADV
= [/ N\\/\ / 3
o toe toLz
OE >
toc X
t OHZ
oz |, | oHz | tco
A

A-Data from Base ADDR

B-Data from Base ADDR except Ag is now A

C-Data from Base ADDR except A is now A]

D-Data from Base ADDR except Ag and A] are now Ag and A|

Note: 1. 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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HM62A932 Series

(2) Write Cycle Followed by Burst Write with Wait State Added to Data C

NNANNNNNN

tapsH tapss

=
S U e XDC
=

e \WARAVAV/ANVAVA
i JNVANV/ANVAVAL

taDss | tapsH

ADSC
CE \ /
tps
ton
A 3O 0:020
tonz

—
7/

Data Out ,l

A-Data to be written to Base ADDR

B--Data to be written to Base ADDR except AQ is now A

C-Data to be written to Base ADDR except A] is now A]

D--Data to be written to Base ADDR except AQ and A|] are now Ag and A|
E-Data to be written to new Base ADDR loaded by ADSC
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HM62A932 Series

(3) Burst Mixed Read/Write Cycles

SERVAVAVAVAVAVAVAVAVAV
= T\
= a

S o —

AV /a\VaYaVaVaVa

VAV VANVAVAVARR VA

OE
tos | toH
- {wa J——{we ) o }{ wo { e }-{w )
J j {ne(wo - wo{we }-{we )—

torz |~ torz

Data Out RA ,"I

RA-Data from Base ADDR

WA-Data to be written to Base ADDR

WB-Data to be written to Base ADDR except Ag is now Ao
WC-Data to be written to Base ADDR except A| is now A|

WD-Data to be written to Base ADDR except Ag and A{ are now Ap and A|
WE-Data to be written to new Base ADDR
WF-Data to be written to new Base ADDR except A0 is now Ao
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HM62A932 Series

(4) Sequencial ADSP/ADSC Cycles

AVAVAVAVAVAVAVAVAVERR

tal
tADISS ] .ESH

A5 Lr/

tapss | tabsH

ADSC I\ _X
taH

1as | Jtag —}etan

" ANNIVAVIERVAVARN

taDvs T tapyH

- NN

= =

1A-Data from Base ADDRI

2A-Data from Base ADDR2

2B-Data from Base ADDR2 except Ao is now Ao

2C-Data from Base ADDR?2 except A| is now A|

2D-Data from Base ADDR2 except Ao and A| are now Ag and A}

(5) System Clock Skew Requirements

*RV_V/_\/
Other | tskeEw

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 (tCD).
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HM62A2016 Series Preliminary

Dual 8,192-Word x 20-Bit Static Cache Memory

B 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 A
can be used in a cache memory system adopting
Harvard architecture which requires separate (CP-52)
instruction and data storages.
B FEATURES M PIN ARRANGEMENT
¢ High speed: up to 33 MHz operation HM62A2016 Series
Address access time: 17/20/25/30 ns ALEA ALEB A
Output enable access time: 7/7/8/8 ns e
¢ Dual 8k x 20 memory arrays with data multiplexer A q ai
¢ Dual latches for address and chip select inputs s g E :f:g
* Expandable both in width and depth voo o d vots
Two separate chip selects vor g vosz
. o2 1 d vss
L4 52—p|n PLCC vss 1 q vee
oz d vois
I ORDERING INFORMATION voa 1 g vors
vos P 0 vo1a
Type No. Access Time Package :gg 3 E 12;3
HM62A2016CP-17 17 ns $2-pin vor g vo12
HMG62A2016CP-20 20 ns PLCC ooooonooonono /
HM62A2016CP-25 25ns (CP-52) vos voo OFA voo_WEB_cs o1
HM62A2016CP-30 30ns
(Top View)
B PIN DESCRIPTION
Pin Name Function
A0-A12 Address Inputs
ALEA, ALEB Latch Enables
OEA, OEB Output Enables
WEA, WEB Write Enable
1/00-1/019 Data Inputs Outputs
CS,CS Chip Selects
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HM62A2016 Series

8 BLOCK DIAGRAM
OEA
Latch Enable —_
Side A (ALEA) —j WEA
Chip Select (CS)
Chip Select (CS) —q » I @—‘
o)
Latch | Wiite
A 8 x 20 Aray Buffer
Address Bus (Ag-A12] Decode O
( : | Array A Sense ||
Amp.
13
Data Bus
1/00-1/O19
MUX
] 8kx20 A " ie,;]‘;e i
Decode X 20 Aray (0]
Latch ArayB | Wite
B Buffer
T 1] I:
Latch Enable WEB
Side B (ALEB) OEB
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HM62A2016 Series

Signal Description

Signal Name

Pin Number

Signal Description

A0-A12

ALEA, ALEB

|
|

£
o
>
ks
o
@

|
|

=]
]
>
O
Jes]
w

/00, 1/019

3-9
46-51

2,52

30,31

24,29

25,28

11-13, 15-18
20-22, 32-34,
36-39, 42-44

Shared address inputs to both Memory Array A and Memory Array B. Current Ag-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 A)-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 VCC 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 I/O 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

H FUNCTION TABLE

CS CS | ALEA| ALEB WEA WEB OEA OEB Operation 1/O Status

L X *1 *] X X X X Not Selected Outputs High-Z
X H *1 *1 X X X X Not Selected Outputs High-Z
H | L X H H H H Data 1/O’s Disabled | _Outputs High-Z
H| L H H H L H &‘ﬁgi’%‘d;ge‘:‘) Data Out

H L L X H H L H <‘E§?§n§‘é"2 cﬁ’;as}; e‘;‘) Data Out

H| L X H H H H L (%elfr‘:ef,{fg‘d’d‘r’g’s’;:) Data Out

H L X L H H H L (ﬁjffhiﬁ’ﬂ(ﬁ"m:’;;z) Data Out

H| L X X X X L*2 L2 Nt Allowed in —

H| L H X L H H H e oAy A DataIn

H L L b'e L H H H (L‘;?ﬁz (;OA‘i‘igfe); sﬁs) Data In

H| L | x| x 143 H L*3 H Nt Allowed in —

H L X X L*4 H H L*4 Ngéﬁ‘e‘ ‘n’»ﬁZSJ" —

H L X H H L H H (C\X::g&ﬁ;gsgs) Data In

H| L X L H L H H (L‘zg‘lzz ey DataIn

H| L X X H L*4 L*4 H Nat Allowed in —

H| L X X H L*3 H L*3 Nat Allowed in —

H| L X X L*5 L*5 X X Net Allowed in —

X =Don’t care, H = High, L = Low, High-Z = High Impedance
1. CS and CS values shown in the table must have propagated through transparent latches and meet specified chip select setup

Notes:

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

B 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/O lines
are shared between the two arrays.

Two sets of OE and WE inputs, coupled with an on-
board muitiplexer 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 AQ—A 2 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/00-1/019) 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 VCC 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 A13 state also deselects
the D-cache array of the “low RAM” for the following
phase.

Consecutive operations are possible because the latch-
ing of A13 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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HM62A2016 Series

Data Bus
“Low RAM” “High RAM”
HM62A2016 HM62A2016
IWR* WEA 20 WEA
ICIK ALEA |I-Cache |-Cache| ALEA
IRD* OEA CEA
DWR* WEB | DQo-DQ19 WEB
DCLK ALEB |5, l - ALEB
DRD OB D-Cache D-Cachi OB
Addr. Low__ Addr. Low__
(Ao-A12) CS CS (Ao-A12) CS CS
Addresses L\SCP ‘J:‘
(Ao-A12) 13
A13

Figure 1. 16k x 20 x 2 Cache SRAM from two 8K x 20 x 2 Cache SRAMs
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HM62A2016 Series

B ABSOLUTE MAXIMUM RATINGS

Item Symbol Value Unit
Supply Voltage relative to Vss vee -0.5*1t0 +7.0 v
Voltage on any pin relative to Vs§ Vin -0.5"1to Vo +0.3 v
Power Dissipation PT 2.0 W
Operating Temperature Range Topr 0to +70 °C
Storage Temperature Range Tstg 55 to +125 °C
Storage Temperature Range Under Bias Thias —-10to +85 °C

Note: 1. Vin min = -2.5 V for pulse width 10 ns.

B RECOMMENDED DC OPERATING CONDITIONS (T, = 0 to +70°C, exceeding minimum air flow requirement)

Parameter Symbol Min. Typ Max. Unit
Vcc 4.5 5.0 5.5 \
Supply Voltage Vss 0 0 0 v
Input High (Logic 1) Voltage VIH 22 — Vce + 0.3 v
Input Low (Logic 0) Voltage VIL -0.5%1 — 0.8 \

Note: 1. VIL min =-2.0V for pulse width 10 ns.

2. The supply voltage with all VCC pins must be on the same level.
3. The supply voltage with all VSS pins must be on the same level.

B DC CHARACTERISTICS (Ta = 0to 70°C, VCC =5V £ 10%, Vss = 0V, exceeding minimum air flow requirement)

Parameter Symbol Min. Typ Max. Unit Test Conditions
Input Leakage Current HLi | — — 2.0 HA VC = Max., Vin = VSS to Ve
Output Disable
Output Leakage Current l1iol — 2.0 A VI/0 2 VS fo VCC
i i Vin = VS§S to VCC, Outputs Open
t
;}:’:“l’: g’p:l:la}tlgirrem Icc — — 220 mA Loag._lou( =0mA, tcycle = Min. Cycle,
CS = VIL Max., CS = VIH Min.
Output Low Voltage VoL — — 0.4 v loL =8 mA
Qutput High Voltage VOH 2.4 — — \4 I0H = -4 mA
Note: 1, Typical limits are at VCC = 5.0V, Ta = +25°C and specified loading
B CAPACITANCE (T, =25°C, f= | MHz.)*!
Parameter Symbol Min Max Unit Test Conditions
Input Capacitance Cin — 5 pF Vin =0V
Input/Output Capacitance C1/0 — 10 pF Vij0 =0V
Note: 1. This parameter is sampled and not 100% tested.
G HITACHI
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HM62A2016 Series

B AC CHARACTERISTICS (Vcc =5V + 10%, Ta = to 70°C, exceeding minimum air flow requirement)
Test Conditions

¢ |nput and Output timing reference levels: 1.5V
¢ |nput pulse levels: Vss to 3V
¢ Output load: See figures

+5V +5V
; 480Q ; 480Q
Vo - o)
255Q = 50pF~ 255Q - 5pF*
\ Y/
77 Vs 77 Vs
Output Load (A) Output Load (B)
*Including scope & jig. (for toLz & tonz)
B READ CYCLE
Frequency 33 MHz 25 MHz 20 MHz 16.67 MHz
Parameter Symbol HM62A2016-17 | HM62A2016-20 HM62A2016-25 HM62A2016-30 Unit
Min Max Min Max Min Max Min Max

Read Cycle Time tRC 17 — 20 — 25 — 30 — ns
Address Valid to OQutput Valid tAA — 17 o 20 — 25 — 30 ns
Chip Select Access Time tacs*! 1 — 17 — 20 — 25 — 30 ns
Output Enable Low to Output Valid tOE — 7 — 7 — 8 — 8 ns
Output Enable Low to Output Low-Z [{0)874 1 — 2 — 2 — 2 — ns
Output Enable High to Output High-Z|  tOHZ 0 7 0 7 0 8 0 8 ns
Output Hold from Latch Enable tLOH 3 — 3 — 3 — 3 — ns
Address Setup to Latch Enable Low tASL 5 — 5 — 5 — 5 — ns
Address Hold from Latch Enable Low| tAHL 2 — 2 — 2 — 2 — ns
Chip Select Setup to Latch Enable Low| tcsL"! 5 — 5 — 5 — 5 — ns
Chip Select Hold from Latch Enable Low | tcsH*! 2 — 2 — 2 — 2 — ns
Output Enable Separation Time tOSP 2 — 2 — 2 — 2 — ns
Latch High to Address Valid LAV 3 — 3 — 3 — 3 — ns

Note: 1. Indicates depth expansion parameter only. These parameters apply for both CS and CS.
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HM62A2016 Series

B WRITE CYCLE
Frequency 33 MHz 25 MHz 20 MHz 16.67 MHz
Parameter Symbol HM62A2016-17 | HM62A2016-20 HM62A2016-25 HM62A2016-30 Unit
Min Max Min Max Min Max Min Max

Write Cycle Time tWC 17 — 20 — 25 — 30 — ns
Address Valid to End of Write AW 12 — 15 — 20 — 25 — ns
Data Valid to End of Write tDS 6 — 8 — 8 — 10 — ns
Data Hold from End of Write tDH 0 — 0 — 0 — 0 — ns
Write Pulse Width tWP 10 — 15 — 17 — 22 — ns
Chip Enable to End of Write ew™! 12 — 15 — 20 —_ 25 — ns
Address Setup Time Before Write Start tAS 0 — 0 — 0 — 0 — ns
Latch Enable Hold from End of Write | twHL 0 — 0 — 0 — 0 — ns
Address Setup to Latch Enable Low tASL 5 — S — 5 — 5 — ns
Address Hold from Latch Enable Low tAHL 2 — 2 — 2 — 2 — ns
Chip Select Setup to Latch Enable Low | tcsL*! 5 — 5 — 5 — 5 — ns
Chip Select Hold from Latch Enable Low | tCs H*1 2 — 2 — 2 — 2 — ns
Read/Write Separation Time tRWS 2 — 2 — 2 — 2 — ns
Latch High to Address Valid LAV 3 — 3 — 3 o 3 — ns

Note: 1. Indicates depth expansion parameter only. These parameters apply for both CS and CS.

B TIMING WAVEFORMS
Read Cycle No. 1 (CS = Low, CS, WEA, WEB = High)

Phase 1 Phase 2 Phase 1 Phase 2
trc tac tre tre
Addresses (Instruction > (Instruction <
(AD-A12) ><Data Address 0>< Address 1) ><Data Address 1) < Address 2) >
tLay tasL
tamL
ALEA
(tCtk) fLon
tLay st 7T
_ tAHL |
ALEB /
(DClk) —\__ //ILOH \\
taa
) 1 - Instru-
Data/lr&)sl};uctlon _%@ (Data 0) }— g:zn"f] ——W_
toLz toLz l toLz |
el | | [ toe toe
OFA N
(IRd") | / tosp tosp \ -
! -
tomz oKz | taa
OEB ] \ __\ B
(DRd") \ __/—

Notes: 1. All timing parameters are measured with output Load A unless otherwise noted.
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)

Phase 1 Phase 2 Phase 1 Phase 2
_ fesi  toon tosLt ‘ tesi_(losHe
< g csLt -~ ol
— - N .
CS ¢ “Low RAM* —\ > 'CSH
CS « “High RAM* \ tosH: <> )/
(A13) / —
Addresses  \| AN (Instruction (Instruction
oy, KData Address e istrct 3 (Data Address 1)>< (Instructior
ALEA \
(IClk) \ \
ALEB N \ \
(DCIK) N )
tacs N
("Low Ram*) ("High Ram*®) ("Low Ram*) ("Low Ram®)
Data/Instruction _|
s XN E O T X
OEA / \ / \
(IRd*)
tacs _ - tacs _
w0 /|
(DRd")

Note:
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HM62A2016 Series

Write Cycle No. 1 (CS = Low, CS, WEA = High)

Store Load
Phase 1 Phase 2 Phase 1 Phase 2
twe tre tre tre
Addresses > (Data Address Oy Gnstruction ipata Address 1) (nstruction <
(A0-A12) Address 1 ddress 2
L tav [ tasL
gk tAHL
ALEA \
(ICIk) \ on \
twr LAV | tast PO
_ | le— | TtaHL | a
ALEB
(DCIk) _\ \\
tLon [
L
i Instruc- Instruc-
Data/Instruction _x><u(£130'8&) >(( Data 0 In) ﬁ(021rgfn) __.
t
trRws l *F touz|=
> |- toe - toe
2 N
: tFiSJ o tose
toHz |« t
OEB B
(DRd" - \~ _/—
tos | tou

oW N\ /

Notes: 1. All timing parameters are measured with output Load A unless otherwise noted.
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 t01.z 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)

Store Load
Phase 1 Phase 2 Phase 1 Phase 2
tegy - tagl »
OSU) teswe Y tesw | ftosit jfosw | tesr . |losH
gt Y \
* “High RAM*
(A13) /| N__
\< N (Instruction (Instruction <
Addresses / (Data Address 0)/ < Address 1) A%Data Address 1> Address 2)
(Ao-A12)
ALEA V \
(ICIK) K N—1—
ALEB /— ‘ /
(DCIK) N

Data/Instruction X
Bus

OEA
(Rd")

X

“Low RAM” “High RAM”
nstru-
cn(orr‘m On(J)ut) >—< XData 0 |n>—
tacs

N

“Low RAM”

Out

OEB
(DRd*)

WEB
(DWr)

Note:

OH

ITACHI

1. All other non depth-expansion parameters shown in Write Cycle No. 1 still apply, and are not shown for simplicity.
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HM62A2016 Series

Air Flow Requirements

Requirment

(ms)

Minimum
Air Flow

tRC or twc (ns)
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HM62A9128/8128 Series Preliminary

131,072-Word x 9(8)-Bit Synchronous Cache SRAM

B FEATURES
* For high speed cache memory applications
* Pipeline access capability with on-chip address,
strobe and I/O registers
¢ Organization: 128 kword x 9(8) bit
¢ SOJ: 32-pin
e TTLI/O (CP-32D)
B MAIN CHARACTERISTICS B PIN ARRANGEMENT
Type No. Spec. Remarks HM62A9128/8128 Series
Clock Cycle Time 20 ns (min)
Clock to Data Valid 10 ns (max) %’; E ; V gf - Xic
Power Dissipation 788 mW (max) 50 MHz A7 o 3 30 hAs
A ] 4 29 hWE
B ORDERING INFORMATION A5 5 28 pA13
A3 g6 27 O Ag
Type No. Clock Cycle Time Package AzQ7 26 P A0
. - A2 []8 25 [1A11
HM62A9128JP-20 20 ns 32-pin SOJ 400 mil. ado 24 hoOE
HM62A81281P-20 20 ns (CP-32D) 2 d10 23 A
1100 ¢} 11 22 hCS
(NC) 12 21 p1/0g
/01 13 20 p /07
1/02 14 18 B 1/0e
/03 15 18 [ 1/0s
Vss 16 17 p1/0O4
(Top View)
B PIN DESCRIPTION
Pin Name Function
A0-A12 Address
1/00-1/08 Input/Output
WE Write Enable
OE Output Enable
CE Chip Enable
CLK Clock Input
Vee Power Supply
Vss Ground
NC No Connection (for x 8)
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HM62A9128/8128 Series

B BLOCK DIAGRAM
| [
CLK|> Input Data Register l
WE
LCE X
— o I/08
A ‘ —]
A;]‘g l_- 1/07
A4 ] | .
A13 x s 1/0s
A12 5 B w2
pi—z| . |3 S48 Vs
Ao g 8 i N 128Kx9 (g H:"' N E o /04
Ag — 1 *1a SRAM < 8
A7 — @ @ w2 /03
Ag —— E * et 7] a
As — 13 3 zZ £ 1/02
Ad —— ] < < » o
Az — ] m | /01
A2
A1 I/OO
Ao —rp , | _ - (NC)
X _ o -
3 OE 2ILOE E
— & [
w
e Y ——
CE 5 [Lce L‘ z LLOE
— s — Ll
WE m LWE x
(@]
H FUNCTION TABLE
Truth Table
CE | OE WE Din CLK SRAM Mode Next Cycle Dout Ref. Cycle Note
H X X X ” Not Selected High-Z Read Cycle
L H H X - Not Selected High-Z
L L H X - Read Read Data Read Cycle
L H L Data il Write High-Z Write Cycle
L L L Data ~ Write High-Z
Registers
CLK Mode Register Output
Pl Load Register Input
LorH Hold Not Changed
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HMG62A9128/8128 Series

B ABSOLUTE MAXIMUM RATINGS

Item Symbol Value Unit
Voltage on any pin relative to VSS vT -0.5t0 +7.0 v
Operating Temperature Range Topr 0to +70 °C
Storage Temperature Range (with Bias) Tstg (bias) ~10 to +85 °C
Storage Temperature Tstg -55t0 +125 °C

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

Item Symbol Min. Typ Max. Unit Note
vce 4.75 5.0 5.25 \

Supply Voltage Vss o 0 0 v
VIiH 2.2 — 6.0 \'/

Input Voltage VIL 05 — 08 v |

Note: 1. VIL min =-2.0V for pulse width < 10 ns.

B DC CHARACTERISTICS (Ta = 0 to +70°C, VCC = 5V £ 5%, VsS = 0V)

Item Symbol Min. Typ Max. Unit Test Conditions

Input Leakage Current | IL1 | — — 2 HA Ve =5.25V, Vin=Vss to Ve

Output Leakage Current I1Lol — — 10 BA Dout High-Z State VI/0 = Vss to VCC

Average Operating Min. Cycle, CE = VIL

Current Icci — — 150 mA Duty: 100%, 1/0 = 0 mA

Power Standby CLK < VIL,

Standby Power IsB - — 50 mA Min. Cycle

Supply Current Power Standby CLK < 0.2VVIL,
IsBi — — 5 mA Vin, £0.2V or Vin 2 Vcc 0.2V

Output Low Voltage VoL — — 04 \ IoL =8.0 mA

Output High Voltage VOH 24 — — \% [OH = -4 mA

W CAPACITANCE (Ta = 25°C, f= 1.0 MHz)

Item Symbol Min Typ Max Unit Test Conditions
Input Capacitance Cin — — 6 pF Vin =0V
Input/Output Capacitance Cro — — 10 pF Vijo=0V

Note: 1. This parameter is sampled and not 100% tested.
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HM62A9128/8128 Series

B AC CHARACTERISTICS (T3 =0to +70°C, Vcc =5V + 5%)
Test Conditions

¢ Input puise levels: Vss to 3.0V

¢ Input rise and fall times: 2ns

¢ |nput and output timing reference levels: 1.5V
e Qutput Load: See figure

+5V +5V
480Q % 480Q
Output Output
255Q 30pF* 255Q T 5pF*
V4
Output Load (A) Output Load (B)
*“Including scope & jig Capacitance (for thz &t 2)
B READ AND WRITE CYCLE
Item Symbol Min. Max. Unit Note
Clock Cycle Time ICC 20 — ns
Clock High Pulse Width tCH 5 — ns
Clock Low Pulse Width tCL 5 — ns
Input Setup Time (Address, Data, Strobes) tis 3 — ns
Input Hold Time (Address, Data, Strobes) tiH 1 — ns
Clock to Output Data Valid tAC — 10 ns
Output Data Hold From Clock tOH 2 — ns
Clock to Output in Low-Z tLZ 0 — ns 1,2
Clock to Output in High-Z tHZ — 10 ns 1,2

Notes: 1. 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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HM62A9128/8128 Series

B TIMING WAVEFORMS

Read Cycle

CLK

Address

Dout

Notes:

1. Read data is valid on next cycle.

tce tce tec
tch , toL tcH toL tch | toL
|t|s tH
tis | tH tis | tH
TN
t t
ts |t 15 |t
/ \
NIAZZ2BRNNN!
tis | tH
thHz
/N
N\ N
tac tox
< e
Data Valid '

2. High impedance state is obtained on next cycle from CE = H, OE = H, or WE = L.

G HITACHI

High-Z

350 Hitachi America, Ltd. e Hitachi Pfaza ¢ 2000 Sierra Point Pkwy. e Brisbane, CA 94005-1819 e (415) 589-8300



Write/Read Cycle

HM62A9128/8128 Series

tce tcc tcc
tcH | to tch |, tcL tcH | toL
/

CLK —7

s | tie tli» tiH
AddressX>% <>< ‘k

tis |tiH s | tu
CE :R 7 EZ X N/

tis |t tis | tH
& /1 X\\K| £/

tis | tiH ts | tiH
W NN AT X/

tis | tH tac

*
Din tz
High-Z _®< Data Valid

Dout

Note:
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HMG62A9128/8128 Series

Pipelined Read Cycle (including internal signals)

CLK

(60 MHz) l I l I l I I. I L_J l___l L___l l_._l l_-l |—-

ADDR { O 'O ' '
DATA X oo XX 01 XX XX o XD

CE 0 1 2 3
OE 0 1 2 3 /7
WE 0 7 2 3
LADDR P G D D &P I S G G .G
LOATA () T T EX T T T T T Eo
LCE \ /
T /
LWE High
RAM Access S Road > o > Fead < Fead <
LOATA fout) —— X == X == > Do X 01 XX D2 XX Dy X ==X ==X ——
LLOE f \

G HITACHI
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HM62A9128/8128 Series

Pipelined Write Cycle (including internal signals)

CLK

somz L[ L[ L LI 1L L 171

ADDR { 1O 'O 'O 'O )5
DATA DX oo XX o XX XX X

CE 0 1 2 3
O 0 1 2 3
WE 0 i 2 3
LADDR == X == X A0 X AT X A X A X XK ==K =K =~

LDATA (i) ——>==>< Dy > D1 > D < B D= ===

LCE \ /
LOE High

LWE —\ /
RAM Access > write > Write > Write > Write ><

LDATA outy —— X=X == X ==X ==X XK ==X =X =X ——

Low

LLOE
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HM62A9128/8128 Series

Alternate Read/Write/Read Cycle (including internal signals)
CLK
(50MHz)|||||||IL__||__||_|u|._-||_—
ADDR WX —X W

DATA DX R XD Do XD WX
CE Ro Wo Ry
OE Ro Ry

WE \./ \./ \./ \./ \.\Wo/./ \./

P R G D G G o /D D G G

I i i G G G /D G G
LCE ___/ ./
/

LWE

RAM Access m
LoATA oty == X == X == X Ao XK= XK == X == XK == X R X ==

LLOE / \
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HB66B1616A Series

16,384-Word x 16-Bit High Speed Static RAM Module B PIN ASSIGNMENT

B DESCRIPTION
The HB66B1616A is a high speed 16K x 16 Static RAM module, u |
mounted 4 pieces of 64K bit SRAM (HM6289JP) sealed in SOJ pack- DQo 1 I3 Vcc
age. An outline of the HB66B1616A is 36-pin dual in-line package. DQ, 21} 135 DQis
Therefore, the HB66B1616A makes high density mounting possible DQ, 3[] 34 DQia4
without surface mount technology. The HB66B1616A provides com- DQa 4 3 1 23 DQ
mon data inputs and outputs. Its module board has decoupling ca- 3 %L F 3
pacitors to reduce noise. Ao SL 132 DQ12
Ay 6] 31 GND
B FEATURES Az 700 F30 A1a
* Single 5V (& 5%) Supply As 8[] fgg A1z
* High Speed As o[ 28 A1
AccessTime. ................ccoouuenen 25/35ns (max.) = a
¢ Low Power Dissipation As 101, 127 Ao
ActiveMode. ..., 1200mW typ. As 11L]  LU26 A
StandbyMode. . ................. 300mW typ. (TTL level) A7 12L] 125 As
] 0.4mW typ. (CMOS level) DQ,4 13 1 (124 DQ14
e Equal Access and Cycle Time DQ- 14 ] A 23 DQ
e Completely Static RAM sV E 10
No Clock or Timing Strobe Required DQg 154 122 DQg
* Directly TTL Compatible: All Inputs and Outputs DQ7 16 121 DQs
CS 17| 120 WE
B ORDERING INFORMATION GND  18[] 19 OE
Part No. Access Package
HB66B1616A-25 25ns 36-pin dual in-line .
HB66B1616A-35 35ns leaded type (Top View)
W PHYSICAL OUTLINE B PIN DESCRIPTION
Pin Name Function
?.si%‘z) 1 Ag ~ Az Address Input
DQy ~ DQ;s | Data-in, Data-out
° CS Chip Select
""‘ WE Write Enable
: OE Output Enable
Vee Power Supply (+5V)
GND Ground

Unit : 00

inch
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HB66B1616A Series

B BLOCK DIAGRAM

OE

vE [
CS o |
DQO e 101 CS OE
DQ1 e /02
DQ2 e 1103 Mo
DQ3 e /04
DQ4 e 01 CS OE
DQ5 e 1102
DQ6 e i/03 M1
DQ7 e 104
DQ8 e ll01 CS OE
DQ9 e 102
Q10 o 03 M2
DQ11 e— I/04
DQ12e 01 CS OE
DQi3 e /02
DQ14 & I/03 M3
DQise /04
. AO~A13 e - MO~M3
MO~M3 : HM6289JP  wE - Mo~M3
Vece o ] » M0O~M3
Co~C5
GND e . > MO~M3
G HITACHI
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HB66B1616A Series

M ABSOLUTE MAXIMUM RATINGS

Parameter Symbol Value Unit
Voltage on Any Pin Relative to Vgg Vi -0.5Mto +7.0 \
Power Dissipation Py 4.0 w
Operating Temperature Range Topr Oto +70 °C
Storage Temperature Range Tsp -55to +125 °C
Storage Temperature Range Under Bias Thias -10to +85 °C
NOTE: 1. Viamin. = -2.0V for pulse width < 10ns.
B TRUTH TABLE
CS OE WE Mode Ve Current 1/0 Pin Ref. Cycle
H X X Not Selected Isp, Isp) High-Z . =
L L H Read Ice Dout Read Cycle (1-3)
L H L Write Icc Djn Write Cycle (1) (2)
L L L Write Icc Diy " Write Cycle (3-6)
NOTE: X means don’t care.
B ELECTRICAL CHARACTERISTICS
* Recommended DC Operating Conditions (T, = 0 to 70°C)
Parameter Symbol Min. Typ. Max. Unit
Vv 4.75 5.0 5.25 \
Supply Voltage oc
Vss 0.0 0.0 0.0 \%
Input High (Logic 1) Voltage Viu 2.2 — 6.0 v
Input Low (Logic 0) Voltage ViL -0.5(D — 0.8 \Y%
NOTE: 1. Vi min. = -2.0V for pulse width < 10ns.
B DC ELECTRICAL CHARACTERISTICS (T, = 0t0 70°C, Vec = 5V + 5%, Vgs = 0V)
Parameter Symbol Test Condition Min. | Typ.(D | Max. | Unit
Input Leakage Current Iig Vee = Max., Vi, = Vgg to Ve -10 - 10 pA
Output Leakage Current Io | CS = Vi, Vio = Vssto Ve -2 — 2 rA
. ﬁ = VIL’ II/O = OmA
Operating Power Supply Current Iec Min, Cycle - 240 480 | mA
Standby Power Supply Current Isg | CS = Vyy Min. Cycle — 60 120 | mA
CS = = Vg -0.2V
Standby Power Supply Current (1) | Igg; [ OV =< V;; < 0.2Vor — 0.08 8 mA
Vin = VCC -0.2v
Output High Voltage Vou |Ioy = -4mA 2.4 — — \
Output Low Voltage VoL | IoL = 8mA — — 0.4 v
NOTE: 1. Typical limits are at Vcc = 5.0V, T, = +25°C and specified loading.
B CAPACITANCE (T, = 25°C, f = IMHz)(D
Parameter Symbol Test Conditions Min. Max. Unit
Input Capacitance (Address, CS, OF, WE) Cin Vin = OV — 35 pF
Input/Output Capacitance (DQ) Cyo Vo = 0V — 15 pF
NOTE: 1. This parameter is sampled and not 100% tested.
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HB66B1616A Series

B AC CHARACTERISTICS (T, = 0to 70°C, Vcc = 5V + 5%, unless otherwise noted.)

¢ Test Conditions
o Input Pulse Levels: Vggto 3.0V

¢ Input and Output Timing Reference Levels: 1.5V

* Input Rise and Fall Times: Sns
® Output Load: See Figures

+5V +5V
Dout 480Q e
X H 5 pF *
Output Load B
Output Load A (for teyz, teLz, touz: torz, twaz & tow)

*Including scope and jig capacitance.

¢ Read Cycle

Parameter Symbol HB66B1616A-25 HB66B1616A-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 tepz(D 5 — 5 — ns
Output Enable to Output Valid toE — 12 — 15 ns
Output Enable to Output in Low-Z toLz(V 0 — 0 — ns
Chip Deselection to Output in High-Z tepzM 0 12 0 20 ns
Chip Disable to Output in High-Z tonz(" 0 10 0 10 ns
Output Hold from Address Change toH 3 — 5 — ns
Chip Selection to Power Up Time tpy 0 — 0 — ns
Chip Deselection to Power Down Time tpp - 25 -~ 30 ns

NOTE:

This parameter is sampled and not 100% tested.

1. Output transition is measured +200mV from steady state voltage with Load (B).
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HB66B1616A Series

¢ Read Timing Waveform (1) (1)

- tRc -
Address X X
- tar -
NN t Vo 2/
: toLz > » ton
SN WA {///////
t -l L.
toz = . > » tcugH - .
Dout K ><X>_
* Read Timing Waveform (2) (1) (2 (4)
tre -
Address X K
taa ton
toH
Dout
¢ Read Timing Waveform (3) (1) (3) (4)
—_—
CS S\ /z
- tacs > < 1CHZ
toz
Dout >"_
tpy tep
o™ = =
ts
NOTES: 1. 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 = ViL.
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HB66B1616A Series

¢ Write Cycle
HB66B1616A-25 HB66B1616A-35 .
Parameter Symbol Min. Max. Min. Max. Unit
Write Cycle Time twe 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 tonz(® 0 10 0 10 ns
Write to Output in High-Z twuzP 0 8 0 10 ns
Data to Write Time Overlap tpw 12 — 20 — ns
Data Hold from Write Time tpH 0 — 0 — ns
Output Active from End of Write tow 5 — 5 — ns
NOTE: 1. Output transition is measured +200mV from steady state voltage with Load (B).

This parameter is sampled and not 100% tested.

* Write Timing Waveform (1) (OE = H, WE Controlled)

< twe N
Address x X
- tew >
cs N NN, W I
taw -
- A8 ’ < WRZ
— - twp*t -
WE N \Q‘ )(
tow ol 1OH o

patain YOO Data Vi OOOXXXX

High Impedance

Dout

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



HB66B1616A Series
* Write Timing Waveform (2) (OE = H, CS Controlled)

twe

foy

X

Address

taw -
tas tcw

= X ;
N ) twp*1

M AN % LI

tow
e XXKRXXXCTXITK Damvas KRR

High Impedance

h\><l\

4

_ twr'2

Dout

* Write Timing Waveform (3) (OE = Clocked, WE Controlled)

_ twe

-

Address X X

- tcw

Y

SN\ t W AN
e R
Dout g High Impedance T =

tow tou
Din ¢ g )E Data Valid <_;<X>_
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HB66B1616A Series

* Write Timing Waveform (4) (OE = Clocked, CS Controlled)

i twe

Address X >F<
oE K AVARNRRNNNN

tas tew -

cs ’I\ ;/
- tAW et ‘WR .2=

NN Z

tow toH
Din >< g >E Data Valid ;l( g ) 4

High Impedance
Dout g P
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HB66B1616A Series
¢ Write Timing Waveform (5) (OE = L, WE Controlled)

Address X t X

N N 727777777
VTE- lA?&\;WHz‘S - ;; ‘ ton

. S ke Sy

Bin High Impedance Data Valid ’ 5
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HB66B1616A Series

* Write Timing Waveform (6) (OE = L, CS Controlied)

Address

Dout

Din

NOTES:

¢ - ;<
das)
T o 1
N /]
< taw
twR*2_ |
< twe 1 - >
> /4
NSO P
t
to1z lesf | .
" High Impedance
tow toH
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 inpiit 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.
. If CS is low during this period, I/O 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.
Dou is the same phase of write data of this write cycle, if twr is long enough.
. If the CS low transition occurs simultaneously with the O high transition or after the OE transition, the output
buffers remain in a high impedance state.

w

N oo
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HB66A2568A Series

262,144-Word x 8-Bit High Speed Static RAM Module B PIN ASSIGNMENT
H DESCRIPTION —

The HB66A2568A is a high speed 256K x 8 Static RAM module, PDO(OPEN) 2 % 1 Vss
mounted 8 pieces of 256K bit SRAM (HM6207HJP) sealed in SOJ NC 4 3 PD1(GND)
package. An outline of the HB66A2568A is 60-pin zigzag in-line Vee 6 : :c
package. Therefore, the HB66A2568A makes high density mounting Do 8 9 0‘1
possible without surface mount technology. The HB66A2568A pro- Qo 10 1 NC
vides separate data inputs and output. its module board has decoup- Ao 12 13 Ay
ling capacitors to reduce noise. e D A

4
B FEATURES %l HiC ::
* Single 5V (& 10%) Supply gisz 21 Dy
* High Speed Q, 2 2 Q3
AccessTime................covivnnnn,s 25/35ns (max.) WE 2] 125 Ve
¢ Low Power Dissipation As 28[] %27 As
ACtive MOde . ......ooveeiie 2400mW typ. TS, o] P2 N
StandbyMode. .................. 800mW typ. (TTL level) _
0.8mW typ. (CMOS level) NC 2 %31 cs2
* Equal Access and Cycle Time NG ME 3 NC
o Completely Static RAM Veo SE %:: gc
No Clock or Timing Strobe Required 0. »f] Ry 055
e Directly TTL Compatible: All Inputs and Outputs % AOE 41 Ves
10 42
QA
W ORDERING INFORMATION Az 4] %45 A
14
Part No. Access Package A 48 %:; :::
NC 50
HB66A2568A-25 25ns 60-pin zigzag in-line 06 5[] %51 D7
HB66A2568A-35 35ns leaded type s ] P® &
NG sl R Yoo
NC  s8[]
H PHYSICAL OUTLINE v 59 NC
ss 60[1
wlw 87632028 8.89 MAX | 1 .
; § 3.450 ¢ 010 2350 MAX l (Top VleW)
8 t IE lﬁ H PIN DESCRIPTION
VT 'HI‘ il ‘ T Pin Name Function
L] ;:;:%E;.]_I-H 0,25,':.;,’; A() ~ A]7 Address .Input
o10* 201 DO ~ D7 Data-in
31;0‘) $ %if s T 51:: T XL & -~ _Q7 Data-out
s001 e | CSy, CS, Chip Select
WE Write Enable
Vee Power Supply (+5V)
Vss Ground
NC Non-connection
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HB66A2568A Series

B BLOCK DIAGRAM

CS1 o CS2 e
WE e . 4
ADD e * —
ADD WE CS ADD WE CS
MO M1
D0 e——— Din D1 e——— Din
Q0 e—— Dout Q1 e——— Dout
ADD WE CS ADD WE CS
M2 M3
D2 e—— Din D3 e——] Din
Q2 e———1 Dout Q3 o Dout
ADD WE CS ADD WE CS
M4 M5
D4 e—— Din D5 e—— Din
Q4 e— Dout Q5 e—— Dout
ADD WE CS ADD WE CS
M6 M7
D6 e—— Din D7 e——— Din
Q6 e—— Dout Q7 e——— Dout
Vee e
——co~c7 | Mo~m7
Vss &

C=0.22uF

* M0~M?7 : HM6207HJP
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W ABSOLUTE MAXIMUM RATINGS

HB66A2568A Series

Parameter Symbol Value Unit
Voltage on Any Pin Relative to Vgg Vin -0.5Mto +7.0 A%
Power Dissipation Py 8.0 w
Operating Temperature Range Topr Oto +70 °C
Storage Temperature Range Ty -55to0 +125 °C
Storage Temperature Range Under Bias Thias -10to +85 °C
NOTE: 1. Vi min. = -2.5V for pulse width < 10ns.
Bl TRUTH TABLE
CS,, CS, WE Mode Vec Current Dyy Pin Ref. Cycle
H X Not Selected Isp, Isp: High-Z -
L H Read Icc Dout Read Cycle
L L Write Icc High-Z Write Cycle
NOTE: X means don’t care.
B ELECTRICAL CHARACTERISTICS
* Recommended DC Operating Conditions (T, = 0 to 70°C)
Parameter Symbol Min. Typ. Max. Unit
Vee 4.5 5.0 55 \
Supply Volta;
upply ¥ollage Vss 0.0 0.0 0.0 v
Input High (Logic 1) Voltage ViH 2.2 — 6.0 \
Input Low (Logic 0) Voltage Vi -0.5(0 — 0.8 \
NOTE: 1. Vi ma. = -2.0V for pulse width < 10ns.
B DC ELECTRICAL CHARACTERISTICS (T, = 0to 70°C, Vcc = 5V = 10%, Vgg = 0V)
Parameter Symbol Test Condition Min. | Typ.(D) | Max. | Unit
Input Leakage Current I Vee = Max., Vi, = Vgg to Ve -10 — 10 RA
Output Leakage Current Iio |CS,CS; =V, Vo = Vssto Vee | -10 — 10 kA
; C§,, CS; = Vi, Iyo = OmA _
Operating Power Supply Current Icc Min. Cycle, Duty = 100% 480 960 | mA
Standby Power Supply Current Isg | CSy, CS; = Viy Min. Cycle — 160 320 | mA
CS,,CS; = = Ve -0.2v
Standby Power Supply Current (1) | Isg; | OV < V;;, = 0.2Vor — 0.16 16 | mA
Vin = VCC -0.2V
Output High Voltage Vou | Ion = -4mA 24 — — \
Output Low Voltage VoL | IoL = 8mA — — 0.4 v
NOTE: 1. Typical limits are at Ve = 5.0V, T, = +25°C and specified loading.
B CAPACITANCE (T, = 25°C, f = IMHz)(»
Parameter Symbol Test Conditions Min. Max. Unit
Input Capacitance (Address, WE) Cu Vjp = OV — 70 pF
Input Capacitance (CS) Cn Vi = OV — 45 pF
Input Capacitance (Data in) Cpi Vin = 0V — 12 pF
Output Capacitance (Data out) Co Vout = OV - 16 pF
NOTE: 1. This parameter is sampled and not 100% tested.
GO HITACHI
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HB66A2568A Series

B AC CHARACTERISTICS (T, = 0°C t0 70°C, V¢ =

* Test Conditions

® Input Pulse Levels: Vgg to 3.0V
© Input and Output Timing Reference Levels: 1.5V

5V £ 10%, unless otherwise noted.)

¢ Input Rise and Fall Times: Sns
® Output Load: See Figures

+5V wV
Dout 4800 Dout 4800
3
o550 I T30pF* 25501 SPF
Output Load B
Output Load A (for tyz, tiz, twz & tow)

*Including scope and jig capacitance.

¢ Read Cycle

Parameter Symbol HB66A2568A-25 HB66A2568A-35 Unit
Min. Max. Min. Max.

Read Cycle Time tre 25 — 35 — ns
Address Access Time taA — 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 tpz(M 5 — 5 — ns
Chip Deselection to Output in High-Z tyz(M 0 12 0 20 ns
Chip Selection to Power Up Time tpy 0 — 0 — ns
Chip Deselection to Power Down Time tpD — 15 — 25 ns

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

1. Transition is measured +200mV from steady state voltage with Load (B)
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HB66A2568A Series

* Timing Waveform of Read Cycle (1) (1 (2)

-t tRC
Address X X
tAA tOH
toH
Dout Data Valid
¢ Timing Waveform of Read Cycle (2) (1) (3
— _ tre -
cs \( }{
< tacs - < HZ
B iz
Dout ) L
P
Vee supply 50%:]
current

NOTES: 1. WE is high for read cycle.
2. Device is continuously selected, CS = ViL.
3. Address valid prior to or coincident with CS transition low.
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HB66A2568A Series

* Write Cycle
HB66A2568A-25 HB66A2568A-35 .
Parameter Symbol Min. Mox. Min. Max. Unit

Write Cycle Time twe 25 — 35 — ns
Chip Selection to End of Write tow 20 — 30 - ns
Address Valid to End of Write taw 20 — 30 — ns
Address Setup Time taAs 0 - 0 — ns
Write Pulse Width twp 20 — 30 — ns
Write Recovery Time twR 3 — 3 — ns
Data Valid to End of Write tpw 15 — 20 — ns
Data Hold Time tDH 0 — 0 - ns
Write Enabled to Output in High-Z twz(D 0 8 0 10 ns
Output Active from End of Write tow® 0 — 0 — ns

NOTE: 1. Transition is measured +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)

gt twc >

Address X X
- tew »

e TIONNN Y

- Tas AW =‘ it
— - twp*1 -
WE N \Q\ }}(

tow toH

Din XXOOOOOQOOXXXX Data Valid

Dout 777777777 7777777 High Impedance
SCSESSSSSSKSKSKKSKK
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HB66A2568A Series

* Timing Waveform of Write Cycle (2) (CS Controlled)

Address * X
s ihih i K722
o OOOOORXOK  aams KR

High Impedance ‘3

Dout

NOTES: 1. A write occurs during the overlap of a low CS and a low WE.
2. twg is measured from the earlier of CS or WE going high to the end of write cycl

€.

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. Dou 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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HME652568B Series

32768-word X 8-bit High Speed Pseudo Static RAM

® FEATURES

Single 5V (+10%)

® High Speed
Access Time

CEAccessTime ............... 100/120/150/200ns
Address Access Time . . ............. 50/60/75/100ns

(in Static Column Mode)
Cycle Time

HM65256BP Series

(DP-28)

HM65256BFP Series

(FP-28DA)

Random Read/Write Cycle Time .. .. 160/190/235/310ns
Static Column Mode Cycle Time ... ... 55/66/80/105ns
® 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 Package
HM65256BP-10 100ns
HM65256BP-12 120ns
HM65256BP-15 150ms
HM65256BP-20 200ns 600 mil 28 pin
HM65256BLP-10 100ns Plastic DIP
HM65256BLP-12 120ns
HM65256BLP-15 150ns
HM65256BLP-20 200ns
HM65256BFP-10T 100ns
HM65256BFP-12T 120ns
HM65256BFP-15T 150ns
HM65256BFP-20T 200ns 28 pin
HM65256BLFP-10T 100ns Plastic SOP
HM65256BLEP-12T 120ns
HM65256BLFP-15T 150ns
HM65256BLFP-20T 200ns
@ HITACHI
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HM65256B Series

8 BLOCK DIAGRAM

~ ]
Address Row Memary Matnix
Laich Decoder (2% % 128+ x8
' Control
]
1
1
1
|
]
1
& o—{F7] H —l
g - I
Vo Input ] Column 1/ ]
i Dea | Col 0 !
1/0r Control Column Decoder :
i
i
Mo T TTC A 5 o
Refresh
| r‘ Control
i3 ©- d Timing Pulse Gen.
5E O Read Write Control
wt 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 Vgg Vr -1.0 to +7.0 v
Power Dissipation Pr 1.0 w
Operating Temperature Topr 0to +70 °C
Storage Temperature Tyt —~55 to +125 °C
Storage Temperature Under Bias Thias -10to +85 °C
® RECOMMENDED DC OPERATING CONDITIONS (7, =0 to +70°C)
Item Symbol min. typ. max. unit
14 4.5 5.0 5.5 A%
Supply Voltage ce
Vss 0 0 0 v
14 22 - 6.0 v
Input Voltage H
ViL -0.5°1 - 0.8 v
Note) *1. Vjz, min = =3.0V for pulse width < 10ns.
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HM65256B Series

® DC ELECTRICAL CHARACTERISTICS (T, = 0 to +70°C, Ve = SV £10%)

HM( i i
Parameter Symbol Test Conditions 652568 Serles | HM65256BL Series Unit
min. | typ. | max.| min. | typ. | max.
Operating Power Iyj0 = OmA
Supply Current Teci teye = min, - |35 65 ) - |35 65 mA
Standby Power Isg1 | CE=Vy, OE= vy -t 2] -{1 ]2 |mA
Supply Current Isga | CE>Vee-0.2V,0E>Vee-02v | - | - | = | - [0.05] 01 [ma
Operating Power Supply Icc2 |CE=Vy,OE= vy - 1 2 - [06] 1 |mA
Current in Self Refresh Mode| /-~y | CE> Voc-0.2v, OE<0.2V - - - - 150 | 100 | uA
Input Leakage Veo= 5.5V
Current i Vin = Vgg to Vo -0 - 104 -10) - 10 |uA
Output Leakage OE= vy
Current Iro Vijo= Vssto Voo -10} - 10 [ -10 | - 10 | uA
Vi =2. - - - -
Output Voltage oL Ip;, =21 mA 04 04 | V
Von |low=-1mA 24 | - - | 24| - - |V
8 CAPACITANCE
Item Symbol Test Conditions typ. max. Unit
Input Capacitance Cin Vin = 0V - 5 pF
Input/Output Capacitance 9773 V0= 0V - 17 pF

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

® AC CHARACTERISTICS (T, =0 to +70°C, Vo¢ = 5V +10%)
® AC Test Conditions

Input Puise Levels . . .................. 2.4vV,04V
Input Riseand Fall Times . .................. 5ns
Timing Measurement Level . . ... ......... 2.2v,08V
Reference Level . .......... Vow =20V, Vo, =0.8V
Outputload .................. 1 TTL and 100pF (including scope and jig)
HM65256B-10 | HM65256B-12 | HM65256B-15 | HM65256B-20
Item Symbol - - Unit
min. | max. | min, | max. | min. | max. | min, | max.
Random Read or Write Cycle Time |tp 160 | - 190 - 23§ | - 310 | - | ns
%tyactli: Column Mode Read or Write trsC 55| - 651 — | - 105 | - ns
Chip Enable Access Time tCEA - 100 | - 120 - 150 | - 200 ns
Address Access Time taA - 0| - 60| - 75| - 100| ns
Output Enable Access Time tOEA - 40 ( - 0| - 60 | - 75| ns
Chip Disable to Output in High Z tcHZ - 25 - 25 - 30 - 35| ns
Chip Enable to Output in Low Z teLz 30 - 30 - 35 - 40 - ns
Output Enable to Output in Low Z toLz 10| - 10| - 10 - 10 | - ns
Qutput Disable to Output in High Z tOHZ - 25 - 25 - 30 - 35| ns
Chip Enable Pulse Width tcE 100n 4m 120n 4m 150n 4m 200n 4m s
Chip Enable Precharge Time tp 50 - 60 - 75 - 100 - ns
Address Set-up Time tas 0| - [ 0| - 0| - ns
Row Address Hold Time tRAH 20| - 20| - 25 - 30| - ns
Column Address Hold Time tCAH 100 | - 120 - 150 | - 200 | -~ ns
Read Command Set-up Time trcs 0| - 0 - 0 - 0| - ns
Read Command Hold Time tRCH 0 - 0| - 0| - ol - ns
Output Enable Hold Time toHC 0| - o - 07 - 0| - ns
%;gut Enable to Chip Enable Delay tocp ol - ol - ol - 0ol - ns
Ogt x::sHOId Time from Column ton 5] - s| - s - 10| - ns
Write Command Pulse Width twp 25) - 25| - 30 - 35 - ns
Chip Enable to End of Write tow 100 | - 120 - 150 | ~ 200 | ~ |nms
Column Address Set-up Time tasw 0| - of - 0 - 0| - ns
(to be continued)
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HM65256B Series

HM65256B-10 | HM65256B-12 | HM65256B-15 | HM65256B-20 .
Item Symbol - - - - Unit
min. | max. | min. | max. | min. | max. | min. |max.
Column Address Hold Time after Write |t 4z 0| - 0 - 0| - 0| - ns
Data Valid to End of Write tow 20 - 20| - 25| - 30| - ns
Data In Hold Time for Write tDH 0] -~ 0] - 0f - 0| - ns
Output Active from End of Write tow 5 - S| - S| - 5] - ns
Write to Output in High Z twHz - 25 - 25 | - 30| - 35] ns
Transition Time (Rise and Fall) tr 3 50 3 S0 3 50 3 50| ns
Refresh Command Delay Time IRFD 50 - 60 - 75 - 100 | - ns
Refresh Precharge Time tgp 30 - 30 - 30 - 30 - ns
Refresh Command Pulse Width for 1, » 80 {10000 | 80 {10000 | 80 {10000 | 80 {10000 ns
Automatic Refresh Cycle Time tre 160 - 190 - 235 - 310 ~ ns
Refresh Command Pulse Width for Self |\ {10000 | - |10000 | - 10000 | - l10000 | - | ns
Refresh Reset Time for Self Refresh tFRS 160 | - 190 = 235 - 310 - ns
Refresh Period tREF - 4 - 4 - 4 - 4| ms

Notes:

(1) tcyz.tonz and tyyz are defined as the time at which the output achieves the open circuit conditions.

@ tcrz. toLz and tow are sampled under the condition of £7=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) Vpy (min)and Vj, (max) are reference levels for measuring timing of input signals. Also, transition times are meas-
ured between Vpy and Vi .

(7) An initial pause of 100us is required after power-up followed by a minimum of 8 initialization cycles.

= TIMING WAVEFORMS
¢ Read Cycle No. 1 {CE controlled)

the
. ek | 14
E——— X
tas| | than
W, YV WV VYWV VYV VYV VYV WAV VVAVVV
hodrzes RRRHIRRRRRREI AKX IKKKX
tas tean
l.—“
As~Aws } 4
tRCS) IRCH
- p
we////A AN
tCrA
OE
ez ’_tg; tCHZ
Dout ‘6:121 Qut :
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HM65256B Series

e Read Cycle No. 2 (OE controlled)

tre

ek \ e

|
]
.

tas| | thau

\/\/\
AVA

\/ VIV VN

st N L KKK XXX KK KXXXXKRX

14y e an 1

Address M:
Ax~ A

-W_E _.Zia 1CEA ‘

toHC |
oy y
OF N 2L
tokA
torz tonz CHZ
tery
(Tl Proyyyssy
e Write Cycle No. 1 (OE Clock) e
— ICF L]
5 N '
tAs than
bl
2 XK XXX
.‘iil !_ ican
A XXX KX
WE 1 wp dﬁ
toch
O LLLLL1 A MAARARANY
tow |Lox)
o & @ torz tchz
[ SR _— .m__n_z o

Dout LVAVAVAY
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HM652568B Series

® Write Cycle No. 2 (OE low fix)

tRC
. tce b
CE —-—————gk b \—
Jdast | tran
Address
Ao~Ar m (XXXX
).l.a_s_ tcan
Address
As~Au
ew tauw

i3

OE.
tow ton
—
b <X K-
fcLz |tanz
Dout

e Static Column Mode Read Cycle

trC

AS

Address
A0 ~A7

AS

AT
. u;.c_s- taa taa ”?:
WE ‘(2/ ICEA \§>§>S>
toHc teuz
r £ 4
OE \ V.1I.IIIII /A
10EA Lo
T AL
=
Vo AT -
Dowt QA 0w KA B2 0 KX P
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® Static Column Mode Write Cycle

tRC

HM65256B Series

tcE

CE ey

fas

tRAH

s i

Address
Ao~A7

XX

tas

ICAH

tR

SC

Address
A8~Al4
Ll

tow

AHW
e

tasw |
1

| tanw

[/

toco

NANN

AN

W\

tow 1DH

tow

toH

g Valid Data In

Dout

Lz

>_

IWHT tow

tonz

torz

WHZ

Valid Data In

e Automastic Refresh Cycle

CE

E_[[[IT/]]]]

/{

tRFD

tFC

tFc

\

trp

tFap trp

tFAP

o Seif Refresh Cycle

[[/T]T]]

IRFD

trp

tF4s

tFRS

T
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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

B FEATURES
e 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

(DP-32)

¢ Low power

250 mW typ. Active

350 uW typ. Standby (L-version, LL-version)
¢ All inputs and outputs TTL compatible
¢ Package

32-pin dual-in-line plastic package

32-pin SOP package (FP-32D)

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

(TFP-32D)

W ORDERING INFORMATION
Type No. Access Time Package B PIN DESCRIPTION
HMG658128 ALP-8L. 80 ns
HM658128 ALP-10L 100 ns Pin Name Function
HM658128ALP-12L 120 ns .
HM658128ALP-8 80 ns 800 mil Ag-Ale Address
HM658128ALP-10 100 ns Plastic DIP Series 1/00-1/07 Input/Output
HM658128ALP-12 120 ns (DP-32) ’ RFSH Refresh
HM658128ADP-8 30 ns CE Chip Enable
HM658128ADP-10 100 ns ==
HM658128 ADP- 12 120 ns %EE OW“‘P”‘E“al:’lk
HM658128 ALFP-8L 80 ns il nte Enable
HM658128ALFP-10L 100 ns cs Chip Select
HM658128 ALFP-121L 120 ns 525-mil Vce Power Supply
HMG658128 ALFP-8 80 ns 39 Pin Vss Ground
HM658128 ALFP-10 100 ns Dracts -
HM658128 ALFP-12 120 ns Plastic SOP Series

(FP-32D)
HM658128 ADFP-8 80 ns
HM658128 ADFP-10 100 ns
HM658128 ADFP-12 120 ns
HM658128ALT-8L 80 ns
HM658128ALT-10L 100 ns
HM658128ALT-12L 120 ns Smm x 20mm
HM658128ALT-8 80 ns 32.Pin
HM658128ALT-10 100 ns ; .

Plastic TOSP Series
HMG658128ALT-12 120 ns (TFP-32D)
HM658128ADT-8 80 ns
HM658128ADT-10 100 ns
HM658128ADT-12 120 ns
HM658128 ALR-8L 80 ns
HM658128ALR-10L 100 ns
HM658128 ALR-12L 120 ns ¢ 20
HMG658128ALR-8 80 ns g
HM658128 ALR-10 100 ns : -

Plastic TSOP Series
HM658128ALR-12 120 ns (TFP-32DR)
HM658128 ADR-8 80 ns
HM658128 ADR-10 100 ns
HM658128ADR- 12 120 ns
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HM658128A Series

H PIN ARRANGEMENT
HM658128 AP/AFP Series HM658128AT Series
A1 1 32 OE
RESH 1 \/ & VCC 2 g: 0 % B ep
Al O 2 31 [ A1s A3 E g gg 1707
Ag O3 3 30 [ cS o5 o s z Ve
A ] 4 29 [ WE = % 5 ios
A7 = 5 28 ™ A3 RFSH g 18 Sg ves
As ] 6 27 3 As =l 2 B o
As - 7 26 [ Ag Nz s 20 2 4o
A, ] 8 25 32 Aqq A= =
A3 ] 9 24 [ 31 OE A HLIE 7 as
Ao —1 10 23 [ Aq (Top View)
Al ] 11 22 1 CE
Ao . 12 21 B3 o7
/Op 1 13 20 @ 10s
/01 3 14 19 (3 105
102 o 15 18 [ /04
vss [ 16 17 /03
(Top View)

HMG658128AR Series

™ 7 ] =

5 g2 O S Ex

A7 o4 29 5 ag

A o 5 28 1100

/S = I 27 B3 10

Al - 7 26 [ 1102

RFSH ] 8 25 £ ves

Voo ™ 9 24 1105

A5 10 23 31 104

cS 11 22 [ 1/0s

WE 12 21 3 10s

= BE 20 [ o7

Ag 14 19 5

Ag {15 18 3 Ao

A 16 17_ OE

(Top View)
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HM658128A Series

B BLOCK DIAGRAM

Address Row
Latch Deco-
Control der

MEMORY MATRIX
(612 X256) X 8

Input 17 Column I/0
Data
Control Column Decoder

Y 1 |
Address Latch Control I

1/0g o
/070

z
v (A

]
_ ¥ I_q_.
RFSHo———={ Refresh
Control

Timing Pulse Generator
Read Write Control

I

B
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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.

Address Inputs (Input)

A(—-Ag is arow address and Ag-Ajgis a
column address. The entire address Ag—-A1¢
is fetched into RAM by the falling edge of
CE.

Ap-Aile:

WE: Write Enable (Input)
RAM is in write mode when WE is low, and
is in read mode when WE is high. I[/O 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 }/O
pins. The I/O 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.

[/Og-1/07: Input/Output (Input and Output)
These pins are data I/O 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

A0—Ag) must be read at 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 hlgh and it remains low for at least tgap.
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 us. 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 § s,
RAM enters self refresh mode; if the RFSH low pulse is
less than 8 s, 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.

(1) 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 10 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 ps after
the power voltage reaches 4.5V-5.5V after power-on.

G HITACH!
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HM658128A Series

B FUNCTION TABLE
CE CS at CE going Low RFSH OE WE 1/O Pin 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: 1. X means don’t care.
B ABSOLUTE MAXIMUM RATINGS
Item Symbol Rating Unit
Terminal Voltage with Respect to Vss VT ~-1.0to +7.0 \'
Power Dissipation PT 1.0 w
Operating Temperature Topr 0to+70 °C
Storage Temperature Tstg -55to +125 °C
Storage Temperature Under Bias Tbias —10 to +85 °C
B RECOMMENDED DC OPERATING CONDITIONS (T3 = 0 to +70°C)
Item Symbol Min. Typ Max. Unit
Supoly Vol Vce 4.5 5.0 5.5 v
upply Voltage Vss 0 0 0 \%
I Vol VIH 2.2 — 6.0 \"
nput Voltage ViL 05 — 08 v
Note: 1. VL min = -3.0 V for pulse width 10 ns.
MW DC CHARACTERISTICS (T, = 0°C to +70°C, Ve = 5V £ 10%)
Parameter Symbol Min. Typ Max. Unit Test Conditions Note
Operating Power o _ _
Supply Current Icc 50 85 mA Iy0 =0, teyc = 130 ns
= CE= =V
Standby Power IsB] 1 2 mA CE = Vjy, RFSH H
Supply Current | — 100 200 A CE2Vce -0.2V, L-version
SB2 — 70 100 H RFSH2 Vcc 02V | LL-version
Operating Power Ice2 — 1 2 mA CE =V, RFSH= V| Iiféi?;n
Supply Current in — -
Self Refresh Mode Iccs . 100 200 LA CE2>Vcc-0.2V, L-version
— 70 100 RFSH < 0.2V LL-version
Input Leakage _ . Vee=5.5Y,
Current ILt 10 10 HA Vin=Vss to Ve
Output Leakage N OE = VIH,
Current Lo 10 - 10 HA V[0 = Vss to Vee
— — . A% =2.
Output Voltage VoL 04 loL=21mA
VoH 24 — — N IoH =—1 mA
@ HITACHI
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HMG658128A Series

B CAPACITANCE

Item Symbol Typ Max Unit Test Conditions
Input Capacitance Cin — 8 pF Vin=0V
Input/Output Capacitance Cro — 10 pF Vo =0V

Note: 1. This parameter is sampled and not 100% tested.

B AC CHARACTERISTICS (T, = 0 to 70°C, V¢ = 5V + 10%)

AC Test Conditions
¢ Input pulse levels: 2.4V, 0.4V ¢ Reference level: VoH = 2.0V, VoL = 0.8V
¢ Input rise and fall times: 5 ns ¢ Output load: 1 TTL and 100 pF

¢ Timing measurement level: 2.2V, 0.8V
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HM658128A Series

Ttem Symbol HM658128A—8 HMGSS]ZSA—]O HM658 128A-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 RWC 190 — 220 — 260 — ns

Chip Enable Access Time (CEA — 80 — 100 —_— 120 ns

Qutput Enable Access Time tOEA — 30 — 30 — 40 ns

Chip Disable to Output in High-Z tCHZ 0 30 0 30 0 35 ns 1,2

Chip Enable to Output in Low-Z tCLZ 20 — 20 — 20 e ns 2

Output Disable to Output in High-Z tOHZ — 25 — 25 — 30 ns 1,2

Output Enable to Output in Low-Z tOLZ 0 — 0 — 0 — ns 2

Chip Enable Pulse Width tCE 80 ns 10 us 100 ns 10 us 120 ns 10 ps

Chip Enable Precharge Time tp 40 — 50 — 60 — ns

Address Set-up Time tAS 0 — 0 — 0 -— ns

Address Hold Time tAH 30 — 30 — 35 — ns

Read Command Set-up Time RCS 0 — 0 — 0 — ns

Read Command Hold Time tRCH — — 0 — ns

RFSH Hold Time tRHC 15 — 15 — 15 — ns

Chip Select Set-up Time tcss — — 0 — ns

Chip Select Hold Time tCSH 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 IDW 25 — 25 — 30 — ns

Data In Hold Time for Write tDH 0 — Q — 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 1,2

Transition Time (Rise and Fall) T 3 50 3 50 3 50 ns

Refresh Command Delay Time {RFD 40 — 50 — 60 — ns

Refresh Precharge Time tFp 40 — 40 — 40 — ns

Refresh Command Pulse Width (RP — 8 us —— 8 us — 8 us

Refresh Command Pulse Width FAP 80 ns 8 s 80 ns 8 s 80 ns 8 s

for Automatic Refresh

Automatic Refresh Cycle Time tRC 130 — 160 — 190 — ns

Refresh Command Pulse Width tFAS 8 o 8 o 8 . s

for Self Refresh

Refresh Reset Time from Self Refresh tRES 130 — 160 — 190 — ns

Refresh Period tREF — 8 — 8 — 8 ms csylc%e

Notes: 1.

N LB W N

=

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.

. tCHZ, tCLZ, tOHZ, tOLZ, tWHZ-. and tow are sampled under the condition of tT = 5 ns and not 100% tested.

. 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 gotng high.
. If CE goes low simultaneously with WE going low or after WE going low, the outputs remain in high impedance state.

. During this period, I/O pins are in the output state, therefore the input signals of opposite phase to the outputs must not be applied.
. ViH (min) and Vi, (max) are reference levels for measuring timing of input signals. Also, transition times are measured between

ViH and ViL..

. An initial pause of 100 us is required after power-up followed by a minimum of 8 initialization cycles.
. 512 cycles of burst refresh or distributed automatic refresh must be executed within 15 ps after self refresh, in order to meet the

refresh specification of 8 ms and 512 cycle.

@ HITACHI

Hitachi America, Ltd. e Hitachi Plaza e 2000 Sierra Point Pkwy. ® Brisbane, CA 94005-1819 e (415) 589-8300 389



HM658128A Series
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HM658128A Series

H WRITE CYCLE (O_E Clock)
CE _5: cE :Z‘“ (ks
';iﬁi tesH
cs A7 1 RAOAANNNNNNANNNNIANNNANNNN
saame TR LK XXX XXX KKK XXK
- \ wp _2‘
= i R ANARRRRRRN
RESH INARNNNNY /NS S
on 0 o
GO HITACHI

Hitachi America, Ltd. e Hitachi Plaza 2000 Sierra Point Pkwy. ® Brisbane, CA 94005-1819 e (415) 589-8300 391



HM658128A Series

B WRITE CYCLE (OE Low Fix)
tac
— tce - : tp
. N i’ N
| B
* ZZ7 1T RAOAOAMNNNNNNNNATNANNNNNN
tas | | tam
oo TR (K XX XXKKKXXXX XXX KKKKIIXKR
tow
— twp ;
WE \r | Z( / /
OE
trHC trp >
RFSH TN [/
tow — ton
Din
twHz
tc"i ~
Dout
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B READ-MODIFY-WRITE CYCLE

Ccs

Address
(Ao-A1p)

WE

RFSH

Din

Dout

HM658128A Series

» tre _
_ it
. 7/ \_
tcss tesh
}4—» |-

tAH

NN \

BB SN0 00

tres

treH

twp <———>|

N i N\

\ -
X
_ {RHC tonz tap -
N\
N \ / 7/
- loea - tow toH
<> loLz
n Valid Data in
_lcea | .
e t CHZ
loLz whz tow l<——>
7 7~ _ Valid K,
Data Qut ¢
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HM658128A Series

B AUTO REFRESH CYCLE
CE /\i trFD tec trc 5‘\
" tep L tae tep teap ‘
RFSH ‘ 3[ L/
W SELF REFRESH CYCLE
CE A( trrD
| e |} tras trrs E’lcl
v 777777 N s LARNN
H CS STANDBY MODE
tre -
tce
& \ S
fcss | | tosH
. Y7777 777777777777777777

@ HITACHI
394 Hitachi America, Ltd. » Hitachi Plaza ® 2000 Sierra Point Pkwy. ® Brisbane, CA 94005-1819 e (415) 589-8300



HM658512 Series

524,288-Word x 8-Bit High Speed Pseudo Static RAM

Features
* Single 5 V (+ 10%)
* High speed
Access time
CEaccesstime ................... 80/100/120 ns
Cycle time
Random read/write cycle time . . ... .. 130/160/190 ns
* Low power
Active: 250 mW (typ.)
Standby: 200 uW (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

LALL/LV-version. .. .ooovvviiinnnennn. Address refresh
Automatic refresh

Self refresh

D-version . .........cooviveuiiinna.. Address refresh

Automatic refresh

B ORDERING INFORMATION

Type No. Access Time | Package
HMG658512LP-8 80 ns
HM658512LP-10 100 ns
HM658512LP-12 120 ns
HM658512DP-8 80 ns
HM658512DP-10 100 ns 600 mil
HM658512DP-12 120 ns 32 pin
HM658512LP-8L 80ns | Plastic DIP
HM658512LP-10L 100 ns (DP-32)
HM658512LP-12L 120 ns
HM658512LP-8LV 80 ns
HM658512LP-10LV 100 ns
HMG658512LP-12LV 120 hs
HMG658512LFP-8 80 ns
HMG658512LFP-10 100 ns
HMG658512LFP-12 120 ns
HM658512DFP-8 80 ns
HMG658512DFP-10 100 ns 0
HM658512DFP-12 120 ns - pin

Plastic SOP
HM658512LFP-8L 80 ns (FP—32D)
HMG658512LFP- 10L 100 ns
HM658512LFP-12L 120 ns
HM658512LFP-8LV 80 ns
HMG658512LFP-10LV 100 ns
HM658512LFP- 2LV 120 ns

G HITACHI

! (DP-32)
R —

(FP-32D)

B PIN ARRANGEMENT

R
Ag[] 1 32 [7] Vee
A1s [: 2 31 :] A
Au[] 3 30 [ ] A
A} 4 29 [ WE
YA 28 ] A1z
As[ ] 8 27 ] As
As[] 7 26 ] A
Al 8 25 A
As[] 9 24 [] OE/RFSH
A2 [ 10 23 [ A
A [ 22[]CE
Ao [ 12 21 {] oz
0o [} 13 20 ] 110s
voq ] 14 19 [] v0s
o2 [ 15 18 [ ] 1104
vss [ 16 17 ] 403
(Top View)

M PIN DESCRIPTION

Pin Name Function
Ag-Ajg Address

1/09-1/07 | Input/Output
CE Chip Enable
OE/RFSH | Output Enable/Refresh
WE Write Enable
Vee Power Supply

Vss Ground
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HM658512 Series
B BLOCK DIAGRAM

A0 i H
Address| Row Memory Matrix
Latch Decoder {2048x256)x8
. |Contral
A10 O——E_ - -
!
1/00 Input [ Column 1/0 ]
gata . Column Decoder ,
107 ontrol ;
A11d S s
gefr?srl\
M ontrol
CE o [ Timing Puise Gen. ]
OE/RFSH © Read Write Control
WE o

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.

Ag~Ag: Address Inputs (Input)

Ag-Ayg is a row address and A};-A g is a column address. The entire
address Ag-A g 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. 1/O data is fetched into RAM by the rising edge of WE or CE
(carlier 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 standby mode). After a read or write
cycle finishes, refresh does not start if CE goes high while OE/RFSH is
held Iow. 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.

1/0p-1/07: Input/Output (Inputs and Outputs)
These pins are data 1/0 pins.

Refresh

There are three refresh modes: address refresh, automatic refresh, and
self 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 Ag-A o) must be read at least once every 32 ms. In
address refresh mode, OE/RFSH can remain high. In this case, the /O
pins remain at high impedance, but the refresh is done within RAM.

(2) Automatic refresh

Instead of address refresh, ic refresh can be used. RAM goes to
automatic refresh mode if OE/RFSH falls while CE is high and it
remains low for at least tgyp 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 us. Refres| are lly specified by the
on-chip address counter, and the refresh period is determined by the
on-chip timer.

q4.
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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 us, RAM changes into self refresh mode; if
the OE/RFSH low pulse is less than 8 us, 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.

(1) If a short CE pulse of a width less than tcg min. is applied to
RAM, an incomplete read occurs and stored data may be destroyed.
Make sure that CE low pulses of less than tcg min. are inhibited. Note
that a 10 ns CE low pulse may sometimes occur owing to the gate delay

B FUNCTION TABLE

on the board if the CE signal is generated by the decoding of higher
address signals on the board. Avoid these short pulses.

) OE/RFSH works as refresh control in standby 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 tgap min. are also
inhibited.

(3) tonc and tocp are the timing specs which distinguish the OE
function of OE/RFSH from the RFSH function. The toyc and tocp
specs must be strictly maintained.

(4) Start the HM658512 operating by executing at least eight initial
cycles (dummy cycles) at least 100 us after the power voltage reaches
4.5V-5.5V after power-on.

CE OE/RFSH 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
NOTE: 1. X means don't care.
B ABSOLUTE MAXIMUM RATINGS
Item Symbol Rating Unit
Terminal Voltage with Respect to Vg Vr -1.0to +7.0 v
Power Dissipation Pr 1.0 w
Operating Temperature Topr 0to +70 °C
Storage Temperature Ty -55to +125 °C
Storage Temperature Under Bias Thias -10to +85 °C
B RECOMMENDED DC OPERATING CONDITIONS (T4 = 0°C to +70°C)
Ttem Symbol Min. Typ. Max. Unit
Supply Voltzge Vee 4.5 5.0 5.5 v
Vss 0 0 0 v
Input Voltage Vi 2':‘ - 6 M
Vi -1.0% - 0.8 \Y%
NOTES: 1. ViL min. = -3.0V for pulse width 30 ns.
GO HITACHI
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HM658512 Series

B DC CHARACTERISTICS (T, = 0°C to +70°C, Ve = SV = 10%)

Parameter Symbol Min. Typ. Max. Unit Test Conditions
Operating Power Supply Current Icct — - 75 mA Ijo = 0, teyc = min.
Isp) — 1 2 mA | CE = Vi, GE/RFSH = Vi Vyy = OV
Standby Power Supply Current 200 CE = V¢ -0.2V
Isp2 — 20 *) RA s
100 OE/RFSH = Ve -0.2V Vi = OV
Iccz — 1 2 mA | CE = Vi, OE/RFSH = Vy Vy = 0V
Operating Power Supply " " — 1 L, [N
Current in Self Refresh Mode Iecs - 70 *l 200" pA CE 2 Voc -0.2V
40" | 100" OE/RFSH = 0.2V Vi Viy 2 OV
Input Leakage Current I -10 - 10 A Vee = 5.5V, Viy = Vs to Ve
Output Leakage Current Lo -10 - 10 wA | OF = Vi, Vo = Vssto Ve
V, - — 0.4 v IoL = 2.1 mA
Output Voltage oL oL
Vou 2.4 bt - v IOH =-1mA
NOTES: 1. Only for L-Version.
2. Only for LL/LV-Version.
B CAPACITANCE
Item Symbol Typ. Max Unit Test Conditions
Input Capacitance Cin - 8 pF Vin = 0V
Input/Output Capacitance Cro - 10 pF Vio = OV
NOTE: 1. This parameter is sampled and not 100% tested.
B AC CHARACTERISTICS (T4 = 010 70°C, V¢¢ = 5V = 10%)
Test Conditions
Input pulse levels: 2.4V, 0.4V
Input rise and fall times: Sns
Timing measurement level: 2.2V, 0.8V
Reference level: Vou = 2.0V, Vg = 0.8V
Output load: 1 TTL and 100 pF
@@ HITACHI
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HM658512 Series

B AC CHARACTERISTICS (T5 = 0to 70°C, V¢ = 5V = 10%)

Jtem Symbol HM658512-8 HM658512-10 | HM658512-12 Unit Note
Min. | Max. [ Min. | Max. | Min. [ Max.
Random Read or Write Cycle Time tre 130 - 160 — 190 — ns
Chip Enable Access Time tCEA — 80 — 100 — 120 ns
Read-Modify-Write Cycle Time tRwC 180 — 220 — 260 — ns
Output Enable Access Time tOEA - 30 - 40 — 50 ns
Chip Disable to Output in High-Z tcHz 0 25 0 25 0 30 ns 1
Chip Enable to Output in Low-Z toLz 20 — 20 — 20 - ns 2
Output Disable to Output in High-Z toHzZ - 25 — 25 — 30 ns 1
Output Enable to Output in Low-Z toLz 0 - 0 - 0 — ns 2
Chip Enable Pulse Width tcE 80ns | Ous | 100ns | 10ps | 20ns | 10 ps
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 . tew 80 — 100 — 120 — ns
Chip Enable to Output Enable Delay Time tocp 0 — 0 — 0 - ns
Output Enaole Hold Time toHC 15 — 15 — 15 - ns
Data in to End of Write tpw 20 — 25 - 30 - ns
Data in Hold Time for Write tou 0 — 0 - 0 - ns
Output Active From End of Write tow 5 — 5 - s — ns 2
Write to Output in High-Z twHz — 20 — 25 - 30 ns 1
Transition Time (Rise and Fall) tr 3 50 3 50 3 50 ns
Refresh Command Delay Time tRED 40 —_ 50 — 60 — ns
Refresh Precharge Time trp 40 - 40 — 40 - ns
Refresh Command Pulse Width for Automatic Refresh tEAp 80 ns 8 ps 80 ns 8 us 80 ns 8 pus ’
Automatic Refresh Cycle Time [ 130 - 160 — 190 — ns
Refresh Command Pulse Width for Self Refresh tras 8 — 8 —_ 8 — us
Refresh Reset Time From Self Refresh tRES 600 - 600 — 600 — ns
Refresh Period tREF - 32 — 32 — 32 ms | 2048 cycle

NOTES: . ICHZ, toHZ and twHZ are defined as the time at which the output achieves the open circuit condition.

. 1CLZ. toLz and tow are sampled under the condition of tT = 5 ns and not 100% tested.

i

2

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 §oated prior to OE or WE
turning on output buffers.

o

. Transition time tT is measured between Vjy (min.) and Vi (max.).

~

After power-up, pause for more than 100 us and execute at least 8 initialization cycles, preferably as 8 refresh cycles.

o

. 2048 cycles of burst refresh or distributed automatic refresh must be executed within 15 us after seif refresh, in order to meet the refresh
specification of 32 ms and 2048 cycle.
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HM658512 Series

B TIMING WAVEFORMS
¢ Read Cycle

CE

tre

tce

Address

tas
|

tan

AOto A18

Valid

WE

tRcs

tone

tcea

toea

OE/RFSH

tReH

Dout

torz

tonz

tenz

| B—

Write Cycle " (OE High)

AN

Valid

trc

CE
tas

— =

tce

Address

I‘————’
A0 to A18 x

tew

WE

OE/RFSH

XDHl

Din
teLz
Dout

* Write Cycle ® (OE Low)

) tre
CE L< ] te A
ths | T tan

Address j§<
AOto A18 Dq: :

tow DH
WE = twe -
OE/RFSH N s

tow —TI_dﬂ fox
Din <X>E Valid <>
toiz
= twhz

Dout ———————‘<§<><><><><><;32
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¢ Automatic Refresh Cycle

HM658512 Series

— el trrD trc tec N
CE 1 tep N teap | 1 TFP trap
[
OE/RFSH o >k &
¢ Self Refresh Cycle

_ A taro __ tars "I\

CE o R tep . tras

— — R

OE/RFSH AT

* Read-Modify-Write Cycle
trwe
- [ tce
CE 71‘ tr I
tas n :
e — AH
Vali
Address X id
A0 to A18 i thcs tew
WE T tcea
— —— o
OE/RFSH S Z
torc toea
Din
torz tonz
¢ tcHz
cLz -
Dout <LLKL valid

* Low V¢ Data Retention Characteristics Ta=0 to 70°C. This characteristic is guaranteed only for LV-version.

Item Symbol Min. Typ. Max. Unit  Test Conditions
Vc for data retention VDR 4.0 — 5.5 \
Self refresh current Iccpr 50 pA  Vec=4.0V
g = VCC -02V
OE/RFSH = 0.2V
Vian =0V
100 wA  Vec =55V
C_E = Vec-02V
OE/RFSH = 0.2V
Vin =0V
Refresh setup time s 0 ns
Operation recovery time tER ms
G HITACHI
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HM658512 Series

* Low V¢ Data Retention Timing Waveform

Data retention mode

ch\/ ___________ K_—__—_V;R ~~~~~ 7 ———————————

CE \ —
24V CE2Vec-02V / N
0.8V oC M

tRFD

tFR tRFs_ |(Read/Write)
] >l

t t
T e © 1ras
/ \SL N
24V —
E/RFSH<0.2V
0.8V .._/ L

{Automatic Refresh)

Notes: 1. tg (rise time), tg (fall time) of power supply voltage must be smaller than 0.05 V/ms.
2. Keep CE = V¢ -0.2 V during data retention mode.
3. Regarding trgp, tpp tpas and tgps, refer to AC characteristics.
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HM10494 Series

16384-word x 4-bit Fully Decoded Random Access Memory

Description

The HM10484 is ECL 10K 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 (FG-28D)

» Fully compatible with 10K 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. Access Time Package (DG-28N)
HM10494-10 10 ns 400 mil 28 pin Cerdip

HM10494-12 12 ns (DG-28N)

HM10494F-10 10 ns 28 pin Ceramic Flat

HM10494F-12 12 ns (FG-28D)

Function Table

Input

o WE Din Output Mode
H X X L Not Selected
L L L L Write “0”
L L H L Write “1”
L H X Dout"! Read
Notes: x; Irrelevant *1; Read Out Noninven
Block Diagram Pin Arrangement
— """ ]
A7 A8 A9 A0 All A2 A1 b d 1 ] ]T3
7 2 9 %2 % % % bz [ 2 [ WE
[ Y-Decoder/Driver I pi[]3 26[ ] NC
. 2 v v v p1s |4 25[ ] A13
A0 o—r o1 []s u[Janr
aro poz[J6 23] ] Al
Azo— & vee [}7 22[ ] Al0
no-{ § 1D oAl vl 2] v
Ao X pos[]s 20 J A9
A50— % pos{ |10 19 Jas
AGO—-_—J Block 1 | Block2 | Block 3 | Block 4 a[u 18 J a7
a1 17{] a6
o &N | & | S | Sk a2l 16 1as
I3 3 Asr_" 14 15[ A4
DIi DOl Diz DO2 Di3 DO3 Di¢ DO4 o View
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HM10494 Series

Absolute Maximum Ratings (Ta = 25°C)

Item Symbol Rating Unit
Supply Voltage Vee to Vcc +0.5 to ~7.0 \%
Input Voltage Vin +0.5 10 Ves \Y
Output Current Iout -30 mA
Storage Temperature Tstg —65 to +150 °C
Storage Temperature Tstg (Bias)"! -55 0 +125 °C

Note:  *1; UnderBias

Electrical Characteristics
DC Characteristics (Vie = -5.2V, RL = 50Q 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
Vou -960 — -810 +25°C

Output Voltage —Ig?lg — _;Zzg mV  Vin = Via or ViLs ————+7(5)°g
VoL -1850 — -1650 +25°C
-1830 — -1625 +75°C
-1020 — —_ 0°C
Vouc -980  — — +25°C

0

Output Threshold Voltage 9? S T mV Vin = Vs or Via ‘_+—'7(5)eg' =
VoLc — —  -1630 +25°C
—  — -1605 +75°C
-1145 — -840 Guaranteed Input Voltage 0°C
Vm -1105 —  -810 High for All Inputs +25°C
~-145 — =720 +75°C
Input Voltage 71870 = <1490 ™Y Guarantecd Input Voltage 0°C
o -1850 — -1475 Low for All Inputs- +25°C
-1830 — 1450 +75°C

Im —_—— 220 Vin = VHa 0to +75°C
Input Current I _Osg = lzg HA  Vin= Vs gzl — 0to +75°C
-180 — — All Inputs and Outputs Ta=0°C
Supply Current Iee 180 — — mA Open Taz75C

AC Characteristics (Ves = -5.2 V £ 5%, Ta = 0 to +75°C, air flow exceeding 2 m/sec)

Read Mode
HM10494-10 HM10494-12 .
Item Symbol —pr Typ Max  Min Typ Max Unit  Test Conditions
Chip Select Access Time tacs —_ - 6 — — 8 ns
Chip Select Recovery Time RCS - - 6 — —_ 8 ns
Address Access Time tAA —_ - 10 — — 12 ns
G HITACHI
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HM10494 Serles

Write Mode
HM10494-10 HM10494-12 -
Item Symbol i Test Condit;
ym Min Typ Max Min Typ Max Unit est Conditions
Write Pulse Width tw 6 —_ — 8 — — ns twsa = tWSA min
Data Setup Time twsp 2 — — 2 — — ns
Data Hold Time tWHD 2 — — 2 — — ns
Address Setup Time tWsA 2 — — 2 — — ns tw = tw min
Address Hold Time tWHA 2 — — 2 — — ns
Chip Select Setup Time tWsCs 2 — — 2 — — mns
Chip Select Hold Time tWHCS 2 — — 2 — — ns
Write Disable Time tws — — 6 — — 8§ ns
Write Recovery Time tWR — — 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
Input Capacitance Cin — 3 — pF
Output Capacitance Cout — 5 — pF
© HITACHI
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Test Circuit and Waveforms

HM10494 Series
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Loading Condition Input Puise
Test Circuit
Q0 === 4
? Vec (GND) 80%
|
!
[
i/ !
! |
d
Dout o1V ! P : [ |
MUT. el beaed
[ | |
R, Ce
tr=18,=2.0ns typ.
Co=30pF
0.01uF ; Vis [SHANS (Includes probe
and jig capacitance)
Read Mode
- 50% Address 50%
- taa
I
Dout 50%
Write Mode
o] 50% x\
Address 50%><
S N
\
Din 50% {
N
WE x 50%
twso \ ° 7 twia
WA tw twucs
twscs ‘
Dout / 50%
tws twr
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HM10490 Series

65536-Words x 1-Bit Fully Decoded Random Access Memory

B 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.

B FEATURES

® 65536 x 1 Bit Organization
¢ Fully Compatible with 10K ECL Level

o Address Access Time .............c.covvvunnnn 10/12ns (max.)
e Write PulseWidth ............................ 6/8ns (min.)
e Low Power Dissipation ....................... 570mW (typ.)

¢ Output Obtainable by Wired-OR (Open Emitter)
Il ORDERING INFORMATION

Type No. Access Time Package
HM10490-10 10ns 300 mil 22 pin Cerdip
HM10490-12 12ns (DG-22N)

W BLOCK DIAGRAM

r Y—Decoder/Driver |

4

A4 O
As O
As O
A7 O
Ag O
Ag O~
A 100~
A 120

Memory Cell Array
65536 words x 1 bit

I X—Address/Decoder |

‘ :

WE —
TS 8:] > RW Clrcun6 I
Din Dout
G HITACHI

(DG-22N)

B PIN ARRANGEMENT

Dout [] 1 22[ ] vee
A[] 2 21 [] Din
M) 8 20[]Cs
A[] 4 19| WE
A3l 5 18 ] A5
A 6 17 ] A1
As [: 7 16 :] A13
As[ ] 8 15[ ] A2
A7 9 14 ] A
As[]10 13 [ J Ao

VEe [ 11 12[ ] Ag

(Top View)

H FUNCTION TABLE

Input

—7— Output Mode
CS |WE | D,

H| X |[X L Not Selected
L|L]J|L L Write 0"
L|L|H L Write “1°°
L | H| X [ Dy* Read

NOTES: X = Irrelevant;

* = Read out noninvert
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B ABSOLUTE MAXIMUM RATINGS (T, = 25°C)

HM10490 Series

Item Symbol Rating Unit
Supply Voltage VEg to Vee +0.5 to ©7.0 v
Input Voltage Vin +0.5 to Vgg \'%
Output Current Lout 030 mA
Storage Temperature Tag 065 to +150 °C
Storage Temperature Tsip(vias)™® 055 to +125 °C

NOTE: * = Under bias.
B DC CHARACTERISTICS (Vgg = 65.2V, Ry = 502 to ©2.0V, T, = 0to +75°C, air flow exceeding 2m/sec.)
Item Symbol Test Condition Min.(B) | Typ. { Max.(A) | Unit
0°C 01000 | — | 6840
Vou +25°C 0960 | — 0810
+75°C 0%0 | — | 0720
Output Voltage Vin = VIHA or VILB 0°C 01870 — 01665 mV
VoL +25°C 01850 | — | ©1650
+75°C 01830 | — | 01625
0°C 01020 | — —
Vouc +25°C 6980 | — —
+75°C 0920 | — —
Output Threshold Voltage Vin = Vg or Vpa 0°C — N T mV
VoLc +25°C — — | 01630
+75°C — — | ©1605
G edl Vol 0°C o145 | — | ©O840
uaranteed Input Voltage > —
Vg High for All Inputs +25°C o1105 o810
Input Voltage +75°C 01045 | — 0720 mV
i ¢ usmmond tomt Ve 0°C o1870 | — | 61490
uaranteed Input Voltage 5 —
Vi Low for All Inputs +25°C 01850 01475
+75°C 01830 | — | ©1450
IIH Vi,, = VIHA 0to +75°C — — 220
Input Current CS 0.5 — 170 | pA
=V °
IIL Vm ILB Others 0to +75°C 950 — _
Supply Current Igg | All Inputs and Outputs Open | 0°C, 75°C 0140 — — mA
M AC CHARACTERISTICS (Vg = 05.2V = 5%, T, = Oto +75°C, air flow exceeding 2m/sec.)
1. Read Mode
HM10490-10 HM10490-12
It Symbol Test Conditi it
em ymbo st Condition o T Typ. | Max.| Min. | Typ. | Max| O™
Chip Select Access Time tacs — — 6 — — 8 ns
Chip Select Recovery Time tres — — 6 — — 8 ns
Address Access Time tAa — — 10 — — 12 ns
G HITACHI
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HM10490 Series

2. Write Mode
Item Symbol Test Condition Min. | Typ. [ Max.| Min. | Typ. | Max.| Unit
Write Pulse Width tw twsa = twsa min. 6 - . 8 — - ns
Data Setup Time twsp 2 — — 2 — - ns
Data Hold Time twHD 2 — — 2 — — ns
Address Setup Time twsa tw = tw min. 2 — — 2 — — ns
Address Hold Time tWHA ) 2 i 2 — | — | ms
Chip Select Setup Time twscs 2 — — 2 - — ns
Chip Select Hold Time tWHCS 2 — 2 — — ns
Write Disable Time tws - | - 6 - | - 8 ns
Write Recovery Time twR - - 12 - — 4 ns
3. Rise/Fall Time
Item Symbol Test Condition Min. Typ. Max. Unit
Output Rise Time [ — 2 — ns
Output Fall Time te —_ 2 — ns
4. Capacitance
Item Symbol Test Condition Min. Typ. Max. Unit
Input Capacitance Cin — 3 — pF
Output Capacitance Cout — 5 — pF
B TEST CIRCUIT AND WAVEFORMS
1. Loading Condition 2. Input Pulse
Ve (GND) o9V
s
e1.7V
M.U.T.
p
0.01p F VEE 2.0V
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HM10490 Series

3. Read Mode

4. Write Mode

Dout ~°==°°°~==°°%
- twscs o \’\ / I 50%
- twr -

G HITACHI
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HM10500 Series Preliminary

262,144 Words x 1-Bit Fully Decoded Random Access Memory

W 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.

B FEATURES
® 262,144-words x 1-bit Organization
¢ Fully Compatible with 10K ECL Level (DG-24V)
® Address Access TiIme. .. .....covviv i innen 15ns (max.)
e Write PulseWidth . . ......................00t 10ns (min.)
e Low Power Dissipation ....................... 520mW (typ.) B PIN ARRANGEMENT
¢ Output Obtainable by Wired-OR (Open Emitter) . v
out |1 uf lvee
H ORDERING INFORMATION CINE a[Jon
Type No. Access Time Package "E 3 2 %5‘
_ 300 mil 24 pin 2] allw
HM10500-15 I5ns Cerdip (DG-24V) A;,E s 2 %m
A [ 1] A6
B FUNCTION TABLE s s
Input ase [ Jan
o WE— D. Output Mode ms 16{ Jan
L M[: 10 18 juz
H X X L Not Selected wn wFan
L L L L Write **0"" o[ 1 [Jwro
L L H L Write 1" (Top View)
L H X D! Read
NOTES: X = Irreievant
#] = Read Out Noninvert
@ HITACHI
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HM10500 Series

B BLOCK DIAGRAM

Ao °—me
0
Ar o—137u e MEMORY
: 54| [CELL ARRAY
2o
E <9l | 256x1024 ™y o D,
A 74
A,
] I
SENSE AMP o
and R/W Gere(p T3
CONTROL —
I WE
Y-ADDRESS
DECODER D,
‘ %
AsAy ----- Ay
@ HITACHI
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HM10500 Series

Absolute Maximum Ratings (Ta=25°C)

{tem Symbol Rating Unit
Supply Voltage Vgg to Vcc +0,5 to —-7.0 \"
Input Voltage Vin +05t0 Ve \"
Output Current Tout -30 mA
Storage Temperature Tstg —65 to +160 °c
Storage Temperature Tstg (Bias)® —55 to +125 °c

* Under Bias

Electrical Characteristics

DC Characteristics (Vgg=—5.2V, R =509 to ~2.0V, Ta=0 to +75°C, air flow exceeding 2m/sec)

Item Symbol min (8) typ max (A)  Unit  Test Condition
-1000 - -840 o°c
Vor -960 - -810 +25°C
-900 - -720 +75°C
Output Voitage 1870 — T mV Vin®Vina o Ve oo
VoL —1850 - -1650 +25°C
-1830 - -1625 +75°C
-1020 - - 0°c
Vone —980 - - +25°C
- - - +758°
Sﬁfﬁ.:imm'd 923 - Teas - ™ Vin™VimsorViLa 72.,2
VoLe - - -1630 +25°C
- - —1605 +76°C
—-1145 - -840 0°c
Ve s - e
Input Voltage 1048 - —720 mV ’75:0
-1870 - —1490 0°C
v e - St oo %" w2
-1830 - ~1450 +75°C
i - - 220 Vin®ViHa 0to +75°C
input Current 05 - 170 [ R
e =0 — ~ BA Oen Vin"ViLs 0to +75°C
o
Supply Current lEE :: :g : : mA ?L'“' r;’?:t:;nd Outputs Open, Tem0'C

AC Characteristics (Vgg=—5.2Vt5%, Ta=0 to +75°C, air flow exceeding 2m/sec)

Ts=75°C

Read Mode
Item Symbol min typ max Unit Test Condition
Chip Select Access Time tacs - - 15 ns
Chip Select Recovery Time tacs - - 10 ns
Address Access Time tan - - 15 ns
G HITACHI
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HM10500 Series

Write Mode
Item Symbol min typ max Unit Test Condition
Write Pulse Width tw 10 - - ns twsAa=2ns
Data Setup Time twsp 2 - - ns
Data Hold Time twHo 3 - - ns
Address Setup Time twsa 2 - - ns tyy=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 t, - 2 - ns
Output Fall Time t - 2 - ns
Capacitance
Item Symbol min typ max Unit Test Condition
Input Capacitance Cin - 3 - pF
Output Capacitance Cout - 5 - pF
@ HITACHI
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HM10500 Series

Test Circuit and Waveforms

Loading Condition Input Pulse
T VedGND)
Dout
MUT.
R [ .
I b= 1, 2008
R.=50Q
0.01.F Ver S2.0V C.=30pF
; (Includes probe
and jig capacitance)

Read Mode

Address 50%

Dout 50%

Lwna

[ twnes

50%
Dout tuses _\r\ "

G HITACHI
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HM100494 Series

16384-word x 4-bit Fully Decoded Random Access Memory
Description

The HM100494 is ECL 100K compatible, 16384-word by 4-bits
read/write random access memory developedfor high speed systems
such as scratch pads and control/buffer storage.

Features

* 16384-word x 4-bit organization

* Fully compatible with 100K 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)

(FG-28D)

Ordering Information

(DG-28N)
Type No. Access Time Package
HM100494-10 10 ns 400 mil 28-pin Cerdip
HM100494-12 12 ns (DG-28N)
HM100494F-10 10 ns 28-pin Ceramic Flat
HM100494F-12 12 ns (FG-28D)
Function Table
Input
&3 WE Din Output Mode
H X X L Not Selected
L L L L Write “0”
L L H L Write “1"
L H X Dout"! Read
Notes: x; Irrelevant *1; Read Out Noninvert
Block Diagram Pin Arrangement
A7 A8 A9 AI0 All A2 AI3 on[T: ~ wMlcs
FETYYYY o e
I Y -Decoder/Driver j
pis[[]3 %[ JNC
m v v Vv Vv pu[]4 [ ] A3
400 por[[]s u[ ) A
i poz2["]s x[] an
o] E
e 8 L p Memory Cell Array vee[]7 2[7J Alo
Az & 16384words X dbits Ve [ 8 2 [ Vee
A0 &
o o3 [T]¢ 20/ 7] A9
o4 10 0[] A8
A6 O Block 1 Block 2 | Block 3 | Block 4
_ A0 [: 1 18[7) A7
we - l X l ¥ I i s 17[7] 6
Cs Circuit Circuit Circuit6 AClrcuu A2 D 13 16 g A5
DII DOI Diz DO2 DI3 DO3 DI4 DO4 As_J 15[ ] A4
(Top View)
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HM100494 Series

Absolute Maximum Ratings (Ta = 25°C)

Item Symbol Rating Unit
Supply Voltage Vee to Vee +0.5t0 -7.0
Input Voltage Vin +0.5to Vee
Output Current Tout -30
Storage Temperature Tstg 65 to +150
Storage Temperature Tstg (Bias)'* -55to0 +125

Note:

Electrical Characteristics

*1: UnderBias

DC Characteristics (Vee = —4.5 V, RL = 50Q 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 oy Vin = Via or ViLB

Output Threshold Voltage 3:'::: —IOE : ] 6; ::z Vin = Vs or VoA

Input Voltage Vi ~1165 — -880 mV G}xaranteed Input Voltage
\i -1810 — 1475 mV High/Low for All Inputs
Im — — 220 HA Vin = Via

Input Current s 0.5 — 170 HA Vin = Vis [o]

-50 — — Others
Supply Current Iee -180 — — mA All Inputs and Outputs Open

AC Characteristics (Vee = -4.5 V £ 5%, Ta = 0 to +85°C, air flow exceeding 2 m/sec)

Read Mode
HM100494-10 HM100494-12 . .
Item Symbol Min Typ Max Min Typ Max Unit  Test Condition
Chip Select Access Time tacs —_ — 6 —_ -— 8 ns
Chip Select Recovery Time tRes _ = 6 — —_ 8 ns
Address Access Time tAA —_  — 10 — — 12 ns
Write Mode
HM100494-10 HM100494-12 -
I Symbol i Test Cond
fem ymbo Min Typ Max Min Typ Max Unit est Condition
Write Pulse Width tw 6 —_ —_ 8 —  — ns tWSA = tWSA min
Data Setup Time twsp 2 —_ — 2 — — ns
Data Hold Time tWHD 2 —_ — 2 — — ns
Address Setup Time tWsA 2 — —_ 2 — — ns tw = tw min
Address Hold Time tWHA 2 — —_ 2 — — ns
Chip Select Setup Time twscs 2 — —_ 2 — — D
Chip Select Hold Time tWHCs 2 — — 2 — — ns
Write Disable Time tws — — 6 — — 8 ns
Write Recovery Time tWR — — 12 — — 14 ns
@ HITACHI
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HM100494 Serles

Rise/Fall Time
Item Symbol Min Typ Max Unit Test Condition
Output Rise Time r —_ 2 —_ ns
Output Fall Time tf — 2 — ns
Capacitance
Item Symbol Min Typ Max Unit Test Condition
Input Capacitance Cin — 3 — pF
Output Capacitance Cout —_ 5 —_— pF
G HITACHI
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HM100494 Series

Test Circuit and Waveforms
Loading Condition Input Pulise
Test Circuit
T Vec (GND) S0V ~--—-- y 0%
\
W/ AV
| | 20%
Dout o1V ] : i
MUT. 4! &
| |
R, C, ' :
; &=1t,=2.0ns typ.
L3 o
Cu=30pF
0.01F Vis O20v (l:cludel probe
; and jig capacitance)
Address 50%

Dout

Write Mode
cs 50% 3\‘ /-—-
Address 50;0’><
__________ —————

Din 50%

\,

N e — - —— — — O — — —— — — —— —"
WE X 50% twha

twso.
twsa tw twues
Dout buses 50%
tws twn
G HITACHI
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HM100504 Series Preliminary

65,536-Words x 4-Bit Random Access Memory

B DESCRIPTION
The Hitachi HM100504 is ECL 100k compatible,
65,536 words by 4 bits read/write random access
memory developed for high speed systems such as
cache and control/buffer storage.
B FEATURES
¢ 65,536-words x 4 bit organization FG-28DA
¢ Fully compatible with 100k ECL level
¢ (0.8 um Hi-BiCMOS process
* Address access time: 10/12 ns (max.) B PIN ARRANGEMENT
o Write pulse width: 7/9 ns (min.) -
¢ Low power dissipation: 500 mW (typ.) HM100504 Series
¢ Output obtainable by wired-OR (open emitter; i
p y (op ) Do [ 7 p” c
® ORDERING INFORMATION Dy [ 2 31 [] WE
Type No. Access Time Package Di» E 3 30 :I Ass
: 28 pin Ceramic Flat D A
e I e o =P
FG-28DA Doo ] 5 28 Az
B PIN DESCRIPTION 501 O] e 27 O ?2
7 26
Pin Name Function DCC E D Vﬂ
Ap-A1S Address Input 02 E 8 25 j EE
Di10-D13 Data Input DO3 E 9 24 D A10
Do0-Do3 Data Output Ao 10 23 j Ag
WE Write Enable At 11 22 [ Ag
cS Chip Select Az ]2 21 j A7
vee Ground Az []13 20 [ As
VEE Supply Voltage As[]14 19 [ As
W BLOCK DIAGRAM (Top View)

A7 Ag As Ag Ao A1z Ays Ags

PPP?29292°9¢°

Y—Decoder/Driver

v v v

A1 O
Az O
Ag O
A0 O
A11 O—
Az O

Memory Cell Array
: 65536 words x 4 bits

X-Decoder/Driver J

Ay O Block 1| Block 2| Block 3 | Block 4

3

[ CIrcuné (J)Circunté échuuté d:wcunté

Do DooDiy Dot D2 Doz Dis Dos

G HITACHI
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HM100504 Series

B FUNCTION TABLE
Input
— — Output Mode
CS WE Din
H x! X! L Not Selected
L L L L Write “0”
L L H L Write “1”
L H Xl Dout2 Read
Notes: 1. Irrelevant
2. Read Out Noninvert
B ABSOLUTE MAXIMUM RATING (Ta =25°C)
Item Symbol Rating Unit
Supply Voltage VEE to VCC +0.5t0 -7.0 \Y%
Input Voltage Vin +0.5 to VEE v
Output Current Tout -30 mA
Storage Temperature Tstg —65 to +150 °C
Storage Temperature Tstg (bias)! —55to +125 °C

Note:

1. Under bias (VEE = 6.0V min.)

B ELECTRICAL CHARACTERISTICS
o DC Characteristics (VEE = 4.5V, RL = 50Q to 2.0V, T¢ = 0 to +85°C)

Item Symbol Min (B) Typ Max (A) Unit Test Condition
Output Voltage VoH 1025 953 —880 mv Vin = VIHA or VILB
VoL -1810 -1715 -1620 mV
Output Threshold Voltage VOHC 1035 — — mv Vin = VIHB or VILA
VoLC — — —-1610 mV
VIH -1165 - —880 mV Guaranteed Input Voltage
Input Voltage VIL _1810 _ _1475 mv High/Low for All Inputs
IIH — — 220 HA Vin = VIHA

Input Current - 0.5 — 170 LA Vin = VILB (CS)

-50 — — HA Vin = VILB (Others)
Supply Current IEE —-180 — — mA All Inputs and

Outputs Open
B AC CHARACTERISTICS (VEE = 4.5V £ 5%, Tc = 0 to +85°C)
¢ Read Mode
HM100504-10 HM100504-12 ) =
Item Symbol Min Typ Max Min | Typ | Max Unit | Test Condition
Chip Select Access Time tACS — — 6 — — 7 ns
Chip Select Recovery Time tRCS — — 6 - — 7 ns
Address Access Time tAA — — 10 — — 12 ns
G HITACHI
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HM100504 Series

* Write Mode

HM100504-10 HM100504-12 . .
Item Symbol Min Typ Max Min | Typ | Max Unit | Test Condition
Write Pulse Width tW 7 — — 9 o — ns _JtWSA = tWSA min
Data Setup Time tWSD 1 — — 1 — — ns
Data Hold Time tWHD 1 — — 1 — — ns
Address Setup Time tWSA 1 — — 1 — — ns tw = tw min
Address Hold Time tWHA 2 — — 2 — — ns
Chip Select Setup Time tWSCS ! — — 1 — — ns
Chip Select Hold Time tWHCS 1 — — 1 — — ns
Write Disable Time tWS — — 6 — — 6 ns
Write Recovery Time tWR - — 12 — — 14 ns
* Rise/Fall Time
Item Symbol Min Typ Max Unit Test Condition
Qutput Rise Time tr — 2 — ns
Output Fall Time tf —_ 2 — ns
* Capacitance
Item Symbol Min Typ Max Unit Test Condition
Input Capacitance Cin 3 pF
Output Capacitance Cout 5 pF
B TEST CIRCUIT AND WAVEFORMS

1. Loading Condition 2. Input Puise
Test Circiut
Vee (GND)
?
Dout
M.U.T.

RL CL tr=tf=
/;'7 r= tf= 2.0ns typ

0.01 uF/; Vee 20V

R.= 50Q
C_= 30pF
( Includes probe and jig capacitance)

G HITACHI
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HM100504 Series

M TIMING WAVEFORM
3. Read Mode

Address *so%
. taa ,
Dout >l<50%

tacs

Dout

4. Write Mode

Din 50% 3 ’
e .
twHD
__ -~

G HITACHI
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HM100500 Series

Preliminary

262,144-Word x 1-Bit Fully Decoded Random Access Memory
W DESCRIPTION

The HM100500CG-18 is ECL 100K compatibli, 262,144-word x
1-bit, read/write random access memory developed for high speed
systems such as main memories for super computers.
W FEATURES
* 262,144-Word x 1-Bit Organization
¢ Fully Compatible with 100K ECL Level
® Address Access Time. .. ...............ovvvuinn 18ns (max.) (FG-24A)
s Write PulseWidth. . .................. ...t 10ns (min.)
* Low Power Dissipation . ...................... 500mW (typ.)

* Output Obtainable by Wired-OR (Open Emitter)
W ORDERING INFORMATION

Type No. Access Time Package
24 pin CERDIP
HM100500-18 18ns (DG-24V)
28 pin LCC
HM 100500CG-18 18ns (CG-28B) (DG-24V)
24 pin Ceramic Flat
HM 100500F-18 18ns (FG-24A)
B FUNCTION TABLE
Input
— e Output Mode
CS WE D,
H X X L Not Selected
L L L L Write ‘0"’ (CG-28B)
L L H L Write ‘17
L H X Dgy™! Read
NOTES: X = Irrelevant
*] = Read Out Noninvert
G HITACHI
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HM100500 Series

BLOCK DIAGRAM

oo
Mo

X-ADDRESS
DECODER

MEMORY
CELL ARRAY

255 X 1024

7):—0 Dout

1

SENSE AMP
and R/'W
CONTROL

Cs

WE

Y-ADDRESS
DECODER

@ HITACHI
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HM100500 Series

Pin Arrangement

(FG-24A) (DG-24V)
Dout 1 24 vee
A16 O 1e 24 DA's Ao 2 23 Din
‘%715['.‘2",nd 23 DAy a3 22[]Cs
a3 index 22 [BAq, —
s da 21 BAs2 A2[] 4 21 WE
Din 5 20 P Aqy Al s 20 ] Aw
Ve Q6 19 P Ao As] 8 19 [] Ave
Dout[] 7 18 D Ve as] 7 18 7] A5
A, Os 17 DAy
Ay 009 16 P A, A ] 8 17 ] Aua
A, O10 15 0A, A o 16 ] A3
A3 On 14 PAg As [ 10 15 ] Ar
A 412 13 P As Ao [ m 14 7] Ay
vee [] 12 13 ] Ao
(Top View) (Top View)
(CG-28B)
Inden A0 10 Viva Vige Vire Vlin
[l B PP EYa s e AN
IR I INEE]
LulawdlJliaLa
Al tl’: wi]es
L Cl]we
Y] N cian
MLETD cii]ame
AR Cii; N
AsL V3 Calan
AT CI{an
Aslii3 {3]an
NI
1120 Yar 0 gt gl Wiy
AY Yea Vaes ALO ANL ALZ
(Top View)
G HITACHI
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HM100500 Serles

Absolute Maximum Ratings (Ta = 25°C)

Item Symbol Rating Unit
Supply Voltage Ve to Vee +0.5 to -7.0 v
Input Voltage Vin +0.5 to Ve \
Output Current Iout =30 mA
Storage Temperature Tstg -65 to +150 °C
Storage Temperature Tstg (Bias)"! =550 +125 °C
Note:  *1; UnderBias
Electrical Characteristics
DC Characteristics (Vee = -4.5 V, RL=50Q 10 -2.0 V, Ta = 0 to +85°C, air flow exceeding 2 m/sec)
Item Symbol Min (B) Typ Max (A) Unit Test Conditions
Vou  -1025 -955 -880 mV .
Output Voltage Vo 1810 1715 -1600 _my _Yin=VmaorVis
Vouc  -1035 — — mV .
Output Threshold Voltage Voo — — 3610 v Vin = Vs or ViLa
Vi -1165 — -880 mV Guaranteed Input Voltage
Input Volta
pul Yolage Vi <810 1475 mV  High/Low for All Inputs
Im — — 220 RA Vin = Via
Input Current I 0.5 — 170 LA Vin = Vas (o]
-50 — — Others
Supply Current Iee -160 — — mA All Inputs and Outputs Open

AC Characteristics (Vee = -4.5 V + 5%, Ta = 0 to +85°C, air flow exceeding 2 m/sec)

Read Mode
Item Symbol Min Typ CG-18Max F-18Max 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-188Max F-18Max Unit  Test Conditions

Write Pulse Width tw 10 — — ns twsa=2 ns
Data Setup Time twsD 2 — —
Data Hold Time tWHD 3 — — ns
Address Setup Time twsA 2 — — ns w=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
G HITACHI
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HM100500 Series

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
Input Capacitance Cin — 3 — pF
Output Capacitance Cout — 5 — pF
Test Circult and Waveforms
Loading Condition Input Puilse
VedGND)
0V — e mm e
f -
\ )
! i
Dout : | 20%
MUT. v P | !
R T & o e
ty=t,=2.0n
00LuF Ver 20V ComdpF(ncldes
; probe and jig
capacitsnce)
Read Mode
Address 50%
taa
Dout 509%
s 5% 5‘\ 50% /!
Address 509}( 50’><
__________ - jmmm e ———t -
Din 5‘”‘{ 50%
A _,’
Swno
- Lwsp 50% 50% [ twwa
WE \ /
twsa tw Lwaes
Dout Lwscs _ko" m/ l
tws twn |
G HITACHI
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HM100514 Series Preliminary
262,144-words x 4-bit Fully Decoded Random Access Memory
B 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.
B FEATURES (FG-32D)
* 262,144 x 4-bit organization
¢ Fully compatible with 100k ECL level
¢ Address access time: 15 ns (max.) W PIN ARRANGEMENT
¢ Write pulse width: 9 ns (min.) HM100514 Series
¢ Low power dissipation: 800 mW (typ.)
* Qutput obtainable by wired-OR (open emitter) A ] 32 [ A
A ] 2 31 11 Asp
W BLOCK DIAGRAM A3 30 17 Agy
Ay [ 4 29 '] Ao
5
Ag Ag Aq1 Asz A1z A Ais AgAgr cs [ o
000QQQQQQ e 7 H D
| Y—Decoder/Driver Doo (4 7 26 1) Dog
I o= DO =
Ag O Vee [ © 24 [ Vec
Ao Doy []10 23 [ Dog
AZO—.g _%_E” 22 jD|2
Az 012 F’ Memory Ceil Array WE [ 12 21 [ Ag
Ay O § 262144 words x 4 bits A [}18 20 [ A
As 0+ § Ay []14 19 ] Ag
Ag 05 A, )15 18 [ A
A7 O Block 1 | Block2 | Block3 | Block 4 Ag 16 17 1 A,
Mo T 1 7
WE RIW AW AW RIW (Top View)
C—S Circuit Circuit Circuit Circuit
Dly DOpDl; DOy Dl DO, Diy DO
o T TR T T T T W PIN DESCRIPTION
Pin Name Function
Ao-A17 Address Input
Dio-Di13 Data Input
Do0-DO3 Data Output
WE Write Enable
[ Chip Select
vce Ground
VEE Supply Voltage
G HITACHI
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HM100514 Series

B TRUTH TABLE
Input
— — Output Mode
CS WE Din
H X X L Not Selected
L L L L Write “0”
L L H L Write 17
L H X Dout” Read
Notes:  X: Irrelevant
*; Read Out Noninvert
B ABSOLUTE MAXIMUM RATING (Ta =25°C)
Item Symbol Rating Unit
Supply Voltage VEE to VCC +0.5 to -7.0 v
Input Voltage Vin +0.5 to VEE \%
Output Current Tout =30 mA
Storage Temperature Tstg —65 to +150 °C
Storage Temperature Tstg (bias)” —55t0 +125 °C

Note:

1. Under bias (VEE = 6.0V min.)

B ELECTRICAL CHARACTERISTICS
« DC Characteristics (VEE = 4.5V, RL = 50Q to =2.0V, T¢ = 0 to +85°C)?

Item Symbol Min (B) Typ Max (A) Unit Test Condition
Output Voltage VOH ~1025 -955 —-880 mV Vin = VIHA o Vil
VoL -1810 -1715 -1620 mV
Output Threshold Voltage VOHC ~1083 - — mV Vin = ViHB or VLA
VoL — — -1610 mV
, VIH 1165 — —880 mV Guaranteed Input Voltage
Input Voltage ViL 1510 — 1475 mv High/Low for All Inputs
IH — — 220 MA Vin = VIHA
Input Current L 0.5 — 170 HA Vin = VILB (CS)
=50 — — HA Vin = VILB (Others)
Supply Current IEE —180 — — mA All Outputs Open
B AC CHARACTERISTICS (VEE = 4.5V + 5%, Tc = 0 to +85°C)2
* Read Mode
Item Symbol Min Typ Max Unit Test Condition
Chip Select Access Time tACS - — 10 ns
Chip Select Recovery Time tRCS — — 10 ns
Address Access Time tAA — — 15 ns
@ HITACHI
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HM100514 Series

* Write Mode

Item Symbol Min Typ Max Unit Test Condition
Write Pulse Width w 9 — — ns tWSA = tWSA min
Data Setup Time tWSD 2 — — ns

Data Hold Time tWHD 2 e — ns

Address Setup Time tWSA 2 — — ns W = tW min
Address Hold Time tWHA 2 — — ns

Chip Select Setup Time tWSCS 2 — — ns

Chip Select Hold Time tWHCS 2 — — ns

Write Disable Time tws — — 15 ns

Write Recovery Time TWR — — 17 ns

* Rise/Fall Time

Item Symbol Min Typ Max Unit Test Condition
Output Rise Time tr — 1 — ns

Output Fall Time tf — 1 — ns

* Capacitance

Trem Symbol Min Typ Max Unit Test Condition
Input Capacitance Cin — 3 — pF

Output Capacitance Cout — 5 — pF

B TEST CIRCUIT AND WAVEFORMS

¢ Loading Condition

Test Circuit

Vce (GND)

M.U.T.

Dout

0.01pF /;.E viss

-2.0V

RL

¢ Input Pulse

-1.7V

s
t=t{=2.0ns typ

R .=50Q

CL=30pF

(includes probe

and jig capacitance)

@ HITACHI
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HM100514 Series

Address 50%
taa ,
Dout ﬁ(SO%

e Read Mode

e Write Mode

cs 50% 2
/|
Address 50%% *
______ I T L

Din 50% ¥ X
twHD

WE \|
twsp N\ /| twHA
twsa tw twhcs

Dout ~~°""°°~""°°
twscs \I\ 50%
1
tws R
GO HITACHI
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HM100510 Series ’ Preliminary

1,048,576-words x 1-Bit Random Access Memory

B DESCRIPTION
The Hitachi HM100510 is ECL 100k compatible,
1,048,576 words by 1 bit read/write random access
memory developed for high speed systems.
B FEATURES
¢ 1,048,576-words x 1 bit organization
¢ Fully compatible with 100k ECL. level H PIN ARRANGEMENT
¢ 0.8 um Hi-BiCMOS process -
* Address access time: 15 ns (max.) HM100510 Series
¢ Write pulse width: 9 ns (min.)
» Low power dissipation: 700 mW (typ.) Ass [] 1 28 [] A
* Output obtainable by wired-OR (open emitter) A ]2 21 ] Az
B ORDERING INFORMATION 217 s 2 {] 212
4 25
Type No. Access Time Package 18 E :I 1
Ag [ 5 24 [ Ao
28 pin Ceramic Flat ~a
HMI00510F-15 15ns (30 mil Lead Pitch) CS[]s 23 [ Ag
(FG-28DB) Voo [ 7 22 [ Vee
VEE [: 8 21 :] VCC
N PIN DESCRIPTION D 20 [ Do
Pin Name Function WE 1o 19 [ Ag
AQ-A19 Address Input Ag I: 1 18 j A;
D1 Data Input A1 E 12 17 :] A6
Do Data Output A I: 13 16 :} A
WE Write Enable A2 A5
TS Chip Select s [ 15 [1 A4
vce Ground (Top View)
VEE Supply Vottage P
B BLOCK DIAGRAM
$oTTITTTTEY
] Y—Decoder/Driver J
As O]
Ae O o
A O :‘2_)
Ao 0 S
0 O ol Memory Cell Array
Aroqg 104856 words x 1 bits
A2 O §
a
Ae O %
A7 O
Ag O ;
WE S R/W Circuit |
CS
O O
D Do
G HITACHI
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HM100510 Series

B FUNCTION TABLE
Input
— — Output Mode
CS WE Din
H X! X! L Not Selected
L L L L Write “0”
L L H L Write “1”
L H X! Dout2 Read
Notes: 1. Irrelevant
2. Read Out Noninvert
B ABSOLUTE MAXIMUM RATING (T, =25°C)
Item Symbol Rating Unit
Supply Voltage VEE to VcC +0.5t0-7.0 \'
Input Voltage Vin +0.5 to VEE \
Output Current Tout -30 mA
Storage Temperature . Tstg -65 to +150 °C
Storage Temperature Tstg (bias)! -55t0 +125 °C
Note: 1. Under bias (VEE = —6.0V min.)
W ELECTRICAL CHARACTERISTICS
o DC Characteristics (VEE = 4.5V, RL = 50Q to —2.0V, TC = 0 to +85°C)
Item Symbol Min (B) Typ Max (A) Unit Test Condition
Output Voltage Vol -1025 955 -880 mV Vin= VIHA or ViLi
VoL -1810 —-1715 -1620 mV
Output Threshold Voltage VOHC ~1035 — - mv Vin= VIHB or VILA
VOLC — — -1610 mV
VIH —-1165 — -880 mVY Guaranteed Input Voltage
Input Voltage iL 1810 — “1a7s v |High/Low for All Inputs
IIH — — 220 UA Vin = VIHA
Input Current L 0.5 _ 170 HA Vin= VILB (CS)
-50 — — HA Vin = VILB (Others)
Supply Current IEE —180 — — mA All Outputs Open
B AC CHARACTERISTICS (VEE = 4.5V £ 5%, Tc =0 to +85°C)
* Read Mode
Item Symbol Min Typ Max Unit Test Condition
Chip Select Access Time tACS — — 10 ns
Chip Select Recovery Time tRCS _ — 10 ns
Address Access Time tAA — — 15 ns
@ HITACHI
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HM100510 Series

¢ Write Mode

Item Symbol Min Typ Max Unit Test Condition
Write Pulse Width tw 9 — — ns tWSA = tWSA min
Data Setup Time twSD 3 — — ns
Data Hold tWHD 3 — — ns
Address Setup Time tWSA 3 e — ns tw = tw min
Address Hold Time tWHA 3 e — ns
Chip Select Setup Time tWSCS 3 — — ns
Chip Select Hold Time tWHCS 3 — — ns
Write Disable Time tws — — 15 ns
Write Recovery Time tWR — — 18 ns
* Rise/Fall Time
Item Symbol Min Typ Max Unit Test Condition
Output Rise Time tr — 1.5 — ns
Output Fall Time tf — 1.5 — ns
¢ Capacitance
Item Symbol Min Typ Max Unit Test Condition
Input Capacitance Cin — 3 — pF
Output Capacitance CouTt — 5 — pF
W AC TEST CONDITION W INPUT PULSE
—0.9v
Vce (GND)
?
Dout -1.7V
M.U.T. tr =tf = 2.0 ns typ.
RL=50Q
CL=30pF

0.01uF

/; Veg -2.0V

(includes probe and

jig capacitance)

@ HITACHI
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HM100510 Series

H TIMING WAVEFORM
¢ Read

Address /N 50%

Dout 50%

Din 50°/e/\\/ ., ’
twHD
WE /

WE N 50%
twsb Rs /| twHa
twsa tw twres
[57e17] U "
twscs J \1\ 50%
' t
tWS WR
®HITACHI
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HM101494 Series

16384-Words x 4-Bit Fully Decoded Random Access Memory
W 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

o Address Access Time .................couuen 10/12ns (max.)
eWrite PulseWidth ............................ 6/8ns (min.)
e Low Power Dissipation ....................... 750mW (typ.)

¢ Output Obtainable by Wired-OR (Open Emitter)
B ORDERING INFORMATION

Type No. Access Time Package
HM101494-10 10ns 400 mil 28 pin Cerdip
HM101494-12 12ns (DG-28N)
HM101494F-10 10ns 28 pin Ceramic Flat
HM101494F-12 12ns (FG-28D)

B BLOCK DIAGRAM

A; Ag Anp A A A
? 9

l Y—Decoder/Driver I

S T !

Ao O—r:-

A103

a2 §

A: g % Memory Cell Array

Asod 8 " 16384 words x 4 bits

As O

Ag O

As O-{>]| [Biock1|Block2Block3 | Block 4
WE LT W G W
’é§ Circult Clroult Circult Circult

Dly DO1Di2 DO2Di3 DO3DI4 DO4

@ HITACHI

(FG-28D)

(DG-28N)

H PIN ARRANGEMENT

on[] 1 28[|CS
D[] 2 27 [ WE
D[] 3 26 [} NIC
Du[] 4 25| J A1z
Dot [] 5 24 ] A2
Do2[] 6 23] An
vec [ 7 22 [ Ao
veea [] 8 21| ] Vee
Dos[] ¢ 20 ] Ae
Dos [} 10 19[] As
A [ 18] A7
A [ 12 17{] As
A2[]13 16 ] As
Az [] 14 15 ] A

(Top View)

B FUNCTION TABLE

Input
—T— Output Mode
CS |WE | D;,
H|X | X L Not Selected
L|LJ|L L Write “0”°
L{L|H L Write ““1°*
L |H | X | Dy* Read
NOTES X = Irrelevant;
* =

Read out noninvert
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HM101494 Series
B ABSOLUTE MAXIMUM RATINGS (T, = 25°C)

Item Symbol Rating Unit
Supply Voltage VEg to Vo +0.5 to 67.0 \4
Input Voltage Vin +0.5t0 Vgg \
Output Current h,:_ 030 mA
Storage Temperature T, ©65 to + 150 °C
Storage Temperature Tugcoian)® 55 to +125 °C

NOTES: 1. Under bias.
2. Ceramic flat ... Tc, Cerdip ... T,.

W ELECTRICAL CHARACTERISTICS

¢ DC Characteristics (Vgg = 5.2V, R| = 50Qto -2.0V®), T, = 0 to +85°C, air flow exceeding 2m/sec.?,
Tc = 0to +85°C)

Item Symbol Test Condition Min.(B) Typ. Max.(A) | Unit
VoH ©1025 0955 0880 | mV
Output Voltage Voo | V= YA ©r ViLs OmII0 | O15 | 61620 | mV
VOHC 01035 - - mV
t Th —OHC v, =
Output Threshold Voltage VoLc Vin = Vg or Vo — — 1610 mv
Vin | Guaranteed Input Voltage o165 - 0880 | mV
Input Voltage Vi | High/Low for All Inputs ol | — | 6175 | mv
Iy Vin = Vina —_ - 220 #A
Input Current cs 0.5 — 170
I Vin = ViLp Ohers | 050 — — uA
Supply Current Igg All Inputs and Outputs Open 0180 - — mA
¢ AC Characteristics (Vgg = -5.2V + 5%@), T, = 0 to +85°C, air flow exceeding 2m/sec.@),
Tc = 0to +85°C)
1. Read Mode
HM101494-10 HM101494-12
1 . .
Item Symbo Test Condition Min. | Typ. | Max.| Min. | Typ. | Max. Unit
Chip Select Access Time tacs - | - 6 i 8 ns
Chip Select Recovery Time tRCs - | = 6 - | - 8 ns
Address Access Time tAA - | - 0| — - 12 ns
2. Write Mode
HM101494-10 HM101494- 12
To - it
Item Symbol st Condition Min. | Typ. | Max.| Min. ] Typ. | Max. Uni
Write Pulse Width tw twsa = twsa min. 6 - | = 8 — | — | ns
Data Setup Time twsp 2 — — 2 e ns
Data Hold Time twHD 2 - | - 2 e ns
Address Setup Time twsA tw = tw min. 2 - | = 2 — | — | ns
Address Hold Time twHA 2 - | = 2 — | — | ns
Chip Select Setup Time twscs 2 — — 2 — — ns
Chip Select Hold Time twHCS 2 - | = 2 — | — | ns
Write Disable Time tws - | = 6 - | - 8 ns
Write Recovery Time twr e 2§ - | — 14 ns

G HITACHI
Hitachi America, Ltd.  Hitachi Plaza e 2000 Sierra Point Pkwy. e Brisbane, CA 94005-1819 e (415) 589-8300 439



HM101494 Series

3. Rise/Fall Time
Item Symbol Test Condition Min. Typ. Max. Unit
Output Rise Time t; — 2 — ns
Output Fall Time ty — 2 — ns
4. Capacitance
Item Symbol Test Condition Min. Typ. Max Unit
. W, a, D“, D12 —_ 5 - pF
Input C C;
nput Capacitance in Others — 3 — PF
Output Capacitance Cout - 3 —_ pF
B TEST CIRCUIT AND WAVEFORMS
1. Loading Condition 2. Input Pulse
Ve (GND)
?
M.U.T.
Re
0.01pF I Vee 02.0v
3. Read Mode
—_— 50%
cs t
tacs e M >
50%
Dout * -

@ HITACHI
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HM101494 Series

4. Write Mode

Din 50%
Vo o m e oo weee e e o _...-_I
WE N 4
twso [N\ / ¢ twies
Dout ~~~°° N -
. twscs R \|\ 50%
twh
G HiTACH!
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HM101490 Series

65536-Words x 1-Bit Fully Decoded Random Access Memory

B 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.

B FEATURES

® 65536 x 1 Bit Organization
¢ Fully Compatible with 100K ECL Level

® Address Access Time ....................... 10/12ns (max.)
e Write PulseWidth ............................ 6/8ns (min.)
e Low Power Dissipation ....................... 570mW (typ.)

e Output Obtainable by Wired-OR (Open Emitter)
H ORDERING INFORMATION

Type No. Access Time Package
HM101490-10 10ns 300 mil 22 pin Cerdip
HM101490-12 12ns (DG-22N)

B BLOCK DIAGRAM

Ao A1 Az Az Ag Ap A Ass
20999¢9¢9

| Y—Decoder/Driver

!

As O4T
Ag O %
:7 g % Memory Cell Array
$12[™ 65536 words x 4 bits
Ao O o
A O—J 3
A1 O T
A O—:
o 8:1 R/ngrcutt J
Din/Dout

@ HITACHI

(DG-22N)

B PIN ARRANGEMENT

Dout [ 1 22 ] Vec
Ao[] 2 21 7] Din
A [] 8 20[]CS
A2C] 4 19| WE
A3[] s 18] A5
A4 E 6 17 ] Aa
As[] 7 16 ] A13
As[] 8 15 [ ] A1z
A7 ] 9 14 ] A
Ag[]10 18] A0
vee [ 11 12 [ ] Ag
(Top View)
W FUNCTION TABLE
Input
— T Output Mode
CS |WE| D,
H|X|X L Not Selected
L|L|L L Write 0"’
L|L|H L Write ‘17’
L [ H]| X | Dyy* Read
NOTES: X = Irrelevant;
* = Read out noninvert
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HM101490 Series
Bl ABSOLUTE MAXIMUM RATINGS (T, = 25°C)

Item Symbol Rating Unit
Supply Voltage VEEg to Vee +0.5to ©7.0 v
Input Voltage Vi +0.5t0 03.0 \4
Output Current Lout 030 mA
Storage Temperature Tge 965 to + 150 °C
Storage Temperature Tstg(under bias) ©55to +125 °C

W ELECTRICAL CHARACTERISTICS
* DC Characteristics (Vgg = -5.2V, R, = 502 to -2.0V, T, = 0 to +85°C, air flow exceeding 2m/sec.)

Item Symbol Test Condition Min.(B) Typ. Max.(A) | Unit
Von 61025 | ©955 | ©880 | mV
Vol V,, =

Output Voltage Vor | V= Vmaor Vus 6180 | o5 | 01620 | mV
Vi HC ©1035 - - mV
Output Threshold Voltage V‘(’M Vin = Vimp or Via — — o0 Ty
Input Voltage Vi Guaranteed Input Voltage O1165 - 6880 | mV
pu 8 Vi, | High/Low for All Inputs 01810 —_ 01475 | mv
Iy Vin = Vina _ - - 220 BA

Input Current CS 0.5 — 170

Vip =V

I in = ViLB Others | 650 — — kA
Supply Current Igg All Inputs and Outputs Open 0140 — — mA

* AC Characteristics (Vgg = -5.2V + 5%, T, = 0 to +85°C, air flow exceeding 2m/sec.)

1. Read Mode
Item Symbol Test Condition H M101490-10 H MI01490- 12 Unit
Min. | Typ. [ Max.| Min. | Typ. | Max.
Chip Select Access Time taCs — — 6 — — 8 ns
Chip Select Recovery Time tres — — 6 — — 8 ns
Address Access Time taA - — 10 — - 12 ns
2. Write Mode
HM101490-10 HM101490-12 .
Item Symbol Test Condition Min. | Typ. | Max.| Min. | Typ. | Max. Unit
Write Pulse Width tw twsa = twsa min. 6 —_ — 8 —_— _ ns
Data Setup Time twsp 2 — — 2 — - ns
Data Hold Time tWHD 2 — — 2 — | — ns
Address Setup Time twsa tw = tw min. 2 — — 2 — — ns
Address Hold Time tWHA 2 — — 2 — — ns
Chip Select Setup Time twscs 2 — — 2 — — ns
Chip Select Hold Time tWHCS 2 — — 2 — — ns
Write Disable Time tws — | = 6 — — 8 ns
Write Recovery Time twR — — 12 —_ — 14 ns
G HITACHI
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HM101490 Series
3. Rise/Fall Time

. Item Symbol Test Condition Min. Typ. Max. Unit
Output Rise Time t, — 2 — ns
Output Fall Time te - 2 - ns

4. Capacitance
Item Symbol Test Condition Min. Typ. Max. Unit
Input Capacitance C; - 3 — pF
Output Capacitance Cout — 5 - pF
B TEST CIRCUIT AND WAVEFORMS
1. Loading Condition 2. Input Pulse
Vee (GND)
?
MU.T.

Vee e2.0v

3. Read Mode
a— 10
55 )FM
tRcs | ' -
Dout %o%

@ HITACHI
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HM101490 Series

4. Write Mode

CS S0% '/—-——
Address 7 50%* *
..... L I S IR A |

Din 50%

Ve meooes e e e = - g
WE \ .
twso 1N\ /< twhes
ST ol tw - twhcs .~
Dout ~°°°°° TtemT
B twscs _ \‘\ 50%
twa
G HITACHI
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HM101504 Series Preliminary

65,536-Words x 4-Bit Random Access Memory

H DESCRIPTION

The Hitachi HM101504 is ECL 100k compatible,
65,536 words by 4 bits read/write random access
memory developed for high speed systems such as
cache and control/buffer storage.

N FEATURES
* 65,536-words x 4 bit organization N PIN ARRANGEMENT
e Fully com.pa.tible with 100k ECL level HM101504 Series
® 0.8 ym Hi-BiCMOS process _
¢ Address access time: 10/12 ns (max.) NC[]1 32 [ CS
* Write pulse width: 7/9 ns (min.) Do [ 2 31 [7] WE
¢ Low power dissipation: 500 mW (typ.) Dy [] 8 30 [ NC
¢ Output obtainable by wired-OR (open emitter) D O] ¢ 20 [] NC
B ORDERING INFORMATION Dig [ 5 28 [ Ass
Type No. Cycle Time Package Doo L] © 27 1] A
HMI101504F-10 10ns 400 mil 32 pin Dot [ 7 26 [] Agg
HM101504F-12 12ns Plastic SOJ (CP-32D) Voo [] 8 25 [ Aqp
9 24
B PIN DESCRIPTION Voco ) Vee
Do [] 10 28 [ Ag4
Pin Name Function Dos ': 11 22 :] A
A0-A1s Address Input A, 12 21 [ Ag
Di0-D13 Data Input A 1 20 :I Ag
Doo-Do3 Data Output Ay I: 14 19 :] Ay
WE Write Enable Az []15 18 [ Ag
cS Chip Select Ay )16 17 7] As
Vce Ground ‘
VEE Supply Voltage (Top View)
H BLOCK DIAGRAM

A7 Ag As Ag A2 A3 Ap Ags
PPQPQ¢Q

| Y—Decoder/Driver |

| A |

Ao ]
Az O 5
>
2?0 g é Memory Cell Array
Fl g .
Ao 8 65536 words x 4 bits
Az O~ §
As O %
Ao o Block 1 Block 2 | Block 3 | Block 4
WE at/w_ Ri/w R &1 RIW
C_S Circuit Circuit Circuit Circuit

Do DooDit Dot D2 Doz D3 Dos

G HITACHI
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HM101504 Series

M FUNCTION TABLE
Input
— — Din Output Mode
CS WE
H X! X! L Not Selected
L L L L Write “0”
L L H L Write “17
L H X! Dout? Read
Notes: 1. Irrelevant
2. Read Out Noninvert
B ABSOLUTE MAXIMUM RATING (Tj = 125°C max)
Item Symbol Rating Unit
Supply Voltage VEE to VCC +0.5t0-7.0 \%
Input Voltage Vin +0.5 to VEE Vv
Qutput Current Tout =30 mA
Power Dissipation PT 1.2 W
Operating Temperature Topr? 0to +85 °C
Storage Temperature Tstg ~55to +125 °C
Storage Temperature Tstg (bias)!» 2 —10to +85 °C
Note: 1. Under bias (VEE =-6.0V min.)
2. Case temperature
B ELECTRICAL CHARACTERISTICS
o DC Characteristics (VEE = -5.2V, RL = 50Q to 2.0V, Tc = 0 to +85°C)
Item Symbol Min (B) Typ Max (A) Unit Test Condition
Output Voltage VOH -1025 —955 —880 mV Vin = VIHA or VILB
VoL —-1810 -1715 -1620 mV
Output Threshold Voltage VOHC 1035 — — my Vin = VIHB or VILA
VoLc — — -1610 mV
VIH -1165 — -880 mV Guaranteed Input Voltage
lnpu’ VOhage VIL —1810 _ ~1475 mV High/LOW for All Inputs
IIH — — 220 HA Vin = VIHA
Input Current L 0.5 — 170 HA Vin = VILB (CS)
=50 — — HA Vin = VILB (Others)
All Inputs and
Supply Current IEE —-180 — — mA Outputs Open
B AC CHARACTERISTICS (VEE =-5.2V + 5%, Tc = 0 to +85°C)
* Read Mode
HM101504-10 HM101504-12 ) »
Item Symbol Min Typ Max Min Typ | Max Unit | Test Condition
Chip Select Access Time tACS — — 6 — — 7 ns
Chip Select Recovery Time tRCS — — 6 — — 7 ns
Address Access Time tAA — — 10 — — 12 ns
G HITACHI
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HM101504 Series

¢ Write Mode
HM101504-10 HM101504-12 . »
Item Symbol Min Typ Max Min Typ | Max Unit | Test Condition
Write Pulse Width twW 7 — — 9 — — ns_JtWSA = tWSA min
Data Setup Time twSD 1 — —_ 1 — — ns
Data Hold Time tWHD 1 — — 1 — — ns
Address Setup Time {WSA 1 — — 1 — — ns tW = tw min
Address Hold Time tWHA 2 — — 2 — — ns
Chip Select Setup Time twSCS 1 — — 1 — — ns
Chip Select Hold Time tWHCS 1 — — 1 — — ns
Write Disable Time WS — — 6 — — 6 ns
Write Recovery Time tWR — — 12 . e 14 ns
* Rise/Fall Time
Item Symbol Min Typ Max Unit Test Condition
Output Rise Time tr — 2 — ns
Output Fall Time tf — 2 — ns
¢ Capacitance
Item Symbol Min Typ Max Unit Test Condition
Input Capacitance Cin — 3 - pF
Output Capacitance CouTt — 5 —_ pF
B AC TEST CONDITION M INPUT PULSE
09V -=-==--
Vee (GND)
1
e '
L}
Dout 1.7V ot
MUT tr=1f=2.0
=tf=calns .
RL ; CL =4 typ
0.01uF 'J
-2.0V
S Ve RL=50 W
CL=30pF

(includes probe and

jig capacitance)

G HITACHI
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HM101504 Series

B TIMING WAVEFORM
e Read

Address 50%
taa
Dout 1( 50%

e Write

cs SO%T T
Address 50%
______ I L

Din 50% 3 X
twHD

WE

twsp R 50% /'( twHa

_ twsa tw twrcs
Dout ~~"°"°"°7°°°°
twscs \7\ 50%
-
tws < twR |
@ HITACHI
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HM101500 Series

262144-Words x 1-Bit Fully Decoded Random Access Memory
W 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.

W FEATURES

* 262,144-Words x 1 Bit Organization
¢ Fully Compatible with 100K ECL Level

e Address Access Time. .. ........convnnvennennnn 15ns (max.)
eWritePulseWidth .. ..................... ...t 10ns (min.)
® Low Power Dissipation ....................... 500mW (typ.)

¢ Output Obtainable by Wired-OR (Open Emitter)
B TRUTH TABLE

Input
—— Output Mode
CS |WE | D;,
H|X|X L Not Selected
L L|L L Write ‘0"’
L|L|H L Write ‘1"
L | H [ X | Dy* Read
NOTES: X = Irrelevant;
* =

Read out noninvert

B ORDERING INFORMATION

Type No. Access Time Package

HMI101500F-15 15 ns 24 pin Ceramic Flat
HM101500CG-15 15 ns 28 pin Ceramic LCC

W BLOCK DIAGRAM

Ao
Ay :j%
:: ! 256 x 1024
A — Memory Cell
As i Array
:: 0_& Dout
I T —
I Sense Amp, and cs
Read/Write Control
! WE
l Y—Address Decoder l
Din

G HITACHI

Preliminary

(FG-24A)

(CG-28B)

B PIN ARRANGEMENT

A Qe Atg
3&'5 ™ Index :14
% 0 Atz
Din [ Aqy
Voo [ DA10
Dout ] Vee
Ap O Ag
A O DAg
A [w DAz
A3 [ CAs
Ay O Oas

(Top View)

(Top View)
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HM101500 Series

& ABSOLUTE MAXIMUM RATINGS (T, = 25°C)

Item Symbol Rating Unit
Supply Voltage VEgg to Vee +0.5t0 67.0 v
Input Voitage Vi +0.5to Vgg v
QOutput Current Toue 030 mA
Storage Temperature Tgg 065 to +150 °C
Storage Temperature Tog(bias)™ O55 to +125 °C

B ELECTRICAL CHARACTERISTICS
e DC Characteristics (Vgg = -5.2V, R = 50Q to -2.0V, T¢c = 0 to +85°C)

Item Symbol Test Condition Min.(B) Typ. Max.(A) | Unit
Vou 01025 0955 0880 | mVv
Output Volta; Vin=V v
uiput Vollage VoL in = VIHA OF VILB o180 | OI715 | 61620 | mV
Vouc 01035 —_ — mV
I | in =
Output Threshold Voltage VoLc Vin = Vigpor Vi 4 — — 61610 | mv
Vin Guaranteed Input Voltage 01165 — 0880 | mV
Input Voltage ViL High/Low for All Inputs 01810 — 01475 | mV
Iy Vin = Viua _ - — 220 #A
Input Current CS 0.5 — 170
e | Vin=Vus Others | ©50 — — |
Supply Current Igg All Inputs and Outputs Open 6200 — — mA
¢ AC Characteristics (Vgg = ~-5.2V + 5%, Tc = 0 to +85°C)
1. Read Mode
Item Symbol Test Condition Min. Typ. Max. Unit
Chip Select Access Time tacs — — 15 ns
Chip Select Recovery Time trcs — — 10 ns
Address Access Time tAA — — 15 ns
2. Write Mode
Item Symbol Test Condition Min. Typ. Max. Unit
Write Pulse Width tw twsa = 2ns 10 — — ns
Data Setup Time twsp 2 — — ns
Data Hold Time twHD 3 — - ns
Address Setup Time twsa tw = 10ns 2 — — 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 — — 10 ns
Write Recovery Time twR — - 18

GO HITACHI
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HM101500 Series

3. Rise/Fall Time
Item Symbol Test Condition Min. Typ. Max. Unit
Output Rise Time ty — 2 — ns
Output Fall Time te — 2 — ns
4. Capacitance
Item Symbol Test Condition Min. Typ. Max. Unit
Input Capacitance Cin — 3 — pF
Output Capacitance Cout — 5 — pF

B TEST CIRCUIT AND WAVEFORMS
1. Loading Condition

2. Input Pulse

Vcc (GND)
?

MU.T.

0.01p F/;[ i
Vee 02.0v

3. Read Mode

50%

tres

50%

Dout

@ HITACHI
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HM101500 Series

4. Write Mode

(0] ey ‘,—

Address 50%>F
..... 1 D
Din 50%*
N oo e mm e em e om om 4

WE \
< 1WsD N /] twhcs
| fwsA ol tw e twHcs o
Dout . s \'\ 50%
twr
G HITACHI
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HM101514 Series

262,144-words x 4-Bit Random Access Memory

B DESCRIPTION
The Hitachi HM101514 is ECL 100k compatible,
262,144 words by 4 bits read/write random access
memory developed for high speed systems.
B FEATURES
* 262,144-words x 4 bit organization
¢ Fully compatible with 100k ECL level .
* 0.8 um Hi-BICMOS process (FG-32D)
* Address access time: 15 ns (max.)
 Write pulse width: 9 ns (min.) B PIN ARRANGEMENT
¢ Low power dissipation: 800 mW (typ.) -
HM101514 S
¢ Output obtainable by wired-OR (open emitter) 0 eries
A 32 | ] A
M ORDERING INFORMATION
As[] 2 31 [ A
Type No. Cycle Time Package A ] 3 30 [ Aqq
32 pin Ceramic Flat 29
HMI0I514F-15 15 ns (30pmil Lead Pitch) A ¢ 1 Ao
(FG-32D) CS[]s 28 [ Ag
Do ] e 27 | 1 Dy
B PIN DESCRIPTION Doo L 7 26 [] Dog
Pin N Functi Vee 4 ® 2 H Vee
n Name unction
A0-A17 Address Input VEE I: s 2 :| VCC
ik Doy [] 10 28 | ] Dop
Dio-Di3 Data Input DI1 E 1 o0 :| 02
Doo-Do3 Data Output ﬁ E 12 21 j Alg
WE Write Enable Ao []13 20 [ A
[ Chip Select A, 14 19 [ Ag
vee Ground Ao 15 18 Ag
VEE Supply Voltage As 16 17 Ay
(Top View)

H BLOCK DIAGRAM

Az Ag A3 A1 A2 Ag Ag Ay

PP?22999Q

I Y—Decoder/Driver

'

'

v

'

As O——1
Ag @ =
Az 0 ¢
Ao O g Memory Cell Array
At 03 262144 words x 4 bits
Az O §
A1s O >C‘.<
A
A1eo— Block 1 | Block 2 | Block 3 | Block 4
17 oL
AW RIW
C C\rcult Clrcun Clrcun Circuit
Dl DOoDh DO; Dlp DO, Di; DO,

GO HITACHI
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B FUNCTION TABLE

HM101514 Series

Input
— — Din Output Mode
CS WE
H X1 X! L Not Selected
L L L L Write “0”
L L H L Write 17
L H x! Dout? Read
Notes: 1. Irrelevant
2. Read Out Noninvert
B ABSOLUTE MAXIMUM RATING (Ta =25°C)
Item Symbol Rating Unit
Supply Voltage VEE to VCC +0.5t0-7.0 v
Input Voltage Vin +0.5 to VEE v
Output Current Iout -30 mA
Storage Temperature Tsig —65 to +150 °C
Storage Temperature Tstg (bias)! -55to +125 °C

Note: 1. Under bias (VEE =-6.0V min.)

W ELECTRICAL CHARACTERISTICS
o DC Characteristics (VEE = —-5.2V, RL = 50Q to -2.0V, T¢c = 0 to +85°C)

Item Symbol Min (B) Typ Max (A) Unit Test Condition
Output Voltage VoH -1025 955 i my Vin = VIHA or VIL.B
VoL ~1810 -1715 -1620 mV
Output Threshold Voltage VoHc -1035 - - mv Vin= VIHB or VILA
VoLc — ~— -1610 mV
VIH —~1165 — ~880 mV Guaranteed Input Voltage
Input Voltage VIL 1810 _ 1475 mvV High/Low for All Inputs
IIH — — 220 HA Vin= VIHA
Input Current I 0.5 — 170 pA Vin = VILB (CS)
-50 - —_ LA Vin = VILB (Others)
Supply Current IEE -200 — — mA All Outputs Open
B AC CHARACTERISTICS (VEE =-5.2V £ 5%, Tc = 0 to +85°C)
* Read Mode
Item Symbol Min Typ Max Unit Test Condition
Chip Select Access Time tACS — — 10 ns
Chip Select Recovery Time IRCS — — 10 ns
Address Access Time tAA — — 15 ns
G HITACHI
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HM101514 Series

* Write Mode
Ttem Symbol Min Typ Max Unit Test Condition
Write Pulse Width tw 9 — — ns TWSA = tWSA min
Data Setup Time tWsD 3 — — ns
Data Hold tWHD 3 — — ns
Address Setup Time tWSA 3 — — ns tw = tW min
Address Hold Time tWHA 3 — — ns
Chip Select Setup Time tWSCS 3 — — ns
Chip Select Hold Time tWHCS 3 — — ns
Write Disable Time tws — — 15 ns
Write Recovery Time tWR — — 18 ns
¢ Rise/Fall Time
Item Symbol Min Typ Max Unit Test Condition
Output Rise Time tr — 1.5 — ns
Output Fall Time tf — 1.5 — ns
¢ Capacitance
Item Symbol Min Typ Max Unit Test Condition
Input Capacitance Cin — 3 — pF
Output Capacitance Cour — 5 — pF
B AC TEST CONDITION
Test Circuit
Vee (GND)
Dout
M.U.T.
RL== CL
_[__i /; Iy =4 = 2.0ns typ

0.01pF /;; Vee 2.0V

Ry, =50Q

Cr, = 30pF

(Includes probe and jig capacitance

G HITACH!
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HM101514 Series

H TIMING WAVEFORM
e Read

= Address 50%

CS n

tacs
Dout 50%
Dout
]

o Write

cs 50% T ;r
Address 50%>}< >‘<
...... S PR [

Din s0% ¥ X
twhp
WE —\ Y/
twsp KSO% /| twha
twsa » tw ol twhcs -
Dout ~~"""7"=°"""
twscs j\ 50%
i t
tWS WR
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HM101510 Series Preliminary

1,048,576-words x 1-Bit Random Access Memory

H 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.
B FEATURES
* 1,048,576-words x 1 bit organization (FG-28DB)
¢ Fully compatible with 100k ECL level
* 0.8 um Hi-BICMOS process B PIN ARRANGEMENT
* Address access time: 15 ns (max.) HMI01510 Series
¢ Write pulse width: 9 ns (min.)
¢ Low power dissipation: 700 mW (typ.) Ass nE 28 Aqq
¢ Output obtainable by wired-OR (open emitter)
A16 [: 2 27 :l A13
B ORDERING INFORMATION A7 [] 3 26 [] A2
Type No. Access Time Package Asg |: 4 25 :] Aqq
32 pin Ceramic Flat A A
HMI101510F-15 15ns (30p|ln?i| f;ggulgitc}?) 19 s 24 11 Ao
(FG-28DB) CS[]s 23 [] Ag
Vec [ 7 22 [7] Vee
H PIN DESCRIPTION Vee [] 8 2t [] Vee
Pin Name Function _D[ l: 9 20 :I DO
A0-A19 Address Input WE []10 19 [ As
Di Data Input Ap ] 18 [ 1 A7
Do Data Output Aq |: 12 17 : Ag
WE Write Enable Az []13 18 [ As
[ Chip Select Ag E 14 15 ] Ay
vce Ground
VEE Supply Voltage (Top View)
H BLOCK DIAGRAM

Az Aq Aty Ars Ag Agg Az Az Agg Agg Ay

[?‘?‘?‘????‘P???

Y—Decoder/Driver

!

As O]
As O
Ao 2
A Q
A? g ;«J‘: —> Memory Cell Array
A 8 104856 words x 1 bits
2 O 8
A O g
A7z O
Ag O] 3
WE S RIW Circuit |
CcS (5 é
DI Do
G HITACHI
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HM101510 Series

H FUNCTION TABLE
Input
— — Output Mode
CS WE Din
H X! X! L Not Selected
L L L L Write “0”
L L H L Write “1”
L H Xl Do]_\t2 Read
Notes: 1. Irrelevant
2. Read Out Noninvert
B ABSOLUTE MAXIMUM RATING (Ta = 25°C)
Item Symbol Rating Unit
Supply Voltage VEE to VCC +0.5t0-7.0 \
Input Voltage Vin +0.5 to VEE \Y
Output Current Tout -30 mA
Storage Temperature Tstg —65 to +150 °C
Storage Temperature Tstg (bias)! -55to +125 °C

Note: 1. Under bias (VEE =—6.0V min.)

M ELECTRICAL CHARACTERISTICS

¢ DC Characteristics (VEE = -5.2V, RL = 50Q to 2.0V, T¢C = 0 to +85°C)

Item Symbol Min (B) Typ Max (A) Unit Test Condition
Output Voltage VoH 1025 —955 880 mv Vin = VIHA or VILB
VoL -1810 -1715 -1620 mV
Output Threshold Veltage VoHe 1035 — — mv Vin = VIHB or VILA
VoLc — — -1610 mV
VIH -1165 — —880 mV Guaranteed Input Voltage
Input Voltage VIL _1810 _ _1475 mv High/Low for All Inputs
IIH — — 220 HA Vin = VIHA
Input Current I 0.5 — 170 LA Vin = VILB (CS)
=50 — — HA Vin = VILB (Others)
Supply Current IEE -180 — — mA All Cutputs Open
B AC CHARACTERISTICS (VEE =-5.2V £ 5%, Tc = 0 to +85°C)
* Read Mode
Item Symbol Min Typ Max Unit Test Condition
Chip Select Access Time tACS — — 10 ns
Chip Select Recovery Time RCS — — 10 ns
Address Access Time tAA — — 15 ns
G HITACHI
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HM101510 Series

o Write Mode
Item Symbot Min Typ Max Unit Test Condition
Write Pulse Width tw 9 — — ns TWSA = tWSA min
Data Setup Time tWSD 3 — — ns
Data Hold tWHD 3 — — ns
Address Setup Time tWSA 3 - — ns tW = tw min
Address Hold Time tWHA 3 — — ns
Chip Select Setup Time tWSCS 3 — — ns
Chip Select Hold Time tWHCS 3 — — ns
Write Disable Time tws — — 15 ns
Write Recovery Time tWR — — 18 ns
¢ Rise/Fall Time
Item Symbol Min Typ Max Unit Test Condition
Output Rise Time tr — 1.5 — ns
QOutput Fall Time tf — 1.5 — ns
* Capacitance
Item Symbol Min Typ Max Unit Test Condition
Input Capacitance Cin — 3 — pF
Output Capacitance Cout — 5 — pF
B AC TEST CONDITION
Vee (GND)
L
Dout
M.U.T. tr=tf=2.0 ns typ.
_L—{ RL=500Q
CL=30pF
.01
0.01uF l Vee -2.0v (includes probe and
jig capacitance)
G HITACHI
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HM101510 Series

B TIMING WAVEFORM
* Read

— 50%

cs Address t

tacs tres
50%
Dout Dout
]

* Write

cs 50% T T

. Pt i
Din 50%
e e e e e .
twHD
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Section 6
FIFO Memory
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Product Review

HM63921 Series

2K x 9-Bit CMOS Parallel In-Out FIFO Memory
H 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 fiag, 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.

M FEATURES

e First-In, First-Out Dual Port Memory

¢ 2k x 9 Organization

¢ Low-Power CMOS 1.3micron Technology

¢ Asynchronous and Simuiltaneous Read and Write
¢ Fully Expandable in Depth and/or Width

¢ Single 5V (+ 10%) Power Supply

¢ Empty and Fuil Warning Flags

¢ Half-Full Flag
sAccessTime ... ...ttt 20/25/35ns
ePackage ................. 300-mil 28-pin Plastic DIP Package

B ORDERING INFORMATION

Type Name Access Time Package
HM63921P-20 20ns 300-mil 28-pin
HM63921P-25 25ns Plastic DIP
HM63921P-35 35ns (DP-28NA)

GO HITACHI

(DP-28NA)

H PIN ARRANGEMENT

w 1 28| ] Vce
Ds[ | 2 27 ] Da
Ds[] 3 26| ] Ds
D2[] 4 25| | De
D1[] 5 24 1D7
Do[] & 23 [ ] FLRT
xi[] 7 22[]RS
FF[ 8 21 [ EF
Q] 9 20 [ | XOMHF
Qs []10 19[]Q7
Q[]n 18] Qs
Q[ ]12 17 ] Qs
Q[ ]13 16 ] Qa4
vss [ 14 15[]R
(Top View)

W PIN DESCRIPTION

Pin Name Function
Dy-Dg Data Inputs
RS Reset
w Write Enable
R Read Enable
FL First Load
RT Retransmit
X1 Expansion-In
X0 Expansion-Out
HF Half-Full Flag
FF Full Flag
EF Empty Flag
Qo-Qs Data Outputs
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HM63921 Series

M BLOCK DIAGRAM

DO D1 D2 D3 D4 D5 Q6 D7 D8

IRRRRN RN

Data Input Buffer
Wo 'C%:?r%l — > Column Decoder
Write Row Memory Array Row Read
¢={ Pointer s=dupp{ Decoder 2048 X 9 Decoder Pointer
<1 Read |. Column Decoder
ROP Control
logic |—oOFF Logic
Q0 Q1 Q2 Q3 Q4 Q5 Q6 Q7 D8 g é
Expansion S FUAT
Logic
XI  XOMHF
® HITACHI
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HM63921 Series

W ABSOLUTE MAXIMUM RATINGS

Item Symbol Rating Unit
Terminal Voltage(!) Vr -0.5@ 10 +7.0 \%
Power Dissipation Pt 1.0 w
Operating Temperature Topr Oto +70 °C
Storage Temperature Ty -55to +125 °C
Storage Temperature Under Bias Thias -10to +85 °C

NOTES: 1. Relative to Vss.
2. -3.5V for pulse width < 10ns.

* Recommended DC Operating Conditions (T, = 0 to +70°C)

Parameter Symbol Min. Typ. Max. Unit
Vee 4.5 5.0 5.5 \
Supply Volta;
upply Yollage Vss 0 0 0 v
Vi 2.2 — 6.0 \
I
nput Voltage Vi 050 — 038 v

NOTE: 1. -3.0V for pulse width < 10ns.

B DC CHARACTERISTICS (T, = 0°C to +70°C, Ve = 5V + 10%)

Parameter Symbol Test Conditions Min. | Typ. | Max. | Unit
Input Leakage Current Igl | Voe = 5.5V, Vi = 0V - V¢ — - 2 A
Output Leakage Current Mol | R = Vi, Vou = 0V - Ve — | — 2 | pA
-20 — 120 | mA
Operating Power Supply Current Icci | Average Operating Current -25 - 110 mA
-35 — 100 | mA
Standby Power Supply Current Isi |R = W = RS = FL/RT = Vi - — 10 mA
Isgp | Allinputs = Ve - 0.2V or < Ve — - 1 mA
Output High Voltage Vou |log = -4mA 2.4 — - \4
Output Low Voltage VOL IOL = 8mA —_ —_ 0.4 v
B CAPACITANCE (T, = 25°C, f = IMHz)
Parameter Symbol Test Conditions Typ. Max. Unit
Input Capacitance Cin Vin = 0V — 6 pF
Output Capacitance Cout Vour = 0OV — 10 pF

NOTE: 1. This parameter is sampled and not 100% tested.

M AC CHARACTERISTICS (T, = 0°Cto 70°C, Vec = 5 + 10%)
* Test Conditions ‘

® Input Pulse Levels: Vgg to 3.0V ¢ Input Rise and Fall Times: 5ns
¢ Input and Output Timing Reference Level: 1.5V ¢ Output Load: See Figure
+5V
Dout 4800
ot
2550 ’_jjo pF*
Output Load

*Including scope and jig.
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HM63921 Series

¢ Read Cycle
HM63921-20 | HM63921-25 | HM63921-35 .
Parameter Symbol i [ Max. | Min. | Max. | Min. | Max. | 0"
Read Cycle Time tre 30 - 35 — 45 — ns
Access Time ta — 20 — 25 — 35 ns
Read Recovery Time tRR 10 - 10 - 10 — ns
Read Pulse Width tRpW 20 - 25 — 35 - ns
Read Low to DB Low Z trez(® 5 — 5 - 5 - ns
Read High to DB High Z tryz(M - 15 - 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
(Read Data Flow Through Mode) twrz) 3 - 3 - 3 - ns
NOTE: 1. triz, truz and twLz are sampled and not 100% tested.
¢ Write Cycle
HM63921-20 | HM63921-25 | HM63921-35 .
Parameter Symbol Min. | Max. | Min. | Max. | Min. | Max. Unit
Write Cycle Time twe 30 - 35 — 45 — ns
Write Recovery Time twr 10 — 10 — 10 — ns
Write Pulse Width twpw 20 — 25 — 35 — ns
Data Setup Time tps 10 - 15 — 20 — ns
Data Hold Time toy 0 - 0 — 5 — ns
Effective Write Pulse Width After
Full Flag High twep | 20| — | 25| — | 35 | — | ms
* Reset Cycle
HM63921-20 | HM63921-25 | HM63921-35 .
Parameter Symbol [-i T Max. | Min. | Max. | Min. | Max. | O
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 10 — 10 — 10 - ns
* Retransmit Cycle
HM63921-20 | HM63921-25 | HM63921-35 .
Parameter Symbol |- rin. [ Max. | Min. | Max. | Min, | Max, | 0"
Retransmit Cycle Time tRTC 30 — 35 — 45 — ns
Retransmit Pulse Width tRT 20 - 20 - 35 - ns
Retransmit Setup Time trRTS 0 — 0 — 0 - ns
Retransmit Recovery Time tRTR 10 — 10 — 10 - ns
G HiITACHI
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HM63921 Series

¢ Flag Timing
HM63921-20 | HM63921-25 | HM63921-35 .
Parameter Symbol i - - 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 tWFR — 20 — 25 — 35 ns
Write Low to Half-Full Flag Low twWHE — 30 — 35 — 45 ns
Read High to Half-Full Flag High tRUF — 30 — 35 — 45 ns
¢ Expansion Timing
Parameter Symbol HM63921-20 | HM63921-25 HM63921 -35 Unit
Min. | Max. | Min. | Max. | Min. | Max.
Expansion in Setup to Write or Read tEFL — 15 — 20 — 30 ns
Expansion in Recovery Time tREF — 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 tRFE 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 cycle is required
after power on. Both read enable (R) and write
enable (W) inputs must be in the high state during
reset. Empty flag (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 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
output kept in high impedance state. Empty flag
(EF) will go high during a valid write cycle (twer),
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 V¢ 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. For depth expansion mode,
expansion-in (Xl) should be connected to
expansion-out (XO) of previous device.

¢ Data In (Dg to Dg)
Data inputs for 9-bit wide data.

Outputs

* Full Flag (FF)
The full flag (FF) will go low when FIFQ 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 functnonahty depending how
it is used. In depth expanswn configuration
expansion-out (XO) is connected to next
expansion-in (XI). The expansion-out (XO) 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 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 (Qq to Qg)
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.

e 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, Ali other (FL) should be connected to V.

3. Connect the expansion-out (XO) of each FIFO

to expansion-in (XI) of the_next FIFO serially
and XO of the last FIFO to X of the first FIFO.

4. Connect all the empty flag (EF) together 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.

e Compound expansion mode
Combination of width and depth expansion
modes will provide larger FIFO arrays.
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HM63921 Series

B TIMING WAVEFORM

* Read Cycle
< trc et trPw -
< B
B ot Dg ta
\; - ,t \ o 7(
t toH tRHZ
<« Bz - -

2008 ————K K Damotvars XK Datm autvaie X XA—————

¢ Write Cycle
twe -
- twew . twh >l twew
N ) N, _____Xf
taeDS 5] 1DH, fetDs ] JDH,,

D0-D8 Data in valid Data in valid

* Reset Cycle

tRsc

trss

g
E

terL l _ lRsR |
EE
tFFH
FF tHFH
XO/HF ‘
NOTES: 1. W =R = Vi during reset.

2. tRsC = tRST; tRSR-

G HITACHI .
Hitachi America, Ltd. ® Hitachi Plaza e 2000 Sierra Point Pkwy.  Brisbane, CA 94005-1819 e (415) 589-8300 471




HM63921 Series

* Retransmit Cycle

< tatc -
—_ = t
FURT A R
N/
tnrs
“ N
AW — /) N /
| _tRTR _
¢ Full-Flag Cycle (From Last Write to First Read)
. Last write First Read Additional reads First Read
R v,——--—svs&
" \__/_
tRFF
— twrr
FF

¢ Empty-Flag Cycle (From Last Read to First Write)

Last Read First Read Additional First Read
W 4&\Rfids/ss
R

NS J ~—

tRer
EF

< BHZ A
ALZ
—

Q0-Q8
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HM63921 Series

¢ Half-Full Flag Cycle

Write=Read+1023 Write=Read+1024 Write=Read+1023

N

=l
V4

- tRHE o
\/(
twHF
D0-D8 §
/|

¢ Read Data Flow Through Mode

Do-D8 Data in valid
tps tDH

o]

— twew
w 4
< thRc »| Firstwrite - tRPE -
_ - tRew .. tRR - Last read
R Last read
Y AN N —
RO
tReF IWEF
== __*__:L
/}-
tREF
lwz
ta 1 Ita toH
| toH - >

v, v,
Qo-Q8 X KX i
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HM63921 Series

¢ Write Data Flow Through Mode

R \< First read 7(
- twe -
- twew - twr < 1WPE
w Last read
w N s N —
K Lastread \\\‘\\\\\Q\\ J
twrr
. twrr
" ;’1\ " 0‘:]\
~_ tos | ton tos_ ‘tDH‘
D0-D8 Data in valid Data in valid ——
< ta - toH
\/ \/
Qo0-Q8 A“A
* Expansion Out Cycle 1
Wirite to last

gl

po]]

physical address

Read from last
physical address
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HM63921 Series
¢ Expansion Out Cycle 2 (Read Data Flow Through Mode)

_ Write to last physical address

" S

N AN

{REF

o]

JWeE

F
/)

* Expansion Out Cycle 3 (Write Data Flow Through Mode)

Read from last physical address

R
Write to last
physical address

LA NEIDZE NN S
i txoi ;::':;5\ tXOH

G HITACHI
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HM63921 Series

¢ Expansion In Cycle

| } J /N

Write to first
physical address

txis Read from first
physical address

i
N
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Preliminary

HM63941 Series

4K x 9-Bit CMOS Parallel In-Out FIFO Memory

B 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, fuil flag
and almost-full flag, to prevent data overflow or underfiow.

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 35/45/60ns. Organization of HM63941 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.

W 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 (+ 10%) Power Supply

® Empty and Full Warning Flags

¢ Almost-Full Flag

CACCESSTIME .. ...ttt et 25/35/45ns
S Package. . ... s 28-pin DIP Package
B ORDERING INFORMATION
Type Name Access Time Package

HM63941P-25 25ns

HM63941P-35 35ns 28-pin Plastic DIP

HM63941P-45 45ns

@ HITACHI
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(DP-28NA)

B PIN ARRANGEMENT

AR 28] Vee
De[] 2 27 [ ] D4
D3] 3 26 Ds
D2 4 25| Dg
Di[] 5 24 % D7
Do[] 6 23 ] FURT
X7 22[]RS
FF[] 8 21 [ ]EF
Q] 9 20 ] XO/AF
a1 []10 ®[]ar
Q[ 18] Qs
Qa3 |12 17 %' Qs
Qs 13 16 Q4
vss [ 14 15 1R
(Top View)

W PIN DESCRIPTION

Pin Name Function
Dy-Dyg Data inputs
RS Reset
w Write enable
R Read enable
FL First load
RT Retransmit
X1 Expansion-in
X0 Expansion-out
AF Almost-full flag
FE Full flag
EF Empty flag
Qo-Qg Data outputs




HM63941 Series

B ABSOLUTE MAXIMUM RATINGS

Item Symbol Rating Unit
Terminal Voltage(!) Vr -0.5@ to +7.0 \Y
Power Dissipation Pt 1.0 w
Operating Temperature Topr Oto +70 °C
Storage Temperature Teg -55to +125 °C
Storage Temperature Under Bias Thias -10to +85 °C
NOTES: 1. Relative to Vgs.
2. -3.5V for pulse width < 10ns.
B ELECTRICAL CHARACTERISTICS
* Recommended DC Operating Conditions (T, = 0 to +70°C)
Parameter Symbol Min. Typ. Max. Unit
Vee 4.5 5.0 5.5 v
Supply Vol
upply Yoltage Vss 0 0 0 v
Via 2.0 — 6.0 \Y
I WV
nput Voltage ViL 2050 _ 0.8 v
NOTE: 1. -3.0V for pulse width < 10ns.
M DC CHARACTERISTICS (T, = 0°C to +70°C, Vee = SV = 10%)
Parameter Symbol Test Conditions Min. | Typ. | Max. [ Unit
Input Leakage Current Myl | Ve = 5.5V, Viy = OV = Ve — | - 2 | A
Output Leakage Current ol | R = Vi, Vou = OV - Ve — — 2 pA
. Icct | Average Operating Current — — 80 mA
Suppl t o
Operating Power Supply Curren s |R =W = RS = FL/RT = Vi — — 0 A
Standby Power Supply Current Isg | AllInputs = Voo -0.2Vor < Ve — — 1 mA
Output High Voltage Vou | lon = -4mA 2.4 - — v
Output Low Voltage VoL | IoL = 8mA — — 0.4 \
B CAPACITANCE (T, = 25°C, f = IMHz)
Parameter Symbol Test Conditions Typ. Max. Unit
Input Capacitance Cin Vip = 0V — TBD pF
Output Capacitance Cout Vout = OV — TBD pF

B AC CHARACTERISTICS (T, = 0°C t0 70°C, Ve = 5 + 10%)

¢ Test Conditions

¢ Input Pulse Levels: Vgg to 3.0V
¢ Input and Output Timing Reference Level: 1.5V

¢ Input Rise and Fall Times: Sns
® Output Load: See Figure

+5V

<
2

2550 "4,1730 pF *

Output Load

*Including scope and jig.
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HM63941 Series

¢ Read Cycle

HM63941-25 HM63941-35 HM63941-45 .
Parameter Symbol - - - Unit
Min. Max. 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 ton 5 — 5 - 5 — ns
* Write Cycle
Parameter Symbol HM63941-25 H.M63941 -35 HM63941-45 Unit
Min. Max. Min. Max. Min. Max.
Write Cycle Time twe 35 — 45 — 60 — ns
Write Recovery Time twR 10 — 10 — 15 — ns
Write Pulse Width twpw 20 -— 35 — 45 — ns
Data Setup Time tps 15 — 20 — 25 — ns
Data Hold Time tDH 0 — 0 — 5 — ns
* Reset Cycle
Parameter Symbol HM63941-25 HM63941-35 H.M6394l 45 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
Parameter Symbol HM63941-25 HM63941-35 HM63941-45 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 K — 10 — 15 — ns
* Flag Timing
Parameter Symbol HM63941-25 HM63941-35 HM63941-45 Unit
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 tREF — 25 — 35 — 45 ns
Write High to Empty Flag High twWEE — 25 — 35 — 45 ns
Write Low to Full Flag Low tWFE — 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 power on. Both read enable (R) and write
enable (W) inputs must be in the high state durin

reset. Empty flag (EF) will go low and full flag (FF)
and almost-full (AF) 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 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 fiag (EF)
will go low, preventing further read operations with
output kept in high impedance state. Empty flag
(EF) will go high during a valid write cycle (twgr),
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 V¢ 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. For_depth expansion mode,
expansion-in (XI) should be connected to
expansion-out (XO) of previous device.

* Data In (Dg to Dg)
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)/Almost-full flag (AF)

This output has dual functionality depending how
it is used. In d%\ expansion configuration
expansion-out (XO) is connected_to next
expansion-in (XI). The expansion-out (XO) 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 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 (Qq to Qg)
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 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 Vgc.

3. Connect the expansion-out (XO) of each FIFO

to expansion-in (XI) of the_next FIFO serially
and XO of the last FIFO to Xi of the first FIFO.

4. Connect all the empty flag (EF) together to OR
gate and connect ali 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.

e Compound expansion mode
Combination of width and depth expansion
modes will provide larger FIFO arrays.
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HM63941 Series

B TIMING WAVEFORM

* Read

ol

Qo-Q8

¢ Write

w

D0-D8

* Reset Cycle

RS

=l

NOTES:

Cycle
- tRe -t tRPW
tRR
< A e A
N - /' N o 4
N /] N /)
triz ton _ tRHz
-——————<X> Data out valid QIQ Data out valid 01’ S —
Cycle
- twe o
twew . twa -
N ]
tos | toH_
Data in valid Data in valid
tRs
—_—\" N

N/

tEFL I tRSR

1. W = R = Vi during reset.

2. tRSC = tRST; tRSR.
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HM63941 Series

* Retransmit Cycle

R W

|_tRTR l

¢ Full-Flag Cycle (From Last Write to First Read)

- Last write First Read Additional reads First Read

v AN
tRFF

— twrr

FF B

« Full-Flag Cycle (Effective Write Pulse Width After FF High)

= A
AN NN S
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HM63941 Series

¢ Empty-Flag Cycle (From Last Write to First Read)

Last Read First Write Additional First Read
W L Writes  ((
W \/r_ \/u
" I
t
WEP
ther
EF
ta
Data Out < 8 )¢

e Empty-Flag Cycle (Effective Read Pulse Width After EF High)

w
twEF
e JRE g
_ Y/
EF /

OSSR o

e Almost-Full Flag Cycle

_ Write=Read+4079 Write=Read+4080 Write=Read+4079
" \____/
tRAF
R \\\\____,7z/
twaAF
AF
,A’/
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