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Mask Programmable Read Only Memory

262,144-word x 16-bit/524,288-word x 8-bitCMOS..............
Mask Programmable Read Only Memory

524,288-word x 8-bit CMOS Mask Programmable Read Only Memory
524,288-word x 8-bit CMOS Mask Programmable Read Only Memory

524,288-word x 16-bit/1,048,576-word x 8-bitCMOS............
Mask Programmable ROM

1,048,576-word x 8-bit CMOS Mask Programmable Read. . .. .....
Only Memory

524,288-word x 16-bit/1,048,576-word x 8-bit CMOS ............

Mask Programmable Read Only Memory

1,048,576-word x 16-bit/2,097,152-word x 8-bit CMOS ...........
Mask Programmable Read Only Memory

8,192-word x 8-bit Electrically Erasable and Programmable ROM. . .

8,192-word x 8-bit Electrically Erasable and Programmable . ... ...
CMOS ROM

8,192-word x 8-bit CMOS Electrically Erasableand..............
Programmable ROM

32,768-word x 8-bit Electrically Erasable and Programmable . . . . ..
CMOS ROM

32,768-word x 8-bit UV Erasable and Programmable ROM. .. ... ..
32,768-word x 8-bit CMOS UV Erasable and Programmable ROM. .
65,536-word x 8-bit UV Erasable and Programmable ROM. ... .. ...

65,536-word x 16-bit CMOS UV Erasable and Programmable ROM .
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Section 8—MOS PROM (continued)

* HN27C101G SERIES
HN27C101G-17/20/25

* HN27C301G SERIES
HN27C301G-17/20/25

* HN27C256FP SERIES

s HN27512P SERIES
HN27512P-25/30

¢ HN27C101P/FP SERIES
HN27C101P-20/25
HN27C101FP-20/25

* HN27C301P/FP SERIES
HN27C301P-20/25
HN27C301FP-20/25

* HN27C101AG SERIES
CMOS 1Mb EPROM

* HN27C4096 SERIES
HN27C4096G-10/12/15
HN27C4096CC-10/12/15

Section 9
ECL RAM

* HM10494 SERIES
HM10494-10/12
HM10494F-10/12

* HM10490 SERIES
HM10490-10/12

* HM10504-10/12
* HM10500-15

¢ HM100494 SERIES
HM100494-10/12
HM100494F-10/12

* HM100490-10/12
* HM100504F-10/12

* HM100500 SERIES
HM100500-18
HM100500CG-18
HM100500F-18

* HM101494 SERIES
HM101494-10/12
HM101494F-10/12

* HM101490-10/12
* HM101504F-10/12
* HM101500F-15

HITACHI SALES OFFICES. .. .........

131,072-word x 8-bit CMOS UV Erasable and Programmable ROM .

131,072-word x 8-bit CMOS UV Erasable and Programmable ROM

32,768-word x 8-bit CMOS One Time Electrically . ..
Programmable ROM

65,536-word x 8-bit One Time Electrically Programmable . .
Read Only Memory

131,072-word x 8-bit CMOS One Time
Electrically Programmable ROM

131,072-word x 8-bit CMOS One Time.. .... .....
Electrically Programmable ROM

131,072-word x 8-bit CMOS UV Erasable and Programmable ROM .

262,144-word x 16-bit CMOS UV Erasable and Programmable ROM

16,384-word x 4-bit Fully Decoded Random Access Memory

65,536-word x 1-bit Fully Decoded Random Access Memory . .

65,536-word x 4-bit Fully Decoded Random Access Memory
262,144-word x 1-bit Fully Decoded Random Access Memory
16,384-word x 4-bit Fully Decoded Random Access Memory . . .

65,536-word x 1-bit Fully Decoded Random Access Memory . . ..

65,536-word x 4-bit Fully Decoded Random Access Memory . . .
262,144-word x 1-bit Fully Decoded Random Access Memory . .

16,384-word x 4-bit Fully Decoded Random Access Memory ... ...

65,536-word x 1-bit Fully Decoded Random Access Memory
65,536-word x 4-bit Fully Decoded Random Access Memory

262,144-word x 1-bit Fully Decoded Random Access Memory . . ..
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QUICK REFERENCE GUIDE TO HITACHI MEMORIES

u MOS RAM
Access| Cycle Power Pa o
Organization | Time | Time | Sueely : ckage
Mode | Total Type No. Process (v’,gmxm) 09 | (@9 |6 DlSSl(%ﬂOn Page
Max | Max paNo |6 | P [P |spfze]ca]ce|up|m
| AMG116-2:2 20 | 120 0.1mi0.2 oo B4
[HM6116-32 150 | 150 oo B4
V11642 200 | 200 01mA.175 oo 2
HM6116L-22 120 | 120 010175 oo 64
HM6116L.32 150 | 150 1040015 oo 64
HMB116L-472 oMos | ousxs | 290200 : oo 64
HMB116A12°2 120 | 120 o[ [e 69
HMB116L152 150 | 150 om/tsm | ,, o] Te 69
HM6116A-20°2 200 | 200 o] |e 69
HMB116AL-12°2 120 | 120 o[ (e 59
HM6T16AL-15°2 150 | 150 54/10m o[ [o 59
HMB116AL-20°2 200 | 200 o[ [e 69
HM6716-25 2% | 2% ° 7
. [HMB716:30 g 2048x8 | 30 | 30 0 7
16k I vB719-25 BR-CMOS | (with OF) |25 | 25 024 * 7
 HMB719-30 30 | 30 ° 74
[ HM6268-25 25 | 25 D 80
HM6266-35 35 | 35 0.1,/0.25 ° 80
[ HM6268-45 45 | 45 ° 80
HMI6268L-25 40%6x4 55125 0 80
[HM6268L-35 35 | 35 54/0.25 . 80
HM6268L-45 45 | 45 0 80
L e
HMG267-35 Cmos 35 | 35 SN0 87
[HMB26745 45 | 45 01m/0.2 . 87
"HMB267-55 P - . 87
[HM6267L-35 35 | 35 D 87
[HM6267L45 45 | 45 5u/0.2 . 87
Static HM6267L.55 55 | 55 | +5 ° 87
HM6719-25 - 25 | 25 0 7
1B (e BLCMOS | 2048x9 |~ 028 |24 . a
HMB264-10°2 700 | 100 ole %
| HM6264-12°2 120 [ 120 G2 oo %
(HM6264A-10 100_| 100 olele o
[HM6264A-12 120 [ 120 0.Am/15m oo e 94
(HMB262A-15 150 | 150 oo le 9
[ HM6262AL-10 100 [ 100 8 [ [e]e]e 9
HM6264AL12 8192x8 [ 120 | 120 10u/15m ole]e 9
HMB264AL-15 CMOS 150 | 150 oo 34
[ HMB264AL-10L 100_| 100 oo e 4
HM6264AL-12L 120 | 120 10x/15m olele 94
HMB264AL15L 150 | 150 N0 9
16k-b | HM6288-25 % | 2 0 D 103
HM6288-35 35 | 35 01m/03 §§ 0 . 103
| HM6288L-25 %5 | 25 R P . ° 103
HM6288L-35 35 | 3 D D 103
HM6788-25 25 | 2 0 m
HM6788-35 16384x4 3535 10m/0.23 D i
HM6788H-20 N 20| 20 0.28 D 115
HM6788HA-12 B-CMoS 2] 12 2 0 119
HMG788HA-15 15 [ 15 3 ° 119
HM6788HA-20 20 | 20 ° 119
HM6289-25 25 | 2 D 124
., [HM6289-35 16384x4 | 35 | 35 D 124
B4k HMe289L-25 CMOS | (with 0F) [ 25 | 25 01m/03 | 24 o] [ 12
HM6289L-35 35 | 35 ° 124
(continued)
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QUICK REFERENCE GUIDE

H MOS RAM
Access| Cycle Power Pa N
Organization | Time | Time | sway | 0.0 O%et ckage "1
Mode | Total Type No Process (wgrd xbit) | (ns) | (ns) v.,me DISS(IIJW"I)tIOﬂ Page
Max | Max PinNo ple|splze|ca|ce|up|m
HM6789-25 % | % 0 D 135
IHME35 50 30 [ 30 104/0.23 0 o %
[ HM6789H-15 t68axa | B ° D 142
| HM6780H-20 BICMOS | (inoe |20 | 2 2 0 ° 142
[HM789HA-12 2 1 0.28 ° . 149
THM6789HA-15 5 | 15 . D 149
HM6789HA-20 20 | 20 ° . 149
[HM6287-45 25 | 45 ° 157
| HM6287-55 55 | 55 01m/0.3 ° 157
HM6287-70 70 | 70 » . 157
[ HM62871-45 4 | 45 . 157
HM6287L-55 CMOS 55 | 55 10,/0.3 . 157
[ HM6287L-70 70 | 70 0 157
HM6287H-25 2% | 2 D D 164
[ HM5287H-35 3% | 3 01m/03 D . 164
HMB287HL-25 65536 x1 | 25 | 25 003 . D 164
| HM6287HL-35 5 | 35 w D D 164
HM6787-25 5 | 25 2 D 173
HM6787.35 35 [ 35 38m/018 | 54 o 173
HM6787H-15 15| 15 021 (80J) ° ° 178
HM6787H-20 Bi-CMOS 20 | 20 : D ° 78
HM6787HAJP-12 2 | 12 D ° 178
HM6787HAJP-15 5| 15 3 ° ° 183
HM6787HAJP-20 20 | 20 ° ° 183
[ HM62256-8 5 | 85 ee 189
| HM62256-10 100_| 100 oo 189
[FiM62256-12 120 [ 120 0.2m/40m oo 189
[ HM62256-15 150 | 150 oo 189
[ HVI62256L-8 85 | 85 ele 189
HM62256L-10 100_| 100 oo 189
[HM62256L-12 120 [ 120 10,/40m oo 189
Static | 256k-b [ HM62256L-15 150 | 150 | +5 ole 189
[ HM62256L10SL 100 | 100 oo 189
HM62256L-125L 32768x8 [ 120 | 120 10./40m |28 [ |@e® 189
HM62256L-155L 150 | 150 °le 189
 HM62832-35 35 | 35 75m13 . ° 197
 HM62832-45 45 | 45 : ° ° 197
| HM62832L-35 3% | 3 10m/ 3 ° [] 197
HM62832L-45 cMOS 45 | 45 . ° 197
HM62832H-25 25 | 25 . D 197
[ HM62832H-35 3% | 3 1m/.3 ° ° 197
HM62832H-45 45 | 45 ® ° 197
HM62832HL-25 2% | 25 D D 197
[ HM62832HL-35 3% | 3% 30m/ 3 . . 197
HM62832HL-45 45 | 45 . D 197
HM6208-35 35 | 3 D 203
[HM6208-45 45| 4 01m/03 ° 203
HM6208L-35 35 | 3 0 203
FiMG208L-45 5 45 10,/03 0 203
HM6208H-25 25 | 25 ° ° 203
HMG208H-35 3 | 3 0m/03 D D 03
HMB208HL-25 2% | 25 2 D ° 03
HM6208HL-35 35 [ 35 1003 o * 03
HM6708-20°3 20 | 20 . ° 21
HM6708-25 65536 x4 5525 035 o o] | 2n
HM6708A-15 B 5 . D 17
[ HM6708A-20 20 | 20 4 ° . 17
"HM6708A-25 ' 5 | 25 . ° 17
HM6709-20 B-CMOS 0 20 " 0 7
HM6709-25 5 | 25 : ° 2
HMB709A-15 %] 15 28 ° ° 29
HM6709A-20 20 | 15 4 . ° 229
HMB709A-25 2 | 25 ° ° 229
(continued)
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QUICK REFERENCE GUIDE

N MOS RAM
Access| Cycle
; Power Package *1
Mode | Total Type No Process &g?g'zf%?g Ilrgx)e (Ir?s])e &f’:%?{ Dlss(l\%tlon 9 Page
Max | Max PoNo | G [P |FPisplzp|calce|up|m
FiN6207-35 B[ % 0 7%
AMB207-45 5 45 01m/03 0 2%
HM6207L-35 3% | 3% 1003 * 236
AM6207L-45 oMOS 45 | 45 . 236
HM6207H-25 25 | 25 01m03 . . 243
HM6207H-35 seoiax1 |5 35 Ami9- ° ° 243
256k-b | HM6207HL-25 25 | 25 s | 2 0 . 243
[HM6207HL-35 35 | 35 - * ° 243
HM6707-20°3 20 | 20 035 * ° 250
HM6707:255 | 25 | 25 - * ° 250
HM6707A-15 BI-CMOS B 15 0 . 255
HM6707A-20 20 | 20 4 * ° 255
HM6707A-25 25 | 25 D . 255
s HM628128-7°3 70 | 70 0 261
tatic HM628128-5°3 85 | 85 0 261
HM628128-10°3 700 1100 01m/75m ole 261
HM628128-12°% 120 [ 120 0 261
HM628128L.77 131072x8 70770 2 —TeTe 261
[HM628128L.8"7 85 | 85 ole 261
[HME28128L10"7 700 | 100 104/75m ole 261
HMB28128L12"7 120 | 120 0 261
M624256-35°3 3% [ 3% D 0 269
o [HG2256 457 ] IR 0Imo% | e . ol
M624256L-353 [] [
HMB24256L-453 S I I 1m/35 ° . 269
| HMB24257-35°4 X473 [ 3 D 275
HMB24257-457% 45 | 45 0 275
HM624257L-35% 3 | 3 | 45| 0 ™0 o[ | 255
HM624257L.45"1 45 | % 0 275
. CMOS 32
) HMB6204-12-4 20 [ 120 e | o83
Sl HVIG6204-15°4 1810728 150 | 160 0.8m/50m o 28
Module HMB6204L-12-4 dosoder) 120 [ 120 o 83
HMB6204L-154 ) Hso 0 40,/50m o 8
[HM63921-20 20 | 30 . 289
18kchit [HM6392125 | %x9 [ 251 3 . 289
HFO HM63921-35 35 | 45 100 |, [ o 289
HM63941-25 25 | 35 max. . 289
36k-bit [ HM63941-35 &x9 [ 35| 45 ° 289
HM6394145 45 | 80 . 289
[HM62AT68-25 PRSP I . 31
120k-b | HMG2A168-35 Cway) | 383 D 31
HMB2A168-45 45 | 45 11 5 . 3n
. HMB2A188-25 PR I (max ) . 311
Gache | 128kch [HM62A188-35 @wy) | B3 D 311
RN HM62A188-45 45 | 45 . 3
HM670932-20 20 | 20 0 319
HM67C932-25 . 3%kx9 | 25 ] 25 0 319
256t [HME7B932-20 BROMOS | way) [0 20 TBD | 44 0 T
HM67B932-25 25 | 25 . T
HBGGB1616A-25 k=16 | 25 | 2 °| 33
o HBG6B1616A-35 (module) |35 | 35 4mn2 | 3 o | 333
B66AZ568A-25 256kx8 | 25 | 25 o 343
Module) 2b | iessaoseeass | OMOS | (modue) [ 35T 35 Bmiz4 | 60 o 33
TG | apiep | M644332-25 %x20 | 25| % 10 | e 351
RAM HM624332-30 (tagram) |30 | 30 max 351
tData sheet not included in this manual. Request data sheet for HM67B932. (continued)
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QUICK REFERENCE GUIDE

m MOS RAM
) Access| Cycle Power P .
Organizaton | Time | Time | Swoy | pior ackage "1
Mode | Total Type No Process (wgrdxbﬁ) m | @9 | Dlssc(%uon Page
Max | Max PaNo | G [ P {FP|sP|zrfca|cP|up|m
FVIG52568-10 00 | 100 oo e 369
HM65256B-12 20 | 190 ojole 369
HM652568-15 50 | 235 olole 369
HM652568-20 200 | 310 oleoe 369
V52368110 | 327688 [ am0175 | 28 —etete o
HM65256BL-12 | 20 [ 190 oo e 369
Pseudo |y o) [HMB5256BL-15 | 50 | 235 oo e 369
Static HMB5256BL-20 200 | 310 oo le 369
HMG58128D-10 100 [ 180 oo 376
HM658128D-12 120 | 210 5m/0.2 0 376
HMB658128D-15 150 | 250 °le 376
HM658128L-10 181072x8 5501780 2 —TeTe 376
HM658128L-12 120 [ 210 05m/0.2 oo 376
HMB658128L-15 150 | 250 oo 376
6302128 20 | 28 388
16k-b | HMB302134 2048x8 | 24 | 34 025 |18 388
HMB3021-45 30| 45 388
HM5305145 35 | 45 . 402
M iNi63021-60 H2UAx4 T 60 02 |8 —rg 20
[ HMI53461-10 100 | 190 ° . 412
HM53461-12 120 | 220 ° . 412
osgkct [HM53461-15 65536 x4 | 150 | 260 o o . 2
FIM53462-10 CMOS | Multiport [ o0 [ 190 . . 425
HM53462-12 120 | 220 ° ° 425
AM53462-15 150 _| 260 ° ° 425
HM538121-10°8 100 | 190 . 569
HM538121-12°3 120 | 220 . 569
HM53812115% 150 | 260 . 569
Video HM538122-10°3 100_| 190 0 444
Memory | HM538122-12°3 | 131072x8 | 120 | 220 | +5 40 . 44
HM538122-15°8 150 | 260 . ]
"HM538123-10°3 100 | 190 0 470
HM536123-12°3 120 | 220 . 470
HM538123-15°3 150 | 260 . 470
AM534251-1073 100 ] 190 . . 469
MD I isaags111 100 | 190 35m/0 55 ° o 469
HM53425112°3 120 | 220 . . 469
HM534251153 150 | 260 ° ° 469
HM534252-10°3 100_| 190 . . 516
HM534252-11°3 et 00 90 28 0 o |56
HM534252-12°3 120 | 220 ° ° 516
HM534252-153 150 | 260 ° 0 516
HM534253-10°3 100 | 190 D . 542
[HM534253-12°3 120 | 220 ° . 542
HM534253-15°3 150 | 260 ° . 542
HM50464-12 120 | 220 D . 590
HM50464-15 655364 | 150 | 260 18 [ e D 590
HM50464-20 200 | 330 0 . 590
Hvsozse12 | WMOS 120 [ 220 20m/0.35 o o Te 598
THM50256-15 150 | 260 . o e 598
HM5025620 200 | 330 ° o e 598
. HM51256-8 85 | 155 D o[ |e 606
Dynamic| 256k-b I+ iyi61256-10 100 ] 180 6 [ Te ol |e 506
HM51256-12 262144x1 [1205 | 210 AN o[ Te 606
HM51256-15 150 | 250 ° o [e 606
HMsi2560:8 | OMOS 85 [ 155 10m/0.35 o o] e 606
HM51256L-10 100 | 185 . o[ [e 606
HM51256L-12 120 | 210 . NED 606
AM51256L-15 150 | 250 ° o |e 606
(continued)
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QUICK REFERENCE GUIDE

E MOS RAM
Organization Nﬁ(;ﬁgs C"%Ig sumy | POVEr Package *1
Mode | Total Type No Process (wgrd xbit) | (ns) | (ns) WW Dissipation Page
Max | Max PaNo | G | P [FP|SPfzpcafcP|up|m
| HM51258- 85 | 150 D 614
HM51258-10 100 | 180 D 614
ij_s@r 0 2621441 o910 10m035 | 16 9 .
HM51258-15 50 | 250 D 4
HM514256-8 80 | 160 [ ° ° 623
HM514256-10 100 | 190 [ ° ° 623
HM514256-12 120 | 220 [ ° [ 623
| HM514256-8S 80 | 160 [ ° [ 635
HM514256-10S 100 | 190 10m/0.33 ° ° [ 635
HM514256-12S 120 | 220 [ [ [ 635
HM514256A-8 80 | 160 [ ° [ 635
HM514256A-10 100 | 190 ] ° [ 635
| HM514256A-12 120 | 220 [ ® [ 635
HM514256API-6 60 | 120 11/495 ° ° ° 651
HM514256API-7 70 | 130 11/440 ° ° ) 651
HM514256API-8 80 | 160 11/385 [ [ ° 651
HM514256API-10 100 | 190 11/330 ) ° o 651
HM514256API-12 120 | 220 11/275 ° ° ) 651
| HM514256H-6 60 | 120 [) ° [ 667
HM514256¢-7 70 | 140 10m/0 45 . . o | 667
| HM514258-8S 80 | 160 [ ° ] 696
| HM514258-10S 100 | 190 ) ° o 696
HM514258-12S 120 | 220 ° ° [ 696
HM514258A-8 80 [ 160 10m/0 375 * o o] 6%
| HM514258A-10 100 | 190 [ ° ) 696
HM514258A-12 120 | 220 ° ° ) 696
HM514266A-6 60 | 120 11/495 [ ) [ il
HM514266A-7 70 | 130 11/440 [ [ [ m
Dynamic| 1M-b | HM514266A-8 CM0S 80 | 160 | +5 11/363 18 ° ° o Fall
HM514266A-10 100 | 190 11/303 [ ° [ Yal
HM514266A-12 1048576 x 1 | 120 | 220 11/259 [ [ [] Fal
HM514256-8 80 | 160 11/363 [ D [ yal
| HM514256-10 10 | 190 11/303 [ o [ all
| HM514256-12 12 ] 220 11/259 [ ° ) il
HM511000-8S 80 | 160 ° ° ° 725
HM511000-10S 100 | 190 10m/0.35 ° D [ 725
| HM511000-12S 120 | 220 [] L) [] 725
HM511000A-8 80 | 160 ® ° ° 725
HM511000A-10 100 | 190 10m/0 375 ° ° ® 725
HM511000A-12 120 | 220 [ ° o 725
HM511000ALP-8 80 | 160 1.7/385 [ ° ° 737
HM511000ALP-10 100 | 190 7/330 ° ° [ 737
HM511000ALP-12 120 | 220 1.7/275 [ ° [ 737
HM511000ALJP-8 80 | 160 17/385 [ ° [ 737
HM511000ALJP-10 100 | 190 17/330 [ [ [ 737
| HM511000ALJP-12 120 | 22 1.7/275 ° ° D 737
HM511000H-6 60 | 125 ° ° ) 751
THM511000H7 70 [ 140 10m/0.45 0 ° o [ 75
| HM511001-8S 80 | 160 [ ° [ 762
HM511001-10S 100 | 190 [ ° [ 762
HM511001-12S 120 | 220 [ [ [J 762
HM511001A-8 80 | 160 [ o [) 773
HM511001A-10 100 | 190 10m/0.35 ° ° [ 773
HM511001A-12 80 | 160 ° ° ® 773
| HM511002-8S 80 | 160 ° ° ) 816
| HM511002-10S 100 | 190 [ ° [ 816
HM511002-12S 120 | 220 [ ° [ 816
(continued)
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QUICK REFERENCE GUIDE

N MOS RAM
. [Access| Cycle Power -
Mode | Total Type No Process g;g?g'f%?{; E]”;)e T(Ir?;)e vsé:.ga:._:ﬁ Diss(ieva)tion Package Page
Max | Max paNo [ 6 | P (P [sp|ze[cafce || m

FINGTH002A 80 [ 160 0 0 0 B
HN5TI002A-10 | CMOS  |1,048,576 x 1] 700 [ 190 10m/0.45 0 0 0 16
HM5TI002A-12 120 [ 220 0 0 o] [ 8
HM57100JP-35R 35 [ 70 o 813

M5 [HM57100JP40R 40 [ 80 o |80
HVS7I000P45R | o 45 | 85 o |80
HV572560-35R | DVOMOS | IMx1 o= V) W) 28 o] [ &6
HM574256JP40R 20 | 80 o [ &®
HM5742560P-45R 5[ 8 o |86
FM514100-8 80 [ 150 Tim/ 4% 0 o [ 8%
HM514100-10 100 | 180 Tim/.44 0 o [ &%
HM514100-12 194,304 x1 50 To10 Tim/.365 o o] [ &%
Dynamiq FM514100-7 70 | 140 [5v-5] 1im/55 0 o] | 89
HM5144008 80 | 150 Tim/ 495 . o [ 8
HM514400-10 1,048,576 x 4] 700 | 180 Tim/ 44 o o] [ 88
FM514400-12 120 [ 210 Tim/385 . o] | 883
AM514101-8 80 [ 150 Tim/ 495 A o [ 883

MO 51410110 cmos 100 ] 180 Tim/ 44 ° o| [ 883
HM514101-12 120 [ 210 Tim/385 * o [
HM514102:8 4,194,304 x4 —g0 360 Tim/.4% ° o] |8
HM514102-10 700 | 180 Tim/ 44 o o] |3
FM514102-12 120 [ 210 TIm/365 . o |8
HM5124108 80 ] 150 Tim/ 4% . o] | &
HM514410-10 1,048,576 x 4 700 | 180 Tim/.44 ° o] | 83
HM514410-12 120 [ 210 Tim/385 0 o] [ 88
HB561008-12 wzvans 2020 0.1272.42 o 93
HB561008-15 A0S 150 | 260 012242 o 93
HB561003-12 120 [ 210 0.135/255 o o4
HB561003-15 262144x9 [ 150 | 260 0135246 o 85
HB561409-10 100 | 180 60m/1 8 o | 958
HB56A18-105 100 [ 180 o | &3
HBBBATB-125 120 | 210 o | 831
HB56A18-10A 10485768 150 T 780 20m/14 0 o] &i
HB56A18-12A 120 | 210 o] &
HBS6ATS-10S 100 [ 180 | o 3
HB56A19-125 120 [ 210 o | 843
HB56AI9-10A 1048576 %9 550 T 780 £vL o 83
HB56A19-12A 120 [ 210 o 83
HB56018-10 100 | 190 o 83
HB56C18-12 1048576 x8 501220 Vi o] 843
DRAM HBSGCTBATEA | cuos 80 [ 560 883,08 837
Module HB56C18AT-10A 100_| A80 88/2.6A 837
HB56C1BAT-T2A 120 | 400 88/2.20 837
HB5619-8 80 630 9973465 849
HB56C19-10 1048576 x 9 [ 700 [ 190 20 o | 849
HB56C19-12 120 | 220 : o a1
HBS6CIOAT-8A 80 | 630 9073465 o 8
HB56C19AT-10A 100 | 540 99/2970 o 819
HB56C19AT-12A 120 | 450 9912475 o 819
HB56025608A-6H 60 | 180 22/990 o | %7
HB56025608A7H 70 [ 160 22/880 o %67
HB56025608A-8A 262,144 x 8 [ 80 | 132 220726 o[ 97
HB56025608A-10A 100 [ 110 221605 o 967
HB56025608A- 12 120 | 94 22/517 o 967
HB56D25609A-85A 85 202 3311 o 979
HB56025609A-10A 262,144 x9 [ 100 | 170 33/ 94 ol o1
HB56025609A-2A 120 | 144 33779 o] o7
(continued)
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QUICK REFERENCE GUIDE

H MOS RAM
Access| Cycle s Power Package *!
Mode | Total Type No Process 8‘;%?3'3‘,'3?3 T(:g)e T(‘n’;‘; v%%'},'ﬁ Dnssll\;l)va)tlon Page
Max | Max PaNo [ G | P |FP[SP|zp|ca|cP [P | M

| HB56D256098-85A 85 | 202 A e[ 979
56D256098-10A 262,144%9 [ 100 | 176 33794 | 30 o[ 979
B56D256008-12A 120 [ 144 331.79 o] 979
B560256368-85 85 | 160 o] 991
HB56D256368-10 262,144 % 36 [ 100 | 190 126/4.24 e 991
HB56D25636B-12 120 | 220 7 ® | 991
HB56D51236B-85 85 | 160 252/4.58 ® | 1003
HB56051236B-10 524,288 x 36 | 100 | 190 252/3.91 ® [ 1003
HB56D51236B-12 120 | 220 252/3. 36 ® | 1003
ORAM HB56A49-8 80 | 160 99m/4 455 ® [ 1027
Motk HB56A49-10 CMOS  |4,194,304 x9[ 700 | 190 99m/3.96 ® | 1027
HB56A49-12 120 [2207] o [S9mia4g6 | o ® [ 1027
HB56A48-8 80 | 160 88m/3 96 ® [ 1015
HB56A48-10 4,194,304 x 8[ 100 | 190 88m/3.52 ® | 1015
sy | HEB6A48-12 120 | 220 88m/3.08 ® | 1015
HB56D136-8 045,576 |80 | 160 126m/5.25 ® | 1039
HB56D136-10 e 100 | 190 126m/4.62 © | 1039
HB56D136-12 120 [220 | 5v [126mB.99 | ,, ® | 1039
HB56D236-8 2097152 |80 | 160 +5%] 252m/5.57 o [ 1049
HB56D236-10 g6 [ 100 ] 190 250m/4.94 ® | 1049
HB56D236-12 120 | 220 252m/4.31 ® [ 1049

= MOS ROM

Access
Supply Power Package *1
Program Tgti?' Type No. Process ?v:%?g'f%?t'; ?r?s])e Voltage | Dissipation ackage Page
Max v W) PinNo P e
HING23257 150 o e[ 1060
256D ING23258 527688 200 oo 1063
HNG2331°3 120 ® e | 1069
HNG2321 150 28 ® e 1066
HNG23218 200 e e | 1077
1M [HN62331E™ 131072 x 8 120 e e 1077
HN62321E 200 ® e | 1077
HN62331A°3 120 » e e | 1069
HNG2321A 150 ® e | 1080
oMb | HIN62422°S 1321g27124§ 1(58 150 40/44|—- 0| © | 1083
HNG2412 or x 200 M Te @ | 1083
Mask FNG242473 OMOS I oaax 16 E WOl e e
HN62404 or 524288 x 8 200 e | e | 1087
HN62324B°3 150 ® e | 1091
HNG2304B 524268 x8 200 32 ® e 1091
Mb 262144 %16 |_200/170 20 ° 1101
HNG62414 or 524288 x 8 | 200/170 /%8 e e 101
HNG2314 512Kx8 | 2001170 32 o e 107
512Kx 8 100 40 e e[ 1095
HN62444 256 % 16 100 44/48) ® [ 1095
8M-b | HNG2408'3 a6 200 4244 |@|@| 1114
(continued)
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QUICK REFERENCE GUIDE

N MOS ROM
Access
A Supph Power Package *1
Program Total Type No. Process | Organization Time Vol?gg% Dissipation ackage Page
Bit (word x bit) (ns) V) W)
Max PaNo | G [ P | FP
FNG23088 Mx8 200 2| [ele| 119
1Mx8
et 16Mp | HN6B403P 512K x 16 %0 sl | o | |® 1123
ectrical
Eraablo & HN624016°3 1%%?5"2163 200 . 17
Programmable or x
Bich  [HINSBCES-25 8192x 8 20 2m/20m ole 138
HN58C66-25 250 ole| T4
256kb | HN58C256-204 200 oo 156
HN27C256A- 109 | 10 100 . 1158
HN27C256A-123 20768x8 120 05u01 | g [® 1158
256kb  [HN27C256A-15°3 150 . 1158
HN27C256H-70 70 015 . 1166
HN27C256H-85 85 . 1166
HN27512-25 250 ° 176
OV Erasabe st2kb [t NMOS | 655368 o 50m/0 2 < L
& Electrically HN27C1024H-85 85 . 1183
Programmable HN27C1024H-10 65536 x 16 100 02 0 Te 1183
HN27C101-17 70| 45 ° 1192
b [HN27CI0120 200 . 1192
HN27C10125 250 . 1192
oTCa0 CMOS | 131072x8 = 0501 |32 |3 X
HN27C301-20 200 . 1200
HN27C30125 250 . 1200
HN27C256-25T 250 o] 1209
256k I Na7Co56-30T 327688 300 0 5/50m o] 1209
HN27512-25 250 . 1215
e NMOS | 65536x8 50 50m/0 2 5 L
oo HN27C101-20 200 eole| 12
e [ime
. HN27C101-25 250 oo 2
Mo R HIN27G301-20 1810728 200 o L elo] 129
HN27C101-AG 128k x 8 T e te
1211210 20 e 1247
HN27C4096 256k x 16 e o L
@ HITACHI
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QUICK REFERENCE GUIDE

m ECL RAM
Access
Suppl Power Package *1
Level Tgtif' Type No 8’3‘:3'2:%?3 Output T(:g)e Vul?ag% Dissipation clage Page
v (W)
Max PnNo | 6 | F fCG [P
HM10494-10 10 0 1258
1 4
oty [MIOST2 6384 x 2 08 |2 eTe 1258
HM10490-10 10 o0 1263
ECL 10K AM10490-12 655361 | Open 2] 52 | Y |2 [eTe 1263
HM10504-10 10 [ 1267
256kb | HM10504-12 66536 x 4 12 0 18T Te 1267
HM10500-153 262144 x 1 15 052 24 | @ 1269
HM100494-10"4 10 oo e | 1273
HMH00492-12°4 163844 12 06 | 8 roTe| o2
64k-b | HM100490-10 15 o0 e | 1277
HM100490-12 65536 x 1 20 45 057 2 |e|e o | 1277
HM100490-15 LK) o | 1277
HM100504F-10 10 [ 1281
256k-h | HM100504F-12 60536 4 Emi 12 0 181 Te 1281
ECL100K HM100500-183 W21aax 1| s 18 05 |4/28[e e || | 1282
HM101494-10 10 (K] 1285
HM101492-12 163844 12 128 eTe 1285
HM101490-10 10 57 2 (K] 1289
64k-b | HM101490-12 12 52 ) o0 1289
HM101504-10 65536 x 1 10 ® 1293
HM101504-12 12 [ 1293
HM101500-15°3 .50 24 ° 1294
Notes) *1 The package codes of G, F and CG and applied to the package matenial as follows
G, cerdip, F, Flat Package, CG, Ceramic Leadless Chip Carner
*2 Maintenance Only This device 1s not available for new application
*3 Preliminary
*4 Under Development
@ HITACHI
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Package Information
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B PACKAGE INFORMATION

® Dual-in-line Plastic

Unit: mm (inch) Scale 1/1

oDP-16B
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20 32max
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® Dual-in-line Plastic

PACKAGE INFORMATION

Unit: mm (inch) Scale 1/1

©DP-22NB
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PACKAGE INFORMATION

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

® DP-28 ® DP-28C
3470.1366) )
35801 402) 28 3556max (1400max) 15
T8+ 3 bman (1 4k1mar) nonononnnaa
<z EE 3
sk e
ERHY N ik it o
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PACKAGE INFORMATION

® Dual-in-line Plastic Unit. mm (inch) Scale 1/1

o DP-42

52 8(2 079)
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Applicable ICs

DP-16B HM50256P Series, HM50257P Series, HM51256P Series, HM51256LP Series, HM51258P Sertes

DP-18B HMO50464P Series, IM30465P Series

DP-18C HMS53051P, HM511000AP Sertes, HM511000SP Series, HM511000HP Series, HM511001AP Sertes, HM511001SP Series,
HM511002AP Series, HM511002SP Sertes

DP-20N HM6168HP Series, HM6168HLP Series, HM6268P Series, HM6268LP Series HM6167P Series, HM6167LP Sertes,

HM6167HP Series, HM6167HLP Series, HM6267F Series, HM6267LP Series

DP-20NA HM514256P Series, HM514256 AP Series, HM514256SP Series, HM514256HP Seres, HHM514258 HLP Series.
HM514258SP Sertes

DP-22N | HM6287P Series, HM6287LP Series

DP-22NB HM6288P Series. HM6288LP Series. HM6788P Series, HM6788HP Series, HM6287HI> Series, HM6287HLP Series,
HM6787P Series, HM6787HP Series

DP-24 HM6116P Series, HM6116LP Series, HM6116AP Series, HM6116ALP Series

DP-24A | HM53461P Series, HM53462P Sertes

DP-24N | HM6116ASP Series, HM6116ALSP Series

DP-24NC HM6716P Series, HM6719P Series, HM6789F Series, HM6789HP Series, HM6208P Series, HM6208LP Series, HM6208HP Series,
HM6208HLP Series, HM6708P Series, HM6207P Series, HM6207LP Series, HM6207HP Series, HM6207HLP Series, HM6707P Series
HMG6264P Series, HM6264LP Series, HHM6264LP-L Series, HM6264AP Series, HM6264ALP Series, HM6264ALP-L Series,

DP-28 HM62256P Series, HM62256LP Series, HM62256LP-L Series, HM65256 AP Series, HM65256 BP Series, HM65256 BLP Series,
HIN623257P, HN623258P, HIN62321P, HN62321BP. HN62331P, HN62321EP, HN62331EP, HN62321AP, HN62331AP, HN58064P,
HNS58C66P, HN58C256P, HN27128AP, HN27256P, HN27512P

DP28N HM6264ASP Series, HM6264ALSP Series, HM6264ALSP-L Series, HM65256ASP Series, HM65256BSP Seres,

HM65256BLSP Series, HM63021P Series

DP-32 HM628128P Series, HM628128LP Series, HM658128DP Series, HM65256 ASP Series, HM65256 BSP Series,
HN27C101P Series, HN27C301P Series

DP-40 HN62412P, HN62422P, HN62404P, HN62424P

DP-42 HN62408P, HN624016P
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PACKAGE INFORMATION

Unit: mm (inch) Scale 1/1

® CERDIP
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PACKAGE INFORMATION

® CERDIP Unit: mm (inch) Scale 1/1
®DG-32
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Applicable ICs

DG-20N | HM10480-15, HM100480-15

DG-22N | HM10490-15, HM100490 Series

DG-24V | HM10500-15
HN27128AG Series, HN27256G Series, HN27C256G Series, HN27C256AG Series, HN27C256HG Series,
HN27512G Series
DG-28N | HM10494 Series, HM100494 Series
DG-32 HN27C101G Series, HN27C301G Series

DG-40A | HN27C1024HG Series

DG-28
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PACKAGE INFORMATION

® Zigzag-in-line Plastic

Unit: mm (inch) Scale 1/1
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Applicable ICs

ZP-16 HMS50256ZP Sertes, HM50257ZP Series, HM51256ZP Series, HM51256LZP Series
HM514256ZP Sertes, HM514256 AZP Series, HM514256SZP Series, HM514256 HZP Series, HM514258AZP Sertes
ZP-20 HM514258SZP Series, HM511000AZP Series, HM511000SZP Series, HM511000HZP Series, HM511001AZP Series,
HM511001SZP Series, HM511002AZP Series, HM511002SZP Sertes
ZP-24 HM53461ZP Series, HM53462ZP Series
zp-28 HM534251ZP Series, HM534252ZP Series, HM534253ZP Sertes
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PACKAGE INFORMATION

®Flat Package Unit mm (inch) Scale 1%
O FP-24D o FP-28D
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PACKAGE INFORMATION

o Flat Packages (continued)

o FG-28D ® FG-24A
..... _ al
(e}
— ic
b 23| 28| = Ee=——= .5 23 o
| G 2zEman) ool 33| ———— e 53|22 o
~ - ]‘ R —— =——ntEdII=
88 _ =3| 88 ——H S3laa
S EE.e S E s o
2ls ole H - == = 8
°le sz R TP
S 559 (0220) 1382 0548 ‘ 'o 6110025) =
EL 183 10 190) 1352 (0532) L 1AX ﬂg
3'3 2131 (0 958) MAX(RED) 22
HiH a2
min 28 g Zs
g r—— . _
’”—_‘_—|==I ‘ﬁ_'”’g E - { —
% ?, 102max £ (@ 402man) k] 5 ég
]IE Sig 5
8 e 2s
Applicable ICs
FP-24D | HM6116FP Series, HM6116LFP Series
FP-28D HM6264FP Series, HM6264LFP Series, HVI6264LFP-L Series. HM6264AFP Series, HM6264ALFP Series
HM6264ALFP-L Series, HN58C65FP Series, HNG8C66FP Series, HNS8C256FP Series
HM6264FP Series, HM6264LFP Series, HM6264LFDP-L Series, HM6264AFP Series, HM6264ALFP Series
FP28DA HM6264ALFP-L Series, HM62256FP Sertes, IIM62256 LFD” Sertes, 1IM62256SLFP Series, HM65256 BFP Sertes,
- HM65256 BLFP Series, HN623257F, IIN623258F, HHN62321F. HN62321BF, HN62331F. HN62321EF, IIN62331EF, HN38C65FP,
HN58C66FP, HN58C256FP, HN27C256FP
FP-32D HM628128FP Series, IIM628128LFP Series. HM658128DFP Sertes, HM658128LFP Series, HN62321AF,
" HNG62331AF, HN62304BF HN62324BF, HN27C101FP, HIN27C301FP
FP-44A HN62412FP, HN62422FP, HN62404FP, HN62424FP, HN62408FP
FG-20D | HMIOIS00F-1>
FG-24A | HMIOISWF-15
FG-28D | HMI10049F Series
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® Leadless Chip Carrier

PACKAGE INFORMATION

® CG-22A ® CG-28 ® CG-28A o CG-28B
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PACKAGE INFORMATION

® Flat Packages (J-Bend Leads) (continued)

Unit: mm (inch) Scale 11
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Applicable ICs

CG-22A | HM6787CG Series, HM100490CG Series

CG-28 HM10490CG-15

CG-28A | HM2144CG Series, HM10480CG-13 HMIOISWCG-15

CG-28B | HM100500CG-18

CP-18 HMS50464CP Series, HM50256CP Series, [IM50257CP Series, HM51256CP Sertes, HM51256LCP Series

HM514256]P Series, HM514256AJP, HM514256STP Series, HM514256 HJP Series, HM514258AJP Series, HM514258SJP Series,

CP-20D HMS511000AJP Series, HM511000SJP Sertes, HM511000HJP Series, HM511001AJP Series, HM511001SJP Series,
HM511002AJP Series, HM511002S]P Series
HM6288]P Series, HM6288LJP Series, HM6289JP Series, HM6289LJP Series, HM6789JP Series, HM6789H]JP Series, HM6287H]JP
CP-24D | Series, HM6287HLJP Series, HM6787H]JP Series, HM6208HJP Series, HM6208HLJP Series, HM6708JP Series, HM6207HJP Series,
HM6207HLJP Series, IIM6707JP Series,
CP-28D HM624256] P Series, HM534251JP Series, HM534252]P Series, HM534253]P Series
CP-32D | HM624257]JP Series, HM624257LJP Series
CP-40D | HM538121JP Series, HM538122]P Series, IIM538123]P Series

CP-44 HM67C932 Series

CP-52 HMG62A168 Series, HM62A 188 Series
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B RELIABILITY OF HITACHI IC MEMORIES

1. STRUCTURE

IC memories are basically classified into bipolar
type and MOS type and utilized effectively by their
characteristics. The characteristic of bipolar memo-
ries is high speed but small capacity, instead, MOS
memories have large capacity. There are also dif-
ferences in circuit design, layout pattern, degree of
integration, and manufacturing process. These
memories have been produced with the standardized
concept of design and inspection all through the

® Table 1 Basic Cell Circuit of IC Memories

processes of designing, manufacturing and inspec-
tion,

IC memories are constituted by the unit patterns
called cells, which are integrated in high density.
The knowhows based on our experience have been
applied in every production stage. In addition, re-
liability has been ensured using TEG (Test Element
Group) evaluation. Examples of cell circuits of
bipolar and MOS memories are shown in Table 1.

“NMOS, CMOS

PR Bipolar memory Bipolar memory NMOS memory : NMOS memory
Classification (RAM) (PROM) (Dynamic RAM) (S'tl;:?g(;:i:;l) (PROM)

Buffer memory, . For

Application control memory Microcomputer Main memory of computer, microcomputer
PP of high-speed control use microcomputer memory control
computer
3
Example of
basic cell
circuit
—
!

Dies of IC memories are produced in various pack-
ages. In this process of packaging, Hitachi has also
innovated new techniques and ensured to high level.
As packages for IC memories, cerdip (glass-sealed)
packages and plastic packages are currently used.
Also such packages as LCC (Leadless Chip Carrier)
or SOP (Small Outline Package) have been devel-
oped for high density packaging. Cerdip packages
sealed hermetically are suitable for equipment re-
quiring high reliability. Plastic packages are widely
applied to many kinds of equipment. Hitachi
plastic packages have been improved the reliability

® Table 2 1C Memory Package Outline

level as highly as that of the hermetically sealed
packages. Table 2 shows the outlines of the Hitachi
packages.

® Cerdip

® 16 pin ® 18 Pin

© 20 Pin

® 24 Pin

O HITACHI
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Reliability of Hitachi IC Memories
W Cerdip (continued)

© 28 Pin with Lid ® 32 Pin with Lid

® Plastic DIP
® 16 Pin ® 18 Pin ® 20 Pin

® 24 Pin ® 28 Pin ® 28 Pin

8 |_eadless Chip Carrier

® 20 Pin ® 22Pin ® 24 Pin
a8 SOP = PLCC = S0J
® 24 Pin ® 28/32 Pin ® 18 Pin ® 20/26/28/32 Pin

e &

GO HITACHI
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2. RELIABILITY

Results of reliability tests are listed below.

2.1 Reliability Test Data on Bipolar Memories

The reliability test data on the bipolar memories are
shown in Table 3 and 4. Since they are manufac-
tured under the standardized design rules and quali-

Reliability of Hitachi IC Memories

ty control, there is no difference in reliability
among the various types. And the larger the capac-
ity is, the higher the reliability per bit becomes.

® Table 3 Results on Bipolar Memory Reliability Test (1)

HM10480-15 HM2144CG
Test item Test Sam-| Total |p.. | Failure Test Sam.| Total |p.. | Failure
o component rate* oy component rate*
condition ples hours ures (1/hr) condition ples hours ures (1/hr)
High- Tg=125°C CH 1h | Tz=125°C
a .H. a= C.H. 1/h
(Onporamre | vep=—s2v | ***| 3ax0* | O [27x10% [vEE=s2v | 12| 12x10s | O |7.7x10%
:{iﬁ‘;’g‘:‘“l’ T4=200°C 351 | 3.51x10% | 0 | 2.6x10°° | T4=200°C 120 | 1.2x10° | 0 |7.7x10°
* Confidence level 60%
® Table 4 Results on Bipolar Memory Reliability Test (2)
. » HM10480-15 HM2144CG
Test item Test condition
Samples Failure Samples Failures
Temperature cycling -55°C to +150°C, 10 cycle 160 0 180 0
Soldering heat 260°C, 10 seconds 35 0 22 0
Thermal shock 0°C to +100°C, 10 cycles 50 0 50 0
Mechanical shock 1500G, 0.5ms, Three times each for X, 30 0 22 0
Yand Z
Variable frequency 100 to 200 Hz, 20G, Three times each 40 0 22 0
for X, Yand Z
Constant-acceleration 20000G, 1 minute, each for X, Y and Z 40 0 22 0

2.2 Reliability test data on Hi-BiCMOS memory

Hi-BiCMOS memory is newly designed based on the
latest fine machining technologies (2m ~ 1m),
which features low electric consumption / high
integrity by CMOS and high speed / high drivability
by bipolar. This device also attains high speed close
to ECL and low electric consumption as CMOS.
Input and output level supports both ECL and TTL.
Reliability test data of HM100490-15 (64k-words x
1-bit) and HM6788P-25 (16k-words x 4-bits) are

Table 5 Results on Hi-BiCMOS Memory Reliability Test (1)

listed in table 5 and table 6.

The above shows the sufficient reliability of high
speed Hi-BiICMOS in the normal use with some
limitations considered from its own circuit com-
position. For further information, see each data
sheet. Besides the caution points with CMOS and
bipolar device, avoid abnormal use as in deformed
or slow wave form which causes malfunction and
latch up.

HM100490-15 (Cerdip) HM6788P-25 (Plastic)
Test item Test Total test| . Failure | Test item Test Test test | .. Failure | Remarks
condition Samples) "“time Failures rate condition Samples time Failures rate
High-
tore e g = 125°C CH 1h |2
3 ture a= ., *1 .
High- puse  |Voc=50v | 420 azxi0s| 1T |a.8xio | foreien
tempera- . opera-
ture Ta =125°C 380 C.H. 0 1/h tion
pulse VEE=-4.5V 3.8x10° 2.4x107¢
opera- Moisture o
ton endur- |5y CBSPRH | 910 [21x10%| 0 |48x10¢
ance
High-
tefqp. Ta=200°C | 330 |3.3x10°| 0 [3.0x10°¢ Pc'jgsl:‘e'f 121°C100%RH| 80 [0.16x10°| 0  |6.3x10°°
storage
@ HITACHI
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Reliability of Hitachi IC Memories

Table 6 Results on Hi-BiCMOS Memory Reliability Test (2)

. L. HM100490-15 (Cerdip) HM6788P-25 (Plastic)
Test item Test condition - .

Samples Failure Samples Failure
Temperature cycling -55°C ~ -150°C 100 cycles 180 0 ‘ 180 0
Soldering heat 250°C 10 seconds 22 1} 22 0
Thermal shock 0°C ~ 100°C 10 cycles 50 0 50 0
Mechanical shock 1500G, 205;1)1(3 "l;_h;ie:itizmes each 22 0 - -

: 100 ~ 200Hz, 20G Three times each

Variable frequency for X, Y and Z 22 0 - -
Constant acceleration 20008)?’)(1, ?i::;ei each 22 0 — -

2.3  Reliability test data on MOS memories

2.3.1 Reliability test data on MOS DRAM and
SRAM

Table 7 and table 8 shows the reliability test data on

the representative types of 1M DRAM (HM511000/

HM514256), 256k SRAM (HM62256) 1M SRAM

(HM628128FP).

® Table 7 Reliability Data on TM DRAM

The life test is performed at high temperature and
high voltage to evaluate the reliability of products
using fewer samples. All failures are caused in
manufacturing process, so we feedback the data into
manufacturing process to improve the quality and
reliability.

HM511000P/HMS514256P HMS511000JP/HM514256JP
T Test Series (DIP) Series (SOP)
est item fe . p Remarks
condition | g\, Total | Fail- liz;lg::e Sam-| Total | Fail- Frzltlg,,fe
ples | test time | ures (1/hr) ples | total time | ures (1/hr)
High- 125°C/5.5V | 300 | 6.00x10% | 0 1.53x107¢ | 200 | 4.00x10* 0 | 2.30x107¢
temperature 125°C/7V 1252 4.50x10° | 1* |4.48x107°|3186| 9.34x10° | O | 9.85x1077
pulse operation 50°C/TV 200 | 4.00x10° - . 1 *1
150°C/7 .00x1 0 |2.30x10°| 200 | 4.00x10 0 |2.30x10 Oxide film
Moisture 85 GB9% RH) 420 | 8.40x10° | 0 | 1.10x10°¢ | 682 | 1.36x10° | 0 |6.74x107 Failure x1
Pressure L21°C/100% | 150 | 4.50x10% | 0 | 2.04x10°% | 200 | 6.00x10* | 0 | 1.53x10°
* Confidence level 60%
® Table 8. Reliability Data on 256K and 1M SRAM
HM62256FP (SOP) HM628128FP (SOP)
. Test P .
Test item condition | Sam-| Total Fail- Fr:ltl:i ¢ | sam- Total Fail- Frzltl::e Remarks
ples | test time | ures (1/hr) ples | total time | ures (1/hr)
High 125°C/5.5V | 3088 | 3.11x10° | 0 |8.88x1077|1038| 1.04x10° | 0 |8.86x107"
temperature | 125°C/7V | 455 | 4.55x10° | 0 |2.02x10% | 951]5.33x10°® | 1#* [3.79x10% | (2 .
pulse operation > - - g
150°C/7V 103 | 1.00x10° | 1*! |2.02x10°® 80| 1.60x10° | 0 |5.75x107®
. o *
Moisture 85°C/85% | 680 |6.80x10° | 0 |1.35x10¢ | 127|2.54x10° | 0 |3.62x107¢ | 2 Lok x1
endurance RH 7V
Pressure 121°C/100% | 350 | 6.40x10% | 1% |3.16x10% | 90| 2.70x10* | 0 |3.41x10°®
cooker RH
* Confidence level 60%
O HITACHI
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2.3.2 Reliability Test Data on EPROM

EPROM has two types; conventional EPROM with
transparent window and one time programmable
ROM (OTPROM) packaged in plastic package. Table

® Table 9. Reliability Data on 512K and 1M EPROM

Reliability of Hitachi IC Memories

9 shows reliability test data on the representative
EPROM types 512k EPROM  (HN27512,
HN27512P), 1M EPROM (HN27C101, HN27C301).

T HN27512 (Cerdip/Plastic) HN27C101/HN27C301

. est " "

Test item condition |Sam-| Total | Fail- ﬁi‘g:,{e Sam-| Total | Fail- lia‘t]::e Remarks

ples | test time | ures (1/hr) ples | total time | ures (Ia/hr)

High- 125°c/5.5v | 200 [3.72x105 | 0 [2.47x10¢ | 180 | 3.24x105| 0 |2.84x107¢

temperature 5 " | ¥1

operation 125°C/TV | 530 | 7.95x10° | 0 |1.16x10¢ | 327 | 6.54x10° | 0 |1.41x10®| =

High 175°C 260 |4.91x105 | 0 |1.87x10°| 150 | 7.5x105 | 0 |1.23x10%¢ | dissipation x 49

})exllgperature 200°C 240 |3.72x10° | 1*' |5.43x10 | 130 | 6.49x10° | 1*' [3.11x107®

ake 250°C 180 | 1.89x10° | 7%! | 4.44x10° | 110 | 3.07x10° | 40** | 1.30x40*

i‘gztr‘;;ece ;5}[(;/;}3]% 290 |5.22x105 | 0 |1.76x10°| - - - - Data of 512K
! : OTPROM

Pressure 121°C/100% | 50 1 0.10x10° | 0 |9.20x10°%| — - - -

cooker RH

* Confidence level 60%.

The failure shown in table 9 is due to the data dis-
sipation in memory cells. Getting thermal energy,
electrons in memory cells are activated and go
through the floating gate. In actual usage, however,
it has no problem because this phenomenon de-
pendes on temperature (about 1.0eV of activated
energy) greatly. The moisture resistance of
OTPROM is also satisfactory.

Table 10 shows the example of PROM derating.
When derating, the parameter is generally only the
temperature because other operating conditions are
specified. Especially to lower the junction tempera-
ture during mounting is important for stabilizing the
operation relative to access time, refresh time and
other characteristics.

® Table 10 Example of HN27C101/HN27C301 Derating

Factor Temperature

Electrical Characteristics,

Failure criteria Function Test

Increase of leak current

Fai .
ailure mechanism and others

Results:
The result from high temperature baking of PROM
is shown in the right figure.

100
107

10¢ /
10% /

10

MTTF (hr)

\\

10°)

Ple PP L
/és g 3888 &
102 s $1é 34 4 (]
15 20 25 30 35
109/T) (K1)

70°C/W with 2.5 m/s air flow.

Note: Decreasing junction temperature shown in the figure will promise the higher reliabilit%'l. The junction temperature
can be calculated by a formula : Tj = T, + 6j3°Pq  0ja in about 100°C/V5

with no air flow and about 60 to
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2.3.3 Reliability Data on MASK ROM
Table 9 shows the reliability test data on 2M and
4M bit MASK ROM. MASK ROM is patterned ac-

cording to ROM information in manufacturing
process, so data dissipation isn‘t occurred in high
temperature like EPROM and EEPROM.

® Table 11. Reliability Data on 2M and 4M MASK ROM
HN62412P (Plastic) HN62404P (Plastic)
Test item Test Sam- Total Fail- Failu:e Sam- Total Fail- Failure Remarks
condition ples | test time | ures ('f;;r) ples | test time | ures (rf;ﬁ:)

- o
Huih-temp. 125°C/5.5V | - - - - 200 | 4.0x10°| 0 | 23

ulse
Epesmon 125°C/7V 120 1'2..)(105 0 7.67x107¢ 300 3.0x10° 0 3.0x107
Moisture 85°C/85% s -6
endurance RH 5.5V 120 | 1.2x10 0 7.67x10 120 {1.20x10°| 0O 7.67x10¢
Pressure 121°C/ -5 4 -
cooker 100% RH 45 2.3x10* 0 4.1x10 45 2.3x10 0 4.1x10°°

* Confidence level 60%.

2.3.4 Reliability Data on MOS Memory (The result
of environment test)

Table 12 shows examples of each environment test

data. They show good results without any failure

even in severe environment.

V1u of MOS transistor is one of the basic process

® Table 12 Reliability Data on MOS Memories

parameters in MOS memory, which has almost no
change using surface stabilization technology and
clean process. Figure 4 shows the examples of time
changes for 1M DRAM; Vpp min. (V) and
access time (tgac) in high temperature pulse test.

HM511000P [HM511000JP| HM62256FP|HM628128FP| EPROM
DIP S0J SOP SOP i
Test item Test condition (DIP) - ¢ ) - ( ) - ¢ )_ (Cerdlp)‘ Remarks
Sam- | Fail- | Sam- | Fail- | Sam- | Fail- | Sam- | Fail- | Sam- | Fail-
ples | ure | ples | ures | ples | ures | ples | ures | ples | ures
Temperature cycling I(S)Scy%lteo 150°C| 3955 0 [2786| 0 3328 0O 710f 0 |[2790| o
Temperature cycling -5-?)?) cCy(t:fe 150°C 1 150| o 200 0 482 0 105| 0 |[450 | 0
Thermal shock ;giyccl‘e" 150°CH 970 0 | 100/ 0 | 76| 0o | 77] o | 80| 0
Soldering heat 0, e 200 | 2200 | 220 0| 22/ 0 | 22| 0
Mechanical shock 1,500G, 0.5ms - - - - - - - 38| 0
Variable frequency 582‘, t02,000Hz | _ - - - - - - 38| 0
Constant-acceleration | 6000G - - - - - - - 38 0 *6,000G

2.4 Change of Electrical Characteristics on IC
Memory

The degradation of lcgo and hgg are the main

factors of degradation in inner cell transistor of

bipolar memory. In actual element designing, how-

ever, it is designed to operate in the range at which
no degradation happen. Therefore no change of
characteristics including access time are observed.
Time dependence in access time for HM10470 are
shown in Fig. 1.

@ HITACHI
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Figure 1 Time change in access time for bipolar memory

Reliability of Hitachi IC Memories

Example

Example of time change in access time for Bipolar memory

Device name

HM10480-15

Test condition

Ta =125°C, VEg = -5.2V

Failure criteria

t44 = 15ns

Failure mechanism

Surface degration

Results:

Access time is stabilized.
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Figure 2 Time change in access time for Hi-BiICMOS memory
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Example Example of time change in access time for Hi-Bi CMOS memory
Device name HM100490
Test condition Ta = 125°C, VEE = -4.5V
all bit scanning
Failure criteria tq4 = 1Sns Test Condition
- T - 201 Vee=—45V
Failure mechanism Surface degradation Ta=25C § Maximum
Average
Results: Marching Pattern Mimmum
Access time is stabilized. 5
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Figure 3 Time change in Vo min and t4 4 for Hi-BiCMOS memory

Test Condition
Same as above

Example %Jgnnz’%es of time change in V¢ min and 44 for Hi-Bi CMOS
Device name HM6788P-25 sk
Test condition Ta=125°C, Ve = 5.0V
all bit scanning = 4
Failure criteria Vecc=4.5V,t44 =25ns ; 3+ é § § é
- . - E
Failure mechanism Surface degradation >3 2 " Test Condition N
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Figure 4 Time change in Vpp min and tgAc for MOS memory
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Example Example of time change in ¥pp min and tg 4 ¢ for MOS memory
Device name HMS511000P
Test condition Ta=125°C, Vcc =1V St
all bit scanning
Failure criteria Vpp =4.5V,AVpp = 1.0V o
Failure mechanism Surface degradation = 3t :x:‘ ﬁI[— ;Jx. 5
Results: i
Access time (¢4 4) is stabilized and is within the failure 2 2f Test Condition .
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2.5 Failure Mode Rate

Figure 5 and 6 show examples of failure mode
happened in users’ application. Since IC memories
require the finest pattern process technology, the
percentage of failures, such as pinholes, defects on
photoresist and foreign materials, tends to increase.
To eliminate the defects in the manufacturing
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Figure 5 Failure Mode Rate of Bipolar Memory

3. Reliability of Semiconductor Devices
3.1. Reliability Characteristics for Semiconductor
Devices

Hitachi semiconductor devices are designed, manu-
factured and inspected so as to achieve a high level
of reliability. Accordingly, system reliability can be
improved by combining highly reliable components
along proper environmental conditions. This
section describes reliability characteristics, failure
types and their mechanisms in terms of devices.
First, semiconductor device characteristics are
examined in light of their reliability.

(1) Semiconductor devices are essentially structure
sensitive as seen in surface phenomenon. Fab-
ricating 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
exhibit physically different characteristics from
the bulks.

(2)

(3)

process, Hitachi has improved the process and
performed 100% burn in screening under high tem-
perature. Hitachi has been collecting and checking
customers’ process-data and marketing data for
higher reliability of our products. To analyze them
is very helpful for the improvement of designing and
manufacturing.

Oxide
Film Failures

10%

Defective Photo-
bthography

13%

Statistics
for 1985~1987
10 ~ 100FIT

Destruction 30%

Figure 6 Failure Mode Rate of MOS Memory

(4) Semiconductor device technology advances
drastically: Many new devices have been
developed using new processes over a short
period of time. Thus, conventional device re-
liability data cannot be used in some cases.
Semiconductor devices are characterized by
volume production. Therefore, variations
should be an important consideration.

Initial and accidental failures are only con-
sidered to be semiconductor device failures
based on the fact that semiconductor devices
are essentially operable semipermanently.
However, wear failures caused by worn mate-
rials and migration should be also reviewed
when electrode and package materials are not
suited for particular environmental conditions.
Component reliability may depend on device
mounting, conditions for use, and environment.
Device reliability is affected by such factors as
voltage, electric field strength, current density,
temperature, humidity, gas, dust, mechanical
stress, vibration, mechanical shock, and radia-
tion magnetic field strength.

(5)

(6)

(7
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Figure 7 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 com-
ponents and equipment is represented by the
bathtub curve shown in Fig. Z. For semicon-
ductor devices, 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 environ-
mental stress is applied. Therefore, initial and
accidental failures can become a problem for
semiconductor devices. Semiconductor device
reliability can be physically represented as well
as statistically. Both aspects of failures have
been thoroughly analyzed to establish a high
level of reliability.

3.2 Failure Types and Their Mechanisms

3.2.1 Failure physics

Failure physics is, in a broad sense, a basic tech-

nology of “physics + engineering”. It is used to

examine the physical mechanism of failures in terms

of atoms and molecules to improve device reliabili-

ty. This physical approach was introduced to the

reliability field with the demand for minimized de-

velopment cost and period, as technology rapidly

developed and system performance increased, re-

quiring more complex and higher levels of reliabili-

ty. These conditions derived from the development

of solid state physics (semiconductor physics) after

World War Il and associated device development.

Failure physics have been employed to:

1) Detect failed devices as soon as possible

2) Establish models and equation used for failure
prediction

3) Evaluate reliability in short periods by acceler-
ated life test

The purpose of the failure physics approach is to

contribute to reliability related fields such as
product design, prediction, test, storage and usage
by adding physics as a basic technology to conven-
tional experimental and statistical approaches.

3.2.2 Failure types and their mechanism

Device failures are physically discussed in this
section. Semiconductor device failures are basically
categorized as disconnection, short-circuit, de-
terioration and miscellaneous failures. These
failures and their causes are summarized in Table
11. Typical failure mechanisms are reviewed next.
(1) Surface Deterioration

The pn junction has a charge density of 10 —
10%/cm®. If charges exceeding the above density
are accumulated on the pn junction surface, partic-
ularly 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 SiO,
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 handled by the
reaction model.

One example of recent failures is surface deteriora-
tion caused by hot carriers. Hot carriers are
generated when such devices as MOS dynamic
RAMs are operated 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 characteristics
on a part of the gate oxide film, resulting in de-
gradation of threshold voltage (V1) and counter
conductance (gm). Hitachi devices have employed
improved design and process techniques to prevent
these problems. However, as process becomes finer,
surface deterioration may possibly become a serious
problem.

(2) Electrode-related Failures

Electrode-related failures have become increasingly
important as multi-layer wiring has become more
complicated. Noticeable failures include electro-
migration and Al wiring corrosion in plastic sealed
packages.

(D Electromigration

This is a phenomenon in which metal atoms are
moved by a large current of about 10® A/cm?
supplied to the metal. When ionized atoms collide
with current of about scattering electrons, an
‘electron wind’ is produced. This wind moves the
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metal atoms in the opposite direction from the
current flow, which generates voids at a negative
electrode, and hillock and whiskers at an opposite
one. The generated voids increase wiring resistance
and cause excessive currents to flow in some areas,
leading to disconnection. The generated whiskers
may cause shortcircuits in multi-metal line.

@ Multi-metal line related failures

Major failures associated with multi-metal line
include increased leak currents, shortcircuits caused
by a failed dielectric interlayer, and increased
contact metal resistance and disconnection between
metal wirings.

@ Al line corrosion and disconnection

When Plastic encapsulated devices are subjected to
high-temperatures, high-humidity or a bias-applied
condition, Al electrodes in devices can cause corro-
sion or disconnection (Fig. 8). Under high-tempera-
ture and high-humidity, corrosions are randomly

Moture Resistance Test

Reliability of Hitachi IC Memories

scopic volume resistivity of sealed resin. The Al line

corrosion mechanism described above is summarized
in Fig. 9.

Penetrauon Corrosive Impurity

Moisture Penetrat- Impurity
es Resn Bulk n Resin
Adheslon Surface hlp & Lead
Sepated
\\ Passivation Film

A

| /

Mechamsm
Mossture
Penetration

Melting Corrosive
Impunity n Moisture

Monsture [ Melting 1

Mold
Releasing

Chip-resin
Boundary Stress

Chip-resin Boundary I
Separated

(Bondlng Pad

Passivation
Defect

LAI Electrode Exposed I

l 7 Figure 9 Plastic package cross section and Al corrosion
mechanism
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generated over the element surface. However, after 10 L
an extended period of time, the corrosions have not
significantly increased. Accordingly, this failure is 0"107 s L 2,
possibly due to an initial failure associated with Test Tume (hrs)
manufacturing. It is also verified that this type of Figure 10 AnE le of Moi by High
failure can be generated when the adhesion surface tomp. and High humidity ‘“" bias
between an element and resin is separated or when
foreign materials are attached to the element with
human saliva. Under a bias-appllied, high-tempera-
ture, high-humidity condition, on the other hand,
corrosions are 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 hydro-
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Figure 11 Relationship between temperature and
Time to 1% failure (RH = 85%)

(3) Bonding related failures
(® Degradation caused by intermetallic formation
Bonding strength degradation and contact resistance
increase are caused by compounds formed in con-
nections between Au wire and Al film or between
Au film and Al wire. These are the most serious
problems in terms of reliability. The compounds
are formed rapidly during bonding 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
increased 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 have been occurring 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 contrast, large
stress is applied to a pellet due to its strength and
high temperature resistance for attachment, which
may result in critical chip defects. Today, the chip
destruction limit can be determined 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

For power devices, heat fatigue due to thermal

expansion coefficient mismatch among different

materials deteriorates thermal resistance. This
results in decreased maximum power dissipations.

(4) Sealing related failures

Hermetic sealing packages, including metal, glass,

ceramic, and all other types, have the possibility of

the following failures.

1. Al line corrosion on the chip surface due to slight
moisture and reaction between the different
ionized materials.

2. Intermittent moving foreign metals short

3. Al line corrosion due to extraneous H,0 caused
by hermetic failure

Moving foreign matter, even if it is a non-active

solid, can be charged up within a cavity during move-

ment, 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 waveform (ultrasonic

waveform), detecting it with a microphone, and
then amplifying.

(5) Disturbance

(DElectrostatic discharge destruction

Destruction caused by electrostatic discharge is a

problem common to semiconductor devices. A

recent report introduced three modes of this failure;

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. 10. The human body's capacitance

Cb and resistance Rb are 100 to 200 pF and 1000

to 200012, respectively. Assuming a body is charged

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



with 2000V, the dissipated energy is obtained as
follows: With a time constant of 10”7 sec, the dis-
sipated energy is 2 KW, which is enough to destroy
a small area of a chip.

F—wA——

Cb Rb Rd Re

¢ — Human Body Capacity

Rb — Human Body Resistance

Rd— Device Resistance

Re — Resistance Between Device and Ground

E= —;—CbV’ =0.2x1072J

Figure 12 Equivalent circuit of human body model

In the charged device model, charges are accumulat-
ed in a device, not a human body, and discharged
through contact resistance during a short time. The
equivalent circuit of this model is shown in Fig. 13.
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 device
or lead of device acts like an antenna, the following
cases will possibly cause destruction. 1) a device is
incorporated into a high electric field such as a
CRT, 2) a device is left under a high-frequency
electric field and 3) a device is moved with a con-
tainer charged at high voltage, such as a tube.

Vo >—'\AN——O\ e
% 17
___:L_

Figure 13 Equivalent circuit of charging model

@ Latchup
Latch up is a problem unique to CMOS devices.

This problem is a thyristor phenomenon caused by
a parasitic PNP or NPN transistor formed in the
CMOS configuration. Latch up occurs when an
accidental surge voltage exceeding a maximum
rating, a power supply ripple, an unregulated power
supply and noise is applied, or when a device is
operated from two sources having different set-up
voltages. These cases can cause input or output
current to flow in the opposite direction from usual
flow, which triggers parasitic thyristors. This results
in excessive current flowing between a power supply

Reliability of Hitachi IC Memories

and ground. This phenomenon continues until the
power is off or the flowing current is forced to be
reduced to a certain level. Once latchupoccursin an
operating device, 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.

Vin <Vcc or Vin < GND for'input level

Vout > Vcc 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.
® softerrors
When a particles are generated from uranium or
thorium in a package the silicon surface of an LSI
chip, electron-hole pairs are formed which act as
noise to data lines and other floating nodes, causing
temporary soft errors. This phenomenon is shown
in Fig. 14. Only electrons from among the electron-
hole pairs are only collected to a memory cell. Asa
result, the cell changes from a state of 1 to 0, which
is a soft error.
Hitachi devices have been subjected to simulation
and irradiation tests to prevent soft errors. In some
cases, organic material, PIQ, is applied to the surface
of the device.

Figure 14 Soft error caused by « particles in dynamic
memory
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Table 13. Failure causes and mechanism

Failure related causes

Failure mechanisms

Failure modes

Passivation Surface oxide film, Pin hole, Crack, Uneven Withstanding voltage
Insulating film between thickness, Contamination, reduced, Short, Leak
wires Surface inversion, current increased,

Hot carrier injected hFE degraded, Threshold
voltage variation, Noise

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

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

Connection Wire bonding, Bonding runout, Open, Short

Ball bonding Compounds between metals, Resistance increased
Bonding position mismatch,
Bonding damaged
Wire lead Internal connection Disconnection, Open, Short
Sagging, Short
Diffusion, Junction Junction diffusion, Crystal defect, Withstanding voltage

Isolation

Crystallized impurity,
Photo resist mismatching

reduced, Short

Die bonding Connection between die Peeling chip, Crack Open, Short, Unstable
and package operation, Thermal
resistance increased
Package sealing Packaging, Hermetic Integrity, Short, Leak current

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

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

Increased, Open, Corrosion
disconnection, Soldering
failure

Foreign matter

Foreign matter in package

Dirt, Conducting foreign
matter, Organic carbide

Short, Leak current
increased

Input/output pin

Electrostatistics,
Excessive Voltage, Surge

Electron destroyed

Short, Open, Fusing

Disturbance

« particle

Electron hole generated

Soft error

High electric field

Surface inversion

Leak current increased
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(6) Fine geometry related problems

In response to higher integration requirements for
memories and microcomputers, LS| geometry has
been reduced in the way of 3 um—~>2 um —~> 1.3 um

—->0.8 um.

Table 14. Finer g y related pr

Reliability of Hitachi IC Memories

However power supply has not been scaled down
used for 5V, only line dimensions have been fined
increasingly. Problems associated with finer geo-
metry are shown in Table 14.

Item

Problems

Countermeasure

5V single supply voltage

< Breakdown voltage of gate oxide films
- Si0, defects

Oxide film formation process improved
« Cleaning

« Gettering

« Screening

Horizontal dimension
reduction

« Soft errors by « particles

« Al reliability reduced

» CMOS latch up

» Mask alignment margin reduced
« Hot carriers

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
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H 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.
e 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
chénges 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

to its objects.

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.

Step Contents Purpose
Target | :
Ibpeuhcumnl[: 1 Design Review ]
Design N Characteristics of Material and
Trial T“‘;’;",:',  Parts Parts Confirmation of
Production PP Appearance Characteristics and
Dimension Rehability of Materials
Heat Resistance
Mechanical and Parts
Electrical
Others
Electrical
Characteristics Approval I Characteristics Confirmation of Target
Function Spec. Mainly about
Joltage Electrical
Temperature Characteristics

Others

Appearance, Dimension

Quality Approval (1) ] Lafe Test

Others

Rehability Test

Thermal Stress
Moisture Resistance
Mechanical Stress

Confirmation of Quality
and Rehiability in Design

| Quality Approval (2)

Reliabihity Test
Process Check same as
Quality Approval (1)

Confirmation of Quality
and Reliability in Mass
Production

Mass
Production

Figure 1

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.

Process Quality Control Method
———.{ Material, Parts ]
Material,
Parts Inspection on Material and Lot Sampling,
Inspection of - — — — . . ‘
Material and Parts — —— Parts for Semiconductor Confirmation o
Devices Quality Level
r j Manufacturing Equipment, .
| ] —|— —{ Confirmation of
| Manufacturing — — —1 Environment, Sub-material, Quality Level
uality Lev
I : Worker Control
' |
| | Inner Process ] Lot Sampling,
| Screening . Quality Control Confirmation of
| | Quality Level
| | | -
| 100% Inspection | 100% Inspection on | ] Tesung,
[T™ 7] Appearance and Electrical
Inspection
L *__J Characteristics
Products
Products Sampling Inspection on ]
Inspection Appearance and Electrical Lot Sampling
Characteristics
Confirmation of
______ _] Rehability Test — T T Qualhity Level, Lot
Sampting
T T Feedback of
Quality Information. | K
Information
Claim |
Field Experience | —
General Quality |
Information |
|
L J

Figure 2 Flow Chart of Quality Control in Manufacturing Process
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3.3 Quality and Reliability Control in Mass Produc-
tion

To assure quality in mass production, quality is

controlled functionally by each department, mainly

by manufacturing department and quality assurance

department. The total function flow is shown in

Fig. 2.

3.3.1 Quality Control on Parts and Materials

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

Besides qualification of parts and materials stated in
3.2, quality control of parts and materials is defined
in incoming inspection. Incoming inspection is per-
formed based on its purchase specification, drawing
and mainly sampling test based on MIL-STD-105D.
The other activities for quality assurance are as
follows.

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

Matenal, Important -
Parts Cont‘rjol Items Pont for Check
Appearance Damage and Contamina-
tion on Surface
Dimension Flatness
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 Purnity Purity Level
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
Electrical
Characteristics
Mechanical Mechanical Strength
Strength e
Composition Characteristics of
Plastic Matenal
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 reliability devices,
manufacturing lines are rigidly selected in order to
control the quality in process. Additionally we per-
form rigid check per process or per lot, 100%
inspection in proper processes so as to remove
failure factors caused by manufacturing fluctuation,
and screenings depending on high temperature aging
or temperature cycling. Contents of controlling
quality under processing are as follows:
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.
e Communication of quality information.
(2) Quality Control of Manufacturing Facilities and
Measuring Equipment
Manufacturing facilities have been developed with
the need of higher devices in performance and the
automated production. It is also important to de-
termine quality and reliability.
In Hitachi, automated manufacturing is promoted
to avoid manufacturing fluctuation, and the opera-
tion of high performance equipment is controlled to
function properly.
As for maintenance inspection for quality control,
daily and periodically inspections are performed
based on specification on every check point.
As for adjustment and maintenance of measuring
equipment, the past data and specifications are
clearly checked to keep and improve quality.
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(3) Quality Control of Manufacturing Circumst-

ances and Sub-material.

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 Control Point Purpose of Control
YPurchase of Material
FWafer Wafer Characteristics, Appearance Scratch, Removal of Crystal
Defect Wafer
Surface Oxidation Oxidation Assurance of Resistance
Inspection on Surface Appearance, Thickness of Pinhole, Scratch
Oxidation Oxide Film
Photo Resist Photo
Resist
Inspection on Photo Resist Dimension, Appearance Dimension Level
OPQCLevel Check Check of Photo Resist
Diffusion Diffusion Diffusion Depth, Sheet Diffusion Status
Resistance
Inspection on Diffusion Gate Width Control of Basic Parameters
OPQC Level Check Characteristics of Oxide Film | (V7. etc) Cleaness of surface,
! Breakdown Voltage Prior Check of Viu
' Breakdown Voltage Check
Evaporation Evapo- Thickness of Vapor Film, Assurance of Standard
ration Scratch, Contamination Thickness
Inspection on Evaporation
OPQC Level Check
Wafer Inspection Wafer Thickness, Vru Characteris- Prevention of Crack,
tics Quality Assurance of Scribe
Inspection on Chip Chip Electrical Characteristics
Electrical Characteristics
Chip Scribe Appearance of Chip
Inspection on Chip
Appearance
OPQC Lot Judgement
+Frame—
Assembling Assembling | Appearance after Chip Quahity Check of Chip
Bonding Bonding
Appearance after Wire Quality Check of Wire
Bonding Bonding
OPQC Level Check Pull Strength, Compresion Prevention of Open and
Width, Shear Strength Short
JInspection after Appearance after Assembling
Assembling
OPQC Lot Judgement
LPackage~ .
Sealing Sealing Appearance after Sealing Guarantee of Appearance
Outline, Dimension and Dimension
OPQC Level Check Marking Marking Strength
Final Electrical Inspection
OFailure Analysis Analysis of Failures, Failure | Feedback of Analysis Infor-
Mode, Mechanism mation
Appearance Inspection
Sampling Inspection on
Products
Receiving
Shipment
Figure 3 Example of Inner Process Quality Control
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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
products by mistake.

(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
manufacturing lot if user requires.

Customer

Claim

Sales Dept.

(Failures, Information)

Sales Engineering Dept.

{_ __________________________________ 1
| Quality Assurance Dept. Failure Analysis :
I |
| . |
| { i [
| . ) Countermeasure |
| Manufacturing Dept. Design Dept. Execution of |
| Countermeasure |
I I I I
[ Report |
I |
I I
{ I
| Quality Assurance Dept. Follow-up and Confirmation :
| of Countermeasure Execution |
I |
| Report |
L ————————————— I. ———————————————————— —]
Sales Engineering Dept.
Reply
Customer
Figure 4 Process Flow Chart of Coping with Failure to a Customer
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l OUTLINE OF TESTING METHOD

1. INSPECTION METHOD

Compared to conventional core memories, IC
memories contain all peripheral circuits, such as the
decoder circuit, write circuit and read circuit. As a
result, assembly and electrical inspection of ICs are
all performed by IC manufacturers. Consequently,
as the electrical inspection of IC memories are
becoming more systematic, conventional IC inspec-
tion facilities are becoming useless. This has led to
the development and introduction of a memory
tester with pattern generator to generate the inspec-
tion pattern of the memory IC at high speed. A
function test for such as TTL gates can be per-
formed even by a simple DC parameter facility.
However, when the address input becomes multi-
plexed as in 16K, 64K and 256K memory, even the
generation of the function test pattern becomes a
serious problem.

In the memory IC inspection, its quality cannot be
judged by DC test on external pins only, because the
number of the element such as transistor which can
be judged in the DC test is only 1/1000 of all ele-
ments. The followings are the address patterns pro-
posed to inspect whether the internal circuits are
functioning correctly.

(1) All “Low”, All “High”

(2) Checker Flag

(3) Stripe Pattern

(4) Marching Pattern

(6) 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"” onnth 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
u 0 0 0 1 0 0 0 1 1 1 1
0 0 0 0 0 0 0 0 1 1 1 i
0 0 0 0 0 0 0 0 1 1 0 [
0 0 0 0 0 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
()

Data
Line
(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
2V. 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

_ 45V 45V
(o]
= 22V \ Vo220V /4 22V

CS(CE) 2 Vor—02V
=t e ASSY

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 O 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. |t depends on

memory power supply voltage and ambient tem-

perature. |t 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 separatess RAM from system
power supply.

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

System Ve 3 Memory Ve
o 5=
22
H
5 S
s
]
= 3
Tz ERE]
22 & °
§ &
© 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. C_S, which can intercept current path of
other pins in the input buffers, is for control
signal input of data retention mode.

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

up to the memory power supply level is not

needed and circuit organization is simplified.
Figure 1-4 shows an example of a battery back-up
system circuit. Hitachi recommends using CMOS
logic for gate G, in control circuit and memory
Vec. The low Ve transistor Q; is required to
switch regulating circuit from system power supply
to back-up power supply.

Regulating circuit

S

System Vec Memory Vee [~ 77
+5V o =

1
! etective

circuit
| of system

Vee
L+
Chip _!
select |
crcuit !
i '
l Cont_rol crcuit

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 providing the advantages of
dynamic RAM (low cost, high density), and static
RAM (easy usage). IC memory consists of memory
cells for data storage, and input/output circuits for
interfacing to the external circuits. PSRAM pro-
vides the memory cell and peripheral circuits of
DRAM and the external control circuits, which
includes a part of the refresh control circuits not
provided by dynamic RAM, and interface 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
density memory system can be designed easily.
PSRAM provides address refresh, automatic refresh
and self refresh.

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

Table 2-1. PSRAM Features
SRAM | PSRAM | DRAM
Memory Cell 4Tr+2R 1Tr+1C
Organization x1, x4, x8 x8 x1, x4
X Multiplexed
Address Single Address Address
Nor
Refresh Necessary Necessary
External Circuits Simple &——— Complexed

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

v YXEX ] XUXIXRELIR

or {11\

]

] Data

Address

Address
Selector v

Memory

—_—
Ref Address
Generator

Timer &
Control

(DRAM)

— Data
Address

Timer &
Control

(PSRAM)

Memory

Status

Busy

[ & @ o

Figure 2-1. System Organization

Memory Array
(1Tr+1C/Cell)

Refresh } [

imer |t  Column I/O
Column Decoder

Row Address

Row Address
Mux.

Row Decoder

Refresh
Address
Counter

|

Control
Logic

K= Data

Eﬁ

EEle]

——
—]
—

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 OE access figure 2-3 (b)).
It writes the data at the rising edge of WE (figure
2-4 (a)) or at the rising edge of CE (figure 2-4 (b)).
The CS pin should be brought high when the ad-
dress is latched at the falling edge of CE in the read/
write cycle. The HM658128 has no OE specifica-
tion at the falling edge of CE as it provides both OF
pin and RFSH pin.

S
TOOCT XXX

(a) CE access

L

(b) (‘)_[:: 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).

CE —1[ '

Standby

CE T} —
s \\\\ | [TIITITTT]

Figure 2.5. CS Standby Mode

MWW L

I_.\
| _/ \

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

—
XIXIXRIRIR:
L
IRRRRARAN
ED-

:
[ Fl

Din

Figure 24. Write Cycle

Address Refresh: Address refresh mode performs distributed mode)._ln 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

15us

& e, . r

7 El
S
A0~A8 o K Dont 1 ) Dont s11 { Dot ) x 0 x

-
S (D O (S e X ) =
s

Cs ¥

=

Y

Refresh R/W

Figure 2-6. Address Refresh

Automatic Refresh: The HM658128 goes to auto-  address pins AO — A8, 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'é_E-and RFSH are specified.

15us

& _/ Y B WY A R W A W

180ns < 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
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-

RFSH

_J
N/ , ]

£

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. Voo =5 V *10%
must be maintained for data retention.

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

|
5

Figure 2-9. Memory Cell of PSRAM

Word Line

Data Line

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 = 3.7 V, 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.

Read Voltage

Fal

Self Refresh Voltage

Figure 2-10. PSRAM Operating Voltage

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).

Current

Spec
45V 5.5V

Power Supply Voltage

Figure 2-11. Self Refresh Current vs. Voltage

g y Spec
3 0'C
‘Temperature

Figure 2-12. Self-Refresh Current vs Temperature

Please use PSRAM within the recommended opera-
tion range (Vo more than 4.5 V, temperaturé more
than 0°C) for data retention, especially using a
battery.
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3. Video RAM

3.1. Multiport Video RAM

Figure 3-1 shows general idea of video RAM. Multi- display memory is realized by using the random
port video RAM provides an internal data register port of the RAM part for graphic processor drawing

(SAM) with the memory (RAM). Both of them and the serial port of the SAM part for CRT display.
can be accessed asynchronously. Effective graphic

RAM SAM
]
DRAM %
Random port <:> memory cell ~ g H Senal port
s
=]

Drawing j r Display

Address Multi-port

Video RAM
Graphic
Processor

Figure 3-1. General Idea of Multi-port Video RAM

Figure 3-2 shows the block diagram of the 256- shows the operation modes of the HM53461.
kbit multiport video RAM HM53461, and table 3-1

DT/OE
) RAM SAM !
l e N
£ s1/0
1/0
/1 @ rcne?lr:ory y y g
Random | Serl
port
Temporary
write mask
i register )
WE |
- - - - — |
sC SOE
Figure 3-2. Block Diagram of HM53461
The operation modes shown in table 3-1 are described as follows.
Table 3-1. Operation Modes of HM53461
At the falling edge of RAS SAM modes

— — — — RAM mode:

CAS DT/OE WE SOE s SI/O direction Notes
H H H X Read/write Sin/Sout 1,2,3
H H L X Temporary write mask data program Sin/Sout 1,2,3
H L H X Read transfer Sout 2
H L L L Write transfer Sin
H L L H Pseudo transfer Sin
L X X X CBR refresh Sin/Sout 1,2

H: High
L: Low
X: Don’t Care

Notes: 1. Transfer cycle executed previously defines SI/O direction.
2. SI/O is in high impedance state with SOE high, even if the direction is Sout,
3. The HM53461 starts write operation if WE is low at the falling edge of CAS or become low between the falling
edge of CAS and the rising edge of RAS.

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




Read/Write Operation: Read/write is performed
on the random port in the same sequence as for a
dynamic RAM (figure 3-3). The HM53461 starts
the read operation with WE high and the write
operation at the falling edge of WE.

Column 1/0
Data register
Selector

1/01—1/04

Figure 3-3. Read/Write Operation

Temporary Write Mask Set and Temporary Masked
Write Operation: The HM53461 provides tem-
porary masked write operation which inhibits to
write data bit-by-bit (write mask) during one RAS
cycle. Temporary write mask set function defines
the bits to be inhibited (figure 3-4). This operation
puts the data on 1/01 — 1/04 into the internal tem-
porary write mask register. When 0 is programmed
to the register, writing to the corresponding bit is
inhibited.

The temporary write mask register is reset at the
rising edge of RAS.

Data register
Selector

D =N Column1/0

1/01—1/04

Figure 3-4. Temporary Masked Write Operation

Application

Read Transfer Operation: In this cycle, the
HM53461 transfers the data of one row in RAM
(1024 bits), which address is specified at the falling
edge of RAS, to SAM (figure 3-5). The start address
in SAM can be programmed at the falling edge of
CAS in this cycle. After data transfer, the serial
port turns to serial read mode at the rising edge of
DT/OE.

|
SAM start address

— SI/01-S1/04

—

Selector

Column decoder
Column 1/0
Data register /

Figure 35. Read Transfer Operation

Write Transfer Operation: In this cycle, the
HM53461 transfers the data in the SAM data re-
gister (1024 bits) to one row in RAM, which address
is specified at the falling edge of RAS (figure 3-6).
The start address in SAM can be programmed in this
cycle. After data transfer, serial port turns to serial
write mode.

w
>
o

start address

7

Data register

DRAM
memory
cell

K3 si/o1-si/04

Column decoder
Selector

Column 1/0

Figure 3-6. Write Transfer Operation

Pseudo Transfer Operation: This operation switches
the serial port to serial write mode (figure 3-7). It
does not perform data transfer between RAM and
SAM. SAM start address can be programmed in this
cycle.
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2] [
—0 L
Tow smﬂm address
HIEIE ]
)= DRAM 5
e memory 8|3 K s1/01—51/04
_5 g cell s 2
8 a
Figure 3-7. Pseudo Transfer Operation

CAS-Before-RAS Refresh Operation: The HM53461
performs refresh by using the internal address
counter in this operation (figure 3-8).

] [ | [ ]

Row
decoder

f

311 &
1= DRAM 2ls
& £ memory g3
HEE cell Ik
5 Q

Figure 3-8. CAS-Before-RAS Refresh

Serial Read/Write Operation: The HM53461 reads/
writes the contents of the SAM data register in serial
at the rising edge of SC (serial clock input) (figure
3-9). The address for serial access is generated by
the internal address pointer, independently of
random port operation. It should be considered
that serial access is restricted in transfer cycles. The
SAM, employing static-type data registers, requires
no refresh.

Column
latch

Row

decoder
Q 5
> =
S DRAM 2

Bl

g memory £ [ % K—)si/01-s1/04
3 2|3
i a

Figure 3-9. Serial Read/Write Operation

The HM53462 is a multiport video RAM, adding
logic operation capability to the advantages of
HM53461.

Figure 3-10 shows the block diagram. Table 3-2
describes the operation modes.

DT/OE

SAM

i

H RAM
N2 4 Lo DRAM S\ PR N
VOCT. = w f.)[> memory register K sI/0
cells \ 14
|
l;R:;dom r———“"
Write Temporary
| mask write mask
register register
1
WE——— = - - A = __J

Figure 3-10. Block Diagram of HM53462
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Table 3-2, Operation Modes of HM53462

At the falling edge of RAS SAM modes

CAS DT/OE WE SOE RAM modes SI/O direction Notes
H H H X Read/write Sin/Sout 1,2,3
H H L X Temporary masked write Sin/Sout 1,2,3
H L H X Read transfer Sout 2
H L L L Write transfer Sin
H L L H Pseudo transfer Sin
L X X X ‘CAS-before-RAS refresh Sin/Sout 1,2
Lol x| L | x| i pomen smfsout | 1.2

H: High L: Low X: Don'’t Care
Notes:1.  Transfer cycle previously executed defines SI/O direction.
2. SI/O is in high impedance with SOE high, even if SI/O direction is Sout.

3. HMS53462 writes if WE is low at the falling edge of CAS or becomes low between the falling edge of CAS and the

rising edge of RAS.

Logic Operation Programming: This function
programs a logic operation (figure 3-11). The logic
operation is available until re-programmed or reset.
In logic operation mode, HM53462 performs read-
modify-write internally when data is written into
random port. The result of the logic operation
between memory data and written data is put into
the address from which the memory data is trans-
ferred.

In the logic operation programming cycle, the mask
register, which differs from the temporary mask re-
gister, is also programmed. It is available until re-
programmed.

[}
L L

T
h
H
1
i
L

1
|
I 2 (=] g
I _g = @ 8
1L, = I
-] E ol

2 Sio
31138 3
S

________ ER

[ ittt 1

[ [}

! |l Temporary write

: 1 mask register

Ul i

|
[l Li
ul':fw Write mask
A0—A3 1 register

i ZAS
I T
| S EN

B v

1/01—1/04

(dotted lines ndicate write in logic operation mode)

Figure 3-11. Logic Operation Programming

Notes: Notes on using HM53461/HM53462 are as

follows.

® Dummy RAS cycle. Devices should be initialized
by 8 dummy RAS cycles (minimum) before
access to random port. Refresh cycle can be in-
serted for initialization. It is recommended that
the system be initialized by dummy mcycle in
the automatic reset time of the processor.

® Bypass capacitor. One bypass capacitor should
be inserted between Ve and Vgg to each device.
The Ve pin should be connected to the capaci-
tor by the shortest path. A capacitor of several
MF is suitable.

® Negative voltage input. Negative polarity input
level to input pin or 1/O pin should be under -1
V. In this range, it has no effect on device
characteristics or RAM/SAM data retention.

® |Initialization of logic operation mode
(HM53462). The logic operation programming
cycle should be executed before access to the
random port to initialize logic operation mode
after power on. At this time, the operation
codes (0101) and all 1 write mask data are re-
commended.

3.2. Line Memory

Hitachi has produced a line memory for line buffers

with simple circuits, providing specific functions as

described below.

The line buffer can improve picture quality by

storing 1 horizontal line data. It has following

features.

® Capacity to store 1 horizontal line data

® High-speed operation matching the sampling
speed of PAL TV signal (4 fsc/8 fsc) or NTSC TV
signal (4 fsc/8 fsc).
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® Separate data inputs/outputs and capability of
serial data inputs and outputs.

The conventional line buffer composed of high
speed static RAMs requires separate input/output
for double buffer organization. It also requires
interleaving for high speed operation, matching
4 fsc/8 fsc, where fsc is the subcarrier frequency. In
addition, external circuits are needed for serial
address scan.

The line memory provides all of these functions.
Figure 3-12 shows the standard organization of a
conventional memory buffer and figure 3-13
shows the block diagram of line memory.

Line Buffer
Interleaving

Pl

» Output

Address

Figure 3-12. Standard Organization of Conventional

Line Buffer
Read
Address Read
Counter Clock
Input 0
Buffer 1H Memory o
ot D %
Wnte
Write. A
Clock oo

Figure 3-13. Block Diagram of Line Memory

The Hitachi HM63021 is a 2048-word x 8-bit line
memory storing 2 horizontal lines of data.
It has five different modes for various video graphic
system applications. It realizes high speed opera-
tions for PAL and NTSC TV signals, and dissipates
little power employing 1.3 um CMOS technology
and static-type memory cells.
The features of the HM63021 are described as
follows:
® Five modes for various video graphic system
applications
— Delay line mode
Alternate 1H/2H delay mode
— TBC (Time-Base Corrector) mode
Double speed conversion mode
— Time-base compression/expansion mode
® High speed cycle time
— HM63021-34: 34 ns min (corresponds to 8 fsc
of NTSC TV signal)
— HM63021-28: 28 ns min (corresponds to 8 fsc
of PAL TV signal).
Line memory in the system using digital signal
processing technologies offers following applica-
tions:
1. comb filter
2. double-speed conversion (non-interlace)
3. compression/expansion of graphics (picture-
in-picture)
. dropout canceller
. time-base corrector
6. noise reducer

|

(S
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4. Dynamic RAM

4.1. Dynamic RAM Memory Cell

The dynamic RAM memory cell consists of 1 MOS
transistor and 1 capacitor, as shown in figure 4-1. It
detects the data in the cell (1 or 0) by the charge
stored in capacitor. Dynamic RAM offers higher
density than that of static RAM because of fewer
components per chip.

However, Dynamic RAM must rewrite data, called
refresh, in a defined cycle because the charge stored
in the capacitor leaks.

Figure 4-1. Memory Cell of Dynamic RAM

4.2. Power On Procedure

After turning on power, to set the internal memory
circuitry, hold for more than 100 us, then apply
eight or more dummy cycles before operation. The
dummy cycle may be either a normal read/write
cycle or a refresh cycle. When using an internal re-
fresh counter, eight or more CAS before RAS
refresh cycles are required as dummy cycles.

A0 — A9| Address Inputs
CAS | Column Address Strobe
Din Data In
Dout | Data Out
RAS | Row Address Strobe

WE Read /Write Input

Vcc | Power (+5V)
Vss | Ground
A0 — A8| Refresh Address Inputs

(a) Pin Arrangement

External penpheul—.l— Internal
Circurt

Row
Address 1
i
Column
Address <=
Multiplexed 1

Address |

Application

4.3 Address Multiplexing

Dynamic RAMs are used to increase capacity be-
cause of their smaller cell area. In using dynamic
RAM:s in systems, however, it is desirable to increase
the memory density by using smaller packages. To
reduce the number of pins and the package size,
address multiplexing is used.

Using a 1-Mbit dynamic RAM, 20-address signals are
necessary to select one of 1,048,576 memory cells.
Address multiplexing allows address signals to be
applied to each address pin. Thus only 10-address
input pins are required to select one of 1048,576
addresses. Multiplexed address inputs are latched
as follows: RAS (Row Address Strobe) selects one
of word lines according to the row address signal,
and one of column decoders is selected by CAS
(column address strobe) following column address
signal. Although two extra signals, RAS and m,
are required, the number of address pins is reduced
to half. Figure 4-2 shows the pin arrangement,
address latch waveform, and the block diagram of
address-multiplexed 1-Mbit dynamic RAM. Systems
need an address multiplexer in order to latch the
multiplexed address signals into the device.

’ Memory Cycle
RAS \
CAS
Row Address Column Address
e RN SN,
(b) Address Latch
memory LSI
RAS Row
Address Word Line
Latch
Circuit _ﬁ] L
Tatch 2 *
Circuit a
CAS
Column address

(¢) Block diagram of Address Multiplexing
Figure 4-2  Address Multiplexing of Dynamic RAMs
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4.4. Dynamic RAM Function

Figure 4-3 shows the normal function of Dynamic
RAM.

K tac -]
RAS —-—l— treo /—\
CAs \ /
Don’t Care

WE ] teac High
trac
High Z ._______>_

(a) Read Cycle

Dout

RAS . /
CAS \ /
w TIM{ /7%

High Z
(Early Write)

(b) Write Cycle

- trwe

. =
CAS /

Address

o XYL
Dout —_—<ngh Z > =

(¢) Read-Modify-Write Cycle

trc:  Random Read or Write Cycle Time
trep: RAS to CAS Delay Time

trac: Access Time from RAS

Tcqc: Access Time from CAS

R: Row Address

C: Column Address

i /
Cas  /

v T ? [T

(Delayed Write)

trwc: Read-Write Cycle Time

Figure 4-3 Normal Function of Dynamic RAM

Read Cycle: In the read cycle, a row address is

latched at the falling edge of RAS, and a column

address is latched at the falling edge of CAS after

the RAS falling edge. If WE is high, the data is

read out from Dout with the access time of tcac

(Access time from CAS) or tgac (Access time

from RAS).

The tpcp maximum (RAS to CAS delay time) is
specified only to guarantee the specified minimum
values of other timings such as the cycle time,
'RAS/CAS pulse width. Therefore, when using these

timings with more than the specified minimum
value, there is no need to limit the tgeop to the
specified maximum value.

Write Cycle: Dynamic RAM provides two write
cycle modes: early write cycle and delayed write
cycle. In the early write cycle, when WE is low,
data is written into Din at the falling edge of CAS.
In delayed write cycle, when WE is high, data is
written into Din at the falling edge of WE after CAS
falling.

Read-Modify-Write Cycle: The read-modify-write
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cycle is initiated by taking WE high. Data is read
out from Dout at the falling edge of CAS with WE
high. Then, when WE goes low, data is written into
the same address from Din in the same cycle.

The cycle time in the read-modify-write mode
(trwc) is longer than the cycle time in read/write
mode (tgc).

4.5 High Speed Access Mode

Dynamic RAM access time is typically longer than
that of static RAMs. To realize higher speed opera-
tion, they have high speed access modes.

The read operation in dynamic RAM is performed
as follows:

Application

When a word line is selected by row address, all data
in the memory cells connected to the selected word
line is transferred to sense amplifiers. One of these
sense amplifiers is selected by the column address,
and its contents are output.

The output of data from other sense amplifiers is
controlled only by the column address.

Access controlled only by column address with the
row address fixed is called high speed access mode.
Table 4-1 compares each mode.

Page Mode: This is the most typical access mode in
dynamic RAM. The column address is switched
synchronized with CAS falling.

Nibble Mode: In a nibble mode dynamic RAM,

Table 4-1. C ison of Dynamic RAM High Speed Access Modes
s Y/
Normal as |
Mode Address  2C
R : Row Address
Dout C * Column Address
RAS
Page cas
Mode Address
Dout
RAS
Nibble Cas
Mode Address
Dout
RAS
Static Column s
Mode
Address
Dout
RAS
High-Speed A
Page Mode AS
Address
Dout
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data from 4 sequential addresses is stored in the
4-bit output latch circuits. Output is provided by
themsignal, which controls the latch circuits.
When 4 addresses are accessed sequentially, the row
addresses on and after second bit need not be
selected. Therefore, it facilitates the timing design.
In nibble mode, the operation is limited to 4 ad-
dresses, however, it enables faster access (tyac)
than that in page mode.

Static Column Mode: In static column mode, the
column address is switched without the synchro-
nized signal by high-speed static RAM technology
in the peripheral circuits.

High Speed Page Mode: This mode is the advanced
mode of static column mode, with CAS providing
the address latch function.

4.6 Refresh

Refresh operation is performed by accessing every
word line within the specified time (refresh cycle).
Table 4-2 compares the following refresh modes in
dynamic RAM.

RAS Only Refresh: In RAS only refresh mode,
refresh can be completed by selecting only row
addresses synchronized with RAS.

CAS Before RAS Refresh: This mode refreshes by
the CAS falling edge before RAS in the period de-
fined by the internal refresh address generator. This
mode simplifies the external address multiplexer.
Hidden Refresh: In hidden refresh, CAS before
RAS refresh is performed while output data is valid.

Table 4-2. Comparison of Dynamic RAM Refresh Modes

Read
R : Row Address
C : Column Address
RAS ™ %/
RAS Only Sz W’
Refresh Kaes 27X NPT
Dout Dout High Impedance
CAS before LU A
RAS s\ /7
Refresh Address
Dout
~———Read Cycle —— < Refresh Cycle —

) i /N /™
Hidden _ —
Refresh CAS

Address Don’t Care
Dout 4 S
V7 Don’t care
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5. EEPROM

5.1. EEPROM Memory Cell

EEPROM s electrically erasable and programmable
ROM, which can be erased or written remotely
while the system is in operation.

The Hitachi EEPROM memory cell is MNOS (Metal
Nitride Oxide Semiconductor) type, as shown in
figure 5-1.

An MNOS memory cell consists of two layers of
oxide film and nitride film. The thickness of oxide
film is about 20 A and that of nitride film is 300 to
500 A. There are traps in the boundary of the
oxide and nitride films to catch electrons. Electrons
move by the tunneling phenomenon between the
substrate and traps.

. // / / / Lo
‘\ $i0,
)

P-Well

i i
Nt |J

N Substrate

Figure 5-1. MNOS Type Memory Transistor

5.2. 64-kbit CMOS EEPROM Function

Page Write Function: The 64-kbit HN58C65 can

latch 32 bytes (max) and write them in one write

cycle. Writer cycle time is specified as 10 ms (max.).

The effective byte write speed of HN58C65 in page

write mode is:

10 ms/32 bytes = 0.31 ms/byte

Thus it takes only 2.56 seconds to write the whole

HN58C65. Figure 5.2 shows internal operation.

The following describes operation sequence:

1. 32-byte memory cell data at the row address
selected by address pins A5 — A12 is latched.

2. Latched data at the column address specified by
address pins A0 — A4 is altered with write data,
which is put into Din buffer from 1/0 pins 1/00
- 1/07.

The 32 bytes (max) of latched data are altered
by repeating this operation 32 times.

3. 32-bytes memory cell data in the selected row
(1) are erased (All 1).

4. Latched data is written into the selected row (3).

5. CPU acknowledges the completion of write cycle
by the internal timer. The HN58C65 provides
RDY/BUSY and Data polling to indicate the
write completion.

Application

MNOS memory cell

As~A1 [
W oeererssnasasroreme
ettt s o

Row decoder
(2}

32-byte latch [:}I%:} 1/0
®

Column Decoder

>
U
A0~A4
Figure 5-2, HNS58C65 Page Write
Internal Timer: The HN58C65 indicates the

completion of data write to the CPU by using the
internal timer. The HN58C65 enters next cycle as
soon as detecting the completion of write. This
function offers high system throughput as the CPU
can access other devices during write cycle. The
HN58CB5 has two functions, RDY/Busy and Data
polling, to indicate the completion of data write.
The RDY/Busy approach indicates the completion
of data write by using pin 1. It is low when the
HNB8C65 is in data write operation (Busy) and
turns to high impedance state at the end of data
write (RDY). RDY/Busy pin should be pulled up as
it uses open drain output. The RDY/Busy pins can
be wired-OR when using several HN58C65s.
The Data polling approach, implemented by soft-
ware, indicates the completion of data write
through pin 19 (1/07). While the data write is not
completed, 1/07 shows the inverted data of what
was written in the last cycle. In using this approach,
RDY/Busy pin should be opened or grounded.
The Data polling approach can acknowledge the
completion of data write in an individual HN58C65,
even if several HN58C65s are used in the system.
Data Protection: EEPROM performs data write
with a higher voltage (Vpp) than power supply
voltage (Vcc). The HNG8CE5 internally generates
Vep by a high voltage generator with the combina-
tion of control pins (CE, OE, WE). It supports the
following functions to avoid accidental data write
(data protection).
1. Data protection against the noise on the control
pins (ﬁ, O_é, WE) during operation.
2. Data protection against the noise at power-on/
power-off.
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6. EPROM/OTPROM

6.1. EPROM Programming

Figure 6-1 shows the sectional structure of an
EPROM memory cell. The upper gate, one of the
gates made of two-layered polycrystalline silicon, is
called the control gate and is connected to a word
line. The lower layer is called the floating gate and
is not connected. This memory cell is programmed
as follows: With substrate and source grounded,
apply high voltage between drain and control gate.
Then, an electric potential incline occurs between
source and drain so that intensity of the electric
field becomes high near the drain. Because of this
electric field, electrons are accelerated and so-called
hot electrons are generated, which jump over the
energy barrier of SiO, film. Hot electrons are
pulled by the electric potential of the control gate
and pour into the floating gate. Electrons stored in
the floating gate remain stable, as they fall into a
well surrounded by an energy barrier of SiO, film.
Therefore, it is evident that the quality of SiO, film
surrounding the floating gate is essential for good
data retention characteristics. To keep data reten-
tion in the 5- or 10-year range, high quality SiO,
film is needed.

Figure 6-2. shows the fundamental characteristics of
the EPROM transistor. While Ip in a non-pro-
grammed transistor begins to flow with Vg of about
1V, the current in a programmed transistor does not
flow until Vg rises to 7 V — 10 V. Therefore, if the
voltage of word line applied to the control gate is
about 5 V in readout, the non-programmed memory
transistor will be on, and the programmed one will
be off. This means that the data can be read out by
means of the same structure as NOR-type mask
ROM.

6.2. Erasing EPROM

When shipped, all bits of the EPROM are at logic 1
with all electrons in the floating gate released
(erase). Changing the logic 1 to logic O through the
application of the specified waveform and voltage,
programs the necessary information. The higher the
Vpp voltage and the longer the program pulse width
tow, the more electrons can be programmed in, as
shown in Figure 6-3. If Vpp exceeds the rated
value, such as by overshoot, the p-n junction of the
memory may yield to permanent breakdown. To
avoid this, check Vpp overshoot of the PROM
programmer. Also, check negative-voltage-induced
noise at other terminals, which can create a parasitic
transistor effect and reduce the vyield voltage.

Hitachi‘s EPROM:s can usually be written and erased
more than 100 times.

Control Gate
Si0,

N* N*
P Substrate

Cross Section of EPROM Memory Cell

Figure 6-1.

Ip

Non- programmed
Memory cell

Programmed
7nory cell

Fundamental Characteristic of EPROM
Memory Cell

Figure 6-2.

Programming Conditions ;
8 Vee=6.0V,
Vep=12.5V

Stored Charge (Relative)
P

o1 02 05 1T 2 10
Program Pulse Width tpy (ms)

Figure 6-3. Standard Programming Characteristics
of EPROMs

EPROMs are erased by ultraviolet light exposure
through a transparent window on the package.
Electrons in the floating gate get energy from
photons and become hot electrons again with
enough energy to go over the energy barrier of SiO,
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film. The hot electrons go through to the control
gate or the substrate and erasure is completed.
Therefore, light with enough energy to get the
electrons over the energy barrier of SiO, film is
needed for erasure. Light energy is proportional to
its frequency, and described as E = hv. E means the
energy of light, h is Planck’s constant, v is light
frequency. Erasure isn‘t caused by light over certain
wavelengths, and under certain wavelengths, erasure
does occur. However, erasure time depends upon
the quantity of photons, therefore erasure time
cannot be shortened by shorter wavelength. Figure
6-4 shows the relation between wavelength and
erasure effectiveness. Erasure starts at about 4000
A, and is saturated at about 3000A.

Erasure efflclency

3000A 4000A Wavelength

Figure 64. Erasure Efficiency of EPROM

For erasure, the wavelength and minimum irradia-
tion rate of ultraviolet light must be 2,637A and 15
W-s/cm? respectively. These conditions can be met
by placing the device 2 — 3 cm below a 12,000
W/cm? UV lamp for about 20 minutes.

The UV transmittance of the transparent lid
materials is about 70%. However, it is influenced by
contamination or foreign materials on the lid
surface. Contamination or foreign materials should

Static Charge (Relative)
)

4
W - Irradiation (W - sec/cm?)

Figure 6-5. Standard Erasure Characteristics
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be removed with a solvent such as alcohol that does
not damage the package.

Figure 6-5 shows EPROM standard erasure charac-
teristics.

6.3. EPROM Data Retention Characteristic

About 2 to 20 x 10** coulomb of electrons are
accumulated in the floating gate when programmed.
However, these electrons dissipate with time. Then
the data may be inverted. The mechanism of
electron dissipation is generally explained as fol-
lows,

Data Dissipation by Heat: The electrons at the
floating gate are in a non-equilibrium state, so the
dissipation of electrons by thermal energy is un-
avoidable. Therefore, the data retention time
depends on temperature. Figure 6-6 shows typical
data retention characteristics. The data retention
time is proportional to the reciprocal of absolute
temperature.

10
4

£ 100 /
E 10°
10¢
4
10° /
300 200150 100

Stored temperature (°C)

Figure 66. EPROM's Data Rentention Characteristic

Data Dissipation by Ultraviolet Light: Ultraviolet
rays at a wavelength of not greater than 3,000 —
4000A is capable of releasing the electric charge at

|.40W fluorescent
lamp 30cm away

105+

10tk
Direct sunhght

Eradiation Time (relative)
2

10tk

Ultraviolet eraser
of-at 2537A, 6mW/cm?

AW
3 04 05 06 07 08 09

Wnriting Charge (relative)

1
0.

Figure 6-7. EPROM's Data Retention Time
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floating gate of the EPROM with varying efficien-
cies. Fluorescent light and sunlight contain some
ultraviolet light, and so prolonged exposure to these
lights can cause data corruption as a result of
electric charge dissipation. Figure 6-7 shows the
standard, data retention time under an ultraviolet
eraser, sunlight and fluorescent lighting.

6.4 Optimized High-Speed Programming

With the increase of EPROM density, the time for

programming becomes more important. The

method for high speed programming has been de-

veloped and put into practical use according to

each EPROM generation.

Following explains three methods for High-Speed

programming.

(1) First generation ... conventional programming.

This method is employed in the 3 um and 5 um

process products. Programming is performed with

a uniform pulse of 50 ms per byte. Although it is

the advantage that it applies enough pulse to all

bits, it takes much time to program high density

devices.

(2) Second generation
programming

This method is employed in 2 um process product.

“High Performance programming (figure 6-8) is

High performance

SET PROG /VERIFY MODE
Vpp=125203V Vee=6 01025V

Address=0

Program tew=1ms+5% YES

| Address +1—*Address l

NOGO

SET READ MODE
Vee=5020.25V,Vep=Vec

(FAIL)
Figure 6-8. High-Speed Programming
(High Performance Programming)

performed with a base pulse of 1 ms width. It
repeats programming and reading (verifying) until
the data is programmed enough. There are two
good points in this programming.
First, the programming itself is performed with
optimum program time depending on the capabili-
ty of each memory cell.
Second, after verification, the data is programmed
using three times as long a pulse and assures high-
reliability data retention.
(3) Third generation ... Fast High Reliability Pro-
gramming
This method is employed in the 1.3 um process
products. ‘‘Fast High-Reliability Programming”
(figure 6-9) is performed with a base pulse of 0.2
ms. It also shortenes a supplement pulse width to
one-third of that of ‘“High Performance Pro-
gramming’’. As a result, this method realizes short
programming time, reduced to one-tenth
theoretically.
1M bit EPROM series employ ‘“Page Pro-
gramming”’, which programs 32-bit at once (figure
6-10), reducing programming time to a quarter of
““Fast High-Reliability Programming’ for 128k x 8
organization and a half for 64k x 16 organization.
Figure 6-11 shows the programming time of above
methods.

SET PROG./VERIFY MODE
Vpp=125203V Vee=6.040 25V

Address=0

Program tpy=0.2ms+5%

NOGO

SET READ MODE
Vee=5.0£0.25V,Vpp=Vcc

(FAIL)

Figure 6-9. 0.2ms High-Speed Programming
(Fast High-Reliability Programming)
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SET PAGE PROGRAM LATCH MODE
Vep=12.5V10.3V, V¢c=6.0V £0.25V

Address=0

[xi=n)

[ SET PAGE PROG /VERIFY MODE
Vpp=12.5V£0.3V, Vec=6.0V £0.25V

Program tpw=0.2ms+5%

l Address+1—Address l

YES
SET READ MODE

Vee=5.0V£0.25V, Vep=Vcc

READ NOGO
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T T T T T T L T
f 50ms programming
10 ll 4
!
I
1
s 8 1
E 1ms High-speed
g programming ,'
a
£ ' 1
2
a
4+ e
Page mode
2 programming i
I 02ms High-speed
programming
YES -~
4 1 L 1 ’Q/L !
32k 64k 128k 256k 512k 1M 2M 4aM

Storage capacity(X8 organization) (bit)

(Note) Actual program time differs according to
the programmer,

Figure 6-11. Shortened Program Time by High-
Speed Programming.

Ail Address

Figure 6-10. Page-Mode Programming
(Page Programming)

6.5 Device Indentifier Code

EPROM programming conditions depend on
EPROM manufacturers and device types, confusion
may cause miss operation. As a countermeasure
some EPROMs provide device identifier code in-
cluding such information as manufacture and device
type. Some newly developed commercial EPROM
programmers can set write conditions automatically
by recognizing this code.

Different programming conditions are as follows:
(1) program voltage, (2) program timing, (3) high-
performance programming algorithm, (4) pin con-
figuration. The Hitachi EPROM has a device
identifier code area besides the memory access area,
as shown in figure 6-12.

C FAL )

W Device identifier code area

Address Q ~—

D
_ | Data access area

Din = 1/0 sonrol ereat_]c> Dout

Figure 6-12. Device Identifier Code

Table 6-1 describes how to use the device identifier
code. Setting A9 at 12V and A1 — A8, A10 — A13
at V,_ access the device identifier code area and
1/00 — 1/0O7 output the programming condition
code with V,_ or V,; of AO.
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Tablel 6-1. Hitachi EPROM Device Identifier Code

A, 1/08-1/015 | 1/O7 | 1/06 | I/OS | 1/04 | 1/03 | /02 | 1/O1 | 1/00 Hex Data
Manufacturer|  Hitachi 14/4 - ojlolojlojo 1|11 07
HN27128A - 0 0 0 0 1 1 1 1 0D
HN27256 - o |0 | o 1 o |o | oo 10
ROM HN27C256 - 1 0 1 1 0 0 0 0 BO
HN27C256H | Vg - 0 |0 1 1 0 0| o 1 31
code HN27C256A - olofl1{1]o0ofo]o]1 31
HN27512 - 1 0 0 1 0 1 0 0 94
HN27C1024H — 1 0 1 1 1 0 1 0 BA
A9: 12V
Al -A8, A10-A13: Vpp,
A14, A15: Don’t care
6.6 Shielding Label 1. Pin contact check
When using an EPROM in an environment where it In the ROM pin and socket connection test,
can be exposed to ultraviolet light, Hitachi recom- checking is normally performed by detecting the
mends putting a shielding label on its transparent lid forward current at each EPROM pin. Care is
to absorb ultraviolet light. In choosing a shielding necessary as this forward biased resistance differs
label, the following points should be carefully in products of each company.
checked. 2. Reverse insertion check
* Adhesiveness (mechanical strength). Avoid This check detects the reverse insertion of the
repeated attaching or exposure to dust that may device, places the equipment in reset mode and
reduce the adhesive strength. Ultraviolet erasing protects the device and equipment.
and reprogramming are recommended after 3. Blank check
stripping off an attached label. (When the need This check is performed before programming. [t
arises to change a label, it is advisable to put a checks whether the device is an erased EPROM,
new one on over the old one since peeling may or it preventing EPROM reprogramming. Since
create a static charge.) the output data in the erased condition are 1
* Allowable temperature range. Use the shielding (high level), check whether or not data in
label in an environment whose temperature falls EPROM are all 1. It will fail-stop even when one
within the specified allowable temperature range. bit is O (low level). Normally, it is designed to
Beyond the specified temperature range, the provide warning with a lamp or buzzer.
paste on the label may harden or stick too fast: 4. Programming
When it hardens, the label may come off easily. The function of programming the data in the
When it sticks too fast, the paste may remain on internal RAM of the programmer into EPROM
the window glass after the label has been re- will fail-stop when programming cannot be done.
moved. The normal flow is as shown in figure 6-14. The
* Moisture resistance. Use the shielding label in an EPROM data will be read out prior to pro-
environment whose humidity falls within the gramming and compared with programming data.
specified allowable humidity range. If they coincide, programming will be skipped
and if they differ, programming will be per-
6.7 EPROM Programmer formed. Then, the data will be read out again
The EPROM programmer stores the user’s program and compared with the programming data, and if
in its internal RAM and writes the program in the they coincide, the programmer will progress to
EPROM. For this programming, 3 functions at least the next address.
are necessary: blank check function prior to pro- 5. Verify
gramming, programming function, and the verify This function checks after programming com-
function after programming. Figure 6-13 shows the pletion whether or not the programming is
programming flow chart. Some programmers check correct when comparing with the data in the
for pin contact failure or the reverse insertion internal RAM of the programmer. It performs
before the blank check. fail-stop when they do not coincide. Normally,
The outline of each block is as follows. when it fails, it lights the fail lamp and displays
@ HITACHI
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770N
/ \

s ~
7 Check Pin >

N Gt ¢
N 7
Programming
Is Readout OK ?
Is it the >
Final Address N
Y
() (PASS)
Figure 6-13. Programming  Figure 6-14. Programming
Flow Chart of EPROM Flow Chart of EPROM

Programmer (1) Programmer (2)

the address and data.

6. How to input the program
Table 6-2 shows several methods for inputting
the program data to the internal RAM of the
programmer. Normally, paper tape input and
teletypewriter input are prefered options.

Table 6-2. EPROM Data Input

Method Content

Copy input Input by copying the master ROM.

Manual input Input by the keyswitch on the front
panel. Used for correction or

revision of program

Read the paper tape furnished
from the host system with the
tape reader

Paper tape input

Teletypewriter Input with the teletypewriter.

input Preparation, correction, and list
preparation of the program can be
made.

6.8 Handling EPROMs

Touched with a charged human body or rubbed
with plastics or dry cloth, the glass window of an
EPROM generates static electricity which causes de-
vice malfunctions. Typical malfunctions are faulty
blanking and write margin setting that give the false
impression that information has been correctly
written in. As already reported at the international
conferences concerning the reliability of LSI chips,
this is due to the prolonged retention of electric
charge (resulting from the static electricity) on the

Application

glass window. Such malfunctions can be eliminated
by neutralizing the charges by irradiating with ultra-
violet rays for a short time. The EPROM should be
reprogrammed after this irradiation since it reduces
the electric charges in the floating gate, too. The
basic countermeasure is to prevent the charging of
the window, which can be achieved by the following
methods as in the prevention of common static
breakdown of ICs.

1. Ground operators who handle the EPROM.
Avoid using things such as gloves that may
generate static electricity.

2. Refrain from rubbing the glass window with
plastic or other materials that may generate static
electricity.

3. Avoid the use of coolant sprays which contain
some ions.

4. Use shielding labels (especially those containing
conductive substances) that can evenly dis-
tribute established charge.

6.9 Ensuring OTPROM Reliability

One time electrically programmable ROM
(OTPROM) has two kinds of packages: standard
dual in-line package (DIP) and small outline package
(SOP). 1t is one time only programmable because it
has no window for ultraviolet light exposure; testing
by programming and erasure cannot be performed
after it is assembled.

So, Hitachi performs screening test for program-
ming, access time, and data retention on wafers at
proving test.

However, rare defects may occur in the assembly
process cannot be completely removed in final test
screening which is only a reading test.

Therefore, Hitachi recommends that users perform
high temperature baking after programming devices
to ensure high reliability.

Detailed conditions and procedures for screening are
shown in figure 6-15. First, program and verify
devices. Then, leave them without bias at 125 to
150°C for 24 to 48 hours.

After that, check read-out function and remove the
chips with data retention failures.

From the results of devices in which the recom-
mended screening test is properly performed, we
confirm that the data retention characteristics of
OTPROMs are equal to general EPROMs.

G HITACHI
Hitachi America, Ltd. e Hitachi Plaza 2000 Sierra Point Pkwy.  Brisbane, CA 94005-1819 e (415) 589-8300 55



Application

Provng(1) | progremmire.

Data
Proving(2) Rotention

Wafer Screening

by Programmer

I

Baking at
125 to 150'C
for 24 to 48hrs

[

Ensunng
Read-out

Recommended
Screening Conditions

Figure 6-15. Screening Flow Chart of OTPROM
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7. MASK ROM PROGRAMMING INSTRUCTION

The writing of the custom program code into mask
ROMs is performed by the CAD system on a large-
sized computer. ROM code data should conform to
specifications given below, using either paper tape,
EPROM, or magnetic tape. Additional instructions,

such as chip select and customers’ part number,
should be given in the "ROM Specification |dentifi-
cation Sheet””

7.1 Specification of EPROM

1. Submit the three sets of the EPROM-stored data.
Specify the address of the EPROM in the case of
two or four EPROMs.

2. The ROM code data is input from the start
address to Final Address in the EPROM.

3. Type of EPROM
HN482764 (8-kword x 8-bit, 2764 Compatible)
HN4827128 (16-kword x 8-bit, 27128 Com-

patible)

HN27256 (32-kword x 8-bit, 27256 Com-
patible)

HN27C256 (32-kword x 8-bit, 27C256 Com-
patible)

7.2 Specification of Magnetic Tape

1. Use the following type of magnetic tape which
can be used by a magnetic tape device com-
patible with the IBM magnetic tape device.

- Application

Length ... .. 2,400 feet, 1,200 feet or 600 feet
Width . ... ... ... . ... ... 1/2 inch
Channel .. ................. 9 channels
Bit density . ... 800 BPI or 1,600 BPI (Clearly

state which it is in the “ROM
Specification Indetification
Sheet”’.)

. Use EBCDIC as the use code.
. Follow the format of the magnetic tape as de-

scribed below
No leading tape mark

No label
Recordsize ............. 80 byte/1 record
Blocksize ............. 10 records/1 block

The end of the file should be indicated by 2
successive tape marks (TM) (figure 7-1).

. HMCS6800 load module data mode. This mode

is the object mode output from the assembler

HMCS6800.

Divide the 8-bit code into the upper and lower

4-bit codes, and convert each into hexadecimal

notation.

Example: The code 1100 0110 is as follows
under binary notation.

(Upper 4-bits) (Low 4-bits) Bit weight

D7 D6 D5 D4 D3 D2 D1 D0 (ROM output

1 1 00 0 1 1 0 equivalence)

The actual load module mode is shown in figure
7-2.

B -
0 Block 1 Block 2 Block 3 wld 0
T T
Figure 7-1. Magnetic Tape Format
Data End of
}rl:c‘::dr record file record
Record Start 5 3 s 5 3 ) s 3 S
o 9
Record Type 3 0 3 3t ! 39
- — 31 30
03
Byte Count ; 2 06 36 16 33
31 30
30 31 30 g0
Address § 30 0000 30 1100 3o
ress Size i g 1o -
39 ‘6 ( Check
98 FC
Data : : 48-H 38 ‘3 Sum )
30
) 02
Dat, -
ata 3. “Do 32
L
Data S50 s
32
31 i
Check Sum « 2 | 1B (Check Sum) 3 8| A8(Check Sum)

Figure 7-2. HMCS68000 Load Module Data Format

@ HITACHI
Hitachi America, Ltd. e Hitachi Plaza e 2000 Sierra Point Pkwy.  Brisbane, CA 94005-1819 e (415) 589-8300 57



Applicatic

S0 indicates the head of the file and S9 indicates the
end of the file. The actual data starts following S1.
This means that the data starts from the address
(hexadecimal) indicated in the address size. The
address of the address size of the data recorder is

compared with the next data recorder address by
counting in increments of 1 byte of the data and
checking whether it is sequential or not. The
printed example of the HMCS6800 load module
mode is as shown in figure 7-3.

Data Record

Data Record
End of
File Record

—=S5§9030000FC

Header Record =S00B000058204558414D504CB5S
—-S113F0007EF5587EF7897EFAA7T7EF9CO07EF9C47E24
—=S112F010FA657EFA8B7TEFAA07TEF9DC7EFA247E06

Figure 7-3. HMCS6800 Load Module Example

If an address is skipped, enter the skipped address
into the “ROM Specification ldentification Sheet’’
and the data (00 or FF) entered into the skipped
address.

5. BNPF mode
One word is symbolized by the word start mark
B, the bit content represented by 8 characters of
P and N, and the BNPF slice composed of succes-
sive 10 characters of the work end mark F.
The contents from F of one BNPF slice up toB
of the next BNPF slice are ignored.
(Example) The code of AA (hexadecimal) is

symbolized as shown in figure 7-4.

It is necessary to designate the bit pattern (BNPF
slice) on all ROM addresses. Therefore, the term
of the ROM head address of *“ROM Specification
Identification Sheet’” always becomes 0.

B....... Indicates start of 1 word.
N... .. Indicates 1 bit data.
P Indicates 1 bit of 1 data.
Fooo Indicates end of 1 word.
N
b de
\
N
\
\
-t P
[T E— SN N
b
H
b
K
N
Figure 7-4. BNPF Mode Example

7.3 Specification of Floppy Disk
1. Use the following type of floppy disk (figure
7-5):

Type. . . . 8 Inch Single Sided and Single Density
Number of Sectors ... .............. 26
Numberof Tracks. . .. .............. 77
Sector 26
,/ Sector 01
yl Sector 02
Sector 21 \\ ,

’
, Sector 03

Sector 16
Track 74
One Record
Track 00
(Index - Track)
Figure 7-5. Floppy Disk Format

2. Use EBCDIC as the use code.

3. Format the floppy disk as described below.
Composition is described in table 7-1.
Recordsize ............. 80 byte/1 record

Table 7-1. Floppy Disk Composition

Location
No. Item

Track Sector

1 Standard Volume Label 00 07
2 Standard Head Label 00 08 — 26
3 Data Area 01 -73 | 01 -26
4 Alternal Track 75,176 01 -26
5 Spare Track 00 01 - 06
74 01 - 26
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Use the sectors as in figure 7-6. Use one sector used for one record.
for one record, that is, 80 bytes out of 128 bytes 4. Data Mode. See data mode for magnetic tape.

1 Track
Sector 1 Sector 2 Sector 3 Sector 24 ) Sector 25 Sector 26
(128 bytes) (128 bytes) | (128 bytes) ' ' (128 bytes) (128 bytes) (128 bytes)
Record 1 Record 2 Record 3 Record 24 Record 25 7] Record 26
(80 bytes) (80 bytes) (80 bytes) (80 bytes) (80 bytes) ¢ (80 bytes)
/ /

Figure 7-6. Floppy Disk Sector Format 7
~ unused

Customer Hitachy
ROM Code Customer
Chip Select
= o
Select Information

opCleck the
ROM Specification
<idenufication Sheet >

Customer List

Computer Processing

Check
Mask Preparation
Instruction
‘ Mask Preparation
Investion
Pattern Ok
Check

Figure 7-7. Mask ROM Devel Flowchart
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8. INSTRUCTIONS FOR USING MEMORY
DEVICES

8.1 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 (1M 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
synthetic fabrics.

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

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

7. Use conductive sheets of high resistance (about
10° ohm/0) to protect devices from electrostatic
discharge. For, if dropped onto conductive
materials like a metal sheet, devices may de-
teriorate or even breakdown owing to sudden
discharge of the charge stored on the surface.

8. Never set the system to which memory devices
are applied near anything that generates high
voltage (e.g. CRT Anode electrode, etc.).

8.2 Using CMOS Memories

As shown in figure 8-1, the input of a CMOS
memory is connected to the gate of an inverter con-
sisting of PMOS and NMOS transistors. Figure 8-2
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. There-
fore, it is necessary to keep the input voltage below
0.2V or above Ve — 0.2 V in order to minimize
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 Vg — 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
sheets for each device type.

Vee

y!
P
Input Output
N
Figure 8-1. CMOS Inverter
5 T
= Vee=5.0V
:E 4
g 3
i,
F N
£l N
o

o

1 2 3 4 5 6
Input Voltage

Relationship between Input Voltage & Current
In CMOS Inverter

Figure 8-2.

Another problem particular to CMOS devices is
latch-up. Figure 8-3 shows the cross section of a
CMOS inverter and the structure of a parasitic
bipolar transistor. The equivalent circuit of the
parasitic thyristor is shown in figure 8-4. When
positive DC current or pulse noise is applied (figure
8-4 (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 re-
sistance of TR2. As a result, TR2 becomes conduc-
tive and current 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 rebiased by collector current from TR1,
the closed loop consisting of TR1 and TR2 reacts.
Thus current 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 8-4 (bb)). Most of semiconductor memory
manufacturers are trying to improve latch-up im-
munity of their products. Hitachi provides enough
guard band by applying diffusion layer around
inputs and outputs, taking care not to connect input
to p* diffusion layer. Input voltage for 64 kbit
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static RAM HM6264A, for example, is specified as

follows:
Viqy max 6.0 V  (not depending on V)
VyL min 3.0V  (pulse width = 50 ns)

~0.3 V (DC level)

Internal Input ©

Vec(+5V)  Vee

Application

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

P n
Internal Input Pin LA 4
Rn
N LA

Vss ¢ (0V)
n-Sub
(a) (b)
Figure 8-3. Cross Section Structure of CMOS Inverter
Closed Loop Vee
Pn | oVe Pin ?

Positive Ty, ON 4
Voltage I

|
Tr2 ON :

(a) Thynstor Effect by
Positive Voltage

Figure 8-4.

8.3 Noise Prevention

Noise in semiconductor memories is roughly clas-
sified into input signal noise and power supply
noise.

8.3.1 Input Signal Noise

Input signal noise is caused by overshoot and under-
shoot. |f either of them is out of recommended DC
operating conditions, normal operation is hindered,
and voltage over absolute maximum rating will
break the device. In operating high speed systems,
special care is required to prevent input signal
noise.

The noise can be prevented by inserting a serial re-
sistance of less than 50 ohm into each input or a
terminating resistance into the input line. Actually,
however, input signal noise can be simply reduced by
a stable power supply line, because it is often caused
by unstable reference voltage (GND level).

Negative Tp, ON
Voltage 4

Ta ON
1
Tea ON

(b) Thynstor Effect by
Negative Voltage

Equivalent Circuit of Parasitic Thyristor

8.3.2 Power Supply Noise

The power source noise can be classed as low-
frequency noise and high-frequency noise as shown
in figure 8-5. To assure stable memory operation,
the peak-to-peak power supply voltage in the pre-
sence of low-or high-frequency noise should be held
below 10 percent of its standard level.

Low-frequency Noise
NJuvm.no%uwpm
Supply Voltage

‘otal of Low-and High-frequency
aoxMun-hn +10% of Standard Power
Supply Voltage

Figure 8-5. Power Source Noise
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Devices like dynamic RAMs, which operate from
clock signals, or high speed CMOS static RAMs,
through which current flows during transition of
signals, consume high peak current. When a power
supply does not have enough capacity for the peak
current, voltage drops. And if the recovery rate of
the power supply synchronizes with its time con-
stant, it may start oscillating. To reduce the in-
fluence of the peak current, a bypass capacitor of
0.1 — 0.01 uF should be inserted near the device.
The following points must be considered in design-
ing pattern of the board:
* For bypass capacitors, use titanium, ceramic, or
tantalum capacitors which have better high-

Preferred

- Do

i1 $—i— 11—

€. — LN

b4 41— 41—

gy

Vee Vss Vee VssVee Vs
— S

Data I/0

frequency characteristics.

* Bypass capacitors must be applied as near to the

power supply pin of memory devices as possible,
and inductance in the path from V¢c 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.

* |t is preferrable for the power supply line to be

at right angles to devices selected at the same
time, lest 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

a Time are on the
Same Mother Line

cc Vss

Data 1/0

Figure 8-6. Examples of Power Supply Board Pattern

8.4 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 re-

commended so as to preserve malfunction of

memory device.

A: Insert latch as shown in Figure 8-7 lest Address
Input should become floating.

B: Put CS into High while Address Input becomes
floating.

(Dotted line in Figure 8-8)

C: Insert Pullup Resistor (R) to hold time
constant of Rising Edge wave form of Address
Input 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.

Pull-up
Resistor

r==n

|
|
|—7Ll Memory
|
|
|

CPU

Address

Bus VStray

capacitance

| Input
cs on board !
Control c J; L 3 TS

Latch

Figure 8-7

tr

Address

ot /

Write Floating Read

Figure 8-8
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Section 1
MOS Static RAM
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HM 6116 Series

2048-word x 8-bit High Speed CMOS Static RAM

BFEATURES
® Single 5V Supply
® High speed: Fast Access Time 120ns/150ns/200ns (max.)
o Low Power Standby and Low Power Operation
Standby: 100uW (typ.)
10uW (typ.) (L-version)
Operation: 200mW (typ.)

1756mW (typ.) (L-version)
e Completely Static RAM: No clock or Timing Strobe Required
o Directly TTL Compatible: All Input and Output
@ Pin Out Compatible with Standard 16K EPROM/MASK ROM
o Equal Access and Cycle Time
® Capability of Battery Back Up Operation (L-version)

IMORDERING INFORMATION

Type No. Access Time Package
HM6116P-2 120ns
HMS6116P-3 150ns
HM6116P-4 200ns 600mil 24pin
HM6116LP-2 120ns Plastic DIP
HM6116LP-3 150 ns
HM6116LP-4 200ns
HMS6116FP-2 120ns
HMS6116FP-3 150ns
HM6114FP-4 200ns i Plastic SOP
HMG6I16LFP-2 12005 24pin Plastic
HM6116LFP-3 150 ns
HMS6116LFP-4 200ns

EFUNCTIONAL BLOCK DIAGRAM

rﬂ
Rov o Memory Matrix — oW
Decoder | @
128128
wo—— ]
—— le -]
1/0, Oy : Colum 1/0
Input
' Column Decoder
: Date
' H Control
' f
/6O !
)
A A A A

1y
QU

@ HITACHI

Maintenance Only

HM6116P Series

(DP-24)

HMG6116FP Series

(FP 24D)

BEPIN ARRANGEMENT

Av[z A E Ve
al2 23] A
a3 2] A
A E 21 | WE
Al S 20 | OF
Al s 19 ] A
al? 18 | Cs
M 17| 1/
101 E 16 | 1/0r
v 10 15 ] 106
Lo 14| Vo
v 1] 5] 10
(Top View!

Note) This device is not available
for new application.
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HM6116 Series

BABSOLUTE MAXIMUM RATINGS

Item Symbol Rating Unit
Voltage on Any Pin Relative to &, Vr 0.5""to +7 0 \
Operating Temperature T.,. 0to +70 ‘C
Storage Temperature Toe —55 to +125 ‘C
Storage Temperature Under Bias Tu.. —10 to +85 ‘C
Power Dissipation Pr 10 w

Note) * 1 3 5V for pulse width=30ns

ETRUTH TABLE

|

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

H X X Not Selected Isn. Iss ngh 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)

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

Item Symbol min typ max Umit
Supoly Vol Vee 4.5 5.0 5.5 \Y
tage
upply Voitag Ves o o ° v
I Vol Viu 2.2 3.5 6.0 \
nput Voltage
put Tolae Vie —0.3" - 0.8 v
Note) * 1 —3 0V for pulse width<50ns
EDC AND OPERATING CHARACTERISTICS (Vec=5V+10%, Vss=0V, Ta=0to +70°C)
] HMS6116-2 HM6116-3/-4 ]
Item Symbol Test Conditions Unit
min | typ*! | max min | typ*! | max
- - 10 - - 10
Input Leakage Current er| Vee=5.5V, Vin= Vss to Ve — — Yo — — P uA
o Leakage C \Ltol CS= Vin or OE= Viu, - - 10 - - 10 A
tput t
utput Leakage Lurren L Viso= Vss to Vec - - 2%3 - - 2%3
I S=vi I omA - 40 80 - 35 70 A
cc = Vi, I1-0=0m m
Operating Power Supply - 35*3|  70%*3 - 30*3| 60*3
Current Vin=3.5V, ViL=0.6V, - 35 - - 30 -
Icc1*? mA
I1:0=0mA - 30%*3 - - 25%3 -
- 40 80 - 35 70
. Min. cycle, duty=100% mA
Average Operating Current Iccz 1176 =0mA — prres poves — 300 pove
Iss | CS=V - > i > b A
sB =V m
Standby Power Supply = 4*3 12*3| - 4*3 12*3
Current ! CSz Vec—02V, 0V Vv s - 0.02 2 - 0.02 2 uA
1102V or Vec —02VS Vi - 203 | 50°3| - 203 | 50%3
IoL=4mA - - 04 - - - \Y%
VoL
Output Voltage ToL=2.1mA - - - - - 0.4 \%
Vou ITon=—1.0mA 24 - - 24 - - \Y

Notes) *1 Ve =5V, Ta=25'C
*2 Reference Only
%3 This characteristics are guaranteed only for L-version
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HM6116 Series

BICAPACITANCE (f=1MHz, Ta=25C)

Item Symbol Test Conditions typ max Unit
Input Capacitance C. V.=0v 3 5 pF
Input/Output Capacitance Cuo Vio=0V 5 7 pF
Note) This parameter 1s sampled and not 100% tested
BWAC CHARACTERISTICS (Vec=5V+10%, Ta=0 to +70°C)
O AC TEST CONDITIONS
Input Pulse Levels: 0.8 to 2.4V
Input Rise and Fall Times: 10 ns
Input and Output Timing Reference Levels: 1.5V
Output Load: 1TTL Gate and Cy (100pF) (including scope and jig)
O READ CYCLE
HM6116-2 HM6116-3 HM6116-4
Item Symbol Unmit
min max min max min max
Read Cycle Time tre 120 - 150 - 200 - ns
Address Access Time taa - 120 - 150 - 200 ns
Chip Select Access Time tacs - 120 - 150 - 200 ns
Chip Selection to Output in Low Z teLz 10 - 15 - 15 - ns
Output Enable to Output Vald toe - 80 - 100 - 120 ns
Output Enable to Output in Low Z torz 10 - 15 - 15 - ns
Chip Deselection to Output n High Z tcnz 0 40 0 50 0 60 ns
Chip Disable to Output in High Z tonz 0 40 0 50 0 60 ns
Output Hold from Address Change tow 10 - 15 - 15 - ns
@ WRITE CYCLE
HM6116-2 HM6116-3 HM6116-4
Item Symbol - Umt
min max mn max min max
Write Cycle Time twe 120 — 150 — 200 — ns
Chip Selection to End of Write tew 70 — 90 — 120 — ns
Address Vahd to End of Write taw 105 — 120 - 140 — ns
Address Set Up Time tas 20 - 20 - 20 - ns
Write Pulse Width twp 70 — 90 - 120 — ns
Write Recovery Time twr 5 — 10 — 10 - ns
Output Disable to Output in High Z tonz 0 40 0 50 0 60 ns
Write to Output in High Z twnz 0 50 0 60 0 60 ns
Data to Write Time Overlap Low 35 - 40 — 60 — ns
Data Hold from Write Time ton 5 — 10 — 10 — ns
Output Active from End of Write tow 5 — 10 — 10 — ns

ETIMING WAVEFORM
®READ CYCLE (1)"

Address

|

SEANN

Daut

tacs

i
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HM6116 Series

.READ CYCLE(z)(i)(I)(J)

tac

T X
Dout ) (

.READ CYCLE(a)(I)U)(J)

[+
tacs ™
tcue
Dout

NOTES: 1. WE is High for Read Cycle.
2. Device is continucusly selected, TS = Vy; .
3. Address Valid prior to or coincident with TS transition Low.

4. OE= Vir.

o WRITE CYCLE (1)

Address % *

wmr(?)

3 ZZ/( \FE : : }
= ANANRY ). Y9009

WwE — e
EANNN y
‘—I"WH«” [¢)]
Dout N
LLLLLLS
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HM6116 Series

®WRITE CYCLE(2)”

Address

|- ew (2}

)
BN\ AN AV 77777
" JASNNY S

> tas __Mljm o () n
Dout SN N NN NNNNNNN o
LLLLL L L LS

NOTES: 1. A write occurs during the overlap (fyyp) of a low CS and a low WE.
2. tyg 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 must not be applied.

. If the TS low transition occurs simultaneously with the WE low
transitions or after the WE transition, output remain in a high im-
pedance state,

. OE is continuously low. (OF = ¥, )

. Doyt is the same phase of write data of this write cycle.

. Dgyt is the read data of next address.

If & 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.

-~ W

P\JO\M

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

This characteristics are guaranteed only for L-version.

Item Symbol Test Conditions min typ max Unit

Vcc for Data Retention Vor CS2Vee ~0.2V, Vo2 Vee =0 2V or V.. 0.2V 2.0 - - \%

Data Retention Current Iccon*!| Vec=30V,CS228V, Vin22.8V or OVE Vin02V - - 30 HA

i 0 - - ns
Chip Deselect to Data Retention Time | tcor See Retention Waveform - - =

Operation Recovery Time tr tre ns

Notes) *1 10uA max at T2=0'C to +40°C,ViL min=-0.3V
*2 trc=Read Cycle Time

®Low Vcc Data Retention Waveform

Data Retention Mode

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



HMMG6116 A Series ——  Maintenance Only

2048-word X 8-bit High Speed Static CMOS RAM

s FURTURES

: ) HM6 116 AP Series
® High speed: Fast Access Time 120ns/150ns/200ns (max.)
® Low Power Standby and Standby: 100uW (typ.)
Low Power Operation 5uW (typ.) (L-version)
Operation:  15mW (typ.) (f = 1 MHz)
10 mW (typ.) (L-version)
® Single 5V Supply and High Density 24 Pin Package
® Completely Static RAM: No clock or Timing Strobe Required
® Directly TTL Compatible: All Input and Output (DP-24)
® Pin Out Compatible with Standard 16K EPROM/MASK ROM HM6116ASP Series
® Equal Access and Cycle Time
® Capability of Battery Back Up Operation (L-version)
ORDERING INFORMATION
Type No Access Time Package
HM6116AP-12 120ns
HM6116AP-15 150ns
HM6116AP-20 200ns 600mil 24pin
HM6116ALP-12 120ns Plastic DIP (DP-24N)
HMS6116ALP-15 150ns
HM6116ALP-20 200ns MENT
HM6116ASP-12 120ns EPIN ARRANGE
HM6116ASP-15 150ns \J
HM6116ASP-20 200ns 300mil 24pin A E Vee
HM6116ALSP-12 120ns Plastic DIP A Bk
HM6116ALSP-15 150ns ) A
HM6116ALSP-20 200ns As 2| A
_
A 21| WE
pey
A 2| OE
e
BFUNCTIONAL BLOCK DIAGRAM A L A7
A §: Ay l [
1 L— —0 Vi AnE 17} 1/0s
: S Row Memory Matrix — o s vo E T /0
' Decoder 128x128 e m
mo—y—1 [ vo. L2 =
vos LY 141 1/0s
o — = 1 1 Vss | 12 13 ] 1704
-"——T' R Column 1/0 —
i : IS:: Column Decoder (Top View)
: : S Control
s
1/04 o— 7 S

Note) This device is not available for new lication,
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HM6116A Series

HABSOLUTE MAXIMUM RATINGS
Item Symbol Rating Unit
Voltage on Any Pin Relative to Vss Vr —0.5"7t0 +7 0 v
Operating Temperature Tu- 0to +70 ‘C
Storage Temperature Tos —55 to +125 ‘C
Storage Temperature Under Bias Toss —10 to +85 °C
Power Dissipation Pr 10 w
Note) *1 -35V for pulse width=50ns
BTRUTH TABLE
(43 OF. WE Mode Vee Current 1/0 Pin Ref. Cycle
H x x Not Selected Isa, Ison High Z
L L H Read Ice Dout Read Cycle (1)~(3)
L H L Write Icc Din Write Cycle (1)
L L L Write lcc Din Write Cycle (2)
HRECOMMENDED DC OPERATING CONDITIONS (Ta=0 to +70°C)
Item Symbol min typ max Uit
Supply Vol Vee 4.5 5.0 55 \"
upply Toltage Vss 0 0 0 vV
I Vol Vin 2.2 3.5 6.0 v
nput Voltage Vie Z03*! _ 0.8 Y
Note) *1 30V for pulse width<50ns
m DC AND OPERATING CHARACTERISTICS (Ve =5V £10%, Vss =0V, T, =0to +70°C)
ios HM6116A-12 HM6116A-15 HM6116A-20 .
Item Symbol Test Condition min | typ*' [ max | min | typ*' | max | min | typ*' | max Unit
Input Leakage Vee=5.5V, Vin=Vss _ _ B _ _ _ 2 A
Current erl to Voo 2 2 K
Output Leakage CS=VigorOE=Vpy, | B B 3 B _ By A
Current Ueo! Vijo=Vss to Vcc 2 2 K
CS=vp Ij0=0mA - 5 15 - 5 15 - S 15
1, ? mA
Operating Power | Vin=Vigor v - A 1] - e I - 4t 12
Supply Current Vin=Vce, ViL=0V, _ _ 3 6 _ 3 6
Icc CS= Vi 3 6 mA
I10=0mA, f=1MHz — | 2%2 | 5*2 — | 2% | 52 — | 2%2 | §5%2
Average Operating I min. cycle, Iy;o=0mA - 35 60 | - 25 | 45 - 20 | 35 mA
Current cc2 duty = 100% _ 30*2|50%2| _ 20*2 | 40*2| - 15*2] 30"
e - 1 4 — 1 4 -~ 1 4
Standby Power Isg | OV 057 3 [ = [osF 3 | = [05%r 3er | ™A
Supply Current Tens |C82Voc-0.2V - loo2] 2 | —Joo2] 2 | - Jo02] 2 [ ma
SBI 19V £ Vin Z1*T50%7 | — | 1% [50%7 | — | 12 |50%7| uA
V Ipr = 4mA - - 0.4 - - 0.4 - - 04| V
Output Voltage oL oL
Vorn |Ion=-10mA 2.4 - - 2.4 - - 2.4 - - v

Notes) *1. Voe=5V, T,=25°C

*2. This characteristics is guaranteed only for L-version.
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HM6116A Series

BCAPACITANCE (/=1MHz, Ta=25C)

Item Symbol Test Conditions typ max Umit
Input Capacitance C.. V..=0V 3 5 pF
Input/Output Capacitance Cuo Vio=0V 5 7 pF

Note) This parameter 1s sampled and not 100% tested

BAC CHARACTERISTICS (Vec=5V+10%, Ta=0 to +70°C)
®AC TEST CONDITIONS

input Pulse Levels: 0.8 to 2.4V

Input Rise and Fall Times: 10 ns

Input and Output Timing Reference Levels. 1.5V

Output Load. 1TTL Gate and C; = 100pF (including scope and jig)

® READ CYCLE

HM6116A-12 HM6116A-15 HM6116A-20
Item Symbol Unit
min max min max min max
Read Cycle Time trc 120 - 150 - 200 - ns
Address Access Time tAA - 120 - 150 - 200 ns
Chip Select Access Time tacs - 120 - 150 - 200 ns
Chip Selection to Output i Low Z teLz 10 - 10 - 10 - ns
Output Enable to Output Valid tOE - 55 - 60 - 70 ns
Output Enable to Output in Low Z toLz 10 - 10 - 10 - ns
Chip Deselection to Qutput in High Z tCcHZ 0 40 0 50 0 60 ns
Chip Disable to Output in High Z loHZ 0 40 0 50 0 60 ns
Output Hold from Address Change toH 10 - 15 - 20 - ns
® WRITE CYCLE
HM6116A-12 HM6116A-15 HM6116A-20 .
Item Symbol Unit
min max min max min max
Write Cycle Time twe 120 — 150 - 200 - ns
Chip Selection to End of Write tew 70 - 90 - 120 - ns
Address Valid to End of Write tAw 105 - 120 - 140 - ns
Address Set Up Time tas 0 - 0 — 0 — ns
Write Pulse Width twp 70 - 80 - 100 - ns
Write Recovery Time twR 0 - 0 — 0 - ns
Output Disable to Output in High Z toHzZ 0 40 0 50 0 60 ns
Write to Output in High Z twHZ 0 35 0 40 0 50 ns
Data to Write Time Overlap tpw 35 - 40 - 50 - ns
Data Hold from Write Time tpH 0 - o | - 0 - ns
Output Active from End of Write tow 10 - 10 - 10 - ns
BTIMING WAVEFGRM
®READ CYCLE (1) . trC
Address )(
- taa
NN v/ /7
toE ~{OH-]
_ . 7
& \\X oLz b 300
N t
=T
w2 (®X -
G HITACHI

Hitachi America, Ltd. ® Hitachi Plaza » 2000 Sierra Point Pkwy. ® Brisbane, CA 94005-1819 » (415) 589-8300 7



HM6116A Series

.mm cva.E ‘2)(0(2)(1)

Address *

ta '] o
— ton— 24 ton

Dout ) X

® READ CYQE (3)(!)(3)(‘)

tRc {

Cs :——
tacs tcHzZ
tcLz
Dout

NOTES: 1. WE is High for Read Cycle.
2. Device is continucusly selected, TS = V.
3. Address Valid prior to or coincident with TS transition Low.
4. GE-‘ VIL‘

®WRITE CYCLE(1)

twe {
Address i k

twr(2]

& SUISSIO YT77777
L B AN )

-——‘DW——-L— {DH—

Din O( 200<X
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HMG6116A Series

OWRITE CYCLE(2)'”

twc
Address )( )(
I= tcw 'wr (2]
C_S'\:::&;<<<!Lu: }{77777772
tAw
WE twp(1)
N A\N\K A
27y tWHZ o

333323333333 BRI

Dout
E!Dw-—}——t‘)"—u

Din K

NOTES: 1. A write occurs during the overlap (f}p) of a low TS and a low WE,

2. tyR is measured from the earlier of gforWEgoing 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 TS low transition occurs simultaneously with the WE low
transitions or after the WE transition, output remain in a high im-
pedance state.

- OE is continuously low. (OF = V;)

. Doyt is the same phase of write data of this write cycle.

. Dgyy is the read data of next address.

. If & 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.

[ K- 7Y

BLOW Vcc DATA RETENTION CHARACTERISTICS (Ta=0 to +70C)

This characteristics is guaranteed only for L-version.

Item Symbol Test Conditions min typ max Unit
Vcc for Data Retention Vor CS2 Ve -0.2V 2.0 - - v
Data Retention Current Iccon*'| Vec=3.0V, CS22.8V, 0V Vv — - 30 MA

Chip Deselect to Data Retention Time| (con

See Retention Waveform
Operation Recovery Time ta tac

Notes) *1 10uA max at 72=0"Cto +40°C, Vie min——03V
*2 tee = Read Cycle Time

®Low Vcc Data Retention Waveform

e . - ns

Data Retention Mode

Vee
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HM6716 Series Maintenance Only
HMG6719 Series

2048-word x 8-bit High Speed Hi-BiCMOS Static RAM (with OE)
2048-word x 9-bit High Speed Hi-BiCMOS Static RAM (with OE)

Features

Fast Access Time: 25/30ns (max)

Low Power Dissipation (DC): 280mW (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

m ORDERING INFORMATION

Type No. Access Time Package
(DP-24NC)
HM6716P-25 25ns
HM6716P-30 30ns i i
300 mil 24 Pin = PIN ARRANGEMENT
HM6719P-25 25ns Plastic DIP
HM6719P-30 30ns ® HM6716
adr 7 whvee
= Block Diagram AgO] 2 23 [ Ag
Ag O s 22 [J Ag
A 4 21 [JWE
Ao A s 20 [JOE
k L —oVce Al s 19 (DA
i S Row Memory Matrix | —°VSS AO 7 18 Eﬁ
)
, Decoder | | 128X 128 Ao 8 17 {1 1/0g
Ao : (144) vo, O o 16 [ 1/07
V0, O 10 15 [] 1/Og
— [ | vo; O 11 14 [J /05
Uol°——r Column /O Vgs [ 12 13 [J1/04
i Input Column Decoder f
" Data (Top View)
i
- : E Control —~ ® HM6719
I + o D N S A
) | ' Ao AL Aj Ag A-,E 1 24 D Vece
— ) Ag 2 23 [ Ag
& Do ' AsQ s n Ay
WE A ¢ 21 [JWE
_o—— A3 s 20 {1CS
(OE) A, 6 19 G A
AQ7 18 [ /09
Ao 8 17 [J I/0g
® Absolute Maximum Ratings vo, g o 16 [ 1/0,
Item Symbol Rating Unit 10, [ 10 15 [11/0g
Terminal Voltage to Vgg Pin Vp —-0.5to+7.0 \4 = = ::85
Power Dissipation Pr 1.0 w VssO 2 13 104
Operating Temperature Range Topr 0 to +70 °C (Top View)
Storage Temperature Range Tstg —55 to +125 °C
@ HITACHI
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8 Truth Table

HM6716, HM6719 Series

® HM6716
CsS OE WE Mode Vce Current Pin Ref. Cycle
H Hor L HorL Not selected Isp, Isp; High Z -
L L H Read Ico Icca Dout Read Cycle (1) 2) 3)
L H L Write Ice:Icca Din Write Cycle (1)
L L L Write Ice Iccl Din Write Cycle (2)
L H H Output Disabled Icc, Icci High Z -
®HM6719
[ ‘WE Mode Vec Current 1/0 Pin Ref. Cycle
H HorL Not selected Igg,Isp; High Z -
L H Read Icc,Icci Dout Read Cycle (2) (3)
L L Write Ice,Icca Din Write Cycle (2)
m Recommended DC Operating Conditions (7a = 0 to +70°C)
Item Symbol min typ max Unit
Suooly Vol Vee 45 5.0 55 \
upply Voltage Vss 0.0 0.0 0.0 v
Input High Voltage Vi 2.2 - 6.0 v
Input Low Voltage Y | 3.0 - 0.8 A
*) Pulse Width: 20ns, DC: —0.5V
u DC and Operating Characteristics (Voc =5V + 10%, T, = 0 to +70°C)
Item Symbol Test Conditions min typ max Unit
Input Leakage Current Hpp V| Vec=5.5V, Vin=Vgsto Voo - - 2 kA
Output Leakage Current 10! | CS=Vn, Vij0= Vss to Vee - - 2 HA
Operating Power Supply Current | Icc | CS=Vir, I;j0=0mA - - 120 mA
Average Operating Current Icci | Min, Cycle, Duty: 100% I7;0=0mA - - 130 mA
1 SB ﬁ:VIH - - 30 mA
Standby Power Supply rard _
Current Ispi C52 Vee-02V - - 10 mA
VIN é 0.2V or V,Ng Vcc—0.2V
Output Low Voltage VoL |Ior=4mA - - 0.4 v
Output High Voltage Vou | Iog=—1mA 2.4 - - v
= AC Test Conditions
Input pulse levels: Vsg to 3.0V
Input and Output reference levels: 1.5V
Input rise and fall time: 4ns
Output Load: Fi
put Load: See Figure +5V v
910Q 910Q
Dout Dout
62003 30pF* 62003 5pF*
*including
scope and jig
Output Load A Output Load B
(tchz, twhz, tcLz, tow torz, toHz)
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HM6716, HM6719 Series

= Capacitance (T, = 25°C, f= 1.0 MHz)

Item Symbol Test Conditions min typ max Unit
Input Capacitance Cin VIN=0V - - pF
1/O Capacitance Cro V1/0=0V - - pF
Note) This parameter is sampled and not 100%, tested.
WAC Characteristics (Vo SV + 10%, T, = 0 to +70°C, unless otherwise noted.)
®Read Cycle
HM6716-25 HM6716-30
Item Symbol HM6719-25 HM6719-30 Unit Notes
min max min max
Read Cycle Time tre 25 - 30 - ns -
Address Access Time taa - 25 - 30 ns -
Chip Select Access Time tacs - 25 - 30 ns -
Chip Selection to OQutput in Low Z teLz 0 - 0 - ns *2
Output Enable to Output Valid toE 0 20 0 20 ns *1
Output Enable to Output in Low Z toLz 0 - 0 - ns *1,*2
Chip Deselection to Output in High Z tcHZ 0 10 0 12 ns *2
Chip Disable to OQutput in High Z toHZ 0 10 0 10 ns *1,*2
Output Hold from Address Change toy 5 - N - ns -
Input Voltage Rise/Fall Time tr - 150 - 150 ns *3
® Write Cycle
HM6716-25 HM6716-30
Item Symbol | HM6719:25 HM6719-30 | ynit | Notes
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 twRr 0 - 0 - ns -
Output Disable to Output in High Z toHz 0 10 0 10 ns *1,%2
Write to Output in High Z twHZ 0 10 0 12 ns *2
Data Valid to End of Write tpw 15 - 15 - ns -
Data Hold Time tpH 5 - S - ns -
Output Active from End of Write tow 0 - 0 - ns *2

Notes) *1. These parameters are for HM6716.
*2. Transition is measured :200mV from steady state voltage with Load(B).

This parameter is sampled and not 100% tested.
*3, If t7 becomes more than 150ns, there is possibility of function fail.
Please contact your nearest Hitachi’s Sale Dept. regarding specification.
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HM6716, HM6719 Series
® Timing Waveforms
® Read Cycle (1)"'

<&

< tre

Address X X
& NN\ X/ /7

4— toE —> HH
ANS < toLz > ]////

v

L7

™~

< o < toHz >
D) tACS i le— tcHz |—»
< tcuz > A\

Dout m—— ( Data Valid @—
High impedance L

e Read Cycle (2)°"2"4

< trc »|

Address X
taA

———————— >
—— ton —» oH

Dout  Previous Data Valid >( % Data Valid \<

® Read Cycle (3)°1'3"

(o] IrRC »
N
f—— tacs ->
L« towz _"/ tcHz
Dout >< Data Valid
High impedance I\

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.
*4. OE=V/.
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HM6716, HM6719 Series

® Write Cycle (1)

Address

twr *2

e AN
AN & XL

— AW ———>
N \ /
ROONNR /]

g *3 I *1
<—
Dout
<4 tpw —»l<4— tpy >

| ———twp ———»
Din (X Data valid XXX

A
A4

OE

WE

High Impedance

@ HITACHI
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® Write Cycle (2)*®

le

Address

X X

<+ tcw »|4>

o5 Nk 77777

tAW ——————»
1

tAsI \\\Q\ P /( ¢— toH —

IwHZ 143 6

N N NN NN High Imgedam;e_ tow ¥
[ 1777

Din

] tpw ItDHl *8

Notes)

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

*1.
*2.

*3.
*4,
*5.
*6.

*7.
*8.

A write occurs during the overlap ('!l_p) of a low CS and low WE.
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 tran-
sitions or after the WE transition, output remain in a high impedance
state.

OE is continuously low. WE’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.

GO HITACHI
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HM6268 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: 250mW typ.

® Completely Static Memory: No Clock or Timing
Strobe Required

® Equal Access and Cycle Times

Directly TTL Compatible — All Inputs and Outputs

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

IORDERING INFORMATION
Type No. Access Time Package
HM6268P-25 25ns
HM6268P-35 35ns
HM6268P-45 45ns 300mul 20pin
HM6268LP-25 25ns Plastic DIP
HM6268LP-35 35ns
HM6268LP-45 45ns
MBLOCK DIAGRAM
Ao %
- Ve
Mo Memory Array -
64 Rows N
iam? == Row Decnd 256 Columns
N oder
RY) o—-%_—:
s o—— |
1/0n oﬁ—j?—— — Column 1/0
1/02 : 1
D:
103 Comral Column Decoder
me L £ 84 88

2 A Az A3 An As

i
WE

B ABSOLUTE MAXIMUM RATINGS

Item Symbol Rating Unit
Voltage on Any Pin Relative to Vss Vr —0.5" to +7.0 v
Power Dissipation Pr 1.0 w
Operating Temperature T 0to +70 ‘C
Storage Temperature Tue —55 to +125 ‘C
Temperature under Bias Toes —10 to +85 ‘Cc

Note) *1 —35V for pulse width<10ns

@ HITACHI

(DP-20N)
HPIN ARRANGEMENT
—
a[1] [20] vee
as[z] :E A
as[3] [18] s
~ ] [17) &
a[5] [16] 40
M €] E] /0
An[7] E 1/02
an[E] 103
a[] [iz] 170,
ves [10] E WE
(Top View)
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HM6268 Series

ETRUTH TABLE
cS WE Mode Vee Current 1/0 Pin Ref Cycle
H X Not Selected Iss, Iss1 High Z -
L Read Icc Dout Read Cycle
L L Write Icc Dm Write Cycle

ERECOMMENDED OPERATING CONDITIONS ( 7z =0to +70C)

Parameter Symbol min typ max Unit
Vee 45 5.0 5.5 v
Supply Voltage
Vss 0 0 0 A%
Input High (logic 1) Voltage Vi 2.2 - 6.0 \Y%
Input Low (logic 0) Voltage ViL —0.5*1 - 08 v

Note) *1 —30V for pulse width=10ns

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

Parameter Symbol Test Condition Min. | Typ.*! | Max. | Umit
Input Leakage Current Iyl | Vee =55V, V,, = Vg to Ve — — 20 | pA
Output Leakage Current ol | CS = Vi, Vyjo = Vs to Ve — — 20 | pA
Operating Power Supply Current Icc CS = VL Iyo = OmA, min. cycle — 50*3 90 mA
Standby Power Supply Current Isg CS = Vy, min. cycle . 15 25 mA
Standby Power Supply Current (1) Lsg) (():3 z xlCNC ;002 Z’V or Vee - 0.2V < Vi : OI.?ZZ 52()?2 '::
Output Low Voltage VoL Io, = 8mA - — 0.4 v
Output High Voltage Vou Ioy = -0.4mA 2.4 — — Vv
Notes) * 1 Typical hmuts are at Vec=5.0V, Ta= +25°C and specified loading
:: :Oh: :}:;;ac;:err;s;::ss ‘:Z l:gst::"anteed only for L-version
BCAPACITANCE ( T2=25C, 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 - 9 pF

Note This parameter 1s sampled and not 100% tested

BAC CHARACTERISTICS ( Vec=5V +£10%, Ta=0to +70°C, unless otherwise noted.)

® AC Test Conditions

Input pulse levels: Vss to 3.0V

Input rise and fall times: 5ns

Output Load (A)

Dout

255Q

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

5V

30pF*

Input and Output timing reference levels: 1.5V
Output load: See Figure

Output Load (B)

(for tHZ, tLZ, twZ & tOW)

Dout

255Q

* Including scope and jig.

@ HITACHI

5V

SpF*
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HM6268 Series

O READ CYCLE
HM6268-25 HM6268-35 HM6268-45 .
Parameter Symbol - Unit
min max min max min max
Read Cycle Time e 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 tfon 5 - 5 - 5 — ns
Chip Selection to Output in Low Z faz*! 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 1s measured +200mV from steady state voltage with Load (B)
This parameter 1s sampled and not 100% tested
® Timing Waveform of Read Cycle No. 112
tRC
Address )(
1aa y
ton ton
Dout Data Vahd
® Timing Waveform of Read Cycle No, 213
CS tac
—\ —
N /]
tacs 1774
ez
Dout High Impedance Data Vald 5 High
Imped-
ance
try 77
Ve Swppy  “pe T T 4
Current 50% 50%
Iss
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.
® 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 fow 20 - 30 — 40 — ns
Address Valid to End of Write faw 20 - 30 — 40 — ns
Address Setup Time tas 0 - 0 — 0 — ns
Write Pulse Width twp 20 - 30 — 35 — ns
Write Recovery Time R 0 0 - 0 - ns
Data Valid to End of Write fow 12 20 - 20 — ns
Data Hold Time tor 0 - 0 - 0 - ns
Write Enabled to Output in'High Z twz*! 0 8 0 10 0 15 ns
Output Active from End of Write tow *! 0 - 0 — 0 - ns

Note)* 1 Transition 1s measured +200mV from steady state voltage with Load (B)

This parameter i1s sampled and not 100% tested
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HM6268 Series

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

[ W— 118 -
Address jt ;

ten

NN L

tan

F-—Ih—-i [
VE AR X
*5

ton --.-1 toH
Din Data in Valid %———

*3 *5 *6
b {11/ pesn— L)1 P tOH
High Impedance
Dout

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

*1 {33

X X

tas twa_(2)

cs ———“‘—\ Icw {
WE

Low Lo

Dout High Impedance  (4)

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

. tyR 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
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.

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

H» W N -

@ HITACHI
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HM6268 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 Vor CS2 Vec—0.2V 2.0 - - v
Va2 Ve —0.2V or 3042
Data Retention Current Iccor 0Vs V.s0.2V - - 20" KA
Chip Deselect to Data Retention Time tcon 0 - - ns
See retention waveform
Operation Recovery Time ta tre %1 — - ns
Notes) *1 tac=Read Cycle Time *2 Vie=3 0V
*3 V=20V

OLOW V.c DATA RETENTION WAVEFORM

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

DATA RETENTION MODE

IR I
TS2ve -0
G HITACHI




Supply Current Icc (Normahzed)

Access Time #a4, tacs (Normalized)

Access Time taa, tacs (Normalized)

SUPPLY CURRENT VS. SUPPLY
VOLTAGE

Ta=25C

08

06

04

45 475 5.0 5.25 55
Supply Voltage Vce (V)

ACCESS TIME VS. SUPPLY

VOLTAGE CAPACITANCE
13 18
Ta=25'C
12 16
3 /
11 g 14 -
Z ~
1.0 ¢ 2 7/
\ 3 /
09 é 10}
§
0.8 Y
07 06
45 475 5.0 525 55 0 100 200 300 400
Supply Voltage Vec (V) Load Capacitance C. (pF)
ACCESS TIME VS. SUPPLY CURRENT VS.
AMBIENT TEMPERATURE FREQUENCY
T (ns)
13 " 100 _5_? 33 25
Vee=5.0V
12 1.0
3
11 / — 'E 09 //
/ < /
1.0 - 8 o8 -
09 S 07
5
"
08 06
7% 20 40 60 80 05 10 20 30 40
Ambuent Temperature Ta ('C) Frequency f (MHz)
G HITACHI

SUPPLY CURRENT VS. AMBIENT
TEMPERATURE

Vee =50V

1.0 P—

0.8

Supply Current Icc (Normahzed)

0.6

04

Ambient Temperatare Ta (°C)

ACCESS TIME VS. LOAD

20 40 60 80
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HM6268 Series

Low Input Voltage V;. (Normalized)

Output Current Ioy (Normalized)

Standby Current Iss (A)

86

INPUT LOW VOLTAGE VS. SUPPLY
VOLTAGE '

13
Ta=25C
12
11
1.0
0.8
07
45 4.75 5.0 5.25 5.5

Supply Voltage Vcc (V)

OUTPUT CURRENT VS. OUTPUT
VOLTAGE

16
Ta=25C

\ Vee=5V

14
‘\

12 \
1.0 \
0.8 \
06 \
04T 2 3 4 5

Output Voltage Vou (V)

STANDBY CURRENT VS. AMBIENT
TEMPERATURE

107

Vee=3V
CS=28V

//

10 /,
/

107
0

Ambient Temperature Ta ('C)

20 40 60 80

Standby Current Iss) (Normalized)

High Input Voltage V;y (Normahzed)
5

Output Voltage Io, (Normahzed)

INPUT HIGH VOLTAGE VS. SUPPLY
VOLTAGE

Ta=25C

1.2

0.9

0.8

.7
o 45 4.75 5.0 5.25 5.5

Supply Voltage Ve (V)

OUTPUT CURRENT VS. OUTPUT
VOLTAGE

1.6
Ta=25"C
Vee =5V

14 //

1.2

1.0

A

0.6 74

04

0 0.2 0.4 0.6 0.8

Output Voltage Vo, (V)

STANDBY CURRENT VS. SUPPLY
VOLTAGE

12

1.0

08

06 /

04

Ta=25C
C5=Vec—02V

0.2
2 4

Supply Voltage Vec (V)

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



HMG6267 Series

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

m FEATURES

® High Speed: Fast Access Time 35/45/65ns (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) s PIN ARRANGEMENT
\J

® ORDERING INFORMATION *‘-[I 2] vee

Type No. Access Time Package A E E ‘u
HM6267P-35 35ns -
HM6267P45 45ns [ 18 Jan
HM6267P-55 55ns 300 mil 20 pin 0 T

Plactic DIP
HM6267LP-35 35ns \ D =1\
HM6267LP-45 45ns ‘L '
HM6267LP-55 55ns *,E %“
7 A
= BLOCK DIAGRAM ~[] !
UuulE Bl
»—{F - _— Ve W'LE 12 | tn
w—3 -— _
¥ T Row Memory Array Yo L njes
A —LF ecoder 128X 128 -
;._m (Top View)
A —L37
Au———w -
I I
Din Column | O Dout
Column Decuder

TTMM

An Ao Ay Ax Az Ay Ag
m ABSOLUTE MAXIMUM RATINGS
Item Symbol Rating Unit
Voltage on Any Pin*1 Vr -0.5%2 t0 +7.0 \%
Power Dissipation Py 1.0 w
Operating Temperature Topr 0 to +70 °C
'?‘te(:;;geeratme Tstg =55 to +125 °c
Storage Temperature Under Bias Thias -10 to +85 °C

Notes) *1. With respect ot Vgg.
*2.-3.5V for pulse width < 20ns.

@ HITACHI
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HM6267 Series

@ TRUTH TABLE

CS E Mode Vce Current Dout Pin Ref. Cycle
H X Not selected Iss, Iss High-Z

L H Read Icc Dout Read Cycle

L L Write lcc High-Z Write Cycle

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

Item Symbol min typ max Unit
Vee 4.5 5.0 5.5 v
V.
Supply Voltage Vss 0 0 0 v
ViH 2.2 - 6.0 A\
\Y
Input Voltage ViL Yy — 08 v

Note) *1.

-3.0V for pulse width < 20ns

® DC AND OPERATING CHARACTERISTICS (Ve = SV £ 10%, Vgs =0V, T, = 0 to +70°C)

HM6267-35 HM626745/55
Item Symbol Test Conditions - - - - Unit
min | typ*!| max | min |typ*1| max
Input Leakage Current gl Vee=5.5V,Vin=Vgs to Vee| — - 10 | - - 10 | wA
Output Leakage Current Lol | C8=Vin, Vour=Vssto Voc| - - 10 | - - 10 | A
Operating Power Supply Current | Ioc CS=Vi,loyr=0mA,min.cycle| — 40 | 100 | - 40 80 [ mA
Igp ‘CS=Vjy, min cycle - 10 20 | — 10 | 20 | mA
Stand by Power Supply Current g% ’;CCLOJV’ - 10.02 2| - 1002) 2 | mA
IsB1 Vc;— ({1\2[\,: g%,‘l’;‘ — | 1" |s0%2| — |1*2 {50%2| uA
VoL IpL = 8mA - - 0.4 - - 0.4 v
Output Voltage Vou | Iog=-4mA 24 | - - |24 | - - \'
Notes) *1. Typical limts are at Voo = 5V, T, = 25°C and specified loading.
*2. This characteristics is guaranteed only for L-version.
8 CAPACITANCE (7, = 25°C, f = 1MHz)
Item Symbol typ. max Unit Conditions
Input Capacitance Cin — 5 pF Vin=0V
Output Capacitance Cour — 7 pF Vour=0V

Note) This parameter 1s sampled and not 100% tested

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

® AC TEST CONDITIONS

Input pulse levels: Vsg to 3.0V

Input rise and fall times: 5ns

Output Load A

Input and Output timing reference levels: 1.5V

Output load: See Figure

88

Dout O

+5V

; 480Q

e %‘_l

» Including scope and jig.

@ HITACHI

Output Load B

(for twz, trz, twz & tow)
+5v

4800

Dovt Ot
SpF*

2550 1;

+ Including scope and jig.
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HM6267 Series

® Read Cycle

ltem Symbol H¥6 267-35 H¥6267 45 H'MGZG7-55 Unit | Notes

min | max | min | max | min | max

Read Cycle Time trCc 35 - 45 - 55 - ns 1
Address Access Time taa - 35 - 45 - 55 ns
Chip Select Access Time tacs - 35 - 45 - 55 ns
Output Hold from Address Change toH 5 - 5 - 5 — ns
Chip Selection to Output in Low Z trz 5 - 5 - 5 - ns 2,3,7
Chip Deselectio to Output in High Z tHZ 0 30 0 30 0 30 ns 2,3,7
Chip Selectio to Power Up Time tpu 0 - 0 - 0 - ns
Chip Deselection to Power Down Time tpp - 20 - 30 - 30 ns

O TIMING WAVEFORM OF READ CYCLE NO.1% ®

Address ><

Previous Data
Data Out Valid

Data Valid

® TIMING WAVEFORM OF READ CYCLE NO.2% ®
trc

R £

tacs tyz
i redan High Imped
Data Out HM&‘EQ(X Data Valid igh Impedance
tp.

U
I -'—°1 D
Vce Supply cc

Current  /SB 50% 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, tgz max. is less than t; z min. both for a given device and
from device to device.
. Transition is measured +500mYV from steady state voltage with specified loading in Load B.
. WE is High for READ cycle.
. Device is continuously selected, CS = Vir.
Addresses valid prior to or coincident with CS transition low.
7. This parameter is sampled and not 100% tested.
® Write Cycle

.O\MD\H

HM6267-35 HM6267-45 HM6267-55 i
Item Symbol i T max | min 1 max | min | max Unit | Notes
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 tagw 30 - 40 - 50 - ns
Address Setup Time tas 0 - 0 - 0 - ns
Write 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
G HITACHI

Hitachi America, Ltd. e Hitachi Plaza e 2000 Sierra Point Pkwy. e Brisbane, CA 94005-1819  (415) 589-8300 89



HM6267 Series

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

- Y 4

1 icw

© TK—\‘S /[7_ /

tas twp

Data In X Data In Valud

twz tow

Data Out Data Undefined
High Impedance

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

Address 3(
- b—’AS“‘ . ':—’WR
7
v TTN\s Ty

IDw — tpH
Din Data in Valid

'wz

High Impedance

Dout Data Undefined

Notes) 1. If CS 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 +500mV 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<Ta<70C)

This characteristics 1s guaranteed only for L-version

Parameter Symbol Test Conditions min typ max Unit

Vcc for Data Retention Vor 52 Vee—0.2V 2.0 = - v

Data Retention Current Iccon V2 Vec—0.2V or 0Vs V.s0.2V - - gg:z} HA

Chip Deselect to Data Retention Time tcon 0 - - ns

Operation Recovery Time A see retention waveform ae #1 _ _ ns
Notes) *1 tac=Read Cycle Time *2 Vec=3 0V
*3 Vec=2 0V

OLOW V.. DATA RETENTION WAVEFORM

DATA RETENTION MODE

—

CS2 Ve -02\

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

16 16
Vee=50V
Ta=25C <
14 14
g 12 ] HEE
o < ’\
< o < 1o P—
£ £ [ —
3 3
<Q o
:§ 08 % 08
N A
06 06
04 04
45 175 50 525 55 0 20 10 60 80
Supplv Voltage Lcc (V) Ambient Temperature Ta ('C)
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HM6267 Series

ACCESS TIME VS. SUPPLY VOLTAGE ACCESS TIME VS. AMBIENT TEMPERATURE
1 113
Ta=257C Vee=50V
12 12
§ 1" T
< e A
3 ——] P
'? 09 = 09
08 0x
" 175 30 325 35 g ) 10 60 0
Supply Voltage Yoo (V) Ambient Temperature Ta (C)
ACCESS TIME VS. LOAD CAPACITANCE SUPPLY CURRENT VS. FREQUENCY
' N 200 100 b6 k) 40 L
16 10 e
z E //
E g oo /
o 3, s
2 10 '/‘/ 3 07 /
z 7
08 06
06 05
0 100 200 300 400 u 5 I 15 20 25 £
Load Capacitance (1 pF Frequency f (MH/)

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

13 13
Ta=25C Ta=25C

12 - 12
3 3
] £
E 11 s Ll
2 z
e | — E L —
; 10 g 10|
% o9 = 09
F 2
£

osl 08|

07 07

45 475 50 525 55 45 475 50 525 55
Supply Voltage Vee (V) Supply Voltage Vee (V)
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HM6267 Series

OUTPUT CURRENT VS. OUTPUT VOLTAGE OUTPUT CURRENT VS. OUTPUT VOLTAGE

Ta=25C

Vee=5V /
14 14

) 1
Ta=25C
Vee=5V
08 \ 08 /
06 06 /
04 \

04

Output Current ow (Normahized)
OQutput Current Jor (Normahzed)

| 4 0 02 04 06 08
Output Voltage Vou (V) Output Voltage Vo (V)
ANDBY CURRENT VS.
sA1|;/|B|5NT TEMPERATURE STANDBY CURRENT VS. SUPPLY VOLTAGE
04 14
Yee=3v
CS=28v /
12
z 3
< 10 3 10
kS L~ :
5 :
; 10-¢ ,/ “:;. 06 /
' / z / Ta=25C
F CS=Vec—02V
04 / ‘cc
v
10k - = = o o2k 1
Ambient Temperature Ta (T) Supply Volage Vcc (V)
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HM6264A Series Maintenance Only

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

® FEATURES HA6264 AP 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 Stauc Memory. . . .. No clock or Timing Strobe Required

® . Equal Access and Cycle Time

® Common Data Input and Output, Three State Output

® Directly TTL Compatible: All Input and Output

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

(DP-28)
HM6264 ASP Series

= ORDERING INFORMATION

Type No. Access Time Package
HM6264AP-10 100ns
HM6264AP-12 120ns
HM6264AP-15 150ns
HM6264ALP-10 100ns . )
HM6264ALP-12 120ns g?‘zt‘i';':)zlg pin
HM6264ALP-15 150ns a
HM6264ALP-10L 100ns (DP-28N)
HM6264ALP-12L 120ns
HM6264ALP-15L 150ns HM6264AFP Series
HM6264ASP-10 100ns
HM6264ASP-12 120ns
HM6264ASP-15 150ns
HM6264ALSP-10 100ns . )
HM6264ALSP-12 120ns 13)?0 t'i‘;‘;)zlﬁ pin
HM6264ALSP-15 150ns as
HM6264ALSP-10L 100ns
HM6264ALSP-12L 120ns (FP-28D/DA)
HM6264ALSP-15L 150ns
n = PIN ARRANGEMENT
HM6264AFP-10 100ns
HM6264AFP-12 120ns we ]
HM6264AFP-15 150ns O
HM6264ALFP-10 100ns 28 pin NG
HM6264ALFP-12 120ns Plastic SOP NG
HM6264ALFP-15 150ns (Note) . 5
AglS
HM6264ALFP-10L 100ns N
HM6264ALFP-12L 120ns 3
HM6264ALFP-15L 150ns A
Note) T is added to the end of the type no. for a SOP of 3.00 mm (max.) A'E
thickness. A 5]
A,E
1o, i1
10, 1}
1/0,[13
Vss [E‘
(Top View)
@ HITACHI
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= BLOCK DIAGRAM

HM6264A Series

'3; | | —0 Ve
A i S Rov [5] Memory Marx | TV
A ] Decoder | o 256 X 256
A | i
Ay '
T — T 1
) ™) Column 1,0
] pu Column Decoder ‘
: S Control
1 SN— \ ]
/08 T:J A: Az, Aw Are, Ay S i é
Blom— _ _Tmiiein _j
— Column Decoder
WE o——
8 ABSOLUTE MAXIMUM RATINGS
Item Symbol Rating Unit
Terminal Voltage*! Z3 -0.5*2 to +7.0 v
Power Dissipation Pr 1.0 w
Operating Temperature Topr 0to+70 °C
Storage Temperature Tstg -551t0+125 °C
Storage Temperature (Under Bias) | Tbias ~10to +85 °C
Notes) *1. With respect to Vgg.
*2. -3.0V for pulse width S 50ns
8 TRUTH TABLE
WE |CS,|CS, |OE Mode 1/0Pin |V cc Current Note
X{H|X]X Not Selected High 2 IsB.IsB1
Xx | x | L | x | (Power Down) High Z IspIspy
H| L | H | H | Output Disabled High Z Icc
H| L|H|L]|Read Dout Icc Read Cycle
L|L|H|H Write Din Icc Write Cycle (1)
L{L|H|L Din Icc Write Cycle (2)
X:HorL

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

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

Htem Symbol min typ max Unit
Vee 4.5 5.0 5.5 \'
Supply Voltage Vss 0 0 i v
Vin 2.2 6.0 \%
Input Voltage N o3 08 v
Note) *1. -3.0V for pulse width S 50ns
@ HITACHI
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HM6264A Series

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

Item Symbol Test Condition min | typ*!| max | Unit
Input Leakage Current 5% Vin=Vss to Vcc - - 2 | uA
CS1=Vgy or CS2=V, orOE=Vyyor WE=V ),
Output Leakage Current ol - - A
P 2 Lo Vijo=Vss to Voo 2
Operating Power Supply Current | Iccpc | CS1=Vyy, CS2=Vy, I;0=0mA - 7 |15 | mA
1 Min. cycle, duty=100%, CS1=V,, CS2=Vix N 30 |45*¢ mA
. ccl I5jo=0mA 30 | 55%¢
Average Operating Current Cycle time = 1us, duty = 100%, I7/0 = OmA,
Icc2 CS1£0.2V,CS2 2 Ve -0.2V - 3 5 | mA
Vi 2 Voo -0.2V, Vi, € 0.2V
Isp CS1=Vyy o1 CS2=Vp,, - 1| 3| ma
- 0.02 2 | mA
Standby Power Supply Current oe7
PPl Ispy 2 CS12Vcc-0.2V, CS22Vc-0.2V or 2% lioo®
0V =082£0.2V,0VE Wy, A
— ] 2% | s50%
V Ipr=2.1mA — — 0.4 \"
Output Voltage oL oL
Yo Iop=-1.0mA 24 - - v

Notes) :1. Typical limits are at Voc=5.0V, T;=25°C and specified loading.

. VL min=-0.3V

For 120ns/150ns version.
For 100ns version.

® CAPACITANCE (f = IMHz, T, = 25°C)

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

Item Symbol | Test Condition | typ | max | Umit
Input Capacitance Cin Vin =0V - 5 pF
Input/Output Capacitance Ci/0 Vijo = OV - 7 [ pF
Note) This parameter 1s sampled and not 1007 tested.
s AC CHARACTERISTICS (VCC =5V+10%,Ta=0to +70°C)
® AC TEST CONDITIONS
Input Pulse Levels: 0.8V/2.4V
Input Rise and Fall Time 10ns
Input Timing Reference Level: 1.5V
Output Timing Reference Level: 0.8V/2.0V
Output Timing Reference Level: HM6264A-10 1.5V
HM6264A-12/15 0.8V/2.0V
Output Load: 1TTL Gate and C; (100pF) (including scope and jig)
@ HITACHI
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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 tRC 100 - 120 - 150 - ns
Address Access Time t44 - 100 - 120 - 150 ns
. . ‘CST tcol - 100 - 120 - 150 ns
Chip Selection to Output ) "0z — 100 — 120 — 150 -
Output Enable to Output Valid tOE - 50 - 60 - 70 ns
Chip Selection to st tLZ1 10 - 10 - 15 - ns
Output in Low Z CS2 1122 10 - 10 - 15 - ns
Output Enable to Output in Low Z toLz B - 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 tQHz 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, ¢z max is less than 7,z min both for a given device and from
ddevice to device.

e READ CYCLE

X X
&t VWMWK 2N
S N \H<\\\\ \
SN NN e 2
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HM6264A Series

e WRITE CYCLE

Item Symbol HM6264A-10 HM6264A-12 HM6264A-15 Unit
i 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 t4w 80 - 85 - 100 - ns
Write Pulse Width typ 60 - 70 - 90 - ns
Write Recovery Time tWR 0 - 0 - 0 - ns
Write to Output in High Z twHZ 0 35 0 40 0 50 ns
Data to Write Time Overlap 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 § - 5 - § - ns
® WRITE CYCLE (1) (OE clock)
twC
res X X
I S NN\
/ 1cw 2]
g NN %
NIRRT ) JISIN I
(6]
4 N
es2 L T, ANENNNNNNN
AW
145 3] twp (1]
WE
\ "
RN ). A BH NI
torz 51
Dout\\X\\\\\\\\\\
L L LLL L LS 'DW IDH
pin < XX\
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® WRITE CYCLE (2) (OE Low Fix)

Address

twe
) & X
tAw twR 141
tew (2]

CANNN NN - ZLN S

tew 12)

2/ /SN RN

twp (1]

l __E}R'As B) \X A Ll

(51 twHZ 1ow

(7] (8]

Dout

ANAVANAVAVAVANVA VAV VA VA VAN
L L L

Din

| tDw !DH

NOTES: 1)

A write occurs durmg the overlap of a low CSl1,a a high CS2 and a low ‘WE. A write begins at the latest transi-
tion among CS1 going low, CS2 going high and WE gomg low. A write ends at the earliest transition among
CS1 going high, CS2 going fow and WE going high, typ 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.

tps is measured from the address valid to 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, I/O pins are in the output state, therefore the input signals of opposite phase to the outputs
must not be applied.

If CST goes low simultaneously with WE going low or after WE going low, the outputs remain in high im-
pedance state.

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

Dout is the read data of next address.

If CST is low and TS2 1s 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

m LOW Voc DATA RETENTION CHARACTERISTICS (7, =0 to +70°C)
This characteristics is guaranteed only for L/LL-version.

Item Symbol Test Condition min typ | max | Unit
. CS12V 0.2V, CS22 Vee-0.2V or
V 4 _ _
cc for Data Retention VDr CS250.2v 2.0 \

Voo = 3.0V - 1*t | 50%!

Data RetentionCurrent Iccpr CS1 2 Voo -0.2v N 71 kA

* *

CS2 2 Ve -0.2V or OVSCS250.2V0VEWy, | = | 17|25

Chip Deselect to Data Retention

Time !CDR 0 - B ns
See Retention Waveform

Operation Recovery Time 153 tRC*? - - ns

Notes) *1. ¥V, min =-0.3V, 20uA max at T5=0 to 40°C, This characteristics is guaranteed only for L-version.

*2. VL min = -0.3V, 10uA 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 Controlled)

tepR~} Data Retention Mode

CSi2Vee - 0.2V
OV-- mmmme e mm e — - -

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

____ __Data Retention Mode

. A

'R

CS2 € 0.2V

Note) In Data Retention Mode, CS2 controls the Address, WE, CSI, OF 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 < 0.2V. The other input levels (address, WE, OE, 1/0) can be in the high
impedance state.
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HM6264A Series
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HM6264A Series
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Input Low Voltage |7zms (Normalized)
Qutput Curren fow ( Normalized’

Standbv Current Iccow,Ism Isaz (Normalized)

INPUT LOW VOLTAGE VS.

INPUT HIGH VOLTAGE VS.
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HMVM6288 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 (25/35/45ns) 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.

(DP-22NB)

BEFEATURES
® Single 5V Supply and High Density Plastic Package. (CP-24D)
® High Speed: Fast Access Time 25/35/45 ns (max.) EPIN ARRANGEMENT

® Low Power dissipation

Active mode 300mwW (typ.) ® HM6288P Series
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 (Top View)
HM6288LP-25 25ns Plastic DIP
HM6288LP-35 35ns (DP-22NB) ® HM6288JP Series
HM6288JP-25 25ns 00 mil
HM62881P-35 35ns 300 mi
24-pin
HM6288LIP-25 25ns SOJ (CP-24D)
HM6288LIP-35 35ns
EBLOCK DIAGRAM
wo—La— — -—
b o] Memors —
A °_"R: Row Arrav
Vo= becuer 125 o (Top View)
A o—{— 312 Columns
\s o-—k
vty T T HPin Description
LY S— —-— N Pin Name Function
Lo R T = I AO-A13 Address
Data Column Decoder 1/01-1/04 Input/Output
I
Lo “‘E come M#MM T Chip Select
I EEEERX WE Write Enable
7 K 9 10 11 12 n
. | Lelel Power Supply
Vss Ground
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HM6288 Series

M ABSOLUTE MAXIMUM RATINGS

Item Symbol Rating Unit
Voltage on Any Pin Relative to Vss Vr —05%"t0 +7.0 \
Power Dissipation Pr 1.0 w
Operating Temperature T 0to +70 ‘c
Storage Temperature Tue —55to +125 °C
Temperature under Bias To.e —10 to +85 °C

Note *1

Vr min =—2 0V for pulse width<10ns

ETRUTH TABLE
CS WE Mode Vee Current 1/0 Pin Ref. Cycle
H X Standby Iss, Isp HighZ -
L Read Icc Dout Read'Cycle 1, 2
L L Write Icc Din Write Cycle 1, 2
RECOMMENDED DC OPERATING CONDITIONS ( 7a=0to +70°C)
Parameter Symbol min typ max Unit
Supply Voltage Vee 4.5 5.0 5.5 A%
Vss 0 0 0 \"
Input High (logic 1) Voltage Vin 2.2 - 6.0 \
Input Low (logic 0) Voltage Vi —0.5*! - 0.8 \Y%
Note. * 1. Vie min =—20V for pulse width<10ns
HDC AND OPERATING CHARACTERISTICS ( 7a=0to +70°C, Vcc=5V+£10%, Vss=0V)
Parameter Symbol Test Condition min typ*! max Unit
Input Leakage Current | Il | Vee=MAX. Vin=Vss to Vce - - 20 LA
Output Leakage Current | Io| | CS=Vin,Vico= Vss to Vec - - 2.0 rA
Operating Power Supply Current Icc CS= Vi, I1/0=0mA, min. cycle - 60 120 mA
Standby Vcc Current Iss CS= Viu, min. cycle - 15 30 mA
Standby Vec Current 1 Is;i*? | CSZ=Vec—0.2V - 0.02 2.0 mA
Ispi*3 | OV=Vin=0.2V or Vec—0.2Vs Viv - 0.02 0.1 mA
Output Low Voltage VoL IToL=8mA - — 0.4 \%
Output High Voltage Vou ITon=—4.0mA 2.4 - - \%
Notes. : ;: ;?e‘::li) ::mlts are at Vcc=5.0V, Ta=+25'C and specified loading
* 3. LP verston
BCAPACITANCE ( T2=25"C, f=1.0MHz)
Parameter Symbol Test Conditions min max Unit
Input Capacitance Cin Via =0V - 6 pF
Input/Output Capacitance Ci/o Vi/o=0V - 8 pF
Note: This parameter 1s sampled and not 100% tested
@ HITACHI
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HM6288 Series

HMAC CHARACTERISTICS
® AC Test Conditions
Input 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
4800 4809
Dout Dout
255 - 255Q 5pF*
Output Load (A)
Output Load (B)
*Including scope & )ig. (fortyz, trz, twz & tow)
a READ CYCLE
HM6288-25 HM6288-35 i
Parameter Symbol = - Unit
min max min max
Read Cycle Time tRC 25 — 35 - ns
Address Access Time tad - 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 trz* R - 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 Seselection to Power Down Time tpp - 25 = 30 ns
* Transition 1s measured +200mV from steady state voltage with Load(B)
This parameter 1s sampled and not 100% tested
©® Timing Waveform of Read Cycle No.1 (1112
trc
Address >< ;E
taa -
ton ton
Provious N
Dout Data Vald Data Valid
® Timing Waveform of Read Cycle No.2 (113l
oS Lac —
N /]
tuz
tacs —]
tz
Dout Data Vahd N
High Impedance Tope dl;l":::'
tep
Vee supply
50% 50%

current

Notes 1 WE s High for Read Cycle _
2 Device 1s continuously selected, CS= Vi
3 Address Vahd prior to or comncident with CS transition Low
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HM6288 Series

u WRITE CYCLE

Parameter Symbol H?“ 288-25 H¥6288.35 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 tqs 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 tpH 0 - 0 - ns
Write Enabled to Output in High Z twz* 0 8 0 10 ns
Output Active from End of Write tow+ S - 5 - ns

* Transition 1s measured *200mV from steady state voltage with Load (B)

Thus parameter 1s sampled and not 100% tested

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

twe

Adiress ><

[/

[/

Dmn

twpk1

lwn*2

/]

[

tow

Lon*5

Dout

X :D‘“ n Ve :*E‘

on*6
tow*5
twz%3
High Impedance \
ANANANANVANAVANANE AN N /NN
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HM6288 Series

Address >{ >(

twn®2

Cs \ tow /

twp 1

LSS

L tow ton

e
e
L
/
e
/'./

Din Data in Vahd

Dout High Impedance *4

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

2 twr 1s measured from the earler 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 apphed

4 If the CS low transition occurs simultaneously with the WE low transition or after the WE
transition, the output buffers remain 1n a high impedance state

5 If CS1s low during this period, I/0 pins are 1n the output state after tow Then the data input signals
of opposite phase to the outputs must not be applied to them

6. Dout 1s the same phase of write data of this write cycle, if twr 1s long enough

® Low Vcc Data Retention Characteristics ( 72 =0 to +70°C)
(This Characteristics is guaranteed only for L-version.)

Parameter Symbol| Min Typ Max Uit Test Conditions
Vec for data retention VbR 2.0 - - vy | C82Vec—02v
VinZ Vec—0.2V or
502)
Data retention current Iccor - - 359 “A | OV Via02V
Chip deselect to data feor 0 _ _ s
retention time
See retention waveform
Operation recovery time tr trc? - - ns
|
NOTE 1 trc=Read cycle time
2 Vee=3.0V
3 Vee=20V

Low Vcc Data Retention Waveform

Data Retention Mode

CSZ Vec—0.2V
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HM6288 Series

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

Ta=25TC Vee=50V

Supply Current Icc (Normalized)
o
Supply Current Icc (Normahzed)
o

\\
08 08
0.6 0.6
0.4 04
45 4.75 50 5.25 55 0 20 40 60 80
Supply Voltage Vec (V) Ambient Temperature Ta (°C)
ACCESS TIME VS. SUPPLY VOLTAGE ACCESS TIME VS. LOAD CAPACITANCE
1.3 1.8
- Ta=25T
E 1.2 T 16
g 3
£ g
zZ 1 z 14
: }\1\ : A
: 1.0 S =
4 o9 g 10 ]
2 g
08 0.8
0.7 0.6
4.5 475 5.0 5.25 5.5 0 50 100 150 200
Supply Voltage Vce (V) Load Capacitance C.(pF)
ACCESS TIME VS. AMBIENT TEMPERATURE SUPPLY CURRENT VS. FREQUENCY
13 1 100 50 33 25 20 T (ns)
’-g Ve =5.0V
= 1.2
5 = 1.0
s ¥
z 3 P
11 e
3 — g 09 /
3 / z /
30 £ o8
e | —T % L~
= £
4 09 S o3 //
< =
)
0.8 0.6
07 0 20 40 60 80 05 0 10 20 30 40 50
Ambient Temperature Ta (°C) Frequency f (MHz)
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HM6288 Series

LOW LEVEL INPUT VOLTAGE VS. HIGH LEVEL INPUT VOLTAGE VS.
SUPPLY VOLTAGE SUPPLY VOLTAGE
1.3 13
_ Ta=25T E Ta=25TC
E = L
% 12 g 2
£ Z
Z 1 ERRN
= [ 3 L—
f’:f 1.0 — ;Z 1.0
3 | __— -
g 0.9 3 0.9
K 3
Q =
';‘ 0.8 g 08
3
0.7 0.7
45 475 5.0 525 5.5 4.5 4.75 5.0 5.25 55
Supply Voltage Vec (V) Supply Voltage Vce (V)
OUTPUT CURRENT VS. OUTPUT VOLTAGE(1) OUTPUT CURRENT VS. OUTPUT VOLTAGE(2)
16 T ~ 16
= Ta=25TC K |, Ta=25C
8 Vee =5V = Vee =5V
Té’ 14 cc ,E; 14 J cc
=)
5 Z
Z 3 /
g 12 2 12
2 \ o
o =
3 10 S o
] ]
© 08 z 08
(3 >
\ : 7/
% 06 & o6
: \
.4 .
0 1 2 3 4 5 04 0 0.2 0.4 0.6 0.8
High Level Output Voltage Vou (V) Low Level Output Voltage Vor (V)
STANDBY CURRENT VS. AMBIENT TEMPERATURE STANDBY CURRENT VS. SUPPLY VOLTAGE
10 14
Ve =3V
= s CS=238v ~ 12
8 T
3 S 3
5 £ 10
z z
§ z 08
210 // - /
g g
g £ 06
S os S 4
] 5 04 v
g 5 | Ta=25C
@ @ CS=V¢c—0.2V
0.2
0.1 0
0 20 40 60 80 2 3 4 5 6
Ambient Temperature Ta (‘C) Supply Voltage Vce (V)
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HM6288 Series

STANDBY CURRENT VS. INPUT VOLTAGE

10 T
Ta=25T
Veo=5.0V

3 CS=4.8V

¥ s

o

E

=3

z

)

g

E 4

(6]

Ed

g

5

A 2 /

0 1 2 3 4 6

Input Voltage Vin (V)
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HMGE6788 Series

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

BFEATURES

® 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

Type No. Access Time Package
HM6788P-25 25ns 300 mil 22 pin
HM6788P-30 30ns Plastic DIP
HBLOCK DIAGRAM

Mo——5— -
A:O—‘m —OQVer
ao— ]
ow Memory Matrix —OQ V
AsO——L3 Decoder 128x512 *
Aso— 5]
mo—5—]
A-O——|}:: —
I [

I/OIO'—‘Q—— Column 1/0
1/02 ?— :;.::: Column Decoder
[/01 B—' Conlrol %% % % % % %
Voo An Az Ais Ay A Ao A
CSO-
WEO- [ Jf )_—' L

[

<

EABSOLUTE MAXIMUM RATINGS

Item Symbol Rating Unit
Terminal Voltage to Vss pin Vr —05to +7.0 v
Power Dissipation Pr 1.0 w
Operating Temperature Topr 0to +70 °C
Storage Temperature (with bias) Tue(bias) —10to +85 °C
Storage Temperature Tas —55to +125 °C
@ HITACHI
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HPIN ARRANGEMENT
o T e
A(Z] [21] A
\;E [20) A
*JE EA"
' T
7] [16]1/01
vv] [15]1/0:
vy ] [14]1/05
C_SF_‘fT (131704
Vss [t EWE

(Top View)
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HM6788 Series

ETRUTH TABLE
Cs WE Mode Vec Current Output Pin Ref. Cycle
H X Not selected Iss, Ism High Z -
L Read Icc, Icar Dout Read Cycle (1) (2)
L L Write Icc, Icca Din Write Cycle (1) (2)
X:HorlL
ERECOMMENDED DC OPERATING CONDITIONS (0°C = Ta<70°C)
Item Symbol min typ max Unit
Vee 45 5.0 55 v
Supply Voltage Ves o o o v
Input High Voltage Vin 2.2 - 6.0 A%
Input Low Voltage Vi —0.5*! - 0.8 \'%
Note) * 1 —30V with 20ns pulse width
HDC AND OPERATING CHARACTERISTICS ( Vec=5V +10%, Ta=0"C to +70°C)
Item Symbol Test Conditions min typ max Unit
Input Leakage Current | Ir] | Vee=5.5V, Vin=Vss to Vcc - - 2 uA
Output Leakage Current [Iol | CS=Vin, Vi/o= Vss to Vec - - 2 eA
Opearating Power Supply Current Icc CS= ViL, I /o=0mA - - 80 mA
Average Operating Current Icch Min. Cycle, Duty: 100% - - 120 mA
Standby Power Supply Current fon ? = Vi - — % mA
Iss CS2 Vec—0.2V, Vixs0.2V or Vivz Vec—02V - - 10 mA
Output Low Voltage VoL IoL=8mA - - 0.5 v
Output High Voltage Von ITon=—4mA 2.4 - - v

BAC CHARACTERISTICS (V¢ =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

A
A4
.

Output Load A

112

Input and Output reference levels: 1.5V

Output Load: See Figure

+5V

AAA

#lIncluding scope and jig.

Output Load B

(tCHZ, tWHZ, ICLZ, tOW)

® HITACHI
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HM6788 Series

O®READ CYCLE

HM6788-25 HM6788-30
Item Symbol Unit
min max min max
Read Cycle Time tre 25 - 30 - ns
Address Access Time taa - 25 - 30 ns
Chip Select Access Time tacs - 25 - 30 ns
Chip Selection to Output in Low Z terz* 2 0 - 0 - ns
Chip Deselection to Output 1n High Z tewz* 2 0 10 0 12 ns
Output Hold from Address Change ton 5 — 5 — ns
Chip Selection to Power Up Time*! tru 0 — 0 - ns
Chip Deselection to Power Down Time*! trp - 20 - 30 ns
Input Voltage Rise/Fall Time*® tr — 150 - 150 ns
Notes) * 1 This parameter 1s sampled and not 100% tested
*2 Transition 1s measured +200mV form steady state voltage with Load (B) This parameter ts sampled and not 100% tested
*3 If t1 becomes more than 150ns, there 1s possibility of function fail
please contact your nearest Hitachi Sales Dept regarding specification
.. *1,*2
® Timing waveform of Read Cycle No. 1
fRe
\ddress >< ><
144
LoK. Lo
Dout Previous data Vahd Data Vahd ><><
— *1,+3
® Timing waveform of Read Cycle No. 2" e
(€ )
\ /
tacs tens
High Impedance
Dout Data Vahd e ped
High Impedance J
Note) *1. WE = Vg
*2.CS=Vp o
*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 twhz*! 0 10 0 12 ns
Data Valid to End of Write tow 15 - 15 — ns
Data Hold Time ton 5 — 5 — ng
Output Active from End of Write tow *! 0 — 0 — ns
*1 Transition 1s measured +200mV from steady state voltage with Lood(B)
This parameter 1s sampled and not 100% tested
@ HITACHI
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HM6788 Series

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

Address

Dout

Din

tuc

X

T

/1]

Law

1173

\

2
thiz

¢

ton

o

SVNVAVNN
[/

AN
[/

High Impedance

tow

ok
]

< Data Vahd

; High Impedance

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

Address

I

WE

Dout

Din

Notes) *1.
*2.
*3,
*4,
*S.
*6.

ECAPACITANCE ( Ta=

twe

p

/

taw

tw.

*b
R

twp

AN

N

1/

tcLz twhz
High Impedance [/ ¢ :

High Impedance

N/

tow

ton

<>< Data Vahd

RXXX

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

During this period, I/O pins are in the output state so that the input signals of
opposite phase to the outputs must not be applied.
Dout is the same phase of write data of this write cycle.
If the CS low transition occurs after the WE low transition, output remain in a

high impedance state.

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

25°C, f=1.0MHz)

Item Symbol min typ max Conditions
Input Capacitance Cix - 60 Via=0V
Input/Qutput Capacitance Ci/o - - 8.0 Vorr=0V
Note) This parameter 1s sampled and not 1007, tested
G HITACHI
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HM6788H Series

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

Features
°
°

Super Fast Access Time :
Low power Operation

Operating: 280mW (typ)

® +5V Single Supply

16/20ns (max.)

Completely Static Memory —

No Clock or Timing Strobe required

Ordering Information

Equal Access and Cycle Times
Fully TTL compatible Input and Output

(DP-22NB)

Pin Arrangement

Type No. Access Time Package
HM6788HP-15 15ns 300 mil 22 pin
HM6788HP-20 20ns Plastic DIP ' %) Vec
\|E Et\u
Block Diagram LEl EES
hE Er\u
A! o_m —VOCC \AE EAM
:7 o—1% e \sE [17]As
s o——37 Row Memory Matrix Vss \.E El/OI
As o—{x]
A, [ Decoder 128X512 v[¥] [E)vo:
Ay ——x ' (1410,
A H ~
2 — : &[] (150,
U0y F'?— Column 1/0 vas [1] EWE
/0, L.?_ II;'P:“ Column Decoder
YOy ol e % % % % % % % (Top View)
l./04 { ?——
AX!AllAIOAﬁAlAO AXS
c&ﬁl LL-
WE © ﬂ_‘
| =
Absolute Maximum Ratings
Item Symbol Rating Unit
Terminal Voltage to Vss pin Vr —0.5to +7.0 v
Power Dissipation Pr 1.0 'W
Operating Temperature Topr 0to +70 ‘C
Storage Temperature (with bias) Tue(bias) —10to +85 °C
Storage Temperature Tus —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 1/0 Pin Ref. Cycle
X Not selected Iss, Ism High Z -
H Read Icc, Icct Data Out Read Cycle (1), (2)
L Write Iec, Iecr Data In Write Cycle (1), (2)
X:HorL
Recommended DC Operating Conditions (0°'C = Ta=< 70°C)
Item Symbol min typ max Unit
Vee 45 5.0 5.5 \Y%
Supply Voltage Ves 0 0 Py v
Input High Voltage Vi 2.2 - 6.0 v
input Low Voltage ViL —0.5*! - 08 v

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 [ Il Vee=55V, Vin=Vss to Vec - - 2 #A
Output Leakage Current 1ol  CS=Vim, Vi/o= Vss to Vec - - 10 rA
Opearating Power Supply Current Icc CS=Vir. I /o=0mA - - 100 mA
Average Operating Current Icci  Min. Cycle, Duty: 100% 1170 =0mA - - 120 mA
Standby Power Supply Current fso SS= Vi ~ — 0 mA
Ism CS2 Vec-0.2V, Vins02V or Ving Vec-0.2V - - 10 mA
Output Low Voltage Voo Ior.=8mA - - 04 v
Output High Voltage Vou Ion=—4mA 2.4 - - \'

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

® AC Test Conditions

Input pulse levels: Vss to 3.0V

Input rise and fall time: 4ns

Input and Output reference levels: 1.5V

Output Load: See Figure

116

+5V
+5V
e
Output
4800 Ot
Output
> .
O—f Pt 3 SoF
%03 ad
#including scope and jig.
Output Load B
Output Load A (tHZ, tLZ, tWZ, tow)
G HITACHI
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HM6788H Series

Read Cycle
6788H-15 HM6788H-20
Item Symbol HM6788 Mé Unit Note
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 trz 3 - 3 - ns 1,2
Chip Deselection to Output in High Z tHz 0 6 0 8 ns 1,2
Output Hold from Address Change tOH 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
IrRc
Address }Q ><
| §
¢ A4 'oH
le— O H ——y
Data Out Previous Data Valid Data Valid
® Timing waveform of Read Cycle No. 2*! +*3
‘\ trRc [
= N 7
tacs 'Hz
High
Data Out - Data Valid —
High Impedance mpedance
Note) *1. WE = Vg
*2.CS=VyL
*3, Address valid prior to or coincident with CS transition Low.
Write Cycle
HM6788H-15 H -2
Item Symbol 6 M6788H-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 - ns
Write Enable to Output in High Z twz 0 6 0 8 ns 3,4
Data Valid to End of Write tpw 9 - 10 - ns
Data Hold Time tpH 0 - 0 - ns
Output Active from End of Write tow 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.
@ HITACHI
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HM6788H Series

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

ke twe >
Address X )(
< tcw >
s \ /
WK 1/
< tAw >
+ tas - 4 twr*2 5
[¢——— twp*l ———p
WE 3k \ /
A\ 7
tow —»l¢2H"
High Impedance High Impedance
Data In Data Valid —t-'é—}?,'g—p—-
twz'd <tow*s
pata 0ut - ( ( { (L o
® Timing waveform of Write Cycle No. 2 (CS Controlled)
|l twe »|
Address
< taw
!4——- tas —»  twr*2
— 3“—_ tCv’ > (
CS N 7

4——— typ *1 ——p

7 AN 1////1111/,

55,
oo TTXXRTTRN ovass XXX,
Data Out High Impedance *4

Note)*1. A write occurs during the overlap of a low €S and a low WE. (twp)
*2.twr is measured from the earlier of C§ or WE going high to the end of write cycle.

*3. During this period, I/O pins are in the output state so that the input signals of opposite
phase to the outputs must not be applied.

*4.If the CS low transition occurs simultaneously with the WE low transition or after the
WE transition, the output buffers remain in a high impedance state.

*5.1f 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 ( 7z=25'C, f=1.0MHz)

Item Symbol min typ max Conditions
Input Capacitance Civ - - 6.0 Vin=0V
Input/Output Capacitance Ci/o - - 10 Vio=0V

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

16384-Word x 4-Bit High Speed Static RAM

(DP-22NB)

B PIN ARRANGEMENT

B FEATURES
* Super Fast
AccessTime................couvuunnn 12/15/20ns (max.)
¢ +5V Single Supply
e Low Power Dissipation
(DC)Operating .. ........covvuiiininnn .. 300mW (typ.)
¢ Completely Static Memory
No Clock or Timing Strobe Required
e Fully TTL Compatible—All Inputs and Outputs
W ORDERING INFORMATION
Type No. Access Time Package
HM6788HAP-12 12ns 300 mil 22 pin
HM6788HAP-15 15ns Plastic DIP
HM6788HAP-20 20ns (DP-22NB)
B BLOCK DIAGRAM
Ag 0——— | | —oVec
A7 0—— —OVss
As O——rdl Row Memory Matrix
As O———| Decoder 128 X 512
A4 O]
A3 0—— |
A2 O]
i g 1
1104 o 2— — Column I/O —
[
11020 ’_2— l[;'ap:: Column Decoder
o THE] ™ | BISRIIRT
1/O4 *}-
A12A11A10 Ag Ay Ag Az

=

CS o

WEo -I E:>—\

&

@ HITACHI

Ao [ ] 1 22 ] Vee
A ] 2 21 [ ] A3
A[] 3 20 [ ] A2
As[] 4 19 ] A
A 5 18 [ ] Ao
As[ ] 6 17 [ ] Ag
As[ | 7 16 | 1101
A7[] 8 15[ ] /02
Agl[ ] 9 14 ] /03
cs[]w0 13| ] 104

Vss [ 11 12 | WE

(Top View)
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HM6788HA Series

B ABSOLUTE MAXIMUM RATINGS
Item Symbol Rating Unit
Voltage on Any Pin Relative to Vgg Vr -0.5t0 +7.0 \'
Power Dissipation Pr 1.0 w
Operating Temperature Topr 0to +70 °C
Storage Temperature Tsg -55to +125 °C
Temperature Under Bias Thias -10to +85 °C
B RECOMMENDED DC OPERATING CONDITIONS (0°C =< T, < 70°C)
Item Symbol Min. Typ. Max. Unit
Supply Volta Vee 4.5 5.0 5.5 \Y
pply Yotage Vss 0.0 0.0 0.0 v
Input High (Logic 1) Voltage Vig 2.2 - 6.0 \%
Input Low (Logic 0) Voltage VL -3.0% — 0.8 \
*Pulse width < 10ns, DC: -0.5V
B TRUTH TABLE
[ WE Mode Ve Current 1/O Pin Ref. Cycle
H X Not Selected Isp, Ispi High Z —
L H Read Iccs Iect Data Out Read Cycle (1), (2)
L L Write Icc, Iect Data In Write Cycle (1), (2)
B DC AND OPERATING CHARACTERISTICS (V¢ = 5V + 10%, T, = 0°C to 70°C, Vgg = 0V)
Item Symbol Test Condition Min. | Typ. | Max. | Unit
Input Leakage Current Iyl | Vee = 5.5V, Viy = Vggto Ve [ 2 | pA
Output Leakage Current Iol | CS = Vi, Vyo = Vssto Vee — — 10 | pA
Operating Power Supply Current Icc CS = Vi, Iyo, = OmA — — 100 | mA
Average Operating Current Icci | Min. Cycle Duty: 100% Iy = OmA — — 120 | mA
Standby Power Supply Current Isg CS = Vi — — 30 mA
-C—g = VCC -0.2V _ _
Standby Power Supply Current (1) Isg: Vin = 02V or Viy = Ve - 0.2V 10 mA
Output Low Voltage VoL | IoL = 8mA — — 0.4 \
Output High Voltage Vou | Iou = -4mA 2.4 — — v
B AC TEST CONDITIONS
o Input Pulse Levels: Vgg to 3.0V ® Input Rise and Fall Times: 4ns
¢ Input Timing Reference Levels: 1.5V ® Output Reference Levels: 1.5V
® Output Load: See Figure
+5V +5V
Dout 4800 Dout 4800Q
L [ —
E: * > *
2550 30 pF 2550 5 pF
Output Load B
Output Load A (for tyz, t 7, 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 Cin 6.0 pF ViN =0V
Input/Output Capacitance Cyo 10.0 pF Vio = 0V

NOTE:

This parameter is sampled and not 100% tested.

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

¢ Read Cycle

Item Symbol HM6788HA-12 | HM6788HA-15 | HM6788HA-20 Unit | Notes
Min. | Max. | Min. | Max. | Min. | Max.
Read Cycle Time tre 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 tpz 3 — 5 — 5 — ns 1,2
Chip Deselection to Output in High Z thz, 0 6 0 6 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
Item Symbol HM6788HA-12 | HM6788HA-15 | HM6788HA-20 Unit | Notes
Min. | Max. | Min. | Max. | Min. | Max.
Write Cycle Time twe 12 — 15 — 20 — ns 2
Chip Selection to End of Write tcw 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 simultancously 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.
GO HITACHI
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HM6788HA Series

B TIMING WAVEFORM
* Read Cycle (1) @

- tRe .
Address X X
- taa o
ton toH
Data Out Previous Data Valid Data Valid
¢ Read Cycle (2) (1 (3
o tre _
s L
N\ J
- tacs |
- tz o <tz
Data Out Data Valid S
High Impedence High
Impedence

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.

@ HITACHI
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HM6788HA Series
* Write Cycle (1) (WE Controlled)

- twe o
Address X X
l< tew -
B TS | iy
< taw -l WRA
— N twe(1) o
WE ‘ o
RN X
tow tpH(5)
High Impedance High Impedance
Data In g P Data Valid g P
twz(3) tow(s) toH (6)
T ZZ\ Highlmpedance
DataOut N NSNS NS NNNANANN
 Write Cycle (2) (CS Controlled)
Address X X
- taw - twR(2) -~
tas -
s o
N Y
N /
< twe (1) -

ENANANNNNNNNNNN Y AL
XXXXXXKXXKXXKXXKXARXD

[
High Impedance (4)

Data In Data Valid

Data Out

NOTES: 1. A write occurs during the overlap of a low CS and a low WE (twp).
2. twg 15 measured from the earlier of CS or WE going high to the end of write cycle.

3. 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.

4. If the CS low transition occurs simultaneously with the WE low transition or after the WE transition, the output
buffers remain in a high impedance state.

5. If CS is low during this period, 1/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. Dout 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

Pin Arrangement

back up.
Features
 High speed
Access time: 25/35 ns (max)
« High density 24-pin SOJ package
» Low power
Active mode: 300 mW (typ) (Top View)
Standby mode: 100 uW (typ)
+ Single 5 V supply
« Completely static memory
No clock or timing strobe required i i
« Equal access and cycle times Pin Description
« Directly TTL compatible: All inputs and outputs Pin Name Function
A0-A13 Address
Ordering Information TO1-1/04 Tnputjoutput
Type No. Access Time Package CS Chip select
HM6289JP-25 25 ns 300-mil OE Output enable
HM6289JP-35 35ns 24-pin WE Write enable
HMG6289LIP-25 25ns SOJ Vee Power supply
HM6289LIP-35 35ns (CP-24D) Vss Ground
Block Diagram ro— ] o
Az o— %] -0 Vs
:; g Row Memory Matrix
5] Decoder 128x512
aso——¢]
Aro—— ¢
aso——%] =
I T
1/01 O-——-?—i Column 1/0 :1
1/02 0- j— Input Column Decoder
Data
1/03 O 2- Control
marlitie] 7| B
All Al12 A13 A9 Al10 A0 Al
i D s
8 S
| N

124
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HM6289 Series

Function Table
CS OE WE Mode Vec Current I/O pin Ref. Cycle
H X X Not selected Iss, Isp1 High-Z —
L L H Read Icc Dout Read cycle (1)—(3)
L H L Write Icc Din Write cycle (1)-(2)
L L L Write Icc 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"t0 +7.0 \Y%
Power dissipation Pr 1.0 w
Operating temperature range Topr 0to +70 °C
Storage temperature range Tstg -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.
Recommended DC Operating Conditions (Ta = 0 to +70°C)
Item Symbol Min Typ Max Unit
Supply voltage Vce 4.5 5.0 55 \Y
Vss 0 0 0 v
Input high (logic 1) voltage  Vm 22 — 6.0 v
Input low (logic 0) voltage ~ VL -0.5! — 0.8 \'
Note: *1. VIL min =-2.0 V for pulse width < 10 ns.
DC Characteristics (Ta =0 to +70°C, VcC=5 V£ 10%, Vss=0 V)
Item Symbol Min Typ'! Max  Unit Test Conditions
Input leakage current [151] — — 20 HA Vec = Max
Vin =0V to Vec
Output leakage current Mol — — 2.0 HA CS=Vm
Vyo=0Vto Vcc
Operating Vcc current Icc — 60 120 mA CS =Vr, Iyo = 0 mA,
Min. cycle
Standby Vcc current Iss — 15 30 mA CS = Vi, Min. cycle
Standby Vcc current (1) Isp1"? — 0.02 2.0 mA CS2Vcec-02V
Isp1"? — 0.02 0.1 mA 0V<Vin<0.2Vor
Vee-0.2V<Vin
Output low voltage VoL — — 0.4 \ ToL =8 mA
Output high voltage Vou 24 — — \ Ton = 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 = 1MHz)
Item Symbol Min Typ Max Unit Test Conditions
Input capacitance Cin — — 6 pF Vin=0V
Input/output capacitance Cio — — 8 pF V1/O=0V
Note:  This parameter is sampled and not 100% tested.
@ HITACHI
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HM6289 Series

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

Input pulse levels: Vsst0 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 tcHzZ, 1CLZ, tOHZ, tOLZ, IWHZ & 1OW)
+5V +5V
4800 480Q
Dout 0— - Dout 0——
2550 EE 3,-30pF 25503; ;5pF *

Note:  * Including scope & jig.

Read Cycle

HM6289-25 HM6289-35 .
Ttem 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 terz™! 5 — 5 — ns
Output enable to output valid toB — 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 tPU 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)

al
/g
L
Ny

/7177

tenr

. p— ( — SOOF

Read Timing Waveform (2) ‘-2

- X X
- 5K WY

Read Timing Waveform (3) -1.3.*

3 X

Dout High Im . Data Vahd

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.
Write Cycle
HM6289-25 HM6289-35 .
Item Symbol M 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 IWR 0 — 0 — ns
Output disable to output in high-Z''  tonz 0 10 0 10 ns
Write to output in high-Z"! tWHZ 0 8 0 10 ns
Data to write time overlap tDw 12 — 20 — ns
Data hold from write time tDH 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

X
NN /N

twn
_— 1 twp k1 - -
WE

al

1 tow

- XK= XKD

High Impedance

Dout

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

twe

-% ¥
= “‘—ﬁl\ )%

AW

N\ —"—4777777,

tow

- XX == KA

High Impedance
Dout

=
m
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Write Timing Waveform (3) (OE = Clocked, WE = Controlled)

HM6289 Series

Address

3l

Din

A

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

twe

)

<
T 7F
X

NRNRRRNN

/

XXX

O HITACHI
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HM6289 Series

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

Address

Dout

Din

twp#] /
Ok A .
SSSSS SN Hh et - -
7777777

tow

tow

<>< o vt \9_*5__

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

Address

al

Dout

Y
—"’\\ )
\\N\X 77

Dm

X

Data Vahd

XXXXX2

Notes: *1
*2.
*3,

*4,

in a high impedance state.

*5.

*6.
*7.

impedance state.
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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, 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

G HITACHI

If CS is low during this period, [/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
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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 VDR 2 — — CS>Vcc-0.2V,
Data retention current Iccor — — 502 pA  Vin2Vee-02Vor
35" 0V<Vin<02V
Chip deselect to data retention time tCDR 0 — — See retention waveform
Operation recovery time ®R tRC”! — —

Note:

*1. tRc = Read cycle time

*2. Vee=30V
*3. Vec=20V

Low Vcc Data Retention Waveform

Vee

A5V

 cor

Data Retention Mode

C82 Vec—0.2V

@ HITACHI
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HM6289 Series

Icc (Normalized)

Supply Current

tAA, tacs (Normalized)

Access Time

Access Time  tAA. tacs (Normalized)

132

Supply Current vs. Supply Voltage

16
Ta=25T

14

12

1.0

0.8 ]

0.6

04,5 4.75 5.0 5.25 5.5

Supply Voltage Vcc (V)
Access Time vs. Supply Voltage
1.3
Ta=25T

1.2

1.1

\
1.0 —
—~——

0.9
0.8
0755 4.75 5.0 5.25 5.5

Supply Voltage Vec (V)

Access Time vs. Ambleql Temperature

1.3

1.2

11

1.0 —

0.9

0.8

0.7
0

Vee =5.0V

20 40 60 80
Ambient Temperature Ta (°C)
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Supply Current vs. Ambient Temperature

1

Icc (Normalized)

Supply Current

0.4
0

.6

0.8

0.6

Vee=5.0V

20 40 60
Ambient Temperature  Ta (°C)

80

Access Time vs. Load Capacltance

1.8

o

8

= 16

E

(<]

& 14

g

§ 12 / //

o 1.0 ]

§

=

g o8

§

<
065 50 100 150 200

Load Capacitance CL (pF)
Supply Current vs. Frequency

" 100 50 33 25 20 T (ns)

g 10

g

§ 09 <]

g P

8 0.8 e

- /

E o

o]

2

§; 0.6

7]
055 0 20 30 40 50

Frequency f (MHz)
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Low Level Input Voltage Vi (Normalized)

Ton (Normalized)

High Level Output Current

Standby Current  IccorR (Normalized)

Low Level Input Voltage vs. Supply Voltage

1.3
Ta=25C
1.2
1
/
10
—
L
09
0.8
0‘74.5 475 50 5.25 55

Supply Voltage Vcc (V)

Output Current vs. Output Voltage (1)

HM6289 Series

High Level Input Voltage vs. Supply Voltage

High Level Input Voltage Vi (Normalized)

13
Ta=25T
1.2
1.1
1.0
0.9
0.8
07
45 4.75 5.0 5.25 5.5

Supply Voltage Vcc (V)

Output Current vs. Output Voltage (2)

1.6 T 5 16
Ta=25C 8 Ta=25C
Vee=5V e Vee =5V
14 E 1.4
3 /
12 \\ 3 12
1.0 g 10
\ 3
0.8 B o8
3 /
0.6 \ }:‘ 06
g o4
043 2 3 4 5 3 Mo 0.2 0.4 06 0.8
High Level Output Voltage Vo (V) Low Level Output Voltage VoL (V)
Standby Current vs. Ambient Temperature Standby Current vs. Supply Voitage
10 14
Ec=3v
Cs=2.8v ;S‘ 12 /
5 / 3
E 10
3
g 08
10 = /
g 06
0.5 é /
S o4
2 Ta=25C
- T3=Vcc—0.2V
§ 02
7]
0.1 0
0 20 40 60 80 2 3 4 5 6
Ambient Temperature Ta (°C) Supply Voltage Vcc (V)
@ HITACHI
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HM6289 Series

Standby Current vs. Input Voltage

10 Ta=25T
Ec =5.0V
TS=4.8V

Standby Current  IsBi (Normalized)

0 1 4 5

Input Voltage Vi (V)
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HM6789 Series Maintenance Only

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

Features
® Super FastAccess Time:. . ............. 25/30 ns (max)
® Low Power Dissipation (DC) Operating . . . . . 230 mW (typ.)
® +5V Single Supply
® Completely Static Memory
No Clock or Timing Strobe Required
Balanced Read and Write Cycle Time
Fully TTL Compatible Input and Output

HM6789P Series

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

azo—¥ | m —ove
a3 o—¥] -—0 Vs
Aso——%7
Row Memory Matrix
aso——¥]
Decoder 128 X512
Aso—— %]
A7 o——-X (CP-24D)
A8 O——r] g H
o . : Pin Arrangement
1/01 o——?— Column 1/0 T—
vozo B Input Column Decoder A0 E
Data
1/03 o J?— Control ]
1/04 © ’B— ME
All Al12 Al13 A9 Al0 A0 Al as[4]
I_ A4 5]
A5 6
Gso 5\ j:] [
WS r Qo
:83—! w1 [3]
A8 [9]
. . [«
Absolute Maximum Ratings
: : oE[1]
Item Symbol Rating Unit
Terminal Voltage to Vgg Pin Vr -05to+7.0 V ves 12
Power Dissipation Pr 1.0 w (Top View)
Operating Temperature Range Topr 0to +70 °C
Storage Temperature Range under bias ~ Tgeg(bias) —10 to +85 °C
Storage Temperature Range Tstg -55 to+125 °C
@ HITACHI
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HM6789 Series

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

136

Item Symbol min typ max Unit
V, 45 5.0 5.5 v
Supply Voltage ce
Vss 0.0 0.0 0.0 \'
Input High Voltage ViH 2.2 - 6.0 A\
Input Low Voltage ViL -0.5%! - 0.8 \%
Note) *1. -3.0V for pulse width < 20ns.
Function Table
CS OE WE Mode Vcc Current 1/0 Pin Ref. Cycle
H HorL HorL Not selected Isg, Isp1 High Z -
L H H Output Disabled Ico, Icct High Z -
L L H Read Icc, Icct Dout Read Cycle (1) (2) 3)
L H L Wit Icc, Icca Din Write Cycle (1) (2) (3) 4)
rite
L L L Icc, Iect Din Write Cycle (5) (6)
DC and Operating Characteristics (V¢ =5V+10%, T,=0 to +70°C)
Item Symbol min typ max Unit Test Conditions
Input Leakage Current Iy - - 2 wA Vec=55V,VIN=Vgsto Ve
CS=Vyg orOE = Vjyor WE=Vp,
Output Leakage Current Lol - - 2 KA Vijo = Vssto Vee
Operating Power Supply Current Icc - - 100 mA CS=vp, I /0 = 0mA
Average Operating Current Icci _ - 120 mA Min.Cycle,Duty:100%,I;j0=0mA
Isp - - 30 mA CS=Vm
Standby Power Supply Current CS. -0.
Isp; _ _ 10 mA CS2 Ve -0.2V
VIN £0.2VorViN 2 Vec - 0.2V
Output Low Voltage VoL - - 0.4 v IoL = 8mA
Output High Voltage VoH 24 - — v IoH = —-4mA
AC Test Conditions
® Inputpulselevels .................... Vgs to 3.0V
® Input and Output reference levels . ............. 15V
® Inputriseandfalltime ...................... 4ns
® Output Load: See Figure
+5V +5V
4800 4800
Dout Dout
255Q 30pF* 2550 5pF* * including
scope and jig
Output Load A Output Load B
(tenz, twnz, tonz
terz, tows torz)
@ HITACHI
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HM6789 Series

Capacitance (T, = 25°C, f= 1.0MHz)

Item Symbol min typ max Unit Test Conditions
Imput Capacitance CiN - - 6 pF VN =0V
Input/Output Capacitance Cro - - 8 pF Vo= 0V

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

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

Read Cycle
Htem Symbol ‘HM6789-25 ‘HM6789-30 Unit
min max min max
Read Cycle Time trC 25 - 30 - ns
Address Access Time tAA - 25 - 30 ns
Chip Select Access Time tACs - 25 - 30 ns
Chip Selection to Output in Low Z tcrz*l 0 - 0 - ns
Output Enable to Output Valid toOE 0 15 0 15 ns
Output Enable to Output in Low Z toLz*1 0 - 0 - ns
Chip Deselection to Qutput in High Z tcHz*1 0 10 0 12 ns
Output Hold from Address Change toH 5 - S - ns
Input Voltage Rise/Fall Time tp*? - 150 - 150 ns
Write Cycle
ftem Symbol : HM6789-25 »HM67 89-30 Unit
min max min max
Write Cycle Time twe 25 - 30 - ns
Chip Selection to End of Write tcw 20 - 25 - ns
Address Setup Time tAs 0 — 0 — ns
Address Valid to End of Write tAwW 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 N - 5 - ns
Output Disable to Output in Hihg Z toHzZ*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 tT becomes more than 150ns, there is possibility of function fail.
Plcase contact your nearest Hitachi Sales Dept. regarding specification.
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HM6789H Series

Timing Waveform
Read Cycle (1)’

X

RN

= \\ %

)/

[/

Dout

tez

touz

tonz

High Impedance

Data Vahd

XX

Read Cycle (2)"1.72."3

Address

A

X

tas |

ton

Dout Previovs Data Vahd >

Data Vahd

Read Cycle (3)°1.3.°4

s N

Dout

re

terz

tcnz

High Impedance

Data Vahd

Notes) *1. WE=ViH

*2. C8= ViL
*3. OE= VL
*4.
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Address valid prior to or coincident with CS transition Low.
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HM6789 Series
Write Cycle (1) (OE = H, WE Controlled)

- X A
= AN\N\\R e,

twp%1

High Impedance

ton

Dout

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

X %
: ——‘—XI\ taw JZ ™

INAANNN ", 707000
i WXW e Vb -

High Impedance

=
5]

Dout

@HITACHI
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HMGE789 Series

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

WE

Address

[/

A

K‘\

- S

N S
‘“"21 igh Impedance

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

Address

OE

cs

Din

Dout.

X

/[L;f

TN

/

- Tk

T
—

XXX =

High Impedance

140
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HM6789 Series
Write Cycle (5) (OE = L, WE Controlled)

- X

twpk1 - -

Dout \ \ \ \ \\ \ High Impedance B *3
/ [/

High Impedance < E x5  High Impedance
Din g { Data Vahd >

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

- X

s T T\ s
=N\~ A

High Impedance
Dmn Data Vahd

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

*2. 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.

*3. Dout 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.

If CS low transition occurs simultaneously with the OF high transition or after the OE transition, output remain

in high impedance state.
G HITACHI
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HMG6789H Series

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

Features

® Super Fast Access Time:. . ............. 15/20 ns (max)
Low Power Dissipation (DC) Operating . . . . . 280 mW (typ.)

°
® +5V Single Supply
® Completely Static Memory

No Clock or Timing Strobe Required
Balanced Read and Write Cycle Time
Fully TTL Compatible Input and Output

Ordering Information

Type No. Access Time Package
HM6789HP-15 15ns 300 mil 24 pin
HM6789HP-20 20ns plastic DIP
HM6789HIP-15 15ns 300 nul
HM6789HJP-20 20ns 24 pin plastic SOJ

HM6789HP Series

(DP-24NC)

Block Diagram

L

Aso—¢ w
AT E ; ~—0 Vss
AS o Dg Row Memory Matrix
As Decoder 128 X512
Aro— ¥
Aso—% |
Azo— % | -
| |

o1 B B Column 1/0 —
vozo B— Input Column Decoder

Data
I/OZ c k Conlro|
1/04 © B—

A12 A11 A10 A9 A1 A0 A13

SEle]
Q 00

—
N
N

HM6789HIJP Series

(CP-24D)

Pin Arrangement

Absolute Maximum Ratings

AOE
iz
A2[3]
as[4]
A4[3]
[
A6 [7]
a7 8]
as 3]
c3[io
[

(Top View)

Item Symbol Rating Unit
Terminal Voltage to Vgg Pin Vr -05to+7.0 V
Power Dissipation Pr 1.0 w
Operating Temperature Range Topr 0to+70 °C
Storage Temperature Range under bias T_"g(bias) -10 to+85 °C
Storage Temperature Range T,tg -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, 45 5.0 5.5 \'%
Supply Voltage ce
Vss 0.0 0.0 0.0 \
Input High Voltage ViH 2.2 - 6.0 v
Input Low Voltage ViL -0.5*! - 0.8 \%

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

Function Table

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

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

L H H Output Disabled Icc, Icct High Z -

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

L H L Write Icc. Icca Data In Write Cycle (1) (2) (3) (4)
L L L Icc, Icct Data Out Write Cycle (5) (6)

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

Item Symbol min typ max  Unit Test Conditions
Input Leakage Current 18 - - 2 wA Vec=55V,ViN=VgstoVee
CS= le or OE = V‘HOI‘VTE=V]L,
Output Leakage Current ILol - - 10 HA Vyjo=VsstoVee
Operating Power Supply Current Ice - - 100 mA CS=vj, Ijo = OmA
Average Operating Current Icch _ _ 120 mA Min.Cycle,Duty:100%,I;/0=0mA
Isp - - 30 mA CS=Vi
Standby Power Supply Current CsS -
Isp, _ _ 10 mA ‘c/sg Vee -0.2V
INS0.2Vor VN 2 Vec - 0.2V
Output Low Voltage VoL - - 0.4 v IoL = 8mA
Output High Voltage VoH 24 - — v IoH = -4mA
AC Test Conditions
® Inputpulselevels .................... Vgs to 3.0V
® Input and Output reference levels .............. 15V
® Inputriseandfalltime ...................... 4ns
® Output Load: See Figure
+5V +5V
4800 4800
Output Output
2550 30pF* 2550 SpF*
* including
scope and jig
Output Load A Output Load B
(tcuz, twnz, tong
teez, tow, torz)
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HM6789H Series

Capacitance (T, = 25°C, f= 1.0MHz)

Item Symbol min typ max Unit Test Conditions
Imput Capacitance CiN -~ - 6 pF VIN =0V
Input/Output Capacitance Cro - - 10 pF Vijo= 0V
Note) This parameter is sampled and not 100% tested.
AC Characteristics (V¢ c=5V+10%, T,=0 to +70°C, unless otherwise noted.)
Read Cycle
Item Symbol .HM6789H-15 %lM6789H-20 Unit
min max min max
Read Cycle Time trRC 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 tcrLz*t 3 — 3 - ns
Output Enable to Output Valid toE 0 12 0 12 ns
Output Enable to Output in Low Z torLz*t 3 - 3 - ns
Chip Deselection to Output in High Z tcHz*1 0 6 0 8 ns
Output Hold from Address Change toH 3 - 3 - ns
Write Cycle
HM6789H-15 HM6789H-20 .
Item Symbol - - Unit
min max min max
Write Cycle Time twe 15 - 20 - ns
Chip Selection to End of Write tcw 10 - 15 - ns
Address Setup Time tas 0 - 0 - ns
Address Valid to End of Write tAw 10 - 15 - ns
Write Pulse Width twp 10 - 15 - ns
Write Recovery Time twR 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.
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Timing Waveform
Read Cycle (1)"?

HM6789H Series

Address

X

OF \R\\\\ V7
\ N A/
top ton
s \\ toz / / / / /
\ N /
tacs touz
tenz
terz
Data Out T T - < Data Vahd ><><>>—
Read Cycle (2)*1:°2."3
trc
Address >< ><
tan | ton
ton
Data Out Previous Data Vahd > Data Vahd W
Read Cycle (3)°1."3.°4
tre Z____—-_
o N 7
tacs | temz
terz
Data Out High Impedance Data Vahd
Notes) *1. WE=Viy

*2. C8= VL

*3, OE=VL -

*4. Address valid prior to or coincident with CS transition Low.
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HM6789H Series

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

o XK X
s SRk 77777,

tas tm
J— [ twr%1 *
" K 1
1 tow ton _y
High Impedance

Data Out

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

v X X

tas tew

.~ ¥

= \NNNNNK R

tow

High Impedance

Data Out
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HM6789H Series

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

S | X
« //LK TN
= SR 1/

twr
I twp k1

toz*2

tonz®*2
Data Out 1 Toeh mpedce
tow toy

High Impedance High Impedance
Data In Data Vahd

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

e XK X

twp1

= SR L7777

High Impedance

Data Out
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HM6789H Series

Write Cy

cle (5) (OE = L, WE Controlled)

e X X

Data Out > NN NN NN High Impedance 3

= £
tas twrx1 p—

R AN i

twuz %2

tow

VAV AV

High Impedance \ x5  High Impedance
Data In Data Vahd

/

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

A

Data Out

High Impedance
Data In \ Data Vahd

T

& N\ /

NN\ S 7S,

Notes)*1.
*2.

*3.
*4.
*5.

*6.

148

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

During this period, I/O pins are in the output state so that the input signals of opposite phase to the outputs
must not be applied.

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
the outputs must not be applied to them.

If CS low transition occurs simultaneously with the OF high transition or after the OF transition, output remain

in high impedance state.
© HITACHI
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HM6789HA Series

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

B FEATURES

e Super Fast

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

OE 6/7/8ns (max.)

® Low Power Dissipation

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

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

B ORDERING INFORMATION

— Preliminary

(DP-24NC)

«

(CP-24D)

W PIN ARRANGEMENT

Type No. Access Time Package
HM6789HAP-12 12ns 300 mil 24 pin
HM6789HAP-15 15ns Plastic DIP
HM6789HAP-20 20ns (DP-24NC)
HM6789HAJTP-12 12ns 300 mil 24 pin
HM6789HAIP-15 15ns Plastic SOJ
HM6789HAJTP-20 20ns (CP-24D)

B BLOCK DIAGRAM
Ag o—nu-—] | —0oVee
A7 o—v— —OVsgg
A¢ O———] Row Memory Matrix
As O——— Decoder 128 X 512
Ay O]
Az o—— | |
A2 o]
1 -1
1104 o _2—1 - Column I/O ]
/020 ._2‘ Il_r;g:;t Column Decoder
103 © > Control
e
I BRI

A2A11A1p Ag Ay AgAgg
1

=

RFS

et

i

G HITACHI

Ao [ ] 1 24 ] Vce
A ] 2 23 | A3
A2 [: 3 22 :] A2
A3 ] 4 21| An

A 5 20 % Ao
As[| 8 19 ] Ao

As[] 7 18 ]NC
A7 ] 8 17 [ ] 1101
As[] 9 16| ] 102
cs[ ] 15[ ] /O3
OE [| 1 14 [] 104

Vss [ 12 13 ] WE

(Top View)
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HM6789HA Series

B ABSOLUTE MAXIMUM RATINGS

Item Symbol Rating Unit
Voltage on Any Pin Relative to Vg Vr -0.5t0 +7.0 \4
Power Dissipation Pr 1.0 w
Operating Temperature Range Topr 0to +70 °C
Storage Temperature Range (with bias) Tog(bias) -10 to +85 °C
Storage Temperature Range Tstg -55to +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 v
Input High Voltage Viu 2.2 — 6.0 v
Input Low Voltage vi* -3.0 — 0.8 \4
*Pulse width < 10ns, DC: -0.5V
B TRUTH TABLE
CS OE WE Mode V¢c Current /O Pin Ref. Cycle
H HorL | HorL Not Selected Iss, Isp) High Z —
L H H Output Disabled Icc, Icct High Z —
L L H Read Ice Iect Data Out Read Cycle (1) (2) (3)
L H L Write Icc, Icci Data In Write Cycle (1) (2) (3) 4)
L L L Icc, Iect Data In Write Cycle (5) (6)

B DC AND OPERATING CHARACTERISTICS (Vec = 5V + 10%, T, = 0°C to 70°C, Vgg = 0V)

Item Symbol Test Condition Min. | Typ. | Max. | Unit
Input Leakage Current IILll Vee = 5.5V, Viy = Vgs to Ve — — 2 pA
CS = Vjyor OE = Vi, WE = V|
Output Leakage Current I IH IH- IL — - 10 A
P g I LOI vl/O = VSS to VCC 2
Operating Power Supply Current Icc | CS = Vi, Iy, = OmA — — 100 | mA
Average Operating Current Icci | Min. Cycle, Duty: 100%, Io = OmA — — 120 | mA
Igg | CS=Vy — — | 30 | mA
Standby Power Supply Current CS > Vee - 0.2V
Isei | vy < 0.2Vor Viy = Voo - 0.2V - | 0| mA
Output Low Voltage VoL |IoL = 8mA — — 0.4 \4
Output High Voltage Vou | Ioyg = -4mA 2.4 — — v
W AC TEST CONDITIONS
¢ Input Pulse Levels: Vgg to 3.0V ¢ Input Rise and Fall Time: 4ns
 Input and Output Reference Levels: 1.5V ® Output Load: See Figure
+ 200mV from steady level (Output Load B)
+5V +5V
Dout % 4800 Dout 3 4800
25;2_1:.:30 pF* 25;9—5.: SpF*
y//4 77
Output Load B
Output Load A (for teug, terzs touz toLz, twz & tow)

*Including scope and jig capacitance.
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B TIMING WAVEFORM
¢ Read Cycle (1) (1)

HM6789HA Series

s il >
Address X X
- tAn -~
NN \t W LAY
- OE
oz o ton |
SRR NN WA YA Y
_ tacs - tonz -
_ teiz . . tchz .
: |
Data Out High Impedance < Data Valid )(X)
* Read Cycle (2) (V@ @)
- tRC >
Address X X
taa ] - ton >
- tOH o
Data Out Previous Data Valid Data Valid >/ X
¢ Read Cycle (3) (V@) @)
—_ tRe
CS N >
N\ /]
tacs _ tchz -
< oz
Data Valid —
Data Out High Impedance ala vah >
NOTES: 1. WE = Viu
2.CS = ViL
3.0E = Vi

4. Address valid prior to or coincident with CS transition low.

G HITACHI
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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 Vin = 0V — — 6 pF
Input/Output Capacitance Cro Vyo = 0V — — 10 pF
NOTE:  This parameter is sampled and not 100% tested.
B AC CHARACTERISTICS (Vcc = 5V + 10%, T, = 0°C to 70°C, unless otherwise noted.)
¢ Read Cycle
Ttem Symbol HM6789HA-12 | HM6789HA-15 | HM6789HA-20 Unit | Notes
Min. | Max. | Min. | Max. { Min. | Max.
Read Cycle Time tre 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 toLz 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 tox 4 — 4 — 4 — ns —
e Write Cycle
HMG6789HA-12 | HM6789HA-15 | HM6789HA-20 .
Item Symbol - - - Unit | Notes
Min. | Max. | Min. | Max. | Min. | Max.
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 tpH 0 — 0 — 0 — ns —
Output Disable to Output in High Z toHz 1 6 1 6 1 8 ns 1,2
Output 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.
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HM6789HA Series
» Write Cycle (1) (OE = H, WE Controlled)

- twe .

Address X - X
NN A

. tas twp

- -

twe(1)

WE x\N{ Y

tow tDH
oo CTXXCTRXCTXXTTXK azvaeKXXXTKKT

High Impedance

y I\, Y

taw

N\

Data Out

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

Address >; 1 t
cs t i
XXX

tDH
swan YXRXXKRXICRXITCK TamvasSKEXXXG

High Impedance

Data Out

@ HITACHI
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HM6789HA Series

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

twe

-

Address X X

oE wu¥ o ] AN
SN\ t Y A

Data Out High Impedance

tow Sl toH

Data In High Impedance <XX )

High Impedance

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

- twe

Address X X
3 7///////////;'46’ SR

Y

=5 - 1
7 SRR '?‘(H}///////i/

Data In XXX Data Valid 7(X><

High Impedance

Data Out
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* Write Cycle (5) (OE = L, WE Controlled)

HM6789HA Series

- twe _
Address X X
tew =
SRR N NN YA,
- taw o
twr
—_— tAS [— 3 twp (1) ‘< -
" RONK Ji'd
twHz | (2) ton
High Impedance <%
Data Out _ PP PPPP)PPPPPPPP D t : o
<« oW ] tDH
Dataln  —1i9h Impedance <Y atavaia >(5)High Impedance

G HITACHI
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HM6789HA Series

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

Address

Data Out

Data In

NOTES:

156

1.
. During this period, I/O pins are 1n the output state so that the input signals of opposite phase to the outputs must not

twe -
X X
<AS;A o .
\\ A/
- taw t N < twr _
AN PN
forz = ‘(4) High Impedance
tow <oH_

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

be applied.

. Dout 1s the same phase of write data of this write cycle.
. If the CS low transition occurs after the WE low transition, output remain in a high impedance state.
. IfCS is low during this period, I/0 pins are 1n the output state. Then, the data input signals of opposite phase to the

outputs must not be applied to them.

. If CS low transition occurs simultaneously with the OE high transition or after the OE transition, output remain in

high impedance state.
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HMGE6287 Series Maintenance Only

65536-word x 1-bit High Speed CMOS Static RAM

FEATURES
High Speed: Fast Access Time 45/565/70ns (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)

8 PIN ARRANGEMENT

2 ORDERING INFORMATION A.[_l__ ~ Ew:
Type No. Access Time Package m(7Z] 1) a1s
HM6287P45 45ns N5 —he
HM6287P-55 55ns R
HM6287P-70 70ns o an [15] v
300 mil 22 pin N A
HM6287LP45 45ns Plastic DIP ' E E "
HM6287LP-55 55ns A;E EA--
HM6287LP-70 70ns “E E .
NN E A
= BLOCK DIAGRAM 03] 1] n
WE 10] [13] 0.
As ———-{} VssE Ea
v —LF Ve -
N D (Top View)
A Decode Memory Array
"'_‘w 128 x 512
n—L3
am—LF
Din Column 10 Dout
o Column  Decoder
S

o O BERERE

NOTE: Not for new designs.
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HM6287 Series

® TRUTH TABLE

cs WE Mode Ve Current Dout Pin Ref. Cycle
H X Not Selected Iss.Isp1 High Z -
L H Read Iec Dout Read Cycle
L L Write Icc High Z Write Cycle
8 ABSOLUTE MAXIMUM RATINGS
Item Symbol Rating Unit
Voltage on Any Pin Relative to Vgg Vr -0.5*1 to +7.0 v
Power Dissipation Pr 1.0 w
Operating Temperature Topr 0 to +70 °C
Storage Temperature Totg —55 to +125 °C
Temperature Under Bias Thias —10 to +85 °C
Note) *1. 3.5V for pulse width < 20ns
®= RECOMMENDED DC OPERATING CONDITIONS (T =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 Vi —05°1 — 0.8 v

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

= DC AND OPERATING CHARACTERISTICS (V¢ = 5V +10%, Vs =0V, Ta =0 to +70°C)

Item Symbol Test Conditions min | typ*!| max |Unit
Input Leakage Current \Iprt Vee=5.5V, Vin=Vssto Vee - — | 20 |uA
Output Leakage Current 1Io 1| CS=Vig, Vour=Vssto Voo -1 =120 |wA
Operating Power Supply Current | Icc CS = VL, Ioys = OmA, min. cycle — | 60 | 100 |mA
Isp CS = Vg, min. cycle -] 10| 30 |mA
Standby Power Supply Current I CS2Vee-0.2V, — 10.02] 20 |mA
SB1 0V £V, £0.2Vor Voo - 0.2V S Vi, — | 2*2 {100™2 | uA
VoL Ior = 8mA - - 104 |V
Output Voltage Vor Tor = —4.0mA 2.4 _ - v
Notes) *1. Typical limits are at Voo = 5.0V, T = 25°C and specified loading.
*2. This characteristics is guaranteed only for L-version.
m CAPACITANCE (f=1MHz, T, =25°C)
Item Symbol Test Conditions min typ max Unit
Input Capacitance Cin Vin =0V - - S pF
Output Capacitance Cout Vout =0V - - 1.5 pF
Note) This parameter is sampled and not 100% tested.
@ HITACHI
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HM6287 Series

® AC CHARACTERISTICS (V¢ =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 Output Load B
5V

4802

Dout Dout 0—1

. <
2550 2
2552 30pF

4802

-
5pF

A
[ VVv

# Including scope & jig capacitance % Including scope & jig capacitance

® READ CYCLE

HM6287-45 HM6287-55 HM6287-70 .
Item Symbol - - ~ Unit Notes
min | max | min | max | min | max
Read Cycle Time trRC 45 - 55 - 70 - ns 1
Address Access Time t44 - 45 - 55 - 70 ns
Chip Select Access Time t4ACS - 45 - 55 - 70 ns
Output Hold from Address Change tOH 5 - 5 — 5 - ns
Chip Selection to Output in Low Z t17 N - 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)(%)
tRC -1

Address > (

tas |
re— ton tox
Dout . /
Previous Data Vald X X Data Vahd

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

_ tRC
Cs
tacs - (e—tHs
H/—————J
Dout X X* Data Vald 1—
ou High Imped N High
Impedance
Icc =—tr
Vee supply ~~

fe—tPn
current 507 507 L
Isn
Notes: 1. All Read Cycle timings are referenced from last vahid address to the first transitioning address.
2

. At any given temperature and voltage condition, ff7z max. is less than #7, Zz min. both for a given device
and from device to device.

. Transition 1s measured +500 mV from steady state voltage with specified loading in Load B.
. WE is high for READ Cycle.

. Device is continuously selected, while CS = Vjr..

. Address valid prior to or coincident with CS transition low.

. This parameter is sampled and not 100% tested.
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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 twe 45 - 5SS - 70 - ns 2

Chip Selection to End of Write tCw 40 - 50 - 55 - ns

Address Valid to End of Write tAw 40 - 50 - SS - ns

Address Setup Time t4s 0 - 0 - 0 - ns

Write Pulse Width twp 25 - 35 - 40 - ns

Write Recovery Time tWR 0 - 0 - 0 - ns

Data Valid to End of Write tbw 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 Cycle No. 1 (WE Controlled)

tue

Address DK

e A> ——f

po—L1 R —e=

twi

14— b
;Da(a mn Valhdi

Dout

Data Undefined

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

twe 1

-4z l"“’"
High Imped.

Address D(

fo—1tW R

CS -\ tew %
tup

WE ——

N 2

104 —ot tow

Din ; Data in Vahd 1

r———tu 2z
Dout ’ Data U—-“\—., — High Impedance

Notes) 1. If CS 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.
. Transition is measured +500mV from steady state voltage with specified loading in Load B.
. This parameter is sampled and not 100% tested.

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

This characteristics is guaranteed only for L-version.

HM6287 Series

Parameter Symbol Test Condition min. typ. max. Unit
CS2Vcce - s K - - v
Ve for Dat.a Retention VDR = VCCC"C' (?2%)’ o 2.0 -
Data Retention Current Iccpr 0{}' <Vin£0.2V - 1 50 HA
Chip Deselect to Data Retention Time tCDR | See retention wave- 0 - - ns
Operation Recovery Time tR orm 'RC.I - - ns

Note) *1. tpc = Read Cycle Time
*2. Vec=3.0V

® LOW Voo DATA RETENTION WAVEFORM

Data Retenuon Mode

CSzVec -0 2V

SUPPLY CURRENT vs. SUPPLY VOLTAGE

SUPPLY CURRENT vs. AMBIENT TEMPERATURE

16 16
Ta=25C Vee=5.0V
14 14
3 -
_g 12 3 12
5 i
z 1o / ] . L\\
g -~ 10 —
= 3 \\
g
£ o8 '/ £ os
s}
> (&}
i z
@ 06 @ 06
0.4 0.4
45 4.75 5.0 5.25 5.5 20 40 60
Supply Voltage Vee (V) Ambient Temperature Ta (°C)
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HM6287 Series

ACCESS TIME vs. SUPPLY VOLTAGE ACCESS TIME vs. AMBIENT TEMPERATURE
13 13
Ta=25C Vee =5.0V
12 12
3 3 L~
E 11 5 11 e
g \ Zg / /
I 10 g 10
— <
& o9 E’ 09
] g
< o8 2 o8
07 07
45 4.75 5.0 5.25 5.5 0 20 40 60 80
Supply Voltage Vee (V) Ambient Temperature Ta (°C)
STANDBY CURRENT vs. STANDBY CURRENT vs.
SUPPLY VOLTAGE AMBIENT TEMPERATURE
14 10
Vee=3V
/ CS=28V
12
3 3
g 1.0 %E 1
2 : e
5 o8 ki /
C s A S o
B Y
2 Ta=25C 3
H / T = Vee—02v & /
04 -
-2
023 4 10 0 20 40 60 80
Supply Voltage Vee (V) Ambient Temperature Ta ('C)
SUPPLY CURRENT vs. STANDBY CURRENT vs.
FREQUENCY INPUT VOLTAGE
T (ns)
1 200 100 66 50 40 10 .
Ta=25C
Vee =5.0V
1.0 /z CS=4.8V
3 Ve 3
- pd
. // .
= os 3
] YV ]
g / E o \
o (8]
2 07 e 2 \
g 2
7 -
;i | i,
06 J \
0% 10 15 20 25 0 1 4
Frequency f (MHz) Input Voltage V;n (V)
@ HITACHI
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Input Low Voltage V;. (Normahzed)

Output High Current Ioy (Normahzed)

INPUT LOW VOLTAGE vs.

SUPPLY VOLTAGE

13
Ta=257C
12 -
3
11 E
(3
/ :5
10 §
/ ;
09 K]
=
H
=
08
07
45 475 50 5.25 55
Supply Voltage Ve (V)
OUTPUT HIGH CURRENT vs.
OUTPUT HIGH VOLTAGE
30
Ta=25C
Vee=5V
\ ~
25 3
20 \ 2
15 \ H
\ 5
E3
1.0 3
3
05
0
1 2 3 4
Output High Voltage Voy (V)
@ HITACHI

HM6287 Series

INPUT HIGH VOLTAGE vs.
SUPPLY VOLTAGE

Ta=25'C
1.2
b /‘
1.0
0.9
0.8
0.7
45 475 5.0 6.25 55
Supply Voltage Vee (V)
OUTPUT LOW CURRENT vs.
OUTPUT LOW VOLTAGE
1.6

y /

. /

Ta=25C
Vee=5V
0.8
0.6 //
0.4
0 0.2 04 0.6 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 HM6287HP Serics
as 64-kword x 1-bit. It realizes high speed access time (25/35 ns) and
low power consumption, employing CMOS process technology and
high speed circuit designing technology. It is most advantageous for
the field where high speed and high density memory is required,
such as the cache memory for main frame or 32-bit MPU. The
HM6287H packaged in a 300-mil plastic DIP and SOJ, is available
for high density mounting.

Low power version retains the data with battery back up.

(DP-22NB)

7 .
Features HM6287HIP Series

+ 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 HM6287HIP Series Pin Name Function
A0 - A15 Address
Din Input
Dout Output
CS Chip sclect
WE Write enable
Vce Power supply
Vss Ground
(Top View) (Top View)

Ordering Information

Type No. Access Time Package
HM6287HP-25 25 ns 300-mil
HM6287HP-35 35 ns 22-pin
HM6287HLP-25 25ns plastic DIP
HM6287HLP-35 35ns (DP-22NB)
HM6287HIP-25 25ns ‘
HMG6287HIP-35 35ns 300-mil
HM6287HLIP-25 25 ns 24-pin SOJ
HM6287HLIP-35 35ns (CP-24D)
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HM6287H Series

Block diagram
0 —L{3]
n —P3 -— Ve
A2 ——{ b3 -V
Row Memory Array *
A3 k} Decoder 128 X512
n—L3
w»—L3 |
e —03]
Din Column 1/0 Dout
s [ Column Decoder
we >
A7 A8 A9 A10 A11 A12 A13 A4 A15
Function Table
CS WE Mode Vcec Current Dout 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 V1 -0.5""10 +7.0 \4
Power dissipation Pr 1.0 W
Operating temperature Topr 0to +70 °C
Storage temperature Tstg =55 1o +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 =0 to + 70°C)
Item Symbol Min Typ Max Unit
Supply voltage Vce 45 5.0 5.5 \
PPy volag Vss 0 0 0 v
Input high (logic 1) voltage VmH 22 — €.0 \
Input low (logic 0) voltage \% 8 -0.5"! — 0.8 \%

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

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

Item Symbol Min Typ"! Max Unit Test Conditions
Input leakage current Hur — — 2.0 HA Vcc = Max
Vin = Vss to Vec
Output leakage current Io | — — 2.0 HA CS=Vm
Vyo = Vss to Vec
Operating Vcc current Icc — 60 120 mA CS=VL
Jout =0 mA, min cycle
Standby Vcc current Iss — 15 30 mA CS = Vm, min cycle
— 0.02 2.0 mA CS>Vcc-02V
Standby Vcc current (1) Ism1 0V<Vin<0.2Vor
— 0.0272 0.1 mA Vce-0.2 V< Vin
Output low voltage VoL — — 04 V Io.=8mA
Output high voltage Vou 24 — =V Tou=-40mA
Notes: *1. Typical limits are at Vcc = 5.0 V, Ta = 25°C and specificd loading.
*2. This characteristics is guaranteed only for L-version.
Capacitance ( Ta=25°C, {=1.0 MHz )"
- Ttem Symbol ~ Min  Typ  Max  Unit  TestConditions
" Input capacitance Cin - = e p? Vin=0V
Output capacitance Cout — — 8 pF Vou=0vV

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

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

Test Conditions
* Input pulse levels: Vsg to 3.0V « Input and Output timing reference levels: 1.5V
* Input rise and fall times: 5 ns « Output load: See figures
Output Load (A) Output Load (B)  (for iz, 1.z, twz & tow)
+5V +5\
4800 inog
Dout O—4¢ Doyt Omeeyg

255Q 3, 30pF # 2550
3

Note: Including scope & jig
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HM6287H Series

Read Cycle
Item Symbol HM6287H-25 HM6287H-35 Unit
Min Max Min Max
Read cycle time RC 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 wz"! 5 — 5 — ns
Chip deselection to output in high-Z wz"! 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) *»".*

5

w X '

ton, tow
Dout Previous
Data Valid Dats Vald

Read Timing Waveform (2)°>*

E tac
N /
tacs N Nz
wr -l
Dout High Impedance Data Vald )m-"——
Impedance
ke tev
Vee Supply Current = — = — — — = — — — — PR —
7550% s0%
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 = VIL.
*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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HMG6287H Series

Write Cycle
It Symbol HM6287H-25 HM6287H-35 Uni
em ym Min Max Min Max mt
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 3( ><
tew
cs
Nx L IIID VYA
tAW twu‘a
tas tye*?
WE
N \\ g
tow tou
Valid
twz tow ton®®
Dout (L High Impedance
NN NN NN NN N
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HM6287H Series

Write Timing Waveform (2) (CS Controlled)

Address —_}< )(
TS X o 7/
CIEANNN\NNNNN S 7774

' tow ton

High Impedance**

Dout

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 lo“_{_C___S and a low WE. (twp)
*3. twr is measured from the earlier of CS or WE going high to the end of write cycle.
*4. If the CS low transition occurs simultaneously with the WE low transition or after the WE transition, the output buffers remain
in a high impedance state.
*5. Dout is the same phase of write data of this write cycle, if twr is long enough.

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

Item Symbol Min Typ Max Unit Test Condition
Vec for data retention Vor 20 — — \Y CS5>Vec- 02V
Data retention current Icoor — — 50"2 RA Vin 2 Vec-0.2 Vor
35°3 0V<Vin<02V
Chip deselect to data retention time  tcpr 0 — — ns .
Operation recovery time R el — — s See retention waveform
Notes: *1. trc = Read cycle time
*2. Vec=30V
*3,. Vec=20V

Low Vcc Data Retention Timing Waveform

Data Retention Mode

Vee
AV ———— = — — = - — —-—(—————-——————

ta

v DR — e e — ——
CS2Vpa—0.2V K

al
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HM6287H Series

Supply Current vs. Supply Voltage Supply Current vs. Ambient Temperature
1.6 1.6
— Ta=25T = Vee=5.0V
E 14 8 e
E E
2 1.2 Zo 1.2
e ot
8 1o —] S 10
2 g T
o
E o8 5 o8
(&) &)
>
2 =
g 06 g os
=] =
[72) w
04 45 4.75 5.0 5.25 55 04 0 20 40 60 80
Supply Voltage Vcc (V) Ambient Temperature Ta (°C)
Access Time vs. Supply Voltage Access Time vs. Load Capacitance
13 _ 1.8
~ =
2 Ta=25T 2
9 12 = 16
-] . <
£ E
[}
<] Z 14
z 1 z
S 10—+ < 1.2
< \ s /
S o
Y 09 —— — £ 10
E £
& 2
§ 08— § 0.8
3 <
< 07 - 0.6
45 475 50 525 55 0 50 100 150 200
Supply Voltage Ve (V) Load Capacitance Ci. (pF)
Access Time vs. Ambient Temperature Supply Current vs. Frequency
100 50 33 25 20 T (ns)
131 T 1
3 Vee =50V =
= 12 B 210
g 3
P e e iy - Eog
7 — <
3 10 e mE— B 08
3
Q DU S — - = 7/
E " 3
e 2
':“) 08} —— —+—=-=- -t - T 8: 0.6
Q =3
Q w
< 7
075 20 40 60 80 055 10 20 30 40 50
Ambient Temperature Ta (°C) Frequency f (MHz)
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Input Low Voltage Vi (Normalized)

Output High Current Ion (Normalized)

Standby Current Iccor (Normalized)

Input Low Voltage vs. Supply Voltage

1.3
Ta=25C

12
11
1 — |

0

L—]
09
0.8
0.7
45 4.75 5.0 5.25 5.5
Supply Voltage Vec (V)

Output Current vs. Output Voltage (1)

16

Ta=25T
Vee =5V

1.4

1.2 \

1.0 \

0.8

0.6 \

.4
0 1 2 3 4 5

Output High Voltage Vo (V)

Standby Current vs. Ambient Temperature

10
Vee =3V
CS=2.8v
5 /
1.0 /
0.5
0.1
0 20 40 60 80
Ambient Temperature Ta (°C)

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

Standby Current Iss1 (Normalized)

HM6287H Series

Input High Voltage vs. Supply Voltage

13
Ta=25T
1.2
1.1
/
1.0
/
0.9
0.8
Vs am 50 525 55
Supply Voltage Vcc (V)

Output Current vs. Output Voltage (2)

1.6
, Ta=25T
Vee=5V
14 //
1.2
1.0
0.8 /
0.6 /
.4
0 0 0.2 0.4 0.6 0.8
Output Low Voltage Vo (V)

Standby Current vs. Supply Voltage

/

o:s /
04 Z /
—

HL—1 Ta=25T N
CS=Vcc—0.2V
02 4 5 6
Supply Voitage Vcc (V)
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HM6287H Series

Standby Current vs. Input Voitage

)
Ta=25C
Ve =5.0V
8 CS=4.8V _]

Standby Current Iss1 (Normalized)

0 1 2 3 4 5
Input Voltage Vin (V)

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



HMGE6787 Series

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

= FEATURES
Super Fast Access Time: 25ns/30ns (max.)
® Low Power Dissipation (DC):

Operating 180mW (typ)
® High Driving Capability: 1g,_16mA
® +5V Single Supply
® Completely Static Memory

No Clock or Timing Strobe Required
©® Balanced Read and Write Cycle Time
Fully TTL Compatible Input and Output
® Skinny 22-pin Plastic Dip (300 mil) and 22-pin Chip Carrier

® ORDERING INFORMATION

Maintenance Only

HM6787P Series

(DP-22NB)

Type No. Access Time Package
HMG6787P-25 25ns 300 mil 22 pin
HM6787P-30 30ns Plastic DIP

= BLOCK DIAGRAM

Al2o—Pg H o Ve
A3o—{5 ] o Vs
Ado—F ]
A9 o—Ps ] Row Memory Matrix
Decoder 128 X512
AQo—T5 ]
Ao |
A150—PE ] g — ]
7 Column 1/0 —o Dout
Column Decoder

g, ML

G A6 A7 A8 A2 A3 A4 A5 AO Al

sABSOLUTE MAXIMUM RATINGS

® PIN ARRANGEMENT
® HMG6787P Series

A1) ~ z] Vee
a2] 21) Ass
A[3] %Au
4] [19] A1s
a3 18] Asc
as[6] [17] A
As[7] [16] Awo
a[3] [15] A
Dout E EA:
WE [10] 13] Din
Vss [11 12] CS

(Top View)

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

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




HM6787 Series

s TRUTH TABLE

CS WE Mode V¢c Current Output Pin

H X Not Selected Isp, Isp; High 2

L H Read Icc Dout

L L Write Ice High Z

s RECOMMENDED DC OPERATING CONDITIONS (0°C £Ta £ 70°C)
Item Symbol min. typ. max. Unit
Supply Voltage Vee 4s 5.0 5.5 v
Vss 0 0 0 v

Input High Voltage Vi 22 - 6.0 v
Input Low Voltage ViL -0.5%1 - 0.8 A

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

= DC AND OPERATING CHARACTERISTICS (V¢ =5V+10%, T, =0°C to +70°C)

Item Symbol Test Conditions min.| typ. | max. | Unit
Input Leakage Current prr! Vee=5.5V,Vin=Vssto Vee - - 2 | A
Output Leakage Current 11z o! CS=Viy, Vour=Vssto Vee - - 2| pA
Operating Power Supply Current | I¢c CS=V, loyr=OmA - - |100 | mA
Isp CS=Vy - - 40 | mA
Standby Power Supply Current CS2 Ve -0.2V
IsB; - | - |2 | mA
VinS$0.2Vor Viny2V e -0.2V
Output Low Voltage VoL Iop =16mA - - 0.5 v
Output High Voltage Vou Ioy=-4mA 24| - - \4

® AC TEST CONDITIONS
Input pulse levels: Vgs to 3.0V
Input rise and fall times: 4ns
Input timing reference levels: 1.5V
Output reference levels: 1.5V
Output load: See Figure

174

Output Load A

Output Load B
(for tuz,tLz, twz & tow)

+5V
480 Q
Dout
255 Q 30pF *
255Q
* Including scope and jig.
O HITACHI
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SpF *
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HME787 Series

® CAPACITANCE (7, =25°C, f=1.0MHz)

Item Symbol max Unit Conditions
Input Capacitance Cin 5.0 pF Vin=0V
Output Capacitance Cour 7.0 pF Vour=0vY

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

8 AC CHARACTERISTICS (V¢ =5V+10%, T, =0°C to 70°C, unless otherwise noted.)
® READ CYCLE

Item Symbol I?M6787-25 }?M6787-30 Unit Notes
min max min max

Read Cycle Time tRC 25 - 30 - ns

Address Access Time tAA - 25 - 30 ns

Chip Select Access Time tACS - 25 - 30 ns

Output Hold from Address Change tOH 5 - 5 — 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 tpU 0 - 0 - ns 2
Chip Deselection to Power Down Time tPD - 25 - 30 ns 2
Input Voltage Rise/Fall Time tT - 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

HM6787-25 HM6787-30 .
Item Symbol - - 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 tAw 20 - 25 - ns
Address Setup Time tas 0 - 0 - ns
Write Pulse Width twp 20 - 25 - ns
Write Recovery Time tWR 5 - 5 .- ns
Data Valid to End of Write tbw 20 - 25 - ns
Data Hold Time tDH 0 - 0 - ns
Write Enable to Output in High Z twz 0 15 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.
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HM6787 Series

o TIMING WAVEFORM OF READ CYCLE NO. 11+ 2

tRC |

Address X

t.

AA |
tOH
Data Out Previous Data Valid X X X Data Valid

e TIMING WAVEFORM OF READ CYCLE NO, 21 3

s\ /

tacs |

tHz

Lz

High Impedance

High Impedance
Data Out Data Valid pr——

tPD

Vce Supply - —i ----------

cc
50% 50%\
I \
Current —

Note: 1. WE is high and CS is low for READ cycle. __
2. Addresses valid prior to or coincident with CS transition low.
3. Transition is measured +200mV from steady state voltage with specified loading in Load B.
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HM6787 Series

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

twe

Address X X

| tew

DN V7777

taw

VE \\R /

} 1ow tOH

Data In Data In Valid

twz 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)

[ twc |
Address * *
tAs
tcw
& ' Vi
taw twr
twp
AN I
| tow toH |
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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HMGE6787H Series

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

Features

® Super Fast Access Time: 15ns/20ns (max.)
® Low Power Dissipation (DC):

Operating 210mW (typ)

® +5V Single Supply

® Completely Static Memory

No Clock or Timing Strobe Required
® Balanced Read and Write Cycle Time
® Fully TTL Compatible Input and Output

Ordering Information

Type No. Access Time Package
HM6787HP-15 15ns 300 mil 22 pin
HM6787HP-20 20ns Plastic DIP
HM6787HIP-15 15ns 300 mil 24 pin
HM6787HJIP-20 20ns Plastic SOJ

Block Diagram
A, o—%] - Vee
A, o_—%: —_0
A, —%] Row Memory Matrix Vss
As 3 Decoder 128%512
A, &—'%:
A, o—{%]
A, H
Columa 1/0 Doyt
Column Decoder
Din AnALALA A LA LA A, A,
.CS
WE
Pin Arrangement
HM678THP Series HM6787THIJP Series
AvE ~ E Vee ]
A1 24 [ Vee
~[ EES a2 23[JA15

w[3] [29] A A2[]3 22[JA14

w4 [15] A A3[] 4 21[JA13

a5 [18) A M5 2012

as[E] 7] A As[] 6 19[JNC

a7] [16] Ase Nel] 7 18[J A1t

NG 5] A As[] s 17 A10

oo [7] ol A7 9 16[ ] A9
Dout [] 10 15[1A8
wE [ig] 5] o - :
m—— we[] 11 14[7] Din
vas [11] 1) vss [ 12 13[1¢S
(Top View)
@ HITACHI

HM6787HP Series

(DP-22NB)

HM6787THJP 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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HM6787H Series

Absolute Maximum Ratings

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 Tstg ~55t0 +125 °C
Temperature under Bias Thias —10 to +85 °C

Function Table

Cs WE Mode Vcc Current Output Pin
H X Not Selected ISB'ISBI High Z
L H Read Icc.Iccr Dout

L L Write Icc. Icca High Z

Recommended DC Operating Conditions (0°C < Tz < 70°C)

Item Symbol min. typ. max. Unit
Vee 4.5 5.0 55 A"
Supply Voltage
Vss 0 0 0 v
Input High Voltage Vig 22 - 6.0 v
Input Low Voltage ViL -0.5%t - 0.8 \'

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

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

Item Symbol  min. typ. max. Unit Test Conditions

Input Leakage Current pyl - - 2 pA V=55V, Vin=Vsgto Ve
Output Leakage Current 1ol - - 10 pA CS=Vpy, Vour=VsstoVec
Operating Power Supply Current /o - - 100 mA CS=Vy,loyr=0mA
Average Operating Current Icct - - 1200 mA Min. Cycle, Duty: 100% Ioyr=0mA

Isp - - 3 mA CS=vy
Standby Power Supply Current CS2 Ve -0.2V

Isp; - - 10 maA

VinS0.2Vor ViN2Vec-0.2V
Output Low Voltage VoL - - 04 V  Ior=8mA
Output High Voltage Von 24 - - V  Iog=-4mA
@ HITACHI
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HM6787H Series

AC Test Conditions Output Load A Output Load B
Input pulse levels: Vgg to 3.0V +5V (for tuz, trz, twz & tow)
Input rise and fall times: 4ns +5V
Input timing reference levels: 1.5V
Output reference levels: 1.5V 4809Q
Output load: See Figure e

Dout
Dout
255Q 30pF #
255 Q 5pF &
* including scope and jig.

Capacitance (T, =25°C, f=1.0MHz)

Item Symbol max. Unit Conditions
Input Capacitance C IN 6.0 pF VIN= ov
Output Capacitance Cour 10.0 pF Vour=0V

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

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

Read Cycle
Item Symbol }?M6787H-15 ‘:[M6787H-20 - Unit Notes
min. max. min. max. ‘"
Read Cycle Time IRC 15 - 20 - ns
Address Access Time tAA - 15 - 20 ns
Chip Select Access Time t4CS - 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
Item Symbol HM6787H-15 HM6787H-20 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 AW 10 = 15 - ns
Address Setup Time t48 0 - 0 - ns
Write Pulse Width WP 10 - 15 - ns
Write Recovery Time tWR 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 Wz 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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Timing Waveform of Read Cycle No.

1. 2)

HM6787H Series

tRC

Address X

tAA

Data Out Previous Data Valid

X Data Valid

Timing Waveform of Read Cycle No. 2%+ 3

tRC

A

LACS

Lz

High Impedance
Data Out

tHz

Data Valid

—

High Impedance

Note: 1. WE is high and CS is low for READ cycle. __
2. Addresses valid prior to or coincident with CS transition low.
3. Transition is measured +200mV from steady state voltage with specified loading in Load B.
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HM6787H Series

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

twe
Address X X
| cw.
\ ‘\ / /
[
Tas twr
twp
- % ) 4
2 e ———— tox
Data In Data In Valid
twz tow
Data Out Data Undefined N
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 * *
tas
tcw
& X y i
tAaw tWR
twp
NN ANANN\\X DIV,
1 tow oK,
Data In Data In Valid
twz
Data Out Data Undefined
High Imped

Note: 1. Transition is measured +200mV from steady state voltage with specified loading in Load B.
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H M6787HA Se ries — Preliminary

65536-Word x 1-Bit High Speed Static RAM

W FEATURES

e Super Fast
AccessTime......................... 12/15/20ns (max.)
* Low Power Dissipation
(DC)Operating . . .....ccovvivinnnennnn. 300mW (typ.)
e +5V Single Supply
e Completely Static Memory (DP-22NB)
No Clock or Timing Strobe Required
* Fully TTL Compatible Input and Output

W ORDERING INFORMATION

Type No. Access Time Package M

HM6787THAP-12 12ns 300 mil 22 pin
HM6787THAP-15 15ns Plastic DIP (CP-24D)
HM6787HAP-20 20ns (DP-22NB)
HM6787HAJIP-12 12ns 300 mil 24 pin B PIN ARRANGEMENT
HM6787HAIJP-15 15ns Plastic SOJ -
HMG6787HAJIP-20 20ns (CP-24D) HM6787THAP Series
H BLOCK DIAGRAM Ao[ ] 1 24 :I Vce
A 2 23 A5
A 3 22 ] Aa
Az ] 4 21 ] A3
ago———LF] —o Voo A4 5 20 [ ] A2
Ayo———L5 o Vs As[] 6 19 [ NC
Aso—LF  pow Memory Matnx NC 7 18| ] A
As0—L§|  Decoder 256x1024 As 8 17 ] Avo
ao——L57] A7[] o 16 | Ag
Aago——LF Dout [_| 10 15[ ] Ag
A2 5] WE[ N 14 ] Dn
' Zout vss [] 12 13[ ] CS
Column /O
Column Decoder (TOp View)

RERiEnRyy

Din Az At Ao Ay Arg Ais Ay Ag Az
T5, Ao ] 1 24 ] vce
WE
AL 2 23 ] Ass
A[] 3 22 [ A
Az[] 4 21 [ ] A3
A4 5 20 [ ] A2
As[] 6 19 [ ] NC
NC[] 7 18 ] An
As[]| 8 17 ] Ao
A7 9 16 [ ] Ag
Dout [_| 10 15[ ] As
WE [ 11 14 [ | Din
vss [ 12 13[] T8
(Top View)
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HM6787HA Series

B ABSOLUTE MAXIMUM RATINGS

Item Symbol Rating Unit
Voltage on Any Pin Relative to Vgg Vr -0.5t0 +7.0 \4
Power Dissipation Pr 1.0 w
Operating Temperature Range Topr 0to +70 °C
Storage Temperature Range T -55to +125 °C
Temperature Under Bias Thias -10 to +85 °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 Volta;

UpPly Yollage Vss 0.0 0.0 0.0 v
Input High Voltage Viu 2.2 — 6.0 \4
Input Low Voltage VL -3.0* — 0.8 \4

*Pulse width < 10ns, DC: -0.5V
B TRUTH TABLE
CS WE Mode Ve Current Output Pin
H X Not Selected ISB’ ISBl ngh Z
L H Read Icc, ICCI Data Out
L L Write Icc, Icct High Z
B DC AND OPERATING CHARACTERISTICS (V¢ = 5V = 10%, T, = 0°C to 70°C, Vgg = 0V)
Item Symbol Test Condition Min. | Typ. | Max. | Unit
Input Leakage Current Il | Voo = 5.5V, Viy = Vs to Ve — — 2 A
Output Leakage Current Lol | CS = Vi, Vour = Vss to Vec N 10 | pA
Operating Power Supply Current | Icc | CS = Vi, Iour = OmA — — | 100 | mA
Average Operating Current Icc) | Min. Cycle Duty: 100%, Ioyr = OmA — - 120 | mA
ISB a = VIH — —_ 30 mA
Standby Power Supply Current CS = Ve - 0.2V
ISBI VIN = 0.2Vor VIN = VCC -0.2v - - 10 mA
Output Low Voltage VoL | IoL = 8mA — — 0.4 v
Output High Voltage Vou |Ioyg = -4mA 2.4 — - \4
B AC TEST CONDITIONS
* Input Pulse Levels: Vgg to 3.0V ® Input Rise and Fall Times: 4ns
® Input Timing Reference Levels: 1.5V ® Output Reference Levels: 1.5V
® Output Load: See Figure
+5V +5V
Dout 4800 Dout 480Q
o——4 o—
< b3
< b3 *
2550 1 30 pF * 2550 1 5pF
Output Load B
Output Load A (for tyz, ty 7, twz & tow)
*Including scope and jig capacitance.
G HITACHI
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HMé

W CAPACITANCE (T, = 25°C, f = 1.0MHz)

787HA Series

Item Symbol Max. Unit Conditions
Input Capacitance Cin 6.0 pF VN = 0V
Output Capacitance Cour 10.0 pF Vour = 0V
NOTE:  This parameter is sampled and not 100% tested.
B AC CHARACTERISTICS (Ve = 5V + 10%, T, to 0°C to 70°C, unless otherwise noted.)
* Read Cycle
HMG6787HA-12 | HM6787HA-15 | HM6787THA-20 .
Item Symbol - - - Unit | Notes
Min. | Max. | Min. | Max. | Min. | Max.
Read Cycle Time tre 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 tod 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 tuz 0 6 0 6 0 8 ns 1,2
NOTES: 1. This parameter is sampled and not 100% tested.
2. Transition is measured +200mYV from steady state voltage with specified loading in Load B.
e Write Cycle
Item Symbol HM6787HA-12 HM6787HA- 15 HM6787HA-20 Unit | Notes
Min. | Max. | Min. | Max. [ Min. | Max.
Write Cycle Time twe 12 — 15 — 20 — ns 2
Chip Selection to End of Write tew 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 tow 7 — 8 — 10 — ns —
Data Hold Time tpH 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.
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HM6787HA Series

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

< tre o
Address X
tAA g
toH
Data Out Previous Data Valid Data Valid *
¢ Read Cycle (2) () 3
B tre _
s ———
N\ 7[
<— tacs »|
Dl tLz = thz
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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HM6787HA Series
* Write Cycle (1) (WE Controlled)

twe

Address

X t X
NN\ 7777777777

taw

tas _ twr -
"E R 7
L i tow =“DH

|
Data In 8 Data In Valid ;l(
tow

th l(——————)

Data Out Data Undefined S

Y

Y
|

-
-

— twp

-

“

High Impedance

NOTE: 1. Transition is measured +200mV from steady state voltage with specified loading in Load B.
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HM6787HA Series

 Write Cycle (2) (CS Controlled)

Address XtAs ir(
& N g%
NN\, 7/////// /777

Data In >k Data In Valid

| toz

-1

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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HMG62256 Series

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

= FEATURES HM62256P Series
® High Speed: Fast Access Time 85/100/120/150ns (max.)
® 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 Output, 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 u PIN ARRANGEMENT
HM62256LP-12SL 120ns
HM62256LP-15SL 150ns a(d] \_J e
HM62256FP-8T 85ns
HM62256FP-10T 100ns Ax[2] [27]WE
HM62256FP-12T 120ns
HM62256FP-15T 150ns Ai E 26]A1s
HM62256LFP-8T 8sns as [4] 25] s
HM62256LFP-10T 100ns 28 pin
HM62256LFP-12T 120ns Plastic SOP A 5] 24
HM62256LFP-15T 150ns A E A
HM62256LFP-10SLT 100ns
HM62256LFP-12SLT 120ns s [7] 22)0E
HM62256 LFP-15SLT 150ns
Az E ZI]Am
A [3] 20]c3s
Ao [10 19]1°0/
s ABSOLUTE MAXIMUM RATINGS , [ 5]
Item Symbol|  Rating | Unit 1oo[i] [18]1/0s
Voltage on any pin with relative to Vgg | Vr 05" t0+70 V 1/01@ ﬂI/Os
Power Dissipation Pr 10 w I/O’E 3]1/0.
Operating Temperature Topr 0to +70 °C 'm EI/OJ
Storage Temperature Teeg | -55t0+125]| °C "
Vi
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

Memory Array

Row

'
+ | Address : Decoder

.
Buffer 512x512

J---1]

Column 1/0

T

1/0
Buffer

Column Decoder

Y Address Buffer

WE
OE A0 Al A2 A0A3AL
CS———
8 TRUTH TABLE
cs OE WE Mode Ve Current 1/0 Pin Reference Cycle
H X X Not Selected Isp.Isp; High Z -
L L H Read Iec Dout Read Cycle No. 1~3
L H L Write Iece 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 5.5 v
Supply Voltage
Vss 0 0 0 A\
vV 22 - 6.0 \4
Input Voltage Ll .
V’L -0.5 1 - 0.8 A\
Note) *1. -3.0V for pulse width < 50ns
a DC AND OPERATING CHARACTERISTICS (V¢c =5V +10%, Vgs =0V, T, = 0 to +70°C)
Item Symbol Test Condition min |typ®!| max | Unit
Input Leakage Current Uprt | Vin=Vgsto Voo - - 2 uA
Output Leakage Current Lol | C8=V or OE=Viror WE=Vyy,Vj0=Vss to Voo | - - 2 | uA
Operating Power Supply Current | Icc | CS=V,Ijj0=0mA - 8| 15| mA
HM62256-8 - 50 70
Average
Operating HIM62256°10 | ey | Min. Cycle, duty=100%, T8=VyL, I1j0=0mA il S N
. Lycle, = , L= s =0m
Power HM62256-12 ! Y 1L 110 — |35 [0
Supply HM62256-15 - 1337
Current —
Iccz | CS=V, Vin=Vce, ViL=0V, I1/0=0mA f~1MHZ - 8 15 | mA
lSB CS= VIH - 0.5 3 mA
Standby Power Supply Current - 10.04 2 | mA
Igg; | TS2 Vee-0.2V,0V S Vi - | 2*2 |100*2 A
— | 2*3 |50*3 w
VoL | Ior=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

& CAPACITANCE (7,=25°C,f=1MHz)

Item Symbol Test Condition typ. | max. | Unit
Input Capacitance C; Vin=0V - 6 pF
Input/Output Capacitance Cro Vi0=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 and Output timing reference levels: 1.5V
O Input rise and fall times: 5ns O Output load: 1TTL Gate and C__ (100pF)
(Including scope and jig)
® Read Cycle
HM62256-8 | HM62256-10 | HM62256-12 | HM62256-15 i
Item Symbol = 2 - - Unit
min. | max. | min. | max. | min. | max. | min. | max.
Read Cycle Time tRC 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 Enable 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 tcLz 10 - 10 - 10 - 10 - ns
Output Enable to Output in Low Z tOLZ 5 - 5 - 5 = S — ns
Chip Deselection to Outputin HighZ | tCcHZ 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{1]
trc
Address >< ><
tAA
% AN /L
N A4/ //
toe toH
s \\\X toLz NN
tonz
tacs {cHZ
tcLz
Dout ( Data Valid JA
® Timing Waveform of Read Cycle No, 2[11{21(4]
trc
Address —>< ><
taA ton
ton

0NN ST

@ HITACHI
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HM62256 Series

e Timing Waveform of Read Cycle No. 30113114)

Cs !
thcs — tcHz
tcrz
D .
out Data Valid
Notes) 1. WE is High for Read Cycle.
2. Device is continuously selected, CS = V.
3. Address Valid prior to or coincident with CS transition Low.
4. GE = 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 t4S 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 tDW 40 - 40 - 50 - 60 - ns
Data Hold from Write Time tDH 0 - 0 - 0 - 0 - ns
Output Disable to Output in High Z tOHZ 0 30 0 35 0 40 0 50 ns
Output Active from End of Write tow 5 ~ 5 - S - 5 - ns
® Timing Waveform of Write Cycle No. 1 (OE Clock)
twe
Address >< >
\
twR (2~
oE [/K \
| tew
Vi
tas taw
" Ak i
X )
tonz(3) twe (1)
Dout NN NN NNNNN
[/ /7 tpw tpH
Din V4 )<><><
\
O HITACHI
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HM62256 Series

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

| tiuc
Address
L tcu t:[kgs
SN AN 72 720000074
taw
J— tup (1)
i | _@j\\\\ - ¥ o
tli'HZ[:;] tow 6) | (D
Dout NOANNN NNNANNNANN
[
tpw tou (8)

Din />>?§<

1. A wnite occurs during the overlap (f yp) of a low CS and a low WE.

2. twpg 1s measured from the earlier ofC% or WE going high to the end of write cycle

3. During this period, 1/O pins are in the output state. The input signals out of phase must not be applied

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

5 OE is continuously low. (OE = V)

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

7. Dout is the read data of next address.

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

Notes.

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

Item Symbol Test Conditions min. | typ. | max.| Unit
Vcc for Date Retention VDR CS 2V -0.2V 2.0 - - \
Vee=3.0V,CS 228V - - |50*?
Data Retention Current Iccpr | ovE Vin _ _ l10% HA
Chip Deselect to Data Retention Time tCDR 0 - - ns
See Retention Waveform
Operation Recovery Time R trew | - - ns

Note) *1. fgrc = Read Cycle Time o
*2. This characteristic is guaranteed only for L-version, 20uA max. at T = 0 to 40 (%
*3. This characteristic is guaranteed only for L-SL version, 3uA max. at T; = 0to 40 C.

® Low V¢ Data Retention Waveform

Vee DATA RETENTION MODE
4.5V-mmoa- 4.5V
tcor tr
2.2V = Vor=22.0V
Vbr A\ /
CS=Vec—0.2V
CS
oV ---

Note) In Data Retention Mode, CS controls the Address, WE, OE, and Din Buffers. Vin for these inputs can be in
high impedance state in data retention mode.
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HM62256 Series

SUPPLY CURRENT vs. SUPPLY VOLTAGE (1) SUPPLY CURRENT vs. AMBIENT TEMPERATURE (1)

1.6

16
Ta=25C Vee=5.0V
14 14
K] / 3
3 .
z§ 12 - Zg 12
3 "
8 N
PR = 10 ——
; : i
© 3
2z 08 ~ 2 08
a
] / g
@ @
06 06
04,50 /X3 5.00 5.25 550 04 26 0 50 30

Supply Voltage Ve (V)

SUPPLY CURRENT vs. SUPPLY VOLTAGE (2)

Ambient Temperature Ta (‘C)

SUPPLY CURRENT vs. AMBIENT TEMPERATURE (2)

1.6 13
Ta=25C Vee=5.0V
5 14 12
K 3
i 5
g T En
g -
= 10
.E. 1.0 ; 8 —
> 08 0.9
2 >
s o
@ g
w
0.6 08
.7
“4.50 4.75 5.00 5.25 5.50 075 20 40 60 80

Supply Voltage Vee (V)

Ambient Temperature Ta (°C)

SUPPLY CURRENT vs. SUPPLY VOLTAGE (3)

SUPPLY CURRENT vs. AMBIENT TEMPERATURE (3)

16 13
Ta=25C Vec=5.0V
14 ~ 12
= -
T 8
8 3
Té 12 - E 11
2 / Z
% 3
5 10 3,
~ v E WU
E 5 —
3 2
S 08— z 09
H g
7 @
v
06 08
04 450 475 5.00 5.25 5.50 076 20 40 60 80
Supply Voltage Ve (V) Ambient Temperature Ta ("C)
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HM62256 Series

ACCESS TIME vs. SUPPLY VOLTAGE ACCESS TIME vs. AMBIENT TEMPERATURE
13 13
Ta- 25°C Vee=5.0V
1.2 1.2
3 3 //
T E 11
. % / /
:' 1.0 f 1.0 v
£ E
IS = /
2 09 g 09
< <
0.8 0.8
07 0.7
4.50 4.75 5.00 5.25 5.50 0 20 40 60 80
Supply Voltage V(¢ (V! Ambient Temperature Ta (‘C)
STANDBY CURRENT vs. SUPPLY VOLTAGE STANDBY CURRENT vs. AMBIENT TEMPERATURE
14 10
/ Vee =5.0V
5 12 )
E 10 E ! L~
3 Ta=25C 3
2 08 2
) (5]
£ 06 2 107 v
§ /( % /
] @
0.4 /
2 A
0z3 3 1 5 6 e 2 10 % %
Supply Voltage Vcc (V) Ambient Temperature Ta (°C)
SUPPLY CURRENT vs. FREQUENCY (READ) SUPPLY CURRENT vs. FREQUENCY (WRITE)
12 T T 12 7 T T
150ns  120ns 100ns 85ns S0ns 120ns 100ns 85ns
3 10 T 10
Z 08 / Z 08 /
< 06 / 06
= - Ta=25C < ~25°
2 v: ¢ =5.0V H / 3: 2 ;gv
i E
6 0.4 2 0.4 /
@ 02 — 3 ool A
0 0
o 4 10 12 0 4 10 12
Frequency f (MHz) Frequency f (MHz)
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HM62256 Series

INPUT LOW VOLTAGE vs. SUPPLY VOLTAGE

INPUT HIGH VOLTAGE vs.
SUPPLY VOLTAGE

Ta 25°C

475 5.00 525 550
Supply Voltage V(( 'V

OUTPUT CURRENT vs.
OUTPUT VOLTAGE

/

/

Ta- 25°C
Vee--5.0V

/

/

13
Ta 25C
FRE T 12
3 =
£ g
S R
Z 11 7 n
x <
3
£ L g
= 10 <10
2 3
, p
50 g 09
3 S
H 3
£ o8 £ o8
.7
"% 475 5.00 5.25 5.50 0705
Supply Voltage Vee (V1
OUTPUT CURRENT ws.
OUTPUT VOLTAGE
16 16
}; 1.4 '«'i 14
= \ =
3
5 ;
Z 12 s 12
x
= 3
- ~
g 10 z 10
3 Ta=25"C t
= Vee 5.0V a3
3 3
2 s \ % os
H 3
- =3
3 8
3 s \\ & o
0.4 0.4
1 2 3 4 0
Output High Voltage Vou (V)
ACCESS TIME vs. LOAD CAPACITANCE
18
_ 18
3
8
H
5 14
%
< 12
®
g 10
«
H
S
< 08
08)% 200 300 400 500
Load Capacitance C, (pF)
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HM62832/HM62832H

8-Bit CMOS Static RAM

32768-WORD x 8-BIT HIGH SPEED CMOS STATIC RAM
B FEATURES
¢ High speed: Fast Access time 25/35/45 ns (max.)
HM62832—Low power
Standby: 10 uW (typical) (L-version)
Active: 300 mW (typical)
HM62832H—Low power
Standby: 300 mW (typical) (DP-28NA) 1
Active: 30 uW (typical) (L-version)
* Single 5V supply
* Completely static memory
No clock or timing strobe required
* Equal access and cycle times
e Common data input and output—Three stage output
* Directly TTL compatible—All inputs and outputs
(CP-28DN)
B ORDERING INFORMATION
PIN ARRANGEMENT
Part No. Access Package "
HM62832P-35 35ns Top View
HM62832P-45 45ns 300 mil 28-pin Aa] 1 28 ] vee
HMG62832LP-35 35ns Plastic DIP Az[] 2 27 [[] We
HM62832LP-45 45ns Arl] 3 26[ ] Atz
As[] 4 25 ] As
HM62832JP-35 35ns as[] s 24 ] Ao
HM62832JP-45 45ns 300 mil 28-pin al] 8 23[ ] An
HM62832LIP-35 35ns Plastic SOJ As[] 7 22 []OE
HM62832LIP-45 45ns Az E 8 217 %0
20
HM62832HP-25 25 ns 300 mil 28-pin :; O 1: 19 ] 507
HMG62832HP-35 35ns Plastic DIP 1100 [: 1 18 % 1108
HM62832HP-45 45ns (DP-28NA) o1 [ 12 17 £ wos
HM62832HJP-25 25ns 300 mil 28-pin o2 [} 13 16 ] 104
HM62832HIP-35 35ns Plastic SOJ vss [] 14 15 ] 1103
HM62832HIP-45 45 ns (CP-28DN) S —
W PIN DESCRIPTION
Pin Name Function
Ag-Ay Address
1/Op-1/0; | Input/Output
[ Chip Select
WE Write Enable
OE Output Enable
Vee Power Supply
Vss Ground
@ HITACHI
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HM62832/HM62832H

B BLOCK DIAGRAM

A12 —1 — F— Memory Array
A14 — — —
A8
A3 1 |X 1 | Row [
A9 1 | Address 1 | Decoder | 1
A1l | Buffer 1 [
AS 1 1
As 512X512
A7 —d — _——
1700 — Column VO
Vo
Buffer
o7 Column Decoder
Wé Y Address Buffer
OE AO A1 A2 A3A10 A3 A4
s —
B ABSOLUTE MAXIMUM RATINGS
Item Symbol Value Unit
Voltage on any Pin Relative to Vgg Vr -0.5"to + 7.0 v
Power Dissipation Py 1.0 w
Operating Temperature Topr 0to +70 °C
Storage Temperature Tag -55to0 +125 °C
Storage Temperature Under Bias Thias -10to +85 °C
NOTE: 1 -25V for pulse width < 10 ns
B FUNCTION TABLE
[ OE WE Mode Ve Current 1/0 Pin Ref. Cycle
H X X * Not Selected Isg, Isp; HighZ
L L H Read Iec Dout Read Cycle(V 0 ®
L H L Icc Dy, Write Cycle(V
Write
L L L Ice Dy, Write Cycle®@
NOTE: 1 X HorL
@ HITACHI
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HM62832/HM62832H

B DC CHARACTERISTICS for HM62832 (T4 = 0to +70°C, Vcc = 5V % 10%, Vss = 0V)

Parameter Symbol Min. Typ.*! Max. Unit Test Conditions Note
Input Leakage Current Iyl — — 10 rA Vin = Vssto Voo
CS = ViyorOE = Viy
Output Leakage Current Lol - - 10 rA | or WE =V,

Vyo = Vssto Ve

Min. cycle, duty = 100%,

Average Operating Power == _
Supply Current Icc - 60 120 mA CS = V“_,
lllO =0mA
Isg - 15 30 mA | CS=Vy
Standby Ve Current CS = Ve -0.2v,
Isgi — 2 100 pA 0V sV,=s02V, L-version
or Vi, 2 Vc-02V
V, - — 0.4 v =8mA
Output Voltage oL o,
Vou 2.4 — - v Ioy = 4 mA

NOTE: 1 Typical values are at Ve = 5.0 V, TA = +25°C and specified loading.

B DC CHARACTERISTICS for HM62832H (T = O to +70°C, Vcc = 5V % 10%, Vgs = 0V)

Parameter Symbol Min. Typ.*! Max. Unit Test Conditions Note
Input Leakage Current ] — — 2 A V,n = Vssto Vee
CS = Vi or OE = Vi
Output Leakage Current ol — — 2 pA | or WE = vy,

Vio = Vssto Vec

Min. cycle, duty = 100%,

Operating Power Supply Current Icc - 60 120 mA CS=vyg,
lyo =0mA
Standby Power Supply Current Isg — 15 30 mA [CS=vy
- 0.02 2 mA | CS = Vec-0.2v,
Standby Power Supply Current Isp1 0V=V,=02V,
— 0.006 0.1 mA orV,,, 2 V,-02V L-version
vV, — — 0.4 v =8 mA
Output Voltage oL lou
Vou 2.4 - — \% Ioy = -4 mA
NOTE: | Typical values are at Vo = 50V, TA = +25°C and specified loading.
B CAPACITANCE (T, = 25°C, f = 1MHz)
Parameter Symbol Min. Typ. Max. Unit Test Conditions
Input Capacitance Cn - — 6 pF Vin =0V
Input/Output Capacitance Cro - — 10 pF Vo =0V

NOTE: 1. This parameter is sampled and not 100% tested.
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HM62832/HM62832H

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

Test Conditions

¢ Input pulse levels: 0.0 Vto 3.0V
* Inputrise and fali times: 5 ns

¢ Input and output timing reference levels: 1.6 V
e Output load: See Figures

Output Load (A)

Output Load (B)
(for tey 7, torz: tenzs tonzs twez & tow)

+5V +5V
480 480
o2 oO—9q
Dout ¢ Dout s
255 "\__i3° pF* 255 1 S5pF”
NOTE: *Including scope & Jig
B Read Cycle
Purameter Sympor | HMORHS | OO | AMeias | um
Min. Max. Min. Max. Min. Max.
Read Cycle Time treC 25 — 35 — 45 — ns
Address Access Time tAa — 25 